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V FOREWORD

The SCALE " system"contains:

1. A number of large, well-established, stand-alone computer codes for neutronic and

heat transfer analysis (denoted here as " functional modules").

2. A number of new, well-documented computer codes (denoted here as " control

modules"), which read highly simplified sets of input data and invoke c,ne or more of
- the functional modules in a pre-established sequence to perform a very specific type of

criticality, shielding, or heat transfer analysis for a given problem.

3. A driver package which interfaces with the local computer system to provide the

software and operating environment in which the various control modules may be

executed.

4. A number of data libraries containing nuclear cross section data, material properties,

thermal constants, etc.

While each of the functional modules (NITAWL, XSDRNPM, ORIGEN, h10RSE, KENO,

ilEATING, etc.) may still be used separately to model different aspects of a given problem, the heart

of the SCALE " system" lies in the various control modules. The control modules read a highly

/.- simplified set of input describing a given problem, perform a number of auxiliary calculations

( ) formetly required of the user, and La the necessary functional modules (sometimes in an iterative

fashion) to achieve the desi'.d solution. The high degree of automation provided by the control

modules, as well as the t .e of well-established data libraries, is intended to provide the type of

standardization required for the licensing process.

The development of the SCALE system has been due to the efforts of numerous people over a

period of several years. It is expected that documentation for each component of the SCALE sysem I

will be released as it becomes available, Except for the functional modules, all necessary
documentation will be developed by the individual responsible for the particular module.

This document describes the CSASI and CSAS2 criticality safety analysis sequences and some

of the associated data libraries. A special " tutorial" on the use of KENO-IV geometry has been

included as Appendix C. Appendix D, which will be issued in the near future,is intended to provide

some supplementary notes on the resonance self-shielding techniques currently used in the SCALE

system. This document, like the control modules described herein, has been prepared by J. A.

Bucholz. The routines which calculate the Dancoff factor, and portions of the N1aterial Information

Processor, werc supplied by J. R. Knight. Appreciation for the over-all guidance provided by L. h1.

'etrie is also acknowledged.

1

7'^ s - R. hl. Westfall - (12/10/79)
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ABSTRACT

Under contract with the Nuclear Regulatory Commission, the Computer Sciences Division at

Oak Ridge National Laboratory has developed the SCAL.E system for performing Standardized
; Computer Analyses for Licensing Evaluation of nuclear systems. The SCAL.E system includes a

number of selected data libraries as well as various calculational modules for performing criticalitv.

shielding and heat transfer analyses.

This document describes the CSASI and CSAS2 control modules which shield the
,

group-averaged cross-section data for the given situation and perform a one-dimensional discrete

ordinates or multidimensional Monte Carlo calculation to obtain the effective neutron
multiplication factor (k-eff) for the configuration described by the user.
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( ) PROCEDURE FOR MAKING REVISIONS
'J

This document ORNL/NUREG/CSD-2 VOLUNIE 1, describes the " SCALE System Control

Ntodules CSASI and CSAS2." Documentation for subsequent control modules will esentually be

released av VOLUN1E 2, VOI.UN1E 3, etc. Each volume is expected to describe a relatively large

body of new information such as the description of one or more control modules, one or more

functional modules, etc. While VOLUN1E 1, describing the CSASI and CSAS2 control modules, is

currently being issued in its own oversized loose-leaf binder, future solumes describing additional

control modules may be inserted in the same binder as space permits. Each volume w ould, of course,

have its own coser page (with appropriate subtitle), and each could be referenced separately as

"ORNL/ NUREG CSD-2 VOLUN1E n." This scheme allows each s olume to be issuedf

independently over a period of time while still providing a mechanism for minor revisions within

each solume as necessary.

Niinor resisions within each volume may be necessary from time-to-time. Each resision should

be issued with a cover letter listing any old pages to be deleted and/ or any new pages to be inserted.

It should also contain a brief description outlining the nature of each change. The coser letter

accompanying each formal revision should then be inserted in this section (of the appropriate

volume) so as to provide a permanent record of what changas were made and when. Future license

applicants could then say, for example, that they used the CSAS2 control module as described in

CN "ORNL/ NUREG/ CSD-2, VOLUN1E I, REV. I through 4," etc.
k I
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(,) 1. INTRODUCTION TO CSASI

Criticality Safety Analysis Sequence No.1 (CSASI) is used to calculate the effectise neutron

multiplication factor (k-eff) for one-dimensional systems. Unit cell calculations or larger
"multiregion" calculations may be performed in slab, cylindrical or spherical geometry. Infinite

homogeneous media calculations may also be performed,

'Ihis simple analytic sequence consists of two cross section processing codes (NITAWI.' and
2ilON AMI') followed by a one-dimensional transport code (XSDitNPM ). The CSASI control

module reads a single unified set of input and, after massaging that input and performing seseral

auxiliary calculations, calls each of the functional modules $ in turn. The " auxiliary calculations"

performed by the control module include a) the calculation of number densities for each nuclide in

the system, b) the determination of Dancoff factors for the resonance self-shielding calculation,$

c) the determination of a satisfactory mesh spacing in each material zone, and d) establishing binary

input files for each of the functional modules.

Any one of sescral multigroup cross section libraries may be selected in the input stream f or a*

gisen problem. These master libraries include anisotropic scattering data and allow some

temperature dependence for the resonance nuclides. On a given master library, a resonance nuclide

will either hase a full set of Ilondarenko " shielding factors" for that group structure
[lT(T,a..), l'F(T,o..).etc.] or a set of group-independent resonance parameters (Eo, l', etc.). llecause of

( ) this data, the master libraries tend to be more problem-independent.
U in the calculational sequence defined by CSASI, the master cross section library selected will

first be processed by the llON AMI code' which will perform a resonance self-shielding calculation

for those nuclides which hase llondarenko data in lieu of resonance parameters. The self-shielded

data for these nuclides, along with the original data for all the other nuclides, will then be stored

"on-line" in the same format as the original master library. Data for non-resonance nuclides and

data for nuclides with resonance parameters will essentially be copied onto this library (unchanged)

from the original library. The Nil'AWI. code' will then read this second master library, perform a

resonance self-shielding calculation for tho.e nuclides hasing resonance parameters. and collect the

results into a " working" library which may be used by XSDitNPM. Ihis working library has the

same number of energy groups and the same group structure as the original master library selected

*iWhen describing the sarious control modules such as CSASI. the large stand-alone codes
such as llON AMI, NITAWI., XSDitNPM, etc., are frequently referred to as " functional modules."

/m\ * See Sect. 3.4 and -or itef. 3 for details.;

t !
.,/,
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by the user. Unlike the original master library. it contains the self-shielded. group-aseraged cross

section data for the gisen physical situation.* a ||

i The XSDRNPNI code is a one-dimensional discrete-ordinates transport code. It is used b.s
|
| CSASI to determine the effectise neutron multiplication factor (k-clO of the gisen system. It uses

multigroup cross sections from the working library produced by NITAWI..

I
, I

i'

*iAs noted below (c.f., Sect. 3.2 and 3.3), HONAN 11 uses the Bondarenko Niethod' to self-shield
the group-aseraged cross section data for the given physical situation while NITAWl. uses :he

| Nordheim Integral Niethod.' The mathematical details of each method are presented in Appendix D.

i

i

1'4To the extent that this cross section library may be saved by the user for future use (c.f., Sect.
|

4 for the appropriate I/O unit), the CSASI control module might also be viewed as a convenient
way of generating self-shielded, group-averaged cross section data with a minimal amount of effort.

i

|

)

i
i

O|
|
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\ / 2. INTRODUCTION TO CSAS2

Criticality Safety Analysis Sequence No. 2 (CSAS2) is used to calculate the effectise neutron

multiplication factor (k-eff) for multi-dimensional systems which can be described in KENO

geometry.*i Multiregion calculations involving either homogeneous fuel mixtures or heterogeneous

fuel assemblies may be performed. As an option, a preliminary 1-D unit cell calculation may be

performed to obtain homogenized cell-weighted cross sections for a fuel assembly. In the
multi-dimensional calculation, each material (i.e., the individual components of each fuel pin) may

be represented explicitly or the homogenized cell-weighted cross sections may be used.

The optional 1-D calculation referred to above allows the user to describe a unit cell in a fuel

assembly, perform a 1-D eigenvalue calculation of the unit cell to determine the spatially dependent

flux spectrum, cell-weight the microscopic cross section data with this spatially dependent spectrum,

homogenize the nuclide number densities in thr unit cell (i.e., in the fuel assembly), and then use

these homogeniicd cell-weighted cross sectiov in a subseqent multidimensional KENO calculation.

While the user must provide input describing the materials in the fuel, clad and moderator, the

con rol module internally defines the homogenized cell-weighted cross sections as mixture No. 500.

The user is then free to assign mixture 500 anywhere in the KENO input describing the
multidimensional configuration. Although the user is still free to model each constituent part of each

*

fuel pin in the multidimensional configuration (i.e., not use mixture 500 at all), it is frequently a
/

( ) great convenience to have this homogaized cell-weighted mixture available.
s /

This analysis sequence consists of two cross section processing codes (NITAWL' and''

2HONAMI'), a 1-D transport code for cell-weighting cro<s section data (XSDRNPM ). and a

three-dimensional Monte Carlo code (K ENO-IV') for calculating the effective neutron
multiplication factor (k-eff) for the entire system. The CSAS2 control module reads a single unified

set of input and, after massaging that input and performing sescrat auxiliary calculations, calls each

of the functional mr'dules in turn. It should be noted here that the execution path actually includes

XSDRNPM only when one specifically uses mixture 500 in the multidimensional problem

description. If it is not used anywhere, the XSDRNPM step is skipped and the cross section data

produced by NITAWL is used in KENO-IV directly. (See below for additional details.) )
The " auxiliary calculations" performed by the control module include a) the calculation of |

1

number densities for each nuclide in the system, b) the determination of Dancoff factors for the i

1

resonance self-shielding calculation,*2 c) the determination of a satisfactory mesh spacing in each i

material zone (if necessary), and d) establishing binary input files for each of the functional modules.

*iKENO geometry is three-dimensional and allows for the simultaneous use of cuboids, spheres, i
hemispheres, cylinders, hemicylinders and an imbedded array of such bodies. Thus, for example, an |
array of fuel assemblics imbedded in a cylindrical shipping cask may be represented exactly. See i

[ } Sect. 6 and/or Appendix C for further details.
\j *:See Sect. 3.4 and/or Ref. 3 for details.
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Any one of several multigroup cross section libraries may be selected in the input stream for a

given problem. These master libraries include anisotropic scattering data and allow some

temperature dependence for the resonance nuclides. On a given master library, a resonance nuclide

will have either a full set of Ilondarenko " shielding factors" for that group structure [f?(T. oo), (P(T.

oo), etc.) or a set of group-independent resonance parameters (Eo, l', ete'). Ilecause of this data, the

master libraries tend to be more prcbiem-independent.

In the calculational sequence defined by CSAS2. the master cross section library selected will

first be processed by the IlONAN11 code' which will perform a resonance self-shielding calculation

for those nuclides which hase liondarenko data in lieu of resonance parameters. Ihe self-shielded

data for these nuchdes, along with the original data for all the other nuclides, will then be stored

"on-line" in the same format as the original master library. Data for non-resonance nuclides and

data for nuclides with resonance parameters will essentially be copied onto :his library (unchanged)

from the original library. The NITAWl; code' will then read this second master library, perform a

resonance self-shielding calculation for those nuclides hasing resonance parameters. and collect the

results into a " working" library which may be used by XSDRNPN1 or KENO-IV. I his working

library has the same number of energy groups and the same group structure as the original master

library selected by the user. Unlike the original master library, it contains the self-shielded.

group-aseraged cross section data for the gisen physical situation.*i
2 *

XS DR N PN1 is a onedimensional discrete-ordinates transport code used by CS AS2 (when

necessary) to obtain cell-weighted microscopic cross sections, oh), as defined by :

N(j) o,(j) 6, V = 1 N(i.j) o,(i.i) 6,(i) V. (I)

where N(i,j) and o,(i.j) represent the number density and cross section of nuclide i in the i"' spatial

mesh intersal. N(j) is the homogenized number density for the nuclide in the unit cell:
,

1 N(i.j) V,
kj) = (2)y

and <5. is the cell aseraged flux for group g:

16, (i) V i

5='y (3)

To obtain the spatially dependent flux spectrum c,(i) used in Eqt (1) and (3). NSDRNPN1 will

perform a one-dimensional eigenvalue calculation for the unit cell. To insure good resolutian. the

control module will automatically determine the number of spati.il mesh mtenals to be used in each

SAs noted below (c.f., Sect. 3.2 and 3.3), llONAN11 uses the liondarerko N1cthod' to self-shield
the group-aseraged cross section data for the gisen physical situation while N11 AWI. u es the
Nordheira Integral Niethod,' I he mathematical details of each method are presented in Appendix D.
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/ \

l J material zone. The cell-weighted * working" library produced by XSDRNPM will then have the

same number of groups and the same group structure as the original master library selected by the

user. Cross sections for the user-def' ed mixtures not found in the fuel assembly (such as them

structural and shielding materials in a shipping cask) are effectisely copied from the NITAWL

working library to the XSDRNPM working library without change (i.e., without any
cell-weighting).*4

KENO-IV' is a multigroup Monte Carlo code used by CSAS2 to determine the effective

neutron multiplication factor (k-eff) of the multidimensional system specified by the user. KENO

geometry is three- dimensional and allows for the simultaneous use of cubolds, spheres, hemispheres,

cylinders, hemicylinders and an imbedded array of such bodies (see Sect. 6 and/or Appendix C for

further details). The control module supplies KENO-IV with multigroup cross sections from the
working library produced by XSDRNPM (if mixture 500 is used) or NITAWI. (if mixture 500 is no't

used). * 3

%. )

l

:

STo accomplish this, the control module actually inserts trace amounts (I x 10'" )
atoms / barn-cm) of each such nuclide into each /one of the XSDRNPM calculation. (Such small
a_ mounts will base no effect on the resulting flux distribution). Sirice o, (i.j) is constant and
NO) = N(i.j) is constant, they may be pulled out of the summation in Eq. (I), yielding:

NO) o,0) A V = N(i,j) o,(i,j)2 6 (i) V. (4) l

E 0) F, V = o,(i,j) 6, V (5

iT,0) = o, (i,j) (6)

STo the extent that either cross section library may be sased by the user for future use (c.f..
Sect. 4 for the appropriate I/O unit), the CSAS2 control module might also be siewed as a

A convenient way of generating self- shielded, group-aseraged. cell-weighted cross section data with a
( ) minimal amount of effort.
L ,/

|
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; ) 3. AUXILIARY CALCULATIONS AND TilEIR APPLICABILITY
v

3.1 Determination of Number Densities

To simplify the input and to eliminate the chance for human error, the control module
internally applies a standardized procedure to calculate the number density for each nuclide in the

system. It also creates the necessary mixing table (s) for use in XSDRNPM and or Kl!NO.

In the input stream (c.f.. Sect. 6), the user describes all material mixtures found in hn problem

in terms of various " standard compositions"* and other engineering-type specifications such as their

associated volume fraction or the percent theoretical density (grams. liter and acid molarity in the

case of solutions), temperature (if the standard composition contains a resonance material), and

isotopic distribution (if required). For each " standard composition." subroutine SETUPil scans the

Standard Composition Library to determine: the theoretical density (grams'cc), the number of

elements in the standard composition. whether or not any of the elements have more than one

isotope, whether or not any of the nucl; des require a resonance treatment, and whether the

" standard composition"is a compound, alloy or solution.

In the case of solutions, subroutine SLNS will first decompose the solution into three standard

compositions, each with an associated volume fraction. These correspond to the heasy metal

compound, acid, and water components of the solution. Gisen the density of the fuel (p) in

O grams liter the acid molarity (m) and the solume fraction of the solution (all specified on the mput

card), each of the three associated volume fractions will be calculated using Eys. (7-9). These,

equations are based on empirical fits to experimental data.' Each of the three standard composition

components will then be treated in the appropriate fashion.

V[UO2F2]!V[SOLNUO2F2] = (0.203697)v (7a)

V[liF]/ V[SOLNUO2F2] = (0.0200063)m (7h)

V[Il20].' V[SOI.NUO2F2] = (1.00327) - (0.16596)p - (0.01)m (7c)

V[UO2(NO3)2|lVlSOI.NUO2(NO3)2] = (0.751439)p (Ma)

- '!!NO3]'V[SOI.NUO2(NO3)2] = (0.0630128)m (xb)
|
|

V[Il20]!V[SOLNUO2(NO3)2] = (1.')012) - (0.32072)p - 0).03205)m (Nc)

V[PU(NO3)4]!V[SOLNPU(NO3)4] = (0.832750)p (9a)

V[llNO3]/V[SOLNPU(NO3)4] = (0.0630128)m (9h)

V[Il20]!V[SOLNPU(NO3)4] = (1.0000) - (0.3620)p - (0.0331)m (9c)

A

( ') *See Table A.I for a list of the standard compositions (UO , SS304, etc.) that are in the2
'- Standard Composition Library and available for use.
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From the Standard Composition 1.ibrary SETUPB also determines the number of atoms per

molecule (if the standard composition is a compound) or the wt ti of each element (if the standard

composition is an alloy). It also determines the atomic mass of each nuclide in the standard

composition, the 1.D. number corresponding to each of these nuclides on the master cross section

library, and other miscellaneous data. For elements with more than one isotope, SETUPH will read

the isotopic distribution specified by the user (wt G) or default to the naturally occurring
abundances (wt Q) stored in the Isotope Distribution Table.*

To calculate the nuclide number densities in a compound where one of the elements has two or,

more isotopes (like (UO2). it is necessary to know the number fruction (i.e., atom 9 ) of each isotope

in the element. While the wt 9, may be calculated easily gisen the atom U, the int ei se
determination requires the solution of a set of N linear equations in N unknowns. where N is the

number of isotopes in the element.1his task is handled by subroutines NOFR AC and WIINV.

Gisen that an element (El.) may hase one or more isotopes (1). the number density of each

isotope (Ni) is calculated using

Ni = pVAn(wii ai)(wi ii)/ Mi (10)

if the standard composition is an alloy, and

. -

nirr Nr -
Ni = pV An

[ [ (n,a No,m., M ,)

_i ,a
,

if the standard composition is a compound. liere,

Ni = no. density of isotope "1" in atoms /(barn-cm)

p = theoretical density in grams /cc

V = solume fraction (or i theoretical density) of this standard composition in the specified mixturec

2An = Avagadro's number divided by 10 ' ( An = 0.602252)

wi n ar = wt. fraction of the element (El.) in the alloy

*See Table A.3.

O
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G we u. = wt. fraction of the isotope (1) in the element (EL)
I

nut = no. fraction of the isotope (1) in the element (EL) !
I

n a = no. fraction of isotope "i"in element "el"
|

Netw = no. of atoms of the element (EL) per molecule
.

Naz,,a = no. of atoms of element "el" per molecule

Mi = atomic mass of the isotope (1)

M, = atomic mass of isotope "i"

bi denotes a summation over all elements (el) in the standard composition (i.e., in theo

compound) -

and

bza denotes a summation over all isotopes (i) in the particular element (el).

Subroutine MIXTAB uses the above equations and the informaion extracted by SETUPB from the

Standard Composition Library to calculate the number density for each nuclide in each mixture

specified by the user. It then sets up the necessary mixing table (s) as required by XSDRN PM and/or

G KENO. Other information (including some resonance data and an array of alias nuclide I.D.'s) is
also passed back for use in BONAMI and NITAWL.

,

i
a
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(j' 3.2 Applicability of the Nordheim Method

The Nordheim Integral Method' is tne most accurate of the three self-shielding apprcximations

available in the NITAWL code' and the only one that will be used here. Nevertheless, it does have

some limitations that merit attention.

When calculating the group-averageu cross sections for a particular resonance nuclide,

NITAWI. calculates the energy dependent collision density using a single integral equation in which

the slowing-down integrals for the absorber nuclide and at most two moderating nuclides (in the fuel

lump) are explicitly represented. An asymptotic term representing the slowing-down source from

adjacent zones is also included. This expression for L(E)6(E) is then evaluated *: for each

resonance, with the asymptotic form of the flux being assumed between resonances. As always, the
*flux is assumed to have no spatial dependence.

Failure to account for the presence of more than one resonance nuclide at a time means that the

multigroup cross sections for each resonance nuclide will be weighted with a slightly different flux

spectrum even though they are in the same spatialione. This may cause some inaccuracies w henever
Th "U 2ng 2nU in an2232the resonances of two or more nuclides overlap (c.f., the resonances of

2 2 2 24: 242advanced thorium convertor, or the resonances of ng 2nU nPu ' Pu Pu Pu in an 1.MFilR).

Failure to account for resonance nuclides in adjacent zones may cause other inaccuracies when, for

example, the resonances in the fuef oserlap with the Mn resonances in the clad. In such a case, it

( ) may be a poor premise to assume an asymptotic contribution from the adjacent ione.
V Esen in the case of a single resonance nuclide in a single spatial ione, the present coding does

not properly account for the oserlap between two resonances. This limitation becomes a real
2problem when attempting to produce good, self-shielded cross section data for 2nU nr ''Pu.*2 In its

present form, NITAWL solves the Nordheim Integral Equation by expanding the slowing-down

integral (s) in a three-point formula corresponding to Simpson's Rule; it then marches from the ,

highest to the lowest energy, developir.g a numerical value for the energy deperident flux and

collision density as it goes. For computational efficiency, it does not carry out this process over all

energy but instead: 1) it assumes the resonances are well isolated: 2) it uses the asymptotic solution ;

for the flux between resonances: and 3)it assumes the asymptotic salue for the flux 16. = 1/([5E)]

at the upper end of a resonance, oser which it will calculate 6(E) in the fashion described above.

*iFor the derivation of the Nordheim Integral Equation and a mathematical discussion of the
various approximations, the interested reader is referred to Appendix D.

2*2Unlike most nuclides,2"U and ''Pu each exhibit a great deal of self-oserlap such that when
calculating the collision density at energy E underneath one resonance, the range E to E'n' will
nearly always include another resonance.

rh
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v



r- .-
,

C1.12

Since NITAWI. treats only one resonance at a time, it assumes this asymptotic salue [6m] at the top

of each resonance when, if the resonances are oserlapped, the actual flux [6(E)| may be quite

dif ferent. ~lhus, the calculated collision density at any lower energy does not include the scattering

sources from the higher energy resonances. The other difficulty, of course, lies in the assumption
that the cross section, o(E), is well represented by the lireit-Wigner formula for an isolated

resonance when, if the resonances are oserlapped, the actual cross section near the wings ( f the
resonance may be quite different.

To arrise at the single integral equation sohed by NITAWI., it was necessary to decouple the
integral neutron balance equations for each zone by assuming that the energy loss per collision with

nuclides in all iones other than the one of interest is always large compared with the practical width

of the resonance (c.f., Appendix D). Replacing 6(E) in these other zones with the asymptotic flux

[6,] and assuming constant potential scattering, the slowing-down sources from these zones can be

shown to be asymptotic (1/ E). Normally, this is quite good. Ilowever, w hen performing a resonance

calculation for a nuclide in the clad (such as the Mn component of SS-316), the substantial amounts

of heasy metalin the adjacent fuel zone may cause the aserage 1E there to be much smaller than the
practical width of the resonance,

in order to compute the energy dependent flux using the Nordheim Integral Equation,
NITAWl. must (at each energy) calculate the escape probability from the zone of interest. The

geometry dependent algorithms for calculating these probabilities *3 are all based on a " flat flux

approximation"in which the flux is assumed to be independent of position within each tone. 'Ihis is

not a sery good assumption since the flux, particularly at resonance energies, drops sharply within

the interior of the fuel and may be far from flat in the moderator. Certainly this would not be a good

assumption for a thick, depleted-uranium shield of a shipping eask where the flux may drop by
severai orders of magnitude.

T'.e Nordheim integral method was originally developed using a simple 2-fone, I-D model

representing the fuel and the moderator. Th us, it is not surprising that there are certain

configurations that can be handled poorly at best. While the Nordheim method (using the
appropriate Dancof f correction factor) can perform a quite adequate self-shielding calculation for a

fuel pin in a reasonably uniform PWR lattice, it may be held suspect if applied to the fuel pins in a

llWR lattice where strong two-dimensional effects may be present.% in other cases, the user may

have to approximate the physical system to account for a double level of heterogeneity.For example,

the pyrolytic graphite coating on an 11 TGR fuel pellet might be homogenized with the fuel, while the

large graphite blocks containing the pellets could be considered as the external moderator.

*iEscape probabilities for annular zones (i.e., concentric spheres or cylinders) are calculated as
in slab geometry while the inner-most zone is treated in the appropriate fashion.

%IlWR lattices typically hase some fuel pins of high, medium and low enrichment, some fuel
pins with gadolinium poisoning, water slots (where pins have been removed), control blades and
structural material.

<
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(. In its present form, NITAWL solves the Nordheim Integral Equation by expanding the
slowing-down integral (s)in a three-point formula corresponding to Simpson's Rule;it then marches

from the highest to the lowest energy, developing a numerical value for the energy dependent flux

and collision density as it goes. This is normally a quite satisfactory procedure. It does not, however,

for any thermal upscatter into the resonance range - a phenomena which may beaccount

2

particularly important for "Pu and *Pr due to their respectise low-energy resonances at 0.3 eV

and 1.0 eV,$ The importance of accoi ating for this thermal upscatter is, of course, increased

whenever the moderating nuclide is bot nd in a crystalline lattice such as graphite or beryllium.

sat 550 K, hydrogen may, for example, supply the 0.3 eV "Pu resonance with ~4096 as many
2

neutrons via upscatter as via downscatter. Indeed, incoherent scattering with hydrogen may scatter
neutrons up as high as 2.0 eV.

1
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A[d\ 3.3 Applicability of the Bondarenko Method

The Bondarenko Method,' also known as the " shielding-factor method,"is an alternate scheme

for obtaining group-aseraged self-shielded cross section data for the various nuclides in a given

mixture. It differs from the Nordheim Method in that one does not explicitly calculate the flux

[4(E)] or the energy dependent collision density, instead, one multiplies the infinitely dilute cross

section data by a pre-tabulated shielding factor [ff (T oo),fi" (T,on), etc.] w hich depends on the

temperature and the " background cross section" of the mixture to obtain the group-averaged

self-shielded cross section data. With that data for each nuclide "in hand," one updates the estimate

of the background cross section for the mixture (oo) and repeats the process until it converges. The

presence of the external moderator (c.f., the water surrounding a fuel pin) is accounted for via the

Dancoff factor (C) which, together with the mean chord length of the fuel lump (I). is used to

calculate the escape cross section (om) for the fuel. This " escape cros's section" is related to the

escape probability from the fuel and is used to account for the slowing-down sources from the

external moderator. The back;;round cross section (oo) depends on the escape cross section, the

potential scattering cross section of the moderating nuclide(s) inside the fuel lump (c.f., the oxygen

in UO2), and the group-averaged cross sections of the other resonance nuclides in the fuel lump.*

To determine the applicability of the method in various situations it is necessary to examine the

underlying assun 9tions of the method and the approximations used in tabulating the Bondarenko

( f-factors.*2 As sh( wn in Appendix D, one may start with the Nordheim Integral Equation, apply the

narrow resonance (NR) or the narrow resonance-infinite mass ($ RIM) approximation for all
nuclides in the fuel lump, and obtain an explicit expression for the flux [6(E)] underneath a
resonance. Assuming that the resonances in the fuel mixture are "widely spaced"(that is:" isolated in

energy"), it is t'4en possible to tabulate the group-averaged cross section data for a given nuclide in

terms of a single variable (oo). Te partially account for the fact that resonances of various nuclides

frequently overlap, one can readjust the background cross section based on the group-aseraged

values. This last step gives rise to the iterative procedure described above.

*for the derivation of the Bondarenko Method and a mathematical discussion of the various
approximations, the interested reader is referred to Appendix D.

*2The procedure of applying f-factors to obtain self-shielded group-averaged' cross section data
has, in a very narrow sense, been referred to as "the Bondarenko shielding fator method" by some
people, in that sterile sense it is independent of the various approximations described below.
Typically, however, most people consider the generation of the f-factors to be an integral part of the
method esen though it is a separate calculational step.

(O/v
|
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llecause the Bondare .,o Method and the form of the various shielding factors derive from an

approximate solution of the Nordheim Integral Equation, the present method shares all the

limitations imposed by the Nordheim Method: 1) Because of the simple two-7one model used in

the original formulation, the method is not valid where one has strong 2-D effects (as in BWR fuel

assemblies) and cannot handle double levels of heterogeneity (as required for the fuel grains in some

llTGR fuels); 2) The assumption of a spatially flat flux is not good - especially at E=Em;
3) Since the NR approximation has been used for the flux in the adjacent /ones where L was

assumed to be negligible and Es was assumed to be constant, one cannot account for the presence of

resonance nuclides in the adjacent zones; 4) The method cannot account for thermal upscatter into

the resonance range. This difficulty may be important for the 0.3 eV resonance in "Pu and/or the2

21.0 eV resonance in "Pu.*, Upscatter effects are also important whenever the moderating nuclide is

bound in a crystalline lattice such as graphite or beryllium.

To calculate the shielding factors used in the Bondarenko method, it was necessary to make

some assumptions regarding the flux spectrum [6(E)].*4 Typically, the spectrum used is based upon

the narrow resonance approximation which assumes that the scattering density underneath a

resonance depends primarily on the asymptotic (1/E) flux at energies above the resonance. The

introduction of light nuclides into the fuel broadens the range of the respective slowing-down

integrals into regions where significant absorption may occur due to the other nuclides. For the flux

to actually be I/ E at energies above the resonance requires that there be little or no absorption in

the fuel between energy E and Ela', where a' = (A-1)2/( A+1)2. While this assumption may be salid

for U-metal fuel, it is somewhat approximate in the case of UO2 fuel where a good deal of the clastic

slowing down occurs due to the oxygen. In the case of a homogeneous fuel; water solution this

assumption is clear 1 violated by the presence of the hydrogen. (Fortunately other factors such as the3

diluteness of the fuel diminish the impact of this particular approximation). While the assumption

that there is little or no absorption in the fuel between E and Eia' is not bad in many instances,

2sat 550'K, hydrogen may, for example, supply the 0.3 eV "Pu resonance with ~409 as many
neutrons sia upscatter as via downscatter. Indeed, incoherent scattering with hydrogen may scatter
neutrons up as high as 2.0 eV.

*,llistorically, the Bondarenko method has been based upon the narrow resonance
approximation and the assumption that the resonances are widely spaced.1,ikewise, the f-factors in
the present flansen-Roach library are also based upon these two assumptions.22 For that reason,

much of the discussion below centers on these two assumptions. It should be noted, however, that
other methods and/or approximations may be used to obtain somewhat better f-factors. For
example, one may use the narrow resonance-infinite mass approximation or intermediate resonance
theory for the flux [6(E)] in those groups having broad thermal resonances. Likewise, a numerical27

determination of the flux for "U systems may yield f-factors that account for sarious degrees of2

self-overlap between the various resonances. Such a formulation, however, would require a more
exotic expression for the background cross section. Thus, while the shielding factor method may be
made very general, the discussion here focuses primarily on the basic method as currently
implemented.

O
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(m) there are two nuclides for which this is certainly not true. Unlike most resonance nuclides,2"U and
v 24

Pu each exhibit a great deal of self-oscrlap such that when calculating the collision density at

, energy E underneath one . resonance, the range E to E/a' will nearly always include another

resonance. Thus the Bondarenko Method (or for that matter, the Nordheim Method as implemented

in NITAWL) does poorly when processing the cross section data for either of these isotopes. In

advanced thorium convertors such an error may become significant.

liasing used the NR approximation to obtain an expression for the flux, it is possible to
tabulate the various shielding factors as a function of the number density of each constituent nuclide

in the fuel. Assuming that the resonances are "widely spaced" such that, within a given energy group,

the resonances or one nuclide do not overlar the resonances of another nuclide,it is possible to show

that the various shielding factors may be tabulated as a function of a single variable (oo). Whereas

this assumption is fairly good for "U nU systems which have overlapping resonances only st 6.42 2

eV and 21 eV, 2"U '"U 2"Pu systems have a number of overlapping resonances. Likewise. 2nTb
'"U nU nU systems typical of advanced thorium converters and 2nU "U "Pu ' Pu ''Pu Pu

2 2 2 2 2 2 242

systems typical of LMFBR's both have a large number of oscrlapping resonances. While the cross

section data for the predominant isotope may be relatively unaffected the cross section data for

other isotopes may be off considerably.*3 Typically, the Bondarenko method will overestimate the

multigroup cross sections for absorption, fission, etc. For fissile nuclides the reactivity effect of this

is minimal since the method tends to overestimate both the absorption and the fission rate. For
'

fertile nuclides, the overall effect is to underestimate the reactivity of the system.*,, Advancedf. s

( systems whose conversion ratio or breeding ratio depend critically on the shielded cross section data4

"
for the various individual processes should be analyzed with more advanced techniques which
account for resonance overlap."

Since the f-factors in the present Hansen-Roach library were based on the NR approximation,

it is necessary to insert a final note of caution regarding their use in highly thermalized systems.

*3These comments must, of course, be kept in proper perspective. In the case of LMFBR fuel,
for example, it is true that the multigroup dria in the resolved energy range is poorly shielded by the
Bondarenko method. The saving feature is Sat the flux spectrum is relatively hard, thus diminishing |
the importance of the data in that portion of the resolved energy range where resonance overlap is a |
problen'. |.

* Fortunately resonance overlap is minimal in '"U nU systems. It should also be noted that2
.

the SCALE Ilansen-Roach library uses the Knight-modified data in which the 2nU f-factors have
been altered to yield good agreement with a wide range of critical experiments (see Appendix D). I

i l
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Typically, the NR approximation is considered valid with respect to a given nuclide wheneser the

practical width of the resonance (Fr) is much less than the average energy lost in an elastic collision

[0.5(I at') E,c,]. Fortunately, the NR appoximation is quite good for all but a few broad low-energy

resonances. Even then the NR approximation for the slowing-down source is valid for all but the

heaviest nuclides where ai -- 1 (c.f., Appendix D). Some of the more outstanding examples of where'

the NR approximation is not applicable would include the 21.78 and 23.43 eV resonances in 2 nth;
the 1.79 and 10.37 eV resonances in "U: the 6.67, the 20.9 and the 36.8 eV resonances in 2nU; and2

2the 1.056 and 20.46 eV resonances in ' Pu. Although not availabie at the present time, future cross

section data sets will almost certainly contain somewhat better f-factors based on intermediate

resonance theory.27 IlON AMI will, of course, then be modified to calculate ao in a consistent manner

for those energy groups having broad thermal resonances.

O
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) 3.4 The Dancoff Factor3

\v/
The Dancoff Factor (C) is the probability that a neutron emitted isotropically from the surface

of one absorber lump will pass through the external media and enter a nearby absorber lump. It is

used in the NITAWL re.,onance self-shielding calculations to reduce the effective escape probability

from the fuel in a heterogeneous lattice. To determine the Dancoff factor for loosely packed lattices.

it was presiously necessary to obtain the sum

C=Y C, (12)

of the lump-to-lump Dancoff factors for all surrounding lumps. To determine each C,. one could use

the extensive tables found in ANL-5800', the llell approximation"' o.- the ilummel approximation:"

C.= 1 yn (Bell) (13)

C, = 1 yn yu' + yn' (flummel) (14)

where

I' ""~v'*
yn = T. = (4 Vm!Sr),

I + g. L m (15)

More recently, Saue.12 has developed an approximation for C which accounts for the partial

overshadowing of one neighboring lump by another in a closely packed lattice. Separate
,) approxirmtions are available for both square and hexagonal lattices.

,

Still more recently, Knight has written the SUPERDAN program" which uses a double
I numerical integration to analytically determine the Dancoff factor for spheres, cylinders and slabs.

| In each case, the program accounts for any cladding that might be present. For cylindrical fuel pins, 1

SUPERDAN will riso calculate the total Dancoff factor (C) for both square and hexagonal lattices.

| The overshadowing of one neighboring lump by another is accounted for analytically. The
summation indicated by Eq.12 is taken over all nearest and second nearest neighbors as shown in

| Fig. la and Ib.
!
l To simplify the input and reduce the chance for human error, the determination of the Dancoff

factor is now treated as one of the internal auxiliary calculations performed by the control module.

'Ihis calculation is actually performed in subroutine DANCOF (c.f., Sect. 4) which has all of the

analytic features found in SUPERDAN.
|

l
!

l
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(j 3,5 Automatic Mesh Generator

To simplify the input, the control module also determines the number and location of mesh

boundaries within a ione using an internal algorithm based on the total epithermal cross section and

asymptotic diffusion length in each mixture. Through a single (optional) control parameter, the user

may increase or decrease the mesh size to assure that a sufficiently small mesh is used for any given

problem.

Within a particular material zone, the scheme used to determine the location of the mesh

boundaries is logarithmically symmetric about the m;d-point of the zone as shown in Fig. 2.

Ar Ar Of Of Of Of3 2 i 1 2 3
: : : : : : : : : : r

r; rr id gm

Fig. 2. Mesh Spacing Scheme Used in Material Zone.

,rm if there are a total of N mesh intervals in the zone, then the site of each mesh interval (aro) is given
1

g ) by:
v

0.5(r+r,)logml[N + 18(n)]/[N + 18(n-1)]l , n= 1,2 . ,N/ 2 (16)ar =
o

This type of logarithmically symmetric distribution has the advantage of providing more mesh

intervals near the material zone interfaces where one would expect greater flux gradients. To

determine N, we require that the size of the largest mesh interval be less than some specified number

of nican free paths or asymptotic diffusion lengths. Specifically, N is determined by applying the I

requirement that

, (SZlq(0.06)( A1) for LATilCECELL calculations
b (17)( Ar,on) G '

I i

(SZF)(0.15)(L) for MULTIREGION calculations

where the size factor (SZF)is an optional control parameter that may be specified by the user, and L

is the asymptotic diffusion length for the mixture as defined by

(1/ L)2 = 3L Es (I-p)(1- 4Ll5 %i) (18)

The asymptotic diffusion length is computed internally within the program using epithermal cross

7- section data stored in the Standard Composition Library. The constants, (0.06) and (0.15), were

( | chosen so that an adequate mesh site is normally obtained when the size factor (SZF) is allowed to
~,
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O'
assume its default value (1.0). The user may, however, increase or decrease the size of the largest

j mesh interval at will by adjusting this factor (SZF). For latticecell calculations, the above

| prescription yields:
i
i

| N = 18/(10* - 1) (19a)
.

I

where

| x = 2(0.06) ( Ai) (SZF)/( ro - r,) (19b)
j
-

A similar expression is obtained for the multiregion case. For optically thin regions (such as voids or
,

I

|

.

thin cladding). N is assigned a value of 4 wheneser the abose equation would yield something less.

For an infinite-homogeneous-media calculation (w here the user specifies the material composition of4

|

| a single zone). N is always defaulted to a salue of 1.

|
i
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.3.6 Automatic Quadrature Generator.<q
.V

As in any discrete ordinate code, XSDRNPM solves for the angular flux ($,,,)in a number of

discrete directions (fl. = p. i + n. j + (. k) in each spatial mesh. The scalar flux in each mesh
'

'(4)is then computed using a numerical quadrature of the form:

4= { W,,, 4,,, (20)
.

where W. is the weight associated with'directionii *:

Early versions of XSDRN required that the user specify the actual set of directions and weights

to be used for each problem. These quadrature sets are, of course, geometry dependent and must

satisfy a number of other requirements " ' Quadrature sets of higher order include more discrete

directions and provide for better resolution of the angular flux.

To simplify the input and reduce the associated errors. XSDRNPM now automatically
calculates the direction cosines and the associated weights for the specified geometry. The number of

~ discrete directions (MM) generated for a quadrature of order ISN is given by:

MM = ISN + 1 for slab or spherical geometry (21)

and

. MM = ISN*(ISN + 4)/4 for cylindrical geometry. (22)

In spherical geometry, the directions and weights calculated correspond to those of a simple

Gaussian quadrature set of order ISN.*2 In slab geometry, XSDRNPM calculates a Gaussian

quadrature set of order ISN/2, compresses it from 180 down to 90 (for symmetry), and uses this

compressed quadrature in combination with its mirror image.*3 (in both slab and spherical geometry

one additional direction having an associated weight of 0.0 is also included). In cylindrical geometry

the polar angles (0) correspond to the positive angles of a Gaussian quadrature of order ISN while

the azimuthal angles (4) are equally spaced as shown in Fig. 3.*4 j

*iThe theory behind various quadrature schemes has be. n widely discussed in the literature""'
and will not be reviewed here. |

*2More precisely: p, = x, where [x,) are the (m/2) positive roots of P.(x) = 0.0 where
m = ISN; and wi = W /2 where {W,} are the Gaussian weights associated with [x,}. The starting3 ,

direction, yo = -1, is assigned a zero weight.

*3More precisely' p, = (1 x,)/2 where [x,} are the (m/2) positive roots of P.(x) = 0.0 where !
m = ISN/2; and w, = .W /4 where [W,} are the Gaussian weights associated with lx,}. The starting3

direction, po = -1, is assigned a zero weight.

*4 M ore recisely: n, = cos(0) are the (m/2) positive roots of P.(n) = 0.0 where m = ISN;
ya = l n, _ cos [rr(j-0.5)/2i] where j = 1, 2, .., i; and wq = W,/ 2i where [W,} are the
Gaussian weights associated with |n,l. The starting directions, p,.o = - I n, , are assigned a zero

N weight. '

|
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This equal spacing of the azimuthal angles corresponds to a Chebyschev quadrature in 6. Note that

one additional angular direction having an ssociated weight of 0.0 is also included for each of the
polar angles (6).

The quadrature order (ISN) is an optional control parameter that may be specified by the user.

The SCALE criticality safety analysis sequences normally default to ISN = 8. The user may,
howeser, increase or decrease the quadrature order to serify the accuracy of a particular calculation.

ISN = 8 has been found to be more than satisfactory for most LATTICECELL calculations. In

MUL~11 REGION calculations hasing a reflector, ISN = 8 will generally be adequate, although the

user may wish to compare the resulting k-eff and/or scalar fluxes with those of another calculation

using 13N = 12. Accurate determination of the scalar fluxes deep in a thick shield may, for
example, require ISN = 16.

Z

B

O#
i=1

o J o
I i= 2

o I o
I
0s 1

I i=3so sI o
__J___yJ_____ ___,

/ o r
O

,l o
/

/

64. = 25 WHEREJ

/ ISN \i= 12
, k 2 )

liig. 3. Angular Directions Associated with an S, Gauss-Chchyschev Quadrature Set for
Cylindrical Geometry.
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( ,/ 3.7 The 1-D Approximation with/without Buckling

The obvious approximation associated with the CSASI analytic sequence is the a sumption

that the physical system may be adequately represented in one d.mension. For most lattice-cell

calculations this is not a bad approximation since the leakage out the ends of a fuel rod is almost

negligible and the effect of neighboring fuel rods may be accounted for by using the appropriate

boundary condition. For multiregion calculations, however, the implications of the approximation

should be examined more carefully. In one-dimensional calculations, cylinders are assumed to be

infinitely long and slabs are assumed to be of infinite extent in both of the transverse directions.

Hence, a true 1-D calculation in these geometries would tend to overestimate the k-eff of the

physical system.

To partially alleviate this difficulty,it is possible to use a buckling correction which accounts for

the leakage out of the system in the transverse direction (s). To do this, the leakage in each group is

calculated as D,B,24, and treated as an absorption term in the transport equation. IIere D, is the

diffusion coefficient

D, = 1/(3%ia')
(22)

and the buckling, B,, is given by:

(
t i
C/ B,2 = (rr/ DY,*)2 + (rr/ DZ,*)* in slab geometry and

(23)

!

B,2 = (ir/ DY,*)2 in cylindrical geometry.
(24)

;

DY,* and DZ,* are the extrapolated dimensions of the assembly defined by:

DY,* = DY + 2d' (25a)

DZ,* = DZ + 2d' (25b)

where DY and DZ are the actual dimensions of the assembly and d' is the extrapolation distance

from the surface of the assembly. For a semi-infinite system in planar geometry, the analytic solution

to the Milne problem yields d = (.710446) Ara. For smaller systems, d can be shown to lie between

(.7104) Ara and (1.3333) Ara." Within the XSDRNPM code, d is calculated as j
l

d' = (1/2)(BKL)Arn' = (1/2)(BKL)(1/ Ira') e (1/2)(BKL)(1/It') (26)

,,-
( ) where BKL is an optional parameter which the user may supply. A default value of
Yj

6
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BKL = 1.420892 is normally supplied by the control module. While it is true that underestimating

the extrapolation distance (i.e., using a value of BKL that is too small) will cause a
buckling-corrected transport calculation to underestimate k-eff by a slight amount, that is nearly

always a second or third order effect. In systems with transverse dimensions small enough for d to be

much greater than (.7104)An, the I-D approximation is no longer valid and a 2-D model of the

physical system is probably required.

O

O
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3.8 Ginvergence Criteria'

The convergence criteria for the XSDRNPM calculation are availabe to the user as optional

- control parameters (EPS and PTC). Terms useful in describing the convergence criteria are defined

below:
I

Q = total fixed source in system

F si total fissicn neutron source
D = total outscatter = E E E 62 a,.,, y,

L * s'n
,

!
!

6 E scalar flux in group g, interval i

V = volume of interval i
s

o,...E group g to group g' transfer cross section'

IGM s number of energy groups
'

|
q, s fixed source in group g

i f, s fission source in group g

|=
4'+ I' EPS
( IGk1j,.

( k = outer iteration number (do not confuse with the multiplication factor)

O+Fi
An = q + h_, (LAMBDAl in output)

Di
Gi = Q +-b

0,' (LAMBDA 2 in output)'JAn' ==
.

64 cr Vi IV V VUn a total upscatter rate = is+s-. , ,,,
,

'

An inner iteration consists of sweeping one time through the entire spatial mesh and calculating |!

the flux for all the S,, angles in one energy group. A sweep through all energy groups is called an |
,

|

!outer iteration. i.

!When the fluxes for a particular group are being calculated, the inner iterations will continue

until (a) the number of inner iterations in this outer exceeds IIM (the inner iteration maximum), or 1

(b) until the following criteria are met:
4

h

|

') ? (+1.,-+1:D v;
|

,

I'

2) (+I.s~' h I't- 'M 'i i *kI

.

I
L.

I

!

| .

- , . ,, _. , _ - . _ . . , _ . . _ - - . _ . _ _ . _ - . _ , , _ _ _ _ _ _._ .-._,
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If P~IC, the point flux consergence criterion, is greater than zero, XSDRNI'N! aho requires

*k 'k-1
1*8 I'83) ~ MCaaz <

L
'g
ig

At the end of an outer iteration, the following checks are made:

4) | 1.0 - Ag| 1 EF3

5) R|1.0 - A(| 1 us ,

~*6) a 1.0 - 1 as

. R is a convergence relaxation factor which is automatically set to 0.5 within XSDRNPN1,if all the
I

t

j consergence crit ria are met or if the maximum allowed number of outer iterations is reached, the
;

; XSDRNPM calculation will terminate with full output. Otherwise, another outer iteration will be
i

! started.
1
2

|

| 0
.

1

!

l I

i \

:

I

I
;
;

i

'

,

.
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(mv)
,-

4. LOGICAL PROGRAM FLOW AND DEfCRIPTION OF SUBROUTINES

Figures 4 through 6 are intended to show the logical flow of information through the CSASI

and CSAS2 analytic sequences. Following each figure is a brief description of each subroutine and

its function. Note that the key difference between the CSASI and CSAS2 sequence is shown in Figs.

4 and 5. In both cases, subroutine NITXSD reads all the necessary input, performs the auxiliary

calculations previously described, and writes the binary files for each of the functional modules.

SCALE SUBROUTINE CSASf/CSAS2 SUBROUTINE SUBROUTINE
DRIVER CSASI MAIN PROGRAM ALOCAT NITXSD

-

_ :

-- .-

BONAMI
--

-- .-

NITAWL
-.-

[mj XSDRNPM
- -

\ j -o-V Fig. 4. Overview of the CSAS1 Analytic
Sequence - Control Module and Functional

M *STOP ) Modules.-

CSASI dummy subroutine which serves as an entry point for the control module's

main program; sets flag [lC(14) = 1] indicating entry point was CSASI.

h1AIN PROGRAh! places BONAhil, NITAWL, and XSDRNPhi modules in the execution list;
opens necessary buffers.

ALOCAT determines amount of core storage available in system and allocates it for

use in subroutine NITXSD.

NITXSD workhorse of the CSASI and CSAS2 control modules; reads all necessary

input; performs auxiliary calculations (see Fig. 6a); writes binary files for
each of the functional modules.

BONAh11 NITAWL, XSDRNPhi - functional modules; described separately.

*STOP flow path is actually as follows: driver calls CSASI again; it calls main
A program which implements wrap-up procedures and returns to driver;

v )' driver checks input queue and stops if there are no more cases.
i
\

|
i
1
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.

SCALE SUBROUTINE CSASI/CSAS2 SUBRO'JTINE SUBROUTINE

ORIVER CSAS2 MAIN PROGRAM ALOCAT NITXSD
:: :

--e
BONAMI

* Path "A" is taken whenever one uses""~

mixture 500 (the homogenized, cell-
weighted cross sections) in the multi---

B - 1 NITAWL dimensional problem description. Path
I "B" is taken if this special mixture

is not used at all.
-

XSDRNPM
-e-

~~ KENO -IV
--

Fig. 5. Overview of the CSAS2 Analytic

Sequence - Control riodule and Functional
-+{ *STop ) Modules.-

CSAS2 dummy subroutine which serves as an entry point for the control module's

main program; sets Hag [lC(14) = 2] indicating entry point was CSAS2.

places BONAN11, NITAWL, XSDR' PN1 and KENO-IV modules in theNN1AIN PROGRAN1
execution list if mixture 500 is used; places llON AN11, NITAWL and
KENO-IV modules in the execution list if mixture 500 is not used; opens

necessary buffers.

ALOCAT determines amount of core storage available in system and allocates it for

use in subroutine NITXSD.

NITXSD workhorse of the CSASI and CSAS2 control modules; reads all necessary

input; performs auxiliary calculations (see Fig. 6a); writes binary files for

each of the functional modules.

IlONAN11, NITAWL, XSDRNPN1, KENO-IV - functional modules; described separately.

'STOP How path is actually as follows: driver calls CSAS2 again; it calls main

program which implements wrap-up procedures and returns to driver;

driver checks input queue and stops if there are no more cases.

O
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<m
,

' NITXSD~ _

KNIGHT Fig. 6a. Subroutines Used
by the CSAS1/CSAS2 Control-

Modules.

EPSIG-

VOLJB-

-

KIP
o- -.

Colled only in CSAS2;

Not colled in CSASt
-

DATCHK

J

d BINRCF |
d BINRCX |_

p
NITXSD calls KNIGitT; calls EPSIG; calls VOLJB; sets-up binary input files for

BONAMI, NITAWL, XSDRNPM; computes the number of spatial mesh

intervals required in the XSDRNPM transport calculation and assigns zone

numbers to each mesh interval; establishes three special versions of the

mixing table: one for BONAMI, one for XSDRNPM and one for
|

KENO-IV; calls. KIP to process KENO-IV input (required only in CSAS2 ;

analytic sequence - skipped in CSASI sequence); writes binary input file
,

'
for BONAMI on tape 96; writes binary input file for NITAWL on tape 97;

writes binary input file for XSDRNPM on tape 98; writes binary input file

for KENO-IV en tape 95 (required only in .CSAS2 analytic

sequence - skipped in CSASI sequence); calls DATCllK to read and check

the binary input file for KENO-IV (required only in CSAS2 analytic
sequence - skipped in CSASI sequence).

KNIGHT reads all of the input required by CSASl; establishes a basic version of the

nuclide mixing table (including the automatic calculation of necessary

number densities); establishes the resonance parameters for NITAWL; see

Fig. 6b for further details.

O
(a)

|
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j
1

s

El'SIG calculates the total epithermal cross section and the corresponding

j asymptotic relaxation factor (n-) for use in determining the number of spatial

j mesh intervals.

VOlJll function subroutine used for calculating solume fractions.

KlP reads all of the KENO input required by the CSAS2 analytic sequence (not

used in the CSASI sequence).

DATCllK reads the binary input file for KENO-IV and performs numerous checks on

the 3-D geometry data; see Fig. 6e required only in the CSAS2 analytic

! sequence (not used in the CSASI sequence).

i
,

IllNRCF, IllNRCX - short routines for writing many of the binary interface files.
|
i

O
,
,

|

I

,

O

. _ _ -- . _- _ _. _



C1.33

~

|V) * KNIGHT -* SETUPA -* SETUP 8 ._jFIX |

Z FAX |

.-J FOX |

SLNS+-
___

_

.--.

MIXTAB
.-

Fig. 6b. Subroutines Used
POKE by the CSASl/CSAS2 Control*

Modules.
-.

RESDA.--. -

KNIGitT
reads the standard composition directory, the isotope distribution directory

and the isotope distribution table from the standard composition library

mounted on unit 89; places this information in various arrays and sets up
pointers; then calls SETUPA; further details described below.

SETUPA
reads the CSASI title card and the first seven parameters; sets up pointersp) for subsequent data arrays; then calls SETUPil.

!
V SEIUPil

reads rest of the CSASI input data (i.e., the standard composition
specifications, the geometry description and the optional control

parameters); calls routines shown above, roughly in that order; they:
a) read in the rest of the standard composition library; b) calculate
number densities for each nuclide in each mixture; c) establish the
resonance parameters required for NITAWL

FIX
used only when an " arbitrary material"is encountered in the CSASI input
stream; transfers the information on the " arbitrary material" specification

card into the arrays it would have been in had the material been a standard
composition.

FAX
used by SETUPB to read the rest of the standard composition library
mounted on unit 89.

FOX
looks up the nuclide I.D's and corresponding natural abundances (wt ri)
for those elements having more than one isotope; used only when the user
does not specify the isotopic distribution.

SLNS
calculates the volume fraction corresponding to the water, acid, and heavy

( ')
metal compound in each of several commonly encountered solutions; uses/m
accurate empirical formulas.

O
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MIXTAll calculates the number densities for each nuclide in each mixture and 2

establishes an XSDRN-like mixing table; see Fig. 6c for further details.

POKE determines the outer boundary for each rone and the mixture number for

each tone.

RESDA determines the 15 NITAWL resonance parameters for each nuclide kning

resonance information on the master cross section library; see Fig. 6d for

further details.

O

O

.
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'
- MIXTAB % %

NOFRAC WTINV

- ~

%

MOOlFY Fig. 6c. Subroutines Used
_

by the CSASl/CSAS2 Control
'

Modules.

MIXTAB uses the information from the standard composition library to calculate the

number density for each nuclide in each mixture; establishes an
XSDRN-like mixing table; establishes unique nuclide I.D.'s to be placed on

the working cross-section library by NITAWL (see description of

subroutine MODIFY).

NOFRAC calculates the number fraction for each of the isotopes in an element, given

the weight fractions and respective masses.

WTIN V matrix inversion routine used by NOFRAC to solve a set of coupled linear,

[G equations.

MODIFY modifies the mixing table's nuclide I.D. array so as to provide unique I.D.'s

for each appearance of a resonance nuclide and/or a nuclide for which

multiple sets of thermal scattering data are available,

i
l

\

<v>
*
,

|

.

4- - a-
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0--+ RESDA - DANCOF * DAN w ADAN I

w GDAN I

'l Kl3 l;

* - =i ARCHK |
%

SDAN
-

* BALL Z SPHDAN |
J OUTER ]
N FINNER I* *

-

BONDA Fig. 6d. Subroutines Used by
the CSASl/CSAS2 Control Modules.-. -

RESDA determines the 15 NITAWI. resonance parameters for each nuclide basing

resonance information on the master cross-section library; calls DANCOF

(described below); calls 13ONDA for each nuclide hasing Ilondarenko

factors on the master cross-section library (only the 16-group library has
llondarenko factors at present).

IlO N D A establishes the additionalinput arrays that would be required by llONAMI

if it (i.e.,110NAMI)is to perform the resonance self-shielding anal) sis using

the liondarenko method.

DANCOF computes Dancolf factors for resonance materiah in a lattice-cell

calculation; calls DAN, SDAN, or IIAI.L depending on the type of
geometry.

DAN computes Dancoff factors in cylindrical geometry.

SDAN computes Dancoff factors in slab geometry.

II Al .l. computes Dancoff factors in spherical geometry.

ADAN performs the outer integral required in the evaluation of the Dancof f factor

in cylindrical geometry; calls G AUSS and. or AGAUSS (described below).

GDAN performs the inner integral required in the evaluation of the Dancof f factor

in cylindrical geometry; calls G AUSS and or AGAUSS (described below).

K13 evaluates the third order ilickley function using seseral (sery accurate)
piecewise approximations.

ARCllK utility routine to correct for roundoff errors before using any of the are-trig

functions.

. . . . .
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SI'llDAN sets up the double integration required in the evaluation of the Dancoff

factor in spherical geometry. !

t
i.

| ~ OUTER performs the outer integral required in the evaluation of the Dancoff factor
[,

| in spherical geometry; calls GAUSS and/or AGAUSS (described below).
'

, ,

FINNER performs the inner integral required in the evaluation of the Dancoff factor [|
l in spherical geometry; calls GAUSS and/or AGAUSS (described below). ;

GAUSS evaluates the integral of a function using a Gaussian quadrature; called by j

ADAN, GDAN, OUTER or FINNER. !
| I

| AGAUSS evaluates the integral of a function using a Gaussian quadrature; called by

ADAN, GDAN. OUTER, or FINNER,

.

.

!

i
i

!

l ,

| |

:
1

.

,
!

|
a
i-
4

|

t

:

I

p
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'DATCHK
KENOG FILBOX

:
-- :

_

C J0MCHK

-

BOX-

Z CORSIZ Fig. 6e. Subroutines Used
by the CSASl/CSAS2 Control
Modules.

--o-
VOLUME_ %

DATCilK reads the data stored on the binary KENO input tape and performs

numerous checks on the 3-D geometry data; repeats this for each KENO

case submitted by the user; calls routines shown in Fig. 6e; required only in

CS AS2 sequence - skipped in CSASI sequence.

KENOG reads and edits the data for a gisen KENO case as stored on tne binari

KENO input tape; checks to make sure that each alphanumeric geometr>

word encountered is a valid one; prints out the muhigroup weights for each

region; calls N1 AKREF if automatic reHector option has been insoked.

N1AKREF automatically supplies a number of CUHOID regions (each with
appropriate dimensions and an appropriate set of multiproup weights)

whenever the automatic reRector option is insoked.

FILBON reads the mixed box orientation data for a given KENO case as stored on

the binary KENO input tape.

JONICilK checks to be sure that regions within a given box type do not contain

intersecting surfaces and that regions within the reflector do not contain

intersecting surfaces.

HON checks the mixed box orientation data for errers and prints a 2-D map of

the array layout at each axial level.

CORSIZ checks to make sure that the tangcat faces of ad_jacent boxes are always the

same size.

O
.
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-

VOLUME performs checks to insure that the dimensions of certain regions were i

entered in the proper order and to insure that, within a gisen box type or,

| within the reflector, each KENO region fully encloses all previous ones; this

f routine also checks to make sure that each box type contains at least one

j region and that the last geometry region in esery box type is a CUllE or
I CU BOID.
l
.

1.

!

!
i
e

i i

5
'

) |

;

!

;i

|
,

i
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;
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OTHER ROUTINES USED BY CSAS!/CSAS2

GAUSS esaluates the integral of a function using a Gaussian quadrature; called by

ADAN, GDAN, OUTER or FINNER.

AGAUSS evaluates the integral of a function using a Gaussian quadrature; called by

ADAN, GDAN, OUTER or FINNER.

SIOCilK determines whether or not there is adequate space left in core to append a

new array onto the end of the large, Dexibly dimensioned D array; prints

error message and correctise action to be taken if space left is inst fficient; '

called from KNIGilT SETUPA, SETUPB, N11NTAB, NITNSD, KlP,

DATCllK.

AREAD reads alphanumeric data from cards.

IREAD reads integer data from cards; actually, this is an entry point in the ARE AD

subroutine.

FREAD reads floating point data from cards; actually, this is an entry point in the

AREAD subroutine.

SCANON. SCANOF subroutines which after being called, enable' disable AREAD, IREAD.

FREAD to scan ahead and tell whether the characters "END" follow the

data item being read.

NIES AGE used to print heaoer pages; calls DATIN1 and FilLPR.

DATINI machine language program to determine the date and time.

Fill.PR prints eight " block letter" characters across a page.

OPENDA opens I!O buffers.

C l.OS D. '. closes I/ O buffers.

O
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[ \
s / 5. INPUT / OUTPUT UNITS USED BY CSASI/CSAS2v

I AMPX master library (produced by BON AMI)

3 AMPX weighted library (produced by XSDRNPM)

4 AMPX working library (produced by NITAWL)

5 Card input
6 Printed output (BON AMI, NITAWL, XSDRNPM. and KENO-IV functional mr, deles)

8 Scratch (Used by XSDRNPM for external cross section storage)

9 Scratch (Used by XSDRNPM for mixing and weighting operations; also used by NITAWI.)

10 Scratch (Used by XSDRNPM for external storage of flux moments)

16 Forward angular fluxes (calculated by XSDRNPM)
'

18 Scratch (Used by BONAMI, XSDRNPM and KENO-IV)

19 Scratch (Used by NITAWL and XSDRNPM)

43 Master KENO library of space / energy dependent weights for automatic reflector option

81 II ANSEN-ROACil Master Cross Section 1.ibrary

82 27GROUPNDF4 Master Cross Section Library

83 123GROUPGMTil Master Cross Section Library

84 218GROUPNDF4 Master Cross Section Library

89 Standard Composition Library
) 95 Binary input for KENO-IV (produced by CSAS2 control module)

96 Binary input for BON AMI (produced by CSASI or CSAS2 control module)

97 Binary input for NITAWL (produced by CSASI or CSAS2 control module)

98 Binary input for XSDRNPM (produced by CSASI or CSAS2 control module) !
'

99 Printed Output (produced by CSASI or CSAS2 control module)
|

|

.

-

4

-
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6. Input Instructions for CSASl/CSAS2
The input for the CSASI/ CS AS2 analytic sequence (s) has been formulated in engineering terms

and includes only the detail necessary to properly define the system. A convenient free-form input

processor has been adopted which simplifies the entry of ir.put data. (The free-form format is

described below in more detail.) Alphanumeric keywords describing the system, as well as numeric

data are used where appropriate. Commonly used values of many of the parameters may F

obtained by default or easily changed as needed.

The input is divided into three main parts. First, the problem parameters are read. 'I his

provides a general description of the system. Next, a description of each material composition is

read. As many entries as needed may be used to fully describe any material mixture. Finally the

geometry description for the problem is read. In the CSAS2 analytic sequence, sescral additional

blocks of data are required to describe the three-dimensional KENO geometry.

The material composition of each zone is assumed to be a mixture of one or more standard

compositions. The alphanumeric identifiers for these standard compositions I) may be taken from

the list of elements, compounds and alloys found in the Standard Composition Library (e.g., UO2.

SS304, H20, etc. - see Table A.1), or 2) they may be taken from the Table of Available Solutions

(e.g., SOLNUO2(NO3)2 - see Table A.2), or 3) they may designate an arbitrary material for which

the user will supply additional information (e.g., ARBMTLI, ARilMTL2. etc.). An invalid standard

composition name will cause an error message to be printed and the calculation to be terminated.

f l For standard compositions taken from the Standard Composition Library, the user will hate to
V' enter the volume fraction or theoretical density of the standard composition in the mixture and

other engineering type data. For those standard compositions the user will hase to consult the

Standard Composition Library (see Table A.1) to determine if any of the associated cross sections

require a resonance self-shielding calculation. For standard compositions containing more than one

isotope of an element (such as UO2), the user is free to specify the weight percent for each isotope so

long as they total 100ci. For solutions, the user will hase to specify the density of the heavy metal m

solution and the acid molarity of the solution. For arbitrary materials specified by the user
(A RilM i Li, ARBMTL2, etc.), the user will hase to input all the information that would normally

be found in the Standard Composition Library. Any number of arbitrary standard compositions

may be used in a given problem.

The free-form input processor implemented herein allows alphanumeric data, floating point

data and integer data to be entered in an unformatted manner. All 80 columns of any card may be

used and data, with certain exceptions noted below, car * start or end in any column.

Any alphanumeric data entry must be followed by two or more blanks. Any numeric data entry

must be followed by one or more blanks. Integers may be used for floating salues if the particular

item has no decimal salue (i.e.,10 will be interpreted as 10.0). Likewise,1+4. l.0+4. l.0E+4 nr

10000.0 will all be interpreted as 1.0 X 10'. Note that imbedded blanks are not allowed within the

representation for a gisen number. The only exception to this is that a single blank may precede an

(]jf unsigned exponent in a floating po.nt number. Thus. for example. l.0E 04 would be correctly

interpreted as 1.0 X 10'.

-
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'I his f ree-f orm proecssor has prosisions ior multiple entries of the same data salue. I his is done

by entering the number of repeats, followed by either it. *, or S. followed by the data salue to be

repeated.1 or e. sample,5112 or 5*2 enters fise successise 2's in the input data. ihere should be no

blanks between the number of repeats and the repeat flagdt *. or 5), but each multiple entry must

be separated f rom the rest of the data by one or more blanks. Multiple zeros may be specified as n/

where n is the number ofieros to be repeated. There should not be any blanks between the n and the

/. but the n/ must be separated from the rest of the data by one or more blanks.

The actual input for the CSASI/CSAS2 analytic sequence (s) is divided into 14 " mini-blocks"-
a .

1. Analytic Sequence Specification Card

2. Title Card

3. Parameter Card
required;

4. Standard Composition Specification Cards r for CSASI.

5. Geometry Description Card

6. Multiregion Zone Description Card

7. Optional Control Parameters required
8. END Card for the CSASI Analytic Sequence F for CSAS2
9. KENO Title Card

10. KENO Parameter Card

11. Boundary Condition Specifications

12. Multidimensional Geometry Specification Cards

13. Mixed Box Orientation Data

14. END Card for the CSAS2 Analytic Sequence
a

Each of these " mini-blocks" will now be described in detail.

1. Analytic Sequence Specification Card

'Ihe appropriate Criticality Safety Analysis Sequence is specified by punching the six characters

=CS ASI or =CSAS2 in columns I through 6.

2. Title Card

All 80 columns may be used for a descriptive title.

3. Parameter Card

1. 1.l B Alphanumerie description of the cross-section library to be used, for
example: ilA NSEN-ItOACil.123GitOUPGMTil. etc. See Table A.4 for a

complete list of available cross-section libraries. Note that the alphanumeric

description must be followed by two or more blanks before any additional
data is entered.

,
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( )
y/ MXX Number of material mixtures to be defined by mixing the various standard

compositions. [See items (la) and (2a) on the Standard Composition
Specification Card for further explanation.]

Note: MXX represents the total number of mixtures the user intends to

define. If a single material is used in more than one spatialione (as may be

he case in a MUI.TIREGION calculation), separate mixtures should be

defined with identical specifications. (This will, for example, allow NITAW1.

to produce separate working libraries based on the appropriate number of

external moderators and the actual mean chord length for each ione.)in the

CSAS2 sequence, some mixtures may be used in the I-D calculation while

the same and/or other mixtures may be used in the multidimensional
calculation.

3. MSC Number of Standard Composition Specifications the user intends to enter.

(See below.)
4. IZM Number of material iones to be used in the NSDRNPM calculation.

Typically IZM=2,3 or 4 for a I.ATTICECEl.l. calculation (fuel! moderator;
fuel! clad / moderator; fueligapiclad / moderator). For an infinite
homogeneous media (INFilOMM EDIU M), set IZM = I . For a

es M UI.TIR EGION calculation, one should have IZM & l. In thei
i configuration shown in Fig. 7, one would have IZM =5 and MXX=4.%

Fig. 7. Graphic Explanation of IZM and MXX.

Note that each spatial region is considered a "ione" esen though it may
contain a void. Note also that a void (which is internally defined as mixture

number 0) does not count as a material mixture to be defined by the user.
5. GE Alphanumerie description of the type of calculation to be performed. Any

one of the following alphanumeric d..,criptions may be used:
I.ATTICECEl.l. - for a lattice cell calculation. For an array of cylindrical
fuel rods or an array of spherical fuel pellets, w hite (i.e., isotropic) return will

be used as the boundary condition on the outside surface. In slab geometry,
mi;ror-like reflection will be used on both surfaces.

INFilOMMEDIUM - for an infinite homogeneous media.
/m

V

- _ _ _ _ _ _ - - __
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N1UI.TIR EGIO N - for a multiregion calculation. For this type of
calculation, the user may enter the boundary conditions (and other

descriptise information) as described below.

Note: The alphanumeric description must be followed by two or more

blanks before any additional data is entered.

Note: In the CSASI analytic sequence, the type of calculation required

(LATTICECEl.l., INFilON1N1EDIUN1, N1ULTIREGION) is defined by the

problem at hand. In the CSAS2 analytic sequence, however, the question

may not be as straightforward. The next two paragraphs provide guidelines

for the users of the CSAS2 analytic sequence.

in 3-D KENO calculations insolving any sort of fuel assembly. the individual

components of each fuel pin may be represented explicitly, or the
homogenized cell-weighted cross sections for the assembly may be used (c.f.,

Section 2). In either case, the user should define this as a I.ATTICECEl.L

calculation esen though the fuel assembly may be a small part of the

complete 3-D KENO problem. The self-shielding calculations for those
resonance materials found in the unit c 'I will be performed using the

geometry data supplied on the Geometry Description Card (below) and the

appropriate Dancoff factor (computed internally). [In practice, the user may

also describe the unit cell using the N1UI.TIREGION option. In addition to

the information on the Geometry Description Card, he would also have to

enter the information on the N1ultiregion Zone Description Card (below).

This would allow him to specify the number of euernal moderators (0, I or

2) the absorber lump sees, but it would also cause a Dancoff factor of 0.0 to

be used in the resonance self-shielding calculation.] A separate self-shielding

calculation will then be performed for each material defined by the user but
not found in the unit cell. Each of these calculations will be performed as if

that single material were of infinite extent (i.e., an

infinite-homogeneous-media). Note, however, that each of these calculations

will account for the presence of only those moderating nuclides within the

material in question. These self-shielded cross sections are then used in

KENO.

If the 3-D KENO calculation does not involve any sort of fuel assembly

andj or if there is no convenient way of modeling the fissile portion of the

problem in I-D, the user should def.ne this as an INFilONIN1EDIUN1
calculation. A separate self-shielding calculation will then be performed for

each material defined by the user. Each of these calculations will be

performed as if that single material were of infinite extent (i.e., an
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m/ infinite-homogeneous-media). Note, however, that each of these calculations

will account for the presence of only those moderating nuclides within the

material in question. These self-shielded cross sections are then used in

KENO.

6. MORE Flag used to signal whether or not the user wishes to read any of the
Optional Control Parameters described below. Set MORE=l if any of the

optional control parameters are to be read; set MORE=0 if none of the

optional control parameters are to be read.

7. MSLN Number of Standard Composition Specification Cards which designate a

solution as the standard composition [c.f., item (la) below]. Some common

fissile solutions are SOLNUO2(NO3)2. SOLNPU(NO3M and SOI.NUO2F2.
For a complete listing, see the Table of Available Solutions (Table A.h.

4. Standard Composition Specification Cards

Note: The user should enter as many of these " Standard Composition Specifications" as

necessary. (Item 3 on the Parameter Card, MSC, is the number of Standard Composition
Specifications the user intends to enter.) The data for any Standard Composition Specification may

extend over as many punched cards as necessary. Each Standard Composition Specification should

begin with item (la) as the first item of a new card. Despite the lengthy clucidation which follows.me s
( ) many mixtures can be described briefly, and only require that the user enter items (la) and (2a).
''' followed by item (7).

(la) SC Alphanumeric description of the standard composition ( i .e. . U-235.

SS304, SOLNUO2(NO3)2, ARilMTL1, etc.). A list of available isotopes.

elements, compounds, solutions and alloys may be found in the Standard

Composition Library (Table A.1) or the Table of Asailable Solutions

(Table A.2). ARilMTLI, ARilMTL2, etc., may always be used to
designate an arbitrary material for which the user will supply information

normally found in the standard composition library.

Note: The arbitrary material option has been provided so that one can

use the elements and isotopes in the Standard Composition Library to

build other compounds and/or alloys not four;d there. (See discussion

below.)
|

Note: The alphanumeric description of the standard compostion must

be followed by two or more blanks before any additional data is entered.

1
If an arbitrary material is specified (i.e., ARitMTLI. ARilMTL2. etc.), items'(ib) through (lh) |

Imust be included next, otherwise they should be skipped.
p

/ ;
!

U

k.
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Example of When and How to Specify an Arbitrary Material:

The input parameters on the Standard Composition Specification Ca rd should be
straightforward and should not base to be " calculated" by the user.11 sing the isotopes, elements,

compounds, solutions and alloys in the Standard Composition 1.ibrary (Table A.1) or the Table of

Asailable Solutions flable A.2), and the associated solume fractions [see discussion of item (3)

below), the user can generally describe almost any mixture in a " straightforward" manner.

Occasionally, howeser, a special mixture will be encountered for which the determination of the

component volume fractions [ item (3)] will not be straightforward. Consider a mixture of Boral

hasing 35 wt G ILC,65 wt 9 Al and an overall density of 2.64 gm cc. Assume that the user hat' to

represent such a mixture but that neither llORAl. nor B4C was in the Standard Composition

1.ibrary if one used llORON, C and Al fall cicments in the Standard Compostion library) to
describe the BORAL mixture, the corresponding solume fractions [ item (3)] would base to be

calculated as in Appendix 11. A more straightforward approach would be to define both ILC and Al

as " arbitrary materials," each with a density of 2.64 gm cc and with respectise solume fractions ot

0.35 and 0.65.1he resulting standard composition specifications would look like:

A R BMTI.-Il4C 2.64 2 I I O 5000 4 6012 I I 0.35 END

A R BM T L-A l. 2.64 1 0 0 0 13027 100.0 1 0.65 EN D

Note that this type of specification does not require the user to calculate anything. The sarious data

items shown are described below.

Note: If the user intends to enter an arbitrary material, item (la) need not be ARBM fl.l.

ARBMTI.2, ARBMTI.3, etc. Indeed, the user may use up to 12 characters in the alphanumeric

description as long as !) there are no imbedded blanks, and 2) the first four characters are AR BM.

Ilence, ARBM19B4C and ARBMTL-AL are valid entries. The alphanumeric description must, of

course, be followci by two or more blanks before any additional data is entered.

(Ib) ROTil Theoretical density of the material in gm ec.

(Ic) NEL Number of elements in the material.

(Id) IVIS Set IVIS=0 if none of the elements in the material base more than one

isotope; set IVIS=1 if one of the elements (i.e., the first one listed below)

has more than one isotope. Note: Each user supplied arbitrary material
(ARBM ILI, ARBMTL2, etc.) can have, at most, one cleraent with more

than one isotope. If necessary, two or more arbitrary materiais may be

used to derme a single mixture.

(le) ICP Set ICP=f) if the material is not a compound; set ICP=1 if the materialis

a compound. For alloys like SS-316 or mixtures like concrete, one would,

for example, set ICP=0.

(10 IRS Set IRS =0 if none of the nuclides in this mater;al have resonance data in

the cross section library; set IRS =1 if any of the nuclides in this material

,
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/n) have resonance data in the cross section library. Table A.I may be used to
i' v'/ determine the availability of resonance data for each of the constituent
'

nuclides entered below (NCZAi, NCZA:, etc.).

Items (Ig) and (th) should be entered (in the order shown) once for each element in the
" arbitrary material."

(Ig.1) NC7.Ai "ZA"ID number for the first element in this material. Generally NCZA =

A + 1000*Z where Z and A are the charge and mass numbers for the

nuclide (i.e.,1001 for it drogen and 8016 for Oxygen, etc.). For elements3

with more than one isotope, it is simply NCZA = 1000*Z (i.e.,92000 for

Uraniu m).

Note:
.

Each user supplied arbitrary material (ARHNITLI, ARBNITL2,

etc.) can have, at most, one element with more than one isotope. That
| clement must be specified as the first element in the material-i.e., it must

be described by (NCZAi, ATPNii), not (NCZA2, ATPN12) or (NCZAi,

ATPNii), etc. Furthermore, such an element can be specified only if it is

currently listed in the isotope Distribution Table (c.f., Table A3). All

other elements must, of course, be listed in the Standard Compo*ition
Library (c.f., Table A.1).

(th.1) ATPN1: If ICP=1, ATPM = number of atoms of the first element per molecule.

If ICP=0, ATPN1 = weight percent of the first element in this material.
' (Ig.2) NCZA: "ZA" ID numba ior the second element in this material.

(lh.2) ATPN1 Number of atoms of the second element per molecule, or the weight
percent of the second element in this material.

.

.

.

Note: If this " arbitrary material" is an alloy. i.e.,if ICP=0. the ATPN1,'s

shouki sum to 100.0.

2a) M X Mixture ID number. The standard composition specified by item (la) will

become a constituent part of this mis ure. N1ust have 1 C MX G MXX
where MXX was specified as item (2) on the Parameter Card.

If item (la) denotes a solution [i.e., SOLN UO2F2, SOI.N UO2(NO3)2, SOLN PU(NO3)4, etc.). items

(2b) and (2c) must be included next, otherwise they should be skipped.

(2b) FD Fuel density (i.e., grams of heavy metal per liter of solution).

(2c) AML Acid molarity of the solution.

m

The remaining input data for this standard composition may be defaulted by entering item (7) next.

4
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(3) VF VF may be interpreted as I) the solume fraction of this 3tandard
composition in the mixture, or as 2) the fractional theoretical density of

the standard composition (i.e., the density of the standard composition in

this application disided by the theoretical density listed in the Standard

Composition 1.ibrary), or 3) a product of (1) and (2).

Sescral examples might be in order; a) A homogeni/cd mixture
representing the coolant and the cladding around a fuel pin may be

described using 112 0, Zl R C A l.i.O Y and the appropriate volume

fractions; b) A homogenized mixture representing a known solution

diluted with water may be described using the appropriate volume
fractions; c) For UO2 fuel at 959 theoretical density. the user would enter

VF = 0.95; and d) For the coolant water in an operating PWR, the user

might enter VF = 0.71 (c.f., Table A.6).

To describe a mixed oxide fuel pin which has a density of 10.50 gm'cc

and is 17.8 w t G PuO2 and 82.2 wt Q UO2, requires two standard

composition specification cards: .one for the pug 2 component and one

for the UO2 component. From the standard composition library, it may

be seen that the theoretical density of pug 2 is I1.46 gm/cc w hile that of

UO2 is 10.96 gm / cc. Thus, on the PuO2 standard composition
specification card, one w .uld use VF = (0.178)(10.50/11.46) = 0.1631; and

on the UO2 standard composition card, one w ould use VF =

(0.822)(10.50!10.96) = 0.7875.

Occasionally,a special mixture will be desired for which the determination

of the component solume fractions will not be as straightforward as the

ordinary situation illustrated above. Consider a mixture of Horal having

35 wt R IbC,65 wt qc At and an overall density of 2.64 gm/ce. Assume a

user had to represent such a mixture but that neither HORAL _ nor H4C

was in the Standard Composition 1.ibrary. The volume fractions

corresponding to BORON, C and AL may be computed as illustrated in

Appendix H. Note that the calculation is complicated by the fact that !LC

is a compound and the fact that Horon has two isotopes. In this particular

case, a more straightforward approach might be to enter ILC and Al as

" Arbitrary Materials.'' See previous example.

Note: If this parameter (VF) is not entered, the code assumes a default

salue of 1.0.

O
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( ) Note: If item (la) denotes a single nuclide (such as U-235) and if the user
'}8

would prefer to personally calculate and enter the number density
(atoms / barn-cm) for that nuclide in this mixture, then he should set VF =

0.0.

If VF > 0.0, the remaining input for this standard composition may be defaulted by entering item (7)

next.

If VF = 0.0, item (4) must be included next; otherwise, it should be skipped.

(4) ADEN Atomic number density (atoms / barn-cm) for the nuclide [c.f., item (la)]

.
in the mixture [c.f., item (2a)].

The remaining input for this standard composition may be defaulted by entering item (7) next.

(5) TEN 1P Temperature of the material (in deg. K). This will be used for Doppler

11roadening and/or for the selection of the proper set of thermal
scattering data (see more detailed note below).

The resonance self-shielding calculation performed by NITAW1. uses the

Nordheim Integral Niethod* and can account for Doppler llroadening of

( the resonances at any specified temperature. If this materialis known to

contain a resonance nuclide, the user may(and probably should) enter a

rough estimate of the temperature of the material. To determine whether

resonance data is available for any of the nuclides in this material:

a) Check Table A.I if item (la) denotes an isotope, element, compound

or alloy found in the Standard Composition 1.ibrary (SS304 etc.).

b) Check Table A.2 if item (la) denotes a solution [SOI.NUO2(NO3)2.

etc.).

c) Check item (if) if item (la) denotes a user-specified " arbitrary
material"( A R BN1TLI, etc.).

For each of the light nuclides (A f,20 a.m.u.), the master cross sectic,n

library selected may contain one or more sets of thermal scattering data.
1

each set corresponding to a dilferent temperature. Seatteri..g matrices for

nuclides in media at elevated temperatures are generally fuller than those

at lawer temperatures. Tables A.I and A.2 indicate the isotopes, elements. j

compounds, solutions and alloys for which multiple sets of thermal

scattering data are currently available. If multiple sets of thermal
scatteiing data are available the user may (and probably should) enter a

rough estimate of the temperature of the material. The code will then use[q)
the set of cross section data which is most appropriate.1 ,

v
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Note: One may always enter I EM P. esen it it is not needed.

Note: If TEMP is not entered, the code av umes a default .alue of

2933 K.

~ihe remaining input for this standard composition may be defaulted by entering item (7) next.

If VF = 0.0 [c.f. item (3)]. items (6a) and (6b) should be skipped.

If none of the elements in this material [c.f. item (la)] hase more than one isotope, items (6a) and

(6b) should be skipped. To determine whether the material in item (la) has an element with more

than one isotope, the user may look up that material in the Standard Composition I ibrary (c.l..

Table A.1). That table contains a complete list of the isotopes in each material and the

corresponding "ZA" nuclide ID numbers.

If one of the elements in this material has more than one isotope, the user may specily the isotopic

distribution by entering items (6a) and (6b) as many times as net ssary. Alternately, the user may

skip items (6a) and (6b) and allow the code to assume the default salues shown in the Isotope

Distribution 'Iable (c.f.. Table A.3).

(t.a.1) IZAi Isotope's "ZA" ID number.

(6b.1) WTPi Weight percent of this isotope (1ZA d in the element (for
2example: W l~Pi = (100)(kg "U ' kg U) in ||O:].

(6a.2) IZA. Another isotope's "ZA" ID number.

(6b.2) WTP: Weight percent of this isotope (1/A:) in the element.

.

.

.

Note: The user need not enter a (lZA,. W'l P.) pair for each isotope listed

in the isotope Distribution Table. If he enters this data at all (i.e.. if he
does not take the default salues), the only requirement is that the sum ot

,

the W'I P,'s entered must equal 100.0. Ilence. (92235 3.2 9223X 96.8)

would constitute a complete specification for uranium esen though other

isotopes are listed in the isotope Distribution lable.

(7) END The word END should be punched to indicate the end of the input data

for this Standard Composition Specification.

5. Geometry Description Card
Note that the data for the " Geometry Description Card" may extend oser as many punched

*

cards as necessary.
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) If itein 5 on the Parameter Card (GE) designates this as an INI llOMM EDIUM calculation,
' '' the Geometry Description Card should not be included at all.

If item (5) on the Parameter Casd (GE) designates this as a MUI.TillEGION calculation, items

(1) through (6) should be skipped. l'or LATTICECEl.l. calculations:

, 1) C~l P Alphanumeric description of the lattice cell. Any one of the lollowing(

alphimumerie descriptions may be used. (Note that the alphanumeric

description must be followed by two or more blanks before any

additional data is entered.)

SQUAllEPITCil - for an array of cylindrical fuel rods arranged in a

square lattice.

TitlANGPITCil - for an array of cylindrical fuel rods arranged in a
triangula r lattice.

SPilSQU AREP - for an array of spherical fuel pellets arranged in a

cubic lattice.

SPilTRIANGP - for an array of spherical fuel pellets arranged in a
bi-centered or face-centered hexagonal close-packed lattice. (In this

conliguration, each layer of luel pellets forms a hexagonal array, with

alternate layers being rotated with respect to each other so as to form a

close-packed arrangement.)

[] SYMMSI.AllCEl.l. - for a symmetric array of slabs as illustrated in

( l'ig. 8.

l*-- P--=4 f+- t -*i

V,)F|V !?Q V,9
'

F F Me - F M F
i 1

REFL Q REFL
BOUNDARY BOUNDARYCELLCONDX CONDX

Fig. 8. Arrangement of Materials in a Symmetric Slab Cell.
Here, one has (F.M), (F.M), (F.M), (F,M), etc.

|

ASYMSt.AllCEl.l. - for a periodic but as>mmetric array of slabs as
illustrated in Fig. 9. For *uch an asymmetric 1.ATTICECELt.

{
calculation, one should have IZM = ~ or 7 depending on the materials )

fuel / clad ! m od erat o r; |present (i.e., fuel / mode. ,
,

fuel /gapiclad/ moderator). Check item 4 on the Parameter Card (lZM)

| rN
/ \

. s /
' %/
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;c H |= =;

g 3 r ;'s Fj/
Ms F M, F [Mh F M,

'

F M F ; M,\F
2 2 2

; : [
'

I _ .I

REFL UNIT REFL
BOUNDARY CELL BOUNDARY
CONDx CONDX

Fig. 9. Arrangement of Materials in an Asymmetric Slab Cell. Here,
(F.M ,F.Mg), etc.one has (F.M ,F !!g ),2 2

(2) PIICil 1 or an asymmetric slab cell calculation, l'ITCil is the distance from the

center of one moderator to the center of the other moderator (see liig. 9).

l'or all other lattice cell calculations. PIICil is center-to-center spacing

between fuel lumps (rods pellets, or slabs).

(3a) 12UEl.OD Outside diameter of the f uel in cm. (In slab geometry, enter its thickness.)

(3b) N1 FU El. Niixture number representing the fuel.

(4a) NIN10D N1nture number representing the moderator (Nii).

If item (|} denotes an asymmetric slab cell calculation (i.e. ASYNISI.AllCEl.l.), items (4b) and (4c)

must be entered nexi; otherwise, they should be skipped.

(4b) N1N10D2 N1isture number representing the second moderator (N12).

(4c) TKN10D2 I hickness of the second moderator in cm.
If there is clad around the fuel, items (5a) and (5b) should be entered next: if there is no clad. item

(13) shot'Id be entered next.
(Sa) Cl. ADO!) Outside diameter of the clad in cm. (in slab geometry. Cl.ADOD =

t,. t 2tm,, + 2t. w.)

(5b) NiCl. AD Niixture number representing the clad.

If there is a gap between the fuel and the clad, items (6a) and (6b) should be entered next;if there is

no gap, item t 13) should be entered next.

(6a) Cl ADID inside diameter of the clad in cm. (in slab geometry. Cl.ADID =
t , ,,a + 2 t r i.. )

(6b) NIGAP N1ixture number representing the gap. (N1ixture number zero is of ten

used. It is interrally defined as a soid.)

If item 5 on the Parameter Card (GE) designates this as a 1.ATI'ICECEl.i. calculation. skip items

(7) through (12), and enter item (13) next.

For N1UETIREGION calculations:

(7) CS Alphanumeric description of the geometry. Any one of the following

alphanumerie descriptions may be used:
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( SLAll- for slab geometry.w

CYl.INDRICAl. - for cylindrical geometry.

SPilERICAL - for spherical geometry.

11UCKLEDSLAll - for slab geometry, with a buckling correction f or the

two transverse directions.

IlUCKLEDCYl. - for cylindrical geometry, with a buckling correction in
the axial direction.

Note: This alphanumeric description must be followed by abo or more
blanks before any additional data is entered.

If item (7) designates SLAll, CYLINDRICAL or SPilERICAL geometry, items (M). (9), and (10)

may be skipped and allowed to assume their default values. Alternately, the user may enter item (N)

only, items (8) and (9), or items (8), (9), and (10).1 or llUCKl.EDSI.All and lit'CKl.EDCYl
calculations, all three parameters must be entered.

(H) DR Alphanumeric description of the rightioutside boundary condition. Any

one of the following alphanumeric descriptions may be used:
VACUUN1, REFLECTED. PERIODIC, WillTE.

Note: The alphanumeric description must be followed by two or more
blanks before any additional data is entered.

{} Note: If this parameter (IIR) is not entered, the code awumes a
V VACUUN1 boundary condition on the right'outside boundary.

Note: The WillTE boundary condition corresponds to isotropic return

of all particles which otherwise would hase left the e stem."

Note: A REFl.EC~l ED or PERIODIC right boundary condition
should not be used in cylindrical or spherical geometry."

(9) IIL Alphanumeric description of the left boundary condition. Any one of the

following alphanumeric descriptions may be used: V ACl!!! N1,
R EFLECTED. PERIODIC, Will'I E.

Note: The alphanumerie description must be followed by two or more
blanks before any additional data is entered.

Note: If this parameter (111.) is not entered, the code assumes a

REI l.ECTED boundary condition on the lett boundary. In cylindrical
or spherical geometry, this is the only boundary condition that makes

sense since the left boundary then corresponds to the centerline.
(10) ORGN l.ocation of the lett boundary on the x-axis (in em).

1

Note: If this parameter (ORGN) is not entered. the code awumes
{

(3 ORGN = 0.0 cm. In cylindrical or spherical geometry. this is the only
( I

%.) salue allowed. @
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11 item (7) denotes a lil'CKl.EI)SI.All or llUCKl.EI)CYl. calculation. item (l1) should be included
next; othetwise, it should be skipped

(11) 1)Y lluckling height (in cm). 't his corresponds to one of the transserse
i
j dimensions of an actual 3-1) awembly or the length of a tinite cylinder.

| || item (7) denotes a lil:CKl.EI)St. All calculation. item (12) should be included next; otheru he, it
i should be skipped.

(12i . iluckling depth (in em). I his corresponds to the second trannerse
,

dimension of an actual 3-1) assembl .3

l or N1UI.~Ilit EGION calculations or I.Al~lICECEI 1. calculations:

| (13) ENI) 'Ihe word ENI) should be punched to indicate the end of the mput data

lor the Geometry I)escription Card.

!

6. Multiregion Zone Description Card

if item 5 on the l'arameter Card (GE) designates this as an INI ilON1N11 I)ll!N1 calculation or

a I. A ITICECEI 1. calculation, the N1ultiregion Zone 1)escription Card should not be included at all.

Items (la) (Ib) and (le) should be entered once for each /une, as shown below. Note that the

| number of /ones (1ZN1) was specified as item 4 on the Parameter Card. Ihe data for the

| "N1ultiregion Zone Description Card" may extend oser as many punched cards as necewar). I:ach

f punchea card may contain data f or one or more /ones. '

(la.1) NINZi N1ixture number for the materialin zone one. l'hese " mixtures"are those i

} pres iously defined by the user ( e. f. , item ( 2a ,- on the Standard

Composition Specification Cards]. A /ero may be entered for a soid: I

1 otherwise, one must hase IG N1NZ, G NINX (c.t.. item 2 on the
i

f l'arameter Card). |
|
- (ib.1) Itzi Outside radius 01/one one (in em). In slab geometry, f(Z is the locatmn

of the /one's right boundary on the x-axis.

t ie.1) XN10Di External moderator index for /one one. Any one of the followiny
I alnhanumerie descriptions may be used:

NOEX l'El(N101) - no moderating materials in the /ones immediately

adjacent to this /one.

ONE EX I Elt N10D - moderating material in one of the zones

; immediately adjacent to this /one.

~I WOEXTElt N10D - n " rating materials in both of the /ones
immediately adjacent to this /one.

Note that the alphanumeric description must be f olloaed by two or more

blanks before any additional data is entered.

O

.
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( ) (la.2) N1XZ: N1ixture number for the material in ione two.
'~# (Ib.2) RZ: Outside radius of ione two (in cm).

(Ic.2) XN10D: External moderator index for zone two.
.

.

.

7. Optional Control Parameters

if item 6 on the Parameter Card (NIORE) equals zero, the Optional Control Parameter Card
should not be included at all,

if N10RE = 1. one or more of the parameters may be entered in any order. The default values

shown in brackets will be used for those parameters not entered. Each parameter is entered by

spelling its name, followed immediately by an equal sign (=) and the salue to be entered (e.g..

ISN=6). There should not be a blank between the parameter name and the equal sign. Each

parameter specification must be separated from the rest by one or more blanks.

If the user elects to enter any of the optional control parameters, then the last entry should be

followed by one or more blanks, the three characters *END,'and one or more additional blanks.

The optional control parameters asailable to the user are:

ISN Order of angular quadrature (8). ISN may be made less than 8 for a lower order

f7 angular quadrature or greater than 8 for a higher order angular quadrature. See
f ;
\ / Section 3.6 for details.
v

SZF Spatial mesh size factor (1.0). SZF may be made less than 1.0 for a finer spatial

mesh or greater than 1.0 for a coarser spatial mesh. See Section 3.5 for details.

IIN1 N1aximum number of inner iterations allowed (20).

ICN1 N1aximum number of outer iterations allowed (25).
EPS Oserall problem convergence criteria (0.0001). See Section 3.8 for details.

PIC Pointwise consergence criteria for the scalar Oux (0.0001). See Section 3.8 for

detaiis.

IIK L lluckling factor (I.420892). This parameter is not esen used unless this is a

N1UI.TIREGION calculation for a llUCKI.EDSI.All or a BUCKl.EDCYI.. Esen
then,1.420892 is quite good for most (large) systems. See Section 3.7 for aJditional

details.

IUS Upscatter scaling switch (0). If IUS=0. upscatter scaling is not used in the
XSDRNPN1 multigroup iteration procedure. If IUS=l upscatter scaling is used to

accelerate the solution and/or force convergence. Some problems will not comerge

with it, and some problems will not converge without it. No a priori guideli:.es exist

for determining when it is needed and when it will fail. Niost problems. howeser,

will work with IUS=0.

/p
1

\ /
_
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8. END Card for the CSASI Analytic Sequence

For the CSASI analytic sequence, the user should include a final card with END punched in

columns I through 3. No additionalinput is required for the CSASI sequence.

For the CSAS2 analytic sequence, the END card should not be included and. in its place, the

tollowing KENO input should follow immediately. liasing processed the necessary cross section

data using NITAWI. and XSDRNPM, it is possible to use that data in one or more KENO cases.

One set of KENO input data should be entered for each case.

9. KENO Title Card

All 80 columns may be used for a descriptise title.

10. KENO Patameter Card

(1) TMAX Maximum computer time (in min) to be allowed for this problem.

(2) NGEN Number of generations desired (typically 100).

(3) NSTART Number of neutrons started per generation (typically 300).

(4) NSKIP Number of generations to be skipped before calculating luo (typically 4).

(5) NBOX Number of box types to be described by user.

To model many physical situations in KENO geometry, the user must

mentally subdivide a problem (or a portion of it)into an " array of boxes."

Rules for doing this are described in Appendix C along with assorted

examples. Such an array would be composed of a specified number of

boxes in the x-direction (NBXM AX), a specified number of boxes in the

y-direction (N BY M AX), and a specified number of boxes in the

i-direction (NBZM AX). All " boxes" would not necessarily have to be the

sa me. Indeed, the internal geometry description, the material
specifications or the external dimensions of each box may vary (c.f.,
Appendix C). The user must, however, tell the code the number of

different " box types" he intends to use (NBOX).

NOTE: If the ynysical situation being modeled is simple enough that it

need not be subdivided into an array of boxes, set NBOX equal to zero. A

large isolated tank containing a fissile solution might be one such
example. See Appendix C for additional examples.

(6) NBXM AN Number of boxes in the x-direction. See note under NBOX for
explanation. If NBOX=0, set NBXM AX=0.

(7) NBYM AX Number of boxes in the y-direction. See note under NBOX for

explanation. If NBOX=0, set NBYMAX=0.

(8) NBZM AX Number of boxes in the 7-direction. See note under NBOX for
explanation. If NBOX=0, set NBZM AX=0.

O
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/m \ (9) NXX Flag used to signal whether or not the user wishes to read any of the

(V Houndary Condition Specifications described below. Set NXX=1 if
/

perfect mirror-like reflection is to be prescribed on one or more of the
external surfaces; otherwise, set NXX=0.

Whenever the physical situation being modeled by the user can be

represented as an " array of boxes," perfect mirror-like reflection may he

prescribed for one or more of the surfaces. To determine ko, of an infinite

. array of fuel pins, for example, the user might actually describe a segment

of a single unit cell using a i X l X l array. The fuel, gap. clad and
moderator could all be represented explicitly within a single box. l'erfect

mirror-like reflection could then be applied to all six surfaces of the array

to determine k,n of an infinite array of infinitely long fuel pins. or to lour

surfaces to determine kai of an infinite array of finite fuel pins. l'or that

-

reason, NXX=1 has been called the "k option."

Reflective boundary conditions may also be used in conjunction with the

automatic reflector card, or wheneser a CUBE or CUHotD card is used

to describe the outermost region beyond the array boundary. To n'odel a

symmetric reactor with a reflector of thickness (t), for example, the user

may use an array of boxes to describe a single octant, the automatic

reflector card to describe the reflector, and the Boundary ConditionV) Specifications to describe the symmetry. Ile might, for example, set

TX2=TY2=TZ2=t and TXI=TYl=TZl=0.0 on the REFl.ECTOR card.

and prescribe mirror-like reflection on the -x. y and -/ surfaces. While

he could have described the entire reactor explicitly, this scheme requires

him to enter a somewhat smaller amount of Mixed flox Orientation Data.

Fig.10 shows the upper half of a (symmetric) spent fuel shipping cask.

Enclosing the upper half of the cask with a CUHOID (as shown) and

prescribing mirror-like reflection on the lower surface reduces the amount

of Mixed Box Orientation Data the user must enter. Alternately, he could

have described the entire cask explicitly with little additional effort.

VOIDVOID g C b N T/l
-

,ej... [ ? 1 Op.. A UBOID
.

-' WATER - -HEMICYLINDER'- :

~4VAVAV4Vb
4%%Me-:

|- ARRAY OF FUEL

V)- Fig.10. - Upper half of a (Synnnetric) Spent Fuel
Shipping Cask.

!

!
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l.astly, it should be noted that mirror-like reflection should be used with

caution on those surfaces immediately adjacent to a moderately thick

reflecting material. liig.1I shows a large, water-filled fuel storage area

where the individual fuel as.,emblics are moderately well-separated. til

they were close together, this could be treated as an infinite array of fuel

pins; if the assemblies were far apart, one could model this as a single fuel

assembly with an infinite water retlector.) In this case one could certainly

describe a single fuel assembly as an array of boxes, and use one or more

CUllOID cards to describe the water beyond the array boundary, with
mirror-like reflection on the various surfaces of the outermost CUllOID.

Depending on the dimensions. use of reflective boundary conditions m

this situation may cause some uncertainty in the selection of approprbte,

spatially dependent multigror:p weights for the water. Alternate: one

could use the automatic reflector card to describe the water bey .nd the

array boundary and still specify mirror-like reflection on the m termost

surface of the reflector region. Again, depending on the dimensions. the

use of water weights automatically secured from the library may be
questionable for this situation.

ETC

___ ___ ___

___ ___ ___

__ ___ ___

___ ___ ___

___ ___ _-_

ETC ---

--_- -L- ETC
*

___ __ ___
+- __ _

___ ___ ___

__ __ -

-__ ___ _. .

- - . _ ___ __

ETC
n

Fig. 11. 1.arge Water-Filled Fuel Storage Area.
.
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{ j 11. Boundary Condition Specifications
C/ This data card should be entered only if NXX=1 [c.f., item (9) of the KENO Parameter Card].

(1) N1LRX2 Enter i for perfect mirror-like reflection on the outermost surface in the +x
direction; enter 0 otherwise.

(2) N1LRXI Enter i for perfect mirror-like reflection on the outermost surface in the -x
direction; enter 0 otherwise.

(3) N1LRY2 Enter i for perfect mirror-like reflection on the outermost surface in the +y
direction; enter 0 otherwise.

(4) NILRYI Enter i for perfect mirror-like reflection on the outermost surface in the y
direction; enter 0 otherwise.

(5) N1LRZ2 Enter I for perfect mirror-like reflection on the outermost surface in the +/
direction; enter 0 otherwise.

(6) N1LRZ1 Enter I for perfect mirror-like reflection on the outermost surface in the -z
direction; enter 0 otherwise.

12. Multidimensional Geometry Specification Cards

KENO geometry is three-dimensional and allows the user to model a large variety of frequently

encountered physical situations. To be more precise, it allows for the simultaneous use of cuboids,

spheres. hemispheres, cylinders, hemicylinders and an imbedded array of such bodies. Appendix C,

"The Rudiments of KENO-IV Geometry," explains "how" one would model a large variety of
(
( ! physical situations starting with the most elementary configuration and extending through to the
v

most complex. It attempts to explain "why" a particular problem should be modeled on,e way as
opposed to another. Lastly, it illustrates the way in which the selection of spatially dependent

multigroup weights can often determine the best Feometric model for a particular problem. While

Table I and the subsequent discussion serve as " quick reminders"of how the geometry input data is

to be structured, the novice user is strongly encouraged to read Appendix C before proceeding
further.

The N1ultidimensional Geometry Specification Data is composed of 25 Basic Geometry
Description Cards plus 4 "special" cards: the HON ^I YPE cards, the ARR AY BOUNDARY card,

the REFl.ECTOR card, and the END GEON1ETRY card. The function of each card is described in

Appendix C, and the placement of each card in the input stream is summariicd in Table 1. Note that

the Hasic Geometry Description Cards may be used to describe an entire problem, the contents of

each " box type," or the region (s) beyond the array boundary (e.f., Appendix C).

im

\ /
's

%
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Table 1. Location of Various Geometry Cards in the Input Stream

BOX TYPE 1 *- Box type" card needed only if NBOX > 1"

|

! Basic Geometry Description (of Box Type 1)

6

BOX TYPE 2 + Box type" card needed only if NBOX > 1"

1

,. Basic Geometry Description (of Box Type 2)

i

ARRAY BOUNDARY + Array boundary" card needed only if one"

.

uses the basic geometry description to
I dcscribe regions outside the array

Basic Geometry Description of *-Optional, but only makes sense
Regions Surrounding the Array if NBXMAX * NBYMAX * NBZMAX > 1

i

REFLECTOR +" Reflector" card is almost always optional.
May be entered even if one uses the basic
geometry description to describe regions
outside the array. May even be used if

NBXMAX * NBYMAX * NBZMAX = 1.
Must not be used only if NBOX = 0

END GEOMETRY +Always required

O
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! 12a. BOX TYPE Canis

llOX TYPE cards should be entered only if NilOX > I [c.f., item (5) on the KENO Parameter

Card). When required, the user will enter a llOX TYPE Card followed by a set of Basic Geometry
Description Cards describing the box type. lie will then enter a second BOX TYPE Card followed

by a set of Basic Geometry Description Cards describing the second box type, and so on, until all

box types have been fully described, llOX TYPE cards can be entered in either of two formats:

, 110X TYPE I l where BOX TYPE is punched in
i
'

BOX TYPE 2 columns I through 8 with a single,

'

, BOX TYPE 3 I blank between the two words

.

.

I
.

or

liOX i I where BOX is punched in

BOX 2 columns I through 3
BOX 3

.

! !.

'
.

; In each case, the box type number must be proceeded by two or more blanks. Box types must ne
'

numbered sequentially, starting with I.

Note that the last Basic Geometry Description Card describing each box type should be a

CUHF or CUBOID.

!

i.

1
I

.

1

|9
L
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12b. Basic Geometry Description Cards

~I here are 25 basic geometry description cards that this verion of K ENO-IV will recogni/e. Each

of these are described below. Basically, each has the same fermat: Starting in column I on a new

card, the user should enter the alphanumerie geometry word (CUHOID, CYI INDER, etc.),

followed by at least two blanks. The user should then enter the appropriate mixture number, the

dimensions, and the weights for that region, with data entries separated by one or more blankt This

data may extend oser as many punched cards as necessary.

l he user is generally free to use mixture numbers I through N1XX in any of the 3-D KENO

geometry regions.S lie is also f ree to use mixture number O to represent a soid. lie should note.

howeser, that any mixture presiously used on the Geometr3 Description Card (describing a

I.ATIICECEll. configuration) or on the N1ultiregion Zone Description Card (describing a
N1til.TIREGION configuration), will hase had its cross section data self-shielded using the
information entered on those cards. All other mixtures containing resonance nuclides will be

self-shielded using an infinite homogeneous media approximation for each

in many 3-D KENO calculations, it is convement to use homogenized cell-weighted cross

sections to represent a fuel assembly. The CSAS2 analytic sequence has prosisions for internally

calculating such cross sections. Thus, in addition to using mixture number 0 to represent a soid, the

user is also free to use mixture number 500 to represent the homogenized cell-weighted cross sections

corresponding to the I.ATIICECEl.L (or NIULTIREGION) configuration described on the
Geometry Description Card (or the N1ultiregion Zone Description Card). If the user elects to take

advantage of this option and assigns mixture number 500 to one or more of the KENO peometry
regions, he should be careful not to re-assign any of the mixtures used in the unit cell (i.e., on the

Geometry Description Card or the N1ultiregion Zone Description Card) to any of the KENO
geometry regions.*,

If, for example, stainless steel and water are components of a unit cell and they also represent

structural and shielding components of a shipping cask being modeled in threc<limensional KENO

geometry, the user should use the Standard Composition Cards to define at least five mixture

numbers: 1) the fuel, 2) the stainless steel clad, 3) the water in the unit cell,4) the water in the

shipping cask (exterior to the fuel assemblies), and 5) the stainless steel used for the structural

material in the cask. If each fuci pin is to be modeled explicitly in 3-D KENO geometry, the user

may use mixtures 0, I,2,3,4 and 5 in his 3-D geometry description. (In this case, mixture numbers

>'N1XX is the number of material mixtures defined by the uscr [c.f., item on the (CSAS2)
Parameter Card ]

*2Ntixture number 0 is, of course, an exception and may be used in the unit cell and in any of the
KENO geometry regions.

O



_.

s'

C1.65

7
( ) 3 and 4 are redundant and may be used interchangeably.) If, on the other hand, he wishes to use

- u./
homogeniicd cell-weighted cross sections for the entire fuel assembly, he should use mixtures 0,4. 5

and 500 in his 3-D geometry description. (in this case, the cross section data for mixture 3 will be

- cell-weighted and cannot be used interchangeably with mixture 4.)

Lastly, the user should note that he is required to enter an appropriate set of multigroup

weights for every spatial region. This data is usually entered as the last string of data items on each

geometry card. As a matter of convemence, the user may punch a single entry of-0.5 as a flag to tell

the code that (in the given region) a weight of 0.5 is to be used for all energy groups. Indeed, a

weight of 0.5 should be used for all energy groups in any region containing a large amount of fissile

material, in the clad and moderator surrounding a fuel pin in a fuel assembly, or whenever
"something better" is not available (c.f., Appendix C). If, however, the geometry card describes a

reflector' region, it may be computationally more efficient to use a set of spatially dependent

multigroup weights that have been pre-calculated. Weights for some commonly used reflector

materials are gisen in ORNL-TN1-4660 (see Ref.19). Appendix C gives multiple examples of how

such weights might be used.

(12b.1) CUBOID Six character alphanumeric geometry word

N11XNO N1ixture number to be assigned to this region *

X2 1.oeation of the +x surface of the cuboid

. XI Location of the -x surface of the cuboid
- ) Y2 Location of the +y surface of the cuboid,

' '' YI Location of the y surface of the cuboid

Z2 Location of the +i surface of the cuboid

Z1 Location of the -i surface of the cuboid

Note that the CUHOID described here need not be

centered at the origin, or even enclose it.

WTS N1ultigroup weights to be assigned to this region

(12b.2) CYl.INDER Eight character alphanumeric geometry word

N1|XNO Niixture number to be assigned to this region

RXY Radius of the cylinder in the xy plane (Note that the cylinder is

centered at x=y=0.)

Z2 Location of the +7 end of the cylinder

Zi 1.ocation of the -r end of the cylinder

WTS Multigroup weights to be assigned to this region

(12b.3) SPilFRE Six character alphanumeric geometry word

MIXNO N1ixture number to be assigned to this region

R Radius of the sphere (Note that the sphere is centered at -

I_

x=y= /= 0. )

[G W'I S Multigroup weights to be assigned to this 'egion
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(11.4) CUHE Four character alphanumeric geometry word

N11XNO Niixture number to be assigned to this region

S2 1.ocation of the +x. +y and +/ surfaces of the cube (s X s X s.

where s = S2 - SI).
SI Location of the -x, y and -r surfaces of the cube (s x s x s.

w here s = S2 - SI).

Note that the CUllE described here need not be centered at
the origin or esen enclose it.

WTS N1ultigroup weights to be assigned to this region

(12b.5) XCYl.INDER Nine character alphanumeric geometry word -

N11XNO N1ixture number to be assigned to this region

RYZ Radius of the cylinder in the y/ plane (Note that the cylinder is

centered at y=i=0.)

X2 1.ocation of the +x end of the cylinder

XI 1.ocation of the -x cnd of the cylinder

WIS N1ultigroup weights to be assigned to this region

(12b.6) YCYl.INDER Nine character alphanumeric geometry word

51|XNO N1ixture number to be assigned to this region

RXZ Radius of the cylinder in the xi plane (Note that the cylinder is

centered at x=/=0.)
Y2 1.ocation of the +y end of the cylinder

Yi i1.ocat on of the y end of the cylinder

WTS N1ultigroup weights to be assigned to this region

(12b.7) XilEN11CYl.+Y Ten character alphanumeric geometry word (Note that this

"hemicylinder" corresponds to that half of the XCYl.INDER

for w hich y > 0. See Fig.12.)

N11XNO N1ixture number to be assigned to this region

RYZ Radius of the hemicylinder in the yr plane (Note that the

cylinder of which this is a part would be centered at y=/=0.)

X2 l.ocation of the +x end of the hemicylinder

XI I.ocation of the -x end of the hemicylinder

W~I S N1altigroup weights to be assigned to this region

(12b 8) XIIEN11CYL-Y Ten character alphanumeric geometry word (Note that this

"hemicylinder" corresponds to that half of the XCYl.lNDFR

for which y < 0. See Fig.12.)

N11XNO Niixture number to be assigned to this region

RYZ Radius of the hemicylinder in the yi plane (Note that the
cylinder of which this is a part would be centered at y=/=0.)
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Fig. 12. Craphic Definition of XHEMICYL+Y, XHEMICYL-Y, XHEMICYL+Z
and_XHEMICYL-Z. Note that YHEMICYL+X, YHEMICYL-X,'YHEMICYL+Z, YHEMICYL-Z
and ZHEMICYL+X, ZHEMICYL-X, ZHEMICYL+Y, ZHDi1CYL-Y are all defined in a
similar fashion, with the first character denoting the axis and the last
-two characters denoting which " half" of the cylinder is' intended.
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X2 1.ocation of the +x cnd of the hemicylinder

I XI 1.oeation of the -x end of the hemicylinder
i

WlS N1ultigroup weights to be assigned to this region

(12b.9) NilEN11CYl.+Z 1en character alphanumerie geometry word (Note that this i

"hemie>linder" corresponds to that hall of the NCYl.lNI)Elt

for which i > 0. See 1:ig.12.)

N11XNO N1ixture number to be assigned to this region

| It YZ itadius of the hemieylinder in the y/ plane (Note that the
a
' cylinder of which this is a part would be centered at y=/=0.)

X2 1.oeation of the +x end of the hemicylinder

XI 1.ocation of the -x end of the hemie>linder

WTS N1ultigroup weights to be assigned to this region

(12b.10) XilEN1|CYl.-Z Ten character alphanumerie geometry word (Note that this,

| "hemie>linder" corresponds to that half of the NCYl.INI)Elt

| for w hich / < 0. See 1 ig.12.)
I
j NilNNO N1ixture number to be assigned to this region

I It VZ Itadius of the hemicylinder in the y/ plane (Note that the
cylinder of which this is a part would be centered at >=i=0.)

X2 1.oeation of the +x end of the hemieylinder

XI 1.oeation of the -x end of the hemicylinder '

WTS N1ultigroup weights to be assigned to this regioni

i.
(12b.ll) YllEN11CYl.+X len character alphanumerie geometry word (Note that this

j "hemieylinder" corresponds to that hall of the YCYl.INI)111

for which x > 0. See Fig.12.)

N11X NO N1ixture number to be assigned to this region

itXZ ltadius of the hemicylinder in the v plane (Note that the
cylinder of which this is a part would be centered at x=/=0.)

Y2 1.ocation of the +y end of the hemicylinder

YI l.oeation of the > end of the hemicylinder

WIS N1ultigroup weights to be assigned to this region |

|
(12b.12) YllEN11CYl.-X Ten character alphanumeric geometry word (Note that this |

"hemicylinder" corresponds to that half of the YCYl.INI)Elt

for w hich x < 0. See Fig.12.)

N11XN( N1ixture number to be assigned to this region

it XZ lladius of the hemicylinder in the x/ plane (Note that the
|cylinder of which this is a part would be centered at x=i=0.)

Y2 l.ocation of the +y end of the hemie>linder

YI l.oeation of the y end of the hemicylinder

WTS N1ultigroup weights to be assigned to this region
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' ( ) (12b.13) YllEMICYL+Z Ten character alphanumeric geometry word (Note that this

"hemicylinder" corresponds to that half of the YCYLINDER

for which z > 0. See Fig.12.)

MIXNO Mixture number to be assigned to this region

RXZ Radius of the hemicylinder in the xz plane (Note that the
cylinder of which this is a part would be centered at x=7=0.)

Y2 Location of the +y end of the hemicylinder

YI Location of the y end of the hemicylinder

\VTS Multigroup weights to be assigned to this region

(12b.14) YllEMICYL-Z Ten character alphanumeric geometry word (Note that this
"hemicylinder" corresponds to that half of the YCYLINDER

for which i < 0. See Fig.12.)

MIXNO Mixture number to be assigned to this region

RXZ Radius of the hemicyl: 1 der in the xz planc (Note that the

cylinder of which this is a part would be centered at x=7=0.)

Y2 Location of the +y end c' the hemicylinder

YI Location of the y end of the hemicylinder

WTS Multigroup weights to be assigned to this region

(12b.15) ZilEMICYL+X Ten character alphanumeric geometry word (Note that this(p) "herleylinder" corresponds to that half of the CYLINDER for
v

which x > 0. See Fig.12.)

MIXNO Mixture number to be assigned to this region

RXY Radius of the hemicylinder in the xy planc (Note that the
cylinder of which this is a part would be centered at x=y=0.)

Z2 Location of the +z end of the hemicylinder

ZI Location of the -r end of the hemicylinder

WTS Multigroup weights to be assigned to this region

(12b.16) ZilEMICYL-X Ten character alphanumeric geometry word (Note that this

"hemicylinder" corresponds to that half of the CYLINDER for

which x < 0. See Fig.12.)

MIXNO Mixture number to be assigned to this region

RXY Radius of the hemicylinder in the xy plane (Note that the

cylinder of which this is a part would be centered at x=y=0.)

Z2 Location of the +z end of the hemicylinder

Zi Location of the -z end of the hemicylinder

WTS Multigroup weights to be assigned to this region

,,-m (12b.17) ZilEMICYL+Y Ten character alphanumeric geometry word (Note that this

( ) "hemicylinder"corre3 ponds to that half of the CYl.INDER for

which y > 0. See Fig.12.)
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MIXNO Mixture number to be assigned to this region

RXY Radius of the hemicylinder in the xy plane (Note that the

cylinder of which this is a part would be centered at x=y=0.)

Z2 Location of the +z end of the hemicylinder

Zi 1.ocation of the -7 end of the hemicylinder

WlS Multigroup weights to be assigned to this region

(12b.i8) ZilEMICYL-Y Ten character alphanumeric geometry word (Note that this
"hemicylinder" corresponds to that half of the CYl.INDER for

w hich y < 0. See Fig.12.)

MIXNO Mixture number to be assigned to this region

RXY Radius of the hemicylinder in the xy plane (Note that the

cylinder of which this is a part would be centered at x=y=0.)

Z2 Location of the +7 end of the hemicylinder

ZI Location of the -i end of the hemicylinder

WTS Multigroup weights to be assigned to this region

(12b.lh IlEMISPilERE Ten character alphanumeric geometry word [ Note that this
' hemisphere" corresponds to that half of the SPilERE
(centered at x=y=z=0) for which 7 > 0.1

MIXNO Mixture number to be assigned to this region

RXY Radius of the hemisphere in the xy plane

W1S Multigroup weights to be assigned to n eion'
,

(12b.20) IIEMISPilE+Z Ten character alphanumeric geometry word [ Note that this

" hemisphere" corresponds to that half of the SPilERE
(centered at x=y=i=0) for which i > 0.1

MIXNO Mixture number to be assigned to this region

RXY Radius of the hemisphere in the xy plane

WTS Multigroup weights to be assigned to this region

(12b.21) IIEMISPilE-Z Ten character alphanumeric geometry word [ Note that this

" hemisphere" corresponds to that half of the SPilERE

(centered at x=y=/=0) for which / < 0.]
MIXNO Mixture number to be assigned to this region

RXY Radius of the hemisphere in the xy plane

WTS Multigroup weights to be assigned to this region

(12b.22) IIEMISPilE+X Ten character alphanumeric geometry word [ Note that this
" hemisphere" corresponds to that half of the SPilERE

(centered at x=y=i=0) for w hich x > 0.]
MIXNO Mixture number to be assigned to this region

RYZ Radius of the hemisphere in the yi plane

WTS Multigroup weights to be assigned to this region
.

k
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- N (12b.23) 11EMISPHE-X Ten; character alphanumeric geometry word [ Note that this

~ y) " hemisphere" corresponds to that half of the SPIIERE -
. (centered at x=y=z=0) for which x < 0.]

MIXNO Mixture number to be assigned to this region

RYZ Radius of the hemisphere in the yz plane

WTS Multigroup weights to be assigned to this region

(12b.24) IIEMISPilE+Y Ten character alphanumeric geometry word [ Note that this

" hemisphere" corresponds to that half of the SPilERE
~ (centered at x=y=z=0) for which y > 0.]

MIXNO Mixture number to be assigned to this region

RXZ Radius of the hemisphere in the xz planer

. WTS Multigroup weights to be assigned to this region

(12b.25) IIEMISPilE-Y Ten character alphanumeric geometry word [ Note that this

" hemisphere" corresponds to that half of the SPilERE
(centered at x=y=z=0) for which y < 0.]

MIXNO Mixture number to be assigned to this region

RXZ Radius of the hemisphere in the xz plane

WTS Multigroup weights to be assigned to this region

12c. The ARRAY BOUNDARY Card

(( If NBOX=0 [c.f., item (5) of the KENO Parameter Card], the ARRAY BOUNDARY card
should not be entered.

If NBOX > 0 [c.f., item (5) of the KENO Parameter Card], the ARRAY BOUNDARY card is

required only if one uses the Basic Geometry Description Cards to describe regions outside the

array.

The ARRAY BOUNDARY card, when required, should be placed immediately after the last

Basic Geometry Description Card for the last " box type'' and immediately before the first Basic
Geometry Description Card for the region (s) outside the array.

Seasoned KENO users will recognize the " array boundary card" as the " core boundary card."

Indeed, the CSAS2 control module will recognize and accept this card in any of the following

formats:

ARRAY BOUNDARY . m, X2, Xi, Y2, Yi, Z2, Zi, w

ARRAY m, X2, X , etc.

ARRAYBDY m, X2, Xi, etc.

ARRAY BOUND m, X2, Xi, etc.

. CORE m, X2, Xi, etc.

' CORE BDY m, X2, Xi, etc.

CORE BOUND m, X2, Xi, etc.

g CORE BOUNDARY .m, X2, Xi, etc.
y

.<

S
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The word ARR AY or the word CORE must bei n in column 1. If two words (such as ARRAY

BOUNDARY) are used, they must be separated by t single blank. In each case, two or more blanks

must be used to separate the alphanumeric keyword (s) from the remaining numene data:

m L)ummy constant. User should enter 0 in all cases.

X: Location of the +x surface of the array

Xi Location of the -x surface of the array

Y: Location of the +y surface of the array

Yi Location of the y surface of the arra)
Z: Location of the +i surface of the array

Zi 1.ocation of the -i surface of the array

Dummy constant. User should enter -0.5 in all cases.w

Note that the array dimensions AX s = X: - Xi, AY s = Y:- Y, AZ s = Z2 - Zi must exactly

equal the sum of the corresponding dimensions of the boxes in each of the three directions. (C'.cck

the dimensions of the various " box types" and the arrangement of these boxes in the array as

described by the Mixed Box Orientation Data entered below.)

12d. The REFLECTOR Card

if NBOX=0 [c.f., item (5) of the KENO Parameter Cardl. the REFl.EClOR Card should not

be entered. If NBOX > 0, the R EFLECTOR Card is optional.

The REFLECIOR Card (also known as the " automatic reflector card") o'ften provides a

consenient mechanism for modeling a large homogeneous medium outside the array. Correct usage

of this card is described in Appendix C. When used. it should be placed immediately before the

END GEOMETRY card. It has the following form:

REFLECTOR M AT, TX2. TXI. TY2. TYI, TZ2. TZl, IDWT

The word REFLECTOR must begin in column I and be separated by two or more blanks from

the remaining numeric data:

MAT Mixture number the user has established for the renector material. (See presious

remarks.)

TX2 Thickness of the reDector on the +x face of the array

TXI Thickness of the reDector on the -x face of the array

'I Y2 Thickness of the reDector on the +y face of the array

TYl Thickness of the reDector on the y face of the array

TZ2 Thickness of the reDector on the +i face of the array

TZ1 Thickness of the reflector on the -i face of the array

IDWT ID number corresponding to the set of pre-calculated weights for the re0cetor

material. See Table A.5 for a list of ID numbers to be used with selected
materials. For other materials, see comments in Appendix C.

G

.i
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,m,

( ) Note that TX2, TXI, etc., must each be greater than or equal to zero since they represent the
"

" thickness" of the reflector in various directions rather than the " location" of various surfaces.

Note: In general, one should descr;be the region surrounding the array using the Basic

Geometry Description Cards or the automatic reflector card, but not both. In special cases both can

be used, but the user should exercise caution in selecting weights for those basic geometry regions

between the array and the automatic reflector (c.f., Appendix C). In such cases, the outermost region

described by a Basic Geometry Description Card must be a CUBE or CUBOID and TX2, TXI, etc.,

will represent the thickness of the reflector on the respective faces of the CUBE or CUBOID.

12e. The END GEOMETRY Card
This card signals the end of the Multidimensional Geometry Specification Data and is always

required. The words END GEOMETRY should be punched in columns I through 12 with a single

blank im'ocdded between the two words.

13. Mixed Box Orientation Data
As noted in Appendix C, KENO-IV allows the user to describe all or part of the geometric

configuration as an " array of boxes." If the user employs that aspect of the geometry package and if

(in the Multidimensional Geometry Specification Data) he has defined more than one " box type,"

then he must include the Mixed Box Orientation Data to dessribe the position of each " box type"in

N the array.

nj Two schemes presently exist for entering the Mixed Box Orientation Data. The first scheme

requires that the user explicitly describe the position of each " box type"in the array. That is, for

every positioh (i, j, k) in the array,' the user must enter a number in) designating the associated " box

type." This scheme has two or three distinct advantages: First, there is a clear and obvious
one-to-one correspondence between a sketch of the array as superimposed over the physical system

and the data entries as they are punched on the input cards. This makes preparation of the data very

straightforward and reduces the chances of making an error. Secondly, the user must keypunch only

one number for each position in the array. For small arrays having a large number of box types

interspersed in a relatively random fashion, this feature is particularly attractive. The second input

scheme requ;res that the user implicitly describe the position of each " box type"in the array. That is:

the user enters one or more sets of instructions, with each set of instructions telling the code to

assign a particular " box type" to one or more positions in the array. The first set of instructions

may, for example, assign one box type to every pcsition in the array. Subsequent instructions may

redefine the box type associated with any portion of the array. This scheme is especially convenient

whenever one has a large array with relatively few " box types" arranged in isolated clumps or

distributed in a reasonably periodic fashion.

Note: The user is free to use either the first input scheme or the second input scheme, but not

both. 1

!

s

*i = 1 to NBXMAX;j = 1 tc, WBYM AX; k = 1 to NBZMAX.
' a);
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13a. Point-by-Point Input of the Mixed Box Orientation Data
Note: Mixed flox Orientation Data should be entered only if NBOX > 1 [c.f., item (5) on the

KENO Parameter Card]. If required, the first item (IBGN) should be the first item of a new card.

The remaining data may extend over as many punched cards as necessary.

The Point-by-Point input scheme requires (2+NBXM AX*NilYM AX*N BZM AX) entries. I hey

are;

IBGN

(((N(i. j, k), i = 1. NBXM AX).j = 1, NBYM AX). k = 1. NBZM AX)

LEND

IBGN and IEND are dummy flags used by the input processor. The user should enter an integer

zero for each of these. N(i. j, k) represents the " box type" associated with position (i. j. k) in the

array. T hey are read in a f ree-form format using the implied do-loop shown above. For those not

familiar with FORTR AN. the ordering of the input should correspond to Table 2 as read from lef t

to right.

~1 his first input scheme is most consenient wheneser one has a small array or a relatisely large -

number of box types interspersed in a semi-random fashion. Thus, the Mixed Box Orientation Data

required to represent the experimental configuration illustrated in Fig. C.2 (c.f. Appendix C) may

be written quite simp!j as:

0 1 2 3 4 5 6 0

1.ikewise, the Mixed Box Orientation Data for the BWR fuel assembly show n in Fig. C.4 (c.f..

Appendix C) may be written as:

0 3 2 2 2 3 3 4

I I i 5 1 2 3

I I I I I I 3

1 5 I I I 5 2

I i 1 1 I I 2

I I I 5 I I 2

2 1 I I I I 3 0

Note that it is consenient (but not necessary) to " spread the data out" over sesen data cards so

as to maintain a " clear and obvious" one-to-one correspondence between each dat' entry and eacha

fuel pin in the assembly. Note also that Fig. C.4 uses a left-handed coordinate system to describe the

fuel assembly. For a gisen problem, the user may use either a right-handed system or a left-handed

system provided he is consistent throughout. That is: the orientation of the coordinate system used

to describe the geometry within each box must be the same as the orientation of the coordinate

system used to describe the Mixed Box Orientation Data, which must be the same as the orientation

of the coordinate system used to describe the reflector surrounding the array (if any). As a final

example of when this input scheme is most convenient, the user is referred to the shipping cask
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bO
Table 2. Order in which the point-by-point mixed box orientation
data is to be entered. (Read row-by-row, left-to-right.)

' N(1,1,1) N(2,1,1) N(3,1,1) ~ N(I,1,1)....

N(1,2,1)- N(2,2,1) N(3,2,1) N(I,2,1)....

I .(1,3,1) N(2,3,1) N(3,3,1) N(I,3,1)N ....

. . .

: : : :
N(1,J,4.) N(2,J,1) N(3,J,1) N(I,J,1).....(

' N(1,1,2) N(2,1,2) N(3,1,2) N(I,1,2)....

N(1,2,2) N(2,2,2)' N(3,2,2) N(I,2,2)....

d(1,3,2) N(2,3,2) N(3,3,2) N(I,3,2)....

. . . .

: : : :
N(1,J,2) N(2,J,2) N(3,J,2) N(I,J,2)g ....

' N(1,1,3) N(2,1,3) N(3,1,3) N(I,1,3)....

N(1,2,3) N(2,2,3) N(3,2,3) N(I.2,3)....

N(1,3,3) N(2,3,3) N(3,3,3) N(I,3,3)
i

....

. . . .

: : : :
, N(1,J ,3) N(2,J,3) N(3,J,3) N(I,J,3)....

'.
.

(:
.

.

(

' N(1,1,K) N(2,1,K) N(3,1,K) N(I,1,K)....

N(1,2,K) N(2,2, K) N(3,2,K) N(I,2,K)....

q N(1,3,K) N(2,3, K) N(3,3,K) N(I,3,K)....

. . . .

. . . .

N(1,J,K) N(2,J,K) N(3,J,K) N (I ,J , K)....,

R

where I = NBXMAX, J = NBYMAX, K = NBZMAX
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problem illustrated in Figs.15 and 16 (c.f., Section 8). The array corresponding to the " core"of the

shipping cask measures 19 X lI X 1 and has 19 unique box types. The Mixed flox Orientation L)ata

for that array is most conveniently written as:

0 6 5 2 3 2 4 2 3 2 1 2 3 2 4 2 3 2 5 6

13 12 8 9 10 11 10 9 8 7 8 9 10 11 10 9 8 12 13

6 5 2 3 2 4 2 3 2 1 2 3 2 4 2 3 2 5 6

15 17 15 16 15 14 15 16 15 14 15 16 15 14 15 16 15 17 15

2 18 2 3 2 1 2 3 2 4 2 3 2 1 2 3 2 18 2

8 19 10 9 8 7 8 9 10 11 10 9 8 7 8 9 10 19 8

2 18 2 3 2 1 2 3 2 4 2 3 2 1 2 3 2 18 2

15 17 15 16 15 14 15 16 15 14 15 16 15 14 15 16 15 17 15

6 5 2 3 2 4 2 3 2 1 2 3 2 4 2 3 2 5 6

13 12 8 9 to il 10 9 8 7 8 9 10 11 10 9 8 12 13

6 5 2 3 2 4 2 3 2 1 2 3 2 4 2 3 2 5 6 0

As noted before, this data string must begin and end with a zero when the point-by-point input

mode is being used.

13b. Implicit Definition of the Mixed Box Orientation Data

Note: Mixed Hox Orientation Data should be entered only if NBOX > I [see item (5) on the

KENO Parameter Card]. If required, the Mixed Box Orientation Data should begin on a new card.

It may extend over as many punched cards as necessary.

With this input scheme, the user enters one or more " sets of instructions." with each set of

instructions telling the code to assign a particular " box type" to one or more positions in the array.

Each " set of instructions" contains eleven items:

LTYPE, IX I, IX2, INCX, lYI, lY2, INCY, IZl, IZ2, INCZ, IENDD

LTYPE Number corresponding to the particular box type. Note that one must

have i G l. TYPE G NBOX where NHOX was specified as item (5) on

the KENO Parameter Card.

IXI, IX2, INCX Do-loop indices which determine the frequency of occurrence of the

particular box type in the X direction (see explanation helow). Not:

that one must have I G IXl G NBXMAX, IXl G IX2 G NHXM AX.

and i G INCX where NHXMAX was specified as item (6) on the
KENO Parameter Card.



. ._

C1.77

lYI, lY2,~ INCY Do-loop indices which determine the frequency of occurrence of the

particular box type in the Y direction (see explanation below). Note
that one must have I C lYI C NBYMAX, lYl 4 lY2 < NBYMAX,

and ~1 G INCY where NBYMAX was specified as item (7) on the

KENO Parameter Card.

IZl, IZ2,. INCZ Do-loop indices which determine the frequency of occurrence of the

particular box type in the Z direction (see explanation below). Note
that one must have 1 G IZ14 NBZM AX, IZ1 < IZ2 G NBZMAX,

and i G INCZ where NBZMAX was specified as item (8) on the

KENO Paran ter Card.

IENDD Flag that signals the end of the Mixed Box Orientation Data. Enter a I

(or any non-zero integer constant)if this" set ofinstructions" represents-

the end of the Mixed Box Orientation Data. Enter a 0 if more
instructions are to follow.

Each set of instructions causes the code to assign the specified " box type" to one or more

positions in the array as follows:

2 READ (n, m) LTYPE, IXI, . . . , IENDD

DO 3 K = IZl, IZ2, INCZ !

\ DO 3 J = lYl, IY2, INCY

DO 3 1 = IXI, IX2, INCX

3 IPOSN (1, J, K) = LTYPE I

IF (IENDD.EQ.0) GO TO 2 !

For those not familiar with FORTRAN, each " set of instructions" effectively assigns the ,

|
specified box type to each of the array positions (i,j, k) listed in Table 3.

This second input scheme is most convenient whenever one has a large array with relatively few

" box types" arranged in isolated clumps or distributed in a reasonably periodic fashion. Thus, the

Mixed Box Orientation Data required to represent the situation illustrated in Fig.13 may be written

as:

2 1 9 1 1 10 1 1 1 1 0

1 I 5 I I 5 1 1 I I I

and the Mixed Box Orientation Data required to represent the situation illustrated in Fig.14 may be

written as:

1 1 15 1 I 11 1 1 1 1 0

2 2 14 3 2 10 2 1 1 1 0

3 3 12 3 3 9 2 .I I i 0

O)
3 4 13 3 3 9 2 I I I I

\
%

l
1

i
i
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Table 3. Positions in the " array" defined by a single set of instructions

'POSN(i ,j t ,k ) POSN(i ,j t ,k ) POSN(i.d,jt,k ) POSN(12.jt,k )tt t t t . . ...
A

OMUt .jA,k ) POSN(i 'jA,k ) POSN(i ' A, 1) MW2.j It tA B A'- - -

2,j 1)( POSN(i ,jg,k ) P0 M Q ,j ' I 1t t - - - B,A B B' B,
, ,

. . . .

POSN(i ,j2,k ) POSN(i ,jp,k ) POSN(i , 2,k ) W 2.j2,k )ti t t t - - -g B

'POSN(i ,j t ,k ) POSN(i ,jt,k ) POSN(I '$1' 2,jt,kt - - -

A B t. A
POSN(i ,j ,k ) POSN(i ,j ,k ) POSN(i ' A' A 2,jA' A1 - - -g B

(POSN(i,j 2,jt B' A A' B' A B' B' A B' A- - -

: : : :
. . . .

POSN(i ,j2,k ) POSN(i ,j2,k ) POSN(i ,j2,k 2.j2,kt - - -
g B A A

[POSN(i ,j t ,k ('A'$1' B B,jt, 2.jt,kt . . .-
B B

POSN(it,jA,kB A' A' B B'd , 2.jA' B. . ..
A

(POSN(i,j3,k ) PO M G '5 ' B B' B' B B' B2.jt - - -g A B
: : : :
. . . .

(POSN(i ,j 2,k } ('A,j2,k ) ( ,j2,k 2.j2,k )t - . .

B B B 3

f.

.

.

( -

.

.

(

IPOSN(i .j t ,k2) POSN(i ,j t ,k ) POSN(i , to 2) M W 2.jt,k )t 2 2- - -

B

POSN(i ,j ,k ) POSN(i '$ ,k ) POSN(i 'd , 2 (1 ,jA, 2)2 2i 2 - - -

A A B A
(POSN(i,j 2) W '$ , 2) POMU2 jB, 2)M W ' B, 2)t B, A B

. . ...
B

, ,

. . . .

. . . .

(POSN(i ,j2,k ) POSN(i ,j2,k ) POSN(i ,j2,k ) M W 2,j2,k )2t 2 2 2 - - -

B

1 + 2Ai, etc.IX2, Ai = INCX; iin - IX1, 12 t + Ai, iA" ==
B

IY2, Aj = INCY; J =jt +M, jB " $1 d'*"*ja = IYl, j2 =
A

IZ2, Ak = INCZ; k =kt + Ak, kkt 1 + 2M , etc.121, k2= ==

B

E
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.

J =iO 2 .2 2 2 2 ! 2 2 2 2

2 2 2 2 2 2 2 2 2
2 2 2 2 2 2 2 2 2

2 2 2 2 2 2 2 2 2

a 2 2 2 2 2 2 2 2 2
Y

i i i i 1 2 2 2 2
1 1 1 i I 2 2 2 2
i i i i i 2 2 2 2

i i f i 1 2 2 2 2

J=1 i i i i i 2 2 2 2

I=1 X-* I=9

Fig. 13. An " array of boxes" with
rela vel few " box types" arranged la

G
,

U :

J=ii i i i i i i i i 1 4 i i i 4 1

1 2 i i 2 1 1 2 i i 2 i i 2 1

1 1 3 3 1 3 3 1 3 3 1 3 3 i i

i 2 1 1 2 1 1 2 i i 2 1 1 2 i

i 1 3 3 1 3 3"i 3 3' t 3 3 1 1

"
Y i 2 i i 2 1 1 2 i i 2 1 1 2 1

1 1 33 1 3 3 1 3 3 1 3 3 i i

i 2 1 1 2 1 4 2 i i 2 i i 2 i
i 1 3 3 1 3 3 1 3 3 1 3 3 1 4

4 2 1 1 2 1 4 2 i i 2 i i 2 i

J=1 i i i i i i i i i i i i i i i

1-i X --* I=15

... 41d'; "."*::i' ;!a:"I:"JE '''**"'' ''" "' " *"""
,

#

v

__ . . - - _ , . . . . - .- ,- -- ~.
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14. END Card for the CSAS2 Analytic Sequence

If several KENO cases are to be run back-to-back, the data for the next KENO case . hould be<

entered here.

After the last card of the last case, the user should terminate the CSAS2 analytic sequence by

including a final card with END punched in columns I through 3.

O

,

Ot

G

-
- --r,, - w , - - . . . - - . - - - . . - , - ,n,- , , - - .. ,- - - - , . ,
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I 7. CSASI SAMPLE PROBLEMSj

Listed below is the input for three sample problems and the output for the third. The first case

is a lattice c' ell calculation for a' square assembly. The UO fuel pin is clad with zircalloy and2

surrounded by water at 0.718 gm/cc. This density corresponds to a typical PWR at operating

temperature and pressure. Other parameters such as the enrichment of the fuel, the temperature of

the various materials, and the dimensions of the unit cell, may all be inferred from the input data

listed below. [ Pitch = 1.430 cm, Dia(UO2) = 0.9296e cm. Clad (ID) = 0.94844 cm, Clad

(OD) = 1.07188 cm].
The second case is a multiregion problem in slab geometry. It features a dense uranyl-fluoride

solution inside a plexiglass container immersed in water. The fissile solution contains 570.8 grams of

heavy metal per liter and has no excess acid. (Uranyl-fluoride, unlike other fissile solutions, typically

has no excess acid. For that reason one normally enters AML = 0 for this particular solution).

Experimental results show the critical thickness of the fuel to be 5.384 cm, or t/ 2 = 2.692 cm. This

half-thickness is used in the present model along with mirror-like reflection on the left hand

boundary. To account for tne finite dimensions in the other two directions, the experiment was

modeled as a buckled slab (DY = 71.58 cm, DZ = 147.32 cm).

The third case is a multiregion problem in spherical geometry. It features a plutonium-nitrate

solution inside a stair.less steel tank surrounded by water. The fuel in this experiment consisted of a

(m} 0.52 molar nitric acid solution of plutonium-nitrate. containing 24.4 grams of heavy metal per liter

() of solution. To illustrate the use of the Optional Control Parameters, an S4 calculation was specified

in lieu of the standard Si calculation. The output for this problem has also been included below. A

number of pertinent comments have been written directly on the printed output. It is hoped that this

approach will make the task of interpreting the output somewhat easier.

/3
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Table 14 Input for CSAS1 Sample Problem No. 1

=CSAS1
L ATTICECELL C ALCULA TI ON FOR A WE S TI NG H OU.3E 15 *15 PWR AT OPER. T&P218GRO UPND F 4 3 3 4 LA TTICECELL 0 0
UO 2 1 0.95 1000 0 92235 3.3 92238 96.7 ENDZ IR C ALLO Y 2 10 605. 0 E ND
H 2O 3 0.719 581.O END
SQU AR EP ITC H 1.430 0.92964 1 3 1.07188 2 0.94844 0 ENDEN D

Table 5 Input for CSAS1 Sample Problem No. 2

=CSAS1
CRITICAL SL AB E )PER I ME NT USI NG UR ANYL-FLCRIDE SOLUTION
123GRO UP GM TH 3 3 3 MULTIREGION O 1
SOLNUO 2F 2 1 570.8 0 1 295 92235 93.2 92238 6.8 END 0
PLEXIGLASS 2 1 END F
H2O 3 1 END 0)
BUCKL ED SLA B VAC UUM R EFLEC TED 0 71.58 147.32 END "
1 2. 692 ON EE XTE RMOD
2 4.597 NOEXTEAMOD
3 24.917 NOEXTERMOD
END

Table 6 Input for CSAS1 Sample Problem ..b. 3

*CS451

LR I T IC AL P U( NO314 SOLUTI ON IN A SS SPHERICAL T A NK R EFL ECT ED BY W AT ERHANSEN-ROACH 33 3 MULTIREGION 1 1
SOLHPU(NO3)4 1 24.4 .52 1 295 94239 95.4 94240 4.6 END. SS304 2 10 EN3
H 2O 3 1 END
SPHER IC AL VAC UUM REF LEC TED 0 END
1 19.304 ONEE XTER MOD 2 19.426 O NEE XTER MOD 3 39.746 NOEXT ERMODI SN = 4 SZ F= 1. 5 E ND
END

e O O
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)

?*

P#tmARY NODULt ACCESS AND INPUT RECORO E SCAL E 04 tvf 4 - JUtY 6,19709 @IT MlWR PRINTS NIE M NIS M.*
.. ;

DE OR FORE COPUROL PGLLIS PMY BE ACCESSED #9tTIPLE TIPES#0Dutt C5451 wiLL BE C ALLEO T!"E OF DAY 12.45.47 OATE 78.245
- ! IS P DES A W OF WT

''

CRITICAL PutNO3s4 SOLUTION IN A $5 SFMFelC AL T AM REFL ECTED BY WATER
MANSEN-GOACH 3 3 3 MULTIREGION 11 MS D0ff.
50LNeutNO3 84 - 1 24.4 .52 1 2:5 94239 95.4 94240 4.6 END'55304 2 1.0 END
M 20 31 ENO . Itf SOLE DRIVER ALTTUPETICALLY PRINTS A COPY OF TE$SPwfmICAL VACUUM #EFLECTED 0 *ND IPFUT DECK EXACILY AS IT *S StartITTG.I 19.304 ONEEITERN00 2 19.426 ONEEXTE443D 3 39.746 NOEXTERmDO -
15N=4 SZFel.5 END
E ND

,

MODULE C5sSt IS FINISHED. USEm (Om8tETION CODE 0000. CPU ft4E USED 25.25 (SECOND59. 1/O'S USEO 2227

COPFLETION CODE E IEICATES T>%T ALL PROGRAMS CALLED

BY THIS CONTROL PODLLE hERE ftKEESSFLLLY EXECUTED.

C'3

IHIS "FIRST PAGE" 0F OUTPUT WILL BE PRINTED BY Tif PRIWR ON A LNIT CALLED SY31!I. 00
IE 00NTROL PODtif CASD WILL PRINT ITS OUTPUT ON FT99 AND TE FUNCTIONAL PGLLES La

GKNMI, NITE XSDNTO WILL PRINT TEIR OUTPUT ON FI@, SLIUECT TO TE ORDER IN ,

4110t TESE MtEE LNITS ARE PRINTED, THIS MAY OR t%Y PCT BE "T}E FIRhi PAE" ACTUALLY

PRINTED AT AN01HER INSTALLATION.
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6 chrom!UM ENCF/&-IV MAY 1194 $5-304 WT 24304
Y M ANG ANES P-SS ENOF/8-I V 4AT !!97 25099
8 I#ON ENOF/ P-IV 4AT !!92 55-304 WY 26304
9 NICKEL ENUF/8-IV MAT 1190 $$-304 WT 78304

to Pu-239 HANSEN ROACH 94239
14 PU-240 MANSEg e0ACM 94240

MYOROCEN DE/E MAN 5EN RO ACH 1004 TEmpfe&TueE. 295.00
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0 0 0



s

C1.97
x

Tj

s

'EN m
~

2i 111: 1
M

3!i
M J 5
M 8 E

>=

2
-

M

g agjs
W 1M

.E5 g "* ~ nY~ ' nz5 "5 E Ee d ,, *3
-

O O O OO O O O q us O O O OO O O O Q g3 { st $ N $| $,
* *w z - - < . e e ee , ,

N N N N g C3 h N N es N

E N a
g |F E ! g:

- . . . .. . . . tad Ina w taa
tas tas tas has

5 5 5 5 W" W 9 8 N 5 .5 5 5 5 58 ~

. > - < - u. . .- > >
4 4 4 4

4 4 4 4 A
A E * 8 EE E E e g- W W W ep

tas the tee W w

E9 w tas to enaw w w ep
* * * * " "

8*- " " * *
O O

O N -

8 $ 2* *
O < * ee.e . -- e e4 O O O

.e .e O. .em* O EP
. O . . N Nm . O

f. * 1. A 8 2 * ****
. . O

*4 4 4 4 4
3. .. . . .

- -

==O

F
E 3

.. O O

a, " a dt
-- e ,

O w w . e
F F F S s 2
** w e
> O - * * e ** * 0

.J > 5 W u Ib
- E a F u O O tee .s

at e C ese 9 es "D w
- eu en a %9 e e en

e e e e Ow J an a
.to , O. O Jw v F O

O d 43 3 w U Z m Gmr>r3 7 -: ' E O -.
w O e J OO O w E w

.a =.= , =.= - - . ON .. O

5s E. *. ** *
.F 5m V. W 5 s.

* *
O

e c. . . . .O
o. >. - .

> J J O O te a em e K ..O
O.w o o - ENS. ..

e we e >Oe- tas au O
tee @ O .O eF > > 1 b p e e

em F F == F s.e4> OO
8 z z"" *~ ~

r F r .
* ***- Y WW W ~ i ,

o. O O O.g
5

y.O O * * *" "
O. O.

O.
F er > ., O . > , = F
tse w 3 O F O C *= e* O w w
en so F F e O en en > us en
F F 4 W w w w me las E F F

O. O.
> e eO w O w # e6 m aes W O e O e e

.E. > + z 1z . e . < - . x e > s F
t *= 4 en e e e > e > 44 3 OO O

/.,>
*8 ; ; 5 a ,. ? $*; S ., . 4 > .

O. O. O. O.- . . # en a w- - m

5...*O
- a u-

~ O O a 0000 O -e >
1 8 .i.

* *
:" I E: 7 O.

.

. s . , > O -. ~,. -
. . - - ., . . .

= -
as me ** I > a g as t N q .e O o .a ens

E i 1 0 > > ** 3 OOOO tas O . P se > O

h W 'w w w . > e
. N. e. O e tn > .F.

e>
. e . a . OO O . O- . . -

#-'Ot D O z ena e a e U es == =* U y >
e F ek ina > J .e O .A I e4 O 4 N. e

end ==
D I% esa = > - a= ** *

as.4
>' ==s F tane* * O v

u p > er g as y , E 3 E 3 W == se f e e 3
an e usF WE 4 4 > 0 > 3 aE 4 laA Q g se e .su ,e

6 % 3
e e e F == m th

== N 4 .e O > % O
==F F 4 W taa 'E taa tad F >
>tse t O e e a w tas O ee O N * u

the w O ab e O 9 O 6 F es ta 2 tb F
F en w a 4 > nas .e y a N e O s aan C O O ene o

me 4 ^ E to E tb I ha. ed eA

12 aF T K 7 %' 4 .2E E 5 3 y -* W .*

o o .F O e . F==
, . . -- .. - 2 3 . O, s c v ~ N s

** I t ta,> > 1 - 4 en e4 > @ the ** Q ** d Oe>ee o to ** ts* e.O *x* 'C e at e F 3 3M se U E tas e O & - x 4 O 4
e. saL'

E a 6C C & W & en m e r E T E > >-O ens

k

4



C1.98

0
9
z

0
W
Y v
E'm

35-
g89
28d
g--Z b
Mg. .

$ k' M Ehb
- _

f ~ )

mkede+eddeo
MO O mm OrOOmd
* O OO PommnN

@ >@ dve@44
NNNNee

00000000000
w==========

e

en
WO
O
~4
JE

5
e
0

hu
OO
Ea
ww
em e

,3 ,@
O.

4 u

Eo M
N >
m X O

W N
> > e
4 EXZKZK ZK O

Ouuuuu vu
e uw4444 44
h dem 000D0 00
%* N** EEEEs #w

OO 4 F2FFF> T2 0
%d wwwwww2 ww O
@J de@wem >++ >
OO OFFFFF4 EFF

& 4444440 > 44 O
O >K3EEZ* E9ZZ E
we I> O 4
>4 WPdm
4 *mnf e
w@ mm@ M
sw w gM e
Y OWY O

w M m4mO %
WW & my p p

44 3 NH
EU C WDpm @

m emm e
w> Q& E $mb
&E D e 4
nw FC >%>E
We De Mme

4 so IDFD
O& > er = 0
7 DJ %w>9 w
mW we m we e
WZ XE WW Oes% 3
Ek a %% Feet
O &W ww w9%O >
EL OZ 00 wsE 6

O O > Eeuw O
E mm EE2 Dw2 u
sw w> www wrwa
DJ wwW UUUF234 WFO w
*> tre UDOwwoO2mme &
MM 43w SSsOOSFOuMN 4
> >2m OD>>>Z4mm 9 0 >

M >>wMMuIw233
W ZZZOO &&

"Z Z
>>

0
!

~-



. _ __ _ _ - - - - - - - _ - _ _ _ _ - -

Clo99
A

- I
s
N

...... .............................. . - >

.. .... .. k

.2 .. ... .. h>
.. . .. > > , .

. .e .- >.. .. .
.. .. .. . .. > %..... .. . e. . .. >> . .

.. .- e >>.
.

.. ..

.. .

. ............... .....
. .. .. p

.. ....e......... .. . >
>.

....... .... . e. >

IIIIIIIIIIII 088888888880 => ** *****
c *

EE{E
O 8= > P= ort en ett art en e

= O *= > P. s= c ars en e en e
= O > s= * * * = ori e ee ee4

i EE '2O OO 8* em em > > c Ws ee e en

IIE
'.J O CO * = > **>p=> er$ * * art W enWE

7F
i

O CO > * = > . = . * > * = ort e en en es en
D CO pm pm > > Om en ert ee en ett

- O OO >> 5% W4 ee e W1
WW DD DD k .= c ers en en en e

W81KE7771KET GCCCOOOOCCDO Om 0m >= O W% e e c e en e m% e
EEFF25FSFEIE O C' O O O O O O O C >>> en ert en e en e W' Ws en

GL.... M M %
...... MM MM %%

.. MM MM %%... .. MM MM %%
. .. MM MM %% e e e e

.. .. MMMM %% e e o e. .. MM %% e o e
e.. .. MMMM %% e o e

.. . MM MM %% e . . .

.. . MM MM %%

................. MM M 35 %%.. MM MM %%
. ....... M M %

.

55 55 55555 A5I M N :: N 33 .333 3.M
MM MM NN es NN . .. ..

22 MM MM es ce N NN 4@ 4@ 4.
ZZ MM MM N es se ce N ee ee e4FE M M N Dr ce ee ce ce ce 4e e@ e

2F MM es es ce NN 4@ d@ d4
E2 MMMM fe ce N NN 44 44 44

E{{F
MM MM *e se ce me N @d ee edMM MM eu te N Pe N e@ @@ @qs s MM MM es to N es N 44 .. @w

E ' s' i t u' I ' m' a' a' ' ** ** ~~~ ~~ ************
g a , M M NN NN ..........

\.'

EEE.E EE M M OMOOOO 49
EEEEEEE SEE MM MM 00000006 ..
EE EE EE NM MM DO DO ,.. 49...EE SEME MM MM OO OO ,,, ..
66 EME MM MM es O CO- ege4+4449449
EE EE MMMM fi e 60 +@ @4

# :: == M: 88 88 +: ::M ,
'EE MM MM OO OO de *+EE 'EEa EE NM MM CO DO d4++EE EE NN M Dr OO OO dd*

EEEMEMEE.efEEE MM HM D0000000 44
EEEEE.EE EEE M M 000000 0

088888888880 m::: ee:::: 2%
OO 90 .e em Se %%
OO DO .e e .e %%

O O ee-Og e ee %% e o e aO #e S 8% ee %% e e o e

80 00 .e em ee %% e e o eO DC em me we %% e e e eCO DO e. me me %% e e oe
CO gO ee se me %sDO O ee em em g%

1 OOOOOOOOOOOO eeeeeeeeeeee s%
OOOOOOOOODOO e e e e e . es e e e e e %

*i e9 e4 e4 49 em em e4 *E eE eB ef 4 4 e5 4 ef 4 ppppp@ es N es ce ce N@@@P@&&gg@pyy&PP NNNNetN es cee4 e4 e4 M e4 em e6 44 e4 em af 4 *E 4 4 4 es et e 4 4
WD e4 e4 49 WD e9 44 44 @P PP @P NN et ete ce
em M e4 e6 44 W 44 4 et @P Pg @ NN PW NN
W9 e4 ao e4 e4 e4 88 4 et *E @@ @y @ N Pe N N *w
09 e4 e4 em e4 W g4 44 @@ @@ @@ NN N N esen en en em en WD e5 4 4 es @$ @& &D fe N N NN
e6 e4 em em M e4 e5 4 44 @@ PP PP NN N N es
en We en e9 en WD 4 at 4 et PP eP P PP N she N es ce
We en en w en e e5 4 ed as PP P@ @@ N es es ce ce
e4 We e4 e4 en e et en es 45 @@ @@ PP es N N es ce
te e4 en e4 en M e4 44 eR M 4444444eE444

P g @ @@ @P PP@ P@ N es es es Ne9 en et e4 49 M wt as 4 4 4 en et 4 4 as 4 y& P$ NN NN

N M

9"9 "9 "D *D "9 *D *D "9 "1 M M "9*D " "D "9 "9"D*9 *D *D OOOOOO9 89
MM MM 9 OOOOOOOOMM MM *B OO OO

MM MM *9 "9 OO OO se sie
MM MM *1 *9 OO OO se se

MMMM "'D *D OO OO * * * *
MM

"9 *9
99 OO OO o e se se ,e e.s se se se se se se se

MMMM OO OO se se ese se e e == es e's se es se se?* M MM 9 *9 OO OO es se s'* ee
; N:* ": 49 *8O OS* ::"

M
MM MM *9 ,*1 *t OOOOOOOO< M M , O00000

.

m-

;

^ v-

, , - - . __ . ._ _ _ _ . - . . , _ . . --



C1.100

9
xI
6

b G
>
m

ee
-t

Y
gb
N
a-> #

-.

W
w

Od40m"0& Om*OeDOO*OO C00000
000004 NN |

E e i 6 4
mw&www
000000> Z 000000e Z wJ u 000000

O e % # F4 m C00000
w o a > ECD e 00000e
>

=
% >Zy mNeQ o e o e e eF

v N F>& wiu mamme>
w % wo e>>==w
m u mee woFses

a E % &%s O m4e ZZ
3 F4 kW uw Uu

4 3 4. >w
ZD & O v e uwbeE see F

O &EIO>JwZ dwe 4 44
Jmw%F%eud m> Wm s h e'W =

o44mFwBw&s wewd w CeeF >
4 u F%44WO% %4 >>w>& v e
> w =wrE%9mWO% >==> WFwvat

e es% eO%sFW wh>44 IwueCL
J wwOFFwes3 s seu=QZ &dFunw
e M Ok tOOe%%>>w wF4 D wi & ssw

kw SworeOe gr4== OMMWh WCF"&su= 0 C4%>>>e Iw&% h34 % >SOSO
F g ue44 44dE%w E%%u 4 WFwwwr
w v WW%3WJE 3 90F WWwSWW gOp>
Z e dwwswdFFC sFF%ws a UF4WF
& 5 Dm%>> Q%% O F MOOw>C N ONod
e O *Cm== mmOme SFF %F %duwFe

s 4 % %%%m OE ms J44
* waNEE% 9NmN% >E 9 7N 84>4 Z&
W e O w % w us e % I AO r e es WWFru

e 40mF>%wm%m% FmFmem M DwmW 3
W & DCObw0

U"%%%%%OOOOO w mO&FwFF4 N Sg%F3m%%N%e
000mOtO0006 >

Z >> u 3> > W >> w FW=F
=

> Fu>ffsZseme FEN =UD 9 Wuu&&>
F O 4 edw=uukE&Oh 4044E& 4 >&>FOFK
O F > =====>w==== ww==== a &w&MwM
w w 4 4 5
> J U & Oe

# EFD
b b b $ ew

F>- J w -
04e e > O

e m O a & mu
a u u emomOmm440m O 000000 O >O
e C & O enn m U O 4J

s F u
4' = * OdO J

F e J
h 4 = > @ JO

wp e U s y F 4 e o
a e o e e e O w w w Om > 0 O dm

* * * * * s F > & me > 3 J N NO

u
mw

w w
w w

e w w = & m >wme C m OOdOOO4mJ >J
= = Q g 3 4>W4 | e o e e o em

@ {m O s%wJ s COmOOO O4
E E E E E 4 m

= > > > > > @ k K J% s 30> M w
> F F F F F w 4 m 4E O UF%w 3 F >
> w w w w w w O e zwF e JeDe J N 00 4

% S&O M& s 4FF3 & e@FM uE p

F a w%= E3ee v% e%e% eF=> 0u e O N P N 3
m m * M O O w WJ> 3O&E OF#ew Omduws

W 0 24m CEDW Ow%dwu NJdwss
a >= F wwO Zu@Cw F Om>w medueme

9 m
w y Fe>O mI mWw%3W w ou3m3&
J J%QwC FQ> >w 0 F% mm3eCOF

s > MEusF>O ZvMm*> emSe www
* * @ * * u u*m DwGm4> QawmEu @mm E mm
4 4 4 4 4 e %wu >>JaFE e =3u ww woOsco e

> > > > > =
w WFeug W w33 m weak e DOHCwFJZ Z Z Z Z >
D FOE 44mwFwem 3W33wd OZub =Je

MNe>OEdwFOE % 063% 4 Zr=4
4 4 4 4 4 I s F e wueFmO wWE>>4 EZ
F S e a e * ESE 93m4Eska Fw >>F 33 Zew
a S e a a e s 60 OUPOUuo USP 8 JJO wwww
4 4 4 4 4 * e 6 me FWK 9Ee 44F4DWV*

w u eK% WCEEE6 we 3% >>w& @44

O u O O O u g mwwN>w2Wwww SEONEN FFJSw uv
m N m e e u & Ame%Ze-rete 3F%=% www%FC

4 NgwndEnKEEE mJ%mMm QQUJ4m*@
J %33%=3=3333 %CD%4% -w3>sCm>
4 -FFO.FEFFFF O>eOrO wwev&>ggg

w w o --
3 F wE Jew EO@> ONEFE> 1 v
= w wNfeswrozon wu&>>O >>E>Ne
O o =====rfwFFw ww=www ww@ COD

O

l



Cle101
- m.

Ii \
k, d

i
g ,'

* - ed40 m NNMO* eo C000 40 000040 g g I l a l i l 65** es, wwww w wwww> d POMP N * NeeN> se eP>p om memewu & mdde &m eeNPw s dedo sN meeN* 09000440m OdOOOmwamM e e e e e e o e e e o e e e e e
eOODNd>* *DOOd>me

e dedo
MO 0000 eem

Ne-O
OOOO#

4 I 4 9
w wwww

m I 6 6 4* w wwww* * Omed Q dNeO8 em emde em NEON3 &@ eedh &d etee
ae epee ad mNkh# UmOCOdCmO ODOOOON9ee e e o e e e o e e e e e e e e e

o eOOOmNem mOOOemmm
w >
> reedNNNNNmNm - Nedda a mNNOu *O0000000000 do D0000 40 0000w et ee t 6 e t I t i e t t i l e a mt 4 4 4s Fwwwwwwwwwww w wwwww w wwwww wed ekseeqOm 4 Ommed > teemw Ode memedw em ed OmmN6 ed mNdNa edmeMmeNe#O &e O@mm> &N NhdNSeMPemmhemmN WN ONNNP SN pm=NW Owecomee>>em OmOOmamN> GeOOOOOmm2 > e e e e e e o e e e o e o e e o e o e e e e e e e e ee neNe@medemek NCOmmmme eOOOeNNm>

J
e

= w O Nw.dem a mNmOe s eO C0000 mO 0000ew u u ef 6 0 6 P 4 e'* 0 0 0 Df N = * e> w Swwwm w wwww} N w >F N mOPNe e Ndme
a w w@Odeemheced so OedNP em eOem', f 3 , OZmemm O OeOO te ommem he deepg / & w zoNNCO O eOmm .N OmeNO se *NdNm_/ e a maed~e a deae OOeOdeOen GeOOOmoeee N199 NNNN e o e o e e e e e e o e e o e ee 4 mO mOOOPmNe OOOOWNmme > Wu

Q O me4de e ameOs

2
- 40 00000 No C000

=
* w 6 e i e i et 4 t lM e w wwwww w wwwwD e OeOmk - de4NF
m
K VmammmmmNNNN EN 094me ee 099OO =

m
he QemNm &O eNcN=

M
me Omm9e me deem> N W OmOONOmPP ch 0C.oemem3 e e e o e e e e e e e o e e& d mOOmmmNo eOOOnemmO u -e O

s o modem m emNO4
*

6 MO 00000 mo O000w 0 1 4 6 4 -O I l lm 4 y w wwwww w wwwwO > 3 O Omeme e emmeF e > em Omeme se memeO M Em ONOPN &Pm3 m
ev
m e' N >en meemn aO em& e e e E OeCoemmmN 0eO004dNoe e e e e o e e e e o e e e e e e e ed w

m

Mu = w w E mOC-mmmm OOOOdemme = 0o a w>= > > > F O meden a memoF F F O
m * w w = e NO 00000 00 0000F 1 9 0 1 0 mi t t Ia > O w wwwww w = cawU * * * M m

eO O4 Ode ee Oege
4 Ommek ~ Ok eren me e. yu >um u Ed Omeme EP Opreum w me homem gm Pdemum e OmOOdmede ceOOONmem> e o e e o e e e e o e e e e e eE e mOOmmmmm cQOONeeme e e w e

4 4 g Q CZ 2 3 m o O ***** emme
U mO C0000 tom 0000> > > 0 4 9 9 9 1 9 0 fe e e u w wwwww w wwwwS S & O 4 OPem> e emeNS S S ewe 4 hee @d9***Fo m e G8 O e es e O eN @ d #4 m4 4 4 WS O ** OeOOmd Ep OpeeO th PeemOnO OO mOmmNN uO O O =>M Me dedeed =

mO e ss N 4 m 5% Whem
OGOONmeO4 deOOOd>>mm 4 e J NNNNPP & e * * * * e e e o e e * * e e e- o e YE C MOON **** OOOO9mNmDO U

F e
mNmecene90m o mNedeeko who vene** a w & pu T 4 -

E

$b h b$AA
,~n

/ '\
/

t ,

's /

%,,W



C1.102

9

4

== en eq =m N e O == c O =* ce O
eO O O eOO O O eO O O eO O O

0 0 6 ea 0 6 4 5 0 == 6 e

m w w ww ess w w w tse w w ess
O e ce Ne == > > vn P d & .e

ee e e e enas se e eP P e oP e >
&O e O &4 e en P & en en ce & en e e
yO en O e ed e @ ** Se b N e 8n fn N
QeOOOceO4 O P O O O O d o =. d e O O O O 4 0 == C # O 0 0 0 P 0 ==

o e e e o e e e o e e e e e e e e e o e e e e e e a e e e e e e
en O O O O d O P N a= O O O N O == e O O O O d O =* as O O O O e O fa

-e en ** ==*n N ** O == s's O
>O O O en O O O

-.

>O O en O O OO
6 0 0 0 se 1 #e e 0 ** 4, tots w w w w w no es,es > w

e"
8 en ce d O eb & P d se d

ee N e eme O **e eD e == > d
&. N d P &4N N P- 6e P &P O O
e se e e* eee en O e en e ed > P

deOOOOOOPe O sn > O O O > O P de0000000 0 86 0 0 0 0 4 0 N
e e o e e e e e e e e e o e e e e e e e e e e e e e o e e e
sa O O O O N O e m4OOOPOP 4 O O O O O O == en O O O O # O **

4O==
en e.e es em ce ,e s. .e en O
O O 4OO O O eO O dO O O

6 i e ** I 6 6 4 e t =a 4 0
es, w w ww w w w w w w w
P me ce Pe d e* e as e en A

e4 ee
es emN O P *4 O eO ** **e en

es.% g & *e 8* O d'
& O*

P & =e fn m&e
e P e e > Ne ANN m e

O se O O O O O O == 0 e 88e O O O en O 4e OenOOOOOOe 0 eO O O O eO885
e e e e e e e e o e e e e e e e e e e e e e e e e e e e e e
e O O O O o. O 4 en d O O O en O P *OOOOOOe en O O O e d O ==

0 e e.e =* N ** O ee sa O
en O O O sn O O O en O

==

en.e eO O O O
e t == 6 6 6 6 e

eu eu w w w w w es, e w w w
e P e P se e 4 4 4 k @

oe > es e es - e e* ed 4 ee me e
&C D P & se me en &a d &P d N
se =e P eO ce en aN 4 ee O r
ONOOOONOe 0 4 0 0 0 e rs o ns cOOOOOOen o N O O O O O O .ee

o e e e o e e e * * * e e e e e o e e e e o e e e e e e e e o e
we O O O O en O N se O O O O sn O P ** O O O O O O e en O O O O 8a O =*

4 se me me me O se en Od8 O O NO O O 4O Om NO O O
$ 0 t 6 0 0 se 1 0

w as au meesa en, w au esa su au w
O e ers e e P * O > e P

ee e e eN d e e 8* en ee e e
& en P g &O

P.
en &S en 6, W it N

ee e -. mO e ** we e an 4 N
O4O00040e G N C O O c e O == c en O O O O O O P e b O O O O e O ==

e o e o e e e e e e o e o e * * e e e e e o e e e e e e e e e
=* O O O O g O N m O O O O as O P* .e e) O O O O O m e O O O O *e O =e

N 885

O d ad es ** O .e e O= seO O O en O
m

en O O oem O O O O
ses t 5 =e 0 # 4 esa I ee I f
a w w w tu eu w S w ens w w w
3 & P h += sn O

e'3
em ee .e O P

> eP O @ oP .e.
= e* *e eem en ae

P M & fn
==

&4 en d & =ew
gr N > s" W sn 83 8 ee

== & we 4 N

C P O O O O d O N' o>O000000" ** em ae d N
E d e C O O O c c es w e O O O O sn o es e e * *I

e e o e e e e e o e e e e e e e e e e e e e e a e e e e e e ene en e en, em
W =*OOOOmON sa O O O O m O Pa W ese O O O O O O sn e O O O O P O es

e.e
w w es ww

C) O e= ==

E
e.=s.=

eL E E E Ees

en NO O O OO==
sn ** O == me 4 O O > > e- > >O 4 ==

F p 6 =e I i
O ** NO O OO O O w F F F F F=J
i F i em | i en w w esa eu es'

=O
w ass W ens w ele O w w w w w 3
c sn ** .o e P e P sn , e O se O 86 en

> ee EP O e == W5 4 >= ** e e> k. e e e. e SD d 4
V & 98% h= O &c esi e U &4 Wt 6. P O N

em
e ceF

ens a me e O et O w wO 4 g> d N meq >een o @ O O O O at O > u OOOOPOO en ONOOOOOOea o e O O O O en O me E as

e as O O O O @ O e*
o e e o e o e e e e o e e o e

en In O O O O O O as en O O O O en O -e == ==m O O O O en O P
o e e e e e e e o e e e e e e .4

vs em O 3 est en en en et
C.> 0 e as e as e e
a O N N == se si O 5 O *n =* e * O O en I I I Z Z
u em O O O O PO O O V ** C O O PO O O z

9 I I t i e t i 9 O > > > > >
0 es w ees W w tu w W w as eu ens ess w no en e e * *
t > en P O e P en e P P 4 N * P W e- g e a s s
se e4 es N > ee 4 ee -e eO as qe e4 en e g de a e a e S

& ee e ce > &c em m &h e me &O O N me U 4 e e e e
U se N ae > SO e ee U &d 85 m ae h N >
** @ O O pe O O O O @e @POOOOdO== *= 0POOOOmOe o e O O O O e O se f,. o O O O O

e e e e e e e e e e e e e e O sei en e P O& a e e e e e e e o e e e o e e & en O O O O .a* O ,e en O O O O N O e* ens e en m en m e[e ce O ** O O se O N me O O O O P O ** O *

u u en e
ye y* 6 e
w se N m 4 e 4 > e ao me m 4 e @ h & w we N m 4 en 4 > e ce N en d e e > e e >
E E .e
U U w
e e
E E

O



a a ,1.4 - . a w.-..a a ..u . ,..._m 4 . _ -...-. -4 - , a#t au% -a.-

.

*
; Cle103
i

"
a

I

t

1

.

.

8>
4 mw

we
ab oo

1

i
f
4

E ew WO
> 2O
es ow
3 me

i EWE
1

4 > eE
|e

O
w
>
U
end

ed
#
w
E

1

.
4 V

ab
4.

U.t e
I Nw
w -J e 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 I *E>
a Up

4 e4

M
em

4
.

13 i
& enes

OE
F taaOOOOOOOOOOOOOOOO4 O Oe' es M 4g

.

' WK OD
D ehe E2
eJ > e
Ow
MS

4 P P P & e e e > > > e @ @ 4 en up
4s MOOOOOOOOOOOOOOOOm en w
m& > e= eIJ eeA W W ep W e84 eld W ens W w W W edd W

4

& > m 4 O > d O + e @ m 9 O es h e .#.
O

se m O + m eri e e ,e == 4 ce O m e e2s
== 2 O U N O e se e 9 e b e m e > O 9 er* pt
pD se0 e G 9 > e O dartmeN Wh m N P e eaa E=JenpeOmee==9asemNeOesm

O we o e o e e e e o e e e e o
' > en == e* ** 4 m e ee e N en e m ee se e sea.a

47
U C'
em a as O O O O O O O O m -e me es == == ee ==>> MOOOOOOOOOOeoOOOOO
=D > end 3
mw O es W w w w w w ep w s' ens w w w w ap w w

e a ett M we Wte > m m e @ @ @ ernsef>e
,

UF ' 444@sepesesehaeN@e9eeOe
f I O 4 r' q e e > ao e mese .e seseANN
> e- F e O @ O se e m ** O ers > e C as O + O

w ONP4NemmemNmmekom;
.J e e e e e e o e o e e o e o e e e,;. f a=e se N m e g e e se se me se se se se N

'l
. I

> 4 e e en eri e m N N ee se O O -sem
' M O O O O O O O *3 C O O O O O O O O

ene 9 I f> es e up w w w w ep ens up w au aos ene w w w w
GeOOOOOOOOOOOOOOOOO
E40U90000UOODUUOOOO
wOOOOOOOOOOOOOOOOOO22OOOOOOOOOOOOOOOOO~

w 3 e O e O O O > O art O O O O O O O O
O e o e e e e e e e e e o e e o e e
e se m se @ ( ene es m e me m as M es 4 es es

& es N M 4 e @ > e P O ** N M d e d >
0 mmmmmmum

,

5

4

, _ . - . - - .-, _ e.,._..~--_ ..-., -.,,_. _ . .,_,. ,_ , . _ , _ ._ _ . , _ , e._. _ -.-, ,-.



h
I

i
i

l
I

j
,

9
4'

Cle104
1

i O
h
i
I

I i

|

'

t

4
4

1
1

$

|
4

1

i
4

1

8 se se cese
j e oOOO

O $ 1 0 0
I v wwww

a. m e e
MO>ce>

>eok
> OOC 7
3 4 ** *e 9

e e e e
mese sese
I $

U *w
S S
w
>

ea
0

j e e re@mN
R >d

F es
> ew
e >a

!' e,O
i w O
a e- u e o me eme.e e

v 700000
1 w wO e e e a
4 .,e g me w es, w w w
1 es 3 > 0 e se w e
] w &vomeem
j ewC geee

&S O *e @**
W O ** O e m eri e
2 eC e e e e a
e 3 m e en e e
> O eI $ 1

, ab ** enre oe
4 es9 OOOO

l
==

> 0 5 1 0U
Z W w * ek

e d Amm>
'

W -O~>>~
I w @OOP

j & 3 me**
. e > es ce >
I e o e e

e MmmW
. e

! 4

j
se O
E E

E
o.
>

O wu
,e 4oo
an W>

3 4W
4

C
.# >

I

1 e >
! >m.e

e D e
set me

i O >
| E u .s4q

=3 e-
k W

I
.a
n
U

== * OW
2em me
==

|
e =w
W &F W

O se se ** w
a ow >
w e=

| O> e
f ee O

O e

me
O .e - .e ime
OOOOO

|
t 0 tse see w w' ese wWw w

aF &
3O Ow====*
> me se N m a weneem
M Q > O es F F ee
- - > ..a w O =* F @ *e
5e ts4 O e m en e

en e o e e e
p- e o e en m e
2 6 9 8
4

as N pt 4 e > .A pe N en ( e
an O I

E 2 |

O e ;

Y I

|

9-



-,a, e, m b b-- b

- Cle105

, . f
\

,

1

.

'

r

m
>
E
=
m
W
w
&
M

a O

k
e

m3000
0

t e
e

F

>
U
e
6

@
- E

w
Q

mOOmmmmNNNammmmmmeemmmmMNommmmmq+++4ee++
0000000000000000000000000000000000000000

e4
, wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

ENONNherNPOfoNODheedefemm4000Nmmeppmememm>
D r e m b f e r e p e fP e d e b e m N e @ e > P e r c e e f e w e p m M m M p e m
JoeNNOe eke 4km#eF4Nmmme4cenNNOm>>mm>>eeONm>OmemmhC'NOOmme>CapmemMNdNhan*>meedmNeppNme

e > P en N e O d e 4 P h> N @ e m h O p e > e d m m e p e h m Ne c e e m> c em
e e e o e e e o e e e o e o e e e e e e e o e e e e o e e e o e e e e e e e o e

ememNmQwm>NmmHNNNNwomM*NN> nmo 4Qmm&NNwmmm

, OOmmmMNNNNmmmmmmmmmmmmmmememmmmm+dqf+qte
4 0000000000000000000000000000000000000000

e wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww
he>S>gepemONmNamkeNh@eeNNeemM*OOWNem@mbee

wOeedSeweeMOhe@4m@ DNef>>fedMNmO@de@pNewmpm
e eOmem 444kOhmemomm>4ONONewm40rpdem>$eede
e Omeem 99%mbeebem>mmNue9mmt90ehmetee>>eNe

dObem edPfmem>mdermeceek%>O+e4N40meekepe
e e o e e e e e o e e e e e o e e e o e e e o e o e e o e o e o e o e e e o e o

=>mmemmNmemmHNmenm44999994cesehemmmmmmMW

e

Fd

, mmmmmmM*Memmmmmmmmmm-m~NNNmemmmmmmmmmmmm

F -

0
N

I
munOOQOOOOOmmmmmmmmam emmmmmmmmmmmmmmmmmm
0000f00000007000000000000000000000000000

* 8 t E
hwwwwwwwWwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww
beem49eN cNebeOOemeeNenOteme4&N>>meNN>med

{ 0 8 N u e s 3 >e h PN9e$N$u3hemRemNmeRe3$8mNEmenm3N4 ONp emme e
m> 0 e Nm+em e e < Eeem >

mem@NmmPON499PNNahmem>mmmmf*mmONPh@NGOON4 m
Ebee*PemOOmmON4meeh>GSPPPP990*Nmdhm4cke#@ E

e o e o e e e e e o e o e e e e e e e e o e o e e o e e e e e o e e e o e e o e
mernmNm4meemummmmmmmmmmmmmmmhNNNNmmmmmmm N

O

m=OOOOOOOOOmmmmmmmmmmmmmmmmmmmmmmmM4mmmm O
0000000000000000000000000000000000000000
f t

a wwwwwWtewwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww
w F m o v e m et e m e P O c e e O h m e p M O e O m O N e m * M M O m e e w e > O w
uOnce>NOwe*erecereeNmveeeeGembeNememNeceee a
e SCOn Odew mem9m>99Ne40me*Nmm>mememocemmt m

e e 6 9 e e O m nO c e t e m > e k t O 4 M c 9 m m m 4 4 D > c e 9 F e N N e c t m m >
e f w e N e p d e m e N e f e e > > e m e P P P P. P. O O m M m e @ m. p e. k. e. e ro e e e e e e e e e e e o e e e oe e e e e e e e e e . . e o O
m>mmMNmechpammmmmmmmmmmmmmNNNNNNNemmmmmm w

e
&

kmNmememe90mNmfe4*epomNmded>ePOmNmded>WPOm e

=
mmmmmmmmm*NNewNNNNNNNmmmmmmmmmp4e sE

w

\

o._



w

CUYta INNEa 1 - gaLANCE EIGENValuf 1 - 50U8CE 1 - Stattfa 1 - US$ CAT T!uf
ITre ITE85 maTIO maito taTIO lu!NI

i 129 -9. 6 3114f-0 7 9.47938E-Ot 9. 2 06 80 f-0 2 1.00000F 00 -1.94067f-01 0.c460
2 215 -9.34442E-07 9.89029E-01 -3. 91249 E-02 S.34327f-05 S.00042E-02 0.0673
3 29 3 -9. 229 74E-0 7 9.9914SE-01 -1.433tSE-02 L . 49 3 4 3E-0 5 2.1898rf-02 0.0872
4 365 -9.14322E-0 7 1. 00481f 00 -S.67224E-03 6.063725-06 9.32250E-03 0.1052
5 4 2 7 -9.16 36 S E-0 7 1.00713E 00 -2.3022SE-03 2. 4190 3E-0 6 3. 8 76 3 0E-03 0.1280
6 469 -9.15922E-0 7 1. 00 8 0 7E 00 -9. 4 2 884 f-04 9.42276E-07 1.69321f-03 0 1333
7 500 -9.tS26SE-07 1. 00 8 36E 00 -2. 8 7 8 8 S E- 04 3. 7 7 06 8E-0 7 4. 732 3 5 E-06 0.1410
8 5 31 -9.151S SE -0 7 1.00849E 00 -1.226206-04 S.830208-08 t . 820 84 E- 04 0.1523
9 $61 -9.19101f-07 1.00855E 00 -6.21725f-05 3. 326 7 9f-0 8 8.45t50f=05 0.86t8

G800P INNEa #FO m&I. FL UX M 5F uit. Statt Ccans!
ITF#5 INT. DIFFE864Cf INT. FACT 0s uf$a

1 2 11 1. 3 8 90* D-05 40 9. 99999E -01 9
2 2 10 1.59850n-05 9 1.03300E 00 7

IHESE. N M *N h EN
- 3 2 8 3.33883D-05 40 1.03300E 00 11

4 2 to 1.930730-05 6 1.03000E 00 13
g g g m RGES S 2 14 9.49904>06 5 1.03000f 00 16

6 7 9 1.039880-05 8 1.03000f 00 20
7 2 8 S.784 3 t D-06 to 1. 0300 0E 00 24
8 2 8 S . 54 30 S D- 06 to 1. 03 30 0E 00 24
9 2 8 f . 3 8 02 S D-06 to 1. 03000E 00 24

to 2 23 3.973430-06 to 1. 00300E 00 24
il 2 25 3.987820-06 to 1. 0000 0E 00 24
12 2 29 3.420260-06 to 1. 00300f 00 24
13 2 22 3. 5184 2 D- 06 10 1. 0030 0E 00 25

IIto 2 29 2.363700-06 to 1.03000f 00 26
15 1 1 6.36633D-GS 2 1.03018E 00 32 I'
16 1 36 S .994 7 8 D-05 7 1.03340E 03 36 pa

10 3 91 -9. lS 06 8E-0 7 1.00859E 00 -3.79921 E-05 2.785286-08 S.502186-05 0.1722 c)
Fin &L MOhfTO# CN

E t anmaa 1.aassar oU E ANGOLA * FLGE ON 16

Ita*5fD Tipt 0.17 414.

THE ANSWER % "" -s s-

O O O



. - . -~ ~.~ =~ .

<

C1.107
.

\

5

<

>cettemmMNNwmmMNNNNNNNN
>O000000000000000000000

b bb bb b.,-..O.~NbbEb b>emmeOOc.Oemchw o m m O k @ e O N e d e p e d e S m e c e, mm
Omm>@rmOmfemetemmeemome

NOmmemede>N9mOmedm9%9m
Omede*OeOOmmeNeP4kmenODOOOOOOOOOOOOOOOOOO
C e e o e e e e e e e o e e e e e e o e e e e e e e e o e e e o e e o e o e e e e
e*@m>mme=MdWmappemedfdMOOOOOOOOOOOOOOOOOO
&

MOOmmmmNNNmmmmmmmmmmmmmHNomm9mm444444444
OOOOOOOOOOOOOOOOOJOOOOOOOOOOOOOOOOOOOOOO

E tw wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww
> ENONN>eeNeophOppeeeegemmeOOONmNeP@memdmm>

39empfeespePfeekemme9e>seSNNOmeke@>meep4Nmmme@Perece@@me@mNmNPene
NmMMOe>>mmkkeeOmm>3

Omemm>O>OOmme>OwenemNN+NNmm>>mecemmee* Nee
> 79e=NeO4Se9NbhOemHO99%e4%deFemeNeccem>emm
e o e e e e e e o e e e e o e e e e o e e e e o e e o e o e e o e e e e e e o e e

mmenNepom>NmmMNNNNommm>NN>NmeepamdNNommm
O
w
& OOmmwgNNNNemmmmmmmmmmmmmmmmmmmmme(ette# +
u CO00000000000000000000000000000000000000
w
J WWewwwwwwwwwwwWwwwWWWWWWwwwwwwWWWWWWWWWW
m e k e m p > + e c e m O N m H w m k e N N a m e N ee e s e m m O O W N e m p = > e
w w eedemdeceOmepom+eme+EbdeememO4deepNemmem
E E SOmem44de>OhmOmOmmheONONemmeOceech>peefe

e OceeWOt@NmbeekmmmmMNeeDam4focNmetech>eNe
g OeOkemeefedmem>weepmmede>>>O+e+Neomeekere

$ a e e o e e e e e e e e e e e o e o e e o e o e e e o e e e e e o e e o e e o e o e
: e Om>mmemwNmem=MNmemmededee+deceeke===mem==

4 >
>

J EmmmOOOOOOOOmmmmmmmmmmmmmmmmmMdmedmmodome
e mO000000000000000000000000000000000000000
u og 5 6

hwgwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwm
6 Oewm4&cN9eN DeOOeme4NedO4em449N>>meNN>med

mONamfeN@@NPe4Nfeg>GMFOemNhS9eedOmMPemkeeNw
EP4emph>@mbeOme90- emeNmfemNee9@ceOme>def3

e k. e e. #. e e m O O m m O N. # e e . * * e e e. e e. e $. h o m O N e k d N e o c h +
emdNmmpONgespNNewmem>mmmea

e O m. g m. e. m. ee. c. h. e m e !=
p e e o e e o e e o e o e e o e e e e e e o e e e e ie swepwwNmemee=mawmmmwwwwmwa==NNNNNNmmmmmme

, e m

e mmOOOOOOQDOmn&demmmmmmmmmmmmmmmmammmMmmm
9000000000000000000000000000000007000000

2 4 9 *

= e wwwWwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww i

3 MmeOemmece&Omedomm+eNCeOmoNem+=moepeee>O I
2 m mfcNNOdeft9eme@feNefefpecem>4NeeemNeedee
O O eOOwcO4deemememmeeme+OmemNmmmmememceemed i

M e NOeQOmeeetembe>9O4meOmmmt4Obe40 Fennec 4*> b

> woe @meNeefedeNmemekkeeeeFrp@OOmNmermeekepp
3 e e e o e e e e o e o e o e e o e e e e e e e e e o e e e o e e e e e e e e e e e i

J Om>wmMNmfe>@mmWmmmmmmmwMmmmMNNNNNNmemmmmm j

S
*= ew
m e
O E
E 3*mmmmmmmmmmmenenn**mmmNNNNmmmmmmmmmmmmme
= E
3
& W

i

|

5 IJ
e N '
u
= *WNMeme>SPOmNm4cebePOmNmecemeDOmNmde@>SPOm
> mmm*num@wnNNNNNNNNNNmmmmmmmmmM49
"

1
- g m

'u

f

s
4

- ph

%

,

-, , -r,.--e . -y, , - ~ rr - --r-- - r,.,y.- - - - -



Cle108

O

- . - . - - - . - .. - ..... _ .. ................
y O O O O O c;p O O O O O O O O O O O O O O O O O O O O O O O O O o O O O O O O O OOOOOOOOOOOOOOOO

O I S I I e6 0 0 0 0 $ $ 4 0 9 0 0 0 0 0 4 6 t 0 i 0 0 4 6 0 $ # 6 0 4 6 6 0 0 0 0 0 8 4 0 4 6 0 4 0 4 4 0 e
e eu w w ens w es, w w tu w as w es, eu ens w w ev eu es, eu w su ep au nu w w ev es w au eu w su eu au w w w e w w w nu ab w en, w w w w as w iss ans av

@ N O N O 4 e e en d e 4 e ** *= se setP= m e e N en p p @ d @ pt O P > P > e @ @d4@ == em e O N e e N e O en N e se e en e

e e W h -e o @ em 9 N O P d O > d 4 Wn k e e e en e .e O N e art O e > e @ 4 N .d. N e Wt e o e me O ce Wm We @ a ee see e e e d >
c es* * sn es P k e e up O P

O es 4 we N e O P Pe P P su ersw P q pt 4 trtat om e em o e e artartme N W4qa dc e p. 4>eed& Ft 8st hs O e d W O e em en ce e esten d 4 en e en O e ce se e Pmp=$4O@ & en N N ==89 e as e b se et O =e d 4 O
d 4 M O e O + C > d N O e p- e d 4 e es'i m N O O 8* O m O O e .O. =e k& e e e e @ W4 et >dOO@ = pt eePPPeee**e@Ned**e#

Q e o e e e o e o e e e o e e e e e e e e o e e e e e e e e e e o e e e e o e e e oe e e e e e e e o e e e o e e e
en ett en en e e en trt en @ d d en est ew ce N N we mese m me me a se me ** e > ert en we e et ce me es e en m een en se sn m set Pt en en en pu ce ce a se

@ WtWe @ W4 ettW4W4 th @ erten art We trl W4 art @ Wt@ @ @ @ @ ett @ @ @ e e 4 4 e 8* b b b k e e @ @ Wten en e @ en th @ an en @ @ WtWt
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO OOOOOOOOOOOOOOOOE 0 0 0 0 6 5 0 6 0 0 0 4 6 0 4 1 0 6 4 0 0 6 0 0 4 4 6 0 0 4 0 0 0 ei4 0 t i 4 0 0 8 0 0 4 0 0 0 e 4 5 4 4 0 9

esa > w w es.* w au eu eu au eu tu tu au au 19 w w w as w w es an, es, eu es w en, eu tu ek is, w eas w ese au w eu esa w art w w tu w tu es. ev w w es w tu ens w w w

@ @ N e e e @ e e *= N 4 O *= We @ O O O Pt N e N. .e.e rue N.e # este C = e. o e N 4 es e
N e as N e ,e @ d Wte O p > e, e e> @

e > @ > e en e= 4 4 4 O > e We est N =* e e* O e O O P e . sei en . een Wte 4 pm . e e an e em p e N en est4 e e e W4 e e sw e y e >=
3 e e- es > O set me e e N ett e > e ceat e == 6 se ce N e P P O O e e we artem .e > om en p iTteo * e e e e e e arlO N .e se >= * .eNOe

& Ws en d r= O e P O e ce > c e d 9 O e d e P e o et se e e e e ers srt@ e e O @ O en e esten & d * F4ee e d e e en s O O en e es e,
> a se se se == == O e @ > en O d P= set e k d N O e P e ett W4e e en se en d en 4 > > == se We === P O e @ d * * se en ce == 0 P= cte e 4 ee ee O e o e e o e e e o e e e o e e e o e e e Q e e e o e a e e e e o e e o e ee e o e e o e e e e o e o ese .ae p > grt pn ,oe e en N ,ee e.ee e e e e e Wt@ er ernen 4 m est N N es N N se se e ,ee e se se me eee e e e e e e e e e gm en d en en en ew
O
w
> W4 W4Wt @ @ @ W4 @ @ eN O @ @ Wt @ @ @ @ W4en @ @ @ WtO WI @ C @ @ @ @ e P= b P= P* 9= b e @ Wn @ @ @ @ @ @ @ @ @ @ @ Wt WIWS
U OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO OOOOOOOOOOOOOOOOeu 0 0 0 6 4 0 0 0 0 $ t 0 0 0 0 t 6 0 4 0 0 0 0 0 0 0 0 t 0 0 0 0 6 4 0 0 t e t I e e 0 4 6 0 t 0 0 6 4 6 6 0 e ts e eu eu eu av esa 3. end en au au au es, eu au e te, eu au eu ta, eu eu w au eu au eu eu ene eu ese w es, eu w to w tu es, eu + es, w w w to eu ev w qu eu w w ens w w eu

N d. es d f* O en 4 O em P* @ ee est est to ee == O e e, e e as e o @P rue e en O O b d e o arte est se aoed en @ > *t=O 0 ** == 0 0 ** en e 4en

e e- ** e d e p.e * N e > O O en s'n= est ,4W ** k 9 e eN me en @ d 4 O N e O ** P O k e k e O 4 e arteee en e 4 e e W M d en =* P @ e N == sesw
e O > e e -e > se & O O e em86 e O @ O O en e en 4 O d , 4 ew N p O wt e set P= *st =* 4 O see == N == en er* p e a. eri e Wt d O N O ce 4 eri e + sei e O N e en

e tw O e .e .e p >= @ e en @ p == * O 4 O art P e N 4 &NeeNmeOe@as 4 4 4 4 > *- -e eg s e e em a= Sm e e d Pt O 4 ett e et e d we eD e 4 m O e e e e > d se e 4 f.e me O e ern e d as P s p. pm em om > e e e its d N e e e est =*
2 O e o e e o e e e o e e e e e o e o e e e e e e e o e e e o e e e e e o e e e e e oe e e e e e e e e e e e e e e oe > > > > pm P= pm > s* b e @ @ d en st pt ce N N N pe seme e* ** om se es e e 4 es e en me ce ce en em ee N es ce Pe N N sw N N Fe ** ** em os mee
>
J d4444e@ d e ern ern ett art artWm artWe Wn @ en ettto art art en ett @ W4 th W4 e e e @ h 9m pm > $mpm en art te en Wt W4@ ert en @ gr4artW4arten W4
4 OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO OOOOOOOOOOOOOOOOW 4 0 0 0 0 0 $ 0 I t 1 I I e 0 $ $ t I 1 0 6 0 4 9 9 0 0 t 0 0 0 $ 0 0 4 0 $ 0 0 0 t 0 0 0 0 0 0 6 0 $ 1 0 0 0 $a= en au ev w nu ese eu u eu es w au eu eu nas eu en w qu ese au ene em W ese eu w esJ nas ma tu eu tu tu w tu au tu tu w en.i en es, w es; tu ts* ep 4 eu es. eu eu ese eu w w w

# ee O e e e Ns e W' e W4 s** e en > O O @ e o et e Q ** sn O se en e se > tri art O N 4 O 4 en en
O e e P= 0 0 ==a 89 N >= * N * == N O ** + 4 e est O 4 O 4 ** en ** set N ==e est Wt == wt d e o set e en P * mee ** e *n en Ng

N en O O ce p P e O P se P= 4 set e an e O art p= e >ess
Z e emse e m e o o set e O pi e 6 q ye O en m 4 O .e sw e d ** e e == == 4 P= * ed N @ me P O ed e ce es 8= 8* sn C > D= @ es P O ert 4 ** Wt& & >= h om > e e @ s** O ** e se WS e e en@ e art 4 tri e es e ett set @ e e pt es @ ** sn se um e en N 84 & O O P G 8* Ett ** e e e ** e Po e @ d
Wi e O O O O O O O O O e e b e e N > set p e en o p= e en W4 @ N e d == -s ce e O P set e p wt == a en en M N N N N ** O P ** sn o p= ettdO

m .ee se me me m se .ee e e o e o
e e e e e e e e e e e e e e e e o e o e e e e e e e e 0 e e e e e o e e e o e e e e oe se p e a= 4 erten 4 4 ptesgenene,esN pen Nse,o.ee e @ ee ,ee 4 se ce ee m .e en seg m pg en en an m en N N N ce me ee .eWe e e e

V6

e e e d 4 4 4 e e f eP era en tr4 W4ert WtWh art f @ te art trt f @ f art 46 Wt4 e e 4 emem > m. p. p. m se en Wtse We rtWtart@ @ en trg Wt e en WnaOOOOOOOOOOOOOOOOc*OOOOOOOOOOOOOOOOOOOOOOO OOOOOOOOOOOOOOOOF 0 0 1 0 0 0 0 0 t t 6 9 0 0 0 0 0 0 0 0 9 6 0 6 0 t i 4 0 6 4 5 0 0 6 0 0 0 1 9 0 9 0 4 0 0 0 0 0 4 0 0 0 0 1 6== 4 au eu nas eu eu ene ens w tu eu es, w as au ins taa eu w su aae tan aa, tu e eu w tas es, w tad tu eat We au eu w its eu w w ee ens eu w ene av eu ess w ev w tas ans tan ens eu w
Sm6 d O e O e e O #* N D= e edO N O e 8* Wt -e O S DmPe N e @ se 4 O d meese e e 9m WtPm en amece m N e k O em@ est d e es's e O O eZ sn e pt Wt8 eeP e 4 e est e e pm @ ses e Wn N @ p de N O $= d eng Q Wn + p @ O e e Wt e 4 set p O en @ en es e set Pe @e @ d es se aut

G e N N ** e est e to P'se @ set Wt es son e e set e em N d @ @ O #6 F* em N 8* @ @ Pt e e e @ 4 @ @ d & .e e N se Wt O N 4 e e ans m = O.e p Ne e p e.
*e & e e e Wtart4 set we d 8ste ** trt @ O **s te e 4 en sin O en om se d e em N e en o e Wt4 m emp son ce e. .e o e e N e > set e eri e .

O O O O O O O O @ Wt P= e W5 ** es f* sus D e s'o9 O P= @ en d d =e p= *n D == 4 en N 4 O N p* 4 es u ** ** P= sm e e e art d m O e ce O #= @> *
D G e o e e e o e e o e e e e e e e e e e e o e e o e e e o e o e e e e o e o e o O e o e e e o e o e e o e o e e e
g mmmmmmmmetekee@demmmmNNNNNNmmekdNedeNamm emmmmmmmmemWNNam
Vt

W% est ern W4 em en Wt @ @ In @ @ ert Wt trl @ @ IP IH en W4 ern Wt @ trt ert @ Ir4 e e e e e b h 8* 8m8* D= e W4 @ ert W4@ @ en Wt@ d ein @ @ @ t.1% Wt
OOOOOOOOOyoOOOOOOOOyOOOOOOOOOOOOOOOOOOOOd OOOOOOOOOOOOOOOO0 0 I O O $ t 4 0 6 s 1 0 0 0 0 0 $ 0 1 0 0 0 0 0 0 0 0 0 0 0 6 4 6 4 4 4 0 4 0 0 0 5 6 0 0 0 t t 0 0 0 6 0**

on en nu een av w w ene tso w ese to w su w nu av eu eu eu tso eu au w nu av w eso eu eu eu eu eu Ig> w su eu eso eu to eu eu me eu eu ens eso taa w au tu av eu eu tu eu eu eno euO es e set N e e @e P P N e P* e e p N > an e se e d >= N seg > d e e d .e a= O N O O N a= tod e sun ** ett O d en N O 4 N e P e fis e e e se en d A ce o eri ert Wn est 9 4 885 e me e e es 4 h @ . d O >= e 8* 4 es .* snPme P se O eF O N P es @ O P m W
e e art P O 4 .e tre m 6 e N * er as O e

we
e en ** > e art d e tr4 O aut > 0 4 es se o e O Pe N e @ P O m ** O en > == *a e O at Wt art We e .e Nen e se ertp & > pm e e m e e *= 0 == d 4 a= e *= 4 W6 == m e en e e eri me O O en o e e e e P Wm e e e en d & e e > a= en est e 4 e ce a. N e art >p at e e ce

& a d d 4 4 4 en N e= 'l 8* m aus e O e etO e en **t =e e k 8* > > en se e @ e O art N O O @ N O sa a 4 4 4 e e d *n m ee ** e d ** e e toOe e o e
em > oe e -
e e e e o e e o e e e e e e o e e e e e o e o e e g

e e en d e at en n N ce N es .o. .e. .ee me .e .e .o n es .o e .e e e e o e e e o e e o e e em en en en we en en en m een N N ee .o .e
ea > > > am om em e e e e e e etme e e ee

4
U

4 4 4 4 4 f 4 4 4 * * * * W4 en se art e% W4@ ett e to en @ @ trtW4@ @ W5e e e N P= b em > ** @ e es% en wt tre em Irb se in W4 artart art to W4==

9, O OgCOOOOOeoOOOCOOOOOOOOOOOOOOOOOOOOOOO OOOOOOOOOOOOOOOO>
1 0 0 I I I O l I $ 0 9 $ 0 $ f f f i 0 0 0 0 0 0 0 l l 6 0 4 0 6 1 0 $ 0 $ $ I $ 0 0 0 0 0 0 0 0 0 0 4 $m

S N eu ehe W eu nu eu t&# e68 tes led eu eu eu had and e&# ese Ma eu tas eId one e&# 160 the w eu taf e&# R&f444 au and laa eas eu e&8au ese tu
O.e se est

ese ens ese eu eu ena ene eu eu ene tas nas ese saa es, end
U d O Pe ** O O me en en me N e e p= p e N en e o e @ e O em O e Wn O == >= 4 e O == 0 et en 4 ce MS O @ -8 85%@ @ O art e m N P= #.

P a e d N m e tre art s= e re W6 O d e e ce > * e *= ist se e e ** en @ set e @ e e e e eri ** e e m * W4 e W44 4 @ d en se N > e e Ne set d se e es me d P O e art e O ** 4 == tft =e eP e e e r% te # ** e Pt en # ett W5 e O 4 ett P art d e e e aft >e @ 886 e art art e et en N O O ==
& 4 ( e artwte ce @ e e p= Ok en 90 em e art O e e o e ce g P= N O e e P= 4 N O N pt @ Smse O set & e e e(%* N O e O e e e e *= p e- O

E 4 e e e 4 e e W4 @ d 8n m O *= N 4 e s'e% > N e N O ir e e 4 e O @ ** e ==s * @ e e e O W5 e e e e e e # > > e d =e amen O e eO em e
e e o e e o e e e e e e o e e e e e e o e e o e e e e e e e e e a e e e e e @ e e e e e e e o e e e o e o e e

o se == =8 ense =* ut es se se se P e > e e art en d * * m en en e N N *e ** ** 4 as e en d en m es m m Pt m en en en en est e en N N ce me sie

W9W% @ @ Wt W9 @ W4 W% Wm @ ert Wt Wt @ W4 W4 @ W% W9 Wt e Wn te es% Irt F @ @ e e e e D* 9* P= tm 86 h he ern @ Wt Wt W% W4em W es% Wt @ @ ert @ Wm W%
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOCoOOOOOOO OOOOOOCOOOOOOOOO
9 0 9 r 9 9 0 0 t 1 I 6 0 0 0 0 0 ee t I t 0 0 6 0 0 t t 0 0 9 0 e ef g 4 9 4 1 0 0 5 0 1 l i I t 0 i f f g

me esa tea e&# es tu ens au tu en w tu eu esa es w en, tea ena eu en's eu ets w ens e&s ,eu w e&# au nas eu nas esa W w ens sea es w ense nas esa eu ta, es, and ea, e&s W eu w ins eu eu en eu
r* e m Wa e P= en sese e est O .e O @ m es O e emesi en e e e e e O O e @ W4 N d ern e en en 4 pm em e y s. .e en d me en e en en U O > .e
4 er U N .e e se se m e sut e en d te ce e e emg gp m os e l esg om e ce d > e e se en > wt em te N >e e e d O P d'n O * F5 e O e ers * W% O > d d e .e e Wu 4 4 em Wa N ert * ,=me > e == e e ** m P e'e gp W4 e cee > sut . 4 en OOey e e We e se e e ce e e en we =* P d > pm

a e eme d e et d e > O o > es e ce O en me a fe m re e en ae WS *e O ** O e a e e ett*== * es m C P eB e m -e er Mw S ern @ e @ d 4 M ** P e P e P N ** m P e M O > d es es ,e @ em e en N O Pt >3 e se p + as art .e O se N 4 N 4 O > d a en en art art @ d d m es p @ P d O 4 4
s O e o e o e e o e e e e e o e e e e e e e e e e e e e e e o e e e e e o e e a oe e o e e e o e e e o e e e e e
o e P @ P D P P P e e F* e @ W5 4 m e e m es ce ce N re fe *'e e se e e d Etw p 4 en N es .e e

e e @ Wg @ @ @ @ @ @ c d 4 m m pg es sie

d .mNed@enero.mNed@emeeOmmedee~eeO-Nmeee~ eO
. m m e d e e ~ e e O. m.e m .e.e m .eN .e

e
> > m o me ed m .e m m N N N N ~ N N N N ~ sst m m m m m en e m m e .- . s s =
0 F

.E=on e=

'%s

*n

O



C1.109
-

.

...... .................
O. O. ? O. O. ? O. O. ? 0 0 0 00000000000

wwww*wwwwwwwwwwwwwwtwww.5~2..~....O..O8,~..$~. . ~. . O- ....-~ 0.. .. O

U K 8. 8 * * 0 2 3. $ 2 * 8.: .3 8.I t.:.:,..........O...C..*.
. . .-----------~~~-- ...... . .

.--....

............... 8000.?000.-~~~~.
O ? D. O. ? 0 0 0 0 0. ? O. ? 9 0 0
w w w w * w * w w w w w w w t w w w. w w w w w. w.-.~,~..~

-~~~8~~E.~.$ .~. ..O ...- -- .O
#~~.. ~
O .~.....~..~.. .O . ~

.

~~~~----------- ... ......~.O...-3.O..~...O.~~...~.-. . . . ..~.O.*. .. .. .. - ......
.~---

E. S. 8 88 8 8 8 8. Y 8 8 8 8 8 8 8. . 33 8. *. 8 8

wwwwwwwwwwwwwwwIwwwwwww"O
w

172
28$8812 ~.3$13.:37 *:28F

* *

10R3O. ---

0 6. ~. 0 4. ~. . O. 0. ~ . . .. O.. . 0 0. 2 ~. ~ . . * .
-

- . . --.- .

> . .O. 5
. , ..

--. .. ... ...~- -- ~

...... 80. 880
O. O. ? O. O. ? O. T O.

. ..-~~....
?000.??0 ?
w w w w X w w w w w w w w w w. * w, w w w w~ w w w.~..

---.. .00.0 .....8 ~. ~O
- 0 - --O.-..-.--~..--.-

...~-O...O..~..O~
.~ ...~..O

...O-O ....O-...O.
000 ....-..--.

a12:444444a:22:4 24a4:44

5. :. 5 8 5. :. T , 8 8 8 8 8 8 8 8 8 0. %. ;. 3 8 8 3*8

2 4..K .t : 4 0 * g e w w w w w w w es w w w w w w
wwwwwwww

...Est* 8:2 SE* 8:,

8~-~....O..~.~~2.~...*~... .....~...

~-,.~.8..~.O.. ..O. ~ . . ~ . .------ .. ..
... -

.
. . . . .

~---

.................-~~....
????????????????????????
***E
. ~. O. . ~ I * *~ .* * * = *. :

*: st==*
~.~.8~~8........~,...

88E ~.~..O..~.3..-*~,..~..C.O...
. .- ...~-

.~-O.1..~.~..
~

----- O... . . ~ . . .. ~ - , . ..

S E. *? . E E 88 8 88 88 88 8 83333 :. 3 8E
ww.w

.wwwwwwww.wwwwwwwwww
*-~.O h...

h.
O--..OO..N

~@> M >... fk--O.~fd. .

O. .p . . N . . O . - N. ~. N .
. >-4- F. -. .~~N ....~k O.

------.>.O...N...N..~.O..>.
-

e. d. ~. ~. . O. E

.> .N-9~--W W
. . . . .

.
....@ @....@...@.b>>bh.. O

0000000000. 0000000030000
.

...wwwwwwgw gwwwwwww www
...T@.br.fw..@w...O.~~O.,w ... w
.w @ ..e-h.. .O. E

.O m-.....pg......~..ON ~OOk,

~ O.
N

. N O . d. a. . ~. .O . . >
e%Q- ..--> >

.N. . d. f. d.~~----------k.>.O.O.f...~.. . .. O.
-..N--.. g

.
h..O-N.d..M..O-~.d..k..O. .
---~~~~~NN~~N......M... -

w

\

$

V

.



Cle110

0

0000000Q00000*O00 QOOOOOmmm**p**COm
O0000000000000000 MOOOOOOOOOOOOoOOOO

w 4 3 4 0 0 4 e 4 e f
UWwwwwwwwwwWwwwwww swwwwwwwwwwwwwwwww
FmOO900COOOOOOpomo meee+NP*ee***+Ocem
4O0000000000609000 ecmObe&NePemkee#*
#88888888888888888 #~**c8"*230*2 R***
S00000000000009000 weemeeNee> Ode *NOeN

* e e e o e e e e e e e e e o e e D e e e e e e e e e o e e e e * e e
mmmmmmmMmmmmm9mmm >mN***mpeeeecesHeN

NNNNNNNmmmmmmme Nm N
00000000000000000 O

we4 e 4 4 4 6 1 4 4 0 4 0 0 8 4 4 O
Owwwwwwwwwwwwwwuww e
eNmece**memee*>ece O
ukNNmeOhenecNmemen O
meOmethq9edhee949e M
we4N>Odemamomee@e> 3
WNdemePmmm4PameedM sOOOOOO.OOOOOOOOOOOe o e e o e o e e e e e e e e e a we e e o e e e e o e e o e o e

SPmememPeedeemNem O0000000000000000
i

reefdeq+4mmmmNmmmm effffd(ffem4(aNam
C00000000000000000 WOOOOOOOOOOOOOOOOO

e I t t e f e 4 1 0 0 5 4 0 4 e e W eeS I 6 eef e4 0 4 e e I e4> m
m > wwwwwwwwwwwwwwwww ewwwwwwwwwwwwwwwww h

SP>Omeememde#> MON > mememNOOmemmNeomM
sceedeem>mOkOchNew mpW>pOrkeeeeemde

w DeNeme>> men >>9Cm=O efemN>emsemmede>Ne ,

F eemM@emmM4mNm*OeNN eeNmOp>meNeO44emmN
Q= eteemeeOmemedODNem =>mm>emememdeOdOne >

Js e e e o e o e e e e e e o e e e e a w e e e e e o e e e e e e e e o e e
N4mNomNtam4NMemme MmmmMmmNenN>4m>Nm f y

r
a

ymmmMmmmmmmmmmmm O
e WOOOOOOOOOOOOOOO O w W.

Qet 6 i l 6 4 f t I eil 6 I f >
>wwqwwwwwwwwwwww w e e
empw erONemOPomme e s > c

ge uewNedOmpN+Omede e e
Q eemedmeweepeme44 > E Nz* O c m > N e N e > @ e f e =P @ N
J keredeebecomeN> doc E00000006O00000000 E o

8 m m N # c e c c e d e * * m m O .e DOOOOOOOOOcOOOOOO e
e e o e e e e e e e o e o e e e e e o e e e e e e e e e e e e e es

4

06
O we00000000000008um 3gNmNmmmmmmmmmmm

00 aa
et t t I # t i l 8 I I I e6 e W *

E >wwwwwwwwwwwwwwwww W %
3 emmempe>Ngemdemene e
@ ueNeNmeemve90 Nee 4D w w

eOecemmemte4NOOmme s y
G NN9deNm90Ne>OOOOO Z g=
2 semPmOe+=mO4# dedo + >OOOOOOOOOOOOOOOOO ~ -

4s e e o e o e o e e e a w e e e e o e e e o e e e e o e e e
=g e ,em ,eN # ,e .e .e .e Nm-mmmMN sOOOOOOOOOOOOOOOOO t
s
u E NommmmmdendummmO Meteqqcecececeme9%
E w 6O00009000000000 3O0000000000000000
m > TI I ea 6 e eie eiei l seeeoeeeeae1 4 6 ITt e O> wwwwwwwwwwwwwwww swwwwwwwwwwwwwwwww w
a e mNammmeeP>dffeme emOedmD+4mMOemmof

>F>efe **>Nm*OeGem g3 u mObe***e4*emOPNe OOmemegeFOme>N4eOOO e = O b e b' >F O t e m e 4 N N e w
ON9m g

ocee8>OeNe8e-ONemm
e

NeeeeeeN>en e
e44 0mmee +>mmee+o One-Oce>4meemekee

E e o e o e e o e o e e e e e o e e > e e e e e e o e e e e e e e o e o
>

> mOpamececceedomeed sem>mm>4eemmmmNemm Qe s = 8
m wmm*mNN * wNNNNNNNmmmmmmmmNm w

u000000 O 000090000000090000 m
W t I t t t t t 4 9 9 0 e l et 6 0 4 6 0 s 1 6 4 4
Swwwwww w wwwwwwwwwwwwwwwwww fw C0000#O e eNmeeem***meedkooe w

2 MOOOOtO wkNNmeomemegNammen m
yz

seeme(he@ed dep@de IO OOOOyO
N ee> MODO P edN>OfememONeepe> b W

MNeekemOOOOOOOOOOP >>feme@mwmermmeedN
e o e o e e e e e o e e o e e e e g e o e e o e e o e e e o e e e e em -

O mNmmmemOOOOOOOOOO9 c9mtM*MFeetc9mN*m
s I

> w Meecemecereddedeff
K u 300000000000000000

hb w w wE ww
r o poweN> eve **deecem
3 e >Pe>>OWNFfemmepNme
e OmeWwepcNNNNeOm>mo

ehm>4mm@mmPem@cm>>
N00000000000000000 NO>cepreerck>NedN
=e e o e e e e e e e e e o e o e > e e e e e e e e o e o e e e o e e
w00000000000000000 EN9%NNamM*999e%mmt

6
@

owNmeedmePOWNmde4h emNeded>ePOmNmece>
w 6 m*mmmmmu 6 mmmmmmed
E E E
= @ O
m

O



-. . _ - - - - --- _ _ - _ _

|

J l

'
Clelli i

i

'N
\

\
s

OOOmOmmmmOmmmmOOO NNmNNNmmmmmmmmHNm

0 0 0 0 0 0. T 0 0 0 0 0 0. ? 0 0 0 M 7 0 0 0. ? O. O. ? 9 0 0 0 0 0 0 0 00

W w. w. w w w 2. w w. E W w w w w w w w,..-O.m.-N.1md.wwwww.NN,2 .Om.O.m
wwww.wwwwwww

.N-880 m# ...m.m.m ...N.~.N
.

O....

.#88888*5eeceeeeOOO #SEE:*1L V 's 25:322*$588338888OOO*O5 -NNe<<O. meeOO.e
'JJ4444444444JJ 'J RJ4JJ'JJ.dJJJJJJ44

g . 0 0. $. . . . . . . ., . . . . N N
m.,

N.0 000000 000000
u L. ::::=* ::::::: * g

5 O..,S 38,3 eSN.No O.
. . N--N -

WN< N. .. as m e . < e . . O . m. N $ N .< O. r.mm < . a00000000000000000

J. J. 4 4 4 4. J. J 4 4. /. 4. .* J. J. J. J.*ddddddddddddddddd

5 8. . ? 3. E. E. *? S. $. $. $. $. 5 3. **2 S =wg.....?* -m.w. . .- w...m

y S.S 2:27*:8.22:3**t33- *
3

. N # . . m . 6. 3 0. . m.8 m e e.e ... mm . .~.- .
m-m mN..-Om. .= O e 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0m

s .o
= = m .e- m m m - M .e .e

e o e e e o e o o e o e . e e o e e e e e o e e e
mNmNN 00000000000000000

E
~

2 ~ $. Y 8 8 8 8. I $. $. 3 8 8. $. 3. ;. ~ $. $..

E T* : ytt *.2 *:
.. -

: := *

Emm. 28m2::::m m . N. . . . . . ., 3 , . 5 3,.S$2 22 *W:8 r
2Om N 2. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.1s s

. .
.... ,

JJ/Jd4JJJJJJJ4JJJ Jddddddddddddddd;#

E .2 3 3 3 8 8 3 8 5. ;. ;. ;. . 3. :. 3 3 3 33333333..355.:.38330.

.E : :* ::== ==.**:I.@y:- s.NNm....5 : : : =. =O. . ., ~. ~ 1 * * :======*
o ,2NN.2. 3*m Nm.m8 ..m*.m..- i-

-mO,m..m m. A m. ..
g ~~9N Nm . 4.

E M m m. d N m mO.4-N@m.m. .N - O f . m m m. O N eDmA. (N
- m-

~~ m.pmmmm
e e e e e e e o e e a e e o e Es e e o e e e o o e o e o

.m oN O @ m 4 9 -- 9 9 9 9 9 m & e QM9mmmWeeO .e e
, a

m s 9mNmmI

y . geare gY<??????? "??? ?????????????<<<<m m -............... .
: .?????. ?

******** "3**4. =3*:=75 ::::
m

:
-tmd.mmNI2.377:::

i

>.2. .53N. . ...
.Om.

-O.N ..mm.Om-MO3 o ..Nm.
~4O - O.NMmN..gNON.DN@m

. fm.D.NNNN
pd.ff( NO-e.mfmmt.me m-~wg@. p@e .m-+mg

w mmm @ ff.O--NS.NG

=O$hh JJ $ J hhhd$ $> m N
. s
N w WNNNNNNNmmmmmmmmNm

OIOOIOi9000010000T(*

"52 g' *2:303 : $2*3
' ' ''''''''''5 ::"====* ::w O

:::.33*8
N . k.M...,..N..NM-mem...

00000000000000000 farmMN..ONmp s-

5 ~d4444444444444444 *isAZa;2sisiiZiss.Js
> W M...g...........fto 2000wo000000000000g

[5 "AlliE11111114411.N1
O

O..N.m.m
MO

g . m f N . .F M. .N N. . N - ~
m m,

PC .N f.M-me

. f w 9 f M. e. w m. r. . O - m N . . .
.

m.e-mOOp.pg
W00000000000000000 m.ee meOpen
-e a e e s e e o e o e e o e e e e e o e e o e o
mO0000000h00000000 .NmmMN=- e m e .ep .e .ommee o e e e e o

S

emNme....pemMme... emNme..>.90mMme...
6 mmmmmmmm mmmmmmmm

= . a
6

4

0

. _. _ _ . _ _ _ . . _. _



C1.112

O

0000Q00000000000 mmmmmmmmmmmmmmmmm
0000000000000000 M00000000000000000

w Di t i e4 5 6 1 4 6 0 4 4 I tW wwwwWWWWWwwwwwww swwwwwwwwwwwwwwwww
E NNmOCOOOOOOOOonO ENmedm>>peNedgeqNe
e O000000000000600 pmetemw>e>>Nw= Fee

i 888 i:** ::E3:2:388~8"
e O O.O.O g 8 8 8 8 8 8 8 8 8 8 8 8900000000000 keOedOND>ebeee*@do

e - e e e e e e e e e o e o e e O e e o e e e e o e a e e e e o e e
Ommmmmmmmmmmmmmmm > domed 4@m@NNNNNemN

NNNMMNNmm@m@mm*Ne N
00000000000000000 #

we 4 4 0 0 6 0 0 0 0 0 4 t I 4 6 6 *
Owwwwwwwwwwwwwwwww e
WeeNN#90kONmNmePee O
W@eedNPedeNN#4@Nm@ #
ee@NO#m9emmebetmNe W
weNamm> Prep >NedeNm 3
JdOtmeeOkkNewpahoe sOOOOOOOOOOOOOOOOO

e e o e e o e o e e e e e e e e e h e a e o e o e e e e e e e e * * *
epmfemmebedd@mmdN 6O00000000000006O
9 t I et 0 I 4 0 0 0 6 9 9 e

re edd+++mmmm
00 0000000000 w

k m e 6 6 t i l e e 6 e t >
m kw wwwwwwwwww e

6% **@44NOhm> E
EN MeeeNameeN

w Ce memmONeame e
2 eN ON>OeeNNNm e
w erOOOOOOeO@+4mOObe *O0000000000000000
J e o e e e e e o e e e e e e e o e e m e e e o e e e e o e e e e e e e e

eOOOOOONmmM4kmeNN 00000000000000000
2
m

eNmNnummmmmmmmme O
e 3000000000000000 O w

P O 9 6 6 6 0 6 4 0 t t t i e 4 >
kwwwwwwwwwwwwwww w e
etendeemm4>04eme O 6

5 Veffeedkeeme@@en m
o MONOcewemeedmeme e F

DNON#49404mee>@ # N
J kmho*CmedemmmmD@Om 260000000000000000
m 3 e o e e e o e o e e e o e e o e a e o e e e e e e o e e e e e e e e
e cem@mNNNNNNNNNmMON 6O000000000000000

bNNN8NNN@m@000000000008m
memmemNNNNommmm8NNNNmme O00 0wO00000000 0000000W

el 0 4 i et 8 # # 9 4 4 e l 9 4 el l t 9 4 e t i l 9 4 0 l i e D
E >wwwwwwwwwwwwwwwww wwwwwwwwwwwwwwwwww
3 e>gNme@efeekeed*Nm ekefe@Neemmmedd> >
@ U009% *>>94em4*m>@c wmkeNm4*em4*>OOe e

ecche999@OdrNDeeen de@eOOmmtNee>N4mme
4efO beheededN@eNN>MmmEddr@ggOempONNmmem he@ede@wNNeeONeePOQ webem>9mMP@ea d e a e owe e e o e e a e e e e e o E e e e e e o e o e e e e o e o e ew

endNemmmmm@ke>9Pff de@md@dmPectedmh@m

s
O at NNnummmmmmmmmenO M e m e c e v e w. e d e e e d e 4 4
E W 0909000000000000 3O0000000000000000

> 0 s I e 4 4 4 0 5 0 4 e 4 1 0 J i l 4 4 0 0 6 4 5 0 0 I i 0 t i lm
> wwwwwwwwwwwgwwww awwwwwwwwwwwwwwwww

& e dePeekm>@me meOO eONmememdNNcN>NeN
7 U mq>4N>eememNepeN >OpeppeNe@eedeN>mP
G e meNN4PeetmONOded be94*ONeveoOhmN994
m Omq9ee*Nm>Ome@eO e4094Nemee94WmOO&e
O ONeDe*Nm4mONorfme meddeedmeemm*OPem

2 e e e e o e o e o e a e o e e e o > e e o e o e e e e e e e e e e o e
> momemmNNNNNNNNmNmN sN@mNNm**mOope>mmt
e J

m w wmm49m4444444499@N
v 000000000000000000
5 eI 1 1 5 0 0 i B 6 0 0 0 l e t O I
3 wwwwwwwwwwwwwwwwww

w O 40m@eOmmePOeNP>>>d
E e wm9%embe>OmO@OehmN
O JNedeneem>NNOceN@c
N e OpmpedemONOP4ONGO

eO0000000000000000 > N m e m m m m e e c e e > @ e. = Og e e o e e e e e e e e e e e og * e e e o e e o e e e e o e e e e e
O E90000000000000000 Nmen*MedemNNNNe>N
A

> w M>>emeeeeeeeeeeENe
E U JO0000000000000000
e e sI g | 4 g 4 | t g 3 g i e e9 ee
W D Ewwwwwwpwwwwwwwww@w
E O dmreke PemesedN c
3 e >meom>4mm@eeme@N>e
e 094%e@mme@@me@hmNe

eeNOde>emmeneem>>O
& N00000000000000000 mmf>mm*PeetemPome
D w e e e e o e o e e e e e e e e e e > e e o e e e o e e e e o e e e o e
O wo0000000000000000 mmNFePedm@NNNNecem
E
O

em.emdedkepOmNedeep omNmecebePOmNmdeek
w A mammmmmm 6 mmmmmmmm
*

5 SE
O O

E

O
I

!

|
|



C1.113

A
f

I
\

00000000000000000 000000000*----O--
90000000000000000 -OO0000000$0000000w D v

WWWwwwwwwwwwwwwwww swwwwwwwwwwwwwwwww
.s - C O O O O O O O O O O O O O - O EO-...e-.k........00606600000006000 .~O-O-~.... .....

-O......E.82
:**:E :2i+ ***#888888g8888g88888

.000000. 0000 00000

-~~----
O.....O... . . . . ~ . ~ . .O

~ . -~-----------------

................~ ~
w????????????????? :
a.w.twwww*wwwwww~ww .

.O.t.O--.-O-...O.~..-. O.~ O
~~.u ~- .

s...
..-~~~...~.. -

WO ...-OkO..ONGO D

........O.......O. .s00000000000000000---. ...~~~~ -~ OOOOOOOOOOOOOOOOO
....

- . 8 8 8 8 8 8 8 3. . E. :. 0 5. s. s. :.w. a. 8 8 8 8 8 8 8 8. :. 3 8 8 8. . s. s.
E

4>wwwwwwwwwwwwwwwww wwwwwwwwwwwwwwwww

8....223: 81582 ~:
t : 8 .. 2c3I823 ::*:33c**~
. . . . . . ~ . ~ . ..~ 2...~.-

-. ....O.--... ...-~.-.-----~...O..O...
-~~

. ...~.O ..~-

........O....-~
~

..~....~.~.~......O... . ..-~--~ -. ~- . ... . . .
-~~. -~

.---------------.O , ,

w ? C. 0 0 0 0 0. ? 0. ? O V 9 0 0 0. 0 w o. O.w -
g -w*ww&wwwwwwwwwwww .W w

.. .. .
o~.

.O . . . ~.~~.~ . . t. .-~...t.3. .~.. ~

-.~.~.. 80...
...ot 1

N ...- . ....

.......O..
. 000000000000000..8... . . .... . .

.... -OOOOOOOOOOOOOOO-

E 0 0 0 0 0 0 0 0. . 0 0. s. 0 0 8 -- 5
~-------- - --

00
- .
. w w w w w w w w w w. .w w w w w w w Wv s. 2....

. t. ~. . t. 2 . . - O ~. .t t. 3 3 ~ s .

. ... -. w

..--~
.~..~t.s.

..... s.-~ ..O.- .-
. ~ . ~ . . . ~ . O. O. O. O. O. O. O. O. O. O. O. O. O. O. O. O. O..

..O..~~~~~~ . s000000606O0000000. . . .
-

. -------- L-----O -.g..
???????????????* "T.??g..........g..??????????.?:

: * * * s t * * : g e r. 8 . *. .* Os = ***s= =r.ts==ts *s.s.. 3 3...~-.O. - ~ . ~ . - ~ ~ ~.

O 3 3 3 8 0 . 2. 2 3 . - ~O 3 O
-

.

r.. ~E.3-2.~.
1-.O.. - ... ..

O. O.O -

... .- 0.2. .. . . . . .
.O . 0

O. .. . . O. O.
. ... . . . . . . . .... .. . . .

-0-~ .. ----- -
s

3. 8... 808888888.N
.w---

3.N 0 00O. ? O. 7 ? V0 0 0=
w w wwww w wwwwwwwwwwEww wwww
. 3O O.O .

--t .O-. t ~ ~~~.~..O-

.- 8 3 5 s~.-,5. .3. . .
. -~ -e. r

..-- ~ ~ . . .
O w.-O-O .O-OO -. .

.~. . . 0000000000.. ........O...~~~~ .-~ .
. . . . O.

E
5 g

m~ ....--.-9000000000 .. . . .
O .--.
b -

> ~ =~~............... d
a u DOOOOOOOOOOOOOOOOO

hw* * < E.. * 3Ww

O. 8.. ... 3~~~..5 3 w

..NO.. ~...-- -... . .
.. . --.m......~... -

.--O -
- . O. O. O. O. O. O. O. O. O. O. O. O. O. O. O. O.s-~~.........O...MO6 ..

- . . . . O
.e ........ ~N~~-e. wE90000000000000000

.
*

-~....*..O-~ ...* .-~.......O-~....- t
. -------- a -------- s
X S

.S
w

- O
E

\

l \
i\/

i
e <

-
i.
!

.

t

4

.



__

'

C1.115

m

f 8. CSAS2 SAMPLE PROBLEM

Figure 15 shows a typical spent fuel shipping cask to be analyzed. Structurally the cask consists

of an inside and outside shell of stainless steel with 10 cm of depleted uranium as the interstitial

shiciding material. The water-filled cask contains seven fuel assemblies, each surrounded by a sheath

of Boral (an alloy of B.C and aluminum weighing ~2.64 gm/cc). The key dimensions for the cask
are shown in Fig.15.

In the KENO calculation described below, the fuel assemblies are represented as homogenized

zones measuring 21.42 cm by 21.42 cm. Homogemzed, cell-weighted cross-section data for the

materials in that zone will be produced by XSDRNPM which will perform a preliminary 1-D unit

cell calculation for a typical fuel pin. TN materials present in the unit cell, and the associated
dimensions, may all be inferred ae input data listed below [ Pitch = 1.26 cm.'

;

Dia(UO ) = 0.819 cm, Clad (ID) = 0. .m Clad (OD) = 0.950 cm].2

The Boral sheath around each fuel assembly serves as a neutron absorber in this design. The

Boral selected for .his application consists of 1.5 wt % B4C and 98.5 wt % aluminum. Appendix B

describes how the user may " create" such a mixture using the information already available in the

Standard Composition Library.

The KENO geometry description requires that the seven fuel assemblies be enclosed by an

artificial" CORE BOUNDARY" as shown in Fig.16. To fully describe the geometry, this artificial

" CORE" must be partitioned inta 19 intervals in the x-direction and iI intervals in the y-direction.

This partitioning resu!ts in a total of 209 " boxes." After studying Fig.16 and making note of the

dimensions, orientation, and material corresponding to each box, the user should be able to identify

19 unique " box types." Table 7 shows a map of the 19 " box types" found in Fig.16. This
information is required as part of the multidimensional geometry description for KENO. The user

may, if he wishes, enter a separate " Mixed Box Orientation Card" for each of the 209 boxes.

Alternately, the information from Table 7 may be entered in a much more compact fashion as
shown below in Table 8.

Often one may wish to run several variations of a given problem. In this particular case, for

example, one may wish to determine k-eff of an infinite homogeneous media, a single bare fuel

assembly, or a single fuel assembly reflected by water. The input data for these additional KENO

cases is listed in Table 9. If any of these calculations are desired, the corresponding data shoul21 be

included in the input deck as noted in Table 8. After the cross-section data has been properly
processed, the control module will exeurte each of the KTNO cases back-to-back.4

The output for this; sample problem has been included below. A number of pertinent comments
4 have been written directly on the printed output. It is hoped that this approach will make the task of

interpreting the output somewhat easier.
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"" -- '"''- ~' - - " - -^

3 500 HOMOGENIZED FUEL
ASSE MBLf (21.42 cm se l ,,,; q

* .
,

,f
'

h 4 BORAL SHEATH i
|(0.25cm THICK)

(- |1 3!,| y --- "371cm
-t +

i I
-

--
,

5 WATER .,

| ; ',!h@
'|' ,

g
' '''

k 6 STAINLESS STEEL H tOcm 1.5cm Y
|

.:6 7 DEPLETED URANIUM
' 2'*

" FUEL ASSEMBLIES.BORAL SHE ATHS AND
WATER ( AS SHOWN ABOVE) EXTEND THIS
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Fig. 15. Model of typical spent fuel shipping cask.
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Fig. 16 KEN 0 descrip, tion of the " core" of the shipping cask.
Note that there are 19 boxes in the X-direction and 11 boxes
in the.Y-direction. Also note that there are 19 unique " box
types." All dimensions shown here are in centimeters.
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Table 7 Location of Each " Box Type" in the KENO Description

]
This table shows the location of each of the 19 " box types"

| in the 19 x 11 grid defined by Fig. 16.
t

j 6 5 2 3 2 h 2 3 2 1 2 3 2 h 2 ? 2 5 6

.

| 13 12 8 9 10 11 10 9 8 T 8 9 10 11 10 9 8 12 13
\

! 6 5 2 3 2 h 2 3 2 1 2 3 2 h 2 3 2 5 6

15 1T 15 16 15 1h 15 16 15 1h 15 16 15 1h 15 16 15 17 15

" 2 18 2 3 2 1 2 3 2 h 2 3 2 1 2 3 2 18 2

Y 8 19 10 9 8 7 8 9 10 11 10 9 8 7 8 9 10 19 8

2 18 2 3 2 1 2 3 2 h 2 3 2 1 2 3 2 18 2
,

15 17 15 16 15 1h 15 16 15 1h 15 16 15 14 15 16 15 17 15

| 6 5 2 .3 2 h 2 3 2 1 2 3 2 h 2 3 .2 .5 6
i

12 12 8 9 10 11 10 9 8 7 8 9 10 11 10 9 8 12 13

6 5 2 3 2 4 2 3 2 1 2 3 2 4 2 3 2 5

x ; .

O'
.

; o i

! '

'
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\'- '/ ' Table 8. Input for CSAS2 Sample Problem.

=CSAS2
S EV EN P WR FUEL A SSE MBLIE S I N A 911PPING CASK AT ROOM TEMP
27CROUPN DF 4 7 84 LA TTI CECE LL 0 0
UO2 1 0.95 293. 92235 3.2 92238 96.8 END
Z 1R C ALLO V 2 1.0 END
H2D 3 1.0 END
AR P4 TL-8 4C 2 64 2 1 1 0 5000 4 6012 1 4 0.315 END
AR S4 TL- AL 2.64 1 0 0 0 13027 100 0 4 0.985 ENO
H 2O 5 10 END
SS304 6 10 END
U02 7 0.90 293. 92235 02 92238 99.8 END
SQU AR EP I TC H 1 26 0 819 1 3 0.950 2 0.836 0 END

Ir@t data for additional KENO cases may be inserted here. See next page.

REAL ISTIC MODEL OF A SPE NT F UFL SHI PPI NG CASK (KENO ~1V GEDMETRY)
10.0 100 300 4 19 19 11 1 0
BOX TYPE 1
CUBO ID 5 4.96 0. .25 O. 370.84 0. -0.5
BOX TYPE 2
CUBOID 4 .25 0. .25 O. 370.84 0. -0.5
BOX T YP E 3
CUEDID 4 7.58 0. .25 O. 370.84 0. -0.5
BOX TYP E 4
CUBO ID 4 4. 96 0. .25 0. 370.84 0. -0.5
BO X TYPE 5
CUBO ID 5 13 19 0. .25 0. 370.84 0. -3 5
BOX TYP E 6
CUBOID 5 .25 O. .25 0. 370.84 0. -0.5
BOX T YP E 7
CUB 01D 5 4 96 0. 21.42 0. 370.84 0. -0.5
BOX TYP E 8
CUBOID 4 .25 O. 21 42 0. 370.84 0. -0.5
BO X TYPE 9
CUBOID 500 7.98 0. 21 42 0. 370 84 0. -0 5
BO X T YP E 10
CUBOID 500 .25 0. 21.42 0. 370.84 0. -0 5,--
BOX TYP E 11

( CUDO ID 500 4.96 0. 21.42 0. 3/0 84 0. -0.5
BOX TYPE 12

'- CUB 01D 5 13 19 0. 21.42 0. 370.84 0. -0 5
BOX TYP E 13
CUBO ID 5 .25 O. 21.42 0. 370.84 0. -05 .

BOX T YP E 14
CUBOfD 5 4. 96 0. 4 96 0. 370 84 0. -0.5
BOX TYPE 15
CUB 0 !D 5 .25 O. 4.96 0. 370 84 0. -0.5
BOX T YP E 16
CUBO ID 5 7.98 0. 4.96 0. 370 84 0. -0.5
BOX TYPE 17
CUBOID 5 13 19 0. 4 96 0. 370.84 0. -0 .5
BOX TYPE 18
CUBO ID 4 13.19 0. .25 0. 370.84 0. -0.5
BOX TYPE 19
CUBOID 500 13.19 0. 21.42 0. 370.84 0. -0.5

- ARRAY BO UN DA R Y 0 37.84 -37.E4 37.64 -37.84 '185.42 -195.42 -0 5
CYL INDER 5- 54.0 185.5 -185.5 -0.5
CYL INDER 6 55.5 187.0 -187.0 -0 . 5

CYLINDER 7 65.5 197.0 -197.0 -0.5
CYL INDER C 69 5 201.0 -201.0 -0.5 g
EN D GEDMETRY

0 6 5 2 3 2 4 2 3 2 1 2 3 2 4 2 3 2 5 6
13 12 8 9 to 11 10 9 8 7 8 9 to 11 to 9 8 12 13
6 5 2 3 2 4 2 3 2 1 2 3 2 4 2 3 2 5 6
15 17 15 16 15 14 15 16 15 14 15 16 15 14 15 16 15 17 15
2 18 -2 3 2 1 2 3 2 4 2 3 2 1 2 3 2 18 2
8 19 10 9 8 7 8 9 10 11 10 9 8 7 8 9 to 19 8
2 18 2 3 2 1 2 3 2 4 2 3 2 1 2 3 2 18 2
15 17 15 16 15 14 15 16 15 14 15 16 15 14 15 16 15 17 15
6 5 2 3 2 4 2 3 2 1 2 3 2 4 2 3 2 5 6
13 12 8 9 to 11 to 9 8 7 8 9 to 11 10 9 8 ct2 13
6- 5 2 3 2 4 2 3 2 1 2 3 2 4 2 3 2 5 6 0

EN D

D
I(,-) i

.

a
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Table 9. Data for Additional KEN 0 Cases.

INF IN I TE HOMOGENEOUS MED I A
0.5 100 300 4 5*1
6* 1
CUBE 500 10 0 . 0 - 0. 5
EN D GEOM ETR Y
S IN GLE B AR E FUEL A SSEMBLY ( H O MOG E NI ZED )
0.5 10 0 300 4 4*1 0
CUBOID 500 21.42 0. 21 42 0. 370 84 0. -0.5
END GEOMETRY
SINGLE FUEL ASSEMBL Y REF LEC TED BY WA TE R
0.5 100 300 4 4*1 0
CUBOID 500 21 42 0. 21.42 0. 370 84 0. -0.5
REFLECTOR 5 6*33.0 500
EN D GEOMETRY

O
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* PalmAar NOCULE ACCf 55 AND INPUT PfCORD 8 SCALE Dalvf 8 = JULY 6,19745 .e- THE SCAE DRIVER PRINTS EWRYTHIm ON THIS PAGE. OE

. mCDULE CSA52 WILL ' CaLLfD TInf 0F day t2.49.00 04TE fa.245 OR P0RE CONTROL Kf1LES MY BE ACCESSED PtLTIPLE TITS

Sf vf 4 Pha FUf L 455EP8L tf 5 IN A $ NIPPING CA$K AT ROON Tf4P
*- WAS DONE2 7f.a0UPNOF4 7 8 4 LA7TICECELL 00

UO2 1 0.95 293. 92235 3.2 92238 96.8 END
21eCALLCY 2 1.0 END
H 2O 3 1.0 END
Am84YL-84C 2.64 2 1 1 0 5000 4 6012 1 4 0.01S END O kSdtIPT10N OF TE MATERIALS USED IN THIS PEBLEM
AR8mTL-AL 2.64 1 0 0 0 13027 100.0 4 0.985 ENO
H 2O S 1.0 ENO
$$304 e 1.0 END
Uo2 7 0.90 P93 97239 0.7 97738 99.8 (No kSCRIPTION OF THE LATTICE Cal CALCt1ATim USED 10.

5 00 au rv i n M 1.ze o.sts 1 3 0. vo z o. gin o t w,
' lC SELF-SHIM M (IN THIS CASE) Cal-AWRAGE M NS

I NF INI T t no-uur wtuus ur 01 A .a
SECTION DATA..

' O.S 100 300 4 Set
set
' US E 500 1.0 0.0 -0.5*

fun cFenrtav
SINGLE CARE PUE L ASSEMBLV IMOMOGENilfDb 4 IHESE THEE " EXTRA" 00 CALCILATIWS KRE INQ,, TEED
0.S 100 300 4 4*1 0
CU6010 500 21.42 0. 21 42 c. 370.84 0. -0.5 AT THE LAST MINUTE. DATA FOR AS MNV EO CASES AS
g un i FrinFraY

$INGtf Putt A55EM8Lv REFLECTto Sv uaTER DESIRED MAY BE STACKID BACK-TWK. M THAT MIXTWE

mEFLECTCR S 6*33.0 500 '
370.84 0. -0.5O 21 . 21.42 0. SECTION DATA RESLLTIE FRm TT ME LATTIEM O

fF MD CFPmFTRY NTIN
afAtisitC N00ft or A SPtNT FUEL SHIPPING CA5K InfNO-tv GE0mETuvi g

80X TYPE 1
-19 19 11 1 0 y10.0 100 100 4

p,

CU6010 5 4.96 C. .25 O. 370 84 0. -0.5 ''

NIETEEN , BOX TYPES, ARE REQUIRED TO FAITm.11Y POEL TT FUEL
90X TYPE 2
CU601D 4 .25 O. .25 0. 370.84 0. -0.5 ASSDSLIES INSIE THIS PARTICt1AR SHIPPING CASK. CE0ETRY CARDS,

BOX TYPE 3
CU601D 4 7.98 0. .25 0. 370.04 0. -0.5 KSCRIBING EACH " BOX TYPE" FQ1N IPtGIATELY,

80X TYPE 4
CUB 0lO 4 4.96 0. .25 c. 370.84 0. -0.5

SON TYPE S
C U6010 S 13.19 0. .25 0. 370.84 0. -0.5.

80X TYPE 6
C UBOIO S .25 0. .25 0. 370.84 0. -0.5
SDX TYPE 7
Cus010 5 4.96 0. 21.42 0. 370.84 0. -0.5
80X TYPE 8
CU9010 4 .25 O. 21.42 0. 370.84 0. -0.5
80X TYPE 9
CU80!D 500 7.98 0. 21.42 0. 3FO.84 0. -0.5
80X TYPE to
C UBO ID Soo .25 0. 21.42 0. 370.84 0. - 0. S IE SCM1 DRIVER AUTOMATICALLY PRINTS A COPY OF THE IfMIT

. C 80 50 4.96 6 21.42 0. 370.84 0. -0.5
*

90X TYPE 12
CUB 0f 0 5 13.19 0. 21.42 0 370.84 0. -0.5
80X TYPE 13
CU80!D 5 .25 O. 21.42 0. 3F0.84 3 -0.5

BOX TYPE 14
CU8080 5 4.96 0, 4.96 O. 370.84 0. -0.5

,

80X TYPt RS
Cusolo S .25 O. 4.96 0. 370.84 0. -0.S

,

80X TYPE 16
C urn 10 5 7.98 0. 4.96 0. 370.84 0. -0.5

_ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _



SOE TY#t 17
CUBOID 5 13.19 0. 4.96 0. 370.84 0. -0.5
801 TYpf 18
CuGOIO 4 13.19 0. .25 0. 370.84 0. - 0. 5

. 803 7YPE 19
CU8010 500 13.19 0. 21.42 0. 370.84 0. -0.5
4##4Y #CUNDARY 0 37.84 -37,84 37.84 -37.A4 189.42 -185.42 -0.5 "
CTLIMUt= 5 34.0 155.5 -1a5 5 -U.3

EASIC OEOttTRY ASCR!PTION (ARDS USED TO ESCRIBE DAT PORTimCYtIN0ft 6 55.5 187.0 -187.pj -0.5 q
CYt!N0f t 7 65.5 197.0 -197.d -0.5 0F THE CASK OUTSIE THE ARRAY BOLNDARY.
C Yt f M0f 8 6 69.9 201.0 -201.0 -0.5

E ND net CPt iR T E,
O 6 5 2 3 2 4 2 3 2 1 2 3 2 4 2 3 2 5 6
13 12 8 9 to 11 to 9 8 7 8 9 to 18 to 9 8 12 13 MIXED 30X @!ENTATION DATA FOR THE SHIPPING CASK PROBLEM. THIS

CJ 6 5 2 3 2 4 2 3 2 1 2 3 2 4 2 3 2 5 6
15 17 15 le 15 to 15 to 15 14 15 to 15 14 15 16 15 17 15 DDATA IS USED TD DESCRIBE DE LOCATION 7 TT VARIOUS " BOX TYPES"
2 18 2 3 2 1 2 3 2 4 2 3 2 1 2 3 2 18 2 WININ TT WY.8 19 to 9 8 7 8 9 to 11 to 9 8 7 8 9to39 8
2 IS 2 3 2 1 2 3 2 4 2 3 2 1 2 3 2 18 2

15 17 15 16 15 14 13 16 15 14 15 to 15 14 15 16 15 17 15
6 5 2 3 2 4 2 3 2 1 2 3 2 4 2 3 2 5 6
13 12 8 9 to 11 10 9 8 7 8 9 to 11 to 9 8 12 13
e 5 2 3 2 4 2 3 2 1 2 1 2 4 2 1 2 5 6 0 %p

N000tf CS852 15 FINISHED. USER C04*tE710N C3DF 0000. C PU T14E USED 888.38 ( $ FCONOSI . I /O'S USED 7367

\ O
ComLETim Cou 010 l@ CATES THAT ALL PFOCRAMS CALLED BY ?,41$ f
CONTROL mDLLE (RE SUCCESSFLC.Y EXECLITED. H

N
N

I Itt OUTPUT SHWe ABOVE WILL BE PRINTED BY DE DRIViR m A UNIT CALLED SYSDJI.
ItE cDwTROL mtxu GE WILL PRINT ITS OUTPUT m FI93 AND THE FUNCTIONAL
;uxuS GDml, NITAWL )CDRPt ICD-M WILL PRINT DEIR OUTPUT ON FIT.
SUBJECT TO THE ORDER IN WHIO4 DESE DME LNITS ARE PRINTED, THIS P%Y OR MAY

,

TOT BE "Tif FIRST PAGE* ACTUALLY PRINTED AT ANOTifR INSTALLATION.

G G e
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I -9 2215 _ 7. !2 3545 E-04
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IHESE PC. DENSITIES ARE CALCULATED BY THE CONTRX. MDLE. THIS TABLI,
8 422 6 3 o*

. WICH IS OFTEN VERY USEFLL, IS USIALY PRINTT.D IN TE FIRST 2 OR 3 SE:nOS
3 g

t 92238 2.247093 f-02 . 0F EXECUTION. !
'

e 92238 7.456549 E-03
7 4 2.194902f-02

. I 8086 4.6446Se f-C2
j,.54124 E OCCASIONALLY, OE 7%Y NISH TO RLN A SHORT *Df94 CASE" JUST 10 GBTAIN THISe 8086 E-02

g i
e 6 1. 04 7651 E-02 *

TABLE AND TEN REStSMIT A LONGER JOB WITH AN ADDITIONAL NUQ IE HAVING A

[ CONCENTRATION BASED ON OE OR P0RE OF TESE. FOR EXAPPLE: CE t%Y WISH 10
3 I''

,O *
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1 1
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SEVERAL DIFFERENT MIXTURES. l!KEWISE NUCLIDE l@l APO 11 BOTH REPRESENT

HYDROGEN IN EACH OF TM) DIFFERENT MIXTLRES. (IN THE CASE OF MIXTLFE *

No. 8, THE 10TAL 0xYGEN CONTEt(T EQUALS TE Pb. DENSITY FOR NUQ.!E

M016 PLuS nt NO. DENSITY FOR NUCLIDE M.

AS NOTED PREVIOUSLY, MIXnRE No. 8 NOW REPRESENTS THE HorOGENf 2ED CELL-

AVERAED CM)SS-SECTION DATA FOR THE LATTIG-CELL.
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#E ALISTIC motel 05 A $ PENT 8UEL $4IPPING C A5K InfMO-tv GE04ffRYI

WEIGHTING FUNCTION

SOX TY PE 1 GROUP WTLOW WT AVG WT H!

REGION 1 OfFINED BY GECNETRY CARD 1 P(IRAE ALSD PRINTS THIS EDIT OF THE SPATIALLY

group 5 27 A AS A8 KPD0ENT PtA.TIGROLP EIGiTS FOR EAOi REGICN.

00X TY PE 2 GRoud WTLOW WT HIL
DATA '.!$TED LNDE'R WI AW MAS SUPPLIED BY TE#fGICN 1 DEFINED BY GE04f TRY CARD 2 ,

1 0.167 1.500 USER OR EERATED INTERPdLLY USING TE AUTOPRTIC
GROUPS 2 TO 27 AS 480VE g

80X TY PE 5 GROU* WTLOW WT Ab4 WT HI

REGION I DEFINED SY GEOMETRY CARD 3
1 0.167 0.500 1.500 USERS ARE DC0lRAED TO CECK THIS EDIT Apo

group 5 2 TG 27 $4Mt AS A80VE
,

t 80X TYPE 4 group WTLOW WT AVG WT HI

REGICN 1 DEFINED BY GEO4ETRY CARD 4
1 0.167 0.500 1.500

GROUPS 2 TO 2 7 SA4E AS A8Dvf n
SON TYPE 5 GRous WTLOW WT AVG WT Hi

H
FE C f f'N 13)fFINED BY GEONETRY CARD 5 La3

--

1 0.167 0.500 1.500 LA
GROUPS 2 TO 2 7 S AME A$ A80VE

'

80X TY PE 6 GRour WTLOW WT AbG WT HI
GIVEN B0x. FOR PERE THAN DE REGI(N, TE UER

WEGICM t OfFINED SY GE04ETRY C AR D 6
6 EED PORE THAN DE BASIC &OETRY

t 0.167 0.500 1.500
GR00P5 2 TO 27 S AME AS ABOVE kSCRIPTION CARD. FOR THIS PARTICLLAR e*M

80X TY Pi ? GROUP UTLOW WT AVG WT HI
BOX TYE.

PEGION 1 DEF INED BY GE04f FRY CARD 7
1 0.167 0.500 1.500

group $ 2 TO 27 5A4f As A80Vf

80X TY PE 8 GROUP WTLOW WT AVG WT HI

REGICN 1 DEFINED SY Gf TRY CARD 8
1 0.167 0.500 1.500

group 5 2 TO 2 7 $ Amt A$ ABOVE

80X TY PE 9 GRour WTLOW WY avg WT HI

REGION 1 OEF INfD BY GEO8Eftv C ARD 9
1 0.167 0.500 1.500

GROUPS 2 TO 27 SAME A$ A80Vf

80X TY PE to Group WTLOW WT AVG WT HI

RECTON 1 DEFINED 87 GE04ETRY CARO to
1 0.167 0.500 1.500

GROUPS 2 TO 2 7 S AME A$ ABOVE
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e tatIS TIC se00fL Of A SpiNT FUfL SHIPPloeG Ca$E IKENO-tv GF04EfeY)
IH!S EDIT SHowS Tif " BOX (YPE" NAT MAS ETIMY

ARWAY OfSCa|PT10g PitESCRIBED FOR E/Of LOCATim (I, J, d IN Tif ARRAY.

Z* 1

J=ll: 6 * 2 3 2 4 2 s 2 1 2 s 2 4 2 3 2 5 6 TK USER IS STRONGLY CPCOLFAED TO OECK THIS EDIT

J 10: Is 12 e 5 to 11 to e a 7 e 9 to 48 to 9 e 12 13 AND VERIFY THAT THE DATA WAS COFECTLY ENTERED--

NIC IF K MD W WE M M-BMW IM
J4' 6 5 2 3 2 + 2 s 2 a 2 s 2 + 2 3 2 5 6

SCK4 FOR THE MIXED BOX @lENTATim DATA.

J4: 15 17 15 le 15 to 15 16 15 14 15 16 15 to 15 16 15 17 15
J 7: 2 to 2 3 2 a 2 3 2 + 2 s 2 s a s a to 2

J4: e to to e e i e , to ti to , e i e 9 to to e#

J-5- 2 to a s 2 t 2 3 2 + 2 s 2 1 2 3 2 18 2

IHE CONTROL MXRLE WILL CHCK THE MIXED BOX @lENTATION

J.4 15 17 15 16 15 to 15 16 15 14 15 to t5 to 15 le 19 17 15 DATA FOR VARIOUS TYPES OF INCONSISTENCIES. IT WILL

J 3: 6 5 2 s 2 + 2 3 2 1 2 s 2 + 2 3 2 5 6 VERIFY THAT ADJACENT FACES OF ANAGNT BOXES ARE THE

J-2: 13 12 e 5 to tt to e e r e e to i1 to 9 e 12 13 m Sm a wT u um DialoNS & NE ARRAY g
DO QRRESPOND 1D THDSE StON W THE APMY IIUDR( caro. H

J=l: 6 5 2 s 2 + 2 s 2 2 s 2 . 2 s a 5 6 '

ANY ERM SSATS PRINTED AT THIS PolNT KMAD HAW BEEN H

{ j j f f f f k f db EMRATED BY SLERolfTINES 10X, FIXDOX, no QRilZ. $
!=1 ! =3 I-5 I-7 14 I -11 1-13 1 -15 I-17 1.9

_

'

G e e2



A s
j

k ? $(J Q/ %)
*

'

R E ALISTIC 40CEL 07 A 58E47 FUEL SHIPPING CASE (EEMO-IV GE04ETRYI
" BOX TYE". ANY EMOR tiSSAE FHINTED AT THIS PolNT WXLD HAVE BEEN

vat tM ES g,fRATED BY stemnUTIES ROK OR WUK
*80X TYDE 1

REGION DE* tNED BY GELAE TRY C ARO 1 VOLUME = 4. 59841E 02 Cu** 3 CUMULATIVE YOLU4E = 4.59641E 02 Ca**3

80X TYPE 2
REGION DEF INED SY GE04ETRY C ARD 2 YOLumE = 2. 31775E 01 Cu** 3 CUMULATIVE VOLUME = 2.31775E 01 C4**3

00X TYPE 3
REGION DEFINE 0 81 GEC4ETRY CARD 3 VOLUME = 7.39825E 02 Cm** 3 CUMULATIVE VOLUME = T.1982SE 02 Cm**3

80X TYPE 4
REGION DEFINED SY GE04ETRY C ARD 4 V0tU4E = 4.5984tE 02 Cu** 3 CUMUL ATIVE WOLUME = 4.5984tE 02 Cu**3

BCX TYPE 5
REGION OEF INEO BY GEONETRY C ARD 5 VOLU4E = 1.22284E 03 Cu**3 CU4ULATIVE VOLUME = 1.22284E 03 Ca**3

OOK TYPE 6
REGION DEFINED BY GE04ETRY C ARD 6 VOLUME = 2. 317 75E 01 C u** 3 CumutATIVE VOLUME = 2.3tf75E 01 C4**3

80X TYPE 7
R E GIOP: DEFINED BY GE04ETRY C ARD 7 VOLUME = 3.93992E 04 Cu** 3 CUmVLATIVE VOLUME = 3.93992E 04 Cu**3

80X TYPE 8
REGION DEF INED BY GE0 METRY CARD 8 volume = 1.98585E 03 Ca**4 CumUt& Tide VOLU4E = 1.98585E 03 C4**3

4CTL'AL V0ll2T OF A GIVEN REGION INSIE Va.1kT OF A GIVEN REGIOt PLUS THAT OF ALL PREVIGJS o
BOX TYPE 9 PARTICLAAR BOX TYPE REGIONS INSIDE 1)E PARTICLAAR BOX W

REGION DEFINED BY GE04ETRY CARD 9 OLumE = 6.33882E 04 Cue *3 umutAT!WE votU4E = 6.33082E 04 C4**3 .

H
80X TYPE 10 LJ

REGION DEFINED BY GEOMETRY CARD to VOLUME = 1.985 85E 03 Cm**3 CUmutATtvE votumE = 1.98585E 03 Cuo*3 @

80X TYPE tt
REGION DEF INED BY GEO4ETRY C ARD !! WOLume = 3.93992E 04 C u* * 3 CUMULATIVE WClumf = 3.93992E 04 Cm**3

80X TYPE 12
REGION DEf1MEO 8Y GE04ETRY C ARO 12 V0tumE = 1.04773E 05 Cu**3 Cumut ATIVE VOLUME = 1.04773E 05 Cu**)

E0X TYPE 13 U

REGION DEF INED BY GE04ETRY CARO 13 VOLUME = l.9858?E 01 Cu**3 CJ4UL ATIVE votu4E = 1.98585E 03 C4**3

80X TveE 44
REGION DEF INED 8Y GE0'eETRY C ARO 14 WOLUME = 9.12324E 03 (m**3 CUMUL ATIVE Votumf = 9.12324E 03 C4**3

BOX TYPE 15
REGIDN DEFI4E0 SY GE04ETRY C ARO 15 VOLUME = 4.5984tE 02 CM**3 Cumut ATIVE YOLU4E = 4.59841E 02 Cu**3

80X TYFE 16
REGION des INED 8v GE04ETRY C ARO t6 VotumE = l.46 78 8E 04 Cu** 3 CU4ULATIVE VOLUME = 1.46 78 t t 04 C4**3

-10X TYPE 17
REGION DEFINED SY GE04ETRY C ARO 17 VOLUME = 2.42612E 04 Ca**3 CUMut tTIVE VnLUME = 2.426t 2E 04 C4** 3

BOX TYPE 18
REGION DEF INED 8,v GEQ4ETRY C ARO 18 YOLUME = 1.22284E 03 Cu**3 CUMUL ATIVE WOLU4E = 1.22284E 03 Cu** 3

80X TYPE 19
REGION DEFINED BY GEO4ETRY C ARO 19 VOLU4E = 1. 34 773E M**3 CUMULATIVE V0tUME = 1.04773E 05 C4**3'

W OF ARRAY O M O N. M E DR Ef tEC T08 votumE1 - GE04E TRY C ARD 20 IS THE CORE 60tM 0 4RY CARD
REC 10N DEF INED SY GEONETRY C ARD 21 VOLUME * 1.2747 06 Cm**3 CtMutAftVp Vetumf = 3.39869E 06 Ca**3

\
1

1

_ _ _ _ _ _ _ _ _ _ _ _ _ _ __ __ - _ _-
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IMAGE EVALUATION NNs

TEST TARGET (MT-3)

' l.0 |# 3B E4
'

E Ei E
I.I ['d l!M

l.8

1.25 IA 1.6

= e =

'

MICROCOPY RESOLUTION TEST CHART

sf||||'We 41'%
1,

4

#|f'N S\
4)p9/

&r g : ;//f
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a.- -- - .. .Q|::z. a ::=_ a..ii: . _ .
.--



/A<>.+ +#s*.)
t

V '

iM&eE Ev <uiriOs
TEST TARGET (MT-3)

'
' l.0 |# En L4

y[yEE
I.| [m llM

1
I l.2 5 "

1.4 - 1.6
I l _

= e =
,

MICROCOPY RESOLUTION TEST CHART

s .

5% + //p

)+1g(;$f(# ' //4r_ i :
_
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ofGt04 OfFt4fD 87 GEO*ffeY Cano 22 v% U 4f = 2.23469f 05 Cu**3 CumutaTtvf votu4f a 3.#1916f 06 CM** 3
afG304 Of*t4fD BY GEOmffey Ca#0 23 V0t V 4f a 1.69126f 06 CM**3 CUMuteTIVf vot04f = 5.'1042f 06 C4**3
afGION OfFINEO SV GE04f f RY C aRO 24 WM U4f e f.e9eO2F 05 C#**3 CUmutaT tvf vnty4f a 6.10022f 06 Ca**3

TOTat V0tuME$

2 2 3f TOTAL nttt VOLT.NE OF W. OF T14S

3 8.775588 04 0F REGICN 7 REGim 7 BOX TYPE M
*

5 y 0 INE!I THE INSIM BOX IS FOLIO IN

1 v.aS42Cf 02 ApgAy TYPE M TK ARRAY
ff 1.57597f 05 r

6 2.760taf 04
9 f.60698f 05
to 2.3830LE 04
11 1 96996f 05
12 4.19093f 05 MTE: " REGION 7" IS AUNAYS " DEFIED BY E0 RETRY CARD 7."

gg 9'4, f, IN THIS PARTICJ.AR CASE IT !$ FOUND IN BOX TYPE 7 KCAUSE

IS 9.1966tf 03 4 HAD OPLY ONE REGION PER BOK. IN GEtKW, Lt( pgy

HAVE TM) OR rue REGIONS IN A GIVEN BOX.
7 0

18 4.f913ef 03
19 2.C9546f 09

pC0ti f C '52 M a0 f 4 $ UC CE S $F ut ACCESSES.

IIANS TT,T CS/C2 CAu1D AND SUCCES$flALY EXECUTED MvYI, g
NiitA XSDPf4N Aro 00-IV. H

W
V
C

HAD K t0T USED TIE KMX4N12ED CELL-AVERA&D CROSS
SECTION DATA TO REPREENT TK FlfL ASSEfftY (1.E., HAD

tt t0T USED MIXTult tb. 5W IN T>( 3-D 00 Irantti),
Tm CONTROL rauf MED HAVE CALLED MWJ, NITtO

AND 00-IV. HOPEFt11Y IT W0llE TRN HAVE P%DE 3

SUCCESSFLL ACCESSES INSTEAD OF 4.

6

O O O
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T A P E 10 4321 NUm9fa CF NUC L I DE S 87
NUM9Es OF NEUTa0N Ga0085 27 NWMPER OP Gamma GFDUPS 0
F 19 5T TMf 8 M AL GRDUP 15

TABLE DP CONTENTS
t /V CP055 SEC TICNS NDenALIIED TO l.0 AT 0.0253 EV 10 999
N 1269 F, 1002 7 218 GP 032475023 ID 1001
N 1265 7, 1002 Y 218 GP 032475628 ID 11
0 112C (1004 020 80UND TNS 218 GP 1/f*SIGT ID 1002
NE-4 1270 289 GP WT F-t/f 57-N 0423 75 P3 293K 10 2004
(1-6 121t 288 GP t/E*5IGT 040375tSI 33 3006
LI-7 1272 218 GP t/E*SIGT 040375150 10 3007
S f-9 t t 289F/10 64 TI P-38 296E e 900K,1000E .1200K I O32769 10 4004
b- 10 1773 2184GP 042373 P-3 2934 10 5010
8-11 1860 WT t/EST 2184GP P-3 2934 PEtD423751 10 5011 ftRE IdisT IS COPYlPG I>E MA!TER
C-12 1274F.10657 218 GP 050476471 ID 6017

CROSS SECTION LIBRARY FIOM GPE LOGICALN-14 1275 218 GP 0304 768 7B ID 7014
O-16 1276 210 GP 0304 76t 78 10 8016 th!T TO ANOMR FOR USE IN NITR.
D- 16 1276 218 GP 030476(70 10 6
0-16 1276 218 GP 030476670 ID 7 NITM wit.t xN sEtr-ss Etn T>eS4
0-16 1276 210 GP 030476678 ID 8
8 1277 218GP 0304 766 fl ID 9019 ENO WA M
N A-23 18 56 SIGP=5 +4 Nf WXL ACS 218NGP P-3 293K 10 11023 PR3Xfi A PtJCH SPMLIIR KJRKING
MG 1280 210 GP t/f*SIGT 040375456 ID 12000 LINUWY*AL-27 1893 218 GP 040375153 10 13027 g)SI 1894 2184GP WT 1/f5T 042375 P3 293K 10 14029 p.
P-11 7Ct9 2184GP WT 1/EST 042375 P3 2934 10 15031 ALL DE MJ1.lDES 9(DM HERE WILL BE .

5-32 7020 2104GP WT t/EST 042375 P3 293t 10 16032
AVAILMLE 04 TT P% STER LIBRAW H

CL 1849 210 GP WT 1/f 5T 042375 P3 293K ' 10 17000 SN
K 1150 218 GP WT 1/f5T 042375 P3 293K 10 19039 PASEI TO NIIGL. 43
CA 1195 218 GP t/E*SIGT 040375850 10 20040
TI 1226 218 GP WT 1/f57 042375 P3 291K ID 22000
V 119e 218 GP t/E*StGT 040375458 10 23051 Nont TsAT Nua.!oES 46, 7, AND 8
CR I191 2tSNCP WY I/E P-3 293K SIGP=5+4 RE'0423750 10 24000

REPRESWT OXYGEN IN MIXTWES %). 3'CO !!91 WY 55-3 0461/E 5f t P-3 29 3K $*=5+44423750' ID 24304
CR 1891 WT INCONLi t/E ST D P-3 293K Sp=5+4 6 42 3 75 D ' 10 24404 5, no 7 MERLOS MI1!DE $1U6
M4-55 !!9 7 SI GP=5 +4 NEWXL AC S 2184GP P-3 293K TD 25055

REPRESINTS OXYGEN IN MIXTWE Ib. }.FE 1192 218NGP WT 1/E P-3 293K SIGP=5+4 af40423751 10 26000
FE 1192 WT 55-30441/EST0 P-3 293K $*=5+4 8 42 3 75 8 ' 10 26304 SEPARAT SETS OF CROSS SECTlav DATA
FE 1892 WT INCONL i t /E S T S *-3 293K Sp= 5 +4142 3 75 8 ' IC 2640 n

2705,4 SE O WM. M G BECD-59 !!99 5t GP=5+4 NfWXLAC5 218NGP P-3 293K 10
NI 1190 218NGP WY 1/E P-3 293K SIGP=5+4 ret 0423751 10 28000 AVAILMI.I ON T)E P% STER LIBRARY F ASSED
MI 1190 WY 55-30461/ESTI P-3 293E SP=5+4 t 423 75 8 ' 10 2830'

TO NRAWL. (SEPARATE SETS OF DAinNI 1140 WT 55-104tI /E STI P-3 293K 5P=5+48423750' 10 20
NI 1190 WT INCONt.it/E5ft P-3 29 3E SP=5+484237588 10 20404 WILL /LSO BE AVA!LABLE FOR PAJCLIDES
N AT CU 812958 SIGP=5+4 NfuILACS 2184GP e-19-77 10 29000 N12, 4 11 AND 2@*99-79 (1006 N EWXL ACS Ft. tMEV I-l /E-Nt 293R l 108377 ID 35790
BR-81 til28 NEWIL EC 5 Ft.tufvi-1/E-Nt 293E l 101377 10 35810
ZetNATI 7141 21 NGP WT F ISt o.170200-1/f-M AX P-3 In 40000
2P-2812e4B $1GP=5+4 NEWXLACS 293K 9-20-77 1/E WT. ID 40302
N8-93 1889 SICP=5+4 NEWXLAC5 2184GP P-3 293R ID 41093
mD 112879 SIGP=5+4 NEWXL AC5 218NGP F-1/E-N P-3 293E ID 42000
AG-107 1138 SIGP=5+4 NEWXLACS 218NGP P-3 293( 10 47107
AG-109 1139 11GP=5+4 NEWILACS 218NGP P-3 293E 10 47109
CD 1201 WT t/EST 210NGP P-3 293n af t 0423758 10 48000
14-113 (4*51 SICP=5+4 NEWEL AC S 2184GP P-3 2934 10 49113
14-115 64498 SIGP=5+4 NEWXLACS 2184GP P-3 293E ID 49115
54 7C39 WT t/EST 2194GP P-3 293K #Et0423753 10 50000
IF-135 1294 218G F- 1/ E * 51 GT-N 293E 7-t 8- 78 4 2 5 10 54115

-
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10Mi MUnl mg g g
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84-134 7040 2184GP W7 1(f$t 042375 P3 293E 10 54138
GD 110309 SIGP=S*4 NfwatACS 2 93 % 9-2 0-7 F 1/ f WT = 10 64000
07-164 1031 51GP=S*4 NfWILACS 2184GP P-3 2934 10 66164
Lu-175 1032 SIGP=S*4 NEWIL ACS 2 t DMGP P-3 2934 ID 71175
Lu-176 1033 SIGP=S*4 NEWEL ACS 2t DMGP P-3 293E 10 71176
H5tNA78 4034 2184GP W7 tr5 P-3 SIGP*S*4 293n af 40423758 10 - 72000
74-101 12 09 SIGP=S+4 NEWIL ACS 21egGP P-3 2934 10 73181
W-182 182e StGP=S*4 ptWILAC$ 21SNGP P-3 293E 10 74182
W-103 4129 S tGP=S*4 NEWEL AC S 2184GP P-3 2914 10 74143
W-104 1130 5tGP=S+4 NEWELAC$ 21sNGP P-3 293K 10 74184
W-106 1 31 $IGP=S*4 NfwRLACS 210MGP P-3 293K 10 74186
og-33 3 1003 $ 3GP=S+4 NgustaC 5 2 t D4GP P-3 2934 10 75185
#f-187 1004 SIGP=S+4 NfWXLACS 2104GP P-3 2934 ID 75187
Au-197 B2 03 SIGP=S+4 NfWxt ACS 2184GP P-3 2934 10 79197
F9 1280 218dGP 04237S P-3 293 E ID 02000
TH-232 1294 SIGP=S*4 NfWXLACS 2184GP P-3 293E 10 90232
P A-233 1297 218 GP W7 P-1/f-4 090376 P3 293K ID 91233
b-233 1260 $1GP=S*4 NEWILACS 2tDNGP P-3 2934 10 92233
u-234 8 04 3 SI GD=S *4 Nf WXL AC S P-1 293K F-1/f-4( 1. +S t 1D 92234
u-235 1261 SIGP=S+4 NEWXLACS 2184GP P-3 2934639 10 92235
u-235 1261 SIGP=S*4 NfwMLACS 2184GP P-3 293Etil ID 2
u-236 186 3 $100=S*4 NEWELACS P-3 2934 F-1/f-mi t.*S 8 1D 92236
0-238 1262 SIGP=S*4 NEWILACS 2184GP P-3 293xt3e ID 92238
u-23 8 126 2 SI GP=S+4 NEWXL ACS tl84GP P-3 293Nf 33 10 4

NP-237 1263 $1GP=S+4 NEWELACS 214NGP P-3 293E 10 93237
Pu-230 1050 5 I60=S+4 NEWELAC S P-3 29 3E F-1/f-4(1.+S8 10 94238
P0-239 1764 $tGP=S+4 NewtL ACS 2teNGP P-3 2934 ID 94239
Pu-240 1265 $1GP=S+4 NEWILACS 2184G* P-3 2734 10 94240
Pu-241 1266 SIGP=S*4 NE W EL AC S 2184GP P-3 293E ID 94241
PU-242 1861 $1GP=S+4 NEWELAC$ 2194GP P-3 2934 10 94242 C3

A4-241 1056 $1GP=S*4 NEWMLAC$ 210NGP P-3 293( ID 95241 hd
*

- An-243 1057 2 80 GP W7 P-l/f-4 0903 76 P3 293K ID 95243
$'3C4-244 1162 SIGP=S+4 NfwxLACS 2184GP P-3 293K ID 96244
"

Tapf COPY U$fD 937 t/O'$+ 440 TODE 4.07 SECD405
|

ELAPSfD 7tpf 0.2 7 MIN.
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OQ ABE 8Y M AS 9 ENTRIES.

10 AsesY MAS 12 ENTt!ES.

M SC m NOT USED 0
mpf Num8f4 0F NUCL10f5 FROM MASTEa LtBaaty 19
mwT NUp9Et OF NUCLIOES FRON I-SECT LIBRA 47 (LOG tl 0
WIT NUN 8Et OF NUCLICES FROM X-$fCY LIBRAAY ELOG 39 0
art OUTPUT SEN5titvlTV YAPE 0/t - N0/TES 0
exx NOT U$ED 0
p5 NOT USED 0
19f5 NUW8Ee CF RESONANCE C ALCUL Af f 0NS 6
IQ4 NOT L1EO O

P CU P PT10N TaIGGEg . INPUT DATA FOR NITM. AS READ OFF Tif 81 NARY leJT TAPE
tFG NOT USED 0 PREPARED BY TE CONTROL POOLif

THE STom AGE ALLOCATfD FOR TMt 5 C :. es 94208 w0eOS

20 Ae9AY MAS 19 ENTRIES.

30 Anasy MAS' 90 ENTRIES.

4Q A924Y Ma$ 19 ENTt!ES.

GENER AL IN8CRM Af tDN CONCEeNING CROSS $fCTION L 3 8a ARY
T AP E 10fMTIFICATION NUMSER 4321
NU48ft OF NUCLICE5 04 TAPE 87 ()NUM 8ER OF NEUTRON ENERGY GROUP $ 27 Fd
Flo ST TME AM AL NEUTRCN ENEaGY GROUP 15 *

NUM B ER 08 Gamma ENERGY GROUPS 0 [
Ot4ECT ACCES$ UNIT Num8Ea 9 *E0utaf$ 146 BLOCKS OF LENGTN 484 woROS 'd

50RN TAPE 4321

NUCt!DE5 FRCN K50RN TAPE
I N 1269 F, 1002 T 218 GP 03247982s 1001
2 H 1269 P. 1002 T 218 GP 032475t20 11
3 8-10 1273 2184GP 042375 P-3 293E 5010
4 6-11 11e0 WT 1/EST 218 NGP P-3 293E RE40423759 5011
5 C-12 1274F,8065T 218 G8 030474t79 6012
6 0-16 1276 218 GP 030476(7B 8016
7 0-14 1276 218 GP 030474678 6
8 0-18 1274 218 GP 0304764 78 7
9 0-16 1274 2 58 GP 0304764 78 8

to AL-27 1193 2t8 GP 040375151 13027
11 CR 8 891 wT $5-304t t/EST9 P-3 293E SP=5*48623758' 24304
12 MM-55 119 7 5t GP=5 *4 NEwxLACS 2184GP P-3 2934 25055
13 FE 1192 WT 55-30411/E5fl P-3 293E SP=5*44423750* 26304
14 Nt 1190 WT $$-30481/EST8 P-3 293E SP=5*4t421759' 28304
15 2R-2 012 84 8 StGP=5*4 NEWXLACS 293E 9-20-7 7 t / E wT. 40302
16 U-2 35 1261 5t GP=5,4 NEWELAC5 218NGP P-3 293E6 3 B 92235
17 u-235 1261 $1GP=5*4 NE WEL ACS 218NGP P-3 2934 6 3 9 2
18 U-238 1262 StGP=5*4 NEuxLACS 2184GP P-3 293 mill 92238
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CUTER 14 met 1 - 84 LANCE E!GENVALUE 1 - SoueCE 1 - SC ATT ER 1 - UPSCAT Time
ITER l'leS RATIO a6TIO aATIO tugge'

t 292 2.93683E-06 1.33353E 00 -3.7666SM 01 1.00000E 00 -1.33017E-01 0.2680
2 471, 2.19347E-06 1.384tSE 00 -S.88613 E-03 -6.797 7tE-02 -1.97658E-03 0.4089
3 552 2.78714E-06 1.387tSE 00 -S.79177E-05 -4.692 8 8E-03 S.66502E-03 0.4813
4 622 2.7932SE-06 3.38523E 00 2.32049E-04 2.13tSOE-03 1.46042E-03 0.5477
5 6 79 2. 7949 3E-06 1.18478E 00 -3.2948SE-05 6.144 7 2E-04 1. 50 3 86 E-04 0.6035
6 122 2.7951tE-06 1.38480E 00 -S.59770E-05 6.48527E-06 -2.77519E-06 0.6497

G80Up INgER MF0 4AX. FL UE MSF u At . SCALE COAnst
ITE85 INT. O!8FEaENCE IN 7. FACTOR ufSM

TESE M7eERS SKXLD ALL BECDT 1 1 20 2.12960&05 28 1.00002E 00 1

AS THE mM mRGES - 2 1 28 1.632810-05 28 1.00002E 00 1
3 1 . 28 2.032110-05 28 1.0000tf 00 1
4 I 78 2.177250-05 28 1.0000tf 00 1
S 1 28 1.9993SD-05 28 1.00002E 00 1
6 1 28 1.81003D-05 28 1.00003E 00 1
7 1 28 2.013510-05 28 1.00004E 00 1
8 I 1 2.400$00-05 28 1.00004E 00 1
9 1 1 2.913000-05 28 1.0000SE 00 t

to 1 1 3.26640>05 E8 1.0000$f 00 t
11 1 28 3.38717D-05 28 1.0000$f 00 t

12 1 28 4.16392D-05 28 1.0000SE 00 1
13 1 ft 4.236280-05 28 1.00004E 00 1
to 1 21 4.010870-05 28 1.00004E 00 t

15 1 19 2.993030-05 28 L.00002E 00 1

16 1 19 2.933570-05 28 1.0000tf 00 1
17 1 18 1.230500-05 28 1.0000tf 00 1 In18 1 18 3.209260-05 28 1.00001E 00 t g
19 1 18 2.764980-05 28 1.0000tf 00 1 .

20 1 2 2.133830-0S 28 1.00002E 00 t H'
21 1 2 3.930990-05 28 1.00002E 00 1 @
22 1 2 2.233020-05 28 1.00001E 00 t La)
23 1 28 2.372040-05 28 1.00003E 00 1
24 1 28 8.111580-06 28 9.99999E-01 1
25 1 28 8.535650-07 24 1.00000E 00 2
26 1 23 2.892300-06 28 1.00000E 00 2
27 1 20 3.43663D-06 19 1. 00000E 00 2

7 749 2.79512E-06 1.38483E 00 -2.41938 E-05 -S.02829E-05 -4.12015E-06 0.6872
F t M AL 8" 'N

g Laus04 a.38488E 00] ANGUL AR Flut Oh 16

EL APSED TIME 0.6 9 m t N.

K
EFF FOR AN IWINITE LATTICE OF FUEL PINS LilE TilAT DESCRIBED ABOVE.

*
.,

41ILI AN EDIT OF kyp IS PROVIDED AS A COURTESY, THE REAL PURPOSE OF THl3 )EOl

CALCtLATION hAS TO DETERMIT T4 FLUX AT EACH POINT IN TE LATitCE CELL APO
PRCOUCE Cell-AVERAED CROSS SECTION DATA THAT CotA3 BE USED IN LOO-IV, an;Cn

OF THAT DATA l$ EDITED BELOW.
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't hF TNT V8 h0McGENEOUS mE0ta

NUpSER OF GE NE m aTION S 100 ST a*T Tvpf 1

NUwPER SEe GENEtatt04 300 GENES af t045 BETWE EN CHECue014T5 0

Num6Es OF GsNEpaTIONS TO 8E Set' PED 4 ttST INPUT x-5ECTIONS #E40 Fe0m TAPE NO

Num6 Et OF ENERGY GeOU*S 27 LIST t-0 wirtueE N SECYtDNS No

max. NumsEn OF ENEeGy TeaN5FEs$ 27 LIST 2-0 m!NTUeE I-5ECT1045 NO

NUMMEs OF INPUT NUCLIOES 59 LIST FtsS. AND 485. EY REGION NO

NU p6 E4 0F 4tETURES 8 USE a-5ECTitw5 FeCu peEv! flus Ca5E Nn

NU'0Ee CF MIXING Ta8tf ENTetES 25 USE GE0mETev pe04 P8EV10US CASE NO

Nuotte OF GE CmETev CaeOS 1 USE vfLOCITIES FA04 PREVIPUS CASE N6

NU*B ER CF 80X TYPES 1 COMPUTE 4 ATRIX K-EFFECTIVE SY UNIT NO

M UNS ER OF UNITS IN X OtEECTION 1 fou'UTE mate!I K-EFFECYtvf PY BOX TYpf Nn

Nu=8Et OF UNITS IN Y OtaECTION I LIST FISS PROS watatt ev UNtf No

Num6ER OF UNITS IN 2 O! RECT!04 1 40JctNT C aLCutatt0N NO ()
Fd

Num6Es Of NUCLIOE5 a f a0 FRon TAPE -19 USE EXPONENTlat TeaNSFORM No e

H
ateE00 TYPE 1 CatCJLaTE FLUX NO

SEseCM TYoE O CALCULATE F t551% OENSITIES YES

TNis PRO 8tE4 WILL SE RUN WITH SPECUtacLY eEFLECTING 'JOUNoaty CON 0tTION

1.00000E 00 *Y = 1.00000E 00 -Y = 1.00000C 00 +2 = 1.00000E 00 -I = 1.00000E 00THE aL8F005 set +1 = 1.00000E 00 -X =

masteefe Time = 0.5000 stNUTES

STCeaGE Locafl0NS REQUteEO *CR THis JOB = 17886
REkatNING avalta8tE LOCAT1045* 82978

A MTAILED EDIT OF THE ItFUT 'tTA FOR TNIS PARTICMAR

E10 CASE WILL BE PRINTED TEXT.

FOLLOMING THAT, DE CG)E WILL EDIT T)E A'4RK4

VALLE OF kpp FOR TT SYSTEM AS Catf'UTED AT T4
END OF EACH GEERATION.

f0R BREVITY, TT ttXT 8 PAGES OF OUTPUT HA'4 POT

BEEN ITUH.D HRE

O O O



_ . . . . . , . .... . . . _.- . . .. _ _ m.. .. _. .......m - . . _ - . _ _ __.___m._ _ _ _ _ . _ ..__._m. . _ . . . _ - . - _ _ _ . - . _ . _ . _ _ . _ - - .

4

i
4

I
i .

!

i. SINGLE 8 AR E FUEL ASS E*8LY IM0m0GENIZf 0 0 9

Num8E4 0F GENE #Afl0NS 100 $T48T TYPE 1

NUp0ER PER GENEmafl04 300 GENEn ATIONS Of fWE EN CHf CNPOINTS O

Nuesta 08 GENf84T10NS TO Bf SKIPPfD 4 LIST INDUT X-$ECTIONS # f A0 Fe04 TAPE NO

Num8 ft OF ENEWCY GROUPS 2T LIST t-0 #1XTUnf x $fCTIONT. NO#

4 A N. Num8fR CF ENr*3v Te&Nsstas 2T LIST 2-0 m!ITuat x-SECTIONS 40

Num8Et OF INPUT NUCLICES 19 LIST FISS. AND A85. BY REGION NO

Num8 EW OF mI RTUR ES 4 U$f X-5fCTif1NS *R04 Paf vt005 CASE NO4

4
NUp6ft OF m!IING T ABLE ENT8 tES 25 U$f GE0mfieY F#94 PRfv!OUS CASE NO

MURSER OF CffmffWY Ca#0$ t U$f VELOCITIES F80m Pefvfous CASE Mo
,

| NUNG ER CF 803 TYPES I COMPUTE matetX R-EFFECT!vE SY UNIT NO

!
1 Numeft OF UNITS IN X O!RfCTION 1 Com*UTE MATRlx R-EFFfCTIVE SY 80X TYPE NO

Museft OF UNt't$ IN Y CitfCit0N 1 LIST F tS5 PROS mATats SY UNIT NO
1

Num8Ee CF UNITS I4 2 OIRfCTION 1 ADJ0 TNT CALCULAftDN NO O
H

h NUm8Ee OF NUCLIOES READ F#0m TAPE -19 USE E XPONENTI AL TR AN550em 40 *

H
00

AL8f00 TYPE O C ALCUL ATE FLUM NO y

SEARCH TYPE O CALCUL ATE FISSION 0r41171f5 YES

MAXIIEJM TIME * 0.50do utNUffS ;

i
1 STCAAGE LOCAYt0NS afQutaf0 Fon THt$ JOB e 17886
i R EM AINING Av atL AetE LOC ATION$a 82978
1 ,

I
d

A DETAILED EDIT OF M IPOUT DATA FOR THIS#

i PARTICtt.AR S CASE WILL BE PRINTED NEXT.
. ,

' I

t1

f0LLDw!rG THAT, M CODE h!LL EDIT TtE AVERAE

VALE OF kpp FOR M SYSTEM AS CDPf'UTED AT M '

~j DO CF EACH GEERATION.

|
I FOR BREVITi, M EXT 11 PAGES OF 'JUTPUT HAVE 70T
j BEEN IPO "XD KRE.
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afAttSTIC WODEL OF A SPENT FUEL SHIP 8t NG C ASE (EENO-IV GE0*ETRTB

Nym8EA 0F GE ng p A TI ON S 300 STAaf TYPE t

Mum 8 fR PEA GENER ATION 500 Gf htt4710N5 SETWEEN CHECEPotNT5 0

NUP8E8 0F GENf e ATIONS TO BE SKIPPED 4 LIST INDUT X-$ftfl0N5 afAD Fe0m TAPE 40

NUN 8 ER OF ENERGT G#ouP5 2T tt * 1-0 atztuar x SECTIONS NO
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i Num8 ER OF input NUCLICES 19 LIST FISS. AND A85. BT #f Gt0M NO

' NU uS ER OF u !ITUR f 5 U$t X-5ECTIONS F804 PetvinUS CASE NO

NUP6 ER 08 utX1NG T ABLE ENTRIES 25 U5f GE0=ETRY Feom PeEVlm15 CASE NO
' NUmgEn DF GECNETaY C ARDS 24 U55 Vf LOC ITIES F90m PRFV!fMS C ASE NO

NUp6En CF 80X TYPf 5 19 COMPUTE 4 Ata tX E-f *FECT tvf ef UNtf NO

Num8 Et OF UNITS IN X OtRECTION 19 COMPUTE MATRIX K-EFFECTIVE SY 80X TYPf 40

NUp6En OF UNITS IN Y OtRfCTION 11 LIST Ft55 P908 4&TRIX SY (M1T sr3

Num8Ft OF UNITS IN 2 OtaECTION 1 ADJ0 TNT C ALCUL A'104 40
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N IItup f NUCLIDE DENSITY
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8 -92235 2. 496 5 4f -04
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3 6 3.33797f-02
8 6 t.84765f-02
5 7 3.33797f-02
7 8 4.398715-02 b!2 MffER $16, 6, 7, #O 8 Ad. REMSENT 0xYGEN IN EA04 0F SEWRAL

8 4 ' '.

8 80 1 6 -
t4YIROMN IN EACH OF TM) DIFFERENT MIXTLFES. (IN M CASE OF MIXT @E 'D. 8,3 1001 6.675936-02

g , M TOTAL OXYEN CCEENT EQuf(S TFE ID. DENSITY FOR MI112 M6 PLUS
4 5010 3.22734f-04 M ID. DENSITY FOR MILIT M.
4 5011 1.39394f-03
4 6082 4.29167f-04
4 3027 5. 004 3 n-02 AS POTED PSO10VSLY, MIXTlFE ID. 8 NLM REMSENTS M HPIX1NIED Cut-

,6 4{|-2, A4RAED CIOSS SECTION DATA FOR TFE LATT12 CELL.
o
g

6 26304 5.93560f-02
6 28304 7.7208tf-01 O

H
.

W
CD
m

CROS$ SECTIch5 afA0 FRON YAPE

N UCL TO f = 1001 M 1269 F. 1002 T 218 GP 032475t24 -

NUCL10f = 11 M 1269 F, IC02 T 218 GP 032475128
NUCLf 0 f = 5010 8-10 1273 218%P 042175 P-3 293a
NUCL13f = 5011 8-11 1160 WY t/EST 2184GP P- 3 2 9 3K Rft0423758
NUCLIDE = 6012 C-12 1274P.1065T 218 GP 030476E71
NUCLiif = 8016 0-16 1276 2* 8 GP 030476til
NUCL1DE = 6 0-16 1276 218 GP 030476t79
MUCLIDE = 7 0-16 1276 218 GP 03047647e
NUCLI3 E = 8 O-16 1276 218 GP 030476678
NUCL ID E = 13027 AL-2 7 1193 2 8 8 GP 040375159
NUCLIOE = 24304 Cs 1891 WT 55-30+tt/f5T) P-3 293 K $8=5*4.423758'
'suCLI0f = 25055 NN-55 18 9 7 S I GP = 5* 4 Nf w1L ACS 28 8%# P-3 293K
N UCL ID E = 26304 ff 1192 WT $5-304tt/f5ft P-3 293a 5P=5*44423758'
NUCLf0f = 28304 NI 1190 uf $5-304tt/f578 P-3 293K $P=5*4t+23750'
NUCL f0 f = 40302 ZP-2E12848 51GP=5*4 Nfu1LACS 293K 9-20-77 t/f WT.
NUCL IS E = 92235 t)-2'3 5 12 61 5 t GP = 5* 4 NE wulACS 218%P P-3 29 3E t 38
NUCLfDE = 2 U-235 1261 5t GP=See Nf wAL AC $ 218%P P.3 29'g(3sg

NUCL 10 E = 92238 U-238 1262 5 t GP= 5*4 Nf w1L ACS 218%P p-3 293st3s
NUCLID E = 4 th-238 1262 $1GP=5+4 NfwataC5 218 %P p-3 295tt38

O O O
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afattSTIC MCEL CF e SPEnf FutL SH1P8NG CASE t Kf N>f y GE0=Etave

AWRAY Of5Ce pft08e
|,

PRESCRIBED FOR EA04 thCATim (t, J, d IN T4*

ARRAY.
J 11: e s i r + r s : i r i e + r 3 s a

h & IS SNY ENG M Mm NISJ-10: 13 tr e s to it to , e r s e to ai to , a 12 13
EDIT AND WRIFY TtdT TT DATA NAS CCERECTLY EN |J=9: 6 s : 3 2 . 2 3 I a s : + r s s 6
mgy 3, , g o , 3 ,gy,,

J4: is 17 15 te is 1+ 15 46 15 t+ ts 16 15 t+ 1s 16 ts l' is tuvr scan FoR mE mixed Bcx OtlENTATI(Pt DATA.
J-7: a to r s a a a a + 1 s : a r i e is :

J4: i 19 to s a 7 e , to it to , a 7 e , to t, e

J-5: 2 to a i 2 a s a + 2 s : 1 2 s a to :

J4: 1s tr = ta is i+ ts 16 is t+ is is is t+ 1s 16 is 17 is

J-3: a s 2 3 + 2 3 z 1 2 3 2 + 2 3 s a
J 2: n 12 e s no 11 to e e i e , to 11 to , e : ts

J=1: a s a s r + r s a s s a + r 3 2 s e n
JL JL I |) JL J L JL JL JL a t

H |e
I1 I-3 I-5 !=7 ! =9 ! =11 ! =13 ! =15 I-17 1 *19 "

- |

.
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RfaL15 TIC R00fL 08 A SPENT FUEL $wtPPING Casa t aE NO-f d GE 34ETeVI

Van Cf A GIVEM REGtm PLUS NT & h NNvet tp f S
AC*lAL hlM OF A GIVEN REGION 151E TE PARTIC11AR BNPEG l*INS!1 A PARTIC11AR IOX TWE80X TYPE 1

efGloM DEF INED SY GE04EYaf Cae0 1 votuuE = 4.5984tf 02 Cue *3 Cumutavtvf v0LU4f = 4.39841E 02 C4**3

80X TYPE 2
eEGIDM D EF INED SY GE04ETeV C ae0 2 V0tumE = 2. 317TSF 01 CM**3 CumutaTIvf voLU=E = 2.31779E 01 Cuo* 3

80X TYPE 3
7.3982SE 02 Ca**3GEGION DEFINEO SY GE04EfeY Ca#D 3 vetuqE = 7.394?SE 02 Ca**3 CU4'JtaTIVE vetu=f =

BCX TYPE 4
of GION DEF INED SY GE0mifev Cae0 4 v0LU4E = 4.9984tf 02 Ca**3 CU40taYlvf v0tumf = 4.59 841E 02 C4** 3

80X TYPE S

#f GIUM DEF INED SY Gt04ffRY CanD $ votumE = 1.22284F 03 Ca**3 CumutaT!vE vntumf = 1.22284f 03 C4**3

00X TYPE 6
eEGION DEFINED 87 GE04ETeV CanD 6 votU4E = 2. 31779 E 01 Cu**3 (UmutaitVE VOLU*E = 2.31779E 01 Ca** 3

80s TYPE 7
aEGION Of*INED SY GE04f f Rv C aso 7 WOLUME = 3.93992E 04 cm**3 CU40tativt vetumf = 3.93992f 04 s4**3

80X TYPE 8
eEGION DEF INED SY GE04ETRY C a#D 8 v0Lumf = 1.9858SE 03 Cu**3 C UMutatt yt v0Lu=E = 1.9858 9f 01 C 4* * *

80X TYPE 9
MEG 10N DEFINED BY GE04ETRY CatD 9 VOLumf = 6.33882f 04 Cu**3 CU4UtaTlvE vot04E = 6.33882f 04 (***3 C3

M*
*

BOX YYPE 10
($= t.9858SE 03 C4**3eEGION DEFINE 0 BY GE04fTRY CaeD 10 votumf = 1.98S8SE 01 C4**3 CuuUtavivE vatumf
k

BOX TYPE 11
3.93992f 04 Ca**3#fGION DEF INED SY GEOMETRY Cato 11 TOLUME = 3.939926 04 C4**3 CU4UtsitVE votU=f =

BOX TYPE 12
1.04 773E 09 Ca** 3#EG104 DEFINED BY GEONETaf Car 7 12 votumf = 1.047739 OS Ca** 3 CU4UtativE votumE =

803 * r P *. 13
*EGION CEF INED BY GE04EYSY C a#D 13 VOLO4E = 1.98S8SE 03 Cu** 3 CU40tattvf vatuuf = 1.9 8989 F 03 C4 ** 3

80X TYPE 4
af 6 ION DEF INED SY GE04f f aY Cse3 L4 vnLU46 = 9. 4 2 324E 03 Ca** 3 CUMutaT1vf VOLUME - 9.12324F 33 Ca*?*

90I TYPE 19
#f GIDM DEF INED 8Y Cf 04ETRY CARD 15 VOLUME = 4.59841E 02 Cuo* 3 CU4UtaT!vE VDtumf = 4.99841f 02 C4**3

BCX TYPE 16
#fGION DEFINED BY GED4ETaY CaaD 16 votV46 = 1.46 781f 04 Ca**3 Ce49taTtvf volumf = 1.46781E 04 Cu**3

80% TYPE 17
ef G104 DEF INED 87 GE0*ETRY C at0 17 v0LumE = 2.426t2E 04 Cu**3 CUMUt af tvE vetumE = 2.42612f C4 Ca**3

fox TYPE 18
= t.;2284F 01 Ca**3#EGION CEFINED BY Gt04Ef eY CanD 18 vetumf * 1.22284F 03 Ca**3 CumUtaitvE WOLU4F

BOX TYPE 19 1.04 773F 05 Cu** 3REGION DEF INED BY Cf04ETRY CARO 19 VOLUME = 1.04 7 73E 09 CM**3 CuautaTivt v"Lumf =

R EFLECT0e v0LUmf 5 - GEOMETRY CaeD 20 t $ THE C0af 80uM3 ae Y Cae3
#EGION DEFINED BY GEONETRY C aRD 11 vmLUME = 1. 2 7472 f 06 Cu**3 (Unitt ativE vntumf = 3.3986 9E 06 Cuo* 3

O O t



.-.

"~ %p

V

E E G10N D EF IN E 3 8 Y GE0mfTRY CARD 22 VOLUME = 2.20469E 05 Ca**3 CUMUL AT tvf vetumf = 3.619tet 06 Ca**3
afGrog DEFINE 0 OV GE04ETav C Aeo 23 VOLU4E = 1.69126f 06 Ca**3 CU4UL Af tvf vntumf = 5 31042f 96 Ca**3
efGION Of8tNEO SY GE0=ETRT CAa0 24 volugE = T.09002f OS Cu**3 CUMULATIVE WOLUME * 6.10022E 06 Ca** 3

TOT AL v0LU4ES
1 3.67873E 03
2 1.20 92 3t 03
3' I.TTSSOE 04
4 4.5984LE 03 ( TOTA R VCL1PE ) NO. OF TI
$ 9.70279f 03 BOX TYPE0F REGION REGION | y |' **" "INSIE THE !NSI BOX !$ F0t#0 INn .5mM o

kARRAY TYE / THE AMAY /
5 . . r evi sc ow-
9 f.606 Set 05

10 2.3830tf 06
11 1.96996E 05
12 4.1909 M 05 NOTE: "%GION 7" l$ ALhAYS " DEFIED BY EONTRY CARD 7".

8f IN THIS PARTICLLAR CASF IT IS FotND IN BOX TYE 7 KCAUSE E

15 9.19401E 03 HAD OPLY OE REGION PER Box. IN EERAL, OE P%Y HAW TWO OR

(* * P0RE REGIONS IN A GIVEN IPX.

14 4.89130f 03
19 2.09546f 05

ARRAY

WOLumf F8 ACTION OF THE 90e6 CONT &tNING FIS$tLE MATEntAL= 0.56076E 00

Sienf TYPE = 1

THE NfuTRONS bf RE STARTfD IN THE ARRAY WITM A COSINE DISit!BUTION. g
300 NfuTRONS WEnf INITIALLY ST ARTE3

0.00163 NTNUTES bERE REQul#EO FOR STARTING. p
@

IO ETEFPtIE M STARTING LOCATIONS FOR ELmOE IN THE FIRST ENERATION, THE ODE BEGINS BY RAP 00PtY SELECTING A Po!NT

(X, Y, D INSIE M ARRAY B000ARY. IT SEdCTION IS NDE FROM A 3-D CnStE DISTRIBuir0N rtnCT;0N SPAretIm TE
B0lkOARIES OF TE ARRAY. IF 1HE POINT (X, Y, Z) HAPPENS TO BE GXATED IN A FIS$1LE MATERIAL, IT WILL BE SAVED Ar0

LATER USED AS OE OF TE STARTING P0lNTS. IF M POINT (X, Y, D DOES POT HAPPEN TO BE IN A FISSid PRTERIAL, IT WILL

BE REJECTED AND At0THER POINT WIR BE rat 00Pt.Y SEECTED, CMcKED, ETC. THE COE f%Y "TRY" UP TO 30,0[D retNrS (FOR

EXAffLE). IF BY THAT TIE IT HAS NOT F0t#O E ACCEPTABLE STARTim POINTS AT WILL " REUSE" SOE OF THE e'0!NTS IT HAS

FOLND (I.E. IF IT F0lND 2T ACCITTraf STARTING POINTS IT WIL1 START 1 NEUTHON AT 2@ OF 1HESE AfD 2 NEUTNONS AT 10 0F

M M).
'

M: IF TE MXJ.PE FRACTICN OF THE FISS!d MATERIAL IN THE ARRAY IS VERY SP%LL, TE CDE MAY PCT AECKATELY SAPPLE TE

FlSSION S0tRCE. IHIS SITUATION MIGHT ARISE, FOR EXAPPLE, IF OE HAD AN ARRAY WITH RELATIWLY SMALL CLUPPS OF FISSILE

PuTERIAL DISPERSED TFfGGOUT, OR IF TE BlLK OF TE FISSILE P%TERIAL ERE LDCATED Q.0SE TO THE ARRAY BOLNDAW. kSPITE

A LARE NL79ER OF HIS1 DRIES, GOOD WATISTICS, AND WuT MIG 4T APPEAR TO BE A SMLL " STANDARD DEVIATION," M AWRAE

K4FFECTIVE REF0ERED BY SLD1 A CAL (u.ATION f%Y BE IN SERIOUS Em0R. GiECK THE NtHER OF "It0EFD0ENT FISSIONS
POINTS EERATED" PRIOR TO TE FIRST GENE.uTION, AS LISTED ON THE FOLLCMING PAGE. IF FEER THAN E OR M POINTS ERE

GEERATED, OE NIG1T HAVE CAUSE FOR CONCERN. IN STAlOARD MIV, THIS PfGLEM CAN BE OWRCDPE BY OPTING FOR A

DIFFERENT TYE OF STARTING DISTRIBUTION (C.F. PARANTER E, NTIPST, ON M PARAPETER CARI, FOR 1HE " STAND-ALDNE". 00-IV

PGLLE). IN N TE USER ITES NOT HAW THIS OPTim AfD TE C0hTROL P0DLLE AUTOPR11CALLY SETS NTYPST-1. Di THDSE
RARE OCCASIONS WEN THIS PROVES TO BE INAEQtlATE, IT IS StrtESTED THAT M USER EXECUTE DIV AS A STAtO-ALDE P0DLLE

If9EDIATELY AFTER GAS 2. Rtsfi!NG BOTH P0[1.4.ES BACK-T&BACK IN A $!PGLE SCAL.E RUN WILL ALiDe TE 00 PC0tLE TO TAKE

ADVANTAE OF THE CJOSS SECTim LIBRARY PRC0LEED BY M.

_ ._-_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ -_- - -_ _.
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l' 2 61612D-04 2.576840-03 5.437823-03

2 4.031370-04 9.256140-03 -1.988910-02, ,

1-
3 5.257620-04 8.748500-03 2.172420-02,

4 2.778970-04 4.035s20-03 8. 6 76 0 7D-0 '4

BE WRY CtoSE 101.0 IF ALBEDOS ARE NOT USED AW SEVEE E19ff!NG
S 6.334540-04 2.550840-03 2.625000-03 IS NOT IPf0 SED. IN PRACTICE, TE SPATIALLY KREENT PtLTIGHOLP

(IGf73 EERATED BY TE AUTOPETIC REFLICPJt CAE PEY CAUSE TESE .4 1.574870-05 3.744660-03 2.082100-03 t

ESTIPETES T3 BE OFF BY 4 OR $ PERCENT. (INE RESLt.TS PRINTED HERE
a

' 7 1.694520-03 3.962370-03 1.998500-03 g g g ggg
8 8.614880-04 6.959000-03 2.052870-03

f 9 - 1 583490-04 1.076820-02 2.778200-03

{ 10 1.165510-04 1.486430-02 5.830890-03

4- Il 2.159070-04 2.51542D-02 1.222480-02 I4 FISSION DENSITY BY EERGY GtatP GIVES AN IE! CATION OF

WERE THE FIS$10N ACTIVITY HAS OCCtftRED. THE TOTAL FISSION, 12 2.306920-05 2.883930-02 1.598720-02
ENSITY PRINTED SHXI.D BE fpfRICALLY VERY CtOSE TO THE g

13 2.780C80-05 2.763800-02 1.492340-02; AVERAE K-EFFECTIVE BASED m ALL BUT TE FIRST FEW
'

g
14 1.440640-05 3.910390-02 8.168800-02 GEERATIONS. . @

@
15 2.244530-05 5.193510-03 2.794170-03

1

16 2.571780-05 3.053850-03 1.6767 W O3

17 0.0 2.544540-03 2.719600-03
t

*
18 1.112310-05 2.759840-03 3.544160-03

k-
4 19 0.0 3.996020-03 4.44 4 46D-0 3

20 1 557590-05 1.659350-02 1.875300-02
i
j 21 0.0 8.087330-03 1.010940-02

! 22 2.840470-05 1.942940-02 2.456390-02 t

23 1.196830-05 8.631530-02 8.959000-02 *

4 .

j 24 0.0 1.951920-01 1.017383-01

25 0.0 1.720320-04 8.957300-01
'

26 0.0 2.143570-01 5.906120-01

j 27 0.0 7.737480-02 6.301560-02
1

TOTAL * 6.910460-03 9.953380-01 8.772100-01

El. AP5E D Time to.105 t ? MINUTE S,

! e

s

a
1

4

: .
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R E AL117tC FCCEL OF 6 $ PENT FUEL SMIPPING C ASE EREN blV GE0'tET978

F4FQUENCY F04 GE NER ATIONS S TO 87*
0.7733 TO C.7964 **
0.79 64 TO 0.8195 ***
0.8195 TO 0.8426 * * * * * * .

0.8426 Tn 0.8657 ******************
0.8457 TO 0.8888 **************************e
0.88 TO C.9iit ............... wSE . 50, x m mCvNim - e x

If0!VIDLAL GEtERATION K$FFECTIW's FALL WITHIN
T 5

A CERTAIN RANGE. OE ASTERISK IS PRINTED FOR
FREQUENCY FOR GE NEW ATION S 26 TO 87

EACH K-tFFECT!VE THAT IS CALCIAATED. I4SE PLOTS

0.79 64 Yn 0.8195 ** CM BE USED TO ESTIMATE THE ttRMALITY OF T4

:: '" M ::::n :::::......... DiSTaisuTion OF THE k-ErrtCTiz'S ~o can SatTins
0.86,, TO 0.8 .................... . A i,e C,T14 OF . . m Cm4mCE
0.8888 ,o 0.9.888i8 ..*.........

DIFFICtLTIES.
0.9118 Yn 0.9349 ****
0.9349 TO 0.9180 *****

FREQUENCY Fat GE hE 9 4 T10N S 46 TO 87
0.7733 TO 0.1964
0.7964 TO 0.8195 **
0.8195 TO 0.8426 ****
0.84 26 Yn 0.8457 * * * * * * * * O
0.8657 Yn 0.8888 ************** H
O.88 88 TO 0.9118 ********* *

0.9118 Tn 0.9349 oo N
0.9349 TO 0.9580 *** O

N
FREQUENCY FOR GE NE# Afl0NS 67 TO 87

0.7733 TO 0.1964
0.7964 TO 0.8195
0.8195 TO 0.8426 ****
0.8426 TO 0.8657 ***
0.8697 TD 0.8888 *eeeeeeee
0.8888 TO 0.9118 **
0.9118 in 0.9349 **
0.9349 TO 0.9580 *

.

O O O
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_( my,} 9. ERROR MESSAGES FOR CSASI

The CSASI/CSAS2 control modules are charged with the task of reading the input described

in Section 6 and generating the binary input files for the various functional modules. The error

messages described in this sec*ica may be generated by either control module.

While the code will try to read and check as much data as possible before terminating

execution, there are some errors the user could make which would cause the input processor to get

"out of phase" and stop execution before processing all of the data. For that reason, it is suggested

that ont use high-priority jobs requiring very little CPU time to debug his input, and then resubmit

the prohem with more CPU time only after the code successfully enters the first functional module

(llON A MI).

The following error messages are generated by subroutine SETUPil

I. '" ERROR *" SYSTEM GEON1ETRY NAME INCORRECT. INSTEAD OF
(aaaaaaaaaaaa), Tile USER SilOULD ll AVE ENTERED
LATTICECELL, MULTIREGION OR INFilOMMEDIUM

AS Tile FIFTil ITEM ON TIIE PARAMETER CARD.
CilECK SPELLING.

|

2. "* ERROR *" Tile USER ENTERED A VOLUME FRACTION (VF) OF
(G 0.0 FOR ONE OF Tl!E STANDARD COMPOSITIONS

(aaaaaaaaaaaa). Tills INDICATES Til AT llE INTENDS TO
ENTER A NUMilER DENSITY FOR TIIE STANDARD
COM POSITION. Til AT, IIOWEVER, CAN ONLY llE

DONE WilEN Tile STANDARD COMPOSITION NAME
REPRESENTS A SINGLE NUCLIDE (LIKE II, O, NA, Pfl,
13 - 1 0 , U-238, ETC.). CilECK Tile STANDARD
COMPOSITION LillRARY.

3. "* ERROR *" CEl.L TYPE NAME INCOR RECT. INSTEAD OF
(aaaaaaaaaaaa). Tile USER SilOUI D ll AVE ENTERED
SQU AR EPITCll, TRI ANG PITCil, S PIISQ U A R EP,

SPilTRIANGP, SYMMSLAllCELL, OR ASYMSLAhCt:Li.
AS Tile FIRST ITEM ON TIIE G EOM ETRY
DESCRIPTION CARD. CllECK SPELLING.

4. "* E R ROR"* Tile NUMBER OF ZONES (IZM= nn) IS INCORRECT {

FOR ASY MSLAllCELL G EO M ET R Y. FOR AN
ASYMMETRIC LATTICECELL CALCULATION, ONE

j
SilOULD IIAVE 17.M = 3. 5,OR 7 DEPENDING ON Tile 1

[ \ MATERIALS PRESENT, I;s/ is.

J

I
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5. " WARNING" NUMBER OF ENTRIES ON Tile GEOMETRY

DESCRIPTION CARD EXCEEDS TIIE NUMBER
EXPECTED. CHECK Tile VALUE OF IZM ON
PARAMETER CARD. (THIS MESSAGE WILL ALSO BE
GENERATED IF USER FOP,GOT TO ENTER THE END

ON TIIE GEOMETRY DESCRIPTION CARD).

6. '" ERROR *" INSUFFICIENT DATA SUPPLIED ON THE GEOMETRY

DESCRIPTION CARD. CHECK TIIE VALUE OF IZM ON
Tile PARAMETER CARD.

7. "* ERROR *" Tile COORDINATE SYSTEM NAME (aaaaaaaaaaaa) IS
INCORRECT. FOR Tills M ULTIREGION CALCU-
LATION, THE USER SHOULD ll AVE ENTERED SLAB,
CYLINDRICAL, SPilERICAL, BUCKLEDSLAB OR

BUCKLEDCYL ON THE GEOMETRY DESCRIPTION
CARD. CllECK SPELLING.

8. "' ERROR *" ALPH ANUMERIC DESCRIPTION OF Tile RIGilT-il AND
BOUNDARY CC..OITION (aaaaaaaaaaaa) IS INCORRECT.
ONLY VACUUM, REFLECTED, PERIODIC AND WHITE

BOUNDARY C 1DITIONS ARE ALLOWED. CllECK
SPELLING. Ch' K INPUT DESCRIPTION FOR Tile
GEOMETRY DES 11PTION CARD FOR ADDITIONAL
INSTRUCTIONS.

9. "* ERROR *" ALPl!ANUMERIC DESCRIPTION OF IIE LEFT-ilAND
BOUNDARY CONDITION (aaaaaaaaaaa ) IS INCORRECT.
ONLY VACUUM, REFLECTED, PERif DIC AND WillTE

BOUNDARY CONDITIONS ARE AL . OWED IN SLAB
GEOM ETRY. IN THE CASE OF C 'LINDRICAL OR
SPilERICAL GEOM ETRY, ONLY T IE REFLECTED

BOUNDARY CONDITION IS ALLOWEt' ON TIIE LEFT.
CHECK SPELLING. CHECK INPUT DEE TRIPTION FOR

THE G EO M ET R Y DESCRIPTION '' A R D FOR
ADDITIONAL INSTRUCTIONS.

10. '"ER RJ R*" USER MADE AT LEAST nn DATA ERRORS. PROBLEM
WILL NOT BE RUN. IlOPEFULLY, EACil OF TilESE

ERRORS WILL llAVE GENERATED l'I S OWN

O
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I \
(/ SELF-EX PLANATORY ERROR M ESSAG E. IF NOT.

CllECK DATA CAREFULLY BEFORE RESUBMITTING.

II. *" ERROR *" ALL MIXTURE NUMBERS (MX) DEFINED BY Tile
USER SIIOULD BE SUCil TilAT (( M X.G E.1). A N D.
(MX.LE.MXX)). IIERE, TIIE USER DEFINED MXX=iii ON

Tile PARAMETER CARD AND TilEN TRIED TO USE
MX=jjj ON ONE OF TiiE STANDARD COMPOSITION
CARDS.

12. " WARNING" STANDARD COM POSITION SPECIFICATION CARD

NUMBER nn IMPLIES TilAT MIXTURE NUMBER ii il AS
A TEMPERATURE OF ttt.t DEGREES KELVIN WlIEREAS

STANDARD COM POSITION SPECIFICATION CARD
NUMBER mm IMPLIES TIIAT MIXTl'RE NUMBER ii

IIAS A TEMPERA 1 URE OF sss.s DEGREES KELVIN.

(ONE OF TilESE MAY llAVE BEEN Tile VALUE

SPECIFIED BY DEFAULT). Tile CODE WILL ASSUME
Tile IIIGilER OF Tile TWO AND PROCEELA IF Tills IS
NOT SATISFACTORY Tile USER SilOULD ENTER TIIE

[ ) CORRECT TEMPERATURE ON EACil OF Til E
'' ' S1 ANDARD COMPOSITION SPECIFICATION CARDS

INDil ATED.

13. "* ERROR *" STANDARD COMPOSITION SPECIFICATION CARD (S)
MISSING FOR MIXTURE NUMBER mm.

14. "* ER ROR"* aaaaaaaaaaa NOT FOUND IN STANDARD COM POSITION

LIBRARY. MAKE SURE TilAT COMPOSITION NAME
USED IS IN 'illE STANDARD COMPOSITION LIBRARY.

Tile NUMBER OF COMPOSITION SPECIFICATIONS |

(MSC) MUST BE TIIE SAME AS Tile NUMBER
ACTUALLY ENTERED. j

The following error messages are generated by subroutine EPSIG

1. * " ER ROR*" FOR !=iii, MIXNO(l)=mmm IS OUT OF Tile RANGE I TO

MXX W11ERE MXX=nnn. SEE SUBROUTINE EPSIG.

By setting MXX=nnn on the Parameter Card, the user told the

code he was going to define (and subsequently use) mixtures I,

[' 2, 3, , nnn. On the Geometry Description Card (see MFUEl.,
,

t., ,

m. ,s
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MMOD, MMOD2, MCI.AD, or MGAP) or on the Multiregion

Zone Description Card (see MXZi, MXZ:, MXZ,, etc.) he has

used somc other mixture.

2. *" ERROR *" FOR I=iii, NXREF(l)=mmm IS OUT OF Tile RANGE I TO

NNUC WilERE NNUC=nnn. SEE SUllROUTINE EPSIG.

If one uses the standard composition specification cards to
define ten mixtures (MXX=10), three of which are used on the

Geometry Description Card (see M FUEL., MMOD, M MOD 2,

MCI.AD, or MGAP) or on the Multiregion Zone Description
Card (see MXZi, MXZ:, MXZi, etc.), then those three mixtures

must be entered as mixtures I,2, and 3.

The following error .nessages are generated by subroutine NITXSD

1. '" E R RO R *" Tile M!X. NO. (MIXZ= mm) ASSIGNED TO ZONE IZ=ii
WAS OUTSIDE Tile RANGE O to MXX=nn.

2. ** WARNING" A GIVEN MIXTURE (1.E. MIX.NO. mm) WAS ASSIGNED
TO MORE Til AN ONE ZONE (i.E. ZONE ii AND ZONEli).

IF Tills MIX 1URE IIAS NO RESON ANCE NUCLIDES
AND IF IT ll AS TilERM Al. SCATI ERING DAI A AT
ONLY ONE TEMPERATURE, Tills IS OK. NOI:M ALLY,

llOWEVER, ONE SilOULD DEFINE SEPARAIE MIX-

TURE NUMilERS WITil IDENTICAL. SPEClllCATIONS
AND USE EACil OF TilESE " SEPARATE MIX fURE
NUMllERS" IN ONLY ONE ZONE. Tills WILL, FOR

EXAMPl.E. Al.l.OW NITAWL TO PRODUCE SEPARATE
WORKING LillRARIES llASED ON Tile APPROPRI ATE

NUMilER OF EXIERNAL MODERATORS AND Tile
ACTUAL MEAN CilORD 1.ENGTil FOR TilAT ZONE AS
WEl.L AS Tile ACTUAL TEMPERATURE FOR TilAT
ZONE.

|

3. "* ERROR"* USER SPECIFIED MORI. TilAN ONE ZONE FOR Tills
INFINi~1 E-IlOMOGENEOUC-MEDI A PRollt.EM.

Change value of lZM on the Parameter Card.

O
.
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'x ) The following error message is generated by subroutine N11NTAB
v

!. *"ER RO R *" SEARCil USING DO LOOP NO. nnn FAILED TO FIND
N1 ATCil.

If the user has specified the isotope distribution for any of the
materials, check the "ZA" nuclide I.D. numbers used in the

corresponding specification statement (s). Likew ise, if an

Arbitrary N1aterial has been specified anywhere in the input,

each of the associated "ZA"nuclide 1.D. numbers should also be

checked. Only those I.D. numbers found in the Standard
Composition Library are acceptable.

.

The following error messages are generated by subroutine NOFR AC

1. *" ERROR *" Tile N1ATRIN (A) WAS SINGULAR - SEE SUBROUTINE
NOFRAC. N1 A K E SURE Tile SPECIFIED ISOTOPE
DISTRIBUTION SUN 1S TO 100.0 PERCENT.

2. '"ER ROR *" CALCULNIED NO. FRACTIONS Wil.L NOT REPRO-
DUCE WT. FRACTIONS - SEE SUBROUTINE NOFRAC.

L/ Usually generated in conjunction with other error messages.

N1ake sure the specified isotope distribution sums to 100.0

percent.

The following error message is generated by subroutine STOCIIK

1. '" ERROR"* ADDITIONAL STORAGE NEEDED FOR AT 1. EAST iiiii

N10RE WORDS -INCREASE REGION SIZE IWiiiK. Tills
NIESSAGE GENERATED BY STATEN1ENT NO. nnn IN

SUBROUTINE xxxxx.

Since the control module determines the length of seseral

mixing tables, the number of mesh intervals in any given ione,

and other material, cross section and geometry dependent data,

the amount of core required is very problem dependent and

cannot easily be estimated by the user. The simplest thing the

user can do is to increase the region size for the "go step" by the

amount indicated and resubmit the job.

Specification (by the control module) of too many mesh
,m

( } intenals in a given zone is the most frequent cause of failure. In

U' multirsgion calculations w here one has a large zone containing a

W
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strong absorber (such as a tank of uran 3! fluoride solution), it

may be necessary to reduce the number of mesh intervals by

increasing the size factor (SZF) on the Optional Control
Parameter Card. Making this factor large enough (SZF=10,15,

20,30 etc.), will generally allow any problem to run in the space

allocated. Once the problem runs, one should check the number

density of all strong absorbers to see if they are realistic.
Occasionally a user will accidentally specify an unrealistic

1 concentration of a strong absorber in one or more zones. Such a

mistake dramatically increases the number of mesh intervals the

code thinks it needs.

(

O

.

0

.
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10; ERROR MESSAGES FOR CSAS2
v

The CSAS2 control module is charged with the task of reading the input described in Section 6

and generating the binary input files for the various functional modules, in addition to the error,

messages _ listed in this section,' CSAS2 may also_ generate any of the error ' messages listed in

Section 9.

While the code will try to read and check as much data as possible before terminating

execution, there are some errors the user could make which would cause the input processor to get

"out of phase" and stop exect. tion before processmg all of the data. For that reason it is suggested

that one use high-priority jobs requiring very little CPU time to debug his input, and then resubmit

the problem with more CPU time only after the code successfully enters the first functional module

(BONAMI).

The following error messages are generated by subroutine KIP

1. *" ERROR"' NXX SHOULD BE ASSIGNED AN INTEGER VALUE OF 0
OR I ONLY.

2. "* ERROR *" NBXMAX, NBYMAX OR NBZMAX IS .LE. ZERO WillLE

NBOX IS .GT. ONE.
.

'

3. " * ER RO R" * BOUNDARY CONDITION SPECIFICATIONS (MLRX2,
- MLRXI, MLRY2, MLRYI, MLRZ2, MLRZI) SHOULD BE

ASSIGNED AN INTEGER VALUE OF 0 OR I.

4. * "ER ROR*" THIS KENO INFORMATION PROCESSOR CANNOT
READ CROSS SECTIONS OFF CARDS.

5. "* ERROR"* UNACCEPTABLE GEOMETRY WORD (aaaaaaaaaaaa)
FOUND IN INPUT ST REAM.

6. '"ER ROR*" Tills KENO INFORMATION PROCE'SSOR CANNOT
IIANDLE GENERALIZED GEOMETRY.

7. *" ERROR"* IDWT ON REFLECTOR CARD IS OUT OF RANGE. MUST

BE GREATER TilAN NINE. SEE TABLE OF POSSIBLE
VALUES.

8. "* ERROR *" ON TiiE AUTOMATIC REFLECTOR CARD, Tile USER

ASSIGNED -IDWT A VALUE OF iiii (WHICH IS NOT
ACCEPTABLE). CllECK LIST OF ACCEPTABLE VALUES
IN TABLE A-5.

.
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9. *" ERROR *" HECAUSE Tile USER ASSIGNED NilX. NO. 500 TO ONE
OR N10RE OF Tile KENO GEON1ETRY REGIONS, AN

XSDRNPNI CALCULATION WILL HE PERFORN1ED FO

CELL-AVERAGE Tile CROSS SECTION DATA FOR TIIE

N11XTURES SPECIFIED ON Tile GEON1ETRY DESCRIP-

TION CARD OR Tile N1 U LTI R EG IO N ZONE

DESCRIP TION CARD. (TilESE CE LL-AV ER AG ED

CROSS SECTIONS WILL TilEN BE flON10GENIZED TO
FORN1 N11 X. NO. 500). HECAUSE OF T II E

Cell.-AVER AGING, IT IS INCORRECT TO RE-ASSIGN

ANY OF TilOSE N1|XTURES (EXCEPT N11X. NO 0) TO A

KENO GEON1ETRY REGION. CilECK N11X. NO. mm IN
PARTICULAR. TO CORRECT TIIE SilUATION, Tile

USER SIIOULD USE Tile STANDARD CON 1 POSITION

SPECIFICATION CARDS 'lO DEFINE A NEW N11XTURE

IN A SINilLAR FASillON AND TilEN USE ~IllAT NEW
N11X. NO. WilEREVER NEEDED IN Tile KENO ' ORTION

OF Tile PROHl.EN1.

10. *" ERROR"* NilXN1 AN*NilYN1 AX*NHZN1 AX = mmmm ENTRIES R E-

QUIRED IN Tile NIHD(1) ARRAY. ONI.Y nnnn WERE
FOUND.

11. '" ER RO R *" NHXNI AX*NHYN1 AX*N HZN1 AX = mmmm ENTRIES R E-

QUIRED IN Tile N1HD(1) ARRAY. IN IlllS CASE. USER
SPECIFIED N10R E TilAN mmmm ENTRIES ANDfGR

FORGOT TO FOLLOW TilAT DATA WITil A ZERO
(IENDD) AS REQUIRED.

12. *" ERROR"* USER ATTE N1 P I ED 10 STACK 100 N1 A N Y KENO

CASES II A C K-TO- H A C K ( N O. OF KENO T IT 1.E

CARDS + NO. OF "END CASE" CARDS + NO. OF"END

K ENO" CAR DS) N1UST HE .l.E. 21.

The following error messages are generated by subroutine KENOG

1. *" ERROR"* NUN 1HER OF HOXES ON PAR AN1E~lER CARD DOES

NOT AGREE WITil HOX DATA READ IN. NHON " nnn
ITP = iii.

NilOX is the parameter stating how many box ty pes are in the

problem. II P is the number of box types that were encountered

.
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* /
when reading geometry data. Either NBOX was incorrectly

\ specified or the ' geometry data _ was incorrectly entered.|

..
2. . '"ER ROR"* A SINGLE UNIT PROBLEh1 CANNOT llAVE A CORE

I BOUNDARY REGION.

By setting NBOX=0 on the KENO Parameter Card, the user

told the code that this particular problem did not contain an

" array of boxes" and then, further down in the input, he
t; supplied an ARRAY BOUNDARY card. One solution is to 1

; change NBOX from 0 to I and set
+ NBXMAX = NBYMAX =NBZMAX = 1. Alternately, the
1

user may simply delete the ARRAY BOUNDARY card and use+

the Basic Geometry Description cards to describe the
surrounding regions. See Appendix C.

3. ** WARNING" A CORE BOUNDARY CARD IS REQUIRED ONLY IF AN
,

EXTERNAL REFLECTOR IS PRESENT.

This is just a warning message and does not cause termination of;

1 the problem. It does, however, cause the problem to run less

efficiently.,

)'

4. *"ER ROR*" UNRECOGNIZABLE GEOMET RY WORD aaaaaaaaaa
. J
* * .ATERIAL mmm
;

i This geometry word is not one of those specified in the input

in tructions. Either the card was mispunched or the data is out1 i

j of order. Check to be sure the proper number of dimensions, the

mixture number and the proper number of weights are on the

preceding geometry card.

5. '" ERROR"* MIXFURE mm IS NOT SPECIFIED IN Tile MIXING
; TABLE.
:
!. This mixture number, which was found on the previous

geometry card, was less than zero or greater than MXX, where
'

; MXX is the total number of mixtures defined using the
.

'' Standard Composition Specification Cards (cf., Section 6). This,

message may also mean that the data was mispunched or out of

| order.

,

Ln
iv

i

I

| .

||
-- - - .. _ -. .-. - - _.-._ .. _ _ , . . _ _ _ . _ . _ . . . _ . ,_. _, _ _. _ ._.
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6. "* ER ROR*" N EG ATIVE WEIGilTS ARE NOT A l.l.OW ED. Tile

PROllt.EM Wil.l. NOT BE RUN.

One or more of the region / group dependent weights entered by

the user was negative. This is not allowed. ( A single entry of

-0.5 will cause a weight of +0.5 to b' assigned to all groups in

the given region. That is not what the code is complaining abcat

here.) Check data for those regions where the user entered the

weight for each group separately. Check for mispunched data

and/or data that is out of order.

7. '"E R ROR *" AN ERROR WAS FOUND IN Tile IIEMISPilERE

DESIGNATION.

The alphanumeric geometry word did not correctly specify the

direction in which the hemisphere exists. Check spelling.

8. '" ERROR"* NilCYl. = iii

The alphanumeric geometry word for one of the hemicylinders

was incorrect. Checs spelling.

9. '" ERROR"* END OF KENO FLAG READ IN GEOMETRY DATA.

Code expected to find additional geometry data which wasn't

there. Make sure geometry data was entered for each box type

and that each box type ended with a CUBE or CUBOID. On

each geometry card, make sure correct number of entries were

included for the material dimensions and weights. Make sure

the END GEOMETRY card was included at the proper place.

Check the Mixed Box Orientation Data (if any). Data may be

incorrect:y punched or improperly arranged.

The following error message is generated by subroutine M AKREF

l. "*ER ROR *" A WEIGitTING ID OF iii WAS SPECIFIED USING gg

ENERGY GROUPS BUT IT WAS NOT FOUND ON TAPE.

The weighting ID, IDWT specified on the automatic reflector

card is not available in the library of reflector weights for the

particular group structure specified by the user. See Table A-5.

O
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The following error messages are generated by subrouti.ne JOMCilK

1. "* ER ROR"* REGION NUMBER kk INTERSECTS REGION NUMBER tt

The surface defined ley a given geometry card must fully enclose

'(or be tangent to) the surface defined by the previous geometry

card. Check the dimensions on each geometry card and the

order in which the data was entered.
'

2. *" ERROR *" BOX TYPE ii CONTAINS TIIE I OLLOWING GEOMETRY

INCONSISTENCIES: REGION NUMBER kk INTERSECTS
REGION NUMBER ' 11 ; REGION NUMBER mm

INTERSECTS REGION NUMBER nn; etc.
.

The surface defined by a given geometry card must fully enclose

(or be tangent to) the surface defined by the previous geometry

card. Check the dimensions on each geometry card and the

order in which the data was entered.

3. "* ERROR *" REFLECTOR GEOMETRY DIMENSIONS ARE INCON-
SISTENT: REGION NUMBER kk INTERSECTS REGION
NUMBER 11; REGION NUMBER mm INTERSECTS
REGION NUMBER nn; etc.

v

The surface defined by a given geometry card must fully enclose

(or be tangent to) the surface defined by the previous geometry
_

card. Check the dimensions on each geometry card and the

order in which the data was entered.

4 "* ERROR"* INVALID NESTING OF GEOM ETRY REGIONS

INVOLVING GENERAL OR llEMISPIIERE REGIONS.

The surface defined by a given geometry card must fully enclose I

-I
(or be tangent to) the surface defined by the previous geometry

{
card. Since spheres and cylinders are both centered at the origin, j
a hemisphere can never fully enclose either of these bodies. '

5. '" ERROR"* INVALID HEMICYLINDER TYPE. NilCYL = iii

The alphanumeric geometry word for one of the hemicylinders

was incorrect. Check spelling.

s

!
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The following error messages are generated by subroutine VOLUME

1. "* ER ROR" * REGION NUMBER nn CONTAINS AN ERROR IN Tile
DIMENSIONS.

This message occurs if the X2, Y2, Z2 or S2 surface of a body is

to the left, behind or below the XI, YI, ZI or Si surface of a

body. For bodies such as cubes, cuboids and cylinders (etc.), the

user must specify the data such that X2 > XI, Y2 > YI,
Z2 > Zi and S2 > St. The data may be mispunched or out of

order.

2. *" ERROR"* TIIE VOLUME SPECIFIED BY GEOMETRY CARD nn IS
NEGATIVE.

The volume of a region is calculated by taking the volume

enclosed by the surface described by one geometry card and

subtracting the volume enclosed by the surface described by the

preceding geometry card. As noted in Appendix C, the tracking

scheme used in KENO assumes that each geometry region fully

encloses all previous ones. This, therefare, , a serious error.

Check the nesting of spatial regions within each box type and

the nesting of any spatial regions outside an arr' y.a

3. *" ERROR"* A BOX VOLUME MUST BE GREATER TilAN ZERO

The last geometry card describing a given box type must be a

CUBE or CUBOID. It must fully enclose (or be tangent to) all

other regions within the box. Check the dimensions and the

order in which the data was specified. This message will also be

printed if the user included a BOX TYPE card and forgot to

follow it with some sort of geometric desciQtion.

4. "* ERROR *" Tile LAST GEOMETRY CARD IN Ti'E UNii MUST BE A
CUBE OR CUBOID

The last geometry card describing a given box type must be a

CUBE or CUBOID. It must fully enclose (or be tangent to) all

other regions within the box.

1
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,/ The following error message is generated by subroutine BOX

1. * * * ERRO R"* AN ERROR EXISTS IN Tile ARRAY DESCRIPTION
X INDEX = ii, Y INDEX = jj, Z INDEX = kk

:
Some strange box type n (n G 0 or n > NBOX) has been
assigned to position (ii, jj, kk) of the KENO array. This error

usually results from leavmg some positions in the array
undefined or from mispunching the Mixed Box Orientation

'

Data. Check the printout of the Mixed Box Orientation Data at

the position (s) indicated and correct the input.
;

The following error messages are generated by subroutine FILBOX,

1. "* ERROR *" MIXED BOX ORIENTATION CARD nn CONTAINS mm

ERROR (S).
.

LTYPE = 1 IXl = ii IX2 = i2 INCX = Ai lYl = ji

lY2 = J2 INCY = Aj IZ1 = ki IZ2 = k2 INCZ = Ak;

i

2. "* ERROR"* THE ABOVE MIXED BOX ORIENTATION CARD (S)
f CONTAIN(S) AT LEAST ONE OF Tile FOLLOWING

V ERRORS: 1) IXI, lYI, IZ!, INCX, INCY, OR INCZ IS

LESS THAN OR EQUAL TO ZERO; 2) IX2 IS LESS TilAN
! IXI, lY2 IS LESS THAN lYl, OR IZ2 IS LESS TilAN

IZi;3) IX2 IS GREATER THAN NBXMAX, lY2 IS

GREATER TilAN NBYMAX, OR IZ2 IS GREATER THAN
NBZMAX; 4) LTYPE IS LESS THAN 1 OR GREATER

THAN NBOX.
1

The following error message is generated by subroutine CORSIZ

I. "* ERROR"' THE DIMENSIONS OF BOX TYPE mm AT (ii, jj, kk) DO
,

| NOT MATCil THOSE OF BOX TYPE nn AT (ii', jj', kk').
-

j

. | +X' -X 1i
,

FOR BOX TYPE mm '+Y = ppppp AND '|-Y | = qqqqq'

-Z lL+Z l I

| +Xj { -X ,|

WillLE FOR BOX TYPE nn +Y ' = rrrrr AND ? -Y =sssss.
' ,+Z l ,-Z ,1

,

This message appears because the common faces of adjacent

boxes are not the same size. One or more of the dimensions of

one of the box types specified in the message may be incorrect

or the mixed box orientation data may be incorrect.

,,

y -- , - - +-esn-m- ---,,-s-r- m m, --e-+,,=---g----y,,yw 4 g--,- y w ,w -c--r--- c--,- -g- 4 , - - - - , ---ms
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APPENDIX A.1

The Standard Composition Library

The Standard Composition Library describes the various compounds, alloys, elements and

isotopes one may use in defining the material mixtures for a given problem.' Typically, one will use

the alphanumeric description of one or more of these materials to define a material mixture as noted

in Section 6 (c.f., the Standard Composition Specification Card).

Often when formulating such a mixture, it is necessary to know the density (gms/c'c) of the

various constituent materials. For convenience, the reference values used by the code have been

listed in Table A-1. (Note that the reference values given represent the actual theoretical density,

except in the case of some individual nuclides where a default value of 1.J gm/cc was used.)

While the user is never required to enter the temperature of a given material, he is always

allowed to e' iter it (c.f., item 5 of the Standard Composition Specification Card). Indeed, the
temperature probably should be entered if resonance data or Bondarenko data is available for the

material, or if thermal scattering data is available at more than one temperature. YES/NO flags for

both conditions are given in Table A-l. [ Note: The list of nuclides having resonance data diffe s

from one master cross-section library to another. Table A-7 lists those nuclides having resonance

data on each of the master cross-section libraries. The list of nuclides having thermal scattering

A cross-section data at more than one temperature also differs from one library to another. Table A-8

lists those nuclides (and the associated temperatures) for each of the master cross-section libraries.

Table A-7 and A-8 have been included for the sake of completeness. While the user may find this

information interesting and/or helpful, he should have no direct need of it.]

Unfortunately, all nuclides are not presently available on all master cross-section libraries.

Column 5 of Table A-1 is designed to give a quick indication of whether or not all the nuclides in a

given material are available on a given cross-section library. Thus, for example one should not use

ORCONCRETE or CA in conjunction with the 123GROUPGMTli library. Column 5 does
indicate, however, that both materials are available on the ll A NS EN-ROACll, the
27GROUPNDF4 and the 218GROUPNDF4 libraries.

*In addition to the various materials listed here, one is also free to use any of the solutions
found in the Table of Available Solutions (Table A-2).

A

v
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To more fully document the composition of each material and/or to document the assumptions

used in producing the associated cross-section data, a brief description of each material in Table A-1

is included here:

1. BORON Boron; natural isotope distribution obtained by default

2. B4C Boron carbide: B4C; natural isotope distribution obtained by

default

3. 112 0 Water; cross-sections developed using 1/ E weighting everywhere

4 II20-X(E)-IIR Water; cross-sections developed using fission spectrum weighting at

high energies and 1/E at lower energies

5. D2O Heavy water: D;O

6. ZlRCALLOY Zircalloy-2 as tabulated in ENDF/ B-IV (~ 97.91 wt Fc zirconium.

1.59 wt Fc tin, 0.5 wt Fe iron); Note, the thermal capture cross

section and the resonance capture integrals of iirc-2 and zirc-4 are

equal within the experimental measurement uncertainties and the

variance on the contents of the alloyirg agents used in zire-2 and

zirc-4.

7- SS304 Stainless Steel - 304: 69.5 wt % iron, 19 wt % chromium,

9.5 wt Tc nickel,2 wt 7c manganese

8. SS316 Stainless Steel - 316: 65.42 'wt G iron, 17 wt % chromium,

12 wt % nickel, 2.5 wt % molybdenum, 2 wt % manganese,

I wt % silicon. 0.08 wt % carbon

9. INCONEL Inconel: 73 wt Fe nickel, 15 wt % chromium, 7 wt % iron,
2.5 wt Fe titanium,2.5 wt Tc silicon

10. CARBONSTEEL Carbon steel: 99 wt Fe iron, I wt % carbon; cross-sections

developed using 1/E weighting

11. ORCONCRETE Oak Ridge Concrete: 41.02 wt G oxygen, 32.13 wt Pc calcium,
17.52 wt % carbon, 3.448 wt Q silicon, 3.261 wt Q magnesium,

1.083 wt 9c aluminum, 0.7784 wt Fe iron 0.6187 wt % hydrogen,

0.1138 wt % potassium,0.0271 wt Fo silicon

12. RFCONCRETE Rocky Hsts Concrete: 48.49 wt G oxygen, 23 wt % calcium,
15.5 wt 9c silicon, 5.52 wt 9e carbon, 2.17 wt Fc aluminum,

1.37 wt % potassium, 1.25 wt % magnesium, 1.01 wt % iron.

0.75 wt Fc hydrogen, 0.63 wt c'c sodium, 0.19 wt Fe sulfur,

0.1 wt 7e titanium,0.02 wt G nitrogen
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f
\ ' 13. MGCONCRETE Magnuson's Concrete: 45.84 wt % oxygen, 20.77 wt % calcium,

9.674 wt % carbon,8.666 wt % potassium,8.644 wt % magnesium,
' 3.863 wt % silicon, 0.721 wt % aluminum, 0.5134 wt % iron,

0.4146 wt % zinc, 0.3046 wt % hydrogen, 0.2285 wt % sulfur,
0.1366 wt % titanium, 0.1294 wt % sodium, 0.048 wt % chlorine,

0.0469 wt % manganese

!
14 PLEXIGLASS Plexiglass: C5HiO2,1.18 gm/cc

15. POLYETHYLENE Polyethylene: C2H4,0.92 gm/cc

16. PARAFFIN Paraffin: C23Hs2,0.93 gm/cc

17. HNO3 Nitric acid: IINO3

18. HFACID . Ilydrafluoric acid: HF

19. UO2 Uranium oxide: UO2

'

20. U308 Uranium oxide: U30.

21. UC Uranium carbide: UC

22. UN Uranium nitride: UN
,

23. UF4 Uranium tetra 0uoride: UF4
4

24. UF6 Uranium hexafluoride UF.

25. UO2F2 Uranyl fluoride: UO2F2

UO (NO3)2s 26. UO2(NO3)2 Uranyl nitrate: 2 ,

1
1

27. URANIUM Uranium metal (19.05 gm/cc) having a variable isotope j
'distribution - i.e., the user may specify the actual isotope

distribution or use the natural isotope distribution supplied by

default
t

28.- U(.27) METAL - Depleted uranium metal (19.05 gm/cc) having a fixed isotope
; distribution: 0.27 wt % U, 99.73 wt % 2nU; to specify a235

different distribution, the user should use URANIUM instead of

U(.27) METAL

29. PUO2 Plutonium oxide: PuO2,

30. PUC' Plutonium carbide: PuC

31. PUN Plutonium nitride: pun

- 32. PUF4 Plutonium tetrafluoride: PuF4

i

t
'

. _ , . _ _ _ _ _ , . _ _ . _ _ _ . . . _ . . _ _ , . _ _ . . . _ _ . _ . _ . , _ , _ _ _ , . _ . , , _ _ _ , . ..
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33. PU(NO3)4 Plutonium nitrate: Pu(N O 3).

34. PLUTONIUMALP Plutonium metal a phaw has density of 19.84 gm/cc but is
otherwise the same as the a phase

35. PLUTONIU N1DLT Plutonium metal - a phase; has density of 15.92 gm/cc but is
otherwise the same as the a phase

36. 1/ VAllSORilER Ficutious material having a 1/v absorption cross section normalized
to 1.0 at 0.0253 eV.

37. 11 Ilydrogen, cross-sections developed using IlE weighting everywhere

38. Il-N(E)-ilR Ilydrogen, cross-sections deseloped using fission spectrum weighting

at high energies and I/E weighting at lower energies

39. D Deuterium

40. IIE IIelium

41. L1-6 Lithium-6

42. Li-7 Lithium-7

43. IlE Ileryllium, cross-sections developed assuming a free atom

44. 11E110UND 13eryllium, cross-sections developed assuming lle atom bound in a

crystalline lattice

45. 11- 1 0 lloron-10

46. 11- 1 1 Iloron-l l

47. C Carbon

48. N Nitrogen

49. O Oxygen

50. F Fluorine

51. NA Sodium: Na

52. h1G Niagnesium: hig

53. AL Aluminum: At

54. SI Silicon: Si
|

55. P Phosphorous |

|

1

j

|
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'Q 56. S Sulfur

57. CL Chlorine: Cl

58'. K Potassium

59. CA Calcium: Ca

60. TI Titanium: Ti

61. V Vanadium

62. CR Chromium, cross-sections developed using I/E weighting

63. CRSS Chromium, cross-sections developed using [Eoi(E)f' weighting
wherc. ar(E) is that of SS-304

64. CRINCONEL Chromium, cross-sections developed using [Eoi(E)[8 weighting
where oi(E) is that of inconel

65. MN Manganese, cross-sections developed using 1/E weighting

66. MNSS Manganese, cross-sections developed using [ Ear (E)[' weighting

where oi(E)is that of SS-304

67. FE Iron, cross-sections developed using I/E weighting

68. FESS Iron, cross-sections developed using [Eoi(E)T' weighting where oi(E)

is that of SS-304

69 FEINCONEL Iron, cross-sections developed using [Eoi(E)[' weighting where or(E) |

is that of inconel '

70. CO Cobalt-59

71. NI Nickel, cross-sections developed using i/E weighting

72. NISS Nickel, cross-sections developed using [Eoi(E)f' weighting where
oi(E) is that of SS-304 1

73. NilNCONEL Nickel, cross-sections developed using [ Ear (E)[' weighting where

oi(E) is that of inconel

74. CU Copper: Cu

75. ZN Zine: Zn

76. BR-79 13romine-79

77. BR-81 Bromine-81o
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78 K R-82 Krypton-82

79. K R-83 Krypton-83

80. ZR Zirconium: Zr

81. NB Niocium: Nb

82. MO Molybdeum: Mo

83. Ril-103 Rhodium-103

84. Ril-105 Rhodium-105

85. AG-107 Silver-107

Silver-10986. AG-109 -

87. CD Cadmium (natural)

88. CD-113 Cadmium-113

89. IN-i l3 Indium-Il3

90. IN-115 Indium-115

91. SN Tin: Sn

92. XE-131 Xenon-131

93. XE-133 Xenon-133

94. XE-135 Xenon-135

95. CS-133 Cesium-133

96. CS-134 Cesium-134

97. CS-135 Cesium-135

98. BA-138 Barium-138

99. N D-143 Neodymium-143

100. N D-145 Neodymium-145

101. PM-147 Promethium-147

102. PM-148 Promethium-148

1
' 103. P M-148 M Promethium-148 (metastable)

ISt. SM-149 Samarium-149
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105. SM-150 kamarium-150
I

106. SM-151 Samarium-151
'

i

! 107. SM-152 Samarium-iS2
i

!

j 108. EU-153 Europium-153

109. EU-154 Europium-154
i

i i10. EU-155 Europium-155
,

'

I i 1. GD Gadolinium: Gd
i

j 112. DY-164 Dysprosium-164

113. LU-175 Lutetium-175

'

I14. LU-176 Lutetium-176

t

115. IIF llafnium: lif
,

116. TA-181 Tantalum-ISI

i17. W-182 Tungsten-|82

118. W-183 Tungsten-183

j i19. W-| 84 Tungsten-I84

120. W-186 Tungsten-t h6

121. R E-185 Rhenium-185

122. R E-187 Rhenium-187

123. AU Gold: Au
,

124. Pil I. cad: Pb
.i

i 125. Til-232 Thorium-232
i

126. PA-233 Protactinium-233

. 127. U-233 Uranium-233
|
j 128. U-234 Uranium-234

1

| 129. U-235 Uranium-235
1

| 130. U-236 Uranium-236

131. U-238 Uranium-238

i
<

|

!
. _ . _ _ . . _ . _ . _ _ _ _ _ _ . _ _ _ _ _ _ . _ _ . _ _ _ _ .___ __ _. _. ._,_
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i

132. N P-237 Neptunium-237

133. PU-238 Plutonium-238

134. P U-239 Plutonium-239
i, ,

135. PU-240 Plutonium-240 |

136. PU-241 Plutonium-241
!
,

137. P U-242 Plutonium-242 1j
<
1

| 138. A M-241 Americium-241
!
4

; 139. A M-243 Americium-243
I

| 140. C M-244 Curium-244
i

!

I

l,

;

i

.I

i
i
}

i
!

!

|
,

i

1

i
i

I
.

*%

O
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Table A-1: The Standard Composition Library1

ALP F ANU MER IC THEORETICAL RE SONANCE SC A TTERI NG X-9ECT LIBRARIES LIST OF NUCL IDES INDESCR IP T ION DENSITY DA TA OR X-SECT DATA FOR WHICH THIS THIS STD. COMPOSITIONOF THE IN SE ND A RE NKO AVAILABLE ST O. COMPOS IT ION (W ITH ISOTOPES THEST ANDAR D S/CC DATA . AT PULTIPLE IS . AV AILABLE USER MAY SPECIFY'

COMPO SI TI ON AVAILABLE7 TEM PE R ATU R ES7 SNCWN IN BR ACK ETS )
,

--- - --_. --- -- ---. ---------- --------__ ---- -__ >,

BORON 2 5350 NO YES 16 27 123 218 {5010 5011|

{5010 5011| 6012B4C 2.5200 NO YES 16 27 123 218
-_ ----- . -- - - ----. ---- .

H2O 0.9982 NO YES 16 27 123 218 1001 8016
,

= _ . - _ - ._-____ -- - - _ _ - . - - . _- -= _

H20.X( E F-HR 0.5982 NO YES 16 1301 8016-- --- ---

n t

s- - - _ - - . .. . --- __ _ _------ _ _-_.-.. ----
-_ - - - . .

N
0 20 1 1053 NO YE S 16 27 123 218 1002 8016 U

; _ _-_---_ __ -

!

Z I RC ALL OY 6.4400 YE S NO 16 27 --- 218 40302
i
' '

--.--------- - -- --. - - _ - - - - - _ . - _ . - ..-- -

SS304 7.9200 YES NO 16 27 --- 218 24304 2$055 26304'

28304 '

i
. - _ . - _ _ _ . . - .-- - -- -._ - - - - .-- --

= = . _ _ _ - - - - - _ . --.
1

| SS31(- 7.7500 YES YES 16 27 218 6012 14028 24304---

25055 26304 28304
42000

--_.----- _ _ = = _ - --- . . _ ----- --_--__ _ _ _ _ _ ---

j INCON EL 8 3000 NO NO 16 27 --- 218 14028 22000 24404
; 26404 28404
i
>

_ . _ . . _ --- -- ---_...--- ------------= -- __ . .

? C ARBON S TE EL 7.8212 I YES YES 16 27 123 218 6012 26000 !
1

,------_-|_- __- ------- - _ - - - --- _ ---- _. --

!

t

i
1

1

m - . - - - . - - - .- - -



- - _ _ _ _

Table A-1: (continued)
-

==-------- _ - . -----_---i----: -_-_|--____-i _ _ --1

NLPHANUMERIC THEORETICAL RE SCNANCE SCATTERING X-SECT LI BR AR IES LIST OF NUCL IO E S IN
DESCR IP TION | SITY DA TA OR X-SECT DATA FOR WHICH THIS T H IS ST O . COMPO SI T ION
OF THE IN BO ND A RE N KO AVAILABLE ST D. COMPOSIT ION (WITH ISOTOPES THE
STANDARD G MS/CC DATA AT WULTIPLE IS AV AIL ABLE USER MAY SPECIFY'

COM PO SI TI ON A V AI LA B LE7 TEMPEFATURES? SNCWN IN BR ACK ETS )

_- ---- -- - - - -- -- - - - - - - - - - - - - - -- - - _ . --

O RCONCR ET E 2.2994 YES YES 16 27 --- 218 1001 6012 8016
11023 12000 13027
14028 19039 20040
26000

_ _ _ - _ - _ = - _ _ _ _ -- -.- - - - - - _ _ - - - - . _ - _- - - - - -- --

218 1001 6012 7014RFCONCR ET E 2.3210 YES YE S 16 27 ---

8016 11023 12000
13027 14028 te032 .

19039 20040 22000
26000

0
y

----- ---- . - - - _. _ _ - - - _ ---_---- - - - - - - _ - --- --- _

N)
1001 6012 8016 Na

M GCONCR ETE 2 3298 YES YE S 16 -- --- ---

11023 12000 13027 N

14028 16032 17000
19039 20040 22000
25055 26000 30000

_ _ - - - _ . - - - - _ _ _ _ - - - --- --- --

PLEXIGL ASS 1.1200 NO YES 16 27 12 3 218 1001 6012 8015

-- - - - - - _ _ _ _ . _--- __ _- __--_- - - - - _ __ - - - - _ _ -

POL YETH YL EN E 0.9200 .NO YES 16 27 123 218 1001 6012

---- ----- --- - -- --- ----------- - - - - _ _ _ - - - ---- ---

PARAFFIN 0.9300 NO YES 16 27 12 3 218 1001 6012
l

-- _-= ---
--- ----- ------- - - -_ =-- --- - - - - - _ _ -

HNO 3 1 0000 NO YES 16 27 123 218 1001 7014 2016

------------ - _ - - - - _ . _ -- ---
-- ----== - - _ - _ _ _= - - -

FFACID 1 0000 NO YES 16 27 123 218 1001 9019

._ - - _ - - _ - . - - _ _ _ - --- -- - - - - - ----------- -= - -

G G e



. . . . _ _ . . _ - _ - - . . ~- - - . . - _ _ _ _ . . . . ~ . - - - . . _. .- - -

Table A-1: (continued) .

_______ _ ____ ___ _-
A

AL PH ANUMER I C THEO RETIC A L RE SONANCE SCATTERING X-SECT LI BE AR IES LIST OF NUCLIDES IN

OF THE
~

DEN SI TY ' OATA OR X-SECT DATA FOR WHICH THIS T H IS STD. COMPO SIT IONDESCR IP T ION
IN 80NDARENk0 AVAILABLE STD. COMPOSITION (W ITH ISOTOPES THE 3

STANDARD S/CC DATA AT MULTI PLE IS AV AIL ABLE USER MAY SPECIFY >

COMPO SI TI ON AVAILABLE7 TCM PE E ATURES7 S HOWN IN BR ACK ETS) !

- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ =_ _-- -__ __

r,

j92233 92234|9223 5U0 2 1C.9e00 YES YES 16 27 123 218
92236 92238 201$

_ _ _ _ _ _ _ _ _ _ ___ -- _ __ _________ _______- ____ __

{9223E 92238f E016
92233 92234 92235U 30 2 8.30C0 YES YE S 16 27 123 218

1

{92236 92238f 6012
92233 92234 92235UC 13.6300 YES YES 16 27 123 212

n j
-

_____ -_ -_ __ ___ _ - ______
-- _- _ - g, ;-

u
UN 14.3100 YES NO 16 27 123 2I8 {92233 92234 92235

'e
92236 92238 7014

_________ ___=

{9223692238|92235
92233 92234 tUF4 6.7000 YES YES 16 27 123 21E

9019 j

__- __ ___- ___ ____ _________ _ _ _ _ _ _ _ _ _ - ___= __ ,

!

{922339223692238}92235
,92234UF6 4.8500 YES VE S 16 27 123 21e

9019

{92236 92238|92235
92233 92234UO2F2 6.3700 YES YES 16 27 123 21e

2016 ,

9019 [

_____ - - ___ _____________ _____________ -- _

{92233 92234|92235
UO 2 (NO 312 2 2030 YES YES 16 27 123 218

92236 92238 7014
8016

- _ _ _ _ _ _ _ _ _ _ _ =- - ____________ _________ ____



r

Table A-1: (continued)
------, - __ ___ _

AL AN ANU MER I C THEORETICAL RE SONANCE SC ATTE RI NG X-SECT LIBRARIES LIST OF NUCLIOES IN
DESCR IP T ION D EN SI TY DATA OR X-SECT DATA FOR WHICH THIS THIS ST D . COMP O SI T ION
OF THE w IN BONDARENKO AVAILABLE 57 0. COMPOSITION (W IT H ISOTCPES THE
ST AND AR D R MS/CC DATA AT MULTIPLE IS AV AILABLE USER MAY SPECIFY
COMPOSITION AVAILABLE7 TEMPERATURES 7 SNCwN IN BRACKETS)

- - - - ----- --- ------ ---- _ _- - _ _--- ----

-__

URANIUM 19.0500 YES NO 16 27 123 218 {92233
92234|922359223892236

----- - - - - - - - - - - - - ----- ------------- _= =------ -

U( .27 )M ET AL 19.0500 YES NO 16 27 123 218 92235 92238

--------- - - -- ---- ._ __ ------ ---

PJO2 11.4600 YES YES 16 27 123 218 {94238
94229|9424094242 801694241

-- -_--_ ---------__ --_ ---==- --_- -_. -_---_ = - - - _ - _------ -_--
,,

g W
PUC 13.6000 YES YES 16 27 123 218 194238

94242|94240 [
94239 -

94241 6012

---- - - - - - - - - - - __ --- _ __

PUN 14.2500 YES NO 16 27 123 218 {94238
94242 |9 424 0
94239

701494241

- - . ----- - --- -- _ -- -- ---- -- -

{94241PUF4 7.0000 YES YES 16 27 123 218 9423991238
94242|942409019

-- ----- ---- --- -. ---------- ---- - - - - - - ----

{9423994239|94240
PU(NO 3) 4 2.4470 YE S YES 16 27 123 218

94241 94242 7014
8016

- - - - - - --- _ -- -- -- - --_ , ---------- --- --- ----

{94238 94239|94240
PLUTONI UM ALD 19.8400 YES NO 16 27 123 218

94241 94242

--- =- - - = -_-- =- - =- ----

{94241
94239PLUTONI LM DL T 15.9200 YES NO 16 27 123 218 94238
94242}94240

----- _ _ --- -- - -- ---- -- ------ -- ---

O O O
_
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Table A-1: (continued)
-__ _--. - ._, - ________.._ j . ___ _.

_

_

AL P HANUMER I C THEORETICAL RE SONANC E SCATTdRING X-S ECT LIBRARIES LIST OF NUCLIDES IN
DESCR IP T ION DEN S I TY D A T A OR X-SECT DATA FOR WHICH THIS THIS STO. COMPO SIT ION ;OF THE A IN SONDA RENltO AVAILABLE STD. COMPO SIT ION (W ITM ISOTOPES THE4

ST AN D AR D CRXM S/CC DATA AT puLTIPLE IS AV AIL ABLE USER MAY SPECIFYCOMPOSITION AVAILABLE7 TEMPERATUFES? SNCWN IN 8 RACKETS)
. . _ _ _ _ _______ - - _ _ _ _ _ - . . . . _ _ _ _ _ . ___ ______ _ _ _ __

1/V ABSO RB ER 1 0000 NO NO 16 27 - - 218 959
i

_ _ _ _ _ _ _ _ _ _ _ _ . . -- _ _ _ _ . . - _ _ _ - - ._ ___ .

H 1 0000 NO YES 16 27 123 218 1001
_ _ _ , _ _ -. -_ ._. - _ _ _ _ _ _ _ _ .. __ __

} H-X ( E ). tSt 1.0000 NO NO 16 1301- - - - - - -

- - - - - _- _. - - _ _ _ _, __ __ _-- _ __

D 1.0000 NO YES 16 27 123 218 1002 O,

w
,

*- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -. _ _ _ _ . _ _ _____ _ _____. __.__ _ y
w

I HE 1 0000 NO NO 16 27 "218 200e--

,

j _ _ _ _ - .__ - - - _ _ _ _ _ --______ __ ____ , _ _

L I-e 1 0000 NO YES 16 27 123 218 3006

1 _________ .__ ,. - - - _ ______ . -- _____ _. _______ ___.

' LI-7 1.0000 NO YES 16 27 12 3 218 3007
i _ _ _ _ _ _ _ _ , _ . _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ . .- - _ _ _

BE 1 8480 NO YES 16 27 123 218 4009*

'
- _ _ _ _ _ ____ - - . _ _ __ __. = _ _ _ _ _______ _ _ _ _ _

BE80UND 1.8480 NO NO -- -- --- 4309
) i

__. --

__ -. _ _ _ _ _ _ _ . _ . - _ _ _ _ _ _ . _---
4

i B-10 2.1950 NO YES 16 27 123 218 5010
__ _ - _ _ _ _ ___ - - ___ - ___ ____ _.._

j 8-11 k.4130 NO YES 16 27 123 218 5011
9

4 - - _ _ _ _ sas _____. _.p---rr- - - _-__eim_ . ____. __

f

i.
'

|

J

. _ . _ _ ,, _ _~



Table A-1: (continued)
_ - - - - - - ==_ = = _ _ -_< _. _==- - - - , _--. __-

AL P H ANU MER I C THEORETICAL RE SONANCE SCATTERING X-SECT LIBRARIES LIST OF NUCLIDES IN
DESCR IP T ION D EN S I TY DA TA OR X-SECT DATA FOR WHICH THIS T H IS STO. COMPO SI T ION
OF THE Ah IN BO ND A RE N KO AVAILABLE ST D s COMPOSIT ION (W IT H ISOTOPES THE
STANDARD C#A M S/CC DATA AT MULTIPLE IS AV AIL ABLE USER MAY SPECIFY
COMPOSI7 ION AVAILABLE7 TEMPERATURES 7 ;;HOwN IN BR ACK ETS )

__ _--- _ _- == - - - - - - - - - - ._--_- . _ _ - - - - - __-

1

C 2.3000 NO YES 16 27 123 218 6012

_ - _ _ , _ - - - ---_ _ - == -- ----_-- --_-- -------_-=_= --_= -

N 1.0000 NO NO 16 27 123 218 7014

= = _ - - _ = _ _ _ -----__ = = . - - - - - =-- -- _- __. --

0 1.0000 NO YES 16 27 123 21e 8016

--- _--_ -__ _-- -_. _ __ _ _------_ _ _ _ - . = _ -

F 1.0000 NO YES 16 27 12 3 218 9019
0

- _ - - - - - _ =_ _. _ - - - - - - - - ____ ___---_---- _- _ r
i N

NA 1.0000 YES YES 16 27 123 218 11023 W
N

- - - - _ _ - - - - - _ _ -- - - - - __-
____ _ - - - _ _ _ -

MG 1.00C0 NO NO 16 27 123 218 12000

_ - - - - -____ _ ------------- -- - - - - - - __ _ ___

AL 2.69E9 NO YES 16 27 123 21e 13027

_ - _ - _ - _ _ - _ - _ - _ _ _ _ - = _ -__ _-_------ _ _ _ __- --- --

SI 1 0000 NO NO 16 27 12 3 21e 14028

|_ _ - _ _ _ _=_ _ _ - _ - _ . - -_ _--_ -

|
16 27 218 15031P 1 0000 NO NO

- - ._ --. <._ __- ____ _ _ - - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ - - __-

S 1.0000 NO NO 16 27 12 3 618 16032

__ _ - - - _ -- ___ -- -- -- _ _ _ _ =-

CL 1.0000 NO NO 16 27 - - 218 17000

- - - - _ - _ _ - - - -- - - - - --- -- _ _ _ = _---___ --__

G G e
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Table A-1: (continued)
___ = _ _ p -- |

_

AL PH ANUMER IC THEORETICAL RE SONANC E SCATTERIV4 X-SECT LI B R AR IES LIST OF NUCLIDES IN
DE SCR IP TION DEN SI TY DATA OR X-SECT DATA FOR WHICH THIS THIS STD. COMPO SIT IONi

OF THE A IN SONDA RE NetO AVAILABLE STD. COMPOSIT ION (W ITH ISOTDPES THE
ST ANDAR D CffA'M S /CC DATA AT MULTIPLE IS AV AILABLE USER MAY SPECIFY
COMPOSITION AVAILABLE7 TEMPERATURES? 5HOWN IN SRACKETS3

-__ _ _ .__ _ _ _ _ _ _ _ _ _ . =._ __.

K 1.0000 NO NO 16 27 123 218 19039

_ _ _ _ _ _ _ - - __ _ __ ___ - - - - _ - _ _ _ _ _ _ _

CA 1.0000 NO NO 16 27 --- 218 20040
>

4

! -- .- ___ _____ -- .___

i-
TI 4.5400 NO NO 16 27 - - 218 22000 ;

== ._____. . _ _ _ ._ _ _ _ _ ___________.__. ..

V 6 1100 NO NO 16 27 - - 218 23051. c)
r: - _ _ _ _ _ _ - . _. _____ .- ___ _. ._. _ __.- __ .____

N'
; CR 7 1500 NO YES 16 27 123 218 24000 $

i

- _ _ _ _ __ -- - -. ___ _ _ _ _ _ - -

!
'

CRSS 7.1900 NO NO 16 27 - - 218 24304
;

;; ____ ___ = - - - _ _ _ == __ __ _ ______ ______= ___ ... ._

CR INCON EL 7.1900 NO NO 16 27 218 24404--
;
.I

9 _ _ _ . _ _ _ . _ _ _ - _ _ _ _ _ - ___ _ _ _ _ _ _ _ _ _ ___

j MN 7.4400 YE S NO 16 27 123 218 25055 !

|

4 1

25304 |MNSS 7.4400 NO NO -- -- ---

1 b

_ _ _ __.____ _. __ __ --- _ _ - - - - _ _ _ . _ -- - __

,

!

FE 7.8740 YES YES 16 27 123 218 26000

4 - _ _ _ _ . _- =_ _. . _ . _ _ _ _ _ _ . _ _ _ - _ _ _ _ - -

]

'

FESS 7.8740 NO NO 16 27 --- 218 26304

j - - - _. _ _ _ _ _ _ _ _ - __ _ _ _ _ . _ _______ _.

I i

i
:
.

a

$
'

-- __ __ -- -- --- .
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Table A-1: (continued)
_ _ _ _ _ _ _ , -

- = _ __=-____________;

AL P F ANU MER IC THEORETICAL RE SONA NCE SCATTERING X-S ECT LIBRARIES LIST OF NUCL ID E S IN
DESCR IP TION D EN S I TY DATA OR X-SECT OATA FOR WHICH THIS THIS STD. COM PO SI T ION
OF THE Aw IN BONDARENKO AVAILABLE ST D . COMPOS IT ION (W ITH ISOTOPES THE
STANDARO C#*M S/CC DATA AT WULTIPLE IS AV AIL ABLE USER MAY SPECIFY
COMPOSITION AVAILABLE7 TEMPERATURES? SNCWN IN BR ACK ET S )

_______ , __ ___ ___ ____ ____ ___ ____ ___

FE INCGN EL 7.8740 NO NO 16 27 --- 218 26404

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___________ _ _ _ _ _ _ _ ____ -

CO 8.9000 YES NO 16 27 --- 218 27059

__ _ _ _ _ _ __ _ _ _ _ _ _ _ ___ ___ ______ - -- __

NI 8. 'W C 2 0 NO YES 16 27 123 218 28000

___,_ ___. _ ==- _ ________=- ___ : _ _ _ _ _ _ =-_= ____ __ _

NISS P.9020 NO NO 16 27 --- 218 28304
0

r-_________ _____ -_ ___ _____________ ______ ____ ____________

N

N I INCON EL 8.9020 NO NO 16 27 --- 218 28404 y
_== - _ _ _ _ _ _ _ _ __ __ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _- ___ _ - - - __

CU 8.9600 YES YES 16 27 123 218 29000

_ _ _ _ _ _ _ _ _ __

- - - _ _ _ _ _ _ _ ____

30000ZN 7 1330 NO NO 16 -- --- ---

_ _ _ _ _ _ _ _ _ _ _ _ __ - _ _ _ ___ _ ____ _________ ___ _ = _ _ _ _

218 35790BR_79 1.0000 YES NO -- 2 7 ---

_ _ _ _ _ _ _ _ _ _ _ _ == == _ _ _ _ - -- _____ ____ __

218 35810BR-81 1.0000 YL. NO -- 27 ---

_ _ _ _ _ _ =- = _ - - _ _ . ___ .-______ _ _ _ _ _ _ __ _ _ _ _
|_ _ _ _ _ _ _ _ _

l
123 - - - 36082KR-82 1.0000 NO NO -- --

= - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - =_ __ ____ _____ __ ==

KR-83 1.0000 NO NO -- -- 123 --- 36083

_ _ _ _ _ _ _ _ - - __ __ - - -- =____ _____________ .. ___

O O O
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_ _ continued)( ___ ._____4 _.u _ _ _ _ _ i __| _ Table A__1_:__

I

ALP H ANU MER IC THEO RETICA L RE SONANCE SCATTERING X-S ECT LI BR AR IES LIST OF NUCLIDES IN
DESCR IP T ION D EN SI TY DATA OR X-SECT DATA FOR WHICH THIS T H IS STD. COMP OSIT ION
OF THE IN 80NDARENk0 AVAILABLE STD. COMPOS IT ION (W IT H ISOTOPES THE
ST AN D AR D M S/CC DA TA AT MULTI PLE IS AV AIL A8LE USER MAY SPECIFY
COMPO SI TION A V AI LAB LE7 TE M PE R ATU RES 7 SHOWN IN BRACKETS)

I = -=

|

ZR 6.4400 NO NO 16 27 123 218 40000

_ _. ____ _= _. _ _ _ = = ___ ____ . __ _ _ _ _ _ _ _ _

|
NB 1 0000 YES NO 16 27 123 218 41093

_ __ __ ____ ______ _ _ . __ _ _ _ ___ _

.

MO 10.2200 YES NO 16 27 123 218 42000

_.= _ _ _ _ = ____ - . _ _ . _ _ ._- -- ___ _

123 --- 45103! RH-103 12.5000 NO NO - --

c)s |

r_ _ _ _ _ . , _ _ -_ . = = _ __ ____ _ _ _ _ _ _ _ _ _ _ _ _ __

w
45105 w123RH-105 12.5000 NO NO ----- --

u
4

- _ _. --

__ ._ - - - _ _ _ _ _ _ . _- _____

218 47107A G- 107 10.4060 YES NO 16 27 --
;<

. _ . , _ _ __. _ _ _ _ _ __ . _ _ _ _ _ _ _ _ _ ____ __

! A G- 109 10.6010 YES NO 16 27 123 218 47109
4

_ _ . _ ___ - _ ._ _ _ _ ___==.. . . _ _ - - - - __

218 48000CD 8.6500 NO NO 16 27 ---

_ _ _ _ _ .__. - _ _ _ _ _ _ _ _ --__ __. ..

! CD-113 8.6500 NO NO -- -- 123 48113---

4

=- - - - - _ _ _ _ _ _ - - _- ._ ____.._ . _ _ _ _ . _ _

,

i

IN- 113 1 0000 YES NO 16 27 --- 218 49113

3 __. _ _ . - - _ _ _ _ - _ _ _ . = - _ _ _ _ _ _ _ . . - __ --

!

IN- 115 1.0000 YES NO 16 27 12 3 218 49115

; _ - _ _ _ _ _ _ _ _ _ _ _ _ _ -- _____- __. _ _. -_ ___-

7

.

I
'

, -



-=_ ==
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- -(continued)Table A-1:
1 1 === _ _ _ ----

AL P HANU MER I C THEORETICAL RE SONANCE SCATTERING X-SECT LI B E AR IES LIST OF NUCL ID E S IN
OE SCR IP T ION ' D EN S I TY DA TA OR X-SECT DATA FOR WHICH THIS THIS STO. COMPO S I T ION
OF THE p IN BONDARENFO AVAI1ABLE STD. COM PO SIT ION (w tT H ISOTOPES THE
STANDARO GR S/CC DATA AT NULTIPLE IS AV AILABLE USER MAY SPECIFY
COMPO SI T ION A V AI LAB LE 7 TE M PEIJ ATUI3ES ? ShCwN IN BRACKETS)

= _ = = - - - - --- _ - _ _ _ - - - - -- _ --_ -__ --

SN 7.3100 NO NO 16 27 123 218 50000

== -

- -=

XE-131 1 0000 NO NO

--_-_- 123
54131---

_ _ _ - - - - _ . . , - - _ = = - - - - - ---- --____

XE-133 1.0000 NO NO -- -- 123 --- 54133

- - _ - - - - _ _ - -- _ _ _ - -______---- __- -- - . _ __ .-

XE-135 1.0000 NO NO -- 27 123 218 54135
c3
y- _ _--- ----_----__ _-- ___.-_--- = -----_ . -_

N
CS-133 1 8730 NO NO -- -- 123 55133 w---

e
_ _--- ---- - -- - - . - _ _ _ = _- -- __--_ __---- - = - = _ ---

CS-134 1.8730 NO NO -- 123 55134---

- -_----- _ _ - - _ -- --- -- _ _ = = - _ _ _ - - - = - ----

CS-135 1 8730 NO NO -- -- 123 55135---

_. _ _ - - _-- -- - -- ---_ ___ -__-- ---- - _ - _ .,_ _ ._ _

BA-138 1.0000 NO NO 16 27 --- 218 56138
-_ - _ = - _- _-- _ _ - -_ _=___-_ = _ _ = = _ - -

ND-143 6.9600 NO NO -- -- 123 --- 60143

- --.,_- - _ _ _ _ _ _ - -- --- --- _ _ _ --- _ _ - - _-- _ - - - - =-- -_

ND-145 6.9600 NO NO -- -- 123 --- 60145

-_ _ - - _- -- . _ _ - = - _ _ _ _ - = = = ---

PM-147 1 0000 NO NO 123 --- 61147-- --

,. - - - - - - ---------- -_ _ _ _ _ -__ _

O O O
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Table A_1: (continued)
_______

i
___ ___, . _ _ _ _ _ _ _ _ _ _ _ , _ _ _ _ _ _ . _ _ __ ___

AL P H ANU MER IC THEORETICAL RE SONANCE SCATTERING X-SECT (BRARIES L I ST OF NUCL IDES IN !
DESCR IP TION DEN SI TY DATA OR X-SEC T D AT A FDR W H '. M THIS THIS STD. CDNPOSIT ION
OF THE IN BONDARENKO AVAILABLE STD. Ch ePO S IT ION (WITH ISOTOPES THE

4 STANDARO R S/CC DA TA AT MULTIHLE IS AV A' L ABLE USER MAY SPECIFY
; COMPOSITION A VAI LABLE? TEMPERATURES 7 SHOWN IN BRACKETS)
;i __ - _ ____ _______ __ __ ____ _____ ___ _________ ____ __ ___

PM-148 1.0000 NO NO 123 61148-- -- ---

_ = - ___ ~ ____ _ _ _ _ _ _ _ _ _ _ _ _=- __ _ ___ _

>

61601PM-1484 1 0000 NO NO - - - - - - - -+

i _ _ _ _ - - _ _ _ _ _ _ __ _ _ _ _ _ __ -_ --

' 'S4-149 7.7000 NO NO 123 --- 62149- --

- - _ _ _ - _ _ _ ___ ____ _ _ _ _ _ _ _ _ _ _ _ _ ___

S4-150 7 7000 NO NO 62150123- - - ---

i- o
, _____ _________ -. ___ _____________ _ _ _ _ _ _ _ _ __ __- - p

N i
I SM-151 7.7000 NO NO 123 62151 w- -- ---

M
>

; _ _ _ _ _ _ _ ________ __ ____________ _ _ _ _ _ _ _ .__ _ _ _ __

SN-152 7.7000' NO NO 123 62152- -- ---
;

!

j __ ____ ___ __, _- ___ ______ _ _ _ _ _ _ _ _ _ _ . _ _ ___ _

! EU-153 5.2400 NO NO 123 63153-- -- ---

i

| _____ =_ _ ___ __ = _ _ _ _ _ _ ____ _ ____ _ - - - - _ _ _ _ _ _

} EU-154 5.P400 NO NO 123 63154-- -- ---

i - _ _ _ _ __ ____ _ __ _ _ = = - _ _ _ _ _ _ _ _ _

i
EU-155 5.2400 NO NO 123 63155-- -- ---

.

____ ____ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ ___ _ _ - - - -

i GD 1 0000 YE5 NO 16 27 -- 218 64000
?
1

-= _ _ _ __= - - - -__ _ _ _ _ _ _ _ _ _ _ _ ___ _

;

1 DY-164 1 0000 YES NO 16 27 - - 218 661E4 ;

I
1 _ = = _ _ _ _ __\ __ -- ______n_ . . . _ _- - __

I

l,
I

i 1

4 1

I

.

1

|

|
4
%

k,
_ _ . . _ _ . _ _ _
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Table A-1: (continued)
_ _ _ _ - _ _ _ - - _ _ _ _ _ _ , = _- . _ _ _

AL P HANU MER I C THEORETICA1. RE SONANCE SCATTERING X-S ECT LI BR AR IES ' LIST OF NUCL IDE S IN
DESCR IP T ION DEN SI TY DATA OR X-SECT DATA FOR WHICH THIS T H IS STD. COM PO SIT ION
OF THE IN BONDARENKO AVAILAaLE ST D. COMPOSIT ION (W IT H ISOTOPES THE
STANDARD S /CC DA TA AT WULTIPLE IS AV AIL ABLE USER MAY SPECIFY
CO M PO SI TION A V AI LAB LE 7 TEMPERATURES 7 SNCWN IN BRACKETS)

___ -- ._ _ __ ==-. __ _ _ _ _ . __ =___ z_-

LU-175 1.0000 YES NO 16 27 -- 218 71175

__ - _ _ - _ _ _= ---- _ _ ---- -_ _. - -- __- _- - --

LU-176 1 0000 YES NO 16 27 --- 218 71176

___ - __ _ _______.--__ _ = = _ _ _ _ _ ___ ==--

HF 1.0000 NO NO 16 27 --- 218 72000

_ - _ --___- _- - - _ __

|
TA-181 1.0000 YES NO 16

-- - . __ --- 218 __- __ __ y
27 73121

0
_ _ _ _ _ . - = _ _ _ . _ ---

N
wwle2 1.0000 YES NO 16 27 - - 218 74122 W

co
- - _ _ _ _ _ _ _ _ ___ __ __ -___ - - - - - - _ _ _ _ _ - - _ =- - - -

_ __

W-123 1 0000 YES NO 16 27 --- 218 74183

- _ - _ _ _ - _ _. _ _____ _ _ - _ - - __

16 27 218 74124W-le4 1.0000 YES NO

_ _ _ _ __ _ _ . __ -- .. _. -- __. _____ ___ _ =

W-186 1 0000 YES NO 16 27 218 74126---

_ _ _ ___ __ _ _ _ _ _ - ___ _- -__ _

RE- 18 5 1.0000 YES NO !. 6 27 218 75185

_- ==_- _ _ = - - _ __

RE-187 1.0000 YES NO 16 27 123 218 75167

, . - - - _ _ - - ___- _ _=. - . _ _ - __----____ .-__ _ _ _ -

AU 1.0000 YES NO 16 27 123 218 79197

= _ _ - - -. - = _ _ _ . . - == _- - - = - - =

0 0 0
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Table A-1: (continued)
\

____ __ _ _ _ _ _ _ _ . __ = _ .___

ALPHANU MER IC THEORET ICA L RE SONA NC E SCATTERING x-SECT LIBEARIES LIST OF NUCLIDES IN
DESCR IP T ION D EN S I TY DATA OR X-SECT DATA FOR WHICH THIS T H IS STD. COMPOSITION
OF THE pth IN BONOA RENMO AVAILABLE STD. COMPO SIT ION (W ITH ISOTOPES THE

,

ST AND AR D GR AM S/CC D A TA AT puLTIPLE IS AV AILABLE USER MAY SPECIFY
COMPO SI TION AVAILABLE7 TEM PE R ATURES? SNCWN IN BRACKETS)

l
- ________ ________ _ = __- ____

PB 11.3500 NO NO 16 27 123 218 82000'

_ _ _ _ _ _ . _ _ _ __ _ - _ __ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

TH-232 1.0300 YES NO 16 27 123 218 90232

__________ ___ _ __ ___ ___ ____ _________ _ __

PA-23J 1 0000 YES NO 16 27 123 218 91233
!

_ =____ _ _ _ _ _ _ _ _ _____ _ ____ - =_ _ _ _ _=

U-233 1.0000 YES NO 16 27 123 218 92233
o

0
y_____ _ _ _ _ _ _ _ _ _ _ ___ _ ____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . ____ _

;
; hs

U-234 1 0000 YES NO 16 27 123 218 92234 w
c

-=_____ ___ _____ __ _ _____________ ____ ____ _ __

U-235 1.0000 YE S NO 16 27 12 3 218 92235

____ _-= __ _ _ _ _ _ ._
__ _ _ ___ _ _ - - -

! U-236 1.0000 YES NO 16 27 123 218 92236

| --_______ _______ __________ _____________ _____________ ____ ___

1

U-238 1 0000 YES NO 16 27 12 3 218 92238

-- = _ -

NP-237 1 0000 YES NO 16 27 123 218 93237

__ -_______ __ __ ____ __- ___ _ _ _ _ _ - -

PU-273 1.0000 YES NO 16 27 123 218 94238
<

.__ ___ ___ _ _ - __ ____ __- ___ ___ ____

3

'I

i PU-239 1.0000 YES NO 16 27 123 218 94239
!

_ _ _ _ _ _ _ - - - - - _ _ ___ __ ___ __ ______ _ _ _ _ _ _ _ _ _ _ _

l

i

1

4 '



Table A-1: (continued)
__ ;._. _

AE.P H AN U MER IC THEORETIC A L RE SON ANCE SCATTERING X-S ECT LI B R AR IES LIST OF NUCLIDES IN
DESCR IP T ION DENSITY DATA OR X-SECT DATA FOR WHICH THIS THIS S10. COMPO SI T ION
OF THE pth IN SONDARENKO AVAILABLE STD. COMPOS IT ION (W IT H ISOTOPES THE
ST AN D AR D GRKM S/CC DATA AT MULTIPLE IS AV AIL ABLE USER MAY SPECIFY
COMPOSITION A V AI LAB LE7 TEM PE R AT UR ES? SNCWN IN BRACKETS)
~ _ _ . _ _ _ _ _ _=_ _ _ _ _ - - - - - . -- __.._ _ -. ._

'PU-240 1 0000 YES NO 16 27 123 218 94240

_-- _ ____ = ___. __ __ _- -- __ _ _ _

PU-241 1 0000 YES NO 16 27 123 218 94241

- = _ _ _ _ _ _ . ___ __- . _ _ _ .__- - - ---- _ ___._ _--. -_ <,

PU-242 1.0000 YES NO 16 27 123 218 94242

___________ ___---_____ __ _-- . _ _ __ _____ -_ _ ,- _-_ p
AM-241

~

1 0000 YES NO 16 27 -- 218 95241 %
o

--____ ____ ___ _ - - - . _ _ _ _ _-._---- - _ _ _ _

AM-243 1 0000 YES NO 16 27 --- 218 95243

___ _ _ _ _ _ _ _ . - - - - - - - _ _ _ _ _ _ . --

CM-244 1.0000 YES NO 16 27 -- 218 96244
1

_ _ _ _ _ _ _ _ _ _ --. -= __ _ ..- ___ __-- -- - _.== -- -

O 9 9
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! b
APPENDIX A.2 '

: Table of Available Solutions
1
4

] The Standard Composition Library (Table A-1) describes the various compounds, alloys,
!

elements an'd isotopes one may use in defining the material mixtures for a given problem. In

addition to the various materials listed there, one is also free to use any of the fissile se' trions listed;

in Table A-2. Indeed, the user is encouraged to treat the solutions listed in Table A-2 as he would

any other standard composition. Using empirical fits to experimental data, the code will then
:

j automatically calculate the volume fraction corresponding to the heavy metal. acid, and water

{ components of the solution (c.f., Section 3.1).

TABLE A-2: TABLE OF AVAILABLE SOLUTIONS

} List of Nuclides in
Alphanumeric Resonance Yhte Fissile So14 tion,

j Description Data or Scattering Cross-Section Cross-Section Libraries (With Isotopes the User

of the Bondarenko Data Available at Multi. For Which This Solution May Specify Shown in'

Solution Data Available7 pie Temperatures 7 is Available Brackets)
d

A

$0LNUO1F2 YES YES 16 27 123 218 (92233 92234 92235
, 92236 92238) 1001
4 8016 9019

\ SOLNUO2(NO3)2 YEh YES 16 27 123 218 (92233 92234 92235i

/' 92236 92233) 1001
1 7014 8016V

-3

J SOLNFU(NO3)4 YF.S YES 16 27 123 218 (94238 94239 94240
! 94241 94242) 1001
2 7014 8016

1

1

'
4

)

'
,

4
<

r

4

$

l-
4

--,_,....,-.~._.-,-:.....,.~,_....,_._,._.._~.._.,_...,,m.,_,... _ - _ . . . . - . . , , , _ , _ , . , _ . . . _ . . ._.._...,_, - _, ,,-. ,_,...
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t APPENDIX A.3

Isotope Estribution Table

Those materials in the Standard Composition Library containing multiple isotopes of a single

element are denoted in Table A-l. For materials containing boron, uranium, or plutomum, the user

is free to specify the isotopic distioution using items 6a and 6b of the Standard Composition

Specification Card. Alternate v, the user may elect not to enter this data, thereby telling the code to

assume the default values shown in Table A-3. In the case of boron and uranium, Table A-3 lists

the naturally occurring abundance of each isotope.

TABLE A-3

ISoTDPE DISTRIBUTION TABLE

_

Boron Uranium Plutonium

I.D. vtX I.D. vt2 1.D. weg

5010 17.2859 92233 0.0000 94238 0.0
5011 82.7141 92234 0.0056 94239 100.0

92235 0.7050 94240 0.0

92236 0.0000 94241 0.0

gg 92238 99.2894 94242 0.0
i \

\v/
_

|

1

|
1

|

[

{ )
/s

v

. . _
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i APPENDIX A.4

Available Cross Section Libraries

At present, four cross-section libraries have been assembled for use in the SCALE system.

These include a 16-group cross-section set based on earlier llansen-Reach data, a 123-group

cross-section set based on earlier GAN1-TilERN10S data, and a 218-group cross-section set based

on ENDF/B-IV data. A 27-group cross-section set collapsed from the 218-group data is also

available. The user may select the library he desires by specifying the appropriate alphanumeric

name (II ANSEN-ROACll, 27GROUPNDF4, 123Gh0UPGN1Til, 218GROUPNDF4) on the
Parameter Card.

The data for almost all of the nuclides in the IIANSEN-ROACil library is based on the
original Los Alamos report by llansen and Roach.22 While this data has been used widely with good

results, it was developed primarily for the analysis of fast systems. Data for a few nuclides missing in

the original library was generated by collapsing the 21PGROUPNDF4 data to 16 groups. This was

done for the sake of completeness and to extend the utility of the present library. Resonance data is

available for 31 of the nuclides in this library. Seven of these hase Bondarenko factors in lieu of

resonance parameters and must be self-shielded using the llONAN11 module (c.f., Table A-7).

The data for the 27GROUPNDF4 library was collapsed from the 218GROUPNDF4 data. This

broad group library was developed especially for criticality analysis of a wide variety of thermal

[] systems and has undergone extensive evaluation ' Of the 27 groups, 13 groups are thermal2

( (E < 3.05eV). Additional information may be found in Tables A-7 and A-8.

The 123GROUPGNITil library is based on earlier data produced by the GAN1-li and .

lTilERN10S codes.24.25 It has 93 fast and 30 thermal groups. The fast group boundaries were based '

on equal lethargy widths. As noted in Table A-7, resonance data is available for only six nuclides. |

On the other hand, thermal scattering data for many nuclides is available over a wide range of
temperatures (c.f., Table A-8).

2The 2:8GROUpNDF4 library k based on ENDF/Il-IV data ' and has not been "adiusted" to

gise better results (as nas the data in the li ANSEN-ROACil and 123GROUPGN1Til libraries). It

has 72 thermal groups and is suitabic for the analysis of thermal systems. The group structure was

chosen to fit the cross-section variation and reaction thresholds oflight and intermediate nuclides, to
|

bracket the major resonance levels of intermediate and heavy nuclides, and to " march over" the
2thermal resonances in fuel nuclides ' Additional information may be found in Tables A-7 and A-8.

The 16,27 and 123 group libraries are available on a permanently riounted disk sucn that the

user may select the library he desires by simply specifying the apnropriate alphanumeric name on the

Parameter Card, llecause of its length, the 218-group library resides on a tape which must be

mounted each time it is requested. Thus, the user must specify the appropriate alphanumeric nam,-

on the Parameter Card (218GROUPNDF4) and include an FT84 card in his JCI.. At K-25 it would
have the following form:

,,

v
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/ /GO.1T84F001 DD UNIT = TAPE 9,VOL=SER=A13603,

/ / LAllEl.=(1,SI.),DSN=0DGRN.X218, DISP =(OLD,K EE P),

/ / DCil=(RECFM=VilS,1. REC 1 =X,Hl.KSIZE=4000,IlUFt.=-4088)

At X-10, it would hase the following form:

/ / GO.FT84RX)] DD UNIT = TAPE 9,VOL=SER=Xi7694,

// L A llE l =( 1,S L).DS N =O DG R N. X 218,DI S P=(O I .D, K E E P),

// DCil=( R EC F NI = V llS, L R E C L=X,IIL K S IZ E=4000, B U F L=4088)

1.astly, it should be pointed out that none of the four libraries described above hase gamma or

n-y cross-section data. They are included here for use in CSASl and CSAS2 only.

TABI E A-4.

AVAILABLE CROSS SECTION LIBRARIES

ALPHANUMERIC NA1E OF ANALYTIC SEQUENCE WITH k"IICH THIS

CROSS-SECTION SET CROSS-SECTION SET MAY BE USED

E ~ m mm
& G 2 N Q
a o m m m

HANSEN-ROACH / /
- . - _ .

--

27CROUPNDF4 / /

123GROUPG>n'H / /

218cROUPNDF4 / /

O
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) APPENDIX A.5
\_d 1.D. Numbers to be Used on the Automatic Reflector Card

Various sets of spatially dependent multigroup reflector weights have been calculated and stored

on an on-line disk for use in KENO-IV. Table A-5 gives the I.D. No. corresponding to the set of

pre-calculated weights for each of the four materials in the' library. This I.D. No. (IDWT) should be

entered as the eighth parameter on the automatic reflector card (c.f., Appendix C). The code will

then " break-up" the reflector into a number of smaller regions and supply each with the appropriate

set of multigroup weights taken from the library. An edit of the multigroup weights associated with

each spatial region will be printed by KENO-IV during execution. (Indeed, one could set up a

number of " dummy" KENO cases using the automatic retlector card and the 27GROUPNDF4

cross-section set to obtain edits of those reflector weights not reported in ORNL/TM-4660.)

The 16,27, and 123 group weights are available for concrete, paraffin, water and graphite. A

new 218-group set is also available for water. It should also be noted that reflector weights for one

material can often be used for other similar materials. If in reality one had a plexiglass reflector, he

might use the reflector weights corresponding to paraffin or water. The key requirement is that the

two materials be neutronically similar - that is: the absorption cross section (L) must be similar

and the slowing down power ({L) must be similar. This point is discussed further in Appendix C.

TABLE A-5

( I.D. NUMBERS TO BE USED ON THE AUTOMATIC REf1ECTOR CARD
v

IDWT* Refl. Matl. X-Sect. Set Used

301 Concrete HANSEN-ROACH

301 Concrete 27CROUPNDF4

301 Concrete 123GROUPCMTH

|
400 Paraffin HANSEN-ROACH '

400 Paraffin 27GROUPNDF4

400 Paraffin 123CROUPC)frH I

500 Water HANSEN-ROACH )
500 Water 27GROUPNDF4

500 W4ter 123CROUPGMTH

500 Water 218CROUPNDF4

I

6100 Graphite HANSEN-ROACH

6100 Graphite 27GROUPNDF4

6100 Graphite 123GROUFCMTH )
l

*I!rJT is the I.D. No. correspondt g to the
set of pre-calculated weights for the reflector

[ material..

v]\
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( APPENDIX A.6
Density of Subcooled Water at Various

Temperatures and Pressures

For systems under pressure, the density of water may be substantially different from that given

in the Standard Composition Library. This is especially true for PWR's at operating temperature

and pressure. To account for this, the user must enter the appropriate density factor (VF) on the

Standard Composition Specification Card.

The density of subcooled water at various temperatures and pressures is given in Table A-6.

This table was produced using a Fortran routine borrowed from the Leopard-ll code. * The valucs

listed in Table A-6 agree well with those in the Steam Tables published by Keenan and Keys.2

FU NC T ION DE NH 2O( PP .TT)
C
C THIS FUNC TION WAS '80RRO WED ' F RCM LECPARD-II WHERE IT
C HA D SL I GH TL Y D IF FC REN T UNI TS A ND WAS KNOWN AS THE VCL
C FUNC T ION J.A.8UCHOLZ (5-15-78)--

C
C DE NH 2O = DEN SI TY I N GM S/CC
C PP = PR ES SUR E IN P SI
C TT = TEMPERATURE I N DEG.F
C

R EAL * 8 P ,T. X. X3.P SL.E 1.E3.E4.E2.E5.E6.E7.E8. OEX P. OLOG VCL
R E AL * 8 A ( 101/

A 7. 4690 826 S.- 7. 50 67 5994D-3. . 462 032290-8. .12154701 11 D-2.0.0.
C' 87 70517043.- 5.2973 91180-2.-2.96725673D-9. . 76636 00 55 D-2.
/ C 1. 4396 / C2 060- 11/

T= TT
P = PP
IF ( ( T .LT .5 0. 0 ) .OR .( T.G T. 7 05.4 ) ) GO TO 4
X = T- 7 05. 3 9 8
X3 = X**3
I = 0
IF (T.GE.200.0) 135
P SL= DE XP ( XS ( A( I + 1 ) + A ( ! +2 ) *X+ A ( I +3 ) *X3+ A ( I +5 ) *X3 *X 1/ ( ( 1.+ A ( I +4 ) * X )

1*( T+ 459.688) ) +8. 07 28362)
IF ' ( P .LE.P SL ) GO TO 4
El = DLO G( P-P SL )-2. 6 8 75684 9
E3=E182.
E4=E3/2.
E2=-T* . 55 5 555 55+ 391 88778 l
E5 = E 2** ( 1 0/6. 0)
E6=E 5* E S i

E7mE6*E5 !

E5=E 7/(-8 21761572 ) *ES
E5=DE XP(( E7* 1.0546 75920-3 . 016 0537197 ) *E2+

1E 5- 3. 7166 732 +E l + 4.13401091 ) + 62. 4278183
E8=DE XP( ( ( E 7* 1. 3 55 598750-3 . 02 97916028 ) *E7 . 2 23898 891

1*E 7- 2. 9 76 262 2 4+E 1)
E 8 =D E XP ( E 2* ( - 6. 8 50 7815 6D-2 ) - 11. 414 7912 + E 3 3 -E8
E8 aD E XP ( E 7* ( .92 08 51421 . 9 5045 83 +E4 ) + ES
E7 = 1.0+ 0 13424 89 8E6- 0.0 03 946263 *E2
E4 = E 2*( E28 * 3/1 3 3527748D 12-1 2 033 740-3 )
VCl= ( ( E 6* ( . 315154 8 ) +E 4 +3.1975 ) /E 7-E8 3 /E5
DE NH 2O = ( 1 0/vCL) /62 428
RETURN

4 OE NH 2O = 10
* ' ~ ~ , (6.45) TT.PP

|AT (' * * *E RR OR * * * AT T='.E10 3.* OEG.F . P=' E11.4
P SI . H2O IS NOT St.BC OOLED * ./ .15X * A b0 T HE AL GORIT FM * .

e ' IN THE * 'DE NH 2O * * FUNC TI ON BREAKS DOWN. A DENS ITY * . / .
3 15X. 'OF 1. 0 G M /CC WA S RE TURNED. ')

RETURN
MO

\

\
:
i

!

'

|
-. -- _ , ,,. - .. - - . . . . .-,-,- , - . --- --



Table A-6: Density of Subcooled Water (in grams /cc) at Various Temperatures and Pressures

3000 PSI 2500 PSI 2000 PSI 1500 PSI 1000 PSI 800 PSI o00 PSI 400 PSI 200 PSI
50 DEG.F 1 0084 1.0069 1.0055 1.0040 1.0025 1.0019 1.J013 1.0007 1.0000

100 DEG.F 1.0018 1 0004 0 9989 0.9975 0.9960 0 9954 0 9948 0 9942 0.9936
150 DEG.F 0.9893 0.9878 0.9864 0.9849 0.9834 0.9828 9.9822 0.9815 0.9809
200 DEG.F 0.9725 0.9709 0.9694 0.9679 0.9663 0.9056 J.9eou 0.9644 0.9637
250 DEG.F 0.9522 0.9505 0.9489 0.9472 0 9455 0.9449 0.9442 0.9435 0.9428
300 DEG.F 0.9289 0.9271 0 9252 0.9234 0.9215 0.9208 J.9200 0.9192 0.9185
350 DEG.F 0.9026 0.9006 0 8985 0.8964 0.8943 0.8934 0 8925 0.8916
400 DEG.F 0.8733 0.87C9 0 8685 0.8660 0.8634 0.8624 0.8o1J 0.8603
450 DEG.F 0.8405 0 8375 0 8345 0.8314 0.8281 0.84o6 0.8255
500 DEG.F 0 8029 0 7992 0 7952 0.7911 0.7869 0 7851
510 DEG.F C.7947 0.7907 0.7866 0.7822 0.7776
520 DEG.F 0 7862 0.7820 0.7776 0.7729 0.7680
530 DEG.F 0.7775 0.7729 0 7682 0.7632 0.7579
540 DEG.F 0 7683 0.7635 0.7584 0.7530 0.7472
550 DEG.F 0.7589 0.7537 0.7482 0.7423
560 DEG.F 0.7490 0.7434 0 7374 0.7310
570 DEG.F 0.7386 0.7326 0.7261 0.7190
580 DEG.F 0.7278 0.7212 0.7141 0 7062
590 DEG.F 0 7164 0.7092 0 7012 0.6923
600 DEG.F 0.7043 0.6963 0.6874 a
610 DEG.F C.6915 0 6825 0.6724 W
620 DEG.F 0 6777 0.6676 0 6558 L630 DEG.F 0.6629 0.6512 0 6370 vi
640 DEG.F C.6467 0.6329 O
650 DEG.F 0.6288 0.6119
660 DEG.F 0.6006 0.5866
670 DEG.F 0.5850
680 DEC.F C.5559

O O O
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) APPENDIX A.7
v

Nuclides llaving Resonance Data

The list of nuclides having resonance data differs from one master cross-section library to

another as shown in Table A-7. The temperature of all materials containing any of these nuclides

should be specified by the user. NITAWL will then use the resonance parameters to properly

account for the Doppler broadening of the cross section data.

The six nuclides denoted by an (*) in the llANSEN-ROACll libmry have llondarenko data in

lieu of resonance parameters. Regretably, the Bondarenko factors for these nuclides are only

available at a single temperature. Thus, for example, the ll ANSEN-ROACil library should not be

used to determine the Doppler coefficient of reactivity.

TABLE A-7

NUCLIDES HAVING RESONANCE DATA

Resonance nuclides found on the RANSEN-ROACH library:

25055, 47107, 47109, 49113, 49115, 66164, 71175,

71176, 74182, 74183, 74184, 74186, 75185, 75187,

79197, 90232t 91233, 92233t 92234, 92235t 92236,

[ T 92238t 93237, 943389 94239t 942408 94241, 94242, I

} 4 1

% / 95241, 95243, 96244

Resonance nuclides found on the 27CR01'PNDF4 and 218CROUPNDF4 libraries:

11023, 25055, 26000, 27059, 29000, 35790, 35810, 40302,

41093, 42000, 47107, 47109, 49113, 49115, 64000,

66164, 71175, 71176, 73181, 74182, 74183, 74184,

74186, 75185, 75187, 79197, 90232, 91233, 92233,

92234, 92235, 92236, 92238, 93237, 94238, 94239,

94240, 94241, 94242, 95241, 95243, 9'244

Resonance nuclides found on the 123GROUPCNDI library:

,- 90232, 92234, 9223o, 92238, 94240, 94242

* denotes nuclides having Bondarenko data in lieu of resonance
parame te rs

(
[ \

'v/
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('-'} APPENDIX A.8
Nuclides With Multiple Sets of Thermal Scattering Data

The list of nuclides having thermal scattering cross-section data at more than one temperature

differs from one cross-section librarv to another as shown in Table A-8. Likewise, the temperatures

at which thermal scattering data is available for a given nuclide may also differ from ane library to

the next as shown in Table A-8.

Since scattering matrices for nuclides in media at elevated temperatures are generally fuller than

those at lower temperatures, the user should enter a rough estimate of the temperature of all

materials containing any of the3e nuclides. From the various sets of thermal scattering data available

on the master cross-section library, NITAWL will produce a working library containing the data for

the temperature closest to th t specified by the user.

Lastly, it should be noted that those nuclides found in the Standard Composition Library but

not listed in Table A-8 all have thermal scattering data at room temperature (293 K).

TABLE A-8, NUCLIDES WITil MULTIPLE SETS
OF THERMAL SCATTERING DATA

Cross-Section Library Nuclide Temperatures (*K) for Which Different
'N Specified by User I.D. No. Sets of Thermal Scattering X-Scction

Data is Available
/

HANSEN-ROACH 5010 293, 550

5011 293, 550

27CROUPNDF4 1001 293, 550
and 1002 293, 550

218GROUPNDF4 4009 296, 900, 1000, 1200
5010 293, 550

5011 293, 550

6012
_

293, 900, 1000, 1200
_ _ .

_ _ . _ .

123CROUPCMnl 1001 295, 345

1002 294, 345, 361
3006 294, 800, 900, 1000
3007 294, 800, 850, 900, 950, 1000
4009 294, 800, 850, 900, 950, 1000
5011 300, 600, 900, 1200

6012 589, 627, 675, 800, 850, 900, 950, 1000
8016 294, 345, 361, 900, 1165
9019 294, 800, 850, 900, 950, 1000

11023 294, 900

13027 627, 900

24000 295, 627, 900

26000 295, 627, 900

[ \ 28000 295, 627, 900
.

j 29000 295, 900

l
i
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V APPENDIX B

How to Describe a Special Mixture

An attempt has been made to include in the Standard Composition Library most of the

materials commonly encountered in fuel reprocessing, shipping cask design, reactor analysis and

shielding. Yet, future users will undoubtedly have need of additional materials from time to time. To

illustrate how the user might " create" compounds, mixtures or alloys not found in the Standard

Composition Library, we will assume that the user needs to represent a mixture of Boral having

35 wt % B4C,65 wt % Al and an overall density of 2.64 gm/ce. Since B4C and Alare both in the

Standard Composition Library, this mixture could be " created" using just two Standard
Composition Specification Cards. If, on the other hand, B4C were not in the Standard Composition

Library, the special Boral mixture could still be " created" using the elements and isotopes that are

found in the library. This Appendix describes two approaches that could be taken. The first uses a

separate Standard Composition Specification Card to describe each element (or isotope) in the
mixture. The emphasis here is on how one would determine the value of VF to be entered on each

card. The second approach (which is considerably more straightforward) does not require the user to

calculate anything. It illustrates how one may describe two or more " Arbitrary Materials" and
combine them to " create" the special Boral mixture.

Using the first approach, the aluminum component of the Boral may be specified quite easily.

Frorn the Standard Composition Library, p(Al) = 2.6989 gm/cc. The first component of the
mixture would therefore be

Al with VF = (.65)(2.64)/(2.6989) = (.63581)

The BORON and C components of B4C are more difficult since B4C is a compound and BORON

has two isotopes. We'll assume a natural isotope distribution of B-10 and B-II, that is:

B-10: 17.2859 wt c/c, 10.0129 a.m.u.

B-11: 82.714I wt c/c, 11.0930 a.m.u.

First, it is necessary to obtain the naturally occurring atom percents from the weight percents:
1

"B-105-10 "a-lo(10.0129)*
"B-10 =. 28MB-10"B-10*"A-115-11 "B-10(10.0129) + (1-nB-10)(11.093) ;n

"B-10 lj - 10.0129 + 11.093 - 11.093**

* n ~,, B-10 *

)
J
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A similar equation may be used for na-n. Alternately,

na-u = 1 - na-io = 0.812

Thus, naturally occurring B.C = BL Bl':n C

and the total mass of the average molecule is

TM = (.752)(10.0129) + (3.248)(11.093) + (12.01!) = 55.5708 a.m.u.

The total mass of the naturally occurring BORON is 43.5598 a.m.u.

From the Standard Composition Library, we note that p(BORON) = 2.535 gm/cc and
p(C) = 2.30 gm/cc. Ilence, the second component of the Boral mixture would be

5aoacN with VF = _
(.3 64) 7357,

and the third component of the Boral mixture would be

. .

* - * *
=

c with VF = \ 55.5708 /
_ ,

(.08683)2.30

The resulting Standard Composition Spec'.fications for Boral(mixture 1) would then look like:

AL 1 0.63581 END

BORON I 0.28572 END

C 1 0.08683 END

Alternately, the user could delete the BORON specification card and replace it with separate

specifications for B-10 and B-11. From the Standard Composition Library, we note that
p(B-10) = 1.195 gm/cc and p(B-II) = 2.413 gm/cc. Elence, we would have:

. (. 2)(10.0129) . . ( . W (2_. 63.B-10 with VF = = (.05704)55.5708 2.195
, , , ,

- .. .

B-11 with VF =
* * b *

= (.24828)
,

55.5708 2.413
,, ,

The resulting Standard Composition Specifications for Boral(mixture 1) would then look like:

AL 1 0.63581 END

B-10 1 0.05704 END

B-11 1 0.24828 END

C 1 0.08683 END

O
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,

(v) Note that the two sets of specificatio., shown above are interchangeable and will yield the same
numbet density for each of the nuclides in the Boral mixture.

The above approach assumes that the user is intent upon describing the Boral mixture using the

alphanumeric description of the various isotopes and elements along with their associated volume

fractions.* That approach is perfectly correct and rigorous. For this particular example, however, an

alternate approach is available which does not require the user to calculate anything. The user could,

for example, define both B4C and Al as " Arbitrary Materials," each with a density of 2.64 gm/cc

and with respective volume fractions of 0.35 and 0.65. Tl e resulting Standard Composition
Specifications for Boral (mixture 1) would then look like:'

AR BMTL-B4C 2.64 2 1 1 0 5000 4 6012 .I 1 0.35 END

ARBMTL-AL 2.64 1 0 0 0 13027 100.0 1 0.65 END

The various data items shown here are described in Section 6. Note that this set of specifications for
'

mixture 1 is interchangeable with the previous two.
,

,

/m.e
'

I

!

|
|

*VF is referred to only loosely as the " volume fraction" of a material in the mixture. To be
more correct, it should be called a " reduction factor" or a " density factor"whose usage is consistent
with tie various examples in Section 6. The sum of the VF's for each constituent material in a
mixture may be less than 1.0 or greater than 1.0 depending en how that particular mixture has beenes

[ ) described.
Q/
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O) APPENDIX C
'

N./
The Rudiments of KENO-IV Geometry

KENO geometry is three-dimensional and allows for the simultaneous use of cuboids, spheres,

1 hemispheres, cylinders, hemicylinders and an imbedded array of such bodies. The rules of grammar

detailing what data should be entered on what card (and how) are presented in Section 6 (c.f., the

Multidimensional Geometry Specification Data and the Mixed Box Orientation Data). This section

deals with the overall philosophy behind the KENO geometry package and attempts to answer thei

question: "llow do I use all that good stuff in Section 6 to actually set up this or that particular
problem?"

The most basic teometry input for KENO consists of certain alphanumeric keywords
representing simple types of three-dimensional surfaces (CUBOID, CYLINDER, SPilERE, etc.*i).

For each surface, the user must supply the ncecssary dimensions and an associated material number '

(which will be explained momentarily). One " geometry card" is needed to describe each surface. A

single geometry card defines a single region containing the specified material. One can, however,

enter additional geometry cards describing two or more such surfaces. It is important, however, that

the first surface be completely enclosed by the second, that the second surface be completely

enclosed by the third, etc.*2 Thus if material I describes the homogeneous cross section data for a

reactor core and material 2 describes the cross section data for the reflector,

CUBOID 1 plus dimensions

( may fully describe a bare homogeneous core and

CUBOID - I plus dimensions

CYLINDER 2 plus bigger dimensions

may fuhy describe a homogeneous core surrounded by a reflector.

While the basic geometry input described abag is adequate to handle many simple situations, it2

is severely limited. Using only the basic geometry input, one could not, for example, describe the

experimental ecnfiguration shown in Fig. C-l. Indeed, this represents a problem of " intermediate

complexity." To describe such problems, the user must mentally subdivide the assembly into a

number of " boxes" as shown in Fig. C-2. When trying to decide "how" to subdivide the assembly

into boxes, there are two rules that should be followed: 1) Each box should represent a sufficiently4

small part of the assembly that all of the geometry within each individual box can be described using

the basic geometry input described above, and 2) Each box is formed by mentally passing a set of

M more complete list wculd include: CUBOID, CYLINDER, ' SPilERE, CUBE,
XCYLINDER, - YCYLINDER, X IIE M ICY L+ Y, X II E M IC Y L-Y, X II E M ICY L+Z,

i X il E M ICY L-Z, Y ll E M ICY L+X, Yll E M IC Y L-X, YllEMICYL+Z, Y ll E M ICY L-Z,Zil E M IC Y L+X, ZilE M IC Y L-X, Z ilE M ICY L+ Y, Zll E M ICY L-Y, ll E M IS P il E R E.
'

il E M IS Pile +Z, IIE M ISPilE-Z, IIEMISPilE+X, ll E M IS Pil E-X, II E M IS I'llE+ Y.
ilEMISPilE-Y. See Section 6 for a detailed description of each. ;

t

Tonsecutive surfaces may have common surfaces and common points of tangency, but they
'

may not otherwise intersect, i.e..b _.jis OK.k3__.jis OK,Gis not OK.
' |

1%

, - , -~i ._ . . - - _,m_ . , _ < ,m.. -, -y... ,,,___m, ,-,,-mm , , , , . .
'
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CYL. TANK FOR REFLECTOR, OUTSIDE DIAM =Do
/ I

/ fCYL. TANK FOR FjSSILE . SOLN.'

Y Y
! K == 6 *- BOX TYPE 6 (Lx Lxh )6

LEDo
K=5 ;

*- BOX TYPE 5 (Lx Lx h )-

5
LEDo

1

*- BOX TYPE 4 (LxLxh ) r4. . . . . . . . . . ,

-. FISSILE L2Do
'

z' K=4 iSOLUT.lONS %

K=3 +-BOX TYPE 3 (LxLxh )3

}H O ~
LEDo

: 2 .K=2 ,

;REFLECTORI *- BOX TYPE 2 (LxLxh )'

2
0

K=1 *-- BOX TYPE 1 (LxLxh )i
; LADo
; s a.
a

+2 MATERIAL NO.1
MATERIAL NO. 2

1

| 7 MATERI AL NO. 3
MATERIAL NO.4

g Fig. C.2. Subdivision of the Experimental Configuration into " Boxes"
Which can be Described Using KENO Geometry.
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infinite planes through the assembly parallel to each axis. Each of these " mental planes" cut clear

through the assembly, resulting in the formation of additional boxes.* Care must be taken to insure

that one can (and does) describe the contents of each of these additional boxes using the basic

geometry input described above. To describe the configuration in Sketch la. for example, requires

six boxes as shown in Sketch Ib.

V f/Vg
(t a) (1b)

l

l_ikewise, the configuration in Sketch 2a would require four boxes as shown in Sketch 2b.

VOID

(2a) (2b)

.. ,,,,,/ // h ^

In this second case, note that the user would base to define only three "ty pes" of boxes:

box type I = small box of material no. I

box type 2 = small box containing a soid

box type 3 = big box of material no. I

Contiguration (2) could then be described as an " array of boxes" w here

box (l.1) = box type 3

box (2.1) = box type 3

box (1,2) = box type i

box (2.2) = box type 2

1 he assigning of " box types"to indisidual boxes of the array will be discussed later. Ihat. you see. is

the purpose of the Mixed flox Orientation Data (c.f., Section 6). The ' purpose of the

Multidimensional Geometry Specification Data, on the other hand. is to define each " box type"in

terms of its size and shape, and the geometric information contained therein. To describe how that is

done, it might be well to list the Multidimensional Geometry Specification Data for the
experimental configuration shown in Fig. C-2. For that conticuraton, the user would enter:

' Rule (2) stated another way requires that: Adjacent faces of adjacent bues must be the same
sire; the number of boxes in the x direction and their respective widths (Ax.) must be independent of
y and i; the number of boxes in the y direction and their respective heights (Ay.) must be
independent of x and 7; and the number of boxes in the i direction and their respectise depths (Art)
must be independent of x and y.
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a,

\ JOX TYPE I '

CY1 INDER .4 dimensions, including radius of connecting rod
CWNDER 0 dimensions, including inside radius of housing
CYLINDER 3 dimensions, including outside radius of housing
' CYLINDER 3 dimensions, including outside radius of rcHector tank (D = Do)
UHOID 0 dimensions, including width'= L and depth = L (where L > Do)

HOX TYPE 2
CYLINDER 4 dimensions, including radius of connecting rod

. CYLINDER 0 dimensions, including inside radius of housing
'

CYLINDER 3 dimensions, including outside radius of housing
' CYLINDER 2 dimensions, including inside radius of reDector tank

2 CYl.INDER 3 dimensions. including outside radius of reHector tank (D = Do)
CUHOID 0 dimensions, including width == L and depth = L (where L d Do)

(CYLINDER
HOX TYPE 3

4 dimensions, including radius of " plug"
CYLINDER 3 dimensions, including outside radius of core tank
CYLINDER 2 dimensions, including inside radius of reHector tank
CYLINDER 3 dimensions, including outside radius of reHector tank (D = Do)
CUHOID 0 dimensions, including width = L and depth = 1. (where L & Do)

(HOX TYPE4

CYLINDER I dimensions, including inside radius of core tank
'

{ CYLINDER 3 dimensions, including outside radius of corc tank
. CYLINDER 2 dimensions, including inside radius of reHector tank -

CYLINDER 3 dimensions, including outside radius of reHector tank (D = Do)
. CUHOID 0 dimensions, including width = L and depth = L (where 1. D Do)

(CYLINDER
HOX TYPE 5

0 dimensions, including inside radius of core tank
CYLP. DER 3 dimensions, including outside radius of core tank
CYLINDER 2 dimensions, including inside radius of reHector tank
CYLINDER 3 dimensions, including outside radius of reflector tank (D = Do)

(CUHOID . O dimensions, including width = L and depth = L (where L & Do)

HOX TYPE 6
CYLINDER 0 dimensions, including inside radius of core tank;

CYLINDER 3 dimensions, including outside radius of core tank
CYLINDER 0 dimensions, including inside radius of rcHector tank
CYLINDER 3 dimensions, including outside radius of renector tank (D = Do)
CUHOID 0 dimensions, including width = L and depth = 1. (where 1. e IL)

In this example, box type 4 contains materials I,2, and 3, while box type 3 contains materials 2,3,

and 4. As always, material 0 denotes a soid. Note that the final geometry card describing a
particular " box type" must always be a CUHOID or a CUHE. Note, howeser, that the material

/.v

L

4

+
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associated with that linal geometry card need not be a soid. The following N1ultidimensional

Geometry Specification Data would, for example, adequately describe the configuration shown in

Sketch (2b):

{ CUlX)lD
llOX TYPE I

L I dimensions f or small box containing material no. I

{CUllOID
llOX TYPE 2

( 0 dimensions for small box containing a soid

{llOX TYPE 3

(CU llOID 1 dimensions for big box containing material no.1

The experimental configuration shown in Fig. C-l was referred to as a problem of " intermediate

complexity" ' i^ required that the user subdiside the assembly into a number of" boxes." Another

frequently encountered problem that fits into this category is that of a dry fuel assembly. (The

problem of a single fuel assembly immersed in a pool of water represents a further degree of

complexity and will be discussed later.) Consider the llWR fuel assembly shown in Fig. C-3. After

dividing it into 49 boxes (see Fig. C-4), the user would base to define a " box type" for each type of

fuel pin. The N1ultidimensional Geometry Specification Data would look like:

filOX TYPE i

CYLINDER I dimensions, including radius of fuel pellet
4CYl.lNDER 0 dimensions, including inside radius of clad (optional)
!CYI.IN DE R 6 dimensions, including outside radius of clad (optional)

(CUllOID 0 dimensions, including width = pitch, depth = pitch

r
1

4
1

k

fi!OX TYPE5

|CYl.lN DE R 5 dimensions, including radius of fuel pellet
(CYl.INDER 0 dimensions, including inside radius of clad (optional)

CYLINDER 6 dimensions, including outside radius of clad (optional)

(CUllOID 0 dimensions, including width = pitch, depth = pitch

llaving defined each of the five " box types " one can describe the entire fuel assembly as an " array of

boxes" hasing an oserall height, width, and depth. The mechanics of "how the user tells the code

which ' box type' is to be assigned to each and every box in the array"is presented in Section 6. That

is, in fact, the purpose of the Mixed llox Orientation Data. That information, howeser, is not part

of the Multidimensional Geometry Specification Data, and it need not be discussed here.

The experimental configuration shown in Fig. C-2 and the (dry) IlWR fuel assembly shown in

Fig. C-4 could both be described as an array of boxes where the " contents" of each box were
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h MATERIAL NO. 4 (FUEL, LOW ENRICHMENT)
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Fig. C.3. A Typical BWR Fuel Assembly.
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SHOWN: MATERIAL NO. 6 (CLAD)

Fig. C.4. Subdivision of a Typical BWR Fuel Assembly into
" Boxes" Which can be Described Using KENO
Geometry.
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C% described using the basic geometry mput associated with each IlOX TYPE card, Herore movmg on,(V; it should be noted that one can have an array of boxes where every box is identical. Such might be

the case, for example, if all the fuel pins in the fuel assembly were identical. In that event, the

. Multidimensional Geometry Specification Data might look like:

(CYLINDER 1 dimensions, including radius of fuel pellet
CYLINDER 0 dimensions, including inside radius of clad (optional)

| CYLINDER 6 dimensions, including outside radius of clad (optional)

(CUl3OID 0 dimensions, including width = pitch, depth = pitch

Note that while the HOX TYPE I card is optional, it is no longer necessary.

While the geometry input described abose is adequate to handle problems of " intermediate

complexity," it is still somewhat limited. One could not, for example, use it to describe a fuel

assembly sut merged in a tank of water as shown in Fig. C-5. Indeed, this represents a more

advanced configuration. To model such situations, the user must be able to describe rer ons outside

the array * and to position the array within the innermost region.

The first step in describing this type of " advanced configuration" is to fix the location of the

array with respect to the origin of a more " global" coordinate system. By its nature, the array is a

rectangular parallelepiped with known overall dimensions (AX , AY4, AZ4). After all the previously

described Multidimensional Geometry Specification Data has been entered, the uscr may (and

indeed should) enter a special geometry card known as the " array boundary card." It has the
following form:*:i

" '/s
ARRAY BOUNDARY m X , Xi, Y:, Yi, Z:, Zi, w

w here X:, Xi, , Zi locate the array with respect to the origin of the Niobal aordinate system.

and m and w are simple constants (m = 0 and w = -0.5). Note that the ar.ay is a sumed to extend

from Xi to X:, such that AL = X: - Xi. Likewise, AY3 = Y - Yi and AZa = Z: - Zi. IIaving
sstablished the surface of the array, one can enter additional geometry cards describing the regions

beyond the array. As before, the surface corresponding to each succeeding regWr s.iust fully enclose

(or be tangent to) the surface of the previous region. Thus, the Multidimensional Geometry
Specification Data for the submerged HWR fuel assembly shown in Fig. C-5 would look like:

Trequently these are called " reflector" regions. There is, however, no reason why one or more
of these regions could not contain fissile material or be a void.

*iSeasoned KENO users will recognize this as the " core boundary card."It may also have any of
the following forms:

CORE m, X:, X i, etc.
CORE HDY m X:, Xi, etc.
CORE HOUND m , X :, Xi,etc.
ARRAY m, X , Xi, etc.
ARRAY HDY m, X:, Xi, etc.

n ARRAY HOUND m, X , Xi, etc.
| \v)i

.
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Fig. C.5. A BWR Fuel Asseutbly Submerged in a Tank of
Water.
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/m\ (BOX TYPE I

CYLINDER I dimensions, including radius of fuel pelict
( CYLINDER 0 dimensions, including inside radius of clad (optional)
lCYLINDER 6 dimensions, inciuding outside radius of clad (optional)

(CUBOID 7 dimensions, including width = pitch, depth = pitch

r
i

-

4
|

.

k

.f BOX TYPE 5

' CYLIN DER 5 dimensions, including radius of fuel pellet
4 CYLINDER 0 dimensions, including inside radius of clad (optional)
' CYLINDER 6 dimensions, including outside radius of clad (optional)

(CUBOID 7 dimensions, including width = pitch, depth = pitch
,

ARRAY BOUNDARY 0, X2, Xi, Y2, Yi, Z , Zi, -0.52

CYLINDER 8 inside dimensions of tank
CYLINDER 9 outside dimensions of tank

If X2 = AX s/ 2, X i = -X 2, Y2 = AY4 / 2, Y i = -Y2, etc., the fuel assembly would be centered

in the tank. To shift it off-center, foi example, one could enter X2 = e + AX4/ 2, Xi = X2 - AXS

Up to this point we have effectively described the entire KENO geometry package without(p) having to consider the physics of the problem. KENO-IV, being a Monte Carlo code, calculates the
v'

elfective multiplication factor (k,n) in a statistical fashion by tracking particles as they travel

throughout the system and experience collisions. The amount of calculational work required (i.e.,>

the aniount of CPU time required) to develop a reliable value for km is directly proportional to the

amount of tracking that is done. In systems having a relatively small core and a relatisely large

reflector, for example, one could waste a great deal of time tracking many particles in the reflector

which never re-enter the core or induce another fission. Because particles in these regions are

" worth" less, it is computationally more efficient to track fewer of them and assign the ones we do

track a greater " weight" so that they will statistically represent all the others, thus maintaining some
i

semblance of a fair game. Obviously these " weights" should be both space and energy dependent. j

(Precisely "how" these weights are used in the tracking scheme is explained in the KENO-IV {
manual / A separate report, ORNL-TM-4660," details how these weight might be pre-calculated.)

The point to be made here is that the user is required to enter the appropriate set of multigroup 1

|weights for esery spatial region. This data is usually entered as the last string of data items on each
|

geometry card (c.f., Section 6). As a matter of convenience, the user may punch a single entry of-0.5 |

as a flag to tell the code that (in the given region) a weight of 0.5 is to be used for all energy groups.

Indeed, a weight of 0.5 should be used for all energy groups in any region containing a large amount

of fissile material, in the clad and moderator surrounding a fuel pin in a fuel assembly, or whenever

"something better" is not available, in other surrounding regions, however, it is computationally) more efficient to use pre-calculated space-energy 5,cights whenever possible. This is especially true.

() whenever the surrounda.g material is a good reflector (such as: water, graphite, concrete, paraffin,
pluiglas, etc.) having a L/ L ratio close to 1.0.

|

- _ _ _ __ _
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As a first example, consider a near-critical uranyl-Doride solution (material 1) contained in a

6-inch 1.D. stainless steel canister (material 2) submerged in a large pool of water (material 3). Very

few particles penetrating deep into the water will eser return to the fuel or induce another fission.

For criticality calculations, it is safe to ignore all neutrons penetrating more than 25 or 30
centimeters into the reDector. Thus, instead of an " infinite" pool of water, the calculational model

will assume a finite pool ~30 cm thick. The most simplistic form of the Multidimensional Geometry

Specification Data may look like:

CYL1NDER I 7.62 59.2 -59.2 -0.5

CYL1NDER 2 7.77 59.35 -59.35 -0.5

CYI IN DER 3 37.77 89.35 -89.35 -0.5

Given enough computer time, the calculation would esentually conserge. Because of the large

amount of water scrrounding the fuel, however, it is computationally much more ef ficient to

" break-up" the region containing the water into a number of smaller regions, each with its own set of

multigroup weights. Libraries of spatially dependent multigroup weights for water do exist for many

group structures and san be easily generated for others." llow one " breaks-up"a rellector is usually

dependent on how the library of spatially dependent weights presents the data or how one originally

calculated the weights. For water, for example, the library lists one set of multigroup weights for

that portion of the reDector 0 - 3 cm from the source, another set for that portion 3 - 6 cm from the

source, another nor 6 - 9 cm from the source, etc., in 3 cm increments. Our calculational model,

therefore, " breaks-up" the reflector into 10 regions as shown in Fig. C-6. The Multidimensional

Geometry Specification Data for this problem (including a set of 27 group weights)is listed in Table

C-l. Note that the group I weights for the innermost reflector zone is 0.60221 while the group I

weight for the outermost renector zone is 9.2387; for group 27, the respectise weights are 0.85637

and 1299.l.

At this point, two very important points should be made: 1) The use of an appropriate set of

spatially dependent multigroup weights does not change the ultimate answer (km), it only accelerates

the rate at which the calculation converges to that answer, and 2) Because one udl ultimately arrive

at the true value of km regardless of the weights,' those weights found in a library or pre-calculated

for a particular source-renectos configuration may be used with a great deal of flexibility. For

example, the immersed stainless steel canister containing the near-critical uranyl-floride solution

might just as well be modeled as shown in Fig. C-7. with the eighth (i.e., the outermost) region of the

reflector in this " square" geometry using the same set of multigroup weights as the eighth region of

*One will arrive at the true value of km if an appropriate set of spatially dependent multigroup
weights is used, if a flat weight of 0.5 is used everywhere, or if any set of spatially dependent
multigroup weights bracketed by these two extremes is used. Using a set of spatially dependent
multigroup weights substantially larger than what might be appropriate would over-bias the solution
and cause the calculation to converge to some other value of km. Thus, for example, it would be
incorrect to use arbitrarily large reflector weights merely to accelerate the calculation. For that same
reason, it weuld be incorrect to use water weights for a graphite reDector. The statement that one
will arrise at the true salue of km "regardless of the weights" was made to indicate that existing sets
of pre-calculated weights may be used with a great deal of flexibility as noted in the ter.t that
follows, it should not be taken literally out of context.
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1
-

1

!
!

!

,

-- _ _ - _ - - - - _ - .



_ - _ _ _ _ _ .

.

Table C.l. Multidimensional Geometry Specification Daca for a Canister of
Uranyl-Floride Solution Submerged in a Large Pool of Water as
Modeled in Fig. C.6

CYL INDER 1 7.62 59.2 -59.2 -0.5
CYL INDER 2 7.77 59 35 -59.35 -0.5
CYL INDER 3 10.77 62.35 -62.35
60221-5 57675-5 57152-5 56957-5 56464-5 55463-5 56072-5 58526-5 61529-5 64108-5
6 43 3 e- 5 64532-5 64573-5 65111-5 66838-5 71246-5 70992-5 73565-5 75532-5 76281-5
75814-5 15676-5 77947-5 80251-5 81681-5 8338-4 85637-5
CYL INDER 3 13.77 65.35 -65.35
8147-4 76401-5 77149-5 7e619-5 79653-5 80899-5 90214-5 10528-4 12004-4 13231-4
13847-4 14541-4 15173-4 16096-4 17409-4 19261-4 19339-4 20364-4 2119-3 2164-3
21687-4 237G3-3 22874-4 2393-3 24533-4 25197-4 2599-3
CYL INDER 3 16 77 68.35 -68.35
10802-4 10635-4 11424-4 12423-4 13403-4 14708-4 18797-4 24435-4 29597-4 23965-4
368 5 e- 4 39981-4 82623-4 46015-4 50375-4 55946-4 56264-4 59305-4 61768-4 63168-4
63405-4 C 3 714- 4 46919-4 69978-4 71695-4 73596-4 75863-4
CYL INDER 3 19.77 71.35 -71.35 a
14467-4 155Se-4 18331-4 21898-4 25682-4 30901-4 45333-4 6415-3 80515-4 94137-4 H

*

1035-2 11321-3 1210&-3 13085-3 1432-2 15896-3 15979-3 16838-3 17531-3 17913-3 y
17955-3 18029-3 18912-3 19745-3 20202-3 20716-3 21328-3 y

CYL INDER 3 22.77 74.35 -74.35 N
1952-3 22724-4 31039-4 41517-4 53448-4 70613-4 11658-3 17317-3 21942-3 25668-3
2814-2 3 C63- 2 3 25 96-3 35028-3 38144-3 42249-3 42414-3 44659-3 46452-3 47257-3
47316-3 47431-3 49623-3 51638-3 52683-3 53901-3 55355-3
CYL INDER 3 25.77 77.35 -77.35
2648-3 3 f 914-4 54306-4 82303-4 11648-3 16721-3 29827-3 44505-3 55654-3 64274-3
69499-3 74595-3 78517-3 83464-3 90055-3 99366-3,9952-2 10464-2 10866-2 11035-2
10965-2 1096-1 11416-2 11814-2 11996-2 12228-2 12506-2
CYL INDER 3 28 77 80.35 -80.35
3604-3 58237-4 5676-3 167-1 25788-3 39269-3 71203-3 10226-2 12424-2 1405-1
1489-1 15682-2 16278-2 17074-2 18222-2 20016-2 19993-2 20989-2 21752-2 21993-2
21718-2 21641-2 2243-1 23072-2 2331-1 23667-2 241
CYL INDER 3 31.77 83.35 -83.35
49161-4 92675-4 17397-3 34142-3 56546-3 88092-3 1523-1 20591-2 24244-2 26862-2
27953-2 28965-2 29723-2 30848-2 32644-2 35737-2 35623-2 37353-2 38655-2 3896-1
383 3 807 E- 2 39331-2 40286-2 40565-2 41078-2 4171-1
CYL INDER 3 34.77 e6.35 -86.35
67226-4 14851-3 31436-3 69747-3 12111-2 18621-2 29715-2 38116-2 43906-2 45006-2
49395-2 50693-2 51679-2 5332-1 56166-2 61377-2 61114-2 64043-2 66226-2 66636-2
65355-2 64903-2 66923-2 E 84 0 9-2 68765-2 69546-2 7052-1
CYL INDER 3 37.77 29.35 -89.35
92387-4 24039-3 57211-3 14322-2 25708-2 38507-2 57782-2 7227-1 82587-2 89929-2
92242-2 54429-2 96104-2 98998-2 10415-1 11375-1 11322-1 11862-1 12263-1 12332-1
12085-1 11997-1 12361-1 12625-1 12682-1 12819-1 12991-1
END CEDM ETR Y

O O O
-



C1.273

n
t 1v

r------------------'
| 7 _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ _ _ _ _ _

| I r----- --- ,
i |

---

I j .- - _ _ _ _ _ _ _ _ _ _ _ _; j ; i
l

i i | |

|
i

|m r--------i||||
________

| ||I | | |
| |; I I| | r-----7 I

i |
l l I

I | | | | | | | | i i
----

I
| | | | | |

| I | | |
I I I I ' ' |

| | | |
, - - ,

O ||j|| ||||||L J l ||Il|| ||| |

| | |
|

|||
, , , ,,l ~ - - - > , , , ,,

| | | | | I
| | | |

t-_______J
I b_________J|
L___________a|iI

| | I I | | | |
| i i i

i i

| | 1 | | |
| |t____________J

, , | ;

; L______________J
| |

j ;i t__________________a
t___________________m |

Fig. C.7. An Alternate Model of a Canister of Uranyl-Floride
Solution Submerged in a Large Pool of Water.

V

_. _ _ .- .. . . - - . _ - _ - - - - -



Table C.2. Multidimensional Geometry Specification Data for a Ca- w; of

Uranyl-Floride Solution Submerged in a Large Pool of L t n: as

Modeled in Fig. C.7

CYL INDER 1 7.62 59.2 ~59.2 -0.5
CYL IND ER 2 7.77 59.3 5 -59.35 - 0. 5

CUBOID 3 80 - 8. 0 8.0 - e. 0 60.0 -60.0 -0.5
CU8OID 3 11.0 -11 0 11.0 -11 0 63 0 -63.0
60221-5 57675-5 57152-5 56957-5 56464-5 55463-5 56072-5 58526-5 C1529-5 E 410 0- 5
64338-5 E 4 53 2- 5 64573-5 65111-5 66838-5 71246-5 70992-5 73565-5 75532-5 76281-5
75814-5 15676-5 77947-5 80251-5 81681-5 8338-4 85637-5
CUBOID 3 14.0 -14 0 14.0 -14.0 66.0 -66.0
8147-4 7 E 4 01- 5 77149-5 78619-5 79653-5 80899-5 90214-5 10528-4 12004-4 13231-4
13847-4 14541-4 15173-4 16096-4 17409-4 19261-4 19339-4 20364-4 2119-3 2164-3
21687-4 21783-4 22874-4 2393-3 24533-4 25197-4 2599-3
CUBOID 3 17.C -17 0 17.0 -17.0 69.0 -69.0
10808-4 10635-4 11424-4 12423-4 13403-4 14708-4 18797-4 24435-4 29597-4 33965-4
36858-4 29981-4 42623-4 4601 5-4 50375-4 55946-4 56264-4 59305-4 61768-4 63168-4 O63405-4 63714-4 66S19-4 69978-4 71695-4 73596-4 75863-4
CUBOID 3 20.0 -20 0 20.0 -20.0 72 0 -72.0 f
14467-4 15596-4 18331-4 21898-4 25682-4 30901-4 45333-4 6415-3 80515-4 94137-4 y

1035-2 11321-3 12108-3 13085-3 1432-2 15896-3 15979-3 16838-3 17531-3 17913-3 w
*

17955-3 18029-3 18912-3 19745-3 20202-3 20716-3 21328-3
CU8O ID 3 23.0 -23.0 23.0 -23.0 75.0 -75.0
1952-3 23724-4 31039-4 41517-4 53448-4 70613-4 11658-3 17317-3 21942-3 25668-3
2814-2 3063-2 32596-3 35028-3 38144-3 42249-3 42414-3 44659-3 46452-3 47257-3
4731f-3 47431-3 49E23-3 51638-3 52683-3 53901-3 55355-3
CUBOID 3 26.0 -26.0 26.0 -26.0 78.0 -78.0
2648-3 3 C914-4 54306-4 82303-4 11648-3 16721-3 29827-3 44505-3 55654-3 64274-369499-3 74595-3 78517-3 83464-3 90055-3 99366-3 9952-2 10464-2 10866-2 11035-2
10965-2 1096-1 11416-2 11814-2 11996-2 12228-2 12506-2
CUBOID 3 29.0 -29 0 29 0 -29.0 81.0 -81.0
360 4-3 S E23 7- 4 S676-3 167-1 25788-3 39269-3 71203-3 10226-2 12424-2 1405-1
1439-1 15682-2 16278-2 17074-2 18222-2 20016-2 19993-2 20989-2 21752-2 21993-2
21718-2 21641-2 2243-1 23072-2 2331-1 23667-2 241
CUBOID 3 32.0 -32.0 32.0 -32.0 84.0 -84.0
49161-4 52675-4 17397-3 34142-3 56546-3 88092-3 1523-1 20591-2 24244-2 26862-2
27953-2 28965-2 29723-2 30846-2 32644-2 35737-2 35623-2 37353-2 38655-2 3896-1
383 3 8 07 E- 2 39331-2 4028e-2 40565-2 41078-2 4171-1
EN D C EOM ETR Y
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I
.k the reflector in the " circular" geometry of Fig. C-6. The Multidimensional Geometry Specification

Data for this problem, as modeled in Fig. C-7, is listed in Table C-2. We will come back to this

model later to illustrate another input option that is frequently very convenient. Before moving on,

however, it might also be noted that reDector weights for one material can often be used for other

similar materials. For example, the predominant moderator in water, plexiglass and paraffin is

hydrogen. If multigroup weights are available for water but not plexiglass or paraffin,it would be to

one's advantage to use the water weights for th; other two reDectors. The km to which the solution

will converge will be essentially the same as it would have been had the " correct" set of weights been

available. The key requirement is that the two materials be neutronically similar - that is: the

absorption cross sections (L) must be similar, and the slowing down power (Es) must be similar.

Because of the very low absorption cross section in graphite, the actual reflector weights for graphitt

are relatisely constant over the first 60 cm, whereas the weights for water change by several oiders of

- magnitude over the first 30 cm (c.f., Fig. C-8). Use of the water weights in graphite would over-bias

the solution and per' taps cause the calculation to converge to something other than the true value of

km. Became of the re!atively low hydrogen content in concrete. its slowing down power is not as

great as pt e water, and the multigroup weights for the two iaterials should not be considered

"inteichanteable"(c.f., Fig. C-8). Indeed, use of the water weights in concrete wauld again over-bias

the solution and perhaps cause the calculation to converge to something other than 'he true value of

km. Within these guidelines, however, existing tables of spatially dependent r-Jugroup reflector
weights may be used with a great deal of Hexibility.

t The experimental configuration shown in Fig. C-1 represents a somewhat unusual, b.it still

fairly common, type of problem in which the reflecting material surrounding the fissile so:ation hes

within the " array of boxes" required to describe the spatial configuration (c.f., Fig. C-2). Because of

the large amount of water surrounding the fuel, it would again be computationally more efficient to

" break-up"the region containing the water into a number of smaller regions, each with its ou n set of

multigroup weights. This may be done by using two or more cylindrical annuli to represent the water

in the uppermost boxes and/or by slicing the region below the h.sile material into additional

" boxes," each of which may be subdivided into two or more cylindrical annuli. Assuming a 6 cm
water-filled gap between the stainless steel tanks in the radial direction and a 9 cm offset in the axial

direction, and assuming that pre-calculated multigroup reflector weights for water are available in 3

cm increments, a more efficient calculational model might diside the experimental configuration into

eight " box types" as shown in Fig. C-9. The. letters B, C, D, etc., denote the particular.:,et of
multigroup weights that should be used for each of the subregions in order to realire maximum

computational efficiency. For the fissile solution, the tank containing it, and the plug at the buttom,

set "A" should be used. .For the water reDector, set "B,""C ""D " or "E" should be used. For the

connecting rod and tubular housing, set "B ""C," or "D"should be used, depending on the set used

in the surrounding water. For the outermost tank, set "C.""D." or "E" should be used, depending

on the set used in water adjacent to it.- For those regions containing a void (i.e., material "/ero") it

doesn't matter what set of weights is used since no neutron will ever experience a collision in such a

( region. For soids, set "A"is recommended simply because it is the easiest to enter, requiring only a

single entry of 4).5. Without presenting all the minute details, the Multidimensional Geometry
Specification Data for box type 3 might look like:
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Fig. C.9. Subdivision of the Experimental Configuration
into " Boxes" which can be Described Using KENO
Ceometry and which Adequately Subdivide the
Reflector into Separate Regions where Space-
Dependent Multigroup Weights can be Used
Effectively.

A denotes a weight of 0.5 for each energy group (used but

not shown).

B denotes pre-calculated multigroup reflector weights for

water (0 - 3 cm) .

C denotes pre-calculated multigroup reflector weights for

water (3 --6 cm).

D denotes pre-calculated multigroup reflector weights for

water (6 - 9 cm).

E denotes pre-talculated multigroup reflector weights for

water (9 - 12 cm) .
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IlOX TYPE 3

CYl.INDER 4 dimensions, including radius of connecting rod; weights (set "C")
CYLINDER 0 dimensions, including inside radius of housing; weights (set "A")
CYl.INDER 3 dimensions, including outside radius of housing; weights (set "C")
CYLINDER 2 dimensions, including outside radius of core tank; weights (set "C")
CYl.lNDER 2 dimensions, including inside radius of reDector tank; weights (set "D")
CYl.INDER 3 dimensions, including outside radius of reflector tank; weights (set "D")
CUllOID 0 dimensions, including width = 1., depth = 1 ; weights (set "A")

1.ikewise, the Multidimensional Geometry Specification Data for box type 6 might look like:

HOX TYPE 6
CYLINDER I dimensions, including inside radius of core tank; weights (set "A")
CYLINDER 3 dimensions, including outside radius of core tank; weights (set "A")
CYI INDER 2 dimensions, including outside radius of core tank plus 3 em; weights (set "11")
CYLINDER 2 dimensions, including inside radius of reDector tank; weights (set "C")
CYLINDER 3 dimensions, including outside radius of reflector tank; weights (set "C")
CUllOID 0 dimensions, including width = L and depth = 1 ; weights (set "A")

ante that the ARR AY llOUNDARY may be used but is not needed since nothing outside the array

is being included in the calculational model.

The previous example represented a somewhat unusual situation in w hich the reuccting material

surrounding the fissile solution had to be included within the " array of boxes"in order to describe

the spatial configuration. A much more common situation is that where an " array of boxes"

(representing a fuel assembly, reactor core, or a cluster of uranyl-floride canisters) is surrounded by

a thick reDector, Even then, a fair amount of variation is possible. At least three such examples will

be considered:' I) an array surrounded by a reDector which is surrounded by something else: 2) an

array surround' .i by a reDector only; and 3) an array surrounded by a reDector with "something

else" between the array and the reflector. The second and third examples will be used to introduce

the REFLECTOR card - the last of the nice KENO options,

As the first example of an array surrounded by a thick reflector,let us again consider the llWR

fuel assembly submerged in a tank of water as show n in Fig. C-5. We wi!! assume here that the tank

is big enough that it is computationally desirable to " break-up" the reDector into smaller regions,

each with its own set of multigroup weights. Again using II, C, D, etc., to denote the pre-calculated

multigroup reflector weights, the resulting Multidimensional Geometry Specification Data for that

configuration might look like:

( BOX TYPE I

l CYl.lNDER 1 dimensions, including radius of fuel pellet; weights (set "N )
$ CYLINDER 0 dimensions, including inside ' radius of clad; weights (set "A")
l CYLINDER 6 dimensions, including outside radius of clad; weights (set "A")

(CUHOID
'

7 dimensions, including width = pitch, depth = pitch; weights (set "A")

r
O'

,
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m

f) hBOX TYPE 5
,

'v' CYLINDER 5 dimensions, including radius of fuel pellet; weights (set "A")
I CYLINDER 0 dimensions, including inside radius of clad; weights (set "A")
| CYLINDER 6 dimensions, including outside radius of clad; weights (set "A")

(CUBOID 7 dimensions, including width = pitch, depth = pitch; weights (set "A")

ARRAY I OUNDARY 0, X , X i, Y , Y i, Z , Zi, -0.5
CYLINDER 8 R = Ro =d X2 - Xi)' + (Y: - Yi;2, Z. = Z:, Z. . = Zi; weights (set "A")
CYLINDER 8 R = Ro + 3 cm. 7. , = Z2 + 3 cm, Z.,. = Zi - 3 cm; weights (set "B")
CYLINDER 8 R = Ro + 6 cm, Z., = Z: + 6 cm, Z.. = Zi - 6 cm; weights (set "C")
CYLINDER 8 R = Ro + 9 cm, 2. = Z2 + 9 cm, Z... = Zi - 9 cm; weights (set "D")
CYLINDER 8 R = Ro + 12 cm, Z o = Z: + 12 cm, Z.,. = Zi - 12 cm; weights (set "E")
CYLINDER 9 outside dimensions of tank; weights (set "E")

Note that the multigroup weights used for the tank should be the same as those used for the

outermost portion of the reflector.

As a second example of an array surrounded by a thick reflector, consider a rack containing

nine PWR assemblies in the middle of a large, water-filled spent fuel storage area as shown in Fig.

C-10. For simplicity, we will ignore the rack itself in this discussion. As before, we will neglect all

neutrons penetrating more than 25-30 cm into the reflector. Thus, instead of an " infinite" pool of

water, the calculational model will assume a finite pool ~25-30 cm thick.* Typically each fuel

assembly contains 264 identical fuel pins and 25 water holes (normally occupied by control pins)

(V(") arranged in a 17 X 17 matrix. For this problem, we 5,ill assume that the spacing (s) between

adjacent fuel assemblies i.s 5.0 cm. [Other dimensions characteristic of such a fuel assembly
are: Dn.a = 0.824 cm, t,,, = 0.005 cm, taa = 0.058 cm Dr. = 0.950 cm, p = 1.260 cm (; itch),

L = 365.76 cm (length)]. To model the nine fuel assemblies as arranged in Fig. C-10, the user will

need an " array of boxes" measuring 53 X 53 X I, and he will have to define five " box types" one

for a typical fuel pin, one for a typical water hole, and three for the water-filled regions between fuel

assemblics (i.e., one s X p, one p X s, and one s X s). Outside of the array, it will be
computationally advantageous to " break-up" the reflector into eight smaller regions, each 3 cm

thick, and each having its own set of multigroup weights (c.f., Fig. C-10 and Table C-3). The

Multidimensional Geometry Specification Data for this particular problem is listed in Table C-3.

Note that the 27 group reflector weights for water are entered explicitly for each segment of the

reflector.

To increase the spacing (s) between fuel assemblies, one would obviously change the dimensions

used to describe box types 3,4, and 5. Unfortunately the array boundary would also expand, and

each of the surfaces describing the various reflector regions should also be maved outward. This can
'

become tiresome, especially if one is interested in a parametric study of km scrsus s. For that reason.

a library of pre-calculated reflector weights has been stored on disc, and the procedure for

*An alternate example not having this " approximation" might be an array of uranium metal

(o) fuel rods clustered in the middle of a large block of graphite having " definite" dimensions.
v
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Fig. C.10. Rack of Nine PWR Assemblies in the Middle of a
Large Water-Filled Spent Fuel Storage Area.

Material #0 Void
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Table C.3. Multidimensional Geometry Specification Data for the Rack of PWR Fuel

Assemblies in a Large Water-Filled Storage Area as Modeled in Fig. C.10
,

' BO X TYPE 1 . :|
*

CYL INDER -1 0.412 365.76 0.0 -0.5
CYL INDER 0 0.417 365.76 0.0 -0.54

CYL INDER ' 2 0.475 365 76 0.0 -0.5
i CUBO ID 2 0.63 -0.63 0.63 -0 63 365.76 0.0 -0.5 ,

j BOX 7YPE 2
: CUBO ID 2 1.26 0.0'1 26 0.0 365.76 0.0 -0.5
i BOX TYPE 3
; CUBO ID 3 5.0 0 0 1 26 0.0 365.76 0 0 -0.5
' BOX TYPE 4

CUBO ID 3-1.26 0.0 5.00.0365.760.0 -0 5 t

BOX TYPE 5
-

r

CUBO ID 3 5.0 0.0 5.0 0.0 365 76 0.0 -0.5 - f
'-

<

APR AY 80UND4R) 0 37.13 -37 13 37.13 -37.13 182.88 -182.88 -0.5'

CUBO ID 2 40.13 -40 13 40 13 -40 13 185.88 -185.88
60221-5 57675-5 57152-5 56957-5 56464-5 55463-5 56072-5 58526-5 E1529-5 64108-5

-64338-5 (4532-5 64573-5 65111-5 66838-5 71246-5 70992-5 73565-5 75532-5 76281-5
4 75814-5 75676-5 77947-5 20251-5 81681-5 8338-4 85637-5
!. CUBO ID 3 43 13 ~ 43.13 4 3.13 -43 13 188 88 -188.88 ,

! 8147-4 7 E401-5 77149-5 78619-5 79653-5 80899-5 90214-5 10528-4 12004-4 13231-4 ;

|
13847-4 14541-4 15173-4,16096-4 17409-4 19261-4 19339-4 20364-4 2119-3 2164-3 i

j 21687-4 21783-4 22874-4 2393-3 24533-4 25197-4'2599-3 n ;

CUSO ID 3 46.13 -46J13 4 6 13 -46.13 191.88 -191.88 Fa -

*

! 1080e-4 10635-4 11426-4 12423-4 13403-4 14708-4 18797-4 24435-4 29597-4 33965-4
j. 36858-4.39981-4.42623-4 46015-4 50375-4 55946-4 56264-4 59305-4 61768-4 63168-4 $
j 63405-4 63716-4 66919-4 69978-4-71695-4 73596-4 75863-4 ' re
i CU BO ID 3 35 13 -49 13 49.13 -49 13 194.88 -194.88
; 14467-4 15598-4 18331-4 21898-4 25682-4 30901-4 45333-4 6415-3 80515-4 94137-4
i 1035-2 11321-3 12108-3 13085-3 1432-2 15896-3 15979-3 16838-3 17531-3 17913-3 ' i
| 17955-3 18029-3 18912-3 19745-3 20202-3 20716-3 21328-3 i
> CUSOID 2 52.13 -52.13-52.13 -52.13 197 88 -197.88
. 1952-3 23724-4 31039-4 41517-4 53448-4 70613-4 11658-3 17317-3 21942-3 25668-3
} 2814-2 3063-2 32596-3 35028-3 38144-3 42249-3 42414-3 44659-3 46452-3 47357-3
| 47316-3 47431-3 49623-3 51638-3 52683-3 53901-3 55355-3
4 CUBO ID 3 55.13 -55 13 55 13 -55.13 200.88 -200.88
? 264 8-3 2 f 914-4 543 06-4 82303-4 11648-3 16721-3 29827-3-44505-3 55654-3 64274-3
| 69499-3 74595-3 78517-3 83464-3 90055-3 99366-3 9952-2 10464-2 10866-2 11035-2
j 10965-2 1096-1 11416-2 11814-2 11996-2 12228-2 12506-2
i CUBO ID 2 58.13 ~ 5 2.13 5 8 13 -58.13 203.88 -203.88
4 3604-3 58237-4 9676-3 167-1 25788-3 39269-3 71203-3 10226-2 12424-2 1405-1
1 1489-1 15682 2 16278-2 17074-2 18222-2 20016-2 19993-2 20989-2 21752-2 21993-2
3 21712-2 21641-2 2243-1 23072-2 2331-1 23667-2 241
i CUBO ID 3.61 13 -61 13 61 13 -61.13 206.88 -206.88
i 49161-4-92675-4 17397-3 34142-3 56546-3 88092-3 1523-1 20591-2 24244-2 26862-2
} 27952-2 28965-2 29723-2 30848-2 32644-2 35737-2 35623-2 37353-2 38655-2 3896-1

383 3 807 E- 2 39331-2 40285-2 40565-2 41078-2 4171-1'

END C EOM ETR Y

*The " Mixed Box Orientation Data" is used to further describe-the array of boxes.
While that data is necessary to complete the geometry description, it is entered

! as a separate block of data. See Sec. 6 for details.
1

!

!
i
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" breaking-up" a reHector into smaller regions has been automated. To use the pre-calculated weights

from the library and take adsantage of the automated procedure, the user should enter a special

geometry card known as the " automatic reDector card." It has the following form:

R E FLECTO R N1 AT, TX2, TXI, TY2, TYl, TZ2, TZl, IDWT

where FN2, TXI, , TZ1 denote the total thickness of the reDector on the respectise faces of the

array (X . Xi, , Zi), N1 AT is the mixture number the user has established for the reflector

material, and IDWT is the I.D. number corresponding to the set of pre-calculated weights for the

renector material (see Appendix A-5). When the automatic reDector card is used, the code will

automatically " break-up" the reDector inte smaller regions and supply the appropriate set of weights

for each. This greatly simplifies the input and eliminates the need for the user to enter a lot of the

data listed in Table C-3. Indeed, the Niultidimensional Geometry Specificati n Data for that

particular example may be re-written as shown in Tabic C-4.

Before elucidating further on the possible uses of the automatic reflector card. it would be

beneficial to make several remarks concerning the data on the card and lay down at least two rules

for its use. Remarks concerning the data on the automatic reflector card: 1) While NI AT is the

mixture number the user has established for the actual reHector material, IDWT may denote the

weights for a different (but similar) material. Thus, for example, the weights for water may be used

for a plexiglass reDector since no special weights are available for plexiglass. 2) As with the rest of

the input. a convenient repeat option is available such that entering 6*24.0 or 6R24 is equivalent to

entering 24 ', six times. 3) While the thicknesses TX2, TXI, , TZI must all be greater than or

equal to ero, they need not be the same. Thus, an array reDected only on four sides would have six

entries, two of which would be zero. 4) The ARRAY BOUNDARY card is optional wheneser the

REFLECTOR card is used and the reDector material (M AT) cxtends all the way in to the array

boundary. Thus, the Multidimensional Geometry Specification Data for the current problem is most

conseniently written as shown in Table C-5. (Contrast, for example, the simplicity of Table C-5 with

the complexity of Table C-3.)

Obviously it is desirable to use the automatic reHector card wheneser possible. The question

is: "When is that?" Basically, there are two rules: 1) The automatic reflector card cannot be used

whenever there is anything beyond the reflector which the user intends (and/or needs) to model.

Thus, the REFLECTOR card cannot be used to describe the BWR fuct assembly submerged in a

tank of water (c.f., Fig. C-5) unless the inside diameter of the tank is so large that the tank itself can

be ignored. 2) The automatic reflector card can be used only when one has an " array of boxes"(i.e.,

only when the fifth item on the KENO Parameter Card, NBOX, is greater than or equal to one).

Thus, the REFLECTOR card cannot be used to describe the canister of uranyl-Horide solution

submerged in a pool of water as modeled in Fig. C-6. Fortunately, this very same physical situation

may also be modeled as shown in Fig. C-7. This model may, for example, be viewed as an " array of

boxes" surrounded by a reflectcr The array, of course, would only measure I X | X I, and the

single " box" would be a water-filled cuboid containing the canister of uranyl-Doride in the center.

Adopting this approach, the necessary Multidimensional Gecmetry Specification Data may be
* |

|
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Table C.4. A Shorter Set of Multidimensional Geometry Specification
Data for the Rack of PWR Fuel Assemblies in a Large
Water-Filled Storage Area as Shown in Fig. C.10

BOX TYPE 1
CYL INDER 1 0.412 365.76 0.0 -0.5
CYL INDER 0 0.417 365.76 0.0 -0.5
CYL INDER 2 0.475 365 76 0.0 -0.5
CUBO ID 2 0.63 -0.63 0.63 -0 63 365 76 0.0 -0 5
BOX TYPE 2
CUBO ID 2 1.26 0.0 1.26 0 0 365 76 0. 0 -0.5
BOX TYPE 3
CUBO ID 2 5.0 0.0 1.26 0.0 365 76 0.0 -0 5
BOX TYP E 4
CUBO ID 2 1.26 C. 0 5.0 0.0 365 76 0 0 -0.5
BOX TYPE 5
CUBOID 3 5.0 0.05.040365.76 0.0 -0.5
ARR AY BD UN DAR Y 0 31.!3 -37.13 37.13 -37.13 182 88 -182.88 -0 .5
R eft. ECTO R 3 24.0 2t.0 24.0 24 0 24.0 24.0 500
EN D GEDM ETR Y

*The " Mixed Box Orientation Data" is used to further describe the
arrav of boxes. While that data is necessary to complete the
geometry description, it is entered as a separate block of data.
See Sec. 6 for details.

Table C.S. A Still Shorter Set of Multidimensional Geometry
Specification Data for the Rack of PWR Fuel

Assemblies in a Large Water-Filled Storage Area
as Shown in Fig. C.10

,
_-

BO X TYP E 1
CYL INDER 1 0.412 365.76 0.0 -0.3
CYL INDER 0 0.417 365.76 0. 0 -0.5

i CYL INDER 2 0.475 365.76 0.0 -0.5
CUBOID 2 0.63 -0.63 0.63 -0 63 365.76 0.0 -0.f
BOX TYPE 2
CUBO ID 2 1 26 0.0 1 26 00 365 76 0.0 -0 5
BOX TYPE 3

| CU BO ID 2 5.0 0.0 1 26 0.0 365.76'O.0 -0.5
i

! BOX TYPE 4
]CUBO ID 2 1.26 00 5.0 0.0 365 76 0. 0 -0.5

BOX TYPE 5 i

iCUBO ID 2 5.0 00 5.C 0 0 365.76 00 -0 5
iRE FL ECTO R 3 6824.0 500

END GEDM ETRY

*The " Mixed Box Orientation Data" is used to further describe the ,

array of boxes. While that data is necessary to complete the |
geometry description, it is entered as a separate block of data.
See Sec. 6 for details.

O

(G
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O
Table C.6. A Shorter Set of Multidimensional Geometry Specification

Data for a Canister of Uranyl-Floride Solution Submerged
in a Large Pool of Water as Modeled in Fig. C.7

BOX TYPE I
CYL INDER 1 7.62 59.2 -59 2 -0.5
CYL INDER 2 7.77 59.35 - 59.35 -0.5
CU BO ID 3 8.0 - 8. 0 80 - 8. 0 60.0 -60.0 -0 5
ARR AY BO LN D AR Y 0 8. 0 -8.0 80 -8.0 60 0 -60.0 -0 . 5

R EFL EC TO R 3 E*24.0 500
EN D CEOM ETRY ,

Table C.7. A Still Shorter Set of Multidimensional Geometry
Specification Data for a Canister of Uranyl-Floride
Solution Submerged in a Large Pool of Water as
Fbdeled in Fig. C.7

_

CYL tNDER 1 7.62 59 2 -59.2 -0.5
CYL INDER 2 7.77 59.35 -59.35 -05
CU BO 10 3 8.0 - 8. 0 80 - 8. 0 60.0 -60 0 -0.5
R EFL ECTO R 3 6*24.0 500
END GEOM ETR Y

l
I

O
|
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kM written as shown in Table C-6. Since the reflector material extends all the way in to the array

boundary, the ARRAY BOUNDARY card may again be eliminated. Likewise, since there is only

one type of box (NBOX = 1), the BOX TYPE card is also optional. Thus, the Multidimensional

Geometry Specification Data may be written quite simply as shown in Table C-7. It should be noted

that this ultra-simple input is exactly equivalent to that shown in Table C-2 and neutronically
equivalent to that shown in Table C-1.

As a third example of an array surrounded by a thick reflector, consider a rack of PWR fuel

assemblies enclosed in a concrete vault as shown in Fig. C-11. This type of configuration typifies a

class of problems in which one has an array surrounded by a reflector, with "something else"
between the two. In such situations, the ARRAY BOUNDARY card must be entered by the user.

Figure C-1I shows the nine PWR fuel assemblies previously described sitting in the middle of a
,

concrete vault. In this case, the "something else" between the array boundary and the concrt.te I

reflector is a void. The Multidimensional Geometry Specification Data for this configuration is
|
'listed in Table C-8. Note that .while this example places the array in the center of the vault, the

parameters on the ARRAY BOUNDARY card (X2, Xi, . , Zi) could have been used to shift it

off-center or move it to one of the corners. Also note that the automatic reflector card can be used
just as before, provided the region adjacent to the reflecto. :s a CUBE or CUBOID.*

,

|

Figure C-12 shows a slight variation of this problem in which the concrete vault is assumed to |

( have a cylindrical cavity. A steel jacket representing a main structural component of the fuel storage
! rack has also been included. The Multidimensional Geometry Specification Data for thisb

configuration is listed in Table C-9. Note that one may have more than one region between the array

boundary and the reflector. In this example we have a steeljacket, a void region, and a portion of

the concrete we chose to describe separately. Note that not all of these regions must be cuboids.

Indeed, a CYLINDER card has been used to describe the void. Lastly, note that the innermost

portion of the concrete was described using a CUBOID card so that the automatic reflector card

could be used to describe the rest. Because the steel jacket is relatively thin, not a particularly good

reflector, and immediately adjacent to the fuel assemblies, a weight of 0.5 was used for all energy

groups in that region. A weight of 0.5 was also used for all energy groups in the innermost region of
the concrete.

Figure C-13 represents another variation of this problem in which the original concrete vault
!

containing the fuel assemblies is filled with water. This is a particularly desilish situation because

both the water and the concrete are potentially good reflectors for which spatially dependent
multigroup weights can/should be supplied. Unfortunately, the KENO code does not allow the |

automatic reflector card to be used more than once in the description of a single problem. Thus, the

user cannot use the automatic reflector card for the water and again for the concrete. (The reason

for this will become apparent near the end of this discussion). The best way to proceed in this

situation would be for the user to perform a preliminary calculation to determine the spatially

C\
( j 'A second requirement which is necessary if one is going to use the automatic .cflector card is
V that a weight of 0.5 must be assigned for all energy groups in those regions between the array

boundary and the reflector. This point will be amplified later.

-
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Fig. C.ll. Rack of Nine PWR Fuel Assemblies in the Middle of a
Large Concrete Vault.

Material #0 Void

Material #1 Fuel

i Material #2 Clad

|

| Material #3 Concrete
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[ Table C.8. Multidimensional Geometry Specification Data
for a Rack of Nine PWR Fuel Assemblies in the
Middle of a Large Concrete Vault as Shown in
Fig. C.ll

BO X TYPE 1

CYL INDER 1 0.412 365.76 0.0 -0.5
CY1. INDER 0 0.417 365.76 0. 0 - 0. 5
CYLINDER 2'1.475 365.76 0.0 -0.5
CUBOIO O 0 63 -0.63 0.63 -0.63 365.76 0.0 -0.5
BOX TYPE 2
CUBOID C 1 26 00 1.26 0.0 365.76 0.0 -0.5
DOX TYP E -3

j j CUBOID C 5.0 00 1 26 0 0 365.76 0.0 -0.5' V BOX TYPE 4
' CUBOID 0 1.26 0.0 5.0 0 0 365.76 00 -0.5

BOX TYPE 5
! CUBOID 0 5.0 0.0 5.0 0.0 365.76 0.0 -05

ARR A Y Bu tN DARY 0 37.13 -37 13 37.13 -37.13 182.88 -182.08 -0.5
CUBO ID C 74.0 -74.0 74. 0 - 74.0 122 88 -182.88 -0.5

i R EFLECTO R 3 E * 10 0. C 3 01
END GEOM ETR Y

*The " Mixed Box Orientation Data" is used to further
-describe the array of boxes. While that data is
necessary to complete the geometry description, it
is entered as a separate block of data. See Sec. 6
for details.

i

i

e

k

1

I

4 %

.

J

- - - - - . - r- , , , , . .~ .---,-,ge,,- .-a,-, ---n, n--,--g-



|

|

-

C1.288

O

!CONCRETEj
~ ~

.

.

;j;y M;M W '=:M.@%.w:

h ::".:.:VOlD
:} .y

. ' '|'
-

- .. :
- -

..
- -

! !.1 [1
i.. j

(STEEL U}5-
'

X| 2 ::.
:f L. . JACKET .d

. .S:%.Q'.)0
'

. W. N:. -- :-%.'-~ . . :'.
,

l
i

1

.

.

.

Fig. C.12. Rack of Nine PWR Fuel Assemblies in the Middle
of a Large, Cylindrical Concrete Vault.

Material #0 Void

Material #1 Fuel

Material #2 Clad

Material #3 Concrete

Material #4 Steel
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Table C.9. Multidimensional Geometry Specification Data
for a Rack of Nine PWR Fuel Assemblies in the
Middle of a Large, Cylindrical Concrete Vault
as Shown in Fig. C.12

_

BOX TYP E 1
CYL INDER 1 0.412 365.76 0.0 -0.5
CYL INDER O 0.417 365.76 0.0 -0.5
CYL INDER 2 0.415 365.76 0.0 -0.5
CUBotD 0 C. 6 3 - 0. 63 0. 6 3 - 0 63 365 76 00 -0.5
30X TYPE 2
CUBOID 0 1.26 0.0 1 26 0.0 365.76 0.0 -0.5
BOX TYPE 3
CUBOID 0 5.0 0.0 1 26 0.0 365.76 0. 0 -0 5
BOX TYPE 4
CUBOID 0 1.26 0.0 5.0 0.0 365.76 0. 0 -0 5
BOX T YP E 5

, CUBOID 0 5.0 0.0 5.0 0036576 0.0 -0.5

\v) ARR AY BO LN D AR Y 0 37 13 -37.13 37.13 -37.13 182 88 -182 88 -0 5g

CUBO IO 4 38.4 -38.4 38.4 -38.4 182 88 -182.88 -0 5
CY1. INDER 0 74.0 t e2. 8 e -182 88 - 0.5
CUBOID 3 74.0 -74.0 74.0 -74.0 182 88 -182.88 -0.5
REFLECTOR 3 6*100 0 301
END GEOM ETRY

*The " Mixed Box Orientation Data" is used to further describe
the array of boxes. While that data is necessary to com-
plete the geometry description, it is entered as a separate
block of data. See Sec. 6 for details.

m

U

\

_ l



Cl.290

O

fCONCRETE;

_
_ . .- _. .

.z._ . - , _ - . ;- =

._=-52- _ WAT E R m?~T'
-

::r: - c _ -- i. -- _- -c- -

.
.

__ --g

.| r '_ -- - -

1 -- --
__

| -1 (~-- ..-.:
1

- I ~' __.__
|

- _- -- I r=_ _ - -

- ._ , -- |. |.- .-

q__ d b ... -. . _ _

L ,. . - . - - - - - - -
-

,.- =;__ _ .
.

-
_. . . _

. - . - . - - --
___

-

-. -
. . . .

.
--

-

,

@

Fig. C.13. Rack of Nine PWR Fuel Assemblies in the Middle
of a Large Water-Filled Concrete Vault.

Material #0 Void

Material #1 Fuel

Material #2 Clad

Material #3 Concrete

Material #4 Water
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dependent multigroup weights for this particular configuration. Both the water and the concrete
'

could then be " broken-up"into smaller regions as required. (To calculate the necessary weights, the~

user would start by using a code such as XSDRNPhi to perform a one-dimensional multigroup

adjoint calculation for a similar configuration. The space and energy dependent adjoint Oux could

then be used to calculate the necessary weights as shown in ORNL-Thl-4660.) The purpose of the

present problem, howeser, is to expkin alternate ways the user might proceed, and to point out
other ways that are clearly wrong.

The simplest and most straightforward way to proceed is to assign a weight of 0.5 to all energy

groups in the water and to use the automatic reflector card to represent the concrete. The
hjultidimensional Geometry Specification Data would then be essentially the same as that in Table

C-8, except that material no. 0 (representing a void) would now become material no. 4 (representing

water). 'Ihis simple changeover 4vould have to be made on each of the six CUHOID cards. As long

as the distance from the array boundary to the concrete reflector is reasonably small(C 3 or 4 mean

free paths), the neutron spectrum at the surface of the array should be approximately the same asy

that impingent on the inner surface of the concrete, and the redector weights the code takes from the

data library for concrete should be reasonably correct. Indeed, as long as the distance from the array

boundary to the concrete reDector is reasonably small, the code should not spend an excessive

amount of time tracking unimportant particles through the water, and the calculation should
*

conserge in short order. If, on the other hand, the distance from the array boundary to the concrete

('N reDector is quite large @ 25 or 30 cm), the concrete reflector could probably be ignored completely.

In this case, the array boundary card would be followed by the automatic senector card representing

the water, and the automatic renector card would be followed by the END GEOh1ETRY card.

A particularly desilish situation arises when the distance from the array boundary to the

concrete reflector is between the two extremes noted above. Using a constant weight of 0.5
throughout a moderately thick water region may cause the tode to waste a great deal of tirr.e

tracking many pasticles which will neser re-enter the fuel or induce another fission. In such cases,it

is computationally more efficient to describe the water using a number of smaller spatial regions and

to enter an appropriate set of multigroup weights for each. Assuming the water region is 6 cm thick,

the user should break it up into two sub-regions: one 0 - 3 cm from the source and one 3 - 6 cm

from the source. hiultigroup weights for these regions are gisen in Table C-10 as " Set Ai and " Set"

th." (These particular weights, like those gis en below for concrete, were taken from
ORNL-Thl-4660.) Knowing how to describe the water, we must now consider the concrete. i ,

only a " moderately" thick water region separating it from the fissile array, the concrete reDector

cannot be ignored. For reasons that will be made clear shortly, it would be incorrect to use the

automatic reDector card to represent the concrete once a set of spatially biased multigroup weights

has been used for the water. I et us therefore assume that the automatic reDector card does not exist

and that the user will have to manually " break-up" the concrete into smaller regions and enter the

appropriate set of multigroup weights for each. Assuming the concrete is 20 cm thick, the user

should break it up into four sub-regions: one 0 - 5 cm from the water, one 5 - 10 cm from the
[ ) water, one 10 - 15 cm from the water, and one 15 - 20 cm from the water. Table C-Il lists thev

- ._
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Table C.10. 16 Group Reflector Weights for Water

Set A Sct B Set C Set D
3 3 3

Group 0.- 3. cm 3.- 6. cm 6.- 9. cm 9.- 12. cm

1 5.815E-01 7 . 688 E-O'_ l.054E 00 1.519E 00
2 5.713E-01 7.678E-01 1.137E 00 1.838E 00
3 5.666E-01 7.873E-01 1.291E 00 2.419E 00
4 5.581E-01 8.077E-01 1.439E 00 2.974E 00
5 5,684E-01 9.016E-01 1.806E 00 4.224E 00
6 6.035E-01 1.088E 00 2.484E 00 6.561E 00
7 6.296E-01 1.212E 00 2.937E 00 8.109E 00
8 6.408E-01 1.264E 00 3.245E 00 9.199E 00
9 6.422E-01 1.329E 00 3.498E 00 1.012E 01

10 6.274E-01 1.340E 00 3.664E 00 1.076E 01
11 6.003E-01 1.326E 00 3.724E 00 1.103E 01
12 5.773E-01 1.348E 00 3.877E 00 1.156E 01
13 7.006E-01 1.836E 00 5.381E 00 1.610E 01
14 7.448E-01 2.053E 00 6.079E 00 1.823E 01
15 7.499E-01 2.107E 00 6.271E 00 1.882E 01
16 8.083E-01 2.434E 00 7.315E 00 2.198E 01

Set E Set F Set G Set H
i i i i

Greap 12.- 15. cm 15.- 18, cm 18.- 21. cm 21.- 24. cm

1 2.274E 00 3.496E 00 5.467E 00 8.643E 00
2 3.162E 00 5.662E 00 1.040E 01 1.936E 01
3 4.981E 00 1.098E 01 2.539E 01 6.092E 01
4 6.798E 00 1.663E 01 4.267E 01 1.132E 02
5 1.088E 01 2.973E 01 8.414E 01 2.434E 02
6 1.868E 01 5.500E 01 1.641E 02 4.922E 02
7 2.367E 01 7.053E 01 2.114E 02 6.352E 02
8 2.717E 01 8.129E 01 2.440E 02 7.334E 02
9 3.0llE 01 9.027E 01 2.712E 02 8.150E 02

10 3.218E 01 9.662E 01 2.903E 02 8.726E 02
11 3.306E 01 9.930E 01 2.984E 02 8.970E 02
12 3.467E 01 1.042E 02 3.131E 02 9.411E 02
13 4.835E 01 1.453E 02 4.366E 02 1.312E 03
14 5.476E 01 1.645E 02 4.945E 02 1.486E 03
15 5.654E 01 1.699E 02 5.106E 02 1.535E 03
16 6.606E 01 1.985E 02 5.966E 02 1.793E 03

These weights are taken from ORNL-TM-4660, p. 13.
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\s / Table C.ll, 16 Group Reflector Weights for concreta

Set A Set B Set C Set D
2 2 2 2

Group 0.- 5. cm 5.- 10. cm 10.- 15. cm 15.- 20. cm

1 5.806E-01 7.309E-01 9.155E-01 1.190E 00
2 5.549E-01 6.678E-01 8.370E-01 1.ll3E 00
3 5.421E-01 6.453E-01 8.457E-01 1.212E 00
4 5.332E-01 6.423E-01 8.704E-01 1.295E 00
5 5.397E-01 6.870E-01 9.849E-01 1.546E 00
6 5.625E-01 7.785E-01 1.194E 00 1.991E 00
7 5.814E-01 8.474E-01 1.353E 00 2.349E 00
8 5.907E-01 8.849E-01 1.454E 00 2.600E 00
9 5.935E-01 9.005E-01 1.521E 00 2.800E 00

10 5.823E-01 8.825E-01 1.538E 00 2.918E 00
11 5.530E-01 8.350E-01 1.501E 00 2.914E 00
12 5.222E-01 8.126E-01 1.520E 00 3.018E 00
13 6.204E-01 1.120E 00 2.191E 00 4.433E 00
14 6.589E-01 1.267E 00 2.535E 00 5.185E 00
15 6.525E-01 1.253E 00 2.520E 00 5.170E 00
16 6.957E-01 1.455E 00 3.025E 00 6.292E 00

N

\s_ , Set E Set F Set G Set H2 2 2 2

Group 20.- 25. cm 25.- 30. cm 30.- 35. cm 35.- 40. cm

1 1.610E 00 2.256E 00 3.259E 00 4.829E 00
2 1.560E 00 2.284E 00 3.464E 00 5.408E 00
3 1.867E 00- 3.045E 00 5.204E 00 9.239E 00
4 2.072E 00 3.508E 00 6.214E 00 1.141E 01
5 2.602E 00 4.622E 00 8.560E 00 1.636E 01
6 3.549E 00 6.643E 00 1.288E 01 2.561E 01
7 4.341E 00 8.382E 00 1.667E 01 3.375E 01
8 4.934E 00 9.726E 00 1.962E 01 4.014E 01
9 5.440E 00 1.090E 01 2.224E 01 4.580E 01

10 5.793E 00 1.177E 01 2.421E 01 5.009E 01
11 5.868E 00 1.202E 01 2.482E 01 5.146E 01
12 6.147E 00 1.266E 01 2.623E 01 5.445E 01
13 9.114E 00 1.885E 01 3.912E 01 8.128E 01
14 1.071E 01 2.220E 01 4.611E 01 9.584E 01
15 1.069E 01 2.219E 01 4.610E 01 9.583E 01
16 1.308E 01 2.721E 01 5.659E 01 1.177E 02

These weights are taken from ORNL-TM-4660, p. 39.
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correspcnding multigroup weights for concrete at sarious distances "from a fissile source." llecause

the " fissile source" is not adjacent to the concrete, set C: (not set A:) should be used for the region

0 - 5 cm from the water, and set D:(not set II;) should be used for the region 5 - 10 cm from the

water, etc., etc. To understand the reason for this " offset," one must again consider the physics of

the problem. As one gets further and further f rom the array, a smaller and smaller f raction of the

neutron population will eser re-enter the fuel or induce another fission. Ilecause particles in these

regions are " worth"less. it is computationally more efficient to track fewer of them and assign the

we do track a greater " weight" so that they statistically represent all the others, thusones

nuintaining some semblance of a fair game. The thing to be noted here is the direct bearing the

physics of the problem should hase on the calculational model: "the further from the f uel - the

smaller the fraction - the greater the weight." Certainly, those particles which hase made it out ta

the concrete stand a smaller chance of returning to the fuel than those which are still in the water.

'Ihus th: weights for the innermost concrete region should be greater than the weights for the

outermost water region. It was for that reason that set L. was used for the innermost region of the

concrete. To hase used set A or set II: would have misrepre.ented the physics of the problem and

led to erroneous results. The Multidimensional Geometry Specification Data for this example is

listed in Table C-12. Note that the weights corresponding to sets Ai and Ili were used far the water,

while those corresponding to sets C2. D:, E: and I;; were used for the concrete. (llad the automatic

reflector card been used for the concrete, the code would have automatically picked up the weights

corresponding to sets A II:, C: and D2. As noted abose, that would have upset the physics of the.

problem and led to erreneous results.120r that reason, the user should neser use the automatic

reflector card when there is "something else" between the array boundary and the reflector for which

he has supplied a spatially biased set of multigroup weights. It is for that same reason that a user is

neser allowed to enter more than one automatic reflector card in the description of a single

problem.) j
i

O
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Table C.12. Multidimensional Geometry Specification Data for a
Rack of Nine PWR Fuel Assemblies in the Middle of
a Large, Water-Filled Concrete Vault

BOX TYPE 1
CYL INDER 1 0 412 365.76 0 0 -0.5 '

4 CYL THDER 0 0.417 365.76 0.O -0.5
1 CYL IND ER 2 0.475 365.76 0.0 -0.5

CUBO ID 4 0.63 -0.63 0 63 -0.63 365.76 0.0 -0.5
BOX TYPE 2
CUBOID 4 1.26 0.0 1.26 0.0 365.76 0.0 -0.5

I BOX TYPE 3
CUBOID 4 50 0.0 1.26 0.0 365.76 0.0 -0.5
BOX T YP E 4
CUBO ID 4 1 26 0.0 5.0 0.0 365.76 0. 0 -0.5
BOX TYP E 5
CUBOID 4 5.0 0.0 5.0 0036576 0.0 -0.5
ARRAY BO tN DA R Y 0 37 13 -37 13 37.13 -37.13 182.88 -182.88 -0.5
CUBO ID 4 40.13 -40.13 40 13 -40 13 182.88 -182.88

.5815 .5713 .5666 .5581 .5684 .6035 .6296 .6408

O .6422 .6274 .6003 .5773 .7006 .7448 .7499 .8083
CUBO ID 4 43.13 -43.13 43.13 -43.13 182.88 -182.88

.7688 .7672 7873 .8077 .9016 1.088 1.212 1.284
1.329 1.340 1 326 1.348 1.836 2.053 2 107 2 434

CUBO ID 3 48.13 -48.13 48.13 -48 13 187.88 -187.88
.9155 .8370 .8457 .8704 .9849 1 194 1.353 1.454
1.521 1.538 1.501 1.520 2.191 2.535 2.520 3.025

I CUBO ID 3 53 13 ~53.13 53.13 -53 13 192.88 -192.88
1 190 1 113 1 212 1 295 1 546 1.991 2.349 2 600
2.800 2.918 2. 51 4 3 018 4.435 5.185 5.170 6.292

. CUBOID 3 58 13 -52 13 58.13 -58 13 197.88 -197.88'
1.610 1.560 1. 067 2.072 2 602 3.549 4 341 4.934
5.440 5.793 5.868 6.147 9.114 10.71 10.69 13.08

CU BO ID 3 63 13 -63.13 63.13 -63 13 202.88 -202.88
2.256 2.284 3.045 3.508 4.622 6.643 8 382 9.726
10.90 11.77 12.02 12.66 18.85 22.20 22.19 27.21

END CEOM ETRY

*The " Mixed Box Orientation Data" is used to further describe the
array of boxes. While that data is necessary to complete the geom-
etry description, it is entered as a separate block of data. See
Sec. 6 for details.

1
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