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WIMS-CRNL

A USER'S MANUAL FOR THE CHALK RIVER

VERSION OF WIMS

1. Introduction

The Winfrlth Improved Multlgroup Scheme (WIMS) (Reference 1) is a

multigroup transport code for reactor lattice calculations, including

burnup. It was created at the United Kingdom Atomic Energy Establishment,

Winfrith, Dorset (AEEW), where it continues to evolve. The code has also

been widely distributed, and exists in various versions, and in many

countries* Some further notes on the history and versions of the code are

given in Appendix A.

A copy of WIMS was transferred to Chalk River in 1971, where it has

undergone extensivr modifications since then. A standard version of this

code is maintained on the CRNL computers. This version is designated

"WIMS-CRNL" to distinguish it from other versions within AECL, or

elsewhere. The name WIMS-CRNL should be used in any reference to that

code, and to results produced by it.

Over the years, AEEW has produced many publications relating to WIMS,

including several Input Manuals (References 2, 3, 4). CRNL users have

"made-do" with these manuals, and they will continue to be useful

references for WIMS-CRNL. However, they have the drawback of describing a

large number of options not available in WIMS-CRNL, while omitting some

that have been added.

This report is intended to correct that situation by providing an

Input Manual specifically for WIMS-CRNL. It is not intended to be a full

description of the code or its operation, and novice users will probably

want to consult other references for background information. It is hoped
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that this manual will evolve to the point of being self-contained and

comprehensive for the experienced user. This initial attempt probably

falls short of that objective, and suggestions for the improvement of

future editions wil.1 be welcomed.

A user may prepare input for WIMS-CRNL directly, following the methods

described here, or alternatively may use the GRNL input preparation code

TESHOM (Reference 5), which serves WIMS-CRNL as well as the lattice codes

LATREP and POWDERPUFFS. For many "normal" cases, the use of TESHOM may be

preferred, as a good deal of the WIMS-CRNL input is provided automatically

by the default options. However, not all WIMS-CRNL options are available

through TESHOM, and some types of input variation are more conveniently

carried out when using WIMS-CRNL Input directly. Appendix B gives some

Information on using TESHOM for WIMS-CRNL cases.

WIMS-CRNL and its Library are maintained on the Permanent File System

of the CRNL Computer Centre. The jobcards for attaching these files and

running the code are given in Appendix C, and the Library is described in

Appendix D.

This report begins with a brief description of the organization and

operation of WIMS-CRNL and an outline of the main calculational options

available. The general organization of the input cards is described in

Section 2, and the detailed definitions of all the keywords are in Section

3, followed by an alphabetic index of the keywords on page 34. Section 4

consists of the notes referred to in Section 3, which enlarge on various

points in the keyword definitions, and include some suggestions for input

preparation.

Finally, in Appendix E there Is a simplified flowsheet for the code,

showing the relationships of the various overlays, and a very brief

description of the calculations performed in each overlay.
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The list of references in Section 5 is relatively brief, considering

the vast amount that has been published about WIMS. However, the items

included here contain more extensive bibliographies that will direct the

interested user to most of the significant older items, while a current

list of AEEW publications should be consulted for more recent reports.

In developing WIMS-CRNL from WIMS-D2, much of the code has been

rewritten, and a large number of input options have been deleted. This was

done because the options did not work, because they related to machine-

dependent facilities not available at CtLNL, or because they were

irrelevant; for example, options that prepared input for other, obsolete

codes. However, some of the options retained and described here are highly

specialized and rarely, if ever, used. The descriptions of the input for

these have been taken from the AEEW Input Manuals, and it is necessary to

repeat their warning - the inclusion of an option in this report is not a

guarantee that it will work well, or for that matter, that it will work at

all. There is reasonable confidence that all the common options work

satisfactorily. Users who have tested the less common ones are encouraged

to evaluate the results and report their conclusions.

In Section 3, the keywords that are considered to be untested or of

little interest to the general user are marked with an asterisk (*).

2. Input Preparation

2.1 General Considerations

WIMS-CRNL performs a multigroup transport calculation for a reactor

cell. In order to do this, the input data must describe the dimensions of

the cell, its geometrical arrangement, the composition of the cell

materials, their distribution, and their physical state, such as

temperature and density. In addition, the code offers a choice of the

basic method of the calculation, and the ability to vary a number of the

parameters used, although default values are provided. The results of the

transport calculations may be edited in a number of ways, and a great

variety of output is available.
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All the description of the cell and the choice of options is supplied

as free-format input controlled by the set of keywords defined in

Section 3. Here we give only a brief description of the principal options

and the sequence of the calculation. More detailed descriptions of the

calculations can be found in the references.

Figure 1 shows the main features of a WIMS calculation. A basic

principle in WIMS is that it Is not necessary to do all parts of the

calculations in the most general way possible. For example, the SPECTROX

calculation, prior to the main transport section, uses the full 69 energy

groups to determine the neutron spectrum for a highly simplified cell

geometry. In the main transport section, the 69 energy groups are

condensed to a significantly smaller number, but the computation is applied

to the detailed cell geometry. Energy groups and geometry may be expanded

and unsmeared as desired for the edited output. This approach produces

significant savings in computer time and storage requirements, with little

reduction in the accuracy of the results.

The code offers the following main transport calculation options:

DSN

The Carlson D s n method for annular geometry. Clusters of fuel

pins are smeared into appropriate annular geometry (References 6,

7, 8).

PERSEUS

Collision probability calculation in annular geometry. Rings of

fuel pins are smeared into annul! (Reference 9).

PIJ

Collision probability calculation for a detailed, two-dimensional

geometrical specification (Reference 10). Because the PIJ

calculations make relatively large demands on computer time and

storage, PIJ cases are usually subdivided at a .boundary (the "PIJ"

radius") that encloses all the fuel material. The collision

probabilities inside this boundary are calculated by the PIJ

method, while the remainder of the collision probabilities, outside

this boundary, are computed using PERSEUS.
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FIGURE 1. WIMS-CRNL CALCULATIONS

Operation

Data

Preparation

Main

Transport

Calculation

Editing

Burnup

Calculation

Code Dimensions

Cross Sections

Resonance Calculations

Spectrum Calculations

Condensation

I Pin Cells | | Clusters |

< t

r—JJ Smear fc-J

f 1
| DSN | | PERSEUS | I PIJ I

f V
k and flux
00

k Edit
00

keff E d ± t

Expand

Reaction Rate Edit

Fuel Burnup and Nuclide

Number Densities

Input

Prelude Data

Library Data

Main Data

Edit Data

Library Data



- 6 -

The other major option is the cell geometry. There are three classes

recognized by the code:

(1) Homogeneous - the entire cell consists of one material of uniform

composition.

(2) Pin Cells and Plates - the cell structure is either purely

annular or the analogous arrangement of parallel plates.

(3) Rod Clusters - arrays of fuel pins in symmetric (or even

unsymmetric) patterns* The data formats are sufficiently flexible to

describe most fuel bundle arrangements.

After the Main Transport and Edit calculations, the code may either

proceed to the next set of input or perform a burnup calculation (Reference

11). Details of all the options are given with the keywords of Section 3

and the notes in Section A.

2.2 Input Data Groups

The input for a WIMS-CRNL case consists of at least three groups of

data. This section describes these input groups in general terms, and

indicates how they are used. The data groups are referred to as:

(a) Prelude Data

(b) Main Data

(c) Edit Data

Figure E-l (Appendix E) shows an outline of the sequence of

calculations, and indicates where each data group is read in.
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(a) Prelude Data

WIMS-CRNL is a variable dimension code, i.e. the dimensions of most of

the arrays used within the code are functions of the case being calculated,

and storage space within the computer's memory is allocated after the

computation begins. The Prelude Data consists of only those quantities

necessary to assign these storage areas. Obviously these are read in at

the beginning of the case and the storage areas settled, so that the rest

of the computation may proceed.

(b) Main Data

Once the variable dimensions have been settled, the code reads in the

remaining parameters that describe the composition and structure of the

lattice cell, together with whatever additional information is necessary to

proceed with the main transport calculation.

(c) Edit Data

As the name implies, this group specifies the editing operations to be

performed on the output of the main transport calculation.

2.3 Input Format

All WIMS input is in free format, consisting of a four-character

keyword, followed usually by numerical data. These are described in detail

in Section 3. Here we are concerned only with the grouping of the input.

Within each of the three groups, the keywords may occur in any

sequence, except that the end of each group is indicated by a particular

terminating keyword, PREOUT for the Prelude Data, BEGIN for the Main and

the Edit Data. Also, the first card of the Main Data is the keyword

INITIATE, except as discussed below for multiple cases.
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2.4 Single Case Input

The minimum input for a WIMS-CRNL case consists of the following:

i— —i

Data
|_ PREOUT - terminating keywordj

[INITIATE - initiating keyword ~|
[Main Data Cards]
BEGIN - terminating keywordj

pj-i. _ I [Edit Data Cards] I
l_ BEGIN - terminating keywordj

It is possible to have a case in which no Edit Data are required, but

in that situation two BEGIN cards must be present to terminate both the

Main and Edit Data.

2.5 Multiple Case Input

A single WIMS-CRNL run may include several complete cases, or various

extensions of an initial case.

To run multiple complete cases, each set of input data after the first

set must be preceded by the keyword PRELUDE, which causes the code to

re-enter at the beginning of the computation.

If the keyword PRELUDE is not present after the end of a case, the

code is re-entered at the beginning of the Main Data. If a second complete

set of Main Data is supplied, preceded by an INITIATE card and followed by

a set of Edit Data and the appropriate terminators, the code will execute a

new case, except that the previous Prelude. Data are retained. This is not

a particularly useful option.
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More commonly, an initial complete set of data is followed by a

partial set of Main Data and possibly new Edit Data. This option, omitting

the INITIATE keyword, repeats or continues the original calculation with

all the original data except for that supplied or altered by the additional

Main and Edit Data. The most common use of this option Is to re-enter the

calculation to obtain new flux distributions during long burnup runs.

3. The WIMS-CRNL Keywords

All WIMS-CRNL input is free format. Each item of the set of data

begins on a separate card, and consists of a keyword followed by a list of

numerical values. In some cases, there is no list, i.e. a keyword alone is

sufficient. The keywords consist of four alphabetic characters; more

characters may be appended to form a word for mnemonic purposes, but only

the first four are recognized by the code. The keyword and the others in

the list are separated by one or more blanks, or by parenthesis, commas, or

equality signs. Any characters following an asterisk (*) or oblique (/)

are treated as comments. Continuation of a list to a subsequent card is

indicated by a $ sign at the end of the entries on the preceding card.

Numbers may be integer, real, or floating point, the latter indicated by E

between the mantissa and exponent. Both mantissa and exponent may be

signed; unsigned ones are assumed positive. Embedded blanks, and special

characters other than those mentioned above, are forbidden.

Any unrecognized keywords will produce a diagnostic message and the

contents of that card will be ignored. The code prints the images of all

input cards.

The following section defines til the WIMS-CRNL keywords, and an

alphabetic index to them is given on page 34. The definitions are meant to

be adequate for general use, but many refer to the notes in Section 4,

where additional information is included. Keywords marked with an

asterisk (*) are considered to be untested or of little interest to the

general user.
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Keyword Data Use

PREOUT (none) Terminator for the Prelude Data Group

SEQUENCE

(note 1)

Select Main Transport routine:

n-1 DSN

n-2 PERSEUS

PIJ

CELL n

(note 2)

Select cell calculation:

n»4 Homogeneous

n*5 Pin Cell, without energy

condensation

n«6 Pin Cell, with energy

condensation

n=7 Rod Cluster, with unsmearing

option

n»-7 Rod Cluster, without

unsmearing option. Applies

only to DSN and PERSEUS.

Rarely used.

NGROUP Number of energy groups:

i - in the Main Transport routine

(equal to the number of entries on

FEWGROUPS card)

j - in the Reaction Edit routine (equal

to the number of entries on the

PARTITION card)

NMESH Number of mesh points:

i. - for the Main Transport routine

(equal to the sum of the entries on

the MESH card)
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Keyword Data Use

j - for the Edit routine. Default is

1 + 3 times the number of annul!

containing rods. (This card i s not

required for homogeneous cases.)

NREGION Number of regions:

i — number of slabs or annuli (equal to

the number of entries on the MESH

card.)

j - number of annuli containing rods,

for the cluster option. Default is

zero.

k - number of Edit regions.

1 + 3*j.

Default is

* NPLATE For slab geometry, the cell is divided

into i units for resonance shielding

and SPECTROX calculations. Cylindrical

geometry is assumed if this card is

omitted.

NMATERIAL i j Number of materials in the cell:

i - total number of materials

j - number of materials that undergo

burnup

Only 1 is required for non-burnup

cases. The card is omitted for

homogeneous cases.
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Keyword Data Use

NREACT Number of nuclides for reaction rates

edits.

* NISOTOPES 1

(note 3)

Number of nuclides In the calculation.

Default is the number of nuclides in

the library.

* NDSN i

(note 4)

The order of the DSN calculation.

Default is 4. Applies only to DSN

calculations, SEQUENCE 1.

NRODS 7 integers

(nl to n7)

(note 5)

Rod data for PIJ-PERSEUS cases:

nl - number of fuel pins in the rod
cluster

n2 - cluster symmetry factor:
+j for j-fold rotational symmetry
- j for j /2-fold rotational symmetry

and j-fold reflectional symmetry
n3 - number of l ines in PIJ mesh
n4 - number of angles in PXJ mesh
n5 - number of rod types
n6 - maximun n timber of RODSUBS in any

rod type
n7 - maximum number of sectors in any

rodsub

* POISON

(note 6)

Number of regions in a subsidiary

burnable poison pin cell calculation.

Default is 7, or if an NRODS card is

present, 2+n6.

PRELUDE (none) In multiple case Input, a complete new

set of input data after the first case

must have this as the first card of its

Prelude Data Group. Its function is to

transfer the operation of reading Main

Data cards to reading Prelude Data

cards.
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Keyword Date Use

INITIATE (none)

(note 7)

Mandatory first card of this group for

the beginning of a case • Omitted on

re-entries.

ANNULUS i j k

(note 8)

Defines the cell annul!:

i - annulus number from cell centre

(must be consecutive from 1)

j - outer radius, cm

k - MATERIAL number for all of the

annulus not occupied by rods.

ARRAY N(m n p 9)

(note 9)

Defines the locations of all rods of

type N. Up to 12 sets of (m n p 8) are

allowed.

m-1 a ring of n rods with axes equally

spaced around a circle of radius p

cm, one having an angular

co-ordinate of 6 radians

m-2 (p 6) give the Cartesian

co-ordinates of the axis of each

rod

m=*3 a ring of n rods having a separation

of p cm between centres, one with

an angular co-ordinate of 9 radians
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Keyword Data Use

* POLYGON j a m r

(note 10)

Polygon geometry:

i - "annulus" number of the polygon

n - number of sides of the polygon

m - material number

r - "radius" of the mid-point of a side

RODSUB N k r (m 6)

(note 11)

Description of rod type N as located by

the corresponding ARRAY and

k - subdivision of the rod (concentric

rings) counting from the centre

r - outer radius of the subdivision

m - material number for the sub-

division. For a sectored PIJ

calculation, (m 0) are pairs of

numbers giving material and final

angle (radians) for each sector.

The number of pairs must not exceed

n7 on the NRODS card.

MATERIAL

(note 12)

m d t n

(list)

Description of cffll materials:

m - material number, consecutive from 1

d - material density, g.cm~3

t - material temperature, K

n - material spectral type:

n-1 fuel

n»2 can

n-3 coolant

n«4 moderator
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Keyword Data Use

(list) Pairs of numbers consisting of the

Library nuclide Identifier, and its

weight percent in the material. The

weight percencs are normalized by the

code to 100%. See Table D-l, Appendix

D for the list of identifiers.

m -1 t n As above, except that the nuclide

(list) weight percent is replaced by the atom

density in atoms/(b.cm). If the

material has been specified in a

previous calculational step, any

nuclides not specified in the new list

will retain their existing number

densities.

-m d t n

(list)

As above (d is redundant). The list

consists of pairs of an Identifier and

a constant by which the number density

of the nuclide, in an existing material

m, will be multiplied.

If only two numbers are given, then new

material m will be given the same

specifications as previously defined

material M.

* ENRICHMENT (m d e s) Modify the composition of previously

specified materials; one set of

(m d e s) for each material affected.

There may be more than one set on each

card.

m - material number

d - material density, g.cm~3
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Keyword Data Use

Enrichment in weight percent of total

heavy atoms, of 235U for uranium fuel,

or of total plutonium for plutonium

enriched fuel. In the latter case, the

input ratio of 235U/238U will be

unaltered.

The stoichiometric ratio.

[See also under RECYCLE card]

* DENSITY (list)

TEMPERATURE (list)

Modify the existing set of material

densities. The list is a string of

constants by which the existing

densities are multiplied. A truncated

list is filled out with l's. Useful

for changing coolant densities.

Modify existing material temperatures.

The list consists of a string of

temperature increments, one for each

material, to be added to the previously

specified temperatures.

MESH (list)

(note 13)

The list gives the number of mesh

intervals of equal volume in each of

the annul! or slabs. The number of

entries must equal the first number on

the NREGION card.
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Keyword Data

NPIJAN i

(note 14)

Use

Annuli for a PIJ calculation:

1 is the number of annuli to be treated

by PIJ. All others, which lie outside

this group, will be treated by PERSEUS.

On the MESH card, the first i numbers

are arbitrary, except that they must

add up to the number of zones in the

PIJ calculation.

FEWGROUPS (list)

(note 15)

Condensation of the 69 Library groups

into main transport routine groups.

The number of entries is the first

number on the NGROUPS card. Each entry

gives the upper Library group number

for that particular condensed group.

The last entry is thus always 69 (for a

69-group Library).

* BELL

(note 16)

The Bell factor. Default is 1.16.

* DANCOFF (a b n)

(note 16)

Externally calculated Dancoff factors:

a - infinite lattice Dancoff factor

b - average Dancoff factor for a rod

cluster, a^ and b^ apply to all

groups nj.j+l to nj. If n* is

absent, the single values of a and b

apply to all groups.
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Keyword Data Use

* REGULAR

(note 16)

Regular infinite lattice Oancoff

factors calculated by a tracking

routine.

BUCKLING (list) The list consists of sets of:

B 2 B 2 (B^) 2

2 2
B and B enable a k ., spectrum
r z ei£

to be used for burnup.

If (B') 2 and (B') 2 are given, a
r z

critical spectrum will be used with

bucklings B 2 + X(B') 2

B 2 + X ( B ' ) 2

with X chosen to give

If the list consists of more than four

numbers, it is assumed that the values

are in sets of four for each group.

* RESXSECS r m (list) Input resonance cross sections:

r - nuclide resonance identifier,

e.g. 235.4.
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Keyword Data Use

m - number of cross section types;

type 1 is absorption, and type 2 is

fission yield

(list) - consists of the inner cross

sections for each group, for each

type in turn, followed by the

corresponding set of outer cross

sections

NORESONANCE (none) Bypass the resonance shielding

calculation and use infinite dilution

cross sections.

DBSQUARED i (list) Accounts for leakage by adding DB2 to

Za in the g main transport groups:

i"-l list consists of g values of

B2, and B2/(3 2tr) is added to

£a for each material

i-1 list consists of g values of B2 and g

values of D. DB2 is added to £a for

every material.

i»2 list consists of g values of

B2, g values of D, and a trigger j

for each material, where:

j - -1 adds B2/(3 Str) to E a

j » 0 leaves Z a unaltered

j - 1 adds DB2 to £ a

If the values of | i | are increased by

| 10 | , i.e. to -11, 11 or 12, the DB2

absorption terms are removed before the

Edit data are executed.
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Keyword Data Use

* DIFFERENTIAL 1 Thermal hyperfine disadvantage factors

for each fuel ring In a cluster are

calculated if 1-0 or blank. If 1—1, a

previous request for this option is

cancelled•

[See also under RECYCLE option]

FREE (none) Specifies a free (black) boundary

condition. See PCELL below.

* TOLERANCE The convergence tolerance of the main

transport routine. Default value is

0.0001.

* OMEGA The acceleration parameter of the main

transport routine. Default value is

1.25.

DWRITE (none) Choice of diffusion coefficients in

burnup calculations. This option

specifies use of D's computed by the

leakage edit, the order of preference

being: Ariadne, Benoist, transport

averaged. Default (no DWRITE card)

uses Ariadne D's if available

(SEQUENCE 2), otherwise transport

averaged D's.
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Keyword Data Use

POWER I RQ RTAU

(note 17) INDNB RMAXDT

INDG (list)

Burnup specifications:

I specifies the rating units for RQ:

1-1 RQ is MW/t initial heavy elements

1*2 RQ is cell averaged fissions/(cm3.s)

1-3 RQ is fissions/cm3

averaged over burnup materials

1-4 RQ is total flux

1=5 RQ is flux in group INDG

If RQ—1 the value reached by the

previous burnup step Is assumed.

RTAU is the timestep in days between

criticality calculation and flux

renormalization to the input power

level.

INDNB is the number of such timesteps

between lattice calculations.

RMAXDT is no longer used, but a dummy

value must be supplied.
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Keyword Data Use

INDG is the number of the group used to

normalize the flux level in the 1=5

option. Default is group 1.

(list) applies to 1-4 or 1=5, and

consists of a trigger for each

material that is 1/0 according to

whether the material is included/

omitted for the flux normalization.

Default values are all 1.

* POISON i j Burnup of highly absorbing pin cells in

a rod cluster can be refined by a pin

cell collision probability calculation

at each criticality calculation.

i - number of regions in the pin cell

calculation, < POISON value in

Prelude Data

j - number of regions in the poison pin

itself. See Reference 4 for more

details.

* PCELL i (list) Group-dependent albedoes for the main

transport calculation.

i=l a dummy variable

(list) consists of g albedoes, one for

each energy group, at the cell

boundary
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Keyword Data Use

* CYCLE (8 parameters) Perform automatic fuel cycle

calculations:

i-1 or 2; see definition of X

1^ - irradiation averaged value

of keff at which burnup

terminates

X

dX

X + dX is the required initial

keff i* i=l» o r the target

irradiation if i=2

RTAtf]

INDNBJ
replace these quantities on the

POWER card after the first burnup

step

w - irradiation at which plutonium will

be extracted for recycle purposes

(end of cycle if zero or blank)
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Data Use

j-0 kjj is defined by averaging

j=l kjj is defined as the ratio of

integrated neutron production to

integrated neutron losses

Only a single set of input data Is

required for the complete fuel cycle

calculation*

* RECYCLE j r To continue a CYCLE run by recycling

fuel:

j-1 add plutonium from the previous

cycle plus specified enrichment to

the basic fuel (specified by the

MATERIAL cards) to meet the

objective specified by the CYCLE

card

j»2 add only plutonium of the

composition of the previous cycle

to meet the objective

j»3 add only the amount of plutonium

from the previous cycle, ignore the

objective, and terminate the cycle

when the average kgff is kg,
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Keyword Data Use

r - an estimate of the required

enrichment relative to that required

for the previous cycle. Default is

1.0.

* ENRICHMENT (list) For the RECYCLE option, the list

specifies the relative amounts of 235U,

239Pu, 241Pu, 242Pu, 241An in the

external enrichment for RECYCLE option

* DIFFERENTIAL (list) For the RECYCLE option, the list

contains up to 6 numbers specifying the

required enrichment ratio in the fuel

materials. Default is uniform

enrichment.

* PROCESS The composition of the recycled

plutonium is corrected for 241Pu decay

and processing losses:

t, - time in days between removing

the fuel from the reactor and

processing

t_ - time in days between

processing and refuelling

f - fractional, efficiency of

plutonium extraction
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SUPPRESS (list) Normal printout control. The list

consists of 16 switches that control

the output from the 16 overlays in the

code. Settings are 1/0 to suppress/

allow normal output. Default values

are all 0, i.e. full output. Input

card images and diagnostic messages

cannot be suppressed. See Appendix E.

* TEST i

(note 18)

Special output intended for diagnostic

purposes:

i-1 print out selected constants and

one-dimensional arrays

i«2 print out i»l material plus two-

dimensional arrays

i-3 print out i»2 material plus three-

dimensional arrays

The TEST prints may be overridden by

the SUPPRESS switches. The TEST output

is available only for Chains 1, 2, 3,

5, 11.

BEGIN (none) Terminator for the Main Data group.
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Keyword Data Use

OPTION The "WED" edit, which consists of:

(a) flux per unit volume and per mesh

interval

(b) flux per unit volume times cross

sections for each material

(c) flux per mesh interval times cross

sections for each material

n selects the quantities to be printed:

n-0 gives (a), (b), (c)

n-1 gives (a), (c)

n-2 gives (a)

iv*3 gives no output (default)

MATERIAL Punch material data cards lor each

burnable material; used for restart of

burnup run:

* ALPHA i j

(note 19)

n-0 or blank gives card output

n»-l cancels previous request for card

output

Self-shielding of 240Pu can be varied

continuously during a burnup run:

i - first (highest energy) Main

Transport group occupied by the

240Pu resonance at 1.06 eV
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Vse

- lowest such group. Default is j»i.

* SATURATE n

(note 19)

The Library identification number of a

single nuclide required to be in

equilibrium throughout burnup.

* BEEONE Flux solution in the leakage edit:

n-1 gives BJL flux solution, or Bo

edit if all D's on the DNB card are

set to zero

n«0 gives transport corrected diffusion

theory (default)

n*-l gives both the above

* DNB For the B.. approximation, a DNB card

is required for each material:

n is the material number

D^ to D4 are the number densities

of those nuclides Whose P-̂  matrices

are in the Library:

D^ hydrogen

D2 deuterium

D3 oxygen

D4 carbon

Note that non-zero D's should be

specified only if all the principal

nuclides in the material have Pj

matrices.
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DIFFUSION j k 1

(note 20)

Choice of method for the leakage flux

calculation:

j-1 Benoist

j»2 Transport (default)

j»3 Ariadne (PERSEUS only)

j-4 1 + 2 + 3

j-5 1 + 2

j-6 1 + 3

J-7 2 + 3

For the Benoist case, if 1 Is an

Integer it is taken to be the number of

edit regions forming the outer region

of a three-region cell.

If 1 is not an integer, it is taken to

be the inner radius of the outer

region.

The middle region is defined by:

k»l air gap with tubes on both sides

k»2 air gap with a tube on the inside

k-3 air gap with a tube on the outside

k»4 air gap only

k»5 tube only, divided between fuel and

moderator
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k-6 tube with infinitesimal air gap on

outside

k-7 tube with infinitesimal air gap on

inside

k-8 two air gaps with a sleeve between

them

k«9 three air gaps with two sleeves

between them

* TESTUBES (none) This card causes tubes specified by the

DIFFUSION card to be smeared with

adjacent fuel or moderator in those

groups where the tube thickness is

greater than the tube material

diffusion coefficient.

BUCKLING r z r - radial buckling, B

2
z - axial buckling, B

NOBUCKLING (none) The search for critical bucklings is

omitted.

* ENDCAP (list)

(note 21)

An extra leakage edit is produced

that includes the effects of the

endcaps. All other output is

unchanged. Five parameters are

required:

m - material number for endcap material

f - fractional length of endcap in total

of endcap plus fuel

t - density reduction factor of the

control tie rod; -1 if no tie rod
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d - density reduction factor of the

endcap material

n - outermost annulus occupied by the

endcap

* BEHADD (list)

(note 22)

The "Behrens slot" option. A list of

N.3 numbers (<30) consisting of:

N values of hole volume

N values of hole radius

N values of the Behrens shape factor

For rectangular holes, volumes are -1

and radii and shape factors are

replaced by the lengths of the sides.

A list of less than three numbers, or

blank, cancels this option.

REACTION (list) Reaction edits. The list consists of N

pairs of numbers, where N is the number

specified on the Prelude NREACT card.

Each pair consist of the nuclide

Library identifier, and its

temperature, K. The temperature is

only relevant for those nuclides having

temperature dependent cross sections.

PARTITION (list) The combination of Library groups for

the reaction edit. The number of

entries is the second number on the

Prelude NGROUPS card. Each entry gives

the upper energy group for the

interval; thus the last entry is the

number of Library groups (69).
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LEAKAGE

* NOUT

PRINT (list)

Choice of the leakage spectrum to be

used for the k^f nuclide reaction

edit:

m»5 spectrum with input bucklings

m-6 spectrum with critical bucklings,

with their ratio as given

m-7 spectrum with critical bucklings,

with radial buckling as given

m=8 spectrum with critical bucklings,

with axial buckling as given

A cylindrical fuel cluster may have

more than one type of fuel pin in the

outer ring, on the same pitch circle; n

is the number of such pin types. It is

assumed that there are equal numbers of

each type, uniformly distributed. For

example, if there are three types of

pin, A, B and C, these will be

distributed A B C A B C, etc., around

the outer ring.

Reaction rate output control. The list

consists of 6 switches; the first 4

have the form:

-1/0/i for punch/print/suppress

nl - reaction rates by meshes

n2 - reactions by meshes

n3 - reaction rates by materials

n4 - reactions by materials
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The last 2 switches have the form 0/1

for print/suppress

n5 - k-lnfinity reaction edit

n6 - k-effective reaction edit

Default for all switches is zero.

* STATISTICS t r Special output for the statistical

(note 23) evaluation of results from the CRNL set

of reference lattice experiments:

t - reference temperature, °C

r - reference r-value

BEGIN (none) Terminator for Edit Data group.
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3.4 Index of Keywords

Word

ALPHA

ANNULUS

ARRAY

BEEONE

BEGIN

BEGIN

BEHADD

BELL

BUCKLING

BUCKLING
CELL

CYCLE
DANCOFF

DBSQUARE

DENSITY

DIFFERENTIAL

DIFFUSION

DNB
DWRITE

ENDCAP

ENRICHMENT

FEWGROUPS
FREE

INITIATE

LEAKAGE

MATERIAL

MATERIAL

MESH

NDSN

NGROUP

NISOTOPES

NMATERIAL
NMESH

NOBUCKLING

P-Prelude

Group J

E
M
M
E

M
E
E
M
M
E
P

M
M
M
M
M
E
E
M

E
M
M
M
M

E
M
E
M
P
P
P

P
P

E

M-Main E-Edit

Page

27
13
13
28
26
33
30
17
18
30
10

23
17
19
16
20,25

29
28
20

30
15,25

17
20
13
32
14
27

16
12
10
12

11
10

30

Word

NORESONANCE
NOUT

NPIJAN

NPLATE

NREACT

NREGION

NRODS

OMEGA

OPTION
PARTITION

PCELL

POISON

POISON

POLYGON

POWER

PRELUDE

PREOUT
PRINT

PROCESS

REACTION

RECYCLE
REGULAR

RESXECS

RODSUB

SATURATE

SEQUENCE

STATISTICS

SUPPRESS

TEMPERATURE

TEST

TESTUBES
THERMAL

TOLERANCE

M

E

M

P

P

P

P

M

E

E

M

P

M

M

M

P

P

E

M

E

M

M

M

M

E

P

E

M

M

M

E

E

M

Page

19

32

17

11

12

11

12

20

27

31

22

12

22

14

21

12

10

32

25

31

24

18

18

14

28

10

33

26

16

26

30

29

20
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4. Notes on the Keywords

These notes are referenced from the keyword descriptions of Section 3, and

are intended to help clarify the meanings of the keywords, and to provide

additional information on how to prepare the input, as well as pointing out

some of the pitfalls that may be encountered.

Note 1 SEQUENCE

Originally there were five Main Transport options, of which

PIJ was the fourth. PIJ may at present be called with either n=3 or

n»4, but eventually the latter should be dropped.

Note 2 CELL

A pin cell is one in which all physical boundaries are

concentric about the cell axis.

The n**5 option means the calculation is to be done in the

full 69 Library groups.

For pin cells, the spectral types specified on the MATERIAL

cards must not include moderator (spectral type 4); all moderator

material is specified as "coolant" (spectral type 3). See Reference 2,

page 6.

The smear/unsmear option is discussed in Reference 2,

page 11.
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Note 3 NISOTOPES

This option is intended to reduce the amount of memory

required for the case, but only rarely will it be worth using. For a

non-burnup case, the number of nuclides used can be determined by

counting them up on the MATERIAL cards, but for a burnup case there

will in addition be all those nuclides specified in the burnup chains.

Note 4 NDSN

The effects of varying this parameter are not recorded, and

it has been dropped from the later U.K. versions of the code

(Reference 4).

Note 5 NRODS

This card is required only for FIJ cases Where the fuel is

in "rod clusters", i.e. bundles. The symmetry factors are well

described in Reference 10. It is not obvious what are the optimum

values for the number of lines and angles, but for most "normal" cases

values of 25 and 10, respectively, seem adequate. Increasing these

will improve the accuracy of the calculation, but uses up memory space

at an alarming rate.

The subdivision of portions of a fuel pin into "sectors" is

also best understood by referring to Reference 10. This option is

used in determining cross-pin flux gradients, etc.

Note 6 POISON

See page 83 of Reference 4.
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Note 7 INITIATE

This card initializes a number of variables at the start of

a case. If the case is to be re-entered, as in a multiple step burnup

calculation, these variables carry over values from previous steps.

Note 8 ANNULUS

The cell is described by a series of concentric annuli,

numbered outward consecutively from the central cylinder, starting

with 1 (but see also Note 11 on RODSUBS). Some annular boundaries

will coincide with physical boundaries such as pressure tubes,

calandria tubes, etc., but in addition there may be annular boundaries

where no physical boundary exists. Commonly this occurs with rod

cluster cases where the rings of fuel pins will be separated into

annuli. It is not necessary that a fuel pin lie completely within an

annulus, i.e. the boundary may cut through the pins, and the code will

then partition the materials between the annuli.

Note 9 ARRAY

The ARRAY cards describe the number and position of the fuel

pins, or RODSUBS. The type numbers must be consecutive, starting with

1. All identical pins on the same pitch circle may be of the same

type, but identical pins on different pitch circles must be of

different types, as they will be in different fluxes.

Note 10 POLYGON

This option merely generates appropriate annulus data.
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Note 11 RQDSUBS

These cards describe the fuel pins, which may consist of

fuel, void and sheath, though the latter two may be omitted. The fuel

may be subdivided into concentric annul! for detailed fine-structure

calculations, and all the pin materials may be divided into sectors to

determine cross-pin flux tilts; see Reference 10.

For a fuel pin on the axis of the cell, there are two

alternative ways of preparing the input. In the first of these, the

central pin is described by ANNULUS cards, rather than RODSUBS, i.e.

the central fuel pin is the first annulus, the void (if present) the

second annulus, the sheath (if present) the third annulus, and the

fourth annulus will include coolant, and perhaps some portion of the

next: ring of fuel pins.

In the second method, the central pin may be described by

RODSUBS cards, which the corresponding ARRAY card will locate as a

single pin on a pitch circle of radius zero. In this case, the

boundary of the first annulus will usually be in the coolant, a short

distance outside the pin.

These two methods of specification give identical results.

Note 12 MATERIAL

The materials must be numbered consecutively from 1.

Physically identical materials located at different radii in the cell

must be specified by separate MATERIAL cards, to allow for differences

in flux, burnup, etc.
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Specification of the spectral type may cause some confusion;

see Note 2, for example. For structural materials, such as hanger

rods and tubes, the general rule is to use the spectral type of their

dominant surroundings.

Note 13 MESH

This card contains a string of integers, one for each

annulus in the case. Each specifies the number of calculational

points or "meshes" for the corresponding anaulus. Each annulus must

have at least one mesh point, and if the annulus consists of only one

material, this is usually sufficient. For rod cluster cases, a

coolant annulus that includes fuel pins should have one mesh for each

material, i.e. 4, corresponding to fuel, void, sheath and coolant, or

less if void and/or sheath are omitted. Moderator regions should have

mesh points spaced roughly at one mean-free-path separation. The

number of meshes specified should be as few as possible, consistent

with the aboye. Increasing the number of mesh points increases the

memory requirements, and too many mesh points can produce serious

errors in the collision probability calculations.

Note 14 NPIJAN

The annular boundary that is specified by this card does not

have to coincide with a physical boundary, but unlike the other

annuli, it must not intersect any portion of the fuel pins. For most

rod cluster cases, it should either coincide with the inside of the

pressure tube, or be in the coolant, just outside the sheaths of the

outer ring of fuel pins.
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Note 15 FEWGROUPS

Condensing the energy groups reduces both computing time and

memory requirements, usually with little decrease In accuracy. The 69-

group Library Is conmonly condensed to 18 groups for the Main

Transport calculation, and perhaps 4 groups for the Edit calculations.

This is done by:

(Prelude) NGROUPS 18 4

(Main) FEWGROUPS 2 5 10 15 23 24 26 27 36 39 45 48 53

56 60 63 66 69

(Edit) PARTITION 5 27 45 69

These are the default values produced in a case prepared by TESHOM

(Appendix B).

Note 16 BELL

DANCOFF

REGULAR

These parameters are involved in the calculation of shielded

resonance cross sections; see References 2 and 4.

Note 17 POWER

A burnup calculation follows the Main Transport calculation

(MTC) as follows. At the end of the MTC, cell-averaged macroscopic

cross sections are calculated in the condensed group structure from

the flux weighted regional cross sections. The kgff is estimated

from the neutron balance in the equivalent homogeneous cell, using

cell-averaged homogeneous cross sections, and a fundamental buckling

mode. This calculation also gives cell-averaged condensed group

fluxes. For the burnup calculation, the flux fine structure resulting

from the (previous) MTC is assumed to remain constant.
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At the start of the burnup timestep RTAU, the cell-averaged

fluxes are normalized to the quantity specified by the parameter I.

The regional fluxes are determined from these normalized cell-averaged

fluxes and the MTC fine structure. The burnup equations are then

integrated over the timestep in the fuel region, using these constant

regional fluxes. At the end of the timestep, new isotope number

densities and cell-averaged cross sections are determined.

This process is repeated INDNB times, with the flux being

renormalized at the beginning of each timestep, but the fine structure

remaining constant. To revise the fine structure, a new MTC must be

requested by additional sets of Main Data and Edit Data cards. If

none of the case data are modified, the additional cards need consist

only of a pair of terminators (BEGIN) for each MTC, but other changes

can be included. For example, a burnup case with 10-day timesteps

and MTC's at 0, 100, 400, 700 and 900 days would be as follows:

[Prelude Data] PREOUT

INITIATE
[Main Data]
POWER 1 37 10 10
BEGIN

[Edit Data]
BEGIN

POWER 1 37 10 30
BEGIN
BEGIN

BEGIN
BEGIN

POWER 1 37 10 20
BEGIN
BEGIN

The MTC's should be more frequent during periods of rapidly
changing spectra, such as with fresh fuel.
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Note 18 TEST

This is a debugging facility, similar to the TESTPRINT

option in the earlier versions of the code. The original intention

was to print out all variables, within reason, that were calculated in

one routine and used in others, i.e. all variables stored in the

COMMON areas.

Note 19 ALPHA

SATURATE

These quantities are associated with the burnup calculation

(see Note 17). For ALPHA, the default value associated with the

"standard" 18-group condensation is i=j=10.

Note 20 DIFFUSION

The usual "standard" case produced by TESHOM is j=k=£=l.

Note 21 ENDCAP

When the code was first acquired by CRNL, this option did

not work. In the current version, the relevant code was copied from

the IBM WIMS-D4 version, and appears to function logically, producing

an additional Chain 14 output with the cell parameters modified to

reflect the presence of endcaps. However, the accuracy of the results

has not been established, and users are advised to treat them with

caution.

Note 22 BEHADD

A specialized geometry including "holes" in the cell materials; see

Reference 12.

Note 23 STATISTICS

This option was added to aid in code verification studies,

and is of no interest to the average user.
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APPENDICES

Appendix A

The History and Evolution of WIMS

WIMS was created at AEEW during the 1960's by linking together a group

of independent multigroup lattice codes. The linked system provided common

input and output sections, and optional choices for the flux calculation,

which could be specified by the input cards. The system operated on the

English Electric KDF-9 computer at Winfrith.

In most respects, the KDF-9 was a typical second-generation computer,

with transistorized electronics, a 32-bit word size, and 32k of memory.

Even the early versions of WIMS were far larger than the available core

memory, but the hardware included a relatively advanced on-line disc

system, on which large codes could be stored in what were essentially

overlays. The operating system included a capability of allocating storage

space after the start of execution, i.e. a "variable array dimension"

scheme, and together these facilities allowed the execution of very large

calculations for computers of that era.

Coding for the KDF-9 was done in Egtran, a version of Fortran II, and

program operation was controlled by the Egdon Programming System. AEEW is

located on Winfrith Heath, in Dorset, and the names Egtran and Egdon

acknowledged the significance of this landscape to the literature of

Thomas Hardy.

As WIMS was developed, various versions were given designations of

WIMS-A, WIMS-B, etc. Once established, each version was "frozen" and no

further modifications were made to it. All new developments, including

correction of errors, were applied only to the latest version under

development. This policy allowed, at least in principle, the exact

reproduction of previous cases.
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The status of WIMS in 1969 is summarized In Reference 12. In 1970 the

current version at AEEW was WIMS-D2, and in 1971 this code was transferred

to CRNL. The present version of WIMS-CRNL has developed from this code,

and although the structure of the code has been extensively modified, most

of the physics of the calculations remains intact.

During the early 1970's, WIMS-D3 was developed at AEEW. By this time

the code was operating on the Winfrith ICL/4-70 computer, and the main

changes in the D3 version were machine-dependent ones to make more

efficient use of the newer hardware.

In 1975 WIMS-D4 was established. This is a significant extension of

previous versions and includes a large number of new options, as indicated

in Reference 5. This version is written in IBM Fortran, and has not been

translated to the Control Data machines at CRNL. Members of the WNRE staff

have run cases on a commercial computer utility.

AEEW is also developing WIMS-E, which was intended to be a successor

to WIMS-D but has turned out to be a parallel development. WIMS-E is an

example of "modular coding", a fashionable development of the late 1960's

as the "third generation" of digital computers was becoming available.

Modular coding was intended to exploit the new storage technologies and

more sophisticated operating systems of these machines to provide easier

maintenance and more flexible operation of very large systems of computer

codes.

Briefly, modular coding implies that the large codes are divided into

more-or-less independent modules, each of which performs a single (but not

necessarily simple) calculation. The modules communicate only through on-

line disc files, called "interfaces". Providing that the interfaces have

been rigorously but flexibly defined, it is then possible (at least in

principle) to couple the modules in various ways to perform a variety of

calculations.
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During 1970, WIMS-E duplicated most of the calculations of WIMS-D2,

and was put into operation on the Winfrith ICL/4-70. It quickly became

apparent, due in part to limitations of that machine's original operating

systam, that WIMS-E was significantly slower than WIMS-D2, and used

excessive amounts of disc storage. It was also evident that for the

modules then available there were only a very few combinations of the

modules that were logical, and so the flexibility of the modular scheme

offered no advantages. For these reasons, development of WIMS-D was

continued in parallel with WIMS-E.

Since that time, the relative position of WIMS-E has improved

significantly. Better operating systems have become available, and a large

number of additional modules have been added for the system. WIMS-E is now

established as an important reactor design tool, and is capable of many

computations not available in WIMS-D, although the latter will continue in

existence as a cheaper and more convenient code for some applications.

It had been anticipated that WIMS-E would eventually be made publicly

available through the National Energy Software Center (Argonne National

Laboratory). It is now understood that commercial considerations have

delayed this action, and may preclude it.
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Appendix B

Running WIMS-CRNL from TESHOM

The TESHOM Input Code (Reference 5) may be used to run WIMS-CRNL

cases. TESHOM operates by reading Its own free-form input and preparing

the corresponding WIMS-CRNL input in the form described in this report.

This input is then delivered to the permanent file copy of WIMS-CRNL for

execution, or it may be punched on cards and later used for separate input

to WIMS-CRNL.

In addition to the "standard" WIMS-CRNL input produced by TESHOM, some

of the default values may be overridden using appropriate TESHOM keywords.

These options are described in Reference 5.

For some input parameters, auch as the locations of annul!, or the

specification of burnup runs, the TESHOM default values will rarely be

optimum. Since not all of the default values can be overridden, TESHOM is

probably best used to prepare an initial deck of WIMS-CRNL input, by the

punch option noted above. This deck may then be revised to best represent

the particular lattice for the WIMS-CRNL calculations.
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Appendix C

Jobcards

The following show the jobcards that are currently required to execute

WIMS-CRNL.

(a) Direct execution of WIMS-CRNL input:

ATTACH,WIMS,ID-WIMS.

WIMS.

7/8/9

[WIMS Input Cards]

6 /7 /8 /9

(b) Execution of WIMS-CRNL with TESHOM input:

JOBCARD,

ATTACH,TESHOM,TESHOM,ID-TESHOM.

TESHOM.

WIMS.TAPE4.

7/8/9

[TESHOM Input Cards]

6/7/8/9

In this case, TAPE4 contains the WIMS-type input, which may be punched

on cards to use for direct input as in (a).
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Appendix D

The WIMS-CRNL Library

There is one standard Library of nuclear data for WIMS-CRNL

calculations, which resides on the Permanent File System of the Central

Site. This Library contains 69-group data for 93 nuclides, as listed in

Table D-l. For a few isotopes the Library contains more than one set of

data, and for these the recommended sets are indicated. Table D-2 gives

the energy group structure.

This Library has the following history. In 1971 January, G. Phillips

transferred an 80-nuclide, 69-group Library from AEEW to CRNL. In 1973

D. Hamel obtained another 69-group Library that contained data for 13

additional nuclides, and Hamel merged the two Libraries. After some

modifications to the data that related to thorium calculations, this became

the current Library, except for a later, minor correction to the

uranium-234 data.

Further information on the Library contents may be found in References

2 and 13. A utility code is available for listing the Library contents for

any particular nuclide. This may be used by running the following job:

JOBCARD,
ATTACH,TAPE1,WIMSLIB,ID-WIMSLIB.
ATTACH,LGO,WIMSLIST,ID-WIMSLIST.
LGO.
7/8/9

[one blank data card]
6/7/8/9

This will produce an output describing the options available, and the

preparation of data cards.

The code WILMA, Reference 13, is available for Library modifications.



- 52 -

TABLE D-l

WIMS - CRNL LIBRARY NUCLIDES

SEQUENCE
NUMBER

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

R
R

R

R

IDENTIFIER

2001
6001
2002
8002

3
4
6
7
9
10

1010
11
12

1012
2012
2212
14
16
19
23
27
29
52
55
56

1056
58
63

2063
91
93
112

NUCLIDE

HYDROGEN
HYDROGEN
DEUTERIUM
DEUTERIUM
HELIUM-3
HELIUM-4
LITHIUM-6
LITHIUM-7
BERYLLIUM-9
BORON-10 (BURNABLE)
BORON-10
BORON (NATURAL)
CARBON
CARBON (RE-AVERAGED)
GRAPHITE DAMAGE
GRAPHITE DAMAGE (RE-AVERAGED)
NITROGEN
OXYGEN
FLUORINE
SODIUM
ALUMINUM
SILICON
CHROMIUM
MANGANESE
IRON
MOXON IRON
NICKEL
COPPER
COPPER
ZIRCONIUM
NIOBIUM
CADMIUM

R INDICATES RECOMMENDED NUCLIDES
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TABLE D-l (CONTD.)

WIMS - CRNL LIBRARY NUCLIDES

FISSION PRODUCTS

SEQUENCE
NUMBER

33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66

IDENTIFIER

83
95
99

101
1103
103
105

1105
108
109
113
115
127
131
133
134
135

1135
143
145
147

1147
2147
148

1148
149'
150
151
152
153
154
155

1155
157

NUCLIDE

KRYPTON-83
MOLYBDENUM-95
TECHNETIUM-99
RUTHENIUM-101
RUTHENIUM-103
RHODIUM-103
RHODIUM-105
PALLADIUM-105
PALLADIUM-108
SILVER-109
CADMIUM-113
INDIUM-115
IODINE-127
XENON-131
CAESIUM-133
CAESIUM-134
XENON-135
CAESIUM-135
NEODYMIUM-143
NEODYMIUM-145
PROMETHIUM-147
PROMETHIUM-147
SAMARIUM-147
PROMETHIUM-148 (META-STABLE)
PROMETHIUM-148
SAMARIUM-149
SAMARIUM-150
SAMARIUM-151
SAMARIUM-152
EUROPIUM-153
EUROPIUM-154
EUROPIUM-155
GADOLINIUM-155
GADOLINIUM-157
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TABLE D-l (CONTD.)

WIMS - CRNL LIBRARY NUCLIDES

SEQUENCE
NUMBER

67
68
69
70
71
72
73
74 R
75
76
77
78

79

R
80
81
82
83
84
85
86
87
88
89
90
91
92
93

IDENTIFIER

164
902
176
178
181
207
232.1

1232.1
9233
1233
234.0
235.2
235.3
235.4
1235.2
1235.3
1235.4
236.0
237
3238.5
939
3239.1
1240
241
242
941
942
943

1000
2000
1999

NUCLIDE RESONANCE TABULATION
TEMPERATURES

D¥SPROSIUM-164
PSEUDO FISSION PRODUCT
LUTECIUM-176
HAFNIUM (NATURAL)
TANTALUM
LEAD
THORIUM-232
THORIUM-232
URANIUM-233
PROTACTINIUM-233
URANIUM-234
URANIUM-235
URANIUM-235
URANIUM-235
URANIUM-235
URANIUM-235
URANIUM-235
URANIUM-236
NEPTUNIUM-237
URANIUM-238
NEPTUNIUM-239
PLUTONIUM-239
PLUTONIUM-240
PLUTONIUM-241
PLUTONIUM-242
AMERICIUM-241
AMERICIUM-242
AMERICIUM-243
POS l./V
NEG l./V
POS l./V (RESONANCE PART)

300,
300,

300
300
300
300
300
300
300
300

300,

300,

750,
750,

600,

900

1300
1300

900

R INDICATES RECOMMENDED NUCLIDES
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Fast Groups

Group

1
2
3
4
5
6
7
8
9
10
11
12
13
14

Resonance Groups

Group

15
16
17
18
19
20
21
22
23
24
25
26
27

WIMS-CRNL

Energy
MeV

10.0
6.0655
3.679
2.231
1.353
0.821
0.500
0.3025
0.183
0.1110
0.06734
0.04085
0.02478
0.01503

Energy
eV

9118.0
5530.0
3519.1
2239.45
1425.1
906.898 •
367.262
148.728 •
75.5014
48.052 •
27.700 •
15.968 •
9.877 •

TABLE D-2

LIBRARY ENERGY GROUPS

- 6.0655
- 3.679
- 2.231
- 1.353
- 0.821
- 0.500
- 0.3025
- 0.183
- 0.1110
- 0.06734
- 0.04085
- 0.02478
- 0.01503
- 0.009118

- 5530.0
- 3519.1
- 2239.45
- 1425.1
- 906.898
- 367.262
- 148.728
- 75.5014
- 48.052
- 27.700
- 15.968

9.877
4.00

Energy
Width

3.9345
2.3865
1.448
0.878
0.532
0.321
0.1975
0.1195
0.072
0.04366
0.02649
0.01607
0.00975
0.005912

Energy
Width

3588.0
2010.9
1279.65
814.35
518.202
539.636
218.434

i 73.2266
27.4494
20.352
11.732
6.091
5.877

Lethargy
Width

0.49997
0.49998
0.50019
0.50013
0.49956
0.49592
0.50253
0.50260
0.49996
0.49978
0.49985
0.49987
0.49999
0.49980

Lethargy
Width

0.50006
0.45198
0.45198
0.45199
0.45197
0.90395
0.90396
0.67797
0.45187
0.55085
0.55085
0.48038
0.90391
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TABLE D-2 (CONTD.)

WIMS-CRNL LIBRARY ENERGY GROUPS

Thermal Groups

Group

28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69

Energy
eV

4.00 - 3
3.30 - 2
2.60 - 2
2.10 - 1
1.50 - 1
1.30 - 1
1.15 - 1
1.123 - 1
1.097 - 1
1.071 - 1
1.045 - 1
1.020 - 0
0.996 - 0
0.972 - 0
0.950 - 0
0.910 - 0
0.850 - 0
0.780 - 0
0.625 - 0
0.500 - 0
0.400 - 0,
0.350 - 0,
0.320 - 0,
0.300 - 0,
0.280 - 0.
0.250 - 0,
0.220 - 0.
0.180 - 0.
0.140 - 0.
0.100 - 0.
0.080 - 0.
0.067 - 0.
0.058 - 0.
0.050 - 0.
0.042 - 0.
0.035 - 0.
0.030 - 0.
0.025 - 0.
0.020 - 0.
0.015 - 0.
0.010 - 0.
0.005 - 0.

.30

.60

.10

.50

.30

.15

.123

.097

.071

.045

.020

.996

.972

.950

.910

.850

.780

.625

.500

.400

.350

.320

.300

.280

.250

.220

.180

.140

.100
080
067
058
050
042
035
030
025
020
015
010
005

Energy
Width

0.700
0.700
0.500
0.600
0.200
0.150
0.027
0.026
0.026
0.026
0.025
0.024
0.024
0.022
0.040
0.060
0.070
0.155
0.125
0.100
0.050
0.030
0.020
0.020
0.030
0.030
0.040
0.040
0.040
0.020
0.013
0.009
0.008
0.008
0.007
0.005
0.005
0.005
0.005
0.005
0.005
0.005

Lethargy
Width

0.19237
0.23841
0.21357
0.33647
0.14310
0.12260
0.02376
0.02342
0.02399
0.02458
0.02421
0.02381
0.02439
0.02289
0.04302
0.06821
0.08594
0.22154
0.22314
0.22314
0.13353
0.08961
0.06454
0.06899
0.11333
0.12783
0.20067
0.25131
0.33647
0.22314
0.17733
0.14425
0.14842
0.17435
0.18232
0.15415
0.18232
0.22314
0.28768
0.40547
0.69315

—
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Appendix E

The Overlay Structure of WIMS-CRNL

The code consists of 16 overlays, one "base" overlay that Is always

resident In memory during execution, and 15 "primary" overlays that are

called in turn by the base overlay as the calculation proceeds.

Figure E-l Is a simplified flowsheet showing the sequence of execution

through these overlays. The following notes briefly describe the contents

and function of each overlay. In the original KDF-9 coding of WIMS, the

equivalent of overlays were called "chains", and this name has been

retained. The numbering of the chains requires some explanation. It is

convenient to think of the base overlay as "Chain 0". At one time there

were 15 primary overlays, numbered more-or-less in their order of

execution, except for Chain 12, the burnup calculation. When the code was

transferred to AECL, limitation of the CDC Fortran IV compiler made it

necessary to split Chain 12 into two parts, and the second part became a

new primary overlay, number 16. However, two overlays had also been

deleted, so the actual total of primary overlays was then 14. Since the

name of the chain is also associated with the particular calculation, as

well as the overlay in which it resides, the burnup calculation is now

referred to as "Chain 12A" and "Chain 12B", residing in overlays "Chain 12"

and "Chain 16", respectively. Recently, the PRELUDE subroutine of "Chain 0"

has been modified to form a fifteenth primary overlay.

In the Main Data group of the input, the SUPPRESS keyword controls the

output from the primary overlays (not the base overlay). This card retains

the format of 16 switches, corresponding to 16 primary overlays, although

overlays 9 and 10 no longer exist, and dummy values must be supplied for

these two switches when using the SUPPRESS option.
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FIGURE E-l. WIMS-CRNL FLOWSHEET
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Base Overlay

This contains the calls for all the other (primary) overlays.

Chain 0 Prelude

This reads the Prelude Data group cards and sets the variable

dimensions.

Chain 1 Data Preparation

This reads the Main Data group cards, sets Initial conditions, and

does preliminary calculations, mainly related to the cell geometry. This

overlay also contains the subroutine RESTART, which controls the automatic

fuel cycle calculations.

Chain 2 Cross Section

The microscopic cross sections are read from the Library, and

macroscopic cross sections for all the cell materials are computed.

Chain 3 Resonance Calculation

Additional Library data are used for the calculation of the resonance

shielding.

Chain 4 SPECTROX

The cell structure is approximated to a simplified average pin cell

geometry, and the spectra are calculated in the full 69 Library groups for

the "fuel", "can", "coolant" and "moderator" regions.
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Chain 5 Condense

The detailed spectra are used to condense the 69 group cross sections

to a smaller set (specified by FEWGROUPS) for the transport calculation.

Chain 6 DSN

Main transport calculation by the Carlson Sn method. When

completed, the code continues with Chain 11.

Chain 7 PERSEUS

Main transport calculation by collision probabilities in annular

geometry. When completed, the code continues with Chain 11.

Chain 8 PIJ

Main transport calculation by collision probabilities with detailed

two-dimensional cell geometry, within the inner area defined by the "PIJ

radius". When completed, the code continues with Chain 7, where the

PERSEUS calculation is applied to the remaining outer area of the cell.

Chain 11 Unsmear

Does a variety of preliminary calculations related to the neutron

balance and reaction rates, including the "unsmearing" of rod clusters from

their annular approximations.

(Chain 12 - see below]
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Chain 13 Regional and Cell Edit

Edited output of the transport calculation for the cell without

leakage* Flux solutions, cross sections, etc. are given for the main

transport groups (i.e. the condensed groups specified by FEWGROUPS) and

also in a two-group presentation. The Edit Data group of input cards is

read in by this chain.

Chain 14 Leakage

This chain does the leakage calculation, buckling searches, cell

reactivity calculation, etc. Various calculations of diffusion

coefficients may be selected.

Chain 15 Reaction Rates

Calculates reactions and reaction rates by mesh and by material for

any combination of Library energy groups and for any Library nuclide. The

reaction rates can be computed over spectra with and without leakage.

At the end of Chain 15, the code enters the burnup calculation in

Chain 12 if requested, but otherwise returns to Chain 1 to read a new set

of Main Data group cards.

Chain 12 Burnup A

The first part of the burnup calculation. Reads burnup data from the

Library, prepares cross sections, etc.
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Chain 16 Burnup B

Continues the burnup calculation, integrates the burnup equations,

determines the new nuclide number densities, etc. and prints the burnup

output. When complete, the code returns to the Main Data input in Chain 1.

If the burnup case is to continue, the next Main Data group will

(probably) consist of only a new POWER card, and a new flux distribution

corresponding to the revised nuclide number densities will be computed by

a new pass through the entire code.
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