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MORSE-K is anmnltlgrouo Monte Carlo p*ogram It can be .
“used for core-; shleldlng and perturbation calculations -}
botn for neutrons and ganma rays. MORSE~-K was developed
at the Institut fhr Kernenergetik ln Stuttgart, Cermany'
from the ORNL program MORSE. This report descriles MORSZ-K
and preséntsfexamples for its various applications.
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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 MORSE-K fulfills the above requirements.
Morse combines with these capabilities those of modern Monte Carlo pro-

. grams [1]. Hence it is possible, in addition to-making survey calcula-
tions, to perform Monte Carle calculations in whatever detail is desir-
able with MORSE-K.

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, serxved 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 Caxrlo user no
longer must carry the burdentof 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, aﬂd 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 pexrformed for arbitrary
three-dimensional geometry by use of flux and collision estimators. 1In
addition, there are special geometry packages (plane, cylinder, sphere,
and combinations) and vaxidus.evaluation programs (area and point detec-
tors for shielding, volume detector for flux inﬁegrals and cross-section
.xeduction, correlation package for small effects, plotting program for
the geometry test). The basic program requires 18,500 core storage
locations. Beyond this s  .... . 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 Pg are provided for. There is




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 erample for each of the analy51s packages are intended
to round out the discussions,

IT. PROGRAM SYSTEM

The MORSE-K program consists of sub-routine degks for the follow1ng
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 1l gives the named common areas. Table 2 describes the
structure of the neutron storage, and Table 3 that of blank common.

l. 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. III 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,
upwaxd scattering is permitted and the connection with RSYST libraries is
permitted. As standard qptlons, there are the capabilities of using
. different orders of scattering for different materlals, of using trans-
port corrections, and of assigning blocks of cross—sections at will to
materials. However, the capablllty 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 paraméters 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 Adresses und Parame~ 100 u MORSEK, BADMOM,
ters - . .. 1 INPUT, SORIN,.MORSE
L R BANKR, FBANK, FPROB
. FSOUR, GETETA,
GOMST, GPROB,
. GSTOR, MSOUR, NXTCC
‘ J TESTWT, OUTPUT2,
8 OUTPUT3, GETNT,
v STORN'?, .SETNT, HELE
" OUTPT ‘
BANK. Information for .’ . 54 u MORSEK, INPUT
e “ecollision tape:—---- { S
Designation of 72 u MORSEK, INPUT
Parameters - of . COlll- v S S
sion tape. D !
Index For geometry 1l n MORSEXK, INPUT,
package o o DIREC, LOOKZ, GEOM,
R NORML, GOMFLP,
JOMIN i
| Auxiliary storage | 27 'n | DATIN, FIND,
R .;l:])&r'. g T e T L e ,_j_,:_-",‘*"-*,”‘_"-.:' g . LEGEND, INPUT .
/5 | Adresses. and Datw 6 ' g-. | MORSEK, INPUT,
cT e - ' FSOUR, MSOUR, .
OUTPUT3, SETNT,
ouTPT .- '
A
RegiGQindex 2 MORSEK, GEOM, J0OMS
L e "LOOKZ, GOMFLP,
i o 0 JOMIN :
Transfer geometry. - 33 u _EUCLID, GOMST,
package random path- GEOM, JOM 5, LOOKZ.
g L NORMIL,, GOMFLP,
JOM 14, JOM 15
Hollerith Datd-:i~ = | - 28 |-~ u MSOUR, NORML, . -
PR e R iy . GOMFLP, GEM, JOMIN,
I i JoM 11, JoM 16,
£ Sk JoM- 17, JOM-12 .
Entry for goM 13 -1 u MORSEK, JOM 13, - -
o T = JOMIN e
R T e T LTI REE T
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Table 1.

Contd.

“
I Name Content ‘Length |Status* Occurrence
GEOM1. NCUESV 1 u MORSEK, GEOM, .
- NORML, GOMFLP
-| GEOM4 Present coordinates 11 u GEOM, JOM4, JOM5,
.at block-change JM10, NORML,
GOMFLP
GEOM7 Present coordinates: 8 u JoMs, JOM7 -
at section of :
. surface /s
GEOM9 5 u GEOM, JOM4, JOMS,
Block addresses : JOMé, JOM2, JMlO,
| LOOKZ, JOM14, JOM15
GeEoM39 | Coordinates for 4 u JOM9, LOOKZ, GEM,
' determining block JOM13
GEOMS6 Block key 4 u JOM5, JOM6
GEOM77 _ Direction magnitudes 4 a JOM5, JOM6, JOM7,
- : LOOKZ, NORML,
] GOMFLP, JOM14,
Tt JOM1s5,
INOUT : 2 u MORSEK, XSEC
. l “Numbers of the I/b ~ T romFLP' JOM1§,'
units - . JOMIN, JOFlG, JOM17,
R R JOM12 -
JOMIN1 : Maximum path im 1 u MORSEK, GEOM, JOMIZ i
geometry ' ' :
JOMIN2 Zone namber . 19 u |- MCRSEK, JM10, LOOKZ |
and boundaries JOMIN . |
JOMIN3 Block numbers, sector| 54 u_ | MORSEK, JOM4, JOMS3,:
information ' JOM6, JOM9, JM10,
Looxz, GOMFLP,
JoM14 -
JOMINS Adresses of 10 u MORSEK, JOoM7,
the surfaces XJOM8, NORML, JOM12
~ — 1
KEANAL See Table 22 22 n BANKR, NBATCH, {
| . | NRUN, STBTCH, STRUX |
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Table 1 Contd.

o B deAialTe ¢ e

:"’Name .Content ~ / Length ; { Status® j Occurrence
.KRES . Parameter(s) for‘ k fd 5 n - OUTPT3, OUTPT
' from total run [ - |
“| LasrIo Last quantlty of the‘ 1 . 'n ENDINP, SETNT
input! area-{r ‘ '
LOCSIG . hddresseqwgggmgara- .65 g MORSEK, INPUT,

. for cross-’- o ANGLES, FIND, GETMUfS
met:::ns e | . JNPUT, XSEC, READSG,
sectio™” ifff'z | . STORE, LIBTP, GAMGEN
e e e ' : COLXISN, NSIGTA

MEANS 1/2/3&cnmm1;<MEANs 18 | . g DATIN, BADMOM,
J— . - ANGLES, Q
MOM) /2 formarly. MOMENT . 21 g DATIN, BADMOM, .
e | T GETMUS, LEGEND,
| | INPUT, XSEC
NBANK . ., Beginningof neutron I | - n DATIN, FIND, GETMUS
s storage L» "*'r . - "JNPUT, FPROB, FSOUR
e et 4 - emvom R ) . GETNT' STORNT’ '
SETNT
NCR - - °" | Characteristics | 31 u JOMS5, JOM6, GEM
NOMIX . | Parameter NOMI 1 -n - | JNPUT, XSEC, READSG
{ ¥ORMAL .- Normal vector: [ | " 3. . uw | ALBEDO, NORML,
e Niomata G LN o GOMFLP '
NUTRNP | See Table .24. L 11| a. | GEINT
o ; Connect:lon for corI , B
" |related calculatidms ,'
NUTRON parameters_of.the:\f:) 26 | - u | MORSEK, INPUT, |
- . .~ | MORSE, BANXR, FRANK
' current neutron f i B a FPROB, FSOUR, *
N e T | - | GETETA. GOMST,
L o GPROB, GSTOR, MSOUR
= o g NXTCOL, TESTWT,
‘ . o . . T ALBEDO, DIREC, OUTPTS
’ L o fo ; . GETNT, STORNT, GETWT
. oo : . i - : : . ; OUTPT
t - i
. -+ P for ine detectors } ! - ' o - S
, a o

\ .
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Table 1. Contd.
Name Content /' -jlengtn | gtatus® Occurrence ./
PERT 1 o \ \ 26 'MORSEK, GETNT,MSOUR,
b 2 o Y .
5 See Table 23 \ OUTPT, OUTPT 3
QaLl/2/3 | Early QAL 40 g DATIN, GETMUS
RES1/2,/3 | Early: RESULT 48 g DATIN, BADMOM, ,
. : ANGLES, FIND, -JNPUT
RNDOM Parameter(s) of the | 2 n MORSEK, INPUT,
random number generator \ MORSE, OUTPUT
TITL Intermediate storage: 20 n INPUT, BIBWQ, XSEC
for texts
USER Addresses and pard- 23 u MORSEK, ENRGYS,
meters for analys1s\ INPUT .
WEIGHT  |Addresses and para- 6 n TESTWT, GETWT
_ | meters for calcu}a? :
jtion of weights‘.
XGEM Addtrissbels for -as-stlgr,"“ 3 n MORSEK, INPUT, JNPUT
men : ables ggg@g ry XSEC, GAMGEN, COLISN
media-WQ-media | = . OUTPUT3, NSIGTA,
RN OUTPUT :
g ; unchanged !
'g  changed relative to MORSE %
-n P

new ' ;
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Table 2: Neutron Bank (Particle Bank) . y |
; - : , . oy, \ g
' Beginning Address Confeﬁts Meaning
NBANK (1) ICOMB
- U
v
W °
X ‘ For each parameter NMOST
'places for a.maxlmum of
4 'NMOST noutrons
. |
WATE _ ‘ ’
, ; - AGE | -
P - IBLZNT
NBANK(NFD“I') rd
. - X -
] | Y  Parameter(s) for
: | : first fission
WATEF -
AGE .-
" I ¥ IG+8000-NAMEX |
g L " Parameters for
: nd .
g _ 2 neutrons. o
" LY ) S ‘ S ._.-
. Parameters for at most NMOST! f15510n
: neutrons F . :
\ 3
. WATEF
AGE
: IG+8000+ NAMEX . |
o . T FR O ;‘
| IBLZNT = ISIGN({((( NBOUND-G4+NZBL) -64+NYBL) .64+NXBL) - 128+Nz) , NSCN) i"
§ : . - - ' s . . . . .
... ICOMB = nrec+2°nMED+21ONaMEX+22oNAME+24 216 Sk
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Table 3: Data Areas in Unnamed Common

Beginning addresses | Contents | Length '\

Energies

e

‘Velocities

‘— \ * 4 4NMTG -
Source spectrum -\‘

: S w
MXSTR elghted source

.| spectrum ", .
» : o

| Cross sections

Average welght | MEDE .
- LOCWTS . { in, batch . ].. MG?RFG Y

: " S A PATH . Lo ' MGPREG

Counter for dpllt-

3 e rr—

ting, Kllllng und 3- MGPREG
“and surv1va1{ L

. Average welght aq}' i} MGPREG = - l
LOCFWL .| the bedlnvlngl _ -

Fission weights ln\‘:
batch = N

2. MXREG

N -7 s, . [Fissiom welghts at\
. L "Amﬁ'ﬁlf ~<_ti3"the beglnnlng}
: SR " |Weights of _the:. sec

e = NMGT .MXREG
LOCEPR -~ ' - - .londary partlcles {” S :

Parameters for|

s et e by o m o S . ) . . ’ - li
PR weighting of the{ i NMGT .MXREG | y
" 'LOCNSC .~ ' . " lenergy transfer }- .

11 o
Counter for co w}fJ NMTG
sions in groups - ||

oy
R

Counter for-ecol1it:

- sions in groups and NMTG.NGMED - | = i
LOCFSN - : geometry-medla g B _ S B
’ L. -—-—-—-—-—’ ) - . Drheln “ . .- ; _'— - . i - i

Fission probabilities}' NMTG . MEDIA

' -

i
i

.

. . o
. . ! W
» aaGEh ofih NP Bl T W ofn WP WP B @ V0 > e ',ou, . - . l ) "\~‘v.
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Table 3. Contd.

Beginning addresses -

Contents

Length

PR

NGEOM . .
* NGLAST+1

LMAX+l -

Fission spectra

ﬁfobability.er\,“
secondary particle

R

e T -
Geometry data ./
t
Analysis data
User data
rd
- ' I / i
-
2 I

NMTG.MFISTP

4

MMTG NGMED |/

NLEFT

..
, - , e
X
L B H . .
r
X e
> ' W]




READSGL

Controls the reading of the cross sections

Table 4: The Subroutines for Input to MORSE-K | ;
Name Status Function )
ANGLES u . Determination of dlscrete scatterlng angles‘end L .fﬁ
scatterlng probabilities by Gau331an quadrature i 3 |
BADMOM g Pr:.nt-out fc;;--—mw - t;;d moments g '" i
BIBWQ n Reads -RSYST data from tape or cards 7
DATIN n Reserves the first place of the neutron storage
: i and ‘places of the auxiliary common. First subroutlne’fi
ENDINP n - Reserves the last place of the neutron‘sterage”A“wh- ,!
last subrovtine of the input section
ENERGYS u Determines boundaries and w1dth of the ) -
groups for analySLS f'
{FIND u Finds the roots of the angle-polynomials -
GETMUS u Caleulates-moments of the angle g}ynomlals
INPUT g Controls the. 1nput sequence o o 7
INSCOR u No function at present: ' 7 T T
INPUT g - Controle the cross—sect:x.on proceeeiﬁg . “““{
JOMIN g ‘{bontrol program for the geometry 1.-"nput~ o
JOMGEN n’ Reads the input of the general GEOM
JOM11 a- -ﬂfalculates 1den?{ffeatlon numbers fer sectore}—mv??
' om12 . a . Reads coefficients of-the area eéuatlens F
TTOMLE - Q Reads boundaries for zones and blocks
JOM17 a Reads media-and Surface assignments
LEGEND u . Prepares Legendre coefficients for the ﬂ)
- moment calculatioﬁs
LIB?P n Prepares RSYST-data for MORSE-K
Q u Calculatee_polynomiels

e ——————_— -
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Table 4. Contd. | oo

Name

Status

Function

SCORIN

|SORIN

STORE

.
t T L e AR . o [y

- [P EPIVEN

' Reads the input for the standard amalysis
Reads source spectra and weights

.  Stores cross-sections in intermediate storage

XSEC g9 - Prepares processing and storage of '
| o the group data.



N Table 5. Relation between Subroutines for Input "
i -
DATIN .
MORSE=K ¢+—INPUT e— sonm i ’
L JOMIN et JoM 16 -
\ J?M 11— JOM 17
- JOM 12 S
~ XSEC — JNPUT —_— REAPSG — LIBTP — BIBWQ
R ' STORE - '
R 1) l
SETNT LEGEND
. ANGLES — GETMUS
] T o : }
” SR FIND
Jr . . ' ' ' l
SCORIN —— INS'COR | Q
S .
1 \'E;_NERGYS - . ‘BADMON
i ENDINP
1. JEEE Y —— '
; + 1) See Section 2
{ .1

-'['[ -



Table 6: scheme of Input Sequence

Subroutine - First

( - Last Card contents }
. Card |y o
INPUT I1 ' . I5 Probiem desd?iption ’
SORIN . 16 17 Source spectra and weighting
IﬁPUT' | ' 78 . T10 Energy boundaries, collisionf
: " tape random numbers |
XSEC S x1' : x7 - Cross section deséription.;"”m
Dependent thereon | N [ T T
ﬁEADsé - .X8 'x8 Ctoss sections from cards . j
A ' ‘ . . . . - .o C . e
LIBTP . X8~A X8=A Iégptifiers of; bkocks to be read
|BIBWO _ X8-B X8-B RSYST-cross secticns from |
ey o _ .  tape or cards o
S : : !
SNPUT X9 X9 Mn.xture :.nformatlon N
INPUT 11} . 119 Parameters for weighting and,.
! ' ' : SRR Tt productlon of fission and | _, [
| . secondary particles - m\
S _ . e T T e STRESIATE T "t: R
JOMGEN - G A GO |general geometry input (Mayi
- B . be replaced by another‘-
L ' - Packa‘!e) booion
SCORIN . Sl S13 Analysis data ,

—
-

Immediatei§ fbliowing)further data may be read in by

individual subroutines.




Table 7

. —13'_' voel e, ....

PO
3

New Parameters in COMMON LOCSIG

Parameter . Meaning \
TXTAP Logica.l Number of the Cross section tape _ I
“"¢ o Tape unblocked | \ M
=0, . No cross sectj.ons on tape | \
~ 5 o Tape blocked Y
MCR Number of blocks to be read from cards ‘
.40 Blgg_l_:_i in RSYST format b ,
= O No blocks on cards -
70 Blocks in old format ' : . '
MTP Number of blocks resad from tape \ | L
‘ . e . Dec . - i T ——t
NUS Y Number of upscatter groups for secondary particles ‘. o }_'
NTAB Maxixmnn length of a column of the cross sect:.on blocks ""
NTABC Colm lengt.h to which block is to be reduced ( By | ]
leaving out activities or by' shorbening the ‘ ' i \
pcattering matrix) l ; .
INUS . Total number of upscatter groups |
IGSNU/ i Startmg addresses of the cwnulative tables of lengths
INSGU B of individua.'l. colwrms in the cross section blocks

U

[N
R 7. PPN S IO L
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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), in the sub-routine LIBTP the cross-sections E'I‘ and .
£ g-g.. are replaced by Z g and fg_g-(','z‘,r- ZoR) .

Thexe 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 <X 0, the processing is done the same
way as in MORSE. In particular, element cross-sections can be processed
into material cross-sections and P; 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 f(e.q., 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 & O and Table 11
when NOMI > O.

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-foutines 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
IECS of card X2. The application of this option requixes some changes

cw e m—
- —— . -
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Table 8: Structure of the Cross Section Hlocks read by MORSE=-K

| Biow o 3
Read by !'.lin’c.ermecl:i.:rbe'E %CI:.R £0 Tnte rmediate
. READSG, | ) - z . storage
Position| MCR 2 O storage \ Position | MTP >0 . '
1 " Za Za 1 . Activity ! 1
- . 1 ) Activity |
2. » Z.f ) v Zf 2 ctivity i 2
IHT-3 Zr. y
. IHT~2 b2 P
o _ IHT-1 VZ{' : Vz—f .
IHT = 3 ) Zr : Zr IHT .' 2- 7 5, )
| IHS-NUS-1 ZZ‘,,,;..,, o
) IHS."NUS 2 qraul> g | Z;-omu' -9
‘ THS-1 Zyeag Za'ﬂ"* 5
: + 2 = THS+ L
.IHS 1 .2 =19 | 2.’-"45 : l. -Za.-.'-ﬂa Zﬁ"' -y
IHM 2'%-”05"3 . z’;uosﬂﬁ IHM. 23'"05 9 Zs-”ﬂ&'-’a
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Table 9: Processing of Cross Sections in MOASE-K by means of JNPUT and
Auxiliary Programs

Read data of a block from| .

. s
Py . 4 . ]

. o}
INPBUF+1 to|
INPBUF+NTABC* NTG

I .
. ‘ Disassemblq the block and stom

it in the :mfermediate storage from}

i

ISPORT+1 to !
ITOTSG

» e~

Ne .

all ; Yes .
”,.élements:

read-, _

E Process data as if[

S B NMED = 1 .'4'

Mix data and calculate probabil:.ty

tables. Store them from

ISTART+1  +to: | ISPORT

Calculate new.

i s i

Ye;'; :

storage addres ges]

/ .

-
-

No

END .
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Table 10t Orémizat;on of Sterage for Cross Sections if NOMI

€0

. Intermediate st o"aga (STORE)

Processing (JNPUT)

;For all groupe e

'VA;

Address Data Address Data ) AE‘E?ES*; Data_
o I " ISTART For all |
INPBUF = For one block and: INPBUF | . 15CCOG . Medf?;nupf and
... .. . |all groups data | N 2
ISTART ' - INABOG =
. vector : :
IGABOG Zg /er
| IFPORG Zy/ Zr
o . TZ‘/ Zr
. IFNGP
: z vy =y r
- IFSPOG =
. T
IDSGOG b A
| S IPRBNG . p" .
ISPORG NTG+NTG+NTG+NGP+NTS+NGP‘NGG | ' IPRBGG - P‘_a d
R : A lq:
~+ NTOT+ (2 NSCT+1) g §
\ | ~ ISCANG - B0y
stor d catteri trix in the form above" ISCAGG g '3‘*:-
: ' . matr n :
NTOT storage for g’oa ?i the apa ring | . ISTART+ISPORG | Medium 2
" For all elements .
ST For all arrangements
ISPORT 2 ~- | gorteac}; group ' 1
. : - 1.: Scattering cross section . AU
IS
(Ngigfﬁmp ¥ :z‘:pgrﬂlp }}nto other ISPORT F1 coefficients.for
. S ) L o 1 media '
ISIGdG T . For all elements al
o For a.ll groups. .
- INFPOG . . ‘"J For all elements

A

o

i
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i 1 Table 11 Organization of the Cross Sect:r.an Storage 1t
H NOMI > O =
b . . N . .
g - 'Read in (READSG) i Intermediate storage (STORE) - .Processing_‘ (JNPUT)
{ .- Address ‘ _ Data § Address . p Address Data
ARy | o " Data for.
| / i //‘/ o ITART Material 1
VAR A ISTARTH g__ analogous to
N ) - ISPORG(1) Table 10,7
. IMaterial-1 "column §
{JINPBUF = ISTART/|for one block and.
+ ISPORG (1) all groups data, ‘ |
t vectors . | ‘ ' e : to
T S Material 1 . ' ‘
S S F /| TSRORT. = INEBUF . o ISTART+ - Data for
/A5 |+ neaB.NMTG - | Scattering matrix ISPORG(2) Material 2
i Material 2 ¢ ISIGOG; T P2 ' .
. . T :
[{npRUF = TSTART|TOr one block and’ INFPOG vy AT T
+ ISPORG (2) all groups data—- . £ ‘Data for
. vectors r— VR NI NIIT Data for,
D Material 2 . Material
s .:'. .‘r- ."l ! ;.'l_‘ o'."-’" -_,l/l NMED
1/\\/’\ /
TNPBUF + TSTART Materlal NMED X . i
+ ISPORG (NMED) AN TN NS NN
N NN T IR NEEEYE
Y . -
] Material ‘ _
: ‘ NMED . ' v
. \\ ffiCien ] ‘e
- ISTART + ISPORG (I) = NSIG (MSSTR+I) -all “eoefficlen® :
e ﬁnused common area - ! .
~ repaated - to. " NMED=-1 |
| Eahiel :
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‘Table 12:

Storage Areas for Auxiliary Data-

Iz

Material 1

Starting Address Contents | Length ' ['
MXSTR .
B Assignment geomtry-«
cross sect,u.ons / i MGMED
Blocks for the materials / N
o NELEM
MSSTR - S
Starting addresses of the NMED+1 .’ ,
material areas f | '
P
KEIR- NMED ‘
IRSG — . |
| Mixing parareters Card X9 ! 3 ¢ NMIX
INGS — T
For all L_groups {- f
—_—r '
Startmg address of\ NGP+1
- : downscatter n ! 7
INSG .
) Starting Address \ NGG+1
down*;cattar/' )
":'_T
IGSNU _ : :
Starting address' - NGP
'upscatter’ |
e )
INSGU — _ |
“ Starting address upscatter\e NGG
Ry
ISTART




o T A ]

-20-

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 CALL or function call as present parameter

(c) in a SUBROUTINE or FUNCTION statement as dummy parametexr
(d) in a TYPE 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 coxe 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+1l to INECHNMED, and hence for all media.

IECS =0 ECS not needed

ICES £ O in addition to the starting addresses, an area in blank Common
from IREC+1l to IRECHNDSG is kept free, to.which the scattering
probabilities can be transferred

The ECS option can be used with or without NCMI > 0. For now the use of
ECS is intended primarily for NOMI > 0. For this reason the Prp, expansion
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 1l4. They will be explained by examples in the analysis packages.

TRy e LD o n ror oo TP ORI S
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Table 13: » Subroutines for- Production of Random Walks in HOP.SE—K {
NAME Status Fun&tion
ALBDO - ' Calculates direction cosines after reflection.
Must be fitted to albedo scatterer
COLISN Calculates parameters after collision
DIREC Calculates angle between flight direction and
' preferred direction for weighting purposes.
Must be fitted for special directions. A o
Here o f°r‘ i IGHGEM = 1, 2, 4 preferred d:.rection } .
5-3 z—»a:d.s,’ ICHGEM = 3. preferred direction radius vector.
EUCLID u Determ:mes the rmmber of mean i‘ree paths between
' two points : R
FBANK Stores parameters of the fission neutrons
FPROB Produces fission neutrons -
: Transmits parameters of the fission neutrons
FSOUR u pa | - . .
. to the particle tank
GAMGEN ‘u ' Calculates the energies of secondary particles _
' (except fissu.on) oo
" GETETA a : Determines flight 1ength from exponential distribution
GETNT " g : Fetches the parameters for the particle to be L
treated from the particle bank . R
GETW'I.' n M(:‘a;}c_u__l_.‘ate_s;_standard weights. Must ‘:emﬁz]‘.:,c»ed for L
special cases, Here WTAVR is to be read in for
each region and each group.
. Ch ' t rameters for albedo scatterin
GOMFLP g Anges geometry pa e &
Calculates the coordinates of the next collision
GOMST g o . .
point under the assumption of a homogensous medium for -
a given flight length

Controls the product:.on of secondary particles

. o e = ————— e
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Table 13, Cont.
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NAME Status Function
GSTORE a Stores parameters of the s'econdary particles in
the particle bank
GTIOﬁT g _Determines the energy after a collision using
.weighting of the scattering energy
HELP g Prints error mess;zge ‘ -
MSOUR u Controls production of sourcei parf,%?j.es L ‘
MORSE g Controls production of the random walks i
MORSEIé . n Main program. Controls program sequence |
NORML g Determines the normal to the surface cn which
albedo scattering takes place
NXTCOL g Determines coordinates of the next collision point
OUTPT g Calculates average values for source and collision i
parameters during a batch - ’
RNDM g Random number pacicage. The random number generator is f
written in Assenmbler, the f.ransfomation program in ,' '
Fortran. XSQR(X1,X2) gives random numbers distributed ‘
SpTND proportional to x and to (1 - x) in [0,1) . '!
¢ g Prepares particle bank ‘
STORNT g Stores parameters in particle bank .
‘I_‘ESTWT g Checks particle w.eights against standards f

—

S ———
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Table 1lh: Strongly Problem-dependent Subroutines for the,fGeneration of’ {

|
Random Walks in MORSE=-K ’ A : t

R .
Name Calling Programs ! Fu'nc.ta.on
; ' . _ o
BANKR MORSE Produces the connections to analysis and statistics
- programs. Depending on the value of NBNKID various
" subroutines are called up.
ir /1 NBNKID = -1  Calls| - :,STRUN
; ' =.-2 ' Calls| - - STBTCH i
6 Calls : ‘ALBDO S
5  Calls ¢ RELCOL o
Inactive call-ups l ' -
NBNKID = 10 gor call-up of |+? TKILL
‘= 9 - for call-up of| 'ECUT
FPROB Analysis of fission / 3 NBNKID = 3
GSTORE Analysis of secondary particle p'oduction tion
NBNKID = 4 5 ‘
| n Inact.iva call-up of :) _GAMLOST bY ; NBNKID.‘=1:
MSOUR NBNKID = 1 cal;s"?.' * SDATA '
NXTCOL = 7i calls . BDRYX
= 8 calls i . ESCAPE
TESTWT . © =11: calls| - . ! RRKILL
. Inactive call-ups / ) |
NBNKID -12 Analysis of ttn mighting' ?
' = 2 products [
I
NBATCH BANKR (-=3) : Prepara.tion of the results from a batch for f
analysis and st atisties | |
SOURCE MSOUR . Production of parameters for source neutrons. /
Paramters [ are transmitted by way of ’
paramater brackets (see tex‘b) ‘




Table 1)4, Cont
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Name , Function
Calling Programs |
STBTCﬁ BANKR (-2) Preparation of storage locations for batch statistics;
: . and analysisa !
STRUN BANKR (- -
| (=1) Preparation for the run by set-up of general data
. Concluding calculation of average values and their
NRUN MORSE-K
- dispersion

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 they will be listed here again. The call has the form

CALL SOURCE (IG, U, V, W, X, ¥, 2, WATE, MED, aG, ISOUR, ITSTR,

defined as

NGPQT3, DDF, ISBIAS, NMTG)

IG - . Enexgy group of the source particle
U, V, W Direction cosines-of the source particle
X, ¥, 2 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 this:

ISOUR O Monoenergetic source in group ISOUR-

#

0 Source spectrum in blank COMMON (see card 14 of the input)
0o 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

Ceam cepas e — ..

O P
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Table 15. Relation between Subroutines for Production of Random Walks

——————

[ MORSEK: I"neur | © See Table 5 ]
‘\\\\ MORSE
~Ron ] - See Table 18 I
MORSE - SETNT

Preparation for the calculation i

BmmR( 1) o .
40 ' Preparat:x.on for the batch :’!
“BANKR (=2) | |
Pri.nt:-out of th{a~ present random number }t S
MSOUR | - | sourcE .
FSOIUR - |
1 E
| LOOKZ |
OUTPT (1) (Print-out of the me,-%,_. soprc; data) ”m““
60 GE;NT

Ll F s
' Vrmen . * .

65 Fit the partn.cle into the system' 1f the par‘blcle

LAk ) e ———

cannot be treated then conti.nuat:.on at 165. Otherm.se §

: I P e el na

TESTWT - GETWT
1 , - ‘
NxTcon! - GETETA | - DIREC
~ - ' . I R
EUCLID ! - GPOMW
) _——.-.-..T..... — — h-—-—-—————
GOMST | GEoM
’ i ]
’ NORML
v ‘ | S ESMEEE“

e Desgsadhla et Y0 i .
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Table 15, Cont. . ,

Test for
Lifetime [BANKR (10)] Jump to 165
Escape Jump to 165

Albedo scattering [ALBDO, BANKR (6)] Jump to 65
Fission  [FPROB - FBANK]

Secondary particle [ GPROB - GAMGEN

|

" GSTORE

If collision takes place 'z

plon S
|

COLISN - GTIOUT

|
BANKR(5)

Jump back to 65

165 If further particles are to be considered then jump to 60

BANKR (-3) I L

o | ouTPT(2) (Print-out of reaction numbers) \’

If further batches can be considered then jump to Lo \

|

chemise Jump back to MORSEK
{
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ISBIAS O No energy weighting; source spectrum begins at (2xNMTG+l) in
blank COMMON
0 Energy weighting; source spectrum begins at (3xNMTG+1);
WATE must be corrected (see card 14 of the input

NMTG - ,Number of groqps (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
WIAVR = WO(IG,IREG) x exp{ A Z (L- 233

The additional constants fa and L must be read in, for ewample, by way

of STRUN. Further relations and literature references may be found
in reference 4,

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

:§§2‘4m\ ‘EZ:*V 4'.h\. _h‘°44 ?Pq)
RANDOQ :::8:;&*\ //'j;3’

The initial value, Xic r for k = 0 and the multiplier X.can be read in on

card Ilo. If the parameters there are zero,then they are are determined
by the program as

RANDIN = X, = 6576511432g
GENERA = 3277244615g = 515

The module is determined to a value of P = 248, By the fact that the last
bit in X, 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:

IDENT RNDM . -
ENTRY FLTRNF ;
: - USE /RNDOM/

RANDnNM  DATA 17170000006576511432R
GENERA DATA  171700000032772446158
| . USE 2 -

FLTR4F DATA 0
o SAL RANDOM
SA2 . GENERA

DX1 - X18X2
$A2 - UNBTIAS
sB2 X2

PX6  B2eX1
SA6 ~ RANDOM
NX6 Bl X6

' EQ FLTRNF
UNBIAS DATA 37178
. ' _ENO .

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 l-x. 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 genexrator. 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
are uncorrelated if pairs cof 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
vile 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 Géometry'Packagg'

The geometry package of MORSE-K contains the five individual decks
with which MORSE code can also work. ' These decks wvere 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
JOMIN (input), GEQM (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 I19 of the .input), they

T g ELar aasaen SR A A e acae i e
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Use of Random Numbers in MORSE-K

JPRRNL

Table 16
Name '\ v | ]
Calling Program g Purpose P )
FLTRNF COLISN 1. Determination of new erergy ;
. 2. Datermination of scattering cosine if there is,
anisotropy | 1
EPROB Selection of fission neutrons '
GAMGEN Determination of the en;'g‘gy of the secondary particle
GPROB Selection of secondary particle
GTIOUT Weighted determination of the energy after scatter
Determination of the surviving particles, whose
TESTW weight exceeds the lower limit
SFLRAF ' Transformation according to ['_-1, 1)
{
EXPRNF Exponential distribution by use of rejection technique.
At least 2 random numbers are needed. |
POLRN Sine and cosine of polar angle. Cosine from E-l, 1)
at least two random numbers :
AZIRN Sine and cosine of azimuth angle o |
{Angle from [0 31} )3 ‘at least 2 random numbers , 3
% GTISO costres of 2 space angle txom |0, 1T ) |
.,' | a‘b least 3 random nurbers
| L | | - F
‘ . RNMAXF Maxwell distribution; at least i random numbers "
FISRNF Watt fission spectrum; at least 5 random numbers- ‘;

i = SO — e 5_‘“\_‘

{ XSOR Transform tion accof&:.ng to x and 1 - Xo ‘I'wol ' '

1' I random numbers I §
EXPRNF ! GETETA Determination of ﬂlght length /
AZIRN COLISN Determination of the azimuth after am.sotropic "

. scattering ,
GTISO SOLISN Direction after isotropic scattering
GSTORE Direction of secondary‘ particles .
MSOUR

f o

Direction of isotropic source m®m rbicles (For emmple,
fission reutrons) l

welt .y s
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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 geemetry method as

~given in ref. 7 is included in this report as an appendix.

Geometry subroutines are called by the following progiams:

a. INPUT - - JOMIN | _ /
b. EUCLID - GEOM -

c. GOMST - GEOM, NORML, GOMFLP /
d. MSOGR °~ - LOOKZ , {

e e v e e e memmms e -

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

The input for the combinatoriél‘geometry is read by the subroutines
JOMCOM and GIVLIN. "Region" and “Media” mean the same thing as in the

~ general gecmetry package but are structured differently. The concepts

"Body" &nd "Zone" are explained in the appendix, where a descrlptlon of the
p0551ble 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 '

e maier - emmame = .- PSS

X(P)dP = S(P)AP + fdp' X(P') K(P'- P)dP-

and we solve . .

[ SO g

e

y j F(P") X (P)ar’

L : - c N -l

using the approximation S - -
S )% {

COE ..4_ FlPr Poe X(P)
i A "z D ( P) -

. s . o

(L N -
B

s A Gmehay s - e d

o~ atmies
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Table 17: ' Subroutines in the Ceometry Package |
Name " - Function

General geometfy ’ ICHGEM = 1
GEMGEN Control program for the deternﬁ.nation of the flight; path %
56M4 Calculates NCUE when leaving a block | h
| JOM5 Determines medium when NCUE = O | ,?
JOM6 Determines sector for.a point !
) JOM7 Determines NCR .(Surface th'i:'ough which the sector is exited) x | ’4
XJOMS8 Calculates for a péiht the quadratic surface equaﬁions '
) <2iz;;:igff the position of the point relative to the !éib
Jom9 Determines the block in which a point is located i s
JM1O Determines the new block after block Bbimdary is cros:s;ed l 1
e SR— e L _ _— Ly
JOM13 Prints error messages U |
- JOM14 Decomposes 1IBLIN for calcul'.gtion i; %
JOM15 | Forms IBLZN for storage ' | % |
LOOKGEN - - Determines WMED,NREG, and IBLZN for a point ﬁg
Input programs < ' | - | - ' |
JOMGEN Control. and processing of input ;E{
JOM11 Calculates identification of the sectors fj%j
JOM12 Reads the coefficients of the surface equations : i
JOML6 Reads zone and block boundaries '%%
JOML7 Reads MEDIA and SURFACE cards 15‘2;

Plane geometry ?i

GEMSLB
LOOKSLB

JOMSLB

ICHGEM = 2
Determination of the flight path between two points
termination of medium and region of a point

Input program

ey
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Name

Fungction

—-

Spherical geometry :
' . . !

. Deternn.nat:.on of the flight path between two points

ICHGEM 3

GEMSFR
LOOKSFR Determination of medium and region of a point E
" JOMSFR Tnput, progran |
Cylindrical geometry ; | ICHGEM = 4 | S o B | e
GEMCYL " Gontrol of the flight-path determination
JOM4C Tests for crossing of 2 boundary
JOM5C Tests for crossing of r boundary . i
JOM6C Determines region for a point
JOMOC Determines medium for a point
JOM1OC " Determines height interval of a point
LOOKCYL De;t.ermines medium and area for a point
JOMCYL o Inp“"' ng“am Is
Corbination %?°‘?‘°‘"Y}:; [fIeHGEM =5 b

S

- GL- - Follows a parti.cle to the next new zone or to collision
pOint Tt Tmemee e — e ce e e s ,..,..-......!,-‘”;N .
GG Calculates t.he distance between the pomt and the- ,
- o '; surfaces of the bodies | _ -
LOOKCOM -} Calculates the zone of a point = = .
PR '} Error routine prints intermediate resﬁlts
JOMCOM Controls and processes the input
GENI Stores input data in unnamed common; prini_:s input
vy ‘:*'__*“:_._& _:?_::..' ) \ . ‘ /'
ALBERT Processes input data for an arblt.rary body. withE o
' .six sides (ARE) . i - Im- el L T
. """"""""'—""”--"m—~ . ,..“_-‘ -7 . SN ISR W mvl . o N
IL "GTVLIN i Reads volumes of the regions b
LI I
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where, by the law of large numbers, we have

Lonn 3\ =1\1

N—ya‘ Ao

Since in a Monte Carlo calculation N is always finite,

;7‘ - A ‘ F 0 |

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

v (;k, = ﬁ/ é> : | ;;7' (id: 1} ?7 - <L11'? ‘) 'i .Eﬁ

S . . . , e e e e e s o e

A necessary condition for this to hold is that all the sum terms F(P;') -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 B subcalculations
(batches) so that there are Np, source particles simulated in each batch.
(We should have approximately :100 £ N, £ 350. )[ The batches have we:n.ghts
Wy, according to the number of source part:x.cle'z, g:.ven by

Pl e ee e e aaal et ¢ de el o

. R
V- NB B Wb .
R .25-1 N |

Then the estimation equation locks like

- ' . ~T-',, ‘ . PR _E T "b '-l-'-'--—».«.‘...w__ e | L .- -...".. e . ...;...— _.‘E. -
4 ) D ~ ! < w -_— ’ N\ ’
:}: _ (4 Z 15\;"\‘1- 2 .;0_? E +(P‘...) R'e X(P/ 5
B bﬁdﬂ__ . ,‘ ‘"5 beca i jca . . ' Lk L «{
: s e s e e 1%.’ R i. ‘
If a sufficient number of the Np, source particles contribute to ‘) ( ')‘bi
should get a significant contribution from at least 10 part:.cles) r then i

all the "\b stem from the same source distribution.
estimated ‘\b for its average value.
considering all the batches:

Each batch yields an-
The dispersion may b~ estimated by -
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'M,and 'A tare calculated after each batch for all magnitudes of in-
-terest and summed. At the end of the calculation A~ 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 ewent points, Py,
are collected by the subroutine BANKR (NBNKID). The programs that call
BANKR as well as the significance of NBNKID 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 for each batch the first random
number X, the average parameter of the source particles, and the distri-
bution of events. Further, at the end of = '<ch 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 kg gg 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: - _ _ C e . : ;

FRE Rt = aly rbh, |
N (:Q;()_-cw- (hep, by ) ] //\/ i:‘
[51 ( ‘%f;) (‘au; ‘ze//)] //J {

U F
i
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N = 51("*;{)*‘(' ¢4)"2‘w(‘“"f"‘{)
st (hgy) = L s hgr) Sl(b‘/f) - cor (éffﬁf*,/)]/

[ .

‘The third package calculates zero-, one—, and two-dimensional mag-
nitudes for various detectors. This package was developed £rom 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. PROGPAM 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:

cara” . I 1 (20 A 4) S

- arbitrary program identification i
‘Card I 2 {I 5) | ' . .
. NLAST .-' The .nurber of words i.n‘z‘ blank common

- - . e . .

Card . 1 3 (15 I 5) ~ " |
NSTRT -~ Number of particles in the batch |

tor
. NMOST - Maximum number of particles which can be s ed.
' l(350 in MORSE-K Version l)
NITS - Number of batches
NQUIT , ; No meaning ) .
NGPQTN - Number of neutron groups to be analyzed

NGPQTG‘ -  Number of gamma groups to be analyzed

e+ o —
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Table 18: General Subroutines for Analysis and Statistics

Name Status Function
PACKAGE | 1 .
. Perf i ; . V
OUTPUT g eriorms general analysis of the batch data \ |
1 OUTPT2 g Prints two~-dimensional fields "i \
C.)UT.PT3\."' 'g- Performs general analysis of the run %
PACKAGE| 2 |
‘ - s \
ouT n Prints mean value and dispersion of the ke 1 ‘
PLOT n Plots distribution of the batch results and normal :
distribution of the end result. Calls up PLOT :
STRUN n | - |
-STBTCH
STBTC .n See Table 1l
NBATCH n .
NRUN - n
PACKAGE | 3
ENDRUN v Vo task - BN
ENRGYS u Prepares energy intervals '
INSCOR | u No -,baSk —-.uy‘;f" FE ';. ,7::-.7,.'.-% e s . A - i '“, \:
' FLUXST - g Stores batch results for all detectors .. [ . | = -
REA n ] ‘Carries out regression anlysis (See Chapter VII).
- SCORIN g ' Reads input o C |
VAR2. u . Calculation of variances for 2-d fields
VAR3 u CaZeulation of variances for 3-d fields :
STRUN n
STBTCH n :
NRUN n
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Table 19. Arrangement of ‘the Area fox Analysis Data in Blank Common

Address b ‘Name - " Length /
| NGLAST ¥ L LABELS } 20 % NRESP
L@CRSP X ) o GO N
- 3 RESP } NRESP # MG
LYCXD ->! EXTR } HEX # NMTG
' ) ce ; .. XD )
. - YD '
: RAD 6*ND . . . o
To . 3 . .
FACT y . -
o1B EXTR . } mEXND # ND
19 iB .
L EP . ‘ } 3 # NE
Lgccg ) DELE : L
LgCT i R } ma
. = } L
= ) : B 2 % ND # NT-
SUD 3 # ND * NRESP
. L¢CSD : SUD2 .
| 2 : > .
..SSD 3 # ND # NRESP
. SSD2 ' I
LYCQE { SUD & SSD Units |} 20 -
" - SQE ' 3 # NE % ND
o SQE2 ’
MCQT .-S-QE Cnits o } 20
' QT .
. SQT 3 # NT % ND * NRESP
SQT2 : |
: SQT Units } 20 .

. 3 S -
[OOSR, <=
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Table 19, cont.

~+ Address

®

‘Name

Length

SQTZW

) | LLOCNKK

~

QST
SQST
SQST2

' —®

QNS
SQONS
SQNS2

IMCQHi

QAB
SQAB
SQAB2

QTE
- SQTE
SQTE2

SQTE Units

QAR
SQAE
SRAE2

SQAE Units

} NKtNE

9

| 9¢NK<NE

3 & NT # NE # ND

o .

20

()")

3 # NA # NE * ND




NMGP

NMTG
NCOLTP

IADIM

MAXTIM

' MEDIA

'MEDALB
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‘\ Numbexr of cross--section groups for primary particles '

\Group nunber of the cross-section blocks

1 f, a collision tape will be written (requires
! .

special BANKR and special analysis programs)
‘ ]
=0 , case requires no collision tape
2,0 , adjoint calculation
% O], forward calculation
CP/ time to controlled problem cut-off (sec)

Number of materials for which cross sections

are given |
Number of Albedo media ‘
o , no albedo medium in the problem (only material
CXross sec‘tionS)
O |r only albedo medium in problem (no material
cross sections will be read)

O |+ transport problem with albedo medium,

MEDALIB in the geometry

cara T 4 (415, 5310.5)‘

ISOUR

NGPFS
ISBIAS

NOTUSD
WISTRT
EBOTN
EBOTG
TCUT
VELTH

>0
<0

-

» monoenergetic source in group ISOUR

y sourxce spectrum will be read from cards I 6

\&\Imnber of source groups leaving group 1

.......

£0} No energy. weighting of the source

> O | Weighting of the source spectrum according to

: card I 7
Not used : S

Initial weight of particles

Lower energy boundary of group NMGP in eV
Lower energy boundary of group NMIG in <V
Age to which particles are followed

Average particle speed in group NMGP in cm/sec

o S e

s



Card 1 g (7E104). a
c
XS ' T
TRT In:.t:.al coord:.nates of source particles

. ¥YSTRT

ZSTRT
: AGSTRT ~| Age of source particles

UINP B

: ' Angle cosines of mource particles; if all 3 are O,

VINP directions are taken to be isotropic

" WINP

cCard I 6 (7 E 10.-4)6\(x{eeded.6niy when  ISOUR £ 0) f

e NGPFS |value of normal:.zed, cumulatn.ve source spectrum

(FS(NGPFS) = 1, 0)
"."""l .

I7 - .(7 B 10.4) (’needed only when ISBIAS? 0 t

BFsS(I) - NGPF'S .| alues of the relative s:.gm.f:.cance of
A space group I

.'
3

cara I 8 (7E ‘10.‘4)\
ENER(I)- ;/,Engrgies (in ev) which correspond to upper group

.-

/ - boupdaries

Caxd I 9\ describes the collision tape , it may appear only when
NCOLTP & O and if a corresponding subroutine BANKR has
been Aintroduced '

Card I 9 (215,5x,3611,1311)

NHISTR = - I_.og:.cal number of first tape
NHISMX {
- NBIND (J), J = 1,36 o ‘A value greater than O marks parameters that

—.(Logical number of last tape

. "".‘(’fe to be written on the collision tape (see [2])
NCOLLS (3)y, J = 1,13 - ; P. value greater than 0 denotes collision

types that are to be written on the collision tape (see [2])




Caxd I 10
RANDIN
GENERA

(2 & 20)

-] -

- llin‘itial value of pseudo random ﬁumber 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. 1Initially the subroutine
XSEC takes over the control of the input. The following cards are expected:

[

Card X1 (20 A 4) : - Arbitrary data description
X 2 (16 I 5)
NGP = [ Number of groups to which primary particles are assigned
NDS = {Number of down-scatters , including in-group scatterihg
(NDS £ NGP) |
NGG ~ {Number of groups to which secondary particles are assigned
NDSG - |Number of down-scatters in the NGG groups (NDSG £ NGG)|
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

" NCOEF/2)
A
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- £ _‘O Not defined

> O\ Legendre coefficients will be stored
- = 0| - No secondary storage (ECS in the CDC 6600)
> 0| Angles and probabilities will be put into ECS

€ 0| Scattering matrixes will also be put into ECS
\

\
(16 I.5)/

(.Number of blocks to be read from cards
20 - MCR\ blocks will be read by READSG
<0 - IMCR¢ jblocks will be read by BIBWQ
BIBWQ expecﬁs IDTF 0 and
RSYST |bilocks on cards. The structvre of the blocks is
g:l.ven by Table 8 |
Number of blocks to be read from tape
-Logical number of the cross-section tape

. CDC Version IXTAP = 17

. ‘ - ==17, locked (or in_blocks)
Number of upscatters of the Primary particles

Wwlocked

‘Number of upscatters of the secondary particles

—.,.- ‘Length of the blocks to ‘be stored (INDS + INUS + 3
" +.activities) -

T T

- \:ength of blocks to be stored (INDS + INUS + 3)

.- '. 7 0 (element x density gives mat:zxial. Density is

: read in after the cross—-sections for the corresponding

element; this saves space: Not possible if ISTAT.GT.O

‘=" O ! Arbitrary composition of the materials from the
el'én{ents. All elements are read in. The densities
follow.

Card X4(1615)

TRDSG

i Mo / he read~in cross sections are printed out’
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ISTR - 7 O |Stored cross-sections are printed out

e -

IFMU - 7 O |Intermediate results of the calculations are
printed out

IMOM - 2 0 Moments of the angular distribution are printed out
7

IPRIN - O . pngles and frequencies are printed out -

IPUN - 7> O .Results of the calculation with false Legendre
coefficients are printed out S
IDTF - 7 O [ross sections have DIF-IV format. They will be

Jultiplied internally by the factor 2 1 + 1.

L O . [ross sections have ANISN format

cara X5 (16 I 5)

P / ’ . »,}
NGMED -~ ; Number of media distinguishable in the geometry ;
' {
i

cara X 6 (16 T )|

MEDXS (I)~ Nt.{mber of the cross—section medium which corresponds to

= e ot R O ren b L

le geometry medium (I = 1, NGMED)

L, . | .

Card X 7 (16 I 5)} ‘ .' : . | ;
NSCTT (J) - [ Number of blocks for cross-sech.on medium J . .. | . 44

(3 = 1, NMED) \ - |

The remaining card sequences can be read by various subroutines. The - o ;
sequence depends on the parameters NOMI, MCR, MTP, and IDTF. If NOMI >0, ;
then cards for all NMED materials follow: X8y, X9,, ... X8y X9

¢
NMED *’NMED® |
If NOMI O, the card sequence becomes- X81, ""XBNMED' X91, .o "XQNMIX

DLAT R % T iy

The cards X8 can have various formats and meani ngs. 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 .

Cara X8-A (6 A 8))
HOL(I) - /Des:.gnat:.on of the block that follows (I = 1.6)
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Cara. X8-8B (6 E 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 > O
and ANISN format is used (IDTF < 0), then

cara X8 (6 (I2, Al, E9.0))
IN(J) — | Repetition factoz} lmportar* ~nly when V(J) = O
T (J) - | Repetition sign

vV () -

Crogs section

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

!

If MCR¢O

3'
carda X8-A (IO, 515)[}
NR - |Block identification number
JHM ~ | Length of the block
IGM ~ | Number of group-
IHT - ‘IHTI? position of 2 p. For IHTZ O, ET is replaced
by X g, from position |IHT] -3
ZFHS . _— [position for in-group scattering
card x8-B - (6 E 12.5)

V! J).‘.' - // A cross-section block of length NTABC with INGP groups
R ., .

If MTP > O and all MCR elements are read, then caxd X8 is pead by BIBWQ:

card Xg (T 10, 5I5))

o

NR \ - ',.._--..Bj-OCk,i identification number
1HM _ T |[ Length of the block
IGM - \

Number of groups
INT - > O Position of I,
<~ 0 . IHT = = IHT)} and & ¢ is replaced by the trans- .
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port cross section Z .. The program expects & qp in posi=
tion IHT-3. The in-group scattering cross section will be
corrected correspondingly

IHS - Position| for in-group scattering

For each of the MTP blocks, an X8 card is expected. The blocks themselves
are expected in DTF-IV format. Theixr identification is according to
card X8. ‘ ' ~

. . ! . \
Card X9 (2 T 5, E 10.5) \read £rom JINPUT

KM = Medium number

RE | " = '|Element number; element KE is contained in medium XM with
' ‘{a density of RHO. The last element of KM is designated
by a negative sign.

]
RHO - l 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- (14 I 5)’\
NSPLT = .2 0O /é:r;litting is permitted
NKILL - » O |Russian roulette is permitted
NPAST - 7 O |Exponential transformation is cé,rried out
. NOLEAK | - 7 O |Particles cannot escape from the system; cut-off
. e " |is possible only by Russian rc lette
IEBIAS -~ > O |[Group transfer is weighted
MXREG - > O |Number of regions for which the weighting
) .- |parameters are input |
v .. % O lyill be set to 1
MAXGP = > 0 Number of groups for which wkeightihg parameters will
' ibe input | ' '
<

-0 iWill be set to 1

If NSPLT+NKILL and NPAST are all equal to zero, card I 12 must be left out.
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caea I 12 (6I5, 20 X, 2E10.5)

'NGP1 |

NDG The weighting parameters that follow apply from group NGP1
NGP2 | in steps of NDG to group NGP2 and from region NRGL in steps
NRG1 of NDRG to region NRG2. If NGPl is given as equal to zero,
NDRG the parameters apply for all groups; if NRGl is given as
NRG2 J egual to zero, the parameters appiy to all regions.

WTAVEL - | Relative significance of the specified groups in the

regions indicated; must be consistent with source weights

» o
PATH = Flight path weighting parameter (0 £ PATH < 1)
card I 13 (6I5, 20X, 2 E 10.5);

. A .
NGP1 -~ A value less than zero indicates that all cards of

type I 12 have been read in
WD}IUL = | WTAVEL x WMUL gives the weight limit for splitting

WDIV - 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),'j the next card
to follow will be card I 15. L

... . . —--«..‘. P T T f
card I 14 (7E10.4) |
EPROB (IG, NREG) -/ A set of cards is required for all regions in
) D A 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 e o rer ™ Z:pore. - EPROB' (IG', NREG)
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Card 15 (141I5)

NSOUR - € (| Source problemn

? 0| Eigenvalue problem, fission neutron source

MFISTP -~ = O| No fissions permitted

< O| -MFISTP fission spectra must be generated by
SOURCE |

> O} MFISTP fission spectra must be read in

NKCALL - 7 O] Number of first batch used in kgff calculations.
After this batch the source should be finished

iterating. In adjoint calculations a spectrum is

needed for each medium

£ O | No eigenvalue is determined
NORMF £ Q| Weighting constants and fission weights remain
constant from batch to batch
20

A At the end of each batch the fJ.ss:Lon we:.qhts are/
'multlpl:l.ed by the newest e=t1mate of keff. The
relative group weights are changed by the ratio

of f£ission 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 T -16 (7310.4) i

FWI_.O.(I) ( Average weight of fission neutrons in region I
(L 1,. MXREG)

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

cara I 17 (7E10.4) |
FSE(IG, ISPEC) _{L‘ractlon of fission neutrons in group IG from the
’ ‘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 I 18 (7E10.4)

G ' e , '
WLO (IG, NREG) Initial weight of the secondary particles in group IG

{ and region NREG. For each region a new set of
cards I 18 is used '(IG =1, NGPQ'IN
S o ) _ |
e - NGPQTG NREG 1:,MXREG) NGPQTG / applies to
' —— adJOlnt problems.~'

Card I '1'9 '(15)' /

ICHGEM -] "Indicates which geometry package is to be used

General GEZM. Input control in JOMGEN
Plane geometry. Input control in JOMSLB
Spherical geometry. Input control in JOMSFER

: " Cylindrical geometry. Input control in JOMCYL
S ECbmbination geometry. Input control in JOMCOM

After this card, the input control first goes to the geometry package and
after that to the analysis package SCPRIN. The necessary input cards are

descriked ia 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 subroutlne
JOMGEN. It consists of the following cards:

re e

CARD GA (IS, sx A6 1%, A'T) Hollerith left adjusted |
NS‘I‘A‘I‘ - flag to indicate nmaterial med:La ‘only 1i‘ 1l and both
region a.nd material media if 2.
SEX’P- sex of the prograrmer.  (Select one frorn MALE, FEMALE,or
blank indicating uncertain.)
. STATUS - marital status of prograrmmer.
'CARD GB (2ak, A3, s(mo 5, Al)
' : DUHMY(3) ~ hol ler:.th characters not used.
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FIN(I) - zone boundaries in increasing order along the
X~axis. | ' -
BCD(I) - flag to indicate end of input if blank, comma . -
means to continue. .‘ | o -

Repeat CARD GB if more than five boundarles along the X axlis are needed.
.CARD GC - same as CARD GB except for Y axis. .
Repeat CARD GC-if more than five boundaries along the Y axis are needec.
CARD GD - same as CARD GB except for Z axis. N
Repeat'CARD GD if more than five boundaries elong the Z axis are needed. .
CARD GE (Ab, A2, 3I5) .. .

BCDL - hollerith ZONE

BCD2 - dwmy - e

peooe \ - rhiet 5pecify'the zone ae being the NXZEOth.‘

L 4

oy w uhe X direction, NYZEOth. zone in the Y

NZZHO - direction, and NZZICth zone in the Z direction.

CARD GF(2&k, A3, 5(E10.5, Al) ..

DUY(3) - hollerith characters not used. |

FIK(I) - block boundaries in 1ncrea51ng order along the

SR . X axis. | .

BCD(I) - flag to indicate end of input if blank, comma

) means to continue. |
Repeat CARD GF if rore than five boundarle" along the X axis are needed.
CARD GG - same a2s CARD GF except for Y axis. A S N
Reveat CARD GG if more than five boundaries alongvthe Y axis‘are.needed;

CARD Gx - s&ie as ChRD Gr excepu 1or Z azis.

Repeat CARD GH 1f more than five boundar;es along the Z axis are needed
CARDS GI to GO descrlbe the geometry for a. block and rust be
included for each biock in the - zone.

CARD GI (Ak, A2, 315)

BCDL - hollerith BLOC

BCD2 - dummy _ - . .

NXBND - integers which specifynthe block as being the -

NYBND - ~ NXBNDth in the X direction, the NYBEIDth in the °




NZBND_— Y direction, and the NZBND in the Z direction.
CARD GJ (3ak, 10(I5,A1)
NAM2 - hollerith MEDI
DUM(2) ~ dQuumy .
. INP(I) ~ a list of media sector by sector in +the block °
BCD(I) ~ flag to indicate end of input if blank, a comma
" means to continue. | -
Continuetion with 12(I5,A1l) format is permissible.
CARD GK (3Ak, 10(15,A1)).
NAM2 - hollerith SURF - o
DUM(2) - dummy e .
INP(I) ~ a list of quadratic surfaces asppearing in the block.
Numbers must appear in the order the surfaces are
descrided on CARD GQ.
BCD(I) - fiag to indicate end of input of blank, a corme
" means to continue. , -
Continuation of CARD GK.in 12(I5,A1) format is perm¢551ble..
CARD GL (ak, A2, 18I3)
S1 -~ hollerith SZCT
DUM - dunny
ID(I) - the designation of each sector which describes the.posi-
. tion of the sector relative to quadratic surfaces.
+1l: secior is on positive side of surface, |
_-1: sector is on negative side of surface,

0: surface is not needed to deelne sector.

 There must be a CARD GL for each sector and references to quadratlc

surfaces must be in sanme order as they are llsted on CARD GQ
CARD @t (3ak, i0(I5,A1)
NAMZ - hollerlth REGI
DUM(2) - dummy “ |
INP(I) - a list of regions sector by sector in the block.
BCD(I) - flag to indicate end of input if blank, a comma

means to continue.
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Continuation with 12(15,A1) format is permissible.
CARD ¢ (3ak4, 10(I5,A1))
NAM2 ~ hollerith SURF .
DUM(2) - dummy o
INP(I)

P

same as for CARD GK except for fegioh input instead of -
BCD(I) ! mnaterial input. |
CARD GO(AL, A2, 1813)
Sl - hollerith SECT ' _ :
DUM - dummy o o
IND(I) - same as for CARD GL except for region.inputfinsteaa of
material 11put.' ' g |
Rennat CAPDS GT to G for each block.
CARD GP (IS5, 16Ab, A2) " ' |

- 'NgBD - total number of gquadratic surfaces in the entlre systen.

DUM(I) - hollerith characters ignored by the code. (Helpful in
1dent1fy1ng input at a later tlme ) - '

CARD GQ (L4(E10.5, Ak, 1X, A1)) | '

cgF(3) - coefficient of the term

BCDL(J) - hollerith’ indicating which-term of the equation.
XsQ, YsQ, 25Q, X2, YX, YZ, XY, ZX, YZ, X, ¥, Z, or
blank are the possibilities. ' N .

BCD2(J) - a flag which indicates the quadratic‘equation ’

' continues. Any non-blank character ends the field.’
The next function must start on new card. N

Repeat CARDS GQ until all surfages'have been described.

A sample.of the input is given in ref 12]

The input for the general geometry package is read by the subroutlne
JOMSLB. It requires . for this purpose the following cards:
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CARD GA (I5, E10.5)
MED - medium with 2 as lower bound (>0)
Z - lower limit of medium MED.

Repeat CARD GA for all boundaries with the last card contairing
MED = O zrd the boundary of the system.

CARD GB (E10.5)
Z -~ ;ower linit of region boundary. .Rggion nunbers are
assigned in consecutive'order starting with 1 and 2 must
be in inéreasing order.
Repeét CARD GB for all region boundaries
End CARD GB input with a blank card. If no region éeometry is
. desired & blank card is required. |
CARD GC (ME10.5)
XL - lower bounaary,gf éysteﬁlin X airgétion.
- upper boundaryiéf sjstem in X direction.

lower boundary of system in Y direction.

5 8 B

— upper bourndary of system in Y direction.

The present version. provides room for 25 medium boundaries

and
20 reglon boundaries
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The input for spherical geometry is read by the subroutine JOMSFER. !
It consists of the following cards: ‘

|

CARD A (I5,E10.5)

MED -~ medium number infefior to R (>O)

R - 6uter radius of sphere or spherical shell containing
Repeat CARD GA for all radii.. ‘ : , . o 'ﬁ
End CARD GA 1npuu with blank card. -

CARD GB (E10.5) ,
R -~ region radius of sphere or spherical shell containing

regions. Region nunbers are assigned in consecutive

order starting with 1, and R must be in increasing order.

Repeat CARD GB for the number of regions. : N .
" End CARD GB irput with blank card. If no regions are desired, ' S ;

a blank éafdfﬁusf be used to signal no region geometry.

The present version provides for 25 radii.

. The 1nput for the cyllnder—geometry package 1s read by the subroutine
JOMCYL. It requires the follow1ng cards: . '

CARD GA (IS5, 5%,°A8)
NREGIN -~ flag to 1ndlcate material media (=1) or hoth reglon

" and material media (=2). ‘
SEX - sex of programmer. o - ' o L , X |

CARD GB (E10.5) ' ~ : '
R - radii of the cylindrical shells descrlblng the materlal ;“. 1

media in ascend;ng order.
Répeat CARD GB until 21l radii have %een input. .. .
End CARD GB input with a blank card. |

CARD GC (210.5, 12I5/8I5)
H - upper height of medium M(I) (>0).

Cyllnders assumed to start at H = O. .. L - R
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M(I) - media for the cylindrical shells for this height.
Repeat CARD GC until all height intervals have been input.
End CARD GC input with a blank card or if there are rnore thén
12 radial intervals, 2 blank cards.
CARD GD (E10.5) cmit if HREGIN = 1
RG -~ radii of the cylindriczl shells describing the region
geomatry in ascending order.
Repeat CARD GD until all region geometry has been input.
End CARD GD with a blank card.
CARD GE (E10.5, 12I5/8I5) omit if NREGIN = 1
HG - upper height of region MG(I).
MG(I) - region numbers for the cylinérical shells for this
height.
Repeat CARD GZ until 211 height intervals have beeﬁ input.
End CARD GI irput with 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 cbmbina’corial geo.metry input data is read by the JoMmCoM
sub'routi'ne, except for the region volumes VN@R(I), which are read by
“tae GTVLIN subroutine whenever IVOPT = 3. " For clarity of terminology,
the terms '"regions' and "madia’ have essentially the same meaning as
in tﬁe @5R Geometry Package, but are constructed in a different manner.
The term "zone" is the same as the "region'" as defined in the ori.gidnal
combinatorial geometry package. The term "body" has the same mean-

ing as in the original combinatorial geometry package, -
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CARD CGA (215, 10X, 10AS6) |
' IVOPT - option which defines the method by which region
. volumes are determined; if

IVOPT = 0, volumes set equal to 1.,

IVOPT = 1, concentric sphere volumes are cal-
culated

IV@PT = 2, slab volumes (I-dim.) are calculated,
IVGPT = 3, volumes are input by card,

IDBG - 1 IDBG >0, subroutine PR is called to print re-
sulls of combinatorial geomeiry calculations
during execution. Use only for debugging,

JTY -  alphanumeric title for geomeiry input {(columnns

) 21-890). . -

CARDS CGB (2X, A3, 1X, 14, 6E10.3)

One set of CGB cards is required for cach body and for the END
card (see Table B IV). Leave columns 1-6 blank on all continu-
ation cards.
~ITYPE = - specifies body type or END to terminate reading -
of body data (for example BOX, RPP, ARB, etc.).
Leave blank for ccentinuation cards, - ,

IALP - body number assighéd by user (all input body

numbers must form a sequence set beginning at -

1). If left blank, numbers are assigned sequen-
tially. Either assign all or none of the numbers.
Leave blank for continuation cards, o

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

CARDS CGC (2X, A3, 15, 9(A2, I5)) - S "

Input zone specification cards. One set of cards reqqired for . :;
. each input zone, with input zone numbers being assigned sequen-

tial}y. | . , - o A [

*Not operationél.




IALP

NAZ

IBIAS() - -

- J Tf(I)

CARDS CGD (1415)
MRIZ()

CARDS CGE (1415)

MMIZ(I)

| =56~

‘TALP 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 =< Qon the first card of the
zone card set, then it is set to 5). This is used
to allocate blank comimon, ‘- '

Alternate IIBIAS(I) and JTY(I) for all bodies de-

~ fining this input zone.

specify the "PR" operator if required for the
JTY(I) body, . |

body number with the (+) or (-) sign as requned
for the zone aescmptmn

MEJ(Z(I) is the region number in which the "™

input zone is contained (I = 1, to the number of

" input zones). Region numbers must be sequen-

tially defined from 1.

CMMIZ(I) is the medium number in which the

withe spput zone is contained (I = 1, to the
number of input zones). Medium numbers must
be sequentially defined from 1. |

" CARDS CGF (7TEI10.5) (omit if IVOPT # 3)

VNOR(T)

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

Note: If ENDRUN is used to obilzin collision c‘nn.,xty and track
length per unit volume estiimate of fluence, then a data

Q)
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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 SC@RIN:

Carxrd s 1 (20Rr4) = Arbitrary text for description of the analysis;
not stored!

Card S 2 (14I5) ]
ND = | Number of detectors

NNE - | Number of energy intervals of the analysis which coxrespond

.| to primary particles

NE - \Tbtal number of energy intervals to be analyzed,, < NMTG ;

Number of time intervals. For each detector, a

NT = >+1

set of NT values is read in

"set at O

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 LORRSP + NRESP x NMIG

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

NKK -2 0 l Flux integrals are calculated for ND regions and
also rates, the latter by means of a regression
analysis

No meanin
L0 g
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. Input Required on CGB Cards for Each Body Typé

Card Columns ITYPE = IALP | Real Data Delining Particular Body Numkber of
Body Type - 3=5 7-10 11-20 21-30 31-40 41-50 51-60 61-70 Cards Needed
© Box i BOX  IALPis Vx Vy Vz  Hlx Hly Hlz 1of 2
: | assigned H2x H2y H2z H3x H3y H3z - 2of 2
 Right Parallele- RPP ™€ wpin xmax ymin vmax Zmin Zmax 1 -
piped , - Dby the B
Sphere ' SPH code if vV Vy " Vz R - - 1 |
Right Circular  RCC %ﬁitnr " Vx -Vy Vz Hx Hy - Hz 10f2
-Cylinder . . R - - - - - 2 of 2
Right Elliptic. REC S Vx  Vy Vz Hx . Hy Hz . " lof2
Cylinder . . RlIx’ Rly Rlz R2x R2y R2z . 20f2
Eilipsoid ELL . Vix Viy Viz V2x V2y V2z lof 2.
. - . | L - - - - . - 20f2_ .7
“Truncated .  TRC - Vx Vy Vz . Hx Hy |Hz . 1of2-
. Right Cone | : L1 L2 - - - . - 20f2
" Right Angle WED Vx Vy Vz - Hix Hly Hlz - 1of2
Wedge o | . H2x H2y H2z "~ H3x H3y H3z 2o0f 2
| . | . ’ L 1 Of 5
Arbitrary ARB . Vix Viy Viz V2x Viy | V2z
Polyhedron o | Vax V3y V3z Véx Vdy Véz 2 0of 5
" VEx  VSy V5z V6x. VOy V6z . 3of5
Vix Viy Viz V8x V8y Vbz 4 0f 5
' 50f5

Face Descriptions (see note below)

Te rminﬁtion of v
Body Input Data B0

Note: C ard 5 of the arbitrary polyhedron input contains a four-ch'flt mteger for each of the six faces
{ an ARD bodv. The IoLmJ,t is G(l‘{ 14), beginning ir ~~% = .

89



59—

card S 3 (6E10.4) '

X ) ‘ Identifying numbers for detectors. ND such cards are |

¥ regquired. The meaning of the data is determined by the

A } analysis programs. VOL is stored as 1/VOL. The addresses
VOL of the data for detector I are

Vi

v2

~ LOCXD+I, LOCKD+ND+1l, ..., LOCD + 5:ND + I. |

cara S 4 (20a4) | | -

Units of the'integral, nondirectional, and total doses (e.qg.,
neutrons)
Card S 5 (20 A4)

Designation of detector I
Card s 6 (7E10.4)

Detector response function for detector I for all groups.

Card pairs S 5 and S 6 are read in for each detector. If NE,SLl,'card S 9
follows here. - ' '

Card S 7 (20 A4)

Units of the spectral data

Card S 8 (141I5)

Numbers of the groups in which the lower boundaries of the analysis
intervals are located. If NNE > 0, the corresponding number

must be exactly NGFQTN. The last number is always NMTG.
" If NTL 1, caxd S 11 follows here.

Card S 9 (20 a4)

Units of time distributions -
If NEL 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), card s 12
follows here.

Card s 11 (7E10.4)

XT(I,J) -~ Upper boundaries of the time intervals in increasing segquence
(T = 1, |NT|). For each detector a new card series S Ll is
required. If NP?< -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

Caxd 5 13 (7E10.4)

XA(I) - Upper boundaries of the angle intervals. The cosine is
given. I runs from 1 to NA. Hence 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 data, and SDATA for special detector data.

IV. CRITICALITY 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 descrlptlon of ‘the estlmators.

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 wvalues from the same neutron histories. 1In 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).

. rnr. e p ATV T e e i a5y g R TRTR AT A TN RSB F Py - ———
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2. Test Exanple

The value of kggg is to be calculated for the axially symmetric
reactor shown in Fig. 1l (early model of the Incore 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 Po and P; approximation. The
calculations were compared with DOT-II [ll] calculations. Results are
given in Table 20. Witbh the input described here, the results can be
described by the keff value

xcomb ' )
off = 1.2407 + 1.179 Q\

Table 20: Comparison of U-Group Calculations

E | z Calculation

Method . | keff | Gf | (minfime.

DOT 2, PO . 1.276 8

poT 2, P 1 1.244 1 8

MORSE K, Po 1.273 + 0.006 30

MORSE K, Pl 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 - Geonmetry of the Incore Thermionic Reactor




Card

Card

Carxd

Card

Card

Card

SO

SO
SO

SO

S0

SO

1l

3

5

-6 3~

(5I5)

NR = | Number of r or x interval boundaries 16

{
NPHI -~ l Number ofgj or y interval boundaries £ 16
1

NZ -~ | Number of z interval boundaries < 16
IGEO - X-y=2 geometry
> 0 T-/-2 1 geometry
"IDR - exr of source particles whose coordinates
.gnd weight are to be printed out
(7 E 10.3)
R(I) - NR §\nterval boundaries for x or r
(7 E 10.3) \
PHI(I)~" NPHI finterval boundaries for ¢/
(7 E 10.3)
Z1(1I) - NZ interval boundaries for =z
\
(7 E 10.3) k
FR(I) - NR-1 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(I+1l) ~ R(I) to replace the corresponding fre-
quency)
(7 E 10.3) '
FPH(I) - NPHI-1 . values.of the density d.i.stribution,

in @ or y space. They will be multiplied by
A¢f or Ay, 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 recuires 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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Table 21: The Parameters of Common KEANAL
Name Significance _
REKFLX Contribution of the flux estimator for all particles of a batch
VARFLX Variance of RKFLX
VARCOL Variance of FTOTL
RKOVAP Covariance of RKFLX and FTOTL
RKHF Contribution of the flux estimtor for one particle
RKHC Contribution of the collision estimator for one particle
SWATE Source weight S
FKICSM k value of collision estimstion for a batch
FKIFSM k value of flux estimation for a batch
FKISM k value combination for a batch
VAICSM Variance of FKICSM
VAIFSM Variance of FKIFSM
VAISH Variance of FKISM
VAOCSM
VAQFSM
RKOVSM
k values and variances for the run
FKOCSM
FKOFSHM
FNK
IKCALC'/ Numbers of the first batch with fundamental mode
IBATCH Ruming batch numbers : -
INITS Auxiliary variable



SUBROUTINE  SOURCE

-

buqROUTINp SOURCE(I QU'V W, XI'Y,Z,WAT: "‘.rD’AG,ISOlJR ITSTR,N.,P JT'&QDD

IFy ISGIASNUTG)

CondanISNTROPIC SQURCE
ChadarsPACE NEPENDENT XYZ OR R PHI Z(IGED<GTa0)
c¢%*»#50uPr; ENFRGY BIASING ALLOWED

99

2000
2001

2003

2002

799

.00 1 I=1,MR

COMOM wTS (1)
COMMON/ZAROLLO/Z XTRAL(25) ¢TI0+ INSXTRAC(69)

DIMENSION F(16)4FR(15)921(16)9PHI(16)4FZ(15) FPH(15)
OATA 11 /5/

CIF(IT) BB 865,99

I1=0o
SOURCE INPUT
READ(I!n1noo)N99NPHIoN2916EUoIDR
RE&D(IJ,Iﬂ:l)(n(I)91 1sNR)
READ(IMNe1Nn01Y IPHI(T) s I=]4MPHI)
READ(Iio‘nﬂl)(71(I)’I =3 9NL)

IF(IGEN..Z.,0) WRITE(IO=2000) C
FORMAT (2644THIS IS A X ~ Y =~ 2 SOUREE )

WRITE(TIOv2001)NReNPHIMZyIGEVUIDR i
FORMAT (SH=NR =¢S99 NPAI =9I5¢7TH NZ =9I599H 1GED =915e]17¢

#3441 SOURCE PARTICLES WILL BE PRINTED )

WRITE(ID«2202) ( R(I)eI=1snR)

WRITE(I0¢2802) (PHI(I) oI=1e4PH])

WRITE(IOL2302) ( Z1(I)e1=1eNZ)

NR=PMNR=7 : ,

NZ=NZ~}

NPHI=NDHT -1

WRITE(10,2503)

FonMAT(44H-SUURCE CONTRI3UTTONS OF SPATIAL IMTERVALLS )
READ(IMy10G1) (FR(I)yI=1,\F) '
READ(I4s1601) (FPr(I) 9 I=]9iiPil)
READ(IM2 1071 EF7 (1) s I=1yN2Z)

WRITE(10,2002) ( FR(I1)+T=1,MK) : ”
WRITE(1OQs2402) (FPH(L)ep=1eMFHI) - : : ]
WRTITE(ID+2368) ( FZ(I)vi=1en42)
FORMAT (BE154 %) -

35%Ce

FR(I)=Fe (1) #lR(I+1)=R{TI)) :
IF(IGEN.GT ) FR(DI=FR{I)#{(R{I+1)+R(I)) N .
S=S+FR (1) , . ’
CONT IaUE . ' : K
FRO1)=¢i(11/5
IF(NR.,Z1,1) GO TO 7991
DO 2 T=2+2R
FR{IV=FR(L)/S*FR(I1~-1)
CONTINNE
CONTIHNUE
S=9e
DO 3 I=1,NZ . .
RX= (71rr+1)+7\cr;)n 5 } | - .
YO FARBEREEFENEY :
FZLIY=FZ(I) #RX1
S=S+FZ2(1) -
CONTINUE



' SUBROUTINE  SOURCE

FZ(LY=FZ(1)/ S
IF(NZ.,FQ.,1) GO TO 7992
DO 4 1=2,42
FZ(IV=FZ(I)/S5+FZ(1-1)
4 COMNTINUE
7992 COMTINUE . _ ' ‘
S=0. . :
DO S5 I=1,NPHI
ST=S+FPA(T) .
1 #(PHI(I+1)~PHI(I))
g CONMTINUFE
FPA(Y)=FPH(1)/S
IF(NPHI.EQ,1) 6O TO 7994
DO ©& T=2,NPHI
FPH(I)=FPH(I)/S+FPr(I=])
6 CONTINUE
7994 CONTIHUE
WRITE(/501920)
IC=NMTG+MUATO |
IF(ISBIAS,GT.G) IC=IC+NMTG ..
84 CONTINYE . i
Q=FLTRNF (&) ‘ '
00 20 1=1sNMTG
IF(QaWTS(IC+1))109109+2C
1r 1G=1
GO TO 30
2: CDJITINUE
3¢ IF(ISBIASLLESG) GO TO 70

IF(I=1) 40,60.05 ‘

6 WATE= WATFuwT:(IC-NMTGol)/WTS(IC+1)
GO TO 70

6r WATE= wATgn(WTS(Ic-VMTG+1)-WTS(Ic-NMTaol-l))/(WTS(Ic*I)-HTS(IC*I 1
+)) _

“Te COMTINUE
IFC(ITSTRY 40950,40

4¢ RETURN -

S5 COUTINUYE
AR=FLTRNF (aR)
DO 200 y=1+NR
IF(FR(I)~AR)200e21921

21 K=I
GO To 22

200 CONTIMUE
K=nNR

2?2 CONTINUE B
RADZR(K) + (R(K+1)=R(K)) *F|_ TRNF (RX)
. AR=FLTRMF (RX)

DO. 31 I=1+NPHI

IF(FPH (1)=ARR)3}1+32432

372 K=1

. _ GO Yo 33

3] CONTINUE
K="PHY - ’

33 CC .TimniC
PHIO= PHI(K)*(PHI (K+1) ~PHI (K))®FLTRNF (RX)

-
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44
43
4S

700
701
192n

1919
1001
100¢

- Ot .
SUBROQUTINE SOURCE

IF(IGED.GT%»0) PHIQO=PHI0#6.,283186
AR=FLLTRNF (RX) :

DO 43 1=19NZ

IF(FZ2(1)~ARYA3 964946

K=1

GO TO 45

CONTINUE

K=NZ . '

ZZ=Z1 (K) + (21 (K+1)=Z1 {K)) #FL TRNF (RX)
IF(IGEQ.GT.0) GO TO 700

X=RAD ‘
Y=PHI§ - | :
GO To 701 | ~
CONTINUE )

=RAND®COS (PHIOD) - '
Y=RAD*SIN(PHIO) '

CONT INUE

2=22Z ‘ '

FORMAT(22H=~INITIAL SOURCE POINTS ¢//»
15Xy ¥ X B Xy Y GeB Xyt
25Xy # WATE ®)

FORMAT (4 (5XsE15,5))
FORMAT(TE1343)
FORMAT(S1IS)

IDR=]IDR=}

RETURN ~ .
ENO , : ‘ v
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C.C 10

G

- &Y .
SUARUJITINE dadiky

SUSRDUTINE BANKR (MIHKID)

COMIY ZARDLLN/Z AGSTRTINOAFDEANDVIT(S) +ETAYETATHIETAUSDIUINP I VINPS
WINPOIWTSTRT s XSTRT’YST“TsZSTHT’TCUT'XTHA(IU)'
I0e11,MEDIAyTADJUM,,ISHIAS,

ISOURS ITCRS ITI1E.LTSTH,LWCMT%'anFwL,LOLEPRaLOPN%CwLOCFSJv
MERXGP 9 MAXT I ENALR sMOPREG o HXKEG o MALB o MDEAD (S) o MEWNMoNGEOQiy
HHPUTl,WHPQTB’UUpOT3.annTG.NprTN NITS yMECALC o IKILL yNLAST o' MEM
PP nqoq1,n:rg,uoLFAK,QORmF,NPAST,VPScL(13),NuUIT,NSIGL,HSUUR,
u,RLT9:€TRT.MxT>A(1n)
CO QN /HUTHOM/NANE s NAMEX 9 1G9 IGO s MMED s MENDOLD INREGUs Ve We UOLND VOLD
LuOLU s XeyazsxvLD, yULD,lOLDqﬂATL¢OLU4T9UTHC9JL7NT99LZUN9AOEv9LU“Gh-
COMONZE IS/ FTOTLFIATE «ME ISTPyNFISHeNFPTaUATEF
CCOMID u/hpqJL/PKFLX,VAHFLvaAhruLoPKOVAPqRKHF,RKHL,¢NAT59
CAFRTESH G FKIFSHeFKTISHeVAICSHaVALFSMeVAISMy VAUCSMe VAOFSMsRKOVSMY

2rROCSH G FRKNF S F Mg IKCALC, IHATCH,INITS

COMMON/ BT CAL/ FaGE ¢ OEL s VFACE Yy VLAGE

CO VIR RGT /RS TR e NSSTH e NGMED '

CO 100 WTS (2)

DI HAEMSTON WSIG(Y)

wilIvaLacT JTG(I)'MSIG(I))

UATA MTZRM/70/

DATA RKCOL/060/ ’

UATA PFAGE s PLAGE yFAGEsAGEL Yy VFAGEYVLAGE/0e030e090e090e090,090+0/

DATA OLayzn 0/

TR NEMKID

IV (i3ainy 10051009140
100 WHIR= nidMK ¢ § '

GO TO (106410391029101) ¢NBNK | | e
10y CALL STRUN

HETHZ

*JO"JT PWNY W

107 NRAT= MITS - ITeRS

NS;‘“{': P!‘:E:M .
- CaLl STHTCH(MBAT)
27T IS THE RATCH #0e LESS Ong
. RETUR;) : :
102 Call MaTer(+1SaVeE) o
LSAVE IS TeR MO. OF PadTICLES STARTED IN THE LaST gATCH
HEE TR
10¢ Call. N2 ITSy#0UIT)
11TS IS Tug 0. OF BATCHES CONPLETED IN THE RUM JUST COMPLFTFD
.'-Q‘JIT .Gr. 1 IF ”n",F. "U“S Qi’"t‘rhl
eED, 1 IF THFE LAST SCHEDULED RUN HAS.. BEEN COMPLETED
IS THg WEGATIVE OF THE #4Ue OF cuMPLETE RUNS. WHEN AN
SRAECUTIOY TINE KILL UOCCURS
RE TUR
14 COTIse
L0 rOlI!? ,7(920,593ng7,a,20,20,11,aq’zn)’NBNK
CSOURCE YWEIOGNT
v S Te=R0,TusnpTe
RETURN
SPLITTING
? chPI NTERM=] )
AL.L L,~Ljnxx
NKHC:RKﬂc+HATEF

tn
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SUBKUUTINE  BANKR

CaLl MSIGTA(IGOHMEDOLND«TSIGyPNAB)
IF(OLA.ED.2eC) OLA=ULDAGE
PAB=] , =PHIAE '
PLAGE=PLAGE+uTBCHPNABH* (AGE~OLA)
60 TO 3
sOHUNDARY CROSSING
COLTItIE .
lFiOLAoE{;psa()) OLA':ULDAGE
O TN 2n-
ESCAPE AMD R,R, KILL

NMTERM=ATERM+ ] R
ADD CO4TRIBUTION FROM LAST FLIGHT
UO TO 3 . ’
LE(NEnDLD.S%e190) GO TO 49
PRHUF=YTS(LOCFSN+ (4en0Lp=1) #¥MMTG+IGO)
RKHF zRKHF «ETaUSD#Y THCH#P N YF
IF {5k e EQ a5 ) PFAGESHPFAGE+ wAFEF*(AGE~0La)
IF(NTERMeLLEeD) RETURN
TERMIMATE rISTORY
REKCOL=RKCOL +RKHE
RKFLA=OKFLX+RKHF
VARCOL=VARCOL+RKHCH#*RKHC
RKOVAR=RKOIVARSREKHF *RKAC
VARFLX=VARFLX+RXHF # RKHF

- FAGE=PFARE+FAGE

l1

.

AGEL=PL onF+AGEL
VF uGESVFAGE ¢ PFAGE*PF AGE
VLqu-Vtaar+PLAG 4P AGE
PFaGES3
PLAGEzg.O
ola=i g9
KiK:HF=0,
KR:+C=1,
NTZRN=
RE TURMN
t~4T:.:§(:4:::'}TE’-7,. 1+
vl TO 4
RETURN
Eii
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Input

3000
200 212 3 1 4 0 4 4 0 0
0 2 0 0 1e0 0025 . Ce
5.0 0s+0Q 5.0 00 0s0
009 : 1:0‘ )

1.05E+7 1l+00E*4 4o65E+] le0
4 GRUPPEN WQ ITR ,

4 4 0 0 4 4 11 11 11 2

18 0 0 0 0 7 7 1

0 0 0 Q 0 0. 1 o
11 , :
11 2 3 4 5 6 7 8 9 10

1 2 2 - 2 2 2 2 1 1 1

Po ZONE1ll ZELLE .

»6106E~05 Qe ) «45931E+00 «4422E+4090
0. «3018E=-04 0. «6RG66E+0 0
Oe Coe e l198F-03 0, .

(2484E-01 O 0e : »6841E-03

26963FE+00 .33928-01 0. Oe
1 =l 1.0
Pg ZONF2 5.0 ZELLE .

e 24T76E=02 e 3063E~02 «3063L+00 «2775E+00
De - e 1950E=01] e 1497E-01 «GB45E+0D
0 0, e 3574E=-01 «3782E~D1"

e6TT9E=-Q1 «1174E-=03 0. «83963E-01

e 9696E+QD «1014E+DD e 1465E-02 +257TTE=05
P1 ZONE2 5,4 ZELLE
Do Qe LS 078015“01
fe Do Oe O
O - 0o 0« O

«e2699E-Q1 w2373£~05 0, 0. -
21616F+0¢0 «3559E~-01 . o 1907E-04 e 150%9E =08

2 -1 190 ’ . .

15 more blocks follow
Next card: Card I 1ll-

0 1 o0 0 g 11 4

% 1 4 1 1 1L 1.9 0.09
1 -1 1 1

1,243 1,243 1.243 1,243 ) o243
0.0 0.0 n,n n;n

- 71~

- 11 MATERIALIEN ITR TEST PROBLEM 60K MORSEK

250 11

8.E~4

0«0

N

1 .
26617E+00

«6833€+00
Oe

0
«5958E+00
6B23E4+00
0 1197E+Q0

0.
e2327E+0Dn

Oe

(118

1,243

0o

20
9.7Rt:¢5
Va0

De - ‘

«1873E~n1
e64TIE DD

. e69TIE+0D

Qe
026135“01
o D452F 400

° «1055E+01

Co
o 7SnTE=02
022725‘00'
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2
X=ZONE
Y=2ZONE
Z=Z0OME
ZONE
X-=BLOCK
Y=-BLOCK
Z=-BLOECKE

. 2545
RLOCK
MEDIA
RFGIONS
RLOCK .
MEDIA

. SURFACES
SECTOR «]
SECTDOR +1
SECTNR ¢
SECYOR 0
SECTOR ¢
REGINNS
SURFACES
SECTOR =1
SECTOR +1
SECTOR 0
SFCTOR ¢
RLOCK
MEDIA
SURFACES
SECTOR =1
SECFOR 1
SFCTOR 0
SECTOR - 1
-SECTOR ¢
RFGIONS
SURFACES
SECTNR <1}
SFCTOR <}
SFCTOR
SECTorR ¢
BLOCK
MEDIA )
SURFACES
SECTOR =1
SFCTAR 1
SFCTOR ¢
SECTOR i
SFCIOR 0
REGIONS
SURKFACES
SECTOR -1
SFCTOR ¢}
SFCTDR 9
SECTOR 0

MALE :
40 9
40« 9
‘3205 4
1 1 1
"400
'403 ?
"32050
? 3205‘
1l 1 1
20
11
1 ) 2.
le
o le
o 0 0
-1 0 0
¢1] ~1 ¢
¢ +1 -l
0 0 +1
ls
ls
6 0 ¢
-1 0 0
)1 =1 0
0 1 -1
1 1 3
29
1l
0 0 0
-} 0 O
+1 -1 0
h +1 -1
¢ 0 +1
| 2
le
¢ ¢ o
-1 3 ¢
+*+1 ~1 O
0 +1 ~1
1 1 4
3
ly
g 0 0
-1 g0 9
+1] -1 0
gy +1 =1
¢ 0 +1
3
1y
& 0 O
-1 0 O
¢+¢1] =1 O
0 ¢] -~}

4
2y

59
2

69
X

69
29

40
40
325 .

40,
4N,

0.‘,

10

10

10y
3

.909'

11y 1000
4

11

ile 1000
4 .

11

11+ 1000

4

11

16.5!

23.1'



BLOCK 1 1 5

MEDIA Ts Gy 10 11» 1000
SURFACES , Lo 2y 3 4 .
SECTOR =1 5 0 O .

SECTOR 1 -1 0 O

SECTOR ¢ +1 -1 O

SECTOR 0 4 +1 =1

SECTOR 0 ¢ ¢ +1

"REGIONS . T 9 109 11

SUIRFACES le 2y - 3
SFCTOR -1 o 0 0 ‘ :
SECTOR +1 =1 0 O
SECTOR p +1 =1 . G
SFCTOR 0 0 +1 =]

BLOCK 1 1 6 _ .
MEDIA B 9 10 11+ 1000
SURFACES ls 29 3 4 -
SECTOR -1 0 ©0 O

SECTOR 1 =1 0 O

SECTOR (@ +1 =~1 ©

SECTOR o ¢ +1. =1

SECTOR g 0 0 +*1

RFGIONS Be - K 10 11
SURFACES lo X 3

SECTOR =Y o0 0 O
SFCTOR +1 =1 0 &
SECTOR g ¢l =1 ¢
SECTe™ 9 0 +1 =1

- CYLINDRIC SURFACES |
1.XS0 1.YSQ ~129:96
1.XS0 loYSQ ~372.49
1.XSQ © L 1e¥50 7 =453,69:
’ 1 X5Q . e 1.YSO ~858.49
5 2 4 1 1990 '
0. 6.514 11.55 15,91 19,04
. 00 . 1_00
0.0 9.9 . 165 23l )
01044 o174 . le214 066241

1.0 .
01044256 0.06552132 09502497 .

..

HO A
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4. Results-—--Desgcription of the 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
Il +to I 10. The output is self-explanatory. The real and weighted
source spectra are given as-frequency distributions. The souxce weights
can be calculated f£rom the associated densities.

The second.page contains the information from cards X 1 to X 7. They
also are self-explanatory. Then the starting &ddresses of the individual

" material data are calculated and printed out.

Card X 4 allows us to print out various detailed information concexrning
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
Erom group IG, then scattering to group IG - J is given immediately
following. For this case we must have IG+I £ NMIG and J< NUS.

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, the 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
stcrage of pariticle 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 the 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 fissjion. 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 mackage 2 collects the batch results and compares them against
a normal distribution. BAnalysis package 3 permits the output.edit of the
results in the form of one, two, and ree parameter fields accordlng to
the specifications from cards S 1 to S 13.

The following statistical information concludes the output: cause,
nunber, and weight of the cut-offs of histories, distribution of the
scattering events according te 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-

. dlsion 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
bward the point (will move in d L% about €2-), 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
gquantity c 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.. The calculation is domne with six groups in P3
approximation. The detectors are located at the points

100.0

X = 0.0 ¥ =0.0 z =
X = G.0 Y = 10.0 7z = 100.0 !
X = = 0.0 Z = 150.0 \

Q.O ) Y

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
¢) 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 c 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 [b?_T, where /5 is to be
taken between 0.7 and 0.8.

/
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The subroutine GETWT as used for the weightings c to e is

SUBROUTINE GZTAHT(N) |
COMMON ZNUTRONY NAWg,Navax,16,IGO,MWED,WEDULD,NREG.U,V.H,UOL“,VULD
1 90D XY aZe X002 YOLDw 200U WATE s OLD ATy 4THU THL L9 BLZINs AGE y ULV AGE
COH” JZRETIGUT/ MuTvﬂup!hr’ﬂL'wA’ON vAMy #D
UAMO) VTS5 (L)
TOIMEMNSION GET(5)
UAln(an(I).Tnz,o)/J.zc+~0olbO’0 227+3%), 353/
VARUTS (1w T) #EXD (=ZHBET (16))
wel. —'“‘H".‘ 57 .
,UT:“'A‘""(') ) :S
RETURM
LI

SUZRVUTLHE  50URCE

@]

SULROMUTINE QQJQCE(IGfuvJs”tX!Ys?;hAT~,Mgaolb,ITeNGPsD9ISA’N11u)
CO MO H V’TQ(I)

CALCULATION FOR SORCE oREA

AL X\QQ(&I,X?)

A=19, 5#X1

\-—‘_.'o\

L=FLTRF () -

wAliZ=g,5

51 CALL GTISO(U,Y,¥) .o S .

iFLZLOT,0,5) 6 TO 59

LELHaGTeity) GO TO 50

CHRSFLTREF (R)

IF(R.6T.0,2) 59 TO 51 , .
',3':;';’::::\[;1‘1'&{‘;'5. . -

SN JATESUATE®: JA
o0 wATE=wATELR

wATE=DeHATE
JFCT5) J6e95,4,95

9 1(5-‘:15

B Ut

90 b() ITINIE

LF(L>")) lf‘l;,lﬂﬂ 1!")

00 DMT=244MT5

) TO 294 , T

159 N”T*3*;"T
20 R=rLTRF(R)

DU 255 I=1ehGP
LEGRGLELHTS(1+4uT) ) GO 1O 300

53 Coitvinme
300 IG=]

LEFUISEY Bou SN e35:2

359 IF(I=-}) S0V 94009457
“0“ “HTL:‘"' ‘TC‘*“Tr(?‘”llnTG"l)/HT"(3“'\"‘1TG“‘I,

itFTURM

450 WaTEZWaTEA (WIS (3R HMTE+ 10 ~WT5 (2 TNTE4T=-1) )7

l . (UT5(3*NﬂTu¢I)-hT&(J*NHTb+Inl))

500 RETURN ' | ' . S ,ja__;;%

LN
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"BUSROUTIHE - BaNKR(HaNKID)

C DO OT Carl ZUCLID ROV ssauxR(7)

Ci

oo

CONMON ZAPOLLO, AGSTRTYIOF sDEADNT (5) ETA9ETATHETAUSD s UINPVLND,
1 i P TS TRT o XSTI? T oV 3TU T o Z3TKTaTCUTYyXTRA(LU) » v .
2 IidsT1emEDIAsTADUMe L 280Gy
3 Igd,h‘IT~q"ITI"F’ITSTQ LJPWTS’LOPrML9L3CEPR9L0CMJM7 VCFSuy
o MAKGE o HAXT 140 MU ALY g MG IREL  MAREG o HALE o VIEAD (1) o MER Y NGEQy
5 NQPQTIoﬂ,PwTe.th4T3,w,ﬂqTUyrbP“TN,VITD,”KCﬂLC'“KILL’“lAST,N”(W’
6 HN2GPR 9 OST o MNUT G HILEAK ¢ VOR: 1FONPASTQ\I°SLL(IJ) thUITQN)IaLQ S\JU,/,
7 NSPLT,HSTRTVNXTRALL0) ,
HBaK=E NBNKTD
IF (#u™K) 19041009140

13:} i"t;’.‘i(:: ]ll\u( < 3 ’ '

. GO TO (106s1C3,10290181) « VBNK -

121 CALL 5TRUN
RETUPY |

102 ;15"«']‘: NITS - ‘ITERS . | | )
HSAVE=  NYEH ‘
CALL STHTCH (59T '

MBAT IS THE BATCH nNO, LESS UVE

KETUR! |

103 CALL H5ATCH({MSAVE) |

ASAVE 15 THE NG OF PARTIZLES STARTED I THE LAST oATCH

RETURHM

104 CALL HELP (4HRAVKs1ylslyl) . .
e ET LR

1ad) vl TO(1929394 954097959910y 11912913) MBVK

CMBNAID COLL TYPE  ZaisR CALL N3VKID  COLL TYPE. RANKR Cail
4 S0 JiE YES (430uUR) 2 SPLIT VO (fesTa)
3 FISsSIoN YES (F3ANK) 4 SAMGEN . NO  (USTORE
> REAL COLL YES (40asE) 6 ALBEDO YES (V. 3E)
7 SO X YES (NMXTCUL) 8 ESCAPE YES (HA12D
9 E-~CUT . ty (vDIISE) 12 TIME KILL NO  (-U4SE)
11 RoRKILL 00 (TESTH) 12 "X R SURV . NO (TEyT#)
13 on 4.0sT WY (GSTOKED - |

L LALL $7aTA

RETUR:
PETUR
HE TURY
i TUNE
sanl RTLCOL
RETURI

B R TR

7 RETURN

8 ZTuR:y

9 RO . | |
1 RETUR S . |
1l RETOURM . | o -
12 T4 TlJRP] .

AER o BTN

U P WiV

l

g 4!

N SNSRI

e e T~ B AT
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p - ",.f' = 771"

SUSBROUTINE SDOATA

THLS VERSION IS FOR POINT DETECTORS LOCATED AT (XDsYDsZD)
AWl FOR A ISOTROPIC POINT $OURCE

U] JUSTRZ AGSTRToWTSTRT s ASTRT oY STRT e ZSTRToDFFeERDTNIEROTUY
T TCUT 4190 1eIADJ Ny WGEPRTY oNGPUT2sNGPET3 g NGPUTOGNGPRTNe VITSoMNLASTY
2 HLEF Ty 3P o NMTG NSTRT o
CO:GHOMN /P)hT/ W IR UE I NE e N T NASHRESPoNEX 9y NEAYD e HEMND s NDVRIMTHMRINTNE
1 HIALE g N T I g NTNEND g VANTND G LOCKSP o ILOCAD o LUGIZ Gy ILOCCO L LICTHLOCUY,
S LOC D, LOCHE S LACTILOCL jELACUAE yLMAALSEFIR G TeEG TOP o K9 LOCHKA
COAi10 /ZNUTRONY wAiL,NAwrvavaGUQP“’DoWFDULnoNRFGfu,VvN’UOLU9VOLD
1 o0LD,y Xa¥sZ o XALDaYOLDy ZOLO s WwATE QLD ATy dTBC INL2ZN 9 BLZINyAGE yULIIAGE
CO-M0§1 civ (1) ,
IQ=  nclud
VG 5 I=x19%D
1A=  LoCkD + I
AES Ei(IA)
FW(IA*NU)
Ert(Iasp0ND)
X
-y

2% 1IN (O | I LA B

.OLE NN~
-‘\'()H it

AE -
Ew
E-Z
bﬂ_—ﬂﬁq+ﬁ*ﬁ+€#c
BS=G2RT (502)

HE DI 1=NIED

=1 '

LuuL FHPITd(’9X9YQZ9KEcYEQ/P?”SbeoPQG9ﬁthDIUHyIBLiNvNQEG)
(94 p R¥ AATZ ® EXP{ANG) /] 2566377/ 5D2

CUE_:":C/")S .

ADL = LS5T ¢ DS/ (NUTOG+LG)

&C TC 41

1200 FORMAT(1H 9213 e4E13.4)
Okl FI, UX:;T(TOI(:O(., vy A'}TOCO§91)
S cO. TI iR I
5ETURH

ity , ~

-t
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SUSROUTIMNE RELCOL |

¢ ‘ ' o ' '
C THIS VERSION IS FOR POINT DETECTORS LIZATED AT (XDaYDeZ))
c
' CO-0M /Ug”ﬂ/ AGUTITIWTSTRTIAGTRT Y5 TQT!151RT’DFF’EROIN9EHQTU’
1 TCUTs1velly IA)JIy”uPﬁTl-NGPUF?9HGPJT39VJPJTboNbPOT¢941TS9NL4579
2 MNLEFT JMMGR e MUTG o HISTRT
CO:ntt /PDy/ ND o E o MNE o NToilA s NRESP e NEX o ME KﬂﬂvNFﬂOQWDVRQNTPR'NTVEo
1 MAE gl TMDIIR ¢ NTHE N 9 NANSND o L LVCKHSH 41 D2 XD.LULI HeLOCCOLLICT e LOCIL
2 LOCSDGLOCUAELIC '.)TQL.DCJTFQL‘)C(JAEQL/MXvC." I'RbT EGTOP s NK <9 LOCHKN
s COSMOM 9UTEOM, MAMEsMAVEAS TGy IGU ¢ NHZD g MEDVLN ¢NpEGetia Ve 4y UNL 22 vILD
1 audlD,X9Yo/qX3LU,YOLD,LOLD»WATtyOLJHTodTquIBLLM BLZJN?AGFyULUAGE
CO100) BL (1)
DIAENSION WL L)
CQUIVALENCE (AL (1ol (1))
. UATA  iEST/1/. FHEST/Z1,.7. ' .
C HEST * FHEST ARE THE NDe JOF ESTIMAYES 10 3K MADE 10 EACH DETECTOR
C NZLDD ISTAT E0. 19 MEX +Z3s 19 NEXEN) (Ede 4
PO 175 T=1e) . .
1A= LOCAY & Y .
AE= 0. (14}
YE= BL (i A+iiD))
SE= 8L (IA«24N)) )
AS XD - X : - N -
= YE - Y ’ '
s 7E - Z
SD:-ArAyﬁ¢H+C¢:
BS= 53227 (SL
CO =0/
FHETAz  (ASUOLY + =%VOLD): ¢+ CHWULL) /DS
- §GOLD= IGN . , T
i0G= 6apaT3 ' o ‘
iF(I Go.LE, "“)"-")T'|) 1GY }JP(JTI
1A= L_')(:r"§r’ ¢ RPN 1'T 5+ 1
. CALL pTHETL (NS I50LD 160y THET OPL(IA) Vﬂrbo“l)
P?Sudris ‘e .
iN= 14 - 1 ) : L. ‘
Jo 5 IL=IBVLDLIGY . e o T ‘ : -
EA' -Tr'\,bIL ’ T . '
celATAL =Aa3 (kL ETall))
3 PSLitizz OPSiy « 3 (I4a0)
) 319 IL=1G0LD,16Q
JAL=T A, 1L
. L CIAL) '-;:‘JL (IAL) /P S
20 (ESTUNM=MMED
Rl D= AGE & D80 (MNYTG+IL)
il ‘
AHGTS o -
catl 'W”LT”(.OXoY’ZWKFofEQIF’U\vI|9“?99”9MtDIUMvI”L/V’MQcG)
CU o= JATER ELD (ARY) % 3’(IAL)/§UH/FVL\T
1000 FORMAT(1A 9217enE15+4)

CALL FLIIXST(Te 1L OCJNqAG Z0COSH )

15 (WY lTIbi lr

IN. v-L’N‘XO*'a”"'I)+ I
WL CTANY =L (TNN) o)

[ Lol RN RS

- - -

TNV IT !

E” 8



C oG

OGCCGO GHGO

124

125

bUHHOUTIN: PTHETA(IWEU7100LDOIGQ’TH TA9°WU!VMT69MCO)

gAilPLE CaLL HFQU”NCE 3Y UgER
COMMON wT5(1)

il (4+rRISPYHUMTGHY OR

\“1

(

CALL pTHETA(seessssWTHINL) oN1TG)
DETERMINE PROSARILITY PR STERADIAN IF SCATTERING THROUGH aN ANaLE

THETA
IMCAST OF UPACATTERING
IF «LT. 9 ~CO=\CUEF
COMAOMN/LOCSIG/ISTART 915

CUeF W

s IXTAP s MCRJMTRPi1US s VUS
COHOIXGER/ AXSTR9HMSST Ry NGHED
cO 0N gIST(R)

DICIHMZTON P(10), MSIG(1)
COUIY A FIICE (bIhT(l)quIo(l)’
LV EENGTON rmu(umrs)
IFANCO,LT,0) NCO=HCOEF
LFLISTAT ) 1092,100241¢01
iF(HCY  =1) 10919100191 803
JRITE(TA91N03) TyTATYMCIEFINCO
3 FOUMAT (1HY o 254FRROV
Al AP (4HPTATsU 20909 7)
[FCIGRLE)IGY TO J00

WO TO 131 , '
IFCTIGOLNGT.N62)6G0 TO 129
(GUD=nGsP L
G0 TO 110
1ouR=T6G
vi) TO 119
L= 50
COLTIHUE _
iF Is) L1l PISSIBLE
IU\-)

COUSTIER
uf‘( OILY TO GROURP
THETA IS AHGLE OF
L6ULD 1S LHCOMING GROUP
ALGENSIGUAAS TR TAE 3)
LECIGOILN  LE L1182y GO T
I67eNSIG{UESTR+
ut) TO 125

iCcL
COITTAUE
LE (HCY)

L) TO 117
Q0 11 I= IGOLD,Ian

Pl s JTHC TS IGT(LIOZ+ 11600 0+])
w079577 Is’ 17421

RE TV :
ASThETA

123

123

LJ1IGU TO 114

ol o
ford et
o o

117

wHEN TRANSFERING FROM GROUP 15
3G SHJull) RE
CY ACTUAL fhia3ER OF COSFICIENTS TO 3E JStU

6T,

[t PTHETA ~ ISTAT o

DOWNSTATTER

..Cl-\r-r = It! LaB "YS]’E”

GeNRESP) #NYT 341

TO 16AQ
NTGS

CCOG InABOGy IGALDGS IFPORG IF NG IFSPQLY
IDSGOGyIPREBME G INPIFGE,I15CANG 4 ISCATG 9 ISPORGy ISPQIT o« INPBUF,
IgIGOGeIHFPIGYTAIGUGaITO GG N3P aND QI NGGINDGB e INGP IND R
PRIED i L Fi e N[ X o \IC()E:.F’HJC'I NTSINTSaNDSNGR o NUSNEGe LANJ s
NHE;LOC INGS TINS5, 119109 KKKy IXTAPESIDEL«ITEMLYITEMG, IRSG,
IRDSGe IS ReyIPRINCIFMye IMOMe ID Fe ISTATe IPYM

GoNTABANTAIC +INUSyIGSHUs INSGU

129 9He NCO:ZF 12}

Z))+105100+MSIG(IJSG#IG7LD"VGP)

S TG IMSS TR4MED) *IFSIJG+NSIO(INGS+IGILD) -

GROUPSs OTHERWISE CONSI



SR PO m ML 2t g neme pony e

SUSROJT LIE

C oG

a4

- 115

PTHETA

PCLY=A

P(C)= 1,5#47A=5

{(MOH=t1cO -1

O 145 K=3.NM0M

g=K . . : \

PIEIS ({2t (B=le)+le) #AFI (K= ) =(B=],) 4P (K=2))/B"

AITHIN GROUP SCATTERING [S ASSUMED TD ALWAYS BE NON=ZZIRD
Pi1=0Q

NKND = Ispozr+(q D )*dTG»uTs#NLUtr+(IaOLw-l)*vTS

Uo 11 : l'i""ai
H1s=M KN.)*'JTO""“T"*" (K=1)*+1

PH=PM + P(K)#SiGT(NY)

PHUCIGOLD) = (PHMa], )#.;79377*51 GT(IGE+1)
1(‘3 "T 1(7”‘_3*1

vl 1‘0 I= IubTvIGQD

PM=

J=I“IGﬁLD +1

iN3=1GK+ J

DISIG=5I6GT(M3)

IF")I;I{J’L‘—.O.,G‘) TO 103

DO 1067 K=1 004

AIFHUEND TGP TS (Ke1) &

PHaPH P () #5T5T (M)

PHUCTI)Y = (PR+1,) 0 T79577#D1ISIG

COMTIMNE ' .
nETUR: ' ’
PHE(T)I=0

RETURN

i)

SUBROUTINE STRUN

SUBROUTINE STRUN ' |
RETURN | - .
END ' -
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Cards T 11 and I 12 read as follows for the individual weighting

types:

‘Weighting

‘ Neighting

Weiqﬁting

Jeighting

Aeighting

2 NSPLT= 1 AKILL= 1. - ““NPAST= 0 NOLEAK= 0
IEBIAS= 0  MXRgu= 2 MAXGP= 6
NGRL DG IGP2 NIRGY HORG MRG2 WTAVED XMU
l X 1 1 1 2 F.N00IE~Dy) «0,
2 1 2 1 1 2 2.5000FE+00 =0.
; 3 1 3) 1 ] 2 6.0NNDNF+0N =0,
b NSPLT= 1 . NKILL= 1 NPAST= 0 NOLEAK= 0
IEBIAS= 0. MXREG= 2 ~ MAXGP= 6
NGP1 NDG NGP2 NRG1 NDRG NRG2  WTAVE] XNU
L 1 1 1 1 1 8.000CE=01 =0, o
g. 1 @ 1 1 1 1,0000E400 =0, -
3 1 6 1 1 1  3,0000E+00 «0,
Harbi= ) M= 1 WAST= o HOLE ks -
IEBIAS= » MKREG= ¢ MAYGH= g
NBRL  mDS NoP’Z nR%1 Mo kG2 WTAVEY . XNU
t 1 1 ) 1 2 5,0Y30F=90) =g,
2 1 ¢ L 1 2 b.GUI0FE+D =i,
3 1 3 1 1 e 5.0390E+01 =i,
‘ b 1 3 l 1 2 1.5:008 402 =9,
& GsPLT= 1 CKILL=E ) PAST= ] NOLEAK= 0
IERTIAS= ¢ MXREG= 2 MAXGP= 6
_NGT! ugs ﬂﬁta HR?l dn?e @R:a 5 WTAVEL1l XMt
. , D+N0V0F-01 JB200E+0
-.d 1 .- 2 i . ] 2 heO0QOF+00 QUESOE:03
? ! 3 1 l § 5. 0000F+01 «d230F+00
e + ) f 1 1 c. 12_:.:00(”:'4'“?" J_tj?{"{u'.;.f)o
W2 T= 1 NKIRLE A2AST= NOL s haR=
1EBIAS= 5 MAQe3= 2 » MA RGP = 6
N3l iy NuUE i, 00RG ReE wTAVE) X i)
i . 1 2 € BL0TY0E-01 8230540
i; h ] 3 i } ;[; 'bOO“fJCF'_.¢!_‘).'\ .82.\‘()":'4-.:}:,
- N CetlulNE+U1 JB2ant ey

1e55905+n2 WB290F 4y

Fusr=r Rty

e m e et A A ot Z

e Z e A it b

T




3. Inbu‘c

LIH 6GP P3 ZYLINUER 3 PUNKTDETEKTOREM WICHTUNG E

6000
200 210 l
0 S
0.0
0.5 0.25
0.909
6.0
LIH 6GP P3
6 6
4 0
0 0
2
1 1
K
2R 0.0
. 2R Q.0
er 00
2R 0.0
2R 0«0
2R . Qe
355634=10
2R 0.0
137074‘11
3R 0eD
aRrR 0«2
3R 00
3R Ded
3R 0e0
0«0
3R Do)
198439=14
3R 0.0
3R 0,0
3R Qe
3R 040
3R Oe0)
Oe0
3R Dol
<~Q7532=172
- 3R . 00
3R Do
3% 0el
3R 049
3R 00
060
3R Geb
~“69454~13
1 -1
1 1
\ 1
2 1
3 l
4 1
~1

PP v ¢ i

0 1 6

1 1
De?
Q.15
06076 '
Se0

1603847-7
2124522~7
274252)~7
74675817

1126862-6

00
1857228~-4
390337=-12
13832927
1552742=7
2016727~7
1110005=6
18455146

2424043~6

1696739=7
1782997=7
2339293-17
96013G1-7
1419741 =5

14206056=6
1593821=7
157050 3~7
1981277~7
36777364~7
35518867
3667012-~7

I:O

NN,
Pt P s 1t gt
et v O

L N e et T T L R

177

3R

2re

zQ

0 6 6 0 0 153 1
- 1,0 " .00 0s0 0,0
0.0 0,0 0s0 060
0,05 0,05
0.0N0N9 0,003 0.003
&4,0 3:0 2.0 100
6 1 1 1 4 3 1
9 9 1 :
0 0
B04T7404-8 SR 0«0 -
1034R24=7 5797974=3 4R De0
1210173=7 B469655=9 1497506=8
S600054=7 1505084«=7 24300685-8
9559776~7 16844973=7 1590173=~9
11415546 18597217 82829R8~09
5R 0.0
5818425-8 4R . 0e0 ,
AS97831-8 2081349~8 3R 0.0
1997495-7  2343770-8  4589186-9
24391377  300655-09  328913-1¢
2390036=7 757274=10 - 926380~-13
SR 060 ‘
4618013-H 4R O0e?d .
7010063-8 -109737~7 3R O0e0
2840957~8 “378252=7 ~143346-7
=113565-6 -392136=8 «T6T787=9
-123415=6 -206367=8 -18134~10
SR 0,0 )
~11%535%2=-9 4R Qe
~5nN8354=7 ~-423195~7 3R 0«0
~139a99=4 -618Y04=7 ~14218H~7
«3h23)18-6 =196242=8 =114766~9
«352869.6 “244308=9  o32424<11
F 2 6
4 nL,8
o 60()
2 .5060
2 150.0

2R

-

oo

0.0
6776506=9

3004723~09

T725415=11

0,0
644030-11

101346~13

D
{ o
No Bk

-2134

¥

-34268=11

0e0

«2250%=09

~35470-12

)
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"FLUX DETEKTOR
SOURCE BIASING
1.0 1:0

1 2 3 - 4

0
1 .
2 MALE
ZONE X =200
ZONE Y 20600
Z20NE 2 “10ed
ZONE i 1l 1
BLOCK X «20e0
RLOCK Y =20eCo
BLOCK 27 . -1?!0’
RL.OCK 1 1 1
MEDIA 1000
REGIONS 1
. BPLOCK 1 1 2
MEDIA Oy
SURFACES 1
SECTOR +1)
SECTOR =)
REGIONS 1
BLOCK 1 1 3
MEDIA . 0y .
SHRFACES 1
SFCTAR «+]
SECTOR =1}
FEG{ONS 2
RLOCK 1 1 4
MEDIA 1000
REGIONS )}
1 .
+]1+X5Q
LIH ZYLINDER
' 3 6 6 0
000 0'0
0,0 109
0.0 D0

- 87 =

+200
+2049
15060

+20e0
'0'2000

(.09 ' 20.0’

+1.,YS0Q =380.25

3 PUNKTDETEKTOREN
0 1 1
l1a9, 1,
an. . 1'
159490 1.

140 . 1.0

45.0’

1.0

150.0
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A. Results
After about 3 minutes of calculation time, the following total

fluxes and spectra resulted at the detectors:

Weighting / & DETECTOR MO, . 1. .. .. .2 ... ..3.:
- - ENERGTES ’ T
660900E+0Q ' - :
‘ Te162E=98 6,024E~03 2,931E~U8
.222 0206 9192
5.000E+00 T
. : 3,863E~-93 3,895E~93 1,463E~08
) : ..aqﬂ 286 + 234
 4.00DE+QQ . ' '
0762207 8,751E«99 3,.304E-0Y
378 . L3342 » 355
- 3.000E+00 .
' 3e3192~11 2.757E=11 14,198E~11
| 350 .903 »844
2.000E+09 :
' 3.598E=14 2,438E~14 l.452E~14
' o342 »937 981
1.0002+09
4.667@’2? 3.703E‘20 2.0395~20
0?15 ) .925 0935
1,0005=02 o .
. . b VETECTOR NO, 1 2 3
welgnting ENERGIES ' ~
6+GUOE+0D ) . '
.~ leTEO0E=07 1,652E~07 6,530E~-08
' Lo 323" o320 0303
520005600 h : _ ,
Be26TE=08 T,951E=-08 2,907E~08
- »338 2352 319
44000E+00 ’ . -
: Sel15E=08 4,544E~08 1,696E-08
518 528 « 386
3.000E+00 ) )
: 29 7641E~(8 2,454E~08 8,594E-09
- 0884 860 ° ,878
. ??OOOE"OO
403738-09 4.265E709 1.301E'09
«837 «813 0823
1,000E+00

3.9610=10 2,903E~10 1,256E=10
.822 . #7395 811
1,000E-02 : . o
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weighting ‘¢ DeTECTOR WY, ] 2 3
ERNEZoLLS
CouCGUE+JL .
6e789E=id TeU29E-)H 2,900E~08
* 495 1745 .09
5,000E+00
. 6+644E~Y D43935E~08 2,361E~08
«358 «345 «337
4 20CE+00 . .. .
4e951E-Ud 9.(22E~n3 1.616E-08
i <375 373 359
S _30CE+2¢ .
2eDIBE= O 2.627E~03 7 .B5SE=r;09
401 423 452
e.J0UE+IO
2¢239Z-33 Q4223E=08 6,79DE=0D
431 <439 474
}.CUUE+DE . |
}oii0OE=5d Fe582E~09 R,897E~n9
2403 T 463 4bZ
Weightinag G DETECTOR 0. 1 2 3
ENERGIES L .
6.000E+0S . - ' o
L 16203207 1e152E=07 4,317TE=03
o . 156 0154 el42
5.000E+0) : )
. 8.6822’:"0&3 H.“??E-OB 2.?‘&65"03 .
S e235 0237 0223
4¢000E+00 Co . L .~
Se3505~08 5,406E-08 1.748E~-08
L W 350 ¢353 «349
3.000E+0D " ]
6-360@’03 DJNNAE~QR 1.923E~943
o 455 o459 » 405
: COE+n o
20 0 5¢6295-03 5.557E-08 1,701E~03
: .64 o462 0460
1,000E+00 :
’ ¢ 10927§'03 l]eBA4E~A 5¢551E~099
0451 e403 399

lfDOOE"OZ

b
.



UPREBRAR AN A 1y v aoglmgeaseareves b 1 1 e s L

. Weighting | @ DETECT R Ve 1 . 2 | " 3
. ’ El\’- ('J[u—b

5,9J0E+40 y
’ lelliB=37 lenéBE~nT “014&E‘38
_ . ' ° .159 .15{7 0159
2.000C+00
9,936-18 9,2915-33 3,.252E~48

. 217 | 222 .20

4,000E+y0 . T

(995 :E=al H5,939Z-75 2,993 -18

: .17} . 167 w1619
3.000E+¢0 .

: 6,24 =n8 HL)03E~03 1.858E~08

322 .322 ‘ .3}3-.

2.000E+0d |
: - 5,9220--8 5,6376~:8 e 7a7c-“

L.ngl.n_-.d 1 5"’2. -t 5.40‘38.;{}9
s 353 369 e 353

- e amt o i S - —r—

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 [1ll] 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-estlmatlons, not enough partxcles
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 u
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 p { €, we replace 1/p by the expectation value estimation <ﬁﬁu) °
As a rule, the error in this procedure is negligible.

e e e T haumandaaa e e R T T P oo tdsaen - . aae ——— v
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If, in the range O u £ £+ 2 constant: anguLdr Elux dlutrlbutlon,

is assumed, then the p are distributed according to .
£ = 2p/¢ 2 o G

and we have ‘ s

an- [ NP F

2. Test Example

The irradiation of a head through a collimatcr was usedlas a test
example. The collimator was simulated by a monoenergetic source with a
very small angular opening. The head contains a brain tumor, A plcture

of the head was produced with the aid of the auxiliary program P]CTURE.
It is shown in Chap. IX. | '

The fluxes were estimated in circular rings around 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 7 ).

eV

i P B et s T %, A LI B e v 5 T S5
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SUBROUTINE SOURCE(IGIUIV oW e X oY e ZoWATE e eBaISe ITINGPeDeISBeNMTG)
COMMON _WTS(1) .
x="'60 oD
Y=1.5.

222040
XU=FLTRMF (R)
Us1,0=0,00055554XU
Ul=SQRT(1,0=Usl)
CALL AZIRN{V1sW1l)
V=V]1eU)
W=wWlaly
WATE=1.0
IF(1S) 90¢909935

95 IG=1S
RETURN

90 CONTINUE ,
IF(ISAY 10091004150

100 HWT=22MMTG
GO TO 200

150 NAT=36RMTG

200 R=FLTRMF (R)

DO 250 I=1:NGP )
IF(RL.FWTS{I+NWT)) GO TO 300

250 CONTINUE ~

300 IG=1
JFCISBL 800,500,350,

350 IF(I=1) S0Ne4004650

400 VATE=WATE®WTS(2oNMTG+1) ZWTS(3*NMTG+])

RETURN .
450 WATE=WATE® (WTS(20NMTG+ 1) =WTS(28NNTR+T=1) )/
1 (WTS (3ONMTGHI) ~WTS (3UNMTGe1=1))
500 RETUARN - R
END

s et i i A ks B S Y
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SUBROUTINE BANKR (NBNKID)

¢ DO MOT CAl EUCLID FRGHM BANKR(7)

cCoOMMOMN ZAPOLLO/ AGSTQToDDF.DEADwT(S)oETAoFTATH,FTAUSDqUINPoVINP,
WINPeWTSTRT o XSTRT e YSTRT ¢ZSTRT e TCUT+XTRA(10)Y o

IO I1sMEDTALTADUMSISRIAS,

ISOURVITERSYITIME» ITSTRyLNCHTSsLOCFWL+LOCEPRILLOCNSC L. OCFSN,
MAXGP «MAXTIMyMEDALBIMGPREGJMXREGINALRBNDFANIS) ¢ NEWNM o NGEM,
NGPQT1 yNGPAT2yNGPAT 3 NGPATGyNGPATN o NITS e NKCALC o NKILL ¢NLAST g NMEM,
NMGP ¢ MMOST s NMTG o NOLEAK ¢y NORMF o NPAST o NPSCL (13) o NQUIToNSIGL ¢+ NSOUR,
MSPLTaNSTRTINXTRA(10)

NBNK= NBNKID

IF (NANK) 10041009140
100 NBNK= NBMK ¢ S

GO TO (104910391029101) ¢y NBNK

101 CALL STRUN .

RETURN o | _ . ;

102 MBAT= MNITS = ITERS L. o .

NSAVE= NMEM . ' . : Lo
CALL STRBTCH(NBAT)
C NBAT IS THE BATCH NQOe LESS ONE
RETURN
103 CALL NRATCH(MNSAVE)
C NSAVE 1S THE MO, OF PARTICLEG STARTED IN THE LAST BATCH
RETURN .
106 CALL HFLP{(4HBANKsleslolol)
RETURN :

140 GO TO(192939%959697eR:9910511512413) NAENK L '

NBMKID COoLL TYPE BANKR CALL NBNKTD COLL TYPE  8aNKR CALL
SOURCE YES (MSOUR) 2 SPLIT NO (TESTW)
FISSION YES (FBANK) 6 GAMGEN . NO (GSTNRE
REAL COLL YES (MNRSE) 6 AlBEDN YES (MORSFE)
BDRYX YES (NXTCOL)Y 8 ESCAPFE YES (NXTCOL
E~CUT NO (MORSFE) .10 TIME KILL NO (MNRSE)
11 R R KILL NO (TESTH) 172 .- R R SURYV NO (TESTW)
13 GAMLOST - NQ (GSTORE) ) ' ' '

CALL SDATA

RETURN

RETURN.

RETURN

RETURN

RETUNY )
RETURN -
CALL BDRYX '

RETURN

8 RETURN
- 9 RETHURN

10 RETURN

11 RETURN

12 FETiIRN

13 RETURN

END

NN WN -
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35
49
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SUBROUTINE HDRYX

BDRYX FOR SLAB GEOM

COMMON /USER/ AGSTRT, wTSTRT'XSTRToYSTRT;?GTRT.DFFaEROTNvEBOTGo

1 TCUT2T10+I19IADUMeNGPQATLINGPRT24NGPAT3yNGPOTGINGPATNGNITSINLAST,
2 NLEFT NYGP«NMTGyNSTRT

COMMON /FDET/ NDsNNEINE+NToNAJNRESP¢NEX o MEXNN NENDONDNPQNTMRQNTNF

1 ,NANE,NTNUNR NTNEND ¢ NAMEND s LLOCRSP LLLOCKXD«LOCTRILOCCOLOCTSLOCUD,
2 LOCSNyLOCRESLOCAT,LOCRTE «LOCOAE ¢ LMAXSEFTRSTLEGTOP
COMMON /NUTROM/ NAMEsNAMEX» TG IGOsNMEDSMENOLNDWNREGU9 V) W’UOL0¢VOLD
1 s WOLD ¢ XoY.Z;XOLD,YOLD,ZOLD WATE o OLDWT uTBC.BLLNT,BLZON'AGE,OLDAGE
COMMON BL (1) . _
"IF(XeGTe+0.001) ‘RETURN
1IFtX. LT.~0,001) RETURN
YR=Y =145 :
ZR=2Z =20, -
RSU=YR#YR+ZR®ZR ' e e
IA=L0CXD :
DO S I=1yND
IA=TA+)
IF(RSQ.LE.BL(IAIGO TO 20
+ COMTINUHE
RETURN
20 Cos=u . .
ABC = ARBS (COS)
IF (CDS) 25¢30+25
IF (ARC~1.,0001) 35930930
30 CALL HFELP(4HBDYXy0s19090)
IF {(ABC=0.01) 40¢45945
CON = WATE®200,0 :
GO TO Sn
CON = WATE/ARC
CALL FlUnST(IoIGcCON,AGEqu 0)
50 RETURN
END

»
R B 5 v o
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SUBROUTIMNE SDATA
COMMON /USER/ AGSTRTIWTSTRT\XSTRTyYSTRT+ZSTRT+DFF+EROTNVEROTG
1 TCUT+T09T1sIADUMINGPOTI yNGPAT29yNGPOTI e NGPATGRINGPATMeNITSoNLAST,
2 NLEFT«MMGPsNMTGaNSTRT
COMMON /PDET/ NDINNESNEsNToMASMNRESP o NEX sMEXNN o NEMD o NDNReNTNR o NTNE
1 oNANE «NTNDMRNTNEND ¢ NANEND oL OCRSP 4LOCXDN L NCTRILOCCOLOCTLOCUD,
2 LOCSDyLOCREILOCOT+LOCRTE+LOCRAEWLMAXFFIRSTEGTNP
COMMON /ZHUTRION/ NAMEJNAMEXs IGsTGOINMED «MENDOLD s MREGsUsVeWsUOLDHIVOLD
1 sWOLDeXsYeZeXOLDIYOLNyZOLDIWATE yOLOWT «NTBC, IRLZTRLZNON AGE sOLQEG
COMMON ENCL)
COMMON/GEOMC/ DUMMY(IO);MAHK,NMNDUM(Z)
DATA RAD/512./
IA=LOCXD
1=0
X1=X
Yi=yY
Z1=2 : . L
WTSTO=WATE : .
MEO=NMED
IBLZ=IRLZT
NRG=NRFG
40 I=1+¢1
IA=IA+
ZI=ZENC(TA)Y
ARGU'-'=0.
20 CONTINUE
XZ2=X1+R12,2l)
YZ2=3Y1+512,°V
22=Z1+512.9W
MRK=] )
CALL EHCLID(MRK, Xlch,Zl,XZ.YZ,ZZvHADtYG!ARG' s MED, IBLZ+NRG)
IFMARX EQ.=1) GO TO 30
ARGBU=ARSU+ ARG
IF (X1 Te=Ne001) GO TO 20
IF(X1.LT.+0.001) GO TO 21
RETURN
21 YR=Y1=1,5
ZR=ZI'200
" PRSA=YPR2YReZROZR
11 COUTIMUE
IF (RSQ.LELEN(IAY) GO TO 10
IA=TA+Y
I=ls}-
GO T0 11
10 WATE=WATE®#EXP (ARGU)
CON=WATE/ZARS (L))
CALL FLUXST(I4IGyCONeAGEsUy=}) . - .
30 WATE=WTSTO . g '
RETURN ‘
:'"n . . 4



3. Input $

" Head irradiation /

AP S

ETTLe 0

Leer e

-2~

10000 |
300 356 38 . 1 &6 0 6 6 0 0 100 3 777
1 1 0 1 1.0 1,0 . 0.0 0,0 le0
0.0 0.0 0.0 0.0 G0 0.0 1.0
6o 5_’_ %o 3e l.
6 GROUP head data K
6 6 0 0 - T 3 3 3 ‘e 0
12 ] 0 0 0 10 1 :
"0 -0 G 0 0 0 b -
10 . | o
1 1 3 2 3 1 1 3 2
4 % 4 ‘ '
skin P9 ' ,

9.67T7T7E~Q3 0. 9. 1277E -02 2«8279F~02 Oa ' N,

O, L4 38 - 0. 0. ST Te 3048E"03 G,
1,0301E-0) 2.6838E~- 0? 9, 8961E-03 0o 0. ‘N,

Oe Qo 4-01065"03 Qo leo 0526E“0l 200973?"'01

le. 6436E-02 S 8344F-03 0« . 0. 0, D !

2.73655-03" ¢, 1,1721E-01 2. 6638E~02 2,3683E-02 O 41575~nl
: 7.56705“'03 0., 0. . Qo 143626E-03 0. ¢

1.3537E=01 . 3.381l4E=02 2,.8632E-02 9.,3851F~- 03 7.0550F=03 6,5395E-0

0, Do 2,1211E~-03 0. 1,6331E=01 - 3,99)iE~y !

3.0901E~02 9, 7553L-03 6.2456E~03 7ab221F 03  4.48%46E-03 o, :
skin /P1 N . , ‘ . :

9. . 6. 0o - 25215 o? 0. 0, |

0. 0. 0. S ) S 0 0 )
0, 2.1292E~02 4,4354E~03 0. 0., 0. : '
0. (1 I 0o 0s 0 1,6734[‘_")
. 5eB357TE~03. 4,1114E-03 0@, 0. 0. D
0. ' B I : 0. le 9342E~0? B 522%”—0? b, 2304E~0
3.7682E-03 0. 00 ’ (U OQ . 0. :

C, 2o 4596n—02 B 4077&-03 7 2410L-03 4,5260E~03 - a.qaﬁes—n
0o . O 0. 0o Da WONTTUE=3.
8.485DE=03 7.2448E~03 4, 3076E~03 2o b1oRE 03 1+4630E~G3 n.

skin | P2 . :

. 0e 0. 0e - 1o6664E 09 0. 0.

0, 0o 0« "0a - 0. . 0.

0. . 1.,5476E-02 4,6495E~-03 Q0. 0. . O ~
0. 0. 0. 0. 0. 1.2663E~ o
 Sa 5134;-03 24475S7TE=03 Q. 0 0o Qe

O Ce ) 28 1.4132E~02 8, 5843F-o3 & ,3250F - (

1042397"0? 0, ’ - 0, Oe 0. 0, . \J

0. 1,7525E-02 1,0311E-02 4.3509E-03 1,6754E-03 &,pp2lE-c
0. ‘O0s Qo O 0 ?.97a7¢-.

10364E~02 %e41T9E~03 1.5415E=03 4.4579E~04 ~5,66463E-05 q, ;

skin ," P3 ‘ . - .

-0 - De 0. l1e2771E~- 0? 0% L I
0. 0. 0. 0« 0. . Goe

0. " 1,1883€~02 2,9399E-03 0. 0. n.

0a . De 0. 0. Ge 1.003)1F=¢

4.,52145-03  4.120UE~U% 1, Je e To

0, S P | 1.1555E-02 6,3959E-03 7 ,8350E~
~8.,0001E-04% O Oe 0o ‘ e " - De

Do - 1.3719E~02 7. 0030E=03 5.1628E~64 ~1,0070E~ ~03 =1,2632E~ 3

0. N D« 0. - OO ) 0o 1.&2:‘)36“-
7 8296E-03 . 6. 9970F~04 ~1 6381F"03'*1 2‘98E"03 -] n2/2Fm03 0, 5
- 1 -1 e e eiemes o e P, . !




Six additional blocks follow (bone and brain) as well as the

geometric

input.

Next card: Card S 1

HEAD UNDER COLLIMATOR

10 6
0425
1«00
2e2S
400
6e25
Qs 00

12.25%
1600
2025
25.00

6 ) 0 2 0 0
) ' 0,25

075

125

1675

2¢25

275

3.25

3.75
%025
4e75

MEUTRONS PER PI

FLUX

le0

1e0 - le0 10

RATES FOR BRAIN ACCORDING TO HEHMN

6037E-09

FLUX SPECTRA

1 2

Se73E~(9 5¢16E=09 &4eTTE=09

3 4 5 6

1.0 10

4e23E~09 44,13E=-09

)
LR

i -
ORI TS Y o



L T A T .

DETECT

H . R .
CORNIGO > W

4.

OR

Results

Fourteen batche
1.38 minutes.

~94-

RESPONSES(DETECTOR) NEUTRONS PER P

UNCOLL
RESPOMNSE

1,2364E~n]

1,1735E~n1

1,1446E=01

1,1685E=01

1.,4218E=n4
.

0o

0.

O,

0.

RATEG FOR BRAIN

DETECTOR

-

D0 DN UT D W Ny

UNCOLL
RESPONSF

TeB8TH2E=10

7.4T50E~1 0
7.2908E~10
Te6436E-10
9,0567E~13

v e

.FSD

UNCOLL
03912
L 034109
02109
01669
.53109

- 0,00000
0,00000

0,00000
0.00000
0,00000

FSO

T UNCOLL

.,03912

. 03419
02109
. 001659

53109
0,00000
0,00000
0,00000
0,000060

- 0,00000

TOTAL
RESPONSE
10347RE=U]
1.3704F-010
1,47212-01
1.3502E-01
1,0212E~02
R.29729E~U3
o BAR3E=-(03
56583503

' 3,R958E~03

RESPONSES (DETECTOR) NEUTROMS PER PI

TOTAL
RESPONSE

| 8.3741E=10
‘ 906q03E*10.

B.431TE=10
9,8236E~11

5.7650F5~11"

4,6581F~11
3,6595F~11

©3,1089E~11
2,1737E=11 .

s with 300 source neutrons each were simulated in
The following tables were printed out:

FsSp
TOTAL
« 07907
004065

« 03179 -

« 03209
e 09711
12099

‘e 08720
" e 0A3R1

017058

«20848

Fsn

TOTAL
v07823

. 0_04()36

« 03287
031212
09055
"»11994
»O0RG4 4
07238
e 18645

» 22216



DETECTOR
ENERGTES
6+000E+00

50000E+00
4.0N0E+09

3¢D00E+0)

2+000Ee0p

14000E+00 |

1,000E400

FLUENCE (ENERGY y DETECTOR)

95—

FLLUX SPECTRA

NO, 1 2 3 4 5
. ' : S
1.208E=01 1l.281E~p1 1, 367E~01 1,230Em0]1 94236E~03
+ 085 2043 -038 - 4033 o144 |
. {
5,369E=03 4b275£-03;3¢6615~03 3,757E=03 2,205E~03!
«292 0156 0218 .7 5,162 2170
B,007E=04 1,346En03 1,456E=03 2,410E=03 1,701E~03!
1,000 .338 0217 4185 2225 |
5,803E=04 1,794E~03,2,761E=03 14893E-03: {2657E03
1,000 - ,351 245 7,229,216
3.561E-03 14299803 14744E=03 2,446E=03 1.870E=03.
.537 .439 93-’3 . ' 0277 0?57 t
o ‘ , - . b
3¢T09E=03 84533Ew04 94330E~04 1,555E=03 4499TE=n4s.
J401 .593 .398 - ,325 +29i
e ———————
6 7 B 9 10
44693Em03 3.83TE~03 2,456Ew03 2,241E~03 14814Ewp3
0132 118 ¢169 2375 355
1¢859Em03 1.307E~03 1,102E-03 9,381E~04 5,102E~04
o248 . 222 0154 237 257,
1,0R7E-03 7,230E~0% 1,206F~03 4,B24Ei% 4,307E~04
0156 e 307 0183 «337 . e 2R3
1,0T1E~03 1olB4E=03 6,70BE~04 9,091E=04 3,794Ew0b
9.948FE=04 To6T2E~04 6,359E~04 To359E=04 5oSA2E~(4
0330 0412 264 .288 P72
540A9E=04 4 T45E~04 5,974Em04 3,517E=04 24035E~06
»389 289 349 L, 695

v 210

i




TN Ptk

e

-00 -

VIi. VOLUME DETECTOR

1. Description

The estimators :'are .identical with those already described in Chap. IV.
However, here they are not only used. for kegff 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 (regre531on analysis) must be
carried out. This gives

~ S (PZR@ |
. B L < '
- ZR 1 _!7
Z o
4
-

The density of Ef is a Student's t distribution. For batch numbers greater

than 10 it goes over into a normal distribution.

By this method the flux estlmator is used in the program to calculate

values for Z vZ} andZ* ( Z = :.,.-5‘ )!.

.——c‘

If (n,2n) reactions occur, can take on negative values.

M(‘

Qa

2, Test Example

By way of illustration, cross sections for a fuel-rod transport
container will be reduced “rom 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

= 200 cm ' D = 13.7 for fuel rcd cover
Cx = Cy = 50 com




=97 =

e e o e o D e

‘Fig. 3. Diagram of transport container. .

e e

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

e e e I & ATR AN
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S5UAROUTINE BANKR (N3MNKID)

C DO nOT CALL EUCLID FROM 8BANKR(7)

9

6 O O-G00 6

qwmkwww

COMMON /APOLLOZ AGSTRT e JOFaNEADUT (5) sETAsETATHIETAUSD UINP o VING
WINPsWTSTRT s XSTRTYSTRTSZSTRT e TCUT s XTRA(LE) »
10,11MZD1A,IADIM,145BINS,
ISQURSITENSy ITIME L ITSTReLOCY TSy LOCF AL s LDCERKE JLOCMSC s LLCF Sid,
MAXGR y MAXTIMy MEDALBIMGPREGyMAREGyNALB 1 NDEAD () s NEW MMy NGEO N,
MGPQTY 9 MEPGT2 o NGPRIATI aNGPUTGINOPUTNI NI TSy NKCALCIMNKILL s MLAST yMMEM,
NAGP , MMOS T oMM TG MOLFEAK yNORMF 3 WP ASToNPSCL (13) o NUUTI TaNSIGL 9NSUYR,
NIPLT MSTRTyNLTRA(10) '
bOMMOP/KtA”L/RKFLX;VA4F . X9aVARCUL s RKOVAR « RKHF y RKHCs S ATE
1FKICSHeFKIFSMyFKIS1esVAIZSMIVAIFSMaVAISMaVAOCSHMeVAOFSMIRKOVSM
2EROCSM G FRIFSMaFMK s IKCALCoNTERM 4 INITS
WORMOM/FEISHES/Z FYOTLaFHATEsMFISTRPyNFISHoNFPTIWATEF

CABAKE L NBNKID

IF (NBNK) 109,100;140

NB*K* NBNK + 35 ' ‘
G0 TO (lﬁﬁ’lc3’1029101)deNK

1 cALL STRUN

«ETuaM S

N3AT=  MNITS ~ ITERS

WSaVE= NMER

CALL STBTCH(MNBAT)

NBAT IS THE SATCH NO. LESS ONE

143

1364

1490

RETURN

uAiL N3ATCH (NSAVE) ‘ ‘
AVE IS THE No. oF QAQTIvLES STARTED IN THE LAST %ATCH .

.h..TUPsl .

cALL HELP(4HBANKy»12151921) |

RETURY ” '

330 TO(i,293y4$5,69798&9910111912513) NB MK

NBNKIU  cOLL TYPZ  oaNKR CALL NBVKID - COLL TYPE  3ANKH CaLl

1 - - SOURCE - YES (MSOUR)

S SPLIT ¢ ND ({TESTW)
- FISSIon YES (FBANK)

"GAMGEN ND  {USTORE

BURYX . " YES (NXTCOL) i+ ESCAPE YES (WATCOL

e
.3 i S e . |
- % - . -REAL €O | YES (MORSE) © . 6 - -ALBEDO . YES (iURSE)
' B -
0
2

.9 7O ERCUT %t ND (MORSE) 10
g

v

0o =

12

'V('l.3.

PEPUN

T TIME KILL W -NO  {MUKSE)
"R R SURV N0 (TESTH)

Y *
bem

"L 0 R R KILL O WOT LTESTW)
i3 L GAMLOST NO  (GSTORE)
CALL SDATA e S . T
RETURM . . e S -
KETUR“ R S c e e e e e e o
RETURN : T
RIKAC=RKHC+HATEF : N
CALL ApBCol - '

TREATS ALSEDV AND .COLLISION
RETURMNM B
cAbL BPRYX
RETURN = -
CALL ESCAPE
RETURN e
v FURD IR S ‘
cal.t. RoxIit,

<ETURN e o e e
RETURY o : -
RETUPN .

RV 3

. . . - -
ry e Aiak-R A . .



w— ST

AUnRQUTINE SDATA ) R R o
00 /VSERY AGSTRT;NTSTRT¢XSTRT9YSTRT,ZSfRTgDFFvEBO\NyEBOT?: '
1 TCUT,Icsxl,IAQJM,MGPQTlsNGPGTZ,HGPQTB,uGPUTsowspnTMovITSomLAaTy

NLEFT o NMGP 3 NMTG NS TRT | . -
‘ éggm53 /Poé{/TéayﬂwgoNisﬂT9NA3NRE59!NEX9N&XNDqNENDoN)quNTNﬁfﬂfNE‘
1 g ANE s MTNOHR s NTHEND y HANEND s LOCRSP 4 LOCXD s LCCIRLOCCD S LDCT 9L Oy
2 LDCSUsLOCQEqLdCQT,LOCJTE9LUCNAEgLWﬂxpEFIHSTgEGTUP,NKKgLOCNKK s

COAMON /ZHUTRONY NA%;,NQWEX,[69IGO!N%ED,WEDULU»NREGsUeYrW¢?OLU=VOLD
1 ,AOLDngY,z,xoLn,YOLn,aOLDshATEsOLDﬁT,wTaU’BLZNT9BL23N,AbE90LDAGE

conmon/KEAmL/RKFLX9VQRF;mavaRCOL'ﬁKOvAR,RKﬁF.RKHc’Swﬁrgo
'1FKICSM’FKIF3H,FK15M,VAi:5M,VAIFsﬁgvAISM,VAOCSMeV&OFSMBQKOVSM’
DFRKOCHH FRKOFSHyFNKy IKCAL o NTERM ¢ INITS |

wIMERNITON COilsy)

{="HIED '

CO3=C, _

CO: (1) =HATE

SHATE=SHATE+%WATE

NTERM=MTER I+,

CALL FLUXAST(I2IGICONIAGZCOS9~1)

HETURN ‘ oo '

M

SUSROUTINEG “BpRYX . - |
COMION ZUSER/ . AGSTRTsWTSTRT S XSTRTIYSTRT»ZSTRToDFFsEBOTNYEBQTS
1 TCUT, 105 T1sIADJIMNGPATL sNGPATZ2HGRATI » v5PITGINGPATNY W] TSoNLAST s -
2 NLEF T yNHGP  NMTGyNSTRT 4 . . o

COMHON /POET/ NDINNEsHZsNTyNAINRESPaNEX e NEXND aNEND o NINRSNTNK Y 4 TNE
1 2 HANE sMTHNDNR sNTNEND s NAVEND s LOCRSP s LOCX s LUCIB2LOCCO s LOCT s OCU o
2 LOCSD’LOCQEOLOCQT,LOCQ TE’LOC‘QAE‘,L%AX,EFIHST"EGTD’)’N‘(K’LOCN‘\K
COXNON ZHUTRONY MAMEYNAMER 9 TGy IGDINMID» UENULDINREGIUs Ve W UDLDVILD
1-,§0Lh9X’Y52yXDLDsYULDeZOLDvWATﬁyﬂLDﬁIqWT3093LZNT;BLZQN,hGE'GLDhGE .
IFRKICSHMsFRIFSHyFKISUSVAILSMIVAIFSHyVATISMoVAOCSMY VAOFSMIRKOVSHM

T L0MM0N WTg (1) | L s
COMMOM/APOLLO/ XT(9)2ETAUSD» XTT(31) o LOCFSNyNRL(272) sNME W,
LIMENSION COM(4) _ : _ .

' {F(MEDOLD=~3000) - 20930920

10 K0 (1) =g -

- CO'(Z):!_}oﬂ .
L0 (3) =040 .
CON(4)=0.9

: 60 TO 30 . R

2Q I=rZD0LD . ’ ..

: PHUFSHTS (LOCFSN+ (1= ) ¥NUTG+IGO)
CALL MSIGTA(IGI-MEDOLD,TSIGPNAB)
PAbs=1 ,«~PNAB : '

CO( 1) =wT3CHETAUSD
S LO0N(2)=CcON (1) #PNUF

T COR(3)=COM(1)*2ABS
CO.’"!(#):CO.\J( 1) :
weoa 1) =CuNy) ZTSIG

39 COL=0 0 ) . - .

" RKAF=RKHF +COH (2} o S .

CALL FL_UXST(I2IGO2CON9ABE?COSs0) -~ .7 "=
ENU - - B T

v



T TSUERQUTIME ESCARE
CO MOM /USQR/ AGSTQT,wTﬂTPT AS TPT Y TRT ZSTRT,DFF,EAOTNoEBOTG,
1 TCUT YTl TADININGPOT ) oNGPUT 2, HdeTJ'V”PNTﬁgNuPOTN»v1T59ULHth
2 MLEFT yMAGR ot iMTGaNSTRT
CUlMMOI /PUET/Z NDSNME JNZ NT, NA,NHqugwExoNtxMD,HFND,N)NR NTMR 9 i TNE
1 s HAHE s HTMOMR yMTNEND 9 NA VEND,LOCWSP9LDCX37LUCIH9L0CC0a-UCT,LObUU, i
e LOcsh.Llocar ,LOQQT’LOLQTtvLULQuQ,LV\XnVFIHSTthTOPQNQKvLOCNNK
COAMOM /NUTRON, HAME sMAMEX21G s LG0 JMIED G UEDDLN JNREG s ()o ve s UIL s yOLD
1 9*0L07X'Y119K0L00Y0L0sZULDQWATt»OLJHT,nTbbyaLlﬂTvuLZJM,AGF,ULUAGE ‘
LO4HDN/KEAJL/R(FLX9VAHF X VARCOL s RKUVAR W RKMF s RKHC 1 SwaTE
17 KICSH, FRIF §M s FKIGU g VAL CSM s VALF §My VLI §M y VAOS GM s VAOF §M,RXOVGH Y -
REROCSHMyFROFSMIFNK » IKCALZ s NTERM pIhITS
COHON TS (1)
COMMOM/APOLLOZ XT(9) »ETAYSD s XTT(31) sLOCFSHy Nx(??),N“Em
PpIMEMSTON CON(g)
LFAMEDOLD=1000) 40350940
.50 LOM(1)=6G.0p '
. ‘LOH‘E) Je
CON(3)=Ce0 - o
COM(4%)=0+0 o ‘ , : . LT
LE (MTERM=NMEM) 10915520 . T s
40 L=MEDOLD oo . : ' ;
. PHUF=WTS(LOCFSNe (I-1) #NUTG+16G) - - S :
CALL HSIGTA(IGHIMEDOLDTSIGyPNAR) - - - - L ’
PABS 1.-PV48 L :
COM(1)=wTBCoETAYSD
- CON(2)Y=CON( 1) *aNUF
L0H(3)=CON(1)42aBS
CON{4) =CUN(]) .
bu**uwaﬂx ESTIMATOR *%%**hﬁ%*%%*%*%“h***ﬁ%
COM(Y) =CON(1)/TSIG
30 CO5=0,.4
RICHF =RKHF +COM (2)
CALL FLUAST(IsI1GUOsCONsA SEﬁCOS,O)
_ IF(NTER2M=NMEM) 104915920
15 NTERHM=mTERM=1 ‘
CALL 0P ' .
RKHC=0 : : : S
RKAF=g, oD e
19 RETURN .~ - g al " L
120 CALL ﬁFLP(aHVTRMg09lvaC) ) S T TR e
CIRETURN o : _ R o
END , . . ) S oo ‘ C

.
-4
-

O AL AR - E N A IR BARIAL)

WY VARICErR T T
B e e

B

e S T
S TRvaA

IR T

JUBROUlev OP : R -
hOMMON,KEANL/RKFLX’VAQF XQVARCOLQR&JUAR RKHF@PYHCaSAATE9 :
I?KICSH,FKIFSMsrhIS“!VAI”SM'VAIFS“’V“ISM’VAUCS”’VAOFS“’RKOVqM’
2FKaCsH, rhgrqn»FNK,IKCALu,NTtR” s IMITS _

RKFLASRKFLX+RKHF : . T

VARCQOL =VARCOL +IKACHRKHC R

VARFLA=VAQFLX+RKHF *RANF ST T

RKAVYAR= RKOVAP*PKHF*RKHL'

RETURN

EnND




—l0)"
SUBROUTIME ALBCOL

COHMON  sUSER, AGSTRT, AT STRT ,KSTRT 3 YSTRT 4 ZS TRT y OFF s EBO TN yEBOTE s
] TCUT’I"Il'Iﬂﬂd1?”U°”T1vaPGTa’Nb PRT34N53 PNTb9NbPQTMvVITS)NLAST9
2 NLEFTMMGP o IMTGyHSTRT ‘ .
CUIMMO~ /PDET/ NDIWNESNTyNT,NASNREGP ﬂchNnxwﬁowENDoNJNQ NTNHQNTVE

1 s TEAREL vf‘T\h)NQ?'\‘T JE S JD,N&\"‘“UQL()(,RSP7LDC)J),LULI“,L{)CCIJ’ _DCTsOC UD’ |
2 LOCSDSLOCUEsLOCQTLUCRTE s LOCUAE s LMaXy EFIRSToEGTOP s Ny LOCNKK
COAMOL HOTRON, NAAE yMAVEXy 169 1G0, qﬂ_o,wEJULu,hdzG,U,g,”,“QLn,VQLD
] » 2 dOLD2A2Y o Zy KDL s YOLY Y ZOLOSVWATE QLD HT o T 5(49;-‘[..[ NTeBLZ W AGE ’ULUI\()E
COHMON/REAML/RIFLAY VARF X3 VARCOL s RKDVAR Y RRMF, RKHMCeSYATE e '
lf FICS” F‘Klf SMeFRIS ‘aVAI "3“ V"'IFSN7VAISMQVI-\U"SI‘”'VAOFHMQR‘(OVSM‘,
ZPKUCSIQFKU.SM’FHKolKLAL SMTERM »TNITS

LOAMOM wTS(1)

CORNDNAPQLLO/ KT (9),ETAYSD, XKTT(31)sL0CF SV;Nx(zg),NMtw

VIAEMNSTION COMlg)

*F<Mr“3L0’lﬁu0) 20910529

qu(1)~;

COM(4)=ne0

UU T0 3C

‘EQOLD .

VNUF WTS (LOCFSN+ (1= 1)~erb+160) o
CALL HSIUT‘(IGDQMEDQLD1TSIGgPLAB)
' )Aé.f‘_,-.}_ o ! MAB

COI(1) =i T3CHETAUSD

COA(2) =CON (1) *PNUF
'uOW(3)“CU‘(1)wPﬁHS

SO (4) =C0N(Y)

CON(1) =CON(L)/TSIG

b03~bo

nicHF Rﬁhi+rou(?) :

vaLL FLdA\T(I91009C0MgAaEaC0590)

#“ETURN o

gD ' R

SUifRGUTINE pR‘ILL

COMMON /USER/ AGST4T9WT:TRTQK TRTsYSTRTZSTRTIDFFEBDTNGEBOTSY =
1 TuUTqu’IleADJ1aVG°GTlaN6P&T29NGPGT3oV GPUTGINGPATNy NI TSsNLASTy
2 NLEFT,NMGP 3 HMTG,NSTRT : h
~ COMMOY /PDET/ MDs® thN-sHT Na!NRESPsVEX:NtX\D9VFND’NDN?9NTN“!MTWE
1 HANE,NTNDN’9VTutﬂﬁ,NAVtNDqLOLRSPqLﬂijsLUCIw9L0CCJrhOCT’Locuﬂ’
-2 LOCsN,LOCOR,LOCATsLOCITE, LOCGAE, LEAK, SFIRST,E6TOP s NAK,LOCNRK ©
T o0:MM0N. /RUTRONY PA..,JAV¢K9169 OsNﬂanWhUULDvNQ&G’U7V9W9U0LD’V0LD
1 940L09X9Y92qX0L09Y0LD~ZOLD9JATF'0LDhT9ﬂTBL qL?NTvuLZDN’AthULDAGE )
- COMMON/KEANL /RKFLX s VARF U5 yARCOL ¢ RKOYAR s RKAF SRKMC s A TE o ..
IPKICDH,FKIFGHqFKISiyVAI"SM9VAIFSM,ValSM,VAOC%MqvAOFQW9HKOV$M'
PFKUCSMe FROFSMaphky IKCALZNTERI » INTTS
COMMONAPOLLO/ DM (64) » NMEM
v IHENSTON cOM(4)
. IF (HMTERM=MMEM) 10515820
15 NTZfM= NTtD”-l '
CALL ¢gP
R(ﬂp~1‘
24 «\ ’&"-—w{-

16 RETURN. . - - e L ST
ey CALL HtLP(4HKILL, 091 509D0) ot s e e n

. - 3
N S el ST I I, e t v s
Tl BB LA 3 DIAFT R I T

TN

O e AT A

o e VT o T Y R A i Ll A AR e S

B N .

s L . TR " e
R PP T AU T Y 5 e S v
PRAS SRR M S D P N

D e asdartat L e

RETURN PN Rk T D R L AT
K tN ) - R A S - CIFVEINIVTTIOOG, TR0t Lt seel peeegeeelmiec o afr o



SUBRQUTIME SOURCE(IGIUIVaWeXsYsZaWATEsMEN 1AGyTSOURs ITSTRINGPQT3 40D
1F 9 ISBIASMNMTG) ' .
Ciuds#ISOTROPIC SOURCE : -
Cisritard  GRID GEOM :
© CHuEtBSOURCE EWERGY BIASING ALLOWED
DIMENSION R(S o).x0(16)svo(36)arc363
COMON WTS(1)
COMMON/APOLLOY/ XTRAI(ZB)9TO¢IN9XT9A?(70)
DATA 1T /s5/
IF(II)88985799
99 II=0
C##idb#SOURCE INPUT '
' READ(INMN21000) NR9ZULZQ9+IDR
READ (IMNy1001 )(AOII)’YO(I)7P(I)’F(I)tI 19MR)
1000 FORMAT(15,2E10,5,15) _ |
18901 FORMAT(4E10.5) |
= WRITF(IO,?OOU)NRyZUaZO : , : L.
2000 FORMAT(23HQ souncz FOR GRID aNR=»1544H ZU=»E15.5s4H Z0=»E15,5)
Z0=Z20-2V a : L
$S=0.0 |
- WRITE(I0.1920)
FUL=FL D*RE DIFRC 1Y
DO 1. T1=2,NR ' -
CFLILY F(Il)"R(Il)*R(il) +F(11~1)
1 5= FI(11) .
- DO 2 'I2=1,4NR
2 FLI2)=F(I2)/S ' '
. HRLTF(IOQ?OOI)(AO‘I)?YO(I)!R(I)cF(I)QI loMR) :
2001 FORMAT(9X42HA0, 13x,2uvo,14x;1ﬂ4 14x,1HF,/zat15 5))
. T IC=MMTGHNMTG
- IFUISRTAS.GTe0) IC= IC+NMTG
88 COMTINUE e
L Q=FLTRNF (B)
D0 28 TI=1eNMTG - - : .
"-;IF(Q-WTSQIC*I))10910920 R s
Go TO 30 ST et verw . E '
29 -CONTINUE - - = R R Sisone
30 IF(ISBIAS.LE.Q) GO To Io e e ieie R e
. IF(I-1) 40+60,65 e '
60 WATE=WA TEuuTsflc-NMT6+1)/wrstIc+1) .
.60 TO 70 - '
65 WATE= UATE*(NTS(IC~NMTG*I)-NT°(TtwﬂwTG+I 1))/(wTS(Ic+I)~de(1c+1-1
#)y . R . S
70 CONTINUE ° T e '--~',, - ‘ R
IF(ITSTR) 4oqso,¢o C e e e e
1!0 RET\’RN . ' o . R et -
S0 COHTINUE Cose e e T
~ ARSFLTIRNF (AR)
- DO 200 I=1,NR ' Tl Tt T e e T
».«'IF!F(I!*AR)ZDD?EIﬁZl Clenie el e .
GO TO 22
200 CONTINUE ' L
' '....‘:.K=NR T A ~__...~

Rl
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SUBROUTIME SOURCE

22 CONTINUE

CALL XSQR(R15R2)
CALL AZIRM{SINsCOS)
A=R1#C0S+X0%K)
Y=R1#STMs Y0 (K)
IF(X.GT.Y) GO TO B0
s | To B0
X=Y

Y=Z

8D 2 =ZOBFLTRNMF (ZR)

IF(IDR.GT-0) WRITE(6» 1919)X7.quNATE

1920 FORMAT(22H-INTTIAL SOURCE POINTS ¢//9

15Ky % R Ty B g Y - Wy BX o
25Xy # WATE LR . ' -
1919 FORMAT(4(5X+E15, 5))
IDR=1DR~1 ' o .
RETURN L e o
END SR ' e

19

bUnc\OUTIN STRU’\! '
bO“MD!/KEAiL/H<{19)1IKC(3)

D010 1=la19 ol LI AT e R

RK(I)=5,3 S u- ‘ it :_: e
RETURM - | . SR

i~f
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URANIUM TRANSPORT CASK
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6
ggg 250 10 0 16 0 16 16 0 250 3 20
0 6 0 0 1.0 0402 0.0 1,0 1.0 Eeb
, 25.0 25,0 250_0 'OOOR D?g 0;0 A 0.0 .
o +558 ) 0+986 0e9¢ «D
: 2:5245#07 2.0 E+06 2.&0¥E+064.0 L¥05 1.0 E+05 2,15 E+04 4.65 F*g3
1e0 E+03 2.15 E%02 4,55 E+01 1.0 "E+01 2.1 126 1.0
_09%25 Ge225 ' )
16 GROUP DATA WITHOUT SPECIAL WEIGHTING . :
16 13 o - © 16 .13 . 3 3 . 1 0 S0 .0 ,
<3 0 .o 2 0- 22 19 1 3 o ;
- ' L 1. o :
3 - o 't ;
1 Co 2 3 : <. :
1 R R T L S
1, 22 16 =6 10 o
e N e m t bttt v e O S ¢ beanm m— o o » l.} B
Three cross-section blocks and /
the geometry input follow -
Next card: Card s 1
CROSS SECTION REDUCTION URANIUM/WATER/TIRON .
3 6 & 0 0o 1 0o 0 1 ..
1.0 : 110 ‘ 1,0 ' " 1a0- :
- 1.0 1_:0 10.0 . ' 1.0 : -
.« FLUXES : - . e B .
... 'FLUX DETECTORS ; BRIRERCE e ' .
R . . :,.1»-,'0. . ' 1:0 _1-0 190 1;0 1«0 . 1.0_--
. lel - 10 .. 1e - 1e0 . 1.0 " 1ed b 1.0
L e .7 10 Lo L : -
- NEUTRORMNS R ST
-3 . 6 9. 12 14 16’ . ]
1500 1000 IEEERIER- 1 -
- T5e0 75.0 6.35 DD
"125.0 1250 635 0.5
1750 1750 -~ 6.35 p.5
225.0 . 2250 6,35 0.5
75'0 2520 6035 180 .
125.9 2590 6.35 . 1.0 ' L
N 17500 25_‘_’0 6@35 100 ; : .
. 22560 25%0 6,35 1.0 - :
1750 7520 6.35 1.0 o
1750 1604 0,32 1.9 ' e
22540 1250 6,35 1.0 S
225.0 1750 6,35 1.0 _ S
- . T
L . L N e i e i ]
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4, Resultg

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 Kgfy Value is unrealistic since in the generation of the data no |
attention was paid to this calculation.

AVERAGE K © W1113E+01

. STANDARD DEVe - 3315E-01 - FOR 10 BATCHES

FLUEHCE (ENERGY»DETECTOR)  NEUTRONS

DETECTOR MO. 1 L 2 - . 3.
ENERGIES L e e |
140506407 - . - g 0 T T T T e

el L. .« . 1#395Ewp8 5,883E-p8 1.115E~-07 .

.‘ .0‘23 ) ‘-: .("7.1 = 9079 o . . ' .
4o000E+D5 - L " ' N ‘ L
' 1.0866[_‘-_:“'0? 6,546E~07 109015"’0.6.‘ = N
2 : o042 . .036 . 094 ;
' 4,650E403 LR T
| 1 9,278E~06 3,5T73E~05 1.249E-04 -
4+650E+01 e T TR e T .
- 4.8195-04 1+951E-93 8,472E-03
- ' .?40 : o .14‘2 .. : 9064'. Lo
1.260E+0D . s - 5 -
) . '.6‘:4932{,"53 2-458&:"“)2 10638E"01
- 082,148 L1107
4o2%50E-01 - T ' e .
o C " 1,815E-02 1,733E=G1 14737E+01
. o e )34 . =083 T 2075 -
20-’)905"0?~ ) '

MR T X Ty,

L L I T T IR
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CONDEMNSED ABSORPTION RATES

. .
e e n e v ——

DETECTOR MO, 1 2 3
ENERGIES- - - . " - o e oo
1v050E+407 T |
. 5,330E~03 4.245E~04 5,901lE~04
' » 136 «110 523
44000E+05 | '
S Ve 756E~33 5.123E~06~7,945E~06
01558 ollb . "9783
4 eH650E+03 ' ' ’
o Be174E~03 3.974E-03 2,588E~04
' +153 w170 W134
4'650E401 : o
L | 2¢142E=(]1 1,993E~02 2.235E~n3
. ' 01(;’0 .082 : «099 -
1.260E+00 | . -
S 2¢943E=01 S5.508E-02 b6.558E~33
. )72 o149 . e11l)
© 4.250E~01 B ' |
o . 1.1915+00 1.896E~01 2,048E=p2
' - 2160 o108 el1l9
2+000E~D2 S - ' g
CONDEMSED TOTAL CROSS SECTIOMS
- DETECTOR MO, 1 2. .3
ENERGIES g - |
. YeOSIEsLT . co ' . <
T , 4.6345=0)]1 2.B2TE~01 4,892E~01
e S e l44 L1225 136
© H.009E+05 , Ve . | AR
' K .. “a-10370§*00 3,711E~01 1¢535E+00 " ..
e - | . +160 121 . «139 -
- 4o BSYE+P3 - PR R I .8
‘o - 2e095E4p0 1.199E%00p 2.291E+po .
Ca 0153 »137 2109
GeBSORC0L . s T T
e - S 2-2485"‘00 105305“'0020303&:*‘)0 '
s ~ e 156 o182 ei12
: 1~260E+00‘~ E - ' : :
2e341E+00 1,331E+00 2,513E£+400
} : - +17Y . . e 150 " elle
4.250E~01 ' S

4e44SE+D0 1.699E+00 4,111E+00
' ' E 0157 ’ -IDD' -119:
- . 24000E~02. - " ST S Ce
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VIII. CORRELATED CALCULATIONS

l. 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 pOSltlve and of the same order
of magnitude as the dispersion of the individual values. This situation
can be attained for small local perturbatioms only if at least partial
portions of the neutron histories in the two systems- are not independent’
of one another but are correlated to each:other [15]. For this reason the
calculation of differences in the multiplication factor caused by small
local perturbations, 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 determlned, for the ba51c problem (unperturbed case), .
by the relation

. ‘ }
in(p)-%'r (P-—-»P) Q'"(P') AP’ :,’

where Q%(P) is the fission source denSLty of the i-th generatlon at the

phase-space point P. KQ(P'—g-P) is the transport kernel from the source
at P' to fission at P. '

For the perturbed system we have, to a first approximation,
. _ o ' . L iea , . ._i
() = [ Rg PPy Q" () Pt
For the multiplication constants for the dlsturbed and undlsturbed systems
we have

B ffk (7% P)Q(P)a{pa/ t

SRR '~
we . ka (P P) RilP) /P;/P’
S a,;.(P) o P

The difference wvalue is

e

.‘_;\\1 -

Ao

3 2 pren R e SR R AT R

PR T

2SR DR S

AT

Y N

T L ey T e

SRS

N A Tt A

v andrer YR
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If the neutron histories for the perturbed and | unperturbed problems
start from the same source distribution Q(P), then %i cannot be calculated

directly but only
M g ) ’
e §1 ke (PlaP) &, (P) PP

k" s —— : ‘
[&e (P) AP |

N, ~ o,
The approximation k* = k! 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 MORSE-K.

a) Zane-wn.se correction of the source alstrlbutlon. For this procedure
This subdividion should be

the fission zone is subdivided into zones, AVj.
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 &~ V; is calculated by

[Tk (PR) Q) (P PP

e e ——
————

77.".‘. — Pev DPe &Y
/ | f Q; [P) A P |
and - . Pedl; -
) - .o ' N, J D :
?‘_'.‘ - PE:—fv p',;‘f/,\:./i K a (,’7._, P) Q [’7) ﬁ/pa/ ‘i
I I &t ur
L ey S

If the source perturbatlon in & \4& is very small, or if & VJ is small

enough that Q%(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

ob(p). The condition for this is ) .
[ aie) a/i?’ £ 0
P'e ’jv ‘ ' ;‘

i e
" Using these -Fg' values and the sources in the zones&an _given by
. : ! !
1 ; 1. ;
Qy = § Q)7

P.f- O V‘.

(where ~ designates the disturbed case), the multiplication factox can be

determined by



=109~

PR PR R ML o S E2 ]

(Qf(P) is determined to a first approxlmatlon )

208 EE s Ik ol T i i R el o R kRl T

In the unperturbed case - this relation exactly represents the relation

for kK¥. For the perturbed case it ls an gpproxlmatlon which presupposes
the validity of the relations for QOf and F3. : Y

b) Matrix method. In this method the fission zone is also subdivided
into.-zones. For each zone we calculate  the contribution of a. neuntron
starting in zone j to fission in zone 1.

| f f (P' P) 5) ‘r) y//’ﬂ'/f’

...(".'?....f. '.}_ C PedV PedY |

3

. -

~) ] P S f: i
f Q; ') AP
Ple QV; B B

Here the same is true as was true for the equations for the FJ, and here
also the requirement is that the relation

j Q (ﬂ’)o{P'
PeAw :

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

a- 2 MTa
i Gl - b M . % /
=~ 4 7 o= o o : : '
- <7 _'P.:z--H. C. R o N o
with (Q'e - S (Q){ (P'Vef P A ﬂs_‘[”"l'f—i | ‘

Ce .
The advantage of thls method is that the k value and the Q. sources are in- :
dependent of the distribution Q(P) even though the Q%(P) distribution was the



. can be treated for several perturbed systems independently of the. unper-
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: ~ . . i
basis of the calculation of the mjl' The approximation Q% 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. The changes comprise the following points:

(a) Introduction of the parameters IREGB and IIGB for identification of
a . 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-
,gaependent‘Fj;-Qj, aad mj1 (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)

turbed problem, Arbitrarily, many regions described as media can be de-
fined to be perturbed regions.

(c) saving the parameters. X, ¥, Z, 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 perfdrming the simulation part, bb, for
a perxturbed system based on the source distribution of the unperturied system.

Xf no rerturbation exists, part kb proceeds exactly as in the basic problem.

In addition to the data above, results for the basic proolem 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) Summatiocn of tue

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 Fi for ihe
batch, using flux and collision estimators. (dd) Determination of the matrix
elements mifor 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 not excluded, either. (de) Calculation of the dif-
ferential changes. relative to the unperturbed prcoblem, 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{ 5 W;i’éare 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 STRUN; thus the data must
follow the geometry description

Card K 1 (6 I 5) \ ,‘
NPTAP 1 'I_{lput tape for the pelrturbed problem . (OLD-TAPE')
' NPTAP 2 output tape for the basic prob‘l')'em‘ (NEW-TAPE
NPMED Ntﬂ.mber of perturbed areas (media) ,
.IF'L,M o/1 No matrlx/matrlx with flux' est:l.mator
SIcM. o/_ 1 No matrix/matrix with colllsa.on est:.mator . ;
NFMED

Number of zones AVj; (subd:.v:.s:l.on of the flSSlon zone)
' If NFMED = 0, all media with VZ: # 0 are subdivided®

as such zones

Card g 2 (14 :!:.5)2%5 o

| NGMED / zone assiémnents if NFMED # O. Hére' a zone ‘1;1u\mber J
must be ass:.gned to each geometry medium such that o
1 £ 3§ € NFMED if } vZ‘c#O{ - I VZz- ';

" then j must be set equal to 0. If no source pertur-

bation is expected, NFMED may be set equal to 1.
1 ' ,
Card K 3 (14 I S) {
NPMED.’ Perturbed regions if NPMED f O. NPMED medium numbers arve *
. "'_ - , -
expected. These media are theréby declared to be perturbed

media.

NOTE: For -the unperturbed problem we must set NPTAPL = O, NPTAP 2 = (free .
UNIT, e.g., Tape 10). For the perturbed problem, -set NPTAPl (free UNIT,
e.g. Tape-10) and NPTAP2 = O, 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 number of neutrons that reached a perturbed region (NF . * » 0)
and the contributions to kpff are edited by batches.

c) At the end of the RUN, the calculated k ora k 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 keff 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 prepav=tion of a new
analysis package. The most important changes are shown in iluable 22,
Tables 23 and 24 describe the new named common areas PERT 1 and NUTRNP.

The present version of MORSE-K requirxes 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 be2 produced from the first by modificatioit.)

The program package can also be used for the calculation of eigen-
values by the matrix method. (alternmative 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

Name

Funetion

BANKR Is much reduced in its function. The processing of the individual
events is taken over by KEANAL. | |

STRUN Reads additional input, % tapes back, and calculates the
starting addresses of the rna'brices in unnamed Common. .

STBTCH Trans‘mits fission weights and average particle weights
for each batch from the unperturbed 1}0 the perturbed run.

GETNT Fetches particle data from Common NBANK; W:;‘ites source data from
the perturbed region onfo intermediate storage and fetches particle
data as source information for the perturbed m.

KEANAL .Calc\ulates contributions to the flux,. collision and mtrix
estimators, writes particle data at entrance into the perturbed
region ontokx the intermediate storage NPTAP 2.

MAT Carries out matrix integration and writes out results.

NBATCH Performs statistical calculations at the end of the bateh and
transfers the data between the pertﬁrbed and uﬁpertur‘oed runs,.

NRUN Calculates mén values of the batch contributions.



Téble 23: The Paramet:s .

Name

Y i ey

of Comiion Pert 1

Meaning

NPTAP 1

NPTAP 2

NFMED

IREGB

NPTERM

1ZPERT

LFLM

ISWB

LNPMED

LFLMR

LSIWR

RKCOLO (2)

RKFLXO (2)
FAGEO (2)

SWTR

IFL

ICH

IMAT

INDEX

Mo

NEMED

LFMED

NFM 2

Input tape

Outpt_lt tape

Number of perturbed regions

Starting medium of particle

Spiitting index for neutrons which passed through the perturbed region
Number of particles which reached the perturbed region |
Starting address of the flux matrix (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 unpeﬁurbed
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 assignment vector of the NFMED
NFMED ~ NFMED



=-115-

Table 24. Parameters of Common NUTRNP
Name ' Meaning
xp : X
YP Y
ZP. ' S 4
UP s U For the
vp ’ . v . collision
| A ‘reforea
W S

WE . . : entrance into
RP o : - RANDOM the perturbed ~
IGP ' | o IG | region
WATEP - . WATE
AGEP '- g4 AGE

3. Input.

‘Because of the tr1v1al na,ture of the change » the second input requ::.res , .h
_ 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 K3
for the perturbed and unperturbed runs. " They read as follows:
. a) Unperturbed . : o . T
Logeirrer e G:—_OMV-'TRIE LT T XN e ey
e o2 LORSQ it el o ¥SA - ~BS8 49 - mrpmre® L
HLWBAE KT s P BELBG ) o C TR
S LR TR T SO e
N_ﬁ__ll __.___“Euigiiagﬁ&;~" =SB eme R L Fralitiainsd sl B anil 2

P T T Dol E T -
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b)) Perturbed

-T2 GEOM TRIE #3dnre,

~Li0—-

P CLeXSE . e L] VYA o 00 s e
****” K1 +. K3 #nu## ,“,4f,",,,m w.ngPJ‘ .. B

‘,....’..‘:..'.‘ J, 7 .' of ¢ R P 1 1 ..";':_'.u-:-.'.ﬁ 2 “‘_._ R LR i ____ _'__ T ) .
-'-" 1 1 e R L I N e e - -l 2.z PR S -

4, Résul ts

what

After 10 batches, ofpseven were ysed € . !

tenth vatcit of tne perturbed run was:

.z

= «—-—.—-_.—1 : e e

PR -3 LA AR SR

LISIOM

.:-_j.;:.’.':’.;3'2;.:33:&;,'-7’:;-:'- A V h HA G = :;—.::-::-:? ‘: : 1 l ') 0 8t + jl
cr STANDART:Z nav-~::§§§,184375+01 """ :

or the estlmatlon, the result in the :

' FLux ***“*'coqalw~

.11639E+01

.....

.113485+01

: 35’3:.....‘563545.,.,31 Ll .526+0E+01

o

- CO%BIN D““c

FEETI, 11352;+01~~fﬁyg,113135¢01*~
~i;g‘19513=+01“'"f;;.18+08E+0
Fi ’SIO"J AGE":' LIF" TI"'! AT SRV A SR LI

oRd

, Pt See ot e mn oo

:‘i§¢3548 005_mu__“m2:938r~06-;ﬂ;_w_mufﬁﬁiﬂﬁvﬂﬁ

FRALT.STH\DART D“V"~“-““ 66923r*az°*“-?“.43252;+a4 mesim el A et e

O FLURMATRIA =S
T KEFF

- —— ...._......-_. PV S

- e - ane worrar s we

— e e - eeee el o e

ERIRE. RSN NP TP TS ey
.= PR AR x-S SRR APE S-S P R

sz

_,1a16n+04 -5 ITERATIONS

'*"4115'“0r TLET
. '”*4{451 Fw gl
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IX. AUXILIARY PROGRAMS

1. 'Geometry Plotting Progzam PICTURE

The program PICTURE consists of three. subroutines (PICTURE, MESH, PRLNT)
In .addition to -these, we can load a subroutine '

and a geometry package.

GEOCHG (D) with which small modifications.-can be made to geometry inputs.

PICTURE"draws,"
~geometric configurations.

by way of the printer, designated sections of arbitrary K
. The plane of the cut is overlaid with a mesh net.

The subroutine LOOK? determines material and region numbers for each mesh

point.

A printer symbol can be assigned to each number.
program is also given in reference 6.

1.1 Input Description for the Program PICTURE

A description of the.

Card P 1 - Format (I5)
NUSE Optinn (l!': -0 niniv print -oul. symbols
7 . _]
| Material L = 9 F L -9
Matérial 10-35:= A - Z
Matérial 1000 % ~w .
‘Material 36-44 T, gpecial signs
> 0 NUSE/ symbols must bz put in on card B h
P 2 . Format (40 A2) LT

. / - Needed only :!.f NUSE 7 O

ATABLE" (I) , I =
.Material 1000 2
Material > NUSE. =

NUSE > 0},

- Fox

et s @R - o o am e b da ——— e Ao -

1, NUSE ‘print-out symbols
A’I’ABLE '(NUSE) ,
ATABLE (NUSE-l) /

a

z otherwise

e — e e

the prlnt—s cale is. doubled.

-~ e l_‘

IREESCENS S

3,0

LT A

SRFEIREN RN DN TIPS Sase Mt

SR

R 2 S b

o At

Dacttld

I
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Format (I 5)

-~ Geometry Index |

| General geometry
| Plane geometry .
Spherical geometry

_~ W

Cylindrical geometry

5 | Combinatorial geometry

The geométryhther follows according to card P 3.

P 4 . ' -Format (2 I 2, 18 A4) /
ICNT  Céntrol index /
< 0} rast picture with the present geometry. Creaﬁe

I
O

IRG

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.

\‘
£y

Material/ Région _Inde;: ;

O _Maferial Geometr’y will be represented.

e Regién Geometrl'if will be represented.

‘:'-TITLE (r8) . Arbitrary designation of the picture.

Card ?5 | Format(GEl,)s
' X0 . .
: Yo Coordinates of the .left upper picture corner
' 20
X1 | |
Y1 Coordinates of the lower right picture corner
- Al




Card P 6

Card P 7
NU
NV

DELU
DELV

7
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Format (6 E 10.5)

|

Values proportional to the direction cosines of the
left picture edge (starting from X0, YO, ZO)

Values proportional to the direction cosines of the
upper picture edge

Format (2 I5, 2E 1035)‘"
Number of print lines S e
Number of print spaces

Distance correspondlng to two prlnt lIines -

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. X1, Y1, z1

2. X1, Y1, -_7.1'(‘

are designated. One of the values on card P7 must
be given. If a pair is designated(NV or NU ox DELV +
DELU), the picture will in general be distorted.- if)

the number of print points 1s glven, the latter is .
dlsregarded.

are not designated. In this case, NU and NV and
either DELU and DELV musgt be given. If both DELU )
and DELV are given, the plcture will in general be
distorted.

The further sequence of input cards is detexrmined .according to:

INCT Z0, the input required for changing the‘geometry called up
by GEOCHG ox following routine. Then jump to CARD P4

—

= 0 ‘jump to CARD P4 no more pictures are de51red

>0, jump to CARD P3.

. -7 aat .
. . 3 o] St PP T OV .
® e d AT PRI, o B I AT et 0eF e TERA N SRR

Sy et TP
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1.2
Test Example for the Program PICTURE

As test example, the head geometry from Sect.

IV was printed. Th
PICTURE input for the picture shown looks like this: P -

uo . .
T GEOMETRY. INPUT <
0. 0 HEAD Lo : ' .
0.0 ~11,Q ) 26,5 - 0ui | .13.2
000 , e . -1 . . Rl ‘
70 ‘.0 l’ 0 0 0 1.9
_ RESULTS
N 11111111111111

1111111111333822333311Y
1111114444464444404466454)11111
1111446546445693333333346464454541111 .
“ 111144564433333333333333333333444644111
11“44#4333333303333333433433333333+ 4111
. 114%444333333333333333333333333333333334446111
1144643323333333232333333333333333333333333644411
14644333333333333333333333555555533333333333344411
1646443333333333333333333355555555553333333333336441)
1464433333333333333333333355555555555333333333333444611
1444433333333333333333333355555555555533333333333334441)
1144433333333333333333333333555555555553333333333333344411
11444333333333333333333333333355555555533333333333333344411
. _114443333333333333332333333333335555233323333333333333364411
11-  $33333333333333333323333333333333333323333333333333344411
117442333533333333333334333311°3333333333313w3a33J3J3J33344411
1144433333333333333333333333333333333333333333333333333334441
111-4433333333333333333333333333333344411111211131121113111231311
1714463333333333333333333333333333534461311133322311311223131113

1
1
1
1111144433333333343333333333333344443111148123311112113312111121:

v-'(wil--u-m-m

4144433333335u33¢333é333533333330334447‘1&111 T1313313333112112

11444333333333333333333333333333334441312212222212212231112111211)
1l444333333333533533’333333ﬁ333434441111111’llll&llllllllllllll
1l14443333333333333°33333333333a44#4111111;11;11 1111‘111‘1111

0,0

ke

111111464333333333333333333333344461323140332332123333323332331311 11.

. 111111l4444333333533;3J333333444¢111111’1‘111111111111111111111111
1111311111131111444664333334444463111131133322382222333322 32321331114
'113113113111111114644433333%44641133812233023122333 3133220002332 33111
1111111111111114944433933“*44#11111111111111111111‘11111111;111‘) l

111133111 1111144466433333%4444433211213322022323312232233222131111
C111111113131114464633333%%464431311111213222222222330223121211
111212111121114444433333%464431111133133320813238332322011)1
131121111111%4464333334%44646y1123331133320333233223231311331111)
31131110313 1%465644633333%446443111232112313333183222232111)11
111131111144444333339%444113111111211212003382212021213311)
~111111111149444£33333%444413113133212131283333332212033321111)
111111111494664433333%444643111111 11131‘311111111%

TYITV Y YIVAAAGCANATST2IILGLAL Y 3 1139 T11Y713111311

W et o b e e e

Y
R

. 1111111+644753340‘445L1111;11 13i313383131212
e et 141111196464333339544411111111113121101111111
e e e 1 111111464643333344444311111011113231113111)
e L 1111114046433333446643313111123321211131211)
- ﬁ?;”4¢¢”L%. 111119%44433333%%4441131111111311111111

1111148465633333%%64411713112111131111211

1111146466333335444641111111112131202131 0 oadam ST

°0
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Program packages such as MORSE-K should never .be used by themselves.

Their advanLages show up only when they are-used in a demanding program
environment. Such environments are today delivered: almost exclus:.vely by
program systems. The reactor-program -system RSYST [3] is such a system.

The

environment delivered by this proygram system is indicated in Fig. 4

(the state of development of RSYST as of beginning of 1971) . The further

‘integration of MORSE-K into RSYST will play a large part in deternu.n:.ng
Version II of this package.

The following numbers refer to entries on Fig. 4:

2.

3. SUPERTOG Fast group constants up to 100 groups

Lo
5e
6o
Te
8e
9e
10.

1.

POPOP - L Gamma production

. ENDR - SGT NR-approximation

r———————

ENDRES Pointwise cross sections up - to 5000 groups

FLANGE=2 <+thermal group c.lnstants up to 123 groups
ENDRES Library

GGC~-h Library 99 groups

GAMLEGX Gamma group constants
RESAB (?) Resonance czlculation, collision m (?)
SUSN Fast group constants according to RSYST
FLABI | Thermal group constants from RSYST
NGM'MA Neutron group constants
RESPU Nordheim Resonance calculation

Results from RSTST

ENDR-RSY Pointwise cross sections according to RSYST (?)

WQS Group constant nuclpus a't. rest . \

SPECTRUMS Nordheim and Bn—theory ’

SPECTRUM Thermal Bn-theory

WOGAS Group Constanbs, Gas model

RO BN

RS
S LRI

3

g
= Z o

I

PR A

RS oSO

P ) o S E L S

e A NI

T v’,/' -3
Eaors

S

LR ETNREN 2, JEEk /Y
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. fata transfer within RSYST
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RSYST- Modules and Programs for Resctor Physics Calculations .
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B e oA, B i Sk b S ¢= Sroimsanon &

RTINS

4ccess to Data Basis R5YST - Standerd. modules -
-i‘ /I . l2~ . " ' ) -~
! —--- Only by way Of sequen- [Goo=, ) ~NGAREA ] I T . 150510
tial form of Data. Basis. | aiemion i "”(:(f,?“""' - - 23“‘““"5?5“ - 1d Slossw
***® Spacial file structure e | . %‘,
. R Y A/a
—Data transfer outside RSYST ~- GAM:(.}E%X e e e 1 > 1;;_::‘.2‘1’? q - JTDTF-4
X el s ) A o 4“1
takes place by way of special g v [,3‘ 3} v Gr} v X SN
. S PIRET T ANGEL T
. file structures R | s S R S —
é . : -— ‘N (‘,’ ‘m — <t 15 GrK o] 13 SN
! e —— \; : Brsset sovinemninsmamse o)
i 9 R hesss i | Ergobaisse fw o pwg ' e TRLOT
7 ENDRES 1 ég’:?&‘n 1™ l"\l R3Yst T - 3110 éE;: von - : r'!'N’C' n RSYST{"
Ly P‘\.':‘-kt‘l.o' q ] 1 q..- YISO AR w e ey .:._. ~a i
bis ~ 5000 Gr EMOR-SGT o KORST B (R S SO Smmas
- Nl'\ - lhu‘fU'\f‘ o oo ‘ c'. - P,
P _ konfi:ient__“ , ! M
' u,u;'z‘:';‘égfr'}‘ RHUNTEST ] : [oARTER
, » 1o Purtst v - m— Konsistenze - Akivitolen
Ib{  Susd rech RSYST frat { GiK o n RSYST
1 » . - sanatin G bt R T T e [ TAl-‘E:.t-‘.K
P"U”‘ R1GS { rech ROYST 3| iy Was (‘ RSYST T L L
of s-ilr\e“n Grik ; G-l CATA . 1 H soand
.‘_:'::_":Q_C_r_'__, u.h*n.. /o'n_J < \ 04a%IS h)( i
f r‘"’n..h-r.u"b ") " \'\ b D;f‘f"‘.n
» l!? NL]':’:‘]Q':?\ - 2} b"“ ] .-L ’d UifrUSlon
: und Ba-Th [T “ ndensieren' .‘{lmp" s
; - [ SFERTRUY o . :,E’ . 26 Difusan
' o [ Fiberm. EaeTh | i 0 M 0% N
] T FLANOE 2 {  rad " : o ditond  domo-
; ed!  thGrK - i, Gri ~--.------~.---~..-.'--1 fen.v OrK e ceem oo et m e e mme
; 55 123 0r | h RSYST || {TWAGAS . ‘
i ! G’K -
| sy I Ca smndel] 2
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I “ * . '
| ' C o es P ' I rENsCH 33l
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2k,
25,
26,
2T
28.
29.

hé.

- DOT - 2-dirension Sn

-123~-

MIXBI Macroscopic group constants
WOMOD Modification of group conbtamts
WANDEL Transfbrmlng of group coﬁsggnts
WOPACK Packing of group constant341

KONSIST Groupp constants, con51stent

o C'il,' Sl ~;;,':;-. PR

KONTEST Consistency test fbx'group cross

MITTEL Condensation of group constants

MITHOM Condensation and homogenization of group constanﬁé\r__ﬁ

ABBRAND Burnup calculatlon

ABSRBIB Management of burnup llbrany
ABRITISCH Combination of burnup libraries
PSEUDO Calculation of pseudo-elements
TAPEMK Group constant éuxiliary ‘tape
ISOSTO l-dimension collision method
DTF-L  1-dimension Sn

ANISN l-dimension Sn

TFDOT Fluxes from RSYST

AKTBIB Activities from RSYST'
DIFF-1D 1l-dimension diffusion

DIFF-2D 2-dimension diffusion

N
et o,

3 DB 3-dimension diffusion

MORSE~-K 3-dimension Monte Carlo

N7. Production of group constants

constants

e oSt Eomteien s i Eotro

. AL
4 o 4 B T

Vo

I Sanane:

' o B Lara
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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 fT'vpes

Combmai.o*'xai geometry (CG) describes general three cumen-
swna.l material CO"lflG‘uI‘a’EIOTlS by considering unlons dlffu.,re,nces 4
1ntersectLons of snmple bodies such as spheres, boxes cylinders, ete.
In effect the geometnc descrmtmn subdivides the problem space into-
unique zones. * Each zone is the result of combining one or more of

the following geometiric bodles

’-Rectancrular Pav*allelepmed (RPP)

~"Box (An RPP randomly or1enued in space)
Sphere

Right Circular Cylinder | E -". ~  .
Right Elliptic Cylinder g
Truncated Right Angle Cone L ,

- Ellipsoid T
Right Angle Wedge =~~~ . T %

.Arbitrary Convex Polyhedron of 4, 5, or b sides. " -

-

o 0.3 O U N L0 DN

Body types 9-9 may be ai'bitrarily oriented with regpect to.
the x, y, = coordinate axes used to determine the space. Body 1, a
spemal body described below must have sides w}uch are parallel to

"the coordmate 'uces

— -

The basm technique for the descripfion of the rreometry 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 f*eo- :
metry descriptions and use the term zone to indicate a coravinaterial
geometiry 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 ard unions of the geometric bodies. A special oper-

ator notation involving the symbols (+), (-), and (PR) is used to describe

‘the intersections and unions, These symbols are used by the program

to construct informaziion relating material descriptions to the body de-
finitions.

If a body anpeai‘s in a zone description with a (+) opera.tor, it
means that the zone :301n<r descrlbed is wholly contained in the body. If
a body appears in a zone descmptlon with a (-) Operator, it means that
the zone being descr;bed is wholly outside the body. If the body appears.

‘with an (JR) operator, it means that the zone being described includes

all points in the body. In some instances, a zone'may be descrjibed iri |
terms of subzones llarnped together by (OR) statements. When (DR)
operators are used the?‘e are always two or more of them and they re-

.. fer to all body numbers following them, either (+) or (-)

Techmques for describing 2 oartlcuh.r Geometry are best 11-

lustrated by examples. C_'onsu:ler an object composed of a sphere and a

cylinder as shown in Fig. 1. To describe the obj ect, 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

E consuiered as one zone say zone 1 (Flo' lc) The descmptmn of zone I
+ would be . L e Do

I

= 0OR + 20R + 3 L

This means that a goint 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 sﬁhere 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. 1d): -

I =+2-3 .
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Fig. 1. Examples of qombinatorial geometry'method..
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which are not inside body 3.
The description of zone K is simply (Fig. le):
=4+3 . | - : g
That is, all points in zone X lie inside body 3. . i
Combinations of more than two bodies end slmiT 1y 7orre.de-' , ’

scr1pt10ns could contain a long string of (+), (-), and (OR) oper ators.
It is 1mpor’cant however to remember that every spatial point in the

geometry must be located in one and only one zone.

As a more comphcated e*cample of the use of the (OR) oper's.to'r,
consider the system shown in Fig. 2 consisting of the shaded zone A and

the unshaded zone B. These zones can be desc-:rlbed by the two BPX's,
bodies 1 and 3, and the RCC, body 2. The zone description would be’

‘ : i 'A¥.¥1+2 : - ' . , . u
and ,""_ : R ‘ o S |

B=@PR+3-10R+3-2 -.

Notice f:hat'the-' @R operator refers to ali following bodx numbers until
the next @R operator is reached.

)
&3
B —-'-'-"-.-f:-,"

.h~-

-t
4]

e

/ A/'

Fig. 2. Use of PR operators.

The geometry must be specified by estabhshvno' two tables
The first table d eseribes the type and location of ihe set of bocues used
in the geometrical description. The second table identifies the physmal

zones in terms of these bodies. The input routine processes these -




taples to put the data in the form required for ray tracing. Because the

L] . \- g . /’ 3‘ -
ray tracing routines cannot track across the oulermost 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.

. 1
AT LT LY A 1 PV RTIOY AN Ta Ple y er e

v
— A ———— S

The information required to specify each type of body is as
follows:

a. Rectangular Parzallelepiped (RPP)

Specify the minimum and maximum values
of the x, v, and z coordinates which bound
‘the parallelepiped.

Y U : . ) :

|

{

\

{

| M
5

| £

|

A

g’:”:‘

B R

\
\
N
\
\ \
\ \
\
\
\
\
i
«

[4.0 HTYHA) 2 120 P PR LI SN P

1Y &

ERG S R} Y

=

» Loor

.. Tjg.'3. Hectangular Parallelepiped (RPP).

.
*. .
.

.

s oo 45

.- «v e “ e s - - - ‘E

) . :: :
'+ D) Sphere (SPH) ] E
.- Specify the vertex V at the center and_the scalax",v : g

R, denoting the radius. . :

. . - r

. %

]

i 1

£

- Fig. 4. Sphere (F{PH). | %

» - R ?

' o :
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¢) Right Circular Cylinder (RCT) | AV L o /\

‘Specify the vertes V at the center of one base, /
a height vector, H, expressed in terms of its | :- I
x, y, and z components, and a scalar, R, — HyBoH,
" denoting the radius. | | | | o / \
| TV Vs V) by

____?I{

(¢

Fig. 5. Right Circular Cylinder (RCC).

~CE€T~

)
T e .

d) Right Elliptical Cylinder (REC)

Specify coordinates of the center of the base =
cllipse, 2 height vector, and two vectors in

24

H

S

_ | PN
the plane of the base defining the major and - o » . \

' minor axes: Presently this body is not o o Ry { i 52_
implemented. ., .-~ | A 2| \ ‘

Fig. 6. Rirht Elliptical Cylinder (REC).

A




f)

Truncated Right.Angle Cone (TRC)

Specify a verte*{ V at the center of the
lower bas the height vector, H expressed

in terms of its x, y, Z components, and two

scalars, Ry and Rqg , denoting th.e racdii of the

lower and upper bases.

Ellipsoid (ELL)

- Specify two x}ez*‘ti‘ces, V1 a.r'd V, ] denoting

the coordinates of the foci and a scalar, R,
denoting the length of the-major axis,

T e n AR o e A

1<

Fig. 1.

Fig. 8. Ellipsoid (ELL).

-
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Wodge (WED) ~ © . - -

Specify the vertex V at one of. the corners |

: by giving its (x,y, z) coordinates. Specify ‘
a sel of three mutually perpendicular .a_'l
'vectors, aj , with a4 and a9 describing ifne ] ' ag, :
two legs of the right triangle of the wedge. . v 22 > '

- That is, the x, ¥, and z components of the

height, width, and length vectors are . Fig. 9. Right Angle Wedge (WED).

~VET-

given. | | .
Box (BgX) ..o Ny  ///-
Specify the vertex '__’\_f__at,oxie of the corners by g : |
giving itc (%,y, 2) coordinates. Specify a set B :
- of three mutually perpendicular vectors, a; . 3a.‘
representing the height, width, and length of E Z o
. . . * 1

" the box, respectively, Thz{d;‘is, the zé, Vs -
and z components of the height, width, and- o
length vectors are given, | . ' ’ o " Fig. 10 | Box (86X)
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‘Arbitrary Polyhedron (ARB)

Assign an index (1 to 8) to each vertex. For
each vertex, give the x, y, z coordinates.
Each of the six faces are 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 entéred' in either clock-

wise or counterclockwise order.

V1

Ve

i
I3
L_‘<§

<
)

. Fig. 11. Arbitrdry Polyhedron (ARB).
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Common Layouts
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1 Layout of combinatorial geometry daté. in blank common.

—y T~

- Stavling

Localion

_Information

" Size

ec-

NGE@M=NADD
KMA

KFPD

Kngé
KNBD
‘}dﬁn
- KRIZ
. KRCZ
.?Kyczf
| KKR1
KXR2
KNSR

KVOL

NGLAST

Length of gcometry array

‘MA
Integer array

FPD
Floating point array

L¢CRbG
Indices to corrclate MA array
idata with code zone data’

S e Punaieg § oM AN SR B § Cha SN, - | W
.
-

, NUMB®D
Number of bodies for each
code zone

IRGR
Indices to correlale input zone
"ito code zone

Prs—y

MRIZ :
Indices to correlate MORSE
region to input zone

- MRCZ .
Indices to correlate MPRSE

regton to code zone

- NMIZ -

AIndices to correlate M¢Rs=‘

media to input zone

NMCZ .
Indices to correlate N{bRSE'
media to code zone

Kr1i
Indicas to correlate first code
zone to input zones

KRZ
Indices to correlate last code
zone to input zone

NSOR -
Indices of ccde zones in which

source particles have been fou=d

INOR
Volume of sach MPRSE region

IRTRV

- ".

LTMA

.LFPD
NUMR

* NUMR

NUMR

IRTRV

. NUMR

'NUMR

IRTRV

IRTRV
NUMR

NIR

.
e e a T SR TN SRR TSR Y PRV

—. i o

YT

wpor




Tab,

,2_.’ : Detailed layout 6f the MA array in blank co'mmon.

- Position in

R Description ]

KMA + L*7

Zone mimber 1-

Blank Common - .._Ini'ormation Stored - Size -
{ KMA 1Body mimberl

KMA + 1 LQ)Q)P for body number 1

KMA + 2 Body type ITYPE)

ARSI EN SN . |
- KMA. + 3 LRI 7 Body number 1 data {cach body
N e e ’ . requires 7 words of information)!

KMA + 4 LRO "

KMA + 5 l

KMA + 6 IBeginning location in |

: 1! . II'PD of body:data
KMA + 7. - |Body humber? | 7 . Same information and order as
: : for body number 1.
-KMA + 14 B .
. - ‘P ..' .
KMA (L-1)*7 . . bo@y nuinber (L) 7 ' . Body number L is the last body.
1 Beginning of code zone .

information.

-

~LET—
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Tab. 2 (Cont'q) -

Position in SR : - j
- Blank Common - Information Stored Size Description ,'
|
-Number of first body " B
' in this zone
sulbentbdbadianib el dieslhadiadieadidien _ : .. ;
* [Location of integer data " ‘Beginning of information about ,’
- ifor this body - | bodies defining code zone 1, i
I - 4 Integer data location is given by:
First zone o search upon 7*(Body number)- - 6,
\ exiting this body .’
- [Location of next zone fo
be searched
Data on second body in 4 ~The last two words in each set of |
tthis zone . _ 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 zonesi
_.are checked by the code when the |
- - next zone entered is being deter~ |
~.mined, If the next zone is not
: - S - "located from this stored data, all |
Data on last body in the zond - 4 zones are searched. ’
Zone number 2 1
X Body information Same information as above except
' for code zone number 2.
Zone data of last zone Code zone information about the
‘ - last zone input on cards,
KMA + LDATA  |Code search information | 2*NAZT |- Storage set aside for determining
- IKMA + LTMA-1 ; the. zone to he searched and where,
the next zone nuinber is located, |- .

-

~-8€ T~

i Y
ALl a) Wty e L G U
|

o AIn Tl $a anr

~—




Tab. .

3 Detaile.d."l'a.yout of the FPD array in blank common,

Position in

Blank Common

Information Storeci

Size

Description -

KFPD

KFPD+1 * °
!} XFPD + 2
.K.F"P'D + 8

NOTE:

RIN for'bocly 1
R(DUT for bedy 1

Path length data for last
trajectory in body 1.

First 6 words of real
" |data for body 1 -

Read from f{irst card of

body 1 card set.

Remaining words of
real data for body 1

Ny depends on body type.

. See Table B 1V.

. . |RIN for body 2

RGUT for body 2

2 (_N 5 words)

Remaining data for body

.Nz :

Same information as above ;

but for body 2.

Repeat for NUMB bodies.

8 words are set asmie at the end of the ¥PD array,
- but are not used. : :

.-62"[.—

ppp————
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4 Definitions of Variables in Common GAMLOC

Variable

Definifion

KMA.
KFPD
" KLCR
KNBD
KIPR
KRIZ
KRCZ
. | . KMIZ
- KMCZ.
 KKR1
- KKR2

KNSR

for each code zone.

. Starting location for the array MIRZ(I) which contains

. Starting location for the array MM[Z(I) which contains

.Starting location for the array I ’\’LVICZ(I) which cont“ms
‘the index of the MORSE medla cor responmnrr to the ith
.. code zone. '

' =

Starting location for the array MA containing integer
data for.each code zone.

Stafting location for the array FPD containing real data

Starting location for the array LﬂCREG(I) wlnch. contains
the sta1 ting location in the I\’L—s. array for the I“l code
zone data. -

Starting loc,atlon for the array NUMBOJ(I) which con-
tains the number of bodies for the 1 h code zone.

Starting location for the array IROR(T) which contains
the index of the corresponding input zone for the Ith
code zone. :

the index of the MORSE region correspondmg to the l“}
geometfry input zone.

Starting location for the arrav »IRCZ(I) \"hich contains
the index of the M@RSE region correspomhnfr to the yth
geometry code zone.

the index of the MORS‘?' mecha. corr espondmfr to the Tth

geometry input zone..

Starting locahon for the array KRI(L) contamb the first
code zone which was made from the pth vmmt zZone.

Starting location for the array KR2(L) contains the last
code zone which was made from the L_th input zone.

Starting location for array NSHR which contains the code |

zones in which source particles have-been {found.

- s W,
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Tab. 4 (Cont'd)

Variable Definition
KVAL .Startum location for the array VN@OR(I) Wthh contams
: the volume for M@ORSE region (I). .
. NADD . Starting location for the geometry data Ienoth and
. changed in JOMIN to the total number of words re-
quiréd for geometry data.
' LDA,TA - Lenrrth of the integer data in the MA array excluding
B . the words set aside for zone search 1mormat1on.
LTMA Total lenO‘th of the MA. array
LFPD Length of the FPD array
NUMR Number of code produced zZones.
IRTRU Number of input zones.
NUMB Number of bodies.
NIR ' Number of M@'RSE geomeiry regions.
R ' . ' X * -~
Tab. . 5  Definitions of Variables in Common PRGI.
Variable Definition |
'. MARK Set 1 m G1 if trajectory end po,mt is reached before
- L next intersection. Otherwise set to 0.
DISTO Distance from point XB(3) to next scattering point.
' Used in G1 to avoid calculating the next zone if a-
scattering event occurs before the intersection,
NMEDG Zone number IR from a LOPKZ call. Stored in BLZNT]
. by MSOQUR, . . S
_ N

P
O
cr
(O]

Variable names are not the same in all routines.
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Tab. . & Definitions of Variables in Common PAREM _
as found in Combinatorial Geometry
- Variable . | Definition
TXB(3) Coordinates of the starting point of the present path.
WEB(3) Direction cosines of partlcle tra;ec’cory. 'Equal to U, .
o V, and W, |
IR | N ,Combmatorlal zone of present partlcle posn.lon.
'WP(35 _ Temporary storacre of WB(3). _
XP(3). - ' Temporary storage of XB(3). -
IDBG Set non-zero to initialize a debufr prmtout
IRPRIM . - Next region to be entered after a call of Gl. _
NASC Body number of last calculated intersection. Set negative
" s to indicate source cr colhsmn pomt not on a body sur-
, : face. . -
LSURYF -Surface of body NASC whez: 2 intersection occurred.
. Positive if particle is e'ztermtr the body and negative,
~ - when exiting. :
NB®D Body number and a sigr. used to define zores. Input in
. zone description as positive when zone is contained in
L body and as negative if zone is outside body.

1" LRL ‘Entry surface calculated in GG |
- LRP Exit surface calculated in GG. -
RIN - Dlstance to eniry calculated in GG.-

.| RQUT . Distance fo exit ealculated in GG.

1 KL@OP | Tra]ectory 1nd°\ of present path mcremented in G1. .
. LOOP Index of last trajectory calculated for bods vy NBO. If
L LOOP is equal to KLOPP, GG réturns immediately with
. © old values of RIN, 'RQSU’I‘, LRI, and LRP. - .

ITYPE _Body type of body NB@ (indicates BYX, SPH, etc.).

 PINF Machine infinity. '

NPA Not used. * .

DIST

Distance from XB(3) to present point.




