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ABSTRACT

The Monte Carlo Model System (MCMS) for the Washington State University (WSU)
Radiation Center provides a means through which core criticality and power distributions can be
calculated, as well as providing a method for neutron and photon transport necessary for BNCT
epithermal neutron beam design. The computational code used in this Model System is
MCNP4A. The geometric capability of this Monte Carlo code allows the WSU system to be
modeled very accurately. A working knowledge of the MCNP4A neutron transport code
increases the flexibility of the Model System and is recommended, however, the eigenvalue/
power density problems can be run with little direct knowledge of MCNP4A. Neutron and pho-
ton particle transport require more experience with the MCNP4A code.

The Model System consists of two coupled subsystems; the Core Analysis and Source
Plane Generator Model (CASP), and the BeamPort Shell Particle Transport Model (BSPT). The
CASP Model incorporatés the S(c,3) thermal treatment, and is run as a criticality problem yield-

ing the system eigenvalue (k.¢), the core power distribution, and an implicit surface source for

subsequent particle transport in the BSPT Model.

' The BSPT Model uses the source plaﬁe generated by a CASP run to transpoft particles
through the thermal column beamport. The user can create filter arrangements in the beamport
and then calculate characteristics necessary for assessing the BNCT potential of the given filter
arrangement. Examples Qf the characteristics to be calculated are: neutron fluxes, neutron cur-
rents, fast neutron KERMAs and gamma KERMAs.

The MCMS is a useful tool for the WSU system. Those unfamiliar with the MCNP4A
code can use the MCMS transparently for core analysis, while more experienced users will find

the particle transport capabilities very powerful for BNCT filter design.
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CORE ANALYSIS AND SOURCE PLANE GENERATOR MODEL (CASP .MODEL)
The following discussion of the Core Analysis and Source Plane Generator Model will
present the model in a transparent fashion, for the users not familiar with MCNP4A. Points where
a more in depth treatment would benefit the experienced MCNP4A user are included under the
Model Point subheadings. Diagrams with the actual surface and cell designations for the grid
model and grid elements are included in Appendix A. These will be useful to the experienced
MCNPA4A user if he desires to modify the model geometry. The user may also desire to change or
add to the materials in the default model. The user should refer to the MCNP4A manual for a dis-
cussion on material designations, however, adjusting materials is discouraged for those without
experience with MCNP4A.
There are three main steps in transparently constructing a core configuration. First, the
. core elements must be mapped into the core grid. Next, the control blade and transient rod
heights must be set. Finally, the type and number of simulation particles to be run must to be

established.

1.1  Core Grid Mapping

The core model is a 9 x 7 grid of primarily 3 inch x 3 inch element locétions. The four
corner locations are slightly larger (4 inche§ x 4 inches) and are of fixed content. The remaining
59 element locations are not of fixed content and can be filled with any of the following elements:

1. Standard Fuel Element
2. FLIP Fuel Element
3. Graphite Reflector Block

4. Rotator Tube Element

5. Transient Rod Element




Each element location in the grid has a cell number which corresponds to its place in the
grid. The first digit is the row number in which the cell is located while the second digit is the col-

umn number in which the cell is located. A plan view schematic of the Core Grid Model is shown

in Figure 1. SOUTH
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Figure 1. - Plan View Schematic of Core Grid Model

There are three regions of the grid; Region 1 - the two rows above the first control blade
spacer, Region 2 - the three rows between the first and second control blade spacers, Region 3 -
the two rows below the second control blade spacer. Each of the non-corner cells in these three
regions can be filled with any of the five aforementioned elements, or with water, by specifying
the appropriate element number on the fill space of the cell definition card or filled with water by
specifying the “1 -1.0” string in the material number/material density section of the cell defini-
tion card. The first digit of the element number is the Region that the cell is in and the second
digit is a number 1-5 corresponding to the desired element (numbers 1-5 correspond to the above

list of elements).




The following are two examples of typical cell cards in the CASP Model input. The first

is an example of an element location in Region 2 that is filled with a standard fuel element. The

) second is an example of an element in any Region (the specific example is for element 64, which

is in Region 3) that is filled with water.

Example 1.

32 {0 2-3-12121-2122 imp:n=1 imp:p=1 |fill=21
A i

Cell # Cell Surface Definitions Element #
Row 3 Col. 2 irrelevant for transparent users Region 2
Mat. #/Mat. Dens. Cell Importance Weights Eslemem !
Use a 0 here when the irrelevant for transparent users (Standard Fuel)
fill option is employed
Example 2.

644 1 -1.00 4-5-15115-2122 imp:n=1 imp:p=1|fill=

Cell #

Cell Surface Definitions Element #
Row 6 Col. 4 irrelevant for transparent users When filling
Mat. #/Mat. DenS. ‘ Cell Importance Weights an element
‘When filling an element irrelevant for transparent users with water
location with water - leave this
replace the O with the blank
string 1 -1.0

Once the core grid has been mapped for the particular core configuration of interest, the

next step is to set the heights of the four control blades. The next section will discuss how to set

these heights.




Model Point

The element numbers actually correspond to universes which are infinite lattices of each
of the different elements. The reason that there are 15 universes (element numbers) for the 5 ele-
ments is that the control blade spacers of the Core Grid Model put the three Regions out of phase.
Thus, the 5 universe lattices that are in phase with the middle Region (Region 2) need to be trans-
lated up by the width of a control blade spacer (yielding 10 lattices) and translated down by the
width of a control blade spacer (yielding 15 lattices).

If the user desires to add another element to the existing bank of core elements (1-5) there
are five steps that should be followed. Define a unique set of surfaces to build the new element
cells, build the unique set of new element cells in phase with the center Region (Region 2), group
‘the cells into an infinite lattice and define this lattice as a universe, translate the lattice up (with
the “like” “but” card) to be in phase with Region 1 and define this as a different universe, and
finally translate the lattice down (with the “like” “but” card) to be in phase with Region 3 and
define this again as a different universe.

It may appear that using this lattice/universe system introduces unnecessary complexity
into the model, as opposed to simply defining each cell to be used in a given problem once and
then translating it into the desired gnd spaces individually without using the infinite lattice. The
benefit to the latticé/universe system is that it makes subsequent core configuration changes much
easier and more straightforward (especially for the transparent user). It is the opinion of the
author that the initial complexity in setting up the lattice/universe system is more than offset by

the benefit of smooth core configuration adjustments in future use of the MCMS Model.




1.2 Control Blade and Transient Rod Height Adjustment
There are four control blades (three Boral blades and one Stainless Steel blade) in the

CASP Model and each of these can be set to independent heights. There is also a Transient Rod
Core Element which contains three TRIGA fuel rods and one boron carbide control rod (see
Appendix A). This Transient Rod Core Element can be placed in as many of the core grid ele-
ment locations as the user desires, however, the height of all of the transient rods in the model are
controlled by the same surface, thus they are not independent.

The schematic of the control blade locations and their cell numbers is shown in Figure 2.

SOUTH

Blade #1 (Cell #201) - Boral Blade #2 (Cell #202) - Boral
Surface 201 Controls This Blade Height Surface 202 Controls This Blade Height

(O Surface 205 Controls the Height of the Transient Rod

Blade #3(Cell #203) - Stain.St1.304 Blade #4 (Cell #204) - Boral
Surface 203 Controls This Blade Height  Surface 204 Controls This Blade Height

Figure 2. - Control Blade Content and Location Schematic

The procedure for adjusting the rod heights is as follows. First, locate the section of the
input file for the CASP Model where control blade/transient rod surfaces are defined, then change
the numerical value on the surface card corresponding to the blade or rod that is to be adjusted.
The numerical entries on the cards are in centimeters and can range in value from -19.05 to 42.00.

The active fuel height ranges from -19.05 to 19.05, and the top of the core is at 42.365. The entry

for a fully inserted blade or rod would be -19.05.




Model Point

The Transient Rod Element is defined once and then declared as a universe consisting of
an infinite lattice, thus the height of the boron carbide rod in every Transient Rod Element (hence,
any Transient Rod Element specified in the Core Grid Model) is controlled by the same surface.

If the user wanted to use more than one Transient Rod Element in a given core configura-
tion, each having independent rod height control, then he would have to add additional core ele-
ments to the CASP Model. These new core elements would be identical to the existing Transient
Rod Element, but with unique sets of surface and cell numbers. The process for adding a new

core element is outlined in the Model Point discussion of section 1.1 Core Grid Mapping.

1.3 Setting the Type and Number of Particles to Run

The MCMS can run both neutron only transport problems, and coupled neutron and pho-
ton transport problems. The default is to transport neutrons only. If the user desires to run a cou-
pled neutron and photon problem he need only go to the mode card in the input file and
uncomment it out.

To set the number of particles to be run the user must go to the kcode card in the CASP
Model input file. The CASP Model runs 100 cycles, and the actual‘number that is input is the
number of particles to run per cycle. The total number of particles to be run therefore, is
100*(Number Input by User). An example of the kcode card for a problem to be run for 250,000

total particles is given in Example 3.




Example 3. Number of Cycles

to be Skipped

irrelevant for transparent users

kcode 2500 1.1 5 100

Number of Particles Number of Cycles
per Cycle to be Run
input by the user irrelevant for transparent users

Initial K ¢ Guess

irrelevant for transparent users

Model Point

The kcode card can be modified any way that the user desires. The number of total cycles
can be varied, and the number of inactive cycles can also be varied. The CASP Model has a
SRCTP file which eliminates the need to skip a lafge number of cycles. If this file is not available
for whatever reason, there is a KSRC card included (yet commented out) with an explicit set of
source points. To use this card just uncomment it out.

The initial K ¢ guess may need to be adjusted if core configurations that are either

extremely supercritical or extremely subcritical have problems running.

The number of particles that a user should run depends upon the accuracy that he is look-
ing for and the amount of computer time that he wants to spend. To help the user determine the
appropriate number of particles to run, plots of computer time vs. number of particles run,
error in K¢ vs. number of particles run, and percent error in power density vs. number of
particles run are included for CASP Model runs of 25,000; 250,000; and 2,500,000 particles on
a 100 MHz HP workstation. These plots are shown in Figures 3, 4, and 5, respectively. A good
nﬂe of thumb is that when increasing the number of particles from one run to the next, the user

should expect to see the error drop by the square root of the ratio of particle increase.
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Model Point

The models that were run to generate these plots all used the same importance weighting -
field. The field that they used is the default on the input model. Importance weighting can have a
significant effect on computer run time and tally statistics, thus if the user desires to modify the

importance field these plots may no longer be valid.




14 Running the CASP Model

The procedure for running the CASP Model is simply the standard MCNP4A execution
procedure. This discussion assumes that the user has the MCNP4A executable file and all of the
associated data files properly loaded and compiled on their machine and that the code is running

properly.

The flow of a CASP Model run is as follows:

1. The original CASP Model input file is WSUc. To generate a new core configuration, the user
should open the WSUc file, make the desired modifications, then save the modified file under a
new name. One logical convention is to label the configurations in an ascending numerical order
(ie. WSUcl,VWSUc2, etc...), however, this is solely a matter of personal preference. Your input
files must be in your MCNP4A working directory (the directory containing the MCNP4A XSDIR

files or the directory with a link to these files).

2. Once the input configuration file is generated the user needs to invoke the MCNP4A program.

The command line for this is shown in the following example:

mcnp4a i="input file name” o="output file name”

The input file name is the name of the user modified CASP model file, and the output file
name is chosen by the user and it is where the Output from the run will be written. One conven-
tion for labeling output files is to use the input file name with an “o” appended, however, this is
solely a matter of personal preference.

Sometimes, it is useful to plot the model geometry to confirm that the configuration model
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is correct. MCNP4A has a very useful internal plotting routine, however, the user should consuit
the MCNP4A manual for further instructions on using this feature.

Finally, it is often desirable to run these models in the background. The UNIX “nohup”
command is useful for this purpose. Recall that when using “nohup” command a dump for the
standard output and standard error must be given with the “> ‘dump file name’” string. An exam-
ple of the command line for a background job is as follows:

nohup mcnp4a i="input file name” o="output file name” >”dump file name” &

3. The MCNP4A run produces the some default files with each run. A list of these .ﬁles anda

brief description are given below.
Files‘ generated from all CASP Model runs:

runtpe - The model run tape. This file is used for any continuation runs of a prob-
lem. It contains all of the information about the model run to which it cor-
responds. The prdmp card controls the generation of this file. Further
discussion can be found in the MCNP4A manual.

sretp - This file contains criticality source distribution information. The default
srctp file was written by the WSUc default core conﬁguratiqn. The code
uses this file for its initial source distribution when running a criticality
problem. When a new configuration is used it is recommended that two
runs be performed; one with the old srctp file, which will generate a new
srctp file (the new file will be named srctq and the user will need to remove

the old srctp file and then change the srctq file to srctp), and then one with

the new srctp file for better convergence.




Optionally generated files:

comout - This file is generated when the MCNP4A internal plotting routine is
employed. It is generally not of any concern for the CASP Model user,
however, if the user desires more information he should consult the
MCNP4A manual.

wssa -This file is created by a CASP Model run using the Surface Source Genera-

tion option. The wssa file is used as the implicit particle source file for sub-

sequent transport calculations in the BSPT Model.

1.5 Using the Surface Source Generation Option

The two subsystems of the MCMS, the CASP and the BSPT, are coupled together via the
generated Surface Source. This Surface Source provides the particle source for transport calcula-
tions in the BSPT Model, and it is generated in a CASP Model criticality run. To enact the Sur-
face Source Generation option in the CASP Model, the user must go to the ssw card in the input
file and remove the comment character preceding the card. This will cause the wssa file contain-
ing all of the Surface Source information to be created. Instructions on how to use the Surface
Source from the wssa file to transport particles in the beamport are given in the later sections dis-
cussing the BSPT Model.

Model Point

The model surface to which the Surface Source is written is number 1002. This is the

delimiting surface at the beginning of the beamport (the opening edge of the conical region of the

beamport). There are more model surfaces further out axially in the x-direction, and the Surface

12



Source can be written to any of these by simply replacing surface number 1002 by the new sur-
face. If the user decides to change the surface to which the source is writtén in the CASP Model,
he must also change the surface from which the source is read in the BSPT Model. The card
where this change is made in the BSPT Model is the ssr card, and the new surface number will be
the same as in the CASP Model because all overlapping cells and surfaces have the same cell and
surface descriptor numbers in both the CASP and BSPT Models. It should be noted that the
author feels that the default source surface is more than adequate and discourages the user from

making modifications \

Finally, the filter region of the CASP Model that overlaps the BSPT Model should match
the BSPT Model. Normally these adjustments will entail little more than a change of mateﬁal in
previously defined cells or the translation of a pre-existing surface. For “first cut” scoping calcu-
lations, the default CASP Model Surface Source will be adequate for all but the most drastically
modified BSPT filter models. However, when the final designs are being analyzed in detail, the
Surfacek Source employed should have been generated from a CASP Model run which matches the

BSPT Model being evaluated.

1.6 CASP Model Output

The CASP Model output is written to a file specified by the user in the command line
when he begins a CASP Model run. This output file is in the standard MCNP4A format. Some
adjustments in the MCNP4A output files can be made using the prdmp card. If the user is inter-

ested in information on what adjustments can be made and how to make them he should consult

the MCNP4A manual.




The user will need to peruse the output file to get acquainted with the format, and after a
few times should be able to find the tally information of interest. The eigenvalue information is
simply a scalar value confidence interval, hence it requires no post processing for graphical dis-
plays. Conversely, the power density data is an array of values that requires a small amount of
post processing for a meaningful graphical display. The method of post processing and the graph-
ical routines employed are solely a matter of personal preference.

The author uses a combination of VI editor commands and some short customized fortran
data manipulation codes to put the output data into a format readable by the GNUPLOT graphical
display software. This method of post processing has been amenable to the needs of the author,
however, it might not be right for the needs of each user. Therefore, the author makes no recom-
mendation on the post processing and graphical display method.

An MCNP4A generated plot of the proposed core configuration for BNCT, and the subse-

quent GNUPLOT generated contour plot of the power density data are given in Figures 6 and 7.

Figure 6. - MCNP4A Generated Plot of BNCT Core Configuration

14
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BEAMPORT SHELL PARTICLE TRANSPORT MODEL (BSPT MODEL)

The use of the BSPT model requires a working knowledge of the MCNP4A code. There-
fore the user will not be able to run the model transparently. The discussion here will concentrate
on two areas; identifying the descriptor numbers of surfaces and cells to be modified when add-
ing a new filter to the BSPT Model, and explaining the procedure used to run the model using a
Surface Source generated in the CASP Model.

Diagrams with the actual surface and cell designations for the BSPT Model are included

in Appendix B.

2.1 The Filter Regions

For the MCMS, the filter region is defined as the inner volume of the beamport where the

graphite thermal column was housed. There is a base case Al/CF, filter arrangement in the

default BSPT Model input file (WSUsh). The user cannot change the filter model in a transparent
fashion. To make modifications to the filter fegion the user must be able to create MCNP4A sur-
faces and define MCNP4A cells. -

There are ranges of surface and cell numbers that have been “earmarked” for use in defin-
ing the filter region model. The user is free to use any surface or cell number that is unique in his
creation of a filter region model, however, it is the authors opinion that using the “earmarked”
cells and surfaces will make the input file more clear.

The surfaces numbering 3000 - 4999 and the cells numbering 3000 - 4999 are the ranges

“earmarked” for use in building filter region models. Some of these surfaces and cells have

already been used in the creation of the default model, therefore the user needs to be careful not to

16




overdefine cells or surfaces when creating a new filter arrangement. Some adjustments to the
default model can be very minor, encompassing only a change of materials in previously defined
cells or the small translation of an existing surface. Other adjustments may not be so trivial. The
user may desire to analyze a model which requires him to redefine the entire cell structure of the
filter region. Although a redefinition is not a trivial matter, it should not pose any challenge to the
experienced MCNP4A user.

As a final note, thg user needs to be cognizant of how modifications to the filter region will
affect the importance field of the overall model. The default model has an importance field that is
optimized for the existing filter region model. If the user makes drastic modifications to the
geometry of the filter region, then he should reset the entire importance field appropriately for the
new model. Often the user can do this “by hand,” however, if problems persist, the author recom-
mends using the MCNP4A internal Weight Window Generation option. This feature of the trans-

port code is discussed in the manual.

2.2 Running the BSPT Model

There are four steps the user must follow to run a BSPT Model using a Surface Source
generated from a previous CASP Model.
1. The implicit Surface Source file generated in the CASP run is named wssa, however, the BSPT
Model will look to read its Surface Source input from the file rssa. Thus, the user must rename

the wssa file rssa.

2. The user must decide which type of particles to transport; neutrons only or coupled neutrons

and photons. If the CASP Model run that generated the Surface Source was a neutron only prob-
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lem, then the subsequent BSPT Model can transport only neutrons. If the Surface Source was
generated from a coupled neutron and photon run, then the user can choose whether to run the
BSPT Model in the neutron only or coupled neutron and photon mode. The default is to run in the
neutron only mode. If the user desires to run in the coupled mode, two things must be done:
uncomment out the mode card in the input file, and uncomment out all of the photoﬂ dose tally

cards (f62**) at the end of the input file.

3. The user needs to set the number of particles to be run. This is done by going to the nps card
in the input file and setting the value there to the desired magnitude. The user gains nothing by
setting this number higher than the number of particles ran in the CASP Model that generated the

Surface Sourée.

4. Finally, the user must invoke the MCNP4A program by following the standard MCNP4A exe-
cution procedure. This procedure has been discussed previously in section 2.1 Running the

CASP Model.

2.3 BSPT Model Output

The BSPT Model gives the following default output:
All runs
1. Average neutron flux (over a 15cm diameter disc) axially alorig the centerline of the thermal
column for total, thermal (0-0.4eV), epithermal (0.4eV-10keV), and fast (10keV-20MeV) neu-

trons.

18



2. Neutron current (over a 15¢cm diameter.disc) axially along the centerline of the thermal column

for total, thermal (0-0.4eV), epithermal (0.4eV-10keV), and fast (10keV-20MeV) neutrons.
3. The total and three group dose rates in tissue at the beam exit in cGy/min.

Optionally generated by uncommenting out existing lines in the input file

4. A fine group energy breakdown of the neutron flux at the beam exit. The energy bins are as fol-
lows (in MeV); 1x10'7, 2x10’7, 3x10'7,...., 8,9, 10. This output can be plotted as a flux per unit

lethargy histogram. At least 10x10° particles need to be run to get good statistics with this tally.

5. Photon doée rate in tissue at the beam exit in rem/hr. This tally can only be used when running
a coupled neutron and photon problem.

These five tallies have been provided in the default input file, however, the user is free to
tally for any quantity that MCNP4A allows. The user should consult the MCNP4A manual for
further instruction on how to modify the model to tally for non-default information which is of
interest.

A GNUPLOT generated plot»of the three group neutron fluxes vs. axial position along the

beam centerline for the default WSUsh model is shown in Figure 8. Figure 9. gives a GNUPLOT

generated flux per unit lethargy histogram for the default WSUsh model.
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2.4 Validation of the Surface Source

The CASP Model and BSPT model have a common region where one model overlaps the
other. In order to verify that the Surface Source was yielding the same results as the full criticality
source, a comparison was made in this region between the flux output generated by the criticality
source and the flux output generated by the Surface Source. The agreement between the critical-
ity generated flux and the Surface Source generated flux was outstanding. Figures 10, 11, and 12
are plots (from a set of runs with a 68cm Al/CF?2 filter, large Bi collimator model) of the critical-
ity and Surface Source generated fluxes vs. axiai beam position for thermal, epithermal and fast

neutrons, respectively.
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Figure 10. - Comparison of Criticality and Surface Source Generated Thermal Fluxes
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Figure 11. - Comparison of Criticality and Surface Source Generated Epithermal Fluxes
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Appendix A

CASP Model Surface and Cell Diagrams

This appendix includes the CASP Model default input deck and the following
diagrams:
1. WSUc Model
2. Core Grid Model
3. Aluminum Cone / Lead Thermal Shield Modél
4. Standard and FLIP Fuel Element Model
5. Transient Rod Element Model
6. Graphite Element Model

7. Rotator Tube Element Model

In the Surface and Cell Diagrams the following font convention is used:

1000 - designates a Surface number

1000 - designates a Cell number




MCNP4A - Washington State University Reactor Facility Beam Model

tHNI N NN NN NN NN NeNoNe!

CELL CARDS

B R R IR EEE RS S RS E E X E R P E RS EE R E R EE R SRR R EEE R X E R X TR
k*khkkkhkkk*khrkkhd*k*xx Main Core Grid cells hkkkhhkkhhkhkdhrhkxdAdhxddrixdxdhx
IEE SRS EEEEEEEEEEESEEEREERERE SR EEEEEEEEESEREESEESEEREEEEEESE SR

Fill Each Main Grid Cell With the Appropriate Element:

11,21,31 - Standard Fuel Element
12,22,32 - FLIP Fuel Element
13,23,33 - Reflector Block
14,24,34 - Rotator Tube Element
15,25,35 - Transient Rod Element

PR R £ KRR R R SR R Reg‘ion l -— Use 11112113114115 PR R SRR R EE SR EE
Row 1

0 2 -3 -11 12 -21 22 imp:n=1 - imp:p=1 £i11=13

0 3 -4 -11 12 -21 22 imp:n=1 imp:p=1 £111=13

0 4 -5 -11 12 -21 22 imp:n=1 imp:p=1 £ill=13

0 5 -6 =11 12 -21 22 imp:n=1 imp:p=1 £i11=13

0 6 -7 -11 12 -21 22 imp:n=1 imp:p=1 £i11=13

0 7 -8 -11 12 -21 22 imp:n=1 imp:p=1 £ill=13

0 8 -9 -11 12 -21 22 imp:n=1 imp:p=1 £il1l1=13
Row 2

1 -1.0 1 -2 -12 121 -21 22 imp:n=1 imp:p=1 £fill=

0 2 -3 -12 121 -21 22 imp:n=1 imp:p=1 fill=14

0 3 -4 -12 121 -21 22 imp:n=1 imp:p=1 £fill=11

0 4 -5 -12 121 -21 22 imp:n=1 imp:p=1 £ill=11

0 5 -6 -12 121 -21 22 imp:n=1 imp:p=1 £1i11=13

0 6 -7 -12 121 -21 22 imp:n=1 imp:p=1 £ill=13

0 7 -8 -12 121 -21 22 imp:n=1 imp:p=1 £ill=11

0 8 -9 -12 121 -21 22 imp:n=1 imp:p=1  fill=11

0 9 -10 -12 121 -21 22 imp:n=1 imp:p=1 £ill=11

ER R R R AR SR &R R Region 2 - Use 21,22,23124’25 khkhkhkhkhkhhhhhhdthkx
Row 3

1 -1.0 1 -2 -131 13 -21 22 imp:n=1 imp:p=1 fill=

0 2 -3 -131 13 -21 22 imp:n=1 imp:p=1 £ill=24

0 3 -4 -131 13 -21 22 imp:n=1 imp:p=1 £i11=21

0 4 -5 -131 13 -21 22 imp:n=1 imp:p=1 £il1l1=22

0 5 -6 -131 13 -21 22 imp:n=1 imp:p=1 £ill=22

0 6 -7 ~131 13 -21 22 imp:n=1 imp:p=1 £ill=22

0 7 -8 -131 13 -21 22 imp:n=1 imp:p=1 £ill=22

0 8 -9 ~131 13 -21 22 imp:n=1 imp:p=1 £ill=21

0 9 -10 -131 13 -21 22 imp:n=1 imp:p=1 £ill=21
Row 4

1 -1.0 1 -2 =13 14 -21 22 imp:n=1 imp:p 1 £ill=

0 2 -3 -13 14 -21 22 imp:n=1 imp:p 1 £ill=24

0 3 -4 -13 14 -21 22 imp:n=1 imp:p 1 £il1=21

0 4 -5 -13 14 -21 22 imp:n=1 imp:p 1 £ill=22

0 5 -6 -13 14 -21 22 imp:n=1 imp:p 1 £il1=22

0 6 -7 =13 14 -21 22 imp:n=1 imp:p 1 £ill=25

0 7 -8 -13 14 -21 22 imp:n=1 imp:p 1 £ill=22

0 8 -9 -13 14 -21 22 imp:n=1 imp:p 1 £il1=22

0 9 -10 -13 14 -21 22 imp:n=1 imp:p 1 £ill=21
Row 5

1 -1.0 1 -2 -14 141 -21 22 imp:n=1 imp:p=1 £ill=

0 2 -3 -14 141 -21 22 imp:n=1 imp:p=1 £ill=24

0 3 -4 -14 141 -21 22 imp:n=1 imp:p=1 f£ill=21

0 4 -5 -14 141 -21 22 imp:n=1 imp:p=1 £i11=22

0 5 -6 -14 141 -21 22 imp:n=1 imp:p=1 £ill=22

0 6 -7 -14 141 -21 22 imp:n=1 imp:p=1 £ill=22

0 7 -8 -14 141 -21 22 imp:n=1 imp:p=1 £ill=22

0 8 -9 -14 141 -21 22 imp:n=1 imp:p=1 £ill=21

0 9 -10 -14 141 -21 22 imp:n=1 imp:p=1 £ill=21




c khkk Kk kkkkkkihk Region 3_ Use 31[32’33134135 R R R AR TR EEEREESE R R
c Row 6

61 ¢ 1 -2 =151 15 -21 22 imp:n=1 imp:p=1 £ill=33

62 0 2 -3 =151 15 -21 22 imp:n=1 imp:p=1 £il11=33

63 0 3 -4 -151 15 -21 22 imp:n=1 imp:p=1 £111=33

64 0 4 -5 =151 15 -21 22 imp:n=1 imp:p=1 £111=31

65 0 5 -6 =151 15 -21 22 imp:n=1 imp:p=1 £i11=33

66 0 6 -7 =151 15 -21 22 imp:n=1 imp:p=1 f£i11=33

67 0 7 -8 =151 15 -21 22 imp:n=1 imp:p=1 £ill=31

68 0 8 -9 -151 15 -21 22 imp:n=1 imp:p=1 f£ill=31

69 0 9 -10 -151 15 -21 22 imp:n=1 imp:p=1 £il1l1l=31

c Row 7

72 0 2 -3 -15 16 -21 22 imp:n=1 imp:p=1 £i11=33

73 0 3 -4 -15 16 -21 22 imp:n=1 imp:p=1 £il1l1=33

74 0 4 -5 -15 16 -21 22 imp:n=1 imp:p=1 £i11=33

75 0 5 -6 -15 16 -21 22 imp:n=1 imp:p=1 £i11=33

76 0 6 -7 -15 16 -21 22 imp:n=1 imp:p=1 £i111=33

77 0 7 -8 =15 16 -21 22 imp:n=1 imp:p=1 £il11=33

78 0 8 -9 -15 16 -21 22 imp:n=1 imp:p=1 £111=33

g hkhkhkdkhdxhhkhkdkhdikhxk Corner Grid Elements Thhhkhhkhkrhhhhhkdhhh ik

c

c Row 1

11 2 0.06020 (31 -2 -33 12 =21 22) (-927:928:931:-932) imp:n=1 imp:
711 1 -1.0 927 -928 -931 932 -21 22 imp:n=1 imp:
c

19 2 0.06020 (9 -32 -33 12 -21 22) (-929:930:931:-932) imp:n=1 imp:
719 1 -1.0 929 -930 -931 932 -21 22 imp:n=1 imp:
c Row 7 -

71 2 0.06020 (31 -2 -15 34 -21 22) (-927:928:933:-934) imp:n=1 imp:
771 1 ~1.0 927 -928 -933 934 -21 22 imp:n=1 imp:
c

79 2 0.06020 (9 -32 -15 34 -21 22) (-929:930:933:-934) imp:n=1 imp:
779 1 ~1.0 929 -930 -933 934 -21 22 imp:n=1 imp:
g *Ahkkhkhkhdhhkhhkdhhhhihix control Region Elements LR R R R L EEE R E R EX

c

c Guides

100 2 0.06020 1 -101 -121 131 -21 22 imp:n=1 imp:p=1

101 2 0.06020 101 -102 -121 111 -21 22 imp:n=1 imp:p=1

102 2 0.06020 101 -102 -112 131 -21 22 imp:n=1 imp:p=1

103 2 0.06020 102 -103 -121 131 -21 22 imp:n=1 imp:p=1

104 2 0.06020 103 -104 -121 111 -21 22 imp:n=1 imp:p=1

105 2 0.06020 103 -104 -112 131 -21 22 imp:n=1 imp:p=1

106 2 0.06020 104 -10 -121 131 -21 22 imp:n=1 imp:p=1

c

107 2 0.06020 1 -101 -141 151 -21 22 imp:n=1 imp:p=1

108 2 0.06020 101 -102 -141 113 -21 22 imp:n=1 imp:p=1

109 2 0.06020 101 -102 -114 151 -21 22 imp:n=1 imp:p=1

110 2 0.06020 102 -103 -141 151 -21 22 imp:n=1 imp:p=1

111 2 0.06020 103 -104 -141 113 -21 22 imp:n=1 imp:p=1

112 2 0.06020 103 -104 -114 151 -21 22 imp:n=1 imp:p=1

113 2 0.06020 104 -10 -141 151 -21 22 imp:n=1 imp:p=1

c Control Blades - Upper Region

201 5 0.08881 101 -102 -111 112 -21 201 imp:n=1 imp:p=1

202 5 0.08881 103 -104 -111 112 -21 202 imp:n=1 imp:p=1

203 3 0.08647 101 -102 -113 114 -21 203 imp:n=1 imp:p=1

204 5 0.08881 103 -104 -113 114 -21 204 imp:n=1 imp:p=1

c Control Blades - Lower Water Gap Region

211 1 -1.0 101 -102 -111 112 -201 22 imp:n=1 imp:p=1

212 1 -1.0 103 -104 -111 112 -202 22 imp:n=1 imp:p=1

213 1 -1.0 101 -102 =113 114 -203 22 imp:n=1 imp:p=1

214 1 -1.0 103 -104 -113 114 -204 22 imp:n=1 imp:p=1

c

c khkkhkhhhkhhkhihhk Core Grid Lattices LR R R A S S AR EEE R XX

oL o NN oRe I ol e BN o Ko}
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c Standard Element Lattices - Region 1,2,3
801 O 900 -901 902 -903 imp:n=1 imp:p=1 lat=1l u=21 £fill=l

802 1like 801 but trcl=( 0 2.54 0) u=1l1
803 1like 801 but trcl=( 0 -2.54 0) u=31
c
c FLIP Element Lattices - Region 1,2,3
804 1like 801 but u=22 £i11=2
805 1like 804 but trcl=( 0 2.54 0) u=12
806 1like 804 but trcl=( 0 -2.54 0) u=32
C . .
c Graphite Element Lattices - Region 1,2,3

‘ 807 1like 801 but u=23 fill=3
808 1like 807 but trel={( 0 2.54 0) u=13
809 1like 807 but trcl={( 0 -2.54 0) u=33
C .
c Rotator Tube Lattices - Region 1,2,3
810 1like 801 but _ u=24 fill=4
811 1like 810 but trcl=( 0 2.54 0) u=14
812 1like 810 but trel=( 0 -2.54 0) u=34
c
c Transient Rod Element Lattices - Region 1,2,3
813 1like 801 but u=25 £1i11=5
814 1like 813 but trel=( 0 2.54 0) u=15
815 1like 814 but trcl=( 0 -2.54 0) u=35
g khkhkkkkhkkhkhhhkkhx Universe Element Cells *Ahkhkhkrkdkhdrdrrhdhxh*k
e ,
c Standard Element
c .
901 6 0.09344 -909 -905 +9206 imp:n=1 imp:p=1 u=1l
902 4 -1.6 -909 905 -904 imp:n=1 imp:p=1 u=1
903 4 -1.6 -909 -906 +907 imp:n=1 imp:p=1l u=1
904 8 0.08532 -910 904 imp:n=1 imp:p=1 u=1
905 3 0.08647 -910 -907 908 imp:n=1 imp:p=1 u=l
906 9 0.08293 -910 -908 imp:n=1 imp:p=1 u=l
907 3 0.08647 909 -910 -904 907 imp:n=1 imp:p=1 u=l
c
908 6 0.09344 -911 -905 +906 imp:n=1 imp:p=1 u=1l
909 4 -1.6 -911 905 -904 imp:n=1 imp:p=1l u=1
910 4 -1.6 -911 -906 +907 imp:n=1 imp:p=1 u=l
911 8 0.09532 -%12 904 imp:n=1 imp:p=1 u=l
912 3 0.08647 -912 -907 908 imp:n=1 imp:p=1 u=1
913 9 0.08293 -912 -908 imp:n=1 imp:p=1 u=1
914 3 0.08647 911 -912 -904 907 imp:n=1 imp:p=1 u=1l
c
915 6 0.09344 -913 -905 +906 imp:n=1 imp:p=1 u=1l
916 4 -1.6 -913 905 -904 imp:n=1 imp:p=1 u=1
917 4 -1.6 -913 -906 +907 imp:n=1 imp:p=1 u=1l
918 8 0.098532 -914 904 imp:n=1 imp:p=1 u=1
919 3 0.08647 -914 -907 908 imp:n=1 imp:p=1 u=1l
820 9 0.08293 -914 -908 imp:n=1 imp:p=1 u=l
g21 3 0.08647 913 -914 -904 907 imp:n=1 imp:p=1 u=1
c
922 6 0.09344 -915 -905 +906 imp:n=1 imp:p=1 u=1
923 4 -1.6 ~-915 905 -S04 imp:n=1 imp:p=1 u=1l
924 4 -1.6 -915 -906 +907 imp:n=1 imp:p=1 u=1l
925 8 0.09532 -916 904 imp:n=1 imp:p=1 u=1l
926 3 0.08647 -916 -907 908 imp:n=1 imp:p=1 u=1
927 9 0.08293 -916 -908 imp:n=1 imp:p=1 u=1l
928 3 0.08647 915 -916 -904 907 imp:n=1 imp:p=1 u=1l
c
929 1 -1.0 910 912 914 916 imp:n=1 imp:p=1 u=1l
c
c FLIP Element

c
930 7 0.09016 -909 -905 +906 imp:n=1 imp:
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931 4 -1.6 -909 905 -904 imp:n=1 imp:p=1 u=2
932 4 -1.6 -909 -906 +907 imp:n=1 imp:p=1 u=2
933 8 0.09532 -910 904 imp:n=1 imp:p=1 u=2
934 3 0.08647 -910 -907 908 imp:n=1 imp:p=1 u=2
935 9 0.08293 -910 -908 imp:n=1 imp:p=1 u=2
936 3 0.08647 909 -910 -904 907 imp:n=1 imp:p=1 u=2
c

937 7 0.09016 -911 -905 +906 imp:n=1 imp:p=1 u=2
938 4 -1.6 -911 905 -%04 imp:n=1 imp:p=1 u=2
939 4 -1.6 -911 -906 +907 imp:n=1 imp:p=1 u=2
940 8 0.09532 -912 904 imp:n=1 imp:p=1 u=2
941 3 0.08647 -912 -907 908 imp:n=1 imp:p=1 u=2
942 9 0.08293 -912 -908 imp:n=1 imp:p=1 u=2
943 3 0.08647 911 -912 -904 907 imp:n=1 imp:p=1 u=2
c

944 7 0.09016 -913 -905 +906 imp:n=1 imp:p=1 u=2
945 4 -1.6 -913 905 -904 imp:n=1 imp:p=1 u=2
946 4 -1.6 -913 -906 +907 imp:n=1 imp:p=1 u=2
947 8 0.09532 -914 904 imp:n=1 imp:p=1 u=2
948 3 0.08647 -914 -907 908 imp:n=1 imp:p=1 u=2
949 9 0.08293 -914 -908 imp:n=1 imp:p=1 u=2
950 3 0.08647 913 -914 -904 907 imp:n=1 imp:p=1 u=2
c

951 7 0.09016 -915 -905 +906 imp:n=1 imp:p=1 u=2
952 4 -1.6 -915 905 -904 imp:n=1 imp:p=1 u=2
953 4 -1.6 -915 -906 +907 imp:n=1 imp:p=1 u=2
954 8 0.09532 -916 904 imp:n=1 imp:p=1 u=2
955 3 0.08647 -916 -907 908 imp:n=1 imp:p=1 u=2
956 9 0.08293 --916 -908 imp:n=1 imp:p=1 u=2
957 3 0.08647 915 -916 -904 907 imp:n=1 imp:p=1 u=2
c

958 1 -1.0 910 912 914 916 imp:n=1 imp:p=1 u=2
c

c Graphite Reflector Element

c ,

959 4 -1.6 (917 -918 919 -920) -904 908 imp:
960 2 0.06020 (-917:918:-919:920) -904 908 imp:
961 8 0.09532 904 imp:
962 9 0.08293 -908 imp:
c

c Rotator Tube Element

c

963 2 0.06020 -924 923 921 imp:n=1 imp:p=1 u=
964 1 -1.0 -923 921 imp:n=1 imp:p=1 u=
965 2 0.06020 -924 -921 922 imp:n=1 imp:p=1 u=
966 2 0.06020 -926 925 -922 imp:n=1 imp:p=1 u=
967 1 -1.0 -925 -922 imp:n=1 imp:p=1 u=
c

968 1 -1.0 926 -922 imp:n=1 imp:p=1 u=
969 1 -1.0 924 922 imp:n=1 imp:p=1 u=
c

c Transient Rod Element

c

970 2 0.04816 -936 935 907 imp:n=1 imp:p=1 u=5
971 10 0.13848 -935 205 imp:n=1 imp:p=1 u=5
972 1 -1.0 -935 -205 907 imp:n=1 imp:p=1 u=>5
973 9 0.08293 -936 -907 imp:n=1 imp:p=1 u=5
c

974 7 0.09016 -911 -905 +906 imp:n=1 imp:p=1 u=5
975 4 -1.6 -911 905 -904 imp:n=1 imp:p=1 u=>5
976 4 -1.6 -911 -906 +907 imp:n=1 imp:p=1 u=5
977 8 0.09532 =912 904 imp:n=1 imp:p=1 u=5
978 3 0.08647 -912 -907 908 imp:n=1 imp:p=1 u=5
979 9 0.08293 -912 -908 imp:n=1 imp:p=1 u=5
980 3 0.08647 911 -912 -904 907 imp:n=1 imp:p=1 u=>5
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981 7 0.09016 -913 -9505 +906 imp:n=1 imp:p=1 u=5

982 4 -1.6 -913 905 -904 imp:n=1 imp:p=1 u=5

983 4 -1.6 -913 -906 +907 imp:n=1 imp:p=1 u=>5

984 8 0.09532 -914 904 imp:n=1 imp:p=1 u=5

985 3 0.08647 -914 -907 908 imp:n=1 imp:p=1 u=>5

986 9 0.08293 -914 -908 imp:n=1 imp:p=1 u=5

987 3 0.08647 913 -914 -904 907 imp:n=1 imp:p=1 u=5

C

988 7 0.09016 -909 -905 +906 imp:n=1 imp:p=1 u=5

988 4 -1.6 -909 905 -904 imp:n=1 imp:p=1 u=5

990 4 -1.6 -909 -906 +907 imp:n=1 imp:p=1 u=5

991 8 0.09532 -910 904 imp:n=1 imp:p=1 u=>5

992 3 0.08647 -910 -907 908 imp:n=1 imp:p=1 u=5

993 9 0.08293 -910 -90s8 imp:n=1 imp:p=1 u=5

994 3 0.08647 909 -910 -904 907 imp:n=1 imp:p=1 u=>5

c

995 1 -1.0 936 912 914 910 imp:n=1 imp:p=1 u=5

g A S S A S SR SRS EEEEEEREESEREEESEEEESEEEEREEEEEREEEEEEEEEEXEEERE]
c dhkkhkhhkhrhhdkhhAdhivhAd Beamport Cells EE R EE RS SRR S EREEREEREEERESE X
c RS R R EEEEEE RS EEEEEEESEEEELEEREERESEEEEEEEEETEREEE R EEEREEEE T X EEE
g Rk kkkhkkkkkkk Core Side Water Region LR R R R R R R R R R
c

1000 1 -1.0 31 -1 -12 15 -21 22 imp:n=1 dimp:p=1

1001 1 -1.0 10 -32 -12 15 -21 22 imp:n=1 imp:p=1

c

1002 1 -1.0- 2 -8 11 -33 -21 22 imp:n=1 imp:p=1

1003 1 -1.0 - 8 -9 11 -33 -21 22 imp:n=1 imp:p=1 $ Pb Box
c ,

1004 1 -1.0 2 -8 -16 34 -21 22 imp:n=1 imp:p=1

1005 1 -1.0 8 -9 -16 34 -21 22 imp:n=1 imp:p=1 $ Pb Box
g EE RS EEE R EE S EE EEEE L XS Water BOX Cells hkhkkkhkhhhhkdhrkhhodbrdhhdddx

c

1006 1 -1.0 (-31:32:33:-34:21:-22) (1001 -8 1005 -1006 1009 -1010) &
imp:n=1 imp:p=1

1007 1 -1.0 1001 -1002 1003 -1004 1007 -1008 (-1005:1006:-1009:1010) &
imp:n=0.25 imp:p=0.25

1008 1 -1.0 (5002:-5003:21:-22) 8 -1002 1005 -1006 1009 -1010 &
imp:n=1 imp:p=1

1002 1 -1.0 32 -1002 -33 34 -21 22 imp:n=1 imp:p=1

c
1010 1 -1.0 8 -1002 33 -5002 -21 22 imp:n=1 imp:p=1 $ Pb Box
1011 1 -1.0 8 -1002 -34 5003 -21 22 imp:n=1 imp:p=1 $ Pb Box

C . .
c *Frxxkkxdk Alyminum Cone Grid & Lead Thermal Shield *****x%

c Aluminum Grid

1100 2 0.06020 1002 -1100 -199° imp:n=2 imp:p=2
c

1101 2 0.06020 1100 -1102 -2000 -1103 1104 imp:n=2 imp:p=2
1102 2 0.06020 1100 -1102 -2000 -1105 1106 imp:n=2 imp:p=2
c ,

1103 2 0.06020 1100 -1102 -1107 1108 -1106 -2000 imp:n=2 imp:p=2
1104 2 0.06020 1100 -1102 -1107 1108 -1104 1105 imp:n=2 imp:p=2
1105 2 0.06020 1100 -1102 -1107 1108 1103 -2000 imp:n=2 imp:p=2
c

1106 2 0.06020 1100 -1102 -1109 1110 -1106 -2000 imp:n=2 imp:p=2
1107 2 0.06020 1100 -1102 -1109 1110 -1104 1105 imp:n=2 imp:p=2
1108 2 0.06020 1100 -1102 -1109 1110 1103 -2000 imp:n=2 imp:p=2
c Lead Thermal Shield

11092 11 0.03298 1100 -1101 -1106 1107 -2000 imp:n=2 imp:p=2
1110 11 0.03298 1100 -1101 -1104 1105 1107 -2000 imp:n=2 imp:p=2
1111 11 0.03298 1100 -1101 1103 1107 -2000 imp:n=2 imp:p=2
c

1112 11 0.03298 1100 -1101 -1108 1109 -1106 -2000 imp:n=2 imp:p=2




QQ0

3000
3001

3002
3003

&

11 0.03298 1100 -1101 -1108 1109 -1104 1105 imp:n=2 imp:p=2

11 0.03298 1100 -1101 -1108 1109 1103 -2000 imp:n=2 imp:p=2

11 0.03298 1100 -1101 -1106 -1110 -2000 imp:n=2 imp:p=2

11 0.03298 1100 -1101 -1104 1105 -1110 ~-2000 imp:n=2 imp:p=2

11 0.03298 1100 -1101 1103 -1110 -2000 imp:n=2 imp:p=2

Void Region _

0 1101 -1102 -1106 1107 -2000 5001 imp:n=2 imp:p=2 $
0 1101 -1102 -1106 1107 -5001 imp:n=2 imp:p=2

0 1101 -1102 -1104 1105 1107 -2000 5001 imp:n=2 imp:p=2 $
0 1101 -1102 -1104 1105 1107 -5001 imp:n=2 imp:p=2

0 1101 -1102 1103 1107 -2000 5001 imp:n=2 imp:p=2 $
0 1101 -1102 1103 1107 -5001 imp:n=2 imp:p=2

0 1101 -1102 -1108 1109 -1106 -2000 5001 imp:n=2 imp:p=2 $
0 1101 -1102 -1108 1109 -1106 -5001 imp:n=2 imp:p=2

0 1101 -1102 -1108 1109 -1104 1105 imp:n=2 imp:p=2

0 1101 -1102 -1108 1109 1103 -2000 5001 imp:n=2 imp:p=2 $
0 1101 -1102 -1108 1109 1103 -5001 imp:n=2 imp:p=2

0 1101 -1102 -1106 -1110 -2000 5001 imp:n=2 imp:p=2 $
0 1101 -1102 -1106 -1110 -5001 imp:n=2 imp:p=2

0 1101 -1102 -1104 1105 -1110 -2000 5001 imp:n=2 imp:p=2 $
0 1101 -1102 -1104 1105 -1110 ~5001 imp:n=2 imp:p=2

0 1101 -1102 1103 -1110 -2000 5001 imp:n=2 imp:p=2 $
0 1101 -1102 1103 -1110 -5001 imp:n=2 imp:p=2
khkhkhkrhkhrrhkhkhkdrdkhdh ik Conical Region Cells Eo o R SR R

1-1.0 1002 -3000 1003 -1004 1007 -1008 (-2024:2025:-2042:2043)
imp:n=0.75 imp:p=0.75

1-1.0 1002 -3000 2024 -2025 2042 -2043 1999 imp:n=2 imp:p=2
2 0.06020 1100 -3000 2000 -1999 imp:n=2 imp:p=2
1-1.0 3000 -2001 1003 --1004 1007 -1008 (-2024:2025:-2042:2043) &
imp:n=0.75 imp:p=0.75

1-1.0 3000 -2001 2024 -2025 2042 -2043 1999 imp:n=3 imp:p=3
2 0.06020 3000 -2001 2000 -1999 imp:n=3 imp:p=3
1 -1.0 2001 -2002 1003 -1004 1007 -1008 (-2024:2025:-2042:2043) &
imp:n=0.75 imp:p=0.75

1 -1.0 2001 -2002 2024 -2025 2042 -2043 (-2014:2015:-2032:2033) &
imp:n=3 imp:p=3

2 0.06020 2001 -2002 2014 -2015 2032 -2033 2000 imp:n=3 imp:p=3

kkkhkkhkhkkhkhkkhkkdkdxhhhhkhkk Boral Lined Region Cells khkhkhkhkhdhihk*k

12 0.07965

imp:n=3 imp:

12 0.07965

imp:n=9 imp:

3 0.08647

imp:n=9 imp:

5 0.08881

imp:n=9 imp:

2002
p=3
2002
p=9
2002
p=9
2002
p=9

-2003 2014

-2003 1003 -1004 1007 -1008
-2003 2024 -2025 2042 -2043

-2015 2032 -2033

-2003 2012 -2013 2030 -2031

(-2024:2025:
(-2014:2015:

(-2012:2013

(-2010:2011:

R AR R R R R RS EESEE S Inner Ream Cells hhkhkhkhhhkhhkhhhkhkddkddx

[N e (@ Ne)

1102
1102

3000
3000

-3000 -2000
-3000 -5001
-3001.-2000
-3001 -5001

5001

5001

imp:
imp:

Il
n
imp:
imp:

a0 x>

n
n

~2042:2043)
-2032:2033)

:~2030:2031)

-2028:2029)

RE
RE
REf

RE

RE

RE
RE

RE

R R R ®



121
131

0 3001 -3002 -2000 5001

0 3001 -3002 -5001

0 3002 -2002 -2000 5001

0 3002 -2002 -5001

Filter Region of Inner Beam

15 -3.97 2002 -3003 2010 -2011
imp:n=6 imp:p=6

14 0.06970 2002 -3003 4002 -4003
imp:n=12 imp:p=12

15 -3.97 3003 -3004 2010 -2011
imp:n=12 imp:p=12

14 0.06970 3003 -3004 4002 -4003
imp:n=24 imp:p=24.

15 -3.97 3004 -3005 2010 -2011
imp:n=24 imp:p=24

14 0.06970 3004 -3005 4002 -4003
imp:n=48 imp:p=48

15 -3.97 3005 -2003 2010 -2011
imp:n=48 imp:p=48

14 0.06970 3005 -2003 4002 -4003
imp:n=96 imp:p=96

2028 -202°9
4004 -4005
2028 -2029
4004 -4005
2028 -2029
4004 -4005
2028 -2029
4004 -4005

imp:n=6 imp:p=6
imp:n=6 imp:p=6

imp:n=6 imp:p=6
imp:n=6 imp:p=6

(~4002

(-4002

(~4002

(-4002

dkhhkkkhkkkkkhkkhkk Outside World Void Region hhkhkkkhkkhkhdkhhh*k

0

-1001:2003:-1003:1004:-1007:1008

R R RS AR LSS RS RS SRR EREEEEEEEE LRSS R EEEEEEE RS EEEEESEEEE R E S-S

khkhkkhhdhrrrhhkkkkhx Core surface Cards khkhkdhdhhkdhkhrkhrrhkhhkdhk
XA SRR A S S S SR LR LR EEE SR LS EEE LRSS EEEEREEEEREERESEESEREESEEE S

Core Grid Definition Surfaces (X-Axis)

Main Grid

Core Definition Surfaces {(Y-Axis)

px -34.29

px -26.67

px -19.05

px -11.43

px -3.81

pPx 3.81

pPx 11.43

PX 19.05

X 26.67

pX 34.29
Corner Elements

px -36.83

px 36.83
Control Plates

px -28.311

px -1.26

px 1.26

px 28.311
Main Grid

oY 29.21

Py 21.59

Py 13.97

pY 11.43

:4003:-4004
:4003:-4004
:4003:-4004
:4003:-4004

imp:n=0 imp:p=0

:4005)

:4005)

:4005)

:4005)




13 PY 3.81

14 py -3.81

141 py -11.43

151 py -13.97

15 py -21.59

16 Py -29.21

c Corner Elements

33 Py 31.75

34 py -31.75

c Control Plates

111 py 13.716

112 py 11.684

113 py -11.684

114 py -13.716

c

c Core Definition Surfaces (Z-Axis)
c

c Main Grid

21 pz 42.365

22 pz -48.715

c Control Plates

201 pz 15.0 $ This surface controls the height of Plate 1 (Boral)
202 pz 15.0 $ This surface controls the height of Plate 2 (Boral)
203 pz 15.0 $ This surface controls the height of Plate 3 (SS)
204 pz 15.0 $ This surface controls the height of Plate 4 (BRoral)
205 p=z 15.0 $ This surface controls the Transient Rod height (B4C)
c

e Element Universe Surface Cards
c .

c Standard and FLIP Elements

c

900 px -3.8101

901 px 3.8101

c

902 py -3.8101

903 pvy 3.8101

c

904 pz 27.76

905 pz 19.05

906 pz -15.05

907 pz -27.76

908 pz -32.84

c

909 c¢/z -1.905 1.905 1.74

910 ¢/z -1.905 1.905 1.791

c

911 c/z 1.905 1.905 1.74

912 «c/=z 1.805 1.905 1.791

c

913 <¢/z -1.905 -1.905 1.74

914 c¢/z -1.905 -1.905 1.79%1

c

915 c¢/z 1.905 -1.905 1.74

916 c/=z 1.905 -1.905 1.791

c

c Graphite Reflector Elements

c

917 px -3.65125

918 px 3.65125

c

919 py -3.65125

220 py 3.65125

c

c Rotator Tube Elements

c

921 pz -36.015




922 pz -38.555

c

923 «cz 3.683
924 cz 3.810
925 ¢z 2.540
926 cz 3.250

c Corner Grid Elements

927 px -35.125
928 px -28.375
929 px 28.375
930 px 35.125

c
931 py 30.045
932 py 23.295
933 py -23.295
934 py -30.045

c » Transient Rod Elements

935 «c/z 1.905 -1.905 1.7526
936 c/z 1.905 -1.905 1.8796

SRS S S AL SR SRR SRR SRR RS RS E SRS REEEEEEEEEEEEEEEEESEEESEEEEEE SRS S

C
C
C
c R R R RS R R RS AR R SR LN LSS Beam Port Surface Cards dhkhkhkhkdhkhkdhhhdhdhhthhhdkx
c RS S R SRR R R RS S E SR SRS SRR R LR RS EREEREREEEESEEE RS R R ER R RS EEESEESEEESSEE]
C
C
C

Water Box Definition Surfaces

1001 px ~-51.83
1002 px 38.1

1003 py -121.92
1004 py 121.92
1005 py -62.00
1006 py 62.00

1007 pz -121.92
1008 p=z 121.92

1009 pz -62.00

1010 pz 62.00

= ,

c Conical Region Surfaces
c

1999 kx -109.906 0.13069 1
2000 kx -106.156 0.13069 1

2001 px  101.60
2002 px  102.87

c Aluminum Face Grid
1100 px 39.37

1101 px 46.355

1102 px 59.69

1103 py 22.86
1104 py 20.32
1105 py -20.32
1106 py ~22.32

1107 pz 22.86
1108 pz 20.32
1109 pz  -20.32
1110 pz -22.86




c
c Leaded Region Surfaces

c
2003 px 139.70

C

2010 py -75.565
2011 py 75.565
2012 py -76.2
2013 py 76.2
2014 py -77.47
2015 py 77.47

C
2024 py -91.44
2025 py 91.44

c
2028 pz -75.565
2029 pz 75.565
2030 pz -76.2
2031 pz 76.2
2032 pz -77.47
2033 pz 77.47

c

2042 pz -91.44

2043 pz 91.44

c

c Inner Shell Region of the Beam Port Surfaces

c
3000 px 70
3001 px 80
3002 px 90

c
3003 px 110
3004 px 120
3005 px 130

C
4002 py ~60.96
4003 py 60.96

C
4004 pz -60.96
4005 pz 60.96

c ***********************/ Tally Segrﬂent Surface hkhkdrkhhkkhkkhhhhhkhhkhhdx

C

5000 cx 7.5

c kkkkEIR Rk KA KKK KRk ****k*%* [ oad Box and Relector Surfacesg ***xx*x*x
5001 kx -97.3 0.13069 1

c
5002 py 52.15
5003 py -52.15

RS SR SR E SR LSRR ERL SR ESE LSRR EEEREE SRR RS SRR EREEEEEESEEEEEESERES S SR EE

g khkkhkhkkhdhkhkdhhkhkdrhhrdhhhdik CRITICALITY DATA CARDS *Ahkhhkhkhkhkhhhhrhddhdhi

c khkkkdkhkhkhkhkdhhhhohkhkkhhhkhdkhkhkkhhrhhkbhhdhdhhkhhiohdhhhhhhhhhkkhkhkhkrkkrkhrkktx
kcode 2500 1.1 5 100

¢ ksrc -17.145 19.685 O -9.525 15.875 O 13.335 19.685 O
c 20.955 15.875 0 32.385 19.685 0 -17.145 9.525 0

c -9.525 5.715 0 -1.905 9.525 0 5.715 5.715 0

c 13.335 9.525 0 20.955 5.715 0 28.575 9.525 0

c -17.145 -1.905 O ~-9.525 1.905 0 -1.905 -1.905 O

c 5.715 1.905 © 13.335 -1.905 0 20.955 1.905 0

c -28.575 -1.905 O -17.145 -9.525 0 -9.525 -5.715 0

c -1.905 -9.525 O 5.715 -5.715 0 13.335 -9.525 O

c 20.955 -5.715 O 32.385 -9.525 O -9.525 -19.685 O

c 17.145 -19.685 O 32.385 -19.685 0

C

c -17.145 19.685 12 -9.525 15.875 12 13.335 19.685 12
c 20.955 15.875 12 32.385 19.685 12 -17.145 9.525 12




-9.525 5.715 12 -1.905 9.525 12 5.715 5.715 12

13.335 9.525 12 20.955 5.715 12 28.575 9.525 12
-17.145 -1.805 12 -92.525 1.905 12 -1.905 -1.905 12
5.715 1.905 12 13.335 -1.905 12 20.955 1.905 12
28.575 -1.905 12 -17.145 -9.525 12 -9.525 -5.715 12
-1.905 -9.525 12 5.715 -5.715 12 13.335 -9.525 12
20.955 -=5.715 12 32.385 -9.525 12 -9.525 -19.685 12
17.145 -19.685 12 32.385 -19.685 12
-17.145 19.685 =12 -9.525 15.875 -12 ©13.335 19.685 -12
20.955 15.875 ~-12 32.385 19.685 -12 -17.145 9.525 -12
-9.525 5.715 -12 -1.905 9.525 -12 5.715 5.715 -12
13.335 9.525 -12 20.955 5.715 -12 28.575 9.525 -12
-17.145 -1.905 -12 -9.525 1.905 -12 -1.905 -1.905 -12
5.715 1.905 -12 13.335 -1.905 -12 20.955 1.905 -12
28.575 -1.905 -12 -17.145 -9.525 -12 -9.525 -5.715 -12
-1.905 -9.525 -12 5.715 ~5.715 ~12 13.335 -9.525 -12
20.955 -5.715 -12 32.385 -9.525 -12 -5.525 -19.685 -12
17.145 -19.685 -12 32.385 -19.685 -12

PR R R R R R R R R R EEEE R SRS R RS EEER] Mode Card khkhkhkhkhkhkdrdbhhhkhhhkhdhhhdkkik

mode n p

PR R R R S X E LR R LK E R L LR R Surface Source Write Card *kdkAhkkhkhkhkhkkhkddrxh ik
ssw 1002

EdE 3SR e S b O I R S i Print Dunlp Control Card ArRIAkAITAkdrkhddhdhhx
rdmp j 100 j 2

dkhkhkhhkkdhhkhhhdhdkhhdddhdhkhk MATERIAL CARDS khkhkhhhkhhhdhhhkhhohdrdodkdhhhohk

Water
1 1001.50c¢ 0.667
8016.50c¢ 0.333
tl lwtr.07t
Aluminum

28]

13027.50c 1.0

304 Stainles Steel (WSU)
26000.55¢ 0.730
24000.50c 0.191
28000.50c 0.075

6012.50c 0.004

50083008 5000000000000 000000Q00000Q000Q00

W

c
c Graphite (Carbon)

m4 6012.50¢ 1.0

mt4 grph.01t

C .

c Boral (from ARH-600, 35% B4C 65% Al)
m5 5010.50c 0.090

5011.56c 0.364
6012.50c 0.114
13027.50c 0.432

c Standard Fuel Meat
né 92235.53¢ 0.0027
92238.53¢c 0.0106
1001.53¢ 0.6129
40000.53¢c 0.3738

mté h/zr.01lt
zr/h.01lt

c

c FLIP Fuel Meat




m7

mt8

m9

c
ml3

ml4

92235.53¢ 0.0098
92238.53¢ 0.0041
1001.53¢c 0.6016
40000.53¢c 0.3826
68166.81c 0.0011%
68167.81c 0.0008
h/zr.01lt
zr/h.01t
Top of Fuel Region (homogenized)
26000.55¢c 0.1364
24000.50c 0.0357
28000.50c 0.0141
6012.50c 0.0007
13027.50c 0.0322
1001.50c 0.5207
8016.50c 0.2602
lwtr.07t
Bottom of Fuel Region (homogenized)
26000.55¢ 0.0274
24000.50c 0.0071
28000.50c 0.0028
6012.50c 0.0001
13027.50c 0.3041
1001.50c 0.4390
8016.50c 0.2195
lwtr.07t
Boron Carbide (Transient Fuel Rod)
5010.50c 0.1583
5011.56c 0.6417
6012.50c 0.2000
Lead
82000.50¢c 1.0
Ordinary Concrete
1001.50c¢ 0.18667
8016.50c 0.52127
26000.55c¢ 0.00247
6000.50c 0.04788
14000.50c¢ 0.07579
12000.50c¢ 0.00738
13027.50c¢ 0.00924
20000.50c¢ 0.14549
11023.50c¢ 0.00381
Heavy Concrete
1001.50c¢ 0.10078
8016.50c¢ 0.55034
25055.50c¢ 0.00025
26000.55¢ 0.19460
14000.50c 0.01960
12000.50c 0.01714
16032.50c¢ 0.00114
20000.50c¢ 0.03238
24000.50c¢ 0.00023
15031.50¢ 0.00013
22000.50c¢ 0.08318
23000.50c 0.00023
Al/Teflon
13027.50c¢ 0.5185
6012.50c 0.1555
9019.50¢c 0.3111




3006.50c¢c 0.0011
3007.55c¢ 0.0137

c Aluminum Oxide (A1l203)
ml5 13027.50c -0.5292
8016.50c -0.4708

c Li(nat)-Poly
ml7 1001.50c¢ 0.5262
8016.50c 0.1007
6012.50c¢ 0.2968
3006.50c¢ 0.0725
3007.55c¢ 0.0038
c
c Bismuth
ml8 83209.50c¢ 1.0
ol
c PR I 3 I b I I S I e b TALLY SPECIFICATION CARDS hkrhkrhrhhkhkhkhdhkhkdhhihkkk
c
c Neutron Flux Over a 7.5cm(radius) Disk Along the Beam’s Axial Centerline

f2:n 1002 1100 1101 1102 3000 3001 3002 2002 3003 3004 3005
fm2:n 7.53el6

fs2 -5000
- sd2 (176.71 1) (176.71 1) (176.71 1) (176.71 1) (176.71 1) (176.71 1) &
(176.71 1) (176.71 1) (176.71 1) (176.71 1) (176.71 1)
fg2 fe
e2 4.14e-7 0.01 20
C
c Neutron Current Over a 7.5cm(radius) Disk Along the Beam’s Axial Centerline

fl:n 1002 1100 1101 1102 3000 3001 3002 2002 3003 3004 3005
fml:n 7.53el6

fs1 -5000

sdl (176.71 1) (176.71 1) (176.71 1) (176.71 1) (176.71 1) (176.71 1) &
(176.71 1) (176.71 1) (176.71 1) (176.71 1) (176.71 1) :

fgl fe

el 4.14e-7 0.01 20

g A E B E E X E SR EE SR EEE LS LSS Power Density Tallies LR R R R R KSR S E R EE SR L EEEEE S &S

c

f17:n 12 13 14 15 16 17 18

fml7 13152

sdl7 1111111

f27:n 21 22 23 24 25 26 27 28 29
fm27 13152

sd27 111111111

£37:n 31 32 33 34 35 36 37 38 39
fm37 13152

sd37 111111111

£47:n 41 42 43 44 45 46 47 48 49
fmd7 13152

sd47 111111111

f57:n 51 52 53 54 55 56 57 58 59
fm57 13152

sd57 111111111

f67:n 61 62 63 64 65 66 67 68 69
fm67 13152

sd67 111111111

£77:n 72 73 74 75 76 77 78

fm77 13152

sd77 1111111

C




WSUC Model - Surface and Cell Diagram

1004 <
1007 2000 2003 % o005 2100
2001 2101
1006 2004 SL 2015
I 2162 2013
8| 1008 T 1000 7] =L 103 2011
1006 5002 3000 —1 4000 | 4002 | 4004 | 4006
1010 li1bo 003
13
10021003 3000 | 3002 30p3 30D5
l ' 3001 | 2002 3004 2003
3l 3b
S I~ Sigiels y
S l |11pt SIS |S| w01 | 4003 |4005 | 4007 é
= S SRS <
7004 110051 1102
34
1011 5,0QL 002
5003 \ﬁum\sooo;m\\ 4000 | 4002 | 4004 | 4006 ot
8| 1008 1002 @ T —5004599 2103 2012
1003 2001 2004 I 2014
2001 §ﬂ 2101
1007 yipzs
2000 2003 2100
1003
1008
2100
1007 2000 | 2003 § 2043
1010 20042001 S 2101
2001 2102 2033
8 1oz 005530k 2103 2o
| 1999 555 o0 004>
1006 'WP/ 4000 | 4002 | 4004 |4006
21 5 4005
1008 11po 3000 | 3092 3003 3005 &
2do3
A 1004 3001 | 2002 3004
lzlgls 4005 00 z
s 8| S| 01 | 4003 4007
TEHHHE L,
11p2
5 4004
77 3600~ 4000 | 4002 | 4004 | 4006
s 13002 ]
lw\%ﬁ:,,oo 105 (28
8 1002 0 5 5102 030
TO09 2001 2004 14 b032
. 2001 § 2101
20427
1007 2000 2003 |S 2100
oY

1007




Core Grid Model - Surface and Cell Diagram

yhx
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Aluminum Cone / Lead Thermal Shield Model - Surface and Cell Diagram
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Standard & FLIP Fuel Element Model - Surface and Cell Diagram

SOUTH

5903 21
o0 929 (SIDElem) o,

904.--

905- - -} -

® -

914 958 (FLIPElem.) 914 D
: ---902

9(%0 ny 9501

Note: The elevation view of the fuel rod is generic for
any of the four rods in the Standard or FLIP
element models (eight total rods). The table
below matches the letter of the cell in the figure
with the cell number corresponding to each of the
eight different rods.

906" - |-

Upper Left STDRod | 904 | 902 | 907 | 901 | 903 | 905 | 906

Lower Left STDRod [ 918 | 916 | 921 | 915 | 917 | 919 | 920|  907----
Upper Right STD Rod | 911 | 909 | 914 | 908 | 910 | 912 | 913 F
Lower Right STD Rod} 925 | 923 | 928 | 922 | 924 | 926 | 927 |  908---]

Upper Left FLIPRod 8933 | 9371 | 936 | 930 | 932 | 934 | 935
Lower Left FLIP Rod |947 945 | 950 { 944 | 946 | 948 | 949

Upper Right FLIPRod§ 940 | 938 | 943 | 937 | 939 | 941 | 942 G
Lower RightFLIP Rod|951 952 | 953 | 954 | 955 | 956 | 957

22




Transient Rod Element Model - Surface and Cell Diagram

F--903 21
910

9361 P35 935 P36

. )

‘- -902 970 970

900 x 901

Note: The elevation view is of the Transient Rod.
The fuel rods in a Transient Rod Element are
identical to those in the Standard and FLIP
Elements, and a diagram of these can be found
on the Standard and FLIP Element sheet. The
table below matches the letters from the Standard
and FLIP rod diagram with the cells in the three
Transient Rod Element fuel rods.

205+

972

A|B |C |D |E|F |G

4 907---

Upper Left TR Rod 991 | 989 | 994 | 988 | 990 | 992 | 993
Lower Left TR Rod 984 | 982 | 987 | 981 | 983 | 985 | 986

Upper Right TRRod | 977 | 975 | 980 | 974 | 976 | 978 | 979

Note: In the default model the 970 cell is filled with 9 73

aluminum at 80% density. This approximates
the porosity of the transient rod sheath region.




Graphite Element Model -Surface and Cell Diagram

SOUTH 003
=00 920
96D 96p
-- 919
L . 960 — -~ 902
' y :
+ 917 hx : 901
: 918
900

21

961

904

959

908

962

22




Rotator Tube Element Model - Surface and Cell Diagram

SOUTH
21

969 (Upper Region] ~ 903

924| 923 923 1924

964

- --902

9(;0 y{»x 501

921
965

922
66 61
967

926 (925 925 1926

22




Appendix B

BSPT Model Surface and Cell Diagrams

This appendix includes the BSPT Model default input deck and the following
diagrams:

1. BSPT Model Surface Diagram

2. BSPT Model Cell Diagram







MCNP4A - Washington State University Reactor Facility Beam Model

C CELL CARDS

g PRSP EEEEEE S S EE S S S EEEEEEREEEEEEEEEEEEEEEEEEEEEREREEETEEEEEEE

e} PR R RS R ] Beamport Cells ER SRR SRR R R R R R ERE XX E LR E LS

c ER R R E RS LR E RS E SRR EERERESEEEEEEEEEEEEEEEEEEREESEEEEEEE TSI

g kb dkhkrrA AT A d I d vk Water BOX Cells FEE R EEEE R E R EE KX EE LS XL XX

c

1000 O 1001 -1002 1003 -1004 1007 -1008 imp:n=1 imp:p=1

c

c *xxkxkx*x%% Aluminum Cone Grid & Lead Thermal Shield *****x*

c Aluminum Grid

1100 2 0.06020 1002 -1100 -1999 imp:n=2 imp:p=2

c

1101 2 0.06020 1100 -1102 -2000 -1103 1104 imp:n=2 imp:p=2

1102 2 0.06020 1100 -1102 -2000 -1105 1106 imp:n=2 imp:p=2

c

1103 2 0.06020 1100 -1102 -1107 1108 -1106 -2000 imp:n=2 imp:p=2

1104 2 0.06020 1100 -1102 -1107 1108 -1104 1105 imp:n=2 imp:p=2

1105 2 0.06020 1100 -1102 -1107 1108 1103 -2000 imp:h=2 imp:p=2

c

1106 2 0.06020 1100 -1102 -1109 1110 -1106 -2000 imp:n=2 imp:p=2

1107 2 0.06020 1100 -1102 -1109 1110 -1104 1105 imp:n=2 imp:p=2

1108 2 0.06020 1100 -1102 -1109 1110 1103 -2000 imp:n=2 imp:p=2

c Lead Thermal Shield

1109 11 0.03298 1100 -1101 -1106 1107 -2000 imp:n=2 imp:p=2

1110 11 0.03298 1100 -1101 -1104 1105 1107 -2000 imp:n=2 imp:p=2

1111 11 0.03298.1100 -1101 1103 1107 -2000 imp:n=2 imp:p=2

c i

1112 11 0.03298 1100 -1101 -1108 1109 -1106 -2000 imp:n=2 imp:p=2

1113 11 0.03298 1100 -1101 -1108 1109 -1104 1105 imp:n=2 imp:p=2

1114 11 0.03298 1100 -1101 -1108 1109 1103 -2000 imp:n=2 imp:p=2

c

1115 11 0.03298 1100 -1101 -1106 -1110 -2000 imp:n=2 imp:p=2

1116 11 0.03298 1100 -1101 -1104 1105 -1110 -2000 imp:n=2 imp:p=2

1117 11 0.03298 1100 -1101 1103 -1110 -2000 imp:n=2 imp:p=2

c Void Region , '

1118 O 1101 -1102 -1106 1107 -2000 5001 imp:n=2 imp:p=2 S$Rf

1119 O 1101 -1102 -1106 1107 -5001 imp:n=2 imp:p=2

1120 O 1101 -1102 -1104 1105 1107 -2000 5001 imp:n=2 imp:p=2 $Rf

1121 0 1101 -1102 -1104 1105 1107 -5001 imp:n=2 imp:p=2

1122 0 1101 -1102 1103 1107 -2000 5001 imp:n=2 imp:p=2 S$Rf

1123 0 1101 -1102 1103 1107 -5001 imp:n=2 imp:p=2

c

1124 0 1101 -1102 -1108 1109 -1106 -2000 5001 imp:n=2 imp:p=2 S$Rf

1125 O 1101 -1102 -1108 1109 -1106 -5001 imp:n=2 imp:p=2

1126 0 1101 -1102 -1108 1109 -1104 1105 imp:n=2 imp:p=2

1127 0 1101 -1102 -1108 1109 1103 -2000 5001 imp:n=2 imp:p=2 S$SRE

1128 O 1101 -1102 -1108 1109 1103 -5001 imp:n=2 imp:p=2

- ‘

1129 0 1101 -1102 -1106 -1110 -2000 5001 imp:n=2 imp:p=2 SRE

1130 O 1101 -1102 -1106 -1110 -5001 imp:n=2 imp:p=2

1131 0 1101 -1102 -1104 1105 -1110 -2000 5001 imp:n=2 imp:p=2 S$Rf

1132 0 1101 -1102 -1104 1105 -1110 -5001 imp:n=2 imp:p=2

1133 0 1101 -1102 1103 -1110 -2000 5001 imp:n=2 imp:p=2 S$RE

1134 0 1101 -1102 1103 -1110 -5001 imp:n=2 imp:p=2

g Thhkdkdrhkdkrrbidhkahhkdhhhddt Conical Region cells khkkkkhkkhrkhkhkkkik

c ,

2000 1 -1.0 1002 -3000 1003 -1004 1007 -1008 (-2024:2025:-2042:2043) &
imp:n=0.75 imp:p=0.75

2001 1 -1.0 1002 -3000 2024 -2025 2042 -2043 1999 imp:n=2 imp:p=2

2002 2 0.06020 1100 -3000 2000 -1999 imp:n=2 imp:p=2




2003 1 -1.0 3000 -2001 1003 -1004 1007 ~1008 (-2024:2025:-2042:2043) &
imp:n=0.75 imp:p=0.75

2004 1 -1.0 3000 -2001 2024 -2025 2042 -2043 1999 imp:n=3 imp:p=3

2005 2 0.06020 3000 -2001 2000 -1999 imp:n=3 imp:p=3

c

2006 1 -1.0 2001 -2002 1003 -1004 1007 -1008 (-2024:2025:-2042:2043) &
imp:n=0.75 imp:p=0.75

2007 1 -1.0 2001 -2002 2024 -2025 2042 -2043 (-2014:2015:-2032:2033) &
imp:n=3 imp:p=3

2008 2 0.06020 2001 -2002 2014 -2015 2032 -2033 2000 imp:n=3 imp:p=3

g hkkhkdkhkkdarddhhdrhkhhkhk Boral Lined RegiOn Cells kk kA hkkkkkhkkkk

o v

2100 12 0.07965 2002 -2003 1003 -1004 1007 -1008 (-2024:2025:-2042:2043) &
imp:n=3 imp:p=3

2101 12 0.07965 2002 -2003 2024 -2025 2042 -2043 (-2014:2015:-2032:2033) &
imp:n=9 imp:p=9

2102 3 0.08647 2002 -2003 2014 -2015 2032 -2033 (-2012:2013:-2030:2031) &
imp:n=9 imp:p=9

2103 5 0.08881 2002 -2003 2012 -2013 2030 -2031 (-2010:2011:-2028:2029) &«
imp:n=9 imp:p=9 '

c

c

2104 12 0.07965 2003 ~-2004 1003 -1004 1007 -1008 (-2024:2025:-2042:2043) &
imp:n=3 imp:p=3

2105 12 0.07965 2003 -2004 2024 -2025 2042 -2043 (-2018:2019:-2036:2037) &
imp:n=9 imp:p=9

2106 3 0.08647 - 2003 -2004 2018 -2019 2036 -2037 (-2012:2013:-2030:2031) &
imp:n=9 imp:p=9

2107 5 0.08881 2003 -2004 2012 -2013 2030 -2031 (-2010:2011:-2028:2029) &
imp:n=9 imp:p=9

c

c

2108 12 0.07965 2004 -3009 1003 -1004 1007 -1008 (-2024:2025:-2042:2043) &
imp:n=9 imp:p=9

2109 12 0.07965 2004 -3009 2024 -2025 2042 -2043 (-2018:2019:-2036:2037) &
imp:n=60 imp:p=60

2110 3 0.08647 2004 -3009 2018 -2019 2036 -2037 (-2016:2017:-2034:2035) &
imp:n=60 imp:p=60

2111 11 0.03298 2004 -3009 2016 -2017 2034 -2035 (-2012:2013:-2030:2031) &
imp:n=60 imp:p=60

2112 5 0.08881 2004 -3009 2012 -2013 2030 -2031 (-2010:2011:-2028:2029) &
imp:n=60 imp:p=60

c

2113 12 0.07965 3009 -2005 1003 -1004 1007 -1008 (-2024:2025:-2042:2043) &
imp:n=48 imp:p=48

2114 12 0.07965 3009 -2005 2024 -2025 2042 -2043 (-2018:2019:-2036:2037) &
imp:n=192 imp:p=192 :

2115 3 0.08647 3009 -2005 2018 -2019 2036 -2037 (-2016:2017:-2034:2035) &
imp:n=192 imp:p=192

2116 11 0.03298 3009 -2005 2016 -2017 2034 -2035 (-2012:2013:-2030:2031) &
imp:n=192 imp:p=192 ,

2117 5 0.08881 3009 -2005 2012 -2013 2030 -2031 (-2010:2011:-2028:2029) &
imp:n=192 imp:p=192

c

c

2118 13 0.08050 2005 -2006 1003 -1004 1007 -1008 (-2024:2025:-2042:2043) &
imp:n=48 imp:p=48

2119 13 0.08050 2005 -2006 2024 -2025 2042 -2043 (-2022:2023:-2040:2041) &
imp:n=192 imp:p=192

2120 3 0.08647 2005 -2006 2022 -2023 2040 -2041 (-2016:2017:-2034:2035) &
imp:n=192 imp:p=192

2121 11 0.03298 2005 -2006 2016 -2017 2034 -2035 (-2012:2013:-2030:2031) &
imp:n=192 imp:p=192

2122 5 0.08881 2005 -2006 2012 -2013 2030 -2031 (-2010:2011:-2028:2029) &

S



imp:n=192 imp:p=192

c

c

2123 13 0.08050 2006 -3012 1003 -1004 1007 -1008 (-2024:2025:-2042:2043) &
imp:n=48 imp:p=48

2124 13 0.08050 2006 -3012 2024 -2025 2042 -2043 (-2022:2023:-2040:2041) &
imp:n=192 imp:p=192

2125 3 0.08647 2006 -3012 2022 -2023 2040 -2041 (-2020:2021:-2038:2039) &
imp:n=192 imp:p=192

2126 11 0.03298 2006 -3012 2020 -2021 2038 -2039 (-2012:2013:-2030:2031) &
imp:n=192 imp:p=192

2127 5 0.08881 2006 -3012 2012 -2013 2030 -2031 (-2010:2011:-2028:2029) &
imp:n=192 imp:p=192

c

2128 13 0.08050 3012 -3015 1003 -1004 1007 -1008 (-2024:2025:-2042:2043) &
imp:n=96 imp:p=96

2129 13 0.08050 3012 -3015 2024 -2025 2042 -2043 (-2022:2023:-2040:2041) &
imp:n=384 imp:p=384

2130 3 0.08647 3012 -3015 2022 -2023 2040 -2041 (-2020:2021:-2038:2039) &
imp:n=384 imp:p=384

2131 11 0.03298 3012 -3015 2020 -2021 2038 -2039 (-2012:2013:-2030:2031) &
imp:n=384 imp:p=384

2132 5 0.08881 3012 -3015 2012 -2013 2030 -2031 (-2010:2011:-2028:2029) &
imp:n=384 imp:p=384 ‘

c

2133 13 0.08050 3015 -2007 1003 -1004 1007 -1008 (-2024:2025:-2042:2043) &
imp:n=96 imp:p=96

2134 13 0.08050 3015 -2007 2024 -2025 2042 -2043 (-2022:2023:-2040:2041) &
imp:n=384 imp:p=384

2135 3 0.08647 3015 -2007 2022 -2023 2040 -2041 (-2020:2021:-2038:2039) &
imp:n=384 imp:p=384

2136 11 0.03298 3015 -2007 2020 -2021 2038 -2039 (-2012:2013:-2030:2031) &
imp:n=384 imp:p=384

2137 5 0.08881 3015 -2007 2012 -2013 2030 -2031 (-2010:2011:-2028:2029) &
imp:n=384 imp:p=384

c

e )

2138 13 0.08050 2007 -2008 1003 -1004 1007 -1008 (-2026:2027:-2044:2045) &
imp:n=96 imp:p=96

2139 3 0.08647 2007 -2008 2026 -2027 2044 -2045 (-2020:2021:-2038:2039) &
imp:n=384 imp:p=384

2140 11 0.03298 2007 -2008 2020 -2021 2038 -2039 (-2012:2013:-2030:2031) &
imp:n=384 imp:p=384

2141 5 0.08881 2007 -2008 2012 -2013 2030 -2031 (-2010:2011:-2028:2029) &

imp:n=384 imp:p=384

c EE R R R R S S i e End Region Cells hhkkkhkhkhkhkkhkdhkddhhhkdhihkhrddxhhrdihdxx

c

2142 13 0.08050 2008 -3017 1003 -1004 1007 -1008 (-2026:2027:-2044:2045)
imp:n=96 imp:p=96

2143 3 0.08647 2008 -3017 2026 -2027 2044 -2045 (-2024:2025:-2042:2043) &
imp:n=384 imp:p=384

c

2144 13 0.08050 3017 -2009 1003 -1004 1007 -1008 (-2026:2027:-2044:2045) &
imp:n=96 imp:p=96

2145 3 0.08647 ' 3017 -2009 2026 ~-2027 2044 -2045 (-2024:2025:-2042:2043) &
imp:n=96 imp:p=96 :

c
2146 13 0.08050 2009 -1011 1003 -1004 1007 -1008 (-2024:2025:-2042:2043) &
imp:n=24 imp:p=24

C
c kkkkkkkkkkkkkk %k *** Tnner Beam Cellg **** Fxkkdkdkhkkhdhkdk
C

3000 O 1102 -3000 -2000 5001 imp:n=4 imp:p=4 $Rf
3001 O 1102 -3000 -5001 imp:n=4 imp:p=4




3002
3003

C
3004
3005

3006
3007

c
4000
4001

c
4002
4003

c
4004
4005

C
4006
4007

c
4008
4009

C
4010
4011

c
4012
4013

c
4014
4015

c
4016
4017

4018
4019

c
4020
4021

4022
4023

0 3000 -3001 -2000 5001

0 3000 -3001 -5001

0 3001 -3002 -2000 5001

0 3001 -3002 -5001
0 3002 -2002 -2000 5001
0 3002 -2002 -5001

Filter Region of Inner Beam

15 -3.97 2002 -3003 2010 -2011 2028
imp:n=6 imp:p=6

14 0.06970 2002 -3003 4002 -4003 4004
imp:n=12 imp:p=12

15 -3.97 3003 -3004 2010 -2011 2028
imp:n=12 imp:p=12

14 0.06970 3003 -3004 4002 -4003 4004
imp:n=24 imp:p=24

15 -3.97 3004 -3005 2010 -2011 2028
imp:n=24 imp:p=24

14 0.06970 3004 -3005 4002 -4003 4004
imp:n=48 imp:p=48

15 -3.97 3005 -3006 2010 -2011 2028
imp:n=48 imp:p=48

14 0.06970 3005 -3006 4002 -4003 4004
imp:n=96 imp:p=96

15 -3.97 3006 -3007 2010 -2011 2028
imp:n=96 imp:p=96

14 0.06970 3006 -3007 4002 -4003 4004
imp:n=192 imp:p=192

15 -3.97 3007 -3008 2010 -2011 2028
imp:n=192 imp:p=192

14 0.06970 3007 -3008 4002 -4003 4004
imp:n=384 imp:p=384

15 -3.97 3008 -3009 2010 -2011 2028
imp:n=384 imp:p=384

14 0.06970 3008 -3009 4002 -4003 4004
imp:n=768 imp:p=768

11 0.03298 3008 -3010 2010 -2011 2028
imp:n=768 imp:p=768

11 0.03298 3009 -3010 4002 -4003 4004
imp:n=1536 imp:p=1536

17 0.10351 3010 -3011 2010 -2011 2028

imp:n=768 imp:p=768
17 0.10351 3010 -3011 4002 -4003 4004
imp:n=768 imp:p=768

17 0.10351 3010 -3011 4000 -4001

0 3010 -3011 -4000

17 0.10351 3011 -3012 2010 -2011 2028

0 3011 -3012

17 0.10351 3011 -3012 4000 -4001

0 3011 -3012 -4000

-2029
-4005

-2029
~-4005

-2029
-4005

-2029
-4005

~2029
~-4005

-2029
-4005

-2029
-4005

-2029
~4005

-2029
-4005

imp
imp

-2029

imp:
imp:

imp:
imp:

n=6 imp:p=6 S$Rf
n=6 imp:p=6
n=6 imp:p=6 SRf
n=6 imp:p=6

imp:n=6 imp:p=6 S$RE
imp:n=6 imp:p=6

(-4002:4003:-4004:4005)
(—4002:4093:—4004:4005)
(-4002:4003:-4004:4005)
(-4002:4003:-4004:4005)
(-4002:4003:-4004:4005)
(-4002:4003:-4004:4005)
(—4002:4093:—4004:4005)
(-4002:4003:-4004:4005)
(-4002:4003:-4004:4005)
4001

:n=768 imp:p=768
:n=1536 imp:p=1536

(-4006:4007:-4008:4009)

imp:n=192 imp:p=192

4006 —-4007 4008 -400S 4001 imp:n=384 imp:p=384

imp:n=768 imp:p=768

imp:n=1536 imp:p=1536

&




4024 17 0.10351 3012 —3013 2010 -2011 2028 ~-2029 (-4006:4007:-4008:4009) &
imp:n=384 imp:p=384

4025 0 3012 -3013 4006 —~4007 4008 -4009 4001 imp:n=576 imp:p=576
4026 17 0.10351 3012 -3013 4000 -4001 imp:n=1152 imp:p=1152
4027 0 3012 -3013 -4000 imp:n=2304 imp:p=2304

c
4028 17 0.10351 3013 -3014 2010 -2011 2028 -2029 (-4006:4007:-4008:4009) &
imp:n=384 imp:p=384

- 4029 0 3013 -3014 4006 -4007 4008 -4009 4001 imp:n=768 imp:p=768
4030 17 0.10351 3013 -3014 4000 -4001 imp:n=1536 imp:p=1536
4031 O 3013 -3014 -4000 imp:n=3072 imp:p=3072

c
4032 17 0.10351 3014 -3015 2010 -2011 2028 -2029 (-4006:4007:-4008:4009) &
1mp n=384 1mp p=384

4033 O 3014 -3015 4006 -4007 4008 -4009 4001 imp:n=1152 imp:p=1152
4034 17 0.10351 3014 -3015 4000 -4001 imp:n=2304 imp:p=2304
4035 O \ 3014 -3015 -4000 imp:n=4608 imp:p=4608

c
4036 17 0.10351 3015 -2008 2010 -2011 2028 -2029 (~4006:4007:-4008:4009) &
imp:n=384 imp:p=384

4037 O 3015 -2008 4006 -4007 4008 -4009 4001 imp:n=1536 imp:p=1536
4038 17 0.10351 3015 -2008 4000 -4001 imp:n=3072 imp:p=3072
4039 O 3015 -2008 -4000 imp:n=6144 imp:p=6144

c

c End Region

c _
4040 17 0.10351 2008 -3016 2024 -2025 2042 -2043 (-4006:4007:-4008:4009) &
imp:n=384 imp:p=384
4041 O . 2008 -3016 4006 -4007 4008 -4009 5000 imp:n=1536 imp:p=1536
4042 0 2008 -3016 -5000 imp:n=6144 imp:p=6144

c
4043 17 0.10351 3016 -3017 2024 -2025 2042 -2043 (-4010:4011:-4012:4013) &
imp:n=384 imp:p=384
4044 0 3016 -3017 4010 -4011 4012 -4013 5000 imp:n=1536 imp:p=1536
4045 0 3016 -3017 -5000 imp:n=6144 imp:p=6144

c

4046 17 0.10351 3017 -3018 2024 -2025 2042 -2043 (-4010:4011:-4012:4013) &
imp:n=96 imp:p=96

4047 O 3017 -3018 4010 -4011 4012 -4013 5000 imp:n=384 imp:p=384

4048 0 3017 -3018 -5000 imp:n=1536 imp:p=1536

c
4049 17 0.10351 3018 -1011 2024 -2025 2042 -2043 (-4010:4011:-4012:4013) &
imp:n=24 imp:p=24

4050 O 3018 -1011 4010 -4011 4012 -4013 5000 imp:n=96 imp:p=96
4051 O 3018 -1011 -5000 imp:n=384 imp:p=384
2 *kEkEkxkkk*kkkkx* Outside World Void Region *r*k**kkkxkkk

C

5000 O -1001:1011:-1003:1004:-1007:1008 imp:n=0 imp:p=0

R AR RS SRS S EEREREEELELEESSEEEE S S SRR E R RS S SRS EE S SRS SRS SR

khkkkhkkhkhkkkdhhhkhkhhhhkhhhk Beam Port Surface Cards L B R R R R A
IR S EE RS EEEEELEEEELEELEREEE RS S SRR EREE SRR R EEREEEEEEEEEEEEEEEE SRS S S S

Water Box Definition Surfaces

aaoan0oan

1001 px 36
1002 px  38.1

C
1003 py -121.92
1004 py 121.92

C
1007 pz -121.92
1008 pz 121.92

c
1011 px 323.85




c
c Conical Region Surfaces

C

1999 kx -109.906 0.13069 1
2000 kx -106.156 0.13069 1
5001 kx -97.3 0.13069 1

c
2001 px 101.60

2002 px 102.87

c

c Aluminum Face Grid
1100 px 39.37

1101 px 46.355

1102 px 59.69

c

1103 py 22.86
1104 py 20.32
1105 py -20.32
1106 py -22.32

c
1107 pz 22.86

1108 pz 20.32

1109 pz -20.32

1110 pz -22.86

c

c Leaded Region Surfaces

c
2003 px 139.70
2004 px 140.97
2005 px 185.42
2006 px 186.69
2007 px 246 .38
2008 px  247.65
2009 px 308.61

c
2010 py -75.565
2011 py 75.565
2012 py -76.2
2013 py 76.2
2014 py -77.47
2015 py 77.47
2016 py -78.74
2017 py 78.74
2018 py -80.01
2019 py 80.01
2020 py -81.28
2021 py 81.28
2022 py -82.55
2023 py 82.55
2024 py -91.44
2025 py 91.44
2026 py -92.71
2027 py 92.71

c
2028 p=z -75.565
2029 pz 75.565
2030 pz -76.2
2031 pz 76.2
2032 pz -77.47
2033 pz 77.47
2034 pz -78.54
2035 pz 78.54
2036 pz -80.01
2037 pz 80.01
2038 pz -81.28
2039 pz 81.28




ul
(@)
o
o

aQOo0000n

pz  -82.55

pz 82.55
Pz -91.44
Pz 91.44
Pz -92.71
pz 92.71

Inner Shell Region of the Beam Port Surfaces

px 70
pX 80
px 90
P 110
px 120
pPxX 130
PX 140
pPX 150
pPX 160
px 172.87
px 178.87
jord 183.95
px 195
pX 210
px 220
pPx 235
px 252.73
pX 275
pX 300

Filter Surfaces

kx 259.78 0.3819 -1
kx 269.44 0.3819 -1
py  -60.96
Y 60.96
pz -60.96
pz 60.96
py -70.485
Y 70.485
pz -70.485
Pz 70.485
py -86.56
Y 86.56
pz -86.56
Pz 86.56

LR R RS EEEEEEEEEEESEERE] Tally Segrnent Surface hkhkkhkhhkhhkhkhhkkhkkkhkkkk

cx 7.5

EEE R R A S R SRR R EEREREEEEEREEEEEEE, MOde Card AR R R R E R RS AR R RS EESEE S A EEE]

mode n p

IR RS S E SRR ERERE R SRR RS R RSEREEEEEEREESEREERERESEEESESESESERERESEREEESEEERESS

hhkhhhhhkdhhhhkdrdrbhdk SURFACE SOURCE READ CARDS khkhkkhkhkhkhhkhhhkhdhhdrhkh

R E R A R LA E L AR R RS EE R SRS E R RS R EREEEEES SRR RXE SRR RS R R R L X R R RS R SRS ESE N




Ss¥r

00000

2

20038300

01d=1002 new=1002
1800000

khkkkhkhkhhrhhkdhkhhdbdhdhirdhiti MATERIAL CARDS khkrkhdhdrhkdhdbrhdrdhbhdhhorhdhrbdhir

Water
1001.50c¢ 0.667
8016.50c 0.333

Aluminum
13027.50c 1.0

304 Stainles Steel (WSU)
26000.55¢ 0.730
24000.50¢c 0.191
28000.50c 0.075

6012.50c 0.004

Graphite (Carbon)
6012.50c 1.0

Boral (from ARH-600, 35% B4C 65% Al)
5010.50c .0990
5011.56¢c .364
6012.50c .114
13027.50c¢ .432

0

0

0

0
Standard Fuel Meat
92235.50c 0.0027
92238.50c 0.0106
1001.50c 0.6129
40000.50c 0.3738

FLIP Fuel Meat

92235.50c 0.0098
92238.50c 0.0041
1001.50c 0.6016
40000.50c 0.3826
68166.81c 0.0011
68167.81c 0.0008
Top of Fuel Region (homogenized)
26000.55¢ 0.1364
24000.50c 0.0357
28000.50c 0.0141
6012.50¢c 0.0007
13027.50c 0.0322
1001.50c 0.5207
8016.50c 0.2602
Bottom of Fuel Region (homogenized)
26000.55¢c 0.0274
24000.50c 0.0071
28000.50c 0.0028
6012.50c 0.0001
13027.50c 0.3041
1001.50c 0.4390
8016.50c 0.2195

Boron Carbide (Transient Fuel Rod)
5010.50c 0.1583
5011.56¢c 0.6417
6012.50c 0.2000

Lead



mll 82000.50c 1.0
c
c Ordinary Concrete
ml2 1001.50c¢ 0.18667
8016.50c¢ 0.52127
26000.55¢ 0.00247
6000.50c 0.04788
14000.50c¢c 0.07579
12000.50c 0.00738
13027.50c¢ 0.00924
20000.50c¢ 0.14549°
11023.50c¢ 0.00381
C
c Heavy Concrete
ml3 1001.50¢ 0.10078
8016.50c 0.55034
25055.50c¢ 0.00025
26000.55¢ 0.19460
14000.50c¢ 0.01960
12000.50c¢ 0.01714
16032.50c¢ 0.00114
20000.50c 0.03238
24000.50c 0.00023
15031.50c¢ 0.00013
22000.50c¢ 0.08318
23000.50c¢ 0.00023
C
c Al/Teflon
ml4 13027.50c - 0.5185
3006.50c¢ 0.0011
3007.55c¢ 0.0137
6012 .50c¢ 0.1555
9019.50c¢ 0.3111
c
c Aluminum Oxide (Al1203)
ml5 13027.50c -0.5292
8016.50c -0.4708
c
c Li(nat)-Poly
ml7 1001.50c 0.5262
8016.50c 0.1007
6012.50c¢ 0.2968
3006.50c 0.0725
3007.55c¢ 0.0038
o
c Bismuth
ml8 83209.50c¢ 1.0
g kkkkhkkkkhkrhhkhkhkdhdkhhhhhdhkhhdix TALLY SPECIFICATION CARDS hkhkhkhhkhhhkhkdhdhhdxtrrridxdh i
C .
c Neutron Flux Over a 7.5cm(radius) Disk Along the Beam’s Axial Centerline
f2:n 1002 1100 1101 1102 3000 3001 3002 2002 3003 3004 3005 3006 3007 3008 &

3009 3010 3011 3012 3013 3014 3015 2008

fm2:n 7.53el6

fml:n

3009 3010 3011 3012

7.53el6

3013 3014 3015 2008

fs2 -5000
~ sd2 (176.71 1) (176.71 1) (176.71 1) (176.71 1) (176.71 1) (176.71 1) &
(176.71 1) (176.71 1) (176.71 1) (176.71 1) (176.71 1) (176.71 1) &
(176.71 1) (176.71 1) (176.71 1) (176.71 1) (176.71 1) (176.71 1) &
(176.71 1) (176.71 1) (176.71 1) (176.71 1)
- £g2 fe
e2 4.14e-7 0.01 20
c
c Neutron Current Over a 7.5cm(radius) Disk Along the Beam’s Axial Centerline
fl:n 1002 1100 1101 1102 3000 3001 3002 2002 3003 3004 3005 3006 3007 3008 &




fsl -5000
sdl (176.71 1) (176.71 1) (176.71 1) (176.71 1) (176.71 1) (176.71
(176.71 1) (176.71 1) (176.71 1) (176.71 1) (176.71 1) (176.71
(176.71 1)  (176.71 1) (176.71 1) (176.71 1) (176.71 1) (176.71
(176.71 1) (176.71 1) (176.71 1) (176.71 1)
fql fe
el 4.14e-7 0.01 20
c
c Neutron Current Over the Al/Teflon Filter Inlet and Outlet Face (121
fll:n 2002 3009
fmll:n 7.53el6
fsll -4002 4003 -4004 4005
sdll (1111 1) (11111
ell 4.14e-7 0.01 20
c
c Neutron Dose rates at the Beam Aperature Exit (cGy/min)
f22:n 2008
fm22:n 7.53el6
fs22 -5000
sd22 (176.71 1)
fg22 fe
e2?2 4.14e-7 0.01 20
de22 .10000E-10 .10000E-06 .41399E-06 .87642E-06 .18554E-05
.50435E-05 .10677E-04 .37267E-04 .10130E-03 .21445E-03
.45400E-03 .15846E-02 .33546E-02 .71017E-02 .15034E-01
.21875E-01 .24176E-01 .26058E-01 .31828E-01 .40868E-01
.67379E-01 .11109E+00 .18316E+00 .29720E+00 .36883E+00
.49787E+00 .60810E+00 .74274E+00 .82085E+00 .10026E+01
.13534E+01 .16530E+01 .19205E+01 .22313E+01 .23457E+01
.23653E+01 .24660E+01 .27253E+01 .30119E+01 .36788E+01
.49659E+01 .60653E+01 .74682E+01 .86071E+01 .10000E+02
.12214E+02 .14191E+02 .17333E+02
c
dfz22 .1E-20 .1E-20 .1E-20 .35220E-12 .80570E-12
.19660E-11 .46200E-11 .13080E-10 .39370E-10 .92580E-10
.19550E-09 .55320E-09 .13820E-08 .29910E-08 ..60670E-08
.89720E-08 .12200E-07 .13230E-07 .14940E-07 .18060E-07
.24380E-07 .34870E-07 .47760E-07 .63230E-07 .75370E-07
.85630E-07 .96160E-07 .10530E-06 .11350E-06 .12100E-06
.13730E-06 .15330E-06 .16570E-06 .17750E~-06 .18470E-06
.18700E-06 .18%910E-06 .19470E-06 .20240E-06 .21340E-06
.23410E-06 .25160E-06 .26400E-06 .27390E-06 .28080E-06
.28700E-06 .29200E-06 .29390E-06
c
c Fine Energy Breakdown of Neutron Flux at Beam Exit Surface
c fl12:n 2008
c fsl12 -5000
c sdl2 (176.71 1)
c fqgl2 e £ '
c el2 le-7 2e-7 3e-7 4e-7 5e-7 6e-7 Te-7 8e-7 9e-7 &
c le-6 2e-6 3e-6 4e-6 5e-6 6e-6 Te-6 8e-6 9e-6 &
c le-5 2e-5 3e-5 4e-5 5e-5 6e-5 7Te-5 8e-5 B%e-5 &
c le-4 2e-4 3e-4 4e-4 55e-4 6e-4 Te-4 B8e-4 BSe-4 &
c le-3 2e-3 3e-3 4e-3 5e-3 6e-3 7Te-3 8e-3 8%e-3 &
c le-2 2e-2 3e-2 4e-2 b5e-2 6e-2 Te-2 8e-2 8Se-2 &
c le-1 2e-1 3e-1 4e-1 5e-1 6e-1 T7e-1 8e-1 Be-1 &
c 1 2 3 4 5 6 7 8 9 &
c le+l 2e+l 3e+l 4e+l 5e+l 6e+l Te+l 8e+l Ye+l &
c
c Gamma Dose Rate (rem/hr) at Water Plug Surface
c f62:p 2008
c fs62 -5000
c¢ fm62 7.53el6
c sdé62 (176.71 1)
o] Flux-to—-Dose Conversion Factors for Photons
c deéb2 .01 .015 .02 .03 .04 .05 .06 .08 .1 .15 .2 .3 .4 &

1) &
1) &
1) &

.92x121




.5 .6 .8 1.0 1.5 2.0 3.0 4.0 5.0 6.0 8.0 10.0

dfe2 2.78e-6 1.1le-6 5.88e-7 2.56e-7 1.56e-7 1.20e-7 1l.l1lle-7 &
.20e-7 1.47e-7 2.38e-7 3.45e-7 5.56e-7 7.69e-7 9.0%e-7 &
.14e-6 1.47e-6 1.79e-6 2.44e-6 3.03e-6 4.00e-6 4.76e-6 &
.56e-6 6.25e-6 7.69e-6 9.08%e-6

fg62 fe

anoanaan
Ul =







BSPT Model - Surface Diagram




BSPT Model - Cell Diagram
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Appendix C

Combined Full Beam Model (CFB Model) Default Input File

This appendix includes the BSPT Model default input deck for the CFB Model.
This Model may be useful as a check for the final beam design. Also, it may be

needed to generate a Surface Source at the beam exit for use in analyzing the design

of a treatment room facility.




MCNP4A - Washington State University Reactor Facility Beam Model

o] CELL CARDS
(C: R R R E SR A S EL SRS A A SR RS EEEEEEEEEEETETEEEIESEEELEEEEEREEREEEESE X
c khkFhdkhdrhkhkhdk Main Core Grid Cells khhkhkkhkhkhkrhhrdrdhohhdhhhkhdk
c RS R RS EE R R LS L LSRR EEE R R RS EE LR EEE LR SRR EEEE R R LR R R XX R R R X
c Fill Each Main Grid Cell With the Appropriate Element:
c
c 11,21,31 - Standard Fuel Element
c 12,22,32 — FLIP Fuel Element
c 13,23,33 - Reflector Block

. c 14,24,34 - Rotator Tube Element
c 15,25,35 - Transient Rod Element
g Thrkhkhkrkhhkddh itk Region l — Use 11,12'13,14’15 khkkkhdhhkrrrdd i
o) Row 1
12 0 2 -3 =11 12 -21 22 imp:n=1 imp:p=1 £i11=13
13 0 3 -4 -11 12 -21 22 imp:n=1 imp:p=1 £111=13
14 0 4 -5 -11 12 -21 22 imp:n=1 imp:p=1 £111=13
15 0 5 -6 -11 12 -21 22 imp:n=1 imp:p=1 £111=13
16 0 6 -7 =11 12 -21 22 imp:n=1 imp:p=1 £111=13
17 0 7 -8 -11 12 -21 22 imp:n=1 imp:p=1 £i11=13
18 0 8 -9 -11 12 -21 22 imp:n=1 imp:p=1 £ill=13
c Row 2
21 1 -1.0 1 -2 -12 121 -21 22 imp:n=1 imp:p=1 £fill=
22 0 2 -3 -12 121 -21 22 imp:n=1 imp:p=1 fill=14
23 0 3 -4 -12 121 -21 22 imp:n=1 imp:p=1 £ill=11
24 0 4 -5 -12 121 -21 22 imp:n=1 imp:p=1 £fill=11
25 0 5 -6 -12 121 -21 22 imp:n=1 imp:p=1 £ill=13
26 0 6 -7 -12 121 -21 22 imp:n=1 imp:p=1 £ill=13
27 0 7 -8 -12 121 -21 22 imp:n=1 imp:p=1 £ill=11
28 0 8 -9 -12 121 -21 22 1mp n=1 1mp p=1 fill=11
29 0 9 -10 -12 121 -21 22 imp:n=1 imp:p=1 £ill=11
(c: khkhkkkhhhkdhkhhhkhd Region 2 —_ Use 21[22,23’24125 EE S RS R R SRR RS RS L
c Row 3 :
31 1 -1.0 1 -2 -131 13 -21 22 imp:n=1 imp:p=1 £fill=
32 0 2 -3 -131 13 -21 22 imp:n=1 imp:p=1 fill=24
33 0 3 -4 -131 13 -21 22 imp:n=1 imp:p=1 £ill=21
34 0 4 -5 -131 13 -21 22 imp:n=1 imp:p=1 £ill=22
35 0 5 -6 -131 13 -21 22 imp:n=1 imp:p=1 £111=22
36 0 6 -7 -131 13 -21 22 imp:n=1 imp:p=1 £111=22
37 0 7 -8 =131 13 -21 22 imp:n=1 imp:p=1 £i111=22
38 0 8 -9 -131 13 -21 22 imp:n=1 imp:p=1 £ill=21
39 0 9 -10 ~-131 13 -21 22 imp:n=1 imp:p=1 £ill=21
c Row 4 ’
41 1 -1.0 1 -2 =13 14 -21 22 imp: n= 1 imp:p 1 fill=
42 0 2 -3 -13 14 -21 22 1mp.n-l 1mp:p 1 f£ill=24
43 0 3 -4 -13 14 -21 22 imp:n=1 imp:p 1 £ill=21
44 0 4 -5 -13 14 -21 22 imp:n=1 imp:p 1 £i11=22
45 0 5 -6 -13 14 -21 22 imp:n=1 imp:p 1 £ill=22
46 0 6 -7 =13 14 -21 22 imp:n=1 imp:p 1 £ill=25
47 0 7 -8 -13 14 -21 22 imp:n=1 imp:p 1 £ill=22
48 0 8 -9 -13 14 -21 22 imp:n=1 imp:p 1 £ill=22
49 0 9 -10 -13 14 -21 22 imp:n=1 imp:p 1 £i11=21
c Row 5
51 1 -1.0 1 -2 -14 141 -21 22 imp:n=1 imp:p=1 f£fill=
522 0 2 -3 -14 141 -21 22 imp:n=1 imp:p=1 £ill=24
53 0 3 -4 -14 141 -21 22 imp:n=1 imp:p=1 £ill=21
54 0 4 -5 -14 141 -21 22 imp:n=1 imp:p=1 £ill1=22

- 556 0 5 -6 -14 141 -21 22 imp:n=1 imp:p=1 £ill=22
56 0 6 -7 -14 141 -21 22 imp:n=1 imp:p=1 £i11=22
57 0 7 -8 -14 141 -21 22 imp:n=1 imp:p=1 £ill=22
58 0 8 -9 -14 141 -21 22 imp:n=1 imp:p=1 fill=21
59 0 9 -10 -14 141 -21 22 imp:n=1 imp:p=1 £ill=21




c *khkhkhkhhkkhkxkk Region 3_ Use 31,32133’34’35 E R R R R R R X R EEEEE SRR
o] Row 6

61 0 1 -2 151 15 -21 22 imp:n=1 imp:p=1 £il11=33

62 0 2 -3 =151 15 -21 22 imp:n=1 imp:p=1 £i11=33

63 0 3 -4 -151 15 -21 22 imp:n=1 imp:p=1 £i11=33

64 0 4 -5 -151 15 -21 22 imp:n=1 imp:p=1 £i111=31

65 0 5 -6 =151 15 -21 22 imp:n=1 imp:p=1 £i11=33

66 0 6 -7 =151 15 -21 22 imp:n=1 imp:p=1 £111=33

67 0 7 -8 =151 15 -21 22 imp:n=1 imp:p=1 £ili=31

68 0 8 -9 =151 15 -21 22 imp:n=1 imp:p=1 £i11=31

69 0 9 -10 -151 15 -21 22 imp:n=1 imp:p=1 £ill=31

c Row 7

72 0 2 -3 =15 16 -21 22 imp:n=1 imp:p=1 £ill=33

73 0 3 -4 -15 16 -21 22 imp:n=1 imp:p=1 £111=33

74 0 4 -5 -15 16 -21 22 imp:n=1 imp:p=1 £i11=33

75 0 5 -6 -15 16 -21 22 imp:n=1 imp:p=1 £ill=33

76 0 6 -7 =15 16 -21 22 imp:n=1 imp:p=1 £111=33

77 0 7 -8 -15 16 -21 22 imp:n=1 imp:p=1 £ill=33

78 0 8 -9 -15 16 -21 22 imp:n=1 imp:p=1 £ill=33

g khkkkhkhhkhdkhkhkhkhhhhhk Corner Grid Elements khkkhkEdhkrErTrkhrhkdhdxhhd*x

c

! Row 1

11 2 0.06020 (31 -2 -33 12 -21 22) (-927:928:931:-932) imp:n=1 imp:
711 1 -1.0 927 =928 -931 932 -21 22 imp:n=1 imp:
c

19 2 0.06020 (9 -32 -33 12 -21 22) (-929:930:931:-932) imp:n=1 imp:
719 1 -1.0 929 -930 -931 932 -21 22 imp:n=1 imp:
c Row 7

71 - 2 0.06020 (31 -2 -15 34 -21 22) (-927:928:933:-934) imp:n=1 imp:
771 1 -1.0 927 -928 -933 934 -21 22 imp:n=1 imp:
c

79 2 0.06020 (9 -32 -15 34 -21 22) (-929:930:933:-934) imp:n=1 imp:
779 1 -1.0 929 -930 -933 934 -21 22 imp:n=1 imp:
(C: kkhkkhkkhkhkkhkkrhkhkkhkkrdhhhkkkx Control Region Elements kkhkhkkhkhhrhrhhxkkhx

c

c Guides

100 2 0.06020 1 -101 -121 131 -21 22 imp:n=1 imp:p=1

101 2 0.06020 101 -102 -121 111 -21 22 imp:n=1 dimp:p=1

102 2 0.06020 101 -102 -112 131 -21 22 imp:n=1 imp:p=1

103 2 0.06020 102 -103 -121 131 -21 22 imp:n=1 imp:p=1

104 2 0.06020 103 -104 -121 111 -21 22 imp:n=1 imp:p=1

105 2 0.06020 103 -104 -112 131 -21 22 imp:n=1 imp:p=1

106 2 0.06020 104 -10 -121 131 -21 22 imp:n=1 imp:p=1

c

107 2 0.06020 1 -101 ~141 151 -21 22 imp:n=1 imp:p=1

108 2 0.06020 101 -102 -141 113 -21 22 imp:n=1 imp:p=1

109 2 0.06020 101 -102 -114 151 -21 22 imp:n=1 imp:p=1

110 2 0.06020 102 -103 -141 151 -21 22 imp:n=1 imp:p=1

111 2 0.06020 103 -104 -141 113 -21 22 imp:n=1 imp:p=1

112 2 0.06020 103 -104 -114 151 -21 22 imp:n=1 imp:p=1

113 2 0.06020 104 -10 -141 151 -21 22 imp:n=1 imp:p=1

c Control Blades - Upper Region

201 5 0.08881 101 -102 -111 112 -21 201 dimp:n=1 imp:p=1

202 5 0.08881 103 -104 -111 112 -21 202 imp:n=1 imp:p=1

203 3 0.08647 101 -102 -113 114 -21 203 dimp:n=1 imp:p=1

204 5 0.08881 103 -104 -113 114 -21 204 imp:n=1 imp:p=1

c Control Blades - Lower Water Gap Region

211 1 -1.0 101 -102 -111 112 -201 22 imp:n=1 imp:p=1

212 1 -1.0 103 -104 -111 112 -202 22 imp:n=1 imp:p=1.

213 1 -1.0 101 -102 -113 114 -203 22 imp:n=1 imp:p=1

214 1 -1.0 103 -104 -113 114 -204 22 imp:n=1 imp:p=1

c

C Fhkhkkhkkhkkhkdkhkkdkdhk Core Grid Lattices khhkkhkhhkdkhdhrxrddhdhid

olioNENIoR o B o Rio I o L &

[}

HRE RR PR PR




c Standard Element Lattices - Region 1,2,3
801 0 900 -901 902 -903 imp:n=1 imp:p=1 lat=1 u=21 fill=1l

802 1like 801 but trcl=( 0 2.54 0) u=11
803 1like 801 but trcl=( 0 -2.54 0) u=31

c

c FLIP Element Lattices - Region 1,2,3

804 1like 801 but u=22 £ill=2
805 1like 804 but trcl=( 0 2.54 0) u=12
806 1like 804 but trcl=( 0 -2.54 0) u=32

c

c Graphite Element Lattices - Region 1,2,3

807 1like 801 but u=23 £i11=3
808 1like 807 but trel=( 0 2.54 0) u=13
809 1like 807 but trcl=( 0 -2.54 0) u=33

c

c Rotator Tube Lattices - Region 1,2,3

810 1like 801 but u=24 fill=4
811 1like 810 but trcl=( 0 2.54 0) u=14
812 1like 810 but trcl=( 0 -2.54 0) u=34

c

c Transient Rod Element Lattices - Region 1,2,3
813 1like 801 but u=25 £ill=5
814 1like 813 but trcl=( 0 2.54 0) u=15
815 1like 814 but trcl=( 0 -2.54 0) u=35

g R R R i Unlverse Element Cells FE I R R R R b
c

c Standard Element

c N .

901 6 0.09344 -909 -905 +90s6 imp:n=1 imp:p=1 u=1l
902 4 -1.6 -909 ., 905 -904 imp:n=1 imp:p=1 u=1l
903 4 -1.6 -909 -906 +907 imp:n=1 imp:p=1 u=1
904 8 0.09532 -910 904 imp:n=1 imp:p=1 u=1
905 3 0.08647 -910 -907 908 imp:n=1 imp:p=1 u=1
906 9 0.08293 -910 -908 imp:n=1 imp:p=1 u=1l
907 3 0.08647 909 -910 -904 907 imp:n=1 imp:p=1 u=1l
c

9508 6 0.09344 -911 -905 +906 imp:n=1 imp:p=1 u=1
909 4 -1.6 -911 905 -904 imp:n=1 imp:p=1 u=l
910 4 -1.6 -911 -906 +907 imp:n=1 imp:p=1 u=l
911 8 0.09532 -912 904 imp:n=1 imp:p=1 u=1
912 3 0.08647 -912 -907 908 ‘imp:n=1 imp:p=1 u=l
913 9 0.08293 -912 -908 imp:n=1 imp:p=1 u=l
914 3 0.08647 911 -912 -904 907 imp:n=1 imp:p=1 u=l
c

915 6 0.09344 -913 -905 +906 imp:n=1 imp:p=1 u=1
916 4 -1.6 -913 905 -904 imp:n=1 imp:p=1 u=1l
917 4 -1.6 -913 -906 +907 imp:n=1 imp:p=1 u=1
8918 8 0.09532 -914 904 imp:n=1 imp:p=1 u=1
919 3 0.08647 -914 -907 908 imp:n=1 imp:p=1 u=l
920 9 0.08293 -914 -908 imp:n=1 imp:p=1 u=l
921 3 0.08647 913 -914 -%04 907 imp:n=1 imp:p=1 u=l
c

922 6 0.09344 -915 -905 +906 imp:n=1 imp:p=1 u=1
923 4 -1.6 -915 905 -%904 imp:n=1 imp:p=1 u=1l
924 4 -1.6 -915 -906 +907 imp:n=1 imp:p=1 u=1l
925 8 0.09532 -916 904 imp:n=1 imp:p=1 u=1l
926 3 0.08647 -916 -907 908 imp:n=1 imp:p=1 u=1l
927 9 0.08293 -916 -908 imp:n=1 imp:p=1 u=1l
8928 3 0.08647 915 -916 -904 907 imp:n=1 imp:p=1 u=1l
c

929 1 -1.0 910 912 914 916 imp:n=1 imp:p=1 u=1l
c

c FLIP Element

c

930 7 0.0%016 -909 -905 +906 imp:n=1 imp:p=1 u=2




931 4 -1.6 -909 905 -904 imp:n=1 imp:p=1 u=2
932 4 -1.6 -909 -906 +907 imp:n=1 imp:p=1 u=2
933 8 0.09532 -910 2904 imp:n=1 imp:p=1 u=2
934 3 0.08647 -910 -907 908 - imp:n=1 imp:p=1 u=2
935 9 0.08293 -910 -908 imp:n=1 imp:p=1 u=2
936 3 0.08647 909 -910 -904 907 imp:n=1 imp:p=1 u=2
C

937 7 0.09016 -911 -905 +906 imp:n=1 imp:p=1 u=2
938 4. -1.6 -911 905 -904 imp:n=1 imp:p=1 u=2
939 4 -1.6 -911 -906 +907 imp:n=1 imp:p=1 u=2
940 8 0.09532 -912 904 imp:n=1 imp:p=1 u=2
941 3 0.08647 -912 -907 908 imp:n=1 imp:p=1 u=2
942 9 0.08293 -912 -9508 imp:n=1 imp:p=1 u=2
943 3 0.08647 911 -912 -904 907 imp:n=1 imp:p=1 u=2
c

944 7 0.09016 -913 -905 +906 imp:n=1 imp:p=1 u=2
945 4 -1.6 -913 905 -904 imp:n=1 imp:p=1 u=2
946 4 -1.6 -913 -906 +907 imp:n=1 imp:p=1 u=2
947 8 0.09532 -%14 904 imp:n=1 imp:p=1 u=2
948 3 0.08647 -%14 -907 908 imp:n=1 imp:p=1 u=2
949 9 0.08293 -914 -908 imp:n=1 imp:p=1 u=2
950 3 0.08647 913 -914 -904 907 imp:n=1 imp:p=1 u=2
c .

951 7 0.09016 -915 -905 +906 imp:n=1 imp:p=1 u=2
952 4 -1.6 -915 905 -904 imp:n=1 imp:p=1 u=2
953 4 -1.6 -915 -906 +907 imp:n=1 imp:p=1 u=2
954 8 0.09532 -916 904 imp:n=1 imp:p=1 u=2
955 3 0.08647 -9%16 -507 908 imp:n=1 imp:p=1 u=2
956 9 0.08293 --916 -908 imp:n=1 imp:p=1 u=2
957 3 0.08647 915 -916 -904 907 imp:n=1 imp:p=1 u=2
c

958 1 -1.0 910 912 914 916 imp:n=1 imp:p=1 u=2
c

c Graphite Reflector Element

c

959 4 -1.6 (917 -918 919 -920) -904 908 imp:n=1 imp:p
960 2 0.06020 (-917:918:-919:920) -904 908 imp:n=1 imp:p
961 8 0.09532 904 imp:n=1 imp:p
962 9 0.08293 -908 imp:n=1 imp:p
c

c Rotator Tube Element

c

963 2 0.06020 -924 923 921 imp:n=1 imp:p=1 u=4
964 1 -1.0 -923 921 imp:n=1 imp:p=1 u=4
965 2 0.06020 -924 -921 922 imp:n=1 imp:p=1 u=4
966 2 0.06020 -926 925 -922 imp:n=1 imp:p=1 u=4
967 1 -1.0 -925 -922 imp:n=1 imp:p=1 u=4
c

968 1 -1.0 926 -922 imp:n=1 imp:p=1 u=4
969 1 -1.0 924 922 imp:n=1 imp:p=1 u=4
c

c Transient Rod Element

c

970 2 0.04816 -936 935 907 imp:n=1 imp:p=1 u=5
971 10 0.13848 -935 205 imp:n=1 imp:p=1 u=5
972 1 -1.0 -935 -205 907 imp:n=1 imp:p=1 u=5
973 9 0.08293 -936 -907 imp:n=1 imp:p=1 u=5
c

974 7 0.08016 -911 -905 +906 imp:n=1 imp:p=1 u=5
8975 4 -1.6 -911 905 -904 imp:n=1 imp:p=1 u=5
976 4 -1.6 -911 -906 +907 imp:n=1 imp:p=1 u=5
977 8 0.09532 -912 904 imp:n=1 imp:p=1 u=5
978 3 0.08647 -912 -907 908 imp:n=1 imp:p=1 u=5
979 9 0.08293 -912 -908 imp:n=1 imp:p=1 u=5
980 3 0.08647 911 -912 -904 907 imp:n=1 imp:p=1 u=5

Ry
cocego
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981 7 0.09016 -913 -~-905 +906 imp:n=1 imp:p=1 u=5

982 4 -1.6 -913 905 -904 imp:n=1 imp:p=1 u=5

983 4 -1.6 -913 -906 +907 imp:n=1 imp:p=1 u=>5

984 8 0.09532 -914 904 imp:n=1 imp:p=1 u=5

985 3 0.08647 -914 -907 908 imp:n=1 imp:p=1 u=5

986 9 0.08293 -914 -908 imp:n=1 imp:p=1 u=5

987 3 0.08647 913 -914 -904 907 imp:n=1 imp:p=1 u=5

c

988 7 0.09016 =909 -905 +906 imp:n=1 imp:p=1 u=5

988 4 -1.6 -909 905 -904 imp:n=1 imp:p=1 u=>5

990 4 -1.6 -909 -906 +907 imp:n=1 imp:p=1 u=5

991 8 0.09532 -910 904 imp:n=1 imp:p=1 u=>5

992 3 0.08647 -910 -907 908 imp:n=1 imp:p=1 u=5

993 9 0.08293 -910 -908 imp:n=1 imp:p=1 u=5

994 3 0.08647 909 -910 -904 907 imp:n=1 imp:p=1 u=>5

c

995 1 -1.0 936 912 914 910 imp:n=1 imp:p=1 u=>5

g *************************************************4*****-k*-k
c kkkhkkkhkkkdhkhkkhkhdkhhkikk Beamport cells EE I A R b I b I S i
c IR A E R AR A SR AL E A S S L EREEESEEEELEREEEESEREEEEE L EEEE R EEEE X EEEEE]
g khkhkrkhhkhhkihkkhkk*k core Side Water Reglon khkhkkhkkhkdhkhkkikhdhihhkhdhhhhii
c

10060 1 -1.0 31 -1 -12 15 -21 22 imp:n=1 imp:p=1

1001 1 -1.0 10 -32 -12 15 -21 22 imp:n=1 dimp:p=1

c

1002 1 -1.0 2 -8 11 -33 -21 22 imp:n=1 imp:p=1

1003 1 -1.0 - 8 -9 11 -33 -21 22 imp:n=1 imp:p=1 $ Pb Box
c

1004 1 -1.0 2 -8 -16 34 -21 22 imp:n=1 imp:p=1

1005 1 -1.0 8 -9 -16 34 -21 22 imp:n=1 imp:p=1 $ Pb Box
g *******************.Water Box Cells LR RS RS SRR R E R R R SRR EEES

c

1006 1 -1.0 (-31:32:33:-34:21:-22) (1001 -8 1005 -1006 1009 -1010) &
imp:n=1 imp:p=1

1007 1 -1.0 1001 1002 1003 -1004 1007 -1008 (-1005:1006:-1009:1010) &
imp:n=0.25 imp:p=0.25

1008 1 -1.0 (5002 —5003 21:-22) 8 —1002 1005 -1006 1009 -1010 &
imp:n=1 imp:p=1

1009 1 -1.0 32 -1002 -33 34 -21 22 imp:n=1 imp:p=1

C
1010 1 -1.0 8 -1002 33 -5002 -21 22 imp:n=1 imp:p=1 $ Pb Box
1011 1 -1.0 8 -1002 -34 5003 -21 22 imp:n=1 imp:p=1 $ Pb Box

c
c Fhkkkkkkkk Aluminum Cone Grid & Lead Thermal Shield ******

c Aluminum Grid

1100 2 0.06020 1002 -1100 -195%¢ imp:n=2 imp:p=2
c

1101 2 0.06020 1100 -1102 -2000 -1103 1104 imp:n=2 imp:p=2
1102 2 0.06020 1100 -1102 -2000 -1105 1106 imp:n=2 imp:p=2
c

1103 2 0.06020 1100 -1102 -1107 1108 -1106 -2000 imp:n=2 imp:p=2
1104 2 0.06020 1100 -1102 -1107 1108 -1104 1105 imp:n=2 imp:p=2
1105 2 0.06020 1100 -1102 -1107 1108 1103 -2000 imp:n=2 imp:p=2
c

1106 2 0.06020 1100 -1102 -1109 1110 -1106 -2000 imp:n=2 imp:p=2
1107 2 0.06020 1100 -1102 -1109 1110 -1104 1105 imp:n=2 imp:p=2
1108 2 0.06020 1100 -1102 -1109 1110 1103 -2000 imp:n=2 imp:p=2
c Lead Thermal Shield

1108 11 0.03298 1100 -1101 -1106 1107 -2000 imp:n=2 imp:p=2
1110 11 0.03298 1100 -1101 -1104 1105 1107 -2000 imp:n=2 imp:p=2
1111 11 0.032%8 1100 -1101 1103 1107 -2000 imp:n=2 imp:p=2
c

1112 11 0.03298 1100 -1101 -1108 1109 -1106 -2000 imp:n=2 imp:p=2




1113
1114

c

1115
1116
1117

c

1118
1119
1120
1121
1122
1123
c

1124
1125
1126

1127
1128

c

1129
1130
1131
1132

1133
1134

2000
2001
2002
2003
2004
2005
2006
2007
2008
c

e

c

2100
. 2101
2102
2103
c

c

2104
2105
2106
2107

1109 -1104 1105
1109 1103 -2000
-1110 -2000
1105 -1110 -2000
-1110 -2000
1107 -2000 5001
1107 -5001
1105 1107 -2000
1105 1107 -5001
1107 -~2000 5001
1107 -5001
1109 -1106 -2000
1109 -1106 -5001
1109 -1104 1105
1109 1103 -2000
1109 1103 -5001

1101 -1102 -1106 -1110 -5001

1101 -1102 -1104 1105 ~-1110 -2000 5001 imp:

1101 -1102 -1104 1105 -1110 -5001

imp

11 0.03298 1100 -1101 -1108
11 0.03298 1100 -1101 -1108
11 0.03298 1100 -1101 -1106
11 0.03298 1100 -1101 -1104
11 0.03298 1100 -1101 1103
Void Region

0 1101 ~1102 -1106
0 1101 -1102 -1106
0 1101 -1102 -1104
0 1101 -1102 -1104
0 1101 -1102 1103
0 1101 -1102 1103
0 1101 -1102 -1108
0 1101 ~-1102 -1108
0 1101 -1102 -1108
0 1101 -1102 -1108
0 1101 -1102 -1108
0 1101 -1102 -1106 -1110 -2000 5001
0

0

0

0 1101 -1102 1103 -1110 -2000 5001
0 1101 -1102 1103

-1110 -5001

imp:

imp:n=2 imp:p=2

imp:n=2 imp:p=2

imp:n=2 imp:p=2

imp:n=2 imp:p=2

imp:n=2 imp:p=2
imp:n=2 imp:p=2 $Rf
imp:n=2 imp:p=2

5001 imp:n=2 imp:p=2 S$RE
imp:n=2 imp:p=2
imp:n=2 imp:p=2 SRf
imp:n=2 imp:p=2

5001 imp:n=2 imp:p=2 $Rf
imp:n=2 imp:p=2
imp:n=2 imp:p=2

5001 imp:n=2 imp:p=2 $RFf
imp:n=2 imp:p=2

n=2 imp:p=2 $REf
imp:n=2 imp:p=2

n=2 imp:p=2 SRE
imp:n=2 imp:p=2

:n=2 imp:p=2 SRE
imp: n=2 imp:p=2

hkhkkdkhkhkdhhkhdkddhhbdhridk Conical Region Cells khkkrkhhdkdxhhdhhkhk

1 -1.0

1003 -1004 1007 -1008 (-2024:2025:-2042:2043) &

imp:n=0.75 imp:p=0.75

1 -1.0 1002 -3000 2024 -2025 2042 -2043 1999 imp:n=2 imp:p=2
2 0.06020 1100 -3000 2000 -1999 imp:n=2 imp:p=2
1-1.0 3000 -2001 1003 -1004 1007 -1008 (-2024:2025:-2042:2043) &
imp:n=0.75 imp:p=0.75

1-1.0 3000 -2001 2024 -2025 2042 -2043 1999 imp:n=3 imp:p=3
2 0.06020° 3000 -2001 2000 -1999 imp:n=3 imp:p=3
1 -1.0 2001 -2002 1003 -1004 1007 —1008 (-2024:2025:-2042:2043) &
imp:n=0.75 imp:p=0.75

1 -1.0 2001 -2002 2024 -2025 2042 -2043 (-2014:2015:-2032:2033) &
imp:n=3 imp:p=3

2 0.06020

1002 -3000

2001 -2002 2014 -2015 2032 -2033 2000

imp:n=3 imp:p=3

khkkkdhrhkhkhhkhhhhkihkrk Boral Lined Region Cells khkkdhhkhkdhhkirx

12 0.07965 2002 -2003
imp:n=3 imp:p=3

12 0.07965 2002 -2003
imp:n=9 imp:p=9

3 0.08647 2002 -2003
imp:n=9 imp:p=9

5 0.08881 2002 ~2003
imp:n=9 imp:p=9

12 0.07965 2003 -2004
imp:n=3 imp:p=3

12 0.07965 2003 -2004
imp:n=9 imp:p=9

3 0.08647 2003 -2004
imp:n=9 imp:p=9

5 0.08881 2003 -2004

1003
2024
2014
2012

1003
2024
2018
2012

-1004 1007 -1008
-2025 2042 -2043
~2015 2032 -2033
-2013 2030 -2031
-1004 1007 -1008
-2025 2042 -2043
-2019 2036 -2037
~2013 2030 -2031

(-2024:
(—2014:

(-2012

(-2010:

(-2024:
(-2018:

(-2012
{—-2010

2025:-2042:2043)
2015:-2032:2033)
:2013:-2030:2031)
2011:-2028:2029)
2025:-2042:2043)
2019:-2036:2037)
:2013:-2030:2031)
:2011:-2028:2029)

R R R

2 R R R




c

2108
2109
2110
2111
2112

c

2113
2114
2115
2116
2117

C

2118
2119
2120
2121
2122

C
2123
2124

2125

2126
2127

c

2128
2129
2130
2131
2132

c

2133
2134
2135

imp:n=9 imp:p=9

12 0.07965 2004 -3009
imp:n=9 imp:p=9

12 0.07965 2004 -3009
imp:n=60 imp:p=60

3 0.08647 2004 -3009
imp:n=60 imp:p=60

11 0.03298 2004 -3009
imp:n=60 imp:p=60

5 0.08881 2004 -3009
imp:n=60 imp:p=60

12 0.07965 3009 -2005
imp:n=48 imp:p=48

12 0.07965 3009 -2005
imp:n=192 imp:p=192

3 0.08647 3009 -2005
imp:n=192 imp:p=192

11 0.03298 3009 -2005
imp:n=1922 imp:p=192

5 0.08881 3009 -2005
imp:n=192 imp:p=192

13 0.08050 2005 -2006
imp:n=48 imp:p=48

13 0.08050- 2005 -2006
imp:n=192 imp:p=192

3 0.08647 2005 -2006
imp:n=192 imp:p=192

11 0.03298 2005 -2006
imp:n=192 imp:p=192

5 0.08881 2005 -2006
imp:n=192 imp:p=192

13 0.08050 2006 -3012
imp:n=48 imp:p=48

13 0.08050 2006 -3012
imp:n=192 imp:p=192

3 0.08647 2006 -3012
imp:n=192 imp:p=192

11 0.03298 2006 -3012
imp:n=192 imp:p=192

5 0.08881L 2006 -3012
imp:n=192 imp:p=192

13 0.08050 3012 -3015
imp:n=96 imp:p=96

13 0.08050 3012 -3015
imp:n=384 imp:p=384

3 0.08647 3012 -3015
imp:n=384 imp:p=384

11 0.03298 3012 -3015
imp:n=384 imp:p=384

5 0.08881 3012 -3015
imp:n=384 imp:p=384

13 0.08050 3015 -2007
imp:n=96 imp:p=96

13 0.08050 3015 -2007
imp:n=384 imp:p=384

3 0.08647 3015 -2007
imp:n=384 imp:p=384

1003
2024
2018
2016
2012

1003
2024
2018
2016
2012

1003
2024
2022
2016
2012

1003
2024
2022
2020
2012

1003
2024

2022

2020
2012

1003
2024
2022

-1004
-2025
-2019
-2017
-2013

-1004
-2025
-2019
~-2017
-2013

-1004
-2025
~-2023
~-2017
-2013

-1004
-2025
-2023
-2021
-2013

-1004
-2025
-2023
-2021
-2013

-1004
-2025
-2023

1007
2042
2036
2034
2030

1007
2042
2036
2034
2030

1007
2042
2040
2034

2030

1007
2042
2040
2038
2030

1007
2042
2040
2038
2030

1007
2042
2040

-1008
-2043
-2037
-2035
-2031

~-1008
-2043
-2037
-2035
-2031

-1008
-2043
-2041
-2035
~-2031

-1008
-2043
-2041
-2039
-2031

-1008
-2043
-2041
-2039
-2031

-1008
-2043
-2041

(-2024:
(-2018:
(-2016:
(-2012:
(-2010:

(-2024
(-2018:
(-2016:
(-2012:
(-2010:

(-2024:
(-2022:
(-2016:
(-2012
(-2010:

(~2024:
(-2022:
(-2020:
(-2012
(-2010:

(-2024:
{(-2022:
(-2020:
(-2012
(-2010:

(-2024:
(-2022
(-2020:

2025:
2019:
:—2034:

2017
2013

2011:

:2025:

2019

2017:

2013

2011:

2025:

2023
2017

:2013
2011:

2025
2023

2021:
:2013
2011:

2025:

2023

2021:
:2013
2011:

2025:
:2023
2021:

:-2040

:—2042
:—2040

:=2030

:=2040

:=2040

-2042:
-2036:

:—2030:

~2028:

-2042:

:—-2036:

—-2034:

:—2030:

-2028:

-2042:

:—2030:

~-2028:

-2038:

-2028:

—-2042

-2038:

:-2030:

-2028:

-2042

-2038:

2043)
2037)
2035)
2031)
2029)

2043)
2037)
2035)
2031)
2029)

2043)

:2041)
:—-2034:

2035)
2031)
2029)

:2043)
:2041)

2039)

:2031)

2029)

:2043)
12041)

2039)
2031)
2029)

:2043)
:2041)

2039)

R R R B Lo Bt < B -t R R R @ ROR R R R

R R R R

R




2136
2137

c

2138
2139
2140
2141

c
2142
2143

C
2144
2145

2146

anaQ

3000
3001

3002
3003

c
3004
3005

C
3006
3007

c
4000
4001

c
4002
4003
c
4004
4005

c
4006
4007

11 0.032%98 3015 -2007
imp:n=384 imp:p=384
5 0.08881 3015 -2007

imp:n=384 imp:p=384

13 0.08050 2007 -2008
imp:n=96 imp:p=96

3 0.08647 2007 -2008
imp:n=384 imp:p=384

11 0.03298 2007 -2008
imp:n=384 imp:p=384

5 0.08881 2007 -2008

imp:n=384 imp:p=384

LR EE XA S SRR SR SRR R RS EEEE]

13 0.08050 2008 -3017
imp:n=96 imp:p=96

3 0.08647 2008 -3017
imp:n=384 imp:p=384

13 0.08050 3017 -2009
imp:n=96 imp:p=96

3 0.08647 3017 -2009
imp:n=96 imp:p=96

13 0.08050 2009 -1011

imp:n=24 imp:p=24

2020 -2021
2012 -2013
1003 -1004
2026 -2027
2020 -2021
2012 -2013

End Region

1003 -1004
2026 -2027
1003 -1004
2026 -2027
1003 -1004

2038 -2039 (-2012:2013:-2030:2031) &
2030 -2031 (-2010:2011:-2028:2029) &
1007 —~1008 (~2026:2027:-2044:2045) &
2044 -2045 (-2020:2021:-2038:2039) &
2038 -2039 (-2012:2013:-2030:2031) &
2030 -2031 (-2010:2011:-2028:2029) &

Cells dFhhkdkhkkddrhkhkdrhkrhhdhohihhddddhohdhk

1007 -1008 (-2026:2027:-2044:2045)

2044 -2045 (-2024:2025:-2042:2043) &
1007 ~-1008 (-2026:2027:-2044:2045) &
2044 -2045 (-2024:2025:-2042:2043) &
1007 -1008 (-2024:2025:-2042:2043) &

kkhkhkkhkrxdhkhkhdhkhrhkkhhix Inner Ream Cells khkhkhkhkkhkhhdhhkhkhkhhkhdk

0 1102 -3000 -2000 5001

0 1102 -3000 -5001

0 3000 -3001 -2000 5001

0 3000 -3001 -5001

0 3001 -3002 -2000 5001

0 3001 -3002 -5001

0 3002 -2002 -2000 5001

0 3002 -2002 -5001

Filter Region of Ihner Beam

15 -3.97 2002 -3003 2010
imp:n=6 imp:p=6

14 0.06970 2002 -3003 4002
imp:n=12 imp:p=12

15 -3.97 3003 -3004 2010
imp:n=12 imp:p=12 :

14 0.06970 3003 -3004 4002
imp:n=24 imp:p=24

15 -3.97 3004 -3005 2010 -2011
imp:n=24 imp:p=24

14 0.06970 3004 -3005 4002 -4003
imp:n=48 imp:p=48

15 -3.97 3005 -3006 2010 -2011
imp:n=48 imp:p=48

14 0.06970 3005 -3006 4002 -4003

imp:n=96 imp:p=96

-2011
-4003

-2011
-4003

2028 -2029

4004 -4005

2028 -2029

4004 ~4005

2028
4004

-2029
-4005

2028 -2029
4004 -4005

imp:n=4 imp:p=4
imp:n=4 imp:p=4
imp:n=6 imp:p=6
imp:n=6 imp:p=6
imp:n=6 imp:p=6
imp:n=6 imp:p=6

imp:n=6 imp:p=6

imp:n=6 imp:p=6

(-4002:4003:-4004

(-4002:4003:~4004

(-4002:4003:-4004

(-4002:4003:-4004

N
o]
th

SRE

:4005)

:4005)

:4005)

:4005)



4008 15 -3.97 3006 -3007 2010 -2011 2028 -2029 (-4002:4003:-4004:4005)
imp:n=96 imp:p=96
4009 14 0.06970 3006 -3007 4002 -4003 4004 -4005
imp:n=192 imp:p=192
c
4010 15 -3.97 3007 -3008 2010 -2011 2028 -2029 (-4002:4003:-4004:4005)
imp:n=192 imp:p=192
4011 14 0.06970 3007 -3008 4002 -4003 4004 -4005
imp:n=384 imp:p=384
c
4012 15 -3.97 3008 -3009 2010 -2011 2028 -2029 (-4002:4003:-4004:4005)
imp:n=384 imp:p=384 .
4013 14 0.06970 3008 -3009 4002 -4003 4004 -4005
imp:n=768 imp:p=768
c
4014 11 0.03298 3009 -3010 2010 -2011 2028 -2029 (-4002:4003:-4004:4005)
imp:n=768 imp:p=768
4015 11 0.03298 3009 -3010 4002 -4003 4004 -4005
imp:n=1536 imp:p=1536
c
c
c
4016 17 0.10351 3010 -3011 2010 -2011 2028 -2029 (-4002:4003:-4004:4005) &
imp:n=768 imp:p=768
4017 17 0.10351 3010 -3011 4002 -4003 4004 -4005 4001 &
imp:n=768 imp:p=768
4018 17 0.10351 3010 -3011 4000 -4001 imp:n=768 imp:p=768
4019 O 3010 -3011 -4000 imp:n=1536 imp:p=1536
C .
4020 17 0.10351 3011 -3012 2010 -2011 2028 -2029 (-4006:4007:-4008:4009) &
imp:n=192 imp:p=192
4021 O 3011 -3012 4006 -4007 4008 -4009 4001 imp:n=384 imp:p=384
4022 17 0.10351 3011 -3012 4000 -4001 imp:n=768 imp:p=768
4023 O 3011 -3012 -4000 imp:n=1536 imp:p=1536
c
4024 17 0.10351 3012 -3013 2010 -2011 2028 -2029 (-4006:4007:-4008:4009) &
imp:n=384 imp:p=384
4025 O 3012 -3013 4006 -4007 4008 -4009 4001 imp:n=576 imp:p=576
4026 17 0.10351 3012 -3013 4000 -4001 imp:n=1152 imp:p=1152
4027 O 3012 -3013 -4000 imp:n=2304 imp:p=2304
- .
4028 17 0.10351 3013 -3014 2010 -2011 2028 -2029 (-4006:4007:-4008:4009) &
imp:n=384 imp:p=384
4029 0 3013 -3014 4006 -4007 4008 -4009 4001 imp:n=768 imp:p=768
4030 17 0.10351 3013 -3014 4000 -4001 imp:n=1536 imp:p=1536
4031 O 3013 -3014 -4000 imp:n=3072 imp:p=3072
c
4032 17 0.10351 3014 -3015 2010 -2011 2028 -2029 (~4006:4007:-4008:4009) &
imp:n=384 imp:p=384
4033 O 3014 -3015 4006 -4007 4008 -4009 4001 imp:n=1152 imp:p=1152
4034 17 0.10351 3014 -3015 4000 -4001 imp:n=2304 imp:p=2304
4035 0 3014 -3015 -4000 imp:n=4608 imp:p=4608
c
4036 17 0.10351 3015 -2008 2010 -2011 2028 -2029 (—-4006:4007:-4008:4009) &
imp:n=384 imp:p=384
4037 0 3015 -2008 4006 -4007 4008 -4009 4001 imp:n=1536 imp:p=1536
4038 17 0.10351 3015 -2008 4000 -4001 imp:n=3072 imp:p=3072
4039 O 3015 -2008 -4000 imp:n=6144 imp:p=6144
c
c End Region
C .
4040 17 0.10351 2008 -3016 2024 -2025 2042 -2043 (-4006:4007:-4008:4009) &
‘ imp:n=384 imp:p=384
4041 0 12008 -3016 4006 -4007 4008 -4009 5000 imp:n=1536 imp:p=1536
4042 0 2008 -3016 -5000 imp:n=6144 imp:p=6144




4043

4044
4045

C
4046

4047
4048

C
4049

4050
4051

QU Qn
o

(]

o

NRPVOENICUIIBWNFOAQOQNNOQON
o

ww
b -

151

c
111
112
113

(-4010:4011:-4012:4013)
imp:n=384 imp:p=384

5000 imp:n=1536 imp:p=1536
imp:n=6144 imp:p=6144

(-4010:4011:-4012:4013)

imp:n=96 imp:p=96
5000 imp:n=384 imp:p=384
imp:n=1536 imp:p=1536

(-4010:4011:-4012:4013)
imp:n=24 imp:p=24

5000 imp:n=96 imp:p=96
imp:n=384 imp:p=384

imp:n=0 imp:p=0

17 0.10351 3016 -3017 2024 -2025 2042 -2043
0 3016 -3017 4010 -4011 4012 -4013
0 3016 -3017 -5000
17 0.10351 3017 -~-3018 2024 -2025 2042 -2043
0 3017 -3018 4010 -4011 4012 -4013
0 3017 -3018 -5000
17 0.10351 3018 -1011 2024 -2025 2042 -2043
0 3018 -1011 4010 -4011 4012 -4013
0 3018 -1011 -5000
E R R R R Outside World VOld Region *hhkkhkkxxkhhhkhi
0 -1001:1011:-1003:1004:-1007:1008
R R E R EEEEEEEEREREEEEREEEEESEEEEEREXEREEE R EEEETEEE SRR EREE L X
R R R R Core Surface cards R S S e I R
PR RS E SR EEEREEEEEEEEEEETEETEEEEEEEXERESELTEEEREXEREERXEEEESEREE
Core Grid Definition Surfaces (X-Axis)
Main Grid
px -34.29
px -26.67
px -19.05
px =-11.43
px _ -3.81
pPx 3.81
pPx 11.43
px 19.05
pPX 26.67
pPX 34.29
Corner Elements
px -36.83 '
pPx 36.83
Control Plates
px -28.311
pPx -1.26
px 1.26
px 28.311
Core Definition Surfaces (Y-Axis)
Main Grid
Py 29.21
Py 21.59
Y 13.97
PY 11.43
DY 3.81
pY -3.81
py -11.43
py -13.97
py -21.59
py -29.21
Corner Elements
Py 31.75
py -31.75
Control Plates
Y 13.716
1% 11.684
py -11.684

&

&

&




114 py -13.716

c
c Core Definition Surfaces (Z-Axis)
c

c Main Grid

21 Pz 42.365
22 pz -—-48.715
c Control Plates

' 201 pz 15.0 $ This surface controls the height of Plate 1 (Boral)
202 pz 15.0 $ This surface controls the height of Plate 2 (Boral)
203 pz 15.0 $ This surface controls the height of Plate 3 (SS)

¢ 204 pz 15.0 S This surface controls the height of Plate 4 (Boral)
205 pz 15.0 $ This surface controls the Transient Rod height (B4C)
c
c Element Universe Surface Cards
c
c Standard and FLIP Elements

c
900 px -3.8101
901 px 3.8101

C
902 py -3.8101
903 py 3.8101

c
904 pz 27.76
905 pz 19.05
906 pz -19.05
907 pz -27.76
908 pz -32.84

c
909 c¢/z -1.905

1.905 1.74
910 c¢/z -1.905 1.905 1.791
c
911 «c/z 1.905 1.905 1.74
912 c/z 1.905 1.905 1.791
c
913 ¢/z -1.905 -1.805 1.74
914 c¢/z -1.905 -1.905 1.791
c
815 c/z 1.905 -1.805 1.74
916 «c/z 1.905 -1.905 1.791
c
c Graphite Reflector Elements
o
917 px -3.65125
918 px 3.65125
c .
919 pv -3.65125
920 pyv 3.65125
c
c Rotator Tube Elements
e :
921 pz -36.015
922 pz -38.555
c
923 cz 3.683
924 cz 3.810
925 «cz 2.540
926 cz 3.250
c
c Corner Grid Elements

927 px -35.125
928 px -28.375
929 px 28.375
930 px 35.125




c

931
932
933
934

c
935
936

C
5002
5003

aaoaoaaoaoan

1001
1002

c

1003
1004
1005
1006

c

1007
1008
1009
1010

c
1011

c

1999
2000
5001

c
2001
2002

C

1100
1101
1102

1103
1104
1105
1106

c

1107
1108
1109
1110

C

2003
2004
2005

Py 30.045
pY 23.295
193% -23.295
DY ~30.045

Transient Rod Elements

c/z 1.905 -1.905 1.7526
c/z 1.905 -1.905 1.8796

ER S X SRR R RS ES AR Lead BOX and Relector Surfaces %k ok ok kok koK

1934 52.15
py ~52.15

EEEE RS LR L SRS SE S S SR SR E RS E RS R E R RS EEEEEEEEEEEESEREEEEEEEEEESESS S
khkhkhkkhkkhkhkhkdrihkhoxrhixhdk Ream Port Surface Cards *hkhkhkkkhkkhkhkdhkhhdrhkhkihx
LR R X R EE ST ESELEEEEE RS S SRR EL SR ESEREESEEEREEEE S ELESEREEEREESEEESEEEE SRR

Water Box Definition Surfaces

px -51.83
DX 38.1
py -121.92
Py 121.92
193% -62.00
Py 62.00

Pz -121.92
Pz 121.92
pz ~-62.00
pz 62.00

px 323.85
Conical Region Surfaces
kx -109.906 0.13069

kx -106.156 0.13069
kx -97.3 0.13069

I

pPx 101.60
px 102.87

Aluminum Face Grid

jo2 4 39.37
pX 46 .355
pPX 59.69

Py 22.86
)% 20.32
|2)% -20.32
193% -22.32

Pz 22.86
Pz 20.32
Pz -20.32
pz -22.86

Leaded Region Surfaces
px 139.70

pPx 140.97
px 185.42




2006 px 186.69
2007 px 246.38
2008 px 247 .65
2009 px 308.61

c
2010 py -75.565
2011 py 75.565
2012 py -76.2

' 2013 py 76.2
2014 py -77.47
2015 py 77.47

g 2016 py -78.74
2017 py 78.74
2018 py -80.01
2012 py 80.01
2020 py -81.28
2021 py 81.28
2022 py -82.55
2023 py 82.55
2024 pyvy -91.44
2025 py 91.44
2026 py -92.71
2027 py 92.71

c

2028 p=z -75.565
2029 pz 75.565
2030 pz -76.2

2031 pz 76.2
2032 pz =77 .47
2033 pz 77.47

2034 pz -78.54
2035 p=z 78.54
2036 pz -80.01

2037 pz 80.01
2038 pz -81.28
2039 pz 81.28

2040 pz -82.55
2041 pz 82.55
2042 pz -91.44
2043 pz 91.44
2044 pz -92.71
2045 pz 92.71

c Inner Shell Region of the Beam Port Surfaces

c
3000 px 70
3001 px 80
3002 px 90

3003 px 110
3004 px 120
3005 px 130
3006 px 140
3007 px 150
3008 px 160
3008 px 172.87
3010 px 178.87
3011 px 183.95
3012 px 195
3013 px 210
3014 px 220
3015 px 235

3016 px 252.73
3017 px 275
3018 px 300




c Filter Surfaces

C

4000 kx 259.78 0.3819
4001 kx 269 .44 0.3819
c

4002 py -60.96

4003 py 60.96

C

4004 pz -60.96

4005 pz 60.96

c

4006 py -70.485

4007 py  70.485

c

4008 pz -70.485

4009 pz 70.485

c

4010 py -86.56

4011 pvy 86.56

c

4012 pz -86.56

4013 pz 86.56

c

c

c

5000 cx 7.5

c

c

c

kcode 2500 1.1 100

¢ ksre -17.145 19.685 O
C 20.955 15.875 0

C -9.525 5.715 0

c 13.335 9.525 0
lo: -17.145 -1.%805 O

c 5.715 1.905 0

c 28.575 -1.905 0

c -1.905 -9.825 O

c 20.8955 -5.715 Q0

c 17.145 -19.685 O

c

c ~17.145 19.685 12
c 20.955 15.875 12
c -9.525 5.715 12
c 13.335 9.525 12
o] -17.145 -1.905 12
c 5.715 1.905 12
c 28.575 -1.805 12

c -1.905 -9.525 12
c 20.855 -5.715 12
c 17.145 -19.685 12
c

c -17.145 18.685 =12
c 20.95% 15.875 -12
c -9.525 5.715 -12
c 13.335 9.525 -12
c -17.145 -1.905 -12
c 5.715 1.905 -12
c 28.575 -1.905 -12
c -1.905 -9.525 -12
c 20.955 =-5.715 -12
c 17.145 -19.685 -12
c

C

-1
-1

khkKdhkhkdkdrddAxdrhkdrkhkrdhkhhhhkdhix Tally Segment Surface khkkhkhhkhxrdhhhkhhkkhhhdhx

‘****************************************************************

kkhkkkhkhhkkhkkhdhkhkkhkhkhkhkkhhhhhdtx CRITICALITY DATA CARDS khkhkhkhhkhdhhdhhhhrhhik

IR R RS SRS RS EEEAREEEESEEREEEEEEREEEESEREREEEREESESEEEEEEELEREEEESESESESS

-9.525 15.875 O
32.385 19.685 0
-1.905 9.525 0
20.955 5.715 0
-9.525 1.905 0O
13.335 -1.905 0

-17.145 -9.525 O
5.715 -5.715 Q0
32.385 -9.525 O
32.385 ~19.685 O
-9.525 15.875 12
32.385 19.685 12
-1.905 9.525 12
20.955 5.715 12
-9.525 1.905 12
13.335 -1.905 12
-17.145 -9.525 12
5.715 -5.715 12
32.385 -9.525 12
32.385 -19.685 12
-9.525 15.875 -12
32.385 19.685 -12
-1.905 9.525 -12
20.955 5.715 =12
-9.525 1.905 -12
13.335 -1.905 -12
-17.145 -9.525 -12
5.715 -=-5.715 -12
32.385 -9.525 ~12
32.385 -19.685 -12

-17.
5.

28

-1.
20.
-9.
.335 .
.525 -19.685

13
-9

13.
-17.

13.335

145
715

.575

905
955
525

-9

335
145

5.715

13
-17

13
-9

.575
.905
.955
-9.525
13.335
-9.525 -19.685

.335
.145

5.
28.
-1.
20.
-9.

715
575
905
955
525

.335
.525

19.685
.525
.715
.525
.905
.905
.715

525

QOO OO0OO

19.685
9.525
5.715
9.525

~1.905
1.905

5.715 1

-9.525

19.685
9.525
5.715
9.525

-1.905
1.905

-5.715

~-9.525

~-19.685

PR R R R E R E R R EE R E SRS E R EEE SRR L Mode Card hAkhkhkhkkhdhkhdhhkhkrhhhhhdhhhiihi

~12
-12
-12
-12
-12
-12
-12°
-12
-12




mede n p

F I I I I S I I I I Surface Source Write card dhkhkhkhkhkhhhdthkhkhkhkt
ssw 2008

kkhkkhkhkkhkhkdxhkdkhkhkdhdkdhkhdkhxk Print Dump Control Card hhdkhrhhkdhdhdhdhrsd

rdmp j 100 j 2

LR R R R A SRR SR A SRR R E RS MATERIAL CARDS hhkhkhkdhkdkokhkkdkdhkkhkkokkkk ok ok ok ok ok

Water

1 1001.50c 0.667
8016.50c 0.333
tl lwtr.07t
Aluminum

B

13027.50c 1.0

304 Stainles Steel (WSU)
26000.55¢ 0.730
24000.50c 0.191
28000.50c 0.075

6012.50c 0.004

dFaao08a008 Baoan00n0qQa”dooon0oaoanan

W

c
c Graphite (Carbon)
md 6012.50c 1.0
mt4 grph.01t.
c
c Boral (from ARH-600, 35% B4C 65% Al)
m5 5010.50c 0.090
5011.56c 0.364
6012.50c 0.114
13027.50c 0.432
c
c Standard Fuel Meat
mé 92235.53¢ 0.0027
92238.53¢c 0.0106
1001.53¢ 0.6129
40000.53¢c 0.3738
mté h/zr.01lt
zr/h.01t
c
c FLIP Fuel Meat
m7 92235.53¢ 0.0098
92238.53¢c 0.0041
1001.53¢c 0.6016
40000.53¢c 0.3826
68166.81c 0.0011
68167.81c 0.0008
mt7 h/zr.01lt
zr/h.01t
c Top of Fuel Region (homogenized)
m8 26000.55¢ 0.1364
24000.50c 0.0357
28000.50¢ 0.0141
6012.50c 0.0007
13027.50c 0.0322
1001.50¢c 0.5207
8016.50c 0.2602
mt8 lwtr.07t
C
c Bottom of Fuel Region (homogenized)

m9 26000.55¢c 0.0274




24000.50c 0.0071
28000.50c 0.0028
6012.50c 0.0001
13027.50c 0.3041
1001.50c 0.4390
8016.50c 0.2195
mto lwtr.07t
c
c Boron Carbide (Transient Fuel Rod)
mlo 5010.50c 0.1583
5011.56c 0.6417
6012.50c 0.2000
c
c Lead
mll 82000.50c 1.0
c
c Ordinary Concrete
ml2 1001.50c¢ 0.18667
8016.50c¢ 0.52127
26000.55¢ 0.00247
6000.50c 0.04788
14000.50c¢ 0.0757¢9
12000.50c¢ 0.00738
13027.50c 0.00924
20000.50c¢ 0.14549%
11023.50c¢ 0.00381
c
c Heavy Concrete
ml3 1001.50¢c - 0.10078
8016.50c¢ 0.55034
25055.50¢ 0.00025
26000.55¢ 0.19460
14000.50c¢ 0.01960
12000.50¢ 0.01714
16032.50c¢ 0.00114
20000.50c¢ 0.03238
24000.50c¢ 0.00023
15031.50c¢ 0.00013
22000.50c¢ 0.08318
23000.50c 0.00023
c
c Al/Teflon
mid 13027.50c¢ 0.5185
6012 .50c¢ 0.1555
9019.50c¢ 0.3111
3006.50c¢ 0.0011
3007.55c 0.0137
c
c Aluminum Oxide (Al1203)

ml5 13027.50c -0.5292
8016.50c -0.4708

c

c Li(nat)-Poly

ml7 1001.50c¢ 0.5262
8016.50c 0.1007
6012.50c 0.2968
3006.50¢ 0.0725
3007.55¢ 0.0038

c Bismuth

ml8 83209.50c¢ 1.0

C .
c R SRR R R EREEE ELEEEE L L XSS X TALLY SPECIFICATION CARDS Akhkdkhkhddrrhhhrbhrhhhhdkhi

c

c Neutron Flux Over a 7.5cm(radius) Disk Along the Beam’s Axial Centerline
f2:n 1002 1100 1101 1102 3000 3001 3002 2002 3003 3004 3005 3006 3007 3008 &




3009 3010 3011 3012 3013 3014 3015 2008
fm2:n 7.53el6
fs2 -5000
sd2 (176.71 1) (176.71 1) (176.71 1) (176.71 1) (176.71 1) (176.71 1) &
(176.71 1) (176.71 1) (176.71 1) (176.71 1) {(176.71 1) (176.71 1) &
(176.71 1) (176.71 1) (176.71 1) (176.71 1) (176.71 1) (176.71 1) &
{(176.71 1) (176.71 1) (176.71 1) (176.71 1)
fg2 f e
h e2 4.14e-7 0.01 20
c
c Neutron Current Over a 7.5cm(radius) Disk Along the Beam’s Axial Centerline
: fl:n 1002 1100 1101 1102 3000 3001 3002 2002 3003 3004 3005 3006 3007 3008 &«
3009 3010 3011 3012 3013 3014 3015 2008
fml:n 7.53el6
fsl -5000
sdl (176.71 1) (176.71 1) (176.71 1) (176.71 1) (176.71 1) (176.71 1) &
(176.71 1) (176.71 1) (176.71 1) (176.71 1) (176.71 1) (176.71 1) &
(176.71 1) (176.71 1) (176.71 1) (176.71 1) (176.71 1) (176.71 1) &
(176.71 1) (176.71 1) (176.71 1) (176.71 1)
fqgl fe
el 4.14e-7 0.01 20
c
c Neutron Dose rates at the Beam Aperature Exit (cGy/min)
£f22:n 2008
fm22:n 7.53el6
£s22 -5000
sd22 (176.71 1)
fg22 f e
e22 4.14e-7 0.01 20
de22 .10000E-10 .10000E-06 . .41399E-06 .87642E-06 .18554E-05
.50435E-05 .10677E-04 .37267E-04 .10130E-03 .21445E-03
.45400E-03 .15846E-02 .33546E-02 .71017E-02 .15034E-01
.21875E-01 .24176E-01 .26058E-01 .31828E-01 .40868E-01
.67379E-01 .11109E+00 .18316E+00 .29720E+00 .36883E+00
.49787E+00 .60810E+00 .74274E+00 .82085E+00 .10026E+01
.13534E+01 .16530E+01 .19205E+01 .22313E+01 .23457E+01
.23653E+01 .24660E+01 .27253E+01 .30119E+01 .36788E+01
.49659E+01 .60653E+01 .74682E+01 .86071E+01 .10000E+02
.12214E+02 .14191E+02 .17333E+02
c
df22 .1E-20 .1E-20 .1E-20 .35220E-12 .80570E-12
.19660E-11 .46200E-11 .13090E-10 .39370E-10 .92580E-10
.19550E-09 .55320E-09 .13820E-08 .29910E-08 .60670E-08
.99720E-08 .12200E-07 .13230E-07 .14940E-07 .18060E-07
.24380E-07 .34870E-07 .47760E-07 .63230E-07 .75370E-07
.85630E-07 .96160E-07 .10530E-06 .11350E-06 .12100E-06
.13730E-06 .15330E-06 .16570E-06 .17750E-06 .18470E-06
.18700E-06 .18910E-06 .19470E-06 .20240E-06 -.21340E-06
.23410E-06 .25160E-06 .26400E-06 .27390E-06 .28080E-06
.28700E-06 .29200E-06 .29390E-06
c .
c Fine Energy Breakdown of Neutron Flux at Beam Exit Surface
c fi12:n 2008
c fsl2 -5000
c sdl2 (176.71 1)
c fgl2 e £
. ¢ el2 le-7 2e-7 3e-7 4e-7 5e-7 6e~7 Te-7 8e-7 9e-7 &
c le-6 2e-6 3e-6 4de-6 5e-6 6e-6 Te-6 8e-6 Y9e-6 &
C le-5 2e-5 3e-5 4e-5 5e-5 6e-5 7e-5 8e-5 9e-5 &
c le-4 2e-4 3e-4 4de-4 5Se-4 6e-4 Te-4 8e~-4 Ye-4 &
! c le-3 2e-3 3e-3 4e-3 5e-3 6e-3 77e-3 8e-3 9e-3 &
c le-2 2e-2 3e-2 4e-2 5e-2 6e-2 7Te-2 8e-2 9Ye-2 &
c le-1 2e-1 3e-1 4e-1 5e-1 6e-1l 7e-1 8e-1 9%e-1 &
c 1 2 3 4 5 6 7 8 9 &
c le+l 2e+l 3e+l 4de+l 5e+l 6e+l Te+l 8e+l 9Ye+l &
el




Gamma Dose Rate (rem/hr) at Water Plug Surface

.05 .06
3.0 4.0

2.56e~7
3.45e-7
2.44e-6
9.0%e-6

.08 .1 .15 .2 .3 .4 &
5.0 6.0 8.0 1¢.0

1.56e-7 1.20e-7 1.1le-7 &
5.56e-7 7.69e-7 9.0%e-7 &

3.03e-6 4.00e-6 4.76e-6 &

7

khkhkhhbhhhkdhkdhdkrhhhdkhhkh Power Density Tallies khkhkdhhhkhhhkdrdhkhhhhkddrrhhhrhhks

c

c £f62:p 2008

c fs62 -5000

c  fmé62 7.53el6

c sd62 (176.71 1)

c Flux-to-Dose Conversion Factors for Photons
c de62 .01 .015 .02 .03 .04
c .5 .6 .8 1.0 1.5 2.0
c dfe2 2.78e~-6 1.l1lle-6 5.88e-7
c 1.20e~7 1.47e-7. 2.38e-7
c 1.14e-6 1.47e-6 1.7%e-6
c 5.56e-6 6.25e-6 7.69%e-6
c fgb2 f e

c

c

c

£f17:n 12 13 14 15 16 17 18
fml7 13152

sdl7 1111111

f27:n 21 22 23 24 25 26 27 28 29
fm27 13152

sd27 111111111

f37:n 31 32 33 34 35 36 37 38 39
fm37 13152

sd37 111111111

f47:n 41 42 43 44 45 46 47 48 49
fmd7 13152

sd47 111111111

f57:n 51 52 53 54 55 56 57 58 59
fm57 13152

sd57 111111111

f67:n 61 62 63 64 65 66 67 68 69
fm67 13152

sd67 111111111

£f77:n 72 73 74 75 76 77 78

fm77 13152

sd77 1111111

C




