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DANKE: A Monte Carlo Computer Program for Calculating

the Dancoff Correction Factor for Spheres, Rods and Slabs

Hiroshi OKUNO and Yuichi KOMURO

Department of Fuel Cycle Safety Research
Tokai Research Establishment
Japan Atomic Energy Research Imstitute

Tokai-mura, Naka-gun, Ibarzki-ken

(Received February 7, 1994)

In an array of fuel rods or fuel lumps, a flux of neutrons in the
resonance energy region considerably decreases through abscrption by the
neighboring fuel rods or fuel lumps. The Dancoff correction factor is
used to express this heterogeneity effect in obtaining the effective
multigroup cross sections. Examination of MCDAN, a computer program
for calculating the Dancoff correction factor using the Monte Carlo
method, revealed two facts: (1) axial movement of neutrons were mnot
considered arrays of fuel rods, {(2) random distribution in radial
argument of circle or sphere could not reproduce cosine distribution
of neutrons at a surface point. Therefore, the program was revised
for these points and further extended to be applicable to arrays of
planes and hexagonal arrays of rods. The improved version was called
DANKE program, which was incorporated into MAIL3.0, a computer code
generating effective cross section sets for transport codes, in the
nuclear criticality safety evaluation code system JACS. This report
includes basic expressions that DANKE program adopts, a program manual

and comparisons with calculations based on other methods.

Keywords: DANKE, MCDAN, Dancoff Correction Factor, Monte Carlo,
Resonance Integral, MAIL3.0, JACS, Nuclear Criticality,
Safety
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DANKE : A MONTE CARLO COMPUTER PROGRAM FOR CALCULATING THE DANCOFF
CORRELTICN FACTOR FOR SPHERES. RODS AND SLABS
WRITTEN BY H. OKUNO AT JAERI

REVISED FROM MCDAN WRITTEN BY J.P.MCNEECE
BATTELLE, PACIFIC NORTHWEST LABORATORY

NUMBER OF NEUTRON BATCHES ¢ ANY NUMBER., AT LEAST 3 3
NUMBER OF NEUTRONS PER BATCH ( SHOULD BE 3000 TO 5000 2

NB
NPB

OO0 OO0 mn

1000001 DATA NB/S/, NPB/5000/

[ Xal

READ IN DATA TO DESCRIBE THE ARRAY SYSTEM
Jj0eo002 CALL READINCITYPE)
000003 WRITEC 6, 104 > NB, NPB

1000004 104 FORMAT(' NUMBER OF BATCHES = '» IZ, * NEUTRONS / BATCH =', 110
1000005 WRITEC &, 105 )

1000006 105 FORMAT(® BATCH o AVGC AVGX
ENHITS® )
o
1000007 SUM1 = 0.0
1000008 suMz = 0.0
c
1000009 DO 1 I=1,NB
1000010 NHITS = O
1000011 W = 0.0
000012 SUM3 = 0.0
000013 STD = 0.0
C
00C014 0O 2 J=1,NPB
'0G0015 TOTX = 0.0
C
000016 CALL DANC ¢ ITYPE, CIJ, IT, TOTX D
o
000017 IF¢ IT .EQ. 1 > NHITS = NHITS + 1
000018 W =W+ CIJ
000019 SUM3 = SUM3 + TOTX
000020 2 CONTINUE
c
000021 W =W / FLOAT( NPE 2
000022 AVGX = SUM3I / FLOATC NPB
000023 SUM1 = SUM1 + W
000024 SUM2 = SUMZ + W=zW
cooo025 AVGW = SUM1 /7 FLOATC I 2
000026 IFC 1 .E@. 1 ) GO TO 11
000027 ARG = SUM2Z / FLOATC I-1 D
2 - AVGW % AVGW = FLDATC I 3 /7 FLOATC I - 1
000028 IF¢ ARG .LT. 0.0 > ARG = 0.0
000029 STD = SQRT( ARG )
o
000030 11 WRITEC 6 » 103 > I » W , AVGW , STD » AVGX » NHITS
000031 103 FORMAT(1H » 14 » 1P4E12.5 , I10 2
ooo032 1 CONTINUE
C
000033 STOP
000034 END
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000001 SUBROUTINE DANC ¢ ITYPE, CIJ, IT, TOTX 3

00002 COMMON fAA/ XMAX

000003 COMMON /PP/ PI1-PI2,DPI,PI141

co0004 COMMON /RR/ R,P2,P2R3,51G

000003 COMMON /DC/ DCA,DCB,DCG

cQoo00s COMMON /DP/ XP,YP.ZP

coo0C7 GO TO €100, 200, 300, 400, 700, 7003 ITYPE
Cx+*x R = PLATE THICKNESS

oocoos 100 IT = 1

000009 AL = 2.0 x P2 - R

coQ0o10 COP1 = FLTRN ¢ DUM )

000011 IF ¢ ¢OP1 .LT. 1.E~30 > THEN

ccoo12 CiJ = 0.

cCcoo13 ELSE

060014 TOTX = AL / SQRT( COP1

0Cc0o15 CIJ = EXP ( - SIG x TOTX 3

000016 END IF )

0C0017 RETURN
Cx*xx R = ROD RADIUS (CMD

C SIG = MODERATOR MACRO X-SECTICN (CM-13
C ¥MAX = MAX NUMBER MFP N WILL TRACKED (MFPJ
000018 200 CONTINUE
000019 CALL START2( X » Y » P2 - DPI » R D
000020 CALL INSEC2( TOTX, X, Y 2
000021 20 XDIS = 0.0
ooooz2 CALL HIT2¢ XDIS, 1T, DCA. DCB, X, Y, 0., O.- R, Pl2 )
ccce IF NO HIT THEN WHERE DOES N
000023 IF¢ 1T .EG. C ) CALL INSEC2C XDIS , X »Y )
cce CALCULATE TOTAL DISTANCE NEUTRON HAS TRAVELED
000024 TOTX = TOTX + XDIS
000025 JF¢ TOTY .LT. XMAX .AND. IT .EG@. © ) GO TO 20
000026 SIP2 = FLTRN ¢ DUM D
000027 COP2 = S@RT ( 1. - SIPz=xSIP2 >
000028 1F ¢ COP2 .LT. 1.E-20 ) THEN
000029 tIJ = 0.
co0030 ELSE
000031 TOTX = TOTX / COP2
000032 CIJ = PI4I * COP2 * EXP( -SIG * TOTX ?
000033 END IF
000034 RETURN
Cxxx
g0003s5 3200 CONTINUE
o00036 TOTX = 0.
000037 CALL START3( X » Y ., P2 » P2R3, DPI , R )
C WRITE(&,6000) DCA,DCB,XP,YP
¢ WRITE(6,6010) X Y ,XDIS,TOTX,IT
000038 30 CONTINUE
000039 CALL INSEC3( XDIS., IT., X, Y, PIZ2 )}
000040 TOTX = TOTX + XDIS
C WRITE(&,6010) X,Y,XDIS,TOTX,IT
0000461 1F¢ TOTX .GT. XMAX .OR. IT .E@. 1 ) GO 70 31
000042 CALL HITZ( XDIS, 1T, DCA., DCB, X, Y, O., 0., R, P12
c WRITE(6,6010) X,-Y,XDIS,TOTX,IT
000043 IF¢ IT .ER. O > GO TO 30
000044 TOTX = TOTX + XDIS
DC004S 31 CONTINUE
c WRITE(6,6010) X,Y,XDIS,TOTX,IT
00004 4é SIF2 = FLTRN ( DUM )
0000647 COP2 = SGRT ( 1. - SIP2«SIPZ 2
00004LE IF ¢ ¢OPZ .LT. 1.E-20 > THEN
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000049 ClJ = 0.

goo0se ELSE

000051 TOTY = TOTX / LCOP2

0Q00s52 CIJ = PI&I x CQOP2 = EXP( -SIG * TOTX )

Q00G53 END IF

Q00054 RETURN
C4000 FORMAT(//1HO.,'DCA., DCB, XP, YP = ', 4F10.4 )
6010 FORMAT(1HO.,'X., ¥, ¥plS, TOTX, IT = ', 4F10.4, I3 )
Crxex

000055 400 CONTINUE
{ce CALL ROUTINE FOR STARTING NEUTRON

QCQ056 CALL STARTC( X» Y, 2. P2, DPI- R D

000057 CALL INSECT(TOTX, X, Y, Z 2
C

000058 10 ¥DIS = 0.0
ccce SEE 1F NEUTRON HITS SPHERE IN BOX

000059 CALL HITC XDIS, IT. DCA,DCB,DCG, X,Yrl- 6.,0.-.0., R, PI2 D
ccce IF NO HIT THEN WHERE DDES N

000060 IFC IT .EQ@. © ) CALL INSECTC XDIS - X Y » 2
cCce CALCULATE TOTAL DISTANCE NEUTRCN HAS TRAVELED

000061 TOTX = TOTX + XDIS

000062 IF¢ TOTX .LT. XMAX .AND. IT ER. © ) GO TOQ 10

000063 CIJ = EXP( -SIG *= TOTX b

Q00064 RETURN
C

Q00065 700 C1J = =-1.

0000566 RETURN

Qo00s7 END
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000001 SUBRCUTINE DRCC DPI, COTO., SITO., COPO., SIPC, DCA., DCB. DCG D
000002 DIMENSION RMATC 3., 3 >, DCS2( 3 >, DCS3¢ 3
000003 51 = 2. % FLTRN¢ DUM 3 =-1.0
000004 T2 = 0.5 x ACOSC U1 )
000005 £0T2 = CG5¢ T2 )
000006 SIT2 = SINC T2 )
000007 U2 = DPI = FLTRNC DUM 3

C
000008 DCS2(1) = SIT2 * COSC U2 )
000009 DCS2¢2) = SIT2 * SINC U2 3
000010 DCS2(3Y = COT2

¢
000011 RMAT(1,1) = COTO = COPO
000012 RMAT{2,1Y = -SIPO
000013 RMAT(3,1Y = SITO * COPO
000014 RMAT(1,2) = COTO # SIPO
000015 RMAT(2,2) = COPO :
000016 RMAT(3,2) = SITC = SIPO
000017 RMAT(1,3) = -SITO
000018 RMAT(2,3) = 0.
000019 RMAT(3.3) = €COTO

o
000020 DO 10 I = 1, 3
000021 SUM = 0.
coo022 DO 20 4 = 1, 3
000023 SUM = SUM + DCS2(CJ) = RMAT (4,1
000024 20 CONTINUE
000025 DCS3(I) = SUM
000026 10 CONTINUE

C
000027 DCA = DCS3(1)
000028 DCB = DCS3(2)
000029 DCG = DECS3I(3

C
000030 RETURN
000031 END

__20_
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¢ SUBRDUTINE FOR DETERMINING IF NEUTRON HITS SPHERE IN BOX
c
00GC0o01 SUBROUTINE HITC XDIS.,1T, DCA,DCB.DCG, X1,¥1,Z1, X2,¥Y2,22, R, Pi2)
C
000002 IT =0
C
¢ CALCULATE DIRECTION COSINES OF LINE FROM ( X1,Y1,21 > TO CENTER OF
¢ SPHERE IN BOX. ¢ THE CENTER IS AT ( X2,¥2,22) 3
C
0Q0C03 X = X1 - X2
800G04 Y = Y1 - Y2
000005 2 =21 - 22
0CC006 D = SQRT( XxX + Y=Y + IxZ2 D
cooo07 DCAl = =X /D
0oooos DCB1 = -Y /D
000009 DCG1l = -2 /D
C N .
¢ CALCULATE COSINE OF ANGLE BETWEEN N PATH AND LINE TO CENTER OF SPHERE
c :
000010 A1 = DCAxDCA1 + DCB*DCB1 + DCG*DCG1
o
¢ 1F A1 LE 0.0 THEN N SURELY CAN'T HIT SPHERE.
C .
cc0011 1F¢ A1 .LE. 0.0 ) RETURN
000012 ABTL = ACOS( Al )
Coo013 A2 = SINC ABTL O
c
r CALCULATE LENGTH OF NORMAL TO N PATH AND CENTER OF SPHERE
€
000014 A =D % A2
pooe1is IFC A .GT. R ) RETURN
0oC014 IT =1
¢
¢ CALCULATE DISTANCE TO WHERE N HITS SURFACE OF SPHERE
¢
000017 XDIS = ABS( D - R )
000018 IFC A2 .GT. 16.0E-65 D
& ¥DIS = R * SINC{ PI2 - ABTL - ACOSCA/RY 3 [/ A2
000019 RETURN
0eec2o END
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SUBROUTINE FOR DETERMINING IF NEUTRON HITS CIRCLE IN BOX
SUBROUTINE HIT2¢ XDI1S, IT, DCA, DCB. X1, Y1, X2, Y2, Rs PIZ )
1T = 0

CALCULATE DIRECTION COSINES OF LINE FRCM  X1,Y1 3 TO CENTER OF SPHERE
IN BOX. ¢ THE CENTER 18 AT ( X2-Y2Z ¥

¥ = X1 - X2

¥ = Y1 - Y2

D = SQRT( XxX + YxY )
DCALl = =X /D
pcB1 = —-Y /D

CALCULATE COSINE OF ANGLE BETWEEN N PATH AND LINE TO CENTER OF SFHERE
A1 = DCAxDCAL + DCB=DCB1
IF A1 LE 0.0 THEN N SURELY CAN'T HIT SPHERE.
IF( A1 .LE. 0.0 ) RETURN
ABTL = ACOS( A1 D
A2 = SINC ABTL 3

CALCULATE LENGTH OF NORMAL TO N PATH AND CENTER OF SPHERE

A =D x AZ
IFC A .GT. R ) RETURN
17T = 1

CALCULATE DISTANCE TOD WHERE N HITS SURFACE JF CIRCLE

XDIS = ABSC O - R ?

IFC A2 .GT. 16.0E-65 )
& XDIS = R = SIN( PI2 - ABTL - ACOSCA/RY ) / A2

RETURN
END
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¢ SUBROUTINE FOR DETERMINING INTERSECTICN OF N AND BOX BOUNDARY
c
gooecol SUBROUTINE INSECT( XDIS » X »Y » 2}
C
000002 COMMON /DC/ DCA,DCB.DLG
Q00003 COMMDN /DF/ XP-YP.ZP
000004 DIMENSION D(3)
000005 D( 1) = 999.0
cooo0eé DC 2 ) = 999.0
0Qo007 D¢ 3 > = 999.0
c
€ CALCULATE DISTANCES N MUST TRAVEL TO INTERSECT THE 3 POSSIBLE PLANES.
C
Q00008 IF¢ DCA .NE. 0.0 ) D(1) = ( XP - X 2 / DCA
00C009 IF{ DCB .NE. G.0 ) ©D(2) = ¢ YP - Y ) / DCB
00001C IFC DEG .NE. .0 Y D(3) = ¢ P - 2 ) / DCG
c .
C DETERMINE WHITCH IS SHORTEST
C
cooC11 1s = 1
000012 IF¢ DC2Yy .LT. D(1D y Is=2
000013 1EC D¢3)Y .LT. DCIS ) 3 1IS8=3
000C14 XDIS = DCIS>
o
C CALCULATE X,Y,2Z CO-ORDINATES OF INTERSECTION POINT
C
Q00015 X = X + D(IS) ¥ DCA
coC0o16 Y = Y + DCIS) = DCB
co0017 Z =2 + D(IS} * DCG
o
C MOVE N POSITION SO IT REENTERS BCX CORRECTLY
¢ .
000018 GO TO ¢ 1 -2 - 3 - 18
C
oo0ce19 1 X = X - 2.0x%xXP
c
C CHECK FDR INTER SECTION AT CORNERS AND EDGES
c
ooo020 IFC D¢2) .EQ. DC1Y» > ¥ = ¥ - 2.0%YP
pooozl IFC¢ D¢3) .EQ. D(1) ¥ Z = Z - 2.0%2F
0ocp2e RETURN
c
0000253 2 Y = Y - 2.0xYP
000024 IF¢ D(3> .EQ@. D€2> > Z =1 - 2.0=%IP
oecoes RETURN
C
0ooo2é 32 =17 - 2.0%1P
oo0027 RETURN
000028 END
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C SUBROUTINE FOR DETERMINING INTERSECTION OF N AND BOX BOUNDARY

c
ooocol SUBROUTINE INSEC2¢( XDIS » X .Y )
c
ocgcooz coMMmoN /DC/ DCA-DCB.,DCG
000003 COMMON /DP/ XP.YP,ZIP
00C004 DIMENSICON D{23
Q00005 D( 1 ¥ = 999.0
000006 D¢ 23 = 99%.0
¢
¢ CALCULATE DISTANCES N MUST TRAVEL TC INTERSECT THE 2 POSSIBLE LINES.
C
oQo007 IF¢ DCA .NE. 0.0 > D{1) = ( XP - X ) / DLA
¢00008 IF( DCB .NE. 0.0 » D¢2) = ( YP - Y ) / DCB
c
C DETERMINE WHITCH IS SHORTEST
c .
co0009 IS = 1
co0010 IFC D(2) .LT. DC13 ) 1s8=2
coo011 XDI§ = D(ISY
€
¢ CALCULATE X.Y CO-ORDINATES OF INTERSECTION POINT
C
06C012 X = X + D(IS> x DLA
00CC13 Y = ¥ + D(IS) * DCB
c
€ MOVE N POSITION 50 IT REENTERS BOX CCRRECTLY
: C
000014 GO TC ¢ 1 » 2 ) » IS
c
000015 1 X = X - 2.0%XP
c
C CHECK FOR INTERSECTIGN AT CORNERS
c
000016 IF¢ D{2) .EQ. DC1)Y > ¥ = ¥ - 2.0xYP
000017 RETURN
c
cooo18 2 Y = Y - 2.0%YP
000019 RETURN
c0002¢0 END
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¢ SUBROUTINE FOR DETERMINING INTERSECTION GF N AND BOX BOUNDARY
C
000001 SUBROUTINE INSEC3( XDIS ., IT » X .Y, P12
C
000002 COMMON /DC/ DCA,DCB.DCG
000003 COMMON /DP/ XP,YP,21P
DO0004 COMMON /RR/ R-P2,P2R3.,S1G
000005 DIMENSION D(2)
000006 D( 1 ) = $%%9.0
000007 DC 2 ) = 999.0
C
C CALCULATE DISTANCES N MUST TRAVEL TO INTERSECT THE 2 POSSIBLE LINES.
C
000008 IF¢ DCA .NE. 0.0 ) DC1) = ¢ XP - X ) / DCA
000009 IF¢ DCB .NE. 0.0 ) D(2> = ¢ YP - ¥ > / DCB
C
¢ DETERMINE WHITCH IS SHORTEST
C
000010 15 = 1
000011 IFC DC2) .LT. D(13 ) I5=2
C
¢ CALCULATE WHETHER N SHOULD HIT A CIRCLE AT TWO CORNERS OR NOT
C
0oo012 IF ¢IS .E@. 1 ) THEN
000013 CALL HIT2¢ XDIS, 1T, DCA, DCB, X, Y, XP,-YP, R, PIZ )
000014 ELSE
000013 CALL HIT2¢ XDIS, IT., DCA, DCB, X, Y,-XP, YP, R, P12
000016 END 1IF
000017 IF ¢ IT .E®. 1 » RETURN
000018 CALL HIT2¢ XDIS, IT, DCA, DCB, X, Y, XP, YP, R, PIZ2 )
000019 IF ¢ IT .EG. 1 Y RETURN
"
000020 XDIS = D(IS)Y
C
¢ CALCULATE X-Y CO-ORDINATES OF INTERSECTION POINT
C
000021 X = X + D(IS) = DCA
000022 Y = Y + DCIS) % DCB
n
C MOVE N FOSITION SO IT REENTERS BOX CORRECTLY
C
000023 G0 TD ¢ 1 » 2 ) » IS
c
000024 1 X = X - 2.0xXP
000025 RETURN
¢
000026 2 Y = Y ~ 2.0%YP
000027 RETURN
000028 END
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SUBROUTINE READIN ¢ ITYPE O
COMMON /AA/ XMAX

COMMON /PP/ PI, P12, DPI, PLAI
COMMCN /RR/ R, P2, P2R3, SICG

R = SPHERE OR RCD RADIUS, DR PLATE THICKNESS (CMD
$IG = MDDERATOR MACRO X-SECTION (CM-1)
XMAX = MAX NUMBER MFP N WILL TRACKED (MFP)
VF = VOLUME FRACTION DF SPHERES FOR ITYPE = 4
LATTICE PITCH FCR RODS (CM 2 AND
LATTICE PITCH FOR PLATES (M 1
ITYPE = 1 FCR ARRAY 0OF PLATES ;
= 2 FOR SQGUARE ARRAY OF RODS ;
= 3 FOR TRIANGULAR ARRAY OF RODS ;
= 4 FOR CUBIC ARRAYS OF SPHERES

XMAX CAN BE ANY VALUE, SHOULD BE AT LEAST 10

XMAXO = 10.0

PI = 3.14159

piz = PI / 2.0
Pl&4I= 4.0/ FI
DPI = 2.0 * PI

READ LUMP GEOMETRY INDICATOR

READ( 5, 98 3 ITYPE

¢8 FORMATC 11 )

READ( 5 ~» 101 > R . SIG - VF

101 FORMATC( 3F10.0 3

CALCULATE LATTICE PITCH

1F ¢ ITYPE . EG. 4 ) THEN

PITCH = R = ( 4.0 * PI / ( 3.0 = VF ) y 2 (1.0 / 3.0
ELSE

PITCH = VF

END IF

P2 = PITCH / 2.0

F2R3 = SQRT(3.) x P2

CONVERT XMAX TO CM

XMAX = XMAXO / SIG
WRITEC( 6 - 104 ) R, SIG , AMAX » VF ~ PITCH
104 FORMAT( ' R = ' , 1PE12.5 , " SIG = ', 1PE12.5 . ' XMAX = ' ~
£ 1PE12.5 -/
& + yF = ' , 1PE12.5 . ' PITCH = ' , 1PE12.5 )
RETURN
END
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€ SUBROUTINE FOR STARTING NEUTRON

ccc PICK A POINT ON SURFACE OF SPHERE

SUBROUTINE START( Xi-

Yi, Z1, F2-

COMMON /DC/ DCA-DCB.DCG

COMMON /fDP/ XP,YP,ZIP

COoTO = 2. % FLTRN(DUM
SITO = SQRT((1.-COTO)
FO = FLTRN{(DUM) =*= D
COPQ = COS(PO)
SIPO = SIN(POD)
T1 = R = SITO
X1 = T1 % COFO
Y1 = 71 = SIPO
21 = R x COTO

> - 1.0
x(1.+C0OTO03)
PI

94049

DPL~

Cxxx* CALCULATE DIRELTION COSINES ¢ DCA, DCB.

CALL DRCC¢ DPI, COTO.

Cxxxx 3 PLANE CAN N HIT

SITO, COPOQ-

XP = DCA ¥ P2 / ABS{ DCA
YP = DCB * P2 / ABS{ DCB 3
IP = DCG = P2 / ABS( DG ?
RETURN

END

¢ SUBROUTINE FOR STARTING NEUTRON

c

[N %]

[N

SUBROUTINE START2( X1
COMMON /DC/ DCA,DCB,D
COMMCN /DP/ XP,YP,1P

PICK A FOINT ON SURFACE O

» Y1 » P2
CG

F ROD

TO = FLTRN(DUM> * DPI

¥1 = 'R *x C0O0S¢{ 70 >

Y1 = R *x SINC TO D

Uz = 2. = FLTRN ¢ DUM > - 3.
T2 = ASIN ( U2 )

DCA = £05C TO + T2 2

DCB = SIN( TO + T2 D

2 LINE CAN N HIT

XP = DCA * P2 / ABS(
YP = DCB x P2 / ABS(
RETURN

END

DCA 2
DCB )

SIPO.,

BPI »

R D

DCG

DCA~

R 3

DCB,

DLG
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SUBROUTINE FOR STARTING NEUTRON

SUBROUTINE START3C X1

PR

COMMON /DC/ DCA,DCB,DCG

COMMON fDP/ XP.YP,IP

PICK A POINT ON SURFACE OF ROD

TQ = FLTRN(DUM) =% DPI

¥1 = R = C0SC TC )

¥1 = R * SINC TC )

Yz = 2. * FLTRN C DUM > - 1.
Tz = ASIN ( U2 ?

DCA = COSC TO + T2 2
BDCB = SINC TO + T2 3

2 LINE CAN N HIT

XP = DCA x P2 / ABSC DCA D
YP = DCB * P2R3 / ABS( DCB )
RETURN

END
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