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ABSTRACT

A guide for the use of a new version of the Morse
Monte Carlo Multigroup neutron and gamma ray transgport
code with combinatorial geometry is presented. This
version is in current use for neutronics studies of
blankets and shields for fusion power reactors designs.

A benchmark problem treating a cell calculation for a
fusion reactor blanket and shield design , is presented.
The modifications introduced to the different routines,
the deck organization for the CDC-~7600 computer system,

a sample problem input and output, and a set of reccmmen-

dations are given.
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1. Introduction

This work is a documentation for a new version of
the MORSE Monte Carlo code (1) used by the Fusion Tech-
nology group at the Department of Nuclear Engineering,

(2, 3)

the University of Wisconsin, and at the Department
of Applied Science, Brookhaven National Laboratory (4).
The version distributed by the Radiation Shielding
Information Center (RSIC) is set up for the solution of

a sample problem for a point source in an infinite air
medium with spherical geometry. After some modifications,
the code has been successfully used for general geometries
for blanket and shield neuticnics studies for fusion power
reactor designs. The present work concerns the use of

the CDC-7600. A benchmark problem rzlating to a unit cell
computation is used as an illustration for the necessary

modifications and the corresponding input and output data

for the code.

A discussion of future possible modifications to
the cod~ regarding a better implementation on the CDC-7500
and the analysis of geometrical shapes not presently

implemented is given.

- e L




‘The MORSE Monte Carlo code with Combinational Geometrv

2.
The MORSE (Multigroup Oak Ridge Stochastic Experiment)
code (1) is being used in applications for which it was
not originally written, and this entails much revision
and continuous development of the code. It has
the ability to treat the transport of either neutrons
or gamma rays or a coupled neutron and secondary gamma
ray problem. There are options of the code for the IBM-360,
UNIVAC-1108, and CDC-6600, which are distributed by RSIC,
The version described in this report has been used on a
CDC-7600.

The combinational geometry option of the MORSE code
has been recognized to be of great use. It depends on
describing general three dimensional configurations by
considering unions, and intersections of simple becdies
such asispheres, parallelepipeds, cylinders; etc.

A preparation of a problem for solution by the code
requires: setting up a model, describing it by the
combinational geometry technique, checking the geometry
input with the PICTURE routine, preparing cross-sections
data for input to the MORSEC module, preparing analysis
data for input to the SAMBO module, and random-walk

data. User routines may be required to be written for

each problem,
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Either the forward or adjoint mode can be used,
and time dependence is provided for shielding and criticality
probliems, Multigroup cross-~sections are accepted in either
ANISN or DTF~IV formats, and anisotropic scattering is
treated for each group to group transfer by a generalized
Gaussian quadratire technique.

3. Modifications introduced to MORSE routines in the

present version

The following corrections and modifications were
introduced to the latest updated version of MORSE (1)=CCC-203B
and distributed by RSIC on July, 1975. Both permanent
and problem-dependent modifications are presented:

3.1 Program MORSER

The statemeiits:

COMMON NC (~--==) MAIN1-6
NLFT = ===e- MAIN1-~-29

Should be modified according to the nceceded size for
the blank common area. For moderate size problems, the
blank common area fits into the short core memory (SCM)
of the CDC-7¢00, but for larger size problems, since the
CDC~7600 lacks the facility of virtual wemory, a larger

blank common area could be fitted into the large core

memory {(LCM).
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However, this would require modifying the corresponding
routines. In addition, overlays could be used to reduce
the required field length,

The statement:

COMMON/F1SBNK/MF1STP (6) MAIN1-13

is modified to:

COMMON/FISBNK/MFISTP (6) MAIN1-13,

an apparently punching error.
3.2 ENDRUN Routine
The statement:

DATA MMED/20%*1/ ENDRU-27
is in the MORSE code for the sample problem of a point
fission source in air. For problems with more than one
medium, MMED should contain the media numbers correspanding
to the different regions.

Preceding the first call to NSIGTA, a statement
of the form: IF{NREG.EQ. ==......) GO TO 86 is added to
exclude regions containing media without stored cross-
sections. Following Statemerni #85 these two statements
are added:
GO TO 90

86 WwWrs(L) = 0.0



Similarly, preceding the second call to NSIGTA,
we add:
IF (NREG.EQ. -- ......) GO TC 101
and the statement 100 is followed by:
GO TO 105
101 WwWrs(L) = 0.0

3.3 GENI Routine

When the MA-array is needed for checking the geomet:y
specifications, its listing can be obtained by deieting
the statement:

1F (IDBG,.EQ.0) RETURN CGENI-148
3.4 GETMUS Routine

The present coding does not allow the possibility
of using Pl-anisotropy. This can be corrected by
inserting the statement:

IF (NMOM.EQ.1) GO TO 55
just after the computation of:

A(1,1) = - MOMENT (1) GETMU-30

3.5 GTMED Routineg

Replacing the Statement:

MDXSEC ) GTMED-3

i

by: MDXSEC MDGEOM GTMED-3
sets the cross-section medium to be the same as the

geometry medium.



3.6 INSCOR Routine
The routine is modified from its original use for

spherical geometry to treat a general geometry. The

following comment is inserted:

C THAT VERSION FOR THE GENERAL GEOMETRY READS THE REGION
C DETECTORS VOLUMES AND COMPUTES THEIR RECIPROCALS
C NDC IS LAST BOUNDARY CROSSING DETECTOR
c vv (1), I=1, ND ARE REGION DETECTOR VOLUMES
The vector VV(I) is dimensioned:
DIMENSION VvV (21)
and the VV(I) are read, after NDC is read, by the statements:
READ (I1, 102) (vv(I), I = 1, ND)
102 FORMAT {8E10.4)
The statements from S5 to 12 are deleted, and replaced by:
5 BC(LF} = 1./Vvv(ID-1)

3.7 NSIGTA Rcutine

Inserting the statement:
IF (MED, EQ. 1000. OR.MED.EQ.0) GO TO 11
after the call to GTMED, results in excluding the

computation of TSIG and PNAB when treating internal and

external void regions.



Also, the following statements are inserted after

statement 55:

GO TO 12
11 TSIG = 0.0
PNAB = 0.0

and the three statements following the EQUIVALENCE:

IF(PNAB + 1.0) 3,1,3 NSIGT-18
1 MED = JMED NSIGT~-19
GO TO 5 NSIGT-20

are deleted. The RETURN statement is changed to:
12 RETURN NSIGT-45

3.8 SOURCE Reoutine

This routire samples from an input frequency
distribution function for the angular distribution of
the source, and determines the direction c¢cosines U,V ,W,
it also determines the coordinates of the source X,Y,2
when needed to follow a specified distribution. The routine
has thus to be modified for each problem. As listed below,
the routine uses the rejection method to sample for tho
source coordinates and the angular distribution. More
efficient sampling can be achieved by construction of
cumulative distributions. The following routine was

used to sample from a discrete angular distribution of
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the neutron wall loading for a typical tokamak with a
circular cross-section in the neutronics calculations
of a modular blanket unit cell., Details of the problem

will be included in a future publication.

SUHROUTINE SUURCE (16U VeWsRo¥ o2 WATLIMEDAGeISOURITSTRNGPQTI,
i DOF +ISOB185.NMTG)

IF ITSTRE0s MUST PHUVIOE IGsXoeVeZolsVeWowATE AND AG IF LESI®ED 7O BE
UIFFEREAT FROM CAND VALUES (WHICH ARE TME VALUES INPUT T0 SOURCE)

IF [TSTRe)s 3G IS THE GRP NO, CAUSING FISS10Ne MUST PROVIDE NEw 10
THIS VERSIUN OF SOURCE SELECTS INITIAL GROUP FROM THE INPUT SPEC
VIMENSION  FOF (50)

N 0000

CCMMON JUSERZ DUM(9) 204314 10UM(12)
COMMON wTS(]}
DATA JCALL/ZY/ )
UATA  PYE/), 164159/
IF tICALL) 1041045
5 ICALL = 0
WRITE (10,1000}
1000 FORMPAT (S5aW YOU ARE USING THE DEFAULT VERSLON UF SOURCE WhCm StTS
1wATE TC OUF AND PHOVIDES AN ENERGY 16, )

REAPDING OF SOUHCF DISTRIBUTION FUNCTION DATA
LCWER LIM1TE=AA UPPER LImiT=88 N OF SUBOIVISIONSaAN

aonnn

KEaD(11+41002) A8 HBBINN
1002 FOKMAT (2E14,8415}

[
[4 READ UNNORMALIZED € ,0,F,
[+
HEAD(I1s1003) (FOF{])el2]1,NN)Y
1003 FORMPAT{10F5,)
WATTE(J041004) A4 8H NN
1004 FORPAT 120,51 2LOWER LINITRIELG B eSA 12HUPSER LINITEE @ 8,50 424H Ny
+MBER UF SURDIVISIONSE.I5,/702R4INFNF//)
WREITE (1010057 (FOF (1) o1®)sNN)
1005 FORMAT [2X45C14,8/)
LPYE®2,00F E
ANNENN
HNGEHEwAA
DELIA=RNG/ANN

[
[ FIND MAX OF FOF  (FMAX)
4

Lo 3201 ImlotiN
IF(1.R0.1) GO0 TO0 1202
[1s1=]
1F(FDF (1) JGTLFDF {IT))  FMAXaFUF (1)
60 10 12u1
1202 FMAX=fDF (1)
1201 CONTINUE

C
CHCCSING CCURDINATES UF SUURCE PARTICLES
c

10 Z=a040

103 x=RANF (0)*36,9504
Y=RONF (0)#32,0
JF1X,67.18,4752) GD T0 10}
G0 T8 102

10) XDUMRE4,0=],7320X

1FtY,0T.,2DYM) GO TO )03
[~
CHCOSING SAGULAR PARAMETEHS FOH SOURCE PARTICLE
c

102 RIXANGOFLTNMF (0)
HZRFMAXRSFLTRNF (0}

i e S A e Pt B

D

.




[
c CETERMINE INTLRYAL NUMBER FOM COS THLTA

1=t{R1/VELTA) ¢ .99
IF(R2.,LE,FUF (133 GO 710 1203
60 1C 102 ;
1202 w=zAleR) H
AUYMZACCS fw)
XOUP=SIM (XUUM)
R2=DPYESFLTRNF (0)
uzxDymeCOS {R2}
v=RCUMeZIN (R2)
1F (I50UR) 15»15,60
€ 10 IF(1SOUR) 15415+60
1€ wWATE=DOF §
IF (ISBIAS) 202025 ¢
é0 NET = ZeNNTG :
60 10 30 . i
2% NeT = 3eNMTG ;
3¢ & x FLIRKF (R) i
DU 3% I=]1,NGPOT]
IF (R « wIS(lefinT)) 40,640¢35
3g CONT INUE
40 H13
IF (ISR14S) 60460445
(3] 1F (l=1) 6045055
a0 WATE & wATLOWTS (2ONMTGe]1) /uTS (I8NMTGe])

o0 TO &0
55 WATE 9 RATE® (WTS (20NMTGel1oWTS (2OANTGeT=1))/ (NTS (IONPTGeI)~MTS{IEN
60 RETURN

END

X

:

i

;

INTGela]d !
j

}

:

]

}

4, The PICTURE Routine

This routine is used as an aid in preparing correct

(1)

R e 45 e o

input for the combinaticnal geometry package. PICTURE

ZY PO

displays two-dimensional cuts through the specified three-~

SR e

dimensional geometry. Media, regions, or zones may be

displayed according to debugging needs. PICTURE uses §
two related subroutines: FRINT and MESH, Other subroutines f

' from the MORSE package are also called as shown in the
hierarchy of subroutines in Figure 1. Figures 2 and 3
show a two~dimensional cut through the geometry of the
blanket unit cell for the benchmark problem treated in that

report.
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PICTURE

PRINT JOMIN GTVLIN .
MESH GENTI
|
Gl LOOKZ ALBERT
PR
GG

Figure 1 . Hiearchy of subroutines in the PICTURE program -
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Figure 3 . Output of PICTURE for a horizontal cut through the
blanket and shield unit cell .
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5. Deck Organization for the CDC-7600

For this Benchmark problem, the blank common areca
is considered as fitting into short core memory (SCM).
A file MRS is attached containing the source routines,

and changes to different routines are introduced by use

of UPDATE (5). A program library MORSELIB containing

the object decks, of routines which were not updated,
is then attached to the run. The UPDATE correction
cards follow, and then the input data to MORSE.

The CDC-7600 control cards, and the UPDATE correction
cards are listed below, according to the modifications

explained in section 4 for the benchmark problem.

MAGUI+CFT04T100,P666.

ACCUUNT(LAZARETH128)

MAP (ON)

ATTACHOLDPL ¢MRSy IUSLAZARETH,

UPDATE,

FIN{IGA)Y

ATTACH( LIBJMURSELIBID=LAZARETH) FILt MORSELIB{CATALOGUED)
L1BRARY(L]IB)

LuO,

7

#JD4CORRECT
#UyMAIN] .6
c COMMON NC (22000)
COMMON  NC (33000}
SDMAIN] 13
c COMMUON/F 1 SHNK/MF 1STP (8)
COMMON /F 1SBNK/MF ISTP (6)
SUMAINL 29
[ NLFT=z22000
NLFTs 33000
SV IENDRU,27
[ OATA MMED/20e1/
DATA MMED/100001 02030004 0éeb93¢7210195+5¢696+12100048,0/
#14ENDRU, 1 04
JF (NREG,EU, 1,0h NREG,GE,]8) 6L 70 @e
Sl ENDHUL1)Y
GU TO 90
86 wIS(Li=0,0
e8] ENUHUL)1T?
IF (NREG.EQ, 1,0F,NREG,GEL18) GO 710 10}
®] ¢t NDRU, 124
60 10 10%
]
101 #1S(Lysy,0 ~13-



#DGENI, )48

4 1F (108G EG,u) HETURN
@] yGETHU,30
IF{NMOMEC,1) €GO TO 55
B04GTMEL, I
4 MDXSEC=)
MDXSEC=MDGEUM
© @], INSCO,2
[+ THAY VERSION FOR THE GEMNERAL GEUMETRY READS TME REGION
[+ DETECTORS VOLUMES AND COMPUTES THEIR RECIPHUCALS
c NOC 1S LAST BOUNDARY CRUSSING DETECTOR
C VV{I)sla]eND ARE REGION DETECTOR VOLUMES
*]¢INSCU,13
UIMENSION vV (2])
®]1,INSCO,15

READ (I1+102) (VV(I)eI=14n0}
102 FORMAT(UE]10,4)
U4 INSCO.2]14INSCO,29
S BCILF)=)ayVV{1D~1) :
c NINE CARDS WERE VLELETED HWERE
8DyNS1GT.18.NSIGT. 20

c IF (PNABe1,4) 301423
c 1 MEU=JUMED
C GO TO 5
#l¢NSIGT,21
I1F (MED,EW,1000.,CR,MED,EQ,0) GO TO 11
Sl INSIGT 44
GO T0 12
11 T751G=0,0
... PNAH=z0,0
S INSIGT (45
[ HETURN
12 HETURN
apyHELCO,3
[ SFRERICAL GEOMETRY

GENERAL GEOMETRY

[4
*DsRELLO,16.RELCO, 29
[+ FIFTEEN CARUS WERE DELETED HERL

CALL NSIGTA(JGOWNMED,TSIGPNAE)

CONEwTBC/T1SLG
1DzNREGe)
& INSENTySOURC,. 8
OIMENSIUN FUF (50)
®INSERT»SOURC.)2
DATA PYE/J, 14159/
®INSERT 4 SOURC. L7
[
[ REAUING OF SOQURCE OISTRIBLTION FUNCTION UATA
[ LUWER LIMiT=zAR UPPER LIMIT=BB N,OF SUBDIV1SIONSaNN
<

READ(J101002) B8A,B¢NN
1002 FORMAT (2E14,.841%)

[ NEAU UNLCRMALIZED F,U.F,
<

TAD(IY01003) (FOF (1) o I2] 4NN}
1003 ‘ORMAT (10FS,3)
WHITE (10,)1004) AAJHB NN
1006 FORNAT (20 12HLOMER LIMITE 14,8450 ¢12HUPPER LINITR,E]4,805X0280 NU
«MHBER OF SLUDIVISIONSE 54/ 7e2RINFUF /)
WRITE¢1092005) IFDF (1) elm)onNN)
1005 FORMAT ;2X+5L)4,8/)
UPYE=2,UePYE
ENNINN
HNGaHR=AN
VELTARKRNG 7 XNN

FIND MAX OF F0F (FrAR)

ann

Do 1201 (o) oNp
1IfF tl.6¢e) o0 T0 1202
(=]~}
JFIFUF t1) ,UTFOF (11)) FusxxfFuF (k)
Gu 0 1201
1202 ZmANSFDF (1)
1201 CONTIWNUE

-14-




[4
CrouUSInG LLABLINETES CF SLuwCE F&WTICLES

[4

10 2540,0

103 X=RANF (0)e26,95C4
YRANF [0)®22.0
1F (X,67,1P,4752) GG TG 101
60 10 102

101 AVUMSEL,0-1,T329K
1F{Y.GT ,ADU¥) €0 T0 103

c
CrOUSING anGULak PARAVEVERS FGR SOUKRCE PARTICLE

102 RI=RNGAFLTRANF (0)
R2aFMaxsFL THNE (0)

E UETERMIAE INTERVAL NUMBER FOR COS  THETA
¢
1= (R} /DELTA}»,95
1F (H2,LE,FUF 1)) 6O TO 1203
Gv 70 102
1203 wxaAenl

XDUM=ACOS (w)

ADurzS TN (xDUMY

RR=DPYESFL IRNF ()

U=XDUMSCUS 1R2)

vEXUUMSSIN (R2)
SUELETE ySOURC 1P

1F (IS0Uk)15:15.€0
€ 10 [F(ISOUR) 35235+00

6 « Input data for the benchmark calculation

Table I shows the listing of the input cards. The
MORSE data comprise a problem of 5 batches each of 150
histories. 8Six groups of neutrons are used. Both
splitting and Russian roulette are allowed. The
geometry data comprise 25 bodies defining 20 regions in
the unit cell. Seven cross-section media are vsed, the
albedo medium is numbered 8 and the internal and
external void regions are designated by 1000 and O

respectively. The regions volumes are shown as unity.

~15-



Table 1. Input data for the benchmark problem

MURSE UwaliNL BML.  MINAC 4 mMEX,CELL MAGD] RAGHEB
150 250 5 1 6 0 6 6 0 0 S 7 8
) 1 ] 0,10000E«01,00250E+00,00000E409,00000E+00,22000E008
0,0 0a0 ©+0000Ee 00« 0000E 20N+ ,0000E+00¢,0000E+00¢,0000€400
01492k +08 ,1350Ee08 +1221E¢08 ,1105E+08 21000E«DB (9048E«Q?
00006472261267317]16)

1 1 0 0 0 20 006
0 1 9 0 1 0410000E402,10000€E=01,10000E+00,00000E400

-1
0 0o " 0 0
3 0 FORSE-LW=BNL UNL MINAC MAGOI FAGHED
ARR 10,0 0.0 =70,0 36,9504 0,0 «70,0
18,4752 3Z2.0 «70.0 Ue0 32.0 «T70,0
0.0 0.0 250,0 36,9504 0,0 25040
18,4752 3z.0 250, 0.0 32,0 250,0
1562, 2673, 3764, 4851, 1234, 5876,
RPP 2 -40,0 *72.0 -40,0 +72,0 =110,0 +250,0
HPP 3 =50,0 «82,0 =50,0 82,0 =120,0 +260,0
HCC & 0,0 0.0 “8,5 0.0 060 108,5
32.0
RCC 5 0.0 0.0 47.5% 0.0 0.0 11040
29.25
RCC 6 0,0 0.0 65.0 0.0 0,0 25.0
26,75
RCC 7 0.0 0,0 85,0 0,0 0.0 60.0
24.25
RCC 8 0.0 0.0 151.0 0.0 0.0 15,0
7.5
HPP 9 v2.5 30,0 =2¢5 30.0 137.,0 138,0
/PP 10 «5.0 35,0 5,0 35,0 117.0 138.0
APP 11 =}0,60 37.5 «10,0 37.5 97,0 138,0
RPP 32 =245 3040 =2.5 30.0 67.0 68,0
RPP 13 =540 35,0 =5,0 35,0 67,0 77,5
RPP 14 e 7.5 7.5 = 7.8 37.5 67,0 87,0
RPP 15 5,0 37.5 =Se0 37.5 190.,0 250,0
RPP 16 20,0 45,0 «=20,0 45,0 102,0 250,0
SPH 1?7 0.0 0.0 13060 $0.0
SPH i8 0.0 0.0 100.0 47,25
s 19 UeC 0.0 104,0 50,0
SPH - 20 0.0 0ot 104,0 67,25
RPP 2} =125 40,0 wl2.,5 40,8 87.0 138.0
HPP 22 «15,0 $2.% =15,0 5245 67,0 130,0
SPH 23 Ge0 0.0 100.0 50,0
Ll 2¢ 15,90 52.5 =15,0 9245 67,0 130,0
:P: 25 «15.0 5245 «15,0 528 6740 130,.0
N
1 200H 1 -3? =16 =220R 1§ 23 L L =}& =24
2 20 1 17 ~18 e}t o4
3 20 1 18 5 =22 -16
4 20 1 12 5
5 20 b [ ) 14 =12 =2}
& ag ] L4 21 =11 14
T 20 1 7 1} -10
[ ] 20 1 ? 10 -9
9 20 1 9 s
10 20 1 20 S 16 =21 -8
13 20 1 19 =20 16 -8 )
12 20 1 ]
13 F{ DL i ~19 16 ~15 -80% 1 19 16 «22
d
¢ 20 t 15
13 20 i -3 -l 14 -2
¢ Z¢ ] 5 -7 1 =14 -9
7 2008 1 4 -5 1800 20 ] 4 L]
i 2 1 25 -9
19 20 2 =]
20 20 3 2

EnD ~16~-



Table I.

1 e 3 “

15 16 17 16
1000 1 2 3

® 6 1 1000

1

5

9
.
8

(Continued)

L] 7
20

L) L)

0

L] 9

.

3

10
7

11 12
1 1

13 14
S 5

9 1U0DOE0) .31 N000E«Q1,10000E00),10000E«0),10000€401,10000E401.10000E¢0]
«10000E+01,10000E+01,10000€+91410000E401,10000E01,10000€E+01.10000E401)
+10000E«01,10000E¢02,10000E+01,10000€+01,10000E401
SIX GROUPS CROSS-SECTICAS FOR CODE

3R

3R
3R
3R
3
3R
kL]
klj
3R
3R
3R
kL]
3r
3R
3H
3R

3R
3R

30

] ) 0 0 [
1 0 Q 0 0
a5612- 6 0.
36969~ 6 0,
33017- 6 0.
0o
28400~ 6 0,
97701~ B 2R 0.
23298« & [
16470= 7 186496~ 7
18726~ 6 0.
21137=- 7 neer~ 7
[ 52215~ 4 Bk
0. §5307 &
0. 57268« 4
0, SB24b~ &
0. 57578« &
0, 56190~ &
0. 52215~ 4 SR
0. §5307- &
0o 57268« &
O ER2Lbs &
[ 57978= &
0, 56150« 4
0. 52215~ & SR
0, 55307~ &
0. 57268= &
0, SBR44~ &
0. 57978=- &
0. $6190~- «
32994- & 0.
3¢6838= & [
41946 & 0.
(128
46633- 6 €
51034« & 2R [
5202’- 6 00
§5596= & “«B249- 6
58402= 6 [
60973= & $3065~ &
Oe 13595~ & 5R
De 13830~ &
0, 13873~ &
Oq 14021~ 4
Ue 14048« &
ol
O 14030= &
13055« 6
O 52215= « SR
Qe 55307 &
Q. 57268« &
[ S8264 &
O 57978« &
0, S4)70~ &
0, 52215« 4 5R
0 55307~ 4
0. 57268« &
O. 55244 &
18 $7978« o
0, 56190~ &
1 ale,7558k=0]
2 #20,3324E«03
2 «34,4038E~01
3 wbe ,B060E-0]
[ ¢2¢433346E-03
[ de¢,46030L-0)
4 w4e,B060E-01
) 14,555¢£-023
5 ~he,3334E~02
[} e)e 803001
? =Je,40N0E=01)

9 4
0 Q
39757~ &
“«0973~ &
41905~ 4

42581~ &

4Z92)- &

0.
4«c83)1~ &
32350= 7

ol
31950~
40674~
48593~
€4069=-
55854 =

31950=
0674«
48563~
54069~
S5854~

o
«- OO PO

o

31950~
“0€T4=
48593~
S40€5~
55854~
1414t~
14676«
15824~

s oo

16622-

*

17369= &

Gy
18034~ &
426B85= &

0,
12922~ 5
T1841=
82453
BEsB2-

O Tew

29853~

0.
1950= &
40674~ 5
48593=
54069
25854~

0
21850~
4004 =
435€3-
4089
658%4- &

OO DO

MORSE

T '3

Q 0
19269~ 4
20443= &
21305~ &
21503~ &
22012~ &
21845~ &
4R Q.
4R 0.
&R [
4R 0.
4R 0.
“H 0.
4R 0.
R Do
&R 0,
&R 0,
4R 0.
4R O
“R 0,
L] [N
4H 0.
48894= 5
457R0- 5
50347~ 5
50550~ 5
50708~ S
50656~ S
4R 0,
55663= 6
65683~ 6
T7598- 6
80374~ &
L L] Oe
4R e,
4R O
4R Oe
«R 0.
R 0.
&R 0.
4R [
o 0,
&R N,

-17-~

11
0
SR

SR

IR

l.o
4 2
0
0.
50001~ 6 &K
S4621- 6
61129~ 6
69712~ 6

80200« 6

0.
31814~ 5 4R
33603~ 5

35031~ 5

36767= 5
38115« §

0.

58,. "= 7 2R

65746= 7

74941~ 7

ol
«7287- B

85392~ 8
14€5)e 7

25381~ 7

Oe
72515« &

42515~ 6

54062~ 6
10429« S

Oe
69208 7
81161~ 7

OOVENCNSWN-

-

-
CRPUN—PRNPWN =TI NPNP W=D OB PPPWNPUIrUN=PNS W= N S N =

i Ty e et e



Tabie I. (Continued)

ANALYSIS DATA
0 0

(=]

el

[
o000

COO000O0O0OTOCOOOOOC
[adadaladiefiadedadaiedad et ol ol sl el ok X yewrCy

D= ot b b Bt (b b Gt fob Gt Gt b b S P b Gt fd Pt Gt
0=t Gt Gt B Gt B B b o Gt b B P Pud b P Gt Gl Gt it
® ® & 8 % 0 006 % 00 09 9 000 0w
CO0O0O0O0O0OVNOOOOOOCOOOO
® 8 8 6 0 ® 6% 0 0 0 008 000 s e
CA-N-E- NN N - N N N N N N NN

100 1.0 1.0 .
STRITIUM BREEDING IN MINACH
NEUTRONS /7 (CM2#SEC)
1.0600E+001,0000E+001,0000E+001,0000~+001,0000E+001,0000E+00
LI 7 (NeT) REACTION RATE
3,2924E=013,5916E=013,B763E=014,0802E-014,1632E-014,2086E~-0]}
LI 6 (NeT) REACTION RATE
2+5500E~022.8350E-023,2290E-023,5500E-024.0120E=024,5290E=02
N1OBIUM (N,ALPHA) REACTION RATE

9¢2200E~038,0300E=036,3800E-034,9100E=033,6200E~032,5800€~03

1
1.0 1.0 1,0 1,0 le0 1.0 1,0
1.0 1.0 1.0 1.0 1.0 1,0 1.0
1.0 1.0 1.0 140 1.0 1,0
0.0 1.0 40

060 0o00 0.0 040 0,0 0,0 0,0 040 0,0 1,0

20 3,0 4,0 600 740 9.0 11,0 12,0 14,0 16,0

170 18,0 19,0 21.0 2240 23,0 26,0 26,0 26,0 26,0

28,0 28,0 2940 27,0 2540 23,0 22.0 22,0 20,0 20,0

-18-
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Table II . Sample output for the benchmark problem

MURSE yw=BNL BhL  MINAC 4 REX,CELL
ASTRT= 130 MMUSTE 250 NITS> 5 NAQUIT= 1l NGROTN= ]
nePUTE= 1} AMOPx 6 NNTG™ & NCOLT1P= 0 1ADyp= 0
MAXIMUM EXECUTICN TIME = 5 MINUTES MEDIA= 7 MEUALB= 8
15CQuR= | nGPFSx 1 IS8IAS: 0 NRESH® (v}
wISTRYI=) ,0000E«DD EB0TN22,S000E-03 EBOTGn0, TCUT=0, VELTHR2 ,2000E+0%
ASTAT= o, ¥YSTRT= 0, 25TRY= 0, AGSTRTs 0,

UINPE g, VINP= 0O, WINPE (.
GROUP PARAMETEHS, GROLP NUMHERS GHEATER THAN 6 CORRESPGND TO SECCNDARY PARTICLES

GROUP UPPER EDGE VELOCITY
(EV) (CM/SEC)

1 1.4520EeQ7 E,2]134E409

2 1.3500E407 4 ,9586E+09

3 1.2210E+07 &,7164E+09

& 1.1050E+07 4,4868F+09

5 1.0000E«07 4,2681E4+09

) S.0680E+08 2.2009E405

INITIAL RANDOM NUMHER = 200010571%2522261031
NSPLT= 3 NRILLE ) NPASTE § NULEAK= @ IEBIAS= § MXREGE 20 MAKGPa ¢
Wb IGHT STANDAKDS FUR SPLITTING AND RUSSIAN ROULETTE AND PATHLENGTH STRETCHING PARAMETERS

NGP]1 NDG NGP2 NRG1 NDRG NRW2 WIHIN] WTLOW] WTAVE] AU
g 1 & o 1 ) 1.0000E+01 1,0000E~-02 1,0000E~01 O,

NSQURz () MFISTPE @ NKCALC= O NUHRMF= O



AHB 1
RPP Fd
HPP 3
RCC 3
RCC 5
|

; KCC 6
RCC 7
KCC 8
KPP 9
RPP 10
KPP 11
PP 12
KPP 13
RPP 14
RPP 15
RPP 16
SPH 17
SPH 18
SPH 19
SPH 20
RPP 21
KPP 22
SPM 23
RPP 26
RPP 25
END 26
NUMBER OF
LLNGTH OF

Table II. (Continued)

IVCPT = 3 IDBG = ¢
HODY DATA
(Y 0. =«7000000E+02 «3695040E+02 0, =+7000000E+02
«1847520E+02 «3200000€402 =,7000000E+02 0, «3200000E¢02 =,7000000E«02
. . «2500000£€403 +3695040E+02 . +2500000E+03
«184752G6E+02 +3200000E402 «2500000E403 o, +3200000E+02 ¢2590000E403
«1562000E+04 «2673000E+04 «3784000E+04 +485100G6E+04 ¢1234000E¢04 +5876000E+04
O, +1000000E«01 O, 0.
=e8660255E¢00 =,64999998E400 O, 03199999E+02
0. ~e1000000E«01] 0. «3200000E+02
«1000000E«01 0, 0. 0.
Ce Ce «1000000E401 +T000000E«02
0. 0. =¢1000000E+01 +2500000E+03
«1847520E02 «6000000E«01
=s4000000EsQ2 «T200000E+02 =,4000000E«02 +7200000E+02 ~,1100000E+03 «2500000E+03
=~+5006000€E+02 «8200000E+02 «=,5000000E¢02 «8200000€E+02 «~,1200000E+03 +2600000E+03
0. 0. «+4850000E402 o, . «1065000E+03
+«3200000E402
0. 0. «4750000E+402 0. 0. «1100000€+03
+2925000E+02
0. 0, +6500000€402 o0, O, +2500060E+02
«2675000E¢02
0, 9. -85000005002 O 0. 060000005‘02
+2425000E+02 .
0. 0. «1510000E¢03 o0, Oe «1500000E«02
»7500000E+01
=+2500000E+01 «3000000E402 «,2500000E401} «3000000E+02 +1370000E4+03 01380000€4+023
=+5000000E+01  ,3500000E402 =,5000000E+0] #3500000E402  +1170000E403  ,1380000E+03
=«1000000E002 «3750000E«02 «,1000000E+02 «3750000E+02 . +9700000E+02 +1380000E4+03
«22500000E401 «3000000E+02 =,2500000E40] «3000000E+02 «6700000£402 ¢6800000E402
~«5000000E+0] «3500000E+02 =~+5000000E+0} «3500000E+02 +6700000Ee02 «7750000E+02
=+« TS00000E+01 «3750000E+02 «,7500000E40} «3750000E+02 «6700000E+02 «B8700000E«02
~e5000000E401} 03750000€+02 =~,5000000E40} ¢3750000E402 «1500000E+03 «2500000E+03
~¢2000000E+02 +4500000E4+02 =~,2000000E402 o#500000E402 «1020000E+03 +2500000E403
0. ¢, «1000000E+03  ,5000000E402 =0, =0,
O 0. «1000000E403 «4725000E+02 =0, =0,
0. 0. +1040000E+03 «5000000E¢02 =0, 0,
O 0. «1040000E403 «4T725000E+02 =0, «f,
=+1250000E¢02 «4000000E+02 «,1250000E402 «4000000€+02 «8700000Ee02 +1380000€203
-+1500000€402 «5250000E402 «,1500000E602 +5250000E¢02 «6700000E402 «1300000€E03
0. 0. «1000000E403 +5000000€+02 =0, =0,
=«1500000E+02 «5250000£402 ~,1500000E+02 «5250000t 02 «6700000E<C2 ¢1300000E4+03
«+1500000S+02 «5250000£402 ~,1500000E402 «5250000E+02 «6700000E+02 +1300000E+03
=0, =0, -0, =0 =04 =0,
BOODIES 25
FPD=ARRAY 237

35
43
51

60
69
78
87

98
104
112
120
126
136
144
152
160
168
176
184
152
200
208
216
22
232



20

2,664E=04 1,23EE=04
6e597E=03 4,044E=03 3,985E~n3

Table II. (Continued)
INPUT 20NE UaTA
1 Zouw 1 .17 -1e -22UR 1 23 - -16 24 2 1
2 20 1 17 -18 -16 “ -0 -0 -0 -0z 3
3 20 1 18 s -22 -1 -0 -0 -0 -0 2 &
o 20 1 12 s -0 -0 -0 -0 -0 -0 Z 5
5 20 ) 6 14 -12 =21 -0 il =0 =0z ¢
& 20 ] 7 21 -11 -1e -0 -0 ~0 -0z 7
T 20 1 7 11 -10 -0 -0 -0 -0 'g i g
7 10 -9 -0 =0 -0 -0 - ’
8 gg i ° s o -0 -0 -0 -0 -0 Z I
10 20 ) 20 S 16 -21 -8 -0 -0 021l
1 20 1 19 -20 16 -8 " -0 -0 -0 212
12 2n 1 8 -0 -0 -0 -0 -0 -0 -0 2 13
13 200k} -19 16 =15 =80k 1 19 le -2z 704
o - -0 -0 -0 -0 -0 -0 -0 -0 Z 1€
1+ 20 ] 15 -0 -0 -0 -0 =0 -0 -0 2 1¢
15 20 1 5 -6 I 3 " 23 Y
16 20 1 5 -7 21 -14 -9 -0 -0 -0 21
17 zook 1 s -5 1800 20 ! PO o in
18 20 1 25 -4 -0 -0 -0 -0 - s0oz 2l
19 20 2 -1 -0 -0 -0 -0 -0 =0 =0 Z 22
i o 2 -2 -0 -0 -0 -0 -0 -0 -0 7 23
END =0 -0 -t -0 -0 -0 -0 -0 -0 -0 2z 24
NUMBER OF INPUT ZUNES 20
NUMBER OF CODE 2UNES 23
LeENGTH OF INTEGER ARKAY 1379
MOKRSE REGION IN INPLT 20ME (I) ARNAY  MRIZ(I)sl21+20)
1 2 3 &« S§ 6 7 &8 9 10 11 12 13 16 15 16 1T 18 19
MORSE MEDLA IN INPUT 2CNE(L) ARKAY MMI2(I)el3),20}
000 ) 2 3 4 & 4 4 3 71 1° 1 5 & & & 11000 8
S1X GROUPS (NHUSS-SECTICAS FUR CONE  MURSE
NUMBER OF PRIMARY GROLPS (hGF) °
NUMBER OF PRIMARY DOWNASCATTERS (RUS) 6
NUMBER OF SECONDAKY GROUPS (RGG) 0
NUMBER OF SECONDARY DCWNSCATTERS (NUSG) 0
NUMBER OF PRIMeSEC GRCUPS (INGP) 6
TABLE LENGTH (1TBL) 9
LUC OF wITHIN GROUP (SIG GG) (ISGG) . 4
NUMHEH OF MEGIA (NMED) 7
NUMBER OF INPUT ELEMENTS (NELEM) P
NUMUER OF MIXING ENTRIES (NMIX) 11
NUMBER OF COEFFICIENTS (NCOEF) “
NUMHER OF ANGLES (NSCT) 2
RESTORE COEFF (ISTAY) 0
AUJOINT Sw1TCH (FRCM FORSE) P
CHUSS SECTIONS AS READ FOK ELEMENT | COEFFICLENT 1
GP  ABS ASEC  MNUFISS ToTAL FROM GROUP TRANSFER PRUNABILITIES
1 1.366E-03 0, 1.04SE=02  3,496E=03
2 1.3926-03 0. 14055E=02  3.598E=03 1.003E=03
3 1,317E-03 O, 1.051E=02  3,369E=03 1.017Ew03 2,279E=04
4 1.19%E-03 O, 1e041k=02 3,296E~03 9.925E=04 2,321Ed& 2,512E=06
§ 1,050E-03 0, 14032602 3,349E~03 9,956E-04 2,393E«04
& 1,B65E-04 O, 1.765€=02 1,766E=02 5,917€-03 4,922E-03
CROSS SECTIOUNS FOR MEDIA 1
GHOUP S167 SIGST PNUP  PNABS GAMGEN NUeFIS UCWNSCATIER PROBABILITY
1 7,898E=04 %.866E~04 0.0000 .8693 0,0000 0,0000 ,3848  ,1104 L0251
2 7.970€=04 &,915E«D4 0,0000 LH6H] 10,0000 0,0000 .3929 1110 ,0253
3 7,9¢4E=04 #,950FE«04 0,0000 ,8748 0,0000 0,0000 3662 1079 0260
4 7,86TE~04 €,961E~0& 0,0000 ,8549 0,0000 0.,0000 3577 ,1081 5342
S 7.795E04 7.002E~04 0.N000 ,8YR2 0,0000 0,0000 ,3614 6386
6 1e349E-03 ),334E~03 0,0000 ,989% 0,0000 0,0000 13,0000

-2]=

+0276 «0136
+0291 c4k]6
«6998

+%6385
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ANALYSIS OaTa

NUm 214 NNE® 0o NES 0y

LROU

WESPL 1)

140000k40G
1.0000E«00

1.0000E+00
1.0000E+00
6 1.0000E+00

SUURCE DATA

YOU ARE USING TeE DEFAULT VERSIOM OF SOURCE WHICH SETS wATE TO ODF AND PROVIDES AN ENERGY [G,
UPPELR LIMITs ,10000000E01

LOWER {IM1T=0,
FOF

0
0o
»200D0000E+01
«90000000E+01
«17000000E402
«23000000E4+02
«2R000000E+02
+23000000€ 402

>
1
2
3 1400008400
[y
S

TIME REQUIRED FOR INPLT WAS 1
YOU ARE USING ThHE OEFAULTY VERSION OF STRUn WHICH DOES

2005TART BAYCH

1

0.

O
+«30000000E+01
«11000000E402
«18000000E+02
+24000000E+02
«28000000E+02
+22000000€+02

Table II. (Continued)

NT: 0y NAR Oy NHESP=

RESP{ 2} QAESP( N
3,29c4E=01 2.5580E-02
3,5918E=0] 2.8350E~02
3,8763E=01 3,2290E=02
4,0802E=0]) 3,5900E-02
4,1632€E=01 4.,0120E=02
4,2084E-01 4,5290E=n2

Oe

Oe
+«40000000ED]
«12000000F+02
«19000000E+02
«24000000E+02
+29000000E+02
«22300000G€«02

49 NEXw 22, NEANUS O

RESPL( &)
9.2200€-03
B,0300E-03
6,3000£=03
4,9100€E-03
3,6200E-03
2.5600E=03

NOTHING,

HANOQUMR2000(057152522201031

0

0.
+50000000E+01
«14000000€«02
«21000000€E402
«26000000E+02
+27000000E402

NUMHER

Ga
«10000000E+01
+»T0000000E 0}
+16000000E¢02
«22000000E 02
«26000000E+02

«25000000E402

OF SUBDIVISIONS® 40

+20000000E+402 ,20000000E+02

SWATE 1AVE UAVE VAVE waAvE XAVE YAVE ZAVE AGEAVE

1,500E+02 1,00 + 0676 »0327 +6624 1,406E401 1,469E¢01 &,000E40) 'R
YUU ARE USING OEFAULT VERSIOMN OF ALBDO WHICH PERFURMS SPECULAR AEFLECTION

NUMBER OF COLLISIONS CF TYPE ACOLL

SOURCE SPLIT (D) F ISHN GAMGEN REALLOLL ALBEDO HORYX ESCAPE E«CUT TIMEKILL R R KILL R R SURV GAMLOST
15¢0 0 1] 0 19 1887 3013 150 ] 0 L] 0 0
TIME REWUIRED FOR THE PRECEDING BATCH wAS 2
*8aSTART BATCH 2 RANDOM®20005016326400052701
SUUHCE UATaA
SWATE IAVE UAVE YAVE WAVE XAVE YAVE ZAVE AGEAVE
1.500E+02 1,00 =-,0685 =,0522 <7018 1.618E40] 1,385E401 4,000E4D1 0.
MUMBER OF COLLISIONS CF TYPE NCQLL
SOURCE SPLIT(D) FISHN  GAMGEN REALCOLL  ALBEDO BURYX  ESCAFE E=CUT TIMENILL R R KILL B R SURV GAMLOST

150 0 0 0 26 1792 2965 150 0
TIME REWUIRED FCR THE PRECEDING BATCH wAy 2
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The cross-section data consists of a six-~group set

with a P3—anisotropy in ANISN-format card images.

Only the crOSSmsectibns for two elements are displayed.
The mixing table consists of 11 mixing operations using
4 elements to define 7 cross-section media. The points
detectors locations are input as unities since they

are not used. The reéion detector volumes are input
and the number of the last boundary crossing detector
are also set to unity. The analysis input data consist
of three characteristic response functions used in
blanket and shield studies. The input to the subroutines

INSCOR, RELCOL and SOURCE complete the data.

7 . Sample Output

Table II shows major parts of the output obtained
for the cell benchmark problem. However, part of the
input data is only used, and do not represent a réal
problem situation. The reader is referred fo another

(4)

publication for realistic data input.

8 . Recommendations and Coriclusions

No complete documentation has been published before
as a guidance on how to implement the MORSE code to the
solution of practical problems. We have tried in this

work to document that aspect in relation to Monte-Carlo
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calculations of blankets and shields for fusion blanket
studies using the CDC-7t00 computer system. The version
has been used for cell calculations at Brookhaven National
Laboratory.

Due to the lack of the virtual memory facility on
the CDC-7600, the code as set here requires the use of
the SCM (Short Core Memory): for that case a group
collapsing procedure by ANISN code is necessary to get
a few-group cross-section set. If a fine group structure
is needed, the LCM (large core memory) should be used
with the subsequent modifications to the coding of the
different routines.

Major code modifications for wider versatility in
the future should include the implementation in the
combinational geometry package of geometrical shapes
not presently implementated, especially the circular and
ellipscidal toroids, the general ellipsoid shape, the
right elliptical cylinder (for non-circular Tokomaks),

and the wedge shape.
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