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ABSTRACT

The development of a comprehensive SCALE computational model for the High Flux Isotope
Reactor (HFIR) is documented and discussed in this report. The SCALE model has equivalent
features and functionality as the reference MCNP model for Cycle 400 that has been used extensively
for HFIR safety analyses and for HFIR experiment design and analyses. Numerical comparisons of
the SCALE and MCNP models for the multiplication constant, power density distribution in the fuel,
and neutron fluxes at several locations in HFIR indicate excellent agreement between the results
predicted with the two models. The SCALE HFIR model is presented in sufficient detail to provide
the users of the model with a tool that can be easily customized for various safety analysis or
experiment design requirements.
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1. INTRODUCTION

Comprehensive computational neutronic models for the High Flux Isotope Reactor (HFIR) have
been developed for the past 10-20 years with numerous developers contributing to this effort. The
endeavor culminated with a full HFIR model for the beginning of cycle (BOC) 400, which was
developed and documented by Xoubi and Primm in 2004 and became known as the “Cycle 400
reference model.” The Cycle 400 reference model relied on the older model HFIR-V.2, originally
developed by J. C. Gehin, L. A. Smith, and J. A. Bucholz.!

The HFIR Cycle 400 reference model is an MCNP* Monte Carlo model of HFIR that, based on
existing documentation and expert opinion, fully describes (most often in terms very close to the
physical reality) the central target region, the fueled region, the control elements, and the beryllium
reflector, and includes out-of-core components such as irradiation tubes, horizontal tubes, engineering
tubes, and the reactor shielding and biological protection, up to an outer radius of 7.20 m and a total
height of 3.00 m. Because of their complexity, the fuel elements required the largest amount of
simplification in the model. Homogenization methods were applied in this case to reduce the
intricacies of the fuel element’s model.

More recently, the Cycle 400 reference model constituted the basis for neutronic and thermal-
hydraulic computations for the HEU to LEU fuel conversion study for HFIR.? For this latter purpose,
the Cycle 400 reference MCNP model was further enhanced by refining the meshing in the fueled
region, and then was embedded in a depletion model for use with VESTA* to perform full-core
depletion for the duration of the cycle length and analyses at discrete points in time during the fuel
cycle. Revisions of the Cycle 400 reference model were made in 2008 and 2010. The 2008 revision
corrected a material data card in the beryllium removable reflector.” The 2010 revision added more
axial layers (19 instead of 7) in both the inner and the outer fuel elements for depletion purposes and
changed the material composition for the control elements to account for the actual irradiation history
of the control elements prior to Cycle 400.° This revised MCNP model will be referred to as the
“MCNP Cycle 400 revised model.”

Over the past several years, the SCALE computational package’, developed and maintained by
Oak Ridge National Laboratory (ORNL), has undergone significant development and enhancements
in its capabilities. Among these, we can enumerate the following capabilities in the latest release,
SCALE 6.1: full, realistic geometry description of complex problems; extension to continuous energy
treatment for criticality problems; enhancements in multigroup treatment; full-core depletion
capabilities (with multigroup energy treatment); sensitivity and uncertainty analysis capabilities
(multigroup); and new or improved nuclear data based primarily on ENDF/B-VII. These capabilities
make the SCALE package unique in solving problems that necessitate the coupling of different
phenomena in a critical system. With the upcoming enhancements for continuous energy Monte
Carlo depletion, shielding, and sensitivity/uncertainty analyses the SCALE package has the potential
to become the state of the art in terms of its analysis capabilities for neutronic modeling.

A SCALE model of HFIR with capabilities similar to those of the MCNP Cycle 400 reference
model is both possible and desirable. The use of this SCALE model will have a reciprocal advantage
for the SCALE developers and the potential users of the model: it allows the current capabilities in
SCALE to be benchmarked on a realistic reactor problem of importance to ORNL, and it provides
users of the model with a tool that can be easily customized to their needs.

The purpose of the work documented in this report was to develop a SCALE model for HFIR
Cycle 400 as an alternative reference that is equivalent to the MCNP model for this same



configuration. The SCALE model was built, to the extent possible, using the same framework (i.e., no
changes) as the MCNP model. Though the similarity of the MCNP and SCALE models was the
primary criterion when developing the SCALE model, a secondary criterion focused on developing
the SCALE model in a manner that will facilitate future additions, changes, or improvements to the
model, such as employing a more modular representation of the configuration.

The MCNP model has been used extensively at HFIR for safety analyses and by HFIR customers
for experiment design and analyses. Its performance has been validated against experimental data
available from power distributions and destructive isotopic assay measurements.*” A SCALE model
with equivalent features as the reference MCNP model would facilitate the acceptance of and
transition to this new model for HFIR users who are familiar with the MCNP model.

The SCALE model that has been developed for the HFIR is described in this report, and its
accuracy is assessed by comparisons with results obtained for the MCNP Cycle 400 revised model.
Being based on the MCNP Cycle 400 revised model, the SCALE HFIR model inherits its capability
for further use in depletion simulations.

This report is organized as follows. Section 2 contains a brief description of the HFIR. Section 3
describes the SCALE model for HFIR, with a focus on the geometry. Section 4 compares results
obtained with the SCALE and the MCNP models. Finally, Section 5 presents a few conclusions. The
SCALE input file for the HFIR model is listed as Appendix A.



2. DESCRIPTION OF HFIR

HFIR is a research reactor at ORNL that supports isotope production, material irradiation
research, and neutron scattering experiments. It currently operates at 85 MW(t) power. The central
flux trap in HFIR provides one of the highest steady-state thermal neutron fluxes among research
reactors in the world."”

The reactor core consists of a series of concentric regions: the central target region (flux trap),
two fuel elements separated by a thin water region, the control elements region, the beryllium
reflector, and a water region to the edge of the pressure vessel. The reactor is located in a pool of
water. Details of the reactor configuration and operation can be found elsewhere'' and also are
outlined in the following sections in relation to the SCALE model of the reactor.

There are two fuel elements in HFIR, identified as an inner fuel element (IFE) and an outer fuel
element (OFE). They are made up of 171 and 369 involute-shaped thin fuel plates, respectively, and
are fuelled with 93.1 wt % enriched uranium. The fuel plates are separated by water channels.
Because of their particular shape and the fact that the fuel zone in a fuel plate is radially graded, they
are most challenging from a modelling point of view. Fig. 1 presents a schematic of HFIR at core
midplane, which illustrates the complexity of the reactor geometry. The drawing was made before the
removal of two engineering facilities to allow the enlargement of the HB-2 horizontal tube (prior to
Cycle 400).

Target Bundle
In Flux Trap

Horizontal
Beam Tube Large Removable
Beryllium Facility
(RB )

Peripheral
Target
Position
Small Vertical
Experiment
Facility (VXF)

Inner Fuel Element Large Vertical

Experiment
Facility (VXF)

QOuter Fuel Element

Control Region

Fig. 1. HFIR schematic at core midplane (before removal of two engineering facilities).






3. DESCRIPTION OF THE SCALE HFIR MODEL

3.1 COMPUTATIONAL METHODS AND CODES

The SCALE model for HFIR was developed using the latest release, SCALE 6.1. The SCALE
code system uses automated sequences to provide problem-dependent cross-section processing,
reactor lattice physics, criticality safety, radiation shielding, and spent fuel characterization analysis
capabilities. For this report, the CSAS26/KENO-VI sequence of SCALE with the continuous energy
option for neutron transport was used.

The SCALE HFIR model is a large model containing over 10,000 lines of input. Of these, ~7,000
are material input lines and ~3,000 lines contain the geometry model. The input file is heavily
commented, containing ~1,500 comment lines for easier navigation and identification of the different
components of the model to enable user changes or additions to the model, such as may be necessary
when a particular target or experiment is inserted into the reactor.

The SCALE model uses the KENO-VI geometry capability, which uses the SCALE generalized
geometry package and therefore enables the use of the model as a basis for studies with any other
module or sequence in SCALE. The KENO-VI code, a Monte Carlo transport code based on
combinational geometry, can accept a wide range of geometry shapes to construct practically any
geometric configuration of interest. Because of the particularities of this geometry capability in
KENO-VI, there are significant differences between the geometry specifications in the SCALE HFIR
model and the MCNP Cycle 400 revised model.

At every step during the development of the SCALE HFIR model, comparisons and checks were
performed against the MCNP Cycle 400 revised model. The 5.1.51 version of the MCNP code,
developed by Los Alamos National Laboratory, was used for this purpose. MCNP is a general-
purpose Monte Carlo transport code that can simulate the transport of neutrons, photons, and
electrons and calculate various quantities of interest for criticality, shielding, and energy deposition
studies.

3.2 GEOMETRY MODEL

The following sub-sections discuss the geometry of the SCALE HFIR model starting from the
center of the HFIR core and moving towards the periphery. A flowchart of the whole model is
presented in the last sub-section. The flowchart is intended to facilitate navigation through the
geometry of the model and later revisions of the input file.

3.2.1 Central Target Region

The central target region (also called the flux trap region) is the central section of the HFIR and
includes 37 cylindrical experimental sites arranged in a hexagonal lattice. The arrangement of the
target and the labeling scheme is shown in Fig. 2, which illustrates the actual flux trap region in the
SCALE HFIR model. Of the 37 experimental sites in the flux trap, 31 are located inside a basket, and
6 are located at the vertices of the hexagonal lattice outside the basket. The experimental sites located
outside the basket are identified as peripheral target positions (PTPs), shown as PTP-1 to PTP-6 at
locations A-4, D-1, A-1, D-7, G-7, and G-4 in Fig. 2.

The experimental site at location B-3 is occupied by a hydraulic tube (HT) that allows for
insertion of experimental specimens during reactor operation. The HT geometry unit, identified as
Unit 750 in the SCALE HFIR model, is modeled explicitly to accommodate axially nine specimens,
also known as “rabbits”. Also shown in Fig. 2 are two stainless steel targets labeled JP-26 and JP-27,



at locations C-6 and E-2, respectively. The seven dark cylinders at the center of the basket, at
locations C-2, D-3, D-4, C-5, E-5, F-5, and E-6, are solid aluminum dummy targets. The other
21 cylindrical units in Fig. 2 are shrouded aluminum dummy targets.

Fig. 2. Numbering scheme for the central target region (radial view) in the
SCALE HFIR model.

3.2.2 Fuel and Control Elements Regions

As mentioned previously, two fuel elements in HFIR surround the central flux trap region. The
IFE consists of 171 fuel plates, each containing' 15.18 + 1% grams of **U. The OFE consists of
369 fuel plates, each containing 18.44 + 1% grams of **U. For modeling purposes, the fuel plates are
homogenized in the MCNP Cycle 400 revised model and the same simplification is used in the
SCALE HFIR model. The IFE region is modeled by using (19 axial) x (8 radial) homogenized
regions, with the **°U concentration varying radially (peaks toward the outer boundary of the IFE) to
account for the radial variation of the fuel meat thickness in each fuel plate. The OFE is modeled by
using (19 axial) x (9 radial) homogenized regions, which also have the U concentration varying
radially (peaks close to the middle of the radius of the OFE). The dimensions for the radial and axial
regions in the two fuel elements are shown in Table 1 and Table 2, respectively.

The control element region consists of two concentric annular regions that surround the OFE.
They are identified as the inner control element (ICE) and the outer control element (OCE), each



0.635 cm (7 in.) thick. The ICE is a full cylinder whose main function is to regulate the reactor
power; for this reason, it is also called the control or regulating element. The OCE is made up of four
quadrants or safety plates. The OCE is also called the safety element. More details on the control
elements, including their lifetimes and material compositions, can be found elsewhere.® There are
three axial material regions in each of the two control elements; these regions, known by the names
“black,” “gray,” and “white” because of their different neutron-absorption properties, are modeled in
the SCALE HFIR model with the same level of detail as in the MCNP Cycle 400 revised model.

Table 1. Radial fuel regions in the SCALE HFIR model

IFE OFE
Region # Oute(ez ;:;dius Region # Out(zz I;z;dius
0° 7.14 0 15.12951
1 7.50 1 15.50
2 8.00 2 16.00
3 8.50 3 16.50
4 9.50 4 17.50
5 10.50 5 18.50
6 11.50 6 19.50
7 12.00 7 20.00
8 12.60 8 20.50
9 20.978

“Region 0 gives the inner radius for IFE and OFE.

Table 2. Axial fuel layers in the SCALE HFIR model

Layer # Top boundary Layer Top boundary

(cm)” # (cm)”
1 25.4 11 -1.0
2 25.0 12 4.0
3 23.0 13 7.0
4 19.0 14 -10.0
5 16.0 15 -13.0
6 13.0 16 -16.0
7 10.0 17 -19.0
8 7.0 18 23.0
9 4.0 19 25.0
10 1.0 20° 254

“Location is with respect to the core midline (at axial location 0.0 cm).
b Layer 20 gives the lower boundary of the fuel regions.

An axial cross section of the SCALE HFIR model with details of the fuel region and the control
region is shown in Fig. 3. As seen, each of the two fuel elements is bordered radially by sidewalls,
and there is a water gap between their adjacent sidewalls. The fueled regions of the fuel elements
extend axially for a total height of 50.8 cm and have unfueled regions above and below them. The
geometry unit numbers in the SCALE HFIR model are 2000 and 2300 for the IFE and OFE
respectively, and 3000 and 3300 for the ICE and OCE, respectively.



Fig. 3. Fuel and control regions (axial view) in the SCALE HFIR model.

3.2.3 Beryllium Reflector Regions

The beryllium reflector that surrounds the HFIR core contains three annular regions, as shown in
Fig. 4, which is a cross section of the SCALE HFIR model at the core midplane. The removable
reflector, the innermost region in the reflector, is replaced with fresh beryllium every 40 cycles.' It
contains four pairs of large experiment facilities (labeled RB-nX, with n = 1,3,5,7 and X = A,B) and
four small experiment facilities (Ilabeled RB-n, with n = 2,4,6,8). The removable reflector region is
surrounded by the semipermanent beryllium reflector region, which is replaced every 80 cycles and
contains eight control rod access plug facilities (labeled CR-n, with n = 1 to 8). The outermost
reflector region is the permanent beryllium reflector, which is replaced every 135 cycles and contains
22 vertical experimental facilities (labeled VXF-n, with n =1 to 22). Six of the VXF tubes have a



larger diameter than the other VXF tubes. The permanent reflector also contains the tips of the four
horizontal beam tubes and is indented at two places on its outer edge by engineering facility tubes,
EF-1 and EF-2.

The beryllium reflector extends vertically for 60.96 cm, symmetrically above and below the
horizontal midplane.

VXF-15 CR-6

Fig. 4. Beryllium reflector at the horizontal midplane in the Scale HFIR model.



3.2.4 Outer Regions

The main regions outside the beryllium reflector as modeled in the SCALE HFIR model are
shown in Fig. 5. The thick biological shielding (Unit 9997 in the geometry model) is made of
concrete and is modeled to an outer radius of 720 cm. The water pool (Unit 4170 in the geometry
model) is the next major region; it contains the reactor pressure vessel. Inside the pressure vessel and
outside the beryllium reflector, there is another region filled with water that provides additional
reflection for the reactor core and shielding for the pressure vessel. Cutouts through these regions are
filled by the four horizontal beam tubes HB-1 to HB-4.

Fig. 5. Main outer core components of the SCALE HFIR model.

3.2.5 Flowchart of the SCALE HFIR Geometry Model

The general flowcharts describing the SCALE HFIR geometry model and the corresponding
geometry units are shown in Fig. 6 for the HFIR regions that extend radially from the center to the
outer edge of the OFE and in Fig. 7 for the HFIR regions that are radially outside the fuel regions.
These flowcharts may be used by the expert users of the SCALE HFIR model to model their
particular experimental configurations and to facilitate changes to the model.

Similar to the MCNP Cycle 400 revised model, the SCALE HFIR model has a cylindrical overall
shape, with a height of 300 cm (from -150 cm to +150 cm around the core midplane) and an outer
diameter of 1,440 cm (720 cm radius).

The general structure of the SCALE HFIR geometry model is based on concentric cylindrical
shells. There are 10 such shells corresponding to the major units (italicized terms correspond strictly
to ones used in the SCALE/KENO-VI geometry), as described in Fig. 6 and Fig. 7. Each shell has a

10



corresponding unit number that uniquely identifies it in the SCALE HFIR model. The outermost unit
corresponds to the global unit, and the innermost unit comprises the central target region. Many of the
major units include minor units that are embedded in the major ones by using the Aole feature of the
KENO-VI geometry. In all cases, the minor units are vertical cylinders with their axis parallel to the

z axis of the reactor model.

The fuel materials are made up of radial regions, with each group of radial regions embedded in
an axial layer region for both the inner and outer fuel elements, as shown in Fig. 6.

The horizontal tubes, labeled HB-1 to HB-4, span five major geometry units (blue-colored items
in Fig. 7), numbered 4080, 4100, 4160, 4170, and 9997. The two engineering facility slant tubes span
two major geometry units, numbered 4100 and 4160 (see Fig. 7).

11
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Fig. 6. Flowchart of the HFIR Scale model (fuel and central target regions).
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Fig. 7. Flowchart of the HFIR Scale model (outside the fuel region).
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3.3 NUCLEAR CROSS-SECTION DATA

Throughout the development of the SCALE HFIR model, the ENDF/B-VII.O version of the
SCALE continuous energy (CE) cross-section library was used; CE ENDF/B-VII.0 data were also
used with the MCNP Cycle 400 revised model. The CE library can easily be changed in the SCALE
model by simply changing the name of the library. To convert the SCALE HFIR continuous energy
model to a multigroup (MG) model, a “celldata” block must be added to the existing input to
correctly process the cross sections for the problem. The cross sections in both the SCALE model and
the MCNP Cycle 400 revised model are considered at 293.6 K temperature.

3.4 MATERIALS

The SCALE HFIR model contains a total of 264 materials defined by their number densities.
Several of the features of the material description in the SCALE HFIR model are illustrated in Fig. 8.

The material numbering scheme in the SCALE model is the same as in the MCNP Cycle 400
revised model with the exception of the SCALE material 100, which was added to account for a
different density of the same composition as material 1 (water). Similar MCNP structural materials
that had a difference in density of less than 0.1% have been modeled as the same material. The fuel
materials are labeled according to the scheme 2ar or 3ar for the IFE and OFE, respectively, where a
is the axial layer number (varying from 0 to 9, with midplane symmetry considered and with ¢=0
being the central layer and a=9 the top layer) and r is the radial region within the axial layer (varying
from 1 to 8 [moving from the center to the outside of HFIR] for the IFE and from 1 to 9 for the OFE).
The material numbering for the nine axial layers located in the bottom half of the axial fuel region is
based on the same scheme as used for the top-half axial layers, with core midline symmetry
considered. For example, the same material number is used for the topmost and bottommost axial
layers in a fuel element. The total number of materials used in the fuel region is 170, with 80 in the
IFE and 90 in the OFE. As a note, the HFIR core is not axially symmetric, but using axially
symmetric material distributions is an approximation that is usually considered to hold well.

CE library can be
changed easily ~— |

Hater befow core region - gutiel Pressure= 2.572 MPa or 358 psi|
- Pressure drop= (0.758 MPa or 110 psi pressure drop)|

6. 5994TE-02 .
3. 29974E-02 293.6

1
6. 68584E-02 EEN]
[ 3.34293E-02 293.6

hvg. Density= 0.

gion — dvyg.
6. 63485E-02 293.6
3.31742E-02 293.6

Hater abave core region - Inlet Iiessure= 3.33 WPa or 468 psi
- infel Temperature=
9899 g

41 Mg-24
42 Mg-25

43 My-26

44 3i-28

45 5i-29

16 5i-30 3 -
47 ri-46 . ' e A it
48 Ti-47 : : Number densities
49 Ti-48

50 Ti-49
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Fig. 8. A screenshot of the material block showing several features of the material description.
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4. SCALE HFIR MODEL VERIFICATION

The SCALE HFIR model for Cycle 400 was verified by both visual inspection and numerical
comparisons against the MCNP Cycle 400 revised model. The combination of these two approaches
gives confidence in the similarity of the two models.

4.1 VISUAL COMPARISONS

Visual comparisons were performed for the more complicated geometry regions to confirm the
consistency of the geometry modeling in the SCALE and MCNP models. In comparing the plots in
the following sub-sections, it should be noted that the MCNP plots include the surface lines while the
SCALE plots strictly represent the material regions.

4.1.1 Target Region

A comparison between the representation of the central target region in the SCALE HFIR model
and the corresponding representation in the MCNP Cycle 400 revised model is shown in Fig. 9 for the
horizontal midplane (z=0). Note that, apart from the different colors used by the plotting capabilities
of the two software packages, the SCALE HFIR model reproduces with fidelity the MCNP Cycle 400
revised model representation of the central target region. The actual dimensions were compared by
direct inspection of the input files for the two models.

4

(a) MCNP Cycle 400 revised model (b). Scale HFIR model

Fig. 9. Comparison of the central target region layouts.

4.1.2 Fuel and Control Regions

The fuel region models are compared in Fig. 10 (see Fig. 3 for region identification), where
vertical sections of the HFIR are shown for the SCALE HFIR model and the MCNP Cycle 400
revised model in the plane y=0 (note that the plots are enlarged in the radial direction to show details).
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Also note the symmetric distribution of the fuel materials with respect to the midplane z=0 and the
slight axial asymmetry of the region that separates the two fuel elements.

Also apparent in Fig. 10 is the similar material distribution in the two control regions of the two
HFIR models, as well as the axial model of the HT facility and two solid aluminum target facilities in
the central flux trap region.

(a) MCNP Cycle 400 revised model (b) Scale HFIR model

Fig. 10. Comparison of the fuel and control regions.

4.1.3 Beryllium Reflector Regions

The similarity between the SCALE HFIR model and the MCNP Cycle 400 revised model, with
respect to the distribution of the irradiation facilities that are embedded in the beryllium reflector, is
visible in Fig. 11 where a core midplane (z=0) cross section is shown for the two models. The similar
positioning of each of the facilities, including the horizontal tubes and the engineering facilities, can
be seen.
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(a) MCNP Cycle 400 revised model (b) Scale HFIR model

Fig. 11. Beryllium reflector regions with irradiation facilities, horizontal tubes, and engineering facilities.

4.1.4 Horizontal Tube Regions

Correct modeling of the horizontal tubes is important to adequately characterize the neutron
fluxes along each of the tubes and is especially important for the cold source tube, HB-4. Fig. 12
compares the details of the tip of the HB-4 tube at z=0 in the beryllium reflector, where the similarity
of the hydrogen-filled region (light pink for the MCNP model and light yellow for the SCALE model)
is apparent.

I

(a) MCNP Cycle 400 revised model (b) Scale HFIR model

Fig. 12. Comparison of the HT-4 tip (cold source tube) models.
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4.1.5 Outer Regions

Layouts of the outer regions of HFIR (outside the pressure vessel), as obtained with the SCALE
and MCNP Cycle 400 revised models, are shown in Fig. 13 for a core midplane cross section. The
layouts of the four horizontal tubes are identical all the way to the periphery of the model.

(a) MCNP Cycle 400 revised model (b) Scale HFIR model
Fig. 13. Comparison of the HFIR outer regions.

4.2 CALCULATIONAL COMPARISONS
4.2.1 Multiplication Constant and Other System Parameters

The multiplication constants (ke) predicted by the SCALE HFIR model and the MCNP Cycle
400 revised model and the corresponding standard deviations are shown in Table 3. In each case,
2000 neutron active generations (cycles) were used in the Monte Carlo simulation, with each
generation tracking 100,000 particles. A number of 200 generations were initially skipped to achieve
a better convergence of the neutron source. As seen, there is excellent agreement between the ks
values predicted by the two models, with a difference of 124 pcm.

Table 3. Comparison of multiplication constants

Model Ketr c
SCALE HFIR 0.99630 0.00007
MCNP Cycle 400 revised 0.99754 0.00006

Other parameters of interest that globally characterize the HFIR as a critical system are the
energy corresponding to the average neutron lethargy causing fission, €, and the average number of
neutrons produced per fission, v. Table 4 summarizes the results obtained with the two models. The
number of neutrons produced per fission is identical for the two models up to four significant digits.
The energy corresponding to the average neutron lethargy causing fission differs slightly (by ~2%)
between the SCALE and MCNP models.
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Table 4. Comparison of HFIR system parameters

Model € (eV) v
SCALE HFIR 0.174 2.439
MCNP Cycle 400 revised 0.170 2.439

4.2.2 Core Power Distribution

It is customary to approximate the relative power distribution in the reactor core with the relative
fission reaction rate distribution. In MCNP, the fission reaction rate can be calculated for each cell
where fuel is present. This capability is currently lacking in SCALE when used with a continuous
energy cross-section library. The vZ,reaction rate, however, can be extracted directly from the output
file for the continuous energy SCALE model for HFIR, for each of the regions that contain fissile
material. The relative vZ¢reaction rate density distribution obtained from the SCALE HFIR model
output file was normalized to the neutron source in a manner similar to the MCNP results. The
relative neutron production rate densities calculated with SCALE are displayed in Fig. 14 both as 3-D
surfaces and 2-D contours (at the bottom of the plot), and the corresponding numerical values are

given in Table 5. The vZ;reaction rate peaks at the core midplane in the regions adjacent to the
sidewall between the two fuel elements and also near the central flux trap.

1.700
1.600

1.400
1.200
1.000
0.8000

0.6000

Relative Fission Density

0.4000
0.2000

0.000

Fig. 14. Relative vX; reaction rate density distributions in IFE and OFE of HFIR.

To verify that the relative vX;reaction rate density distribution calculated with the SCALE HFIR
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model is consistent with the relative fission density distribution predicted by the MCNP Cycle 400
revised model, a mesh-wise comparison of the two datasets was performed, and is illustrated in Fig.
15. Theoretically, the two distributions are the same when the number of neutrons emitted per fission

is independent of energy over the energy range of the incident neutrons where most of the fissions
occur. The data illustrated in Fig. 15 was calculated for each mesh as

SCALE — MCNP
MCNP

100% x

where SCALE is the relative v, reaction rate density calculated with the SCALE model, and MCNP
is the relative fission density calculated with the MCNP model.® The data in Fig. 15 is displayed both
as 3—-D surfaces and 2—-D contours (at the bottom of the plot). The difference per mesh between the
two models is typically below 0.5% and increases slightly in the smaller meshes located at the top and
bottom of the OFE, most likely due to the poorer statistics in these regions. The arithmetic average of

the mesh difference between the two models is +0.00% for IFE and -0.01% for OFE with maxima of
0.93% for IFE and 0.99% for OFE and minima of -1.44% for IFE and -1.19% for OFE.
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Fig. 15. Comparison of relative vX; reaction rate density distribution predicted by the
SCALE HFIR model and relative fission density distribution predicted by the MCNP Cycle
400 revised model.
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Table 5. Relative vX;reaction rate densities predicted by the SCALE HFIR model

Axial” IFE OFE
layer # r=1" r=2 r=3 r=4 r=5 r=6 r=7 r=8 r=1 r=2 r=3 r=4 r=5 r=6 r=7 r=8 r=9
1 1.087 1.129 1.176 1.254 1305 1.266 1.182 1.146 | 1.182 1.201 1.230 1.209 1.043 0.801 0.602 0.472 0.367
2 0.907 0.869 0.844 0.840 0.843 0.838 0.845 0.897 | 0.933 0.875 0.829 0.759 0.646 0.523 0.424 0.357 0.294
3 0.952 0.896 0.857 0.834 0.832 0.845 0.863 0.925 | 0953 0.896 0.850 0.776 0.662 0.542 0.444 0.379 0.313
4 1.088 1.033 0.992 0971 0974 0.986 1.007 1.070 | 1.103 1.047 0.995 0.922 0.793 0.657 0.545 0.471 0.397
5 1.237 1.175 1.128 1.105 1.113 1.127 1.145 1.219 | 1.262 1.197 1.147 1.067 0.934 0.796 0.686 0.614 0.541
6 1.363 1.301 1.245 1226 1.232 1.248 1.270 1.353 | 1.400 1.335 1.275 1.195 1.054 0920 0.815 0.744 0.676
7 1.460 1.387 1.336 1315 1.323 1.343 1.372 1.451 | 1.515 1443 1.383 1.298 1.152 1.015 0907 0.836 0.762
8 1.513 1.435 1393 1376 1392 1410 1.443 1.531|1.595 1519 1461 1.372 1.228 1.093 0.990 0.922 0.848
9 1.546 1.473 1.424 1.404 1424 1447 1477 1.571|1.638 1564 1.507 1.420 1.284 1.163 1.081 1.029 0.973
10 1.552 1.482 1.425 1408 1430 1450 1.488 1.578 | 1.642 1572 1.513 1.429 1.295 1.187 1.121 1.073 1.033
11 1.543 1.467 1416 1397 1413 1435 1.467 1.557|1.620 1545 1.484 1.400 1.261 1.135 1.040 0.978 0.916
12 1.502 1.429 1370 1352 1366 1.386 1.413 1.503 | 1.557 1.482 1.423 1.336 1.185 1.038 0.920 0.840 0.748
13 1.427 1.358 1307 1.280 1.291 1.304 1.331 1.413 | 1462 1395 1.335 1.248 1.098 0.950 0.832 0.753 0.670
14 1.309 1.252 1205 1.177 1.189 1.199 1.225 1.293 | 1.343 1274 1.219 1.135 0.994 0.851 0.742 0.664 0.588
15 1.184 1.119 1.080 1.057 1.064 1.073 1.094 1.157 | 1.195 1.134 1.083 0.999 0.860 0.717 0.605 0.526 0.447
16 1.040 0.989 0.948 0.925 0.929 0.937 0.952 1.007 | 1.041 0981 0.929 0.849 0.715 0.568 0.447 0.364 0.282
17 0912 0.857 0.815 0.793 0.789 0.793 0.812 0.862 | 0.889 0.831 0.783 0.710 0.589 0.460 0.355 0.284 0.217
18 0.865 0.827 0.798 0.788 0.787 0.781 0.786 0.830 | 0.858 0.799 0.753 0.682 0.566 0.438 0.334 0.264 0.200
19 1.014 1.052 1.109 1.180 1.223 1.176 1.094 1.054 | 1.076 1.085 1.111 1.070 0.898 0.665 0.473 0.360 0.251

“The axial layer number increases from the top to the bottom of the fuel elements.
? r=n denotes the radial region number; n varies from 1 to 8 for the IFE and from 1 to 9 for the OFE, with r=1 corresponding to the smallest radius in the fuel element.
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4.2.3 Neutron Flux

The neutron flux level is one of the key parameters for characterizing core performance. A
comparison was made of three-group flux data estimated with the SCALE HFIR model and the
MCNP Cycle 400 revised model for the HFIR core at 85 MW power for three relevant locations in
the HFIR geometry. The flux data comparison is presented in Table 6. The statistical relative
standard deviation for the tallied flux is less than 1% in all cases. The energy group definition for the
three-group data is thermal, <0.625 eV; epithermal, 0.625 eV-100 keV; and fast, 100 keV-20 MeV.
As the flux results provided by SCALE or MCNP are normalized to the fission source, the values for
the flux in n/cm’s were obtained by multiplying the flux tally values by the total source. The total
source S was approximated as

P
- Eekeff

(5.1)

where V is the average number of neutrons per fission, P is the reactor power in MW, £ is the average
energy per fission in MeV, and e is a unit conversion factor (1.602 x 10™* MJ/MeV). An approximate
value of 200 MeV was used for E, whereas the value for k. and v were taken from Table 3 and Table
4, respectively. The value of the total source is 6.47 x 10'® n/s for the MCNP Cycle 400 revised
model® and 6.49 x 10" n/s for the SCALE HFIR model.

The flux data in Table 6 is shown for the following three locations: the central target in the flux
trap, the edge of the cold source (hydrogen spherical region at the tip of the cold source), and the
VXF-6 location in the beryllium reflector. As observed, the flux values agree well in the SCALE and
MCNP models for the central target region and the VXF-6 location in reflector, with differences
typically below 2%. The differences between the two models increase slightly to ~5% in the thermal
and epithermal components, as well as for the total flux, at the cold source tip.

Table 6. Neutron flux comparison between the SCALE and MCNP models

Thermal Epithermal

Location Model flux flux Fast flux Total flux

2 2
(n/cm’s) (n/cm’s) (n/em’s) (n/em’s)
Central target SCALE 2.25%x 10" 1.33 x 10" 1.12x 10" 471 x 10"
r,z=0cm MCNP 224 x 10" 1.30 x 10" 1.13x10°  4.67x 10"
Reflector SCALE 2.72 x 10" 3.64 x 10" 9.50 x 10  3.18 x 10"
VXF-6 MCNP 2.67 x 10" 3.58 x 10" 9.76 x 10 3.13 x 10"

Cold source tip SCALE 423 x 10" 9.40 x 10" 381 x10%  555x10"
Unit 4100 MCNP 4.02 x 10" 9.02 x 10" 3.80x 10%  530x10"
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5. CONCLUSIONS

The development of a comprehensive SCALE computational model for HFIR is documented and
discussed in this report. This SCALE model has equivalent features as the reference MCNP model for
Cycle 400, which has been used extensively at HFIR for safety analyses and by HFIR users for
experiment design and analyses.

Numerical and visual comparisons are employed to assess the performance of the SCALE HFIR
model relative to the MCNP Cycle 400 revised model that is currently used to evaluate relevant
reactor performance parameters for the HFIR. Visual comparisons of the two models show excellent
geometry matching. Numerical comparisons for the global parameters of the system, power density
distribution in the fuel, and neutron fluxes at several locations in the HFIR indicate excellent
agreement between the results predicted with the SCALE model and those given by the MCNP
model. The difference in k. values calculated with the two models is 124 pcm.

The SCALE HFIR model is presented in sufficient detail to provide the users of the model with a
tool that can be easily customized for various safety analysis or experiment design requirements. To
aid the users of the SCALE HFIR model, a flowchart of the model is included that shows in detail the
geometry units describing various sections in the configuration. The input file for the SCALE HFIR
model is heavily commented, containing ~1,500 comment lines, for easier navigation and
identification of the different components of the model, to enable the user to make changes or to add
to the model, such as for the case when a particular target or experiment is inserted in the reactor.

The SCALE HFIR model is based on the SCALE generalized geometry package, and therefore
can be used as a basis for studies with other modules or sequences in SCALE, such as for depletion
simulations or shielding analyses. Given the diverse capabilities existent or under development in
SCALE, there is a potential for more analysis options with SCALE than those provided by MCNP.
The SCALE HFIR model provides the modeling basis for future integrated reactor analyses for HFIR
and also provides an alternative and a verification tool for the currently used HFIR MCNP model.
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Appendix A
INPUT FILE FOR THE SCALE HFIR MODEL






Appendix A. Input File for the SCALE HFIR Model

=csas26

HFIR model, Dan Ilas, May-June 2011
ce_v7

read comp

! Water below core region - Outlet Pressure= 2.572 MPa or 358 psi

- Pressure dr (0.758 MPa or 110 psi pressure drop)
- Outlet Temperature= 156F or 69C

' - Density= 0.9794 g/cm”3

The number densities for this material on MCNP materi

1 cards were manually

' verified for consistency with density on cell cards ( 1.00000E+00)
H-1 1 0 6.59947E-02 293.6 end
0-16 1 0 3.29974E-02 293.6 end

' This is a SCALE only material:
' It is the same as material 1, but corresponds to a density of 1.00000E+00 on cell cards

H-1 100 0 6.68584E-02 293.6 end

0-16 100 0 3.34293E-02 293.6 end

' Water in core region - Avg. Density= 0.98465 g/cm”3

H-1 2 0 6.63485E-02 293.6 end

0-16 2 0 3.31742E-02 293.6 end

! Water above core region - Inlet Pressure= 3.33 MPa or 468 psi

' - Inlet Temperature= 120F or 49C
- Density= 0.9899 g/cm”3

H-1 3 0 6.67020E-02 293.6 end

0-16 3 0 3.33510E-02 293.6 end

Aluminum in target basket area

Al-27 25 0 5.85482E-02 293.6 end
H-1 25 0 3.45716E-04 293.6 end
Mg-24 25 0 5.28432E-04 293.6 end
Mg-25 25 0 6.68986E-05 293.6 end
Mg-26 25 0 7.36554E-05 293.6 end
Si-28 25 0 3.20373E-04 293.6 end
Si-29 25 0 1.62219E-05 293.6 end
Si-30 25 0 1.07683E-05 293.6 end
Ti-46 25 0 2.10131E-06 293.6 end
Ti-47 25 0 1.89500E-06 293.6 end
Ti-48 25 0 1.87768E-05 293.6 end
Ti-49 25 0 1.37795E-06 293.6 end
Ti-50 25 0 1.31937E-06 293.6 end
Cr-50 25 0 2.65258E-06 293.6 end
Cr-52 25 0 5.10942E-05 293.6 end
Cr-53 25 0 5.79300E-06 293.6 end
Cr-54 25 0 1.43910E-06 293.6 end
Mn-55 25 0 2.21974E-05 293.6 end
Fe-54 25 0 5.96144E-06 293.6 end
Fe-56 25 0 9.34978E-05 293.6 end
Fe-57 25 0 2.16039E-06 293.6 end
Fe-58 25 0 2.85334E-07 293.6 end
Cu-63 25 0 6.04931E-05 293.6 end
Cu-65 25 0 2.69626E-05 293.6 end
! Al1-1100 clad of target pellets Total = 6.03240E-02
Al-27 511 0 6.00625E-02 293.6 end
Si-28 511 0 1.33983E-04 293.6 end
Si-29 511 0 6.78416E-06 293.6 end
Si-30 511 0 4.50340E-06 293.6 end
Mn-55 511 0 7.42655E-06 293.6 end
Fe-54 511 0 4.27394E-06 293.6 end
Fe-56 511 0 6.70314E-05 293.6 end
Fe-57 511 0 1.54885E-06 293.6 end
Fe-58 511 0 2.04565E-07 293.6 end
Cu-63 511 0 2.47400E-05 293.6 end
Cu-65 511 0 1.10270E-05 293.6 end
! Al for shrouded targets Total = 6.03240E-02



The total number density on MCNP material cards ( 6.03240E-02

! is not the same as on cell cards ( 4.82102E-02)

Al-27 512 0 4.80012E-02 293.6 end
Si-28 512 0 1.07078E-04 293.6 end
Si-29 512 0 5.42182E-06 293.6 end
Si-30 512 0 3.59906E-06 293.6 end
Mn-55 512 0 5.93521E-06 293.6 end
Fe-54 512 0 3.41568E-06 293.6 end
Fe-56 512 0 5.35707E-05 293.6 end
Fe-57 512 0 1.23782E-06 293.6 end
Fe-58 512 0 1.63486E-07 293.6 end
Cu-63 512 0 1.97719E-05 293.6 end
Cu-65 512 0 8.81264E-06 293.6 end
! Dummy solid Al targets ( change to A1-1100) Total = 6.03240E-02
' The total number density on MCNP material cards ( 6.03240E-02)
! is not the same as on cell cards ( 6.02423E-02)
Al-27 530 0 5.99811E-02 293.6 end
Si-28 530 0 1.33801E-04 293.6 end
Si-29 530 0 6.77497E-06 293.6 end
Si-30 530 0 4.49730E-06 293.6 end
Mn-55 530 0 7.41649E-06 293.6 end
Fe-54 530 0 4.26815E-06 293.6 end
Fe-56 530 0 6.69406E-05 293.6 end
Fe-57 530 0 1.54675E-06 293.6 end
Fe-58 530 0 2.04288E-07 293.6 end
Cu-63 530 0 2.47065E-05 293.6 end
Cu-65 530 0 1.10121E-05 293.6 end
'
'
' material for Jp-26 & Jp-27 solid SSt targets in Al holders Total = 5.97E-02 (communication w/ Randy Hobbs 8/9/2004)
' The total number density on MCNP material cards ( 5.96631E-02)
! is not the same as on cell cards ( 5.97000E-02)
Al-27 535 0 3.22199E-02 293.6 end
Fe-54 535 0 1.10633E-03 293.6 end
Fe-56 535 0 1.73515E-02 293.6 end
Fe-57 535 0 4.00928E-04 293.6 end
Fe-58 535 0 5.29528E-05 293.6 end
Cr-50 535 0 2.41574E-04 293.6 end
Cr-52 535 0 4.65323E-03 293.6 end
Cr-53 535 0 5.27576E-04 293.6 end
Cr-54 535 0 1.31061E-04 293.6 end
Ni-58 535 0 1.67581E-03 293.6 end
Ni-60 535 0 6.45411E-04 293.6 end
Ni-61 535 0 2.80614E-05 293.6 end
Ni-62 535 0 8.93533E-05 293.6 end
Ni-64 535 0 2.28922E-05 293.6 end
Mn-55 535 0 5.53342E-04 293.6 end
'
'
'
'
! Material of PTP Experiments Loading
! PTP-1 experiments
' #1 (bottom) experiment material (sl) Al spacer Al-1100 Total = 5.93745E-02
' The total number density on MCNP material cards ( 6.03240E-02
! is not the same as on cell cards ( 5.93745E-02)
Al-27 711 0 5.91171E-02 293.6 end
Si-28 711 0 1.31874E-04 293.6 end
Si-29 711 0 6.67737E-06 293.6 end
Si-30 711 0 4.43251E-06 293.6 end
Mn-55 711 0 7.30965E-06 293.6 end
Fe-54 711 0 4.20667E-06 293.6 end
Fe-56 711 0 6.59763E-05 293.6 end
Fe-57 711 0 1.52447E-06 293.6 end
Fe-58 711 0 2.01345E-07 293.6 end
Cu-63 711 0 2.43506E-05 293.6 end
Cu-65 711 0 1.08534E-05 293.6 end
'
' # 2 experiment material (SO3E-003) sst/Al Total = 4,.47398E-02
' PTP1 experiment material
Al1-27 712 0 3.56263E-02 293.6 end
C 712 0 4.06300E-04 293.6 end
Si-28 712 0 2.81486E-04 293.6 end
Si-29 712 0 1.42528E-05 293.6 end
Si-30 712 0 9.46120E-06 293.6 end
Fe-54 712 0 4.81391E-04 293.6 end



Fe-56 712 0 7.55002E-03 293.6 end
Fe-57 712 0 1.74453E-04 293.6 end
Fe-58 712 0 2.30409E-05 293.6 end
Mo-92 712 0 2.56880E-05 293.6 end
Mo-94 712 0 1.60118E-05 293.6 end
Mo-95 712 0 2.75575E-05 293.6 end
Mo-96 712 0 2.88731E-05 293.6 end
Mo-97 712 0 1.65311E-05 293.6 end
Mo-98 712 0 4.17690E-05 293.6 end
Mo-100 712 0 1.66695E-05 293.6 end
! # 3 experiment material (NM-634) W Total = 3.38204E-02
W-186 713 0 1.02360E-03 293.6 end
0-16 713 0 2.09630E-03 293.6 end
Al-27 713 0 3.07005E-02 293.6 end
' # 4 experiment material (NM-627) W Total = 3.36267E-02
W-186 714 0 9.54300E-04 293.6 end
0-16 714 0 1.97190E-03 293.6 end
Al1-27 714 0 3.07005E-02 293.6 end
'
! # 5 experiment material (S2) Mo/V Total = 2.32122E-02
\ 715 0 1.72431E-02 293.6 end
Mo-92 715 0 8.85814E-04 293.6 end
Mo-94 715 0 5.52142E-04 293.6 end
Mo-95 715 0 9.50281E-04 293.6 end
Mo-96 715 0 9.95646E-04 293.6 end
Mo-97 715 0 5.70049E-04 293.6 end
Mo-98 715 0 1.44034E-03 293.6 end
Mo-100 715 0 5.74824E-04 293.6 end
' # 6 experiment material (NM-659) Ra Total = 3.50519E-02
' No radon cross section
0-16 716 0 1.00001E-07 293.6 end
Al-27 716 0 3.50518E-02 293.6 end
! # 7 experiment material top (T031) SST Tensile Total =
Fe-54 717 0 3.91600E-04 293.6 end
Fe-56 717 0 5.92790E-03 293.6 end
Fe-57 717 0 1.34500E-04 293.6 end
Fe-58 717 0 1.76000E-05 293.6 end
'
! PTP-2 experiments
'
! # (bottom) experiment material Gr/Al Total=5.65355-2
Al1-27 721 0 2.85703E-02 293.6 end
Si-28 721 0 4.25273E-04 293.6 end
Si-29 721 0 2.15334E-05 293.6 end
Si-30 721 0 1.42941E-05 293.6 end
Fe-54 721 0 5.17316E-05 293.6 end
Fe-56 721 0 8.11345E-04 293.6 end
Fe-57 721 0 1.87472E-05 293.6 end
Fe-58 721 0 2.47604E-06 293.6 end
C-graphite 721 0 2.62709E-02 293.6 end
Mo-92 721 0 5.17768E-05 293.6 end
Mo-94 721 0 3.22733E-05 293.6 end
Mo-95 721 0 5.55449E-05 293.6 end
Mo-96 721 0 5.81965E-05 293.6 end
Mo-97 721 0 3.33200E-05 293.6 end
Mo-98 721 0 8.41896E-05 293.6 end
Mo-100 721 0 3.35991E-05 293.6 end
! #2 experiment material sic/v Total= 4.34300-2
' The total number density on MCNP material cards ( 5.48665E-02
! is not the same as on cell cards ( 6.00000E-02)
Al1-27 722 0 1.90817E-02 293.6 end
Si-28 722 0 1.15348E-02 293.6 end
Si-29 722 0 5.84056E-04 293.6 end
Si-30 722 0 3.87703E-04 293.6 end
C-graphite 722 0 1.25065E-02 293.6 end
Fe-54 722 0 5.14027E-05 293.6 end
Fe-56 722 0 8.06187E-04 293.6 end
Fe-57 722 0 1.86280E-05 293.6 end
Fe-58 722 0 2.46030E-06 293.6 end
\ 722 0 1.48368E-02 293.6 end
Mo-92 722 0 2.81564E-05 293.6 end
Mo-94 722 0 1.75504E-05 293.6 end

6.4716E-03



Mo-95 722 0 3.02055E-05 293.6 end
Mo-96 722 0 3.16475E-05 293.6 end
Mo-97 722 0 1.81196E-05 293.6 end
Mo-98 722 0 4.57827E-05 293.6 end
Mo-100 722 0 1.82714E-05 293.6 end
' t material (sl) Al space A1-1100
! ber density on MCNP material cards ( 6
! same as on cell cards ( 5.93745E-02)
Al-27 723 0 5.91171E-02 293.6 end
Si-28 723 0 1.31874E-04 293.6 end
Si-29 723 0 6.67737E-06 293.6 end
Si-30 723 0 4.43251E-06 293.6 end
Mn-55 723 0 7.30965E-06 293.6 end
Fe-54 723 0 4.20667E-06 293.6 end
Fe-56 723 0 6.59763E-05 293.6 end
Fe-57 723 0 1.52447E-06 293.6 end
Fe-58 723 0 2.01345E-07 293.6 end
Cu-63 723 0 2.43506E-05 293.6 end
Cu-65 723 0 1.08534E-05 293.6 end
! #4 experiment material Gr/V Total=5.89491-2
Al1-27 724 0 1.75354E-02 293.6 end
Si-28 724 0 4.33941E-04 293.6 end
Si-29 724 0 2.19724E-05 293.6 end
Si-30 724 0 1.45855E-05 293.6 end
Fe-54 724 0 5.14741E-05 293.6 end
Fe-56 724 0 8.07307E-04 293.6 end
Fe-57 724 0 1.86539E-05 293.6 end
Fe-58 724 0 2.46372E-06 293.6 end
C-graphite 724 0 2.62254E-02 293.6 end
v 724 0 1.35332E-02 293.6 end
Mo-92 724 0 4.52322E-05 293.6 end
Mo-94 724 0 2.81940E-05 293.6 end
Mo-95 724 0 4.85241E-05 293.6 end
Mo-96 724 0 5.08405E-05 293.6 end
Mo-97 724 0 2.91084E-05 293.6 end
Mo-98 724 0 7.35481E-05 293.6 end
Mo-100 724 0 2.93522E-05 293.6 end
! #5 experiment material Gr/V Total=5.89252-2
Al1-27 725 0 1.74621E-02 293.6 end
Si-28 725 0 4.32374E-04 293.6 end
Si-29 725 0 2.18930E-05 293.6 end
Si-30 725 0 1.45328E-05 293.6 end
Fe-54 725 0 5.13221E-05 293.6 end
Fe-56 725 0 8.04923E-04 293.6 end
Fe-57 725 0 1.85988E-05 293.6 end
Fe-58 725 0 2.45644E-06 293.6 end
C-graphite 725 0 2.62644E-02 293.6 end
\ 725 0 1.34952E-02 293.6 end
Mo-92 725 0 5.30382E-05 293.6 end
Mo-94 725 0 3.30595E-05 293.6 end
Mo-95 725 0 5.68981E-05 293.6 end
Mo-96 725 0 5.96143E-05 293.6 end
Mo-97 725 0 3.41317E-05 293.6 end
Mo-98 725 0 8.62406E-05 293.6 end
Mo-100 725 0 3.44176E-05 293.6 end
' #6 experiment material (sl) Al spacer Al-1100
' The total number density on MCNP material cards ( 6.
! is not the same as on cell cards ( 5.93745E-02)
Al-27 726 0 5.91171E-02 293.6 end
Si-28 726 0 1.31874E-04 293.6 end
Si-29 726 0 6.67737E-06 293.6 end
Si-30 726 0 4.43251E-06 293.6 end
Mn-55 726 0 7.30965E-06 293.6 end
Fe-54 726 0 4.20667E-06 293.6 end
Fe-56 726 0 6.59763E-05 293.6 end
Fe-57 726 0 1.52447E-06 293.6 end
Fe-58 726 0 2.01345E-07 293.6 end
Cu-63 726 0 2.43506E-05 293.6 end
Cu-65 726 0 1.08534E-05 293.6 end
'
'
! #7 experiment material Gr/V Total=6.03159-2

Total =
03240E-02)

93745E-02



Al-27 727 0 1.74755E-02 293.6 end
Si-28 727 0 4.32650E-04 293.6 end
Si-29 727 0 2.19070E-05 293.6 end
Si-30 727 0 1.45421E-05 293.6 end
Fe-54 727 0 5.20649E-05 293.6 end
Fe-56 727 0 8.16574E-04 293.6 end
Fe-57 727 0 1.88680E-05 293.6 end
Fe-58 727 0 2.49200E-06 293.6 end
C-graphite 727 0 2.63554E-02 293.6 end
v 727 0 1.47856E-02 293.6 end
Mo-92 727 0 5.05153E-05 293.6 end
Mo-94 727 0 3.14869E-05 293.6 end
Mo-95 727 0 5.41916E-05 293.6 end
Mo-96 727 0 5.67786E-05 293.6 end
Mo-97 727 0 3.25081E-05 293.6 end
Mo-98 727 0 8.21384E-05 293.6 end
Mo-100 727 0 3.27804E-05 293.6 end
' PTP-3 experiments
! #1 (bottom) experiment material Gr/Al Total=5.64033-2
Al1-27 731 0 2.85243E-02 293.6 end
Si-28 731 0 4.32373E-04 293.6 end
Si-29 731 0 2.18930E-05 293.6 end
Si-30 731 0 1.45328E-05 293.6 end
Fe-54 731 0 5.22931E-05 293.6 end
Fe-56 731 0 8.20152E-04 293.6 end
Fe-57 731 0 1.89507E-05 293.6 end
Fe-58 731 0 2.50292E-06 293.6 end
C-graphite 731 0 2.61596E-02 293.6 end
Mo-92 731 0 5.29342E-05 293.6 end
Mo-94 731 0 3.29947E-05 293.6 end
Mo-95 731 0 5.67865E-05 293.6 end
Mo-96 731 0 5.94975E-05 293.6 end
Mo-97 731 0 3.40648E-05 293.6 end
Mo-98 731 0 8.60715E-05 293.6 end
Mo-100 731 0 3.43501E-05 293.6 end
! #2 experiment material sic/v Total= 4.31828-2
' The total number density on MCNP material cards ( 5.43818E-02)
! is not the same as on cell cards ( 6.00000E-02)
Al1-27 732 0 1.92518E-02 293.6 end
Si-28 732 0 1.13958E-02 293.6 end
Si-29 732 0 5.77020E-04 293.6 end
Si-30 732 0 3.83032E-04 293.6 end
C-graphite 732 0 1.23559E-02 293.6 end
Fe-54 732 0 5.18609E-05 293.6 end
Fe-56 732 0 8.13373E-04 293.6 end
Fe-57 732 0 1.87940E-05 293.6 end
Fe-58 732 0 2.48223E-06 293.6 end
\ 732 0 1.49586E-02 293.6 end
Mo-92 732 0 2.84074E-05 293.6 end
Mo-94 732 0 1.77068E-05 293.6 end
Mo-95 732 0 3.04748E-05 293.6 end
Mo-96 732 0 3.19296E-05 293.6 end
Mo-97 732 0 1.82811E-05 293.6 end
Mo-98 732 0 4.61908E-05 293.6 end
Mo-100 732 0 1.84342E-05 293.6 end
' #3 experiment material (sl) Al spacer Al-1100 Total =
' The total number density on MCNP material cards ( 6.03240E-02
! is not the same as on cell cards ( 5.93745E-02)
Al-27 733 0 5.91171E-02 293.6 end
Si-28 733 0 1.31874E-04 293.6 end
Si-29 733 0 6.67737E-06 293.6 end
Si-30 733 0 4.43251E-06 293.6 end
Mn-55 733 0 7.30965E-06 293.6 end
Fe-54 733 0 4.20667E-06 293.6 end
Fe-56 733 0 6.59763E-05 293.6 end
Fe-57 733 0 1.52447E-06 293.6 end
Fe-58 733 0 2.01345E-07 293.6 end
Cu-63 733 0 2.43506E-05 293.6 end
Cu-65 733 0 1.08534E-05 293.6 end
' #4 experiment material (S4) Mo/V Total = 2.59550E-02
v 734 0 1.99828E-02 293.6 end
Mo-92 734 0 8.86274E-04 293.6 end
Mo-94 734 0 5.52429E-04 293.6 end



Mo-95 734 0 9.50774E-04 293.6 end
Mo-96 734 0 9.96163E-04 293.6 end
Mo-97 734 0 5.70345E-04 293.6 end
Mo-98 734 0 1.44109E-03 293.6 end
Mo-100 734 0 5.75123E-04 293.6 end
' #5 experiment material (S4) Mo/V Total 2.32314E-02
v 735 0 1.72623E-02 293.6 end
Mo-92 735 0 8.85814E-04 293.6 end
Mo-94 735 0 5.52142E-04 293.6 end
Mo-95 735 0 9.50281E-04 293.6 end
Mo-96 735 0 9.95646E-04 293.6 end
Mo-97 735 0 5.70049E-04 293.6 end
Mo-98 735 0 1.44034E-03 293.6 end
Mo-100 735 0 5.74824E-04 293.6 end
' #6 experiment material (s1) Al spacer Al-1100 Total =
' The total number density on MCNP material cards ( 6.03240E-02)
' is not the same as on cell cards ( 5.93745E-02)
Al-27 736 0 5.91171E-02 293.6 end
Si-28 736 0 1.31874E-04 293.6 end
Si-29 736 0 6.67737E-06 293.6 end
Si-30 736 0 4.43251E-06 293.6 end
Mn-55 736 0 7.30965E-06 293.6 end
Fe-54 736 0 4.20667E-06 293.6 end
Fe-56 736 0 6.59763E-05 293.6 end
Fe-57 736 0 1.52447E-06 293.6 end
Fe-58 736 0 2.01345E-07 293.6 end
Cu-63 736 0 2.43506E-05 293.6 end
Cu-65 736 0 1.08534E-05 293.6 end
' #7 experiment material Gr/V Total=5.98973-2
Al-27 737 0 1.74177E-02 293.6 end
Si-28 737 0 4.25640E-04 293.6 end
Si-29 737 0 2.15521E-05 293.6 end
Si-30 737 0 1.43065E-05 293.6 end
Fe-54 737 0 5.18953E-05 293.6 end
Fe-56 737 0 8.13913E-04 293.6 end
Fe-57 737 0 1.88065E-05 293.6 end
Fe-58 737 0 2.48388E-06 293.6 end
C-graphite 737 0 2.60117E-02 293.6 end
v 737 0 1.47777E-02 293.6 end
Mo-92 737 0 5.07082E-05 293.6 end
Mo-94 737 0 3.16072E-05 293.6 end
Mo-95 737 0 5.43985E-05 293.6 end
Mo-96 737 0 5.69955E-05 293.6 end
Mo-97 737 0 3.26323E-05 293.6 end
Mo-98 737 0 8.24521E-05 293.6 end
Mo-100 737 0 3.29056E-05 293.6 end
' PTP-4 experiments
' #1 (bottom) experiment material Gr/Al Total=8.16415-2
C-graphite 741 0 4.30656E-02 293.6 end
Al-27 741 0 3.61430E-02 293.6 end
Si-28 741 0 2.24386E-03 293.6 end
Si-29 741 0 1.13616E-04 293.6 end
Si-30 741 0 7.54199E-05 293.6 end
! #2 experiment material sic/v Total= 4.31234-2
' The total number density on MCNP material cards ( 5.42013E-02
! is not the same as on cell cards ( 6.00000E-02)
Al-27 742 0 1.93159E-02 293.6 end
Si-28 742 0 1.13102E-02 293.6 end
Si-29 742 0 5.72679E-04 293.6 end
Si-30 742 0 3.80151E-04 293.6 end
C-graphite 742 0 1.22629E-02 293.6 end
Fe-54 742 0 5.20335E-05 293.6 end
Fe-56 742 0 8.16080E-04 293.6 end
Fe-57 742 0 1.88566E-05 293.6 end
Fe-58 742 0 2.49049E-06 293.6 end
\ 742 0 1.50767E-02 293.6 end
Mo-92 742 0 2.85019E-05 293.6 end
Mo-94 742 0 1.77658E-05 293.6 end
Mo-95 742 0 3.05762E-05 293.6 end



Mo-96 742 0 3.20359E-05 293.6 end
Mo-97 742 0 1.83419E-05 293.6 end
Mo-98 742 0 4.63445E-05 293.6 end
Mo-100 742 0 1.84956E-05 293.6 end
' #3 experiment material (sl) Al spacer Al-1100
' The total number density on MCNP material cards (
! is not the same as on cell cards ( 5.93745E-02)
Al-27 743 0 5.91171E-02 293.6 end
Si-28 743 0 1.31874E-04 293.6 end
Si-29 743 0 6.67737E-06 293.6 end
Si-30 743 0 4.43251E-06 293.6 end
Mn-55 743 0 7.30965E-06 293.6 end
Fe-54 743 0 4.20667E-06 293.6 end
Fe-56 743 0 6.59763E-05 293.6 end
Fe-57 743 0 1.52447E-06 293.6 end
Fe-58 743 0 2.01345E-07 293.6 end
Cu-63 743 0 2.43506E-05 293.6 end
Cu-65 743 0 1.08534E-05 293.6 end
'

#4 experiment material (S4) Mo/Al Total = 4

The total number density on MCNP material cards (

is not the same as on cell cards ( 4.89927E-02)
Al1-27 744 0 4.83627E-02 293.6 end
Fe-54 744 0 1.44828E-05 293.6 end
Fe-56 744 0 2.27145E-04 293.6 end
Fe-57 744 0 5.24846E-06 293.6 end
Fe-58 744 0 6.93193E-07 293.6 end
Mo-92 744 0 5.67532E-05 293.6 end
Mo-94 744 0 3.53752E-05 293.6 end
Mo-95 744 0 6.08834E-05 293.6 end
Mo-96 744 0 6.37900E-05 293.6 end
Mo-97 744 0 3.65225E-05 293.6 end
Mo-98 744 0 9.22812E-05 293.6 end
Mo-100 744 0 3.68284E-05 293.6 end
' #5 experiment material (S4) Mo/Al Total = 4
' The total number density on MCNP material cards (
! is not the same as on cell cards ( 4.90794E-02)
Al-27 745 0 4.84500E-02 293.6 end
Fe-54 745 0 1.44685E-05 293.6 end
Fe-56 745 0 2.26921E-04 293.6 end
Fe-57 745 0 5.24329E-06 293.6 end
Fe-58 745 0 6.92510E-07 293.6 end
Mo-92 745 0 5.66973E-05 293.6 end
Mo-94 745 0 3.53403E-05 293.6 end
Mo-95 745 0 6.08234E-05 293.6 end
Mo-96 745 0 6.37272E-05 293.6 end
Mo-97 745 0 3.64865E-05 293.6 end
Mo-98 745 0 9.21903E-05 293.6 end
Mo-100 745 0 3.67921E-05 293.6 end
' #6 experiment material (s-23) Al spacer Al-11
' The total number density on MCNP material cards (
! is not the same as on cell cards ( 5.93745E-02)
Al-27 746 0 5.91171E-02 293.6 end
Si-28 746 0 1.31874E-04 293.6 end
Si-29 746 0 6.67737E-06 293.6 end
Si-30 746 0 4.43251E-06 293.6 end
Mn-55 746 0 7.30965E-06 293.6 end
Fe-54 746 0 4.20667E-06 293.6 end
Fe-56 746 0 6.59763E-05 293.6 end
Fe-57 746 0 1.52447E-06 293.6 end
Fe-58 746 0 2.01345E-07 293.6 end
Cu-63 746 0 2.43506E-05 293.6 end
Cu-65 746 0 1.08534E-05 293.6 end
! #7 experiment material Gr/V Total=5.98063
' The total number density on MCNP material cards (
! is not the same as on cell cards ( 5.98063E-02)
Al-27 747 0 1.75063E-02 293.6 end
Si-28 747 0 4.25373E-04 293.6 end
Si-29 747 0 2.15385E-05 293.6 end
Si-30 747 0 1.42975E-05 293.6 end
Fe-54 747 0 5.17321E-05 293.6 end
Fe-56 747 0 8.11353E-04 293.6 end
Fe-57 747 0 1.87473E-05 293.6 end

Total =
6.03240E-02)

.89927E-02
4.37744E-02)
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-58 747 0 2.47606E-06 293.6 end
-graphite 747 0 2.58227E-02 293.6 end
747 0 1.47900E-02 293.6 end
-92 747 0 5.07203E-05 293.6 end
-94 747 0 3.16148E-05 293.6 end
-95 747 0 5.44114E-05 293.6 end
-96 747 0 5.70090E-05 293.6 end
-97 747 0 3.26401E-05 293.6 end
-98 747 0 8.24716E-05 293.6 end
-100 747 0 3.29135E-05 293.6 end
PTP-5 experiments
#1 (bottom) experiment material (s-4) Al spacer Al1-1100 T
The total number density on MCNP material cards ( 6.03240E-02
is not the same as on cell cards ( 5.93745E-02)
=27 751 0 5.91171E-02 293.6 end
-28 751 0 1.31874E-04 293.6 end
-29 751 0 6.67737E-06 293.6 end
-30 751 0 4.43251E-06 293.6 end
-55 751 0 7.30965E-06 293.6 end
-54 751 0 4.20667E-06 293.6 end
-56 751 0 6.59763E-05 293.6 end
-57 751 0 1.52447E-06 293.6 end
-58 751 0 2.01345E-07 293.6 end
-63 751 0 2.43506E-05 293.6 end
-65 751 0 1.08534E-05 293.6 end
#2 experiment material sic/v Total= 4.32788-2
The total number density on MCNP material cards ( 5.45761E-02
is not the same as on cell cards ( 6.00000E-02)
=27 752 0 1.91832E-02 293.6 end
-28 752 0 1.14549E-02 293.6 end
-29 752 0 5.80011E-04 293.6 end
-30 752 0 3.85018E-04 293.6 end
-graphite 752 0 1.24199E-02 293.6 end
-54 752 0 5.16763E-05 293.6 end
-56 752 0 8.10477E-04 293.6 end
=57 752 0 1.87271E-05 293.6 end
-58 752 0 2.47339E-06 293.6 end
752 0 1.49028E-02 293.6 end
-92 752 0 2.83062E-05 293.6 end
-94 752 0 1.76438E-05 293.6 end
-95 752 0 3.03663E-05 293.6 end
-96 752 0 3.18159E-05 293.6 end
-97 752 0 1.82160E-05 293.6 end
-98 752 0 4.60263E-05 293.6 end
-100 752 0 1.83686E-05 293.6 end
#3 experiment material Lo3-106 assume equale to LO3-F7, -106)
The total number density on MCNP material cards ( 4.74971E-02)
is not the same as on cell cards ( 6.00000E-02)
=27 753 0 5.26979E-02 293.6 end
-54 753 0 1.63022E-05 293.6 end
-56 753 0 2.55680E-04 293.6 end
=57 753 0 5.90780E-06 293.6 end
-58 753 0 7.80275E-07 293.6 end
-92 753 0 1.04228E-03 293.6 end
-94 753 0 6.49670E-04 293.6 end
-95 753 0 1.11813E-03 293.6 end
-96 753 0 1.17151E-03 293.6 end
-97 753 0 6.70740E-04 293.6 end
-98 753 0 1.69476E-03 293.6 end
-100 753 0 6.76359E-04 293.6 end
#4 experiment material (Lo3-100) Total = 7.00373E-02
-28 754 0 1.34632E-02 293.6 end
-29 754 0 6.81699E-04 293.6 end
-30 754 0 4.52519E-04 293.6 end
754 0 1.45951E-02 293.6 end
=27 754 0 2.16858E-02 293.6 end
754 0 1.91590E-02 293.6 end
#5 experiment material (Lo3-101) Total = 7.00373E-02
-28 755 0 1.34632E-02 293.6 end

otal

5.93745E-02

Total= 4.74972-2



Si-29 755 0 6.81699E-04 293.6 end
Si-30 755 0 4.52519E-04 293.6 end
C 755 0 1.45951E-02 293.6 end
Al-27 755 0 2.16858E-02 293.6 end
v 755 0 1.91590E-02 293.6 end
! #6 experiment mate (s-9) Al spacer Al-1100 Total =
' The total number density on MCNP material cards ( 6.03240E-02)
! is not the same as on cell cards ( 5.93745E-02)
Al-27 756 0 5.91171E-02 293.6 end
Si-28 756 0 1.31874E-04 293.6 end
Si-29 756 0 6.67737E-06 293.6 end
Si-30 756 0 4.43251E-06 293.6 end
Mn-55 756 0 7.30965E-06 293.6 end
Fe-54 756 0 4.20667E-06 293.6 end
Fe-56 756 0 6.59763E-05 293.6 end
Fe-57 756 0 1.52447E-06 293.6 end
Fe-58 756 0 2.01345E-07 293.6 end
Cu-63 756 0 2.43506E-05 293.6 end
Cu-65 756 0 1.08534E-05 293.6 end
' #7 experiment material Gr/V Total=6.00335-2
Al-27 757 0 1.74852E-02 293.6 end
Si-28 757 0 4.32929E-04 293.6 end
Si-29 757 0 2.19210E-05 293.6 end
Si-30 757 0 1.45514E-05 293.6 end
Fe-54 757 0 5.21880E-05 293.6 end
Fe-56 757 0 8.18503E-04 293.6 end
Fe-57 757 0 1.89125E-05 293.6 end
Fe-58 757 0 2.49788E-06 293.6 end
C-graphite 757 0 2.60474E-02 293.6 end
v 757 0 1.48011E-02 293.6 end
Mo-92 757 0 5.01890E-05 293.6 end
Mo-94 757 0 3.12836E-05 293.6 end
Mo-95 757 0 5.38415E-05 293.6 end
Mo-96 757 0 5.64119E-05 293.6 end
Mo-97 757 0 3.22982E-05 293.6 end
Mo-98 757 0 8.16078E-05 293.6 end
Mo-100 757 0 3.25688E-05 293.6 end
! PTP-6 experiments
! #1 (bottom) experiment material Gr/Al Total=5.63347-2
Al1-27 761 0 2.84792E-02 293.6 end
Si-28 761 0 4.32005E-04 293.6 end
Si-29 761 0 2.18743E-05 293.6 end
Si-30 761 0 1.45204E-05 293.6 end
Fe-54 761 0 5.14157E-05 293.6 end
Fe-56 761 0 8.06391E-04 293.6 end
Fe-57 761 0 1.86327E-05 293.6 end
Fe-58 761 0 2.46092E-06 293.6 end
C-graphite 761 0 2.62091E-02 293.6 end
Mo-92 761 0 4.43864E-05 293.6 end
Mo-94 761 0 2.76668E-05 293.6 end
Mo-95 761 0 4.76167E-05 293.6 end
Mo-96 761 0 4.98899E-05 293.6 end
Mo-97 761 0 2.85641E-05 293.6 end
Mo-98 761 0 7.21728E-05 293.6 end
Mo-100 761 0 2.88033E-05 293.6 end
' # 2 experiment material (SO3E-001) sst/Al Total = 4.49341E-02
' PTP1 experiment material
Al-27 762 0 3.58373E-02 293.6 end
C 762 0 4.06300E-04 293.6 end
Si-28 762 0 2.81486E-04 293.6 end
Si-29 762 0 1.42528E-05 293.6 end
Si-30 762 0 9.46120E-06 293.6 end
Fe-54 762 0 4.80004E-04 293.6 end
Fe-56 762 0 7.52827E-03 293.6 end
Fe-57 762 0 1.73950E-04 293.6 end
Fe-58 762 0 2.29746E-05 293.6 end
Mo-92 762 0 2.67268E-05 293.6 end
Mo-94 762 0 1.66593E-05 293.6 end
Mo-95 762 0 2.86719E-05 293.6 end
Mo-96 762 0 3.00407E-05 293.6 end
Mo-97 762 0 1.71996E-05 293.6 end
Mo-98 762 0 4.34581E-05 293.6 end
Mo-100 762 0 1.73436E-05 293.6 end



! # 3 experiment material (SO3E-001) sst/Al Total = 3.9825
' PTP1 experiment material
Al-27 763 0 3.53814E-02 293.6 end
C 763 0 4.06300E-04 293.6 end
Si-28 763 0 2.81486E-04 293.6 end
Si-29 763 0 1.42528E-05 293.6 end
Si-30 763 0 9.46120E-06 293.6 end
Fe-54 763 0 2.08219E-04 293.6 end
Fe-56 763 0 3.26566E-03 293.6 end
Fe-57 763 0 7.54572E-05 293.6 end
Fe-58 763 0 9.96604E-06 293.6 end
Mo-92 763 0 2.56732E-05 293.6 end
Mo-94 763 0 1.60025E-05 293.6 end
Mo-95 763 0 2.75416E-05 293.6 end
Mo-96 763 0 2.88564E-05 293.6 end
Mo-97 763 0 1.65215E-05 293.6 end
Mo-98 763 0 4.17449E-05 293.6 end
Mo-100 763 0 1.66599E-05 293.6 end
! #4 experiment material Gr/V Total=8.80417-2
Si-28 764 0 2.24386E-03 293.6 end
Si-29 764 0 1.13616E-04 293.6 end
Si-30 764 0 7.54199E-05 293.6 end
C-graphite 764 0 4.30656E-02 293.6 end
Al-27 764 0 2.53001E-02 293.6 end
\ 764 0 1.72431E-02 293.6 end
! #5 experiment material Gr /v Total=8.80417
Si-28 765 0 2.24386E-03 293.6 end
Si-29 765 0 1.13616E-04 293.6 end
Si-30 765 0 7.54199E-05 293.6 end
C-graphite 765 0 4.30656E-02 293.6 end
Al-27 765 0 2.53001E-02 293.6 end
v 765 0 1.72431E-02 293.6 end
' #6 experiment material (s-20) Al spacer Al-1100 Total =
' The total number density on MCNP material cards ( 6.03240E-02
! is not the same as on cell cards ( 5.93745E-02)
Al1-27 766 0 5.91171E-02 293.6 end
Si-28 766 0 1.31874E-04 293.6 end
Si-29 766 0 6.67737E-06 293.6 end
Si-30 766 0 4.43251E-06 293.6 end
Mn-55 766 0 7.30965E-06 293.6 end
Fe-54 766 0 4.20667E-06 293.6 end
Fe-56 766 0 6.59763E-05 293.6 end
Fe-57 766 0 1.52447E-06 293.6 end
Fe-58 766 0 2.01345E-07 293.6 end
Cu-63 766 0 2.43506E-05 293.6 end
Cu-65 766 0 1.08534E-05 293.6 end
! #7 experiment material Lo3-106 assume equale to LO3-F7,
' The total number density on MCNP material cards ( 4.74971E-02
! is not the same as on cell cards ( 6.02427E-02)
Al-27 767 0 5.29110E-02 293.6 end
Fe-54 767 0 1.63681E-05 293.6 end
Fe-56 767 0 2.56714E-04 293.6 end
Fe-57 767 0 5.93169E-06 293.6 end
Fe-58 767 0 7.83431E-07 293.6 end
Mo-92 767 0 1.04650E-03 293.6 end
Mo-94 767 0 6.52298E-04 293.6 end
Mo-95 767 0 1.12266E-03 293.6 end
Mo-96 767 0 1.17625E-03 293.6 end
Mo-97 767 0 6.73453E-04 293.6 end
Mo-98 767 0 1.70161E-03 293.6 end
Mo-100 767 0 6.79095E-04 293.6 end
'
'
'
'
'
' 1 IT ( IFE) Material Descriptions
'
'

-106)

5.93745E-02



! Aluminum Sidewalls

Aluminum fuel element walls
The number densit for this material on MCNP material
verified for consistency with density on cell cards (
Al-27 20 0 5.86577E-02 293.6 end

cards were manually
2.70000E+00)

H-1 20 0 3.46363E-04 293.6 end
Mg-24 20 0 5.29421E-04 293.6 end
Mg-25 20 0 6.70238E-05 293.6 end
Mg-26 20 0 7.37932E-05 293.6 end
Si-28 20 0 3.20972E-04 293.6 end
Si-29 20 0 1.62522E-05 293.6 end
Si-30 20 0 1.07884E-05 293.6 end
Ti-46 20 0 2.10524E-06 293.6 end
Ti-47 20 0 1.89855E-06 293.6 end
Ti-48 20 0 1.88119E-05 293.6 end
Ti-49 20 0 1.38053E-06 293.6 end
Ti-50 20 0 1.32184E-06 293.6 end
Cr-50 20 0 2.65754E-06 293.6 end
Cr-52 20 0 5.11898E-05 293.6 end
Cr-53 20 0 5.80384E-06 293.6 end
Cr-54 20 0 1.44179E-06 293.6 end
Mn-55 20 0 2.22389E-05 293.6 end
Fe-54 20 0 5.97259E-06 293.6 end
Fe-56 20 0 9.36727E-05 293.6 end
Fe-57 20 0 2.16443E-06 293.6 end
Fe-58 20 0 2.85868E-07 293.6 end
Cu-63 20 0 6.06063E-05 293.6 end
Cu-65 20 0 2.70130E-05 293.6 end
! Upper and lower Unfuelled Core Regions (50% H20-50% Al-6061) *
! Inner fuel element--lower uncontrolled reg

H-1 70 0 3.35240E-02 293.6 end

0-16 70 0 1.66756E-02 293.6 end
Al-27 70 0 2.92741E-02 293.6 end
Si-28 70 0 1.60187E-04 293.6 end
Si-29 70 0 8.11094E-06 293.6 end
Si-30 70 0 5.38413E-06 293.6 end
Ti-46 70 0 1.05065E-06 293.6 end
Ti-47 70 0 9.47498E-07 293.6 end
Ti-48 70 0 9.38838E-06 293.6 end
Ti-49 70 0 6.88973E-07 293.6 end
Ti-50 70 0 6.59682E-07 293.6 end
Cr-50 70 0 1.32629E-06 293.6 end
Cr-52 70 0 2.55471E-05 293.6 end
Cr-53 70 0 2.89649E-06 293.6 end
Cr-54 70 0 7.19549E-07 293.6 end
Mn-55 70 0 1.10987E-05 293.6 end
Fe-54 70 0 2.98072E-06 293.6 end
Fe-56 70 0 4.67489E-05 293.6 end
Fe-57 70 0 1.08019E-06 293.6 end
Fe-58 70 0 1.42667E-07 293.6 end
Cu-63 70 0 3.02466E-05 293.6 end
Cu-65 70 0 1.34813E-05 293.6 end
Mg-24 70 0 2.64216E-04 293.6 end
Mg-25 70 0 3.34493E-05 293.6 end
Mg-26 70 0 3.68277E-05 293.6 end
! Inner fuel element--upper uncontrolled region

H-1 71 0 3.31702E-02 293.6 end

0-16 71 0 1.64987E-02 293.6 end
Al-27 71 0 2.92741E-02 293.6 end
Si-28 71 0 1.60187E-04 293.6 end
Si-29 71 0 8.11095E-06 293.6 end
Si-30 71 0 5.38414E-06 293.6 end
Ti-46 71 0 1.05065E-06 293.6 end
Ti-47 71 0 9.47499E-07 293.6 end
Ti-48 71 0 9.38839E-06 293.6 end
Ti-49 71 0 6.88974E-07 293.6 end
Ti-50 71 0 6.59683E-07 293.6 end
Cr-50 71 0 1.32629E-06 293.6 end
Cr-52 71 0 2.55471E-05 293.6 end
Cr-53 71 0 2.89649E-06 293.6 end
Cr-54 71 0 7.19550E-07 293.6 end
Mn-55 71 0 1.10987E-05 293.6 end
Fe-54 71 0 2.98072E-06 293.6 end
Fe-56 71 0 4.67489E-05 293.6 end
Fe-57 71 0 1.08019E-06 293.6 end
Fe-58 71 0 1.42667E-07 293.6 end
Cu-63 71 0 3.02466E-05 293.6 end
Cu-65 71 0 1.34813E-05 293.6 end
Mg-24 71 0 2.64216E-04 293.6 end
Mg-25 71 0 3.34493E-05 293.6 end



Mg-26

used

H-1

0-16
Al-27
Si-28
Si-29
Si-30
Ti-46
Ti-47
Ti-48
Ti-49
Ti-50
Cr-50
Cr-52
Cr-53
Cr-54
Mn-55
Fe-54
Fe-56
Fe-57
Fe-58
Cu-63
Cu-65
Mg-24
Mg-25
Mg-26

! Inner
! total at
' 8.008040E-02
H-1
B-10
B-11
0-16
Mg-24
Mg-25
Mg-26
Al-27
Si-28
Si-29
Si-30
Ti-46
Ti-47
Ti-48
Ti-49
Ti-50
Cr-50
Cr-52
Cr-53
Cr-54
Mn-55
Fe-54
Fe-56
Fe-57
Fe-58
Cu-63
Cu-65
U-234
U-235
U-236
U-238

' total atom density

' 8.008390E-02
H-1
B-10
B-11
0-16
Mg-24
Mg-25
Mg-26
Al-27
Si-28
Si-29
$i-30
Ti-46
Ti-47
Ti-48
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in all unfuelled regions

3.35240E-02
1.66756E-02
2.92741E-02
1.60187E-04
8.11095E-06
5.38414E-06
1.05065E-06
9.47499E-07
9.38839E-06
6.88974E-07
6.59683E-07
1.32629E-06
2.55471E-05
2.89649E-06
7.19550E-07
1.10987E-05
2.98072E-06
4.67489E-05
1.08019E-06
1.42667E-07
3.02466E-05
1.34813E-05
2.64216E-04
3.34493E-05
3.68277E-05
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1.02644E-04
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4.20262E-07
3.79000E-07
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Ti-49 212 0 2.75590E-07 293.6 end
Ti-50 212 0 2.63873E-07 293.6 end
Cr-50 212 0 5.30517E-07 293.6 end
Cr-52 212 0 1.02189E-05 293.6 end
Cr-53 212 0 1.15860E-06 293.6 end
Cr-54 212 0 2.87821E-07 293.6 end
Mn-55 212 0 6.55746E-06 293.6 end
Fe-54 212 0 2.41117E-06 293.6 end
Fe-56 212 0 3.78162E-05 293.6 end
Fe-57 212 0 8.73792E-07 293.6 end
Fe-58 212 0 1.15406E-07 293.6 end
Cu-63 212 0 1.91542E-05 293.6 end
Cu-65 212 0 8.53729E-06 293.6 end
212 0 2.69313E-06 293.6 end

212 0 2.51000E-04 293.6 end

212 0 1.07726E-06 293.6 end

212 0 1.45429E-05 293.6 end

atom density = 8.00880E-02 a/b-cm
00E-02

213 0 3.32435E-02 293.6 end

213 0 1.46911E-05 293.6 end

213 0 5.95139E-05 293.6 end

213 0 1.74543E-02 293.6 end

213 0 1.05686E-04 293.6 end

213 0 1.33797E-05 293.6 end

213 0 1.47310E-05 293.6 end

213 0 2.86541E-02 293.6 end

213 0 1.01874E-04 293.6 end

213 0 5.15831E-06 293.6 end

213 0 3.42415E-06 293.6 end

213 0 4.20263E-07 293.6 end

213 0 3.79001E-07 293.6 end

213 0 3.75537E-06 293.6 end

213 0 2.75590E-07 293.6 end

213 0 2.63873E-07 293.6 end

213 0 5.30518E-07 293.6 end

213 0 1.02189E-05 293.6 end

213 0 1.15860E-06 293.6 end

213 0 2.87821E-07 293.6 end

213 0 6.53464E-06 293.6 end

213 0 2.39803E-06 293.6 end

213 0 3.76103E-05 293.6 end

213 0 8.69031E-07 293.6 end

213 0 1.14778E-07 293.6 end

213 0 1.90782E-05 293.6 end

213 0 8.50342E-06 293.6 end

213 0 3.25215E-06 293.6 end

213 0 3.03100E-04 293.6 end

213 0 1.30087E-06 293.6 end

213 0 1.75616E-05 293.6 end

atom density = 8.00937E-02 a/b-cm
0E-02

214 0 3.32434E-02 293.6 end

214 0 1.03798E-05 293.6 end

214 0 4.20486E-05 293.6 end

214 0 1.76644E-02 293.6 end

Mg-24 214 0 1.05686E-04 293.6 end
Mg-25 214 0 1.33797E-05 293.6 end
Mg-26 214 0 1.47310E-05 293.6 end
Al-27 214 0 2.83940E-02 293.6 end
Si-28 214 0 1.01293E-04 293.6 end
Si-29 214 0 5.12887E-06 293.6 end
Si-30 214 0 3.40461E-06 293.6 end
Ti-46 214 0 4.20262E-07 293.6 end
Ti-47 214 0 3.79000E-07 293.6 end
Ti-48 214 0 3.75536E-06 293.6 end
Ti-49 214 0 2.75590E-07 293.6 end
Ti-50 214 0 2.63873E-07 293.6 end
Cr-50 214 0 5.30517E-07 293.6 end
Cr-52 214 0 1.02189E-05 293.6 end
Cr-53 214 0 1.15860E-06 293.6 end
Cr-54 214 0 2.87821E-07 293.6 end
Mn-55 214 0 6.50246E-06 293.6 end
Fe-54 214 0 2.37952E-06 293.6 end
Fe-56 214 0 3.73198E-05 293.6 end
Fe-57 214 0 8.62321E-07 293.6 end
Fe-58 214 0 1.13891E-07 293.6 end
Cu-63 214 0 1.89710E-05 293.6 end
Cu-65 214 0 8.45562E-06 293.6 end
U-234 214 0 4.03970E-06 293.6 end

U-235 214 0 3.76500E-04 293.6 end



U-236 214
U-238 214
! total atom
' 8.009930E-02
H-1 215
B-10 215
B-11 215
0-16 215
Mg-24 215
Mg-25 215
Mg-26 215
Al-27 215
Si-28 215
Si-29 215
Si-30 215
Ti-46 215
Ti-47 215
Ti-48 215
Ti-49 215
Ti-50 215
Cr-50 215
Cr-52 215
Cr-53 215
Cr-54 215
Mn-55 215
Fe-54 215
Fe-56 215
Fe-57 215
Fe-58 215
Cu-63 215
Cu-65 215
U-234 215
U-235 215
U-236 215
U-238 215
! total atom dens
' 8.009980E-02
H-1 216
B-10 216
B-11 216
0-16 216
Mg-24 216
Mg-25 216
Mg-26 216
Al-27 216
Si-28 216
Si-29 216
Si-30 216
Ti-46 216
Ti-47 216
Ti-48 216
Ti-49 216
Ti-50 216
Cr-50 216
Cr-52 216
Cr-53 216
Cr-54 216
Mn-55 216
Fe-54 216
Fe-56 216
Fe-57 216
Fe-58 216
Cu-63 216
Cu-65 216
U-234 216
U-235 216
U-236 216
U-238 216
! total atom dens
' 8.009680E-02
H-1 217
B-10 217
B-11 217
0-16 217
Mg-24 217
Mg-25 217
Mg-26 217
Al1-27 217
Si-28 217
Si-29 217
Si-30 217

0
0
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.61589E-06
.18144E-05
8.00993E-02 a/b-cm

8.00968E-02 a/b-c

.32434E-02
.99507E-06
.23880E-05
.77805E-02
.05686E-04
.33797E-05
.47310E-05
.82501E-02
.00972E-04
.11262E-06
.39382E-06

293.
293.

293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
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6
6

.32434E-02 293.
.18010E-06 293.
.50356E-05 293.
.78689E-02 293.
.05686E-04 293.
.33797E-05 293.
.47310E-05 293.
.81406E-02 293.
.00727E-04 293.
.10026E-06 293.
.38560E-06 293.
.20262E-07 293.
.79000E-07 293.
.75536E-06 293.
.75590E-07 293.
.63873E-07 293.
.30518E-07 293.
.02189E-05 293.
.15860E-06 293.
.87821E-07 293.
.47114E-06 293.
.36149E-06 293.
.70370E-05 293.
.55788E-07 293.
.13028E-07 293.
.88666E-05 293.
.40911E-06 293.
.80687E-06 293.
.48000E-04 293
.92276E-06 293
.59571E-05 293
8.00998E-02 a/b-c
.32434E-02 293.
.79830E-06 293.
.34889E-05 293.
.78875E-02 293.
.05686E-04 293.
.33797E-05 293.
.47310E-05 293.
.81176E-02 293.
.00676E-04 293.
.09768E-06 293.
.38390E-06 293.
.20262E-07 293.
.79000E-07 293.
.75536E-06 293.
.75590E-07 293.
.63873E-07 293.
.30517E-07 293.
.02189E-05 293.
.15860E-06 293.
.87821E-07 293.
.46828E-06 293.
.35985E-06 293.
.70113E-05 293.
.55193E-07 293.
.12950E-07 293.
.88571E-05 293.
.40487E-06 293.
.87661E-06 293.
.54500E-04 293.
.95066E-06 293.
.63337E-05 293.
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end
end

end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end

end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end

end
end
end
end
end
end
end
end
end
end
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Ti-46
Ti-47
Ti-48
Ti-49
Ti-50
Cr-50
Cr-52
Cr-53
Cr-54
Mn-55
Fe-54
Fe-56
Fe-57
Fe-58
Cu-63
Cu-65

‘8.
H-1
B-10
B-11
0-16

Mg-24
Mg-25
Mg-26
Al-27
Si-28
Si-29
Si-30
Ti-46
Ti-47
Ti-48
Ti-49
Ti-50
Cr-50
Cr-52
Cr-53
Cr-54
Mn-55
Fe-54
Fe-56
Fe-57

Inner fuel ele

217
217
217
217
217
217
217
217
217
217
217
217
217
217
217
217
217
217
217
217

218
218
218
218
218
218
218
218
218

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
i

atom density
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total atom density =

008040E-02

221
221
221
221
221
221
221
221
221
221
221
221
221
221
221
221
221
221
221
221
221
221
221
221
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OWNANRFEF R UONNWWAEWORENRERRRP®NDW

.20262E-07 293.6
.79000E-07 293.6
.75536E-06 293.6
.75590E-07 293.6
.63873E-07 293.6
.30517E-07 293.6
.02189E-05 293.6
.15860E-06 293.6
.87821E-07 293.6
.48467E-06 293.6
.36928E-06 293.6
.71592E-05 293.6
.58611E-07 293.6
.13401E-07 293.6
.89118E-05 293.6
.42923E-06 293.6
.47532E-06 293.6
.17100E-04 293.6
.79014E-06 293.6
.41667E-05 293.6

.32434E-02 293.6
.04121E-05 293.6
.26896E-05 293.6
.71757E-02 293.6
.05686E-04 293.6
.33797E-05 293.6
.47310E-05 293.6
.89993E-02 293.6
.02644E-04 293.6
.19729E-06 293.6
.45002E-06 293.6
.20262E-07 293.6
.79000E-07 293.6
.75536E-06 293.6
.75590E-07 293.6
.63873E-07 293.6
.30517E-07 293.6
.02189E-05 293.6
.15860E-06 293.6
.87821E-07 293.6
.57731E-06 293.6
.42259E-06 293.6
.79953E-05 293.6
.77930E-07 293.6

8.00933E-02 a/b-cr

.32434E-02 293.6
.06559E-05 293.6
.31670E-05 293.6
.76509E-02 293.6
.05686E-04 293.6
.33797E-05 293.6
.47310E-05 293.6
.84107E-02 293.6
.01330E-04 293.6
.13079E-06 293.6
.40588E-06 293.6
.20262E-07 293.6
.79000E-07 293.6
.75536E-06 293.6
.75590E-07 293.6
.63873E-07 293.6
.30517E-07 293.6
.02189E-05 293.6
.15860E-06 293.6
.87821E-07 293.6
.50452E-06 293.6
.38070E-06 293.6
.73384E-05 293.6
.62751E-07 293.6
.13948E-07 293.6
.89779E-05 293.6
.45870E-06 293.6
.98927E-06 293.6
.71800E-04 293.6
.59572E-06 293.6
.15420E-05 293.6
nent--fueled Axial re
8.00804E-02 a/b-

end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end

end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end

end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end



Fe-58
Cu-63
Cu-65

222
222
222
222
222
222
222
222
222
222
222
222
222
222
222
222
222
222
222
222
222
222
222
222
222
222
222
222
222
222
222
! total atom dens
' 8.008800E-02
H-1 223
B-10 223
B-11 223
0-16 223
Mg-24 223
Mg-25 223
Mg-26 223
Al-27 223
Si-28 223
Si-29 223
Si-30 223
Ti-46 223
Ti-47 223
Ti-48 223
Ti-49 223
Ti-50 223
Cr-50 223
Cr-52 223
Cr-53 223
Cr-54 223
Mn-55 223
Fe-54 223
Fe-56 223
Fe-57 223
Fe-58 223
Cu-63 223
Cu-65 223
U-234 223
U-235 223
U-236 223
U-238 223
! total atom dens
' 8.009370E-02
H-1 224
B-10 224
B-11 224
0-16 224
Mg-24 224
Mg-25 224

221
221
221
221
221
221
221

atom dens
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.15953E-07
.92203E-05
.56676E-06
.20708E-06
.05700E-04
.82838E-07
.19182E-05

8.0

.32434E-02
.77513E-05
.19107E-05
.73053E-02
.05686E-04
.33797E-05
.47310E-05
.88388E-02
.02285E-04
.17912E-06
.43796E-06
.20262E-07
.79000E-07
.75536E-06
.75590E-07
.63873E-07
.30517E-07
.02189E-05
.15860E-06
.87821E-07
.55746E-06
.41117E-06
.78162E-05
.73792E-07
.15406E-07
.91542E-05
.53729E-06
.69313E-06
.51000E-04
.07726E-06
.45429E-05

8.00880E-02 a/b-c

.32435E-02
.46911E-05
.95139E-05
.74543E-02
.05686E-04
.33797E-05
.47310E-05
.86541E-02
.01874E-04
.15831E-06
.42415E-06
.20263E-07
.79001E-07
.75537E-06
.75590E-07
.63873E-07
.30518E-07
.02189E-05
.15860E-06
.87821E-07
.53464E-06
.39803E-06
.76103E-05
.69031E-07
.14778E-07
.90782E-05
.50342E-06
.25215E-06
.03100E-04
.30087E-06
.75616E-05

293.
293.
293.
293.
293.
293.
293.
293.
293.

293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
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8.00937E-02 a/b-

.32434E-02
.03798E-05
.20486E-05
.76644E-02
.05686E-04
.33797E-05

293.
293.
293.
293.
293.
293.
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end
end
end
end
end
end
end

end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end

end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end

end
end
end
end
end
end



Mg-26
Al-27
Si-28
Si-29
Si-30
Ti-46
Ti-47
Ti-48
Ti-49
Ti-50
Cr-50
Cr-52
Cr-53
Cr-54
Mn-55
Fe-54
Fe-56
Fe-57
Fe-58
Cu-63
Cu-65
U-234
U-235
U-236
U-238

! total atom dens

' 8.009980E-02
H-1
B-10
B-11
0-16
Mg-24
Mg-25
Mg-26
Al-27
Si-28
Si-29
Si-30
Ti-46
Ti-47
Ti-48
Ti-49
Ti-50
Cr-50
Cr-52
Cr-53
Cr-54
Mn-55

226
226
226
226
226
226
226
226
226
226
226
226
226
226
226
226
226
226
226
226
226

HeloNeoNeNoNeoNeNeNeoNe NeNe Neo e No Ne Neo Ne No No o No No No No
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o
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.47310E-05
.83940E-02
.01293E-04
.12887E-06
.40461E-06
.20262E-07
.79000E-07
.75536E-06
.75590E-07
.63873E-07
.30517E-07
.02189E-05
.15860E-06
.87821E-07
.50246E-06
.37952E-06
.73198E-05
.62321E-07
.13891E-07
.89710E-05
.45562E-06
.03970E-06
.76500E-04
.61589E-06
.18144E-05

8.00993E-02 a/b-cm

293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
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.32434E-02 293.
.18010E-06 293.
.50356E-05 293.
.78689E-02 293.
.05686E-04 293.
.33797E-05 293.
.47310E-05 293.
.81406E-02 293.
.00727E-04 293.
.10026E-06 293.
.38560E-06 293.
.20262E-07 293.
.79000E-07 293.
.75536E-06 293.
.75590E-07 293.
.63873E-07 293.
.30518E-07 293.
.02189E-05 293.
.15860E-06 293.
.87821E-07 293.
.47114E-06 293.
.36149E-06 293.
.70370E-05 293.
.55788E-07 293.
.13028E-07 293.
.88666E-05 293.
.40911E-06 293.
.80687E-06 293.
.48000E-04 293.
.92276E-06 293.
.59571E-05 293.
8.00998E-02 a/b-
.32434E-02 293.
.79830E-06 293.
.34889E-05 293.
.78875E-02 293.
.05686E-04 293.
.33797E-05 293.
.47310E-05 293.
.81176E-02 293.
.00676E-04 293.
.09768E-06 293.
.38390E-06 293.
.20262E-07 293.
.79000E-07 293.
.75536E-06 293.
.75590E-07 293.
.63873E-07 293.
.30517E-07 293.
.02189E-05 293.
.15860E-06 293.
.87821E-07 293.
.46828E-06 293.
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end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end

end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end

end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end



Fe-54 226 0 2.35985E-06 293.6 end
Fe-56 226 0 3.70113E-05 293.6 end
Fe-57 226 0 8.55193E-07 293.6 end
Fe-58 226 0 1.12950E-07 293.6 end
Cu-63 226 0 1.88571E-05 293.6 end
Cu-65 226 0 8.40487E-06 293.6 end
U-234 226 0 4.87661E-06 293.6 end
U-235 226 0 4.54500E-04 293.6 end
U-236 226 0 1.95066E-06 293.6 end
U-238 226 0 2.63337E-05 293.6 end
! total atom density = 8.00968E-02 a/b-cm
' 8.009680E-02
H-1 227 0 3.32434E-02 293.6 end
B-10 227 0 7.99507E-06 293.6 end
B-11 227 0 3.23880E-05 293.6 end
0-16 227 0 1.77805E-02 293.6 end
Mg-24 227 0 1.05686E-04 293.6 end
Mg-25 227 0 1.33797E-05 293.6 end
Mg-26 227 0 1.47310E-05 293.6 end
Al1-27 227 0 2.82501E-02 293.6 end
Si-28 227 0 1.00972E-04 293.6 end
Si-29 227 0 5.11262E-06 293.6 end
Si-30 227 0 3.39382E-06 293.6 end
Ti-46 227 0 4.20262E-07 293.6 end
Ti-47 227 0 3.79000E-07 293.6 end
Ti-48 227 0 3.75536E-06 293.6 end
Ti-49 227 0 2.75590E-07 293.6 end
Ti-50 227 0 2.63873E-07 293.6 end
Cr-50 227 0 5.30517E-07 293.6 end
Cr-52 227 0 1.02189E-05 293.6 end
Cr-53 227 0 1.15860E-06 293.6 end
Cr-54 227 0 2.87821E-07 293.6 end
Mn-55 227 0 6.48467E-06 293.6 end
Fe-54 227 0 2.36928E-06 293.6 end
Fe-56 227 0 3.71592E-05 293.6 end
Fe-57 227 0 8.58611E-07 293.6 end
Fe-58 227 0 1.13401E-07 293.6 end
Cu-63 227 0 1.89118E-05 293.6 end
Cu-65 227 0 8.42923E-06 293.6 end
U-234 227 0 4.47532E-06 293.6 end
U-235 227 0 4.17100E-04 293.6 end
U-236 227 0 1.79014E-06 293.6 end
U-238 227 0 2.41667E-05 293.6 end
' total atom density = 8.00933E-02 a/b-cm
' 8.009330E-02
H-1 228 0 3.32434E-02 293.6 end
B-10 228 0 1.06559E-05 293.6 end
B-11 228 0 4.31670E-05 293.6 end
0-16 228 0 1.76509E-02 293.6 end
Mg-24 228 0 1.05686E-04 293.6 end
Mg-25 228 0 1.33797E-05 293.6 end
Mg-26 228 0 1.47310E-05 293.6 end
Al-27 228 0 2.84107E-02 293.6 end
Si-28 228 0 1.01330E-04 293.6 end
Si-29 228 0 5.13079E-06 293.6 end
Si-30 228 0 3.40588E-06 293.6 end
Ti-46 228 0 4.20262E-07 293.6 end
Ti-47 228 0 3.79000E-07 293.6 end
Ti-48 228 0 3.75536E-06 293.6 end
Ti-49 228 0 2.75590E-07 293.6 end
Ti-50 228 0 2.63873E-07 293.6 end
Cr-50 228 0 5.30517E-07 293.6 end
Cr-52 228 0 1.02189E-05 293.6 end
Cr-53 228 0 1.15860E-06 293.6 end
Cr-54 228 0 2.87821E-07 293.6 end
Mn-55 228 0 6.50452E-06 293.6 end
Fe-54 228 0 2.38070E-06 293.6 end
Fe-56 228 0 3.73384E-05 293.6 end
Fe-57 228 0 8.62751E-07 293.6 end
Fe-58 228 0 1.13948E-07 293.6 end
Cu-63 228 0 1.89779E-05 293.6 end
Cu-65 228 0 8.45870E-06 293.6 end
U-234 228 0 3.98927E-06 293.6 end
U-235 228 0 3.71800E-04 293.6 end
U-236 228 0 1.59572E-06 293.6 end
U-238 228 0 2.15420E-05 293.6 end
! Inner fuel element--fueled Axial rec 3
' total atom 1sity = 8.00804E-02 a/b-
' 8.008040E-02
H-1 231 0 3.32434E-02 293.6 end
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B-10

B-11

0-16
Mg-24
Mg-25
Mg-26
Al1-27
Si-28
Si-29
Si-30
Ti-46
Ti-47
Ti-48
Ti-49
Ti-50
Cr-50
Cr-52
Cr-53
Cr-54
Mn-55
Fe-54
Fe-56
Fe-57
Fe-58

! total

Mg-24

Mg-26
Al-27
Si-28
S5i-29
Si-30
Ti-46
Ti-47
Ti-48
Ti-49
Ti-50

231
231
231
231
231
231
231
231
231
231
231
231
231
231
231
231
231
231
231
231
231
231
231
231
231
231
231
231
231
231

atom dens

atom dens

233
233
233
233
233
233
233
233
233
233
233
233
233
233
233
233
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.04121E-05
.26896E-05
.71757E-02
.05686E-04
.33797E-05
.47310E-05
.89993E-02
.02644E-04
.19729E-06
.45002E-06
.20262E-07
.79000E-07
.75536E-06
.75590E-07
.63873E-07
.30517E-07
.02189E-05
.15860E-06
.87821E-07
.57731E-06
.42259E-06
.79953E-05
.77930E-07
.15953E-07
.92203E-05
.56676E-06
.20708E-06
.05700E-04
.82838E-07
.19182E-05

8.00839E-02 a/b-cm

.32434E-02
.77513E-05
.19107E-05
.73053E-02
.05686E-04
.33797E-05
.47310E-05
.88388E-02
.02285E-04
.17912E-06
.43796E-06
.20262E-07
.79000E-07
.75536E-06
.75590E-07
.63873E-07
.30517E-07
.02189E-05
.15860E-06
.87821E-07
.55746E-06
.41117E-06
.78162E-05
.73792E-07
.15406E-07
.91542E-05
.53729E-06
.69313E-06
.51000E-04
.07726E-06
.45429E-05

8.00880E-C(

.32435E-02
.46911E-05
.95139E-05
.74543E-02
.05686E-04
.33797E-05
.47310E-05
.86541E-02
.01874E-04
.15831E-06
.42415E-06
.20263E-07
.79001E-07
.75537E-06
.75590E-07
.63873E-07

293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.

293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.

)2 a/b-c

293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
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end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end

end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end

end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
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Cr-50 233 0
Cr-52 233 0
Cr-53 233 0
Cr-54 233 0
Mn-55 233 0
Fe-54 233 0
Fe-56 233 0
Fe-57 233 0
Fe-58 233 0
Cu-63 233 0
Cu-65 233 0
U-234 233 0
U-235 233 0
U-236 233 0
U-238 233 0

' total atom density
9370E-02
234
234
234
234
234
234
234
234
234
234
234
234

234 0
n density
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U-238 235
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.32434E-02 293.
.03798E-05 293.
.20486E-05 293.
.76644E-02 293.
.05686E-04 293.
.33797E-05 293.
.47310E-05 293.
.83940E-02 293.
.01293E-04 293.
.12887E-06 293.
.40461E-06 293.
.20262E-07 293.
.79000E-07 293.
.75536E-06 293.
.75590E-07 293.
.63873E-07 293.
.30517E-07 293.
.02189E-05 293.
.15860E-06 293.
.87821E-07 293.
.50246E-06 293.
.37952E-06 293.
.73198E-05 293.
.62321E-07 293.
.13891E-07 293.
.89710E-05 293.
.45562E-06 293.
.03970E-06 293.
.76500E-04 293.
.61589E-06 293.
.18144E-05 293.

8.00993E-02 a/b-cr

.32434E-02 293.
.18010E-06 293.
.50356E-05 293.
.78689E-02 293.
.05686E-04 293.
.33797E-05 293.
.47310E-05 293.
.81406E-02 293.
.00727E-04 293.
.10026E-06 293.
.38560E-06 293.
.20262E-07 293.
.79000E-07 293.
.75536E-06 293.
.75590E-07 293.
.63873E-07 293.
.30518E-07 293.
.02189E-05 293.
.15860E-06 293.
.87821E-07 293.
.47114E-06 293.
.36149E-06 293.
.70370E-05 293.
.55788E-07 293.
.13028E-07 293.
.88666E-05 293.
.40911E-06 293.
.80687E-06 293.
.48000E-04 293.
.92276E-06 293.
.59571E-05 293.

.30518E-07 293.6
.02189E-05 293.6
.15860E-06 293.6
.87821E-07 293.6
.53464E-06 293.6
.39803E-06 293.6
.76103E-05 293.6
.69031E-07 293.6
.14778E-07 293.6
.90782E-05 293.6
.50342E-06 293.6
.25215E-06 293.6
.03100E-04 293.6
.30087E-06 293.6
.75616E-05 293.6

8.00 E-02 a/b-c
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237
237
237
237
237
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237
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atom dens

238
238
238
238
238
238
238
238
238
238
238
238
238

m density

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
ity
0
0
0
0
0
0
0
0
0
0
0
0
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8.00998E-02 a/b-cm
.32434E-02 293.6
.79830E-06 293.6
.34889E-05 293.6
.78875E-02 293.6
.05686E-04 293.6
.33797E-05 293.6
.47310E-05 293.6
.81176E-02 293.6
.00676E-04 293.6
.09768E-06 293.6
.38390E-06 293.6
.20262E-07 293.6
.79000E-07 293.6
.75536E-06 293.6
.75590E-07 293.6
.63873E-07 293.6
.30517E-07 293.6
.02189E-05 293.6
.15860E-06 293.6
.87821E-07 293.6
.46828E-06 293.6
.35985E-06 293.6
.70113E-05 293.6
.55193E-07 293.6
.12950E-07 293.6
.88571E-05 293.6
.40487E-06 293.6
.87661E-06 293.6
.54500E-04 293.6
.95066E-06 293.6
.63337E-05 293.6

8.00968E-02 a/b-c
.32434E-02 293.6
.99507E-06 293.6
.23880E-05 293.6
.77805E-02 293.6
.05686E-04 293.6
.33797E-05 293.6
.47310E-05 293.6
.82501E-02 293.6
.00972E-04 293.6
.11262E-06 293.6
.39382E-06 293.6
.20262E-07 293.6
.79000E-07 293.6
.75536E-06 293.6
.75590E-07 293.6
.63873E-07 293.6
.30517E-07 293.6
.02189E-05 293.6
.15860E-06 293.6
.87821E-07 293.6
.48467E-06 293.6
.36928E-06 293.6
.71592E-05 293.6
.58611E-07 293.6
.13401E-07 293.6
.89118E-05 293.6
.42923E-06 293.6
.47532E-06 293.6
.17100E-04 293.6
.79014E-06 293.6
.41667E-05 293.6

8.00933E-02 a/b-c
.32434E-02 293.6
.06559E-05 293.6
.31670E-05 293.6
.76509E-02 293.6
.05686E-04 293.6
.33797E-05 293.6
.47310E-05 293.6
.84107E-02 293.6
.01330E-04 293.6
.13079E-06 293.6
.40588E-06 293.6
.20262E-07 293.6
.79000E-07 293.6

end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
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end
end
end
end
end
end
end
end
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end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end

end
end
end
end
end
end
end
end
end
end
end
end
end
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Ti-48 238 0 3.75536E-06 293.6 end
Ti-49 238 0 2.75590E-07 293.6 end
Ti-50 238 0 2.63873E-07 293.6 end
Cr-50 238 0 5.30517E-07 293.6 end
Cr-52 238 0 1.02189E-05 293.6 end
Cr-53 238 0 1.15860E-06 293.6 end
Cr-54 238 0 2.87821E-07 293.6 end
Mn-55 238 0 6.50452E-06 293.6 end
Fe-54 238 0 2.38070E-06 293.6 end
Fe-56 238 0 3.73384E-05 293.6 end
Fe-57 238 0 8.62751E-07 293.6 end
Fe-58 238 0 1.13948E-07 293.6 end
Cu-63 238 0 1.89779E-05 293.6 end
Cu-65 238 0 8.45870E-06 293.6 end
U-234 238 0 3.98927E-06 293.6 end
U-235 238 0 3.71800E-04 293.6 end
U-236 238 0 1.59572E-06 293.6 end
U-238 238 0 2.15420E-05 293.6 end
! Inner fuel element--fueled Axial region 4
' total atom density = 8.00804E-02 a/b-cm
' 8.008040E-02
1 241 0 3.32434E-02 293.6 end
1 241 0 2.04121E-05 293.6 end
241 0 8.26896E-05 293.6 end
241 0 1.71757E-02 293.6 end
241 0 1.05686E-04 293.6 end
241 0 1.33797E-05 293.6 end
241 0 1.47310E-05 293.6 end
241 0 2.89993E-02 293.6 end
241 0 1.02644E-04 293.6 end
241 0 5.19729E-06 293.6 end
241 0 3.45002E-06 293.6 end
241 0 4.20262E-07 293.6 end
241 0 3.79000E-07 293.6 end
241 0 3.75536E-06 293.6 end
241 0 2.75590E-07 293.6 end
241 0 2.63873E-07 293.6 end
241 0 5.30517E-07 293.6 end
241 0 1.02189E-05 293.6 end
241 0 1.15860E-06 293.6 end
241 0 2.87821E-07 293.6 end
241 0 6.57731E-06 293.6 end
241 0 2.42259E-06 293.6 end
241 0 3.79953E-05 293.6 end
241 0 8.77930E-07 293.6 end
241 0 1.15953E-07 293.6 end
241 0 1.92203E-05 293.6 end
241 0 8.56676E-06 293.6 end
241 0 2.20708E-06 293.6 end
241 0 2.05700E-04 293.6 end
241 0 8.82838E-07 293.6 end
241 0 1.19182E-05 293.6 end
atom density = 8.00839E-02 a/b-cm
2
242 0 3.32434E-02 293.6 end
242 0 1.77513E-05 293.6 end
242 0 7.19107E-05 293.6 end
242 0 1.73053E-02 293.6 end
242 0 1.05686E-04 293.6 end
242 0 1.33797E-05 293.6 end
242 0 1.47310E-05 293.6 end
242 0 2.88388E-02 293.6 end
242 0 1.02285E-04 293.6 end
242 0 5.17912E-06 293.6 end
242 0 3.43796E-06 293.6 end
242 0 4.20262E-07 293.6 end
242 0 3.79000E-07 293.6 end
242 0 3.75536E-06 293.6 end
242 0 2.75590E-07 293.6 end
242 0 2.63873E-07 293.6 end
242 0 5.30517E-07 293.6 end
242 0 1.02189E-05 293.6 end
242 0 1.15860E-06 293.6 end
242 0 2.87821E-07 293.6 end
242 0 6.55746E-06 293.6 end
242 0 2.41117E-06 293.6 end
242 0 3.78162E-05 293.6 end
242 0 8.73792E-07 293.6 end
242 0 1.15406E-07 293.6 end
242 0 1.91542E-05 293.6 end
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Cu-65
U-234
U-235
U-236
U-238

Mg-26
Al-27

242
242
242
242
242

o o oo

0

total atom density

total
' 8.009370E-02

.008800E-02

atom dens

243
243
243
243
243
243
243
243
243
243
243
243
243
243
243
243
243
243
243
243
243
243
243
243

244
244
244
244
244
244
244
244
244
244
244
244
244
244
244
244
244
244
244
244
244
244
244
244
244
244
244
244
244
244
244
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atom density
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245
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.32435E-02 293.
.46911E-05 293.
.95139E-05 293.
.74543E-02 293.
.05686E-04 293.
.33797E-05 293.
.47310E-05 293.
.86541E-02 293.
.01874E-04 293.
.15831E-06 293.
.42415E-06 293.
.20263E-07 293.
.79001E-07 293.
.75537E-06 293.
.75590E-07 293.
.63873E-07 293.
.30518E-07 293.
.02189E-05 293.
.15860E-06 293.
.87821E-07 293.
.53464E-06 293.
.39803E-06 293.
.76103E-05 293.
.69031E-07 293.
.14778E-07 293.
.90782E-05 293.
.50342E-06 293.
.25215E-06 293.
.03100E-04 293.
.30087E-06 293.
.75616E-05 293.

8.00937E-02 a/b-c

.32434E-02 293.
.03798E-05 293.
.20486E-05 293.
.76644E-02 293.
.05686E-04 293.
.33797E-05 293.
.47310E-05 293.
.83940E-02 293.
.01293E-04 293.
.12887E-06 293.
.40461E-06 293.
.20262E-07 293.
.79000E-07 293.
.75536E-06 293.
.75590E-07 293.
.63873E-07 293.
.30517E-07 293.
.02189E-05 293.
.15860E-06 293.
.87821E-07 293.
.50246E-06 293.
.37952E-06 293.
.73198E-05 293.
.62321E-07 293.
.13891E-07 293.
.89710E-05 293.
.45562E-06 293.
.03970E-06 293.
.76500E-04 293.
.61589E-06 293.
.18144E-05 293.

.32434E-02 293.
.18010E-06 293.
.50356E-05 293.
.78689E-02 293.
.05686E-04 293.
.33797E-05 293.
.47310E-05 293.
.81406E-02 293.

.53729E-06 293.6
.69313E-06 293.6
.51000E-04 293.6
.07726E-06 293.6
.45429E-05 293.6

8.00880E-02 a/b-
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cm

cm
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end
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Si-28 245
Si-29 245
Si-30 245
Ti-46 245
Ti-47 245
Ti-48 245
Ti-49 245
Ti-50 245
Cr-50 245
Cr-52 245
Cr-53 245
Cr-54 245
Mn-55 245
Fe-54 245
Fe-56 245
Fe-57 245
Fe-58 245
Cu-63 245
Cu-65 245
U-234 245
U-235 245
U-236 245
U-238 245
! total atom
' 8.009980E-02
H-1 246
B-10 246
B-11 246
0-16 246
Mg-24 246
Mg-25 246
Mg-26 246
Al-27 246
Si-28 246
Si-29 246
Si-30 246
Ti-46 246
Ti-47 246
Ti-48 246
Ti-49 246
Ti-50 246
Cr-50 246
Cr-52 246
Cr-53 246
Cr-54 246
Mn-55 246
Fe-54 246
Fe-56 246
Fe-57 246
Fe-58 246
Cu-63 246
Cu-65 246
U-234 246
U-235 246
U-236 246
U-238 246

! total atom dens

' 8.009680E-02
H-1
B-10
B-11
0-16
Mg-24
Mg-25
Mg-26
Al-27
Si-28
Si-29
Si-30
Ti-46
Ti-47
Ti-48
Ti-49
Ti-50
Cr-50
Cr-52
Cr-53
Cr-54
Mn-55
Fe-54
Fe-56

247
247
247
247
247
247
247
247
247
247
247
247
247
247
247
247
247
247
247
247
247
247
247
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.00727E-04 293.
.10026E-06 293.
.38560E-06 293.
.20262E-07 293.
.79000E-07 293.
.75536E-06 293.
.75590E-07 293.
.63873E-07 293.
.30518E-07 293.
.02189E-05 293.
.15860E-06 293.
.87821E-07 293.
.47114E-06 293.
.36149E-06 293.
.70370E-05 293.
.55788E-07 293.
.13028E-07 293.
.88666E-05 293.
.40911E-06 293.
.80687E-06 293.
.48000E-04 293.
.92276E-06 293.
.59571E-05 293.

8.00998E-02 a/b-cm
.32434E-02 293.
.79830E-06 293.
.34889E-05 293.
.78875E-02 293.
.05686E-04 293.
.33797E-05 293.
.47310E-05 293.
.81176E-02 293
.00676E-04 293
.09768E-06 293
.38390E-06 293
.20262E-07 293
.79000E-07 293
.75536E-06 293
.75590E-07 293
.63873E-07 293
.30517E-07 293
.02189E-05 293
.15860E-06 293.
.87821E-07 293.
.46828E-06 293.
.35985E-06 293.
.70113E-05 293.
.55193E-07 293.
.12950E-07 293.
.88571E-05 293.
.40487E-06 293.
.87661E-06 293.
.54500E-04 293.
.95066E-06 293.
.63337E-05 293.

8.00968E-02 a/b
.32434E-02 293.
.99507E-06 293.
.23880E-05 293.
.77805E-02 293.
.05686E-04 293.
.33797E-05 293.
.47310E-05 293.
.82501E-02 293.
.00972E-04 293.
.11262E-06 293.
.39382E-06 293.
.20262E-07 293.
.79000E-07 293.
.75536E-06 293.
.75590E-07 293.
.63873E-07 293.
.30517E-07 293.
.02189E-05 293.
.15860E-06 293.
.87821E-07 293.
.48467E-06 293.
.36928E-06 293.
.71592E-05 293.

end
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end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end

end
end
end
end
end
end
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end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end

end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end

A-26



Fe-57
Fe-58
Cu-63
Cu-65

' Inner

.008040E-02

' 8.008390E-02
H-1
B-10
B-11

247
247
247
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247

atom dens

248
248
248
248
248
248
248
248
248
248
248
248
248
248
248
248
248
248
248
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248

fuel
! total atom densi
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251
251
251
251
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.58611E-07 293.
.13401E-07 293.
.89118E-05 293.
.42923E-06 293.
.47532E-06 293.
.17100E-04 293.
.79014E-06 293.
.41667E-05 293.6

.32434E-02 293.
.06559E-05 293.
.31670E-05 293.
.76509E-02 293.
.05686E-04 293.
.33797E-05 293.
.47310E-05 293.
.84107E-02 293.
.01330E-04 293.
.13079E-06 293.
.40588E-06 293.
.20262E-07 293.
.79000E-07 293.
.75536E-06 293.
.75590E-07 293.
.63873E-07 293.
.30517E-07 293.
.02189E-05 293.
.15860E-06 293.
.87821E-07 293.
.50452E-06 293.
.38070E-06 293.
.73384E-05 293.
.62751E-07 293.
.13948E-07 293.
.89779E-05 293.
.45870E-06 293.
.98927E-06 293.
.71800E-04 293.
.59572E-06 293.
.15420E-05 293.

.32434E-02 293.
.04121E-05 293.
.26896E-05 293.
.71757E-02 293.
.05686E-04 293.
.33797E-05 293.
.47310E-05 293.
.89993E-02 293.
.02644E-04 293.
.19729E-06 293.
.45002E-06 293.
.20262E-07 293.
.79000E-07 293.
.75536E-06 293.
.75590E-07 293.
.63873E-07 293.
.30517E-07 293.
.02189E-05 293.
.15860E-06 293.
.87821E-07 293.
.57731E-06 293.
.42259E-06 293.
.79953E-05 293.
.77930E-07 293.
.15953E-07 293.
.92203E-05 293.
.56676E-06 293.
.20708E-06 293.
.05700E-04 293.
.82838E-07 293.
.19182E-05 293.
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8.00933E-02 a/b-cm
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8.00839E-02 a/b-cm

.32434E-02 293.6
.77513E-05 293.6
.19107E-05 293.6

end
end
end
end
end
end
end
end

end
end
end
end
end
end
end
end
end

end
end
end
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0-16
Mg-24
Mg-25
Mg-26
Al1-27
Si-28
Si-29
Si-30
Ti-46
Ti-47
Ti-48
Ti-49
Ti-50
Cr-50
Cr-52
Cr-53
Cr-54
Mn-55
Fe-54
Fe-56
Fe-57
Fe-58

252
252
252
252
252
252
252
252
252
252
252
252
252
252
252
252
252
252
252
252
252
252
252
252
252
252
252
252

! total atom

' 8.008800E-02
H-1
B-10
B-11
0-16
Mg-24
Mg-25
Mg-26
Al-27
Si-28
Si-29
Si-30
Ti-46
Ti-47
Ti-48
Ti-49
Ti-50
Cr-50
Cr-52
Cr-53
Cr-54
Mn-55
Fe-54
Fe-56
Fe-57
Fe-58
Cu-63
Cu-65
U-234
U-235

253

atom dens

254
254
254
254
254
254
254
254
254
254
254
254
254
254
254
254
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P ONNWWRWAORNRE PR RSP W

.73053E-02
.05686E-04
.33797E-05
.47310E-05
.88388E-02
.02285E-04
.17912E-06
.43796E-06
.20262E-07
.79000E-07
.75536E-06
.75590E-07
.63873E-07
.30517E-07
.02189E-05
.15860E-06
.87821E-07
.55746E-06
.41117E-06
.78162E-05
.73792E-07
.15406E-07
.91542E-05
.53729E-06
.69313E-06
.51000E-04
.07726E-06
.45429E-05

8.00880E-02 a/b-cm

.32435E-02
.46911E-05
.95139E-05
.74543E-02
.05686E-04
.33797E-05
.47310E-05
.86541E-02
.01874E-04
.15831E-06
.42415E-06
.20263E-07
.79001E-07
.75537E-06
.75590E-07
.63873E-07
.30518E-07
.02189E-05
.15860E-06
.87821E-07
.53464E-06
.39803E-06
.76103E-05
.69031E-07
.14778E-07
.90782E-05
.50342E-06
.25215E-06
.03100E-04
.30087E-06
.75616E-05

8.00937E-02

.32434E-02
.03798E-05
.20486E-05
.76644E-02
.05686E-04
.33797E-05
.47310E-05
.83940E-02
.01293E-04
.12887E-06
.40461E-06
.20262E-07
.79000E-07
.75536E-06
.75590E-07
.63873E-07
.30517E-07
.02189E-05

293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.

293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
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a/b-

293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.

AN O OO OO O O

end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end

end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end

end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
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Cr-53
Cr-54
Mn-55
Fe-54
Fe-56
Fe-57
Fe-58
Cu-63
Cu-65
U-234
U-235
U-236
U-238
' 8.00
H-1
B-10
B-11
0-16
Mg-24
Mg-25
Mg-26
Al1-27
Si-28
Si-29
Si-30
Ti-46
Ti-47
Ti-48
Ti-49
Ti-50
Cr-50
Cr-52
Cr-53
Cr-54
Mn-55
Fe-54
Fe-56
Fe-57
Fe-58
Cu-63
Cu-65
U-234

.00

254
254
254
254
254
254
254
254
254
254
254
254
254
total atom
9930E-02
255
255
255
255

total atom
9980E-02
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
total atom
9680E-02

0 1.15860E-06 293.6
0 2.87821E-07 293.6
0 6.50246E-06 293.6
0 2.37952E-06 293.6
0 3.73198E-05 293.6
0 8.62321E-07 293.6
0 1.13891E-07 293.6
0 1.89710E-05 293.6
0 8.45562E-06 293.6
0 4.03970E-06 293.6
0 3.76500E-04 293.6
0 1.61589E-06 293.6
0 2.18144E-05 293.6
density = 8.00993E-02 a/b-cm
0 3.32434E-02 293.6
0 6.18010E-06 293.6
0 2.50356E-05 293.6
0 1.78689E-02 293.6
0 1.05686E-04 293.6
0 1.33797E-05 293.6
0 1.47310E-05 293.6
0 2.81406E-02 293.6
0 1.00727E-04 293.6
0 5.10026E-06 293.6
0 3.38560E-06 293.6
0 4.20262E-07 293.6
0 3.79000E-07 293.6
0 3.75536E-06 293.6
0 2.75590E-07 293.6
0 2.63873E-07 293.6
0 5.30518E-07 293.6
0 1.02189E-05 293.6
0 1.15860E-06 293.6
0 2.87821E-07 293.6
0 6.47114E-06 293.6
0 2.36149E-06 293.6
0 3.70370E-05 293.6
0 8.55788E-07 293.6
0 1.13028E-07 293.6
0 1.88666E-05 293.6
0 8.40911E-06 293.6
0 4.80687E-06 293.6
0 4.48000E-04 293.6
0 1.92276E-06 293.6
0 2.59571E-05 293.6
density = 8.00998E-02 a/b-cm
0 3.32434E-02 293.6
0 5.79830E-06 293.6
0 2.34889E-05 293.6
0 1.78875E-02 293.6
0 1.05686E-04 293.6
0 1.33797E-05 293.6
0 1.47310E-05 293.6
0 2.81176E-02 293.6
0 1.00676E-04 293.6
0 5.09768E-06 293.6
0 3.38390E-06 293.6
0 4.20262E-07 293.6
0 3.79000E-07 293.6
0 3.75536E-06 293.6
0 2.75590E-07 293.6
0 2.63873E-07 293.6
0 5.30517E-07 293.6
0 1.02189E-05 293.6
0 1.15860E-06 293.6
0 2.87821E-07 293.6
0 6.46828E-06 293.6
0 2.35985E-06 293.6
0 3.70113E-05 293.6
0 8.55193E-07 293.6
0 1.12950E-07 293.6
0 1.88571E-05 293.6
0 8.40487E-06 293.6
0 4.87661E-06 293.6
0 4.54500E-04 293.6
0 1.95066E-06 293.6
0 2.63337E-05 293.6
density = 8.00968E-02 a/b-cm

end
end
end
end
end
end
end
end
end
end
end
end
end

end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end

end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
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H-1
B-10
B-11
0-16
Mg-24
Mg-25
Mg-26
Al-27
Si-28
Si-29
Si-30
Ti-46
Ti-47
Ti-48
Ti-49
Ti-50
Cr-50
Cr-52
Cr-53
Cr-54
Mn-55
Fe-54
Fe-56
Fe-57
Fe-58

! 8.008040E-02
H-1
B-10
B-11
0-16
Mg-24
Mg-25
Mg-26
Al-27
Si-28
Si-29
5i-30
Ti-46
Ti-47

Inner

257
257
257
257
257
257
257
257
257
257
257
257
257
257
257
257
257
257
257
257
257
257
257
257
257
257
257
257
257
257
257

! total atom dens
°] —

258

fuel
! total atom dens

261
261
261
261
261
261
261
261
261
261
261
261
261
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WHE WORNRE PP P oNDW

element--fueled

.32434E-02 293.6
.99507E-06 293.6
.23880E-05 293.6
.77805E-02 293.6
.05686E-04 293.6
.33797E-05 293.6
.47310E-05 293.6
.82501E-02 293.6
.00972E-04 293.6
.11262E-06 293.6
.39382E-06 293.6
.20262E-07 293.6
.79000E-07 293.6
.75536E-06 293.6
.75590E-07 293.6
.63873E-07 293.6
.30517E-07 293.6
.02189E-05 293.6
.15860E-06 293.6
.87821E-07 293.6
.48467E-06 293.6
.36928E-06 293.6
.71592E-05 293.6
.58611E-07 293.6
.13401E-07 293.6
.89118E-05 293.6
.42923E-06 293.6
.47532E-06 293.6
.17100E-04 293.6
.79014E-06 293.6
.41667E-05 293.6
8.00933E-02 a/b-c
.32434E-02 293.6
.06559E-05 293.6
.31670E-05 293.6
.76509E-02 293.6
.05686E-04 293.6
.33797E-05 293.6
.47310E-05 293.6
.84107E-02 293.6
.01330E-04 293.6
.13079E-06 293.6
.40588E-06 293.6
.20262E-07 293.6
.79000E-07 293.6
.75536E-06 293.6
.75590E-07 293.6
.63873E-07 293.6
.30517E-07 293.6
.02189E-05 293.6
.15860E-06 293.6
.87821E-07 293.6
.50452E-06 293.6
.38070E-06 293.6
.73384E-05 293.6
.62751E-07 293.6
.13948E-07 293.6
.89779E-05 293.6
.45870E-06 293.6
.98927E-06 293.6
.71800E-04 293.6
.59572E-06 293.6
.15420E-05 293.6
Axial re
8.00804E-02 a/b-c
.32434E-02 293.6
.04121E-05 293.6
.26896E-05 293.6
.71757E-02 293.6
.05686E-04 293.6
.33797E-05 293.6
.47310E-05 293.6
.89993E-02 293.6
.02644E-04 293.6
.19729E-06 293.6
.45002E-06 293.6
.20262E-07 293.6
.79000E-07 293.6

end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
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Ti-48
Ti-49
Ti-50
Cr-50
Cr-52
Cr-53
Cr-54
Mn-55
Fe-54
Fe-56
Fe-57
Fe-58
Cu-63
Cu-65

261
261
261
261
261
261
261
261
261
261
261
261
261
261
261
261
261
261

atom dens

262
262
262
262
262
262
262
262
262
262
262

262

atom dens

263
263
263
263
263
263
263
263
263
263
263
263
263
263
263
263
263
263
263
263
263
263
263
263
263
263
263
263
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I PRPNNORRPOWNOANRFEFRUONNDNWWAEWORNRERRREJREW

WORFOWNANRLRFRONNWWREWAORNERERRRORW

.32434E-02 293.
.77513E-05 293.
.19107E-05 293.
.73053E-02 293.
.05686E-04 293.
.33797E-05 293.
.47310E-05 293.
.88388E-02 293.
.02285E-04 293.
.17912E-06 293.
.43796E-06 293.
.20262E-07 293.
.79000E-07 293.
.75536E-06 293.
.75590E-07 293.
.63873E-07 293.
.30517E-07 293.
.02189E-05 293.
.15860E-06 293.
.87821E-07 293.
.55746E-06 293.
.41117E-06 293.
.78162E-05 293.
.73792E-07 293.
.15406E-07 293.
.91542E-05 293.
.53729E-06 293.
.69313E-06 293.
.51000E-04 293.
.07726E-06 293.
.45429E-05 293.

8.00880E-02 a/b-cm
.32435E-02 293.
.46911E-05 293.
.95139E-05 293.
.74543E-02 293.
.05686E-04 293.
.33797E-05 293.
.47310E-05 293.
.86541E-02 293.
.01874E-04 293.
.15831E-06 293.
.42415E-06 293.
.20263E-07 293.
.79001E-07 293.
.75537E-06 293.
.75590E-07 293.
.63873E-07 293.
.30518E-07 293.
.02189E-05 293.
.15860E-06 293.
.87821E-07 293.
.53464E-06 293.
.39803E-06 293.
.76103E-05 293.
.69031E-07 293.
.14778E-07 293.
.90782E-05 293.
.50342E-06 293.
.25215E-06 293.
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.75536E-06 293.6
.75590E-07 293.6
.63873E-07 293.6
.30517E-07 293.6
.02189E-05 293.6
.15860E-06 293.6
.87821E-07 293.6
.57731E-06 293.6
.42259E-06 293.6
.79953E-05 293.6
.77930E-07 293.6
.15953E-07 293.6
.92203E-05 293.6
.56676E-06 293.6
.20708E-06 293.6
.05700E-04 293.6
.82838E-07 293.6
.19182E-05 293.6

8.00839E-02 a/b-c

end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end

end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end

end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
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n density

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
nsit

! total atom dens
' 8.009930E-02

y

H-1 265 0
B-10 265 0
B-11 265 0
0-16 265 0
Mg-24 265 0
Mg-25 265 0
Mg-26 265 0
Al-27 265 0
Si-28 265 0
Si-29 265 0
Si-30 265 0
Ti-46 265 0
Ti-47 265 0
Ti-48 265 0
Ti-49 265 0
Ti-50 265 0
Cr-50 265 0
Cr-52 265 0
Cr-53 265 0
Cr-54 265 0
Mn-55 265 0
Fe-54 265 0
Fe-56 265 0
Fe-57 265 0
Fe-58 265 0
Cu-63 265 0
Cu-65 265 0
U-234 265 0
U-235 265 0
U-236 265 0
U-238 265 0
! total atom density
' 8.009980E-02
H-1 266 0
B-10 266 0
B-11 266 0
0-16 266 0
Mg-24 266 0
Mg-25 266 0
Mg-26 266 0
Al1-27 266 0
Si-28 266 0
Si-29 266 0

=P w

I NP WRORLFRFOWNANRLRRUONNWWREWAORNREFRRDRPW

I NHEBBMORRFRPOWNANRFEFRUONNWWH WAORNERERRNDOW

G N . SR

.32434E-02 293.
.03798E-05 293.
.20486E-05 293.
.76644E-02 293.
.05686E-04 293.
.33797E-05 293.
.47310E-05 293.
.83940E-02 293.
.01293E-04 293.
.12887E-06 293.
.40461E-06 293.
.20262E-07 293.
.79000E-07 293.
.75536E-06 293.
.75590E-07 293.
.63873E-07 293.
.30517E-07 293.
.02189E-05 293.
.15860E-06 293.
.87821E-07 293.
.50246E-06 293.
.37952E-06 293.
.73198E-05 293.
.62321E-07 293.
.13891E-07 293.
.89710E-05 293.
.45562E-06 293.
.03970E-06 293.
.76500E-04 293.
.61589E-06 293.
.18144E-05 293.

.32434E-02 293.
.18010E-06 293.
.50356E-05 293.
.78689E-02 293.
.05686E-04 293.
.33797E-05 293.
.47310E-05 293.
.81406E-02 293.
.00727E-04 293.
.10026E-06 293.
.38560E-06 293.
.20262E-07 293.
.79000E-07 293.
.75536E-06 293.
.75590E-07 293.
.63873E-07 293.
.30518E-07 293.
.02189E-05 293.
.15860E-06 293.
.87821E-07 293.
.47114E-06 293.
.36149E-06 293.
.70370E-05 293.
.55788E-07 293.
.13028E-07 293.
.88666E-05 293.
.40911E-06 293.
.80687E-06 293.
.48000E-04 293.
.92276E-06 293.
.59571E-05 293.

.32434E-02 293.
.79830E-06 293.
.34889E-05 293.
.78875E-02 293.
.05686E-04 293.
.33797E-05 293.
.47310E-05 293.
.81176E-02 293.
.00676E-04 293.
.09768E-06 293.

.03100E-04 293.6
.30087E-06 293.6
.75616E-05 293.6

8.00937E-02 a/b-cm
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8.00993E-02 a/b-cm

AN NN O OO OO OO

8.00998E-02 a/b-cm
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end
end
end

end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end

end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end

end
end
end
end
end
end
end
end
end
end
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Si-30
Ti-46
Ti-47
Ti-48
Ti-49
Ti-50
Cr-50
Cr-52
Cr-53
Cr-54
Mn-55
Fe-54
Fe-56
Fe-57
Fe-58
Cu-63
Cu-65

266
266
266
266
266
266
266
266
266
266
266
266
266
266
266
266
266
266
266
266
266

! total atom

.009680E-02

267
267
267
267
267
267
267
267
267
267
267
267
267
267
267
267
267
267
267
267
267
267
267
267
267
267
267
267
267
267
267

atom dens

268
268
268
268
268
268
268
268
268
268
268
268
268
268
268
268
268
268
268
268
268
268
268
268
268
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.38390E-06 293.
.20262E-07 293.
.79000E-07 293.
.75536E-06 293.
.75590E-07 293.
.63873E-07 293.
.30517E-07 293.
.02189E-05 293.
.15860E-06 293.
.87821E-07 293.
.46828E-06 293.
.35985E-06 293.
.70113E-05 293.
.55193E-07 293.
.12950E-07 293.
.88571E-05 293.
.40487E-06 293.
.87661E-06 293.
.54500E-04 293.
.95066E-06 293.
.63337E-05 293.

8.00968E-02 a/b-cm

.32434E-02 293.
.99507E-06 293.
.23880E-05 293.
.77805E-02 293.
.05686E-04 293.
.33797E-05 293.
.47310E-05 293.
.82501E-02 293.
.00972E-04 293.
.11262E-06 293.
.39382E-06 293.
.20262E-07 293.
.79000E-07 293.
.75536E-06 293.
.75590E-07 293.
.63873E-07 293.
.30517E-07 293.
.02189E-05 293.
.15860E-06 293.
.87821E-07 293.
.48467E-06 293.
.36928E-06 293.
.71592E-05 293.
.58611E-07 293.
.13401E-07 293.
.89118E-05 293.
.42923E-06 293.
.47532E-06 293.
.17100E-04 293.
.79014E-06 293.
.41667E-05 293.

8.00933E-02 a/b-cm

.32434E-02 293.
.06559E-05 293.
.31670E-05 293.
.76509E-02 293.
.05686E-04 293.
.33797E-05 293.
.47310E-05 293.
.84107E-02 293.
.01330E-04 293.
.13079E-06 293.
.40588E-06 293.
.20262E-07 293.
.79000E-07 293.
.75536E-06 293.
.75590E-07 293.
.63873E-07 293.
.30517E-07 293.
.02189E-05 293.
.15860E-06 293.
.87821E-07 293.
.50452E-06 293.
.38070E-06 293.
.73384E-05 293.
.62751E-07 293.
.13948E-07 293.
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end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end

end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end

end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
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Cu-63
Cu-65

Inner

268
268
268
268
268
268

fu

el e

' total atom dens

' 8.008040E-02
H-1
B-10
B-11
0-16
Mg-24
Mg-25
Mg-26
Al-27
Si-28
Si-29
Si-30
Ti-46
Ti-47
Ti-48
Ti-49
Ti-50
Cr-50
Cr-52
Cr-53
Cr-54
Mn-55
Fe-54
Fe-56
Fe-57
Fe-58
Cu-63
Cu-65
U-234
U-235
U-236
U-238

! total atom dens

' 8.008390E-02

Cu-65
U-234
U-235
U-236
U-238

271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271

272
272
272
272
272
272
272
272
272
272
272
272
272
272
272
272
272
272
272
272
272
272
272
272
272
272
272
272
272
272
272

! total atom

.008800E-02

273
273
273
273
273

dens

OO0 000000000000C000O0000OOOOODDO OO
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lement--fueled Axial

ity
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.89779E-05 293.
.45870E-06 293.
.98927E-06 293.
.71800E-04 293.
.59572E-06 293.
.15420E-05 293.

.32434E-02 293.
.04121E-05 293.
.26896E-05 293.
.71757E-02 293.
.05686E-04 293.
.33797E-05 293.
.47310E-05 293.
.89993E-02 293.
.02644E-04 293.
.19729E-06 293.
.45002E-06 293.
.20262E-07 293.
.79000E-07 293.
.75536E-06 293.
.75590E-07 293.
.63873E-07 293.
.30517E-07 293.
.02189E-05 293.
.15860E-06 293.
.87821E-07 293.
.57731E-06 293.
.42259E-06 293.
.79953E-05 293.
.77930E-07 293.
.15953E-07 293.
.92203E-05 293.
.56676E-06 293.
.20708E-06 293.
.05700E-04 293.
.82838E-07 293.
.19182E-05 293.

8.00839E-02 a/b-c

.32434E-02 293.
.77513E-05 293.
.19107E-05 293.
.73053E-02 293.
.05686E-04 293.
.33797E-05 293.
.47310E-05 293.
.88388E-02 293.
.02285E-04 293.
.17912E-06 293.
.43796E-06 293.
.20262E-07 293.
.79000E-07 293.
.75536E-06 293.
.75590E-07 293.
.63873E-07 293.
.30517E-07 293.
.02189E-05 293.
.15860E-06 293.
.87821E-07 293.
.55746E-06 293.
.41117E-06 293.
.78162E-05 293.
.73792E-07 293.
.15406E-07 293.
.91542E-05 293.
.53729E-06 293.
.69313E-06 293.
.51000E-04 293.
.07726E-06 293.
.45429E-05 293.

.32435E-02 293.
.46911E-05 293.
.95139E-05 293.
.74543E-02 293.
.05686E-04 293.
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8.00804E-02 a/b-
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end
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end
end
end

A-34



Mg-25 273
Mg-26 273
Al-27 273
si-28 273
$i-29 273
$i-30 273
Ti-46 273
Ti-47 273
Ti-48 273
Ti-49 273
Ti-50 273
Cr-50 273
Cr-52 273
cr-53 273
Cr-54 273
Mn-55 273
Fe-54 273
Fe-56 273
Fe-57 273
Fe-58 273
Cu-63 273
Cu-65 273
U-234 273
U-235 273
U-236 273
U-238 273
! t
' 8.009370E-02
H-1 274
B-10 274
B-11 274
0-16 274
Mg-24 274
Mg-25 274
Mg-26 274
Al-27 274
si-28 274
Si-29 274
$i-30 274
Ti-46 274
Ti-47 274
Ti-48 274
Ti-49 274
Ti-50 274
Cr-50 274
Cr-52 274
Ccr-53 274
Cr-54 274
Mn-55 274
Fe-54 274
Fe-56 274
Fe-57 274
Fe-58 274
Cu-63 274
Cu-65 274
274
274
274
274

275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275

[eNeNeNeNeNeNe o e Ho e NoNeoNoNeoNoNe NHo oo N No o No Ne}

0

otal atom density
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atom density
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.33797E-05 293.
.47310E-05 293.
.86541E-02 293.
.01874E-04 293.
.15831E-06 293.
.42415E-06 293.
.20263E-07 293.
.79001E-07 293.
.75537E-06 293.
.75590E-07 293.
.63873E-07 293.
.30518E-07 293.
.02189E-05 293.
.15860E-06 293.
.87821E-07 293.
.53464E-06 293.
.39803E-06 293.
.76103E-05 293.
.69031E-07 293.
.14778E-07 293.
.90782E-05 293.
.50342E-06 293.
.25215E-06 293.
.03100E-04 293.
.30087E-06 293.
.75616E-05 293.

8.00937E-02 a/b-cm

.32434E-02 293.
.03798E-05 293.
.20486E-05 293.
.76644E-02 293.
.05686E-04 293.
.33797E-05 293.
.47310E-05 293.
.83940E-02 293.
.01293E-04 293.
.12887E-06 293.
.40461E-06 293.
.20262E-07 293.
.79000E-07 293.
.75536E-06 293.
.75590E-07 293.
.63873E-07 293.
.30517E-07 293.
.02189E-05 293.
.15860E-06 293.
.87821E-07 293.
.50246E-06 293.
.37952E-06 293.
.73198E-05 293.
.62321E-07 293.
.13891E-07 293.
.89710E-05 293.
.45562E-06 293.
.03970E-06 293.
.76500E-04 293.
.61589E-06 293.
.18144E-05 293.

.32434E-02 293.
.18010E-06 293.
.50356E-05 293.
.78689E-02 293.
.05686E-04 293.
.33797E-05 293.
.47310E-05 293.
.81406E-02 293.
.00727E-04 293.
.10026E-06 293.
.38560E-06 293.
.20262E-07 293.
.79000E-07 293.
.75536E-06 293.
.75590E-07 293.
.63873E-07 293.
.30518E-07 293.
.02189E-05 293.
.15860E-06 293.
.87821E-07 293.
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Mn-55 275

Fe-54 275
Fe-56 275
Fe-57 275
Fe-58 275
Cu-63 275
Cu-65 275
U-234 275
U-235 275
U-236 275
U-238 275

! total atom
' 8.009980E-02

H-1 276
B-10 276
B-11 276
0-16 276
Mg-24 276
Mg-25 276
Mg-26 276
Al1-27 276
Si-28 276
Si-29 276
Si-30 276
Ti-46 276
Ti-47 276
Ti-48 276
Ti-49 276
Ti-50 276
Cr-50 276
Cr-52 276
Cr-53 276
Cr-54 276
Mn-55 276
Fe-54 276
Fe-56 276
Fe-57 276
Fe-58 276
Cu-63 276
Cu-65 276

277
277
277
277
277
277
277
277
277
277
277
277
277
277
277
2717
277
277
277
277
277
277
277
277
277
277
277
277
277
277
277
atom

278
278

HOOOOOOOOOoOOoOo

dens
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0

density
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.32434E-02 293.
.79830E-06 293.
.34889E-05 293.
.78875E-02 293.
.05686E-04 293.
.33797E-05 293.
.47310E-05 293.
.81176E-02 293.
.00676E-04 293.
.09768E-06 293.
.38390E-06 293.
.20262E-07 293.
.79000E-07 293.
.75536E-06 293.
.75590E-07 293.
.63873E-07 293.
.30517E-07 293.
.02189E-05 293.
.15860E-06 293.
.87821E-07 293.
.46828E-06 293.
.35985E-06 293.
.70113E-05 293.
.55193E-07 293.
.12950E-07 293.
.88571E-05 293.
.40487E-06 293.
.87661E-06 293.
.54500E-04 293.
.95066E-06 293.
.63337E-05 293.6

.32434E-02 293.
.99507E-06 293.
.23880E-05 293.
.77805E-02 293.
.05686E-04 293.
.33797E-05 293.
.47310E-05 293.
.82501E-02 293.
.00972E-04 293.
.11262E-06 293.
.39382E-06 293.
.20262E-07 293.
.79000E-07 293.
.75536E-06 293.
.75590E-07 293.
.63873E-07 293.
.30517E-07 293.
.02189E-05 293.
.15860E-06 293.
.87821E-07 293.
.48467E-06 293.
.36928E-06 293.
.71592E-05 293.
.58611E-07 293.
.13401E-07 293.
.89118E-05 293.
.42923E-06 293.
.47532E-06 293.
.17100E-04 293.
.79014E-06 293.
.41667E-05 293.

.47114E-06 293.6
.36149E-06 293.6
.70370E-05 293.6
.55788E-07 293.6
.13028E-07 293.6
.88666E-05 293.6
.40911E-06 293.6
.80687E-06 293.6
.48000E-04 293.6
.92276E-06 293.6
.59571E-05 293.6

8.00998E-02 a/b-cm
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8.00933E-02 a/b-cm

.32434E-02 293.6
.06559E-05 293.6
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B-11

0-16
Mg-24
Mg-25
Mg-26
Al1-27
Si-28
Si-29
Si-30
Ti-46
Ti-47
Ti-48
Ti-49
Ti-50
Cr-50
Cr-52
Cr-53
Cr-54
Mn-55
Fe-54
Fe-56
Fe-57
Fe-58

! to
' 8.008040E
H-1
B-10
B-11
0-16
Mg-24
Mg-25
Mg-26
Al-27
Si-28
Si-29
Si-30
Ti-46
Ti-47
Ti-48
Ti-49
Ti-50
Cr-50
Cr-52
Cr-53
Cr-54
Mn-55
Fe-54
Fe-56
Fe-57
Fe-58
Cu-63
Cu-65
U-234
U-235
U-236
U-238

02

! total atom dens

' 8.008390E-02
H-1
B-10
B-11
0-16
Mg-24
Mg-25
Mg-26
Al-27
Si-28
Si-29
$i-30
Ti-46
Ti-47
Ti-48
Ti-49

278
278
278
278
278
278
278
278
278
278
278
278
278
278
278
278
278
278
278
278
278
278
278
278
278
278
278
278
278

Inner fuel e
1 atom dens
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282
282
282
282
282
282
282
282
282
282
282
282
282
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.31670E-05 293.
.76509E-02 293.
.05686E-04 293.
.33797E-05 293.
.47310E-05 293.
.84107E-02 293.
.01330E-04 293.
.13079E-06 293.
.40588E-06 293.
.20262E-07 293.
.79000E-07 293.
.75536E-06 293.
.75590E-07 293.
.63873E-07 293.
.30517E-07 293.
.02189E-05 293.
.15860E-06 293.
.87821E-07 293.
.50452E-06 293.
.38070E-06 293.
.73384E-05 293.
.62751E-07 293.
.13948E-07 293.
.89779E-05 293.
.45870E-06 293.
.98927E-06 293.
.71800E-04 293.
.59572E-06 293.
.15420E-05 293.
--fueled Axial r
8.00804E-02 a/b-
.32434E-02 293.
.04121E-05 293.
.26896E-05 293.
.71757E-02 293.
.05686E-04 293.
.33797E-05 293.
.47310E-05 293.
.89993E-02 293.
.02644E-04 293.
.19729E-06 293.
.45002E-06 293.
.20262E-07 293.
.79000E-07 293.
.75536E-06 293.
.75590E-07 293.
.63873E-07 293.
.30517E-07 293.
.02189E-05 293.
.15860E-06 293.
.87821E-07 293.
.57731E-06 293.
.42259E-06 293.
.79953E-05 293.
.77930E-07 293.
.15953E-07 293.
.92203E-05 293.
.56676E-06 293.
.20708E-06 293.
.05700E-04 293.
.82838E-07 293.
.19182E-05 293.
8.00839E-02 a/b-cm
.32434E-02 293.
.77513E-05 293.
.19107E-05 293.
.73053E-02 293.
.05686E-04 293.
.33797E-05 293.
.47310E-05 293.
.88388E-02 293.
.02285E-04 293.
.17912E-06 293.
.43796E-06 293.
.20262E-07 293.
.79000E-07 293.
.75536E-06 293.
.75590E-07 293.
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Ti-50
Cr-50
Cr-52
Cr-53
Cr-54
Mn-55
Fe-54
Fe-56
Fe-57
Fe-58
Cu-63
Cu-65

U-236

282
282
282
282
282
282
282
282
282
282
282
282
282
282
282
282
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.32435E-02 293.
.46911E-05 293.
.95139E-05 293.
.74543E-02 293.
.05686E-04 293.
.33797E-05 293.
.47310E-05 293.
.86541E-02 293.
.01874E-04 293.
.15831E-06 293.
.42415E-06 293.
.20263E-07 293.
.79001E-07 293.
.75537E-06 293.
.75590E-07 293.
.63873E-07 293.
.30518E-07 293.
.02189E-05 293.
.15860E-06 293.
.87821E-07 293.
.53464E-06 293.
.39803E-06 293.
.76103E-05 293.
.69031E-07 293.
.14778E-07 293.
.90782E-05 293.
.50342E-06 293.
.25215E-06 293.
.03100E-04 293.
.30087E-06 293.
.75616E-05 293.

8.00937E-02 a/b-cr

.32434E-02 293.
.03798E-05 293.
.20486E-05 293.
.76644E-02 293.
.05686E-04 293.
.33797E-05 293.
.47310E-05 293.
.83940E-02 293.
.01293E-04 293.
.12887E-06 293.
.40461E-06 293.
.20262E-07 293.
.79000E-07 293.
.75536E-06 293.
.75590E-07 293.
.63873E-07 293.
.30517E-07 293.
.02189E-05 293.
.15860E-06 293.
.87821E-07 293.
.50246E-06 293.
.37952E-06 293.
.73198E-05 293.
.62321E-07 293.
.13891E-07 293.
.89710E-05 293.
.45562E-06 293.
.03970E-06 293.
.76500E-04 293.
.61589E-06 293.

.63873E-07 293.6
.30517E-07 293.6
.02189E-05 293.6
.15860E-06 293.6
.87821E-07 293.6
.55746E-06 293.6
.41117E-06 293.6
.78162E-05 293.6
.73792E-07 293.6
.15406E-07 293.6
.91542E-05 293.6
.53729E-06 293.6
.69313E-06 293.6
.51000E-04 293.6
.07726E-06 293.6
.45429E-05 293.6

8.00880E-02 a/b-c
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! total atom dens

' 8.009980E-02

! total atom dens

' 8.009680E-02
H-1
B-10
B-11
0-16
Mg-24
Mg-25
Mg-26
Al-27
Si-28
Si-29
$i-30
Ti-46

287
287
287
287
287
287
287
287
287
287
287
287

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
i
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6
2
1
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1
5
3
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3
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.18144E-05
8.00993E-02 a/b-cm

8.00968E-02 a/b-c

.32434E-02
.99507E-06
.23880E-05
.77805E-02
.05686E-04
.33797E-05
.47310E-05
.82501E-02
.00972E-04
.11262E-06
.39382E-06
.20262E-07

293.

293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
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.32434E-02 293.
.18010E-06 293.
.50356E-05 293.
.78689E-02 293.
.05686E-04 293.
.33797E-05 293.
.47310E-05 293.
.81406E-02 293.
.00727E-04 293.
.10026E-06 293.
.38560E-06 293.
.20262E-07 293.
.79000E-07 293.
.75536E-06 293.
.75590E-07 293.
.63873E-07 293.
.30518E-07 293.
.02189E-05 293.
.15860E-06 293.
.87821E-07 293.
.47114E-06 293.
.36149E-06 293.
.70370E-05 293.
.55788E-07 293.
.13028E-07 293
.88666E-05 293
.40911E-06 293
.80687E-06 293
.48000E-04 293
.92276E-06 293
.59571E-05 293
8.00998E-02 a/b-c
.32434E-02 293.
.79830E-06 293.
.34889E-05 293.
.78875E-02 293.
.05686E-04 293.
.33797E-05 293.
.47310E-05 293.
.81176E-02 293.
.00676E-04 293.
.09768E-06 293.
.38390E-06 293.
.20262E-07 293.
.79000E-07 293.
.75536E-06 293.
.75590E-07 293.
.63873E-07 293.
.30517E-07 293.
.02189E-05 293.
.15860E-06 293.
.87821E-07 293.
.46828E-06 293.
.35985E-06 293.
.70113E-05 293.
.55193E-07 293.
.12950E-07 293.
.88571E-05 293.
.40487E-06 293.
.87661E-06 293.
.54500E-04 293.
.95066E-06 293.
.63337E-05 293.
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Ti-47
Ti-48
Ti-49
Ti-50
Cr-50
Cr-52
Cr-53
Cr-54
Mn-55
Fe-54
Fe-56
Fe-57
Fe-58
Cu-63
Cu-65

287
287
287
287
287
287
287
287
287
287
287
287
287
287
287
287
287
287
287

atom dens
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.79000E-07 293.
.75536E-06 293.
.75590E-07 293.
.63873E-07 293.
.30517E-07 293.
.02189E-05 293.
.15860E-06 293.
.87821E-07 293.
.48467E-06 293.
.36928E-06 293.
.71592E-05 293.
.58611E-07 293.
.13401E-07 293.
.89118E-05 293.
.42923E-06 293.
.47532E-06 293.
.17100E-04 293.
.79014E-06 293.
.41667E-05 293.

8.00933E-02 a/b-cm
.32434E-02 293.
.06559E-05 293.
.31670E-05 293.
.76509E-02 293.
.05686E-04 293.
.33797E-05 293.
.47310E-05 293.
.84107E-02 293.
.01330E-04 293.
.13079E-06 293.
.40588E-06 293.
.20262E-07 293.
.79000E-07 293.
.75536E-06 293.
.75590E-07 293.
.63873E-07 293.
.30517E-07 293.
.02189E-05 293.
.15860E-06 293.
.87821E-07 293.
.50452E-06 293.
.38070E-06 293.
.73384E-05 293.
.62751E-07 293.
.13948E-07 293.
.89779E-05 293.
.45870E-06 293.
.98927E-06 293.
.71800E-04 293.
.59572E-06 293.
.15420E-05 293.

.32434E-02 293.
.04121E-05 293.
.26896E-05 293.
.71757E-02 293.
.05686E-04 293.
.33797E-05 293.
.47310E-05 293.
.89993E-02 293.
.02644E-04 293.
.19729E-06 293.
.45002E-06 293.
.20262E-07 293.
.79000E-07 293.
.75536E-06 293.
.75590E-07 293.
.63873E-07 293.
.30517E-07 293.
.02189E-05 293.
.15860E-06 293.
.87821E-07 293.
.57731E-06 293.
.42259E-06 293.
.79953E-05 293.
.77930E-07 293.
.15953E-07 293.
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Cu-63 291 0
Cu-65 291 0
U-234 291 0
U-235 291 0
U-236 291 0
U-238 291 0
' total atom density
' 8.008390E-02
H-1 292 0
B-10 292 0
B-11 292 0
0-16 292 0
Mg-24 292 0
Mg-25 292 0
Mg-26 292 0
Al-27 292 0
Si-28 292 0
Si-29 292 0
Si-30 292 0
Ti-46 292 0
Ti-47 292 0
Ti-48 292 0
Ti-49 292 0
Ti-50 292 0
Cr-50 292 0
Cr-52 292 0
Cr-53 292 0
Cr-54 292 0
Mn-55 292 0
Fe-54 292 0
Fe-56 292 0
Fe-57 292 0
Fe-58 292 0
Cu-63 292 0
Cu-65 292 0
U-234 292 0
U-235 292 0
U-236 292 0
U-238 292 0
! total atom density
' 8.008800E-02
293 0
293 0
293 0
293 0
293 0
293 0
293 0
293 0
293 0
293 0
293 0
293 0
293 0
293 0
293 0
293 0
293 0
293 0
293 0
293 0
293 0
293 0
293 0
293 0
293 0
293 0
293 0
293 0
293 0
293 0
293 0
atom density
) 2
294 0
294 0
294 0
294 0
294 0
294 0
Mg-26 294 0

| = NN
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.92203E-05 293.
.56676E-06 293.
.20708E-06 293.
.05700E-04 293.
.82838E-07 293.
.19182E-05 293.

.32434E-02 293.
.77513E-05 293.
.19107E-05 293.
.73053E-02 293.
.05686E-04 293.
.33797E-05 293.
.47310E-05 293.
.88388E-02 293.
.02285E-04 293.
.17912E-06 293.
.43796E-06 293.
.20262E-07 293.
.79000E-07 293.
.75536E-06 293.
.75590E-07 293.
.63873E-07 293.
.30517E-07 293.
.02189E-05 293.
.15860E-06 293.
.87821E-07 293.
.55746E-06 293.
.41117E-06 293.
.78162E-05 293.
.73792E-07 293.
.15406E-07 293.
.91542E-05 293.
.53729E-06 293.
.69313E-06 293.
.51000E-04 293.
.07726E-06 293.
.45429E-05 293.

8.00880E-02 a/b-c

.32435E-02 293.
.46911E-05 293.
.95139E-05 293.
.74543E-02 293.
.05686E-04 293.
.33797E-05 293.
.47310E-05 293.
.86541E-02 293.
.01874E-04 293.
.15831E-06 293.
.42415E-06 293.
.20263E-07 293.
.79001E-07 293.
.75537E-06 293.
.75590E-07 293.
.63873E-07 293.
.30518E-07 293.
.02189E-05 293.
.15860E-06 293.
.87821E-07 293.
.53464E-06 293.
.39803E-06 293.
.76103E-05 293.
.69031E-07 293.
.14778E-07 293.
.90782E-05 293.
.50342E-06 293.
.25215E-06 293.
.03100E-04 293.
.30087E-06 293.
.75616E-05 293.

.32434E-02 293.
.03798E-05 293.
.20486E-05 293.
.76644E-02 293.
.05686E-04 293.
.33797E-05 293.
.47310E-05 293.
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-02

OE

! total atom density

' 8.009980E-02
H-1
B-10
B-11
0-16
Mg-24
Mg-25
Mg-26
Al-27
Si-28
Si-29
Si-30
Ti-46
Ti-47
Ti-48
Ti-49
Ti-50
Cr-50
Cr-52
Cr-53
Cr-54
Mn-55
Fe-54

294
294
294
294
294
294
294
294
294
294
294
294
294
294
294
294
294
294
294
294
294
294
294
294

296
296
296
296
296
296
296
296
296
296
296
296
296
296
296
296
296
296
296
296
296
296

[eNeleoNeNeNeoNeNeoNe No e o e No e o oo NeoBo No No Nl

0

otal atom density
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NP B BORFRRFPOWNOANRFEFRPUONNDNWWAEWORNRERRERNDOW

NANRFPRPUONNDNWWARWARNERREENDOW

.83940E-02
.01293E-04
.12887E-06
.40461E-06
.20262E-07
.79000E-07
.75536E-06
.75590E-07
.63873E-07
.30517E-07
.02189E-05
.15860E-06
.87821E-07
.50246E-06
.37952E-06
.73198E-05
.62321E-07
.13891E-07
.89710E-05
.45562E-06
.03970E-06
.76500E-04
.61589E-06
.18144E-05

8.00993E-02 a/b-cm

293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
293.
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.32434E-02 293.
.18010E-06 293.
.50356E-05 293.
.78689E-02 293.
.05686E-04 293.
.33797E-05 293.
.47310E-05 293.
.81406E-02 293.
.00727E-04 293.
.10026E-06 293.
.38560E-06 293.
.20262E-07 293.
.79000E-07 293.
.75536E-06 293.
.75590E-07 293.
.63873E-07 293.
.30518E-07 293.
.02189E-05 293.
.15860E-06 293.
.87821E-07 293.
.47114E-06 293.
.36149E-06 293.
.70370E-05 293.
.55788E-07 293.
.13028E-07 293.
.88666E-05 293.
.40911E-06 293.
.80687E-06 293.
.48000E-04 293.
.92276E-06 293.
.59571E-05 293.
8.00998E-02 a/b-
.32434E-02 293.
.79830E-06 293.
.34889E-05 293.
.78875E-02 293.
.05686E-04 293.
.33797E-05 293.
.47310E-05 293.
.81176E-02 293.
.00676E-04 293.
.09768E-06 293.
.38390E-06 293.
.20262E-07 293.
.79000E-07 293.
.75536E-06 293.
.75590E-07 293.
.63873E-07 293.
.30517E-07 293.
.02189E-05 293.
.15860E-06 293.
.87821E-07 293.
.46828E-06 293.
.35985E-06 293.
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Fe-56
Fe-57
Fe-58
Cu-63
Cu-65
U-234
U-235
U-236
U-238

296
296
296
296
296
296
296
296
296

total atom dens

' 8.009680E-02

H-1
B-10
B-11
0-16
Mg-24
Mg-25
Mg-26
Al-27
Si-28
Si-29
Si-30
Ti-46
Ti-47
Ti-48
Ti-49
Ti-50
Cr-50
Cr-52
Cr-53
Cr-54
Mn-55
Fe-54
Fe-56
Fe-57
Fe-58
Cu-63
Cu-65
U-234

' 8.009330E-02

' 8.008040E-02

H-1
B-10

297 0 3.32434E-02 293.6
297 0 7.99507E-06 293.6
297 0 3.23880E-05 293.6
297 0 1.77805E-02 293.6
297 0 1.05686E-04 293.6
297 0 1.33797E-05 293.6
297 0 1.47310E-05 293.6
297 0 2.82501E-02 293.6
297 0 1.00972E-04 293.6
297 0 5.11262E-06 293.6
297 0 3.39382E-06 293.6
297 0 4.20262E-07 293.6
297 0 3.79000E-07 293.6
297 0 3.75536E-06 293.6
297 0 2.75590E-07 293.6
297 0 2.63873E-07 293.6
297 0 5.30517E-07 293.6
297 0 1.02189E-05 293.6
297 0 1.15860E-06 293.6
297 0 2.87821E-07 293.6
297 0 6.48467E-06 293.6
297 0 2.36928E-06 293.6
297 0 3.71592E-05 293.6
297 0 8.58611E-07 293.6
297 0 1.13401E-07 293.6
297 0 1.89118E-05 293.6
297 0 8.42923E-06 293.6
297 0 4.47532E-06 293.6
297 0 4.17100E-04 293.6
297 0 1.79014E-06 293.6
297 0 2.41667E-05 293.6
total atom density = 8.00933E-02 a/b-c
298 0 3.32434E-02 293.6
298 0 1.06559E-05 293.6
298 0 4.31670E-05 293.6
298 0 1.76509E-02 293.6
298 0 1.05686E-04 293.6
298 0 1.33797E-05 293.6
298 0 1.47310E-05 293.6
298 0 2.84107E-02 293.6
298 0 1.01330E-04 293.6
298 0 5.13079E-06 293.6
298 0 3.40588E-06 293.6
298 0 4.20262E-07 293.6
298 0 3.79000E-07 293.6
298 0 3.75536E-06 293.6
298 0 2.75590E-07 293.6
298 0 2.63873E-07 293.6
298 0 5.30517E-07 293.6
298 0 1.02189E-05 293.6
298 0 1.15860E-06 293.6
298 0 2.87821E-07 293.6
298 0 6.50452E-06 293.6
298 0 2.38070E-06 293.6
298 0 3.73384E-05 293.6
298 0 8.62751E-07 293.6
298 0 1.13948E-07 293.6
298 0 1.89779E-05 293.6
298 0 8.45870E-06 293.6
298 0 3.98927E-06 293.6
298 0 3.71800E-04 293.6
298 0 1.59572E-06 293.6
298 0 2.15420E-05 293.6
Inner fuel element--fueled central
t 1 atom density = 8.00804E-02 a/b-
201 0 3.32434E-02 293.6
201 0 2.04121E-05 293.6

.70113E-05 293.
.55193E-07 293.
.12950E-07 293.
.88571E-05 293.
.40487E-06 293.
.87661E-06 293.
.54500E-04 293.
.95066E-06 293.
.63337E-05 293.
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Axial

cm

end
end

region
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B-11

0-16
Mg-24
Mg-25
Mg-26
Al1-27
Si-28
Si-29
Si-30
Ti-46
Ti-47
Ti-48
Ti-49
Ti-50
Cr-50
Cr-52
Cr-53
Cr-54
Mn-55
Fe-54
Fe-56
Fe-57
Fe-58

'8,
H-1
B-10
B-11
0-16

Mg-24
Mg-25
Mg-26
Al-27
Si-28
Si-29
Si-30
Ti-46
Ti-47
Ti-48
Ti-49
Ti-50
Cr-50

total atom dens
008800E-02

201
201
201
201
201
201
201
201
201
201
201
201
201
201
201
201
201
201
201
201
201
201
201
201
201
201
201
201
201

203
203
203
203
203
203
203
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203
203
203
203
203
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.26896E-05 293.
.71757E-02 293.
.05686E-04 293.
.33797E-05 293.
.47310E-05 293.
.89993E-02 293.
.02644E-04 293.
.19729E-06 293.
.45002E-06 293.
.20262E-07 293.
.79000E-07 293.
.75536E-06 293.
.75590E-07 293.
.63873E-07 293.
.30517E-07 293.
.02189E-05 293.
.15860E-06 293.
.87821E-07 293.
.57731E-06 293.
.42259E-06 293.
.79953E-05 293.
.77930E-07 293.
.15953E-07 293.
.92203E-05 293.
.56676E-06 293.
.20708E-06 293.
.05700E-0