ORNL/TM-1999/274
(UCBNE-4226)

MANAGED BY UT-BATTELLE
FOR THE DEPARTMENT OF ENERGY

SWANS: A Prototypic SCALE
Criticality Sequence for Automated
Optimization Using the SWAN
Methodology

E. Greenspan
Y. Karni
L. M. Petrie
D. Regev

P an

UT-BATTELLE

ORNL-27 (4-00)



DOCUMENT AVAILABILITY

Reports produced after January 1, 1996, are generally available free via
the U.S. Department of Energy (DOE) Information Bridge.

Web site http://www.osti.gov/bridge|

Reports produced before January 1, 1996, may be purchased by
members of the public from the following source.

National Technical Information Service

5285 Port Royal Road

Springfield, VA 22161

Telephone 703-605-6000 (1-800-553-6847)

TDD 703-487-4639

Fax 703-605-6900

E-mail |info@ntis.fedworld.gov |

Web site [http://www.ntis.gov/support/ordernowabout.htm|

Reports are available to DOE employees, DOE contractors, Energy
Technology Data Exchange (ETDE) representatives, and International
Nuclear Information System (INIS) representatives from the following
source.

Office of Scientific and Technical Information
P.O. Box 62

Oak Ridge, TN 37831

Telephone 865-576-8401

Fax 865-576-5728

E-mail [reports@adonis.osti.gov|

Web site |http://www.osti.gov/contact.html|

This report was prepared as an account of work sponsored by an
agency of the United States government. Neither the United States
government nor any agency thereof, nor any of their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that
its use would not infringe privately owned rights. Reference herein to
any specific commercial product, process, or service by trade name,
trademark, manufacturer, or otherwise, does not necessarily constitute
or imply its endorsement, recommendation, or favoring by the

United States government or any agency thereof. The views and
opinions of authors expressed herein do not necessarily state or reflect
those of the United States government or any agency thereof.



http://www.osti.gov/bridge
mailto:info@ntis.fedworld.gov
http://www.ntis.gov/support/ordernowabout.html
mailto:reports@adonis.osti.gov
http://www.osti.gov/contact.html

ORNL/TM-1999/274
(UCBNE-4226)

Computational Physics and Engineering Division (10)

SWANS: A Prototypic SCALE Criticality Sequence
for Automated Optimization
Using the SWAN Methodology

E. Greenspan, Y. Karni, and D. Regev
Department of Nuclear Engineering
|University of Californial
Berkeley, CA 94720

L. M. Petrie
| Oak Ridge National Laboratory |
Oak Ridge, TN 37831-6370

Date Published: December 2000

Prepared by the
OAK RIDGE NATIONAL LABORATORY
Oak Ridge, Tennessee 37831
managed by
|UT-Battelle, LLC |
for the
| U.S. DEPARTMENT OF ENERGY |
under contact DE-AC05-000R22725



http://www.cped.ornl.gov
http://www.ornl.gov/
http://www.ut-battelle.com/
http://www.energy.gov/
http://www.berkeley.edu/




CONTENTS

Page
LIST OF FIGURES ... .ccueiiiiiitiitiitietesiestessesssessessessessesseessesssssssseessessessessssssensessessesssssessessessenns v
(ST R =1 I =T vii|
ACKNOWLEDGEMENTS ... ittt st e et e eseeeseessteeesneeesaeeeenens [
B T R A T it e e et e st e st e e st e s e e s e e sneeeaa Xi
(. INTRODUCTION. .. .cuiiiitiitetistesissesissesessesessesessesessesessesessesessessssessssessssessssessssessssessssessssessans 1
2. TYPE OF PROBLEMS SWANS CAN ADDRESS.........coooiiiieiiiiciiiieisiee e saene e 3
B. THEORETICAL FOUNDATION ....cociiietiiiitiitesisiesiisesisiesissesessessssessssessssessssessssessssessssessans 5
B.1 OPTIMALITY CONDITION ..iitiisiissssisissississsssssississsssissssssissssssssssssssssssssssssssissssess 3
B.2 EFFECTIVENESS FUNCTIONS (EF).....cccociiiitetiieisieseesisiesessssiesesssneiesess s sesenas 6
.3 EQUAL VOLUME REPLACEMENT EFFECTTVENESS FUNCTTONS (EVREF)..
3.4 EQUAL COST REPLACEMENT EFFECTIVENESS FUNCTIONS (ECREF)......... 1
B.5 DISCRETE MESH IMPLEMENTATION......ooviiieceeeeeeeeeeeerererereeereeee e,
3.6 VARIATION OF COMPOSITION......ceiiiiiiiiiiiiiiiiesee e 1C
3.7 CONVERGENCE CONDITIONS......coiiiiiiiiiiiiiiii i 11
B.  THE OPTIMIZATION PROCESS........cccotitiiititiiietiitetiitessiesisessssessasessesessesessesessssessasesss 13
4.1 INTRODUGCTION .....uetiiiiiiitieisteiste et et e st e st e e st e st e e s e e st e s e e seeeesaees 13
4.2 MAXIMIZING Keffuriiriiriiiiiiriirississiisisiscscccoosssssssnn 19
#.3  MINIMIZING CRITICAL MASS ..ottt sttt sae s sesenas 14
5. STRUCTURE OF “SWANS .....cooitiiiitiiitiititeisitetstesesessssesssessssesssesesesssessssesssessasensases 15
D.1 OVERALL STRUCTURE........cciiuiiiiiiiiiiiiiiiiiiii it 13
5.2 THE SWIF OPTIMIZATION MODULE ........cooiiiiiiiieiee 15
5.3 THE OPTIM FLOW CONTROL MODULE ......ccccooiiiiiiiiiiiieeeseee e 1
D.A /O FILES......cuiiitii ittt sttt st et sb s s e e s e sneesneeeas 20
D41 SWANS ...t 20
B.4.2  SWIF ..ottt ee et et esa st ess et ensebeassbensereneereasarenssrenserennaras 21
6. INPUT DATA DESCRIPTION.....cccotitititiiiieiitesisessisessssesessesessesessesessesessssesasessssesssseseas 23
6.1 ANALYTICAL SPECIFICATION CARD ......cooiiiiiiiiiiiiiieiiieeiie e saeaeaeeaenee 23
6.2 MATERIAL INFORMATION PROCESSOR DATA ...ttt 24
6.3 OPTIMIZATION PROBLEM GEOMETRY DATA ...ccccoiiiiiiiiiiiiiiiiiiei 32
6.4 OPTIONAL PARAMETER DATA ....ooiiiieeee e 33
6.5 OPTIMIZATION SPECIFICATION DATA. ....ooiiiiiiiiieii et 33
[7. DETAILED DATA NOTES......cccitiiiitiiietiititesietisiesessesessssessesessssessssessssesssesssesssessasensases 31




8. OUTPUT DATA DESCRIPTION......ciitiiiieeitiisieeiisiseeeceseseesssseseeessseseesesseseenessesesnsaeas 45

1 OUTPUT DATAFILES........oooiiiiiie 45

8.2 PLOTTING ....ciiiiiiiiiiiiiiiii ittt 435

8.3 ERRORMESSAGES......ccoiiiiiiiiiiiiiiiiii ittt 46

9. SAMPLE PROBLEMS ..ottt 49
9.1 SAMPLE PROBLEM NO. 1 —EVREF ......ccccosiiiiiiiiisiiiiie e 49

.3 SAMPLE PROBLEM NO. 3 - MAXIMUM ke PROBLEM WITH TWO
CONSTITUENTS ...ttt 63
A4 SAMPLE PROBLEM NO. 4 — MAXTMUM Ket PROBLEM WITH THREE
CONSTITUENTS .....oeiiiiiiiiiii s 68
9.5 SAMPLE PROBLEM NO. 5—-MINIMUM CRITICAL MASS.........cociviiiiiiiee, 75
0. SELF-SHIELDING EFFECT .....cciiciiiiiiiiiiiiiiiii it 83

1. REFERENGCES .......ccoitiottiottitetteestsstsesseessessssssssssssaeessssssssssssesssesseessssssssoessesseessessesas 89
IAPPENDIX A: OUTPUT FILES STRUCTURE .......cciiotiiieitiiitiieesiessreseessessssesseesseesssssnsas 91
A L S VL D A T A ittt ittt ettt e e e e st et eeeeesessasssbbb e eseesessannnssaeseeesassasssbrrnnneaaaaas 93
ST N X 1 = ST P PO PP TP PPRT 9
A3 TOWIFPLOT 94
N = 20 5 O[O 96
I 1 210U 1 97
IAPPENDIX B: "SWIF.PLOT" OUTPUT FILES OF SAMPLE PROBLEMS..........cccunee.e. 101
B.1 Sample ProbIEMIIND. L. .. ..iiceiieeieiiiriiriseeseessesssssssseeseessesasesssseesreesseesssssssssessne 103

B.2 Sample ProbIeM NO. 2.....coiiieeiiiiiiiiiii ettt 1
B.3 Sample Problem NO. 3. . ittt e e s s s sseisbareerreessssasssssssereesaessssnssssnnes 107
B.4 Sample ProbleM NO. 4 ... ..ot e e s et issiibare e eesssssasanssseeeeessessasnnsssnnes 110G
B.5 Sample Problem NO. 5. ...ttt e e s s s issiibbreereessssssssnsasseeeesaessasnssssnnes 116
IAPPENDIX C: "SWIFT.DATA" AND "SWIF.GIB" FILES OF SAMPLE PROBLEMS....... 123
S Y o) o) N o T T —— 125
B.2 Sample ProbIEM NO. 2........ciiiiiiiiiiiiiiiiiiiiiiciiieieiiiieiieeeseeeeesie s sseesseeeesbsnnseeessereens 125
3 SAMPIE PrOD B N O, 3 ..irreeiiieeeeeeeessrerreeeeesesssesrsssseeeesessessssssssseeesessesasssessseseesessessses 125
B.4 Sample ProbleM NO. 4 ... ..ot e e s s s s esibbeeerreassssssssssseereesaessasnnsssnnes 125
B.5  Sample Problem NO. B ... iiiiiiieeieieeiesereseeesseseesassresesseessnseessssesessseesessenes 126
IAPPENDIX D: "SWANS" BIBLIOGRAPHY .....eiiiiiiiiuiiesiieeeseesseesssssssssesseesssesseessssessseesne 131




LIST OF FIGURES

Figure Page
5.1.  Flowchart Of SWANS.......cciiiiiiiecessece ettt 17
5.2.  FlIOWChart Of SWIF.......ccoiiiieeiisiceces et 19
9.1. EVREFsof candidate materials vs. water in the core of sample problem No. 1.............. 50
0.2. EVREFsof canditate materials vs. water in the core and 10 cm of reflector

of sample problem No. 1. Fine zones. Constituents of relatively large EVREF. ........... 56
0.3. EVREFsof candidate materials vs. water in the core and 10 cm of reflector

of sample problem No. 1. Fine zones. Constituents of relatively small EVREF............ 57
9.4. EVREFsfor sample probleM NO. 2 .......cccoviiieeeiiiieeesse s 59
9.5. ECREFsof sample probleM NO. 2. .......ccuceoiiiieiiise e 60
9.6. ***PuO, concentration distribution of reference system (iteration 0) and after

selected iterations; sample problem NO. 3........cceveeiieiiiiisses 64
9.7.  EVREF of ®’Pu0;, vs. H,O for selected iterations; sample problem No. 3........c............ 65
9.8.  Evolution of ke With iterations; sample problem NO. 3.......cccovvveieiiicieisccee e 66
9.9. EVREF of *’Pu0, vs. H,0 and vs. Be for iterations No. 40, 98 and 99.

SamPle ProbIEM NO. 4 ..o 71
9.10. Initial and optimal ***PuO, concentration; sample problem NO. 4. .......ccccoovereseesnessienen: 72
9.11. Initial and optimal Be concentration; sample problem NO. 4.......c.ccccccvevriieciviiscenee, 73
9.12. Evolution of ke with iterations; sample problem NO. 4........ccooveeveeisceeiiisccce e, 74
9.13. EVREF of *’Pu0;, vs. H,O for selected iterations; sample problem No. 5. ................... 78
9.14. *Pu0O, concentration distribution after selected iterations; sample problem No. 5........ 79
9.15. Evolution of ***PuO, mass with iterations; sample problem NO. 5........cc.cooveeerssenienea: 80
9.16. Evolution of EVREF maximum-to-minimum ratio in core; sample problem No. 5. ....... 81




LI1ST OF FIGURES (continued)

Figure

Page

10.1. Effect of self-shielding on the evolution of ke with the optimization of

2% PUO, — HpO SYSEEM. ... 84
10.2. Effect of resonance self shielding correction on evolution of ket with SWANS

iteration number for system fueled with 5 wt % enriched uranium. .....................cuee...... 85
10.3. Effect of resonance self shielding correction on evolution of UO; distribution

with SWANS iteration number. Coreisa sphere core, 20 cm in radius,

containing water and 20 kg UO, having 5 wt % enriched uranium.

Coreis surrounded by an infinite water reflector. All at room temperature.................... 86

Vi



LIST OF TABLES

Table Page
6.1. Outline of datafor SWANS MOAUIE........c.coueeiieieeeeeseces e 24
6.2. Material information processor data: Standard composition specification.............c........... 25
6.3. Material information processor data: Optional parameter data.........coccveveeveeeeesesececeenne, 27
6.4. Input for optimization problem geometry data............oeeeeiscieiisccee e 29
6.5. Optional parameter input for the optimization problem data...........ccccovveeveiscciesiseeenne, 30
6.6. Table of OptimiZation data..........covivieeeeeiiiicee e 31
9.1. SWIF.INPUT datafor sample problemM NO. 1......ccccoiiciiiisciisscc e 51
9.2. SWIF.INPUT datafor sample problem No. 1; fin€ ZONe. .......ccccoveeevevisciesscee e 53
9.3. SWIF.INPUT datafor sample problem No. 2; fin€ ZOne.........ccoveeeveviscieissccee e, 61
9.4. SWIF.INPUT datafor sample problem NO. 3........ccoviciiiiiccsccc e 67
9.5. SWIF.INPUT for sample problem NO. 4, S8t ONE........ccuciieieseciiiisicc e 69
9.6. SWIF.INPUT for sample problem NO. 4, St tWO........cccviiieeeeiiiieccc e 70
9.7. SWIF.INPUT for sample problem NO. 5; SEt ONE........ccciiiieseciiiiiscie s 76
9.8. SWIF.INPUT for sample problem NO. 5; SEt tWO ........ccveviseciiiisiccc e 71

vii



viii



ACKNOWLEDGEMENTS

This work was performed under ORNL subcontract 19X-SU0B3V for the Nucl
Engineering Applications Section (NEAS) of the Computational Physics and Engineerin
of the|Oak Ridge National Laboratory (ORNL)] This work is the initial product from
Subtask 1 of the Applicable Ranges of Bounding Curves and Data (AROBCAD) Task that is one
of the seven technical task areas of the[U.S. Department of Energy (DOE)| Nuclear Criticality
Safety Program which was developed in reponse to the Defense Nuclear Facilities Safety Board
(DNFSB) Recommendation 97-2, Continuation of Criticality Safety. Support of the ORNL
managed AROBCAD Task is provided by the U.S. DOE Headquarters Assistant Secretarial
Offices for Environmental Management and Defense Programs.

The authors are grateful for the theoretical and technical reviews by B. T. Rearden,
M. E. Dunn, S. M. Bowman, and J. C. Wagner, the administrative persistence of C. V. Parks and
C. M. Hopper, and the publication skills of W. C. Carter, all of the NEAS.


http://www.cped.ornl.gov/nea/neas.htm
http://www.cped.ornl.gov/nea/neas.htm
http://www.cped.ornl.gov
http://www.cped.ornl.gov
http://www.ornl.gov
http://www.energy.gov/




ABSTRACT

SWANS is a new prototypic analysis sequence that provides an intelligent, semi-
automatic search for the maximum ke of a given amount of specified fissile material, or of the
minimum critical mass. It combines the optimization strategy of the SWAN code with the
composition-dependent resonance self-shielded cross sections of the SCALE package. For a
given system composition arrived at during the iterative optimization process, the value of ke is
as accurate and reliable as obtained using the CSAS1X Sequence of SCALE-4.4. This report
describes how SWAN s integrated within the SCALE system to form the new prototypic
optimizaton sequence, describes the optimization procedure, provides a user guide for SWANS,
and illustrates its application to five different types of problems. In addition, the report
illustrates that resonance self-shielding might have a significant effect on the maximum ke value
agiven fissile material mass can have.
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1. INTRODUCTION

The conventional approach to determination of the maximum ke or the minimum critical
mass is to solve the proper transport equation for a large number of permutations of the
independent variables. For a system of fixed dimensions which is divided into N single material
zones the number of possible permutations is on the order of N™ where M is the number of
candidate materials to be considered. If each zone may be composed of a mixture of two or
more materials, the total number of permutations is significantly larger. The criticality evaluator
usually reduces the number of permutations by relying on intuition and prior knowledge.
Nevertheless, this “brute-force” or “trial-and-error” approach to system optimization can be very
inefficient in terms of both manpower time and computer time. Moreover, using this approach
the criticality evaluator may not find the true optimum condition nor know how close the system
of interest isto the true optimum.

The SWAN code has a radically different approach to system optimization. In addition
to the flux and reaction rate distributions obtained from the solution of the transport equation,
SWAN calculates the gradient of the performance parameters of interest with respect to a small
composition change in any zone in the system. These gradients provide the criticality evaluator
valuable information: a priori knowledge of which materials hold the most promise for
achieving the requested optimization as well as the “best” location for these materials. The
gradients also indicate how close the present system is to the optimum. All it takes to generate a
set of any number of gradient traverses across the system (one traverse for each candidate
constituent) is an additional solution of an adjoint equation (per performance parameter of
interest), followed by computation of first-order perturbation-theory expressions (for which one
needs the flux distribution, adjoint distribution and cross-section data).

SWAN was originally developed to address performance parameters of the form of
linear flux functionals (i.e., performance parameters that can be expressed in the form of reaction
rate) in fission-free systems. Recently the SWAN capability was extended to performance
parameters having the form of aratio of linear flux functional and to performance parameters
having the form of a ratio of bilinear functionals=E |n addition, a capability to account for
fission reactions has been added to SWAN. These developments make SWAN applicable to
criticality safety problem Specifically, it can be used to address the following type of
problems. (1) What is the maximum neutron multiplication factor (kes) a given mass of fissile
material of a given composition can be configured to have when in combination with specified
constituents (such as moderating and reflecting materials)? (2) What is the minimum critical
mass of a given fissile material when in combination with specified other materials and
geometry?

Three new options were added to the original SWANEZ in order to make it applicable to
critical systems. (1) an option to account for the contribution of fission reactions to the
"effectiveness functions' ; (2) an option for calculating a new type of "effectiveness function” -- the
reactivity worth which expresses the effect on the system reactivity of replacing, a a given
location, a small volume of one congtituent by an equal volume of another congtituent; and (3) an
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option to use the solution of the homogeneous rather than inhomogeneous transport equation for
the neutron flux and its adjoint distributions.

SWAN uses pre-processed multigroup cross sections throughout the optimization
process. During this process the composition of different zones in the system keeps changing;
sometimes very significantly. Hence, the cross sections used by SWAN do not account properly
for the resonance self-shielding. As a consequence, the optimal composition SWAN converges
to is not, necessarily, the exact optimum. The incorporation of the SWAN capabilities into the
SCALE code packag correctsthis deficiency.

This report describes how SWAN is integrated within the SCALE system to form a new
prototypic optimization sequence, describes the optimization procedure, and provides a user
guide for the new SWANS prototypic sequence.



2. TYPE OF PROBLEM S SWANS CAN ADDRESS

SWANS is set to address two general types of problems:
1. The generation of Material Effectiveness Functions (MEF) and

2. The search for the system composition that will either maximize ke or minimize the critical
mass.

SWAN handles three different types of MEFs as described below.

() EF, the Effectiveness Function, is the most basic MEF. The EF of material i in zone z with
respect to performance parameter P expresses the effect, on P, of an addition of a unit volume
of material i in zone z. EF is calculated using first-order perturbation theory formulation

(SeefSect. 3.

(b) EVREF, the Equal Volume Replacement Effectiveness Function, is the most widely used
MEF. The EVREF of material i in zone z corresponding to a performance parameter P is the
change in P due to the replacement of a cubic centimeter of reference material R in z by the
same volume of material i. EVREF is calculated from the EF values of materials i and R
supplemented by material density data.

(c) ECREF, the Equal Cost Replacement Effectiveness Function, of material i in zone z
corresponding to a performance parameter P is the change in P due to the replacement of a
cubic centimeter of reference material R in z by that volume of material i that will leave the
system cost unchanged. ECREF is calculated from the EF values of materials i and R
supplemented by material cost data.

The MEF data provides the following information on the status of the specified system:
() Proximity of the present system to the optimum configuration,
(b) The system constituents which would most efficiently meet the optimization goals,

(c) Changes to the space-dependent concentration of these constituents needed to approach the
optimal system (this information is used by SWAN to carry out the system optimization),

(d) Identification of alternate constituents considered to be more promising than one of the
system constituents (this information is useful for determining if it is possible to get a higher
ket from a given fissile material mass by replacing part of at least one of the system
constituent by another material not incorporated in the system description).



The type of optimization problems SWANS is set to address are related to criticality
safety. They include the material distribution that provides:

() the maximum ke for a given mass of fissile material of a given composition that can be
configured when in combination with specified constituents (such as moderating and
reflecting materials); and

(b) the minimum critical mass of a given type of fissile material when in combination with
specified other materials and geometry.

SWANS uses the one-dimensional (1-D) discrete ordinates code XSDRNPM of the
SCALE code package for solving the transport equation and its adjoint. Hence, SWANS can
presently address only 1-D geometries: infinite slab, infinite cylinder and sphere.



3. THEORETICAL FOUNDATION

3.1. OPTIMALITY CONDITION

The criterion for the optimum system is the uniformity of the reactivity worth of the
congtituent materials that are the optimization variables. This condition implies that, a the
optimum, any permissible infinitesimal change in the concentration of the variable congituents
should leave the system ket unchanged, provided that

0< ™y (2 <y, (2 < ™y, (z)<10, D
where i(2) is the volume fraction of congtituent i in zone z; ™"Wi(z) is the minimum permissible

volume fraction (usualy 0) and ™ i(2) is the maximum permissible volume fraction. Material
conservation requires that

> ¥,(2) = constent < 1.0, 2

where the summation is over al the i congtituents of variable concentration. If the summation is
smaller than unity, (1.0 — congtant) fraction of the volume of zone z is alocated for materials of
fixed concentration. Examples for such materials are structural or moderator materials.

The volume fraction is used as a measure of concentration since SWANS is set to work
with macroscopic cross sections of the materials which are either incorporated in the system or are
candidate congtituents. SWAN implements this condition by requiring that the difference between
the maximum and minimum reactivity worth of all the material variables in all the zones will be
smaller than a user-specified small number, €. If and where a given material reaches an upper
bound restraint (usually, it occupies 100% of the given zone volume), its reactivity worth is to be
equal to or smaller than the unrestrained reactivity worth. The opposite situation occurs in the case
of a lower bound redtraint (usually, the material has a zero concentration in the zone under
consideration).

First-order perturbation theory is used for calculating the reactivity worth associated with a
change in composition. Consider the Boltzmann eigenvalue equation for the reference system in a
simplified operators notation:

(G ke F) ¢=0 ©)
and its adjoint,

(6" + ke F)o = 0. (4)



In the above equations, G is the Boltzmann operator excluding the fission term, and F is
the fission term operator. Suppose the system is perturbed via a small composition change. The
Boltzmann equation for the perturbed system is

(G’+ kéﬁ'llr)cp' = 0. (5)

Multiplying Eq. (5) by ¢", Eq. (4) by ¢', integrating over phase space and subtracting one
gets, after neglecting termsthat are of second order,

p=dkik=(g",(06+ ket L&) §/( § ket 1F . ©)

Let us confine our attention to perturbations involving a change in volume fraction. The
optimality condition is, then,

< constant, for i(2) = ""Pi(2)
pi(2) = congtant, for ™y(2) < Pi(2) < "™ Yi(2) (7
> congtant, for  i(2) = "Pi(2) .

More details concerning the derivation of the above expressions can be found in fef. 17.

3.2. EFFECTIVENESS FUNCTIONS (EF)

The criticality analysis and optimization carried out by SWANS is based on the
information provided by effectiveness functions. The effectiveness function of material i in zone z
with respect to the system reactivity, to be denoted as E;(z), expresses the effect, on reactivity, of
an addition of a unit volume of material i in zone z. Thus, Eq. (6), written for the specific
perturbation in the volume fraction provides an expression for Eq. (7). The values for Ei(z) are
calculated using the following expressions (from which the superscript p is omitted for smplifying
the notations):

Ei(2) = [-ACi(2) + BCi(2) + FCi(2)/ker]/ NI (8)

in which

ACi(2) = [dr [dE[dO %p* (rEQ)Y (B (p(r,E,Q)E, 9

BGi(2) = [ dr [dE[d0 J'dE'J'dQ'%N (ree)y (E-E0- Q')(p(r,E,Q)E, (10)



FCi(2) = [ dr [ dE [xi(E') o (r,E)] J'dE%/i y f,i(E)(p(r,E)% (11)

where Idr denotes integration over the volume of zone z,
z

NI = ZiIdrIdE'xi(E')¢+ (rE)[dEV; Y, .(B) olrE)] / ket , (12)
®(rE)=JdQ ¢rEQ), and (13)
¢'(r.E) =[dQ ¢'(rEQ)/4m . (14)

The spatia integral in EQ. (12) is carried over the entire system volume. The fluxes and
adjoint function to be used for calculating Ei(z) are the solution of the k-eigenvalue form of the
transport equation. The solution of these equations also yields the value of the eigenvalue Ket.

Details about the derivation of the above expressions can be found in and[17,

3.3. EQUAL VOLUME REPLACEMENT EFFECTIVENESS
FUNCTIONS (EVREF)

Usually the addition of one congtituent can take place only by removing from the system an
equal volume of one of the reference congtituents, to be denoted by R. To account for this volume
conservation condition we define an “equa volume replacement effectiveness function” of
material i in zone z, to be denoted as EVREF, x(2); it expresses the effect, on p, of areplacement of
a unit volume of reference material R in zone z by equal volume of material i. The EVREF is
related to the effectiveness functions of the two materials as follow

EVREFix(2) =-Er(2) +Ei(2) . (15)

It is assumed that all the cross sections used by SWAN are macroscopic.

3.4. EQUAL COST REPLACEMENT EFFECTIVENESS
FUNCTIONS (ECREF)

The “equal cost replacement effectiveness function” of materia i in zone z, to be denoted
as ECREF, x(2), expressesthe effect, on p, of areplacement of a unit cost of reference material R in
zone z by equal cost of material i. It isrelated to the effectiveness functions of the two materials as
follows

S



ECREF; x(2) = - Ex(2)/Cr + Ei(2)/Ci, (16)
Where Cr and C; isthe cost or penalty per unit volume of material R and material i, respectively.

The ECREF provides an indication on the relative cost effectiveness of different materials
for bringing about a given change in reactivity. This parameter is not used in the optimization
process; it merely provides valuable information and insight to the system evaluator.

Similarly, one can define an “equal weight replacement effectiveness function” of meaterial
I in zone z, to be denoted as EWREF,; x(2), expresses the effect, on p, of a replacement of a unit
weight of reference material R in zone z by equal weight of material i.

As defined above, the ECREF and EWREF do not conserve the volume. This is because,
usually, Ci # Cg. that is, the equal cost volume of material i differs from the equal cost volume of
material R. This implies that the system evaluator who would like to replace material R by
material i will have to make other changes in the system to accommodate the change in volume.
For example, the criticality evaluator may change the zone volume. This change may force a
change in the volume in all other zones that are external to the volume that underwent a
composition variation. A change in the volume of other zones will usually result in a cost
change. This indirect cost change is not uniquely defined; it depends on the specific system
changes decided upon. Hence, it is not taken into account in the ECREF.

[llustration of an application for which the calculation of ECREF can be useful is given in
sample problem No. 2, Sect. 9.

3.5. DISCRETE MESH IMPLEMENTATION

The angular flux and adjoint distributions are expanded in spherical harmonics Y ( Q) :

L« 20+1
(p(LE!g) = ; ZOF O (L E) Yﬁm (g) (17)
. K k ) .
¢ (LEQ) = ZO (D" (2k+D) @, (,E) Y\, (Q) (18)
and using the orthogonality property:
dQvy, @Y, @) = - 5.5 19
J:m 2< T/m (_) om (_) - 2/€+1 20 = mm’ ( )

and the relation:



Ym(Q) = (_1)z Yom (-Q)

the multigroup expression for AC can be written as follows:

G L 4

AC() = Z > ;(24 +1) (-1)£Zb @ (D @ (1),

where the forward and adjoint flux moments are defined by:

¢ 0O = [, ©ECYY,, @

080 = - [0a(-0 99 (r0) Y, (0).
4n

The multigroup expression used for the calculation of the BC term is:
G
g:

BC(r) = z -1’ 20 > ; 0%, (0T 1" @ (r)

(20)

(21)

(229)

(22b)

(23)

In deriving this equation the differential scattering cross section has been expanded into a

Legendre polynomial series:

1 L
od"(Qm) = — g% " P(Q@
. (QIQ) 4ﬂ; «  P(QIQ)
where

oy" = (@+) [0 Q)P (QM)AQ,
i

and use is made of the spherical harmonics addition theorem:
1)
P(QIY) = Z Yim (Q) Yo (Q).
The multigroup expression used for the calculation of the FC term is:

FC(r) = i X" @™ ([)i Lz @°(r) .

(24)

(25)

(26)

(27)

The expression for the normalization integral, NI, is like the sum of Eq. (27) over al the

materials which contribute to fission.



The moments of the flux and of the adjoint distributions [@% (r) and @2 (r)] are

calculated routinely by XSDRNPM and are transferred from XSDRNPM to SWIF, the material
optimization module, via the XTROUT file. The XSDRNPM adjoint moments are inverted in
SWIF before being used for the calculation of the effectiveness functions. The inversion, both in
the energy and in the angular variables, is done as follows:

GaM = (D [0 ommem (28)

The group cross sections used by SWIF are the same cross sections XSDRNPM uses for
solving the flux and adjoint equations.

3.6. VARIATION OF COMPOSITION

The variation in the volume fraction of the i material in the n" iteration is calculated
from the expression:

W@ = Y@ - v = AQT@® + BIQY®@ (29)

where Qe isthe EVREF of material i pertaining to the performance parameter to be maximized
(Keff) or minimized (critical mass), and Qc; is the EVREF of material i pertaining to the constraint
(fissile material mass, or ker). The Q value for ke is defined in Eq. (15), whereas the Q value for
the fissile material mass is, simply, the mass of the fissile material per unit volume of this
material. A;and B; are coefficients that determine the amplitude of the volume fraction variation
per iteration.

For a problem having | materials of variable concentration, the Q values need be
calculated for only 1-1 materials; the 1™ material is the “R” (or “reference”) material against
which the Replacement Effectiveness Functions are calculated [see, for example, Eg. (15)].
After varying the concentration of all, or afraction of the i—1 constituents, the concentration of
the 1™ constituent is adjusted so as to make the total volume fraction occupied by all the
| materials of variable concentration satisfy the conservation condition of Eq. (2).

There are four major steps in the determination of the new density distribution:
Determination of the A; coefficients, determination of the B; coefficients, the calculation of the

new density distributions [EQ. (29)], and readjustment of the new density distributions if they
have overflowed the specified density limits.

With oy (z) of Eq. (29), the variation of the constraint becomes:
SF=3 [drQI@au@ = [driAl QL (2O (@) +BIQL QL (@ (30)
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The coefficients B' are determined to give 8F; =0, that is:

B! = -AT[dQN@ Q' @VI[dQL @, =121 ()

where | is the total number of materials of variable concentration (that take part in the
optimization process). Inserting B{' [Eq. (31)] back into Eq. (30) one gets:

U
n-1

d n-1 n-1
W@ = A - [arQ Mo @ .,

]
- .,
[ o QU @ g (32

The A" coefficients are calculated by SWIF using Eq. (32) as follows:

[ dQi'@Q'd [

O
A‘n = |n/ 2;1 m 2i m u 33
2 e ) [aer % &9

where z,, denotes the zone in which the volume fraction change will be the maximum (in

absolute value) and &' are the input data specified in the 12 array of SWIF. The value of &'

should be the maximum volume fraction change desired for material i at the n™ iteration (in the
units used for the material densities).

Details about the derivation of the above expressions can be found in ref. 2.

3.7. CONVERGENCE CONDITIONS

The criterion used for testing how close the optimization process (which is iterative) isto
convergence is a direct implementation of the optimality condition defined in Eq. (7). One
possible implementation is the following: Over the zones in which material i of variable
concentration did not reach its lower or upper concentration limits,

Q'(2)/Q" —:I.‘max <e, for all zonesand fori=1, 2, ...1-1 (34)

where Q" is the average value of the EVREF in iteration n; the averaging is over all the zones
which participate in the optimization and over all the 1-1 materials, excluding those
combinations of zones and materials for which the volume fraction reached its lower or upper
permissible limit. The subscript “max” implies the maximum relative deviation from the
average. Thisdeviation should not exceed the value € -- auser specified parameter.
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In addition to the condition of Eq. (34), there is a need to check the situation in all the
zones in which any of the I-1 materials reached its concentration limit.

o Additional information on the original SWAN methodology can be found in and
17,

12



4. THE OPTIMIZATION PROCESS

4.1. INTRODUCTION

Before sarting the optimization process, a reference system is defined. This includes the
core thickness (or radius) and composition and reflector thickness and composition. In addition,
the user has to decide if he/she wants to consider the effect of candidate congtituents and, if so,
must add them to the system congtituents. The user also needs to define the number and location
of the zones in the system that are to participate in the optimization process.

A candidate congtituent is defined as a potential congtituent that is not included in the
reference system, but may be included in the optimal system. Alternatively, the user may be
interested in getting the EVREF or ECREF of certain materials. All of these materials have to be
included in the system. If the volume fraction of a given material the user wants to get its EVREF
is zero, the user should assign to this material an infinitesimally small concentration (e.g., 10™).

A zone in SWAN is defined as a region in which the composition is to be kept uniform
throughout the optimization process. A zone can be as small as a single interval, and as big as the
entire system.  SWANS calculates self-shielded cross sections for each material (including each
candidate material) included in each zone.

Either one of two methods can be used in the current version of SWANS to perform the
resonance sdlf-shielding: (@) the infinite medium approximation and (b) the infinite lattice
approximation. In the infinite medium approximation the zone width is assumed to be infinite.
This approximation is reasonable for problems in which the composition varies moderately from
zone to zone. The infinite lattice approximation is expected to be more accurate when the
concentration of the resonance isotopes is highly heterogeneous, as in the illustration in [Sect. 10.

4.2. MAXIMIZING Kggge

Before starting the optimization, the user specifies the mass of fissile material, or fuel, that
is to be conserved while searching for the maximum ke . The search for maximum ke involves
shuffling this fixed fuel inventory between the different zones. The change in the volume fraction
of the fuel in agiven zone is compensated by the other congtituents.

The optimization process s iterative. SWANS calls SWIF to calculate the reactivity worth
EVREFs of all the congtituents defined by the user to be of variable concentration in each of the
specified zones and uses them to guide an automated redistribution of the system congtituents so as
to increase ke While keegping congtant the inventory of a specified fissile material (or materials).
Then SWANS recalculates the flux, importance function and EVREFs and does another iteration
on redistribution of congtituents. This process continues until ke is maximized, that is, until the

optimality condition (SeeSect. 3.1) is reached.

13



The formulation used for each iteration concentration variation is described in Sect. 3.6.

If the concentration of one of the zone congtituents reaches one of its restraints — usually a
volume fraction of either 0.0 or 1.0, it is automatically excluded from the optimization process in
the iterations that follow. The user can return that congtituent to “play” by specifying a volume
fraction which differs dlightly (e.g., 10™°) from the restraint. More details about this issue can be

found in and 7.

Sample problems 4) and § of Sect. 9 (along with outpuit files in and [O) illustrate
the ket maximization process. [Sample problemsd and B of Sect. 9 illustrate the information
provided by the EVREF and ECREF traverses.

4.3. MINIMIZING CRITICAL MASS

There are two ways to determine the minimum critical mass. One way is to repeat the
maximization of Ke for a number of fuel inventories so asto bracket ke = 1.0. The other way is
to directly search for the minimum mass subject to ke = 1.0 congtraint. The algorithm used in
SWANS for the latter is that described in Sect. 3.6. [Sample problem 5 of Sect. 9 (along with
outpuit filesin and [J) illustrate a direct search of minimum critical mass.

14



5. STRUCTURE OF “SWANS’

5.1. OVERALL STRUCTURE

SWANS is a new prototypic control sequence planned for possible incorporation in a
future release of the SCALE code package This sequence consists of the following modules:
BONAMI, NITAWL-II, ICE, XSDRNPM and SWIF. Of these, the first four are standard
SCALE modulest® whereas SWIF is a new module; it is a modified version of the optimization

module of the original SWAN is ageneral flowchart of the SWANS sequence.
The general sequence of steps for each iteration is as follows:
» Define the reference system composition, geometry and zones.

* Calculate self-shielded cross sections for each of the constituents in each of the zones. This
is done using BONAMI and NITAWL-II.

» Use ICE to work out the self-shielded cross sections into macroscopic cross sections of the
material mixtures considered as the zone constituents or candidate constituents.

* Using above cross sections, XSDRNPM calculates the flux and importance function
distributions across the system. XSDRNPM also calculates Kef

» Using the resulting fluxes, importance function, ke and self-shielded cross sections, SWIF
calculates the user’s specified effectiveness functions. If the user requested effectiveness
functions only, that is the end of the sequence. If the user requested an optimization, SWIF
continues with the last step.

» Using the EVREFs, SWIF calculates a zone-wise modified system composition and a new
iteration starts al over again.

This sequence of iterations is terminated when either one of the following happens. the
optimization convergence criterion has been met, or the maximum number of iterations specified
by the user has been reached.

5.2. THE SWIF OPTIMIZATION MODULE

provides a detailed flowchart of the SWIF optimization module. All the data
libraries used by SWANS are those of the SCALE-4.4 code package. As far as cross section
handling is concerned, the SWANS sequence is very similar to the SAS1 sequence within the
existing SCALE code package. Data needed by SWIF is transferred via the XTROUT file
prepared by SWANS.
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Following isalist of the modules SWIF is composed of, along with a brief description of

their function.

ORNLSWIF

DRIV

SWIF

SETUP

UNIT3

RDBLIB

EFFECT

NEWDEN

AWRITE

Opens files and initiates the SWIF module at any iteration.

Checks type of calculation, handles errors, checks convergence and, if the run
is terminated, writes (in all three SWIF output files) the materials volume
fraction profile to be used in the next iteration.

A short routine used to link between DRIV and the functional modules.

Reads general data from the XTROUT file and builds the addresses of the
various arrays,

Controls reading of the rest of the data,

Controls the effectiveness function calculations, and if necessary,

Controls the creation of a new composition profile.

Reads from the XTROUT file the relevant geometry data, as well as the direct
and adjoint flux moments data.

Reads from the FT20F001 file the relevant self-shielded cross-section data
Calculates the zonewise EVREF/ ECREF for the various materials considered.

Calculates the new composition profile and updates the SWIF.PLOT,
SWIF.DATA and SWIF.GIB output files.

Edits output -- EVREF and ECREF tables.

Additional information about SWIF is provided in Bects.54, B, [l § and § and in
Appendices A, B and G
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Update SWIF.DATA
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SWIF.PLOT

Goto SWANS

Fig. 5.2. Flowchart of SWIF.

5.3. THEOPTIM FLOW CONTROL MODULE

SWANS is the module that provides the flow control for SWANS. It reads the user input
data, prepares input files for the various modules to be accessed, and calls the different modules
in the proper order. SWANS uses the Material Information Processor from SCALE to read the
materials data, and the cell description that determines the resonance self-shielding calculation.
This part prepares the initial input files for BONAMI, NITAWL-II, and ICE. These three
modules are then executed, and a premixed, self-shielded cross-section library is created. Next
SWANS reads the description of the optimization problem geometry, followed by the
optimization parameters. The geometry description is used to prepare an XSDRNPM input file,
and XSDRNPM is then executed in both a forward mode and an adjoint mode. SWANS then
prepares the XTROUT file for SWIF, and causes SWIF to be executed. Upon return from SWIF,
if an optimization problem was specified, and SWIF does not signal convergence, the new
material specifications are used to generate revised input files, and the entire sequence is
repeated. Eventually, either SWIF signals convergence, or the maximum number of iterations is
exceeded, and SWANS terminates execution.
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Following is a list of the modules composing OPTIM, and a brief description of their
function:

SWANS  Communicates with the SCALE driver, defining what the driver is to do next.
Opens files and controls the execution path through the program.

DATIN Controls setting up the initial XSDRNPM case. Calls SETA, RDZON, and SETB
to read the problem geometry and the XSDRNPM parameters. Calls XSDRNA to
prepare the input file for the initial XSDRNPM case.

ADJOINT Creates an adjoint XSDRNPM input file from the forward input file.

DOSWIF  Writes the title and first data record of the XTROUT file, and calls CPXSDN to
collect and write the rest of the dataon the XTROUT file for the first pass.

UPDTBN Reads the updated densities from SWIF and calls CNTLBN to revise the input for
BONAMI, NITAWL-I1I, and | CE for the next pass.

NEXSWIF Reads data needed to update the SWIF input data, skips the first 2 records of the

XTROUT file, and calls CPXSDN to collect and write the rest of the data on the
XTROUT file for the next pass.

54. I/OFILES

54.1. SWANS

There are many files used/created by SWANS. The standard output is written to a“ $prt”
file that translates into a series of files with names of “_prtnnnn”, where nnnn is a unique
integer. The following files are read by SWANS, and must exist before execution starts:

(@) “input” This file contains the user input defining the problem to be run.
(b) “ft89f001" Thisfile isthe SCALE standard composition library.
(c) “ftmmf001” This file is the AMPX master cross-section library, where mm is a 2 digit

number determined by the library specified by the user (mm=81-88).

The following files are written by SWANS:

(a) “ft92f001” Thisfile contains the ICE input, and is rewritten for each pass.
(b) “ft96f001” This file contains the BONAMI input, and is rewritten for each pass.
(c) “ft97f001” Thisfile contains the NITAWL input, and is rewritten for each pass.
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(d) “ft98f001”

(e) “ft9sf002”

(f) “xtrout”
(g) “swif.data”

(h) “ft11f001”

(i) “ft90f001”

Thisfile contains the XSDRN input, and is rewritten for each execution of
XSDRN.

This file is a copy of the XSDRN input, and is used to save the forward
input for use in writing the adjoint input.

This file has the geometry and flux data for SWIF.
Thisfile has the control parameters for SWIF.

This file is an AMPX master cross-section library containing only the
nuclides to be used in the problem.

This file contains input data and derived data to be saved from pass to
pass.

The following files are written by functional modules, and are read by SWANS or SWIF.

(a) “ft20f001”

(b) “ftnnfo01”

(©) “ft(nn+1)f001”
(d) “ft(nn+2)f001”

(€) “ft(nn+3)f001"

This file is written by ICE, and is the ANISN formatted cross-section
library read by SWIF.

This is the forward flux file written by XSDRN — nn defaults to 31, but
can be set by the user asinput flag ID1=.

Thisisthe adjoint flux file written by XSDRN.
Thisisthe activities file written by XSDRN.

Thisis the balance table file written by XSDRN.

In addition there are many files used by the various functional modules which are used

for scratch purposes.

54.2. SWIF

The standard output device (unit No. 6) in SWIF is the same "$out” file used in SWANS.
Three additional files are used to transfer information to SWIF:

(a) "ft20f001"

(b) "XTROUT"

(C) "SWIF.DATA"

A binary library of self-shielded mixture cross sections in ANISN library
format. Updated by SCALE after each iteration (unit No. 4).

Geometry data and fluxes (including adjoints) in binary. Updated by
SCALE each iteration (unit No. 3).

Control parameters, integral parameters and zone-wise composition data.

in ASCII (unit No. 8).
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Only SWIF.DATA isupdated by SWIF in each iteration.

In addition, SWIF opens two “accumulated” files, in ASCII, and adds to these files
relevant datain each iteration. Thesefilesare:

(d) "SWIF.PLOT"

(€) "SWIF.GIB"

Contains general information, such as zone structure and, for every
iteration: the iteration number, the volume fraction of materials for which
the EVREF were calculated, EVREF values, as well as the system ke and
the mass of the first of the materials (assumed to be a fissile material) (unit
No. 12). Whether or not an addition will be made to this unit is controlled
by the "IPRNT" parameter that the user specifiesin "SWIF.DATA" file.

Is an accumulation of the "SWIF.DATA" data files created in each
iteration during a given run. This accumulation enables the user to restart
the job from any previous iteration he wishes. This option is used,
primarily, to change the amplitude for change in composition. There are
two sets of “SWIF.DATA” files per iteration; the first set is the
“SWIF.DATA” file read by SWIF at the beginning of an iteration. The
second is the “SWIF.DATA” file that SWIF modified a the end of the
iteration; before “returning the ball” back to SWANS (unit No. 13).
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6. INPUT DATA DESCRIPTION

An overview of the input to SWANS is given in[Table 6.1l [Tables6.2 to 6.6 summarize
the data corresponding to several data segments. In Sects. 6.1 to 6.5 we will elaborate on part of
the data items.

The data for each segment are entered using the SCALE free-form reading routines
described in detail in Sect. M3. A review of the free-form input features is provided below,
followed by the input requirements for each segment of data.

The word "END" is a special dataitem. An"END" may have a name or label associated
with it. The name or label associated with an "END" is separated from the "END" by a single
blank and is a maximum of 12 characterslong. At least 2 blanks MUST follow every labeled and
unlabeled "END." It is the user’s responsibility to ensure compliance with this restriction.
Failure to observe this restriction can result in the use of incorrect or incomplete data without
the benefit of warning or error messages.

6.1. ANALYTICAL SPECIFICATION CARD

The analytical sequence specification =SWANS (“#’ can also be used in place of “="
should begin in column 1. Input data for the sequence can be checked, or portions of the
sequence execution can be skipped, by entering various keyword options beginning in
column 11.

PARM=CHECK This option causes the input data to be read and checked without
execution
PARM=CHK of any functional modules. Appropriate error messages are printed.

PARM=SIZE=nnnnnn  The region size for a problem can be specified by the user by entering
PARM=SIZE=nnnnnn dtarting after column 10 of the analytical
sequence specification. The region size, nnnnnn, is specified in words.
The default size is 200000.

To run SWANS and utilize more than one of the PARM options, use commas between
each option and parentheses or single quotes at the beginning and end:

=SWANS PARM=(CHECK,SIZE=300000)
=SWANS PARM=(SIZE=300000,CHECK)
=SWANS PARM="CHECK,SIZE=300000
=SWANS PARM="SIZE=300000,CHECK"
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6.2. MATERIAL INFORMATION PROCESSOR DATA

These data are needed to generate the mixing table and cross sections used in the system
analysis. The input for this portion of the data is described in detail in Sects. M7.4.3-M7.4.8|of

the SCALE manual| (Ref. 16). An outline of the data entry requirements is provided in Table 6.1.

provide a summary of the input format for the standard composition data, cell
geometry specifications, and optional parameter data. All the varying mixture components must
be entered before any of the non-varying components are entered. All the varying components
for one mixture should be entered together, before going to another mixture. These data must be
terminated with an END beginning in column 1.

Table6.1. Outline of datafor SWANS module

Data Type of data Data entry Comments
position
1 Sequence specification =SWANS or Begin in column 1. PARM=CHK beginning in column 11
=SWANSX checks the input for errors, while PARM=HALT and
PARM=RESTART, respectively, stop and restart the
sequence after completion of the Material Information
Processor
2 Title Enter atitle 80 characters (prints 72 charactersin XSDRNPM)
3 Cross-section HANSEN-ROACH These are the commonly used cross-section libraries
library name 27GROUPNDF4 availablein SCALE for system analyses. See[Sect. M4
44GROUPNDF5
238GROUPNDF5
22N-18COUPLE
18GROUPGAMMA
27BURNUPLIB
27N-18COUPLE
4 Type of calculation INFHOMMEDIUM These arethe available options. Seethe explanation in
LATTICECELL [Sect. M7.4.3. Notethe LATTICECELL specification and
MULTIREGION the MULTIREGION are not normally applicable to
SWANS cal culations
5 Standard composition data Enter the data Terminate this data block with END COMP. See
Table 6.2] Bection C4.4.4 provides a detail ed appropriate
specification explanation.
6 Cell geometry specification Enter the appropriate data | Omit for INFHOMMEDIUM
(Omit for See[Table M7.4.7 for LATTICECELL.
INFHOMMEDIUM) See(Table M7.4.9 for MULTIREGION.
Detailed explanations are provided in and
M7.4.7
7 Optiona parameter Enter the desired data Precede this data block by MORE DATA if more
parameter data are to be entered. Otherwise, omit these
dataentirely. See for parameter description.
See [Sect. M7.4.§ for more information
8 Terminate information END Must begin in column 1
processor data
9 Blank record Blank A blank record must go here.
10 Optimization geometry data Enter appropriate data See[Table 6.4
10 Optimization parameter data Enter appropriate data See(Table 6.9
10 Optimization specification data | Enter appropriate data See(Table 6.6
11 Terminate anal ytic sequence END Must beginin column 1.
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Table 6.2. Material information processor data: Standard composition specification®

Entry  Variable Entry

number name Type of data reguirement Comments

1 SC Standard composition Always Enter once for each standard composition. Enter the

component name alphanumeric description from [Table M8.2.11 Additional
allowed names include those beginning with ARBM for
arbitrary materials, and SOLN for solutions

Al ROTH  Theoretical density ARBM Enter once for each standard composition component

of materid (g/cc) that is an arbitrary materia

A2 NEL Number of elements ARBM Enter once for each standard composition component

in the material that is an arbitrary materia

A3 IVIS No longer used but ARBM Enter once for each standard composition component

must gtill be entered that isan arbitrary material. Enter O or 1.

A4 ICP Compound indicator ARBM Enter once for each standard composition component that is
an arbitrary materid. Enter 1 for a compound and O for
aloys, mixtures, etc.

A5 IRS No longer used but ARBM Enter once for each standard composition component that

must gtill be entered isan arbitrary materid. Enter Oor 1.
A6 NCZA 1D number (from far ARBM Repeat the sequences A6 and A7 for each element
right column of Table in the arbitrary material before entering entry
M8.2.1) number 2. Enter the number from the far right column of
able M8.2.1. (Premixed standard compositions cannot be
used in an arbitrary material definition.)
A7 ATPM  Number of atoms of ARBM Repeat the sequence A6 and A7 for each element
this element per and in the arbitrary materia before entering entry 2. Do not
molecule of arbitrary ICP=1 enter avalue unless ICP=1
material
or or or
Weight percent of this ARBM Repeat the sequence A6 and A7 for each element
eement inthis and in the arbitrary materia before entering entry number 2.
arbitrary material ICP=0 Do not enter avalue unless ICP=0
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Table 6.2 (continued)

Entry  Variable Entry
number name Type of data reguirement Comments
2 MX Mixture ID number Always Enter once for each standard composition component
S1 FD Fuel density (grams of U SOLN Enter once for asolution
or Pu per liter of solution)
2 AML Acid molarity of the SOLN Enter once for asolution. AML=0 if thereisno acid
solution in the solution
01 SPGR  Specific gravity of the Optiona If the specific gravity (SPGR) of the solution is known,
solution or it should be entered as SPG=SPGR
or
ROTH  Density of the basic If the density of a basic standard composition (ROTH)
standard composition isto be entered, use DEN=ROTH
3 VF Density multiplier See Enter the density multiplier (density fraction, volume
comment fraction, or acombination). Default valueis1. This
column item can be omitted if entries 4, 5, 6a, and 6b are adso
omitted. VF=0isnot alowed for SOLN or ARBM
4 ADEN  Number density (stoms/b- VF=0 Enter only if VF =0.0
cm) for the nuclide
5 TEMP  Temperature, in degrees K See Default valueis 293 K. This entry can be omitted
comment if entries 6aand 6b are a so omitted
column
6a IZA Isotope’s ZA number VF£0 Enter for each isotope in the standard composition
component. Omit if VF = 0. Entries 6aand 6b are entered
in pairs until each isotope in the component is defined
6b WTP Weight percent of the VF£0 Enter for each isotope in the standard composition
isotope component. Omit if VF = 0.0. Entries 6a and 6b are
entered in pairs until each isotope in the component is
defined
7° END Terminate a standard Always Enter once for each standard composition component.
composition This terminates the data for a standard composition
component. Enter END to terminate the component.
Repeat entries 1 through 7 until al the mixtures have been
defined. At least two blanks must separate entry 7 from the
next entry
END Terminate the data block Terminus Enter once for a problem. Enter the words END
COMP COMP when al the standard composition components

have been described. At least two blanks must follow the
keyword END COMP

2See[Sect. M7.4.4]of the SCALE manual for detailed description of each input variable.
PNOTE: Entry 7 should not begin in column 1 unless a name is associated with it. At least two blanks should separate the last

entry 7 from the keyword END COMP.
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Table 6.3. Material information processor data: Optional parameter data®

Entry Keyword Type of Module
number  name data using data Comments
Summary of available optional parameter data (seefSect. M7.4.8
1 MORE DATA  Input flag Thissignalsthat optional parameter data are to be entered
2 ISN= Order of XSDRNPM The default valueis 8. Thisalows using another value
angular
guadrature
3 SZF= Spatid mesh XSDRNPM The default valueis 1.0
size factor SZF <1.0 gives afiner mesh
SZF >1.0 gives a coarser mesh
4 M= Maximum XSDRNPM The default value is 20. Thisallows using another value
number of
inner
iterations
5 ICM= Maximum XSDRNPM The default value is 25. Thisallows using another value
number of
outer
iterations
6 EPS= Overall XSDRNPM The default value is 0.0001. Thisalows using another
convergence value
criteria
7 PTC= Point XSDRNPM The default value is 0.0001. Thisalows using another value
convergence
criteria
8 BKL= Buckling XSDRNPM The default value is 1.420892. Use ONLY for a
factor MULTIREGION problem that specifies BUCKLEDSLAB
9 Ilus= Upscattering XSDRNPM The default valueis zero. IUS=0 does not utilize upscatter
scaling factor scaling. IUS=1 uses upscater scaling to accelerate the
solution and/or speed convergence
10 RES= Resonance BONAMI Enter the mixture number, geometry type (SLAB,
data NITAWL CYLINDER, SPHERE) and the thickness of the dab or radius
of the sphere or cylinder, in cm. Optionally enter the inner
radius (cm) to specify an annular cylinder or sphere.
11 DAN(mm)= Dancoff BONAMI Enter the mixture number to which the Dancoff factor
factor for the NITAWL applies, mm, inside the parentheses; enter the Dancoff
specified factor after the equal sign
mixture
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Table 6.3 (continued)

Entry Keyword Type of Module
number  name data using data Comments
12 BAL= Key to print XSDRNPM The default is FINE. BAL=NONE causes the balance
balance tables table print to be suppressed. BAL=ALL prints al balance
tables. BAL=FINE prints only the fine-group balance
tables
13 DY= First XSDRNPM The first transverse dimension in centimeters used in a
transverse buckling correction to cal culate leakage normal to the
dimension principal cdculation direction (i.e., the height of adab or
acylinder)
14 Dz= Second The second transverse dimension in centimeters used for
transverse abuckling correction (i.e., the width of aslab)
dimension
15 COF= Diffusion XSDRNPM The default is 0. SeelSect. F3.8, 3$ array, variable
coefficient IPN
option
16 FRD= Unit from XSDRNPM Enter the unit number from which the flux guess for
which fluxes XSDRNPM will be read
will beread
17 FWR= Unit on XSDRNPM Enter the unit number where the binary fluxes from
which fluxes XSDRNPM will be written
will bewritten
18 DAB= Number of MIP The default is 200. Number of blocks allocated for direct
direct access access unit 90
data blocks
19 AXS= Unitonwhicha ICE Enter the unit number where ICE is to write amixed
mixed ANISN ANISN library.
library will be
written
20 MSH= Maximum NITAWL The default is2001. This allows using another value.
number of mesh
points/resonance
21 MLV= Highest NITAWL The default is2. Thisalows using another value.
resonance(-value
for self-system
22 COLL Key to MIP Enter COLL to collapse all therma groupsinto one group
activate for the system sequences
collapse of
thermal
groups
23 END Terminus Terminate the optional parameter data

2See [Sect. M7.4.8|of the SCALE manual for detailed information on each variable.
®MIP isthe Material Information Processor.
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Table 6.4. Input for optimization problem geometry data®

Entry  VariableType of Entry Data
number name data requirement  entry Comments
1 Cs Type of geometry Always SPHERICAL For spherical geometry
CYLINDRICAL For cylindrical geometry
SLAB For dab geometry
2 BR Right boundary  All VACUUM No return condition a boundary
condition REFLECTED Mirror reflection a boundary
PERIODIC SLAB only —reenter at left boundary
WHITE Isotropic return at boundary
3 BL Left boundary  All REFLECTED Mirror reflection a boundary
condition WHITE Isotropic return at boundary
PERIODIC SLAB only — reenter at right boundary
VACUUM SLAB only — No return condition at boundary
4 END  Terminus Always Terminate the geometry specification.
5 MXZ  Mixture number Always Valid mixture Repeat items 57 for each zone
in zone number for zone Enter O for void
6 Rz Outer zone Always Appropriate outside Repeat items 5-7 for each zone
dimension dimension of zone (cm)
7 IMZ  Meshintervals  Always Number of equal Repeat items 5-7 for each zone.
for zone mesh intervals
END Keyword Completion END ZONE Enter once for a problem after al data for zones have
ZONE toterminate of zone been entered
zone input data

aSee for detailed description of each input variable.
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Table 6.5. Optional parameter input for the optimization problem data

Name Default Meaning, Comments

ISN= 16 Order of angular quadrature

M= 20 Inner iteration maximum

ICM= 100 Outer iteration maximum. After ICM outer iterations, the problem will be forced into the

terminaion phase and the program will continue as if full convergence was attained.
A message to this effect is printed

ID1= -1 Flux edit option:

-1 noflux print,
0 scaar flux print,
1 scalar flux and angular flux print

SCT= 3 Order of Legendre expansion to be used
0 PO-Isotropic
1 P
2 P3
3 P5
PRT= -2 Cross-section print option:

-2 no cross-section print,
—1 print 1-D cross sections,
O/N  print P_ arrays through order N

PBT= 0 Balance table print option:

-1 nobaancetable print,
0 fine group baance table print,
1 fineand broad group balance table prints

EPS= 1E-6 Overall problem convergence. This is used by XSDRNPM after each outer iteration to
determine if the problem has Converged. A smaller value tightens the Convergence
criteria; alarger value loosens the convergence criteria. See Sect. for additional
information

PCT= 1.E-6 Scalar flux convergence. Thisisthe point flux convergence criteria used by XSDRNPM to
determine if convergence has been achieved after an inner iteration. A smdler value
tightens convergence; alarger value loosens it

DY= 0 First transverse dimension (cm) used by XSDRNPM in a buckling correction to calculate
leakage normd tothe principa calculation direction (i.e., the height of acylinder or dab)

Dz= 0 Second transverse dimension (cm) used by XSDRNPM for buckling correction (i.e., the
width of adah)

IFS= 0 A value of 1 will cause the fission source to be eliminated
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Table 6.6. Table of optimization data

Name Default Values, Meaning, Comments
(Optimization None EVREF — calculate equal volume REFs
Type) ECREF — calculate equal cost REFs
MAXK — maximize kg
MINMASS — minimize critical mass
MAXITRS= 10 Number of optimization iterations allowed
(only appliesto MAXK and MINMASS)
PRTFLAG= 0 Output control flag —
0 —nothing
1 — REF and composition plots
2 — REF and composition tables
3 —Both plots and tables of REF and composition
CONVERG= 10" Convergence tolerance for optimization iterations
ISK= 0 Number of materials the volume fraction of which is allowed to vary
END Terminatesthisinitid block of data; not in first column
VMIX= 0 Specify the mixtures the composition of which may vary #
DMX= 1 Maximum volume fraction of each material of variable concentration
(materid 1 for adl zones, then material 2 for al zones, etc) 2
DP= 0 Initial volume fractions of each material of variable concentration
(materid 1 for al zones, then material 2 for al zones, etc). Only for
MAXK or MINMASS problems
WGHTZ= 0 Cost per unit volume of each materid of variable concentration (only
needed for ECREF problems)®
ACOEF= 0 Amplitude coefficients for modifying the volume fraction of each
material of variable concentration (except last) (only needed for MAXK
or MINMASS problems)®
MATNAM= None Name to use for materials of variable concentration
END End of thisblock of data

& Terminate with end. Do not place thisend in column 1.
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6.3. OPTIMIZATION PROBLEM GEOMETRY DATA

The Optimization Problem Data are used to describe the system geometry. This input

segment must be terminated with the keyword END beginning in column 1. Other occurrences
of the keyword END used in this input segment must not begin in column1. Input for the
Optimization Problem Data is outlined in[Table 6.4, The following detailed explanation denotes
variable names with capital letters and input keywords or variable names by capital letters.

1. CS Type of geometry. The available input keywords are listed below. The type must be

3. BL

centered.

SPHERICAL The problem uses spherical geometry.
CYLINDRICAL The problem uses cylindrical geometry.
SLAB The problem uses slab geometry.

Right boundary condition. The available input keywords are listed below. Default is
VACUUM. May be omitted if BL is also omitted.

REFLECTED All particles crossing the right boundary of the system are
specularly reflected (i.e., mirror image reflection).

PERIODIC All particles crossing the right boundary of the system are
reintroduced at the corresponding point on the left boundary. Valid
only for SLABSs, and must be also set for the left boundary

WHITE All particles crossing the right boundary of the system are returned
assuming an isotropic returning flux.

VACUUM All particles crossing the left boundary of the system leave the
system.

Left boundary condition. This parameter is used only when SLAB geometries are
specified. A reflected left boundary condition is automatically used by SPHERICAL
and CYLINDRICAL coordinate systems because the left boundary corresponds to the
centerline. The available input keywords are listed below. Default isREFLECTED.

REFLECTED All particles crossing the left boundary of the system are specularly
reflected (i.e., mirror image reflection).

PERIODIC All particles crossing the left boundary of the system are

reintroduced at the corresponding point on the right boundary. Must
match the right boundary. Only valid for a SLAB.
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WHITE All particles crossing the left boundary of the system are returned
assuming an isotropic returning flux.

VACUUM All particles crossing the left boundary of the system leave the
system. Only valid for a SLAB.

4. END Signals the end of the geometric specification. Must be present.

Items 5 through 7 of the Optimization Problem Data comprise the zone input data.
The zone data must be terminated with an END ZONE keyword.

5. MXZ Mixture number of material in this zone. This must be a mixture number defined
in the Material Information Processor data. Enter O for a void (OPTIM will
instruct XSDRNPM to put the first nonzero mixture in the zone and give it a
density factor of 0.0).

6. RZ Outer radius of this zone for spheres or cylinders, or distance from left boundary
for slabs and discs, in centimeters.

7. IMZ Number of space mesh intervals used by XSDRNPM in this zone.

END ZONE is used to terminate the zone data. Enter these keywords (do not start in column 1)
after input of data for the last zone.

6.4. OPTIONAL PARAMETER DATA

These data allow setting user dependent values for the XSDRNPM forward and adjoint
flux calculations. The end of the parameters is signaled by the keyword STOP.

6.5 OPTIMIZATION SPECIFICATION DATA

These data specify what kind of optimization is to be performed, what mixtures
components are varied, and with what ratios, how many iterations are allowed, and what the
convergence tolerance is. The format is free, asin SCALE.

The first data block is for general optimization problem definition:

Optimization Type A keyword defines what type of optimization is to be performed. Must be
specified, and must come first. The possible entries are:

EVREF - equal volume effectiveness calculation only
ECREF - equal cost effectiveness calculation only
MAXK - Kefr maximization

MINMASS - critical mass minimization
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MAXITRS

PRTFLAG

CONVERG

ISK

END

=n, number of optimization iterations to be done during this run.
n should be 1 if EVREF or ECREF are used (default value = 10).

=m, output flag option:
=0 no printout (default value)
=1 only effectiveness tables are printed
=2 also composition tables

=x, Convergence tolerance for optimization iterations (for Ket
maximization or critical mass minimization) (default value = 10™).
Inthe present version of SWANS, the convergence test should be
ignored.

=j,  number of materials which take part in the optimization. j must be
defined as a non-zero number.

Separate this initial block of data from the following data.

The following data blocks have the structure: "blockname=" ............data.......... " end". They
include the following blocks:

VMIX

DMX

DP

WGHTZ

List of the compositions that vary. Because the compositions are specified in
afixed order (all varying compositions for a mixture are together, al varying
mixtures are specified first), VMIX()=I for 1 < | < ISK*IZMV where IZMV
(elsewhere denoted as |ZXSC) is the number of zones with varying mixtures,
and VMIX(1)=0 for I>ISK*I1ZMV.

Maximum permissible volume fraction for each material of variable
concentration. Usually 1.0 in the zones which take part in optimization and O
otherwise. Specify all the zones for the same material before moving to the
next material. Its dimension isISK * 1ZM, where [ZM is the total number of
zones in system. Needed always.

Initial volume fraction for each material of variable concentration must be non
zero in zones which take part in the optimization and O otherwise. Specify all
the zones for the same material before moving to the next material. Its
dimension isISK * IZM. Needed always.

Weight (or cogt, for ECREF calculation) per unit volume of each material of
variable concentration. Itsdimensionsis|ISK. Needed always.



ACOEF Amplitude coefficients of material density modification for each material of

variable concentration (except last). Its dimension is (ISK-1). Needed only
for MAXK or MINMASS problems.

MATNAM Name (in Hollerith; A8) to be used of the materials of variable concentration.
Itsdimension isISK. Always needed.

END Terminate Optimization Problem Data. Always entered starting in column 1.
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/. DETAILED DATA NOTES

The SCALE-4.4 code packag provides detailed information on the input for the
SCALE modules used in SWANS. In the following we will elaborate on the SWIF input.

How to specify composition per zone

Each zone that participates in the optimization process (or for which the user wants to
calculate EVREF or ECREF) has to have its own mixture. This holds even when several zones
may initially have an identical composition (as is usually the case). Any number of zones which
do not participate in the optimization process may be assigned the same mixture.

The varying composition components of a variable mixture are all specified in sequence,
while the fixed composition components are specified after all varying components of all
variable mixtures have been specified. If a variable mixture is fissile, the first varying
component should be a fissile component.

Material order

The first material specified in the VMIX input array in each zone should be the fissile
material mass (or cod, in case of ECREF calculations) of which is to be calculated. This first
material is also used as the reference material for the calculation of EVREF and ECREF; the
effectiveness function of any of the other materials of variable concentration is calculated against
the replacement of one cm® of the first material.

Number of fissile materials

SWANS can handle any number of fissile and fissionable materials as materials of
variable concentration. However, the fissile material mass or cost that SWANS currently
calculates isthat of the first material only.

It is advisable to select the most reactive fissile material as the first fissile material.
Otherwise the correction of overshooting, if needed, may not work well. This consideration only
applies to optimization problems.

Mass

The number given under the label [MASS] in the output (See SWIF.PLOT in
and and B) is the mass of the first material in the VMIX input array. In case the
ECREF option is selected, the [MASS] is the total cost of this material. The present version of
SWANS is set to calculate the MASS of the first material only.

The user has a control on the physical meaning and units of the mass output by the entries

inthe WGHTZ array. If the entry is the density, in g/lcm®, of the compound including the fissile
material, the MASS value will be the number of grams of this compound in the system. If, on
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the other hand, the user specifies the number of grams of the fissile element (or isotope) per cm®
of the fissile compound, the MASS will be the total number of grams of the fissile element
(isotope) in the system.

M aximum/minimum volume fraction

The maximum permissible volume fraction of each of the ISK materials of variable
concentration (DMX) needs to be specified for each of the zones that participate in the
optimization process. The DMX value of a variable concentration material is usually 1.0 even if
there is in the zone a material of fixed concentration (say steel structure occupying 10% of the
volume; SWIF then automatically subtracts the steel volume fraction from that available for the
materials of variable concentration). In zones which are not to participate in the optimization, set
DMX to 0.0.

If the concentration of a material that is to participate in the optimization is not to get
below some minimum value, say DMN, it is to be specified by two materials of identical
composition but of two different names and identification numbers. one of the two materials is
to have a fixed concentration — DMN, and the other material is to have a variable concentration;
its DMX value is 1.0 — DMN. This implies that the minimum concentration of all materials of
variable concentration is 0.0 (or 10™; see below).

Material exclusion from, or returning to participation in the optimization process

If in course of an optimization a material reached its upper or lower concentration limit
(DMX or DMN) in a given zone, it is automatically excluded from further participating in the
optimization in that zone for the iterations that follow. It may happen that the concentration limit
has been reached due to overshooting — resulting from too large a concentration amplitude
change per iteration (the ACOEF value). The user can return that material back to play by an
infinitesi 7mal change in its volume fraction. For example, changing 0.0 to 10" or changing 1.0 to
1.0-10".

Likewise, one can exclude a material from participation in the optimization process in a
given zone by setting its DMX (and DMN) in that zoneto 0.0.

Make sure that the sum of the volume fractions of all the materials in a given zone is
always 1.0.

Volume fraction rescaling

In the course of the optimization process it may happen that the composition variation
worked out by SWIF resulted in volume fractions which exceed a permissible bound (either the
upper or lower bound). If this happens, SWIF has a number of built in options to restore the
volume fraction to within the bounds. Two options are used in SWANS: (@) the “rescaling”
option -- presently is applied only to the fissile material in minimum mass search problems — the
first material in the list of materials of variable concentration and (b) the “filling-up” option — the
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amount of material that exceeded DM X is skimmed off. A negative concentration is filled up to
0.0 (or >10™™ if one wants to continue “playing” with the concentration of this material).

To elaborate, consider kg maximization problems having more than two materials of
variable concentration. When the concentration of the first material exceeds its limit, the
concentration of all the materials of variable concentration in al the zones are rescaled so that
the concentration limit violation will be eliminated. The total mass of the first material (whichis
a fission material) is conserved. If the volume fraction of a variable concentration constituent
other than the first exceeds its limits, it is restored to its limit using the “filling up” option. The
volume fraction of the last of the variable concentration materials is adjusted so that the total
volume fraction of all the constituents will be 1.0 in each zone. If the volume fraction of the last
variable concentration materials reached its limit, then the volume fraction adjustment is made
against the variable concentration constituent that has the largest reactivity worth in the zone but
is not the first material (which is always fissile). This procedure works well for problems in
which the first material is the most effective. Otherwise, further composition corrections may be
necessary.

Specification of materials for EVREF/ECREF calculations

EVREF of ECREF traverses can be caculated in one iteration of SWANS for any
number of materials. These materials can be actua constituents of the system, or can be
candidate constituents. To include a material as a candidate constituent, it is to be specified
(both for SWIF and for SCALE) as a small volume fraction constituent of the mixture in each of
the zones in which the effectiveness function is determined. A recommended small volume
fraction is 10™°. The reference materia used for the EVREF and ECREF calculations is always
the first material of variable concentration; it isafissile material.

In the present version of SWANS, the ECREF option is exact only for slab geometry
because the present formulation does not account for the effect of equal cost replacement of
materials on the thickness of the zones.

Controlling the amplitude of volume fraction variation per iteration

The amplitude for a change in the volume fraction of a given constituent in a given
iteration is to be specified by the user through the ACOEF input array. Too large an ACOEF
value may cause an overshooting of the volume fraction. Too small an ACOEF value may
require a large number of iterations to convergence. The user will find the desirable ACOEF
values to use through experience. The sample problems can provide initial guidance.
Sometimes it is desirable to change the ACOEF vaues during the optimization process.
lllustrations are given in sample|problems 4 and § (Sect. 9).

A continuation run

There are two general types of continuation runs: In one type the continuation run starts
with the composition arrived at in the last iteration of the previous run. In the other type the
continuation run is to start from the composition arrived at in one of the previous iterations.
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Thesecond case is useful when the user observes that an overshooting of the optimal
composition started at some iteration before the last. One can restart a run, using smaller
ACOEF values, from the last iteration before the start of the overshooting.

A redtart run input can use the previous input that underwent the following changes:

In SCALE Material Input — Replace the densities of the materials of variable concentration in
the zones participating in the optimization with the new ones.

In Optimization Specification Data Input — Replace the DP array with the DN array of the
iteration from which one wishesto resart. Change, if one wishes, ACOEF and MAXITR.

Cross-section data

All the cross-section data is read only from the binary file “ft20f001” (see Appendix A).

The fission spectrum, ¥, is material dependent and is always located in position (IHT-4)
in the cross-section table, where IHT is the position of o; in this table.

The ID numbers of the materials (MTT), listed in XTROUT file (see Appendix A) are in
the order:

(((MTT(,j,k),i=1,1SCT1),j=1,1SK),k=1,1ZXSC), where

ISCT1  isISCT +1,

ISCT is the maximum order of the Legendre series expansion of scattering cross section,
ISK is the number of materials per zone,

IZXSC  isthe number of zonesthat play in the optimization / effectiveness process.

All three parameters are user specified and are included in the XTROUT file. The
product ISCT1*ISK*1ZX SC must equal KFIX(17) (or MTP) in XTROUT file.

SWIF assures that sig(iht,ig,n) = sig(iht,ig,1) for every Legendre order n=1,ISCT1, where
sig(iht,ig,1) is the total cross section in group ig. Remember that each Legendre order is to be
treated as a separate material having its own 1D number.

Fluxes and adjoints

Adjoint fluxes and moments are ordered like the direct fluxes and moments; i.e., from
highest to the lowest energy group.

Volume fractions

The current volume fraction (the DP array in the SWANS input which is transmitted by
SWIF to array 110) has values in the range from 10™ to a maximum of 1.0 (O is specified for
those zones which do not take part in optimization).



SWIF calculatesthe DOMZ array (array 80) asthe sum of all current volume fractions of
all the materials of variable concentration in each zone. SWIF verifies that in each zone, the sum
of DPIDOMZ over all the materials of variable concentration is always 1.0.

SWIF DMN array (array 100) is filled with zeros for those zones or materials which do
not take part in optimization process or EVREF/ECREF calculations. This array is filled with
10" for those zones and materials that take part in the optimization process or effectiveness
calculations.

Convergence test

The optimization convergence test is bypassed in the present version of SWANS. It is
recommended that the user will test convergence by observing the EVREF distributions and
judging how close they meet the optimality conditions (See and B.7). The EVREF
pertaining to each iteration is stored in the SWIF.PLOT file. A plot of the EVREF traverses
across the system shows most conveniently the proximity to convergence.

SWIF input parameters

The following is a complete list of the SWIF input parameters. Mogt parameters are set
automatically by SWIF. The input parameters to be specified by the user (and defined in
are denoted by a superscript ). The parameters are arranged in arrays of either
integers (denoted by $) or floating-point (denoted by [) numbers.

Title card - Thetitle used is selected by SWIF according to the value of KSWIF, as follows:

KSWIF ) Title used

1 ‘* Equal Volume REF,

2 ‘ Equal Cost REF,

3 " Keff Maximization; Fixed Mass',
4 * Mass Minimization; Fixed Keff’.

1%
1. INF Number of functionals to be used in SWIF. For effectiveness calculations it is
set to 1, otherwise to 2.
2. 1SA Number of bilinear functionals, always 1.

3. IMM Type of optimization. It issetto 1 for KSWIF=1, 2 or 3 and to —1 for KSWIF
=4,

4. 1SK®  Number of materials of variable concentration that are to participate in the
optimization process or for which EVREF or ECREF isto be calculated.

5. 1SD Total number of materialsto be used in SWIF. It isset to ISK.
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6. IDN Volume fraction adjustment option 1 (rescaling) is used in case the volume
fraction exceeds its lower or upper permissible limits. The ACOEF value is
rescaled so that the volume fraction in the zone with the largest deviation from
the permissible bound will get to the bound.

7. ITA Option O (prescribed density change) is used for selection of the amplitude of
the A coefficient for volume fraction variation.

8. IBO Option O (independent value for each material) is used for selection of the
amplitude of the B coefficient for volume fraction variation.

9. ICT Convergence test option. A new option will be developed. No convergence
test isincorporated in the present SWIF.

10. 0 Bypassed.
11. 0 Bypassed.
12. IEXREF 1 for KSWIF = 2, otherwise 0.
13. 0 Bypassed.
20
1. EPDEN Volume fraction deviation criterion. |s set to 10
2. ADSCAL Scale factor for adjoints. Issetto 1.0.
3%

Type of functionals: O for bilinear functional and 1 for weight functional. The first functional
isthe one to be extremized. The second (if any) functional is the constraint.

KSWIF 101
1 0
2 0
3 01
4 10
4%
Bypassed
7$ (+)

ID numbers of materials that take part in the optimization or for which EVREF or ECREF
areto be calculated. Thisinformation isread from the XTROUT file (see above).
((MTT(i,j,k),i=1,1SCT1),j=1,1SK),k=1,1ZXSC)

80
((DOMZ(i,)),i=1,1SK),j=1,1ZM). Is default by SWIF; see above.
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9D(+)
((DMX(i,j),i:1,|SK),j:1,|Z|\/|). Isread from XTROUT file.

100
((DMN(i,j),i=1,1SK),j=1,1ZM). 1s set by SWIF; see above.

110"
((DP(i,j),i=1,1SK),j=1,1ZM). Isread from X TROUT file,

120
(ACOEK(i),i=1, 1SK-1). Isread from XTROUT file (applies only to optimization process -
KSWIF =3or 4). These coefficients are to be calculated against the last (ISK™) material.

130
((WK(i,),i=1,I1SK),j=1,IM)). Isset to 1 for first material in all the intervals and to O for the
other materials. It isused for calculating the mass of the first material, which is fissile.

550
(WGHTZ(j),j=1,1SK). Isread from X TROUT file.

560"
(MATNAM(j),j=1,ISK). Isread from X TROUT file.






8. OUTPUT DATA DESCRIPTION

8.1. OUTPUT DATA FILES

Each of the modules of SWANS. BONAMI, NITAWL, XSDRNPM and SWIF creates
its output file or files. In the following we shall describe the SWIF output files; the output files
of the SCALE modules are described in the SCALE manual .

SWIF generates three output files:. SWIF.PLOT, SWIF.DATA and SWIF.GIB. A general
description of these files is given in [Sect. 5.4 The structure of these files is given in

Appendix Al

8.2. PLOTTING

A special plotting program, called PlotSwif, has been written to facilitate the display and
plotting of results stored in the SWIF.PLOT output file. Seven types of figures can be generated
by PlotSwif:

1. EVREF The EVREF of selected materials as a function of the radius in a single
iteration (applicable for KSWIF = 1,2,3,4).

2. DEN The density of selected materials as a function of the radius in a single
iteration (for KSWIF = 1,2,3,4).

3. MATEVREF The EVREF of a single material as a function of the radius for selected
iterations (for KSWIF = 3,4).

4. MATDEN  The density of a single material as a function of the radius for selected
iterations (for KSWIF = 3,4).

5. ECREF The ECREF of selected materials as a function of the radius in a single
iteration (for KSWIF = 2).

6. KEFF Value of kg as afunction of iteration number (for KSWIF = 3).

7. MASS The mass of the reference material as a function of iteration number (for
KSWIF = 4).

Each figure can be saved in either BMP (Windows Bitmap) or EPS (Encapsulated
PogtScript) file format. The EVREF, ECREF and DENSITY figures can have up to 10 graphs
per figure (one graph for each material). The MATEVREF and MATDEN figures can have up
to 10 graphs per figure (one graph for each iteration).



PlotSwif can significantly aid the SWANS user in analyzing the system under
consideration, in following the optimization process and in assessing how close is the system to
the maximum ke or minimum critical mass condition. It is documented in a separate
publication

8.3. ERROR MESSAGES

1.

Following is a list of messages that are printed out along with an exit from SWIF. Each
error message is preceded by *****_ The job is always terminated by SWANS, not by SWIF.

*kkk*

*kkk*

*kkk*

*kkk*

*kkk*%k

NUMBER OF MAXIMUM ITERATIONS HAS BEEN REACHED

It implies that the job finished the number of iterations specified in the input.

Check if the output is close enough to the optimum. If not, adjust the input file and
restart a run with additional iterations.

PLOTTING OPTION ISILLEGAL
It impliesthat the value of IPRNT isillegal; it is not between 0 to 2.
Correct IPRNT and run the job again.

INCONSISTENCY BETWEEN NUMBER OF XSECs READ

AND BETWEEN THE NUMBER OF MATERIALS SPECIFIED

It indicates that the input to SWANS that specifies the number of cross-section blocks
to be read from the ft20f001 file is wrong; it does not correspond to the number of
materials inferred from the input for this problem.

Check if the number of components of variable concentration (ISK) specified in the
input is correct.

NUMBER OF XSEC SETSDOESNOT FIT THE NUMBER

OF ZONES THAT TAKE PART IN THE OPTIMIZATION

There is an inconsistency between the number of cross-section blocks corresponding
to the materials of variable concentration and between the number of zones that are to
participate in the optimization.

Check the input to SWANS.

ERROR IN SWIF XSEC LIBRARY

Something is wrong in reading the ft20f001 file of cross sections required for
effectiveness calculations by SWIF.

Check for a possible bug in SWANS.
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6 *kkk*

7 *kkk*

8 *kkk*

9 *kkk*

10' *kkk*

11' *kkk*

12- *kkk*k

THE LENGTH OF COMMON BLOCK /BULKBU/ IS INSUFFICIENT

Length of the BULKBU common block in SWIF is not large enough to handle this
problem. Default is 1,200,000 words.

User should increase it in the SWIF source code and recompile. Alternatively, reduce
the problem size.

DENSITY FACTORS ARE NOT THE SAME

IN ALL THE INTERVALSIN EACH ZONE

The density factors per interval should be the same over the zone.
Check the input.

ZONE 13 HASNEW MATERIAL ,I3,
WHICH IS LESS THAN EXISTING MATERIAL ,I3
Each first occurrence of a mixture number in the list of the “activated zone” mixtures
should be in increasing order. For example:
“Activated zone” number: 12345678910
Material number of thiszone: 112123145 3isacceptable
Material number of thiszone: 113122145 3isnot acceptable,
since 3 appears before 2.
By “activated zone” we refer to zones that take part in the optimization.
Re-order the zones in the input.

WEIGHT CONSTRAINT CANNOT BE HANDLED SINCE
NO ZONE CAN BE RE-ACTIVATED

Mass conservation can not be assured for the first material.
Check for possible error in input.

DENSITY MODIFICATION SCALE ISNEGATIVE
The rescaling factor for volume fraction overshooting correction is negative.
Try to change order of materials or coefficient for density change.

LAST MATERIAL VOLUME FRACTION ISILLEGAL

The ISK™ material concentration got in this iteration out of the permissible
boundaries.

Check for possible overshooting or a bug in SWIF.

DENSITY ISNEGATIVE OR ZERO OR REACHED ITSLIMITS

The updated density (material concentration or volume fraction) is negative for at
least one of the materials of variable concentration in at least one of the zones. Also
when there are no more zones to be optimized; all the materials of variable
concentration reached their limit in all the zones.

Check output for the reason.
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9. SAMPLE PROBLEMS

Five sample problems will be used to illustrate the application of SWANS. Each
illustration pertains to the four different general types of problems SWANS is designed to
address. Sample problems No. 1 and demonstrate the calculation of EVREF and ECREF,
respectively. Sample problem No. 3 demonstrates the maximization of kg for a given fissile
material mass when the fissile material is highly enriched, and the system is comprised of one
fissile material and one moderating/reflecting material. Similarly, sample problem No. 4 is a Ke
maximization problem similar to No. 3, but with two, instead of one, moderating and reflecting
materials. Sample problem No. § demonstrates minimization of the critical mass.

All the numerical results reported in the sample problems were calculated using the
SCALE-4.4 44 neutron group cross-section library 44GROUPNDFS, Sgp-Ps transport
approximation and 0.5 cm intervals in the core and first 5 cm of the reflector. The mesh size is
increased to 1 cm for the next 5cm and to 2 cm for the remaining 110 cm of a 120 cm thick
reflector. Room temperature and nominal materials density are assumed.

Certain aspects of the illustrations are not redistic, in the sense that a specific composition
may not be encountered in practice. For example, it is difficult to envision a monotonically
varying PuO, distribution in water. Nevertheless, it is not absolutely impossible that a Pu bearing
material will have a variable concentration in polyethylene, paraffin or other hydrogenous material.
In all the sample problems it is assumed that each of the congituents have a congtant specific
volume, i.e., solutions are ignored. The PuO, density is assumed to be 11.46 g/cm?®.

9.1. SAMPLE PROBLEM NO.1-EVREF

Consider the maximum ke of water moderated and reflected, “°PuO, fueled spherical
system optimized in Sect. 9.3. Its geometry and composition are defined in (iteration
number 30). One question addressed in this sample problem is whether ke can be further
increased by replacing a small amount of the water moderator and reflector material with other
candidate moderating and reflecting materials? 1f the answer is positive, we ask another question —
where in the system does the replacement of water with a given candidate material have the largest
increase in Keg?

These questions can mogt effectively be answered by generating a set of EVREF traverses
for candidate constituents, if they were to replace some of the water in the optimal *°Pu0O, — H,0O
system. A set of such EVREF traverses, generated with SWANS, is shown in Fig. 9.1 Negative
EVREFs are not shown in the figure, asthey imply that the replacement of a small volume of water
a agiven zone by the candidate material under consideration will lead to areduction in the system
reactivity. Reactivity reduction implies a need to increase the “°Pu inventory in order to preserve
criticality. The system is divided into 2.5 cm wide zones; each zone has a uniform composition
and one value of EVREF. Six candidate materials are considered: Be, Poly(H,0) (water having
the density of polyethylene), D,O, paraffin, lead and regular concrete. All these materials are
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taken from the *“standard composition” library of the SCALE code package. The EVREF values
of Fig. 9.1 pertain to the composition of the 30" iteration of Sample Problem No. 3.

1.5E-05
1.0E-05 |
o
N
: (-
w
> y
LL
] — %
>
W 5.0E-06 | | —%berylium
—E— concrete
d2o
lead p
—6o— paraffin I !
i poly-h20 | :
0.0E+00 t———— |‘ Y
0 5 10 15 20
Radius (cm)

Fig. 9.1. EVREFs of candidate materials vs. water in the core of sample problem No. 1.

It is observed that all six candidate materials considered can increase kes; the largest
potential for ke increase is offered by replacing water in the core region by polyethylene or
paraffin at the core central part and with beryllium (Be) at the core periphery. D,O, Pb and even
concrete can increase reactivity when replacing some water at the core periphery.

EVREF traverses like the ones shown in Fig. 9.1 can be generated in a single run of
_-able 9. |

SWANS for any number of candidate materials. gives the SWIF.INPUT input for this
sample problem. The corresponding SWIF.PLOT output file is given in /Appendix B.
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#swans

evref 20cm pu23902/h20 + nore + 120cm h2o

44group i nf
PuC2
BERYLLI UM
REG- CONCRETE
D20

LEAD
PARAFFI N
POLY(H20)
H2O

PuC2
BERYLLI UM
REG- CONCRETE
D20

LEAD
PARAFFI N
POLY( H20)
H2O

PuC2
BERYLLI UM
REG- CONCRETE
D20

LEAD
PARAFFI N
POLY(H20)
H2O

PuC2
BERYLLI UM
REG- CONCRETE
D20

LEAD
PARAFFI N
POLY(H20)
H2O

PuC2
BERYLLI UM
REG- CONCRETE
D20

LEAD
PARAFFI N
POLY(H20)
H2O

PuC2
BERYLLI UM
REG- CONCRETE
D20

LEAD
PARAFFI N
POLY(H20)
H2O

PuC2

N OO UIUIVICITVAUVITIURARNRNDRNRNARNRNRNWWWWWWWWNNNNNNNNRRRRRRR P

PORRPRRPRPRPRPRNORRPRRPRRPRRPRPWOORRPRRPRPRPRPOVORRPRRPRPRPRPMNORRPRRRRPRLPUORRRERREROA

.4011988e-03 300
. 0e-15
. 0e-15
. 0e-15
. 0e-15
. 0e-15
. 0e-15
. 9459881e-01 300
. 1482897e- 03 300
. 0e-15
. 0e-15
. 0e-15
. 0e-15
. 0e-15
. 0e-15
. 9485171e-01 300
. 6469979e- 03 300
. 0e-15
. 0e-15
. 0e-15
. 0e-15
. 0e-15
. 0e-15
.9697417e-01 300
. 9200867e-03 300
. 0e-15
. 0e-15
. 0e-15
. 0e-15
. 0e-15
. 0e-15
. 9535298e-01 300
. 0258161e-03 300
. 0e-15
. 0e-15
. 0e-15
. 0e-15
. 0e-15
. 0e-15
. 9607992e-01 300
.0291738e-03 300
. 0e-15
. 0e-15
. 0e-15
. 0e-15
. 0e-15
. 0e-15
. 9797082e-01 300
.1779066e- 03 300

300
300
300
300
300
300

end
end
end
end
end
end

300
300
300
300
300
300

end
end
end
end
end
end

300
300
300
300
300
300

end
end
end
end
end
end

300
300
300
300
300
300

end
end
end
end
end
end

300
300
300
300
300
300

end
end
end
end
end
end

300
300
300
300
300
300

end
end
end
end
end
end

94239

end
94239

end
94239

end
94239

end
94239

end
94239

end
94239
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100

100

100

100

100

100

100

Table9.1. SWIF.INPUT data for sample problem No. 1

ect or

end

end

end

end

end

end

end



Table 9.1 (continued)

BERYLLI UM
REG- CONCRETE
D20

LEAD
PARAFFI N
POLY( H20)
H20

Pul2
BERYLLI UM
REG- CONCRETE
D20

LEAD
PARAFFI N
POLY( H20)
H20

H20

end conp

end

spherica

OOOOWOOWOWOOOOONNNNNNN

end

. 0e-15
. 0e-15
. 0e-15
. 0e-15
. 0e-15
. 0e-15

300
300
300
300
300
300

. 0e-15
. 0e-15
. 0e-15
. 0e-15
. 0e-15
. 0e-15

300
300
300
300
300
300

PRRPRRPRPRPRPRRRPRORRRRER

end
end
end
end
end
end

. 9882209e-01 300 end
. 0000000e-15 300 94239 100 end

end
end
end
end
end
end

. 0000000e+00 300 end
. 0000 300 end

1255 2505 37.55 410.05
512.55 61505 7 17.55 8 20.05

9 25.0 10 9 30.0 5 9 140.0 55

i sn=32
st op
evr ef
vmx=1 2 3 4
10 11 12
20 21 22
30 31 32
40 41 42
50 51 52
60 61 62
dmx= 8rl1.0
dp=

maxi trs=1
567

13
23
33
43
53
63

3r0 7911

5.4011988e-03
2.0291738e-03
0. 0000000e+00
8r1.0e-15 3r0
9. 9459881e- 01
9.9697417e-01
0. 0000000e+00

wghtz= 11.46 1.85 2.3 1.1054
mat nam= puo2 berylium concrete

end

prtflag=2

8 9

15 16 17 18
25 26 27 28
35 36 37 38
45 46 47 48
55 56 57 58
end

14
24
34
44
54
64
end

5.1482897e-03
1.1779066e- 03

0 5q11
9.9485171e- 01
9. 9797082e- 01
0. 0000000e+00

end zone

conv=l.-8

19
29
39
49
59

4.6469979e- 03
1. 0000000e- 15

9. 9535298e-01
9. 9882209e-01
end

i sk=8

11. 344 0.90 0.923 0.9982
d2o | ead paraffin poly-h2o0

end

3. 9200867e-03 3.0258161e-03
0. 0000000e+00 0. 0000000e+00

9. 9607992e- 01
1. 0000000e+00 0.0000000e+00

end
h2o
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and .3 show the SWANS calculated EVREF distributions relative to H,O in
problem No. 3. These results pertain to the initial composition of Sample problem No. 3
(iteration number 0) with two exceptions:. (@) the zone width was reduced from 2.5cm to
0.5cm, and (b) the effectiveness functions were calculated across the reflector as well as the
core. The trends are seen more clearly with this fine zone resolution. Notice the reflector
peaking effect. All the candidate materials considered can increase ke When replacing some
water in the reflector. Lead is a pretty effective reflector; next to Be and D,O. Even concrete in
the reflector can increase ke relative to water. The Ke increase drops strongly with the distance
of the material replacement from the core boundary. Table 9.2 gives an abbreviation of the
SWIF.INPUT data for the run the results of and .3 pertain to.

Table9.2. SWIF.INPUT data for sample problem No. 1; fine zone

#swans

evref 20cm pu23902/h20 / 120cm h2o reflector ALL
44group i nf

PuC2 1 0.00155 300 94239 100 end
BERYLLI UM 1 1.0e-15 300 end

REG CONCRETE 1 1.0e-15 300 end

D20 1 1.0e-15 300 end

LEAD 1 1.0e-15 300 end

PARAFFI N 1 1.0e-15 300 end

POLY( H20) 1 1. 0e-15 300 end

H20 1 0.99845 300 end

39 nore tines

PuC2 41

1.0e-15 300 94239 100 end
BERYLLI UM 41 1.0e-15 300 end
REG CONCRETE 41 1.0e-15 300 end
D20 41 1. 0e-15 300 end
LEAD 41 1.0e-15 300 end
PARAFFI N 41 1.0e-15 300 end
POLY(H20) 41 1. 0e-15 300 end
H20 41 1.0 300 end
21 nore tines
PuC2 63 1.0e-15 300 94239 100 end
BERYLLI UM 63 1.0e-15 300 end
REG- CONCRETE 63 1.0e-15 300 end
D20 63 1.0e-15 300 end
LEAD 63 1.0e-15 300 end
PARAFFI N 63 1.0e-15 300 end
POLY( H20 63 1.0e-15 300 end
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Table 9.2 (continued)

i sn=32
st op
evr ef
vm x=1
10
20
30
40
50
60
70
80
90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290

[oNeoN NoNé NolNé Neld) N

11
21
31
41
51
61
71
81
91
1
1
1
1

63

CUIOUIOUIOUIR R,
PRRPRRREPRERRER

maxi trs=1

12
22
32
42
52
62
72
82
92
01
11
21
31

141

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

51
61
71
81
91
01
11
21
31
41
51
61
71
81
91

56
13
23
33
43
53
63
73
83
93
102
112
122
132
142
152
162
172
182
192
202
212
222
232
242
252
262
272
282
292

7
14

24

34

44

54

64

74

84

94

103
113
123
133
143
153
163
173
183
193
203
213
223
233
243
253
263
273
283
293

1. 0000

NN NW

o

A

[ NeN Neol) Nolé Ne]

300

RPRREPRRREPREOWOON

140.

prtflag=2

8
15
25
35
45
55
65
75
85
95
1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2

9
16
26
36
46
56
66
76
86
96

04

14

24

34

44

54

64

74

84

94

04

14

24

34

44

54

64

74

84

94

17
27
37
47
57
67
77
87
97
105
115
125
135
145
155
165
175
185
195
205
215
225
235
245
255
265
275
285
295

18
28
38
48
58
68
78
88
98
106
116
126
136
146
156
166
176
186
196
206
216
226
236
246
256
266
276
286
296

end

0 50

[(o RN "N (o]
[Co NI SN
»O DS OTO O

QUIOUITO UIO U

PRRPRRERRER

39
44
49
54
59

end zone

conv=l.-8

19
29
39
49
59
69
79
89
99
107
117
127
137
147
157
167
177
187
197
207
217
227
237
247
257
267
277
287
297

108
118
128
138
148
158
168
178
188
198
208
218
228
238
248
258
268
278
288
298

i sk=8

109
119
129
139
149
159
169
179
189
199
209
219
229
239
249
259
269
279
289
299

oUoUIoUlo
RPRRPRRERRER

end



Table 9.2 (continued)

en

300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
d

dnx=

dp

301
311
321
331
341
351
361
371
381
391
401
411
421
431
441
451
461
471
481
491
501

63r 1.

302
312
322
332
342
352
362
372
382
392
402
412
422
432
442
452
462
472
482
492
502

303
313
323
333
343
353
363
373
383
393
403
413
423
433
443
453
463
473
483
493
503

0 7q63

304
314
324
334
344
354
364
374
384
394
404
414
424
434
444
454
464
474
484
494
504

end

40r 0. 00155 23r 1. Oe-15
63r 1. Oe- 15 5063
40r 0. 99845 23r1.0

wght z= 11.46 1.85 2.3 1.1054 11.344 0.90 0.923 0.9982

end

305
315
325
335
345
355
365
375
385
395
405
415
425
435
445
455
465
475
485
495

306
316
326
336
346
356
366
376
386
396
406
416
426
436
446
456
466
476
486
496

307
317
327
337
347
357
367
377
387
397
407
417
427
437
447
457
467
477
487
497

mat nam= puo2 berylium concrete

end

308
318
328
338
348
358
368
378
388
398
408
418
428
438
448
458
468
478
488
498

309
319
329
339
349
359
369
379
389
399
409
419
429
439
449
459
469
479
489
499

end

d2o | ead paraffin poly-h2o0

h2o
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Fig.9.2. EVREFs of candidate materials vs. water in the core and 10 cm of
reflector of sample problem No. 1. Fine zones. Constituents of relatively large EVREF.
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Fig.9.3. EVREFs of candidate materials vs. water in the core and 10 cm of
reflector of sample problem No. 1. Fine zones. Constituents of relatively small EVREF.
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9.2. SAMPLE PROBLEM NO. 2-ECREF

These sample problems consider a slab geometry system made of a 20 cm thick Z°PuO,-
H20 core and a 120 cm thick water reflector. The *°PuQ, concentration is uniform across the
core; its volume fraction is 0.11% (volumetric). The system ke is 1.104.

The following question is considered: Given a system with a potential of being critical or
supercritical, which one of a number of neutron absorbing materials is most cost effective for
assuring that ke will not exceed a given value? A related question would be the location in the
system where a given absorbing material is most effective.

An effective approach for finding the answer to these questions is to generate the ECREF
distributions for the candidate absorbing materials. Five such materials are considered in the
present illustration; they are B4C, 1°B4C, Li, W and Gd. The relative cost of these materials is
assumed to be, respectively, 1, 10, 5, 40 and 100 per cm®. We have to assign a specific cost
value to al the system constituents; to H,O and **Pu0, we shall assign, but not use, a fictitious
value of 1 per cm®. These relative cost figures are arbitrary; they are used only for illustrating
the SWANS capability.

shows the EVREF and shows the ECREF traverses of the four
candidate absorbing materials. The ECREF of a given material expresses the reactivity effect of
replacing the reference absorbing material — here taken to be B4C, by an equal cost of one of the
other candidate absorbers. It is observed ) that all the candidate absorbers are less cost
effective than B4C; their ECREF is positive throughout the system. A positive ECREF implies
that the corresponding candidate absorber, if to replace an equal cost worth of the reference
absorber (B4C), will cause an increase in ke, This ke increase is more pronounced the closer to
the center the material replacement will be. 1°B4C is the next cost effective material after B.4C,
followed by Gd. The cos effectiveness of Li and W is practically the same (and the worgt of the
materials considered) because their reactivity effect is negligible relative to the reactivity effect
of an equal cost amount of the reference absorber.
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EVREF vs B4C
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Fig. 9.4. EVREFs for sample problem No. 2.
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ECREF vs B4C
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Fig. 9.5. ECREFs of sample problem No. 2.
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Table 9.3 provides the “SWIF.INPUT” input file for Sample Problem No. 2. The
corresponding “SWIF.PLOT” output file for this sample problem is given in|Appendix B

Table9.3. SWIF.INPUT data for sample problem No. 2; fine zone

#swans

ecref 20cm pu23902/h20 + nore + 120cm h2o refl ector
44group i nf

Pu2 1 0.00110 300 94239 100 end

B4C 1 1.0e-15 300 end

B4C 1 1.0e-15 300 5010 100 end

LI TH UM 1 1. 0e-15 300 end

GADCLINNUM 1 1. 0e-15 300 end

TUNGSTEN 1 1. 0e-15 300 end

H20 1 0.99890 300 end

38 nore tines

PUCR 40

0.00110 300 94239 100 end

B4C 40 1. 0e-15 300 end

B4AC 40 1.0e-15 300 5010 100 end

LI TH UM 40 1.0e-15 300 end

GADOLINTUM 40 1.0e-15 300 end

TUNGSTEN 40 1.0e-15 300 end

H20 40 0.99890 300 end

H20 41 1.0000 300 end

end conp

end

sl ab end
1051 21.01 31.51 4201
5251 6301 7351 8401 9451
105,01 11 5.51126.01136.51 14 7.01
157.51 16 8.0 117 85118 9.01 19 9.51

20 10.0 1 21 10.5 1 22 11.0 1 23 11.51 24 12.0 1
25 12.51 26 13.0 1 27 13.51 28 14.0 1 29 14.5 1
30 15.0 1 31 15.5 1 32 16.0 1 33 16.5 1 34 17.0 1
35 17.51 36 18.0 1 37 18.51 38 19.0 1 39 19.5 1
40 20.0 1

41 25.0 10 41 30.0 5 41 140.0 55 end zone

i sn=32

stop

ecr ef maxi trs=1 prtflag=2 conv=1.-8 isk=7 end

vmx=1 234567829
10 11 12 13 14 15 16 17 18 19
20 21 22 23 24 25 26 27 28 29
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Table 9.3 (continued)

30 31 32 33 34 35 36 37 38 39
40 41 42 43 44 45 46 47 48 49
50 51 52 53 54 55 56 57 58 59
60 61 62 63 64 65 66 67 68 69
70 71 72 73 74 75 76 77 78 79
80 81 82 83 84 85 86 87 88 89
90 91 92 93 94 95 96 97 98 99
100 101 102 103 104 105 106 107 108 109
110 111 112 113 114 115 116 117 118 119
120 121 122 123 124 125 126 127 128 129
130 131 132 133 134 135 136 137 138 139
140 141 142 143 144 145 146 147 148 149
150 151 152 153 154 155 156 157 158 159
160 161 162 163 164 165 166 167 168 169
170 171 172 173 174 175 176 177 178 179
180 181 182 183 184 185 186 187 188 189
190 191 192 193 194 195 196 197 198 199
200 201 202 203 204 205 206 207 208 209
210 211 212 213 214 215 216 217 218 219
220 221 222 223 224 225 226 227 228 229
230 231 232 233 234 235 236 237 238 239
240 241 242 243 244 245 246 247 248 249
250 251 252 253 254 255 256 257 258 259
260 261 262 263 264 265 266 267 268 269
270 271 272 273 274 275 276 277 278 279
280 end

dnx= 40r1.0 3r0 6943 end

dp= 40r 0. 00110 3r0.0 40r 1. Oe-15 3r0.0 4943

40r 0. 99890 3r0.0 end
wghtz= 1. 1. 10. 5. 100. 40. 1. end
mat nam=  puo2 b4c b4c(10) lithiumgadolin tungsten h2o
end

At present, the ECREF options can accurately be applied in the most general case only
for slab geometry problems. This is because the replacement of a unit volume of the reference
absorber by an equal cost amount of one of the candidate constituents will have to be followed
by some dimensional changes which will vary the volume of other system constituents (and,
thereby, affect the system cost indirectly).
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9.3. SAMPLE PROBLEM NO.3-MAXIMUM Kgrr PROBLEM
WITH TWO CONSTITUENTS

The initial system consists of a spherical core, 20 cm in radius, comprised of ***Pu0, and
water. It is surrounded by a 120 cm thick (practically infinite) water reflector. The “°Pu0O,
inventory is kept constant; its initial concentration is uniform at 0.155 volume %, when at
nominal density. This corresponds to 595.24 g of 2°PuO,. The ke oOf this system is 0.95.

The question addressed in this problem is the maximum value of ke that this amount of
29py can be configured to have, when in combination with water. A related question is the
29py0, distribution corresponding to the maximum ke; of the system. The system is divided
into 2.5 cm wide zones; each zone has a uniform composition. The ACOEF parameter used for
determining the amplitude of ?**PuO, density change was 0.000155 (value based on user
experience).

shows the “**PuO, concentration distribution of reference system (iteration 0)
and after selected iterations, while shows the EVREF traverses for the same iterations.
A flat EVREF over the fissile material containing zones -- the first five zones spanning from 0 to
17.5 cm, implies that transferring a given amount of #**PuO, from one core zone to the other
will result in no change in k. When this is the case the system is optimal; that is, its ke value is
the maximal. The EVREF in zones having no ***Pu in the optimal system are smaller than the
EVREF in the zone containing ?°Pu. Smaller EVREF implies that transferring **°Pu into any
portion of this zone will result in reactivity loss (and ke drop). Initially (iteration 0), the EVREF
peaks at the core center. This implies that transferring 2°Pu from the outer core zones to inner
core zones will result in an increase in the ket value. And indeed, the ?*°Pu distribution in the
optimal system peaks at the core center (Fig. 9.6).

The evolution of ke with the number of iterations is shown in [Fig. 9.8. The rate of
convergence strongly depends on the specified value of the ACOEF parameter; it determines the
amplitude of concentration variation per iteration. Too large an ACOEF may result in
overshooting and concentration oscillations. Too small an ACOEF value will require many
iterations and, hence, a long time to convergence. The user determines the value of ACOEF
based on prior experience and on trial and error.

gives the “SWIF.INPUT” input data file for Sample Problem No.3. The
corresponding SWIF.PLOT output data file is given in [Appendix B.
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Fig. 9.6. **PuO, concentration distribution of reference system (iteration 0) and
after selected iterations; Sample problem No. 3.
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Fig. 9.8. Evolution of ke with iterations; Sample problem No. 3.
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Table9.4. SWIF.INPUT data for sample problem No. 3

#swans

casel 20cm pu23902/h20 + 120cm h2o refl ector
44group i nf

PuC2 1 0.00155 300 94239 100 end
H20 1 0.99845 300 end

PuC2 2 0.00155 300 94239 100 end
H20 2 0.99845 300 end

PuC2 3 0.00155 300 94239 100 end
H20 3 0.99845 300 end

PuC2 4  0.00155 300 94239 100 end
H20 4  0.99845 300 end

PuC2 5 0.00155 300 94239 100 end
H20 5 0.99845 300 end

PuC2 6 0.00155 300 94239 100 end
H20 6 0.99845 300 end

PuC2 7 0.00155 300 94239 100 end
H20 7 0.99845 300 end

PuC2 8 0.00155 300 94239 100 end
H20 8 0.99845 300 end

H20 9 1.0000 300 end

end conp

end

spheri cal end

1255 2505 37.55 410.05
512.55 61505 7 17.55 8 20.05
9 25.0 10 9 30.05 9 140.0 55 end zone
i sn=32
stop
maxk maxi trs=40 prtflag=2 conv=1.-8 isk=2 end
vmx=1 23456789 10 11 12

13 14 15 16 end

dnx= 8r1.0 3r0 8r1.0 3r0 end

dp= 8r0. 00155 3r0.0 8r0.99845 3r0.0 end
wght z= 11. 46 0. 9982 end

acoef= 0.000155 end

mat nam= puo2 h2o
end
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9.4. SAMPLE PROBLEM NO. 4-MAXIMUM Kgrr PROBLEM
WITH THREE CONSTITUENTS

This sample problem is similar to that of with two exceptions. (a) beryllium is
included as a third constituent; its density is taken to be 1.85 g/cm® and (b) poly(H-O) is used
instead of water. Poly(H20O) is one of the SCALE standard composition library materials; it has
a density of 0.923 g/cm?® -- the density of polyethylene. It is intended for modeling polyethylene
using hydrogen bound in H,O cross sections. The reference system consists of 0.0004 volume
fraction of nominal density (or 153.61 g) >*PuO, that is uniformly distributed over a sphere that
is 20cm in radius. The rest of the volume is divided between Poly(H,O) — 49.96% and
beryllium —50.0%. All three materials are of variable concentration.

Two sets of runs were performed to get the converged results. The first set consists of
80 iterations. The “ACOEF’ parameters used are 0.00016 for °PuO, vs. Be and 0.10 for H,O
vs. Be. The second set is a continuation run; it consists of 20 iterations starting from the
composition arrived at after the 80" iteration of the first set. The ACOEF parameters used for
these iterations are 0.00004 for “’PuO, vs. Be, and 0.025 for H,O vs. Be.

ables9.5 and 9.6 give the SWIF.INPUT input files for the two sets of runs. The
corresponding SWIF.PLOT output files and SWIF.DATA files are given in, respectively,
Appendix B and Appendix G. Selected results are shown in[Figs. 9.9 through 9.12.

At the optimum, all the EVREFs need be constant and of identical value in all the zones
containing fissile material. The EVREF value in zones that do not contain fissile material need
to be lower. This, indeed, isthe case in iterations 98 and 99 (Fig. 9.9). This is not, yet, the case
after iteration No. 40 (Fig. 9.9), athough the kg value after iteration 40 is very close to the
maximum value. This indicates that the EVREF information is the most sensitive indicator for
the proximity to the optimal system.

The difference in the EVREF values in iterations 98 and 99 is due to “overshooting”.
If we were to plot the EVREF for iteration 100 it would nearly coincide with the EVREF for
iteration98. That is, the EVREF (and composition) oscillate around the optimum value.
The amplitude of the oscillation is determined by the selected value of the ACOEF parameter.
The value of ke is very insensitive, near the optimum, to these composition oscillations.
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Table9.5. SWIF.INPUT for sample problem No. 4, set one

#swans

case6 20cm pu23902/ pol y(h20)/Be + 120cm be refl ector
44group i nf

PuC2 1 0.0004 300 94239 100 end
Pol y( H20O) 1 0. 4996 300 end

Beryl |ium 1 0.5000 300 end

PuC2 2 0.0004 300 94239 100 end
Pol y( H20) 2 0.4996 300 end

Beryl | ium 2 0.5000 300 end

PuC2 3 0.0004 300 94239 100 end
Pol y( H20) 3 0.4996 300 end

Beryl |ium 3 0.5000 300 end

PuC2 4 0.0004 300 94239 100 end
Pol y( H20O) 4 0.4996 300 end

Beryl |ium 4 0.5000 300 end

PuC2 5 0.0004 300 94239 100 end
Pol y( H20) 5 0. 4996 300 end

Beryl |ium 5 0.5000 300 end

PuC2 6 0.0004 300 94239 100 end
Pol y( H20) 6 0.4996 300 end

Beryl |ium 6 0.5000 300 end

PuC2 7 0.0004 300 94239 100 end
Pol y( H20) 7 0.4996 300 end

Beryl |ium 7 0.5000 300 end

PuC2 8 0.0004 300 94239 100 end
Pol y( H20) 8 0.4996 300 end

Beryl |ium 8 0.5000 300 end

Beryl |ium 9 1. 0000 300 end

end conp

end

spheri cal end

1255 2505 37.55 410.05

512.55 61505 7 17.55 8 20.05

9 25.0 10 9 30.0 5 9 140.0 55 end zone

i sn=32
stop

maxk maxi trs=80 prtflag=2 conv=1.-8 isk=3 end
vmx=1 23456789 10 11 12
13 14 15 16 17 18 19 20 21 22 23 24 end

dnx= 8r1.0 3r0 8r1.0 3r0 8r1.0 3r0 end

dp= 8r0.0004 3r0.0 8r0.4996 3r0.0 8r0.5000 3r0.0 end
wght z= 11.46 0.923 1.85 end

acoef= 0.00016 0.10000 end

mat nam= puo2 poly-h2o berylium
end

69



Table 9.6. SWIF.INPUT for sample problem No. 4, set two

#swans
case6 20cm pu23902/ pol y(h20)/Be + 120cm be refl ector
44group i nf
PuC2 1 4.1490155e-03 300 94239 100 end
Pol y( H20O) 1 9. 9584818e-01 300 end
Beryl | ium 1 1. 0000000e- 15 300 end
PuC2 2 3.8719331e-03 300 94239 100 end
Pol y( H20O) 2 9.9612725e-01 300 end
Beryl | ium 2 1. 0000000e- 15 300 end
PuC2 3 3.5629200e-03 300 94239 100 end
Pol y( H20O) 3 9.9643612e-01 300 end
Beryl |ium 3 1. 0000000e- 15 300 end
PuC2 4 1.8612158e- 03 300 94239 100 end
Pol y( H20O) 4 4,2822468e-01 300 end
Beryl | ium 4 5.6991410e-01 300 end
PuC2 5 6. 0632732e-04 300 94239 100 end
Pol y( H20) 5 1. 0000000e- 15 300 end
Beryl | ium 5 9. 9939370e-01 300 end
PuC2 6 1. 0000000e-15 300 94239 100 end
Pol y( H20) 6 1. 0000000e- 15 300 end
Beryl |ium 6 1. 0000000e+00 300 end
PuC2 7 1. 0000000e-15 300 94239 100 end
Pol y( H20) 7 1. 0000000e- 15 300 end
Beryl |ium 7 1. 0000000e+00 300 end
PuC2 8 1. 0000000e-15 300 94239 100 end
Pol y( H20) 8 1. 0000000e- 15 300 end
Beryl |ium 8 1. 0000000e+00 300 end
Beryl |ium 9 1. 0000 300 end
end conp
end
spheri cal end
1255 2505 37.55 410.05
512.55 6 15.05 7 17.55 8 20.0 5
9 25.0 10 9 30.05 9 140.0 55 end zone
i sn=32
stop
maxk maxi trs=20 prtflag=2 conv=1.-8 isk=3 end

vmx=1 23456789 10 11 12

13 14 15 16 17 18 19 20 21 22 23 24 end

dnmx= 8r1.0 3r0 8r1.0 3r0 8r1.0 3r0 end
dp=

4,.1490155e-03 3.8719331e-03 3.5629200e-03 1.8612158e-03
6.0632732e-04

1. 0000000e-15 1.0000000e-15 1.0000000e-15 0.0000000e+00
0. 0000000e+00

0. 0000000e+00 9.9584818e-01 9.9612725e-01 9.9643612e-01
4,2822468e-01

1. 0000000e-15 1.0000000e-15 1.0000000e-15 1.0000000e-15
0. 0000000e+00
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Table 9.6 (continued)

0. 0000000e+00 0. 0000000e+00 1.0000000e-15 1.0000000e-15
1. 0000000e- 15
5.6991410e-01 9.9939370e-01 1.0000000e+00 1.0000000e+00
1. 0000000e+00
0. 0000000e+00 0. 0000000e+00 0.0000000e+00 end

wght z= 11.46 0.923 1.85 end

acoef= 0.00004 0.025 end

mat nam= puo2 poly-h2o berylium

end
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0.020 i A N .
0.019 |
u 0018 |
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S 0.017 - |—— puo2 vs poly (40)
" 0.016 - o puo2 vs be(40)
0.015 - puo2 vs poly(98)
puo2 vs be(98)
0.014 - puo2 vs poly(99)
0.013 | A puo2 vs be(99)
0012 &
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Fig.9.9. EVREF of **Pu0O, vs. H,O and vs. Be for iterations No. 40, 98 and 99.
Sample problem No. 4.
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Fig. 9.10. Initial and optimal **PuO, concentration; Sample problem No. 4.
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Fig. 9.11. Initial and optimal Be concentration; Sample problem No. 4.
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9.5. SAMPLE PROBLEM NO.5-MINIMUM CRITICAL MASS

This problem is similar to Sample Problem No. 3 but addresses a complementary
guestion: what is the minimum mass of a given fissile material that will make the system critical?
The specific system considered for this sample differs from that of Sample Problem No. 3 only
in the initial concentration of *°Pu0,; it is adjusted to give an initially critical (or close to
critical) system. It is suggested to start this type of optimization problems within a few percent
of k=1.0.

Two sets of runs are performed; one set had 80 iterations. The other set has 20 iterations;
it starts from the composition arrived at in the 12" iteration of the first set. and 0.8
give the “SWIF.INPUT” input files for each of these sets of runs. The corresponding
“SWIF.PLOT” and “SWIF.DATA” output files are given in, respectively, Appendices B and C.

shows the approach to minimum mass system, as indicated by the EVREF
distribution. As before, minimum mass is achieved when the EVREF value is flat in all the
zones which contain *°Pu0,. The ?**Pu0O, distribution corresponding to the EVREF values of
are shown in The optimal composition is similar in shape and extent to the
optimal distribution obtained in Sample problem No. 3 and shown in Fig. 9.6. The evolution of
the #°Pu0O, mass towards the minimum is illustrated in [Fig. 9.15. Fig. 9.1 gives the ratio of the
maximum-to-minimum EV REF value across the core (zones that contain “*’PuQ,) as a function
of the number of iteration. Thisratio is an indicator for the proximity to the optimal system; at
the optimum this ratio should be 1.0.

The user should always check the value of ke in the course of a mass minimization run; it
tends to drift downwards. If the asymptotic ke iS unacceptably below 1.0 (as in the first set of
runs of ), the user should continue another set of iterations using a smaller value of

ACOEF (as in the second set of runs of Appendix B.5).
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Table9.7. SWIF.INPUT for sample problem No. 5; set one

#swans

casel 20cm pu23902/h20 + 120cm h2o reference
44group i nf

Pu2 1 0.00185 300 94239 100 end
H20 1 0.99815 300 end

Pu2 2 0.00185 300 94239 100 end
H20 2 0.99815 300 end

Pu2 3 0.00185 300 94239 100 end
H20 3 0.99815 300 end

Pu2 4 0.00185 300 94239 100 end
H20 4 0.99815 300 end

Pu2 5 0.00185 300 94239 100 end
H20 5 0.99815 300 end

Pu2 6 0.00185 300 94239 100 end
H20 6 0.99815 300 end

Pu2 7 0.00185 300 94239 100 end
H20 7 0.99815 300 end

Pu2 8 0.00185 300 94239 100 end
H20 8 0.99815 300 end

H20 9 1.0000 300 end

end conp

end

spheri cal end

1255 2505 37.55 410.05
512.55 61505 7 17.55 8 20.05

9 25.0 10 9 30.05 9 140.0 55 end zone
i sn=32
stop

m nmass maxitrs=80 prtflag=2 conv=1.-8 isk=2 end
vmx=1 23456789 10 11 12
13 14 15 16 end

dmx= 8r1.0 3r0 8r1.0 3r0 end

dp= 8r0. 00185 3r0.0 8r0.99815 3r0.0 end
wght z= 11. 46 0.9982 end

acoef= 0.0003 end

mat nam= puo2 h2o
end
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Table 9.8. SWIF.INPUT for sample problem No. 5; set two

#swans

casel 20cm pu23902/h20 + 120cm h2o reference

44group
PuQ®2
H20
Pu®2
H20
Pu®2
H20
Pu®2
H20
Pu®2
H20
Pu®2
H20
Pu®2
H20
Pu®2
H20
H20
end conp
end

spherica

1255 2505 37.55 4 10.
51255 61505 7 17.55 8
9 25.0 10 9 30.05 9 140.0 55

i sn=32
st op
m nmass

i nf

OCOONNOOOUITORRPRPRWWNNEPRE

end

maxi trs=

. 9804547e-03
. 9501956e-01
. 7366195e- 03
. 9526340e-01
. 2584548e- 03
. 9574155e-01
. 5700279e- 03
. 9642998e-01
. 7203620e- 03
. 9727964e-01
. 7930139e- 03
. 9820697e-01
. 3565497e- 04
. 9916434e-01
. 0000000e- 15
. 0000000e+00

PRPOOOORFRONOWORNMNODMOD

1.0000 300 end

40 prtflag=2

vmx=1 23456789 10 11 12
13 14 15 16 end

dnx=
dp=

8r1.0 3r0 8r1.0 3r0

4.9804547e-03
1. 7930139e-03
0. 0000000e+00
9. 9727964e- 01
0. 0000000e+00

wght z= 11. 46 0. 9982
0. 00003

acoef =

end

4, 7366195e-03
8. 3565497e- 04
9. 9501956e-01
9. 9820697e-01
0. 0000000e+00
end
end

mat nam= puo2 h2o

end

300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300

94239 100
end
94239
end
94239
end
94239
end
94239
end
94239
end
94239
end
94239
end

100

100

100

100

100

100

100

05
20.0 5
end zone

conv=l.-8

4, 2584548e- 03
1. 0000000e- 15
9. 9526340e-01
9. 9916434e-01
end

i sk=

end

end

end

end

end

end

end

end

2 end

3.5700279e- 03
0. 0000000e+00
9. 9574155e-01
1. 0000000e+00

2.7203620e- 03
0. 0000000e+00
9. 9642998e- 01
0. 0000000e+00
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Fig. 9.13. EVREF of #°Pu0, vs. H,O for selected iterations; sample problem No. 5.

78



0.006
—— iteration O

0.005 ¢ —— iteration 5
S g iteration 11
= 0.004 |
g —o— iteration 13
[¢B)
§ 0.003
©
>
AN
O 0.002
=}
[a

0.001

0.000

0 5 10 15 20
Radius (cm)

Fig. 9.14. **Pu0O, concentration distribution after selected iterations;
sample problem No. 5.

79



750 T
700 |\
650 |

600 |

PuO2 mass (g)

550 |

500 L
0 10 20 30 40

Iteration

Fig. 9.15. Evolution of ?°Pu0O, mass with iterations; sample problem No. 5.

80



EVREF max/min ratio

Iteration
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10. SELF-SHIELDING EFFECT

10.1. INTRODUCTION

The previous version of SWANEZdid not have provisions to account for the effect of the
composition changes on neutron cross-section resonance self-shielding; it used the cross sections
corresponding to the initial system composition. The new version of SWAN, SWANS, removes
this limitation. The purpose of this section is to illustrate the effect that neutron cross section
self-shielding could have on the maximum ket and on the corresponding system composition.
Two problems will be considered — one containing plutonium and the other low-enriched
uranium.

To obtain the effect of self-shielding, we developed a modified version of SWANS that
uses the same set of cross sections for al the iterations. This cross-section set is generated by
SCALE for theinitial composition of the system.

10.2. PLUTONIUM-FUELED THERMAL SYSTEM

The first illustration considered the effect of resonance self shielding on the maximum
possible kg value of a 2°PuO; - H,0 system. The system consists of a spherical core, 20 cmin
radius, comprised of water and 525 g of “**Pu. It is surrounded by an infinite water reflector.
The *°Pu inventory is kept constant; its initial concentration is uniform at 0.155% (volumetric).

compares the evolution of the value of kg with the number of iterations as
calculated with and without self-shielding corrections. There is practically no difference
between the two sets of results. This is because the self-shielding effect is negligible in this
highly diluted system.

10.3. LOW ENRICHED THERMAL SYSTEM

The second illustration considers a system similar to that of except that UO,
having 5wt % “*U is used instead of “°Pu0,. The UO; inventory is kept constant a 20.0 kg.
Fig. 10.3 shows the UO, distribution after selected iterations of the optimization process, while
Fig. 10.2 shows the corresponding Ke. The self-shielding effect on ke is noticeable and exhibits
a double plateau behavior. The first plateau, arrived at after ~8 iterations, corresponds to a
monotonically varying homogeneous UO, distribution — similar to that of iteration 6 shown in
The second ket plateau, arrived at after ~75 iterations, is due to heterogeneity. As
illustrated in iteration 117 (Fig. 10.3), the optimization process concentrates UO, in every other
zone at the expense of removing all the UO, from adjacent zones. The increase in the resonance
self-shielding due to the UO, segregation is responsible for the second ramp in k. The early

stage of the segregation process is illustrated by iteration 29 of Fig. 10.3.
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Fig. 10.1. Effect of self-shielding on the evolution of ke with the optimization of a
2°py0, — H,0 system.
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Fig. 10.3. Effect of resonance self shielding correction on evolution of UO,
distribution with SWANS iteration number. Core is a sphere core, 20 cm in radius,
containing water and 20 kg UO; having 5 wt % enriched uranium. Core is surrounded by
an infinite water reflector. All at room temperature.
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Thisillustration used 1 cm for the thickness of each zone. Had a different zone thickness
been selected, the width and amplitude of the segregated UO, shells would have been different,
and the maximum ke would probably be different as well.  SWANS is not set, as yet, to
automatically find the absolute maximal heterogeneous ker. Moreover, in doing the resonance
self-shielding corrections, SWANS presently treats each zone as if it is either an infinite
medium (the option used for the illustration of or aninfinite lattice. More general self-
shielding correction methods are planned for the future.
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APPENDIX A

OUTPUT FILES STRUCTURE

A.l. "SWIF.DATA"

Block 1 (3i10,1p5€e15.7):
IIMAX Maximum number of iterations
ITN Positive -- current iteration number

Negative -1 converged
-2 not converged after reaching maximum number of iterations or
error in input data.

IPRNT Printing option:

0 Nodataisprinted ("SWIF.PLOT" is not created)

1 Write effectiveness functions only for each iteration

2 Write also volume fractions for each iteration
EPSWIF Accuracy for convergence of the checked parameter (Kes Or mass)
PAROLD  Previous calculated value of the checked parameter (ke Or mass)
PARNEW  Most recent calculated value of the checked parameter (kes Or mass)
AKEFF Most recent calculated value of Kes

MASS Most recent calculated value of mass of first material
Block 2 (3i10):
IZM Number of zones in system
ISK Number of materials which take part in the optimization process

KSWIF Type of calculation

Block 3 (1p5€el5.7):

((VF(iz,ni),ni=1,1SK),iz=1,1ZM)
Most recent volume fractions of material ni in zone iz for next SWANS
optimization cycle.
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A.2. "SWIF.GIB"

This file is a collection of all "SWIF.DATA" files produced during the run. In each
optimization cycle, the "SWIF.DATA" file as entered to SWIF from SCALE is first copied.
Then, the modified "SWIF.DATA" file (as done in SWIF) is copied before returning to SWANS.

A3. "SWIF.PLOT"

Thisfileiscreated only if “IPRNT” in"SWIF.DATA" is not zero.

Part 1: General information (writes once at the beginning of the run).

Block 0 ([TITLE]"/,2084):

ANTITL Hollerith title -- the title in SWANS input.

Block 1 ([KSWIF]'/,i3):

KSWIF Type of calculation executed in SWANS (see below).

Block 2 ([TY PE]'/,15a4):

KSWIF SWTITL Equivalent of SWANS
1 Calculation of Equal Volume REF EVREF
2 Calculation of Equal Weight/Cost REF ECREF
3 ket Maximization; Fixed Mass MAXK
4 Mass Minimization; Fixed Ket MINMASS

Block 3 ([MATERIALS]'/,(a8)):

(MATNAM(i),i=1,ISK) Nameto be used for each material. Actually, MATNAM isforl =1to
2*1SK, since only a4 strings are used in SWIF and therefore each pair
of "words" represent one "name”. It isread from the SWANS input.
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Block 4 ([DISTANCE]',(1p5e14.6)):

(R(nc), nc=1,1ZM+1) Boundaries of zones (in cm)

Part 2; Iteration information:

For effectiveness function calculation only (KSWIF = 1 or 2) or for each iteration, in
optimization process (KSWIF = 3 or 4) repeat blocks 5 to 10.

Block 5 ([ITERATION]',/i3):

ITN Iteration number
Block 6 ([K-EFF]’,/,1pel4.6):

AKEFF K Of the composition in thisiteration

Block 7 ([MASS]’,/,1pel4.6):

MASS  Mass of first material of this composition (in g)
Blocks 8a and 8b (volume fractions) are added if IPRNT =2in"SWIF.DATA":

Block 8a ([DENSITY]):

and then add the following data block for each of the [ZM zones:

Block 8b (1p5el4.6):

(VF(iz,ni),ni=1,1 SK) VF(iz,ni) is the volume fraction of material ni in zone iz, as entered
to SWIF in thisiteration

Block 9a ([EVREF]):

and then add the following data block for each of the IZM zones:
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Block 9b (1p5el4.6):

(EVREF(iz,ni),ni = 1,ISK-1) Where EVREF(iz,ni) is the equal volume effectiveness function in
zone iz of material ni againgt the first material, pertaining to the
previously entered composition.

If ECREF (KSWIF =2 in “SWIF.DATA”) is to be caculated, then the following data is added
too:

Block 10a (ECREF]"):

and then add the following data block for each of the [ZM zones:

Block 10b(1p5e14.6):

(ECREKF(iz,ni),ni = 1,1SK-1) Where ECREF(iz,ni) is the equal cost reference effectiveness
function in zone iz of material ni againgt the first material,
pertaining to the previously entered composition.

Part 3: Last profile of the run

Applied only in optimization process (KSWIF = 3 or 4).
Blocks 5, 7, 8a, 8b (under the same conditions as in part 2) are stored here for the last updated
profile as done in SWIF in the last iteration which is ready (if one wish) to next run.

A.4. "FT20F001"

This is the mixture dependent self-shielded cross-section library file created by SCALE
for SWIF. Itisinordinary ANISN binary library format. Each material has two records:

record 1 :
NG Number of energy groups
NH Length of group

ICHK A control parameter, generally 0. If 7, it isthe last record on thisfile.
IDENT  Identify number of the material.
holl(12)  Hollerith description of this material (12 words, each "a4").
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record 2 :

((xsec(ig,ih),ih=1,nh),ig=1,ng)

Cross-section data matrix

Note that each Legendre moment of the cross section is treated as a separate material having its

own ID number.

A.5. "XTROUT"

XTROUT is the file that transfers data from the transport solution part (now the BNX
sequence of SCALE) into SWIF — SWAN'’s optimization module. It contains data provided by
SWANS, such as geometry data, flux and adjoint distributions.

Part 1: General geometric data

record 1;

t(20a4)

record 2;

kfix(36)

kfix( 1) = kswif
kfix( 2) = izxsc

kfix( 3) = isct
kfix( 5) = ige
kfix( 8) =izm
kfix(9) =im
kfix(10) = ievt
kfix(11) = igm
kfix(12) = iht
kfix(13) = his
kfix(14) = ihm
kfix(15) = ms
kfix(16) = mcr

kfix(17) = mtp
kfix(18) = mt

kfix(19) = idfm

Hollerith title — the title in SWANS input

Integer parameters data (undefined locations are set to zero) :

Type of option to be executed

Number of zones which take part in optimization and have different cross-
section sets for the same material

Order of scattering

Geometry index:  1/2/3 plane/ cylinder / sphere

Number of zones

Number of intervals

Type of calculation (usually 1 — ke eigenvalue solution)

Number of energy groups

Position of a; in cross-section table

Position of in-scattering cross section in cross-section table

Length of group table

Tota length of mixing table

Number of materials to be read from “cards’ (usually 0) (each matrix of
Legendre moment is treated as a separate material)

Number of materials to be read from ANISN binary library (each matrix
of Legendre moment is treated as a separate material)

Total number of materials including the mixtures (each matrix of
Legendre moment is treated as a separate material)

0/1 - Density factors are used/not used
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kfix(27) = id3 Number of activities to be calculated

record 3;

flt(14) Data of real parameters as followings (nondefined locations are zero) :

flt(1) = ket Value of kg as calculated in the direct solution of XSDRNPM

record 4:

r(|m+1) Radii (or distance) of the intervals' boundaries from the origin.

record 5

ma(lm) Zone number per interval (i.e., zone number each interval pertainsto)

record 6

mz(lzm) Material numbers (P, order) per zone

record 7

mb(ms) Mixture numbers in mixing table

record 8

mc(ms) Component numbers (that take part in optimization) in mixing table

record 9

xmd(ms) Volume fractions of above components in mixing table

record 10

mtt(mtp) | dentification number of the components that take part in the optimization,
asgiven inthe ANISN library (“ft20f001")

record 11

df(|m+1) Density factors by interval

record 12:

v(|m) ----- Volumes by interval
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record 13;

aa(im+1) Areas of mesh boundaries

From the data in record2: 1SK = = mtp/(isct+1)/izxsc (THE SIGN = = implies that there is no
remainder inthisdivision, i.e., mtp = ISK * (isct+1) * izxsc)

record 14: Required for SWIF 9* array

((DMX(ni,iz),iz=1,1ZM),ni = 1,ISK) Maximum permissible volume fraction of each
component of variable concentration (only Py
components)

record 15: Required for SWIF 11* array

((DP(ni,iz),iz = 1,1ZM),ni = 1,ISK) The current volume fraction of those components.

record 16: Required for SWIF 55* array

WGHTZ(ISK) Either specific weight (g/cm®) or specific cost ($/cm’) of up to ISK
materials. When there is a need to calculate the mass of the material
which contains fissile fuel, specify the specific weight of this material (the
first of the ISK materials). For calculation of ECREF, specify the specific
cost of the materials of interest.

record 17: Required for SWIF 12* array (only for optimization; KSWIF = 3 or 4)

AAS(ISK-1) Coefficients (acoef) for density modification against the LAST
component.

record 18: Required for SWIF 56* array

MATNAM(1SK) Name to be used in the output for each of the ISK materials Requires
2*1SK locations (a8 strings) in single precision

Part 2: Forward flux and flux moments data

For dab or spherical geometry, the number of Legendre moments is defined as jt = isct.
For cylindrical geometry (ige= 2 in Record 2), |t is the integer part of ( isct * (isct+4)) / 4.
In total, this part has either igm or 2*igm records.

For every group ig, the following records are included:
record 19ac Scalar flux

(xn(i,ig), =1,im)  xn(i,ig) isthe flux ininterval i and group ig
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record 19b: Flux moments (only if isct is hon-zero)

((xj(i,ig,),I = 1,im),j = 1,jt)) xj(i,ig,j) isthe moment of order j ininterval i and group ig

Part 3: Adjoint flux and momentsdata

For dab or spherical geometry, the number of Legendre moments is defined as jt = isct.
For cylindrical geometry (ige= 2 in Record 2), |t is the integer part of ( isct * (isct+4)) / 4.
In total, this part has either igm or 2*igm records.

For every group ig, the following records are included:

record 20a. Scalar adjoint

The data structure isthe same as in Part 2.
Note: the adjoint dataisin forward (and not reversed) order asin Part 2.

In total, the XTROUT fileincludes 18 + 2*igm (+2*igm if isct>0) blocks.
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APPENDIX B

“SWIF.PLOT” OUTPUT FILESOF SAMPLE
PROBLEMS

The format of these sample files has slightly been changed from the SWIF output format
in order to save space. Inthe original output the maximum number of materials per row is 5, and
the printout does not come in a double column format.

B.1. SAMPLE PROBLEM NO. 1

[ TITLE]
EVREF 20cm pu23902/h20 + nore + 120cm h2o refl e07/06/9908: 54: 42
[ KSWF ]
1
[ TYPE]

Cal cul ati on of Equal Vol ume REF
[ MATERI ALS]
puo2
berylium
concrete
d2o
| ead
paraffin
pol y- h2o
h2o
[ DI STANCE]

. 000000E+00
. 500000E+00
. 000000E+00
. 500000E+00
000000E+01
. 250000E+01
500000E+01
. 750000E+01
. 000000E+01
. 500000E+01
. 000000E+01
. 400000E+02
[ | TERATI ON|

1

P WONNRPRPRPRFPPRPNONO

[ K- EFF]

1. 029589E+00
[ MASS]

5. 952432E+02
[ DENSI TV]

5.401199E-03 1.000000E-15 1.000000E-15 1.000000E-15 1.000000E-15 1.000000E-15 1.000000E-15 9.945988E-01
5.148290E-03 1.000000E-15 1.000000E-15 1.000000E-15 1.000000E-15 1.000000E-15 1.000000E-15 9.948517E-01
4.646998E-03 1.000000E-15 1.000000E-15 1.000000E-15 1.000000E-15 1.000000E-15 1.000000E-15 9.953530E-01
3.920087E-03 1.000000E-15 1.000000E-15 1.000000E-15 1.000000E-15 1.000000E-15 1.000000E-15 9.960799E-01
3.025816E-03 1.000000E-15 1.000000E-15 1.000000E-15 1.000000E-15 1.000000E-15 1.000000E-15 9.969742E-01
2.029174E-03 1.000000E-15 1.000000E-15 1.000000E-15 1.000000E-15 1.000000E-15 1.000000E-15 9.979708E-01
1.177907E-03 1.000000E-15 1.000000E-15 1.000000E-15 1.000000E-15 1.000000E-15 1.000000E-15 9.988221E-01
1.000000E-15 1.000000E-15 1.000000E-15 1.000000E-15 1.000000E-15 1.000000E-15 1.000000E-15 1.000000E+00
0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
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[EVREF]
-4.132346E-03 -4.166871E-03 -4.135447E-03 -4.177568E-03 -4.097555E-03 -4.097724E-03 -4.112417E-03
-4.129424E-03 -4.162233E-03 -4.133723E-03 -4.171481E-03 -4.100807E-03 -4.100942E-03 -4.114241E-03
-4.128779E-03 -4.158312F-03 -4.134829E-03 -4.165119E-03 -4.110341E-03 -4.110420E-03 -4.121203E-03
-4,125540E-03 -4.150462E-03 -4.133071E-03 -4.154483E-03 -4.118231F-03 -4.118247E-03 -4.126195E-03
-4.150430E-03 -4.169850E-03 -4.158402E-03 -4.171418E-03 -4.152133E-03 -4.152095E-03 -4.157143E-03
-4.176114E-03 -4.189670E-03 -4.183120E-03 -4.189624E-03 -4.182535E-03 -4.182476E-03 -4.185161E-03
-4.174550E-03 -4.182652E-03 -4.179467E-03 -4.181964E-03 -4.181401E-03 -4.181319E-03 -4.182454E-03
-3.989621E-03 -3.993005E-03 -3.991903E-03 -3.992449E-03 -3.993463E-03 -3.993484F-03 -3.993798E-03
0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00

B.2. SAMPLE PROBLEM NO. 2

[ TITLE]
ECREF 20cm pu23902/ h2o + nore + 120cm h2o refl e07/10/ 9902: 48: 43
[ KSWF ]
2
[ TYPE]

Cal cul ati on of Equal Weight/Cost REF
[ MATERI ALS]
puo2
b4c
b4c(10)
[ithium
gadol i n
t ungst en
h2o
[ DI STANCE]

. 000000E+00
. 000000E- 01
. 000000E+00
. 500000E+00
. 000000E+00
. 500000E+00
. 000000E+00
. 500000E+00
. 000000E+00
. 500000E+00
. 000000E+00
. 500000E+00
. 000000E+00
. 500000E+00
. 000000E+00
. 500000E+00
. 000000E+00
. 500000E+00
. 000000E+00
. 500000E+00
. 000000E+01
. 050000E+01
. 100000E+01
. 150000E+01
. 200000E+01
. 250000E+01
. 300000E+01
. 350000E+01
. 400000E+01
. 450000E+01

RPRRPRRPRPRRPRPRPPRPOOOONNOOUIURARNWWNNREROO
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. 500000E+01
. 550000E+01
. 600000E+01
. 650000E+01
. 700000E+01
. 750000E+01
. 800000E+01
. 850000E+01
. 900000E+01
. 950000E+01
. 000000E+01
. 500000E+01
. 000000E+01
. 400000E+02

RPWNNRRRRPRREPRERRE

[ 1 TERATI ON]
1

[ K- EFF]

1. 103846E+00

[ MASS]

2. 200000E- 02

[ DENSI TY]
1.100000E-03
1.100000E-03
1.100000E-03
1.100000E-03
1.100000E-03
1.100000E-03
1.100000E-03
1.100000E-03
1.100000E-03
1.100000E-03
1.100000E-03
1.100000E-03
1.100000E-03
1.100000E-03
1.100000E-03
1.100000E-03
1.100000E-03
1.100000E-03
1.100000E-03
1.100000E-03
1.100000E-03
1.100000E-03
1.100000E-03
1.100000E-03
1.100000E-03
1.100000E-03
1.100000E-03
1.100000E-03
1.100000E-03
1.100000E-03
1.100000E-03
1.100000E-03
1.100000E-03
1.100000E-03
1.100000E-03
1.100000E-03
1.100000E-03
1.100000E-03
1.100000E-03
1.100000E-03

0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00

1.000000E-15
1.000000E-15
1.000000E-15
1.000000E-15
1.000000E-15
1.000000E-15
1.000000E-15
1.000000E-15
1.000000E-15
1.000000E-15
1.000000E-15
1.000000E-15
1.000000E-15
1.000000E-15
1.000000E-15
1.000000E-15
1.000000E-15
1.000000E-15
1.000000E-15
1.000000E-15
1.000000E-15
1.000000E-15
1.000000E-15
1.000000E-15
1.000000E-15
1.000000E-15
1.000000E-15
1.000000E-15
1.000000E-15
1.000000E-15
1.000000E-15
1.000000E-15
1.000000E-15
1.000000E-15
1.000000E-15
1.000000E-15
1.000000E-15
1.000000E-15
1.000000E-15
1.000000E-15

1.000000E-15 1.000000E-15 1.000000E-15
1.000000E-15 1.000000E-15 1.000000E-15
1.000000E-15 1.000000E-15 1.000000E-15
1.000000E-15 1.000000E-15 1.000000E-15
1.000000E-15 1.000000E-15 1.000000E-15
1.000000E-15 1.000000E-15 1.000000E-15
1.000000E-15 1.000000E-15 1.000000E-15
1.000000E-15 1.000000E-15 1.000000E-15
1.000000E-15 1.000000E-15 1.000000E-15
1.000000E-15 1.000000E-15 1.000000E-15
1.000000E-15 1.000000E-15 1.000000E-15
1.000000E-15 1.000000E-15 1.000000E-15
1.000000E-15 1.000000E-15 1.000000E-15
1.000000E-15 1.000000E-15 1.000000E-15
1.000000E-15 1.000000E-15 1.000000E-15
1.000000E-15 1.000000E-15 1.000000E-15
1.000000E-15 1.000000E-15 1.000000E-15
1.000000E-15 1.000000E-15 1.000000E-15
1.000000E-15 1.000000E-15 1.000000E-15
1.000000E-15 1.000000E-15 1.000000E-15
1.000000E-15 1.000000E-15 1.000000E-15
1.000000E-15 1.000000E-15 1.000000E-15
1.000000E-15 1.000000E-15 1.000000E-15
1.000000E-15 1.000000E-15 1.000000E-15
1.000000E-15 1.000000E-15 1.000000E-15
1.000000E-15 1.000000E-15 1.000000E-15
1.000000E-15 1.000000E-15 1.000000E-15
1.000000E-15 1.000000E-15 1.000000E-15
1.000000E-15 1.000000E-15 1.000000E-15
1.000000E-15 1.000000E-15 1.000000E-15
1.000000E-15 1.000000E-15 1.000000E-15
1.000000E-15 1.000000E-15 1.000000E-15
1.000000E-15 1.000000E-15 1.000000E-15
1.000000E-15 1.000000E-15 1.000000E-15
1.000000E-15 1.000000E-15 1.000000E-15
1.000000E-15 1.000000E-15 1.000000E-15
1.000000E-15 1.000000E-15 1.000000E-15
1.000000E-15 1.000000E-15 1.000000E-15
1.000000E-15 1.000000E-15 1.000000E-15
1.000000E-15 1.000000E-15 1.000000E-15
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1.000000E-15 9.989000E-01
1.000000E-15 9.989000E-01
1.000000E-15 9.989000E-01
1.000000E-15 9.989000E-01
1.000000E-15 9.989000E-01
1.000000E-15 9.989000E-01
1.000000E-15 9.989000E-01
1.000000E-15 9.989000E-01
1.000000E-15 9.989000E-01
1.000000E-15 9.989000E-01
1.000000E-15 9.989000E-01
1.000000E-15 9.989000E-01
1.000000E-15 9.989000E-01
1.000000E-15 9.989000E-01
1.000000E-15 9.989000E-01
1.000000E-15 9.989000E-01
1.000000E-15 9.989000E-01
1.000000E-15 9.989000E-01
1.000000E-15 9.989000E-01
1.000000E-15 9.989000E-01
1.000000E-15 9.989000E-01
1.000000E-15 9.989000E-01
1.000000E-15 9.989000E-01
1.000000E-15 9.989000E-01
1.000000E-15 9.989000E-01
1.000000E-15 9.989000E-01
1.000000E-15 9.989000E-01
1.000000E-15 9.989000E-01
1.000000E-15 9.989000E-01
1.000000E-15 9.989000E-01
1.000000E-15 9.989000E-01
1.000000E-15 9.989000E-01
1.000000E-15 9.989000E-01
1.000000E-15 9.989000E-01
1.000000E-15 9.989000E-01
1.000000E-15 9.989000E-01
1.000000E-15 9.989000E-01
1.000000E-15 9.989000E-01
1.000000E-15 9.989000E-01
1.000000E-15 9.989000E-01



0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
[EVREF]
-1.564396E+02 -6.957485E+02 -3.681147E+01 -1.770743E+03 -3.507457E+01 -3.201160E+01
-1.561529E+02 -6.944733E+02 -3.674412E+01 -1.767497E+03 -3.501035E+01 -3.195303E+01
-1.555806E+02 -6.919269E+02 -3.660965E+01 -1.761017E+03 -3.488214E+01 -3.183612E+01
-1.547246E+02 -6.881190E+02 -3.640856E+01 -1.751325E+03 -3.469041E+01 -3.166126E+01
-1.535882E+02 -6.830627E+02 -3.614157E+01 -1.738458E+03 -3.443586E+01 -3.142912E+01
-1.521752E+02 -6.767770E+02 -3.580965E+01 -1.722460E+03 -3.411939E+01 -3.114050E+01
-1.504909E+02 -6.692834E+02 -3.541392E+01 -1.703389E+03 -3.374200E+01 -3.079641E+01
-1.485413E+02 -6.606098E+02 -3.495592E+01 -1.681314E+03 -3.330542E+01 -3.039818E+01
-1.463332E+02 -6.507864E+02 -3.443719E+01 -1.656314E+03 -3.281085E+01 -2.994714E+01
-1.438749E+02 -6.398494E+02 -3.385969E+01 -1.628479E+03 -3.226024E+01 -2.944500E+01
-1.411748E+02 -6.278374E+02 -3.322535E+01 -1.597908E+03 -3.165545E+01 -2.889344E+01
-1.382430E+02 -6.147938E+02 -3.253667E+01 -1.564712E+03 -3.099884E+01 -2.829464E+01
-1.350898E+02 -6.007654E+02 -3.179589E+01 -1.529009E+03 -3.029256E+01 -2.765053E+01
-1.317267E+02 -5.858030E+02 -3.100594E+01 -1.490930E+03 -2.953940E+01 -2.696367E+01
-1.281656E+02 -5.699600E+02 -3.016939E+01 -1.450609E+03 -2.874181E+01 -2.623630E+01
-1.244199E+02 -5.532946E+02 -2.928950E+01 -1.408196E+03 -2.790298E+01 -2.547133E+01
-1.205026E+02 -5.358663E+02 -2.836945E+01 -1.363842E+03 -2.702569E+01 -2.467129E+01
-1.164286E+02 -5.177401E+02 -2.741271E+01 -1.317711E+03 -2.611350E+01 -2.383946E+01
-1.122123E+02 -4.989809E+02 -2.642256E+01 -1.269971E+03 -2.516943E+01 -2.297857E+01
-1.078701E+02 -4.796599E+02 -2.540319E+01 -1.220802E+03 -2.419750E+01 -2.209234E+01
-1.034178E+02 -4.598478E+02 -2.435800E+01 -1.170386E+03 -2.320100E+01 -2.118376E+01
-0.887305E+01 -4.396220E+02 -2.329194E+01 -1.118918E+03 -2.218442E+01 -2.025700E+01
-9.425302E+01 -4.190588E+02 -2.220862E+01 -1.066594E+03 -2.115141F+01 -1.931539E+01
-8.957716E+01 -3.982416E+02 -2.111341E+01 -1.013628E+03 -2.010702E+01 -1.836365E+01
-8.486394E+01 -3.772530E+02 -2.001064E+01 -9.602297E+02 -1.905534E+01 -1.740555E+01
-8.013492E+01 -3.561834E+02 -1.890646E+01 -9.066309E+02 -1.800226E+01 -1.644662E+01
-7.541030E+01 -3.351219E+02 -1.780580E+01 -8.530598E+02 -1.695249E+01 -1.549126E+01
-7.071408E+01 -3.141676E+02 -1.671623E+01 -7.997686E+02 -1.591304E+01 -1.454612E+01
-6.606854E+01 -2.934165E+02 -1.564346E+01 -7.470040E+02 -1.488956E+01 -1.361652E+01
-6.150072E+01 -2.729767E+02 -1.459656E+01 -6.950404E+02 -1.389068E+01 -1.271073E+01
-5.703516E+01 -2.529508E+02 -1.358279E+01 -6.441415E+02 -1.292320F+01 -1.183531E+01
-5.270234E+01 -2.334552E+02 -1.261350E+01 -5.946005E+02 -1.199846E+01 -1.100094E+01
-4.852870E+01 -2.145950E+02 -1.169791E+01 -5.466847E+02 -1.112482E+01 -1.021589E+01
-4.454789E+01 -1.964880E+02 -1.085079E+01 -5.006857E+02 -1.031707E+01 -9.494450E+00
-4.078606E+01 -1.792265E+02 -1.008364E+01 -4.568326E+02 -9.586438E+00 -8.847451E+00
-3.727809E+01 -1.629066E+02 -9.417788E+00 -4.153444E+02 -8.954200E+00 -8.295710E+00
-3.404259E+01 -1.475613E+02 -8.868666E+00 -3.762790E+02 -8.436076E+00 -7.854538E+00
-3.110964E+01 -1.331901E+02 -8.473088E+00 -3.395568E+02 -8.069568E+00 -7.561068E+00
-2.846795E+01 -1.196189E+02 -8.255894E+00 -3.046382E+02 -7.881086E+00 -7.441630E+00
-2.614429E+01 -1.064554E+02 -8.336734E+00 -2.701563E+02 -7.993451E+00 -7.619761E+00
0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
[EWREF]
-1.564396E+02 -9.836134E+01 -3.295029E+01 -4.937257E+01 -3.206223E+01 -3.201160E+01
-1.561529E+02 -9.818117E+01 -3.289001E+01 -4.928220E+01 -3.200350E+01 -3.195303E+01
-1.555806E+02 -9.782142E+01 -3.276969E+01 -4.910177E+01 -3.188651E+01 -3.183612E+01
-1.547246E+02 -9.728343E+01 -3.258974E+01 -4.883194E+01 -3.171142E+01 -3.166126E+01
-1.535882E+02 -9.656910E+01 -3.235083E+01 -4.847369E+01 -3.147896E+01 -3.142912E+01
-1.521752E+02 -9.568106E+01 -3.205381E+01 -4.802831E+01 -3.118996E+01 -3.114050E+01
-1.504909E+02 -9.462237E+01 -3.169970E+01 -4.749732E+01 -3.084542E+01 -3.079641E+01
-1.485413E+02 -9.339699E+01 -3.128986E+01 -4.688276E+01 -3.044665E+01 -3.039818E+01
-1.463332E+02 -9.200917E+01 -3.082568E+01 -4.618672E+01 -2.999500E+01 -2.994714E+01
-1.438749E+02 -9.046404E+01 -3.030891E+01 -4.541179E+01 -2.949219E+01 -2.944500E+01
-1.411748E+02 -8.876698E+01 -2.974128E+01 -4.456064E+01 -2.893980F+01 -2.889344E+01
-1.382430E+02 -8.692429E+01 -2.912503E+01 -4.363651E+01 -2.834020E+01 -2.829464E+01
-1.350898E+02 -8.494238E+01 -2.846215E+01 -4.264252E+01 -2.769532E+01 -2.765053E+01
-1.317267E+02 -8.282866E+01 -2.775528E+01 -4.158249E+01 -2.700754E+01 -2.696367E+01
-1.281656E+02 -8.050044E+01 -2.700671E+01 -4.045997E+01 -2.627918E+01 -2.623630E+01
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-1.244199E+02 -7.823619E+01 -2.621945E+01 -3.927936E+01 -2.551320E+01 -2.547133E+01
-1.205026E+02 -7.577412E+01 -2.539609E+01 -3.804464E+01 -2.471208E+01 -2.467129E+01
-1.164286E+02 -7.321365E+01 -2.454001E+01 -3.676073E+01 -2.387913E+01 -2.383946E+01
-1.122123E+02 -7.056379E+01 -2.365403E+01 -3.543199E+01 -2.301709E+01 -2.297857E+01
-1.078701E+02 -6.783496E+01 -2.274195E+01 -3.406390E+01 -2.212967E+01 -2.209234E+01
-1.034178E+02 -6.503693E+01 -2.180687E+01 -3.266123E+01 -2.121986E+01 -2.118376E+01
-9.887306E+01 -6.218119E+01 -2.085304E+01 -3.123007E+01 -2.029185E+01 -2.025700E+01
-9.425302E+01 -5.927835E+01 -1.988392E+01 -2.977567E+01 -1.934896E+01 -1.931539E+01
-8.957716E+01 -5.634101E+01 -1.890432E+01 -2.830481E+01 -1.839593E+01 -1.836365E+01
-8.48639%4E+01 -5.338080E+01 -1.791813E+01 -2.682335E+01 -1.743651E+01 -1.740555E+01
-8.013492E+01 -5.041176E+01 -1.693100E+01 -2.533907E+01 -1.647626E+01 -1.644662E+01
-7.541030E+01 -4.744673E+01 -1.594743E+01 -2.385859E+01 -1.551956E+01 -1.549126E+01
-7.071408E+01 -4.450162E+01 -1.497423E+01 -2.239103E+01 -1.457308E+01 -1.454612E+01
-6.606854E+01 -4.159078E+01 -1.401681E+01 -2.094408E+01 -1.364213E+01 -1.361652E+01
-6.150072E+01 -3.873249E+01 -1.308360E+01 -1.952871E+01 -1.273499E+01 -1.271073E+01
-5.703516E+01 -3.594289E+01 -1.218128E+01 -1.815400E+01 -1.185821E+01 -1.183531E+01
-5.270234E+01 -3.324322E+01 -1.132067E+01 -1.683347E+01 -1.102247E+01 -1.100094E+01
-4.852870E+01 -3.065143E+01 -1.051019E+01 -1.557797E+01 -1.023605E+01 -1.021589E+01
-4.454789E+01 -2.819215E+01 -9.764246E+00 -1.440454E+01 -9.513222E+00 -9.494450E+00
-4.078606E+01 -2.588433E+01 -9.093785E+00 -1.332619E+01 -8.864825E+00 -8.847451E+00
-3.727809E+01 -2.375633E+01 -8.519707E+00 -1.236568E+01 -8.311663E+00 -8.295710E+00
-3.404259E+01 -2.182518E+01 -8.057333E+00 -1.153874E+01 -7.869039E+00 -7.854538E+00
-3.110964E+01 -2.012423E+01 -7.743699E+00 -1.088131E+01 -7.574057E+00 -7.561068E+00
-2.846795E+01 -1.865973E+01 -7.604813E+00 -1.041400E+01 -7.453019E+00 -7.441630E+00
-2.614429E+01 -1.750352E+01 -7.763328E+00 -1.024534E+01 -7.629313E+00 -7.619761E+00
0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00

B.3. SAMPLE PROBLEM NO. 3

[ TI TLE]
casel 20cm pu23902/ h20 + 120cm h2o refl ector 04/ 22/ 9909: 31: 00
[KSWF ]

3

[ TYPE]

Kef f Maxi m zati on; Fi xed Mass
[ MATERI ALS]
puo2
h2o
[ DI STANCE]

. 000000E+00
. 500000E+00
. 000000E+00
. 500000E+00
. 000000E+01
. 250000E+01
. 500000E+01
. 750000E+01
. 000000E+01
. 500000E+01
. 000000E+01
. 400000E+02

PWNNRPRPRPRPRPRPNODNO

[ | TERATI ON|
1

[ K- EFF]

9. 531348E-01

[ MASS]

5. 952439E+02

[ DENSI TV]

RPRRPRRRERR

. 550000E-
. 550000E-
. 550000E-
. 550000E-
. 550000E-
. 550000E-
. 550000E-

[(oJN{e (o (o N{oJ{o (0]

. 984500E-
. 984500E-
. 984500E-
. 984500E-
. 984500E-
. 984500E-
. 984500E-



1. 550000E- 03
0. 000000E+00
0. 000000E+00
0. 000000E+00

[ EVREF]

- 1. 994762E- 02
- 1. 870932E- 02
- 1. 645056E- 02
- 1. 346963E- 02
-1.017398E- 02
-7.009367E- 03
- 4. 452468E- 03
-3.146795E- 03
0. 000000E+00
0. 000000E+00
0. 000000E+00

[ | TERATI ON|
2

[ K- EFF]
9.591118E- 01

[ MASS]

5. 952438E+02

[ DENSI TV]

. 705000E- 03

. 690749E- 03

. 664753E- 03

. 630446E- 03

.592517E- 03

. 556096E- 03

. 526669E- 03

.511643E- 03

. 000000E+00

. 000000E+00

. 000000E+00

[ EVREF]

- 1. 847243E- 02
-1. 742914E- 02
- 1. 548948E- 02
-1. 286193E- 02
-9. 865804E- 03
-6.896274E- 03
-4.427231E- 03
-3.126017E- 03
0. 000000E+00
0. 000000E+00
0. 000000E+00

[ | TERATI ON|

3

COORRRRRERRER

[ K- EFF]

9. 649056E- 01
[ MASS]

5. 952439E+02
[ DENSI TV]
. 860000E- 03
. 832453E- 03
. 781739E- 03
. 713946E- 03
. 637835E- 03
.563571E- 03
. 502679E- 03
. 471069E- 03
. 000000E+00
. 000000E+00
. 000000E+00
[ EVREF]

-1. 712119E- 02
-1. 623876E- 02
-1. 457168E- 02
-1. 226176E- 02
-9. 551639E- 03
-6. 780104E- 03

COORRRRRRERER

9. 984500E- 01
0. 000000E+00
0. 000000E+00
0. 000000E+00

. 982950E- 01
. 983093E-01
. 983352E-01
. 983696E- 01
. 984075E-01
. 984439E- 01
. 984733E-01
. 984884E- 01
. 000000E+00
. 000000E+00
. 000000E+00

OCOO0OWWOWWOWWWOWWwWOWO

. 981400E- 01
. 981676E- 01
. 982182E-01
. 982861E-01
. 983622E- 01
. 984365E- 01
. 984973E- 01
. 985290E- 01
. 000000E+00
. 000000E+00
. 000000E+00

OO0 WWOWWOWWWOWWwWOWO

- 4. 404893E- 03
-3.109857E- 03

0. 000000E+00

0. 000000E+00

0. 000000E+00
[ | TERATI ON|

4
[ K- EFF]

9. 704970E- 01
[ MASS]

5. 952439E+02
[ DENSI TV]
. 015000E- 03
. 974993E- 03
. 900738E- 03
. 800328E- 03
. 685947E- 03
. 572547E- 03
. 478115E- 03
. 428218E- 03
. 000000E+00
. 000000E+00
. 000000E+00
[ EVREF]
-1.588371E- 02
- 1. 513426E- 02
- 1. 369965E- 02
-1.167343E- 02
- 9. 233809E- 03
-6.661197E- 03
- 4. 385467E- 03
-3. 098476E- 03

0. 000000E+00

0. 000000E+00

0. 000000E+00
[ | TERATI ON|

5
[ K- EFF]

9. 758765E- 01
[ MASS]

5. 952439E+02
[ DENSI TV]
. 170000E- 03
. 118258E- 03
. 021540E- 03
. 889404E- 03
. 736824E- 03
. 583142E- 03
. 453077E- 03
. 383030E- 03
. 000000E+00
. 000000E+00
. 000000E+00
[ EVREF]

- 1. 475040E- 02
-1.411119E- 02
- 1. 287460E- 02
-1. 110039E- 02
- 8. 914369E- 03
- 6. 539802E- 03
- 4. 368881E- 03
-3.091962E- 03

0. 000000E+00

0. 000000E+00

0. 000000E+00
[ | TERATI ON|

6
[ K- EFF]

9. 810303E- 01
[ MASS]

5. 952438E+02

COO0ORRRREPRREREN

OCOOFRFPFPFEFFEPNNN

OO O WVWWOWWWOWWOWWOWOWO

OO O WVWWOWWOWWOWWOWWOWwWOWW

. 979850E- 01
. 980250E- 01
. 980993E-01
. 981997E-01
. 983141E-01
. 984275E-01
. 985219E-01
. 985718E-01
. 000000E+00
. 000000E+00
. 000000E+00

. 978300E- 01
. 978818E-01
. 979784E-01
. 981106E-01
. 982632E-01
. 984168E- 01
. 985469E- 01
. 986170E-01
. 000000E+00
. 000000E+00
. 000000E+00



[ DENSI TV]
. 325000E- 03
. 262151E- 03
. 143945E- 03
. 980979E- 03
. 790414E- 03
. 595470E- 03
. 427682E- 03
. 335445E- 03
. 000000E+00
. 000000E+00
. 000000E+00
[ EVREF]
-1.371241E- 02
- 1. 316494E- 02
-1. 209701E- 02
- 1. 054552E- 02
- 8. 595328E- 03
-6. 416210E- 03
- 4. 355031E- 03
-3.090421E- 03
0. 000000E+00
0. 000000E+00
0. 000000E+00

OCOOFRFPRFPFPEFEPNNN

[ | TERATI ON|
35
[ K- EFF]
1. 029580E+00
[ MASS]
5. 952426E+02
[ DENSI TV]
. 277268E- 03
. 008614E- 03
. 495729E- 03
. 796866E- 03
. 987760E- 03
. 077098E- 03
. 229044E- 03
. 000000E- 15
. 000000E+00
. 000000E+00
. 000000E+00
[ EVREF]
- 4. 293496E- 03
- 4. 320366E- 03
-4.346757E- 03
- 4. 325955E- 03
-4.230272E- 03
-4.119796E- 03
-4.108681E- 03
-4.009421E- 03
0. 000000E+00
0. 000000E+00
0. 000000E+00
[ | TERATI ON|
36
[ K- EFF]

COOFREFEFNNWMIO

OO0 WVWWOWWYWWOWWYWwWOWWOwWO

OCOORrRPROVWOWWOWWOVOOWOO

. 976750E- 01
. 977378E-01
. 978561E- 01
. 980190E- 01
. 982096E- 01
. 984045E-01
. 985723E-01
. 986646E- 01
. 000000E+00
. 000000E+00
. 000000E+00

.947227E-01
. 949914E- 01
. 955043E-01
. 962031E-01
.970123E-01
. 979229E- 01
.987710E-01
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00
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1. 029635E+00
[ MASS]

5. 952426E+02
[ DENSI TV]
. 384276E- 03
. 139833E- 03
. 650729E- 03
. 933122E- 03
. 037799E- 03
. 027591E- 03
. 169522E- 03
. 000000E- 15
. 000000E+00
. 000000E+00
. 000000E+00
[ EVREF]
-4.131814E- 03
-4.119621E- 03
- 4. 105909E- 03
- 4. 109405E- 03
-4.143313E- 03
- 4. 186865E- 03
- 4. 193589E- 03
- 3. 993194E- 03

0. 000000E+00

0. 000000E+00

0. 000000E+00
[ | TERATI ON|

37
[ K- EFF]

1. 029570E+00
[ MASS]

5. 952424E+02
[ DENSI TV]
. 294750E- 03
. 019491E- 03
. 495729E- 03
. 786959E- 03
. 977335E- 03
. 077200E- 03
. 236125E- 03
. 000000E- 15
. 000000E+00
. 000000E+00
. 000000E+00
[ EVREF]

- 4. 268960E- 03
- 4. 305637E- 03
- 4. 348642E- 03
- 4. 342972E- 03
- 4. 247409E- 03
-4.120647E- 03
- 4. 099097E- 03
- 4. 008729E- 03

0. 000000E+00

0. 000000E+00

0. 000000E+00
[ | TERATI ON|

38

OCOOFRFPNWWMAMUIO

CQOOFRFEPFNNWAMIO

[ K- EFF]
1. 029634E+00
[ MASS]
5. 952426E+02
[ DENSI TV]
. 378197E- 03
. 135873E- 03
. 650729E- 03
. 936867E- 03
. 041431E- 03
. 027468E- 03
. 167041E- 03

P NWWhoo

OO OFrR, O©WOVWWOWwWOWWOVWWOwWO

OQOOFr O©WOWWOVWOWWOWwWOVW

© O OOOoo

. 946157E-01
. 948602E-01
. 953493E-01
. 960669E-01
. 969622E-01
. 979724E-01
. 988305E-01
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00

. 947053E-01
. 949805E- 01
. 955043E-01
. 962130E-01
. 970227E-01
. 979228E-01
. 987639E- 01
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00

. 946218E-01
. 948641E-01
. 953493E-01
. 960631E-01
. 969586E- 01
. 979725E-01
. 988329E-01



1. 000000E- 15
0. 000000E+00
0. 000000E+00
0. 000000E+00

[ EVREF]

-4.140151E- 03
-4.124704E- 03
-4.105262E- 03
-4.103541E- 03
-4.137527E- 03
-4.186743E- 03
-4.197080E- 03
-3.993421E- 03
0. 000000E+00
0. 000000E+00
0. 000000E+00
[ | TERATI ON|
39

[ K- EFF]

1. 029564E+00

[ MASS]

5. 952426E+02

[ DENSI TV]

.312721E- 03

. 032624E- 03

. 499936E- 03

. 781867E- 03

. 969537E- 03

075925E- 03

. 240775E- 03

. 000000E- 15

. 000000E+00

. 000000E+00

. 000000E+00

[ EVREF]

-4.243311E- 03
-4.287181E- 03
- 4. 343553E- 03
-4.351972E- 03
-4.260116E- 03
-4.123203E- 03
-4.092901E- 03
-4.007666E- 03
0. 000000E+00
0. 000000E+00
0. 000000E+00

CQOOFREFEFNNWMAMIIO

1. 000000E+00
0. 000000E+00
0. 000000E+00
0. 000000E+00

. 946873E- 01
. 949674E- 01
. 955001E-01
. 962181E-01
. 970304E- 01
.979241E-01
. 987592E- 01
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00

OCOOFr O©WOWWWOWwWwWOwO

B.4. SAMPLE PROBLEM NO. 4

First set — 81 iterations

[ TI TLE]

[ | TERATI ON|
40

[ K- EFF]
1. 029633E+00
[ MASS]
5. 952426E+02
[ DENSI TV]
.371511E- 03
. 130257E- 03
. 647482E- 03
. 936867E- 03
. 043207E- 03
. 028370E- 03
. 166389E- 03
. 000000E- 15
. 000000E+00
. 000000E+00
. 000000E+00
[ EVREF]
- 4. 149584E- 03
-4.132497E- 03
-4.109612E- 03
-4.103432E- 03
- 4. 134849E- 03
-4.185261E- 03
-4.197950E- 03
-3.993925E- 03
0. 000000E+00
0. 000000E+00
0. 000000E+00
[ | TERATI ON|
a1
[ MASS]
5. 952420E+02
[ DENSI TV]
. 3294064E- 03
. 0463532E- 03
. 5075966E- 03
. 7818663E- 03
. 9650575E- 03
. 0735387E- 03
. 2425968E- 03
. 0000000E- 15
. 0000000E+00
. 0000000E+00
. 0000000E+00

COORPEFEPNWWAMIIO

COOFREFEFNNWMAMIIO

OO0 OVWOWWOWWOVWOWWOO

. 946285E- 01
. 948698E- 01
. 953525E-01
. 960631E-01
. 969568E- 01
.979717E-01
. 988336E-01
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00

OQOOFrR O©OWOWWWOWWwWOV

. 9467057E- 01
. 9495363E- 01
. 9549240E- 01
.9621814E-01
. 9703497E- 01
. 9792647E-01
. 9875742E- 01
. 0000000E+00
. 0000000E+00
. 0000000E+00
. 0000000E+00

case6 20cm pu23902/ pol y(h20)/be + 120cm be refl 06/ 19/ 9907: 48: 08

[KSWF ]
3
[ TYPE]

Kef f Maxi m zati on;

[ MATERI ALS]
puo2
pol y- h2o
beryl i um

[ DI STANCE]

Fi xed Mass

0. 000000E+00
2. 500000E+00

110



. 000000E+00
. 500000E+00
. 000000E+01
. 250000E+01
. 500000E+01
. 750000E+01
. 000000E+01
. 500000E+01
. 000000E+01
. 400000E+02
[ 1 TERATI ON]
1

P WNNRRRE RO

[ K- EFF]
6. 998761E- 01
[ MASS]
1. 536113E+02
[ DENSI TV]
. 000000E- 04
. 000000E- 04
. 000000E- 04
. 000000E- 04
. 000000E- 04
. 000000E- 04
. 000000E- 04
. 000000E- 04
. 000000E+00
. 000000E+00
. 000000E+00
[ EVREF]
-6. 739245E- 02 -
-6.437148E-02 -
-5.878892E- 02 -
-5.123612E- 02 -
-4.260813E- 02 -
-3.395966E- 02 -
-2.638248E- 02 -
-2.092099E- 02 -
0. 000000E+00
0. 000000E+00
0. 000000E+00
[ | TERATI ON|
2
[ K- EFF]
7.431319E- 01
[ MASS]
1. 536113E+02
[ DENSI TV]
. 600000E- 04
. 465491E- 04
. 216927E- 04
. 880638E- 04
. 496475E- 04
. 111399E- 04
. 774021E- 04
. 530849E- 04
. 000000E+00
. 000000E+00
. 000000E+00
[ EVREF]
-6. 049865E- 02 -
-5.818107E- 02 -
-5.376915E- 02 -
-4.757322E-02 -
-4.019792E- 02 -
-3.250149E- 02 -
-2.548422E- 02 -
-2.012312E-02 -
0. 000000E+00
0. 000000E+00

CoOOR~AAMDMDADIDSLN

COoOOoOwWwWwhrprhrboowm

CQOONNMNWAMOUIOO

CoOOA~ARMAMDMDMDMDIW

OCQOMNNWKAMOUOO

COOMPAPAAAAAEDL

. 996000E- 01
. 996000E- 01
. 996000E- 01
. 996000E- 01

996000E- 01

. 996000E- 01
. 996000E- 01
. 996000E- 01
. 000000E+00
. 000000E+00
. 000000E+00

. 736010E- 02
. 434066E- 02
. 876091E- 02
. 121192E- 02
. 258827E- 02
. 394411E- 02
. 637069E- 02
. 091199E- 02
. 000000E+00
. 000000E+00
. 000000E+00

. 996000E- 01
. 043213E-01
.130270E- 01
. 248073E-01
. 382112E-01
. 515461E-01
. 631594E- 01
. 717787E-01
. 000000E+00
. 000000E+00
. 000000E+00

.047481E- 02
. 815729E- 02
. 374588E- 02
. 755140E- 02
.017867E-02
. 248559E- 02
. 547185E- 02
.011381E-02
. 000000E+00
. 000000E+00

[oNeNaN6 N6 NN N6 N6 N6 N

[oNeNaN N NN NG NN N

. 000000E- 01
. 000000E- 01
. 000000E- 01
. 000000E- 01
. 000000E- 01
. 000000E- 01
. 000000E- 01
. 000000E- 01
. 000000E+00
. 000000E+00
. 000000E+00

. 998400E- 01
. 951321E-01
. 864513E-01
. 747046E- 01
.613391E-01
. 480428E- 01
. 364631E-01
. 278682E- 01
. 000000E+00
. 000000E+00
. 000000E+00

111

0. 000000E+00
[ | TERATI ON]
3

[ K- EFF]

7.883214E- 01
[ MASS]

1. 536113E+02
[ DENSI TV]
. 200000E- 04
. 944364E- 04
. 465234E- 04
. 805185E- 04
. 035679E- 04
. 248518E- 04
. 544560E- 04
. 021346E- 04
. 000000E+00
. 000000E+00
. 000000E+00
[ EVREF]
- 4. 786954E- 02
-4.671138E- 02
- 4. 440258E- 02
- 4. 091238E- 02
- 3. 630148E- 02
- 3. 086733E- 02
-2.525103E- 02
-2. 033789E- 02

0. 000000E+00

0. 000000E+00

0. 000000E+00
[ | TERATI ON|

4
[ K- EFF]

8. 333400E- 01
[ MASS]

1. 536113E+02
[ DENSI TV]
. 799999E- 04
. 450303E- 04
. 783793E- 04
. 840726E- 04
. 697625E- 04
. 470428E- 04
. 311847E- 04
. 391008E- 04
. 000000E+00
. 000000E+00
. 000000E+00
[ EVREF]
- 3. 990336E- 02
- 3. 836621E- 02
- 3. 598874E- 02
- 3. 343950E- 02
- 3. 096388E- 02
- 2. 832856E- 02
-2.517817E- 02
-2.149437E- 02

0. 000000E+00

0. 000000E+00

COO0OWWrMrUuUuIo OO

CQOONWKAMRUIIONOWOO®

COORDPDWWWWWN

OQOONNWWADIMIED

QOO WWNNNNDNN

OQONNNWWWWW

. 000000E+00

. 996000E- 01
. 045401E-01
. 154180E- 01
. 333086E-01
. 574643E-01
. 848638E- 01
. 112607E- 01
.327414E-01
. 000000E+00
. 000000E+00
. 000000E+00

. 786840E- 02
. 670692E- 02
. 439313E-02
. 089836E- 02
. 628515E- 02
. 085151E-02
. 523775E- 02
. 032781E-02
. 000000E+00
. 000000E+00
. 000000E+00

. 925941E-01
. 772238E-01
. 574992E-01
.474118E-01
. 574643E-01
. 880016E-01
. 299165E-01
. 709545E- 01
. 000000E+00
. 000000E+00
. 000000E+00

. 992209E- 02
. 838149E- 02
. 599716E- 02
. 343875E-02
. 095461E-02
. 831449E-02
.516391E-02
. 148288E- 02
. 000000E+00
. 000000E+00

[eNeNoNé N6 NeNeNerle)NerNe))

[eRoR=No N ENENENENENEN

. 996800E- 01
. 947654E- 01
. 839355E-01
.661109E-01
.420321E-01
. 147113E-01
. 883849E-01
. 669565E- 01
. 000000E+00
. 000000E+00
. 000000E+00

. 065259E- 01
. 219312E-01
.417223E-01
. 519042E-01
.419660E-01
. 115513E-01

697522E- 01

. 288064E-01
. 000000E+00
. 000000E+00
. 000000E+00



0. 000000E+00
[ | TERATI ON|

5
[ K- EFF]

8. 662117E- 01
[ MASS]

1. 536113E+02
[ DENSI TV]
. 040000E- 03
. 867901E- 04
. 919091E- 04
. 673115E- 04
. 235898E- 04
. 696117E- 04
. 164515E- 04
. 807851E- 04
. 000000E+00
. 000000E+00
. 000000E+00
[ EVREF]

- 4. 225492E- 02
- 3. 944455E- 02
-3.514312E- 02
-3.090557E- 02
-2.773771E- 02
-2. 566816E- 02
- 2. 397632E- 02
-2. 159299E- 02

0. 000000E+00

0. 000000E+00

0. 000000E+00

OCOOFRPRWArONOWOWOR

[ | TERATI ON|
75
[ K- EFF]
1. 026978E+00
[ MASS]
1. 536106E+02
[ DENSI TV]
. 149015E- 03
. 872073E- 03
. 557204E- 03
. 866535E- 03
. 048670E- 04
. 000000E- 15
. 000000E- 15
. 000000E- 15
. 000000E+00
. 000000E+00
. 000000E+00
[ EVREF]
-2. 066499E- 02
-2. 052185E- 02
-2.014203E- 02
-1. 967909E- 02
-1. 952367E- 02
-1. 907642E- 02
-1. 680857E- 02
-1. 368166E- 02
0. 000000E+00
. 000000E+00
. 000000E+00

COOFRFRPFPOFRPWWN

OO OWMNNNNWWW

QOONNMNNNWWWDD

COOFrRRFRPRFRPFPMNOOO

OCOOFrRRFPRFFFDNNDN

. 000000E+00

. 925941E-01
. 588232E- 01
. 024764E-01
.434133E-01
.079815E-01
. 128673E-01
.537379E-01
. 095859E- 01
. 000000E+00
. 000000E+00
. 000000E+00

. 226673E- 02
. 945622E- 02
. 515276E- 02
. 090956E- 02
. 773330E- 02
. 565649E- 02
. 396203E- 02
. 158071E- 02
. 000000E+00
. 000000E+00
. 000000E+00

. 958489E- 01
.961274E- 01
. 964421E-01
. 318645E- 01
. 000000E- 15
. 000000E- 15
. 000000E- 15
. 000000E- 15
. 000000E+00
. 000000E+00
. 000000E+00

. 069880E- 02
. 054541E- 02
. 015314E- 02
. 967927E- 02
. 950828E- 02
. 905874E- 02
. 679579E- 02
. 367263E-02
. 000000E+00
. 000000E+00
. 000000E+00

COO0OONNN~NOOOO®

COORRPRRLROURREE

. 063659E- 01
. 401900E- 01
.966317E-01
. 558193E-01
. 913949E- 01
. 866631E-01
.459457E- 01
. 902333E-01
. 000000E+00
. 000000E+00
. 000000E+00

. 000000E- 15
. 000000E- 15
. 000000E- 15
. 662689E- 01
. 993951E-01
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00

112

[ | TERATI ON|
76

[ K- EFF]

1. 027026E+00
[ MASS]

1. 536106E+02
[ DENSI TV]
. 309015E- 03
. 006882E- 03
. 627594E- 03
. 859105E- 03
. 693554E- 04
. 000000E- 15
. 000000E- 15
. 000000E- 15
. 000000E+00
. 000000E+00
. 000000E+00
[ EVREF]
-1. 951640E- 02
-1. 957186E- 02
-1. 970364E- 02
- 1. 984423E- 02
-1. 991403E- 02
-1. 927149E- 02
- 1. 685880E- 02
- 1. 365882E- 02

0. 000000E+00

0. 000000E+00

0. 000000E+00
[ | TERATI ON|
77
[ K- EFF]

1. 026979E+00
[ MASS]

1. 536106E+02
[ DENSI TV]
. 149016E- 03
. 872007E- 03
. 559662E- 03
. 864188E- 03
. 055327E- 04
. 000000E- 15
. 000000E- 15
. 000000E- 15
. 000000E+00
. 000000E+00
. 000000E+00
[ EVREF]
-2. 067595E- 02
-2. 052766E- 02
-2.013611E- 02
-1. 966541E- 02
-1. 950791E- 02
-1. 906991E- 02
-1. 680774E- 02
- 1. 368356E- 02

0. 000000E+00

0. 000000E+00

0. 000000E+00
[ | TERATI ON|
78
[ K- EFF]

1. 027028E+00
[ MASS]

1. 536106E+02
[ DENSI TV]

4.309015E- 03

4.006577E- 03

3. 629433E- 03

1. 856701E- 03

COORRFRPRFRPUFRPWAD

OCOOFRRFRPFRPOPFRPWWAN

COORRFRRFRPFPMNOOO

COORRRRRRERR

OCOOFrRPRFRPRFPEFEPMOOO

OCOOFRRFPRFFFPNNDN

» ©O© © o

. 956888E- 01
. 959925E- 01
.963717E-01
. 324155E-01
. 000000E- 15
. 000000E- 15
. 000000E- 15
. 000000E- 15
. 000000E+00
. 000000E+00
. 000000E+00

. 955513E-02
. 959901E- 02
. 971591E-02
. 984341E-02
. 989771E-02
. 925369E- 02
. 684603E- 02
. 364984E- 02
. 000000E+00
. 000000E+00
. 000000E+00

. 958487E-01
.961274E-01
. 964396E- 01
. 303138E-01
. 000000E- 15
. 000000E- 15
. 000000E- 15
. 000000E- 15
. 000000E+00
. 000000E+00
. 000000E+00

. 070978E-02
. 055125E-02
. 014729E-02
. 966567E- 02
. 949255E- 02
. 905223E-02
. 679496E- 02
. 367452E- 02
. 000000E+00
. 000000E+00
. 000000E+00

. 956886E- 01
. 959928E- 01
. 963697E-01
. 310736E-01

. 000000E- 15
. 000000E- 15
. 000000E- 15
. 657254E-01
. 994307E-01
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00

COORRRLROUIRRER

. 000000E- 15
. 000000E- 15
. 000000E- 15
. 678220E-01
. 993945E-01
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00

COORRRLROURERER

1. 000000E- 15
1. 000000E- 15
1. 000000E- 15
5.670696E- 01



. 702761E- 04
. 000000E- 15
. 000000E- 15
. 000000E- 15
. 000000E+00
. 000000E+00
. 000000E+00
[ EVREF]
- 1. 952588E- 02
-1. 957841E- 02
-1.970119E- 02
- 1. 983358E- 02
- 1. 989753E- 02
- 1. 926422E- 02
- 1. 685750E- 02
- 1. 366042E- 02
0. 000000E+00
0. 000000E+00
0. 000000E+00
[ | TERATI ON|
79

[oNeNeN N N N

[ K- EFF]

1. 026979E+00
[ MASS]

1. 536106E+02
[ DENSI TV]
. 149015E- 03
. 871894E- 03
.561476E- 03
. 862497E- 03
. 060053E- 04
. 000000E- 15
. 000000E- 15
. 000000E- 15
. 000000E+00
. 000000E+00
. 000000E+00
[ EVREF]
-2. 068464E- 02
-2. 053266E- 02
-2.013183E- 02
- 1. 965445E- 02
- 1. 949589E- 02
-1. 906500E- 02
-1. 680715E- 02
- 1. 368504E- 02

0. 000000E+00

0. 000000E+00

COOFRRFRPFPOFRPWWAA

COORRERR

COORRRRERRRERR

COOrRRFRRFRPFRPMNOOO

CORRPRRPREREPNNN

. 000000E- 15
. 000000E- 15
. 000000E- 15
. 000000E- 15
. 000000E+00
. 000000E+00
. 000000E+00

. 956462E- 02
. 960558E- 02
. 971352E- 02
. 983283E- 02
. 988125E- 02
. 924642E- 02
. 684474E- 02
. 365145E- 02
. 000000E+00
. 000000E+00
. 000000E+00

. 958484E- 01
.961274E- 01
. 964377E-01
. 291264E- 01
. 000000E- 15
. 000000E- 15
. 000000E- 15
. 000000E- 15
. 000000E+00
. 000000E+00
. 000000E+00

. 071848E- 02
. 055628E- 02
. 014306E- 02
. 965477E- 02
. 948056E- 02
. 904732E- 02
. 679437E- 02
. 367600E- 02
. 000000E+00
. 000000E+00

Second set — 21 iterations

[ TI TLE]

OCOOFrRPRFRPRFLO

COORRPRRLROURRE

. 994297E- 01
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00

. 000000E- 15
. 000000E- 15
. 000000E- 15
.690111E-01
. 993940E- 01
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00

0. 000000E+00
[ | TERATI ON|
80
[ K- EFF]
1. 027030E+00
[ MASS]
1. 536105E+02
[ DENSI TV]
. 309015E- 03
. 006339E- 03
. 630815E- 03
. 854901E- 03
. 709631E- 04
. 000000E- 15
. 000000E- 15
. 000000E- 15
. 000000E+00
. 000000E+00
. 000000E+00
[ EVREF]
-1. 953303E- 02
- 1. 958350E- 02
- 1. 969944E- 02
- 1. 982532E- 02
- 1. 988503E- 02
-1. 925874E- 02
- 1. 685656E- 02
-1. 366168E- 02
0. 000000E+00
0. 000000E+00
0. 000000E+00
[ | TERATI ON]
81
[ MASS]
1. 536105E+02
[ DENSI TV]
. 1490155E- 03
. 8719331E- 03
. 5629200E- 03
. 8612158E- 03
. 0632732E- 04
. 0000000E- 15
. 0000000E- 15
. 0000000E- 15
. 0000000E+00
. 0000000E+00
. 0000000E+00

COORRFRPFRPUOFRPRWADN

COORRFRPFPOFRPWWHN

OCOOFrRRFRPFRPFRPMNOOO

COORRRRRRRER

COORRFRRFRPFPMNOOO

. 000000E+00

. 956883E- 01
. 959929E- 01
. 963683E-01
.300511E-01
. 000000E- 15
. 000000E- 15
. 000000E- 15
. 000000E- 15
. 000000E+00
. 000000E+00
. 000000E+00

. 957179E- 02
. 961070E- 02
. 971180E- 02
. 982462E- 02
. 986878E- 02
. 924095E- 02
. 684379E- 02
. 365270E- 02
. 000000E+00
. 000000E+00
. 000000E+00

. 9584818E- 01
.9612725E- 01
. 9643612E- 01
. 2822468E- 01
. 0000000E- 15
. 0000000E- 15
. 0000000E- 15
. 0000000E- 15
. 0000000E+00
. 0000000E+00
. 0000000E+00

case6 20cm pu23902/ pol y(h20)/be + 120cm be refl 06/ 20/ 9908: 15: 35

[KSWF ]
3
[ TYPE]

Kef f Maxi m zation

[ MATERI ALS]
puo2

pol y- h2o
berylium

[ DI STANCE]

. 000000E+00
. 500000E+00
. 000000E+00
. 500000E+00
. 000000E+01
. 250000E+01

PP ~NOIN O

Fi xed Mass

113

1.
1. 750000E+01
2. 000000E+01
2
3. 000000E+01
1.

500000E+01

500000E+01

400000E+02

[ | TERATI ON|

1

[ K- EFF]

1.

026979E+00

[ MASS]

1.

536105E+02

[ DENSI TV]

4.149016E-03 9. 958482E-01
3.871933E-03 9.961272E-01

COORRRLROURERRE

. 000000E- 15
. 000000E- 15
. 000000E- 15
. 680940E- 01
. 994290E- 01
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00

COORRPRRLROUIRREER

. 0000000E- 15
. 0000000E- 15
. 0000000E- 15
. 6991410E- 01
. 9939370E- 01
. 0000000E+00
. 0000000E+00
. 0000000E+00
. 0000000E+00
. 0000000E+00
. 0000000E+00

1. 000000E- 15
1. 000000E- 15



. 562920E- 03
.861216E- 03
. 063273E- 04
. 000000E- 15
. 000000E- 15
. 000000E- 15

RPRROPFPW

0. 000000E+00
0. 000000E+00
0. 000000E+00

[ EVREF]

-2.069073E- 02
- 2. 053556E- 02
-2.012813E- 02
- 1. 964620E- 02
-1.948711E- 02
-1. 906143E- 02
-1. 680674E- 02
-1. 368614E- 02
0. 000000E+00
0. 000000E+00
0. 000000E+00

[ | TERATI ON|
2

[ K- EFF]

1. 027007E+00

[ MASS]

1. 536105E+02

[ DENSI TV]

. 189015E- 03

. 905502E- 03

. 580165E- 03

. 859296E- 03

. 976123E- 04

. 000000E- 15

. 000000E- 15

. 000000E- 15

. 000000E+00

. 000000E+00

. 000000E+00

[ EVREF]

- 2. 039420E- 02
-2.029257E- 02
-2. 001865E- 02
-1. 968853E- 02
-1. 958282E- 02
-1. 910888E- 02
-1. 681851E- 02
-1. 367994E- 02
0. 000000E+00
0. 000000E+00

COORRFRPPFPUFPWWHN

RPRRPRRLRAO

COORRFRRFRPFPMNOOO

- 2.
.031711E-02
- 2.
-1.
-1.
-1.
. 680573E- 02
-1.
. 000000E+00
. 000000E+00

. 964361E-01
. 282247E-01
. 000000E- 15
. 000000E- 15
. 000000E- 15
. 000000E- 15

. 072459E- 02
. 055920E- 02
. 013941E-02
. 964655E- 02
. 947180E- 02
. 904376E- 02
. 679396E- 02
.367710E-02
. 000000E+00
. 000000E+00
. 000000E+00

. 958081E-01
. 960936E- 01
. 964188E- 01
. 284860E- 01
. 000000E- 15
. 000000E- 15
. 000000E- 15
. 000000E- 15
. 000000E+00
. 000000E+00
. 000000E+00

042929E- 02

003021E- 02
968863E- 02
956728E- 02
909119E- 02

367091E- 02

PR R OUR

COORRPRRLROUIRRER

. 000000E- 15
.699141E-01
. 993937E-01
. 000000E+00
. 000000E+00
. 000000E+00

. 000000E+00 0. 000000E+00
. 000000E+00 0. 000000E+00
. 000000E+00 0. 000000E+00

. 000000E- 15
. 000000E- 15
. 000000E- 15
. 696547E- 01
. 994024E- 01
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00

114

0. 000000E+00
[ | TERATI ON|

3
[ K- EFF]

1. 027025E+00
[ MASS]

1. 536105E+02
[ DENSI TV]
. 229015E- 03
. 939154E- 03
. 597581E- 03
. 857382E- 03
. 888312E- 04
. 000000E- 15
. 000000E- 15
. 000000E- 15
. 000000E+00
. 000000E+00
. 000000E+00
[ EVREF]
-2.010447E- 02
-2. 005402E- 02
- 1. 990980E- 02
-1. 972863E- 02
-1. 967817E- 02
-1. 915653E- 02
-1. 683068E- 02
-1. 367419E- 02

0. 000000E+00

0. 000000E+00

0. 000000E+00
[ | TERATI ON|

4
[ K- EFF]

1. 027033E+00
[ MASS]

1. 536105E+02
[ DENSI TY]
. 269015E- 03
. 972898E- 03
. 615233E- 03
. 855336E- 03
. 800463E- 04
. 000000E- 15
. 000000E- 15
. 000000E- 15
. 000000E+00
. 000000E+00
. 000000E+00
[ EVREF]

-1. 982126E- 02
-1. 981958E- 02
-1. 980152E- 02
-1. 976730E- 02
-1. 977306E- 02
- 1. 920424E- 02
- 1. 684316E- 02
-1. 366887E- 02

0. 000000E+00

0. 000000E+00

0. 000000E+00
[ | TERATI ON|

5
[ K- EFF]

1. 027033E+00
[ MASS]

1. 536104E+02
[ DENSI TV]

4. 309016E- 03

4. 006786E- 03

3. 633843E- 03

COORRFRPFRPUORPWWAN

COORRFRPRFRPUOFRPRWWAA

OCOOFrRRFRPFRPFRPMNOOO

COORRRPRRPRRENN

OCOOFRRFRRFRPEFEFMAOOO

COO0ORRRRERRERRERRER

© O ©

. 000000E+00

. 957681E- 01
. 960599E- 01
. 964013E-01
. 285563E-01
. 000000E- 15
. 000000E- 15
. 000000E- 15
. 000000E- 15
. 000000E+00
. 000000E+00
. 000000E+00

. 014080E- 02
. 007946E- 02
. 992165E- 02
. 972849E- 02
. 966240E- 02
. 913881E-02
. 681791E-02
. 366518E- 02
. 000000E+00
. 000000E+00
. 000000E+00

. 957280E- 01
. 960262E- 01
. 963835E-01
. 284538E-01
. 000000E- 15
. 000000E- 15
. 000000E- 15
. 000000E- 15
. 000000E+00
. 000000E+00
. 000000E+00

. 985882E- 02
. 984591E- 02
. 981366E- 02
. 976692E- 02
. 975706E- 02
. 918649E- 02
. 683039E- 02
. 365987E- 02
. 000000E+00
. 000000E+00
. 000000E+00

. 956880E- 01
. 959923E-01
. 963650E- 01

. 000000E- 15
. 000000E- 15
. 000000E- 15
. 695863E- 01
.994112E-01
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00

COORRPRRLROURERRE

. 000000E- 15
. 000000E- 15
. 000000E- 15
. 696909E- 01
. 994199E-01
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00

COORRPRRLROURREE

1. 000000E- 15
1. 000000E- 15
1. 000000E- 15



. 851804E- 03
. 718450E- 04
. 000000E- 15
. 000000E- 15
. 000000E- 15
. 000000E+00
. 000000E+00
. 000000E+00
[ EVREF]
- 1. 954361E- 02
-1. 958716E- 02
-1. 969260E- 02
-1. 981046E- 02
- 1. 986559E- 02
- 1. 925053E- 02
- 1. 685533E- 02
-1. 366381E- 02
0. 000000E+00
0. 000000E+00
0. 000000E+00

QOO RFPRFURF

[ | TERATI ON|
15

[ K- EFF]
1. 027035E+00
[ MASS]
1. 536100E+02
[ DENSI TV]
. 309017E- 03
. 006525E- 03
. 637510E- 03
. 848102E- 03
. 729696E- 04
. 000000E- 15
. 000000E- 15
. 000000E- 15
. 000000E+00
. 000000E+00
. 000000E+00
[ EVREF]
-1. 956308E- 02
- 1. 959982E- 02
-1. 968575E- 02
-1. 978253E- 02
-1. 983501E- 02
- 1. 923793E- 02
-1. 685361E- 02
- 1. 366730E- 02
0. 000000E+00
0. 000000E+00
0. 000000E+00
[ | TERATI ON|
16
[ K- EFF]
1. 027035E+00
[ MASS]
1. 536101E+02
[ DENSI TV]
4.269017E- 03
3.972281E- 03
3. 619516E- 03

COORRFRPRFRPUOFRPR WAL

cooRrRERELA

COORRRRERERRRER

COCOoOOFrRRFRPFRPFRMNOOO

COO0ORRRRERRERRERRER

© © O

. 281971E-01
. 000000E- 15
. 000000E- 15
. 000000E- 15
. 000000E- 15
. 000000E+00
. 000000E+00
. 000000E+00

. 958240E- 02
. 961441E- 02
. 970505E- 02
. 980983E- 02
. 984938E- 02
. 923274E- 02
. 684256E- 02
. 365482E- 02
. 000000E+00
. 000000E+00
. 000000E+00

. 956874E- 01
. 959923E- 01
. 963609E- 01
. 253536E-01
. 000000E- 15
. 000000E- 15
. 000000E- 15
. 000000E- 15
. 000000E+00
. 000000E+00
. 000000E+00

. 960191E- 02
. 962713E- 02
. 969832E- 02
. 978204E- 02
. 981886E- 02
. 922016E- 02
. 684084E- 02
. 365831E- 02
. 000000E+00
. 000000E+00
. 000000E+00

. 957273E-01
. 960265E-01
. 963788E-01

.699511E-01
. 994282E- 01
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00

COoOORrRrRFRPFRPROUO

. 000000E- 15
. 000000E- 15
. 000000E- 15
. 727983E-01
. 994270E- 01
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00

COORRPRRLROURRE

1. 000000E- 15
1. 000000E- 15
1. 000000E- 15

115

. 849215E- 03
. 824859E- 04
. 000000E- 15
. 000000E- 15
. 000000E- 15
. 000000E+00
. 000000E+00
. 000000E+00
[ EVREF]

- 1. 984524E- 02
- 1. 983654E- 02
-1.979721E- 02
-1. 973999E- 02
-1. 973036E- 02
-1. 918536E- 02
-1. 683979E- 02
-1. 367305E- 02

0. 000000E+00

0. 000000E+00

0. 000000E+00
[ | TERATI ON|

17
[ K- EFF]

1. 027035E+00
[ MASS]

1. 536100E+02
[ DENSI TV]
. 309017E- 03
. 006463E- 03
. 638062E- 03
. 847374E- 03
. 732458E- 04
. 000000E- 15
. 000000E- 15
. 000000E- 15
. 000000E+00
. 000000E+00
. 000000E+00
[ EVREF]

-1. 956627E- 02
-1. 960210E- 02
-1. 968517E- 02
-1.977835E- 02
-1. 982936E- 02
-1. 923548E- 02
- 1. 685320E- 02
-1. 366787E- 02

0. 000000E+00

0. 000000E+00

0. 000000E+00
[ | TERATI ON|

18
[ K- EFF]

1. 027036E+00
[ MASS]

1. 536100E+02
[ DENSI TV]
. 269017E- 03
. 972248E- 03
. 620102E- 03
. 848474E- 03
. 827541E- 04
. 000000E- 15
. 000000E- 15
. 000000E- 15
. 000000E+00
. 000000E+00
. 000000E+00
[ EVREF]

- 1. 984829E- 02
-1. 983852E- 02

QOO RFPRFURF

COOFRRFRPFRPUFRPWAD

COORRFRPFRPUFPWWHN

cCoOoRrRERELA

.
COORRRRERRERRRER

COOFrRRFRRFRPFRPMNOOO

.
COORRRRRERRER

COORRFRRFRPFRPMNOOO

-1.
-1.

. 250370E-01
. 000000E- 15
. 000000E- 15
. 000000E- 15
. 000000E- 15
. 000000E+00
. 000000E+00
. 000000E+00

. 988284E- 02
. 986294E- 02
. 980948E- 02
. 973976E- 02
. 971446E-02
. 916762E- 02
. 682702E- 02
. 366405E- 02
. 000000E+00
. 000000E+00
. 000000E+00

. 956872E-01
. 959923E-01
. 963602E- 01
. 248847E-01
. 000000E- 15
. 000000E- 15
. 000000E- 15
. 000000E- 15
. 000000E+00
. 000000E+00
. 000000E+00

. 960510E- 02
. 962942E- 02
. 969776E- 02
. 977788E-02
. 981323E-02
.921771E-02
. 684043E-02
. 365888E- 02
. 000000E+00
. 000000E+00
. 000000E+00

. 957272E-01
. 960264E-01
. 963781E-01
. 245825E-01
. 000000E- 15
. 000000E- 15
. 000000E- 15
. 000000E- 15
. 000000E+00
. 000000E+00
. 000000E+00

988589E- 02
986493E- 02

COORrRrRFRPFRPROUO

COORRPRRPLROUIRREE

COORRLRRLROUIRREER

. 731138E-01
. 994175E-01
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00

. 000000E- 15
. 000000E- 15
. 000000E- 15
. 732679E-01
. 994268E- 01
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00

. 000000E- 15
. 000000E- 15
. 000000E- 15
. 735691E-01
. 994172E-01
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00



-1.979636E-02- 1. 980865E- 02

-1. 973610E- 02
- 1. 972503E- 02
-1. 918306E- 02
-1. 683941E- 02
-1. 367360E- 02

0. 000000E+00
0. 000000E+00
0. 000000E+00

[ | TERATI ON|

19

[ K- EFF]

1. 027035E+00
[ MASS]

1. 536099E+02
[ DENSI TV]
. 309017E- 03
. 006408E- 03
. 638581E- 03
. 846680E- 03
. 735088E- 04
. 000000E- 15
. 000000E- 15
. 000000E- 15
. 000000E+00
. 000000E+00
. 000000E+00
[ EVREF]
-1. 956928E- 02
-1. 960421E- 02
-1. 968462E- 02
-1. 977448E- 02
-1. 982408E- 02
- 1. 923320E- 02
- 1. 685282E- 02
-1. 366841E- 02

COORRFRFRPUOFRPWAD

0. 000000E+00
0. 000000E+00
0. 000000E+00

[ 1 TERATI ON]
20

[ K- EFF]
1. 027035E+00

B.5. SAMPLE PROBLEM NO. 5

-1.
-1.
-1.
-1.
-1.
0
0.
0.

COORRFRRFRPFRPMNOOO

-1

-1.
-1.
-1.
-1
-1.
-1

973589E- 02
970915E- 02
916532E- 02
682663E- 02
366460E- 02

. 000000E+00

000000E+00
000000E+00

. 956871E-01
. 959922E- 01
. 963595E- 01
. 244450E- 01
. 000000E- 15
. 000000E- 15
. 000000E- 15
. 000000E- 15
. 000000E+00
. 000000E+00
. 000000E+00

. 960812E- 02
. 963154E- 02

969722E- 02
977403E- 02
980796E- 02

. 921544E- 02

684005E- 02

. 365942E- 02
. 000000E+00
. 000000E+00
. 000000E+00

First set — 81 iterations

[ TITLE]

casel 20cm pu23902/h20 + 120cm h2o0 reference

[KSWF ]
4
[ TYPE]

Mass M nim zation

[ MATERI ALS]
puo2

h2o

[ DI STANCE]

. 000000E+00
. 500000E+00
. 000000E+00
. 500000E+00
. 000000E+01
. 250000E+01
. 500000E+01
. 750000E+01
. 000000E+01

NRPRRPRRNUONO

Fi xed Kef f

COORRRLROUIREER

. 000000E- 15
. 000000E- 15
. 000000E- 15
. 737083E- 01
. 994265E- 01
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00

116

[ MASS]

1.

536098E+02

[ DENSI TV]

COORRFRPFRPUFPWWHN

. 269017E- 03
. 972208E- 03
. 620651E- 03
. 847776E-03
. 830079E- 04
. 000000E- 15
. 000000E- 15
. 000000E- 15
. 000000E+00
. 000000E+00
. 000000E+00

[ EVREF]

-1.
-1.
-1.
-1.
-1.
-1.
-1.
-1.
0.
0.
0

985122E- 02
984044E- 02
979561E- 02
973249E- 02
972004E- 02
918091E- 02
683906E- 02
367413E- 02
000000E+00
000000E+00
000000E+00

[ | TERATI ON]

21

[ MASS]

1.

536098E+02

[ DENSI TV]

COOFRRFRPFRPUFRPWAD

. 3090172E- 03
. 0063481E- 03
. 6390724E- 03
. 8460281E- 03
. 7375658E- 04
. 0000000E- 15
. 0000000E- 15
. 0000000E- 15
. 0000000E+00
. 0000000E+00
. 0000000E+00

06/ 28/ 9908: 06: 37

COORRFRRFRPFPMNOOO

.957271E-01
. 960264E- 01
.963773E-01
. 241561E-01
. 000000E- 15
. 000000E- 15
. 000000E- 15
. 000000E- 15
. 000000E+00
. 000000E+00
. 000000E+00

-1.
. 986686E- 02
-1.
-1.
-1.
-1.
. 682629E- 02
-1.
. 000000E+00
. 000000E+00
. 000000E+00

COOFrRFRRFRPRFRPMNOOO

988883E- 02

980792E- 02
973230E- 02
970416E- 02
916318E- 02

366513E- 02

. 9568701E- 01
. 9599218E- 01
. 9635887E- 01
. 2403102E- 01
. 0000000E- 15
. 0000000E- 15
. 0000000E- 15
. 0000000E- 15
. 0000000E+00
. 0000000E+00
. 0000000E+00

COORRPRRLROUIRRER

. 000000E- 15
. 000000E- 15
. 000000E- 15
. 739962E- 01
. 994170E- 01
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00

. 0000000E- 15
. 0000000E- 15
. 0000000E- 15
. 7412297E- 01
. 9942625E- 01

COORRPRRLROUIRREER

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



2.500000E+01
3. 000000E+01
1. 400000E+02

[ | TERATI ON|
1
[ K- EFF]
1. 010751E+00
[ MASS]
7. 104523E+02
[ DENSI TV]
. 850000E- 03
. 850000E- 03
. 850000E- 03
. 850000E- 03
. 850000E- 03
. 850000E- 03
. 850000E- 03
. 850000E- 03
. 000000E+00
. 000000E+00
. 000000E+00
[ EVREF]
- 1. 537608E- 02
- 1. 442815E- 02
-1. 269707E- 02
-1. 041019E- 02
-7.877366E- 03
- 5. 439261E- 03
- 3. 474094E- 03
- 2. 569935E- 03
0. 000000E+00
0. 000000E+00
0. 000000E+00
[ | TERATI ON|
2

COORRRRRRERER

[ K- EFF]
1. 006624E+00
[ MASS]
6. 774797E+02
[ DENSI TV]
.127131E- 03
. 093757E- 03
. 032810E- 03
. 952294E- 03
. 863120E- 03
. 777280E- 03
. 708092E- 03
. 676259E- 03
. 000000E+00
. 000000E+00
. 000000E+00
[ EVREF]
- 1. 383769E- 02
-1. 316542E- 02
-1. 187923E- 02
-1. 006821E- 02
-7.904826E- 03
- 5. 653738E- 03
- 3. 703534E- 03
-2. 703290E- 03
0. 000000E+00
0. 000000E+00
0. 000000E+00
[ | TERATI ON|
3
[ K- EFF]
1. 003732E+00
[ MASS]
6. 476414E+02
[ DENSI TV]

COORRFRFRPFFENNDN

OO0 WWOWWOWWWOWWWOWO

OCOO0OWWWOWWWOWWOWWOWO

. 981500E- 01
. 981500E- 01
. 981500E- 01
. 981500E- 01
. 981500E- 01
. 981500E- 01
. 981500E- 01
. 981500E- 01
. 000000E+00
. 000000E+00
. 000000E+00

. 978729E- 01
. 979063E- 01
. 979672E- 01
.980477E-01
. 981369E- 01
. 982227E-01
. 982919E-01
. 983237E-01
. 000000E+00
. 000000E+00
. 000000E+00

117

. 411161E- 03
. 349885E- 03
. 235537E- 03
. 079797E- 03
. 900714E- 03
. 721277E- 03
. 570966E- 03
. 497502E- 03
. 000000E+00
. 000000E+00
. 000000E+00
[ EVREF]
-1. 245951E- 02
-1.197010E- 02
-1.100763E- 02
- 9. 595590E- 03
-7.806632E- 03
- 5. 803609E- 03
- 3. 923804E- 03
-2.838027E- 03
0. 000000E+00
0. 000000E+00
0. 000000E+00
[ | TERATI ON|
4
[ K- EFF]
1. 001703E+00
[ MASS]
6. 204953E+02
[ DENSI TV]
2. 701080E- 03
. 615669E- 03
. 453834E- 03
. 228378E- 03
. 960905E- 03
. 682422E- 03
. 439091E- 03
. 311849E- 03
. 000000E+00
. 000000E+00
. 000000E+00
[ EVREF]
-1.122782E- 02
-1. 086007E- 02
-1. 012863E- 02
-9. 035695E- 03
-7.598472E- 03
- 5. 885239E- 03
-4.133717E- 03
-2.978491E- 03
0. 000000E+00
0. 000000E+00
0. 000000E+00
[ | TERATI ON|
5
[ K- EFF]
1. 000270E+00
[ MASS]
5. 959613E+02
[ DENSI TV]
. 995978E- 03
. 888859E- 03
. 683834E- 03
. 393816E- 03
. 041393E- 03
. 661576E- 03
. 314577E- 03

OCOOFRFPFFEPNNNN

CQOOFRFFPFEFNNDN

FPFEPNNNNDN

OO O WVWWOWWWOWWOWwWOWwWYWW

OO0 WVWWOWWOWWOWWOWWOWWOWO

© O OOOoo

. 975888E-01
. 976501E-01
. 977645E-01
. 979202E-01
. 980993E-01
. 982787E-01
. 984291E-01
. 985025E-01
. 000000E+00
. 000000E+00
. 000000E+00

. 972989E-01
. 973843E-01
. 975462E-01
.977716E-01
. 980391E-01
. 983176E-01
. 985609E- 01
. 986882E- 01
. 000000E+00
. 000000E+00
. 000000E+00

. 970040E-01
.971111E-01
. 973162E-01
. 976062E-01
. 979586E-01
. 983384E-01
. 986854E-01



1. 118904E- 03
0. 000000E+00
0. 000000E+00
0. 000000E+00

[ EVREF]

-1. 012586E- 02
-9. 841220E- 03
-9. 274496E- 03
- 8. 427982E- 03
-7.300508E- 03
-5.895772E- 03
- 4. 328946E- 03
-3.127740E- 03
0. 000000E+00
0. 000000E+00
0. 000000E+00

[ | TERATI ON|
77

[ K- EFF]
9. 951849E- 01
[ MASS]
5. 093652E+02
[ DENSI TV]
. 202474E- 03
. 886040E- 03
. 287140E- 03
. 494498E- 03
. 607486E- 03
. 792170E- 03
. 409652E- 04
. 000000E- 15
. 000000E+00
. 000000E+00
. 000000E+00
[ EVREF]
-4.861110E- 03
-4.957570E- 03
-5.114110E- 03
- 5. 249587E- 03
- 5. 237854E- 03
- 5. 047683E- 03
-4.931464E- 03
-4.083120E- 03
0. 000000E+00
0. 000000E+00
0. 000000E+00
[ | TERATI ON]
78
[ K- EFF]
9. 951367E- 01
[ MASS]
5. 097653E+02
[ DENSI TV]
. 926194E- 03
. 749439E- 03
. 376805E- 03
. 778657E- 03
. 870176E- 03
. 772518E- 03
. 465762E- 04
. 000000E- 15

OCOOFRPROFRLRNWMARMO

PORPNWADIMD

9. 988811E-01
0. 000000E+00
0. 000000E+00
0. 000000E+00

. 947975E- 01
. 951140E-01
. 957129E-01
. 965055E- 01
. 973925E- 01
. 982078E-01
. 991590E- 01
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00

OCOOOFrR O©WOVWWOWWOWwWOVWWYwWO

. 950738E-01
. 952506E- 01
. 956232E- 01
.962214E-01
. 971298E-01
. 982275E-01
. 993534E-01
. 000000E+00

= O OO oo

118

0. 000000E+00 0. 000000E+00
0. 000000E+00 0. 000000E+00
0. 000000E+00 0. 000000E+00

[ EVREF]
- 5. 334714E- 03
-5.169357E- 03
- 4. 902094E- 03
- 4. 674096E- 03
- 4. 704956E- 03
- 5. 047460E- 03
- 5. 262081E- 03
- 4. 074759E- 03
0. 000000E+00
0. 000000E+00
0. 000000E+00
[ | TERATI ON|
79
[ K- EFF]
9. 951823E- 01
[ MASS]
5. 093544E+02
[ DENSI TV]
. 201391E- 03
. 885457E- 03
. 287443E- 03
. 495657E- 03
. 608551E- 03
. 792024E- 03
. 401031E- 04
. 000000E- 15
. 000000E+00
. 000000E+00
. 000000E+00
[ EVREF]
- 4. 862997E- 03
- 4. 958516E- 03
-5.113323E- 03
- 5. 247092E- 03
-5.235577E- 03
-5. 047812E- 03
- 4. 932904E- 03
- 4. 083087E- 03
0. 000000E+00
0. 000000E+00
0. 000000E+00
[ | TERATI ON|
80

COOFrROFRPRNWAMO

[ K- EFF]
9. 951351E- 01
[ MASS]
5. 097661E+02

[ DENSI TV]
. 925119E- 03
. 748925E- 03
. 376974E- 03
. 779197E- 03
. 870766E- 03
. 772584E- 03
. 461089E- 04
. 000000E- 15
. 000000E+00
. 000000E+00
. 000000E+00
[ EVREF]

- 5. 336529E- 03

-5.170217E- 03

-4.901785E- 03

- 4. 673049E- 03

- 4. 703813E- 03

- 5. 047314E- 03

- 5. 262895E- 03

COOFROFRPNWAMD

OCOOFrR O©WOWWOWWOWWwWO

OCOOFrR O©OWOWWWOWWwWOw

. 947986E- 01
. 951146E-01
. 957126E-01
. 965044E- 01
. 973915E-01
. 982080E- 01
. 991599E- 01
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00

. 950749E- 01
. 952511E-01
. 956231E-01
. 962208E- 01
. 971293E-01
. 982274E-01
. 993539E-01
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00



-4.074783E-03
0. 000000E+00
0. 000000E+00
0. 000000E+00

[ | TERATI ON|

81

[ MASS]

5

093481E+02

[ DENSI TV]

CQOOFrROFRPRNWMADMO

. 2010613E- 03
. 8853043E- 03
. 2876676E- 03
. 4962054E- 03
. 6089903E- 03
. 7919139E- 03
. 3972281E- 04
. 0000000E- 15
. 0000000E+00
. 0000000E+00
. 0000000E+00

OCOOOFrR, O©WOWWOWWOWWOVWWOVWO

. 9479896E- 01
. 9511468E- 01
. 9571234E- 01
. 9650377E- 01
. 9739099E- 01
. 9820811E-01
. 9916029E- 01
. 0000000E+00
. 0000000E+00
. 0000000E+00
. 0000000E+00

119



Second set — 41 iterations

[ TI TLE]

casel 20cm pu23902/h20 + 120cm h2o0 reference

[KSWF ]
4

[ TYPE]

Mass M nim zation

[ MATERI ALS]
puo2
h2o
[ DI STANCE]
. 000000E+00
. 500000E+00
. 000000E+00
. 500000E+00
. 000000E+01
. 250000E+01
. 500000E+01
. 750000E+01
. 000000E+01
. 500000E+01
. 000000E+01
. 400000E+02
| TERATI ON|
1
[ K- EFF]
9. 976357E- 01
[ MASS]
5.148176E+02
[ DENSI TVY]
. 980455E- 03
. 736620E- 03
. 258455E- 03
. 570028E- 03
. 720362E- 03
. 793014E- 03
. 356550E- 04
. 000000E- 15
. 000000E+00
. 000000E+00
. 000000E+00
[ EVREF]
-5.196334E- 03
-5.170333E- 03
-5.120516E- 03
-5. 059951E- 03
-5.006115E- 03
-4.990058E- 03
-4.934311E- 03
-4.083962E- 03
0. 000000E+00
0. 000000E+00
0. 000000E+00
[ | TERATI ON|
2

P WONNRPRPRPRPPRPNONO

COORFRPROFRPNWAIMD

[ K- EFF]

9. 981363E- 01
[ MASS]

5. 159393E+02
[ DENSI TV]
. 022329E- 03
. 774054E- 03
. 287356E- 03
. 588301E- 03
. 728625E- 03
. 796693E- 03
. 287844E- 04
. 000000E- 15
. 000000E+00

OFRPOFRNWMAMO

OCOORrROVWOWWOWWOVWOWWOO

(=X (el (e (el {o J{ec (o J{c]

. 950196E- 01
. 952634E- 01
. 957415E-01
. 964300E- 01
. 972796E- 01
. 982070E- 01
. 991643E-01
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00

. 949777E-01
. 952260E- 01
. 957126E- 01
.964117E-01
.972714E-01
. 982033E-01
.991712E-01
. 000000E+00
. 000000E+00

Fi xed Kef f

06/ 29/9913: 02: 17

120

0. 000000E+00 0. 000000E+00
0. 000000E+00 0. 000000E+00

[ EVREF]
-5.116463E- 03
- 5. 097365E- 03
- 5. 060539E- 03
-5. 016780E- 03
- 4. 979446E- 03
- 4. 978239E- 03
- 4. 939262E- 03
- 4. 080482E- 03

0. 000000E+00

0. 000000E+00

0. 000000E+00
[ | TERATI ON|

3

[ K- EFF]

9. 985111E- 01

[ MASS]

5. 167853E+02

[ DENSI TV]

. 061762E- 03

. 808888E- 03

. 313306E- 03

. 603468E- 03

. 734102E- 03

. 800169E- 03

. 220123E- 04

. 000000E- 15

. 000000E+00

. 000000E+00

. 000000E+00

[ EVREF]

- 5. 043877E- 03
- 5. 031904E- 03
- 5. 008555E- 03
- 4. 981802E- 03
- 4. 959506E- 03
- 4. 968833E- 03
- 4. 944986E- 03
-4.077577E- 03
0. 000000E+00
0. 000000E+00
0. 000000E+00
[ | TERATI ON|
4

OCOOFrRPROFRLRNWMADMO

OCOOFr O©OWOVWWOWWOWWOWwWOW

. 949383E-01
.951911E-01
. 956867E-01
. 963965E- 01
. 972659E- 01
. 981998E- 01
. 991780E- 01
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00



[ K- EFF]

9. 987702E- 01
[ MASS]

5. 173742E+02
[ DENSI TV]
. 099354E- 03
. 841525E- 03
.336277E- 03
. 615153E- 03
. 735965E- 03
. 804205E- 03
. 154725E- 04
. 000000E- 15
. 000000E+00
. 000000E+00
. 000000E+00
[ EVREF]
-4.977108E- 03
-4.972924E- 03
-4.964331E- 03
-4.955711E- 03
-4.947165E- 03
-4.960716E- 03
- 4. 950950E- 03
-4.075347E- 03

0. 000000E+00

0. 000000E+00

0. 000000E+00
[ | TERATI ON|

5
[ K- EFF]

9. 987668E- 01
[ MASS]

5. 173647E+02
[ DENSI TV]
. 135670E- 03
. 871460E- 03
. 353136E- 03
. 618633E- 03
. 725977E- 03
. 812708E- 03
. 086056E- 04
. 000000E- 15
. 000000E+00
. 000000E+00
. 000000E+00
[ EVREF]
-4.916643E- 03
-4.923336E- 03
- 4. 935549E- 03
- 4. 951354E- 03
-4.955972E- 03
-4.951705E- 03
-4.957607E- 03
-4.075079E- 03

0. 000000E+00

0. 000000E+00

0. 000000E+00

CQOOFrROFRPRNWMADMO

COOFRPROFRPRNWAMO

[ 1 TERATI ON]
36
[ K- EFF]

OQOOFrR, O©WOWWOWWOWwWOVWWOVWO

OQOOFr O©WOWWWOWWwWOwO

. 949006E- 01
. 951585E- 01
. 956637E-01
. 963849E- 01
. 972640E- 01
. 981958E- 01
. 991845E- 01
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00

. 948643E- 01
. 951285E- 01
. 956468E- 01
. 963813E-01
.972740E-01
. 981873E-01
. 991914E- 01
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00

121

9. 990220E- 01
[ MASS]

5. 179607E+02
[ DENSI TV]
. 101964E- 03
. 849502E- 03
. 349895E- 03
. 636318E- 03
. 744761E- 03
. 810374E- 03
. 043206E- 04
. 000000E- 15
. 000000E+00
. 000000E+00
. 000000E+00
[ EVREF]

- 4. 968559E- 03
- 4. 955332E- 03
- 4. 933408E- 03
- 4. 914864E- 03
- 4. 919330E- 03
- 4. 948580E- 03
- 4. 964819E- 03
- 4. 074669E- 03

0. 000000E+00

0. 000000E+00

0. 000000E+00
[ | TERATI ON|

37
[ K- EFF]

9. 990584E- 01
[ MASS]

5. 180444E+02
[ DENSI TV]
. 127320E- 03
. 862198E- 03
. 341526E- 03
. 609848E- 03
. 721609E- 03
. 813758E- 03
. 219595E- 04
. 000000E- 15
. 000000E+00
. 000000E+00
. 000000E+00
[ EVREF]

- 4. 925936E- 03
- 4. 935961E- 03
- 4. 952730E- 03
- 4. 967330E- 03
- 4. 965410E- 03
- 4. 945470E- 03
- 4. 935105E- 03
- 4. 075530E- 03

0. 000000E+00

0. 000000E+00

0. 000000E+00
[ | TERATI ON|

38

OCOOFrRPROFRLRNWMAMO

OCOOFrRPROFRPRNWMADMO

[ K- EFF]
9. 990238E- 01
[ MASS]
5. 179651E+02
[ DENSI TV]
. 102124E- 03
. 849575E- 03
. 349862E- 03
. 636170E- 03
. 744636E- 03
. 810425E- 03
. 044332E- 04

OFRLrNWAMO

OO OFrR, O©WOVWWOWwWOWWOVWWOwWO

OQOOFr O©WOWWOVWOWWOWwWOVW

© O OOOoo

. 948980E- 01
. 951505E-01
. 956501E-01
. 963637E-01
. 972553E-01
. 981896E-01
. 991957E-01
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00

. 948727E-01
. 951378E-01
. 956585E- 01
. 963902E- 01
. 972784E-01
. 981862E- 01
.991781E-01
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00

. 948979E-01
. 951504E-01
. 956501E-01
. 963638E-01
. 972554E-01
. 981896E-01
. 991956E-01



1. 000000E- 15
0. 000000E+00
0. 000000E+00
0. 000000E+00

[ EVREF]

- 4. 968293E- 03
- 4. 955195E- 03
- 4. 933484E- 03
-4.915145E- 03
- 4. 919556E- 03
- 4. 948487E- 03
-4.964610E- 03
-4.074675E- 03
0. 000000E+00
0. 000000E+00
0. 000000E+00
[ | TERATI ON|
39

[ K- EFF]

9. 990584E- 01

[ MASS]

5. 180440E+02

[ DENSI TV]

. 127450E- 03

. 862241E- 03

. 341463E- 03

. 609694E- 03

. 721469E- 03

. 813764E- 03

. 220689E- 04

. 000000E- 15

. 000000E+00

. 000000E+00

. 000000E+00

[ EVREF]

-4.925733E- 03
- 4. 935896E- 03
-4.952874E- 03
- 4. 967650E- 03
-4.965702E- 03
- 4. 945475E- 03
- 4. 934930E- 03
- 4. 075535E- 03
0. 000000E+00
0. 000000E+00
0. 000000E+00

COOFRPROFRPRNWMALMO

1. 000000E+00
0. 000000E+00
0. 000000E+00
0. 000000E+00

. 948726E- 01
. 951378E-01
. 956585E- 01
. 963903E- 01
. 972785E-01
. 981862E- 01
. 991779E-01
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00

OCOOFr O©WOWWWOWwWwWOwO

122

[ | TERATI ON|
40

[ K- EFF]
9. 990259E- 01
[ MASS]
5. 179700E+02
[ DENSI TV]
. 102254E- 03
. 849667E- 03
. 349899E- 03
. 636155E- 03
. 744625E- 03
. 810449E- 03
. 044644E- 04
. 000000E- 15
. 000000E+00
. 000000E+00
. 000000E+00
[ EVREF]
-4.968027E- 03
- 4. 955010E- 03
- 4. 933408E- 03
-4.915148E- 03
-4.919552E- 03
-4.948427E- 03
- 4. 964538E- 03
- 4. 074668E- 03
0. 000000E+00
0. 000000E+00
0. 000000E+00
[ | TERATI ON|
a1
[ MASS]
5. 180471E+02
[ DENSI TV]
. 1274020E- 03
. 8622112E- 03
. 3414463E- 03
. 6096713E- 03
. 7214524E- 03
. 8137782E- 03
. 2210964E- 04
. 0000000E- 15
. 0000000E+00
. 0000000E+00
. 0000000E+00

COOROFRPNWAMO

COOFRPROFRNWAMO

OO0 OVWOWWOWWOVWOWWOO

. 948977E- 01
. 951503E- 01
. 956501E-01
. 963638E- 01
. 972554E- 01
. 981896E- 01
. 991955E- 01
. 000000E+00
. 000000E+00
. 000000E+00
. 000000E+00

OQOOFrR O©OWOWWWOWWwWOV

. 9487257E- 01
. 9513781E- 01
. 9565858E- 01
. 9639034E- 01
. 9727857E-01
. 9818623E- 01
.9917787E- 01
. 0000000E+00
. 0000000E+00
. 0000000E+00
. 0000000E+00



APPENDIX C

“SWIF.DATA” AND “SWIF.GIB” FILES OF
SAMPLE PROBLEMS

123



124



APPENDIX C

“SWIF.DATA” AND “SWIF.GIB” FILES OF
SAMPLE PROBLEMS

The format of these sample files has been modified; the original SWIF output of these
filesisin landscape format.

Sample Problem No. 1

1 -1 2 9.9999999E-09 0. 0000000E+00 0. 0000000E+00 1.0295891E+00 5.9524323E+02

Sample Problem No. 2

1 -1 2 9.9999999E-09 0. 0000000E+00 0. 000000OE+00 1.1038463E+00 2.2000000E-02

Sample Problem No. 3

Sample Problem No. 4

4.3090172E- 03

4.0063481E- 03

3. 6390724E-03

1. 8460281E- 03

125

5. 7375658E- 04

40 -2 2 9.9999999E-09 1. 0295640E+00 1.0296334E+00 1.0296334E+00
. 9524255E+02
11 2 3
5. 3294064E-03 5.0463532E-03 4.5075966E-03 3.7818663E-03 2.9650575E-03
2.0735387E-03 1.2425968E-03 1.0000000E-15 0.0000000E+00 0.0000000E+00
0. O0O0OO0O0O0OE+00 9.9467057E-01 9.9495363E-01 9. 9549240E-01 9.9621814E-01
9.9703497E-01 9.9792647E-01 9.9875742E-01 1. 0000000E+00 0. 0000000E+00
0. 0O0O00000E+00 0. 0000000E+00

Firs Set
20 -2 2 9.9999999E-09 1.0270352E+00 1.0270355E+00 1.0270355E+00
. 5360983E+02
11 3 3
4.3090172E-03 4.0063481E-03 3.6390724E-03 1.8460281E-03 5.7375658E-04
1. 0000000E-15 1. 0000000E-15 1.0000000E-15 0.0000000E+00 0.0000000E+00
0. 0O000000E+00 9.9568701E-01 9.9599218E-01 9.9635887E-01 4.2403102E-01
1. 0000000E-15 1. 0000000E-15 1.0000000E-15 1.0000000E-15 0.0000000E+00
0. 0000000E+00 0. 0000000E+00 1.0000000E-15 1.0000000E-15 1.0000000E-15
5.7412297E-01 9. 9942625E-01 1. 0000000E+00 1. 000000OE+00 1.0000000E+00
0. 0000000E+00 0. 0000000E+00 0. 0000000E+00
Second Set
20 -2 2 9.9999999E-09 1.0270352E+00 1.0270355E+00 1.0270355E+00
1. 5360983E+02
11 3 3



. 0000000E- 15
. 0000000E+00
. 0000000E- 15
. 0000000E+00
. 7412297E- 01
. 0000000E+00

CQUIORrOPRr

CQOVWORrOPRr

. 0000000E- 15
. 9568701E- 01
. 0000000E- 15
. 0000000E+00
. 9942625E- 01
. 0000000E+00

Sample Problem No. 5

First Set

80
5. 0976608E+02
11
. 2010613E- 03
. 7919139E- 03
. 0000000E+00
. 9739099E- 01
. 0000000E+00

CQOVWoOru

Second Set

40
5. 1796997E+02
11
. 1274020E- 03
. 8137782E- 03
. 0000000E+00
. 9727857E- 01
. 0000000E+00

CQOVWOoORru

SWIF.GIB File

80

11
. 1271310E- 03
. 7772804E- 03
. 0000000E+00
. 9813688E- 01
. 0000000E+00

80
7.1045233E+02

11
. 1271310E- 03
. 7772804E- 03
. 0000000E+00
. 9813688E- 01
. 0000000E+00

80

11
.4111606E- 03
. 7212766E- 03
. 0000000E+00
. 9809927E- 01
. 0000000E+00

80
6. 7747974E+02

11
.4111606E- 03
. 7212766E- 03
. 0000000E+00
. 9809927E- 01
. 0000000E+00

80

11

QOVWOrN QOVWORrN QOWOoORrN

QOVWOoORrN

O O Oowh O © o b

QOVWORrN QOVWORrN CQOWWORN

QOVWORrN

-2 2

2 4

. 8853043E- 03
. 3972281E- 04
. 9479896E- 01
. 9820811E-01
. 0000000E+00

2 2

2 4

. 8622112E- 03
. 2210964E- 04
. 9487257E- 01
. 9818623E- 01
. 0000000E+00

0 2
2 4

. 0937568E- 03
. 7080916E- 03
. 9787289E- 01
. 9822271E-01
. 0000000E+00

1 2

2 4

. 0937568E- 03
. 7080916E- 03
. 9787289E- 01
. 9822271E-01
. 0000000E+00

1 2
2 4

. 3498847E- 03
. 5709659E- 03
. 9758881E- 01
. 9827874E- 01
. 0000000E+00

2 2

2 4

. 3498847E- 03
. 5709659E- 03
. 9758881E- 01
. 9827874E- 01
. 0000000E+00

2 2
2 4

OR R ROR

© OFr M ©OFr M

© OFrN © © OFrN © © OFrN © © O N

©

. 0000000E- 15
. 9599218E- 01
. 0000000E- 15
. 0000000E- 15
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