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GENERAL DESCRIPTION

PROCOPE may be used for fuel clusters of any
geometrical configuration, provided the number of pins
does not exceed 61, and for square or triangular lattices.
In order to restrict, as far as possible, the quantity of
input data - such as coordinates of pin centres referred
to the centre of the cluster - several particular geometries,
4,7,12,19,31,37 pin clusters, have been directly incorpor-
ated in the code. For 19 and 37-rod clusters, two geometries,
hexagonal and circular, are considered, as well as the case

of D, # Dc (see Figs. 1-13).

2
The numerical designation of the fuel pencils
(see Figs. 1-9) increases in a clockwise direction from

the external annulus to the centre of the cluster. For the
lattice, the system of numeration is shown in Figs. 12-13.

From inspection of the configurations given
special treatment, it becomes immediately evident that not
all possible combinations of two rodlets need be considered
individually, since some degree of symmetry exists in every
geometry included in the code. For this reason, provision
was made for the construction of a matrix of groups of symmetry.
To each combination of two rodlets a number is assigned which
is repeated for every pair ‘placed in a geometrically similar
position. For instance, in the case of the 19-rod cluster
in circular geometry it is obvious that the pair 2-6 is in
exactly the same conditions as the pair 12-4, and therefore
belongs to the same group of symmetry, as do the combinations
1-9, 8-12, etc; It now becomes a simple matter for the code
to identify every separate group of symmetry and all calcu-
lations from this point on will be made only for pairs of rods
placed in geometrically different positions (see example out-
put) .

For configurations not specifically included in the
code (that is to say NC = 10,11 - see input data and Figs. 10,
11), the rodlet coordinates and the matrix of groups of symmetry
cannot be calculated and constructed by the code and therefore

must be supplied as input data.




II.

III.

In this case the rodlet coordinates and the matrix
of symmetry will be printed as output. The matrix is
entered row by row assigning number 1 to the group of
symmetry of which rod pair 1-2 is a member, and proceeding
in increasing order to the total number of groups, which must
never exceed 300. In the matrix, the position corresponding
to the rodlet paired with itself (e.g. 2-2, 25-25, etc.) are
numbered 0 (zero) (see example output).

CODE LANGUAGE

The code PROCOPE written in Fortran II, version 3,
can be run on a normal IBM 7090 with a 32,000-word memory.
It requires the use of eight magnetic tapes divided into
two channels, following the Fortran-Monitor 7090 system.

INPUT DATA

The input data for all the cases is as follows:




Symbol used . .
Data No. Card No. Data in code Description Format
1 1 Title TITLE(I) Any alpha-numerical information referring XKXXesooeoeX
to the case being studied
2 2 Nc NC Geometrical configuration number, that is: XXXXX
NC=1l: cluster 4 fuel pencils
2 : " 7 " ”
3 : [1] l 2 " "
4: " 19 " " (hexagonal geometry)
5: " 19 " " (circular "
6: " 19 " " (circular "
D #D ,: see Fig. 6
7 ] n 3 l " L1 c# C2 g )
8: " 37 " " (hexagonal geometry)
9: " 37 " " (circular " )
10: any configuration: identical fuel pencils
11 " " various " "
12: square lattice
13: triangular lattice
3 2 Ni NII Number of Gaussian integration points XXXXX
(with 1 or 2 points the calculation is already
accurate enough in most cases)
4 2 N NG NG=1l: cladding homogenized with fuel XXX XX
g 2: " " " coolant
(or moderator)
5 2 N NP NP=1: total and directional collision on prob-
P abilities will be calculated (normal and
reduced)
2: total collision probabilities only calcu-
lation (normal and reduced)
6 2 Ntc NTC NTC=1l: accurate calculation of Pij XXAXXX
2: approximate " "o
7 2 Ng NS NS=1: uniform source distribution in fuel XX XXX
2: non-niform " " " "
8 2 N NB Number of fuel pencils (to be supplied only XXXXX
b if NC=10,11)

9 3 a; (cm) AP (I) Radius of fuel pencil x.xxxxtyb




Symbol used

Card in code

Data No, Data

10 di(cm) D(I)

11 rl(cm) R(1)

SP(I)
SCL(I)

SPC

FI (1)

EPS

X(I) )
)

Y (I) )

MSI (I,J)

Description

Cladding thickness

NC=1: distance between centre of the fuel
pencils and centre of the cluster

NC>1l: centre-to-centre distance of neighbouring
pencils

Radius of the cluster
distance between centre of the fuel

pencils in external ring and centre
of the cluster

NC=6 only:

Total fuel cross-section
Total cladding cross-section

Total coolant or moderator (for lattice) cross-
section

Source factor

Accuracy desired for P in a lattice

Coordinates of fuel pencil centres with respect
to centre of cluster or a lattice ‘

Matrix of groups of symmetry:
new card for every new Xow

row by row:

Format

x. xxxxtyb

x.xxxxﬁyb

x.xxxxtyb

X . xxxx2Iyb
x.xxxxfyb

x.xxxxtyb

X . XXxXTyb

X.xxxxtyb

x . xxxxTyb




,4________———————::.-------llllllllllllIlllllIllllIlIIIlIlllllllllllllllllllllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

For the different values of NC the

1:
2:
3:
4
and foll,

Card No.

NC = 1,2,3,4,5,7,8,9:

1l:
2:
3:
4.
and foll,

NC = 6 Card No.

10

4:
and foll,.
" follow:

*e ee

11 Card No,

1l:

2

3:

and foll,

" follow:
"

NC

NC = 12,13 Card No.

oW N

e 88 o0 e

input data must be introduced in the following order:

TITLE (I)
NC,NII,NG,NP,NTC,NS
AP(1),D(1) ,R(1),C

SP (1) ,SCL(1),SPC, [FI (1)

(general description)
(geometrical data)
if NS=1I] or [FI(I),I=1,NB

TITLE (I)
NC,NII,NG,NP,NTC,NS

AP(1) ,D(1) ,R(1),C,R(2)

SP(1),SCL(1) ,SPC, [FI(1) if NS=1} or [FI(I),I=1,NB

TITLE (1)
NC,NII,NG,NP,NTC,NS,NB

AP(1) ,D(1) ,R(1),C

SP(1) ,SCL(1) ,SPC, [FI (1) if NS=1] or [FI(I),I=1,NB

[X(I),1=1,NB)
[Y(I),1-1,NB]
[MSI(I,J),3=1,NB,I=1,NB]
and read line for line

new card beginning new

TITLE (I)
NC,NII,NG,NP,NTC,NS,NB
[AP(I),I=1,NB]

[D(I) " ]

[SP(I) " ]

[SCL (1) "

C,SPC,[FI(1) if NS=1] or
[X(I),I=1,NB]

[Y(I) " ]
[MSI(I,J),J=1,NB,I=1,NB] as for NC=10

[FI(I),I=1,NB if NS=2]

TITLE (I)
NC,NII,NG,NP,NTC
AP(1) ,D(1) ,R(1),EPS
SP(1) ,SCL(1) ,SPC

NS=2] (nuclear data)

if NS=2])

NS=2]

line of the matrix
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If it is desired to solve two or more consecutive
problems, two cases must be distinguished:

1) The data are very or completely different from the input
data of the previous problem, add:

a) a blank card

b) the appropriate input cards for the following problem.

2) The data do not differ greatly: to the input data of the

previous problem, add:

a) a card with the data numbers that are to be changed

in increasing order (format for every data number:
xxxxx). Then it is possible to change a maximum of
14 data

b) cards with the data that are to be changed,with the
same format and distribution as above (title, general
description, geometrical data, nuclear data, etc.)

Examples: col. 5 10 15 20 25
card a 1 3 4 11 12
" b TITLE(I)
" b, NII,NG
" b2 R(1),C
col, 5 10 15 20
card a 2 14 19 20
" b NC
" bl SP(1l) or ([SP(I),I=1,NB} if NC=1l1
" b, [X(I),I=1,NB]
" b, [¥(I),I=1,NB]




Iv.

LIMITATIONS

a) The number of fuel pencils must be comprised between 1 and 61.
b) The maximum number of groups of symmetry must be 300.

c) It is not possible to give an arbitrary configuration in
the case of the lattice.

EXECUTION TIME

Three cases must be distinguished:

a) Cluster geometry with exact calculation of Pij‘

b) Cluster geometry with approximate calculation of Pij'

c) Lattice geometry.

Case a)

Obviously the execution time depends both on the
number of integration points for each integral and the number
of groups of symmetry. For the configurations numbered 1-9,
the groups of symmetry are:

NC Groups of symmetry (NGS)
1 2
2 4
3 7
4 10
5 21
6 29
7 22
8 18
9 73

The following approximate relationship may be used to estimate
the execution time:

Total coll. prob. only calc. 5°¢ NGS- NII2 = TIME (sec)

Total and directional coll. prob. calc., 20 . NGS. N112 = TIME (sec)
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Case D)

As for case a), but the execution time is now
given by:
2

Total coll. prob, only calc. 3 +*NGS+ NII™ = TIME(sec)

Total and directional coll. prob. calc. 8+ NGS* N112 = TIME (sec)

Case c)

The execution time will depend on the number of rods
which need be considered for a given accuracy. It will thus
vary significantly with the geometrical and nuclear properties,
As an indication, the execution time for the case given as an

input-output example was found to be 15",

COMPOSITION OF PROGRAMME DECK

The programme is composed as follows:

Section of No, of cells

the code Description occupied

PROCOPE (MAIN) The input data are read in and printed, 3906
the constants defined, the results
printed and the calls for calculation
are made in this section of the code

CORD Calculation of pin centre coordinates 647
with respect to the centre of the
cluster

SIMM Construction of the matrix of the 2436
groups of symmetry

SPOST  Displacement of indices for the sub- 142
routine SIMM

RIEMU Calculation, for every pin, of the 62
cylindrical coordinates with respect
to the centre of the cluster

TANG Calculation of the arctang in the 87
four quadrants

ASTER Print the * beside the data changed in 214
the successive cases

NUMBER Print of the numerical configuration of 531

the fuel pencils




Section of
the code

RES

PRES

PIIK

PIJK

PIJKAP

CONST

GABIN
FEDIC
BIC3AP
BIC

GAUSS1

GAUSS2

PUUKR

PCUK

PSSK

PISK
PUSK

PUUKG

PICK

- for clusters only
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Description

Calculation of pin centre coordinates
with respect to centre of pin 1 and
other initialization in the cases of
the lattices

Iterative calculation of probabilities
for the lattices

Calculation of probabilities P

and p. ik

iik

Calculation of probabilities P.

and P. ik

ijk

Approximative calculation of prob-
abilities Pijk and ple
Vector construction for parabollc
interpolation

Parabolic interpolation
Elliptical integration in PIJAP
Calculation of Ki3 approximate

Calculation of K;, exactly
Calculation of the variable for
Gaussian integration

Calculation of the integral with
Gaussian method

Calculation of probabilities Puuk

and Puuk for lattices only

Calculation of probabilities P
cuk

and Peouk

Calculation of probabilities P

and p ssk

ssk

Calculation of probabilities P:ok

Calculation of probabilities P usk

Calculation of probabilities P uuk

Calculation of probabilities P,

and P;ck ick

No. of cells

occupied

459

366

284

905

755

89

223
278
212
493

75

45

83

181

698

401
98
181

142




VII.

Section of
the code

PCIK

PCSK

PCCK

WRITE

Special
functions

Library
subroutines

COMM@N

OUTPUT

order:
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Description No. of cells

occupied
Calculation of probabilities P . 75
cik
and p .
cik
Calculation of probabilities PCsk 138
Calculation of probabilities P 108
cck
and p
cck
Print all probabilities 83
Bessel functions ~~ 700
Input, output, elementary functions ~ 2700
7980
"Total number of cells occupied ~ 25'777

The output is printed off-line in the following

a)
b)
c)
d)
e)
£)

g)

General description

Numerical configuration of the fuel pencils
Geometrical data

Nuclear data

Matrix of groups of symmetry (only if NC = 10,11)
Detailed probabilities Piik'Pijk’Pisk always

and Pick’Pcik only if SPS # 0
Balance sheet: Puuk’Pcuk'Puck'Pcck'Pusk’Pcsk'
P

ssk




| DEFINE CONSTANTS |

CORD CALC. XD ,¥(D
SIMM , SPOST DEFINE MSI(1,J) X(1), YD, MSK(I,)

' | A 4
-4
CALC.

RIEMU , TANG CYLINDRICAL COOR.

WRITE DATA

WRITE
NUMBER NUMERICAL CONFIG.

NUMBER

=1

NG
L/

=2
CLADDING——» FUEL CLADDING — COOLANT OR MOD.

CALC. VOLUMES AND CROSS S. CALC. VOLUMES AND CROSS SECT.
1 s

NC

>N
CALC. X1) . Y(I)
AND [INITIALIS,

PRES , PIIK , BIC CALC. Ry

Riu = B

®

I
J
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Subr. PLK, PIJKAP, CONST,GABIN ,FEDIC, BIC3AP
" BIC, GAUSS1 , GAUSS2

" PUUKR

" PRES

" PCUK

| INITIALISATION |

N PSSK , BIC3AP , BIC GAUSS! GAUSS2 Y

WRITE )
Rix « Piik .« Pijk . Pijk

" PliK , BIC

" PIUK ,PIJKAP , CONST , GABIN ,FEDIC
" BIC3AP , BIC , GAUSS1 , GAUSS2

" PISK , BIC3AP,BIC, GAUSS1, GAUSS2

" PUSK
" PUUKG
Y
" PICK CALC. Pjck
WRITE
Pick :Pick
" PCIK

WRITE
Peik + Peik




Subr. PCSK

PCUK

PCCK

WRITE
Riuk + Reuk

WRITE

Puck . Peek
Pusk + Pesk

Y
<: WRITE )
Puck , Peck, Pss

-4

INITIALISATION
FOR THE NEXT CASE

(_READ NDND )

_ <0 o >0 _
) 1

=0 READ  DATA
THAT ARE TO BE
CHANGED

®
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FUEL-COOLANT COLLISION PROBABILITIES (PIC)

PROBABILITIES (PCI)

COOLANT-FUEL COLLISICN

ESCAPE PROBABILITY FROM CLUSTER FOR NEUTRON BORN IN FUEL (PIS)
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5) BALANCE SHEET

IN CLUSTER

FATE OF NEUTRONS BORN

COOLANT
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REDUCED PROBABILITIES

TRANSMISSION PROBABILITY THROUSH CLUSTER (PSS)

2.0401E-01 204326E-01

2.563kE-01




ALL INPUT DATA AS IN PREVIOUS PROBLEM EXCEPT THOSE MARKED WITH =

::::::3:::::::::‘—':‘:======::=====================:::==========:==

= ANY CONFIGURATIONe. IDENTIACAL FUEL PENCILS

1) GENERAL DESCRIPTION
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NUMERICAL CONFIGURATION OF THE FUEL PENCILS

ANY NUMERICAL CONFIGURATION IS POSSIBLE
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CO-ORDINATES FUEL PENCILS CENTERS

MATRIX OF GROUP OF SIMMETRY =

2) GEOMETRICAL DATA




3) NUCLEAR DATA

- 93 -




 REDUCED

NORMAL

SYMMETRY
GROUP

PIN-TO-PIN COLLISION PROBABILITIES (PIJ)

L) DETAILED PROBABILITIES
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ESCAPE PROBABILITY FROM CLUSTER FOR NEUTRON BORN IN FUEL {(PIS)

FUEL-COOLANT COLLISION PROBABILITIES (PIC)
COOLANT-FUEL COLLISICN PROBABILITIES (PCI)




COOLANT

IN CLUSTER
NCRMAL PROBABILITIES

FATE OF NEUTRONS BORN

BALANCE SHEET
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REDUCED PROBABILITIES

TRANSMI SSION PROBABILITY THROUGH CLUSTER {PSS)




SQUARE LATTICE

1) GENERAL DESCRIPTICH

NUMERICAL CONFIGURATION OF THE FUEL PENCILS
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2) GEOMETRICAL DATA

3) NUCLEAR DATA
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PIN-TO-PIN COLLISION PROBABILITIES (PI1J)




5) BALANCE SHEET

FATE OF NEUTRONS BORN IN CLUSTER

SOURCE MEDIUM FUEL COOLANT
==================:::::::::::::3:3:2:3:===:==:=::======:============================================:===:
RADIAL AXIAL TOTAL RADIAL AXTIAL TOTAL
=========================:=:=========: ==:=:======='—'=======================:=

NCRMAL PROBABILITIES
COLLISION IN FUEL - - 8o9014E-0O1 - - 8726E 00

REDUCED PROBABILITIES

COLLISION IN FUEL - - 1o 4447E 00 ‘ - . - , 3.03291E 00

472 LINES OUTPUT THIS JOB.
JOB START AT 09022(1%/11/66)0 !
COMP./LOAD TIME 00.C08 ©
EXECUTION TIME 000070 ©
TOTAL JOB TIME 00,078 i
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