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ERRATA

MCNP: CRITICALITY SAFETY BENCHMARK PROBLEMS

LA{12415

1. Figure 1 on page 10:

The dimension of 26.02 cm should be 23.775 cm.

2. Figure 4 on page 16:

The four metal units in Fig. 4 are beside the four solution units (not inside as the �gure

may imply), with a separation of 1.557 cm.

3. Figure 9 on page 23:

The regions surrounding the uranyl nitrate solution and indicated as \water" are actually

\water vapor."

4. Figure 10 on page 24:

All references to uranyl \nitrate" should be changed to uranyl \
uoride."

5. Page 25:

All references to uranyl \nitrate" in the description of Problem #20 should be changed

to uranyl \
uoride."

References which could have been cited for Problem #20 are ORNL{2367 and LA{

10860{MS.

In the description of Problem #21, the atomic ratio of \1099" should be \997."

6. TABLE I on page 28:

For case 15, the results are: 1.0016, 0.0011, 1.0020, 0.0012, 0.0, 0.2, and 0.2.

For case 18, the results are: 1.0302, 0.0013, 1.0084, 0.0013, 2.2, *, and *.

7. TABLE II on page 29:

For case 1, the results are: 0.9960, 0.0009, 0.9996, 0.0011, -0.3, and -0.3.

For case 15, the results are: 1.0294, 0.0010, 1.0020, 0.0012, 2.7, and 2.9.

For case 18, the results are: 1.0670, 0.0011, 1.0084, 0.0013, 5.8, and *.

8. TABLE III on page 31:

For case 15, the results are: 1.0016, 0.0011, 1.0189, 0.0012, 0.0, 1.7, 0.2, and 1.9.

For case 18, the results are: 1.0302, 0.0013, 1.0479, 0.0012, 2.2, 3.9, *, and *.

9. Page 33:

Under the heading Experimental Results, \Ref. 21" should read \Ref. 20."

10. Figure 20 on page 43:

The reference to uranyl \nitrate" should be changed to uranyl \
uoride."

11. Page 46:

Reference 21, 17 should read 7.

12. Figure A20 on page 77:

The reference to uranyl \nitrate" should be changed to uranyl \
uoride."

13. TABLE B1 on page 89:

For case 15, the results are: 1.0025, 0.0010, 1.0020, 0.0012, 0.0, 0.2, and 0.2.

For case 18, the results are: 1.0287, 0.0013, 1.0084, 0.0013,2.0, *, and *.

14. TABLE B2 on page 90:

For case 1, the results are: 0.9960, 0.0009, 0.9996, 0.0011, -0.3, and -0.3.

For case 15, the results are: 1.0292, 0.0010, 1.0020, 0.0012, 2.7, and 2.9.

For case 18, the results are: 1.0670, 0.0011, 1.0084, 0.0013, 5.8, and *.

15. TABLE B3 on page 91:

For case 15, the results are: 1.0025, 0.0010, 1.0189, 0.0012, 0.0, 1.7, 0.2, and 1.9.



MCNP: CRITICALITY SAFETY BENCHMARK PROBLEMS

by

John C. Wagner, James E. Sisolak, and Gregg W. McKinney

ABSTRACT

This report investigates the suitability of the general pur-

pose Monte Carlo transport code MCNP for criticality

safety calculations. The increased use of radiation trans-

port codes for criticality prohlems has produced a greater

user and institutional demand for assurances that such codes

give correct results. Responding to these requirements for

code validation, MCNP has been benchmarked against the

KENO standard test set. MCNP results are compared to

KENO calculations, as well as experimental results, where

available. A comparison of MCNP continuous energy and

multigroup results indicates that the continuous energy cross

sections are more accurate, and MCNP successfully predicts

the experimental results, in some cases better than KENO,

within the expected data and statistical uncertainties. This

benchmark study demonstrates that MCNP can accurately

and efficiently model a relatively broad spectrum of criticali-

ty problems.
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I. INTRODUCTION

A. The MCI’?P Benchmark Project

This document is the third in a seriesof L.4NL reports benchmarking the MCNP

Monte Carlo ccmputer code,l The first two documents, LA-12196,2 and LA-12212,3

demonstrate that MCNP accurately models analytic problems and a wide variety
11,5T~i~ document demonstrates that MCNPof photon and : e~t-on experiments. .

can accurately IY,~delexperimental criticality problems and produce results con-

sistent with the KENTOMonte Carlo criticality code. An additional report pub-

lished by General Electric Nuclear Energy, “MCNP: Light Water Reactor Critical
Benchmarks,”G complements this report and demonstrates MCNP’S applicability

to light water reactors.

For the most part, the two companion reports, LA-12196 and L.4-12212, model

the same problems chosen to benchmark the COG Monte Carlo code developed at

Lawrence Livermore National Laboratory.7 The nine criticality problems reported

in LA-12212 are the only serious departures from the set chosen for the COG

benchmarks. The General Electric Nuclear Energy report, on the other hand,

models a unique set of critical systems encompassing various temperatures and fuel

types.

This report deals exclusively with criticality and models 25 sample problems

used to test the KEh’G .Monte Carlo code. These sample problems constitute the

KENO standard benchmark set and represent a relatively wide variety of critical-

ity problems.8 The KENTOMonte Carlo code was chosen because of its extensive

benchmarking against analytical and experimental criticality results. Although

the uncertainty in the experimental parameters prohibits code validation to better

than about IYOin kefj, the value of kcfj for criticality is considered unacceptable

if it deviates more than a few percent from measurements.gIt is essential that the

computational methods used for nuclear criticality safety purposes be sufficiently

accurate that one can be confident of subcriticality when adequate safety margins

are applied. In almost all cases presented here, the MCNP calculated results are

as good as, or better than, those of KENO and as accurate as could be reasonably

expected in a numerical solution.
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B. Motivation for Investigation

The reasons fm a code validation are numerous. In the past, criticality safety

information applicable to the handling and storage of fissile materials was obtained

from critical experiments, nuclear safety guides, and handbooks based on critical

experiments or various computer codes. Because critical experiments are costly and

require a substantial amount of time, and because many of the critical experimen-

tal facilities have been closed, increasing reliance has been placed on computational

methods. Presently, the KENO Monte Carlo criticality code is the most widely ac-

cepted and used tool for criticality safety calculations. W“iththe increased reliance

on computational methods comes the need and requirement for redundant valida-
tion by alternate criticality codes. For MCNP to be accepted by the criticality

safety community in this role, it must be able to produce results that are consistent

with KENO.

This investigation shows that MCNP can accurately reproduce the K13N0 re-

sults for the standard benchmark set and is an excellent tool for criticality safety

calculations, in addition to being a general, multi-purpose Monte Carlo code.

C. Outline

This paper is organized as follows: Sectiori II presents an overview of the MCNP

and KENO transport codes used for the benchmark, such as the differences in the

MCNP and KENO cross-section libraries. A brief explanation of the common input

parameters for both codes is given in Section HI, and a brief description of each

sample problem is provided in Section IV. Section V contains the benchmarking

results, and Section VI discusses various aspects of these results. The conclusions

of this investigation are located in Section VII. MCNP input files are presented in

Appendix A, giving all unambiguous description of the critical configurations.

II. OVERVIEW OF MCNP/KENO

This benchmark consis’.ed of comparing results from KENO I’.a installed on a

Cray X-MP (CTSS operating system), and from MCNP version 4.2 instalied on

a Cray Y-MP (UNICOS operating system). The KENO 25 problem benchmark

set provided with the version V.a manual was converted to MCNP input files for
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comparison. Although some inputs are designed to demonstrate KYNO V.a fea-
tures, such M the restart feature, not directly related to calculating kcj,, these were

also cor~vertedto MCNP format to illustrate that many of the same features are
available in MCNP criticality computations,

A. Sample Problems

1. MCNP

Appendix A cm!tains the MCNP input files for all 25 problems; these are dis-

cussed individually in Se.ctitJ1lIV. In 111”:j- cases there are several equivalent trans-

lations of the KENO inpllts, all of wI!”IIImodel tile same physical system. In these

cases, a choice had to be madf ~~.i]c[hcrto specify the geometry using VIC’:NP’S

repeated structures capability, ox.to model each geometric unit S(piriii.(’1)’.Many

problems werr run with severalequi~”alentsetups; kcjj valum calc~llamd-~~ithalter-

nate geometry-specifications ha~~no statisticfly signifi( :ilit diflcronces. The input

files in Appendix A do not necessarily use the simplest possible geom(t.ry specifi-

cation but inst~’adduplicate the geornetr}’ features employed ix~tile KENO iliputs.

Wheuever possible, a description of the actual experiment was.,lsed to verify the

geometrv sl)ecificat:,~nand results. In acidition, all volumes an[. mat{‘rkd densities.
calculated by KEYO and MC’.NPwere compnrmi t:) ensure ~.m~sistencl~.

IICNP benchmarks were performed with both version4.2( latest publicly released

version) and version 4X-C(a preliminary version of MCNP4A and the LANL ‘floor

versic~u”’at the time of pt:bl!caticvl). All ~csultspresented in Sections V and VI are

based upo~ \“ersion4.2. For each version, three cases were considered:

(1) continuo~wenergy

(~) mll]tigroup (30 energy groups)
(3) continuoll energy with S(c.,@) thermal scattering

The inputs located ill .4ppendix A correspond to case 3.

2. KENO

hlost of the 25 problems in the KENO V.a8 manual model criticality experiments

performed at Oak Ridge National Laboratory. KENO results based on these input

files appear in Ref. 10. These results were duplicated exactly by running the 25

problem benchmark set on a Cray X-MP. As discussed below, the KENO files were

then changed to specify a larger number of histories, and a second set of results
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genera!.ed. The comparison between MCNP and KEN() is based upon this second

set of numbers; Ref. 10 served only to verify that KENO was being run properly.

1{ENO can be run either “stand-alone” o. as part of the SCALE package. SCALE

provides facilities for, among other things, cross-section processing and criticality

xarches. MCNP was compared to stand-alone K13P!0 results since a direct com-

parison between the criticality codes was the emphasis of this benchmark exercise.

IL Cross Sections

1. MCNP
All continuous energy inputs were run with the “recommended” cross-section set

[i.e., atomic identifiers ending with .50c, based on ENDF/B-V as processed by the

NJOY code). For the nuclides used, these cross-section sets are flagged in Appendix

G of the MCNP User’s Manual, Version 3A,1 as the best available data. Multigroup

inputs also used 13NDF/B-V data, which was accessed by simply adding a single

input card IMGOPT F 30) to the MCNP continuous energy input files,ll’]2 This

addition is the only difference between continuous energ~.and multigroup input files.

Muitigroup runs serve two purpmes: (1) to benchmark the multigroup feature of

MCNP for criticality calculations, and (2) to generate k.jf from a library more

comparable to that ~tsedby KENO, which does not employ continuous energy cross

sections. The MCNP multigroup library has 30 energy groups, whereas the Hansen-

Roach library used by KENO (see below) has 16 groups.13

The third set of MCNP results employed the S(a, @) treatment to hydrogen

cross sections in water and parafh to account for molecular scattering of thermal

neutrons. Sir~ceMCNP lacks S(a, ~) information for paraffin, polyethylene was

used instead, because it is the best available match for paraffin. Although the

use of polyethylene as a substitute for paraflin is questionable, it did improve the

MCNP results relative to both KENO and experimental values.

All cross sections, including those for S(a, /?), were taken at a temperature of

300 K. Appendix G of the MCNP User”sManual* contains additional information

about MCNP cross sections. Note that the S(Q, /3) thermal scattering treatment is

not available with the MC.NP rnultigroup cross sections.

Ideally, MCNP multigroup results should have been based upon the Hansen-

Roach library, to enable a more direct comparison with KENO; however, at the

time of this writing, an acceptable library does not exist in a form suitable for

MCNP.]3
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All MCNP ke~f values reported herein used the covariance-weighted combined

keff estimator. MCNP generates the following estimates of k.ff: collision, ab-

sorption, track length, and covariancc-weighted combinations of the first three

(collision/absorption, absorption/track length, track length/collision, and colli-
sion/absorption/track length). The last covariance-weighted combination is quoted

in this report, because it is the most widely used estimator in the absence of other

information and because it incorporates all the k.ff estimates generated by MCNP.

MCNP provides correlation coefficients to help choose the optimal estimator. Al-

though the optimal estimator is problem dependent, a single estimator was used

for the benchmark to eliminate ambiguity.

2. KENO

Several cross-section libraries in the AMPX format are available for use with the

SC.+LE package; however, only the Hansen-Roach 16 group library can be used if

KENO is run stand-alone. Aside from the group structure, there is an important

difference between the MCNP and Hansen-Roach Inultigi’oup cross sections. The

Hansen-Roach library contains several entries for each isotoFe, differentiated by

a CP (potential scattering cross section) value. When selecting cross sections for

isotopes in a mixture, it is necessaiiyto calculate aP for that mixture and choose

the corresponding cross section from the Hansen-Roach library. Note that cP will

be different for each resonance absorber in the mixture. This treatment accounts

for resonance self-shielding (reduced absorption at Iower energy resonances caused

h}”a dip in the neutron energy spectrum that is produced by a strong higher energy

resonance) and is described in Ref. 14.

Several KENO input files employ the up adjusted U235and U238cross sections,

whereas MCNP multigroup cross sections, as processed by NJOY, are based on an

infinitely dilute absorber approximation (OP= co).

III. GENER-4L INPUT PARAMETERS

Every effort was made to reproduce the KENO input fiIes as closely as possible.

In particular, the number of particles per cycle and the number of cycles sampled

are consistent. As a result, the variances of the KENO and MCNP results were of

tht same order of magnitude (= 0.3%).
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A. MCNP

All MCNP input files share the following common features:

MODE n: mode card

Neutron tra.mport only was considered; in particular, photon production was ig-

nored, since the benchmark comparison involved only keJf values. KENO will

not track photons, If desired, however, photon production could be included with

MCNP.

Mn [isotcpe] [isotope fraction]: material card

The number densities for all isotopes were taken directly from the KENO inputs.

These were added together and the total number density entered on the cell cards.

The values on the material cards are isotope fractions which sum to 1.0.

MTn [material]: S(a, @) material card

Input files for continuous energy and continuous energy with S(a, ~) thermal scat-

tering differ only by the presence of MTn card(s). Here, n corresponds to the ma-

terial card, NIn. which contains water or parafh. As noted, the S(cr,/3) treatment

was applied only to hydrogenous materials. For water, the material specification is

LWTR.OIT; for paraffin, it is POLY.OIT (polyethylene).

F4:n: tally card

While computing kgfj, MCNP tallied the averageflux in the fissile cells. In addition

to providing insight into the problem, this tally duplicated the flux calculations

performed by KENO on some of the

this tally were chosen to match the

KENO runs.

KCODE 30001.0202004500 O:

sample problems. The energy bins used for

Hansen-Roach group structure used in the

criticality card

Each KCO13E cycle consisted of approximately 3000 neutrons (the exact num-

ber varied slightly from cycle to cycle) started at source points determined in the

previous cycle. The initial guess for k~jf for all probhxns was 1.0. In most cases,

the computed value was near 1.0, and for the few exceptions, notably problems 6

and 9, a guess of unity proved sufficient. Results were based on 200 total cycles,

the fist 20 of which were skipped before tallying began (to ensure that the source

distribution had stabilized). The only exception to the above is problem 11, which

is a restart using data from cycle 50 of problem 10 (see Section IV). Originally, the
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problems were run with 50 cycles, of which the first 10 were skipped. Extended

calculations were performed to verify the stability of ke~~.

SDEF [parameters vary]: source definition card

With an S13EF card, a Watt fission spectrum and an initial source distribution

(uniform in each fissile cell) could be specified. A uniform source was used instead

of the KSRC card to mimic KENO; as a default, KEN-O employs a uniform ini-

tial source in any celi containing fissionable material. Two exceptions were made

(problems 13 and 16), as discussed below. If E is the neutrcil energy in JkfeV and

p(E) dE is the probability of a neutron being born in the range cL!?about E, then

the Watt fission spectrum is:

p(l?) = C exp(–13/a) sinh(M?)]12

where

a = 0.965 A4eV; b = 2.29 A4eV-1.

These particular values for a and b do not appear in the input files, since they are

MCNP defaults; C is a normalization constant. MCNP uses the Watt spectrum by

default if the initial source is specified on a KSRC card, but a KSRC cardcannot

provide a volumetric source.

MGOPT F 30: multigrcup option card

Input files for continuous energy and multigroup differ only by the presence of this

card, which selects the MCNP 30 group cross-section library.

PRDMP j j 1 j : print and dump cycle card

The prdmp card was added to produce an metal file for future reference. A plot of

kcjf vs. cycle can be generated from this file using mcplot.

PRIN’T: print card

Ths card simply generates full output for later reference.

With few exceptions, explained in Section IV, little ~ort was invested in the use

of variance reduction techniques, since the focus of this benchmark exercise was

on accuracy not speed. When properly used, of course$variance reduction will not

produce statistically significant changes in k.~~.
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B. KENO

Most of the KENO benchmark input.files use defaults for the number of cycles

(103), the number of cycles to skip before tallying (3), and the number of particles

per cycle (300). These values produced large variances and, more importantly, 3

cycles were insufficient to converge the fission source. Therefore, KENO was rerun

with the same parameters used in the MCNP input files (3000 particles per cycle

and 200 cycles, of which the first 20 are skipped - see subsection IILA above). Note

that in the KENO nomenclature, a cycle is referred to as a generation.

As noted above KENO uses a uniform source in each fissile cell for the first

cycle. A uniform source is not always a good approximation, but it was adequate

for all of the sample problems. Both MCIUP and KENO provide for the entry

of arbitrary initial sources; the choice of a uniform volume source was simply a

matter of convenience. Several runs have verified that, with the above parameters,

the converged value for keff is insensitive to the initial source distribution.

1 IV. BENCHMARK PROBLEM DESCRIPTION

This section contains a brief description of each of the 25 sample problems that

make up the KENO standard benchmark set. For clarity, the title of each sam-

ple problem is taken directly from the KENO V.a manual. The purpose of these

sample problems for KENO was twofold: (1) to benchmark the code against criti-

cality experiments and (2) to demonstrate various options of the KENO code. The

interested reader can find the associated input data in Appendix D of Ref. 8.

I Sample Problem #1 - 2C8 Bare

This problem is a simple unreflected 2x2x2 array of 93.2% enriched uranium

metal cylinders as described in Ref. 15. Figure 1 shows the critical experiment.

The cylinders exhibit a surface separation of 2.244 cm in the x and y directions and

2.245 cm in the z direction, and are 10.765 cm in height and 11.496 cm in diameter.

The cyhnders and the cuboids in which they are contained are referred to as 2C

units. The entire array of 2C units is referred to as a 2C8 unit.

This problem was utilized by KENO to demonstrate the array data card. There-

fore, the repeated structures capability of MCNP was employed in the input for

this problem.
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26.02cm

Lr10.765CIY

. . .

edge
center)

‘11.496 cm- 2,.2,-----d

Fig. 1. Critical 2C8 Bare Assembly
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Sample Problem #2 - Case 2C8 Bare with 8 Unit Types Matrix Calcu-

lation

This problem is the same as problem 1 except that the geometry is set up ex-
plicitly. More specifically, each cylinder and unit are defined separately. The corre-

sponding MCNP input duplicated the KENO input by also defining each cylinder

or unit separately.

Sample Problem #3 - 2C8 15.24 cm Parafiln Reflector

This problem involves a 2x2x2 array of 93.2% enriched uranium cylinders that
is reflected by 15.24 cm of parafi on all six faces. The components of this critical

experiment are designated in Table II of Ref. 15. An illustration of this critical ex-

periment is shown in Fig. 2. These cylinders are also 10.765 cm in height and 11.496

cm in diameter, but their surface separation has been increased to approximately

11.98 cm.

Sample Problem #4 - 2C8 15.24 cm Paraffin Reflector Automatic Re-

flector

This problem is the same as sample problem 3 except fur the paraffin specifica-

tions. The materials and geometry are exactly the same.

KENO uses this problem to demonstrate its automatic reflector option, which

is an input feature that allows the assignment of different importances to different

regions of the reflector. Although MCNP does not offer an option such as this, the

KENO input was duplicated by manually specifying the importances of the various

regions. The only differences between the MCNP problem #3 input and this input

are the importances cf the various regions.

Sample Problem #5 - 2C8 12 inch ParafIin Albedo Reflector

This problem is the same as problems 3 and 4 except that the reflector is repre-

sented by 30.48 cm of paraf%n. This problem was designed tt~demonstrate KENO’S

parafh albedo. The KENO input for this problem was duplicated in MCNP by

simply increasing the reflector thickness of problem 3 from 15.24 cm to 30.48 cm.
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Fig. 2. Critical 2C!8Assembly with Parafhn Reflector
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Sample Problem #6 - One 2C8 Unit (Single Unit)

This problem involves a single unreflected uranium metal cylinder, as shown in

Fig. 3. This cylinder is characterized by the same enrichmen~and dimensions as

the cylinders in the earlier problems.

Sample Problem #7 - Bare 2C8 Using Specular Reflection

This problem is designed to simulate problems 1 and 2, usir ; specular reflection.

It involves one of the 2C units that were used in problems 1 and 2, with specular

reflection on the positive z, y, and z faces of the unit.

MCNP and KENO are both capable of applying a specularly reflective boundary

condition to any surface.

Sample Problem #8 - Infinitely Long Cylinder from 2C8 Unit

This problem is designed to simulate an infinitely long cylinder.ls The material

and cylinder radius from sample problem 1 are used. The length of the cylinder

was arbitrarily chosen to be 20 cm, and the unit is specularly reflected on the top

and bottom.

Sample Problem #9 - Infinite Array of 2C8 Units

This problem involves one of the 2C units used in problem 1 and specular re-

flection to simulate an infinite array of 2C8 units. The parailelpiped containing a

single uranium cylinder is specularly reflected on all faces to create an infinite array

of 2C8 units having an edge-to-edge spacing of 2.244 cm in the z and y directions

and 2.245 cm in the z direction.

Sample Problem #10 - 2C8 Bare Write Restart

This problem is the same as problem 1,a 2x2x2 array of uranium metaI cylinders,

except it is set up to write restart information on every fifth cycle which is the

method that is used by KENO to prepare for a continuation of a run. KENO

does not automatically write restart information; the default parameter must be

changed, as it was in this particular problem.



10.765cm

,.,
,..
: ,..

Fig. 3. One 2C Unit, SingleUraniumMetal Cylinder
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Sample Problem #11 - 2C8 Bare Read Restart Data

This problemis a restartof sampleproblem10. The problem is restarted from

the IOth set of restart data (50th cycle), which was written by sample problcm 10,

and run out to the 200th cycle.

While problems 10 and 11were designed to demonstrate the restart capabilities of

KENO, they are not necessary for MCNP. MCNP does not require separate restart
data input. It writes the restart data automatically, so that the restart information

is available if it is required.

Sample Problem #12 -4 Aqueous 4 Metal

This problem consists of a composite array of four highly enriched (93.2%) ura-

nium metal cylinders and four cylindrical Plexiglas containers fiIled with a highly

enriched (92.6!?ZO)uranyl nitrate solution. The relevant experimental information

describing this critical experiment can be found in Ref. 15. An illustration of this

experiment is located in Fig. 4.

Sample Problem #13 - Two Cuboids in a Cylindrical Annulus

This critical experiment consists of two assemblies of highly enriched [93.2%)

uranium metal stacked vertically.16The bottom assembly contains a uranium met~

cuboid offset to the right within a uranium metal cylindrical annulus. The top

assembly contains a uranium metal cuboid offset to the left within a uranium metal

cylindrical annulus. The cuboid extends above the annulus. A drawing of

configuration is given in Fig. 5. A point source at the center of the geometry

used in place of the uniform volume source for this problem.

Sample Problem #14 - U Metal Cylinder in an Annulus

this

was

This problem involves a highly enriched (93.2%) uranium metal cylinder within

a cylindrical annulus of the same materia.LIGThe uranium metal specification is

identical to that used in sample problem 13. A schematic of this critical experiment

is located in Fig. 6.
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Sample Problem #15 - Small Water Reflected Sphere on P1exigJasCollar

This critical experiment is a sniall highly enriched (97.6Yc) uranium metal sphere
17The sphere e)ctcnds downsul>por!ed by a Plexiglas doughnut ill ii tank of water.

through the doughnllt, as shown ixi Fig. 7. The uranium sphere has a diameter

of approximately 13 cm and is iocatcd ill a cylinder of water that has a height of

44.1844 cm and a diameter of 65.94 cm.
The KENO V.a geometry package cannot rigorously describe a doughnut. There-

fore, the KENO description of this problem models the doughnut as an annular

cylindrical plate, and the sphere is suppurted by it. Modeling the torus as a cylin-

drical plate should not change the problem significantly since the material making

up this doughnut is Plexiglas, and both the sphere and the doughnut are contained

in a tank of water. Although the gywmetry modeled by KENO was duplicated for

this comparison, MCNP is capable of specifically describing the geometry of the

experiment. For the sake of thoroughness, the experimental geometry in MCNP

was modeled exactly, and the resulting kef~

statistics.

Sampie Problem #16 - U02F2 Infinite

values were ff~undto agree within the

Slab K-Infinity

This problem models an infinite number of slabs of uranyl fluoride solution con-

tained in Pyrex glass and separated by berated uranyl fluoride solution. The.uranyl

fluoride slab is 4.958 cm thick, 93.2% enriched, and hasa density of 578.7 g U/liter.

The Pyrex glass is 1.27 cm thick and is present on both faces of the uranyl fluoride

solution. A total of 27.46 cm of berated solution separates the Pyrex glass of ad-

jacent slabs of solution. Once again, the specularly reflective boundary condition

was utilized to simulate the infinite array. Instead of a uniform volume

initial

of the

source consisted of one point in each slab of uranyl fluoride. An

unit that is reflected on ail sides is given in Fig. 8.

Sample Problem #l? - 93%0 U02F2 Solution Sphere

Calculation

This probIem consists of a single 93% enriched uranyl fluoride sphere.

is unreflected and has a diameter of 32.0 cm.

source, the

illustration

Adjoint

The sphere
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+- 13,1074cm1

Plexiglas

pd8,255 cm

25.4cm~

44.1844cm

f.

Fig. 7. Critical Assembly Consisting of a Uranium Sphere on a PlexigIas

Collar with a Cylindrical Water Reflector
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Fig. 8. Assembly Consisting of Glass and SoIution Slabs
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This problem demonstrates KENO’S adjoint calculation option.

the forward and actjoint k,ff should be the same, within statistical

The results for

error, when the

problem is run both ways. Although MCNP is capable of performing an adjoint

tran~port calculation, it cannot perform adjGint ke~f calculations.]8 Thus, only a

forward calculation was performed and is reported for this problem.

Sample Problem #18 - 1F27 Demonstration of Options

This problem involved a reflected cubic array of 27 cylinders of aqueous uranyl

nitrate in Plexiglas bottles.19,Z0The w~ls of the bottles were 0.64 cm thick, and

each bottle was filled with 5.0 liters of 92.6% enriched solution at an H/U235 atomic

ratio of 59 and an N/U?35 atomic ratio of 2.006. The 3x3x3 array was surrounded

by a 15.24 cm para.flinreflector. An additional 30.48 cm water reflector, located on

the negative z face of the paraffin, was simulated by KENO with the help of the

albedo data card. An illustration of this experiment, excluding the water slab, is

given in Fig. 9.

Besides describing a relatively complicated geometry, this problem was used to

demonstrate the albedo boundary condition, as well as many of the print options

that are available with KENO. Due to the fact that MCNP does not offer a water

reflecting boundary condition, a slab of water was physically placed at that point

in the geometry. Also. while MCNP has numerous print options of its own, print

options were not the concern of this investigation.

Sample Problem #19 -4 Aqueous 4 Metal Array of Arrays

This problem was previously described as sample problem 12. Although the

critical experiment this problem models is the same, the KENO array of arrays

option is utilized to describe the geometry. A similar method, namely repeated

structures, is used in MCNP.

Sample IProblem #20 - ‘IYiangular Pitched Array

This pl.o’blemrepresents a critical experiment consisting of seven cylinders in a

triangular pitched unreflected array. The central cylinder has six cylinders around

it, as showu in Fig. 10. Each unit consists of a 0.152-cm-thick aluminum can with

22



PlexiOlas

TopView SideView

14118cm

Voiil

Uranylnitratesolution

~19.04 cm~

20.32cm—

IT19 cm

t7.56cmI

h
17.77cl1

—.

~’4’”’”m~ ~ 3
E;:::;:=&l

Fig. 9. ParafhnReflected3x3x3Arrayof Cylindersof UranylNitrate
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Uranytnitratesolution

I
18.44cm

Fig. 10. Critical Assembly Consisting of Seven Cylinders of Uranyl Nitrate
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a Z0,32 cm inside diameter, filled with a soluticn of 93,2% enriched urarqd nitrate
with a H/U43s atomic ratio of 44.3 and a density of 576.87 g U/liter.

~lple PrOMern #21 - Partially E’iUecl Sphere

. his problem describes a critical experiment consisting of a partially filled un-

reflected sphericaI container.z] This aluinum container had an inside diameter of

69.2 cm and a wall thickness of 0.159 cm. The sphere was 98% filled with uranyl

fluoride at an enrichment of 4.89% with an H/U23s atomic ratio of 1099. The

height of the solution in the sphere was 64.6 cm above the bottom of the sphere.

A diagram of the container is given in Fig. 11.

Sample Problem #22 - Case 2C8 Bare with 3 Nested Holes; Each is

Equal V-olume

This problem describes the same critical experiment as sample problem I. It is

a 2x2x2 array of highly enriched (93.2?ZO)uranium metal cylinders. This problem

defines a uranium cylinder in a void spacing cuboid using nested holes. Eight of

these units are stacked together in a 2x2x2 array.

Sample Problem #23 - Case 2C8

The physical representation of this

Bare as Mixed

sampleproblem

Zhemicylinders

is the critical experiment

described in sample problem 1. This problem describes each of the 8 units in

the critical 2x2x2 array using hemi-cylinders. The hemi-cylinders, with their axes

parallel to the z axis, are used to form the cylinders that make up problem 1.

Sample Problem #24 - Case 2C8

The physicalrepresentationof this

Bare as Mixed

sampleproblem

Xhemicylinders

is the criticalexperiment

described in sample problem 1. This sample problem describes each of the 8 units

in the critical 2x2x2 array using hemi-cylinders whose awn are in the z direction.
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k7\ 30.0cm

Fig. 11. Critical Assembly Consisting of a Bare Sphere Partially Filled with

Uranyl Fluoride.
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Sample Problem #25 - Case 2C8 Bare as Mixed Yhemicylinders

The physical representation of this sample problem is the critical experiment
described in sample problem 1. This sample problem describes each of the 8 units

in the critical 2x2x2 array using hemi-cylinders whose axes are in the y direction,

V. RESULTS

The MCNP results for continuous energy, with the S(n, /3) thermal treatment,

and the KENO results are given in Table I. The percent differences between the

MCNP results and the KENO results, 100 x (kMcNp – kKENo)/kA’ENo, arelisted

in the column labeled mcnp from kerzo. The percent differences between MCNP

and the experimental results, where available, are listed in the column labeled

nzcnp from exp. The last column contains the percent difference between 1(ENO

and experimental results. All values of k~ff for MCNP were generated by version

4.2 and correspond to the combined average of the collision, absorption, and track

length estimatms. Also, the two codes were run on different machines; KENO was

executed on CTSS (Cray X-MP) while MCNP was executed on UNICOS (Cray

Y-MP). This machine difference should not cause any significant discrepancies,

because hlCNP gives the same results on both machines.

The results for the multigroup MCNP and KENO are listed in Table II. The

percent differences between MCNP and KENO, defined above, are located in the

second column from the right. The percent differences between MCNP multigroup

and experiment, where available, are listed in the last column. As mentioned earlier,

the MCNP multigroup cross sections use thirty energy groups whereas KENO uses

the sixteen group Hansen-Roach cross-section library.

A comparison of these MCNP results with the results from MCNP version 4x-c

can be found in Appendix B.

VI. DISCUSSION OF RESULTS

A. Multigroup Cross-Section Problems

Test problems 18 and 21 demonstrate that MCNP multigroup cross sections

are not adequate for certain applications. Since the multigroup errors for these

problems clearly exceed the statistical uncertainties of MCNP or KENO, further

investigation was necessary.
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TABLE I

k,ff Values for KENO and MCNP Continuous Energy

with the S(a,f?) IYeatment

nlcNPf KENO %DIFFERENCE

relative relative mcnpjrom mcnp jrom keno jrom
case kc, error kk.no error keno ezp ezp

1
~

3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

0.9999 0.0009
().9999 0.0009
0.9990 0.0011
0.9945 0.0028
0.9995 0.0027
0.7461 0.0010
0.9993 0.0009
0.9401 0.0009
2.2905 0.0005
0.9979 0.0014
0.9979 0.0014
0.9997 0.0012
0.9942 0.0009
0.9991 0.0009
1.0016 0.0011
0.9902 0.0009
1.0029 0.0014
1.0302 0.0013
0.9997 0.0012
0.9960 0.0012
0.9962 0.0008
0.9992 0.0009
0.9999 0.0009
0.9994 0.0008
1.0004 0.0008

0.9996
0.9996
1.0009
1.0016
1.0210
0.7487
0.9984
0.9430
2.2617
0.9996
0.9982
1.0055
1.0026
1.0011
1.0C12
0.9936
0.9783
1.0088
1.0044
0.9791
1.0012
0.9996
0.9996
0.9999
0.9987

0.0011
0.0011
0.0013
0.0015
0.0009
0.0013
0.0011
0.0012
0.0004
0.0011
0.0012
0.0013
0.0012
0.0010
0.0020
0.0007
0.0023
0.0015
0.0013
0.0014
0.0009
0.0011
0.0011
0.0011
0.0011

0.0
0.0

-0.2
-0.7
-2.1
-0.3
0.1

-0.3
1.3

-0.2
-0.0
-0.6
-0.8
432

0.0
-0.3
2.5
2.1

-0.5
1.7

-0.5
-0.0
0.0

-0.1
0.2

-0.0
-0.0
-0.1
-0.5
-0.0
*

-0.1
*
●

-0.2
-0.2
-0.0
-0.6
-0.1
0.2
*
●

*

-0.0
-&4
-0.4
-0.1
-0.0
-0.1
0.0

-0.0
-0.0
0.1
0.2
2.s
*

-0.2
*
*

-0.0
-0.2
0.6
0.3
0.1
0.1
*
●

*

0.4
-2.1
0.1

-0.0
-0.0
-0.0
-0.1

● Experimental values of ke~~ could not be located for these problems.
tValues reported are for the covariance-weightedcombined estimator.
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TABLE II

kejj Values for KENO and MCNP Multigroup

MCNPt KENO %DIFFERENCE

reldive relative mcnp from mcnp from
case kmg error kk,no error keno ezp

;
3
4
5
6
7
8
9
10
11
1?

13
1!
16
16
17
18
19
20
21
22
23
24
25

0.9971
0.9960
1.0199
1.0166
1.0187
G.7426
0.9966
0.9357
2.2955
0.9976
o.997fi
1.0013
o.99itf
09944
1.0294
1.0132
0.9873
1.0670
1.0013
1.0013
0.8362
0.9961
0.9960
0.9970
0.9976

0.0009
0.0009
0.0010
0.0027
0.0030
0.0008
0.0008
0.0008
0.0005
0.0014
0.0014
0.!)012
0.0009
{)C)O(J9
0.0010
0.0010
0.0016
0.0011
0.0012
0.0015
0.0011
0.0008
0.0009
0.0008
0.0008

0.9996
0.9996
1.0G09
1.0016
1.0210
0.7487
0.9984
0.9430
2.2617
0.9996
0.9982
1.0055
1.0026
1.0011
1.0012
0.9936
().9783
1.0088
1.0044
0.9791
1.0012
0.9996
0.9996
0.9999
0.9987

0.0011
0.0011
0.0013
0.0015
U.0009
0.0013
0.0011
0.0012
0.0004
0.0011
0.0012
0.0013
0.0012
0.0010
0.0020
0.0007
0.0023
0.0015
0.0013
0.0014
0.0009
0.0011
0.0011
0.0011
0.0011

-0.3
-0.4
1.9
1.5

-0.2
-0.8
-0.2
-0.8
1.5

-0.2
-0.1
-0.4
-1.1
-0.7
2.8
2.0
0.9
5.8

-0.3
2.3

-16.5
-0.4
-0.4
-0.3
-0.1

-0.3
-0.4
2.0
1.7
1.9
*

-0.3
●

*

-0.2
-0.2
0.1
-0.8
-0.6
2.9
*
*
*

0.1
0.1

-16.4
-0.4
-0.4
-0.3
-0.2

* Experimental values of k~!~ could not be located for these problems.
t!lalues reported are for th; ;ovariance-weightedcombined --timator.



Especiall} troubles(~mt:is problem 21, for which the MCNP multigroup ~‘s’It un-

derestimates the exl)~ ~l~wl~talvalue of kCfJ(1.0) by 16°Z:.Problem 21 co]. ts of a

sphm-icalaluminum tank purtially filled with uranyl fluorill’: of low U235 -Ltiici,ment

(4.89V(), 1$’ith sut,l L 1,,(vel,,,~hn, ., the ‘>i~)finitel)di!i.(~ :Ihwwh,” :}proximtt-

tion, used to process the MCNP multigroup library, incorrectly cal(..l;tte:, the U238

resonance integral. This approximation always overestimates the res(.:mrlceintegral

am! thus the absorption in U238.Resonance self-shieldin~ in U235ims less effect on
~e,j @235 has cm]lpeting fission an(i capture resonances).ld Therefore, the error

in the n~~lltigroll]) result should decrease as enrichment increases, By varying the

enrichment in a(lllwms solutions of Iwanylfluoride and uranyl nitrate, this decrease

witsdemonstrated t(Jbe so,

.4s an additional test, the crPcorrected cross sections called for in KENO input
# Z1 ~Y~(sl.,:~+acf!d ,,.ith ‘infinitely dilute” values (aP = cm), and KENO ww rerun

to prod[wc k,JJ = 0.8503, which agrem well with the MCNP multigroup value of
0.8374. Such a significa.l]tch:!nge in the I(ENO result emphasize., the importance

of reson,ancc self-shielding in this problem.

The error in problem 18 is Ilot ~>pronounced as that in problem 21, since it is

both smaller in magnitude and positive (overestimate of keff). Nevertheless, it is

large enough to cause concern. Since the percent differences for both multigroup

and centinuolls energy withollt S(a, /3) scattering are comparable, the majority

of the error appears to be due to the lack of S(cr,~) thermal scattering with the

multigroup cross sections (see Tal)les II and HI). Likeproblem 21, the fissilematerial

is in solution, but unlike 21, it is highiy enriched in U235.A fissile solution enhances

resonance effects since it has a soft1‘1spectrum. In UZ35,however, the infinite

dilution approxil Lationoverestimates tlie fission resonance integral, and thus k,f j

is (n”crestirnatw’..Results from similar problems imply that this is a minor effect.

Lack of S((,, /?) thermal scattering also causes difficulty in problem 15, as shown

in Table 111.The 3Ycmultigroup error is nearly identical to the error in the contin-

uous energy run without S(O, 0). The effects are particularly large in this problem

because of the large volume of water. MCNP and KENO are in very close agreement

when the water is removed.

Multigro’lp cross : ections in MCNP must be used with care. Whenever possible,

the continuous energy cross sections should be employed. The test cases included in

this benchmark study indicate that the MCNP 30 group cross sections are unreliable

in criticality calculations involving solutions with low U23Senrichment. Moreover,
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TABLE 111

k,ff Values for KEIUO and MCNP Continuous Energy
with and without the S(a, P) ‘Ikeatment

MCNPt withS(o,/3) MCNPtno S(a,19) %DIFFERENCE

relative relative with S(cx,@ no S(a, /3) with S(a, /3) no S(CY,@
cast “~d error kCe error from keno from keno from ezp ~rorn ezp

3
4
5
12
15
16
17
18
19
20
21

0.9990
0.9945
(1.9995
0.9997
1.0016
0.9902
1.0029
1.0302
0.9997
0.9960
0.9962

0.0011
0.0028
0.0027
0.0012
().0011
0.0009
0.0014
0.0013
0.0012
0.0012
0.0008

1.0168
1.0181
1.0156
1.0010
1.0189
0.9953
0.9830
1.0479
1.0010
0.9932
0.9811

0.0011
0.0025
0.0028
0.0013
0.0012
0.0009
0.0015
0.0012
0.0013
0.0016
0.0010

-0.2
-0.7
-2.1
-0.6
0.0

-0.3
2.5
2.1

-0.5
1.7

-0.5

1.6
1.6

-0.;
-0.4
1.8
0.2
0.5
3.9

-0.3
1.4

-2.0

-0.1
-0.5
-0.0
-0.0
0.2
*
●

●

-0.0
-0.4
-0.4

i .7
1.8
1.6
0.1
1.9
*
●

*
0.1

-0.7
-1.9

* Experimental values of ke~~ could notbe locatedfortheseproblems.
~Valuesreported are for the covariance-weightedcombined estimator.



S(a, /3) treatment is unavailable v:ith mdtigroup cross sections. Thus, continuous

ener~” cross sections with the thermal scattering treatment should be used for

highly moderated systems.

B. Effects of S(a, @) Card

The MCNP resalts for continuous energy, with and without the S(CY,/3) thermal

treatment, and the percent differences from experiment me given in Table 111,Only

the problems that were affected by S(cr,/?) scattering are listed. The first set of

MCNP results was generated with the S(a, @) scattering treatment, whereas the

second set was generated without. The percent differences between the MCNP

results and the KENO results, 100 x (k~cN p – kAOENO)/kA’ENO,me dSO 1iSted.

All values of kefj for MCNP were generated with version 4.2, and correspond to

the combined average of the track length, absorption, and collision estimators.

The MCNP results with the S(a, ~) thermal treatment, where applicable, are

considered co be the most accurate because they account for molecular scattering.

Problems with fissile mater2d in metal form, for which S(cr,~) treatment is unim-

portant, are not listed in Table III. The results without the S(a, @) treatment are

reported to demonstrate its importance in applications in which there is thermal

scattering with light nuclei.

By accounting for molecular scattering in MCNP the results for five of the prob-

lems are in better agreementwith KENO, whereasthe resultsfor six of the problems

are not. Of these six, problems 12, 16, 19, and 20 varied very little, and problems

5 and 17 became much closer to unity (problem 17 is believed to be a critical

experiment). In fact, the hist two columns in Table III demonstrate that S(cr,/3)

thermal scattering improves the results with respect to the available experimental

data. Therefore, the S(Q, @) treatment should be employed when applicable.

It should be noted that S(a, /?) treatment for paraflin is not presently available

in MCN-P.Therefore, the S(a, /3) treatment for polyethylene was used for parafhn.

Although the use of polyethylene is questionable, it did improve the MCNP results

relative to both KENC) and experimental values (see problems 3, 4, 5, and 18).

C. Version 4x-c vs. Version 4.2

Appendix B presents keff values produced by MCNP version 4x-c, the prelim-

inary version of MCNP4A at the time of publication. Although version 4.2, the
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most recent publicversion,wasusedfor the benchmarkstudy,it wasthwlghtthat

the sampleproblemsshouldalsobe runusing the latestLANL version. Some 4x-c
runs show small differences (within statistical uncertainty), but most track the 4.2

results exactly.

D. l?xperin~ental Results

Table 1, above, contains two columns that compare the MCNP and KEN() results

to the experimental results. As noted in this table, the experimental results were

not available for all the sample problems. The experimental results used in Table

I are all for problems that were exactly critical.

The experimental results that were not folmd correspori”l to rmnpie problems 6,

9, 16, and 17. The results for problem 18 are located in Ref. 21, but it appears

to be incorrt”ctlj-mcdeled in the KENO input. The original experiment does not

contain a 30,48 cm slab of water on the negative z face. Therefore, a percent

difkrence for that problem is not included. The result for problem 8, which is

located in Ref. 15, simply states that the experiment is subcritical. Although the

experimental results for problem 17 have not been reviewed, it appears to represent

a critical experiment. The result of problem 1 implies that problem 6 is subcritical;

however, the experimental value of &,ff is unknown.The experimental results for

the remaining two, problems 9 and 16, most likely do not exist since they involve

infinite geometric features.

E. k,ff Plots

The following pages contain selected plots of kcff as a function of generation

or cycle; these are called KCODE plots in MCNP. The abcissa represents the

number of cycles over which k~ff has been averaged (i.e., the number after the

initial “settling cycles” ); for these plots, 20 cycles were skipped before averaging,

so the actual cycle is the z-coordinate + 20. On the vertical axis is the cumulative

average of the track length estimate of keff using continuous energy cross sections

(with the S(a, /?) treatment, where applicable). Note that the values appearing

in Tables 1-111are combined averagesof collision,absorption,and track length

estimates;MCNP does not plot the combinedaverage. In general,the collision,

absorption,andtracklengthestimatorsarein closeagreement;thisagreement was
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true for all 25 sample problems. The plots thatfollow,Figs. 12 through 21, illustrate
that sufficient cycles were used to allow keff to converge.

VII. CONCLUSIC)NS

The 25 sample problems that makeup the KENO criticality safety benchmark set
have been run with MCNP, versions 4.2 and 4x-c. These criticality problems were

chosen as benchmarks because they represent a relatively wide variety of criticality

problems andbecause they were originally used to validate the KENO Monte Carlo

criticality code. The comparison of the MCNP results for both continuous energy

and multigroup cross sections indicates that the continuous energy cross sections

are more accurate than the standard MCNP muitigroup set. With the continuous

energy cross sections, MCNP successfully predicts the

cases better than KENO, within the expected data

This benchmark study demonstrates that MCNP can

criticality problems.

experimental results, in some

and statistical uncertainties.

accurately model a variety of
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Fig. 12. Cumulative Average&.ff vs Cycle - Problem1. Problem1 is an

arrayof 8 U-metalcylinders
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Fig. 13. Cumulative Average keff vs Cycle - Problem 3. Problem 3 is an

array of 8 U-metal cylinders with parafEn reflectors
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DATA FROM SAMPLE PROBLEM 7
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an infinite army ofU-metalcylindem
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Fig. 16 Cumulative Average ke~f vs Cycle - Problem 12. Problem 12 con-

sists of 4 U-metal cylinders and 4 containers of uranyl nitrate



KCODE DATA FROM SAMPLE PROBLEM 15
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Fig. 17. Cumulative Average keff vs Cycle - Problem 15. Problem 15 is a

U-metal sphere in water
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KCODE DATA FROM SAMPLE PROBLEM 17
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Fig. 18. cumulative Average &.ff vs Cycle - ProblemI?. Problem1? is a

sphericaltankof uranylfluoridesolution
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KCODE DATA FROM SAMPLE PROBLEM 18
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F’ig, 19. Cumulative Average &,fj vs Cycle - Problem 18. Problem 18 con-

sists of 27 containers of uranyl nitrate solution with pa.rafik and

42 water reflectors
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Fig. 20. Cumulative Average &.ff vs Cycle - Problem 20. Problem 20 com-

prises 7 cylinders of uranyl nitrate in a triangularpitchedarray
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KCODE DATA FROM SAMPLE PROBLEM 21
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Fig. 21. Cumulative Average keff vs Cycle - Problem 21. Probiem 21 is a

partially fled spherical tank of uranyl fluoride
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.Smt.1: coawortod from hno fi.hk.l;continmouxcn.sgy;cndf/b-6
c
c
c
c

:
3

4
5
c
c
c
c

:
3
4
s
6
c
7
8
9
c
11
12
13
14
15
16
c
c
c
nob
c
c
ml

c
c
c
c
c
●0

c

;4:m

8 bus cylindms o! U-m.td

call Cardx

! 4.6K$660-2 -7 -8 9 bp:n-1 U=-1
o 81 inp:lwl u-l
o -1 2 -3 4 -5 6 b:n=l U=2IAt=l
iill=o:lo:lo:l 11 11 11 11 -
0 -11 12 ’13 14 ’15 16 inp:n=l fill-2
o 04 iq:n=o

SUrracoCudx

puxllolpipxd
ps 0.0
px -13.74
py 0.0
py -13.74
pz 0.0
pz -13.01

cylinder
C/Z -6.67 +.87 6.740
pz -1.122s

-11.6676
~xll~lpipxd (shrinkd-iono •li@tl~ to ssoid filltronbl.)
Dx 13.73s9
~i -i3.739!?
py 13.7339
py -13.7392
pz 13.0092
pz -13.0099

ut.rial cuds; .nd.f/b-S data
9223S.SOC 0.932S31
92236.50C 0.0s5328
92234.SOC O.O1OM9
922S.50C 0.001932

S(alpha, baa): not qplic~blo

$ trxnoporeneutzonm ocily

s U-236
$ u-236
s u-234
s u-236

dofxu.lt xaexgybiax; Ranxxn-bmcbStzuctuzo
1.00-7 4.Oa-7 1.0w6 3.OX-6 1.00-S 3.00-S 1.00-4 5.50-43.0x-3
1.7.-20.1 0.40.91.43.020.0

ttiioe
1 $a-nuxbcalll

Al. Input File for Problem 1
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c
c criticalit~cards
kcodo 3000 1.0202004S000
c
c IJ31FOMVOLUXESOURCSIn FISSILE CELLS
c uaifoml~ dhtributad soluma source in ●ach c~lindor
c You ham to satUpdistribution frca which to chooso:
c coil, ●aorgy, radius(fron axis), and z displncmont (from pos).
c Sincethe c~lirid.ri- in ● r.p.~t~~structaro, but always
c called cell 1, YOU must specify tho path Of cello which uaiqwly
c dofims tho cylinder yon want. Tho path bogin# sith th~omtcmost
c call aad works dom. Ulmn call 3 is reached, tho lattice position
c EIntdSO bc given.
c
mdof col=dl ●rg=d2 rd-d3 ●xt=d4 pos.-6.87 -6.87 -6.605 um-00 1
c
●il 1 4:3(i1 0):1 : W:h: /c*l14/col13/lattica(l,l,o)/c*lll

4:3(!o 0):1
4:3(01 0):1 $ thicordoring chosen to match
4:3(0 o 0):1 s aupliag in ●sea.2
4:3(11 1):1 $
4:3(1o 1):1 s
4:3(01 1):1 $
4:3(0o 1):1 $

Spl 11111111 $ ●qual probability for all paths abosa
c
sp2 -3 $ Uatt fission qactrl?m
c
si3 0.0 5.748 $ radial distribution
sp3 -21 1 $ p(z) = const*abs(x)
c
9i4 -5.362S S.3825 $ axix2 distribution
sp4 -21 0 $ p(x) = coast

~rhp jj lj $ Eritometal fila
c
print $ fmu Ootput

Al. Input File for Problem 1 (continued)
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●smt.z: conmrtsd from keno fil. k.2; continuous ●nozm; ●ndf/b-S
c
c
c
c
c
1
2
3
4
s
6
7

:
10
c
c
c
c
1
2
3
4
s
6
7
8
c
11
12
13
14
1s
16
c
c
c

8 bar. t!-matal cylinders
explicit gecmatxy ●Pacification

Cell Carda

1 4.8036s0-2
1 4.80366.-2
1 4.80388m-2
1 4.603Wa-2
1 4.803689”2
1 4.8036de-2
1 4.6LX3*0-2
1 4.80368e-2
o
0

Surface Carda

cylindsr
C}Z 6.87 6.

-1 6 -6
-2 S -6
-3 S -6
-4 S -6
-1 7 -8
-2 7 -8
-3 7 -8
-4 7 -8
81 82 03 84 85
-11: 12:-13:

07 5.746
C;X 6.87 -6.87 5.748
CIZ -6.67 6.87 5.748
c~Z -6.87 -6.87 6.748
pz -\l .8875
pz -1.1225
} 1.122s

11.6875
p~~allelpipad

pz -13.74
px 13.74
py -13.74
py 13.74
pz -13.01
pz !3.01

Data Carda

mode n
c
c material cards; endf/b-5 data
ml 9223S.SOC 0.932631

92238.50c 0.055328
92234.SOC 0.01CQ49
92236.SOC 0.001992

c
c S(alpha, beta): not applicable

i9p:D=

imp:n=
i
hp:n=**

86 87 88 810 iq:nm
14:-16: 16 *

c
c default
●o i.oe-7 4.09-7

1.oa-4 5.s0-4
c
c tauiaa
f4:n 1

$ tramport nentrona ord~

s U-236
s u-238
s u-234
$ u-236

bias; Banscn-kach struct~-.
1.0.-6 3.6a-6 1.Oa-6 3.Oe-6
3.09-3 1.7e-2 0.1 0.4 0.9 1.4

S ●we floz

3.0 20.0

h cdl 1

A I F f P 2



c
criticality cuda

;COdO 3000 1.0 20 2004S000
c
c uaifom woltmo sourco in ●ach call
sdof col=dl ●rg=d2 ●xt=d4 pos=fcel dS ars=OO 1
c
Sil 11234S678
●pl 11111111
c
●p2 “3
c
813 0.0 S.748
@ -21 1
c
●i4 -5.38.2S 5.382S
ap4 -2! o

:0s t 1 6.87 6.67 -6.S05
2 6.87 -6.87 -6.50S
3 -6.67 6.67 -6.S06
4 -6.87 -6.87 -6.S05
5 6.87 6.67 6.S05
6 8.67 -6.87 8.S0S
7 -6.87 6.87 6.S05
6 -6.87 -6.87 6.S0S

jrd9p jj 1 j

~rint

$
s

a

$

s

Coils
●qual :. tmbility for all cells above

Watt fission spoctzom

radial distribution
p(x) = cOnst*abs(x)

axial distribution
p(x) = const

if Ccl=!, then POWS6.
●tc.

●rita metal

full output

87 8.67 -6.S9S

A I F f P 2 ( c
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●5mt.3: conwertad frm ksno filo k.3; ccmtinuous ●.rgy; ●ndf/b-S
c
c
c
c
c

:
3

4
c
c
10
11
20
21

;7
40
41
so

:;
61
c
c
c
c
1
2
3
4
5
6

;
8
9
c
11
12
13
14
15
16

;1
22
23
24
25
26

:1
32
33
34
35
36

:1
42
43
44
45
46

uniwerses of paraffin with conxtant importance surrounding coro

COll ti?ds

lattico with cylindars of U fuel
1 0.0460368 -7 -8 9 tip:n=l
o al imp:n=l
o -1 2-3 4-S 6

1 1 1 1 1 1 YP;n=’fill=o:l 0:1 0:1
2 0.122282 83 bp:n=l

concentric boxca conxtant importanc.
o -11 12 -13 14 -1S 16 hp:lt=i
2 0.122282 810 imp:n=l
o ’21 22 -23 24 ‘2S 26 bp:ll=!
2 0.122282 820
0

~:n=l
’31 32 ’33 34 ‘3S 36 imp:ll=l

2 0.122262 830 imp:n=f
o -41 42 -43 44 -45 46 inp:n=l
2 0.122282 840 imp:n=:
o ’51 S2 -63 64 -65 S6 iap:n=l
2 0.122262 $50 tip:n=l
o -61 62 -6364 -65 66 imp:n=l
o 460 imp:n=O

Surface Carda

pardlelpipad
px 0.0
pX -23.48
p~ 0.0
pJ -23.48
pz 0.0
pZ -22.75

cylinder
CiZ ‘11.74 ‘11.74 5.748
pz -S.~25
Dz -!6.757S

u-l $ U c~linder
~wl $ outside
UE2 latal $ fiz~z l*ttic.

$ :illing u’s
U=2 $ outside

II=1Of
U

U=20 fill=lo
U=20
~.~ fill=~

UW40
u-so fill-40
Umso

fin=so

p-&allelpipad (dimnnicna shrunk b~ 0.001 to ●soid fill problaa)
pX 23.479
pX -23.479
py 23.479
py -23.479
PZ 22.749
PZ -22.749

parallelpipad
PX 26.48
PX -26.46
py 26.46
py -26.48
PZ 2S.75

-2S.76
paralhlpip.xd
PX 29.48
PX -29.48
py 29.46
py -29.46
PZ 28.75
PZ -28.75

parallelpiped
PX 32.48
PX -32.48
Py 32.48
py -32.46
pz 31.7s
pz -31.7s

A I F P



h
52
53
64
6s
66

:1
62
63
64
6S
66
c
c
c
mode
c
c

L

c
c
●t2
c
c
●0

c

:4:n
c
c

parallalpipod
pX 3.5.48
px -35.48
py 35.48
py -3s.48
pz 34.75
pz -34.76

parallolpiped
px 38.72
px -38.72
py 38.?2
p~ -38.72
pz 37.98
pz -37.99

DatmCard.

n $ transport noucrons only

satarial carda; andf/b-5 data
92235.50c 0.932631 $ U-235
92238.60c 0.055328 $ U-238
92234.50c 0.010049 $ U-234
92236.50c 0.001992 9 u-236
paraffin

1001 .SOC0.57S324 $ E ( in paraffin )
6W.50C 0.324876 $ C ( in paraffin )

S(alpha, beta)
poly.olt

default ●norg~ oi.m; Eanmn-Roach structu.m
!.Oa-7 4.Oe-7 1.OW-63.00-6 1.Oe-5 3.Oe-5
1.Oe-4 5.%-4 3.Oe-3 1.78-2 0.1 0.4 0.9 1.4 3.0 20.0

tauios
1 $ t.dly th are flnz in call 1

criticality cards
kcodo 3M0 1.0-20 2004S00 O
c
●dof col=dl ●rg-d2 rad=d3 ●zt=d4 pom=-11.74 -11.74 -11.375 ●xad O 1
c
ail 1 60:S0:40:30:20:10:3(0 C 0):1 $

60:50:40:30:20:10:3(1 O 0):1 $
60:S0:40:30:20:10:3(1 1 0):1 $
60:60:40:30:20:10:3(0 1 0):1 $
60:50:40:30:20:10:3(0 O ~):1 S
60:s0:40:30:20:10:3(1o .):1$
60:50:40:30:20:10:3(01 1,:1 $
60:50:40:30:20:10:3(1 1 1):1 $

apl 1111111! $
c
●p2 -3 $
c
8i3 0.0 5.748 s
●fl -21 ! s
c
8i4 -s.3825 6.3626 $
● -21 0 s
c
~- j j 1 j $

print $

path: fcollWfceUW1. ../colll
path to coil 1 thrnhttica(i,o,o)
path to CO1l 1 thm mtic.(t,l,n)
●tc.

equal probability for ●ll paths ●bovo

Uatt fission spoctxtm

radial diatribntion
p(z) = constoabs(x)

uial distribnt%on
p(x) = con-t

metal filo

fdl output

A I F f P 3 ( c
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asmt .4 : conmrtmd from kemo filo k.4:continuous onerm: .mdf/b-5
c
c
c
c
c

:
3

4
c
c
10
11
20
21

%
40
41
60
51
60
61
c
c
c
c
1
2
3
4
5
6
c
-
8
9
c
11
12
13
14
1s
16

:1
22
23
24
2s
26
c
31
32
33
34
3s
36

:!
42
43
44
4s
46

uniwersos of paraffin with docraaaing importance ;hrounding coro

Ctll Cards

lattice mith cyllndars of U fuel
1 0.0480368 -7-8 9
0

imp:a-1
81 imp:n=l

o -1 ‘2-3 4-5 6
1 1 1 1 1 ! yp;n=l●ill=O:l 0:1 0:1

2 0.122282 83 hp:n=l

concentric box.a with dacraaaing tiport=coa
o -11 12 -13 14 -15 16 iDn:n=l

u-l $ U cylinder
Uwf $ autaida
um2 l $ 2 l

$ filliqf u’s
U=2 $ outsidm

Q=1Ofill=2
2 0.122262
0
2 0.122282
0
2 0.122282
0
2 0.122282
0
2 0.122282
0
0

810
’21 22 -23 24 -2S 26
S20
-31 32 -33 34 ’35 36
830
-41 42 -43 44 -45 46
840
-S1 52 -S3 54 -S5 56
850
-8162-6364-5568
880

.
imp:n=O.1 u-lo
i9p:n=l.O u=20 fill=10
*:n=O.1 u920
*:n=l.O U=30fill=20
bp:n=o,os U=30
tip:n=l.O n=40 fill=30
imp:n=0,05 n=40
hp:n=l.o u-so fill-40
iDp:n=o.ol u-so
tip:n=l.O fill=so
imp:n*O

SurfiIce Car&

para.llelpipod
px 00
PX -23.48
py 0.0
py -23.48
px 0.0
~X -22.75

cylinder
c/x -11.74 -11.74 5.748
pz -s.992s
pz -16.7575

parallalpiped (diaaaaiona IIbxuukby 0.001 to ●Toid fill probl-)
DX 23.479
;1 -23.479
py 23.479
py -23.479
jJX 22.749
PZ -22.749

parallelpipod
px 26.48
~X -26.48
p~ 26.46
py -26.48
pX 25.7S
pZ -25.76

parallalpipad
px 29.48
px -29.48
py 29.48
p) -29.48
PZ 28.75
PZ -28.75

parallelpipod
pX 32.48
pX -32.48
py 32.48
py -32.48
pz 31.7s
pz -31.75

A I F f P 4
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c
61
b2

66

:1
62
63

::
66
c
c
c

parallelpipod
px 36.46
PI -3b.48
py 3S.48
py -36.46
pa 34.76
px -34.76

pardlslpipod
pX 38.72
pX -38.72
py 36.72
p~ -38.72
px 37.99
pz -37.99

Data Cards

uode n $ transport neutrons only
c
c material cafds; ●ndf/b-6 data
m! 92236.SOC 0.932631 $ U-235

92238.50c 0.066328 $ u-238
92234.60c 0.010049 s U-234
92236.60c 0.001992 $ U-236

c paraffin
m2 1001 .60c 0.6’?6324 $ E ( in paraffin )

6000.6UC 0.324678 $ C ( in paraffin )
c
c S(alpha, beta)
mt2 poly.olt
c
c default ●ergy bins; Eanaon-Roachntructnro
ao 1.Oe-7 4.Oe-7 1.0.-8 3.0.-6 1.0.-6 3.0.-6

1.Oe-4 5.5.-4 3.Oe-3 1.7.-2 0.1 0.4 0,9 1.4 3.0 20.0
c

tallies
;4:n 1 $ tally tho ●vo flnx in cell 1
c

criticality cards
:Coda 3000 1.0 20 200 46000
c
ndaf cel=dl ●r@2 red=d3 art=d4 pee=-li.74 -11.74 ‘11.375 ex#~O 1
c
Sil 1 W:W:40:30:20:10:2(0 OO):l $ path: /co1160/coIMO/... /c9lll

6O:6O:4O:3O:2O:1O:3(1O 0):1 $ path to cell 1 tlm lattico(i,o,o)
60:60:40:30:20:10:3(1 i O):i $ path to cell 1 thru lattico(i,i,O)
60:60:40:30:20:10:3(0 1 0):1 $ ●tc.
60:50:40:30:20:10:3(0 O 1):1 3
80:50:40:30:20:10:3(1 o 1):1 $
80:50:40:30:20:10:3(0 1 1):1 $
60:bO:40:30:20:10:3(l 1 1):1 $

epl 11111111 $ qual probability all pathaabow
c
ap2 -3 $ Wattfiaaion spectrum
c
8i3 0.0 6.746 8 radial distribution
afi -21 1 $ p(x) = conat*aba(x)
c
si4 -6.3826 5.3826 $ axial diatribntion
ati -21 0 $ p(x) = con-t

:Xdmp jjl j $ xritomcttifilo

~riat $ fdl Ou:pllt

A I F f P 4 ( c
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es-t.s : conwwtod from kono file k.4;contlnuoun ●nergy; endf/b-6
c
c
c
c
c
c
1
2
3

4
c
c
10

:;
21
30
31
40
41
so
51
60
61
c
c
c
c

;
3
4
s
6

;
8
9
c
11
12
13
14
15
16

:1
22
23
24

::

:1
32
33
34
35
36
c
41
42
43
44
4$
46

30.48cmof paraffinsurrounding-metalcylinders--”
Nodala tho CEIOalbedo option.

Call Car&

lattice with cylindoro of U fuel
1 0.0480368 -7 -8 9 imp:n=l Uq $ UcylindOr
o 81 imp:n=l u-l $ Ontshlo
o ‘1 2-3 4-S 6 iap:n=l U-2 lat=l $ 2x2x2 lattico

fill=o:l 0:1 0:1 11111111 $ filling u’s
2 0.122281 83 hp:n=l ~mz $ outside

:oncontric boxes with d.crwasing Importancwn
o -11 12 -13 14 -1S 16 imu:n=l U-1o fill-z
2 0.122282
i)
20.122282
0
2 3.12’2282
o
2 0.122282
0
2 0.122282
0
0

8
-21 22 -23 24 -25 26
820
-3132 -33 34 -3S 36
830
-41 42 -43 44 -4S 46
840
-51 62 -S3 54 -SS S6
8s0
-61 62 -63 64 -65 88
363

L~:n=O.1 u=1O
iq:n=l.O U.20 fill.lo
isp:n=o.i U=20
i=p:n=i.O u=30 fill=20
inp:a=O.OS u=30
*:n-1.o U-40 fill-30
imp:n-o.05 U-40
imp:a=l.O a=so fill+o
bp:n=o.ol IPSO
imp:n=l.O fill=so
iDp:ll=o

Surfaca Carda

para21elpipcd
px G.o
PX ‘23.46
py 0.0
Py ‘23.48
pz 0.0
PZ -22.75

cylinder
CIZ -!1.74 ‘11,74 5.748
pz -s.992s

-16.7S7S
p~~a.11.lpipad (dimensions ahrunk by 0.001 to avoid fill problas)

px 23.479
pX -23.479
?y 23.479
py -23.479
PZ 22.749
PZ -22.749

pamllalpip,d
JIX 26.48
pX -26.48
py 26.48
py -26.48
pz 2s.7s
pz -26.75

puallalpipcd
pX 29.48
pZ -29.48
py 29.48
pJ ‘29.48
pZ 28.7S
PZ -28.76

parallolpipad
pX 32.48
pX ‘32.46
py 32.48
py -32.48
pz 31.7s
pz -31.76
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c
61

53
64
66
66
c
61
62
63
64
6s
66
c
c
c

pxrsllolpipod
px 3s.46
px -36.40
py 36.46
py -3s.46
px 34.7s
pa -34,75

Pam.llolpipad
px 63.46
PX -63.46
py 63.46
py -63.48
pz b3.23
pz -s3.23

Data Cxrds

● n $ transport neutronsonly
c
c
ml

L
c
c
m 2
c
c
●0

c
c

mstorislcsrds; endf/b-S data
9223S.60C0.932631 $ U-236
92236.50c0,0S5326 $ U-236
92234.60c 0.010049 $ U-234
92X16.60C 0.001992 $ u-236
pmrsffin

iOO1.!iOc0.67S324 $ B ( in psrsffin )
6000.SOC 0.324676 OC(lnparsffi.a)

S(alpha, bata)
poly.olt

dsfadt ● biro; nanoon-Beach structuro
1.0s-7 4.Oa-7 1.00-6 3.0s-6 1.00-6 3.OC-6
1.09-4 5.5a-4 3.Oe-3 1.7e-2 0.1 0.40.9 1.43.020.0

tallies
f4:n 1 $ tsllyths ●Tc flux in cell 1
c

criticality csrds
;Code 30001.020200MOO0
c
ad.f c.l=dl ●r@2 rsd=d3 ●xt=d4 pos=-11.74 -11.74 -11.376 US-O O 1
c
sit 1 60:50:40:30:20:10:3(000):1 $patk: /celMO/co2150/.. ./eolll

psths

60:50:40:30:20:10:3(! O 0):1 $ path to call 1 thru1
6 01 0):1 s path to Coil 1 thru lattice(i,l,o)
60:S0:40:30:20:10:3(0 1 0):1 $ ●tc.
60:50:40:30 20:10:3(0 O 1):1 $
60:s0:40:30:20:10:3(1 O 1):1 $
6O:5O:4O:3O:2O:1O:3(O1 1):1 $
60:W:40:SO:20:IO:3(1 1 1]:1 $

Spl 11111111 $ eqosl probability for
c
8p2 -3 $ watt fission Spoctrlm
c
●i3 0.0 S.748 $ xadial distribution
@ -21 1 $ p(x) = const~sbdx)
c
8i4 -5.36% S.3625 $ axial distribution
Spd -21 0 $ p(x) = coast

~dw ~jlj 8 Sritenctsl *U9

print $ flm output
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●smt
c
c
c
1
2
3
c
c
c
c
i

:
4
5
6
c
7
8
9
c
c
c
modo
c
c
c
●l

c
c
c
c
c
●o

c
c

c
c

6: conwrtod

C.11 Cards

1 4.6@366b-2
o
0

Sllrfaca

parall.lpipod
px 6.87
pX -@.67
py 6.87
p~ -6.87
px 6.S0S
PZ

c~liador
Cz S.746
pz
pz

Data Cards

n

from komofilek.6;coatinuons ●aozgy; andf/b-S

-7 -8 9
(-1 2 -3 4 -S 6) 81 ~%:;
1: -2: 3: -4: s: -6 hp:nm

$ txaamport aoutzom only

ntorid cmrds ●ndf/b-S dmtm
name composition u Ap.1
9223S.SOC0.932631 $ U-236
92236.SOC
9
9

beta): not

8 u-236
8 u-234
$ u-236

applicsblo

d.fault ● bins; Uanmta-Roachstructuro
1.OC-7 4.00-7 1.0.-6 3.--6 1.Oa-5 3.00-S 1.09-4
1.7e-2 0.1 0.4 0.9 1.4 3.0 20.0

tmllias
1 8 ●-o fluz

criticality cuds

S.SQ-43.0S-3

in cdl 1

kCOdO 3000 1.0-202004S000
c
●daf c.l=t pos=OOOum=OO 1 rad-dl●zt=d2.rg-d3
c
sit 0.0 S.748 8 be suro thia ●OC1O9O9cdl 1
c
si2 -s.362s S.362S $ b. SW* thim● cdl 1
c
8p3 -3 $ Uattfiae:on spGctr6

jr&p j j 1 j $ mritoutal film

~riat $flaloutpnt

A I F f P 6

5



●5m .7: conwrtod kmo file conttiuoua cmxgy; .ndf/b-5 data
c
c
c
c
1
2
3
c
c
c
c
●1
2
●3
4
●s
6

;
8
9
c
10
c
c
c
soda
c
c
c

c
c
c
c
c
●0
c

:4:n

rafloctioa on

Coil cuds

1 4.603660-2
0
0

Surfeca cud#

puallclpipd
pX 6.87
pX -6.87
py 6.87
py -6.87
pz 6.606
PZ -6.S0S

cylinder
Cz 5.748

5.382S
PZ ‘S.3626

3 sidoa
—.

-7 -a 9 imp:n=l
(-1 2 -3 4 -S 6) 81 bp:n=l
1: -2: 3: -4: S: -6 ~:B=O

$ roflccting

o r@fl@cting

e rdhctirlg

aiaclosixkg Sphara
●o 11.0

Data Car&

●lrfm*

●urface

Surfac*

n $ tranmportaentroamonly

material cards andf/b-5 data
SE80 composition ●s Bcnp.1
9223S.50C 0.932631 $ U-236
92236.SOC 0.0SS328 8 U-238
92234.5oc 0.0!0049 8 U-234
922=.SOC 0.001992 $ u-236

s(alpha, bets): not ●pplicable

dofmlt ●mrgy bins
0.02S,-61.09-61.09-41.00-21.08-1 5.Oe-l 1.0 2.0 4.0 10.0 14.0 20.0

ta.llioll
1 $ ●w fluz in Coil 1

c
criticality cuds

:Coda 3000 1.0 20 20045000
c
sd.t cel=i poa=O 00 US=OO 1 rui=dl●zt=d2.r&i3
c
nil 0.05.748 8 bo sac. this ●nCIOSODCO1l 1
c
ali2 -5.3625 6.362S 8 be 8RC0this ●!IC1O9O9call 1
c
me -3 $ wattfission Spctr?m
c
pr&p jjl j $ Witoutal file

;Zbt afull output
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conrorted
c
c
c
c

;
3
c
c
c
c
1
2
3
4
●b
●6
c
7
c
c
c
mod.
c
c
ml

c
c
c
c
c
●0
c

h:n
c
c

rcfhction on
till Cxrds

1 4.80368a-2
o
0

Surfaca Cuds

Paxallolpipod
pX 6.87
~X -6.87
py 0.87
py -6.87
pa 10.00
pz -10.00

cylindar
Cz 5.746

Data Cude

n

frmkcno fih
Zfacm only

-7 -S 6

X,8

ti:n=l
(-1 2 -3 4 -5 8) 7 ~:n=l
1: -2: 3: -4: 6: -6 *:IPO

$ ?Sfhctiag 81Uf4C0
$ rofloctinbsurfac.

$ trensportnmtrom only

utarixl cuda ●idf/b-5 data
9223S.SOC 0.932631
92238.SOC 0.0SS326
92234.SOC 0.010049
92236.50c 0.001992

S(alpha, beta): not

default ●norgy bins

applicable

8 U-235
8 u-236
s u-234
s u-236

0.025e-61.60+J 1.Oe-4 1.00-2 1.0.-1 5.Oa-l 1.0 2.0 4.0 10.0 14.0 20,0

tdlios
1 $ ●va flux ill Coil 1

critzcxlitr cuds
kcodo30001.o-202004SaOo

;daf CO1:.1 poe=O 00 axwOO 1 rad-dl ●xt=d2 ●r@3
c
mil 0.0 S.748 $ b~ SIXCthi8.nclos.aC.U I
:
8i2 -10.0 10.0 $ bo suxo this ●nc10s08 call i
c
@ -3 $ Uatt fimsion Spectro=

~r~ jj lj $ ●riteMtal file

;int $fta.loutput
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c
c
c
c
c

:
3
4
c
c
c
c
●1
●2
●3
●4
●s
●6

;
8
9
c
c
c
moda
c
c
ml

c
c
c
c
c
●0

c

c
c

s: c xr- K X R conrxnuous ●wrgy; ●naxzo-ti
infinito c~lindor-in-boxunitfi
nodolby●akingallboxcalls xcfhctim
Cdl Cttrd-

1 4.803680-2 -7 -8 9 ~:n=l 0=1
o 01 *:n=l u=l
o -1 2-3 4-6 6 iqg;~i.11=1
o 1:-2: 3:-4: 6:-6

pualldpiped
px 0.0
px -13.74
py 0.0
py -13.74
pz 0.0
pz -13.01

cylimbr
C/Z -6.87 -6.87 S.748
pz -1.122s
pz -11.8875

Data cud8

a

Mteriti cuda; ●ndf/b-6 data
92235.60c 0.932831
92236.SOC 0.066328
32234.50C 0.010049
922M.50c 0.001S92

S(alph, beta): not applicable

$ trzmport

$ U-236
s u-me
8 u-234
t U-236

d.fmlt .mrgy bins; hnnoD-Roach stractnrc
1.Oa-7 4.00-7 1.0s-6 3.00-6 1.00-S 3.00-5 1.00-4 6.50-4 3.00-3
1.70-2 0.1 0.4 0.9 1.4 3.0 20.0

tallies
1 s ●ve flaz la call 1

criticality cud.
kCOdO 3000 1.0-202004S000
c
c unifom solume sourco in coil 1
sdul col=dl rad*d2 ●zt=d3 ●rR=d4 DOB=-6.87 -6.87 -8.606 ●xwOO 1
Sil 1 3:1
Bpl 1
si2 : 0.0 6.746
●p2 -21 1
si3 b -6.3825 S.3825
@ -21 0
● -3

+ ~~1 j

print

8
s
$
$

:
$

s

$

path to CO1l 1
ChOO-0●boso withprobi
rdial limits (fr-ws)
p(r) _ conat~r -
●xizl limits (from pos)
p(z) = coast
Uatt fiesion qoctnm

●rita =tal file

fmll astpnt
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c
c
c
c
c

;
3

4
5
c
c
c
c

;
3
4
6
6

;
8
9
c
11
12
13
14

c
c
c

●ht . 10: coa-arted f fil. k.10; comttiuou- •n-r~i ●mdf/b-6
8 bare cylindaro of U--tal
todomonatrato roatut

Cdl Carde

1 4.80363C-2 -7 -8 9 *:n=l u=-1
81

:
iq:n=l II-i

-1 2-3 4-S 8 imp:n=l U=2 lat=l
fiIl=O:i O:lO:l 1 1 1 1 1 1 1 1
0 12 -13 14 -1S 16 imp:nml fill=2
o 84 imp:nwO

?mface Car&

parallolpiped
px 0.0
px -13.74
py 0.0
py -13.74
pz 0.0
px -13.01

cylindar
-6.87 +.87 6.746

pz -1.1226
-11.8875

p%l.lpipad (sbrink dbeaaioaa ●ligbtly to ●void fill tronbl.)
px 13.7399
pz -13.7399
py 13.7393
py -13.7399
pz 13.0093
pz -13.0099

DataCudz

S txanaportnouCron8-d. n
c
c materiel cuds; andflb-5 data

9
9
9

0.001992
c
c S(alpha, beta): ●pplicable
c
c
c default bins; E ●troctnro
●o 1.0a-7 4.00-7 1.0.-63.0.-6 %.0.-6 3.00-S 1.00-4 !i.6a-4 3.0.-3

i.70-2 0.1 0.4 0.9 1.43.020.0
c

ta.llioa
Z4:n 1 8 ●t. h cell i

A I F f P 1
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c
criticality cuds

icodo 30001.02020046000
c
●do? cal-dl ●rg=d2 rad=d3 ●xt-d4 pOB=-6.87 -6.87 -6.606 1
c
●il 1 4:3(1 1 o) :1

4:3(1 o o) :1
4:3(0 1 0):1
4:3(0 o 0):s
4:3(1 1 1):1
4:3(1 o 1):1
4:3(0 1 1):1
4:3(0 o 1):1

Spl 1111111
c
9p2 -3

: P&: lc*l141c*U311a**ico(l,l,0)/celll

$ tlii~ ordering chosoa to match
$ sulpling in ●6C0.2
8
8

:
1 $ ●qual probability for all paths abovo

$ watt fission Xpoctrlm
c
si3 0.0 6.743
sp3 -21 1

$ radialdistribution
$ p(X) = coa=t*abs(x)

c
si4 -6.362S 6.3626 $ xXiXl distribution
● -21 0 $ p(x) = Conot
c
yw s s ~ ~ * printSd.liahrita

print sfu.uoutpat
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Imseqp: c It runtpe=mt. lo
●sDt .11 : conwrtod from keao file k. 10; coatirmous ●norm; ●df/b-S
c
c
c
c
c
c
1
2
3

a
~
c
c
c
c
;
2
3
4
s
6

;
8
9
c
11
12
13
14
15
16

8 bar. cylinders of U-rnta.l
-.

to dsmonatrhte restut
-o an Aca 10

Coil Car&

1 4.80368e-2 -7 -8 9 *:IA a=-1
o 81 *:IP1 vi
o -1 2 -3 4 ‘S 6 4 :n lat-1
fi12*.10:10:1 1 1 i 1 1 1 1 1
0 -11 12 -13 14 -16 16 *:11=1 fill=2
o 84

Surface Cads

parall.lpipad
px 0.0
px -13.74
py 0.0
p~ -13.74
pz 0.0
pz -13.01

cylinder
C/Z -6.87 -8.87 6.748
pz -1122s

p~;al;~;p~’~ (shrink dimmeiom ●ligbtly to woid fill tronbl.)
px 137399
pz -13.7399

13.7399
;; -13.7399
pz 13.0099
pz -13.m99
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c
c DataCudx
c

n
c
c

c
c
c
c
●0

c
c

$ truqort noutrono on17

mtoria.1 cmrdm; .ndf/b-S data
9223S 0.932631
92238.60c 0.066328
9XX34.60C0.01~9
92236 .SOC0,001983

S(alpha, beta): not opplicabl~

default caargybins;Monsan-loach structura
1.00-7 4.Oe-7 1.0.-6 3.0.-6 l.Oe-!i 3.00-5 1.00-4 S.S0-4 3.00-3
1.70-2 0.1 0.4 0.9 1.4 3.0 20.0

tallias
f4:a 1 s avo flax in Coil 1
c

criticality cuda
;COdO 3W1.0202004SOO0

~dof C0141 ●rg=d2 rui-d3 ●xt=d4 pea=-6.67 -6.87 -6.60S UWOO 1
c
sil 1 4:3(1i 0):1

4:3(1o 0):1
4:3(01 0):1
4:3(0o 0):1
4:3(11 1):1
4:3(1o 1):1
4:3(01 1):1
4:3(0o !):1

●pl 11111111
c
9p2 -3
c
813 0.0 5.748
8p3 -21 1
c
●i4 -6.3826 6.3826
@ -21 0

;rdBp66120

;riat

$
$
$
$
$
$
$

:

8

8
s

$

8

path: lcelX41ceU3/latticeCl,i.O)lceUl
●tc.
this ordoring choson to mxtch

9upling in ●6C0.2

equal probability all paths above

Untt fisoion Spoctm

radial distribution
= coaotoabs(x)

dimtributioa
p(x) = Comot

printtalllodwrito ● 6 cyclom

full Ontpmt
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c6st .12: conwrtod from kono fih k.12; coatonorgy;ondf:b-6
c
c
c

;
3
4
&
11
14

:1
24

:1
34

:0
c
50
c
c
c

;
8
9
c
17
18
19
c
2?
28
29
c
30
c
c
c
m
c
c
al

L

L

c
c

Cdl Cardz

1 0.048029s *:.-1
2 0.088W472 -;; -i; 1; iDp:n=l a-l
3 0.1W857 17: 18:-19 hp:B=l u-l
o -27 -38 29 *:8=1

lik~ 1 but trcl-(0.00 13.18 0.00)
llko 4 but txcl-(o.oo 21.75 0.00)

liko 1 but trcl=(o.oo 0.00 12.4s)
lika 4 but trcl=(o.m 0.00 20.48)

like 1 but trcl=(o.oo 13.18 12.4S)
liko4bnt txc~=(o.~ 21.76 20.48)

O -3081 84 811 814 821 S24 831 834 imp:n=t $

030

surface card,

finite cyliadoro
c/z -6.S9 -6.S9
pz -0.8425
pz -!l .6075

5.748

10.875 -10.87S 9.S2S
pz -1.3s
pa -19.13

c/z 10.875 -10.875 10.16
P= -0.71s
P -19.76S

80 3s.0

Data Car&

n

utorizl cardm;end?/b-6dnta
92238.50c 0.0671-
9

nitrat.
1001.SOC0.S92W
7014.50c 0.020143
8016.SOC 0.3765S7

82235.SOC O.olowl
82238.50c 0.000782
Plaxiglsb
8000.50C 0.333330
1001.SOC0.633336
8016.50c0.133334

S(alpha.beta)
lfltz.olt

8

$ 5.3S2S●bove
$ S.362Sbelow

fiu=l

btun cylindar & ●

midplana
midplauo

$ 6.89 ●be-c midplzno
$ 8.89 below midplano

$ 9.S2S above midplan.
$ 9.52S bolowmidplazo

$

$

.
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default anorgyMae; Ihnaa ●
o 1 .00-7 4.Oe-71.O@-63.00-61.Oe-S3.00-61.0,1-46.60-43.09-3

1.78-2 0.4 0.9 1.4 3.0 20.0

talliaa
4:n s $ are flux in call 1

criticality cuds
Cod@ 3000 1.0 202004S000

uniform ●OIUDOsourceinfissile calls

def cel=dl arg-dl rad=fcal d3
poo-fcol ds U 1

il 11

pi 9

p2 -3

83 m 31 31 31 31
32 32 32 32

i3i
pw -21 1
i32 0.0 9.S2S
p32 -21 1

& s 41 41 41 41
42 42 42 42

i4s -S.362S S.382S
p4t -21 0
i42 -8.39 8.89
p42 -21 0

85 1 -6.59 -6.S9 -6.22S
-6.S9 6.59 -6.226
-6.S9 -6.S9 6.22S
-6.S9 0.S9 6.226

10.876 -10.876-10.24
10.67s -10.67S -10.24
10.87S -10.67S -10.24
10.67s -10.87s -10.24

Sdmp j j 1 j

rim

ext=fcol d4

$ cells
$ path c-11 2
8 prob proportional to rrJuBo

$ lhtt fiaeioo opectrnm

$ radial dhtrib rmmborsbaa.d on cel
$ correspond to sil cud
$ radial limits: source in cell 1
$ p(X) = conat~abs(x)
$ rsdial ltiita: source in CO1l 2
$ p(X) = cOnst*abe(x)

$ radial distrib n-rs baaad oa CO1
$ correspond ●
$ uial limits: call 1
$ p(x) =
$ Uial limits: sourco in cdl 2
$ p(x) =

$ poe variabla bamodon cal
$ cnrroapoad to ●il card
s
$
$ -hen path is giwD (s.. ●il)
$ thopoaition of tho
$ U gis.a, 80
$ pos is the ●aw ●ach time

Svxitsnctalfi.la
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c
c
c
c
c

:
3
4
5
c
c
c
c

;
3
4
s
6
7
c
11
12
13
c
c
c
●ode
c
c
●l

c
c
c
c

c

;4:n
c
c

●smt.13! couvmrted f k file k.13; continuous●norgy; ●ndf/b-6
2 offset cnbas ox ●nrich.d U-236 surrounded bl ● cjliadrical
annulna of●BrichcdU-236

Coil Carda

1 4.80366.-2 -1 2 -3 4 -s 6 hp:al=l
1 4.80366e-2-1 2 -3 4 -7 6 iq:n=l
1 4.80368Q-2 -12 -13 6 11 iBp:n=l
o -M2-13 681 82 imp:n=l
o 13:-6) 82 k

S c

:2.7
;:
p~

PZ 7.62
pz

11.176
cylind.rs

Cz 13.97
Cz 19.0s
pz 16.18

Data Car&

n

material cardn; ●ndf/b-S data
9223S.SOC 0.932631
92236.60c 0.05S328
92234.SOC 0.010049
92236.SOC 0.001992

S(alpha, beta): not applicable

trcl=(-O.2S66 -6.3S 0.00)
tr~l=(-12.4434 -6.35 7.62)
$ Ulmhla
$ bten bozos and cyliador
$ .ntaido

$

dofau?t ● biaa; Eaason-Roach ●tructar.
1.Oa-7 4.Oa-7 1.0.-6 3.Oa-6 1,0.-S 3.0.-S 1.Oa-4 6.5e-4 3.Oa-3
1.70-2 0.1 0.4 0.9 1.4 3.0 20.0

talliee
1

c
kcode 3@0 1.0-202004S000
kaxc 6.3s 0.03.81 -6.36 0.0

~ jj 1 j

;Xint

s W. n= h cdl f

13.2 $ poiat in ●ach block

$ file

$ full

A I F f P 1
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●ht , 14: cowertcd from kenofilo k.14;continuous ● ●ndf/b-S
c
c cell Cllrda
c

1 4.00382.-2 -1 -8 9
:

iq;n-1
o 1 -8 9 -!2 lmp:n=l
1 4.80362a-2 -3 -8 9 2 iq:n=l

.! o hp:n=o
c.

,; Cr]
c
. 0,1,. n $ trsnmport neutrtma

S:al.pb. P*ta) : not ●pplicable‘.
c dofaul??.+rgybins;Ran90n-Beachntructoro
●0 l.~a-l● JO-7 1.00-8 3.0.-6 l,Oa-6 3.0.-5 1.om-4 6.6.-4 3.0.-3

1.7~-2 ..1 0.40.9 1.4 3.0 ~o.(i
c

..Slli-A
;\:B 1 s *VS flux in Coil 1
c

criticality cuds
kcodo 30001.0202004S000
c
o&f c.l=dl porfc.1 d2 ●xt-fc.l d3 rhd=fc.1 d4 ●rg=d6●xs=OO1
c
●il 113 $ Cone
apl v $ prob proportional to TO1OB8
c
is2 t 1 S.O8 0.0 0.0

3 0.0 0.00.0

L3 ●
●i31 0.0 10.109
SP31 -21 0
si32 0.0 10.109
np32 -21 0

:s4 n
●i41 0.0

-21 1
si42

-21 1
c
cp6 -3

$ pos for c.1=1
$ pos col = 2

$ ●Xt distrib nndwrs bm.d On c.1
$ aximl range abont poe
$p(z)=colut
$ ●bout
$ p(z) = coMt

$ r8d distribnumberslw.d on CO1
$rzdialrangombontpos
$ p(r) = conzt-abs(r)
$ radial ●bout PO-
$ p(r)= constosb9(r)

$ mite utal file

$fllll output
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.1s: conwrted
c
c call carda
c

1 0.04s172!2
: 2 o.lm7
3 3

c
c ●r
c

fromkonofilo

-6
1 -2 3 -4
6-7-8s1 82
9302ti

k.ls; continuousansr~;mdf/b-s

iq):n=l
iq:ll=l
iDp:al=l
i+:a=o

1 pz -7.0921’f5
2 pz -4.662!85
3 Cz 4.1276
4 Cz 12.7

0.63647S 6.SS37
: ;: -22.092175
7 pz 22.092176
s Cz 32.97
c
c data cu&
c
modo n
kcodo 3oooi.0202m46000.- Cel=l ● radti2posX.O0.00.S36476maex
c
Spl
c
si2
ap2
c
c
c
ml

L

L

c
c
■t3
c

-3

6.56
-21 2

Continlloas ●adfh-v

92234.SOC
92236.SOC
92236.60c
92236.SOC

Ploziglas
1001.SOC
6400.SOC
3016.SOC

m
1001.SOC
6016.WC

botd

i).976S6126
0.001s12319
0.009674W6

0.s3333s8
0.3333302
o.xB333%

0.666667
0.333333

$ U-234
8 u-235
$ u-236
t u-236

$

:

pr&p jjl j

>iztt

$ writoutalfilo
8 foil Outpat
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●%t . 16: convortad
c U02F2 infimitc

from k fil. k.16; continuous●nam; ●Idf/b-6
dab

c
c
c
1

:
4
c
c
c
c
1
2
●3
●4
●S
●6
c
11
12
c
●21
●22
c
c
c
moda
c
c
c
ml

L

L

c
c
Dtl
mt3
c
c
●0

c
c

Call Cards
1 0.096724S6
2 0.07044000
30.1
0

SarfaceCarda

planes
pX 2.479
pX -2.479
py 100.0
py -100.0
pz 100.0
pz -100.0

px
px -3.749

px 17.479
px -17.479

Data Carda

n

(-1 2 -3 4 -S 6) bp:n=l
(-11 12 -3 4 ‘S 6)( 1: ‘2 )
(-21 22 -3 4 -S 6)(11: -12)
(21:-22: 3:-4: 5:-6) &

$ transport

matezial cards; endflb+i data
U02F2
9223S.50C 0.013899
92238.50c 0.001006
B019.SOC 0.030013
8016.60c 0.33831S
1001.SOC 0.61666s
pyrex
13027.50c0.007S24
SOOO.OIC 0.06S162
8016.50c 0.637706

14000.FiOc 0.25S821
I1023.5OC 0.033788
boratad U02F2 aoln

SOOO.OIC 0.014789
92235.60c 0.013792
92238.SOC 0.0008935

BM9.50C

S(alpha,beta)
lwtr.olt
letr.Olt

dafanlt aacrgy bins; Etwon-lloach structurs
1.Oa-7 4.0e-7 1.00-8 3.Oa-6 1.00-5 3.00-S 1.09-4 5.Se-4 3.0a-3
!.70-2 0.1 0.4 0.9 1.4 3.0 20.0

$

$ naturalBoron

talliaa
f4:B 1
c

criticality cuds
: 3 1.0 2

0.0 0.00.0
-10.61 0.00.0

10.61 0.00.0

~xdq jjl j

;iat

$ ●m flu in call 1

$ poin: illntoriali
fn8ateria23

$pointiamatorh13

8 mrita=tal file

$ftil output
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●6mt.17: conwrtod froskonofil. k.17; conthousanw~; ●all/b-6
c
c
c
1
2
c
c
c
1
c
c
c
aode
c
c
c’
m!

c
c
mt1
c
c
●0

c

;4 :~
c
c

call Cxrdx

1 0 -1 * :n=l
o 1 iBp:E=o

SIlrfacaCxrdx

Xo !6 .0

Data Car&

n $ trxmport n.utrona only

cuds; eadf)b+ data
U02P2●oh
92Z36.60C 0.0032197
92238.SOC 0.0002349
1001.SOC 0.6ss16s7
6016.60c 0.33448S3
9019.SOC o.oo6m4

S(a~phX,bata)
letr.Olt

d.fault ●ezgy bi.m; Rxnxon-Beach structure
1.oe-7 4.oe-v 1.00-6 3.08-6 l.oe-s

tdlia
1 $ ●ro nnx in Coil 1

criticality cuds
kc0d030001.02020045000
c
c uniform sol~o
add cs~=l ●rg41
c
Spl -3
c
si2 0.0 16.0
sp2 -21 2

~r&p jjl j

~rimt

mooxco

$ Vattfission Spactrla

$ rxdial liaitm
$ p(x) = coMt@x2

$ writeutxl

$ output
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●5mt . 18: conwrtcd from koao filo k.M; continuouseaargy; owtf/b-6
c
c
c
1
2
3
4
5

6
7
8
9
c
c
c
c
1
‘2
3
c
c

:
c
c
5
6
7
c
c

;:
16
17
18
19
c
c
20
21
22
23
24
25
c

:0
31
32
33
34
3s
c

:4
c

Coil C

1 0 1 -2 -3
0

iq):a=iu-i
i -4 -3 81 iq):aal U=t

2 0.1066s7 5-6-701 82 *:a=l u=t
4 o.lm113-9 -s:6:7
o

*:m-1 u-l
14 -1S 16 -17 18 -19

fill--l:l -1.1
kp:n-1 lat=l

11111111:
111111111
111111111

0 20 -21 22 -23 24 -25 hp:n=l fill= 3
3 0.122266 30 -31 32 -33 34 ‘3S (-20:21:-22:23:-24:25) ti:a=l
s o.looli3 30 -31 32 -33 44 -34 @l:ll=l
o (-30:31:-32:33:-44:35) *HI*

●.rfaco cards

uranyl-nitrata cylindar
pz -8.7804
pz 6.7804
Cz 9.52

void cyliador - used to 8 f t f i?hzi@99
cylind.ris SOT compl.t.lyfull.

pz 8.98%

Plexiglas cylind.r
pz
pz

filled coboid that c thecyliadora
pz -18.4s

18.45
:; -16.45
PY 18.45
P= -17.8854
pz 17.8846

cmboid that c all th. o caboids
px -55.3499
px 55.3488

-5s.3499
;; 55.3498
pz -52.9199
ps 52.9199

cuboid that contaima the paraffin
px -70.591
px 70.591
PY -70.591
PY 70.591

-66.6100299
;: 88.61OOP99

slabof m - O tho n Z f
pz -99.08
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c
c ma cud6

L
c
c
c
c
c
c
c
c

>

mt3
c
m4

c

n

R 8 - U uranyl nitrata
Ihtorial82 - Piaxigla9
Ilatorial N - paraffin
RatOria.1 S4 - aatar, sory 10S d.nmity (eatervapor)
Nat.rid 8S - water.aomal density

Cocthuow ●ldf/b-s

%m8.soc
92235.60c

W16.60C
7014.SOC
1001.5OC
lutr.Olt

100I.6OC
6000.SOC
8016.SOC

1001.SOC
6ooo.sor
Pely.olt

1001.5OC
6oi6.soc
lwtr.Olt

1001.SOC
8016.SOC
lstr.Olt

0
0
0.69141367

0.s3333s8
0.3333302
0.133333%

0,67S32797
0.32467203

0.686M667
0.3333XM3

0.666M667
0.33333333

3CU301.0202004SOO0

$U-238
$V-236
::

$8

::
$0

$
8C

$B
80

SE
$0

sts

:Code
adef cel~l .rg=d2 rad=d3 ●xt=d4 poszO.00.00.O axaWO 1
c
c pathto●mch of ● colla
Sil 1 6:5( 1 1 1):1 6:S(-1 -1 0):1 6:S(-1 ‘1 1):1

6:S(-1 0-1):1 6:S(-1 O 0):1 (3:5(-1 O 1):1
6:5(-1 1 -1):1 6:S(-1 1 0):1 6:5(-1 1 1):1
6:S( O -1 ‘S):1 6:5( O -1 O):t 6:S( O-1 1):1
6:5( O 0 -1):1 6:S( O 0 0):1 6:S( O 0 1):1
6:S( O 1 -1):1 0:S( O 1 0):1 6:S( O 1 1):1
6:S( 1 -1 -1):1 6:S( 1 -1 0>:1 6:6( 1 -1 1):1
6:5( 1 0 ‘l):i 6:6( 1 0 0):1 6:S( 1 0 1):1
6:6( 1 1 -1):1 6:S( 1 1 0):1 6:5( 1 i 1):1

Spl 111111111 s
lililllll
111111111 :

c
sp2 -3 $
c
8i3 0.0 9.52
* -21 1 :
c
tii4 -8.7804 8.7”804
sp4 -M o :

; jjl j $
print

equal probability ●ll patbx xbove

wattfissioa Spcctrlm

radial distribution
p(x) = const-abs(x)

axial diatrihtion
p(x) - Comt

crite●ct81filo
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●bt . 19: comwxtodfromkoaofilo k.19; cent ●norgy; ●rdf/b-6
c
c
c
1

:
4
c
11
14
c
21
24
c
31
34
c
40
c
so
c
c
c

;
8
9
c
17
18
19

;7
28
29
c
30
c
c
c

C411cuds
1 0.048029S -7 -8 9 @: n-l
2 0.098CM472 -17 -18 19 h:n=l u=!
3 0. 1066s7
o

Gp:n~i IJ=l
-%:8:;:9 imp:n=l

liko 1 but trcl=(o.oo 13.18 0.00)
liko 4 but trcl-(0.W 21.76 0.00)

liko 1 but trcl=(o.oo 0.00 12.45)
liko 4 bat txcl=(o.oo 0.00 20.48)

liks 1 bnt trcl-(0.W 13.18 12.4S)
liko 4 but trcl=(O.00 21.75 20.48)

O -30 S1 84 .11 814 821 S24 831 S34 ~:n=! $

030 IDp:n- 8

Surface

finitocylinders
Clz -6.69 -6.S9 S.748
pz -0.842S $ S.382S aboso
pz -11.607s $ S.382S balo~

f~llml

btm cyliador8 sphao

Ontmide of●phoro

Bidplun
widplane

Cla 10.87S -10.87S 9.52S
p= -1.3s $ 8.89 aboso tidplano
Pz -19.13 8 6.89 bolos midplano

Clz 10.876 -10.8?’S 10.16
pz -0.71.6 $ 9.62S aboromidplano
P -19.76S $ 9.S2S b9~08 ●idplzno

80 $ enclosiag sphoro

Data Carda

mode n $ trsnaport nontrons on2y
c
c material cazdm; .ndf/b-S

92238.SOC 0.067196
9223S.SOC 0.932W2
nranyl nitrate

L 1001.SOC 0.692466
7014.SOC 0.020143
8016.60c 0.376SS7

9223S.SOC 0.010041
92236.SOC 0.000792
Plozigla8

A 6000.SOC 0.333330
1001.SOC 0.533336
8016.SOC 0.133334

e
c S(alpha, bata)
mt2 lwtr.Olt
c
c d.faolt -orgy bins; B stracturc
●o 1.00-7 4.00-7 1.00-6 3.0.-6 1.00-S

1.70-2 0.1 0.4 0.9 1.4 3.0 20.0
c

tallies
:4:11 1 $8V0 fluz in Coil 1
c
c criticality cuds
kcodo 30001.0202004S000
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c
c uuiform Tol~o Sonrcoin ficsilc collm
c
●daf col=dl ●rg-11 rad=fcald3

poS-fCOl d5 US-00 1
c
sil 1 1 11 2! 31

4:2 14:2 24:2 34:2
Spl v
c
●p2 -3

:03 ● 31 31 31 31
32 3232 32

8i31 0.0 6.740
mp31 -21 1
●i32 0.0 9.S2S
EJp32-21 1

;a4 8 41 41 41 41
42 42 42 42

si41 -S.3826 6.3825
●p41 -21 0
8i42 -8.89 8.g9
8p42 -21 0

L 1 -6.69 -6.S9 -6.21S
-6.S9 6.S9 -6.225
-6.69 -6.69 6.22S
-6.69 ~.59 6.22S

10.875 -10.676 -10.24
10.876 -10.87G -10.24
10.87s -10.67S -10.24
10.87s -10.676 -10.24

& jjl j

;Xiat

●xtticol d4

$
0
$

$

8
8
$
$
$
z
$
#
#

:
$

$
$
$
$
$
$
$
8

s

calls
path to CO1l 2
prob proportional COtolom
Uatt fission spectrum

radial distribncub.rs
correspondto sil card
radial l S
P = caast*abs(x)
radial ltiits: SOUXC*
p(x) - const~abs(x)

radial distribn=bors
C ●iicard

baaadon

call 1

h Coil 2

basad on Cal

uid itiita: SOurcoin CO1l i
p(x) = coast
uial limits: source in coil 2
p(x) = Comlt

porn*ariabla basad On cal
corrapond to oil card

th.npath i- git.n(aca●il)
th.pomitionofthe
UITRMSLATEDcallis6iwn,

imtho●m. ●ach tim

●etalfilo

A X F f P 1 (

76



csmt.20: contorted from koao f., I i i’f); continuous wn~rgy, ●ndf/.
c
c
c
c
1

;
c
13
23
33
43
63
63
c
101
102
c
c
c

:
3
4
5
6
c
17
16
19
c
27
28
29
c
c
c
mods
c
c
c
●l

m2
c

L

cell cuds

Aluminum
1 0.0902616 -17 -18 19 Iap:wl u- .
2 0.060242 17: 18:-19
o

Iq:rb-lu=l
-27 -28 29 irrp:n=l fill=.

Nak. a txlan@ar●rsy of th. ●bow cans
lik. 3 but 0.000 O.000)
liko3 bnt trcl=(-21.CKM O.000 O.000)
likQ3 but trcl=(10.60318.192 0.000)
lik. 3 but trclm(-iO.60316.192 0.000)
liko3 but trcl=(10.603 -li3.192 0.000)
lik.3 but trcl=(-10.6~ -18.192 0.000)

Wclosa the ura~ ina box.–. —. ––—
0 ‘1 2 -3 4 -S 6 83 813 S23 033 843863 863 ir@:rI=l $ bt-xz
o 1:-2: 3:-4: 5:-6 -hp:rl=o $ ouzsi*

SUrfaco Cudx

px
px -E::
PY So.o
PY -s0.0
F 60.0
pz -0.1s2
finitscylinders

10.16
;: 18.268
w 0.0

10.312
;: 18.288
pz -0.1s2

n

-tuial cuda; ●ndf/b-5 data
uranyl fluorido
9223S.SOC 0.014017
92238.SOC 0.001020
0019.60c 0.338342
9019.SOC
1001.SOC 0.616S78

%3027.60c 1.0

S(dpha, bctd
lwtr.Olt

$ t mitroas UZLy

s U-235
8 u-236
80
SF
SE
$ Al Cao
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c
c default omer~ bins; Eaosom-Beachctroctnro
●o 1.00-7 1

0.1 0.! tJ.9$.4 3.0 20.0
c
c tallies
f4:n i o ●s. flux in cell 1
c

criticality cud.
:COdO 3000 1.0 202004GOO0
c
c Uniformly distribntd VOIOU 801UCS in each cylindw.
c yOUh4T0 to sot Up distribution.s frm which tochoose:
c c.11, an.rg~, radiw (fra u.), and s diaplacammt
c cyliador is in ● ropoatod structaro,hotalways
c ha. ● cell n-or, YOUmst spacify tha path of CO1lS
c -hick uaiqu.ly d.fines th. cylindar you want. TM path bogias
c with the omtomat cell aad works down.
c
sdcf cel=dl ● rad=d3 .xtmd4 po@O.00.O9.144 ●S=OO 1
c
ill 1 3:1

13:1
.? ,

43:1
53:1
63:1

8pl Illlllt
c
8p2 -3
c“
ni3 O 0 10.16
●@ -21 1
c
bi4 -9.1449.144
● -21 0

i $

p

$

:
$
$
9

i

s

:

8

$

~th: /coll13/ce:ll
●tc.

●qL.] prob for ●ll tho●bova

Mattfsssion spoctrla

radial limits
p(X) = conswaba(r)

Uiallimitn
p(x) = Const

write●etal file

full Olltput
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●hs .al: conv.rtad file k continwu●aor~;●adf/b-6
c P u t hfill,d sphoro.
c
c till cub
c

1 0.096636446 -1 -3 kp:n=l $putially fillodsplwro
: -1 3 tip:n=! $ U ●
3 2 0.060242 -2 1 imp:a=i $ Spkicd tank
4 0 2 imp:ll=o $ Outsido Of tank
c
c %lrfaco cards
c
1 so 34.6
2 34.7s9
3 ;: 3 0
c
c DataC
c

n 8 transportnaatronsonly
c
c
:
ml

B2
c
c
●tl
c
c
co

c
c

wtchl cards; .ndf/b-6 data
urmnyl fluorido
92234.60c 2.677730-6 s U-234
92236.SOC 6.266600-4 8 U-236
9223S.SOC 1.2CW03-2 $ u-236

8016.60C 3.37S40*-1 80
9019.50C 2.631960-2 $ F
100I.SOC 6.244490-1

13027.50C 1.0 : :1

S(alpha, beta)
lstr.olt

dofmlt •ncr~ bias; Eaasom-Roach s?ructuro
1.Oa-7 4.0a=? 1.00-6 3.00-6 i.Oa-6 3.00-6 1.Oa-4 6.S,-4 3.00-3
1.7,-2 0.1 0.4 0.9 ;.4 3.0 20.0

ta.llias
f4:a 1 $ WC flux in
c

criticality cuds
: 1.0 2020046000
c
c Oniform ?01-0 Soarco
sdof cal=i ●
c
●pl -3 s Uatt fimmion~

Coil !

spectrm

812 0.034.6 $
s p-21 2 $p(x) = conM@19

+ ~jl j $ Uriteuttifi.lo

prlat $iitll output
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4* .22: consorted from k-no ?ilo k.22; continuous ●.xgy; .mdf/b-S
c
c
c
c
c

;
3
4
5
e
7
8
9

10
11
c
c
c
c

:
3
4
s
6

;

:
c
11
12
13
%4
16
16
c
17
18
19

;

%
c
37

z

C dc
T i not the optistalmay to ~Qt thio Up; soo pxoblas 1 for
a bettor method. This ●hics XESO.

1 4.8m660-2 -37 -36 39
1 4.6a3680-2 81
1 4.603660-2 ->7 -28 29
1 4.803660-2 83
1 4.303660-2 -17 -18 19
1 4.60366m-2 85
1 4.80368.-2 -7 -8 9
0 w
o -1 2-3 4-S 6
fill-o:lo:lo:l 44 44 44
0 -11 12 -13 14 -15
0 810

i q0=1
imp:n=l 11=1
imp:n=l um2 fill=i
imp:n=l U-2
iq:n=i 0=3 fill=2
imp:ll=i U=3
iq:n=l U* till=3
*:.=1 W4
kp:n=i U=s lat=l

44
16 imp:n=i fill=s

imp:n=o

Sorfaco Cards

parmllolpipod
px 0.0
px -13.74
py 0.0
py -13.74
pz 0.0
p% -13.0!

cflindor
C~X -6.B7 -6.67 6.748

-1.1225 8 5.3S25 ●bove •idpl~O
;: -11.667s $ S.362S belo8 ●idphne
parallclpipd(ahrimkdinonsions slightly to woid fill troublo)
px 13.739
px -13.739
py 13.739
py -13.739
pz 13.009
pz -13.009

Cyliador
C/Z -6.87 -6.87 5.2224
pz -1.6147 $ 4.6903 abO?O ●idplzm
p% -11.39s3 $ 4.6903bdow midplano
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c
c
c
-da
c
c
●l

c
c
c
c
c
●o

c

:4 :n
c
c

Data Cards

a t transport aoutrom only

Mterial cuds; aadf/b-6 data
92Xt6.60c 0.932631 $ U-236
92X16.60C 0.0 S63294 $ U-236
92X14.60C0.010048s $ U-234
9223d.soc 0.00199222 $ U-236

S(il@a, beta): not ●pplicable

default ●U0X6f bias; 8~S011-aOaChIJtrnctaro
1.0s-7 4.00-7 1.Oe-6 3.0.-6 1.00-6 3.0.-6 1.00-4 6.6.-4 3.00-3
1.7.-2 0.1 0.4 0.9 1.4 3.0 20.0

tallies
1

criticality cudz

$

k ~ 1 20046000
c

don)t bothor with UDifO~ VOl~~ $Ourco

6.67 6.87 6.S06 -6.67 6.87 0.605 $
6.87 -6.87 6.606 -6.87 -6.67 6.606
6.87 6.67 -6.S06 -6.87 6.87 -6.60S
6.67 -6.67 -6.60S -6.87 -6.67 -6.606

;rdmp jjlj *

;Alt 8

●m flu in cell 1

1 point p-r cylindar

write utal file

full Olltput

A I F f P 2 ( c



●6mt.23: conwrtad from kano fil. k.23; contimouo energy; wolf/b-S
c
c
c
c
c
1
2
3

4
s
c
c
c
c

;
3
4

:

;
8
9
c
11

13
14
16
16

m g o o aU p r o1
8 c of U-mtal

Coil Clrda

1 4.603668-2 7 .8 g ixip:n=l w-l
o * *:n=l IA
o -1 3 -3 4 -6 6 iq:n=l u-2 lmt=l
filla:lo:lo:l : 1 11 1 1 1 1
0 -11 1.’
o

’13 14 ’16 16 +,n-i fill=a
84 inp:n=O

%uiaca Car&

parallalpipad
px 0.0
~x -13.74
py 0.0
py -13.74
pz 0.0
pz “13.01

cylindar
-6.67 -6.87 6.748
-1.1226

~z -11.6676
parall.lpipxd (aiwink d~nalona slightly to ●roid fill trouble)
DX 13.7399
ix -13.7399
py 13.7399
py -13.7339
pz 13.0099
pz -13.W39

A I F f P 2



c
c
c
mode
c
c
ml

c
c
c
c
c
eO

c

:4:8
c
c

hIta fhd8

B

materialCarda:

8 truuport noatrona only

aadS/b-6 data
92X46.soco.93i631
9223.:.69c 0.0 SS328
92234 .60c 0.010049
9223@.60c 0.001332

S(alpha,b.ta): not ●pplicable

dafault xxwrgy bias; Oxna.n-Roach
1.Oa-7 4.0.-7 1.0.-6 3.Oa-6 1.0.-6 3.CW6 1.Oa-4 6.6a-4 3.09-3
1.70-2 0.1 0.4 0.9 1.4 3.020.0

tallies
1 $ ●vo flux ill Coil 1

criticality cards
kcode 3000 1.0-2020046000
c
mdef col-dl ●r&d2 rmd-d3 ●xt-d4 pas=-6.87 -6.87 -6.605 um=O O I
c
Ilil 1 4:3(1 1 0):1

4:3(1 o 0):1
4:3(0 I oj:t
4:3(0 o 0):1
4:3(1 1 1):1
4:3(1 o 1):1
4:3(0 1 1):1
4:3(0 o 1):1

mpl 11111111
c
8p2 -3
c
●i3 0.0 5.748
@ -21 i
c
8i4 -6.3826 S.382S
8p4 -21 0

;?N jjl j

~riat

$
t
t
8
8
$
$
$
$

$

$
$

8
$

$
$

path: /c.114/c.113/lattic.(l,t,O)/c.lli
●

ordcriag chooan to match
sampling in ●6c0.2

squal probabilit~ for all patlu

Uatt fiaaion spectrum

radial distribution
p(X) = coast*abs(x)

uiml distribution
p(x) = Const

Tritemetalfile

flllloutput

A I F f P 2 ( c

83



c
c
c
c
c
1

:

4
s
c
c
c
c
1

:
4
s
6

;
8
9
c
11
12
13
14
1s
16
c
c
c
mode
c
c

c

c

●6mt.24:comwrtod*remkemofile k.24; contiaww
nxso Soomxtry ●s probla i, but orioatad alo~
8barecylindew ofUaotti

●m ●ndf/b-S
x

C411cud8

1 4.80368a-2 -7 ‘8 9 imp:n=l a=-1
o 81 imp:a=l a=l
o -1 2-3 4-6 6 Imp:n=l U=2 lat=l
fil.le:lo:lo:l 1 1 1 1 1 1 1 1
0 -11 12 -13 14 -15 16 imp:aml fill=2
o 84 iap:n=o

sarfacoCudx

Pudlolpipd
pz 0.0
pz -13.74
py 0.0
py -13.74
px 0.0
pz -13.o1

cyliador
C/X -8.87 +.87 5.748
DZ -1.1225
ix -11.8875

pudlolpipod ( dimonshax ●li6htly t ●so!d filltronblo)
F 13.7383
pz -13.7399

Data Cub

n

=terixl cuds; ondf/b-5 data
92235.50C 0.932631
92138.50c 0.05S328
92234.60c 0.010049
922.W.SOC0.001992

S(alphx, b.td: no%●pplicable

$ nontronsotiy

A I F f P 2

84



c
c dofmllt
8 1.OC-7

1.’1’0-2
c

tcllieaL 1
c

O btao; 6aaxoa-Roach●tructuro
4.00-71.0.-63.00-81.00-63.0s-51.00-46.6v43.00-3

$ ● h Coil 1

criticality cudm
icodo 3000 !.0 20 20046000
c
sdef cel=dl ●zf12 zu=d3 ●xt=d4 pow-6,87 -6,87 -6.606 ●xs=l 00
c
Sil 1 4:3(1 1 0):1

4:3(1 o 0):1
4:3(0 i 0):1
4:3(00 0):1
4:3(1 i 1):1
4:3(1 o 1):1
4:3(0 1 1):1
4:3(00 1):1

●pl 111s1111
c
llp2 -3
c
8i3 0.0 6.748
sp3 -21 1
c
9i4 -6.3326 S.3326
● -21 0

; r dj jj

;rillt

9
@
$

:
s
8
$
$

8

8
$

$
$

8

ptith: /col14/cel13/lattico(l,i,o)/col.11
●te.
thi, ordo?iag ChOSOIltO WtCh

sapling in ●6c0.2

●qual probability for all paths●bove

wattfission S

radialdistribution
p(X) ■ c

xximldistribution
p(x)= coast

xritometal fiio

full Ontput

A I F f P 2 ( c

85



——

e
c
c
c
c
e

i
3

4
5
c
c
c
c
1

:
4
s
6

;
8
9
c
11
12
13
14
IS
16
c
c
c
mode
c
c

c
c

2 : conwortod from kono filo 1..2S;continuous
same geomtry ●mproblam 1, but orianted ●long
8 bare c~linderl of U-matal

●n.rgy; ●ndf/b-s
Y

Cell Ca;da

1 4.60366e-2 -7
0 81
0
fill*:! 0:1 OT:
o -1<

-8 9 iq:n-1 u--l
iq:a=l IA

2 -3 4 -6 6 imn:n=i U=2 Iat=l
11111111”
12 -13 14 -16 16 imp:n-: fill-2

o 8 5 D j

surface C m

parallelpipad
px 0.0
px -13.74
pz 0
pz -13.74
py 0.0
py -13.01

cylinder
Ci~ -6.67 -6.67 6.748
DV -1.1225
ii -11.867S

parallelpipod (ahrink dimcnsiona ●lightly to a-old fill “zooM.)
Dx 13.7399
;X -13.7399
QZ 13.7399
pz -13.7399
py 13.-
py-13.oo99

Data Carda

a $ trammportmantromaomly

material cards; ●mdf/b-S data
9223Z.5nc 0.932631
92236.SOC 0.05S328
92234.SOC o.olm49
92236.50c 0.001992

S(alpha, beta): not applicable

I

A I F f P 2

86



c
c defaultO bin-; k ●t

1 . 04.OC-71.00-63.04-61.00-6 3eOc-61cOo-4606c-43004-3
i,7a-2 0.1 0.40.91 .43.020,0

c
tollias

;4Ha 1 $ ●So nnx in Coil 1
c

c rC
: 3 2020046000
c
mdof cel=dl O rod43 ●xt=d4pea=-6.87 -6.87 ‘0.606 axo-01 O
c
●il 1 4:3(1 1 O):i

4:3(1 o 0):!
4:3(0 i
4:3(0o 0):1
4:3(11 1>:1
4:3(1o 1):1
4:3(01 1):1
4:3(0o 1):1

●pl 11111111
c
spa -3
c
●i3 0.0 5.748
=33 -21 1
c
814 -s.3325 5.362s
8p4 -2s o

~r&p jjl j

;rht

$
$
@
:
8
$
$
$

$

:

$

poth: / c
●
this ordering choxon to match

•u’pli~ h ●6c0.2

oquol probability fox ●ll ~tbo &OVO

Uatt fimsion mpoctrm

radial distribntlon
P = coawt~abc(x)

mid distribution
p(x) = coast

oxitomctmlfile

fulloutput

A I F f P 2 ( c

8



A PB

M 4 R

8



MCNP v e r4 w hi t most r eMCNP release, was used to produce
all of the results that are located in the main body of this report. T p
w ea lr w ia p r e i iv e ro M v e4 t d e
w h e ta d i s c r ee xb e tt t As these r ei nt t
v e r sp r ot s ar e sw is t a tu n c e

T ht h rt a bt ha i n ci t b o t r ea r eb
l ow it 4 xr e s uT aB1 c o nt K resuits and the MCNP re-
sults for continuous energy, with the S(a, ~) card. The percent differences be-
tween the MCNP results and the KENO results are listed in the column la-
beled The p e rd i f fb eMCNP and experimen-
tal and K and experimental, where available, are listed in the last two columns.
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0 .
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0 .
0 .
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0 .
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-
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-

●

●
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●
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-
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tValues reported arc for th; ;ovariance-weighkd combined es~!mator.
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The results for the r n u l tMCNP and KENO me listed in T B
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0 .
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the K results are given in Tabk }{ ..‘“’

‘1’Afi 33
~ej~ Values for K ! W 1 ;

w and w . <

MCNP~WithS(a, /?) M Cn s ~j
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z E
I

% D I
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* Experimentalvaluesof kCtjcould not be located for these problems.
tVaIues reported are for the covariance-weightedcombined estimator.
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