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I. INTRODUCTION 

Despite the continually increasing, capacity of computers, it is de-
sirable to have programs which can perform even complicated calculations 
with a minimum of core storage and. computing. time.. . In . the present state 
of the art they can be obtained only by use of Monte Carlo methods. This 
version of the code package MOSSE-K fulfills the above requirements. 
Morse combines with thesé capabilities those of -modern Monte Carlo pro-
grams [1]. Hence it is possible, in addition to-making survey calcula-
tions, to perform Monte Carlo calculations in whatever detail is desir-
able with MORSE-K. 

• • i 

The Multi-group Monte Carlo -program MORSE [2], developed in the 
Neutron Physics Division of ORNL, which--was graciously put at our dis-
posal even before its final publication, served as starting point for 
the development of MORSE-K. Several reasons, persuaded us to use MORSE 
as a basis for our work. They resulted in the following practical pro-
perties of MORSE-K. MORSE-K is a multigroup Monte Carlo program. It 
can use the same cross-section libraries as do transport programs, on 
the basis of either finite differences or finite elements. This en-
tails a certain limitation in the consideration of cross-section fine . 
structures. However, this limitation is more than offset by the ad-
vantages connected with this. First of all, the Monte Carlo user no 
longer must carry the bur dent of data preparation alone. He can lean on 
the experience of others in the production of group data for reactor 
or shielding calculations. This experience is expressed in systems 
such as RSYST [3]. MORSE-K can easily be coupled with such systems. 
Further, it is no longer necessary to distinguish between different 
reactions. In particular, the production of secondary particles can be 
very simply included in multigroup data. This means, among other 
things, that the program is equally suitable for neutron and gamma 
transport. Additional advantages that are taken over in MORSE-K 
directly from MORSE can be described by the key words albedo boundary 
condition, time independence, general geometry package, arbitrary 
scattering order, weighting mechanisms, and analysis programs for 
shielding problems. 

Version 1 of the program package MORSE-K consists of a basic pro-
gram with which keff calculations can be performed for arbitrary 
three-dimensional geometry by use of flux and collision estimators. In 
addition, there are special geometry packages (plane, cylinder, sphere, 
and combinations) and various. evaluation programs (area and point detec-
tors for shielding, volume detector for flux integrals and cross-section 
reduction, correlation package for small effects, plotting program for 
the geometry test). The basic program requires 18,500 core storage 
locations. Beyond this .... " a common area, which is needed for 
storage of cross-sections and geometry data,, must.be made available. The 
cross-sections can in part be stored in secondary memories (e.g., ECS in 
the CDC 6600) . A--maximum of .350 neutrons can be processed at any one 
time in one batch. Scattering moments to Pa are provided for. There is 
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no pre-programmed limit to the number of groups (upward or downward 
scattering). The entire program exists in versions for the CDC 6600 and 
the Siemens 4004 calculators. 

The following report describes the individual program sections. Main 
emphasis is given to the.deviations from the initial code, MORSE. The 
MORSE manual [2] gives-information about further details. An input de-
scription and a test example for each of the analysis packages are intended 
to round out the discussions. 

II. PROGRAM SYSTEM 

The MORSE-K program consists of sub-routine decks for the following 
tasks: input, generation of random paths, geometry, analysis, and statis-
tics. The core storage used by the input routine is used for neutron 
storage during the simulation. Before each fundamentally new input the 
program must be loaded anew. However, small input changes can be 
carried out through sub-routines written by the user. 

In this chapter the standard decks will be described. The majority 
of their sub-routines have direct predecessors in the MORSE program. 
Hence the description will be limited to indication of the most signifi-
cant changes. 

The data transfer between individual routines takes place by way of 
the various common areas. Primarily the structures of blank common were 
changed. Table 1 gives the named common areas. Table 2 describes the 
structure of the neutron storage, and Table 3 that of blank common. 

1. Input Module 

The subroutines of the input module are shown in Table 4. Their 
status relative to the MORSE code and their main purpose are given. The 
relations between the sub-routines is shown in Table 5. Table 6 diagrams 
the sequence of the input. The input description in Chap. Ill gives the 
details. 

The most far-reaching changes were made in the programs that process 
the cross-sections. In contrast to the MORSE version referenced here, 
upward scattering is permitted and the connection with RSYST libraries is 
permitted. As standard options, there are the capabilities of using 
different orders of scattering for different materials, of using trans-
port corrections,, and of assigning blocks of cross-sections at will to 
materials. However, the capability for mixing various elements in the 
program was not developed further, .MORSE-K works most effectively when 
such- generation processes take place outside the Monte Carlo calculation 
(e.g. with RSYST [3]). 

A series of parameters was needed for the description of upscatter 
and the processing of the new cross-section blocks; these were appended 
to COMMON/LOCSIG. They are described in Table 7. 
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Table 1. Labeled Common Areas in MORSE-K 

Name Content Length Status* Occurrence 

AGECAL 
• 

Lifetimes 4 n BANKR,NBATCH 
APOLLO-

* Л.". '.-'" • • 
• • ' »i '••>• i." * t 

t'v •'•' • " • 

. ! ' Л*» ' 
' S**/-''-' • •' 

Adresses ^nd Parame-
ters • / ; 

' * '•'• ' • 

ÎOO u MORSEK, BADMOM, 
INPUT, SORIN, MORSE 
BANKR, FBANK, FPROB 
FSOUR, GETETA, 
GOMST, GPROB, 
GSTÖR, MSOUR, NXTCC 
TESTWT, OUTPUT2, 
OUTPUT3, GETNT, 
STORNT, SETNT, HELT 
OUTPT 

BANK ^ ; ; / Information for. 
"collision tape ~ -

54 
r 

U 
« 

MORSEK, INPUT 

BNKNMC. _ 
• , r "''.'"»•"•У.'.'Л̂А • vir//"-.' j 

Designation of 
Parameters of colli-
sion. tape. 

72 
• 

u MORSEK, INPUT 

CHGEOM , Index for geometry 
package 

1 n MORSEK, INPUT, 
DIREC, LOOK2, GEOM.. 
NORML, GOMFLP, 
JOMIN 

DIM1/2/3 Auxiliary storage ю 
• 

n DATIN, FIND, 
LEGEND, INPUT 

PISNEW . .:. Adresse«» and Datfc. 
for fission • - ..л.1*;.. "Г ! 

6 : g- MORSEK, INPUT, 
MORSE, FBANK, FPRO£ 
FSOUR, MSOUR, 
OUTPUT3, SETNT, 
OUTPT 

•GEOMA"^ Regioiïàndex Ий • 2 
•v • 

MORSEK, GEOM, JOM5 
'LOOKZ, GOMFLP, 
JOMIN 

GEOMCv Transfer geometry -
package random path 

13 U EUCLID, GOMST, 
GEOM, JOM 5, LOOKZ/ 
NORML, GOMFLP, 
JOM 14, JOM 15 

GEOMK 

'S*1*! • .*•*• •• -

Hollerith Data. > 
». • . * » » - 'r •* " •*•"•• t • . • • 

28 - u 

"-•t." •. 
1 •' . ' 

MSOUR', NORML, . 
GOMFLP, GEM, JOMIN, 
JOM 11, JOM 16, 
JOM-17, JOM 12 ; 

GEOMT ; • Entry for JOM 13 1 u MORSEK, JOM 13, -
JOMIN - „ \ ; 



Table 1. Contd. 

Name Content Length Status* Occurrence 
GE0M1 NCUESV 1 u MORSEK, GEOM, 

NORML, GOMFLP 

GEOM4 Present coordinates 
.at block-change 

11 u GEOM, J0M4, J0M5, 
JMIO, NORML, 
GOMFLP 

GEOM7 
% 

Present coordinates1 
at section of ' 
surface / 

8 u J0M5, J0M7 ' 
V 

GEOM9 Block addresses 
• 

5 
• 

u GEOM, J0M4, J0M5, 
J0M6, J0M9, JMIO, 
LOOKZ, J0M14, J0M15 

GEOM39 j Coordinates for 
J determining block 

4 u J0M9, LOOKZ, GEM, 
J0M13 

» 

GEOM56 j Block key i 4 u J0M5, J0M6 
GEOM77 » Direction magnitudes 

. ». 

4 u J0M5, J0M6, J0M7, 
LOOKZ, NORML, 
GOMFLP, J0M14, 
JOMI5, 

INOÜT Numbers of the i / o 

units 

2 « 
* 

u MORSEK, XSEC, 
GOMFLP,. J0M13, 

. JOMIN, J0M16, J0M17, 
J0M12 

JOMIN1 Maximum path int 
geometry 

1 u MORSEK, GEOM, JOMIK 

JOMIN2 Zone nember . 
and boundaries 

19 u • MORSEK, JMIO, LOOKZ 
JOMIN 

JOMIN3 I Block numbers, sec сor 
information 

21 u ̂  MORSEK, J0M4, J0M5,-
JOM6, JOM9, JMIO, 
LOOKZ, GOMFLP,' . 
J0M14 

JOMIN8 Adresses of 
the surfaces 

10 u MORSEK, JOM7, 
•XJ0M8, NORML, JOM12 

KEANAL See Table 22 22 n 
• 

. f 
BANKR, NBATCH, 
NRUN, STBTCH, STRUN 
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Table 1 Contd. ' . . . 

"'Name .Content j Length ; Status* j Occurrence 

. KRES Parameter(s) for к i .. ... ef f 
from total run J' 

5 n " 0UTPT31OUTPT 

LASTIO Last quantity of the) 
input/ area -p | 

1 , n ENDINP, SETNT 

LOCSIG Addresses and pjara-
meters for crossj 1 
sections t 

. • V - • ** r^"*" ... , 
» * * . . » • и 

65 g MORSEK, INPUT, 
ANGLES t FIND, GETMUf 
JNPUT, XSEC, READSG, 
STORE, LIBTP, GAMGE& 
COLISN, NSIGTA 

MEANS1/2/3 Еох-яцыс!MEANS 
» 

18 
• 

. g DATIN, BADMOM, 
ANGLES, Q 

M0M1/2 fôràerl£ MOMENT 21 g DATIN, BADMOM, . 
GETMUS, LEGEND, ; 
JNPUT, XSEC j 

NBANK к 
* ß 

Beginning , of neutron 
storage — r 

1 n 

• 

DATIN, FIND, GETMUS ] 
JNPUT, FPROB, FSOUR 
GETNT, STORNT, 
SETNT 

NCR Characteristics j 31 u JOM5, J0M6, GEM 

NOMIX Parameter NOMI 1 • n JNPUT, XSEC, READSG 

FORMAL <. Normal - v ec t o r-. j u ALBEDO, NORML, 
GOMFLP 

NUTRNP See Table.2k - - J: •i y. • . •™*j*,'| ii n GETNT 
Connection for corL 
related calculations | 

-
-

NUTRON Parameters- of the|̂ *. >: j 
current neutron - : 

i 

26 

» 

• u MORSEKf INPUT, 
MORSE, BANKR, FBANK 
FPROB, FSOUR, 
GETETA. GOMST, 
GPROB, GSTÖR, MSOUR 
NXTCOL/ TESTWT, 
ALBEDO, DIREC, OUTPTL 
GETNT, STORNT, GETWT. 
OUTPT j 

PDET 'Addresses and datai 
for che detectors ь 

ЗО n ENRGYS, SCORIN j • i 
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Table 1. Contd. 

Name Concent / ' • 1 Lengtn Status* Occurrence / 

PERT 1 See Table 2,3 . \ 26 MORSEK, GETNT,MSOUR, 
OUTPT, OUTPT 3 

QAL1/2/3 Early QAL \ 40 g DATIN, GETMUS 
RES1/2/3 " Early ; RESULT CO «41« g DATIN, BADMOM, 

ANGLES, FIND, -JNPUT 
RNDOM Parameter(s) of the i 

random number generato l 2 
n MORSEK, INPUT, 

MORSE, OUTPUT 
TITL Intermediate storage i. 

for texts j 
20 n INPUT, BIBWQ, XSEC 

USER Addresses and... para-
meters for analysis \ 

,23 u MORSEK, ENRGYS, 
INPUT 

WEIGHT Addresses and para-
meters for calculai 
tion of weightsj 

6 n TESTWT, GETWT 

XGEM Addresses for assign-
ment tables geometry 
media-WQ-media j 

3 n MORSEK, INPUT, JNPUT 
XSEC, GAMGEN, COLISN 
OUTPUT3, NSIGTA, 
OUTPUT 

u unchanged 
g changed relative to WORSE 
*n new 
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Table 2: Neutron Bank (Particle Bank) 

Beginning Address 

NBANK(l) 

NBANK(NFDT) 

NFÛT = lO • NMOST+l 

Contents 

ICOMB 

U 

W 

Meaning 

For each parameter NMOST 
places for a maximum of -л • •..1 » ' 
NMOST neutrons 

WATE 
AGE 
IBLZNT 
X 

WATEF 
AGE . , 
IG+8000 » NAMEX 
X 

ParameterCs) for 
first fission 
neutron . 

Parameters for 
9nd * neutrons 

Parameters for at most NMOST fission 
neutrons 

« i 
WATEF 
AGE 
IG+8000* NAMEX 

с : 

IBLZNT 

ICOMB 

ISIGN((((( NBOUND-64+NZBL)-64+NYBL).64+NXBL)'128+NZ), N S G N ) | 

NHEG+26NMED-1-216NAMEX+229NAME+242IG 

1 ">.> 4« 

v у 
• т». . 



Table 3: Data Areas in Unnamed Common 

[ Beginning addresses Contents Length 

MXSTR 

LOCTOS 

LOCFWL 

LOCEPR 

LOCNSC 

LOCFSN 

Energies I 

Velocities 
Source spectrum 
Weighted- source 
spectrum f .. 

Cross sections 

Average weight 
.iib batch 
.PATH . 
Counter for Split-
ting , killing und 
and survival 
'Average weight at! 
the beginning. 
Fission weights in 
batch : Г'.'77 

Fission weights at 
the i beginning 
Weights of the- sec[ 
ondary particles \ 
Parameters for 
weighting of the 
energy transfer 
Counter for colli-
sions in groups 
Counter for collit-
sions in groups and 
geometry-media 

Fission probabilities j 

4-vNMTG 

MGPREG 

MGPREG 

3- MGPREG 

MGPREG . 

2 * MXREG 

NMGT.MXREG 

NMGT.MXREG 

NMTG 

NMTG.NGMED 

NMTG.MEDIA 



Table 3. Contd, 

-a-

Beginning addresses Contents Length 

Fission spectra 1 NMTG.MFISTP 

• 

V . 

Probability for| 
secondary particles! 

/ 

Kf'TG ÎÏGMED ) 
. * . 

4 , 
к 

KGEOM . Geometry data 
— i 

4 -

/ 

Kf'TG ÎÏGMED ) 
. * . 

4 , 

* NGLAST+1 
i 

Analysis data • 4 * 

i ^ 
LMAX+1 User data j NLEFT 
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Table Ц: The Subroutines for Input to MORSE-K 

1 

Name 

ANGLES 

BADMOM 

BIBWQ 
DATIN 

ÎENDINP 

ENERGYS u 

Status 

FIND 
GETMUS 

INPUT 

INSCOR 

INPUT 

tJOMIN 
[JOMGEN 

JOM1X 

OM12 

JOM16 

JOM17 

LEGEND 

LIBTP 
Q 
i 
IREADSG 

u 

n 

n 

n 

u 

u 

u 

g 
л ' 
u 

u 

u 

u 

u 

n 

u 

g 

Function 

Determination of discrete scattering angles and 

scattering probabilities by Gaussian quadrature 

Print-out for bad moments 

Reads RSYST data from tape or cards 

Reserves the first place of the neutron storage 

i and places of the auxiliary common. First subroutine 

Reserves the last place of the neutron storage 
last subroutine of the input section 
Determines boundaries and width, of the 

groups for analysis 

Finds the roots of the angle polynomials 
о 

Calculates moments of the angle polynomials 

Controls the input sequence / 
No function at present ,..?•• 

Controls the cross-seçtion procès sing 
("Control program for the geometry input 

( Reads the input of the general GEOM 

1 

Calculates identification numbers £ Q r s e ctorsj 

Reads coefficients of the area equations 

Reads boundaries for zones and blocks 

Reads media-and Surface assignments 

Prepares Legendre coefficients for the 

moment calculations 

Prepares RSYST data for MORSE-K 

Calculates polynomials 

Controls the reading of the cross sections 

< ; 
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Table 5. Relation between Subroutines for Input \ 

MORSE-K 
DATIN 
•INPUT SORIN 

JOMIN 

XSEC 

SETNT 1) 

SCORIN 

JOM 16 i 
JOM 11 

i JOM 12 

* JNPUT 

INSCOR 
I 

ENERGYS 

tJOM 17 

-t READSG 
I 

STORE 
I 

LEGEND 
t ANGLES 

LIBTP BIBWQ 

ь» i 

ENDINP 

1) See Section 2 

a«i'iVii il i iHHfr*** Л. . . .i .. - .. • , j f 5Î SCA 
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Table 6: Scheme of Input Sequence 

Subroutine Card contents 

INPUT 

SORIN 

INPUT 

XSEC 

II 

16 

18 

XI 

Dependent thereon 
READSG 
or 
LIBTP. 
or 
BIBWQ 

and " j 
-INPUT 
INPUT 

X8 

X8-A 

X8-B 

JOMGEN 

SCORIN 

X9 

111 

G A 

SI 

15 

17 

110 

X7 

X8 

X8-A 

X8-B 

X9 

119 

G Q 

S13 

• 

Problem description 

Source spectra and weighting 

Energy boundaries, collision 
tape random numbers 

Cross section description 

Cross sections from cards " П " 

I 

Identifiers of! blocks to be read 

RSYST-cross sections from I 
tape or cards 

Mixture information 
• • — • * % ' * *, , > 

Parameters for weighting and; 
; production of fission and.L.,, 
• secondary particles 

General geometry input (Mayf 
- — - • L . ...J 

be replaced by anotherj 
. package) -
Analysis data 

Immediately following) further data may be read in by 

individual subroutines. 



Table 7 New Parameters in COMMON LOCSIG 

Parameter , ' \ Meaning \ 

IXTAP 

MCR 

MTP 
NUS 
NTAB 
NT ABC 

INUS 

IGSNU? 
INSGu) 

Logical Number of the Cross section tape | 
< О TaP® unblocked ' \ . •' 
— о N° cross sections on tape \ 
> О TaP® blocked / 
Number of blocke to be read from cards 
г О Blocks in RSYST format ' 
- О No blocks on cards 

m 

У 0 Blocks in old format 
Number of blocks read from tape | 

' Number of upscatter groups for secondary particles \ . 1 
Maximum length of a column of the cross section blocks |'v 

: Column length to which block is to be reduced ( By 
; Isaving out activities or by shortening the \ ' 
jscattering matrix) j 
Total number of upscatter groups 

i ' '' Starting addresses of the copulative tables of lengths 
" of individual columns in the cross section blocks 
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Table 8 lists the structures that can be processed (Reading Programs 
READSG or BIBWQ) • If transport-corrected calculations are to be done 
(IHT < 0) r in the sub-routine LIBTP the cross-sections T and 
if g-g'.- »re replaced by E T R and 2"g-g-(2T- 2 T R) . 

There are two possible strategies for processing cross-sections for 
Monte Carlo calculation. They can be selected by way of the parameter 
NOMI stored in COMMON/NOMIX. If NOMI >< 0, the processing is done the same 
way as in MOPSE. In particular, element cross-sections can be processed 
into material cross—sections and Pi development coefficients can be 
stored. The latter is important, for example, for point detectors. A 
disadvantage here is the large amount of storage required, especially 
for large numbers of groups. 

In order to avoid this disadvantage, a second processing option was 
created. It is chosen with NOMI >0. This requires a special input sequence. 
The cross-sections must be present as material data, but may still be mul-
tiplied by an arbitrary constant .(e.g., temperature-dependent density). 
A separate order of expansion must be given for each material. 

The diagram for the cross-section processing sequence is given in 
Table 9. Table 10 sketches the memory sequence when NOMI ̂  0 and Table 11 
when NOMI > 0. 

Immediately before the cross-sections stand some tables with auxiliary 
parameters for describing the cross-section domains (for instance, length 
input for the data in the individual groups) and for the matching up of 
geometry and cross-section materials. The important starting addresses of 
these regions are listed in common (XGEM). We have: 

MXSTR Starting address of the table that assigns to materials 1 to 
NGMED one of the NELEM cross-section areas 

MSSTR Starting address of the table of starting addresses of the 
cross-section regions 

NGMED Largest number with which a material for which cross-sections 
are read in is designated in the geometry description. The 
divisions of the common area belonging to this is given in 
Table 12. 

Smaller changes were made in the sub-routines which read in geometry 
and analysis data. They are discussed in subsections 3 and 4. 

The CDC 6600 permits use of Extended Core Storage (ECS) . This 
secondary memory has an access time not much larger than the actual core 
memory. Hence large data sets can be held there even if they are used 
frequently. Such data sets are the scattering matrixes of large blocks 
of cross-sections. They and-the associated angles and probabilities may 
optionally be put in the ECS. This option is selected through the parameter 
IËCS of card X2. The application of this option requires some changes 
. •• . i . t t 

Г 



Table 8: Structure of the Cross Section ELocks read by MORSE-K 

Position 

, 1 Head by 
READSG. 
MCR > Ô 

Intermediatei 
i storage 1 Position 

1 
Head bv ' 'i 
BIBWQ' , ' 
MCR Ö or : 
MTP > 0 

• . 

Intermedia" 
. storage 

1 z* 1 A c t i v i t y j 1 

2 ' 
• У Zf . I f 2 • • • 

IHT-3 

A c t i v i t y j 0 i ̂  • • • 

* к IHT—2 

IHT-1 

Г с . . . г . 

IHT = 3 T r z T IHT 

IHS-NUS—3 
ZT X r ' 

• 

• 

• • • * ** " " " ' • * IHS-NIJS % 
« 

• • • • 
• 

• * 

л 

• 
• 

IHS-1 
% » • 

IHS x IHS 
ъ 

• IHS + 1 
• 

• • 

« 
» -

IHb+1 • 
• 

. 1 • - . .* • • • 
» 

• • • 

IHM 

* 
• * 

• 
• • 

I 1 ' » • 1 1 * ' 
IHM j -»Э « 

— r , 

• . t t 



Table 9: Processing of Cross Sections in MDBSE-K by means of JNPUT and 
Auxiliary Programs 

• Read data of a block from | 
* . * ' • 
Read data of a block from | 

* . * ' 

) 

INPBUF+1 to i 
INPBUF+NTABCNTG 

« 

) 

INPBUF+1 to i 
INPBUF+NTABCNTG 

1 « 

! 
-

» « ' Disassemble the block and stoze \ 
it in the intermediate storage from 

• ISPORT+1 to j 
ITOTSG 

No ! 
0 

Last 
. an element.„— 

. 
y ^ a l l N . 

.ŷ i éléments. \ Yes . 
read 

No 

Calculate new» 
storage addresses 

• • i 
/ - •• / — - - r* 
Process data as if - -

NMED = 1 •> 
* 

• 

Mix data and calculate probability 
- - -- i • tables. Store them from \ 

_ — . 

ISTART+1 . to ! ISPORT 

Yes 

Yes No 

END 



Table 101 Organization of Storage for Cross Sections if NOMI £ 0 

Address 

INFBUF = 

ISTART 

Data 

For one block and-
all groups data 
vector 

Intermediate storage (STORE) 
Address 

INPBUF \ 

Data 

ISPORG « NTG+NTG*NTG+NGP+NTS+NGP * NGG 
+ NTOT* (2 NSCT+1) 

• * ' J 

NTOT storage for data of the scattering matrix in the form above 

ISPORT Г 
ISTART+INGP V 
(NTAP+I) 

ISIGOG 

INFPOG 

Processing CJNPUT) 

For all elements 
For all arrangements 
For each group . | 
Scattering cross section 
from group into other. 
group 
For all elements 
For all groups 

1 For all elements 
; For all groups 

v JLf : ...,•• 

Address 

.ISTART 
ISCCOG 
INABOG 
IGABOG 
IFPORG 
IFNGP 
IFSPOG 
IDSGOG 
IPRBNG 
IPRBGG 
ISCANG 
ISCAGG 
ISTART+ISPORG 

ISPORT 

Data 

; i » 

For all groups and 
. Medium 1 

/ Zr 

>rf/ 

21й 

P V - J 
PV-> ••••" 
" а1-»* 
fffa 

Medium 2 

FL coefficients for 
all media 



Table 11: Organization of the Cross Section Storage ï£) 

NOMI > О 
!Read in (READSG) 

Address Data 

Ufj Intermediate storage (STORE) 
\ Address Data 

Processing. (JNPUT) 
Address Data 

/ V / / / / • 
/ 

INPBUF = ISTART 
+ ISPORG (X) 

Material 1 
for one block and_ 
all groups dataf~ 
vectors ~ 

/ 

V / / / / / / J / / 

INPBUF - ISTART 
+ ISPORG (2) 

Material 2 1 
for one block and: 
all groups data— 
yectors г 

ISPORT, - INPBUF 
+ NTAB.NMTG 

ISIGOG 
INFPOG 

s . 
/ / 

INPBUF + ISTART 
+ ISPORG (NMED) 

Material NMED 

ISTART + ISPORG (I) = NSIG (MSSTR+I) 

//// mused common area 

v- repeated- to. •/' NMED-1 

Material 1 
Scattering matrix 

/77"/7 ' > <;wç/;s//777/. Material 2 

/ / / / / / / / / ' ' 'St 
»V , -
Material 
NMED .all \coefficients 

ISTART 
to: 
ISTARTH 
ISPORG(1) 

.to 
ISTART+ 
ISPORG(2) 

Data for . 
"MatefTâr-! 
analogous to 
'Table 10,—-
column 6 

Data for 
Material 2 

Data for. 
Material 
NMED 
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% Table 12: Storage Areas for Auxiliary Data- for Cross Sections 

Starting Address 

MXSTR 

MSSTR 

IRSG 

INGS 

INSG 

IGSNU 

INSGU 

ISTART 

Contents 

Assignment geometry-i .... .i 
cross sections / 

Blocks for the materials 

Starting addresses of the 
material are as f 

KFIR 

Mixing parameters Card J$ 

For all groups I;. .y 
Starting address of j ] 
do-wnscatter n 

Starting Address j 
downscatterf 

Starting address 
upscatter 

n 

Starting address upscatter 

. Г 

Material 1 

Length: I 

MGMED 

NELEM 

NMED+1 

NMED 

3 * NMIX 

NGP+1 

NGG+.L 

NGP 

NGG 
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which were not included , in the tables up to now. They will be specially 
described here since they do not have the same form on all machines. The 
changes will be comprehensible on the basis of the ECS properties. 

ECS variables must be declared separately. They may appear .in pro-
grams only in the following ways: 

(a) in a COMMON statement as elements of an ECS common block 
(b) in a С AIL or function call as present parameter 
(c) in a SUBROUTINE or FUNCTION statement as dummy parameter 
(d) in а ТУРЕ ECS statement 
(e) in a DIMENSION command 

The ECS variables may, at most, be collected in a single COMMON which 
may contain no other variables. 

Data transfer between core memory and ECS goes by way of the subroutine 
WRITEC (a,b,n) and READEC (a,b,n) where 

a » variable or address (array start) in the core memory 
b » variable or address in the ECS block 
n = integer expression 

"n" values will be transferred when either of the two subroutines is called. 
This causes the areas beginning in the core memory at location "a" and in 
the ECS at location "b" to be written over. COMMON/EC 1/IECS, INEC, IREC 
contains the necessary addresses. When 

ICES > 0 the starting addresses of the associated ECS areas are stored in 
blank Common from INEC+1 to INEC+NMED, and hence for all media. 

IECS - 0 ECS not needed 

ICES 4 0 in addition to the starting addresses, an area in blank Common 
from IREC+1 to IREC+NDSG is kept free, to.which the scattering 
probabilitiçé can be transferred 

The ECS option can be used with or without NOME > 0 . For now the use of 
ECS is intended primarily for NOMI > 0. For this reason the P b e^ansion 
coefficients are not put into ECS in the present version of MORSE-K. 

2. Generation of the Random Walks 

The random walks of the neutrons are in general genexated just as in 
the MORSE program. Thus the changes made in this part of the program are 
minor. Table 13 gives a summary of the standard subroutines needed. In 
addition, the user must supply a few specail programs. These are summarized • 
in Table 14. They will be explained by examples in the analysis packages. 
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Table 13s '> Subroutines for Production of Random Walks in MORSE-K ! 
i 

NAME Status Function 

ALBDO 
» 

u Calculates direction cosines after reflection. 
• 

Must be fitted to albedo scatterer 

COLISN g Calculates parameters after collision 

DIKEC g Calculates angle between flight direction and • 

• preferred direction for weighting purposes. 

Must be fitted for special directions. 
ICHGEM = 1,. 2, 4 preferred direction" ] 

is z-axis, j ICHGEM = 3. preferred direction radius vecto r. 
EUCLID u Determines the number of mean free paths between " 

two points 

FBANK g Stores parameters of the fission neutrons 

FPROB u Produces fission neutrons : 

FSOUR u Transmits parameters of the fission neutrons 
to the particle bank 

GAMGEN UL Calculates the energies of secondary particles 
(except fission) 

GETETA u Determines flight length from exponential distribution 

GETNT g Fetches the parameters for the particle to be 
treated from the particle bank 

GETWT n Calculates standard weights. Must be replaced for 

special cases. Here WTAVR is to be read in for 

each region and each group. 

,J 

GOMFLP g Changes geometry parameters for albedo scattering 

GOMST g 
Calculates the coordinates of the next collision 

point under the assumption of a homogeneous medium for 

a given flight length 
• > 

GPROB i 

• i 

• 

Controls the production of secondary particles 
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Table 13, Cont. 
« 

/ ' 

NAME Status Function 

GSTORE 

GTIOUT 

•HELP 

MSOUR 
MORSE 
MORSEK 
NORML 

MXTCOL 
OXJTPT 

RNDM 

SETNT 
STORNT 
TESTWT 

U 

g 
u 
g 
n 

g 
g 
g 

g 
g 
g 

Stores parameters of the secondary particles in 

the particle bank 

Determines the energy after a collision using 

! „weighting of the scattering energy 
Prints error message 

Controls production of source particles 

Controls production of the random walks 

Main program* Controls program sequence 

Determines the normal to the surface on which 

albedo scattering takes place 

Determines coordinates of the next collision point 

Calculates average values for source and collision 
parameters during a batch 
Random number package» The random number generator is 

Witten in Assembler, the transformation program in 

Fortran. XSQR(X1>X2) gives random numbers distributed 

proportional to x and to (l - x) in . 
Prepares particle bank 

Stores parameters in particle bank 

Checks particle weights against standards 
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Table 1Ц: Strongly Problem-dependent Subroutines for the Generation of 
I Random Walks in MORSE-K 

Name Calling Programs I Function 

BANKR MORSE 

FPROB 
GSTORE 

NBATCH 

SOURCE 

M S O U R 

N X T C O L 

TESTWT 

BANKR (-3) 

MSOUR 

% 

Produces the connections to analysis and statistics 
programs• Depending on the value of NBNKID various 
subroutines are called up. 

-1 Calls ;,STRUN 
»2 Calls • ; STBTCH 
6 Ca.\ls . : ALBDO 
5 Calls! t RELCOL 

-3 . Calls • NBATCH 
Inactive call-ups 

I 
NBNKID = lO for call.up o f 

= 9 for call-up of 
V3> TKILL 
» ECUT 

Analysis of fission j NBNKID = 3 
*' * ' -.stK • » 

Analysis of secondary particle production 
NBNKID = 4 " 

, . » . с . _ • ' ̂  I 
Inactive call-up of '{J) G AMLO S T j'NBNKID =1 

NBNKID = 1 calls . SDATA 
i 
\ . » - . - » о . . ' . 

s 7 * calls BDRYX 
= 8 calls ):• : ESCAPE 
=11? calls .1 RRKILL 

Inactive call-ups I 
• •• .-чсття— T . • ' "" I 

NBNKID =12 Analysis of the weighting) > 
= 2 products I 
• • ' I.. • . 

Preparation of the resuLts f rom a batch for • 
. analysis and st atistics J ! ' 

Production of parameters for source neutrons./ 
! " i * 

. Parameters ! are transmitted by way of 
parameter brackets (see text) 
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Table lh, Cont 

Name i Calling Programs j 
Function 

STBTCH 

STRUN 

NRUN 

BANKR (-2) 

BANKR (-1) 

MORSE-K 

Preparation of storage locations for batch statistics; 

and analysis \ 
I 

Preparation for the run by set-up of general data 

Concluding calculation of average values and their 

dispersion ."...•/ 

. ..i 

Table 15 tries to make clear the logical connections among the sub-
routines. The most important branch points are indicated. 

The parameters of the subroutine SOURCE are the same as in MORSE. For 
convenience thay will be listed here again. The call has the form 

CALL SOURCE (IG, U, V, W, X, Y, Z, WATE, MED-, AG, XSOUR, ITSTR, 
NGPQT3, DDF, ISBIAS, №TG) 

defined as 

IG Energy group of the source particle 
U, V, W Direction cosines-of the source particle 
X, Y, Z Spatial coordinates of the source particle 
WATE Weight of the source particle 
MED Medium in which the particle started 
AG Age of the source particle 

These parameters may be, but do not have to be, calculated by SOURCE. The 
following parameters contribute to thiss 
ISOUR 0 Monoenergetic source in group ISOURr 

0 Source spectrum in blank COMMON (see card 14 of thè input) 
И 0 Particle is a product of a fission (U, V, W isotropic and 

X, Y, Z coordinates of the fission) 
= 0 Particle is a source particle 

NGPQT3 Number of groups for which the problem is defined; cal-
. culated in INPUT 

DDF Weight correction which normalizes the source spectrum to 
the number of groups used. 
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Table 15. Relation between Subroutines for Production of Random Walks 

cannot be t r e a t e d t h e n c o n t i n u a t i o n a t 1 6 5 . Otherwise j 
i 

_L 
1 TESTWT 

I 
GETWT 

NXTCOL! GETETA 

[GOMST 

- I GEOM! 

NORMLJ 

I GOMFLP 
• • • ' i 

•Ш 
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Table IS, Cont, 

165 

Test for 

Lifetime [BANKR (10)] Jump to 165 

Escape Jump to 165 

Albedo scattering [ALBDO, BANKR (6)J Jump to 65 

Fission [FPROB - FBANKj 

Secondary particle [GPROB - GAMGEN^ 

If collision takes place 
f 

GSTORE 

COLISN 
I 

GTIOUT 

BANKR(5) 
4 , % Jump back to 65 

If further particles are to be considered then jump to 60 

(Print-out of reaction numbers) 

If further batches can be considered then jump to UO 
Otherwise jump back to MORSEK 
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ISBIAS 0 No energy weighting; source spectrum begins at (2xNMTG+l) in 
blank COMMON 

0 Energy weighting? source spectrum begins at (3xNMTG+l)? 
WATE must be corrected (see card 14 of the input 

NMTG Number of groups (card 13 of the input) 

The subroutine GETWT(NUMB) is designed to make it possible to calculate 
energy-, space-, and possibly also angle-dependent weighting parameters for 
Russian Roulette and splitting. Weighting functions and weighting 
parameters must be determined based on the problem. Standards weights 
WTAVR as function of group and energy are read by INPUT (cards 111 to-113) . 
These suffice for most reactor calculations, in shielding calculations, 
the weighting function as a rule is strongly space dependent and sometimes 
direction dependent. The simplest approximation, especially for the cal-
culation of the dose behind thick shields, is an exponential relation of 
the form 

WTAVR = "WO (IG ДREG) x exp £ £ 2?т 0" ~ • j 

The additional constants fi and L must be read in, for example, by way 
of STRUN. Further relations and literature references may be found 
in reference 4. 

A few words remain to be said about the random number generator. It 
is constructed on the multiplicative congruence method: 

RANDOM 

The initial value, Xk, for к = 0 and the multiplier \ can be read in on 
card Ilo. If the parameters there are zero, then they are are determined 
by the program as 

RANDIN = X0 - 6576511432g 
GENERA = = 32772446158 = 515 

The module is determined to a value of P « 248. _By the fact that the last 
bit in X0 was chosen as 0, this corresponds to a significance of 47 bits 
and a period of 45 bits. The random number sequence can thus also be gen-
erated on the CDC 1604 and the IBM 360 (see MORSE manual) . The generator 
has been thoroughly tested by Coveyou [5] and is described in detail by 
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Schmidt [6], It is made up of the following commands: 

IDEMT RNDM 
ENTRY FLTRNF 
USE /RNOOM/ 

RANDnM DATA 171700000П65765Ц432Р 
GENEVA DATA 171700000032772^46150 

USE * 
FLTR.MF DATA О 

SAL RANDOM 
SA2 GENERA 
DX1 X1»X2 
SA2 UNBIAS 
SB2 X2 
PX6 B2tXl 
SA6 RANDOM 
NX6 B1»X6 
EQ FLTRNF 

UNBIAS 0АТА 37179 
END 

In addition to the random number generator, the random number package 
includes all the transformation programs of the original package as well as 
a subroutine XSQR(X1, X2), which generates random numbers that are dis-
tributed according to x and 1-х. The use of the random numbers is des-
cribed in Table 16. 

The random number generator for the Siemens 4004 was written by 
Schweer [12]. it generates the same random number sequences as the 
CDC generator. Because of the considerably shorter word length of the 
Siemens 4004 (32 bits), only the first six digits of the random numbers 
coincide. This corresponds approximately to the number of places that 
гаге uncorrelated if pairs of numbers are produced with the generator 
described. In large calculations, this difference can become noticeable. 
If only a single parameter of a particle is chosen differently, then, as a 

other chance chains will result in the following simulations. 

Other changes for the Siemens 4004 that are; generally required 
because of the smaller word length are described by Schweer [12]. 

3. The Geometry Package 

The geometry package of MORSE-K contains the five individual decks 
with which MORSE code can also work. These decks were taken over almost 
unchanged. They are described in references 2, 7, and 8. 

The coupling with the Monte Carlo program is by way of the subroutine 
JQMIN (input), GEOM (following particles*, and LOOKZ (determination of 
points). These three programs have-only control functions in MORSE-K. 
Depending on the value of the parameter ICHGEM (card 119 of the input), they 

«Я—•iffH.y.HjiJ.J'« ••• ")". ' уи»|щл II I »min»" w ^ ' M i . i r — i j i j i m и.щшгщт.<im.'i**t!Mi nmi"u»n»» 
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ТаЫе 161 Use of Random Numbers in MORSE-K 

Name 

FLTRNF 

i . 

« 

! 4 
t 

! EXPRMF 
AZIRN 

GTXSO 

Calling Program 

COLISN 
« 

EPROB 
GAMGEN 
GPROB 
GTIOUT 

TESTW 

SFLRAF 
EXPRNF 

POLRN 

AZIRN 

GTXSO 

RNMAXF 

FISRNF 

XSQR 

GETETA 
COLISN 

COLISN 
GSTORE 
MSOUR 

Purpose 

1. Determination of new energy 

Determination of scattering cosine if there is 
anisotropy I 

Selection of fission neutrons 
Determination of the enjrgy of the secondary particle 

Selection of secondary particle 

Weighted determination of the energy after scatter 

Determination of the surviving particles, whose 

weight exceeds the lower limit 

Transformation according to £-1, 1) 

Exponential distribution by use of rejection technique « 

At least 2 random numbers are needed* 

Sine and cosine of polar angle. Cosine from £-1, l) 
at least two random numbers 

Sine and cosine of azimuth angle 

î Angle from [p, 2"tf at least 2 random numbers 

... • f : ; ... - 4 ; 
I * . 

Cosines of a space angle from ftp, UJ ) ! 
... • - • fa I ̂  , 

at least 3 random numbers / 

Maxwell distribution; at least Ц random numbers 

Watt fission spectrum; at least 5 random numbers 

, ' • i • -
Transformation according to x and 1 - х . Two | 
random numbers 
Determination of flight length 

Determination of the azimuth after anisotropic ' ') 
scattering • \ 

"4 \ 

J 

J 
Direction after isotropic scattering 

Direction of secondary particles 

Direction of isotropic source particles (For example, 
fission neutrons; _ j 
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call up the appropriate subroutines of the packages. 

The subroutines are gathered together in Table 17 and explained in 
keyword fashion. The description of the combinatorial geometry method as 
given in ref. 7 is included in this report as an appendix. 

Geometry subroutines aré called by the following programs! 

a. 

b. 

c. 

d. 

INPUT 

EUCLID 

GOMST 

MS0ÜR 

JOMIN 

GEOM. 

GEOM, NORML, GOMFLP 

LOOKZ 

The subroutines NORML and GOMFLP treat albedo-scattering events. They 
are set up for all geometries. The subroutine DIREC determines the angles 
lètween the flight and the preferred directions. The preferred direction is 
often geometry dependent. 

The input for the combinatorial geometry is read by the subroutines 
JOMCOM and GTVLIN. "Region" and "Media" mean the same thing as in the 
general geometry package but are structured differently- The concepts 
"Body" and "Zbne" are explained in the appendix, where a description of the 
possible geometry elements (bodies) is also found. 

4. Analysis and Statistics 

The outlines of the statistical considerations underlying MORSE-K were 
developed by. Clark and reported in ref. 9. According to this, the trans-
port equation is solved in the form 

X(P)dP = S(P)dP + /dp' X(P') K(P'-, P)dp 
and we solve 

"X = J F(P') X(P')dP' 
i .jj 

using the approximation 

X * i 2 

fi/ 

M • ««f 
TCP;) p{ £ X Y P ) 



Table 17ï Subroutines in the Geometry' Package 

Function 

General geometry 

GEMGEN 

JOM4 

JOM5 

JOM6 

JOM7 

XJOM8 

JOM9 

JMlO 

JOM13 

JOMi4 

JOM15 

LOOKGEN 
.• t 

Input programs 

JOMGEN 

JOM11 

JOM12 

JOM16 

JOM17 

Plane geometry 

GEMSLB 

LOOKSLB 

JOMSLB 

ICHGEM = 1 

Control program for the determination of the flight path 

Calculates NCUE when leaving a block 

Determines medium when NCUE » 0 

Determines sector for.a point 

Determines NCR.(Surface through which the sector is exited) 

Calculates for a point the quadratic surface equations 

(Determines the position of the point relative to the 
s urface) 

Determines the block in which a point is located 

Determines the new block after block boundary is crossed 

Prints error messages 

Decomposes IBLZN for calculation 

Forms IBLZN for storage 

Determines NMED,NREG, and IBLZN for a point 

Control and processing of input 

Calculates identification of the sectors 

Reads t he coefficients of the surface equations 

Reads zone and block boundaries 

Reads MEDIA and SURFACE cards 

ICHGEM = 2 . 

J Determination of the flight path between two points 

Determination of medium and region of a point 

Input program 

!l 

it 
y 

Ii 

v 
i i 
t { 
I 
J 
» 

V 



Table 17, Cont 

Name Function 

Spherical geometry j 
. . . I 

GEMSFR 

LOOKSFR 

JOMSFR 

Cylindrical geometry 

GEMCYL 

JOM4C 

JOM5C 

JOM6C 

JOM9C 

JOMIOC 

LOOKCYL 

JOMCYL 

.. -

Combination geometry)? 
r-»"T7ÏI 

ICHGEM = 3 

Determination of the flight path between two points 

Determination of medium and region of a point 

Input program 
'•y • • -

I 
ICHGEM = 4 

Control of the flight-path determination 

Tests for crossing of z boundary 

Tests for crossing of r boundary 

Determines region for a point 

Determines medium for a point 

Determines height interval of a point 

Determines medium and area for a point 

Input program 

S I 
ICHGEM =-5 

. . . . 

GL 

GG 

LOOKCOM 

PR 

JOMCOM 

GENI 

ALBERT 

GTVLIN 

Follows a particle to the next new zone or to collision 
point 

Calculates t h e d i s t a n c e between t h e p o i n t and the? 
. s\œ£aces of t h e bod ies | 
Ca l cu l a t e s t h e zone of a p o i n t 

Error routine prints intermediate results 

Controls and processes the input 

Stores input data in unnamed common; prints input 

Processes input data for an arbitrary body with jj . 
.six sides (ARB) , I " / V ^ 

• __ LI ,,,. ,, - r. l • > • .-I -

Reads volumes o f the r e g i o n s r 
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where, by the law of large numbers, we, have 

£x 
tJ 

i 
* ^ \ 

Since in a Monte Carlo calculation N is always finite, 

* - я Ф о 

The error magnitude is itself a random magnitude. According to the central 
boundary value theorem, its density should be a normal distribution with 
zero expectation value and the dispersion 

А/ 
± 
А/ ( г : it у - > г ) 

A necessary condition for this to hold is that all the sum terms F(Pj') come 
from the same distribution. This is not self-evident, especially when 
weighting methods are used. It is therefore tested with the aid of the 
Batch Concept. 

Every Monte Carlo calculation is subdivided into В subcalculations 
(batches) so that there are Nĵ  source particle« simulated in each batch. 
(We should have approximately 100 £ N^ é 350. ) j The batches have weights 
Wjj according to the number of source particle?, given by 

• — 

M NB - Va/. 
b - - f 

Then the estimation equation looks like 

ь ' Ь -

ï r - t ' L Ц - V - L 
Ч 
A/b 

* С р;. ) 
К 

I I и — — 
Ь*« \ P S Ь«* |е„ .. 

— • I 
If a sufficient number of the Nb source particles contribute to ( ^bj 
should get a significant contribution from at least 10 particles) , then 1 

all the ^ stem from the same source distribution. Each batch yields an 
estimated 71 ь for its average value. The dispersion may Ьт estimated by 
considering all the batches: 
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Ai 

Z 

fi/* Z W , 

v % 

Z > ) T - 6 л / 

• ̂ tjclnd ^ ^ iare calculated after each batch for all magnitudes of in-
terest and summed. At the end of the calculation AT" and s2 are then de-
termined from them. This explains the need for the subroutines STRUN, 
STBTCH, NBTCH, and NRUN, which have already been listed in Table' 14. They 
can be expanded by addition of further subroutines. 

The contributions, F, which can be estimated at the event points, P i' are collected by the subroutine BANKR (NBNKID) . The programs that call 
BANKR as well as the significance of NBNKÏD are explained in Table 14. 
Examples for subroutine BANKR are discussed in the separate analysis packages. 

Three classes of information may be estimated. For each there 
exists a package of subroutines. The first gives, the basic information for 
each batch and each run. This includes -or each batch the first random 
number XQ, the average parameter of the source particles, and the distri-
bution of events. Further, at the end of .ah run, the last random number 
and several tables are printed out. The tables give information concerning 
the type of cut-off of the random walks, the distribution of collisions 
into the energy groups and material regions, and the distribution of 
splitting and killing. This package is a constituent of each run. In 
addition, there must be one of the other two packages or one written by 
the user. 

The second package calculates integral values such as ke££ and life-
time. (It is not possible to estimate both well if done simultaneously.) 
Flux and collision estimates are used. From these, an average value 
is formed: . i 

c, r b k C 1 

a = 

b = [ < L С Ч , ) - OrJ-\y 

( k 

С h 

9? 

4f i 

t V 

> 7 / v 
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и - s1 ( K ^ ) t i X k l f r ) - 2 , k j . ) 

- [ s ' ( ^ ) « V * * ) - c * i r x ( Ç , k ^ ) J / y 

The third package calculates zero-, one-, arid two-dimensional mag-
nitudes for various detectors. This package was developed from an early 
edition of the package SAMBO (Cain in ref. 2) . 

Table 18 lists the subroutines of the three packages. Table 19 
describes the organization of the blank Common needed by package 3. 

III. PROGRAM INPUT 
The input to any MORSE-K run is made up of five parts, which are 

each read by different subroutines. They contain information about the 
particles to be followed (read by INPUT and SORIN), cross-section data, 
(read by XSEC, INPUT, READSG, LIBTP), the geometry (read by JOMIN, 
cards designated by G) , the detector properties (read by SCORIN) , and 
possibly additional information required by the user (e.g., source data) . 

User input will be described in the corresponding examples. The 
MORSE-K input is first read by the subroutine INPUT: 

Card I 1 (20 A 4) 
arbitrary program identification j 1 

Card 1 2 ( 1 5) 
NLAST - The..number of words in» blank common 

. . . . - R — ' • 

Card 1 3 (15 I 5) ~ 
NSTRT - Number of particles in the batch i 
NMOST - Maximum number of particles which can be stored 

j(350 in.MORSE-K Version 1) 
NITS - Number of batches 
NQUIT N o meaning 
NGPQTN - Number of neutron groups to be analyzed 
NGPQTG - Number of gamma groups to be analyzed 
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18s General Subroutines for Analysis and Statistics î 

Name Status Function 
PACKAGE 1 m 

OUTPUT 
OUTPT2 
OUTPT3 

g 
g 
g 

Performs general analysis of the batch data 'I . ^ 
Piints two-dimensional fields I \ 

» 

Performs general analysis of the run j 
PACKAGE! 2 

OUT n Prints mean value and dispersion of the к | eff i 
PLOT n Plots distribution of the batch résulte and normal [ г 

STRUN 
STBTCH 
NBATCH 
NRUN 

n 
n 
n 
n 

F 

distribution of the end result. Calls up PLOT 

See Table lU 
• 

* 9 

PACKAGEj 3 • 

ENDRUN 
ENRGYS 
XNSCOR 
PLUXST 
REA 
SCORIN 
VAR2 . 
VAR3 

u 
. u 
u 
g 
n 
g 
u 
u 

No task j j . ' \ " j • 
prepares energy intervals ! 
No task : ) 

r Stores batch results for all detectors / .. . - ; 
Carries out regression anlysis (See Chapter Vil) \ i * 
Heads input - -

- Calculation of variances for 2-d fields / 
Calculation of variances for 3-d fields " 

STRUN 
STBTCH% 
NBATCH . 
NRUN 

n 
n 
n 
n 

i , 

See Table lU / 
j 
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Table 19. Arrangement of the Area for Analysis Data in Blank Common 

Address 
NGLAST + 1 
L0CRSF — 

LtfCXD 

L0CIB-

L0CC0 -
L0CT — 

ь LtfCUD-

L0CSD 

L0CQE 

L0CQT 

Name 

LABELS 

RESP 
EXTR 
XD 
YD 
ZD 
RAD 
TO 
FACT 
EXTR 
IB 
EP > 
DELE 
С 03 
T 
DELT 
UD 
SUD 
SUD2 
SD 

.... SSD 
SSD2 

SUD & SSD Units 
QE 
SQE 
SQE2 

SQE Units 
QT 
SQT 
SQT2 

SQT Units 

length 

I 20 * NRESP 
} NRESP * NMTG 
} NEX * NMTG 

6 * ND .. 

} ÎIEXKD * ND 

j 3 ». NE 
} NA 
J 2 * ND * NT 

3 * ND * NRESP 

3 *.ND * NRESP 

j 20 : . 

3 * HE * ND 

] 20 

3 * NT * ND * NRESP 

} 20 . . 
1 
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Address 

LOCNKK 

L0CQTZL 

L0CQAE 

LMAX 

4 

Name 

SQTZW 

QST 
SQST 
SQST2 

QNS 
SQNS 
SQNS 2 

QAB 
SQAB 
S QAB 2 

-A 

QTE 
- SQTE 
SQTE2 

SQTE Units 
QAE 
SQAE 
SQAE2 

SQP.E Units 

Length 

j NKlNE 
1 

9* NK «NE 

j 3 * KT * HE- » KD 

] 20 . , ' 

1 

3 * NA * NE * ND 

20 
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NMGP 

NMTG 

NCOLTP 

IADJM 

MAXTIM 

MEDIA 

MEDALB 

Card I 4 

ISOUR 

NGPFS 

ISBIAS 

NOTÜSD 

WTSTRT 

EBOTN 

EBOTG 

TCUT 

VELTH 

Number of cross-section groups for primary particles 

Group number of the cross-section blocks 

- £ 1 J, a collision tape will be written (requires 
j 
j special BANKR and special analysis programs) 

é. О 
> О 

¥ 

£ О 
CP 

, case requires no collision tape 
, adjoint calculation 
. forward calculation 

/ time to controlled problem cut-off (sec) 
Number of materials for which cross sections 

are given 
Number of Albedo media 

= О 

* О 

no albedo me dim in the problem (only material 
cross sections) 

, only albedo medium in problem (no material 
cross sections will be read) 

, transport problem with albedo medium, 
MEDALB in the geometry 

. i 

( 4 1 5 , 5 E 1 0 . 5 ) 
> О 
й о 

, monoenergetic source in group ISOUR 
, source spectrum will be read from cards I б 

^Number of source groups leaving group 1 
£ О г No energy, weighting of the source 
? О ' Weighting of the source spectrum according to 

card I 7 
Not used ~ 
Initial weight of particles 
Lower energy boundary of group NMGP in eV 
Lower energy boundary of group NMTG in ̂ V 
Age to which particles are followed 
Average particle speed in group NMGP in cm/sec 
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Card z 5 

XSTRT 
YSTRT 
ZSTRT 

ÄGSTRT 

ÜINP 
VINP 
WINP 

Card X б 
FS (I) 

1 

j 

(7 E 10.4) 
Initial coordinates of source particles 

Age of source particles 

Angle cosines of source particles; if all 3 are 0, 
directions are taken to be isotropic 

I ( 7 E 10-4) Reeded only when ISOUR. £ 0) 
NGPFS. lvalue of normalized,, cumulative source spectrum 
(FS(NGPFS) « l.O) j 

I 7 (7 E Ю . 4 ) (heeded only when X S B I A S 7 0 
BFS(I) — N G P F S [values of the relative significance of 

space group I 

Card 1 8 
ENER(I) 

(7 E 10 • 4)\ 
— ̂ Energies (in eV) which correspond to upper group 

boundaries 

Card I 9 \ describes the collision tape? it may appear only when 
NCOLTP > 0 and if a corresponding subroutine BANKR has 
been introduced 
(2 I 5, 5 X,,36 I 1, 13 X 1) -
— (logical number of first tape 
— (Logical number of last tape 

NBIND (J) , J - 1/36 - A value greater than 0 marks parameters that 
afre to be written on the collision tape (see [23) 

NCOLLS(J) R J s 1 Д З " ! A value greater than 0 denotes collision 
types that are to be written on the collision tape (see [2]) 

Card I' 9 
NHISTR 
NHISMX 
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Card I 10 
RANDIN 
GENERA 

(2 0 20) 
- Initial value of pseudo random number sequence 
-.Multiplier of random number sequence; both values must ! 
begin with 1717. A blank card calls forth an IBM-
compatible random number generator. It generates the same 
pseudo random numbers as the generator in the MORSE code. 

The following input cards contain the cross-section information. The 
sequence read by INPUT is immediately continued. Initially the subroutine 
XSEC takes over the control of the input. The following cards are expected: 

Card X I (20 A 4) 

X 2 (16 I 5) 

Arbitrary data description 

NGP Number of groups to which primary particles are assigned 

NDS — I Number of down-scatters , including in-group scattering 
(NDS i NGP)i 

i 

NGG — Number of groups to which secondary particles are assigned 

NDSG - Number of down-scatters in the NGG groups (NDSG £ NGG) '[ 
. i 

INGP - Total number of groups of the cross-section blocks 
(INDS ̂  INGP) ; 

INDS - Total number of down-scatters 

NMED — Number of media for which cross sections must be stored 

NELEM - Number of elements for which cross sections must be read 

NMIX - Number of mixing operations (NELEM x density multiplications) 

NCOEF — Maximum allowed number of blocks per element 
NSCT - Maximum allowed number of discrete angles (usually 

' NOOEF/2) 
•1 



-42-

ISTAT 

XECS 

Card X. 3 
MCR 

MTP 
IXTAP 

wrtq 
NUSG 
NTAB 

NT ABC 
NOMI 

rr é. 0\ Not defined 
> О \ Legendre coefficients will be stored 
=s 0\ No secondary storage (ECS in the CDC 6600) 
> О Angles and probabilities will be put into ECS 

^ О ̂  Scattering matrixes will also be put into ECS 
N 
\. 

(16 1.5).) 
plumber, of blocks to be read from cards 

> О - MCR \ blocks will be read by READS G 
* О - J MCR \ ̂ blocks will be read by BIBWQ 
BIBWQ expects IDTF 0 and 
RSYST blocks on cards. The structure of the blocks is 
given by Table 8 
Number of blocks to be read from tape 
Logical number of the cross-section tape 
CDC Version IXTAP = 1 7 Lblocked 

• -„ =—17 blocked (or in blocks) Number of upscatters of the primary particles 
Number of upscatters of the secondary particles 
Length of the blocks to be stored (INDS + INUS + 3 
+ activities) —лимч-У 

• - " I s ength of blocks to be stored (ÏNDS + INUS + 3) 

- У О 

read 
(element x density gives mats-rial. Density is 
in after the cross-sections for the corresponding 

element; this saves spaceI Not possible if ISTAT.GT.O 

I s'O ! Arbitrary composition of the materials from the 
The densities 

Card X 4 ( 
-ÏRDSG 

elements. All elements are read in. 

follow. 

16 I 5) / 
. у . q yThe read-in cross sections are printed out 
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ISTR 

IFMU 

IMOM 
IPRIN 
IPUN 

XDTF 

- > О 

- > О 

> 
> 
> 

о 
о 
о 

* о 

^ о 

Stored cross-sections are printed out 

Intermediate results of the calculations are 
printed out 

» 

Moments of the angular distribution are printed out 
ingles and frequencies are printed out 
Results of the calculation with false Legendre 
coefficients are printed out 
:ross sections have DTF-IV format. They will be 
nultiplied internally by thé factor 2 1 + 1 . 

:ross sections have ANXSN format 

Card X 5 (16 I 5) 

NGMED 
i 
/ Number of media distinguishable in the geometry 

Card X 6 (16 I 5) 

MEDXS(I)- Number of the cross-section medium which corresponds to 

tne geometry medium (1=1, NGMED) 
u • 

Card X 7 (16 15)] 
r -

NSCTT(J)- I Number of blocks for cross-section medium J . 

(J = 1, NMED) I 

The remaining card sequences can be read by various subroutines. The 
sequence depends on the parameters NOMÏ, MCP., MTP, and IDTF. If NOMI >0, 

} VQ 
NMED A^NMED* 

' N M I X ' I 

•then cards for all NMED materials follows XB^ ,. X9^ р , X8Мйжт,„. X9, 
If NOMI ̂  0, the card sequence becomes X8^ , . . NMED , X9X, ...IX9, 

The cards X8, can have various formats and meanings. First, it is asked 
whether cross sections are to be read from cards (MCR 0) and in which format 
they are given (IDTF) . When MCR > 0 and DTF-IV format is used (IDTF >0), 
then 

X8-A (6 A 8)\ Card 
HOL (I) -/Designation of the block that follows (I = 1.6) 
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Card Х 8 ~ в Е 12.5) 
V(J) - / A block of cross sections, group number INGP, length NTAB 

These card sequences are repeated for each block of an element. If MCR ̂  0 
and ANTSN format is used (IDTP < 0), then 

Card X8 
IN(J) 
T (J) 
V (J) 

(6 (12, Al, E9.0)) 
Repetition factor) 
Repetition sign J 

Cross section 

Importa.̂ 4- ~nly when V(J) » 0 

Cards X8 are read for each group of a block and for each block of an 
element. 

If MCR С О 
Card X8-A 

NR 

.IHM 

IGM 

I HT 

IHS . 
f 

Card X8-B 

V.(J);; 

(110, 5I5)| 

Block identification number 

Length of the block 

Number of groups 
1 xr 

(IHTlj position of S T. For IHT^. 0, is replaced 
by 5Г rpj. from position | IHT| -3 I 

Position for in-group scattering 
(6 E 12.5)! 

f 

^ ! A cross-section block of length NTABC with INGP groups 

If MTP y 0 and all MCR elements are read, then card X8 is read by BIBWQ Î 

С«*? 'X8 . (I 10, 5I5)\ 
NR 
IHM 
IGM 
IHT 

"" Block! identification number 
Length of the block 
Number of groups 
> О Position of T 

IHT .IHT] and Z T is replaced by the trans-
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IHS 

port cross section r̂ .. The program expects Tr i n posi-
tion IHT-3. The in-group scattering cross section will be 
corrected correspondingly 
Positionj for in-group scattering 

For each of the MTP blocks, an XS card is expected. The blocks themselves 
are expected in DTF-IV fonnat. Their identification is according to 
card X8. 
Card X9 (2 I 5, E Ю . 5 ) \read from JNPUT 

KM 
KE 

RHO 

Medium number 
Element number; element KE is contained in medium KM with 
a density of RHO. The last element of KM is designated 
by a negative sign. 

Density of the element KE in medium KM 
This ends the input of the cross sections. Control is returned to the sub-
routine INPUT- There the weighting parameters are next read in. 

Card I 11 
NSPLT 
NKILL 
NPAST 
NOLEAK 

(14 I 5) 
? О /Splitting is permitted 
> О 
> О 
> О 

.IEBIAS -
MXREG 

MAXGP 
- 0 
> О 

Russian roulette is permitted 
Exponential transformation is carried out 
Particles cannot escape from the system; cut-off 
is possible only by Russian rc lette 

> О Group transfer is weighted 
> о Number of regions for which the weighting 

parameters are input 

Will be set to 1 
Number of groups for which weighting parameters will 
be input 

^ О ;will be set to 1 
If NSPLT+NKILL and №>äST are all equal to zero, card I 12 must be left out. 
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I 12 (6X5 $ 20 X, 2E10.5) 

The weighting parameters that follow apply from group NGP1 
in steps of NDG to group NGP2 and from region NRG1 in steps 
of NDRG to region ÎSJRG2. If NGP1 is given as equal to zero, 
the parameters apply for all groups; if NRG1 is given as 
equal to zero, the parameters apply to all regions. 

Relative significance of the specified groups in the 
regions indicated; must be consistent with source weights 

WTAVE1 -

i 
PATH -j Plight path weighting parameter (0 - PATH - 1) ; 

' I. 
Card I 13 (615, 20 X, 2 E Ю . 5 ) | 

NGP1 -

WMUL -
WDIV -

A value less than zero indicates that all cards of 
type I 12 have been read in 
WTAVEL x WMUL gives the weight limit for splitting 
WTAVEL/WDIV gives the weight limit for Russian roulette; 
if the values are zero, they are set at 6.0 

If the group transfer is not to be weighted (IEBIAS - O),! the next card 
to follow will be card I 15. 

Card I 14 (7ЕЮ.4) j 
• . . . . j 

EPROB (IG, NREG) -y A set of cards is required for all regions in 
which IG values of the relative importance of the . 
energy group are given for all groups. New energy-
transfer probabilities will be calculated with 
these values. 

Z . JT G- —> T G- / V 

SC. -> ÏG-, - EPROB (IG
1, NREG) 
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Card 15 (14X5), 

NSOUR 

MFISTP 

- ~ О 
> о 

= о 
* о 

> о 
NKCALL - > О 

NORMF 
О 
£ О 

;> о 

Source problem 

Eigenvalue problem, fission neutron source 

No fissions permitted 
-MFISTP fission spectra must be generated by 
SOURCE 
MFISTP fission spectra must be read in 
Number of first batch used in keff calculations. 
After this batch the source should be finished 
iterating. In adjoint calculations a spectrum is 
needed for each medium 

No eigenvalue is determined 
Weighting constants and fission weights remain 
constant from batch to batch 

i At the end of each batch the fission weights are 
multiplied by the newest estimate of keff. The 
relative group weights are changed by the ratio 
of fission weight to source weight of the last batch 

If fissions do not occur (MFISTP = 0) , the next card to follow will be 
card I 18. 

Card I 16 ( 7 E 1 0 . 4 ) ; 

FWI.0(I) - 0 Average weight of fission neutrons in region I 
( I r 1,.MXREG): 

If the energy distribution of the fission neutrons is the same in all 
media (MFISTP < 0) , card I 18 follows 

Card I 17 ( 7 E 1 0 . 4 ) 

FSE ( I G , ISPEC) - F r a c t i o n of f i s s i o n neu t rons i n group IG from t h e 
•fission spectrum ISPEC ( IG = 1, NMTG; : 

' ISPEC = . 1 , MFISTP) ! 
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Card I 18 contains the initial weight of the secondary particles in all 
groups and in each region. If no production of secondary particles is 
expected, card I 19 follows directly. 

Card X 18 (7E10.4) 

GWLOCEG, NREG) -j I n i t i a X w e i g h t o f t h e s e c o n d a r y particles in group IG 
j and region NPEG. For each region a new set of 
cards I 18 is used (IG = 1/ NGPQIN j o r 

• J . NGPQTG ; NREG = 1 #j MXREG) NGPQTG/ applies to 
adjoint problems. 

Card I 19 (15) 

ICHGEM - 7 Indicates which geometry package is to be used 

V , 
A General GEjÖM. Input control in JOMGEN 
2 
3 
4 
5 

Plane geometry. Input control in J0MSLB 
Spherical geometry. Input control in JOMSFER 

F Cylindrical geometry. Input control in J0MCYL 
I Combination geometry. Input control in JOMCOM т-f 

After this card, the input control first goes to the geometry package and 
after that to the analysis package SC0KEN. The necessary input cards are 
described in the following section. For the geometry input the original 
English text is taken directly. 

The input for the general geometry package is read by the subroutine 
JOMGEN. It consists of the following cards: 

CABD GA ( 1 5 , 5X, Аб, IX , A7) H o l l e r i t h l e f t a d j u s t e d 
NSTAT - f l a g t o i n d i c a t e m a t e r i a l media on ly i f 1 and b o t h 

r e g i o n and m a t e r i a l media i f 2 . ' . 
SEX - sex of t h e programmer. ' ( S e l e c t one f rom MALE, FEMALE,or 

b l a n k i n d i c a t i n g u n c e r t a i n . ) 

STATUS - a a r i t a l s t a t u s of programmer. 

CARD GB (2AU, A3, 5'(Е10.-5э Al) 
DUMMï(3) - h o l l e r i t h c h a r a c t e r s n o t u s e d . 
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FIN(I ) - zone b o u n d a r i e s in i n c r e a s i n g o r d e r a long t h e 
X - a x i s . 

Весе!) - f l a g t o i n d i c a t e end of i n p u t i f b l a n k , comma 
means t o c o n t i n u e . 

л 
Repea t CARD G3 i f more t h a n f i v e b o u n d a r i e s a long t h e X a x i s a r e needed . 
.CARD GC - same as CARD GB excep t f o r Y a x i s . 
Repea t CARD G C i f more t h a n f i v e b o u n d a r i e s a long t h e Y a x i s a r e needed. 
CARD GD - sane as CARD GB excep t f o r Z a x i s . . • 
Repea t CARD GD i f more t h a n f i v e b o u n d a r i e s a long t h e Z a x i s a r e needed . 
CARD GE (AU, A2, 315) 

BCD1 - h o l l e r i t h ZONE 
BCD2 - durnny . . . • 
f( 'J'- тгъь » s p e c i f y t h e zone a s b e i n g t h e NXZlTOtb. 
• v a uJutï Ä d i r e c t i o n , lïYZlîOth. zone i n t h e Y 

KZZIiO - d i r e c t i o n , and ITZZIÏOth zone in t h e Z d i r e c t i o n . 

CARD GF(2A*i, A3, 5 (E10 .5 , A l ) 

DUMMY(3) - h o l l e r i t h c h a r a c t e r s n e t u s e d . 

FIN(I ) - b l o c k 

b o u n d a r i e s in i n c r e a s i n g o r d e r a l o n g t h e 

% X a x i s . 

BCD(l) - f l a g t o i n d i c a t e end of i n p u t i f b l a n k , сошпа 
means t o c o n t i n u e . 

Repea t CARD GF i f c o r e t h a n f i v e b o u n d a r i e s a long t h e X a x i s a r e needed . 
CARD GG - same as CARD GF excep t f o r Y a x i s . 
Repea t CARD GG i f more t f ian f i v e bounda r i e s a l o n g t h e Y a x i s a r e needed . 
CARD GH - sa:ae a s CARD GF except f o r Z a x i s . 
Repea t CARD GH i f more t h a n f i v e b o u n d a r i e s a long t h e Z a x i s a r e needed 
CARDS GI t o GO d e s c r i b e t h e geometry f o r a b l o c k and crust be 

i n c l u d e d f o r each b l o c k in t h e zone . 
CARD GI (AU, A2, 3X5) . . 

BCD1 - h o l l e r i t h BLOC 
BCD2 - dummy 
NXBND - : i n t e g e r s vh i ch s p e c i f y t h e b l o c k a s b e i n g t h e -
NYBND - NXBNDth i n t h e X d i r e c t i o n , t h e NYBNDth i n t h e ' 
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NZBND - Y direction, and the NZBND in the Z direction. 
CARD GJ (3AU, 10(15,Al) 

NAM2 - hollerith MEDI 
DUM(2) - duinny 
INP(l) - a list of-media sector by sector in the block 
BCD(l) ~ flag to indicate end of input if blank, a comma 

means to continue. 
Continuation vith 12(l5,Al) format is permissible. 
CARD GK (3AU, 10(I5,A1)). 

NAK2 - hollerith SURF 
DUM(2) - durony 
INP(l) - a list of quadratic surfaces appearing in the block. 

Numbers must appear in the order the surfaces are 
described on CARD GQ. 

BCD(l) - flag to indicate, end of input of blank, a comma 
means to continue. 

Continuation of CARD GK in 12(l5,Al) format is permissible. .' 
CARD GL (Alt, A2» 1813) 

SI - hollerith SECT 
DUM - dummy . ' ' 
IND(l) - the designation of each sector vhich describes the posi 

tion of the sector relative to quadratic surfaces. 
+1: sector is on positive side of surface, 

* . -1: sector is* on negative side of surface, -
0: surface is not needed to define sector. 

There must be a CARD GL for each sector and references to quadratic 
surfaces must be in same order as they are listed on CARD GQ. 
CARD GM"(3AU, 10(I5,A1) ' • ' 

NAM2 - hollerith REGI 
DUM(2) - dummy 
IHP(l) - a list of regions sector by sector in the block. 
BCD(l) - flag to indicate end of input if blank, a comma 

r*' - * 

means to continue. 
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Continuation with 12(l5,Al) format is permissible. 
CARD CÎI (3AU, 10(15,Al)) 

NAM2 - hollerith SURF < • ' • . . • ' 
DUM(2) - dummy ' . 
m p ( i ) " \ 

/ same as for CARD GK except for region input instead of 
BCD(l)t naterîal input. 

CARD G0(AU, A2, 1813) 
S I - h o l l e r i t h SECT 
DUM - dummy ' - ' . 
IND(l) - saae as for CARD GL except for region input instead of 

material input. 
Repeat CARDS GI to Gfl for each block. 
CARD C-P (15, 16AU, A2) .. . ' 

N0BD - total number of quadratic surfaces in the entire system. 
DUM(l) - hollerith characters ignored by the code. (Helpful in 

identifying input at a later time.) 
CARD GQ (U(E10.5, AU, IX, Al)) 

C0F(J) - coefficient of the term ' ; 
BCDl(J) - hollerith* indicating which term of the equation. 

XSQ, YSQ, ZSQ, XZ, YX, YZ, XY, ZX, YZ, X, Y, Z, or 
blank are the possibilities. 

BCD2(J) - a flag which indicates the quadratic equation 
continues. Any nor.-blank character ends the field. 
The next function must start on new card. 

Repeat CARDS GQ until all surfaces have been described. 
* • 

A sample of the input is given in ref /2/ ... . . 

The input for the general geometry package is read by the subroutine 
iJOMSLB. It requires for this purpose the following cards: 
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CAHD GA (15, Е10Г5) j 
MED - .medium, with Z as lower hound (>0) 
Z - lower limit of medium MED. 

Repeat CARD GA for all boundaries with the last card containing 
MED = 0 and the boundary of the system. 

CARD GB (E10.5) . . ' 
Z - lower limit of region boundary. Region numbers are 

assigned in consecutive order starting with 1 and Z must 
be in increasing order. 

Repeat CARD GB for all region boundaries 
End CARD G3 input with a blank card. If no region geometry is 
. desired a blank card is required. 
CARD GC (too.5) 

XL - lower boundary of system in X direction. 
XCJ — upper boundary of system in X direction. 
YL - lower boundary of system in Y direction. 
YU - upper boundary of system in Y direction. 

A 

The present version-provides room for 25 medium boundaries and 
20 region boundaries 
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The input for spherical geometry is read by the subroutine JOMSFER. 
It consists of the following cards! 

• * 

CARD GA (15,E10.5) 
MED - medium nuziber interior to R (>0) 
R - outer radius of sphere or spherical shell containing 
•. " MED. . ' 

Repeat CARD GA for all radii. " 
End CARD GA input with blank card. 
CARD GB (E10.5) 

R - region radius of sphere or spherical shell containing 
regions. Region numbers are assigned in consecutive 
order starting vith 1, and R must be in increasing order. 

Repeat CARD GB for the number of regions.. 
End CARD G3 input vith blank card. If no regions are desired, 
a blank card must be used to signal no region geometry. 

The present version provides for 25 radii. ' • 

• • * . i 
The input for the cylinder-geometry package is read by the subroutine 

JOMCYL. It requires the following cards: 

CARD GA (15, 5X,'A8) ' . 
NREGIN — flag to indicate material media (=1) or both region 

and material media (=2). 
SEX - sex of programmer. 

CARD GB (ЕЮ.5) 
R - radii of the cylindrical shells describing the material 

media in ascending order. 
Repeat CARD GB until all radii have been input. .. 
End CARD G3 input with a blank card. 
CARD GC (ЕЮ.5, 1215/815) ' 

H - upper height of medium M(l) (>0). 
Cylinders assumed to start at H = 0, 
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M(ï) - media for the cylindrical shells for this height. 

Repeat CARD GC until all height intervals have Ъееп input. 
End CARD GC input with a "blank card or if there are ciore than 
12 radial intervals, 2 blank cards. 
CARD GD (ЕЮ.5) emit if NRSGIN = 1 

RG - radii of the cylindrical shells describing the region 
geometry in ascending order. 

Repeat CARD C-D until all region geometry has been input. 
End CARD GD with a blank card. ' 
CARD GE (ЕЮ.5, 1215/815) omit if NREGIN = 1 

HG - upper height of region KG(l). 
MG(l) - region numbers for the cylindrical shells for this 

height. 
Repeat CARD GE until all height intervals have been input. 
End CARD CZ input vith a blank card or if there are more than 
12 radial intervals, 2 blank cards. 

The present version provides room for 25 radii and 25 heights 
for both region and material description 

The input instructions for the combinatorial geometry are: 

The combinatorial geometry input data is read by the JOMCOH 
subroutine, except, for the region volumes VN0R(I), which are read by 
'the GTVLIN subroutine whenever IV0PT = 3. For clarity of terminology, 
the terms "regions" and "media" have essentially the same meaning as 
in the 05R Geometry Package, but are constructed in a different manner. 
The term "zone" is the same as the "region" as defined in the original 
combinatorial geometry package. The term "body" has the same mean-
ing as in the original combinatorial geometry package. 
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CARD CG A (215, 10X, 10A6) 
Щ 

IV0PT - option which defines the method by which region 
volumes are determined; if 
IV0PT = 0, volumes set equal to 1., 
IV0PT = 1, concentric sphere volumes are cal-

culated 
IV0PT = 2, slab volumes (1-dim.) are calculated, 
IV0PT = 3, volumes are input by card, 

ID В G - if IDBG > 0, subroutine PR is called to print re-
sults of combinatorial geometry calculations 
during execution. Use only for debugging, 

JTY - alphanumeric title for geometry in out (columns 
21-80). . . 

CARDS CGB (2X, A3, IX, 14, 6E10.3) 

One set of CGB cards is required for each body and for the END 
card (see Table В IV). Leave columns 1-6 blank on all continu-
ation cards. 
IT YPE "j - specifies body type or END to terminate reading 

of body data (for example BOX, RPP, ARB, etc. ) 
Leave blank for continuation cards, 

IALP - body number assigned by user (all input body 
numbers must form a sequence set besinnin^ at 
1) . If left blank, numbers are assigned sequen-
tially. Either assign all or none of the numbers. 
Leave blank for continuation cards, 

FPD(I) - real data required for the given body 

CARDS CGC (2X, A3, 15, 9 (A2, 15)) . • • . 

Input zone specification cards. One set of cards required for . 
each input zone, with input zone numbers being assigned sequen-
tially. 

*Not operational. 
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IALP 

NAZ 

nBXAS(r) 

JTY(I) 

IALP must be a nonblank for the first card of 
each set of cards defining an input zone. If 
IALP is blank, this card is treated as a con-
tinuation of the previous zone card, 
IALP » END denotes the end of zone description. 
total number of zones that can be entered upon 
leaving any of the bodies defined for this input 
region (some zones may be counted more than 
once). Leave blank for continuation cards for a 
given zone. • (If NAZ ^ Oon the first card of the 
zone card set, then it is set to 5). This is used 
to allocate blank common, 

m
 ш 

Alternate IIBIAS'(I) and JTY(I) for all bodies de-
fining this input zone. 
specify the ,T0RM operator if required for the 
JTY(I) body, . 
body number with the (+) or (-) sign as required 
for the zone description 

CARDS CGD (1415) 

MRIZ(I) MRCZ(I) is the region number in which the "Ith" 
input zone is contained (I = 1, to the number of 
input zones). Region numbers must be sequen-
tially defined from 1. 

CARDS CGE (1415) 

MMIZ(I) MMIZ(I) is the medium number in which the 
njthn inpUt zone is contained (I 1, to the 
number of input zones). Medium numbers must 
be sequentially defined from 1. 

CARDS CG F (7E10. 5) (omit if IV0PT 3) 

VN0R(I) volume of the "Ith" region (I = 1 to MXREG, the 
number of regions). 

Note: If ENDRUN is used to obtain collision density and track 
length per unit volume estimate of fluence, then a data 
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statement in ENDRUN must give a relationship between 
region and media. In this case only one medium may be in 
a region. 

The following cards are read by the Standard Analysis Package by 
way of the subroutine SC0RIN: 

Card S 1 (20A4) Arbitrary text for description of the analysis; 
not storedi 

Card S 2 ( 1 4 1 5 ) 

ND -
NNE -

NE 

NT 

Number of detectors 

Number of energy intervals of the analysis which correspond 
to primary particles 

• ' 1 

Total number of energy intervals to be analyzed,, NMTG j 

- >+1 I Number of time intervals. For each detector, a 
set of NT values is read in 

-1 -NT~1 

£-1 - NT 

NA -
NRESP 
NEX -/ 

set at 0 

is the number of time intervals. 
The same interval arrangement is assumed for all 
detectors. Only one set is read in. 

Number of angle intervals to be analyzed for 
Number of detector response functions. 

Number of user-required storage areas in blank common 
of length NMTG. Initial address is L0RRSP + NRESP x NMTG 

NEXDN - Number of storage areas required by user in blank 
common of length ND. Initial address L0GXD + 6(ND) 

NKK О 

£ О 

Flux integrals are calculated for ND regions and 
also rates, the latter by means of a regression 
analysis 
No meaning 



. Input Required on CGB Cards for Each Body Type 

Card Columns ITYPE IALP Real Data Defining Particular Body Number of 
Body Type # 3-5 7-10 11-20 21-30 31-40 41-50 51-60 61-70 Cards Needed 

Box 
л 

Right Parallele-
piped 
Sphere 

\ В0Х 

RPP 

SPH 

IALP is 
assigned 
by the 
user or 
by the 
code if 

Vx 
H2x 

Xmin 

Vx 

Vy 
H2y 

Xmax 

.Vy 

Vz 
H2z 

Ymin 

Vz 

Hlx 
H3x 

Ymax 

R 

Hly 
H3y 
Zmin 

Hiz 
H3z . 
Zmax 

1 of 2 
2 of 2 

1 

1 
Right; Circular 

'Cylinder 
RCC left 

blank. Vx • 
R 

Vy Vz Hx Ну Hz 1 of 2 
2 of 2 

Right Elliptic, 
Cylinder 

RE С • 
• 

Vx 
Rix 

Vy 
Rly 

Vz 
Rlz 

Hx . 
R2x 

Ну 
R2y 

Hz 
R2z 

1 of 2 
2 of 2 

Ellipsoid ELL 
« 

Vlx 
L 

Vly Viz V2x V2y V2z 
i 

1 of 2 
2 of 2 / . ' 

Truncated 
Right Cone 

TRC Vx 
LI 

Vy 
L2 

Vz. Hx ну Hz . 
mm 

1 of 2 
2 of 2 

Right Angle 
Wedge 

WED Vx 
H2x 

Vy 
H2y 

Vz 
H2z 

Hlx 
H3x 

Hly 
H3y 

Hiz 
H3z 

1 of 2 
2 of 2 

Arbitrary 
Polyhedron 

ARB 
• 

Vlx 
V3x 
V5x 
V7x 

Vly 
V3y 
V5y 
V7y 

Viz 
V3z 
V5z 
V7z 

V2 x 
V4x 
V6x. 
V8x 

V2y 
V4y 
VOy 
V8y 

V2z 
V4z 
VGz 
V8z 

1 of 5 
2 of 5 
3 of 5 
4 of 5 

Face Descriptions (see note below) • 
5 of 5 ' 

• • 

Termination of 
Body Input Data END 

• 

• 

« 
• > 

• t 
• 

Nöte: Card 5 of the arbitrary polyhedron input contains a four-digit integer for each of the six faces 
of an ARB bodv. The format is 6 (IX, 14), be sinning iv • 4 ; 
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Card s 3 (6ЕЮ.4) 
X 
V 
z 
VOL 
VI 
V2 

Identifying numbers for detectors. ND such cards are 
required. The meaning of the data is determined by the 
analysis programs. VOL is stored as 1/VOL. The addresses 
of the data for detector I are 

LOCXD+I, LOCXD+ND+1, ...f LOCD + 5*ND + I. 

Card S 4 (20A4) 1 

Units of the integral, nondirectional, and total doses (e.g., 
neutrons) 

Card S 5 (20 A4) 
Designation of detector I 

Card S б (7E10.4) 
Detector response function for detector I for all groups. 

Card pairs S 5 and S б are read in for each detector. If NE 1, card S 9 
follows here. 

Card S 7 (20 A4) 
Units of the spectral data 

Card S 8 (1415) 
Numbers of the groups in which the lower boundaries of the analysis 
intervals are located. If NNE > 0, the corresponding number 
must be exactly NGPQTN. The last number is always NMTG. 

If NT^. 1, card S 11 follows here. 

Card S 9 (20 A4) 
Units of time distributions 

If NE ̂  1, card S 11 follows here. 

Card S 10 (20 A4) 
Units of the time-dependent spectra 
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If only one time interval is being considered (|NT|̂ 1 1), card S 12 
follows here. 

Card S 11 (7E10.4) 

XT(I ,J) - Upper boundaries of the time intervals in increasing sequence 

(J ~ 1, |NT|). For each detector a new card series S il is 

required. If NT<t -1, a single series, which is attributed 

to all detectors, is sufficient. 

If NA £ 1, the regular input ends here. 

Card S 12 (20 A4) 

Units of the angle spectra 

Card 5 13 (7E10.4) 

XA(I) - Upper boundaries of the angle intervals. The cosine is 
given. I runs from 1 to NA. Ifence XA(NA) is equal to 1.0; 

Here ends the regular input. Further input sequences can be imple-
mented by the user. Subroutines which are often used for this purpose are, 
in the order in which they first appear, ISCOR for additional analysis 
data, SOURCE for source dàta, and SDATA for special detector data. 

IV. CRI TIC ALI TY CALCULATIONS 

1. Description 

Criticality values are simultaneously estimated witn a flux estimator 
and a collision estimator. The results of both estimations are averaged 
taking account of their variances. All three results are printed out. 

Reference 13 gives a description of the estimators. 

In addition to the criticality values, the average generation time 
and lifetime are also determined. It turns out that it is undesirable' 
to determine both types of values from the same neutron histories. In the 
case at hand, the emphasis was placed on the criticality determination. The 
lifetimes are merely by-products. 

All estimations are done within the batches and as averages 
over the batch results. It is possible to delay the averaging of the batch 
results until the estimated onset of the fundamental mode (Card I 15, 
quantity NKCALL). 
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2. Test Example 

The value of keff is to be calculated for the axially symmetric 
reactor shown in Fig. 1 (early model of the Xncore Thermionic Reactor [10]). 
Regions 1 to 6 form the reactor core. They are divided into thermionic and 
driver zones, which are each subdivided into regions with different 
moderator concentrations. 

Four-group cross sections were used in P0 and P^ approximation. The 
calculations were compared with DOT-II [11] calculations. Results are 
given in Table 20. With the input described here, the results can be 
described by the 3ceff value 

. comb \ 
eff -1.2407 + 1.179 %\ 

Table 20: Comparison of U-Group Calculations 

) 

Method keff -

... . 
Calculation Time 

(min) j 

DOT 2, PO 1.276 8 I 
9 

DOT 2, P 1 1.244 8 
MORSE K, Po 1.273 + 0.006 30 
MORSE K, PI 1.237 + 0.005 ' 30 

1.2407 
• 

+ 0.014 3.2 

Two subroutines must be mentioned the source program SOURCE and the 
analysis program BANKR. 

The program SOURCE generates isotropic source neutrons which may be dis-
tributed in x-y-z or r-#-z. The source spectrum must be read in by way of 
SORIN. SOURCE needs the following input data for determination of the 
spatial distribution: 
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Figure 1 Georaetry of the Incore Thermionic Reactor 
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Card SO 1 (515) 

Card SO 2 

Card SO 3 

Card SO 4 

Card SO 5 

Card SO 6 

NR 

NPHI 

NZ 

IGEO 

- j Number of r or x interval boundaries ^ 16 

Number of <j) or у interval boundaries ^ 16 

Number of z interval boundaries ^ 16 

- £ о 
> о 

X—y-z geometry 
T-^-z geometry 

IDR ~ Number of source particles whose coordinates 

nd weight are to be printed out 
\ 

(7 E 10.3) 
R<I) -
(7 E Ю . З ) 
.PHI(I)-

(7 E 10.3) 
Z1(I) -

(7 E 10.3) 
FR (I) -

NR interval boundaries for x or r 

NPHI interval boundaries for (J) 

NZ interval boundaries for z 

(7 E Ю . З ) 
FPH(I) -

NR—l values of the density distribution in 
the r or x space. (In r space the values will 
be multiplied by R2(I+1) - R2(i), in x space by 
R(l+1) - R(I) to replace the corresponding fre-

quency) 

NPHI—1 i values of the density distribution 
in for у space. They will be multiplied by 
A <p or -Ду, respectively. 

Card SO 7 (7E10.3) 
FZ(I) - NZ—1 values of the density distribution in z space. 

(Will be multiplied by Az) 
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The program BANKR addresses itself to the following events: 
(a) source particles, (b) splitting, (c) collision, (d) leaving a material 
region, (e) albedo scattering, (f) escape of a particle, and (g) killing. 
The events are processed directly. 

BANKR requires the analysis programs of package 1 and package 2 (see 
Table 18). 

The subroutines SOURCE and BANKR are listed below. The common AGECAL 
contains fission age, age, and their variances. Common KEANAL contains 
estimations of keff and their variances according to the flux and collision 
estimators, as well as their combination. Information is stored for par-
ticles, the current batch, and the state of the run. 
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ТаЫе 21? The Parameters of Common KEANAL 

Name Significance 
RKFLX 
VARFLX 
VARCOL 
EKOVA? 
RKHF 
RKHC 
SVTATE 
FKXCSH 
FKIÏSM 

FKISM 

VAICSM 

VAIFSM 

VAISH 

VAOCSM"1 

VAOFSM 

RKOVSM 

FKOCSH 

FKOFSM 

FMK 

IKCALC 

XBATCK 

INITS 

V 

/ 

Contribution of the flux estimator for all particles of a batch 

Variance of RKFLX 

Variance of FTOTL 

Co variance of RKFLX and FTOTL 

Contribution of the flux estimator for one particle 

Contribution of the collision estimator for one particle 

Source weight 4 

к value of collision estimtion for a batch 
к value of flux estimation for a batch 
к value combination for a batch 
Variance of FKECSM 
Variance of FKIFSM 
Variance of FKISM 

к values and variances for the run 

Numbers of t he first batch with fundamental mode 
Running batch numbers 
Auxiliary variable 
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SUBROUTINE SOURCE 

SUBROUTINE SOURCE { IG»UTV,W F X»Y,Z»WATE»MED»AG,ISOUR»ITSTR,NI*P:4T3»DD 
1F»ISGIAS *NMTG) 

C » * * * » J S O T P O P I C S O U R C E 
C » * * # » S P A C E D E P E N D E N T XYZ OH R. P H I Z ( I G E O * G T . O > 
C» H H H » * S 0 U R C E E N E R G Y B I A S I N G ALLOWED 

COMMON W T S C 1 ) 
C O M M O N / A P O L L O / X T R M C2>3) T I O ? l N » X T R A < ? ( 6 9 ) 
D I M E N S I O N P ( 1 6 ) , F R ( 1 5 ) t Z l ( 1 6 ) T P H I 1 1 6 ) T F Z ( l b ) , F P H ( 1 5 ) 
OATA I I / Ц / 

9 9 1 1 = 0 
С S O U R C E I N P U T 

R E A D < I N » 1 О О О > N R » N P H I » N Z » I G E O » I U R 
R E A D ( I f | » 1 0 n l ) ( P ( D » I = l t M P ) 
READ С I r : » 1 0 0 D ( P H I ( I ) , l s l f N P H l ) 
R £ A D ( I f U ? n o l ) ( Z l C I ) » I » ] , » Z ) 
I F ( I O E O * L E . O ) W R I T E ( I 0 » 2 0 0 0 ) 

2 0 0 0 FORMAT ( 2 9 - l f . T H I S I S A X • Y - Z S O U R C E ) 
WRITE ( lO»2oOl)NRfNPHI*t«Z»IQF.O*IDR 

2 0 0 1 FORMAT ( 5 H - M R = » I 5 » 9 H N P H I = » I 5 » 7 H \JZ = » l 5 » 9 H I G E O = » 1 5 » J 7 » 
« 3 4 И S O U R c . F P A R T I C L E S W I L L BE P R I N T E D ) 

W R I T E C I O . ? ' J 0 2 ) ( R ( I ) » I = 1 » N R > 
W R I T E ( 1 0 * 2 c 0 2 ) ( P H I ( I ) » 1 = 1 » Î 4 P H I ) 
W R I T E ( 1 0 * 2 0 0 2 ) ( Z I ( I ) « I s l * N Z ) 
NR-NR-! 
NZsNZ-1 
N P M I » N P H I - 1 
WR ITE( IO»?: IO3) 

2 О О 3 F O P M A T ( 4 4 H - S 0 U R C E С О М Т я I ^ U T r O N S O F S P A T I A L I N T E R V A L L S i 
H E A D ( I M , 1 0 0 1 ) ( F R ( I ) » 1 = 1 , M P } 

' R E A D ( I * - l » i n o D ( F P r t ( I ) » 1 = 1 » n P h I J 
« E A D ( l M f l O n ) ) C F 7 ( I ) t i e l t M Z Î • 
W R I T E ( 1 0 , 2 0 0 2 ) ( F R ( - I ) = l 9 N K ) 
WRITE(10*2^02) (FPH (I )*I=l * N F r i I ) • 
WRTTE ( Ю » г 0 0 2 ) ( F Z ( I > » I = 1 » N Z ) 

2002 F0iîNAT(ffEi5#4) 
л—0 • 

• 00 1 1 = 1*MR 
F R ( I ) = F f ? ( I ) » ( R < I + 1 ) - H ( I ) ) 
I F ( I G E O . G T . O ) F R ( I ) = F R { ! ) » { « ( I + l ) I ) - ) 
S - S + F R ( I ) 

' . I C O W T I M U E 
FR ( 1 ) < 1 ) / S 
lF(NR.rQ.l ) GO TO 7991 
DO 2 T=?tMR 

F R ( I ) = F R ( I ) / S * F R ( I - D 
? C O N T I N U E 

7 9 9 ] CO. ' iTI .MuE 
S = 0 . 
DO 3 1 = 1 , NIZ 
R X = ( 7 1 П + 1 )+7A ( T ) ) o . f i 
n*l = ( / . ) î (i) ) 
F Z 1 1 ) - F Z { I ) » R X 1 
S = S * F Z ( I > 

3 CONTINUE 



SUBKOUT SOURCE: 

F Z ( X ) ( 1 ) / S 
IF(WZ.EQ.I) GO TO 7992 
DO 4 I=:2,\|Z 
FZ(I)=FZ(I)/S*FZ(I-1) 

4 CONTINUE 
799? CONTINUE • t 

00 5 1=1,NPHI 
S=S*FPH(I) 

1 »(PHI(I*1)-PHI(I)) 
q CONTINUE 

FPH(\)=FPH(1)/S 
IF(NPHI.FQ.I) GO TO 7994-
DO 6 I=2,MPHI 
FP4(I)=FPH(IÎ/S*FPH(X-1) 

6 CO-'lTINUE 
799i CONTINUE 

WRITE(*>«1920) 
IC»NMT&*NMTö 

IF ( I SR I AS #GT • Q ) IC«IC*t>JMT6 
ЕЕ CÛMTINUE 

tisFLTtfNF(a) 
00 PO 1=1»NMTG 
IF (Q-WTS ( I O I ) ) 10 »10 »20 

lr IGsI 
ÜO TO 30 

2R CO-JTLNIJE 
3t IF(ISBIAS.LE»0) 00 TO 70 

IF(I-I) 
6C WATE=WATE^WTS(IC-NV!TG*1) /WTS( IC+1) 

GO TO 70 
6K WATE=WA+EMWTSNC-NMTG+I)-WTS(IC-NMTS*I- I ) ) / ( WTS ( L E * I > -«TS ( LE* I 

7с COMTINUE 
IF(ITSTR) 40»50*40 
RETURN 

5o CO iTlNuE 
AR=fut^NF(AR) 
DO 200 J=lfNR ' 
IF(FR(I)- .AP)2O0F2I»21 

2j 
GO TO 22 

200 COMTINUE 
К-HR -

2? COMTINUE 
RAD=R(K> * (R (K + I ) - R ( K ) ) 4>FUTRNF (RXÎ 
.AR=FLTRMF(RX) 

DO 31 I=1»MPHI 
IF(FPH (Ii-AR)3Ï*32»32 

3? K = I 
GO TO 33 

3) CONTINUE 
K=\!PHT 

33 C O .TI;i:iC 

PHI0= PHI(K>* (PHI (K + D - P H Ï (К) )^FLTRNF(«X) 



SUBROUTINE SOURCE 

IF< I6EO,GT ' .O Ï P H I 0 = P H I O * 6 . 3 8 3 1 8 6 
37 ARSFLTRNF(RX) 

DO 43 x=i,MZ 
I F < F Z U > - A R > 4 3 » 4 4 F 4 4 

44 K S I 
GO TO 45 

43 CONTINUE 
K-NZ 

4 5 I 2 - Z L < K ) + ( Z 1 < K + 1 > - Z 1 ( K ) > » F I T R N F ( R X > 
I F ( I G E O . G T . O ) GO TO 700 
XsWAD 
YSPHI0 
GO TO 701 

700 CO.MTINUE 
X-RAD^COSTPHLO> 
Y = RAD*SIN (PHIO) 

701 CONTINUE 
z»zz 
I F ( I D R . G T . O ) WRLTEM6»L9L9)XTYFZTWATE 

L<32N FORMAT(22H-1NITIAU SOURCE POINTS , / / 
15XT* X * * 5 X T * Y 
2 5 X , » WATE * ) 

1919 F 0 « M A T ( 4 ( 5 X » E 1 5 . 5 ) ) 
1001 F03MAT(7E10.3> 
1000 FORMAT(515) 

I D R - I D R - L 
RETURN 
ENO 



SUarfOJTlwE iib'.lKA 

SUBROUTINE HANKP(NJHKID) 
COi i lOM / A P O L L O / A (5ST«T»0! )F»OKADWT ( 5 ) • ETA » F i A T H » E T A U S D » U I N P » V i N p t 

1 WirjP»WTST^T»XSTRT* Ysr^TiZSThTtTCUTtXTWA (10) » 
г "" I O * I L , M E D I A , I A O J M , I SB I A S , 
3 ISOURIIT^RS. ITLMEF LTSTR,LOCWT5»LOCF*'L»LOCE.PRTLOCNSC*LOCFS;>U 
6. М'ЛХОР » Î-»A XT IM »'4(-:»>ALRT »MTIPREG » HXREC3 t NALK * MDT>Ü ( 5 ) * NH>N4 »NGEO^ » 

' ь i-r-W*P,H40Sl Tfî, NÛL.K AK « MOR-4F , NPAST , VJPSCL (13) T,NSlGLf US'JUR, 
7 N: ' iPt T , ; iSTRT»MXTR«X ( 1 n> 

CO W»Ö?J / f iUTf<ON/NAME»NAMEX» I G » I G O » N M E O»MEI ) O L ü » t v i P E G » U * V t W t U O L r ) « VOLD» 
1 HÜLLN X • Y • Z • X'-'LD , yULO » Z Ü L D * WATE » OLÜ*/T • i /TBC » b L z N j , HLZON f AGE » OL'>»AGE 
, FroTLiF'.'ATF.tMFlSTPfMFISHtMFPTtWATeF 
. cO'-inOIj/KFA.'JL/RKFLX, VARKLX»VA^'COL»RKO\/AR$RKHF*RKHCtSWATE» 

• i h K T C S r U F K l F S r U F K ï S - U VA r c S M • V a I F S M » V A I S M , VAUCSM» VAOKSM*RKOVSM» 
2 I - ' K 0 C S M , K K 0 F S M , F M | 4 , I K C A L C , IfciATCM, I N I T S 

CO и'-io-' I / ^ G E c a L / F a G £ « /*GEL » VF A<*c * VLAGE 
СО MOrl / X G E . l / f i X S T^f 4 S S T « , N G h E D . 
CO-tMOiJ WTS(2) 
îjl iENSTOM riSlG(i) 
c . 0 . i l V A L C N C e < - / T S ( 1 ) t N S I G ( l ) ) . . . 
üATA M T E R 4 / 0 / 
DATA R K C O L / O . O / 
ÜATA PFaGE » PLAGE »FAGE•AGEL »VF AGE•VLAGE/0•0*0»0»Q«0»0*0»0»0*0*0/ 
DATA OLA/П.О/ 
»irf«i\s Г4НМК10 
IK И^гч) 10Пф100*14>0 

10(1 rtH4JK • 5 
ÜO TO < 1 0 ̂  » 1 ü3 , 102 , 101 ) , N8NK . 

IC'l CALL STRUN 
KE'f'^U 

10? UrtAT=s NITS - ITjtRS 
CALL STHTCHCMBAT) 

С I ЗЛТ IS TH ER ЕЯАТСН IO. LESS OFI£ 
«ETURrl 

\0-> CALL ^aT c^MSA\/£) . 
С F.SV'T: T.S THL MÛ. OF PARTICLES STARTED IN THE LAST SATCH 

к^Т^гг; 
ii.4 CALL Mî?lN(:.iiTStNoUiT) 

С TS IS THF -10« OF ESCHES COMPLETED IN ТЧЕ RUN JLJST CÜMPLETED 
С f "4UIT #G Г • I IF MOR-'E »ÎUNS 3{->îaIN 
С i IF THF LAST SCHEDULED RUN HAS..SEEN COMPLETED 
L IS TmÉ 'J-G^TI VI-; OF TH£ »Ж»• OF C'JV,1PL£TE RUNS» WHEN дМ 
С ""EXÉCUTIF •» TIME KILL OCCURS 

RE TU IAN 
14: cO »riNHÇ 

bO T 0 { l t ? ,t?{:»20»5'3n»7»8»20«20»ll»20»2n> »NBNK 
С SOURCE WEIGHT 

l b'-' \ Tr = с;..!л Tr + у/д T F 
Ht TUR."J 

С SPLITTING p NTtP.'bflTE^M-l 

,L с ÎLL 1 SI t.! J 
Ç WKHC=RKHC*^ATEF 
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SUaKU'JTlNE BANKR 

CALL FIS IОТ Л ( IGC)»4ED0L0»TSIG»RNAB) 
IF(OL/».KO..-}.0> OLA«ULDAGE 
PArtsi .-РплН 
PLÄGE=PLAOE>WTBC*RMAÖ* ( ASE-OLA) 
OO то ЗУ 

С dOMNOAHY CROSSING 
7 co.iTiMue 

0 0 TO OO-
C E S C A P E АЛЮ R . R . K I L L 

В МГЕКЧ^ЧТЕЯМ«-! 
С ADO CONTRIBUTION FROM LAST FLIGHT 

OÙ TO 3;I 
3r> lF('iKDOLD»E«*lonu) 00 TO 40 

P N U F = W Г З ( L Ü C F S N + ( M E N Ü L P - L ) » N M T G + I G O ) 
R K H FSR K M F + E T A U S D * W T H C « P M : JF 
I F < R I B I L K . E 0 - 5 ) P F ^ O E = P F A G E + WFTTFF* (AGE~OLFT> 

4R, I F .0) R E T U R N 
С T E R M I N A T E H L S T O R F 

RKcOL^KcOL + ft^Hc 
RKFLX= *KFLX+RKHF 
VA4COL=VAKCOL*RKHC"RKHC 
RKOVnK=rtKOVAR*RKrtF»RKrtC 
VAi«FLXsVARKLX + RKHF»MKHF 
FAOESPFA'ÎE + FAGE 
A G £ L = P L " G F + A'JEL 
VFa,oE=5*/FAÖE*PFAC>E*PFAGE 
tfLAGE=V'LAG£*PLAGE*PLA6E 
PF Auf:sso .0 
PLAGE=O.O 
OL A»i».5 
«KHFsO. 
KK-iCso • 
WTcR'ts^j 

RE 

« 0 TO 4 ч» 
2 r HETURfJ 



- 7 l -

3. Input 

11 MATERIALIEN ITR TEST PROBLEM 60K MORSEK 
3000 
200 

0 
212 
2 

5*0 
0.9 

1.05E+7 
4 GRUPPEN 

3 
0 

4 
ia 
0 

il 
11 
1 

4 
0 
0 
2 
2 

I 
0 

o*a 
1 - 0 

l.OOE+4 
WQ ITR 

о 0 
о 0 
о 0 

0 
1 - 0 
5*0 

4 4 
0.025 

0 * 0 

О 250 11 
0*0 8.E-4 
0*0 0.0 

4.65E+1 1.0 

PO Z0NE11 
• 6Ю6Е-05 

0. 
0. 
•2484E-01 
.6963E+00 
1 -1 

PO Z0MF2 В 
•2476Е-02 

0. 
0. 
•6779Е-01 
.9656E+0P 

PI Z0-NE2 Ь 
0. 
О* о. 
»24-99E-01 
•1616F+00 
2 -1 

3 4 
2 2 

ZELLE 
0. 
•301RE-04 

0. 
О* 
.3392E-0I 

1 . 0 
.0 ZELLE . 

.30ЬЗ£-02 
•1950Е-01 

Or 
.Ц74Е-03 
.1014Е+00 

.0 ZELLE 
0. 
О-
о* 
»2373E-05 
.3559Е-01 

1-0 

4 
О 
О 

5 
2 

4 
7 
О 

6 
2 

11 
7 
.1 
7 
2 

•4591Е+00 
0. 
.U98E-03 

0. 
0. 

.ЗОбЗС+ОО 

.1497Е-01 

.3574Е-01 
О» 
•1465Е-02 

0. 
0. 
0« 
0. 
,79ф7£-04 

11 
1 

в 
1 

11 

9 
1 

•4422Е+00 
•6Я66Е+0 0 

0. 
.6841Е-03 

0. 

10 1 
I 2 

0. 
.6617Е+00 
,6839Е*00 

О* 

.2775Е+00 
•6Ü45E+00 
•ЗЭ82Е-01 
.8963Е-01 
•2577Е-05 

.Т801Е-01 
О • 
О • 
0. 
• 750с>Е-08 

0. 
•595ЯЕ+00 
,6823Е*00 
• Ц 9 7 Е + 00 

0. 
•2327Е+0П 

0. 
О". 

20 
9 « 7ftti*5 

U.O 

0. 
.1873Е-01 

л о 
•6979Е+00 

О 
.261WE-01 
.544ÜF+00 
•1055Е+01 

.7507Е-02 
•2272Е+00 

0. 

15 more blocks follow 

Next cardî Card I 11 

1 
1 

-I 
1,243 

0.0 

0 
4 

0 
1 

1 1 
1.243 

0*0 

0 
1 

11 
11 

1 

1.243 
i.Л 

1.5 

1 ,243 Л л 

0,09 

I . 2 4 3 

0.3 

1 . 2 4 3 О, Л 



X-ZONE -40 • » 40. 
Y-ZONE -40^ » 40. 
2E* ZONE -32.5 9 • 32.5 
ZONE 1 1 1 
X-BLOCK -40. f 40. 
Y-BLOCK • -40.. 9 40, 
Z-BLOECKE -32. St 0.» 

25.5 » 32. 5 • 
BLOCK 1. 1 1 • 

MEDIA 20 
RFGIONS 11 
RLQCK 1 I 2 . 
MEDIA If 4« 10» lit 
SURFACES It 2» 3» 4 
SECTOR -1 0 0 0 
SECTOR *1 -1 0 0 • 

SECTOR С -1 0 
SECTOR 0 0 +1 -1 
SECTOR 0 0 0 +1 
REGIONS 1» 4» 10» 11 
SURFACES 1» 2, 3 
SECTOR -1 0 0 0 
SECTOR •1 -1 0 0 
SECTOR 0 + 1 -1 0 
SFCTOR 0 0 •1 -1 
RLOCK 1 1 3 
MF.DIA 2» 51 lot il» 
SURFACES 1» 2t 3» 4 
SECTOR -1 0 0 0 
SECTOR 1 -1 0 0 
SFCTOR 0 • 1 -1 0 
SFCTOR 0 0 •1 -1 
•SECTOR С i} 0 
RFGIONS 2» 5* 10» 11 
SURFACES It Zt 3 • 

SECTOR -1 0 0 0 
SECTOR *] -1 0 0 
SECTOR 0 + 1 -1 0 
SFCTOR 0 (J •1 -1 
HLOCK 1 1 4 
MEDIA 3t 69 10» 11» 
SURFACES It 2, 3» 4 
SECTOR -1 0 0 0 
SFCTOR 1 -1 0 0 
SECTOR 0 -1 0 
SECTOR « У • 1 -1 
SFCTOR 0 И 0 +1 
REGIONS 3» 6» 10» 11 
SURKACES 1» 2t 3 
SECTOR -1 О 0 0 
SECTOR M -1 0 0 
SFCTOR 0 • 1 -1 о / SECTOR 0 Ü • 1 -1 

9 . 9 

1000 

1000 

1000 



_ 7 3 

BLOCK 1 1 5 
MEDIA 7t 9» 10» 11» 
SURFACES Ф 1« г , 3, 4 
SECTOR -1 0 0 0 • 

SECTOR 1 -1 0 0 
SFCTOR 0 • 1 -1 0 
SECTOR 0 <} • 1 -1 
SECTOR 0 0 0 +1 
REG10MS 7» 9* 10* 11 
SURFACES It 2» 3 
SECTOR -I О 0 0 • • 

SECTOR -I 0 0 
SECTOR 0 • L -1 . 0 
SECTOR 0 0 • 1 - 1 • 

BLOCK L I 6 
MEDIA D» 9» 10* lit 
SURFACES Ь 2» 3» 4 
SECTOR - 1 0 0 0 
SECTOR 1 - I 0 0 
SECTOR 0 - 1 0 
SECTOR 0 С • 1. -1 
SECTOR 0 0 0 n 
RFGIONS 8. 9» 10» 11 
SURFACES 1» 2, 3 
SECTOR -1 0 0 0 
SFCTOR +1 - 1 0 0 
SECTOR 0 • 1 - 1 0 
SECTR"- О 0 • 1 - 1 

CYLINE)FaC 
l.XSQ 
l.XSO 
l.XSQ 
1 » XSQ 

1 
0 

1.0 

SURFACE? 
L.YSQ 
L.YSO 
1.YSÜ 
l.YSO 

1 0 0 
11.55 

] 6 * 5 

6.514 
0 . 0 

0.0 9.9 . 
.1044 .174 
1 . 0 
0*1044256 0-06552132 0»'J60?497 

1 0 0 0 

1 0 0 0 

1*214 

-129*96 
-372.49 
-453.69 
-858.49 

15.91 
23.1 

.66241 

% 
% 
$ 
$ 

19.04 
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4. Results-—Description of thé Output Edit 

The results have already been substantially described in the second 
section of this chapter. Hence here we describe the output edit. 

The first page of the output contains the content of input cards 
I 1 to I 10. The output is self-explanatory. The real and weighted 
source spectra are given asfrequéney distributions. The source weights 
can be calculated from the associated densities. 

The second-page contains the information from cards X 1 to X 7. They 
also are self-explanatory. Then the starting addresses of the individual 
material data are calculated and printed out. 

Card X 4 allows us to print out various detailed information concerning 
the cross sections. The tables of probabilities for scattering, absorption, 
secondary particle production, and fission are standard. Also given are 
the probabilities for scattering into other groups. If there is up-scatter 
from group IG, then scattering to group IG - J is given immediately 
following. For this case we must have IG+I WMTG and J < №JS. 

The information about the last needed storage locations closes the 
cross-section output. Then follows the content of cards I 11 to I 18. it 
is self-explanatory. 

Depending on the selection of the parameter ICHGEM on card I 19, 
geometry parameters from various sub-programs are read and printed out. 
Here, too, the input is self-explanatory. First and last positions of the 
area in blank common occupied by geometry data are also listed. 

If analysis package 3, described in Table 18, is used, the next page 
will contain the contents of cards S 1 to S 13. Here, too, thé output is 
self-explanatory. 

Then follow the print-out of the space remaining in blank common, the 
time required for the input calculations, and the space available for 
storage of particle data. 

This ends the reproduction of the input. The further output consists 
of production data, results, and data which the user causes to be listed. 

The following is listed automatically for each batch: The initial 
random number, the average parameters of the source particles, the distri-
bution of events, and thé calculation time. In addition, we may have such 
parameters as source data, reaction rates, or keff values (in the-present 
case: keff values, lifetimes, total neutron weight before fission, weight 
of the fission neutrons, number of fission neutrons. At the end of all 
the batches, the total time used for simulation is printed. 
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The further output serves for clarification of the.results and their 
statistical interpretation. 

Analysis package 2 collects the batch results and compares them against 
a normal distribution. Analysis package 3 permits the output.edit of the 
results in the form of one, two, and tnrèe parameter fields according to 
the specifications from cards S 1 to S 13. 

The following statistical information concludes the output: cause, 
number, and weight of the cut-offs of histories, distribution of the 
scattering events according to both groups and material zones and to 
groups alone, as well as corresponding distributions of splitting and 
killing events. The printing of the total time used ends the output of a. 
MORSE-K run. 

V. POINT DETECTOR 

1. Description 

The phase-space coordinates which describe a particle before a col-
lision or source event are used by this estimator to estimate the flux at 
one or more point detectors. To this end the weight of the particle is mul-
tiplied by the probability that after the event the particle will be moving 
toward the point (will move in d . f t about , that it will reach the detector 
without further collision, and that it will there contribute to the measured 
magnitude. Hence the following quantities must be known or calculated: 

a) Angle between flight direction and detector direction 

b) Probability for scattering into this direction, i.e., angular 
distribution of the source particles 

c) Probability of scattering into the individual energy groups at the 
given scattering angle, i.e., energy distribution of the source 
particles 

d) Separation between event point and detector point 

e) Number of mean free paths between the event point and the detector 
point 

The quantities a, b, d, and e are constants at each estimation point. . The 
quantity с is variable. We can either calculate expectation values for the 
contributions to all groups or, on the. .other hand, wé can add- in the entire 
contribution of any energy groups by means of. a random number. The first 
method is chosen in the subroutine for this example. 
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2. Test Example 

The neutron spectrum.behind a 45-cm-long LiH cylinder of 19.5 cm 
radius is calculated. Thé calculation is done with six groups in P3 
approximation. The detectors are located at the points 

X Я O.O Y = 0.0 Z = 100:0 
i 

x « O.O Y e IO.O Z « 100.О J 
X « O.O Y = O.O Z p 150.0 j 

The calculations are very slow since, at each-collision point, complicated 
calculations are necessary for the estimation. Hence weighting is needed. 
The following weighting steps are described: 

a) Source weighting and constant parameters for RR 
b) Source weighting and fitted parameters for RR 
c) Source weighting and continuous weights for RR 
d) as in (c) and path length stretching 
e) like (d) and non-escape 

For this purpose a source subroutine and, for с to e, a new GETWT were 
needed. Both are taken up in the listings. The parameters for the exponen-
tial weighting were determined from the consideration that in the example at 
hand the transport is determined mainly by particles of the first group. 
From the literature we find that for exponential weighting the exponential 
increase in the weighting function is of the form where ß is to be 
taken between 0.7 and 0.8. / 

l ' 
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The subroutine GETWT as used for the weightings с to e is 

ы т о и п м г G£TdT(N) 
COMMON /NUTROsJ/ NA -«E tMA У EX , IG , XGO , v1£D0L[) , N^EG , U f «/, W ,UOL« S V 0L0 

1 ï f . '0Lû,X»Y»7..Xnj.«N YOUi% £OLÜ » Ь ATE . OL^ ^T t VTBÜ » î HLZN * ^ L l Эч » , vjUL) t\GE 
С О' C»N / w EIGHT / N W т » 1-1G p t Л* r • w L • w A • qN 0 § W Ч • tf о 

ijTsm 
' Ul'-iEMSlüW иЕТСО 

ÜA 11\ ( нг;т ( i ) » î = i , ь )/о „ i г'4 • о л а о » о. » з»э. гьз/ 
ViAswTS(r ïwr>«KX3( -Z»»^T( ИЗ) ) 

RETURN 
ÛND • 

*UîHuUTi.-«E SOURCE 

SUBROUTINE -SOURCE(IGtlJ^»WtX*Y>Z»vJATE»M».3tXS»ITtNGP#D»lSR»i>IMTb) 
COMMON v'TS < I ) 

С CALCULAT 1 0 - F04 SO.jRCE «\*EA 
CALL XS0R(X1»X?) 

Y = :J • 0 • -
/:=FLTR iF (Э) -
WATÏ^U.5 

51 CALL G T I 5 0 ( U « V , W ) ' 
iFlZ.GT.»l.5) GD TO 60 
i F ( vi . GT • -.t- , ) GO TO r>ö 

. K=sr L7«HF [ q) . . -
I F ( R , r , r . 0 « 2 ) 30 ТО 51 

50 iJATEsiJ л TE»:;. 6 
ÔO viATE^w-UEtt?. 

'»"A T E A TE • 
i F < T S ) 9 U • 4 0 * c> 5 
iG-IS 

\ Kt£U»r?M • • 
90 CO'ITinuE 

x F d s t i ) Ю о ' И 00 ,15 'J 
100 iiViT=2<KiMT'î 

i>Q 70 2;)'î / 
1 bv ii4T=3o iîiTG • 
20 Ü К - r L T R j f; ( 4 ) 

i-K) ?50 1 = 1 «NGP 
i> * t fc»LE.HTS( I+4WT) ) GO ТО 300 

253 COàriN'jE 
Зм0 

* F(ISH} 5CUt50dt350 
З50 iK(I-i) S0i>»4<i0v45'ï 
'4)0 l/ATu = W'.\TE'>vjTf; (?»,JM7GM ) î 

i:rTllf>\» ~ ' . . 
4 5 0 U/aT£*W4TE*-(wrs ( a^f/MTG^O -V)F5 I ) ) / 

1 (WTS ( 3 * N 4 T b * I ) -WTS (3*NMTG + I - I î ) ' 
500 RETURM . 



h--

SU'iROÛTXNi' HA.4<4(N*NKIÜ) 
с DO ;JÛT CALL SUCI#O F,ROM «АМ<М(7> 

СО» »MON /APOLLO/ AÜSTR Г * DDF, DtAOWT ( 5Î * CTÄ» ET AjH y ETAUSD • UlNP. VlNP » 
1 tflNPftfTSTRT»XSTï*T»Y5TRÎ»<£STkT»TCUT»XTRA(Ю)• 
г I i i t l l »M£CÏ I r t» ÏADJr t» IV* lA S t 
3 ISOUR* ITERS* IT-I î ïE» ITST^,LOCuTS»LOcF/a.9LOCb:^R*LOC!vlSC».OCFS.N» 
4 V !> E A "4 c, ) » М с ^ И » N3EO-.1 * 
5 W -ô P ОT1 f • ï J p О 'T • NI < 'p ' j T 3 • W 3 p Q T G » r 4 G P < /T, g , M IT 5 « * J К С A L С » M КIL L « M L A S T » и V , 
6 MMtfP , » .»flOS T f WM T в » ^OLEAK ч MOR:-lF « WP AST 9 MPS CL ( 1 3 ) t NQiJ I T * N Ы 3L « N S ^ U * » 
7 NSPt,T,MST^T%MXTKAMO) 

I F (fJhPJK) OU »140 
10:> iT-4'* * ^ -

tiO TO ( 1 0 4 » l C 3 t l t > 2 f 1 9 1 ) * NiÖNK " 
101 CALL STRUM 

KETiJPM 
102 rtd-^Ts N ITS - VITERS 

USAVEss M'ÎCM' 
CALL STî'TCN (îjHûj J 

С >4îi;»T 15 HATCH NO. L^SS O.NE 
KETURri 

1»;3 CALL NHATCH(NSAVtî) 
С r-JSAVr. I S THE l!0 « Oh PARTICLES STARTED IM THE LAST öATCH 

RETURN 
104 CAuL HELP{4НЬЛМК• 1 » 1 » 1 » 1 ) 

r<£TURff 
1 4 ) UO TO( I * 2 * 3 « 4 « W > 9 7 » ! 5 * 9 « 1 0 * L L F 12«13> M B V L < 

С Mr* М М О COLL TYPE ЗАМлН CALL N3MKI 0 COLL TYPE 3AN*R CALL 
с i SO J-}CE YF.S { 2 S P L I T \JO (FT IS Ï * ) 
с 3 F I S S I O N YES ( ̂ rfAfjK) 4 ' ОAMGEN MO (UST09E 
с 'J I?£AL COLL YES 6 ALBEDO YES 
С 7 ßORYX YES (MXTCOL) a ESCAPE YES (»\'Л1 COL 
с 9 t>CUT FI0 (MORSE) 10 TIME K I L L MO ( -U vSE) 
с 11 Ft R KILL Г40 (TESTW) 12 R R SURV . MO CITBT^) 
с 1J G Л IL OST NO (35TORE) -

I uALL SO AT Л 

2 «ETURiJ 
' 3 RE TUR»"! 
4 i<£TURf! 
5 CA'-L iMLCni. 

i<£TUR|| 
b :\C TUR' I 
7 Kfc'TURN 
a K^TURri 
9 rtC'Mrtii 

lü t<£îu><n 
11 REFORM 
12 Kc. TUR Г J 



büflROUTINS SDATA 
С 
С THiS VERSION! I S FOR POINT DETECTORS LOCATED AT <XÜTYD*Z» 
с А̂ 4Г> FOR AN ISOTROPIC POIMT SOURCE 
с 

CO:,l!OiJ /USER/ AGbT-?TfiÄ/TSTRT»XSTRTfYSTRT»ZsrRT»DFFfE40T.M»EeOTOf 
1 TCUT» IO»-I l%IADJM, 'JÜPQT1 •NGRUT2»NGPÎiT3»>JôPÛTG,N6POT'44» M-ITStNL^STt 
2 NLLF y * N:13P » N M fG•N 5 T'* T 

CO; »MOM /РОЕТ/ 4«r> » N iE «» NE • NT » NA « NRESP • MEX> NE A MO » NEMD 9 MR t MTHR t NT ME » 
1 И » NT-'iDi IR , N T NE ' IЭ , MAN Е-мО, LOCr* SP ? L ОС XD , LUC 14 , u OCCO i L ОС Г , LOCuU « 
2 LOC ф , LOC^r * L nc> T * LOCO T E » LOCUAE » LM A X t E " IR b r » EG jOP • • Ж <> L.OCR»K* 

CO:-ü 10,-j /WUTRON/ «м A'-it. » NA X у I b * I GO » N m r D • MEOuLd » NR£G t U • * » » » UOH* » v OlO 
1 »^OLT^X» Y»Z,X0Ll>^YULO, 2i)L0,vvATE,OL3^Tf WTÖc>If3L2N»ÜL,Z^N»AGE,ULi)AGE 
СО-1М0П En(1) 
IQ» LOCUD ' 
UО 5 I s i f M O 
I AS LOC.<D + I -

< IA ) 
YE- EiJCIÀ + NO) ' . 

ErJ ( I A+;>».M3) 
a=*E-X 
ä - Y E - Y -
C=/.E-Z 

US=5QRT (S'>2) 

fl«l * • ' 
CAuL EUCLID(Mr X« Yf7»XE» vE»ZE•OS• IG• я»MEDIUM> IBLZN,N4EG) 
00.4= О/АТГ » E X P « A R G ) / I ? . 3 B 6 3 7 / S D 2 
CU=;=C/0 4 . . • 
л GI S AOE • '05/!ÏN<N4TG*1G) 

13 00 F0-4HAT(]H > 2 1 9 . ^ ^ 1 S . • • 
C*LL K I . U X S T ( I • I(i»C'>N»AGI * C 0 S * 1 ) 

5 CO..-TlflUî; 
rtETURî-i 
r.Nti - ' . • -
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SUBROUTINE PELCOL 
с • 
С THIS VERSION i s FOR POINT DETECTORS LOCATED AT (XDOYDTZ» 
С 

COMMON AG^T^ T* WT ST^T»*î>TRT* ̂ ST^ T» ̂ S1 ̂ T*OFF» EBO f N t E H O t 
1 TOUT f I • I i » I A*)JM >N!v?P^T 1 »NGP^TH 11 iRP JT 3 * VJSP^TG »NGPQTM » 4JTS »NL^ST ? 
г NL £F T » N4 TP # ' J M T G » f J S TR T 
CO.triON /Wc'.j/ 

J N'-.NF. r MTNDf JR , ЧТ? /EfO * NAN î Ni) » l.UCrt SP » L ̂ Z Xf), LüC IM , LOCCO » L ̂ CT « LOC^ü , 
2 LOCSD,LOC'JE«LOCOTtLOCOTE»LüC(jAE,LMAX,E-rRbT,EGTOP>NK<,LOC."4KK 

. CO.-iMOM /:,<UTpON/ iGOt^MED» MEO.ULR>,Nr»EG»I.»f «/T "»UOL'b vOLO 
. I »'vüU)»X»Yf Z»X3Ll>»^0LÜ» £üLO»n-ATE »OL^' /Tt /iTBC» I t i L Z N ^ L Z JN» AGF:»V;LÜAGE 
COMMON ви(l) 
WÏ-iFsî!slOM » *U ( 1 > 
EOL'IVALENCE ( *L (1> ' " 'U .<U ) 

' DATA MEST/ ) /» f- NEST /1 » / 
С NESR • R-NESR ARE THE NO• DF ESTIMATES JO BE MAÖE ТО EACH' D E T E C T 
С' NEUOÏI ISTAT .EG. 1» МЕХ 1» N EXE NO . £ 3 . * 

i>0 115 T = lfNO 
iA— UOCXn + \ * 
ae= m.(iA) 
YE= BL(IA+WO) . . 

XE - X 
TI= YE - Y 
C= ZE - Z 

1>S= SQ^T < I . 
со.-=с/пь • 
ГН.-;ТА= ~<A«UOL3 * ri^VOUDi * C*WOLÜ)/DS 
IGOLOs ISO 
iiV.Jsr N0PQT3 . * 
iF î lGO.Lr-.î,,,'»P/U \ ) IO'3=NöPQTi 
IA= LOCRSP •»• NRESO*NMT3- + \ • 
CALL pTHETt;(N^^0»I90LNtISü>THETA»riLaA) ?NMÎô,-i) 

IЛ - . IA - 1 * 
^0 .'5 iLsISOLibIGQ • 
IAlsIA^ÎL 

• I*L<IAL>=A^<HL<T*L>> 
3 PSUn» PS'J'-i * 3L(IAL) 

il;) I L -1GOLО » 1 GQ 
IAL=IA4.IL 
tlL l b'.L) -HL ( I AL) /PsJM 

.hGlDS Ai5E • O5/HL (NMTG-f IL ) 
;)= i 

CALL E? 1CLIÎ.» ( '-U X • Y 9 2 •» XF * Г E » » OS , IL • A ^ * M t ОIIJM11BLZN » NREG ) 
CO -.»ATE* SLCIAD/Si-W^NEST 

lOOö Г'ОНМАт-ЦН »21 
CALL FL.'IXST( t » IL.*CONf AGîl)*COSfO) 

l 5 CO ;TIN K. 
IN.JSLOç/D+û^îO + I . ' 

* Ш» 4P , , » f— 

Ki." i un i 
zwo 



~ ?9 -" '» , • • , • . \ i. • • , i . r . 

bUrt^OUTINS РТН5ТЛ ( IMEÜ»ISOLD» tOQ»THHTAf^MU iNMTG»MCO) 
С 
С SAilPLE CALL SEQUENCE IiV U$ER 
С COMMON WTS<1> . t 
С i41 ( 4*MRESP> *M*iT6*1 04 Ml < ^4-NlRESP) ^М^ТЗч.1 » 
С CALL pTHFTAU •WTb(N1)»N4Tß) , 
С DETERMINE PROtMRlLITY STERAOIAN OF SCATTERING THROUGH AM AMGLE 
С THETA :;Hf:-:M TRAMSFERING FROM GROUP 10 TO IGQ 
С INCASE OF UP:*C<\TTERrJG 13Q SHOULD' HE *GT . MTG 
С NC\> ACTUAL NUMBER OF CO^FIClEuTS TO 3E !JStÜ 
С IF . L T . 0 NCOSMCUEF 

CONMOW/LOCbbi/TSTA^T» 15DC0ß»lNAR0Gt I 3Ab33* IFP0RGf IPMG-»if ÏFSPO^» 
1 Ю З О О О , IPRBMij, IF>^SGG.ISCAivG,l5CAS3»ISP0R3, IS^O^T • INPtfuK , 
2 I s l ü O n » IMKPOi'3» I a ^ S O G 4 I t O fsG» M3P« VDs^-NGGfNOsG.I bJOs» 
3 Г U1E D • s* i E L E •1 * ̂ 1 1 Л • м С О E F i S С T t N T S t N T 3 % M 0 S N G P » N О SN 3 G » IA П J • 
4 N M E » L 0 C . I N G 5 « I ' J S 3 , 11 9 1 о 9 K K K » I X T û P £ , l D E L t l T E M L t I T E M G f I R S S , 

5 I R D S G . I S T R » I P R I ^ % I F Mu * I M 0 M » I D r F » T S T A 7 .1Р им 
6 »IXTAP»MCR.MTP»NUS,MUSG»NTAa«NTA3C * INUS, IGSNU9IN5GU 

COM 104/ X G / -A x S T R 9 MSS T 41NGMED 
CO 1M0N S Ï 3 T ( 2 > 
DIMENSION P ( I O ) , M S I G ( I ) . 
COUIVALEIjCE ( S I G T ( l ) t N S I 3 ( l ) ) 
üI-'-LMsi0M PMu(MMîG) * 
IF(NCO.LT.O) NcnaNCOEF 
i F d S T A T ) 1С 0 2 * IQ 0 2 » 10 О i 

100г xf t s ico - D iooi»iooi»xoo3 
1 »03 .'RITE(Î0t.1005) TSTAT»NCDcF»NCO 
U ' O ' . S F Ü ' < M A T ( 1 H 1 , 2 5 H F R R 0 R LM PTHE'TA - IST AT , 1 2 , 9Ht NCOîF » I * ) 

CALL HELP (4 HPT HT» 0 *0 •') • 0 ) 
1uOI I F ( I ß O . L E * C ) G O TO 300 

•30 TO 1 51 
100 j.F( I 3 0 L D . G T . N G 3 ) 6 0 ТО 1?<) 

üO TO IUI 
120 10'iDsîJTG 

uO то н о 
131 
l]Ll CONTINUE 

С ' 1F ICS'.) ü CONSIDER ALL P35SIBLE DÜWNSCATTER GROUPS » OTi£Rtf lSE COMSI 
С иE:< O N L Y T O G R O U P I Ô V I . 

С Т Н £ Т Л I S A - J G I . E O F S C A T T - : H I N L A B S Y S R E M . • 

С L G U L D I S I N C O M I N G G R O U P -

iF ( IG0L«4LE. ! jG î> ) GD TO ^ 3 3 
"124 iGc.«.4SIG{4SST^ + MC0)+IDS3v)0+MSIG(I?-4So*IG^LD-NGP) 

00 TO 125 • 
123 XG'.- î iSIG * IFS^DG*NSI4 (INGS + ICOLO^ 

12b tO-rri HUE 
I г (i.'CO . L C . M G u TO l i b 
uO TO l\7 

116 i)0 l i e I - IGOLO. IGQ : > 
L I E = W R 7 » 3 L S T ( I O £ + I - L G O L U + L ) 

c .079^77 1 5 1 / ^ 1 
KETURH 

117 AsTh-TA 



Â^'rfÂR'f'ÏT'f-'T.rïK •/••••/•ff • Г Г-1--1, 

Г. - ' • И I , \ \ •. 

SUTHU'JTLNE РТНЕТЛ 

P <I> =А 

ИМО!1=ПсО-] 
оО I K=3«NMOM 

105 Р(к> = ( (2.«e(B-l.)+l»)*A*P(K-l)-CB-l.)«,P(<-2) )/Н 
С 
С WITHIN GROUP SCATTERING I S ASSUMED TQ ALWAYS BE NON-ZERO 
С •и-»-» 

РН=0 
NKN0aslsP03T+ ) <MTG*MTS*NCOEF+ ( I SOLD - [ > *NTS 
UÛ H 5 I »i4MO -1 . 
NlaN'KMo+N TO*' J T^o CK-1) +1 

- 115 "PM=PM + P ( K ) ^ S 1 G T ( N I ) 
PMO i Ю О ц О ) s {Р.Ч+1 # ) о 79577*SIGT {I'GE* 1 ) 

ÜÜ 106 I = IOSTt IGOO 

J^I-IG^LD + 1 
» 4 3 = 1 о Е * J 
i>ISI$ss3!GT(M3) 
I F O J I S I G . L S . Q . J O O TO jOS 

109 DO 107 
vi 1*4 К N{» + M T G* w T S » ( К - 1 > * J 

107 PMsPM J 
p î î U ( î ) = (Р;-»«-1*>*.?79577»015115 

106 C0'4-!TIfj»iE 
RTETURN 

108 P H U ( T ) S ? # • 
HtTURN 

SUSROUTINE STRUN 

SUBROUTINE STRUN 
RETURN 
END 
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Cards X 11 and I 12 read as follows for the individual weighting 
types : 

Weighting 

Weighting 

Weighting 

Weighting ^ 

Weighting /e 

NSPLT= 1 NK1LL* 
iröIASs 0 

fiGP t NDG UGP2 NRG) 
1 Î Ь I 
2 1 2 1 
-я i <"•> 

1. NPA5T= 0 

M X R f 2 
CiSPG NRG 2 

1 ? 
1 
1 

b NSPuT= 1 

2 

NGPl 
i 
i 
г 
3 

. N|<ILL= 1 
IEBIAS- 0 

NDö NGP2 
1 
X 
X 

1 
6 г 
ь 

NRGl 
1 
2 
1 

NPASTs о 
MXREG= 2 
NDRü NRG2 

1 1 
X 2 
X X 
1 X 

NOLEAK- 0 
MAXGP= 6 
V/TAVE1 XNU 

9« OOOOE-01 -0. 
2.5000E+00 -0. 
6.0Q03FVOO -0« 

NOLEAKS 0 
MAXGPs 6 

WTAVE1 
8.Q00CE-01 -0. 
2.0000E-01 -0, 
XфООООЕ + ОО -0# 

XNU 

1ЬКЦ 1 = J L= i •vl ' J Л 5 T S NOLCI •» 
1 T" • • • » 

K= Г 
I Ев I AS= Г» vÎXREG= г MAXGP= 6 

NDO Ч̂ г'Р WTAVf-n . XNIU 
t 1 \ J 1 2 S.0:V00F-0) -c. 

1 à I 1 2 ь. O;»OOF>OO 
3 1 3 J 1 2 5 .0000E+01 
ч I О 1 1 - > * 1 . ^ —т. 

M'3?LT = i nKIUL= 1 
iEBIASs о 

UPASTs 1. 
MXREG= 2 

NGPl UI)G •-J.V2 fIRGJ. s 10 R G .4RG2 
1 1 1 1 1 г 
2 1 • 2 i 1 г 

' 3 1 3 1 Î г 
•+ . 1 л 1 r г 

MS^i.T- 1 • ч £ ~ uL= 1 14 JAST= 

lEbïASa \ M X R FG = 2 

N3P1 " Н У iiR 1 
" О * 

1 i JL n 
л 2 t 1 eL 1 1 2 

•» J 1 1 2 
*T 1 О 1 1 2 

NOLEAKs 0 
MAXGP= 6 

WTAVE1 
5,OOO0E«01 
ft*O0OOF+OO 

l 0 0 OF4-0? 

MAxgR- 6 

XNIJ 
.b?00E*OO 
• Ö200F>00 
,d?0OF*OO 

^TAVE ? 

o^rjcF* Qn 
•0 w0 Of + 01 

XmU 
• 82. >Or> 0 J 

J 

.Ö2:)ür>ü J 



3. Input 

L I H 6GP P3 ZYLINDER 3 PUNKTDETEKTOREN WlCHTUNß E 
6000 

200 210 10 1 .6 0 6 6 0 0 153 \ 1 777 
0 5 1 1 1 . 0 о . 0 1 0 . 0 0 . 0 1 . 0 

0 , 0 0 * 0 0 . 0 0 . 0 ' 0 . 0 0 . 0 1 . 0 
0 . 5 0 »25 0 . 1 5 0 . 0 5 0 . 0 5 • 

0 . 9 0 9 0 * 0 7 6 0 . 0 0 9 0 . 003 0 . 0 0 3 
6 . 0 5 . 0 4 . 0 3 . 0 2 . 0 1 . 0 

L I H 6GP РЗ 
• 

• • 

6 6 0 0 6 6 1 1 1 4 3 1 
4 0 О О О 9 9 1 • 

0 
г 
1 А 

0 

1 

О О О 0 0 
• 

: 

2R 0 . 0 1 6 0 3 8 4 7 - 7 8 0 4 7 4 0 4 - 8 5R 0 * 0 
2R o . c 2 1 2 4 5 2 2 - 7 1 0 3 4 8 2 4 - 7 5 7 9 7 9 7 4 - 8 4R 0 . 0 

0 * 0 2 7 4 2 5 2 1 - 7 1 2 1 0 1 7 3 - 7 8 4 6 9 6 5 5 - в 1 4 9 7 5 0 6 - 8 3R * 0 . 0 
5>R 0 . 0 7 4 6 7 5 8 1 - 7 5 6 0 0 0 5 4 - 7 1 5 0 5 0 3 4 - 7 2 4 3 0 0 8 5 - 8 6 7 7 * 5 р 6 - 9 
2R 0 * 0 « 

2R o . o 1 1 2 6 8 6 2 - 6 9 0 5 9 7 7 6 - 7 1 8 4 4 9 7 3 - 7 1 5 9 0 1 7 3 - 9 3 0 0 4 7 3 - 0 9 
8 5 5 6 3 4 - 1 0 0 . 0 

?R 0 . 0 1 8 5 7 2 2 8 - 6 1 1 4 1 5 5 4 - 6 1 8 5 9 7 2 1 - 7 8 2 8 2 9 8 - 0 9 7 2 5 4 1 5 - 1 1 
1 3 7 0 7 4 - 1 1 3 9 0 3 3 7 - 1 2 

3R 0.0 1 3 8 3 2 0 2 - 7 5R 0 . 0 
3R 0 * 0 1 5 5 2 7 4 2 - 7 5 8 1 8 4 2 5 - 8 4R 0 * 0 л 

• 

г 
3R 0 * 0 2 0 l 6 7 ? 7 - 7 П 5 9 7 8 3 1 - 8 2081349~Я 3R 0 . 0 
3« O.ü 1 1 1 0 0 0 5 - 6 1 9 9 7 4 9 5 - 7 2 3 4 3 7 7 0 - 8 4589186—9 2R 0 . 0 
3R 0 , 0 1 8 4 5 5 1 4 - 6 2 4 3 9 1 3 7 - 7 3 0 0 6 5 5 - 0 9 3 2 8 9 1 3 - Ю 6 4 4 П 3 0 - 1 1 

3R 
0 * 0 
0 * 0 2 4 2 4 0 4 3 - 6 2 3 9 0 0 3 6 - 7 7 5 7 2 7 4 - 1 0 9 2 6 3 8 0 - 1 3 1 0 1 3 4 6 - 1 3 

1 9 8 4 3 ^ - 1 4 
3R 0 . 0 1 6 9 0 7 3 9 - 7 5R 0 . 0 
3R 0 , 0 1 7 8 2 1 9 7 - 7 4 6 1 8 0 1 3 - 8 4R 0 . 0 
3R 0 * 0 2 3 3 9 2 9 3 - 7 7Q10 0 6 3 - 8 - 1 0 9 7 3 7 - 7 3R 0#0 
3R 0 * 0 9 6 0 1 9 0 1 - 7 P H 4 0 9 9 7 - 8 - 3 7 8 2 0 2 - 7 - 1 4 0 3 4 6 - 7 2Р 0 . 0 
3R 0 , 0 A л 1 4 1 9 7 4 1 - 6 - 1 1 3 5 6 5 - 6 - 3 9 2 1 3 6 - 8 - 7 4 7 7 8 7 - 9 - 2 1 3 4 5 1 - 9 

3R 
0 * 0 

0 * 0 1 4 2 0 0 5 6 - 6 - 1 2 3 4 1 5 - 6 - 2 0 6 3 6 7 - 8 - 1 8 1 3 4 - 1 0 — 34Р.6В-11 
- 9 7 5 8 2 - 1 2 

3R 0 . 0 1 5 9 3 8 P 1 - 7 5R 0 . 0 ß 

3R 0 • 0 1S705C3-7 - 1 1 5 0 5 2 - 9 4R ОтГ, 
3R 0 * 0 1 9 8 1 2 7 7 - 7 - 5 9 8 3 5 4 - 7 - 4 ^ 8 1 9 5 - 7 3R 0 . 0 
3R 0 , 0 3 6 7 7 7 8 4 - 7 - 1 8 9 8 9 9 - 6 - b l — 7 - 1 4 2 1 ^ 8 - 7 с * 0 . 0 
3R 0 , 0 л r» 

355 Ï 8 8 6 - 7 - 3 6 2 3 . 1 8 - 6 - 1 0 4 2 4 2 - 8 - 114766—9 - 2 2 ^ 0 9 - 0 9 

3R 
0 • 0 

0*0 3 6 6 7 0 1 2 - 7 - 3 5 2 8 6 9 - 6 - 2 * > 4 3 4 b - 9 - 3 2 4 2 4 - 1 1 - 3 5 4 7 С - 1 2 
- 6 9 4 5 4 - 1 3 

1 - 1 1 * 0 
1 l 1 I 0 ' 2 6 
} 1 î 1 1 0 ч • S г 1 г i i -» 

и 6.1) i 
3 1 3 1 1 г 5 0 . 0 Ô . 8 2 
4 l 6 i i 2 1 5 0 . 0 0 . R 2 

- 1 



- 8 3 ~ 

0 
1 • » I 
2 MALE I 1 

ZONE X - 2 0 • Ot • 2 0 * 0 
ZONE Y - 2 0 . 0 » • 2 0 . 0 
ZONE Z - 1 0 . 09 1 5 0 . 0 
ZHNJE 1 1 1 
BLOCK X - 2 0 • 0» • 2 0 . 0 
PLOCK Y - 2 0 • Of • 20 . 0 
BLOCK Z - 1 0 • 0» - 0 . 0 » 2 0 . 0 
BLOCK 1 1 1 
MFDIA X ООО 
REGIONS 1 
BLOCK I 1 2 • ** 

MEDIA Ot 1 
SURFACES 1 
SECTOR +1 
SECTOR - 1 
REGIONS 1 
BLOCK 1 1 3 
MEDIA Ot 2 
SURFACES 1 
SFCTOP 
SECTOR - 1 
REGIONS 2 
"LOCK 1 1 4 
MEDIA 1000 
REGIONS « 1 

1 
• 1 • XSQ • 1 .YSQ - З Я 0 . 2 5 

L I H ZYL IN OER 3 PIJNKTDETEKTOREN 
3 6 6 0 0 1 1 1 

0 . 0 0« »0 lno. 1.0 . 
0 . 0 1 0 * 0 1 0 0 . 1 . 0 

4 5 . 0 1 5 0 . 0 

0.0 0.0 
FLUX DETEKTOR . 7 

SOURCE BIASING 
1.0 x.o 

1 5 0 . 0 

1.0 

1.0 

1.0 1.0 1 . 0 

1 2 3 4 5 6 



4. Results 

After about 3 minutes of calculation time, the following total 

fluxes and spectra resulted at the detectors; 

Weicrhting / a DETECTOR NO. 
ENERGIES 

6.000E+Ü0 

5»QOOE*OO 

4 • 00 F)£+ 0 0 

3 . 0 0 0 E + 0 0 

2.00ÜE+00 

I«0П0Е+00 

1.оооЕ-ог 

2 ... 3 

7 , L 6 ? E - 0 3 i ->p 

3.Ö6oE-ü.e 

9.Q74E-0? 
.37B 

3.319i-ll 

3.596E-14 
.9*2 

4.667E-20 
• 915 

6 # 6 2 4 E ~ 0 B 2 . 9 3 1 E - 0 8 
•206 »192 

3 # 3o5E—J3 1 . 4 6 3 E - 0 H 
.286 .2э4 

3,731£-09 3.304E-09 
. .3:12 .355 

2 . 7 5 0 Е - П 1 . I 9 0 E - 1 1 
. 9 0 3 . 8 4 4 

2 . 4 8 6 E - ] / * 1 . 4 5 2 E - 1 4 
.9<37 . 9 3 1 

3 . 7 0 3 E - 2 0 2 . 0 3 9 E - 2 0 
. 9 2 5 . 9 3 5 

Weighting /b DETECTOR N0# 
ENERGIES 

б.ОООЕ+ОО 

5 « 0 0 0 E * 0 Q 

4«ûOOE*00 

3 . 0 0 0 E + 0 0 

? * 0 0 0 E * 0 Q 

x «oooe+OO 

Ц О 0 0 Е - 0 2 

1 . 7 6 Q E - 0 7 1 . 6 5 2 E - Ö 7 
. 3 2 3 ' . 3 2 0 

8 . 2 6 7 E - 0 Ö 7 , 9 5 1 Е-63 
. 3 3 8 . 3 5 2 

5 . 0 1 5 E - 0 8 4 . 5 4 4 E - Ô 8 
. 5 1 8 . 5 2 9 

2 . 7 U E - G 8 2 , 4 5 4 E - Ô 8 
. 8 8 4 . 8 6 0 

4 . 3 7 3 E - 0 9 4 . 2 6 5 E - 0 9 
. 6 3 7 . 8 1 3 

3 . 9 6 1 С - Ю 2 . 9 0 3 Е - Ю 
•822 . .730 

6 . 5 3 0 E - 0 8 
. 3 0 3 

2 # 9 Ö 7 E * 0 8 
. 3 ) 9 

1 . 6 9 6 E - 0 8 
. 4 8 6 

8 • 5 9 4 E - 0 9 
. 8 78 

1 . 3 0 1 E - 0 9 
. 8 2 3 

1 . 2 9 6 Е - Ю 
• 8 1 1 



weighting с DCTECTOR Î40. 
ÊNfc?,oitS 

t. üCüt^ JO 

5 A0 Uö£*(?0 » 

^^ooce+oo 

2,'JüöE + OO 

1 . G Ü C L + O Ü 

1 . G O O E - C 2 

2 

6 . * & 9 E - l d 7 . G 2 9 E - J H 2 . 9 0 0 Е - П 8 
• '"» 9 6 .1ÔS . 0 9 0 

6»644E~Cd 6 . 3 9 Ô E — 2 . 3 6 1 Е - П В 
. 3 5 0 . » 345 . 3 3 7 

4 .961E-Cc i 1 . 6 1 6 E - 0 8 
• 3 75 . 3 7 1 . 3 5 9 

2 . 6 V 3 t - , ? d 2.627E-G-9 7 . 8 5 9 E - î > 9 
. 4 6 1 . 4 5 3 »452 

2 . 2 3 6 E - 0 Ô ?. .223E-Öö 6 . 7 9 0 E - 0 9 
. 4 3 1 . 4 3 9 . 4 ? « 

K « : 0 6 E - ö ü 2 ; 8 Я 7 Е - * 9 
.<»60 * . 4 6 3 . 4 6 2 

Weiahtina /а DETECTOR ,40. 
ENERGIES 

6.ОООЁ+ОО 

5 . 0 0 0 Е + 0 0 

4 . о о о е * о о 

З.ОООЕ+ОО 

2*0С0Е+00 

I.OOOE+öO 

1*000Е-о2 

1 . 2 0 9 Е - 0 7 1 . 1 6 2 Е - 0 7 4 . 5 1 7 Е - 0 * 
Л 56 . 1 5 4 .14-2 

8.6?.2Е-«.|Л Я . 4 7 7 Е - 0 8 2 . 9 4 2 Е - 0 3 
. 2 3 5 . 2 3 7 . 2 2 3 

5 . 3 5 0 Е - С в 5 . А 0 5 Е - 0 8 1 . 7 4 & Е - 0 И 
.'350 . 3 5 3 . 3 4 9 

6 # 3 6 0 Е - С 3 6 . 0 0 9 Е - 0 3 1 . 9 2 3 Е - 0 в 
./f 65' » 4Ь9 . 4о5 

5 . 6 3 9 Е - 0 3 5 . 5 5 7 Е - 0 8 I . 7 0 1 E - 0 3 
. 4 6 4 . 4 6 2 . 4 6 0 

1 . 9 2 7 Е - 0 8 1 . в а 4 Е - Э в 5 . 5 5 1 Е - 0 9 
. 4 - 1 . 4 0 3 . 3 9 9 
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Weighting j e U E T E C T O R 

EM£r«.aI£S 

» 

4.C00E + 1/0 

3.OOOE+OO 

ß • OöüE*üO 

.. 1 »OOwE+OO. 

1»OOOE-02 

1#11C,K-Q7 l,n45E-n7 fc.l48E-.j8 
- .159 .150 

9.936î!-03-9.29IE-I3 З.262Е-48 
.217^ \лггг .г™ 

».939c-,-8 2.993Е-Эв 
.171 .167 . 1 Ц 

6 . 2 9 4 E - P à Ï>.0 03E—C8 1 . 3 5 8 E - C 8 
• 3 2 2 . 3 2 2 . 3 ] « 

5 .637Е-Л ,а 1 # 7 4 7 Е - „ 3 
-2Н4 ж ?83 ч28о 

i.rfSftE-nft 
, 3 6 9 . 3 6 3 

In order to judge the results, we can compare the shape of the 
spectra with calculations made for the same arrangement with the program 
DOT [11] and with the area detector calculation described in the next 
chapter. Figure 2 shows the results for various z values. They show 
the-same shape as those found with weighting e. The other weightings 
resulted in occasionally severe under-estimations; not enough particles 
reached areas important for the result. 

VI. AREA DETECTOR 

1. Description 

This detector allows the estimation of the average flux that corre-
sponds to particles crossing an area. This value is also obtained from 
one- and two-dimensional SN programs, and hence this detector is especially 
suitable for comparison with calculations made with different methods. 

In the estimation, the particle weights are divided by the cosine, of 
the angle between the particle direction and the normal to the surface and 
summed. The result is divided by the detector area; this area must be 
entered as VOL on card S 3. 

Difficulties with this detector appear only if the values of cos ja 
become very small, i.e., when the particle enters almost parallel to the 
detector surface. Cain has shown [2] how these difficulties can be 
cleverly avoided. According to this method, we obtain finite variances if, 
for all fi <.£ , we replace 1/fi by the expectation value estimation O / ^ » 
As a rule, the error in this procedure is negligible. 



If, in the range 0 < ц < £ , a constant angular; flu.*. distribution 
is assumed, then the p are distributed according to 

f<p> « 2p/e 2 ; ' 
and we have , 

2. Test Example 

The irradiation of a head through a collimator was used as a test 
example. The collimator was simulated by a monoenergetic source with a 
very small angular opening. The head contains a brain tumor, A picture 
of the head was produced with the aid of the auxiliary program PICTURE. 
It is shown in Chap. IX. 

The fluxes were estimated in circular rings ciround the central plane 
of the tumor. Contributions were recorded from source neutrons and other 
neutrons which cross this surface. For the sake of simplicity, only six 
energy groups are considered. They correspond to energies between 15 and 
4.06 MeV. 

The radii of the circular rings are read on card S 3 with the desig-
nation X. On the same card, with the name.VOL, the relative surface 
areas of the rings are entered (in units of 7Г ) . 
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SUBROUTINE SOURCE(IG>U»VtWfX»YtZ»WATE»M,R, I4* IT»NGPtD»ÏSB»NMTGÎ 
C O M M O N W T S d » 
X=-6>o•ö 

Z«20 • 6 
XUeFLT^NF(R> 
U = 1 . 0 - 0 . 0 0 0 S 5 5 5 o X U 
U1=SQRT(1 . 0 -U®U) 
CALL A7IRN{VltWl) 
VsVX*Ul 
W«WI»U1 
WATE=l.O 
IF(IS> 90*«50»95 

95 IGals 
RETURN 

90 CONTINUE 
I F ( I SB) 1 0 0 , 1 0 0 . 1 5 0 

100 N W T s ^ M M T G 
GO TO ?00 

150 NA'T=3*NMTG 
200 R=FLTRMF(R) 

DO 250 1 = 1» NGP 
I F ( R . L F . W T S ( ] > N W T > ) GO TO 300 

2^0 CONTINUE 
300 I G = I 

TF(TSBt 50û »500 »350, 
350 I F <1-1 ) 5 0 0 * 4 0 0 , 4 5 0 
400 WATE=WATE*dTS(2*NMTG*l>/WTS(3#NMTG*X) 

RETURN 
450 WATE^WATE* ( WTS (P^NMTG+X ) -WTÎÎ {S^NMTG* 1*1 ) ) / 

1 CWTS(3 Ä NMTG4l)«WTS(30NMTG+I-1) ) 
5ÛÔ, RCTUI^N 

Er A t b 
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SUBROUTINE BANKR(NÖNKIO) ' 
DO NOT CALL EUCLID FROM BANKR(7) 

COMMON /APOLLO/ AGSTRT» DDF,DEAOWT <5)»ETA»FTATH»ETAUSD»UINP»VINPf 
1 WINP»WTSTRT»XSTRT»YSTRT,ZSTRTtTCUT»XTRA(10)» 
2 I O , I l » M E D T A t I A D j M , I S R l A S » 
3 ISOUR»ITERS»»ITIME»ITsTRfLOCWTS«LOCFWL.LOCEPR»LOCNSC»LOCFSN» 
4 MAXGP • МЛХТ IM ИИЕП ALH » MfiPREG *MXRFG t NALB » NDF! AQ ( »NEWNM»NGEOMf 
5 NGPOT1»NGPQT? « NGPQT3 »NGPQTGtNGPQTM»NlТ5•NKCALÇ» NKILL »NLAST »NMEM* 
Л NMGP»NMOST»NMTG»NOLEAK,NORMF»NPASTtNPSCL(13).NQUIT»NSIGL'NSOUR, 
7 NSPLToNSTRT,NXTRAUO) 

NÖNK= NBNKIО 
I F (NBNK) 100»100 » 140 . 

100 NBNKa NBNK • 5 
GO TO ( 104»103»102»101 )»NBNK 

101 CALL STRUN 
RETURN 

102 MBATs NITS - ITERS 
NSAVE= NMEM 
CALL STBTCH(NÖAT) 

NBAT I S THE BATCH NO. LESS ONE 
RETURN 

103 CALL NRATCH <NSAVE) 
NSAVE I S THE NO. OF PARTICLES STARTED I N THE LAST BATCH 

RETURN 
104 CALL HFLP < 4H8ANK » 1 » 1 » 1 » 1 ) 

RETURN 
140 GO T O ( 1 » 2 » 3 » 4 » 5 » 6 » 7 » B ç 9 » 1 0 » l l » 1 2 » 1 3 ) NRNK 

С NBNKID COLL TYPE BANKR CALL NBNK TO COI.L TYPE' BANKR CALL 
С 1 SOURCE YES (MSOUR) 2 SPLIT NO (TF.STW) 
С 3 F I S S I O N YES (FAANK) 4 GAMGEN NO (GSTQRE 
С 5 REAL COLL YES (MOSSE) 6 ALBEDO YES (MORSE) 
С 7 BDRYX YFS (NXTCOL) 8 ESCAPE YES (NXTCOL С • 9 E-CUT NO (MORSF) • 10 TIME K I L L NO (MORSE) с 11 R R K ILL NO (TESTW) 12 R R SURV NO (TESTW) с 13 GAMLOST NO (GSTORE) 

I CALL SDATA e 

RETURN 
2 RETURN • 

3 RETURN • • • 

4 RETURN 
5 RETURN 
6 RETURN 
7 CALL BORYX 

PtTURM 
В RETURN 
9 RETURN 

10 RETURN 
11 RETURN 
12 RETURN» 
13 RETURN 

END 
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SUlîROUTINE BDRYX 
С BORYX FOR SLAB GEOM 

COMMON / U S E R / AGSTRT» WTSTRT» XSTPT» YSTRT»Z5TRT*DFF» EBOTN» EBOTG» 
1 TCUT.TO » I l»IA«PJM»NGPQTl,NGPQT2»NGPQT3tNGP0TG%NGP0TN»MITS*NLASr» 
2 NLEFT * NMGP•NMTG » NS TRT 

COMMON / Р О Е Т / ND»NNE»NE»NT#NA»NRESP.NFX»NEXMn»NENrNNONP»NTNR»NTNE 
1 »NANE»NTNONRf NTNENOfNAMEND»LOCRSPfLOCxD»LOCT R»L0CC0fL0CT»L0CUD, 
2 LOCSDtLOC^E,LOCOT,LOCOTE.LOCOAE»L »'AXfEFTRST.EGTQP 

COMMON /NUTPOM/ NAME*NAMEX.TG»IGOïNMED»wEnOLn»NREG»UfV»W»UOLD*V0LD 
1 »v;OLO,XtY»2»XOLD»-YOLD»ZOLO,WATFtOLDWT,WTBC»BLZNT»BLZONf AGE,0L0AGE 

COMMON HL Cl) 
I F ( X * G T . • О . 0 0 1 ) RETURN 

' I F ( X . L T . - 0 . 0 0 1 ) RETURN 
YR=Y - 1 . 5 
ZR-Z - ? 0 . 
RSQ=YR*YR+ZR*ZR . . -IAsLOCXD 
DO 5 1=1,ND 

I F C R S O . L E . B L ( I A ) ) G O To 20 
> CONTINUE 

RETURN 
20 COS=U • 

ABC я ABS (COS) 
I F (COS) 2 5 . 3 0 » ? 5 

25 I F ( А Ч С - 1 . 0 0 0 1 ) 35 »30130 
30 CALL HELP(4H80YX»0»1»0»0 ) 

35 I F ( A B C - 0 . 0 1 Î 4 0 » 4 5 » 4 5 
40 CON = WATE*20D » 0 

GO TO 50 
45 CON = WATE/ABC 

CALL FLUXST(I» IG«CON»AGE»Ut 0) 
50 RETURN 

ENÖ 
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SUQROUTINE 5DATA 
COMMON /USER/ AGSTRT»WTSTRT,XSTRT»YSTRT,7<;TPT»OFF»EPOTN*EHOTR» 

1 TCUT» TO»I1 * IAOJMfNGPOTl f NC5P0T2»NGP0T3»NGP0TG.N0D0TNTNITS»NUASTF 

2 NLEFT.NMGP»NMTG»NSTRT 
COMMON /РОЕТ/ NO » NNE » NE » NT » N A• MRËSP » NF X * NE XND Y NEND » NDNR• NT NR » NTNE 

1 T NANE» NTNDNR»NTNFNO »NÄNENO »LOCPSP«LOCXN »ЦОСТ8 »LOCCO »LOCTTLOCUOT 
2 L0C5N,L0C0E,L0C0T»L0CQTE»L0CQAE»LMAX.FFLP5T.EGTOP 

COMMON /NIJTRON/ NAME » NAMEX•IG » IGO » NMÉD • ^EOOLD • NREG • LI * V » W » UOLD • VOLD 
1 » WOLD» X»Y»Z»XOLOTYOLOTZOLO»WATE,OLOWT»WTBCTIRU7T%RLZON» A6E »OLOAGF. 

COMMON ENC1) 
COMMON/GEOMC/ DUMMY{1О)9 MARK9NMNDUM(2) 
DATA R A D / 5 1 2 , / 
IA=LOCXD 
1 = 0 
X1=X 
Y1=Y 
ZL=Z 
WTSTO=WATE 
MEO=NMED 
I R L Z = I R L Z T 
NRG=NRFG 

40 1 - 1 * 1 
IAsIAM 
Z I = E N ( T A ) 
ARGU=Ö. ' 

20 CONTINUE 
X 2 = X 1 * 5 1 2 . » U 
Y 2 = Y 1 * 5 1 2 . * V 
Z2~ZL*5L2 .«W 

MRK=1 
CALL EUCLID(MRKT X I • Y 1 1 Z I *X2«Y2FZ2«PAD* TG«ARG*1TMEO»IBLZ»NRG) 
I F ( M A R X . E O . - L ) GO TO 30 
ARGU=APGU+ARG 
IF" CXI . I . T . - 0 . 0 0 1 ) GO TO 20 
I F ( X 1 . L T . * 0 . 0 0 1 > GO TO 2 1 
RETURN 

21 Y R = Y L - T . 5 
ZR=:Zl-2o. 
RSO=YR»YR*ZR*ZR 

11 CO.'ITTNUF. 
I F C R S Q . L E . E N C I A ) ) GO TO 10 
i a = I A * I 

6 0 TO 11 
10 TFATE=:WATE»EXP(AR6U) 

CONSWATE/A8S(U) 
CALL FLUXST( I» I6 *C0NTAGETUT-1 ) 

30 WATE-WTSTO 
RETURN 
ГЦП , • 
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3 . i n p u t t I 

Head i r r a d i a t i o n i 
1 0 0 0 0 

3 0 0 350 30 . 1 6 
I 1 0 1 

0 . 0 0*Л 
6 . 5» 

6 GROUP head data I 
6 6 0 0 6 

12 0 0 0 0 
0 0 G 0 0 

10 
1 1 3 2 3 
4 4 4 

skin 1 Po 
9 . 6 7 7 7 E - 03 0 . 
0 . 0 . •) 

1 . 0 3 0 1 E - 01 2 . 6 8 3 8 E " 02 
0» 0« 
1 . 6 4 3 6 E - 02 5 . 8 3 4 4 E - 03 
2 . 7 3 6 5 E - 03 0 . 
7 • 5 6 7 0 c - 03 0 . 
1 . 3 5 3 7 E - 0 1 . 3 . 3 8 1 4 E - 02 
0 . 0 . • 

3 . 0 9 0 1 E - 02 9 . 7 5 5 3 E - 03 
skin / P\ 

0 . 0 . 
0 . 0 . 
0 . 2 . 1 2 9 2 E - •02 
0 . 0 . 

• 5 . 8 3 5 7 E -•03. 4 . 1 1 1 4 E - 0 3 
0 . 0 . 
3 . 7 6 8 2 E - G 3 0 . 
0# 2 . 4 5 9 6 E - '02 
0 . 0 . 
8 . 4 8 5 0 E - 0 3 7 . . 2 4 4 8 E - 0 3 

skin / P2 
0 . 0« 
0 . 0 . 
0 . 1 . 5 4 7 Ô E - 0 2 

-0» 0 . 
• 5 . 5 1 3 4 E - 0 3 2 . 4 7 3 7 E - -03 

0 * Of 
1 . 4 2 3 9 E - 0 3 0 . 
0 . 1 . 7 5 2 5 E - 0 2 
0 . 0 . 
1 . 0 3 6 4 E - 0 2 4 . 4 1 7 9 E - 0 3 

skin / P3 
0 . 0 . 
0 . 0 . 
0 . 1 Л 8 8 3 Е - - 0 2 
0 . 0 . 
4»521AE - 0 3 4 . 1 i'i^üE' + 

0 . 0 . 
- 8 . 0 Q 0 1 E - 0 4 0 . 

0 . 1 . 3 7 X 9 E - 0 2 
0 . 0* 

- 7 . 8 2 9 6 E - 0 3 . 6 . 9 9 7 0 E - 0 4 
• • 'v.;- / 1 1 - " X «. 0 - • 

0 
1.0 

0 * 0 

6 
10 
о 

6 6 
loO . 

0.0 
3. 

о 100 
0.0 
0*0 
2. 

3 777 
0.0 

0 * 0 
1. 

3 
10 
.1 

3 
1 

9Л277Е-02 
0. 
9.Ö961E-03 
4.0106Е-03 
О » 
1.1721Е-01 
О* 
2.8632Е-02 
2.121lE-03 
6.2456E-03 

0. 
0. 
4#4354Е-03 
0. 
0. 
0. 
0. 
8.4077Е-03 
0. 4.3076Е-03 

0. 
О • 
4.0495Е-03 
0. 
О » 
0. 
0. 
1.03UE-02 
0. 
1.5415Е-03 

0. 
О«. 
2 »9399E—03 
0. 
и, 

. 0. 
0. 
7.0030Е-03 
О « 

-1.С381Е-03 

2 «Ö279E-02 
0. 
0«. 
О • 
0. 
2»643ÖE-02 
О* 
9.8351Е-03 
0. 
7.6221Е-03 

2« 2621Е-02 
О.. 
0. 
о; 
о. 
1.9342Е-02 
0« 
7 « 241ОЕ-ОЗ 
0. 
2.6108Е-03 

1.6664Е-0? 
6.' 
0. 
0. 
О • 
1.4132Е-02 
0. 
4 *35Q9.E—03 

4?4б79Е-04 
1.2771Е-02 
0. 
0. 
О • 
у • 
1.1555Е-02 
0. 
5.162ÖE-04 
О'. 

0. 
7.Э04вЕ-03. 
0. 
1-0526E-0Î 
0. 
2.3бВзЕ-02 
1.3626Е-03 
7.0BS9F-03 
1.6331Е-01 
4.4046Е-03 

0. 
0. 
0. 
0. 
О» 
B.522SE-
0. 
4.526QE« 
0. 
1.4630Е-

0. 
о. • 
О. . 
0. * 
0« 
8.5843Е-
0. 
1.6754t' 
0. 
»5.6463E* 

1.0 
Х.О 

•03 

•03 

•03 

0. 
С. 
О. 
2.Ö973E-Ö 
О. 
9 »41H7E-0 
0. 
6.539ЙЕ-0 

• 3,990 JLE-0 
0. 

0. 
О. 
0. 
1.67О4Е-0 
0. 
6.23П4Е-0 
0. 
2.53ft8E~0 
3.077ОЕ-О 
0. 
О . 
0. 

. 0. 
1.2663E-Q 
О • 

03 4#32SüE-C 
0. 

'03 ^,00а1Е-{ 
2.0747Е-» 

'05 0. 
0. 
0. 
О „ 
0. 
л 

6.3959Е-03 
0. 
•1.0070Е-03 
0. 
•1.С2/2Е-03 

0. 
0. 
П. 
1оООЭ1Е-< 

7 ,83тОЕ~ 
0. 

-1.2632E-
1.4203Е-
0. . . 
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Six additional blocks follow (bone and brain) as well as the 
geometric input. 

Next card: Card S 1 

HEAD UNDER COLLIMATOR 
10 6 6 0 0 2 0 0 0 

0.25 0.25 
1.00 0.75 
2.25 I.25 
4.00 1.75 
6.?5 2.25 
9.00 2.75 

12.25 3.25 . 
16 .00 3.75 
20.25 4.25 
25.00 4.75 

MEUTROMS PER P I 
FLUX 

Ь 0 1.0 i.o 1.0 1.0 1.0 
RATES FOR BRAIN ACCORDING TO HEHN 

6.37E-09 5.78E-09 5.16E-09 4.77E-09 4.23E-09 4.13E-09 
FLUX SPECTRA . 

1 2 3 4 5 6 
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4. Results 

Fourteen batches with 300 source neutrons each were simulated in 

1.38 minutes. The following tables were printed out: 

RESPONSES (DETECTOR). NEUTRONS PP.R P I ' 
DFTECT0R UNCOLL • FSD TOTAL FSD 

RESPONSE . UNCOLL RESPONSE TOTAL 
Ï 1 . 2 3 6 4 E - Ô 1 , 0 3 9 1 2 J , 3 4 7 8 E > 0 1 . 0 7 9 0 7 
2 1 . 1 7 3 5 Е - Л 1 . 0 3 4 1 9 1 . 3 7 6 4 E - Ö • . 0 4 0 6 5 
3 Х . 1 4 4 6 Е - П 1 ,02109" 1 . 4 7 2 1 E - 0 1 . 0 3 1 7 9 
4 1 , 1 6 8 5 E - Ö 1 . 0 1 6 6 9 1 . 3 5 0 2 E - 0 1 . 0 3 2 0 9 

. 5 1 . 4 2 1 8 E - Ô 4 . 5 3 1 0 9 1 . 7 1 6 9 E - 0 2 , 0 9 7 1 1 
6 0 , • 0 . 0 0 0 0 0 1 . 0 2 1 2 E - 0 2 . 1 2 0 9 5 
7 0 . 0 0 0 0 0 8 . 2 9 2 9 E ~ 0 3 - . 0 8 7 2 0 
6 . o . 0 . 0 0 0 0 0 6 . 6 6 8 3 E - 0 3 • 0 6 3 R 1 
9 0 , 0 . 0 0 0 0 0 5 . 6 S 8 3 E - 0 3 . 1 7 0 5 0 

10 0 . 0 . 0 0 0 0 0 3 . 8 9 5 8 E ~ 0 3 . . 2 0 8 4 8 

PATES FO ft ÖftfllA/ 

DETECTOR UNCOLL 
RESPONSP 

i 7 . 8 7 6 2 E - 1 0 
. P. 7 . 4 7 5 0 E - Î 0 

3 7 . 2 9 0 8 E - Î 0 
4 7 . 4 4 3 6 E - 1 0 

. 5 9 . D 5 6 7 E - 1 3 
6 0 , 
7 0. 

. 8 0 . 
Q 0. 

- 10 o . 

RESPONSES(DETECTOR) 
FSO 

UNCOLL 
. 0 3 9 1 2 

• . . 0 3 4 1 9 
. 0 2 1 0 9 

- . . 0 1 6 6 9 
, 5 3 1 0 9 

0,00000 
0#00000 
0..00000 
0.00000 
O.OOQOO 

NEUTRONS PER P I 
TOTAL Fsn 

RESPONSE TOTAL 
8 . 3 7 0 1 Е - Ю . 0 7 8 2 3 
8 , 6 ^ 0 3 E ^ l ö • . . 0 4 0 3 6 
9 .2357Fr» lÔ . 0 3 ^ 8 7 
8 . 4 3 1 T É - 1 Ô • 0 3 1 8 1 
9 . 8 2 3 6 E - H . 0 9 9 5 6 
5 . 7 G 6 0 E ~ l i . 1 1 9 9 4 
4 . 6 5 8 Î E ~ 1 1 . 0 R 4 4 4 
3 . 6 5 9 5 E - 1 1 . 0 7 2 3 5 
3 , l 0 £ 9 E ~ ! 1 . 1 8 9 4 5 
2 , 1 7 3 7 E - » ! 1 - . 2 2 2 1 6 
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OETECTOR NO, 1 
ENERGIES 

6, OOOE + OO 
1.208E-01 

, 0 8 5 

FLUENCE(ENERGY»DETECTOR) FLUX SPECTRA 

2 3 4 5 

5 . 0 0 0 E + 0 0 

4 , 0 0 0 E+G0 

3#000E+0J 

2.OOOE+OO 

I»OOOE^OC 

l,Ön0E+00 

5 . 3 6 9 E - 0 3 
, 2 9 2 

8,007E~04 
1 , 0 0 0 

5 . 8 0 3 E - 0 4 
1.000 

3 , 5 4 l E ~ 0 3 
, 5 3 7 

3 , 7 0 9 E - 0 3 
, 4 0 1 

1 , 2 8 I E - O l 
, 0 4 3 

4 - .275E-03 
, 1 5 6 

1 , 3 4 6 E - 0 3 
, 3 3 8 

1.794E-03 
, 3 5 1 ' 

1,299E-03 
, 4 3 9 

8 , 5 3 3 E ~ 0 4 
. 5 9 3 

1 , 3 6 7 E - 0 ' 1 i , 2 3 0 E « 0 1 
• 0 3 8 ' - . , 0 3 3 

З о 6 6 1 Е - 0 3 ! 3 . 7 5 7 Е ~ 0 3 
.218 -, • • \ ,162 

l,*56E-o3 2 ,4 l f )E-03 
. 2 1 7 , 1 8 5 

2 . 7 6 1 E - 0 3 1 . 8 9 3 E - 0 3 
, 2 4 5 .; ' . 2 2 9 

1 , 7 4 4 E " 0 3 2 . 4 4 6 E - 0 3 
, 3 5 3 • , 2 7 7 

9.330E-»04 1 . 5 5 5 E - 0 3 
, 3 9 8 , 3 2 5 

9 . 2 3 6 E - Ô 3 
. 1 4 4 i I 

2 . 2 0 5 E ~ 0 3 ! 

, 1 7 0 

Ь701Е~03 
. 2 2 5 

Ï . 6 5 7 E - 0 3 ! 
.. • »216 j 

i 
1 , 8 7 o E - ô 3 : 

• , 2 5 7 i • i i 
4 » 9 9 7 E - 0 4 | 

, 4 3 9 1 

8 10 

4 , 6 9 3 E - 0 3 3 . 8 3 7 E - 0 3 2 . 4 5 6 E - 0 3 2 , 2 4 I E - 0 3 i , 8 l 4 E ~ 0 3 
. 1 3 2 , 1 1 8 . «169 . 3 7 5 , 3 5 5 

1 , 8 5 9 E ~ 0 3 K 3 0 7 E - 0 3 l , 1 0 2 E - 0 3 9 . 3 8 1 E - Ô 4 5 , l 0 2 F - 0 4 
, 2 4 8 , 2 2 2 , 1 5 4 . 2 3 7 ,257 . 

i ,ÖR7E«Ö3 7 , 2 3 o È - o 4 1 . 2 0 6 E - 0 3 4 . 8 2 4 E - 0 4 4 . 3 0 7 Е - 0 4 
• 1 5 6 , 3 0 7 , 1 8 3 . 3 3 7 , 2 8 3 

1 . 0 7 1 E - 0 3 1 Л 8 4 Е - 0 3 6 o 7 Q 8 F - 0 4 9 , 0 9 Î E « Ô 4 3 , 7 9 4 ? > 0 4 
, 2 6 8 . 3 6 9 , 3 2 1 , 1 9 6 ,?6В 

9 . 9 4 8 E - Ô 4 7 . 6 7 2 E - 0 4 6 . 3 5 9 E - 0 4 7 , 3 5 9 E - Ô 4 5,582E«Ö'+ 
, 3 3 0 , 4 1 2 , 2 6 4 . 2 8 8 , ? 7 2 

5 , 0 6 9 E - 0 4 4 , 7 4 5 E ~ 0 4 5 . 9 7 4 E - 0 4 3 . 5 1 7 E - Ö 4 2 . 0 3 5 E - 0 4 
. 3 8 9 , 2 8 9 , 3 4 9 , 4 9 5 . 4 1 0 
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VII. VOLUME DETECTOR 

1« Description 
The estimators : are.identical with those already described in Chap. IV. 

However, here they are not only used-£or keff estimations but generally for 
the determination of volume-integrated fluxes and rates. 

The average cross sections of any region can be determined from the 
quotient of the two values. Thus it is possible to condense and homogenize 
cross sections. 

Flux and rate are not independent. • In order to determine average cross 
sections, a maximum likelihood estimation (regression analysis) must be 
carried out. This gives 

u 
R 

Z . $ Z* <p: 
I 

The density of J R is a Student's t distribution. For batch numbers greater 
than 10 it goes over into a normal distribution. 

By this method, the flux estimator is used in the program to calculate 
values for Zr,vZ"f and Г* ! ( « - Ecx • 
If (n,2n) reactions occur, Jf can take on negative values. 

2. Test Example 

By way of illustration, cross sections for a fuel-rod transport 
container will be reduced from 16 groups to 6 groups. Figure 2 shows a 
diagram of such a container (taken from Thomas [14]). (NOTE: There is no 
Fig. 2 in the German report. Undoubtedly Fig. 3 is meant here.] 

The following values were used in the calculation: 

SR = 20 cm water D = 12.7 for fuel rod 
H « 200 cm D = 13.7 for fuel rod cover 
Cx = Cy = 50 cm 



- 9 7 -

И " Я я 

Fig. 3. Diagram of transport container. 

The container contained 100 fuel rods, the outermost of which 
were located directly against the reflector. 

t--



SUFIROUTLNE RANKR(NR)NKID) 
С DO ыОГ CALL EUCLID FROM ВАЧК«(7> . . 

COMMON /APOLLO/ AGSTRT» }OFÎDEADWT(S>» ETA »EГATH»ETAUSQ»UINP,V IMP » 
1 WXP4P»WLSTPTF XSTRT»YSTRTT ZSTRR»TCUT» XTR*. (10) » 
2 " IOfIl»HsOlA»lAOJ4,îsBlAS» 
3 ISOUR,LTE«ST ÏTIMC» ITST4>LOC»'TS,LOCFWL»LOCEPR?LOCNSCT^ÜCFSN, 
4 MAXGP , MAX T IM » ME0AL3 » MG ^REG » MXKEG » N ALB * ЧЭЕ AO (5 ) » ME'* M M » NSEO.M , ' 

MOPQTI »МЗР<*Т2,М5РЭТЗ »N SPUTGFFCGPOTN , MI TS »NKCALCI NK I L L > ML AST ,-NMEM, 
6 N^GP,NMOST»WMYG»NOLEAK?NORMF,NPASX»NPSCL (13 ) »NUUI TFNSLGL»NSW»UR» 
7 NSPLTFNSTRT,N.<TRAUO) 
СОИМОМ/KEANL/RKFLXÏ VAKFL*»VAPcOL»RKOVA^»^KMF,RKHC«&WA'rE» 

1 Fi< IС S! Ь FKIFSM » г К IS 4 » V A X С SM • V AIF SM ® V AI SM » V AO CSM » V aOF SM » R КО V 5M • 
2R K.OC SM » FKOFsM » FNK * I KCAL С', NyERH * X N I j s 
. С О H MОM/FIS ME w/ FTOTL» FW ATE»MfISTP»NFISH»NPPT>WATEF 

. ' , NBNK 10 
I F (NÖNK) 100»IuO»JL40 

100 RTBWK« MBNJK • 5 
00 TO (l'04»X03.»lü2>,LDL) »NBNK 

I C I CALL STRUM 7 ' 
RETURN . . . . 

102 NÂATS NITS - ITERS 
i 4 S A V £ c : NMEM 
CALL STBTCH(NBAT) . . . . . . 

С N3AT I S THE ЙАТСИ NO. LESS ONE 
RETURN 

1 R-3 CALL NBATCU (NSAVE) 
с NSAVE i s THE MO. OF PARTICLES STARTED I N THE LAST, BATCH -

RETURN 
Ю 4 CALL HELP(4HRA.\IK»L»L»L»L) 

RETURN 
140 "»30 TO( ï , 2 , 3 » 4 » 5 , 6 > 7 , 8 » 9 f l 0 » l l » 1 2 » 1 3 ) NB4iK 

С NBâMKID COLL TYPc BANKR CALL NBNKID COLL TYPE ÖANKR CALL 
с 1 SOURCE YES (vjSOUR) 2 SPLIT NO (fESTW) 

.0 . 3 : F ISS ION YES (FSANK) 4 6AMGEN " N10 (GSTORE 
С э •REAL COLL YES (MORSE) . 6 ALBEDO YES (P'OCrSE) 
с 1 BÛRYX • YES (NXTCOL) • - - Ö. ESCAPE YES (i'XTCoL 
с • 9 • E^CUT NO (MORSE) • io • TIME K I L L NO COURSE) 
•с • 11 R R K ILL NO" I TEST*) 12 R R SURVJ MO. TFESTW) 
с ••13 GAMLOST NO (SSTORE) -

1 CALL SDATA 
• " RETURN 
- ' 2 '"t<ETURf4 

3 KETURN -
4 RETURM 

' • • 5 RKnC=RKHC + VïATEF 
•". 6 CALL ALBCOL 

С TREATS ALÔEDO AMD COLLISION 
RETURN 

7 CALL BDRYX : " • 
RETURN 

.'3 CALL ESCAPE 
KETURN 

- 9 r e t u r n 
10 TURN 
U. CALL RoKll.t. 

RETURN 
12 kETUR« 
13 RETURN 

C.WJ 
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ÀUBROUTINE SDATA 
COF-HOM /UST-R/ AßSTftT,WT3TRT»XSTRT,Y5TRT»ZSTRTfDFF»EftOTN»E«OTÜ» 

1 TOUT, 1С» II» IADJM»>-lGP«Tl«NGP^T2»MC?PQT3»MGPWTG»NGP»TMf MLTS»NL>^T» 
2 NLCFT»NMGP»NMTG»NSTRT „ Л Л , . _ R 

СОИ».',О } Mu»N«ME»W= 
1 t^ANF»NTNONp»NITNEViU»WÄ>i£WD»LOCHSP,LOCXO»LCCIR*LOCCOf -OCTtLO^Ot 
2 LOCSO»l-OCQF»LO"cüTfLOCJTE,LOCwA£^LMAX»SFIHST,EüTOPfN\K.LOc^K. .. 
"'jO -iMÛ!4 /Î-JUTRON/ NAMT * NAME* » I« » I GO » » MEDÜLD '» NRFG» U . V » и t-ÜOL»' » ̂ L O 
1* ,^OLO*X»Y.Z»XOLi)»YOLib£OLD»VeATE,OLO/»T»WTBtt3LiNT»BLZ3b|»AGE»^U>AGE 
CONMOW/KEÄ^L/RKFLX»VARF«X*VA^COL»RKOVARfRKrtFtPKHCtSWATe» 

•lKKICsMfFKiFst-UFKlsM,VAICSM,VAlFsM»VAIsM»VAOCsMfVAOFsM».^OVsM» 
2FK0C.Sî-f»FK0FSM»FNK» IK.CALC-»NTERM -INlT.S 
uIv«ENSiOW COi'4(̂ > 

еозяо; 
CO'HDsWATE 
3Wate=SV»ATE*WATE: - ' • ..... 
CALL FLUXST(blG»CQN»AGEs*COS»"l> . . .. . . , 
KETURN 

S U R OU T I'M E В О R Y X • . . ' 
СОЧНОМ /USER/. AGS.TRTtWTSTRT,XSTRT.YSrRT»XSrRttDFF»EîJ0TNfEâoT6.» 

1 TCUT »IQ»H»I Л9 JH » NGPÖT l »NGPÖT2»NGP3T3e MsPûTGtNGPQTiNtViîTStNLAST» 
2 NLEFT,NM3P»MMXG»»MSTRT 

СОТОМ /РОЕТ/ ND » MME » N E.» NT T NA 9 NRESP » NEX » NEXND 9 MEND » NDNR »NTN* * ^TNE 
1 »?ЧАГ-4Е » N T M N N - R » M T N E ' M D » N A M E N D » L O C R S P , L O C X D » L ^ C L B » L O C C O I .OCT*T OCUO» 
2 LOCSD,LOCGEa.OCQT»LOc^r^»L0C^AE,LMAX,EFlRSr,EGTOP,N^K,LOçNi\K 

COMMON /NUTRON'/ N A ME » N A W£X » J G » IGO»NM£D» 4EOûLO»NREG»«J» V , rtfUÖLt>* VOLD 
' X »*OLD»X»Y.»Z,XOLO»YOLO»ZOLD»ViATE»OLOWJ»WT9C»eLZNT»BLZDM*Aôe»ôLOAGE 

. C O - M M O N / K E A N L / R K F L X » V A R F V X » V A F F C O L , H K O V A R , R K H F F R K H C » S « A R E » 

1 F ! \ I C S M * F K I F S y, * F К I S 4 ? V A I W S M » V A I F S H » V A I S M » V A О С S M » V A О F S M » R О V S M ' 

: 2 R K O C S M » F K 0 F S M » F N K F I K C A L C - » N T E R M ? I N * Î S • ' ' 

COMMON V/ T s ( 1 ) . • " . * -
СОЙМ О M / A P Ô L L О / XT(9)»ETAUS0»X.TT(31) •L0CF5NFMX{2P) »MMEM». 
UIMENSION COM (4.) • . 
IF(HEDOLO-iOOO)•20»i0»20 

10 .CÔN ( 1 ) =0 • 0 
со.K2) =s»a • 

. L'ON ( 3 ) = 0 * 0 

GO TO 30 . 
20 XSHEoolD ' . • ' 

PNUF=V/TS (L0CFSM+( I - I ) <BN^TG + IG0) 
CALL NSIGTA(I6O*MEOOLO»TSIG*PNAB) • • 
PAr>s=l .-PNA9 * 
CO:HI)=WTSC»ETAI.JSD C0 'H2) -C0\'( 1) *PN|UF 

• ' . C O N ( 3 ) = C O M ( I ) » P A B S 
CON(4)яСОм(]) 

.ii j )=Oi4(i)/T5IG. 
за c o ^ û o ô * - . . 

RKHF=RKHF4-C0N(?) 
CALL F-UXST(I»ÏG0»CON»A3E»COS»0) -T • - . 
RETURN ' - '• : " ' 
t N Ü • • • T - - . - - r - - - • 



oCBROUTlNE ESCAPE 
О0МИОП /US£R/ AGSM,^5TRT,X5TPT,YSTRT,Z$RRT T DFF>E30L>! ,EU0TÜ, 

1 TOUT,ï-rîi*lADJM»4öPOTi»NGPWT2iW0PÛT3»M3PuTG»NGP0TN»VlTSsriLASr» 
•Z NLEFTtMMGP»r|MTG«MSTRT 

СЖИМОМ /РЬЕТ/ N0 NATNRESP, NEX^WTXNÜFNENDTNONRYNTNRT »NTNE 
1 1.'<ANE»NT40NP VMTMEMÜ»NAMEND»LOCPSP',LOCXD*LOCI|.ULOCCO, _OCT»LOCUD> 
г tOcSO tLOc^E fLOo^T» LOCHTE »LÜC^AE »L^AX« rpiKST »EGTOP 5i\KK »LOcN*K 

CO/'IMOM /NUX«ON/ NAME,NA4EX»LO,IGO,M>JEO,VIEOOLOTNREG»UT V» W» UOLO » \,OLD 
X »WOLOFX* Y»2»X0LL)*Y0LÜ» ZOLO^AÎE^OLORFTY WTBL»BLZNT»BLZ'J!>«» AGE »«UL>AGE 
COriMON/KEA>JL/R-<FLX»VA«F-.X» VARCOL»PKÜVAR,RKHF,RKHC*SV»ATE» 

lir KICsMtFKlFSMfFKlS^tVAXCS'-UVAIFsMfVAIsMfVAOcsN^VAOFsvjïRKOVs«' 
2FKOCSM, FKOFSM > FNK > I КС ALC » NT£RM » I NX TS 

COMMON WTS(L) 
COMMOM/APOLLO/ XT<9) > E T^Ü S ü »XTT(31) »UOCFSN»NX (22)' »Nv1EMt 
UlMENS XON COHU) 
XF-<MEÜOLU-1000) AQ»5C»40 

.50 cormjeo.n 
. COîi (2) = 0*0 

c0'l(3)=c*0 
. COM (4) so-.ö 

iF(MTERMrNMEM) 10 »15*20 
FYO I-HEÜOLO 

PNUFsWTS (LpCFSM* СI — 1 î *N4TG+ JGQ) 
CA'-L MS1GTÂ(XG0»MED0LD»TSIG»PNA8) 
PAbS=l ,-P.MAÖ 
CO:M(l)sWTB'C*ETAt»st> 
COvM (2) sCOMC 1 ) 
.С0М(3)яС0МП)«>Р$В5 
C0;'H4)-C0N(1) 

ESTlMATOK -ft* 
COMC1)"=CON(Î)/TS1G 

30 CO;I=0 »0 
RKHF=RKHF+COM(?) 
CALL FLUXST(I*IGOtCÛN»A3E»C05,0> 
. IFCNTEP.M-NMEM) 10 »15*20 

15 NTERMsMTERM-1 
CALL OP 
RKHC=C; • 
RKRLF=5 « ' 

• 1 i) RETURN • 
20- CALL HrLP(4HNTRNb0»l*0*C) 

•RETURN 
ею , . • ... 

.SUaROUTI^E OP ^ , r 
• C0^M0^4/K£ANL/RKFLX,VлRFLX'VARc0L^K0\/APтRKhF^RKHC9SViATE» 
lFKICSM,FKlFSM»FKlS.4»VAICSMtVAIFSM»VAISM«VAOCSM»VAOFSM,RKOVSM» 2FKoCsM»FKopS*'bFNK».IKCALC'»NTERM »INIT5 
hkflx^RKFLX+RKHF - . 
VA^COL=VARCOL+^KHC^RKHC -
^/Ä«FLX=VARFLX + RKHF«-RKHF 
RKOVAR=RKOVAR*RKHF»RKHC 
HETURN 
ENU ' 
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bUUROUriWE ALÖCOL 
C O U M O M / U S Û R / A G S T ? I T , ^ T 5 T R T , X S Ï R T 9 Y S T R T -> Z S T R T , O F F * E B O T N > E B O T ' : * I 

1 TCUT9 к- »r i » IAOJM>NÖP.GT i tNGPWTatNGP.'irai'JsP^TGtWGPQTN» MITSIMLAST». 
2 N L E F T * N M G P ? NM T G » N S T R T . . . 

С OH M О /РОГ- j/ NO > NJN£ » N E> N T f ЬА f NR EsP *NEX*^EXND»NEND » N ЭМЗ 9 N'jNK « N f NE. 
1 4:mfU:»NT>iONP»NTNENO»NA\«ENüiLOCR5P»LOCXO»LOClp>LOCCÜ»LOCTfLOCUOt • 
2 UC>C5L),UOCUE»LOCQTILOC^TE9LOCUAEvL,'1AX»EF1^ST»EÖTOP,N<K»LOcN'\K 
CO/itVOt I /U., fRO'N / NA ̂ E 9 N A ̂  E X И G , X GO , M MED i 4EL>ULü » NRF.6 у U > V » rt » l)OLU > vOLD 

X ? . * O L D » X * Y » Z * X F U . U » Y O L L B Z 0 L D H * A T E « O L ^ T w'TBC» pLZNT »BLZ a G £ » U L U A G E Î 

C O - Î M O N / K E A N L / R K F L X » V A R F J X » Ï / A & C O L » R K O V A R » R K H F , R K H C » S W A T E » 

Ц - K L C S ' - U F K T F S M . P K I S M , V A I C S « I V A L F S M F V A L S M » V A Û C S H » V A O F S M » R T Î < P V S M » 

2 F K O C S M J F K 0 F S M » F M K » X K C A L C - » N T E R M » I N I T S 

C O M M O N VI T S ( L ) 

C O ; - U 1 0 , " | / A P O L L O / X T ( 9 ) , E T A u S O , X T T ( 3 1 ) » L O C F S N » N x ( 2 2 ) fNME* 
•DIMENSION COr-i ( 4) ' • 
l F < M E O O L O - I O O O > ? . 0 » Ю » 2 0 ' • 

L Ü С О ! > ( 1 ) = П . О 

CO;j (2)s0ÎÇ 
С О : J С 3 ) = 0 • О • 

GO то зе • •. • • • . •. \. 
2 0 Î = ' 5 E I ) O L D • " * 

P N U F = W T S < L O C F S N * ( I - D ^ N M T G + I G O ) -

C A L L H S 1 G T A ( I G O , M E O O L D » T S I G » P N A B ) 

'pAüS=l*~pMA3 
C 0 . N ( L ) = V / T 3 C ^ E T A U S D 

C 0 . 4 ( 2 ) = C O N ( 1 ) ^ P M U F . 

C0*i(3)=c0>!(l)*PAbS 
С0ы(4)-с;0м(1) ' 
C O N ( L ) * C O \ I Q ) / T S I G 

3 0 C O S = C * O . .. 

RÎK-IR = R K H F + C O N ( 2 ) 

C A L L F L U X S T ( I » I G O » C O N » A 3 E » C O S * 0 ) 

RETURN . . . . . . . : 

EUO • ' ' • " . • 

oUliRÔUriNr RRKXLL : 
COriMON /USER/ ÄGST^T»WTSTRT5X5T.RT»YSTRT»2STRT«0FF»E50TN9EBOTÖV ' 

1 ТСиТ»1с»11»ГАОЛ,^Ь,ЧОРОТ1 »NGP&T2*NGPaT3»\|GP&TG»NGaQTN» VI TS »HLÄST» 
2 NLEFT;,N?IGP*HHTG,NSTRT • ;•'.-

СОММОч /РОЕТ/ MD ? MUE » NE:» N T » Na 9 NRESP » NEX» NEXftn» MEND V N DNR ? N T N » * » m T N E 
1 » H A N E Ч N T N O N R * V ' T N E N D » N A N F C N F ) » L O C R S P * LOCXD.» LOCIB » LOCCO » ~OcT » LOCUi) * 

• 2 bOCsr)»LOCQEtLOCQT»LOC^TE,LOCoAE,LM^x»EFlRS7 ,EGJOP,M4;K,LOCNM^ : 
CO;iMOn, /NUTRON/ Г.'А^ПАМЕХ» IG» IGOsN^ED» MEpOLf), NReG» U » TF»w»UOLD*V0L0 
X 9*ÜLD9X*Y»Z*XOLl>*YOU:>*20LD*VV\TE*0LD^ 

CO-1MOîl/KEA:4JL/RKFLXf VARF^IX» vARCOL.RKO^AR, RKrtF«RKHC»swA rE«- .. 
. i FKIC3H » FKl FSM « FKIS >17 VA ICSM » VA IFSM » V AI SM * VaOCSM » VAOFSM » RrtO'v/SM * 
2FKOcSM,FKOFSM*FNK»IKCALC»NTEHW -INITS 
CONNON/ÄPOLLO/ XDU^M(64)»NMEM ' 
üIMEflSlON COM {(+) 
IF(f-iTERM-NMEM) - . - - -

1.5 Î4TEF<M=NTERM-1 . 
CALL QP -»^ХНГг T •. V 

. . , • . . - • • : 
10 RETURN ^ ; • 
20 CALL H £ L P ( 4 H K I L L » 0 » X » 0 > 0 ) - . ч ; •••. - : , . . . - r . / 

• RETURN ' • •' •*•'••"••• " • • " ' . ~ •• 



SUBROUTINE SOURCE ( IG»U,V»W»X,Y»Z» и/дТЕ»МЕО » AG» TSOUR t ITSTR »NGPQT3 « OD 
1Г»iSBÏAStNMTG) % 

C»«-**#ISOTROPIC SOURCE 
С GR JO GEOM 
C*«-**»SOURCE ENERGY BIASING ALLOWED 

DIMENSION R ( 2 o ) » X Ö ( 3 6 ) ? Y ü ( 3 6 ) * F ( 3 6 ) 
COMMON WTS( i ) 
COMMON/APOLLO/ X T R A l ( 2 8 ) t 1 0 , I N » X T R A 2 ( 7 0 ) 
DATA I I /«5/ 
î Г(11)88,00 >99 

99 11=0 • 
C4«»»4tsûURCE INPUT 

R E A D ( I N , 1 0 0 0 ) N R , Z U , Z 0 * I D R 
READ( IN»1001 ) ( X O ( I ) , Y O ( I ) , R ( Î ) , F ( I ) , I s l , N R ) 

IQOO F O R M A T ( I 5 » 2 E X o . 5 , I 5 ) 
ÏQQl F0RMAT<4E10.5) ' 

W R Ï T E ( Î 0 , ? . 0 0 0 ) N R , Z U , Z 0 • 
2000 FORMAT(23rt0 SOURCE FOR GRID , N R = » I 5 * 4 H Z U = , E l 5 B 5 » 4 H Z 0 s » E l 5 » 5 * 

Z0=ZO-ZU 
S=0-0 
W R I T E ( I 0 , 1 9 2 0 ) 
F ( 1 ) =F ( 1 ) *R ( 1 ) ( I ) 
DO 1. 1 1 - 2 , N R 
F U l ) = F U l ) * R ( I l > # R ( î l ) +F" ( 1 ) 

1 S= Г С I I ) 
DO Z 12~l»NR 

г F ( 1 2 ) = F ( 1 2 ) / S 
WRITE ( Ю , 2001 ) (XO ( I ) » YO ( I ) ,R ( 1 ) » F ( I ) , 1=1»NR) 

2 0 0 1 FORMAT(9X,2HX0, 1 3 X , 2 H Y 0 , 1 4 X , I H R , 1 4 X , 1 H F , / ( 4 Ê 1 5 . 5 ) ) 
ICsNMT6*NMTG 

: IF< IS8TAS.GT#0> IC=IC*NMTG 
88 CONTINUE - Г " 

: Q=FLTRNF<B) 
DO 20 T=1.NMT6 
i F t Q - W T S ( I C ^ i ) ) 1 0 * 1 0 * 2 0 

• XO I G - I • . • . ' "••'.• 
GO ТО 30 " 

. . 20 CONTINUE ..••:•• - ; • 
30 I F ( Ï S 8 I A S . L E » 0 > GO ТО 70 ... . . . - , .. 

IF(I-I) 40,65,63 , . . . i 
- 60 WATE=WATEoviTS{lC-NMTG + l ) / W T S ( I C + l ) 
• " 0 0 ТО 70 

65 WATF.=WATE»(MTS<IC-NMTG+I)-WTS1IIC-NMTG + I - 1 ) ) / C t f T S ( 1 С * ï > ~ W T S ( 1 С * I ~ I . * ) ) 

70 CONTINUE 
I F ( I T S T R ) 4 0 , 5 0 , 4 0 

40 RETURN ^ 
50 CONTINUE 

AR=FLT4Nr(AR) 
, DO 200 J»1>NR - . 

I F (F ( I ) - A R ) 2 0 0 , 2 1 , 2 1 . . . . . . 
2X K = I • •• 

GO TO 
20 0 CONTINUE 

K-NR •• •••-•- • - . . . . • 
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SUBROUTINE SOURCE 

22 CONTINUE 
CALL XSQR <R1 ?R2) 
CALL AZ IRN{S IN ,COS) 
X=Ri*COS*XO'(K) . 
Y « R I * S I N * Y Q t K > 
I F ( X . G T . Y ) GO T() 80 
Z~X 
X= Y 

. Y=Z 
8o Z =ZO»FLTRMF(ZR> 

I F ( Ï O R . G T . O ) WRITE С 6 , 1 9 1 9 ) X , Y « Z , W A T E 
1920 F O R M A T ( 2 2 H - I N I T l A L SOURCE POINTS t / / « 

1 5 X , * X * , 5 X , » Y » , 5 X 9 » 
2 5 X , * WATE • * У 

19X9 F O R M A T ( 4 ( 5 X , E 1 5 » 5 ) ) , 
I Ü R = I D R - 1 . . • 
RETURN 
ENO . .. . • . . 

SUBROUTINE STRUN 
COHMON/K£ANL/RK < 1 9 ) > I K C ( 3 ) 

*. uo lo I= I,19 

RETURN 
iiNO Л • ' 



3. Input 
- 1 0 4 -

URANIUM TRANSPORT CASK 
6000 

2() О 250 
о 6 

25.0 
0 • 104 

10 
0 

25 » 0 
0 . 5 5 8 

0 
•0 

1 6 0 16 1 6 0 
1.0 .0*02 0.0 

2 5 . 0 0 - 0 0 . 0 
0.901 0*986 0*999 

1 • 0 5 E + 0? 4 . 0 E + Q6 1 . 4 E + 0 6 4 . 0 E*05 1 . 0 
1 *0 E>03 2 . 1 5 E * 0 2 4 . 6 5 E + 01 1 . 0 E*0L 2<Л5 
0 . 4 2 5 С . 2 2 5 

16 GROUP DATA WITHOUT SPECIAL WEIGHTING 

0 250 3 20 
1.0 1.0 E + 6 
0.0 0.0 
b o 

E+05 2 . 1 5 E+04 4 . 6 5 F + O3 
1 * 2 6 1.0 

16 
- 3 

3 
1 
1 

13 
0 

2 
1 
i 

0 
0 

3 
1 

22 

0 2 
16 
0 

13 
22 

3 
19 
1 

3 
1 

16 10 

Three cross-section blocks and 
the geometry input follow 

Next card; Card S 1 

CROSS SECTION RÉDUCTION URANIUM/WATER/IRON 
3 6 6 0 

1.0 1»Ö 
1.0 йо 
1.0 1.0 

FLUXES ~ 
FLUX DETECTORS 

:1.0 , . 1-0 
1.0^ 1*0 
1.0 1*0 

NEUTRONS . 
3 6 9 12 

15 . 0 • 0 1 0 0 . 0 
, 2 5 . 0 2 5 . 0 
. 7 5 . 0 75^0 
1 2 5 . 0 1 2 5 * 0 
1 7 5 . 0 1 7 5 . 0 
2 2 5 . 0 . 2 2 5 . 0 

7 5 . 0 25®0 
1 2 5 . 0 25» 0 
1 7 5 . 0 252 0 
2 2 5 . 0 25 » 0 
1 2 5 . 0 7 5 . 0 
1 7 5 . 0 75« 0 
2 2 5 . 0 7 5 . 0 
IT •• л, 

( О * V 
2 2 5 . 0 1 2 5 . 0 
2 2 5 . 0 1 7 5 . 0 

1 
1 . 0 
1.0 
1.0 

Ь 0 
i..о 

14 16 
50 

6* 35 
6 . 3 5 
6 . 3 5 
6 . 3 5 
6 . 3 5 
6 . 3 5 
6 . 3 5 
6 . 3 5 
6 . 3 5 
6 . 3 5 
6 . 3 5 
6 . 3 5 
ь,:Згэ 
6 . 3 5 
6 . 3 5 

0 * 5 
0 . 5 
0 . 5 
0 о5 
0 . 5 

1 . 0 
1 * 0 
1.0 
1 - 0 
1-0 
1.0 
1 . 0 
1.0 
1.0 
1.0 

о 
1 . 0 
1 . 0 
1.0 

1.0 
1 . 0 

1.0 
1.0 

1 • о 
1 #0 

1 . 0 
1.0 
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4. Results 

The results are given separately for the three media (reduction 
only). The following definitions apply 

Detector 1 Uranium 
Detector 2 Cover 
Detector 3 Steel 

The k e f f value is unrealistic since in the generation of the data no 
attention was paid to this calculation. 

AVERAGE К •1113C+01 

; STANDARD DEV. • 3315E--01 F0« 10 BATCHES 

FLUENCE(ENERGY*DETECTOR) NEUTRONS 

DETECTOR N 0 . 
ENERGIES 

1 * Q50E + 07 

4 . 0 0 0 E + 0 5 

4 . 6 5 0 E + 0 3 

4 . 6 5 0 E + 0 1 

1.260E+00 

4 . 2 5 0 E - 0 1 

2.000E-0? 

3 V 

1»395Е«л8 S » 8 8 3 E - 0 9 1 . 1 1 5 E - 0 7 
• 023 , . 0 7 1 о 079 

1 . 8 6 6 E - 0 7 6 , .S66E-07 1 . 9 0 1 E - 0 6 
. 0 4 2 . 0 3 6 . 0 9 4 ' 

* • * . • 

9 » 2 7 8 E - 0 6 3 . S 7 3 E - 0 5 Î . 2 4 9 E - 0 4 
. 0 3 2 . . 0 7 9 . 0 8 7 

4 . Ö 1 9 E - 0 Ä 1 . 9 B 1 E - 0 3 ' 8 . 4 7 2 E - & 3 
. 0 4 0 . 1 4 2 . . 0 6 4 

6 . 4 9 3 E - 0 3 2 . 4 5 8 E - 0 2 1 . 6 3 8 E - 0 1 
о 5 $2 . 1 4 8 . 1 0 7 . 

1 . 8 1 5 E - 0 2 1 . 7 9 3 E - G 1 K 7 3 7 E * 0 l 
.03^ .003 *Q~?5 
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ÇONDENSED ABSORPTION RATES 

DETECTOR N 0 , 1 2 3 
ENERGIES - - • -

1 » 050E+07 
5 , 3 3 o H > 0 3 4 .24%E~04 5 . 9 0 1 E - 0 4 

Л 3 6 . 1 1 0 »523 
4 . 0 0 0 E + 0 5 

9 . 7 5 6 E - 0 3 5 . 1 2 3 Е ~ 0 4 ~ 7 . 9 4 5 Е ~ 0 б 
. 1 5 8 . 1 1 6 - . 7 8 3 

4 . 6 5 0 E + 0 3 
ß . l 7 4 c - 0 2 3 . 9 7 4 E - 0 3 2 , 5 8 8 E ~ 0 4 

Л 5 3 . 1 7 0 .134 
4 »650E->01 

2 . 1 4 2 E - 0 1 1 . 9 9 3 E - 0 2 2 . 2 3 5 E - 0 3 
. Î 6 0 . 0 8 2 . 0 9 9 

1 .26QE+00 
2 . 9 4 3 ^ - 0 1 5 . 5 0 Я Е - 0 2 b . 5 5 8 E ~ 0 3 

. 1 7 2 . 1 4 0 . 1 1 1 , 
4 . 2 5 0 E - 0 1 

1 .191E+C0 1 . 8 9 6 E - 0 1 2 . 0 4 8 E - 0 2 
. . 1 6 0 . 1 0 6 . 1 1 9 

2.000E-02 

CONDENSED TOTAL CROSS SECTIONS 

DETECTOR NO. 1 . 2 3 
ENERGIES 

1 . 0 5 0 E + 0 7 
4 . 6 0 4 E - 0 1 2 . 6 2 7 E - 0 1 4 » 8 9 2 E - 0 1 

. 1 4 4 . . 1 2 5 , 1 3 6 
4 . 0 0 Ü E + 0 5 \ . 

1 . 3 7 0 E + 0 0 3 . 7 1 1 E - 0 1 1 . 5 3 5 E + 0 O 
. 1 6 0 . 1 2 1 . 1 3 9 

4 . 6 5 0 E + O 3 
2.095E+00 1«.\99E*00 2.291E+00 

. 1 5 3 . 1 3 7 . 1Q9 
4 . 6 5 0 E + 01 . - • ; 

- 2.248Ef-oo 1.53oE*0Q 2.303E + 00 
.156 .102 .112 

1.260E+00 
2 . 3 4 1 E + 0 0 1 . 3 3 1 E + 0 0 2 . 5 1 3 E + 0 0 

. 1 7 1 . 1 5 0 . 1 1 2 
4 . 2 5 0 E - 0 1 

4 . ^ 5 E * 0 0 1 .699E+0Q 4 o l l l E + 0 0 
• Ï 5 7 . 1 0 0 . 1 1 9 

• . 2.OOOE-Ö2 . 
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VIII. CORRELATED CALCULATIONS 

1. Description 

Small differences in.estimated values can be calculated satisfactorily 
by Monte Carlo methods only if the covariance of the neutron random walks 
for the pErturbed and unperturbed systems is positive and of the same order 
of magnitude as the dispersion of the individual values. This situation 
can be attained for small local perturbations only if at least partial 
portions of the neutron histories in the two systems- are not .independent 
of one another but are correlated to eachiother [15]. For this reason the 
calculation of differénces in the multiplication factor caused by small 
local perturbations r such as geometry, density, or material changes, is 
performed with correlated Monte Carlo simulations in the MORSE-K system. 

The source distribution for the i-th:source iteration in the case of 
multiplying media is determined, for the basic problem (-unperturbed case), 
by the relation 

. . ' ! . 

Q ; ( P ) F A ^ C ' ) E T ? ' I 

where QÉ(P) is the fission source density of the i-th generation at the 
phase-space point P. Kg(P1»-^ P) is the transport kernel from the source 
at P' to fission at P. 

For the perturbed system we have, to a first approximation, 

s ; (?) с ?'-> ? ) c / p \ \ 

For the multiplication constants for the disturbed and undisturbed systems 
we have 

_ // »fQ p) a ; cap^p' 

S & c
r ( p ' ) d P 

I f kg (P'^P) QjC'!*) M P ' ; 

S Щ LP) e t p 
The difference value is 

ь k! - V - ^ 
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If the neutron histories for the perturbed and^unperturbed problems 
start from the same source distribution Q(P) , then к1"- cannot be calculated 
directly but only 

И kc< ( P U P ) q ; l?),!?<•!?' ; 
f ' a J ( P ) . 

Л . л» . 
The approximation 2c3- - k1 is permissible only for the case where Q(P) and 
Q(P) differ only a little for all values of P. If this approximation is 
not applicable, the following measures are provided for in MOESE-K. 

a) Zone-wise corréction of the Gourde distribution. For this procedure 
the fission zone is subdivided into zones, . This subdivision should be 
increasingly fine as the perturbation of the source becomes larger. For 
each of these zones the total contribution to the fission of a neutron 
which started in ̂  Vj. is calculated by 

/ / „ „ *-« (pL>V aie?')- cfp'jp.'••'{ 

and 

^ . S Q U P ' Ï J P ' 
р'ейЦ r 

\ flv j L ; *e JP'-SP A - . 
г 
/ 

J (?') c / p ' 

If the sçurce perturbation in л. Vj is very small, or if Vj is small 
enough that Qj(P) and Qf (P^.can be regarded as constant, there is a possi-
bility of determining the F^ by use of the unperturbed source distribution 
Q^(P) . The condition for this is 

J а ) с*') u p ' t о 

Using these F j values and the sources in the zones ̂  Vj given by 
I 

IM ; 
Ь ; , ; A ; l p - ) * / p ' 

(where л* designates the disturbed case) , the multiplication factor can be 
determined by 



- 1 0 9 -

i X + : a.-
h = > • ' ' 

— t~) • 
2. 

I - • •• I 
(QJ(P) is determined to a first approximation.) 

In the unperturbed case this relation exactly represents the relation 
for For the perturbed case it^is an approximation which presupposes 
the validity of the relations for Qj and F^. 

b) Matrix method. In this method the fission zone is also subdivided 
into-zones. For each zone we calculate the contribution of a neutron 
starting in zone j to fission ih zone 1. 

W\ : K . 
Л1/, p'/: A I/: K f 

r » 

I с * ' ) 

p'é 

Л/. Here the same is true as was true for the equations for the FJ, and here 
also the requirement is that the relation 

- • .i 

f ai(p')o(PUo' 
p'ravr y 1 

must be fulfilled. 

According to Kaplan [16], the multiplication factor is the lowest 
eigenvalue of the matrix M, which can be readily seen from the equations 

G. - И т Q 
л ^ T cr 

, У FT • " -

• P'^AV.. T ^ ' - „ 
with 

The advantage of this method is that the к value and the Q j sources are in-
dependent of the distribution Q(P) even though the ßj(P) distribution was the 
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basis of the calculation of the пцд_. The approximation Qf does not have to 
be used with this method. 

The application of the correlated method in MORSE-K does not require 
any change in the history simulations. However, extensions of the analysis 
section are needed. Thé changes comprise the following points: 

(a) Introduction of the parameters IREGB and IIGB for identification of 
> the source region (source medium) . With these parameters the analysis/ 
of the neutron histories can' be made dependent on the source event. The 
parameter IREGB is needed, for example, in the calculation of the zone-
dependent Fj, Qj, and mji (IREGB « j). 

(b) Special analysis for (ba) neutrons that go from the source point to 
the first-time arrival in a perturbed region and (bb) neutrons that 

have previously penetrated a perturbed area Split neutrons are treated 
like original neutrons. If- the source point lies in the perturbed region, 
only part bb is carried out. The total contributions are always made up of 
the contributions from parts ba and bb, where part bb (as explained later) 
can be treated for several perturbed systems independently of the unper-
turbed problem. Arbitrarily, many regions described as media can be de-
fined to be perturbed regions. 

(c) Saying the parameters X, Y, 2, U, V, W, Random, IG, IREGB, IIGB, 
NAME, WATE, Age, which fix a specific point of a random walk of neutron 

NAME . if the neutron undergoes its next event in a perturbed region. 
These parameters are written sequentially on a disk unit (NPTAP 2) . 

This offers the possibility of performing the simulation, part, bb, for 
a perturbed system based on the source distribution of the unperturbed system. 
If no perturbation exists, part bb proceeds exactly as in the basic problem. 
In addition to the data above, results for the basic problem are also 
written on the same unit (NPTAP 2) in order to be able to determine the 
deviation in the perturbed system, as compared with the basic (unperturbed) 
system. 

(d) Calculation of the individual values desired. (da) Summation of the 
contributions to keff for the perturbed and unperturbed part. Both the 

collision and flux estimators are applied. (db) Determination of the zone-
dependent source for the batch. (dc) Determination of the elements Fj for nh« 
batch, usi*ig flux and collision estimators, ,(dd) Determination of the matrix 
elements mj^for batch i. In contrast to dc, there is a choice here of 
either completely suppressing the determination of the matrix element or 
carrying it out only by means of the flux or collision estimators. The use 
of both estimators is riot excluded, either. (de) Calculation of the dif-
ferential changes relative to the unperturbed problem, in the case where the 
perturbed problem is being calculated. (df ) Batch statistics on the qualities 
listed here. The statistical error in the eigenvalue of the matrix is 
calculated by means of the estimate 
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where£& ^are the calculated statistical errors of the individual 
matrix elements. 

The following input data must be prepared when the correlated method is 
used. They are read in by the subroutine STRÜN; thus the data must 
follow the geometry description 

Card К 1 

Card 

CÄrd 

NPTAP 

NPTAP 

NPMED 

ÏFLM 

ICM. .. 

NFMED 

1 

2 

(Б I 5) 

Input tape for the perturbed problem (OLD-TAPE) 
Output tape for the basic problem (NEW-TAPE 
Number of perturbed areas (media) 

O/l 
O / l 

К 2 

NGMED 

No matrix/matrix with flux estimator 
No matrix/matrix with collision estimator 

Number of zones AV^ (subdivision of the fission zone) 
I:: NFMED = 0, all media with Ф 0 are subdivided 
ai» such zones 

• ' j • ' V 

(14 I 5); 
zone assignments if NFMED ф 0. Here a zone number j 
must be assigned to each geometry medium siich that 

If v 2-е. - O. 1 é j NFMED! if v Z f 'tO 
then j must be set equal to 0. If no source pertur-
bation is expected, NFMED may be set equal to 1. 

К 3 (14 I 5) j 

NPMED P e r t u r b e d regions if NPMED F О. NPMED medium numbers are . *".» I expected. These media are thereby declared to be perturbed 
media. ' 

NOTE; For the unperturbed problem we must set NPTAPl = 0, NPTAP 2 « (free . 
UNIT, e.g., Tape 10). For the perturbed problem, set NPTAPl = (free UNIT, 
e.g. Tape 10) and NPTAP2 = 0. NPMED, IFLM, ICM, and NFMED must be identical 
for the perturbed and unperturbed systems. 
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The following data are put out: 

a) Edit of the control parameters, the zone assignments, and the perturbed 
regions, as well as the last addresses in the core.storage. If this 
address should lie outside the available storage space, the program is 
interrupted. 

b) The nwnber of neutrons that reached a perturbed region (UP .. ' v 0) 
and the contributions to keff are edited by batches. 

c) At the end of the RUN, the calculated к огд к values, depending on the 
type of run, as well as the source distribution with its associated statis-
tical errors, are edited. 

2. Test Example 

The calculation of the reactor from Chapt. IV was selected as the 
test example. The perturbation consisted of a reduction in the radius of 
the outer reflector from 29.5 to 25 cm. The ke f f values were estimated 
beginning with batch 3. 

The application of the matrix method and of correlated calculations 
required a series of program changes as well as the preppv-^tion of a new 
analysis package. The most important changes are shown in i'able 22. 
Tables 23 and 24 describe the new named common areas PERT 1 and NUTRNP. 

The present version of MORSE-K requires a double start of the program 
for correlated calculations. For the second start, the entire input must 
be read again, and this time the changes whose effects are to be calculated 
are included. (If the input data are stored by means of the RSYST program, 
the second input can be produced from the first by modification.) 

The program package can also be used for the calculation of eigen-
values by the matrix method. (alternative to Chapt. IV) . However, in this 
connection the altered convergence behavior and the increase in the storage 
requirements are to be noted. 
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Table 22: Subroutines for Correlated Monte Carlo 

Narr» Rinction 

BANKR Is much reduced in its function. The processing of the individual 

events is taken over by KEANAL» 
iw ès 

STRUN Reads additional input, Jyult tapes back, and calculates the 

starting addresses of the matrices in unnamed Common. 

STBTCÏÏ Transmits fission weights and average particle weights 

for each batch from -the unperturbed to -the psrturbed run. 

GETNT Fetches particle data from Common NBANK. Writes source data from 

the perturbed region onto intermediate storage and fetches particle 

data as source informtion for the perturbed run* 

KEANAL Calculates contributions to the flux, collision and ratrix 

estimators, writes particle data at entrance into "the perturbed 

region ontofc the intermediate storage NPTAP 2• 

MAT Carries out matrix integration and writes out results» 

NBA.TCH Performs statistical calculations at the end of the batch and 

transfers the data between the perturbed and unperturbed runs» 

NEUN Calculates mean values of the batch contributions. 
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Table 23$ The Parametb »f Common Pört 1 

Name Meaning 

NPTAP 1 

NPTAP 2 

NPMED 

IKEGB 

NPTETRM 

IZPERT 

LFLM 

LSWB 

LNFMED 

LFLMR 

LSIWR 

EKGOLO (2) 

BKFLXO (2) 

FAGSO (£) 

SWTR 

IFLM 

ICM 

IMA.T 

INDEX 

NMO 

NHffiD 

LFMED 

NFM 2 

Input tape 

Output tape 

Number of perturbed regions 

Starting medium of particle 

Splitting index for neutrons which passed through the perturbed region 

Number of particles which reached the perturbed region 

Starting address of the flux rat rix (collision matrix) 

Starting address of the source vector 

Starting address of the assignment vector 

Starting address of the batch mean values of the matrices 

Starting address of the batch mean values for the source 

Collision estimator contributions, perturbed and unperturbed 

Flux estimator contributions, perturbed and unperturbed 

Fission age> perturbed and unperturbed 

No meaning 

Matrix with flux estimator 

Matrix with collision estimator 

0 - no matrix method, 1 - estimation by use of matrix 

1 - unperturbed calculation, 2 - perturbed calculation 

Index for origin of the neutrons 

Number of fission zones 

Starting address of the assignmait vector of the NFMED 

NFMED NFMED 
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Table 24. Parameters of Common NUTRNP 

Name 

XP 

YP 

ZP 
UP 
VP 
WP 
RP 
IGP 
V7ATEP 
AGEP 

Meaning 

x 
У 
z 
U 

V 

w 

RANDOM 
IG 
WATE 
AGE 

For the • 
collision 
before 
entrance into 
the perturbed 
region •i 

3. Input v . • 

• Because of the trivia;! nature* of the change, the second inpùt requires 
only the'..changing of one card of the geometry description. (in order to take 
account of the thinner reflector). To.this are added the cards-K1 to КЗ 
for the perturbed and unperturbed runs.' They read as follows: 

a) Unperturbed •• 
•v.»» p»»-;. GEOMETRIE-
......... i*xsü 

U : 17 I I 

I . Y SO 

i 

-85-9« 49 , - S -

... i 



Ь) •Perturbed ""J"L°-

«ftttiHt .GEOMETRIE *инм>* 
' " - - 1 . YSU - - - « 6 2 5 . 0 0 '.«,1 »«««» -Kl КЗ 

— . . . 

17 
f.??:-'..* \ "• :"'rм--«:-.-.-..-.-.--..--.-..ч-. :v.. .. 

4. Rèsuits 

After 10 batches, ofKsew%n „s e d e . . .. i . 
t*rith Latch of the perturbed run was? estimation, the result in the 

•IN^ER - - - - .-uOuLl'SlOW ' ' " FLUX' COMBINED 

ä̂ sbr•• Дv ER д о • 1 2 E + 0 1 ^ ï l'i '6 3 9E+01 •" " """'•''"Vi 15 4 ÖE + 01 

FRACir;:STÄ*?4DÄRT:'OEV i ^ - ^ - V s & 9 2 Б + f t l 5 6 5 5 4 E + O l 5 2 6 4 0 E + 0 ï \ 

" • л.--.-.:. .̂ v-.-..::; 
« : ùf.I&S'l ON ' AG£'': TIME? ••' ••••••..;>.:-. * ~ . 

. AVERAGE ---s-VC-mtwS' «Ê42£>i)5 • 520 E-.06 • ; V •• 

. F'R^CT»VttAMDART;v.DEV, j t ^ . ^ S ^ O ô E ^ ^ -i;'«2798BEi.05 ;• • - \ - .-> .. :r . 
: РУГ ER. LLISIО ̂  L > ijf?- сГ F L U К : . СО H 31N E D ~ " ^ 

- ..-••"••' -.-=-••••••••-• -A'.-"---••••••-•••• - V •"-• •• —-••-=- „ „ 
* . . ' 

^s^-s-^îy^ècavERAGEs^ff^^^» l 11352E»0l T r r . ' l 1313E+01 
H.'.'... i. .X-ii. ^ r.тЛ̂ —'Д. ~ . . . . . . . . J ,4 ii-.Д : -r .. — ' 1- . ; Z..- Jl".. 

FR ̂  С T vS-TA^O A ft Jvf-D E.V »TiLT^F^ '184'37E+0ÎT^?.:" ""1""» 19513E o- Q1 " " * 184 О 8E + 01 "" -

ал: •••.ч..-,-,-.^.^^• ^ ^ - ' p x ^ s I orjv bGE^- L i FE'"T IH Eî " --- • ' 

FLÜXMATRIX' - -

OLJ: • KEFr = . ' FRA^T» STANDARD OEVV » : • . .6441Е-Ч-0A 
DIFFERENCE* = " FRAFT. STANDARD 0£V% 
CÙLLHATRIX • -• --- •• 

-KEFP » - > 1121E.+ P 1 SOURCE TOTAL . =.. "П;. .1016E+04- V 5 ITERATIONS 
i - . :— ; 

so JRCE N TSTF-Î Л'HUT s ON • 

^ ; U E - 0 ^ »223t7E*ÔQ- ~ : 

Г ^ v: 6 :: -.147ч1Е+0 0 " Л - ; лХ^ГГя. - : • -
NE* KEFF = : FRA^T* STANDARD D E i "" = su & & "г- + 1 " 

_.QLt): KEFF- . » ' л ^ ^ Ж * 1212E+01 FRArT>.. STAMOÄRO 'DEtf • « . бч^цг 1 
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IX. AUXILIARY PROGRAMS 

1. Geometry Pletting program PICTURE 

The program PICTURE consists of three subroutines (PICTURE, MESH, PRINT) 
and a geometry package. In addition to these, we can load a subroutine 
GEOCHG (D) with which small modifications-can be made to geometry inputs. 
PICTURE "draws, " by way of the printer , designated section^ of arbitrary 
geometric configurations. The plane of thé cut is overlaid with a mesh net. 
The subroutine LOOKZ determines material and region numbers for each mesh 
point. 

A printer symbol can be ass igned to each number. A description of thé. 
program is also given in referéncé 6. 

1.1 Input Description for the Program PICTURE 

Card P i . Format (15) 
. NUSE Option r h , Dril(j ,onl. symbols 

^ n 
Jxidter-i4i J- ~ 9 -S" 1 - 9 

.. . Material 10-35 ^ A - Z 
Matérial lOOO ' - u 
Material 36-44 'S?/ special signs 

> О NUSE/ symbols must be put in on card В 

: . I : • 
P 2 . Format (40 A2) . "r 

/ - Needed only if NUSE 7 О 
ATABLE (I) , 1 = 1, NUSE j^int-out symbols 

^ • ^ ^ î ' ;1. '•; 
Material 1000 - ATABLE (NUSE) , } otherwise 

Material > NUSE = ATABLE (NUSE-1) 

For NUSE > О , the print-scale is .doubled. 
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Card P 3 Format (15) 
ICHGEM - Geometry Index 

1 
2 
3 
4 
5 

General geometry 
Plane geometry . 
Spherical geometry 
Cylindrical geometry 
Combinatorial geometry 

iM^tuT The geometrŷ ther» follows according to card P 3. 

•P 4 Format (2 I 2, 18 A4) / 
/ 

ICNT c<j>ntrol index 
^ О 

« О 

> о 

IRG 

TITLE (18) 

Card P 5 
XO 
YO 
ZO 
XI 
Y1 
Zl 

Last picture with the present geometry. Create 
the next geometry from the present geometry with 
the subroutine GEOCHG (DUMMY). (Must be read 
in, e.g., rotation of segnemts.) 

More pictures of the same geometry, or last 
picture all together. 

Last picture with the present geometry. 
Next géometry by new geometry input. 

- - ' \ Material/Region Index ; 
.= О Material GeometijÇ will be represented. 
i=- О Region Geometrjy will be represented. 

Arbitrary designation of the picture. 

Format (б E 10,5) 

Coordinates of the left: upper picture corner 

Coordinates of the lower right picture corner 
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Card P б 

XU 
YU 
ZU 

Format (б E 10,5) 

Values proportional to the direction cosines of the 
left picture edge (starting from XO, YO, ZO) 

Values proportional to the direction cosines of the 
upper picture edge 

Card P 7 
NU 
NV 

DELU 
DELV 

Format (2 X 5, 2E Ю,5) 
Number of print lines 
Number of print spaces 
Distance corresponding to two print lines 

/ 

Distance corresponding to two print spaces 

Not all the information from cards P5 through P7 is needed for the pro 
duction of a picture. The following combinations make the most sense: 

1. XI, Yl, Z1 are designated. One of the values on card P7 must 
be given. If a pair is désignated(NV or NU or DELV + 
DELU), the picture will in general be distorted. If/ 
the number of print points is given, the latter is 
disregarded. 

/ 2» XI, Yl, ZI I , are not designated. In this case, NU and NV and 
either DELU and DELV mu§t be given. If "both DELU \ 
and DELV are given, the picture will in general be 
distorted. 

The further sequence of input cards is determined according to: 
INCT /0, the input required for changing the geometry called up 

by GEOCHG or following routine. Then jump to CARD P4. 

= 0, jump to CARD P4 wälan no more pictures are desired. 
>0, jump to САШ P3. . 
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1-2 m ^ Test Example for the Program PICTURE 

PICTURE t h \ h e a d ****** from Sect. IV vas printed. The PICTURE input for the picture shown looks like this: 

0 
GEOMETRY. INPUT 

0. 0 HEAD 
0.0 -11.0 26.5 0.0 .13.2 

«во ~ivo 0*0 ' 1 »0 
0.0 
0*0 

RESULTS 
11111111111111 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
111111444444444444444444111111 

1 1 1 1 4 4 4 4 4 4 4 4 4 4 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4 1 1 1 1 
1 1 1 1 * 4 4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 1 1 1 

. 1 1 * 4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 4 * 4 1 1 1 
1 1 4 ^ - 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 ' 4 4 4 4 1 1 1 

1 1 4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 4 4 1 1 
1 4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 5 5 5 5 5 5 5 3 3 3 3 3 3 3 3 3 3 3 3 4 4 4 1 1 

1 4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 5 5 5 5 5 5 5 5 5 5 3 3 3 3 3 3 3 3 3 3 3 3 4 4 4 1 1 
1 4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 5 5 5 5 5 5 5 5 5 5 5 3 3 3 3 3 3 3 3 3 3 3 3 4 4 4 1 1 

1 4 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 5 5 5 6 5 5 5 5 5 5 5 5 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 4 1 1 
1 1 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 5 5 5 5 5 5 5 5 5 5 5 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 4 1 1 

13 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 5 5 5 5 5 5 5 5 5 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 4 1 1 
1 î 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 5 5 5 5 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 4 1 1 

11' + 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 4 1 1 
1 1 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 4 1 1 
1 1 4 , 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 4 1 1 

1 1 - 1 ^ 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 4 1 1 1 1 1 1 1 1 1 l i m m i l l - m i 
Г 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 4 1 1 1 1 1 ill 1 1 1 1 1 1 1 1 X 1 1 1 1 1 1 1 

, x 1 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 4 I I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 X 1 1 1 1 1 
i l l 1 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 4 1 1 111 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

imi i i imri 
i i m m u m u 

Ï 1 1 1 Ï 1 1 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 4 4 1 1 1 1 1 1 1 1 1 1 1 1 U l l i 1 1 1 i l l 1 1 1 1 1 1 I I 
il U111444433333333333333333344441 mi mi inn im n i m m m m 
i l 1 1 1 1 1 l i i l l U i 1 ^ 4 4 4 4 3 3 3 3 3 4 4 4 4 4 4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 m i l 111 Ш U l l i I i 
i) iiiiiiiiiiiu^44443333344444i m u m m im im m i m m m i m 
u im u m in 14444433333444441 im u m m m u m m m 1 n i m m 
11111111111111444443333344444111111111 i m m u m 1111111111 il Uli 11111111̂ 444433333̂ -44441 u m in m u m m u m m m 

.. iuiiiiiiiiu^44443333344444nuimimimummmim 
m m m u 1444443333344444111 m m 1111 u m m m 111 m i 
m m m 11̂ 444433333̂ 4444111 m 11 u m i m î m 1111 m i u 
î u u u ux4444433333^4444iimu i i i m m u m m i m m : ,. 111111111X4444433333̂ 44̂ 41X111111111 mil 111111111 n 1111 
11111111144444333334444411111 Uli m m m m m m ïlll 

M П i H J , m П П, î 1 1. ! 1 ' i M 1 ' î l Ш » U ! U П . ц а ц x 4444433 3J 3444 44 т п ш ш ц а п ш ш т ш и 
- i * / u u x ^ 4 4 4 4 3 3 3 3 3 4 4 4 4 4 i i m i m i m m i m i m m u u -

: m u x 4 4 4 4 4 3 3 3 3 3 4 4 4 4 4 m u m i i m u m m m m u 
: - m i u 4 4 4 4 4 3 3 3 3 3 4 4 4 4 4 m m m m i n m m m i 

1 1 1 1 1 4 4 4 4 4 3 3 3 3 3 4 4 4 4 4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
; V 1 1 1 1 1 4 4 4 4 4 3 3 3 3 3 4 4 4 4 4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i , . - :'•• 

1 1 1 1 1 4 4 4 4 4 3 3 3 3 3 4 4 4 4 4 1 1 1 1 1 1 1 . 1 1 1 1 1 1 1 1 1 1 1 1 

ï 1 11 1 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 4 4 1 l l l U i m U l i 
i i 1 1 1 1 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 4 4 1 1 1 1 1 1 1 m m 11 
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2. Programs for the Production and Procégairig öf Data 

Program packages such as MORSE-K should never be used by themselves. 
Their advantages show up only when they are-used in a demanding program 
environment. Such environments are today delivered almost exclusively by 
program systems. The réactor-program system RSYST [3] is such a system,. 
The environment delivered by this program system is indicated in Fig. 4 
(tfhe state of development of RSYST as of beginning of 1971). The further 
integration of MORSE-K into RSYST will play a large part in determining 
Version II of this package. 

The following numbers refer to entries on Fig. 4 : 

2. ENDRES Pointwise cross sections up to £000 groups [ 

3. SUPERTOG Fast group constants up to 100 groups 

Ц. FLANGE-2 thermal group c. nstants up to 123 groups 
ENDRES Library 

6о GGC-U Library 99 groups 
7. Р0Р0Р - h Gamma production 
8. GAMLEGX Gamma group constante 
9m RESAB (?) Resonance calculation, collision thorŜ L (?) 
10. SUSN Fast group constants according to RSYST 
11. FLABI Thermal group constants from RSYST 
12 о NGAMMA Neutron group constants 
13. RES PU Kordheim Resonance calculation 
1U. Results from RSYST 
15. . ENDR - SGT NR-appr oxiira t ion 
16. ENDR-RSY Pointwise cross sections according to RSYST (?) 
17. WQS Group constant nucleus at rest 
18. S PEC TRUMS Nordheim and Bn-theory I 
19. SPECTRUM Thermal Bn-theory 
20. WQGAS Group Constants, Gas model 



Fig. 4 RSYST- Modules, and Programs for Reactor Physics Calculations 
Да ta transfer within RSYST 

_ Access to Data Basis RSYST - Standard. modules 

Only by way of sequen-
t i a l form of Data . Basis , 
Special "file structure 

-Data transfer outside RSYST ~-r. 
takes place by way of^special 

i l l e structures 
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MIXBI Macroscopic group constants г 

WQM0D Modification of group constants 1 ! 
WANBEL Transforming of group constants 

WQPACK Packing of group constants ( 

КОWSIST Groupp constants, consistent 

KONTEST Consistency t e s t for group cross; constants 
i ' . ! 

MITTEL Condensation of group constants 

MITH0M Condensation and homogenization of group constants, 

АВБШШ Bumup calculation 

ABRBIB Management of burnup l ibrary j 

ABRI-USCH Combination of burnup l ibraries 

PSSUBO Calculation of pseudo-elements 

TAPEMK Group constant auxiliary tape 

IS0ST0 1-dimension co l l i s ion method 

DTF-U 1-diraension S n 
ANISN 1-dimension S n 
TFDOT ELuxes from RSYST 

AKT BIB Act iv i t ies from RSYST' 

DIFF-1D l-dimsnsion diffusion 

DIFF-2D 2-dimensioTi diffusion 

DOT • 2-dinsnsion S ! 
I 3 DB 3-dimension diffusion 

MDRSE-K 3-dimension Monte Carlo 

Production of group constants 
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APPENDIX 
This appendix was taken from reference 7. The permitted types of 

geometric solids and the common areas are described. 

1. Body Types 

Combinatorial geometry (CG) describes general three dimen-4 • • 
sional material configurations by considering unions, differences 
intersections of simple bodies such as spheres, boxes, cylinders, etc. 
In effect, the geometric description subdivides the problem space-into 

* - -
unique zones. Each zone is the result of combining one or more of 
the following geometric bodies. • 

• • " . • 

.. 1. /Rectangular Parallelepiped (RPP) 
2 . Box (An RPP randomly oriented in space) 

• • * 

3. Sphere ' 
4. Right Circular Cylinder - • • 
5. Right Elliptic Cylinder - • * * 
6. Truncated Right Angle Cone . / j . 

. . \ • 7. ' Ellipsoid ! • 
8. Right Angle Wedge " 

.V- •'• 9. Arbitrary Convex Polyhedron of 4, 5, or 6 sides. -
• " • --

Body types 2-9 may be arbitrarily oriented with respect to 
the x, y, z coordinate axes used to determine the space. Body 1, a 
special body described below, must have sides which are parallel to 
the coordinate axes. • _ 

The basic technique for the description of the geometry con-
sists of defining the location and shape of the various zones in terms of 

To avoid confusion between importance regions and combinatorial 
geometry regions, we depart from previous combinatorial geo-
metry descriptions and use the term zone to indicate а с о rnb material 
geometry region which is designated by the variable IR. The term 
region is reserved for an importance region. Thus the zone index 
is IR. . . . 
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the intersections and unions of the geometric bodies. A special oper-

ator notation involving the symbols (+), (-), and (0R) is used to describe 

the intersections and unions. These symbols are used by the program 

to construct information relating material descriptions to the body de-

finitions. 

If a body appears in a zone description with a (+) operator, it 

means that the zone being described is wholly contained in the body. If 

a body appears in a zone description with a (-) operator, it means that 

the zone being described is wholly outside the body. If the body appears 

with an (0R) operator, it means that the zone being described includes 

all points in the body. In some instances, a zone may be described in • 

terms of subzones lumped together by (0R) statements. When (0R) 

operators are used there are always two or more of them, and they re -

fer to all body numbers following them, either (+) or (-). 
* 

Techniques for describing a particular geometry are best i l -
lustrated by examples. Consider an object composed of a sphere and a 
cylinder as shown in Fig. 1. To describe the object, one takes a.spher- . 
ical body (2) penetrated by a cylindrical body (3) (see Fig. 1). If the 
materials in the sphere and cylinder are the same, then they can be • « 
considered as one zone, say zone I (Fig. 1c). The' dèscription of zone Г 

. .would be . . . - , " 

' ' I « 0R + 2 0R + 3 ' . ' . 

•This means that a point is in zone I if it is either inside body 2 or inside 
• body 3. • ' 

If different materials are used in the sphere and cylinder, 
then the sphere with a cylindrical hole in it would be. given a different 
zone number (say J) from that of the cylinder (K). 

The description of zone J would be (Fig. Id): 

J = t 2 - 3 
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(a) 

Fig. 1. Examples of combinatorial geometry method. 



o~ 
which are not inside body 3. """ 

The description of zone К is simply (Fig. le): 

К = + 3 

That is, all points in zone К lie inside body 3. 

Combinations of more than two bodies and similar zone de-
* 

scriptions could contain a long string of (+), (-), and (0R) operators. 
It is important however to remember that every spatial point in the 
geometry must be located in one and only one zone. 

As a more complicated example of the use of the (0R) operator, 
consider the system shown in Fig. 2 consisting of the shaded zone A and 
the unshaded zone B. These zones can be described by the two B0X?s, 
bodies 1 and 3, and the RCC, body 2. The zone description would be 

: A = + 1 + 2 
and -

В = 0R + 3 - 1 0R + 3 - 2 

Notice that the 0R operator refers to all following body numbers until 
the next 0R operator is reached. 

3 

Fig. 2. Use of 0R operators. 

The geometry must be specified by establishing two tables.-
The first table describes the typo and location of the set of bodies used 
in the geometrical description. The second table identifies the physical 
zones in terms of these bodies. The input, routine processes these. 



tables to put the data in the form required for ray tracing. Because the 
ray tracing routines cannot track across the outermost body, all of the 
zones must be within a surrounding external void so that all escaping 
particles are absorbed. Also no point may be in more than one zone. 

The information required to specify each type of body is as 
follows: • . 

a. Rectangular Parallelepiped (RPP) . . 

• • Specify the minimum and maximum values 
of the x, y, and z coordinates which bound 
the parallelepiped. 

z 

•'••• b) Sphere (SPH) • ' ' ' ^ 
" - £ 

r ... • • 
. • Specify the vertex V at the center and the scalar, 

R , denoting the radius. 

Fig. 4. Sphere (SPH). 



с) Right Circular Cylinder (RCC) . 

Specify the vertex V at the center of one base, 
a height vector, H, expressed in terms of its . 
x, y, and z components, and a scalar, R, 
denoting the radius. . 

V(vx,vy,vs) 

KxHyHz 

Fig. 5. Right Circular Cylinder (RCC). 

d) Right Elliptical Cylinder (RFC) 

Specify coordinates of the center of the base 
ellipse, a height vector, and two vectors in 
the plane of the base defining the major and 
minor axes. Presently this body is not 

, implemented. ^ 

i t-: 
Co to I 

Fig. 6. Rirht Elliptical Cylinder (REC). 



Truncated Right Angle Cone (TKC) 

Specify a vertex V at the center of the 
lower base, the height-vector, H, expressed 
in terms of its x, y, z components, and two 
scalars, Щ and R2 , denoting the radii of the 
lower and upper bases. 

Ellipsoid (ELL) . . 

Specify two vertices, V^and V^ , denoting 
the coordinates of the foci and a scalar, R, 
denoting the length of;$he ; major axis. 

Fig. 7.- Truncated Right Angle Cone (TRC). 

* • 

n 

\ H OJ u> I 

Fig. 3. Ellipsoid (ELL). 



g) Wodge (WED) ' . - / 

Specify the vertex Vat one of.the corners 
by giving its (x, y, z) coordinates. Specify 
a set of three mutually perpendicular 
'vectors, aT- , with a-j and a2 describing the 
two legs of the right triangle of the wedge. 
That is, the x, y, and z components of the 
height, width, and length vectors are 

*• « 

given. . . . . : . , 

h) . Box (В0Х) 

Specify the vertex V at one of the corners by. 
giving itc (x, y, z) coordinates. Specify a set 

• of three mutually perpendicular vectors, â  
representing the height, width, and length of 
the box, respectively. Th^ is, the x, y, 

• 

and z components of the height, width, and • * • 
length vectors are given. 

: Hg. 9. Right Angle Wedge (WED). 

M 00 
1 

Fig. 10. Box (В0Х). 

г nu*1"» ""|||П> MTHl'lHÉfn m 
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Arbitrary Polyhedron (AHB) 

Assign an index (1 to 8) to each vertex. For 
each vertex, give'the x, y, z coordinates. 
Each of the six faces arö then described by a 
four-digit number giving the indices of the 
four vertex points in that face. For each face 
these indices must be entered in either clock-
wise or counterclockwise order. 
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Common Layouts 

1 Layout of combinatorial geometry data in blank common. 

Starting 
Location Information Size 

NGE0M=NADD 
KMA 

KFPD 

KLCR 

KNBD 

Length of geometry array 

MA 
Integer array 

FPD 
Floating point array 

L0CREG I 
Indices to correlate MA array } 
data with cods zone data ' Î 

KT0R 

KRIZ 

KRCZ 

KMIZ. • • • 

KMCZ 

KKRX 

KKR2 

KNSR 

KV0L 

NGLAST 

LTMA 

LFPD 

NUMR 

NUMB0D 
Number of bodies for each 
code zone ' NUMR 

1H0R 
Indices to correlate input zone 
to codc zone NUMR 

MRIZ 
Indices to correlate M0RSE 
region to input zone IRTRV 

MRCZ 
Indices to correlate M0RSE 
region to code zone . , NUMR 1 

• » 
» 

NMIZ ' -
Indices to correlate M0RS5 
media to input zone 

i 
I' . '! 
f IRTRV j 
' • . 1 NMCZ 

Indices to correlate M0RSE ' 
media to code zone 

« 

i 
! NUMR 

KR1 
Indices to correlate first code 
zone to input zones 

! . 
.IRTRV 

KR2 
Indices to correlate last code 
zone to input zone IRTRV 

NS0R 
Indices of code zones in which 
source particles have been fouzîd NUMR 

VN0R 
Volume of each M0RSE regxoc KIR 



• Tab. 2. •• Detailed layout of the MA array in blank common. 

Position in 
Blank Common 

• 

Information Stored • Size •, Description i • 
К MA Body number 1 _ 

• 

К MA + 1 L00P for body number Ï 

KMA + 2 Body type (ITYPJ2) 
• • 

• 

! KMA+ 3 

KMA + 4 

LRI 

LR0 

• 7 Body number 1 data (each body 
. requires 7 words of information). 

• 

KMA + 5 
i 

« 
• 

• 

KMA + 6 
rr 

' 1 

Beginning location in . 
FPD of body; data 

• • i i 

\ • « 

• i 
t ' • 

KMA + 7 • Body number 2 7 Same information and order as 
for body number 1. 

KMA + 14 • » 

i 
• - • 

-

KMA (L-l)*7 Body number (L) 7 Body number L is the last body. 

KMA + L*7 

: 

• 

Zone niimber 1 • 1 • Beginning of code zone 
information. 

• 



Position in 
• Blank Common 

Tab. 2 (cont'd) 

К MA + LDATA 

Information Stored 

Number of iiest body 
in this zone 

Location of integer data 
for this body 

First zone to search upon 
exiting this body 

Location of next zone to 
be searched • 

Data on second body in 
this zone 

Size Description 

Data on last body in the zoriej 

Zone number 2 

Body information 
л . , ..i 

Zone data of last zone 

Code search information 
KMA + LTMA-1 

4 

4 

1 

Beginning of information about 
bodies defining code zone 1. 
Integer data location is given by: 
7*(Body number)- - 6. 

î 
. The last two words in each set of 
• body data initiate the "leap frog" 
• process by which the code stores 

. possible zones which can be 
entered upon exiting this body in 

•, that particular zone. These zones 
'. ^are checked by the code when the 

next zone entered is being deter-
• 'miiied. If the next zone is not 

located from this stored data, all 
zones are searched. 

I 

Same information as above except 
for code zone number 2. 

Code zone information about the 
last zone.input on cards. 

i 

2*NÀ2,T Storage set aside for determining 
the. zone to be searched and where 
the next zone number is located. 

i H1 Ы 
CO J 



Detailed layout of the FPD array in blank common. 

Position in 
Blank Common Information Stored Size 

j 
Description 

К FPD 
• 

К FPD + 1 ' ' 

RIN for body 1 

R0UT for body 1 

1 

1 
Path length dat£ for last 
trajectory in body 1. 

• XFPD + 2 First 6 words of real 
data for body 1 

6 • Read from first card of 
body 1 card set. 

KFPD +8 Remaining words of 
real data for body 1 

N i depends on body type. 
. See Table В IV. 

KFPD+ 8 + Nx RIN for body 2 1 

• • . R0UT for body 2 • 1 Same information as above, 
but for body 2. 

• 1 1 

Remaining data for body 
2 (N^ words) 

N 2 

• 

•. 

j» !>• 
Repeat for NUMB bodies. : 

% 

NOTE: 
• * • 

8 words are set aside at the end of the FPD array, 
but are not used. 
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Definitions of Variables in Common G0ML0C 

Definition 

K M A 

KFPD 

.KLCR 

KNBD 

ICI0R 

KRIZ 

KRCZ 

. KMIZ 

KMCZ. 

KKR1 

KKR2 

KNSR 

U 

Starting location for the array MA containing integer 
data for each code zone. 

• 

Starting location for the array FPD containing real data 
for each code zone. 

Starting location for the array L0CREG(I) which contains 
the starting location in the MA array for the I^1 code • j 
zone data. . . 

Starting iocation for the array NUMB0D(I) which con-
tains the number of bodies for the Ifclx code zone. 

Starting location for the array IR0R(ï) which contains 
the index of the corresponding input zone for the Î h 
code zone. 

. Starting location for the array MIRZ(ï) which contains 
the index of the M0RSE region corresponding to the I^1 

geometry input zone. 

Starting location for the array MRCZ(I) which contains 
the index of the M0RSE region corresponding to the ï^h 
geometry code zone. 

Starting location for the array MMIZ(I) which contains 
the index of the M0RSE media corresponding to the 1t h 

geometry input zone. . 

Starting location for the array MMCZ(I) which contains 
the index of the M0R3E media corresponding to the 
code zone. . ; 

Starting location for the array KR1(L) coritb-ins the first 
code zone which was made from the input zone. 

Starting location for the array KR2(L) contains the last 
code zone which was made from the Lth input zone. 

Starting location for array NS0R which contains the code 
zones in which source partie les have-been found. 
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Tab. 4 (Cont'd) 

Variable 
. . . . . — 

Definition 

KV0L 
• 
Starting location for the array VN0R(I) which contains 
the volume for M0RSE region (I). • 

. NA DD . Starting location for the geometry data length and 
changed in J0M1N to the total number of words re-
quired for geometry data. 

' LDATA • 
• 

Length of the integer data in the MA array excluding 
the words set aside for zone search information. 

LT MA Total length of the MA array. _ * . ... 
LFPD Length of the FPD arrây 
NÜMR Number of code produced zones. 
IRTRU Number of input zones. 
NUMB Number of bodies. 
NIR Number of M0RSE geometry regions. 

• 

Tab. ; 5 

• 

* • ; ' • . ,.* 4 

. * ' * ' 
Definitions of Variables in Common 0RGI • . ' •. ' 

Variable j 
\ 

i .. 
Definition 

. MARK Set 1 in Gl if trajectory end point is reached before 
next intersection. Otherwise set to 0. -

DISTO Distance from point XB(3) to next scattering point. 
Used in Gl to avoid calculating the next zone if a-
scattering event occurs before the intersection. 

NMEDG Zone number IR from a L00KZ call. Stored in BLZNT 
by MS0ÜR. 

Isole: Variable names are not the sa nie in all routines. 
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Tab. . 6 Definitions of Variables in Common PARE M ' 
as found in Combinatorial Geometry 

• Variable Definition 

" XB(3) Coordinates of the starting point of the present path. 
V/B (3) Direction cosines of particle trajectory. Equal to U, . 

V, andW. . 
XR • .. Combinatorial zone of present particle position. 
WP(3j Temporary storage of \VB(3). ' 
XP(3) . Temporary storage of XB(3). • • . * • 
IDBG Set non-zero to initialize ä debug printout. 
IRPRIM Next region to be entered after a call of Gl.- . 
NASC Body number of last calculated intersection. Set negative 

to indicate source or collision point not on a body sur-
lace. • 

LSURF Surface of body NASC where intersection occurred. 
Positive if particle is entering the body and negative, 
when exiting. 

NB0 

» 

Body number and a sign used to define zones. Input in 
zone description as positive when zone is contained in 
body and as negative if zone is outside body. • • 

' : LRI Entry surface calculated in GG. ' 
... LR0 Exit surface calculated in GG. . . . . . . . 

RIN Distance to entry calculated in GG. • 
R0UT Distance to exit calculated in GG. •. ' 

• . . . 

KL0ÖP 
• 

Trajectory index of present path incremented in Gl: 
. L00P Index of last trajectory calculated for body NB0 . I f 

L00P is equal to KL00P, GG returns immediately with 
. old values of RIN, R0UT, LRI, and LR0. 

ITYPE Body type of body NB0 (indicates В0Х, SPH, etc.). 

PINF Machine infinity. • • • . * • 
N0A Not used. ' • * J : 
DÏST Distance from XB(3) to present point. 


