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VERWICAmONOFTHE MONTECARLODmRENTUL OPERATOR
TECHNIQUEFORMCNPm

by

G-W. McKinneyandJSS L. Ivemn

ABSTRACT

The differential operator perturbation teehnique has kn

incorporated into the Monte Carlo N-Particle transport *

MC~ and til beeomea standardfeatureof fiture rdeases. This

feature indu~ first and s~nd order terms of tie Taylor series

e~ansion for response perturbationsrekted to aoss+eetion data

(i.e., density, imposition, ew.). Perturbation and sensitivity

analysesm benefitfrom this ~hnique in tit predictedchanges

in one or more My responses may be obtained for mdtiple

perturbationsin a sin~e run. The user interf= is intuitive, yet

fletible enoughto mow for changmin a pific mkroscopicmoss

sectionovera spfid energyrange.Withthis Whnique, a preeise

estimate of a smd change in response is essdy obtained, even

whenthe stantid deviationof the unperturbedtiy is greaterthan

the change. Furthermore, resdts presented in this report

demonstratethat first and s=ond order terms can offer aweptable

-uracy, to within a few perunt, for up to 203W0 changesin a

response.
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I. ~TRODUCTION

Over the last few decades,users of the Monte Carloradiationtransportcode MC~l have

expressedthe need for a perturbationcapab~ty. The perturbationtechniquechosenfor inclusion

as a standardfeature in futurereleasesof MCNP is describedin this report.This new MC~ fea-

ture w~ provide the radiation transportanalyst with a powerfultool for predictingthe effectof

multipleperturbationswithina singlerun.

The evaluationof responsesensitivitiesto cross-sectiondata involvesfindingthe ratioof the

changein response to the infinitesimalchangein the data,asgivenby theTaylorseriw expansion.

h deterministicmethods,this ratio is approximatedby performingtwo calculations,onewith the

originaldata and one with the perturbeddata.This approachis usefulevenwhenthe magnitudeof

the perturbationbecomesvery smd. h MonteCarlomethods,however,this approachfds as the

magnitudeof the perturbationbecomessmd, due to the uncertaintyassociatedwith theresponse.

For this reason,the different operatortechniquewas developed.

The different operatorperturbationtechniqueas appfiedto the Monte Carlomethodwas

titroduced by OMoeft2in the e~ly 19W’s.Nearly a decadeafter its introduction,this technique

was appfiedto geometic perturbationsbyTtihi.3 A decadekter, the methodwasgener-

for perturbationsin cross-sectiondata by ~4~5 and later Rief$ A rudimentaryimplementation

into Mm fo~owedshdy thereafter.’With an enhancementof the user interfaceand the addi-

tion of secondorder effects,this implementationhas evolvedinto a standardMCW feature.

Other perturbation @hniques have been developed over the years, espec~y for use in

reactivitycdctiations. ~ly on, the SO* correction~hnique was suggestedby Matthes8and

later refined by Gubbins~ Hoffmanet d.,lo and Matthes.llMso during this time, the correlated

sampkg techniquewas suggestedby Matthes8andlaterrefinedby ~chwendt et d.,12Bernna~,13

and N*gawa et d.14 For nearly two decades, numerousauthors have used and refined these

techniques.h the kte 1970’s,the correlatedsampkg techniquewas implementedin MC~ for

fixed-sourceproblems and used by Reeg et d.]s Unfortunatelythis techniquenever became a

permanentfeature of MC~, due in part to its impact on thecode sncture and its IkeWood of

producingunboundedvariancesfor kge perturbations.

k the fo~owingsection,a theoreticaloverviewof the different operatortechniqueis pre-

senti. This section begins with a derivationof the ~erenti operatorand concludeswith the

first and second order equations implementedin MC~. Section~ introducesthe MC~ user
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interface developedfor the perturbationcapabfity (i.e.,= card). Perturbationresdts for an

initi verificationeffofiare providedin SectionW.This vtication effortcomprisestheprimary

purpose of this reportand includesa varietyof test problems@en from the Mm 4A test suite.

The find section presentsconclusions.The MC~ input files used in the verificationeffort are

given in AppendixA. Appenti B provib severalexamplesdemonstratingvarious aspects of

the MC~ perturbationfeature, and AppendixC presents various statistid equationsused to

evaluate the perturbationresdts. Findy, AppendixD gives insightinto applyingthe differential

operatortechniqueto non-standmdties.

~. DW~REN~AL OPERATORTECHNIQUE

Thefo~owingsectionderivesthe genericdifferen~ operatorfor the nti orderTaylorseries

coefficient.The next two sections apply this operatorto the Monte Carlo transportquations to

obtain the firstand secondordercoefficientestimatorsused in M~.

A. Derivationof the Operator

h the differential operator approach, a change in the Monte Carlo response c, due to

changes in a related data set (representedby the parameterv), is given by a Taylorseriesexpan-

sion

where the n* ordercoefficientis

1 dn~Un= -. —n! dvn .

This can be writtenas

()anc~,~ ~ ‘$(h)axg(h) ‘Un = —
. b e Bhe H

(1)

for the data set



where Kb(h) is some constant, B represents a set of macroscopic cross sections, and H represents

a set of energies or an energy interval. Note the use of the chain rule in the derivation of Eq. (1).

For a track based response estimator

where tj is the response estimator and qj is the probability of path segment j (path segment j is

comprised of segment j- 1 plus the current track). Equation (1) becomes

or

where

(2)

With some manipulations presented in Ref. 16, the path

verted to a particle history estimator of the form

segment estimator of Eq. (2) can be con-

,

where pi is the probability of the ith history and Vni is the nth order coefficient estimator for history

i, given by
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(3)

Note that this sum involves only those path segments j’ in particle history i. Equation (3) shows

how the history estimator for the nth order coefficient can be computed from the track (or path

segment) based operator  Ynj. The Monte Carlo expected value of un becomes

for a sample of N particle histories.

(4)

B. First Order

For a first order perturbation, the differential operator becomes

assuming the response estimator tj, is not a function of xb(h) (see Appendix D). The path segment

probability can be written as the product of track probabilities

m

where rk is the probability

operator becomes

of track k and segment j' contains m+l tracks. In terms of tracks, the

or



(5)

where

1

I

!

(6)

~fining track probabfities, rk, in terms of Monte Carlo transportparametersis the finalstep of

this derivation.K the kti track startswith a neutronundergoingreactiontype “a” at energyE’and

is scatteredfrom an@e0’ to an@e0 and energyE, continuesfor a length~, and cofides, then

(1Xa (E)
rk = Pa(E +E;6° + 0) dEdO(e-x’(~)A~)xT(E)dk ,

‘T (E)
(7)

where xa(E’)is the macroscopicreactioncross sectionat energyE’, xT@’)is the toti crosssw-

tion at energyE’, and Pa@’->~6’-fi)dEd6 is the probabtity distributionfunctionin phasespau

of the emergingneutron.~uation (6) -~

(8)

where ~ and & are unity if h=E and b=a, otherwisethey vanish.A stiar derivationcan be

performedfor other ~ of tracks(i.e.,co~ion to bound~, boundaryto cohion, and bound-

ary to boundary),leading to one or more of thesefour terms.FinMy, combining~s. (4) and (5)

gives the expectedvalue of the firstordercoefficient

where ~jfk is dculated from oneor moretermsof%. (8) forrack k.
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C. S=ond Order

For a secondorderperturbation,tie differential~ator becomes

y2j = ,&Bh&;;(h)($)[-],
again assumingthe responseestimator~~is not a functionof xb(h),Omittingsteps presentedin

Ref. 16,the secondorderoperatorkomes

[)m 2
y2j = ~ (ajk - @}k) + .k~opjk ‘

k=o

where

It k evident that y2jr r~uires fittieadditiond effort to Yljf* namelythe computationof ~~k.E rk is

given by ~. (7), then~~kbecomes

Once again, for other types of &acksone or more of thesefour terms is rquired. me expecti

value of the secondordercoefficient,via q. (4), becomes

where ~j~k is @venby one or more terms of ~. (8) snd Uj,kby one or more terms of ~. (9) for

track k.



~1. MCNPUSER~TERFACE

The perturbationuser interfaceis describedin the followingtwo sections.This interfaceis

intuitive,requiringa minimumof input, and yet fletible enoughto Wow for changesin a s~ific

microscopiccross sectionover a specifiedenergyrange.

A. GeneralDescription

The P~T card Wows the user to make perturbationsin ce~ materialdensity,composition,

or cross-sectiondata. Using the differentialoperator tihnique, the perturbationestimatesare

made withoutactutiy changingthe input materialspecifications. MuMpleperturbationscan be

appfiedin the same run, each specfied by a separate~RT card.There is no hit to the number

of perturbations,sincedynamicmemoryis usedforperturbationstorage.The entireMy outputis

repeati for each perturbation,giving the estimated~erenti changein the My or, dtemately,

this change addedto the unperturbedtiy (see the _OD keyword).Perturbationsto the ~ff

estiator can be made by use of a track-lengthMy estimate of ~. The ~ keywordand

either the MATor RHO keywordare rqtied.

Form: PERTn:pl ke~ord=paramete~s) ke~ord=parameter(s) ...

n = Unique,arbitraryperturbationnumber.

pl = N orP or N,P. Notavdable for electrons.

keyword = See the fo~owingsection.

B. PERTCardKeywords I

Sk keywordsare c~ntiy av~bh for the PERT~. The CW keywordand either the

MAT or RHO keyword are required.The ~THOD, ~G, and R~ keywords invoke more

advancedoptions.Thesekeywordsare describedbelow:

CELL - The one or more enmiesfo~owing this keywordindicatewhich ~h

- perturbed.At lut one entryis rquired, and there is no hit to the

numberof entries.A commaor space debiter is rquired betweenen-

tries:

~-lQ,3,4

~1 IOi12
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MAT - The entry fo~owing this keyword specifiesthe perturbationma-

number, which must have a correspondingM card. Composition

changm can ody be made through the use of this keyword. U the

RHOkeywordis omitti, this keywordis required.Notein tie fo~ow-

ing sectionthat certaincompositionchangesareprohibited.

RHO - Specifiestheperturb~ densityof the~~(s) kted sfter the ~ key-

word.A positiveentry indicatesunitsof atoms~arn-cmand a negative

entry grams/cm3.If the MATkeywordis omitted,this keywordis re-

quired.

METHOD - Thiskeywordspecifiesthe numberof termsto includein the perturba-

tionestimate:

1- includefirstand secondorder (default)

2- includeody tit order

3- includeody secondorder

A positiveentryproducesperturbation~es whichgive the estimated

diflerentiaZchange in the unperturbedMy (defatit), A negativeentry

generatesperturbationties such that this changeis added to the un-

perturbedtiy. The abfity to producefirstands~nd ordertermssep-

aratelyenables the user to de~ . e the significanceof includingthe

rend-order estimatorfor subsequentruns. ~ the second-orderresults

are a significantfraction(2W0)of the totrd,thenhigherorderterms are

necessaryto accuratelyprtict the change in the unperturbedMy. h

suchcases, the magnitudeof the perturbationshodd be reducedto sat-

isfy this condition.Typidly, this techniqueis accurateto within a few

percentfor up to 30%changesin the unperturbedMy.

ERG - The two enties fo~owing this keyword specify an energy range in

which the perturbationis apptied.me defaultrange includesW ener-

gies. This keywordis usua~yused with the R~ keywordto perturb a

specificcrosssectionovera particularenergyrange.

RXN - Theone or moreentriesfo~owingthiskeywordmustbe E~F~ reac-

tion types that identify one or more cross sectionsto perturb.A fist of
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available reaction types is given in Appendix G of Ref. 1. This key-

word allows the user to perturb a specific cross section of a single nu-

clide in a material, as well as to perturb a set of cross sections for all

nuclides in a material. See the examples in Appendix B.
.

C. Limitations

Although it is always a high priority to minimize the limitations of any MCNP feature, the

perturbation technique itself, in addition to the numerous other MCNP features, resulted in the

following limitations:

1. A fatal error is generated if a PERT card attempts to unvoid a region. The simple

solution is to include the material in the unperturbed problem and void the region

of interest with the PERT card (see Appendix B for more details).

2. A fatal error is generated if a PERT card attempts to alter a material composition

in such a way as to introduce a new nuclide, The solution is to set up the unper-

turbed problem with a mixture of both materials and introduce PERT cards to re-

move each (see Appendix B for more details).

3. Exercise caution when using a PERT card with FM tallies. If the perturbed cross

section is also listed on an FM tally, the estimated change in that tally is likely in-

valid, due to an additional term that has not yet been implemented (see

Appendix D). For example, if the FM tally is a track-length keff estimator and the

perturbation is a change in density of the fissile material, then the perturbation

estimate will be invalid since both the tally and perturbation involve the fission

cross section. In most cases this term can be determined with an additional FM

tally.

4. DXTRANs and point detector tallies are not currently compatible with the PERT

card. This limitation may be removed in future versions.

5. While there is no limit to the number of perturbations, they should be kept to a

minimum, as each perturbation can degrade performance by 1O-2O%.
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D. Examples

The following examples demonstrate some basic features of the PERT card. See Appendix

B for detailed examples of voiding and unvoiding regions, composition and geometric perturba-

tions, and sensitivity estimates.

1. First Example.

1 1 .05 -1 2 –3 4 -5 6 $ Material  1 at  .05 atoms/barn–cm

PERT1:n,p CELL=l RHO=0.03

This PERT card specifies a density change from .05 to .03 atoms/barn-cm in cell 1. Note that

this perturbation is applied to both neutron and photon interactions, therefore perturbation results

will be generated for both neutron and photon tallies. In a coupled neutron and photon problem, a

change applied only to neutrons (e.g., PERT1:n) can still produce changes in a photon tally.

2. Second Example.

4 1 - 1 . - 1 2 - 3 4 - 5 6 $ Material 1 at 1 g/cm3

5 1 - 1 . -7 8 -9 10 -11 12 $ Material 1 at 1 g/cm3

Ml 1001 .333334 1002 .333333 8016 .333333 $ Water Mixture

M8 1002 .666667 8016 .333333 $ Heavy water

PERT2:n CELL=4,5 MAT=8 RHO=-1.2

This perturbation changes the material composition of cells 4 and 5 from material 1 to mate-

rial 8. The MAT keyword on the PERT card specifies the perturbation material. Note that the

material density is also changed from 1.0 to 1.2 g/cm3.

3. Third Example. .

PERT3:n,p CELL=l 10i 12 RHO=O. METHOD=-1

This PERT card simply voids cells 1 through 12 for both neutrons and photons. Note that the

predicted changes will be added to the unperturbed tallies (i.e., METHOD=- 1).
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IV. VERWICA~ON RESULTS !
I
\

The perturbationresdts presenti in the fo~owingsectionsinvolveten test problemstaken

from the MC~ 4A test suite. This ini~ verificationeffort dfiers from a benchmarkin that

experiment restits are not avdable for comparison.The primarypqose of this effortis to ver-

ify the implementationof the differentialoperatorperturbationtechniquein MCM. Tothisend,a

vmiety of test problemswere chosen for inclusionin this report: fiveneutronfixed-sourceprob-

lems, one photon fixed-sourceproblem, two coupledneutro@hoton fixed-sourceproblems,and

two critictity problems.The interm~ate 4~ versionof MC~ was used to generatetheseper-

turbationresdts.

h each of these test problems, four perturbations were investigated, correspondingto

approximately5%, 10%,2W0,and 3070changes in a relevantMly. The 30Y0upper boundwas

chosen to vertiy the relevancemd range of appficabfity of the secondorder term.The 5Y0lower

bound was chosento hit the executiontimeneededto determinethe My changesbasedon sep-

arate runs. Ex~pt where noted, a relevant@y was identifiedfrom amongthe existingties in

the originalinput file.The My results reportedin this sectionaregenerallythat for the toti bin.

Five perturbationinput fil~ wem generati for each test problem.k the firs~ the original

input filewas modifid to includefour PERTcards,one for eachperturbationas discussedabove.

This input fik producedthepredictedchangein therelevantMy for eachof the fourPERTcards.

h each of the remainingfour input files,the originalinput filewas modifiedto includethe actual

perturbationprescribedon the arresponding PERT=d. Thesefilesprodud the actualchange

in the relevanttiy. The perturbationinput filesare includedin AppendixA to removeanyambi-

guity of the problemdescriptions.

A. NeutronFixed-SourceProblems

The fivefixed-sourceneutronproblemsare discussd in thefo~owingsections.Eachsection

includm a shortdescriptionof the geometryfo~owedby a discussionof the actual and predicted

perturbationresdts.

1. TestProblm ~~1. @ut file ml consists of an inner sphere of graphite sur-

roundedby a sphericalshell of copper(seeFig. 1).Thereis an isotropicpoint sour= at the center

of the graphitespherewith a uniformenergyspectrumfrom 1to 14.1MeV.
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Fig. 1. Gwmet~ plotof~problem~l.

TWy 1 dctites the relative neution ment across the surf= of the graphite sphere,

adjustedby energysnd cosine mdtipfiers. Res~ts for the kt cosinebin and to~ en~gy bin are

reported below.The density of the graphitewasreducedfrom2.25 ~cm3 to 1.85,1.40,0.60, and

.005~cm3, the latter of which increasedTdy 1 by nearly3W0.TableI gives the acti and pre-

dicted changes to Tdy 1 along with their rtitive mors. The actual ~eren~ change is

obtied by subtractingthe pertur~ and unperturbedrdts, whereasthe predictedchange,pro-

duced by the ~T car~ gives the different change dirdy. These tierenti changeswere

norrntied by the unp~bed My to give thepercentchangein Ttiy 1. TableI fists the acti

per~nt increaseas 5.02%, 10.38%,20.36%,and 28.58%for the four graphiteperturbationsand

the predictedpercent increase as 4.75Y0,10.28%,20.59%,snd 28.65%.k both cases, the tiu-

kti rektive errors were dcdated by standard propagation of error forrndas given in

Appenti C. Figure2 plo~ th~e resti~ as a function of the differen~ decrease in graphite

density.When plotted in this manner,a straightbe representsa -bation that can be accu-

rately estimatedwith dy the tit order term.As evidentfrom Fig. 2, the P~T d accuately

predicts the chsnge in TWy 1, even up to a 3070change. me the rektive errors of both the

actual and predictedresdts are smti, their trendsare significant.For the actualchange,the rela-

tive error increaseswith smtier perturbations— in fact it is unboundedas the petibation goes

to mro. However,for the predictedchange,the relativeerror increasesgradutiy with largerper-

turbationsand decreaseswith sm~er perturbations.Thiseffectis morepronounti in subsequent

test problems.
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I

TABLEI
AC~AL ANDPREDIC_ PER-ATION ~TS FORTALLY10F PROBL~ Ml.

:~.:::$:::::::,:?:
..i:;:<...;;::::
$>.$:V:,:> 0.W7 O.m.. .......

0.0061 O.w Owl 0.0076

0

0. 0.s 2. 2.s

-O h G=;Uto -ityai:/ti)

Fig. 2. Changein T~Y 1 of problem~~1 dueto a dwrease in thegraph-
ite density. Sotidline is A~ud and dashedtie is Predicted.
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2. ~t Problm ~P02. &in thepreviousproblem,inputfile~2 involvesa simple

geometricmodel consistingordyof spheres(seeFig. 3).The kge set of spheresincludean inner

region of boron surroundedby an aluminumshe~. Withinthis aluminumshe~, is anotherset of

spheresfi~edwith aluminum.The SOur~is distributedwiti the boronsphereand has a Morm

energy spectrumfrom 0.1 to 1.0MeV.Note, the input fileusedfor W test problemwas further

modifiedto disable the D~AN feature (seeAppenti A).

Rg. 3. Geometryplotoftest problem~P02.

TWy 1,whichdculates thecurrentacrossthe boron-aluminuminttiace, waschosenas the

My of interest for this problem.The boroncompositionwas pertur~ from a 1% atomfraction

of .196 to a value of .250, .325, .510, and ,720. TableU shows the correspondingdecrease in

Tally 1 of 5.47%, 10.56Yo,21.4670,and 31.15% for the actual change and 4.59%, 10.32%,

21.11%,and27.65% for thepredictedchange. Figure4plots theseresdts as a functionof the dif-

ferent increasein 1% atom fraction.The notiearity of thesecurvesindicatesthe importance

of includingthe secondorderterm. This issue is discussedfurtherin SectionN.E.
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TABLE~
ACTUALANDPREDICTEDPERTURBATIONRESULTSFORTALLY7 OFPROBLEM~W

527% 9.77% 20.62% 33.98%

I I I 1

1 4.1~5W ] 6.6828M I 1.3973E-3I 2.2618E-3

I

5.83% 9.31% 19.47% 31.52%

0.0351 0.0365 O.m 0.0443

: 1 I I I 1

0. 0.s 1. 1.s 2. 2.s 3. 3.s
-O b m2 DQity (g/m)

Fig. 6. Changein Tally7 of problem~~ dueto an incwe in
density.Solid line is Atiual and dashedline is Ptiicted.

the U02
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4. ~t Problem~P12. hput file m12 involves a much more complm geometric

model. This model includes an od-weflloggingtool position~ in a boreholewithin a hestone

formation (seeFig. 7). The tool consistsof an americi-ryuum neutronsource(darkcytider

on the lefi) and two hetiumdetectors(hghtcyhders on the right)embeddedwithina cytidrid

region of iron. Water fih the cyhdrid boreholebetweenthe tool and formation.The neutron

source is directedraditiy into the bmtone and ranges in energyfroma fewkeV to 11MeV.

Fi& 7. Geometryplot of test problem~P12.

Ttiy 44, whichgives the absorptionrate in thefar detector,waschosenas the @y of inter-

est for this problem. The iron densityof the tool was decreasedfrom 7.86 ~cm3 to 7,72, 7.48,

7.17, and 6.84 #cm3. TableW gives the comsponding increasein TMy 44 of 5.88%, 10.45Y0,

20.91%, and 30.19% for the actualchangeand 3.54Y0,9.97%, 18.9170,and 29.24%for the pre-

dicted change.As discussedin SectionW.A.1,the Werence in rehted relativeaors associated

with these percent changes can be notable.The first perturbationin TableW demonstratesthis

with a 19.2470rektive error associatedwith the actualpercentchangeand ody a 0.8870relative

error associati with the predictedpercentchange.As the relativeerror associatedwith an actual

run (e.g., 0.98Yofor the fist perturbation)approachesthe magnitudeof the percent change (e.g.,

5.88%for the firstperturbation),the relativeerror associated with the percentchange becomes

large. Figure 8 plots these results as a function of the differentialincreasein iron density.Once

again, these curves showgood agreementwithin the reportedone-sigmastatisticaluncertainties.
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TABLEW
ACTUALANDPREDIHED PERTURBATIONRESULTSFORTALLY44OFPROBLEMINPO

0.0076 0.0078 0.0081 0.0084

334% 9.97% 18.91% 2924%
A MOO n— n-9 n -C

5.88% 10.45% 20.91%:.:.:.::::::::~: 30.lWO,:.:.:.,.,.,,,.-..~;:~:~,::;:{:j::
F$:i::fii;{jf 0.1924 0.1103 0.0586 0.W18,,.,.......:.,.:.,.:,..
:::;:::;:;:;:;:{:;:;~:>.....,!1:!:!:!:::!.,}: 6.0912E-6 1.7132E-5 32513E-5 5.0273G5

o. 0.2s 0.5 0.1s 1. 1.25

-* in I=a D-ity (g/-)

i

Fig. 8. Changein Tally4 of pmblm ~P12 due to a dw~me in the imn
density.Solid line is Atiual and dashedline is Ptiicted.

20



---. —.-. . .. ....—.-—. . ... . .-.”. —-—-..

5. T=t ProblemWP14. kput fih w14 consistsof fiverepeatedunits within a sphere

of carbon (seeFig. 9). - of these fivecubesis fi~edwith‘5U andthreerod containers.kh

r~ ~n~w includes four ‘5U rods smounti by carbon.A neutronSOW=is ~~bu~ uni-

fomly in eachof the ~5u r~ ~~ ~ ene~ range Of1-11‘ev.

Fi~ 9. Gwmetry plotof-t problem~P14.

The fist My bin of Tdy 4 cdcdates the neutron fluxaveragti over the first ‘5U rod h

each of the 15rod containersand was chosenas the tiy of interestfor thisproblem.The carbon

density,withinboth the rod containersand the largesphere,was increasedfrom0.5 ~cm3 to 1.0,

1.7, 3.5, and 6.0 ~cm3. TableV gives the comsponding increase in Ttiy 4 of 4.4670,10.54%,

20.30%, and 30.13%for the actual change and 3.5~, 8.63%,23.16%,and 46.45%for the pre-

dicted change.Figure 10 PIots these results as a function of the differentialincrease in carbon
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density.h this case, it is evident that the first andsecond order terms me ad~uate for ordyup to

15-2070changesin Tdy 4. Even belowthis value,the quadraticshapeof thepredictedcurvedoes

not appearto be a good match with that of the actual,thoughthe data pointsarenearlywithinthe

reportedstatistid uncertainties.

TABLEV
A~UAL ANDPREDICTEDPERTURBATIONRESULTSFORTALLY4 OFPROBLEM~P14.

:::::::I I I I I
i;:;$:I 4.46% I 10s% I 20.3W0 30.13%::><: I,,,.,. I 1

o= 0.1293 0.0712 0.0523
~::::::
[~; . 2.1975F3 5.8936E-3 1.1823&2
,:.:.:,::::;:/.::*7: 0.0117 0.0191 0.0380 0.0608,....,:r,,,.,:~::;;;;:~+;:::::.:<::!.:,:,:,:,:,:,:.:,

35W 8.63% 23.16% 46.45%
,:,>.,:,}:,:,:.:.:.:.7:< I I 1 I I
;l;i:j:;l;;:;:;i~:::;l;jI I 0.0117 I 0.0191 I 0.0380 0.0608:.:.::::::.:::::::::i:;:::: 1

0 1 1 s 4 t s

Fig. 10. Changein Tally4 of problem WP14 due to an increasein the mr-
bondensity.Solidline is Actualand dashedline is Predicted.
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B.

tion

PhotonFixti-Sour@ Problem

One fixed-sourcephotonproblemwaschosenfor inclusionin thisreport.The followingsec-

includes a short descriptionof the geometryfouowti by a discussionof the actualand pre-

dicted perturbationresults.

1. T-t Problem ~~. kput file m consists of three sets of concentric spheres

(one of each set is shownin Fig. 11).The innersphereof thelargestset is fi~edwith UH3,and the

outer sphericalshe~is fi~edwith~i3. The sm~er sets of spheresare containedwithinthe outer

spherid she~ of the largestset. Both the innerand outerlayersof thesesm~er spheresare fi~ed

with ~i3. A 3 MeVpoint sourceis locatedat the centerof thelargestsetof spheres.Notethat the

input file used for this test problem was further mtid to disable the D~ feature (see

AppendixA).

Fig. 11. Geometryplotof test problem~P04.

Tally 6, whichgives the energy depositionin severalmaterials,was chosen as the ta~y of

interest for thisproblem.Resultsfor ce~ 1 (UH3)andthe toti energybin arereportedbelow.The

UH3 atom density was increasedfrom 0.02 atoms~arn-cm to 0.0235,0.0270,0.035, and 0.04

atomsmm-crn. TableW gives the correspondingdecreasein Ttiy 6 of 4.69Y0,9.1790,18.5270,

and 23.6290for the actual change and 4.7370,9.30Y0,19.09Y0,and 24.75Y0for the predicted

change.Figure 12plotstheseresultsas a functionof the Merentid increasein UH3atomdensity.
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~ e~wted for a nearly hear dependen=, these cmes show good agreement within the

reportedone-sigmastatisticalun=tities.

TABLEVI
AHUAL ANDPREDI~ED PERTURBA~ONRESULTSFORTALLY6 OFPROBMM ~P04

1
,:::::::::::
:.:.:.,....:~.::j:?: 4.69% -9.17% -18.52% -23.62%,...,:
,;:::;:;::::........... 0.0635 0.0331 0.0168 0.0135

0916E4 -15893E-5 -32632L5 4.2323E5
:!;:!:;:;~;::;j:; 0.0157 0.0143 0.0127 0.0133;I:i:iifi

I I I 1 I

I 4.73% -9.3m -19.09%:::::::$j: -Z.75% I.,,..,. , 1 t
::::::1:::::

. .,,,....,,,,.,.,.,. .. ..,.,.

............:~:w$+.*~;;::?:,,.:,:,,,,,, ,,,::.:.:.::\.,,: I I 0.0158 I 0.0144 I 0.0128 I 0.0134;{;;;::;;::::;::,:::,:,:..::::::.:.:.,::;;{:.:.::::...............................,....:.:.:.:.:,:::,:,::,,,:,:.:,:,.,..,.,.,,,,,,,,.,,.,,,,.,.:.................. ............... . I

A
.“

,“

,-

I 1 I I

o. 0.s 1. 1.s 2. 2.s -2
Pha- +m nn~ 4+m --+*w

Fig. 12. Changein Tdiy 6 of problem~PW due to an increasein the UH3
atom density.Solid line is Adual and dashed line is Predicted.

i
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C. CoupledNeutroflhoton Fixd-SOure Problems

~e two fixd-sow~ COUpledneutro~hotin problemsarcdiscussd in thefo~owings~-

tions. Each section includes a short descriptionof the g~e~ fo~owedby a discussionof the

actualand predictedperturbationrdts.

1. T~t Problem ~PIO. kput fle m10 consis~ of two tinite concentriccytiders,

where the inner cyhder is fi~edwith water and the OUtercyhdricd she~ is fi~d with copper.

Near the origin, the inner cyhtid region is cut axitiy into seven cyhdricd disks which are

fi~d with, from left to right in Fig. 13,water,carbon,void,water,carbon,water,and water.The

void disk at the &nter containsa cube of CUO,and the waterdisk next to it contis a hge void

torus surroundedby a shefl of copper.A neutronsource is distributeduniformlyin the cube of

CUOand has an energydistributiongiven bythe Wattfissionspectrum.

Fig. 13. Geometryplotoft~t problem~10.

The last tiy bin of Ttiy 4 gives theneutronfluxaveragedover the last segmentof theright

carbon disk and was chosen as the neutron tiy of interest for this problem.A second tally of

interest,Ttiy 14,gives the photon fluxaveragedover this sameregion.The copper density,sur-

roundingboth the infinitecykder and the torus,was decreasedfrom 8.94 ~cm3 to 7.9, 6.9, 3.5,

and 1.0@cm3.TableV~ gives the correspondingincrease in Ttiy 4 of 4.82Yo,7.8070,20.43Y0,

and 28.09Yofor the actual change and 3.9970,7.79V0,20.45Y0,and 29.5170for the predicted
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change. Skfiarly, TableV~ gives the correspontig kcrease in Tally 14 of 5.82?0, 11.51Y0,

28.10%, and 4.4170for the actual change and 6.04%, 12.13Y0,34.97Yo,and 53.84Y0for the pre-

dicted change.Figures 14 and 15 plot these results as a function of the differentialdecreasein

copperdensity.h Fig. 14,it is evidentthat thepredictedand actualcurvesare withinthe reported

statistical uncertainties, even at the 3070 data point. However,in Fig. 15 this is true only for

changes up to 20%. Beyond this poin$ Ttiy 14 deviates significantlyfrom a quadratic shape

which -unta for the poor predictionat the 3070data point.

TABLEVU
A~UAL ANDPREDICTEDPERTURBATIONRESULTSFORTALLY4 OFPROBLEM~PIO

1M3E6 2.421=-6 6.3571Ed 9.17-

II 0.0266 0.0303 0.04% 0.0665

3,99% 7.79% 20.45% 29.51%

:.:.:.:,..+.:..,~;~;.;”:.:.:::’’”:“31 O.w 0.0305 0.04% 0.0666

TABLE~1
A~AL ANDPREDI~ED PERTURBATIONRESULTSFORTALLY14OFPROBLEMINP1O

:.:.:
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Fig.

Fig.

14. Changein Tdly40fprob1em ~PIOduetoa d=rease inthempper
density.Solid line is Adud and dashedline is Prediti.

15. Changein Tally14 of problem~PIO due to a dwrease in the cop-
per density.Solid line is Atiud and dashedline is Predicted.
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2. TestProblem~P1l. hput file Nll includes a complexgeometrywith many odd

shapes (see Fig. 16). A pretiel-shaped set of three tori fifledwiti ‘5U is cen-d at the ori@.

Traversingthroughthese tori is a cage madeof e~psoids fi~edwith Si02. Four “toys”of unique

shape are arrangedaround the perimeter,each madeof copper.N theseobjectsare encasedin a

sphere of water. A disk-shaped, monodirectiond neutron source is located in front of the tori

within the water.The sourceenergy distributionis uniformfrom .01eV to 1keV.

Fig. 16. Geometryplotof test problemIN1l.

The firstMy bin of Tdy 4 gives theneutronfluxaveragedoverthe threetori and was ch~

sen as the neutron@y of interest for thisproblem.A secondtiy of interest,Tdy 11,gives the
235udemi~ wi~ tie h= tOriw= hcrewed ‘iomphoton currentacross the tori surfaces.The

7.8 ~crn3 to 8.75,9.5, 10.9,and 12.0@cm3.TableM gives the correspondingincreasein T~y 4

of 5.82Y0,10.83%,22.68%, and 30.81%for the actualchange and 5.45Y0,10.259o,20.4~, and

29.44%for the predictedchange. Sirnfiarly,TableX gives the correspondingincreasein Tally 11

of 1.37Y0,1.9270,7.9770,and956% for the actualchangeand 1.49%,3.0970,7.03Y0,and 11.02Y0

1
I

i
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for the predicted change. Fi~ 17 md 18 plot time res~ts as a function of the differential

inmease in ‘5U densi~. Both of these sets of cwes showgood agr=ment ~~ tie rePo*

one-sigmastatistid m**ties.

TABLEH
ACTUALANDPREDI~ED PERTURBAmONRmUL~ mR TALLY4 OFPROBLEM~Pll

,.?:.:.:.:.>:.1 I I I 1...............
::>::::::::::::~ty::::::::::I 0.0022 0.0158 I 0.0160 0.0170 0.0179 i::::::::?::::::
/::::;::;:}{,,.,.,,,.,..:,:,
:::,::::.1!:,:.:

~:
:;:>::$:;: 5.82% 10.83% 22.68% 30.81%:.:.:.:.:.

02W 0.1651 0.0925 0.07M
0.17702 0.3521 05083

:;::;;:::~:;;~;“’.;:::!:::::

TABLEX
ACTUALANDPREDICTEDPERTURBATIONRESULTSFORTALLY11OFPROBLEMINP1l

.,,,,,.,,,...,.,,,,,,,.,.,,
0.0022 0.0158 0.0160 0.0170 0.0179

...,...,.,,.,,.,...,:.:.:,:::::::::j:::~:::;:::::::......................,.:.:.,.,.:.,.,.:I I 1 1 I
:::::;:;:::::{::,:::::.:.:.:.:,:.t:::::::::::::::I 5.82% 10.83% 22.68% 30.81% I1

0.1651 0.0925 0.0764
~~j~##;~j~ 0.094105 0.17702 0.3521 05083...................,.,,,.,,,.,.,.,.,,,.,,,.,,,...,.,,,,,

0.0118 0.0124 0.0138 0.0149
,..,.,.,,,.,.,.,.,,,,,,,.,.,.,.,..................
.,..:..,:.:.:,:.:.;.:,:.:.:.:.:,:,,.:.::::.:::::::::::::::::::::::::.;.:,,.:...........................,.,.,.,.,.,,,.,.,,,.,.,.,.,.,,,.,....:,!.!.:...,...:.......,,..,,.,.,.,,,,, 5.45% 10.25% 20.WO 29.44%

r 1 I I I..,,,.,.,,,:,;,:,:,:,,,:.;,~:{:;:;:::::,:::::,::,:::I I 0.0120 0.0126 0.0140..:.:,:::.::::::!,,:::::::,. 0.0151 I

29



Fig. 17. Changein ~lly 4 of problem ~Pll due to an incrm in the 235U
density.Solid line is Adual and dashedline is Predided.
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Fig. 18. Changein Tally11of problem~Pll dueto an increasein the235U
density.Solidline is Atiual and dashedline is Predicted.
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D. Critidity Problems

Two criticfitYproblemswere chosen for inclusionin tis report. The fo~owingsections

include a short bcription of the geometryfo~owedby a discussionof the actualand predicted

perturbationr~tits.

1. T=t Problem ~P09. kput file ~ consistsof a 10cm cubefi~edwith ‘5U (see

Fig. 19). ~o rectan@ar pieces of copper are implantedin this cube, and a cone-shapedhole
B5U Protidm fromextends from one side into the center. A second cone-shapedregion of

another side of the cube.The cube is surroundedby a sphereof air (20 cmradius). This problem

was executed in critictity modeand had a W combined~of 1.0133~ .00015.

Fig. 19. Geometryplotoft~t problem~PW.

Ttiy 14,a track-length~timate of &&, was addedto this problemto estimatethe effect of

the perturbationon the eigenvdue.The surroundingair densitywas increasedfrom0.01#cm3 to

0.49,0.90, 2.0, and 3.0 ~cm3. TableM gives the correspondingincreasein TaUy14 of 5.13%,

9.62Yo,20.35%, and 29.13Yofor the actual change and 6.69%, 12.31%,27.OIY~,and 39.8770for

the predicted change.Figure20 plots these results as a functionof the differentialincreasein air

density.Clearly the predictedincreasein~ is overestimatedby a few percent.This overestima-

tion is probably due to the fact that the differentialoperatortechniquedoesnot currentiyaccount

for changes in the shapeof the eigenfunctionthat result from a perturbation.
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TABLEXl
ACTUALANDPREDI~ED PERTURBATIONRESULTSFORTALLY14OFPROBLEMIN~

.-.....:.,:,:,:,:,;:,:,:::::~::,:j::::::::::;:i:;:::;:

:::::;:::::!:::;:;::::::::::;
.:..,.........:.:.:.,.:.:.:.:....>:.:.:.:.....,......:...f.:.,.,.,,..,.,,,.,.,.,,,,.,

~::::::::::::;f;:;:;::::[;;j:
,,.....,:,:.:.,,.,:,:.:,.,,.,
i::;:::i!:::!,,.,,!,,.!,,.,. 6.7537&2 0.1243 02727 0.4025

1 J
::::::::::::~,;:~;:;
::::::.:l::.:,:.:.:: 6,69% 12.31% 27.01%~;:;:i:?;:;:i:::;:: 39.87%
~:.,.::::::,::>::::::,:,..,.,,,.,.,..,,>.~:$<::;+<<:j: 0.0197 0.0355 0.0797 0.1216
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Fig. M. Changein Tally14 of problem~P@ dueto an incmse in the air
density.Solid line is A~ual and dashedline is Preditied.
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2. T=t Probl~ WP18. kput file ~18 includesa triangularpitchednuclear reactor

core. The hexagonal htti= of fuel rods is containedwithin a cyhdricd core. Five whole and

threepartialcontrol rods, fi~edwith a mixtureof boronandcarbon,are includedin the core.me

fuel rods are 7W0enricheduranium(labeledas region *Y”in Fig. 21),andthe chd on thefuel is a

mixtureof zirconiumandniobiumwitha innerher of tungsten.kide theckd, thefuelis cooled

by a water blanket.Water is *O used as the moderatorand heat transferagent betweenthe

rods. The water is a mixture of heavy and tight water.When executed in critidty mode,

problemprodud a find combked ~of 1.0379~ .0002.

fuel

this

Fig. 21. Geometryplotoftmt problem~P18.

Again Tdy 14 was added to this input file to producea track-lengthestimateof ~fi. The

water density was increasedfrom 1.0~cm3 to 1.5, 2.3, 4.0, and 6.0 ~cm3. Table~ gives tie

correspondingincreasein Ttiy 14of 4.499~,10.46Yo,20.8W0,and 30.0290for the acturdchange

and 4.83Y0,11.00Y0,19.68Yo,and 21.60~0for the predictedchange. Figure22 plots theseresults

as a function of the ~erentid increase in water density.These curves show good agreement

within the repoti one-sigmastatisticaluncertaintiesup to the 2070datapoint.
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TABLEX~
A~UAL ANDPREDICTEDPERTURBATIONRES~TS FORTALLY14OFPROBLEMINP18

i

I

o 1 z s 4 c 4
~ - W&or Do-ity (g/d)

Fig. 22. Change in Tally 14 of problem ~P18 due to an increase in the
water density.Solidline is A~ual and dashedline is Predicted.
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E. First OrderVersusSecondOrder

This sectiondiscussesthe rdevance ti range of appficabfityof the fist and secondorder

terms of the Taylorseriesqansion (see Stion ~A.). ~early, if a responseis a hear fiction

of a perturbedparameti,thetit orderatimator W accuratelypdct anyske of changein that

response — ~wise for a rqonse that -bits a quadraticbehaviorand a secondorderestima-

tor is added. Howevw,as demonstratedin the previoustestprobkms, thisrardy occursover the

range of interest Figure23 presentsthe mation restits for test probhm ~2 withthe fist

order estimatorseparatedfrom the defatit (fist plus secondW) estimator.h this case, the W-

Wendorder term dearly m- a si~cant contributionto predictedchangesin the responsethat

aced IWO.

0 t I I 1 t I

0. 0.s 0.2 0.s

-e b *1O w- r-Loi 4 0.s 0.6

Fig. 23. Changein ~ly 1 of problem~02 due to an inmeasein the 1%
atom fraction.Solid line gives the actualchange;dashedline gives
the first and second order predided change; dotted line gives the
H orderpredictedchange.
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Mytig the fist and second order restits of the previoustest problemsleads to the fol-

lowing ties of thumb. The tist order perturbation@timatortypic~y providessficient accu-

racy for responsechangeshat areless than570.The defadt fist andsecondorderestiator offers

=eptable accuracyfor responsechmges that are less k 2W0-30Y0.Thisupperbounddepends

on the behaviorof the response as a functionof the perturbedparameter.The magnitudeof the

second orderestimatorh a good measureof the range of appficabfity.E this magnitudeex-

30T0of tie fit ~& ~bator, it is &ly that higher ordertermsareneededfor an ~c~a~ Pre-

diction.The -OD keywordon the~T card (seeSection~ dews oneto tiy the second

orderterm separatefrom the fit. The fo~owingP~T cardsdemonstia~ this:

~Tl:n =U=l rhe35

=T2:n ce~=l rh_35 method=2

~R~:n =U=l rhe-35 method=3

The tit P~T card generatesthe defadt (fit plus secondorder)perturbationrestits; the second

producesody fit ordermalts; and the third gives ody secondorderr~tits. Once the behavior

of a perturbationk understood,unna P~T cardscan be removedfromfuturedym.

v. s~Y

Restits presenti in this reportv- the appficabfity of the differen~ operator-ba-

tion techniqueas irnplementi witi Mm. This capabfity is shownto be relevant for tied-

sourceproblems(neutron,photon,andcoupledneutro~hoton) as we~ as critidty applications.

Ftierrnore, this techniquecan be used to estiate the effectsof mdtiple perturbationsin a sh-

@erun with minimal loss (5>1M0 per perturbation)of performance.A key advantageof h

methodis that the precision of the estimatorremainsbounti even as the magnitudeof the per-

turbationvanish=.

Table~s~ theperturbationrm~ presentedin this report.h general,the accu-

racy of the different operatortechniqueappears to be witbin a couplepercentfor up to 20Y&

3Wochangesin a response.=ceptions to this include-t problemsm and~10. The most

Wdy expwon forthe&viationoftestprobkm _ is that this techniquedoes not currendy

account for _bations in the shape of the eigehtion. The deviationshownfor the photon

Wy of testproblemN1O is due to the higherorderbehaviorof the responseperturbationwhich

cannotbe estimatedmurately by fit and secondordertermsof the Taylorseriesexpansion(see

1
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Fig. 15).Forsmdresponse _bations (<5%), it was foundthat useof odythe fist orderesti-

mator typi@y offerssfidmt =xy.

Possible enhanments to the Mm ~bation f- include oompatibfitywith point

detitors, D~ spher~, &estimators, ~~~on~-o~. We appfi~tion of tie dif-

ferent operatorteohniquetothetit threeareasisftily Straightforwsr&17’18its appfiwtion to

d=tron transport has not yet been investigti Future tiort r~ti to the perturbationfeature

ti *O include additiond vtimtion work withan emphasison ~erimenti appti~tions.

-

+

::”;~~5.27% 5.83%-
~. (.lW (0351).... .
~;~ 5.88% 3S%

(.1924)(.0088)
-234%T

(ml) (.0064)

-10S6% -1032%
(.- (.olm

9.77% 931%
(.1102)(.-

1045% 9.W%
(.1103)(.-

2091%
(ti86)

1891%
(m)

(.0129)

(M18)

(.0070

-27.63%
(.0332)

G
(.W3)

=
(.0095)

-3m

I(-) I(OllnI I(.1293)I (.0191)I I (m12) I (.0380)I - ‘- I itiai I (.- I I

I(.@5)I(.0158)I I(ml) 1 (.0144)I I(.0168)I(.0128)I I (.0135)I (.0134)I I

3.~o
(.0268)

=
(.0120)4

4.83%

0.22%

4.37%

7.=
(.1288)

(0833)

(.1631)

7.m
(m)

(.0244)

(.olm

4.01% m~3% 20A5% 0.02% 28m
(.0322)(.04%) (m83)

0.62%28.IW 34.97%6.87% 4.41%
(.0357)(.0381) (.1939)

438% 226W m.40% -228% 30.81%
(m) (.0140) (0764)

2951% 1.42~0
(.W

(.W88)

,:,x,:,,:,:.:,:(.0288) (.OIW (.ola) (.0355) (.m89)(.om (.W (.1216)
0s% m.m lg.a% -1.12%3002% 21.- -8.42%

(.0113 (.0429) (.0092) (.1053)

37



REFERENCES

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

J. Briesmeister, Editor,“MCNP— A GeneralMonte CarloN-ParticleTransportCode:’
LA-12625-M,hs *OS Natioti Laborato~ (1993).

J. E.Oh- ‘~e DopplerEffectfor a Non-UniformTapera~e Distributionin Reactor
Fuel ~emen~~’ WCAP-2048,Westinghouse~ectric Corporation,AtomicPowerDivision,
Piwbur@ (1962).

H. T*hi, ‘Monte CarloMethodfor@orneti~ Perturbationandik Appficationtothe
-ed Fast Reactor,”Nucl. Sci.Eng. 41, p. 259 (1970).

M. C. ~, ‘Monte CarloPerturbationTheo~in NeutronTransportCdctitions,” Ph. D.
Thesis,Universityof London(1980).

M. C. W, “Cross-SectionAdjustmentwith MonteCsrlo Sensitivities:Applicationto the
W@thhon Benchmm&”Nucl.Sci. Eng. 81, p. 423 (1982).

H.Rief, “Gener_ MonteCarloPerturbationNgorithms for ConelatedSsmptig anda
Second-GrderTaylorSeriesApproach,”Ann. Nucl.Energy~, p. 455 (1984).

G. ~ ey, “A MonteCarlo~CNP) SensitivityCodeDevelopmentand Appfication~’
M.S.Thesis,Universityof Washington(1984).

W.Matthes, Wonte CarloM-tion of the NuclearTaperature Coefficientin Fast
R-s,” Proc. 3rd Symp.‘Reactor~q” of ~OM E~-309.e (1963).

ME. Gubbins, =eactor P-bation M-tions by MonteCarloMeth*~’ United
~gdom AtomicEnergyAuthority,AEEW-M-581(1966).

T.J. Hoffmanand L. M. Petrie, “MonteCarloReactivi&Cdctions Using a Perturbation
Sour=” Trans.Am. Nud. Soc.,151p. 912 (1972).

W.Matthes, “~cWonofReactivity P@bations with theMonteCmloMeth@’’Nucl.
Sci.Eng.,47, p. 234 (1972).

H. ~chwendt and H. Rief, ‘~OC: AGend PurposeMonteCarloCodefor Stationary
=dT~e~tNeu@~ ~-om” ~~slg (l~o).

W.B- “Monte CarloTw~ue for M Perturbationsin Mdtipl@g Syshms,”
Prw. NEACRPSet Meetig, -75-2, p. 261 (1974).

M. Ntigawaand T.Asaoh “hprovement of Correkted Samptig MonteCarloMethods
for ReactivityCd~tionst’ Nucl.Sci.T*, 15,p.400 (1978).

38



15. W. E. R=g ~d J. S. K.~~g, “Comparison of COtiti MonteCsrloT@~ues,”
Trans.Am. Nti. SW.,43, p. 628 (1982).

16. G. W.McKinney, ~eory Relatedto the Diff~en~ OperatorP~bation T_ue,”
h -OS Natioti LaboratoryMemo,X-6:GWM-W124 (1994).

17. R. L. Pad et d., “MonteCarlOCd-m of PointDe-or Sensitivitiesto CrossS~-
tions,” R ~gs of the hternatiod Conferen~ onMathematimand Computations-
R~tor Physim and Entionrnenti mysm, Apfi 3@May4, P-d, Orego~ p. 1479
(1995).

18. F. X Gtieier, “ANewMCNP Option: KCOM —The Use of the C~ela~ smp~g

Methodto StudyRedtity ~~ts Due to Changesof a Rewtor Arrangement”Nucl.SU.
Eng., IM, p. 102(1995).

39



me Mm input files used to generatetie “prticti” pe~bation restits sre inclu~ in

h appenti. ~me input fles are nearlyidentid to hose providedwiti ti Mm 4A &tibu-

tion pace. ties tiat hve been addedor mtid rehtive to tie distributiontest set appearin

bold type below.~=e tiea include tie ma- andP~T cardsneededto invob tie perturba-

tion dysis as w~ as mtications to disabh unnecessaryor incompatiblefea~es. me Mm

input filesused to genaate tie “actual”perturbationrestits are not includedin W appenti, due

to tick voluminousredundancy.Again tiese input fibs are nearlyidentid to hose in tie distr-

ibutionset =cept for tie sfi@t m~cations n-to implementtie perturbationseed on

tie rekted P~T wd. For e-pb, tie four input files generated for test problem ml

involvd modifyingonenumberin tie inputfile (i.e.,ctiging tie &nsity for ce~ 1to 1.85,1.40,

0.6, and0.005#crn3).

1. TestProblemml.

probl -- s~le neutronprobl= to test some basic operationsof map.
1 1 -2.25 -1 *:n=l $ ~apMte xl
2 2 -8.95 1 -2 ~:n=l $ coppershell
3 0 2 -3 *:n=l + void space
4 0 3 *:n=O $ zero-~rta= outsideworld

1 so 5
2 so 7.5
3 so 10

c biased isotropicpoint sourceat (O,O,O)
sdef erg ti vec O 1 0 dir d2 tme #
SC5 ewprobsble bin trea=t for t- tistr=ion.
si5 -50 -10 3i 10 5m
sp5 -41 10
sb5 O .1 .2 .3 lr .2 .1
SC1 flat ener~ spectm from 1 to 14.1mev.
sil 1 14.1
Spl o 1
SC2 diremion is biased toward the point detector.
sb2 -31 1.5
c
m2 29000.401
- 6012.40c1
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awtsb 6012. 11.8969
c XS3 6012.50c 11.8969 =CCS O 3 92853 23390 0 0 2.53e-08
phys:n 14.2 .01
c
fcl currentacrossthe graphite-copperinterface.
fl:n 1
el .1 .5 .8 2 4 12 14.1
c1 -.866 -.5 0 .5 .866 1
@ 1 5i 7
d 8 4i 13
~ 14 8i 23
t5 -50 -10 3i 10 * b W 1.e20
fql c e
fc5 flux at a point h the void justoutsidethe coppershell.
f5:n 0800
e5 .1 .5 .8241214.1

~fil:n cell=l rel.850
pert2:n -1=1 ~1.4oo
pe*3:n *1=1 ~0.600
ps*4:n Cell=l ~o.oos
cut:n 1.e20 .05 .05 .01 .01
~s 1000000
print -98
prm Zj -1
dbcn j 1000 512 513 2j 100 10000 5 $ non-tititask version.
c dbcn 6j 100 100005 $ dbcn cerd for tititask version.

prob2 -- three tifferenttalliesof the s- physical~tity
1 1 -2.45 -1 $ boron ball with volm source
2 2 -2.7 1 -2 4 $ ~-na shell
3 2 -2.7 2 -3 4 $ al-n= s~ll
4 0 3 $ outsideworld
5 2 -2.7 5 -4 $ big dtinw W1 to avoid tiran/tally2 conflict
6 2 -2.7 -5 $ little~ -m ball for tally 4

1 so 5
2 so 7
3 so 10
4 Sy 7 1.95
5 Sy 7 .3

c vol~e sourcein boron ball, biased in position.
c the s-try is sufficientfor the bias to be a fair g-.
sdef cell x~ yd2 zd3 erg d4
sil -5 5
Spl 01
SC2 position is biasedtoward the &tran and the ring detector.
si2 a -5 5
sp2 1 1
sb2 1 2
si3 -5 5
sp3 01
SC4 flat energy spectm frm .1 to 1 ~v.
si4 .11
sp4 o 1
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c
d 5010.03d .196 5011.40c .804 $ naturalboron
ti 13027.40c1 $ al~m-27
- 5010.03d
M 5olo.03d
- 5olo.03d
m6 5010.03d
pertl:n Cal=l
pert2:n Cdl=l
pert3:n Cal=l
pe-4:n cell=l
~ 60
phys:n 1.2
c

.250 5011.40C .750 $ ei- -10

.325 5011.40c .675 $aiaed&lo

.510 SO1l.40C .490 $ aiched -10

.720 SO1l.40C .280 $ aim -10
wt=3
-.4
e=s
-=6

of .250
of .325
of .510
of .720

$ cross sections~ve 1.2 -v will be emmged.

c al tallieshave the s- energybins.
eO .01 .03 .1 .3 1
fc2 averageflu on surface2.
f2:n 2
fl:n 1
cl -.8 8i 1 t
fql c e
tfl 1 7r
ft2 = -2 .05
t2 -2 9i 3 10 100
fq2 t e
ftl frv345 geb120
fc4 averageflu h cell 6.
f4:n 6

.3 1 4r
dds .003
fq5 ue
fti 18i10
fts inc
fc5 averageflu at ring detector.
fy5:n 5 4.89 .7
c ec:n 1 .7 .9011
c a .04100
th=-100 .512
$ -l W2 W3 s -S
1 le-8 2e-8 3e-8 4~8 5e-8
2 2e-8 3e-8 5e-8 4~8 3-8
3 le-8 5-8 4e-8 3e-8 2e-8
4 0 0 0 0 0
5 2e-8 le-8 5e-8 3e-8 le-8
6 3e-8 2e-8 le-8 2e-8 le-8

c
c -:no7011.9 $-= ~ ctil 6, ~ide CSU 5.
~:nlll 011
c
mt:n j .001 $ =ergy cutoffat .001mv.
-s 100000 $ -5000 UOfiea.
print -98 $ print al possibleoutput for easier debu~ing.
pr~ 2j -1 $ print -~ file.
ptrac buffeP2 file-se event=srcnps=l,200cell=3
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prob7 -- generatesurfacesource for prob8
1 0 12 $ zero-~rtance outsideworld
2 0 -12 (7:1:-2) $ -y space
3 5 -5.2 -7 -1 244 #5 $ rusty box
4 6 -8.1 -5 -4 3 $ sourcecell: uraniumoxide
5 7 -2.7 -7 -6 5 $ almum stuffer

1
2
3
4
5
6
7
12

Cx 15
px o
px 10
CX5
px 20
C/X 2.5 0 2.5
px 40
so 170

m5 26000.40c1 8016.40c1
m6 92235.40c1 8016.40c2
m7 13027.40c1
pe*l:a all- ~8.8
pe*2:n cell- rb9.2
pert3:n -1=4 rbo-10.3
pert4:n xl+ rbll.5
drxs
imp:n OO12r
Ssw 7 $ write the surfacesourceat surface7
c
sdef erg ti cel 4 axs 1 0 0 rad d3 ext d2 vec 1 0 0 &r d5
sil a1247
Spl 0210
SC2 thesymmstrytiesit afairgame.
si2 10 12 14 16 18 20
sp2 O 1 4r
sb2 012345
si3 O 5
sp3 -21 1
si5 -1 -.5 0 .5 1
sp5 O 1 3r
sb5 01234
c
f2:n 7
eO .1 .5 1210
f7:n 4
Sdz 706.858 $ area of surface7
cut:n j .01
-s 100000
prdmp 2j -1
print -98

4. T~t Problem~P12.

prob12 s>> porositytool model
c —— ———— 4
c ——
c —>>> m : prob12
c —>>> tool : genericporositytool
c —>>> source :*
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c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

c
c
c
c
c

c
c
c
c
c

c
c
c
c
c

.

—>>>
—>>>
—>>>
—>>>
—>>>
—>>>
—>>>
—>>>

1

2

3

4
5
6
7
8
9

11
12
13
14

c
c
c
c
c
15
16

->>>
->>>
->>>
->>>
->>>

borehole
fo-tion
casing
detector

shielting
sonde
weights
generate

:
:
:
:

:
:
:

8“ bh, fw
20 pu l-stone, fw
none
he-3 at 4 atmospheres
near : 1“0*3” at 7.5” centerlinefra source
far : 2wo*10w at 20” centerlinefra source
none
solid iron
tiraDt/diffusion

weightsusing wep patch with factorof 2.0 to far det
using a factorof 8.0; only use 50k Pa~icles

physics : them cutin changedto -200
s(a,b)added for water

— zone cards

— near detector

1 -0.000502 -1 +13 -14

— far detector

1 -0.000502 -2 +16 -19

— sourceregion

2 -7.86 -3 +11 -12

— iron sonde

2
2
2
2
2
2
2
2
2
2
2

-7.86
-7.86
-7.86
-7.86
-7.86
-7.86
-7.86
-7.86
-7.86
-7.86
-7.86

-3 +10 -11
-3 tlz -13
+1 -3 +13 -14
-3 +14 -15
-3 tls -16
+2 -3 +16 -17
+2 -3 +17 -18
+2 -3 +18 -19
-3 +19 -20
-3 +20 -21
-3 +21 -22

— borehole

$ &t-n

$ det-f

$ Sourc

$ sonde
$ sonde
$ sonde
$ sonde
$ sonde
$ sonde
$ sonde
6 sonde
$ sonde
$ sonde
$ sonde

3 -1.0 +3 -5 -4 +10 -11
3 -1.0 +3 -5 -4 +11 -12

$ bh
$ bh



17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

c
c
c
c
c
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

-1.0
-1.0
-1.0
-1.0
-1.0
-1.0
-1.0
-1.0
-1.0
-1.0
-1.0
-1.0
-1.0
-1.0
-1.0
-1.0
-1.0
-1.0
-1.0
-1.0
-1.0
-1.0

+3
+3
+3
+3
+3
+3
+3
+3
+3
+3
+3
+3
+3
+3
+3
+3
+3
+3
+3
+3
+3
+3

-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5

-4
4
-4
-4
-4
-4
-4
-4
-4
-4
+4
+4
+4
+4
+4
ti
+4
+4
+4
+4
t4
t4

+12
+13
t14
+15
+16
t17
t18
+19
+20
+21
+10
+11
+12
+13
t14
+15
+16
+17
+18
+19
+20
+21

-13
-14
-15
-16
-17
-18
-19
-20
-21
-22
-11
-12
-13
-14
-15
-16
-17
-18
-19
-20
-21
-22

6 bh
4 bh
4 bh
$ bh
$ bh
$ bh
~ bh
$ bh
$ bh
$ bh
$ bh
$ bh
$ bh
~ bh
$ bh
$ bh
$ bh
$ bh
$ bh
$ bh
$ bh
$ bh

— fo=tion regionto ratius=15a

4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4

-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688

+5
+5
t5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
t5
t5
+5
ts
+5
+5
ts
+5
+5
+5
+5
+5
+5
+5

-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6

-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
+23
t23
+23
+23
+23
t23
+23
+23

-24
-24
-24
-24
-24
-24
-24
-24
-24
-24
-24
-24
t24
+24
+24
+24
+24
t24
t24
t24
+24
+24
+24
+24
-24
-24
-24
-24
-24
-24
-24
-24

+10
+11
+12
+13
+14
+15
+16
+17
t18
tlg
+20
+21
+10
+11
+12
+13
+14
+15
+16
+17
+18
t19
+20
+21
+10
+11
+12
+13
+14
+15
+16
+17

-11
-12
-13
-14
-15
-16
-17
-18
-19
-20
-21
-22
-11
-12
-13
-14
-15
-16
-17
-18
-19
-20
-21
-22
-11
-12
-13
-14
-15
-16
-17
-18

$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fo=



71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86

c
c
c
c
c
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124

&

I

4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4

-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688

t5
t5
t5
+5
t5
t5
+5
+5
+5
+5
+5
t5
t5
+5
+5
+5

-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6

+23
+23
+23
+23
+23
+23
+23
+23
+23
+23
t23
+23
+23
t23
t23
+23

-24 +18
-24 +19
-24 +20
-24 +21
+24 +10
+24 tll
t24 +12
+24 t13
+24 +14
+24 +15
+24 +16
+24 +17
+24 t18
+24 +19
+24 +20
+24 +21

-19
-20
-21
-22
-11
-12
-13
-14
-15
-16
-17
-18
-19
-20
-21
-22

$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
s fom
$ fom
$ fom
s fom
$ fom
$ fom
$ fo=
$ fom

— fo~tion region to ratius=25a

4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4

-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688

t6
+6
+6
t6
+6
+6
+6
t6
+6
+6
+6
+6
+6
+6
+6
+6
t6
+6
+6
+6
+6
t6
t6
+6
+6
+6
+6
+6
+6
t6
+6
+6
+6
+6
t6
+6
+6
t6

-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7
-7

-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
+23
+23
+23
t23
t23
t23
+23
+23
+23
+23
+23
t23
t23
+23

-24
-24
-24
-24
-24
-24
-24
-24
-24
-24
-24
-24
+24
t24
+24
t24
+24
+24
t24
+24
+24
t24
t24
t24
-24
-24
-24
-24
-24
-24
-24
-24
-24
-24
-24
-24
+24
t24

+10
+11
+12
+13
+14
+15
t16
+17
+18
+19
+20
+21
tlo
+11
+12
+13
+14
+15
+16
+17
+18
+19
+20
+21
+10
+11
+12
t13
+14
+15
+16
+17
+18
+19
+20
+21
+10
+11

-11
-12
-13
-14
-15
-16
-17
-18
-19
-20
-21
-22
-11
-12
-13
-14
-15
-16
-17
-18
-19

-21
-22
-11
-12
-13
-14
-15
-16
-17
-18
-19
-20
-21
-22
-11
-12

$ foa
G fom
6 fom
$ fom
6 fo=
$ fom
$ fom
6 fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
6 fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ foa
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom



125 4 -2.3688 +6 -7 +23 +24 +12 -13 $ fom

126 4 -2.3688 +6 -7 +23 +24 +13 -14 $ fom

127 4 -2.3688 +6 -7 +23 +24 +14 -15 $ fom

128 4 -2.3688 +6 -7 +23 +24 +15 -16 $ fom

129 4 -2.3688 +6 -7 +23 +24 +16 -17 $ fom

130 4 -2.3688 +6 -7 +23 +24 +17 -18 $ fom

131 4 -2.3688 +6 -7 +23 +24 +18 -19 4 fom

132 4 -2.3688 +6 -7 +23 +24 +19 -20 $ fom

133 4 -2.3688 +6 -7 +23 +24 +20 -21 6 fom
134 4 -2.3688 +6 -7 +23 +24 +21 -22 $ fom
c
c
c — fo=tion regionto rati~do a
c
c
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178

4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4

-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688

+7
+7
+7
+7
+7
+7
+7
+7
+7
+7
t7
+7
+7
+7
+7
+7
+7
+7
+7
+7
+7
+7
+7
t7
t7
t7
+7
+7
+7
+7
+7
+7
t7
+7
+7
+7
+7
t7
+7
+7
t7
+7
+7
+7

-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8

-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
+23
+23
+23
+23
+23
+23
+23
+23
+23
+23
+23
+23
+23
+23
t23
+23
+23
+23
+23
+23

-24
-24
-24
-24
-24
-24
-24
-24
-24
-24
-24
-24
+24
+24
+24
+24
+24
+24
+24
+24
+24
+24
+24
+24
-24
-24
-24
-24
-24
-24
-24
-24
-24
-24
-24
-24
+24
+24
+24
+24
+24
+24
+24
+24

+10
+11
+12
t13
+14
+15
+16
+17
t18
tlg
+20
t21
+10
+11
+12
t13
+14
+15
+16
+17
+18
+19
tzo
t21
+10
tll
t12
t13
+14
+15
+16
+17
+18
+19
+20
+21
tlo
+11
+12
+13
t14
+15
t16
+17

-11
-12
-13
-14
-15
-16
-17
-18
-19
-20
-21
-22
-11
-12
-13
-14
-15
-16
-17
-18
-19
-20
-21
-22
-11
-12
-13
-14
-15
-16
-17
-18
-19
-20
-21
-22
-11
-12
-13
-14
-15
-16
-17
-18

$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
6 fom
$ fom
$ fom
4 fom
$ fom
4 fom
$ fom
$ fom
$ fom
$ fom
6 fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
4 fom
$ fom
6 fom
$ fom
e fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
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179 4 -2.3680 +7 -8 +23 +24 +18 -19 $ fom

180 4 -2.3688 +7 -8 +23 +24 +19 -20 $ fom

181 4 -2.3688 +7 -8 +23 +24 t20 -21 $ fom

182 4 -2.3688 +7 -8 +23 +24 t21 -22 $ fom

c
c
c — fo~tion regionto ratius=60 m
c
c
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
c

4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4

-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688
-2.3688

t8
+8
t8
+8
+8
t8
+8
t8
t8
+8
+8
+8
t8
+8
+8
+8
t8
t8
+8
+8
+8
t8
+8
+8
t8
+8
+8
+8
t8
+8
+8
+8
+8
+8
t8
t8
+8
+8
t8
+8
+8
t8
t8
+8
t8
+8
+8
+8

-9
-9
-9
-9
-9
-9
-9
-9
-9
-9
-9
-9
-9
-9
-9
-9
-9
-9
-9
-9
-9
-9
-9
-9
-9
-9
-9
-9
-9
-9
-9
-9
-9
-9
-9
-9
-9
-9
-9
-9
-9
-9
-9
-9
-9
-9
-9
-9

-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
t23
+23
+23
t23
+23
+23
+23
+23
+23
t23
t23
+23
+23
+23
+23
+23
+23
t23
+23
+23
+23
+23
+23
t23

-24
-24
-24
-24
-24
-24
-24
-24
-24
-24
-24
-24
t24
+24
+24
t24
+24
+24
+24
+24
+24
t24
+24
t24
-24
-24
-24
-24
-24
-24
-24
-24
-24
-24
-24
-24
+24
+24
+24
+24
+24
+24
+24
+24
+24
+24
+24
+24

+10
tll
t12
+13
t14
t15
+16
+17
+18
+19
t20
t21
tlo
+11
t12
+13
+14
+15
t16
t17
+18
t19
+20
t21
tlo
tll
+12
+13
t14
+15
t16
+17
t18
+19
+20
+21
+10
+11
+12
t13
t14
+15
t16
+17
+18
tlg
+20
+21

-11
-12
-13
-14
-15
-16
-17
-18
-19
-20
-21
-22
-11
-12
-13
-14
-15
-16
-17
-18
-19
-20
-21
-22
-11
-12
-13
-14
-15
-16
-17
-18
-19
-20
-21
-22
-11
-12
-13
-14
-15
-16
-17
-18
-19
-20
-21
-22

$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
G fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ foa
$ fom
+ fom
$ fom
$ fom
$ foa
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
6 fom
$ fom
$ fom
$ fom
6 fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
$ fom
6 fom
$ fom
$ fom
* fom

c



c
c
c
231

c
c
c
c
c
c
c
c
c
c

c
c
c
c
c

c
.

1
2

3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22

c
c
c
c
c
23
24

c
c
c
c
c
mde

o +9
: -10
: +22

— surfacecards

-
— detectors

Cy 1.27
Cy 2.54

— tool, boreholeand fo-tion cylinders

Cy 3.81
Cy 8.255
Cly -6.34
Cly -6.34
c/y -6.34
c/y -6.34
Cly -6.34

PY -38.1
PY -5.0
PY 5.0
PY 15.24
PY 22.86
PY 30.0
PY 38.1
PY 46.0
PY 54.0
PY 63.5
PY 70.0
PY 82.5
PY 101.6

0.0
0.0
0.0
0.0
0.0

10.16
15.0
25.0
40.0
60.0

_ divide fo-tion into 4 pie-s
————

P 1.0 0.0 1.0 0.0
P 1.0 0.0 -1.0 0.0

— data cards
— — ——

n

$ exer
$ emer
$ etier

$ c-nea
$ c_far

$ c_too
$ c_m
$ c-bh
$ c_for
$ c-for
$ c-for
$ c-for

$-
$ b_sou
$ t-sou
$ b_nea
$ t-nea
$ plane
$ b_far
$ plane
$ plane
$ t-far
$ plane
$ plane
$ top

+ pl
$ p2

print 110 157
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c
c
c
c
c
c
c

c
c
c
c
c
c
c

c
c
c
c
c
c
c

c
c
c
c
c
c
c

c
c
c
c
c
c
c

c
c

—material # 1

name = heli=-3
density = 0.000502~/CC

d 2003.00c1.00000

—materiti # 2

name = iron
density = 7.8600g/cc

m2 26000.40c 1.00000

—materi~ # 3

nsme = boreholefltid - fw
density= 1.0000g/cc

m3 1001.OOC0.66667 8016.40c0.33333

—materid# 4

name = fo=tion - 20 ~ limestone,fw
density= 2.3688g/cc

m4 1001.OOC0.15675 6012.40c0.15298 8016.40c0.53730

—materi~# 5

ms

=formation- 1 ~ limestone,fw
density= 2.6939 9/CC

c
c
c
c
c
c
mt3
mt4
mts
c
c

50

1001.OOC0.00818 6012.40c0.19755

=U=3,4,5,6,7,8, 9,1O,11,12,13,14
U=3,4,5,6,7,8,9,1O,11,12,13,14
-=3,4,5,6,7,8,9,10, 11,12,13,14
~=3,4,5,6,7,8,9,10,11,12, 13,14

8016.40c0.59673

— s(a,b)treatment

lwtr.01
lwtr.ol
lwtr.01



——. -. —.-——— --

c — neutron source=> _ netironsource
c
c
c stir 0.0 1.0 0.0 0.6 0.5
Sdef cel=3 W=l e= ti~a ve- 0.0 1.0 0.0
ail .0026126 .0408000 .0673800 .0865170

.1110900 .1227700 .1356900 .1499600 .1647300

.1831600 .2024200 .2237100 .2427400 .2732400

.3019700 .3337300 .3683300 .4076200 .4504900

.4978700 .5502300 .6081000 .6720600 .7427400

.8208500 .9071800 1.002600 1.108000 1.224600
1.353400 1.495700 1.653000 1.826800 2.019000
2.231300 2.466000 2.725300 3.011900 3.328700
3.678800 4.065700 4.493300 4.965900 5.488100
6.065300 6.703200 7.408200 8.187300 9.048400
10.00000011.052000

Spl .000000 .005728 .003977 .002886 .003685
.001752 .001938 .002141 .002366 .002615
.002889 .003193 .003530 .003900 .004310
.004764 .005265 .005819 .006431 .007107
.007854 .008681 .009594 .010602 .011717
.012950 .014313 .012208 .013505 .014918
.016482 .016790 .016973 .020516 .022661
.025052 .027678 .037100 .051803 .046116
.046571 .051469 .063324 .068786 .051124
.046359 .056039 .060159 .037157 .028095
.019113

sp2 -31 0.5
c
c
c — tallies
c
c
f@ e f
c
c—
c — tally 4, neutron flu b cells 1 (near)-d 2 (far)
c
f4:n 1 2
fc4 neutronfl~*vol~ in cells 1 (near)and 2 (far)
e4 0.le-6 0.41e-610.6e-6IOle-61.5e-326e-3 .49 2.7 12.2 17.3
-4 1 9r
c
c
c — t~ly 24, -sorption rate in cells 1 (near)
c
f24:n 1
fc24 neutrontisorptionrate in cells 1 (near)
e24 0.le-6 0.41e-610.6e-6IOle-61.5e-326e-3 .49 2.7 12.2 17.3
ti4 1 9r
ti4 1.0023e-04 1 103
c
c
c’ — t~ly 44, -so-ion rate in cells 2 (far)
c
f44:n 2
fc44 neutron totti reactionrate in cells 1 (near)ad 2 (far)
e44 0.le-6 0.41e-610.6e-6IOle-61.5e-326e-3 .49 2.7 12.2 17.3
-44 1 9r

51



m44 1.0023e-04 1 103
c
c

c— taly 64, abso~ion rate in cells 1 (near)and 2 (far)
c
f64:n 1 2
fc64 neutronelastic scatteringrate in cells 1 (near)and 2 (far)
e64 0.le-6 0.41e-6 10.6e-6IOle-6 1.5e-326e-3 .492.7 12.2 17.3
-64 1 9r
~64 1.0023e-04 1 2
c
c
c — cutoffs
c
c
phys:n 14 14
cut:n 830000 0.0 -.1 -.05
th= O
pr~ 2j -1

3600
-l 0.0253e-6 230r
Vol 1 230r
area 1 23r
c
c -

c — bias parwters
c— derived fr~ xtraptwith fdl ~ffusion approxhtion
c— (these=e parroters for derivingw fra xtrapt
c— adjotit fluxes).
c
c — adjointfluxes : por5xul.
c —no~ization cell : 3
c —no-ization grow : 2
c —no~ization weight : 0.5
c — ti~ weight allowed : 0.00001
c —~ weight ~lowed : 1.0
c —Uog weight value : 100000.0
c—
c —nbrofneutronwindows!: 5
c —n-r of photon w~dows-: o
c — n-r of _ cells : 231
c
wwp:n 535
-:n 4.1399-71.013-42.6058-22.7253 17.333
wwnl:n 5.4376e-03 5.4376e-03 5.4376et02 5.4376e+02

1.3183e-02 1.2343e-01 5.4376e-03 5.4376e-03
5.4376e-03 5.4376e-03 3.9857e-01 5.4376*O2
2.7765et02 7.5563e-01 6.5276e-02 1.8178e-01
5.4376e-03 5.4376e-03 5.4376e-03 2.7976e-02
6.9505W01 5.4376e+02 7.8168etOl 1.2746e+O0
1.8776e-01 1.5314e-02 5.4376e-03 5.4376e-03
2.9537e-02 2.9537e-02 1.0680etOl 5.4376e+02
6.0885etO0 1.9371etO0 4.l142e-01 8.4630e-02
2.2850e-02 2.2851e-02 1.0777e-01 1.0777e-01
5.4376et02 3.0382-01 1.0628e+O0 2.2054e-01
1.0598e-02 5.4376e-03 5.4376e-03 5.4376e-03
2.0858e-02 2.9028etO0 5.437-02 3.6225*O1
2.2052e-01 1.0528e-01 1.0603e-02 5.4376e-03
5.4376e-03 1.9844e-02 1.9844e-02 3.4659tiO0

1.8431e-01
5.4376e-03
5.4376s+02
7.0702e-03
2.7976e-02
3.1653e-01
5.4376e-03
7.8002~01
2.2850e-02
6.4436e+O0
1.0523e-01
2.0858e-02
9.3802e-01
5.4376e-03
5.4376et02
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5.6288e+Ol 4.8798e-01 5.6185e-02 8.8100e-02 5.4376e-03
5.4376e-03 5.4376e-03 5.4376e-03 1.2737e-02 1.2737e-02
6.3683-00 5.4376e+02 7.7442etOl 1.1057e+Ol 2.2675etO0
6.0164e-01 2.0593e-01 9.7778e-02 9.7778e-02 9.7799e-02
2.8976e-01 2.8976e-01 5.1704etO0 4.0053et02 1.0606e+Ol
1.2840e+O0 2.5166e-01 6.2879e-02 1.7525e-02 8.2302e-03
8.2302e-03 8.2311e-03 2.9484e-02 2.9484e-02 7.l153e-01
4.1813e+02 1.1420etOl 1.4398e+O0 2.5168e-01 6.2878e-02
1.7524e-02 9.8269e-03 9.8269e-03 9.8282e-03 3.3765e-02
3.3765e-02 7.6667e-01 2.0561w02 4.7561e+O0 4.9360e-01
1.0839e-01 2.6856e-02 6.5165e-03 5.4376e-03 5.4376e-03
5.4376e-03 1.0606e-02 1.0606e-02 3.1804e-01 5.4376et02
5.4376et02 5.2172e+Ol 6.3354e+O0 6.3354e+O0 1.7651etO0
8.3526e-01 8.3526e-01 8.3583e-01 8.3583e-01 2.3211etO0
3.0391e+Ol 1.4502et02 1.4502et02 3.5676*OO 5.3502e-01
5.3502e-01 1.4243e-01 5.1731e-02 5.1731e-02 5.1760e-02
5.1760e-02 1.5475e-01 2.1337e+O0 2.2354e+02 2.2354et02
5.4783e+O0 8.0092e-01 8.0092e-01 2.1635e-01 8.2825e-02
8.2825e-02 8.2873e-02 8.2873e-02 2.4264e-01 3.2576etO0
5.8205e+Ol 5.8205e+Ol 1.4125etO0 1.9358e-01 1.9358e-01
4.8765e-02 1.8193e-02 1.8193e-02 1.8202e42 1.8202e-02
5.7382e-02 8.5697e-01 5.4376e+02 5.4376et02 1.9501e+02
4.3795etOl 4.3795e+Ol 1.8594e+Ol 1.l175e+Ol 1.1175*O1
1.l188etOl 1.l188e+Ol 2.2115e+Ol li2401e+02 3.1569et02
3.1569e+02 1.7356etOl 3.1466etO0 3.1466e+O0 1.3307~00
1.0193e+O0 1.0193etO0 1.0204e+O0 1.0204etO0 2.0302etO0
1.l171etOl 3.1575et02 3.1575et02 1.7358etol 4.0853etO0
4.0853e+O0 1.7341*OO 1.0194e+O0 1.0194e+O0 1.0205etO0
1.0205e+O0 2.0303e+O0 1.l172etOl a.3890etol 8.3890e+Ol
4.6086etO0 1.0557e+O0 1.0557eto0 4.3674e-01 2.5267e-01
2.5267e-01 2.5294e-01 2.5294e-01 5.1594e-01 2.9604etO0
-1.0000e+OO

m2:n 1.7757e-02 5.4350e-04 1.5880etO0 1.5880e+O0 9.6258e-02
1.9247e-02 1.1756e-02 1.9036e-03 4.5802e-04 4.2660e-04
4.6101e-04 2.0273e-03 9.2488e-03 7.7646e-01 1.5880etO0
1.5880e+O0 3.2581e-01 5.6523e-02 8.4317e-02 6.37a2e-03
7.9420e-04 7.6414e-04 7.9513e-04 9.9312e-03 9.9312e-03
1.3818etO0 1.5880~00 1.5880e+Oo 1.5880e+O0 3.2129e-01
2.0132e-01 1.9183e-02 3.7223e-03 3.3823e-03 3.72a8e-03
4.2937e-02 4.2937e-02 l.saaoetoo 1.5a80e+oo 1.5880e+O0
1.5880etO0 8.6552e-01 2.2900e-01 5.6212e-02 1.6773e-02
1.6773e-02 1.6965e-02 6.0314e-02 6.0314e-02 1.5880e+O0
1.5880etO0 1.58aoe+oo 7.0903e-01 1.l152e-01 4.3747e-02
9.0062e-03 2.5991e-03 2.5991e-03 2.6214e-03 2.1023e-02
2.1023e-02 6.2600e-01 l.sasoe+oo 1.5880e+O0 6.0060e-01
1.1429e-01 4.4277e-02 9.2444e-03 2.1392e-03 2.1392e-03
2.1579e-03 1.8356e-02 1.8356e-02 5.8795e-01 1.58aoetoo
1.5880e+oo 2.5971e-01 4.7687e-02 1.9363e-02 4.1038e-03
1.0309e-03 1.0309e-03 1.0374e-03 8.5303e-03 a.5303e-03
3.0474e-01 1.5880e+O0 1.5880e+O0 1.5880e+O0 1.3679e+O0
4.2220e-01 1.7796e-01 9.6109e-02 9.6109e-02 9.9062e-02
3.0572e-01 3.0572e-01 1.5880e+O0 1.5880aO0 1.5880e+O0
1.0978e+O0 1.7900e-01 5.2649e-02 2.0479e-02 1.1504e-02
1.1504e-02 1.1829e-02 4.5590e-02 4.5590e-02 7.0268e-01
1.5880e+O0 1.5880e+oo 1.1712e+O0 1.7892e-01 5.2624e-02
2.0222e-02 1.2029e-02 1.2029e-02 1.2354e-02 4.8261e-02
4.8261e-02 7.4323e-01 1.5a80e+oo 1.5880e+O0 4.6283e-01
8.2036e-02 2.3525e-02 8.7609e-03 4.0469e-03 4.0469e-03
4.1419e-03 1.8180e-02 1.81aoe-02 3.0805e-01 1.5880e+O0
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1.5880e+O0 1.5880e+O0 1.5880e+O0 1.5880e+O0 1.5880e+O0
1.4073etO0 1.4073e+O0 1.4452e+O0 1.4452e+O0 1.5880e+O0
1.5880etO0 1.5880e+O0 1.5880e+O0 1.5880e+O0 7.5695e-01
7.5695e-01 2.9543e-01 1.0399e-01 1.0399e-01 1.0656e-01
1.0656e-01 3.5910e-01 1.5880e+O0 1.5880wO0 1.5880e+O0
1.5880e+O0 1.l149e+O0 1.l149e+O0 4.3249e-01 1.6244e-01
1.6244e-01 1.6680e-01 1.6680e-01 5.4930e-01 1.5880HO0
1.5880e+O0 1.5880e+O0 1.5880e+O0 2.7938e-01 2.7938e-01
1.1265e-01 3.7097e-02 3.7097e-02 3.7806e-02 3.7806e-02
1.3673e-01 1.5880*00 1.5880-00 1.5880*00 1.5880-00
1.5880*00 1.5880etO0 1.5880e+O0 1.5880e+O0 1.5880e+O0
1.5880*00 1.5880+00 1.5880e+O0 1.5880e+O0 1.5880etO0
1.5880e+O0 1.5880e+O0 1.5880-00 1.5880e+O0 1.5880e+O0
1.5880e+O0 1.5880*00 1.5880e+O0 1.5880e+O0 1.5880etO0
1.5880etO0 1.5880-00 1.5880etO0 1.5880e+O0 1.5880e+O0
1.5880-00 1.5880-00 1.5880e+O0 1.5880etO0 1.5880e+O0
1.5880e+O0 1.5880etO0 1.5880etO0 1.5880e+O0 1.5880e+O0
1.5880etO0 1.5880*00 1.5880e+O0 1.1394e+O0 6.7161e-01
6.7161e-01 6.9171e-01 6.9171e-01 1.5656*OO 1.5880etO0

-1.0000e+OO
-3:n 2.4622e-01 9.9597e-03 7.4392e-01 7.4392e-01 1.0193e-01

2.5989e-02 9.6579e-03 2.7290e-03 7.7101e-04 7.5365e-04
7.7837e-04 3.3590e-03 6.3425e-03 2.1031e-01 7.4392e-01
7.4392e-01 2.8421e-01 8.3287e-02 7.1040e-02 9.6361e-03
1.2119e-03 1.2386e-03 1.2144e-03 7.2849e-03 7.2849e-03
4.6718e-01 7.4392e-01 7.4392e-01 7.4392e-01 6.9575e-01
3.9413e-01 5.0412e-02 8.6695e-03 8.6385e-03 8.7032e-03
1.0651e-01 1.0651e-01 7.4392e-01 7.4392e-01 7.4392e-01
7.4392e-01 7.4392e-01 3.8527e-01 1.0286e-01 3.1077e-02
3.1077e-02 3.1603e-02 1.0566e-01 1.0566e-01 7.4392e-01
7.4392e-01 7.4392e-01 7.4392e-01 1.4784e-01 6.5230e-02
1.4425e-02 4.3630e-03 4.3630e-03 4.4091e-03 3.9864*O2
3.9864e-02 7.4392-01 7.4392e-01 7.4392e-01 7.4392e-01
1.5171e-01 6.6566e-02 1.4620e-02 3.1288e-03 3.1288e-03
3.1621e-03 2.6527e-02 2.6527e-02 7.4392e-01 7.4392e-01
7.4392e-01 3.6778e-01 8.6468e-02 3.4112e-02 8.8659e-03
1.9229e-03 1.9229e-03 1.9344e-03 1.2542e-02 1.2542e-02
4.2176e-01 7.4392e-01 7.4392e-01 7.4392e-01 7.4392e-01
7.4392e-01 3.4520e-01 1.8035+01 1.8035e-01 1.8771e-01
5.6850e-01 5.6850e-01 7.4392e-01 7.4392e-01 7.4392e-01
7.4392e-01 3.4843e-01 1.2118e-01 4.993-02 2.6799e-02
2.6799e-02 2.7828e-02 1.2044e-01 1.2044e-01 7.4392e-01
7.4392e-01 7.4392e-01 7.4392e-01 3.4999e-01 1.2104e-01
4.8447e-02 2.5786e-02 2.5786e-02 2.6712e-02 1.2085e-01
1.2085~01 7.4392e-01 7.4392e-01 7.4392e-01 7.4392e-01
1.7893e-01 6.2291e-02 2.5493e-02 1.1093e-02 1.1093e-02
1.1453e-02 5.2194e-02 5.2194e-02 7.4392e-01 7.4392e-01
7.4392e-01 7.4392e-01 7.4392e-01 7.4392e-01 7.4392e-01
7.4392*O1 7.4392e-01 7.4392*O1 7.4392e-01 7.4392e-01
7.4392e-01 7.4392e-01 7.4392e-01 7.4392e-01 7.4392e-01
7.4392e-01 7.4392*O1 4.2981e-01 4.2981e-01 4.5174e-01
4.5174e-01 7.4392e-01 7.4392*O1 7.4392e-01 7.4392e-01
7.4392e-01 7.4392e-01 7.4392e-01 7.4392e-01 6.0480e-01
6.0480e-01 6.3601e-01 6.3601e-01 7.4392e-01 7.4392e-01
7.4392e-01 7.4392e-01 7.4392e-01 7.4392e-01 7.4392e-01
5.2445e-01 1.7199e-01 1.7199e-01 1.7895e-01 1.7895e-01
7.3665*O1 7.4392e-01 0.0000etOO 0.0000e+OO 7.4392e-01
7.4392e-01 7.4392e-01 7.4392e-01 7.4392e-01 7.4392e-01
7.4392e-01 7.4392e-01 7.4392e-01 7.4392e-01 7.4392e-01
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7.4392e-01 7.4392e-01 7.4392e-01 7.4392e-01 7.4392e-01
7.4392e-01 7.4392e-01 7.4392e-01 7.4392-01 7.4392e-0~
7.4392e-01 7.4392e-01 7.4392e-01 7.4392e-01 7.4392e-01
7.4392e-01 7.4392e-01 7.4392e-01 7.4392e-01 7.4392e-01
7.4392e-01 7.4392e-01 7.4392+01 7.4392e-01 7.4392e-01
7.4392e-01 7.4392e-01 7.4392e-01 7.4392e-01 7.4392e-01
7.4392e-01 7.4392e-01 7.4392e-01 7.4392e-01 7.4392e-01
-1.0000e+OO

m4:n 5.0000e-01 1.9691e-01 5.0000e-01 5.0000e-01 1.2681e-01
3.8540e-02 1.3447e-02 5.7967e-03 2.2949e-03 2.1411e-03
2.3194e-03 5.6218e-03 1.0135e-02 1.1683e-01 5.0000e-01
5.0000e-01 2.7700e-01 1.1096e-01 4.7649e-02 1.4083e-02
3.1627e-03 3.1948e-03 3.1849e-03 9.7673e-03 9.7673e-03
1.7272e-01 5.0000e-01 5.0000e-01 5.0000e-01 4.1226e-01
1.5339e-01 4.4614e-02 1.3383e-02 1.2935e-02 1.3586e-02
5.9066e-02 5.9066e-02 5.0000e-01 5.0000e-01 5.0000e-01
5.0000e-01 5.0000e-01 2.6053e-01 1.0159e-01 3.6332e-02
3.6332e-02 3.7116e-02 1.0615e-01 1.0615e-01 5.0000e-01
5.0000e-01 5.0000e-01 3.9516e-01 1.1521e-01 4.45’61e-02
1.5153e-02 5.7299e-03 5.7299e-03 5.8020e-03 2.1759e-02
2.1759e-02 2.6441e-01 5.0000e-01 5.0000e-01 3.6032-01
1.1377e-01 4.3817e-02 1.4560e-02 4.7054e-03 4.7054e-03
4.7644e-03 1.8428e-02 1.8428e-02 2.2288e-01 5.0000e-01
5.0000e-01 2.0942e-01 6.6158e-02 2.4679e-02 8.5653e-03
3.0691e-03 3.0691e-03 3.0952e-03 1.0104e-02 1.0104e-02
1.2849e-01 5.0000e-01 5.0000e-01 5.0000e-01 5.0000e-01
3.5682e-01 1.7739e-01 1.0527e-01 1.0527e-01 1.0806e-01
2.4056e-01 2.4056e-01 5.0000e-01 5.0000e-01 5.0000e-01
5.0000e-01 1.7164e-01 6.9973e-02 3.1813e-02 1.9478e-02
1.9478e-02 1.9909e-02 5.0191e-02 5.0191e-02 3.8875e-01
5.0000e-01 5.0000e-01 5.0000e-01 1.6726e-01 6.7164e-02
2.9747e-02 1.7888e-02 1.7888e-02 1.8290e-02 4.7680e-02
4.7680e-02 3.7966e-01 5.0000e-01 5.0000e-01 3.3978e-01
1.0372e-01 4.1477e-02 1.8368e-02 9.5938e-03 9.5938e-03
9.7782e-03 2.5862e-02 2.5862e-02 2.1399e-01 5.0000e-01
5.0000e-01 5.0000e-01 5.0000e-01 5.0000e-01 5.0000e-01
5.0000e-01 5.0000e-01 5.0000e-01 5.0000e-01 5.0000e-01
5.0000e-01 5.0000e-01 5.0000e-01 5.0000e-01 5.0000e-01
5.0000e-01 2.7805e-01 1.3206e-01 1.3206e-01 1.3544e-01
1.3544e-01 3.3234e-01 5.0000e-01 5.0000e-01 5.0000e-01
5.0000e-01 5.0000e-01 5.0000e-01 3.3009e-01 1.5837e-01
1.5837e-01 1.6231e-01 1.6231e-01 3.9974e-01 5.0000e-01
5.0000e-01 5.0000e-01 5.0000e-01 3.8364e-01 3.8364e-01
1.4566e-01 6.8054e-02 6.8054e-02 6.9585e-02 6.9585e-02
1.7728e-01 5.0000e-01 5.0000e-01 5.0000e-01 5.0000e-01
5.0000e-01 5.0000e-01 5.0000e-01 5.0000e-01 5.0000e-01
5.0000e-01 5.0000e-01 5.0000e-01 5.0000e-01 5.0000e-01
5.0000e-01 5.0000e-01 5.0000e-01 5.0000e-01 5.0000e-01
5.0000e-01 5.0000e-01 5.0000e-01 5.0000e-01 5.0000e-01
5.0000e-01 5.0000e-01 5.0000e-01 5.0000e-01 5.0000e-01
5.0000e-01 5.0000e-01 5.0000e-01 5.0000e-01 5.0000e-01
5.0000e-01 5.0000e-01 5.0000e-01 5.0000e-01 5.0000e-01
5.0000e-01 5.0000e-01 5.0000e-01 5.0000e-01 5.0000e-01
5.0000e-01 5.0000e-01 5.0000e-01 5.0000e-01 5.0000e-01
-1.0000e+OO

-5:n 6.5593e-01 6.5593e-01 6.5593e-01 6.5593e-01 2.0210e-01
7.8339e-02 2.9105e-02 1.6076e-02 1.0422e-02 9.6449e-03
1.0641e-02 1.5536e-02 2.4605e-02 1.7456e-01 6.5593e-01
6.5593e-01 2.3103e-01 1.0401e-01 4.6624e-02 2.3474e-02
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1.1987e-02 1.1445e-02 1.2216e-02
1.3353e-01 6.5593e-01 6.5593e-01
7.4292e-02 3.8532e-02 2.1708e-02
4.1334*O2 4.1334e-02 2.2691e-01
5.2755e-01 2.4782e-01 1.2794e-01
4.0502e-02 4.1381e-02 7.5969e-02
6.5593e-01 6.5593e-01 2.6989e-01
3.0300e-02 1.6086e-02 1.6086e-02
3.3423e-02 1.7551e-01 6.5593e-01
1.1077e-01 5.3539e-02 2.8525e-02
1.5151e-02 3.1281e-02 3.1281-02
6.0373e-01 1.9382e-01 7.4164e-02
1.1271e-02 1.1271e-02 1.1454e-02
1.1919e-01 6.5593e-01 6.5593e-01
2.1428e-01 1.3491e-01 9.4057e-02
1.6281e-01 1.6281e-01 6.3185e-01
3.9118e-01 1.5444e-01 8.1239e-02
3.5943e-02 3.6887e-02 6.5540e-02
6.5593e-01 6.5593e-01 3.7687e-01
4.6030e-02 3.2707e-02 3.2707e-02
6.1201e-02 2.6451e-01 6.5593e-01
1.0329e-01 5.3342e-02 3.2002e-02
2.1865e-02 3.9569e-02 3.9569e-02
6.5593e-01 6.5593e-01 6.5593-01
4.4861e-01 4.4861e-01 4.5836e-01
6.5593e-01 6.5593e-01 6.5593e-01
4.4258e-01 2.2366e-01 1.3216e-01
1.3562*O1 2.5696e-01 6.5593e-01
6.5593e-01 4.964-01 4.964-01
1.4945-01 1.5339e-01 1.5339e-01
6.5593e-01 6.5593e-01 6.5593e-01
1.3444e-01 7.8026e-02 7.8026e-02
1.544-01 6.5593e-01 6.5593e-01
6.5593e-01 6.5593-01 6.5593e-01
6.5593e-01 6.5593e-01 6.5593-01
6.5593e-01 6.5593e-01 6.5593e-01
6.5593e-01 6.5593e-01 6.5593e-01
6.5593e-01 6.5593e-01 6.5593e-01
6.5593e-01 6.5593e-01 6.5593e-01
6.5593e-01 6.5593e-01 6.5593-01
6.5593e-01 6.5593-01 6.5593e-01
5.5474e-01 5.6948e-01 5.6948e-01
-1.000oeoo

w 24 3 1.0 3.5 19.05 0
We:n 4.13-7 2.606-220
r- 0.8

1.9814e-02
3.6752e-01
2.0162e-02
6.5593e-01
7.3619e-02
7.5969e-02
1.1432e-01
1.6399e-02
6.5593e-01
1.4847e-02
1.6684e-01
3.4342e-02
2.1263e-02
6.5593e-01
9.4057e-02
6.5593e-01
4.9417e-02
6.5540e-02
1.4780e-01
3.3596e-02
6.5593e-Dl
2.1341e-02
1.7524e-01
6.5593e-01
4.5836e-01
6.5593e-01
1.3216e-01
6.5593e-01
2.4892e-01
2.9222e-01
2.6836e-01

“7.9840e-02
6.5593e-01
6.5593e-01
6.5593e-01
6.5593e-01
6.5593e-01
6.5593e-01
6.5593e-01
6.5593e-01
6.5593e-01
6.5593e-01

prob14 — test generalsourceb repeatedst=tiures.

1.9814e-02
1.5445e-01
2.2221e-02
6.5593e-01
4.0502e-02
3.5231e-01
5.5863e-02
3.3423e-02
2.6242e-01
1.4847e-02
6.5593e-01
1.8415e-02
2.1263e-02
3.8911e-01
9.6401e-02
6.5593e-01
3.5943e-02
2.7761e-01
7.6900e-02
6.1201e-02
2.5556e-01
2.1341-02
6.5593e-01
6.5593e-01
6.5593e-01
4.4258e-01
1.3562e-01
6.5593e-01
1.4945e-01
6.5593e-01
2.6836e-01
7.9840e-02
6.5593e-01
6.5593e-01
6.5593e-01
6.5593e-01
6.5593e-01
6.5593e-01
6.5593e-01
6.5593e-01
5.5474e-01
6.5593e-01

1
2
3
4
5
6
7
8
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15-. -7 #2 #3 #4 #5 #6 ~:n=l
o 1-2-345-6 ~:n=2 trcl=2 fill=l
like 2 M trcl=3
like 2 but trcld
like 2 but trcl=5 ~:n=l
like 2 but trcl=6
o 7 ~:n=O
o 8 -9 -10 11 @:n=l trcl=(-.9.9 O) fill=2u=l



9
10
11
12
13
14
15
16

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

Sdef
#

si2
sp2
si3
sp3
si5
sp5
si6
sp6
si7
sp7

like 8 but trd=(.9 .9 O)
like 8 but trcl=(.1-.9 O)
2 -18 #8 #9 #10 ~:n=l u=l
2 -18 -12 ~:n=l trcl=(-.3.3 0) u=2
like 12 but trcl~(.3 .3 O)
like 12 but trcl=(.3-.3 O)
like 12 but trd=(-.3 -.3 O)
1 -.5 #12 #13 #14 #15 u=2 ~:n=l

px -2
py 2
px 2
py -2
pz -2
pz 2
so 15
px -.7

PY .7
px .7

PY --7 ~1993 by Xerox C´P7•ration and MicroÈP7•cs, Inc. All rigÜP7•reserved.••19-Ap.
Cz .1 1

era cel-:d3:0 rad~ ext~6 axs=o O 1 pos47
sil Spl sbl
10 0
3 .22 .05
4 .08 .05
5 .25 .1
6 .18 .1
7 .07 .2
8 .1 .2
9 .05 .1
11 .05 .2
123456
11111

1 8 9 10
111

0 .1
-21 1
-2 2
01
1.3.30 .3-.30 -.3 .3 0 -.3 -.3 0
1111

fcl:n 13j -.5 $ formalcollisionin lev.ne.Ogea crashes~p4.2
m 6012.40c1
* 92235.40C1
pertl:n cell=l,16 ~1.o
pefi2:a cell=l,16 ~1.7
pe*3:a =11=1,16 rM--3.5
pefi4:n -11=1,16 rb~6.O
drxs
tr2 -6 7 1.2
tr3 7 61.1
tr4 8 -5 1.4
tr5* -1 -4 1 40 130 90 50 40 90 90 90 0
tr6 -9 -2 1.3
f4:n 12 13 14 15 $ don of all 15 cell 12s, 13s, etc.

(12 13 14 15<(U=1)) $ s- as previousline, i h-
(12 13 14 15<u=2<u=1) $ each cylindertalliedseparately
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sd4 1.88495553r $ 1st t~lY lfie - 15 x volm of cell 12, 13, etc.

1.88495553r $ 2ndtallY line - 15 x volm of cell 12, 13, etc.

0.12566373r $ 3rdtallY line - volm of cell 12, 13, etc.

fq f e
cut:n le20 .1
nps 20000000
f7:n (12cu=2<2)(12<2) $ ea~ call 12 in cell 2, plus union

(13cu=2c3)(13<3) $ each cell 13 h cell 3, plus mien
(14a=2<5) (14<5) $ each cell 14 in cell 5, plus tion

(15<u=2<6)(15<6) $ each cell 15 in cell 6, plus union
sd7 2.26194666.7858398 $ -ss of cell 12, 3 x=ss of cell 12

2.26194666.7858398 $ ~SS of 0s11 13, 3 x ~ss of cell 13

2.26194666.7858398 $ -ss of cell 14, 3 x -ss of cell 14
2.26194666.7858398 $ -ss of cell 15, 3 x-ss of cell 15

fq7 f e
totnu
prtit -98
pr~ 2j -1

B. Photin Fixd-Sour~P~blem

1. T- Problem-.

prob4 -- photons
1 1 .02 -1 $ urtimhYdri& =1 with point source
2 2 .1 -2 1 3 4 $ ur-=-lit~~ S*11
3 0 2 $ zero-~rt-~ outsi~ ~rld
4 2 .1 -3 5
5 2 .1 -4 6
6 2 .1 -5
7 2 .1 -6

1 so 10
2 80 20
3 s -10 2r 2.1
4 s 10 2r 1.1
5 s -10 2r 1.9
6 s 10 2r .9

mde p

*:P1101 1 hh
m 92000 1 1000 3
* 92000 1 30003
~l:p -1=1 -.0235

-:P C-1=1 ~.0270
pe*3:p Cel=l G.0350
~4:p til=l -.0400
c ~oenergetic isotropic point source at (0,0,0)
sdef e~3 cel=l
eO .01 .1 1 5
f6:p 1 2 6 7 $ heatin9 t~lY
fsx:p 12 1s 1
f4:p 1 2 6 7 $ flux tally
fq4 e f
fq6 fe
fq5 ed
fq25 e d
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fzzs:p -12 15 -1 -7 7 2

dd o 100 .01
dd5 -.1
*S 25000
pr~t -90 -98 -20 -80
prm z~ -1
c ti:p -lo 2r 1 2 10 a 1 1 .01 .005

ec:pllo .9 .9 .1 .1

> 110 .13r
c dd2 o 100 .00s .&
de25 .018i .18i12
df25 lin .8 18i .99
phys:p .05
~:p .1 .01 .5 .2 .8
cf4 4
cf6 5

1. ~tPmblm~PIO.

prob10 generaltest probl~ /x6~de/~prob

1
2
3
4
5
6
7
8
9
10
11
12
13

1
2
4
5
6
7
8
9
10
11
12
13
14
20
21
31
32.
33
34

1--6.4
0
2 -1
3 -8.94
0
4 -2.25
2 -1
2 -1
4 -2.25
2 -1
3 -8.94
0
2 -1

px o
px 10
px 11.9

1 -2 -3132 -33 34
10 -4 -12 #1
4 -14 -12 5
-5 6
-6
7 -8 -12
8 -9 -12
9 -12
11 -10 -12
-11 -12
12 -13
13
14 -7 -12 5

tx3000201818
tx3000201515
px50
px70
px90
px-20
px-so
W40
OX45
px30
Oxlo
OX25
pys
py-5
pzs
pz-5

mde np
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m 29000.401 8016.40 1
m 1001.002 8016.40 1
W 29000.401
n4 6012.401
pertl:n,p au=4,11 ~7.90
~rt2:n,p -114,11 ~-6.90
pert3:n,p -11=4,11 --3.50
psrt4:n,p oeu=4,11 --1.00
~:n 11222421 .5 .25104
@:P 11222421 .5 .25104
sdef e~~ vec=l O 0 di=~pos=5 O 0 rad~ -1=1
Spl -3
sb2 -31 1.2
si3 8.67
f4:n 6
f14:p 6
fq s e
fs -20 -21
phys:n j le-6
phys:p 1 0
nps 3000000
pr~ 2j -1
pr~t 20 -70 50 -72 100 -30 -98

2. T~tPmbl- ~P~.

probll -- titertw~d s-r pretzelswith s(a,b),mde n p
1
2
3
4

5
6

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

m

1 -7.8
2 -2.66
3 -9
4 -.5

0
0

tx o 0 0
ty o 0 0
tz o 0 0

-1:-2:-3 6 pretzelof tori
-4:-5:-6:-7:-8:-9:-10:-11$ =* Of ellipsoids
-12 -13:-14:-15:-16:-17:-18:-19:-20:-21$ toys
12345 67891011(12:13) $ spax between
14 15 16 17 18 19 20 21 -22
22 6 zero-~rtm- otisideworld
-23 -24 -25 26 $ coo=e-atter -11

10 2 2
12 2 2.s
10 3 4

sq.02811000-l 0155 ‘
Sql .004481000-1-50 5
Sqll .028000-1-5-150
Sql .004481000-1-50-5
sq.02811000-l 015-5
Sql .004481 0 0 0 -1 5 0 -5
sqll .028000-15-150
Sql .0044810 00-1505
Sq.lo .05010-40-1117
Sq .1 0 .07 0 -.3 0 -10 0 -1 16
sq.05 .21OOO-16O-6-2O
Sql .11000-4014-14
Sqll .1000-4014-14
S O 4.5 22.5 2
S O 6.5 22.5 2
s05.5184
s o 4.5 14 1
s06.5141
S030
pz9



24 C}y 1 .510
25 py -18.5
26 py -21.5

d 92235.40C 1
mz 14000.40c 1 8016.40c2
m3 29000.40C1
m4 1001.OOC2 8016.40c1
mt4 lwtr.Olt
pertl:n,p til=l ~8.75 ~;;~tiaeesetittilY4
pe*2:n,p C-1=1 ~9.50 ~sse tittily 4
pert3:n,p -1=1 ~lo.go $ 20%
pe*4:n,P *1=1 --12.00 $ 30*

~eee tittily 4
~ese tittily 4

imp:nlll 100
mode np
c monodirectionalSU- on plme with aokie ~ter
sdef PsO-200 tirl wc .051 .1 rad~ sxs .051 .1

CCC6 eTd2
Sil 012
si2 le-8 .001
Spz o 1
mt:n 1000 0 .2 .1
fq f e
f4:n 123
sd4 (1) (1) (1)
fc4 wl~s=l. sottily iswl~-tit~ated fl~
e4 le-7 .00120
fll:p 123t
tfll 4
tmpl 4e-83rO0
nps 5000000
prtit -98-85
pr~2j-1

D. Cfitidity Pmbl-

1. T-tPmbl-~~.

prob9 -- kcode in c~liceted cells end sdef
i
2
3
4

1
2
3
4
5
6
7
9
10
11
12
13
14

1 -14.1 -1 2 3’(-4:-16)5-6(12:13:-14)(10:-9:-11:-7:6)15
2 -7.58 -10 9 11 7 -6 -1:2 -12 14 -6 -13 3
3 -.01 -17(1:-2:-5:6:-3:-15:164)
o 17

pz 10
pz -10
py -lo
py 10
px -lo
px 10
px -1
py -2
py o
pz 5
PZ -8
py -3
px 2
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15 3 kx 1 .3 1 $ -4.2 cone rotation- (X-6:E~-92-337)
16 2 kz 13 1 -1 $ -4.2 ~ne rotation‘g ‘x-6:Ha-g2-33’)
17 so 20

*:n

tr3
tr2
kcode
Sdef
sil
Spl
si3
sp3
si2
sp2
ti
d
*

1110
0 0 0 0-1 0 1 0 0 0 0 1
0 0 0 1 0 0 0 0-1 0 1 0
1s00001 10 210
cel=l x=d3 ~ Zd
-lo 10
01

-lo 10
03
-lo 10
02
92235.40c1 $ test of getting 92235.51cfistead
29000.40c-1 $ test getting29000.51Cinstead
8016.40c1 7014.40c1

pe=l:n cal=3 ~o.ag
pert2:a C-1=3 =-0.90
peti:a C-1=3 =-2.00
pert4:n cal=3 S-3.O
print -98
prm 2j -1
f7:n 123
Vol 1 j 1
f~ e f
f4:n 123
fi4:n 1
-4 -1 1 -6 -7
-4 1
fc14 keff ea~r for * 1
eO .162524 .266043 .358425 .445672 “530293 -613680

.696783 .780264 .864702 .9505401.0382861.1283261.221111
1.3172061.4170701.5213021.6306461.7459291.8680731.998282
2.1380462.2892592.4543562.6367072.8408303.0735183.344965
3.6721344.0864204.6562345.5887259.000000

c s- - 1

2. T=tPmblm~18.

prob18 — kcode b a ~-w@ pri= lattice
c
30
31
37
34
32
33
35
36
c
38
39
40
41
c
140

62

three Wf controlrods
o -905 -19 29 1 fill=l
O -906-19 29 1 fill=l
o -907 -19 29 1 fill=l
0-913-1929 fill=l
o -914 -19 29 fill=l
o -915 -19 29 fill=l
O -916 -19 29 fill=l
o -917 -19 29 fill=l

and fiw whle controlrode.

(16.7113O O)
(-16.7113O O)
(O 11.9185O)
(10.32175.9592
(8.355714.4724
(-8.355714.4724
(-10.32175.9592

&verse 1: structureof controlrod.
11 -2.02 -880 U=l $ controlrod
6 -8.4 880 -881 u=l $ controlrod
12 -1.00 881 -882 U=l $ mtrol rod
6 -8.4 882 U=l $ -trol rod

o)
o)
o)
o)

wre
tiadding
-P
sheath

the spa- between the controlwds, filledwith lattice.
o -17 1 29 -19 905 906 907 913 914 915 916 917 fill=2



c
42

c
23

c
154
149
144
159
141
162

tiverse 2: lattioeof fuel rods with water h Wtwe=.
12 -1.00 -301 302 -303 304 -305 306 U=2 lat=2 fill=
-37:27 -1:33 0:0 c
2 4r 3 9r 2 4r 3 llr 2 4r 3 llr 2 4r 3 9r 2
24r3 9r23X312r23r312r 23r39r21r
23r3 10r22r313r22r313r 22r310r21r
23r357r22rG
22r358r22r
22r3 16r22r317r22r316r 23r
22r315r23r316r 23r315r24r
21r315r24r315r 24r315r24r
21r315r23r316r 23r315r25r
21r3 15r22r317r22r315r 2 6r
21r354r27r6
-coder ~rGthru~t?

55r27r
2325r22r325r28r
2324r23r324r29r
2323r24r323r210r
2 3 15r 2 2r 3 4r 2 3r 3 4r 2 2r 3 15r 2 llr ,
2 3 14r 2 3r 3 4r 2 2r 3 4r 2 3r 3 14r 2 12r ,
2 3 13r2 4r 3 llr 2 4r 3 13r 2 13r
2 3 13r 2 3r 3 12r 2 3r 3 13r 2 14r
2 3 13r 2 2r 3 13r2 2r 3 13r 2 15r
2 3 46r 2 16r
2 3 45r 2 17r
2 3 44r 2 18r
2 lr 3 41r 2 20r
2 lr 3 40r 2 21r
2 lr 3 39r 2 22r
2 2r 3 36r 2 24r
2 2r 3 35r 2 25r
2 3r 3 32r 2 27r
2 4r 3 29r 2 29r
2 5r 3 26r 2 31r
2 6r 3 23r 2 33r
2 8r 3 18r 2 36r
2 llr 3 llr 2 40r
2 64r
miverse 3: stnaure of fuel rod latticeel~ts.
2 -13.75 -58 U=3 $ fuel el~t
12 -1.00 58 -268 U.3 $ -P
7 -19.66 268 -478 U=3 $ ltier
6 -8.4 478 -698 U=3 4 clamg
12 -1.00 698 U=3 $ water titwe= the fuel rods
o 17:-29:19:-1 $ outsideworld

*1 PY o $ x-z pl~e, reflective
17 Cz 29.135
19 pz 31.75 $topof reatior
29 pz -31.75 $ btta of reatior
58 c/z 3.4414 .8515 .3240
268 c/z 3.4414 .8515 .3345
478 c/z 3.4414 .8515 .3475
698 c/z 3.4414 .8515 .4318
880 Cz 1.7251
881 Cz 1.8051
882 CZ 1.9051

905 Cz 2.1055



906
907
913
914
915
916
917
301
302
303
304
305
306

C/Z 16.71130 2.1055
c/z -16.71130 2.1055
C/Z O 11.91852.1055
C/Z 10.32175.9592 2.1055
C/Z 8.355714.47242.1055
c/z -8.355714.47242.1055
c/z -10.32175.9592 2.1055
px 3.9330
pX 2.9498
P 1 1.73205080760 5.8994
P 1 1.73205080760 3.9330
P -1 1.73205080760 -.9834
P -1 1.73205080760 -2.9498

imp:n 1 18r O
ti 92235.40C -.70573 92238.40c -.23821 7014.40c -.05605
m6 41093.4OC -.99000 40000.40C -.01000
m7 74000.40C -.74000
ml 5010.03d -.6870 5011.40c -.0840 6012.40c -.2290
ti2 1001.OOC1 1002.55c1 8016.40c1
mt12 hwr.01 IWr.01
peml:n cal=42,141,40,149 ~1.so
pert2:n -1=42,141,40,149 ~2.30
pe*3:n ctil=42,141,40,149 ~4.oo
pert4:n cal=42,141,40,149 ~6.O

40000 1 10 210
ksrc 3 .2 .2 .23 .2-3 .2 .2 .23 .243 .2-43 .243 .1-43 .2
e .01 .1 1. 10.
fq f e
fc4 ful rod flu in 5 y locations aver- over 5 x elements
f4:n (154c(42[-1O:-6-1 01)) $averWe5xel ementsat j=-1

(154<(42[-10:-63 O])) & $ averam 5 x elementsat j=3
(154<(42[-10:-610 0])) $averaW5xel ~ts at j=10 &

(154<(42[-10:-621 O])) $averaw5xelemen ts at j=21
(154<(42[-10:-629 01)) $avera~5xel ementsat j=29

sd4 104.70890624r $5t_St*VOl_Of cell154
f14:n 154
-4 -1 2 -6 -7
-4 1 8

fc14 keffeemtor for & 154 ‘
print -98
prdmp 2j -1
c *rac @ffeqo file-+c -t-l ~~



MPEND~B

ADD~ONAL PERTURBA~ON~LES

L OVER~W

Theperturbationspresentedin Stion N of h r~ort sre tiberatiy simpbtic to f~fi-

tate the vfication effti The examplesgivenin this appendixreprxnt morewmplex perturba-

tions and demonstratethe flexibfity of the P~T Wd These exampk were derived from test

problem m (see AppendixA) d represent three mtegories of perturbations: voiding and

unvoiding,imposition md geometricpetibations, andsensitivityestimates.

A. VoidingandUnvoiding .

Voidinga A is simply an extensionof a densi~’ohange,using the bywords ~ and

MO on the ~T oar~ with the density set to zero. Unvoidinga d mot be btiy per-

fomed using this tetique; however,a simple solutionis to include them-in tie unper-

turbed problem.h h approad, the d of interestis modeld with tie m- md the P~T

=d simply voids tied. The sign of tie perturbationretits shodd be reversedin theme of

unvoiding.The foflowingMm exampleincludesa sphereof ~3 surroundedby a voidspheri-

d sheU and a kyer of ULi3.

Appendix B s~le problm 1
1 1 .02 -1 ~:pl $ ~3 inner sphere
2 0 1 -2 ~:~1 $ Void spheriml shell
3 2 .1 2 -3 ~:~1 $ ~i3 outer shell
4 0 3 ~:po $ ~siw world

1 so 10
2 so 10.5
3 so 20

mde p
m 92000 1 1000 3
m 92000 1 3000 3
sdef er96
fl:p 3
nps 25000

$ Uranim Hydride
$ Uraniw Lithi-
$ 6 MeV sour= at center
$ Currenton outer surface
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To unvoid wfl 2 with~i3, simply M MU2 with Ui3, add a P~T ~ that voids au 2, and

reverse the sign of the pe-bation estimatefor T~y 1.These mtiutions are ticluded in the

fohtig input file.

AppendixB s~le problm 1
1 1 .02 -1 *:P1
2 2 .1 1 -2 ~:~1
3 2 .1 2 -3 q:pl
4 0 3 -:-o

1 so 10
2 so 10.5
3 so 20

mde p

d 92000 1 1000 3
m 92000 1 3000 3
pefil:p C-1=2 a-o.
sdef erp6
fl:p 3
nps 25000

mi3 otier shell
Wtside world

Uranim Hytii*
Uranim Mtbim

6 WV so=ce at center
-rent on otier s-face

~early if onewan~ to unvoid a regionwith sevd differentma-, then separateruns must

B. Compo*tionand Geometic PefiurHom

A apposition _bation oanrange from a sfightvariationin atomor weightfi~tions to

a change in ma-. Variationsin atom or weight frations are straightforwardand r~uire ody

an additiod ma- -d, refl~g the fi~od chan~, and the use of the ~ and W

keywords on the P~T osrd (the WO keywordmay *O be used to alter the density).Problem

m of Stion W is sn apk of such a perturbation. ~ges in mti, on the other han~

are somewhatmore mpfiated. k tbis -e, the un-~ problemmust be retied sud

that ceW of interestantain a ~ of both~ . (theori~matiplusthe perturbation

mati). F~ ore, two P~T oards are W- to estimatethe *ge bmk to the original

materiald to the perturbationmati. FMy, these twoperturbationBdti must be properly

mbined to obtsin the over~ atimate for the ma= pewbation. Consider the previous

~ple, e-t that this time@ 2 is ~ed with ~3.



WUx B SWle probl- z
1 1 .02 -1 ~:Pl $ UH3-r sphere
2 1 .02 1 -2 S:P1 $- tier shell
3 2 .1 2 -3 ~:pl $ ~3 outer shell
4 0 3 *:Po $ Outsidemrld

1 so 10 ‘
2 so 10.5
3 so 20

-de p
d 92000 1 1000 3 $ Uraim Hydride
@ 92000 1 3000 3 $ Urani- Hthim
sdef e~6 $ 6 MV sour- at center
fl:p 3 $ -rent on outer surface
nps 25000

Theeff=t of changingd 2 from~3 to W3 a be es- withtie foflowingsteps.FKSL

W ~ 2 with a * e of ~3 and ~3. The new m- wd needed for this A w be

obtainedby simply adding the atomfitions of the separatema-. This sme appromh -

be used for weight titions as we~ & long as a si~wt amountof* ma- is in the

mixture, the way they are -bined is not important NexQadd two P~T wds — one that per-

turbsefl 2 bwk to ~3 and one thatperturbs~fl 2 to ~3. W leadzto thefo~owinginputfle.

AppendixB s~le probl- 2
1 1 .02 -1 *:v1 $ UH3 -r sphere
2 3 .06 1 -2 ~:pl $ ~ure of ~ - =3
3 2 .1 2 ‘3 -:P=l $ ~i3 outer shell
4 0 3 -:P=o $ ~tside ~rld

1 so 10
2 so 10.5
3 so 20

-de p
d 92000 1 1000 3 $ Ursnim Hydride
e 92000 1 3000 3 $ Uranim Uthim
m 92000 2 1000 3 3000 3 $ mf m m U3
pertl:p C*1=2 -t=l -.02
pert2:p C-1=2 mt=2 *.1
sdef ew6 $ 6 WV sourceat center
fl:p 3 $ Currenton outer surfa~
nps 25000

Notethatthedensi~of =fl 2ismnsistent with the mixtureof~3 and ~3. The exwt valueof

this density is not irnportan~as long as it k betweenthe densitiesof the two materiti. It shodd

*O be noted that the unperturbedrestits for Ttiy 1 WNchangefrom that of the previousinput
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fle, since they are now consistentwith the ~ of ma- in ce~ 2. FinWy,properlycom-

btig the perturbationresdts is important.To estimatethe changeof going~m UH3to ~3,

take P~T2 minus P~T1. To estimate the change of goingfim ~3 to UH3, take P~Tl

*US PmT2.

Geometric perturbationsare indudd in this section since they can be modd~ k most

cases, as ma- -bations. Such -bations areachievedinMW by oversp~ifying the

geometryin the regionof interest For e~ple, thepreviousproblemcanbe view~ asa geomet-

ricperturbationinthatitgivesthe estirnatieffectof the~i3 regionco~psing intotieUH3

region.k a s- manner, one coti ~ . r the effa of withdrawinga wntiol rod in a

nu~ear reactor.Simply model theregionofmotion as a separate~ and perturbthemateri~in

thatce~ from contiolrodma-to moderatormateri~,for_ple.

C Sensitivity_tes

Sensitivi&titions are *O possibk with the Pm card.me such dtitions typi-

dy includeordythe fit order-cient of the TaylorSties e~ansi~ in M~both the tit

and second ordercoefficientscan be sepsratiy obtainti. The ody trick to performing sensitivi~

dyses is creating~ . mds that produce IWYOincreasesk one or more constituentsof a

ma=. The general approachis to add a new mati card for each constituentof interest.h

these m- csrds, simplydouble the atom or weightfractionassociatedwith the constituentof

interest. To avoid fractid changes in the other constituents,the A density shoti be mtiti-

pfid by the ratio of the -bed fr@od sum to the unperturbedfictio~ sum, -e this

may sound ~ti~ k practice it is rather simple.For e-pie, to double (i.e., IWO increase)

thehydrogen inUH3, simplycreate a mati with one atom of uraniumfor every sk atoms of

hydrogen. To avoid perturbkg the fraction of uranium,the densityis increasd by the ratio of

(1~)/(1+3)=7/4. S_ly, to doubk the uraniumin UH3,ti two atomsof urtiurn with three

atoms of hydrogenandmdtiply the densityby (2+3)/(1+3)=5/4.h additionto obtainingsensitiv-

ities to 1- increasesin ptiti constituents,one can apply these inmeasesto specfic reac-

tions (i.e.,*tic, tiebtic, absorpti~ etc. cross sections)over a specfied energyrsnge with use

of the ~ and ~G &ywords. By defti~ inmeasesare apphed to the toti cross section and

over d energies.The fo~owinginput fle gives e-pies of someof tiese combhations.



A~dix B S~le probl= 3
1 1 .02 -1 S:n=l
2 2 .1 1 -2 ~:n=l
3 2 .1 2 -3 ~:n=l
4 0 3 s:n=O

1 so 10
2 so 10.5
3 so 20

-de n
m 92235 1 1001 3
d 92235 1 30063
m 92235 1 1001 6
- 92235 2 1001 3
e 92235 1 3006 6
fi 92235 2 3006 3

$ UH3inner sphere
$ ~3 inner shell
$ ~i3 outer shell
$ ~tside world

=*1:= -1=1 mt=3 -.035 m=2~2
pert2:n Z1=l mt=4 -.025 m=lo2~2
pefi3:n *l=2mt=5 -.175 --2 ql,2~ -2
P*4:n al=2mt=6 ~.125 m=16m~-2 .
sdef erV6 66MVsourmatcenter
fl:n 3 $ Currenton outer surfa=
nps 50000

Notethat thiskputfilediffcrs frornthepreviouse~plesinthatithas beenswitiedtoneutron

mode to demonstrate the numerous rtions avtible for sensitivity tiysis. Mo note that

materi~ 3-6 areappfied ody b the P~T ~da and theyprovide l~o tieases in -h anstit-

uent of the two originalmateti. The tit P~T - gives the sensitivityof TWyl to a 1M70

inmeasein the hydrogen*tic orosssetion of UU 1.& onemighte- thisperturbationgen-

wates a ~ge positivesensitivityto Ttiy 1 (i.e., inmeasingthe hydrogen~atter ~ in-e tie

moderation which produ~ more fissions),The ~nd PBRT -d prod~s the sensitivityof

Ttiy 1 to a 1- in-e in the uranium(n,y)moss s~tion of ~fl 1.This sensitivity~fficient

is si@oant andnegative.The thirdP~T ~ gives tie sensitivityofTdy 1to a 1~90 timease

h the tithiumabsorptionmoss section(from 1-2Mew of ~~ 2. Beinga smti regionand a smd

energyrange, this sensitivityhas a smti negativevalue. The ht P~T wd produ~ the sensi-

tivity of TMy 1to a IW% inmeasein the uranium(n,2n)mosssmtion of WU2. Thissensitivity&

*O smti, but positive (i.e., kaeasing this oross swtion resdtz in more neutrons titing the

outer surfw). A destiption of the various~ vrduesu be found in Ref. 1. Note that these

four P~T wds use the -OD byword to obtain ody the first order coefficient.An addi-

tiond four P~T wds codd be added with -OD=3 to separatelyobtain the seoondorder

coefficients.



L ACTUALRESUTS

The “acti” perturbation restits presented b Shon ~ were d-ted by perfotig

four separateMm runs - one for each of the four perturbations.The percent changeh a My

was Atiated uskg the foUo*g standardquadon

~ (t -tu)
= x 100

tu

were ~ k the value of the unperturbed Wy and ~ k the value of the -bed Wy. The unper-

turbed My was obtied horn the ‘>rdcted” run &cussed Mow. H rUand rP are the rtitive

errors for ~ and ~, standard error propagation (sss-g the separate MCNP~ are hdepen-

OA
rA=T=

~ quation was usd to dcti the reMve error asstiti

rdts. Ckarly, as b etude of theperturbationvtih= (Le.,~-~-> O),therektive errorof

the changebecomesunbounded.Formost appfitions, h trendbecomesetident whenthemag-

titi of the _bation h less than 190(see the resdts for problems ~10 and ~12 ti

Stion ~, rentig M _bation approachUS*S.

~ PREDICTEDR~ULTS

me ‘~r-” _btion resdts presentedb SectionN werecdctited h one MCNP

run tith four P~T cards. h tition to gener~g the unpetibed My tith h run, each

P~T cardprodu~ the prdcted differem.d ctige k theMy of titerest for that_bation.

Thus, the percentchangeb theMy of titer- tiply &omea

.
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NPE~~D

NON-ST-~ RESPONSES

L L~~ R~PONSE ~NC~ONS

Thederivationof the tit and second order coefficientestimatorsis presenti in SectionU

with the assumptiontit the path segmentresponseestimator,~1,is independentof the pe~~

cross section, xb~). ~ is the case for standard flux (i.e., track-lengthestimator)ties. How-

ever, there are otherMonte &lo -dmators for which this is not the we, for example~, reac-

tion rate, heating, etc. We it is ~cdt to genertie the implicationsof such nonstandard

responses, the fo~owing sectionsdescrib the necessq mtications for tiear respo~ func-

tions.

A Pirst Order

wh~e now ~ is a fiction of xb~). For most applications,the My responseis a hear fiction

OfXb(h),~

tv = Ak “Xb(}z)

(e.g.,a track lengthes~ator of a reactionrate) in whichcase
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_——.——.—.

= 6Li(n, a)
{

1
Rlj

)
Ak

Ak. ~Li (n, a) t +7Li (n, n’)t]

6Li(n, a) t=
6Li(n, a) t + 7Li(n, n’)t

B. Sand Order

For s-rid order -bations, tie complexity ~y2j~ W~ ~x~t f*r ~Po~es hat

are a tiction of xb@);howevm,it is easy to showthat if ~ is a tiesr functionof xb@),then

*

a’tj
—o
ax;(h) =

and the seoondorder -ffitient estimatorbmes
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