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A PRIMER FOR CRITICALITY CALCULATIONS
WITH DANTSYS

by

Robert D. Busch

ABSTRACT

Withthe closureof manyexperimentalfacilities,the nuclearsafetyanalysthas to rely
on computercalculationsto identify safe limits for the handlingand storage of fissile
materials. Althoughdeterministicmethodsoftendonotprovideexactmodelsof a system,
a substantialamount of reliable informationon nuclear systemscan be obtainedusing
these methodsif the user understandstheir limitations. To guidecriticalityspecialistsin
this area, the NuclearCriticalitySafetyGroupat the Universityof NewMexico(uNM) in
cooperation with the Radiation Transport Group at Los Alamos National Laboratory
(LANL) has designed a primer to help the analyst understandand use the DANTSYS
deterministictransportcodefor nuclearcriticalitysafetyanalyses. (DANTSYSis the new
name of the group of codes formerlyknown as: ONEDANT,TWODANT,TWOHEX,
TWOGQ, and THREEDANT.) The primer assumes a collegeeducationin a technical
field, but there is no assumptionof familiaritywith neutronicscodes in general or with
DANTSYSin particular. The primeris designedto teachby example,with eachexample
illustratingtwo or threeDANTSYSfeaturesusefulin criticalityanalyses.

Starting with a Quickstart chapter, the primer gives an overview of the basic
requirementsfor DANTSYSinputand allowsthe user to quicklyrun a simplecriticality
problemwith DANTSYS. This chapteris not designedto explaineither the input or the
DANTSYSoptions in detail; it introducesbasic conceptsthat are fi.u-therexplained in
followingchapters. Eachchapterhas a list of basicobjectivesat thebeginningidentifying
the goal of the chapter and the individualDANTSYSfeatures covered in detail in the
chapterexampleproblems. On completionof the primer,it is expectedthat the user will
be comfortabledoingcriticalitycalculationswith DANTSYSand can handle60-80%of
the situationsthatnormallyarisein a facility.Theprimerprovidesa set ofbasicinputfiles
that can be selectivelymodifiedby the user to fiteachparticularproblem.

This primer provides a starting point for the criticality analyst using DANTSYS.
Completedescriptionsof input, output, and algorithmsare providedin the DANTSYS
manual. Althoughself contained,the primer is intendedas a companionvolumeto the
DANTSYSmanual. Specificexamplesof using DANTSYSfor criticalityanalysesare
providedin the primerwhilethe manualprovidesinformationon the use of DANTSYSin
all aspects of particle transportcalculations. A little extra time spent going throughthe
primer and doing the exampleswill save many hours of confusionand embarrassment
later. After studyingtheprimer,the user shouldfindit a valuabletool to help makegood,
solidcriticalityanalyseswithDANTSYS.
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INTRODUCTION

With the closure of many experimental facilities, the nuclear criticality safety analyst is

increasinglyrequiredto relyon computercalculationsto identifysafelimitsfor thehandlingandstorageof

fissilematerials. However,in manycasesthe analysthas littleexperiencewiththe specificcodesavailable

at his or her facility. ~pically, two types of codes are available:deterministiccodes such as ANISN or

DANTSYSthat solve an approximatemodelexactly,and MonteCarlo Codes such as KENO or MCNP

thatsolvean exactmodelapproximately.Oftenthe analystfeelsthatthedeterministiccodesare too simple

and will not provide the necessary information,so most modelinguses Monte Carlo methods. This

sometimes means that hours of effort are expended to produce results available in minutes from

deterministiccodes. A substantialamountof reliable informationon nuclear systems can be obtained

usingdeterministicmethodsif theuser understandstheir limitations.Toguidecriticalityspecialistsin this

area, theNuclearCriticalitySafetyGroupat the Universityof NewMexico(uNM) in cooperationwiththe

RadiationTransportGroupat Los AlamosNationalLaborato~ (LANL)has designeda primerto help the

analyst understand and use the DANTSYSdeterministictransport code for nuclear criticality safety

analyses. (DANTSYS is the new name of the group of codes formerly known as: ONEDANT,

TWODANT,TWOHEX,TWOGQ, and THREEDANT.)The primer assumes a college educationin a

technical field, but there is no assumption of familiarity with neutronics codes in general or with

DANTSYSin particular. The primer is designedto teachby example,witheach exampleillustratingtwo

or threeDANTSYSfeaturesusefulin criticalityanalyses.

Starting with a Quickstartchapter,the primer gives an overviewof the basic requirementsfor

DANTSYSinput and allowsthe user to quicklyrun a simplecriticalityproblemwith DANTSYS. This

chapter is not designedto explaineither the inputor the DANTSYSoptio”nsin detail; it introducesbasic

conceptsthat are furtherexplainedin followingchapters. Eachchapterhas a list of basic objectivesat the

beginningidentifyingthe goalof thechapterandthe individualDANTSYSfeaturescoveredin detailin the

chapterexampleproblems. On completionof the primer,it is expectedthat the user will be comfortable

doing criticalitycalculationswith DANTSYS,and can handle60 to 80% of the situationsthat normally

arise in a facility. The primerprovidesa set of basicinputfilesthatcanbe selectivelymodifiedby the user

to fiteachparticularproblem.

Afterdescribingthe inputrequirementsfor criticalitycalculationsin the previoussix chapters,the

seventhchapterof the primerprovidesinstructionon using DANTSYSto performsearcheson dimension

andconcentration.Thereis a wealthofunderstandingto be gainedthroughsimplesensitivitycalculations.

Deterministiccodes in general,and DANTSYSin particular,are idealfor these typesof analyses. In less

than an hour,with a fewinputchanges,severalanalysescanbe doneto determinethe effectsof parameters

on system multiplication. Examples of these analyses are: effect of uranium enrichment, impact of
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replacingaluminumwith steel, or effect of solutionheightin a vesselon the multiplicationfactor of the

system. This last chapterand the oneson inputrequirementsprovidea usefulreferencefor the specialist.

Besides the primer chapters, there are five appendicesdetailing:typical error messages and remedies,

formulasfor calculatingatomdensities,commonmaterialswithcompositionsanddensities,isotopesin the

167isotopeHansen-Roachlibrary,andmethodsfordeterminingsigma-pforHansen-Roachcrosssections.

This informationis providedin appendicesso as not to obscurethe basic informationillustratedin each

example.

Althoughmuchof the informationto do an analysisis providedfor the user in the primer,there is

no substitutefor understandingthe problemand the theoryof neutroninteractions. The DANTSYScode

can only analyzethe problemas it is specified;it will not necessarilyidentifyinaccuratemodelingof the

geometrynor will it knowwhenthe wrongmaterialhas been specified.The user is remindedthat a single

calculationof k-effectivewith DANTSYSor any othercode is meaninglesswithoutan understandingof

the contextof the problem,the qualityof the solution,anda reasonableideaof what the result shouldbe.

The primer provides a starting point for the criticality analyst using DANTSYS. Complete

descriptionsare providedin the DANTSYSmanual. Althoughself contained,the primer is intendedas a

companion volume to the DANTSYSmanual. Specificexamples of using DANTSYS for criticality

analysesare providedin the primerwhilethe manualprovidesinformationon the use of DANTSYSin all

aspectsof particletransportcalculations.A littleextra time spentgoingthroughthe primerand doingthe

exampleswill savemanyhoursof confusionandembarrassmentlater. After studyingthe primer,the user

shouldfindit a valuabletool to help makegood,solidcriticalityanalyseswithDANTSYS.
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1.1 WHAT YOU

●

●

●

●

Chapter 1
DANTSYS Quickstart

WILL BE ABLE TO DO:

Describe the structureof DANTSYS inputfiles.

Explainthe formatrequirementsfor title cardsandkeywordsin DANTSYS

inputfiles.

Set up andruna simple criticalityproblemon DANTSYS.

Interpretkeffinformationfrom DANTSYS mini-printoutput.

1.2 DANTSYS INPUT FILE FORMAT

The DANTSYS* input file is set up in a block structurewith each block relating to a

differentpartof the problemdescription.

Block 1

Block 2

Block 3

Block 4

Block 5

Block 6

(Controls) describes basic problem information such as the geometry,

numbers of coarse and fine meshes, quadrature,and number of energy

groups.

(Geometry)describes the informationrelatedto the geometry such as the

positions of coarsemesh boundaries,numberof fine meshes in each coarse

mesh region, andthe zone identifierfor each region. “

(Cross Sections) describes neutroncross-section informationsuch as the

location and type of cross-section library,number of isotopes, types of

cross sections andlocationof types in library.

(Mixing) describes informationaboutthe variousmixtures and isotopes in

the system such as the isotope, atom density/fraction,which materialzone

a mixtureis assignedto, andthe volume fractionof each mixture.

(Solver) describes solver informationsuch as the type of evaluation, the

boundaryconditions, andprintoptions for cross sections, fluxes, etc.

(Edit) describes informationused to setup edit options andobtainprintout

of data such as collapsed group fluxes at a point or in a zone, or reaction

ratesfor a particularisotope.
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A DANTSYS input file consists of some or all of the aboveblocks dependingon the type

of problem being analyzed and the amountand type of output desired. In addition to the data

blocks, an input file startswith title information. Figure 1.1 shows the input file structurefor a

problemwith all six datablocks.

Title Cards
........................

Block 1 Cards - (Controls)
...........................

........................... t

Block 2 Cards - (Geometry)
...........................

........................... t

Block 3 Cards - (Cross Sections)
...........................

.........................*. t

Block 4 Cards - (Mixing)
...........................

........................●✎✎ ▼

Block 5 Cards - (Solver)
..........................●

........................... t

Block 6 Cards - (Edit)
...........................

.........................*. t

Figure 1.1 — DANTSYS inputfile structure.

1.2.A Title Cards

The first card in the DANTSYS file is the title line control card. This card is the only one

in a DANTSYS file which has a fixed format requirement. The entry in the 6th column of the card

indicates the number of title lines which follow the title line control card. Each title line card is

used to describe the problem and may contain up to 72 characters. There is no limit on the

nmhe~.~f..ti.tl.e.l.inesb~t..~~st-~ser~-~@-that-41i~cSar~~fficient; ~~~mt-l~(~e-~ineis e~ho~din

various places throughout the DANTSYS output.
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1.2.B General Card Format

For all cards otherthanthe title line controlcard,thereare no fixed formatrequirements.

Each block has a series of keywordsassociatedwith it. These keywordscan be located anywhere

on the lines within a block, but each keyword must be immediatelyfollowed bv an euuals sign.

So the generalformatis: keyword= values

The values may be placed anywhereon the cardor on following cardsif required.

keyword= valuel value2 value3 value4

value5 value6 value7

value8

If you wish, values maybe separatedby commasratherthanby spaces.

The otherformatrequirementis thateach block is terminatedby a t. Because each block

has numerouskeywords associatedwith it andyou seldom need all of the keywordsfor any given

problem, the t is used to terminatethe block and tell the inputprocessorthatdataentry for that

block is complete.

Comments may be added to any card by starting with a / and then providing the

comment after that. The / may appearanywhereon a card;if it is the firstcharacteron a card,

then the entire card is a comment card. No data may be entered after a / ; all charactersand

spaces on a card aftera / aretreatedas comments. Commentsend when you go to the next card.

Thus, if you need to continue a comment, then each continuationcard must have a / at the

beginning. Otherthan / anda t by itself, thereareno limits on characterswhich maybe used in

DANTSYS inputfiles.

1.3 EXAMPLE PROBLEM

This introductionshouldprovideenough informationto runa simple example problem. It

is our intent that you gain confidence in using DANTSYS right away, so we walk throughthis

sample problem step by step, explaining each line of input. For the present, it is importantthat

you enter this problemexactly as we describeit. As you gain more experience with DANTSYS,

you may find otherways to setup inputfiles thataremorelogical to you. Forexample, you may

find. it. easier-.to..idenifyfy.va~ue~.f~r...the.Geemet&,-.J.-~1~~~-olmwd!kmiii-B-lock 2--before providing

geometry-specificControlsinformationin Block 1.
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1.3.A Problem Description

This problemis a baresphereof delta-phaseplutoniummetal (density of 15.61 g/cc) with

a coating of nickel (also known as the Jezebelreactor). Experimentalparametersare:

delta-phasePu metal sphere:

radius = 6.38493 cm
NQ39= Atom density of Pu-239 = 3.7047e-2 atoms/b-cm
N2A0= Atom density of Pu-240 = 1.751e-3 atoms/b-cm
Nzal = Atom density of Pu-241 = 1.17e-4 atoms/b-cm
NGa= Atom density of Ga = 1.375e-3 atomslb-cm

Sphericalnickel coating:

thickness = 0.0127 cm
N~i = Atom density of Ni = 9.1322e-2 atoms/b-cm

Now you are ready to begin enteringthe example problem. First open a new file named

examplel. All text shown in the courier font is what you need to type in. In this Quickstart

chapter,as each new cardis discussed, it is indicatedby an arrowin the left margin. The firstline

in the file must be the title lines controlcard. This is then followed by the title lines and then the

six inputblocks.

1.3.B Title Cards

The firstcardis the title lines controlcardwhich indicatesthe numberof title lines used in

this problem. For the exampleproblem,therewill be two title lines so a 2 is placed in column 6.

The overstrikecharacter,b , is used throughoutthisprimerto identify a requiredblankspace on a

line.

+ bb15bb2

The first title line will readas follows:

+’ Jezebel pro’blem. Bare plutonium sphere w/ nickel shell

The second title line will read:

+ Using 167 isotope Harlserl-Roach cross sections,. 16 .gKQup
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1.3.C Block 1 Input

The Block 1 inputprovidesthe controlinformationto DANTSYS and identifies numbers

of parameterswhich will be provided to the code. We will provide a comment line which

identifies this dataas belonging to Block 1.

+ / *** block 1 ***

Now therearesome requiredkeywordsfor Block 1. These include:

igeom Geometrytype (slab, cylinder,or sphere)

ngroup Numberof energy groups

niso Numberof isotopes in the cross-sectionlibrary

isn Snorderto be used (mustbe an even integer)

im Numberof coarsemesh intervalsin problem

it Totalnumberof fine mesh intervalsin problem

mt Numberof mixtures(materialtypes) definedin Block 4

nzone Numberof materialzones definedin Block 4

Thereis one otherBlock 1 keywordthatis optional,but we will use it to get a condensed output.

miniprt Mini-print,O= No / 1 = Yes (or use the words,no or yes)

We will enter these keywords on two lines as follows (rememberit is free format;the keywords

arein no particularorderbuteach keywordmustbe immediatelyfollowed by an equals sign):

+ igeom= Spla ngroup=l 6 niso=167 i-sn=16

+ j-m.2 it=27 mt=2 nzone=2 miniprt=yes t

Note thatthe terminator,t, for Block 1 is includedon the second card. This concludes the Block

1 inputsection.

The entire input file at this point shouldlook like:

Jezebel problem. Bare plutonium sphere w/ nickel shell
Using 167 isotope Hansen–Roach cross sections, 16 groups
/ *** block 1 ***

i-geom= sph ngroup=l 6 i.sn=16 niso=167
j_m=2 it=27 mt=2 nzone=2 miniprt=yes t
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1.3.D Block 2 Input

The Block 2 input provides the geometry informationto DANTSYS. We will provide a

comment line which identifiesthis dataas belonging to Block 2.

+ / *** block 2 ***

These arethe requiredkeywordsfor Block 2.

xmesh Coordinatesof the edges of the coarsemeshes

xints Number of fine meshes in each coarsemesh

zones Zone numberfor each coarse mesh (any entrymust not be greaterthanthe

value given to nzone in Block 1)

We will enterthese on threelines as follows:

+ xmesh= O.0 6.38493 6.39763

+ xints= 25 2

+’ zones= 1 2 t

Note thatthe terminator,t, for Block 2 is includedon the thirdcard. This concludes the Block 2

inputsection.

1.3.E Block 3 Input

The Block 3 inputprovidesthe informationconcerningthe cross-section library. Because

this is a Quickstart chapter, only a brief description of the cross-section information will be

provided. As cross sections are the heartof any neutronicscalculation,extensive discussion of

cross sections and their use in DANTSYS will be providedin Chapter6. Note that throughout

this primer,the Hansen-Roachcross-sectionlibraryis used. However,this libraryis not a partof

DANTSYS; in fact, DANTSYS has no library directly associated with it. The 167 isotope

Hansen-Roachlibraryis availablefromthe NuclearCriticalitySafety Group,ESH-6, atLANL. It

is used throughoutthe primerbecause it has shown to be applicableto most criticalityproblems,

andit does not requirereprocessingfor each new problem.

We will providea comment line which identifiesthis dataas belonging to Block 3.

+’ /*** block 3 ***

If the cross-section libraryis in binary.format,there is-omly-mer~&eLkeywmdf~r.Bleck..3.

lib Name andform of cross-section datafile
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For ourexample problem,we have a binaryformatlibraryso only the one keyword is requiredin

Block 3. We will enterthis as follows:

+ lib= bxslib t

Again, the terminator,

section.

1.3.F Block 4 Input

t, for this block is includedon the card. This concludes the Block 3 input

The Block 4 inputprovidesthe materialandmixing informationto DANTSYS. First,we

provide a comment line which identifiesthis dataas belonging to Block 4.

+ / *** block 4 ***

These arethe requiredkeywords for Block 4.

matls Instructionsfor mixing the isotopes into mixtures(materialtypes)

assign Assignmentof mixturesto materialzones

We will use eight lines to providethe Block 4 informationin this exampleproblem. First,

we will identify two mixtures:the fuel andthe nickel plate. The fuel will contain the plutonium

and gallium isotopes while the plate contains the nickel. Determinationof what isotopes go

where is somewhat up to the user but all of the isotopes in a given mixture must be

homogeneously mixed. After the mixtures are specified, then we need to identify how these

mixturesarecombined in materialzones andwhat the volume fractionor density of each mixture

is in a zone.

Firstwe will enterthe isotopes for the mixturecalled fuel. The inputis as shown:

+ matls= fuel pu492el 3. 7047e-2 /pu239 atom density

+ pu405el 1. 7510e–3 /pu240 atom density

+ pu41 1. 1700e–4 /pu241 atom density

+ ga 1.375 Oe–3 ; /gallium atom density

After entering the last isotope for this mixture, there is a semicolon, ;, at the end of the atom

density for gallium. This tells the programthat all of the isotopes for this mixture have been

entered. The semicolon is only necessarywhen two or moremixturesareto be entered. Note that

since we have not finished the datafor Block 4, no terminalt has been entered.

Now we will enterthe informationfor the mixturecalled plate.

+ plate ni 9. 1322e–2 /nickel atom density
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This is the end of the mixtureinformationbut we still need to assign the mixturesto the

materialzones. In Block 2, we associated two zones, 1 and 2, with the coarse meshes. The first

materialzone is the inner spherewhich containsthe fuel andgallium;the second materialzone is

the nickel plating. Foreach mixturezone, thereis only 1 mixtureandthatmixtureoccupies 100Yo

of the volume of the materialzone. We will use a separateline for each zone althoughthereis no

requirementto do so.

+ assign= core fuel 1.0;

+ shell plate 1.0

+t

(For use in Block 2, the zone numberis simply the entry numberin the assign= array,e.g.,

core is the first entry — zone 1, shell is the second entry — zone 2, etc.) Note that the

terminator,t, for this block has been placed on a separateline. This is just anotherway of doing

the input for any of the six blocks. Also note that since there was more than one zone, the

informationfor the first zone, core, is terminatedby a semicolon

second zone is entered. This concludes the Block 4 inputsection.

before the information for the

1.3.G Block 5 Input

The Block 5 inputprovidesthe solver informationto DANTSYS. This includes problem

type (eigenvalue, search, etc.), boundaryconditions, and types of informationto print. We will

provide a comment line which identifiesthis dataas belonging to Block 5.

+ / *** block 5 ***

These arethe requiredkeywords for Block 5.

5.evt Type of calculationdesired(=1 for a ~fi calculation)

isct Highest orderof Legendrescatteringto be used in problem

ibr Right BoundaryCondition(=0 for vacuum,=1 for reflective)

Fluxes andNeutronDensities calculatedin DANTSYS arenotnormalizedto any particularvalue.

It is usually easier to analyze a problemwhen the fission density is normalizedto one, so we use

an optionalkeyword, norm, to do this. In most criticalitycalculations,complete convergence of

the flux is not required. To reduce run time,. there is an optiond-keywm~. k~. whicla

converges the keffto 0.001 anddoes not fully converge the angularfluxes. This option is used in

most of the primerexampleproblems. We enterthese five keywords on one line as follows:
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-+ ievt=l isct=l ibr=O norm=l.O kcalc=l

Because the 167 isotope H-R librarydoes not contain values of ~ , we must enter the fission

fractionsappropriateto plutonium. This is done using the keyword,chi.

+ chi= 0.225 0.347 0.161 0.170 0.084 0.013 IOrO .0 t

The IOrO .0 is shorthandfor repeatthe value O.0 ten times. Note that the terminator, t, for

Block 5 is includedon the card. This concludes the Block 5 inputsection.

1.3.H Block 6 Input

Block 6 provides the edit informationwhich allows you to get reaction rates, fluxes, or

sources at individualpoints or in individualzones. This block also allows you to do a mass edit

on your materials to indicate total mass and density by zone. Mass edits require that atomic

weights be given in the cross-section library. The 167 isotope Hansen-Roach librarycontains

atomic weights so mass edits can be performedwith this library. It is a good idea to use the mass

edit feature on each problem so that you can be assuredthat you have accounted for all of the

materialsthatyou believe arein the system. We will providea commentline which identifies this

dataas belonging to Block 6.

+ / *** block 6 ***

Thereareno requiredkeywordsfor Block 6, but we will use the optionalkeywordfor mass edit.

massed Printmass inventoriesby zone (=1 for a printby solver zone)

We enterthis on one line as follows:

+ massed=l t

Again, the terminator,t, for Block 6 is included on the card. This concludes the Block 6 input

section.

The input required to run this example is now complete and should look like the

following:

Jezebel problem. Bare plutonium sphere w/ nickel shell
Using 167 isotope Hansen–Roach cross sections, 16 groups
/ *** block 1 ***

igeom= sph ngroup=16 isn=l 6 niso=167
j-m=2 it=27 mt=2 nzone=2 miniprt=yes
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/

/

/

/

/

*** block 2 ***

mesh= 0.0 6.38493 6.39763
xints= 25 2
zones= 1 2 t
*** block 3 ***

lib= bxslib t
*** block 4 ***

matls=fuelpu492e13 .7047e–2 /pu239 atom density
pu405ell.7510e–3 /pu240 atom density
pu41 1.1700e–4 /pu241 atom density
ga l.3750e–3; /gallium atom density

plate ni 9.1322e-2 /nickel atom densi,ty
assign= core fuel 1.0;

shell plate . 1.0
t
*** block 5 ***

ievt=l isct=l ibr=O norm=l.O kcalc=l ~
chi-= 0.225 0.347 0.161 0.170 0.084 0.013 loK().o
*** block 6 ***

t

massed=l .t

L4 RUNNINGDANTSYS

We will assume thatDANTSYS has been installedonthe machineyou areusing andthat

the executable is named dant.x. The default names of the input and the output files are

ODNINP and ODNOUT, respectively. To run DANTSYS with different files names, type

dant.x <and thenthe inputfilenamefollowed by >andthe name ofthe outputfile. Notethat

your cross-section librarymust be presentin the same directoryasthe DANTSYS executable and

the examplel inputfile. For this case, weare assumingthatyou areusing the Hansen-Roach 167

isotope libraryandthatit isin binaryformat. This means thatafilecalledbxslib must beinthe

same directoryas theexecutable andtheinput file.

To runthis exampleproblemcreatingexloutas theoutputfile, type

dant.x < examplel > exlout

DANTSYS will write informationtothe screen showingthetitle oftherun andthevalueof~fi

calculated-on each iteration. The calculation for this problem should take much less than a

minute. Thekeff

thescreenecho.

value determined with this input on a SUN SPARC 10 was 1.0031 as written on
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1.4.A Output

First, let’s assume that the runwas successful. With the mini-printoption, the outputfor

this problemconsists of the following sections:

● echo of input

● brief review of inputvalues

● eigenvalueconvergencemonitor

● groupedit andbalancetables

● integralsummaryinformation

● mass edit

A couple of checks should be made to verify the numericalsolution. First, in the group

edit andbalance tables, check thatthe in scatter total is equal to the out scatter total (within four

decimal places). Then check the integral summaryinformationto make sure that the integral-

absorptionplus the integral-netleakage addto 1.0 (truewhen norm is set to 1.0). Finally, check

the mass edit and make sure that the total mass of materialandthe total density in each zone are

reasonable. In the example problem,you should have a total mass in zone 1 of 17.02 kg with an

3 These arereason~le values for a criticaldelta-phaseplutoniumaveragedensity of 15.61 g/cm .

sphere.

If yourmodel ransuccessfully buttherewas no mass edit output,thenprobablytherewere

no atomic weights found in the cross-section library. To alleviate this problem, either enter

atomic weights for each isotope you areusing or choose a librarywhich contains atomic weights.

Mass edits are not necessary for the analysis of a problem,but they are quite useful in assuring

you thatthe problemwas modeled as you intended.

If your input did not run successfully, the errormessages will be listed on the screen

duringexecution or in the outputfile. In most cases, the errorsarerelatedto inputdataproblems.

Check to make sureyour inputfile has the same dataas the one listed in this chapter. Although it

is free format,therearea couple of fixed requirements.Checkto makesureall keywordshave the

equals sign immediatelyfollowing (no spaces); thateach of the six blocks is terminatedwith a t,

andthatkeywords with multiplevalues have the semicolon at the end of each set of values. Also

note thaton many workstations,DANTSYS will only handle lower case entries, and DANTSYS

does not allow the use of tabs or other special charactersfor spacing. One other caveat — the

errorchecker in DANTSYS is sequential. Once the firsterroris found, due to the disruptionof
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the normalinput stream,other errorsmay be listed that are not truly errors. Thus, you need to

correctthe firstidentifiederrorandthen re-runthe program. This is especially trueif you omit a

terminator. Keywords for one block will not be correctly recognized in other blocks, but that

doesn’tmean the keywords arein error.

1.5 SUMMARY

This chapterhas helped you to:

● Describe the structureof DANTSYS inputfiles. Know thattherearesix

inputblocks with each block requiringcertaininformation.

● Explainthe formatrequirementsof DANTSYS inputfiles. Know that

except for the title control,all inputis free format,using keywords.

● Set up andruna simple criticalityproblemon DANTSYS.

● InterpretkefiinformationfromDANTSYS mini-printoutput. Perform

simple checks for reasonablenesson youroutput.

Now that you have successfully run DANTSYS, you are ready to learn in detail the

options availablein each input block andhow to set up more complex problems. The following

chapterspresentthese details in a similarformatto thatused in this Quickstai-tchapter.
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Chapter 2
Input Control (Block 1)

In the Quickstart chapteryou ran a simple problem with DANTSYS and gained some

confidence in using the code. This chapter and subsequent chapters provide a more detailed

expkmationof the commandsused in the Quickstart chapter. Example problems are taken from

LA–10860–MS2 andrepresentcomputationalmodels of criticalitybenchmarkexperiments. Each

chapterandassociatedexampleproblemsareselected to focus on a block of the DANTSYS input

file.

2.1 WHAT YOU WILL BE ABLE TO DO:

● Describe Block 1 inputandexplaintherelationshipsbetween this inputand

inputfor otherBlocks.

● Discuss the differencesin inputrequirementsbetween one-dimensional

andtwo-dimensionalproblems.

● Describe the outputwhich is availablefromthe mini-printoption.

● Use the balanceprinttableoutputto check yourresultsandto determine

fractionsof neutronswhich leak andwhich areabsorbed.

2.2 PROBLEM DESCRIPTION

This chapter examines a plutonium metal sphere in two different configurations (LA–

1086O–MS, p.10l); a bare (unreflected) system and a graphite reflected system. In each

configuration,the plutoniumspherehas a radiusof 5.465 cm. The graphitein the reflectorhas a

density of 1.63 g/cc and is 3.83 cm thick.

2.2.A Reflected Sphere Geometry

The reflected plutoniumsphere is modeled first. This example is similarto thatused for

the Quickstart, but will focus on the inputrequiredfor Block 1. As noted in LA–1086O–MS,the

Plutonium is delta-phase containing 1 weight percent gallium and is coated with 0.013 cm of

nickel. (The table in LA–1086O–MSgives the Pu density as 15.8 g/cc which is

density of the plutonium-galliummixture.)The datafor this example follows.

assumedto be the
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Core Material (p ~iX = 15.8 g/cc-mixture)

Delta phasePu metal (100 percentPu-239, 99 wt %)

NZ39 = 3.9404e-2 atoms/b-cm

Gallium(1 wt %)

‘Ga = 1.3647e-3 atoms/b-cm

Shell Material

Nickel

P = 8.9 g/cc-mixture(single material)

N~i =9. 1305e-2 atoms/b-cm

ReflectorMaterial

Graphite

P = 1.63 g/cc-mixture(single material)

NC = 8.1724e-2 atoms/b-cm

The atomdensities arecalculatedusing the methodsdescribedin AppendixB.

ConfigurationI. Reflected Plutonium Sphere

Plutonium and Gallium sphere: Radius = 5.465 cm

Nickel Coating: Thickness = 0.013 cm

Graphite Reflector: Thickness = 3.83 cm

2.2.B Title

To start, we will provide a title for this problem. Remember the first line of a DANTSYS

input file is the only one with a fixed format. This line tells the program how many title lines

follow for the particular problem. For this case, three title lines are used, so we need to put a 3 in

column 6 (5 blankspaces followed by a 3). The threetitle lines canhave any informationon them

that you think will help describe the problem. In this case, we will label the problem with the

geometry and the materialsand indicate the source of our cross-section library. The first four

lines of your input file should look like:
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bbbbb3

Problem 2a – Plutonium and Gallium sphere w/ Nickel Coating

Reflected with 3.83 cm graphite

Radius = 5.465 cm , using Hansen–Roach cross secti,ons, 16 groups

Remembertheb is used to indicateablank space onaninput line.

2.2.C Blockl —ControlsInput

As mentioned in the Quickstart Chapte~ Block 1 input describes the basic problem

information such as geometry (shape), numbers of coarse and fine meshes, quadrature,and

numberof energy groups. All of the inputin Block 1 (as in all the blocks) is in free formatwith a

keyword followed by its appropriatevalues. Because free formatis used, somewhere the user

needs to tell DANTSYS how manyvalues to expect for each keyword. This is done in Block 1.

Firstwe will providea commentline which identifiesthis dataas belonging to Block 1.

/ *** block 1 ***

Now therearesome requiredkeywordsfor Block 1. These include:

igeom Geometrytype (slab, cylinder,or sphere)

ngroup Numberof energygroups

niso Numberof isotopes in the cross-sectionlibrary

isn Sn orderto be used (mustbe an even integer)

im Numberof coarsemesh intervalsin problem

it Totalnumberof fine mesh intervalsin problem

mt Numberof mixtures(materialtypes) definedin Block 4

nzone Numberof materialzones definedin Block 4

In the Quickstart chapter,we enteredvalues for each of these keywords withoutmuch discussion

of why or what options were available. In this chapter,we will give details on each of the Block

1 keywords typically used in criticalityanalyses.

2.2.C.1 Geometry

The first keyword, igeom, is used to identify the geometry of the problem. There are

~-three-difiment-me=tinemim~tigeornetries-avaiidzrie-irrDANTSYS-:
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slab (infiniteslab of a given thickness)

cylinder (infinitecylinderof a given radius)

sphere (sphereof a given radius)

The value for the igeom keyword can be enteredas the full word describingthe geometry or as

an abbreviation(e.g., slab, plane, cylinder, cyl, sphere, sph).

In additionto the one-dimensionalgeometries,DANTSYS also has threetwo-dimensional

geometries available:

x-y slab (infinite in z direction)

r-z cylinder (finitecylinderwith no angulardependence)

r-theta (infinitecylinderwith angulardependencein the radialdirection)

The values for these are:x-y, r-z, and r-theta. For this problem,we areanalyzing a sphere

so we will use the threecharacterabbreviation,igeom=sph.

2.2.C.2 Cross Sections

There are two Block 1 keywords that deal with the cross-section library: ngroup and

niso. The ngroup keyworddescribesthe numberof energygroupsin the cross-section library

while niso defines the numberof isotopes in the cross-sectionlibraryfor which datais available.

Eachcross-section libraryhas a differentgroupstructurewith differentnumbersof energy groups

and isotopes. There is no defaultavailablefor either of these two keywords;you must enter the

values appropriateto your cross-section library. Even with the so-called “standard”Hansen-

Roach library,3there are variations in the number of isotopes depending on the source of the

library. (The 167 isotope Hansen-Roachlibraryis availablefrom ESH–6 at LANL.) However,

this libraryis not a partof DANTSYS; in fact, DANTSYS has no librarydirectly associated with

it. The Hansen-Roach cross-section library is used with DANTSYS throughoutthe primer

because it has been shown to be applicableto most criticalityproblems, and because it does not

require reprocessing for each new problem. For this problem and throughoutthe primer, we

characterizethe cross-section librarywith ngroup=l 6 and niso= 167.

2.2.C.3 Quadrature

Because DANTSYS is a discrete ordinates code, both the Spatial and the Angular

variablesmust be ‘converted’from continuousvalues to discretevalues. Forthe spatialvariables,

this is done throughmeshing while the angularvariablesuse quadrature.These quadrature are
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discretedirectionsin space. Each discretedirectioncan be visualized as a point on the surfaceof

a unit sphere with an associated surface area, wm. The Wmdenotes the weight of the discrete

direction. The combinationof discrete directioncosines and theirassociated weights is called a

quadratureset.

E

Starting
z directions

i

x

\ \ \ \

-~

Figure2.1 — Fully SymmetricS6 Quadrature.

According to O’Delland Alcouffe$ “Considerableworkhas been devoted to developing suitable

quadraturesets for discrete ordinates codes. Although characterizedby the name ‘discrete

ordinates method’ and customarily referred to as simply the Sn method, the selection of a

quadratureset to be used within the method is somewhat arbitrary. Accordingly, two Sn

calculations, identical in all respectsexcept differing quadraturesets, may yield differing results.

For most problems, the differences are small, but the user should be aware of the potential for

non-negligible differences.”

For most criticalityproblems, the generaldefaultquadraturesets availablein DANTSYS

aresufficient. No user inputis requiredto select the defaultset. However,the quadratureorderis
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a requireduser input. The quadratureordercan be thoughtof as the numberof directioncosines

which areto be used to characterizethe angulardependencein a problem. Similarto meshes, the

higherthe orderof quadrature,the finerthe angulardistinction;the higherthe orderof quadrature,

the more time will be requiredto solve the problem. Thus, the user must make a trade-off

between precision of angularspecificationandproblemsolution time. For most one-dimensional

cases, a quadratureof 16 shouldbe sufficient,althougha reasonablyhigh quadrature,1-D runsare

usually quite short. The effect of quadratureorderon keffwill be discussed in Chapter3.

The value assigned to the isn keyworddeterminesthe Sn subscriptas used in a problem

(must bean even integer). This Snordershouldbe enteredas a positive numberwhich will select

the Pnbased defaultquadratureset. Since this set is not the best for one-dimensionalcylinders, a

Block V keyword, iquad, needs to be set to obtain the Galerkin quadratureset which is

appropriatefor ID cylinders. The value for iquadis 4. In this problem,we will use a quadrature

orderof 16 which will be entered as i.sn=+16. (Note: the positive sign is discretionaryand is

only enteredhere for illustrativepurposes.)

2.2.C.4 CoarseMeshes

Just as the angles must be divided into discrete increments, so must the spatial

dimension(s). This is done through a combination of coarse meshes to define homogeneous

volumes andjne meshes to divide those volumes into discrete intervals. For a one-dimensional

problem, the user must decide on how many coarse meshes are requiredin the x- or in the r-

redirection.A detailed discussion of coarse meshes is providedin Chapter3. The philosophy of

coarse mesh boundariesis the same for two-dimensions as thatdescribedfor one-dimension. For

each dimension (direction),the userdeterminesthe numberof regionsrequiredto characterizethe

problem. Then the number of regional boundaries in each direction is the number of coarse

meshes in that direction. For a one-dimensional problem, im is the number of coarse mesh

intervalsin eitherthe x- or the r-directiondependingon the geometryselected (slab = x, cylinder

and sphere = r). For a two-dimensionalproblem, Amis the numberof coarse mesh intervals in

either the x- or the r-directionwhile jm is the numberof coarse mesh intervals in the y-, z-, or

theta-directiondependingon the geometryselected (x-y, r-z, or r-theta).

For this problem, we will have threeregions so there will be three coarse meshes. This

means thatwe will have im=3.
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2.2.C.5 Fine Meshes

The fine meshes representthe subintervalsin each region or coarse mesh. Within each

region, the fine mesh spacing is constant. If you need differentfine mesh spacings in a region,

then you need to add a coarse mesh and divide the region into two parts. Chapter3 provides a

detailed discussion of the philosophy of determining fine mesh requirementsin each region.

Allocation of fine meshes to each regionis done in Block 2; Block 1 only needs to know the total

numberof fine meshes in the problem. Fora one-dimensionalproblem,it is the totalnumberof

fine mesh intervalsin eitherthe x- or the r-directiondependingon the geometryselected (slab = x,

cylinder and sphere = r). For a two-dimensionalproblem, it is the total numberof fine mesh

intervalsin either the x- or the r-directionwhile j t is the total numberof fine mesh intervalsin

the y-, z- or theta-directiondepending on the geometry selected (x-y, r-z, or r-theta). For this

problem,we will have a total of sixteen fine meshes. This means that it=16.

2.2.C.6 MaterialsandZones

The remainingBlock 1 informationrelatesto the numberof mixtures(materialtypes) that

we will define in Block 4 and the numberof materialzones that we will create to contain the

mixtures. There is no practicallimit to the numberof mixtures we can define for a DANTSYS

run(actuallimit = 500). In most cases, mixturesaredefinedfor the fuel, the reflector,a shell, an

annulus,etc., ratherthanfor an individualisotope. Forexample, the fuel may be uraniumoxide,

so a mixturecould be defined in Block 4 which specifies the atom densities of U235,U238,andO

presentin the fuel. The combinationof these isotopes is treatedas a single materialtype. In this

problem, we have three mixtures: a core containing plutonium and gallium, a shell containing

nickel, anda graphitereflector. Thus, we entermt=3 in Block 1 so DANTSYS knows to look for

the definitionsof threemixtures(materialtypes) in Block 4.
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Again, the purposeof Block 1 is to providecontrolinformationto DANTSYS so it knows

how many materialsandzones to look for when it startsreadingthe Block 4 input. Details on the

Block 4 input can be found in Chapter4. In this example problem,we have threeregions so we

will createthreematerialzones with differentmaterials;nzone=3.

2.2.C.7 OtherUseful Block 1 Keywords

Because DANTSYS is designedto runon manydifferentplatforms,memoryrequirements

may vary among the variousmachines. DANTSYS uses two keywords,maxlcm andmaxscm

to indicate memory requests. The maxlcm keywordindicatesthe amountof largecore memory

requested while maxscm indicates the amount of small core memory requested. On most

machines, we have found that setting maxlcm=8 00000 and maxscm=10 0000 is usually

sufficient for all but the larger two-dimensional runs. When DANTSYS is executed, it will

indicate how much lcm and scm are required. If you have not allotted enough, the run will

terminatewith an error. Youneed to check the outputto determinehow much is needed for your

run. We have found thata ratioof 8:1 of lcm to scm workswell. Thus, if the runrequires500,000

lcm, then setting maxlcm=560000 and maxscm=70000 should provide more than enough

memory to complete the analysis. (Note that the commas are used for illustrative purposes;

comma- .muxt-.n~!..be..uscx..tn..sepxate. Ihcmsands..m..mdkms...i.n.DAN’IXYS.input. .nu.mAers..

Commas areonly used to separateentriesandcan be replacedwith spaces if desired.)DANTSYS

does have defaults of 140,000 and40,000 for these keywords,but we have found thatmany runs
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requiremore thanthe defaultallocations. Thus, we suggest always includingmaxlcm=80 0000

and maxscm=l 00000 which usually enables you to run without concern for memory

requirements.

There is one other Block 1 keyword that we find useful: miniprt. This substantially

reduces the input echo on the output and saves paper. For this problem and all subsequent

problemsin the primer,we will use miniprt=yes.

2.2.C.8 CompleteTitle andBlock 1 Inputfor ExampleProblem

This concludes the Block 1 input section. The entire input file at this point should look

like:

hl!lbbb3

Problem 2a – Plutonium and Gallium sphere w/ Nickel Coating

Ref lec ted with 3.83 cm graphite

Radius = 5.465 cm , using Hansen–Roach cross sections, 16 groups

/ *** block 1 ***

igeom= sph ngroup=l 6 niso=167 isn=+ 16 irn=3 it=l 6 mt=3

nzone=3 maxlcm=800000 maxscm=10000O mimiprt=yes t

Note that the terminator,t, for Block lisincluded attheend of thelast card. Rememberafter

the first card, it is free format. The only requirementis that each keyword be immediately

followed by an equals sign.

2.2.D Other Input for Example Problem

To complete the input for Problem2a, we need to provide the informationfor Blocks 2

through6. These will be very similarto those done for the Quickstart problem. The input for

each block will be given with a briefdescriptionof what the values indicate.

available keywords, and options will be given in Chapters3 through7 as

discussed.

Details of the input,

each input block is
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2.2.D.1 Block 2 Input

The Block 2 inputprovidesthe geometryinformationto DANTSYS. ForProblem2a, the

Block 2 inputlooks like:

/ *** block 2 ***

xmesh= O.0 5.465 5.478 9.308

xints= 11 1 4

zones= 1 2 3 t

The first coarse mesh is located at 5.465 cm which is the radiusof the core, the second is at 5.478

cm which is the core radiusplus shell thickness, andthe thirdis at 9.308 cm which includes the

reflectorthickness. We have 11 fine meshes in the firstregion, 1 in the second, and4 in the third.

There arethreematerialzones: zone 1 (core), zone 2 (shell), andzone 3 (reflector).

2.2.D.2 Block 3 Input

Informationconcerning the cross-section libraryis given in Block 3. Assuming that the

cross-section libraryis in the DANTSYS binaryformat, there is only one requiredkeyword for

Block 3.

/ *** block 3 ***

lib= bxslib t

2.2.D.3 Block 4 Input

The Block 4 inputprovidesthe materialandmixing informationto DANTSYS.

/ *** block 4 ***

mat 1s= fuel pu492 el 3. 9404e-2 /pu239 atom density

ga 1.3 647e-3 ; /gallium atom density

plate ni 9 .1305e-2; /nickel atom density

graph c 8. 1724e-2 /graphite atom density

assign= core fuel 1. o; /material zone 1

shell plate 1. o; /material zone 2

ref 1 graph 1.0 /material zone 3

t

(The materialzone numberreferencedin Block 2 is simply the entry numberin the assign=

array,e.g., core is the first entry— zone 1, shell is the second entry— zone 2, etc.) Note that
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afterenteringthe gallium atom density for the first mixture,thereis a semicolon,;, at the end of

the entry. This tells the programthatall of the isotopes for this mixture,fuel, have been entered.

The semicolon is only necessary when two or more mixturesare to be defined using the matls

keyword. Also because therewas morethanone zone, the informationfor the first zone, core, is

terminatedby a semicolon before the informationfor the second zone is entered;the information

for the second zone is terminatedby a semicolon before the informationfor the third zone is

entered. This concludes the Block 4 inputsection.

2.2.D.4 Block 5 Input

The Block 5 inputprovidesthe solver informationto DANTSYS.

/ *** block 5 ***

i-evt=l isct=l ibr=O norm=l. O kcalc=l

chi. = O.225 0.347 0.161 0.170 0.084 0.013 loro .0

Because the 167 isotope H-R librarydoes not containvalues of ~, we enter the

appropriateto plutonium. The IOrO. Ois shorthandfor repeat the value 0.0

concludes the Block 5 inputsection.

2.2.D.5 Block 6 Input

t

fission fractions

ten times. This

Block 6 provides the edit informationwhich allows you to get reaction rates, fluxes, or

sources at individualpoints or in individualzones. We will use the mass edit keywordto indicate

total mass anddensity by zone.

/ *** block 6 ***

massed=l t

This concludes the Block 6 inputsection.
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2.2.E Complete Input for Bare Configuration

bbhbb3

Problem 2a – Plutonium and Gallium sphere w/ Nickel Coating

Reflected with 3.83 cm graphite

Radius = 5.465 cm, using Hansen–Roach cross sections, 16 groups

/

/

/

/

/

/

*** block 1 ***

igeom= sph ngroup=16 niso=167 isn=+16 irn.3 it=16 mt=3

nzone=3 maxlcm=800000 maxscm=10000O mi.niprt=yes t

*** block ‘2 ***

xmesh= 0.0 5.465 5.478 9.308

xints= 11 1

zones= 1 2

*** block 3 ***

lib= bxslib t

*** block 4 ***

matls= fuel

plate

graph

assign= core

shell

refl

t

pu492el

ga

ni

c

fuel

plate

graph

4

3

3.9404e–2

1.3647e-3;

9.1305e–2;

8.1724e-2

1.0;

1.0;

: 1.0

/pu239 atom density

/gallium atom density

/nickel atom density

/graphite atom density

/material zone 1

/material zone 2

/material zone 3

*** blo& 5 ***

ievt=l isct=l ibr=O norm=l.O kcalc=l

Chi= 0.225 0.347 0.161 0.170 0.084 0.013 10KO.O
*** block 6 ***

masse *I ~-
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2.2.F Running Prob1em2a

Remember, whichever cross-section libraryyou are using must be present in the same

directoryas the DANTSYS executable, dant .x and the prob2a input file. For this case, we

assume thatyou areusing the Hansen-Roach167 isotope libraryand thatit is in the DANTSYS

binaryformat. This means thatbxslib mustbe in your directory. To execute DANTSYS, type

dant. x < prob2a > prob2a. out

DANTSYS will write informationto the screen showing the title of the run andthe value of keff

calculated for each iteration. The calculation for this problem should take much less than a

minute. The keff‘valuedeterminedwith this inputon a SUN SPARC 10 was 1.0119 as writtenon

the screen echo.

2.2.G Output

First, let’s look at the group edit and balance tables. Recall from the Quickstart chapter

thatthese tables arethe fourthsection of mini-printoutput. The firstcolumn indicatesthe neutron

energy group number;the second column lists the fractionof source (externalsource) neutrons

within each energy group. (All listed values are based on a normalization to 1.0 because

norm=l. Owas entered in Block 5.) For this problem and for most criticality problems, there

will be no externalsource so all entrieswill be zero. The next column lists the fractionof fission

neutronsborn into each group;this should matchthe chi values thatyou enteredin Block 5. The

next three columns are: in scatter, self scatter,and out scatter fractions by group. Of primary

concern here is that the in scattertotal (3.3399063e-1) matchthe out scattertotal (3.3399063e-1)

to within three decimal places. Note that the values obtained for in scatter and out scatter may

not match those given above, but should be close.

The next set of columns starts with the absorptionby energy group. In this particular

problem,34.73% of the neutronswere absorbedin the system. The tabledoes not indicatewhich

region the neutronswere absorbedin, only the fractionabsorbedby energy group. If a problem

requiresknowledge of wherethe neutronswere absorbed,thenyou would need to runan edit with

appropriateBlock 6 input. Also found in the balance table is the net leakage (66.01%). The

leakage plus absorptionshould add to 1.0 for normalizedruns. In this case, they. add to 1.0074

which is due to only convergingk to threedecimal places. If more accuracyis required,then the

convergence criteriacan be tightened as described in Chapter5 on solver controls. Finally, the
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last column shows the fraction by energy group of neutronscausing fission. This provides an

indicationof the neutronspectrumfor the system. In ourcase, over 96% of the fissions occurred

in the firstfive energy groups(greaterthan 100 keV). This is expected because we have modeled

a fast system.

The integralsummaryinformationtable gives the system kefiandthe totals of each of the

columns from the group balance table. For this run, keff= 1.0118921, but rememberit is only

convergedto the thirddecimalplace (i.e., 0.001).

The last section of outputis the mass edit table. Forthis runit shows a total mass in zone

1 (the core) of 10.8021 kg with an averagedensity of 15.80 g/cc anda volume of 683.69 cc. For

zone 2 (the nickel shell), thereis a totalmass of 0.0435192 kg with an averagedensity of 8.9 g/cc.

Note that this is the same density given in the problemstatementwhich indicates that the atom

density enteredmatchedthe problemstatement. For the reflector,we have 4.3837 kg of graphite

with an averagedensity of 1.63 g/cc. The last line of the edit gives the total mass, total volume,

and average density. These system values are probably less helpful than the individual zone

values, but can be useful as anotherrealitycheck.

2.3 CONFIGURATION 2 — BARE SYSTEM

Now thatwe have analyzedthe reflectedsystem, we aregoing to returnto the baresystem

to indicate how few changes need to be made to runwith fewer zones. We will use the Problem

2a input file, but removethe graphitereflectorinformation. This requireschanging some inputin

Blocks 1 and 2. Because the changes to Block 1 depend on what values are entered in Block 2,

we will do the Block 2 changes first.

2.3.A Block 2 Changes

By removing the reflectorfrom the system, we will have fewer coarse mesh intervals,

fewer fine meshes, andfewer zones. The new Block 2 inputshould look like:

/ *** block 2 ***

xrnesh= O.0 5.465 5.478

xints= 11 1

zones= ~1 2
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We now have two coarsemeshes. The first is still located at 5.465 cm, the radiusof the core, and

the second is still at 5.478 cm, the core radiusplus shell thickness. We have 11 fine meshes in

the first region, and 1 in the second. There aretwo zones: zone 1 is the core, andzone 2 is the

shell.

2.3.B Block 1 Changes

With the changes in Block 2, we need to change the numberof coarse mesh intervalsand

fine meshes in Block 1. Changesareindicatedin bold courier type. The new title cardsand

Block 1 inputshould look like:

bbbbb3

Problem 2b - Bare Plutonium and Gallium sphere w/ Nickel Coating

Radius = 5.465 cm , us img Hansen-Roach cross sections, 16 groups

/ *** block 1 ‘**

igeom= sph ngroup=l 6 ni-so=167 isn=+16 im=2 it=12 mt=3

nzone=3 maxlcm=800000 maxscm=10000O mini.prt=yes t

Note thatalthoughwe arenot using the mixturenamedgraph or the zone labeled ref 1, we can

still leave their definitions in Block 4 without any effect on problemvalidity. This is the reason

that the values for mt and zone do not change. These tell DANTSYS how many mixtures and

how many materialzones are defined in Block 4; we have not changed Block 4 so these remain

unchangedin Block 1.

2.3.C Output for the Bare Configuration

First,let’s look at the groupedit andbalancetables. The in scatterandout scatterfractions

match. The last column shows the fractionby energy groupof neutronscausing fission. For this

problem,over 97% of the fissions occurredin the firstfive energy groups (greaterthan 100 keV).

This is slightly higher than for the reflected system where the graphite slightly softens the

spectrum.

The integralsummaryinformationtable gives the system keffandthe totals of each of the

columns from the groupbalance table. For this run,~ff = 0.89537278, but rememberit is only

convergedto the thirddecimalplace (i.e., 0.001).
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The last section of outputis the mass edit table. For this run, it shows the same values in

zones 1 and 2 as for the reflected system. Note that although we defined a materialzone 3 in

Block 4, thereis no mass edit on thatzone as it was not used in the problem.

2.4 SUMMARY

This chapterdiscussed the Block 1 inputand its relationshipto entries in Blocks 2,3, and

4. You should be able to identify the keywords associated with one- and two-dimensional

geometries as well as describethe outputfrom the mini-printoption. The neutronbalance tables

were described, and we indicatedhow you can use the balance tables and the mass edit table to

check the quality of your input. The following chaptersprovidedetaileddiscussions of the input

requirementsfor Blocks 2 through6.
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