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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 ordinat�s transport code PAR TISN 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 part!cles 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 shielding reference calculations from ANSV 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 (1_987) (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. 
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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 PAR TISN 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 
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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 PAR TISN 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 PAR TISN 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. 
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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 ofDANTSYS 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 

7 

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 
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in (x, y, z) and (r, z, 0) 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 pe" and tolcm 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, aitci 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 ( A WDD) method for spatial and angular 
discretization has been incorporated into TWODANT as an option. 

The TWOHEX solver module solves the tim�-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-0) 
geometries using both diamond differencing with set-to-zero fixup and the A WDD 
method. 

Some of the major features included in the DANTSYS code package are: 

9 

• a free-field format ASCII text input capability; 
• 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; 

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

• direct (forward) or adjoint ·calculational capability; 
• standard plane, two-angle plane, cylindrical or spherical geometry -options for 

1-D; 
• (x-y), (r-z), (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; 
• arbitrary anisotropic scattering order; 
• vacuum, reflective, periodic, white, albedo ( only operative in ONEDANT), or surface 

source boundary condition options; 
• inhomogeneous (fixed) source or k-eff calculation options as well as time-absorption 

(alpha), nuclide concentration, or dimensional search options; 
• "diamond-differencing" for solution of the transport equation; 
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• A WDD available in the TWODANT and THREEDANT modules; 
• A coupled SN/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-8) fine mesh intervals, respectively. No 
material discontinuities may occur within a fine mesh interval. There are IM, JM, and 
KM number of coarse meshes which are each a separate material zone. The specification 
of the fine mesh is accomplished 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 s�ction. 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 u�ed to specify that a coarse mesh is a void. 



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 

1 1  

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

V · 0. '1'�,E,O.)+ a (r,E) 'I' �, E,0.)= Jf a
s 
�,E' ➔ E, O.  · n') 'I' �, E, O.'�E'dQ' 

+ -

1 Jfx(r,E' ➔ E) v a  (r,E') 'I' �, E',n')dE'dQ' + Q (r, E, O) 
ke.ff I 

where 
'I'�, E, 0.) = Particle fluence (particle number density times the 

particle speed defined such that 'I'�, E, 0.) ar dE dO. 
is the flow of particles in dE about E in the space d r 
about r with direction dO. . 

Q �, E, 0) = Rate at which particles are produced in the space from 
extraneous sources that are independent of the flux. 

a (r, E) = Macroscopic total cross section. 
as (r, E' ➔ E, O.  · n') = Macroscopic scattering cross section, from energy E' 

" " I to energy E through scattering angle Q · Q 
<J 1 (r, E') = Macrosopic fission cross section. 

v = Number of particles emitted isotropically (l /41t) per 
fission. 
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keff = K-effective eigenvalue of the system. If Q �' E, a) is 
not zero in this equation, then keff 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 
.6.Eg = Eg-t - Eg . 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: 

where 

_ ,. 1_ .... )+ (-) ,_ ,. ) x g (r )I> (;:) 
1_ ,. ) V · '2'1' 

g 
\1", U C1tg 

r 'I' g \1", U = ---- + Q
g 

\1", U + 

keff 

cp(r,E) 

Eg-1 

= Particle fluence for group, g = J 'I'�, E, Q} dE . 
Eg 

Eg-1 

= J cf>(r,E)dE . 
Eg 

= Total cross section for group, g = 
Eg-1 

f o, (r, E)cp(r,E) dE 
E, 



X g (r ) = 

<l>(F) = 

VO fg (r) = 

= 

Qg �, n) = 

0 sg'➔g (r,µo ) = 

= 

µo = 

1 3  

Eg-l 

Group fission spectrum = J x(r, E) dE . 
Eg 

Fission production rate = I, vo Jg' (r )pg' (r) .  
g'=l 

Nu-fission cross section for group g 

Eg-l 

Jvo 1 (r,E)cp(r, E) dE 
£, 

,.(;:) 

Eg-l 

External source term for group g = J Q�, E, Q) dE . 
Eg 

Scattering cross sectiqn from group g' to group g 
E1_ 1 £1,_1 

I f Gs �,E' ➔ E, O .  n'}l>(r,E') dE' dE 
E1 £1, 

f.� (i) 

{l . 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 . In this method, 
the angle is discretized over the unit sphere ( 41t}, 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, 
nm , with an associated area on the unit sphere, Wm, where m = 1 to M, the number of 
discrete ordinates. This number of discrete ordinates is derived from the SN 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 L w m = 1 . 
m=I 

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: 

where 
'¥ g m (r) = 

<l>g (F) = 

Qg,m (r) = 

Q;ir) = 

l? (n) = 

ssgm (r) = 

q,g
�,nm

) . 

L w m '¥g m (r) . 
m=l 

L I 
L 1:(2/ + l) Y/ (nm )Q;

1 (r) . 
/=O q=-1 

JYi•q (n)Qg
�,n)dn . 

Spherical harmonic functions. 
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 

where 
'¥ ! �, Q) = Angular flux for group g at the /th inner iteration 

using a scalar flux <1>t1 (r) assumed known from the 
previous inner iteration. 

Q g (r) = 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 moment� 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.S 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 

L 1- ,.. ,.. ') l � ( ) e (-) l,.. , ,.. ) 
crsg'➔g \!', O • Q  = -� 2£ +  I · Osg'➔g r /'e \!l · !l . 

41t e=0 

The group scattering source SS gm (r) can then be written as 

where 

3.3.6 Quadrature 

L = Legendre expansion order (L= I to 4 for the MENDF 
cross section libraries used in this work). 

Yl (nm ) Spherical harmonics appropriate to the geometry. 

cf> ig' (r) = Angular flux moments which correspond to the 

appropriate spherical harmonics 

m 

For one-dimensional geometries, the number of discrete ordinates or angles depends on 
the symmetry and the SN order desired. Table 3-1 gives the number of angles used in 
each case. 
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Table 3-1. Number of Quadrature Points, M, as  a Function of SN 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 12 42 12  

16  16  72 16  

N N N ·(N + 2)/4 N 
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For standard plane geometry, azimuthal symmetry is assumed in </> so that 0. (µ, </>) 

becomes 0. (µ) and dD. becomes 21rdµ.. The angular flux moments are then 

approximated by: 

MM 

<l>t (x ) =  L Wm Pl (µm ) 'I'm (x) .  
m=1 

The discrete ordinates approximation to the transport equation then becomes 

For cylindrical geometry the multigroup transport equation is 

a�'l'�,n)) a (11'1'�,n)) ( )\IJ' A)= s '  A) µ 
ar dq> 

+ r(J t r T \[' .U r, \[' .U • 

The discrete ordinates approximation is then 

d(r'I' m (r }} 
{a µm dr 

+ m+1 1 2 l wm }· '1'm+l / 2 (r)- {am-l / 2  l wm } '1'm-l / 2 (r)+ rcr 'l'm (r) 

= r Sm lf) . 

where CX,,,+112 and a,,,-112 are angular coupling coefficients and satisfy the recursion 
relation 
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For spherical geometry, the multigroup transport equation is 

where azimuthal symmetry in </> is assumed. The discrete ordinates approximation is then 

d�2'1'm (r)) { {8 } ·  · ( ) {8 } ( ) } µm dr + m+l / 2  l wm · ·'l'm+l / 2  r - m-1 1 2  l wm · 'l'm-1 / 2. r r 

+ r20' 'Pm (r) = r2sm (r) 

where f3m + 14 and /3 m _ 111 are angular coupling coefficients and satisfy the recursion 
relation: 

For one-dimensional curved geometries such as cylinders and spheres, there are three 
angular flux variables to be determined at each position, r : the two angular cell edge 
fluxes 'Pm +112 (r) and 'Pm -111 (r), and the average angular flux, 'P m (r). The 'Pm -112 (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 'P m +112 (r) to '¥ m (r ) by: 

'I'm (r) = 'I' m-1 / 2  (r )+ 'I' m-1 /2  (r) . 2 

Since m= l is not known, ONEDANT uses an inward direction start condition in curved 
geometries to calculate the first 'P m +112 ( r )  term and assumes isotropic scattering for the 
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angular flux. Therefore, d 'Pl d µ I r =0 = 0 implies that 'l' m (0) = constant for all m. The 
constant is found by solving the starting direction equation as d'l' Id r + a 'l' = 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 LU.i = x i +  112 - x i-112 , etc. 

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: 

µm (A;+l/2  'I' m,i+l /2  - A;-112  '¥ m,i-112  )+ (A;+l/ 2  - A;-112  Xam+l/2  'Pim+l/2  - am-1/2  'Pim-1 /2 )! Wm 

+ cr,;V;'P;m 
= smiV; 

where 
m = 1 . . .  MM = Index of direction. 
i = 1 -. .  � IT = Index of spatial cells. 

'l' mi = Spatial cell centered angular flux. 
'Pm i+l/2 = Cell edge angular flux at the right cell edge. 
A; + 112 = 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: 

'¥ _ '¥ m,i+l/ 2  + '¥ m,i-11 2  = '¥ m+l/ 2,i + '¥ m-11 2.i 
mi - 2 2 



where m = 1 .  . .  M; i = 1 .  . .  IT. 

2 1  

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 unknown 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, 
8), and polar (R, 0). 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 

where 

µm (Ai+l / 2,j 'I' m,i+l /2,j - �-1/2,j 'I' m,i-l / 2,j )+ ll m Bi,j ('11 m,i,j+l / 2  - '11 m,i,j-l/ 2 } 

+ (Ai+l /2,j - At-1 1 2,j Xam+l /2  'I' m+l /2.i,j - am-1 /2 'I' m-1 / 2,i,j )1 Wm 

+ a tij Vij '11 mij = S mij V if 

'I' = Flux on the right edge of the mesh cell. m,i+l/2,j 
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\fl m,i,j+l/ 2 
= Flux on the top edge of the mesh cell. 

\fl m+l 1 2,i,j 
= Angular direction edge flux. 

\fl mij 
= Cell center angular flux. 

A;+11 2,j 
= Mesh cell area in the i coordinate direction. 

Bii 
= Mesh cell area in the j coordinate direction. 

vij 
= 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): 

\fl · 1 /2  . + \fl · 1 / 2 . \fl . .  1 / 2 + \fl . .  1 /2  \fl 1 / 2 . .  + 'I' 1 / 2 . .  
\fl . . = 

m,1+ ,J m,1- ,J 
= 

m,1 ,1+ m,1,1-
= 

m+ ,J,J m- ,1,J 
my 

2 2 2 

where m = 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 TWO DANT 
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 (A WDD). 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 A WDD 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, 8). The SN 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. 



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. 

25 

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 PAR TISN 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 ofDANTSYS 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 ofDANTSYS 
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. 
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Table 4-1. Comparison of Results of P ARTISN Sample Problems. 

Verification Verification 
Problem Problem 
Number Output 

Identifier 
2dld.sgi.new 

2 3dfc I O.sgi.new 

3 3dfc5 _ l .sgi.new 

4 3dfc5 _ 2.sgi.new 

5 3dfeh2o.sgi.new 

6 3dfeh2o _ a.sgi.new 

13 bdrynl .sgi.new 

Status of Problem Comments 
Run on 

Manhattan/Match 

Status 

Ran/matched ievt=O; both run w/4 processors 

Ran/matched ievt=O; both run w/4 processors 

Ran/matched ievt=O; both run w/1 processor 

Ran/matched ievt=O; both run w/2 processors 

Ran/matched ievt=O; both run w/16  processors 

Ran/matched ievt=O; both run w/1 processor 

i��; ��f in J:l�piil(•�, �¥ llaffi�•·· . • . . 
?B.S�ftF1�tgi�; ����f . ·  

· ·· · · · · ·. 0 !E€1li� i, 
Ran/ matched ievt=O; both run w/16  processors. 
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Verification 
Problem 

Number 
14 

15  

16  

1 7  

1 8  

1 9  

20 

21  

22 

23 

24 

25 

26 

Table 4-1. Continued. 

Verification 

Problem Output 

Identifier 
bdryrz.sgi.new 

blk:src.sgi.new 

blockld.sgi.new 

blrztime.sgi.new 

bndfile.sgi.new 

bs l _ 3d.sgi.new 

bs 1 _ 3d.timeq.sgi.new 

bsl_3d_rstrt.timeq.sgi. 
new 
bs l _ 3d _rstrt.sgi.new 

bs2 _ 3d.sgi.new 

bs2_3d. timeq.sgi.new 

bs2 _ 3d _ rstrt.sgi.new 

bs2 _ 3d_ rstrt. timeq.sgi. 
new 

Status of Problem Comments 
Run on 

Manhattan/Match 

Status 

Ran/matched ievt=O; both run w/8 
processors. 

Ran/matched 

Ran/matched 

Ran/matched 

Ran/matched 

Ran/matched 

Ran/matched 

Ran/matched 

Ran/matched 

Ran/matched 

Ran/matched 

Ran/matched 

Ran/matched 

ievt=O; both run w/4 
processors. 
ievt=O; both run w/1 5  
processors. 
ievt=O; both run w/1 processor. 

ievt=O; both run w/4 
processors, leakages different, 
but within machine recision. 
ievt=O; both run w/4 
processors. 
time dependent file, matched 
within machine precision. 
time dependent file, matched 
within machine precision. 
ievt=O; time dependent file, 
matched within machine 
recision. 

ievt=l ;  both run w/4 
processors. 
time dependent file, matched 
within machine precision. 
ievt=l; 

ievt= 1 ;  time dependent file, 
matched within machine 
recision. 

ievt=l;\ Errot m Block $, ... . 
•. :.: · : . :••·· ·. • · •···•'··•<<·, ···•.��'Yll•••��io� �l�ej r ; .. • • . \ 

• 91>�0�: errot�pt2l/� Does �t · • .·• 

�P�at t� b� ;DlStallatitJ� ��r� .· · ·· . · · 
.·P�ssiJ,le cu�ertt�taU�: .• · r�'IlS� ':frsion}l�64 does 
not·utilize this 



Verification 
Problem 
Number 

3 1  

32 

33 

34 

36 

37 

38 

39 

40 

4 1  

42 

43 

Table 4-1. Continued. 

Verification Status of Problem 

Run on Problem Output . 
Manhattan/Mate 

Identifier · h Status 

29 

Comments 

• - -•�•l; ��� l�9�l �le :1��s not 
e�st�·-•··�·•·fil� .. pPssibly•;���eilt•··�tl 

. . . pr�ous olltp\#. Doe� not�pear to be . 
· • installation erri>r. · 

cubeOOO.sgi.new 

cube 1 1 1 .sgi.new 

cyl ldk.sgi.new 

fehnl .sgi.new 

grpdsn.sgi.new 

grpdsn _ mg31.sgi.new 

k _ blk.dbl.coar.sgi. 
new 

k _ blk.sgi.new 

k_blk.uniform.coar. 
sgi.new 

lwr l .sgi.new 

plssnl .sgi.new 

plssn2.sgi.new 

plssn3.sgi.new 

Ran/matched ievt=O; both run w/4 processors. 

Ran/matched ievt=O; both run w/4 processors. 

Ran/matched ievt=l ;  both run w/ 1 processor. 

Ran/matched ievt=O; both run w/ 16  processors. 

Ran/matched ievt=l ;  both run w/16  processors. 

ij•iled .. ie�l; �rrc>r, �lock S ��Wll 
. . . . . .. • · · ·.·• .• . .  / �ctn;�Iver !�ti�n, �taJ ip.1>ttt; ••· • • · • 

Ran/matched 

Ran/matched 

Ran/matched 

Ran/matched 

Ran/matched 

Ran/matched 

Ran/matched 

Ran/matched 

·· . \. · Cffqf:,-+ ��lH Iri Bloc� S:, < .... / . . . . . _ . •. 
. . . . . ···• >mffsol�gll, PJ\.!lT:ISN 2�� (i�s n�t 

> >acC t this arra conunand. > . . . . 

ievt=l ;  both run w/1 6  processors. 
( diffsol=mg in Block 5 in this file and 
is acce ted) 
ievt=l;  both run w/4 processors. 

ievt=l ;  both run w/4 processors. 

ievt= 1 ;  both run w/4 processors. 

ievt=l ;  both run w/1 6  processors. 

ievt=O; both run w/4 processors. 

ievt=O; both run w/4 processors. 

ievt=O; both run w/8 processors 
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Verification 
Problem 

Number 

44 

45 

46 

47 

48 

· .  / 49 

50 

5 1  

52 

53 

54 

55 

56 

57 

Table 4-1.  Continued. 

Verification 
Problem 

Output 

Identifier 
rtswp2da.sgi.new 

rtswp2db.sgi.new 

rz.sgi.new 

rza.sgi.new 

rzswp2d.sgi.new 

. ·  ... · :, ·, ;' 

rzt3da.sgi.new 

rzt3db.sgi.new 

rzt3dc.sgi.new 

rztbox.sgi.new 

rztime.sgi.new 

rztime _ rstrt.sgi. 
new 

rztime.timeq.sgi. 
new 

rztime _ rstrt.timeq. 
sgi.new 

Status of Problem 

Run on 

Manhattan/Match 

Status 

Ran/matched 

Ran/matched 

Ran/matched 

Ran/matched 

Ran/matched 

Comments 

ievt=O; both run w/4 
processors. 

ievt=O; both run w/4 
processors. 

ievt=O; both run w/1 processor. 

ievt=2; both run w/1 processor; 
leakages different, but within 
machine precision. 
ievt=O; both run w/4 
processors. 

Rani some answers ·- . ie�; �� ,:u11 wfbp�5�sor , < .- diffe�tit \ �!tOJI1: � front l�gesdid 
. .• �( �i,11; bllt J><>:,��bly11<>t 

·• 

Ran/matched 

Ran/matched 

Ran/matched 

Ran/matched 

Ran/matched 

Ran/matched 

Ran/matched 

Ran/matched 

< itriri6rtant. . 
ievt=O; both run w/1 6  
processors. 

ievt=O; both run w/1 6  
processors. 

ievt=O; both run w/16  
processors. 

ievt=O; both run w/2 
processors. 
ievt=O; both run w/1 processor. 

ievt=O; time dependent file. 

time dependent file 

time dependent file. 

.. :. 



Verification 
Problem 
Number 

60 

6 1  

64 

65 

66 

67 

68 

69 

Table 4-1. Continued. 

Verification 
Problem 
Identifier 

sphere ld.sgi.new 

sphere ld.timeq. 
sgi.new 

src _ blk _ coar.sgi 
.new 

src _ coar.sgi.new 

src _ coar.incol3d.sgi. 
new 

t3d. l b.incol3d. 
sgi.new 

t3d. l b.sgi.new 

Status of Problem 
Run on 

Manhattan/Match 
Status 

Comments 

· • Rantmatched • ·• • · : ;��l;. :� rt.ln �/l.ipr:oc:�r ,  

·•··· •······· ··· ·•·::::1:::=:t1=��( .. 

Ran/matched 

Ran/matched 

Ran/matched 

Ran/matched 

Ran/matched 

Ran/matched 

Ran/matched 

ievt=O; both run w/1 processc;>r. 

time dependent file. 

ievt=O; both run w/4 processors. 

ievt=O; both run w/16  processors, 
some leakages different, but within 
machine recision. 
NA to verification (appears to be 
utility file). 

NA to verification (appears to be 
utility file). 

ievt=l ;  

·•. :ie�; �th �.wll� p.r�sS()rs . .. ·· . . • .
• 

Ertori·· fre¢dlse�k·local file does not 
e,dstfbsxl1b• missittg.�rNot�• 
uistallati® crttiE > . ·. ... . 
ievt=O; both run w/4 processors. 

i��; t,oth•. 11J, "1(4 :proq�sors, 
leaka�e t��·.itt ��lance table do 
ngt. tJ1at'1h,.t>111 1'lay' 11ot 't),e 

· •.·� .... · ortartt 

3 1  
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Table 4-1. Continued. 

Verification Verification Status of Problem Comments 
Problem Problem Run on 

Manhattan/Match 

Number Identifier Status 

72 xyz _ bl.sgi.new Ran/matched ievt=O; both run w/4 processors. 

73 xyzperz.sgi.new Ran/matched ievt=O; both run w/16  
processors. 
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4.3 Machine Specifications 

The Manhattan is an SGI Origin 2000 with 96 RJOOOO 100-250 MHz processors with 14 
GB of RAM, 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 1 1 2 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 ANS661 2.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 1 7M 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 a result 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. 



5.0 DEVELOPMENT OF CROSS SECTION LIBRARIES, RESPONSE 
FUNCTIONS, AND SOURCE TERM FOR PARTISN 2.64/DANTSYS 3.1 
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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 235U. 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 235U. 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 SOL VER 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 ( cr) which results from this assumption is called the 
microscopic cross section: 

R = G I NA 

R = a (# neutrons/cm2 
• s) (# target atoms/cm3 

) 

where R is the reaction rate in (interactions/sec), cr is in cm2
, and can contain a subscript 

to indicate specific interactions, i.e., CJa for absorption, CJ5 for scattering, and CJ1 for the 
total of absorption and scattering. 

A nucleus is generally considered to have a radius of 10 -12 cm, with a geometric cross 
sectional area of 10 -24 cm2

• 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 



section for 235U 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: 

oR = CT, l(x) oNA = CT, l(x) Ndx 

where the number of target nuclei per cm2 in ax is given by oN A = Ndx and N is 

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

every interaction, we have: 

a I(x) = - oR = N CT, I (x) ox . 

Solving for /(x): 

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

I:, = Na, = (# particles/unit volume) (unit area) 

= (# particles/cm3) ( cm2
) = cm-1 
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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 I:t 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 PAR TISN 
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 4 7-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 defi�tions 
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 M�attan 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 MENDF5G. The MENDF5 and MENDF6 cross 
section libraries were also acquired for installation and use on the Manhattan with the 



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. 
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MENDF5 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 MENDF5G library containing only the 12-group photon library . 

MENDF6 is a 30-group neutron cross section library which includes data forl67 
nuclides. It is based on END F /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 MENDF5, these cross section libraries are not designed for use in modeling 
problems dominated by thermal neutrons. Also, as with MENDF5, there is no upscatter, 
all cross section libraries are at room temperature, and PO through P4 scattering angle 
matrices are provided. 

Some materials were re-evaluated in MENDF6: D, 6Li, 9Be, 160, Fe, Pb, 235U, 238U, and 
239Pu. 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 MENDF6 cross section library was acquired in early Fall, 200 1 (along with 
documentation dated February, 1 996), 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 iH 19000.50 K-nat 47000.55 Ag-oat 79197.56 I'.17Au 

1002.50 
Z
H 20000.50 Ca-oat 47107.50 IU/Ag 82000.50 Pb-oat 

1003.50 3H 22000.50 Ti-oat 47109.50 l\1"Ag 83209.50 llNBi 

2003.50 3He 23000.50 V-oat 48000.50 Cd-oat 90232.50 l-'-To 

2004.50 .. He 24000.50 Cr-oat 50120.35 Fission Products 91233.50 lJJTh 

3006.50 ou 25055.50 ''Mn 50998.99 Fission Products- 92233.50 l-'-'U 

p 

3007.55 7Li 26000.55 Fe-oat 50999.99 Fission Products- 92234.50 z34u 

A 

4007.35 'Be 27059.50 59Co 54000.35 Xe-oat 92235.50 .!j5u 

4009.50 "Be 28000.50 Ni-oat 56138.50 13sBa 92236.50 
Z3ou 

5010.50 "'B 29000.50 Cu-oat 63000.35 Eu-oat 92237.50 z31u 

501 1 .56 llB 3 1000.50 Ga-oat 63 15 1 .55 1s1Eu 92238.50 :mu 

6000.50 C-oat 33075.35 15As 63153.55 D-'Eu 92239.35 lJ'Ju 

6012.50 uc 36078.50 78
Kr 64000.35 Gd-oat 93237.55 .wNp 

7014.50 I� 36080.50 ""Kr 67165.55 io'Ho 94237.35 .!J/Pu 

7015.55 15N 36082.50 ISlKr 69169.55 io"Th 94238.50 l-'ISPu 

8016.50 lbQ 36083.50 ISJK.f 731 8 1 .50 1s1Ta 94239.55 .!j'./Pu 

9019.50 1"F 36084.50 IJ4Kr 74000.55 W-oat 94240.50 l-+V
Pu 

1 1023.50 .!3Na 36086.50 8(>Kr 741 82.55 1s-w 94241 .50 2-+lpU 

1 2000.50 Mg-oat 39089.50 89y 741 83.55 1s3w 94242.50 242Pu 

1 3027.50 21Al 40000.50 Zr-oat 741 84.55 ,s .. w 95241 .50 ;mAm 

14000.50 Si-oat 41093.50 93Nb 741 86.55 1s6w 95242.50 l-+lfflAm 

1 503 1 .50 3Ip 42000.50 Mo-oat 751 85.50 iis'Re 95243.50 243Am 
16032.50 

-'ls 45103.50 JOjRh 75 187.50 1s1Re 96242.50 Z-+lcm 

1 7000.50 Cl-oat 451 17.90 Average fission 77000.55 Ir-oat 96244.50 l-+-+cm 

product from 
23su 

1 8000.35 Ar-oat 461 19.90 Average fission 78000.35 Pt-oat 
product from 

239J>u 
*Note: ZAID 1s the matenal 1dent1ficat1on 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., "I 00 l"  is hydrogen, atomic number I 

and atomic weight of 1 .007. Deuterium is identified as "1002" with atomic number I 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 P ARTISN 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 u�ed. 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 ( 1 99 1  and 1977) ( 10). The second one is ICRU-57, 
Conversion Coefficients for use in Radiological Protection Against External Radiation, 

( 1 998) (1 1 ). 
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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 2.5x 10-8 to 20 Me V, 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 · cm2

• 

5.2.2 ICRU-57 

This report summari�es the work of the Joint Task Group on Dose-Related Quantities for 
Radiological Protection against External Radiation established in 1 991. In 1990, basic 

. .  
recommendations 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 e / dm . The unit is I J/kg = I 00 rad = 

I gray (Gy). 

Effective Dose (E): is the summation of the equivalent doses in tissue multiplied 
by the appropriate weighting factor, E = L Wr • HT . 

Equivalent Dose (HT,R): is the absorbed dose in t�ssue multiplied by the .. 
appropriate radiation weighting factor, HT,R = wR · Dr,R . When the radiation 

field is composed of radiation with different values of w R , the absorbed dose is 
subdivided into blocks, each multiplied by its own radiation weighting factor and 
the total is given by: 

HT = L wR ·Dr.R . The unit is sievert (Sv). 

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,'1)): 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, Q. The unit is sievert (Sv). 

Fluence (4>): is the quotient of dNby da, where dN is the number of particles 
incident on a sphere of cross-sectional area da, cl> = dN I da . ·The unit is # of 
particles/ cm2

• 
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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,,. I dm. The unit is 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 (0,.), air kerma free-in-air (Ka), and particle fluence 
(Cl>). 

The 25 energy point values of ICRU-57 Conversion coefficients for air kerma per unit 
fluence (Ka /Cl>) of monoenergetic photons were integrated over the 12 energy group 
ranges required for MENDFG: 

= response function for each of the 12 energy groups 

where /(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 (Ka /Cl>) of Monoenergetic Photons. 

Conversion coefficients for Air Kerma/Unit 
Fluence from ICRU-57 

(25 ener2Y points) 
Photon Energy Ka/4> 

(MeV) (pGy•cm2) 
0.0 10  7.43 
0.0 1 5  3 . 1 2  
0.020 1 .68 
0.030 0.72 1 
0.040 0.429 
0.050 0.323 
0.060 0.289 
0.080 0.307 
0. 100 : 0.37 1  
0. 1 50 0.599 
0.200 0.856 
0.300 1 .38 
0.400 1 .89 
0.500 2.38 
0.600 2.84 . . . 

0.800 3.69 
1 .000 4.47 
1 .500 6. 14  • .. 

2.000 7.55 
3.000 9.96 
4.000 1 2. 1  
5.000 14. 1 
6.000 1 6. 1  · .. 

8.000 20. 1 
10.000 24.0 •> 

Conversion coefficients for 
Air Kerma/Unit Fluence 

(13 enern points) 
Photon Energy Ka/4> 

(MeV) 
0.0 10  

O.l 
0.5 
1 .0 
2.0 
4.0 
5 .0 
6.0 
7.0 
8.0 
9.0 
10.0 
20.0 

� f• 

. .. 
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, · , ,  

. 

/i.; 

;,�· 
, .. 

. · . .. 

. 
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. 

. 

,, 
· .  . 
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• :  

. . 

(pGy•cm2) 
0.84 10 
1 .3736 
3.46 
6.075 
9.8925 

13. 1  
1 5. 1  
1 7. 1  
1 9. 1  

2 1 .075 
23.025 
24.0 

37.67 15  
,: 

·.· 

. ·. 

. ·  . . . · ,J; 
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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 a�sumes 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 Heaith Physics ( 1983) discusses kenna 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 Physics ( 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 Me V. 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 Me V, 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 sl�wing 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 
( 1 1  ). 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 Me V 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 235U. The first reference, Reactor Handbook, Shielding 

( 1 962) ( 1 3), includes information from two sets of experiments, the ol_der set reporting an 
average prompt photon energy range from 0.9 to 2.5 MeV and a total photon 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 
Me V per fission. Both of these sources indicate that the average fission photon energy is 
weil below 3 Me V. 

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-Me V 
r E = 20.0 ( e-1.?SE ) 

7.2 ( e-1 .09£ ) 

0.1 < E < 0.6 MeV 
0.6 < E <  1 .5 MeV 
1 .5 < E < 10.5 MeV 

The prompt-fission gamma ray spectrum for thermal neutron fission of 235U 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 235U 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: 

3 

J rAE)dE = 6.6 *- 0.5 + 20/1 .78 (e -t .78 • (0.6) - e -1 .78 • ( l .S) ) 

+ 7 .2/1 .09 ( e -1 .o9 • (LS) - e -1 .o9 • <3) ) 

= 7.421. 

lO  

JrE (E)dE= 7.2/1.09 (e -l .09 * (3) ) 

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) (1 5), contains the r�sults of 
experiments to determine the absolute energy spectrum of prompt photons emitted as a 
result of prompt fission of 235U 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 235U 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 0.0 1 MeV and above 10.5 MeV should be negligible. This 
information is presented in the report's Table Vl-3, Photon Yields per Fission. The data 
from this table reaffirms that about 97% of photons from thermal fission of 235U 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 Me V (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 235U. 
However, some studies have revealed that the prompt photon energy spectra from 
neutron fission of other nuclides such as 233U, 239Pu, and 252Cf is very similar to that of 
235U ( 13 ). As a result, it is accepted practice to use the 235U prompt photon spectrum for 
shielding applications involving these other isotopes. Similarly, the investigation and 



50 

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 Me V and that the use of the kerma 
approximation for absorbed dose is justified. In addition to th� estimate that only 3% of 
the fission photons will have energy above 3 Me V, 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 (#/crri3) 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 (#/cm2

). 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 (#/cm2

- 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 235U. 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/P AR TISN 
transport code Block-V SOURCE array of the SOLVER module. 

The source term was chosen based on the GODIVA experiment conducted at Los Alamos 
National Laboratory. GODIVA is a 52.42 kg enriched uranium (93.2 wt % 235U) sphere 
with a radius of 8.74 1 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 GODIVA 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-00 1 nuclear 
criticality benchmark experiment in the Office of Experimental Criticality Data 
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(OECD) published manuals of benchmarks (16). The input file included a uranium 
density of 18.74 g/cm3 and an input radius of 8.7407 cm. The uranium mass of the 
assembly is 52.42 kg with a 235U 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 236u, which should be a small but significant 
constituent of the fuel. 

#2: A version of GO DIV A 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/cm3, which is multiplied by 0.985 for a resulting uranium density of 18.76 g/cm3

• 

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 235U enrichment of 
93.2 wt %, with contents of given for the uranium isotopes 23-\J and 236u. 

#3: A version from the LANL DANTSYS 3 .1 class training manual which uses GO DIV A 
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/cm3 and an 
input radius of 8 .741  cm. The uranium mass of the assembly is 52.4337 kg with a 
235U enrichment of 93.7 1 wt %. The principle shortcoming of this input deck was the 
unphysical omission of any consideration of the expected 234u and 236u content. 

#4: 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 



cross section libraries. All of the result k-effective eigenvalues are within 1 .3% of 
critical. 
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Even though the ORNL version of GOON A is closer to unity than the other two 
versions, the ORNL version was not chosen because its model parameters could not be 
confirmed. Therefore, the OECO benchmark version of GOON 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 OECO 
Benchmark of GOON A. The 1 8  photon energy groups were collapsed into the 12  
energy groups of the MENOFG 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 GOON A models. The output from the 
OECO benchmark GOON A model is also included. 
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Table 5-3. Comparative Results of Four GO DIV A Models. 

Category LANL Student LANL/Student OECD 

(srcterml) (srcterm2) (srcterm3) (srcterm4) 

"-':,U Density 1 8.74 g/cm3 1 8.76 g/cmj 1 8.74 g/cm3 1 8.74 g/cm3 

Radius 8.74 1 8.72 8.74 1 8.74 14 1  cm 

Lj4U Isotopic NA 1 .0 wt %  l .0 wt %  1 .02 wt %  

"':,U Isotopic 93.7 wt %  93.2 wt %  93.7 wt %  93.7 wt %  

""°U isotopic NA 0.2 wt %  0.2 wt %  NA 

L38l.J Isotopic 6.3 wt %  5.6 wt %  5 .6 wt %  5.27 wt %  

CSASlX � 1 .00068 1 .00 138 1 .0023 1 .00485 

Using 27n-18g 

Coupled Library 

Y-12 CMODB HP 

ONEDANT �g 1 .0079 1 .0079 1 .0079 1 .0079 
Reported in OECD 

Using ENDF/B-IV 27 

Group Library 

ONEDANT K,g Using NA NA 0.99035 1 .0048 
MENDFS Library 

Y-12 Manhattan 

(P3) 

ONEDANT �ff Using NA NA NA NA 

MENDFS Library 

Y-12 Manhattan 

(P4) 

ONEDANT �ff Using NA 0.9874 0.9885 NA 

MENDF6 Library 

Y-12 Manhattan 

(P3) 

ONEDANT �ff Using NA 0.98702 NA NA 

MENDF6 Library 

Y-12 Manhattan 

(P4) 



Table S-4. Outside Boundary Leakage Extracted from CSASlX Output for 
Development of Source Term. 

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/cm2 -s) (MeV) Boundary (photons/cm2-s) (MeV) 

Source Leakage (RBL 

Term in output file) 

1 4.409385£-8* 20 1 9. 1 3699£-8 ·10 
2 4.409385£-8 9 2 3.5271 5£-4 8 
3 2.35945£-4 8 3 1 .06940£-3 6.5 
4 4. 750756£-4 7 4 1 .90944£-3 5 
5 7. 142066£-4 6 5 5 .55783£-3 4 
6 1 .9 1 204£-3 5 6 6.32565£-3 3 
7 5.56546£-3 4 7 l . 12292E-2 2.5 
8 1 .758498£-2 3 8 1 . 1 7675£-2 2 
9 5. 1 149 1£-2 2 9 1 .67855£-2 1 .66 
10  4.03269£-2 1 1 0  2.24965£-2 1 .33 
1 1  1 .2259059£-2 0.5 1 1  1 .58598£-2 1 
1 2  2.92 1392£-5 0. 1 12  1 .68207£-2 0.8 

0.0 1 1 3  1 .5 135 1£-2 0.6 
14 3.62 150£-3 0.4 ' 
1 5  9.35242£-4 0.3 
1 6  l . 1 2778E-4 0.2 
1 7  2.73780E-5 0. 1 
1 8  1 .78643£-6 0.05 

0.0 1  

*Read as 4.409385x 10-8 
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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 
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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 included 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 1 992 

( 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, 2 1  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 thicknesses.) 
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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 ( 1 8). 
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 

.. 
( 1 9). 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 kernel, and numerical integration of parametric air-sc�ttering 
data . All four reference calculations from the ANSI/ ANS 6.6. 1 are described below, but 
only Reference Calculation 1. 1 and 1.2 are used as benchmarks in this work because they 
are consistent with the materials and geometry needed fo� the evaluation of the vault-type 



storage building model. Solutions of the reference problems were provided by various 
members of the ANSI/ANS-6.6. 1 Working Group. 
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Reference Calculations 1.1.  Problem I. I is for a point isotropic source of 16N gamma 
rays (6.2 MeV) with a source strength of I photon/sec. The point source is positioned at 
a height of 60 ft (1 8.3 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 (0.9 1 m) above grade. See Figure 6- 1 for a graphical representation. 

Reference Calculations 1.2. Problem 1.2 is for an 16N point source of I 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 I. I .  See Figure 6-2 for a graphical representation. 

Reference Calculations 11.1 Problem No. 11. 1 is for a cylindrical tank, 1 2  ft (3.7 m) in 
diameter and 35 ft ( 10.7 m) high, containing water with a uniformly-distributed source of 
0.8 Me V photons. The volumetric source strength is assumed to be 30 Me V /cc-sec with 
the tank wall neglected. Dose rates are determined at a height of 3 ft (0.9 1 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 11.2 Problem No. 11.2 has the same geqmetry and source 
distribution as that described for Reference Calculation No. II. I except that the tank is 
surrounded by a 35 ft (10.7 m) high annular concrete shield with a 2 ft (0.61 m) 
thickness. (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. I for this work. 
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The density of water is 1 .0 g/cm3 with a number density of 6 .69x l022 atoms/cm3 of 
hydrogen and 3 .34xl022 atoms/cm3 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 
l .22xl0-3 g/cm3 with a number density of l .07x l0 19 atoms/cm3 of oxygen and 
4.02x l 0 19  atoms/cm3 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/cm3 and its composition is presented in Table 6-1 . 

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

Element Atoms/cmJ 

H 7.86 E+2 1 
Si 1 .58  E+22 
0 4.38 E +22 
K 6 .90E+20 
Na 1 .05 E+2 1 
Ca 2.92 E+2 1 
Mg 1 .40 E+20 

Fe- 10 3 . 1 0  E+20 
Al 2.39E+2 1 
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Table 6-2. Ground Composition from ANSI/ANS 6.6.1. 

Element Atoms/cm3 

H 9.77E+2 1 

0 3 .48E+22 

Al 4.88E+2 1 

Si l . 1 6E+22 

6.2.1 Reference Problem 1.1 

The scattered and total absorbed dose rates in air for Reference Problem No. I. I are 

functions of distance from the source. These results are pres�nted in T�ble 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-TI, 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 PAR TISN 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=RA YTR, FCNRA Y = I 0000 ( 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=l and FCNTR=0 to begin the solver and edit modules, 
but with FCSRC, FCNRA Y edited out. Only option I is used for problem I. I .  

The problem I. I reference model is a 708 by 602 two-dimensional fine mesh size. After 
a single trial where the fine mesh distribution was adjusted and the number of inner 
iterations was set at I 00, 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 1 50 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 I. I 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 P ARTISN Calculated P ARTISN Calculated 
Problem 1.1 Radius Problem 1.1 U ncollided Flux Absorbed Dose Absorbed Dose 

Radius Compilation of 7 Code (Point Kernel) W/out First Collision WI First Collision 
Results Source Treatment Source Treatment 

Absorbed Dose (12ANS661 1.o) (15ANS6611 .o) 

(ft) (cm) (rads/yr) (rads/yr) (% (rads/yr) c•1. (rads/yr) c•1. 

difference) difference) difference) 

200 6096 9.0E- 1 1 to I .OE- IO 8.82E- l l 2 8.25E- 1 2  9 1  9.2 IE- 1 1 within 
range 

500 1 5240 l .5E- l l l . 1 5E- l l 23 2.47E-12  84 l .54E-l l 2.7 

1000 30480 2.5E- 1 2  l .82E- 12  27 5.95E- 13  76 2.44E-1 2  -2.4 

2000 60960 2.5E- 1 3  to 3 .SE- 1 3  l .8 1 E- 13  28  9.96E-14 60 2.93E-13  within 
range 

3000 91440 5.0E- 14 to 7.5E- 14  3. 1 9E- 14 36 2.28E- 14 54 5.97E- 14 within 
range 

4000 12 1920 1 .5E- 14 to 2.0E- 14 7. IOE- 1 5  53 6.49E- 1 5  57 l .27E-14 within 
range 

5000 152400 4.0E- 1 5  to 6.0E- 14 l . SOE- 15 55 l .7 1E- 1 5  57  3 .44E- 1 5  - 14  

c,,.. 
V. 
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6.2.2 Ref ere nee Problem 1.2 

The scattered and total absorbed dose rates in air for Reference Problem 1.2 are functions 
of distance from the source. These results are presented in Table 6-4. 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 GOG, SKYSHINE, OGRE, SKREEN and QADF, and COHORT-IT. 

The ANSI.ANS 6.6. 1 shielding benchmark problem 1.2 is a 388 by 1 82 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 .. 
8ANS66 12 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 
9ANS66 12 used the FCSRC=RA YTR 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=l and FCNTR=0 using 32 
processors. This run took about 3 5 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 
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improvement is not as dramatic as in Problem I. I, 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 P ARTISN Calculated P ARTISN Calculated P ARTISN Calculated 
Problem 1.2 Radius Calculation Absorbed Dose Absorbed Dose Absorbed Dose 

Radius Problem 1.2 W /out First Collision WI First Collision Source W/ First Collision Source 
Compilation of Source Treatment Treatment Treatment 
5Code Results (1 processor) (32 processors) 
Absorbed Dose (7ANS6612.o) (8ANS6612.o) (10ANS6612.o) 

(ft) . (cm) (rads/yr) (rads/yr) W• (rads/yr) (% (rads/yr) W• 

difference) difference) difference) 

200 6096 8.5E- 1 3  to 2.0E- 1 2  7.63E- 1 2  282 5 .56E- 1 2  1 78 5.25E- 1 2  1 63 

500 1 5240 5.0E- 13  to 8.0E- 1 3  l .04E- 1 2  30 9.93E- 1 3  24 9.96E- 1 3  25 

1 000 30480 l .8E- 1 3  to 3E- 13  3.78E- 1 3  26 3.82E- 1 3  27 3.84E- 1 3  28 

2000 60960 2.2E- 14  to 6.0E- 14 6.77E- 1 4  1 3  6.99E- 14  1 7  6.94E- 14  1 6  

3000 9 1440 8.0E- 1 5  to l .6E- 14 2. l l E- 14  32 l .68E-1 4  5 l .67E- 14  4.4 

4000 1 2 1 920 l .2E- 1 5  to 5.0E- 1 5 6.85E- 1 5  37 5.07E- 1 5  1 .4 5 .03E- 1 5  0.6 

5000 152400 7.0E- 1 6  to 2.0E- 1 5  2 .  l SE- 1 5  8 l .26E- 1 5  Within l .27E- 1 5  Within 
range ranJ;P;e 

°' 
00 



7.0 THREE-DIMENSIONAL EVALUATION OF A VAULT-TYPE STORAGE 
BIDLDING 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 

69 

The fission source is modeled in the center of a 1 5-foot corridor in between two adjacent 

vaults 25 cm from the floor (2 1 ). 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 fr�nt of the corridqr between the two adjacent vaults. See 

Figures 7- 1 and 7-2 for details. 

7 .2 Analytical Method 

7.2.1 Standards and Guidance 

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

l )  the total amount of fissile material present does not exc�ed 700 grams of :mu; 

or 
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Figure 7-1 .  Two Dimensional View of X-Y-Z Geometry of Vault-Type Storage B u i l d i n g .  
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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 )  a Probabilistic 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 -6 per year; or 

4) the expected dose in the area will not exceed 1 2  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 lx l0 1 8  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-30 10-94 

postulates a burst of 3xl0 1 9  fissions for highly enriched uranium metal accidents (22). 

However, the excursions that have been documented for large masses of metal systems in 

DOE-HDBK-30 10-94 are bound by lx l0 17 fissions. Therefore, as long as a detector 

system can detect a smaller accident that would yield a burst of lx 10 17 fissions, it can 

detect a larger burst as well. For this reason, it is conservative to choose a smaller fission 

source of lx 10 1 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 ( 1 987). This composition is used 

because the design of the storage building �d 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 wa�ls, 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 9.6533x 10-o atoms/b·cm oxygen and 4. 1425xl0-5 atoms/b-cm 
nitrogen. The concrete composition used for the PAR TISN 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 
P ARTISN 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•cm3) 

Hydrogen 1001.50 1.4660£-1 
Oxygen 8016.50 5.1465£-2 

Sodium-23 11023.50 8.5857E-4 
Magnesium 12000.50 l .0828E-4 

Aluminum-27 13027.50 1.6651E-3 
Silicon 14000.50 l .0575E-2 

Potassium 19000.50 3.3176£-4 
Calcium 20000.50 1.3696£-3 

Iron 26000.55 l .0435E-4 



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

Model with a 1017 Fast Fission Accident. 

Calculated Calculated MCNP P ARTISN Calculated P ARTISN Calculated P ARTISN 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.o) (Based on 1017 fissions, 7.2 (Based on 1017 fissions, 7.2 
wall-X photons/fission) photons/fission) 

(2mod2.o) (2mod2.o) 
(cm) (cm) (Roentgen/hr) (pGy/fission photon) (Roentgen) (mrad) 

229 25 1 NA l .83E- l l l . 1 6E-03 1 .33E+o0 
229 508 0 2.89E- l l l .83E-03 2. l0E+o0 
229 600 NA l .73E- l l l .09E-03 l .26E+OO 
1 906 25 1 NA l .28E- 10  8 .09E-03 9.30E+OO 
1 906 508 NA 2.88E- 10 l .82E-02 2.09E+o l 
1 906 600 NA l .60E- 10 l .0 lE-02 l . l 6E+o l 
33 14 25 1 NA 3.34E- 1 0  2 .  l IE-02 2.43E+o l 
33 14 508 NA 5.67E- 10  3.58E-02 4. 1 2E+0 l 
33 14 600 NA 3 .24E- 10 2.0SE-02 2.35E+o l 
4993 25 1 NA 2.04E-9 l .29E-0 l l .48E+02 
4993 508 4.2 5. 1 8E-9 3.27E-0 l 3 .76E+o2 
4993 600 NA 4. 1 9E-9 2.65E-0 l 3.04E+02 

-.J 
V'I 
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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 ANSV 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, gamma) 
contribution is not necessary. 
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9.0 FUTURE WORK 

Future work should include the continuation of the validation of the ANSI/ ANS 6.6. 1 I. I 
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 modernizatio� of the Y- 12 National Security Complex. To have a 
broader set of experimental benchmarks will enable Y-12 to continue perf onning 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 
�uilding with simplified geoµietry using the_PARTISN 2.64/DANTSYS 3 . 1  code 
package, and to evaluate the more 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 I )  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 P ARTISN 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 
CAA.S detectors once the production photon fragment of the source term is included. 
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APPENDIX A: PARTISN 2.64/DANTSYS 3.1 Input/Output Files 



3 0 O 
ANS 6 . 6 . 1-1987  Problem I . 1  TWODANT 1 gamma/s N-1 6  ( 6 . 2  MeV ) , iso . pt source 
1828 . 8  cm above ground; det 91 . 4 4 cm above grnd and horiz . @  6096cm & l . 524e5cm 
12ans 6 61 1 , inp/12ans6611 . o 
/ geometry - r-z 
/ cross sections - MENDFG, xslibb .mendfg , 1 2  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 
I 
/ block i 

I 

igeomm7 , ngroup•12 , isn•l6 niso•99 mts2 nzone=2 
im=15 it•708  jm•8 j t-602 
maxscm•l 6000000 maxlcm•34000000 t 

/ block ii ( geometry) · 
xmesh• 0 . 0  10 . 0  6091 , 6101 , 15235 , 1524 5 ,  304 7 5 ,  304 8 5 , 

60955 ,  60965 , 91435 ,  914 4 5 ,  121915 , 1 2 192 5 ,  152395 , 152405 
xints= 1 ,  100 ,  1 ,  100 , 1 ,  100 , 1 ,  100 , 1 ,  100 , 1 ,  100 , 1 ,  100 ,  1 
ymesh• -60 . 96 ,  0 , 0 , 8 6 . 4 4 ,  96 . 4 4 ,  1824 . 0 ,  1834 . 0  3000 . 0 , 6000 . 0 , 30000 . 0  
yints• 40,  10 ,  1 ,  100 ,  1 ,  50 , 100 ,  300 
zones= 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;  

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 t 

I 
/ block iii (cross sections ) 

lib=xslibb savbxs•l /first cp xslibb . mendfg xslibb 
t 

I 
/ block iv (mixing) 

matspec-atdens /atomic 
matlsadirt "1001 . 50"  

"801 6 . 50" 
"13027 . 50" 
"14000 . 50" 

airl �8016 . 50 "  
"7014 . 50 "  

density• 
9 . 77-3 
3 . 48-2 
4 . 88-3 

1 . 16-2 ; 
1 . 07-5 
4 . 02-5 ; 

atoms /b* cm 
/H 
/0 

/Al 
/Si 

/0 

/N 

I,() -



/cone 1001 . 50  7 . 86-3 /H 
I 8016 . 50 4 . 38-2 /0 

I 1 1023 . 50 1 . 05-3 /Na 
I 12000 . 50 1 . 40-4  /Mg 
I 13027 . 50 2 . 39-3 /Al 
I 1 4000 . 50 1 .  58-2 /Si 
I 1 9000 . 50 6 . 90-4 /K 
I 2 0000 . 50 2 . 92-3 /Ca 
I 2 6000 . 55 3 . 10-4 ; /Fe 

assign•ground dirt 1 . 0 ;  /zone 1 
air airl 1 . 0 t /zone 2 

/concrete cone 2 . 3 4 
I 
/ block v ( solver)  
I first collision source is FCSRC , location· is in sourcy, 
I energy spectrum· is in source 

ievt•O iitm•lOO oitm•50 iscts4 ibr•O ibtaO ibb•O 
norm•l . O  fluxp•l xsectp•O sourcp•l balp•O 

/ energy grp (4 of 12 ) for the 6 . 2  MeV photon/s src .  use whenfcsrc•ana : 
source• 0 , 0 , o , 1 , fO 

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

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

I 

I 

/ fcsrc•ptana 
/fcxpos•l 
/fcypos•148  
t 

I * * * *  block vi ( edits ) * * * * 
pted•l zned•l igrped•3 

/ use ( j - l ) NX + i j•jm•S l ; NX•708 ; i•im-102 , 203 , 304 , 4 0 5 , 506 , 607 , 708 
points•35502 , 3 5 603 , 35704 , 35805 , 35906,  36007 , 36108  

/ Resp fens in  Air Kenna/unit Fluence in  pGy/cmA 2 for 12  energy groups : 
rsfe•2 3 . 02 5 ,  2 1 . 07 5 ,  19 . 1 , 17 . 1  15 . l � 1 3 . 1 ,  

1 1 . 03 8 . 7 5 5 ,  6 . 075 ,  3 . 4 6 ,  1 . 3736,  0 . 8 4 10 t 

\0 
N 



3 0 0 
ANS 6 . 6 . 1-1987 Problem I . 1 TWODANT 1 gamma/s N-16 ( 6 . 2  MeV ) , iso . pt 
1828 . 8  cm above ground; det 91 . 4 4 cm above grnd and horiz . @  60 96cm & 
15ans6611 . inp 
/ geometry - r-z 

source 
l . 524e5cm 

/ cros s sections 
/ mixing 

- MENDFG , xslibb . mendfg, 12 gamma energy groups only 

I 
I 
I 
I 

solver 
edits 

- isotopes mixed to make materials named air 
and ground 

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

/ block i 

I 

igeom-7 , ngroup•l2 ,  isn•l6 niso•99 mt=2 nzone•2 
im•15 it•708 jm•8 jt•602 
maxscm•l 6000000 maxlcm-34000000 t 

/ block ii ( geometry) 
xmesh• 0 . 0  10 . 0  6091 , 6101 , 15235, 15245 ,  30475 ,  3048 5 ,  

60955,  60965 , 914 35,  91445 ,  121915 ,  121925,  152 395 , 152405 
xintsm 1, 100 , 1 ,  100 , 1, 100,  1, 100,  1 ,  100 , 1, 100, 1 ,  100 , 1 
ymesh• -60 . 96 ,  o . o , 86 . 4 4 ,  96 . 44 ,  1824 . 0 , 1834 . 0  3000 . 0 , 6000 . 0 , 30000 . 0  
yints• 40 ,  10,  1 ,  100, 1 ,  50 , 100,  300 
zones= 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;  

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  

· 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 t 

I 
/ block iii ( cross sections ) 

lib�xslibb savbxs•l /first cp xslibb .mendfg xslibb 
t 

I 
/ block iv (mixing ) 

matspec•atdens • /atomic 
matls•dirt " 1001 . 50" 

"801 6 . 50" 
"13027 . 50" 
"14000 . 50"  

airl "8016 . 50" 
"7014 . 50"  

density• 
9 .  77-3 
3 . 48-2 
4 . 88-3 
1 . 1 6-2 ; 
1 . 07-5 
4 . 02-5;  

atoms/b*cm 
/H 
/0 
/Al 
/Si 
/0 
/N 

\0 
uJ 



I 

/cone 1001 . 50 7 . 86-3 
/ 8016 . 50 4 . 38-2 
/ 1 1023 . 50 1 . 05-3 
/ 12000 . 50 1 . 40-4 
/ 13027 . 50 2 . 39-3 
/ 14000 . 50 1 . 58-2 
I 1 9000 . 50 6 . 90-4 
I 20000 . 50 2 . 92-3 
/ 26000 . 55 3 . 10-4 ; 

assign•ground dirt 1 . 0 ;  
air airl 1 . 0  t 

/concrete cone 2 . 34 

/ block v ( solver)  

/H 
/0 
/Na 
/Mg 
/Al 
/Si 
/K 
/Ca 
/Fe 

/zone 1 
/zone 2 

/ first collision source is FCSRC, location is in sourcy, 
/ energy spectrum is in source 

ievt-o iitm•200 oitm=-50 isct•4 ibr•O ibt-o ibb•O 
norm•l . O  fluxp•l xsectp•O sourcp•l balp•O 

/ energy grp (4 of 1 2 )  for the 6 . 2  MeV photon/s src . use whenfcsrcsana : 
source• 0 , 0 , 0 , 1 , fo 

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

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

I 
I 

fcsrc•raytr 
fcnray•lOOOO 
fcntr•25 
t 

I * * * *  block vi ( edits ) * * * * 
pted•l zned•l igrped•3 

/ use ( j -l ) NX + i j •jm•51 ; NX•708 ; i•im•102 , 203 , 304 , 405, 506, 607 , 708 
points•35502 , 35603 , 35704 , 35805, 35906, 3 6007 , 36108 

/ Resp fens in Air Kerma/unit Fluence in pGy/cmA2 for 12 energy groups : 
rsfe•23 . 025 ,  2 1 . 075 ,  1 9 . 1 , 17 . 1  15 . 1 , 13 . 1 , 

ll . 03 8 . 755 ,  6 . 075 ,  3 . 4 6 ,  1 . 3736 ,  0 . 8410  t 

'f 



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 cone bldg detectors 91 . 4 4 cm above ground and 
horizontally at 6096 cm and l . 524e5 cm 7ans 6612 . inp PARTISN 
/ geometry - X-Y-Z 
/ cross sections - MENDFG , xslibb .mendfg 
/ mixing - isotopes mixed to make materials named air and ground · 
/ solver - S16-P4 , source in group 4 ,  fcsrc•ptana 
/ edits - card input supplied 
I 
/ block i 

I 

igeom-x-y-z ,  ngroup•12 , isn•16 niso•99 mt•3 nzone•3 
im•19 it•390 jm•ll jt•87 Jan•8 kt•24 
maxscm•4 4000000 maxlcm•220000000 t 

/ block ii ( geometry) 
xmesha -152 4 ,  -1402,  -5, 5 ,  1402 ,  152 4 ,  604 6 , 6 1 4 6 ,  15190 , 15290,  30430 , 30530 

12 1870, 12 1970 ,  60 910, 61010,  91390 , 91490, 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 ,  o . o ,  8 6 . 44 , 96 . 4 4 ,  182 4 , 183 4 ,  1890 ,  3000 , 6000 , 12000 ,  

18000 ,  30000 
yints• 2, 2 ,  1 ,  4 0 ,  1 ,  1 ,  1 0 ,  6 ,  6,  6,  12 
zmesh• -30000 ,  -6000,  -228 6,  -21 64 , 0 . 0 , 2 164 ,  2286 ,  6000 , 30000 
zints• 6 ,  3 ,  1 ,  2 ,  2 ,  1 ,  3 ,  6 
zones• 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;  /k•l- 6 ,  j•ll- 1 ,  i•l-19 : 

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  /first face o f  model 
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  

1 1 1 1 l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;  /k•7-9 ,  jmll-1 , i•l-19 : 
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  /second face of model 
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  

\0 
V. 



2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;  /k•lO ,  j•ll-1 , i•l-19 : 
3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  /third face of model 
3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;  /k•ll-12 
3 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2; /fourth face of model 
3 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
3 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
3 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
3 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 � 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;  /k=lJ-14 
3 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  /fifth face of model 
3 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
3 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
3 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
3 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 ·2  2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;  /k•l S ,  
3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  /sixth face o f  model 



3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;  /k•16-18 ,  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  /seventh of model 
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  

1 1 1 1 1 l 1 l 1 1 1 1 1 1 1 1 1 1 l ;  /k•l9-24,  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2;  /last face of model 
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  t 

I 
/ block iii  ( cross sections ) 

lib•xslibb savbxs•l /first cp xslibb . mendfg xslibb 
t 

I 
/ block iv (mixing) 

matspecaatdens /atomic density• atoms /b*cm 
matlsadirt " 1001 . 50 "  9 . 77-3 /H 

"8016 . 50"  3 . 48-2 /0 

" 13027 . 50 "  4 . 88-3 /Al 



" 1 4000 . 50" 1 . 16-2 ; 
airl " 8 0 1 6 . 50" 1 . 07-5 

"701 4 . 50"  4 . 02-5 ; 
cone " 1001 . 50"  7 . 8 6-3 

"801 6 . 50" 4 . 38-2 
" 1 1023 . 50" 1 .  05-3 
" 12000 . 50" 1 . 40-4 
" 1 3027 . 50" 2 . 39-3 
" 14000 . 50" 1. 58-2 
" 19000 . 50"  6 . 90-4 
"20000 . 50"  2 . 92-3 
"2 6000 . 55" 2 . 10-4 ;  

assign•ground dirt 1 . 0 ; 
air airl 1 . 0;  
concrete cone 1 . 0  t 

I 
/ block v ( solver )  
/ norm is 24 hr/day*3 65 day/yr 

/Si 
/0 
/N 
/H 
/0 
/Na 
/Mg 
/Al 
/Si 
/K 
/Ca 
/Fe 

/zone 1 
/zone 2 
/zone 3 

/ first collision source is FCSRC , location is in sourcy, 
/ energy spectrum is in source 

ievt-0 iitm•200 oitm-60 isct•4 ibb•O ibt•O ibl•O ibr•O ibback•O 
norm-1 . 0  fluxp•l xsectp•O sourcp•l balp•O ibfrnt•O 

/ energy grp (4 of 12 )  for the 6 . 2  MeV photon/s src . use whenfcsrc•ana : 
source• 0 , 0 , 0 , 1 , fO 

/ fine mesh location on the x axis of the point source : 
sourcx• 2 1 z ,  1 ,  fO 

/ fine mesh location on the y axis of the point source : 
sourcy• 45z ,  1 ,  fO 

/ fine mesh location on the z axis of the point source : 
sourcz• l l z ,  1 ,  fO 

I 

/fcsrc•ptana 
/fcxpos=O /source position in cm 
/ fcypos•l829 /source position in cm 
/fczpos•O /source position in cm 
t 

I * * * * block vi · ( edits )  * * * * 
pted•l zned•l igrped•3 

/ use i+ ( j -l ) NX+ ( k-l ) NXNY; j•j t•5;  k•kt•12 NX•IT•390; NY-JT•87 
/ i•im-54,  95, 1 4 6 ,  207 , 268 , 329, 390 

points•3748 4 4 ,  374885 ,  374936 ,  374997 , 375058 , 375119 ,  375180 
395092 , 395 124 , 395165, 395216 , 395277 , 3 95338 , 3 95399 , 3954 60 
397432 , 397464 , 397505 , 39755 6, 397617 , 397678 , 3 97739 , 397800 

/j•5 
/j •57 
/j -63 

'° 
00 



399772 , 399804 , 3998 4 5 , 399896 , 399957 , 400018 , 400079 , 400140 
402112 , 4 02144 , 402185 , 402236 , 402297 , 402358 , 402 419 , 402480  
406792, 406824 , 406865 , 406916 , 4 06977 , 407038 , 407099, 407160 

/ Resp Fens in Air Kerma/unit Fluence from ICRU-57 
/ in pGy/cmA2 for 12 energy groups 

rsfe•23 . 02 5 ,  2 1 . 075 ,  19 . l ,  17 . 1 , 1 5 . 1 , 13 . l  
1 1 . 03 ,  8 . 755 ,  6 . 075 ,  3 . 4 6,  1 . 3736 ,  0 . 8 4 10 t 

/j•69 
/j•75 
/j•87 

\0 
\0 



3 0 0 

ANS 6 . 6 . 1-1987 Problem I . 2  THREEDANT 1 gamma/s N-1 6 ( 6 . 2  MeV) , pt, isotropic 
1828 . 8  cm above ground, in cone bldg detectors 91 . 4 4 cm above ground and 
horizontally at 6096 cm and 1 . 524e5 cm 8ans 6612 . inp PARTISN 
/ geometry - X-Y-Z 
/ 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 
I 

/ block i 

I 

igeom-x-y-z ,  ngroup•l2,  isn�16 niso=99 mt•3 nzone•3 
im•19  it•390 jm•ll  j t•87 km•8 kt•24 
maxscm•44000000 maxlcm•220000000 t 

/ block ii ( geometry) 
xmesh• -152 4 ,  -1 402 , -5 , 5 ,  1402 , 1524 , 604 6, 6146 ,  1 5190 , 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 ,  8 6 . 4 4 , 96 . 4 4 ,  1824 , 18 3 4 ,  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 , 2 164 , 2286 ,  6000 , 30000 
zints• 6, 3 ,  1 ,  2 ,  2 ,  1 ,  3 ,  6 
zon�s• 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;  /k•l-6 ,  j•ll-1 , i•l-19 : 

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  /first face of model 
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;  /k•7-9 ,  j•ll-1 ,  i•l-19 : 
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  /second face of model 
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  

-

8 



2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l ;  /k•lO,  j•ll-1 ,  i•l- 1 9 :  
3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  /third face o f  model 
3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 . 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l ;  /k•ll-12 
3 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  / fourth face of model 
3 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
3 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
3 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
3 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l ;  /k•lJ-14  
3 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  /fifth face of model 
3 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
3 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
3 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
3 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 ·2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l ;  /k•l5,  
3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  /sixth face of model 

-
0 -



-

N .  

3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;  /k•16-18 ,  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 � 2 2 ;  /seventh of  model 
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;  /k•19-2 4 ,  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  /last face o f  model 
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2· 2 2 2 2 2 ;  t 

I 

/ block iii ( cross sections ) 
lib•xslibb savbxs•l /first cp xslibb .mendfg xslibb 

t 
I 

/ block iv (mixing ) 
matspec•atdens /atomic density• atoms/b*cm 
matls•dirt " 1001 . 50"  9 . 77-3 /H 

"8016 . 50"  3 . 48-2 /O 
" 1 3027 . 50" 4 . 88-3 /Al 



" 1 4000 . 50"  1 .  16-2 ; /Si 
airl "8016 . 50"  1 . 07-5 /0 

"7014 . 50"  4 . 02-5;  /N 
cone " 100 1 . 50" 7 . 86-3 /H 

" 8016 . 50"  4 . 38-2 /0 

" 1 1023 . 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 
"2 6000 . 55 "  2 . 10- 4 ;  /Fe 

assign•ground dirt 1 .  0 ;  /zone 1 
air airl 1 .  0 ;  /zone 2 
concrete cone 1 . 0 t /zone 3 

I 
/ block v ( solver)  
/ norm is 2 4  hr/day*365 day/yr 
/ first collision source is FCSRC, location is in sourcy, 
/ energy spectrum is in source 

ievt•0 iitmm200 oitm•60 isct•4 ibb•0 ibt•0 ibl•0 ibr•0 ibback•0 
norm•l . 0  fluxpml xsectp•0 sourcp•l balp•0 ibfrnt•0 

/ energy grp ( 4  of 1 2 )  for the 6 . 2  MeV photon/s src . 
source• 0 , 0 , o , 1 , f0 

I tine mesh location on the x axis of the point source : 
sourcx• 2 1 z ,  1 ,  f0 

/ fine mesh location on the y axis of the point source : 
sourcy• 4 5 z ,  1 ,  f0 

/ fine mesh location on the z axis of the point source : 
sourcz• l l z ,  1 ,  f0 

I 

fcsrc•raytr 
fcnray•l0000 
fcntr•2 5 
/fcxpos•0 /spurce position in cm 
/fcypos•1829  /source position in  cm 
/fczpos•0 /source position in cm 
t 

I * * * * block vi ( edits ) * * * * 
pted•l .zned•l igrped•3 

/ use i+ ( j - l ) NX+ ( k-l ) NXNY; j•jt•5 ; k•kt=12 NX•IT•390 ; NY•JT•8 7  
/ i•im•54 , 9 5 ,  1 4 6 ,  207 , 268 ,  329 ,  3 90 

points•374 8 4 4 ,  374885 ,  374936 ,  374 997 , 375058 , 3751 1 9 ,  375180 /j•S 

-



395092 , 39512 4 , 395165 , 395216 , 395277 , 395338 , 395399 , 395460 
397432 , 3 97464 , 3 97505 , 3 97556, 397617 , 397 678 , 397739 , 3 97800 
399772 , 399804 , 399845 , 399896, 399957 , 400018 , 40007 9 , 400140 
402112 , 402144 , 402185 , 402236, 402297 , 402358 , 4024 1 9 , 402480  
406792 , 406824 , 406865 , 406916, 406977 , 407038 , 407099 , 407 1 60 

/ Resp Fens in Air Kerma/unit Fluence from ICRU-57 
/ in pGy/cm�2 for 12 energy groups 

rsfe•23 . 025 ,  21 . 075 ,  1 9 . 1 ,  17 . 1 ,  15 . l , 13 . 1  
1 1 . 03 ,  8 . 755 , 6 . 075 ,  3 . 4 6 ,  1 . 3736 ,  0 . 8410  t 

/j•57 
/ j• 63 
/j•69 
/j-75 
/j-87 

� 



3 0 0 
ANS 6 . 6 . 1-1987 Problem I . 2  THREEDANT 1 gamma/s N-1 6  ( 6 . 2  MeV ) , pt, isotropic 
1828 . 8  cm above ground, in cone bldg detectors 91 . 4 4 cm above ground and 
horizontally at 6096 cm and 1 . 524e5 cm 9ans 6612 . inp PARTISN makes uncflux file 
/ geometry - X-Y-Z 
/ 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 
I 
/ block i 

I 

igeo:m-x-y-z ,  ngroup•12,  isn•16 niso•99 mt•3 nzone•3 · 
im•19 it•390 jm•ll j t•87 kffls8 kt•24 
maxscm•44000000 maxlcm•220000000 t 

/ block ii ( geometry) 
xmeshz -152 4 ,  -1402 ,  -5, 5 ,  1402 ,  1524 , 6046 , 614 6 ,  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 , 8 6 . 44 , 96 . 44 ,  1824 , 1834 , 1890 ,  3000 ,  6000 , 12000 ,  

18000,  30000 
yints• 2 ,  2, 1, 40, 1 ,  1, 10, 6 ,  6 ,  6 ,  12 
zmeshm -30000 ,  -6000 , -2286, -2164 , 0 . 0 , 2 164 ,  2286,  6000 ,  30000 
zints• 6 ,  3 ,  1 ,  2 ,  2 ,  1 ,  3 ,  6 
zones= 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;  /k•l-6,  j • l l - 1 ,  i•l- 19 : 

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  /first face of model 
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  

. 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 · 2  2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  

1 1 1 1 . 1  1 1 1 1 1 1 1 1 1 1 1 · 1 1 1 ;  /k•7-9 ,  j=ll-1 , i•l- 19 :  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  /second face o f  model 
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  

-



-

� 

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 � � 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  

1 1 1 1 1 - 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;  /k•lO,  j•ll-1 ,  i•l- 1 9 :  
3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  /third face o f  model 
3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2;  
3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;  /k•ll-12 
3 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  /fourth face of model 
3 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
3 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
3 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
3 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;  /k•l3-14 
3 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  /fifth face of model 
3 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
3 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
3 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
3 2 2 2 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;  /k•15 ,  
3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  /sixth face of model 



3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;  /k•16-18 , 
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  /seventh of model 
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;  /k-19-2 4 ,  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  /last face of model 
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 ·  2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 _ 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  t 

I 
/ block iii ( cross sections ) 

lib•xslibb savbxs•l /first cp xslibb . mendfg xslibb 
t 

I 
/ block iv (mixing) 

matspecaatdens /atomic density• atoms/b*cm 
matls•dirt " 1001 . 50"  9 . 77-3 /H 

"801 6 . 50" 3 . 4 8-2 /0 
" 13027 . 50" 4 . 88-3 /Al 

-



" 1 4000 . 50"  1 . 16-2;  /Si 
airl " 8 0 1 6 . 50" 1 .  07-5 /0 

"7014 . 50"  4 . 02-5;  /N 
cone " 1001 . 50"  7 . 86-3 /H 

"8.016 . 50" 4 . 38-2 /0 

" 1 1023 . 50"  1 . 05-3 /Na 
" 12000 . 50" 1 . 40-4 /Mg 
" 1 3027 . 50" 2 . 39-3 /Al 
" 1 4 000 . 50 "  1 .  58-2 /Si 
" 1 9000 . 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 cone 1 . 0  t / zo!'}e 3 

I 
/ block v ( solver)  
/ norm is 24 hr/day* 365 day/yr 
/ first collision source is FCSRC, location is in sourcy, 
I energy spectrum is in source 

fcrstrt•2 
/ fcrstrt•l 
/fcntr•O 
ievt•O iitm•200 oitm=60 isct•4 ibb=O ibt•O ibl•O ibr•O ibback•O 
norm-1 . 0  fluxp•l xsectp•O sourcp•l balp•O ibfrnt•O 

/ energy grp ( 4  of 1 2 )  for the 6 . 2  MeV photon/s src . 
source• 0 , 0 , o , 1 , fO 

/ fine mesh location on the x axis of the point source : 
sourcx• 2 1 z ,  1 ,  fO 

/ fine mesh location on the y axis of the point source : 
sourcy• 45z ,  1 ,  fO 

/ fine mesh location on the z axis of the point source : 
sourcz• l l z ,  . 1 , fO 

I 

fcsrc-raytr 
fcnray-10000 
fcntr•25 
/ fcxpos•O lsource position in cm 
/ fcypos•1829  /source position in  cm 
/ fczpos•O /source position in cm 
t 

I * * * *  block vi ( edits ) * * * * 
pted•l zned•l igrped•3 

-



I use i+ ( j -l ) NX+ ( k-l ) NXNY; j•j t•5 ; k•kt•l2 NX•IT•390 ; NY=JT•87 
/ i•im•54 , 95 ,  146 ,  207 , 268 ,  329 ,  390 

points•37 4844 ,  374885 , 374936,  374 997 , 375058 , 37511 9 ,  375180 
395092 , 395124 , 395165 , 3952 1 6 , 395277 , 395338 , 395399 , 395460 
397432 , 391464 , 397505 , 391556 , 397 617 , 397 67 8 , 397739 , 397800 
399772 , 399804 , 399845 , 3998 96, 3 99957 , 400018 , 400079 , 4001 40 
402112 , 402144 , 402185 , 402236 , 402297 , 402358 , 4024 19 , 402480  
406192 , 406824 , 406865 , 4 06916 , 406977 , 407038 , 407099 , 407160 

/ Resp Fens in Air Kenna/unit Fluence from ICRU-57 
/ in pGy/cm�2 for 12 energy groups 

rs fe•2 3 . 025 ,  21 . 075 ,  19 . 1 , 17 . 1 , 1 5 . 1 ,  1 3 . 1  
1 1 . 03 ,  8 . 755,  6 . 075 ,  3 . 46 ,  1 . 37 3 6 ,  0 . 8410  t 

/j•5 
/j•57 
/j•63 
/j-69 
/ j•75  
/j-87 

-



3 0 0 
ANS 6 . 6 . 1-1987 Problem I . 2 THREEDANT 1 gamma/s N-1 6  ( 6 . 2  MeV ) , pt , isotropic 
1828 � 8  cm above ground, in cone bldg detectors 91 . 4 4 cm above ground and 
horizontally at 6096 cm and 1 . 524e5 cm 10ans6612 . inp PARTISN 
I 
I 
I 
I 
I 
I 

geometry 
cross sections 
mixing 
solver 
edits 

- X-Y-Z 
MENDFG, xslibb .mendfg 
isotopes mixed to make material s named air and ground 
S16-P4 , source in group 4 ,  fcsrc-raytr 
card input supplied 

/ block i 

I 

igeom•x-y- z ,  ngroup•12 ,  isn=16  niso•99 mt•3 nzone•3 
im�l9 it•3 90 jm•ll  j t•87 lcm=8 kt•24 
maxscm=44000000 maxlcm-220000000 t 

/ block ii (geometry ) 
xmesh• -152 4 ,  -1402 ,  -5, 5 ,  1402 , 1524 ,  6046 , 6146 ,  15190 , 15290 ,  30430 , 30530 

60910 , 61010 ,  91390 , 91490,  121870, 12 1970 , 152 350 , 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 ,  8 6 . 4 4 , 96 . 4 4 ,  1824 , 1 83 4 ,  1890 ,  3000 , 6000 , 12000 , 

18000,  30000 
yints• 2 ,  2,  1,  40 ,  1 ,  1,  10,  6 ,  6 ,  6, 12 
zmesh• -30000 ,  -6000 , -2286 ,  -21 64 , 0 . 0 , 2 1 6 4 ,  228 6 ,  6000 , 30000 · 
zints• 6 ,  3 ,  1 ,  2 ,  2 ,  1 ,  3 ,  6 
zones• 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;  /k•l-6,  j•ll- 1 ,  i•l -19 : 

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  /first face of  model 
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  

/k•7-9 ,  j•ll-1 , i•l -1 9 :  
/second face o f  model 

-



2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l ;  /k•lO,  j•ll-1 , i•l-19 : 
3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  /third face o f  model 
3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l ;  /k•ll-12  
3 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  /fourth face of  model 
3 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
3 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
3 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
3 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;  /k•l3-1 4 
3 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  /fifth face of model 
3 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
3 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
3 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
3 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 i 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l ;  /k•lS ,  
3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  /sixth face of model 



-
-
N 

3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;  /k• 1 6-18 ,  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  /seventh o f  model 
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 . 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;  /k•19-24 ,  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  /last face o f  model 
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  t 

I 

/ block iii (cross sections ) 
lib•xslibb savbxs•l /first cp xslibb .mendfg xslibb 

t 
I 

/ block iv (mixing) 
matspec•atdens /atomic density• atoms/b*cm 
matls•dirt " 1001 . 50 "  9 . 11-3 /H 

"801 6 . 50 "  3 . 48-2 /0 

" 13027 . 50"  4 . 88-3 /Al 



I 

" 14000 . 50" 1 . 16-2 ; 
airl "801 6 . 50"  1 . 07-5 

"7014 . 50"  4 . 02-5; 
cone " 1001 . 50" 7 . 86-3 

"8016 . 50"  4 . 38-2 
" 1 1023 . 50"  1 . 05-3 
" 12000 . 50"  1 .  40-4 
" 13027 . 50"  2 . 39-3 
" 14000 . 50" 1 . 58-2 
" 19000 . 50"  6 . 90-4 
"20000 . 50"  2 . 92-3 
"26000 . 55" 2 . 10-4 ; 

assign•ground dirt 1 . 0 ; 
air airl 1 . 0 ;  
concrete cone 1 . 0  t 

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

/Si 
/0 
/N 
/H 
/0 
/Na 
/Mg 
/Al 
/Si 
/K 
/Ca 
/Fe 

/zone 1 
/ zone 2 
/zone 3 

/ first collision source is FCSRC , location is  in sourcy, 
/ energy spectrum is in source 

/fcrstrt-2 
fcrstrt•l 
fcntr•O 
ievt•O iitm•200 oitm•60 isct•4 ibb•O ibt•O ibl•O ibr•O ibback•O 
norm•l . O  fluxp•l xsectp•O sourcp•l balp•O ibfrnt•O 

/ energy grp (4 of 12) for the 6 . 2  MeV photon/s  src . 
source• 0 , 0 , 0 , 1 , fO 

/ fine mesh location on the x axis of the point source : 
sourcx• 2 1z ,  1 ,  fO 

/ fine mesh location on the y axis of the point source : 
sourcy• 4 5 z ,  1 ,  fO 

/ fine mesh location on the z axis of the point source : 
sourcz• l l z ,  1 ,  fO 
fcsrc•raytr 
fcnray-10000 
/fcntr•25 
/fcxpos•O /source position in cm 
/fcypos•182 9 /source position in cm 
/fczpos•O /source position in cm 
t 

I 
I * * * *  block vi (edits ) * * * * 

pted•l  zned•l igrped=3 

-
-
I.,.) 



/ use i+ ( j -l ) NX+ ( k-l ) NXNY;  j•jt•5 ; k•kt•12 NX•ITs390 ; NY•JT•87  
/ i•im•54 ,  95 ,  1 46 ,  201 ;  268,  329 ,  390 

points-374 8 4 4 ,  374885 ,  374936 ,  374997 , 375058 , 375 1 1 9 ,  375180  
395092 , 395124 , 395165 , 395216 , 395277 , 395338 , 395399 , 395460 
397432 , 397464 , 397505, 397556, 397617 , 39767 8 , 397739 , 397800 
399772 , 399804 , 399845 , 399896, 399957 , 4000 1 8 , 400079 , 400140 
402112 , 4021 4 4 , 402185, 402236, 402297 , 402358 , 4024 1 9 , 402480 
4067 92 , 406824 , 406865 , 406916, 406977 , 407038 , 407099 , 4 07160 

/ Resp Fens in Air Kerma/unit Fluence from ICRU-57 
/ in pGy/cmA 2 for 12 energy groups 

rsfe•23 . 025 ,  2 1 . 07 5 ,  1 9 . 1 ,  17 . 1 , 15 . 1 , 13 . 1  
1 1 . 03 ,  8 . 755 ,  6 . 075 ,  3 . 46 ,  1 . 3736,  0 . 8 410  t 

/j=5 
/js:57 
/j•63 
/j•69 
/j•75 
/j=-=87 

-
-� 



1 

* * * * * * * * ** * * * * * * * ****************** * * * * * * * * ** * * * * * * * * * ** ** * * * * ** * * * * * * * * * * * * * * ****** ** * * * * * * * ** ** * * * * * * * * * * * * * * ** * * * * * * * * * * * * * * *  
* * * * * * ****** ***** ******************** * * * * * * ** * * * * * * * * ** * * * ** ** * * * * * * ** * ** * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * * * * * * ** * * * * * * * * * * * * * * * *  
* 
* 
* generalized input module run on 03 with solver version 10-15-01 beta release 2 . 64 machine asciOl  

* * * * * * * * * * ******************************** * * * * * * * * * * * * * * * ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * * * * ** ** * * * * * * * * * * * *  
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

*************** * * * *********** * * * * * * * * * * * * ** * * * * * * * * * ** * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * * ** *  
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* .  
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

1 .  

2 ;  
3 .  
4 .  
5 .  
6 .  
7 .  
8 .  
9 .  

10 . 
11 . 

12 . 
13 . 
14 . 
15 . 
1 6 .  
17 . 
18 . 
19 . 
20 . 
21 . 

22 . 
23 . 
24 . 
25 . 
2 6 .  
27 . 
28 . 
29 . 
30 . 
31 . 

32 . 

. . .  listing of cards in the input stream . . •  

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 cone bldg detectors 9 1 . 4 4 cm above ground and 
horizontally at 6096 cm and 1 . 524e5 cm 10ans6612 . inp PARTISN 
/ geometry - X-Y-Z 
/ 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 
I 
/ block i 

I 

igeom•x-y-z ,  ngroup•12 , isn•l6  niso•99 mt•3 nzone•3 
im•19 it•390 jm•ll  j t•87 km•8 kt•2 4 
maxscm•4 4000000 maxlcm•22 0000000 t 

/ block ii ( geometry) 
xmesh• -1524 ,  - 1402 , - 5 , 5 ,  1402 , 152 4 ,  604 6 , 614 6,  1 5 190 , 15290 , 30430, 30530 

60910 , 61010 ,  9 1390 , 9 1 4 90 ,  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 ,  o . o , 8 6 . 4 4 , 9 6 . 4 4 ,  1824 , 1834 , 1890 ,  3000 , 6000 ,  12000, 

18000 , 30000 
yints- 2, 2 ,  1 ,  40 ,  1 ,  1,  10,  6 ,  6 ,  6 ,  12 
zmesh• -30000 , -6000, -2286 ,  -21 64 ,  0 . 0 ,  2 1 6 4 ,  2286,  6000 ,  30000 
zints• 6 ,  3 ,  1 ,  2,  2,  1,  3 ,  6 
zones• 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;  /k•l-6 ,  j•ll- 1 ,  i•l-19 : 

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  /first face o f  model 
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 · 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 



-
-

* * 33 . 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 * 
* * 34 . 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 * 
* * 3 5 .  2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 * 
* * 3 6 .  * 
* * 31 . 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;  /k•7-9 , j•ll-1 , i•l-1 9 :  * 
* * 38 . 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  /second face of model * 
* * 3 9 .  2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 
* * 40 . 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 
* * 4 1 .  2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 
* * 42 . 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 
* * 43 . 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 
* * 4 4 . 2 2 ·2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 

* * 45 . 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 

* * 4 6 .  2 2 2 2 - 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 

* * 41 . 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 

* * 48 . * 

* * 4 9 .  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;  /k•lO , j•ll-1 , i•l-19 :  * 

* * 50 . 3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  /third face o f  model * 

* * 51 . 3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 

* * 52 . 3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 

* * 53 . 3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 

* * 54 . 3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 

* * 55 . 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 

* * 56 . 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 

* * 57 . 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 

* * 58 . 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 

* * 5 9 .  2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 

* * 60 . * 

* * 61 . 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l ;  /k•ll-12  * 

* * 62 . 3 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  /fourth face of model * 

* * 63 . 3 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 

* * 64 . 3 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 

* * 65 . 3 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 

* * 6 6 .  3 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 

* * 67 . 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 

* * 68 . 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 

* * 69 . 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 

* * 10 . 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 

* * 1 1 . 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 

* * 72 . * 

* * 13 . 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 /k•l3-1 4 * 

* * 14 . 3 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 /fi fth face of model * 

* * 75 . 3 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 * 



* * 76 . 3 2 , 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 
* * 77 . 3 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 
* * 78 . 3 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 
* * 7 9 .  2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 
* * 80 . 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 
* * 8 1 .  2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 
* * 82 . 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 
* * 83 . 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 
* * 84 . * 
* * 8 5 . 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;  /k•lS,  * 
* * 8 6 .  3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  /s ixth face of model * 
* * 87 . 3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ,  * 
* * 8 8 . 3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ,  * 
* * 8 9 . 3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 
* * 90 . 3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 
* * 91 . 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 
* * ·  92 . 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 
* * 93 . 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 
* * 94 . 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 
* * 95 . 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 
* * 96 . * 
* * 97 . 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;  /k•l6-18 ,  * 
* * 98 . 2 2 2 2 2 2 2 2 2 2 2 2 2 2 · 2  2 2 2 2 ;  /seventh of model * 
* * 99 . 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 
* * 100 . 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 
* * 101 . 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 
* * 102 . 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 
* * 103 . 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 
* * 104 . 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 
* * 105 . 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 
* * 106 . 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 
* * 107 . 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 
* * 108 . * 
* * 109 . 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;  /k•l 9-2 4 ,  * 
* * 110 . 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  /last face o f  model * 
* * 111 . 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 
* * 112 . 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 
* * 113 . 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 
* * 114 . 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 
* * 115 . 2 2 2 2 2 2 2 2 2 2 - 2 2 2 2 2 2 2 2 2 ;  * 
* * 1 1 6 .  2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 
* * 117 . 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 
* * 118 . 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  * 

-
-� 



-
-

00 

* * 1 1 9 . 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  t * 
* * 120 . I * 
* * 121 . / block iii ( cross sections ) * 
* * 122 . lib•xslibb savbxs•l /first cp xslibb .mendfg xslibb * 
* * 123 . t * 
* * 124 . I * 
* * 125 . / �lock iv (mixing ) * 
* * 126 . matspec•atdens /atomic density• atoms/b*cm * 
* * 127 . matls•dirt "100 1 . 50 "  9 .  77-3 /H * 
* * 128 . "80 1 6 . 50 "  3 . 4 8-2 /0 * 
* * 129 . "1 3027 . 50 "  4 . 88 -3 /Al * 
* * 130 . " 1 4 000 . 50" 1 . 1 6-2 ; /Si * 
* * 131 . airl " 8016 . 50 "  1 .  07-5 /0 * 
* * 132 . "7014 . 50 "  4 . 02-5 ;  /N * 
* * 133 . cone " 1001 . 50 "  7 . 8 6-3 /H * 
* * 1 34 . "8016 . 50 "  4 . 38-2 /O * 
* * 135 . " 1 1023 . 50"  1 . 05-3 /Na * 
* * 1 3 6 . " 12000 . 50 "  1 .  40-4 /Mg 

* 
* * 137 . " 13027 . 50 "  2 . 39-3 /Al * 
* * 1 38 . " 1 4000 . 50 "  1 . 58-2 /Si * 
* * 139 . " 19000 . 50"  6 . 90-4 /K * 
* * 1 40 . "20000 . 50"  2 . 92-3 /Ca * 
* * 1 4 1 . "26000 . 55 "  2 . 10-4 ; /Fe * 
* * 142 . assign•ground dirt 1 . 0 ; /zone 1 * 
* * 143 . air airl 1 . 0 ;  /zone 2 * 
* * 144 . concrete cone 1 . 0  t /zone 3 * 
* * 145 . I * 
* * 1 4 6 .  / block v ( solver ) * 
* * 147 . I norm is 24 hr/day*3 65 day/yr * 
* * 148 . I first collision source is FCSRC , location is in sourcy, * 
* * 1 4 9 . I energy spectrum is in source * 
* * 1 50 . /fcrstrt•2 * 
* * 1 5 1 . fcrstrt•l * 
* * 152 . fcntr•O * 
* * 153 . ievt•O iitm-200 oitm•60 iscte4 ibbaO ibt•O ibl•O ibrmO ibback•O * 
* * 1 5 4 . norm-1 . 0  fluxp•l xsectp•O sourcp•l balp•0 ibfrnt•O * 
* * 155 . / energy grp ( 4  of 1 2 )  for the 6 . 2  MeV photon/s  src .  * 
* * 156 . source• 0, 0, o , 1 , fO * 
* * 157 . / fine mesh location on the x axis of the point source : * 
* * 158 . sourcx• 2lz , 1 ,  fO  * 
* * 159 . / fine mesh location on the y axis of the point source : * 
* * 160 .  sourcy- 45z , 1 ,  f0 * 
* * 1 61 . / fine mesh location on the z axis of the point source : * 



* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

* 1 62 . 
* 1 63 . 
* 1 64 . 
* 165 . 
* 166 . 
* 167 . 
* 168 . 
* 169 . 
* 170 . 
* 17 1 .  
* 172 . 
* 173 . 
* 174 . 
* 175 . 
* 176 . 
* 177 . 
* 178 . 
* 179 . 
* 180 . 
* 1 8 1 . 
* 182 . 
* 183 . 
* 184 . 
* 185 . 
* 

sourcz• l l z ,  
fcsrc•raytr 
fcnray•lOOOO 
/fcntr•25 
/fcxpos•0 
/fcypos•l829  
/fczpos•0 

1, :fo 

/source position in cm 
/source position in cm 
/source position in cm 

I * * * *  block vi ( edits )  * * * * 
pted•l zned•l igrped•3 

/ use i+ ( j - l ) NX+ (k- l ) NXNY; j•jt•5;  k•kt•12  NX•IT•390; NY•JT•8 7  
/ i•im•54 , 9 5 ,  1 4 6 ,  2 0 7 ,  2 6 8 ,  3 2 9 ,  390 

points•374 8 4 4 ,  37 4885 ,  374936,  374 997 , 375058 ,  375119 ,  375180  
395092 , 395124 , 3 95 1 6 5 , 3952 1 6 , 395277 , 395338 , 395399, 395460 
397432 , 397464 , 397 50 5 , 397556 , 397617 , 39767 8 , 397739 ; 397800 
399772 , 399804 , 3998 4 5 , 3998 96 , 399957 , 40001 8 , 40007 9 , 400140  
402112 , 402 14 4 , 4 02 1 8 5 , 4022 3 6 , 402297 , 402358 , 402419 , 402480  
406792 , 406824 , 406865 , 406916 , 406977 , 407038 , 407099, 407 160 

/ Resp Fens in Air Kerma/unit Fluence from ICRU-57 
/ in pGy/cmA2 for 12 energy groups 

rs fe•23 . 025� 2 1 . 07 5 ,  1 9 . 1 , 17 . 1 , 1 5 . 1 , 13 . 1  
1 1 . 03 ,  8 . 7 5 5 ,  6 . 07 5 ,  3 . 4 6 ,  1 . 3736 ,  0 . 8 4 10 t 

/j•5 
/j•57 
/j-63 
/j•69 
/j•75 
/j•87 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

* ************* ***** ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ******* ** * * * * * * * * * * * * *  
1 

* * * * * * * * * * * **** ****************** ****** * * * * * * * * * ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** * * * * * ** * * * * * * * ** * * ** * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * * * * * * * *********** ******************* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * * * *  
* 
* case title 
* 
* * * * * * * ******************************� * * * * * * * * ** * * * * * * * * * * * * * * * * * * * ** * * ** * * * * * * * * * * * ** * ** * * * * * * * * * * * * * * * * * ** ** * * * * * * * * * * * * * * * * * *  
* * * * * * * * * * **************  
* key s tart case input * 
* * * * * * * * * * * * * * * * ********  
* 
* 
* 
* 
* 
* 
* 

3 

0 

0 

0 

nhead 
notty 
nolist 
restart 

number of title cards to follow 
0/1  no/yes suppress  on-line terminal output 
0/1  no/yes suppress input listing 
0/1  no/ye s read td_restart file 

********** * * * * * * ** * * * * * * * * * * * * * ***** * * * * * * * * ** * * * ** * * * * * * * * * * * * * * * * * * * * * ** **  
* * 



1 

• 
• 
• 
• 
• 
• • • • • • • • • • • •• • • • • • • • • • • •  
• key end block i read• 

• 
• 
• 
• 

ANS 6 . 6 . 1-19,81 Problem I . 2  THREEDANT 1 gamma/s N- 16 ( 6 . 2  MeV) , pt, isot • 
1828 . 8  cm above ground, in cone bldg detectors 91 . 4 4 cm above ground an • 
horizontally at 6096 cm and l . 524e5 cm 10ans6612 . inp PARTISN • • 

••• ••••••••••••••• • • • • • • • •• • • • • • • • • • • •• • • • • • • •• • • • • • • • • • • • • • • ••••••••••••••• 

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

• • • • • • • • • • •• • • • • • • • • • • ••••••••••••••••••••••••• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • •••••• • • •••••••• • • • • • • • • • • • •• • • ••••••••  
• 
• 
• 
* 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
* 
• 
• 
• 
• 
• 
• 

14 igeom 
12 ngroup 
16 isn 
0 iquad 

99 niso 
3 mt 
3 n:r.one 

19  im 
390 it 

11 jm 
87 jt 
8 km 

24 kt 

• • .  dimensions . • .  

14 /15 x-y-z/r-z-theta 
number of energy groups 
angular quadrature order 
1 /2/3/4 /5/6/7 - source of quadrature constants (de fault•l )  
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 
number of input i sotopes ( from i sotxs ,  grupxs ,  or cards ) 
number of permanent materials 
number of zones 
number of coarse mesh x intervals 
number of fine mesh intervals 
number of coarse mesh y intervals 
number of fine me sh y intervals 
number of coarse mesh z interval s  
number of fine mesh z intervals 

• . .  storage . . .  



* 
* 
* 

maxlcm•* * ****** 
maxscm•44000000 

* * *** ** * * * * **** ****** *** ****** ** ********* **** * * * * * * * * * ** * *** ** * ** ** ** ** ** * * * * * **** * * * ***** ** * * ** ****** * * * * * * * * * * * * * * ** *** * * * * ** *  
* ******* * * * *** ** *********** ***  
* key end block ii read-geom* 
* * **** * ** ***** * ***** ********** 
* 
* 14 igeom 1 /2/3/6/7/11/ 14/15 
** ***** *** *** * **** ** ** ** *** ** * 
* key end block iii read-xs * 
* ********* * ********** ********* 

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

the following cross-sections have been included 
xslibb/1001 . 50 mat• 1 scat• O ngroup• 12 iht• 3 ihs• 4 ihm• 15 i2lpl•O 
xslibb/1001 . 50 mat• 1 scat• 1 ngroup• 12 iht• 3 ihs• 4 ihm• 15 i2lpl•O 
xslibb/ 1001 . 50 mat• 1 scat• 2 ngroup• 12 iht• 3 ihs• 4 ihm• 15 i2lpl•O 
xslibb/1001 . 50 mat• 1 scat• 3 ngroup• 12 iht• 3 ihs• 4 ihm- 15 i2lpl•O 
xslibb/ 100 1 . 50 mat• 1 scat• 4 ngroup• 12 iht• 3 ihs• 4 ihm• 15 i2lpl•O 
xslibb/ 1002 . 55 mat• 2 scat• O ngroup• 12 iht• 3 ihs• 4 ihm- 15 i2lpl•O 
xslibb/1002 . 55 mat• 2 scat• 1 ngroup• 12 iht• 3 ihs• 4 ihm• 15 i2lpl•O 
xslibb/1002 . 55 mat• 2 scat• 2 ngroup• 12 iht• 3 ihs• 4 ihm• 15 i2lpl•O 
xslibb/1002 . 55 mat• 2 scat• 3 ngroup• 12 iht• 3 ihs• 4 ihm• 15 i2lpl•O 
xslibb/1002 . 55 mat• 2 scat• 4 ngroup• 12 iht• 3 ihs• 4 ihm• 15 i2lpl•O 
xslibb/1003 . 50 mat• 3 scat• O ngroup• 12 iht• 3 ihs• 4 ihm• 15 i2lpl•O 
xslibb/1003 . 50 mat= 3 scat• 1 ngroup• 12 iht• 3 ihs• 4 ihm= 15 i2lpl•O 
xslibb/1003 . 50 mat• 3 scat• 2 ngroup• 12 iht• 3 ihs• 4 ihm• 15 i2lpl•O 
xslibb/1003 . 50 mat• 3 scat• 3 ngroup• 12 iht• 3 ihs• 4 ihm- 15 i2lpl•O 
xslibb/1003 . 50 mate 3 scat• 4 ngroup• 12 iht• 3 ihs• 4 ihm• 15 i2lpl•O 
xslibb/2003 . 50 mat• 4 scat• O ngroup• 12 iht• 3 ihs• 4 ihm• 15 i2lpl•O 
xslibb/2003 . 50 mat- 4 scat• 1 ngroup• 12 iht• 3 ihs� 4 ihma 15 i2lpl•O 
xslibb/2003 . 50 mat• 4 scat• 2 ngroup• 12 iht• 3 ihs• 4 ihm• 15 i2lpl•O 
xslibb/2003 . 50 mat-= 4 scat• 3 ngroup• 12 iht• 3 ihs• 4 ihm• 15 i2lpl•O 
xslibb/2003 . 50 mat• 4 scat• 4 ngroup= 12 iht= 3 ihs• 4 ihm• 15 i2lpl•O 
xslibb/2004 . 50 mat• 5 scat• 0 ngroup• 12 iht= 3 ihs• 4 ihm• 15 i2lpl•O 
xslibb/2004 . 50 mat• 5 scat• 1 ngroup• 12 iht• 3 ihs• 4 ihm• 15 i2lpl•O 
xslibb/2004 . 50 mat• 5 scat• 2 ngroup• 12 iht• 3 ihs= 4 ihm• 15 i2lpl•O 

-� 



xslibb/2004 . 50 mat• 5 scat• 3 ngroup• 12 iht• 3 ihs• 4 ihm• 15 i2lpl•O 
xslibb/2004 . 50 mat• 5 scat• 4 ngroup• 12 iht• 3 ihs• 4 ihm- 15 i2lpl•O 
xslibb/3006 . 50 mat• 6 scat• O ngroup• 12 iht• 3 ihs• 4 ihm- 15 i2lpl•O 
xslibb/3006 . 50 mat• 6 scat• 1 ngroup• 12 iht• 3 ihs• 4 ihm• 15 i2lpl•O 
xslibb/3006 . 50 mat• 6 scat• 2 ngroup• 12 iht• 3 ihs• 4 ihm- 15 i2lpl•O 
xslibb/3006 . 50 mat• 6 scat• 3 ngroup• 12 iht• 3 ihs• 4 ihm- 15 i2lpl•O 
xslibb/3006 . 50 mat• 6 scat• 4 ngroup• 12 iht• 3 ihs• 4 ihm- 15 i2lpl•O 
xslibb/3007 . 55 mat• 7 scat• O ngroup• 12 iht• 3 ihs• 4 ihm• 15 i2lpl•O 
xslibb/3007 . 55 mat• 7 scat• 1 ngroup• 12 iht• 3 ihs• 4 ihm• 15 i2lpl•O 
xslibb/3007 . 55 mat• 7 scat• 2 ngroup• 12 iht• 3 ihs• 4 ihm• 15 i2lpl•O 

xslibb/962 44 . 50 mat• 99 scat• 2 ngroup- 12 iht• 3 ihs• 4 ihm• 15 i2lpl•O 

1 

xslibb/96244 . 50 mat- 99 scata 3 ngroup• 12 iht• 3 ihs• 4 ihms 15 i2lpl•O 
xslibb/96244 . 50 mat= 99 scat• 4 ngroup• 12 iht- 3 ihs= 4 ihm• 15 i2lpl•O 
3d atomic weights 

bxslib has been prepared from xslibb 

* * * * * * * * * * * ** * * * * * * * * * * * * * * ** * * * * ** * * * * * * ***** * * * * * * * * * * * * * * * * * * * * * * ****** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * **** * * * ********** * * * * * * * ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* 
* 
* • . •  block iii - cross section library . • .  

* * * * * * * * * * * *** * * * * * * * * * * * * * * * * * * * * ******* *** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* 
* 
* 
* 
* 
* 
* 
* group chi vel 
* ----- ----------- -----------
* 1 2 . 00000E+Ol 3 . 00000E+02 
* 2 9 . 00000E+OO 3 . 00000E+02 
* 3 8 . 00000E+OO 3 . 00000E+02 
* 4 7 . 00000E+OO 3 . 00000E+02 
* 5 6 . 00000E+OO 3 . 00000E+02 
* 6 5 . 00000E+OO 3 . 00000E+02 
* 
* 
* 
* 
* 0 balxs 

lower bound -----------
9 . 00000E+OO 
8 . 00000E+OO 
7 . 00000E+OO 
6 . 00000E+OO 
5 . 00000E+OO 
4 . 00000E+OO 

• . .  library source • • .  
lib•xslibb 

. . •  energy structure . . .  

upper bound group ----------- -----
2 . 00000E+Ol 7 
9 . 00000E+OO 8 
8 . 00000E+OO 9 
7 . 00000E+OO 10  
6 . 00000E+OO 1 1  

5 . 00000E+OO 12  

chi -----------
4 . 00000E+OO 
3 . 00000E+OO 
2 . 00000E+OO 
1 . 00000E+OO 
5 . 00000E-01  
1 . 00000E-01  

last neutron group (lng ) is  number 12 

vel lower bound ----------- -----------
3 . 00000E+02 3 . 00000E+OO 
3 . 00000E+02 2 . 00000E+OO 
3 . 00000E+02 l . OOOOOE+OO 
3 . 00000E+02 5 . 00000E-0 1 
3 . 00000E+02 1 . 00000E-01 
3 . 00000E+02 1 . 00000E-02 

-1/0/1 - adj ust absorption/no/adj ust self scatter to force xs balance 

upper bound -----------
4 . 00000E+OO 
3 . 00000E+OO  
2 . 00000E+OO 
1 . 00000E+OO 
5 . 00000E-01 
1 . 00000E-01  

N 
N 



* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

. . .  edit position names . • .  

position edname 

1 

2 

3 
4 

chi 
nusigf 
total 
abs 

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

* * * * * * * * * ********** ********** *  
* key end card libe read * 
* * * * * * ** * * * * * * **** ************  
* * * * * * * * * * * * * * * * * * ************  
* key end block iv read-mats* 
* * * * * * * * * * * * * * * * * * ************  
* 

1 1001 . 50  
2 1002 . 55 
3 1003 . 50 
4 2003 . 50 
5 2004 . 50 
6 3006 . 50 
7 3007 . 55 
8 4007 . 35 
9 4009 . 50 

10 5010 . 50 
1 1  5011 . 56 
12 6000 . 50 
13  60 12 . 50 
1 4  7014 . 50 
15  7015 . 55 
1 6  80 1 6 . 50  
17 9019 . 50 
1 8  11023 . 50 
1 9  12000 . 50 
20 13027 . 50 

-------- --------
2 1  14000 . 50 
22  1 503 1 . 50 
23  1 6032 . 50 
24  17000 . 50 
25  18000 . 35 
26  19000 . 50 
27 2 0000 . 50 
28  22000 . 50 
29  23000 . 50 
30  2 4000 . 50 
3 1  2 5055 . 50 
32 2 6000 . 55 
33  27059 . 50 
3 4  2 8000 . 50 
35  2 9000 . 50 
3 6  3 1000 . 50 
37 33075 . 35 
38  3 6078 . 50 
39  3 608 0 . 50 
40  3 6082 . 50 

-------- --------
4 1  36083 . 50 
42 3 6084 . 50 
43  3 608 6 . 50 
4 4  39089 . 50 
4 5  40000 . 50 
4 6  4 1 093 . 50 
47  42000 . 50 
4 8  45 103 . 50 
4 9  4 5 117 . 90 
50  4 6119 . 90 
5 1  47 000 . 5 5 
52  47 107 . 50 
53  47109 . 50  
54  48000 . 50 
5 5  50120 . 35 
5 6  50998 . 99 
57  50999 . 99 
5 8  54000 . 35 
59  5 6138 . 50 
60 63000 . 35 

number name number name -------- -------- -------- --------
61 63151 . 55 8 1  92233 . 5 0 
62 63153 . 55 82  92234 . 5 0 
63 64000 . 35 8 3  92235 . 50 
64 67 165 . 55  8 4  92236 . 50 
65 69169 . 55 85  92237 . 50 
66  7318 1 . 50 8 6  92238 . 50 
67 74000 . 55 8 7  92239 . 35 
68 7 4 182 . 55 8 8  93237 . 55 
69 74183 . 55 8 9  94237 . 35 
70 7 4 1 8 4 . 55 90 94238 . 5 0 
71  7 4 18 6 . 55 9 1  94239 . 55 
72 7518 5 . 50 92 94240 . 5 0 
73  75187 . 50 93 94241 . 5 0  
7 4  77000 . 55 9 4  94242 . 50 
75  78000 . 35 95  952 4 1 . 50 
7 6  7 9197 . 56 96  95242 . 50 
77 82000 . 50 97 952 43 . 50 
78 83209 . 50 98 9 62 4 2 . 50 
7 9  90232 . 50 99 96244 . 50 
80  91233 . 50 

* * * * * * * * * * ********** ****************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ********** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* 



• • • .  mixing instructions . • .  
• • • • • • • • • • • • • • • • • • • • • • • • • • • •••••••••••••• ••••• • • • • • • ••••••••••••• • • • • • • • • • • • • • • • • • • •• • • • • • • ••• • • •• • • • • • • • •• • • • • • • • • • • • • • • • • • • •• •  
• 

mix comp density comp density etc . 
---

matls 
----

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

1 .  dirt 1001 . 50 9 . 77000E-03 , 8016 . 50 3 . 48000E-02 , 1 3027 . 50 {. 88000E-03 , 14000 . 50 l . 16000E-02 , 
2 .  airl 8016 . 50 1 . 07000E-05 , 7014 . 50 4 . 02000E-05, 
3 .  cone 1001 . 50 7 . 86000E-03 , 8016 . 50 4 . 38000E-02, 1 1023 . 50 l . OSOOOE-03,  12000 . 50 1 . 40000E-04, 

13027 . 50 2 . 39000E-03 , 14000 . 50 1 . 58000E-02 , 19000 . 50 6 . 90000E-04 , 20000 . 50 2 . 92000E-03 ,  
26000 . 55 2 . lOOOOE-04 ,  

assign 

1 .  ground 
2 .  air 
3 .  concrete 

dirt 
airl 
cone 

• • • • • • • • • • • • • • • • • • • • • •• • 
• key start mix card xs • 
• • • • • • • • • • • • • • • • • • • • • • • •  
• • • • • • • • • • • • • • • • • • • • ••••  
•key end mix card xs • 

1 . 00000E+OO ,  
1 . 00000E+OO,  
1 . 00000E+OO, 

• • • • • • • • • • • • • • • • • • • • • • • •  
• • • • • • • • • • • • • • • • • • ••••• ••••••••••••••••••••• ••••• • • • • • • ••••••••••• • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • •••• • • • • • • • • • •  
• • • • • • • • • • • • • • • • • • • • • • • • • ••••• 
• key end block v read-solvr• 
• • • • • • • • • • • • • • • • • • • • • • • • • ••••• 

1 • • ····················· ·· ·········· ······· ···· ····· ······· ······· ··········· ································· ········ ··········· 
• • • • • • • • • • • • • • • • • • •• • • • • • • ••••••••••••••••••••• • • • •••••••••••••• • • • • • • • • • • • • • • • •••••••••••• • • • • • • • • • • • • • • •• • • • • • • • ••••• • • • •• • • • •  
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

--- distribution 
1 O . OOOOOE+OO 
6 O . OOOOOE+OO 

11 O . OOOOOE+OO 

in 
2 

1 
12 

energy ---
0 . 00000E+OO 
O . OOOOOE+OO 
O . OOOOOE+OO 

3 

8 

. • •  input di stributed source ( isotropic component)  . • •  

O . OOOOOE+OO 
O . OOOOOE+OO 

4 

9 

l . OOOOOE+OO 
O . OOOOOE+OO 

5 

10  
O . OOOOOE+OO 
O . OOOOOE+OO 

..... 
N � 



* --- distribution in y-mesh ---
1 O . OOOOOE+OO 2 O . OOOOOE+OO 3 O . OOOOOE+OO 4 O . OOOOOE+OO 5 O . OOOOOE+OO 

* 6 O . OOOOOE+OO 7 O . OOOOOE+OO 8 O . OOOOOE+OO 9 O . OOOOOE+OO 10 O . OOOOOE+OO 
* 1 1  O . OOOOOE+OO 12 O . OOOOOE+OO 13  O . OOOOOE+OO 14 O . OOOOOE+OO 15  O . OOOOOE+OO 
* 1 6  O . OOOOOE+OO 17 O . OOOOOE+OO 18 O . OOOOOE+OO 1 9  O . OOOOOE+OO 20 O . OOOOOE+OO 
* 21  O . OOOOOE+OO 22 O . OOOOOE+OO 2 3  O . OOOOOE+OO 24 O . OOOOOE+OO 25 O . OOOOOE+OO 
* 26  O . OOOOOE+OO 27 O . OOOOOE+OO 28  O . OOOOOE+OO 2 9  O . OOOOOE+OO 30 O . OOOOOE+OO 
* 31  O . OOOOOE+OO 32 O . OOOOOE+OO 33 O . OOOOOE+OO 34 O . OOOOOE+OO 35 O . OOOOOE+OO 
* 36 O . OOOOOE+OO 37 O . OOOOOE+OO 38  O . OOOOOE+OO 39 O . OOOOOE+OO 40 O . OOOOOE+OO 
* 4 1  O . OOOOOE+OO 42 O . OOOOOE+OO 43  O . OOOOOE+OO 44 O . OOOOOE+OO 45 O . OOOOOE+OO 
* 4 6  1 . 00000E+OO 47 O . OOOOOE+OO 4 8  O . OOOOOE+OO 49  O . OOOOOE+OO 50 O . OOOOOE+OO 
* 51  O . OOOOOE+OO 52 O . OOOOOE+OO 53 O . OOOOOE+OO 54 O . OOOOOE+OO 55 O . OOOOOE+OO 

* Spherical harmonics for each octant and angle 
* octant• 1 2 3 4 5 6 7 8 
* m 
* 1 n 

* 36 n 
* 1 1 . 000000E+OO 1 . 000000E+OO l . OOOOOOE+OO l . OOOOOOE+OO 1 . 000000E+OO l . OOOOOOE+OO 1 . 000000E+OO l . OOOOOOE+OO 
* 2 - 1 . 334457E-01 l . 334457E-01 -l . 3344 57E-01 1 . 334457E-Ol -l . 334457E-01 l . 334457E-01 -1 . 334457E-01 l . 334457E-Ol  
* 3 - 1 . 334457£-01 -l . 334457E-01 l . 334457E-01 1 . 334457E-01  - l . 334457E-01 - 1 . 334 457£-01 1 . 3344 57E-Ol 1 . 334457E-Ol  
* 4 -9 . 820308E-01 -9 . 820308E-01 - 9 . 820308E-0 1  - 9 . 820308E-Ol 9 . 820308E-01 9 . 820308E-Ol 9 . 820308E-Ol 9 . 820308E-01  
* 5 -4 . 732884E-01 -4 . 732884E-01  -4 . 7 32884E-01 -4 . 732884E-Ol -4 . 732884E-Ol -4 . 732884E-01 -4 . 732884E-0 1  -4 . 7 32884E-Ol 
* 6 3 . 084395E-02 -3 . 084395E-02 - 3 . 084395E-02 3 . 084395E-02 3 . 084395E-02 -3 . 084395E-02 -3 . 084395E-02 3 . 084395E-02 
* 7 -8 . 197595E-01 -8 . 197595E-01 -8 . 1 97595E-01 -8 . 1 97 595E-Ol -8 . 197595E-01  -8 . 1 97595E-Ol -8 . 1 97 595E-01  -8 . 1 97 595£-01 
* 8 2 . 269815E-01 2 . 269815E-Ol -2 . 2 69815E-Ol -2 . 2 69815E-01 -2 . 2 69815E-01 -2 . 2 69815£-01  2 . 269815E-01 2 . 269815£-0 1  
* 9 2 . 269815E-Ol -2 . 2 69815E-01 2 . 2 69815£-01 -2 . 269815E-01 -2 . 2698 15E-01 2 . 269815£-01 -2 . 2 698 15E-0 1  2 . 2 69815E-Ol 
* 10 l . 942277E-01 -1 . 942277E-01 1 . 942277E-Ol  - l . 942277E-01 1 .  942277E-01 -1 . 942277E-01  l . 942277E-01 - 1 . 942277E-01  
* 1 1  7 . 444237E-02 7 . 4 44237E-02 -7 . 4 44237£-02 -7 . 444237E-02 7 . 4 44237£-02 7 . 4 44237E-02 -7 . 4 44237E-02 -7 . 444237E-02 
* 12 2 . 4 4 61 11E-01 -2 . 446111E-01 2 . 4 4 61 1 1E-01  -2 . 4 461 1 1E-Ol  2 .  44611 1E-01 -2 . 4 46111E-Ol  2 .  4 46111E-O l  -2 . 44611 1E-O l  
* 13  3 . 033435E-Ol 3 . 033435E-01 -3 . 0334 35E-01  -3 . 033435E-Ol 3 . 033435E-Ol 3 . 033435E-Ol -3 . 033435£-01 -3 . 033435£-01 
* 14  7 . 072370E-01 7 . 072370E-01 7 . 072370E-Ol 7 . 072370E-Ol -7 . 072370E-01 -7 . 072370E-Ol -7 . 072370E-01  -7 . 072370E-Ol 
* 15  - 6 . 772984E-02 6. 772984E-02 6 . 772984£-02 -6 . 77298 4E-02 6 .  772984E-02 - 6 .  77298 4E-02 -6 . 772984E-02 6 .  77298 4E-02 
* 16  5 . 478235E-01  5 . 478235E-01 5 . 478235E-0 1  5 . 478235E-Ol -5 . 478235E-0l - 5 . 478235E-01 -5 . 478235E-01  -5 . 478235E-0 1 
* 17 3 . 096083E-01 3 . 096083E-01 3 . 096083E-01 3 . 096083E-01 3 . 096083E-01 3 . 0 96083E-Ol 3 . 0 96083E-Ol 3 . 096083E-01 
* 18  -4 . 047989£-02 4 . 047989E-02 4 . 047989£-02 -4 . 047989£-02 -4 . 047989E-02 4 . 04798 9£-02 4 . 047989E-02 -4 . 047989E-02 
* 19  4 . 631 913E-Ol 4 . 631913E-01 4 . 631913E-Ol  4 . 631913E-Ol 4 . 631913E-01 4 . 631913E-Ol 4 . 63 1 913E-01 4 . 631913E-0 1  
* 20 -l . 070997E-Ol 1 . 070997E-Ol l . 070997E-01 -1 . 070997E-Ol  - 1 . 070997E-01 1 . 070997E-01 1 . 070997E-01 - 1 . 070997E-01  
* 2 1  6 . 118065E-Ol 6 . 1 18065E-01 6 . 1 18065E-Ol 6 .  118065E-01 6 . 1 18065E-01 6 . 1 18065E-01 6 . 1 18065E-01  6 . 118065E-01  
* 22 -3 . 669354E-01 -3 . 669354E-01 3 . 6693 54E-Ol  3 . 669354E-Ol 3 . 669354E-Ol 3 . 669354£-01 -3 . 669354£-01 -3 . 669354E-Ol  
* 23 -2 . 4 97001E-01 2 . 4 97001E-Ol -2 . 4 97001E-01 2 . 4 97001E-O l 2 . 4 97001E-01 -2 . 4 97001E-Ol 2 . 4 97001E-01 -2 . 4 97001E-Ol 



* 
* 
* 

24  
25  

-1 . 282521E-Ol 
-2 . 978927E-Ol 

-1 . 282521E-01 
· 2 . 978927E-Ol 

1 . 28252 1E-Ol 
-2 . 978927E-Ol 

1 . 282521E-Ol 
2 . 97892 7E-01  

1 . 28252 1E-Ol 
2 . 978927E-Ol 

1 . 282521E-01 
-2 . 978927E-01 

-1 . 282521E-01 
2 . 978927E-01 

- 1 . 282521E-0 1  
-2 . 978927E-Ol 

************************************** ********************************* ********** * * * *********** * ********************************  
1 • • • • • • • • • • • • • • • • • • • • • • • •• • ••••••••••••••••••••• • • • • •material map• • •• • • • • • • • • • • • • • •• • • • • • • • • • • • • • • •••••••••••• • • • • • • •  

************************  
* key start material map* 
************************  

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

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 · 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
2 2 2 2 2. 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

* 
* Three-dimensional coarse mesh geometry edit . . .  
* 
* ********************************** ********** ************************************************** *********************** **********  
* 
* 
******************************  
* key start geometry edit * 
******************************  
* n xmesh xint deltax ymesh yint deltay zmesh zint deltaz 
* 
* 0 -1 . 524E+03 - 6 . 096E+Ol -3 . 000E+04 
* 1 -1 . 402E+03 1 1 . 220E+02 O . OOOE+OO 2 3 . 048E+Ol - 6 . 000E+03 6 4 . 000E+03 
* 2 -5 . 000E+OO 20 6 . 985E+Ol 8 . 644E+0l 2 4 . 322E+Ol -2 . 28 6E+03 3 1 . 238E+03 
* 3 5 . 000E+OO 1 1 . 000E+Ol 9 . 644E+0l 1 1 . 000E+Ol  -2 . 164E+03 1 1 . 220E+02 
* 4 1 .  402E+03 20 6 . 985E+Ol 1 .  824E+03 40 4 . 3 19E+Ol O . OOOE+OO 2 l . 082E+03 
* 5 l . 524E+03 1 1 . 220E+02 1 .  834E+03 1 l . OOOE+Ol 2 . 1 64E+03 2 l . 082E+03 
* 6 6 . 04 6E+03 10 4 . 522E+02 1 . 890E+03 1 5 . 600E+Ol  2 . 28 6E+03 1 1 .  220E+02 
* 7 6 . 1 46E+03 1 1 . 000E+02 3 . 000E+03 10 1 . 110E+02 6 . 000E+03 3 1 . 238E+03 
* 8 1 . 5 19E+04 40 2 . 261E+02 6 . 000E+03 6 5 . 000E+02 3 . 000E+04 6 4 . 000E+03 
* 9 1 .  529E+04 1 l . OOOE+02 1 . 200E+04 6 1 . 000E+03 
* 10  3 . 043E+04 so 3 . 028E+02 J . 800E+04 6 1 . 000E+03 
* 11  3 . 053E+04 1 1 . 000E+02 3 . 000E+0 4 12 1 . 000E+03 
* 12 6 . 091E+04 60 5 . 063E+02 
* 13  6 . 101E+04 1 l . OOOE+02 
* 14 9 . 139E+04 60 5 . 063E+02 
* 15  9 . 1 49E+04 1 1 . 000E+02 
* 16  1 . 2 19E+05 60 5 . 063E+02 



1 

* 17 1 . 220E+05 
* 1 8  l . 524E+05 
* 1 9  1 .  52 5E+05 

1 
60 

1 

1 . 000E+02 
5 . 063E+02 
1 . 000E+02 

* 
* * * * * * * * * * * * * * * * * ******************** * * * * * * * * * * * ******** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * * * ** * * * * * ** * * * * * * * * * * * * ** * * * * * *  

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

2 airl 3 cone 

* 
**** * * * * * * * ************************* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * •* ****** ************** ** * * * * * * *** * * * * * * * * * * * * * * * * * * * ** * * * * *  

l* * * * * * * * * * * * * *** ******************** * * * * * * * * * * * ** * * ********** * * * * * * * * ** * * * * * * ******** ****** * * * * * * * * * * * * ********** * * * * * ** 
* * * * * * ******** ** ******** ************** * * * * * * * * * * ******** ***** * * * * * * * * * * * * * * * * * * * * * * * ******** * * * * * * * * * * * * ** * * * * * * * * * * * * * *  
* * * * * * * * * ***************  
* key start norm . source* 
* * * * * * * * * * * *************  

1* * * * * * * * * * * ******* ********************* * * * * * **** * * * * * * * * * * ** * * * * * * * * * * * ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ***** * * * * * * * * * * ***** * * * * *  
* 
* * * * * * * * ** * * * ***********************  
*key s tart mesh potential info * 
* * * * * * * * * * * * * * *** *******************  
* 
* weight factor a :  
* weight factor b :  
* 
* energy weighting function : 
* 
* 
* 
* 
* 
* 
* 
* 
* 

9 . 00000E-01 
l . OOOOOE-01 

B . 33333E-02 
8 . 33333E-02 
8 . 33333E-02 
8 . 33333E-02 
8 . 33333E-02 
8 , 33333E-02 
8 . 33333E-02 
8 . 33333E-02 
8 . 33 333E-02 
8 . 33333E-02 



* 
* 
* 
* user input min potential : 
* user input max source slope : 
* 
* initial max aspect ratio :  

8 . 33333E-02 
8 . 33333E-02 

4 . 16667E-02 
S . 0000OE-01 

4 . 00000E+02 
* 
* * * * * * * * * * * * * * * * * * * * * * * * * ******* *********** *** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** * * ** * * * * * * * * * * * * * *  

l* * * * * * * * * * * * * * * * * * * * * * * * ***** ****** ****** ******** * * * * * * * * * * * * * * * ***** * * ** * * * * * * **** * ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

1 

* 
* * * * * * * * * * * * * * * * * * * * * * * *  
*key start storage map * 
* * * * * * * * * * * * * * * * * * * * * * * *  
* 
* partisn storage summary . . .  
* 
* max words/PE allocated in alloc3d for this problem 
* 
* words /PE for the geom3d module 
* words /PE for the snpn3d module 
* words /PE for the fcsrc3d module 
* words/PE for the bal3d module 
* words /PE for the transport module 
* words /PE for the xsec module 
* words /PE for the time module 
* max words/PE for the meshpot3d module 
* words /cell for the diffusion3d module 
* words /cell for the block module 
* 
* max cells/PE 2 5740 
* min cells/PE 23400 
* total cells 814320 
* 
* number of PE ' s  used • 32 
* PCE • 0 . 998 ,  SN  s 16  
* ALB • 0 . 989 

1792 
7598 

482  
286  
120  

1 964  
0 

1058 
101 . 1  
9 4 6 . 1  

26962307 

* 
* * * * * * * * * * * * * * * * * * * * * * * * ***** ************ ****** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * * * ** * ** * * * * * * * * * * ***** * * * * * * * * ** *****  
* * * * * * ** ** * * * * * * * * * * * * * * ************************ * * * * * * ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * * * * * * * * * * ****** * * * * * * * * * * * * * * * * *  

* * * * * * * * * * * * * * * * * * * * * * * * ** * ********* *********** * * ** ** * * * * ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * **** * * * * * * * * * * * * * * * * * * * * ** *****  
* * * * * * * * * * * * * * * * * * * * * * * * * * *************** ***** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** * ** 



* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

number of histories , raytr calculation 
cpu time required • J . 875E+05 sec 
avg . raytr particle weight • 0 . 9874  
min raytr particle weight = 0 . 9655 
max raytr particle weight • 0 . 9999 

raytr calculation information . . .  

506400 

* 
* * * * * * * * * * * **** *** ********* ******** * * * * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * ******* * ** * * * * * * * * * * * * * * * * ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

1 
* * * * * * * * * * * ******** ****** *********** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** * ** * * * * * * ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

* * * * ************ ******************** *** * * * * * * * * * * * * * * * * * * * * * * ************ * * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * *  
* * * * * * * * ************* ************* ********* t * * * * * * * ***** * * * * * * * * * * * * * * * * *** * * * * * * * * * ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ******* * * *  
* 
* . . .  iteration controls and criteria . . .  
* 
* * * * * * * * * * * ******** *************** ********* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * * * * * * * * * * * * * ***** * * * * *  
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

* * *iteration criteria***  

transport inners 

criterion quantity to test value 

iitl - inner iteration count until near lambda 200 
( i . e .  fission source ) convergence 

iitm - inner iteration count when near lambda 200 
( i . e .  fission source ) convergence 

epsi - fractional ptwise flux change 1 . 00E-04 
per inner 

di ffusion sub-outers 

criterion quantity to test 

oitmd - sub-outer iteration count 
eps - diffusion lambda-1 . 0  ( see note below) 

value 

100 
l . OOE-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 ,  



1 

* 
* 
* 
* 
* 
* 
* 
* 

early in the iteration process,  a larger value may be used to avoid unneccessary iterations . 

final convergence criteria 

criterion 

oitm 
epsi 

quantity to test ----------------
- outer iteration count 
- transport lambda-1 . 0  

value 

60 
1 . 00E-04 

action taken if value exceeded ------------------------
quits with error message 
does another outer 

* 
* * * * * * * * * ********************** ******* ******* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * ** * * * * * * * * * * * * * * * * * * * * * * * * ********  

* * * * * **** ******************** ***** ********** ** * * * * * * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * * * * * * * * * * * * * ****** * * * ** * * * * * * * * * * * ** * * * * * * * *  

* * * * * * * * * * ******** ***** ************************ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *******  
* * * * * * * * * * ******************* ******************* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* 
* 
* 

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

* * * * * * * * * ** * * * * * * * * * * ** ************ **** ******* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * * * * * * * * *********************  
* key start iteration monitor * 
* * * * * * * * * *********************  
* 
* 

* cpu time outer diffusion 
* ( sec) no . inners sub-outers 
* 1 1 1 1 . 7 0 * 

sourc multip lambda-1  
max ptwise 
flux change 

max ptwise inners 
fiss change converged 

* ------------------------------------------------------------------------
* 
* -- inner iteration summary for outer iteration no . 1 --
* 
* iter per max flux at 
* group group change mesh 
* 1 zero source in this group 
* 2 zero source in this group 
* 3 zero source in this group 
* **neg or zero transport flux*** 4 7 0 . 13E-04 13 ,  40 ,  12 
* * *neg or zero transport flux*** 5 8 0 . 99E-05 2 9 ,  7 3 ,  11  

* * *neg or  zero transport flux*** 6 8 O .  llE-04 24 ,  8 ,  1 3  
* **neg or zero transport flux*** 7 1 1  0 . SSE-04 24 ,  30 ,  11  

* * *neg or  zero transport flux***  8 1 1  0 . 52E-04  12 , 49 ,  11  

* **neg or  zero transport flux*** 9 13 0 . 48E-04  2 5 ,  49 ,  8 

* 10 13  0 . 52E-04 207 , 1 ,  1 2  



* 
* 
* 
* 
* cpu time outer diffusion 
* ( sec)  no . inners sub-outers 
* 124670 . 1 181  0 * 

11  
12  

58  
4 9  

0 . 9 1E-04  268 ,  1 ,  1 4  
0 . 87E-04 247 , 75 ,  1 3  

sourc multip lambda- 1  
1 . 00000000 -1 . 00000E+00 

max ptwise 
flux change 
9 . 09269E-05 

* 
* 
* 
* 
* 
* 

**** some negative or zero transport fluxes ****  

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

particle balance • -9 . 32933E-05 total inners all outers a 181  

max ptwise inners 
fiss change converged 
0 . 00000E+00 yes 

**************************** **************************** ********************* ***************************************************  
1 

******************************** * * * ********************** *************************** **************************** ************** * *  
**************************** ********** ******************************************************************************************  
* 
* 
* 

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

****** ************************* ** * ************************************************** ********************************************  
* 
* 
* . . .  title--- ANS 6 . 6 . 1-1987 Problem I . 2 THREEDANT 1 gamma/s N-1 6  ( 6 . 2  MeV) , pt , isot 
* 
* 
* . . .  system balance tables . . .  (neutrons only) 
* 
* 
******************************  
*key start balance table * 
******************************  
* 
* 
gp source fission source absorption in scatter self scatter out scatter 
* 
1 0 . 0000000E+00 0 . 0000000E+O0 0 . 0000000E+00 0 . 0000000E+00 0 . 0000000E+00 0 . 0000000E+00 
2 0 . 0000000E+00 0 . 0000000E+O0 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 
4 1 . 0000000E+00 0 . 0000000E+O0 -1 . 2 613523E-01  0 . 0000000E+00 2 . 46524 10E-02 8 . 3720309E-0l  
5 0 . 0000000E+00 0 . 0000000E+O0 -5 . 8 157105E-03 5 . 3564120E-02 1 . 7018060E-03 4 .  4 1 42201E-02 

net leakage 

0 . 0000000E+00 
0 . 0000000E+00 
0 . 0000000E+00 
2 . 8896498E-01 
1 . 5305182E-02 



6 
1 
8 
9 

10  
11  

12  
tot 

* 
* 
* 

gp 
* 

1 
2 
3 
4 
5 
6 
1 
8 
9 

10  
11  

12  
tot 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

O . OOOOOOOE+OO O . OOOOOOOE+OO -4 . 9 1 3 12 90E-03 5 . 9141206E-02 2 . 69048 14E-03 4 .  9311482E-02 
O . OOOOOOOE+OO O . OOOOOOOE+OO -3 . 8057847E-03 7 . 0762555E-02 4 . 9947994E-03 5 . 9916558E-02 
O . OOOOOOOE+OO O . OOOOOOOE+OO -2 . 3223633E-03 9 . 7085595E-02 1 . 2014 916E-02 8 . 3350712E-02 
O . OOOOOOOE+OO O . OOOOOOOE+OO -4 . 6863120E-04 1 .  7 475953E-Ol 5 . 0009839E-02 1 . 5 125977E-0l 
O . OOOOOOOE+OO O . OOOOOOOE+OO 5 . 4810532E-04 5 . 2 150620E-0l 2 . 4302985E-0 1  4 . 8288452E-0l  

O . OOOOOOOE+OO O . OOOOOOOE+OO 1 . 0 183912E-Ol 7 . 3124913E-Ol 3 . 3017339E+OO 5 . 5717380E-01 
O . OOOOOOOE+OO O . OOOOOOOE+OO 5 . 364867 9E-0l 5 . 5717380E-01 9 . 5173994E-0l -3 . 3306691E-15 
1 . 0000000E+OO O . OOOOOOOE+OO 4 . 9541317E-01  2 . 2652421E+00 4 . 5925679E+00 2 . 2 65242 1E+00 

right leakage horizontl leakage top leakage vertical leakage back leakage fr-back leakage 

· o . oooooooE+oo O . OOOOOOOE+OO O . OOOOOOOE+OO O . OOOOOOOE+OO O . OOOOOOOE+OO O . OOOOOOOE+OO 
O . OOOOOOOE+OO O . OOOOOOOE+OO O . OOOOOOOE+OO O . OOOOOOOE+OO O . OOOOOOOE+OO O . OOOOOOOE+OO 
O . OOOOOOOE+OO O . OOOOOOOE+OO O . OOOOOOOE+OO O . OOOOOOOE+OO O . OOOOOOOE+OO O . OOOOOOOE+OO 
5. 5 1 1 4895E-05 . 2 .  0341 630E-01 4 . 3070704E-02 4 . 9949218E-02 1 . 7409412E-02 3 . 55994 60E-02 
2 . 1478190E-05 5 . 4 676701E-03 4 . 4094568E-03 6 . 02521 67E-03 1 . 8768183E-03 3 . 8 122947E-03 
2 . 058394 6E-05 5 . 1 876049E-03 4 . 2894497E-03 5 . 9105155E-03 1 . 8248755E-03 3 . 7074979E-03 
2 . 016921 6E-05 5 . 0126425E-03 4 . 288748 6E-03 5 . 99304 61E-03 1 . 82024 53E-03 3 . 6997446E-03 
2 . 017 1983E-05 5 . 4 965217E-03 4 . 673378 6E-03 6 . 6073030E-03 1 . 9551 457E-03 3 . 98121 44E-03 
2 . 0826468E-05 9 . 2780037E-03 6 . 704938 1£-03 9 . 18544 63E-03 2 . 6650655E-03 5 . 4528 601E-03 
1 . 5134914E-05 2 . 04 98318E-02 8 . 5736099E-03 ' 1 . 0870952E-02 3 . 2756730E-03 6 . 7243042E-03 
2 . 0960047E-05 4 . 0799340E-02 1 . �268954E-02 2 . 0782381E-02 S . 22364 66E-03 1 . 0719282E-02 
8 . 4 319316E-06 1 .  0199511E-02 S . 95574 93E-03 6 . 35368 15E-03 2 . 0329307E-03 4 . 16112 48E-03 
2 . 0287159E-04 3 . 0535592E-01 9 . 623498 9E-02 1 . 2 167776E-01 3 . 8083812E-02 7 . 7857783E-02 

gp left leakage bottom leakage front leakage nprod spectrum time source 

1 O . OOOOOOOE+OO O . OOOOOOOE+OO O . OOOOOOOE+OO O . OOOOOOOE+OO O . OOOOOOOE+OO 
2 O . OOOOOOOE+OO O . OOOOOOOE+OO O . OOOOOOOE+OO O . OOOOOOOE+OO O . OOOOOOOE+OO 
3 O . OOOOOOOE+OO O . OOOOOOOE+OO O . OOOOOOOE+OO O . OOOOOOOE+OO O . OOOOOOOE+OO 
4 2 . 033611 9E-Oi 6 . 8785136E-03 1 .  8 1 90049E-02 O . OOOOOOOE+OO O . OOOOOOOE+OO 
5 5 . 4 4 61 9 1 9E-03 1 . 6157599E-03 1 . 9354764E-03 O . OOOOOOOE+OO O . OOOOOOOE+OO 
6 5 . 1670209E-03 1 . 6210658E-03 1 . 8826224E-03 O . OOOOOOOE+OO O . OOOOOOOE+OO 
1 4 . 9924733E-03 1 . 704297 6E-03 l . 8794993E-03 O . OOOOOOOE+OO O . OOOOOOOE+OO 
B 5 . 47 63497E-03 1 . 9339244E-03 2 . 0260688E-03 O . OOOOOOOE+OO O . OOOOOOOE+OO 
9 9 . 257 1772E-03 2 . 4805082E-03 2 . 787 7 94 5E-03 O . OOOOOOOE+OO O . OOOOOOOE+OO 

10  2 . 0483183E-02 2 . 2973420E-03 3 . 4 486312E-03 O . OOOOOOOE+OO O . OOOOOOOE+OO 
1 1  4 . 0778380E-02 6 . 5134276E-03 5 . 495635 6E-03 O . OOOOOOOE+OO O . OOOOOOOE+OO 
12 l . 0 19107 9E-02 3 . 9793220E-04 2 . 1281940E-03 O . OOOOOOOE+OO O . OOOOOOOE+OO 

l . 4805618E-02 
1 . 4705433E-02 
1 . 6085039E-02 
2 . 39 1 6310E-02 
3 . 8093574E-02 

7 . 2 301003E-02 
2 . 07143 18E-02 
5 . 0489146E-0 l  

particle balance 

O . OOOOOOOE+OO 
O . OOOOOOOE+OO 
O . OOOOOOOE+OO 

-3 . 28 40075E-05 
- 1 . 2611511E-03 
- 1 . 0612742E-03 
-7 . 58 19373E-04 
-2 . 8626694E-04 

2 . 9800452E-04 
- 3 . 8338010E-05 
- 8 . 8 608407E-05 
- 4 . 9023082E-05 
- 9 . 329331SE-05 

-
uJ 



1 

• 
• tot • 3 . 0515304E-01 2 . 544277 1E-02 3 .  977397 1E-02 O . OOOOOOOE+OO O . OOOOOOOE+OO 

• • • • • • ••••••••• ••••• •••••••••• ••••••• • • • • • • • •• • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

• • • • • • • • • • • ••• •• ••••••••••••••••• • ••••• •• • • • • • • • • • • •• • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • •• • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • •• • • • • • • • • •  
• • • • • • • • • • • •• • • •••••••••••••••• •••••• • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • ••••  * • • • • • • • • • • • • • • • • • • • •• •• • • • • • • • • • • • • • • • ••• • • • • • • • • • • •  
• 

Multigrid work units . . •  Total• 

1 
10  

By group • . .  
0 . 00 2 

1 3 . 00 11 
0 . 00 3 

58 . 00 12 

1 2 0 . 00  WU . 

0 . 00 4 
4 9 . 00 

Multigrid average convergence rate by group . . .  

0 . 00 5 0 . 00 6 0 . 00 ., o . oo 

• 
• 
• 
• 
• 
• 
• 
• 

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 1 1  0 . 0000 12  0 . 0000 

integral summary information 
summary eigenvalue not used 
summary integral-neutrons S . 0183849E+O l  
integral-source-i neutron 1 . 0000000E+OO 
integral-time source-i neutron O . OOOOOOOE+OO 
integral-fission-i neutron O . OOOOOOOE+OO  
integral-absorption-i neutron 4 . 95 41317E-01  
integral-in-scak-1 neutron 2 . 265242 1E+OO 
integral-self-scak-i neutron 4 . 5925679E+OO 
integral-out-scak-i neutron 2 . 2 652421E+OO 
integral-net lkage-i neutron S . 0489146E-Ol  
integral-right lkage-i neutron 2 . 0287159E-04 
integral-horizontal l kage-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 . 80838 12E-02 
integral-fr-back lkage-i neutron 7 . 7 857783E-02 
integral-particle bal-i neutron -3 . 2776911E-03  

8 0 . 00 9 0 . 00 

1• • • • • • • • • • • • • • • • • • • �•••••••••• •••••• • • • • • •• • • • • • •• • • • • • • • • •• • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • •• • • • • • • • • • • • • • • • •• • • • • • •  
• • • • • • • • • • • ••• ••••••• •••••••••••••••• • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •••••••••••• • • • • • • • • •• •  
• 
* 
• 

isotropic flux component for group 1 and plane 3 

• • • • • • • • • • • • ••••••••••••••••••••••••• •• • • • • • • • • • • • • • • • • • •• • ••••••••••• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • •••••••• • • • • • • 
• • •••••• • • ••••••••  

VJ 
VJ 



•key start fluxes• 
• • • • • • • • •• • • • • • • • •  
• 
• all entries of this array equal O . OOOOOE+OO 

1 ••···················· ·············· ········································· ··············· ········· · · · ········ ·············· · ·  
• • • • • •• • • • • • • • • • • • • • •• • • • • • •• •••••••••• •••••• • • • • • • • • • • • • • •• •• • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • •••• • • • • • • • • • • • •• • •• • • • • • •• • • • • 
• 
• 
• isotropic flux component for group 2 and plane 3 

• • • • • • • • • • • •• • • • • • • • • • ••••••• ••••••••••••••••••• • • • • • • • • • • •• • • • • • • • • • • • • •• • • • • • •• • • • • •••••• • • • • • • • • • • • • • • • • • • • • •• • •• • • • • • • • • • • • •  
• 
• all entries of this array equal O . OOOOOE+OO 

1 ••······ ·············· ···· ································ ····· ····························· ····················· ···············  
• • • • • •• • • •• • • • • • • • • • • • •••••• •••••••••••••• ••••• • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • ••••••  
• 
• 
• isotropic flux component for group 3 and plane 3 

• • • • • • • • • • • • • • • • • • • • • •• • • •••••••••••••••• ••••• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • ••••• • • • • • • • • • • • • • •• • • • • • • • • •• • • • • • • • •• • •  
• 
• all entries of this array equal O . OOOOOE+OO 

1 ••·················································································· ········ ············· ················ ·······  
• • • • • • • • • • • • • • • • • • • • • • • • •••••••••••••••• •••••• • • • • • •• • • • • • • • • •••• • • •• • • •• • • • • • • • • • • • ••••••• • • • • •••••• • • • • • • • • • • • • •• • • • • • • •• • • • • •  
• 
• 
• 

isbtropic flux component for group 4 and plane · 3 

• • • • • • • • • • • • • • • • • • • • • • •••••••••••••••••••••••• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
• 
• 
• component number 1 
• 
• 
• 
• 
* 
* 
• 
• 
• 
• 
• 
• 
• 
• 

11  
10  

9 

8 
7 
6 
5 
4 
3 
2 
1 

x mesh 1 

7 . 9944 66E-13  
6 . 375180E-13· 
5 . 650080E-13  
5 . 695689E-13  
6 . 9857 09E-13  
9 . 4 90383E.:13 
1 . 153390E-12 
1 . 397364E-12  
1 . 767356E-12 
2 . 598525E-13  
6 . 370451E-15 

x mesh 2 

4 . 441930E-13 
4 . 324377E-13 
3 . 943510£-13  
4 . 057624£-13 
5 . 5324 12£-13 
7 . 404433!-13 
8 . 531906E-13 
1 . 000331E-12 
l . 226814E-12 
1 .  981770E-13 
6 . 229012E-15 

x mesh 3 

4 . 552 963E-1 3  
3 . 686521E-13  
3 . 705446E-1 3  
3 . 924589E-13 
4 . 093399E-1 3  
5 . 175506E-1 3  
6 . 109760E-1 3  
7 . 023537E-1 3  
8 . 928310E-13  
1 . 552290E-1 3  
5 . 710486E-15  

x mesh 4 

4 . 353756E;,.13  
4 . 249717E-13 
3 . 784566£-1 3  
3 . 254396E-13  
3 . 257 254E-13 
4 . 440234E-13  
5 . 233886E-13 
5 . 833308E-13 
6 . 866538E-13 
1 . 35577 5E-13  
5 . 7934 15£-15 

x mesh 5 

4 . 594432E- 1 3  
3 . 97082 1E-1 3  
3 . 428596E-1 3  
3 . 661079E-13 
4 . 4 84825E-13 
4 . 11 4520E- 1 3  
3 . 804595E-13  
3 . 754405E-1 3  
5 . 245834E-13 
1 . 234848E- 1 3  
5 . 799896E-15  

x mesh 6 

4 . 438138E-13 
4 . 3 14215E-13 
4 . 557181E-13  
3 . 994 1 19E-13 
3 . 300734E-13  
2 . 931574E-13  
2 . 91 6830E-13 
4 . 007936E-13 
5 . 0794 69E-13  
1 . 0583 63E-13 
5 . 830569E-15 

x mesh 7 

4 . 705946E-13 
3 . 8792 99E- 1 3  
3 . 584755E-13  
3 . 691174E-1 3  
3 . 57397 0E-1 3  
3 . 8 694 4 1E-1 3  
3 . 854528E-1 3  
3 . 38 9539E-1 3  
3 . 307553E- 1 3  
8 . 389503E-14  
5 . 8367 99E-15  

x mesh 8 

4 . 083157E-13 
3 . 971705E-13  
3 . 53 6772E-13  
3 . 4751 02E-13  
3 . 2 9 6325E-13 
3 . 224331E-1 3  
3 . 27 6886E-13 
3 . 557809E-13 
3 . 470220E-1 3  
8 . 8 69661E-14  
6 . 142002E-15 



* 
* x mesh 9 x mesh 10 x mesh 1 1  x mesh 12 x mesh 1 3  x mesh 14  x mesh 15  x mesh 1 6  * 
* 11  4 . 379958E-13 4 . 513169E-13  4 . 9284 68E-1 3  4 . 184925E-13  5 . 568289E-1 3  5 . 333548E-13 5 . 872833E-13  5 . 385284E-13  * 10  3 . 854347E-13 4 . 696657E-13 4 . 1 38 131E-1 3  4 . 103426E-13  5 . 165565E-1 3  4 . 788719E-13  5 . 2 18866E-13  4 . 992819E-1 3  * 9 3 . 607 607E-13 4 . 523515E-13 3.  32 1 127E-13  4 . 109595E-13  4 . 180483E- 1 3  4 . 447009E-13  5 . 274076£-1 3  4 . 919288£-1 3  * 8 3 . 490283E-13 3 . 966656E-13 3 . 074762£-13 4 . 14 6675£-13  3 . 564 663E-1 3  4 . 300099£-13  4 . 826624E-1 3  5 . 07579 6£-1 3  * 7 3 . 853775£-13 2 . 978756£-13 3 . 099778£-13  4 . 0551 90£-13  3 . 645782£-1 3  4 . 385466£-13  4 . 4 99581£- 1 3  4 . 919892£-1 3  * 6 3 . 938 1 62E-13 2 . 709525£-13 3 .  5077 68E-13  3 . 464973£-13  3 . 949505E- 1 3  4 . 38 1 929E-13  4 . 364135£- 1 3  4 , 299619E-13  * 5 3 . 657470E-13  2 .  723204E-13 3 . 809413E-13 2 . 942622E-13 4 . 017820E-1 3  4 , 370411£-13 4 , 159845E-1 3  3 . 564 6 4 6E-13  * 4 3 . 256855E-13 2 . 623155E-13 3 . 427210E-13 3 . 009510E-13  3 . 844940E- 1 3  3 .  8 94277E-13  3 . 8 15848£-1 3  3 . 513106E-1 3  * 3 2 . 838500£-13 2 . 668914£-13 2 . 7 57 699£-13 3 . 498841E-13  3 .  611344£-1 3  3 . 534473£-13  3 . 575977£-13  3 . 2 7 1240£-1 3  * 2 7 . 6034 69£-14 7 . 707662E-14 7 . 9 11530E-14  9 . 035344E-14  8 .  9897 1 1£-1 4  8 .  75541BE-14 9 . 1 86955E-1 4  9 . 1081 4 6£-14  * 1 6 . 201869E-15 6 . 165397E- 15 6 . 320649£-15 6 . 50 62 82E-15 6 , 715514E-15 6 . 91 6200£-15 7 . 016639E-15  7 . 187732E-15  * 
* x mesh 17 x mesh 18 x mesh 1 9  x mesh 20  x mesh 2 1  x mesh 22 x mesh 2 3  x mesh 2 4  * 
* 11  5 . 562 137E-13  5 . 887031E-13 5 . 258519£-1 3  5 . 265242£-13  4 . 882033£-13 4 . 08 64 68E-13  4 . 513348£-1 3  4 . 67 1799£-1 3  * 10 5 . 407546E-13 6 . 198240£-13 5 .  2 6277 6E-13 4 . 558257£-13 4 . 240044E-1 3  3 . 802622£-13  4 . 033820E-13 4 . 330290E-1 3  
* 9 5 . 238687£-13 5 . 910780E-13 5 . 3 1 6944E-13  4 . 004339E-13  4 . 013095E-1 3  3 . 605564£-13  3 . 907089E- 1 3  3 . 997406E-1 3  
* 8 4 . 752096E-13  5 . 265279£-13 5 . 073215E-13  3 . 907295E-13  3 , 87 6099E-13  3 . 54 6003£-13  3 . 874054E-13  3 . 545510£-1 3  
* 7 4 . 130861E-13 5 . 122 117E-13 4 . 8 15018E-13 4 . 107341E-13 3 . 84745 1£-13 3 . 362474£-13 3 . 560968E-13 3 . 350269E-13  
* 6 3 . 990989E-13 4 . 176741E-13 4 . 7 4 4 01 6£-1 3  3 . 958727E-13  3 . 74 6640£-1 3  3 . 168299E-13  3 . 2 61 304E-13  3 . 124024E-13  
* 5 4 , 006838E-13  3 , 955495E-13 4 . 503326£-13 3 . 825434E- 13 3 . 642449E-1 3  3 . 058883£-13 3 , 109738E-1 3  3 , 033009E-13  
* 4 3 . 865185E-13 4 . 120808E-13 4 . 22171 6E-13  3 , 617967E-13 3 . 53751 9E-13  2 . 836930E-13  3 . 189851E-13  2 . 983653E-13  
* 3 3 . 944455E-13 3 . 913786E-13 4 . 150303E-13  3 . 314731E-13  3 . 281485E-13  2 . 701862E-13  3 . 288667!:-1 3  2 . 803211E-1 3  
* 2 9 . 981386E-14  9 . 682620E-14 9 . 914555E-1 4  9 . 436819E-14 9 , 1 05084E-14 8 . 793099£-14  9 . 195064£-1 4  8 . 73 6508E-1 4  
* 1 7 . 293 1 33E-15 7 . 380816E-15 7 . 494251E-15 7 . 507698E-15 7 . 529735E-15  7 .  589811E-15 7 . 689127£-15  7 . 870135E-15  
* 
* x mesh 25 x mesh 2 6  x mesh 2 7  x mesh 28 x mesh 2 9  x mesh 30 x mesh 3 1  x mesh 32 
* 
* 11  5 . 296190E-13 4 . 821974E-13 5 . 3 3 12 18E-13 4 . 8 93305E-13  5 . 266616E-1 3 5 . 4 69413E-1 3  5 . 779048E-13  6 . 242804E-13  
* 10  4 .  8977 93£-13  4 . 1 10335E-13 5 . 21 93 98£-1 3  4 . 4297 64E-13  5 . 336573£-13 4 . 4 8 1098£-13  5 . 403874£-13  6 . 134813E-13  
* 9 4 . 181034E-13 3 . 926492E-13 4 . 772086E-13 4 . 1 17353£-13 5 . 565636£-1 3  3 . 8 67364£-13  4 . 687421£-1 3  5 . 15367 9E-1 3  
* 8 3 . 950215E-13  3 .  87 1982E-13 4 . 643651E-13  4 . 034 618E-13 5 . 568123£-1 3  3 . 567420£-13 4 . 053163£-1 3  4 . 919999E-1 3  
* 7 3 . 556177£-13 3 . 771823E-13 4 . 232485E-13 4 . 101760£-13  4 . 656356E-1 3  4 . 053504E- 13 3 . 844043E- 1 3  4 . 612497£-1 3  
* 6 3 . 434 796E- 13 3 . 5 19375E-13 3 . 864 169E-13  3 . 929564£- 13 4 . 305091E- 1 3  4 . 1 55302E- 13  3 . 879698E- 1 3  4 . 2704 68£-13  
* 5 3 . 376280E-13  3 . 208904E-13 3 . 926520£-1 3  4 . 057654£-13  4 . 035284£- 1 3  4 . 4 3 4 672£-13  3 . 557484£- 1 3  4 . 314078£-1 3  
* 4 3 . 409001E-13  3 . 389836E-13 3 . 940533E-13 4 . 1 87834E-13 3 . 938190E-13  4 . 7 65318E-13  3 . 5734 63E-1 3  4 . 005436E-13 
* 3 3 . 635580£-13 3 . 537388E-13 3 . 956669E-1 3  3 . 855930£-13  3 . 9911 87£- 1 3  4 . 9 67732£-13  3 . 7 13881E-13  3 . 8334 60£-13  
* 2 9 . 695387E- 14 9 . 849831E-14  1 . 0388 67E-13  1 . 057613E-13 l . 08 692 1E-1 3  1 . 153954E-13  l . 127094E-1 3  l . 124965E-13  
* 1 8 . 104312£-15 8 . 216054E- 15 8 , 193622E-15  8 . 291675E-15 8 . 54 9354£-15  8 . 761 906£-15 8 . 7 14882E-15  8 . 7 56065E-15 
* 



-

* x mesh 33 x mesh 34 x mesh 35 x mesh 3 6  x mesh 37 x mesh 38 x mesh 39  x mesh 40 * 
* 1 1  5 . 918109E-13 4 . 899398E-13 4 . 923079E-13 4 .  7 1 95 67E-13 5 . 544474E-13  4 . 8 64 325E-13  5 . 233729E-13 5 . 92321 9E-1 3  * 10 S . 908069E-13  4 . 438797E-13 4 . 418444E-13  4 . 639940E-13 4 . 896772E-1 3  5 . 154676E-13  4 . 3 76707E- 1 3  5 . 4 69639E-13 * 9 6 . 038550E-13  4 . 653926E-13 4 . 374589E- 1 3  4 . 977200E-13  4 . 361898E-13  4 . 993979E-13  4 . 304 936E-13  4 . 66314 8E-1 3  * 8 5 . 5594 43E- 1 3  5 . 332450E-13  4 . 2 19957E-1 3  4 . 982536E-13  3 . 950753E-13  4 . 586623E-1 3  4 . 594828£-13  4 . 8 44776£-1 3  * 1 4 . 8817 39E-13  5 . 951323E-13 3 . 974 309E-1 3  4 . 8637 42£-13  4 . 038821E-13 4 . 1 91288E-13 4 . 652932E- 13  5 . 522548E-13 * 6 4 . 434594E-13 6 . 188183E-13 3 . 853611E-1 3  4 . 307793£-13 4 . 480706E-13  3 . 707449E-13 4 . 377915£-13  5 . 107078t-13  * 5 4 . 134 953E-13 5 . 727329E-13 4 . 2 10660E-1 3  4 . 078400E-13  4 . 74 97 55E-13  3 . 532391E-13 4 . 357661E-1 3  5 . 1 98313E-1 3  * 4 4 . 145358E-13 5 . 090701E-13 4 .  756741£-13 3 . 824999E-13 5 . 022660E-3.3 4 . 408 188E-1 3  4 . 7 89047E-13 5 . 277430E-13  * 3 4 . 202631E-13  3 . 917 183E-13 4 . 774166£-13  3 . 22 9999E-13 5 . 281963E-13  6 . 480684E-13 5 . 58 6179E-13 6 . 73774 9E-1 3  * 2 1 . 2 15036£-13 l . 120481E-13 1 . 194176E-13 1 . 062882E-13 1 . 225632£-13 1 . 544 988£-13  l . 4 83034E-1 3  1 . 5515 1 1£-13 * 1 8 . 857408E-15 8 . 636584E-15 8 . 394886E-15 8 . 576314E-15 8 . 793141E-15 8 . 770413E-15 8 . 9218 13E-15 9 . 010650E-15  * 
* x mesh 4 1  x mesh 42 x mesh 43 x mesh 44 x mesh 45 x mesh 46 x mesh 47 x mesh 48 * 
* 1 1  5 . 2 454 16E-13  6 . 366559E-13 1 . 022497£-12 1 . 204762E-12 1 . 324830E-12 2 . 542050E-12 1 . 82 97 85£-12 9 . 837684E- 1 3  * 10 5 . 014898E-13 5 . 040680E-13 8 . 967207£-13 1 . 4 1 4399£-12 1 . 664516£-12 2 . 661334£- 12 1 . 920473E-12  8 . 571006E-1 3  * 9 4 . 915582E-13 4 . 500163E-13  7 . 828092£-1 3  1 . 577326E-12 2 . 100568E-12 2 . 853184E-12 1 . 988 168E-12 7 . 65344 3E-1 3  * 8 5 . 565828E-13  4 . 804489£-13 7 . 320556E-1 3  1 .  726456E-12 2 . 554756E-12 3 . 132003E-12 2 . 043305E-12 6 . 9671 64E-1 3  * 1 6 . 745612E-13 6 . 983572E-13 7 . 645442E-1 3  1 . 875979£-12 3 . 04 1 605E-12 3 . 500264E-12 2 . 108186E-12 6 . 532030E-13  * 6 B . 180289E-13 9 . 891893E-13 9 , 533606E-13  2 . 039441E-12 3 . 5025 17E-12 3 . 92627 8E-12 2 . 206130£-12  6 . 1 12681E-1 3  * 5 9 . 12673 1E-13  1 . 136619E-12 1 . 154517E-12 2 . 151013E-12 3 . 773179E-12  4 . 205223E-12 2 . 293068E-12 5 . 905127E-13  
* 4 9 . 150164£-13 1 . 289052£-12  1 . 457 652E-12 2 . 323856E-12 3 . 990740E-12  4 . 4 94039E-12 2 . 404 692E-12 5 . 880221E-13 
* 3 9 . 13 9726E-13 1 .  454802E-12 1 . 945161E-12  2 .  65624 1E-12 4 . 2797 67E-12  4 . 9 48156E-12 2 . 623138E-12 5 . 757266E-1 3  
* 2 1 . 754371£-13 2 . 2 96273E-13  3 . 066473E- 1 3  3 . 7 80628E- 1 3  5 . 368 423E- 1 3  6 . 187501E-13  3 , 661 124E- 1 3  1 . 4 06580E-l 3  
* 1 8 . 913295E-15 9 . 069563E-15 9 . 580018E-15 1 . 000437E-14 1 . 080110E-14  l . 1 12435E-1 4  1 .  022657E-14  9 . 5 60851E-15 
* 
* x mesh 4 9  x mesh 50 x mesh 51  x mesh 52 x mesh 53 x mesh 54  x mesh 55 x mesh 56 
* 
* 1 1  1 . 008 104E-12 6 . 194070E-13 8.  397116£-13  8 . 7 2 67 64E- 1 3  1 . 057100E-12 l . 14 4076E-12 1 . 1 8 1 1 14E-12 1 .  4 3 4 177E-12 * 10 1 . 044 108E-12 5 .  990311E-13 8 . 230765E-13  9 . 603454E-13 1 . 1 14444E-12 1 . 2 84892E-12 1 . 170838E-12 1 . 3 6397 4£-12 
* 9 1 . 0158 12E-12 6 . 283183E-13  7 . 780176E-1 3  1 .  054695E-12 1 . 2 14035E-12  1 .  307502E-12 l . 27 6452E-12 1 . 300104E-12  
* 8 9 . 8637 05E-13  6 . 581486E-13 7 . 225450E- 13 1 . 139121E-12 l . 301838E-12 1 . 464092£-12 1 . 37 1434E-12 l . 355874E-12 * 1 9 . 338553E-13 6 . 859633E-13  6 , 899649E-13 1 . 1 95546E-12 1 . 374326E-12  1 . 565704E-12 1 . 531295E-12  1 .  4 11747E-12 * 6 8 . 954323E-13 6 . 922878E-13 6 . 905905E-1 3  1 . 2 30932E-12 1 , 475714E-12  1 .  572371E-12 l . 647154E-12 1 .  532577E-12 * 5 8 . 660941E-13 6 . 881291E-13  7 . 0l 6995E-13  1 . 247483£-12 1 . 545951E-12 1 .  60 1464E- 12 1 . 681032E-12 1 . 628910E-12  
* 4 8 . 061346E-13 7 . 126796E-13 6 . 993089E-13  1 . 266615£-12 1 . 598207E-12  l . 678011E-12 1 . 7 1 0986E-12 1 . 677275E-12 
* 3 7 . 259875E-13 7 . 458587E-13 6 . 977145E-13  1 . 29267 6E-12 1 .  701427E-12  1 . 756132E- 12 1 . 795266E-12 1 . 739684E-12 
* 2 l . 526338E-13 1 . 591582E-13 1 .  519890£-1 3  2 . 1 31690£-13  2 . 616506E-13 2 . 674267E-13  2 . 68937 1E-13  2 . 652221E-13  
* l 9 . 508545E-15 9 . 44 6673E-15 9 . 4 40783E-15  9 . 666423E-15 9 . 959222E-15  9 . 7 97191E-15 9 . 7 69823E-15 9 .  8 9 1 14 5E-15 
* 
* x mesh 57 x mesh 58 x mesh 59  x mesh 60 x mesh 61 x mesh 62 x mesh 63 x mesh 64 



* 
* 1 1  1 . 517647E-12 1 . 41867 8E-12 1 . 232175E-12  1 . 0482 17E- 12 1 . 178832E-12  l . 356023E-12 1 . 334235E- 12  1 . 313091E-12  * 10  1 . 490166E-12 1 . 443039E-12 1 . 330956E-12 1 . 129391E-12 l . 079249E-12  l . 2 4 4 5 4 4E-12 l . 32 12 64E-12 1 . 298835E-1 2  * 9 l . 462287E-12 1 . 429025E-12 1 . 373908E-12 1 . 24 362 4E-12 l . 1032 42E-12  1 . 150272£-12  1 .  2 60361E-12 1 .  277 677E- 12 * 8 1 . 4 35429E-12 l . 450344E-12 1 . 370452£-12  l . 305048E-12 l . 17 9977E-12  l . 155596E-12  1 . 199913E-12  1 . 242508E- 12  * 7 1 . 472122E-12 l . 4 67465E-12 1 . 382735E-12 l . 321863E-12  1 . 2 4 9091£- 12 l . 203281E-12 1 . 2 1 6985£-12  l . 199845E-12  * 6 l . 5 1 9772E- 12 l . 532800E-12 1 .  4 1 4 972E-12 l . 332097E-12  1 . 267785E- 12 1 .  240097E-12  l . 2 657 40E-12 1 . 2422 1 3E-12  * 5 l . 536184E-12 l . 601851E-12 l . 455116E-12 l . 326689E-12 l . 277712E-12  1 . 255105£-12  l . 308339E-12  l . 276622E-12 * 4 1 . 6028 18E-12 l . 628799E-12 1 . 527863E-12  l . 376424E-12 l . 272519E-1 2  l . 242778E-12  l . 307522E-12  l . 335257E- 12  * 3 l . 657958E-12 l . 685303E- 12 1 . 651368E-12 1 . 4 68885E- 12 l . 319289E-12  l . 2 1 3127E-12 l . 279008E- 12 l . 3937 8 9E-12  * 2 2 . 506638E-13 2 . 553622E-13 2 . 56837 4E-13  2 . 378898E-13  2 . 188291£-13  2 . 023386E-1 3  2 . 07644 4E-13  2 . 238307E-13  * 1 9 . 636378E-15 9 . 676400E-15 9 . 682635E-15 9 .  52 1409E-15  9 . 368289E-15 9 . 1 97349E-15  9 . 277404E- 1 5  9 . 2 1628 1E-15  * 
* x mesh 65 x mesh 66 x mesh 67 x mesh 68 x mesh 69 x mesh 70 x mesh 7 1  x mesh 72  * 
* 11  1 . 339773E-12 1 . 314993E-12 1 . 28 9017E- 12 l . 225583E-12 1 . 242 981E-12  l . 3 15312E-12  l . 257836E-1 2  1 . 193631E-12  * 10  1 . 3057 42E-12 1 . 348531E-12 l . 29 9985E-12  1 . 236955E-12  l . 200748E-12 l . 257305E-12  l . 323317E-12 1 . 231266E-12 * 9 1 . 272482E-12 1 . 313200E-12 1 . 3 4 4 3 40E- 12 1 . 253633E- 12 l . 187759E-12  l . 188570E-12  l . 279585E-12 l . 31234 1E- 1 2  * 8 l . 233024E-12 l . 259592E-12 1 . 331577E-12  1 . 315052E-1 2  1 . 192676E-12  l . 14 9370E-12  l . 1 94 095E-12 1 . 2 97 8 1 6E-12  * 7 l . 224 987E-12 1 . 201035E-12 1 .  2 79990E-12 1 . 347874E-12  1 . 2 4 9651E-12 1 . 12 9927E-12  l . 1 21325E-12 1 . 2218 96E- 12 * 6 1 .  2064 66E-12 1 . 19861 4E-12 1 . 1 85751E-12  l . 327549E-12  1 . 32 4 694E- 12 1 . 169832E-12  l . 07 1673E-12  1 . 1 13446E-12  * 5 1 .  2 13327E-12 l . 196726E-12 1 . 1 63177E-12 1 . 25150 4E-12 1 . 3847 96E-12 1 . 2 13081E-12 1 . 059585£-12 1 .  051737E-12 * 4 1 . 2 69380E-12 1 . 2 11205E-12 1 . 155985E- 12 l . 1 9062 6E-12  l . 357 2 1 9E-12 l . 3094 1 6E-12  l . 097300E-12 l . 0095 15E-1 2  * 3 1 . 358631E-12 1 . 286111E-12 1 . 1 93042£-12  1 . 121708E-12  1 .  250402£- 12 1 . 3825 15E-12 1 . 2 3898 1£-12  1 . 012808E-12 * 2 2 . 263570E-13 2 . 159784E-13 2 . 070182E-13  1 . 938675E-13  1 . 985256E- 13 2 . 204563E- 13  2 . 1 7 4 470E-13 l . 880884E-13 * 1 9 . 135118E-15 9 . 112871E-15 8 . 955 582E-15  8 . 857977E- 15 8 . 740107E-15 8 . 787883E-15 8 . 7 19828E-1 5  8 . 608337E-15 * 
* x mesh 73 x mesh 74 x mesh 75 x mesh 7 6  x mesh 77 x mesh 78 x mesh 79  x mesh 80 * 
* 1 1  l . 217725E-12 l . 222179E-12 1 . 167839E-12 1 . 113534E- 12 1 . 103031E-12  1 . 109132E-12  1 . 101349E-12  1 . 089427E-12  * 10 1 . 189454E-12 1 . 226117E- 12 l . 207178E-12  1 . 14 9040E-12  1 . 101006E-12  1 . 107754E-12 l . 105355E-12  1 . 089968E- 12 * 9 1 . 203635E-12 1 . 195152E-12 1 . 225729E-12 1 . 185080E-12  1 . 132380£-12  l . 096840E-12  1 . 1 13061E-12  l . 103026E-1 2  * 8 1 . 271248E- 12 l . 185016E-12 1 . 209316£-12  1 . 2 17392E-12  1 . 166239E-12  l . 1 15210E-1 2  l . 103332E-12  1 . 117270E-1 2  * 1 1 . 293909£-12 1 .  211276E-12 l . 184780E-12  l . 2 15350E-12 1 . 1 97009E-12 l . 151211E-1 2  1 . 100913E-12 l . 10731 9E- 12  * 6 1 .  257091E-12 l . 264150E-12 1 . 176186£-12 1 . 1 95332E-12  1 .  2 1 1670E-12 1 . 176211E-12  1 . 134730£-12  1 . 08867 4E- 12 * 5 l . 18 6423E-12 1 . 286214E-12 1 . 1 93962E-12  1 . 176227E-12 1 . 2 1 1243E-12 l . 191342E-12  1 . 1 5 1779E-12  l . 095675E-12 * 4 1 . 110664E-12 l . 245839E-12 1 . 230711E-12  1 . 166134E-12  1 . 192309E-12  1 . 200831E-12 1 . 1 61259E-12  l . 1 16397E-12 * 3 9 . 912695E-13 l . 1474 18E-12 1 . 238440£-12 1 . 1927 61E-12 1 . 165. 07£- 12 1 . 1 8 9777E-1 2  l . 178197E-12 1 . 138953E-12  * 2 l .  7 17923E-13 l . 861337E-13 2 . 022301E-13  1 . 996075E-13  1 . 937092E-13  1 . 9643 1 8E- 1 3  1 . 950378E-1 3  1 . 907045E-13  * 1 8 . 4 65680E-15 8 . 4304 92E-15 8 . 391640E- 15 8 . 317093E-15  8 . 270487E- 15 8 . 1 4 8 551E-15 8 . 136790E-15  8 . 000205E- 15  * 
* x mesh 81 x mesh 82 x mesh 83 x mesh 8 4  x mesh 85 x mesh 86 x mesh 87 x mesh 88  * 

-.._,, 
'-l 



-

* 11  1 . 08 1129E-12 1 . 056822E-12 1 . 06207 4E-12 1 . 053742E-12 1 . 0354 53E-12 l . 042975E-12 l . 007985E-12 9 . 907535E- 13 * 10 1 . 085272E-12 l . 064 693E- 12 l . 036564E-12 1 .  053408E-12 l . 0 40406E-12 1. 024 1 57E-12 1 .  029056E-12 9 . 9333BOE-13 * 9 1 . 078695E-12 1 .  078494E-12 l . 048967E-12 1 .  024599E-12 1 . 0398 60E-12 l . 024378E-12 l . 0 19025E-12 1 . 009903E-12 * 8 l . 097253E-12 1 .  069594E-12 1 . 066564E-12 1 . 03 1 959£-12 1 .  O l 6895E- 12 1 . 0217SOE-12 l . 0 13011E-12 1 . 0 12863E-12 * 7 1 . 1 18405E-12 l . 089923E-12 1 . 063370E-12 1 . 048039E-12 1 . 013713E-12 l . 007 380E-12 1 . 009609E- 12 l . 0022 53E- 12 * 6 1 . 10962 1E-12 1 . 1 16733E-12 1 . 087997E-12 1 . 056677E-12 l . 030673E-12 9 . 979042£-13  9 . 958591E-13  9 . 9977 13E-13 * 5 1 . 085361E-12 l . 1244 52E-12 1 . 1 1 1768E-12 1 . 0682 68E-12 1 .  0411 98E- 12 1 .  004301E-12 9 . 7 96966£-13  9 . 98651 4E-13 * 4 1 . 083333£-12 1 . 101528E-12 l . 121694E-12 1 . 091846E-12 1 . 05 1960E- 12 1 . 021 997£-12  9 . B 12270E- 1 3  9 . 786087E-13 * 3 1 .  093039E-12 1 . 07504 3E-12 1 . 097719E-12 1·. 1 19789E- 12 1 . 079669E- 12 1 . 04 5 174E-12 1 . 007370E-12 9 . 60312 BE-13  * 2 1 . 8700BOE-13 1 . B 19099E-13 l . 821273E-13 1 . B 6978 1E- 13  1 . 84 48 91E-13  1 .  777995E-13  1 . 7 5320BE-13  l . 678871E-13  * 1 7 . 981904£-15 7 . 856888E-15 7 . 8 40037E-15 7 , 74 3069E-15 7 . 677990E-15 7 . 624709E-15 7 . 5 4 9252E-15  7 . 51099BE-15 * 
* x mesh 89 x mesh 90 x mesh 91 x mesh 92 x mesh 93 x mesh 94 x mesh 95 x mesh 96 * 
* 1 1  9 . 984547E-13  9 . 7064 60E-13  9 . 615595E-13  9 . 570786E-13  9 . 4 51 35 0E-13  9 . 3 65766E-13  9 . 290770E-13  9 . 225532E- 13 * 10 9 . 8 60624E-13 9 . 8 1 6129E-13  9 . 608 60BE-13  9 . 5582 64E- 13 9 . 442044E-13  9 . 341240E-13  9 .  2 49149E-13  9 . 225399E- 13 * 9 9 . 843522E-13 9 . 80124 4E-13 9 . 687 9BOE-13 9 . 4 82315E-13  9 .  4781 11E-13  9 . 363563E-13 9 . 252077E-13  9 . 177734E- 13 * 8_ 9 . 950619E- 13 9 .  727624£-1 3 9 . 7 16060E-13 9 . 598584E- 1 3  9 . 360733E-13  9 . 3912 14E-13 9 . 322399E- 13  9 . 18700 4E-13 * 7 1 . 002773E-12 9 . 8 34967E-13 9 . 586780£-13 9 .  64 4138£- 13  9 . 469537E-13  9 . 296861E-13  9 . 376609£- 13  9 . 173190£-13 * 6 9 . 898574E- 13 9 . 899509£-13 9 . 709362E-13  9 . 492476E-13  9 . 540565E-13 9 .  31157 1E-13 9 . 2 68610E-1 3  9 . 234730E-13  * 5 9 . 902766E-13 9 . 827948£-13 9 . 800724£-13 9 . 513086£-13 9 . 445780£-13  9 . 384092£-13  9 . 093958£-13  9 . 286480E-13  * 4 9 . 880502E- 13 9 . 7973 18E-13 9 . 7764 37E-13  9 . 569489E- 13 9 . 433928£-13 9 . 3 8 6642£-1 3  9 . 167842£-13 9 . 202960E-13 * 3 9 . 693131£-13 9 . 757598£-13 9 . 7 35449E-13  9 . 68 1427E- 13  9 . 428367E-13 9 . 36504 3E-13 9 . 3 1 3 4 43E- 13  9 . 130663E-13  * 2 1 . 6434 60£-13 l . 669077E-13 1 . 657397E-13 1 . 656003E-13  . 1 � 631926£-13  1 .  607839E-13  1 . 605 388E-13 l . 575497E-13  * 1 7 . 404 953E-15 7 . 332240E-15 7 . 260753E-15 7 . 201227E-15 7 . 1 63230E-15 7 . 080584£-15  7 . 045468E-15 6 . 944701£-15 
* 
* x mesh 97 x mesh 98 x mesh 99 x mesh 100 x mesh 101 x mesh 102 x mesh 103  x mesh 104 
* 
* 11  9 . 050306E-13 8 . 881130E-13 8 . 72400 1E- 13 8 . 550484E-13  8 . 379337E- 13 8 . 24 5161E-13 8 . 0 8 67 7 6£-13  7 . 9638 18E-13 
* 10 9 . 109508E-13 8 . 891729E-13  8 . 737377E-13 8 . 5572 52E-13 B . 391580E- 13 8 . 223077E-13  8 . 1 00594E-13  7 . 949170E-13 
* 9 9 . 107329E-13 8 . 953098E-13 8 .  744 149E-13 8 . 5661 48E- 13 8 . 392939E-13  8 . 246577£-13  8 . 089983E-13  7 . 9511 97E- 13 
* 8 9 . 085803E-13  8 . 951451E-13 8 . 778388E- 13 8 . 57 6847E-13  8 . 3908 14E-13  8 . 239067E-13 8 . 092 63 9E- 13 7 . 96471 1E-13  * 7 9 . 085242E-13  8 . 960261E-13 8 . 763719E-13  8 . 607120E-13  8 .  401241E- 13  8 . 24 5371E-13 8 . 082725E-13  7 . 943288E-13 
* 6 9 . 004419£-13  8 . 991042E-13 8 . 772561E-13 8 . 605083E-13 8 . 423272E- 13 8 . 2 40029E-13  8 . 1 12901E- 1 3  7 . 921425E-13  
* 5 9 . 003806E-13 8 . 928383E-13  8 . 8 32181£-13 8 . 557 628E-13 8 . 482483E-13  8 . 191094£-13 8 . 15 17 40E-13  7 . 913965E-13 
* 4 9 . 08784 1E-13 8 . 875939E-13 8 . 829220E-13  8 . 582848E-13  8 . 4 43034£-13  8 . 2 48018£-13 8 . 0842 98E-13 7 . 979645E-1 3  
* 3 9 . 103934E-13 8 . 904039E-13 8 . 753 641£-13 8 . 635911£-13 8 . 408250E-13  8 . 280338E- 13 8 . 08 4 670E-13  7 . 944357£-13  
* 2 1 . 559651E-13 1. 543911E-13  1 . 508�58E-13 1 . 4 9451 1£-13 1 . 4 61 1 93E-13  1 . 4 30310E-13 1 .  4 1 1 67 1E-13  1 . 3778 69E-13 * 1 6 . 8 45570E-15 6 . 753017E-15 6 . 651396E- 15 6 . 571657E-15 6 . 432278E-15 6 . 352232E-15 6 . 2093 66£- 15 6 . 132896E-15 
* 
* x mesh 105 x mesh 106 x mesh 107 x mesh 108 x mesh 109 x mesh 1 10 x mesh 1 1 1  x mesh 1 12 
* 
* 1 1  7 . 79957 6E-13 7 . 642408E-13  7 . 517593E-13 7 . 374992E-13 7 . 320107E-13 7 . 228370E-13 7 . 1 524 30E-13  7 . 020452E-13 



* 10 7 . 821547£-13 7 . 655297£-13 7 . 521869£-13 7 . 375200£- 13 7 . 279032£- 1 3  7 . 2 17 615£-13  7 . 1 34114£-13  7 . 0454 62£-13  
* 9 7 . 8083 63£-13 7 . 698950£-13 7 . 519216£-13 7 . 391237£-13  7 . 267486£- 1 3  7 . 1 89 478£-13 7 . 1 19287£- 13 7 . 0453 03E-i3  
* 8 7 . 806567£-13 7 . 68 6920£-13 7 . 567207£-13 7 . 388 691£-13  7 . 278904£- 1 3  7 . 1 67 589£-13  7 . 098172£- 13 7 . 0232 61£- 1 3  * 7 7 . 833561£-13 7 . 682 476£-13 7 .  577 1 98£-13 7 . 4 1 2292£-13 7 . 287723£-1 3  7 . 1 65834E- 13 7 . 069990E-13 7 . 0 13678E- 1 3  * 6 7 . 8257 68£-13 7 . 683963E-13 7 . 573221£-1 3  7 . 44908 6£- 13 7 . 2820 12£-13  7 . 1 8 1003£-13 7 . 060492£-13  6 . 978994£-13  * 5 7 . 807299£-13 7 . 712105E-13 7 . 53 9025£-13  7 . 488174E- 13 7 . 299913£-13 7 . 174727E-1 3  7 . 07 1045£- 13 6 . 964509£-1 3  * 4 7 . 781298E-13 7 . 704665E-13 7 . 565 617E-13  7 . 4542 13£-13 7 . 338 905£-13  7 . 185589£- 13 7 . 080275£-13 6 . 9 62287E- 1 3  * 3 7 . 825403£-13 7 . 669999E-13 7 . 582742£-13 7 . 454 199£-13  7 . 350282£-1 3  7 . 232237£-13  7 . 087806E-13 6 . 98728 6£-1 3  * 2 l . 3622 94E-13 1 . 337330£-13 1 . 3 1 667 1£- 1 3  1 . 303445£- 13 1 . 275023E-13  l . 267030E- 13 l . 237173E-13 1 .  2208 11£-1 3  * 1 5 . 98544 8£-15 5 . 93917 1£-15 5 . 829733£-15 5 . 756666£-15 5 . 6233 67£-15 S . 55 6850£- 15 5 . 48 5504£-15 S . 391335£-15 
* 
* x mesh 113  x mesh 114 x mesh 115  x mesh 1 1 6  x mesh 117  x mesh 1 1 8  x mesh 119  x mesh 120 
* 
* 1 1  6 . 926255£-13 6 . 829073£-13 6. 738711£-13 6 . 699182E- 13 6 . 608845£- 1 3  6 . 5 1 4 685£-13 6 . 419603E-13 6 . 338 075E-13 
* 10 6 . 92 62 69£-13 6 . 838 994£-13  6 . 735855£-13  6 . 67188 6E- 13 6 . 6094 1 1£-1 3 6 . 524285£-1 3  6 . 426038E-13  6 . 326975£-13  
* 9 6 . 946468E-13 6 . 839177E-13  6 . 7 61294E-13 6 . 668724E-13 6 . 598 008£-1 3  6 . 5 15715E-13 6 . 4 15226£-13  6 . 32 3 603E-13  
* 8 6 . 951018E-13 6 . 8 61932£-13 6 . 7 60201E-13  6 . 688822£- 13 6 . 617903E-13  6 . 52 4 795£-13 6 .  427811£-13 6 . 304770E-13  * 1 6 . 932039£-13 6 . 8 64955E-13 6 . 766581£-13  6 . 68 6453£-13  6 . 612 648£-13 6 . 525562£-13  6 . 445470£-13  6 . 327873£-13  
* 6 6 . 92 8360E-13 6 . 853816E-13 6 . 7 88274£-13 6 . 682488£-13 6 . 603882£-13 6 . 528914£- 13 6 . 427373£-13  6 . 3 4 4 955£-13  
* 5 6 . 906015E-13 6 . 8 44566E- 13 6 . 8 1 4 704E-13  6 . 679533£-13  6 . 604083E-13  6 . 5 1 8 185£-13 6. 444 14 7E-13 6 . 3 19728£-13  
* 4 6 . 904083£-13 6 . 828426£-13 6 . 7 83752£-13  6 . 71 7955£-13 6 . 596940£-13  6 . 515426£-1 3  6 . 424017E-13 6 . 330137£-13 
* 3 6 . 86991 3£-13 6 . 834 804£-13 6 . 7 61712£-13  6 . 697780E-13 6 . 6314 62£-13  6 . 507257E-13 6 . 428098£-13  6 . 343398£-13  
* 2 l . 200791E-13 :J, . 183001E-13 1 .  176249£- 13 1 . 157874£-13 1 . 147052£- 1 3  1 . 125534£-13  1 . 1092 64£-13 1 .  094 1 91£-13 
* 1 5 . 3 17 088£-15 5 . 2 30544£-15 5 . 162851£-15 5 . 099475£-15 5 . 017995£-1 5  4 . 930628£-15 4 . 858091£- 15 4 . 785571£-15 
* 
* x mesh 121 x mesh 122 x mesh 123 x mesh 124 x me sh 125  x me sh 126  x mesh 127 x mesh 128 
* 
* 11  6 . 22 6400E- 13 6 . 103006E-13 5 . 969055£- 13 5 . 838202£-13 5 .  7 19167£-13  5 . 5 97 310£- 1 3  5 . 4741 47£-13 5 . 3 4 1846£- 13 
* 10 6 . 232945£-13 6 . 115523E-13 5 . 98 6058£-13  5 . 847024£- 13 5 . 708 5 4 6£-1 3  5 . 570158£-13 5 . 453983£-13 5 . 3 46079£- 1 3  
* 9 6 . 239407£-13 6 . 125204£-13 6 . 004786E-13 5 . 878204E-13 5 . 726916£-13  5 . 585616£-13 5 . 4 45066£-13 5 . 309784£-13  
* 8 6 . 205987£-13 6 . 123328£-13 6 . 02 994 1£- 13 5 . 8728 30£-13  5 . 735191E-13  5 . 610276£-13 5 . 478289£- 13 5 . 328349£-13  
* 7 6 . 199554£-13 6 . 083990E-13 5 . 992 923£- 13 5 . 898746£- 13 5 . 754958£-13  5 . 601736£- 13 5 . 454376£-13  5 . 3 62984£- 13 
* 6 6 . 2342 68£-13 6 . 106342£-13 5 . 97 197 3E-13  5 . 869047£-13 5 . 7 4 8 614£-1 3  5 . 615808£-13  5 . 48 92 64£-13 5 , 328360£-13  
* 5 6 . 22 1 07 9E- 13 6 . 134033E-13 5 . 984597£-13 5 . 855823E-13  5 . 7 46208£- 1 3  5 . 606795£-13 5 . 489567£-13 5 . 379226£-13  
* 4 6 . 2 18 787E-13 ' 6 . 116001E-13 6 . 003 310E- 13 5 . 873927£-13  5 . 7 4 4598£-1 3  5 . 609299£-13  5 . 4 66396£- 13 5 . 3574 07£- 13 
* 3 6 . 213523£-13 6 . 104854E-13  5 . 995641£-13 5 . 870071E-13  5 . 747943E- 1 3  S . 629 925£-13 S . 4 8 1073£-13 5 . 326291£- 13 
* 2 1 . 07 6329£-13 l . 057 669E-13 l . 040437E-13 1 . 020329E-13 9 . 9854 48£-14  9 . 8 03003£-14 9 . 613617£-14 9 . 388925£-14  
* 1 4 . 701144£-15 4 . 622393E-15 4 . 567 189E-15 4 . 46907 3£- 15 4 . 395527£- 1 5  4 . 3 19718£-15 4 . 259945£-15 4 . 183337£-15 
* 
* x mesh 129 x mesh 130 x mesh 131  x mesh 132 x mesh 133  x mesh 134  x mesh 135 x mesh 136  
* 
* 11  5 . 226806E- 13 5 . 104608E-13 4 . 993380£-13  4 . 88 4963E-13 4 . 8014 78E-13 4 . 7 4 1331£-13 4 . 666425£-13 4 . 600332E-13  
* 10 5 . 233795E-13 5 . 122274E-13 5 . 009810E-13  4 . 907599E- 13 4 . 7992 17E-13 4 . 708962£-13 4 . 624562E- 13  4 . 552938£- 13 

-

w '° 



• 9 5 . 199 175E-13 5 . 108627E-13 5. 016165E-13  , 4 .  909669E-13  4 . 809556E-13  4 . 72 1901E-13  4 . 637 334E-13 4 . 553535E-13 * 8 5 . 181723E- 13 5 . 080010E-13  4 . 993 104E-13  4 . 9010 38E-13  4 . 8224 47E-13 4 .  7 1 9371£-13  4 . 631591£-13  4 . 572186E-1 3  
• 7 S . 235967E-13  5 . 092070E-13  4 . 963547E-13 4 . 881791E-13  4 . 799091E-13 4 . 7 1 1044E-13 4 . 633 655E-13 4 . 54 9845£-13  * 6 5 . 20273 6E- 13 5 . 10 3775E-13  5 . 007702E-13  4 . 889600E-13  4 . 78 3694E-13 4 . 694826E-13 4 . 615249E-13  4 . 53 4 607E-13  * 5 5 . 209017E-13 5 . 066226E-13  4 . 992508E-13 4 . 90904 5E-13  4 .  800211E-13  4 . 700997E-13 4 . 6041 64E-13  4 . 529823E-13 * 4 5 . 243036E-13 5 . 099213E-13  4 . 965520E- 13 4 . 8 68 632E- 13 4 . 803957E-13 4 . 7 15421E-13  4 . 609721£-13  4 . 528654E-13  * 3 5 . 2 19343E-13  5 . 109116E-13 5. 0041 15E-13 4 .  8814 51E-13  4 . 7 49806E-13 4 . 672015E-13  4 . 621049E-13  4 . 550662£- 13 * 2 9 . 1 88755E-14 9 . 019612E-14  8 . 825488£-14  8 .  684 109E- 14 8 . 495340E-14 8 . 302064E-14  8 . 177581E-14 8 . 04 1522E-14 * 1 4 . 128878E-15 4 . 040650E- 15 3 . 977 556E- 15 3 . 893738E- 15 3 . 836696E-15 3 . 7 63 351E-15 3 . 723145E-15 3 . 663374E-15 * 
* x mesh 1 37 x mesh 138  x mesh 139 x mesh 140  x mesh 141  x mesh 142  x mesh 143  x mesh 144  * 
* 1 1  4 . 509001E- 13 4 . 443796E-13  4 . 357755£-13 4 . 2872 36E-13  4 . 249002E-13 4 . 217439E-13  4 . 1 97065E-13  4 . 176364E-13  * 10  4 . 504 932E- 13 4 . 4 38397E-13  4 . 379500£-13 4 . 3182 33E- 1 3  4 . 255086E- 13 4 . 206015E-13  4 . 1 65338E-13 4 . 1 45468E-13 * 9 4 . 470558E-13 4 . 404 627E-13 4 . 361487£-13  4 . 323836E-13 4 . 257744E-1 3  4 . 201 667E-13  4 . 181 108E-13  4 . 1 30556E-1 3  * 8 4 . 493535E-13  4 . 4 17759E-13  4 . 337602E-13 4 . 276228E-13 4 . 252505E-13  4 .  2 14 841E-13 4 . 1 62983E-13  4 . 137255E-13  * 7 4 . 4 93784E-13 4 . 427272E-13  4 . 374 453E-13  4 . 2 91736E-13  4 . 223939E-13 4 . 173866E-13 4 . 1 34 100E-13 4 . 129158E-13  * 6 4 . 483845E-13 4 . 43 4004E-13  4 . 367774E-13 4 . 305352E-13  4 . 257235E-13 4 . 204416E-13  4 . 1 45209E-13 4 . 085137£-13  
* 5 4 . 445 666E-13 4 . 420920E-1 3 4 . 3744 28E-13  4 . 3 4 61 8 1E-13 4 . 213157£-13  4 . 1904 91£- 1 3  4 . 1 964 57E-13 4 . 103018E-13 * 4 4 . 4 46063E-13 4 . 388897E-13 4 . 34 9908E-13  4 . 306392E-13 4 . 263131E-13 4 . 186846E-13  4 . 1 40284£-13  4 . 1 1 37 99£-13  
* 3 4 . 464470E- 13 4 . 378334£-13 4 . 31 7321£-13  4 . 279407E-13  4 . 243832£-13  4 . 191150E-13  4 . 155282E-13 4 . 092340£-13  
* 2 7 . 931337£-14 7 . 745267E-14 7 . 645461E-14  7 . 516748E- 14 7 . 431981E- 14 7 . 3 1 6549£-14  7 . 2 1 1 633E-14  7 . 1 1 8 637E-14  
* 1 3 . 609984E-15 3 . 543929E-1 5 3 . 4857 69E-15 3 . 422280E- 15 3 .  377113E-15 3 . 306243E-15 3 . 2 66656E-15 3 . 210836E-15 
* 
* x mesh 145 x mesh 14 6 x mesh 147  x mesh 148  x mesh 149 x mesh 150 x mesh 151  x mesh 152 
* 
* 1 1  4 . 153341E- 13 4 . 137273E-13  4 . 088758£- 13 4 . 045845E-13 3 . 97 8062E-13 3 .  904 1 62E-13  3 . 8 172 96E-13  3 . 747964E-13  
* 10 4 . 126758E-13 4 . 125940E-13 4 . 108583E-13 4 . 035104E-13 3 . 973430E-13 3 . 92 1 655E-13 3 . 843298E-13  3 . 757998£-13  
* 9 4 . 101 913E-13  4 . 08 6941£-13  4 . 070805E-13 4 . 028 696E-13 3 . 983830E-13 3 . 8 98558E-13 3 . 8 37 1 10£-13  3 . 76833 7E- 13 
• 8 4 . 105575£-13 4 . 096828£- 13 4 . 067979£-13  4 . 0 1 6603£-13  3 . 952238£-13 3 . 909729E-13  3 . 8382 63E-13  3 . 7 474 4 3E-13  
• 7 4 . 119628£-13 4 . 097905£-13 4 . 072 696E-13 4 . 030902£-13  3 . 969355£-13 3 . 8 93439£-13 3 . 8091 69E-13  3 . 7 67045E-1 3  
* 6 4 . 05220 1E-13 4 . 047340E-1 3 4 . 0634 60E-13  4 . 032630E-13  3 . 987857£-13  3 . 9 19328£-13  3 . 840200E-13  3 . 742234E-13  
* 5 4 . 055263E-13 4 . 028045E-13 4 . 007369E-13 4 . 022170E- 13 3 . 989958E-13 3 . 94 1184E-13 3 . 827707£-13  3 . 777001E-13  
* 4 4 . 074087E-13 4 . 040331E- 13 4 . 0l lS SOE- 13 3 . 986689E-13 3 . 977965E-13  3 . 932 609E-13  3 . 854348E- 13 3 . 769237E-13  
* 3 4 . 05 4611E-13 4 . 034346E-13 4 . 01 6232£-13 3 . 9903 16£-13 3 .  948014£-13  3 . 912416£-13 3 . 8 664 97£-13  3 . 7 89045E- 1 3  
* 2 7 . 022 606£-14 6 . 966657£-14  6 . 874081E-14  6 . 771889£-14 6 . 654251E-14  6 . 5 38481£-14  6 . 409537£-14  6 . 24 6049E-14 
* 1 3 . 162981E-15 3 . 139440£-15 3 . 08 3906E- 15 3 . 001382E-15 2 . 902559E-15 2 . 828173E-15 2 . 7 54 304E-15 2 . 66682 1E-15 
• 
* x mesh 153 x mesh 154 x mesh 155 x mesh 156  x mesh 157 x mesh 158 x mesh 159 x mesh 1 60 
* 
* 1 1  3 . 695364E- 13 3 . 614662E-13 3 . 503089E-13  3 . 421 990E- 13 3 . 3 34 825E-13 3 . 2 15776E-13 3 . 122812E- 13 3 . 031060E-13  
* 10 3 . 67261 3E-13 3 . 587723£-13  3 . 537783E- 13  3 . 452583E-13  3 . 330031E-13 3 . 2 362 15E-13 3 . 147543£-13  3 . 040741E- 1 3  
* 9 3 . 690977£-13 3 . 599 610£-13 3 . 51 0979£-13  3 . 432426£-13 3 . 372581E- 13 3 .  2 60241E-13  3 . 140342£- 13 3 . 052271E-13 



* 8 3 . 688924E-13 3 . 6162 17E-13 3 . 522905E-13  3 . 434090E- 1 3  3 . 343268E-13  3 . 262981E-13 3 . 1 65108E-13  3 . 06558 9E-1 3  * 7 3 . 693265E-13 3 . 597087E-13 3 . 531'.944E-13  3 . 451690E-13  3 . 356455E-1 3  3 . 261192E-13 3 . 1 67180E-1 3  3 . 068226E-13  * 6 3 . 683570E-13 3 . 636522E-13 3 . 534737E- 13  3 . 4 4 9125E-13 3 . 380608E-1 3  3 . 28 1 668E-13 3 . 178406E-13 3 . 0 68332E-13 * 5 3 . 662246E-13 3 . 596354E-13  3 . 5944 10E-13  3 . 4337 69E-13  3 . 3534 98E-1 3  3 . 327479E-13 3 . 176922E-1 3  3 . 077 97 5E-1 3  * 4 3 . 689885E-13 3 . 589865E-13 3 . 523078E-13  3 . 483662E-1 3  3 . 379 116E-1 3  3 . 290674E-13 3 . 204056E-13 3 . 099809E-13  * 3 3 . 701544E-13 3 . 604 623E-13 3 . 518971E-13 3 . 429854E-13  3 . 37 9050E-1 3  3 .  31 1271E-13 3 . 206096E-13 3 . 1 1 6478E-13  * 2 6 . 114865E-14 5.  936811E-14 5 . 78 1279E-14 5 . 638 1 95E- 14 5 .  497539E-14  5 . 3603 90E-14  5 .  231105E-1 4  5 . 076507E-14  * 1 2 . 594822E-15 2 . 521785E-15 2 . 4 4 1 123E-15 2 . 388833E-15 2 . 30943 1E-15 2 . 259201E-15 2 . 179733E-15 2 . 123392E-15 * 
* x mesh 161 x mesh 1 62 x mesh 163 x mesh 1 64 x mesh 1 65 x mesh 1 66 x mesh 1 67 x mesh 1 68 * 
* 1 1  2 . 950861E-13 2 . 866659E-13  2 . 782293E-13  2 . 7 13293E- 1 3  2 . 618929E-13  2 . 519119E-13 2 . 423750E-1 3  2 . 323048E-13 * 10 2 . 946868E-13 2 . 858039E-13  2 . 785011E-13 · 2 . 7 1562 2E-1 3  2 . 636105E-13  2 . 547191E-1 3  2 . 4 4 6276E-13  2 . 352379E-13  * 9 2 .  977069E-13 2 . 883544E-13 2 . 78 7024E-13 2 . 709495E-13  2 . 638224E-13  2 . 546126E-13 2 . 472378E-13  2 . 391013E-1 3  * 8 2 . 966774E-13 2 . 877544E-13 2 .  7 9 4 641E-13  2 . 7 14861E-13  2 . 630061E-13  2 . 552746E-13 2 . 478571E-13 2 . 38 62 04E- 1 3  * 7 2 . 979495E-13 2 . 894234E-13 2 . 798229E-13 2 . 699975E-13  2 . 628375E-13  2 . 551992E-13 2 . 4 65299E-13 2 . 391500E-13 * 6 2 . 969527E-13 , 2 . 884 610E-13 2 . 80 1079E-13 2 . 737649E-13  2 . 6442 18E-13  2 . 542216E-13 2 . 4 63485E-13 2 . 382531E- 13 * 5 2 . 980995E-13 2 . 899254E-13 2 . 784211E-13  2 .  728770E- 1 3  2 . 663531E-13  2 . 588224E-13 2 . 4 4 9630E-13  2 . 387800E- 13 * 4 2 . 982327E-13 2 . 879242E-13 2 . 80 6583E-13 2 . 722324E- 13 2 . 632344E-13  2 . 579990E-1 3  2 . 502827E-13  2 . 3 90882E-13  * 3 3 . 007 169E-13 2 . 895425E-13 2 . 804515E-1 3  2 . 71 901 4E-13  2 . 656516E-13 2 . 5 60 122E-13 2 . 474302E-13 2 . 4 1 9573E-13  
* 2 4 . 909177E-14 4 .  754 404E-14 4 . 580558E-14 4.  4479 15E- 1 4  4 .  306723E-14  4 . 200823E-14 4 . 053687E-14  3 . 94 1550E-14  
* 1 2 . 059345E-15 2 . 010487E-15 l . 941543E-15 l . 888453E-15 l . 828073E-15 l . 7 8 3075E-15 l . 728596E-15 l . 686623E-15  
* 
* x mesh 169 x mesh 170 x mesh 17 1 x mesh 172 x mesh 173  x mesh 174  x mesh 175 x mesh 176  
* 
* 11  2 . 230408E-13 2 . 153743E-13 2 . 091322E- 13 2 . 032137E-1 3  l . 980724E-13  l . 937871E-13  l . 87 6073E-13 l . 8 17233E-13  
* 10 2 . 248559E-13 2 . 150943E-13 2 . 072633E-13  2 . 0174 56E-13  l . 9608 61E-13  l . 90887 9E-13  l . 873169E-13  l . 825747E- 1 3  

9 2 . 278210E-13 2 . 178238E-13 2 . 075203E-13  2 . 004872E-13  l . 944 182E-13 l . 897597E-13  l . 867297E-13  l . 8 13 695E-13  
* 8 2 . 3 121 42E-13 2 . 2 12595E-13 2 . 10247 1E-13 2 . 020238E- 13  l . 94 6030E-13  l . 88 1 497E-13  l . 834 693E-13  l . 805585E-13 
* 7 2 . 310053E-13 2 . 225343E-13 2 . 142476E-13  2 . 043 184E-13  l . 964592E-13  l . 8 95220E-1 3  l . 832139E-1 3  l . 776997E-1 3  
* 6 2 . 297591E-13 2 . 225075E-13 2 . 1 38618E-13  2 . 057097E-1 3  l . 974771E-13  l . 923410E-13  l . 852477E-13 l . 77 6645E-1 3  
* 5 2 . 285802E-13 2.  24l  786E-13 2 . 1 1 1287E- 13 2 . 06552 9E- 1 3  1 . 953525E-1 3  l . 910347E-13  l . 855297E-13 l . 8 15256E-1 3  
* 4 2 . 3001 99E-13  2 . 218335E-13 2 . 1 38338E-13  2 . 047876E-1 3  l . 967203E-1 3  1 .  895922E-13 l . 8 37280E-13  l . 800103E-1 3  
* 3 2 .  349660E-13 2 . 236674E-13 2 . 134555E-13 2 . 0498 98E-13  l . 97 6039E-13  l . 896942E-13 l . 825610E-13  l . 774020E- 13 
* 2 3 . 815204E-14 3 . 699233E-14 3 . 550984E-14 3.  4l 7282E-14  3 .  287541E-14 3 . 175963E-14 3 . 0591 61E-1 4 2 . 955605E-1 4  
* 1 l . 629364E-15 1 .  58251 1E-15 l . 5207 61E-15 l . 471757E-15 l . 423395E-15  l . 374981E-15 l . 329993E-15 l . 287592E- 15 
* 
* x mesh 177 x mesh 178 x mesh 179  x mesh 1 80 x mesh 18 1  x mesh 182 x mesh 183 x mesh 184  
* 
* 1 1  1 .  782 927E-13 1 . 728945E-13 l . 653178E-13 l . 57 67 94E-13  l . 523139E- 13  l . 480723E-13  l . 452859E-13  l . 409327E-13  
* 10 l . 758999E-13 1 . 690194E-13 l . 646620E-13  l . 601570E- 13 l . 541641E-13  l . 474347E-13 1 . 4224 40E-13  l . 377 18 1E-13  
* 9 l . 756077E-13 l . 708422E-13 l . 647098E-13  l . 573237E- 13  l . 515240E- 13  l . 474442E-13 l . 428950E-13 l . 384 605E-1 3  
* 8 l . 773140E-13 1 . 708239E-13 1 . 635633E-13  l . 587872E- 13 l . 524336E-1 3  l . 4 65310E-13 l . 407161E-13  l . 36674 8E-13  

-� 
-



* 7 
* 6 
* 5 
* 4 
* 3 
* 2 
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* 
* 
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* 
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1 . 733524E-13  
1 . 7 3 1047E-13  
1 . 72 6821£-13  
1 . 74 9922E-13  
l . 720673E-13  
2 . 881257E-14  
1 . 248573E-15 

x mesh 185 

1 . 3721 63£-13 
l . 340080E-13  
l . 329372E-13  
1 . 332963E-13  
1 . 31 6578E-13 
1 . 317123£-13  
1 . 309718£-13  
1 .  340 177E-13 
1 . 319735E-13 
2 . 242576£-14 
9 . 92 8831E-1 6  

x mesh 193 

1 . 063946£-13  
1 . 066575E-13 
1 . 067997£-13 
1 .  09021 3£- 13 
l . 071 600E-13 
1 .  061273£-13  
l . 049486E-13 
l . 044 643E-13 
l . 03628 1E-13  
1 . 782203E-14  
8 .  021735£-16' 

x mesh 201  

8 .  440992£-14 
8.  592114E-14 
8 . 403547£- 14 
8 . 4 13627E-14 
8 . 557335E-14 

1 . 699158E-13 1 . 661080E-13  1 . 596203E-13  
1 . 680086E-13  1 . 633886E-13 1 . 594178£-13 
1 . 704 612E-13 1 . 6303 99£-13  1 . 573198E-13  
1 . 698 070E- 13 1 . 644605£- 13  1 . 585336E-13 
l . 683490E-13 1 . 656747£-13  1 . 604386E-13  
2 . 790305£-14 2 . 730509E- 14 2 . 663231£-14 
l . 208202E ... 15 1 . 177729£- 15 1 . 1423 47E-15 

x mesh 186 x mesh 187  x mesh 188 

1 . 327916£-13 1 .  283685£- 13 1 .  251237£-13  
1 . 311698£-13 1 . 284559£-13  1 .  253699£-13 
1 . 291901E-13 1 .  251916E-13 1 . 230822E-13 
1 . 2 94794£-13 1 . 257644E-13  1 . 211712E-13 
1 . 272835£-13 1 . 2 40601E-13  1 . 21 1459£-13  
1 . 277141£-13 1 . 23597 1£-13  1 . 188867E-13 
1 . 265128£-13 1 . 234392£-13  1 . 200530E-13 
1 . 281194E- 13 1 . 2 34535£- 13 1 . 189696E-13 
1 . 292192E-13  1 .  257807E- 1 3  1 . 2202 60£-13 
2 . 1 69932E- 14 2 . 109609£-14  2 .  054104E- 14 
9 . 671205£-16  9 . 402505£-1 6  9 . 1 6285 1E-16 

x mesh 194 x mesh 195  x mesh 196  

1 . 024234£-13 9 . 977242£-14 9 . 7 98596E-14 
1 . 0302 64£-13 9 . 982828E-14 9 . 682156E-14 
1 . 038527E-13 1 .  015040E-1 3  9 . 8 42269£- 14 
l . 037 642E-13 9 . 970916E-1 4  9 . 732016£-14 
1 . 052779£- 13 1 . 026447E-13  9 . 858444£- 14 
l . 0288 66E-13  9 . 936245E-14  9 . 699148£-14 
1 . 0174 65E-13  1 . 007553E-1 3  9 . 504712£-14 
1 . 01 6106E- 13 9 . 857534E-14  9 . 588247£-14 
1 .  0118 61E-13  9 . 822017£-14 9 . 503768E-14  
1 . 741046£-14 1 . 689464E-14 1 . 642310£- 14 
7 . 828314£-16  7 . 595429E-1 6  7 . 390562£-16  

x mesh 202 x mesh 203  x mesh 204 

8 . 211305E-14  8 . 0344 52£-1 4  7 . 87 6853E-14 
8 . 287560E-14 8 . 020093E-1 4  7 . 75493 6E-14  
8 . 223646E-14  8 . 067812£-14 7 . 888990£-14 
8 . 142449E-14 7 . 927857E-1 4  7 , 758 327E-14  
8 . 326064E-14 7 . 934040E-1 4  7 . 68 9195E- 14 

1 . 525006E-13  1 . 46 1955E-13  1 . 4 14802E-13 1 . 3 66927E-13 
1 . 554067E-13  1 . 495752E-13 1 . 420861E-1 3  1 . 358471£-13 
1 . 516874E-13 l . 497594E-13 1 . 455152£-1 3  1 . 381343E-1 3  
1 . 517873E-13  1 .  4 62 973E-13 l . 429843E-1 3  l . 391408E-1 3  
1 . 537377E-13  l . 47 8 1 39E-13  l . 407580E-13  1 . 355900£-13  
2 . 577256E-14 2 . 493274£-14 2 . 403208E-14  2 . 3 1 6959E- 14  
l . 10611 6E-15  1 .  078645£-15 1 . 04 9900E-15  1 . 021872£-1 5  

x mesh 189  x mesh 190 x mesh 191  x mesh 1 92 

1 .  217878E-13  1 . 181929£-13 1 . 1 39108E-13  1 . 101298E-13  
l . 217713E-1 3  1 . 18 4290E-13 1 . 1 49933£-13  1 . 109255£-13  
1 . 2 1 1878E-13  l . 1 92 4 14E-13  1 . 158495E-13  1 .  l 1 1616E-13  
1 . 187306£-1 3  l . 158 631E-13 1 . 1 55021£-13  l . 133949E-1 3  
l . 178995E-13  1 . 15 1 61 1E-13 1 . 1232 63£-13  1 . 098 476£-1 3  
1 . 1 59548£-13  l . 138911E-13  l . 1 1 6693E-13  1 . 088357£- 13 
1 . 152183E-13  1 . 12 1 1 66E-13  1 . 098736£-13 1 . 0734 95£-13  
1 . 1 56637£-13  1 . 12 3995E-13  1 . 091779£-1 3  l . 068231E-13 
1 . 1687 93E-13  l . 118833E-13 1 . 085843£-13 l . 058 687E-13  
1 . 994 4 1 6E- 14 1 .  935961E-14 1 . 868578E-14 l . 8 2 6309E-14  
8 . 8977 68E-16  8 . 686506E-1 6  8 . 4 34003E-16  8 . 233556£-1 6  

x mesh 197 x mesh 198 x mesh 199 x mesh 200 

9 . 574159E-14 9.  373311E-14 9 . 038595E-14  8 . 7287 06£-14 
9 . 3313 99E-14  9 . 1 24300E-14  8 . 991315£-14  8 . 798964E- 14 
9 . 400449£-14 9 . 108686E-14 8 . 8 96462£-14 8 . 629304£-14 
9 . 604237£-14 9 . 331053£-14 9. 010771£-14 8 . 650971£-14 
9 . 436135£-14 9 . 058575E-14  8 . 877991£-14  8 . 74 1947£-14 
9 . 579896£-14 9 . 39147 3E-14  9 . 003 655£- 14 8 . 59067 9£- 14 
9 . 240300£-14  8 . 977 497E-14 8 . 946553£-14  8 . 93 1028E-14  
9 . 2963 69£-14 9 . 001 528E-14 8 .  714405E-14 8 . 576928E-14  
9 . 1811 46E-14 8 . 978041E-1 4  8 .  7 74168£-1 4  8 . 5878 63E- 14 
l . 587880E-14 1 . 5491 19£-14 1 . 501646£-1 4  1 .  4 62846E-14  
7 . 148099£-16  7 . 003480E-1 6  6 . 7 46949£-16  6 . 617 552E- 1 6  

x mesh 205 x mesh 206  x mesh 207 x mesh 208  

7 . 800661E-14 7 . 497449£-14 7 . 358424£-14 7 . 28 5792E-14  
7 . 558054E-14  7 .  354130£-14  7 .  283571E-14 7 . 14 6896E-14 
7 . 658534E-14 7 . 394494E-14 7 . 24 6913E-14  7 . 120393E-14 
7 .  648726E- 14 7 . 428525£-14 7 . 35807 6E-1 4  7 . 248 520E-14 
7 . 5002 15E-14  7 . 370106E-14  7 . 284388E-14 7 . 160388E-14  



* 6 8 . 2627 83E-14 8 . 099127E-14  8 . 091536E-14  7 . 893525E-14  7 . 605584E-1 4  7 . 307 3 90E-14  7 . 177986E-1 4  7 . 072380E-14  * 5 8 . 4 104 90E-14 8 , 036589E-14 7 . 8 63 665E-14  7 . 653001E-1 4  7 .  59265SE-14  7 . 609524E-14  7 . 132939E-14  7 . 0704 8 6E-1 4  * 4 8 .  473272E-14  8 . 283486E-14 7 . 983562E-14  7 .  672 403E-14  7 . 438931E-1 4  7 .  317779E-14  7 . 280592E-1 4  7 . 208138E- 14  * 3 8 . 255488E-14 8 . 038488E-14 7 . 948036E-14 7 . 895749E-14  7 .  67 1 180£-1 4  7 . 350952E-1 4  7 . 194879E-14 7 . 025930E-14  * 2 1 . 4 19419E-14 l . 381619E-14 1 . 3 4344 1E-14 1 . 3 13514E-14  l . 285859E-14 1 . 259564E-14  l . 2267 59E-1 4  1 . 2 1 87 47£- 1 4  * 1 6 . 368370E-16  6 . 181889E-16 6 . 0277 17E-16  5 . 85 1659E- 1 6  5 . 687288E-1 6  5 . 534742E-16  5 . 300639E-16  5 . 3981 85E- 1 6  * 
* x mesh 209 x mesh 210  x mesh 2 1 1  x mesh 2 12 x mesh 2 1 3  x mesh 214  x mesh 2 15 x mesh 2 1 6  * 
* 1 1  7 . 132975E-14 7 . 036324E-14  7 . 0 1 6801E-14 6 . 907 170£-14 6 . 833747E-1 4  6 . 622 8 92E-14 6 . 383681E-14  6 . 1 891 14E- 1 4  * 10 7 , 124909E-14  · 6 . 949550E-14 6 . 856492E-14 6.  7 80525E-14  6 . 674238E-14  6 . 643502E-14  6 . 614597E- 14  6 .  463545E- 1 4  * 9 6 . 994354£-14 6 . 913958E-14 6 . 8082 13E- 14 6 . 750 978E- 14 6 . 623592E-1 4  6 , 5644 48E-14  6 . 461481E-14  6 . 3 10173E-14  * 8 7 . 042979E-14 6 . 854 334E-14 6 . 675 632E-1 4  6 . 58 9601E-14  6 .  5682 14£- 1 4  6 . 4901 62E-14  6 . 382485E-14  6 . 256033E- 14 * 7 7 . 025386E- 14 6 . 852300E-14  6 .  770383E-14  6 . 657906E- 14  6 . 51 6028E-1 4  6 . 366881E-14  6 . 298919E-14 6 . 271354E- 1 4  * 6 6 . 819780E-14 6 . 799185E-14 6 . 660680E-1 4  6 . 589434E-14 6 . 4 83458E-14 6 . 4 47960E-14  6 . 377023£-14 6 . 283829E-1 4  * 5 6 . 865405E-14 ' 6 . 715533E-14 6 .  56078.2E-14 6 . 4 61045£-14  6 . 5958 17E-14 6 . 2 8 8 4 1 1E-14  6 . 191409E-1 4  6 . 124430E-14  * 4 7 . 017590E-14  6 . 759138E-14 6 . 545454E-14  6 .  4 30522E-14  6 . 337 691E-14  6 . 327004E-14  6 . 2 40252E-14  6 . 1592 66E-1 4  * 3 6 .  868011E-14 6 . 763981E-14 6 . 6662 67E-14 6 . 550131E-14  6 . 425967E- 14 6 . 231377E-14  6 . 132279E- 14 6 . 1 1 4955E-14 * 2 1 . 188884E-14 1 . 154266E-14 1 . 121055E- 14  l . 097384E- 1 4  1 . 084614E-14  1 . 0 62211E-14 l . 036959E-1 4  1 . 0 19825E-14  * 1 5 . 161336E-16  5 . 1 17708E-16  4 . 8 69077E-16  4 . 822443E- 1 6  4 . 606807E-1 6  4 . 55 1 603E-16  4 . 372702E-16  4 . 303650E-16  
* 
* x mesh 217 x mesh 218  x mesh 219  x mesh 220 x mesh 221  x mesh 222 x mesh 223 x mesh 224  
* 
* 11  6 . 0532 11E-14 5 . 899216E-14 5 . 8182 4SE-14 5 . 723508E-14  5 .  642242E-14 5 . 579696E-14 · 5 . 4541 17£-14 5 .  391129E-14  
* 10 6 . 223671E-14  5 . 976483E-14 5 . 7 694 64E-14  5 . 642 155E-14 5 . 536432E-14  5 .  473333E-14  5 . 457744E-14  5 .  378209E-14  
* 9 6 . 217002E-14  6 . 114262E-14 5 . 994739E-14  5 . 8 4 6639E-1 4  5 .  618964E- 14  5 .  483614E-14 5 . 366384E- 14 5 .  297591E- 14  
* 8 6 . 092030E-14 6 . 021687E-14 5 . 872453E-14  5 . 772401E-14  5 . 702067E-1 4  5 . 62 1 920E-14  5 . 526158E-14 5 . 4 431 53E- 14 
* 7 6 . 151234E-14  6 . 024609E-14 5.  807394E-14  5 . 634538E-14  5 .  541 680E-14  5 . 4 64262E-14  5 . 426979E-14  5 .  373977E-14 
* 6 6 . 092692E-14 5 . 870681E-14  5 . 823304E-14  5 . 763 907E- 1 4  5 .  636154£-14 5 . 525922£-14  5 . 321367£-14  5 . 1991 98£-14  
* 5 6 . 205753E-14 6 . 10724 1E-14 5 . 733353E-14 5 . 6148 48E-14  5 . 4 98590E-14  5 . 557602£-14 5 .  7 1 1 116E-1 4  5 .  24 1620E-14  
* 4 6 . 005136E-14  5 . 937402E-14 5 . 864540E-14  5 . 737664E-14  5 . 580033E-14  5 . 375933E-14  5 . 327802E-14  5 . 345291£-14 
* 3 6 . 103970E-14  5 .  975114E-14  5 . 78 7 4 68£-14  5 .  6107 65£-14  5 . 527943£-14 5 . 490489£-14  5 .  327013E-14 5 . 2 17267E- 1 4  
* 2 1 .  001 143E-14  9 . 876876E-15  9 . 58667 9E-15  9 . 4 12 170E:..15 9 . 1587 13E-15  8 . 958590E-15 8 . 772093E-15  8 . 579363E-15  
* 1 4 . 1401 63E-16· 4 . 055073E- 16  3 .  911 982E- 1 6  3 . 8 47907£-16  3 .  71 6052E-16  3 . 631598£-16  3 . 524742£-16 3 . 4 174 89£- 1 6  
* 
* x mesh 225 x mesh 226 x mesh 227 x mesh 228 x mesh 229 x mesh 230 x mesh 231  x mesh 232 
* 
* 1 1  5 . 3284 69E-14  S . 248796E-14  5 . 140368E-14  4 . 996497E-14  4 . 870997E- 1 4  4 . 7 62 903£-14  4 . 688562E-14  4 . 612878£-14 
* 10 5 . 275390E-14 5 . 173553E-14  5 . 0 67 662£-14  5 . 0517 65£-14  4 . 995775E-14  4 . 9 17180£-1 4  4 . 777041£-14  4 . 657202£-1 4  
* 9 5 . 199364E-14  5 . 099707E-14 5 . 058308E-14  4 . 970425E- 1 4  4 . 8831 68£-14  4 . 807 4 4 1£-1 4  4 . 732867£-14  4 . 703350£-14  
* 8 5 . 2560 10E-14 5 . 112301E-14 5 . 012144£-14  4 . 896243E-14  4 . 809186E-14  4 . 730377£-14  4 . 701057E-1 4  4 . 622373£-14  
* 1 5 . 355486E-14 5.  277771E-14 5 . 173307E-14  5 . 069791£-14 4 . 924453E-1 4  4 .  776147£-14 4 .  668364E-14  4 .  548 660E-14  
* 6 5 . 199927E-14  5 . 158469E-14 5 . 097 361E-14  4 . 9988 66E-14  4 . 909685E-14  4 . 87 6637E-14 4 . 8 14717E-14  4 .  67 1568E- 14 

-



* 5 5 . 114487E-14 5 . 048329E-14 4 . 9744 63E-14 5 . 01 9475E-14  4 . 8 47679E-14  4 . 690675E-14 4 . 650331E-14  4 . 801027E-14  * 4 5 . 291217E-14 5 . 1 90869E-14  5 . 025444E-14 4 . 865816E-1 4  4 . 824090E-14 4 . 744836E-14 4 . 663685E-14  4 . 582267E-14 * 3 5 . 085524E-14 5 . 025071E-14 5 . 067795£-14  5 . 047674E-14  4 .  950227E-14 4 . 7 8 1804E-14  4 . 5 94332E-14 4 . 523210E-14 * 2 8 . 464273E-15 8 , 262218E-15  8 . 132720E-15 7 . 985997E-15 7 . 908709E-15  7 . 70 92 31E-15 7 . 5482 44E-15 7 . 354239E-15 * 1 3 . 353032E-16  3 . 254650E-16  3 . 175418E-16  3 . 085740E-1 6  3 . 013488E-16 2 . 925374E-16  2 . 850401E-16 2 . 753524E-16  * 
* x mesh 233 x mesh 234 x mesh 235 x mesh 236  x mesh 237 x mesh 238  x mesh 239  x mesh 240  * 
* 11  4 . 585715E-14 4 . 494797E-14 4 . 405270E-14  4 . 438314E-1 4  4 . 408231E-14 4 . 338205E-14 4 . 2 57192E-14 4 . 153779E-14 * 10 4 . 54 6355E-14  4 . 4 4 1539E-1 4  4 . 420044E-14 4 . 372816E-14 4 . 331328E-14 4 . 271331E-14 4 . 154138E-14 4 , 132536E-14 * 9 4 . 661388E-14 4 . 589099E-14  4 . 454456E-14  4 . 3 41257E-14  4 . 276146E-14 4 . 2007 42E-14 4 . 190598E-14 4 , 1 19334E-14 * 8 4 . 555969E-14 4 . 485427E-14  4 .  423230E-14  4 . 386506E-14 4 .  357243E-14 4 . 325114E-14  4 . 227108E-14  4 . 1 1 4 9 1 9E-14  * 7 4 . 482684E-14 4 . 425725E-14  4 , 397575E-14 4 . 322653E-14  4 . 252624£-14 4 . 202930E-14 4 , 182526E-14 4 . 1 65495E-14  * 6 4 . 564954E-14 4 . 459698E-14 4 . 348732E-14 4 . 2 61898E-14  4 . 191735E-14 4 . 1 45896E-14  4 . 139508E-14 4 . 097429E-14  * 5 4 . 54 6506E-14 4 . 509544E-14 4 . 517738E-14 4 . 284600E-14  4 . 189551E-14  4 . 11 7 446E-1 4  4 . 069861E-14 4 . 034007E-14 * 4 4 .  507361E-14  4 . 465529E-14  4 . 4320'71E-14  4 , 374826E-1 4  4 .  295676E-14 4 . 1784 61E-14  4 . 101029E-14 4 , 017509E-14 * 3 4 . 4 91273E-14  . 4 . 423593E-14  4 . 357 121E-14 4 . 2 99184E-14  4 . 227541E-14 4 .  2 1 1058E-14 4 . 1 53228E-14  4 . 101852E-14 * 2 7 , 205118E-15  7 . 085989E-15 6 . 941417£-15 6 . 877458E-15  6 . 704229E-15 6 . 593049£-15  6 . 4 90 650E-15 6 . 361793E-15 * 1 2 . 696221E-16  2 . 608643£-16  2 . 553 601E-1 6  2 . 473966E-16  2 . 420474E-1 6  2 . 3 40934£-16  2 . 2 98070E-16  2 . 223627E-16  * 
* x mesh 241  x mesh 242 x mesh 243 x mesh 244  x mesh 245 x mesh 2 4 6  x mesh 247  x mesh 248  * 
* 11  4 . 033764E-14 3 . 958611E-14 3 .  898340E-14 3 . 8 14105E-14  3 . 727319E-14 3 . 677202E-14  3 . 633599E-14 3 .  591624E-14 
* 10 4 . 093452£-14  4 . 012396E-14  3 . 946581£-14 3 . 867 1 4 1E-14  3 .  779871E-14 3 . 7 15164E-14  3 . 673020E-14 3 .  6247 10E-14  
* 9 4 .  042767E-14  · 3 .  959442E-14  3 . 856045£-14 3 . 808328E-14  3 . 8 14 918E-14  3 . 759954£-14  3 . 7 10703E-14  3 . 646806E-14 
* 8 4 . 017845E-14 3 . 911093E-14 3 . 873055£-14 3 . 821702E-14  3 . 761992E-14 3 . 707144E-14  3 . 62 6789E-14 3 .  573116E-14 
* 7 4 . 116340E-14 4 . 031443E-14 3 . 891225E-14  3 . 8 19968E-14  3 . 733845E-14 3 . 651488E-1 4  3 .  620072E-14  3 . 5924 13E-14 
* 6 4 . 03 6219E-14 3 . 958516E-14  3 .  898118E-14 3 . 8228 4 6£-14 3 . 775430£-14 3 . 723557£-14  3 . 641133E-14 3 . 58 6273E-14  
* 5 3 . 985100E-14  3 . 953064E-14 3 .  847371E-14 3 . 773037E-14  3 . 703579£-14 3 .  727756E-14  3 . 702534£-14 3 . 539416E-14 
* 4 3 . 974 943E-14 3 . 913827E-14 3 . 844031E-14 3 . 777759E-14  3 . 703133E-14 3 . 643745£-14  3 . 607585£-14 3 . 58 6196E-14 
* 3 4 .  045911E- 14 3 . 965140E-14 3 . 867243£-14  3 .  78052 8£-14 3 . 706500E-14 3 . 644 691E-14 3 .  580860E-14 3 . 530852E-14  
* 2 6 . 284 985E-15 6 . 180642E-15 6 . 096145E-15 5 . 959676E-15  5 . 832950E-15 5 . 7274 69E-15  5 . 618984E- 15 5 . 514 825E-15 
* 1 2 . 193775E-16 2 . 109445E-16  2 . 085713E-16 2 . 005619E-16  1 . 974 669E-16 1 . 901558E-16  l . 883880E-16  1 . 805035E-16  
* 
* x mesh 24 9 x mesh 250 x mesh 251  x mesh 252 x mesh 253 x mesh 254 x mesh 255  x mesh 256  
* 
* 1 1  3 .  561769E-14  3 . 513338E-14  3 . 457030E-14 3 . 398917E-14  3 . 353365E-14 3 . 31 6649£-1 4  3 . 304043E-14  3 . 257126E-14  
* 10 3 . 548661E-14 3 . 505558E-14 3 . 457825E-14  3 . 397142E-14  3 . 349320E-14 3 . 2 987 63E-14  3 . 254780E-14  3 . 20894 6E-14  
* 9 3 . 596132E-14 3 . 538529E-14 3 . 500168E-14 3 . 443949E-1 4  3 .  371167E-1 4 3 . 2 95541E-14  3 . 2 4 97 62E-14 3 . 204272E-14  
* 8 3 . 589608E-14 3 . 573948E-14  3 . 5357 95£-14  3 . 4 90867E-14  3 . 401982£-14 3 .  3 36797E-14  3 . 2 88132£-14  3 . 2 43150£-14  
* 7 3 . 552350E-14  3 . 515277E-14 3 . 463009E-14 3 . 393981E-14  3 . 398329E-14 3 . 381212E-14 3 . 328705E-14  3 . 282934E-14  
* 6 3 . 51 9652E-14 3 . 457288E-14  3 . 429250E-14  3 . 425826E-1 4  3 .  387237E-14 3 . 33 8 903E-14  3 . 27 9065E-14 3 . 19112 4E-14  
* 5 3 .  557751E:...14 3 . 480944E-14 3 . 4 12559£-14 3 . 373131£-1 4  3 . 336319E-14 3 . 297302£-14  3 . 2 45208E-14 3 . 3 60440E-14  



* 4 3 . 530145E-14 3 . 489l55E-14  3 . 427431E-1 4  3 .  3 69204E-14  3 . 328897E- 1 4  3 . 2 94 405E-14  3 . 2 4 1296E-1 4  3 . 188724E-14  
* 3 3 . 4 79520E-14 3 . 433465E-14 3 . 4 1 4723E-14  3 . 4044 12E- 1 4  3 . 3667 4 6E-1 4  3 .  329620£-14  3 . 265870E- 1 4  3 . 187426E-14  * 2 5 . 424238E-15 5 . 331385E-15 5 . 254 053E-15  5 . 167531E-15 5 . 1042 97E-15  5 . 025940E-15 4 . 997747£-15 4 . 876343E-15  * 1 l . 797240E-1 6  1 .  716018E-16  l . 7 1 1 187E-1 6  l . 635025E-16  l . 633573E- 1 6  l . 562 878E-16  l . 559596E-1 6  l . 4 9640 6E-1 6  * 
* x mesh 257 x mesh 258 x mesh 259  x mesh 2 60 x mesh 2 6,1 x mesh 262 x mesh 2 63 x mesh 2 64 * 
* 1 1  3 . 194 638E-14  3 . 1 13511E- 14  3 . 071747E-14 3 . 027067E-14  2 . 979581E-1 4  2 . 956578E-14  2 . 915682E-14 2 . 8751 48E-14  * 10 3 . 164 695E-14 3 . 1 11049E-14  3 . 0654 92£-14  3 . 022251E-14 2 . 979027E- 1 4  2 . 928 447E-14 2 . 875894E-14  2 . 827748E-14  * 9 3 . 160207E-14  3 . 1 10858E-14  3 . 060974£-14  3 . 016355E-14  2 . 976456E-'14 2 . 930499E-14 2 . 878325E-14  2 . 825805E-14  * 8 3 . 161479£-14 3 . 108 908E-14  3 . 059360£-14 3 . 011470E-14 2 . 9688 18E-14  2 . 930833E-14 2 . 879870E-14  2 . 82882 1E- 1 4  * 7 3 . 2068 07E-14  3 . 1 13591E-14 3 . 057303E-14 3 . 009886E-14  2 . 961939E-1 4  2 . 925954E-14  2 . 8 81060E-14  2 . 831 972E-14 * · 6 3 . 176821E-14 3 . 177592E-14  3 . 1 36471E-14 3 .  0908 61E-14  3 . 02 4844E-14 2 . 9 41064E-14  2 . 878756E-1 4  2 . 83 4 8 62E- 1 4  * 5 3 . 14 4 667E-14  3 . 100369E-14 3 .  051 177E-14  3 . 0077 57E-14 3 . 021956E-14  3 . 0997 10E-14 2 . 971517E- 1 4  2 . 8 3572 3E-14  * 4 3 . 182980E-14  3 . 140439E-14  3 . 0 91054E-1 4  3 . 088595£-14  3 . 007984E- 14  2 . 9701 18E-14  2 . 917053E-1 4  2 . 871887E-14  * 3 3 . 135658E-14 3 . 094 100E-14  3 .  0 49895E-14  3 . 000803E-14 2 . 991315E-14  2 . 950440E-14 2 . 923588E-14  2 . 907555E-14  * 2 4 . 787673E-15 4 . 707748E-15 4 .  631 140E-15 4 . 542404E-15 4 . 4 67 627E-15  4 . 384258E-15 4 .  3 1 1 192E-15  4 . 235438E-15 * 1 l . 488467E-16  l . 4288 63E-16  l . 4 15 64 9E-16  l . 364092E-16 l . 3491 14E-16  l . 3024 82E-16  1 .  279667E- 1 6  l . 238012E-16  
* 
* x mesh 2 65 x mesh 266 x mesh 2 67 x mesh 268  
* 

x mesh 269  x mesh 270 x mesh 271  x mesh 272 

* 1 1  2 . 834728E-14 2 . 7 90153E-14  2 .  72 6004E- 14 2 . 6824 33E-14  2 . 664338E-14  2 . 620069E-14 2 . 573116E-1 4  2 . 5394 67E- 1 4  
* 10  2 . 791543E-14 2 . 748419E-14  2 . 729109E-14 2 .  7 1 62 60£-14 2 . 696852E- 1 4  2 . 655735E-14  2 .  611955E- 1 4  2 . 5607 94E- 1 4  
* 9 2 . 783580E-14  2 . 74607 1E-14  2 . 701424E-14 2 , 67742 0E-14 · 2 . 652626E-14 2 . 615730E-14  2 . 573002E-1 4  2 .  529582E- 1 4  
* 8 2 . 778169E-14  2 .  741025E-14 2 . 698129E-1 4  2 . 678052E-14 2 . 647101E-1 4  2 . 611023£-14  2 . 5 69515E-1 4  2 . 529956E-14  
* 7 2 . 778560E-14  2 . 735748E-14  2 . 693471E-14 2 .  675535E-14 2 . 644526E-1 4  2 . 605035E-14 2 .  565624E-14  2 . 527 187E-14  
* 6 2 . 781387E-14  2 . 734 595E-14  2 . 688568E-14  2 . 66781 1E-14  2 .  642234E-14  2 . 600917E-14 2 . 560775E-1 4  2 . 522824E-14  
* 5 2 . 784148E-14 2 . 734696E-1 4  2 .  687356E-14  2 . 658908E-14 2 . 6401 67E- 1 4  2 . 599099E-14 2 . 558123E- 1 4  2 . 51 9007E-14  
* 4 2 . 8244 91E-14  2 . 773554E-14 2 .  722 134E-14 2 . 657808E-14  2 .  636947E-14  2 . 596835E-14  2 .  556723E-14  2 .  5 152 1 1E-14  
* 3 2 . 840889E-14 2 . 779832E-14  2 . 727852E-14  2 . 6927 60E-14  2 . 670757E-1 4  2 . 609 62 0E-14 2 . 554508E-14  2 . 5 10908E- 14 
* 2 4 . 172184E-15 4 . 095330E-15 4 , 052370E-15 3 . 961726E-15 3 .  942914E-1 5  3 . 864 4 97E-15 3 . 807 946E-15 3 . 7304 66E-15 
* 1 l . 2 1 9457E-16  l . 180658E-16  l . 1 62597E-16  
* 

l . 105916E-16  l . 129121E-1 6  l . 095058E-16  l . 076476E-1 6  l . 045982E- 1 6  

* x mesh 273  x mesh 274 x mesh 275 x mesh 276 x mesh 277 x mesh 278 x mesh 2 7 9  x mesh 280 
* 
* 1 1  2 . 510073E-14  2 . 457149E-14  2 . 4 12 737E- 1 4  2 . 368940E-14 2 . 326606E-14  2 . 256355E-14  2 . 2 16117E-14 2 . 1 897 90E-14  
* 10  2 . 487678E-14 2 . 428962E-14  2 . 38 1 121E-14  2 . 33 6693E-14  2 . 301932E- 1 4  2 . 2 93 958E-14  2 . 250826E-14  2 . 2 1 1077E-14  
* 9 2 . 502950E-14 2 . 4 68634E-14 2 . 420523E-14 2 . 37507 1E-14 2 . 3 48535E-14  2 . 3124 61E-14  2 . 238302E- 1 4  2 . 18064 1E-14  
* 8 2 . 482937E-14  2 . 437305E-14 2 . 390366E-14  2 . 3472 69E-14 2 . 300805E-14  2 . 281741E-14  2 . 271867E-14  2 . 2 4 9382E-14  
* 7 2 . 484720E-14  2 . 4 41509E-14 2 . 394209E-14 2 .  351492E-14  2 . 3067 61E- 1 4  2 . 265 753E-1 4  2 . 226134E-14  2 . 18 6682E-14  
* 6 2 . 4 84 090E-14 2 . 442864E-14 2 . 399247E-14  2 .  354 1 1 9E-14 2 . 3 124 65E-14  2 . 269703E-14  2 . 229170E-14  2 . 188510E-14 
* 5 2 . 483466E-14 2 . 442170E-14  2 . 402483E-14  2 . 355658E-14 2 . 3 14 970E-14  2 .  272833E-14  2 . 231 928E-14  2 . 18897 4E- 1 4  
* 4 2 . 480793E-14  2 .  4 41184E-14  2 . 402672E-14  2 . 358 121E-14  2 . 31 6770E-14  2 . 275013E-14  2 . 235451E-14  2 . 191081E-14  

-
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* 3 2 . 475223E-14 2 . 438631E-14 2 . 401931E-14  2 . 360818E-14 2 . 320332£-14  2 . 27 8 4 17E-14 2 . 239777E-14  2 . 196777E-14 * 2 3 . 666204E-15 3 . 599824E-15 3 . 543356E-15  3 . 4762 66E-15  3 . 4 19101E-15  3 . 356982E-15 3 . 300926E-15  3 . 239803E-15 * 1 1 . 026522E-16  9 . 984065E-17 9 . 743853E-17 9 . 5197 68E-17 9 . 259940E-17 9 . 060332E-17 8 . 759996E-17 8 . 58978�E-17  * 
* x mesh 2 8 1  x mesh 282 x mesh 283  x mesh 284  x mesh 285  x mesh 286  x mesh 287  x mesh 288  * 
* 1 1  2 . 175514E-14  2 . 140653E-14 2 . 109639E-14  2 . 082945E-14 2 . 053378E-14 1 . 998530E-14  1 . 954199E-14 1 . 915633E-14  * 10 2 . 173508E-14 2 . 139503E-14 2 . 082090E-14  2 . 047131E-14 2 . 019953E-14  2 . 012544E-14 l . 984348E-14 1 . 948931E-14  
* 9 2 . 139796E-14 2 . 106371E-14 2 . 093457E-14  2 . 072786E-14 2 .  044 982E-14 2 . 019961E-14 1 . 985867E-14  l . 942805E-14 * 8 2 . 206281E-14 2 . 168 601E-14 2 . 119334E-14  2 . 060302E-14 2 . 009340E-14  l . 985432E-14  l . 956763E-14 1 . 933448E-14 * 7 2 . 145254E-14  2 . 104632E-14 2 . 081 173E-14  2 . 076308E-14 2 . 066578E-14  2 . 039137E-14  2 . 013797E-14 1 . 969800E-14  
* 6 2 . 149666E-14  2 . 106807E-14 2 . 069043E-14  2 . 033296E-14 2 . 005186E-14 1 . 973855E-14 1 . 950650E-14 1 . 922837E-14 
* 5 2 . 152379E-14  2 . 108707E-14 2 . 070192E-14  2 . 032062E-14 2 . 004209E-14  1 . 97 1930E-14  1 . 947212E-14 1 . 921149E-14  * 4 2 . 153124E- 14 2 . 111715E-14 2 .  071720E-14 2 . 032 672E-14 2 . 002324E-14  1 . 972036E-14 1 . 944434E-14 1 . 9 18159E-14  
* 3 2 . 154872E-14 2 . 1 152 90E-14 2 . 075470E-14  2 .  034644E-14 2 . 000648E-14  1 . 970454E-1 4  1 . 9 41816E-1 4  1 . 9 1 38 99E- 1 4  * 2 3 . 172635E-15 3 . 107491E-15 3 .  04621'2£-15 2 . 980351E-15  2 . 924738E-15  2 . 87 6742E-15 2 . 832210E-15 2 . 7868 61E-15  * 1 8 . 323133E-17 8 . 168695E-17 7 . 908540£-17  7 . 795773E-17 7 . 538938E-17  7 . 451846E-17 7 . 178657E-17 7 . 095450E-17 * 
* x mesh 289 x mesh 290 x mesh 291 x mesh 292 x mesh 293  x mesh 294  x mesh 295 x mesh 296 
* 
* 11 1 . 878794E-14  1 . 8 44809E-14  1 . 820090E-14  1 . 792640E-14  1 . 781463E-14  1 . 755892E-14  1 .  731029E-14 1 . 708925E-14 
* 10 l . 908303E-14 1 . 8"13747E-14 1 . 822060E-14  1 .  770972E-14 1 . 731963E-14 1 . 701814E-14  1 . 674229E-14 1 . 653795E-14 
* 9 l . 884449E-1 4  1 . 8 47001E-14 1.  811330E-14  l . 777568E-14 1 . 736459E-14  1 , 702769E-14 1 . 673029E-14 l . 649771E-14  
* 8 1 . 917194E-14  1 , 878849E-14  1 .  84011,SE-14 1 . 807276E-14 1 . 770938E-14  1 . 707654E-14 ·1 .  673975E-14 1 . 646599E-14 
* 7 1 . 917031E-14 1 . 854369E-14 l . 8 16620E-14 1 . 779509E-14 1 . 7 49172E-14  1 . 73 4804E-14 1 .  702176E-14 1 . 671303E-14 
* 6 l . 8995 68E-14  1 . 887208E-14 1 . 850301E-14 l . 810058E-14 1 .  7777 64E-14  1 . 743622E-14 l . 68 1342E-14  1 . 64 6057E-14  
* 5 1 . 895152E-14  l . 8 60530E-14 1 . 824551E-14 1 . 784331E-14 1 . 750292E-14  1 . 7 19154E-14 1 . 802567E-14 l . 668490E-14  
* 4 l . 893934E-14 l . 862124E-14 1 . 827 175E- 14 1 . 787805E-14  1 . 751547E-14  1 .  7 1 8725E-14  1 . 687926E-14 1 . 673952E-14 
* 3 1 . 890034E-14 l . 863561E-14 1. 830647E-14 1 . 793 658E-14 1 . 754 915E-14  1 . 720482E-14 1 . 689590E-14 1 . 658640E-1 4  
* 2 2 . 742492E-15  2 . 704553E-15 2 . 653076E-15  2 .  601811E-15 2 . 540854E-15  2 . 4 90744E-15 2 . 4 40337E-15  2 . 403084E-15 
* 1 6 . 852372E-17 6 . 785546E-17 6 . 522678£-17  6 . 48 4 665E-17 6 . 224 560E-17 6 . 167223E-17 5 . 88 8912E-17 5 . 8 8924 5E-17 
* 
* x mesh 297 x mesh 298 x mesh 299 x mesh 300 x mesh 301 x mesh 302 x mesh 303 x mesh 304 
* 
* 11  l . 665420E-14 1 . 639635E-14 1 � 582073E-14  1 . 556192E-14 1 . 529204E-14 . l . 503224E-14 l . 474995E-1 4  1 .  447923E-14 
* 10 1 . 644758E-14 1 . 628921E-14 1 . 622768E-14 1 . 602925E-14 1 .  577665E-14 1 . 55 1372E-14 l . 506205E-14  1 . 4 73346E-14 
* 9 1 . 62 6978E-;1.4 l . 603202E-14 1 . 575808E-14 1 . 550273E-14 1 . 527572E-14  1 . 503989£-14 1 . 4 8 1 976E-1 4  1 . 4 49914£-14  
* 8 1 . 624151£-14 1 . 601550E-14 1 . 576694E-14  1 .  54854 9E-14 1 .  524776E-14  1 .  502917E-14 1 .  477368E-14 1 . 4 4 94 69E-14  * 7 1 . 64 6680E-14 l . 608819E-14 l . 576926E-14  1 . 548895E-14 1 .  522729E-14  1 . 500169E-14  1 . 478192E-14 l . 450429E-14  
* 6 1 . 619824E-14  1 . 595483E-14 1 . 575198E-14 1 . 549887E-14 1 .  522554E-14  1 . 497281E-14 1 . 4768 67E-14  1 . 451799E-14  
* 5 1 . 618936E-14 l . 594243E-14 1 . 573007E-14  1 . 550500E-14 1 . 523005E-14  1 . 496120E-14 1 . 4 75143E-14 1 . 452409E-14  
* 4 1 . 644717E-14  l . 619203E-14 1 . 596470E-14 l . 574392E-14  1 . 532323E-14  1 . 496381E-14 1 . 473256E-1 4  1 . 451977E-14 
* 3 1 . 622243E-14 1 . 591890E-14 1 .  568655E-14  1 .  5472 96E-14 1 . 539960E-14  1 . 522343E-14 1 . 4 95087E-14 1 . 474058E-14 



* 2 2 . 349519E-15  2 . 304361E-15 2 . 260492E-15 · 2 . 230727E-15  2 . 185239E-15  2 . 152387E-15 2 . 1 03638£-15 2 . 0753 68E-15  * 1 5 . 629859E-17  5 . 607888E-17 5 . 363 19BE-17 5 . 357381E-17 5 . 1 13 651E-17  5 . 106511E-17  4 . 8 91423E-17 4 . 8 91564E- 17 * 
* x mesh 305 x mesh 306 x mesh 307 x mesh 308 x mesh 309  x mesh 310  x mesh 3 1 1  x mesh 312  * 
* 1 1  1 .  4 17173E-14 1 . 391277E-1 4  1 . 3622 1 9E-14  1 .  332 1 15E-14  1 .  302950E-14  1 . 293738E-14 1 . 265708E-14  1 . 242152E-14  * 10  1 .  424137E-14  1 . 393308E-1 4  1 . 365217£-14  1 . 336551E-14  1 . 3044 43E-14 1 . 275271E-14  l . 247741E-14  l . 222310E-14  * 9 l . 443670E-14  1 . 418931E-14 1 . 3904 13E-14  1 . 361457E-14  l . 331362E-14  l . 300239E-14  l . 2 54006E-14  1 . 22 4 660E-1 4  * 8 1 . 425182E-14  1 .  3 98983E-14 1 . 371619£-1 4  1 .  341773E-14  1 . 313337E-14  1 . 283537E-14 1 .  271 914E-14 1 . 24792 7E-1 4  * 7 1 . 425194E-14 1 . 400570E-1 4  1 . 375138E-14  1 . 345123E-14 l . 3 15852E--1 4 1 . 2 87274E-14 1 . 258631E-14  1 . 229540E-14  * 6 l . 425957E-14 1 . 400799E-14 1 . 377424E-14  1 . 349129E-14  1 . 3 18940E-1 4  1 . 2 8 9653E-14  1 . 262740E-14 1 . 2334 65E-14  * 5 1 . 426781E-14 1 . 401069E-14 1 .  377716£-14  1 . 35 1 9 4 6E-14 1 . 320937E-14  l . 291355E-14 1 . 2 64 148E- 14 l . 236829E-14  * 4 l . 427273E-14  1 . 402312E-1 4  l . 377409E-14  1 . 353372E-14  1 . 3237 58£-14  1 . 293385E-14  1 .  2 65283E-14 l . 238932E- 1 4  * 3 1 . 450467E-14 1 . 4 15590E-14 1 . 378057£-14  1 . 354305E-14  1 . 327672E-14  l . 297 591E-14 1 . 267416E-14 l . 2 4 1533E- 1 4  * 2 2 . 034596E-15 2 . 021313E-15 1 . 968 920E-15 1 . 939047£-15  1 . 900220E-15 l . 8 60610E-15 1 .  8 114 14E-15 1 . 775838E-15  * 1 4 . 688292E-17 4 . 669181E-17 4 . 485589E-17  4 . 458770E-17 4 . 300206E-17  4 . 259938E-17 4 . 104662E-17  4 . 045939E-17  * 
* x mesh 313  x mesh 314  x mesh 315  x mesh 316  x mesh 317  x mesh 318  x mesh 3 1 9  x mesh 320 * 
* 1 1  1 . 220901E-14  1 . 221251E-14 1 .  205256£-14  1 .  l 75014E-14 l . 151812E- 14  1 . 138985E-14 l . 12109SE-1 4  1 . 09574 4E-14  
* 10 1 . 1 99801E-14 l . 181544E-14 1 . 1 63324E-14 1 . 1515 40E-1 4  1 . 129505E-14  1 . 1 14790E-14 1 . 1003 67E-14 l . 087434E-14  
* 9 1 . 200398E-14 1 . 180193E-1 4  1 . 162 155E-14  1 . 1 4 4731E-14 1 . 128432E-1 4  l . 1 10980E-14  1 . 096601E-14  1 .  0808 67E-14  
* 8 1 . 223112E-14 1 . 199708E-14 1 . 18 1035E-14 1 . 164918E-14  1 . 129943E- 14  1 . 109231E-14 1 . 092898E-14  1 . 077570E-1 4  
* 7 1 . 205493E-14  l . 1807 95E-1 4  1 .  1 60504E-14 1 . 1 4 68 61E-14 1 . 161 600E-14  1 . 1 4 6542E-14  1 . 1291 18E-14 l . 1 1 1574E-14  
* 6 l . 20744 6E-14  1 . 183515E-14 1 . 1 60855E-14  1 . 1 40957E-14  l . 123607E-14  1 . 106649E-14  l . 089023E-14 l . 071943E-1 4  
* 5 1 . 2084 69E-14  l . 185219E-14 1 . 161818E-1 4  1 . 140727E-14  1 . 122530E-14  1 . 106141E-14  l . 088010E-14 1 . 070932E-14  
* 4 1 . 226485E-14 1 . 207406E-14 l . 184076E-1 4  1 . 162 1 5 6E-1 4  1 . 126390E-14  1 . 105339E-14 l . 087536E-14 l . 069896E- 14  
* 3 l . 214944E-14 l . 189225E-14 1 . 1 6482 6E-14  1 . 1 43744E-14 1 . 137174E-14 l . 123628E-14 l . 1063 67E-14  l . 088088E-14 
* 2 1 . 735255E-15  1 . 7022 95E-15 1 .  664176E-15 1 .  63721 6E-15 l . 604780E-15  1 . 577430E-15 1 . 5 49964E-15 1 . 521874E-15 
* 1 3 .  911369E-17 3 . 856902E-17 3 . 727031E-17 3 . 6627 97E-17 3 . 567916E-17 3 . 4 92 633E-17 3 . 407095E-17  3 . 3 12846E-17  
* 
* x mesh 321 x mesh 322 x mesh 323 x mesh 324 x mesh 325 x mesh 326  x mesh 327 x mesh 328 
* 
* 1 1  l . 060045E-14  l . 037565E-14  1 .  014791E-14  1 . 002 7 90E-14 9 . 943786£-15 9 . 74 6107E-15 9 . 549509E-15  9 . 354220£-15 
* 10 1 . 080574E-14 1 . 058238E- 1 4  1 . 035343£-14  l . O l3 8 97E-14  9 . 949337E-15 9 . 75763BE-15 9 . 4 47648E-15  9 . 203307E-15 
* 9 l . 063065E-14 1 .  042290E- 14 1 . 02034 4£-14  9 . 980825E-15 9 . 788292E-15 9 . 595080E-15 9 . 529639E-15  9 . 382458E-15 
* 8 l . 062729E-14 1 . 043605E-14  1 . 023128E-14 1 . 00027 9E-14 9 . 806212E- 15 9 . 604834E-15  9 .  426372E-15 9 . 2358 48E-15  
* 7 l . 097144E-14 1 . 075802E- 1 4  1 . 028'C>87E-1 4  1 . 002936E-14 9 . 8241 49E-15  9 . 623739E-15  9 . 4 33517£-15 9 . 250290E-15 
* 6 1 .  056117E-14 1 . 0474 18E-14 1 . 058502E- 14 1 . 02 3526E-14 1 . 002 305E-14  9 . 82 1249E-15  9 . 62223iE-15 9 . 383087E-15 
* 5 1 . 054372E-14 1 . 040123E-14  l . 027090E-14  1 . 0067 72E-14 9 . 855389E-15  9 . 659763E-15  9 . 459053E-15  9 . 4 66423E-15 
* 4 1 . 053252E-14 1.  038253E-14 l . 02510SE-14  1 . 008433E-14  9 . 865472E-15  9 . 672958E-15  9 . 472487E-15  9 . 277002E-15  
* 3 1 .  070363E-14  1 .  OS0817E-14  1 . 021 622E-1 4  1 . 008 593E-14  9 . 891933E-15 9 . 688736E-15 9 . 4 95682E-15  9 . 297139E-1 5  
* 2 1 . 489957E-1S  1 . 478890E-15 1 . 4 4 1304£-15 1 . 422 906E-15  1 . 397 104E-15 l . 369229E-15 l . 345123E-15 l . 3 18239E-15  
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* 1 3 . 256256E-17 3 . 167351E-17  3 . 127,303E-l 7 * 3 . 033052E-17  2 . 989847E-17 2 . 894007E-17  2 . 8 61777E-17 2 . 766752E-17  
* x mesh 329  x mesh 330 x mesh 331  x mesh 332 x mesh 333 x mesh 334 x mesh 335 x mesh 336  * 
* 1 1  9 . 225389E-15  9 . 113039E-15 8 . 931670E-1 5  8 . 634 641E-1 5  8 . 403687E-15 8 . 22 4 4 64£-15 8 . 078506E-15  8 . 053536£-15  * 10 9 . 103123E-15 8 . 965896E-15 8 . 778029£-15  8 . 7 1 1 4 8 9E-1 5  8 . 584017£-15 8 . 392519E-15  8 . 232120£-15  8 . 086298E-15 * 9 9 . 291287E-15  9 . 155571E-15 8 . 955828E-15  8 . 763094E-15 8 . 594542E-f5 8 . 366708E-15 8 . 082790E-1 5  7 . 930124E-15  * 8 9 . 134088E-15  9 . 013961E-15 8 . 820822E-15  8 . 619859£-15 8 . 445321E-15 8 . 320890E-15  8 . 249831E-15 8 . 079875E-15  * 7 9 . 1 4 9283E-15 9 . 032599E-15  8 . 842474£-15 8 . 64 3918£-15 8 . 453471E-15 8 . 287628E-15  8 . 120911E-15 7 . 943150E-15  * 6 9 . 1524 82E-15  9 . 051233E-15 8 . 861610E-15 8 . 667455E-15  8 . 472376E..'.15 8 . 294 622E-15  8 . 133381E- 1 5  7 . 966653E-15  * 5 9 . 874328E-15 9 . 725348E-15 8 . 874925£-15  8 .  680 4 1 9E-15 8 . 486029E-15 8 . 303406E-15  8 . 134208E-15  7 . 983418E-15  * 4 9 . 151921E-15 9 . 075443E-15 9 . 050476E-15  8 . 858837E-15  8 . 657843E-15 8 . 474636E-15 8 . 294749E-1 5  8 . 127347£-15  * 3 9 . 1 69341E-15 9 . 070278E-15 8 . 8925296-15 8 . 7 18932E-15  8 . 520592E-15 8 . 334346E-15  8 . 154536E-15  8 . 005186E-15  * 2 1 . 297833E-15 1 . 287021E-15 1 . 2616401!!-15 1 .  237439E-15 l . 209029E- 15  1 . 180903E-15  1 . 154510E-15  1 . 129677E-15 * 1 2 . 769819E-17 2 . 70 6109E-17  2 . 663998E-17  2 . 577923E-17 2 . 532527E-17 2 . 44 5323E-17  2 . 3 98815E-17 2 . 31 4 4 92E-17  * 
* x mesh 337 x mesh 338 X mesh 339 x mesh 340 x mesh 341 x mesh 342 x mesh 343  x mesh 344  * 
* 1 1  7 . 969222E-15  7 . 697845£-15  7 . 570401E-15  7 . 433736£-15  7 . 422847E-15 7 . 35092 1£-15 7 . 23807 6£-15 7 . • 093379£-15 * 10 7 . 958783E-15 7 . 831581£-15 7 . 598264£-15 7 . 432481£-15 7 . 3053 65E-15  7 . 190369E-15  7 . 21 6478E-15 7 . 104010E-15  * 9 7 . 801538E-15 7 . 670718E-15  7 . 671704£-15 7 . 576903£-15  7 .  443144E-15  7 . 313234E-15 7 . 208210E-15 7 . 097392E-15 * 8 7 . 866291E-15 7 . 664065E-15 7 . 542259E-15  7 . 427020E-15  7 . 303525E-15  7 . 1 67408E-15  7 . 051349E-15  6 . 951 150E-15  * 7 7 . 792852E-15 7 . 65928 9E-15  7 . 533221£-15  7 .  4 16419£-15 7 . 2 98841E-15 7 . 171026E-15  7 . 037849E-15 6 . 934909E-15 * 6 7 . 796003E-15  7 . 658250E-15 7 . 526069E-15  7 . 409347£-15  7 . 287 012E-15  7 . 1 72 983£-15  7 . 037386£-15 7 . 048403£-15 * 5 7 . 801430E-15 7 . 657951£-15 7 . 522640E-15 7 . 405414£-15  7 . 280556£-15 7 . 168748E-15  7 . 042246E-15 6 . 913160E-15  * 4 7 . 8 18564E-15  7 . 660 603E-15 7 . 522096E-15 7 . 400295£-15 7 . 278205E-15  7 . 162490E-15  7 . 0 4 1993E-15  6 . 91 5828E-15  * 3 7 . 989064E-15 7 . 825502E-15 7 . 669160E-15 7 . 539168E-15  7 . 415484E-15  7 . 28 3185E-15 7 . 036620E-15  6 . 919329E-15  * 2 1 . 107815E-15  1 . 086559E-15 1 . 064303E-15  1 . 044953E-15  1 .  0274 12E-15 1 .  018670E-15  9 . 939277E- 1 6  9 . 760043E-16  * 1 2 . 298 1 67E-17 2 . 214478E-17  2 . 1 96932E-17  2 . 1 14 663£-17  2 . 102 4 1 9E-1 7  2 . 024 869E-1 7  2 . 007772E- 1 7  1 . 933865E-17  * 
* x mesh 345  x mesh 346  x mesh 347 x mesh 348  x mesh 349  x mesh 350 x mesh 351  x mesh 352 * 
* 11  6 . 929536£-15 6 . 765213E-15 6 . 615940£-15 6 . 4 4 4 44 1£-15 6 . 235481E-15 6 . 239859E-15 6 . 137544E-15  6 . 028092E-15 * 10 6 . 932823E-15  6 . 651663E-15  6 . 500605E-15  6 . 398046E-15 6 . 3655 19E-15 6 . 24 3339E-15  6 . 130161E-15 6 . 025400E-15  * 9 6 . 983790E-15  6 . 823022E-15  6 . 651083E-15 6 . 500173E-15 6 . 368029E-15 6 . 250071E-15  6 . 1 32437E-15 6 . 022304E-15 * 8 6 . 834587E-1 5  6 . 809414E-15  6 . 664981E-15 6 . 513007E-15  6 . 369122E-15  6 . 248485E-15 6 . 130155E-15  6 . 024409E-15 * 7 6 . 827022£- 15 6 . 705967£-15 6 . 554217£-15  6 . 404 697£-15  6 . 255207£-15 6 . 128849E-15  6 . 009622E-15  5 . 903842E-15  * 6 6 . 948878£-15 6 . 840309E-15 6 . 627 62 4E-15  6 . 42 4 683E-15 6.  271277E-15 6 . 135951£-15 6 . 0 11727E-15 5 . 904459E-15  * 5 6 . 802340E-15  6 . 700924E-15 6 . 899505E-15  6 . 959950£-15  6 . 283090E-15 6 . 140700E-15 6 . 014 153E- 1 5  5 . 904427£-15  * 4 6 . 794038E-15  6 . 691877E-15 6 . 576311E-15 6 . 45 6507E-15  6 . 424213£-15 6 . 27 67 90£-15  6 . 1 42163E-15 6 . 0284 13£-15 * 3 6 . 789538E-15  6 . 67 6567E-15 6 . 568761E-15  6 . 456364£-15 6 . 317432E-15  6 . 167510E-15 6 . 028190E-15  5 . 9074 4 9E-15  * 2 9 . 579286£- 1 6  9 .  3941 63£-16  9 .  230611E-16  9 . 055095E-16  8 . 8871 85E-16  8 . 670682E- 1 6  8 . 496033E-1 6  8 . 303205E-16  * 1 1 .  909613E-17  1 .  843933E-l 7 1 . 830211E-17  1 . 7 60765£-17  1 .  74465 1E-17 1 . 675502E-17  l . 674837E-17  1 . 599262£-17  



* 
* x mesh 353 • X  mesh 354 x mesh 355 x mesh 356 x mesh 357 x mesh 358 x mesh 359  x mesh 360 * 
* 1 1  5 . 91 3322E-15 5 . 794382E-15 5 . 672226E-15 5 . 650681E-15  5 . 505456E-15  5 . 309776E-15 5 . 208462E-15  5 . 1 10 122E-15  * 10  5 . 91 6316E-15 5 , 801190E-15 5 . 6822 42E-15 5 . 456857£-15 5 . 365533E-15  5 . 322809£-15 5 . 233390E-15  5 . 223916£-15  * 9 5 . 798243£-15 5 . 690966E-15 5 . 576508£-15 5 . 561247£-15 5 . 452015E-15  5 . 3321 45E-15 5 . 2 1 9407E-15  5 . 1 1 3 4 64E-15 * 8 5 . 920184E-15 5 . 8 14949£-15 5 . 703256E-15 5 . 586236E-15 5 . 4 66374£-15 5 . 34 5480£-15 5 . 230314E-15  5 . 023715E-15 * 7 5 . 910592E-15 5 . 810272E-15 5 . 681950E-15  5 . 4 8 1 4 60E-15  5 . 362716E-15  5 . 2 4714 1E-15 5 . 128 189E-15 5 . 1 1 9627E-1 5  
* 6 5 . 797065E-15  5 . 692788E-15 5 . 589118E-15 5 . 490602E-15 5 . 373702£-15  5 . 259369E-15 5 . 1 4 1 772£- 1 5  5 . 028509E-15  * 5 5 . 797838E-15 5 . 693291E-15 5 . 58 7 1 13E-15 5 . 494105E-15  5 . 382507£-15 5 . 2 64428E-15 5 . 152377£-15 5 . 033042E-15 * 4 5 . 918481E-15 5 . 8 13026£-15 5 . 633546£-15 5 . 4 92016E-15 5 . 390514£-15 5 . 27 1 192£-15 5 . 159366E-15  5 . 0 42 4 4 3£-15 
* 3 5 . 800136£-15 5 . 695316E-15  5 . 662339E-15 5 . 604096E-15 5 . 511219E-15 5 . 3 95823E-15 5 . 28 1059E-15  5 . 1644 63E-15 
* 2 8 . 170479E-16  8 . 003150E-1 6  7 . 870523E-16  7 . 697829E-16  7 . 5908 16E-16 7 . 4 1 9962E-16  7 . 272444£- 1 6  7 . 102073E- 1 6  * 1 1 . 599219E-17 1 . 528945E-17 1 .  5273 64E-17 1 . 450039E-17  1 . 4 62327£-17  1 . 387431E-17  1 .  3 92411E-1 7  1 . 328405£-1 7  
* 
* x mesh 361 x mesh 362 x mesh 3 63 x mesh 364 x mesh 3 65 x mesh 366 x mesh 367  x mesh 368 
* 
* 11  5 . 027645E-15 4 . 959893E-15  · 4 . 907858E-15  4 . 800521E-15  4 . 728409E-15  4 . 638390£-15 4 . 577413£-15  4 . 542031E-15  
* 10  5 . 128290E- 15 5 . 036739E-15 4 . 997 666E-15 4 . 999337E-15 4 . 858 359E-15 4 . 7 43973£-15 4 . 651789E-15 4 . 5495 64E-15 
* 9 5 . 016937£-15 4 . 924759£-15 4 . 792 638£-15 4 . 730138£-15 4 . 772880E-15 4 . 737959E-15 4 . 65571 6E-15 4 . 557 671£-15  
* 8 4 . 91 1455E-15 4 . 820350E-15 4 . 7 8 64 82£-15 4 . 758838E-15 4 . 6854 69£-15  4 . 623286£-15 4 . 552 633E-15 4 . 4 6644 4E-15 
* 7 5 . 023562E-15 4 . 92654 1£-15 4 . 839524E-15  4 . 757391E-15 4 . 675963E-15 4 . 608504£-15 4 . 4 69214E-15  4 . 374252E-15  
* 6 4 . 924514E-15 4 . 822940E-15 4 . 733933E-15 4 . 652534£-15 4 . 570545E-15  4 . 4 94791£-15 4 .  507711E-15  4 . 4 66499£-15 
* 5 4 . 929296E-15 4 . 827084E-15 4 . 7 3 1 8 1 1E-15 4 . 651757£-15 4 . 569603£-15  4 . 4 8 9831£-15 4 . 4 2 1185E-15  4 . 3 63215£-15 
* 4 4 . 932955E-15 4 . 831577E-15 4 . 734853£-15 4 . 649978E-15 4 . 569832E-15 4 . 4 87686E-15 4 . 4 1 42 66E-15 4 . 352840E-15 
* 3 5 . 034 577E-15 4 . 836566E-15  4 . 7 4 1 456£-15 4 . 650151E-15 4 . 5688l,5E-15  4 . 4 8 6280E-15 4 . 406984E-15  4 . 337590E-15  
* 2 7 . 024 1 65E-16 6 , 792794E-16  6 . 662378E-16  6 . 5264 91E-16  6 .  4214 94E-16  6 . 2 99692E-16  6 . 1 91731E-16  6 , 073780E-16  
* 1 l . 334986E-17 1 .  274026E-17  1 . 27 1 150E-17  1 . 223834£-17 l . 2 17017E-17 1 .  l 7 6553E-l 7 1 . 1 64 62 1E-17 1 .  121773E-17  
* 
* x mesh 369 x mesh 370 x mesh 371  x mesh 372 x mesh 373 x mesh 374 x mesh 375  x mesh 376  
* 
* 11  4 . 4434 61£-15 4 . 275406E-15 4 . 1 9659 1£-15 4 . 109125E-15 4 . 014121E-15 3 . 873257£-15 3 . 7 4 1422E-15 3 . 665766E-15 
* 10  4 . 47 1161E-15 4 . 466501£-15 4 . 309522£-15 4 .  l 14710E-15 4 . 025555E-15 3 . 970013E-15  3 . 924406E-15  3 .  8 4 1 5 1 1E-15 
* 9 4 . 4 62588E-15 4 . 374 690E-15 4 . 364216£-15  4 . 3032 18E-15  4 . 127089£-15 4 . 033154£-15 3 . 934650£-15  3 . 8 49484E-1 5  
* 8 4 . 370698E-15 4 . 275344E-15 4 . 108300E-15  4 . 121913E-15 4 . 129980E-15 4 . 044674E-15 3 . 9 464 10£-15  3 . 857068E-15  
* 7 4 . 284571E-15 4 . 202449E-15  4 . 200 633£-15 4 . 121565£-15  4 . 040261E-15  3 . 960258£-15 3 . 87064 9E-1 5  3 . 779668E-15  
* 6 4 . 385818E-15 4 . 296567E-15 4 . 207570E-15  4 . 125082E-15 4 . 045087E-15 3 . 907736£-15 3 . 795158E-15  3 . 708688E-15  
* 5 4 . 2 92 158E-15 4 . 206779E-15 4 . 1 1 9�69E-15  4 . 035577£-15 3 . 956720E-15 4 . 126601E-15 4 . 175463E-15  3 . 7 17062E-15  
* 4 4 . 28 9218E-15 4 . 209427£-15 4 . 123397£-15  4 . 03911 9E-15 3 . 958394£-15 3 . 880205E-15 3 . 802354E-15  3 . 807095E-15 
* 3 4 . 27 9080E-15 4 . 210053£-15 4 . 129673£-15  4 . 044955E-15 3 . 962884E-15  3 . 88 1 902E-15 3 . 806677E-15  3 . 727354£-15 
* 2 5 . 988301E-16 5 . 881796E-16 5 .  775777E-16 5 . 65870 1E-16  5 . 545842E- 1 6  5 . 42 1991£-16  5 . 3 10665E- 1 6  5 . 1 92735E-16  
* 1 l . 1 10681E-17 1 .  075509E-l 7 1 .  0551 66E-l 7 l . 02954 1E-17  1 .  010009E-l 7 9 . 834501E-18 9 . 61 6395E- 18 9 . 409081E-18  
* 
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* x mesh 377  x mesh 378 x mesh 379  x mesh 380 x mesh 3 8 1  x mesh 382 x mesh 383  x mesh 384  
* 
* 11  3 . 5997 88E-15 3 . 529882E-15 3 . 4 63717E-15 3 . 394930E-15 3 . 3 18 617E-15 3 . 24 6633E-15 3 . 1 8 6398E- 15 3 . 1 38341E-15 
* 10 3 . 7575 48E-15 3 , 616481E-15 3 . 54 6516E-15 3 . 4804 90E-15 3 . 4 062 65E-15  3 , 301767E-15 3 . 181849E-15 3 . 128972E-15 
* 9 3 . 781516E-1 5  3 . 7 84515E-15 3 .  616611E-15 3 . 4798 92E-15 3 . 409328E-15  3 . 362205E-15 3 . 338000E- 15 3 . 275788E-15 
* 8 3 . 772817E-15 3 . 699530E-15 3 . 692319E-15 3 . 617997E-15 3 . 4 9292 6E-15 3 . 420746E-15 3 . 343260E- 15 3 . 274267E-15 
* 7 3 . 692735E- 15 3 . 5 62541E-15 3 . 4 98507E- 15 3 . 5108 68E-15 3 . 4 93 648E-15  3 . 42 1729E-15 3 . 347570E- 15 3 . 274950E-15 
* 6 3 . 61 9479E- 15 3 . 593839E-15 3 . 54 6981E-15  3 . 421770E-15 3 . 335568E-15 3 . 2 65221E-15  3 . 195336E-15  3 . 125613E-15 
* 5 3 . 627012E-15 3 . 544090E- 15 3 . 4 69117E- 15 3 . 399994E-15 3 . 336477E-15 3 . 2 66901E-15 3 . 1968 36E- 15 3 . 127914E-1 5  
* 4 3 . 7204 49£- 15 3 . 633514E-15 3 . 555277E-15 3 . 482147E-15 3 . 4 15715E-15  3 . 346311E-15 3 . 2087 99E-15 3 . 128756E-15 
* 3 3 . 647732E-15 3 . 562409E-15 3 . 4 81563E-15 3 . 4057 91E-15 3 . 33648 1E-15 3 . 268753E-15  3 . 268792E-15  3 . 207370E-15  
* 2 5 . 0764 13E-1 6  4 . 9628 98E-16 4 , 858033E- 16  4 . 752992E-16  4 . 64 8 1 1 6E-1 6  4 . 533 185E-16  4 . 417828E-16 4 . 2961 59E-16  
* 1 9 . 1 717 1 9E- 18 8 . 953854E-18 8 . 806058E-18  8 . 661212E-18 8 . 42 6909E-18  7 . 8 81746E-18  7 . 3 17250E-18 6 .  7 1 1935E-18  
* 
* x mesh 385 x mesh 386  x mesh 387 x mesh 388 x mesh 389 x mesh 390 
* 
* 1 1  3 . 086020E-1 5  3 . 022928E-15 2 . 961 159E- 15 2 , 9028 07E-15 2 . 840433E-15 2 , 797 1 17E-15  
* 10 3 . 080410E- 15 3 , 023143E-15 2 . 961 108E- 15 2 . 903057E-15  2 . 8 454 09E-15 2 . 806572E-15  
* 9 3 . 2 10854E-15 3 . 095993E-15  3 . 035380E-15 2 . 976917£-15 2 . 918296E-15  2 . 8 85634E-15 
* 8 3 . 225813£-15 3 , 237819£-15 3 . 068861E-15 2 . 9768 1 6E-15  2 . 918131£-15 2 . 882862E-15 
* 1 3 . 208 122E-1S  3 . 1542 65E-15 3 . 154702E-15 3 . 072550E-15 2 . 993537E-15 2 . 953109E- 15 
* 6 3 . 057 491E-15 2 . 996858E-15 3 . 008779E-15 3 . 02 1958E-15 2 . 994012£-15 2 . 955827E-15 
* 5 3 . 060025E-15 2 . 9934 34£-15 2 . 944 396E-15 2 . 897531E-15  2 . 851247£-15  2 . 8 1 9345£-15 
* 4 3 . 062595E- 15 2 . 994 188E-15 2 . 939718E- 15 2 . 89298 6E-15 2 . 848910E-15 2 . 8 17421E-15 
* 3 3 . 139865E-15  3 . 071300E-15 3 . 008443£-15  2 . 956657E-15 2 . 913907E-15 2 . 885464£-15 
* � 4 ,  176316E-1 6  4 . 0547 12£-16  3 . 945851E-1 6  3 . 853732£-1 6  3 . 787849E-1 6  3 . 7 43 637£-16  
* 1 6 . 048477E-18 5 . 228339E-18 4 . 655541E-18 4 .  307261E-18 4 . 175411E-18 4 . 091658E- 18 

l * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * *** * * * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

* 

* 
* 

. • .  interface file rtflux written . •  

• . •  interface file sncons written . .  

* 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * ** * * * * * * * * * * * * * * ***** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

PARTISN solver iteration time 
mesh analysis and adjustments 
first collision source 
outer source setup 
inner source setup 
transport sweeps 

i24822 . 577 seconds 
153 . 223  seconds 
624 . 975 seconds 

12 56 . 305 seconds 
800 . 890 seconds 

121088 . 267 seconds 

-



1 

transport synthetic acceleration • 
dif fusion synthetic acceleration • 

diffusion source 
diffusion solve 

relaxation 
interpolation 

particle balance 

Transport Grind Time 
Diffusion Grind Time 

0 . 000 seconds 
54 9 . 502 seconds 

0 . 000 seconds 
1 5 9 . 007 seconds 

7 0 . 425 seconds 
0 . 000 seconds 
5 . 333  seconds 

2771 . 4 54 nanoseconds 
5623 . 324 nanoseconds 

• 
• • • • • • •• • •••• ••••••••••••••• •• •••••• • • • • • • • • • • • •• • • • • • • • •• • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • ••••••••• • • • • • • • • • • • • • 
• • • •••••••••••••••••••••••••••• •••••••• • • • • • • • • • • • • • • • • • • • • • •• • • • • • • •• • • • ••• • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
···················�·· ···· ········· · · · · · · · · · · ······ · · · ·· ·· · · · · · · · ······ ····· · · ·· · · · · · · · · · · · · · · · ·· · · · · · · · · · · · ·· · · · · · · · · · · · · · · · · · ·  • 
• edit run on 03 with solver version 10-15-01 beta release 2 . 64 machine asciOl  • 
••••••• ••••••••••• ••••••••••••••••••• • • • • • • • • • • • • • • • • • • • • • •• • •• • • • •••••••••• • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • •• • • • • • •• • • • • • • • •• • • • •  
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

zone 
isotope 

1 
2 

3 

4 
zone 

zone 
isotope 

1 
2 

zone 

1 

1 

2 

2 

zone 3 
isotope 

1 
2 
3 

. . .  mass  edit . • .  
( by solver zones )  

volume • 5 . 63175E+l l  cm••3 )  mass edit ( zone 
library position isotope name atomic weight number density i sotope mass  

1 
16 
20 
21 

total mass • 

1001 . 50 1 . 01 
801 6 . 50 1 5 . 99 
13027 . 50 2 6 . 98 
1 4 000 . 50 2 8 . 09 

9 . 57570E+08 kg average density 

mass edit ( zone volume • 2 . 77 1 50E+l4 cm• •3 )  
library position isotope name atomic weight 

14 7014 . 50 1 4 . 00 
16 801 6 . 50 15 . 99 

total mass • 3 . 378 37E+08 kg average density 

mass edit ( zone volume = 3 . 401 52E+09 cm••3 )  
library position isotope name atomic weight 

1 1001 . 50 1 . 01 
16  801 6 . 50 15 . 99 
1 8  1 1023 . 50 22 . 99 

9 . 77000E-03 9 . 20830E+06 kg 
3 . 4 8000E-02 5 . 20 548E+08 kg 
4 . 8 800 0E-03 1 . 23 1 36E+08 kg 
1 . 1 6000E-02 3 . 04 677E+08 kg 

1 . 7 0 g/cm•• 3 

number density isotope mass 
4 . 02000E-05 2 . 59072E+08  kg 
l . 07000E-05  7 . 87 655E+07 kg 

o . oo g/cm• •3 

number density 
7 . 8 6000E-03 
4 . 3 8000E-02 
1 . 05000E-03 

isotope mass 
4 . 47 441E+04 kg 
3 . 957 17E+06 kg 
1 .  3 6349E+05 kg 

-
VI 
-



* 4 19 12000 . 50 24 . 3 1 1 . 40000E-04 1 . 92200E+04 kg 
* 5 20 13027 . 50 26 . 98 2 . 39000E-03 3 . 64245E+05 kg 
* 6 21 14000 . 50 28 . 09 1 . 58000E-02 2 . 50650E+06 kg 
* 7 26  19000 . 50 39 . 10 6 . 90000E-04 1 .  52383E+05 kg 
* 8 27 20000 . 50 40 . 08 2 . 92000E-03 6 . 61027E+05 kg 
* 9 32 26000 . 55 55 . 8 5 2 . lOOOOE-04 6 . 62432E+04 kg 
* zone 3 total mass • 7 . 90?88E+0 6 kg average density • 2 . 32 g/cm** 3 
* 
* total mass -= 1 . 3033 1E+09 kg total volume • 2 . 777 16E+1 4  cm.* *3 average density • 0 . 00 g/cm.** 3 
* (excluding voids ) 
* 

O****** * * * * * * * * * ************************* ****•****** * ******** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ******* ************* * * * * * * * * * * * * * *  
* * * * ****** *************** ************************* **** * * * * * * * * * * * * * * *** * * * * * * * * * * * * * * * * * * * * * * * * * * * *** * * **************** * * * * * * * * *  
* 
* 
* 

• . .  edit output • . .  

* * * * * * * * * * * **** ********** ********** ************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ******** * * ** * * * *********** * * * * * * * * * * ** * ** * * * *  
* 
* 
* 
* 
* 
* * * * * * * * * * * * * * * * ********  
* key start edit output * 
* * * * * * * * * * * * * * **********  

. . .  block vi - edit specification data . . .  

****** * * **************** ************* ********** * * * * * ***** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ***** *******  
* 
* 
* cros s section balancing (balxs . ne . O ) 

or 
* transport correction (trcor•diag, cesaro, or bhs )  
* will  NOT be  reflected in  edits 
* 
* 
* * * * * * * * * * * * * * * * * * * * * ************** *********** ******** * * * ******** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * **** ************  

* 
* 
* 1 pted 0/1 

. . .  input control integers . . •  

no/yes - point edits desired 



* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

l zned 

0 aj ed 

3 igrped 
0 byvolp 
0 rzflux 
0 rzmflx 

0 . 000000E+00 
2 . 100000E+02 

power 
mevper 

0/1  no/yes - zone edits desired 

0/1 direct/adjoint edit (use rtflux/atflux file) 

0/1/2/3  print totals only/print broad groups only/same as 1 /print all groups and totals 
0/1 no/yes - multiply point reaction rates by mesh volumes 
0/1/2/3 no/write the rzflux file/+xvzflux/+print 
0/1 no/yes - write the rzmflx file ( zone average flux moments file ) 

. • .  floating parameters . • •  

0/p no/normalize all results , including flux files ,  to p megawatts 
mev per fission ( default : 2 10 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 . . •  

4 7  
1 672  

0 
1 

number of points to edit 
number of zones to edit 
0/1 no/yes density factors were input 
0/1/2/3 no/solver/edit/both zones mass  edit 

( requires atomic weights to be present ) 

* * * * * * * * * ******* **** * ************ ***** * * * * * ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ******* * * * * * * * * * * * * * * * * * * * * * * * * ** * ** * * ** * * ** * * * *  
* * * * * * * * * * * * ** * **** ****************** * * * * * * * * * * * * * * * * * * * * * * * * * * * ** * * * * * ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** * * * * *  

* ***point translation from l d  t o  3d 

point 
374 8 4 4  
37 4885  

i 
54 
95 

j 
5 

5 

k 
12 
12 

avg . radii 
6 . 096000E+03 
l . 524000E+04  

avg . y 
9 . 14 4000E+0l 
9 . 14 4000E+0l 

avg . z 
-5 . 4 10000E+02 
-5 . 4 10000E+02 

volume 
l . 082000E+06 
1 . 082000E+06 



-

374936 146 5 12 3 . 048000E+04 9 . 1 44000E+Ol -5 . 4 10000E+02 1 . 082000E+06 
374 997 207 5 12 6 . 096000E+04 9 . 1 4 4000E+Ol -5 . 4 10000E+02 1 . 082000E+06 
375058 268 5 12 9 . 144000E+04 9 . 1 4 4000E+O l -5 . 4 10000E+02 1 , 082000E+06 
375119 329 5 12 1 . 219200E+05 9 .  l 4 4000E+Ol -5 . 4 10000E+02 1 . 082000E+06 
375180 390 5 12 1 . 524000E+05 9 . 1 44000E+O l -5 . 4 10000E+02 1 . 082000E+06 
395092 22 57 12 -2 . 273737E-13 2 . 9 4 4500E+03 -5 . 4 10000E+02 1 . 201020E+06 
395124 54 57 12 6 . 096000E+03 2 . 944 500E+03 -5 . 4 10000E+02 1 . 20 1020E+07 
395165 95 57 12 1 . 524000E+04 2 . 9 44500E+03 -5 . 4 10000E+02 1 . 20 1020E+07 
3952 16  146  57  12 3 . 0 48000E+04 2 . 9 44 500E+03 -5 . 4 10000E+02 1 . 20 1020E+07 
395277 207 57  12  6 . 096000E+04 2 . 944500E+03 -5 . 41 0000E+02 1 , 20 1020E+07 
395338 268 57 12 9 . 144000E+04 2 . 94 4 500£+03 -5 . 4 10000E+02 1 . 201020E+07 
395399 329 57  12  1 . 2 19200£+05 2 . 944 500£+03 -5 , 4 10000E+02 l . 201020E+07 
395460 390 57 12 1 . 524000E+05 2 . 944500E+03 -5 . 4 10000E+02 1 . 201020E+07 
397432 22 63 12 -2 . 273737E-13 5 . 750000E+03 -5 . 4 10000E+02 5 . 4 1 0000E+06 
397 4 64 54 63 12 6 . 096000E+03 5 . 750000E+03 -5 . 4 10000E+02 5 . 4 10000E+07 
397505 95 63 12 1 . 524000E+04 5 . 7 50000E+03 -5 . 4 10000E+02 5 .  4 10000E+07 
397556 1 4 6  63 12 3 . 048000E+04 5 . 750000E+03 -5 . 4 10000E+02 5 , 4 10000E+07 
397 617 207 63 12 6 . 096000E+04 5 . 750000E+03 -5 . 4 10000E+02 5 .  410000E+07 
397678 268 63 12 9 . 14 4000E+04 5 . 750000E+03 -5 . 4 10000E+02 5 . 4 1 0000E+07 
397739 329 63 12 1 . 2 19200E+05 5 . 750000E+03 -5 . 4 10000E+02 5 , 4 10000E+07 
397800 390 63 12 1 . 524000E+05 5 . 750000E+03 -5 . 4 10000E+02 5 . 4 10000E+07 
399772 22 69 12 -2 . 273737£-13 l . 1 50000E+04 -S . 4 10000E+02 l . 082000E+07 
399804 54 69 12 6 . 096000E+03 1 . 1 50000E+04 -5 . 4 10000E+02 1 . 082000E+08 
399845  95  69  12 l . 524000E+04 1 . 150000E+04 -5 . 4 10000E+02 1 . 082000E+08 
399896 1 4 6  6 9  12 3 . 048000E+04 1 . 1 50000E+04 -5 . 410000E+02 1 . 082000E+08 
399957 207 69 12 6 . 096000E+04 1 . 1 50000E+04 -5 . 4 10000E+02 1 . 082000E+08 
400018 268 69 12 9 . 144000E+04 1 . 1 50000E+04 -5 . 4 10000E+02 l . 082000E+08 
400079 329 69 12 1 .  219200£+05 1 . 1 50000E+04 -5 . 4 10000E+02 1 . 082000E+08 
400140  390 69 12 1 . 524000E+05 1 . 1 50000E+04 -5 . 4 10000E+02 1 . 082000E+08 
402 112 22 75 12 -2 . 273737E-13 1 . 750000E+04 -5 . 4 10000E+02 1 . 082000E+07 
4021 44  54  75  12  6 . 096000E+03 1 . 750000E+04 -5 . 4 10000E+02 1 . 082000E+08 
402185 95 75 12 1 . 524000E+04 1 . 750000£+04 -5 . 4 10000E+02 1 . 082000E+08 
402236  146  75  12 3 . 048000E+04 l . 7 50000E+04 -5 . 4 10000E+02 l . 082000E+08 
402297 207 75  12  6 . 096000E+04 1 . 750000E+04 -5 . 4 10000E+02 1 . 082000E+08 
402358 268 75  12  9 . 144000E+04 1 . 750000E+04 -5 . 41 0000E+02 1 ·. 082000E+08 
402419  329 75 12 1 . 219200E+05 1 . 7SOOOOE+04 -5 . 4 10000E+02 1 . 082000E+08 
402480 390 75  12  1 . 524000E+05 1 . 750000E+04 -5 . 4 10000E+02 1 . 082000E+08 
406792 22 87 12 -2 . 273737E-13 2 , 950000E+04 -5 . 4 10000E+02 1 . 082000E+07 
406824 54 87 12 6 . 096000E+03 2 . 950000E+04 -5 . 4 10000E+02 1 . 082000E+08 
406865 95 87 12 1 . 524000E+04 2 . 950000E+04 -5 . 4 10000E+02 1 . 082000E+08 
406916 146 87 12 3 . 048000E+04 2 . 950000E+04 -5 . 4 10000E+02 l . 082000E+08 
406977 207 87 12 6 . 096000E+04 2 . 950000E+04 -5 . 4 10000E+02 l . 082000E+08 
407038 268 87  12  9 . 1 44000E+04 2 . 950000E+04 -5 . 4 10000E+02 l , 082000E+08 



407099 
407160 

329 
390 

87 
87 

12 
12 

1 .  2 1 9200E+0,5 
1 . 524000E+05 

2 . 950000£+04  
2 . 950000E+04  

- 5 . 4 10000E+02 
-5 . 4 10000E+02 

l . 08 2000E+08 
l . 08 2000E+08 

1 * * ******** ***** *************** ***** * * * * * * * * * * * * ** * * * * * * * * * ** * ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * * * ** * * * * * * * * * * * * * * * * * * *  
* * * * * * ********* ***************  
*key start response functions* 
******* * * * * *******************  
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* 
* 
* 
* 
* 

reaction rates 
from 

response functions 

* 
* 
* 
* 
* 

* * * * * * * * *� * * * * * ** * * * * * * * * * * * * *  

• . .  point edit for broad group 

response functi�ns 

point av rad rspfl 

*****  6 . 0960E+03 0 . 00000E+00 
*****  1 . 5240E+04 0 . 00000E+00 
* * * * *  3 . 0 480E+04 0 , 00000E+00 
*****  6 . 0960E+04 0 . 00000E+00 
* * * * *  9 . 1 4 40E+04 0 . 00000E+00 
*****  1 . 2 192E+0S 0 . 00000E+00 
* * * * *  1 . 5240E+0S 0 . 00000E+00 
*****-2 . 2737£-13 0 . 00000E+00 
* * * * *  6 . 0960E+03 0 . 00000E+00 
*****  1 . 524 0E+04 0 . 00000E+00 
*****  3 . 0 480E+04 0 . 00000E+00 
* * * * *  6 . 0 960E+04 0 . 00000E+00 
*****  9 . 1 4 40E+04 0 . 00000E+00 
* * * * *  1 . 2 1 92E+05 0 . 00000E+00 
*****  1 . 5240E+05 0 . 00000E+00 
* * * * *-2 . 2737£-13  0 . 00000E+00 
*****  6 . 0 960E+03 0 . 00000E+00 

1 . . .  

VI 
VI 



..... 
VI °' 

* *** * *  1 . 52 40£+04 0 . 00000E+00 
* * * ** * 3 . 04 80E+04 0 . 00000E+00 
* ** * * *  6 . 0960£+04 o . oooooE+oo 
* * * * * *  9 . 14 40£+04 0 . 00000E+00 
* * * ***  1 . 21 92£+05 0 . 00000E+00 
* * * * * *  1 . 5240E+0S 0 . 00000E+00 
* * * * **-2 . 2737£-13  0 . 00O00E+00 
* * * * ** 6 .  0960£+03 0 . 00000E+00 
* * * ** *  1 . 5240£+04 0 . 00OO0E+00 
* * * ** *  3 . 04B0E+04 0 . 00000E+00 
* * * *** 6 . 0960E+04 0 . 00000E+00 
* * * ** *  9 . 1 440£+04 0 . O0000E+O0 
* * * ** *  1 . 21 92E+0S 0 . 00000E+00 
* * * * **  1 . 5240E+05  0 . 00000E+00 
* * * ***-2 . 2737E-13 0 . 00000E+00 
* * * * * *  6 . 09 60E+03 0 . 00000E+00 
* ** * * *  1 . 5240E+04 0 . 00000E+00 
* * * ** *  3 . 0480E+04 0 . 00000E+00 
* **** *  6 . 0960E+04 0 . 000OOE+00 
* * * ** *  9 . 1440E+04 0 . 00000E+00 
* ** ***  l . 2 192E+05 0 . 0000OE+00 
* ** * * *  1 . 5240£+05 0 . 00000E+00 
* * * * * * -2 . 273 7E-1 3  0 . 00000E+00 
* * * * * * 6 . 0960£+03 0 . 00000E+00 
* * * ***  1 . 5240£+04 0 . 0000OE+00 
* ** * * *  3 . 0480E+04 0 . 0O000E+00 
* * * ** *  6 . 0960£+04 0 . 00000E+00 
* **** *  9 . 1 440E+04 0 . 00000E+00 
* ** * * *  1 . 2192E+0S 0 . 00000E+00 
* * * * * *  1 . 52 40E+05 0 . 00000E+00 
* 
* 
* . . .  zone edit for broad group 1 . . .  
* 
* 
* 
* response functions . . .  
* 
* zone volume rspfl 

* 
* 1 1 . 7 849E+0B o . oooooE+oo 
* 2 2 . 0 439E+09 0 . 00O00E+00 
* 3 1 . 4 630£+07 0 . 00000E+00 



* 4 2 . 0 439E+09 0 . 00000E+00 
* 5 1 . 7 8 4 9£+08 0 . 00000E+00 
* 6 6 . 61 5 9£+09 0 . 00000E+00 
* 7 1 .  4630£+08 0 . 0000OE+00 
* 8 1 . 3232E+10  0 . 00000E+00 
* 9 1 . 4 630£+08 0 . 00000E+00 
* 10 2 . 2 1 50£+10 0 . 00000E+00 

• • . .  point edit for the sum of the neutron groups • . .  • 
• 
• 
* response functions . . •  
* 
* point av rad rspfl 
* 
* ** ** * 6 . 0960£+03 1 . 6643 2£-09 
* * * *** 1 . 52 4 0£+04 3 . 1567 8£-10 • • •••• 3 . 04 8 0£+0 4  1 . 2 17 64£-10 
* * * ***  6 .  0960E+04 2 . 198 95£-11  
* • • •• •  9 . 14 4 0£+0 4  5 . 2 9517£-12 
* *****  1 . 2 192£+05 1 .  5940 1E-12 
* •••• • 1 . 52 4 0£+05 4 . 03536£-13 
* **** *-2 . 2737E-13  9 . 5 4 694£-07 
* * * * ** 6 . 0960£+03  3 . 174 91£-08 
• * * * ** 1 . 52 4 0£+04 5 . 0353 1£-09 • • ....  3 . 04 80£+04 1 . 5 8079£-10 
* ** * * *  6 . 0960£+04 2 .  7254 1£-11 
* * * * ** 9 . 1 4 4 0£+04  6 . 6994 9£-12 
* • • •••  1 . 2 192£+05 1 .  8 4 223E-12 
* * * ** *  1 . 524 0£+05  4 . 7 8732£-13 
* * * * **-2 . 2737£-13 9 . 92992£-08 
* • • • ••  6 . 0960£+03 2 . 17868£-08 
* • • ••• 1 . 52 4 0£+04  3 . 87922£-09 
* * * * * *  3 . 04 80£+04 8 . 8 1890£-10 • •••••  6 . 0960£+04 5 . 998 4 5£-11 
* * * ** * 9 . 1 4 40E+04  7 . 7 183 8£-12 • •••••  1 . 2 192£+05 1 .  9964 2£-12 
* * * * ** 1 .  5 2 40£+05 5 . 1 232 2£-13 • * ** **-2 . 2737£-13  1 . 2712 0£-08 
* * * * ** 6 . 0960£+0 3  7 . 9 1657E-09 
* * * * ** 1 . 524 0£+04  2 . 91837£-09 
* *** * *  3 . 04 8 0£+04 8 . 27679£-10 

-
VI 
-..J 



-
Vt 
00 

* ** * * *  6 . 0960E+04 l . 30897E-10  
* ** * * *  9 . 1 4 4 0E+04 1 .  67 1 4 3E-l l  
* * * * * *  1 .  2 192E+05 4 . 914 59£-12 
* * * * * *  1 .  5240E+05 9 . 28 64 3£- 13 
* * * * * *-2 . 2737£- 13  2 . 5922 1E-09 
* * * *** 6 . 09 60E+03 3 . 83944E-09 
* * * * ** 1 . 52 4 0E+04 2 . 09 669E-09 
* * * ** * 3 . 04 8 0E+04 6 . 66396E- 10  
* * * * * *  6 .  0960E+04 8 . 94743£- 11  
* * * * * *  9 . 1 4 4 0E+04 l . B l207E- l l  
* * * * * *  1 .  2 192E+05 7 . 48 632E-12 
* * * * * *  1 . 52 4 0£+05 l . 12207E-12 
* * * * * *-2 . 2737E-13  1 . 99695E-10  
* * * * * *  6 . 0960E+03 7 . 8 1 6 5 1E-10 
* * * * * *  l . 5240E+04 7 . 53327£-10  
* * * * * *  3 . 04 8 0E+04 2 . 92373E-10  
* * * * * *  6 . 0960E+04 5 . 8 6358E-ll  
* * * * * *  9 . 1 4 4 0E+04 l . 55553E- l l  
* ** * * *  1 .  2 1 92E+05 4 . 49738E- 12 
* * * * * *  1 .  5240E+05 9 . 78959E-13 
* 
* 
* . . .  zone edit for the sum of the neutron groups 
* 
* 
* 
* response functions . . .  
* 
* zone volume rspfl 
* 
* 1 l . 7 8 4 9E+08 l . 2 1 173E-02 
* 2 2 . 0439E+09 1 .  2302 6E-01 
* 3 1 . 4 630E+07 7 . 44 592E-04 
* 4 2 . 0439E+09 1 . 34877£-01 
* 5 1 . 78 4 9E+08 l . 4 5126E-02 
* 6 6 . 615 9E+09 3 . 74 8 4 9£-01  
* 7 1 . 4 630E+08 6 . 85576£-03 
* 8 l . 3232E+l0 4 . 978 2 8E-0 l  
* 9 l . 4 630E+0B 3 . 84 1 67E-03 
* 1 0  2 . 2 1 50E+l0  3 . 78 934E-01  
* 1 1  1 .  4 63 0E+0B 1 . 56360£-03 
* 12 4 . 4 4 4 7E+l0 2 . 34880E-0 1  
* 1 3  l . 463 0E+08 3 . 24 4 06E-04 



• 
14 4 . 4 4 47E+l0 5 . 32023E-02 

• 
1 5  l . 4 630E+08 8 . 37483E-05 

• 
1 6  4 . 4 4 47E+l0 l . 4 5803E-02 

• 
17 l . 4 630E+08 2 . 4 6553E-05 

• 
18 4 . 4447E+l0  4 . 3 12 19E-03 

• 
1 9  1 .  4 630E+08 6 . 32015E-06  

• 
20 2 . 5310E+08 1 . 69987E-01 
2 1  2 . 8982E+09 l . 51784E+00 

• 
22 2 . 074 6E+07 7 . 58378E-03 

• 
23  2 . 8982E+09 1.  61699E+0E> 

• 
24  2 . 5310E+08 l . 91402E-0l 

• 
25 9 . 38 12E+09 4 . 62613E+00 

• 
2 6  2 . 074 6E+08 8 . 2 98 08E-02 

• 
27 1 .  8762E+l0 6 . 03550E+00 

• 
2 8  2 . 0746E+08 4 . 4 2896E-02 

• 
2 9  3 . 1409E+l0 4 . 32033E+00 

• 
30 2 . 074 6E+08 1 .  7 8 142E-02 

• 
31  6 . 3025E+10 2 . 69651E+00 

• 
32 2 . 07 4 6E+08 3 . 76257E-03 

• 
33 6 . 3025E+l0 6 . 19517E-0l  

• 
34  2 . 0746E+08 9 . 81073E-04 

• 
35 6 . 3025E+10 1 .  7 1063E-0l 

• 36 2 . 0746E+08 2 . 90338E-04 
• 37 6 .  3025E+l0 5 . 1152 9E-02 
• 38 2 . 074 6E+08 7 . 942 39E-05 
• 39  2 . 9280E+07 l . 91979E-02 
• 40 3 . 3528E+08 l . 788 8 6E-0l 
• 4 1  2 . 4000E+06 8 . 94581E-04 
• 42 3 . 3528E+08 1 .  90699E-0l 
• 4 3  2 . 9280E+07 2 . 1 92 05E-02 
• 

4 4  1 .  0853E+09 5 . 38012E-01 
• 45 2 . 4000E+07 9 . 7808 6E-03 
• 4 6  2 . 1706E+09 6 . 95453E-0l 
• 47 2 . 4000E+07 5 . 17137E-03 
• 48  3 .  6336E+09  · 5 . 021 68E-01 
• 49  2 . 4000E+07 2 . 07290£-03 
• 50 7 . 29 12E+09 3 . 1 3 195E-0l 
• 51  2 . 4000E+07 4 . 36960E-04 
• 52 7 . 2 912E+09 7 . 19152£-02 
• 53 2 . 4000E+07 l . 13918E-04 
• 54 7 . 2912E+09 l . 98489E-02 
• 55 2 . 4000E+07 3 .  37231E-05 
• 5 6  7 . 2912E+09 5 . 93319E-03 

-

VI 
\0 



-

* 57 2 . 4000E+07 9 . 16610E-06 * 58 5 . 0583E+09 2 . 604 93£+00 * 
59 5 . 7 922E+l0 2 . 99653E+Ol * 60 4 . 1 4 61E+08 l . 94886E-01 * 61 5 . 7922E+l0 3 . 32 62 6E+Ol * 
62 5 . 0583E+09 3 . 1513 9E+OO, * 63 l . 8749E+l l 9 . 10852£+01 * 
64 4 . 1 4 61E+09 . l . 69135E+OO * 65 3 . 74 98E+ll 1 .  17910£+02 * 66 4 . 1 4 61E+09 9 . 5927 5£-01 * 67 6 . 2773E+ll  9 . 4088 9E+0l * 68 4 . 1 4 61E+09 3 . 85236£-01  * 69 1 .  2596E+l2 5 . 7812 1£+01 * 70 4 . 1 461E+09 8 . 0168 1E-02 * 71 1 . 2 596E+l2 1 .  3157 9E+Ol * 72 4 . 1 461E+09 2 . 0734 8£-02 * 73 l . 2596E+l2 3 . 60344E+00 * 74 4 . 1 4 61E+09 6 . 08272£-03 * 75  1 .  25 96E+l2 l . 06848E+00 * 76 4 . 1 4 61E+09 1 . 63508£-03 * 77 2 . 92BOE+07 1 .  36283E-02 * 78 3 . 3528E+08 1 .  72674E-Ol * 79 2 . 4 000E+06 l . 2098 6E-03 * 80 3 . 3528E+08 l . 96672E-01 * 8 1  2 . 9280E+07 1 .  7674 11:-02 * 82 l . 0853E+09 5 . 6187 8E-01 * 83 2 . 4 000E+07 l . 0738 9E-02 * 84  2 . 1706E+09 7 . 28459E-O l * 85 2 . 4000E+07 5 . 967 65E-03 * 86  3 . 633 6E+09 5 , 8 661 3E-Ol * 87 2 . 4000E+07 2 . 38051E-03 * 88  7 . 29 12E+09 3 . 55530£-01 * 89  2 . 4 000E+07 4 . 9000 6E-04 * 90 7 . 2912E+09 8 . 03008E-02 * 91 2 . 4 000E+07 l . 26076E-04 * 92 7 , 2912E+09 2 . 18 1 67£-02 * 93 2 . 4 000E+07 3 . 66832E-05 

* 94 7 . 2912E+09 6 . 424 65£-03 * 95 2 , 4 000E+07 9 . 857 4 1£-06 * 96 l . 6397E+08 7 . 802 65£-02 * 97 1 .  8776E+09 9 . 90329£-01 * 98 1 , 3440E+07 6 . 937 50£-03 * 99 1 .  877 6E+09 1 . 13151E+OO 



* 
100 1 . 6397E+08 1 . 0124 2E-01 * 101 6 . 077 6E+09 3 . 1 9232E+OO * 
102 1 .  344 0E+08 6 . 07831E-02 * 
103 1 .  2155E+10 4 . 1051 5E+OO * 
104 1 .  3440E+08 3 . 35234E-02 * 
105 2 . 0348E+10 3 . 29724E+OO * 
106 1 . 3440E+08 l . 33803E-02 * 
107 4 . 083 1E+10 1 .  99696E+OO * 
108 l . 3440E+08 2 . 7 4792E-03 * 
109 4 . 083 1E+10 4 . 50388E-Ol * 
110 1 . 3440E+08 7 . 0697 4E-04 * 111  4 . 083 1E+10 1 . 22380E-Ol * 
112 1 .  3440E+08 2 . 05504E-04 * 
113 4 . 08 31E+10 3 . 60504E-02 * 
114  1 .  3440E+08 5 . 5297 6E-05 * 
115 3 . 250 1E+09 1 .  35543E+Ol * 
116  3 .  7216E+l 0 1 .  642 69E+02 * 117 2 . 6640E+08 1 . 1608 3E+OO * 118  3 .  7216E+10 1 . 704 32E+02 * 119  3 . 2501E+09 1 .  468 56E+Ol * 120 1 .  2047E+ll 4 . 4 1 14 5E+02 * 121 2 . 6640E+09 7 . 53497E+OO * 122 2 .  4093E+ll 3 . 90417E+02 * 123 2 . 6640E+09 2 . 10347E+OO * 124  4 . 0333E+ll 1 . 2 9858E+02 * 125 2 . 6640E+09 2 . 78360E-Ol * 126 8 .  0932E+ll 4 . 12247E+Ol * 127 2 . 6640E+09 5 . 64978E-02 * 128 8 .  0932E+ll 9 . 2368 4E+OO * 129 2 . 6640E+0 9 1 . 4 4373E-02 * 130 8 . 0932E+ll 2 . 4 9654E+00 * 131 2 . 6640E+09 4 . 18209E-03 * 132 8 . 0932E+ll 7 . 327 17E-01 * 133 2 . 6640E+09 1 . 11424E-03 * 134  8 . 7 840E+09 4 . 75155E+Ol * 135 1 .  0058E+l l 5 . 5872 9E+02 

* 136 7 . 2000E+08 4 . 32428E+OO 
* 137 1 .  0058E+ll 5 . 775 95E+02 
* 138 8 . 7 840E+09 5 . 03190E+O l 
* 139 3 . 2 558E+ll 1 . 61982E+03 * 140  7 . 2000E+09 2 . 9297 1E+Ol * 1 4 1  6 . 5 1 17E+ll 1 . 808 17E+03 * 142 7 . 2000E+0 9 1 . 29175E+Ol 

-°' -



-°' 
N 

* 143  l . 0901E+l2 l . 07389E+03 * 144  7 . 2000E+09 3 . 3908 3E+OO * 145  2 . 1 874£+12 3 . 8 197 6E+02 * 
146  7 . 2000E+09 3 . 4 3 4 45E-Ol * 
147  2 . 1874E+l2 4 . 4 9793E+Ol * 148  7 . 2000E+09 4 . 87884E-02 * 149  2 . 1874E+l2 7 . 65 14 8E+OO * 150 7 . 2000E+09 l . 23428E-02 * 151  2 . 187 4£+12 2 . 1 468 4E+OO * 152 7 . 2000E+09 3 . 22982E-0:J * 153 1 .  75 68E+l0 6 . 66510E+Ol * 154  2 . O ll  7E+ll  7 . 5 1 308E+02 * 155  1 .  44 00E+09 5 . 3587 4E+OO * 156  2 . 0117E+ll 7 . 8 358 5E+02 * 157 1 .  7 5 68E+l0 7 . 23 8 4 1E+Ol * 158 6 .  5 1 17E+ll  2 . 33487E+03 * 159  l . 4 400E+l0 4 . 5 48 4 4E+0l * 1 60 l . 3023E+l2 3 . 004 96E+03 * 1 6 1  l . 4 400E+l0 2 . 26077E+Ol * 162 2 . 1802E+l2 2 . 03997E+03 * 1 63 l . 4 400E+l0 7 . 6782 4E+OO * 1 64 4 . 37 4 7E+12 1 .  0734 8E+03 * 1 65 l . 4 400E+l0 l . 2 8564E+OO * 166 4 . 37 47E+12 l . 8553 2E+02 * 1 67 l . 4 400E+10 2 . 42074E-Ol * 168 4 . 3747E+l2 3 . 82806E+O l * 1 69 l . 4 400E+l0 5 . 49754E-02 * 170 4 . 3747E+l2 8 . 85595E+OO * 171  1 .  4400E+l0 l . 23 617E-02 * 172 l . 7568E+l0 3 . 61 4 8 6E+Ol * 173 2 . 01 17E+ll 4 . 104 68E+02 * 1 7 4  1 .  4 400E+09 2 . 300 1 6E+OO * 175  2 . 0l l7E+ll 4 . 2 8263E+02 * 17 6 1 .  75 68E+l0 3 . 83 2 1 6E+Ol * 177 6 .  5 1 17E+l l l . 39500E+03 

* 178  1 .  4400E+l0 2 . 824 69E+O l * 179 l . 3023E+12 2 . 09671E+03 
* 180  l . 4 400E+l0 1 .  78247E+Ol * 181  2 . 1 802E+l2 1 . 7 1433£+03 * 182  l . 4 400E+l0 6 . 7 1883E+OO * 183 4 . 374 7E+l2 9 . 30601E+02 * 1 8 4  l . 4 4 00E+10 l . 2 4527E+OO * 185  4 . 3747E+l2 2 . 06781E+02 



* 186  l . 4400E+l0 3 . 31006E-0l * 187 4 . 3747E+l2 5 . 4 021 8E+0l * 188 l . 4 400E+10 7 . 6622 1£-02 * 189 4 . 3747E+l2 l . 2 3280E+0l * 190 1 . 44 00E+l0 l . 73853E-02 * 191 3 . 5 136E+l0 3 . 28396E+0l * 192 4 .  0234E+ll 3 . 73994E+02 * 193 2 . 8 800E+09 2 . 34301E+00 * 194 4 . 0234E+l l  3 . 901 10E+02 * 195 3 . 5 136E+l0 3 . 64055E+0l * 196 1 .  3023E+l2 l . 37470E+03 * 197 2 . 8800E+l0 2 . 79436E+0l * 198 2 . 6047E+l2 2 . 25142E+03 * 199 2 . 8800E+l0 2 . 12370E+0l * 200 4 . 3603E+l2 2 . 3021 3E+03 * 201 2 . 8800E+l0 l . 00302E+0 l * 202 8 . 7 4 94E+l2 l . 5307 4E+03 * 203 2 . 8800E+l0 2 . 04598E+00 * 204 8 . 7 4 94E+l2 3 . 25972E+02 * 205 2 . 88 00E+l0 5 . 0524 5£-01 * 206 8 .  7494E+l2 9 . 08 500E+0l * 207 2 . 8800E+l0 1 .  65647£-01 * 208 8 . 7494E+l2 2 . 98 992E+0l * 209 2 . 8800E+l0 4 . 84804E-02 * 210 2 . 7621£+07 1 . 8 1374£-02 * 211  3 . 1 629E+08 3 . 3 1 937£-01 * 212 2 . 2 641E+0 6 3 . 01761E-03 * 213  3 . 1 629E+08 3 . 4 0259£-01 * 214 2 . 7621E+07 2 . 0044 3£-02 * 215  l . 0238E+09 3 . 645 69£-01 * 2 1 6  2 . 2 6 4 1E+07 3 . 3734 5E-03 * 217 2 . 0 476E+09 2 . 12320E-01 * 218 2 . 2641E+07 1 . 4 6533£-03 * 219  3 . 4278E+09 l . 03687E-0l * 220 2 . 2641E+07 3 . 68530£-04 * 221  6 . 8782E+09 5 . 03518E-02 * 222 2 . 2641£+07 6 . 26990£-05 * 223 6 . 8782E+09 l . 0034 3E-02 * 224 2 .  2 641E+07 l . 5 18 69E-05 * 225 6 . 8782E+09 2 . 58 657£-03 * 226 2 . 2641E+07 4 . 23 172£-06 * 227 6 . 8782E+09 7 . 29310£-04 * 228 2 . 2 641E+07 1 . 03609£-06 

-



-
? 

* 229  3 . 91 67E+07 l . 2508 4E-01 * 230  4 . 4 8 4 9E+08 2 . 1217 3E+OO * 2 3 1  3 . 2 104E+06 1 .  88842E-02 * 232 4 . 48 4 9E+08 2 . 1975 1E+OO * 233 3 . 91 67E+07 l . 41 4 1 0E-0 1  * 234  1 .  4517E+09 2 . 98 161E+OO * 235  3 . 21 04E+07 3 .  7 1 158E-02 * 236  2 . 9035E+09 2 . 7 869 1E+OO * 237 3 . 21 04E+07 1 . 64217£-02 
238 4 . 8 605E+09 1 . 23898E+OO * 239  3 . 2104E+07 4 .  384 1 4£-03 * 240  9 . 7531E+09 5 . 85208E-0 1  * 2 4 1  3 . 21 04E+07 7 . 2232 9£-04 * 242  9 . 7531E+09 l . 1572 1E-Ol * 243  3 . 2 1 04E+07 1 .  76868£-04 * 2 4 4  9 . 7531E+09 3 . 02780E-02 * 245  3 . 2104E+07 5 . 0208 2E-05 * 2 4 6  9 . 7531E+09 8 . 66807E-03 * 247  3 .  2 1 04E+07 l . 30767E-05 * 2 4 8  4 . 531 1E+0 6 l . 4628 5E-02 * 2 4 9  5 . 18 85E+07 2 . 52018E-Ol  * 250  3 . 7 1 4 0E+05 2 . 2304 3E-03 * 2 5 1  5 . 1 885E+07 2 . 6018 6E-01 * 252 4 . 531 1E+06 l . 67828E-02 * 253 1 .  67 95E+08 3 . 50593E-0 1  * 254  3 . 71 40E+06 4 . 43 698E-03 * 255  3 . 3589E+08 3 . 26205E-Ol * 256  3 .  7 1 40E+06 1 . 63087E-03 

* 1 637 1 .  4400E+09 l . 74 642E+OO * 1 638 2 . 01 17E+ll  3 . 85552E+02 * 1 639 1 . 75 68E+l0 3 . 38253E+Ol * 1640  6 . 51 17E+l l 1 .  2 8 152E+03 * 1 6 4 1  1 . 4400E+1 0  2 . 5831 1E+01 * 1642  1 .  3023E+12 l . 9591 5E+03 * 1 643 1 . 4400E+l 0  1 . 68407E+Ol 



* 1 644  2 . 1 802E+l2 1 . 641 30E+03 
* 1 645  1 . 4 400E+l0 6 . 3 4532E+OO 
* 1 64 6  4 . 3747E+12 8 . 8 50 8 9E+02 
* 1 647 1 . 4 400E+10 l . 1 9629E+OO 
* 1648  4 . 3747E+12 2 . 0542 6E+02  
* 1 64 9  1 . 4 400E+l0 3 . 3795 6E-0 1  
* 1 65 0  4 . 3747E+12 5 . 4 9680E+Ol 
* 1 65 1  l . 4 400E+l0 7 , 89605E-02 
* 1 65 2  4 . 3747E+l2 l . 2 68 64E+Ol 
* 1653  1 . 4 400E+l0  1 .  8537 1E-02 
* 1 65 4  3 . 5 1 36E+l0 3 . 1 43 40E+O l  
* 1 65 5  4 . 0234£+11  3 . 5 6763E+02 
* 1 65 6  2 . 8 800E+09 l . 61004E+OO 
* 1 657  4 . 0234E+ll  3 . 59521E+02 
* 1 65 8  3 . 5 1 36E+l0 3 . 29702E+O l 
* 1 65 9  l . 3023E+12  l . 30383E+03 
* 1 660  2 . 8 800E+l0 2 . 68228£+0 1 
* 1 66 1  2 . 6047E+l2 2 . 1 4672E+03 
* 1 662 2 . 8 8 00E+l0 2 . 03105E+Ol 
* 1 663 4 , 3 603E+12 2 . 2 13 31E+03 
* 1 664  2 . 8 800E+10  9 . 67382E+OO 
* 1 665  8 . 7 494E+l2 1. 4 8056E+03 
* 1 666  2 . 8 800E+l0  l . 98122E+OO 
* 1 667 8 . 7 4 94E+12 3 . 1 1 8 4 9E+02 
* 1 668 2 . 8 800E+l0 4 . 78031E-Ol  
* 1 669  8 . 7 494E+l2 8 . 7 64 60E+0 l 
* 1 67 0  2 . 8 800E+l0 1 . 63030E-O l  
* 1 67 1  8 .  7 4 94E+12 3 . 0057 6E+Ol 
* 1 672  2 . 8800E+10  5 . 07439E-02 
* ----------- -----------
* sum 2 .  7 772E+14 l . 602 97E+05 

l * * * * * * * * * * * * * * * * ****** ************************ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ************* * * * * * * * * * * * * * * * * * * * *  
* * * * * * * * * * * * * * *********** ******* **** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** * * * ** * * * * * * * * * * ************ *************** * * * * * * * * * * * * * * * * * *  
* 
* 
* 
* * * * * * * * * * * * * * ****************  
* key start run highlights * 
* * * * * * * * * * * * * ** ** *************  
* 
* 
* 
* 

run highlights 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* 
* 
* 

all modules are tentativeiy go . 
interface file geodst written . 

* 
* 
* 

-°' 
VI 



* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

* xslibb asc prepared from bxslib * 
* * *full path name is  used x-sections * 
* bxslib prepared from xslibb asc * 
* interface mixing files written . * 
* interface file asgmat written * 
* xs files macrxs , snxedt written . * 
* interface file solinp written . * 
* interface file editit written . * 
* start solver execution . * 
* **negative or zero transport fluxes** *  
* all convergence criteria met . * 
* · interface file rt flux written . * 
* interface file sncons written . * 
* start edit execution . * 
* edits completed . * 

* 
****** * * * * * * * * * * * * * * * * * * * * * * ************  

. . .  execution terminated . . .  

* 
* * * * * ********************* ******************** * * * * * * * * * * * * * * * * * * * * * * * * * ********* * * * * * * * * ** * * * * * * * * * * * * * * * * **** * * * * * * * * * * * * * * * * * *  
* * * * * * * * * ******************** *************** * * * * * * * * * * * * * * * * * * * * * * * * * * * ***** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * * * * * * * * * * *  

°' °' 



3 0 0 

THREEDANT isotropic point source , 25 cm above floor , in center corridor; 
detectors @ y•508cm, Dl @ x•229cm and z•6990cm, 02 @ x•4 995 cm and z•6990cm 
2mod2 . in 
/ geometry - X-Y-Z 
/ cross sections 
/ mixing 

- HENDF5G, xslibb .mendfg 
isotopes mixed to make materials named air 
and ground I 

I 

I 

I 

solver 
edits 

- S1 6-P4 , first collision source•ptana 
- card input supplied 

/ block i 

I 

igeom-x-y- z ,  ngroup•12 ,  isn•l6  niso-99 mt•2 nzone•2 
im•l5 it•226  jm•6 j t•20 km•9 kt•225 
maxscm•80000000 maxlcm•150000000 t 

/ block ii (geometry) 
xmesh• -20 , O ,  224 , 234 ,  457, 477 , 

4744 , 4764 , 4 988 , 4998 , 522 1 ,  5241  
9508 , 952 8 ,  9985 ,  10005 

xints• l , 3 , 1 , 3 , 1 , lOO, l , 3 , 1 , 3 , 1 , l00, 1 , 6 , 1  
ymesh• -20 , O ,  SO ,  498 , 518 ,  610, 630 
yints• 1 , 2 , 10 , 1 , s , 1  
zmesh• -20 , 0 ,  4 57 ,  477 ,  3368, 3378 , 

6268,  6288 , 67 45 ,  6765 
zints• 1 , 10 , l , 100 , l , 100, 1 , 10 , 1 
zones• 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  /z•-20-0 

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2; 
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2; 
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2; 
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2; 
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2; 

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2; / z•0-4 57 
2 1 1 1 1 1 1 1 1 1 1 1 1 1 2;  
2 1 1 1 1 1 1 1 1 1 1 1 1 1 2 ;  
2 1 1 1 . 1 1 1 1 1 1 1 1 1 1 2 ;  
2 1 1 1 1 1 1 1 1 1 1 1 1 1 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  /z-457-477 
2 1 1 1 2 2 2 1 1 1 2 2 2 1 2 
2 1 1 1 2 2 2 1 1 1 2 2 2 1 2 

-

°' 
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-

2 1 1 1 2 2 2 1 1 1 2 2 2 1 2 
2 1 1 1 2 2 2 1 1 1 2 2 2 1 2 
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  / z•477-3368 
2 1 1 1 2 1 2 1 1 1 2 1 2 1 2 ;  
2 1 1 1 2 1 2 1 1 1 2 1 2 1 2 ;  
2 1 1 1 2 1 2 1 1 1 2 1 2 1 2 ;  
2 1 1 1 2 1 2 1 1 1 2 1 2 1 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  / z•3368-3378 
2 1 1 1 2 1 2 1 1 1 2 1 2 1 2;  
2 1 1 1 2 1 2 1 1 1 2 1 2 1 2;  
2 1 1 1 2 1 2 1 1 1 2 1 2 1 2 ;  
2 1 1 1 2 1 2 1 1 1 2 1 2 1 2 ;  

2 2 2 2 2 2 · 2  2 2 2 2 2 2 2 2 ;  

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  /z•3378-6268 
2 1 1 1 2 1 2 1 1 1 2 1 2 1 2;  
2 1 1 1 2 1 2 1 1 1 2 1 2 1 2 ;  
2 1 1 1 2 1 2 1 1 1 2 1 2 1 2 ;  
2 1 1 1 2 1 2 1 1 1 2 1 2 1 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  /z•6268-6288  
2 1 1 1 2 2 2 1 1 1 2 2 2 1 2 ;  
2 1 1 1 2 2 2 1 1 1 2 2 2 1 2 ;  

2 1 1 1 2 2 2 1 1 1 2 2 2 1 2 ;  

2 1 1 1 2 2 2 1 1 1 2 2 2 1 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  /z•6288-6745 
2 1 1 1 1 .  1 1 1 1 1 1 1 1 1 2 ;  
2 1 1 1 1 1 1 1 1 1 1 1 1 1 2 ;  

2 1 1 1 1 1 1 1 1 1 1 1 1 1 2 ;  
2 1 1 1 1 1 1 1 1 1 1 1 1 1 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  

2 2 2 2 2 2 2 2 2 2 2 i 2 2 2 ;  / z•6745-6765 
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 .  2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  



2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  • 
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  t 

I 

/ block iii ( cross sections ) 
lib•xslibb savbxs•l /first cp xslibb .mendfg xslibb 

t 
I 
/ block iv (mixing ) 

matspec•atdens /atomic density• atoms/b*cm 
matls•airl  "8016 . 50"  9 . 6533-6 /0 

"701 4 � 50" 4 . 1425-5; /N 
cone " 1001 . 50" 1 . 46 60-1 , /H 

" 8016 . 50" 5 . 1 4 65-2 , /0 

" 1 1023 . 50" 8 . 5857-4 , /Na 
" 12000 . 50" 1 . 0828-4 , /Mg 
" 13027 . 50" 1 . 6651-3 ,  /Al 
" 1 4000 . 50"  1 . 0575-2 , /Si 
" 1 9000 . 50" 3 . 3176- 4 ,  /K 
"20000 . 50" 1 .  3 696-3 , /Ca 
"26000 . 55 "  1 . 0435-4 ; /Fe 

assign=air airl 1 . 0 ;  /zone 1 
concrete cone 1 . 0 t /zone 2 

I 
I * * * *  block v ( solver)  * * * * 
/ norm i s  2 4  hr/day*3 65 day/yr 
/ first collision source i s  FCSRC, location is in sourcy, 
/ energy spectrum is in source 

ievt•0 isct•4 ibr•0 ibt•0 ibb•0 ibfrnt•0 ibback•O iitm•200 oitm•50 
norm•l . 0  fluxp•l xsectp•0 sourcp•l balp•O 

/ energy grps ( 12 )  for source term 
source-4 . 40939-8 , 4 . 40939-8 , 2 . 35945-4 , 4 . 75076- 4 ,  7 . 1 4207-4 , 1 . 9 1294-3 ,  

5 . 56546-3 ,  1 . 75850-2 , 5 . 1 1 491-2 , 4 . 03269-2 , 1 . 2 2591-2 , 2 . 92139-5 
/ fine mesh location on the x axis of the point source : 

sourcx• 1 1 3 z ,  1 ,  f0 
/ fine mesh location on the y axis of the point source : 

sourcy• 2 z ,  1 ,  f0 
/ fine mesh location on the z axis  of the point source : 

sourcz• 112z ,  1 ,  f0 
/fcsrc•ptana 
/fcxpos•4993 /position of source in x in cm 
/ fcypos•3373 /position of source in x in cm 
/fczpos•25 /position of source in x in cm 
t 

-°' 
\0 



I 

I * * * *  block vi ( edits ) * * * * 
pted•l zned•l igrped•3 

/ for detectors use point•i + ( j- l ) NX + ( k-l ) NXNY ; NX•IT•226 ;  NYzJTa20 
/ fine mesh points i•S , 43 , 76 ,  114  
/ fine mesh points j•8 ,  14 ,  19  
/ fine mesh points k•224 

points• 1009547 , 1010903 ,  1012033 
1009585 ,  101094 1 ,  1012071 
1009618 ,  101097 4 ,  1012104 
100 9656, 1011012 , 1012142 

/ Resp Fens in Air Kenna/unit Fluence 
/ in pGy/cm�2 for 12 energy groups 

/i•S , lowest ht to highest 
/i•43 
/i•76 
/i•l14 

from ICRU-57 

rs fea23 . 02 5 ,  2 1 . 075 ,  19 . 1 , 17 . 1 , 15 . 1 , 13 . 1 , 
11 . 03 ,  8 . 755 ,  6 . 075 ,  3 . 46 ,  1 . 3736 ,  0 . 8410 t 

-...... 



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•4 995  cm and z•6990cm 
3mod2 . in 
/ geometry - X-Y-Z 
/ cross sections 
/ mixing 

- MENDF5G, xslibb .mendfg 
- isotopes mixed to make materials named air 

I 
I 
I 
I 

solver 
edits 

and ground 
- S16-P4 , first collision source•raytr 
- card input supplied 

/ block  i 

I 

igeom•x-y-z ,  ngroup•12 ,  isn-16  niso•99 mt•2 nzone•2 
im•l5 it•226  jm-6 j t•20 km•9 kt•225  
maxscm•BOOOOOOO maxlcm•l50000000 t 

/ block ii (geometry) 
xmesh• -20 ,  O ,  224 , 234 , 457, 477 , 

474 4 ,  47 64 ,  4988 , 4998, 522 1 ,  5241  
9508 ,  9528 ,  9985 ,  10005 

xints• 1 , 3 , 1 , 3 , 1 , l00 , 1 , 3 , l , 3 , 1 , l00 , 1 , 6, 1 
ymesh• -20,  o ,  50 ,  498 , 5 1 8 ,  610 ,  630 
yintsz 1 , 2 , 10 , 1 , 5 , 1 
zmesh• -20 ,  O ,  457 , 477 , 3368 , 337 8 ,  

62 68 , 628 8 ,  67 45 ,  67 65 
zints• 1 , 10 , 1 , 100, l , 100 , l , 10 , l 
zones• 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  /z•-20-0 

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ,  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  /z•0-457 
2 1 1 1 1 1 1 1 1 1 1 1 1 1 2; 
2 1 1 1 1 1 1 1 1 1 1 1 1 1 2 ;  
2 1 1 1 1 1 1 1 1 1 1 1 1 1 2 ;  
2 1 1 1 1 1 1 1 1 1 1 1 1 1 2 ;  , 
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  / z=457-477 
2 1 1 1 2 2 2 1 1 1 2 2 2 1 2 
2 1 1 1 2 2 2 1 1 1 2 2 2 1 2 

-
-..J 



-

2 1 1 1 2 2 2 1 1 1 2 2 2 1 2 
2 1 1 1 2 2 2 1 1 1 2 2 2 1 2 
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  /z•477-3368 
2 1 1 1 2 1 2 1 1 1 2 1 2 1 2 ;  
2 1 1 1 2 1 2 1 1 1 2 1 2 1 2 ;  
2 1 1 1 2 1 2 1 1 1 2 1 2 1 2 ;  
2 1 1 1 2 1 2 1 1 1 2 1 2 1 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  /zs3 J68- 3378 
2 1 1 1 2 1 2 1 1 1 2 1 2 1 2; 
2 1 1 1 2 1 2 1 1 1 2 1 2 1 2 ;  
2 1 1 1 2 1 2 1 1 1 2 1 2 1 2 ;  
2 1 1 1 2 1 2 1 1 1 2 1 2 1 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ; . 

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  /z•J378-6268 
2 1 1 1 2 1 2 1 1 1 2 1 2 1 2 ;  
2 1 1 1 2 1 2 1 1 1 2 1 2 1 2 ;  
2 1 1 1 2 1 2 1 1 1 2 1 2 1 2 ;  
2 1 1 1 2 1 2 1 1 1 2 1 2 1 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  /z•62 68-6288 
2 1 1 1 2 2 2 1 1 1 2 2 2 1 2;  
2 1 1 1 2 2 2 1 1 1 2 2 2 1 2;  
2 1 1 1 2 2 2 1 1 1 2 2 2 1 2;  
2 1 1 1 2 2 2 1 1 1 2 2 2 1 2;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2;  

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2;  /z•6288-6745 
2 1 1 1 1 1 1 1 1 1 1 1 1 1 2;  
2 1 1 1 1 1 1 1 1 1 1 1 1 1 2;  
2 1 1 1 1 1 1 1 1 1 1 1 1 1 2;  
2 1 1 1 1 1 1 1 1 1 1 1 1 1 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  /z-6745-6765 
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  



2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  t 

I 
/ block iii ( cross sections ) 

lib•xslibb savbxs•l /first cp xslibb .mendfg xslibb 
t 

I 
/ block iv (mixing ) 

matspec•atdens /atomic density• atoms/b*cm 
matls-airl " 8016 . 50" 9 . 6533�6 /0 

"7014 . 50" 4 . 1 425-5 ; /N 
cone " 1001 . 50" 1 . 4 660- 1 ,  /H 

"801 6 . 50" 5 . 14 65-2 , /0 
" 1 1023 . 50"  8 . 5857-4 ,  /Na 
" 12000 . 50" 1 . 0828-4 , /Mg 
" 1 3027 . 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 cone 1 . 0  t /zone 2 

I 
I * * • •  block v ( solver)  • • • • 
/ norm is 2 4  hr/day*365 day/yr 
/ first collision source is FCSRC, location is in sourcy, 
/ energy spectrum is in source 

ievt•O isct•4 ibr•O ibt•O ibb•O ibfrnt•O ibback•O iitm•200 oitm•50 
norrn•l . O  fluxp•l xsectp•O sourcp•l balp•O 

/ 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 . 1 1 4 91-2 , 4 . 03269-2 , 1 . 22591-2 ,  2 . 92 13 9-5 
/ fine mesh location on the x axis of the point source : 

sourcx= 1 1 3 z ,  1 ,  fO 
/ fine mesh location on the y axis of the point source : 

sourcy= 2 z , 1 ,  fO 
/ fine mesh location on · the z axis  of the point source : 

sourcz= 1 1 2 z ,  1 ,  fO 
fcsrc•raytr 
fcnray•lOOOO 
fcntr=25  
/fcxpos•4993 /position of source in x in cm 
/fcypos•3373 /position of source in x in cm 

-



I 

/fczpos•25 
t 

/position of source in x in cm 

I * * * * block vi (edits ) * * * * 
pted•l zned•l igrped=3 

/ for detectors use point•i + ( j -l ) NX + ( k-l ) NXNY; NX•I T=22 6 ;  NYsJT•20 
/ fine mesh points i•5 , 43,  76 ,  1 1 4  
/ fine mesh points js8 , 1 4 ,  19  
/ fine mesh points k•224 

points• 10095 4 7 ,  1010903,  1012033 
100958 5 ,  1010941 , 1012071 
1009618 ,  1010974 , 1012 104  
100965 6 ,  1 01 1012 ,  1012142 

/ Resp Fens in Air Kerma/unit Fluence 
/ in pGy/cmA2 for 12 energy groups 

/i•S , lowest 
/i•43 
/1•7 6 
/i•ll4  

from ICRU-5 7  

rs fe•23 . 025 ,  2 1 . 075 ,  1 9 . 1 , 17 . 1 , 15 . 1 , 13 . 1 , 
1 1 . 03 ,  8 . 75 5 ,  6 . 075 ,  3 . 4 6 ,  1 . 3736, 0 . 8 4 1 0  t 

ht to highest 

-



3 0 0 
THREEDANT isotropic point source , 25 cm above floor , in center corridor;  
detectors @ y•508cm, 01 @ x=229cm and z•6990cm, D2 @ x•4995 cm and z•6990cm 
4mod2 . in 
/ geometry - X-Y-Z 
/ cross sections 
/ mixing 

- MENDF5G, xslibb .mendfg 

I 
I 
I 
I 

solver 
edits 

- isotopes mixed to make materials named air 
and ground 

- S16-P4 , first collision source•raytr fcrstrt•2 
- card input supplied 

/ block i 

I 

igeom-x-y-z ,  ngroup•12 , isn•16  niso•99  mt•2 nzone•2 
im=15 it=226  jm•6 j ts20 km•9 kt•22 5  
maxscm•80000000 maxlcm•l50000000 t 

/ block ii ( geometry) 
xmesh• -20,  0, 224 ,  234 ,  457 ,  477 , 

474 4 ,  4764 ,  4988 , 4998 , 522 1 ,  524 1 
9508 , 9528,  9985 ,  10005 

xints• 1 , 3 , 1 , 3 , l , 100, 1 , 3 , 1 , 3 , 1 , l00 , 1 , 6 , 1  
ymesh• -20 , O ,  50,  4 98 ,  518 ,  610 , 630 
yints• 1 , 2 , 10 , 1 , s , 1 
zmesh• -20,  O ,  457 , 477 ,  3368 , 337 8 ,  

62 68 , 6288 ,  6745,  67 65 
zints• 1 , 10 , 1 , 100, 1 , 100, 1 , 10 , 1 
zones• 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  /z•-20-0 

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  /z•0-457 
2 1 1 1 1 1 1 1 1 1 1 1 1 1 2 ;  
2 1 1 1 1 1 1 1 1 1 1 1 1 1 2 ;  
2 1 1 1 1 1 1 1 1 1 1 1 1 1 2 ;  
2 1 1 1 1 1 1 1 1 1 1 1 1 1 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 / z  ... 457-477 
2 1 1 1 2 2 2 1 1 1 2 2 2 1 2 
2 1 1 1 2 2 2 1 1 1 2 2 2 1 2 

-



-

2 1 1 1 2 2 2 1 1 1 2 2 2 1 2 
2 1 1 1 2 2 2 1 1 1 2 2 2 1 2 
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  /za477-3368 
2 1 1 1 2 1 2 1 1 1 2 1 2 1 2 ;  
2 1 1 1 2 1 2 1 1 1 2 1 2 1 2 ;  
2 1 1 1 2 1 2 1 1 1 2 1 2 1 2 ;  
2 1 1 1 2 1 2 1 1 1 2 1 2 1 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2;  

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  /z•3368-3378 
2 1 1 1 2 1 2 1 1 1 2 1 2 1 2 ;  
2 1 1 1 2 1 2 1 1 1 2 1 2 1 2 ;  
2 1 1 1 2 1 2 1 1 1 2 1 2 1 2 ;  
2 1 1 1 2 1 2 1 1 1 2 1 2 1 2;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  /z•3378-6268 
2 1 1 1 2 1 2 1 1 1 2 1 2 1 2 ;  
2 1 1 1 2 1 2 1 1 1 2 1 2 1 2 ;  
2 1 1 1 2 1 2 1 1 1 2 1 2 1 2 ;  
2 1 1 1 2 1 2 1 1 1 2 1 2 1 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  /z•62 68-6288 
2 1 1 1 2 2 2 1 1 1 2 2 2 1 2 ;  
2 1 1 1 2 2 2 1 1 1 2 2 2 1 2 ;  
2 1 1 1 2 2 2 1 1 1 2 2 2 1 2 ;  
2 1 1 1 2 2 2 1 1 1 2 2 2 1 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  /z•6288-6745 
2 1 1 1 1 1 1 1 l 1 1 1 1 1 2; 
2 1 1 1 1 1 1 1 1 1 1 1 1 1 2; 
2 1 1 1 1 1 1 1 1 1 1 1 1 1 2; 
2 1 1 1 1 1 1 1 1 1 1 1 1 1 2; 
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2; 

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2; /z•67 45-6765 
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2;  



2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  t 

I 
/ block iii ( cross sections ) 

lib•xslibb savbxs•l /first cp xslibb .mendfg xslibb 
t 

I 
/ block iv (mixing ) 

matspec•atdens /atomic 
matl s•airl " 8016 . 50"  

density• 
9 . 6533-6 

"7014 . 50" 4 . 1425-5;  
" 1001 . 50"  1 . 4 660- 1 ,  

atoms/b*cm 

cone 
"80 1 6 . 50"  

. .. 11 023 . 50" 
" 12000 . 50" 
" 13027 . 50 "  

5 . 1465-2 , 
8 . 5851-4 , 
1 . 0828-4 ,  
1 . 6651- 3 ,  

" 14000 . 50" 1 . 0575-2 ,  
" 19000 . 50" 3 . 3176-4 ,  
"20000 . 50" 1 . 3696-3,  
" 2 6000 . 55" 1 . 0435-4 ;  

assign•air airl 1 . 0 ;  
concrete cone 1 . 0  t 

I 
I * * * *  block v ( solver)  * * * * 
/ norm i s  2 4  hr/day*365 day/yr 

/0 
/N 
/H 
/0 
/Na 
/Mg 
/Al 
/Si 
/K 
/Ca 
/Fe 
/zone l 
/ zone 2 

/ first collision source is FCSRC, location is in sourcy, 
/ energy spectrum is in source 

fcrstrt•2 
ievt•O isct•4 ibr•O ibt•O ibbaO ibfrnt•O ibback•O iitm•200 oitm•50 
norm•l . O  fluxp•l xsectp•O sourcp•l balp•O 

/ energy grps ( 12 )  for source term 
source•4 . 40939-8 , 4 . 40939-8 , 2 . 35945-4 , 4 . 75076-4 ,  7 . 1 4207-4 , 1 . 912 94-3 , 

5 . 56546-3,  1 . 7 5850-2 , 5 . 1 1 491-2 , 4 . 03269-2 , 1 . 22591-2,  2 . 92 139-5 
/ fine mesh location on the x axis of the point source : 

sourcx• 1 1 3 z ,  1, fO 
/ fine mesh location on the y axis of the point source : 

sourcy= 2 z ,  1, fO 
/ fine mesh location on the z axis of the point source : 

sourcz= 1 12z ,  1 ,  fO 
fcsrc•raytr 
fcnray•lOOOO 
fcntr•25 
/ fcxpos•4 993 /position of source in x in cm 

-



/fcypos•3373 
/fczpos•25 

/position of source in x in cm 
/position of source in x in cm 

t 
I 
I * • * *  block vi ( edits )  * • • * 

pted•l znedel igrped•3 
/ for detectors use point•i + ( j -l ) NX + ( k-l ) NXNY ; NX=IT•22 6 ;  NY=JT•2 0  
/ fine mesh points i•5 , 4 3 ,  76 ,  1 1 4  
/ fine mesh points j•8 ,  1 4 ,  1 9  
/ fine mesh points k•224  

points• 100954 7 ,  1010903 , 1012033 
1009585 ,  101094 1 ,  101207 1 
1 00961 8 ,  101097 4 ,  1012104  
1009656 ,  1 0 1 1012 , 1012142 

/ Resp Fens in Air Kerma/unit Fluence 
/ in pGy/cmA2 for 12 energy groups 

/i•5 , lowest 
/i•43 
/i•76 
/i•114 

from ICRU-57 

ht to highest 

rsfe•23 . 02 5 ,  2 1 . 07 5 ,  19 . 1 , 17 . 1 , 15 . 1 , 13 . 1 , 
1 1 . 03 , 8 . 75 5 ,  6 . 075 ,  3 . 4 6 , 1 . 3736, 0 . 84 10 t 

-
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0 
0 
0 
0 

0 
0 
0 
0 

1 

0 

0••············································································· 
• 

SCALE4 . 4a Bulletin Board 

Welc0ffll! to tlle configuration controlled version of SCALE-4 . 4&. 
Any problems can be reported via email to <&e&lehalptlOml . gov> .  

• 
• 

• 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

1 primary tn:ldule ac:ceaa and input record ( scale driver - 96/03/13 - 10 : 32 : 44 
ffl0dule caulX will be called 

Source tam search tor Dantsya calca srcteJ:ffll bued on LANL/student input 
2711- llcouple 
nulCingiOD 
uranium 1 den•ll . 7t l . O  293 92235 93 . 2  92238 S . 6  92234 1 . a  92236 0 . 2 end 
end COftl' 
apllerical em 
1 8 . 741 noexcermod 
end zone 
more data ■sf•lS 
end more 
end data 

secondary amule 00000a bu .been called. 
1110dule 000001 ia finiahed. ccn;,letion code o .  cpu time uaed o . oa (aec:onda) 
HCCmdary madule 000002 bu .been called. 
1110dule 000002 ia fim.ahad. ccn;,lecion code o. . cpu time uaed 1 . 66 (aeccnda ) . 

secondary IIICldule 000001 bu been called. 
1110dule 000001 ia tiniahad. ccn;,letion code o .  cpu time uaed 0 .25 ( aec:onda) 
nlXiule caulX ia- tinillhlld. ccn;,leeion code o .  cpu time uaed 2 . 07 (aeccnda) . 

tbe following data carda precede an •  card 

ccccccccccc ••••••••••• ••••••••• ········••s 11 xx 
-� ::cccccccccc ••••••••••••• aaaa■aaaaa■ sa■••········ 111 xx 
_¥ cc •• •• .. .. • • •• 1111 xx 

cc •• .. aa • • 11 xx 

1 8 1  

xx 
xx 

xx 
xx 

cc .. aa aa •• 11 xx ·xx 
cc •••••••••••• ·•••••••••aaaa •••••••••••• 11 XXX 

cc •••••••••••• ••••••••aaa•• •••••••••••• 11 XXX 

cc sa .. aa •• ll xx xx 

cc sa .. aa •• 11 xx xx 

cc cc •• •• .. ... • • •• ll xx xx 

ccccccccccccc sa■sas1■■8888 .. .. ••••••••••••• llllllll xx xx 

ccccccccccc asa■a■aaaaa .. .. ··••s••··s• 11111111 xx xx 

xx xx 'W vv tCCtCCtttttt 
xx xx 'W 'W tttttttttttt 

xx xx 'W vv tt 
xx xx 'W 'W Ct 

xx xx  'W 'W tt 
XXX 'W 'W tt 
XXX 'W 'W tt 

xx xx  'W vv Ct 
xx xx 'W vv Ct 

xx xx 'W 'W tt 

xx xx vvv tt 

xx xx V tt 
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0 

0 

0 

0 
0 

0 
0 

o••••• •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• 

SCALE4 .4a Bul lecin Board 

Welcome to the contiguracion concrolled ver■ion of SCAt.E-4 . 4& . 

Any problems can be reporced via email to cacalehelpllOml . gov> . 

• 
• 

• 
• 
• 
• 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
1 primary module acce•• and input record ( scale driver - 95/O3/lJ - 10 :32 : 44 

rn:,dule csaalX will be called 

source term search for Dantsya calcs srcterm4 baaed on OECD benchmark input 

27n-l8cc:,uple 

mul tiregi.on 

uranium l den•ll . 74 1 .0  293 92235 93 . 71 9223 8 5 . 27 92234 1 . 02 end 

and con;, 

apheriw end 

1 8 . 74141 noextermod 

end zone 

more data azf-15 

end more 

end data 

secondary module 000008 hu been called; 

rrmule 000001 ia f iniahed . coq>l•Ci= code 

secondary module 000002 hu been called. 

rrmule 000002 ia Uzu.ahed . c:cxr;,let1on code 

aecond.ary module 000001 hu been called. 

module 000001 i• fizti.ahed . �letion code 

module CH8lX ia fini.ahed . c:cmpletion code 

o .  cpu c1me uaed 

o .  cpu c1me uaed 

o .  cpu time uaed 

o .  cpu time uaed 

0 . 07 (aec:onda ) . 

1 .48 ( •ec:onda ) 

0 . 23 C aec:onda) 

1. 86 C■econda ) . 

o the following data carda precede an •  card 

1 cccccc:ccccc ••••••••••• .......... �·········· 11 xx xx 
�c:ccccccccc ••••••••••••• uaaaaaaaa.& • •••••••••••• 111 xx xx 

c:c •• •• &a .. •• •• 1111 xx xx 
cc •• aa .. •• 11 xx xx 
cc •• a& a& •• 11 xx xx  
cc •••••••••••• uaaa�auua •••••••••••• 11 XXX 

cc •••••••••••• aaaaaaaauaaa •••••••••••• 11 XXX 

cc •• aa u •• 11 xx xx  
cc •• aa u •• 11 xx xx 
cc c:c •• •• aa .. •• •• 11 xx xx 
ccccccccccccc: ••••••••••••• aa u ••••••••••••• 1111111.l xx xx 
ccccccc:cc:cc ••••••••••• aa .. ••••••••••• 1111111.l xx xx 

0 

xx xx vv vv ttCttttttttt 

xx xx vv VY tttCttCttttC 

xx xx vv vv cc 

xx xx vv vv tt 

xx xx vv vv tt 

XXX vv vv tt 

XXX vv vv tt 

xx xx vv vv Ct 

xx xx vv vv tt 

xx xx vv vv  Ct 

xx xx vvv Ct 

xx xx V Ct 
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OtlMt ab■artler will be trNUd by tbe amdb■i• iDC■pal -■cbad . 

2tl.000 
• , .t1HUtl•H 
• l ,7UU0Jl•00 
• 0 .0000000&♦00 

.... of IIIOda'atOr•l 231.0U 81flla(per abNrtler ataa>• 1 .0HNJOl•0l 
o.adent0r•l will be tnated by tile nordheia iDCep-al ....S. 
o.u■ of IIIDd■nicor-2 DI .Oil •ifaCper ....,._r ataal• , .2nJ21U♦01 
Olllderaa:or-2 will be tnated by ttlli nardbei• iacepal ..cbad. 
0tbi■ neaaaace •ten.al will be tnated .. .  0•diaa1Claal object. 
oval� fraction or 111111' t.A c:ell uNd to aecaunc for epacial Hlf·■111•ldiD9•1 .00000 
Ogl"CIUp ru am na flu rN Nat 

11 ., .S70J411•00 0 .OO0OOOl•00 -1.0ltJ2O♦01 
12 -2.,JJ.J0lS♦O l 0.0000001♦00 -t.H,0171•00 
u J .UHH.S-04 o .oooooo■.oo •1.llUJU•0l 
H 
15 
H 

•4 • Jf05111♦02 
1.1112u1-02 
I.UHHl-04 

0 .OOOOOOl♦OO 
0.  000OOOl♦00 
0 .0000001•00 

17 t .Jl1'Hl•OS 0.0000001♦00 
11 •2.U2011S•Of 0 .0000001♦00 
1t 2.1701111•03 0 .00000Ol♦00 

oacn■ :n-...c:e uategnle 
0 neol.Wd 
oatiaorPC1on J .fl07U♦01 

fiHion 0,00000l♦00 
0 elapNCI ti• 0 .00 at.A. 

o uran1m-2JS ..U/b•iY •t 12n 
oruoaaa,ce data for tllie nuclide 
01MN n.-U (a) 2Jl .021 

••• ,211411♦01 
-1.4509201•02 
•1.JOtlta•0l 
•1. 721Jl41•0t 
-1. 011,121-04 
·2.921l201•0l 

proce■- manber 1001 ie at c....-.cw.-
updated 01/12/9' 10,2235 t.....,.cun-

2tJ . ooo 

2tJ .00 
aJ .oo 



Opounual •catur ■1.pa • 11 . 500 laiped macleu dal81Cy • 4 .ttHUll-02 
ospin tKCor :g) • 15171 . 100 l1111t �J.GII la-bu') • I. 7UUOJS♦OO 
01Mer nd1ua • o. 0000000E+00 ciaacott c:orreetJ.OD ICJ • 0 .00000001♦00 
Othe A.baorDer will be treated by tbe nordbe111 uscep-al •ltilod. 
or ot nmarator-1 2J1 . on ■i918(per � acaa, . , .t+MSUl•Ol 
a-. .acor-1 will be created by tbe nordbe&a 1acep-al IIIKJIOd. 
o.ua ot IIIOderacor-2 2H .040 ■1918(per abaonler acaa> • 1.lJ2217JS•01 
__..racor•2 will be created by t!le nordhe1■ &ac-,ral mdlad. 
OtJlia naonance 111Keraa1 will be tNACed u a o-climMaoaal objecc . 
ovo1.- tracucn of lllllt 1a cell UNd co accauac far apac1al Ml.f ·•bieldill!,el .00000 
Opoup na aaa n• tiu na IICat 

12 •4 .JU2NS♦01 -2.lllOSIS♦Ol 4 .  71HOIS•01 
1J ., . tJ7H21♦01 •J.721110S+01 , .JU171S•Ol 
u 
11 
11 

• l . 4"JJIS+01 
•1.l72'7711♦00 
·1.02121JS•OJ 

-J. OHl70S•Ol 
•l.OHJUS•OO 
•7 . 120HJE•04 

O&b■orpe :a.on 
Uuaon 

0 elapNd C111e 

1.H7IOS♦Ol 
1.UJOJS+Ol 
0.01 ■Ila. 

1 .JJt71U♦OO 
J • 05112lS•02 
1 .UT7tU•04 

proca•• nmmer 100, 1• at c...-ratun• 2tJ . oo 
0 uralliu■·2JI adf/b•1Y MC 1212 updated 01/U/H lOfllll 11:e11119Z"&eun- 2tl . OO 
0l'NCIMDC• data for Cbia m1cUdll 
.... nialler (aJ lll .OH c-..racun lkelVia) 2tl . OOO 
Opocenual- .-caccer u.- • 10. stt 1...- IIUClear daD81cy • 2.tttJtJ2S•Ol 
Oapan f-=or (9J IN . 527 lllllt �1aa (a-bu"J • I. 7UUOJS♦OO 
oimWr radtua • 0 .00000001♦00 clucoff conac:c1oa Cc) • o.ooooooos+oo 
Otbe aa.oztler will be truced by CM nordM111 1nt-,ral ■-cbl:ld • 
.... of IIIOderacor-1 lll.OU ...... ,per ■-orber &COia) • 2 . UJIS101•02 
Oll:lderacor•l will be CrMCed &,y Cbe � iacegnl ■-cbl:ld. 
o■e•• of IIIOderacor-2 u, .o,o ■£918Cper ■-Dl'tler ataa>• 2.2tt22ss1♦00 
Oll:lderacor-2 will be tnaced t,y Cbe nordbe111 1acepa1 ■-cbl:ld. 
otJUa rNCIIMIIICe •cer.t.al wUl ba cnaced u a 11-ct•-■toaeJ ot,jec:c. 
°' • fracctoa of lllllt 1a cell IINd co eccamc far apac1a1 Mlf•abield1Dga1.ooooo 
Ofl....P ne aaa ne u-■ � acac 

t •2.JIIHU•02 0.0000001:•00 -2.Ufllll•Ol 
10 -'7. IU2111·01 -1.HllllS•0I •t .7S50401♦00 
11 
12 
1J 
u 
15 

-t . OstHlS♦OO 
•t . 24111.0S♦Ol 
• 1 ,  llllltS♦O 1 
•1. HIJ24S♦02 
J. OlSIIH•OJ 

oaceu ruoaance 111Up'ala  

0 neolvad 

0 ,000000&+00 
0 ,OOOOOOS♦OO 
0 ,OOOOOOS+OO 
0.0000001+00 
0. OOOOOOS♦OO 

�OD 1.JHIIS♦Ol 
Uu:a.oa 

0 •� C111e 
S. 1'7123•04 
0.02 Ilia. 

•2,SOJOHl+Ol 
•4 . 74224SS+Ol 
·1.21Sl2H+Ol 
•J,OJSJOU+OO 
•l.'211171:•0J 

prDCN■ mamer 100, .a.a ac c..-ncun- 2tJ . oo 
0 elapNd C111e 0.02 Ilia. 

eta.la udrD IIGCIWl9 cape -■ created 01/2J/02 ac Ot1241 1S  
Cbe Utl• of Cbe pannc cue 18 aa fo11':llil9 
■calff • 2'7 neucraa 11 -,- 9ftlUP ab1eld1Dg lillnrY 

baaed on endf •b ven.laa • data 
CCllllpalad for arc 1/27/11 
tape 1cl 
nu.,er of neuczm graupa 
f.lnc CJlenal graup  

4027011 
27 
15 

table of c:mceau 
eadf/b-1v -c lOU 

� of auclidN 
..-.Z- of � gzaup■ 
logtcal UIUC 

updated 01/12/H 

J 
11 • 

t.d 10t22l4 

193 



194 

ura1uwa-�lS eadf/b• lV Nt 1211 
llrAIUUll•UI eadf/b•lV fflAt :.212 

0 tape capy uNd o 1/o••·  and took 

xx a ••••••••••• dddddddddcldd 

xx a ••••••••••••• 1111111ddttd1 

- - .. •• dd dd 

- xx .. dd dd 

- - •• dd dd 

JIXX •••••••••••• dd dd 

JIXX ............ dd dd 

- - •• dd dd 

- xx •• dd dd 

xx xx •• .. dd dd 

- a ............. ddddd11di:tdddcl 

a a ........... d:t11111 11 

- a - - tttttttttttt 

a a - ,,,, tttttttttttt 

a a ,,,, ,,,, tt 

a a ,,,, ,,,, tt 

a xx  ,,,, ,,,, tt 

JID ,,,, ,,,, tt 

JID ,,,, ,,,, tt 

- - ,,,, ,,,, tt 

a a ,,,, ,,,, tt 

xx a ,,,, ,,.  tt 

a xx ,,,,. tt 

a a y tt 

0000000 11 II 
000000000 111 II 

00 00 1111 II 
00 00 11 II 
00 00 11 II 
00 00 11 fl 
00 00 11 II 
00 00 11 II 
00 00 11 II 

00 00 11 II 
000000000 11111111 II 

upda� 01/12/H 
updated Ol/12/M 

0 . 02 •ec:anda 
IZIIIIIIIIIZ nn -

iiiiiiiZILiii Nm -

rr rr 11111111 11D 

rr rr lm M  -

rr rr 11D nn 1111 

IZIZZiiilliZZ nn rm -

ii&Ziiliiiii .. - -

rr rr 1111 M rm 

rr rr nn • nn  
rr rr - -

rr rr nn � 
rr rr 11D 

22222222222 lllUUUU 
2222222222222 UlllUUUll 
22 

22 
22 

22 
22 

22 ll 
22 
22 

ll 

ll 
ll 
ll 

lll 
lll 

ll 
Jl 
ll 

lllllUUllll 

.. 

1d 10t22JS 
1d 1092231 

IWPPHHIU - -

SSSHZhhCZL - -

pp pp - -

pp pp ..... --
pp pp - - - -

PIIHllHl:U!IIH - - -

ncss:sssss: - • -

pp - -

pp - -

pp - -

pp ,_ -

pp - -

II 0000000 22222222 
II 000000000 222222222 

II 00 00 22 
II 00 00 

II 00 00 

II 00 00 

II 00 00 22 
II 00 00 22 

II 00 00 22 

II 00 00 22 

II 000000000 222222222: 
0000000 11111111 II 

22 
2222222222222 
2222222222222 lllllllllll II 0000000 222222222; 

0000000 
000000000 

00 00 
00 00 
00 00 
00 00 
00 00 
00 00 
00 00 

00 00 
000000000 

0000000 

,,,,,,,,,,, 
ttttttftttftt ,, ,, ,, ,, ,, ft """"""' 
"'"'"ftft ,, 

ft ,, ,,,,,,,,,,,,, 
ttttttttftH 

1 1 1  

1 1 1  

: 1 1  

1 1 1  

1 1 1  

: r :  

22222222222 
2222222222222 
22 22 

22 
22 

22 
22 

22 
22 

22 
2222222222222 
2222222222222 

•••••u•••• ·::::cc ccc 
............. ccccccccccccc 

44 11 """",, 
444 111 ,,,,,,,,11 

4444 I l l  1111 ,., 
44 44 1 1 1  11 T 

.. 44 1 1 1  11 ,., 
.. .. 11 ,., " 44 11 ,., 

444444444444 I l l  11 ,., 
44"'4'444444 1 1 1  11 ,., 

.. I l l  11 ,., 
44 Wlllll ,., 
.. Wll111 ,., 

••••••••• 11 ••••••••••••• ••••••••••• 11 ............. 



0 
0 
0 
0 

•• •• cc cc: .. .. 11 .. 
.. c:c .. .. 11 .. 
•• cc .. .. 11 .. 
•••••••••••• cc: ••••••••••••• 11 ...... ... 
............ cc ••••••••••••• 11 ......... 

•• cc .. .. 11 .. 
•• cc .. .. 11 .. 

•• •• cc cc .. .. 11 .. 
............. mrc=ecccc,c .. .. 1111111111111 • •••••••••••• 
••••••••••• ccccccccccc .. .. Wllllllllll • •••••••••••• 

.................................................................................................................. 
·•········•··············•······•····•······· ..................................................................... 
................................................................................................................... 

code ■yac_, acale ven1001 , ., . 
...................................................................... ............................................ . 
................................................................................................................... 

pn19r_, 000001 

cnaucm dace: o,_ • ..,_2000 

library: /wa:/acale, .,a/bin 

produee1011 code I uclm 

ftnlanr ,.,o 

joblla.: Xft 
..... 

aaca1n■ naaa1 c:mdb 

dace of ■--cuuan r ll..Jan_aooa 
..... 

U• ot execuucn1 0,,2, 1 17.71 

................................................................................................................... 4 

.................................................................................................................... . 

...................................................................................................................... 

■aurc■ cua ■-arc11 tar daacsya cal.ca •�-- bued oo oeat b■ac:mark 1JlpUC 

0 lq array IIU 

1 acr1■■ • 
1'1 enu-1■■ • 
15 ■acrl■■ • 
10 ■DUle•. 
12 eacr1e• . 

0 4q uny hu  
0 Sq uny llu  
Od1rec:c acce•• 11111C 

f ■ncr1N . 
10 ■acrlH . 

, nqw.n■ , blocu of l� 1520 for ero■a ■ec:c1aa IIWWl9. 
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196 

110Urce teni ••arch for dacaya calc:a arccer,.. bUed on oecd benc,_rk input 
Ogeneral prool .. dncripuan claca block 
o general prabl- clau 

1.,. 1/2/l • pl4ule/cyliader/apben J ,_ quadracun oftler 
1 .. mamer of zone• 1 1KC order of ecaccenDIJ 
1■ maber of apaca.al incenala • 1nt: 0/1/2/l/4/5/h,q/k/alpu/c/z/r/h 
1111 0/1/2/l • �nU/per/whLte 1 u■ 1mler 1Cft'ae1Clll IIID1BB 
u.r ri9bC .baulldary c:andiUan 0 1CI■ outer 1tane1Clll NIUaa 
I.al ..-.r ot �urea 1 1clc: • 1/0/D••flU rN/ea/opc 
- lliainlJ cable lelll!ICA J 1cla 0/1 • f.,...Uadj01DC 
19111 nWllber of energy groupa 41 · Ulu DOC UNd(al.-y9 -.CCS> 
IIDIJ maber of neucran 9ffNll8 27 1PR •2/·1/0/n.-at.vn :uec pruc 

I 
J 
1 

20 
21 

0 
0 
0 

-2 
D9I nlll!Der of ,_ grcupa 11 Mil 0/1/2/J-eo/prc nd/pc:b D/llaCJI -1 
uc, mamer ot tine c!lenal poup 11 1pllC ·1/0/1.,_lfiM/all bal. Sift 0 

0 apecial opc1aaa 

u, 0/1 • naae/wi9Jltin9 calc:ulaUon 1 1pa 0/1/2 cliff. coat. pan■ 0 
tc,11 va1 ... cr1c aourcea (0/Dall0/)199> 0 1cUII 0/1 • nane/daa1CY taccon JI• 1 
1111111 bouDduy IIClllrCea CO/n-no/yetU 0 1U O/a • ,..,a acunu• by zane 0 
Un 0/1/2 • iapuc JJ•/l4•/UN luc 0 ia1 011 ..... 1ac:une1u by iauna.L 0 
1tar axiaa U■- (aiaaCNI 0 1tc:c 0/1-aal,- upacaccer ac:a11119 0 
1c1e1 0/1/2/J-ao/uecclaro/tla• -ouc 0 1pwc 0/1/Jaeo/k/alf,M pan■-cr1C: •rcb 0 
1U broad CJraup tlUXN 0 ,_ OIICer 1cenum aoc:e1erac1oa 0 
illln 0 11111111 bind nba1a puaKft' •l 
nbl 0 jllkl 0/1/2 buc:Kl1D9 .-cry 0 

0 w1gbc1D9 claca U,._lJ 

0 

1c:ca •l/0/lacell/&OM/ntiaa wipe 
1g■t n.-.r of bnad 9ftlUP8 
1cp 0/10/20/l0/40 0/c:/e/ec/a 
a.pp •2/·1/0/n"""ICeid uec:c pnnc 
up -1/n amen XNCC pr1JIC 

-1 
41 

0 
-2 

ape Clftl'all muc-1w• 1.ooooos-04 
pee po111c c:mnEg1111:■ 1.ooooos-os 
mt nomali&K10a fac:cor 1,00000K♦OO 
r, •�lue tueN O ,OOOOOK♦OO 
... ei...,,alue ■Dcl1t1u o .OOOOOS♦OO 
bf buc:k11ng fac:cor-1,420H2 1,UOHK♦OO 

cb1a cue will nquue 2124 
t111a c: ... bu bem allac:aceld 100000 

1bcf coul XNCC pm 111 'bid tp CablN 
adllf pa 91 or file .-.r 
-t table lagu or - order 
- eacra 1-cl X•NCC pae1U.. 

0 
0 

44 
0 

., crl/pla he f� ll:IUc:klillg 0,00000S♦OO 
da � c111pt11 for bllc:ltl.1119 o. ooooa.oo 
WC ..ad acreatag c:onec:c1oa O .OOOOOS♦OO 
P"' ipft•l/J••k/alpba O.OOOOOS♦OO 
eql .., dlaa9a ape for NU"Cb 1.00000S•OJ 
apa ...,  pan■ ■IXI for NU"Cb 7,IOOOOK•Ol 

1ocaua1111 for .a&1.ag 
locaCiaa8 

1 
0 
0 
0 
0 
0 

aaurce cum INU'Ch tor dmleaya cal.ca erccU'■t baaed on oecd bwtauk 111puc 
l eacr1N. 

maclidN 
CID tape 

1 1012234 
2 1012235 
J 10'22ll 

0 ei.peed c.taa 0.00 lllD, 

l •Cr1H . 
J a&r1N . 

0 7Jll loc:aUOU will be UNd 
0 JJq a.my IIU HO acr1 .. .  
0 Hq a.my bu 5 ..UiH, 
0 Hq a.my tlU 4 •crtu .  
o liq a.my IIU 4 aerie• . 
0 liq array IIU 1 ..Uiu. 

clau bloc:11: 2 Cma1119 cable. ace:.> 
.a&1Dg table 

llixeun �c 
1 10f22l5 
1 10,Ull 
1 10t22Jt 

aca ._1cy 
4 .ttN21-02 
2.'91lll•Ol 
4 .tlltU-04 

acra 
aec:c 1d'• 



1 

0 

1 
0 

0 
0 

4 lq UT&y l'IH 
Slq UT&y M■ 

1 ■ncr:i.•• · 
41 encr:i.e■ • 

IOl&r'C■ carm H•rel'I tor �c■y■ cal.cs •�•riM b&■ed on oecd beaclnarlc 1npuc 

0 -r'IJY 
bound,u·:i.•• 
2 .  000001.01 
, . u4001:.H 
l • 000001:•0' 
1 . 150001:•H 
1 . 4 00001:•0' 
, • 000001:•05 ' 4 • 000001•05 

I 1 .  000001:•05 ' 1.  700001•04 
10 l .  000001:•Gl 
11 S .  500001•02 
12 1 .  000001:•02 
1J J . 000001:•01 
14 1 . 000001:•01 
15 J . OOHl•OO 
11 1.  770001:•00 
l'7 l .2'tHl•OO 
11 l . UfHl•OO 
1, 1 .  000001.00 
20 1 . 000001: -01 
21 4. 000001:-01 
22 l .250001:·01 
2l 2 . 25000E·01 
24 9 .  tHHS-02 
25 S .  000001:-02 
2, J .  000001-02 
27 l . OOOOOE-02 
21 1 .000001:-os 

naucror1 group par.,.carw 
letllarlJY WlCJl'IClld bzuad CJP 

bouncl.U'.1.•• Wl.OCJ.Uea manoen 
-, . u 1n1-01 4 . ,01111.01 1 

4 . HHtl•Ol 2 . 11'7JTS•Of 2 
1.20lf7E•OO 2. 1220111+0, J 
l ."'7401:•00 1. 7Sl?JS•ot • 
l . tHlll:•00 1.tHl51:•0t 5 
2 • H795S+OO l . OH201:+0, 
l . 211111•00 I .  0755TS•OI 7 
4 . 601171+00 2 . '72U5S•OI I 
, .J'"llE+OO 1. 115211•01 , 
1 . 111731:♦00 4 . 1212'1+01 10 
9 .1011H•00 2 . 0SHH+07 11 
l.1S12H•01 l . 010Hl+07 12 
l.21HH+Ol 5. 05'51•06 1l 
l.JllHS+Ol l .20Hff.O' u 

· 1 . 500JOS+01 2. 1010111+01 15 
1. sNns.01 1. 705221:♦0, 11 
1 . 51557&♦01 1.5254H+OI 17 
1.5'95H+01 l . '2Hff•O' 11 
l.'11111:+01 l . l1002S+OI 11 
1. ll4 1.2S+Ol t . 2'104S+OS 20 
1. 70H4S•01 l . 1520O+0S 21 
1. 72420S+01 6 . tO0Hl:•05 22 
1. 710tlS+0l 4 .IHJJl:♦05 2l 
1. HJ07S•01 J . 5'"HS•05 24 
1. tlUH+Ol 2.71H51:♦05 25 
l . H247S+Ol l.1721ll:♦05 21 
2 .072llE•01 1.112021:♦04 27 
2.  71l 10S+01 

c&J.c graus, riCJl'lt 

cype band aJ.bedo 
0 
0 
0 
0 4 

5 ' 
0 7 
0 I 
0 ' 
0 10 
0 u 

0 12 
0 1l 
0 14 
0 15 
0 15 
0 15 
0 15 
0 15 
0 15 
0 15 
0 1S 
0 1S 
0 15 
0 15 
0 15 
0 15 

IICIUR8 tenr HUdl for rsaauya c:aJ.ca •�nit bued OD oeCld baDdllllu:tt 1.aput 

,_ CJrGUP paraacar■ 

gp eneqy leclWff W19Dud bsoad CJP 
bound&r1•• bDuadart• Wlod.C1U mamen 
1 .  OOOOOE.07 0. 000001:+oo J. 000001:•10 21 

2 1 . ooooos.011 2.2J144E•01 J .000001:+10 2, 
l 6 .SOOOOE+OII 4 .J071ll·01 J. 0000011+10 JO 
4 S . OOOOOE+N 1 . ,uns-01 J . 0000011:+10 11 
5 4 .OOOOOE+CN , . 112,11-01 J • OOOOOS+lO JJ ' J . 000001:+N l .20H'71+00 J . OOOOOE+lO ll 
7 2 .50000E+N 1.JHHS♦OO J . 000001+10 J4 
I 2 .  OOOOOE♦OI 1 .IOH4E♦OO J • 000001+ 10 15 
9 l . HOOOl+OI 1.  7'57'71♦00 J . OOOOOS+lO JI 

10 l .JJOOOE♦H 2.01741.Z+OO J .00000-♦10 37 
11 l . OO000E+o, 2.J02Hl+OO J .000001:+10 JI 
12 • •  000001:+05 2 .  521'731.oO J .000001+10 Jt 
ll 6. 000001:+05 2. llHJ.Z+OO J .000001♦10 40 
u 4 • OOOOOE+05 1 . 21111-♦oo J .00000.+10 41 
11 J • 000001:+05 J . IOIHS+OO J .000001+10 42 
11 2 . 00000E+OI l • '12021:.00 J .000001:+10 4J 
17 1. oooooa+o5 4 .1011 '71.00 J .000001:+10 •• 
11 s .  00000••0• 5 . 2tlJ2S.OO J .000001+10 45 
lt l. OOOOOE+04 t . to771S♦OO 

■ourc:e cuw aHZ'Cb for �.,,. ea.Le• 
iuxcurw order p (l) .OC1V1.cy cable 
i,y zcme !,y zau  •tl no .  reacc1an 

ca.le group rifJDC 

type blllld &l.beclo 
0 1& 
0 17 
0 11 
0 1' 
0 20 
0 21 

0 22 
0 ll 
0 24 
0 25 
0 2, 
0 27 
0 21 
0 2t 
0 JO 
0 ll 
0 J2 
0 ll 

■rc:cumt bulld Oil oecd beDdllMrlc 1Dp!IC 
qlladracura ccmatanc■ 

-■19hc■ cl1net1cma ran dine 

lefc 
&1.bedo 

left 
aUlado 

wt: X CO■ 

197 



1 98 

o .000oos.00 • l. 000001•00 , a .000001.00 
S . 0'1Ul·02 . , . 102101- 01 9 •◄ . HOU1·02 
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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 60Co 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 caslc, 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 1 50 
degree upward conical distribution. The experiments were conducted with each of the 
sources, without a roof. Other experiments were planned with a 2 1  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 I 00 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 47t 
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 0.3 1 8  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 PAR TISN 
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 TWO DANT 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 - 1 987 standard, and is found in Table 6- 1 ,  Concrete Composition from 

ANSIIANS-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 

. .  
ANSIIANS-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 0.001 692 
N 4.0000 E-5 0.7435 
0 1 .0000 E-5 0.242 
Ar 2.1 149 E-7 0.0 128 

Deposited energy in the MCNP model was measured in Me V /cm3 and converted to 
deposited dose in air in units of rads as follows: 

Dose (rad) = [ (1 .602 e-6 erg/MeV) (I rad/1 00 erg/g)/ Pair (g/cm3) ]  x Dose (MeV 
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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 
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Figure C-1. Kansas State University Skyshine Experiment Model. 

{small burst indicates source, small blocks indicate detector) 

500 600 700 m 
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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 6°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 

(keV) Fluence per (keV) Fluence per (keV) Fluence per 
Source Source Source 

Photon at 1 m Photon at 1 m Photon at 1 m 
(photon/cm2

) (photon/cm2
) (photon/cm2

) 

10  to 200 8.93 E-8 10 to 200 6.80 E-8 10 to 200 2. 1 8  E-7 
200 to 400 3.2 1 E-7 200 to 400 2.54 E-7 200 to 400 5.66 E-7 
400 to 600 2.27 E-7 400 to 600 1 . 80 E-7 400 to 600 4.09 E-7 
600 to 800 2.4 1 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 2.42 E-7 800 to 1000 3.67 E-7 
1000 to 1 123 1 .48 E-7 1000 to 1 123 1 .86 E-7 1000 to 1 123 2.35 E-7 
1 1 23 to l 173 3 .27 E-6 1 123 to 1 1 73 2.86 E-6 1 1 23 to 1 173 2.69 E-6 
1 1 73 to 1272 5. 1 9  E-8 1 1 73 to 1272 7.79 E-8 1 1 73 to 1272 8.93 E-8 
1272 to 1 322 3.28 E-6 1272 to 1 322 2.87 E-6 1272 to 1 322 2.69 E-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 C-4, 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  P ARTISN 

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 

I m  I m  I m  
(photon/cm2) (photon/cm2) (photon/cm2) 

10 to 100 4.23 E-8 10 to 100 3.22 105 E-8 IO 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 to 400 3.2 1 E-7 200 to 400 2.54 E-7 200 to 400 5.66 E-7 
400 to 500 1 . 1 35 E-7 400 to 500 9.00 E-8 400 to 500 2.045 E-7 
500 to 600 1 . 1 35 E-7 500 to 600 9.00 E -8 500 to 600 2.045 E-7 
600 to 800 2.4 1  E-7 600 to 800 2.06 E-7 600 to 800 3.84 E-7 
800 to 1 000 2.39 E-7 800 to 1000 2.42 E-7 800 to 1000 3.67 E-7 
1000 to 1 123 1 .48 E-7 1000 to 1 123 1 .86 E-7 1000 to 1 1 23 2.35 E-7 
1 1 23 to l 173 3 .27 E-6 1 123 to 1 1 73 2.86 E-6 1 123 to 1 1 73 2.69 E-6 
1 1 73 to 1272 5. 1 9  E-8 1 173 to 1 272 7.79 E-8 1 1 73 to 1272 8.93 E-8 
1272 to 1 322 3.28 E-6 1272 to 1322 2.87 E-6 1 272 to 1 322 2.69 E-6 
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Table C-4. 10.33 Photon Source Spectra for 12-Group Photon Energy 

Cross Section Library. 

12-Group Photon Energy Spectrum 

Group Energy Photon Fluence 

(keV) at 1 m 
(pboton/cm1) 

Group 12 10 to 100 4.23 E-8 

Total 

1 1  100 to 200 4.70 E-8 

1 1  200 to 400 3.2 1 E-7 

1 1  400 to 500 1 . 135 E-7 

Group 1 1  100 to 500 4.82 E-7 

Total 

10 500 to 600 1 . 135 E-7 

10 600 to 800 2.4 1 E-7 

10 800 to 1000 2.39 E-7 

Group 10 500 to 1000 5.93 E-7 

Total 

9 1000 to 1 123 1 .48 E-7 

9 1 123 to 1 1 73 3 .27 E-6 

9 1 1 73 to 1272 5. 1 9  E-8 

9 1272 to 1 322 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 

Group Energy Photon Fluence 

(keV) 
at 1 m 

(photon/cm2
) 

Group 12 10 to 100 3.22105 E-8 

Total 

1 1  100 to 200 3.5789 E-8 

1 1  200 to 400 2.54 E-7 

1 1  400 to 500 9.00 E-8 

Group 1 1  100 to 500 3.79789 E-7 

Total 

10 500 to 600 9.00 E-8 

10 600 to 800 2.06 E-7 

10 800 to 1000 2.42 E-7 

Group 10 500 to 1000 5.38 E-7 

Total 

9 1000 to 1 123 1 .86 E-7 

9 1 1 23 to 1 1 73 2.86 E-6 

9 1 1 73 to 1272 7.79 E-'8 

9 1272 to 1 322 2.87 E-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 

(keV) at 1 m (keV) Fluence 
(photon/cm2) at 1 m 

hoton/cm2 

Group 12 10 to 100 1.03263 E-7 1 0  to 100 1 .03263 E-7 

Total 

1 1  100 to 200 1 . 14737 E-7 1 00 to 200 1 . 1 4737 E-7 

1 1  200 to 400 5.66 E-7 200 to 400 5 .66 E-7 

1 1  400 to 500 2.045 E-7 400 to 500 2.045 E-7 

Group 1 1  lO0 to 500 8.85237 E-7 

Total 

10  500 to 600 2.045 E-7 500 to 600 2.045 E-7 

1 0  600 to 800 3.84 E-7 600 to 800 3 .84 E-7 

10  800 to 1000 3.67 E-7 800 to 1000 3.67 E-7 

Group 10 500 to 1000 9.555 E-7 

Total 

9 1000 to 1 123 2.35 E-7 1000 to 1 123 2.35 E-7 

9 1 123 to 1 1 73 · 2.69 E-6 1 1 23 to 1 173 2.69 E-6 

9 1 1 73 to 1272 8.93 E-8 1 1 73 to 1272 . 8.93 E-8 

9 1 272 to 1 322 2.69 E-6 1 272 to 1 322 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 P ARTISN 2.64 

(m) (Ci) Results Calculational /DANTSYS 3.1 

(µR/h •Ci -l ) Results ( ± % ) (µR/h •Ci -l ) 

(µR/h -Ci -1 
) 

10 10.33 - 108. 1 ± 0.85 Future work 

20 10.33 - 63 .8 ± 0.7 1 Future work 

30 10.33 - 42.3 ± 0.60 Future work 

40 10.33 - 3 1 .0 ±  0.6 1 Future work 

50 10.33 24.24 23.95 ± 0.6 1 * Future work 

100 10.33 9.66 9. 1 7  ± 0.84* Future work 

200 10.33 2.425 2.4 15  ± 0.73* Future work 

300 229. 1 0.76 0.85 1 ± 0.44 Future work 

400 229. 1 0.3 1 0.327 ± 0.37 Future work 

500 229. 1 0. 1 1 7 0. 1 35 ± 0.40 Future work 

600 3804 0.0542 0.054 1 ± 1 . 1 8  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 t,hree 
distances are reduced to 20.05 ± 0.67, 7.77 ± 0.60, and 2. 1 7  ± 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) i� 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 1 7 1 1 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 thickness of the concrete walls around the vaults is 32 inches. It is assumed that the 

vaults are filled with large �oncrete 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 co�crete. 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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Figure D-1. Proposed Vault� Type Storage Area with Fission Source, 

Detectors, and Dose Points. 
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APPENDIX E: Current Published Articles of Interest 



New storage vaults at Y-12 now urgeri.t 
I

n the weeks following the Scpl '11 terrorlat 
allac:ks, aecuri!-7 at t6e Y-12 nuclear weapone · plant In Ook Ridge hu attnd.ed public 

pllotlna an �lane1 lt probably doesn't matter 
much It� have alnpac:e reatrlctmna. lfa lbr 
aura notiodv waa asklita pennlaslon. Sept.. 1L 

type uploalon or pnduce a mushroom cloud - a 
. amcem wlcad by m.any area realdenta. 

-We do DOt D1ake ntidear bomba." said BUI 
Brumley of the National Nuclear Sec:urlty 
Admhmtratlon. � baa Deftr been a nuclear 
,veap,n at tbla alt& We do not haft plutonlum. 
We do not have hlch exDloema ••. • We make 
manlum component. ((or nuclear warheads).• 

attention and rightly eo. 
People ere oeking all eort.B or questlop1. la Y-12 

o polA?ntlal laraet7 What are the bazarda In the 
event of attack'"? la the plant prepared lbr 
tenorlam7 

Oak Rlcfp_alnpac:e hu been an 1111ua before. 
A8 l recall,_ DQE argued mlghtl)y l'or ?Ntrld:loa 
ID the 19808. up� concern that aerial 
reconnaluance could ravea1 lleCletl· about nudear 

Here's a fed thal may come 
ae a surprlae to many: 

There are no airspace 
reebictions enforced at the 
Oak Rl�ge warhead f'adory. 

�bl prodlldion or
. 

plant aecurl= 
When •ked the matter thla DOE 

1pobaman Steven �tt reepon "A reetrlct.ed 
air apaa, above and around Y-12 doee have eome 
merit from a le4:Urlt)' atandpolnt; however, we 
tomlder thle b) be a \()w priority. We have not 

The U.S. Department of 
Enc,w ond the Federal 
Avlallon Admlnletration 
confirmed the situation, 
olUmu,:?h offlclnla at each 
ogcncy weren't very talkative 
on the toflc. FRANK A loco SUIJCN180t' with the 

M"·o•a FM referred me lo her un .m, 
n�ncy'e Web alte for more 
informut.ion ond ultcrcd U1e lclcphol\e number of 
Ute public nJfnlre otnce In AUanta, where stAJTr.n 
ap1,mcntly � loo busy lo return tclophone cnlls. 

Although Y-12's airspace la not off lbnlta in the 
11lrict.t-�l ecnee, the Oolt Ridge r adlily would seem 
to he co\'crcd by n broad-baaed advlaoi:, laaued 
Sepl 2fJ by the FM. 

111c srM:nllcd NOTAM (Notice lo Airmen) 
Include, UJIR lan�c: 

"In the int.c�Ht of' nellonol accwity, Md lo the 
cdcnt practlcahlc, pilots are ndviecd to avoid the 
nir�pace obovc, or ln proximlt, lo, sites auch es 
nurlr.nr power plan�, power plnnle, dam11, 
relltwric!', lnduRlrinl complcxce, nnd ot.her similar 
li.1cililic�. Pilole @hould not circle as to loller In 
thu vicinity or Ruch faclUUC!'I." 

taken any llepa to PUJ'l\18 thla with the FAA.• 
Y-121 of course. la not �ur averap, run-ot-U. 

mill, lnauetrlal alt.e. The �t bouaea moat of the 
nation's stockpile �r bom de uranium. 

Is the plant wJnerable. 
Absolutely, and that's not Just�- It should 

be frightfully obvloua. b) evei.Ybody now that even 
lnettlut.ione once thought to 6e lmpenetnble an 
at risk. 

Office tnwer:11 rleing halfway to the heavene 
always seemed a liWe precarloqa. But tbe 
Pentogon? It waa deelgned and built u a -n.rtual 
&ynltxil or U.S. lnvlnclbWly. 

Y-12. too, baa the look of a fearaome fbrtteaa. 
aunounded by rows of wtr.topped fences and 
lines of guard towera. But Ila f'acllltlea are 
antiquated. 

A 1996 DOE rol)Ol't addresRed �cant 
wlfierabllltiea lo the preclo111 atockplle of highly 
enriched uranium, ancl many or those reOected 
the det.erlorat.ed condition ol'Y-12'11 phyelcal 
plant. 

There's a good rea.'!on the llret project In a $4 
billion modemlzatlon plan la construction o( a 
new uranium atornge vaull Some of the nuclear 
maleriol currently la housed In wood-&ame 
structures M old as I am. 

'lbe uranium � by themael� will not 
detnnat. like a nuclear bomb, he uld. 

But Bnunley admowl� a 1arp alq,lane 
crash- oJftdala. have studleci a ecenirlo baaed on 
• � cago � loaded with ?.8,000 plll,na 
or fuel - would rmult In human caaualtiea at Y-12 
and ali olr-elte teleam of ndloadbe materlala. 

. , He dedlned tn say bow ID8DJ Uvee �t be 
loat or how much raaloactlvlty mlibt be carried 
IIWIQ ln the llrDQu plume. 

.- -We looked at that aa tust the abeotute wont 
c:aaa that could happen,• e aald. 

"'I'm not. aure we would want to t.eU the bad 
IUJI e:Jla� what would haepen. • 

While detalla • the plant a varloua accldent 
analyses were not �• '-'1hllc. lt'1 Ukelv that 
much of the hazard woulcl reeult from the 
combination of ftre and enriched uranium. 

About a year ago, Y-12 omdala were 
displaying eome pre� dealp for the new 
uranium. st.oraae complex. lt showed a fadllty 
covered bv an earthen berm. 

Asked 1r the proposed faclllty would be 
hardened, Bnimley and others declJned 
comment. dtln1 aecurlty conceme. If not Included 
ln the dee� at that time, It would seem 
Imperative that euch protectlon be added now. 

It also seems likely that new atorqe vaults, 
already the top priority ln Y-12'a modernlmtion 
plan. juat grew In ltnportance. 1he aooner they're 
built, the better we1l feel. 

Thie IM only on t1d\·lt101j, of coursr, not a 
pwliiblliun or ('\·en II Hll!m wuming lo r,Uobl. 1l'a 
flm1 of n ,,lea�c-oh-1nclly-1>lr!t1itc UIJl>rouc:h. 

llut, l 1l'n, if you hove auicldc-bound lcnorisls 

In a Scpl 19 lnwrview, the top fL-deral otl"sclal 
ol Y-12 emphasi7.ed that.. I( an aJrplane struck the 
Oak Ridge plant, It would not cause a nucl� 

hnllf Wrttar , .. 1111 Munc,,r lflffl lllt Dt...,,_I ti l:HtO lot Ille 
Ntwt-S.11111111. llt .. lie ,ucW •I 18I-Cll•llll tr II 
W&1elUltllllwl.llll.-t.1lu .._ .. al• .... ., .. .. lhtWtlt at 
-:.-�,....,...,_..,, I0/3/ol 

N N -J 
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VITA 

Susan Barnard Turner (born Susan Mae Barnard) 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 198 1 .  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 1 990, but returned 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 1 995. 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. 




