To the Graduate Council:

I am submitting herewith a thesis written by Susan B. Tumer entitled “Installation,
Testing, and Demonstration of Discrete Ordinates Particle Transport Software
(PARTISN 2.64/DANTSYS3.1) For Use on the Y-12 National Security Complex SGI
Supercomputer (Manhattan).” I have examined the final paper copy of this thesis for
form and content and recommend that it be accepted in partial fulfillment of the
requirements for the degree of Master of Science, with a major in Nuclear Engineering.

/[iﬂé’ Doty

Ronald E. Pevey, Major Prbfessor

We have read this thesis and
recommend its acceptance:

G
Russnce LI

Acceptance for the Council:

oA

Vice Provost and D o
Graduate Studies




INSTALLATION, TESTING, AND DEMONSTRATION OF
DISCRETE ORDINATES PARTICLE TRANSPORT
SOFTWARE (PARTISN 2.64/DANTSYS 3.1)

FOR USE ON THE Y-12 NATIONAL SECURITY
COMPLEX SGI SUPERCOMPUTER
(MANHATTAN)

A Thesis Presented
for the Master of Science Degree
The University of Tennessee, Knoxville

Susan B. Turner
May 2002






iii

DEDICATION

This work is dedicated to two people. First, to my late father, Robert J. Barnard, who
attended the University of Tennessee as a chemical engineering major, but never finished
his formal education due to work and family responsibilities. My father loved his family,
loved his country, and loved the work he performed during WWII at the Oak Ridge Y-12
Plant, and later as a Cold War Veteran at the Oak Ridge K-25 Gaseous Diffusion Plant.
As number 4 of 5 children, I inherited his interest in engineering and in the nuclear
industry at Oak Ridge. Thanks, Dad, for all the good things you gave.

Second, to my late father-in-law, Guy Tumer, who served his country during World War
II in Japan, and later as a Cold War Veteran working at the Oak Ridge K-25 Gaseous
Diffusion Plant. He gave me my first practical lesson in nuclear criticality safety when
he told of a broken production line pipe in the cascade that was pouring out highly
enriched uranium hexafluoride onto the concrete floor into a large pile. My father-in-law
was not formally educated, but he understood enough as a chemical operator to take a
piece of scrap cardboard and immediately flatten the pile into slab geometry before an
accident occurred. Thanks, Guy, for the lesson.



ACKNOWLEDGEMENTS

At my undergraduate graduation, Senator Fred Thompson gave the illustration of a turtle
found on a fence post, surveying the world from his high perch. Senator Thompson
reminded us graduates that though we had reached a high goal, like the turtle on the fence
post, we would never have reached it without help from someone else. So to recognize
that the work presented here could not have been accomplished without the contributions
of many people, I would like to thank them individually:

I want to thank Ken Lewis and Dennis Tollefson of the Y-12 Nuclear Criticality Safety
Division for helping to initially provide this opportunity for me and for their
encouragement, technical support, and guidance. ‘

I also want to thank Bob Painter, my technical contact in Y-12 Engineering for access to
the Manhattan Supercomputer. Bob was responsible for custodianship of the cross
section libraries, transport code packages, and multi-processing software which were
installed on the Manhattan. I am very grateful to him for all he contributed to the
successful completion of this project, even coming in on the weekends when I needed
him. Others in Y-12 Engineering who were very supportive are Jim Snyder, Jim
Seneker, and Rhonda Maclntyre.

Appreciation is also extended to Randy Baker and Bob Little of Los Alamos National
Laboratory who generously provided the cross section libraries and code packages. They
also very patiently provided support to me through email and phone calls to answer my
questions.

Thanks also to Jeannie Mannieswiz for her help in providing code package and
document support between Los Alamos and Y-12 through the Radiation Safety
Information and Computations Center (RSICC).

Others who offered their help are Bill Lee, Bob Smith and Peter Angelo of the Y-12
Nuclear Criticality Safety Division. Thanks also to my supervisor, Cris Worley, and to
Kevin Carroll, the Y-12 Nuclear Criticality Safety Division Manager for their leadership
in supporting this work. I also want to recognize Russ Barber and the entire Project

- Management group of the Y-12 Highly Enriched Uranium Modular storage Facility
for providing the funding. '

Also, special thanks to Dr. Ronald Pevey of the University of Tennessee Department of
Nuclear Engineering, for his support and guidance as my major professor. Special thanks
also to my committee members, Dr. Larry Miller and Dr. Larry Townsend of the
University of Tennessee Department of Nuclear Engineering, and Dr. Lee Dodds,
Department Head of the University of Tennessee Department of Nuclear Engineering.



vi
Thanks to my mother, Virginia Barnard, for her help in publishing this document.

Most of all, for helping me to realize my dream, and for supplying the motivation and the
logistical support, I want to thank my husband, Wendell, and my two children, Brian and
Rebecca.

Unless the Lord builds the house, its builders labor in vain;
unless the Lord watches over the city, the watchmen stand guard in vain.

Psalm 127:1



vii

ABSTRACT

The ultimate goal of this work is to provide the capability to evaluate Criticality Accident
Alarm Systems (CAAS) placement designs for storage of highly enriched uranium in
vault-type storage buildings at the Y-12 National Security Complex. The scope includes
the procurement, installation, verification and validation of the Los Alamos National
Laboratory multi-processor discrete ordinates transport code PARTISN 2.64/DANTSYS
3.1 on the Y-12 National Security Complex Engineering Division’s SGI supercomputer
(Manhattan). The scope also includes the development of a source term, the procurement
of an appropriate cross section library based on the material isotopes of the model and the
desired particles to be tracked, and the procurement of an appropriate response function
set. The validation is accomplished by modeling standardized two-dimensional and
three-dimensional benchmark shiélding reference calculations from ANSI/ANS-6.6.1.
The work includes the development of a three-dimensional model of a vault-type storage
building design in order to confirm previously performed Monte Carlo (MCNP) code
calculations. The model design is developed in accordance with various national
standards and federal codes. Future work includes the validation of Kansas State
University Skyshine Experiments in two- and three-dimensions, and CAAS placement
design evaluation of additional two- and three-dimensional models of vault-type storage

buildings for highly enriched uranium.
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1.0 BACKGROUND AND MOTIVATION OF THE WORK

Current events have heightened the need for safe and secure storage of highly enriched
uranium at the Y-12 National Security Complex. Appendix E includes a local newspaper
article emphasizing this need in light of the events of September 11, 2001. However,
designing a fissile storage facility which provides adequate safety features to protect the
workforce from an inadvertent nuclear criticality event involves sophisticated
engineering problem solving. Y-12 has procured a multi-processor supercomputer, the
Manhattan SGI supercomputer, which is currently severely underutilized for such
problem solving. Appendix E also contains a recent Y-12 employee newspaper article

which provides some detail in regard to the capabilities and use of the Manhattan.

To design a safe storage facility for fissile material, computer software which will mimic
the materials and geometry of the facility along with the particle transport properties of
the fissile material is essential. Several neutron and photon transport computer codes
have been developed by the national laboratories over the years. Application to solving
the problem of fissile storage and nuclear criticality accident alarms limits which
computer codes are used. The availability of a multi-processor system to solve these
problems further enhances the choice of computer codes. Currently, only one transport
code is capable of use with shielding of particle applications on a multi-processor

platform: PARTISN 2.64 as developed by Los Alamos National Laboratory.

The storage facility design is developed in accordance with various national standards
and federal codes such as ANSI/ANS 8.3 (1986) (1), and DOE Order 420.1 (2) as they
apply to nuclear criticality safety in the form of nuclear criticality accident alarm systems
(CAAS). ANS/ANSI 6.6.1 (1987) (3) contains standards for calculation and
measurement of direct and scattered gamma radiation for determination of CAAS alarm
placement. Studies of one preliminary vault design employed the Los Alamos Monte
Carlo code MCNP, version 4b.2. Because of the absence of a published shielding

experiment that closely models the materials and storage configuration of this
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preliminary design, an analysis using a discrete ordinates code is performed to confirm

the results of stochastic studies.



2.0 SCOPE AND ORGANIZATION OF THE WORK

The ultimate goal of this work is to provide the capability to evaluate Criticality Accident
Alarm Systems (CAAS) placement designs for storage of highly enriched uranium in
vault-type storage buildings at the Y-12 National Security Complex. With Y-12
development, design, and production of CAAS systems, configuration control of designs

can be maintained in-house.

To enable use of the Manhattan for complicated radiation transport analyses, the

following steps were taken in this work:

(1) A three-dimensional discrete ordinates multi-processor transport code was
procured, installed, and verified. The transport code chosen for this work is the
PARTISN beta version 2.64 multi-processor transport code developed at Los
Alamos National Laboratory. It is based on the single processor form of the
discrete ordinates transport code DANTSYS 3.1 (4). (Other single processor
discrete ordinate transport codes such as DOORS 3.1 (5) developed by Oak Ridge
National Laboratory are available, but currently are not adapted for use with
multi-processors. Future work includes verification and validation of other multi-

processor transport codes as they become available.)

The PARTISN installation was verified by the running of problem sets provided
by the code developer. The output of the problem sets produced by the
Manhattan were compared for accuracy to the output provided by the code

developer.

(2) The associated data that is required for use of the transport code—such as cross
section libraries, source terms, and response functions—were developed or
procured. This task included the development of a source term corresponding to
the minimum accident of concern discussed in ANS/ANSI 8.3 (1), in the energy

group structure of the cross section library. It also included the choosing of an



appropriate cross section library based on the material isotopes of the model and
the desired particles to be tracked, in this case, prompt photons which would first

actuate CAAS alarms.

(3) A set of sample shielding calculations was calculated for validation using
available two-dimensional and three-dimensional benchmarks. This validation
was accomplished by using PARTISN to model standardized benchmark
shielding reference calculations and comparing the results with published

experimental measurements.

(4) A model was developed of a vault-type storage building design (which matches
the area of applicability established by the validation) using the source term, cross

section, and validated PARTISN code.

This model employs a simplified model of a single vault which can be repeated as
many times as necessary to provide the desired final overall size of a storage
building. Corridors outside and between multiple vaults in the building are also
included in the model, as well as areas that could possibly be used for receiving,
dispatching, and handling operations. It is anticipated that this design will be
useful to future CAAS system designers at Y-12.

Finally, the model was calculated and compared to previously produced MCNP

results of the same configuration.

This report is divided into ten sections. Sections 1.0 and 2.0 contain the Introduction and
Scope, respectively. A brief overview of discrete ordinates theory of particle transport is
given in Section 3.0. Section 4.0 contains results of installation and verification of the
PARTISN 2.64/DANTSYS 3.1 code package. Section 5.0 contains information
regarding cross section libraries, response function development, and source term

development for shielding calculations with the transport code. Section 6.0 reports



results of code validation using ANSI/ANS-6.6.1 reference calculations. Section 7.0
contains the three-dimensional evaluation of a vault-type storage building using the
PARTISN 2.64/DANTSYS 3.1 code package. Conclusions are presented in Section 8.0,

and future work is discussed in Section 9.0.



3.0 THEORY OF THE PARTISN 2.64/DANTSYS 3.1 DISCRETE ORDINATES
TRANSPORT CODE

The DANTSYS 3.1 code package is a modular computer program package designed to
solve the time-independent, multigroup discrete ordinates form of the Boltzmann

transport equation in several different geometries.

PARTISN 2.64 is a beta test multi-processor version of the DANTSYS 3.1 discrete
ordinates transport code package currently under development, but is available only by
request to Los Alamos National Laboratory. PARTISN 2.64 is not yet distributed
commercially. It is based on the code structure of DANTSYS 3.1, but has some input
features that are different from the DANTSYS 3.1 input. The discussion of discrete
ordinates theory that follows addresses DANTSYS 3.1, but is also applicable to
PARTISN 2.64.

3.1 Basic Properties of DANTSYS 3.1 Code

DANTSYS 3.1 is distributed as the RSICC code package CCC-547 (4). It was developed
and contributed by Los Alamos National Laboratory. The coding language is mostly
(99%) FORTRAN 77 and 0.1% C. It can be run on the Cray, SUN Sparcstation, IBM
RS/6000, Hewlett Packard 9000, and Silicon Graphics (SGI). DANTSYS requires a
Fortran 77 compiler, a C-language preprocessor, a C compiler, and GMAKE (GnuMake

from Free Software Foundation.)

DANTSYS 3.1 replaces the original TWODANT-SYS code package and consists of five
major codes: ONEDANT, TWODANT, TWOHEX, TWODANT-GQ, and
THREEDANT. ONEDANT solves the one-dimensional multigroup transport equation in
slab, cylindrical, spherical geometries. TWODANT solves the two-dimensional
multigroup transport equation in (x-y), (r-z), and (r-0) geometries. TWOHEX solves the
two-dimensional multigroup transport equation on equilateral triangular meshes in the

(x-y) plane. THREEDANT solves the three-dimensional multigroup transport equation



in (X, y, z) and (r, z, 6) geometries. TWODANT/GQ solves the two-dimensional

transport equation in (x-y) and (r-z) geometries on general quadrilaterals.

DANTSYS accepts the basic multigroup cross section libraries for isotopes in either of
the standard interface files (ISOTXS or GRUPXS) or in a card-image library whose form
is referred to as Los Alamos, ANISN, or FIDO. The PSR-317/TRANSX2.15 code
{(which is part of the DANTSYS package) translates MATXS libraries into these formats.
ONEDANT, TWODANT and TWOHEX were included in TWODANT-SYS originally. -
THREEDANT and TWODANT/GQ were added to the package in August 1995 with the
first public release of DANTSYS. In March 1997 subroutines perr and folcm were
modified to correct a problem of overfilling a string (SITOP).

ONEDANT, TWODANT, TWODANT/GQ and THREEDANT use the discrete
ordinates approximation for treating the angular variation of the particle distributions.
The diamond difference scheme is generally used for space discretization, although
TWODANT and THREEDANT include an adaptive weighted diamond difference

‘option. Both inner and outer iterations are accelerated using the diffusion synthetic

acceleration method.

The modular construction of the package separates the input processing, the transport
equation solving, and the post processing (edit) functions into distinct codes modules: the
input module, one or more solver modules, and the edit module, respectively. The input

and edit modules are very general in nature and are common to all the solver modules.

The ONEDANT solver module contains a one-dimensional (slab, cylinder, and sphere),
time-independent transport equation solver using the standard diamond-differencing
method for space/angle discretization. Also included in the package are solver modules

named TWODANT, TWODANT/GQ, THREEDANT, and TWOHEX.



The TWODANT solver module solves the time-independent two-dimensional transport
equation using the diamond-differencing method for space/angle discretization. The
adaptive weighted diamond differencing (AWDD) method for spatial and angular

discretization has been incorporated into TWODANT as an option.

The TWOHEX solver module solves the time-independent two-dimensional transport
equation on an equilateral triangle spatial mesh. The THREEDANT solver module
solves the time independent three-dimensional transport equation for (x-y-z) and (r-z-6)
geometries using both diamond differencing with set-to-zero fixup and the AWDD

method.

Some of the major features included in the DANTSY'S code package are:

e afree-field format ASCII text input capability;

e standardized, data- and file-management techniques as defined and developed by the
Committee on Computer Coordination (CCCC); both sequential file and random-
access file handling techniques are used;

e the use of a diffusion synthetic acceleration scheme to accelerate the iterative process
in the solver modules ONEDANT, TWODANT, and THREEDANT;

e direct (forward) or adjoint calculational capability;

e standard plane, two-angle plane, cylindrical or spherical geometry-options for

1-D;
® (x-y), (r-2), (r-0) equilateral triangular mesh x-y, and x-y and r-z geometries in
2-D;

¢ (x-y-z) and (r-z-0) geometries in 3-D;

e arbitrary anisotropic scattering order;

e vacuum, reflective, periodic, white, albedo (only operative in ONEDANT), or surface
source boundary condition options;

e inhomogeneous (fixed) source or k-eff calculation options as well as time-absorption
(alpha), nuclide concentration, or dimensional search options;

e “diamond-differencing” for solution of the transport equation;
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e AWDD available in the TWODANT and THREEDANT modules;
e A coupled Sx/Monte Carlo option for the TWODANT module.

3.2 Geometry

The geometry nomenclature used by DANTSYS includes the terms fine mesh, coarse
mesh, and zones. These are defined for the three orthogonal geometry solvers:

ONEDANT, TWODANT and THREEDANT.

The fine mesh is the spatial solution-mesh for the problem. There are IT, JT and KT
number of fine meshes in the (x-y-z) or ( r-z-0) fine mesh intervals, respectively. No
material discontinuities may occur within a fine mesh interval. There are IM, JM, and
KM number of coarse meshgs which are each a separate material zone. The specification
of the fine mesh is accompiished by specifying how many equally sized fine mesh

intervals there are in each coarse mesh.

The coarse mesh makes up the spatial boundaries of the fine mesh and is formed by
partitioning the spatial domain of the problem into a number of coarse meshes. There are
IM, JM, and KM number of coarse meshes in each of the (x-y-z) or (r-z-8) coordinate
directions spanning the problem. Each coarse mesh interval contains one or more fine
mesh intervals. All fine meshes within a coarse mesh interval have equal widths. No

material differences or discontinuities may occur within a coarse mesh.

A “zone” is a spatial grouping of coarse meshes and is characterized by a single set of
multigroup cross section libraries, so that all fine meshes within a zone have the same
cross section. The user assigns a zone number to each coarse mesh. The zone number
tells the code which macroscopic cross section library set is to be used within that zone.

A zone equal to zero is used to specify that a coarse mesh is a void.
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3.3 Solving the Boltzmann Transport Equation

This section provides the specifics of the discrete ordinates method for the ONEDANT,
TWODANT, and THREEDANT solver modules in the development of the multigroup

discrete ordinates form of the time-independent Boltzmann transport equation. An

iterative procedure is used to solve the transport equation.

3.3.1 The First Order Form of the Boltzmann Transport Equation

The time-independent, inhomogeneous Boltamann transport equation may be written as:

V-Q¥F.EQN o F.E)Y F.EQ)= [[o F.E - EQ &) ¥ EQUEQ

where

1
+

ke

o
<~
[

%>
N

I

0 E Q) =

o(F,E)=
o,(F.E' > EQ &) =

o,F.E)=

V:

[[x¢.E' > E)ve (.E)¥ F,E,&)dE4Q + O (7, E,Q)

Particle fluence (particle number density times the

particle speed defined such that ¥(7, £,$2) a7 dE d2
is the flow of particles in dE about E in the space d7
about 7 with direction d<2.

Rate at which particles are produced in the space from
extraneous sources that are independent of the flux.

Macroscopic total cross section.

Macroscopic scattering cross section, from energy E’

to energy E through scattering angle Q- Q’.

Macrosopic fission cross section.

Number of particles emitted isotropically (1/41) per

fission.
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ks = K-effective eigenvalue of the system. If O (F , E, fZ) is

not zero in this equation, then k.5 is set to 1.0.

3.3.2 The Multigroup Energy Approximation

In the energy variable, E, the energy domain is partitioned into G intervals of width
AEg=Eq., — E; . The index g increases as energy decreases (since the normal transport of
particles in energy is from high to low energy as they collide with nuclei in the medium).
By integrating the Boltzmann equation with respect to energy over energy group g, we

obtain the following group-wise Boltzmann transport equation:

V0¥, .0 o, ()Y, F.0)= "g—;@%(ﬂﬁ%
2 _“4” sg'—>g (r #0) (?ﬁ) .
where
¥, (7 Q) . g 2
e = Particle fluence for group, g = j ‘P(r,E, Q)dE.
E8

oF.E) = [¥F.EQ)d0.

0,F) = JoF.E)E.

£

= Total cross section for group, g =

Epy

[0.(7.E)o(F. E) dE

E,

¢, ()
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Egy
%¢(F) = Group fission spectrum = I x(F,E)dE .
ES
G
<I>(F) = Fission production rate = ZVG P (F)(b P 7).
g’=l
VG 4, (F) = Nu-fission cross section for group g
E,
j vo ;(F,E)o(F,E)dE
0, (7)
A Eg—l A
o, (F,Q) = External source term for group g = j Q(?, E ,Q) dE .
- Eg
o B (F,p,o) = Scattering cross section from group g’ to group g
Ep Epy
[ [o.F.E'>EQ -OWF.E)dE dE
— E;, Ey
¢g’ (;: )
p,o = Q 4 Q’ .

In practice, the multigroup cross section libraries are supplied to the DANTSYS code
from a separate cross section library file that includes the energy groups, the weighting
functions, and the results of resonance processing. Because the choice of a cross section
library file to solve the transport equation is important in producing an accurate result,

great care should be used in selecting the appropriate cross section library.

3.3.3 Discrete Ordinates Approximation Method

The next variable to discretize after energy, E, is the angular variable, Q. Inthis method,
the angle is discretized over the unit sphere (47), through the use of an angular quadrature
which seeks to satisfy the following conditions:

(1) physical symmetries are preserved
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(2) spherical harmonics moments are well approximated in order to provide
an accurate representation of the source terms, and
(3) derivatives with respect to the angle coordinates that come from the

streaming operator are simply approximated.

Not all of the above conditions can be simultaneously satisfied; therefore, simplifications

are made. Basically each discrete ordinate is depicted as an angular direction vector,
flm , with an associated area on the unit sphere, w,, where m =1 to M, the number of

discrete ordinates. This number of discrete ordinates is derived from the Sy order

specified in Block-I of the input and can vary in different fine and coarse meshes. The

M
fundamental condition which must be met is that 2 w, =1.

m=]

To obtain the discrete ordinates approximation, the group-wise Boltzmann transport
equation is first integrated over energy as shown previously and then evaluated at the

particular directions in the quadrature:

xg(r)¢>( )

ﬁ’

27w, 6, )L+o,g(->v =200 )+ 58, F)

where
¥, F.Q,).

)
0,(F) = iwmq'gm(?).

m=l

L

l a
) = X T@+)1@,)08 ().
1=0 g=-I
0,,¢) = [r@)g,F.0)d.
¥?(Q}) = Spherical harmonic functions.

SS om ) Scattering source in group g, direction m.
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3.3.4 Iteration Procedure and Diffusion Synthetic Acceleration

An iterative procedure is used to solve the transport equation numerically. Two levels of
iteration are used, inner and outer. In order to reduce the computation time in the
DANTSYS modules, these iterations are accelerated toward convergence using the

diffusion synthetic acceleration (DSA) method developed at Los Alamos (4).

Assuming isotropic scattering, the first inner iteration equation for energy group g and

inner iteration 1 is given by

-V, 6.0)+0, (I, F.0)=0,,, F W} )+ 0, ()

where
‘I’; (F ,f)) = Angular flux for group g at the /th inner iteration
using a scalar flux ¢ ;" F ) assumed known from the
previous inner iteration.
o, () = Group source which remains unchanged for the group

throughout the performance of inner iterations.

The group source contains scattering and fission contributions to the group together with
any inhomogeneous source. The source is computed using the multigroup scalar fluxes
and moments from the previous outer iteration. In the diffusion synthetic method, a
corrected diffusion equation is used to determine the scalar flux needed for the next

iteration.

One sweep through the space-angle mesh allows the inner iteration to use the scalar
flux to solve for the angular flux. The sweeps are repeated until flux convergence to the
transport equation is achieved (or a user-specified maximum number of inners per outer

is achieved). The outer iterations update the multigroup source and are necessary if there
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are fissions or upscattering processes (scattering from a lower energy group to a higher

energy group) in the problem being evaluated.

3.3.5 Spherical Harmonics Expansion of the Scattering Source

The scattering cross section is represented by a finite Legendre polynomial expansion of

an order L (denoted in DANTSYS modules as ISCT). The equation has the form

A

L
Ooyg s )= ﬁg‘o @e+1)-0tp,, F) P -9).

The group scattering source SS,, (F )can then be written as

5,F)=33 3 o)t ()72, o, ¢)

g =0 g=—f

where
L = Legendre expansion order (L=1 to 4 for the MENDF

cross section libraries used in this work).

a~

7 ,)

0% () = Angular flux moments which correspond to the

Il

Spherical harmonics appropriate to the geometry.

appropriate spherical harmonics

Y @e+1w, 110, ¥, ).

m

3.3.6 Quadrature

For one-dimensional geometries, the number of discrete ordinates or angles depends on
the symmetry and the Sy order desired. Table 3-1 gives the number of angles used in

each case.



Table 3-1. Number of Quadrature Points, M, as a Function of Sy Order, N.

N Standard Plane Cylindrical Spherical
Geometry Geometry Geometry

2 2 2 2

4 4 6 4

6 6 12 6

8 8 20 8

12 k2 42 12

16 16 72 16

N N N-(N+2)/4 N

17
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For standard plane geometry, azimuthal symmetry is assumed in ¢ so that Q (/,t,(p)

becomes Q (1) and dQ becomes 27dy.. The angular flux moments are then

approximated by:

0e)= S W Pl %, ().

m=l

The discrete ordinates approximation to the transport equation then becomes

m

1) i%"x@ + O'(x)"l’,,, (x)=s5,(x).

For cylindrical geometry the multigroup transport equation is

] aﬁgg’ﬁ» 9 ﬁ"l‘gg’ﬁ»_‘_ ro, (r)‘l’(r,fl)= rS (r,fl).

The discrete ordinates approximation is then

d(r¥,, (r))
dr

=rS,F).

J17 {04172/ Wm b U172 =01 /2 / Wi 3 B2 (F)+ 70 ¥, ()

where o,,.,, and o, are angular coupling coefficients and satisfy the recursion

relation

a’m+l/2 5 am+—l/2 =Wl
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For spherical geometry, the multigroup transport equation is

m d("zd\f("))_*_ g d[(l"l;:l)"l’(r)‘ +126(r) ¥(r)=r2S (r,p)

where azimuthal symmetry in ¢ is assumed. The discrete ordinates approximation is then

2
Hm ik:rL(r)L{ Brs1/2/Wm b ¥me1/20)~{Bm1/2/ Wi } Y112 () Jr

+rc 7 A (r)= rsz (r)

where f3,..,, and B,.,, are angular coupling coefficients and satisfy the recursion

relation:
Bm+l/2 ) Bm—l/Z - —2wmum ;

For one-dimensional curved geometries such as cylinders and spheres, there are three
angular flux variables to be determined at each position, 7 : the two angular cell edge
fluxes ¥ .., (r) and ¥, .2 (r), and the average angular flux, ¥, (). The ¥,,..» (r_‘) term
is generally assumed to be known (except for m=1) from the previous computation of
angular cell mesh and continuity is also assumed at the boundaries. The diamond

difference assumption in angle is made relating ‘¥ ,,.,, (r) to ¥ () by:

¥, (r) = Fom-1/2 (r); WVooi2 (r) -

Since m=1 is not known, ONEDANT uses an inward direction start condition in curved

geometries to calculate the first ¥, .,» (7 ) term and assumes isotropic scattering for the
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angular flux. Therefore, d ¥/ 9 u| 7 - = 0 implies that ¥, (0)= constant for all m. The

constant is found by solving the starting direction equation as d¥/dr + o ¥=S.

3.3.7 Discretization of the Spatial Variable in One Dimension

The spatial domain of the problem is partitioned into a number of fine-mesh intervals of

(r,z,0)or (x,y, z) axes, as in AX;j=X j+12 - Xi-1/2 » €tC.

Spatial discretization of one-dimensional problems is performed by integrating equations
for one-dimensional geometries (spheres) over a mesh cell. For a one-dimensional

geometry, the resulting equation is discretized, is called the discretized balance equation,
and is the solved by the ONEDANT code. This balance equation for slabs, cylinders and

spheres is written in the following form:

1 (Ai+1/2\Pm,i+I/2 = A2V min12 )‘*‘ (Ai+l/2 oy Xam+l/2\yim+1/2 —Opy/2Yimar2 )/ W
+0,V.Y,, =SuV;

where
m = 1...MM = Index of direction.
i = 1...IT = Index of spatial cells.
Y. = Spatial cell centered angular flux.
Ym i+12 = Cell edge angular flux at the right cell edge.
Ai+12 = Area of the cell at the right edge.
V:; = Volume of cell i.

The diamond difference approximation is then used to specify the relationship between

the cell centered flux and the cell edge flux:

¥ = Woirira ¥ Waiz Yoz +Vri2s
5l 2 - 2




21

wherem=1...M; i=1...IT.

These last equations eliminate the unknown edge flux in terms of the known edge flux
and the cell centered flux by starting from a known boundary condition (edge flux at that
boundary) and following the particle flow. The information can then be plugged into the
previous balance equation to determine the cell centered flux and then the unknown edge
flux. Many times, the cells are too large (in number of mean free paths) and the value for
the unlsmown edge flux can extrapolate to a negative value, a physically impossible event.
The ONEDANT code then sets this negative flux value at the edge to zero (negative flux

fixup) and determines the average flux needed to satisfy particle balance.

3.3.8 Discretization of the Spatial Variable in Two and Three Dimensions

The angular and spatial discretization that is performed in ONEDANT is also performed
in TWODANT and THREEDANT with the extensions to the second and third
dimensions, respectively. Geometries in TWODANT include planar (x,y), cylindrical (r,
0), and polar (R, ®). In TWODANT the angular variable is treated the same way as in
ONEDANT, but the geometries are extended to include hemispheres.

The spatially discretized two-dimensional transport equation is

K (Ai+]/2, i ¥mivir2,j — i, j Yoio12, )+nti, j (\Pm,i, 4172~ WY, j-1/2 )

+ (Ai+1/2,j — Ay Xam+l/2\Pm+l/2.i,j =0 y/2 Vo124, )/ W,
+o,,.jV,.j‘P =85V

mij mij" i

where

b g = Flux on the right edge of the mesh cell.

m,i+1/2,j
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¥ Flux on the top edge of the mesh cell.

m,i, j+1/2

W2 = Angular direction edge flux.

Wy = Cell center angular flux.

A;y12; = Meshcell area in the i coordinate direction.
By = Mesh cell area in the j coordinate direction.
|2 = Mesh cell volume.

As with ONEDANT, the diamond difference approximation is then used in TWODANT |
to specify the relationship between the cell-centered flux and the cell edge fluxes (in both

spatial directions and the angular direction):

¥ +¥

g o mitl2 mi-1/12,j _ Yo jr1r2 + Vi jo1/2 Yoz ¥ Vo2

e 2 - 2 Z

wherem=1..MM; i=1...IT; and j=1...JT.

These last equations eliminate the unknown edge flux in terms of the known edge flux
and the cell centered flux by starting from a known boundary condition (edge flux at that
boundary) and following the particle flow. The information can then be plugged into the
previous balance equation for a two dimensional problem to determine the cell-centered
flux and then the unknown edge flux. As is true for ONEDANT, the cells in TWODANT
may be too large (in number of mean free paths) and the value for the unknown edge flux
can extrapolate to a negative value, a physically impossible event. The TWODANT code
then sets this negative flux value at the edge to zero (negative flux fix-up) in order to

resolve the balance equation.

For TWODANT, a second technique that can be used for spatial discretization is adaptive
weighted diamond differencing (AWDD). This method is based on a predictor corrector
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method to determine the weights that will give a positive edge flux rather than setting the

negative flux to zero. The details of AWDD are beyond the scope of this work.

For THREEDANT, the methods are the same except for the extension to three
dimensions, (X, y, z) and (r, z, 0). The Sy quadrature is the same except that 8 octants are
used instead of the 4 quadrants in two dimensions in TWODANT. The spherical
harmonics in THREEDANT are also the same as the slab entries from ONEDANT. The
spatial discretization has the same two options of negative flux fix-up and AWDD.
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4.0 INSTALLATION AND VERIFICATION OF PARTISN 2.64/DANTSYS 3.1
ON THE MANHATTAN (WITH MACHINE SPECIFICATIONS)

4.1 Installation

There are separate installation procedures for DANTSYS 3.1 and for PARTISN 2.64.
Both are outlined in their respective README files which are supplied with the code
package. The installation consists of running a code named GMAKE to create the
executable file, dant.x for DANTSYS 3.1 and partisn for PARTISN 2.64. The
executable files are used to supply the code modules with the proper paths to the input

and output files.

Using the supplied instructions in the README files, the DANTSYS 3.1 and PARTISN
2.64 codes were first installed by electronic transfer from the code developer to the
Manhattan computer custodian. Because machine errors were found later by running the
first set of PARTISN 2.64 verification problems, a second installation by compact disc
was performed by the Manhattan computer custodian.

4.2 Verification

Verification of the code consists of running a set of sample problems provided in the
code package to demonstrate that the installation has been done correctly. Typically
these sample problems are designed to exercise all important code options, not to
represent actual physical situations. The input files for these sample problems are
supplied in the code package. Output and results of the sample problems run after
installation of the code on the Manhattan are compared to results published and supplied
by the code developers at Los Alamos. Verification of proper installation is confirmed

when the results match those provided.
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For verification of installation of DANTSYS 3.1, a set of five sample problems were run.
Results comparison with the published results supplied by Los Alamos code developers

demonstrated that the installation results were identical to the published results.

For verification of installation of PARTISN 2.64, the multi-processor form of DANTSYS
3.1, a set of sixty sample problems were run from the electronic transfer of the code from
LANL to Y-12. Twenty-eight of the 60 sample problems failed to run or to compare well
with the published results supplied by Los Alamos code developers, demonstrating that

there was a problem with the installation of the code.

The process of verification revealed several machine processing problems. The problem
input files which were sent electronically to Y-12 from LANL appeared to be corrupted
in many cases, which was suspected to be the cause of some of the 60 problems not to
run initially. A request was made to LANL to send the sample problems on a compact
disc through the mail to prevent the corruption of the input files. Also, the verification
process revealed that the version of the MPI program running the multi-processor
function on the Manhattan was out of date and needed to be replaced. The version of the
compiler was also checked and was verified to be the same version as that used at LANL
for their multi-processing computer system. Maintenance was also performed on the

Manhattan by SGI technicians and the operation of the machine was improved.

The second attempt to run 74 verification problems, this time from compact disc
installation, was successful. The results are shown in Table 4-1. Of the 74 problems,
seven input decks were not provided, seven of them failed for reasons that were shown to

not indicate an installation error, and the remaining 60 problems passed the test.



Table 4-1. Comparison of Results of PARTISN Sample Problems.

27,

Verification | Verification S‘““; of Problem Comments
un on
Problem Problem Manhattan/Match
Number Output Status
Identifier
1 2dld.sgi.new Ran/matched ievt=0; both run w/4 processors
2 3dfc10.sgi.new Ran/matched ievt=0; both run w/4 processors
3 3dfc5_1.sginew Ran/matched ievt=0; both run w/1 processor
4 3dfcS_2.sgi.new Ran/matched ievt=0; both run w/2 processors
5 3dfeh2o0.sgi.new Ran/matched ievt=0; both run w/16 processors
6 3dfeh20_a.sgi.new Ran/matched ievt=0; both run w/1 processor
B  Failed | ievt=0; failed in Block 1. Corruption
: | Emror in input file: “nzone<3” instead
. - | of nzone=3. Does not appear to be
o die i _| installation error. _
-8 | ball_ld.sgi.new NA. | Input not included in CD files.
=y “ball_restart.sginew NA | Input not included in CD files.
10 | ball tsginew NA | Input not included in CD files.
1‘1 — bdrydd.sgi.new Ran/matched | ieﬁ=0; both run w/16 processors.
12 | bdryfl.sgi.new Failed ievt=0; error in Block S, array name
g “asfrnt™ undefined; both run w/ 4
processors. Does not appear to be
installation error, possibly current
| installed PARTISN version 2.64 does
Telin e ' . ' not utilize “asfrnt” array name.
13 bdrynl.sgi.new Ran/ matched ievt=0; both run w/16 processors.
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Table 4-1. Continued.
Verification Verification S“"“; of Problem Comments
un on
Problem Problem .Output Nl iatch
Number Identifier Status

14 bdryrz.sgi.new Ran/matched ievt=0; both run w/8
processors.

15 blksrc.sgi.new Ran/matched ievt=0; both run w/4
processors.

16 blockld.sgi.new Ran/matched ievt=0; both run w/15
processors.

17 blrztime.sgi.new Ran/matched ievt=0; both run w/1 processor.

18 bndfile.sgi.new Ran/matched ievt=0; both run w/4
processors, leakages different,
but within machine precision.

19 bsl_3d.sgi.new Ran/matched ievt=0; both run w/4
Processors.

20 bsl_3d.timeq.sgi.new Ran/matched time dependent file, matched
within machine precision.

21 bs1_3d_rstrt.timeq.sgi. Ran/matched time dependent file, matched

new within machine precision.

22 bs1_3d_rstrt.sgi.new Ran/matched ievt=0; time dependent file,
matched within machine
precision.

23 bs2_3d.sgi.new Ran/matched ievt=1; both run w/4
processors.

24 bs2_3d. timeq.sgi.new Ran/matched time dependent file, matched
within machine precision.

25 bs2_3d_rstrt.sgi.new Ran/matched ievt=1;

26 bs2_3d_rstrt.timeq.sgi. Ran/matched ievt=1; time dependent file,

new matched within machine
_ 8 precision.
27 | bs2_3d_mgllsgi. Failed ievt=1; Error in Block 5,
: loew o N | “unknown diffusion solver
: option, error tinpt21.” Does not

appear to be installation error.

| Possible current installed
PARTISN version 2.64 does

not utilize this option.
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Table 4-1. Continued.
Verification Verification S‘““::”’ roblem Comments
un on
Problem Problem Output | \\ . /Matc
Number Identifier h Status
28 | bs2_3d mgll rstrt. Failed .ievt=1; reed/seek local file does not
| sginew Lo | exist. This file possibly dependent on
Gt previous output. Does not appear to be
: . o o installation error. - :
29 | chimix.sginew A | Input not included in CD files.
30 i cubéOOO.sgi.riew Ran/matched ievt=0; both run w/4 processors.
31 cubel 11.sgi.new Ran/matched ievt=0; both run w/4 processors.
32 cylldk.sgi.new Ran/matched ievt=1; both run w/1 processor.
33 fehnl.sgi.new Ran/matched ievt=0; both run w/16 processors.
34 grpdsn.sgi.new Ran/matched ievt=1; both run w/16 processors.
35 | grpdsn_mgiLsgi.new Failed ievt=1; Error in Block 5 “unknown
1o ' i diffusion solver option, fatal input
| error — tinpt21” In Block 5,
diffsol=mg1]l, PARTISN 2.64 does not
S , “accept this array command.
36 grpdsn_mg3l.sgi.new Ran/matched ievt=1; both run w/16 processors.
(diffsol=mg in Block 5 in this file and
. ’ is accepted)
37 k _blk.dbl.coar.sgi. Ran/matched ievt=1; both run w/4 processors.
new
38 k_blk.sgi.new Ran/matched ievt=1; both run w/4 processors.
39 k_blk.uniform.coar. Ran/matched ievt=1; both run w/4 processors.
sgi.new
40 lwrl.sgi.new Ran/matched ievt=1; both run w/16 processors.
41 plssnl.sgi.new Ran/matched ievt=0; both run w/4 processors.
42 plssn2.sgi.new Ran/matched ievt=0; both run w/4 processors.
43 plssn3.sgi.new Ran/matched ievt=0; both run w/8 processors




Table 4-1. Continued.

Verification Verification Status of Problem Comments
Problem Problem Sk
Manhattan/Match
Number Output Status
Identifier

44 rtswp2da.sgi.new Ran/matched ievt=0; both run w/4
Pprocessors.

45 rtswp2db.sgi.new Ran/matched ievt=0; both run w/4
processors.

46 rz.sgi.new Ran/matched ievt=0; both run w/1 processor.

47 rza.sgi.new Ran/matched ievt=2; both run w/l processor;
leakages different, but within
machine precision.

48 rzswp2d.sgi.new Ran/matched ievt=0; both run w/4
processors.

49 - rzt.sgi.new Ran/ some answers | ievt=0; both run w/1 processor ,

different bottom and front leakages did

not match, but possibly not
important,

50 rzt3da.sgi.new Ran/matched ievt=0; both run w/16
processors.

b)) rzt3db.sgi.new Ran/matched ievt=0; both run w/16
processors.

52 rzt3dc.sgi.new Ran/matched ievt=0; both run w/16
Processors.

53 rztbox.sgi.new Ran/matched ievt=0; both run w/2
processors.

54 rztime.sgi.new Ran/matched ievt=0; both run w/1 processor.

55 rztime_rstrt.sgi. Ran/matched ievt=0; time dependent file.

new
56 rztime.timeq.sgi. Ran/matched time dependent file
new
57 rztime_rstrt.timeq. Ran/matched time dependent file.

sginew
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Table 4-1. Continued.
Verification Verification 5‘8‘“; of Problem Comments
un on
Problem PrOb!em Manhattan/Match
Number __Identifier Status
58 slabld.sgi.new - Ran/matched ievt=1; both run w/1 processor ,
‘ e | some values in balance table
dlﬂ'erent, but thhm machine
4o : G | precision.
=59 snu235.sgi.new AT e | Input not included in CD ﬁles.
60 spﬁere\ldv.sgi.new . Ran/matchéd ”ievt=0; both run w/ll proceés;or.
61 sphereld.timeq. Ran/matched time dependent file.
sgi.new
62 - sphndil.sgi.new NA Input not included in CD files.
63 sphndi2.sgi.new Failed | ievi=1; “ndi library error, ndi check
‘ ' _option error :
inpt20-=-20808, set iso ndi error in
inpt20=-20808.” Ndi library not
o _ -provided. Not installation error.
64 src_blk_coar.sgi Ran/matched ievt=0; both run w/4 processors.
.new
65 sTc_coar.sgi.new Ran/matched ievt=0; both run w/16 processors,
some leakages different, but within
machine precision.
66 src_coar.incol3d.sgi. Ran/matched NA to verification (appears to be
new utility file). :
67 t3d.1b.incol3d. Ran/matched NA to verification (appears to be
sgi.new utility file).
68 t3d.1b.sgi.new Ran/matched ievt=1;
69 well.sgi.new Failed ievt=0; both run w/16 processors.
; Error: “reed/seck local file does not
exist, bsxlib missing.””Not an
v ; installation error. :
70 Xy.sgi.new Ran/matched ievt=0; both run w/4 processors.
71 Xyz.Sgi.new Ran/some | ievt=0; both run w/4 processors,
answers different | leakage terms in balance table do

| not match, but may not be
' important.
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Table 4-1. Continued.
Verification Verification Sm“; of Problem Comments
un on
Problem PrOb!em Manhattan/Match
Number Identifier Status
72 Xyz_bl.sgi.new Ran/matched ievt=0; both run w/4 processors.
73 XYyzperz.sgi.new Ran/matched ievt=0; both run w/16
processors.
74 ‘NA

‘zonchi.sginew |

| Input not included in CD files.
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4.3 Machine Specifications

The Manbhattan is an SGI Origin 2000 with 96 R10000 100-250 MHz processors with 14
GBofRAM, 6000 GB disk storage (Raid 5 and JBOD), and 20.6 TB uncompressed tape
storage (6 DLT 7000 drives, a robotic tape library and a 252 tape capacity). It is more
powerful than the previous Y-12 Engineering HP, with 112 times more RAM and 300

times more disk storage.

Current application software available on the Manhattan includes Fortran 90, C and C++
compilers and various parallelizing, performance, and networking utilities such as Auto
Parallelizing Option software, Performance Co-Pilot and Legato Networker. It is
equipped with the LS Dyna Dynamic Stress and Thermal Analysis package as well as the
Metaphase product data management package and an Oracle database. The Manhattan
has been or will be equipped with the following:

(1) MCNP code packages (Monte Carlo transport codes for nuclear criticality and
shielding applications),

(2) ABAQUS (commercial stress analysis),

(3) Patran Pthermal (mesh generator and thermal analysis),

(4) ANSYS (commercial stress/thermal analysis),

(5) Pro/Engineer CAD package,

(6) Pronto 3D Transient solid dynamics package,

(7) JAS3D (3D implicit solids code for large deformations),

(8) Goma (multi-physics, free and moving boundaries), and

(9) Coyote (non-linear heat conduction solver).

For PARTISN 2.64/ DANTSYS 3.1 executions, there are 80 processors available, with
12 GB of RAM and 260 GB user disk storage. A simple set of test cases were run with a
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PARTISN 2.64 THREEDANT input file using various numbers of processors to find the
optimum performance of the code with respect to speed of the execution of the solver and
edit modules. With no other users sharing the multi-processors, the ANS6612.inp
THREEDANT version of the input file was run with 16, 32, and 64 processors. The
calculations took about 31 minutes, 13 minutes, and 8 minutes, respectively. However, it
was observed in one instance that when other users were sharing the multi-processors, a
64 processor run took longer than a 32 processor run using the same input file. This is
probably due to the fact that the 32 processor run was allocated 43 M of memory per
processor, but the 64 processor run was allocated only 17M of memory per processor.
More inefficiency is also introduced using the 64 processor run because information must
be shared between the processors in executing the solver and edit modules. This
“conversation” of many smaller memory processors takes more time than the
communication of fewer larger memory processors. This phenomenon varies
significantly with the number of users sharing the Manhattan and how large the jobs are.
The Manhattan may also be subject to a “weakest link” phenomena where the overall

timing is controlled by the slowest processor, but there is no firm evidence of this.

As aresult of the test cases, benchmark and vault model cases were run most of the time
with 32 processors to reduce or eliminate inefficiency in the processing and sharing of
information between the processors. It also provided a fairly constant measuring stick of
how long a calculation would take given the same coarse and fine mesh sizes. As the
models became more finely tuned and larger through the increase of the number of fine
meshes, however, the cases were run with 64 processors in order to save time overall.
Though the number of users and size of the jobs run on the Manhattan is not controlled,
current demand is not high enough on a regular basis to impact running the benchmark
and vault. model cases in a timely manner. This was aided by the PARTISN 2.64 jobs
being given a higher priority than other jobs. No notification has been made by the
owner of the Manhattan to indicate usage is expected to increase drastically in the near

future.
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5.0 DEVELOPMENT OF CROSS SECTION LIBRARIES, RESPONSE
FUNCTIONS, AND SOURCE TERM FOR PARTISN 2.64/DANTSYS 3.1

The three topics of this section, cross section libraries, response function development,
and source term development are all problem-dependent data used by transport codes for
shielding applications. The cross section libraries chosen for this work must be
consistent with the types of reactions that will take place in a fast (as opposed to thermal)
metal (as opposed to solution) nuclear criticality accident. For this type of accident,
prompt photons are generated with prompt nuclear fission of 2*°U. Secondary or
production photons are generated by neutron transport through other materials such as
concrete and air. CAAS detectors used in buildings for fissile material activities at Y-12
are gamma-activated detectors, either sodium-iodide crystal or plastic scintillation types
(6). Nuclear data specifications (Cross Section Library) are input in the
DANTSYS/PARTISN transport code Block-III Cross Sections LIB data item of the
INPUT module.

The source term chosen for a certain shielding study should be consistent with the type of
nuclear reactions and materials expected in the model. For storage of fissile material
without inherent hazards of loss of moderation control, a fast metal nuclear criticality
accident is the most likely type of accident. Prompt photons are generated with prompt
nuclear fission of 2°U. Secondary or production photons are generated by neutron
transport through other materials such as concrete and air. Therefore, the source term
should ideally include both neutrons and photons. The source term group energy
information is input in the DANTSYS/PARTISN transport code Block-V SOURCE array
of the SOLVER module. |

5.1 Cross Section Libraries

Nuclear data specification information is organized for the nuclear industry in computer
files known as cross section libraries. A cross section is a measurement of the probability

of a certain particle interaction (e.g., neutron-nucleus) to occur within a certain material
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isotope. A cross section library with more isotopes is naturally a larger file. Cross
section libraries are typically organized by particle type, such as neutron only, gamma

only, or neutron-gamma coupled libraries.

A neutron-nucleus reaction can be of several types as well. A fission reaction is the
absorption of a neutron by a nucleus and the resultant splitting of the nucleus into two
smaller nuclei with accompanying release of energy and 2-5 additional neutrons. A
capture reaction is the absorption of a neutron by a nucleus and the formation of a new
nucleus. A scattering reaction is the elastic or inelastic bouncing of a neutron off of a
nucleus (or briefly absorbed and forming a compound nucleus in an excited state before

the emission of a neutron) (7).

These cross sections are determined experimentally. To illustrate, one may assume a
beam of neutrons traveling at the same speed and direction incident on a material target
would be expected to have a certain reaction rate with that material proportional to the
number of neutrons/unit area - unit time (I) and the number of target nuclei/unit area
(Na)- A unit of proportionality (¢) which results from this assumption is called the

microscopic cross section:

R=c:I N,

R=0c (# neutrons/cm? - s) (# target atoms/cm’ )

where R is the reaction rate in (interactions/sec), G is in cm’, and can contain a subscript
to indicate specific interactions, i.e., G, for absorption, G; for scattering, and G, for the

total of absorption and scattering.

A nucleus is generally considered to have a radius of 10 ™' cm, with a geometric cross
sectional area of 10 2* cm?. Microscopic cross sections have an equivalent size unit
called a barn. However, other factors may affect this probability of interaction so that a

strict geometric interpretation is not valid. One of the factors seen in the fission cross
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section for **U is found in the resonance region of the spectrum, where the quantum
mechanics of the neutron-nucleus interaction cause the probability to vary widely.
If one assumes that the neutron beam incident on a material target of differential

thickness, one can calculate the total reaction rate per unit area as:

dR=0,I(x) dN, = o, I(x) Nox

where the number of target nuclei per cm® in dx is given by ON, = Noxand N is

number density of nuclei in the target. Noting that the depletion of the beam occurs for

every interaction, we have:

0I(x)=-9R=No, I(x)ox.

Solving for I(x):

I(x)=Le ™.

The product of N and 6; becomes what is known as the macroscopic cross section:

2, = No, = (# particles/unit volume) (unit area)

= (# particles/cm’) (cm?) = cm

which is the probability of a particle interacting with a large mass of material whereas a
microscopic cross section is the probability of a particle interacting with a single nucleus
of material. However it is more accurate to label X, as the probability that a particle will
interact with a nucleus in a material per unit path length traveled. Furthermore, there is

the dependence of the macroscopic cross section on the particle’s energy.
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Several multigroup cross section libraries were considered for use with PARTISN
2.64/DANTSYS 3.1 on the Manhattan. The first preference was to use local Oak Ridge
developed multigroup cross section libraries that have been successfully applied to
KENO.Va criticality calculations and DOORS shielding analyses. Two such libraries
developed at Oak Ridge are the 27-group neutron/18-group gamma coupled library and
the BUGLE-96 47-group neutron /20-group gamma coupled library (8). (A continuous-
energy cross section library, such as is used with MCNP, is not usable by PARTISN
2.64/DANTSYS 3.1.)

However, during research of the various cross section libraries available, we found that
the Los Alamos MENDF cross section library set was recommended by another UTNE
research project that involved installation, verification, and validation of DANTSYS 3.1
on the Y-12 NCSD HP workstation (9). The project’s future work recommendation was
to acquire Los Alamos MENDF cross section library sets to be installed at Y-12 work
stations in order to avoid errors and confusion encountered with the Legendre polynomial
2+ +1 term. Los Alamos codes and Oak Ridge transport codes use different definitions
of the anisotropic scattering cross sections. For this reason, an Oak Ridge developed

cross section library may not be compatible with a Los Alamos developed transport code.

The primary interest in validating PARTISN 2.64/DANTSYS 3.1 on the Manhattan is for
prompt photons and the secondary interest is in neutron and secondary photon production
in a criticality accident. Fast source neutrons interact with surrounding materials, can
generate photons through inelastic scattering and (n,y) absorption reactions. Ignoring
secondary photon production is a conservative treatment in a CAAS analysis since the

true radiation levels are underestimated.

For use in analyses that consider only prompt photon data, personnel from Los Alamos
provided the MENDFG cross section library which is extracted from the coupled
neutron-photon cross section library MENDFS5G. The MENDFS and MENDF6 cross

section libraries were also acquired for installation and use on the Manhattan with the
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help of personnel from Los Alamos National Laboratory and from the Radiation Safety
Information Computational Center (RSICC) located at Oak Ridge National Laboratory.
BUGLE-96 was also acquired for future work.

MENDFS5 is a 30-group neutron cross section library with 99 nuclides, and MENDF5G is
a 30-group neutron and 12-group gamma cross section library with the same 99 nuclides.
These libraries are designed for use in modeling fast (non-thermal) systems and are based
on ENDF/B-V nuclear evaluated data. There is no upscatter, all isotopes are at room
temperature, and PO through P4 scattering angle matrices are provided. MENDF5G
contains photon-production and photon transport cross section libraries. MENDFG is a

subset of the MENDFS5G library containing only the 12-group photon library.

MENDFG6 is a 30-group neutron cross section library which includes data forl67
nuclides. It is based on ENDF/B-VI nuclear evaluated data with several improvements
over MENDF5: more physical description of secondary particle energy-angle
distributions, extension in energy and detail of the resolved resonance data, isotopic
rather than elemental evaluations, and more consistent evaluations for standard reactions.
As with MENDFS, these cross section libraries are not designed for use in modeling
problems dominated by thermal neutrons. Also, as with MENDFS, there is no upscatter,
all cross section libraries are at room temperature, and PO through P4 scattering angle

matrices are provided.

Some mateﬁals were re-evaluated in MENDF6: D, 6Li, 9Be, 160, Fe, Pb, 235U, 238U, and
39py,, However, for certain problems, ENDF/B-V still outperforms ENDF/B-VI, and it is
important to remember that specific results are material and application dependent. At
the time the MENDF®6 cross section library was acquired in early Fall, 2001 (along with
documentation dated February, 1996), there was no photon-production and photon
transport cross section libraries prepared based on ENDF/B-VI data. Table 5-1 lists the
isotopes included in MENDFG.
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Table 5-1. Isotopes Included in MENDFG Library.

ZAID Isotope ZAID Isotope ZAID Isotope ZAID Isotope
1001.50 H 19000.50 K-nat 47000.55 Ag-nat 79197.56 BTAu
1002.50 ‘H 20000.50 Ca-nat 47107.50 TAg 82000.50 Pb-nat
1003.50 °*H 22000.50 Ti-nat 47109.50 Ag 83209.50 ™Bi
2003.50 *He 23000.50 V-nat 48000.50 Cd-nat 90232.50 “ATh
2004.50 He 24000.50 Cr-nat 50120.35 Fission Products 91233.50 Th
3006.50 SLi 25055.50 *Mn 50998.99 Fission Products— 92233.50 50
P
3007.55 Li 26000.55 Fe-nat 50999.99 Fission Products— 92234.50 =0
A
4007.35 Be 27059.50 *Co 54000.35 Xe-nat 92235.50 L)
4009.50 °Be 28000.50 Ni-nat 56138.50 %Ba 92236.50 =%y
5010.50 “B 29000.50 Cu-nat 63000.35 Eu-nat 92237.50 LET]
5011.56 B 31000.50 Ga-nat 63151.55 PlEu 92238.50 =y
6000.50 C-nat 33075.35 "As 63153.55 B3Eu 92239.35 ™y
6012.50 “G 36078.50 ™Kr 64000.35 Gd-nat 93237.55 “5'Np
7014.50 "N 36080.50 SKr 67165.55 "®Ho 94237.35 Spu
7015.55 BN 36082.50 YKr 69169.55 i 94238.50 py
8016.50 ‘o 36083.50 ®Kr 73181.50 "*'Ta 94239.55 Ppu
9019.50 R 36084.50 ¥Kr 74000.55 W-nat 94240.50 Tpy
11023.50 “Na 36086.50 %Kr 74182.55 Bw 94241.50 “py
12000.50 Mg-nat 39089.50 By 74183.55 Bw 94242.50 Hpy
13027.50 “Al 40000.50 Zr-nat 74184.55 T 95241.50 “Am
14000.50 Si-nat 41093.50 *Nb 74186.55 8w 9524250 | “*™Am
15031.50 p 42000.50 Mo-nat 75185.50 "®Re 95243.50 HAm
16032.50 2£S 45103.50 Rh 75187.50 ®'Re 96242.50 Cm
17000.50 Cl-nat 45117.90 | Averagefission | 77000.55 Ir-nat 96244.50 *Cm
product from
ESU
18000.35 Ar-nat 46119.90 | Average fission 78000.35 Pt-nat
product from
Bpy

*Note: ZAID is the matenal identification number for Los Alamos National Laboratory developed cross sections. The number value

before the period is symbolic of the atomic number of the material and its atomic weight, i.e., “1001” is hydrogen, atomic number 1

and atomic weight of 1.007. Deuterium is identified as “1002” with atomic number 1 but atomic weight 2.014. The number value

after the period is the cross section identifier, i.e., “.50” identifies the cross section is derived from ENDFB-V nuclear data, “.55 is
derived from ENDFB-V, Release 2, nuclear data.
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Because of the availability of needed isotopes and the decision to restrict our analysis to
photon sources, the choice was made to use the MENDFG cross section library with the
12-group photon library to validate PARTISN 2.64/DANTSYS 3.1 CAAS detector
placement in a vault-type storage building. The number of groups indicated in the
TWODANT input files command for ngroup is equal to 12. The number of isotopes
indicated in the TWODANT input files command for niso is equal to 99.

5.2 Response Function Development

A response function is an energy-dependent function that is multiplied by particle fluxes
to estimate biological effects or detector response. They are generally calculated using
radiation transport codes and the appropriate mathematical models of target bodies (e.g.,
detectors, human body models (phantoms)). Response functions are provided in table

form in various standards, code modules, and reports.

The response functions used for determining the response of a CAAS detector are based
on the physical characteristics of the detector. For example, for determining a rate of
exposure in air, a response function based on units of milliRoentgen/hour (mR/hr) is
used, and for determining absorbed dose rate or kerma, a response function based on
units of millirad/hour (mr/hr) or Gray/hr is used. The number of energy values used to
characterize a response function is not a limiting factor since the piecewise linear
response function shape can be integrated over the proper energy group ranges to be
consistent with a specified cross section library. The resulting group-wise response
function information is input in the DANTSYS/PARTISN transport code Block-VI
RSPE data item of the EDIT module.

Two documents were reviewed for their possible applicable content to response function.
The first is ANSI/ANS 6.1.1 American National Standard Neutron and Gamma-Ray
Flux-to-Dose-Rate Factors (1991 and 1977) (10). The second one is ICRU-57,
Conversion Coefficients for use in Radiological Protection Against External Radiation,

(1998) (11).
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5.2.1 ANSI/ANS 6.1.1

This standard is intended for use by shield designers to calculate whole-body dose
equivalents to radiation workers and the general public, but not to establish occupational
or public limits. Using ANSI/ANS 6.1.1 in cases where the dose equivalents exceed

occupational exposure guidelines is not recommended by the standard itself.

The standard includes data recommended for computing biological dose equivalents due
to neutron and gamma-ray radiation fields. The data include flux-to-dose-rate conversion
factors for neutron energies from 2.5x10® to 20 MeV, and for gamma-ray energies from

0.01 to 15 MeV.

Values from ANSI/ANS-6.1.1-1977, Neutron and Gamma Ray Flux-to-Dose-Rate
Factors, were considered for determining the response functions for the 12 gamma
groups used in the cross section library MENDFG for this work, but were not used
because the response function is in units of (rem/hr)/(photons/cm2 - s). The MCNP model
being confirmed by this work used the response functions given in ICRU-57 with units of

pGy - cm’.

5.2.2 ICRU-57

This report summarizes the work of the Joint Task Group on Dose-Related Quantities for
Radiological Protection against External Radiation established in 1991. In 1990, basic
rééommendations in ICRU-26 were replaced by those in ICRU-60 and included new
quantities for use in radiological protection. ICRU-57 is a review of basic data used in
the protection against external exposure to sources of ionizing radiation as they relate to
the new quantities discussed in ICRU-60. Some of the pertinent definitions included in
ICRU-57 are given below:
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Absorbed Dose (D): is the quotient of mean energy imparted by ionizing
radiation and matter of mass, m, D=d € /dm. The unitis 1 J/kg=100rad =

1 gray (Gy).

Effective Dose (E): is the summation of the equivalent doses in tissue multiplied

by the appropriate weighting factor, E = Z wy M.
T

Equivalent Dose (Hr): is the absorbed dose in tissue multiplied by the :

appropriate radiation weighting factor, Hrr = wj, - D, . . When the radiation

field is composed of radiation with different values of w,, the absorbed dose is

subdivided into blocks, each multiplied by its own radiation weighting factor and

the total is given by:

Hr= ZWR ‘D, . The unit is sievert (Sv).
R

Dose Equivalent (H): the product of the quality factor and the absorbed dose at a
point in tissue, H = QD. The unit is sievert (Sv).

Directional Dose Equivalent (H'( d,Q2)): is the dose equivalent at a point in a
radiation field that would be produced by the ICRU sphere at a depth, d,on a

radius in direction, 2. The unit is sievert (Sv).

Fluence (®): is the quotient of dN by da, where dN is the number of particles
incident on a sphere of cross-sectional areada, ® = dN/da. ‘The unit is # of

particles/cmz.
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Kerma (K): the quotient of dE,. by dm, where dE,, is the sum of the initial kinetic
energies of all the charged ionizing particles liberated by uncharged ionizing

particles in a volume element of mass dm, K =dE, / dm. The unitis 1 J/kg =100
rad = 1 gray (Gy).

A protection quantity is a dosimetric quantity specified in the human body by the ICRP,
e.g., effective dose and equivalent dose. An operational quantity is a quantity with which
by means of its measurement, compliance with the system of protection is demonstrated,
e.g., directional dose equivalent. Section 4 of ICRU-57 gives the conversion coefficients
that relate either air kerma free-in-air or particle fluence to protection and operational

quantities.

The conversion coefficient links the protection and operational quantities to physical
quantities characterizing the radiation field. The physical quantities usually calculated or
used are the tissue-absorbed dose (D), air kerma free-in-air (K;), and particle fluence

(D).

The 25 energy point values of ICRU-57 Conversion coefficients for air kerma per unit

fluence (K, /®) of monoenergetic photons were integrated over the 12 energy group
ranges required for MENDFG:

Trene

R
o

Eie

= response function for each of the 12 energy groups

where f(E) =the response functions given in ICRU-57 and presented in Table 5-2.



Table 5-2. Resulting Response Function Group Values for MENDFG Based on
ICRU-57 for Air Kerma per unit Fluence (K, /®) of Monoenergetic Photons.

Conversion coefficients for Air Kerma/Unit Conversion coefficients for
Fluence from ICRU-57 Air Kerma/Unit Fluence
(25 energy points) (13 energy points)
Photon Energy Ka/® Photon Energy Ka/®

(MeV) (pGy-cm?) (MeV) (pGy-cm?)
0.010 7.43 0.010 0.8410
0.015 3.12 0.1 1.3736
0.020 1.68 0.5 3.46
0.030 0.721 1.0 6.075
0.040 0.429 2.0 9.8925
0.050 0.323 4.0 13.1
0.060 0.289 5.0 15.1
0.080 0.307 6.0 17.1
0.100 2 0.371 7.0 19.1
0.150 0.599 8.0 21.075
0.200 0.856 9.0 23.025
0.300 1.38 10.0 24.0
0.400 1.89 20.0 37.6715
0.500 2.38

0.600 2.84

0.800 3.69

1.000 447

1.500 6.14

2.000 7.55

3.000 9.96

4.000 12.1

5.000 14.1

6.000 16.1

8.000 20.1

10.000 24.0
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According to ICRU-57, reference radiation fields are specified in terms of field
quantities, which, for both photons and neutrons, are normally fluence. Most dose
calculations are performed assuming that charged particle equilibrium exists at the point
of interest (detector). Often a kerma approximation of absorbed dose is applied because
absorbed dose is difficult to measure and calculate (when uncharged particles ionize
material they produce charged particles which deposit their energy elsewhere and are
harder to track). The kerma approximation assumes that, at the point of interest, the
charged particles are in equilibrium, so kerma is a good approximation to absorbed dose.
In the case of photon radiation, the kerma approximation assumes that secondary
electrons produced by photon interaction with target nuclei are in equilibrium with those

produced by bremsstrahlung.

Introduction to Health Physics (1983) discusses kerma from a more practical view (12).
It focuses on the initial kinetic energy of the primary ionizing particles resulting from
indirectly ionizing radiation such as photons and fast neutrons. For photons, these
primary ionizing particles produced are photoelectrons, Compton electrons and pair
production positron-negatron pairs. The quantity of these primary ionizing particles per
unit mass of target produced by the incident radiation is defined as the kerma. Kerma
values decrease continuously across the thickness of the target because of the continuous
decrease in the flux of the primary ionizing particles. The text further contrasts kerma
with absorbed dose by explaining that absorbed dose increases across the thickness of the
target as the density of the primary ionizing particles and the secondary particles they
produce increases. Once a maximum is reached, the absorbed dose decreases across the
remaining thickness of the target. This maximum is reported to occur at a depth about
equal to the maximum range of the primary ionizing particles. This relationship between

kerma and absorbed dose is shown in Figure 6.7 of Introduction to Health Pizj)sics (12).
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Several authors listed in ICRU-57 have determined that the kerma approximation for
absorbed dose is valid for photon energies up to about 3 MeV. At higher photon
energies, charged particle and radiation equilibrium becomes less assured. There are
other authors who question the assumptions of the kerma approximation and take the
view that at photon energies above 3 MeV, secondary charged particles resulting from
interaction in air between the source and the detector must be determined and
compensated for in detector calibration procedures. However, it is stated in ICRU-57
that the calculated conversion coefficients assume that secondary charge-particle
equilibrium exists at the point of interest of the radiation field where the measurement is
made and is valid up to 3 MeV photon energy. This is possible because it is valid to
assume that the slowing down of electrons is a smooth process as a function of energy,
provided that the range of the electrons is small with respect to the volume of the model
(11). Therefore, it is valid to evaluate the absorbed dose by means of a kerma

approximation (multiplying the incident fluence by the kerma conversion coefficients).

To determine whether the source term used in this work will generate photons at energies
predominantly below 3 MeV and thereby be valid for use of the kerma approximation, a
literature search was conducted to determine number and energy of the photons generated
from thermal neutron fission of 2°U. The first reference, Reactor Handbook, Shielding
(1962) (13), includes information from two sets of experiments, the older set reporting an
average prompt photon energy range from 0.9 to 2.5 MeV and a total éhoton energy
release of about 5 MeV. The newer set of experiments (conducted at ORNL) reported an
average prompt photon energy of 0.87 MeV and a total emitted photon energy of 7.5
MeV per fission. Both of these sources indicate that the average fission photon energy is
well below 3 MeV.

The second reference, Radiation Shielding and Dosimetry (1979), reports the following

curve fit for its prompt-fission gamma spectrum (14):
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6.6 photons/fission-MeV 0.1 <E<0.6 MeV
I'e = 20.0(e™'™) 0.6<E<1.5 MeV
7.2 (e'%F) 1.5 <E <10.5 MeV

The prompt-fission gamma ray spectrum for thermal neutron fission of >**U and is
shown in Figure 2.26 of Radiation Shielding and Dosimetry. The reported values of the
prompt-fission gamma ray spectrum for thermal neutron fission of 25U and is shown in
Table 2.10 of Radiation Shielding and Dosimetry. Integration of this function indicates
that only about 3.3% of fission photons have energy greater than 3 MeV:

<)
[To(B)dE=6.6%0.5 + 20/1.78 (¢ 77579 - 778709
0

+ 7.2/1.09 (e 1O US) _ o -109%()y

= JH2].

10
jrz (E)dE=17.2/1.09 (")
3

= 0.251.

Percent above 3 MeV =0.251/ (0.251 + 7.421)
= 3.27.

The last reference, The Absolute Spectrum of Photons Emitted in Coincidence with
Thermal-Neutron Fission of Uranium-235 (1970) (15), contains the results of
experiments to determine the absolute energy spectrum of prompt photons emitted as a
result of prompt fission of By by thermal neutrons. These experiments were conducted
at the Oak Ridge National Laboratory. The average number of photons per fission was

reported at 8.13 + 0.35 MeV and the energy release per fission was reported at 7.25 +
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0.26 MeV. These two results yielded an average energy per photon from thermal neutron
fission of 2°U of 0.89 + 0.05 MeV. All values corresponded to a photon energy range
from 0.01 to 10.5 MeV. Furthermore, the report states that the energy yield per fission
from photons below 0.01 MeV and above 10.5 MeV should be negligible. This
information is presented in the report’s Table VI-3, Photon Yields per Fission. The data
from this table reaffirms that about 97% of photons from thermal fission of 23U occur at
photon energies less than 3 MeV.

The report further defines “prompt” for their spectrometer systems by coincidence
resolving times to be in the range of 50-70 nanoseconds. This report is focused more on
the types of detectors (spectrometers) used, more detailed background corrections, and
the error propagation of the measuring method in order to more correctly predict total
photon energy release per fission since previous attempts fell short of observed

measurements.

After determining that there is sufficient evidence that the bulk of photon energies due to
neutron fission falls below 3 MeV (justifying the use of the kerma approximation for
absorbed dose), the final task is to ensure that there is no significant photon spectral
“shift” for fission events based on fast metal systems in contrast to thermal moderated
systems. Though no documentation was found as a result of a literature search and
discussions with several experienced experimentalists and nuclear engineers, most were
of the opinion that the increase in gamma energy as a result of fast neutron fission is not

significant.

In support of this engineering judgment, it is well known that very little work has been
done to determine the characteristics of prompt fission of nuclides other than 2°U.
However, some studies have revealed that the prompt photon energy spectra from
neutron fission of other nuclides such as 2**U, ?°Pu, and Z*Cfis very similar to that of
25U (13). As aresult, it is accepted practice to use the 23U prompt photon spectrum for

shielding applications involving these other isotopes. Similarly, the investigation and
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documentation of the energy spectrum of prompt fission photons from fast metal
accidents is probably very small; therefore, it is reasonable to assume the energy

spectrum is very similar to that of thermal moderated accidents.

Therefore, it has been shown that there is sufficient evidence that the bulk of photon
energies due to neutron fission falls below 3 MeV and that the use of the kerma
approximation for absorbed dose is justified. In addition to the estimate that only 3% of
the fission photons will have energy above 3 MeV, it is also expected that most of these
energetic photons will slow down (by pair production and Compton scattering) before

reaching the detector position, further justifying the use of the kerma approximation.
5.3 Source Term Development

The source term for particle transport code calculations is the input used to represent the
source particles (e.g., neutrons, photons) emitted from a problem-dependent nuclear
reaction (e.g., nuclear fission). The units for a source term are equal to the number of
particles emitted per unit volume (#/cm’) in each energy group. When the source
particles travel through a target thickness or problem geometry, the result is a particle
fluence as a function of position and energy group through that geometry, in units of
number of particles per unit area (#/cmz). If the source is emitting particles at a constant
rate, then the result is a fluence rate or particle flux in units of number of particles per

unit area per unit time (#/cm?- s).

For the validation problems reported in Section 6 of this report, the source particle type,
number, and spectrum were specified for us. Therefore, our source term development
effort was focused on determining the source for the criticality accident being considered

in the vault analysis reported in Section 7.

An actual nuclear fission event occurs over an extended volume and is therefore difficult

to model explicitly in the analysis. To simplify the model, a nuclear fission source is
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often represented as a point source that emits the same type, number, and spectrum of
particles as escapes from the actual accident event. This technique is valid as long as the
detectors placed in the problem model are assumed to be at a sufficient distance from the

source (typically 5-10 diameters) that the true accident source appears *“point-like”.

The source term chosen for a certain shielding study should be consistent with the type of
nuclear reactions and materials expected in the problem. For storage of fissile material
without inherent hazards of loss of moderation control, a fast (as opposed to thermal)
metal (as opposed to solution) nuclear criticality accident is the most likely type of
accident. Prompt photons are generated with prompt nuclear fission of >°U. Secondary
or production photons are generated by neutron transport through other materials such as
concrete and air. Therefore, the source term chosen should include both neutrons and
photons. The source term group energy information is input in the DANTSYS/PARTISN
transport code Block-V SOURCE array of the SOLVER module.

The source term was chosen based on the GODIV A experiment conducted at Los Alamos
National Laboratory. GODIVA is a 52.42 kg enriched uranium (93.2 wt % id 0)) sphere
with a radius of 8.741 cm. It was chosen because it closely resembles the type of nuclear
criticality accident that is most likely in a highly enriched uranium storage vault with
multiple failures in the form of loss of interaction and mass control, that is, assembly of
multiple uranium parts. Loss of moderation control is a possibility in storage areas that
are equipped with heat- or smoke-actuated water sprinkler systems, but other failures
such as loss of interaction or mass control would also have to occur before a moderated

nuclear criticality accident were considered very likely.

Several sources of information on GODIV A were reviewed before a final source term

input file was chosen. These sources were:

#1: The input file for GODIVA which is provided for the HEU-MET-FAST-001 nuclear
criticality benchmark experiment in the Office of Experimental Criticality Data
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#2:

#3:

#4.

(OECD) published manuals of benchmarks (16). The input file included a uranium
density of 18.74 g/cm’ and an input radius of 8.7407 cm. The uranium mass of the
assembly is 52.42 kg with a >**U enrichment of 93.71 wt %. Per the benchmark,
these specifications have been used for many years by various evaluators across the
industry in validating nuclear data and codes (11). The only shortcoming of the data
seems to be the omission of content for 2*°U, which should be a small but significant

constituent of the fuel.

A version of GODIVA used by students in the NE 421 Introduction to Nuclear
Engineering course at the University of Tennessee and was supplied in class notes.
This input file is based on standard composition theoretical uranium density of 19.05
g/cm’, which is multiplied by 0.985 for a resulting uranium density of 18.76 g/cm’.
The input file uses an input radius of 8.72 cm (probably found by a critical radius
search). The uranium mass of the assembly is 52.1158 kg with a 25U enrichment of

93.2 wt %, with contents of given for the uranium isotopes 2**U and ***U.

A version from the LANL DANTSYS 3.1 class training manual which uses GODIVA
as an example problem for its students and is almost identical to the HEU-MET-
FAST-001 input. This input file included a uranium density of 18.74 g/cm’ and an
input radius of 8.741 cm. The uranium mass of the assembly is 52.4337 kg with a
25U enrichment of 93.71 wt %. The principle shortcoming of this input deck was the

unphysical omission of any consideration of the expected 2**U and 2**U content.

A mixture of sources #2 and #3 above to attempt to use the strengths of each: the
critical dimensions and fuel density from #3 and the more physically reasonable

isotopics from #2.

For each of these sources, the dimension, fuel density, and isotopics are given in Table 5-

3, along with the k-effective estimates from various combinations of computer codes and
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cross section libraries. All of the result k-effective eigenvalues are within 1.3% of

critical.

Even though the ORNL version of GODIVA is closer to unity than the other two
versions, the ORNL version was not chosen because its model parameters could not be
confiimed. Therefore, the OECD benchmark version of GODIV A was chosen to extract
the outside boundary leakage values and collapse them for creation of the source term

input for a vault-type storage building model on the Manhattan.

Table 5.4 presents the outside boundary leakage values extracted from the OECD
Benchmark of GODIVA. The 18 photon energy groups were collapsed into the 12
energy groups ofthe MENDFG photon cross section library, assuming that the source
particles in each group are uniformly distributed across the group. Appendix B contains
the input files from all four of the source term GODIV A models. The output from the
OECD benchmark GODIV A model is also included.
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Table 5-3. Comparative Results of Four GODIV A Models.

Y-12 Manhattan
(P4)

Category LANL Student LANL/Student OECD
(srcterml) (srcterm?2) (srcterm3) (srctermd)
35y Density 18.74 g/cm’ 18.76 g/cm’ 18.74 g/cm’ 18.74 g/cm’
Radius 8.741 8.72 8.741 8.74141 cm
30 Isotopic NA 1.0 wt % 1.0 wt % 1.02 wt %
B5Y Isotopic 937wt % 932 wt% 93.7 wt% 937wt %
“( Isotopic NA 0.2 wt % 0.2 wt% NA
% Isotopic 63wt % 5.6 wt% 5.6 wt% 527 wt%
CSASIX Kg 1.00068 1.00138 1.0023 1.00485
Using 27n-18g
Coupled Library
Y-12 CMODB HP
ONEDANT K, 1.0079 1.0079 1.0079 1.0079
Reported in OECD
Using ENDF/B-IV 27
Group Library
ONEDANT K, Using NA NA 0.99035 1.0048
MENDFS5 Library
Y-12 Manhattan
(P3)
ONEDANT K, Using NA NA NA NA
MENDFS5 Library
Y-12 Manhattan
(P4)
ONEDANT K. Using NA 0.9874 0.9885 NA
. MENDF6 Library
Y-12 Manhattan
(P3)
ONEDANT K, Using NA 0.98702 NA NA
MENDF6 Library




Table 5-4. Outside Boundary Leakage Extracted from CSAS1X Output for

Development of Source Term.
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Photon Source Value Upper Photon Energy | Source Value for Upper
Energy for Group for | Energy of Group from Group (from RBL | Energy of
Group Source Term group Outside in output file) group
for (photons/cmz-s) MeV) Boundary (photons/cmz-s) (MeV)
Source Leakage (RBL
Term in output file)
1 4.409385E-8* 20 1 9.13699E-8 10
2 4.409385E-8 9 2 3.52715E4 8
3 2.35945E4 8 3 1.06940E-3 6.5
4 4.750756E-4 7 4 1.90944E-3 5
5 | . 7.142066E4 6 5 5.55783E-3 4
6 1.91204E-3 5 6 6.32565E-3 3
7 5.56546E-3 4 7 1.12292E-2 2.5
8 1.758498E-2 3 8 1.17675E-2 2
9 5.11491E-2 2 9 1.67855E-2 1.66
10 4.03269E-2 1 10 2.24965E-2 1.33
11 1.2259059E-2 0.5 11 1.58598E-2 1
12 2.921392E-5 0.1 12 1.68207E-2 0.8
0.01 13 1.51351E-2 0.6
14 3.62150E-3 04
15 9.35242E4 0.3
16 1.12778E-4 0.2
17 2.73780E-5 0.1
18 1.78643E-6 0.05
0.01

*Read as 4.409385x107®
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6.0 BENCHMARK CALCULATIONS FOR PARTISN/DANTSYS 3.1 CODE
VALIDATION ON THE MANHATTAN

6.1 Shielding Reference Calculations

There are currently no OECD shielding benchmarks using either a Monte Carlo
stochastic code package or a discrete ordinates code package. Therefore, to try to
identify suitable benchmark problems for validation purposes, several standards and other
references were reviewed: ANSI/ANS 6.6.1, other transport codes’ sample problems,
and the Kansas State University skyshine experiments conducted in 1977 (17), but never

formally included in the OECD shielding benchmarks.

Research of possible shielding problems from national standards that would be suitable
benchmarks inclu&ed review of the ANSI/ANS 6.6.1 benchmark problems. These
reference problems match several important characteristics of the CAAS vault analysis
with DANTSYS 3.1/PARTISN 2.64: materials including air, ground, and a physical
structure made of concrete, a point source term, and a particle detector. The geometry is
also similar: photon point source either in free air or placed in the center of a thick-walled

rectangular structure with no roof and detectors at various distances from the building.

Another set of photon experiments which were highly recommended because they had
been modeled successfully using MCNP is the set of Kansas State University skyshine
experiments performed in 1977 and reported in Nuclear Science and Engineering in 1992
(17). These experiments also are consistent with the vault problems materials: air,
ground, and concrete. The geometry is also similar: concrete silo with various strength
photon point sources, originally presented with no roof, 21 cm roof, and 42 cm roof, and
detectors at various distances from the silo. (Unfortunately, in discussion with Dick
Olsher, one of the original experimenters, the KSU skyshine experiments were never

performed with the two roof thiclnesses.)
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A search of other literature regarding shielding benchmarks included the manual for the
particle transport code COG, a code designed to solve the Boltzmann equation for deep
penetration (shielding) problems developed by Thomas Wilcox and Edward Lent (18).
COG includes a total of eight analytical and experimental comparison problems
evaluating neutron transport, photon transport, and secondary photon production in
shielding applications and one nuclear criticality problem. It also includes a wide variety
of materials and geometries. Only a few were applicable to this work, but not as good a
fit to the desired properties as the ones chosen from ANSI/ANS 6.6.1 and the Kansas
State University Skyshine experiments; therefore, the COG benchmarks were not used.

The literature search also identified the Shielding Benchmark Problems published by Oak
Ridge National Laboratory and the Radiation Shielding Information Center in July, 1974
(19). This set of benchmarks include a total of seven problems with a variety of
materials, point sources, and plane sources. Materials included water, borated
polyethylene, iron, thick sodium, air, and ground, only the last two of which were
applicable to this work. As with the COG benchmarks, the RSIC 1974 benchmarks that
used some applicable materials were not as good a fit as the ANSI/ANS 6.6.1
benchmarks or the KSU skyshine benchmarks. Therefore, the RSIC 1974 benchmarks

were not used.
6.2. ANSI/ANS 6.6.1 Reference Calculations

Calculated data are presented in ANSI/ANS 6.6.1 (5) which can be compared with
calculated data performed by individual investigators or analysts. The calculational
methods used to obtain the results presented in ANSI/ANS 6.6.1 include Monte Carlo,
discrete ordinates, point kemel, and numerical integration of parametric air-sdéttering
data. All four reference calculations from the ANSI/ANS 6.6.1 are described below, but
only Reference Calculation I.1 and 1.2 are used as benchmarks in this work because they

are consistent with the materials and geometry needed for the evaluation of the vault-type
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storage building model. Solutions of the reference problems were provided by various

members of the ANSI/ANS-6.6.1 Working Group.

Reference Calculations I.1. Problem 1.1 is for a point isotropic source of '*N gamma
rays (6.2 MeV) with a source strength of 1 photon/sec. The point source is positioned at
a height of 60 ft (18.3 m) above the air-ground interfaces. Detectors are at horizontal
positions ranging from 200 ft (61 m) to 5000 ft (1,500 m) from the point source at a
height of 3 ft (0.91 m) above grade. See Figure 6-1 for a graphical representation.

Reference Calculations I.2. Problem 1.2 is for an '°N point source of 1 photon/sec
positioned within a building having 4 ft (1.22 m) thick concrete walls on all four sides
with the source located in the center of the building at a height of 60 ft (18.3 m). The
height of the concrete walls is 62 ft. (18.9 m), and the inside dimensions of the 4-wall
building (no roof) are 100 ft (30.5 m) by 150 ft (45.7 m). Detectors are positioned as

described above for Problem 1.1. See Figure 6-2 for a graphical representation.

Reference Calculations I1.1 Problem No. II.1 is for a cylindrical tank, 12 ft (3.7 m) in
diameter and 35 ft (10.7 m) high, containing water with a uniformly-distributed source of
0.8 MeV photons. The volumetric source strength is assumed to be 30 MeV/cc-sec with
the tank wall neglected. Dose rates are determined at a height of 3 ft (0.91 m) above
grade at horizontal distances up to 1000 ft (305 m) from the axis of the tank. (See Figure
6.2 of the Standard for a graphical representation.) This problem is presented here for
information only. It was not modeled in PARTISN 2.64/DANTSYS 3.1 for this work.

Reference Calculation I1.2 Problem No. II.2 has the same geometry and source
distribution as that described for Reference Calculation No. II.1 except that the tank is
surrounded by a 35 ft (10.7 m) high annular concrete shield with a 2 ft (0.61 m)
thiclaness. (See Figure 6.2 of the Standard for a graphical representation.) This problem
is presented here for information only. It was not modeled in PARTISN 2.64/DANTSYS
3.1 for this work.
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The density of water is 1.0 g/cm’ with a number density of 6.69x10** atoms/cm’ of
hydrogen and 3.34x10% atoms/cm’ of oxygen. The ground density is 1.7 g/cm3 with the

composition presented in Table 6-2.

For both of the reference calculations used for this work, the air density is taken to be
1.22x107 g/cm3 with a number density of 1.07x10" atoms_/cm3 of oxygen and
4.02x10" atoms/cm’ of nitrogen. All dose rates are reported as absorbed dose rate in
units of rads (in air)/yr. One year is assumed to be 8766 hr (24hr/day x 365.25 days/yr).

The density of concrete is 2.34 g/cm’ and its composition is presented in Table 6-1.

Table 6-1. Concrete Composition from ANSI/ANS 6.6.1.

Element Atoms/cm’
H 7.86 E+21
Si 1.58 E+22
O 4.38 E +22
K 6.90E+20
Na 1.05 E+21
Ca ' - 292E+21
Mg 1.40 E+20
Fe-10 3.10 E+20
Al 2.39E+21
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Table 6-2. Ground Composition from ANSI/ANS 6.6.1.

Element Atoms/cm’
H 9.77E+21
o 3.48E+22
Al 4 88E+21
Si 1.16E+22

6.2.1 Reference Problem 1.1

The scattered and total absorbed dose rates in air for Reference Problem No. 1.1 are
functions of distance from the source. These results are presénted in Table 6-3. The dose
rates shown in Table 6-3 are for a detector elevation of 3 ft (0.91 m) above grade. The
results shown were computed with the QADMOD, DOT-II, SKY-SHINE, SKREEN,
COHORT-II, OGRE, and GGG computer programs.

The response functions used for this work are kerma/unit fluence which also has the units

of absorbed dose but in Grays instead of rads.

Table 6-3 reports the comparison between the ANSI.ANS 6.6.1 shielding benchmark
problem 1.1 absorbed dose results and the computer calculated absorbed dose results.

The uncollided flux using a point kernel method is also reported. Because of ray effects,
in order for good agreement to occur, a first collision source treatment is applied to the
two-dimensional r-z model. Because of the lack of a point analytical treatment
availability for r-z geometry in PARTISN 2.64 which is run using multi-processors, a
ray-tracing first collision source treatment is applied instead (20). This treatment uses ray
tracing and stochastic techniques to generate an uncollided flux file. The uncollided flux

file is used to create a first collision source which is then fed to the code discrete ordinate
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solver as a distributed fixed source. The resulting flux distribution from the first collision
source calculation is added to the uncollided flux distribution to get the total flux rate in
each calculational cell. The detector response is calculated from this total flux

distribution.

The ray-tracing first collision source treatment in PARTISN 2.64 has two options for
running. The first is to generate the uncollided flux file with only one processor, and then
to continue directly into the solver and edit modules using only one processor. This is
done by assigning FCSRC=RAYTR, FCNRAY=10000 (default number of ray tracings
per batch) and FCNTR=25 (default number of batches). The second option is to add
FCRSTRT=2 in Block 5 with the first three commands. This option generates the
uncollided flux file with one processor, then stops the run. The uncollided flux file is
called up in a second run of the same input file, but uses multi-processors to complete the
first collision source and distributed fixed source feed into the solver module.

For the second option, FCRSTRT=1 and FCNTR=0 to begin the solver and edit modules,
but with FCSRC, FCNRAY edited out. Only option 1 is used for problem I.1.

The problem 1.1 reference model is a 708 by 602 two-dimensional fine mesh size. After
a single #rial where the fine mesh distribution was adjusted and the number of inner
iterations was set at 100, the calculation did not converge, but took over 100 hours to run
using a single processor. A second trial was started with the number of inner iterations
set at 200. This trial took over 150 hours to run using a single processor. Again, the
calculation did not converge, but the values of the detector responses did not change.
Because of a lack of time to finish a third trial to increase the number of inner iterations,
the ANSI/ANS 6.6.1 Problem 1.1 benchmark calculation reported in Table 6.3 is the
unconverged second trial with 200 inner iterations. Even though the problem fluxes are
not completely converged at all space points and energy groups, the detector responses

have converged, matching the reference calculation result ranges within 15%.



Table 6-3. Results Comparison Between ANSI/ANS 6.6.1 Reference Calculation 1.1 as Modeled Using
THREEDANT—PARTISN 2.64/DANTSYS 3.1.

Benchmark | Calculated Reference Calculation Hand Calculated PARTISN Calculated PARTISN Calculated
Problem 1.1 Radius Problem I.1 Uncollided Flux Absorbed Dose Absorbed Dose
Radius Compilation of 7 Code (Point Kernel) W/out First Collision W/ First Collision
Results Source Treatment Source Treatment
Absorbed Dose (12ANS6611.0) (15ANS6611.0)
(fe) (cm) (rads/yr) (rads/yr) (% (rads/yr) (% (rads/yr) (%
diffeerence) difference) difference)
200 6096 9.0E-11 to 1.0E-10 8.82E-11 2 8.25E-12 91 9.21E-11 within
range
500 15240 1.5E-11 1.15E-11 23 2.47E-12 84 1.54E-11 247
1000 30480 2.5E-12 1.82E-12 27 5.95E-13 76 2.44E-12 -2.4
2000 60960 2.5E-13 to 3.5E-13 1.81E-13 28 9.96E-14 60 2.93E-13 within
range
3000 91440 5.0E-14 to 7.5E-14 3.19E-14 36 2.28E-14 54 5.97E-14 within
range
4000 121920 1.5E-14 to 2.0E-14 7.10E-15 53 6.49E-15 57 1.27E-14 within
range
5000 152400 4.0E-15 to 6.0E-14 1.80E-15 55 1.71E-15 57 3.44E-15 -14

S9
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6.2.2 Reference Problem 1.2

The scattered and total absorbed dose rates in air for Refierence Problem 1.2 are functions
of distance from the source. These results are presented in Table 64. The dose rates in
Table 6-4 are for a detector elevation of 3 ft (0.91 m) above grade. The results shown
were computed with GGG, SKYSHINE, OGRE, SKREEN and QADF, and COHORT-IL

The ANSLANS 6.6.1 shielding benchmark problem 1.2 is a 388 by 182 by 20 three-
dimensional fine mesh size. As with the two-dimensional benchmark problem, because
of ray effects, a first collision source treatment is applied to the three-dimensional x-y-z
model. A point analytical treatment is available for x-y-z geometry in PARTISN 2.64
which uses multi-processors, but is not applied because its development is not complete.
Instead, both options for the ray-tracing first collision source are used. Input file
8ANS6612 used the FCSRC=RAYTR option with one processor, but did not stop the run
to restart with multi-processors. This run took over 280 hours to complete. Input file
9ANS6612 used the FCSRC=RAYTR option with one processor, but also used
FCRSTRT=2 to stop the run and be restarted with multi-processors. This initial run,
which generated the uncollided flux file with one processor, took about 68 hours. It was
restarted to generate the first collision source and send the distributed fixed source to the
solver module as input file 10ANS6612 with FCRSTRT=1 and FCNTR=0 using 32
processors. This run took about 35 hours to complete. Both sets of results are close, as

reported in Table 6-4, although theoretically both sets of results should be identical.

All but one detector of the computer calculated results using the first collision source
treatment show good agreement with the benchmark results. This is most likely due to
continued ray effects, which would be nullified with a higher quadrature order. Even so,
the calculated results with the first collision source treatment are somewhat of an

improvement over the calculated results without the first collision source treatment. (The



67

improvement is not as dramatic as in Problem I.1, which is probably due to the concrete

wall, which provides some scattering to mitigate the ray effects.)



Table 6-4. Results Comparison Between ANSI/ANS 6.6.1 Reference Calculation 1.2 as Modeled Using
THREEDANT-PARTISN 2.64/DANTSYS 3.1.

Benchmark | Calculated Reference PARTISN Calculated PARTISN Calculated PARTISN Calculated
Problem 1.2 Radius Calculation Absorbed Dose Absorbed Dose Absorbed Dose
Radius Problem 1.2 W/out First Collision W/ First Collision Source W/ First Collision Source
Compilation of Source Treatment Treatment Treatment
5Code Results (1 processor) (32 processors)
Absorbed Dose (7ANS6612.0) (8ANS6612.0) (10ANS6612.0)
f?) ~ (cm) (rads/yr) (rads/yr) (% (rads/yr) (% (rads/yr) (%
difference) difference) difference)
200 6096 8.5E-13 to 2.0E-12 7.63E-12 282 5.56E-12 178 5.25E-12 163
500 15240 5.0E-13 to 8.0E-13 1.04E-12 30 9.93E-13 24 9.96E-13 25
1000 30480 1.8E-13 to 3E-13 3.78E-13 26 3.82E-13 27 3.84E-13 28
2000 60960 2.2E-14 to 6.0E-14 6.77E-14 13 6.99E-14 17 6.94E-14 16
3000 91440 8.0E-15 to 1.6E-14 2.11E-14 32 1.68E-14 5 1.67E-14 4.4
4000 121920 1.2E-15 to 5.0E-15 6.85E-15 37 5.07E-15 14 5.03E-15 0.6
5000 152400 7.0E-16 to 2.0E-15 2.15E-15 8 1.26E-15 Within 1.27E-15 Within
range range

89
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7.0 THREE-DIMENSIONAL EVALUATION OF A VAULT-TYPE STORAGE
BUILDING ON THE MANHATTAN SUPERCOMPUTER USING PARTISN
2.64/DANTSYS 3.1

7.1 Model

7.1.1 CAAS Detectors

The CAAS detectors used in the proposed building design are photon rate meters which
have the alarm set point set at 30 millirads per hour. Therefore, the only interactions of
interest between the fission source (nuclear criticality accident) and the detector are
prompt gammas coming directly from fission and those interactions which generate

photons such as (n, gamma) reactions with surrounding materials.

7.1.2 Fission Source and CAAS Detector Placement

The fission source is modeled in the center of a 15-foot corridor in between two adjacent
vaults 25 cm from the floor (21). The first detector is modeled 508 cm from the floor in
the corridor running perpendicular to the corridor between the two adjacent vaults but
placed at the far end of the corridor. The second detector is also modeled 508 cm from
the floor in the corridor running perpendicular to the corridor between the two adjacent
vaults, but immediately in front of the corridor between the two adjacent vaults. See

Figures 7-1 and 7-2 for details.

7.2 Analytical Method

7.2.1 Standards and Guidance

ANSIANS 8.3 does not require a CAAS for areas containing fissile material as long as:

1) the total amount of fissile material present does not exceed 700 grams of “’U;

or
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2) the physical form of the fissile material present is such that a nuclear
criticality accident is not possible; or

3) aProbabilistic Risk Assessment (PRA) has been performed, documented, and
approved by DOE which shows that the risk of a nuclear criticality accident is
less than 10 per year; or

4) the expected dose in the area will not exceed 12 rads in free air.

However, none of these conditions are assumed to be met in the storage building design

modeled for this work; therefore, a CAAS is required.

Discrete ordinate calculations, such as in PARTISN 2.64/DANTSYS 3.1, are used to
model the simple storage vault building in order to confirm previous results using Monte
Carlo shielding calculations. Fluence to dose conversion factors based upon air KERMA
fluence data for photons is taken from ICRU-57. Because of the presence of ray effects

in the model, a ray-tracing first collision source treatment was used.

It is postulated in previous documents that a burst in excess of 1x10'® fissions is expected
for a nuclear criticality accident with fissile material that may be stored in a highly
enriched uranium storage vault. Other references, such as DOE-HDBK-3010-94
postulates a burst of 3x10"° fissions for highly enriched uranium metal accidents (22).
However, the excursions that have been documented for large masses of metal systems in
DOE-HDBK-3010-94 are bound by 1x10'7 fissions. Therefore, as long as a detector
system can detect a smaller accident that would yield a burst of 1x10"7 fissions, it can
detect a larger burst as well. For this reason, it is conservative to choose a smaller fission
source of 1x10'7 fissions to model a nuclear criticality accident in a highly enriched

uranium storage configuration.

The concrete modeled in Y/DD-735 for large storage pallets is taken from the shielding
benchmark problems discussed in ANSI/ANS 6.6.1 (1987). This composition is used

because the design of the storage building and its contents is preliminary, and any
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materials used for construction of large storage pallets will have similar characteristics to
materials used in modeling concrete walls, firewalls, ceilings, and floors. These
characteristics include similar scattering properties and similar densities. However,
concrete used for large storage pallets will most likely contain a neutron absorber and be
slightly less dense than the concrete modeled in Y/DD-735. Therefore, using the
concrete composition is a conservative treatment of any large storage pallets that end up

in the final storage design.

7.2.2 Materials

The air composition is 9.6533x107° atoms/b-cm oxygen and 4. 1425x107 atoms/b-cm

nitrogen. The concrete composition used for the PARTISN calculations is shown in
Table 7-1.

7.3 Results

Table 7.2 shows the results of the calculations and compares them to the previous Monte
Carlo shielding calculations. Note that the MCNP results include the effect of time (i.e.,
‘the results are in dose per unit time). Inclusion of this effect means that the time
characteristic of the detector response from a prompt burst has been somehow taken into
account. The PARTISN results, however, do not have time rates in them, but are
presented as time-integrated dose. Actual determination of whether

the detectors will respond requires that these time issues be addressed. It is also a
possibility that an insufficient number of iterations in MCNP run or ray effects in the

PARTISN run will affect the prompt photon dose.

Appendix A contains the input and (abridged) output files for the PARTISN
2.64/DANTSYS 3.1 calculations.
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Table 7-1. Concrete Composition for Simple Storage Model.

Element Element Identifier Number Density
(atoms/b-cm’)

Hydrogen 1001.50 1.4660E-1
Oxygen 8016.50 5.1465E-2
Sodium-23 11023.50 8.5857E4
Magnesium 12000.50 1.0828E-4
Aluminum-27 13027.50 1.6651E-3
Silicon 14000.50 1.0575E-2
Potassium 19000.50 33176E4
Calcium 20000.50 1.3696E-3
Iron 26000.55 1.0435E4




Table 7-2. Comparison of PARTISN Calculational Results to MCNP Calculational Results for Simple Storage Vault

Model with a 10'” Fast Fission Accident.

Calculated | Calculated MCNP PARTISN Calculated PARTISN Calculated PARTISN Calculated
Detector Detector Calculational Absorbed Dose Absorbed Dose Absorbed Dose
Radius Height Results W/out First Collision Source W/out First Collision W/out First Collision
from from Absorbed Dose Treatment Source Treatment Source Treatment
Inside Floor-Y (Prompt) (2mod2.0) (Based on 10" fissions, 7.2 (Based on 10" fissions, 7.2
wall-X photons/fission) photons/fission)
(2mod2.0) (2mod2.0)
(cm) (cm) (Roentgen/hr) (pGy/fission photon) (Roentgen) (mrad)
229 251 NA 1.83E-11 1.16E-03 1.33E+00
229 508 0 2.89E-11 1.83E-03 2.10E+00
229 600 NA 1.73E-11 1.09E-03 1.26E+00
1906 251 NA 1.28E-10 8.09E-03 9.30E+00
1906 508 NA 2.88E-10 1.82E-02 2.09E+01
1906 600 NA 1.60E-10 1.01E-02 1.16E+01
3314 251 NA 3.34E-10 2.11E-02 2.43E+01
3314 508 NA 5.67E-10 3.58E-02 4.12E+01
3314 600 NA 3.24E-10 2.05E-02 2.35E+01
4993 251 NA 2.04E-9 1.29E-01 1.48E+02
4993 508 42 5.18E-9 3.27E-01 3.76E+02
4993 600 NA 4.19E-9 2.65E-01 3.04E+02

SL



77

8.0 CONCLUSIONS
8.1 Demonstration of Method Using PARTISN 2.64 on the Manhattan

The successful installation of the multi-processor transport code on the Manhattan
demonstrates that the code is a viable tool for use at Y-12 for shielding calculations. The
demonstration of good agreement between reference benchmarks and calculated results
on the Manhattan using a well-accepted standard such as ANSI/ANS 6.6.1 further proves
that the transport code is dependable for producing accurate results for further shielding
studies at Y-12.

8.2 CAAS Detector Placement

The goal in determining detector placement is to ensure that the calculated photon dose
rates from the prompt and (n, gamma) contributions exceed the CAAS detector alarm set
point of 30 mr/hr (millirad/hr) even in the presence of massive shielding. If the prompt
photon contribution alone exceeds the CAAS detector alarm set point, then a
conservative approach is valid, and it is possible that the total number of CAAS detectors

in the building may be reduced.

If prompt photon contribution alone does not exceed the CAAS detector alarm set point,
then the (n, gamma) contribution must be included and it may not be possible to reduce
the number of CAAS detectors. In the results reported in Table 7-2, the prompt photon
contribution alone exceed the CAAS detector alarm set point, and the (n, garmma)

contribution is not necessary.



79

9.0 FUTURE WORK

Future work should include the continuation of the validation of the ANSI/ANS 6.6.1 I.1
and 1.2 benchmark reference problems. The 1.2 benchmark should be run with a point
analytical first collision source treatment to verify the adequacy of the treatment to
nullify ray effects in three-dimensional geometry once the code developers have revisited

the application.

Future work should also include the validation of more experimental benchmarks on the
Manhattan, including the completion of the validation of the KSU Skyshine Experimental
Benchmarks as the use of PARTISN 2.64/DANTSYS 3.1 develops into a production
code and is used by the Nuclear Criticality Safety staff in shielding studies. This is a very
important facet of the modemization of the Y-12 National Security Complex. To have a
broader set of experimental benchmarks will enable Y-12 to continue perforining its own
shielding studies and have ownership of design and change control as facilities and
processes change with time. Appendix C includes initial information, tables and figures

to be used for completion of the validation.

Future work should also include two-dimensional evaluations of vault-type storage
building with simplified geometry using the _PARTISN 2.64/DANTSYS 3.1 code
package, and to evaluate the ;nore complex three-dimensional pallet storage vault model
for confirmation with previous MCNP calculational studies. In addition, for analysis of
detector placement outside fissile storage vaults, neutron dose rates should be calculated
for accidents occurring in corridors and operating areas outside of the storage vaults.
This should be considered because there will not be significant shielding or opportunity
for neutron capture as much as inside the storage vault. The limitation to this
consideration would be to assign any neutron traveling in excess of three mean free paths
-into a surrounding wall to neutron capture and not able to contribute to the final neutron

dose rate.
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There are two basic considerations to the method of calculating detector placement in the
proposed pallet-storage design. These are 1) where to place detectors inside the fissile
storage vaults where the pallets are stored, and 2) where to place detectors outside fissile
storage vaults where transfer and handling of fissile material and other operations such as
repackaging occur. For both, the prompt gamma dose rate and the secondary gamma
dose rate due to (n, gamma) reactions should be calculated. Also, inside the vault, the
streaming of photons in the air gap between the top of the pallet storage in the vault and
the ceiling should also be analyzed since this is considered to be a probable significant
contributor to the downstream dose rate. Appendix D includes initial information, tables

and figures to be used for completion of the confirmatory studies.

It is highly desirable to add other tools to the toolbox for future shielding analysts to use.
The first addition is the installation, verification, and validation of the discrete ordinate
transport code package DOORS which is developed at Oak Ridge National Laboratory.
DOORS contains the two-dimensional code module DORT and the three-dimensional
code module TORT. Because these are run only on a single processor, it is also desirable
to add any future code developments to DOORS that enable DORT and TORT to be run

on a multi-processor platform.

One of the most important goals for users of PARTISN 2.64/DANTSYS 3.1 on the
Manhattan should be to add BUGLE-96 cross section libraries to the validation as well as
MENDF5G coupled neutron-gamma cross section libraries. Using a coupled cross
section library may enable shielding analysts to justify reducing the number of required

CAAS detectors once the production photon fragment of the source term is included.
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3 0 0 :
ANS 6.6.1-1987 Problem I.1 TWODANT 1 gamma/s N-16 (6.2 MeV), iso. pt source

1828.8 cm above ground; det 91.44 cm above grnd and horiz.@ 6096cm & 1.524e5cm
12ans6611.inp/12ans6611.0

/  geometry = B2

/ cross sections - MENDFG, xslibb.mendfg, 12 gamma energy groups only
/ mixing - isotopes mixed to make materials named air

/ and ground

/ solver - S16-P4, source in group 4, first collision source
/ edits - card input supplied

/

/ block i

igeom=7, ngroup=12, isn=16 niso=99 mt=2 nzone=2
im=15 it=708 jm=8 jt=602
maxscm=16000000 maxlcm=34000000 t

/
/ block ii (geometry) °
xmesh= 0.0 10.0 6091, 6101, 15235, 15245, 30475, 30485,
60955, 60965, 91435, 91445, 121915, 121925, 152395, 152405
xints= 1, 100, 1, 100, 1, 100, 1, 100, 1, 100, 1, 100, 1, 100, 1
ymesh= -60.96, 0.0, 86.44, 96.44, 1824.0, 1834.0 3000.0, 6000.0, 30000.0
yints= 40, 10, 1, 100, 1, 50, 100, 300
zones=111111111111111;
222222222222222;
222222222222222;
222222222222222;
222222222222222;
222222222222222;
222222222222222;
222222222222222 ¢t
/
/ block iii (cross sections)
1lib=xs1ibb savbxs=1 /first cp xslibb.mendfg xslibb
t
/

/ block iv (mixing)
matspec=atdens /atomic density= atoms/b*cm

matls=dirt "1001.50" 9.77-3 /H
"8016.50" 3.48-2 /0

"13027.50" 4.88-3 /al

"14000.50" 1.16-2; /si

airl "8016.50" 1.07-5 /0
"7014.50" 4.02-5; /N

16



NN

~ ~ NN

/conc 1001.50 7.86-3 /B

/ 8016.50 4.38-2 /0

/ 11023.50 1.05-3 /Na

/ 12000.50 1.40-4 /Mg

/ 13027.50 2.39-3 /Al

/ 14000.50 1.58-2 /81

/ 19000.50 6.90-4 /K

/ 20000.50 2.92-3 /Ca

/ 26000.55 3.10-4; /Fe
assign=ground dirt 1.0; /zone 1

air airl 1.0 t /zone 2

/concrete conc 2.34

block v (solver)
first collision source is FCSRC, location is in sourcy,
energy spectrum is in source
ievt=0 iitm=100 oitm=50 isct=4 ibr=0 ibt=0 ibb=0
norm=1.0 fluxp=1 xsectp=0 sourcp=1 balp=0

energy grp (4 of 12) for the 6.2 MeV photon/s src. use whenfcsrc=ana:
source= 0,0,0,1, £0

fine mesh location on the x axis (r) of the point source:
sourcx= 1, f0

fine mesh location on the z axis of the point source:
sourcy= 152z, 1, f0
/fcsrc=ptana
/fcxpos=1
/fcypos=148
€

* % % * block vi (edits) * * * *
pted=1 =zned=1 igrped=3
use (J-1)NX + i J=jm=51;NX=708; i=im=102,203,304,405,506,607,708
points=35502, 35603, 35704, 35805, 35906, 36007, 36108
Resp fcns in Air Kerma/unit Fluence in pGy/cm~2 for 12 energy groups:
rsfe=23.025, 21.075, 19.1, 17.1 15.1, 13.1,
11.03 8.755, 6.075, 3.46, 1.3736, 0.8410 t
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0

0

ANS 6.6.1-1987 Problem I.1 TWODANT 1 gamma/s N-16 (6.2 MeV), iso. pt source
1828.8 cm above ground; det 91.44 cm above grnd and horiz.® 6096cm & 1.524e5cm

15ans6611.
geomet

~

inp
ry

cross sections -

/

/ mixing
/

/  solver
/ edits
/

/

block i

r-

MENDFG, xslibb.mendfg, 12 gamma energy groups only
isotopes mixed to make materials named air

and ground
S16-P4, source in group 4, first collision source
card input supplied

igeom=7, ngroup=12, isn=16 niso=99 mt=2 nzone=2
im=15 it=708 jm=8 Jjt=602
maxscm=16000000 maxlcm=34000000 ¢t

/
/ block ii (geometry)
xmesh= 0.0 10.0 6091,6101, 15235, 15245, 30475, 30485,
60955, 60965, 91435, 91445, 121915, 121925, 152395, 152405
xints= 1, 1,00, 1, 100, 1, 100, 1, 100, 1, 100, 1, 100, 1, 100, 1
ymesh= -60.96, 0.0, 86.44, 96.44, 1824.0, 1834.0 3000.0, 6000.0, 30000.0
yints= 40, 10, 1, 100, 1, 50, 100, 300
zones=111111111111111;
222222222222222;
222222222222222;
2222222222222 22;
222222222222222;
222222222222222;
222222222222222;
222222222222222 ¢t
/
/ block iii (cross sections)
lib=xslibb savbxs=1l /first cp xslibb.mendfg xslibb
¢ v
/
/ block iv (mixing)
matspec=atdens: /atomic density= atoms/b*cm
matls=dirt "1001.50" 9.77-3 /H
"8016.50" 3.48-2 /0
"13027.50" 4.88-3 /al
"14000.50" 1.16-2; /81
airl  "8016.50" 1.07-5 /0
"7014.50" 4.02-5; /N
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/conc 1001.50 7.86-3 /H

/ 8016.50 4.38-2 /0

/ 11023.50 1.05-3 /Na

/ 12000.50 1.40-4 /Mg

/ 13027.50 2.39-3 /Al

/ 14000.50 1.58-2 /si

/ 19000.50 6.90-4 /K

/ 20000.50 2.92-3 /Ca

/ 26000.55 3.10-4; /Fe
assign=ground dirt 1.0; /zone 1

air airl 1.0 t /zone 2

/concrete conc 2.34
/
/ block v (solver)
/  first collision source is FCSRC, location is in sourcy,
/ energy spectrum is in source
ievt=0 iitm=200 oitm=50 isct=4 ibr=0 ibt=0 ibb=0
norm=1.0 fluxp=1 xsectp=0 sourcp=1 balp=0

/ energy grp (4 of 12) for the 6.2 MeV photon/s src. use whenfcsrc=ana:

source= 0,0,0,1, f0

/ fine mesh location on the x axis (r) of the point source:
sourcx= 1, f0

/ fine mesh location on the z axis of the point source:
sourcy= 152z, 1, fO0 :

fcsre=raytr
fcnray=10000
fcntr=25
t

/

/

/ * * * * block vi (edits) * * * +
pted=1 zned=1 igrped=3

/ use (3J-1)NX + 1 J=jm=51;NX=708; i=im=102,203,304,405,506, 607,708
points=35502, 35603, 35704, 35805, 35906, 36007, 36108

/ Resp fcns in Air Kerma/unit Fluence in pGy/cm”2 for 12 energy groups:

rsfe=23.025, 21.075, 19.1, 17.1 15.1, 13.1,
11.03 8.755, 6.075, 3.46, 1.3736, 0.8410 t
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0

ANS 6.6.1-1987 Problem I.2 THREEDANT 1 gamma/s N-16 (6.2 MeV), pt, isotropic
1828.8 cm above ground, in conc bldg detectors 91.44 cm above ground and
horizontally at 6096 cm and 1.524e5 cm 7ans6612.inp PARTISN
/ geometry - X-Y-2

cross sections - MENDFG, xslibb.mendfg

/

/ mixing
/ solver
/ edits
/A

/

block i

- isotopes mixed to make materials named air and ground
- S16-P4, source in group 4, fcsrc=ptana
- card input supplied

igeom=x-y-z, ngroup=12, isn=16 niso=99 mt=3 nzone=3
im=19 it=390 Jjm=11 Jjt=87 km=8 kt=24
maxscm=44000000 maxlcm=220000000 ¢t

/
/ block ii
xmesh=

xints=
ymesh=

yints=
zmesh=
zints=
zones=

(geometry)

-1524, -1402, -5,5, 1402, 1524, 6046,6146, 15190,15290, 30430,30530
60910,61010, 91390,91490, 121870,121970, 152350,152450

1, 20, 1, 20, 1, 10, 1, 40,1, 50,1, 60,1, 60,1, 60,1, 60,1

-60.96, 0.0, 86.44,96.44, 1824,1834, 1890, 3000, 6000, 12000,
18000, 30000

2 2,1, 40, 1, 1, 10, 6, 6, 6, 12

-30000, -6000, -2286, -2164, 0.0, 2164, 2286, 6000, 30000

6, 3, 1, 2, 2,1, 3, 6

1111111111111111111; /k=1-6, j=11-1, i=1-19:
2222222222222222222; /[first face of model
222222222222222222%2;
2222222222222222222;
2222222222222222222
22222222222222222.22;

22:22222'22022 2222222

22222222 2:.22 2V 22202 22

222222 227222222222 22;
2222222222222222222;

2022022022222 22222 222 2;
1111111111111111111; /k=7-9, j=11-1, i=1-19:
2222222222222222222; /second face of model
2222222222222222222;
2222222222222222222;
2222222222222222222;
2222222222222222222;
2222222222222222222;

$6



96

o on su o

NANANN
NANNN
NNANAN
NANNN
NANANN
NANNN
NANANN
NANANN
NNANN
NNANN
NANANN
NANANN
NANANN
NANANN
NANANN
NANANN
NANNN
NANANN
NANANN

/k=10, j=11-1, i=1-19
/third face of model

. sL 4 su Su Sa Su Sa u on S
HANNNNNNNNANN
HANANNNNNNNANN
aNNANANNNNANN
HANNNNNNNNANN
HANNNNNNNNNN
HANNNNNNNNNN
HANNNNNNNNANN
HANANANNNNNNANN
HANNANNNNNNANN
HANNNNNNNNNN
HANNNNNNNNANN
HANNNNNNNNANN
HANANANANNNNNANN
HANANANNNNNNANN
-HOMOOOMANNNNN
HOMOMONNNNN
H-FOMOMOANNNNN
- OOOMMONNNANN
-HOOMOOOMANNNNN

/fourth face of model

/k=12-12

. oS4 SL Sa sa Sa on su sa
NANANANNNNANN
NANANANANANNANN
NANNNNNNNN
NANNANNNNNN
NANANANNNANNN
NANANANNNNANN
NANANNANNNANN
NANANANNNANANN
NANANANNNNANN
NANANANNNNANN
NANNNNNNNN
NANANANNNNANN
NANANANNNNANN
NANANANANNANNN
MOOMOONNNNN
NANANNNNANANN
NANANANNNNANN
NANANNNNANANN
MOOMOOANNNANN

/fifth face of model

/k=13-14

a Su SL Sn Su e . Sa sa oa o
HANANNNNNNNANN
HANNNNNNNNNN
FANANNNNNNNNN
HANNNNNNNNNN
HANNNNNNNNNN
HANNNNNNNNNN
HANANNNNNNNANN
HFANANNNNNANNANN
HANNNNNNNNNN
HANNNNNNNNNN
HANANNNNNNNNN
HFANNNNNNNNNN
HANANNNNNNNNN
HANANNANNNNNNN
13333.322.7—22
HANNNNNNNNNN
HANNNNNNNNNN
HANANNNNNNNANN
-OMOMmOOMOANNNNN

/sixth face of model

/k=15,



s ea Sn su en on

n on en
NANANNANNANANN
NANANNANNANNN
NANANNNNNNN
NANANNNNANNN
NANANANNNANANN
ANANANNNNANANN
NANANNANNANNN
NANANANANNANANN
NANANNANNANANAN
NANANNANANANANN
NANANNANNANNAN
NANANNNNANANN
NANANNNNNANN
NANANNNNANANN
MOOMOANNNANN
MOMOMOANNNANN
MOMMOANNNANN
MEOOMONNNANN
MO OMANNANANAN

/seventh of model

/k=16-18,

6 oa Sa en Sn en Su Sa Su ea oa
- NN NANANANANANN
HFANANNANANNNNANN
HFANANANANANNNNANN
HFANANNNANANANNANN
HFANANANANANNNANANN
HANANNANNNNNNN
HANNANANNNNANANN
A NANNNANANNANANN
HFANANANANANANNANANN
HAANANANNNNNANN
HANANANANANNNNANN
HANANANANNNNNANN
HFANANNANNNNANANN
HFANNANNNANNANN
HANNANANNNANNANN
HFANANNANNNNANANN
HANANNANANNNANANN
HFANANNANANNANNANN
HANANNANNNNNANN

’

/last face of model

/k=19-24,

a sn Sa oa su Sw o
- NANNN

HFANNANANNNNANANN
HFANANANANNNNANANN
HFANNANANANANANANANN
HFANNNANNNNNANN
HFANANANANNANNNANN
HFANNANANANNANANANN
HANANANANNNANANNANN
HFANNNANNNNANANN
HFANANANANNNANNANN
HFANNNANNANNANANN
AN ANANANANANNNANN
HFANANNANNANANNANN
FANANNANNANNANANN
HANNANANNNNNANN
HFANNNANNANNNANN
HANNNANANANNNANN
HFANNNANNNNANANN
HFANNNANNNNANANN

/

/first cp xslibb.mendfg xslibb

/ block iii (cross sections)
lib=xslibb savbxs=1

t

/

/ block iv (mixing)

/atomic density= atoms/b*cm
9.77-3
3.48-2
4.88-3

"1001.50"

matspec=atdens
matls=dirt

/H

/0
/Al

"8016.50"
"13027.50"

97



NN

NN NN

"14000.50" 1.16-2; /81
airl "8016.50" 1.07-5 /0
"7014.50" 4.02-5; /N
conc  "1001.50" 7.86-3 /H
"8016.50" 4.38-2 /0
*11023.50" 1.05-3 /Na
"12000.50" 1.40-4 /Mg
*13027.50" 2.39-3 /Al
"14000.50" 1.58-2 /si
"19000.50" 6.90-4 /K
"20000.50" 2.92-3 /Ca
"26000.55" 2.10-4; /Fe
assign=ground dire 1.0; /zone 1
air airl 1.0; /zone 2
concrete conc 1.0 ¢t /zone 3

block v (solver)
norm is 24 hr/day*365 day/yr

first collision source is FCSRC, location is in sourcy,

energy spectrum is in source

ievt=0 iitm=200 oitm=60 isct=4 ibb=0 ibt=0 ibl=0 ibr=0 ibback=0

norm=1.0 fluxp=1 xsectp=0 sourcp=1 balp=0 ibfrnt=0
energy grp (4 of 12) for the 6.2 MeV photon/s src. use whenfcsrc=ana:

source= 0,0,0,1, £f0

fine mesh location on the x axis
sourcx= 21z, 1, f0

fine mesh location on the y axis
sourcy= 45z, 1, f0

fine mesh location on the z axis
sourcz= 11z, 1, fO0
/fcsrc=ptana
/ fcxpos=0 /source position
/fcypos=1829 /source position
/fczpos=0 /source position
t

* # & ¥ block! vi (ediEs) * & * ¥
pted=1 2zned=1 igrped=3

use i+(3-1)NX+(k-1)NXNY; j=jt=5;

i=im=54, 95, 146, 207, 268, 329,
points=374844, 374885, 374936,

of the point source:
of the point source:
of the point source:
in cm

in cm
in cm

k=kt=12 NX=IT=390; NY=JT=87
390
374997, 375058, 375119, 375180

395092,395124, 395165, 395216, 395277,395338,395399, 395460
397432,397464,397505,397556, 397617, 397678,397739, 397800

/9=5
/=57
/=63

86



399772,399804,399845, 399896, 399957, 400018, 400079, 400140 /j=69
402112,402144,402185,402236, 402297, 402358, 402419, 402480 /3=75
406792,406824,406865, 406916, 406977, 407038,407099,407160 /=87
/ Resp Fcns in Air Kerma/unit Fluence from ICRU-57
/ in pGy/cm~2 for 12 energy groups
rsfe=23.025, 21.075, 19.1, 17.1, 15.1, 13.1
11.03, 8.755, 6.075, 3.46, 1.3736, 0.8410 t

66



3 0 0
ANS 6.6.1-1987 Problem I.2 THREEDANT 1 gamma/s N-16 (6.2 MeV), pt, isotropic
1828.8 cm above ground, in conc bldg detectors 91.44 cm above ground and
horizontally at 6096 cm and 1.524e5 cm 8ans6612.inp PARTISN

/ geometry - X-Y-2

/ cross sections - MENDFG, xslibb.mendfg

/ mixing - isotopes mixed to make materials named air and ground
/ solver - S16-P4, source in group 4, fcsrc=raytr

/ edits - card input supplied

/

/ block i

igeom=x-y-z, ngroup=12, isn=16 niso=99 mt=3 nzone=3
im=19 it=390 Jjm=11 3jt=87 km=8 kt=24
maxscm=44000000 maxlcm=220000000 ¢t
/
/ block ii (geometry)
xmesh= -1524, -1402, -5,5, 1402, 1524, 6046,6146, 15190,15290, 30430,30530
60910,61010, 91390,91490, 121870,121970, 152350,152450
xints= 1, 20, 1, 20, 1, 10, 1, 40,1, 50,1, 60,1, 60,1, 60,1, 60,1
ymesh= -60.96, 0.0, 86.44,96.44, 1824,1834, 1890, 3000, 6000, 12000,
18000, 30000
yints= 2, 2, 1, 40, 1, 1, 10, 6 6, 6 12
zmesh= -30000, -6000, -2286, -2164, 0.0, 2164, 2286, 6000, 30000
zints= 6, 3, 1, 2, 2, 1, 3, 6

zones= 1111111111111111111 /k=1-6, j=11-1, i=1-19:
2222222222222222222; [/first face of model
222 2223222222322122 3
2222222222222222222;
2222222222222222222;
2222222222222222222;
2222222222222222222;
2222222222222222222;
4224322823232 23221222;
2222222222222222222;
2222222222222222222;
1 2 k1112911421191 11 /k=7=9 j=11-1, 1=1-19:
2222222222222222222; /[second face of model
22 20 2202 22 242 2 2022 2] 2°2°21 ‘2.2
2122 2272 2 2222 22272 2 2'2;
TR TR R 33222022 TTD
A2 22222 2 22 222222 2;
2222222222222222222;

001



e su su on
NANANN
NNNN
NANANAN
NANANAN
NANANN
NNANN
NNANN
NNANN
NNANN
NNANN
NANANN
NANANN
NANANAN
NNANN
NNANAN
NNANN
NNANAN
NANANN
NNNN

/k=10, j=11-1, i=1-19
/third face of model

122222.22222
HANNNANNANNANANN
HANNNANANANNANANN
HFANNNNNNNNANN
HFANNNANNNNANANN
HFANANNANANANNNANN
HANNANNANANNNANN
HANNNNANANNANANN
HANNNANNANNANANN
HANNNNNNNNANN
HANNNNNNNNANN
HANNNNNNNNANN
HANNNNANANNANANN
HFOOMOMOMOONNNANN
HOOMOOOMOOMOANNNANN
-OOMOOMOANNNNN
-OOMOOOMANNNNN
-HOMOOMOANNNNN

-

[-]

o

o

E

“

o

[

(9]

(]

“
~N
-

[
]
- 3

[ e}
A W
N~

B T Y
HANNNNNNNNNN
HFANNNNNNNNANN

HANANANANNNNANANN
HANANNANNNANANANN
HANANANANNNANANANN
HANNANANANNANANANN
HANNANANANNNANANN
HANNANANNNANNANN
HANANNANNNANNANN
HANNANANNNANNANN
HANANANANNNANANANN
HFANNNNNNANANNN
HANNANANNNANANANN
HANNNANNNANANANN
HOOMOOOONNNNN
HFANNNANNNANNANN
HANNANNNNANANANN
HANANNNANNANANANN
-HOMOOOMOANNNNN

/k=13-14
; /fifth face of model

::;;;:
NNNNNN
NNNNNN
NNNNNN
NNNNNN
NNNNNN
NNNNNN
NNNNNN
NNNNNN
NNNNNN
NNNNNN
NNNNNN
NNNNNN
NNNNNN
NNNNNN
MNNNNN
NNNNNN
NNNNN
NNNNNN
MNNNNN

/sixth face of model

/k=15,
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102

n a o sy o

[TSIETOTN o~
NANANANNNNANN
NANNNNNNNN
NANNANNNNNN
NNANNNNNNN
NANANNANNNANN
NANNANNNNANN
NANANNNNNNN
NANANANNNNNN
NANNANNNNNN
NANNANNNNNN
NNANNNNNANN
NANNNANNNNN
NONANANNNNANN
NANANNNNANANN
MOOMOONNNNN
MOOONNNNN
MO OMOOANNNNN
MOOMOMOANNNNN
MOOMOOMONNNNN

/seventh of model

/k=16-18,

. s S. S Su Su Su ea en e o

L2222222222
HANNANANNNNANANN
HONNNNNNNNNN
SANANANANNNANANNN
SHANANANANNNNANNN
HANNANNNNNNNN
HANNNANNANNANNN
HANNNANNNNNANN
HFANNANNNNNNNN
HFANNANANNNNNNN
HANNANANNNNANANN
HANANNANNNNANNN
ANANNNNNNNNN
HANANANANNANNANNN
HANANNNNNNNNN
HANNANNNANNANNN
HFANNNNNNNNNN
HFANNANANANNNNNN
HANNNANNNNNNN

/last face of model

/k=19-24,

&

. sa S. a e oS4 Su Su ey a on

HONNNNNNNNNN
HONNNNNNNNNN
HONNNNNNNNNN
HONNNNNNNNNN
HONNNNNNNNNN
ANNNNNNNNNN
HONNNNNNNNNN
HONNNNNNNNNN
HONNNNNNNNNN
ANNNNNNNNNN

HANNNNNNNNNN .

HFANNNNNANNNNN
HANNNNNNNNNN
HANNNNNNNANANN
HANNNNNNNNNN
HaNNANANNNNNN
HANNANNANANNNNN
HANNANNNNNNNN
HANNNNNNNNNN

/

(cross sections)

/ block 1iii

/first cp xslibb.mendfg xslibb

lib=xs1ibb savbxs=1

t

/

/ block iv (mixing)

/atomic density= atoms/b*cm

matspec=atdens
matls=dirt

/H

9.77-3
3.48-2
4.88-3

"1001.50"

/0
/Al

"8016.50"
"13027.50"



NNSNNNN

NN

~

NN

"14000.50" 1.16-2; /si
airl "8016.50" 1.07-5 /0
"7014.50" 4.02-5; /N
conc "1001.50" 7.86-3 /R
"8016.50" 4.38-2 /0
"11023.50"° 1.05-3 /Na
"12000.50" 1.40-4 /Mg
"13027.50" 2.39-3 /Al
"14000.50" 1.58-2 /81
"19000.50" 6.90-4 /K
"20000.50" 2.92-3 /Ca
"26000.55" 2.10-4; /Fe
assign=ground dirt 1.0; /zone 1
air airl 1.0; /zone 2

concrete conc 1.0 t /zone 3

block v (solver)
norm is 24 hr/day*365 day/yr
first collision source is FCSRC, location is in sourcy,
energy spectrum is in source
ievt=0 iitm=200 oitm=60 isct=4 ibb=0 ibt=0 ibl=0 ibr=0 ibback=0
norm=1.0 fluxp=1 xsectp=0 sourcp=1 balp=0 ibfrnt=0

energy grp (4 of 12) for the 6.2 MeV photon/s src.
source= 0,0,0,1, £f0 ;

fine mesh location on the x axis of the point source:
sourcx= 212, 1, f£0

fine mesh location on the y axis of the point source:
sourcy= 45z, 1, f0

fine mesh location on the z axis of the point source:
sourcz= 11z, 1, f0

fcsrc=raytr

fcnray=10000

fcntr=25

/fcxpos=0 /source position in cm
/fcypos=1829 /source position in cm
/fczpos=0 /source position in cm
t

* % * * block vi (edits) * * * *
pted=1 2zned=1 igrped=3
use i+ (j-1)NX+(k-1)NXNY; J=Jjt=5; k=kt=12 NX=IT=390; NY=JT=87
i=im=54, 95, 146, 207, 268, 329, 390
points=374844, 374885, 374936, 374997, 375058, 375119, 375180 /3=5

€01



395092, 395124, 395165, 395216, 395277, 395338, 395399, 395460
397432,397464,397505,397556,397617,397678,397739,397800
399772, 399804, 399845, 399896, 399957, 400018,400079, 400140
402112, 402144, 402185, 402236, 402297,402358,402419, 402480
406792, 406824,406865, 406916, 406977,407038,407099, 407160
/ Resp Fcns in Air Kerma/unit Fluence from ICRU-57
/ in pGy/cm*2 for 12 energy groups
rsfe=23.025, 21.075, 19.1, 17.1, 15.1, 13.1
11.03, 8.755, 6.075, 3.46, 1.3736, 0.8410 t

/3=57
/3=63
/3=69
/3=15
/3=817

1401



3 0
ANS 6.6.1-1

0
987 Problem I.2 THREEDANT 1 gamma/s N-16 (6.2 MeV), pt, isotropic

1828.8 cm above ground, in conc bldg detectors 91.44 cm above ground and
horizontally at 6096 cm and 1.524e5 cm 9ans6612.inp PARTISN makes uncflux file
/ geometry - X-Y-2

cross sections - MENDFG, xslibb.mendfg

/

/ mixing
/  solver
/ edits
/

/

block i

- isotopes mixed to make materials named air and ground -
- S16-P4, source in group 4, fcsrc=raytr
- card input supplied

igeom=x-y-z, ngroup=12, isn=16 niso=99 mt=3 nzone=3

im=19 it=390 Jjm=11 Jt=87 km=8 kt=24
maxscm=44000000 maxlcm=220000000 ¢t
/
/ block ii (geometry)
xmesh= -1524, -1402, -5,5, 1402, 1524, 6046,6146, 15190,15290, 30430,30530

xints=
ymesh=

yints=
zmesh=
zints=
zones=

60910,61010, 91390,91490, 121870,121970, 152350,152450

1, 20, 1, 20, 1, 10, 1, 40,1, 50,1, 60,1, 60,1, 60,1, 60,1
-60.96, 0.0, 86.44,96.44, 1824,1834, 1890, 3000, 6000, 12000,
18000, 30000

2, 2, 1, 40, 1, 1, 10, 6, 6, 6, 12

-30000, -6000, -2286, -2164, 0.0, 2164, 2286, 6000, 30000

6mBa Tr» 25 27 Ny 36 '
1111111111111111111; /k=1-6, j=11-1, i=1-19:
2222222222222222222; /first face of model
22222222222222222122;
2222222222222222222;
2222222222222222222;

2122 22292 22222272 22,2 2 2;

2222222221222 222 2'222;

2222 2222222222222 %272
2222222222222 722222 2
22222'22222222222222;
2222222222222222222;
1111111111111111111; /k=7-9, j=11-1, i=1-19:
2222222222222222222; /second face of model
2222222222222222222;
2222222222222222222;
2222222222222222222;
2222222222222222222;
2222222222222222222;

col1
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o on o

n.luzzz
NN NN
NN NN
NN NN
NANANN
NANANN
NNANN
NN NN
NANANN
NANANN
NANANN
NN NN
NANANN
NANANN
NANANN
NANANN
NANANN
NNANN
NONANN

/k=10, j=11-1, i=1-19
/third face of model

. en eu Sn en On °% en en On

-”2222222222
HANNNNNNNNNN
HANNNNNNNNNN
HANNNNNNNNNAN
HANNANNNNNNNN
HANNANNNNNNNN
HANNNNNNNNNN
HANNANNNNNNNN
HANNNNNNNNNN
HANNNNNNNNNN
HANNNNNNNNNN
HANNNNNNNNNN
HANNNNNNNNNN
HANNNNNNNNNN
1..3333322222
-FOMOOOMOMOANNNNN
-FOOMOOOMONNNNN
-HOOMOOOMONNNNN
-H-HOMOOOMOANNNNN

/fourth face of model

/k=11-12

o on

o~ on o~
NANANANN
NANNANN
N.ANANANN
NANANNN
NANANANN
NANANANN
NANANANN
NANANANN
NANANANN
NANANANN
NANANANN
NANANANN
NANANANN
NANANNN
NNANNN
NANANNN
NANANANN
NANANNN
NANANNN

/fifth face of model

/k=13-14

ea S 4 o4 Sn Su on on Su en on

HAONNNNNNNNNN
HONNNNNNNNNN
HFNNNNNNNNNN
HANNNNNNNNNN
HANNNNNNNNNN
HANNNNNNNNNN
HANNNNNNNNNN
HANNNNNNNNNN
HANNNNNNNNNN
HANNNNNNNNNN
HANNNNNNNNNN
HANNNNNNNNNN
HONNNNNNNNNN
HONNNNNNNNNN
HOMOOMNNNNN
HONNNNNNNNNN
HANNNNNNNNNN
HANNNNNNNNNN
HOOMOOMOOMANNNNN

/sixth face of model

/k=15,



a . sa su n on en Sn ou

NANANNNNNNN
NANANANNNNANN
NANANANNNNNN
NANANANNNNANN
NANANANANNNANN
NANNNNNNNN
NANANANNNNANN
NANNNNNNNN
NANANANNNNANN
NN ANANANANANANN
NANANANANNANANN
NANNNNNNANAN
NANNNNNNNAN
NANNNNNNNN
MHMOOONNNNN
MHMOOMOANNNANN
MOOONNNANN
MmOOOMONNNANN
MHMOOMOONNNANN

/seventh of model

/k=16-18,

AN NNNNANNANNN
FANANNANNNNNNN
AN NNNANANANNNN
HFANANNANANNNNANN
HFANANANNANANNANANN
AFANANANNANANANANANN
AANANNNNANNNANN
AFANANNANANNNANANN
HANANANNANNANANANN
HANANNANNNNNANN
HANNNANNNNNANN
HFANNNNNNANANANN
AFANANNANANNANANANN
AFANANANNNNNANANN
HFANNNNNNNANANN
HFANNNNANNANANANN
HFANNANANANANANANANN
HANNNNNNNNNN

/last face of model

/k=19-24,

. e Sn Sn e sn o en o on o

ANNNNNNNNNN
ANNNNNNNNNN
ANNNNNNNNNN
ANNNNNNNNNN
ANNNNNNNNNN
ANNNNNNNNNN
ANNNNNNNNNN
ANNNNNNNNNN
HNNNNNNNNNN
HNNNNNNNNNN
ANNNNNNNNNN
ANNNNNNNNNN
ANNNNNNNNNN
ANNNNNNNNNN
ANNNNNNNNNN
ANNNNNNNNNN
ANNNNNNNNNN
ANNNNNNNNNN
ANNNNNNNNNN

/

/ block iii (cross sections)

/first cp xslibb.mendfg xslibb

1ib=xslibb savbxs=l

t

/

/ block iv (mixing)

/B

/atomic density= atoms/b*cm
9.77-3

"1001.50"

matspec=atdens
matls=dirt

/0
/Al

3.48-2
4.88-3

"8016.50"
*13027.50"

107



NSNS N

"*14000.50" 1.16-2; /81
airl "8016.50" 1.07-5 /0
"7014.50" 4.02-5; /N
conc  "1001.50" 7.86-3 /H
"8016.50" 4.38-2 /0
"11023.50" 1.05-3 /Na
"12000.50" 1.40-4 /Mg
*13027.50" 2.39-3 /Al
"14000.50" 1.58-2 /si
"19000.50" 6.90-4 /K
*20000.50" 2.92-3 /Ca
"26000.55" 2.10-4; /Fe
assign=ground dirt 1.0; /zone 1
air airl 1.0; /zone 2
concrete conc 1.0 t /zone 3

block v (solver)
norm is 24 hr/day*365 day/yr
first collision source is FCSRC, location is in sourcy,
energy spectrum is in source
fcrstrt=2
/fcrstrt=1
/fcntr=0
ievt=0 iitm=200 oitm=60 isct=4 ibb=0 ibt=0 ibl=0 ibr=0 ibback=0
norm=1.0 fluxp=1 xsectp=0 sourcp=1 balp=0 ibfrnt=0
energy grp (4 of 12) for the 6.2 MeV photon/s src.
source= 0,0,0,1, £f0
fine mesh location on the x axis of the point source:
sourcx= 21z, 1, f0
fine mesh location on the y axis of the point source:
sourcy= 45z, 1, f0
fine mesh location on the z axis of the point source:
sourcz= 11z, 1, fO0
fcsrc=raytr
fcnray=10000
fcntr=25
/ fcxpos=0 /source position in cm
/fcypos=1829 /source position in cm
/fczpos=0 /source position in cm
t

* *# & + block vi (edits) * * * *
pted=1 zned=1 igrped=3

801



/ use i+(j-1)NX+(k-1)NXNY; j=jt=5; k=kt=12 NX=IT=390; NY=JT=87
/ i=im=54, 95, 146, 207, 268, 329, 390
points=374844, 374885, 374936, 374997, 375058, 375119, 375180 /3=5
395092,395124,395165, 395216, 395277, 395338,395399,395460 /3=57
397432,397464,397505, 397556, 397617,397678,397739,397800 /3=63
399772,399804, 399845, 399896, 399957, 400018, 400079, 400140 /j=69
402112, 402144, 402185, 402236, 402297, 402358,402419, 402480 /j=75
406792, 406824,406865,406916,406977,407038,407099,407160 /§=87
/ Resp Fcns in Air Kerma/unit Fluence from ICRU-57
/ in pGy/cm"~2 for 12 energy groups
rsfe=23.025, 21.075, 19.1, 17.1, 15.1, 13.1
11.03, 8.755, 6.075, 3.46, 1.3736, 0.8410 t

601



3

0

ANS 6.6.1-1987 Problem I.2 THREEDANT 1 gamma/s N-16 (6.2 MeV), pt, isotropic
in conc bldg detectors 91.44 cm above ground and

1828.8 cm above ground,

horizontally at 6096

/

/
/
/
/
/
/

/
/

cm and 1.524e5 cm 10ans6612.inp PARTISN

geometry - X-Y-2

cross sections - MENDFG, xslibb.mendfg

mixing - isotopes mixed to make materials named air and ground

solver - S16-P4, source in group 4, fcsrc=raytr

edits - card input supplied

block i

igeom=x-y-z, ngroup=12, isn=16 niso=99 mt=3 nzone=3

im=19 it=390 jm=11 Jjt=87 km=8 kt=24

maxscm=44000000 maxlcm=220000000 t

block ii (geometry)

xmesh= -1524, -1402, -5,5, 1402, 1524, 6046,6146, 15190,15290, 30430,30530
60910,61010, 91390,91490, 121870,121970, 152350,152450

xints= 1, 20, 1, 20, 1, 10, 1, 40,1, S0,1, 60,1, 60,1, 60,1, 60,1

ymesh= -60.96, 0.0, 86.44,96.44, 1824,1834, 1890, 3000, 6000, 12000,
18000, 30000

yints= 2, 2, 1, 40, 1, 1, 10, 6, 6, 6, 12

zmesh= -30000, -6000, -2286, -2164, 0.0, 2164, 2286, 6000, 30000°

zints= 6, 3, 1, 2, 2, 1, 3, 6

zones= 1111111111111111111 /k=1-6, j=11-1, i=1-19:
2222222222222222222; /first face of model
2222222222222222222;
2222222222222222222;
2222222222222222222;
22022 222 222222222222;
2222222222222222222;
2222222222222222222;
2222222222222222222;
202:2:2:2 22 22,222 2222222;
2222222222222222222;
1111111111111111111; /k=7-9, j=11-1, i=1-19:
2222222222222222222; [/second face of model
2.2 222 2,222 2272.2.2 2,222 72;
2022222222222 2222222;
2222222222222222222;
22'22 2222222222222 22;
22,2°22:22 222,22 22 2222%2;

1181
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/k=10, j=11-1, i=1-19
/third face of model

. sa Sa Su sa Sa . Sa sa su ou

FNNNNNNNNNN
HFNNNNNNNNNN
HFANNNNNNNNNN
HFNNNNNNNNNN
FaNNNNNNNNNN
AFNNNNNNNNNN
AFNNNNNNNNNN
HFNNNNNNNNNN
HFANNNNNNNNNN
AFNNNNNNNNNN
HFONNNNNNNNNN
AFNNNNNNNNNN
AFNNNNNNNNNN
HFNNNNNNNNNN
HFOMOMOOMOONNNNN
HFOMOMOOMOONNNNN
HOMOMONNNNN
HOMOMOONNNNN
FOMOMOONNNNN

/fourth face of model

; /k=11-12

HFANANNANNNNNANN
HANNANNNANNNANN
HFANNNNNNNNNN
HFANANANNNANNNANN
HFANANANANNNNNNN
HFANANNANNANNNANN
HFANNANANNANNNNN
HFANANANANNNNNANN
HANNNNANNNANNN
HANNANANNNNNANN
HANANANANNNANNANN
HANNANNNNNNNN
-OOOMOMOANNNNN
HFANNANANNANNANNN
HFANNANNNANANNANN
HFAaNNANNNANANNNN
HOOOOOANNNNN

/fifth face of model

; /k=13-14

HFANNNNNNNNNN
HFANNNNNNNNNN
HNNNNNNNNNN
HANNNNNNNNNN
HNNNNNNNNNN
HFANNNNNNNNNN
HNNNNNNNNNN
HNNNNNNNNNN
HNNNNNNNNNN
HNNNNNNNNNN
HANNNNNNNNNN
HANNNNNNNNNN
HOOMOMNNNNN
HNNNNNNNNNN
HFANNNNNNNNNN
HNNNNNNNNNN
HFOMOOMOOMNNNNN

/sixth face of model

/k=15,
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Sa S en % Sn sn en o

»”22222222
NN AN AaNANANNNN
ANANANANANANNANN
aNaNNNNNNN
aaNaNaNNNNNN
NN AaNANNANANNN
NN AaNNANANNANN
NN aNAaNNaNNNN
NN ANNANANANANN
NN aNAaNNNNNN
NN AN AaNNANNANN
NANANNNNNNN
NN AN ANNANANNN
NN AaNANANANNANN
MmMOMOONNNNN
MmMEOMOONNNNN
MO OMOANNNNN
MmMOMmMOANNNNN
MOOMOMOANNNNN

/seventh of model

/k=16-18,

HNNNNNNNNNN
FNNNNNNNNNN
AFNNNNNNNNNN
HNNNNNNNNNN
HNNNNNNNNNN
HNNNNNNNNNN
FANNNNNNNNNN
HFANNNNNNNNNN
HFNNNNNNNNNN
FANNANNNNNNNN
HNNNNNNNNNN
HNNNNNNNNNN
HNNNNNNNNNN
HNNNNNNNNNN
FANANNNNNNNNN
HFANNNNNNNNNN
FANNNNNNNNNN
HANNNNNNNNNN

/last face of model

/k=19-24,

Ee)

a o n en o e on

o on s o
HAANANANANNANNANN
HAANANANNANNANANN
HAANANANANNNNNN
HAaNANNANNNNNN
HAANANANANNANNNN
HAANANNANNNNNN
HAaANNNNANNANANN
HAaNANANNANANANANN
HAANANANNNNNANN
HAaANANANNANNNNN
HAaAaNANANNANNNANN
HAaNANANANANNANANN
HFAaANANANANNNNNN
HAANANANANNNNANN
HAaNANANANNNANANN
HAANANANANNANNNN
HANANANANNNNNN
HAaNANANANNANNNN
HAaANANANANNNANANN

/

/ block iii (cross sections)

/first cp xslibb.mendfg xslibb

1lib=xslibb savbxs=1

t

/

/ block iv (mixing)

/H
/0
/Al

/atomic density= atoms/b*cm
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NSNS NN

"14000.50" 1.16-2; /8i
airl "8016.50" 1.07-5 /0
"7014.50" 4.02-5; /N
conc *1001.50" 7.86-3 /H
"8016.50" 4.38-2 /0
"11023.50" 1.05-3 /Na
"12000.50" 1.40-4 /Mg
"13027.50" 2.39-3 /Al
"14000.50" 1.58-2 /si
"19000.50" 6.90-4 /K
"20000.50" 2.92-3 /Ca
"26000.55" 2.10-4; /Fe -
assign=ground dirt 1.0; /zone 1
air airl 1.0; /zone 2
concrete conc 1.0 t /zone 3

block v (solver)
norm is 24 hr/day*365 day/yr
first collision source is FCSRC, location is in sourcy,
energy spectrum is in source
/fcrstrt=2
fcrstrt=1
fcntr=0
ievt=0 iitm=200 oitm=60 isct=4 ibb=0 ibt=0 ibl=0 ibr=0 ibback=0
norm=1.0 fluxp=1 xsectp=0 sourcp=1 balp=0 ibfrnt=0
energy grp (4 of 12) for the 6.2 MeV photon/s src.
source= 0,0,0,1, £f0
fine mesh location on the x axis of the point source:
sourcx= 21z, 1, f0
fine mesh location on the y axis of the point source:
sourcy= 45z, 1, f0
fine mesh location on the z axis of the point source:
sourcz= 11z, 1, f£0
fcsrc=raytr
fcnray=10000
/fcntr=25
/fcxpos=0 /source position in cm
/fcypos=1829 /source position in cm
/fczpos=0 /source position in cm
t

* * * * hlock vi (edits) * * * *
pted=1 zned=1 igrped=3

ell



/ use i+(§-1)NX+(k-1)NXNY; j=jt=5; k=kt=12 NX=IT=390; NY=JT=87

/ i=im=54, 95, 146, 207, 268, 329, 390

points=374844, 374885, 374936, 374997, 375058, 375119,

375180

395092, 395124, 395165, 395216, 395277, 395338, 395399, 395460
397432,397464, 397505, 397556, 397617,397678, 397739, 397800
399772, 399804, 399845, 399896, 399957, 400018, 400079, 400140
402112, 402144, 402185, 402236, 402297, 402358, 402419, 402480
406792, 406824, 406865, 406916, 406977, 407038, 407099,407160

/ Resp Fcns in Air Kerma/unit Fluence from ICRU-57
/ in pGy/cm*2 for 12 energy groups
rsfe=23.025, 21.075, 19.1, 17.1, 15.1, 13.1
11.03, 8.755, 6.075, 3.46, 1.3736, 0.8410 t

/9=5
/3=57
/3=63
/3=69
/=15
/=87

1414



A2 2222222222222 222222222222 2222222222222 222222222222 222222222222 22222222222 2222222222222 222222222222 2222222222222 R2 2Rt 2222 R 2 R )

LR 2R 2222222222 2222222222222 22 222222222 222 222222222222 22222 22 222 2 22 2 2222222222222 222222222 2222222 2222222222 2222222 22222222222 X2 2
*

* generalized input module run on 03 with solver version 10-15-01 beta release 2.64 machine asciOl
*

(2222222222222 222222222222 22 222222222 22222 2 22 2222222222222 222222222 2222222 2222222222 22222222222 22222222 22222222222 222222222 222224
* LA RSS2SR 22222 R R R R R LR YRR R R
* * *
= * ...listing of cards in the input stream... *
* * *
* * 1. 3 0 0 *
~ i 2. ANS 6.6.1-1987 Problem I.2 THREEDANT 1 gamma/s N-16 (6.2 MeV), pt, isotropic *
¥ = 3. 1828.8 cm above ground, in conc bldg detectors 91.44 cm above ground and *
* * 4. horizontally at 6096 cm and 1.524e5 cm 10ans6612.inp PARTISN *
* i 5. / geometry - X-Y-2 *
X = 6. / cross sections - MENDFG, xslibb.mendfg *
* * 7. / mixing - isotopes mixed to make materials named air and ground *
¥ * 8. / solver - S16-P4, source in group 4, fcsrc=raytr o
i * 9. / edits - card input supplied *
& & 10. / *
* * 11. / block i L
* * 12. igeom=x-y-z, ngroup=12, isn=16 niso=99 mt=3 nzone=3 *
* e 135 im=19 it=390 jm=11 jt=87 km=8 kt=24 N
* * 14. maxscm=44000000 maxlcm=220000000 ¢t X
* i 15. / *
* * 16. / block ii (geometry) *
p * 17. xmesh= -1524, -1402, -5,5, 1402, 1524, 6046,6146, 15190,15290, 30430,30530 *
* * 18. 60910,61010, 91390,91490, 121870,121970, 152350,152450 =
* * 19. xints= 1, 20, 1, 20, 1, 10, 1, 40,1, SO,1, 60,1, 60,1, 60,1, 60,1 *
* * 20. ymesh= -60.96, 0.0, 86.44,96.44, 1824,1834, 1890, 3000, 6000, 12000, *
* * 20 18000, 30000 *
* * 22 yints= 2, 2, 1, 40, 1, 1, 10, 6, 6, 6, 12 x
* * 23% zmesh= -30000, -6000, -2286, -2164, 0.0, 2164, 2286, 6000, 30000 i~
= * 24. zints= 6, 3, 1, 2, 2, 1, 3, 6 *
* * 25, zones= 1 111111111111111111; /k=1-6, j=11-1, i=1-19: i
* * 26. 2222222222222222222; /tirst face of model *
* * 27, 2222222222222222222; %
* - 28. 2222222222222222222; *
i 2 29. 2222222222222222222; *
* * 30. 2222222222222222222; x
* * 31, 2222222222222222222; &
* * 32, 2222222222222222222; ®

SII
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/k=7-9, j=11-1, i=1-19
/second face of model
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/k=10, j=11-1, i=1-19
/third face of model
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* % ok ok % % % Ok % % % % % % %k % % % % % %k % % % * % % % % % * % % ¥ % ¥ * * ¥ ¥ ¥ *

* % o % % % ok % % ok % ok % ok % % % % % % ok % % ok % % % * % % % ok % %k % % ¥ ¥ % F ¥ ¥ ¥

119.
120.
121.
122.
123.
124.
125.
126.
127.
128.
129.
130.
131.
132.
133.
134.
135.
136.
137.
138.
139.
140.
141.
142.
143.
144.
145.
146.
147.
148.
149.
150.
151.
152.
153.
154.
155.
156.
157.
158.
159.
160.
161.

2022 2 2 2, 2,2 2,222222222.2; ¢t

/

/ block iii (cross sections)
/first cp xslibb.mendfg xslibb

1lib=xslibb savbxs=1
t

/

/ block iv (mixing)

matspec=atdens /atomic
matls=dirt "1001.50"
"8016.50"

"13027.
"14000.

S0
50"

airl *8016.50"
"7014.50"
conc "1001.50"
"8016.50"

"11023
"12000
"13027
"14000

"20000
"26000

<908
50"
.50"
.50"
"19000.
.50"
SOOI

50"

density= atoms/b*cm

NNDNOAFENDEFEFLBIdLDHFELOWY

assign=ground dirt 1.0;
air airl 1.0;

concrete conc 1.0 ¢t

block v (solver)

NSNS N

/fcrstrt=2
fcrstrt=1
fcntr=0

.77-3
.48-~2
.88-3
.16-2;
.07-5
.02-5;
.86-3
.38-2
.05-3
.40-4
.39-3
.58-2
.90-4
.92-3
.10-4;

norm is 24 hr/day*365 day/yr
first collision source is FCSRC, location is in sourcy,
energy spectrum is in source

/H

/0

/Al

/si

/0

/N

/H

/0

/Na

/Mg

/Al

/81

/K

/Ca

/Fe
/zone 1
/zone 2
/zone 3

ievt=0 iitm=200 oitm=60 isct=4 ibb=0 ibt=0 ibl=0 ibr=0 ibback=0
norm=1.0 fluxp=1 xsectp=0
/ energy grp (4 of 12) for the 6.2 MeV photon/s src.

source= 0,0,0,1, fO

sourcp=1 balp=0 ibfrnt=0

/ fine mesh location on the x axis of the point source:

sourcx= 21z, 1, fO0

/ fine mesh location on the y axis of the point source:

sourcy= 45z, 1, £0

/ fine mesh location on the z axis of the point source:

* % % % o ok % % ok ok % ok ok ok % ok % % % Ok %k ok ok ® ok ok % % ok o % % Ok % % k% % % % * ¥ ¥

8I1



[

4 * 162. sourcz= 11z, 1, f0 *
% * 163, fcsrc=raytr *
¥ * 164. fcnray=10000 *
e * 165. /fcntr=25 *
o * 166. /fcxpos=0 /source position in cm *
% * 167. /fcypos=1829 /source position in cm *
% * 168. /fczpos=0 /source position in cm *
E * 169, t *
* * 170. / *
* * 171. / * %+ ¥ block vi (edigs) * * * & *
% * 172, pted=1 zned=1 igrped=3 *
* * 173. / use i+(3J-1)NX+(k-1)NXNY; j=3jt=5; k=kt=12 NX=IT=390; NY=JT=87 *
* * 174. / i=im=54, 95, 146, 207, 268, 329, 390 *
b * 1155 points=374844, 374885, 374936, 374997, 375058, 375119, 375180 /3=5 *
> * 176. 395092,395124,395165,395216,395277, 395338, 395399,395460 /=57 *
* * 177, 397432,397464,397505,397556,397617,397678,397739,397800 /3j=63 *
& * 178. 399772,399804, 399845, 399896, 399957, 400018, 400079,400140 /J=69 *
* * 179. 402112,402144,402185,402236,402297, 402358, 402419, 402480 /3=75 *
> * 180. 406792,406824,406865,406916, 406977, 407038, 407099, 407160 /J=87 *
i * 181. / Resp Fcns in Air Kerma/unit Fluence from ICRU-57 *
] * 182. / in pGy/cm”2 for 12 energy groups *
» * 183 rsfe=23.025, 21.075, 19.1, 17.1, 15.1, 13.1 *
. * 184. 11.03, 8.755, 6.075, 3.46, 1.3736, 0.8410 t *
¥ * 1185 =
* * *
* 222222222222 222222 2222222222222 2222222222222 22222 2222222222222 222222222222222222222222X222]

L2 2222222222222 222222222 22222222l i ioli it i sl i i sttt it il i ittt i st oo i i s s it il i i sl sttt sl )

2222 2222222222 222222222 2222222222222 222222222222 2222223222222 22 2222222222222 2222232222222 222222222222 22222222222 2222 2222222232223 222]
*

*
*

case title

I 22222222 R 22 R R R R R L R R R R R R R R R R R R R R R R R R R RS 2222222222222 2222222222222 222 22222022222 2 st sd ]
I22 222222222222 22 22222222

*key start case input *
(22222222222 2222222222222

* 3 nhead number of title cards to follow

* 0 notty 0/1 no/yes suppress on-line terminal output

* 0 nolist 0/1 no/yes suppress input listing

* 0 restart 0/1 no/yes read td_restart file

*

* (22222 2222222222222 2222222222222 222 2222222222222 2222222222222222222222222 2% 2]
*

* *

611



ANS 6.6.1-1987 Problem I.2 THREEDANT 1 gamma/s N-16 (6.2 MeV), pt, isot *
1828.8 cm above ground, in conc bldg detectors 91.44 cm above ground an *
horizontally at 6096 cm and 1.524e5 cm 10ans6612.inp PARTISN &

*

* * % % *
* o+ % #

L2222 222222222 22X 2 R R 2 2 2 2t 2 2 2 22222 22 2 2 222222222 222222 3R AR 2 2 208 3
(2222222222 22222222 2R 2224
*key end block i read*
L2222 2222222222 2222222 3

LA A2 22222l a2 2222222222 22222222 2 2 2 2 2 22 2 2 2 2 R 2 R 2 2 2 2 R 22X R 22 R 22X 2 2222222222222 22222222

P R R R R R R R R R R R R R R RS R RN RRE S SR R RS ESS SR R d ]
*i.’i*iiiiiﬁi*t*i**i*****fi#*iﬁ"fﬁ*'f*.i*i.’tiiii***i**i*‘*iﬁ**i*fﬁ’**ﬁ*’f*'*Q*.*’i’iii*ifi*ifﬁi*ii*iﬁi**ﬁifﬁf*f*i*f'**********
*
*
*

...block i - controls and dimensions...

L R R R R R R R R R R R R R R R I R R R R R R R R R R R R R R R R R R R R R R R R R R R R SRR E R RS SRR RS RS S RS RS R RS RS XS R S 00 R 20 2]

...dimensions ...

14 igeom 14/15 x-y-z/r-z-theta

12 ngroup number of energy groups

16 isn angular quadrature order

0 iquad 1/2/3/4/5/6/7 - source of quadrature constants (default=1)

1 traditional built-in Pn set (1-D) or old twotran built-in set
2 traditional built-in 'DPn constants (1-D)
3 card input
4 galerkin (based on triangular hybrid product set)
S hybrid product set (triangular arrangement)
6 product set (rectangular arrangement)
7 sncon file
99 niso number of input isotopes (from isotxs, grupxs, or cards)
3 mt number of permanent materials
3 nzone number of zones
19 im number of coarse mesh x intervals
390 it number of fine mesh intervals
11 jm number of coarse mesh y intervals
87 jt number of fine mesh y intervals
8 km number of coarse mesh z intervals
24 kt number of fine mesh z intervals

* % % % % % % % % % % * ¥ ¥ ¥ % % ¥ * % # ¥ * ¥ * * ¥

...storage...

0zl



* maxlcmm***xksk*

* maxscm=44000000

*

ﬁﬁ'Q*i****ii*ﬁ******‘ﬁ*ﬁi*****ﬁi*ﬁ*ﬁiii*ﬁii*i*ﬁ***ﬁﬂiiii*****ﬁiiﬁii*ﬁ**iiii**i***ﬁ*i*ﬁ*ii*iﬁi***i*ﬁii**tﬁ*tﬁiii**i***ﬁii*ti‘****
L2 2222222222 22222222222 2222 2 22

*key end block ii read-geom*
(22222 222222222 2222222222222 22
*

o 14 igeom 1/2/3/6/7/11/14/15

(222222222 22222222222 22222 2228 3

*key end block iii read-xs *

L2 222222222222 2222222 222222222

begin preparation of bxslib from xslibb
Ov xslib
2d file data

the following cross-sections have been included

x81ibb/2003.50 mat=
xs1ibb/2003.50 mat=
xs1ibb/2003.50 mat=
xs81libb/2004.50 mat=
x81ibb/2004.50 mat=
x81libb/2004.50 mat=

scat=
scat=
scat=
scat=
scat=
scat=

ihs=
ihs=
ihs=
ihs=
ihs=
ihs=

ngroup= 1Z iht=
ngroup= 12 iht=
ngroup= 12 iht=
ngroup= 12 iht=
ngroup= 12 iht=
ngroup= 12 iht=

ihm= 15 i21pl=0
ihm= 15 i21pl=0
ihm= 15 i21pl=0
ihm= 15 i21p1=0
ihm= 15 i21p1=0
ihm= 15 i21lpl=0

xslibb/1001.50 mat= 1 scat= 0 ngroup= 12 iht= 3 ihs= 4 ihm= 15 i21pl=0
xslibb/1001.50 mat= 1 scat= 1 ngroup= 12 iht= 3 ihs= 4 ihm= 15 i21pl=0
x81ibb/1001.50 mat= 1 scat= 2 ngroup= 12 iht= 3 ihs= 4 ihm= 15 i21pl=0
xslibb/1001.50 mat= 1 scat= 3 ngroup= 12 iht= 3 ihs= 4 ihm= 15 i21lpl=0
x81libb/1001.50 mat= 1 scat= 4 ngroup= 12 iht= 3 ihs= 4 ihm= 15 i21pl=0
x8libb/1002.55 mat= 2 scat= 0 ngroup= 12 iht= 3 ihs= 4 ihm= 15 121pl1=0
x81ibb/1002.55 mat= 2 scat= 1 ngroup= 12 iht= 3 ihs= 4 ihm= 15 i21pl=0
xslibb/1002.55 mat= 2 scat= 2 ngroup= 12 iht= 3 ihs= 4 ihm= 15 i21pl=0
x81ibb/1002.55 mat= 2 scat= 3 ngroup= 12 iht= 3 ihs= 4 ihm= 15 i21pl=0
x81libb/1002.55 mat= 2 scat= 4 ngroup= 12 iht= 3 ihs= 4 ihm= 15 i21pl=0
x81libb/1003.50 mat= 3 scat= 0 ngroup= 12 iht= 3 ihs= 4 ihm= 15 i21pl=0
x8libb/1003.50 mat= 3 scat= 1 ngroup= 12 iht= 3 ihs= 4 ihm= 15 i21pl=0
xslibb/1003.50 mat= 3 scat= 2 ngroup= 12 iht= 3 ihs= 4 ihm= 15 i21p1=0
x81libb/1003.50 mat= 3 scat= 3 ngroup= 12 iht= 3 ihs= 4 ihm= 15 i121pl=0
xs1ibb/1003.50 mat= 3 scat= 4 ngroup= 12 iht= 3 ihs= 4 ihm= 15 i21pl=0
x81ibb/2003.50 mat= 4 scat= 0 ngroup= 12 iht= 3 ihs= 4 ihm= 15 i21pl=0
xs1libb/2003.50 mat= 4 scat= 1 ngroup= 12 iht= 3 ihs= 4 ihm= 15 i21pl=0

4 2 3 4

4 3 3| 4

4 4 3 4

5 0 3 4

5 1 3 4

5 2 3 4

1Tl



xslibb/2004.50 mat= 5 scat= 3 ngroup= 12 iht= 3 ihs= 4 ihm= 15 i21pl=0
xslibb/2004.50 mat= 5 scat= 4 ngroup= 12 iht= 3 ihs= 4 ihm= 15 i21p1=0
xs1ibb/3006.50 mat= 6 scat= 0 ngroup= 12 iht= 3 ihs= 4 ihm= 15 i21pl=0
xslibb/3006.50 mat= 6 scat= 1 ngroup= 12 iht= 3 ihs= 4 ihm= 15 i21pl=0
xslibb/3006.50 mat= 6 scat= 2 ngroup= 12 iht= 3 jihs= 4 ihm= 15 i21pl=0
xs1ibb/3006.50 mat= 6 scat= 3 ngroup= 12 iht= 3 ihs= 4 ihm= 15 i21p1=0
xslibb/3006.50 mat= 6 scat= 4 ngroup= 12 iht= 3 ihs= 4 ihm= 15 i21pl=0
xs1libb/3007.55 mat= 7 scat= 0 ngroup= 12 iht= 3 ihs= 4 ihm= 15 i21pl=0
xslibb/3007.55 mat= 7 scat= 1 ngroup= 12 iht= 3 ihs= 4 ihm= 15 i121pl=0
xslibb/3007.55 mat= 7 scat= 2 ngroup= 12 iht= 3 ihs= 4 ihm= 15 i21pl=0
x81ibb/96244.50 mat= 99 scat= 2 ngroup= 12 iht= 3 ihs= 4 ihm= 15 i21pl=0

x81ibb/96244.50 mat= 99 scat= 3 ngroup= 12 iht= 3 ihs= 4 ihm= 15 i21pl=0
%x81ibb/96244.50 mat= 99 scat= 4 ngroup= 12 iht= 3 ihs= 4 ihm= 15 i21pl=0
3d atomic weights

bxslib has been prepared from xslibb
1
A AL SRR RSt sttt e e IR R YRR SRR RSSO SS SRS A RS RS2 R 2 2 X 4

LA 222222t R s R sttt i s s 222 2 22 2222 222 2 22 2 222 22222222222 222 222 X222 2222 X222 2222222222 22X 2 2]
*

*
*

...block 1ii - cross section library...

L2 e R R R R R R R R R SRR RS RS S S S22 SR 2 2 22 2 2 2 2 g 2

...library source...
1lib=xs1libb

..energy structure...

(44!

W ok ok kB R ke N ek

AL WN =
VAN DODON

upper bound
2.00000E+01
9.00000E+00
8.00000E+00
7.00000E+00
6.00000E+00
5.00000E+00

4.00000E+00
3.00000E+00
2.00000E+00
1.00000E+00
5.00000E-01
1.00000E-01

last neutron group(lng) is number 12

chi vel lower bound
.00000E+01 3.00000E+02 9.00000E+00
.00000E+00 3.00000E+02 8.00000E+00
.00000E+00 3.00000E+02 7.00000E+00
.00000E+00 3.00000E+02 6.00000E+00
.00000E+00 3.00000E+02 5.00000E+00
.00000E+00 3.00000E+02 4.00000E+00

0 balxs

-1/0/1 - adjust absorption/no/adjust self scatter to

3.00000E+02
3.00000E+02
3.00000E+02
3.00000E+02
3.00000E+02
3.00000E+02

lower bound
3.00000E+00
2.00000E+00
1.00000E+00
5.00000E-01
1.00000E-01
1.00000E-02

force xs balance

upper bound
4.00000E+00
3.00000E+00
2.00000E+00
1.00000E+00
5.00000E-01
1.00000E-01



g W ekehy e B %

P T T T
*key end card libe read &
khkkhkhhkhhhhhhhhhhhhhhhhhhhhhhhh
hhkhdkhhhhdhhhdhhhhhdhhhddhhddhhddid
*key end block iv read-mats*
hhkhkhhhhhhhhhhhhhhhhhhhhhhhhhd
*

22 S 2R R 22 R R 2 a2 R R 2 R R R RS R R R R R R R R S R R R 222 2R 2R 2222222222 22222222222ttt s Rd

*

VWOdaUd WN K

name
1001.50
1002.55
1003.50
2003.50
2004.50
3006.50
3007.55
4007.35
4009.50
5010.50
5011.56
6000.50
6012.50
7014.50
7015.55
8016.50
9019.50
11023.50
12000.50

...edit position names...

position edname

1 chi

2 nusigf

3 total

4 abs

...isotope names and numbers from library...
number name number name

21 14000.50 41 36083.50
22 15031.50 42 36084.50
23 16032.50 43 36086.50
24 17000.50 44 39089.50
25 18000.35 45 40000.50
26 19000.50 46 41093.50
27 20000.50 47 42000.50
28 22000.50 48 45103.50
29 23000.50 49 45117.90
30 24000.50 50 46119.90
31 25055.50 51 47000.55
32 26000.55 52 47107.50
33 27059.50 53 47109.50
34 28000.50 54 48000.50
35 29000.50 55 50120.35
36 31000.50 56 50998.99
37 33075.35 57 50999.99
38 36078.50 58 54000.35
39 36080.50 59 56138.50
40 36082.50 60 63000.35

13027.50

63151.
63153.
64000.
67165.
69169.
73181.
74000.
74182.
74183.
74184.
74186.
75185.
75187.
77000.
78000.
79197.
82000.
83209.
90232.
91233.

92233.50
92234.50
92235.50
92236.50
92237.50
92238.50
92239.35
93237.55
94237.35
94238.50
94239.55
94240.50
94241.50
94242.50
95241.50
95242.50
95243.50
96242.50
96244.50
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*

*

* % % % % % % * ¥ ¥ % ¥ ¥ ¥ ¥ ¥ * ¥

1. ground
2. air
3. concrete

comp

1001.50
8016.50
1001.50
13027.50
26000.55

dirt
airl
conc

(222222222 2222222222 222X

*key start mix card xs *
L2 22222222222 22222222222 )

(22222 2222222222222 22222

*key end

mix card xs *

t 22222 2222222222222 R 2222

... mixing instructions ...
L2222 2R i e e R R P P R I P R P P R R R R R R AR S R

density

9.77000E-03,
1.07000E-05,
7.86000E-03,
2.39000E-03,
2.10000E-04,

1.00000E+00,
1.00000E+00,
1.00000E+00,

comp

8016.50
7014.50
8016.50

density etc.

3.48000E-02,
4.02000E-05,
4.38000E-02,

14000.50 1.58000E-02,

13027.50 4.88000E-03, 14000.50 1.16000E-02,

11023.50 1.05000E-03,
19000.50 6.90000E-04,

12000.50 1.40000E-04,
20000.50 2.92000E-03,

t2 222222222222 22222 2222222222222 22222222 22222222 2 222222 22222222222 X2 2222222222 2222 2232222222222 222222222222 22222222222 222222222

L2 222222222222 2222222222 tRZEdd]

block v read-solvr*
L2 22222222222 2222222222 222 222 2]

*key end

1’ﬁﬁiiﬁ*’iiiii’iﬁiﬁiiiﬁiﬁiﬁﬁ*ﬁﬁ*ﬁiiiiitﬁiiiiﬁﬁiﬁﬁﬁﬁﬁiiiiiiﬁiiﬁﬁiiiiiﬁ*ﬁiiiiﬁ*iiiﬁﬁ*’iﬁii’ﬁiﬁ*’ﬁiﬁ*iiiiiiiﬁiiﬁiiiiiiiiiﬁﬁﬁ**ﬁiiﬁii
L2222 22222 22222222222 222222 222222222 22222222222 2 2 222222 2222222222222 22222222222 2222222222222 2 2222222222222 2222222222222 2RsR2 2 RS

W b, ) o ksl o b ok

~-- distribution in

0.00000E+00

6 0.00000E+00

0.00000E+00

energy ---
2 0.00000E+00
7 0.00000E+00

12 0.00000E+00

...input distributed source (isotropic component)...

3 0.00000E+00 4
8 0.00000E+00

1.00000E+00
9 0.00000E+00

S 0.00000E+00
10 0.00000E+00

124



* % % % % % % % * % B #

* % %

* % % % % % % % % % % ¥ % ¥ % ¥ ¥ * # ¥ ¥ ¥ ¥ *

VOO WNFD

OHO0OO0OO0OO0O0O0OO0OO0OO

-

[

1 [}
['-]

N oo WS

|
BB WUAANWNNIEN

distribution in y-mesh ---

.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00

1

-

.000000E+00
.334457E-01
.334457E-01
.820308E-01
.732884E-01
.084395E-02
.197595E-01
.269815E-01
.269815E-01
.942277E-01
.444237E-02
.446111E-01
.033435E-01
.072370E-01
.772984E-02
.478235E-01
.096083E-01
.047989E-02
.631913E-01
.070997E-01
.118065E-01
.669354E-01
.497001E-01

NWOoO=

0.00000E+00
0.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00

000000000

2

1.000000E+00
1.334457E-01
1.334457E-01
9.820308E-01
4.732884E-01
3.084395E-02
8.197595E-01
2.269815E-01
2.269815E-01
1.942277E-01
7.444237E-02
2.446111E-01
3.033435E-01
7.072370E-01
6.772984E-02
5.478235E-01
3.096083E-01
4.047989E-02
4.631913E-01
1.070997E-01
6.118065E-01
3.669354E-01
2.497001E-01

-

(-]

-

w

N

~

SN WN

(=

[

- N

NWOaAFEHLOHLEWOLO

3 0.00000E+00 4 0.00000E+00 5 0.00000E+00

8 0.00000E+00 9 0.00000E+00 10 0.00000E+00
13 0.00000E+00 14 0.00000E+00 15 0.00000E+00

18 0.00000E+00 19 0.00000E+00 20 0.00000E+00
23 0.00000E+00 24 0.00000E+00 25 0.00000E+00
28 0.00000E+00 29 0.00000E+00 30 0.00000E+00

33 0.00000E+00 34 0.00000E+00 35 0.00000E+00
38 0.00000E+00 39 0.00000E+00 40 0.00000E+00

43 0.00000E+00 44 0.00000E+00 45 0.00000E+00

48 0.00000E+00 49 0.00000E+00 50 0.00000E+00

53 0.00000E+00 54 0.00000E+00 55 0.00000E+00
Spherical harmonics for each octant and angle

3 4 5 6

.000000E+00 1.000000E+00 1.000000E+00 1.000000E+00
.334457E-01 1.334457E-01 -1.334457E-01 1.334457E-01
.334457E-01 1.334457E-01 -1.334457E-01 -1.334457E-01
.820308E-01 -9.820308E-01 9.820308E-01 9.820308E-01
.732884E-01 -4.732884E-01 -4.732884E-01 -4.732884E-01
.084395E-02 3.084395E-02 3.084395E-02 -3.084395E-02
.197595E-01 -8.197595E-01 -8.197595E-01 -8.197595E-01
.269815E-01 -2.269815E-01 -2.269815E-01 -2.269815E-01
.269815E-01 -2.269815E-01 -2.269815E-01 2.269815E-01
.942277E-01 -1.942277E-01 1.942277E-01 -1.942277E-01
.444237E-02 -7.444237E-02 7.444237E-02  7.444237E-02
.446111E-01 -2.446111E-01 2.446111E-01 -2.446111E-01
.033435E-01 -3.033435E-01 3.033435E-01 3.033435E-01
.072370E-01 7.072370E-01 -7.072370E-01 -7.072370E-01
.772984E-02 -6.772984E-02 6.772984E-02 -6.772984E-02
.478235E-01 5.478235E-01 -5.478235E-01 -5.478235E-01
.096083E-01 3.096083E-01 3.096083E-01 3.096083E-01
.047989E-02 -4.047989E-02 -4.047989E-02 4.047989E-02
.631913E-01 4.631913E-01 4.631913E-01 4.631913E-01
.070997E-01 -1.070997E-01 -1.070997E-01 1.070997E-01
.118065E-01 6.118065E-01 6.118065E-01 6.118065E-01
.669354E-01 3.669354E-01 3.669354E-01 3.669354E-01
.497001E-01 2.497001E-01 2.497001E-01 -2.497001E-01

-2

NWOHHE & W

.000000E+00
-1.
.334457e-01
.820308E-01
-4.
=13¥;
-8.
.269815E-01
.269815E-01
.942277E-01
=73
.446111E-01
=3
-7.
-6.
.478235e-01
.096083E-01
.047989E-02
.631913E-01
.070997E-01
.118065E-01
.669354E-01
.497001E-01

334457E-01

732884E-01
084395E-02
197595E-01

444237E-02

033435E-01
072370E-01
772984E-02

]
NNOWLB WK

-1

-3
-2

.000000E+00
.334457E-01
.334457E-01
.820308E-01
.732884E-01
.084395E-02
.197595E-01
.269815E-01
.269815E-01
.942277E-01
.444237E-02
.446111E-01
.033435E-01
.072370E-01
.772984E-02
.478235E-01
.096083E-01
.047989E-02
.631913E-01
.070997E-01
.118065E-01
.669354E-01
.497001E-01
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e 24 -1.282521E-01 -1.282521E-01 1.282521E-01 1.282521E-01 1.282521E-01 1.282521E-01 -1.282521E-01 -1.282521E-01
¥ 25 -2.978927E-01 ~2.978927E-01 -2.978927E-01 2.978927E-01 2.978927E-01 -2.978927E-01 2.978927E-01 -2.978927E-01

*

L2222 22222222222 22222222222 2222222232222 22222222222 222222222222 222223222 2222222222 2222222223 2222222222222 22223222222 2222222222R222]
1rdhhkhhh kb b hhh bk rd kb hrdhhhdhrhhhrrrrddhrddrtrrdd*material map****it*i**itii**itiiii***tiiiii*i********i**ii*i**i*
L2 2223222222223 22222 2222227

*key start material map*
(222222222 22222222222 22 2]

1* material map for k mesh intervals 1, to 6 and j mesh intervals 87, to 30, and i mesh intervals 1, to 65.

NN NN
NNNN
NN NN
NNDNDN
NNNDN
NNDNDN
NNDNN
NN NN
NNNDN
NN NN
NNNN
NNDNN
NN NDN
NNNDN
NNNDN
NNNDN
NNNDDN
NNNDDN
NN NN
NNDNDN
NNDNDN
NNNDN
SIS BN S IS )
NIQ.NIQ
NN NDDN
NN NN
NN NN
NNNDN
NN NN
NN NN
NNNDN
NNDNDN
NNDDNDN
NNDNDDN
NNDDNDN
NNNN
NNNDN
NN NN
NNNDDN
NNNN
NNDNDN
NNDNDN
NNDNDN
NNNDDN
NNNDN
NNNN
NNNDN
NNNDN
NN NN
NNNDN
NNDNDN
NNDNN
NNDDNN
NNDNDN
NNDNN
NNNDN
NN NN
NNDNN
NNDNDDN
NNNN
NNNDN
NNNDN
NNDNDN
NNDNN

*
*

Three-dimensional coarse mesh geometry edit...
*

L2222 2222222222222 222222 22222222 22 2222222222222 222 222 222 222 222 222 222222 222222222 2223222 X222 2222 2222222232222 222222222222 2Z2R22Z2 2
*

*

L2 2223222223222 22 2222222322222 221

*key start geometry edit o

(2222322222222 222222222222222221

b n xmesh xint deltax ymesh yint deltay zmesh zint deltaz

*

= 0 -1.524E+03 -6.096E+01 -3.000E+04

* 1 -1.402E+03 1 1.220E+02 0.000E+00 2 3.048E+01 -6.000E+03 6 4.000E+03
* 2 -5.000E+00 20 6.985E+01 8.644E+01 2 4.322E+01 -2.286E+03 3 1.238E+03
* 3 5.000E+00 1 1.000E+01 9.644E+01 1 1.000E+01 -2.164E+03 1 1.220E+02
* 4 1.402E+03 20 6.985E+01 1.824E+03 40 4.319E+01 0.000E+00 2 1.082E+03
* 5 1.524E+03 1 1.220E+02 1.834E+03 1 1.000E+01 2.164E+03 2 1.082E+03
& 6 6.046E+03 10 4.522E+02 1.890E+03 1 5.600E+01 2.286E+03 1 1.220E+02
* 7 6.146E+03 )} 1.000E+02 3.000E+03 10 1.110E+02 6.000E+03 3 1.238E+03
g 8 1.519E+04 40 2.261E+02 6.000E+03 6 5.000E+02 3.000E+04 6 4.000E+03
i 9 1.529E+04 1 1.000E+02 1.200E+04 6 1.000E+03

* 10 3.043E+04 50 3.028E+02 1.800E+04 6 1.000E+03

* 11 3.053E+04 1 1.000E+02 3.000E+04 12 1.000E+03

* 12 6.091E+04 60 5.063E+02

* 13 6.101E+04 1 1.000E+02

* 14 9.139E+04 60 5.063E+02

* 15 9.149E+04 1 1.000E+02

* 16 1.219E+05 60 5.063E+02

9zI1



* 17 1.220E+05 1 1.000E+02
* 18 1.524E+05 60 5.063E+02
* 19 1.525E+05 )\ 1.000E+02
*
*

LA 2222222222 Rttt sttt 2z s s 2 2 a2 28 222 222 22222 22 222 222 22222 R 2 2 2 222 222 22222 222222 22222222222 2 2 2 2 2

LA SRS R ARl ittt ittt ittt 2222222222 22222222 X2 22 2 2

L2222 22222222 22222222222 2 2222222222222 222222 2222222223222 22 222222222222 2222232222222 2222222222222 2222222322222 22222 2222222222222 2]
*
*

...cross section related data from file macrxs 072422030820 version 1 .
*

LA 22222222t d ittt sz st s i 22t s sl 20 2 2 22222 2Rttt i i s il 232 2 222 X2 2222 2Rt d S
*

1 dirt 2 airl 3 conc

* % % ¥

*

2222222222222 2222222222222 22220 R 2222222 22222 22222222222 22222222222 222222222222 222222222222 222222 24
oA AR AR il iRt d ittt ittt ittt ittt ittt d sttt ittt il sl tislt ittt sds

LA 22222222 Rttt sl d i 2t 22 2 Rttt i i i i s s i s s it s s s i i s s s sl s s 22 222222 R 22 X

L2222 2222222222222 222222

*key start norm. source*
bbb hhhd

lfﬁt*ﬁ‘t’ﬁt*ii***ttﬁitﬁﬁ*ﬁ*ﬁ*i*ﬁititfﬁff‘*ﬁtiiﬁﬁﬁttti*****iiﬁt*ﬁt*ﬁt*ﬁt*ﬁfﬁtiiﬁit*iﬁﬁt*fﬁt*iﬁit*’ﬁ‘.*’ﬁ‘*tﬁ**ﬁﬁ***ﬁﬁﬁﬁﬁﬁﬁﬁ*"ﬁ*ﬁﬁ
*

22T 2222222222222 d sl

*key start mesh potential info %
2223222222222 222222222222 X4

*

* weight factor a: 9.00000E-01
* weight factor b: 1.00000E-01
*

* energy weighting function: 8.33333E-02
* 8.33333E-02
* 8.33333E-02
* 8.33333E-02
* 8.33333E-02
: 8.33333E-02
* 8.33333E-02
* 8.33333E-02
* 8.33333E-02
*

8.33333E-02

LTI



b 8.33333E-02
% 8.33333E-02
*
* user input min potential: 4.16667E-02
* user input max source slope: 5.00000E-01
*
* jnitial max aspect ratio: 4.00000E+02
*

LRSS SRR R it R R R R R R R R R R R R R 2222223

Ir ek ke kR kR kR kA Rk Ak Rk kAR kAR Ak A Ak kA kA kAR ke ke ke ke ke ke ke ke khhhhkh ke hhhhhhhhd
*

LA SRS 22222 222222}

*key start storage map *
L2 222222222 22222222222 2R

* partisn storage summary...

*

* max words/PE allocated in alloc3d for this problem 26962307
*

¥ words/PE for the geom3d module 1792
- words/PE for the snpn3d module 7598
& words/PE for the fcsrc3d module 482
2 words/PE for the bal3d module 286
* words/PE for the transport module 120
¥ words/PE for the xsec module 1964
3 words/PE for the time module 0
* max words/PE for the meshpot3d module 1058
¥ words/cell for the diffusion3d module 101.1
H words/cell for the block module 946.1
*

* max cells/PE 25740

Y min cells/PE 23400

o total cells 814320

*

* number of PE's used = 32

* PCE = 0.998, SN = 16

*

ALB = 0.989

L2222 222 222 222222222222l iz o223 2232222222222 2222 22t dd ]

L2222 222 222 222 22 2222222222222 ezl sttt s 2222222 2222222222222 2222 Ratd sl
1

222222 2222222222222l Rzttt i it i i s sttt i st st it i s i i s s s i il sl

I R R R R A R S R RSS2SR 222222

871



number of histories, raytr calculation =
cpu time required = 3.875E+05 sec

avg. raytr particle weight = 0.9874
min raytr particle weight = 0.9655

max raytr particle weight = 0.9999

506400

* % % % % % ¥ ¥ ¥ ¥

*

... raytr calculation information ...

LA SRRtttz R ey P P R P R R R R R R R R R R R

LA SRS AR Rttt ittt iz e e e R R R R TR R T

L2222 22222222222 R 222222222 2222222222 222222 22222222222 222222 2222222222222 222222222222 222 2222222222 22222 2222222222222 222222222 2222
L2 222222222 2222222222222 22222222 222222222 2222222 22222222222 222222222 22222 2223222222222 222222222 222222222223 222 22222222 2222222222 2]

*
*
*

...ilteration controls and criteria...

12222222 222222222222 22 2222222222 2222 2222222222 222222222222222222222222222222222232222222222222222222222222222222X222222222222 2222

*

criterion quantity to test
iitl - inner iteration count until near lambda
(i.e. fission source) convergence
iitm - inner iteration count when near lambda

(i.e. fission source) convergence
epsi - fractional ptwise flux change
per inner

criterion quantity to test
oitmd - sub-outer iteration count
eps - diffusion lambda-1.0 (see note below)

* % % % % % * % % % # * % % * ¥ * ¥ ¥ * ¥ *

#*+*jteration criteria***

transport inners

value
200
200

1.00E-04

diffusion sub-outers

100

1.00E-04

action taken if value exceeded

terminates inners
terminates inners

does another inner

action taken if value exceeded

terminates sub-outers
does another sub-outer

note: eps, when the problem is finally converged, will equal epsi, the value shown above. however,

6CI



* % % % * * ¥ %

*

criterion

oitm
epsi

early in the iteration process, a larger value may be

quantity to test

- outer iteration count
- transport lambda-1.0

final convergence criteria

used to avoid unneccessary iterations.

value action taken if value exceeded
60 quits with error message
1.00E-04 does another outer

L2222 22 2 2222228 22 22222222 22 a2 szl 222222222 222222222222 222 22222222822 dZ2d 2]

(22222 22 22222 2222 22 e eIz ez ss s siis 2222222 222222222222 2ad2Rd R

LR 2222222 2222222222222 R 22222 2 222 2222 2222 222222222 R a2t s 28 2 28 2232 2222222 2222222222222 222222 2R d
I A R R R R R e R R R R R R R R R R R R R R R R R R R R R R R R R R RS 2222222222222 22222 22222 2 a R 2t 2

*
*
*

...flux and eigenvalue convergence as monitored by partisn...

LA 22222 222222222222 a2 s 2 s s i s s s 22222222222 222222 2222222222222 2222222 22 22 ]
L2222 22222222222 22222 222222222

*key start iteration monitor *
LA 2222222222222 2222222222222 2

*

* % % % % % % % ¥ % % % ¥ ¥ * * * %+ % ¥ *

cpu time outer
(sec)
1111.7

**neg
**neg
**neg
**neg
**neg
**neg

diffusion

no. inners sub-outers sourc multip lambda-1
0
-- inner iteration summary for outer iteration
iter per max flux
group group change
1 zero source in this group
2 zero source in this group
3 zero source in this group
or zero transport flux*** 4 i 0.13E-04
or zero transport flux*** 5 8 0.99E-05
or zero transport flux*** 6 8 0.11E-04
or zero transport flux*** 7 11 0.55E-04
or zero transport flux*** 8 11 0.52E-04
or zero transport flux*** 9 13 0.48E-04
0 13 0.52E-04

max ptwise
flux change

max ptwise inners
fiss change converged

at

mesh

13,
29,
24,
24,
12,
25,
207,

40,
73,

8,
30,
49,
49,

1,

0tl



11 58
12 49

0.91E-04 268, 1, 14
0.87E-04 247, 75, 13

cpu time outer diffusion

max ptwise max ptwise inners
(sec) no. inners sub-outers sourc multip lambda-1 flux change fiss change converged
124670. 1 181 0 1.00000000 -1.00000E+00 9.09269E-05 0.060000E+00 yes

**** gome negative or zero transport fluxes ****

$$$$8$ all convergence criteria satisfied $$$$$$

* % % % % % % % % % ¥ ¥ * %

particle balance = -9.32933E-05 total inners all outers = 181

LA S AR SRRttt iit it sttt ettt ez YR S SR S RSS2SR 3

LA ARSI S S S

L2 2222222222222 2222222222 2222222222222 2222222222 222222 2222222222222 2222222222222 2222322222222 222 22232222322 22223222222 2222222222222
*

* ...group edit and balances upon convergence...
*

t2 2222222222222 2222222222222 222222222222 222222t222R222 2t 222222222 22 2R 0 RS2ttt 2t 22 alis s i s st s st i it i st st S

...title--- ANS 6.6.1-1987 Problem I.2 THREEDANT 1 gamma/s N-16 (6.2 MeV), pt, isot

...system balance tables... (neutrons only)

* % % * ¥ ¥ ¥ %

(2322222222232 3222222222222 22223
*key start balance table =
i 22 222222222222 2222222222222 22
*
*

gp source fission source absorption in scatter self scatter out scatter net leakage
*

1 0.0000000E+00 0.0000000E+00 0.0000000E+00 0.0000000E+00 0.0000000E+00 0.0000000E+00 0.0000000E+00
2 0.0000000E+00 0.0000000E+00 0.0000000E+00 0.0000000E+00 0.0000000E+00 0.0000000E+00 0.0000000E+00
3 0.0000000E+00 0.0000000E+00 0.0000000E+00 0.0000000E+00 0.0000000E+00 0.0000000E+00 0.0000000E+00
4 1.0000000E+00 0.0000000E+00 -1.2613523E-01 0.0000000E+00 2.4652410E-02 8.3720309E-01 2.8896498E-01
5 0.0000000E+00 0.0000000E+00 -5.8157105E-03 5.3564120E-02 1.7018060E~-03 4.4142201E-02 1.5305182E-02

€1



VWoOdon
WOdaaUmdWNE=

ks b N B E R ks 0B % 8 8 P

0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00

0.
0.
1.

0000000E+00
0000000E+00
0000000E+00

0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00

right leakage horizontl leakage

Q
VOO UdWN = e

-
N = O

NEFNMNNMNNNMDNDNOOOO

.0000000E+00
.0000000E+00
.0000000E+00
.5114895E-05
.1478190E-05
.0583946E-05
.0169216E-05
.0171983E-05
.0826468E-05
.5134914E-05
.0960047E-05
8.
2.

4319316E-06
0287159E-04

left leakage

HaNDNOUOLUVWUNOOO

.0000000E+00
.0000000E+00
.0000000E+00
.0336119E-01
.4461919E-03
.1670209E-03
.9924733E-03
.4763497E-03
.2571772E-03
.0483183E-02
.0778380E-02
.0191079E-02

0.0000000E+00
0.0000000E+00
0.0000000E+00
'2.0341630E-01
5.4676701E-03
5.1876049E-03
5.0126425E-03
5.4965217E-03
9.2780037E-03
2.0498318E-02
4.0799340E-02
1.0199511E-02
3.0535592E-01

bottom leakage

0.0000000E+00
0.0000000E+00
0.0000000E+00
6.8785136E-03
1.6157599E-03
1.6210658E-03
1.7042976E-03
1.9339244E-03
2.4805082E-03
2.2973420E-03
6.5134276E-03
3.9793220E-04

-4.9131290E-03
-3.8057847E-03

-2.
-4.
S
o

5

4

WU OO d bbdbddOOO

3223633E-03
6863120E-04
4810532E-04
.0183912E-01
.3648679E-01
.9541317E-01

top leakage

.0000000E+00
.0000000E+00
.0000000E+00
.3070704E-02
.4094568E-03
.2894497E-03
.2887486E-03
.6733786E-03
.7049381E-03
.5736099E-03
.4268954E-02
.9557493E-03
.6234989E-02

5.9141206E-02
7.0762555E-02
9.7085595E-02
1.7475953E-01
5.2150620E-01

7.
5.
2.

3124913E-01
5717380E-01
2652421E+00

vertical leakage

HFANFFOUOMNONUOS OOO

front leakage

.0000000E+00
.0000000E+00
.0000000E+00
.9949218E-02
.0252167E-03
.9105155E-03
.9930461E-03
.6073030E-03
.1854463E-03
.0870952E-02
.0782381E-02
.3536815E-03
.2167776E-01

2.6904814E-03
4.9947994E-03
1.2014916E-02
5.0009839E-02
2.4302985E-01

3
9
4

.3017339E+00
.5173994E-01 -3.
.5925679E+00

back leakage

0
0
0
1

WNUWN R

nprod spectrum

N === 000

.0000000E+00
.0000000E+00
.0000000E+00
.8190049E-02
.9354764E-03
.8826224E-03
.8794993E-03
.0260688E-03
2.
3.
5.
2.

7877945E-03
4486312E-03
4956356E-03
1281940E-03

000000000000

.0000000E+00
.0000000E+00
.0000000E+00
.0000000E+00
.0000000E+00
.0000000E+00
.0000000E+00
.0000000E+00
.0000000E+00
.0000000E+00
.0000000E+00
.0000000E+00

.0000000E+00
.0000000E+00
.0000000E+00
.7409412E-02
.8768183E-03
.8248755E-03
.8202453E-03
.9551457E-03
.6650655E-03
.2756730E-03
.2236466E-03
.0329307E-03
.8083812E-02

time source

4.9311482E-02
5.9916558E-02
8.3350712E-02
1.5125977E-01
4.8288452E-01

g

2.

5717380E-01
3306691E-15
2652421E+00

fr-back leakage

AW WWWwWwooo

0.
.0000000E+00
.0000000E+00
.0000000E+00
.0000000E+00
.0000000E+00
.0000000E+00
.0000000E+00
.0000000E+00
.0000000E+00
.0000000E+00
.0000000E+00

00000000 O0OO0OO

0000000E+00

.0000000E+00
.0000000E+00
.0000000E+00
.5599460E-02
.8122947E-03
.7074979E-03
.6997446E-03
.9812144E-03
.4528601E-03
.7243042E-03
1.
4.
7.

0719282E-02
1611248E-03
7857783E-02

1.4805618E-02
1.4705433E-02
1.6085039E-02
2.3916310E-02
3.8093574E-02
7.2301003E-02

2.
5}

0714318E-02
0489146E-01

particle balance

0.
0.

0

-1

2

0000000E+00
0000000E+00

.0000000E+00
-3.
.2611511E-03
-1.
=
=2,

2B840075E-05

0612742E-03
5819373E-04
8626694E-04

.9800452E-04
-3.
-8.
-4.
-9.

8338010E-05
8608407E-05
9023082E-05
3293315E-05

zel



*

* tot 3.0515304E-01 2.5442771E-02 3.9773971E-02 0.0000000E+00 0.0000000E+00

*

LA SRRttt e ez ez R R e R R R R T PR R P R R R R R R R R R R R SRR R R R 4
LA R SRR RSt s st et e R R R R R R R R R R R R R R R R R R R R R
(222222 22222222222 222 il i s it IR 2 2222t R R T LR R

Multigrid work units... Total= 120.00 wuU.
By group... ;
1 0.00 2 0.00 3 0.00 4 0.00 5 0.00 6 0.00 7 0.00 8 0.00 9 0.00
10 13.00 11 58.00 12 49.00

Multigrid average convergence rate by group...

1 0.0000 2 0.0000 3 0.0000 4 0.0000 5 0.0000 €6 0.0000 7 0.0000 8 0.0000 9 0.0000
10 0.0000 11 0.0000 12 0.0000

* % % % % % % ¥ *

integral summary information
summary eigenvalue not used
summary integral-neutrons 5.0183849E+01

integral-source-i neutron 1.0000000E+00
integral-time source-i neutron 0.0000000E+00
integral-fission-i neutron 0.0000000E+00
integral-absorption-i neutron 4.9541317E-01
integral-in-scak-i neutron 2.2652421E+00
integral-self-scak-i neutron 4.5925679E+00
integral-out-scak-i neutron 2.2652421E+00
integral-net lkage-i neutron 5.0489146E-01
integral-right lkage-i neutron 2.0287159E-04
integral-horizontal lkage-i neutron 3.0535592E-01
integral-top lkage-i neutron 9.6234989E-02
integral-vertical lkage-i neutron 1.2167776E-01
integral-back lkage-i neutron 3.8083812E-02
integral-fr-back lkage-i neutron 7.7857783E-02
integral-particle bal-i neutron -3.2776911E-03

S A AR AR SRR ARt il it ii ittt ittt sttt sttt sttt ittt ittt sttt sl

2222222222222 2222222 R 222222222222 222222 2 2 2 2 222222 222 22222 222222 22222 222 22222222222 222 X 222222222 2222222222222 222222222222 22222

*
* isotropic flux component for group 1 and plane 3
*

I R R R R R R R R R R R R R 2RSS 2222222222222 22222222t tssssssd
L2223 2222222222222 2]

€€l



*key start fluxes*
(2222222222222 222 2] -

*

* all entries of this array equal 0.00000E+00
liit**i*****iii**ittttt**Q***t*i*tt*it*i****i*****t**t**i**tt**i**tt**it*#t**tt*it*ﬁt*it**t#***tit***t*t**#t**tt*****iit****ﬁﬁt**

LAR S SRR RSt el e il s i el R R R R R R R R R R R R R R R RS R RS E R R AR R R R R RE R R RS R R RS R R R R R
*

*

isotropic flux component for group
*

2 and plane 3

E R R 2222 R 22222 2 2 R 222 R R 2 R 22 R 22 2 222 2 22 2222 2R R R 222yl il s R X R R 2R R 2222 2 22222222 X2 X222 X2 R 22X 2 22222 22222
*

* all entries of this array equal 0.00000E+00
1’****&**********tt****t**t*i**t**t**tt*t******t***t**tt**t********t*tt*****it*****t***t*tt***t******t******t**t****tt***ttt*****

L2222 22 222222 22222 22 2 22 2222 22222 22222 222222222222 2 2 2222 2 22 2 222 2 2 2 2 222 22 2 2 2 22 22 2 2222 222222 2222 2222222 222222222222 22222222222
*

*
*

I 22 222 R 2 22 222 222 22 222 2 22 22222 X R 2 2R 2R R R 22 R R 2 2 2R 2 2 R R X2 2222222 222 22222222222 222 X222 2222222222222

*

isbtropic flux component for group

* all entries of this array equal 0.00000E+00

IR 2222 22 s e e e e R e e s R e e e e e e e R e e e s e RSS2 22222222 R ddsss
L2 R R R R R R R R R R R R R R R s R R R R R R R R R R R R R R R R R R R R R R R R SR SRS RSS2 RSS2 222 2 2 2 2 22

*
*
*

L2 22 R R R R R R R R R R e R R R R R R R R R R R R R R R R R R R R R R R R R R R 2RSSR S22 22 2R X2 2 R R0 R 2R 2R ]

isbtropic flux component for group

3 and plane

4 and plane -

3

3

*

*

* component number 1

*

* x mesh 1 x mesh 2 x mesh 3 x mesh [} x mesh S x mesh 6 x mesh 7 x mesh 8
*

= 11 7.994466E-13 4.441930E-13 4.552963E-13 4.353756E-13 4.594432E-13 4.438138E-13 4.705946E-13 4.083157E-13
s 10 6.375180E-13 4.324377E-13 3.686521E-13 4.249717E-13 3.970821E-13 4.314215E-13 3.879299E-13 3.971705E-13
i 9 5.650080E-13 3.943510E-13 3.705446E-13 3.784566E-13 3.428596E-13 4.557181E-13 3.584755E-13 3.536772E-~13
> 8 5.695689E-13 4.057624E-13 3.924589E-13 3.254396E-13 3.661079E-13 3.994119E-13 3.691174E-13 3.475102E-13
bt 7 6.985709E-13 5.532412E-13 4.093399E-13 3.257254E-13 4.484825E-13 3.300734E-13 3.573970E-13 3.296325E-13
e 6 9.490383E-13 7.404433E-13 5.175506E-13 4.440234E-13 4.114520E-13 2.931574E-13 3.869441E-13 3.224331E-13
- 5 1.153390E-12 8.531906E-13 6.109760E-13 5.233886E-13 3.804595E-13 2.916830E-13 3.854528E-13 3.276886E-13
» 4 1.397364E-12 1.000331E-12 7.023537E-13 5.833308E-13 3.754405E-13 4.007936E-13 3.389539E-13 3.557809E-13
L 3 1.767356E-12 1.226814E-12 8.928310E-13 6.866538BE-13 5.245834E-13 5.079469E-13 3.307553E-13 3.470220E-13
& 2 2.598525E-13 1.981770E-13 1.552290E-13 1.355775E-13 1.234848E-13 1.058363E-13 8.389503E-14 8.869661E-14
& 1 6.370451E-15 6.229012E-15 5.710486E-15 5.793415E-15 5.799896E-15 5.830569E-15 5.836799E-15 6.142002E-15

vel



#'t!t#l»l»tl»l»l»#ttt#tttt*i#‘itttbt#tttitttt*tl’

-
-

- -
HFNWBUAND®WOWO R SMNWa Lo ~N®Wo

-
HFNWLBOUDOHNDO®WOWOE

x mesh 9

.379958E-13
.854347E-13
.607607E-13
.490283E-13
.853775E-13
.938162E-13
.657470E-13
.256855E-13
.838500E-13
.603469E-14
.201869E-15

ANDNWWWWWWWS

x mesh 17

5.562137E-13
5.407546E-13
5.238687E-13
4.752096E-13
4.130861E-13
3.990989E-13
4.006838E-13
3.865185E-13
3.944455E-13
9.981386E-14
7.293133E-15

x mesh 25

.296190E-13
.897793E-13
.181034E-13
.950215E-13
.556177E-13
.434796E-13
.376280E-13
.409001E-13
.635580E-13
.695387E-14
.104312E-15

DVWWWWWWeaaWw

x mesh 10

ANNNNONNNDWLELD

.513169E-13
.696657E-13
.523515E-13
.966656E-13
.978756E-13
.709525E-13
.723204E-13
.623155E-13
.668914E-13
.707662E-14
.165397E-15

x mesh 18

NSOUVwbdbWwWwbauououow

DVWWWWWWWes

.887031E-13
.198240E-13
.910780E-13
.265279E-13
.122117E-13
.176741E-13
.955495E-13
.120808E-13
.913786E-13
.682620E-14
.380816E-15

x mesh 26

.821974E-13
.110335E-13
.926492E-13
.871982E-13
.771823E-13
.519375E-13
.208904E-13
.389836E-13
.537388E-13
.849831E-14
.216054E-15

NSobsabbabdbboOoOO ANDNWWWWWWs s

HWWwWWwwabaasaowm

x mesh 11

.928468E-13
.138131E-13
.321127E-13
.074762E-13
.099778E-13
.507768E-13
.809413E-13
.427210E-13
.757699E-13
.911530E-14
.320649E-15

x mesh 19

.258519E-13
.262776E-13
.316944E-13
.073215E-13
.815018E-13
.744016E-13
.503326E-13
.221716E-13
.150303E-13
.914555E-14
.494251E-15

x mesh 27

.331218E-13
.219398E-13
.772086E-13
.643651E-13
.232485E-13
.864169E-13
.926520E-13
.940533E-13
.956669E-13
.038867E-13
8.193622E-15

NSUOVWWwwwawaaw AVWWNWEE L LD

D= Wb b Wb Db bD

x mesh 12

.184925E-13
.103426E-13
.109595E-13
.146675E-13
.055190E-13
.464973E-13
.942622E-13
.009510E-13
.498841E-13
.035344E-14
.506282E-15

x mesh 20

.265242E-13
.558257E-13
.004339E-13
.907295E-13
.107341E-13
.958727E-13
.825434E-13
.617967E-13
.314731E-13
.436819E-14
.507698E-15

x mesh 28

.893305E-13
.429764E-13
.117353E-13
.034618E-13
.101760E-13
.929564E-13
.057654E-13
.187834E-13
.855930E-13
.057613E-13
.291675E-15

x mesh 13

.568289E-13
.165565E-13
.180483E-13
.564663E-13
.645782E-13
.949505E-13
.017820E-13
.844940E-13
.611344E-13
.989711E-14
6.715514E-15

OOWWwbwWwwwauw

x mesh 21

4.882033E-13
4.240044E-13
4.013095E-13
3.876099E-13
3.847451E-13
3.746640E-13
3.642449E-13
3.537519E-13
3.281485E-13
9.105084E-14
7.529735E-15

X mesh 29

.266616E-13
.336573E-13
.565636E-13
.568123E-13
.656356E-13
.305091E-13
.035284E-13
.938190E-13
.991187E-13
.086921E-13
.549354E-15

D= WWbd e W,

x mesh 14

.333548E-13
.788719E-13
.447009E-13
.300099E-13
.385466E-13
.381929E-13
.370411E-13
.894277E-13
.534473E-13
.755418E-14
.916200E-15

DO WWH o bHoeLsbeWm

x mesh 22

4.086468E-13
3.802622E-13
3.605564E-13
3.546003E-13
3.362474E-13
3.168299E-13
3.058883E-13
2.836930E-13
2.701862E-13
8.793099E-14
7.589811E-15

X mesh 30

.469413E-13
.481098E-13
.867364E-13
.567420E-13
.053504E-13
.155302E-13
.434672E-13
.765318E-13
.967732E-13
.153954E-13
.761906E-15

D= dddddWWeWUm

x mesh 15

.872833E-13
.218866E-13
.274076E-13
.826624E-13
.499581E-13
.364135E-13
.159845E-13
.815848E-13
.575977E-13
.186955E-14
.016639E-15

NSOVWwWwabsbeabdooow

x mesh 23

.513348E-13
.033820E-13
.907089E-13
.874054E-13
.560968E-13
.261304E-13
.109738E-13
.189851E-13
.288667E-13
.195064E-14
.689127E-15

NOVWWWWWwWwWwes

x mesh )i |

5.779048E-13
5.403874E-13
4.687421E-13
4.053163E-13
3.844043E-13
3.879698E-13
3.557484E-13

3.573463E-13

3.713881E-13
1.127094E-13
8.714882E-15

x mesh 16

.385284E-13
.992819E-13
.919288E-13
.075796E-13
.919892E-13
.299619E-13
.564646E-13
.513106E-13
.271240E-13
.108146E-14
.187732E-15

NSNoOowWwwwabsaUveaaew

x mesh 24

4.671799E-13
4.330290E-13
3.997406E-13
3.545510E-13
3.350269E-13
3.124024E-13
3.033009E-13
2.983653E-13
2.803211E-13
8.736508E-14
7.870135E-15

x mesh 32

.242804E-13
.134813E-13
.153679E-13
.919999E-13
.612497E-13
.270468E-13
.314078E-13
.005436E-13
.833460E-13
.124965E-13
.756065E-15
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x mesh 33

.918109E-13
.908069E-13
.038550E-13
.559443E-13
.881739E-13
.434594E-13
.134953E-13
.145358E-13
.202631E-13
.215036E-13
.857408E-15

x mesh 41

.245416E-13
.014898E-13
.915582E-13
.565828E-13
.745612E-13
.180289E-13
.126731E-13
.150164E-13
.139726E-13
.754371E-13
.913295E-15

X mesh 49

.008104E-12
.044108E-12
.015812E-12
.863705E-13
.338553E-13
.954323E-13
.660941E-13
.061346E-13
.259875E-13
.526338E-13
.508545E-15

x mesh 57
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x mesh 34

.899398E-13
.438797E-13
.653926E-13
.332450E-13
.951323E-13
.188183E-13
.727329E-13
.090701E-13
.917183E-13
.120481E-13
.636584E-15

X mesh 42

.366559E-13
.040680E-13
.500163E-13
.804489E-13
.983572E-13
.891893E-13
.136619E-12
.289052E-12
.454802E-12
.296273E-13
.069563E-15

X mesh 50

.194070E-13
.990311E-13
.283183E-13
.581486E-13
.859633E-13
.922878E-13
.881291E-13
.126796E-13
.458587E-13
.591582E-13
.446673E-15

x mesh 58

X mesh 35

4.923079E-13
4.418444E-13
.374589E-13
.219957E-13
.974309E-13
.853611E-13
.210660E-13
.756741E-13
.774166E-13
.194176E-13
.394886E-15
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x mesh 43

1.022497E-12
8.967207E-13
7.828092E-13
7.320556E-13
7.645442E-13
9,.533606E-13
1.154517E-12
1.457652E-12
1.945161E-12
3.066473E-13
9.580018E-15

X mesh 51

.397116E-13
.230765E-13
.780176E-13
.225450E-13
.899649E-13
.905905E-13
.016995E-13
.993089E-13
.977145E-13
.519890E-13
.440783E-15
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x mesh 59
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x mesh 36

.719567E-13
.639940E-13
.977200E-13
.982536E-13
.863742E-13
.307793E-13
.078400E-13
.824999E-13
.229999E-13
.062882E-13
.576314E-15

x mesh 44

.204762E-12
.414399E-12
.577326E-12
.726456E-12
.875979E-12
.039441E-12
.151013E-12
.323856E-12
.656241E-12
.780628E-13
.000437E-14

x mesh 52

.726764E-13
.603454E-13
.054695E-12
.139121E-12
.195546E-12
.230932E~-12
.247483E-12
.266615E-12
.292676E-12
.131690E-13
.666423E-15

x mesh 60
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x mesh 37

.544474E-13
.896772E-13
.361898E-13
.950753E-13
.038821E-13
.480706E-13
.749755E-13
.022660E-13
.281963E-13
.225632E-13
.793141E-15

x mesh 45

.324830E-12
.664516E-12
.100568E-12
.554756E-12
.041605E-12
.502517E-12
.773179E-12
.990740E-12
.279767E-12
.368423E-13
.080110E-14

x mesh 53

.057100E-12
.114444E-12
.214035E-12
.301838E-12
.374326E-12
.475714E-12
.545951E-12
.598207E-12
.701427E-12
.616506E-13
.959222E-15

x mesh 61

x mesh 38

.864325E-13
.154676E-13
.993979E-13
.586623E-13
.191288E-13
.707449E-13
.532391E-13
.408188E-13
6.480684E-13
1.544988E-13
8.770413E-15
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x mesh 46

.542050E-12
.661334E-12
.853184E-12
.132003E-12
.500264E-12
.926278E-12
.205223E-12
.494039E-12
.948156E-12
.187501E-13
.112435E-14
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x mesh 54

.144076E-12
.284892E-12
.307502E-12
.464092E-12
.565704E-12
.572371E-12
.601464E-12
.678011E-12
.756132E-12
.674267E-13
.797191E-15
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X mesh 62
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x mesh 39

.233729E-13
.376707E-13
.304936E-13
.594828E-13
.652932E-13
.377915E-13
.357661E-13
.789047E-13
.586179E-13
.483034E-13
.921813E-15

x mesh 47

.829785E-12
.920473E-12
.988168E-12
.043305E-12
.108186E-12
.206130E-12
.293068E-12
.404692E-12
.623138E-12
.661124E-13
.022657E-14

x mesh 55

.181114E-12
.170838E-12
.276452E-12
.371434E-12
.531295E-12
.647154E-12
.681032E-12
.710986E-12
.795266E-12
.689371E-13
.769823E-15

x mesh 63

x mesh 40

OHOUOUOAONNND®O OWHEHEAAOOLUOOLSE L W,
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.923219E-13
.469639E-13
.663148E-13
.844776E-13
.522548E-13
.107078E-13
.198313E-13
.277430E-13
.737749E-13
.551511E-13
.010650E-15

X mesh 48

.837684E-13
.571006E-13
.653443E-13
.967164E-13
.532030E-13
.112681E-13
.905127E-13
.880221E-13
.757266E-13
.406580E-13
.560851E-15

x mesh 56

.434177E-12
.363974E-12
.300104E-12
.355874E-12
.411747E-12
.532577E-12
.628910E-12
.677275E-12
.739684E-12
.652221E-13
.891145E-15

x mesh 64
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.517647E-12
.490166E-12
.462287E-12
.435429E-12
.472122E-12
.519772E-12
.536184E-12
.602818E-12
.657958E-12
.506638E-13
.636378E-15

x mesh 65

.339773E-12
.305742E-12
.272482E-12
.233024E-12
.224987E-12
.206466E-12
.213327E-12
.269380E-12
.358631E-12
.263570E-13
.135118E-15

x mesh 73

.217725E-12
.189454E-12
.203635E-12
.271248E-12
.293909E-12
.257091E-12
.186423E-12
.110664E-12
.912695E-13
.717923E-13
.465680E-15

x mesh 81
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.418678E-12
.443039E-12
.429025E-12
.450344E-12
.467465E-12
.532800E-12
.601851E-12
.628799E-12
.685303E-12
.553622E-13
.676400E-15

x mesh 66

.314993E-12
.348531E-12
.313200E-12
.259592E-12
.201035E-12
.198614E-12
.196726E-12
.211205E-12
.286111E-12
.159784E-13
.112871E-15

x mesh 74

.222179E-12
.226117E-12
.195152E-12
.185016E-12
.211276E-12
.264150E-12
.286214E-12
.245839E-12
.147418E-12
.861337E-13
.430492E-15

x mesh 82
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.232175E-12
.330956E-12
.373908E-12
.370452E-12
.382735E-12
.414972E-12
.455116E-12
.527863E-12
.651368E-12
.568374E-13
.682635E-15

x mesh 67

.289017E-12
.299985E-12
.344340E-12
.331577E-12
.279990E-12
.185751E-12
.163177E-12
.155985E-12
.193042E-12
.070182E-13
.955582E-15

x mesh 5

.167839E-12
.207178E-12
.225729E-12
.209316E-12
.184780E-12
.176186E-12
.193962E-12
.230711E-12
.238440E-12
.022301E-13
.391640E-15

x mesh 83
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.048217E-12
.129391E-12
.243624E-12
.305048E-12
.321863E-12
.332097E-12
.326689E-12
.376424E-12
.468885E-12
.378898E-13
.521409E-15

x mesh 68

.225583E-12
.236955E-12
.253633E-12
.315052E-12
.347874E-12
.327549E-12
.251504E-12
.190626E-12
.121708E-12
.938675E-13
.857977E-15
x mesh 76
.113534E-12
.149040E-12
.185080E-12
.217392E-12
.215350E-12
.195332E-12
.176227E-12
.166134E-12
.192761E-12
.996075E-13
.317093E-15

x mesh 84

= b e ON P e

O 1= o e

.178832E-12
.079249E-12
.103242E-12
.179977E-12
.249091E-12
.267785E-12
.277712E-12
.272519E-12
.319289E-12
.188291E-13
.368289E-15

x mesh 69

.242981E-12
.200748E-12
.187759e-12
.192676E-12
.249651E-12
.324694E-12
.384796E-12
.357219E-12
.250402E-12
.985256E-13
.740107E-15

x mesh 77

.103031E-12
.101006E-12
.132380E-12
.166239E~12
.197009E-12
.211670E-12
.211243E-12
.192309E-12
.165407E-12
.937092E-13
.270487E-15

x mesh 85
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.356023E-12
.244544E-12
.150272E-12
.155596E-12
.203281E-12
.240097E-12
.255105E-12
.242778E-12
.213127E-12
.023386E-13
.197349E-15

x mesh 70

.315312E-12
.257305E-12
.188570E-12
.149370E-12
.129927E-12
.169832E-12
.213081E-12
.309416E-12
.382515E-12
.204563E-13
.787883E-15

x mesh 78

.109132E-12
.107754E-12
.096840E-12
.115210E-12
.151211E-12
.176211E-12
.191342E-12
.200831E-12
.189777E-12
.964318E-13
.148551E-15

x mesh 86
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.334235E-12
.321264E-12
.260361E-12
.199913E-12
.216985E-12
.265740E-12
.308339E-12
.307522E-12
.279008E-12
.076444E-13
.277404E-15

x mesh 71

.257836E-12
.323317E-12
.279585E-12
.194095E-12
.121325E-12
.071673E-12
.059585E-12
.097300E-12
.238981E-12
.174470E-13
.719828E-15

x mesh 79

.101349E-12
.105355E-12
.113061E-12
.103332E-12
.100913E-12
.134730E-12
.151779E-12
.161259E-12
.178197E-12
.950378E-13
.136790E-15

x mesh 87
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O N =

.313091E-12
.298835E-12
.277677E-12
.242508E-12
.199845E-12
.242213E-12
.276622E-12
.335257E-12
.393789E-12
.238307E-13
.216281E-15

x mesh 72

.193631E-12
.231266E-12
.312341E-12
.297816E-12
.221896E-12
.113446E-12
.051737E-12
.009515E-12
.012808E-12
.880884E-13
.608337E-15

x mesh 80

.089427E-12
.089968E-12
.103026E-12
.117270E-12
.107319E-12
.088674E-12
.095675E-12
.116397E-12
.138953E-12
.907045E-13
.000205E-15

x mesh 88

LEL
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.081129E-12
.085272E-12
.078695E-12
.097253E-12
.118405E-12
.109621E-12
.085361E-12
.083333E-12
.093039E-12
.870080E-13
.981904E-15

N e

x mesh 89

.984547E-13
.860624E-13
.843522E-13
.950619E-13
.002773E-12
.898574E-13
.902766E-13
.880502E-13
.693131E-13
.643460E-13
.404953E-15
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x mesh 97

.050306E-13
.109508E-13
.107329E-13
.085803E-13
.085242E-13
.004419E-13
.003806E-13
.087841E-13
.103934E-13
.559651E-13
.845570E-15
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x mesh 105

7.799576E-13

.056822E-12
.064693E-12
.078494E-12
.069594E-12
.089923E-12
.116733E-12
.124452E-12
.101528E-12
.075043E-12
.819099E-13
.856888E-15

N e e

x mesh 90

.706460E-13
.816129E-13
.801244E-13
.727624E-13
.834967E-13
.899509E-13
.827948E-13
.797318E-13
.757598E-13
.669077E-13
.332240E-15
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x mesh 98

.881130E-13
.891729E-13
.953098E-13
.951451E-13
.960261E-13
.997042E-13
.928383E-13
.875939E-13
.904039E-13
.543911E-13
.753017E~-15
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x mesh 106

7.642408E-13

.062074E-12
.036564E-12
.048967E-12
.066564E-12
.063370E-12
.087997E-12
.111768E-12
.121694E-12
.097719E-12
.821273E-13
.840037E-15

e el el el

x mesh 91

.615595E-13
.608608E-13
.687980E-13
.716060E-13
.586780E-13
.709362E-13
.800724E-13
.776437E-13
9.735449E-13
1.657397E-13
7.260753E-15
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x mesh 99

.724001E-13
.737377E-13
.744149E-13
.778388E-13
.763719E-13
.772561E-13
.832181E-13
.829220E-13
.753641E-13
.508258E-13
.651396E-15
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x mesh 107

7.517593E-13

.053742E-12
.053408E-12
.024599E-12
.031959E-12
.048039E-12
.056677E-12
.068268E-12
.091846E-12
+119789E-12
.869781E-13
.743069E-15

e e e el e

x mesh 92

.570786E-13
.558264E-13
.482315E-13
.598584E-13
.644138E-13
.492476E-13
.513086E-13
.569489E-13
.681427E-13
.656003E-13
.201227E-15
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x mesh 100

.550484E-13
.557252E-13
.566148E-13
.576847E-13
.607120E-13
.605083E-13
.557628E-13
.582848E-13
.635911E-13
.494511E-13
.571657E-15
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x mesh 108

7.374992E-13
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.035453E-12
.040406E-12
.039860E-12
.016895E-12
.013713E-12
.030673E-12
.041198E-12
.051960E-12
.079669E-12
.844891E-13
.677990E-15

x mesh 93

.451350E-13
.442044E-13
.478111E-13
.360733E-13
.469537E-13
.540565E-13
.445780E-13
.433928E-13
.428367E-13
.631926E-13
.163230E-15

x mesh 101

.379337E-13
.391580E-13
.392939E-13
.390814E-13
.401241E-13
.423272E-13
.482483E-13
.443034E-13
.408250E-13
.461193E-13
.432278E-15

x mesh 109

.320107E-13

.042975E-12
.024157E-12
.024378E-12
.021750E-12
.007380E-12
.979042E-13
.004301E-12
.021997E-12
.045174E-12
. 777995E-13
.624709E-15
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x mesh 94

.365766E-13
.341240E-13
.363563E-13
.391214E-13
.296861E-13
.311571E-13
.384092E-13
.386642E-13
9.365043E-13
1.607839E-13
7.080584E-15
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x mesh 102

8.245161E-13
8.223077E-13
8.246577E-13
8.239067E-13
8.245371E-13
8.240029E-13
8.191094E-13
8.248018E-13
8.280338E-13
1.430310E-13
6.352232E-15

x mesh 110

7.228370E-13

1.007985E-12
1.029056E-12
1.019025E-12
1.013011E-12
1.009609E-12
9.958591E-13
9.796966E-13
9.812270E-13
1.007370E-12
1.753208E-13
7.549252E-15

x mesh 95

9.290770E-13
9.249149E-13
9.252077E-13
9.322399E-13
9.376609E-13
9.268610E-13
9.093958E-13
9.167842E-13
9.313443E-13
1.605388E-13
7.045468E-15

x mesh 103

.086776E-13
.100594E-13
.089983E-13
.092639E-13
.082725E-13
.112901E-13
.151740E-13
.084298E-13
.084670E-13
.411671E-13
.209366E-15
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x mesh 111

7.152430E-13

9.907535E-13
9.933380E-13
1.009903E-12
1.012863E-12
1.002253E-12
9.997713E-13
9.986514E-13
9.786087E-13
9.603128E-13
1.678871E-13
7.510998E-15

x mesh 96

.225532E-13
.225399E-13
.177734E-13
.187004E-13
.173190E-13
.234730E-13
.286480E-13
.202960E-13
.130663E-13
.575497E-13
.944701E-15

O VWWOVWOVWWOVWWOVWWOYWWYWWVWY

x mesh 104

.963818E-13
.949170E-13
.951197E-13
.964711E-13
.943288E-13
.921425E-13
.913965E-13
.979645E-13
.944357E-13
.377869E-13
6.132896E-15

HONSNNNNNaS

x mesh 112

7.020452E-13

SEl
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.821547E-13
.808363E-13
.806567E-13
.833561E-13
.825768E-13
.807299E-13
.781298E-13
.825403E-13
.362294E-13
.985448E-15

x mesh 113

.926255E-13
.926269E-13
.946468E-13
.951018E-13
.932039E-13
.928360E-13
.906015E-13
.904083E-13
.869913E-13
.200791E-13
.317088E-15

UE AN

x mesh 121

.226400E-13
.232945E-13
.239407E-13
.205987E-13
.199554E-13
.234268E-13
.221079E-13

.213523E-13
.076329E-13
.701144E-15

BHEHANANAANNTAATAANTRNDN

x mesh 129

5.226806E-13
5.233795E-13

.218787E-13"

.655297E-13
.698950E-13
.686920E-13
.682476E-13
.683963E-13
.712105E-13
.704665E-13
.669999E-13
.337330E-13
.939171E-15

V= NNNNNNSS

x mesh 114

.829073E-13
.838994E-13
.839177E-13
.861932E-13
.864955E-13
.853816E-13
.844566E-13
.828426E-13
.834804E-13
.183001E-13
.230544E-15

U AN

x mesh 122

.103006E-13
.115523E-13
.125204E-13
.123328E-13
.083990E-13
.106342E-13
.134033E-13
.116001E-13
.104854E-13
.057669E-13
.622393E-15

BHEFAOAAOANNNTNTNTNAARN

x mesh 130

5.104608E-13
5.122274E-13

.521869E-13
.519216E-13
.567207E-13
.577198E-13
.573221E-13
.539025E-13
.565617E-13
.582742E-13
.316671E-13
.829733E-15

VR NNNN9NSS

x mesh 115

.738711E-13
.735855E-13
.761294E-13
.760201E-13
.766581E-13
.788274E-13
.814704E-13
.783752E-13
.761712E-13
.176249E-13
.162851E-15

NVEARARNANRARATRNANNND O

x mesh 123

5.969055E-13
5.986058E-13
.004786E-13
.029941E-13
.992923E-13
.971973E-13
.984597E-13
.003310E-13
.995641E-13
.040437E-13
.567189E-15

=N

x mesh 131

4.993380E-13
5.009810E-13

VE AT VR NdNdNNSNNSSS

(OIS RS RS RS R RS RS T )

4
4

.375200E-13
.391237E-13
.388691E-13
.412292E-13
.449086E-13
.488174E-13
.454213E-13
.454199E-13
.303445E-13
.756666E-15

x mesh 116

.699182E-13
.671886E-13
.668724E-13
.688822E-13
.686453E-13
.682488E-13
.679533E-13
.717955E-13
.697780E-13
.157874E-13
.099475E-15

x mesh 124

.838202E-13
.847024E-13
.878204E-13
.872830E-13
.898746E-13
.869047E-13
.855823E-13
.873927E-13
.870071E-13
.020329E-13
.469073E-15

x mesh 132

.884963E-13
.907599E-13

.279032E-13
.267486E-13
.278904E-13
.287723E-13
.282012E-13
.299913E-13
.338905E-13
.350282E-13
.275023E-13
.623367E-15

N NdNNNNNSS

x mesh 117

.608845E-13
.609411E-13
.598008E-13
.617903E-13
.612648E-13
.603882E-13
.604083E-13
.596940E-13
.631462E-13
.147052E-13
.017995E-15

UEHEANANRANANRNANNNRNNO O

x mesh 125

.719167E-13
.708546E-13
.726916E-13
.735191E-13
.754958E-13
.748614E-13
.746208E-13
.744598E-13
.747943E-13
.985448E-14
.395527E-15

SOV OUULOOV

x mesh 133

4.801478E-13
4.799217E-13

BHEHAANAANANAANTRNANNDN VR NdNNNNNSSS

SO U OO

L}
4

.217615E-13
.189478E-13
.167589E-13
.165834E-13
.181003E-13
.174727E-13
.185589E-13
.232237E-13
.267030E-13
.556850E-15

x mesh 118

.514685E-13
.524285E-13
.515715E-13
.524795E-13
.525562E-13
.528914E-13
.518185E-13
.515426E-13
.507257E-13
.125534E-13
.930628E-15

x mesh 126

.597310E-13
.570158E-13
.585616E-13
.610276E-13
.601736E-13
.615808E-13
.606795E-13
.609299E-13
.629925E-13
.803003E-14
.319718E-15
x mesh 134
.741331E-13
.708962E-13

VR NNNNdNSNSS

OO OULUOUBLUO WM

4
4

BEHAOAAAAANNTATRANTNODN

.134114E-13
.119287E-13
.098172E-13
.069990E-13
.060492E-13
.071045E-13
.080275E-13
.087806E-13
.237173E-13
.485504E-15
x mesh 119
.419603E-13
.426038E-13
.415226E-13
.427811E-13
.445470E-13
.427373E-13
.444147E-13
.424017E-13
.428098E-13
.109264E-13
.858091E-15

x mesh 127

.474147E-13
.453983E-13
.445066E-13
.478289E-13
.454376E-13
.489264E-13
.489567E-13
.466396E-13
.481073E-13
.613617E-14
.259945E-15
x mesh 135
.666425E-13
.624562E-13

.045462E-13
.045303E-13
.023261E-13
.013678E-13
.978994E-13
.964509E-13
.962287E-13
.987286E-13
.220811E-13
.391335E-15

OO NNSNSN

x mesh 120

.338075E-13
.326975E-13
.323603E-13
.304770E-13
.327873E-13
.344955E-13
.319728E-13
.330137E-13
.343398E-13
.094191E-13
.785571E-15

BHAAANNANANANANNNDN

x mesh 128

5.341846E-13
5.346079E-13
5.309784E-13
5.328349E-13
5.362984E-13
5.328360E-13
5.379226E-13
5.357407E-13
5.326291E-13
9.388925E~-14
4.183337E-15

x mesh 136

4.600332E-13
4.552938E-13

6€1
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.199175E-13
.181723E-13
.235967E-13
.202736E-13
.209017E-13
.243036E-13
.219343E-13
.188755E-14
.128878E-15

SO v,

x mesh 137

.509001E-13
.504932E-13
.470558E-13
.493535E-13
.493784E-13
.483845E-13
.445666E-13
.446063E-13
.464470E-13
.931337E-14
.609984E-15

WL bbb b bbb

x mesh 145

4.153341E-13
4.126758E-13
.101913E-13
.105575E-13
.119628E-13
.052201E-13
.055263E-13
.074087E-13
.054611E-13
7.022606E-14
3.162981E-15

Y

x mesh 153

3.695364E-13
3.672613E-13
3.690977E-13

.108627E-13
.080010E-13
.092070E-13
.103775E-13
.066226E-13
.099213E-13
.109116E-13
.019612E-14
.040650E-15

E Y- 20 IS RN RS N N S

x mesh 138

4.443796E-13
4.438397E-13
4.404627E-13
4.417759E-13
4.427272E-13
4.434004E-13
4.420920E-13
4.388897E-13
4.378334E-13
7.745267E-14
3.543929E-15

x mesh 146

.137273e-13
.125940E-13
.086941E-13
.096828E-13
.097905E-13
.047340E-13
.028045E-13
.040331E-13
.034346E-13
.966657E-14
.139440E-15

WO bbb bbb b

x mesh 154

3.614662E-13
3.587723E-13
3.599610E-13

.993104E-13
.963547E-13
.007702E-13
.992508E-13
.965520E-13
.004115E-13
.825488E-14
.977556E-15

WowunmbdbUdaeWwm

x mesh 139

.357755E-13
.379500E-13
.361487E-13
.337602E-13
.374453E-13
.367774E-13
.374428E-13
.349908E-13
.317321E-13
.645461E-14
.485769E-15

WA bbb bdbdbdbdbdbd

x mesh 147

.088758E-13
.108583E-13
.070805E-13
.067979E-13
.072696E-13
.063460E-13
.007369E-13
.011550E-13
.016232E-13
.874081E-14
.083906E-15

WO bbb bdbddbdd

x mesh 155

3.503089E-13
3.537783E-13
3.510979E-13

.016165E-13 .

.909669E-13
.901038E-13
.881791E-13
.889600E-13
.909045E-13
.868632E-13
4.881451E-13
8.684109E-14
3.893738E-15

F -

x mesh 140

4.287236E-13
4.318233E-13
4.323836E-13
4.276228E-13
4.291736E-13
4.305352E-13
4.346181E-13
4.306392E-13
4.279407E-13
7.516748E-14
3.422280E-15

x mesh 148

4.045845E-13
4.035104E-13
4.028696E-13
4.016603E-13
4.030902E-13
4.032630E-13
4.022170E-13
3.986689E-13
3.990316E-13
6.771889E-14
3.001382E-15

x mesh 156
3.421990E-13

3.452583E-13
3.432426E-13

.809556E-13
.822447E-13
.799091E-13
.783694E-13
.800211E-13
.803957E-13
.749806E-13
.495340E-14
.836696E-15

Wb b o bdbHLD

x mesh 141

.249002E-13
.255086E-13
.257744E-13
.252505E-13
.223939E-13
.257235E-13
.213157E-13
.263131E-13
.243832E-13
.431981E-14
.377113E-15

WNbbd bbb bbb

x mesh 149

3.978062E-13
3.973430E-13
3.983830E-13
.952238E-13
.969355E-13
.987857E-13
.989958E-13
.977965E-13
.948014E-13
.654251E-14
.902559E-15

NOAOWWWLwWWwWWW

x mesh 157

3.334825E-13
3.330031E-13
3.372581E-13

4.721901E-13
4.719371E-13
4.711044E-13
4.694826E-13
4.700997E-13
4.715421E-13
4.672015E-13
8.302064E-14
3.763351E-15

x mesh 142

4.217439E-13
4.206015E-13
4.201667E-13
4.214841E-13
4.173866E-13
4.204416E-13
4.190491E-13
4.186846E-13
4.191150E-13
7.316549E-14
3.306243E-15

x mesh 150

.904162E-13
.921655E-13
.898558E-13
.909729E-13
.893439E-13
.919328E-13
.941184E-13
.932609E-13
.912416E-13
.538481E-14
2.828173E-15

AWWWWWLWWWWW

x mesh 158

3.215776E-13
3.236215E-13
3.260241E-13

.637334E-13
.631591E-13
.633655E-13
.615249E-13
.604164E-13
.609721E-13
.621049E-13
8.177581E-14
3.723145E-15

Y R N R

x mesh 143

4.197065E-13
4.165338E-13
4.181108E-13
4.162983E-13
.134100E-13
.145209E-13
.196457E-13
.140284E-13
.155282E-13
.211633E-14
.266656E-15

WN bbb bab

x mesh 151

.817296E-13
.843298E-13
.837110E-13
.838263E-13
.809169E-13
.840200E-13
.827707E-13
.854348E-13
.866497E-13
.409537E-14
.754304E-15

NAWWWWWWWWW

x mesh 159

3.122812E-13
3.147543E-13
3.140342E-13

4.553535E-13
4.572186E-13
.549845E-13
.534607E-13
.529823E-13
.528654E-13
.550662E-13
.041522E-14
.663374E-15

W oo e bbb

x mesh 144

.176364E-13
.145468E-13
.130556E-13
.137255E-13
.129158E-13
.085137E-13
.103018E-13
.113799E-13
4.092340E-13
7.118637E-14
3.210836E-15

bbb DD

x mesh 152

.747964E-13
.757998E-13
.768337E-13
.747443E-13
.767045E-13
.742234E-13
.777001E-13
.769237E-13
.789045E-13
.246049E-14
.666821E-15

NOAWWWLWWLWWWWWW

x mesh 160

3.031060E-13
3.040741E-13
3.052271E-13

orl
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.688924E-13
.693265E-13
.683570E-13
.662246E-13
.689885E-13
.701544E-13
.114865E-14
.594822E-15

NOAWWWWwWwWw

x mesh 161

.950861E-13
.946868E-13
.977069E-13
.966774E-13
.979495E-13
.969527E-13
.980995E-13
.982327E-13
.007169E-13
.909177E-14
.059345E-15

NBEBWNNMNNMNNMNNDMDNDNN

x mesh 169

.230408E-13
.248559E-13
.278210E-13
.312142E-13
.310053E-13
.297591E-13
.285802E-13
.300199E-13
.349660E-13
.815204E-14
.629364E-15

HWNNMNNNMNNNDNDN

x mesh 177

1.782927E-13
1.758999E-13
1.756077E-13
1.773140E-13

NBNNNONNNDNON

.616217E-13
.597087E-13
.636522E-13
.596354E-13
.589865E-13
.604623E-13
.936811E-14
.521785E-15

NOWWWWWwW

x mesh 162

.866659E-13
.858039E-13
.883544E-13
.877544E-13
.894234E-13
.884610E-13
.899254E-13
.879242E-13
.895425E-13
.754404E-14
.010487E-15

x mesh 170

.153743E-13
.150943E-13
.178238E-13
.212595E-13
.225343E-13
.225075E-13
.241786E-13
.218335E-13
.236674E-13
.699233E-14
.582511E-15

HFWNNMNNDNDMDNDNNOMNDMNODDN

x mesh 178

1.728945E-13
1.690194E-13
1.708422E-13
1.708239E-13

.522905E-13
.531944E-13
.534737E-13
.594410E-13
.523078E-13
.518971E-13
.781279E-14
.441123E-15

NOWWWWWwW

x mesh 163
.782293E-13

.787024E-13
.794641E-13
.798229E-13
.801079E-13
.784211E-13
.806583E-13
.804515E-13
.580558E-14
.941543E-15

=B NNMNNMNNNDNODNDN

x mesh 171

2.091322E-13
2.072633E-13
2.075203E-13
2.102471E-13
2.142476E-13
2.138618E-13
2.111287E-13
2.138338E-13
2.134555E-13
3.550984E-14
1.520761E-15

x mesh 179

1.653178E-13
1.646620E-13
1.647098E-13
1.635633E-13

.785011E-13-

.434090E-13
.451690E-13
.449125E-13
.433769E-13
.483662E-13
.429854E-13
.638195E-14
.388833E-15

NOWWWWWwW

x mesh 164

.713293E-13
.715622E-13
.709495E-13
.714861E-13
.699975E-13
.737649E-13
.728770E-13
.722324E-13
.719014E-13
.447915E-14
.888453E-15

~aNNNOMNRNNNNNN

x mesh 172

.032137e-13
.017456E-13
.004872E-13
.020238E-13
.043184E-13
.057097E-13
.065529E-13
.047876E-13
2.049898E-13
3.417282E-14
1.471757E-15

NNNNMNNNDNDN

x mesh 180

1.576794E-13
1.601570E-13
1.573237E-13
1.587872E-13

.343268E-13
.356455E-13
.380608E-13
.353498E-13
.379116E-13
.379050E-13
.497539E-14
.309431E-15

NUOWWWWWW

x mesh 165

.618929E-13
.636105E-13
.638224E-13
.630061E-13
.628375E-13
.644218E-13
.663531E-13
.632344E-13
.656516E-13
.306723E-14
.828073E-15

= aNNNNMNNNNDNDN

x mesh 173

.980724E-13
.960861E-13
.944182E-13
.946030E-13
.964592E-13
.974771E-13
.953525E-13
.967203E-13
.976039E-13
.287541E-14
.423395E-15

W e e

x mesh 181

1.523139E-13
1.541641E-13
1.515240E-13
1.524336E-13

.262981E-13
.261192E-13
.281668E-13
.327479E-13
.290674E-13
.311271E-13
.360390E-14
.259201E-15

NOWWWWWwW

x mesh 166

.519119E-13
.547191E-13
.546126E-13
.552746E-13
.551992E-13
.542216E-13
.588224E-13
.579990E-13
.560122E-13
.200823E-14
.783075E-15

= BNNMNNMNNMNNNNNDN

x mesh 174

.937871E-13
.908879E-13
.897597E-13
.881497E-13
.895220E-13
.923410E-13
.910347E-13
.895922E-13
.896942E-13
.175963E-14
.374981E-15

W e

x mesh 182

1.480723E-13
1.474347E-13
1.474442E-13
1.465310E-13

.165108E-13
.167180E-13
.178406E-13
.176922E-13
.204056E-13
.206096E-13
5.231105E-14
2.179733E-15

WWWwwww

x mesh 167

.423750E-13
.446276E-13
.472378E-13
.478571E-13
.465299E-13
.463485E-13
.449630E-13
.502827E-13
.474302E-13
4.053687E-14
1.728596E-15

NNNNNDNNDNDNDN

x mesh 175

.876073E-13
.873169E-13
.867297E-13
.834693E-13
.832139E-13
.852477E-13
.855297E-13
.837280E-13
.825610E-13
.059161E-14
.329993E-15

=W e

x mesh 183

1.452859E-13
1.422440E-13
1.428950E-13
1.407161E-13

.065589E-13
.068226E-13
.068332E-13
.077975E-13
.099809E-13
.116478E-13
.076507E-14
.123392E-15

NOWWWWWW

x mesh 168

.323048E-13
.352379E-13
.391013E-13
.386204E-13
.391500E-13
.382531E-13
.387800E-13
.390882E-13
.419573E-13
3.941550E-14
1.686623E-15

NNMNNNDNNNNNDN

x mesh 176

.817233E-13
.825747E-13
.813695E-13
.805585E-13
.776997E-13
.776645E-13
.815256E-13
.800103E-13
.774020E-13
.955605E-14
.287592E-15

=N e e e b e

x mesh 184

1.409327E-13
1.377181E-13
1.384605E-13
1.366748E-13

vl
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1.733524E-13
1.731047E-13
1.726821E-13
1.749922E-13
1.720673E-13
2.881257E-14
1.248573E-15

x mesh 185

.372163E-13
.340080E-13
.329372E-13
.332963E-13
.316578E-13
.317123E-13
.309718E-13
.340177E-13
.319735E-13
2.242576E-14
9.928831E-16

T S i e

x mesh 193

.063946E-13
.066575E-13
.067997E-13
.090213E-13
.071600E-13
.061273E-13
.049486E-13
.044643E-13
.036281E-13
.782203E-14

AR TN TN S T S

x mesh 201

8.440992E-14
8.592114E-14
8.403547E-14
8.413627E-14
8.557335E-14

.021735E-16

1.699158E-13
1.680086E-13
1.704612E-13
1.698070E-13
1.683490E-13
2.790305E-14
1.208202E-~15

x mesh 186

.327916E-13
.311698E-13
.291901E-13
.294794E-13
.272835E-13
.277141E-13
.265128E-13
.281194E-13
.292192E-13
.169932E-14
.671205E-16

O N

x mesh 194

.024234E-13
.030264E-13
.038527E-13
.037642E-13
.052779E-13
.028866E-13
.017465E-13
.016106E-13
.011861E-13
.741046E-14
7.828314E-16
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x mesh 202

8.211305E-14
8.287560E-14
8.223646E-14
8.142449E-14
8.326064E-14

.661080E-13
.633886E-13
.630399E-13
.644605E-13
.656747E-13
.730509E-14
.177729E-15

T N N N e

x mesh 187

.283685E-13
.284559E-13
.251916E-13
.257644E-13
.240601E-13
.235971E-13
.234392E-13
.234535E-13
.257807E-13
.109609E-14
.402505E-16

O N = e

x mesh 195

.977242E-14
.982828E-14
.015040E-13
.970916E-14
.026447E-13
.936245E-14
.007553E-13
.857534E-14
.822017E-14
.689464E-14
.595429E-16

N OOV OVUKE OOV

x mesh 203

8.034452E-14
8.020093E-14
8.067812E-14
7.927857E-14
7.934040E-14

.596203E-13
.594178E-13
.573198E-13
.585336E-13
.604386E-13
.663231E-14
.142347E-15

[ N e N e

x mesh 188

.251237E-13
.253699E-13
.230822E-13
.211712E-13
.211459E-13
.188867E-13
.200530E-13
.189696E-13
1.220260E-13
2.054104E-14
9.162851E-16

e N T

x mesh 196

9.798596E-14
9.682156E-14
.842269E-14
.732016E-14
.858444E-14
.699148E-14
.504712E-14
.588247E-14
.503768E-14
1.642310E-14
7.390562E-16

(Y- 2T BT JAV- RNV JRVC V-]

x mesh 204

7.876853E-14
7.754936E-14
7.888990E-14
7.758327E-14
7.689195E-14

1.525006E-13
1.554067E-13
1.516874E-13
1.517873E-13
1.537377E-13
2.577256E-14
1.106116E-15

x mesh 189

.217878E-13
.217713E-13
.211878E-13
.187306E-13
.178995E-13
.159548E-13
.152183E-13
.156637E-13
.168793E-13
.994416E-14
.897768E-16

0 1= 1 b

x mesh 197

.574159E-14
.331399E-14
.400449E-14
.604237E-14
.436135E-14
.579896E-14
.240300E-14
.296369E-14
.181146E-14
.587880E-14
.148099E-16

PN V- IV RV RV RV JUV. IV IV IV

x mesh 205

.800661E-14
.558054E-14
.658534E-14
.648726E-14
.500215E-14

NNNNJ9

1.461955E-13
1.495752E-13
1.497594E-13
1.462973E-13
1.478139E-13
2.493274E-14
1.078645E-15

x mesh 190

1.181929E-13
1.184290E-13
1.192414E-13
1.158631E-13
1.151611E-13
1.138911E-13
1.121166E-13
1.123995E-13
1.118833E-13
1.935961E-14
8.686506E-16

x mesh 198

9.373311E-14
9.124300E-14
9.108686E-14
9.331053E-14
.058575E-14
.391473E-14
.977497E-14
.001528E-14
.978041E-14
.549119E-14
.003480E-16

~N = YW owow

x mesh 206

7.497449E-14
7.354130E-14
7.394494E-14
7.428525E-14
7.370106E-14

.414802E-13
.420861E-13
.455152E-13
.429843E-13
.407580E-13
.403208E-14
.049900E-15

AN

x mesh 191

1.139108E-13
1.149933E-13
1.158495E-13
.155021E-13
.123263E-13
.116693E-13
.098736E-13
.091779E-13
.085843E-13
.868578E-14
.434003E-16

R

x mesh 199

.038595E-14
.991315E-14
.896462E-14
.010771E-14
.877991E-14
.003655E-14
.946553E-14
.714405E-14
.774168E-14
.501646E-14
.746949E-16

O\ O O®DWOW®DYDD®YO

x mesh 207

7.358424E-14
7.283571E-14
7.246913E-14
7.358076E-14
7.284388E-14

1.366927E-13
1.358471E-13
1.381343E-13
1.391408E-13
1.355900E-13
2.316959E-14
1.021872E-15

x mesh 192

.101298E-13
.109255E-13
.111616E-13
.133949E-13
.098476E-13
.088357E-13
.073495E-13
.068231E-13
.058687E-13
.826309E-14
.233556E-16

D e

x mesh 200

8.728706E-14
8.798964E-14
8.629304E-14
8.650971E-14
8.741947E-14
8.590679E-14
8.931028E-14
8.576928E-14
8.587863E-14
1.462846E-14
6.617552E-16

x mesh 208

.285792E-14
.146896E-14
.120393E-14
.248520E-14
.160388E-14

NNNNSS
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.262783E-14
.410490E-14
.473272E-14
.255488E-14
.419419E-14
.368370E-16

x mesh 209

.132975E-14
.124909E-14
.994354E-14
.042979E-14
.025386E-14
.879780E-14
.865405E-14
.017590E-14
.868011E-14
.188884E-14
.161336E-16

x mesh 217

.053211E-14
.223671E-14
.217002E-14
.092030E-14
.151234E-14
.092692E-14
.205753E-14
.005136E-14
.103970E-14
.001143E-14
.140163E-16

x mesh 225

.328469E-14
.275390E-14
.199364E-14
.256010E-14
.355486E-14
.199927E-14

8.099127E-14
8.036589E-14
8.283486E-14
8.038488E-14
1.381619E-14
6.181889E-16

x mesh 210

.036324E-14
.949550E-14
.913958E-14
.854334E-14
.852300E-14
.799185E-14
.715533E-14
.759138E-14
.763981E-14
.154266E-14
.117708E-16

AR O

x mesh 218

.899216E-14
.976483E-14
.114262E-14
.021687E-14
.024609E-14
.870681E-14
.107241E-14
.937402E-14
.975114E-14
.876876E-15
.055073E-16

SOOI WL

x mesh 226

.248796E-14
.173553E-14
.099707E-14
.112301E-14
.277771E-14
.158469E-14

(S 0T IS IE T T

.091536E-14
.863665E-14
.983562E-14
.948036E-14
.343441E-14
.027717E-16

O NNN©

x mesh 211

.016801E-14
.856492E-14
.808213E-14
.675632E-14
.770383E-14
.660680E-14
.560782E-14
.545454E-14
.666267E-14
1.121055E-14
4.869077E-16

N N R N N ]

x mesh 219

.818245E-14
.769464E-14
.994739E-14
.872453E-14
.807394E-14
.823304E-14
.733353E-14
.864540E-14
.787468E-14
.586679E-15
.911982E-16

WL uoou

x mesh 227

5.140368E-14
5.067662E-14
5.058308E-14
5.012144E-14
5.173307E-14
5.097361E-14
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WwWouououuouoououoom

S A

.893525E-14
.653001E-14
.672403E-14
.895749E-14
.313514E-14
.851659E-16

x mesh 212

.907170E-14
.780525E-14
.750978E-14
.589601E-14
.657906E-14
.589434E-14
.461045E-14
.430522E-14
.550131E-14
.097384E-14
.822443E-16

x mesh 220

.723508E-14
.642155E-14
.846639E-14
.772401E-14
.634538E-14
.763907E-14
.614848E-14
.737664E-14
.610765E-14
.412170E-15
.847907E-16

x mesh 228

.996497E-14
.051765E-14
.970425E-14
.896243E-14
.069791E-14
.998866E-14

7.605584E-14

7.592655E-14
7.438931E-14
7.671180E-14
1.285859E-14
5.687288E-16

x mesh 213

.833747E-14
.674238E-14
.623592E-14
.568214E-14
.516028E-14
.483458E-14
.595817E-14
.337691E-14
.425967E-14
.084614E-14
.606807E-16

BE AN

x mesh 221

.642242E-14
.536432E-14
.618964E-14
.702067E-14
.541680E-14
.636154E-14
.498590E-14
.580033E-14
.527943E-14
.158713E-15
.716052E-16

Wowuououuououoomuowm

x mesh 229

.870997E-14
.995775E-14
.883168E-14
.809186E-14
.924453E-14
.909685E-14

o bbb DD
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.307390E-14
.609524E-14
.317779E-14
.350952E-14
.259564E-14
.534742E-16

x mesh 214

.622892E-14
.643502E-14
.564448E-14
.490162E-14
.366881E-14
.447960E-14
.288411E-14
.327004E-14
.231377E-14
.062211E-14
.551603E-16

x mesh 222

.579696E-14
.473333E-14
.483614E-14
.621920E-14
.464262E-14
.525922E-14
.557602E-14
.375933E-14
.490489E-14
.958590E-15
.631598E-16

x mesh 230

.762903E-14
.917180E-14
.807441E-14
.730377E-14
.776147E-14
.876637E-14
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.177986E-14
.132939E-14
.280592E-14
.194879E-14
.226759E-14
.300639E-16

x mesh 215

.383681E-14
.614597E-14
.461481E-14
.382485E-14
.298919E-14
.377023E-14
.191409E-14
.240252E-14
.132279E-14
.036959E-14
.372702E-16

x mesh 223

.454117E-14
.457744E-14
.366384E-14
.526158E-14
.426979E-14
.321367E-14
.711116E-14
.327802E-14
.327013E-14
.772093E-15
.524742E-16

x mesh 231

.688562E-14
.777041E-14
.732867E-14
.701057E-14
.668364E-14
.814717E-14

[ IS BN BN I |
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.072380E-14
.070486E-14
.208138E-14
.025930E-14
.218747E-14
.398185E-16

x mesh 216

.189114E-14
.463545E-14
.310173E-14
.256033E-14
.271354E-14
.283829E-14
.124430E-14
.159266E-14
.114955E-14
.019825E-14
.303650E-16

x mesh 224

.391129E-14
.378209E-14
.297591E-14
.443153E-14
.373977E-14
.199198E-14
.241620E-14
.345291E-14
.217267E-14
.579363E-15
.417489E-16

x mesh 232

.612878E-14
.657202E-14
.703350E-14
.622373E-14
.548660E-14
.671568E-14

34|
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5.114487E-14
5.291217E-14
5.085524E-14
8.464273E-15
3.353032E-16

x mesh 233

.585715E-14
.546355E-14
.661388E-14
.555969E-14
.482684E-14
.564954E-14
.546506E-14
.507361E-14
.491273E-14
7.205118E-15
2.696221E-16

N Y

x mesh 241

.033764E-14
.093452E-14
.042767E-14
.017845E-14
.116340E-14
.036219E-14
.985100E-14
.974943E-14
.045911E-14
.284985E-15
.193775E-16

NoOdWWae oo bbb

x mesh 24§

.561769E-14
.548661E-14
.596132E-14
.589608E-14
.552350E-14
.519652E-14
.557751E-14

WWWwwwww
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5.048329E-14
5.190869E-14
5.025071E-14
8.262218E-15
3.254650E-16

x mesh 234

.494797E-14
.441539E-14
.589099E-14
.485427E-14
.425725E-14
.459698E-14
.509544E-14
.465529E-14
.423593E-14
7.085989E-15
2.608643E-16

x mesh 242

.958611E-14
.012396E-14
.959442E-14
.911093E-14
.031443E-14
.958516E-14
.953064E-14
.913827E-14
.965140E-14
.180642E-15
.109445E-16

NoOWWWWwaeawwsaWw

x mesh 250

.513338E-14
.505558E-14
.538529E-14
.573948E-14
.515277E-14
.457288E-14
.480944E-14

WWWwWwwww

4.974463E-14
5.025444E-14
5.067795E-14
8.132720E-15
3.175418E-16

x mesh 235

.405270E-14
.420044E-14
.454456E-14
.423230E-14
.397575E-14
.348732E-14
.517738E-14
.432071E-14
.357121E-14
.941417E-15
.553601E-16

NV D DD Db dd

x mesh 243

.898340E-14
.946581E-14
.856045E-14
.873055E-14
.891225E-14
.898118E-14
.847371E-14
.844031E-14
.867243E-14
.096145E-15
.085713E-16

NOWWLWWWWWWWW

x mesh 251

.457030E-14
.457825E-14
.500168E-14
.535795E-14
.463009E-14
.429250E-14
.412559E-14

WWWwWwwww

5.019475E-14
4.865816E-14
5.047674E-14
7.985997E-15
3.085740E-16

x mesh 236

4.438314E-14
4.372816E-14
4.341257E-14
4.386506E-14
4.322653E-14
4.261898E-14
4.284600E-14
4.374826E-14
4.299184E-14
6.877458E-15
2.473966E-16

x mesh 244

.814105E-14
.867141E-14
.808328E-14
.821702E-14
.819968E-14
.822846E-14
.773037E-14
.777759E-14
.780528E-14
.959676E-15
.005619E-16

NOWWLWWLWWLWWWWWW

x mesh 252

.398917E-14
.397142E-14
.443949E-14
.490867E-14
.393981E-14
.425826E-14
.373131E-14

WWWWwwww

4.847679E-14
4.824090E-14
4.950227E-14
7.908709E-15
3.013488E-16

x mesh 237

.408231E-14
.331328E-14
.276146E-14
.357243E-14
.252624E-14
.191735E-14
.189551E-14
.295676E-14
.227541E-14
.704229E-15
.420474E-16

NOoOd o b bbb bbb

x mesh 245

.727319E-14
.779871E-14
.814918E-14
.761992E-14
.733845E-14
.775430E-14
.703579E-14
.703133E-14
.706500E-14
.832950E-15
.974669E-16

HFUOWWwuwwwwwww

x mesh 253

.353365E-14
.349320E-14
.371167E-14
.401982E-14
.398329E-14
.387237E-14
.336319E-14

WWwWwwwww
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4.690675E-14
4.744836E-14
4.781804E-14
7.709231E-15
.925374E-16

x mesh 238

.338205E-14
.271331E-14
.200742E-14
.325114E-14
.202930E-14
.145896E-14
.117446E-14
.178461E-14
.211058E-14
.593049E-15
.340934E-16

x mesh 246

.677202E-14
.715164E-14
.759954E-14
.707144E-14
.651488E-14
.723557E-14
.727756E-14
.643745E-14
.644691E-14
.727469E-15
.901558E-16

x mesh 254

.316649E-14
.298763E-14
.295541E-14
.336797E-14
.381212E-14
.338903E-14
.297302E-14

HOWWWwwwwwww NOVD D DD DD bbb N bbb
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.650331E-14
.663685E-14
.594332E-14
.548244E-15
.850401E-16

x mesh 239

.257192E-14
.154138E-14
.190598E-14
.227108E-14
.182526E-14
.139508E-14
.069861E-14
.101029E-14
.153228E-14
.490650E-15
.298070E-16

x mesh 247

.633599E-14
.673020E-14
.710703E-14
.626789E-14
.620072E-14
.641133E-14
.702534E-14
.607585E-14
.580860E-14
.618984E-15
.883880E-16

x mesh 255

.304043E-14
.254780E-14
.249762E-14
.288132E-14
.328705E-14
.279065E-14
.245208E-14

.801027E-14
.582267E-14
.523210E-14
.354239E-15

NS b

.753524E-16
x mesh 240

4.153779E-14
4.132536E-14
4.119334E-14
4.114919E-14
4.165495E-14
4.097429E-14
4.034007E-14
4.017509E-14
4.101852E-14
6.361793E-15
2.223627E-16

x mesh 248

.591624E-14
.624710E-14
.646806E-14
.573116E-14
.592413E-14
.586273E-14
.539416E-14
.586196E-14
.530852E-14
.514825E-15
.805035E-16

P OWWwuwwwwwww

x mesh 256

.257126E-14
.208946E-14
.204272E-14
.243150E-14
.282934E-14
.191124E-14
.360440E-14

WWWwWwwww
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3.530145E-14
3.479520E-14
5.424238E-15
1.797240E-16

x mesh 257

.194638E-14
.164695E-14
.160207E-14
.161479E-14
.206807E-14
.176821E-14
.144667E-14
.182980E-14
.135658E~14
.787673E-15
1.488467E-16

BWWWWWwwuwww

x mesh 265

.834728E-14
.791543E-14
.783580E-14
.778169E-14
.778560E-14
.781387E~14
.784148E-14
.824491E-14
.840889E-14
.172184E-15
.219457E-16
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x mesh 273

.510073E-14
.487678E-14
.502950E-14
.482937E-14
.484720E-14
.484090E-14
.483466E-14
.480793E-14

NNMNNNMNNNNDN

3.489155E-14
3.433465E-14
5.331385E-15
1.716018E-16

x mesh 258

.113511E-14
.111049E-14
.110858E-14
.108908E-14
.113591E-14
.177592E-14
.100369E-14
.140439E-14
.094100E-14
.707748E-15
.428863E-16

HaWWwwuwwwuwuww

x mesh 266

.790153E-14
.748419E-14
.746071E-14
. 741025E-14
.735748E-14
.734595E-14
.734696E-14
.773554E-14
.779832E-14
.095330E-15
.180658E-16
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x mesh 274

.457149E-14
.428962E-14
.468634E-14
.437305E-14
.441509E-14
.442864E-14
.442170E-14
.441184E-14

NNMNNNNNDNODN

NNMNNNMNNDNDNDN

3.427431E-14
3.414723E-14
5.254053E-15

1.711187E-16
x mesh 259

.071747E-14
.065492E-14
.060974E-14
.059360E-14
.057303E-14
.136471E-14
.051177E-14
.091054E-14
.049895E-14
.637140E-15
.415649E-16

HFaWWWwwuwwwww

x mesh 267

.726004E-14
.729109E-14
.701424E-14
.698129E-14
.693471E-14
.688568E-14
.687356E-14
.722134E-14
.727852E-14
4.052370E-15
1.162597E-16

NNNNNDNNDNDNDN

x mesh 275

.412737E-14
.381121E-14
.420523E-14
.390366E-14
.394209E-14
.399247E-14
.402483E-14
.402672E-14

3
3
5
1
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.369204E-14
.404412E-14
.167531E-15
.635025E-16

x mesh 260

.027067E-14
.022251E-14
.016355E-14
.011470E-14
.009886E-14
.090861E-14
.007757E-14
.088595E-14
.000803E-14
.542404E-15
.364092E-16

x mesh 268

.682433E-14
.716260E-14
.677420E-14
.678052E-14
.675535E-14
.667811E-14
.658908E-14
.657808E-14
.692760E-14
.961726E-15
.105916E-16

x mesh 276

.368940E-14
.336693E-14
.375071E-14
.347269E-14
.351492E-14
.354119E-14
.355658E-14
.358121E-14

3
3
5
1

HFAaNWWWNNMNNNDN

NNMNNNDMNNDNDNNDN

HFWNPDNMNNOMNMNNNDN

.328897E-14
.366746E-14
.104297E-15
.633573E-16

x mesh 261

.979581E-14
.979027E-14
.976456E-'14
.968818E-14
.961939E-14
.024844E-14
.021956E-14
.007984E-14
.991315E-14
.467627E-15
.349114E-16

x mesh 269

.664338E-14
.696852E-14
.652626E-14
.647101E-14
.644526E-14
.642234E-14
.640167E-14
.636947E-14
.670757E-14
.942914E-15
.129121E-16

x mesh 277

.326606E-14
.301932E-14
.348535E-14
.300805E-14
.306761E-14
.312465E-14
.314970E-14
.316770E-14

3.294405E-14
3.329620E-14
5.025940E-15
1.562878E-16

x mesh 262

2.956578E-14
2.928447E-14
2.930499E-14
2.930833E-14
2.925954E-14
2.941064E-14
3.099710E-14
2.970118E-14
2.950440E-14
4.384258E-15
1.302482E-16

x mesh 270

2.620069E-14
2.655735E-14
2.615730E-14
2.611023E-14
2.605035E-14
2.600917E-14
2.599099E-14
2.596835E-14
2.609620E-14
3.864497E-15
1.095058E-16

x mesh 278

.256355E-14
.293958E-14
.312461E-14
.281741E-14
.265753E-14
.269703E-14
.272833E-14

NNMNNMNNDNNNDNODN

.275013E-14

3
3
4
1

HWNNDMNNMDNDNNDNNDNNDNODN HFBNNNMNNMNMDNMNNODN

NNMNNNNDMNNDDNDN

.241296E-14
.265870E-14
.997747E-15
.559596E-16

x mesh 263

.915682E-14
.875894E-14
.878325E-14
.879870E-14
.881060E-14
.878756E-14
.971517E-14
.917053E-14
.923588E-14
.311192E-15
.279667E-16

x mesh 271

.573116E-14
.611955E-14
.573002E-14
.569515E-14
.565624E-14
.560775E-14
.558123E-14
.556723E-14
.554508E-14
.807946E-15
.076476E-16

x mesh 279

.216117E-14
.250826E-14
.238302E-14
.271867E-14
.226134E-14
.229170E-14
.231928E-14
.235451E-14

3.188724E-14
3.187426E-14

4

.876343E-15

1.496406E-16

NNMNNNDNDNNDNNDN

HaBNNNMNNNNDMDNONNDN

HWNNPDNMNNNNDMNNODNDN

x mesh 264

.875148E-14
.827748E-14
.825805E-14
.828821E-14
.831972E-14
.834862E-14
.835723E-14
.871887E-14
.907555E-14
.235438E-15
.238012E-16

x mesh 272

.539467E-14
.560794E-14
.529582E-14
.529956E-14
.527187E-14
.522824E-14
.519007E-14
.515211E-14
.510908E-14
.730466E-15
.045982E-16

x mesh 280

.189790E-14
.211077E-14
.180641E-14
.249382E-14
.186682E-14
.188510E-14
.188974E-14
.191081E-14

134!
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2.475223E-14
3.666204E-15
1.026522E-16

x mesh 281

.175514E-14
.173508E-14
.139796E-14
.206281E-14
.145254E-14
.149666E-14
.152379E-14
.153124E-14
.154872E-14
.172635E-15
.323133E-17

DWNNNNMNNDNNDNNDNNDN

x mesh 289

.878794E-14
.908303E-14
.884449E-14
.917194E-14
.917031E-14
.899568E-14
.895152E-14
.893934E-14
.890034E-14
.742492E-15
.852372E-17

VN 1= =

x mesh 297

.644758E-14
.626978E-14
.624151E-14
.646680E-14
.619824E-14
.618936E-14
.644717E-14
.622243E-14

L N e S e

.665420E-14

2.438631E-14
3.599824E-15
9.984065E-17

x mesh 282

.140653E-14
.139503E-14
.106371E-14
.168601E-14
.104632E-14
.106807E-14
.108707E-14
.111715E-14
.115290E-14
.107491E-15
.168695E-17

OWNNNNNMNNNNDDN

x mesh 290

.844809E-14
.873747E-14
.847001E-14
.878849E-14
.854369E-14
.887208E-14
.860530E-14
.862124E-14
.863561E-14
.704553E-15
.785546E-17

VN = = b s

x mesh 298

.639635E-14
.628921E-14
.603202E-14
.601550E-14
.608819E-14
.595483E-14
.594243E-14
.619203E-14
.591890E-14

e

2.401931E-14
3.543356E-15
9.743853E-17

x mesh 283

.109639E-14
.082090E-14
.093457E-14
.119334E-14
.081173E-14
.069043E-14
.070192E-14
.071720E-14
.075470E-14
.046212E-15
.908540E-17

NSWNNONNNNNDNDNDN

x mesh 291

.820090E-14
.822060E-14
.811330E-14
.840115E-14
.816620E-14
.850301E-14
.824551E-14
.827175E-14
.830647E-14
.653076E-15
.522678E-17

AN = = s

x mesh 299

.582073E-14
.622768E-14
.575808E-14
.576694E-14
.576926E-14
.575198E-14
.573007E-14
.596470E-14
.568655E-14

- e e e e

NSNNONNNNNNDNNDNON

2.360818E-14
3.476266E-15

9.519768E-17

x mesh 284

.082945E-14
.047131E-14
.072786E-14
.060302E-14
.076308E-14
.033296E-14
.032062E-14
.032672E-14
.034644E-14
.980351E-15
.795773E-17

x mesh 292

.792640E-14
.770972E-14
.777568E-14
.807276E-14
.779509E-14
.810058E-14
.784331E-14
.787805E-14
.793658E-14
.601811E-15
.484665E-17

AN

x mesh 300

.556192E-14
.602925E-14
.550273E-14
.548549E-14
.548895E-14
.549887E-14
.550500E-14
.574392E-14
.547296E-14

e e e e

2.320332E-14
3.419101E-15
9.259940E-17

x mesh 285

.053378E-14
.019953E-14
.044982E-14
.009340E-14
.066578E-14
.005186E-14
.004209E-14
.002324E-14
.000648E-14
.924738E-15
.538938E-17

SNNDNDNNDNNNMNNDNONDN

x mesh 293

.781463E-14
.731963E-14
.736459E-14
.770938E-14
.749172E-14
.777764E-14
.750292E-14
.751547E-14
.754915E-14
.540854E-15
.224560E-17

AN

x mesh 301

.577665E-14
.527572E-14
.524776E-14
.522729E-14
.522554E-14
.523005E-14
.532323E-14
.539960E-14

e e

.529204E-14

2.278417E-14 2.239777E-14
3.356982E-15 3.300926E-15
9.060332E-17 8.759996E-17

x mesh 286

.998530E-14
.012544E-14
.019961E-14
.985432E-14
.039137E-14
.973855E-14
.971930E-14
.972036E-14
.970454E-14
.876742E-15
.451846E-17

NN B REENENDN R

x mesh 294

1.755892E-14
1.701814E-14
1.702769E-14
.707654E-14
.734804E-14
.743622E-14
.719154E-14
.718725E-14
.720482E-14
.490744E-15
.167223E-17

AN = o =

x mesh 302

.503224E-14
.551372E-14
.503989E-14
.502917E-14
.500169E-14
.497281E-14
.496120E-14
.496381E-14
.522343E-14

N e el T N i

GV N = = = =
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e e

x mesh 287

.954199E-14
.984348E-14
.985867E-14
.956763E-14
.013797E-14
.950650E-14
.947212E-14
.944434E-14
.941816E-14
.832210E-15
.178657E-17

x mesh 295

.731029E-14
.674229E-14
.673029E-14
.673975E-14
.702176E-14
.681342E-14
.802567E-14
.687926E-14
.689590E-14
.440337E-15
.888912E-17

x mesh 303

.474995E-14
.506205E-14
.481976E-14
.477368E-14
.478192E-14
.476867E-14
.475143E-14
.473256E-14
.495087E-14

2.196777E-14
3.239803E-15
8.589786E-17

x mesh 288

.915633E-14
.948931E-14
.942805E-14
.933448E-14
.969800E-14
.922837E-14
.921149E-14
.918159E-14
.913899E-14
.786861E-15
.095450E-17

QAN

x mesh 296

.708925E-14
.653795E-14
.649771E-14
.646599E-14
.671303E-14
.646057E-14
.668490E-14
.673952E-14
.658640E-14
.403084E-15
.889245E-17

DN

x mesh 304

.447923E-14
.473346E-14
.449914E-14
.449469E-14
.450429E-14
.451799E-14
.452409E-14
.451977E-14
.474058E-14

e e e
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2.349519E-15
5.629859E-17

x mesh 305

.417173E-14
.424137E-14
.443670E-14
.425182E-14
.425194E-14
.425957E-14
.426781E-14
.427273E-14
.450467E-14
.034596E-15
.688292E-17

BN

x mesh 313

.220901E-14
.199801E-14
.200398E-14
.223112E-14
.205493E-14
.207446E-14
.208469E-14
.226485E-14
.214944E-14
.735255E-15
.911369E-17

W e

x mesh 321

.060045E-14
.080574E-14
.063065E-14
.062729E-14
.097144E-14
.056117E-14
.054372E-14
.053252E-14
.070363E-14
.489957E-15

=

2.304361E-15
5.607888E-17

x mesh 306

.391277E-14
.393308E-14
.418931E-14
.398983E-14
.400570E-14
.400799E-14
.401069E-14
.402312E-14
.415590E-14
.021313E-15
.669181E-17

BN e

x mesh 314

.221251E-14
.181544E-14
.180193E-14
.199708E-14
.180795E-14
.183515E-14
.185219E-14
.207406E-14
.189225E-14
.702295E-15
.856902E-17

W e

x mesh 322

.037565E-14
.058238E-14
.042290E-14
.043605E-14
.075802E-14
.047418E-14
.040123E-14
.038253E-14
.050817E-14
.478890E-15

e e

2.260492E-15 - 2.230727E-15

5.363198E-17
x mesh 307

.362219E-14
.365217E-14
.390413E-14
.371619E-14
.375138E-14
.377424E-14
.377716E-14
.377409E-14
.378057E-14
.968920E-15
.485589E-17

B e e

x mesh 315

.205256E-14
.163324E-14
.162155E-14
.181035E-14
.160504E-14
.160855E-14
.161818E-14
.184076E-14
.164826E-14
.664176E-15
.727031E-17

W e

x mesh 323

.014791E-14
.035343E-14
.020344E-14
.023128E-14
.028087E-14
.058502E-14
.027090E-14
.025105E-14
.021622E-14
.441304E-15

[ S TN S S
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.357381E-17
x mesh 308

.332115E-14
.336551E-14
.361457E-14
.341773E-14
.345123E-14
.349129E-14
.351946E-14
.353372E-14
.354305E-14
.939047E-15
.458770E-17

x mesh 316

.175014E-14
.151540E-14
.144731E-14
.164918E-14
.146861E-14
.140957E-14
.140727E-14
.162156E-14
.143744E-14
.637216E-15
.662797E-17

x mesh 324

.002790E-14
.013897E-14
.980825E-15
.000279E-14
.002936E-14
.023526E-14
.006772E-14
.008433E-14
.008593E-14
.422906E-15

2.185239E-15
5.113651E-17

x mesh 309

.302950E-14
.304443E-14
.331362E-14
.313337E-14
.315852E-14
.318940E-14
.320937E-14
.323758E-14
.327672E-14
.900220E-15
.300206E-17

N N T e e el ol

x mesh 317

.151812E-14
.129505E-14
.128432E-14
.129943E-14
.161600E-14
.123607E-14
.122530E-14
.126390E-14
.137174E-14
.604780E-15
.567916E-17

W e

x mesh 325

.943786E-15
.949337E-15
.788292E-15
.806212E-15
.824149E-15
.002305E-14
.855389E-15
.865472E-15
.891933E-15

-0V wvwVwwwww

.397104E-15

2.152387E-15
5.106511E-17

x mesh 310

.293738E-14
.275271E-14
.300239E-14
.283537E-14
.287274E-14
.289653E-14
.291355E-14
.293385E-14
.297591E-14
.860610E-15
.259938E-17

B e

x mesh 318

.138985E-14
.114790E-14
.110980E-14
.109231E-14
.146542E-14
.106649E-14
.106141E-14
.105339E-14
.123628E-14
.577430E-15
.492633E-17

W e e

x mesh 326

.746107E-15
.757638E-15
.595080E-15
.604834E-15
.623739E-15
.821249E-15
.659763E-15
.672958E-15
.688736E-15
.369229E-15

=0 Wwuwwwwwwuw
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2.103638E-15
4.891423E-17

x mesh 311

.265708E-14
.247741E-14
.254006E-14
.271914E-14
.258631E-14
.262740E-14
.264148E-14
.265283E-14
.267416E-14
.811414E-15
.104662E-17

e S e Y el

x mesh 319

.121098E-14
.100367E-14
.096601E-14
.092898E-14
.129118E-14
.089023E-14
.088010E-14
.087536E-14
.106367E-14
.549964E-15
.407095E-17

W e e e

x mesh 327

.549509E-15
.447648E-15
.529639E-15
.426372E-15
.433517E-15
.622231E-15
.459053E-15
.472487E-15
.495682E-15
.345123E-15

W e e
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2.075368E-15
4.891564E-17

x mesh 312

.242152E-14
.222310E-14
.224660E-14
.247927E-14
.229540E-14
.233465E-14
.236829E-14
.238932E-14
.241533E-14
.775838E-15
.045939E-17

B e e

x mesh 320

.095744E-14
.087434E-14
.080867E-14
.077570E-14
.111574E-14
.071943E-14
.070932E-14
.069896E-14
.088088E-14
.521874E-15
.312846E-17

x mesh 328

.354220E-15
.203307E-15
.382458E-15
.235848E-15
.250290E-15
.383087E-15
.466423E-15
.277002E-15
.297139E-15
.318239E-15

Lyl
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3.256256E-17
x mesh 329

9.225389E-15
9.103123E-15
.291287E-15
.134088E-15
.149283E-15
.152482E-15
.874328E-15
.151921E-15
.169341E-15
.297833E-15
.769819E-17

LS Y- BV BV BT IV JEVe RV ]

x mesh 337

7.969222E-15
7.958783E-15
7.801538E-15
7.866291E-15
7.792852E-15
7.796003E-15
7.801430E-15
7.818564E-15
7.989064E-15
1.107815E-15
2.298167E-17

x mesh 345

6.929536E-15
6.932823E-15
6.983790E-15
6.834587E-15
6.827022E-15
6.948878E-15
6.802340E-15
6.794038E-15
6.789538E-15
9.579286E-16
1.909613E-17

3.167351E-17
x mesh 330

.113039E-15
.965896E-15
.155571E-15
.013961E-15
.032599E-15
.051233E-15
.725348E-15
.075443E-15
.070278E-15
.287021E-15
.706109E-17

N OWVUWYWWYVWY YWY D®O

x mesh 338

7.697845E-15
7.831581E-15
.670718E-15
.664065E-15
.659289E-15
.658250E-15
.657951E-15
.660603E-15
.825502E-15
.086559E-15
.214478E-17

N AN NNNN9

x mesh 346

6.765213E-15
6.651663E-15
6.823022E-15
6.809414E-15
6.705967E-15
6.840309E-15
6.700924E-15
6.691877E-15
6.676567E-15
9.394163E-16
1.843933E-17

3.127303E-17
x mesh 331

.931670E-15
.778029E-15
.955828E-15
.820822E-15
.842474E-15
.861610E-15
.874925E-15
.050476E-15
.892529E-15
.261640E-15
.663998E-17

N = 0 WomOommOMO®DMO®DMO®D

x mesh 339

.570401E-15
.598264E-15
.671704E-15
.542259E-15
.533221E-15
.526069E-15
.522640E-15
.522096E-15
7.669160E-15
1.064303E-15
2.196932E-17

NNNNNNNS

x mesh 347

6.615940E-15
6.500605E-15
6.651083E-15
6.664981E-15
6.554217E-15
6.627624E-15
6.899505E-15
6.576311E-15
6.568761E-15
9.230611E-16
1.830211E-17

3.033052E-17
x mesh 332

.634641E-15
.711489E-15
.763094E-15
.619859E-15
.643918E-15
.667455E-15
.680419E-15
.858837E-15
.718932E-15
1.237439E-15
2.577923E-17

x mesh 340

7.433736E-15
7.432481E-15
7.576903E-15
7.427020E-15
7.416419E-15
7.409347E-15
7.405414E-15
7.400295E-15
7.539168E-15
1.044953E-15
2.114663E-17

x mesh 348

6.444441E-15
6.398046E-15
6.500173E-15
6.513007E-15
6.404697E-15
6.424683E-15
6.959950E-15
6.456507E-15
6.456364E-15
9.055095E-16
1.760765E-17

2.989847E-17
x mesh 333

8.403687E-15
8.584017E-15
8.594542E-15
8.445321E-15
8.453471E-15
8.472376E-15
8.486029E-15
8.657843E-15
8.520592E-15
1.209029E-15
2.532527E-17

x mesh 341

7.422847E-15
7.305365E-15
7.443144E-15
7.303525E-15
7.298841E-15
7.287012E-15
7.280556E-15
7.278205E-15
7.415484E-15
1.027412E-15
2.102419E-17

x mesh 349

.235481E-15
.365519E-15
.368029E-15
.369122E-15
.255207E-15
.271277E-15
.283090E-15
.424213E-15
.317432E-15
.887185E~-16
-.744651E-17

HOANANDATNANRNTNITNNON O

2.894007E-17 2.861777E-17

x mesh 334

8.224464E-15
8.392519E-15
8.366708E-15
8.320890E-15
8.287628E-15
8.294622E-15
8.303406E-15
8.474636E-15
8.334346E-15
1.180903E-15
2.445323E-17

x mesh 342

.350921E-15
.190369E-15
.313234E-15
.167408E-15
.171026E-15
.172983E-15
.168748E-15
.162490E-15
.283185E-15
.018670E-15
.024869E-17

N CONNSNNNNNSS

x mesh 350

6.239859E-15
6.243339E-15
6.250071E-15
6.248485E-15
6.128849E-15
6.135951E-15
6.140700E-15
6.276790E-15
6.167510E-15
8.670682E-16
1.675502E-17

x mesh 335

8.078506E-15
8.232120E-15
8.082790E-15
8.249831E-15
8.120911E-15
8.133381E-15
8.134208E-15
8.294749E-15
8.154536E-15
1.154510E-15
2.398815E-17

x mesh 343

7.238076E-15
7.216478E-15
7.208210E-15
7.051349E-15
7.037849E-15
7.037386E-15
7.042246E-15
7.041993E-15
7.036620E-15
9.939277E-16
2.007772E-17

x mesh 351

6.137544E-15
6.130161E-15
6.132437E-15
6.130155E-15
6.009622E-15
6.011727E-15
6.014153E-15
6.142163E-15
6.028190E-15
8.496033E-16
1.674837E-17

2.766752E-17
x mesh 336

8.053536E-15
8.086298E-15
7.930124E-15
8.079875E-15
7.943150E-15
7.966653E-15
7.983418E-15
8.127347E-15
8.005186E-15
1.129677E-15
2.314492E-17

x mesh 344

7.093379E-15
7.104010E-15
7.097392E-15
6.951150E-15
6.934909E-15
7.048403E-15
6.913160E-15
6.915828E-15
6.919329E-15
9.760043E-16
1.933865E-17

x mesh 352

6.028092E-15
6.025400E-15
6.022304E-15
.024409E-15
.903842E-15
.904459E-15
.904427E-15
.028413E-15
.907449E-15
8.303205E-16
1.599262E-17

(S - WO T N Y
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x mesh 353

.913322E-15
.916316E-15
.798243E-15
.920184E-15
.910592E-15
.797065E-15
.797838E-15
.918481E-15
.800136E-15
.170479E-16
.599219E-17

HOoUuuUuuououuouou

x mesh 361

.027645E-15
.128290E-15
.016937E-15
.911455E-15
.023562E-15
.924514E-15
.929296E-15
.932955E-15
.034577E-15
.024165E-16
.334986E-17

HFdOabbaUteO0nuv

x mesh 369

.443461E-15
.471161E-15
.462588E-15
.370698E-15
.284571E-15
.385818E-15
.292158E-15
.289218E-15
.279080E-15
.988301E-16
.110681E-17

[l I

X mesh 354

5.794382E-15
5.801190E-15
.690966E-15
.814949E-15
.810272E-15
.692788E-15
.693291E-15
.813026E-15
.695316E-15
.003150E-16
.528945E-17

moOoUuuuuooou

x mesh 362

.959893E-15
.036739E-15
.924759E-15
.820350E-15
.926541E-15
.822940E-15
.827084E-15
.831577E-15
.836566E-15
. 792794E-16
.274026E-17

= o bbb

x mesh 370

4.275406E-15
4.466501E-15
4.374690E-15
4.275344E-15
4.202449E-15
4.296567E-15
4.206779E-15
4.209427E-15
4.210053E-15
5.881796E-16
1.075509E-17

O N )

=dououoouuoouooum

=D Db DD DD DD

x mesh 355

.672226E-15
.682242E-15
.576508E-15
.703256E-15
.681950E-15
.589118E-15
.587113E-15
.633546E-15
.662339E-15
.870523E-16
.527364E-17

x mesh 363

.907858E-15
.997666E-15
.792638E-15
.786482E-15
.839524E-15
.733933E-15
.731811E-15
.734853E-15
.741456E-15
.662378E-16
.271150E-17

x mesh 371

.196591E-15
.309522E-15
.364216E-15
.108300E-15
.200633E-15
.207570E-15
.119269E-15
.123397E-15
.129673E-15
.775777E-16
.055166E-17

=0 Db DD DD DD

x mesh 356

5.650681E-15

5.456857E-15
5.561247E-15
5.586236E-15
5.481460E-15
5.490602E-15
5.494105E-15
5.492016E-15
5.604096E-15
7.697829E-16
1.450039E-17

x mesh 364

.800521E-15
.999337E-15
.730138E-15
.758838E-15
.757391E-15
.652534E-15
.651757E-15
.649978E-15
.650151E-15
.526491E-16
.223834E-17

= oV D DD DD DD D

x mesh 372

.109125E-15
.114710E-15
.303218E-15
.121913E-15
.121565E-15
.125082E-15
.035577E-15
.039119E-15
.044955E-15
.658701E-16
.029541E-17

=S ooum

HOWWW:De o b bbb

= oy Db DD DD

x mesh 357

.505456E-15
.365533E-15
.452015E-15
.466374E-15
.362716E-15
.373702E-15
.382507E-15
.390514E-15
.511219E-15
.590816E-16
.462327E-17

x mesh 365

.728409E-15
.858359E-15
.772880E-15
.685469E-15
.675963E-15
.570545E-15
.569603E-15
.569832E-15
.568815E-15
.421494E-16
.217017E-17

x mesh 373

.014121E-15
.025555E-15
.127089E-15
.129980E-15
.040261E-15
.045087E-15
.956720E-15
.958394E-15
.962884E-15
.545842E-16
.010009E-17

- N =S ooom
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x mesh 358

.309776E-15
.322809E-15
.332145E-15
.345480E-15
.247141E-15
.259369E-15
.264428E-15
.271192E-15
.395823E-15
.419962E-16
.387431E-17

x mesh 366

.638390E-15
.743973E-15
.737959E-15
.623286E-15
.608504E-15
.494791E-15
.489831E-15
.487686E-15
.486280E-15
.299692E-16
.176553E-17

x mesh 374

.873257E-15
.970013E-15
.033154E-15
.044674E-15
.960258E-15
.907736E-15
.126601E-15
.880205E-15
.881902E-15
.421991E-16
.834501E-18

=0 Db dDd Db D =000 unoum

VOUOWWdWWWWWW

x mesh 359

.208462E-15
.233390E-15
.219407E-15
.230314E-15
.128189E-15
.141772E-15
.152377E-15
.159366E-15
.281059E-15
.272444E-16
.392411E-17

x mesh 367

.577413E-15
.651789E-15
.655716E-15
.552633E-15
.469214E-15
.507711E-15
.421185E-15
.414266E-15
.406984E-15
.191731E-16
.164621E-17

x mesh 375

.741422E-15
.924406E-15
.934650E-15
.946410E-15
.870649E-15
.795158E-15
.175463E-15
.802354E-15
.806677E-15
.310665E-16
.616395E-18

=S ooon

Y
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x mesh 360

.110122E-15
.223916E-15
.113464E-15
.023715E-15
.119627E-15
.028509E-15
.033042E-15
.042443E-15
.164463E-15
.102073E-16
.328405E-17

x mesh 368

.542031E-15
.549564E-15
.557671E-15
.466444E-15
.374252E-15
.466499E-15
.363215E-15
.352840E-15
.337590E-15
.073780E-16
.121773E-17

x mesh 376

.665766E-15
.841511E-15
.849484E-15
.857068E-15
.779668E-15
.708688E-15
.717062E-15
.807095E-15
.727354E-15
.192735E-16
.409081E-18

6v1
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x mesh 377

.599788E-15
.757548E-15
.781516E-15
.772817E-15
.692735E-15
.619479E-15
.627012E-15
.720449E-15
.647732E-15
.076413E-16
.171719E-18

x mesh 385

.086020E-15
.080410E-15
.210854E-15
.225813E-15
.208122E-15
.057491E-15
.060025E-15
.062595E-15
.139865E-15
.176316E-16
.048477E-18

x mesh 378

.529882E-15
.616481E-15
.784515E-15
.699530E-15
.562541E-15
.593839E-15
.544090E-15
.633514E-15
.562409E-15
.962898E-16
.953854E-18

DD WWWWWWWWW

x mesh 386

3.022928E-15
3.023143E-15
.095993E-15
.237819E-15
.154265E-15
.996858E-15
.993434E-15
.994188E-15
.071300E-15
.054712E-16
.228339E-18

VaWwWwNhNMDNhDNWWW

x mesh 379
.463717E-15
.546516E-15
.616611E-15
.692319E-15
.498507E-15
.546981E-15
.469117E-15
.555277E-15
.481563E-15
4,858033E-16
8.806058E-18

WWWWwwwwww

x mesh 387

.961159E-15
.961108E-15
.035380E-15
.068861E-15
.154702E-15
.008779E-15
.944396E-15
.939718E-~15
.008443E-15
.945851E-16
.655541E-18

BWWNNWWWWANN

x mesh 380

3.394930E-15
3.480490E-15
.479892E-15
.617997E-15
.510868E-15
.421770E-15
.399994E-15
.482147E-15
.405791E-15
.752992E-16
.661212E-18

Db WWWWWWW

x mesh 388

.902807E-15
.903057E-15
.976917E-15
.976816E-15
.072550E-15
.021958E-15
.897531E-15
.892986E-15
.956657E-15
.853732E-16
.307261E-18

HWNNNMNWWNONNNDN

ODaWWWWLwWwWwwww
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x mesh 381

.318617E-15
.406265E-15
.409328E-15
.492926E-15
.493648E-15
.335568E-15
.336477E-15
.415715E-15
.336481E-15
.648116E-16
.426909E-18

x mesh 389

.840433E-15
.845409E-15
.918296E-15
.918131E-15
.993537E-15
.994012E-15
.851247E-15
.848910E-15
.913907E-15
.787849E-16
.175411E-18

x mesh 382

3.246633E-15
3.301767E-15
3.362205E-15
.420746E-15
.421729E-15
.265221E-15
.266901E-15
.346311E-15
.268753E-15
.533185E-16
.881746E-18

NbdWWWwWwww

x mesh 390

.797117E-15
.806572E-15
.885634E-15
.882862E-15
.953109E-15
.955827E-15
.819345E-15
.817421E-15
2.885464E-15
3.743637E-16
4.091658E-18

NNNDNNDNODNN
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x mesh 383

.186398E-15
.181849E-15
.338000E-15
.343260E-15
.347570E-15
.195336E-15
.196836E-15
.208799E-15
.268792E-15
.417828E-16
.317250E-18

x mesh 384

3k
3.
.275788E-15
.274267E-15
.274950E-15
.125613E-15
.127914E-15
.128756E-15
.207370E-15
.296159E-16
.711935E-18

APLWWLWWWWWW

138341E-15
128972E-15

0sI

(222 222 2R X 2 222 2 2 2 2 AR R R 2 2 22 R X 2 2R R 2 2 2222 R R R 2 R 2 2 R R 2 R R R R 2 2 2 R A R R R 2R 2R 2R 22 2RSSR 2222222 R X222 X2 R R R 22 R AR SR RS R

...interface file rtflux written..

...interface file sncons written..

*

122222222222 22222222 2222222222 22222222 222222222 222222222222 2222 22222222 2222222222222 2222222222222 22 2222222222222 22222222228 C2R0ZZ%2]

PARTISN solver iteration time = 124822.577 seconds
mesh analysis and adjustments = 153.223 seconds
first collision source = 624.975 seconds
outer source setup - 1256.305 seconds
inner source setup = 800.890 seconds
transport sweeps = 121088.267 seconds



transport synthetic acceleration

= 0.000 seconds

diffusion synthetic acceleration = 549.502 seconds

diffusion source - 0.000 seconds

diffusion solve - 159.007 seconds

relaxation = 70.425 seconds

interpolation = 0.000 seconds

particle balance - 5.333 seconds
Transport Grind Time ac 2771.454 nanoseconds
Diffusion Grind Time - 5623.324 nanoseconds

*

L2222 2222222222222 sttt s s 2 2 222 2222222222 2222222222222 222222222 2R 2 ]

(22222222 2222222222 2222222222222 2222222 22222222 22222222222 RtZ22222 R 22222222 22222222222 2Z222Z2 22222222222 2ZZ22ZX 2222222222 XX2XX XX J
LA AR SRRl Rl sttt it sl sttt i i it i il it A i s sl sl i 2222222 222222222222
*

* edit run on 03 with solver version 10-15-01 beta release 2.64 machine asciOl

*

P T R R R R R R R R R R R R R R R R R R R SRR RS2SRttt Rt R Rl R R

*

X ...mass edit...

& (by solver zones)

*

* zone 1 mass edit (zone volume = 5.63175E+11 cm**3)

* isotope library position isotope name atomic weight number density isotope mass
L ) 1 1001.50 1.01 9.77000E-03 9.20830E+06 kg
* 2 16 8016.50 15.99 3.48000E-02 5.20548E+08 kg
i 3 20 13027.50 26.98 4.88000E-03 1.23136E+08 kg
= 4 21 14000.50 28.09 1.16000E-02 3.04677E+08 kg
* zone 1 total mass = 9.57570E+08 kg average density = 1.70 g/cm**3

*

kS zone 2 mass edit (zone volume = 2.77150E+14 cm**3)

* isotope 1library position isotope name atomic weight number density isotope mass
= 1 14 7014.50 14.00 4.02000E-05 2.59072E+08 kg
* 2 16 8016.50 15.99 1.07000E-05 7.87655E+07 kg
* zone 2 total mass = 3.37837E+08 kg average density = 0.00 g/cm**3

*

= zone 3 mass edit (zone volume = 3.40152E+09 cm**3)

¥ isotope library position isotope name atomic weight number density isotope mass
i 1 1 1001.50 1.01 7.86000E-03 4.47441E+04 kg
> 2 16 8016.50 15.99 4.38000E-02 3.95717E+06 kg
* 3 18 11023.50 22.99 1.05000E-03 1.36349E+05 kg

IS1



total volume =

24.31
26.98
28.09
39.10
40.08
55.85

average density =

(excluding voids)

e 4 19 12000.50
= 5 20 13027.50
z 6 21 14000.50
* 7 26 19000.50
K 8 27 20000.50
> 9 32 26000.55
> zone 3 total mass = 7,90788E+06 kg
*

E total mass = 1.30331E+09 kg

*

*

2.77716E+14 cm**3

1.40000E-04
2.39000E-03
1.58000E-02
6.90000E-04
2.92000E-03
2.10000E-04

1.92200E+04
3.64245E+405
2.50650E+06
1.52383E+05
6.61027E+05
6.62432E+04

2.32 g/cm**3

average density =

0.00 g/cm**3

oii***fiiit**iiiiiii**********iii***iiii’iiif********iiiifi**i**if**i**iti***ii***ii***ii*t*ii*ffiiiii****tfiiiiii*t**iii****i**’
L2 22 e R R R R R R e e R e e e e R R e R R R R R R R R e R R R R R R R RSS2SR 22 R R 222222 22X 222 X2 R il l s

*
*
*

...edit output...

EE 22222 222 22222 228 22 22z szl s s s s s Rt a 222222222222 222 2222222222322 2222220 R 22}

* % % % ¥

t2 22222222 222222222222 22

*key start edit output *

2222222222222t 2R RER S S

...block vi - edit specification data...

L2 2222222222222 RRRZt Rt Rttt i s i i s sl i s st il it s s st sl it sttt it si s st i sssdddd

cross section balancing (balxs.ne.0)

or
transport correction (trcor=diag, cesaro, or bhs)
will NOT be reflected in edits

* % % % ¥ % ¥ ¥

L2 2222222222222 2RRRRRRR2RR RRR 2222 RR Rttt 2 R Rttt ARttt i ol i i i s it R it i ss il ittt s sl ]

*

* 1 pted 0/1

...input control integers...

no/yes - point edits desired

(49|



1 zned 0/1 no/yes - zone edits desired

0 ajed 0/1 direct/adjoint edit(use rtflux/atflux file)

3 igrped 0/1/2/3 print totals only/print broad groups only/same as 1/print all groups and totals
0 byvolp 0/1 no/yes - multiply point reaction rates by mesh volumes

0 rzflux 0/1/2/3 no/write the rzflux file/+xvzflux/+print

0 rzmflx 0/1 no/yes - write the rzmflx file (zone average flux moments file)

...floating parameters...

0.000000E+00 power 0/p no/normalize all results, including flux files, to p megawatts
2.100000E+02 mevper mev per fission (default: 210 mev)

...energy related edit information...

12 number of fine neutron groups
0 number of fine gamma groups
12 total number of fine groups
12 total number of broad groups

...space related edit information...

47 number of points to edit
1672 number of zones to edit
0 0/1 no/yes density factors were input
1 0/1/2/3 no/solver/edit/both zones mass edit
(requires atomic weights to be present)

* % % % % % % % % % % % % % * % o % % ¥ * % % % ¥ F ¥ * ¥ ¥ ¥ ¥ ¥ *

P T R s  E 2 S 2 2
P R R R e R e R e e sttt iR 2222222222222t

*+*+*point translation from 1d to 3d

point b j k avg. radii avg. y avg. z volume
374844 54 5 12 6.096000E+03 9.144000E+01  -5.410000E+02 1.082000E+06
374885 95 5 12 1.524000E+04 9.144000E+01 -5.410000E+02 1.082000E+06

1391



374936
374997
375058
375119
375180
395092
395124
395165
395216
395277
395338
395399
395460
397432
397464
397505
397556
397617
397678
397739
397800
399772
399804
399845
399896
399957
400018
400079
400140
402112
402144
402185
402236
402297
402358
402419
402480
406792
406824
406865
406916
406977
407038

CAWHOANKHFHOUAWKHKANHFHFOUANWHKAOANHEHEFOAWHANKHEHOANWHEANRKHOVOOW

.048000E+04
.096000E+04
.144000E+04
.219200E+05
.524000E+05
.273737E-13
.096000E+03
.524000E+04
.048000E+04
.096000E+04
.144000E+04
.219200E+05
.524000E+05
.273737E-13
.096000E+03
.524000E+04
.048000E+04
.096000E+04
.144000E+04
-219200E+05
.524000E+05
.273737E-13
.096000E+03
.524000E+04
.048000E+04
.096000E+04
.144000E+04
.219200E+05
.524000E+05
.273737E-13
.096000E+03
.524000E+04
.048000E+04
.096000E+04
.144000E+04
.219200E+05
.524000E+05
.273737E-13
.096000E+03
.524000E+04
.048000E+04
.096000E+04
.144000E+04

NONNNNRFEREFERRBREERRR@S @SS BBBBRBRBOODOOOMOUOOUDDNODNODNODNODNDNNODNDO OO OV

.144000E+01
.144000E+01
.144000E+01
.144000E+01
.144000E+01
.944500E+03
.944500E+03
.944500E+03
.944500E+03
.944500E+03
.944500E+03
.944500E+03
.944500E+03
.750000E+03
.750000E+03
.750000E+03
.750000E+03
.750000E+03
.750000E+03
.750000E+03
.750000E+03
.150000E+04
.150000E+04
.150000E+04
.150000E+04
.150000E+04
.150000E+04
.150000E+04
.150000E+04
.750000E+04
.750000E+04
.750000E+04
.750000E+04
.750000E+04
.750000E+04
. 750000E+04
.750000E+04
.950000E+04
.950000E+04
.950000E+04
.950000E+04
.950000E+04
.950000E+04

.410000E+02
.410000E+02
.410000E+02
.410000E+02
.410000E+02
.410000E+02
.410000E+02
.410000E+02
.410000E+02
.410000E+02
.410000E+02
.410000E+02
.410000E+02
.410000E+02
.410000E+02
.410000E+02
.410000E+02
.410000E+02
.410000E+02
.410000E+02
.410000E+02
.410000E+02
.410000E+02
.410000E+02
.410000E+02
-410000E+02
.410000E+02
.410000E+02
.410000E+02
.410000E+02
.410000E+02
.410000E+02
.410000E+02
.410000E+02
.410000E+02
-410000E+02
.410000E+02
.410000E+02
.410000E+02
.410000E+02
.410000E+02
.410000E+02
.410000E+02

1.082000E+06
1.082000E+06
1.082000E+06
.082000E+06
.082000E+06
.201020E+06
.201020E+07
.201020E+07
.201020E+07
.201020E+07
.201020E+07
.201020E+07
.201020E+07
.410000E+06
.410000E+07
.410000E+07
.410000E+07
.410000E+07
.410000E+07
.410000E+07
.410000E+07
.082000E+07
.082000E+08
.082000E+08
.082000E+08
.082000E+08
.082000E+08
.082000E+08
.082000E+08
.082000E+07
.082000E+08
.082000E+08
.082000E+08
.082000E+08
.082000E+08
.082000E+08
.082000E+08
.082000E+07
.082000E+08
.082000E+08
.082000E+08
.082000E+08
.082000E+08
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407099 329 87 12
407160 390 87 12
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122222 2222222222222 22222222222

*key start response functions*
(2222222222222 2222222222322 22 221

* % % % % % % % % % % % % % % % % ¥ * % ¥ ¥ * ¥ ¥ ¥ ¥+ * % ¥ * % ¥

1.219200E+05
1.524000E+05

2.950000E+04 -5.410000E+02
2.950000E+04 -5.410000E+02

L2222 222222222222 22222 2222222 2

from

* % % * *

reaction rates

response functions

* % ¥ ¥ ¥

hhhhhhhhhhhhhhhhhhhhhhbhhhhhdd

..point edit for broad group

... response functions ...

point av rad

*kkx*x 6,0960E+03
*xk*x 1 5240E+04
**%%+ 3_0480E+04
**%**x* 6,0960E+04
**x**+* 9 1440E+04
*xxxx ] ,2192E+05
*x%*x 1 ,5240E+05
*kkkk-2 2737E-13
**x*x*+ 6,0960E+03
*xk*+ ] 5240E+04
****x* 3 _0480E+04
****%x 6,0960E+04
*****x 9 _1440E+04
*xk*x 1,2192E+05
*xk*%x ] 5240E+05
*x**%-2 2737E-13
*kkx*x 6.,0960E+03

rspfl

0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00

1.082000E+08
1.082000E+08

SSl
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IT2 22 |
hhhkh 3
whkkkr G
*kkkk Q
hhhkw ]
whkhk ]
LA 222 2N, )
khkkeR G
whkhh ]
*hehh 3

.5240E+04
.0480E+04
.0960E+04
.1440E+04
.2192E+05
.5240E+05
.2737E-13
.0960E+03
.5240E+04
.0480E+04

**xx* 6 ,0960E+04
**x%+ 9 1440E+04

Aharr ]
L2 2 2 1
TR RN_D

.2192E+05
.5240E+05
.2737E-13

***%+x 6,0960E+03

rhehh ]
*hakw 3

.5240E+04
.0480E+04

**x*+ 6,0960E+04

*hkk Q
wkdhw ]
wakhh ]
2222 2]

.1440E+04
.2192E+05
.5240E+05
.2737E-13

sxxn* 6.0960E+03

whhhh ]
'S 22 2 ]

.5240E+04
.0480E+04

*xa** 6.0960E+04

*kkhr O
whhhr ]
akkhh ]

.1440E+04
.2192E+05
.5240E+05

0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00

...2zone edit for broad group

e

zone

11
22
31

response functions ...

volume

.7849E+08
.0439E+09
.4630E+07

rspfl

0.00000E+00
0.00000E+00
0.00000E+00

1.

961
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2.0439E+09
1.7849E+08
6.6159E+09
1.4630E+08
1.3232E+10
1.4630E+08
2.2150E+10

[= 2NV N L

0000000

...point edit for the

.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00,
.00000E+00

sum of the neutron groups

... response functions ...

point av rad

*#*xx* 6,0960E+03
**xx% ] 5240E+04
*#**%x*x 3 0480E+04
**+** 6, 0960E+04
#xx*% O 1440E+04
sxsev* 1.2192E+05
*xxxx ] 5240E+05
*raa_2 2737E-13
**#*+* 6,0960E+03
**xxx ] 5240E+04
*#**x%% 3 _0480E+04
****%x 6 ,0960E+04
*+xx* 9,1440E+04
sxar® 1.2192E+05
*#*xx*x ] 5240E+05
*xrav-2 2737E-13
**x** 6 _0960E+03
**xxx 1 _,5240E+04
#x++% 3,0480E+04
**x*x** 6,0960E+04
sxx2* 9_.1440E+04
sxx** 1.2192E+05
*xxx% 1 S5240E+05
*exkx_2 2737E-13
*#xx* 6,0960E+03
*#xx* ] 5240E+04
**x*% 3 _0480E+04

DONNEOREdUOWNOLBEANFEFOWOLBEONREWE

rspfl

.66432E-09
.15678E-10
.21764E-10
.19895E-11
.29517E-12
.59401E-12
.03536E-13
.54694E-07
.17491E-08
.03531E-09
.58079E-10
.72541E-11
.69949E-12
.84223E-12
.78732E-13
.92992E-08
.17868E-08
.87922E-09
.81890E-10
.99845E-11
.71838E-12
.99642E-12
.12322E-13
.27120E-08
.91657E-09
.91837E-09
.27679E-10
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****+ 6.0960E+04
****+ 9 ,1440E+04
*axxx 1 ,2192E4+05
**xxx ]1,5240E+05
*HAN*-2,.2737E-13
*¥*+* 6.0960E+03
**xx+ ] .5240E+04
*x*++ 3 _0480E+04
**xx* 6,0960E+04

hhhh

9.

1440E+04

**xax ] ,2192E+05
**x*% ] ,5240E+05
*hr42-2.2737E-13
***** 6.0960E+03
*#*+++ 1.5240E+04
****+ 3,0480E+04
**x** 6,0960E+04
**%%* 9 1440E+04
*xxxx ] ,2192E+05
**xxx ] ,5240E+05

zone

WO WN -

HAaRNRERRERRERORNDENR

VO FEFUONNNERIEOANDWN WO =

.30897E-10
.67143E-11
.91459E-12
.28643E-13
.59221E-09
.83944E-09
.09669E-09
.66396E-10
.94743E-11
.81207E-11
.48632E-12
.12207E-12
.99695E-10
.81651E-10
.53327E-10
.92373E-10
.86358E-11
.55553E-11
.49738E-12
.78959E-13

...zone edit for the sum of the

response functions .

volume

.7849E+08
.0439E+09
.4630E+07
.0439E+09
.7849E+08
.6159E+09
.4630E+08
.3232E+10
.4630E+08
.2150E+10
.4630E+08
.4447E+10
.4630E+08

WNFEFWWaAWEKF I

rspfl

.21173E-02
.23026E-01
.44592E-04
.34877E-01
.45126E-02
.74849E-01
.85576E-03
.97828E-01
.84167E-03
.78934E-01
.56360E-03
.34880E-01
.24406E-04

neutron groups

8S1
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4.4447E+10
1.4630E+08
4.4447E+10
1.4630E+08
4.4447E+10
1.4630E+08
2.5310E+08
2.8982E+09
2.0746E+07
2.8982E+09
2.5310E+08
9.3812E+09
2.0746E+08
1.8762E+10
2.0746E+08
3.1409E+10
2.0746E+08
6.3025E+10
2.0746E+08
6.3025E+10
2.0746E+08
6.3025E+10
2.0746E+08
6.3025E+10
2.0746E+08
2.9280E+07
3.3528E+08
2.4000E+06
3.3528E+08
2.9280E+07
1.0853E+09
2.4000E+07
2.1706E+09
2.4000E+07

3.6336E+09 -

2.4000E+07
7.2912E+09
2.4000E+07
7.2912E+09
2.4000E+07
7.2912E+09
2.4000E+07
7.2912E+09

5.32023E-02
8.37483E-05
1.45803E-02
2.46553E-05
4.31219E-03
6.32015E-06
1.69987E-01
1.51784E+00
7.58378E-03
1. 61699E+00
1.91402E-01
4.62613E+00
8.29808E-02
6.03550E+00
4.42896E-02
4.32033E+00
1.78142E-02
2.69651E+00
3.76257E-03
6.19517E-01
9.81073E-04
1.71063E-01
2.90338E-04
5.11529E-02
7.94239E-05
1.91979E-02
1.78886E-01
8.94581E-04
1.90699E-01
2.19205E-02
5.38012E-01
9.78086E-03
6.95453E-01
5.17137E-03
5.02168E-01
2.07290E-03
3.13195E-01
4.36960E-04
7.19152E-02
1.13918E-04
1.98489E-02
3.37231E-05
5.93319E-03

6S1
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.4000E+07
.0583E+09
.7922E+10
.1461E+08
.7922E+10
.0583E+09
.8749E+11

.7498E+11
.1461E+09
.2773E+11
.1461E+09
.2596E+12
.1461E+09
.2596E+12
.1461E+09
.2596E+12
.1461E+09
.2596E+12
.1461E+09
.9280E+07
.3528E+08
.4000E+06
.3528E+08
.9280E+07
.0853E+09
.4000E+07
.1706E+09
.4000E+07
.6336E+09
.4000E+07
.2912E+09
.4000E+07
.2912E+09
.4000E+07
.2912E+09
.4000E+07
.2912E+09
.4000E+07
.6397E+08
.8776E+09
. 3440E+07
1.8776E+09

EPHEENINCDINDCYINDNCODINWONNDNDNENWONWOUNNLOFELOHELOFHLODFHEFLONDWAEHFOULEOUN

.1461E+09 .

9.16610E-06
2.60493E+00
2.99653E+01
1.94886E-01
3.32626E+01
3.15139E+00
9.10852E+01
1.69135E+00
1.17910E+02
9.59275E-01
9.40889E+01
3.85236E-01
5.78121E+01
8.01681E-02
1.31579E+01
2.07348E-02
3.60344E+00
6.08272E-03
1.06848E+00
1.63508E-03
1.36283E-02
1.72674E-01
1.20986E-03
1.96672E-01
1.76741E-02
5.61878E-01
1.07389E-02
7.28459E-01
5.96765E-03
5.86613E-01
2.38051E-03
3.55530E-01
4.90006E-04
8.03008E-02
1.26076E-04
2.18167E-02
3.66832E-05
6.42465E-03
9.85741E-06
7.80265E-02
9.90329E-01
6.93750E-03
1.13151E+00

091
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100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142

1.6397E+08
6.0776E+09
1.3440E+08
1.2155E+10
1.3440E+08
2.0348E+10
1.3440E+08
4.0831E+10
1.3440E+08
4.0831E+10
1.3440E+08
4.0831E+10
1.3440E+08
4.0831E+10
1.3440E+08
3.2501E+09
3.7216E+10
2.6640E+08
3.7216E+10
3.2501E+09
1.2047E+11
2.6640E+09
2.4093E+11
2.6640E+09
4.0333E+11
2.6640E+09
8.0932E+11
2.6640E+09
8.0932E+11
2.6640E+09
8.0932E+11
2.6640E+09
8.0932E+11
2.6640E+09
8.7840E+09
1.0058E+11
7.2000E+08
1.0058E+11
8.7840E+09
3.2558E+11
7.2000E+09
6.5117E+11
7.2000E+09

EFFEOMFRPOUOLDULFEAdBNFOUBNFEFNWNDGEHFERERREFEFEOWNDEJIBNFEHEFWWDONWE

.01242E-01
.19232E+00
.07831E-02
.10515E+00
.35234E-02
.29724E+00
.33803E-02
.99696E+00
.74792E-03
.50388E-01
.06974E-04
.22380E-01
.05504E-04
.60504E-02
.52976E-05
.35543E+01
.64269E+02
.16083E+00
-70432E+02
.46856E+01
.41145E+02
.53497E+00
.90417E+02
.10347E+00
.29858E+02
.78360E-01
.12247E+01
.64978E-02
.23684E+00
.44373E-02
.49654E+00
.18209E-03
.32717E-01
.11424E-03
.75155E+01
.58729E+02
.32428E+00
.77595E+02
.03190E+01
.61982E+03
.92971E+01
.80817E+03
.29175E+01

191
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143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185

1.0901E+12
7.2000E+09
2.1874E+12
7.2000E+09
2.1874E+12
7.2000E+09
2.1874E+12
7.2000E+09
2.1874E+12
7.2000E+09
1.7568E+10
2.0117E+11
1.4400E+09
2.0117E+11
1.7568E+10
6.5117E+11
1.4400E+10
1.3023E+12
1.4400E+10
2.1802E+12
1.4400E+10
4.3747E+12
1.4400E+10
4.3747E+12
1.4400E+10
4.3747E+12
1.4400E+10
4.3747E+12
1.4400E+10
1.7568E+10
2.0117E+11
1.4400E+09
2.0117E+11
1.7568E+10
6.5117E+11
1.4400E+10
1.3023E+12
1.4400E+10
2.1802E+12
1.4400E+10
4.3747E+12
1.4400E+10
4.3747E+12

NFEHOAOAFFEFNMNNFEFWABNDWHOUWNKEKEENNDNNMNWABNSNNdONdAWNDKENSNLODLDWWWE

.07389E+03
.39083E+00
.81976E+02
.43445e-01
.49793E+01
.87884E-02
.65148E+00
.23428E-02
.14684E+00
.22982E-03
.66510E+01
.51308E+02
.35874E+00
.83585E+02
.23841E+01
.33487E+403
.54844E+01
.00496E+03
.26077E+01
.03997E+03
.67824E+00
.07348E+03
.28564E+00
.85532E+02
.42074E-01
.82806E+01
.49754E-02
.85595E+00
.23617E-02
.61486E+01
.10468E+02
.30016E+00
.28263E+02
.83216E+01
.39500E+03
.82469E+01
.09671E+03
.78247E+01
.71433E+03
.71883E+00
.30601E+02
.24527E+00
.06781E+02
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186

188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228

NANAOANANAOANWNNNENWNWNONNONONONONSENNNEFEWLNL WKE &L

.4400E+10
.3747E+12
.4400E+10
.3747E+12
.4400E+10
.5136E+10
.0234E+11
.8800E+09
.0234E+11
.5136E+10
.3023E+12
.8800E+10
.6047E+12
.8800E+10
.3603E+12
.8800E+10
.T494E+12
.8800E+10
.T494E+12
.8800E+10
.7494E+12
.8800E+10
.7494E+12
.8800E+10
.7621E+07
.1629E+08
.2641E+06
.1629E+08
.7621E+07
.0238E+09
.2641E+07
.0476E+09
.2641E+07
.4278E+09
.2641E+07
.8782E+09
.2641E+07
.8782E+09
.2641E+07
.8782E+09
-2641E+07
.8782E+09
.2641E+07

HFLdaNEFEANWEHEFEFMDMNWWNWWWELBNFOOVWNEENDNMNODNNMNNNEFWWUNWWEERESOW

.31006E-01
.40218E+01
.66221E-02
.23280E+01
.73853E-02
.28396E+01
.73994E+02
.34301E+00
.90110E+02
.64055E+01
.37470E+03
.79436E+01
.25142E+03
.12370E+01
.30213E+03
.00302E+01
.53074E+03
.04598E+00
.25972E+02
.05245E-01
.08500E+01
.65647E-01
.98992E+01
.84804E-02
.81374E-02
.31937E-01
.01761E-03
.40259E-01
.00443E-02
.64569E-01
.37345E-03
.12320E-01
.46533E-03
.03687E-01
.68530E-04
.03518E-02
.26990E-05
.00343E-02
.51869E-05
.58657E-03
.23172E-06
.29310E-04
.03609E-06
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229
230
231
232
233
234
235
236
2317

239
240
241
242
243
244
245
246
247
248

250
251
252
253
254
255
256

1637
1638
1639
1640
1641
1642
1643

3.9167E+07
4.4849E+08
3.2104E+06
4.4849E+08
3.9167E+07
1.4517E+09
3.2104E+07
2.9035E+09
3.2104E+07
4.8605E+09
3.2104E+07
9.7531E+09
3.2104E+07
9.7531E+09
3.2104E+07
9.7531E+09
3.2104E+07
9.7531E+09
3.2104E+07
4.5311E+06
5.1885E+07
3.7140E+05
5.1885E+07
4.5311E+06
1.6795E+08
3.7140E+06
3.3589E+08
3.7140E+06

1.4400E+09
2.0117E+11
1.7568E+10
6.5117E+11
1.4400E+10
1.3023E+12
1.4400E+10

HWaWFEFNMNNMNNNEEHMODUOUWHERERJIOBEEFEFNWNENDENS

PR WWRe

.25084E-01
.12173E+00
.88842E-02
.19751E+00
.41410E-01
.98161E+00
.71158E-02
.78691E+00
.64217E-02
.2389BE+00
.38414E-03
.85208E-01
.22329E-04
.15721E-01
.76868E-04
.02780E-02
.02082E-05
.66807E-03
.30767E-05
.46285E-02
.52018E-01
.23043E-03
.60186E-01
.67828E-02
.50593E-01
.43698E-03
.26205E-01
.63087E-03

.74642E+00
.85552E+02
.38253E+01
.28152E+03
.58311E+01
.95915E+03
.68407E+01
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S AR AR AR SRRt RSl s sttt ittt ittt il ittt sl ittt ittt sttt sttt
I2 2222222223 22 2222222222 222222 222222 22222 222 22222 222 22 22222222222 222222 222222222222 X222 2222222222222 22222222222 2222 2222223222222

*
*
*
I22 222222222222 22222 2dRdddl sl s
*key start run highlights -
22222222222 222222222222 dddl s
*

* 1644 2.1802E+12  1.64130E+03
* 1645 1.4400E+10  6.34532E+00
* 1646 4.3747E+12  8.85089E+02
* 1647 1.4400E+10 1.19629E+00
* 1648 4.3747E+12  2.05426E+02
* 1649 1.4400E+10  3.37956E-01
* 1650 4.3747E+12  5.49680E+01
* 1651 1.4400E+10  7.89605E-02
* 1652 4.3747E+12  1.26864E+01
* 1653 1.4400E+10  1.85371E-02
* 1654 3.5136E+10  3.14340E+01
* 1655 4.0234E+11  3.56763E+02
* 1656 2.8800E+09  1.61004E+00
* 1657 4.0234E+11  3.59521E+02
* 1658 3.5136E+10  3.29702E+01
* 1659 1.3023E+12  1.30383E+03
* 1660 2.8800E+10  2.6822BE+01
* 1661 2.6047E+12  2.14672E+03
* 1662 2.8800E+10  2.03105E+01
* 1663 4.3603E+12  2.21331E+03
* 1664 2.8800E+10  9.67382E+00
* 1665 8.7494E+12  1.48056E+03
* 1666 2.8800E+10  1.98122E+00
* 1667 8.7494E+12  3.11849E+02
* 1668 2.8800E+10  4.78031E-01
* 1669 8.7494E+12  8.76460E+01
* 1670 2.8800E+10  1.63030E-01
* 1671 8.7494E+12  3.00576E+01
* 1672 2.8800E+10 5.07439E-02
. T e B
* sum 2.7772E+14  1.60297E+05

run highlights

(2222222222222 2222222222222 222222222222

*

*

*
* * all modules are tentatively go. i
* * interface file geodst written. ¥

S91



xslibb asc prepared from bxslib L
**full path name is used x-sections *
bxslib prepared from xslibb asc &
interface mixing files written. i
interface file asgmat written g

xs files macrxs, snxedt written. >
interface file solinp written. i
interface file editit written. x
start solver execution. o
**negative or zero transport fluxes***
all convergence criteria met. i
interface file rtflux written. 3
interface file sncons written. *
start edit execution. o

edits completed. e

*

*

* % % % * % % % % ¥ * ¥ ¥ ¥ ¥ ¥ ¥

L2222 2222222222222 2222222222222 2222222

...execution terminated...

* % % % % % % * % ¥ % ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥

*
LA A2 SRRttt szl s s 2 i s 2222222 222 2 22 2 222222222222 222 222222 22222 2222222222 2222222 22X XRRR SR 22222 X 2 )
(22 R 22 A 2 e 2 2R 2 2 e 2Rz e e e e e R e R R R R 22222222 R 22222222222 222222222222 2 td 2 dd )
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3 0

0

THREEDANT isotropic point source, 25 cm above floor, in center corridor;

detectors @ y=508cm, D1 @ x=229cm and z=6990cm, D2 @ x=4995 cm and z=6990cm
2mod2.in

/

/
/
/
/
/
/
/

/

geometry - X-Y-2
cross sections - MENDF5G, xslibb.mendfg

mixing

solver
edits

block i

- isotopes mixed to make materials named air
and ground

- S16-P4, first collision source=ptana

- card input supplied

igeom=x-y-z, ngroup=12, isn=16 niso=99 mt=2 nzone=2
im=15 it=226 Jjm=6 Jt=20 km=9 kt=225
maxscm=80000000 maxlcm=150000000 t

/ block ii (geometry)

xmesh=

xints=
ymesh=
yints=
zmesh=

zints=
zones=

-20, 0, 224, 234, 457, 477,

4744, 4764, 4988, 4998, 5221, 5241
9508, 9528, 9985, 10005
,3,1,3,1,100,1,3,1,3,1,100,1,6,1
-20, 0, 50, 498, 518, 610, 630
1,2,10,1,5,1

-20, 0, 457, 477, 3368, 3378,
6268, 6288, 6745, 6765
1,10,1,100,1,100,1,10,1

2 2; /z=-20-0

NN NDNDN
NN N
NN
NN
NN
(SIS SRS SN
NN
(SIS ISR SN
NN
NN

NN
NN
NN
NN NDNDNDN

2; /z=0-457

NN NN
[N N
N == =N
[N SR
NN
N == =N
NN
NN
N =N
[N e RY
NN
N === =N
NN
NN
L

2; /z=457-4717

NN
- - N
-~
- - N
NN
NN
N NN
- -~
- - N
- - N

NN
NN
N NN
- - N

N

-~

L91
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N NN
- = N
NN~
NN~
NANN
- = N
- =N
- - N
NANAN
N NN
NNAN
= N
- -~
- = N
NANN

/2=477-3368

/2=3368-3378

/z=3378-6268

ea sa Su sa oa e
NANANANANN
N ==~ N
NANANNNN
Nttt =N
NANANNNN
Nt~ N
Nt === N
Nt =N
NANNNANN
Nttt =N
NANANNNN
Nt~ N
N === N
Nt~ N
NANANNANN

/z=6268-6288

/z=6288-6745

/2=6745-6765



222
222
/

/ block iii (cross sections)

1ib=xs1libb savbxs=1

22222222222 2;,
22222222222 2;

; t

t
/
/ block iv (mixing)
matspec=atdens /atomic density= atoms/b*cm
matls=airl "8016.50" 9.6533-6 /0
"7014.50" 4.1425-5; /N
conc *1001.50" 1.4660-1, /H
"8016.50" 5.1465-2, /0
"11023.50" 8.5857-4, /Na
"12000.50" 1.0828-4, /Mg
"13027.50" 1.6651-3, /Al
"14000.50" 1.0575-2, /81
"19000.50" 3.3176-4, /K
"20000.50" 1.3696-3, /Ca
"26000.55" 1.0435-4; /Fe
assign=air airl 1.0; /zone 1
concrete conc 1.0 t /zone 2

NSNS

#* Wik ¥ hleock v (Solver) * ® o &
norm is 24 hr/day*365 day/yr
first collision source is FCSRC, location is in sourcy,
energy spectrum is in source

/first cp xslibb.mendfg xslibb

ievt=0 isct=4 ibr=0 ibt=0 ibb=0 ibfrnt=0 ibback=0 iitm=200 oitm=50

norm=1.0 fluxp=1
/ energy grps (12) for source term

source=4.40939-8, 4.40939-8, 2.35945-4, 4.75076-4,

5.56546-3,

sourcx= 113z,

1, £0

/ fine mesh location on the
sourcy= 2z, 1, f0
/ fine mesh location on the

sourcz= 112z,
/fcsrc=ptana

1, fo0

/fcxpos=4993 /position
/fcypos=3373 /position
/position

/fczpos=25
t

xsectp=0 sourcp=1 balp=0

1.75850-2, 5.11491-2, 4.03269-2,
/ fine mesh location on the x axis of the point source:

y axis of the point source:

z axis of the point source:

of source in x in cm
of source in x in cm
of source in x in cm

7.14207-4,1.91294-3,

1.22591-2,

2.92139-5

691



/
/ * * * * block vi (edits) * * * *
pted=1 zned=1 igrped=3
/ for detectors use point=i +(j-1)NX + (k-1)NXNY; NX=IT=226; NY=JT=20
/ fine mesh points i=5, 43, 76, 114
/ fine mesh points j=8, 14, 19
/ fine mesh points k=224
points= 1009547, 1010903, 1012033 /i=5, lowest ht to highest
1009585, 1010941, 1012071 /i=43
1009618, 1010974, 1012104 /i=76
1009656, 1011012, 1012142 /i=114
/ Resp Fcns in Air Kerma/unit Fluence from ICRU-57
/ in pGy/cm~2 for 12 energy groups
rsfe=23.025, 21.075, 19.1, 17.1, 15.1, 13.1,
11.03, 8.755, 6.075, 3.46, 1.3736, 0.8410 t

oLt



3 0 0
THREEDANT isotropic point source, 25 cm above floor, in center corridor;

detectors @ y=508cm, D1 @ x=229cm and 2z=6990cm, D2 @ x=4995 cm and z=6990cm
3mod2.in

/ geometry - X-Y-2
cross sections - MENDF5G, xslibb.mendfg
/ mixing - isotopes mixed to make materials named air
/ and ground
/ solver - S16-P4, first collision source=raytr
/ edits - card input supplied
/
/ block i

igeom=x-y-z, ngroup=12, isn=16 niso=99 mt=2 nzone=2
im=15 it=226 jm=6 jt=20 km=9 kt=225
maxscm=80000000 maxlcm=150000000 t

/ block ii (geometry)

xmesh= -20, 0, 224, 234, 457, 477,
4744, 4764, 4988, 4998, 5221, 5241
9508, 9528, 9985, 10005

xints= 1, 3,1,3,1,100,1,3,1,3,1,100,1,6,1

ymesh= -20, 0, 50, 498, 518, 610, 630

yints= 1,2,10,1,5,1

zmesh= -20, 0, 457, 477, 3368, 3378,
6268, 6288, 6745, 6765

zints= 1,10,1,100,1,100,1,10,1
2

zones= 2 2 2222222222222 /z=-20-0
222222222222222;
222222222222222;
222222222 222272 2;
222222222222222
2222222222222722;
2222222222222 22; /z=0-457
2°1 71" 1 2.1 1Y 117 -1 1 %25
219221 1% LML L1111 2;
201 10l 151 1 102111 21 Iv2;
211311111 111112;.
222 225222222222 2;
222222222222222; /[/2=457-47
2111222211122 21 23
21, 1.12227011 127221 23

IL1
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. em W

NANN
- = N
NANAN
aNNAN
aNNAN
- = N
- = N
-
N NN
NANAN
N NN
- - QN
- N
- - N
NANN

/2=477-3368

/2=3368-3378

/2=3378-6268

oa on Su on en on

NANANNANN
NN
NANANNANN
N -~
NANANANNN
Nl === N
N~~~
NHAAAN
NANNANANN
NN
NANANANANN
NHHAAN
N ==~ N
NHHAAN
NANANANNN

/2=6268-6288

. o o on se
NN ANANANN
N - N
NNANANANN
NANANANANN
NN ANANANAN
Nee =N
Nee =N
N == =N
NN ANNANN
NN ANNANN
NNANNANN
N =N
N =N
Nl =N
NANANNANN

/2=6288-6745

222222222222222;

/2=6745-6765



22222222222
22222222222

/
/ block iii (cross sections)

22 2;
222

2
2 gt

lib=xslibb savbxs=1 /first cp xslibb.mendfg xslibb

/
/ block iv (mixing)

matspec=atdens /atomic density= atoms/b*cm

matls=airl "8016.50" 9.6533-6 /0
"7014.50" 4.1425-5; /N
conc  "1001.50" 1.4660-1, /H .
"8016.50" 5.1465-2, /0
"11023.50" 8.5857-4, /Na
"12000.50" 1.0828-4, /Mg
"13027.50" 1.6651-3, /Al
"14000.50" 1.0575-2, /si
"19000.50" 3.3176-4, /K
"20000.50" 1.3696-3, /Ca
"26000.55" 1.0435-4; /Fe
assign=air airl 1.0; /zone 1
concrete conc 1.0 t /zone 2

NSNS NN

* * * * hlock v (solver) * * #* *
norm is 24 hr/day*365 day/yr
first collision source is FCSRC, location is in sourcy,
energy spectrum is in source

ievt=0 isct=4 ibr=0 ibt=0 ibb=0 ibfrnt=0 ibback=0 iitm=200 oitm=50
norm=1.0 fluxp=1 xsectp=0 sourcp=1 balp=0
/ energy grps (12) for source term
source=4.40939-8, 4.40939-8, 2.35945-4, 4.75076-4,
5.56546-3, 1.75850-2, 5.11491-2, 4.03269-2,

/ fine mesh location on the x axis of the point source:

sourcx= 113z, 1, f0

/ fine mesh location on the
sourcy= 2z, 1, fO0

/ fine mesh location on the
sourcz= 112z, 1, f0
fcsrc=raytr
fcnray=10000
fcntr=25
/fcxpos=4993 /position
/fcypos=3373 /position

y axis of the point source:

z axis of the point source:

of

source in x in cm

of source in x in cm

7.14207-4,1.91294-3,

1.22591-2,

2.92139-5

€L1



NN

NSNS N

/fczpos=25 /position of source in x in cm

t

* * + * hblock vi (edits) * *
pted=1 zned=1 igrped=3

* &

for detectors use point=i +(j-1)NX + (k-1)NXNY; NX=IT=226; NY=JT=20

fine mesh points i=5, 43, 76
fine mesh points j=8, 14, 19
fine mesh points k=224

points= 1009547, 1010903,
1009585, 1010941,

1009618, 1010974,

1009656, 1011012,

Resp Fcns in Air Kerma/unit
in pGy/cm”2 for 12 energy gr
rsfe=23.025, 21.075, 19.1,
11.03, 8.755, 6.075,

, 114

1012033
1012071
1012104
1012142
Fluence
oups
1933,

/i=5, lowest ht to highest
/i=43

/i=76

/i=114

from ICRU-57

15.1, 13.1,
3.46, 1.

3736, 0.8410 t

PLT



3 0

0

THREEDANT isotropic point source, 25 cm above floor, in center corridor;
detectors @ y=508cm,

4mod2.in

/  geometry -
cross sections -

mixing

/

/

/

/ solver
/ edits
/

/

block i

D1 @ x=229cm and z=6990cm, D2 @ x=4995 cm and z=6990cm

X-Y-2

MENDF5G, xslibb.mendfg

isotopes mixed to make materials named air

and ground

S16-P4, first collision source=raytr fcrstrt=2
card input supplied

igeom=x-y-z, ngroup=12, isn=16 niso=99 lmt-2 nzone=2
im=15 it=226 Jjm=6 Jjt=20 km=9 kt=225
maxscm=80000000 maxlcm=150000000 t

/
/ block ii
xmesh=

xints=
ymesh=
yints=
zmesh=

zints=
zones=

(geometry)

-20, 0, 224, 234, 457, 47,
4744, 4764, 4988, 4998, 5221, 5241
9508, 9528, 9985, 10005

1,3,1,3,1,

100,1,3,1,3,1,100,1,6,1

-20, 0, 50, 498, 518, 610, 630
1,2,10,1,5,1

-20, 0, 457, 477, 3368, 3378,
6268, 6288, 6745, 6765
1,10,1,100,1,100,1,10,1

22222
22222
22222
22222
2,222 2
22222
22222
21111
21111
21111
21 311
22222
22222
21112
21112

2222222222; /z=-20-0
2222'2222 2.2;
222222222 2;

2722 222 22 22;
2222222222;
2222222222;
222222222 2; /2=0-457
1 1 A1 2111 2;
111111111 2;
111111111 2;
111111111 2;
2222222222;
222222222 2; /z=457-4717
221112221 2;
221112221 2;

SLI
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2
2
222222222 2;

/2=477-3368

/2=3368-3378

/z2=3378-6268

o en sa en o
NNNNNN
Nt~ N
NANNNNN
NN
NANNNNN
NN
NAHAAAN
NHAA~N
NANNNANN
NHAAAN
NANNNANN
N A-~N
NHAAAAN
NN
NANANNNN

/2=6268-6288

L T T T TN

NNNNANN
N~~~ N
NANNNNN
NANNNNN
NANNNNN
Nt~ N

v

Nl =t == N
Nt~ N
NNANNANN
NNANNNN
NNNNANN
N AN
NN
N AN
NNNNNN

/z2=6288-6745

/2=6745-6765



222222222222222;
222 24%22222222172272; ¢t
/
/ block iii (cross sections)

lib=xslibb savbxs=1 /first cp xslibb.mendfg xslibb
t

/
/ block iv (mixing)
matspec=atdens /atomic density= atoms/b*cm

matls=airl "8016.50" 9.6533-6 /0

"7014.50" 4.1425-5; /N

conc *1001.50" 1.4660-1, /H

"8016.50" 5.1465-2, /0

*11023.50" 8.5857-4, /Na

*12000.50" 1.0828-4, /Mg

"13027.50" 1.6651-3, /Al

"14000.50" 1.0575-2, /81

*19000.50" 3.3176-4, /K

"20000.50" 1.3696-3, /Ca

"26000.55" 1.0435-4; /Fe
assign=air airl 1.0; /zone 1
concrete conc 1.0 ¢t /zone 2

* * * * block v (solver) * * #* #*
norm is 24 hr/day*365 day/yr
first collision source is FCSRC, location is in sourcy,
energy spectrum is in source
fcrstrt=2
ievt=0 isct=4 ibr=0 ibt=0 ibb=0 ibfrnt=0 ibback=0 iitm=200 oitm=50
norm=1.0 fluxp=1 xsectp=0 sourcp=1 balp=0
/ energy grps (12) for source term
source=4,40939-8, 4.40939-8, 2.35945-4, 4.75076-4, 7.14207-4,1.91294-3,
5.56546-3, 1.75850-2, 5.11491-2, 4.03269-2, 1.22591-2, 2.92139-5
/ fine mesh location on the x axis of the point source:
sourcx= 113z, 1, f0
/ fine mesh location on the y axis of the point source:
sourcy= 2z, 1, fO0
/ fine mesh location on the z axis of the point source:
sourcz= 112z, 1, f0
fcsrc=raytr
fcnray=10000
fcntr=25
/fcxpos=4993 /position of source in x in cm

NSNS NN

LLT



NN

NN NN

NS

/fcypos=3373 /position of source in x in cm
/fczpos=25 /position of source in x in cm

t

* *Ad block! vi (eddts) * * * *
pted=1 2zned=1 igrped=3
for detectors use point=i +(j-1)NX + (k-1)NXNY; NX=IT=226; NY=JT=20
fine mesh points i=5, 43, 76, 114
fine mesh points j=8, 14, 19
fine mesh points k=224

points= 1009547,
1009585,
1009618,
1009656,

1010903, 1012033 /i=5, lowest ht to highest
1010941, 1012071 /i=43 -

1010974, 1012104 /i=76

1011012, 1012142 /i=114

Resp Fcns in Air Kerma/unit Fluence from ICRU-57
in pGy/cm”*2 for 12 energy groups
rsfe=23.025, 21.075, 19.1, 17.1, 15.1, 13.1,
11.03, 8.755, 6.075, 3.46, 1.3736, 0.8410 t

8LI
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APPENDIX B: Source Term CSAS1X Input/Output Files and Development Data



o""'""""""""""""""""""""'""'""""""""""""""

O 0o0o0oo0oo0oo

-

* ./ Welcome to the configuration controlled version of SCALE-4.4a.
Any problems can be reported via email to <scalehelp@ornl.govs.

-

*

SCALE4 .4a Bulletin Board

-

)

primary module access and input record ( scale driver - 96/03/13 - 10:32:44 )

181

module csaslx will be called
Source term search for Dantsys calcs srcterm3 based on LANL/student input
27n-18couple
multiregion
uranium 1 den=18.74 1.0 293 92235 93.2 92238 5.6 92234 1.0 92236 0.2 end
end comp
spherical end
1 8.741 noexterwod
end zane
more data sxf=15
end more
end data
secandary module 000008 has been called.
module 000008 is finished. completion code 0. cpu time used 0.08 (seconds).
secundary module 000002 has been called.
module 000002 is finished. completion code 0. cpu time used 1.66 (secands).
secandary module 000001 has been called.
module 000001 is finished. completion code 0. cpu time used 0.25 (seconds) .
module csaslx is finished. completion code 0. cpu time used 2.07 (seconds).
the following data cards precede an = card
ceceeceeceeceee 88888888888 asasaaaaa Ssssssssaas 11 xx xx
"™ xccccccccce sssssssssssass aaaaaaaaaaa 8885588888888 111 xx xx
<  cc =8 88 aa aa ss 88 1111 xx xx
ce 88 aa aa ss 11 xx xx
[ [ 1] aa aa ss 1 x xx
cc 888888888888 32AAAAAA33AAA 888888888888 11 XXX
ce 888888888888 ASA3a3a833aaa 888888888888 11 XXX
cc ss aa aa 88 3 xx XX
cc 88 aa aa 88 11 b~ S -
ce cc 88 88 aa aa 88 88 11 = xx
ceececeececeeeee aa aa BS883888888888 11111211 xx xx<
ceceeeceeeee aa aa 88888888888 11111111 xx xx
xx x vV Vv tttttttttttt
xx x Vv tttttttttttt
xx xx w v te
> o xx w w tt
xx XX w w te
200K w vw tt
00 w w tt
xxX XX w w 34
X w v tt
= xx w vw te
xx xx v te
xx v te
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0

0
0
0
[¢]
0
o
0
0

CY AR AL LA AL A2 A A A A2 Al a2l a2 2 2R d 2 2222022 2222222 d2222222222X2220)

od SCALE4 .4a Bulletin Board ®
P P ey g T e e g e -
- -
. Welcome to the configuration controlled version of SCALE-4.4a. .
. Any problems can be reported via email to cscalehelpdornl.govs. L
- -

-

PITTETAAZALL AL LA A A A A A 0 A A QA2 222222 A X 22 Q22 ddd A2 dddddddddldddddalddd)
primary module access and input record ( scale driver - 96/03/13 - 10:32:44 )

module csaslx will be called

Source term search for Dantsys calcs srcterm4 based on OECD benchmark input

27n-18couple

multiregion

uranium 1 den=18.74 1.0 293 92235 93.71_. 92238 5.27 92234 1.02 end

end comp

spherical end

1 8.74141 noexteruvod

end zone

more daca szfs1l5

end more

end data

secondary module 000008 has been called.
module 000008 is finished. completian code 0. cpu time used 0.07 (secands).

secondary module 000002 has been called.

module 000002 is finished. completion code 0. cpu time used
secondary module 000001 has been called.

module 000001 is finished. completion code 0. cpu time used

1.48 (seconds) .

0.23 (seconds) -

module csaslx is finished. completion code 0. cpu time used 1.86 (seconds).
the following data cards precede an = card
ceceeceecececeee 88888888888 Aaaaaaaaa 888888888588 11 xx xx<
‘ceceeeecece aaaaaaaaaaa 8888888888888 111 xx xx
e cc as 8s aa aa as 8s 1111 b4 xx
cc 1 ss aa aa =88 11 xx xx
ce a8 a - aa ss 1 X XX
cc 888888888888 aAaaaaaaaasaa ssssssssssss 1 a0¢
cc 888888866888 aaaaaaaaaaaaa SS8888888888 11 p- -3
cc as aa aa as 11 X X
cc a8 aa aa as 11 xx x=x<
cc cc s8s as aa aa (1] a8 11 xx xx
ceceeeceeceec c aa aa 8888888888888 1322131211 xx KX
cceceecceece 88888888888 aa aa 88888888888 11111111 xx x=x
xx x w VV. [CECEECEEEEEE
P x v VvV tettttteetee
xx xx w v 143
x> xx v v te
XX XX w \ad {13
o <9 w v tt
e <3 vv vv te
XX XX vv v te
> XX w v et
xx xx w ovv te
xx xx< vvv {53
xx< v te
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SCALE¢.4a Bullecin Board

Welcome to the configuracion controlled version of SCALE-4.4a.
Any problems can be reporzed via emall CO <acalahelpocnl.gowv>.

prioary module access and input record ( scale driver - 96/03/313 - 10:32:é4 )

module csasix will be called
Source cerm search for cales based 00 OBCD hmxr-twark ioput

27n-18couple
mulciregion
uranium { denel8.7¢ 1.0 293 92235 93.71 92238 $.27 92234 1.02 end
end comp
spberical end
1 6.74141 noextersod
end zame
more data szfel1S
end sore
end data a1
eacundary wodule 000008 has been :lml.
module 000008 is finiahad. complet code 0. Cpu time used 0.07 (seconds) .
eactndary wodule 000002 bas been called. 5
mdule 000002 s finished. compietion code 0. cpu time used 1.48 (secutmnds) -
eacundary wodule 000001 has been called.
module 000001 1is finished. cowpletion code 0. Cpu time used 0.23 (sectmds) -
mocule csasix s finishad. completiocn code 0. cpu time used 1.86 (sectmds)
the following data cards precwds an = card
28248258500 1 xx xx
TIXITTCLITC  S88888588AAR0 p5 83 = xx
.- cc 88 ss aa e =8 [T 1111 xx xx
ce 1] a a =88 11 xx @ xx
ce [ 1] aa aa es 1 xx XX
ce 588888888888 a00A00ANAAAA  SESSBSSESSSS 11 =x
cc 11 x=x
ce ss aa e 1] 11 = XX
cec [ 1] as aa [ 1] 11 = xx
ce cc 88 8 aa aa ss s 1 x=x xx
CCITITITUITIC  §888058088688 aa aa 68ssssasassss 11111111 xx xx
cerTeneceee 20888888888 aa e sassssansss 11111111 xx xx
x= = wvv vv tgtoetetteete
xx xx v vv ggttetteteet
x= xx w vv te
= xx v w te
xx XX v v te
0K v vv tt
X A2 d w tt
xx XX v v te
= xx w vy tt
xx x= vv v tt
x=x xx wv te
x=x xx v ce

183
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0000000 1 1/ 22222222222 3333333330 0000000 22222222222
000000000 23] // 2222222222222 3333333333313 000000000 2322222222222
0 00 u /" 22 2 » 33 00 o0 22 22
00 1 /7 22 3 00 00 2
00 1 /" 22 b} ] " 00 00 L]
00 u ' 22 b33} 17/ 1] 00 22
00 1 123 22 133 1/ 00 00 22
00 1 /7 22 33 1/ oo 00 22
[ 1 /" 22 3 1/ 00 00 22

0 0o 12 /" 22 313 33 1l 00 0o 23

000000000 111111212 124 2222222222222 3333133133330 1/ 000000000 2222222222222

0000000 1111111 1 2222222222222 3333333330 V4 0000000 2222222222222

0000000 99999999999 22222222222 L1} 12 (1}
000000000 9999999999999 2222222222222 444 11 444
0 00 (4] 9 XX 22 22 4444 113 11 4444

00 9 ” t22 22 44 40 G 1 a4 @
00 t1) £ 1] 1] 22 4 44 13 1 @ 44
00 9999999999999 22 “ e 1 " e
00 999999999999 22 4 44 11 44 1)
-]} 1 1] 132 22 (XY 12
00 (1) 122 22 4444444444444 123 1
0 00 (1] 123 22 '] 112 1
000000000 9999999999999 2222222222222 e 11111111 L]
2222222222222 L] 11111112 L1
58588588808 11 aserMeseeeses
cececeecEeecee asasasaaasa 11 esneecrecesee
cec cc aa aa 1 e
ce aa aa 1 e
[ 1] cc aa aa 1 oo
sssssessssss cc asasasaasasas 11 [es==SSoNS
Se8888888088 ce 4238432223222 11 L]
ss cc aa aa 1 ee
ss cc aa a 11 e
[ 1] ss cc cc aa aa 1 (]
8589880088888  CCCCECCCECCCC aa aa 1111111111111 escccccseesss
ssesssseses cereeeeccee aa aa 1111111111111 esecscssesres
eswew sevee
e program verification information i
soeew Liad il
—— code system: scale version: 4.42 o et
"R ceeew
Teeew feeee
ewwew eseww
L tl program: csas Lk
sweee sewen
snwn creation dace: 08_sep_2000 i
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library: /vee/scaled 4a/bin

production code: csas
version: 4.40

jobnase: =xvt

machine name: cmodd
— date of execution: 23_jan_2002

senes time of execution: 09:24:14.689

based on oecd benchmark input

source term for ys calcs
eece problem paramsters °*°°®

1id 27n-18couple library

[ -3 1 mixtures

*sc 1 campmsaition specificacions
izm 1 macterial zanes

ge multiregion gecmetry
eore 1 0/1 do not read/read Opticnal paramster data

asln 0 fuel soluticas
eeee problem composition description *eee

sc uranium standard cosposition
e 1 mixture no.

vt 1.0000 voluse fracticn
roth 18.7400 epecified density

1 no. elesents

nal

icp 1 0/1 mixxure/compeamd

cemp 293.0 deg kelvin

92000 1.00 atom/molecule

92235 93.710 wes
92238 $.270 wee
9222¢ 1.020 wes

end

eece problem gecmetry °°°°

cs spherical coordinate syscem
br vacuum right boundary

bl reflected left boundary

0.00 cm left boundary locatica
0.00 cm buckling height

0.00 cm buckling depth
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rz

isn
iim
icm

8.74 cm right boundary location

onod noexcerwod  external moderator index

special parameters °°°°

order of armgular Quadrature
20 inner iceracticn maximum
25 outer iteration maxamsm
1.50000E+01 sage factor for spacial mesh

szt

eps 1.00000E-04 overall prodlem convergence

ptc 1.00000E-0S scalar flux ccavergence

bkl 1.42089E+00 buckiing factor

{us 0 thermal upscatter scaling

bal fine balance table print flag

dy 0.00000E-00 buckling height -

dz 0.00000E-00 buckling depeh

tpn 0 diffusion coefficient cption

frd 491411 logical unit number to read flux guess

fwr -1 logacal unit number to write flux guess

ash 2001 number of intervale for res. inrgrtns

alv 2 max lvalus for res. incgrTas

axs 0 logical unit msuber to wrate anisn lib

nbu 0 logical unit numbder to wraite bal.tablee

1
LI L] 0.
wwe term for d. ys calcs based cn cecd benchmark input e
. e
LLl v
e ecccccccce dacy lm informacion °®eeeececeece aee
e oo
] unic volums i
sen e T data set name o unit function e
soe cssana PR e E e cuas cssassassanea one
L ..-.
ne (1] /vee/scaled.da/daca/scale.revié.sclib standard composition library e
sew ene
ses (1] /vce/acaled .¢a/data/ecale . rev04 . Xn27918 cross section library e
ves e
wee 11 £e11£001 short cross section library vow
ews bt
ses 90 ££90£001 input data direct access .
- e
wes ——s
e L
L standard composition library data -
-ow - - LA
Ll ] 1l
e uait numder : 089 -
sew *e0
owe dacaset name : /vce/scaled.da/data/ecale.revié.eclid [
i Ll
wee library titles ecale-4 etandard carposition library g
sew 648 standard compositions. 490 nuclidss eon
e 90 elemmnte with variable isotopic distrbutions. e
"o Ll 1]
e

sen creation date: 9/ 0/ 0



cross section library daca
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e PR
e Ll
o umt number [ ] e
-ow aew
i dacasec name : /vec/scaled da/daca/scale.rev0d.xn2?7918 .
L1l e
ese library ticle: scaled - 27 neutron 18 gamma group shielding likrary -
e based on endf-b version ¢ data oe
. cmpiled for nrc 1/27/89 -e
e lasc updated 08/12/9%¢ =+
soe l.m.pectrie ornl -e
il e
e e
EL L] ave
aaw e
[} eeve xpdrn mash intervals °ee°
4 mash intervals in zone 1

[} cessanas 0 io's were used processing Csas input data sessnune

0 control madule csasilx is cospleca.

1 bishbbbbbbbbb OOOO000OCO0 nn an asisasasa - o 144444414444 22222222222
bbbbbbbbbbbbh  0OGOODOOOGO000  ARN no asasasasass - s 144414444444 2222222222222
bd bb oo 00 mnn nn aa a2 mmm - 14 22 22
bd bd oo 00 nn nn an aa aa mm - 4 22
bd bbb oo c0O nn an nn aa aa = omwm = i1 22
bbbbbbhbbbbb oo oo nn oo an - - = 14 22
bibbbhbhbhbb oo c0 m an M - a - 4 22
bd bb oo oo no an nn aa aa = - 11 a2

bb oo c0 m ma an aa aa m (] 14 22
= bb oo 00 nn nnan aa aa = - 14 22
bbbbbbbbbbbbti coooccoccooococ nn nnn aa aa w= mm 144841444444 2222222222222
an an aa aa = mm 144444444444 2222222222222
]
xx = wv Vv tteooeeeeett
xx = w vv ttceeeeeettt
xx xx v w te
= xx w v te
X XX w w te
XX w w te
XX v v te
x=x xx w v et
= xx w w tt
x=x xx w w te
x=x x=x v [13
= xx v te

]

0000000 1 /22222222222 33332322202 1/ 0000000 22222222222
000000000 m // 2222222222222 333333333330 " 000000000 2222222222222
00 00 111 /22 22 1 13 /7" 00 o0 23 a2
00 00 11 1/ 22 33 1/ 00 00 22
00 00 n 74 22 3 /7 00 00 2

00 00 1 // 22 333 17/ 00 00 22
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[-[] u 1Z3 22 bR b Y24 (1] (1] 22
00 11 /7 22 1 " 00 00 22
00 1 17/ 22 b1} 7] 00 00 22
0 00 11 1/ 22 N b X ] /7 00 00 a2
000000000 11111111 1 2222222222222 333323323031 1/ 000000000 222222222222
0000000 11111111 1/ 2222222222222 333333300 11 0000000 2222222222225
0000000 99999999999 22222222222 4 1 $55555555558¢%
000000000 9999999999999 2222222222222 L) pbb3 5555555555555
L] 00 £ 1) L L] (XX 22 22 122 1111 (11
00 99 L 1] 113 22 122 11 sS
o0 9 L 1] 333 22 e« 4 138 11 £1]
0o 9999999999999 22 e« L] 111 $3555555555S
00 999999999999 22 4« " 11 5555555555555
00 2 113 22 132 11 L1
00 9 133 22 133 11 L1
0 oo L 1) 133 22 e« t3e 11 ss ss
000000000 9999999999999 2222222222222 L1} 11111111 8555555555555
0000000 999999999999 2222222222222 o« 11111111 $555555555S
ceeceececee anansasaa 11 osesecesesees
ceceeceecececre 25888222202 11 cesessseseses
cc cc  ea aa 1 e
ec a a 1 oo
cc e a 11 [
cc aaasasanssass 1l [eeavsSsvie
cc aaasasasaaasa 1l TR
cc aa a 11 e
e®s cc aa e 11 [ ]
s s cc cc o e 1l [
8888888888888 CCCCCCCCCCCCE 84 aa 1111111111111 esececceseses
oa aa 1111111111111 esesseescsese
TeeYe Teeew
- program verification information -
*evew Ll Ll L]
e i code system: scale version: 4.4a T
ecenee Ei il L]
"eoow *HTew
oeeee sEvew
e program: 000008 eeeoe
seswe saeee
veevs creation date: 08_sep_2000 =een
eveew et
eesen library: /vcc/scales.da/bin .
e ceses
heee snene
e P ion code: b suoew
il evee
eaee version: 4¢.41 sowns



enene jobname: xvt

machine name: cwodb

i date of exscution: 23_jan_2002
sowen
W cime of exacution: 09:24:15.3)

wenwe
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aeeew
1
(] -1q array has 1 encries.
[} 0q array Nas 4 encries.
(] 1q array has 6 entries.
[} 2q array has 2 entries.

1lo9:cal assigrmancs
omaster library 11

working library O

scracch file 13

new library 1

oproblem description

0igr--gecmecry (0/1/2/3--inf med/slab/cyl/sphere
Oizm--number of zonee Or material regions

Oms --aixing cable lengch

01ibl - -shielded cross section edic option (0/1--no/yes)
0ibr--bondarenko factor edit option (0/1--no/yes)

Oissopt --dancoff factor option
) lan 1.000008-03

Ogecnmtry currection factor for wigner rational appruximation 1.3S0K+00

© 00 WEmuW

] 3q array has J entries.

] 4q array has 3 encries.

(] $q array has J entries.

[} 6q arTay has 1 encries.

[] 7q array has 1 entries.

(] 6q arTay has 1 epncries.

o 9q array has 1 entries.

o 10q arrzy has ) entries.

] 11q arTzy has 1 encries.

Oomixing table

Oantry mixturs isotope number density new idantifier explicit tesperacure
1 1 92235 4.49942K-02 1092238 293.0
2 1 92238 2.490398-0) 1092238 293.0
3 1 92234 4.91046K-04 1092234 293.0

9 Ty and ial description
Ozona @izturw outer di 1 extra xs type (0/1--fual/sod)
o

1 1 0.741418+00 2.930008+02 0.00000E+00
1734 locacions of 100000 available are required to maks a Dev @aster ccmtaining che self-shieldsd values
O0no nuclides in your problea have bxmdarenko factcor data*cebunami will copy from logical 11 co logical 1
Ocopy 9223¢ urmmIum-234 from log 11 to log 1 bondarenkn crigger 0
from log 11 to log 1 bondarenkd crigger 0

ocopy 922)5 uranium-235
ocopy 92230 uranium-238 fram log 11 to log 1 xmdarenko trigger 0

scaled - 27 peutron 18 gamm group shielding lihxrary

1
based oo endf-b version 4 data
compiled for nre 1/27/89
last updated 00/12/94
l.m.petrie arnl
4027018 number of nuclides L]

cape id
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nunoer of reutron groups

first chermal group

endt/d-iv mat 1043

a7 mater of Gasva groups

18 logical unic

cable of contencs
updated 08/12/94

uranium-234
uramum-23S end?/d-1v mat 1261 updated 08/12/94
uranium-238 endf/d-1v mac 1262 updated 08/12/94
(] cape copy used 0 i/0’s. and took 0.04 secunds
1 an an  1ii444444444 ceeeeeeeeeet [YVYVVIYVY
ann an iiidi44444444 (444444444434 asasaaanana
nmn an i1 te aa aa
an an an 14 ce aa aa
an nn an 4 te a aa
nn an an i1 te asasassassana
an an  no i1 ce asaaaaasaaass
an an na 4 te aa aa
] an an 14 ce aa aa
an nnnn 14 te aa aa
nn ann 444444444448 te aa aa
an nn iiiiii444444 ct aa aa
o
xx = v vv cceeeooeeeet
xx = wv vv cceeoeeeeeee
xx xx w w te
xx xx w w te
= XX w w te
o w w te
XXX w w te
XX XX ww w te
X XX w v (13
xx xx ve w ce
xx xx vev te
xx x= v te
(]
0000000 1 1/ 22222222222 3333333330
000000000 111 // 2222222222222 3333333333333
00 00 un /" 22 2 20 3
00 0o 1 /" 22 33
00 00 1 /" 22 3
00 00 1 /" 22 333
00 00 n /" 22 3
00 00 un /" 22 3
00 00 11 /" 22 3
00 00 1 /" a2 3 3
000000000 1111 /" 2222222222222 3333333331333
0000000 11111111 124 2222222222222 3333333330
(]
22222222222 4
000000000 9999999999999 2222222222222 444
00 00 2 9 122 22 22 LTYY)
00 00 9 L2 138 22 44 &
0o 00 99 9 t11 a2 4“4 «
00 00 9999999999999 a2 44 4
oo oo 999999999999 22 e« 4“
[} [} 9 s 22
00 00 9 se3 a2
1} 00 9 Y 22 "

2222222222222 "

10
1
id 1092234
id 1092238
id 1092238
1

11
1u
11
1
1

f<
g ¢
sii::s!:s:s:
(.
-

1111111111111
1111111111111

/" 0000000 22222222
/" 3
123 (1] 00 22
// 00 00
/" 00 0o
/ 00 00 ]
174 00 00 22
/" 00 00 22
// 00 00 a2
/" 00 00 22
/" 000000000 2222222222
/" 0000000 2222222222;
1 58§8355555S!
pE By $55855558S'
113 11 L1}
132 11 ss
233 11 ss
1 $355555555S!
1 5555555558
$21 11
123 1
121 1 ss
11111112 $5555555SS .



999999999999 2222222222222 4" uuun
1
[ a 11 esessesescses
8888888888888  CCCTTCCTCCTCC anasasaaasa 1 eacsescaceess
[T a8 cc cc  aa a 11 Lo
[ 1] [ aa aa 1 ee
ce aa a 11 e
ce asasasasassss 1) ecsesesee
cc aAsaaasasaasa 11 eosnesese
ce aa aa 11 [
ce aa aa 11 ee
ce cc aa a 1 e
8888888888888  CCCCCCCCCCCCE AA aa 1111111111111 eeseescscsese
cceccreTtees aa aa 1111111111111 eessececseses
aeeee
esves program verification informaticn
sevew
il code system: scale version: 4.42
TS
csare
avews
sasss program: 000002
Tewee
ensne creation date: 08_sep_2000
library: /vec/scaled.sa/bin
seswe
aEwew
L production code: nicawl
s"enow
ranwe version: 4.40
avews
cesse jatmass: xvc
Ll Ll
soves machins name: amodb e
amees
eany date of exacution: 23_jan_2002
sweee
esuss time Of exmcution: 09:24:15.66
seene
eoeeee
1
a -1q arxsy has 1 encries.
[} 0q arzuy has 9 entries.
[ 1q array has 12 entries. ;
1

Oselect 3 nuclides from the master library on logical

0 nuclides from the sarking library oo logical 2

191



192

0 nuclides from the working library on logical 1
to Create the new working library on logical 4

3 resonance calculatiocns have been requasted
-1 output option for aspx formatted Cross section data
2001 maxamm neder Of resanance mesh intervale

2 order of r level p ng
Othe scorage allocated for this case 1is 100000 words
[] 2q array has 3 entries.
(') 3q array has 48 entries.
(] 4q array has 3 entries.

0 general information concerning cross section libzary
tape identafication number 4027010
mmber of nuclides on taps 3

number of nReutron eNargy groups 27
firat chermal neutron energy groap 18
10

muber Of gamma energy gIoups
0 direct actess unit mmber 9 requires 138 blocks of length

- zsdrmn tape4027018
ecaled - 27 neutron 10 gmve group shielding library
based on endf-b versicn 4 data

1160 wards

cumpiled for nre 1/27/%9
last updated 08/12/94
l.m.petrie oral
0 nuclides from xsdru tape
1 uranium-234 enxdf/b-iv mat 1043 updated 08/12/94 1092234
2 uranium-23S endf/b-iv mat 1261 updated 08/12/94 1092238
3 uraniun-238 endf/b-iv mat 1262 updated 08/12/94 1092238
updated 08/12/94 1092234 cempuTatusee  293.00

0 uranium-234 endf/b-iv mat 1043

Oresonance data for this nuclide

Omass number (a) = 232.029 eamperscure(kslvin) = 293.000

Opotencial scatter eigma o 10.021 luspad puclear dansity ® 4.91846248-0¢

ospin faceor (g) e 6940.450 lusp dimmsion (a-bar) e 8.74141038+00
dancoff currectioa (c) = 0.0000000E+00C

Oinner radius = 0.0000000B+00

othe absorber will be treaced by the nordheim integral method.
Osmse of cuderscer-l = 235.04¢ sigma(per absorber atom)e 1.0808430E+0)

Gmoderator-1 will be treated by the noxdheim integral methad.
Je 6.2613258K+01

Omsse of moderator-2 = 338.081 1gma(p
Ospderacor-2 will be treated by tha nardheim integral msthod.
Othis resanance® matarial will be t d as a 0-disums 1 oby 5
Ovolume fraction of lump ia cell used to actount for spacial self-shieldingel.00000
ogroup res abe res fiss Tes scat
11 -4.5703408+00 0.0000008+00 -1.0593248+01
12 -2.433301802 0.0000008+00 -9.654057R+00
13 3.526091K-04 0.000000B+00 -1.1323388-03
14 -4.3605118+02 0.000000E+00 ~6.426040B+01
18 1.0002418-02 0.000000K+00 -1.4509208-02
8.419596E-04¢ 0.0000008+00 -1.3098908-0)

16
17 4.301796E-08 0.0000008+00 =1.725304R-04
10 -2.432051K-06 0.0000008+00 -1.05854728-04
19 2.1701108-03 0.0000008+00 -2.9203208-03
1 19
0 resoclved
Oabsorption 3.690758+01
figsion 0.00000K+00
0 elapsed time 0.00 min.
process number 1007 is at temperacures 293.00
293.00

0 uranium-235 endf/b-iv mat 1261 updated 08/12/94 1092235 taEperature-

Oresanance data for this nuclide
Omaes numbar (a) = 233.028

cemperature (kelvin) = 293.000



Opotential scaccer sigma o 11.500 lumped nuclear demsity = 4.49942208-02
ospin faccor (g) e 15171.100 lusp dismnsion (a-bar) e 0.7414103E+00
Oinner radius = 0.0000000E+00 dancoff correction (c) = 0.0000000E+00

Othe absorber will be treated by che nordheim iategral
o of moderacor-1 = 238.08) sigma(per absarter atam)e 6.84445448-01

.ator-1 will be treaced by tbe nordheim 1ntegral swchod.

om
Omass of maxlerator-2 = 234.040 sigas(per abacrber acam)e 1.3322173E-01
Omnxterator-2 will be treated by the nordheim integral

Othis resanance macerial will be treated as a 0-dimgnsional object.
Ovoluma fraccion of lump in cell used to account for spacial self-shielding=l.00000

ogroup res abs res fiss res scat
12 -4 .361296K+01 -2.818056K+01 4.715909K-01
13 -6.937902E+01 -3.720100K+01 6.341171E-01
14 -$.460336K+01 -3.054570R+01 1.339782K+00
1$ -1.3727708+00 =1.020349K+00 3.050023K-02
16 -1.026263E-03 =7.020863E-04 1.137792K-04
Osxcess resonance integrals
o resolved
Oabsorption 1.59760E+01
fission 1.13303E+01
0 elapsed cime 0.01 sun.
process number 1007 (s at temperatures

0 uranium-238 endf/b-iv mat 1262
Oresanance data for this nuclide

Omass number (a) = 236.006 casperature (kelvin) - 293.000
Opocential scatter sigma o 10.599 lumped puclear demsicy = 2.4983932E-03
ospin factor (g9) = 6856.527 lusp dissnsion (a-bar) = 8.7414103K+00
Oinner radius = 0.0000000E+00 dancoff carrectian (c) = 0.00000008+00
Othe absarber will be d by the 1 1

Omass of soderacor-l = 235.044 sigma (per sbeorber atom)e 2.1435510E+02

Omoderator-1 will be truated by the naxdheim integral method.

Omass of moderator-2 = 234.040 sigma(per absorber atom)e 2.3992255E+00
Omoderator-2 will be truated by the nordheim intsgral msthod.

Othis reacnance material will be treated as a 0-dimansional object.

w fraction of lump in cell used to aconme for sparial self-shielding=1.00000

updated 08/12/9¢ 1092238 tesparatures

o
O wup ree abs res fies res scat
9 -2.380643K-02 0.000000E+00 -2.429588K-01
10 -7.5422658-01 -0.0408661K-06 -4 .755040K+00
1 -9.059561K+00 0.000000E+00 -2.503091K+01
12 -4.241010K+01 0.000000K+00 =4.74224SK+01
13 -$.136169K+01 0.000000K+00 -1.295629E+01
14 -1.046324K+02 0.000000E+00 =3.035308R+00
18 3.0158538-03 0.000000K+00 -5.9280178-03
Oencess reamnance intsgrals
o resolved
Oabsorprion 1.39409K401
fissian $.17922E-04
0 elapsed time 0.02 min.
procass muumbar 1007 18 at tespEratures

0 elapsed time 0.02 min.
1 this xsdrn warking cape was created 01/23/02 at 09:24:18
che title of cthe parent case is as followe
scaled - 27 neucron 10 gams group shielding libxary
based on endf-b version ¢ data

caompiled for nre 1/27/e9
cape id 4027018 mmbar of nuclides 3
of Jps 27 mmber of Gamma groups 18
first charmal group 1s logieal unit 4
table of camtents
id 1092234

uranium-234 endf/b-iv mat 1043 updaced 08/12/94

293.00

293.00

193
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uranium-23$ endf/b-i1v mat 1261
uranium-238 endf/b-1v mac 1262
(] cape copy used 0 i/o‘s, and took

1 xx XX S8888888888 dddddddddddd
x=x ddddddddddddd
dad dd
dad dd
dad dd
dad dad
dad dd
ad dd
dd dd
dad dad
ddddddddddddd
dddddddiddia
XX = vV Vv tcttttteeeeet
X x= w Vv cttteoooeeet
xx xx v v tt
X xx vv v tt
XX XX v v tt
o v v te
XXX vv w ce
XX XX w w te
= xx w v te
xx = v v te
= xx vev te
= = v te
0000000 1 //
000000000 m 1/
00 00 11 1Z4
00 oo 1 /"
00 00 1 /7
0o 00 11 7/
0o 00 11 /"
00 00 1 V/4
00 00 1n /7
00 00 1 174
000000000 11111111 /7
0000000 11111112 /7
0000000 99999999999
000000000 9999999999999
(-[] 00 L2 2 IEY]
00 00 99 9 (XX
00 o0 9 ” 212
00 00 9999999999999
0o 00 999999999999
00 0o 2 122
00 00 9 112
00 00 9 213
sssssssssss

updaced 08/12/94
updated 08/12/94

0.02 secands

L.

- EEER
a
'TER

22222222222
2222222222222
a2 22

a2
2222222222222
2222222222222

22222222222
2222222222222
22 22

22
a2
22
22
22
22

a2
2222222222222
2222222222222

ceeccecccoee

nn nn
nnn nn
annn na
nn an nn
an  nn an
nn nn nn
an A
an an nn
an an an
nn amn
nn ann
nn nn
33333333333
3333333333333
3 3
3
33
333
333
33
3
3 3
3333333333333
33333333333

4444444444040
4644404444040

id 1092235

id 1092238
PPPPPPIPRPPP - -
PPPPOPPPPPPPF TR o
- PP mmm —
w PP WmmMe mmmm
/P PP W mm =
PPPPPPFPPRPPP ™A -
PPPPPPPPPPRY - » -
PP - -
PP L] L}
PP - L]
P - -
[+ -] - -

/i 0000000
/" 000000000

/" 00 00
/" 00 00
/7" 00 00
/" 00 00
/7 00 00
174 00 00
/" 00 00
' 00 00
/" 000000000
1/ 0000000
1
pebY
123 1111
122 n
122 11
1
1
31 1
132 n
T3 1
i1
1111111
n esesesesesess
1n asesessesesse

22222222
222222222
22

a2
22
22
22
222222222:
222222222:

T
7Y
n

>
”
n
n
”
n
n
n
n
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(1] es cc cec  aa a 1 ee
cec aa aa 1 ee
cc aa a 1 e
ce asasasaaaasas 1 eececesee
588888888888 cCC asasasasasasa 1) FTTTvTTTe
es cc as aa 1 ee
s cc aa aa 11 ee
[ 1] 8 cc ce aa aa 1 ee
aa aa 1111111111111  ecesesesesecee
aa aa 1111111111111  eeseseeceesee

f—
program verificacion information

sawee
seeaw
code eystem: scale version: 4.40

sessw

program: 000001
Creacion date: 00_sep_2000

library: /vec/scaled.da/bin

production code: xsdm
version: 4.40
jobname: xvt
machine name: cmdd
date of execution: 23_jan_2002

time of execution: 09:24:17.70

-
3

based an ocecxl benchmark imput

cerm for y® calcs

[} -1q array has 1 entries.
] 0q arTay has 17 entries.
[ 1q array has 1S entries.
(] 2q array has 10 encries.
[ 3q arTay has 12 eatries.
[} 4q erTEY has 9 entries.
o

$q erTEY has 10 encries.

Odirect access unit 9 requires 4 blocks of length 1520 for cross section wixing.
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1

source term search for dantsys calcs srccersd based on oecd benchmark input

Ogeneral problem description data block
general problem daca

o
ige 1/2/) = plane/cylinder/sphere 3 isa quadrature order [}
izm number of zones 1 isct order of scattering b}
im  number of spacial inctervals [} deve 0/1/2/3/4/5/6=q/k/alpha/c/z/x/h 1
ibl 0/1/2/3 = vacum/rvefl/per/white 1 iim ianer iteration maximmm 20
ibr right boundary candition o icm ocuter itaration saximm as
o  number of wixLures 1 iclc -1/0/n--flac res/sn/opt o
m mixing table length ) ich 0/1 » forward/adjoint [
igm number of energy gToups s 1£1u not used(alwvays wged) 0o
nng of group 27 ipre -2/-1/0/nemixture xsec print -2
ngg nNumber of gmmma groups 18 1dl 0/1/2/3eno/prt nd/pch n/both -1
1fcg number of first chermal group 18 ipbt -1/0/1=ncma/fine/all bal. prt o
o special options
ifg 0/1 - nope/weighting calculation 1 ipn 0/1/2 diff. coef. param []
iga volumstric sources (0/neno/yes) (] idfm 0/1 « aone/dansity factore 18° 1
ipm boamdary sources (0/n=no/yen) (] laz 0/a - ncne/n activities by zane (]
1€a 0/1/2 = inpuc 33*/34°/use last (] 1ai 0/leacme/activities by interval (]
icmx ctime ] ifet 0/1=n0/yes upscacter scaling o
idel 0/1/2/3=no/zssct/sree/flux- -out 0 ipvt 0/1/2<no/k/alphs parsmecric srch (]
isx broad group fluxse o isen outer iteration acceleraticn [}
ibln ] abnd band rebaln parameter -1
abl 0 Jbkl 0/1/2 buckling geammcry (]
o weighting data (16g=1)
icon -1/0/1scell/scoe/region weight -1 ibt? cotal xsect psn in brd gp tables (]
igaf number of broad groups s odsf psn g-g or file number (]
icp 0/10/20/30/40 0/c/e/ac/a (] nuef table length or max order e
1pp -2/-1/0/newmeed xsect print -2 =Scn extra 1-d x-gect positions (]
iap -1/n anisn xsect print ]
(] floating point paramsters
eps overall g 1. -04 dy ecyl/pla ht for buckling 0.00000E+00
ptc point convergence 1.000008-08 ds plane depth for buckling 0.000008+00
xnf normalizacion facear 1.00000E+00 vec void streaming correction 0.00000E+00
ev  eigunvalue guess 0.00000E+00 pv lm-llz--klm 0.00000E+00
eva eigunvalue wodifier 0.00000E+00 eql ev change eps for search 1.00000E-0)
bf buckling £actors1.420092 1.42009E+00 xope new param mod for search 7.50000E-01
this case will regquire 2824 locations for wmixing
chis case has been allocaced 100000 locations
1 cerm n for calcs based on oecd bmmemrk ioput
0 13q array has 3 entries.
0 14q array has 3 entries.
o 15q array has ) entries.
(] daca block 2 (wixing cable. etc.)
[} miclides cece wizing table
on tape identificacion mixture comgzment actom density
1 109223¢ 1 1092238 4.499428-02
2 1092238 1 1092238 2.498398-03
3 1092238 1 109223¢ 4.910468-04
0 elapsed tims 0.00 min.
(] 73601 locations will be used
(] 33q arTay has 360 entries.
[} 35q array has S entries.
o 36q arrzy has 4 entries.
] 30q arTzy has 4 entries.
] 39q arTay has 1 encries.

entra
zsect id‘'s
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41q array has
Slq array has

energy

boundarziee

2.00000E-07
6.43400KE+06
3.00000K+06
1.85000E+06
1.40000E+06
9.00000E+0S
4.00000E+0S
1.00000K+0S
1.70000E+04
3.00000K+03
5.50000E+02
1.00000K+02
J.00000K+01
1.00000K+01
1.049998+00
1.77000K+00
1.29999E+00
1.129998+00
1.00000K+00
8.00000E-01
4.00000E-01
3.25000E-01
2.25000E-01
9.999998-02
$.00000K-02
3.00000K-02
1.00000E-02
1.00000K-0S

energy
boundaries
1.00000K+07
8.00000B+06
6.50000B+06
5.000008+06
4.000008+08
3.00000K+06
2.50000K+06
2.00000E+06
1.660008+06
1.33000K+06
1.000008+06
8.000008+0S
6.00000R+0S
4.00000K+0S
3.00000K+0S
2.000008+08
1.00000R+0S
S.00000R+0¢
1.000008+04

mixcure
by zone

1 encriee.

4S encries.

sourcs cerm search for dantsyw calcs srtterme based an cecx bencfyuark Laput

nsutrun group paramecers

lethargy
boundaries

-6.93147E-01

4.40989E-01
1.20397E.00
1.687408+00
1.96611E+00
2.407958+00
3.210088+00
4.60S17E+00
6.3T713E+00
8.11173R+00
9.80018E+00
1.151298+01
1.271698+01
1.301858+01

"1.50030E+01

1.584718001
1.S05S7E+01
1.59959%+01
1.61181E+01
1.63412E+01
1.703448+01
1.724208+01
1.760908+01
1.86207E+01
1.91138K+01
1.96247E+01
2.07233E+01
2.763108+01

ecurce term search for dantsys calcs srctermd based an oecd benchmark irmpuc

weighced

velocicies

4.60S01E+09
2.80737E+09
2.122018+09
1.756738+09
1.46535K+09
1.06620E+09
6.07SS7E+08
2.724158+08
1.11526E+08
4.02126E+07
2.059468+07
1.010368+07
$.6959SE+06
3.20957X+-06
2.10601E+06
1.70522E+06
1.52545K+06
1.42867K+06
1.310028+06
9.291048+08
0.15206R+0S
6.90059K+0S
4.86%913E.08
3.57766B+0S
2.71095K+08
1.87203K+08
8.80202K+04

broad gp

nunbers

Cve umwnwe wpp

nu”“n”"“l‘ﬂ
NonesunrowaGaREENE"

GaERS gTOUD PArEIRCars

cale
cype

0
0
(]
0
]
0
[}
0
0
0
[}
0
[
[}
0
0
[}
[}
[}
0
(]
[
[}
[}
0
[}
(]

lethargy weighced xaad gp calc
towrxiaries velocicies amsrs Cype
0.000008+00 3.00000B+10 20 (]
2.23144E-01 3.00000E+10 29 0
4.30783E-01 3.000008+10 30 [}
6.931478-01 3.00000E+10 1 (]
9.16291E-01 3.00000E+10 32 o
1.20397R+00 3.00000E+10 33 [}
1.386298+00 3.00000E+10 34 [}
1.60944E+00 3.00000E+10 1S (]
1.795T7E+00 3.00000E+10 36 (]
2.01741E+00 3.00000B+10 37 (]
2.302598+00 3.00000E+10 k1] 0
2.525738+00 3.00000E+10 3 (]
2.81341E+00 3.00000E+10 40 (]
31.218008+00 13.00000K+10 4 (]
3.506368+00 3.00000E+10 [} 0
3.912028+00 3.00000B+10 [} ) o
4.60S17B+00 3.00000E+10 44 0
$.29832E+00 13.00000E+10 a5 o
6.907768+00

cerm for d calcs

order p(l) accivicy cable

by zane matl no. resction wsights

gToOwp right
albedo

£

O WVweJIoWwe wwe

[ I B N VR Oy
r;.................:z:::nzt:"

gToup right
band albedo
16
1?7
18
19
20
21
22
23
2
s
26
27
28
29
30
n
32
3

based on oecd bencimark igput

Quadratura constants
directions refl direc

lefc

left

wet X cos

197
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0.00000K.00

1 1 L] 0.00000E+00 -1.00000K+00 9
2 $.06143E-02 -9.60290K-01 9 -4.060448-02
] 1.11191E-01 -7.96667E-01 [] -0.0S018K-02
4 1.5685)E-01 -5.25532B-01 7 -0.24315K-02
H 1.81342E-01 -1.8343SE-01 6 -3.32644K-02
6 1.01342E-01 1.8343SE-01 H 3.32644K-02
] 1.56083K-01 $.25512E-01 ) 8.24315K-02
[] 1.11191E-01 7.96667E-01 3 8.85010K-02
] S.06143E-02 9.60290E-01 2 4.86044E-02
Oconscants for p( )} scaccering
Oangl set L set 2 sec 1
1 -1.000005¢00 1.00000E+00 -1.00000K+00
2 -9.60290K-01 0.8323SE-01 -7.73409E-01
3 -7.96667E-01 4.52016KE-01 -6.90660K-02
4 -5.25812E-01 -8.57235E-02 4.25439E-01
S -1.03643SE-01 -4.495202-01 2.S59721E-01
6 1.8343SE-01 -4.49520B-01 -2.59721%-01
7 5.25832KE-01 -8.5723SE-02 -4.25439K-01
8 7.96667E-01 4.52016E-01 &.90660K-02
9 9.60290E-01 8.83235E-01 7.73409K-01
1 imc radii mid pes zone no. areas volumes dans fact radius mod spec (in€)
1 0.00000E+00 S.67399K-01 1 0.00000E+00 6.12131E+00 1.00000E+00 0.00000E+00
2 1.13400E+00 2.75275E+00 b 1.61026E+01 3.43617E¢02 1.00000K+C0
3 4.37071E+00 S.98866E+00 1 2.400S6E+02 1.49384K+03 1.00000K+C0
4 7 GO661E+00 8.17401E+00 1 7.27097E+02 9.54324E+02 1.00000E+00
S  8.74141K+00 9.6022SE+02
0O elepsed time 0.00 min.
1 outer inner 1 - balance LG lue 1 - 1 - 1 - up ctime
iter icers racio ratio Tatio parmmcer (min)
1 271 -3.92682E-08 9.13163E-01 8.68370E-02 31 ,00000KE+00 9.77531E-07 0.00000E+00 0.001S
2 499 -4.03986E-08 9.73181E-01 -6.57276E-02 .¢.10271E-02 -9.900488-08 0.00000E+00 0.0017
3 701 -4.07824E-08 9.91572E-01 -2.09503E-02 .;_94230K-02 2.58241E-08 0.00000E+00 0.0020
4 081 -4.09185K-08 1.00077€¢00 -7.24867E-03 -6.71402E-03 1.67190K-07 0.00000E+C0 0.0020
§ 1038 -4.09678E-08 1.00337BeC0 -2.59525E-03 -2.40305E-03 3.65056E-07 0.00000E+00 0.0022
6 1190 -4.09857E-00 1.00432KE¢00 -9.4207SE-04 -§.720068-0¢ 1.321668-07 0.00000E+00 0.0023
7 1317 -4.09922E-080 1.00466E+00 -1.44674E-04 .3 190S0E-0¢ 2.36998E-07 0.00000E+00 0.0028
8 1422 -4.099465-08 1.00479E+00 -1.254S6K-04 .1 16627E-04 3.700S7E-07 0.00000B+00 0.0028
9 1500 -4.0995SE-080 1.00484E+00 -4.01502E-05 .4.54S465-0S 4.09803E-07 0.00000E+00 0.0027
gTP tO grp inner mfd max. flux mst
icers int. difference int
1 3 2 2 2.68776E-06
2 2 2 4 2.61060K-06
| 3 2 4 2.58869%-06
) ) 2 4 2.00048E-06
H s 2 4 2.15020K-06
§ 6 2 1 4.35514K-06
7 7 2 1 S.718698-06
[] (] 2 1 0.466808-06
9 9 3 1 3.87370E-06
10 10 3 1 3.3021sSE-06
1 pe s 3 1 1.579248-06
12 12 3 1 3.13486E-06
13 1 3 1 3.71222R-06
14 14 3 1 3.84729B-06
18 15 b} 1 2.031468-06
16 16 3 1 2.08861E-06
17 17 2 1 3.25980E-06
10 18 2 1 1.83655K-06
19 19 2 1 4.00954E-06
20 20 2 1 31.36830K-06

2

L)

L5
L}

4

2

2
2

2
1
1
1
1
1
1
1
1
1
1
1

oax. scale
tactor

9.99999K-01
9.99999%-01
9.99999K-01
1.000008+00
1.00000E+00
1.000008+00
1.00000K+00
1.00001K+00
1.00000E+00
1.000008+00
1.00000K+00
1.000008+00
1.000008+00
1.000008¢00
1.00000K+00
1.00000E+00
1.000008+00
1.00000E+00
1.000008+00
1.00000E+00



1631 -2.04094B-00 1.00405B+00 -1.52501E-0S -1.363698-08 -2.37727B-06 0.000002+00

22 21
22 2
3 Eh )
2¢ 2¢
s as
a6 26
27 27
20 20
29 29
30 30
n n
2 32
33 3
34 3¢
8 35
36 36
37 37
30 3
3 39
0 40
a a
o @
[t a
4" "
L) L1

production/sbeorption 2.36293R+00

int. «idpoant area

10
final momicor
lamtda 1.004058¢00
0 elapsed cime 0.00 min.
1 cerm for
0 inc. zane number radius
1 1 0.000008+00 §$.673998-01
2 1 1.134008+00 2.78278B+00
3 1 4.270718+00 5.980668¢00
[} 1 7.60661E+00 0.174018+00
S 0.741418+00
0 eiapesd timm 0.00 ain.

1fine group summry £0Tr systam

0 enargy correipomding co the average lethargy

o
ou-qauou“..a

o
gessRnstEy

fix source
0.000008+00
0.000008+00
0.000008+00
0.000008+00
0.000008+00
0.000008+00
0.000008+00
0.000008+00
0. 000008400
0.000008+00
0.00000%+¢/0
0.000008+00
0. 00000K+00
0.000008+00
0.00000E+00
0.000008+00
0.000008+00
0.000008+00
0.000008+00
0.000008+00

fiss saxvce
2.107638-02
1.003008-01
2.240918-01
1.245308-01
1.661518-01
1.004628-01
0.96470K-02
1.304618-02
1.005548-03
7.469498-08
5.076608-06
4.2120228-07
6.558248-00
1.299008-00
1.468108-09
4.310048-10
1.308308-10
9.939858-11
1.408208-10
2.205138-10

in scacter
0.000008+00
6.013828-04
1.370928-02
3.083348-02
$.002658-02
1.02500K-01
0.43331K-02
1.391818-02
8.02295E-04
3.01827R-08
0.328758-07
2.334008-00
2.648108-09
6.239828-10
1.334118-10
2.17422R-11
1.166268-11
$.919378-12
9.560998-12
9.728248-12

0.000008+00
1.610268+01
2.400868402
7.270978+02
9.60225K¢02

causing fission

slf scatter
1.748408-02
1.942928-01
2.427138-01
1.330808-01
2.210078-01
4.716928-01
4.508608-01
7.999428-02
3.784408-03
1.088348-0¢
3.162008-06
3.246508-07
6.197218-00
1.3797¢8-00
0.997878-10
2.520888-10
2.336198-11
1.103628-11
2.040708-11
3.007108-11

volume prod density

6.121318+00
3.43617R+02
1.493048+03
9.543248002

out scatter
$.769238-03
6.500378-02
6.770328-02
5.000168-02
6.220148-02
4.430468-02
7.497758-03
4.910638-0¢
1.922008-08
$.42)158-07
1.518068-08
1.699708-09
4.216178-10
9.784158-11
1.103868-11
0.921228-12
2.852088-12
1.710998-12
1.769408-12
$.361408-13

6.31424B-04
S.079948-04
4.030118-0¢
2.083318-04

absorpeian
7.208448-03
4.827I78-02
6.430618-02
4.221668-02
6.593738-02
9.913738-02
8.300658-02
1.840028-02
1.457058-03
9.607768-08
6.402098-06
4.120788-07
6.31017R-00
1.243678-08
1.519278-09
4.246908-10
1.464308-10
1.020948-10
1.465208-10
2.345548-10

2
2
2
2
2
2
2
e
L]
e
e
e
L]
L]
e
L]
s
e
e
L]
3
3
3
3
3

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
e
e
e
e
L)
1
1
1

angular flux cn 16

1.192025-06
7.006008-07
7.827098-07
3.629138-07
2.159818-07
1.154058-07
3.709358-00
6.68701K-06
2.470008-07
1.004108-06
1.406168-06
6.120008-06
3.372938-06
0.82866K-06
7.112968-06
0.737128-07
2.097198-06
6.91001K-06
6.929808-06
3.530098-06
6.661008-06
1.968718-06
6.63617R-07
0.603998-07

.128148-09

0.0020

calcs srcterm based on Oecd baochmark imput

leakspy balance
9.620838-03 1.00002B+00
7.010268-02 9.997408-01
9.640838-02 1.000118+00
6.238538-02 9.999368-01
9.596788-02 9.999608-01
1.398218-01 1.00000E+00
0.347238-02 1.000028000
0.070288-03 9.99991K-01
3.318698-04 9.999968-01
0.286828-06 1.000018+00
2.111048-07 1.000008+00
2.238668-00 9.999948-01
4.673788-09 1.00001E+00
1.080118-09 1.00001B+00
7.040048-11 1.000001k+00
1.921388-11 1.000008+00
1.510108-12 1.000008+00
7.123268-13 1.00001E+00
1.000218-12 1.000008+00
2.140128-12 1.000008+00

199

1.000008+¢
1.000008+¢
1.000008+¢
1.00000K+
1.000008¢
1.000008+
1.000008¢
1.000008+
1.000008+
1.000008«
1.00000K.
1.000008+
1.000008¢
1.000008 ¢
1.000008¢«
1.000008-
1.00000K«
1.000008¢
1.000008+
1.000008«
1.000008+
1.000008¢
1.000008
1.00000K

« 000008+
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1
22
23
2¢
s
26
2?7

29
30
n
32
3
3¢
38
36
37

o
3::::&::3

-

- - N
....=:z=a=::::=:==s='=:

0.000008+00
0.000008+00
0.000008+00
0.000008+00
0.00000%+00
0.000005+00
0.00000E+00
0.000008+00
0.000008+00
0.000008+00
0.000008+00
0.000008+00
0.000008+00
0.000008+00
0.00000K+00
0.000008+00
0.00000E+00
0.000008+00
0.000008+00
0.000008+00
0.000008+00
0.000008+00
0.000008«00
0.00000800
0.000008+00
0.000008+00
re bdy flux
1.488872-08
1.220488-04
1.530888-04
9.912428-08
1.830048-0¢
2.234268-0¢
1.375268-0¢
1.497618-08
$.690698-07
1.489418-00
3.821508-10
4.010228-11
0.326908-12
1.915628-12
1.260338-13
3.464768-1¢
2.700248-18
1.261968-18
3.250848-18
3.860008-18
2.341808-16
1.724098-16
1.807428-16
2.031208-17
3.013908-18
1.370398-10
1.419908-19
1.575858-10
6.202798-07
1.88646E-06
3.359338-06
9.750948-06
1.109238-08

3.3e4708-11
3.880618-11
3.710298-11
1.009098-11
2.936318-12
2.072988-12
4.940028-13
0.000008+00
0.000008+00
0.000008¢00
0.000008¢00
0.000008+00
0.000008+00
0.000008+00
0.000008+00'
0.000008+00
0.00000800'
0.000008+00
0.000008¢00
0.000008+00
0.000008¢00
0.000008+00
0.000008+00
0.000008+00
0.00000E+00
1.00000%¢00

It lm
9.620838-03
7.810268-02
9.648538-02
6.238538-02
9.596788-02
1.3985218-01
0.347238-02
0.870288-03
3.318698-04
8.286028-06
2.111048-07
2.330668-08
4.673758-09
1.00011£-09
7.040048-11
1.921388-11
1.510188-12
7.123268-13
1.800218-12
2.140128-12
1.38297%-13
1.000188-13
0.728608-1¢
1.120328-1¢
2.226958-18
7.214878-16
6.074578-17
0.810772-08
3.839178-04
1.071312-03
1.913048-03
5.565468-0)
6.338508-03

1.931168-12
3.111738-12
3.183908-12
2.013878-12
1.478768-13
1.208418-13
3.148488-1¢
1.867208-06
$.894218-03
1.703468-02
2.910108-02
8.091908-02
9.313018-02
1.679908-01
1.905288-01
3.020098-01
4.906308-01
4.86127R-01
7.389968-01
1.279258+00
7.270468-01
8.276992-01
$.429238-01
2.297158-01
1.736228-01
6.692488+00
ife bdy flux
$.50093K-08
4.879288-04
6.326208-04
4.153218-04
6.800378-04
1.026268-03
7.410268-06¢
1.086248-04
4.8582648-00
1.224068-07
3.206408-09
3.207298-10
6.649368-11
1.820448-11
1.063808-12
2.832108-13
2.510018-14
1.230678-14
2.992468-2¢
3.607928-14
2.584008-18
2.149028-18
1.939108-18
3.648618-16
6.617138-17
3.070988-17
3.670348-18
1.029748-09
4.009738-06
1.232688-08
2.3188228-08
6.258738-08
7.064918-0S

2.800848-12
2.589708-12
2.457368-12
0.741188-13
8.403888-14
4.1269088-14¢
$.446408-18
2.098338-08
9.667058-08
4.870628-04
8.77347E-04
4.002498-03
3.029738-03
9.902228-03
1.093468-02
2.286298-02
$.128248-02
3.960038-02
7.249468-02
1.406435-01
4.213218-02
3.082738-02
1.897868-02
$.086928-03
$.130948-04
2.200208400
1£8 leakage
0.088353000
0.000003+00

2.981818-13
1.50181K-13
6.303078-1¢
3.252308-1¢
9.165238-18
2.710112-18
$.032038-24
2.834148-06
9.082988-0)
2.400638-02
3.921608-02
9.066408-02
1.001058-01
1.609738-01
1.609038-01
2.204798-01
3.136188-01
2.702438-01
3.203288-01
3.589738-01
1.233372-01
6.073788-02
6.140018-03
7.342408-04¢
0.000008000
2.877068000
a3n rate
1.867328-03
3.003698-04

0.000008+00 0.000008000

0.000008600 0.000008+60

0.00000R+00 0.0000GRe00

0.000008400
0.000008+00
0.00000R+00
0.000008+00
0.000008000
0.000008+00
0.000008+00
0.00000R+00
0.000008000
0.000008+00
0.00000R.00
0.00000%+00
0.000008400
0.000008000
0.000008400
0.000008100
0.000002600
0.000008+00
0.000008+00
0.000008+00
0.000008000
0.000008600
0.000008+00
0.000008+00
0.000008+00

0.065063000
0.000008+80
0.00000880
0.000008¢00
0.000008400
0.000008+00
0.000008+60
0.000008+00
0.000008+00
0.000008000
0.000008+00
0.000008:00
0.000008+00
0.000008+00
0.000008+00
0.000008+00
0.0000084+00
0.000008:00
0.000008+00
1.001328-06
3.600213%-03
9.404048-03
1.339798-02
2.083618-02
2.287418-02

3.494488-12
4.166778-12
4.018648-12
1.20607T-11
3.093098-12
2.190098-12
$.254108-1)
2.620388-00
1.374998-04
$.613158-04
1.371628-03
$.723628-03
9.262898-03
2.258968-02
3.399698-02
7.288438-02
1.625158-01
1.999928-01
3.9600148-01
9.001108-01
6.000788-01
7.660238-01
$.366828-01
2.209838-01
1.730168-01
4.8541118000
£iss rate
7.299808-03
4.428878-02
6.307438-02
3.993648-02
6.040008-02
0.701728-02
6.020938-02
1.360418-02
1.051863-03
6.839828-08
4.365858-06
2.772638-07
4.196148-08
0.397748-09
9.571628-10
3.336088-10
1.096828-10
8.874018-11
1.312078-10
2.100088-10
2.977S7R-11
3.350918-11
3.JE217%-11
1.030708-11
2.647428-12
1.871188-13
4.474228-13
0.000008¢00
0.000008+00
0.000001+00
0.00000%+00
0.000008+00
0.000008+00

1.352928-1)
1.000188-13
0.725608-1¢
1.120338-1¢
2.126988-13
7.214878-16
6.074878-17
8.828778-00
3.853917E-04
1.072318-03
1.913048-03
$.865468-03
6.338888-03
1.324948-02
1.2790aB-02
1.601888-02
2.284068-02
1.589088-02
1.688408-02
1.816438-02
3.637088-03
9.361718-04
1.129088-04
2.743428-08
1.TI9TIR-06
7.049988-01
a2
0.00000%+00
0.000008+00
0.00000B+00
0.080008+00
0.000008¢00
0.000008000
0.000008000
0.000008000
0.000008¢00
0.000008000
0.000008400
0.000008+00
0.000008+400
0.000008600
0.000008+00
0.0000081:00
0.000002¢00
0.000008+00
0.000008+00
0.000008+00
0.000008000
0.000008+00
0.000008+00
0.000008+00
0.000008000
0.000008+00
0.000008+00
0.000008+00
0.000008+00
0.000008¢00
0.000008+00
0.000008+00
0.000008400

9.999972-01
1.000008+00
1.000008+00
1.000008+00
1.000008+00
9.999998-01
9.99999E-01
9.999988-01
9.999998-01
9.9999828-01
1.000008+00
1.000008¢00
1.000008+00
1.000008¢00
1.000008¢00
1.000008+00
1.0000QK400
1.000008+00
1.000008+00
1.000008+00
1.000008+00
1.000008+00
1.000008+00
1.000008+00
1.000028+00
9.999978-01
cocal flux

9.40721R-02
0.174738-01
1.049038000
6.862018-01
1.072918+00
1.689648000
1.247078000
1.546818-01
6.606538-03
1.0363112-04
$.187818-08
$.121288-07
1.623238-07
2.319998-00
1.631288-09
4.008278-10
€.323688-11
2.102568-11
4.967308-11
6.090758-11
4.800608-12
3.971948-22
3.89972m-12
7.060138-13
1.280188-13
6.098018-14
7.440938-13
1.611958-06
6.400448-03
1.934418-02
3.383658-02
9.6960138-02
1.096238-01



1.96995E-05
2.06800E-05
36 2.9%931£-08%

37 ).99011EK-08

1 2.0291)E-05

9 ).012302-08

40 2.69619E-05

41 6.325132-06

42 1.716902-06

43 2.363232-07

e 5.617238-08

4S 1.662028-09

46 1.151822-03

0 elapset time
0direct scress unic

34
as

1.121962-02
1.179008-02
1.60108K-02
2.25406K-02
1.589008-02
1.685408-02
1.516428-02
1.627068-03
92.361718-0¢
1.129008-04
2.74)422-08
1.779728-06
7.049958-01

9 Tequires

1.247848-04
1.317458-04
1.921788-0¢
2.683218-04
1.99649K-04
2.26944E-04
2.394928-04
6.6493128-08
3.31091%-08
6.477188-06
1.404138-06
9.439138-08
$.782108-03

0.000008+00
0.000088600
0.000008+00
0.000008+00
0.000008+00
0.00000E+00
0.000008+00
0.000008+00
0.000008¢00
0.000008000
0.000008+00
0.000008+00
0.000008+00

2.682098-02
1.620835-02
7.87324-03
2.453272-08
0.000008+00
0.000008+00
0.000008¢00
0.008088 000
0.06008800
0.000008+00
0.00000% »00
0.0000aE+00
1.3068858-01

0.00000E+00
0.000008+00
0.000008+00
0.000008¢00
0.000008+00
0.000008+00
0.0000aB+00
0.000008+00
0.000008+00
0.0000aB+00
0.000008000
0.000008+00
3.840308-01

0.000008+00
0.000008000
0.000008+00
0.000008+00
0.000008+00
0.000008+00
0.000008+00
0.068003000
0.000008+00
0.000008+00
0.000008+00
0.000008+00
0.000008+00

4S blocks of lemgeh 1160 £Or croas eectian weighting.

1 cransport cress secticn weighting function

op. 1

1 9.408178-06

2 9.40817T-86
op. ¢

1 2.734688-07

2 2.734688-07
oTPp. 17

1 3.559798-16

2 ).85979%-16
gTp. 28

1 1.90477E-19

2 1.90477R-19
oTp. 13

1 64.642648-06

2 4.642645-06
oTPp. 41

1 0.430368-07

2 0.430368-07

1
OCv.. aversged fluxes

op. 1
1 3.362248-08
2 3.362348-08

op. 9
1 2.361258-06
2 2.361258-06

oTp. 17
1 1.50601E-14
2 1.506018-1¢

op. 28
1 4.603998-17
2 4.603998-17

orp. 33
1 3.910018-08
2 3.918012-08
op.
4.011078-03
2 4.011078-08

Ozans

op. 2
7.8585198-08
7.505398-08
gTp. 10
$.540212-09
$.540218-09
gTp. 18
1.2285068-16
1.228068-16
oTP. 26
7.309798-20
7.309798-20
[ )
0.217878-06
0.217878-06
gTp. a2
2.197728-07
2.39772R-07
source

op. 2
2.921738-04
2.931738-04
gTp. 10
6.562488-08
6.562458-08
oTp. 18
7.515038-18
7.518838-15
gTPp. 26
2.179708-17
2.178708-17
oTP. 4
6.938908-08
6.938908-03
gTp. 42
2.132418-08
2.132418-08

P I
9.30739K-08
9.307598-08
oTp. 11
9.715848-11
9.71858¢E-11
oTp. 19
4.010402-16
4.010408-16
op. 27
1.094018-20
1.094018-20
oTp. 138
0.810498-06
0.510498-06
FPp. Q
2.303098-00
2.30309%-08
cerm seazch

oPp. 3
3.749338-04
3.749338-04
P, 11
1.854078-09
1.884078-09
oTp. 19
1.775388-14
1.775368-14
oTp. 27
2.689468-10
2.68946B-18
oTp. 38
7.334408-08
7.334408-03
oTp. 4
4.566088-06
4.566038-06

ge/cell

oTp. ¢
5.998828-08
5.998828-08
gTp. 12

1.268038-11
1.240032-11
gTp. 20

4.303128-16
4.303128-16
gTPp. 20

$.678248-11
$.675268-11
oTp. 36

1.18871K-08
1.108718-08
oTp. ¢4

1.503348-09
1.563348-09

for dantsys calcs srcterse

«p. 4
2.45291R-04
2.452918-04
TPp. 12

1.830408-10
1.830408-10
gTP. 20

2.17975E-14
2.179758-14
oTP. 20

$.761268-10
$.76126K-10
oTp. 36

1.070068-04
1.07086B-04
FTP. e

1.021348-06
1.021348-06
£lux)

b 4

oflux di

Osons grp. 1
1 1.000008+00

2 1.000008.00

op. 2
1.000008+00
1.000008+00

op. 3
1.000008+00
1.000008+00

gp. ¢
1.000008¢00
1.000008+00

op. §
9.197058-08
9.197838-0S
oTp. 13
2.098208-12
2.898208-12
oTp. 21
1.3830)8-17
1.383118-17
oTP. 29
2.303658-07
2.303658-07
<p. 37
1.498912-03
1.49891E-08
gTp. 48
9.9208068-12
9.920848-12

op. S
3.031138-04
3.031138-04
op. 1
3.887148-11
3.687148-11
oep. 31
1.637158-18
1.637138-1%
gTp. 29
2.290448-06
2.290448-06
oTp. 37
1.502678-04
1.502628-04
oTp. 48
7.001438-08
7.001438-08

oPp. S

1.000008+00

1.000008¢00

op. ¢
1.32608K-04
1.J26868-04
oTp. 14
7.023228-13
7.023268-13
oPp. 22
1.048808-17
1.040508-17
otp. 30
7.62287B-07
7.633928-07
oTp. 18
9.638918-06
9.630918-06
op. 46
6.293128-04
6.293128-04

ep- ?
7.008638-08
7.000628-08
ozp. 18
3.731818-14
3.73181K-14
”p. 2
9.396388-18
9.398388-18
p. N1
1.376838-08
1.376038-06
ozp. 39
8.072498-06
8.872498-06

1.940608-01
2.082108-01
2.996168-01
4.204208-01
3.188148-01
3.629038-01
3.870648-01
1.133268-01
$.966778-02
1.277768-02
2.887638-03
1.950938-0¢
9.326438000

p. 8
7.874558-06

7.074588-06
op. 16
9.976588-15
9.976508-15
op. 2¢
4.226938-18
4.136932-18
gTp. 32
4.067028-06
4.067028-06
oTp. €0
$.937958-06
$.937958-06

based on cecd benchmark ia

op. 6
$.931728-04
$.931728-04
op. 14

0.291888-12
8.291868-12
op. 22

1.41961K-18
1.419618-18
oTp. 30

6.913788-06
6.013708-06
oTp. 30

1.127688-04
1.127688-04

p. 6
1.000008+00
1.000008+00

op. 7
4.099758-04
4.099788-04
oTp. 18
$.030372-1)
$.03037%-1)
oTp. 23
1.20687R-18
1.206878-18
op. N
1.2090358-08
1.209388-08
oTp. 39
1.397088-04
1.297088-04

op. 7
1.00000B+00
1.00000E+00

op. 8
$.537408-03
$.837408-08
oTp- 16
1.500788-13
1.580788-1)
oTP. 24
2.523378-16
2.523378-16
op. 12
3.468748-08
3.665748-08
gzp. 40
1.306268-04
1.386268-04

op. 8
1.00000E+00
1.000008+00

201



202

Ozone g9rp 9 grp. 10
1 1.00000E+00 1.00000E+00

2 1.00000E+00 1.00000K+00
Ozone grp. 17 gTp. 10

1 1.00000E+00 1.00000E+00

2 1.00000E+00 1.000008E+00
Ozone grp. 28 gTp. 26

1 1.00000E+00 1.00000E+00

2 1.00000E+00 1.00000K+00
Ozone grp. A gTp. M4

1 1.00000E+00 1.00000E+00

2 1.000008+00 1.000008+00
Ozone grp. 41 grp. 42

1 1.00000E+00 1.00000E+00

2 1.00000E+00 1.00000K+00

Ocell averaged cuxrTemcs

Ozsone grp. 1 grp. 2
1 9.405172-06 7.38539E-0%

2 9.40517E-06 7.50339E-08
Ozone grp. 9 grp. 10

1 2.734688-07 5.540212-09

2 2.73468K-07 5.54021E-09
Ozone grp. 17 gTp. 10

1 ).55979E-16 1.22506E-16

2 ).559792-16 1.22306E-16
Ozone gTp. 28 gTp. 26

1 1.90477€-19 ?7.30979E-20

3 1.90477T-1% 7.30979K-20
Ozome grp. 1 gTp. M

1 4.642648-06 18.21707E-06

2 4.64264E-06 8.217372-06
ozane gTp. 41 gTp. 42

1 0.430)68-07 2.19772E-07

2 8.430368-07 2.19772E-07

gp. 11
1.000008+00

1.00000E+00
gTp. 19
1.00000K+00
1.00000K+00
gsp. 27
1.00000E+00
1.00000K+00
oTp. 38
1.00000K+00
1.000008+00
gTp.
1.000008+00
1.00000K+00

grp. )
9.307$9K-08
9.30759E-08
oTPp. 11
9.718048-11
9.71804K8-11
oTp. 19
4.01048E-16
4.01040K-16
gTp. 27
1.094018-20
1.09401K-20
gTp. 38
8.51049E-06
6.51049K-06
gTp. 43
2.30309E-08
2.20309K-08

Oaane volume vol. fraction

1 2.797918+0) 1.00000E+00
2 2.797918+0) 1.00000E+00

‘0 elapsed Cime 0.00 min.

gTp. 12
1.00000E+00

1.000008+00
gTP. 20
1.000008+00
1.00000K+00
gTp. 20
1.000008+00
1.000008¢00
gTPp. 36
1.000008+00
1.000008+00
oTP. 44
1.000008+00
1.000008+00

op. ¢
5.995528-08
$.998828-08
gTp. 12

1.240038-11
1.248038-11
gTp. 20

4.203138-16
4.303138-16
op- 20

$.678248-11
$.678248-11
oTPp. 36

1.185718-08
1.188718-08
gTP. 44

1.803348-09
1.503348-09

oTp. 13
1.000008+00

1.00000E¢00
gTp. 21
1.000008+00
1.000008:00
oTp. 29
1.000008400
1.000008+00
op. 37
1.000008+00
1.000008+00
oTp. 8
1.0000a8¢00
1.000002+00

op. §
9.197088-08
9.197958-08
op. 1
2.09820K-12
2.098208-12
gTp. 21
1.20013E-17
1.203038-17
oTP. 29
2.383658-07
2.382688-07
ePp. 37
1.498918-08
1.498918-08
=p. 48
9.920068-12
9.920068-12

gTPp. 14
1.000008+00
1.000008¢00
grp. 22

1.000008+00
1.000008+00
oTp. 10

1.000008+00
1,000008+00
gTP. 30

1.000008+00
1.000008+00

gp. 6
1.336088-04
1.326088-04
ePp. 14
7.023288-13
7.021228-1)
gTp. 22
1.040808-17
1.040808-17
gTp. 30
7.622028-07
7.622828-07
ep. 38
9.630918-06
9.638918-06

oP. 1§
1.00000K+00
1.000008+00
gTp. 23

1.00000K+00
1.000008+00
gp. N

1.000008+00
1.00000K+00
gTp. 39

1.00000K+00
1.000008+00

op. 7
7.008628-08
7.000628-08
gTP. 18
3.7318518-14
3.731818-14
op. 23
9.39630E-10
9.39630E-10
grp. N
1.37693K-06
1.376838-06
oTP. 39
0.072498-06
8.8072498-06

gTp- 16
1.00000K+00

1.00000K+00
oTP. 24

1.00000K+00
1.00000K+00
grp. 32

1.00000K+00
1.00000K+00
gTp. 40

1.00000K+00
1.00000K+00

gtp. o
7.074558-06
7.074358-06
oTP. 16

9.97650K-1$
9.976508-13
oTp. 2¢

4.126938-18
4.126938-18
gTp. 32

4.06702K-06
4.067028-06
oTP. 0

5.917958-06
5.937958-06



Histogram values -

Bar # Value (As a density)
( )

1 7.5690420E-02 ( 8.4100460E-01)
2 5.4942510E-01 ( 1.3735630E+00)
3 1.7300000E+00 ( 3.4600000E+00)
4 6.07S0000E+00 ( 6.07S0000E+00)
] 8.7550000E+00 ( 8.7550000E+00)
6 1.1030000E+01 ( 1.1030000E+01)
7 1.3100000E+01 ( 1.3100000E+01)
8 1.5100000E+01 ( 1.5100000E+01)
9 1.7100000E+01 ( 1.7100000E+01)
10 1.9100000E+01 ( 1.9100000E+01)
11 2.107S000E+01 ( 2.107S000E+01)
12 2.3025000E+01 ( 2.302S000E+01)
13 2.4000000E+02 ( 2.4000000E+01)

3.7671510E+02

INTEGRATE used

and

42 out of
0 out of

Stop - Program terminated.

1240z
Keld

1000000 real/integer variables |

10000 characters

.004%)
.000%)
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APPENDIX C: Kansas State University Skyshine Benchmark Experiments Data

Development
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C.1 Kansas State University Skyshine Experiments

The Kansas State University Skyshine Experiments were conducted to provide
experimental data against which a calculational model and method could be compared
and benchmarked. These experiments use a simple geometry of a known source inside a
thick-walled concrete silo with detectors at increasing distances from the outside of the
silo walls. The experiments were performed by KSU and Radiation Research Associates
personnel at the KSU Nuclear Engineering Shielding Facility from May to November,
1977.

Three different *°Co photon sources were used in the experiments: 10.3 Ci, 229 Ci, and
3804 Ci sources. They were placed at the same location inside the concrete silo 2.54 cm
above a steel cask, 1.98 m above grade on the axis of the annular concrete silo. The walls
were sufficiently thick (3 ft or 91.44 cm) to prevent radiation from penetrating
horizontally outward. The photon emission from the source was collimated into a 150
degree upward conical distribution. The experiments were conducted with each of the
sources, without a roof. Other experiments were planned with a 21 cm roof, and with a

42 cm roof, but were not conducted.

Both energy spectra and exposure rate were measured by detectors placed in various
increments from 50 feet to 700 m from the outside silo wall, at an elevation 100 cm
above grade. These detectors have isotropic response so that the measurements can be
considered to integrate the incident skyshine and groundshine photon fluence over a 4n
steradian solid angle (background measurements were subtracted). Air density, air

temperature, relative humidity, and pressure were recorded for each measurement.

A material composition is not given in the benchmark reference for the steel cask, but
calculational model evaluated in MCNP accounted for Compton scatter off the casks,
cart, silo walls, and floor by modeling a scattering medium. A 0.635 cm thick steel plate

was used for the top of the casks and a 0.318 cm thick steel layer was used for the sides
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of the casks and the cart. Results of the MCNP models are reported at 50, 100, and 200

meters for three different scattering treatments inside the silo: no scatter, partial scatter,
and full scatter. In the MCNP model, the best agreement with the experimental results
occur with the full scattering treatment. The evaluation performed in the PARTISN
2.64/DANTSYS 3.1 model did not include the stainless steel, but only includes the
concrete portion of the shielding. See Figure C-1 for the TWODANT model of the KSU

silo.

The concrete composition used in the MCNP model is the same as is recommended in the -
ANSI/ANS 6.6.1-1987 standard, and is found in Table 6-1, Concrete Composition from
ANSI/ANS-6.6.1 of this work. The ground composition is also the same as that
recommended in the standard and is found in Table 6-2, Ground Composition from
ANSI/ANS-6.6.1 of this work. The air composition is more detailed as shown in Table

C-1 below:

Table C-1. Air Composition from KSU Experiments from Tables II of Nuclear
Science and Engineering MCNP Benchmark.

Element Atom Density Weight Fraction
H 1.1080 E-6 0.001692
N 4.0000 E-5 0.7435
o 1.0000 E-5 0.242
Ar 2.1149 E-7 0.0128

Deposited energy in the MCNP model was measured in MeV/cm® and converted to

deposited dose in air in units of rads as follows:

Dose (rad) =[ (1.602 e-6 erg/MeV) (1 rad/100 erg/g)/ Pair (g/cm3) ] X Dose (MeV

/ecm?).
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Absorbed dose in rads was then converted to exposure in roentgens for the KSU Skyshine

report by

Exposure (R) = Dose (rad)/ 0.87



Loy

/ Concrete ] Air

I M RO o, = S

Ground

0 50 100 200 300 400 500 600 700 m

Figure C-1. Kansas State University Skyshine Experiment Model.

(small burst indicates source, small blocks indicate detector)

o1e
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C.2 Photon Source Spectra for KSU Experiments

Calculations were performed to determine the actual photon spectra emitted from the
various ®Co sources used in the KSU experiments since over time, photon collisions
inside the source capsule cause the source to degrade. The results of these calculations

are given in Table C-2 below:

Table C-2. Original Source Spectrum for KSU Experiments from Tables VI, VII,
and VIII of Nuclear Science and Engineering MCNP Benchmark.

10.33 Ci Photon Source 229.1 Ci Photon Souce 3804 Ci Photon Source
Energy Photon Energy Photon Energy Photon
Gev | T | gy | Tmer | gy | e
Photon at 1 m Photon at 1 m Photon at 1 m
(photon/cmz) (photon/cmz) (photon/cmz)
10 to 200 8.93 E-8 10 to 200 6.80 E-8 10 to 200 2.18 E-7
200 to 400 3.21 E-7 200 to 400 2.54 E-7 200 to 400 5.66 E-7
400 to 600 227 E-7 400 to 600 1.80 E-7 400 to 600 4.09 E-7
600 to 800 241 E-7 600 to 800 2.06 E-7 600 to 800 3.84 E-7
800 to 1000 2.39E-7 800 to 1000 2.42 E-7 800 to 1000 3.67 E-7
1000 to 1123 1.48 E-7 1000 to 1123 1.86 E-7 1000 to 1123 235 E-7
1123 t0 1173 3.27E-6 1123 to 1173 2.86 E-6 1123 to 1173 2.69 E-6
1173 to 1272 5.19E8 1173 to 1272 7.79 E-8 1173 to 1272 8.93 E-8
1272 to 1322 3.28 E-6 1272 to 1322 2.87 E-6 1272 to 1322 2.69E-6
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These source spectra were regrouped in order to eventually match the photon energy
groups of the MENDFG 12-group photon energy cross section library used for validation
of PARTISN 2.64/DANTSYS 3.1. The regrouping was accomplished by assuming a
histogram energy distribution of the source spectra and integrating over the new group
structure. The results of the regrouping are given in Table C-3. These results were then

used to collapse into 12 energy groups as shown in Tables C4, C-5 and C-6 for each of

the three sources.
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Table C-3. Modified Source Spectrum for KSU Experiments used in PARTISN

2.64/DANTSYS 3.1 Model.

10.33 Ci Photon Source 229.1 Ci Photon Souce 3804 Ci Photon Source
Energy Photon Energy Photon Energy Photon
(keV) Fluence at (keV) Fluence at (keV) Fluence at
I1m Im Im
(photon/cmz) gphoton/cmz) (photon/cmz)
10 to 100 423 E-8 10 to 100 3.22105 E-8 10 to 100 1.03263 E-7
100 to 200 4.70 E-8 100 to 200 3.5789 E-8 100 to 200 1.14737 E-7
200 to0 400 3.21 E-7 200 to 400 2.54 E-7 200 to 400 5.66 E-7
400 to 500 1.135 E-7 400 to 500 9.00 E-8 400 to 500 2.045 E-7
500 to 600 1.135E-7 500 to 600 9.00 E-8 500 to 600 2.045 E-7
600 to 800 2.41 E-7 600 to 800 2.06 E-7 600 to 800 3.84 E-7
800 to 1000 2.39 E-7 800 to 1000 242 E-7 800 to 1000 3.67 E-7
1000 to 1123 1.48 E-7 1000to 1123 1.86 E-7 1000to 1123 2.35 E-7
1123t0 1173 3.27 E-6 1123t0 1173 2.86 E-6 1123t0 1173 2.69 E-6
1173 to 1272 S.19E-8 1173 to 1272 7.79 E-8 1173 to 1272 8.93 E-8
1272 to 1322 3.28 E-6 1272 to 1322 2.87 E-6 1272 t0 1322 2.69 E-6
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Table C4. 10.33 Photon Source Spectra for 12-Group Photon Energy

Cross Section Library.

12-Group Photon Energy Spectrum Modified Photon Spectrum
Group Energy Photon Fluence Energy Photon Fluence
(V) (ph(a):oln)mcmz) (ke¥) (ph::oln;lclmz)
Group 12 10 to 100 423 E-8 10 to 100 4.23 E-8
Total
11 100 to 200 4.70 E-8 100 to 200 4.70 E-8
11 200 to 400 3.21 E-7 200 to 400 3.21E-7
11 400 to 500 1.135 E-7 400 to 500 1.135 E-7
Group 11 100 to 500 482 E-7
Total
10 500 to 600 1.135 E-7 500 to 600 1.135 E-7
10 600 to 800 241 E-7 600 to 800 2.41E-7
10 800to0 1000 2.39E-7 800 to 1000 2.39E-7
Group 10 500 to 1000 593 E-7
Total
9 1000 to 1123 1.48 E-7 1000 to 1123 1.48 E-7
9 1123 t0 1173 3.27E-6 1123t0 1173 3.27E-6
9 1173 to 1272 5.19E-8 1173 to 1272 5.19E-8
9 1272 to 1322 3.28 E-6 1272 to 1322 3.28 E-6
Group 9 Total 1000 to 2000 6.75 E-6
Group 8 Total 2000 to 3000 0
Group 7 Total 3000 to 4000 0
Group 6 Total 4000 to 5000 0
Group 5 Total 5000 to 6000 0
Group 4 Total 6000 to 7000 0
Group 3 Total 7000 to 8000 0
Group 2 Total 8000 to 9000 0
Group 1 Total 9000 to 20000 0
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Table C-5. 229.1 Ci Photon Source Spectra for 12-Group Photon Energy

Cross Section Library.

12-Group Photon Energy Spectrum

Modified Photon Spectrum

Group Energy Photon Fluence Energy Photon Fluence
el (ph::oln;:m’) theV) (ph::oln;lclmz)
Group 12 10 to 100 3.22105 E-8 10 to 100 3.22105 E-8
Total
11 100 to 200 3.5789 E-8 100 to 200 3.5789 E-8
11 200 to 400 2.54 E-7 200 to 400 2.54 E-7
11 400 to 500 9.00 E-8 400 to 500 9.00 E-8
Group 11 100 to 500 3.79789 E-7
Total
10 500 to 600 9.00 E-8 500 to 600 9.00 E-8
10 600 to 800 2.06 E-7 600 to 800 2.06 E-7
10 800 to 1000 242 E-7 800 to 1000 242 E-7
Group 10 500 to 1000 5.38 E-7
Total
9 1000 to 1123 1.86 E-7 1000 to 1123 1.86 E-7
9 1123 t0 1173 2.86 E-6 1123 to 1173 286 E-6
9 1173 to 1272 7.79 E-8 1173 to 1272 7.79 E-8
9 1272 to 1322 2.87E-6 1272 to 1322 2.87E-6
Group 9 Total 1000 to 2000 5.9939 E-6
Group 8 Total 2000 to 3000 0
Group 7 Total 3000 to 4000 0
Group 6 Total 4000 to 5000 0
Group 5 Total 5000 to 6000 0
Group 4 Total 6000 to 7000 0
Group 3 Total 7000 to 8000 0
Group 2 Total 8000 to 9000 0
Group 1 Total | 9000 to 20000 0
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Table C-6. 3804 Ci Photon Source Spectra for 12-Group Photon Energy

Cross Section Library.

12-Group Photon Energy Spectrum Modified Photon Spectrum
Group Energy Photon Fluence Energy Photon
(BeX) (ph:tto:ﬂl::mz) (key) l:l:l ;n:‘e
(photon/cm?)
Group 12 10to 100 1.03263 E-7 10 to 100 1.03263 E-7
Total
11 100 to 200 1.14737 E-7 100 to 200 1.14737 E-7
11 200 to 400 5.66 E-7 200 to 400 5.66 E-7
11 400 to 500 2.045 E-7 400 to 500 2.045 E-7
Group 11 100 to 500 8.85237 E-7
Total
10 500 to 600 2.045 E-7 500 to 600 2.045 E-7
10 600 to 800 3.84 E-7 600 to 800 3.84 E-7
10 800 to 1000 3.67E-7 800 to 1000 3.67 E-7
Group 10 500t0 1000 9.555E-7
Total
9 1000 to 1123 235E-7 1000 to 1123 235E7
9 112310 1173 2.69 E-6 1123t0 1173 2.69 E-6
9 1173 to 1272 8.93 E-8 1173 to 1272 8.93 E-8
9 1272 to 1322 2.69 E-6 1272 to 1322 2.69 E-6
Group 9 Total 1000 to 2000 5.7043 E-6
- Group 8 Total 2000 to 3000 0
Group 7 Total 3000 to 4000 0
Group 6 Total 4000 to 5000 0
Group 5 Total 5000 to 6000 0
Group 4 Total 6000 to 7000 0
Group 3 Total 7000 to 8000 0
Group 2 Total 8000 to 9000 0
Group 1 Total 9000 to 20000 0
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Table C-7. KSU Experiment Results Comparison Between Experiment, MCNP
Model, and TWODANT--PARTISN 2.64/DANTSYS 3.1 Model Future Work.

Distance Gamma Source Experimental MCNP PARTISN 2.64

(m) (C) Results Calculational /DANTSYS 3.1
(WR/h-Ci™") Results (£ %) (WR/h-Ci ™)

(uR/h -Ci ™)

10 10.33 - 108.1 £0.85 Future work
20 10.33 - 63.8+0.71 Future work
30 10.33 - 42.3+£0.60 Future work
40 10.33 - 31.0+0.61 Future work
50 10.33 24.24 23.95+0.61* Future work
100 10.33 9.66 9.17 £ 0.84* Future work
200 10.33 2.425 2415 +0.73* Future work
300 229.1 0.76 0.851+0.44 Future work
400 229.1 0.31 0.327£0.37 Future work
500 229.1 0.117 0.135+0.40 Future work
600 3804 0.0542 0.0541 £ 1.18 Future work
700 3804 0.0244 0.0235+1.15 Future work

* It should be noted that the results for MCNP in Table C-7 include full scatter for the different in-silo
scatter conditions. If scattering due to the steel cask and silo walls is ignored, the results for these three

distances are reduced to 20.05 £ 0.67, 7.77 £ 0.60, and 2.17 + 0.59, respectively.
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APPENDIX D: Additional Three-Dimensional Storage Vault Models
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Additional Three-Dimensional Storage Vault Models

The fission source (nuclear criticality accident) is modeled in one comer of a vault that is
a total of 140 feet wide by 190.3 feet long. The floor to ceiling height is 20 feet (240
inches), but the storage area stops at 200 inches, leaving a 40-inch air gap at the top of the
vault. The fission source is placed at 10 cm above the floor and approximately 1 m from
the front face of the first storage area in the vault. The first detector is placed
approximately 1293 cm on the x-axis and 564 cm on the z-axis from the fission source.
The second detector is placed 2735 cm on the x- axis and 1711 cm on the y-axis and 564
cm on the z-axis from the fission source. Other dose points are placed in various
positions to analyze the flux stream. See Figure E-1, Proposed Vault-Type Storage Area
with Fission Source, Detectors, and Dose Points, and Figure E-2 for details. Note that

Figure E-1 shows just one-half of the proposed vault.

The thiclaness of the concrete walls around the vaults is 32 inches. It is assumed that the
vaults are filled with large concrete pallets that are modeled as slabs of concrete 200
inches high and 48 inches deep, extending the length of the vault, but not containing any
fissile material. In Figure D-2, the vault walls are shown surrounding the large concrete
pallets modeled as slabs of concrete. The single slabs (48 inches deep) are the thinner of
the two interior lines. Double slabs (96 inches deep) are pictured as the thicker of the two

interior lines.

Other areas of the proposed storage building include receiving and dispatching areas and
handling operations areas. Detectors are placed in these areas, but are not shielded by

significant amounts of concrete.
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DP2

95.15 feet

DP5
DP3
DP4
DP6 DP7
140 feet

Figure D-1. Proposed Vault-Type Storage Area with Fission Source,

Detectors, and Dose Points.

(small burst indicates source, small blocks indicate detectors)
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Figure D-2. Proposed Vault-Type Storage Building Floor Plan for CAAS

Detector Placement.

(small burst indicates source, small blocks indicate detectors)
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APPENDIX E: Current Published Articles of Interest



New storage vaults at Y-12 now urgent

n the wecks I'ollowintﬁelhe Scpt. 11 terrorist
altacks, security at the Y12 nuclear weapons

plant in Oak Ridge has attracted publie
attention and rightly :llll
are aski sorts of questiona, Is Y-12
o potential target? t are theT:nmh in the
event of attack? Is the plant prepared for
terrorism?

Here's a fact that may come
as a surprise to many:

There are no alrsparce
restrictions enl at the
Oak Ilk{?e warhead [actory.

The US. Department
Encrgy and the Federal
Aviation Administration
confirned the sltuation,
althouph ofMicials at each
agency weren't very talkative
on H1le tople. aia FRANK

ocal suprervisor wi e
FAA referred me to her MUNGER
apency’s Web slte for more
information and offered the telephone number of
the public niTalrs office in Atlanta, where stallers
app:atently are Lo busy to return telephone calls.

Although Y-12's airspace is not off lnits in the
etrictest senge, the Oak Ridge facility would seem
to be coveredl by n broad-based advisory issued
Scpt. 28 by the FAA

The socalled NOTAM (Notice to Alrmen)
includee thia language:

“In the interest of netional eccurity, nnd to the
exlent practicable, pilots are advised to avoid the
nirspace above, or in proximity to, silea such as
nuclenr power plants, power plants, dama,
reftneries, industrinl complexes, and other similar
fucilitica. Pilots ehould not circle as to loiter in
the vicinity of ruch facllitics.”

‘s |« only an advisory. of course, not a
prohibition or even a stem warmning W pilots. It's
aort of n please-oh-pretly-plesse npproach.

But, then, if you have suicide-bound terrorists

floting an airplane, it probably doesnt matter
‘l’nugl“ﬁ ymﬂhl;e nlnng mtzicﬂm
sure no!

o above and mt::gpoin!.mt.dm have some
merit from a security s : however, we
consider this to be a low priority. We have not
taken any steps to pursue this with the FAA®

Y-12, of couree, |8 not your average, run-of-the-
mil) industrial sife. The plant houses most of the
nation’s stockpile of bom! e uranjum.

15 the plant vulnerable?

Absolutely, and that's not justhype. It should
be frightfully obvious to eve now that even

Institutions once thought to be impenetrable are
atrisk

Office towers rising halfway to the heavens

alwaye seemed a little precarious. But the
Pent.nglon? It was designed and built as a virtual
symbo

of US. invincibility.
Y-12, too, has the look of a fearsome

fortress,
surround rows of wire- fences and
lines of towers. But its ties are
antiquated
A 1996 DOE

addresaed cant
vulnerabilities !m;mloun s!oc-l‘tﬁlgd highly
enriched uranium, and many of those reflected
the deteriorated condition of Y-12's phyalcal

ant.

There's a gond reason the first project in a $4
billion modernization plan is co ction of a
new uranjum stornge vault. Sorme of the nuclear
material currently Is housed in wood-frame
structures an old as I am.

In a Scpt. 19 interview, the top fi:deral official
at Y-12 emphasized that, if an alrplane struck the
Oak Ridge plant, it would not cause a nuclear-

loslon or produre a mushroomcloud - a
Btk

many area residents.
'We&)notn‘zkemu:lurbomhs.'aaldlim

Adminlstration. has
at this site, We do not have plutonium.
Wi gnothawh!ch%mtvu....

e

uranium companents (for nuclear warheads).”
Thomnlumpumb‘themelmwulmt

detonate like a nucear he said.

e e e Ioadad wiEe 38 000 oolle
a i ns
of fuel - muls result in human casualties at Y-12
nm{l an oﬁ'—d:l r‘zleue l::w ndloactll‘ve mam-l:'ala
, He declin say many lives migh
lost or how much radioactivity might be carried
uw%ln the ml&ggume.
e looked at as just the absolute worst

case that could happen,” he said.

*I'm not sure we would want $9 tell the bad
gu%acﬂy what would hnppen.’

e details of the plants various accident
analyses wete not made public, its

nkaxeﬂmt
much of the hazard would result ffom
combination of fire and enriched uranium.
About g year ago, Y-12 officlals were
displaying some preliminary designs for the new
uranium storage complex. It showed a facility
covered by an earthen berm.
Asked If the proposed fadility would be
hardened, Brumley and others declined
comroent, citing security concerns. If not included
in the design at that time, it would seem
imperative that such protection be added now.

t aleo seems likely that new storage vaults,
already the top Bxﬂo ty in ¥-12's modernization
glan. just importance. The sooner they're

uilt, the better we'll feel.

Senler Weiter Frank Mungrr cevers the Dapartment of Energy for the
Hows-Sentinel. Ne con be reached ot 888-482-9213 er ot

rigl @hamnemn.infl net This columa Is oise evsiiable on the Web ot
wwansmewscon/edfiarevive /mungt/ l10/3 / ol

LTT
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BWXTYMES X2

An emciovee newsienier from me Y-12 Nasonal Secunty Complex

Super computer critical to Y-12's model-based manufacruring
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Y-12 —u piaving 2 key role in belpeg achixve the soiesxs- and modeh-bamd
romoamree viian of Y2125 Aaxe

\apkamn's power repremEms 8 oorked advance i Y-123 capabilicy ©

enltexe dengn and pssismng edficiency and retizhiire This wol for
sexckpie srwwtiip and other o) sy mEES i s o0l amiol
beween - Punwuu-s-:y_hm
Simulxxw and Caryasing Campgn.

“This ss 8 key chameex in the modermz sion of .12 extexdogy” said fim
Savdex Admced Sirmmbwicn and
Compuony amE D fEr=
“At tus powE. propie are CEEEE3 -
n'\vlhlllhul:vhd_

misionof new echnokgies and
xkills to develop and supportthe
srproedprocesses, This is 8 clar
exmnpieol scrmre and extemiogy
beine brougix 10 the pbie 10
support the Y-12 Nanoral Seosey B
mumon. It'S 0ot 8 pge demn—a3 £
being delivered now”
The 50 bilion opexakE® per
oo = e Vince Lamburt, e, of ¥-12Deves-
cpmant and Suasn Tumer of

proc=n. |3 gipbyes of
mEmY. 700 gy of disk Criticaiity Safety discxms the use of
w“m” the Mavatan conpnter

tembyes o CpeEIENgE CRRCEY
These bigh-speed cpabifies are applicd in 8 vansty of sxings st ¥ 12.From

virun) prosxypng and proces eemiation 10 advanced weserinl eokding and
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Susan Bamard Tumer (born Susan Mae Bamard) was born in Knoxville,
Tennessee, to parents who both worked and met at the Y-12 Plant before the end of
World War II. Both her parents performed work that contributed to the making of the first
atomic bomb for the Manhattan Project. Her father (now deceased) retired from the K-25
Gaseous Diffusion Plant as a computer programmer/analyst in 1980. Her mother still
resides near Oak Ridge.

Susan graduated high school from Bob Jones Academy in Greenville, South
Carolina and attended Bob Jones University for one year. She returned home and entered
the University of Tennessee as a part-time student and began working full-time for Union
Carbide Nuclear Division’s K-25 Gaseous Diffusion Plant in 1975. In 1978 she
transferred from the Computing Division to the Gas Centrifuge Enrichment Project as an
Engineering Technician and soon decided to change her major from Business to
Engineering. Marriage and family responsibilities delayed her completion of a degree
until she entered Roane State Community College in 1981. She received an Associate of
Science degree in Business in 1982 and an Associate of Science degree in Chemical
Engineering Technology in 1984, graduating Magna Cum Laude, with a 3.94 GPA at the
top of her engineering class, the Chemical Engineering Technology Award, and the
College Physics Award. She began work at Lockheed Martin Energy Systems as a
radiochemical analyst at the Y-12 Plant Laboratory in 1990, but retumed to the
University of Tennessee in 1995 to complete a bachelor’s degree in Nuclear Engineering,
the fulfillment of a lifelong dream.

She began working as a student intern at the Y-12 Nuclear Criticality Safety
Division in July of 1995. Susan graduated in May of 1997, and was offered a graduate
assistantship at UT which she declined in order to work full time with Navarro Research
and Engineering at the Y-12 Nuclear Criticality Safety Division. She is now a permanent
employee of the Y-12 National Security Complex. She attended the University of
Tennessee as a part-time graduate student to complete course work for a Master of
Science in Nuclear Engineering. Susan’s work and research are in the fields of nuclear
criticality safety and radiation shielding. She expects to receive the Master of Science in
Nuclear Engineering in May, 2002.





