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ABSTRACT
J K Fletcher*

A preprocessor for the Monte Carlo Codes VIM and MVP is described
in which geometric and compositional data are used to generate the
complex and lengthy files of input information required to specify
the models found in fast reactor studies. Further, in using Monte
Carlo methods users must have knowledge of combinatorial
geometry and the Boolean algebra techniques necessary to generate
complicated structures from basic shapes. Most reactor physicists are
not familiar with such procedures and even if they are, to set up or
modify models tends to be tedious and error prone work.

As stated the preprocessor requires only geometric dimensions and
material compositions to be input and then performs all the logical
operations necessary to produce input files for VIM or MVP. As a
consequence models can be easily modified to increase detail or
introduce new regions for editing purposes. Also use has been made
of free format data reading routines so that keywords can be utilized
to clarify and provide flexibility in data preparation thus relieving
users from carefully observing prescribed layouts.

Because only geometric and composition information is required by
the preprocessor, data files become very compact compared to the
actual Monte Carlo input. For example around 200 lines of
preprocessor data are needed for the MASURCA assembly
specification but a file of 3000 lines is generated as the VIM input. It
should be stressed that the data for VIM and MVP differs only in the
keyword which specifies the Monte Carlo code input to be created.

* Core Physics Research Section, Advanced Technology Division, O-arai
Engineering Center, PNC ,Japan.
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Chapter | INTRODUCTION

For many years computer power appeared insufficient to enable
Monte Carlo codes to be used generally for reactor core physics
studies even though for some calculations their capabilities were
obviously superior to the standard deterministic approaches. Specific
instances are:

a) the treatment of voids,

b) neutron streaming or anisotropic diffusion
and
¢) modeling of heterogeneous subassemblies.

In recent times the appearance of work stations has made
running time less important since charges are not made on
calculation duration, but work using VIM! has demonstrated that
input for a Monte Carlo code can be extremely lengthy and time
consuming to prepare as well as difficult to free of errors. However
because the structures being studied are generally regular
geometrically e g an array of pins in hexagonal or rectangular
subassemblies, the generation procedure seems an obvious candidate
for implementation in a computer code.

Preliminary work showed this to be the case and a preprocessor
has been developed for rectangular and hexagonal lattices using a set
of data reading routines, described in Appendix I, which do not
require any formatting of input as well as allowing mixing of
numeric and alphanumeric information. The rectangular option is
directed toward investigations of MASURCAZ2 experiments and
contains options to accommodate the somewhat specialized structure
that can arise with experimental zero power reactors.

In the following sections some details of the preprocessor are
given and possible future developments outlined. Specification of
input is given in Appendix | with examples in Appendices 4 and 5

Following extensive validation of the VIM option a capability to
_generate MVP3 datafiles was incorporated in the preprocessor.
MVP has a more sophisticated data specification available than VIM,
for example a double lattice feature and this has been incorporated
in the preprocessor as an option,
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Chapter 2 DETAILS OF THE PREPROCESSOR

The coding is all in FORTRAN and has been tested and developed
on the FACOM computer at OEC. A modular approach has been
adopted so that after reading in the data, where necessary, different
routines have been developed for hexagonal or rectangular
geometry.

As with most Monte Carlo codes, VIM makes use of
combinatorial geometry techniques to specify complicated structures.
Thus for a hexagonal subassembly containing pins in a regular array
the user must specify the location of each .pin, its radius, the radius
of the can and length of the pin in that particular axial region and
this leads to a large amount of data for say 331 pins. As indicated in
the previous chapter for MVP a double lattice may reduce input but
considerable familiarity with the code is needed to use this approach
with confidence. However the location of each pin is not really
needed. As the array of pins is regular only the pitch is required to
generate the position in the plane. This with the pin and
subassembly dimensions is used by the preprocessor to prepare the
VIM and MVP input. which includes the Boolean logic used to put
primitive shapes together to form complicated structures Also many
VIM specific details are evaluated automatically, including non-
trivial parameters such as the number of code zones in a complex
body, maximum number of exit zones and similar information!.
MVP does not require many such parameters but those needed are
similarly derived automatically. The only other information supplied
is material compositions Thus the user is relieved of much tedious
arithmetic, keying in of data and understanding of the VIM or MVP
codes.

The preprocessor is held on the FACOM under the identifier
POCOF16.VIM.VIMMD and consists of around 1800 lines of code
including the free format input routines.

Chapter 3 PREPROCESSOR DATA INPUT

Data input is specified in Appendix 2 and as noted previously
dealt with in the preprocessor by using free format reading routines
described in Appendix 1. Relying on these enables users to lay out
input in any convenient form and use comments to-add clarity. Also
much use is made of keywords and for example in composition data
U235 may be used rather than an obscure library integer. Further,
numerical data will not assume incorrect values because specified
formats have not been observed.
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The features described above can clearly be seen in the Examples
of Appendices 4 and 5. The latter is a full specification of MASURCA
in the ZONA2A ref configurationZ and some idea of the labor saved
by the preprocessor can be gained from the fact that the 200 lines or
so of input generate around 3000 lines of VIM datafile.

Chapter 4 FUTURE DEVELOPMENTS

As indicated earlier the input to the preprocessor is dimensions
and composition data nonspecific to VIM or MVP so that input for
any other Monte Carlo code could be generated. Naturally other codes
may have very different input requirements. However a
preprocessor frees the user from understanding possibly rather
complicated techniques and formats and provides the option of
moving freely amongst codes for which data files can be generated.

Chapter 5 CONCLUSIONS

A small preprocessor code has been developed which enables
users, with no specialized knowledge, to prepare the complex
datafiles required by VIM or MVP from a comparatively small
quantity of geometric and material composition data. Such a tool
greatly eases use of Monte Carlo codes and provides the facility to
generate new or modify existing models accurately and efficiently.

Acknowledgment

The development of the preprocessor was greatly aided by the
unstinting help of Mr W Sato(NESI) particularly in modifying VIM to
accept large problems and providing advice on use of the FACOM
computer



PNC TN9410 95-354

REFERENCES

1. R N Blomquist et al VIM. A Continuous Energy Monte Carlo Code
at ANL. ORNL/RSIC(1980)

2. P J Finck et al CAPRA Physics and the CIRANO Experimental
ProgramWorkshop on Advanced Fuel Cycles
PSI.(September 1993)

3. T Mori ,M Nakagawa JAERI-Data/Code 94-007(1994)



PNC TN9410 95-354

APPENDIX 1

Using the Free Format Data Reading Routines

The routines are available under identifier POCOF16.PNC.CODE(DECIN)
on the FACOM computer

Any line beginning with an asterisk (*) is regarded as a comment
card and is ignored by the reading routines

FUNCTION INDEC(N)

Read an integer
N=0, terminate with a blank
N=I, terminate with any non-numeric character

FUNCTION FLDEC(N)
Read a floating point number in any FORTRAN format

N=0, terminate with a blank

N=1, terminate with any non-numeric character
(remember that E or D will be considered part of a floating point
number)

SUBROUTINE WORDEC(WORD,N,M)
Read a word of up to N characters into WORD

M=0, terminate with any numeric or non-alphabetic
character -

M=1, terminate with a blank thus allowing alphanumeric
words

SUBROUTINE JNDEX(J,WORD,'STR1*STR2*STR3* *STRn&',N)

Compare WORD with STR1 , STR2 etc, if a match for STRj is found J
is set equal to j, For no match J=n+1 and the comparison is carried out
for WORD being up to N alphanumeric characters long.
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FUNCTION ITDEC(N)

Read one character of any type. N is currently not used and may
have any value.

FUNCTION NEWDEC(N)
If next character to be read 1s numeric NEWDEC>0
If next character is a letter NEWDEC<0

If next character is special(e.g. ( ) * & etc) NEWDEC=0

N=0 . + or - are assumed to be part of a number

N=1 .+ or - treated as special

SUBROUTINE IARRAY(M,N)

Read into M an integer array in the general form

11( 12*M1 I3( 14*M2 [5*M3) 16*M4 MS35)

The asterisk means repeat e.g. . 12 of MI,

( ) means repeat the contents e. g. the whole of the contents of the

brackets after Il will be input Il times

N is returned as the number read in on encountering a non-numeric
character.

There can be up to 20 levels of brackets

SUBROUTINE FARRAY(A,N)

As IARRAY but for floating point numbers
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APPENDIX 2
INPUT TO THE PREPROCESSOR

Code words put in data are given in bold type
TITLE
Two lines of up to 72 characters each describing the problem. For
VIM the first 12 must be the random number generator seed in
hexadecimal.
BATCHES n

There are to be n batches
HISTORIES m

Each batch will have m histories
GEOMETRY k

k=-1 rectangular lattice ,-2 hexagonal
TIME t

the problem will stop after t seconds

DELTA &

& will be used as specified in VIM! to ensure region
boundaries are crossed rather than the default value 10-3
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MEDIA

M | subl a] sub2a?2

M 2 sub3 b] subd b2

kd

where subn is taken from the list in Appendix 3 and aj and bj are
atom/cc x1024

NTYPES n
There are n different sub assembly structures.

Different input is now required depending on the geometry.

Hexagonal geometry

" . - 1 2 Iy
rohoa poerg froosow o ooy

2 2
rooh, Gy, pyoCry [ S W, O O ...0h

roohooa, p,ocr, fro S, W, O O .. .0
where »h,a,p.cr, frt;, and w, are the number of rings of pins,
number of axial regions, distance across flats ,pin pitch, can radius,
fuel radius, half the inter-subassembly gap and wrapper thickness
respectively for subassembly type i having axial lengths o, j=12,.h.
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Then follows

. i 7 —_ s R i
oosmyoweyoomy' o fmy fml L fm)

s owmyemy o fmg fing, L fing,

;l ] il d il J‘l il i!
siplowmyoomy o fml g, g,

; is unlt et i iy i
Losmyoowmi ooy fmf fmy L fmg,

smy owmy  ocmi o fmg fmgy . fmd

i gl . iy iz i
smploowmyooomy o fmd fmd, L fim

iy

r in fn el iy i b
L,osmyoowmyoocmy o fmly fmy L fmg

n

smfoowm o ocmyp o fmey fm, o L fm

2 (RN

where i, is the number of subassemblies having structure i/ and

containing in set k, coolant material sm!, wrapper wm!, can cm/and
pin contents fm! in axial slice /. '
An example is given in Appendix 4
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Rectangular Geometry

Similar to the hexagonal case but with some extra options included to
deal with configurations specific to MASURCA. First geometric details
are specified as follows

! g w d h npl np, ..np, END of o ..o, END
! g wy, d, h npl np; ..np, END o o5 ..o, END

! g w, d, h, npl np; ..np, END o o, ..o, END

where [ is the lattice pitch(the same for all types) withg ,w,A
respectively half the gap between subassemblies , subassembly wall
thickness and number of axial regions for type i having length o in
section j and this slice containing an np)xnp} array of pin locations.
d; is the pin diameter, assumed constant, for type j. If an np; is
negative the rod is taken to be a square bar filling the region i.e the
gap is omitted as in the structure of breeder and Na/steel regions.
Next comes
indicating that thel;e are i different subassemblies based on type 1
structure. Then for j=1,2...i, submit together the next two blocks of
data,

i 1 1
nm; nm;, ..nm, END

where the nm;, parameters specify how many extra materials are in

pins in axial slice k, so that the normal value will be zero. This
feature is needed to deal with peripheral fuel. Follow immediately
with

1 1 1 1
mg; mw, ms; mf,

1 1 1 1
mg, mw;, ms, mf i,

1 1
Mg, MWy MSy My,
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where mg, mwj, ms, and mf, are the gap, wrapper, interior
and fuel materials in axial slice k¥ for subtype j. If there are no pins
in an axial section i.e. np), is zero for some m, the fuel material is
omitted. A negative sign before mg, will give edit output for axial

region k.
For any nm, not equal to zero, input after mf}k in the above

My nly Ip (1) Ip;(2) o dpi(nlyy)
for I=1,nm;, where m), is the I'th different pin material in axial

region k of subtype j for subassemblies of the first type. Pin
location, lp§u( ), numbers are shown in Figure 1

The above is repeated for the n  subassembly structures with the
superscript becoming 2 then 3 and so on up to n. Although
apparently complicated to explain and specify the procedure is
reasonably straightforward as can be seen from Appendix 5.

For both geometries

PLAN n, n, 4
where n, is the number of subassemblies in the x direction and n,

that for y. Subassemblies are then specified in the hierarchyx then
y using the condensing facility of asterisks and brackets as
illustrated in the Appendices 4 and 5. For both VIM and MVP using
the hexagonal geomeiry some care is needed as the y axis makes
120° with the x direction so that half a subassembly must be added

with each rowl.3.

FRATES subl sub2

CRATES sub3 sub4

Fission and capture rates will be calculated for subn taken from the

list of Appendix 2

ENERGIES ¢ ¢, ..y
giving lower energy bounds for the VIM or MVP editing routines

VIM tells the preprocessor to create a VIM input file

DLAT double lattice for MVP (must precede MVP below)
MVP tells the preprocessor to create an MVP input file
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APPENDIX 3

Isotopes Available in the Preprocessor

PU240 CR HE
PU241 NI LI6
U235 FE LI17
U238 AL27 N
PU239 NA AU
U234 o) ZR
TH232 C MG
U236 MO SM
PU238 MN EUI151
U233 BE EUIS53
pPU242 B9 HE3
NP237 B10 H2
AM241 TA H3
AM?243 CU CA
PA233 H

CM244 PB

Uuo2 TI

FIS Si

LIBRARIES AVAILABLE

VIM JENDL 3.1

MVP JENDL 3.1 and JENDL 3.2
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APPENDIX 4

Sample Input for the Hexagonal Option

253577253677 SMALL FBR

SECOND TITLE CARD

BATCHES 200 HISTORIES 5000 GROUPS 27 TIME 7000 DELTA 1E-4
FRATES PU240 PU241 U238 CRATES U238 GEOMETRY -2

NTYPES 1 10 5

20. 0.9 0.85 0.8 .2 .4

60.96 20.32 60.96 20.32 60.96

2
21113431 21113331
EDIT I 9 19 60.96 162.56 BOUNDARY 0 0 O

PLAN 9 9
5%¥2 430 6%¥2 3%0 2%2 3%1 2%2 2%0 2%2 4%1 2%x2 0
2%2 b*1 2%2
0 2%¥2 4%1 242 2%0 2%2 3%1 222 3%0 6%2 4%0 5x2
MEDIA
M 1 CR . 01257 NI . 005749 FE 0.04474 0 . 00025

AL27 0.00005 MN 0.00101
M 2 NA 0.02226
M 3 U238 .0242 0 . 0605
M 4 PU240 .0013PU241 .000226 U238 0. 01835 PU239 .005335

0 0.0505
M50 0.000001 END
ENERGIES
6.053E6 3.5768E6 2.2313E6 1.3534E6 8.2085E5 4.9787E5 3.0197E5
1.8136E5 1.11095E5 6.7379E4 4.0868E4 3. 788E4 1.5034E4 9.1188E3 5.5308E
3.3546E3
2.0347E3 1.2011E3 7. 4852E2 4.5400E2 2.7536E2 1.6702E2 1.013E2 6.1442E1
3.726TE1 2.2603E1 5.0435
VIM
STOP
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APPENDIX 5

Sample Input for the Rectangular Option

253577253677 MASURCA HETEROGENEOUS

SECOND TITLE CARD

BATCHES 200 HISTORIES 5000 GROUPS 27 TIME 7000 DELTA 1E-4

FRATES PU240 PU241 U238 CRATES U238

NTYPES 2

¥+ THERE ARE 2 TYPES OF SUBASSEMBLIES

¥ TYPE 1

10.6 .05 .17 1.2466 7 0 8 0 8 0 8 0 END

60.96 20.32 1.169 60.391 1. 20.32 END

¥ TYPE 2

10.6 .05 .17 0 70000000 END

60.96 20.32 0.8 60.96 0.8 20.32 END

¥ TYPE 1 HAS 20 VARIANTS TO MODEL PERIPHERAL FUEL AND BREEDER
30

¥ MAIN FUEL DR 1

70 END 5 1 1 5123 511 5124 511 5123 511

¥ BREEDER DR 2

7+0 END 5 11 5123 511 5123 5115123 511

¥ INSTRUMENT CHANNEL DR 3
3%x0 1 3%0 ENDS5 11 5123 511 512414

6 1 25
511 5123 511
+ PERIPHERAL FUEL TAKEN ANTICLOCKWISE FROM BOTTOM
¥ NO 1 DR 4

3%¥0 2 3*+0 END 511 5123 511 5124
38123454678 6 10 9 10 11 12 13 14 15 16 20 24
5115123511
¥NO 2 DR 5

3%0 2 3%¥0 END S5 11 5123 511 5123
6 8 17 18 19 20 21 22 23 24
4 8 25 26 27 28 29 30 31 32 511 5123 511
¥ NO 3 DR 6

350 2 3%¥0 END 511 5123 511 5124
34 3478 6 4 2 6 20 24
511 5123 511
¥ NO 4 DR 7

3¥0 2 3%¥0 END S5 11 5123 511 5123
6 2 17 21 4 2 25 29
511 5123 511
¥ NO 5 DR 8

3¥0 2 3%¥0 END 511 5123 5115124
6 4 26 2024 38347811 12 15 16
5115123511
¥ NO 6 DR 9

3¥0 1 3%¥0 END 51 1512 3 511 5123
6 4 17 21 25 29
511 5123 511
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¢ NO 7 DR 10O
350 2 3%0 E¥D 51! 5123 511 5123
4 8159 13172 2529 68 26 10 14 18 22 26 30
5115123 511
¥ NO 8 DR I1
3¢0 2 330 END S L 151235115124
6 10 2 36 7 11 15 19 23 27 31 3848 12 16 20 24 28 32
511 5123 511
+ NO 9 DR 12 |
3¢0 2 3%0 END 511 5123 511 5124
6 10 3 7 11 15 19 23 26 27 30 31 38 48 12 16 20 24 28 32
511 5123 511
£ REPEAT 7 DR 10
£+ N0 10 DR 138
3¢50 2 350 END 51! 5123 511 35123
4 2 15 6 2 9 13
5115123 511
£ NO 11 DR 14
350 2 3%0 END 511 5123 511 5124
§ 4 12 16 26 30 3 8 19 20 23 24 27 28 31 32
511 5123 3511
£ NO 12 DR 15
350 2 3%0 END 51 L 5123 511 5123
4215 64286913
511 5123 511
£ NO L3 DR 16
350 2 3%¥0 END 511 5123 511 5124
6 8 12 16 20 24 26 27 30 31 3 2 28 32
511 5123 511
£ NO 14 DR 17 ‘
3%0 2 3%¥0 END 311 5123 511 5123
4812345678 6891011 12 13 14 15 16
511 5128 511
£ NO 15 DR 18
350 2 3%0 END 511 5123 511 5124

6 10 12 16 17 18 19 20 21 22 23 24
511 5123 511

¥ NO 16 DR 19

3x0 2 3%0 END S 1 &I 5123 511
6 10 9 13 I7 18 19 20 2@ 22 23 24
511 5123 I 1
REPEAT 14 DR 17

17 DR 20

2 330 END 511 51
9 13 17 21 26 27 30 31
I 1

b

e =

2

3
3

11
25

=
N

PR OZ2—~NOO— o 0O
[\~]

I 51 I 1
12 16
L1

M

-

2 5

s

3 11

U130 Q2 2 U QO ¢ U1 O I ¢ 3¢

3 8 25 26 27 28 29 30 31 32

512 ¢4
3 8 25 26 27 28 29 30 31 32

512 4
29

5123

512 4

20 21 25 26 29 30
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2 1 5123 511 5123

20 24 27 31 4 2 28 32
I 5123 511

0 26 DR 29

s

o
>
o
[<v]
=
-4
w
—

NO 20 DR 23
£0 2 350 END 511 5123 511 5123
8 4 8 12 16 20 24 28 32 6 8 3 7 L1 15 19 23 27 31
11 5123 511 ’
NO 21 DR 24 '
0 2 350 END 5 11 5123 511 512#¢4
10 26 10 14 18 22 26 27 30 31 3 8 15 9 13 17 21 25 29
11 §123 511
NO 22 DR 25
+0 2 3%*0 END 5 11 51 2 3 511 5124
10 2 36 7 10 14 18 22 26 30 3 8 1 5 9 13 1T 21 25 29
11 5123 511
REPEAT 20 DR 23
NO 23 DR 26 :
0 2 3%0 END 5 11 5123 511 5123
2 20 24 4 2 28 32
P11 5123 511
NO 24 DR 27
02350 END 511 5123 511 5124¢d
4 3 717 21 38125691013 14
11 5123 511
NO 25 DR 28
0
4
1
N
£0 2 3*0 END 511! 5123 6511 51214

4 371721 3812569 1013 14

11 5123511
REPEAT NG 2 DR'S

NO 27 DR 30
t0 2 3*0 END S 1! 5123 5§11 5124¢4
812345678 6109 10 11 12 13 14 15 16 17 21

11 85123 5611 .

REF DR 31

7¢0 END 511 511 511 511 611 511 5
CONTROL ROD DR 32
T#0 END 515 515 515 515 515 515 515
EDIT 4 18 4 I8 60.96 162.56 BOUNBARY 0 0 0

26 DN 3 T Q0w N & U MO+ U0 LD 2¢ OO 2 2 O 2 QTGP ¢ ON = QI 3¢
e

1

1
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PLAN 22 22

3(22«
T£31
%31
5831
4%31]
3%31
3%31
J%¥31
3%¥31
3%31
%31
3x31
3%¥31
4%31
5%31
6431
T%31
3(22%
MEDIA
M1 ¢
MO
¥ 2N
M3 U

M 4 PU240

0.
¥ 50

M 6 PU240

0 .0
ENERG

. 354

LOMNW— 5

VIM
STOP

31)
8%2

10%2

o%2
4%2
3%2
3%2
3%2
3%2
3£2
432
4%2
5%2

8%2
31)
R

lI\
238

511
TES

6E3

T%31
6%31
122 5%31

5 30 4 5 5%2 ¢

28
26
23
25
24
23
22
21
L7

01257 NI

29 d4%]
27 6%1
8%1 10

4xl 32

g%l 12
8¥1 10
6¥1 14
20 41

$31

4:2 3%31
3%2 331
3%31

Il 322 3%31
331

33231

I3 3%2 3431

16 15 4%2 3%31

A O 1

6
8
3
3
3
3

DO N — MWD =)

H

19 18 17 5%2 4%31
12%2 5231
10%2 6+%31
T¥31

.005749 FE 0.04474 O . 00025

0.00005 MY 0.00101

0.
.0242

02226

0

.0505

.0013PU241 .000226 U238 0.01835 PU239 .005335

0.
0.

0505
000001

.000508

END

PU241 3.25E-5 1238 .0194 PU239 .005873

-053E6 3.5T68E6 2.2313E6 1.3534E6 8.2085E5 4.9787E5 3.0197TES
813685 1.11095E5 6.7379E4 4.0868E4 3.788E4 1.5034E4 9. 1188E3 5.5308E

-0347E3 1.2011E3 7.4852E2 4.5400E2 2.7536E2 1.670282 1.013E2 6. 144281
.T26TELl 2.260381 5.0435
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Figure 1 Pin Locations for Rectangular Geometry
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