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Development of Neutron Transport Calculation Codes for 3-D Hexagonal Geometry
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Deterministic discrete ordinates method (Sx method) transport calculation codes
for three-dimensional hexagonal geometry have been developed: nodal calculation code
NSHEX (Ver. 10A.1 for one third core and Ver. 10B.1 for whole core), hexagonal-mesh finite
difference calculation code MINIHEX (Ver. 2.1), and triangle-mesh finite difference
calculation code MINISTRI (Ver. 1.1), which can perform neutron transport calculations
with high accuracy for cores of fast power reactors and assemblies of the Russian BFS
critical facility,. NSHEX is improved by extending the polynomial expansion order of
intranode fluxes for better accuracy and adopting the initial finite difference calculation for
better convergence performance. MINIHEX is modified in the process of negative flux
fix-up. In addition, MINISTRI is newly produced by changing the basic algorithm of the
MINIHEX code. NSHEX, MINIHEX, and MINISTRI currently developed are applied to
various fast reactor cores. It is found that these codes show satisfactory performance in
terms of calculation accuracy. However, reduction of calculation time and improvement of
convergence performance are required for all the codes by such measure as introduction of
suitable acceleration technique. Further, development of post process functions is desired,
which is represented by perturbation calculation scheme. Therefore major issues are

summarized for future code development.
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W RWIZERRL 72 9,

MINTHEX (2B L T, BEAFO b D0 HHRFICHEITAT > T2y, ko> MINISTRI O
BiFcaHOE T, AOPHETREEROUHEZLESZ L LT 5,

1.3 MINISTRI %1

NSHEX [Z&HEZ2 3 R SARERERRE - FThor 2 b, ZOE KT T v MNHE
TOFARIGHARRKVICEENTEY , BEFHE BT 22 L3N ATH D, ik — ik
WS EBBHHE LT ICE, ARESIEERRY ) — FEYHFHTRIZT TR — FRO
HPE SR A R OB R M T R A A R R IR T A2 L ER S D, TOd, BEFEA
(2 — RO HPEF AT e OBEFE M 040 O B EE A D Te s, SRR & 70 2 B8
FRICE DR EFI TEHOHBELEL AT Z LT TERP 727,

F7-. BFS-2 2% 9 5 MINIHEX O FIPEICB L C, AR EZEM A v ¥ = OFEHEIC
INROFTHELEVOHIZIFE STV b 0D, 2D O BRHRRFHIIT-> T 67,
LR ORERR D 123D O E B FHE N L E TH 5,

% Z T, NSHEX K () MINIHEX D f#i5ef 72 i~ H 288 LT, 3 kT ANARRH =
Ay L 2 AIRFESERE 2 — F MINISTRI 23872 12 /ER L. EERBICHOWTHRET 5,

1.4 HWEF O

WEEFEOHKE LT, F2EIIBW KR a— FoMELR~, FI3E, FH45, H5
B Cl3 N F N NSHEX, MINTHEX, MINISTRI #4512 >W TRk L, 4% 6 # Tk NSHEX
& MINISTRI D #zERS % . 45 7 3 T3 NSHEX & MINISTRI (212 T MINIHEX & il 2 7=
WA Z, F8ETIE 3 20a— NIZHETHHEL LD, FIETHmERRD,
B, AHOfHERIC, NSHEX, MINIHEX, MINISTRI O #{ThikE Ai~=a 7 V%R
L. 320 =a— Kof A EIZ&ET 5,
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2. BWILAAKENEEF R = — Fof=

2.1 NSHEX

NSHEX (Nodal Sx transport calculation code for HEXagonal-Z geometry) (& 3 IRICL/NA
R E ) — iRt R a— R Th 5, A BRAT, ik rmRios LTl m (B 203,
X#hTmica B 25axYhrme Za5m) (SR z217> 2 Lok, By —RIH
WHF M b NI Z b 1 koot XA R, £ FBRAE MBI 2 212XV
Foh s, NSHEX (%, RS RAOHESCHT R MO HFn7e L2 T, LUT OR
EH LTV,

OSNIEIZ K D RO A BEARAF D B s

HPEF RO A BEARAFE DB Y |NFIEE LT, BN O @ E T IC 38 T 338 0 85 72
BEBUBIEE (SniE) 28 LTWD D, ok, IFEFEHBELZEET 72D D &K Py ER DI
D PNTIIRS L Tugnn,

QZHEARMAICL D/ — FARHEF RIS LY — A4 O v

Fig. 2.1-1 IZRFT L 912/ — FRAOHFMHTHRIE L O Y — A543 L HARMIC & 0 B0 Hb
bV, ZHAEMIIEK 2IRETHRETH 72, HAMON EE2X 5 72O AREfHIZ LY
R 6 IRE THRRET %,

@/ — FH/T7 A =2 Bl BT % SnIEDIE

NSHEX OBAFRTIL, / — RO/ T A =2 D& LT, LM/ — FiELZ BRI E T, R
BT —HPEF IR &Ry T IR A WTTE D RS STV iz 8, NSHEX Tidat A m b
ZHE LT, KVEBETHLAETMEFREZAWEER., T4hbb, /— FEATHTFIRE
F ORI b DA EARAAED IRV T LTH SnIEZEMA LTV D 1,

ORATRZHOMB ORI M & OB Y o Fik

ANAKTFICR LT, — FEZEMAT 5854, Fig. 2.1-2 17T X 910, &Hm (B2 1F X
JilA) ~OiE A LT (Z EhTm) ~OmHA L T, BT b OFBENR R 5> TV E 72D,
WO WNFiEG RS, #mc , — FEEZEAT 255120, #Ambhidshm (X,
U, VEJim) OHed T, ERAITEREEERHAO ) — RIELRICUTH Y | BRI
FH 7 — RETRIEAESNTWS 2 REEAEEPZEA L TS D, Zhicxt L, 85
(B Z20E X #h718) 12/ — REZEMAT 285610k, B7mbiidim (Zahm) 85
(U s, VeiGm) IZENENFET D,

710 S ALZOWTIE, / — REE R RO mNfE A2 FIH L7 FEE A L Tn b 2,
BFMHIITH L TR, BRI OENDO LI ICEEE 74 v T 4 v 7559
IR TIETIO D Z EIEARETH 5, 7> T, NSHEX TlE/ — FOIEA (72 —F—)
DOFMETREZDHFHD/RT A—=Z NP5 0RBIZE 0 RD, H o/ — RESHE R EF
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MLTHNOREHEZTT> T 5 9, ks, XK 9 TIE 2 kAR L2V P &R LT
WDD, RO ER 5 IR & 91T, BIFMONOIY T 2% —~A 2170, 1 K%
TR BA 28 e & T L7,

OULH ] E 7= b ORI PRk R

KBOF 3FETRT LI, /— NEHBEOIURMEZ S ET 5 72O R ROHEE &
L CHIAREMEHREZEANT S, T7hbh, /— FEHEICELL, 1/ —FE 1 Ay
2 T HAMREMEFHEIZ L0 YIS HZPEFRSME 5 2 RO R#EEZR S, 7B,

=W —DFEEEZ 2, YFHFELAFEOEANIEEL TEL, DM RANOEEOALATELL I
T2,

MEE & LTI, WRIREREICBW T, — B O ) RT U REOREBANARETH 5,

NSHEX (2B LTIk, ZALvE T, BOEM /Y EEdEE O KNK-IT, R s EO Th A
Cw |, KREEEFFEL TA— =T 2= 7 A | ZXRITRIAEDITHLN TN D 1210, KT
X2 IR T 25 NSHEX Ol X 520 R ofef 23 L 3kic, ERAMELZER L@
FHIZ S E &I D,

2.2 MINIHEX

MINIHEX (Transport calculation code for reactor cores with MINI-HEXagonal-Z
geometry) X 3 RICAAERRHATWEANARA v Va2 GARENEFHE 2 — R THD D, SNAKFT
FRRENDEGENCEHL TIE, 1R FR 1Ay alllE L, ThUEDORA vy 2 OfisEic
TR LT, BT ERICA v & a2 OFEIRFARETH D, T RO A EKRFED
0 02 iE NSHEX &[RRI SNiEZEAWTW D, AU, HFEHFHILEZEBET 22008
W PN EEOIY PNTIIRHEE LT, s & LCid, SMURER R IZB W T, e+
BAMFE DR R AIRETd D,

MINIHEX IS M#& - ORYIE >~ T3 5.1em Th bH 7 OYEE 7= VX — 58T
(IPPE) Z& 2 it F2BaLE BFS-2 & W TIT b Lo SRR Ot 02487 L TRk S 1
la—RTho, TREGHFEOMITIC Sy IEARESEEXRFHE 2 — F2EH 2561213,
SR Z Se kL, Ay v ailfz bem FBE & TIX, AESREZERMA Y T o2 OFFEML

WCRDFTHA D 2 &I2X D GEMIZEE 6 HEM) | MERM S5 R K OEER/NZER A v 2 25

FRYORRESF LN D & OMAIZES VT 9, MINTHEX 2ER S 7z,

L LG, YREO ZomMEIZ, 2 kot RZ KRRV TAHESNELDOTHY |
WILARAERRITHK L TOZYHEOMERNLEE LWIRILTH D, £ 2T, A TIE, MINIHEX
O3 AT 2 T, WIZH T D MINISTRI (2 K 5T EFAED Z L2k 3T ANAIR
R T % BFS-212kF 2 Z DR OZEGEFMIZHOWT bl 5,
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2.3 MINISTRI

MINISTRI (Transport calculation code for reactor cores with hexagonal-Z geometry by
treating MINced InSide TRIangle-Z meshes) I 3 Ryt /S AKRHEE A X v v 2 AR%E
LR a— N Th o, NAKFTRERINLOBELMICEL T, 1% 6, 24, 54, 96 @D
SHA Y2 BILTHEZIT) 2N TELS WE (WnfH) OREITAAK TR TH
. =AYy a2 BALTORETATRE), BAFIE LT, Fig. 2.3-1 121X 1 >OARAKTF (K
FHEAGR) % 6 MR 24 HO = A v > 2 lChEI LT 2R L TW5, #l7 I BRI
A a DSFEINARETH Do HPET RO A AR IEDO IR Y 1\ 121E NSHEX <> MINTHEX &
[FERIC SNIEZHIWTWD, FUL, HFEFHELZZET 572D D @R Py EFOILY 2
FIS LTV, IdiE & LTid, AR OAMUERE O ZNZ VT, FEF IR SME
BEROMHA Y 2 UNT U AEORTTOEM R AR TH D,

3 Wt SNEE A Ay v aitFHa— & LTIL, ENSEMBLE-TRIZ »BEIZAFTET 53
1) - AR — R EAIE S TRy, fiE> T, ENSEMBLE-TRIZ & FEkOHEREL A L.
NSHEX O#iseiy7efiiE& > & LT, MINISTRI % #r7- (/BB L7=, AT, MINISTRI
DA, NSHEX & O il 2 5 7o BRE0 i I VEREAR (I > W CRER 4%, 72, SElcdl~7z
MINIHEX =2 — RO HHEFAMICE 32 72 DI M A v ¥ 2 3B RO G iz >\ T h
LR
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sl : Transverse leakage

Fig. 2.1-1 Conceptual view of the nodal method for the 3-D hexagonal-Z geometry
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Axial leakage
(Z-axis direction)

Radial leakage
(U-axis direction)

N ”
Radial leakage
(V-axis direction)

(Nodal method for the radial direction)

ZA

Radial leakage
(U-axis direction)

Radial leakage

: \ (X-axis direction)

Radial leakage
(V-axis direction)

(Nodal method for the axial direction)

Fig. 2.1-2 Conceptual view of the transverse leakage in the 3-D hexagonal-Z geometry
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(6 meshes per subassembly in the radial direction)

| %
\\///

(24 meshes per subassembly in the radial direction)

Fig. 2.3-1 Triangle mesh division for the 3-D hexagonal-Z geometry
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3. BWWITAMAAKTEEE , — FIEFHE = — N NSHEX D%

ARFETIL., NSHEX (34 ® 140 Ver. 10A.1. &40k Ver. 10B.1) O L LT, /
— FNZIEAE BRI OYEE & WA TRZE SRR OE AT SNV TR 5,

3.1 /— FRZHEAEFHARE O

NSHEX Tli&, /— FROHFPEFHI40 2 Z AR L 0 B0 5 23, €k NSHEX T
TRK 2RETORY HNTH-o7-, NSHEX oAtk Ea2E 2 54, I RAFLO X
D IR KU BHE G R A A/ T 2P L OMAT Cix, 2 ROZLEAXEH TIX/ — RO M7 1K A
KRB TET, FHRENEN A+ THL Z ENBREIND, £ T, 20X 5 2 KAPREHE
BREAT D LOMITIZBNTS, +OBRKBELHRIRT 572012, / — RO R Z &K
RKTO6ROLHEAEBAIZ IV PWATREL 72D K 5 ITHEREILIEZ1T 9,

A WROBEGFEAE: (Snik) 1ZHES 3k et Fims R a2 ),

Q".v l//’"(x, y,z)+ 2,1//'”()6, V, Z): Q(x, y,z). (3.1-1)

Z T,

Q" T RESS b (=(u" " E")

m: RSy WA

W B S m O R

%, A

Q: 7R ()

IR BRGET D0, BIFE (XllTa) OxtiEEREd, . w7 (ZEh 7 E) OtEd, %
BT HRAFKRD , — FTh o, Fig. 3.1-URT L 2 IZX, Y., Z#loF J5 [0 0 HEAR |3 i ] iR
Hed, Lab i  — RiEd 12 K> TERENBUSL ST D, (3.1-D3 & Xl 5 w12 k3 2 8

Fi GERESE) . FTAbb, Y@zl miczhEn, -y (x)<y<y(x). RO

—1/2<z<V2DKBIT b= > THAT 5 2 LIC L0 . ROXEH O LR T O 2% 15
60

Z—m%{ys (h (@) 2,0, (el (6) = (o) = L2 ()= £ (x) (8.1-2)

T T " (x) KR TERSNAXEH F O IR A E TR TH S,
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[/2 dz fy(:)dy w"(x,v,2)

12

p"(x)= e (3.1-3)
[1/2 dZ fys (x)dy
ZLT, p(x) HRATERSNOIEEKCTH D,
1=
=——. (3.1-4)
ys (‘x) \/g

[FIBEIC LC Zi 17 00 TR RIS H R SIE, (3.1- 1R & ZH T ISR B BT, 372 b b,
Yiifi 1 & Xap ez i, -y, (x) <y <y, (x) £ =1/2<x <12 0K b > THIST 5
ZLICkY, KOBYELND,

o)) =00)- L ) (3.1-5)
d. dz

22T, y"(z) BRRATEZBNDZET O KT O ETHETRTH 5,

Lo e
:Lﬁhﬁmﬁw(%%ﬁ

/2 S ()
dx d
fys (x) Y

12

v"(2)

(3.1-6)

(3.1-2RX L (3.1-5)Kicdb 5 L (x). L'(x). L'(z) 13l b Th v, FEMIE kD) % 50

SN, B1-2REBI-HREM ZLIck D, /= FRTETFRy " (x) ROy"(z) 75B5

N7, FEMIEFE L XD EZ SRz,
NSHEX CIEXfih 7 M D / — FPNA B IR O ZHEEURBIC L bt b,

v (x)=> "y h(x). (3.1-7)
i=0

ZZC. NIEZEABMEKETHD, £7m. hx) 2 AAEECE T2 ELBEERTHY . K
A&l 7= 3,
i/zzdxhi(X)hj(X)ys(x)oc 5; - (3.1-8)
[FARIZ LT, Zihrm oo 7 — RNAEFHEFRITRAOE Y fbitd,
wm@)=§;WZJXZX (3.1-9)

_10_
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22T, fiz) IEXYZREERE (EATHEEE) 0B 2ELEERTHY ., kX xHrT,

[/2 dzfi(z)fj(z)oc Oy - (3.1-10)

1/2
N FETONSHEX Cldfic R2ZIRDZHEAXBEIC L 2N TH 7208, 2 Z CIEHERE N b
D= DI K6IR F THLIET 5,

BHE (XEhI710) OBEAZBNECR b (x) RO EHEEND,

hy(x) =1
h(x) = x

5
h(x)=x"——

2(x) X 7

hy(x) = x° —lx

5925 61 : (38.1-11)
h(x) = x* - X7+

3556 142240
he(x) = x° — 1015 N 5693 .

3786 424032

¢ 2517805 , 13769 , 1425815

hy(x) = x° - x'+ X =

7607512 524656 5112248064

E7-, G (ZEE) OBEZBECR f(2)Fkomy g Eh b,

filz) =1

Hz) =z

AE) =22

£e) = 23_%2 . (3.1-12)
7(2) = 24-%22+%

o) =22

file) = _411_224+1§6 3 _14384

(8.1-11) K VN(B.1-12) KD 3K M H 6Kk £ TOHILIEE 5 Th 5,
J— FNZERXEREREEZ 2R 6 IRICIEELZZ I 2RI VWTIE, FA4ERD
BHETS,T D,

3.2 WIHIARESFEOEA

INETORBRNS, WIHBESRFEFIROG X HICL > T, HEONFMENR RS Z LM
Fo TR, TOERD 1 2L LT, Wk — FMETIEFHE T A =2 BNARESESED
—fEOFREIE L LTI W2 LR o5, Thbb, N AR RO T

_11_
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TIEIABEYRMmRET—A Y PRFR S, DOREREZDNLbDLEZ LD, €I T, /
— NI ERNCIARZE /5% (IFDC: Initial Finite Difference Calculation) %3 A4 %
ZEIZEY, = NEFHEORED O X0 @R I 5 R IR OHEE 25 T,

IFDC (3, 88 72 W1 o3 R I 1 I 2 15 2 B> © 13 > 2 38 JE O AL FHR S BT 5 78
J— RIEFHRE L GO 2 ERMEMHOBLE GITD RN L2 Z L idewn, - T, /
— NUEFHRE QI b & R R O FLHE 2> & foii 72 RE R RAFRPEER B FET 2 b D L&
bbb, £Z T, IFDC BT S HFPMETFIRONFHERMEEL /N T7 A =22 LT, K&
FTREEMICHET O —_A 27O 2L & Lic, SHEMRERLELTE B 4 ETHEATS
KNK-ILF L, THA L] Al A—X—=T7 =y 7 A (SPX) {F.LOAHIEHEREAREL L
Teo 7. /— NIEFREICE T DNORHESRMTIE, 5 4 BROE b5 TR R &M & R
CEDRPPEAIIS OV TIE 1X104 &, BEAMHICOWTIE 1X10°% & L7z, 72, RIS
Linux 7V —7 A7 —3 3  Precision 690 (CPU: Core2 Duo, 7 &= v 7 J&## 3.0GHz) #{#
ML,

(1) KNK-II 47 L

IFDC IZH81F 2 WP IR OINAHE RN %2 3T A — 22 LTe 6 o, GHEFEH (IFDC
& — FIEFE O AR Ol Table 3.2-1 12, IFDC & / — FiEFHEA « OAMURAE B D
i 4 Table 3.2-2 IZF N F 1,

RNK-IT J7.02 B8 LTl "All rods out" (ilf##E5]8k,. Rod (Tl DE) O — ATl
IFDC D fl 72 LT H IR 5TV %, Z A% L, "Rods half-in" (#filf#F 4 A) & "Rods
in" (RSN OF—Z220 Tk, IFDC O 72 LIR35S 549", IFDC O
HANFRAIR T 5 Z L B30 %, "Rods half-in" D 7 — 2281 5/ — NEFHH O R pIET
JE DU FOR IR D Hols % Fig.8.2-1 1073 T, Kb, IFDC 28 M L2 Va2, adifik1
JRIE—H 1 X103 RE £ TITNOR T 228, HERMHFTH 5 1X104 £ TITITEREITH A&
WS INZHER U T D 2 E B0 D,

Wiz, IFDC i L7286 O ERE R O tiziz 2T, IFDC OWHCHIE S % 0.1 725
0.05, 0.04 Lk L< T HIZHEV, DTN LREFHOEMAROND Z N5, Zh
X, IFDC OULHCHIE &AL < LizhA . (ZIZHEMIC IFDC O KBRS GHRRR) 235
MF 2720 T, 7 — NEORERH GHAERER) BiZE A CEMEINRVWZDTHD, ZDX
912, KNK-ITJF Dzt L ik, IFDCIFFEFICAH I Th V. IFDC O IUHCHIE G413 IFDC &
AU R 2~4 FICHIY T2 0.1 FRE T THDL Z L™ holz,

@ THALw) s

FHE R O il 2 Table 3.2-3 (2, IFDC & / — R{EFHE A 2 OSMAISE [F1 5L O Lk % Table
3.2-4 IZENTIRT,

A Lw ] HHOZ 20Tk, "All rods out", "MCR half-in" (MCR X =i E) . "MCR
in", "BCR in" (BCR (3%} 1= 1LHEDE) OLETOr— A 2% L TIFDC 72 L TIII R
5Ty, "MCR half-in"® 47— 2 IZ81F 5/ — REFHE OS5 R A PE IR O HCR B O

_12_
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i % Fig.3.2-2 1279, K226, IFDC Ziii H L 722 WA IE, o R A RIE— H 5X 104
FREE £ TR T 525, HIESRMTH D 1X104 £ TITIEERR T B3I I i
CLTWD I ERDDD,

IFDC %M L7=5haicid, ETOHRBITOVWTEHEOIENE SN TWD, FHERFMICHE
L CIX. IFDC DU A HIE S 2 0.02 T & LA ok bEMHSND Z E0N 005, 21,
IFDC OIHACHESRMF AL < 35 &, IFDC OKEEROEINTIA O D b DD, IHHE
SfE% 002 BELEL T 5 FE Tid/ — FIEFEORERED KIEIZHAD L Tnd72HTh
%,

B8 A—1"—T7 =y 7 Z (SPX) Hi

SR O Ll % Table 3.2-5 (2, IFDC &/ — RiLEHHE 4 2 O SMA B 155 O ik & Table
3.2-6 ICENThRT,

SPX /MO TH [HA LW b & FAEIC"AL rods out", "MCR half-in", "MCR in",
"BCR in"® 4 TD 7 — A% LTIFDC 72 L TIIIR R3S 572 - 72, "MCR half-in"o /7
— BT B ) — NIEFHE OGP AR OUUHIR L O il % Fig. 3.2-3 12RT, Kb,
IFDC M L2 WHAIIE, FEACIEBIELNTICT IR L TH DB D,

IFDC z i H L7256 12iE. IFDC OWHCHIESRM A 0.05 KV b L <722 L2k —
RO THE QWA bz, FHREFEMICBEI L Tk, IFDC OUCRHIESM 4% 0.01 L& L
TP BICELERIND Z ENS0A0, "All rods out" D7 — A TIXEBLARLNTEY .
0.02 &£ L7=H/EITIRBHZE LN TN D L OOFREEEM A KIEIZHML T\ 5,

4 Lo

IFDC (ZBF 2t 6, FII &P IR AL, — RIESHREICR T 2 BUROFF A4
PHANG O | G172 IFDC O S X 0 AL 50 R b M-I 50 AT 22 IR O FF A& A 0 & TP
PN~ EHBSEDZENAEETHDL Z R ahoi, K, IFDC OHIC X 0 FHE SR
TOHHGELROND Z N mrolz, ZOHEIL, BURTIZ IFDC OIURHESMEEZ AT Lz
PR Lk SR IZ R HE TV e,

kDX oic, MERIC ) — FIEEFHREZIUESE 5 IFDC OLMIE A HE 2o, Ao
RS B D I I ACHE SR & LT 0.02~0.03 MRS D, ZDORMETHEN R L-5HE
21k, 0.05(ZFED D, HDHWNE, 0.005 (2L T5Z L fiElEang,
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Table 3.2-1 Comparison in calculation time among IFDC criterion for the KNK-II core

Convergence
criterion All rods out Rods half-in Rods in
(No IFDC) 89" NC™ NC™
0.100 89 159" 103"
0.050 88 161 102
0.040 88 157 101
0.030 90 161 107
0.020 90 160 103
0.010 91 163 104
0.005 94 164 108

*1: Calculation time [s]

*2: Not converged

Table 3.2-2 Comparison in outer iteration counts of IFDC and nodal calculation among
IFDC criterion for the KNK-II core

Convergence | All rods out Rods half-in Rods in
criterion IFDC | Nodal | IFDC | Nodal | IFDC | Nodal
(No IFDC) 0 39 0 NC™ 0 NC™
0.100 3 31 4 43 2 37
0.050 4 30 4 43 4 35
0.040 4 30 6 38 4 35
0.030 6 30 7 42 5 35
0.020 7 30 8 41 6 35
0.010 8 29 11 41 7 34
0.005 11 29 14 40 11 34

*1: Not converged
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Table 3.2-3 Comparison in calculation time among IFDC criterion for the Monju core

Convergence
criterion All rods out MCR half-in MCR in BCRin

(No IFDC) NC™ NC™ NC™ NC™
0.100 120™ 118" 110™ 113"
0.050 110 105 84 111
0.040 109 115 84 110
0.030 98 85 84 88
0.020 76 87 79 84
0.010 78 86 81 90
0.005 79 88 82 87

*1: Calculation time [min]

*2: Not converged

Table 3.2-4 Comparison in outer iteration counts of IFDC and nodal calculation among

IFDC criterion for the Monju core

Convergence | All rods out MCR half-in MCR in BCRin
criterion IFDC | Nodal | IFDC | Nodal | IFDC | Nodal | IFDC | Nodal
(No IFDC) 0 NC™ 0 NC™ 0 NC™ 0 NC™
0.100 4 108 6 105 5 106 6 106
0.050 10 104 10 103 10 102 11 103
0.040 11 104 12 102 11 101 12 102
0.030 32 93 30 88 12 100 13 101
0.020 39 73 36 85 37 88 39 89
0.010 48 73 45 83 46 84 48 87
0.005 56 71 54 80 54 86 56 87

*1: Not converged
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Table 3.2-5 Comparison in calculation time among IFDC criterion for the SPX core

Convergence
criterion All rods out MCR half-in MCR in BCRin
(No IFDC) NC™ DIV NC™ NC™
0.100 DIV NC™ 280" 261"
0.050 158" NC 201 200
0.040 153 217" 174 198
0.030 157 237 174 195
0.020 248 204 215 175
0.010 DIV 195 209 172
0.005 148 206 243 174

*1: Calculation time [min]
*2: Not converged

*3: Diverged

Table 3.2-6 Comparison in outer iteration counts of IFDC and nodal calculation among
IFDC criterion for the SPX core

Convergence | All rods out MCR half-in MCR in BCRin
criterion IFDC | Nodal | IFDC | Nodal | IFDC | Nodal | IFDC | Nodal
(No IFDC) 0 NC™ 0 DIV 0 NC™ 0 NC™
0.100 15 | DIV? 6 NC™ 6 150 4 153
0.050 40 96 36 NC 33 94 39 120
0.040 43 87 39 109 36 95 42 116
0.030 46 87 42 115 40 92 45 119
0.020 50 141 48 110 44 102 48 99
0.010 55 DIV 58 102 52 110 54 100
0.005 62 80 65 108 71 129 62 97

*1: Not converged

*2: Diverged
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(Radial view)
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(Axial view)

Fig. 3.1-1 Definition of basic node parameters
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1E+0 T
\
\
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5 1E-1
° Without IFDC
2 1E-2
©
8
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1E-3 e
E With IFDC under
e condition of 0.002
=
1E-4 A A
Convergence criterion
1E_5 1 1 1 1
0 10 20 30 40 50

Outer iteration count of nodal calculation

Fig. 3.2-1 Comparison in convergence performance of fission source between with and
without IFDC for "Rods half-in" case of the KNK-II core

1E+0 H
]
\.
5 1E-1
E Without IFDC
c
2 1E-2
s
2
S
S 1E-3
£ With IFDC under
-] condition of 0.02
=
1E-4 -
Convergence criterion
1E_5 1 1 1 1
0 20 40 60 80 100

Outer iteration count of nodal calculation

Fig. 3.2-2 Comparison in convergence performance of fission source between with and

without IFDC for "MCR half-in" case of the Monju core

_18_



JAEA-Data/Code 2011-018
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=

1E-1 X
Without IFDC
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With IFDC under
condition of 0.02

1E-3

Maximum iteration error

1E-4
Convergence criterion

1 E_5 1 1 1 1 1
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Outer iteration count of nodal calculation

Fig. 3.2-3 Comparison in convergence performance of fission source between with and
without IFDC for "M CR half-in" case of the SPX core
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4. 3WICAMIKZABEASA A v > 2 FIRESERE 2 — K MINIHEX O %/

A#ETIX, MINIHEX (Ver. 2.1) O#figs LT, EEXoEH (BEH) LAOPHET R
AERFDMERIZES T D BIZ DWW Tk 5,

4.1 FEEXOEL
T T, HARBHE SR A EE LI EANAEE (RHOFEREA ) ZE0H S, o,
Bzl Rothm (ZEFm) OA R —I 7O IO N TITEKT 5,
ST, FFTIERD SNIEICHES 2 ok H (XY #hm) ZREAKRICT 5,

,L;l_’” 81//'”6(x,y) +ﬂ awm(x’y)+2,l//’”(x,y)= Q(x,y). (4.1-1)
3 X h, oy

5.5.«(;
— — N

p” BRI AR (S R m ) O X7 A K Sy

n" VTR (S Rm) OYETT A RSy
m: LG AR

W Sy S m 0 f FE P Tk

X, AW
O FrETIR (%55)
4. Fig. 411 ICRTAAA Yy v a k5% e+ 5, Fig 4.1-1 P h 2By, (x) I3k 0@ Y
EFIND,
1|
X)= .
ys( ) \/g
FP. HMESNAFBA Y a0 NRT AR EE S,
(4.1-D)XD LW 1 HIZHOW T,

(4.1-2)
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% : f " al//a(x )

r x

:f;l_j N dx{% f;_(::)dyw"’(x,y)—% f;_(::)dy vy )%}
_ ‘;_m [ /22 dx% fy(())dy v (x,)

:”_m[fiﬁdy‘”’"( 0]+ e st ) s )

S ) T [
_ ﬁh,( ) T o+ - -w)

”

(4.1-3)
(4.1-DXD 05 2 HIZOWT,
b " /2 m m
.[1/2 (x y) B Zz_ L/z dx{‘// (x, Vs (x))— 4 (x,—ys (x))}
r . (4.1-4)
2]’1 (sz - Wv— + Wv+ Wu—)
41-D)RNOEWE 1 HEEE 2HEICHONTIE, UTOWEYERISNS,
( @J)
[1/2 f dy [1/2

=fThr(v7x’i—v7x’”)+2ghr (vZﬁ+W—v7ﬁ—W)+ ;’h -7+ -

L —
ﬁh,( P

+L l m+£ m (_m__m).i_; _l m+£ m (_’”__’”)
\/ghr 2:” 2 n ur ~ Vo \/ghr 2/1 5 n i WL

(4.1-5)
22T, RATREINDIANAKRRHAO N EERT D,

my N3 (4.1-6)
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T5E, @1-B)XUTLL FO X I ITERIND,

m

u e dxf:(x)d oy L /2 dxfsmd oy
V. V.

no b Lo o T e Lo g,

: ' (4.1-7)
:\/—Thr{ﬂr(ﬁﬂ T T Pl )|
U1-DROEDE 3 Tl A>T B L 0 . AR E =860 R o155

?%%D?‘:%%ﬂkiﬁ@ MR, Ay vang AR FTo@E) L7 b,

ﬁzw%xwm%wtﬂﬂﬁﬂﬂﬂ%mﬂﬁgmﬂ:gé.um>
Thbb
351 7 7t 70 R et 7 NP e 7 | R 7 o (4.1-9)

WIZ, Ay aNTEFEFRBBIGICELT D LUE L, ROMIBESXNEZTRY AND,

7 = 7 )-

. )=, (4110

2 2

—_m

4.1-10XZ WL Z Lk, Ay valitidtEr Ry . v . v 2T TR T O
WEFTZELNRTED,
7 =2
7 =2 -
7 =2

(4.1-11)

(4.1-1)XE 4. 1-ORRATHZ LI X0 Ay 2 BT Ry " IEBE D A v v 2 A
TR w .t EHETIRQ AHRO L SIS I LR TE D,

Mg+ T+ 1 wv_)+Q
_ 3h,
m_ , (4.1-12)
v et )+ 1) s
3h,

t

4.2 BAOHFMETHRFEARFOMEICET ISR
ek MINIHEX TIXAOFRE T HFRAA UBaicit, HicY ot mtE+i4a2En
Wty FT A7 Th o7, W ORI MENT FH Ofkit 5 = — R Tlid"Set flux to zero and
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correct (Flux fix-up)"& FEZN D LE R THONTH Y, MINIHEX [Z%f L CH Y UB AT H 2
ENRRLBUITHLEELZBNLD, LLAnG, MINIHEX (2B L Tk, 4% EHRROZE
FIZEXVNEMEEZ B2 DT HBEREZBL ST VWHEZ RN T L2 BEL T, UT
D5 FEHDOHTELZEBRTEDLLOIT L,

1 oHIX, AWM ETREZEaIcEYy FLARWAHETHS ("No operation”),

2 0HIE, ADWHFHETREHIZEalcEy N2 HETHD ("Set to zero"),

3 SHIZ, ADWHHETFHREZErIZCEY L, Ay o BRMTREFET HHIET
&% ("Set to zero and correct average"), 372 b, JHHFETEREZErIcE Yy FL., (4.1-9)

RIH-> T, A v 2 PP TRE2EHET S, filziE, Ay afbhrErip” Ralc

Rolemt. Ay v aFHPHETFRIIRO LS ICEZADBRD,
2 v+ il 1l 5
o 3h
y" = 4(mrm) . (4.1-13)
w i) s
3h,

Flo. BTO (BHM) Ay vaftfErRPNA L RoTGE ., Ay ¥ 2 EH T HIT
WA TERIND,

At + s + ), 5

y" = 3h, (4.1-14)

7% 3 . .

4 SHIZ, ADWHTHETFRE eIty PL, Ay v 2 EHHPETRAEAFHHEL, ATR
Do T P R A (4.1-1) & HWTHEIE AT 9 H1ETH S ("Set to zero and correct
average and outgoing"), Z M J5{%E73"Set flux to zero and correct (Flux fix-up)" & FEiEiL % 4L
HIETHY, RbEUTHLEBZXOLND,

RED S DHIX ADHFMETFRE X > v 2 EHHFHEFRICE Y N5 H1ETH 5 ("Set to
average"), Z D J{EIE"Step" Tl & FEIEN S,

LUEZET 2 5 B OMLHIEIZOWT, & 7 B Tl 2R3 BFS-62-3A 47,0 2 5 52 [ A E
LHEBEEM OB 21T - 72, ESHE F % Table 4.2-1 (257972, "No operation" & "Set to
average" & i H L7235 A 121X, FHETRODUKEA GO N1 o7, £, BEAMEIZ OV T,
b RABIETH D &5 2 HiL5"Set to zero and correct average and outgoing" 2%} L
T. "Set to zero" M U"Set to zero and correct average" L iill I 24 AARICEB W TEH 0.02%
DERICEE>TEY, FICHBEIRONRNZ ENDD D, WIT, FHAERMOLBIZONT
IZ. "Set to zero and correct average and outgoing" % L7-A & KEUEIZT 5 L. "Set to
zero and correct average" 4 i FH L 72555 121349 20% U £ > TW D D%t L, "Set to zero"
ZAWTZHEITIE 30D 1 REICETEM SN TND, 20X 512, BFS-62-3A .07 2
HBGRE R 22 1, AOHRYEFRBEAERFOWLIE L LT, FHREREE I TRIZEHE R O &
g DBLIS D> 5 "Set to zero"NHELE X1, U T"Set to zero and correct average" N HiL 5,
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%% % TIZ, "No operation" & "Set to average"(ZB L T, % 6 &= Tl 273 KNK-II 47 .0 D
FHRICB W T b O & A 7278, BFS-62-3A ~iiii F D4 & RIAR I ik T- O UL A
BonfzmrotzZ L, MINIHEX 2 W= E CldmF oA IZ R cx2n B 1 ohn
20
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YA
v
78
Vs (x)

l/7xni 17171 /V Wx+

. >

1 0 I x

2 2

Fig. 4.1-1 Parameters used in the basic formula of MINIHEX
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Table 4.2-1 Comparison in eigenvalue and calculation time among negative flux measures
in MINIHEX for the BFS-62-3A core

Central Off-center ) Average
Measure All rods out ) ) 1BCRin ) i
MCR in MCR in time [min]
No operation NC™ NC™ NC™ NC™ -
Set to zero +0.022"" | +0.022" | +0.023" | +0.023" 228
Set to zero and
+0.022 +0.024 +0.023 +0.023 486
correct average
Set to average NC™ NC™ NC™ NC™ -
Set to zero and
correct average
_ 0.99060 0.98665 0.98771 0.98496 605
and outgoing
(Ref.)

*1: Relative difference to the reference [%]

*2: Not converged
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5. 3 WRICANFRE AR =M A v 2 FRZESEFE 2 — K MINISTRI %/

A#ETIX, MINISTRI (Ver. 1.1) O#f e LT, KX 0EH L a0 — FOBFIZ OV TR
%,

5.1 JEAEADFH

T 2T, BREHE AR A ARE L EAAEMARE GHAMEERER ) Z28J7M12 6 0EIT 5
ZEICEVAELDE=AEA Y2 lZONWTIOH S, TN EOMZILEZIT > T2 58 O EL
fbix, Z%ch #RET 52 CREBICKHEFRETH S, £, MHEO OISR O 7 1\
(Z#hd5m) OA R —=2 7O TN HONTIIEIKRT S,

T, EFFERD SNBSS 2 kot HREA (XY #im) &RARICT 5,

oy (vy) 0" 51//’”("’y)+2,y/"(x,y)=Q(x,y). (5.1-1)
h ox h oy

r r

\,\,VC‘\
— — N

u" s R T AL (SRS mom ) DX A B 53

n" VeI (A Rim)  OY T 1R RSy
m: RSy WA

W B S m O R

%t A

Q: HPETFIR (F5)

4. Fig. 5.1 1ICRT 200 = ARy yaa R PENRET D, =AYy v aBRITBIT
555 MESROBERETROEMAY =T 2B 2 786, NPT HRE 2 BE%) <
TR 1 CRA) &b Ay va (Ayvaa) & WICASPHEHRER 1 (BEH)
UM RE 2 GRE) b Avva (Ayviaf) BWIFETHZEILhRD, £2 T,
DB 2FEO=AA vy aa b fENENIZONT, ERILEITO 2 & ET5,

E7-. Fig. 5.1-1 T b 2% y, () IZk o v EF SN,

y(x)= 2L 619

NE)
FPF. AV Vaa XZ0)IZOWT, B IE=ZAEA v 2O L D N7 A58 55,
(5.1-1D)XXDLEWEE 1 HIZHOWT,
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” ) 8
i_ £/2 dx fy; 0%

_ A d ) 0 p o, dy,(x)
d{ [ vy (xy) % [y ey)=== }

h, dx
T, T/z_u_’” e[, A, () ydern )
=L Doy ten] ) A ey o () v )
_ ,le —m /’lm —m —m
\/ghr l//er 2\/§hr( v++l//u—)
(5.1-3)
(5.1-1D) DD FE 2 THIZHOWT,
/2 " /2 m m
j: [ a oy xy) =[xl (3, (0) v (2, ()
g ) (5.1-4)
_n" _
2hr (l//er l//u—)
GBI DRDOEVH1HEEE 2HIZCHOWTL, LTo@YERSND,
Bl DT
u" u" n"
- _ ) (5.1-5)
\/ghr 2\/_}1 ( v+ !//u—)-’_ 2h (l//er Wu—)
m _m \/_77 1 ’um \/gnm o
+
\/_h x+ \/_]’l [ l//u— \/_]’l 2 2 y/v+
2T, RATRIND NABRBHOFMREEERT D,
p= 5
1 3
oy N 5.1-6
=l (5.1-6)
M, ) 5

5L, GABHXFUTFOLITERKEIND,

T Il ey T W

ﬁh —(wrwr - - 1w,

(5.1-7)
(.1-D)RDOEWE 3 HEADIZOWTIXEHNHEIC LV | EARICIE=/AEOHE ORI
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L e RUAERL Y. R AL anT U AR TFO®EY LS,

443

L(ﬂmV —H Y~ WY, ) sy 754 (5.1-8)
\/_h x 7 x+ u v u— v v+ 4\/_ t7 a 4\/_ .
Thbb, AvyaaqdANT7 U ARIFROBY RS d,

4 m— m— m— —m ra)

h_(/’lx l//x+ _/l’lu Wu— - /’lv Wv#— )+ ZIWU( = Qa : (51-9)

FRICRDOEEEZITH) ZLICED Ay va f X=20) 1220 TH, LUFTO@EYRILTEX D,
4 m=—m m=—m m=—m —m raY
h_(_ﬂx TR 7 ISR o (5.1-10)

i

WIZ, Ay aNTEFEFRBBIZICEALT D LEL, HLA DAY a2aNDESEZ I

DAILD, Ay vaqllonTiE, Ay va Bt Ry" L Ay o AP Ry " &

Qg & Ay v a AR TRy, ROy, CE LT, KOBEESRERY ARG,

7o = v )= e v, (5.1-11)

Fio, Ay a iR & A v v a AR RYY, ROy, (CBE LT, KO
SENKATD AND,

v =) (5.112

(6.1-1DAKETCG1-12XE WD Z LIk Ay v aifitihiEr Ry 2 To@mv £+
ZEMTED,

Ve =3, v, v (5.1-13)
(56.1-13) & (B.L-YXUCRAT L Z LT XY, Ay vaaOPHEFRIZBEMD A v o 2 ASt

TR RO LT TIRD, RO L D IS T LR TE B,

VRN AR TR
v = h, . (5.1-14)

12h,ux 3,

g, Avia fiZonTiE EXONEREROENA vy 2 a LU THRMEN 1D
ZNT2DIZ, RO HFETIZA v 2 TR 28D Z LT TERy, 22T, Mg+ 3
Ay vayDiFHm BEm) 2FAT2LET5, T AvvayNORAy v BT
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Ry LAy va NIRRT Ry, kOQy), & Ay a2 BRPET Ry, KOyy,
HIROMIE AN ETRY A D,

e 3hcn

7 =307 v )= @ )

(5.1-15)
(5.1-15) B A v v 2 H AT MEA R l//},",U )rae) l//ZV Tk L5265,
Vyo =30, =20, (5.1-16)
l//;’n,V =3l/77m _2‘7;7%

TS, Ay o fRORA Y Y2 FEEHETF R, & A v 2 TR ) L OF" L A

v al i P ET Ry, KOy, (CBT 2 ROBIEESXNEZRY Anb,

Wﬁ:%@ﬁﬁ+¢ﬁJ:%@Wf+w%J. (5.1-17)

(6.1-1NXEY, Ay va bR ETr Ry KOy " 13kO X o125 265,

(31//,?’ Yy )

. (5.1-18)
(3l/fﬁ V/Z’,V)

—_—m
Wu+ -

=

l\)I»-kl\.)I»-l

(6.1-18)XZ(B.1-1ORITRAT L Z LTk D Ay o BOFHHIET Ry,

PIEBEEI D A
Va NFHRREF R & Ay v a TR Ry, KOy, & EFIRQ, 76RO b il
TE 2,
4y + 2#5”}2//;”,U 24 Yy 0,
Yp = 604;+“y)+2t . (5.1-19)

I

B O R AE U a o X, MINITHEX & [A#EIC MINISTRI TIZLL T o 5 f&
HOFEZBRINTEDLLHICLTWD,
1 oHIX, ADOWHFMETREZEaICEY LARWHIETHS ("No operation”)

2 oHI%., AowmtdrRAHIZY ol y b5 5ETHD ("Set to zero") .,

3 SHIEX, ADHTHETFRAE ity FL, Ay v a2 PP REBEFHRET L HIET
& % ("Set to zero and correct average"), 3726, fHTHETREErlcE Yy FL, (5.1-9)
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AL OG1-10)RIHE - T, Ay v 2 FHh R A2 FEET 5, ARETIIZOHEEZEM
LTWb, BRI EZHNTORTZELET D,
T AT 2aqZOoOWNWTIIROBY L5,
4wy, ;4% 7 <0,
v = r ) (5.1-20)
v, S

t

Flo. Ay va fIZOoNnT, —~HOmHPETFROSZ (BIAIE, w,)) PALRoTHE

Ay Y a2 PP RITRA TR END,
ALV EA Yy S
h o
l/7ﬂm = 6 rm * (51'21)
A+Z,
h

”

B2, Ay ya fIZonT, BREOHRHBPHETRPALRSTGEETROBY LD,

'y, +0,

v, =———AL£7————. (5.1-22)

4 ORIFE, Ay va fITOonT, —HORHPHEFROBNA LIRS TZHAIZIROEN DD,
AOWHTPHEFREErIZEY FL, A vy 2 PP REFFE L, ﬁ“(“iﬁ?ﬁ‘o 7o
MR A2 (5118 XA HWCTHFREEZITH HiETHD ("Set to zero and correct average and
outgoing"), = ® 71573 "Set flux to zero and correct (Flux fix-up)" & FREN D EETH D |
RbLEYTHLEBEZX DD,

KEBED L OHIX ADTIEPETREZ A v o2 FHPETRICE Y b2 HETH % ("Set to
average"), Z D F{EIX"Step" Tl & FEIXIL D,

BB, Ay VaHARPHEFRPAICRTHEO/RME LT, Builidty hF208, Ay
VoA RO BRI TDT. A v v aBERPH T ROBIHERRICEDE T, Allk
BRI T DA v 2 TR PEFHR A (5.1-12)RUC K 0 FEHET 5,

UL B2 72 5 T OALFREIZHOW T, 5 6 B Catfl 2~ KNK-IT 7.0 & %P SR [E A 8 & 5
BRI O 21T - 72, Hlhi f 4 Table 5.1-1 ([Z3¢, BEAMIZOWTIX, &b iEy) 2L
ETHDHEHEZBHILDH"Set to zero and correct average and outgoing"|Zx%f L T, "No
operation" & "Set to average"Z £ H L7254 12 1E, B2 AMARICE W TZENLE I 0.06%,
0.10% & LR R & 7202 53 R 6 v, BEdrt ﬁ%@%ﬁﬁiﬁﬁ&ﬁéi EMEDH D Z L2y
M5B, UKL, "Set to zero"} M"Set to zero and correct average" I il fHIFE£H AR BRI
BWTHENZEN 0.03%, 0.02%DERICHE > THEY FHCHBEITR NN ER 00D,
7235 FHEEEM O B DWW T b FEEH O MERVER] CRICZIT A b2, 20 X 5 12  KNK-IT
JFOAS R D R R B 1X. RO PETFRFEARFOLEL L LT, "Set to zero and correct
average and outgoing"» & Td 5 /3. "Set to zero and correct average"<°"Set to zero" % i
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HALUTHFFICREIZRRWEE 2 5,

5.2 22— KOS

FEARINZIE MINTHEX = — R & X — R CHRZESIEFHRE S % ot 2 O RA-Z AR5 A o ueg
WD AL RRICERSL RS 5 Z L2k v MINISTRI OER AT > 72, HAEND = 2
vV LK ARIT I EIRIT 6,.24,54,96 IZH G S BT EAEBAND A v v 2 %513 Fig. 5.2-1
R AP O BBFERIZOT, BIFMOZEMAY 4 —TRA vy v a7 —% D%

TIELIZ, 6. 24, 24, 96 A v v aNEIRFOFENTNDA v aFBFRICKLVERTLHI L &
L7,
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Table 5.1-1 Comparison in eigenvalue and calculation time among negative flux measures
in MINISTRI for the KNK-II core

Rods ] Average
Measure All rods out _ Rods in _ _
half-in time [min]
No operation +0.000" +0.044 +0.103™ 10
Set to zero +0.000 +0.018 +0.026 11
Set to zero and
+0.000 +0.014 +0.021 11
correct average
Set to average -0.000 +0.029 +0.055 10
Set to zero and
correct average
_ 1.09451 0.98283 0.87960 11
and outgoing
(Ref.)

*1: Relative difference to the reference [%]
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YA
Mesh S Mesh o
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l//a,U
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WVmW // \\ o //
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Fig. 5.1-1 Parameters used in the basic formula of MINISTRI
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zAmAa

(6 meshes per SA) (24 meshes per SA) (54 meshes per SA)

\VAVA

—_
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(96 meshes per SA)

Fig. 5.2-1 Mesh numbering within a subassembly in MINISTRI
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6. 3 WILAMAMTR xR = — FOMREE

6.1 MRAEZAE

BREE, AESRE Y P ROZERA v 2 (ZEARKE) 2 Th ZmKIRICTEMIC L2
BHY LD &I ITFHEMRRMTIT O, o T BG IS A TEG M LT itk
TR D ZERE AT 2 FEMNIC B 5 2 & A3 A[REZ: NSHEX MUY MINISTRI OFEAAT H 2 & &
$ %, MINIHEX |3 A v ¥ 2 OfMGE AR AIRETH L 728 REETos 973 L FHR 0 7
DR ET L, AR T 22 MIL, FCHEBEz W HE T vniEiia—F
GMVP22(Z X Rt ER R & T 2,

(1) FHRAFR

SRR L LTI, Fig. 6.1-1 10733/ MO KNK-TT9, Fig. 6.1-2 107 38070 (6 A
Cw | (Monju) 1516 Fig. 6.1-3 [T/ R T KAFL [R— =T 2=y 7 X | (SPX) 17 18% %t
L L35, HEBHARESE LTI, @E O EEIREZ AR E LT, BRBER I 2 1505 L 72l
HEEEAG Ik ("All rods out") & BRBEWIH] A R L 72 il 44 A ("Rods half-in" % 72 (3"MCR
half-in", "MCR"{Z"Main Control rod" (FFHEEDOWE)) ., KO, JF.LOE IKEE T H 2 il #H4%
2 A ("Rods in"% 72 Z"MCR in"® 5\ Z"BCR in", "BCR"/Z"Backup Control rod" (#%f
JE LR OE)) T %, il 10B R IE, KNK-IT 3 40%, [H A Lw | (3 MCR 7% 40%
T BCR %% 90%. SPX(ZMCR & BCROMG &6 90%TH Y, T LB L T 5,

(2) FHE RS

T R ORZRE L L TR 3 o2 TOFLoEA M (EhEMEER) & THbA Ty KU SPX
DL BT DA WIS & 5, EAELOES A5 O BAEREZIL, K
EZ R 2 MEtHE R 19, FBR ¥+ 7 L FZAMEEIS AN IEIC 31T D BEHR R 204 &2, Wi
FREL KA A DFfAE R 202 722 LAl < 2 LIS K VITFIEICRDEE L L TRET 5, MR
EZMULRR, EAMEE 0.1%, BAMREHA ML 2%ICENENEET DI L L LT,
B, BAWEE /MO BERKET, @FONNERRE, T2bb, fl#EkEes k£
Hl AR ARIED AT L THEA T 5 2 L & L, HABZEE v TH S il il af ARIEIC
LTI, 2ERVET S, MAT, FHERJMOEWVIC LS EAEOZLDITEN Z o+ 57
DI, KNK-IT 170 % 5 S iR AR RB IS B 0 D Il R o Pt TR 2Bl 5 2 L &
ERAE

(3) FEHESM

MINISTRI IZ 8B F 2 A O TR AERFOMEIIA Lo REEricky ML, £
DEMETRA v v 2 LR RAEFGRE T 2 HEE Lis, Fo, EARMIINEEA#EH L)
7273, MINISTRI (2 & %5 SPX D DFEHTIZHOWT DL, IHRENEL 2o 72D T, 4
IKEBIZBWWTT == 7 MEEEZ#EHT 22 & & Lz,

FPE, FFOLERRERIRICLT, AESEE Y FOREICET 5 —A 2Eii L=, 7t
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BAEROMES Ry MRS —_A TIlX /) — KN ZE 2k S HEAER & L7 NSHEX % (2
22 MINISTRI IZ X 53R & DI HAT 5, fERITR T St ERA L Lo 2L
LTEEDD,
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Table 6.1-1 Angular discretization effects in eigenvalue by NSHEX for the KNK-II core

JAEA-Data/Code 2011-018

Angular Rods
All rods out Rods in
quadrature set half-in
S4 +0.012"" +0.075" +0.140""
Ss +0.004 +0.012 +0.018
Sy (Ref.) (Ref.) (Ref.)

*1: Relative difference to the reference [%]

Table 6.1-2 Angular discretization effects in eigenvalue by NSHEX for the Monju core

Angular MCR
All rods out MCR in BCR in
quadrature set half-in
S, +0.023"" +0.043"" +0.061"" +0.059""
Sg +0.003 +0.005 +0.007 +0.007
Sy (Ref.) (Ref.) (Ref.) (Ref.)

*1: Relative difference to the reference [%]

Table 6.1-3 Angular discretization effects in eigenvalue by NSHEX for the SPX core

Angular MCR
All rods out MCR in BCR in
quadrature set half-in
S, +0.037"" +0.046" +0.074"" +0.029""
Sg +0.003 +0.005 +0.020 +0.004
Sy (Ref.) (Ref.) (Ref.) (Ref.)

*1: Relative difference to the reference [%]
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Table 6.1-4 Angular discretization effects in power distribution by NSHEX for the Monju

JAEA-Data/Code 2011-018

core
Angular MCR
All rods out MCR in BCR in
quadrature set half-in
S, 0.10™ 0.12™ 0.15" 0.18™
Ss 0.01 0.02 0.02 0.02
Si2 (Ref.) (Ref.) (Ref.) (Ref.)

*1: Maximum relative difference to the reference [%]

Table 6.1-5 Angular discretization effects in power distribution by NSHEX for the SPX

core
Angular MCR
All rods out MCR in BCR in
quadrature set half-in
S, 0.84" 0.20" 0.66" 0.22"
Ss 0.01 0.04 0.55 0.09
S1s (Ref.) (Ref.) (Ref.) (Ref.)

*1: Maximum relative difference to the reference [%]

Table 6.1-6 Angular discretization effects in absorption reaction rate in the control rod
region by NSHEX for the KNK-II core

Angular Rods
All rods out Rods in
quadrature set half-in
S4 - -0.38" -0.47"
Ss - -0.08 -0.06
Sq2 - (Ref.) (Ref.)

*1: Relative difference to the reference [%]
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Table 6.1-7 Calculation criteria and conditions for verification tests

Iltem

Criteria and conditions

NSHEX

MINISTRI

Angular quadrature set

Ss

Spatial treatment in the

radial direction

Polynomial expansion with

up to sixth order

Triangle mesh division (6,
24, 54, 96 meshes) within

Subassembly

Spatial treatment in the axial

direction

Polynomial expansion with

up to sixth order

Finer mesh division

Node or mesh width in the

axial direction

Around 20cm

Around 5.0 cm or 2.5cm

Fission source convergence

Less than 1.0x10™

-
criteria for each node
Eigenvalue convergence 5
o Less than 1.0x10 —
criteria
High order moments 4+ .
. - Greater than 2.0x10° Nothing
calculation condition
4 (KNK-II), 18 (Monju and
Neutron energy group —

SPX)

*1: Set 4.0x10™ for "MCR in" case of the SPX core
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Table 6.2-1 Relative difference in eigenvalue and calculation time by NSHEX for the

JAEA-Data/Code 2011-018

KNK-II core
Maximum Average time
All rods out Rods half-in Rods in
polynomial order [min]
2nd +0.070" -0.017" -0.123" 7
4th +0.047 +0.037 +0.022 8
6th +0.048 +0.038 +0.022 9
1.09527 0.98349 0.87966
GMVP (Ref.) 287
+0.024*2 +0.026*2 +0.026*2

*1: Relative difference to the reference [%]
*2: Statitical uncertainty (10) [%]

Underlined means exceeding of the target accuracy

Table 6.2-2 Relative difference in eigenvalue and calculation time by MINISTRI for the
KNK-II core

Radial Axial Average time
mesh™ | mesh’2 All rods out Rods half-in Rods in [min]
6 5.0cm -0.190"° -0.310° -0.483"° 9
6 2.5cm -0.158 -0.258 -0.455 20
24 5.0cm -0.072 -0.123 -0.123 36
24 2.5cm +0.042 -0.012 -0.042 71
54 5.0cm -0.042 -0.071 -0.020 77
54 2.5¢cm +1.196 NC™ NC™ 211
96 5.0cm -0.008 -0.041 +0.027 140
96 2.5¢cm NC™ NC NC -
1.09527 0.98349 0.87966
GMVP (Ref.) . . . 287
+0.024™ +0.026™ +0.026™
*1: Number of radial meshes per subassembly
*2: Axial mesh size
*3: Relative difference to the reference [%]
*4: Statitical uncertainty (10) [%]
*5: Not converged

Underlined means exceeding of the target accuracy
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Table 6.2-3 Relative difference in absorption reaction rate in the control rod region by

NSHEX for the KNK-II core

JAEA-Data/Code 2011-018

Maximum
All rods out Rods half-in Rods in
polynomial order

2nd - +0.34 +0.86"

4th - +0.01 +0.23

6th - +0.00 +0.22

Uncertainty of . .

Y - 0.1472 0.1072

GMVP

*1: Relative difference to the reference (GMVP) [%]
*2: Statitical uncertainty (10) [%]

Table 6.2-4 Relative difference in absorption reaction rate in the control rod region by

MINISTRI for the KNK-II core

GMVP

Radial Axial

mesh’" esh’ All rods out Rods half-in Rods in
6 5.0cm - +1.347° +1.65°
6 2.5cm - +1.35 +1.88
24 5.0cm - +0.72 +0.47
24 2.5cm - +0.59 +0.47
54 5.0cm - +0.61 +0.15
54 2.5cm - NC™ NC™
96 5.0cm - +0.82 +0.08
96 2.5cm - NC NC
Uncertainty of ] 0.14° 0.10"4

*1: Number of radial meshes per subassembly

*2: Axial mesh size
*3: Relative difference to the reference (GMVP) [%]
*4: Statitical uncertainty (10) [%]

*5: Not converged
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Table 6.2-5 Relative difference in eigenvalue and calculation time by NSHEX for the

Monju core

JAEA-Data/Code 2011-018

Maximum MCR Average
) All rods out ] MCR in BCR in ] i
polynomial order half-in time [min]
2nd +0.019" -0.013™ +0.013" | +0.009" 329
4th +0.016 -0.004 +0.031 +0.028 389
6th +0.015 -0.004 +0.031 +0.028 422
1.03861 0.98551 0.93493 0.95665
GMVP (Ref.) X X X X 306
+0.010% | £0.010% | %0.010% | £0.0107

*1: Relative difference to the reference [%]
*2: Statitical uncertainty (10) [%]

Table 6.2-6 Relative difference in eigenvalue and calculation time by MINISTRI for the

Monju core
Radial Axial MCR ) ) Average
“ ., | All rods out ] MCR in BCRin ) i
mesh mesh half-in time [min]
6 5.0cm -0.039° -0.0937 -0.105°3 -0.107°3 384
6 2.5¢cm +0.001 -0.057 -0.070 -0.076*5 858
24 5.0cm | +0.157° +0.073°° +0.124°° +0.130°° -
1.03861 0.98551 0.93493 0.95665
GMVP (Ref.) . . . . 306
+0.010™ +0.010™ +0.010™ +0.010™

*1: Number of radial meshes per subassembly

*2: Axial mesh size

*3: Relative difference to the reference [%]
*4: Statitical uncertainty (10) [%]

*5: Converged in eigenvalue only

Underlined means exceeding of the target accuracy
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Table 6.2-7 Relative difference in power distribution by NSHEX for the Monju core

JAEA-Data/Code 2011-018

Maximum MCR e . +3
All rods out ) MCR in BCRin
polynomial order half-in
2nd 0.35" 0.42" 0.59" 0.55"
4th 0.37 0.42 0.61 0.45
6th 0.37 0.42 0.61 0.45
Uncertainty of . . . .
Y 0.21°2 0.22°2 0.2372 0.232
GMVP

*1: Maximum relative difference to the reference (GMVP) [%]
*2: Statitical uncertainty (10) [%]

*3: Out of parameters for verification

Table 6.2-8 Relative difference in power distribution by MINISTRI for the Monju core

Radial | Axial MCR e e
. +, | All rods out ) MCR in BCR in
mesh mesh half-in
6 5.0cm 0.3473 0.537° 0.63° 0.65°
6 2.5¢cm 0.31 0.51 0.79 NC*5
24 5.0cm NC™® NC™® NC™® NC™®
Uncertainty of . . . .
y 0.2174 0.22°* 0.23* 0.23%
GMVP

*1: Number of radial meshes per subassembly

*2: Axial mesh size

*3: Maximum relative difference to the reference (GMVP) [%]
*4: Statitical uncertainty (10) [%]

*5: Not converged

*6: Out of parameters for verification
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Table 6.2-9 Relative difference in eigenvalue and calculation time by NSHEX for the SPX

JAEA-Data/Code 2011-018

core
Maximum MCR Average
) All rods out ] MCR in BCR in ] i
polynomial order half-in time [min]
2nd -0.005™ -0.018” -0.113™ -0.005™ 748
4th -0.005 +0.011 -0.050 -0.001 820
6th -0.005 +0.010 -0.050 -0.001 927
1.02256 0.97474 0.93021 1.01278
GMVP (Ref.) X X X X 269
+0.005% | £0.006% | 0.006° | +0.0057

*1: Relative difference to the reference [%]
*2: Statitical uncertainty (10) [%]

Underlined means exceeding of the target accuracy

Table 6.2-10 Relative difference in eigenvalue and calculation time by MINISTRI for the

SPX core
Radial Axial MCR ) ) Average
“ ., | All rods out ) MCR in BCRin ] i
mesh mesh half-in time [min]
6 5.0cm | -0.072737° -0.0717 -0.156° -0.08473" 1488
6 2.5cm -0.057°° -0.083°° -0.178°° -0.067° -
24 5.0cm NC’® NC’® NC™® NC™® -
1.02256 0.97474 0.93021 1.01278
GMVP (Ref.) . . . . 269
+0.005 +0.006™* +0.006™* +0.005™

*1: Number of radial meshes per subassembly

*2: Axial mesh size

*3: Relative difference to the reference [%]
*4: Statitical uncertainty (10) [%]

*5: Converged in eigenvalue only

*6: Not converged

Underlined means exceeding of the target accuracy
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Table 6.2-11 Relative difference in power distribution by NSHEX for the SPX core

JAEA-Data/Code 2011-018

Maximum MCR e . +3
All rods out ) MCR in BCRin
polynomial order half-in
2nd 1.49" 1.84"" 418" 2.81"
4th 1.44 1.78 4.09 2.92
6th 1.45 1.78 4.39 2.92
Uncertainty of . . . .
Y 0.2272 0.2272 0.227 0.2172
GMVP

*1: Maximum relative difference to the reference (GMVP) [%]
*2: Statitical uncertainty (10) [%]

*3: Out of parameters for verification

Table 6.2-12 Relative difference in power distribution by MINISTRI for the SPX core

Radial | Axial MCR e e
. +, | All rods out ) MCR in BCR in
mesh mesh half-in
6 5.0cm NC™® 0.987° 1.55° NC™®
6 2.5cm NC NC™® NC™® NC
24 5.0cm NC NC NC NC
Uncertainty of . . . .
y 0.22°4 0.22°* 0.22°%4 0.2174
GMVP

*1: Number of radial meshes per subassembly

*2: Axial mesh size

*3: Maximum relative difference to the reference (GMVP) [%]
*4: Statitical uncertainty (10) [%]

*5: Not converged

*6: Out of parameters for verification
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Table 7.1-1 Relative difference of the flux and absorption reaction rate in the control rod
region due to the change of the angular quadrature set and maximum polynomial order in
NSHEX for "Rods half-in" case of the KNK-II core

Absorption
Condition change Group 1 | Group 2 | Group 3 | Group 4 )
reaction rate
Angul drat t . . . . .
noHar qu_a_ rature se +0.4" +0.2" +0.2" +0.4" +0.2"
(Even condition: S1g—S4)
Angular quadrature set
-0.6 -0.4 -0.3 -0.1 -0.4
(Reference: S1—S4)
Maximum polynomial order
+0.0 +0.1 +0.6 +2.0 +0.4

(6th—2nd)

*1: Relative difference (%)

Table 7.1-2 Relative difference of the flux and absorption reaction rate in the control rod
region due to the change of the angular quadrature set and radial mesh width in
MINISTRI for "Rods half-in" case of the KNK-II core

- Absorption
Condition change Group 1 | Group 2 | Group 3 | Group 4 )
reaction rate

Angular quadrature set

+0.57 | +0.2" | +02" | +0.8" +0.3"
(Even condition: S15—S,)
Angular quadrature set
-0.6 -0.4 -0.4 -0.1 -0.4
(Reference: S1—S4)
Radial mesh width
+0.3 +0.2 +0.1 +0.5 +0.2

(1.2—2.5cm)

*1: Relative difference (%)
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Fig. 7.1-1 Dependence of eigenvalue on three angular quadrature sets in NSHEX for

"Rods half-in" case of the KNK-II core (2nd order polynomial expansion)
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Fig. 7.1-2 Dependence of eigenvalue on the maximum polynomial order in NSHEX for

"Rods half-in" case of the KNK-II core (Angular quadrature set of S4)
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Fig. 7.1-3 Dependence of eigenvalue on three angular quadrature sets in MINISTRI for
"Rods half-in" case of the KNK-II core (Radially 24meshes/SA)
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Fig. 7.1-4 Dependence of eigenvalue on the radial mesh division in MINISTRI for "Rods
half-in" case of the KNK-II core (Angular quadrature set of Sa)
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Table 7.2-1 Calculation criteria and conditions for the reference scheme

Iltem

Criteria and conditions

NSHEX

MINIHEX or MINISTRI

Angular quadrature set

S4

Spatial treatment in the

radial direction

Polynomial expansion with

up to sixth order

No division or triangle mesh
division (6, 24, 54, 96

meshes) within SA

Spatial treatment in the axial

direction

Polynomial expansion with

the second order

Finer mesh division

Node or mesh width in the

axial direction

Around 20cm

Around 5.0 cm or 2.5cm

Fission source convergence

Less than 1.0x10™

-
criteria for each node
Eigenvalue convergence 5
o Less than 1.0x10 —
criteria
High order moments 4+ i
. - Greater than 2.0x10° Nothing
calculation condition
4 (KNK-II), 18 (Monju, SPX,
Neutron energy group —

Joyo MK-I, and BFS-62-3A)

*1: Set 4.0x10™ for "MCR in" case of the SPX core
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Table 7.2-2 Comparison in effective radial mesh sizes among various cores

SA across flat Number of radial Effective radial
Core Core size
length [cm] meshes per SA mesh size [cm]

6 4.9
24 2.5

KNK-II Small 12.9900
54 1.6
96 1.2
6 4.4
Monju | Intermediate 11.5600 24 2.2
54 1.5
6 6.8

SPX Large 18.0190
24 3.4
1 7.6
Joyo Small 8.1817 6 3.1
24 1.6
Intermediate 1 4.7

BFS 5.1000
(BFS-62-3A) 6 1.9
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Table 7.3-1 Relative difference in eigenvalue and calculation time by NSHEX and
MINISTRI with the standard calculation condition for the KNK-II core

Rods ] Average
Code All rods out Rods in
half-in time [min]
NSHEX +0.079™" +0.046" -0.001™ 2
MINISTRI (2.5) -0.015 +0.023 +0.049 24

1.09527 0.98349 0.87966
+0.024 2 +0.026 2 +0.026 2

*1: Relative difference to the reference [%]

GMVP (Ref.) 287

*2: Statitical uncertainty (10) [%]

*3: Radial and axial mesh sizes [cm]

_66_



JAEA-Data/Code 2011-018

Table 7.3-2 Relative difference in eigenvalue and calculation time by NSHEX and

MINISTRI with the standard calculation condition for the Monju core

MCR Average
Code All rods out MCR in BCR in
half-in time [min]
NSHEX +0.039"" +0.024"" +0.067"" +0.062"" 93
MINISTRI (4.4)3 -0.021 -0.059 -0.053 -0.056 117
1.03861 0.98551 0.93493 0.95665
GMVP (Ref.) . . . . 306
+0.01072 +0.0107? +0.01072 +0.01072

*1: Relative difference to the reference [%]
*2: Statitical uncertainty (10) [%]

*3: Mesh size in the radial direction [cm] (5.0cm in the axial direction)

Table 7.3-3 Relative difference in power distribution by NSHEX and MINISTRI with the

standard calculation condition for the Monju core

MCR
Code All rods out MCR in BCR in
half-in
NSHEX 0.33 0.40™ 0.64" 0.53™
MINISTRI (4.4)7 0.24 0.52 0.67 0.54
Uncertainty of . . . .
y 0.2172 0.2272 0.2372 0.237
GMVP

*1: Maximum relative difference to the reference (GMVP) [%]

*2: Statitical uncertainty (10) [%]

*3: Mesh size in the radial direction [cm] (5.0cm in the axial direction)
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Table 7.3-4 Relative difference in eigenvalue and calculation time by NSHEX and
MINISTRI with the standard calculation condition for the SPX core

MCR _ . Average
Code All rods out ) MCR in BCR in ) i
half-in time [min]
NSHEX +0.029" +0.022"" -0.059"" +0.021"" 232
MINISTRI (6.8) -0.018 -0.036 -0.107 -0.025 411
MINISTRI (3.4)° +0.018 -0.010™ +0.018 +0.018 1426
1.02256 0.97474 0.93021 1.01278
GMVP (Ref.) . . . . 269
+0.005 2 +0.006 2 +0.006 2 +0.005 2

*1: Relative difference to the reference [%]
*2: Statitical uncertainty (10) [%]

*3: Mesh size in the radial direction [cm] (5.0cm in the axial direction)

*4: Converged in eigenvalue only

Underlined means exceeding of the target accuracy

Table 7.3-5 Relative difference in power distribution by NSHEX and MINISTRI with the

standard calculation condition for the SPX core

MCR
Code All rods out ] MCR in BCR in
half-in
NSHEX 0.72" 1.82"" 4.23" 3.11"
MINISTRI (6.8)" 0.73 1.42 1.46 1.76
MINISTRI (3.4)" 0.58 NC™ 1.02 1.29
Uncertainty of . . . .
Y 0.2272 0.2272 0.2272 0.2172
GMVP

*1: Maximum relative difference to the reference (GMVP) [%]

*2: Statitical uncertainty (10) [%]

*3: Mesh size in the radial direction [cm] (5.0cm in the axial direction)

*4: Converged in eigenvalue only
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Table 7.3-6 Relative difference in eigenvalue and calculation time by NSHEX and

MINISTRI with the standard calculation condition for the Joyo MK-I core

MCR Average
Code All rods out ) MCR in BCR in ) i
half-in time [min]
NSHEX NC™ NC™ NC™ NC™ .
MINISTRI (3.1)° | -0.062" -0.065" -0.063"" -0.067"" 53
1.00958 0.98635 0.96253 0.91733
GMVP (Ref.) . . . . 118
+0.01172 +0.01072 +0.01172 +0.01172

*1: Relative difference to the reference [%]
*2: Statitical uncertainty (10) [%]

*3: Mesh size in the radial direction [cm] (2.5cm in the axial direction)

*4: Not converged

Table 7.3-7 Relative difference in power distribution by NSHEX and MINISTRI with the

standard calculation condition for the Joyo MK-I core

MCR
Code All rods out _ MCR in BCRin

half-in
NSHEX NC™ NC™ NC™ NC™
MINISTRI (3.1)* 0.35" 0.60" 0.54" 0.54"
Uncertainty of . . . .
Y 0.18"2 0.19% 0.192 0.19%

GMVP

*1: Maximum relative difference to the reference (GMVP) [%]

*2: Statitical uncertainty (10) [%]

*3: Mesh size in the radial direction [cm] (2.5cm in the axial direction)

*4: Not converged
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standard calculation condition for the BFS-62-3A core

Central Off-center _ Average
Code All rods out ) ) 1BCRin ) i
MCR in MCR in time [min]
MINIHEX (4.7)° | +0.001" +0.007"" +0.006" -0.004" 486
0.99081 0.98682 0.98788 0.98523
GMVP (Ref.) X X X X 1546
+0.003% | £0.0037% | £0.003% | 0.003"

*1: Relative difference to the reference [%]
*2: Statitical uncertainty (10) [%]

*3: Mesh size in the radial direction [cm] (5.0cm in the axial direction)
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Fig. 7.3-5 Percentage relative difference in radial power distribution by NSHEX and
MINISTRI with the standard calculation condition for "All rods out" case of the Monju core

Fig. 7.3-6 Percentage relative difference in radial power distribution by NSHEX and
MINISTRI with the standard calculation condition for "M CR half-in" case of the Monju core
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Fig. 7.3-7 Percentage relative difference in radial power distribution by NSHEX and
MINISTRI with the standard calculation condition for "MCR in" case of the Monju core

Fig. 7.3-8 Percentage relative difference in radial power distribution by NSHEX and
MINISTRI with the standard calculation condition for "BCR in" case of the Monju core
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Fig. 7.3-11 Percentage relative difference in radial power distribution by NSHEX and
MINISTRI with the standard calculation condition for "All rods out" case of the SPX core

Fig. 7.3-12 Percentage relative difference in radial power distribution by NSHEX and
MINISTRI with the standard calculation condition for "M CR half-in" case of the SPX core
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Underlined means out of target (+2%).

Fig. 7.3-13 Percentage relative difference in radial power distribution by NSHEX and
MINISTRI with the standard calculation condition for "MCR in" case of the SPX core

Underlined means out of target (+2%).

Fig. 7.3-14 Percentage relative difference in radial power distribution by NSHEX and
MINISTRI with the standard calculation condition for "BCR in" case of the SPX core
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Fig. 7.3-15 Effects of spatial mesh and angular discretization by MINISTRI for the Joyo
MK-I core
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Fig. 7.3-16 Percentage relative difference in radial power distribution by MINISTRI with

the standard calculation condition for "All rods out" case of the Joyo MK-I core

Fig. 7.3-17 Percentage relative difference in radial power distribution by MINISTRI with
the standard calculation condition for "MCR half-in" case of the Joyo MK-I core
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Fig. 7.3-18 Percentage relative difference in radial power distribution by MINISTRI with

the standard calculation condition for "MCR in" case of the Joyo MK-I core

Fig. 7.3-19 Percentage relative difference in radial power distribution by MINISTRI with

the standard calculation condition for "BCR in" case of the Joyo MK-I core
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8k 1 NSHEX OFATHiEKROAN~==27 /v (HAFER)

NSHEX o F47 754

1.NSHEX DAt )7 7 A4 V&

#1: VAKX — 77 AL (READ)
#2: VURZ—LT7 741 (WRITE)
# 6 FHROKIBER (WRITE)
#8: 47 v b (READ)
#9: 7 U7y b (WRITE)
#12: /— FNFHETFHRE  — RERFHETROZ T (WRITE)
#20 : JREATHIOF 7 7 A v (I0PT=1 DKF 45 (READ & WRITE)
#21~20+NGMX
CAEPETROTE T 7 4L (I0P6=1 ORFL3E) * (READ & WRITE)
#21, 22 : FHETYEFROTH 7 7 AL (IOP6=2 DFF/LZE) * (READ & WRITE)

* I0OP6=1 OLEIXT RNV —HEIC—DOOREEE (FM 774 1) BEY Y THh,
I0P6=2 OLGAEIIMAIERIZ 21 FL 22 BT 7 A VDG HriAI « BEZIALNBANE DD,
IOP6=1 O N HF 7 7 A VEEITDRVWA, L0 0O EEEA2ET S,

2 .Variable Dimension M H Y %\
NSHEX Ti%. fHHEEEREEHN OB SIS 2/5]7 — 41X Variable Dimension(UL F. VD)
WCEVEY bR TS, VD OKE Z|EAA 2 b—F 2 (main000.f) O/XT7 A —H LT,

PARAMETER (LIMIT=t#H##H#, LIMIT2=#H#HHt)

WLV, FRESN TS, LIMIT A EEEEH O R E S %2, LIMIT2 A EEEESORE S %
ENENRLTND, TLT, 2= FEETTLLI A MLOERICKHER VD ORE SHE
RINDHMN, ENHDORE I LIMIT £721% LIMIT2 % E[F % & FETRFWrs D, £ DR,
Y=AHOEFLDONT A= L EEREL TRELETLERNDH D, L, HEVRER
Byahb5 2oL, EBOHFARRAET) -2 O5BZ0RH LD T, EENPLE,
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NSHEX DA j~==T )L
(843 1 %0 Ver.10A.1, 2.0 Ver.10B.1)

34D 1O (Bl FREE RS tth) & 2 ODNMERNC B STV 5D, AJNIETEE RS
Ly T ORENERDLOTEEINTZ,

<JOINT #2556 D FH Card 0 23 262 >

Card 0-1: NSHEX (A5)

NSHEX: #iF (¢DF E"NSHEX"> A 7))
Card 0-2: INCORE,SLAROM (A6, 4X, A6)

INCORE: {CZH9 278 PDS = 7 1 /b X 23— 2 15E

(PDS 7 7 1 /L& FORMAT 75&)

SLAROM: WrigifelEnk =— % (€DF F"'SLAROM"*> A 7))
Card 0-3: ITOT (I5)

ITOT: Xt g 7> 32

1, 2 - Yt=2transport

-« Yt=23total
-« Yt=1/3Dav
-« Xt=1/3D 1
- - Xt=1/3D )
- - Xt=2/3(D/)+D1)
- - Yt=1/2D /) +D_L)
-6+ -« Xt=1/(D/+2D1)
MEMEELWEE I — FE TR IV FERSIND,

zs,g—>g = 2t,g _Za,g o Zzs,gﬁg’

g'#g

SR

Card 1: ISTART, IRET, CONFCT (2112, F12.5)
ISTART: #HE A7 3 v~
0« « « - URHE—|F (77 A\H#1 BXLE)
1.« - - FHHE
IRET: WA ESRM 2 L CHFRET DR KRE
CONFCT: INHHIESMEMRE (1.0 L FE2EE LZHEEICITE I 2.0
WCRESIND,)

Card 2: NLAY, NGMX, MAPMX, NSN (4112)
NLAY: £ 51H /7 — R (F L8
NGMX: = /L ¥ —HEdK
MAPMX: 4% (=5 VU 7)) %%
NSN: Sn k% (2~16 D%

Card 3: IDUMP, IBR, NODR (3112)
IDUMP: / — FNHPEFRE ) — FERT T RE2 X795, &
RiFH 7L —F > SDUMP 25D = &,

0+« « +YES (/— FYEBHHFHFRDI)

1. « o .NO

2+ « + «YES (/ — REWHPEFR E ) — RN R SR T — A
V)

3+« - YES (/— REHFETRE ) — FNHFMEFHRERE— X

v hE = RERFETR)
IBR: 07 MBS
0+ « « - AR (U3 IF RO )
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1. o o« S (/8 LRRD &)
2 -+« HZELAE

NODR: / — FAHHE RO BEBKE (K 6, #H 2)

Card 4: KMX, KCM, IBT, IBB (4112)
KMX: #5147 — R¥
KCM: il J5 [ fE i 4k
IBT/IBB: #ifiJ7 [a] b0/ T &h6s i 4k
0--- - BRI

1 o o - SCHSM

Card 5: IOP1, IOP2, IOP2D (3112)
IOP1: HMEFHRERE— A MNEHAE— NBITA 7> 3 » (@7 3~5)
0+« ~0ORE—AL b (/— REHFHELFR) OIMUKEIZBT

HIEREZEDN CONCR2 L FiZ7e»72 b, @IRE—A Y B
ﬁ%%ﬂ%ﬂé

c cORE— A FOIMURARIZ BT D KRR A7) CONCR2
UT Rote b, AMAIRE TOPL Bl ICEmIRE— A 2 b D
FEEITH,

IOP2: #EH M b NERE—A L FOFHEAF > a2 (B 0)

v
—

0« + « « 2NMIKERTC 1 [EIFHE
1+« - - 2RNMIKERIZ 1 IEGFE
IOP2D: 5 A D 4 — 7 Wl 5 b ivEmikE— A v batE F Ik
(% 0)
0+ « « « FPETFHRNEE
1. - « < 2SI (QLA)

Card 6: IOP3, IOP4, IOP5, IOP6, IOP7 (5112)
I10P3: koM Gas 0)
>0+ - +YES (J/\7 > ANERYE 2 N E TOPS [al48: (2 )

O+ « - NO
meﬂwﬁ@®WK# WCHWLWEEORE Ga-1)

1 .. /—%1%&“ﬂ¢ﬁ%ﬁ

0« « « « J— KB PSR

1--- « ) — R RN ) — REER B Sy 2 vk R

2 - %ﬁﬁﬁ/—%Iﬁ¢$%%<Cmmmfﬁﬁ%%ﬁ>
I0P5: #tHE b—kwi

o--- ﬁﬁ%%ﬁ%

1- - BERE M

2- - BEPEHRPE T AREHE (S A B E)
mm;%ﬁﬁﬁ%%@$ﬁ774wﬁﬁmﬁﬁ

0« « « « REH

1 o« «ffif] (VX —BEEIC 1 LB EERY)

2 - fEH (MU IERREfE I 1 Rl E R Y)

IOPT7: JEEATHNIOH M 7 7 A WA D& E
0« « « « REH
R
KL EAT H LD HS R

Card 7: CONCR, CONCR2, CONCRI, CONCRE, FACT (4E12.5, F12.5)
CONCR: 571%5'&1’243@%5&& - i*ﬁ”ﬁjﬁ}jﬁ?/}?ﬂlﬁﬁx@ (% 5.0E-4)
CONCR2: HEFHEmRE — A~ hEFHRSME (E% 2X CONCR,.IOP1 /)
CONCRI: WAHIRAE T PEF IR S (% CONCR & [F L)
CONCRE: [HA1ME (EZHEMEE) PO (@H 1.0E-5)
FACT: BifsfbE%k
>0+ -+ - v Xf¢ DZEM » TFRLF—FFHMEIC XV BKL
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<0 -+ Xfop DZEM - =X X —HFFHEIC LV B

Card 8: ITINMX, ITOUTMX, TIMOUT, EIGEN, ACUT, CONIFD (2112, 3F12.5, E12.5)
ITINMX: iz kNI A1 4%
ITOUTMX: #iz KAMAI S AE 014K
TIMOUT: FHEHIBREEM [47]
EIGEN: A fE (E#hHEaE) wiE Ga% 1.0)
ACUT: &H1m A w7 4 — ol 7w b k& 41k
(EH 0.0, IOP2D=0 O34 D Ix)
CONIFD: #I#iA BRZ 5y dH BN ACHIE S Gl 2.0E-2)

Card 9: IHK(XC), KC=1, KCM) (2513)
IHK(KC): i J5 [\ 5HI% KC Ol )51 / — R (FEo o EE~D]iE)

Card 10: (ZC(KC), KC=1, KCM+1) (6E12.5)
ZC(KC): #ih 5 sk B2 A DAL [em] (FEEA S EEA~DIIA)
(i 7 A fEE KC1X ZCKO) = Z=ZCEKCH+DITHFIET A Z LIz %)

Card 11: HP (E12.5)
HP: &5m ./ — Ry F [em]

Card 12: AMJ(MP), MP=1, MAPMX) (2513) (I0P4=2 O¥GH DI A1)
IMJ(MP): fE1 MP O HHIE 7 7 7
0- « - - HEXS
1+« « < HEIEXS

Card 13: MAP(N, KC) (Free Format)
MAP(N, KC): ik (=7 VT, ~wv ) &FH
#ih 5 mfEE (PLANE) /812 FE 5 Ef~olEIC 5 2, £ E KCM
[E# 0 KT, Fig. A.1-1~5 &M, JOINT % Hl\ 55546 1% 80 FILLHN
TANTHZVERND S,

<JOINT % H W72 WG4 >
Card 14: XABS(NG, NR), XFIS(NG, NR), XSGF(NG, NR), XTRA(NG, NR),

(XSCT(NG, NN, NR), NN=1, NGMX) (6E12.5)
XABS(NG, NR): i NR, = %/l —#E NG ORI #EAE S a
XFIS(NG, NR): @l NR, — /¥ —F NG OEREWrEHE v Sf
XSGF(NG, NR): i NR, = %/LX¥—FE NG OZ4y W > f
XTRANG, NR): fH NR, =3/ X—# NG O2WrEfE Xt
XSCT(NG, NN, NR): fHElk NR, = /¥ —#E NG—NN O LW ffd

¥ s(ng—nn)
(Z#a NGMX [Hlf# 0 i L, #IZ MAPMX [Fl#: ) K7, )

<JOINT % HW\ 5546 >
Card 14-1: XS@ (A4)
XS@: HHIXFE (FDFF"XS@ "> A7)
Card 14-2: MEMBER1, SLAROM (A6, 4X, A6)
MEMBER]I: Wfiif& PDS 7 7 4 /LD X 2 oN—%;
SLAROM: WriarfgiEnk =— N4 (€D F F"SLAROM"*> A 7))
(Cardi14-2 & MAPMX [F]#2 0 355, )

MHBEEmEE Iz — PRtV FERERINS,
Zs,g—>g = Zt,g _Za,g o Zzs,g%g'

g'#g

_93_



JAEA-Data/Code 2011-018

<JOINT % H W7 Wia >
Card 15: (CHIING), NG=1, NGMX) (6E12.5)
CHING): R AR Fv (=X —FE NG ~DOESZNT X5 FrET Ak
HEIE, 22— RNTEHN 101225 L HIcliibans,)

<JOINT %= H\\ 5545 >
Card 15: MEMBER2, SLAROM (A6, 4X, A6)
MEMBER2: FHICH SR~ f g g deliiifE PDS 7 7+ /LD
RN (RN )T 1 FEE ORI E A RE)
SLAROM: WriifslFnk=— % (¢DF F"SLAROM"* A 7))
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0 0 0 32 33 34 35
0 031 16 17 18 36
030 15 6 7 19 37
29 14 o 1 2 8 20
28 13 4 3 921 O
27 12 11 10 22 0 O
20 20 24 23 0 0 O

Fig. A.1-5 &L NSHEX @ /) — RE S L~ v P AT & D%
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fték 2 NSHEX OFATHIEKR AT~ =27 )b (FEER)

HOW TO USE NSHEX

1. INTERFACE UNIT ID

# 1: Restart file (READ)
# 2: Restart file (WRITE)
# 6: Monitor output (WRITE)
# 8: Input (READ)
# 9: Standard output (WRITE)
#12: Dump of intra-node flux and node-boundary flux (WRITE)

#20: Work file of the response matrices (Required when IOP7=1) (READ & WRITE)
#21 through 20+NGMX

: Work file of the angular flux (Required when IOP6=1)* (READ & WRITE)
#21 and 22

: Work file of the angular flux (Required when IOP6=2)* (READ & WRITE)

*: When IOP6=1, the interface units or work files are occupied every energy group. When
I0P6=2, the interface units 21 and 22 are occupied one after the other every outer iteration.

In the case when IOP6=1, less file volume but more interface units are required.

2. TREATMENT OF THE VARIABLE DIMENSION
For a computation memory economy most of dimensions are allocated by single variable
dimension, and the sizes of the variable dimensions are specified by the following

statement in the main routine (main000.f):.

PARAMETER (LIMIT=##tHH, LIMIT2=#HH1)

The value LIMIT specifies the size of the real-type (R) variable dimension and the value
LIMIT2 that of the integer-type (I) one. They must be greater than required sizes,
otherwise calculation stops. You can check required sizes of the variable dimensions in the

monitor output (Unit # 6).
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NSHEX INPUT MANUAL
(Ver.10A.1 for one third core and Ver.10B.1 for whole core)

There are 2 subversions of NSHEX, which are 1/3 core and whole code subversions.

Inputs for boundary condition and map specification are different.

<Card 0 is necessary only when JOINT is used.>
Card 0-1° NSHEX (A5)
NSHEX: Control character (Just specify "NSHEX")
Card 0-2: INCORE,SLAROM (A6, 4X, A6)
INCORE: Representative member name of the PDS file
(For the specification of the PDS file format)

SLAROM: Code name for the cross sections (Specity "SLAROM")
Card 0-53: ITOT (I5)

ITOT: Option for the total cross sections

1,2 =Transport cross sections
=Total cross sections
=1/3Dav (Averaged diffusion coefficients)
=1/3D(Benoist's perpendicular)
=1/3D(Benoist's parallel)
=2/3(D(B'’s perpendicular)+D(B's parallel)
=1/(D(B's perpendicular)+2D(B's parallel))
=1/(2D(B's perpendicular)+D(B's parallel))
REMARK: Within-group scattering cross sections are redefined by following equation:

zs,g—>g = 2t,g _Za,g o Zzs,gﬁg’

g'#g

S Sty L

Card 1: ISTART, IRET, CONFCT (2112, F12.5)
ISTART: Calculation option
0 Restart calculation (File #1 is required.)
1 New calculation
IRET: Maximum retrial counts
CONFCT: Relaxation factor of convergence criterions (Automatically set
2.0 if specified less or equal to 1.0)

Card 2: NLAY, NGMX, MAPMX, NSN (4112)
NLAY: Number of the radial nodes (Number of layers)
NGMX: Number of energy groups
MAPMX: Number of regions (materials)
NSN: SN order (2 through 16 and even number)

Card 3: IDUMP, IBR, NODR (3112)

IDUMP: Dump option for the intra-node flux and node-boundary flux to
file #12 (Format is referred to the subroutine "SDUMP")

0 YES (Node-average flux only)

1 NO

2 YES (Node-average flux and intra-node high order flux
moment)

3 YES (Node-average flux, intra-node high order flux

moment and node-boundary flux)
IBR: Boundary condition in the radial direction
0 Periodic (1/3 core version only)
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1 Reflective (1/3 core version only)
2 Vacuum
NODR: Expansion order of the intra-node flux (Maximum: 6, Normal: 2)
Card 4: KMX, KCM, IBT, IBB (4112)
KMX: Total number of axial nodes (planes)
KCM: Number of axial regions
IBT/IBB: Boundary condition in the axial direction (Top / Bottom)
0 Vacuum
1 Reflective

Card 5: IOP1, IOP2, IOP2D (3112)
IOP1: Calculation option for the high order flux moments (Normally 3

through 5)

0 Calculation stopped when maximum iteration error of
node average (Oth order) flux becomes less than
CONCR2.

>0 Calculation performed every IOP1 times of outer

iteration after maximum iteration error of node average
(0th order) flux becomes less than CONCR2.
IOP2: Calculation option for the high order transverse leakage moments
(Normally 0)
0 Once before all inner iterations
1 Once after all inner iterations
IOP2D: Calculation method for the high order axial leakage moments in
the radial sweep (Normally 0)
0 Scalar flux interpolation method
1 Quadratic leakage approximation (QLA)

Card 6: IOP3, IOP4, IOP5, I0P6, IOP7 (5112)
IOP3: Application of the acceleration methods (Normally 0)

>0 YES (Rebalance applied in inner iterations every IOP3
times)
0 NO

IOP4: Parameters for the convergence judgment in outer iteration
(Normally -1)

-1 Fission source (Node average)
0 Flux (Node average)
1 Fission source (Node average and node boundaries)
2 Flux (Node average) in the specified regions by Card 12
I0P5: Calculation mode
0 Real
1 Adjoint
2 Adjoint with fixed eigenvalue
IOP6: Option for the work files of the angular flux
0 Not used
1 Used (1 unit per every energy group)
2 Used (1 unit per every other outer iteration)
IOP7: Option for the work file of the response matrices
0 Not used
1 Used

See "HOW TO USE NSHEX"

Card 7: CONCR, CONCR2, CONCRI, CONCRE, FACT (4E12.5, F12.5)
CONCR: Convergence criterion on flux in outer iteration (Normally
1.0E-4)
CONCR2: Calculation condition on the high order flux moments
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(Normally 2 X CONCR, See the description on IOP1)
CONCRI: Convergence criterion on flux in inner iteration

(Normally same as CONCR)
CONCRE: Convergence criterion on eigenvalue (Normally 1.0E-5)
FACT: Normalization factor

>0 By neutron production

<0 - - - By fission source

Card 8: ITINMX, ITOUTMX, TIMOUT, EIGEN, ACUT, ITOUTFD (2112, 3F12.5, E12.5)

ITINMX: Maximum number of inner iteration

ITOUTMX: Maximum number of outer iteration

TIMOUT: CPU time limit [minute]

EIGEN: Initial Eigenvalue (Normally 1.0)

ACUT: Axial leakage calculation condition in radial sweep

(Normally 0.0,

only if IOP2D=0)

CONIFD: Convergence criterion on the initial finite difference calculation
(Normally 2.0E-2)

Card 9: (IHK(KC), KC=1, KCM) (2513)
IHK(KC): Number of axial nodes (planes) in axial region KC
(From bottom to top)

Card 10: (ZC(KC), KC=1, KCM+1) (6E12.5)
ZC(KC): Coordinates of the radial region boundaries [cm]
(From bottom to top) (Axial region KC exists in the extent of
ZC(KC) through ZC(KC+1))

Card 11: HP (E12.5)
HP: Radial node across flat length [cm]

Card 12: (IMJ(MP), MP=1, MAPMX) (2513) (Required only when I0P4=2)
IMJ(MP): Convergence judgment flag of region MP
0 Considered
1 Ignored

Card 13: MAP(N, KC) (Free Format)
MAP(N, KC): Region (material) numbers (Region map)
Specify them for every axial plane and repeat KCM times from
bottom to top. See Fig. A.2.1-1 through 5. When JOINT is used,
this card should be specified within 80 columns.

<When JOINT is not used>
Card 14: XABS(NG, NR), XFIS(NG, NR), XSGF(NG, NR), XTRA(NG, NR),
(XSCT(NG, NN, NR), NN=1, NGMX) (6E12.5)
XABS(NG, NR): Absorption cross sections of energy group NG in region
NR
XFIS(NG, NR): Production cross sections of energy group NG in region NR
XSGF(NG, NR): Fission cross sections of energy group NG in region NR
XTRA(NG, NR): Total cross sections of energy group NG in region NR
XSCT(NG, NN, NR): Scattering cross sections from energy group NG to
NN in region NR
(Repeat NGMX times, and repeat MAPMX times)

<When JOINT is used>
Card 14-1: XS@ (A4)
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XS@: Control character (Just specify "XS@ ")
Card 14-2: MEMBERI1, SLAROM (A6, 4X, A6)
MEMBERI1: Member name of the PDS file
SLAROM: Code name for the cross sections (Specity "SLAROM")
(Repeat Card14-2 MAPMX times)

REMARK: Within-group scattering cross sections are redefined by following equation:
Zs,g—>g - Zt,g _Za,g N Zzs,g%g'

g'#g

<When JOINT is not used>
Card 15: (CHI(NG), NG=1, NGMX) (6E12.5)
CHI(NG): Fission spectrum (Releasing fraction to energy group NG.
Normalized so as to set sum of them equal to 1.0.)

<When JOINT is used>
Card 15° MEMBER2, SLAROM (A6, 4X, A6)
MEMBER2: Member name of the PDS file including the one
representative fission spectrum
SLAROM: Code name for the cross sections (Specify "SLAROM")
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Fig. A.2-1 Configuration of the 1/3 rotational core

Fig. A.2-2 Node addressing of the NSHEX 1/3 core version (NLAY=8)

1 2 3 4 5 6 7 8

9 10 11 12 13 14 15 16

17 18 19 20 21 22 23 24
25 26 27 28 29 30 31 32
33 34 35 36 37 38 39 40
41 42 43 44 45 46 47 48
49 50 51 52 53 54 b5 56
o7

Fig. A.2-3 Relationship between the node addressing and the map input format of the

NSHEX 1/3 core version (NLAY=8)
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Fig. A.2-4 Node addressing of the NSHEX whole core version (NLAY=4)

0 0 0 32 33 34 35
0 031 16 17 18 36
030 15 6 7 19 37
29 14 o 1 2 8 20
28 13 4 3 921 O
27 12 11 10 22 0 O
20 20 24 23 0 0 O

Fig. A.2-5 Relationship between the node addressing and the map input format of the
NSHEX whole core version (NLAY=4)
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18k 3 MINIHEX O AT HIELOATI~==2T )V

MINIHEX O 347 5 £

1. B

MINIHEX (%, BFS-2 B ERREE 2 H W TIThh £ B EZRAET 2 428 L TER S e
Hex-Z (K2 HABRZE Sy SNkt a2 — R Th 5,

BFS-2 fif fL I BRALE (X HIFR 5. 1cm D IENAMEF THERK S 1L TH 0 | A FRZE 5o P GG 4 8
LT, BAHMODZEMA v v 2afBENFAIERRAIRETH L EEZADNLHTD, Ha— ROk
RIZE ST,

IO WNFTRER IR RIL, BIFMEROALTHY | HREFMTETEESMEL D,

2. FATHIE

2-1. MINIHEX =— FO A1 7 7 A V&5
# 1 :URZ—FT77AL (READ)
# 2:UVRAZ—F 7741 (WRITE)
# 6 FHREOKEER (WRITE)
#7 c SEHECER TR (WRITE)
# 8: 47>k (READ)
¥ 9:7vbNSv b (WRITE)
B30 RS (PHEFIR. BEAME) o (WRITE)

2-2. Variable Dimension ®HL Y 1>
MINIHEX Ti%. 3 EHEEEEN OB S0 5 2l4]T — # 1% Variable Dimension(PL T, VD)
WEV Db TS, VDDKE XTI AL —F > (main000.f) O/8F7 A —% LT,

PARAMETER (LIMIT=t##H##H#, LIMIT2=#HHH)

IZED, FBEIN TS, LIMIT A2EEES O KR E X%, LIMIT2 A2BEHESIOKRE <%
ETNENRL TS, £LT, a—RE2ETTLHL XA MVOERZRIZKHER VD ORE IBER
IRSNAHN, ZN 6O REZ I LIMIT £721% LIMIT2 % kB2 & ET708F W &b, & O,
V= AHD EFEONRT A= LR EERE L CHRELETLERH DL, 2EL, bV K&k
Brabzxbl, HRBOTRERAET) — 2B 2BTW03H 20T, EENLE,
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MINIHEX Afj~==7 /)L
(Ver.2.1)

IR D B STV D

<JOINT #5545 D Card 0 [T >
Card 0-1: NSHEX (A5)
NSHEX: #iF (¢DF EF"NSHEX"> A 7))
Card 0-2: INCORE,SLAROM (A6, 4X, A6)
INCORE: {CZH92riE7fE PDS 7 7 1 /b X 23— 2 H5E
(PDS = 71 /> FORMAT #5/&)
SLAROM: Krigitg Eik =— F% (€D F F"'SLAROM"*> A 7))
Card 0-3: ITOT (15)
ITOT: Xt o472 3
1, 2 - - Yt=2Xtransport
- Yit=Xtotal
. Z t=1/3Dav
- Xt=1/3D/
. Et =1/3D /)
- - Xt=2/3(D/+D1)
- Xt=1/2D /+D1)
- Yt=1/(D /) +2D1)
XJOINT/E'W—%@/K)?/J‘NSHEX EHGF LD T, T— NF1F NSHEX TRV,
EBBGELWEAEIXa— FETRAUC LV BFBERINLD,

Zs,g—>g = Zt,g _Za,g o Zzs,g%g'

mc'»uida&)xk?

g'#g
Card 1: ISTART (I112)
ISTART: HEA TS g
0« + « = URE—K (77 A)#1 NHE)
1. - « - FiHGEE

Card 2: NLAY, NGMX, MAPMX NSN (4112)
NLAY: jﬂﬂx v a2 UFLEE)
NGMX: :nxwﬂ’r i
MAPMX: filk (=7 U 7))
NSN: Sn & (2~16 OfE%K)

Card 3: IDUMP, IBR, NODR (3112)
IDUMP: # 3 —
IBR: # 3 —
NODR: # 3 —

Card 4: KMX, KCM, IBT, IBB (4112)
KMX: $Ehjim A wyalk
KCM: i 7 mfeEilk (LA > =) &
IBT/IBB: # 2 —/4% 3 —

Card 5: IOP1, IOP2, NODRL (3112)
IOP1: FiHhHEFHRNA L R oA DN Ga% 1)
<0+ - ¢ cAHEEITDOIR,
=0- -« cALRoSTWEFETREE2IZEY FT 5,

=1 - - -ALoiHPHEFREZErIZE Y L TELRMET
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REBEIET D,
>l - cALRoERHEFRETFREEaICE Y N LU TEYH T
WEFFHEL, iz, AL o TV iR
FHEERET D,
I0P2: °:*—
NODRL: I —

Card 6: IOP3, I0P4, I0OP5, I0PS, Integer*G (4112, 613)
10P3: SMUIEC G 12351 2 s (FPPET- koM fis) o3/ o 45 4

0. « - ﬁb

1- - HY
mR4%@§@®WK# WCHW OB E DR E

0 .o $ﬁ%%

- By R e TR

2 %mﬁﬁﬁé%%(&muzfﬁﬁ%%%)
I0P5: %Jr;%%— FofEE

0----$@%%%%

1+« - - FEEHMETREHAE

2+ - - - BEEPHETTHRERE (EAMHEEE)
I0P6: # X —

NSTA_OUTACC: 4k & Bl ka9~ 2 SMA R AR [R5

MXODR_OUTACC: #MEixiSE— A > bk

INOFF_OUTACC: @mikE— A > M ~OHMFEH OIF LA 7 2 a &
BREOHTEIO NI EI# Y INOFF_OUTACC UL F D6, £ ORt

~OHFEEH 2 1F LT D,

IOP_RECAL_FISSEIGEN: /M itk o eI &k OE ARG RA 7 v a v
0« « « «72L
1 « « o %@

IOP_CHEB1:+ + « - 1IZEE

IOP_CHEB2: + + + - 1T

Card 7: CONCR, CONCR2, CONCRI, CONCRE, FACT (4E12.5, F12.5)

CONCR: AMAI AR Ve SRIMOR SR (@R 1.0E-4)

CONCR2: # I —

CONCRI: WHIBCAE %+ AR St (i CONCR & [A] U)

CONCRE: [HA1E (EZhHEE) PO (@H 1.0E-5)

FACT: Bitg{biE%k
>0+« v Xfo DZERM « =FLF—EFHMEIC LY L
<0+« « Xfo DZEM « =FAF—HFHEIC L KL

Card 8: ITINMX, ITOUTMX, TIMOUT, EIGEN (2112, 2F12.5)
ITINMX: e KX PRI S A [T
ITOUTMX: f RAMA SR [R145
TIMOUT: &SR [57]
EIGEN: [HAfE (EZh#fEE) o1HE (@% 1.0)

Card 9: THK(KC), KC=1, KCM) (2513)
THK(KC): i J5 [\ 58I KC D71 A~ o =24 (FEo o EE~DIIE)

Card 10: (ZC(KC), KC=1, KCM+1) (6E12.5)
ZC(KC) il 7 A R B R O JFEAE [em]  (FEBAN S _EER~DIIE)
(#h 5 fEdk KC 1 ZC(KQ) = Z=ZCKCH)ITIFIET H Z 21272 5)

Card 11: HP (E12.5)
P: &M A v v 2 [HkE [eml]
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Card 12 IMJ(MP), MP=1, MAPMX) (2513)  (IOP4=2 OG5 DI A7)
IMJ(MP): fEl MP O dHIE 7 7 7
0« « « - HEXE:
1+ = o < HEIERSR

Card 13: MAP(N, KC) (Free Format)
MAP(N, KO): fHlk (w7 V7N, vv ) &E,
i 7 A fE3% (PLANE) 812 FE o B~ lEICE 2. £ E KCM
[l Y K4, Fig. A.3-1, 2 &M, MAPMX £V & kK& \\WMiEx 5 2 7=
LAaci, FotEklT Black absorber & iRk &5, JOINT %
WD EIT 80 FILINTANTHXLENRD S,

<JOINT % 72 WG4 >
Card 14: XABS(NG, NR), XFIS(NG, NR), XSGF(NG, NR), XTRA(NG, NR),

(XSCT(NG, NN, NR), NN=1, NGMX) (6E12.5)
XABS(NG, NR): &k NR, = 3/L¥—#f NG OW UK EFE X a
XFIS(NG, NR): fHElk NR, = 3/L¥—FE NG OERWiHfE v Zf
XSGF(NG, NR): ik NR, = F/LX—#E NG Oy R WrEf X f
XTRANG, NR): ik NR, =% /L —H# NG O2WrmfE 2t
XSCT(NG, NN, NR): fElk NR, = x/L¥—H# NG—>NN O # LW o fE

¥ s(ng—nn)
(Z#Z NGMX [E## 0 K L, 2 MAPMX [El#t 0 K5,)

<JOINT % AW\ 2546 >
Card 14-1: XS@ (A4)
XS@: HHIXFE (FDFF"XS@ "> A7)
Card 14-2: MEMBER1, SLAROM (A6, 4X, A6)
MEMBER]I: Wfiif& PDS 7 7 4 /LD X 2N —%;
SLAROM: KriarfgiEnk =— N4 (€D F F"SLAROM"*> A 7))
(Cardi14-2 & MAPMX [F]#2 0 255, )

MHBEILWRAE I — FN TR LIV EERERSN D,
Zs,g—>g = Zt,g _Za,g o Zzs,g%g'

g'#g

<JOINT % 72 WG4 >
Card 15: (CHI(NG), NG=1, NGMX) (6E12.5)
CHING): #4522 ~_7 hv (L F—FE NG ~DEASENT X 5 fET- ik
HEIS, 23— FHNTHEN 1.01Ch5 Lo IcHikiban s,

<JOINT = W5 56 >
Card 15: MEMBER2, SLAROM (A6, 4X, A6)
MEMBER2: G152/ SRR N2 g G et PDS 7 7 1 /LD
A N—F (B RR N2 f )T 1 DB H5E FTRE)
SLAROM: Bzt Fik = — F4 (€D E E"SLAROM": A7)
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0 0 0 32 33 34 35
0 031 16 17 18 36
030 15 6 7 19 37
29 14 o 1 2 8 20
28 13 4 3 921 O
27 12 11 10 22 0 O
20 20 24 23 0 0 O

Fig. A.3-2 MINIHEX D A v v 2@ &~ v 7T AT L DR
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fHék 4 MINISTRI O EATHIELOPA I~ =T )V

MINISTRI & %47 F5 1

1. HE

MINISTRI /X, NSHEX = — ROM#liserI&E 2 B L LT, — o EZE = IE i 2 8E L
THERR STz Tri-Z KRR AR ZE) Snilgikitfia— K CTh %,

B FNATRER A RIZ, EFMEZROARTH Y | BERSMITE TEZESEL R D,

2. Tk
2-1. MINISTRI = — FO AN 7 7 A V&=

# 1:VRAZ—FrT774L (READ)
¥ 2:UR¥—F 7741 (WRITE)
6 FtROREBERR (WRITE)
#7 : FEEBCEE R TR (WRITE)
# 8: 47 vk (READ)
# 9: 77U RSv b (WRITE)
B3 1 HRTL (PYETFIR, BEAE) o) (WRITE)

2-2. Variable Dimension ®H Y
MINISTRI T, HEBEEEEHOE S5 2/LF]T — # 1% Variable Dimension(LL T, VD)
WEVEO b TS, VDOREXZEIAALIV—F L DI/INT A—HLT,

PARAMETER (LIMIT=t#HHHH:, LIMIT2=tHH)

2LV, fRESNTW5D, LIMIT BSEEHES O K E X%, LIMIT2 B2 ES O K& &%
ETNEFNRLTWD, ELT, 2—REFETTLHLHA MOBERZIZHER VD ORKE INE
IRENDN, TN 6O KE &H LIMIT £721% LIMIT2 % E[A % & Efr0nFlr S b, O,
V—AHD EFONT A= U EERE L TRELETLERS D, 2L, bEVRER
Brab5250L, HEBOTFRRRAT) 2258 RNH50T, HEENNLE,
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MINISTRI AJj~==7 )
(Ver.1.1)

IR D B STV D

<JOINT #5545 D Card 0 [T >
Card 0-1: NSHEX (A5)
NSHEX: #iF (¢DF EF"NSHEX"> A 7))
Card 0-2: INCORE,SLAROM (A6, 4X, A6)
INCORE: {CZH92riE7fE PDS 7 7 1 /b X 23— 2 H5E
(PDS = 71 /> FORMAT #5/&)
SLAROM: Krigitg Eik =— F% (€D F F"'SLAROM"*> A 7))
Card 0-3: ITOT (15)
ITOT: Xt o472 3
1, 2 - - Yt=2Xtransport
- Yit=Xtotal
. Z t=1/3Dav
- Xt=1/3D/
. Et =1/3D /)
- - Xt=2/3(D/+D1)
- Xt=1/2D /+D1)
- Yt=1/(D /) +2D1)
XJOINT/E'W—%@/K)?/J‘NSHEX EHGF LD T, T— NF1F NSHEX TRV,
EBBGELWEAEIXa— FETRAUC LV BFBERINLD,

Zs,g—>g = Zt,g _Za,g o Zzs,g%g'

mc'»uida&)xk?

g'#g
Card 1: ISTART (I112)
ISTART: HEA TS g
0« + « = URE—K (77 A)#1 NHE)
1. - « - FiHGEE

Card 2: NLAY, NGMX, MAPMX NSN (4112)
NLAY: jﬂﬂx v a2 UFLEE)
NGMX: :nxwﬂ’r i
MAPMX: filk (=7 U 7))
NSN: Sn & (2~16 OfE%K)

Card 3: IDUMP, IBR, NTMX (3112)
IDUMP: # 3 —
IBR: # 3 —
NTMX: E£5EKRNEFTIA v 28 (6. 24, 54, 96 DWT D)

Card 4: KMX, KCM, IBT, IBB (4112)
KMX: $Ehjim A wyalk
KCM: i 7 mfeEik (LA > =) &
IBT/IBB: # 2 —/4% 3 —

Card 5: IOP1, IOP2, NODRL (3112)
I0P1: Wi PE R ETEAHPE TR A L o> T GE O (BF 2)
SRR [ P T o VA AN

=0+ - - - BE Ao I TR B U AT A TR P e e

'y N9 5,
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=1 -« cRAEROLFHPHETFRS L WVIFEATEFRZ Y 2
Ty b L TEYREF IR Z BRIRT D,
=2+ -+ cRBLEROLHTHETF RS D WVIFEAFTEFRZ Y 2

Ty PLTEYRHFREBHREL, HiZ, ALk TH
IR0 T A - IR & AL & 7 o e H - 3 HE T SORHE oD

TES PR EEHHET S,
=5+ . - -Step Tl z#EHT 5 (A //:qui@qj‘fﬁi%%%?“/ DB
I0P2: NI AE I AL o fH oA 4 (B 0)
0O« ¢« - 733[_/
1----&@(¢ﬁ%ﬁ%ﬁ%)
2 - cHD HA YT 22U RT U RER)

NODRL: # X —

Card 6: IOP3, IOP4, IOP5, I0PS, Integer*G (4112, 613)
I0P3: Nﬂlwﬁ B EEoOEAOFE (GEAF 1)

O+ « - 73: L/

1 - B (FHETERIMEE) KIOP2 & 2 LIAMZERE

2. cHH (A //:)/\7/7\(£) XIOP2 % 1 LIS TR E
I0P4: Nﬁl}i@@l&%# AW B EDOFRE

-1- %/\ﬁﬁi’ﬂ&“/\ﬁ” o R

0- < PR

1 - B AR IR

2 ?amEﬂZEP P73 (Card 12 CHEEKZHEE)
I0P5: & E— rm

0 . EF%%%%%

1 o RERE AT SR

2 - FEREF ARG R (B R E)
I0OP6: # I —

NSTA_OUTACC: 44 % BHAA7 2 4MAl A8 [B14K
MXODR_OUTACC: #MdixfSt— A > FkEK
INOFF_OUTACC: @RE— A > h~O/MFEEADE AT > 3 v
A FEEORTE O NI AE E %)Y INOFF_OUTACC LA FOHa. O

~OHMFE T 2 F LT D,

IOP_RECAL_FISSEIGEN: ANtk o eI &k OEAE B EA 7 v a v
O« « « «72L
1 o « o ﬁ)@

IOP_CHEB1:+ + - - 1T

IOP_CHEB2: + + + - 1T

Card 7: CONCR, CONCR2, CONCRI, CONCRE, FACT (4E12.5, F12.5)

CONCR: M AE H P SRR (BT 1.0E-4)

CONCR2: # 3 —

CONCRI: WIRAE 7 AR R S (% CONCR &R L)

CONCRE: [EfAE (Fhtlfs#) [URSEM (B 1.0E-5)

FACT: HHALEEK
>0 ¢+ v Xfp DZERM - =X —GFHEIC LY HKL
<0+ + + Xfp DZEM « =RF—EFMEIC L HEL

Card 8: ITINMX, ITOUTMX, TIMOUT, EIGEN (2112, 2F12.5)
ITINMX: iz kNI CTE A 5%
ITOUTMX: f5e K AMAI S8 [ %
TIMOUT: FHHIFREER [57]
EIGEN: FE A (FEzh#afs=R) #IHE GE% 1.0)

Card 9: THK(KC), KC=1, KCM) (2513)
THK(KC): #i 5 [\ sEI KC D710 A v o =24 (FEo S EE~DIE)
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Card 10: (ZC(KC), KC=1, KCM+1) (6E12.5)
ZCKC): #h 5 m fEI s A O JEAE [em] (FHEB S EER~DIIE)
(fhJ7 fE KC 1X ZC(KC) = Z=ZCEKCHDIZFEIET H Z &2/ %)

Card 11: HP (E12.5)
HP: &hFmA v v ol (EAEEYIE Yy F)  [em]

Card 12 IMJ(MP), MP=1, MAPMX) (2513) (IOP4=2 O5H DI A7)
IMJ(MP): fEl MP O dHIE 7 7 7
0« « « - HEXE:
1 = o < HEIERSR

Card 13: MAP(N, KC) (Free Format)
MAP(N, KC): i (=7 V7N, wv7) &H,
i 7 7 fE I (PLANE) 812 T o EE~DlEIC G 2, £ a2 KCM
[m#E 0 K9, Fig. A.4-1, 2, MAPMX LV b KEWEE 5 272
WA IZiX. FOfEMT Black absorber &5k S5, JOINT %
WAHEIZ 80 FILINTANTHLEND D,

<JOINT % H W7 Wia >
Card 14: XABS(NG, NR), XFIS(NG, NR), XSGF(NG, NR), XTRA(NG, NR),

(XSCT(NG, NN, NR), NN=1, NGMX) (6E12.5)
XABS(NG, NR): #E# NR, = /X —FE NG OWRIHEE Y a
XFIS(NG, NR): #El NR, = /L X —# NG QLKW v 2 f
XSGF(NG, NR): i NR, = %/LX¥—Ft NG OE4r W > f
XTRANG, NR): ik NR, = /L X —# NG O2WrmfE 2t
XSCT(NG, NN, NR): fH#k NR, = 3/L¥—# NG—NN O BELWr i

¥ s(ng—nn)
(Z#aZ NGMX [Flf# 0 K L, #IZ MAPMX [Fl#: 0 iK7,)

<JOINT % AW\ 5546 >
Card 14-1: XS@ (A4)
XS@: HHIXFE (FDFF"XS@ "> A7)
Card 14-2: MEMBER1, SLAROM (A6, 4X, A6)
MEMBER]I: Wfiif& PDS 7 7 4 /LD X 2N —%;
SLAROM: KriarfgiEnk =— N4 (€D F F"SLAROM"*> A 7))
(Cardi14-2 & MAPMX [F]#: 0 255, )

MHBEILWERAEI I — FN TR LIV HERERSN D,
Zs,g—>g = Zt,g _Za,g o Zzs,g%g'

g'#g

<JOINT % 72 WG4 >
Card 15: (CHI(NG), NG=1, NGMX) (6E12.5)
CHING): #4532 A~_7 hv (L F—FE NG ~DEASENT X 5 ek
HEIS, 22— RN THEN 1.0ICh 5 Lo IcHkiban s,

<JOINT % V554>
Card 15: MEMBERZ2, SLAROM (A6, 4X, A6)
MEMBER2: F1HIZH ST XX f bz g ivkrigifg PDS =7 7 4 /L
KN (FERFR AN P LT 1 FEFE D A FEE A BE)
SLAROM: Wrigifag (k= — K4 (€D F F'SLAROM"*> A 7))
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0 0 0 32 33 34 35
0 031 16 17 18 36
030 15 6 7 19 37
29 14 o 1 2 8 20
28 13 4 3 921 O
27 12 11 10 22 0 O
20 20 24 23 0 0 O

Fig. A4-2 MINISTRI DA v ¥ a@FE G L~y 7 NI L OXIE
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£k 5 NSHEX IZH T 28770 b FIED3E

EREERD ) — RIETRICEA SN T AR b 2 IS HEATE (45% 7 — K&
B0 3 OB M b S 4% — RO b g 2 kA THRTHIE) 13, NAEEKRR
B/ — RETEEFm b 2 — RERE 7 — Rl (x=0) THRERIZ2 D 72O AR
BRThs, 0Dz, NSHEX TIHMAF ML NOERICLHREY | MM LN OFHEICHE
72— RERPMETFERO S Z /) — FIEROFHEFREZHANTERT L L LTS,

4. Fig. A5 10/ — REERGHE TRy, O x HIAKEEICOWTEZ S, v, ()& 2%

ZHATRERET S &, KAPFELNLD,

WLH (x,) = Z l//u+,igi ('x')
i=0 . (A.5-1)

DIT = RECRHMETHRE— A by, 1, Fig AS-1ITRT 4% — FEROT
TRy, LD ) — FEATHEF Ry, Ky, Z IO TRATEILTE 5,

l//qu,O = l7u+
Ver =2, —wy)

Virp = 12(’///1 TV _2§7u+)‘ (A.5-2)
E7o, BBEES g (x) Ik o@EY EEIND,
go(x):1
1
gl(x): x_z
(A.5-3)
g(x)=x*—tx4 -
’ 27 24

J— FEERFMEFRIZEE D ) — RIEAT V2R LELN AN, /— NERBMEF RO
HIZIX, oL OEPRMNETH DL, BxbNL0F, /— REMRELO /) — RER TR
R/ — REHHET RN, R REZRE L CAET S22 L Thd, LLF, Sl
WG L LTz L & PIER O ERO L 2R U, il 2B IR0 W FikaEH+ 5 2 b
LT 5,

(1) FEA

MR ET D — FERED KPR PEF RN 2D 1IRANTET ZENARTHD &
EL, /— FEROFLO ) — REFREEHTEF RO OHEEST D HIETH D, £ RO 2
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woL 1 RAEEZD,

l/7(x,y)=¢/700+1/710x+(/701y.
(A.5-4)

J— REAHRMET Ry, 20 LT3 L. 20RO — NERTHRETRE. . 7., . &

Oy, FRADEHANTKRDO LY IZRED,

v

17u+ 1 1/4 \/5/4 WOO

v =1 12 0 |7,

v, 1 3/4 \/5/4 Vo (A.5°5)
KA6B)EME ., /— FTEA A OB (x=1/2,y =1/243) 2 ’RAT 5 & |/ — FTEATHET
Sy BB, ) — KT Ty, oW T b REEC, Z ORI 0/ — BRI b

FRY,,. V.. KOy, 1250 TRA6DEHNTERL L, HonkRiXzM T/ —F

TS B OB (x =0,y =13 ) RAT 5 &,/ — FIEATHE Ty, 505, KR, Fik
AEFIBAD ) — REAHH T RIZRA TR SN S,

T AT i
v, = Ve TV TV,
3
— l//u+ + l//x— + l//v+ : (A5_6)

Vs 3

(2) 7B

WEETDH ) — REFAITO BT RN 2R ITD 2R TETZENARETH D &
BEL, /— REREDO ) — REFREL P RE ) — RO HEET 5 HIET
D, FT.RD2WIL 2R EEZD,

V(5. 3)= oo + VX + WogX + Wy + W y” + 7,30 (A.57)
J— REERE TRy, () Z/5 L LimSia, HEEICW D 7 — REERSES e 7ot e LT

By Wyos Woss Wy s Wy RO, CIRET S 2 L BB ThH D EELLND, LLAN

5. RNASDPEHLNR LI, REBEIZ6ELALD T, HEEIZHWD/RT XA —%1% 6 {HLL
EMETH D, T, 5 D — REFFEEHFHEFERNSIET TIIHEEN R+ TH Y,
J— REHHF AR WS LERSH S, /— NIRRT ROEME L TiE, %0/ — R
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BeR & dete ) — ROFH R TP, ROT, & 550/ — KER ORI RT3/ — k

OV RS Ry, ROy, BT 605, FiEB TiE, /— NPT Ry, Ly, 2105
T B,

&T, RKALDEHND &, /= FERFEHTEF Ry, v, ¥, V.. W, . KO

= R TR, . 7, EU T Ol 0 R Sh b,

V. /4 112 B/4 736 3/18 7
7 ~1/4 112 3/4 736 -B/18 l/7°°
78 12 14 0 136 o |-

Y20

0 - (A.5-8)
v, 34 712 B /4 7/36  7+/3/36 :’;‘”
— 02
V.

Vs

0 572 5/72 0
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v, ={115071y,, +73184(y ..+, )+43615(,, +i7. )
1157637, — 4337517, — 27468(i7,, + 7, )}/266121

v, ={115071,, +73184(7,, +i. )+43615(p .. +i7, )
1157637, — 4337577, —27468(i7,, +7, )}/266121

(A.5-13)

(5) FIEOBE

T ITIE, RHERE LFERHOBLENG, RERBETMONOMRNFiELERET D,
BIFMHbNOWYFNFIEE LT, 2575 —RAL LT/ — ROEDHHEADFHENEN
T—EE L7124 (Constant), 1 IRFENXER & L72GA. 2 kSEXER & LI2GE %26
R E Lz, 1 RSHEXEBHOEEIL, RN RICBE L T 1 RERERE L2 FiE A
A L7, 2 IRSHENE O%A 1L, /TR e 7 3RICEE L T 2 SOR L& 0E L 7= Fik B,
C. D O 1 WLl &2E L= FiE A b Lz, BEEARiE, KNKILFEL, THA T )
A, SPX 7LD 4 iR ARRE & L7-, NSHEX 0 #E 4k1% Table 5.1-7 (2734580 T
HDHN, ) — RN RERKEIL 4 & Lc, 21T GMVP I XV oo/ e L,

FrithG 5L 2 Table A.5-1~A.5-3 IZ/R7,

F£ 97, Table A.5-1 12”77 KNK-ITJFLOFERIZHONWT, BhFmbhz—E & LB EITiE,
SRR L 0.1% L0 EOBMRFHG 2 A S 4, HIEER ARG oM E L2 DESVRKRE
SARLNDZ ENSND, ZHUCxiL, B bILE 1 REIL 2 ROZLHENERRIC L Y Y
Wo B AT, KIBREEOROND Z NN D, TOHFTH 2RSZEXBHOFIEA L
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HREREZRLTWD, HERHICEAL TiX, FHEBETH LB nNbNE —EIC LIS H &k
b, BHARIIIC1IRSZEXNEMAA R LENZ ERX 005,

RIZ, Table A.5-2 IZRT TH AL | JFLOFERIZONWT, BHMbILE —E L LG,
KNK-II /7013 £ Tl 22028, "MCR in"% 7213"BCR in"® &7 — A T 0.1%IZ £ T & 558 KAl
BRHND, BEFMbNEZEAEB TRV H-7HEICE, —EE LELEICx LEGEER A
HNDHR, FEMTIZEALELDRA LN, kB, HERMOBLAIOIX 1 REZHEAER
TREAZBEALEGENRBEL TN D,

B#%IZ, Table A.5-3 27”73 SPX JFLOFMERICEL T, BHFMbig —E L LeHaIE.
RNK-ILFO0TH A U w 1D O 6 & R Bl 23 6 A S 4 Tv 5 "MCR half-in"<°"MCR
in"o 7 —ATHERMICK L TRERBRIFMA AL TS, BHM bz SHEAERTHRY
o 25 AT, FFIZ"MCR in"D 7 — A 2B /N O FE AW S 1 RESEXIER O T
BA L 2RZEARMOTE CHENTEY ., FEKEOBLAEL DL 1 REEXEFRO TN
HRTH D,

U EoREHER LD HERBEOB AL LIL, 1 RZEAXER (FIEA) & 2 kRZEAEHN
DFECHREBENTNDR, FHERHOBALZEICAND & F#E2EFm O %
WREE LTI RSEAEANRE SIS,

1 HEAEBIC R U CHEAEE R C 2k S HEAEBICH AN RN o 728l & LT,

- 118 -



JAEA-Data/Code 2011-018

2 WEHEXEBICBIT AT A= L THWE ) — REHREATIL, F0 7 — RN
JRFLFHIZ DT> TWAH DT, J— REREORFT 7 FtE R oM a2 HEE T 5720 0K Em
IO NN ERE TN 5,
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Fig. A.5-1 Node parameters for calculating the node vertex fluxes
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Table A.5-1 Comparison in eigenvalue among treatments of the radial leakage for the

JAEA-Data/Code 2011-018

KNK-II core
Radial leakage ) ) Average time
All rods out Rods half-in Rods in i
treatment [Method] [min]
Constant +0.123 +0.149 +0.216 7
First’" [A] +0.047 +0.037 +0.022 8
[A] +0.044 -0.016 -0.125 9
X [B] +0.046 +0.015 -0.038 9
Second
[C] +0.050 +0.029 -0.003 9
[D] +0.047 -0.006 -0.097 9
1.09527 0.98349 0.87966
GMVP (Ref.) . . . 287
+0.0247 +0.026° +0.026

*1: Polynomial expansion order of the radial leakage

*2: Relative difference to the reference [%]
*3: Statitical uncertainty (10) [%]

Table A.5-2 Comparison in eigenvalue among treatments of the radial leakage for the

Monju core

Radial leakage MCR _ _ Average
All rods out ] MCR in BCRin ] i
treatment [Method] half-in time [min]
Constant +0.03572 +0.0352 +0.099% +0.0992 314
First'’ [A] +0.016 -0.004 +0.031 +0.028 389
[A] +0.017 -0.016 +0.004 +0.001 429
X [B] +0.016 -0.009 +0.020 +0.017 438
Second’
[C] +0.019 -0.003 +0.032 +0.027 414
[D] +0.017 -0.010 +0.016 +0.012 428
1.03861 0.98551 0.93493 0.95665
GMVP (Ref.) . X X . 307
+0.010° | +0.0107° +0.010° | +0.0107°

*1: Polynomial expansion order of the radial leakage
*2: Relative difference to the reference [%]
*3: Statitical uncertainty (10) [%]
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Table A.5-3 Comparison in eigenvalue among treatments

JAEA-Data/Code 2011-018

of the radial leakage for the

SPX core
Radial leakage MCR . _ Average
All rods out ] MCR in BCRin ) i
treatment [Method] half-in time [min]
Constant +0.0142 | +0.0767% | +0.0772 | +0.03172 676
First’" [A] -0.005 +0.011 -0.050 -0.001 820
[A] -0.007 -0.008 -0.099 -0.006 899
. [B] -0.006 +0.005 -0.069 -0.003 875
Second’’
[C] -0.004 +0.014 -0.047 +0.001 928
[D] -0.005 +0.004 -0.071 -0.002 882
1.02256 0.97474 0.93021 1.01278
GMVP (Ref.) ) . ) ) 269
+0.0052 | +0.006° +0.006° | +0.005°

*1: Polynomial expansion order of the radial leakage

*2: Relative difference to the reference [%]
*3: Statitical uncertainty (10) [%]
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ek 6 MESRE Y hOEH

TR TOAE SRy M2 Lz, B LZAE SR E Y % Table A6-1 (2R
T ZZTRTAESEEY I, TWOTRAN =— ROF 74 /L hTHXZ LN TNDHD

("Reference") 24, T — A MREFESRMFIZEVEONS H D ("Even moment condition"
% 721X"Even condition") 23, L X)LEE— A Y MRAEFMHFICEVELNL DS LD ("Level
moment condition"¥ 7= |%"Level condition") 2 ThH 5, KHFDA 7 v 7 A ("Index") DJE
FlI, X MR E e EAESREA W ETRRA->TEY, Fig. A6-1IZRTHEY ThD, £
MHAn5 X 912, "Reference"® 4y st~ hid"Level moment condition" & FEH IZEAEL L T
HZENTIND,

B, 3 RITEAZEERRICB T D47 22 MIT 8 TH D, 3 RILANMAIERTIIA I ¥

YT 12 LD, o T TG L THE S RE v M ERNARRIICERT 508N H
DM EDOEWITH 2 — FRTITOILD,
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w U w
6 1
5 2 2
1 4 3 4 3
(S2) 3 3 5 5 3
2 2 4 5 4 2
1 1 1 2 3 3 2 1
1 1 (S12)
(S4)
7 1
1 6 2 2
2 2 5 3 5 3
1 2 1 4 4 6 6 4
(Se) 3 3 6 7 6 3
2 2 5 6 6 5 2
1 1 1.2 3 4 3 2 1
2 2 (S14)
2 3 2
1 2 2 1 8 1
(Ss) 7 2 2
6 3 5 3
1 5 4 6 6 4
2 2 4 4 7 8 7 4
3 4 3 3 3 6 8 8 6 3
2 4 4 2 2 2 5 6 7 6 5 2
1.2 3 2 1 1 1 2 3 4 4 3 2
(S10) (S16)

Fig. A.6-1 Definition of indices for the angular quadrature sets
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Table A.6-1 Comparison of angular quadrature sets for the discrete ordinates method

Angular Reference Even moment condition Level moment condition
Index
quadrature set M w v w v} w

S, 1 0.57735027 | 1.00000000 | 0.57735027 | 1.00000000 | 0.57735027 | 1.00000000

1 0.30163878 | 0.33333333 | 0.35002117 | 0.33333333 | 0.29879685 | 0.33333333
2 0.90444905 - 0.86889030 - 0.90633376 -

Ss

N

0.23009194 | 0.16944656 | 0.26663540 | 0.17612613 | 0.22702927 | 0.17005970
0.68813432 | 0.16388677 | 0.68150773 | 0.15720720 | 0.68864276 | 0.16327363
0.94557676 - 0.92618094 - 0.94705619 -

Se

w N

N

0.19232747 | 0.11678847 | 0.21821789 | 0.12098765 | 0.19033876 | 0.11716461
0.57735027 | 0.09325523 | 0.57735027 | 0.09074074 | 0.57735027 | 0.09317489
0.79352178 | 0.09010320 | 0.78679579 | 0.09259259 | 0.79400115 | 0.08945683
0.96229948 - 0.95118973 - 0.96308998 -

Ss

A~ 0N

N

0.16962228 | 0.08984204 | 0.18932133 | 0.08930315 | 0.16712436 | 0.08941160
0.50714192 | 0.06728871 | 0.50888176 | 0.07252915 | 0.50693455 | 0.06731572
0.69686020 | 0.05578007 | 0.69431889 | 0.04504377 | 0.69716191 | 0.05575763
0.84500612 | 0.05313381 | 0.83975996 | 0.05392811 | 0.84562806 | 0.05353267
0.97080202 - 0.96349098 - 0.97166810 -

a A~ W N

N

0.15395746 | 0.07332178 | 0.16721265 | 0.07076259 | 0.15074906 | 0.07228677
0.45769112 | 0.05266740 | 0.45954763 | 0.05588110 | 0.45726372 | 0.05279200
0.62869660 | 0.04161495 | 0.62801910 | 0.03733767 | 0.62885208 | 0.04139769
0.76225828 | 0.03895667 | 0.76002101 | 0.05028190 | 0.76277112 | 0.03974576
0.87568027 | 0.03249018 | 0.87227054 | 0.02585129 | 0.87646141 | 0.03292142
0.97600932 - 0.97163772 - 0.97701046 -

o a b~ W N

N

0.14238965 | 0.06217163 | 0.15198586 | 0.05799704 | 0.13840299 | 0.06065293
0.42048076 | 0.04332570 | 0.42215698 | 0.04890080 | 0.41981467 | 0.04354652
0.57735027 | 0.03321761 | 0.57735027 | 0.02354750 | 0.57735027 | 0.03283231
0.69990185 | 0.03183706 | 0.69889209 | 0.03790526 | 0.70030158 | 0.03155849
0.80398498 | 0.03048632 | 0.80222626 | 0.03659115 | 0.80468086 | 0.03152217
0.89605866 | 0.02454512 | 0.89369110 | 0.02734734 | 0.89699512 | 0.02509682
0.97951538 | 0.01998445 | 0.97662715 | 0.00374577 | 0.98065755 | 0.01994529

(%2
=
N o a A~ W DN

N

0.13344572 | 0.05415425 | 0.13895688 | 0.04898724 | 0.12866550 | 0.05222585
0.39119433 | 0.03679653 | 0.39228926 | 0.04132960 | 0.39027815 | 0.03713534
0.53689687 | 0.02777273 | 0.53709656 | 0.02123263 | 0.53673015 | 0.02721805
0.65075610 | 0.02580284 | 0.65042645 | 0.02562065 | 0.65103109 | 0.02544962
0.74746822 | 0.02494275 | 0.74675057 | 0.03604859 | 0.74806665 | 0.02613194
0.83302700 | 0.01962325 | 0.83199656 | 0.01445893 | 0.83388604 | 0.02023875
0.91058181 | 0.01879762 | 0.90928550 | 0.03449579 | 0.91166230 | 0.01950839

© N o a b~ W N

0.98203079 | 0.01544801 | 0.98050088 | 0.00851811 | 0.98330584 | 0.01538363
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