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Production of "JOYO" Transport Code System

User's Manual of SN Transport Codes

Makoto Sasaki* and
Shinichi Ichikawa**

Abstract

" For nuclear analysis of "JOYO" experimental fast reactor, a discrete

ordlnate code system based on the neutron transport theorem is producted.
AL ‘ " 1\

Thls code system is found from a two-dimensional SN code "TWOTRAN-IL",

a SN perturbatlon code "SN-PERT" and a neutron group constand production

code ”SNGC" ' These codes are connected with each others.

[y

‘The purpose of this code system production is comparison of results
using this code system and ones using codes based on the neutron diffusion

theorem.

In this report, the functions of this code, the method of data input

and the relations of three codes are described.

* Reactor Technology Section, Experimental Fast Reactor Division, OEC, PNC.
** 5th System Dep., FACOM Division, FACOM-HITAC Limited.
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Fig. 1.1 Data Flow of SN Transport Code System
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2. &DATA ( namelist ) ,
defaul t {&
NMICR AR/ afiElMD unit no. ‘ ;)
NMACR ANl=y o ” 9
| (BL, REERTT)
NTAPE 7= 7 o Wi EMD unit no. 10
NOUT T—4 7YY FDunit no. 6
NCARD BT — 4% &COMPTANTY, 74—y b 5
| HBRTANTHEO unit no.
NGRP MEHT — 2 OB (max 2 0 )
KDOWN BEIK LI OBHINZBEOBRAEK (max16)
NSET HASN a— FH~2 oMiEHi+ v P&
| (max 4 0)
LIBRA(is) Wh=7 olfiEftis Z2ERT20ICH 40x%0
1<is<NSET

HTBANI 7 olfi@RDO+ » +ES

NMICPR#A0 ANIZoli@HESY v MHHT 3

=0 " L7
NELM(is)
1<is<NEST
NCODE (ie,is) TR

1<is<NELM(is)
1<is<NSET
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LBCODE=1 CITATION m#EE#s— FEALF—2LL

THER

=2 EXPANDA Oo#iH— FE2ANF—-2LL T
#5

=3 MEF—- %I namelist AHHD, Bz -
FICITATIONE!

=4 MERF— 4% namelist ANH>, ¥R -
FIZ EXPANDA B
( Appendix 128)

3. &END
- 4. &COMP ( namelist )
NCOMP ABERT — 2 (RFHEE) oMo
IDC(is) is FO= /7 ofiEREERTI2CERTIEABRT-4%ES

1<is<NSET
(default 40%0)
NCODECie,is")"  is Bo~/ o MiEMAERRT 5 ICHAT 2 AR 7 — 4
ié::"s;fo OHE® ie %FEHOKMI D
is"=IDC(is) (default 1000%0)
(%) EXPANDABor CITATIONZEAS 3,
NELM(is) is EFEO<-7 oWiEMEERT 2 ICERT 27— 2 1IDC
ISis<40 0y kasnammn
(default 40%0)
DENS (ie,is") is HFEDO~/7 oliEHESCZDIKHERT a4

é:‘:ézfo NCODE Cie,id) ok
i'=1DC(is) ( EF#®E)
5 &END (default 1090x%0.0)
* LBCODE< 2R
=3 DEELE
ok

BHEID, RUMBNRFT—R2ICEB LIy AL b‘, namelist data OfER
MBBTHAEIHIERLUILARCESE
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NELM#
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NCOMP
£y b
LBCODE=2m & & (10X, 5 (I3, E120) ] : EXPANDA®
NCODE ( ie ) (1I3)
DENS (ie) (E120 )
ML e <NELM(is)
NCO

(#) NOCODE, DENS 0k namelist «COMP%#&HRoc &,
7 &BUCKL ( namelist ) Appendix 2 g

IBSQ Ny 2 VY SHRXR, Y — T =VHOT - 2R A RN B,
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e 1<Kis<<A0 . sy s v FEAT
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8. &END
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Fs—q) 'O 8F group constants

Number Density

N.D. EXPANDA -70D or (collapsing)
-GENERAL
- Few group effective
micro cross section

if need

i SNGC { B¢2 Buckling or Leakage

} Few group effective
g macro cross section

Fig. 2.1 Data Flow of SNGC Code
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INPUT
DATA LIST

%N Yes

@D ~ (9 : FORTRAN Unit ID. No.

START

INITAL

Name List

INPUT

MACRO

Yes

RDBUCK
|
[
‘ PRMICR
EFORM
MICRO ame List D
DATA LIST & COMP (:>
MACRO
RDENS
T4
DENSTTY PRMACR
DATA LIST
MACRO
CODE DATA LIST
|
f
|
END
Fig. 2.2 Functional Flow of SNGC Code
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BLOCK DATA| INITAL INPUT . CHECKR RDMACR RDMICR -
PIEAE # R h— Fe7—2|" 55— MACRO MICRO
& E 797 A h Fzv? F—4AN F—8 AN
ICLEAR. RCLEAR CHECKR CHECKR TICLEAR RCLEAR - -CHECKR
BB, #H R 35— 75— #H R #H R e
Axan 797 Faw? Frw? 7907 797 CFru7
PRMACR DEFORM RDBUCK MACRO CODE RDENS - PRMICR
MACRO5—# MACRO5—#| |Buckling MICRO7—% a—F DEN#— % MICROF—#
> BRI OB & F-3kHTH| | OMACROTL Frv? A A o 1 Rl
RDSNGC RCLEAR WTSNGC RCLEAR RCLEAR ICLEAR RCLEAR CHECKR
MACRO7—2% H R MACRO7—#% #H =® # R B R | OB’ ry—
o A S 797 o H AN 797 797 797 g0 7 Fro?

Fig. 2.3 Tree Structure of Subroutines
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110
100

DO

DO

100 IR=1, LIBMAX

READ (NMICR) (TITLE(CI),I=1, 18)

READ (NMICR)  NT,NELM,NGRP,KDOWN,NUMAX , NZ
READ ( NMICR )

110 IE=1, NELM

READ ( NMICR) NCODEI(IE),MCODE(I),N3,N4,N5,

(HOL, 1=1,6)

READ ( NMICR ) (8I1GA(CIG,IE),SIGF(IG,IE),SIGTR

CONTINUE
CONTINUE

(&)

EERANT -

Fig 2.4

(IG,IE),NU(IG,IE),DUMMY,IG=1,
NGRP )
((SIGSM(JG,IG,IE),JG=1,NGRP) ,
I1G=1, NGRP)

s DIREER

Micro Cross Section I /0 Formal
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DO 100 I18S=1, NSET
WRITE ( NTAPE, 100)1IS
WRITE ( NTAPE, 10) ((A(JG,IG),J3=1,IHM), I1G=1,
NGRP )
100 FORMAT (1HO, 34HMACRO CROSS: SECTION TAPE WRITE,
9H SET NO., I3,10X,10A4)
10 FORMAT (6E12,5 )
C(E1) EER, ANF-20ESME
(#2) A(JG, IG)nHE

J G IG 1 D eiierertreieriiarereariaes i NGRP
1 0.0
1
2 D=
3%,
3 2,=Sum Nicxgaie
ie
4 vIp=Sum Ni¢ xVie xogi¢
ie
5 2., =Sum Nie x g ic
ie
6 Sisi=3% _—Sum Zi~
js i
7 {1
0.0 sl
8 @ 0.0 | yia
. Zgi~])—>l =Sum Nle X ggl“‘]‘ )i
) 0.0 ie
IHM

Fig. 25 Macro Cross Section'I /(0O Format
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DO 100 [S8S=1, NEST
NELMC=NELM(IS)
ISS - =1IDC(IS)
DO 110 IE=1, NELMC
TEMPD=DENS (IE,ISS)
DO 120 IG=1, NGRP
MACD(IG,I18)=MACD(IG,IS)+TEMPD*MICTR(IG,IE,IS)
MACA(IG,IS)=MACA(IG,IS)+TEMPD*MICA (IG,IE,IS)
MACVE(IG, I8)=MACVF(IG,IS)+TEMP*NU(IG,IE,IS)*MICF
(IG,IE,IS)
MACD(IG,I8)=10-(3.0+MACD(IG,IS)
DO 130 JG=1, KDOWN
MACSM(JG, IG,IS)=MACSM(JG, IG,IS)+TEMPD*SIGSM
| (JG,IG,IE,18)
130 CONTINUE
120 CONTINUE
110 CONTINUE
Loo CONTINUE
() LBICPELTR, ANF-203HELERDC &,

J

Fig. 226 Calculation Method of Macro Cross Section
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<€ Na=\QID CR-PATERN1,250DEG-C,MICRO(SANE RS CIT CAL), 81.2.14 ICHIKAUA >

SDRTA NGRPs6,KDOUN=5,NMACR~ Q.NSET 22,NNICPR
LIBRA* 1; e, 3) 5. so 7, 8, 9, 10 10, 70 8; 9 lol 4,

4) »
LBCODE»3,58END
SCOMP NCOMP=1 2,
IDC- é’lé' 1, 1, 1, 2, av 2, 3, 4, so S, so 6, 70 8:
NELM. 12,12,12,12,12, 8, 8, 8, 4, 4, 8, 8, 8,5, 8,5,

nconE<1,i) *10,11,19,20,21,25, 34, 36,37,38,39, 40,

4, 4, 4, 4, 4,

9,10,11,12,
S, 5, 5, S,

NCODE(1,2) =190,11,19,20,21,25,34,36,
NCODE(1,3) »11,19,20,21,
HCODE(1,4) -11,19 20 21,
NCODE(1,5) +10,14,19, 20 21,25,34,36,
NCODE(1,6) =11,19,20,2
, MCODE(1,?) = 6, 7, 8, 11 19 20,21,25,
NCODE(1,8) '11.19.20,31,35,
NCODE(1,8) «11,18,20,21,25,
NCODE(1,1@)+14,19,20,21,25,
NCODE(1,11)-11,19,20,21,25,
MCODE(1,12)+11,189,20, 1.2 »
DENS(1,1)°1.6536E~2,9.3484E~3,3.2672€E-3,1.1896E-2,2.8935€E-3,2.3539E-4,
1.5799€~ 3,5.22535-3 1.1133€-~ 3.2.80865- 3 7439€E-5,7.9605E-6,
DENS(1,2)-2.1976E-2,7.5482€E-3,2. 8421€-3,1.0 348E-2,1.8212E-3,2.0477E-4,
2.2149E-5,1.0913E-2,
DENS(1,3)«4. 58265-3.1.34285 2,4.7903€E~ 2,5.1892E 3
DENS(1,4)=1.5346E~2,6.0801E-3,2.1690E-2,2.80_24E~3,
DENS(1,5)»1.6413E~2,9.3484E-3,3.2672E~ 3.1.18965-2 2.8935E-3,2.3539E-4,
1.6653E-5,8.2049€E-3,
DENS(1,5)+9.3484E-3,3.2672E-3,1.1896E-2,2.0935E-3,2.3539€E-4
DENS(1,7)=2.1592€~2,1.7775E~3,5.6108€E~ 3 1. 3040E-2. 43605-3 1.2511E-2,
2.2018€-3,2.4757E~ 4
DENS(1,8)+1.3040€E-2,3.4360E-3,1.8511E~2,2.2018E~3,2.4757E~4,
DENS(1,9)+1.3040E-2,3.4360€-3,1.3511€-2,2.2018E-3,2.4757E-4,
DENS(i.10)-1.9404E-2,2.6362E-3.9.59885*3,1.6893E-3.1.89945-4,
DENS(1,11)=2,1507E-2,1.2385E-3,4.5096E-3,7.9362E-4,8.9233E-5,
Egzgtl.12)-2.1507E—2,1.2385E-3,4.5096€ 3,7.8362t-4,8.9233€-5,

Fig. 2.7 Sample of Input Data for SNGC Code

—|6--
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~YSLTESNG JOD (eulENIENANY ) , MSGCLASS=A, MSGLEVEL=(1,4),
‘2 ATTR=(T,C3,W1)
/XROUTE  PRINT F3325
#-DTLIST _EXEC DTLIST
*#DATA.FTOEFBAL DD SYSOUT-A
+/DATA,SYSIN DD DSN=Y5178.SNGC.CNTL(NAUGID),DISP=SHR
776NGC _EXEC_PGMeSNGC3
7+STEPLIB DD DSN=Y5178.SNGC.LOAD, DISP*SHR
#/FT0SFA31 DD DSNsX.DTLIST.DATA.FTO5FO@1,DISP=SHR
© //FTOEF091 DD SYSOUT+A
#/FT@1FBA1 DD DSN=AWORK,SPACE=(CYL, (5,1)
#/FT88F001 DD DSN+F4020.MIC3D.C70.720. cnour NAVOID.C.O0X3X.NEU, DISP+SHR,
DCB=(LRECL=X, BLKSI2E=6404,RECFA=UBS)
//rrtoroox DD DSNeVS178.NAUOID.MACROA.DATA, SPACE=(TRK, (5,1),RLSE),
7/ UNIT=DASD,DISPe (NEY,CATLG, DELETE ),
’s DCBa(LRECL=80,BLKSIZE=6400,RECFMsFB)

77

o

Fig. 2.8 Sample of JCL Cards for SNGC Code
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NSET » 4 LIBRA = §
RCLEAR ! A (  320)
END OF SUB, RDSNGC
IHM + NGRP 1 2 3 4 5 6
1 0.0 0.0 2.0 8.0 0.0 2.0
2 2.8434E+400 1.9173E+00 1.4207E+00 1.1421E+00 .7.1177E-01 8.4390E-01
3 8.2112E-03 65.2050E-0] 5.6961E-03 U.0434E~03 2.2136E-02 4.8701£-03
4 2.1471E-02 1.1376E-02 1.0709E-02 1.3J463E-02 2.6761E-082 6.4001E-02
5 1.1723€-01 1.7386E-01 8.3462E-01 2.9186E-01 4.6832E-01 3.9499E-01
6 7.3729E-62 " 1,4858€-01 2.1B60E-01 2.791BE-01 4.4253E-01 3.4629E-01i
7 0.0 - 2.9218E-82 1.9i8SE-02 1.0324E-02 3.6385E-03 3.6524E-03
8 0.0 0.0 5.3305E-03 B.S637E~04 3.SGO1E~-06 . 2.7978BE-07
9 0.0 0.0 0.0 . 7.2315E-04 '3.0424E-05  4.2531E-07
10 2.9 0.9 2.0 0.0 2.1171E-05 3.4172E-07
11 0.0 0.9 0.9 0.0 0.0 2.0
NSET =  § LIBRA = §
RCLEAR : A 32
END OF SUB, RDSNGC
IHM / NGRP 1 2 3 4 s 6
1 0.0 0.0 0.0 2.0 0.0 0.0
2 2.8434E+400 1.9159E+08 {.418B7E+00 1.1392E+00 7.8872E-01 8.3B69E-01
3 B.2106E-03 5.2003E-03 5.708B9E-03 9.1198E-03 2.21556-82 5.1811E-@2
4 2.1470E-02 1.1257E-02 1.0718BE-@2 1.3528E-82 2.676BE~02 6.7261E-02
5 1.17236-01  1,7399E-01 2.3496E-@1 2.9261E-01 4.7033E-e1 3.9744E-01
6 7.3723E-02 1.4873E-01 2.1847E-01 2.7962E-01 4.4457E-01 3.4643E-01
7 0.9 2.9222E-02 1.9176E-82 1.0781E-02 3.8722E-03 3.6876E-03
8 2.0 0.0 5.3288E-03 B8.4977E-84 3.5440£-06 2.8157E-07
9 0.9 0.0 0.0 7.2311E€-04 3.0047E-05 4.1776E-07
10 0.2 0.0 0.0 8.9 2.1183E-05 3.4136E-07
i1 0.9 .9 0.0 2.0 0.9 8.0
NSET « 6 LIBRA = 7
RCLEAR 1 A ¢ 320)
END OF SUB, RDSNGC
IHM / NGRP 1 3 4 s ]
1 8.0 0.0 0.9 8.0 2.0 0.0
2 2.5902E+00 1.6769E+00 1.2415E+400 1.0344E+00 7.2693E-91 9.0654E-01
3 6.5831E-23 1.6128E-03 1.7754E-83 4.1197E-03 9.6025E-83 1.2990E-02
4 1.5412E-02 3.6734E-84 7.6037E-05 1.1066E-04 2.4062E-84 6.7182E-04
5 1.2869E-@1 1.9879E-01 2.6BSQE-01 3.2224E-01 4.5855E-01 3.6770E-01
6 7.9552E~-02 1.711@E-01 2,5267E-01 3.1393E-01 4,.4539E-01 3.5471f-01
7 2.0 J.S162E-02 2.4804E-02 1.4047E-02 4.1906E-03 3.6442E-03
8 2.0 0.0 6.6201E-03 1.229BE-83 2.9139E-06 G.7843E-87
9 2.0 8.2 2.0 7.4611£-04 3.4888E-05 1.5192E-07
10 2.9 0.0 2.9 0.9 2.7107€-05 3.6592E-07
11 0.9 0.9 2.0 0.9 2.0 2.0
NSET = 7 LIBRA = 8
RCLEAR 1 A ( 320
END OF SUB, RDSNGC
IHM 7 NGRP 1 2 3 4 s 6
Fig. 2.9 Sample Output Data of SNGC Code
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£3E TWOTRAN-[a-F

31 a—FOWME

TWOTRAN—I 2 -3, Los Alamos BEMEFOK.D. Lathrop RU F.W.
BrinkleyiCX VBB I LbDTH 2,

$:~Fm,¢ﬁ%ﬁ%ﬂ%wﬁdmt?4zﬁv~b-i—?4$4bﬁmwié,
SRR E - N TH B, HRETEIHRE, ZKRE(R—2), (R—86 ) BU
(X—=Y)#hEThHs, X, FHREFOBRARVUERE P EFEOES HFESERIRZL 3 C & 28
BEDO—DILHT 0N b, Ao~ FICRBBRBEBHHBELTE 5 boMEEE LTFlux
Dmm?—fmﬁﬁﬁﬁ*ﬁ¥ié%%w?W%wxuvf»:—Fmﬁbﬁménrm
Bo X, KI = FRAYVTITAeF 4 20 v HRTa— FEERENATI 3,

ﬁ,Kﬂ—FmRﬂw)@ﬁﬁ:—F%E%E%ﬁI%WTA%Lt&,Ew5Wﬁm,
—HEELAELTV2b0TH 5, ©

~|9—
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32 13- FOER(ES NZRICDOT (KBEK )
TWOTRAN — I (3, WRMICHIZ B2 FBREq. ( 3.1 )2WL -RTI— FT& B,
V(BT )+o ¥ (B, 7, B)=
L fde' A9 O (B, 7, @)o (B »E, T -8 )

1 " —
+Z;xmdjhmfdﬁfwcwjin')vw(W)+Q(EJﬁ3)

.................. Eq. ( 3.1)

kT, U(B, YD) BRETRERL, QUEBLSTFETEERDT,
CEREUBCHC DA, = F - REDUEIRAEC LD, BRI AAE —hY
FHast & UTHAE T FIRHC, RETHRY, <7 olfEHk ( transfer scattering)
| OB S B S A TR 2,
ZD#FEq. (3.1 )13,
Nim #m CA i ag, iNiwsg, 5 ,m —Ai-ty, iNicyg, i ,m )
A, 0 — Ay, ) (@uayyNi ety — -t Ni g, m-tg )
+Wn7m (B y "%Ni y i th,m - B ’ i'%Ni yi=Y,m )
0 W Vig Ny S Nm Vi Sigm  coerrererrersretmmennensieenin e, Eq. ( 3.2 )

where Vij=[dv=j‘f dAdB ; volume

Ai+,l»._;,j=fd/\i+l/2': i—direction surface area
i

Ba.j+'/-.:=fdl3j+*/-.: V- ”
i
g .
Nin =fd.() ; quadrature weight

for ri_%<iri<ri+% i==1, 2, eereerrinenn , IT
0}"}§<0j<0j+'/2 j=1,2’ ............... , JT
Ou-43< Gy < Qmryy m=1, 2, e , MT




PNC N952 81-08

&, B i —#CsL Differential Equationd LTEB N2, (BL, €27,
IT,IJT,MT &, h&hr Corx )HM, 0 (oryorz ) 5l, GOBRAAENKT
H 5o

O, MAEMICRG 2 EAIHOFEE, HELLS LT3 hIICRET 5,000
W%, TWOTRAN codelClICOBESHICHTEF-25HMLTEY, +0OXMiE
dversion WLVRUB, N7 P ARBFRMBOBFELRILOEYD, KO R
BT LD, 2 LN O B 1258 5075 3R Bk ok 0209 ENBLOANTBLEBENEH 2,
TWOTRAN—1 CDC versionTid, #—- FTCADHE:H, IBMversion T3
COANFHERBEONTHE ST, BH7 4+ — <y VCHMEB LCART 2LEH5 20T,
EEEET 5,

M, BEMISERIE Ref (5IABR SN,

e U e A

‘ 21—
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3.3 Macro Cross Section({CD(VT
TWOTRAN—1 = — FA&RBWEHEEFTESIciE, BEXPANDA—-70D (Ri3, EXPANDA
~QGeneral ) 2= FTERLULEHT 2 oW R, 5, TWOTRAN-1 Bl ~<27 o P T
BAER L TRBLEMD B, cO~ 7 alfHEMEMRRT 23— FBSNGOTEHS,
(Mmo%B) Fig. 3.2, BXPANDA =—F, SNGC=— FRU TWOTRAN
~la-VFEF—-20linvkxRd, X, Fig. 3.3 K TWOTRAN -1 @ = 7 v iEMA

N7 +—=w bERT,
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3.4 Initial Flux Guess and Flux Dump
TWOTRAN-I = — FTHZHELITIB, flat (lux b SHEERT 20T, HEEWE
wbmbﬂgéo%CT,ﬁb%%fOI%ﬂHONcMeK&DMﬁﬂﬂ%ﬁw,zh
5—*&%%%*w,cn%thm1fogwuéfaéﬂﬁ%ﬁ%¥ﬁm7mﬁ%
THYHTETH B, * ¢ DB, CITATION code ® dump tape 5 TWOTRAN —
1@ input data( card image ) ICZE#F 5 program ZHETATETCH S,
KT, TWOTRAN— I ORHREZERIEH S, restart Ahd SN BHC, itk
BILUh Lo tethZo L vinitial flux guess’&-@i%n%vﬁm, R Gtk = L7
BRETORA 7 -PHETHREZ dump T 28EES & 2,
CNEOBEDOEMHERIEED input data DEBTiR~3, X, TWOTRAN—
Hu—kmﬁ%ﬁﬁénrmémemeaﬁmuutwﬁmomfma7%&ﬁn$o

* FHLOFERDHESER
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35 T 7A4ILEBH
RIFTI ‘ : :
name logical unit remarks
s’ NINP' : 5 problem code depend decimal input
2 "'NOUT © 6 problem decimal output ( summary )
} 6 6 - o ( full )
3, i NAFLUX 3 ' binaryangnlar flux% group4FiCstore
| “ NDUMP1 .~ 8 first restart dump unit
NDUMP 2 9 second restart dump unit} See 3.7
NEXTRA 18 scratch file
"NEDIT 17 edit input storage core DAER%* savet 2 A,
edit BHEITFTINL2ELHE M data® store
TIAFLUX 31 angular flux ® out put
ITFLUX 30 scalar flux® I /0 flux guess &L CTHH
ISNCON 32 Sn constant O store
IFIXSR 33 cell centered inhomogeneous source @
input
ISOTXS 34 cross seclion interface file
| ISOTXS %5 input SN2HEBRIN TS
. i< 8
: See 3.6 (3~-3)
: N5 40 FIDO format cross section ® read iC/438
( IBM version D&ICHLE )
—_— 10 CITATION dump Tape ® flux % initial
guess E LTHAHT 28D read unit
when JTOON(2)=10, ISTART =-2
_ 7 SNGC 2 TEB{ L7 cross section Zread T3
unit
when TCON(1l)=7
i 11 TWOTRAN—T CEH U7 scalar flax ®dump

unit

when ICON((B)=11
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CDout putitunit T T, restartd L THF
Bi 3,

mesh cell center angnlar flax %

temporaryiC store . Wiﬁﬁ%#bfﬁf:‘éntfi.
Dump tape LIt xh 2z,
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36 ANF—9DEH
TWOTRAN =1 2= FOANF ~ 2 RRD4DDH 5 7Y i A bhze THbb,
(1) IT/0 control card (BmMLirsF=zy - )
(20 job title card
(3) control integers and control floating — point numbers
(4) problem dependent data

CON, o data I TWOTRANNME D special format TANX N 2,

1) Special Format o8
TWOTRAN~-I = M3, control parameter, cross section, flux
guess B fc integer & floating—point number WKHERNIE 7 4 —~ < b AER
BULTWAS, Integer (S(D)icoivTid, 6 (11,12,19), floating—
,‘ point number (26 ( 11,12,E9,4)T& 3,

a(I1) 0 or blank b LIg,
; 1 FIU data® 8 4 input 4 3,
5 2 CDdata bR datadfiid (f+1) 4
KRBT 5,
for only floating —point number
3 data block &b %2R,
4 data block DEED LT T D data HAL

60 éﬂiaj data &‘iﬂ'c‘:;ﬁj‘o
(See [ Ex.—4 )

% 5 10 B8 rHcdata% input +5,
lg 9 KDdata card i skipd b,
| B(CI2) & option MET% control

r (I90rE9,4) input data
TR zg3HEd 2,

__26._
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[ Ex.—1 ]

I1 12 E[E94 I1 12 E94
|

I1l4i7‘ 0.0 ’3~
[}

0.0%4 7EH#HDEL input Ldata IZ# 2,

[ Bx. — 23

I1n 12 19 I1 12 I9

el e

103%47 0E#BVELTinput Ldataid#sd 3,

I1 12 E94 11 12 E94 11 I2 E94

'; el 1

data i 0.0 £ 50 oM%5XMIcEH ( 0.0, 1.0 ,2.0,30, 4.0
50 ) data 2#&b 5,

’

( Bx. —4 )
11 12 19 11 12 19 11 12
i | |
’1) :z( 34 59’ 2 3‘ ;’
| I |
dataid 3, 3, ORI (9—2 )47 2mA 3, ®data$iizon
3,83,2,2,2,2,2,2,2,
( Ex. —5 )

ol T

I1 12 E94 1 12 E94
el
i

00% 4 4#0EL, &Kdcard Ddata % read T 5%,
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2) Input Data List
B~~~ ZEEMHT AN ART, Default option 213 EAELL, (HHy

Frdbo)
(1) added control option card ( 1814)
A-F1
[ICON()= 17 S NJmacro cross section constants rcad unit
#  (21=10 initial flux guess @ read unit CITATION » 5D

flux (BlE@EATT)

# (3l= 6 terminal out—put unit, keff & error
massage DA MN (MEZFHEE)

#n (4)=66 center out—put unit ®fD out—put (RES or
e 4 LPEHKE)

# (Bl=11 dump flux Dwrite unit, ICON(2)CTIEE L *cunit
@D guess flux ¢ B,

N () source prob A option ( B dummy )
! o {16= n EPSI=EPSO/n ifn>0
v (7= periodic dump ORI (# )

defaylt =104 ( Sec 3.728R)
* CPU time O30 HR3D4RENH B,
v (1§== Outer lteration QITHIEE
(BERLTWEg T (B 575 ) DUMP Tape k
i, angular flux B/HHE)

(20 Job. title Card
H—¥2  ITOXX(I6)=1  Title Card DK
3 TITLE(12A6) ITCXX#dDTitle Card

(3—1) OControl Integer (1216)
A—-F4
ITI-1=2/1 gt8 424 7 (real /adjoint )
ISCT=0/N anisolropic scattering order
NM=(ISCT+1)(ISCT+2)/24% 0

spherical harmonic component of
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angular flux BER XN,
ISN SN(K#& ) order B&oas
A7 — 4R (EBL2~16)
quadrature coeff 2 HATHZE2 W (@
VCREMATRT )
IGM group #

NV
P
o

IM I (Xor R)HM®Dcoarse mesh interval
#

JM J (YorZor 0)FMDcoarse mesh
interval ¥

T (H) coarse mcsh TESN 2 zone =

material zone, ¥ code O

L R coarse mesh & {381 2,

IBL=01 left boundary condition
( vacuum /reflective )
IBR=0/1,/2 right boundary condition
( vacuum / reflective / white )
IBB=0,1,2/3 bottom boundary condition
( vacuum / reflective / white /
periodic )
IBT=0/1,2,/3 top boundary condition
( vacuum /reflective /white /
periodic )

IEVT= eigen value type

(=]

in homogeneous source (Q)
kerf calculation
time absorption ( alpha ) search

nuclide concentration (C) search

B W N e

zero thickness ( delta ) search
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ISTART = input flux guess & starting option
0 no flux input
| £1  ((FLUXyp0 =QRgar g=1, 1GM),n=
1, NM) ‘
T2 (((PLUX4ijn,i=1, IT, j==1,JT)

n=1, NM) ,g=1,1GM)

JHE = 2
+ 3 FLUX 0 =GRy n Fijn
+4 PLUX gijo = GRea Xi,0 Yj,n
+ 5 unit [MTTLUX(=30) Tkl 7 total scalar

flux % unit I[TFLUX T##& flux guess &9 5,
Sce 3.7 Restart Dump & ANF— 2 DifiiH,
< 3.5 774 L1EH >
+ 6 unit NDUMP1(=8)» 5 unit NDUMP1
(=8)or NDUMP2 (=9 ) T dump &7 H¥
g WEBS restart § 5o
(Sce 3.7 Restart Dump &t ANF—420DFB)
(&)
ISTART << 0 ; scalar flux. is to be read.
>0 ; vector flux ( NM components )
NM=(ISCT+1)(CIsSCT+2),/2
(kD
g CITATION TEZIL, initial guess &L Tscalar flux &

LTV aa, ISTART =—2

(3-2) tontrol Integers ( [6, 213, 616, 312, 316 )
*HE material =2ty M
# =5 MT (16) nmlcrial&*'ﬂéi,

anisotropic cross scction 28

cross scction block #

MTPS (13) unit 1SOTXS(=34)#45, cross section
mE o Zoread T ABD scetHo 42 Dmaterial
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gL, (ISCT+1) 4+ HE,
MT=MCR+(ISCT+1 )kMTPS

MCR (13)2’2 card input@materialﬁ(*
0
(9)
<0 FIDO" format T read
MS (16) 0 mixture instruction ®#

macro input DPEH MS=0

IHT (16) 5 cross section table® o Dfrfl
See Fig. 3.2
IHS (16) g cross section table 0,33 DfE
See Fig. 3.2
IHM (I16) cross section table length
16 for IGM >10
IGM+5 for TGMZL10
IQOPT (16) inhomogeneous source input option
,9, no source
1
2
3 same as [START option
4
5 Read from IFIXSR
IQAN (16) 0 inhomogeneous source ® anisotropy
order
IQR (IZ)Q/I right boundary source ( no/yes)
IQB (IZ)Q/I bottom "
IQT (12)2/1 top boundary source ( no/yes )

IPVT (16'),(1/1/2 non,/ Keff ~/alpha parametric eigen value

entered.
IITL (16)22 inner iteration ®max. Hper each
group

( flux guess PSEEIRPAIITL=1 & T2 LREHBHEL. )

=3




IXM ¢ ([6)0/1 1 (XorR) A1 zone thickness @ modify
[P v : : (no /" yes )

(3-3) Jontrol Integers (516, 611, 616 )

h=F6 :1YM (16)2/1 J(YorZort)5H zone thickness
modily (no/yes )
P ITLIM(I6) 0 EBMREZ SN DE, BA SR NS
R >0 Ll () Wrestart dump #3& 6h
AR THT 3, (CPU time WEtY Kic
A : LedBEHD)

if zero @ time limit ZRI,DIEO,
=>See 3.78M
1IGEOM (16)1,72°3 (X,Y)/ (R,Z)/ (R, 0) geometry

IEDOPT(16) edit option for each coarse mesh
AU R o zone in each group
9_ none
1 macro scopic activity edit
12 macro @ micro scopic activity edit
13 option 1 @ zone relative power deneity edit
14 option 2 ® zone relative power density
edit (optional)
R >0 last outer iteration A2 RITLI-H
edit 95
AL <0 dumptape D oD AML, further
iteration 29 2415 edit 4 3
-5 problem % restart L, standard in-—
TR SRS . . terface file 23,
Ishr ([6)2/1 density factor input indicator
Ty e - (no/ yes ) Sce XDF,YDNR

LFO6iIprint out MADKHDDOA T a v THIDTT X MEET
ot R 0,2,0,1,3,1 )T BT EHFELD,

I1 (ri1)o/1 full input flux print suppression

_32_
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indicator ( yes /no )

12 (11)9/1/2 all/isotropic/none final flux
print indicator

13 (11)0-1,/2 all/mixed/none cross section
- print indicator

14 (Il)g/l final fission print indicator
( yes /no )

I5 (11)2/1/2/3 all/input/normalized/none source
input print indicator

16 (11)2/1 preparc and print coarse mesh
balance table ( yes,/no )

IANG(IG)—-I/E/I print and store/no/store angular

flux indicator

IMC (IG)Q/N 1510 material coarse mech interval
' DY

JMC (I6)0/N JHmo "

IFO (16)0/1 interface file out—put %< 50

&EH» (no yes )
total flux interface file
SNCONS interface file

and

angular flux,if TANGXx0

(3-4) Contro!l Floating—point Data (61E124)
H— K7 EV 0.0 cigen value guess

1.0 if TEVT=3

EVM 0.0 © eigen value modifier if IEVT>1
PV 0.0 parametric value of keff for sub—

critical or supercritical systems

or for 1/v absorption

XLAL 0.0 lamda lower limit for eigen value
serches
XLAH 0.0 lamda upper Coon
.._33.._.




e
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XLAX 0.0 search lamda convergence precision
for second and subsequent values

of the eigen value

(3—-5) Control Floating—point Data (6E124)

H—F 8. LPS 107 convergence precision
NORM 0.0 normalization factor

total number of particles in system
normalizid to this value if NORMX0
POD 0.0 parameter oscillation damper used
in cigen value search
BHGT 0.0 buckiing height
used in (R, 8)and (X, Y)gecometry
fmE 0.0

(3-6) Problem Dependent Data; S(I)orS(E)

A—-F9.  ITHX(CIM) S(I) IM#¥ K4 Dcoarse meshP D fine mesh &
(1Xm)

7= F10. THY(JM) S{I) JM» " CTxm)

A—F11. C(IHM, IGM,MIN) HEA» 5, cross sectionZ input T 3,

fizd format BB 2D THEE
°LAST INPUT,if MCR>0 IHM*IGM numbers ®WiiEH% MCR
MIN=MCR+MTPS*(ISCT+1) block FH:& (6 E124 ), & block ® top
id, title card M543 (18A4)
oFIDO INPUT,if MCRSO L <X, Ref(9)
o INTERFACE FILE 1SOTXS,if MTPS>0
(#) dataidstandard file ISOTXSH S inputd 3, %4 Dmaterial iC
20T, ISCT+14 Dblokk £ B, ICON1=7 &4 nid, 7% tape
DORBRAENEDTH— K47y MR, % card T input T 3B
{@MCR>0, & LT, LASL INPUT %<3,
h— K12 IDLIB(MTPS) 81 MTPS % need if MTPS>0
[SOTXShviAsdArmaterial set DIEF,
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7‘7—1"2. FLUX(NM,IT,JT) SB input flux guess
if
ISTART= 0 none
-1 [GM#
[START=-2 [TXJT 05K % [GM block d data

from TWOTRAN-I dump tape
WH 1TCONRI=10&41L 10 B tape HOHALRALINZDTH — Mg T

v b RE
ISTART=-3 [GM+ITxJ T+
—-4 [IGM+IT+J T4
-5 RTFLUX or ATFLUX % standard file
ITFLUX® 5 input
+1 IGM% 5 %2 NM set
+2 IT*JTo» 5% NM set % IGM group?
+3 [GM+IT=JITs 58 % NM set
+4 IGM+IT+J T 5M AN M set
Ci% 14.~ 207588 ]
A-F14. QUNMQ, IT,JT) SE input source
IQOPT=01,/2,3,/4 same meaning as FLUX
5 input from standard file IFIXSR

7‘J'|“"_1_E. QR1(JT, MM) S(p need if IQR=1

right boundary source (flux)

in the in—down direction
7’7'—!"&. QR2 (JT, MM) SR need if 1QR=1

in the in—up direction
A—=F17. QB1(CIT,MM) S(1d need if IQB=1

bottom boundary source (flux)

in the in—up direction
#—F18. QB2(IT,MM) S(® need if IQB=1

in the in—down direction
A=-F19. QT1(IT,MM) S(R need if IQT=1

top boundary source (flux)




+——ﬁ ——————————————————————————————————————
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- b'gg.

A—F21.  XRAD(K)

L T o

Do gy t

CAN22. YRADCL)

= F23.

R P R

Wy t‘f'.( Ex) L Y '
fe Y ROW M
! ©1090000°
2 4
65400
Cetrl 00000 6
X

[ . M 0
COLUMN

77— 124,
A1— F25,

A— F26.

'
ot

QT2(1T, MM)

IDCS(IC)

SCHICIGP) S 1GM~
VEL(IGP) S(E IGM#

vy

O " in the ‘in—down direction'

S®  nced if [QT=1
in the' in—-up direction
S(B K% ' coarse k-mesh boundary DE&A» S DE
B Cem ) C THMm)
(ERE8T)
S L¥ ¢coarse l-mesh boundary ORAAD S DB
B CJhEm)
| ; | (RAZEET)
SI) TO#  cross scction identification numbe <4

IC=TM*JM irMESH=0

IO=IM‘C.*JMC i MESH=0

10000000000000000
1 » 0
L2 o+ 3 3 ol '
. . 0 ‘ I | ’ 1‘1' iz‘ z,gl
1 * 0 1 !
1********:******0
1 » 0
1 * 0
(R | * 2 0
1 * 0
1 * 0 ! I
trrrrrrittierenng 1 ' i ’ 3’3‘ : ‘
e i 1
0.-. 6. 10. :
0 5400 9000

6 4 KK T, [IM=2, JM=2

1 -2

' when IDCS<O0 and I1SCT>0, % zone T, aniso-scattering

sburce NHBE I N 5,

I A P

fission spectrum X

tgroup speed, Used only in time ab-—

1.0

~—~

sorption calculation.

CfBL, WA Ty b BT,

(iﬁﬁ?ggf%ggJFEEJ-
MIXNUM(MS) S(I) MS

need if MS*0( 372035475 )AN
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DEE)mixing N3 cross section
O identification number
A=K27. MIXCOM(MS) &) MS#  need only if MS%0
cross scction mixture process
conts
J‘Jbgg MIXDEN(MS)  S(D MS# need only if MS0
mixture density
A=F29.  XM(I) S(® 14 need only if IEVT=4 and
IXM>0
J—mesh modification factor
A—=F30. YM(J) S(B J¥ need only if [EVT=4, and
IYM>0
I-mesh modification factor
A-F31L  XDF(IT) SIY IT#  need only if ISDF0
‘ radial fine mesh density
factor
A=F32. YDF(JT) S8 JT#  need only if [SDF¥0
axial fine mesh density factor
#—F33  ITHXC(IMC)  S(I) IMC# need only if MESH%0Y
#4 Dmaterial coarse mesh k
il fine mesh interval 5% 3
- K 34. THYC(JIMC) S(I) JMC% nced only if MESH#OM
like as [MXC
#=F35  XRADA(CIMC+1)S(H IMC# nced only if MESHY0"
material coarse mesh boundary
(1%5mMm)
#—F36. YRADA(JMC+1)S(I) JMC4 need only if MESH0
like as XRADA
A—-F37. NEDS - 16 17 edit 2 setffill ¢+ 5 H»
do not enter unless
0<|IEDOPT]
A—F38 MN [6 14 micro scopic activities *Et®&+4
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#7-- 140,

H—M41.

(#) NZ,NORMZ Tki¥ 3,
N 5180,

MICID

NZ , NORMZ

NEDZ(IZ)

S(I) MN#
216 24
S() 174

edit

2 A
need only if | IEDOPT]|=2
or 4
micro scopic edit HEITFINBE~X
material block &L

need only if IEDOPT=20r 4
N7 . edit zone ¥

NORMZ : power density #normalize
Nt zone D ( need only
if ITEDOPT=30r4 )

%% ®dD coarsh mesh material zone

FILA B edit zone DEH

IZ=IMxJM for MESH=0®
=IMC*JMC for MESH 0

block datalINEDZ 4 0OEINLY

need only if 0 | <| IEDOPT | <5
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3.7 Restart Dump & AHF -5 DHER
TWOTRAN—-DI3, =20 247D restart dump HEELE FF > TUVB, scalar flux
Zdump T AHEL AT T A58 ( ICONRI&IB) ), 2 2 TRRAY ¥+ A HEEDAH BT %,
HADBEICLOEMR SN Dump Tape DMK I2 Appendix <5 IKRINTL 3,
E2044 70, EOBORestart Dump 28& 5N TH, smooth ICRD restert
DETRET H B,

(1) periodic dump ICON(17)=M>0= MH
CpU =0 =104
1‘ CPU time M(>0) 9%, Dump Tape BIER I N 5,
' (20 time limit dump ITLIM=N>0 N®
CPU =0  =ITYF v

; CPU time N(>0)##ic, Dump Tape MEREIN 5,
| X, Job D#TTidstop ¥ 5,
(3) final dump
IREREBHE I N7BAT, one more outer iteration MEITEXH, Dump
Tape 3fERX &N %,
(#) FORTRAN T3, RELCFHNECPU timeZ2EBRTEULLOT, REELEL
5. tHEHOMAK LKL, BRERBKEZIHEA o

2, (1), 20 Dump tapeicid, TWOTRAN OHHEFE LOH#H0 5, ( one more
outer iteration BT HONIE VDT ) Appendix 5iC/RL 7, position 7, 8
M harizontal & vertical angular flux &mesh cell center angular flux
BEEAZTNTOH, 5T, 2O Dump tape itk B restart (3 scalar flax %
BAEDT, WL ABEMEN, (3)D Dump tape i3 LG mesh cell center
angular Flux B#FEEFNIH/RBIEL 1

Dump Tapeds ot d&, (1), 2), Blor—2&KEL, MTOo Ay £— 288, 3=V
JOHEINBDOT, BXEBTNETH 5o

i
| (1) :****************************************:
i

*
T(PER[ODIO*DUMP TAKEN ON UNIT 8

* ¥ K%

*
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(2) i******************************************t
i 'i"’]“[ME"LIM.[T*DUMP TAKEN ON UNIT 8;:
%

Y Tt Aok o o ok R ok o o
-'1$’7i#%*************¥*$*****%************¢
’""'l‘E‘F"[N'/\L*DT.’F’MP TAKEN ON UNIT 8 :'*k
kst ook o ok sk sk ok ok s o ook o ko sk sk ok ok ko o
M, UNIT=8kit, BLiZ Dump Tapehid SNTWHAE ( Restart %D Tape
or HEIO periodic dump ), &0 Dump (FUNIT=9ICE5NZ, £LT, KIFUNIT
=8 &, HVMEVLIC, K4a & Dump UnitEM S,
dump flux Zflityiteration ’é}?}i?’:fﬁ'f, cdit ¥ AEFRPLIZD, scalar
flux % guess& L, Il iteration 24K b+¥, edit 2B FEHMANC, MEIRT
interation 25T, 1&%’&51‘<'3'5%§,0’C‘rest‘a'rt’a’:ﬁf;")o
T restart 5185 %1, 320 section MBS 5 special problem input

deck DL ETH %,

RN 1) HE
{1) added control option card 1
e e o Normal case &
(20 Title card 2.~ 3. :

[ data % i B

S

(3 control integer .~ 6.
X ISTARTHANEMIZFH TN TH neglected T b,
" 2y "Namelist Section
T MR RIRT data BEANT B, BEHSUOBHE LR ENS—2B—BEATT 5,
ol RTWOINP
e TITL ‘max. inner iteration
ITLIM ! calculation time limit

IEDOPT ¢ edit option

[2  final flux print indicator

14 : find fission

[6 “. ‘coarse-mesh balance table print indicator
IANG angular flux storage indicator

IO .Z'interface file output "

EV D cigeu value guess

EVM eigeu value modification
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g T T e T A e ——

PV . parametive value of kyf or alpha
XLAL . search lamda lower limit
4 XLAH : " upper /7
l XLAX . fine—mesh search precision
&END

3) Bidit Section

namelist section TIEDOPTHHE I, 2hictE L zedit input
section /&4 3,

i) &L, original problem# IEDOPT>0T&YD, restart problem &
IEDOPT*0 or ¥~ 5515, #—F37~4 1.0OF~ 2% input 4 %o

i) TEDOPT<O0, %5, BiCinner iteration 2 ¢ 2H, edit £E
745, T, edit input section #— M3 7.~4 10OF — %% jnput L
S, BBt pass a3,
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38 HELOEE
1) Outer Iteration DITHELID option MBI
ICON(18) :69~72 #54(14)
i, outer iteration DITHED option MIEMm - 7-%, IRERIRA check
Lians o, FTEAERITHRLE N -1
ICON(18) #ANABMICLD, WHRRART, AU restart %L THRE
KHBEARE S ¢ 2805k 5,
¥, ICON(18)=0 Tb, —[E3, outer iteration %EFTT 3,
2) Inner Iteration (ITTL) 05410 %

CITATION® dump flux 28, #HEAKRICLD, +HICR N initial guessDPA
X, restart flux HESRI, +HHRERBIGEOEICI, inner iteration @
5P RBAICULLFCTIITL=1 ) A, WK (HE)BERSEL 135,

flut flux oS start FA8E, AEDO [ITL=20 T, &¥iE, HEETFHL,
HARERERLASTITL=1&9 53,

{ Bx. J%&#4 6 groups 25X18 meshes

’

i =2 —~ Mo dump tape % initial guess & UTHEALE,
S4 calcu. INSTART=-2

* restart € 5ICE, restart JHdump 2 Keep LTH LB MH B, X, core
dump D& Stz unit X, FINAL PRINT®ORIC, code Do Awt— YhH B,

(3788 )

1 RN CLUTSEDY RSt S Rt
20 1 ** 6 0.0 ** 0988365 | 0988085| 2387166—2
2 6 47.7 0987935 | 0999937 | 333369-—4
1 5 2 8.1 0988077 | 0999909 | 1.76966—4

3) TCON(@3)and [CONUILDIT

[CON@Blor ICONM)=0 &, write XOEFTOEE “UNIT=0" error %
BT A2DT, zero UANADEFEX input L, DD card%® dummy &3 5,

i, Input Data List K/RLTHB [1~I6Doption #FAHT X, TCONY)
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#1tlerminal out puté L, data check %712 ADT, turn round Z&(
TAHHMHRK B,
4) Coarse Mesh KD\ TOE®
Coarse mesh interval IM, JMi{ZZ®mesh D fine mesh interval #s
constant TR TRUESLODT, EREHT 5,
5) BtRKMOKE ( FACOM M190icstL )

ISNX(ISN+2)
8

T(42)=675X10*XIAX(ITXJT)X

1
o scalar flux guess %Fﬁb‘%%STXE
1
o TITL=1& &k flux guess A2 HNABRESTX 10
o Adjoint SHEORTX 1.1 35

* if IITLL2, B ( IITL+1 )Eliterationtiiidz,
*% ZEIHDouter iteration TR,
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3.9 HYTSNF-5&TCLH
i) J CL#
JOCLOMERAFI%Z Fig. 3.4I1LHRT,
iy =26 .
Aa— FOANT—20% Fig. 3.51CRT,
i) B IR
BEMHNT -2 0fEFig 3.6 KT,

T e sy st e

L eI T R VR T T o

;_.'44._
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/

o>

Fig. 3.1 Coordinate System of TWOTRAN-II Code
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—
EXPANDA |{-70D or N.D.
~-General

O‘ett

if need,

[ 2
B, »~ SNGC
@ + 8%

TWOTRAN

Fig. 3.2 Data Flow of SNGC Code
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Standard Los Alamos Format

- Row Cross Section Type—Enrge (3roup No. : g
IHT—4 Zn,zn
IHT—3 2y
IHT—-2 L2, IHT= 5
IHT—-1 vy, IHS= 6
for
IHT 2 IHM=16
b =NGRP=1 0
IHT+1 Es,g+N—>g 1 6+NGRP
. for
IHM NGRPL10
IHS -2 S, gr2mg
IHS'—I z,s,g+1—>g
IHS 2o, -
IHS+1 25’“—1—»3
IHS+2 2y, g-2g
{ IHS+M 2y g-Mog
il gb—
!
En,un_a“ an,Zn;R-’h

S Fig. 3.3 Inputted Macro Cross Section Format of
TWOTRAN—1I Code
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FORTRAN PROGRAM SHEET

. _sweeT oF
TITLE | PROGRAMMER: o s DATE
| e
sace 1=l FORTRAN STATEMENT > oo | IERTEICATION
siaiz 10 20 30 40 59 60 79 7:73 30,
Pt ";/1'1 ‘;'l-l(Jlolblic‘ul"dl,‘:'l'i!' ! [N U U T T S U U O TN 1t Y o S S S S N0 W O SN N DA O N S L r TR
|l‘Zl'l'lllvxlxll'lllillL‘lnill;j'n'l'jllllllllllll’“ix'llllll I W N it 1 5 i
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: |-_5V/DA1TA-.SY511NxLDLDza;*l.;~L1' I AN IR N I I BTSN ST N S S I U N 0 T T2 BB NS B WA NE RSN :
F Gill_L_'1|~;/-'|-1vv i d ) (S SRS SNSRI N NS S S N Uh0 N MU A Y N S A T S S Y e i 11, '
Q,VLLL._,,..,,::,_i,_.,liL_:jliillLZl(lx\h’;;’?.xtl_f)i IO PR S S A U NS S U N S SR A S N N S S A A A B AU A SR A uwi';xwz
_i_z_'_;!,a_l__-__:_L,;~, N A I RN S o RV ST ST RN AT S RTINS I RS N S S N S U S R T S S SE T U SN S P S
?_._.'__.:E?i_l__'--_‘ IS I | L P 'L‘"IZ"::!'!"V"‘!li!!LL ll_L_li"l»: e
! }'0%*“1 : PN N A BT L L e RERHLOBNRDA S -2 fEE ;
__xL,_ S S ST S N (0 T ST SR ST SOF SV RS S S UL S TSP N0 U S S S0 GO OO NN S0 L N A 00 N0 G O VI NS RO T
i -'12 S TEP2: . iE ELXEC"_-_M,les SREGLON=640:K: & vy i or v v i i g gy
'ul L NN NSNS N NN NN
~:_,__-_L_‘Z/ATEF'LI 1D:D: DISP'-‘SHR,J’S;N;—YS'?S!IIWITLRN2|51.L101ADL.1'1[141|] L1t
. R RN ST AN n : R NI W SVNS T ST SN S T SAPUS S T T NSO S S L N S U Y A A A A O SR A A
,_____//FT.OSFOO___,DDJA_1D-ISP—LOLD|.DSN.-‘&GILNPIUT PN U A S T WU 200 NN A T NP U0 O N A O A
g,l 17(,_ [ L T S0 U AU AU N S SN SN LN TR NUUS UL OV SN SOV U SN SHNY UG N NN N IS S SN N NS U J0ONC U S N S A N i 3
P ‘GZZFTOGFOO[NADJDv SYSOUTEXy | oo vz ooy gy it g LCONG3 =610 ¢ s 1 ,
z..__,h_-*',‘_g__ RIS A SN B N Sy N TR R SR U0 N SN TV T S NN MU S SNV ONN Y SO S S 00 A O A U
i w//FTGGF,,.QL.l:DxDx.15Y510UT AIILD S T=F3325: o o iafe, (LCONGA) =660 0001 ! !
:_,‘.LAAA,.A. g LA,,A,..l!.x.__[__'_ii_l_Ll'll_L_J.__ll'l‘I'li(RIJlF' 0. bipugt T O T O I llllllLi'A?___l [
é__;_'__f.,.i_'-; st v v vy e g g ey tetDESTECENTIRAL ¢ vy oy v gy gy gy I!l""lx...é_ Lt b
,,,T_h_L_J_EB;_A‘_,‘-L_\____J_.Ll'iL'Ll5’lll’l‘xii’llili[il“‘ty’—lLlP‘Kolu'tlpﬂ-‘Lt"I‘Illl'llli"'| : L
__%_L,._._.lm NN NN NN NS RN N N WA WA I WA I S AV SN VIS AR S £t d
1'“!25! T RS SR L ST N WO A0 T T Y S N T U T U U U B T T A T N G O N 2 0 0 0 O B [
273 EXx-3

Fig. 3.4 Sample of JCL Data for TWOTRAN-I Code
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FORTRAN PROGRAM SHEET

SHEET oF oF
TITLE PROGRAMMER: DATE
,s;:;;:m g FORTRAN STATEMENT ——— ———» IDENTIFICATION IDENTIFICATION
i 5{0(7 10 20 30 40 50 50 70 7273 8070 7773 89
EREEL I/IFJIIOJKFlO«OlhllDIDl|101115|P4='31HIR|110151N1=1F|3|3|411|-1M1A1C1R101-101A1T1A11xl|||1i1f1|xIICIOINL(lfx)F'u?n L1 SNGCTfRLr=sel |
IIIZ lllJlllllllxlllllllill[ll|1||J||llll‘ll||‘ll|Lll|l|llllll|||ll4Llll|ll 1 1 1t I B N I S B
L I/FlTl 1,0,F10:0u 1 v 100y 1 1 BLSiPi=SiHR L D SINEIF 3,318 1 FilyUiXe e DWAT AL 1 1 100 v iy o (LCOWN2)) =14.0)a s o (1N TELR Foetesire TS ST,
|||4111|||||1||||111||lclllllllurlllulxlnll1114111||1|11:11111111l111L;;Qlunexsnsfoll_lbxnﬁmm*—]-
WL s N NSNS RN IR NN RN NS T NNy
111 )8 I/FlTlllIJFLOlOI'I 1010y 4 (UN T T=D,4,81Dy4 10, SiNi=0F 13,3180 1 1 DUMPIFL . DATIA L 4 1 diafy 3 DCONGS =ty 4 v v e i e e e ]
(ll7lllllI!Jlllll'lllllllllllL;lJllllllllLllllllllIlll!llll!llll!llll!lllllllI'lll_,_l_l_l__l,_l._LJ‘__
A IAlllIDIIJSlPlzl(IlIClAlTlLlGi)HlolclBlzl(lLlRIElCIL"—'lBlohIBILIKISLIIZIEI‘:lzllelOl'IRXEICIFMLEIE_LBJJ_L’_JllllllIL TR O N SY O SN RN O SO NI A W AT A O
l119llllllll!llLllllIl!llllLJLllllllllllllllllllLllillllll'llIlllll'!llllL'lLlLlJlLLlLl
1y |10 I/I|LllslPlA!ClElzL(lTlRlKlvl(l'lslvi'lol)li'RlL'SlEl)L[lll"lllllllllllllllllllllllllllll NN RN
o My e N N N N NN NN NN NN R SN RN
P 1 |12 /FTO3XFIOIOI'IIIDIDIllUlNIIlTi=iwlolRlKl|ISIPIAIClElzl(lTIRIKHl(lsloj'llIOI)l)l'lDl]Is'PllelE'wllllllllllll 8 TS T N S S B B O O IS B A S S
lll'3lIlllllllllillllllllllll'!lI!lll!llllllljilllllllllIlllllllillll!LIJI!I!JLI'L,III"_
'll“l/lFlTlIletFlOIOIilI[DlDLlllllllIlJ[llllJl!"Ill‘I!lll'llllllllltlllllllllLlll I R B W U (A NI S
L 8] e S S L U 0 O O T O O 0 S S SV 0 0 0 S B Y S S S E OO 0 Y S O AN AP A O OO IR IR AT ST S T AT R N AT (RIS AT
2 SYYAETLTER000 00 e it Lt v g e ey g g ab € fneede oy or v b
lll’7lllLJliJllllllllLLillllllJlllilill!I11!llIIllllllllllllll_!__lllllll!llL_LIll’.l,i,,.L._LL_'._",,'_
Lid '8l/ilL1-DzCnBFl(lLlRlElcL1-|8L_1_|_LQLL1ELS_1LZLELJ§11L3J WRECEM=VIBSI) o it v v b b i i a1 Lt st
11 Lt P L L L L L L LR D L )b b b L L Lt gl bt ddt g
lll20‘ZLFIT|3!||F_L_O|_Q]'IllDlDl!llll'llll]lnlllll'[:['Xlllllll|llllll|llllll||lLlll | SN0 I N T N O Y U SO N B S S NN
xLLZ'LlllIlIlllelllllllllll_LJ'IJllllijllllllLlII!IllllllllLJJ!'l'll'[lllll__l-_.l’l SUL it
lllaIAF]T13121FIOiOlhllD(DIllllllllll_l_lllllll"llllllllllllJlILl!llIllll|llll!l_x T O D N TN T 0 O SR O B SR SN A
I e S NN N NN NN RN N R RN
Lty | Vﬁgﬂﬂh§fﬂhmluljDMIll L Pt bbb bt sttt ada bt fmesedds gy g i bt g s
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Fig. 3.4 (cont'd)
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FORTRAN PROGRAM SHEET

SHEET oF
TN E ‘ PROGRAMMER: ; DATE
1

sisbain ini FORTRAN STATEMENT > ! IDENTIFICATION
O B T 3 5g 0 50 60 707773 80
W/ FT3AF00.1. . D01, D.LSPESHR.DSN=F3340, MTPSDATA | o« oot o s bfe o MTPS=0] 0 o or
!'Lv.'z S it 1y AN RN WS 11 I SRR O S S S SR S B SN B 0 B SR BE AN B R A N I A A A S S AT A SR SR AU UL AN R A
RN *3//FT40FOOI DDy JDISP SHR.. DSN=¢33.41,..F1.00.0ATA s v gy it MECR<O | (1o
I """"" | S A | S SR T $ DU T T TS TS S ST TS A U0 SO0 S SN U SO IV WS WA WA NN N S SN WO SN O N N R S N W NN N O A |
5//FT.08F001 DO\ DLSP SR, DSNEISA DUMP L DATA o v ot it s DS TARTIE 6 £\ 1
_,__.___L' S350 UG N S W SN S S T TS N U U - NS S VNGV SR N S SO N i SRUDUIS W 00 S TN S SO S5 SO0 S U S B W U T N N S U AT B N S N I |
,!,; ‘;? :F-T.08:F0,0 . ;0:Dy . -UNI, T;=WORK _VnOL=SER-|W0RK101 v 0. 1,5,P= {1 KEEP )iy o ciefy I STARTIEFE, ;|
E" [ 4 : £ I S T . NS U S A U Y S WU S T S U W U U U SN NI A U N B N
I 9[/ ; SPACE—MJRKuJS@le):RL‘&)“D&MUF3341HDNMWJ|MATA [ A A I SIS TN E A A I IR IS SN WS AN A
_3 -119_-" IR I A I S I A L I N S N N RN RN A NSNS EN NN RN Y NN NN
R ”/7F T101 1F001I < 2D:Be : UNLT = W0 RiK: 5 V0L =S EsRy= W10 R K1 0:2: ;0. LiSiPr= o fKGEIE P b ey o 4 ¢y v v (g i 0 b g g g
r‘;—“! AR N S0 O DU RV PN SV SUORS THS  SY S SN S T O S Y NN N S 2N O S S TS A A A AN WY Y S A O B A B A A D SV WO S S T I
L. '3// g ’S'P'A'C'E""'('TIR‘KJ'(!5'01711£0f)H'R'L.’SIE!)HlDislNl=JFl3l3l4|1l‘loluLM]Plzl'lDIAlTLAl [ O I O N A A B B G O R A O N A
!vxmh“ o RN NN NN NN BN NN
i I '5/]F 1:3,0:F,0:018y 4 2040y :D:1;8,P=:SiH R, :0:SiNi=1F13:31411 1 SICALAR  DATA 4 1« o v g a1 g giif  JLSTARTIES 1110
1'§ar J A U N AN K N N U U U SN N T Y SN N N N O (N A N N O YO T T T T T U A A O B B A B B AR R R S N SN B B N R A N O N AR A
Ly ”/./FT30F001; £ (00 ¢ UNE T =W0.RK» V0L = SER=WORIKO 0 :0:1,SP= il 10 KEEP) 0y 4 1iaf o (LSITARTIESS ¢« 1
g '6'""‘[";"Jlxi'illn'xlllL‘lll‘llll'l3'llll|l|||ljlllll‘ll|'lLL'llll'l
L ‘?_M-!..l_r 1SP:ACE = LTIRIKI 115105511100 ) 9 RiLISIE ) 40 (D1 SIN=IF 31318111 SICALARIGDATAY (4 10 1 v i s s bir v
!"20I"l'l:i‘l"llll]l"ll7l|lll:lll’l"Ll[]llllllll'llllllllll!l'l']’l"'l
1 121 /EJLQL"F'Olc:h DDy LUINIIIT|=IWL0[RIK'v'Dll|51Pl=1N|E|WL'leplAlclElzl‘JlRlKnx(|5|0|v|110|)|)| I T | i1 ! TS N S N I
NN NN NN NN T T T N PN
lll23:X'liilllllllllllll"|llJl||lll|||!'|!|j[ll||||||||lll||||||ll" | S I I A |
N TN NN NN N RN NN NN A R RN
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Fig. 3.4

(cont'd)
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Fig. 3.5 Sample of Input Data for TWOTRAN-II Code

1 10 20 30 40 50 &0 70 ... 80 -
+---+----+----+—--—+----+----+----+~-~-+———-+--——+----+---—+----+--—-+----+—---+
YT T oYy T e 0o 1 100 1
2 2 N B B .2
T3 <K< NA=VOID REACTIVITY. JOYQ 7T0-FUEL STRUCTURE (250¢Y. R-2 GEQM. >>) 3
4 —~—- S8~MESH(STANDARD) S.ICHIKAWA , 80.10.17 ==== |
°5 o 0 8 6 11 15 " T 1 Tt T ¢ 1 0 5
6 22 0 22 0 5 6 11 0 0000 0 20 0 6
"""" 0 1190 7 0 0120131 1 0 i} 1 7
8 0-0 0-0 olo _ 0-0 . ____7__9-9___ el ,_O,’,»_O__.,_-._.____,*_--,_ —_ ;8 .
‘9 0,00001 1.0 0,0 0.0 9
10 11 21 1 311 41 1 B 211 411 2 6
i1 11 31177 21Ty 311 S W | 53 11
12 12 41 3 21 1 41 2 81 1 41 3 2 12
T S N | it 1 3171 43 13
14 0.0 4.2952094  11.364056 20.365723 22.922819 .33.546657 14
157 7 37.444767  48.404551  55,837722 169.92094177775,990010 100.03419 " 15
16 3 16
17 " 0.0 20,0755 ~° 40,12222 7 T750,14558 7 55,15726 T 6015894 - ——- S A
18 70,13474 90.21024 110,28574  120.3091 125.32078  130.3324¢ 18
19 1489.35582 14573675 160.40254 180.3780%3 19
20 13 141 1 221 5 141 1 91 1 . loir 3 s oo o 20
21 11 211°2° 131 3 RS N A & N SR D S | 9 T217
22 11 101 3 121 1 211 2 129 o o 22
23 11 611 711 TO8YTL T T 9LTLTT T T 101 3 11 T3
24 11 211 2 111 1 61 1 711 81 1 9 24
T2 TTTIY 10173 11171 201 2 1111 6171 7 25
26 11 81 1 91 1 101 1 11 % 21 1 3 - 26
27 11 201 17 U TTTTTALY T T st TT T T T T gyt 8 ) 217
28 11 91 1 1011 - 11 1 21 1 311 19 28
29 11 41 17 ST e T T T gy T 9’ 297
30 11 10l 1 11 1 21 1 31 1 181 1 4 30
T U U DS 6171 71 1 -5 91 1 10 31
32 11 113 21 1 311 1m 1 LR - i 32
33 11 61 1 7 ST T TR LT 91 1T T Tigr 3 T 11 D
3 11 171 2 111 3 61 1 711 81 1 9 o 34
35 0 1y 101 3 777 T 1M1 161727 T T T T T T T 7 35
36 11 81 1 91 3 101 3 121 1 161 2 12 36
T3 YT T T e TI1 81 1 911 101 3 13 a7
38 11 161 2 131 1 61 1 711 8L L 9. ... __ 38
39 11 101 3 1311 7T T15172 7T a1 T T e 1 7 39
40 1y 81 1 91 1 L2013 0 1411 1515 1s 40
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GROUP FISSION SPECTRUM = VELOCITIES ™~ ~7 77777 7777 mmm rmwrmem s oo T -
B 5.6914800E~01 " 1.0000000E+00 ~ 7 TTTTTTTT - . T T T e
2 3,3284801E-01  1.0000000E+00
3 B.4II0975E-02  L.00000V0E+00
4 1,3450000E-02  1.0000000E+00 o
5 4.4300011E-04 = '1.0000000E+00 ~~ "7 T -
6 0.0 1,000000CE+00 e
TTT 7T 9.9999994E-01 T 0.0 T T T T s R
EPSO  1,00E~05 XLAX  1,00E-03
EPSI  1,00E-05 ~~ XLAH  5,00E-01 ~~77TTTTTT T I T T
EPSR  5.00E-06 XLAL  1,00E-02
EPSX  1,00£-05 'POD  1.00E+00 . T
NORM _ 1.00E+00 BHGT _ 0.0
T 19 . e o e
TTTIMETINTT TQUTER INNER NEGTRON EVGENVALUE ETGENVALUE “TAMBDA REBALANCE
MINUTES ITERATIONS ITERATIONS BALANCE SLOPE CONVERGENCE
S TOTAL/BY GROUP = 7777 777 77 T T o e e e e e T T e
1.88£-02 0 0 0.0 o0 TTTTTpLoTT T TN T T (Y T
6.34E-01 112
T1.06E¥00T T T 2207 T.63E-06
1.06E+00 3 20 4.84E-04
1.08E+00 o 4 2071.37€-03 7 T T T T e e e e
1.06E+00 5 20 2,29E-03
1.07E+00 6 20°3,65E-03 77T S T T T e
6.02E+00 1 112 6,55651093E-05 9.26282525E-01 0,0 1,64127588E-01 6.58206463E+00
TTTTTII07EY00” 1772071, 20E=05
1.07E+00 2 20 3,26E-04
1.07E+00 3 20 3,63E-03 ° T T T s
1.06E+00 4 20 4,27€-03

“ﬁ“lﬁEni}l:-uK—t}ﬁﬂabﬁﬁ%iuﬂuﬁQ{1ﬁﬁﬁ'DHGI}ﬂb&ﬂ“gﬂ6#“&#6&“#“Qh#&&&ﬁﬁo“#ﬁi“##9#6#0“#‘DéDia{’a'n#““ﬂ'ﬂi&‘“#ﬁhﬂ#&#ﬂ#&i%i}ﬂﬂbo#ﬁaﬂaﬂ#ﬂﬁ*ﬁﬂ

#PERIODIC#DUMP TAKEN ON UNIT 8

“0#9i§§¢§“Qu5;1nal}&'l'L\#n#i#l#“@ﬂDn“ﬂ@#nu“ﬂn###ﬁdb§§““G#ﬁﬂ'ﬁﬂiﬁﬂ#ﬁﬁ&i}&ﬁ““bﬁ#b“&“ﬂ“ﬂ&lp5!5}5§Q§6§G¢G&§in'Q#i&ﬁbﬁﬂ#g#a@&#n“n#

T UTLALERO0T T T T T 52075 ISER03

1.07€+00 6 20 1.70E-~03
1.25€+01 2 120 2,67982483E-04 1,01170254E+00 0.0 1.07719517€E+00 9.44821835E6-02 ~ o
1.07Ef00 _1»_20 2.45570§

Fig. 3.6 Sample Output Data of TWOTRAN-II Code




_Vg_

T L D Y L i Inomrevermmpmssm o

1.06E+00 2 20 1.065-04
TTTLLU06E+DG T T T T 3 20 6,00E-04 o
1.06E+00 4 20 6,19€E-04
TTiJ06Ev00 T 5 20 1.40E-03
1.06E+00 6 20 8,03E-04 e )
1.89€+01 3 771200 7T T 2,63929387E-04 1.02200985E400 0.07 1.0101881Cc+00 Y.96933218E-02
. 1.078400 1 20 1,91E-05

“““”“n&u&é&&ﬂﬁ&&‘ﬁﬂwi}&ﬂﬂD5&3&56“§§#4§¢ﬁ6ﬂ§9¢¢660§6bﬂ§§a§§§6§¢§§§b§#5ﬂbﬁﬁ#“’bbﬂﬂ“uﬂdﬂDhﬂﬂ&!éﬂﬂ*#QD&{#G&SH#&QG&&&#&Q%Q#&

JFTIME LIMIT#DUMP TAKEN ON UNIT = 9

LE 223 ¥R

ubbubauuﬁnﬂoagbgaaeaaabeﬂkunagﬂuanﬁnauu5&¢4§u§9unibGnuﬂannnd&aluupnaanaaiutﬁ%ﬂnlan&oﬂiuunu#aﬂ&l#»ﬁ#a&a#a&&n&#a*

TFINAUCTPRINTING —— _
SOURCE FTS5TONSOURCE TN SEATTER SELF SCATTER ™~ "OUT SCATTER — HET TEARAGE
1 6.0 5.6914860E~01 6.9200993E-05 9.6810728E~-01 4.,7396654E-01 7.6803309E-04
277 0.0 T TTTTa,3284825E~017 T 7730935269601 T T T T4, 1127100E+00 T 7T T 6.2395668E-01 1.7324877€-03
3 0.0 8.4110975€-02 6.7007303E-01 1.0271026E+01 5.8536720E-01 6.3855201E-03
TR0 T TTTTTTTTTL,3450004E-02 7 T T6.18767926501 T T 1.7557T114E+01077 7 777 T2,8228760E=01 T 7T T1.5846152E-02
5 0.0 4,4300035€-04 2.8394783E-01 9.6756849E+00 6.5460205E~02 1,0073803E-02
6 0.0 0.0 6.5486821E~07 1.821I0316E+00 0.0 T T TIU0554813E=03 T
7 0.0 N 9.9999994E-01  2.0317812E+00 4.4405365E+01 2.0311069E+00 4.5411240E-02
ARSNRPTION NEUTRON BALAMCE RIGHT {EAKAGE  HORIZONTAL LEAKAGE TOP LEAKAGE VERTICAL LEAKAGE
T 9.4I63120E-02 5.62542943E=064 2.6323894E-06 2.8323894E<-04 2. 1491306F-04 4 FRT19415E~04
2  1.00666390E-01 3.0636787E-05 8.1121619€E-04 8.1121619E-04 4.1087042E~04 9.2127151E-04
T L, 6243351E-017T TR, 9073486E~06T T T T3,13426376503 T 3. 1342637603 "1.3914295E~03 3.2512567E~03
& 3.3361477E-01 T.4249506E-04 7.8235790£-03 7.8235790E-03 3.1474573E-03 8,0225728€E-~03
5 T2.0886356E-017T7 =2.28B88184E5057 T8, 64205046503 7T 57 9420504E-03 1.4150501E-03 4.1317530E6-03
6  5.4909989E-02 3.0994415E-05 8.7310225€E-03 8.7310225E-03 6.6029886E-04 1,8237915E-03
TTTTTTTOUSEGE223ES0T T 206839 2931E=0% 2.6 1T38644E-02 2 6738644E=02 T.2563291F-03 1.8612597E-02 -
TIME IN OUTER INNER NEUTRON EIGENVALUE F 1 GENVALUE LAMBDA REBALANCE
TMINUTESTITERATTONS TTERATIONS BALANCE i SLOPE CONVERGENCE

JOTAL/BY GROUP

2.00E+01 4 20

. 2:63029367€-04 1.02200985E+00 0,0

Fig. 3.6

(cont'd)

1.01018810E+00 1.9698321BE-02
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%254F SN—-PERTa-—F

4,1 - FoHE
e, “RIEWMA - rid, BFEHE, RIGEHECES BOohTEn, #K
3 - FORIC, RIGEDAREZ PR ZEH - FRBEELED -k, £C T, FHERH
RELT, ZEEFNITEMMBESN-PERT o — MO 2R L 7,
FSN—-PERT o — Fi3, FHEFREBERICE S, P1 HLUKKBT 2, HLEH
' - FChb, ZWETWOTRAN — I - F&aBd 34, FERINTL 2,
; AT, SN—PERTI — FENYT TN F44YYa vtL, TWOTRAN —
| Io—- FEL(AUERRUBHEINEILILLT S,
X, IBBRTIR, R-—ZBEROBEBHBADAH LHLEFTTEEL -1, SEDHRT, X—Y
EROBBIHAOHEBETE S LS ICHKFET L1,

* HIFEBR
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4.2 WEEEHERXOEX . ‘ P
Frv=rOomMXEABRRRKoLS T 2,

Q-94$(Q 1, B)+Z, (08 1, )= [ 2, (7, B'>E, 0'>2)¢(2, 7, B')

| g , 49’ dB’
E(rfm)tﬁfvEI(r.E’)¢§9’,r,E’)dQ’dE e (4.1)

vt

wies O AE T K

HIGT % adjoint eq. (MIMEFBX YEKRRD LI LT 3,

LTReVEA( R, 7, B)+Y ¢4+( 0, r.,E)—j:[‘;s (r,E-E', 2-2')¢+(2',r,E")

o 1 VE{(T,E) 1 \
:)qg:’d[,b"? 411 '., k* - f‘/‘X(T.lu'.)¢+(!2’,lr,E’)d.Q’dE’ e ( 4.2 )

S

TZTE, I, vI HRHUFADObOEEDY, -

S

O ATTTYREF R~ g RFECRDT L

A = A1'¢ O (41)

LT ¢=¢ (Q 71, B)
=1
1"k

( 4.2) 302

Atgt = A2tprer ( 4.2 )
6" =¢"(Q 1, E)
1" =1

k*
BHicHArLSIL 2 =27

(4.1 )" BT cross section ICHBEBIMAE L EEZ LS

A—-A"=A+0A

->pP =F4+4F
& 4 it o> 251k A= 2" = 2+0512
A ¢! = A/ ( 4.3)

(42)'%x¢'=¢"x(43) 20 [[[dr db 0 DRAERFT 5 &

<A+¢+- ¢I>_<¢+p A/¢,> ‘
= A<FY, ¢ 9>~ 2/<gt, F/ro!> e ( 4.4)

—56—
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KB A D = 02, PS4 A/PY, BFID> e (4.5)

<$*, A ' >— 2'<¢", IT¢’>
L= 4.6
<oh e (4.6)

RRHIGEE K, ZBOTHSET &

1 1
2 =‘l‘(‘ ThY 2’ ="l;—, THHDT
1 1 —5](
61:1'—1:—————: .......... 4'7
k’ k kk'’ ( )
T
s <P GPe>—<st, aAg>
Ok — k- ( 4.8)
kk’ <¢+' F¢l> ‘
J|ah o BT
ot T _ L parp ra2de . ‘
et P> = [ [ e (e n Bx(r, B
Sy PECr B8R 1 BT e (4.9)
C & T scalar flux, scalar adjoint flux ( angular integrated flux )%
OCr B) =[odees(0 1, B) e (4.10)
0(r, B) =[de-¢* (0 1, B) e (4.11)
&g
R 5o 1L + . 2
<ot P >=—— [ dr([0*(r, B)x(r B)dB
SVE B0 BOYAB ) e (4.12)
i 21
(1) fission HUI, 2}RFE B0
| 1
= <e", ore>
— 1 1 + Al . Al !
o ary et (n B)x(B)aB
S IvE (B0 (r BYYAET ] e (4.13)
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{2) total reaction DI
—[o i)y ¢7(@ 1, B)oZ (1, B)¢/ (4, 7, B)dRdy, dB e (4.14)

ceT 63 (r,B)=2465,(r,B) +63,(r,BE) DT
=— [, dr [, dB 32, (1, E)-(f 4" (@ 1, B)$' (2, 7, E)dA)
~Jodrf dESE, (7, E)C v IR (4.15)

ZNn#FN absorption M, scattering —out H( BHEELBL ) Th 5,
(3) Scattering — in H( BEEIE LS )
o oo dr dBd@e* (o, 1 B [, f,, 82, (r B/~ B 2 )

¢/ (R2, r. B’ YdR’dE" e (4.16)

Isotropic scattering ZRET LT

z,(r, BB/, Q—»Q’):-&iﬁzs(r, E—E’) e (4.17)
THHDT,
1 .
- far [oan [ dB (o0t (9, 7, B)d@- 05, (7, B/ >E)
[ ¢ (a2’ 7, BE')da’)
1 nl nl
== foar [ fy 0T (1 B) 85, (r, BSBYO! (7, BY )ABAR! e (4.18)

cece 82, (r, B/=E) it (n, 2n) #BATOTOHHDI,
B BERE D B
B, B/ 2#&#LT

1 , /4
=y A7 [ fp0" (1 B2, (7 B B0 (1, BYAR AR e (4.19)

M ECHEEDEEOER(NTE L, RICAKNICa— FET 2BE0HENICD
WTaHhNB,

BHHEBAR TR <7 o WiERKB—KTHBL T %o

FERAPHETFRBEDIEERDO L S ICEHET 5o

<¢”~'¢h>m§fm(o+(r.Eg)w(r.Eh)dr --------- (4.20)
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<¢*ﬁ>;fsj;drj1d9¢w(r.E.n)¢g(r,E.0) e (4.21)

ST(AB)ROEPHHARNB RO LS icERbY 3,

N e + . + .
Sk/kk ' = { Fission ] ( Absorption ) ( Scattering) (4.22)
( Denom ]

CF) + CA) +(Sy4) +(S,) e (4.23)

2T [S,) 2, down scattering DEL
(S,) &, self—group scattering DE 5
BECHERE BEBCAMLTIHLTE &

Ok/kk’ = Sum(dk kk’) iz = Sum Sum(ék/kk’)it --------- (4.24)
IR iR g !
CeTOkkk’ )l = [P+ (A)S + (8,28 + (8,15 o (4.25)
[D(.nom]———Sum Sum Sum X <(D+g¢'h>v2h """"" (4.26)
4” iR=1 g= =1 h=1
-1 h g . g
[FJ?R—IT k,?_gr{l X <q) oE> . vy ./ (Denom] - (4.27)
(A)E = —63q i <O $>8 /(Denom) e (4.28)
iR

(8,)% + (8,18 = [_Effg 0rFR <ot haE>

—o38 gt ¢>g )/ [ Denom ] -+ (4.29)

s iR
CCTOZ] RAMBA I8 Z2BATLIDTCAAMBUTERELET &

= - - —_— g e
[Ssjfn_(azl 62;1 525[& {4[1<q) » @ >

—<¢"¢>8 ) /[ Denom] oo (4.30)

ESdJEi:R=[ Sum 5"g—’h<d’+h. ¢g>
h>

L
411
—05 <$"¢>8 1 /([ Denom] e (4.31)

CLTY [ BHELTTOMANEDS 5 BELN & o
LRCROND LI MR EDH B CRBACL - TABEFANE(T 2CEICL 3
m&%mw%ﬁénfmamw,Mﬁﬁ%ﬁtwk%ﬁﬁwﬁﬁécamﬁabtwo
T, BHHEEAR (S,) ALHEHOBLOBMRECHE LT 3,

~59—
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‘ (&) bﬁé‘:iufﬁ:w N '1‘wo'1‘ RAN T ifﬁ}ﬁ:&[ﬁ}(/);r& Wy 08

: MT
f fmusm d2=Sun Wy =1 KHBESNTOZOT (4.26) Kp 5 (4.31) Ric

ﬁbné(——)@7ryﬂ ~R3NNETH 3,
(426)xk~(4 31) X+, zfm—'?ﬁﬁ-f—ﬁaa)ﬁ‘cﬁ} &Urpﬁs%ﬁlﬁiﬁﬁ}%ﬁ(bﬁtﬂm
LTFTOsRICEH IR 2,

oy ’h‘ _ + P s — Ih
<o* k"> = [ 0'(r, B®)0Cr B ) ar Sun 070}V,

RN S

T i“‘='ﬁﬂiﬂi“’

i,j=7“‘/‘./:l.|', j

VO BE), 0(r, BN )RB g BOMMERD 5 < FHTR, BhBX DT — FHETR

—

T
L o (r, BE¥) =jg ¢,jr_(Q.‘_” 7, E‘).d’.()’ | |
¢(ngh)%ﬁ¢ﬁQ.r.E}dn |
THEsnE.

<o > fmdrﬁzdaef*g(r,ls.n) ¢C (71, B 2)

MT

+ 1 g
'—‘§ur}1 V. Sum W ¢l]il¢f’]M

| TZT  M=fliss
|
!
)

(1bN+2)xISN

MT = -8

ISN—S 4 — 5—
—ﬁ&ﬁﬁwmb
L BRO) HEAMT BEL THRICHERE L7 40t TWOTRAN- 12 — KT8 5 40T oo 3 M AL it T
HAEAH 67 (2, 7. BE) 1, () 0&—- QEMUBELEbDBHBINTHZCE, &
, (i) =Aax— &‘ﬁcvufﬁﬁ?ﬁ%bméﬁuﬁ«i@nbfa‘fﬁénfwaca*cz*ob B
BHD, EECRLTHSMASFEETS S LENS 5,
LRI, KM, HHEBEET Kk s EBHBERRARYT,
) =4 —YIRIE (4.16) scatlering—in FEHSETIDTIREL, (4.15) total
reaction HEBEN T3 & EL 3 &
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‘ﬁeflﬁ 7 (2 7, E)dxy (7, E)¢' (9, r, B)dQdrdE
==Ll fs s o B ez (B4 Ca, r,D)—ujﬁw’(r,E)}derdE
“Ilﬁfgfufv $°(2, 7, B)0% (7, B)0' (r, B)d2drdE
EXE-HBY - —-CIHTH S,

62:! = éz:x+ 625
0% (r, B)=[,, 85 (r, E>B')dB"

THHDTHIHIC (4.19) scattering—in JEJ&})nz'_gg_—_,
4” .o.[fv $°(2, r, B)03 (r, B)0'(r, E)dRdrdE

1 + ’ Vs ' ;
+Tﬁj\‘r./;~:"/;:¢ (r, B’)6% (7, E-E')0'(r, E)drdE’dE

411ff " (r, B)6% (1, B)O' (1, B)drdE

1 - ’
+Tﬁﬁﬁmﬂazsﬁ3E*EW{¢Wr,Eﬁ¢ (7, B)
—0"(r, B)O' (7, E)) XdrdE'dE

_tiﬁl%—lﬁfﬁ Absorption JH, $EZIHAS Down scatlering HTH 3,
BLERY, HHERODU S EE2 T LD b ERDBRICHZ,

COk/kk )y = (F){ +TAYE + (8,18 +08 )%

; g _ _ 1 \ h + h g a’zg
[[‘Jm—v4”k, Sﬁm Xm<(0 o >in f /' Denom

g __ 1 + .
[AJIR— -4—17 “R<¢ g¢‘“> /D(.nom
14 — 1 — +g f] — . +g ’g
(s J.n tiR{4”<(1> (D> <¢9 B¢ >m}/Denom
[Sd )¢ =L Sum 52"’ —h [<¢H'¢g> —<¢+g¢'g>. ] / Denom
411 h iR
Denom Sum Sum 8 um X <(D g gh >

1n iR I f iR

Plbz#BEine L sicd b,
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4,3 - FOHEE
Ka— M, ZRIEPHETFRAETH a2~ FTWOTRAN — [ DOHERKREZ L & ICHXH
BEEETUIBELZ L2, Bb, ROZoDHEE b,

i) BEmEDERICL 3EDRIGETR

(DI R/ i PE::3ik Er u
1) F—20nh

A3 = FIEFTWOTRAN-TT = — MiZk» THONZRPMTFRRT, MEPETRER,
BBHBEEGNES oS 56TH b, F— 40N AE Fig. 4.1, Fig. 4. 2ICRY,

B RB A B ORI BB RORFHETFRE Ay, 1 REMEDHEORZ, FEDHR
DEPEFHRAEBO S,

JERMBRR BB ROER < 7 oWififtiz, Fig. 4.4 1CRTHRIC, Standard Los
Alamos Format LN ZHEXE—HERLLLDTHD, 20534735 Y 15K
3= FSNGC OHNEXELF—THh %,

B‘hHROMY <7 oERORDIC, FhRE FERPROES~ 7 ofiTlRKOEE A
NTBHEHTx B,

f 2) 33— FOMEK

f Table 4.1iC, Br—F v Ok A%, X Figd3v—F YOMRERT, 72—
l FeR&(d 5L, PHEFRAEIFORMDPNBETED 8O L, BBHHBELTLD
Wy onbd, e TODEAH Variable Dimension K7 -Tk0,
DimensionD K& Z{ZIBLOCK DATARTEHREINTNE /T A— 2L L>T®RE
%
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Fig. 44T~ 27 aliBiRI71 75 VDANT7 +—=<v b &R, Zhit Standard
Los Alamos Format &M h 3 BBXOEHTH 3,
Alamos Format LI EERXODERTH 5,

|
|
l
-
4.4 ER7 74 ILD%RNA
B : ((ACJG IG), JG=1, KDOWN+6), I1G=1, NGRP)
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4.5 H-BAHT-9OBH
BRSO MAT — 213, TWOTRAN—I 3= FCHOZE0H, TWOTRAN —
1477 =THhoANENEDT, BFTOANF -2 0H TEMEIEMITUZ B,
= FF - 2T AR L — F STHOWS, 24 AR, A-a)xbF—-2 (& TRANS)
EHBHEL— FYHOBA, 24 FAVRTF—LY R T~ 2(&DATA) EM S B,

Ch—F)
1 UM 7o—-aybto—A7F—%2(314)
 IONTLU  :loes, PEHFRESLEEFML5e  (default:l)
[ CNT L(2) closs, RBEEEZTNI. (default:1)
[ CNT L(3) C1DEE, HAXZEZANE(§4288K)

2 &4 brnH—F(20A4)
3 A2—41R I~§/’\I‘RANS

NOUTI() : Real Fluxdd )2 M= = M 248ET %, (default:0)
NOUT(@2) : Adjoint Flux " ( " )
NOUTI(3) : Real Angular Flux OBERMEO Y R t 2= b

AHRIET bo (default:0)
N O U T4) : Adjoint Angular Flux " ( " )

C OKNOUT(IIK9 9DfEHDEEY X MHNT B )
4 24P —F(20A4)
5 A4 60 RbFF—2 &DATA
o) 2 b HEIEF — 4 ( 0<NOUT(INK9 9DEDRY X FHNITS)
NOUT) e DA—LY R FEDATAL L > TAAT B= 7074775
Jeky bF—2%Y) R MMNTE=y PEBET 2,

(default:6)

NOUT@) DB RE BB RO v s omAOEL Y R PHEANT S 2=
w P AEET B, (default:0)
NOU T DB RO 2 oWiiliftE Y R PHNT E 2=y P EREET
%o (default:0)
NOU T4 BB RO< s oWiEKE ) A PHAT B 1=y FEHBET b
(default:0)

N O UT(5) D P RAAE ORI 2 =y EEET 5

(default:.6)

—B4—
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fiodrf daf de's*Ca, 1, B5) 4R, 1, BY)
RU

Jodrf de ¢*Ca 1, B5)6C0, 1, BE)

NOUTI(®) CRBEEORITHERY R P2 =y b EET 2,
(default:6)
NOUTW TN F R T = (FRy SB)DHRMA=y b %
BET 5, (default:0)
BUETE € — FHIEF - £
[ CON@ L0DEE, BBRO~ s aWERS £HLC L

1D& &, BEBZIDO=7 oliFEKIIEHRAC
EkZ7 40, =2 alffilift7 s A rD2=y FAKRETZ,
(default:0)

NUNIT(1) B AREPHTFEAEEX T A vz Yy PEIEET B,
(default:8)
NUNTI T{(2 CEBRDw s oWiBERANL= o bEEES B,

(default:9)
NUN I T(3) BB RO s ol ERA D= bEfEET 3,

(default:10)
o7y oWiHEM Ly b F— 4

LI BRAH - FHB ( TWOTRAN—1 @ coarse mesh ) THIVA </ o
Midifie v r H5 (FEBmBHRK)

LIBRAP() m kL (BBHF D

[PERTR() HFERCTEDHELZIT U rELA2EET 2
§ IRTRRE B EH B RLT
0 ereer " &

1< i <NREG ( HRo )P
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(Y)

Z
i
il
A 9 10 11 12
a
|
A 5 6 7 8
2
/’ 1 2 3 4
= BHMI—RA yYa R X

(B) 2T H8iREEd, TWOTRAN-IZ - FOa—2 Ay vahofEoNdl A DT &,
EROBBE, KALO RAM, ZFHOBMICHAL DTS B, A LRSI

—B6—
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4.6 A-FERLOFIRIZDNT
WA EITILA BHRRICDNT, Fa— MIZIZ IR DS H 50 BIB, RiICFRE, 7 54
SO A Yy Va, A—R e 4y, SyA—4—, THRBABEHSC>OTTH 3,

1) RX)VEB 774 4yva  IT <32
2) Z2(Y) " JT =52
3) RX)FMa—zxyval IREG =11
4) 7.(Y) " JREG <15
5) T — g NGRP <16
6) THEE T 0 #— 8 KDOWN = 10
7) S A —#—K ISN < 8

COIBL, FTHEKE T s —BicoT, TWOTRAN—-I=— FEERRIC, =3+ —
BEBAS 1 OLL bR, FTHHBEALESS 1 0&U, TALF—BHSILTOR, TrHikaE
HBELZVEF-BHEOIELOOEET S,

cn%mﬁ%ﬂfﬁmiaﬁm.7m¢7A@%E%ﬁu5%§maao
<%ﬁ%%cmbt:—ﬁmﬁmaomt>

fine mesh#, coarse mesh ¥, energy group , Sy—order HiZ DI T

DERBEEEES 2CEROEEBES 5,

BLOCKDATA®  [REGD : R coarse mesh %

JREGD : z()HHE ”

NREGD : IREGD*JREGD coarse zone %
ITD " RX)HM fine mesh &

JTD L Z(Y)AHE "

IJTD . ITD*xJTD

NGRPD : energy group#

1GMD : "

KDOWND ! down scattering group¥

ISND . Sy—order

MTD - (ISND*(ISND+2)),2
Sy—space point #

MAXLEN : TWOTRAN—I Restart File

record length
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MAINV—F

n

B L
DIMENSTON LIBRA(n), LIBRAP(n),

=NREGD -

1

i IPERTR(n)

=2NA1l + MAXLEN

Mmoo

=MASS1+NREGD x*x NGRPD

BL

DIMENSION CORE(f)

W, NA1, MRSS1ld&ksRick 3,

Tt . v

P ‘ . NIHY1

SR <+ NXRAD1
NYRAD1
NUGT1
NWGTT1
NCHI1
NXP1
NYP1
NV1
NMESR1

v : NMTRS1
NTEMP1
NFLXG1
NAFLX1
NTFLX1
NATFLL
NFINT1
NAFNT1
NAATINI

MFFINL.

P NAL

MRAINL
MCHIL
MIPRT1
MSIGT!
MSIGAL
MSGVF1
MEGSR1
MSGSM1
MXIR1
MMACT1
- MMACAL
MMCVF 1
MMCS3ML
MMCSR1
MDELT1
MDELAL
MOLVF1

MOoLSML

MDLSR1
ML 1BR1
MLBRP1
MRSF 1
MRAB1
MRSD1

P> mrssi

g o BN OWORN B0 NN NN

IREGD
NIHY1
NXRAD1
NYRAD1
NWGTL
NWGTT1
NCHI1
NXP1
NYP1
NV1
NMESR1
NMTRS1
NTEMP1
NFLXG1
NAFLX1
NTFLX1
NATFL1
NFINT1
NAFNT1
NAAINL
NFFIN1

[N EEREREIEIEEII I I IS I I A

.1GMD

1
JREGD
IREGD +
JREGD +
MTD/4
MTD
1GMD
ITD
JTD
1JTD
1JTD
MTD
MTD
MTO
MTD
17D
17D
1GMD
1GMD

o v o MW N

1GMD

1
1

ITO = JTD
ITD = JTD
JTD = IGMD
JTD = IGMD
NREGO

MREGD

NREGD

IGMD 3 NREGD

NREGD % NGRPD * NGRPD + 1

MAAIN1
MCHI1

MIPRT1
MSIGT1
MSIGAL
MSGVF 1
MSGSR1
MSGSM1
MXIR1

MMACT 1
MMACA1
MMCVF 1
MMCSM1
MMCSR 1
MDELT1
MDELA1
MDLVF 1
MDLSM1
MDLSR1
M_1BR1
MLBRP 1
MRSF 1

MRAB1

MRSO1

++++ttrtt++rtEEEEL LS

NREGD %
NGRPD

NREGOD

NGRPD

NGRPD -
NGRPD
NGRPD
NGRPD
MNREGO
NREGD:
MREGD
NREGD
NREGD
NREGD
NREGD
NREGO
NREGO
NREGOD
NREGOD
NREGD
NREGD
NREGD *
NREGD #
NREGD =

P ode o B e WM M W W RN

NGRPD

NGRPD
MGRPD
NGRPD
NGRPOD
NGRPD.
NGRPD 3 KDOWND
NGRPD
NGRPO
NGRPD
MNGRPD
NGRPO x KDOWND
NGRPD.

NGRPD
NGRPD
NGRPD
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X, MAXLENRBRX DRI E 5,
MAXLEN=ITDx*J TD*MT

MT :material number (X--section block number )

- oy
P ARSI

oy SR S e <y ian
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4.7 REBRTORE
RDavyFgrarsea—F()ag-—rva—-FIRXEKRTIE, Fusrs5Ivs Lo
BTHb, BITHRFELy v 2FCHMRMBH B0, 07762 BETELEND S,
(1111%K<, )

e COND CODIE 1111
. " 3100
° " 3200
. u” 3300
. u” 3400
. /" 3500
. " 3600
Table 4.3 ICFEHIZ RY,
—70-
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48 HUFAF-HE I CLA
i) T eF— 2
ANT =20V T2 Fig. 4.6 ICFET,
i) JoL#l
JOL»—~ VFOERGA Fig. 4.7 ICRT,
i) HiFB
YT e ANF = 2icwtin U, HEBNEE Fig 4.81KRT,
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Table 4.1 ['unction of Subroutines

Y IN-FA

1% Ei V) &

MAIN®L—F v

BLOCK DATA

TRNSFM
RDTAPE
REED

ECHECK
WRITE

SNPERT
TREAD

INPRCD
DELMAC
RDMACR
P RMACR
DENOMI
MACPRT
HIEAD

MARKER

Variable Dimension Dk& SOHH, #—41) 2 F&DATA
AT, b A RSy, BE ST 0 |
TAMKE B, Ay all, SyA- F-HEORKBEEOSE
#
PP RAEES A RN, Er—F v
TWOTRAN—=- 12— FOFINAL DUMP®D A Hifil#
" AN

BANDF o w s (BTHOLOTHODF 2y 295 )
PR ERETRIL — 7
BEBhAHS v — F
P T RAEDIGRMEL » 77 7 4 VEFD

" oD EP Kl
7254770 ANHE

" AN
" E
BB O E

By 2 D S R ORI AT ST RS SR O ED R
24 b vEIRI

W= F T = — 7 DEHIRI

-72-
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Table 4.2 Table of Files
UNIT i DCB/¢5 # 4
' 5 7T . ” LRECL BLKSIZE RECFM
01 |Real Y28—F7740 |TWOTRAN-UD7r4+1%>» 719065 19069 VBS
( Real &%)
02 | Adjoint " " 19065 19069 VBS
( AdjointBt3¥)
04 |7 = 7 7 v 4 0| BEPETFEE—RICE VT 19065 19069 VBS
05 | A= F ANF =4 |44 bWRUFA—LYR FF—4 80 F
08 |7 = 7 7 7 4 n|BRA AEPEFHRE-RBGICE>7 | 19065 19069 VBS
09 | JEB K v 7 v | FEBRO<7 alfififis4 75 Y 80 F
10 (| B % v 7 o ¥ | EHARBIEMYBREBHROED <2 80 F
o Wiififis 1 735 Y
20 |7 = 2 7 54 0| F—L)RIE&DATAZ—RMICLY | 19065 19069 VBS
va
06 |V = + HW A
* ICONR@I(A~4YRAM&DATA) Dfick »T, #HIFR~ 7 oli@HRRI,

eGSR & BBFR D < 7 olffiftOBOVThLEANT 3,
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Table 4.3 Condition Code and Source of Brror

Condition Code

3 7S

1111

TWOTRAN -1 = — FORestart File #CH #E-F 3 HE 3
WL 7 XN THRELY, Final Dump THH T ELEFHERT 5,
BLOCK DATAH® IREGD O{EMNZ L,
IREGD = IM ( radial Coarse mesh )
BLOCK DATA o JREGD Offids/h& 1,
JREGD = JM ( axial Coarse mesh )
BLOCK DATA "> [SND OfEMME 0,
ISND = ISN ( Sy—Order )
BLOCK DATA #d IGMD(NGRPD) OEM/NME W,
IGMD = ( Energy Group Number )

BLOCK DATA D MAXLEN Offifs S0,

MAXLEN = [T X JT X MT
radial axial material
fine mesh [finec mesh number
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Macro Cross Section

(:%Z) Library v
/_(perturbed) (normal)

TWOTRAN-II TWOTRAN-II
¢' ) Real g% ) Adjoint
Flux Flux
or l
-

SN-PERT

Fig. 4.1 Data Flow of Exact Perturbation Calc.
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Macro Cross Section
z Library
(normal)

TWOTRAN-TL TWOTRAN ~TL
Macro Cross Section
¢ ) Real Library ¢* } Adjoint
Flux (perterbed) / Flux
)

or

e e o
SN-PET
Ak/kk'

8 =3' - L

Fig. 4.2 Data Flow of First Order Perturbation Czlc.

-76—
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RDTAPE — REED |

-{ TRNSFM REED

WRITE }— ECHECK |
MAIN }
TREAD
—{ DELMAC RDMACR |

- DENOMI | PRMACR — HEAD |
SNPERT

—{ INPROD |
{—{—MACPRTAF——{VfﬂEAQ_J

Fig. 4.3 Tree Structure of Subroutines
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1G :
JG 1 2 3 rreeereecnee e NGRP
1 dummy (4&484 3 )
2 dummy
3 Z,=SumNie x g jic
1¢
4 VEf=SumNi6xuiqufie
te
5 Z,,=SumNiexag, ic
e
i 6 Fih=3, - i~
I s tr jS>1i1m25
7(j l)__——____—=
J:
|
8(j=2) -} S Fimii
' | : N
0.0 e : =iSeumN'exa§l j i
|
|
I
KDOWN+6
NGRP : i ¥ -
KDOWN : FHaELAE
Fig.4.4 Macro Cross Section I/0 Format
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TWOTRAN-II Final Dump

Card Input

‘ Real Adjoint
i Q
|
| FT01
f FTO5 FTO2
f
| Angular Flux —R7r4 0
i F |
{ TRANSFM £04 WORK
FT08
Integrated Macro X-section Library
Angular

Flux Perturbed Macro.

or
Difference
of Macro.

Name List

Dump File

SNPERT

FI nm: Fortran Unit FT nm FOOL

Fig. 4.5 Relation of Subroutines and Files

—79—
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R S o L
({{ SNFERT TEST RUN B51.3.31 S.ICHIKAWA )
~EBTRANS_NOUT=0.&END___ ____
(({ ==== INTEGRAL END s TAKE TO SNFERT === )))
- BDATA. ICONCZ2)=0,NREG=195,NOUT(S)=0,NOUTCL00=6, . . ..
LIBRA=14+14514414+223144 144143140144 14s 9510,
e e e 139 13913513521 9135135139607 s 3y 9510, .
12+12.12412+21:12412,125 65 74 85 9,10,
—_— . 11.11.11, 1ls2lellallslla s 74 85 9,10, .
11, llsllsll, 205115115114 65 7y 35 9,10,
e et e e e 2 L ,Lv ..‘Ja 31209, 4y 445, C_n. Ty..8+..9510, .
1, 2y 39 34199 4y 45 5y 6y Ty 85 9,10,
-w@mw_nrltuzsu31n31lasm4vm43—54mérm?sm8’w9;10vnu
1s 25 33 33179 45 44 5y 65 79 85 9,10,
11511511411517.01511511s 60 2484 94104
11,11,11+11516511411411s 65 75 &5 9,10,
e e 212N 125120125 164125120125. 6475 .85 9510,
13!13!13!13’16!13’13!131 6! ?s 8; 9910!
e e e 13913913913015513413513, 6y 7y 35,9410,
14414414414,15:14414414414414414, 9,10,
u_w*”M_LIERQE:22314!14514!22Ll4&14414t14&14414&mr¢10$_~
f 26115!13113921513!13513v 6s ?5 U! 9510!
e 2259 12012512.21 5124512412 6 ?! 859510,
24, 11,11, 11$J1!11’11511$ Gy Ty 8y 94,10,
, U 9 ll 11,11520511511+11+ 657+ 849,104 ...
j 235 2y 3y 3420y b4y by 5y 6y Ty 8y 94510,
. _— ﬂgmugs~dL 321935 _bs by S5 6, —ZLndL-ngolmn
333 2; )s 31184 4, 4, 55 6y {v 6v 2210,
e e i e 239 2 39 3417 by by S5y 65 T Us 9+10,
24411,11 11.,17,11,11, 11, 65 7 8s 9410,
~264114114511,16511511411s 64 .74 01.911Q1-w
45 ll..!lc_’l&.ilb’lt_'!lt_!lt_‘l ('H ?! d! Q!l(.),
019510
fbvleleljals 1)!1)513! 65 Ty &y 9410,
Hm_mmw_”n-nm__E?J14s14;14a15al4¢l4sl4s14rl4,l4m~9510;A
IFERTR=1,0+0,0,0:0:050,0,0,0,0,0,
E—— Y ¢ PY O PY O PYCPY O PO PO PO PYO P o 1Y s FY s P e e e m
15050+0:04050,0,040,0,040,
e e e 1:05050:05Q0:050505020402Q0 e
120s0:050:0,04050,0,040,0,
i . 13090404 050404050505050505
1505040,0,050,040,0,0,040,
ceeeiie e e L3030 Qs 0505 0505050504040y
1:040+5040,0+40,05040,0,0,0,
Lo Qs O Ly Oy 0 a (a0 00 (14 Q. -
1:050+050:0+0+050450,040,0,
im0 0900050900505 030404004 o i
1:04040+0,05040450+0,0450,0,
e A Y Y S YA Y A YO PL P o I 0 € 1 0 T
1,0,0,0,050,0,050,0,040,0,
&END — —

Fig. 4.6 Sample of Input Data

j —80—



//*ROUTE  PRINT F3325 — = =777~

B T L et

//F33255PF JOE (RS  BRRNET) » 1MSGCLASS=AMSGLEVEL=(1+1),
// ATTR=(T1,C5,W1)

//DTLIST EXEC DTLIST
//DATA.SYSIN DD =
) C‘T 7>

/* . e
//SNFERT EXEC FGM=SNP3 :

//STEFLIE DD DSN=YS5175.5NPERT3.L0AD,,DISP=SHR . .
//FTO1F001 DD DSN=F3325. TWTRN.NV.RSTRTZ.DATA,LABEL=C, 5, IND
// UNIT=DASD,VOL=SER=CNTYOL »DISP=(SHR, KEEF) ,

/7 DCB=C(LRECL=19065,BLKSIZE=19069,RECFM=VBS) R
//FTOZF001 DD DSN=F3325. TWTRN. NV, R\uRTIJ DATA,LABEL=Cs s+ INY,

// UNIT=DASD,VOL=SER=CNTVOL »DISP=C5HR KEEP)s
// - DCE=(LRECL=19065,ELKSIZE=19069,RECFM=VES

//FTO4FO01 DD DSN=EEFLUXG, G.UNIT=WORK s SPACE=CTRK (40 100 ,DISF=CNEW, . .

// __ DELETE)sDCE=(LRECL=19065,BLKSIZE=19069,RECFM=VES)

//FTO8F00L1 DD DSN:&&INTFLX1UNIT:UURK,SPACE:{TRKS(40’10))1DISP:(NEU5
// _DELETE) ,DCE=(LRECL=19065,BLKSIZE=19069,RECFM=VES)

//FT20F001 DD DSN:&&NNLST,UNIT:UDRK,SPACE:(TRKs(5;1));DISP=(NEU,

// _DELETE),DClZ(LRECL=19065,ELKSIZE219069aREFFM VES)
//FTO9F001 DD DCN Y5175 .NAVOID .MACROZ . DATA,DISF=SHR
//FT10F001 DD DSN=YS178.NV2.PRT.MACRO.DATA,DISP=SHR
//FTO6F001 DD SYSOUT=A

55FT05F001 DD DSN=R&INPUT,UNIT=WORK,DISF=(OLD,DELETE)

Fig. 4.7 Sample of JCL Data for SN-PERT

80-T8 ZG6N ONd



SN—PERTH Y =R b+ (4 7°1V/\7]T %)

SN-PERT RZ2(1,0.1-0-) 6G195R l“J* 35= 52= 1820 << SNPERT EP, ., (0) NA-VO{D,J0Y0,250DEG~C,TOFUEL-STRUCTURE ,R=-Z >>
- OVER=-ALL GROUP CONTRIBTN .

- wmrm e =GROUP - - ~FISS]ON ~--~ ~ABSORPTION --SLNWING=DOWN-. SELF-SCAT y- - = GRP S TOTAL = - = o e o= -
1 0.0 8.32255€-06 T7.71178E-05 =7.39954E~05 1,14449E-05
2 0.0 1.38138E=06 -4.10428E-05 ~1.46778E~04 ~1.86440E~04
3 0.0 5,84364E-06 ~1.32832E~05 =1,106T9E-04 -1,18118E-04
4 0.0 5.05975E~-06 =1,03555E-05 =5.35231E-05 -5.88188E-05
5 0.0 1.15759E-05 -4.70987E-06 2.82779E-06 9.69380E-06
— S, Y S— N N Y M- 3,3766TE-07 —B43139BE~0T —m e s
SUM 0.0 3.26769E-05 7,72643E-06 =3,81809E~04 =3.41406E-04

- SUMMARY TABLE aF PERTURBAT!DN CALC. -

# DIRECT CALCULATIDN RESULT

e i e o KEFFANORMAL) - -2~ 13 0324335E 400 - cm e ome oo e e < oo oo e e = e e

KEFF(PERTURBED)= 1,0320892E+00 KEFF(PERTURBED) KEFF(NORMAL)= ~3, 44276435 04
DELTA-KEFF/KEFF (NORMAL)#KEFF (PERTURBED)= ~3.4416141E-04
e memimem o oo - # . FIRST-ORDERCIF REAL -FLUX 1S-0F NORMAL) s-OR .- - - - --—- e e
# EXACTCIF REAL FLUX IS OF PERTURBED) PERTURBATION RESULT
DELTA-KEFF/KEFF (NORMAL) #KEFF (PERTURRED) = ~3.4140632E-04

END OF MACPRT

(&) iR, BRERNHEOGRTHZ, 0T T o

Fig. 4.8 Sample Output Data of SN-PERT Code

0.24S
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g & X #

(1) JAERI-M 4953 [ JAERI—fast set 70BA—RTILKEALSBRIGHHE
— FEXPANDA-70D ] E&)I8, k%, RRE=, 197244E8H

2) Private Comunication, J&#JI|8

3 ORNL—-TM—2496 Rev2. "“NUCLEAR RBACTOR CORE ANALYSIS
CODE : CITATION” 1. B. IFowler, D. R Vondy and G. W. Cunningham
196947 A

4) PNC N941 80-92 [ CITATION—PERTC 23— FOW®E==RTPEFIIER
#ilhbo— F= 1 {4« Ki#, 198046 A

5) LA—4848-MS “ TWOTRAN-—1I : An Interfaced Expotable Version of
the TWOTRAN Code for Two—Dimensional Transport” , K. D. Lathrop and
P.W. Brinkley, 197347 H

6 zJ206 77—-35 [ RICEFEEOMRELE[ENM | ZEEFHIHER oK
B, EPrERM, 197841 A

(7) N241 80-03 [ BN iCEI b b vafd FERIBEOWMEIR | X4, E
fi, 198043 A

(8) HHMIS5 4 EHFHNELKDOIFE C73 [ @RI — FiCkbF b)) v o FgFK
IGBEMRAT |t 2 ORER, FERWH, BIEEX

(99 LA-3373 “DTF-V:A FORTRAN—N Program for Solving the
Mul tigroup Transport Bquation with Anisotropic Scattering” , K. D.
Lathrop

) NSE 32 359 (1968) K.D. Lathrop et.al.

i) NSE 43 131 (1971) M Natcison

19 ZEHEFNITHW 1 v 5-Frxx BEER E4AKR

1 LA—4554 “Discrete Ordinates Quadrature over the Unit Sphere”
B. G. Carlson

4 MBESH=1 means [MC>0 and JMC>0, and otherwise MESH is 0.
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Appendix 1

2O — K O BRE

1) SNGCa—FoOXK&E, REPHBEUTOMD TH 5,

Program Name SNGOC3
| Core size 576Ky
| Loadmodule {R %43 F3341. SNGC. LOAD

| Sourcemodule # F3341. SNGC. FORT

(S56.10.1H%&)
2) TWOTRANIZ—F

Program Name V5
" size 0470(16)

Core size 1024Kg

Loadmodul e {REHFT r3341. TWIrRN2s5. LOAD

Sourcemodule # F3341. TWTRN2. FORT

3) SN—PERTza—-VF

e Loadmodule tREBHHT Fr3341. SNPERT. LOAD
* Program Name SNPE6
¢ Sourcemodule BTN F3341. SNPERT. FORT
¢ Core size 166 4Kg

—~84—
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Appendix 2

% D IDEFS

EXPANDA—7O0D(—GENERAL) R CITATION a2 — FOBRE I DO ik

ID N
¥ & EXPANDA CITATION
1 235(] 925 : 34
2 238} 928 36
3 wIpy 949 37
4 Hopy 940 38
5 top 105 6
6 g 106 7
7 C 6 8
8 0 8 10
9 Na 11 11
10 Al 13 13
11 Cr 24 19
12 FoPo(2350) 995 42
13 Fe 26 20
14 Ni 28 21
15 Cu 29 22
16 Mo 4 2 25
17 234(] 924 33
18 241 Py 941 39
19 zazpy 94 2 40
20 F. P (23°Pu) 999 4 3
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Appendix 3

BUBRRHEROHESE

BLBRRE EMOFEDOLDIT, WHEY) -4 —TFANENy 2 ) Y T ATID 2 DD FEkHs
Hb, IBSQ=1, 2, 3@V—-4,—-YAN, IBSQ=11, 12, 13BNy 27 ) YyI7A
NTH 5,

SNGO:¥F¢Tm~vauV¢Aﬁ@%.m%%ﬁb=1/3-z”é~vtu¢mm
o CHRLIRIRIAZ R 5o WUR R TS, 2Mmet, HEsREERRTCBET 3,

En, ig', is — 2:!, ig, is + Dig, is * B-ing, is
E'l‘r', ig, is = Z’I‘r, ig, is + Dig, is * B.® ig, is
F) IBSQAFvavitky, Ny 7)) vipzirr¥—KEFor HBRIRE
TIRVWEETH, BHRARKIFRLIANVF—EELDEBIRFTH 5, &
> THUBRIRKMEAL, T rF—RELDHEBRIKREFEDOMEL X 5,

D'ig, is = 1/3 ETr', ig, is

ig . energy group

Bi2i, s = BSQ(IG IS)
V== ANOK, ANSNLY —r—VHZRBLIN T2 LENH D, UGN
MATHEC Eo ANSNI Y = —=VEE L, s LBTC LT EE, RIRE, 2M7EH,
B BICODOTTFROFHBEEITIE D0

|
f
{
[
{ is v/ oG
5
|
i

2:1, ig', is <= Zn, ig, is + Lig, is

ETr', ig, is = ETr, ig, is T Lig, is

Dig', is 1/3 - E’Pr', ig, is

ig . energy group
is | =7 oEHBRES
Lig, is=BSQCIG IS)
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Appendix 4

h—FF— S {ERBDEESR

(1) A=2) R bF— 2RO, F—ua) 2 tEI22H5LBL0RELICHET TET,
A=A YR2PEDOBRBIMUEDOZERAZ LT &,
C#1)

& DATALNOUT=6, 6, &END

(2) TWOTRAN-T a—FDA—a Y2 pF—-2(&TRANS)RBF7 4, M
ABEEMBLBVEES, AR ITICANT B L,
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Appendix 5

TWOTRAN—[ 20— KODRestart Tape DAZR

1 Cail Flow

TWOTRAN—1 =2 — FD% subroutive @ Call Flow# Fig. A.1 IL/R L 720
2 Restart Tape

TWOTRAN—1 =~ M3 restart FAIC periodic dump 5 & final dump & U T, data area
O COMMON TA& COMMON A% binary TREMLERIC 4 Y 73 2HEEE-> T 3,
| C @D Dump Tape D FBR%E Table A.1ICRL 12,

Dump Tape D&H#D recordid Restart parameter information THEEEDF —
FEBHAL /BEABCBBEF -~ ABBENTOE, CHONEETable A2 ITHE L7,

Table A.3 iTiddump tape D% record DHIRAERL 1o % record OBAD 1 B2 record
DAY Y ZWHNTS data areca® COMMON TALARICR FT AN B REBOKE
LREEHL, 5RITA LK, dump tape T COMMON A D55, BEARE T3
15 LASTETD arcaDABLEEN S,

TWOTRAN-0I=— Fo [BM versionid COMMON A®O#TLAST+1, LEE# CDC @
LCM ( Large C  Memory ) i store 3N 3B THLPIAL TS, CDEBAICIRLED
77 o MTERIP total fluxdistore 3T B. COPOREHOMBLESEPig. A6
WAL 7o 7885 angular flux 2 LOMIZRB 1 DDBICDNVTDH store L, £EED an—
gulax fluxiZ20TiE, MUELBENAFPLUX(=3)CstoredNTW3 ( IANG # 0
DEEDAH ) dump tape ERFHFIIINAFLUX DS AT dump tape B &AL L S
I ->TW 5,

LCMICR FTENT A7~ 43 single stream EFHED B L HICHAT 37— 2444
BTTF—8D78 y 2EE>TI/0ETILDICIH TS, CDF—47 3y 2% Table AT
/R Lfco dump tape ICRBZD7ay /DB TCHEXALTINS,

Table A.8i{C COMMON FWBG1 OWB %2771,

3 Restart Tape O FH

LREOL DI Restart Tape CRMEXHBCHBERF -2 LURBRHBORBED L
TOMHHBERENTOBDT Restart Tape #ARICH BT 3C &tk -TCITATION-
PERTC ®HONEYCOMB = — FOO & 5 KBS NBROHBEICLEE L 7 — 21342 T Restart Tape
DORSMBBNHEKRE) THBE. COPHARALIEITWOTRAN-I = — MO subroutive
REED 2% 3,
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Table A.1 Restart Tape Composition

1. Restart parameter information see Table A.2

2. Named COMMON block FWBGN1

3. COMMON block IA

4. Data COMMON block A (only the portion used by the problem)

5. Group flux blocks from LCM

6. Block of remainder of LCM (starting after the last flux block and
with a maximum length of the data portion of COMMON block A)

7. Angular flux records by group (2*JTP records of length LTVAF plus
2*%JT records of length LTHAF per group)

vertical angular flux boundary angular

horizontal ” flux for restart

8. Mesh cell center angular flux (unnormalized)

—89-
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Table A.2 Restart Information Parameter

IPARM (5)
% Position Word Contents
1 IGM Number of groups
2 NORDMl) Number of LCM records excluding the flux records
f 3 NORDAFZ’ Number of angular fiux records
.z iTJT | Proaucf of fine fadial mesh total and fine axial
mesh total
5 NM Number of flux components
1) NORDM
ITEMP = LASTEC-1- (IGM * LTFX)
1 1 LASTEC
LCM IGM * LFTX *\k
flux block ITEMP o
NORDM = ITEMP/LAST
ITEMR = ITEMP - NORDM * LAST

2) NORDAF

IF (ITEMR. NE.

0) NORDM = NORDM + 1

AL LCMOR Y DERR RS MLASTD 70 » 7 LA LT restart dump ta pe ICiEE B,

if IOP = O, then NORDAF = IOP *2 * (JTP + JT)

I0P if final dump, then IOP-IGM

if periodic dump, the IOP = G-1




Table A.3 Record Block of Restart Tape

o Length per Number of 1)
Position Contents Block Blocks ‘ I/0 Type

1 Restart Pavamerer s 1 Integer

2 COMMON FWBGN1 45 1 Integer

3 COMMON IA 250 1 7 Real

4 COMMON A LAST 1 Real

5 Flux Block LTFX IGM Real

6 Remainder of LCM LAST NORDM Real

7 Boundary Angular Flux  LTVAF+LTHAF (2*JTP+2*JT)*1GM Real

8 Nesh AL Cencer { " *3iT*} rau * g1 Real (ML)

1) 1Integer type array WRITE/READ( ) MAX, (IA(I), I=1,MAX)
Real type array WRITE/READ( ) MAX, (RA(I), I=1,MAX)

* 2 recorts®1block &93,

80-T8 2ZS6N ONd
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Table A.4 Contents of Blank COMMON Block IA

Pointer ‘
Position Name for Array Remarks

1 ITE Theory

2 ISCT . Scattgring order

3 ISN Order of Sy

4 IGM Number of groups

5 M Number of radial coarse-mesh intervals

6 JM Number of axial coarse-mesh intervals

7 IBL Left boundary specification

8 IBR Right boundary specification

9 TBB Bottom boundary specification

10 IBT Top boundary specification
11 IEVT Eigenvalue type specification
12 ISTART Flux input option
13 MT Total number of materials

14 MIN Total number of input nuclides from both

library and cards

15 MS Number of mixture instructions

16 IHT Position in table of total cross section
17 IHS Position in table of self-scatter cross section
18 IHM Cross—section table length

19 IQOPT Source input options

20 IQAN Distributed source anisotropy order

21 IQB Bottom boundary source indicator

22 Not used

23 IPVT Parametric eigenvalue of keff indicator
24 LANC Prepare angular flux indicator

—92--
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Table A.4 (cont'd)
Pointer
Position Name for Array Remarks

25 IMC Number of material coarse-mesh intervals in the
radial direction

26 IITL Maximuﬁ number of inner iterations

27 JMC Number of material coarse-mesh intervals in the

. axial direction

28 IRRM Maximum number of rebalance interations which
is set in INPUT11

29 IXM Radial-mesh modification indicator

30 IYM . Axial-mesh modification indicator

31 IEDOPT . Edit options

32 IGEOM Geometry type

33 IQR Right boundary source indicator

34 IQT bTop boundary source indicator

35 'ISDF Density factor input indicator

36 Not used

37 EV Eigenvalue guess (keff)

38 EVM Eigenvalue modifier

39 PV Parametric value of keff or alpha

40 XLAL Search lambda lower limit

41 XLAB Search lambda upper limit

42 XLAX Fine-mesh search precision

43 EPS (EPSO) Convergence precision and outer convergence
precision

44 EPSI Inner convergence precision = EPSO

45 EPSR Within-group rebalance convergence precision
= EPS0/2 -

46 EPSX Whole-system rebalance convergence precision
= EPSO

47 Not used
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Table A.4 (cont'd)

Pointer
Position Name for Array Remarks
48 + NORM ‘ Normalization amplitude

49 POD New parameter modifier

50 BHGT Buckling height

51 IUP VIHS-IHT—l (upacatter indicator)

52 ~ IHP. ‘ IHT-1 (position of Vo, in cross-section. table)

53 IHA | ‘ IHT-2 (position of . in cross-section table)

54 IHTR | IHT-3 (position of ¢ transport cross section

I in cross-section tabig, if present)

55 IHNN IHT-4 (position of ¢ cross section in
cross-section table,ni%npresent)

56 IMIM Product IM*JM

57 MM ‘ (ISN*(ISN+2))/8, number of directions per
octant

58 NM ((ISCT+1)*(ISCT+2))/2, number of anisotropic
components of flux

59 NMQ ((IQAN+1)*(IQAN+2))/2, number of anisotropic
source compeonents '

60 IP Sum IM+1

61 JP Sum JM+1

62 IGP Sum ICM+1

63 IJIMM Product IM*JM*MM

64 IT Total number of radial fine-mesh intervals

65 - JT Total number of axial fine-mesh intervals

66 ITJT Product IT*JT

67 ITMM | Product IT*MM

68 JTMM | éroduct JT*MM

69 MMIJ Product NM*IT*JT

70 NMM Product NM*MM

71 ISPANC Last word address of cross-section block

—g4--
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Table A.4 (cont'd)

Pointer
Position Name for Array Remarks

72 IHMT Product IHM*MT

73 ISPANF Last word address of flux block

74 ISCP Sum ISCT+1

75 IMJP Product IM*JP

76 IPJM : Product IP*JM

77 ITP Sum IT+1

78 JTP Sum JT+1

79 ICLIM Length of the C and AAJ blocks

80 LIHX IHX(LM) Number of radial fine-mesh intervals per

. coarse-mesh interval for rebalance mesh (the
block is also the number of radial fine-mesh
intervals per coarse-mesh interval for the
material mesh when the rebalance mesh and
material mesh are the same)

81 LIHY IHY (IM) Number of axial fine-mesh intervals per coarse-
mesh interval for rebalance mesh (the block 1is
also the number of axial fine-mesh intervals
per coarse-mesh for the material mesh when the
rebalance mesh and the material mesh are the
same)

82 LC C(IHM,MT) Cross-sections for a group

83 LAl Al(ITP) A4 (T+1)+A4 (1)

84 LA2 A2 (ITP) A4 (T+1)-A4 (D)

85 LA3 A3(1ITP) Axial direction surface area

86 LA4 A4 (ITP) Radial direction surface area = A4*YH

87 LAS A5 (ITP) Volume = A5*YH

88 LQ Q(NM, IT,JT) Distributed source (overstorage assigns maximum
of NMIJ and IPJM as length)

89 LQR1 QR1 (JT,MM) Input right boundary source for in-down direc-
tions (conditional on IQR.EQ.1)

90 LQR2 QR2 (JT,MM) Input right boundary source for in-up directions
(conditional on IQR.EQ.1)

91 LQT1 QT1(IT,MM) Input. top boundary source for in-down directions

(conditional on IQT.EQ.1)

—95-—.
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Table A.4 (cont'd)
Pointer
Position Name for Array Remarks
92 LQT2 QT2 (IT,MM) Input top boundary source for out-down direc-
tions (conditional on IQT.EQ.1)
93 LBR1 BR1 (JT,MM) Right boundary flux (in-down and out-down)
94 LBR2 BR2 (JT,MM) Right boundary flux (in-up and out-up)
95 LBT1 BT1(IT,MM) Top boundary flux (in-down and in-up)
96 LBT2 BT2(IT,MM) Top boundary flux (out-down and out-up)
97 LXDF XDF(IT) Radial fine-mesh density factors
98 LYDF YDF (JT) Axial fine-mesh density factors
99 LIHXC IHXC (IMC) Number of radial fine-mesh intervals per
‘ o coarse-mesh interval for the material mesh.
When the rebalance mesh and material mesh are
the same, array coincides with IHX
100 LIHYC IHYC (JMC) Number of axial fine-mesh intervals per coarse-
mesh interval for the material mesh. When the
rebalance mesh and material mesh are the same,
array coincides with IHY
101 - LDXC: IDXC(IT) Material radial direction indicators showing
which radial coarse-mesh interval a fine radial
mesh interval belongs to for the material mesh.
When the rebalance mesh and material mesh are
the same, array coincides with IDX
102 LDYC IDYC(JT) Material axial direction zone index multiples
for the material mesh. When the rebalance mesh
and material mesh are the same, array coincides
with IDY
103 LDYAC IDYAC(JT) Material axial direction indicators showing
which axial coarse-mesh interval a fine axial
mesh interval belongs to for the material mesh.
When the rebalance mesh and material mesh are
the same, array coincides with IDYA
104 Not used
105 LFL FLUX(NM,IT, Flux components
JT)
106 LFLA FLUXA(IT,JT) Scalar flux from previous inner interation
: (over-storage assigns maximum of ITJT and IPJM
as length)
107

Not used
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Position

Name

Table A.4 (cont'd)

Pointer
for Array

Remarks

108
109
110

111

112

113

114

115

116

117

118
119
120
121

122

LFLS

<LFISA

LDC

LXR

LYR

LDX

LDY

LDYA

LXH

LYH
Lw

LCM
LCE

LwM

FISS(IT,JT)

FISSA(IT,JT)

IDCS(IC)

XRAD(I)

TRAD (J)

IDX(IT)

IDY(JT)

LDYA(JT)

XH(I)

YH(JT)
WGT (MM)
COSsMU (MM)
COSETA (MM)

WMU (MM)

Same origin as FISSA
Fission source
Not used

Cross-section zone identification numbers (IC
is IM*JM when the rebalance mesh and material

mesh are the same and IMC*JMC when the rebalance

mesh and material mesh are not the same)

Input radial coarse-mesh boundaries (I is LM+l
when the rebalance mesh and material mesh are
the same and LMC+1 when the rebalance mesh and
material mesh are not the same)

Input axial coarse-mesh boundaries (J is JM+1

when the rebalance mesh and material mesh are

. the same and JMC+l when the rebalance mesh and

material mesh are not the same)

Rebalance radial direction indicators showing
which radial coarse-mesh interval a fine-mesh
interval belongs to (when the rebalance mesh
and material mesh are the same, the block IDXC
coincides with IDX)

Rebalance axial direction zone index multiples
(when the rebalance mesh and material mesh are
the same, the block LDYC coincides with IDY)
Rebalance axial direction indicators showing
which axial coarse-mesh interval a fine axial
mesh interval belongs to, (when the rebalance
mesh and material mesh are the same, the block
IDYAC coincides with IDYA)

Material mesh radial fine-mesh spacing (I is IM
when the rebalance mesh and material mesh are
the same and IMC when the rebalance mesh and
material mesh are not the same)

Material mesh axial fine-mesh spacing
Direction weights

Radial direction cosines

Axial direction cosines

Product WGT*COSMU
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Table A.4 (cont'd)
Pointer
Position Name for Array Remarks
123 LWZ WETA (MM) Product WGT*COSETA
124 . LP1 P1 (NM,MM) Spherical harmonic functions for in~-down sweep
125 LP2 P2 (NM,MM) Spherical harmonic functions for out-down sweep
126 - LP3 P3 (NM,MM) Spherical harmonic functions for in-up sweep
127 LP4 P4 (NM,MM) Spherical harmonic functions for out-up sSweep
128 LMN | MIXNﬁM(ﬁSj Input mixtﬁre numbers (conditional on MS. GT.0)
129 |
130 LMD MIXDEN (MS) Input mixture densities (conditional on MS.GT.O)
131 LF | F(IM,JM) Coarse-mesh rebalance factors (overstorage
: ‘ assigns IMJP as length)
132 j' LFU FU(IM,JP) Coarse-mesh upward partial current
133 LFD ‘FD(IM,JP) Coarse-mesh downward partial current
134 LFR FR(IP,JM) Coarse-mesh rightward parﬁial current
135 LFLL FL(IP,JM) Coarse-mesh leftward partial current
136 LAB AB(IM,JM) Coarse-mesh absorption removal rate
137 LQQ QQ(IM,JM) Coarse-mesh source (overstorage assigns IMJP as
length)
138 LQQC QQC (IM,JM) Coarse-mesh source over all groups (conditional
: on IEVT.EQ.O)
139 LFUT | FUT (IM,JP) Sum of FU over all groups (same origin as FU)
140 LFDT FDT (IM,JP) Sum of FD over all groups (same origin as FD)
141 LFRT FRT (IP,JM) Sum of FR over all groups (same origin as FR)
142 LFLT FLT(IP,JM) Sum of FL over all groups (same origin as FL)
143 LABT ABT (IM, M) Sum of absorption rate over all groups
144 LHA HA (IM) Used in subroutine REBAL for inversion
145 LGA GA(IM) Used in subroutine REBAL for inversion
146 LQG QC (IGP) . Space integral of Q
147 LFG FC (IGP) Space integral of FISSA
148 LSIN SIN(IGP) Space integral of group inscatter source

PR S O O LA N
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Table A.4 (cont'd)
Pointer
Position Name for Array Remarks
149 LSS SS(IGP) Space integral of group selfscatter source
150 LSoUT SOUT (IGP) Space integral of group outscatter source
151 LHL HL (IGP) Group horizontal leakage
152 LVL VL (IGP) Group vertical leakage
153 LTL TL(IGP) Group total leakage
154 LNL NL (IGP) Group net leakage
155 LRL RL (IGP) Group right leakage
156 LABG ABC(IGP) Space integral of group absorption rate
157 LBAL BAL(IGP) Group neutron balance
158 LCHI CHI(IGP) Input fission spectrum
159 LCHIA CHIA(IGP) Fission spectrum used in the calculation
160 LVEL VEL (IGP) Group velocities
161 LYM YM(J) Material axial-mesh modification factors J is
JM when the rebalance mesh and material mesh
are the same and JMC when the rebalance mesh
and material mesh are not the same)
162 LXM XM(I) Material radial-mesh modification factors (I is
IM when the rebalance mesh and material mesh
are the same and IMC when the rebalance mesh
and material mesh are not the same)
163 LXRA XRADA (I) Modified material coarse-mesh radial boundaries
(I is IM+1 when the rebalance mesh and material
mesh are the same and IMC+l when the rebalance
mesh and material mesh are not the same)
164 LYRA YRADA(J) Modified material coarse-mesh axial boundaries
(J is JM+1 when the rebalance mesh and material
mesh are the same and JMC+1 when the rebalance
mesh and material mesh are not the same)
165 LSOU SOURCE (NM, Total source in a group (same origin as Q)
IT,JT)

166 LANF ANF (ITP, Horizohtal angular flux temporary storage
MM, 2) (conditional on LANC.NE,O)

167 LAA AAJ (MT) Effective absorption cross-section
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Table A.4 (cont'd)

Pointer
Position Name for Array Remarks

168 LBl ‘B1(JT) 1.0/axial delta - used to multiply all areas
and volumes in major recursion formulas

169 LALL AL1 (MM) o coefficient (MM+1/2)/WGT

170 LAL2 AL2 (MM) o coefficient (MM-1/2)/WGT

171 LALF ALFL(NN,1T) o flux due to curvature streaming (NN-ISN/2)

172 LQB1 QBL (IT,MM) Input bottom boundary source for in-up direc-
tions (conditional on IQB.EQ.1)

173 LQB2 QB2 (IT,MM) Iﬁput bottom boundary source for out-up direc-
tions (conditional on IQB.EQ.1)

174 LCTOT CTOT(IT,JT) Effective total cross section

175 JCONV Final convergence indicator

176 TN2N N,2N reaction term used in balance equations

177 XLAPP Value of lambda from sequence of outer itera-
tions previous to that of XLAP

178 XLAP Value of lambda from previous sequence of outer

‘ iterations

179 ICNT Iteration trigger used in NEWPAR

180 E2 Temporary storage .

181 El Temporary storage

182 EVPP Eigenvalue from cycle of outer interation
previous to that of EVP

183 EVP Eigenvalue from previous sequence of outer
interations

184 E4 Temporary storage

185 - NGO ' Return indicator set in NEWPAR

186 ALAR Value of lambda from previous outer iteration

187 MESH Rebalance mesh and material mesh the same
indicator (0/1 = yes/no)

188 IITNO Inner iteration number

189 TS Total integrated source to a group

190 C Number of current group (Integer)

—100-
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Table A.4 (cont'd)
Pointer
Position Name for Array Remarks
191 ICONV Secondary convergence indicator
192 NGOTO Return indicator set in TESTS
193 E3 Temporary storage
194 EVS Slope used in eigenvalue search
195 IITOT Total number of inner interations
196 ALA Parameter lambda
197 TIN Time
198 FTP Previous fission total
199 IFN Fission calculation indicator set in INITAL
200 OITNO Outer iteration number
201 ZZ Radial geometric function used in EIXUP
202 BB Axial geometric function used in FIXUP
203 cc Angular function used in FLXUP
204 DD Angular function used in FIXUP
205 T Cell—céntered flux used in FIXUP
206 S Source used in FIXUP
207 CT Total cross section used in FIXUP
208 SUMMU %? COSMU (M) #WGT (M)
m~1
' MM
209 SUMETA L COSETA (M)*WGT (M)
m-1
210 NN ISN/2
211 AA Radial geometric function used in FIXUP
212 TI Temporary i-flux used in FIXUP
213 TJ Temporary J-flux used in FIXUP
214 ™ Temporary m-flux used in FIXUP
215 Not used
216 ERR Scalar flux error from comparison with previous

flux
—101—
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Table A.4 (cont'd)
Pointer
Position Name for Array Remarks
217 Not used
218 Not used
219 Not used
220 LBT3 BT3(IT,MM) Top boundary flux (conditional on IBT.EQ.3)
221 Not used
222 Not used
223 LBT4 BT4 (IT,MM) Top boundary flux (conditional on IBT.EQ.3)
224 Not used
225 NLIMIT Rebalance constant associated with maximum
number of inner iterations (IITL) used to
determine type of rebalance in INNER
226 IFLAC Whole-system rebalance indicator
227 Not used
thru
245 IANGAD  AFLUXG(MM, Mesh cell center angular flux Nm,i.j
IT)
246 LANGPR Signed angular flux storage indicator
247 IIMACC Accumulated problem running time
248 MCRRDS Signed number of input nuclides requested from
the code dependent input file
249 NOSCUP Sigma ﬁp included in cross-sections indicator
250 IOLYCS Overlay indicator (first digit gives primary

overlay and second digit gives secondary over-
lay when read in octal)

—-102—
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Table A.5 Contents of Common Block A

-Position | Name of Length of "
) . -2 Pointer Remarks
in A variable | variable .
1 EHX M LIHX . No. radial fine mesh interval per coarse-mesh 1nterval (IM No. radial coarse interval)
2 THY M LIHY Axial " (M " axial " )
3 XRA IMC+1 LXRA Modified material coarse-mesh radial boundarles : '
4 YRA JMC+1 LYRA " axial : :
5 WGT - MM LW Direction weights , , ont = w
6 COSMU MM LCM Radial direction cosines ’ ’ ) )
7 COSETA MM - LCE Axial " - ;
8 Pl NMAMM LP1 Spherical hormonic function for in-down sweep ~NM = (FSCT+});(ISCT+2)'
9 P2 " LP2 " - out—-down " -
10 P3 " LP3 v in-up "
11 B4 " LP4 : : W out-up "
12 WMU " LwM Product WGT*COSMU 1
13 ALl " LAL1 -a coefficient MM + ?)/NGT
14 AL2 " LAL2 " oo - EDIWGT
15 c MT*THM LC Cross section for a group ?ﬁMt°5al No. ;gterlals
16 AAJ MT LAA Effective absorption cross section ’ . IT total No radial fine-mesh intervals
17 CTOT IT*3T LCTOT Effective total crross section 3T w - - ial " v
18 Q (NM*IT*JT,] LQ(=LSO | Distributed source (total source in a group) v ’ axia
(SOURCE) (IM+1)+1IM) i1)
19 QR1 JT*MM 1 LQrR1 Input right boundary source for in-down direction
20 QR2 " LQR2 in-up "
21 QT1 IT*MM LQT1 Input top-boundary source for in-down direction
22 QT2 " LQT2 out-down "
23 QBl " LQB1 Input bottom boundary source for in-up direction
24 QB2 " LQB2 out-up "
25 FLUX NM*IT*JT LIL Flux components
26 BR1 JT#*MM LBR1 nght boundary flux (in-down and out-— down)
27 BR2- LB
28 BT1 IT*MM LBT1 Top boundary flux (in-down and in-up)
29 BT2 " LBT2 (out-down and  out~up)
30 BT3 " LBT3 Top boundary flux
31 BT4 " LBT4 "
32 FLUXA (IT*JT, LFLA Scalar flux from previous inner iteration
(IMH1)*JIM
33 FISS IT*JT LFIS Fission source (Same origin as FISSA)
(=LF1SA)
34 IDCS IM*JM -LDC Cross section zone identification numbers
35 XRAD - (IMF1), LXR Input radial coarse-mesh boundary
. (IMCH+1)
36 YRAD (IM+2), LYR " axial "
4 (JMC+2)
37 IDX} IT+1 LDX Rebalance radial direction indicators
38 -IDY JT+1 LDY " axial " : - : : -
39 IDYA JT+1 LDYA " "o " (when the rebalance mesh and material mesh are not the same)
40 XH IHC LXH Material mesh radial fine mesh spacing - :
41 YH JT LYH " axial " ' ) : :
42 ™ IXM*IMC LXM Material radial-mesh modification factor (IXM: Radial-mesh modification indicator)
43 ™ IYM*IHC LYM Lo axial-mesh . " (I: Axial .o )
44 XDF IT LXDF Radial fine-mesh density factor ) o
45 YDF JT LYDF Axial
46 Al JT+1 LAl A4 (I+1) + A4(I)
47 A2 " LA2 A4 (I+1) - A4(T)
48 A3 ' LA3 Axial direction surface area ]
49 A4 " LA4 Radial " = AL * YH
50 AS " LAS Volume = AS * YH
51 Bl JT LB1 10/axial delta - used to multiply all areas and volumes in- major recur51on formulas
52 ALFL NN*IT LALF a flux due to curvature streaming ’ NN = ISN
53 WETA MM LWE - Product WGT#COSETA S 2
54 MIXNUM MS LMN Input mixture numbers
55 MIXCON " LMC " instuctions
56 MIXDEN " LMD "o densities
57 QG IGM+1 LQG Space integral of Q
58 FQ " LFG Space integral of FISSA
59 SIN " LSIN Space integral of group
60 SS . " LSS " .
61 SOUT " LSO "o
62 HL " LHL Group horizontal leakage
63 VL " LVL " vertical "
64 TL " LTL " total "
65 NL " LNL " net "
66 RL " LRL Y. right
67 ABG " LABG Space integral of group absorption rate
68 BAL " LABL Group neutron balance
- 69 CH1 " LCHI Input fission spectrum
70 CHIA " LCHIA Fission spectrum used in the calculation
71 VEL. " LVEL Group velocities
72 F IM* (IM+1) LF Coarse-mesh rebalance factor
73 FU " LFU " upward partial current
‘ (=LFUT)
74 FD " LFD " downward "
‘ (=LFDT) .
75 -FR (IMHL) *IM LFR " rightward "
(=LFRT) '
76 FL " LFLL " leftward "
' (=LFLT) a : ‘
77 AB IM*IM LAB - " absorption removal rate
78 ABT " LABT Sum of .absorption rate over all groups
79 QQ IM*(JMH) | LQQ Coarse-mesh source
80 QQG IM*JM LQQG : " over all groups
-81 HA M LHA Used in subroutine REBAL for inversion
82 GA " LGA " .
83 : MC LIHXC No. of radial fine-mesh intervals per coarse int. ( ) material mesh = rebalanoe
(IMC+1) (=LIHX) : ,
84 (IMC+1) LIHYC " axial " interval for- the material mesh
: (=LIHY) } :
85 . (IT+1) LPXC Material radial direction indicators
(=LDX) : : ) : , )
86. (JT+1) I(.DYC ) " axial direction index multiples for the material mesh
’ =LDY )
87 " LDYAC - Material axial direction indicators
' (=LDYA) B
88 (IT+1)*MM | LANF Horizontal angular flux temporary storage (IANG Prepare angular flux indicator)
*TANG*2 - LAST = LANF + (ST+1)*MM*IANG*2 .
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Table A.6 Contents of LCM
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Position Pointer Length of block Remarks
1 IPFX IGM*LFTX LTFX = ISPANF-LFL+1 Flux block
2 IPSO LTSO LTSO = NM*IT*JT Source to group
3 IPXS IGM*LTXS LTXS = LQ-LC Cross section block
4 IPQ IGM*LTGS LTQS = LFL-LQ Q-source block
5 IPFL IGM*LTFL LTIFL = 2% (IM+1)% JMFIM* (IM+L)) Flow block
6 IPHAF LTHAF*2*JT LTHAF + (IT+L)*MM+I NG*2 Horizontal angular flux
7 IPVAF LTVAF#2%JT+1 LTVAF = IT*MM*IANG#*2 Vertical angular flux
8 IANGAD MM*TIT Mesh cell center angular flux
o IPFX =1
LASTEC = IPVAF + LTVAF *2*% (IT+1l)

° Angular fluxi3d, LCMICR, 1 2OFKCDOTDEstore LT3, 2D angular fluxid
peripheral unit NAFLUX (=3) iEstore &h T\ 53,
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Table A.7 Data Blocks Continuously Stored in LCM

Component of block

First Block
giﬁikOf word Last Word length Remarks
Power | Variable
LC C LHM*MT
oross | ¢ | 1seanc (=1q-1) (=££§ic) LAAJ AA M
LCTOT CTOT IT*JT
LQ Q NM*IT*JT
LTQS LQR1 QR1 JT*MM (*IQR)
(=LFL-LQ) | LQR2 QR2 " if IQR = LQR2 = LQR1
A Source LQ ISPANQ (=LFL-1) LQT1 QT1 IT*MM (*IQT) " LQT1 = LQR1
if LEVT=0,| LQT2 QT2 " if IQT = LQT2 = LQT1
then LTQF | LQB1 QB1 IT*MM (*IQB) " LQT1 = LQT2
=0 LQB2 QB2 " if IQB = LQB2 = LQBl
ISPANF(=LBR1-1) LFL FLUX NM*IT*JT LFL = LQB2
if IBR>0 or IBT>O LBR1 BR1 JT*MM
then ? LBR1-1 ) LTFX LBR2 BRZ "
+2 * (IT*MM+JT*MM LBT1 BT1 IT*MM
Flux LFL | i f IBT=3 then, = (=I§§2Nf LBT?2 BT2 L
LBRI-1 -LTF+D) | g3 BT3 .
+2% (IT*MME-ITHMM) LBT4 BT4 "
+2*%TT*MM
.IQR Right bundary source to be specified as input (0/1 - no/yes)
IQT TOP " ( ] )
IQB Bottom " ( " )
INVT Engine-Value Type

WO
1

= in homogeneous source Q
keff cale.
time absorption (alpha) search
nuclide consentration (C) search
3 one thickness (delta) search

80-T8 ZS6N ONd
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Table A.8 Contents of Named COMMON Block FWBCN1

The named common block FWBCNl contains the information required to continue
the processing of the current problem if it is restarted.

Position Name Contents and Remarks
1 IDUSE A vector used for the title of the problem in A4 format
(length of 18 words)
2 LAST Length of common block A used by the current problem
3 LASTEC Length of LCM used by the current problem
4 IGCDMP Group number of restart dump
5 IPSO LCM pointer of the source-to-the-group block which is
calculated by subroutine OUTER and used by subroutine
INNER
6 LTSO Length of the source-to-the-group block
7 IPFL LCM pointer for the first group of the flow block (each group
block contains the coarse-mesh partial currents matrices for
the upward, downward, rightward and leftward directions)
8 LTFL Length of the flow block for a group
9 IPFX LCM pointer for the first group of the flux block (each
group block contains the three-dimensional flux array as
well as boundary arrays stored consecutively)
10 LTFX Length of the flux block for a group
11 LXFX Length of the three-dimensional flux array
12 IPXS LCM pointer for the first group of the cross—-section block
(each group block contains the cross-section array, the
effective absorption vector and the spatial total cross-—
section array)
13 IPXSCT LCM pointer for the first group of the spatial total cross-
section array within the cross-section block
14 LTXS Length of the cross~section block for a group
15 LTOXS Length of the cross-section array for a group
16 LTAXS Length of the cross-section array and the effective absorp-

tion vector for a group
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Table A.8 (cont'd) ‘ %

Position Name Contents and Remarks

17 IPQS LCM pointer for the first group of the Q-source block (each
group block contains the Q-source array and associated
boundary source arrays (right, top, and bottom)

18 LTQS Length of the Q-source block for a group (zero when not a
Q-calculation)

19 IEREC Not used

20 12 Final flux print indicator (0/1/2 = all/isotropic/none)

21 14 Final fission print indicator (0/1 = yes/no)

22 16 Coarse-mesh baiance table print indicator (0/1 - yes/no -

cautfon - an extra outer iteration is required to primt
these tables when angular fluxes are not requested)

23 ISPANQ Last word address of the Q-source block in core

24 IPHAF LCM pointer for the first axial level horizontal angular
flux block (total number of levels is 2*JT)

25 IPVAF LCM pointer for the first axial level vertical angular flux
block (total number of levels is 2*JTP)

26 LTHAF Length of the horizontal angular flux block for an axial
level (zero if LANG.EQ.O0)

27 LTVAF Length of the vertical angular flux block for an axial level
(zero if LANG.EQ.O0)

28 IFO Interface output indicator (0/1 = no/yes)
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TWOTRAN-II Call Flow

MAIN--- INPUT1~~-~INPT11-~~~DUMPRD
- INPT12---—CSPREP-——FIDO
[IFINXS
~INPT13~-~-READQF-~--IF INQF
. INPT14~—-~IFINSN
-SNCON
LPNGEN
- INPT15----MAPPER
LCSMESH
GRIND2---~GRID21~—~ INTIAL--~~INITQ
LFISCAL
MONITR
GRID22~-~—-QUTER-——--DUMPER
INNER -----SETBC
-IN —~--FIXUP
FOUT ~ —-—~FIXUP
- STORAF
-SAVEAF
-REBAL
LPCMBAL
L GSUMS
GRID23--~-TESTS-----PCMBAL
- REBAL
- NEWPAR

~OUTPT3~--~DUMPER
—~0UTT31---~FINAL---~-~MONITR
l:TPFLUX
~-IFOUT —---IFRITE
—OUTT32-——-EDCALL—-—rGENFLO
LEDITOR----~ EDMAP

Excluding CLEAR, DATAl, ECHECK, ECRD, ECWR, ERROR, LOAD
MPLY, REED, RITE, SECOND, and WRITE

Fig. A.1 TWOTRAN-II Code Call Flow
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