creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

Establishment of Integrated Multigroup
Cross Section Data Generation System

for Whole Core Transport Calculation

20129 8 €



2 Mg et

SECHUL MATIONAL |INNVERSITY



OF SRR B AWAA T

8 4

2012 @

b

Tor

8 €

2012 d

(D)

94 %

(<)

T

39197

(D)

A 7]




2 Mg et

SECHUL MATIONAL |INNVERSITY



=
=

st

S

=
=

=

f_r_L

=
=

A ol neel

H

3
on

AALA) A

3}k
H

AX & nTRACER® 14

&
]_

°
pal

PN
T

]

A
=

)
a1

F7] 9

S
pas

_]

/}E /\L}

JJ 76 o S = U R o o T e H
= T MR QX W T mﬂ%%ﬂm
CO-T TR EPE TN = omo o L MW
= ol = Ho oo DTn = MM il SRS ol
,NFL T o—H . ﬂﬂ_ X = = SIS ) = A = Bo in
= m_l ,Ul % 4r ﬂor o 2 = m_gl:._ O#E — T
GEERERR R a o g RS
BT E P Nw L R
T _ ® e RTINS %@ﬁ%ﬂ
n ,wﬁ - R " T Nfo %WL Mo M N o Eoﬂ_l.
o 74 = W E s T g g
I ORI RS T A -
Ton o B S ZEame e P
PR 3O Ko B WOz 2N
Lo TR T A M S = oF o BN A
‘Dl‘%,ABJIE‘_]‘U'};oMﬂ&Lo M dﬁi
g THEE 2% o e W at
R I R BT
C M I ﬁﬁ%m;%ﬁwomﬂ@:LﬂcM%
TEST Rz T PPEMIE
w0 h A olo 3 mmL < i ojny ﬁm N m O a) o
g T T LT ey el ™ ™50
o B P gmNgme MELIW
ﬂﬁ%%%%w},o_aao_aﬂk @ HE R S o
do X W = o B 2 07 ™ sy
do AR RT BB T X e e
R OSBRI S gl
12 oy N I O - oo Mo X T mR R LT X
™R H LB T A g BT
J) R B o > T M T e Moo N T o T
X oG TR © ol oK AN oo L N oo T
~ X0 T H Z R ERBHFFENET T NN FET

=

Far
HE

S

}o] ENDF-—

9

Q
McCARD

o

T

R

AAZE ol

37 3t

st

715

)

=
A=

A5

OPR1000

ol T
3

Zholne)g o

B/VII



= e

)

A4 227} 150 pem

#H, McCARD 7]

}

o]
pal

il

o] A$ 1 MeV o]
OPR1000 A3

T

—_
file)

el

AL
alel mlaw

A2

nTRACER
CASMO

el
oH

ojiy
00

=

#o] 7}

PN
T

Fem o)
A7t 71E

=

°©

Hj 7]
&N

b
7=
A

=
=

a3 Aj=o]

R H

1000 pcm® 2=

&

i <k 30 ppm©]

9|

ok

=

9

T

RN

HLoﬂ

=

shef 71

S

7]

=
T

k= H.]ﬂ

e,
He

°©

=

=7}
efo]

=

A

B
fie)

0
o
ol
~

o

Y g%

&

2ol H]

:2010—-23344

9.0}
Zo] el 2]
g W



% B ettt eee ettt teeeeeeteaeeeeteraareetanarreean—aattanr—attrr———etara——aaarrann I
I 0 S 1
A LA AT B e, 2
A 2 A AT B e, 3
A 3 T O] A e, 4
A2 Zu|A AYRTE AEAAY FE TN e, 5
A1A g T5 FEH 71T AEAAN BE o, 6
A2Ad ZHZEH 719 LA B e 16
A 374 DBRC W E 7)4F 235U AFSFAFE 18] o 21
IR ) e I RSN 26
A LA B T e 26
A 22 THE Bl B A e 28
A3 B G E A e 34
A4 O BRE FFAAAA e 36
AL B AT e 37
A28 B QAR A e 39
A 34 NUA = HESTAZ ABAF e 42
A48 HF AT golB ] A 44
ASZE AN AR BT oo e e e e e e e e e aaaaans 45
A1A Zu ATt S AN ZE AR BIF o 46
A28 FQ AZY AT AL e 56
A3A ot AT AHAA H7F o 63
Al 44280 AAeE Ad 1t SZ2H G F e, 81
A5 G T B T FIF e 86
A6AE ot AT AL A B7F e 90
DB B oo eee e et ei e ea e et e ee e e e s etesetestaeaaeateraresarens 95

iii



b b b

WMo M K M M

ke

BB R R RE BRI R BRI

=5

55

4—1. A7 ZFolB ] Y FA 36
4 =2. 75 A 2] ME AFO] Bl e 41
5-1. 22 A 8 A Al 99 % 57
5-2. F2 % golugg AL 93 V| A7 A 24
................................................................................................. 58
5—=3. BAXE o] WE AT BT e 59
5—4. ¥FL g FHE A Fa SHiAT 2 s @A}
190+ E}Olﬁfﬂal A}% ............................................................ 66
5-5. =& W& FHE TA fFa SuAlST 9 9hEE A
190+ E}Oll_ﬂﬂa A e, 67
5—6. F=Lo wE HA | f&2 SuAT 9 RESE At
A7 BFO ] r] ] A e 68
5-7. %o ME FAHX LA Fa suAs 2 JESE @f
ATT TFOTE BB AR e 69
5-8. 54 99 U F E bgd A zole ok v @A}
BT ettt 77
5-=9.0PR 1000 J&A &4 & A5, 1907 he]Heig]
A e 79
5—10. OPR 1000 H&A &4 5 SulAS, 47+ ko] v el g
A e s 80
5—11. wAx &9 =& A5 H7F MCCARD ...ovvvvee 83
5-12. A&A &9 =& A5 H7F MCCARD ..o 83
5-13. 2ME 949 EZ¢ AF F7H EXUS oo, 83
5—14. JgA @9 &2 AT B7HEXUS e 83
5—15.0PR 1000 7] xAlo)|A &xo] & vk$-w H3ls . .85
5—16. YA} AAE 2= OPR 1000 H&A] &4 A ............ 87
5—17. A Z 2 428 w4 Al A3 89
5—18.B&W AA TA AAF A3, 89
iv
F



T8 2-1. DEE BT T3 e, 11
T8 2-2. U AZ B T BT e 18
% 2-3.2809 9 FE A ) (6.67EV) oo, 24
O3 4 -1, 39 QAR AN I S E T e, 40
I 4-2. AT REEEHA A SE S 44
I8 5-1. 48 99 7+ AHEY RMET21 2@ EXUS.CP A3
H] ettt ettt ettt ettt ettt 48
I8 5-2. &A 99 74 A"HEZ RMET21 ¥ EXUS.CP 2
Th ] Bttt ettt 49
I8 5-3. 98 99 74 A9 EY EXUS.MC ¥ EXUS.CP A3
B e 50
% 5—4. v ool 714 A XUS.MC % EXUS.CP 4
Th ] Dottt 51
18 5-5.2%0 &4 ©H 3 MCCARDS} RMET21 A% v]1w...52
19 5-6.%%U &4 wH A, MCCARDSF EXUS.CP A% v]a .53
a8 5-7.2%U &4 ©wH 2] McCCARDSF EXUS.MC ZA ¥ v]1...53
19 5-8. =<k A9 EZ” McCARD 2 RMET21 23 vl .54
% 5-9. &k A9 EY McCARD % ul EXUS.CP A% H]i...55
1% 5-10. *FF AHEY MCcCARD ‘;‘ EXUS.MC A3} vl 1w
2% 5—=11.OPR 1000 ZAE T2 it 57
O™ 5-12.2%0 ARG gdF, BAE o] wE Ay vl
a9 5-13.28U0 &4 ddF BAE FAbo) i A3} vl 60
Y 514770 a8 d iy, S xE 23 ... 62
738 5-15.280 4w d S} w2 g3 ol 62
a9 5-16. 39 99 4 U 34 9wz HELIOS LIB. ........... 71
a9 5-17. 39 9o 4 ¥%U &4 ©d4, RPL — MCCARD.....71
a9 5-18. 39 99 4 U &4 9wz RPL - RMET21.....72
a9 5-19. 39 99 4 U &4 9wz RPL - EXUS.CP.....72
a9 5-20. ¥ 99 W 20U &4 @A, RPL - EXUS.MC....73
a9 5-21. 39 99 Y ¥*U F4 @i F RPL - S7MAE A

% 5-22. 9 g o AF H S 2 @}, .RPL - EXUS.CP
76
9 5-23. HkSehE A @ zfof] 93 wkS-% @ 2} RPL — EXUS.CP

18 5-25. A8F Al pelo] e 238U &4 whA A vl w, EXUS
................................................................................................. 85
Y
2]



¥
A=
A
A=
A=
¥
A=
I

5—26.0PR 1000 %7] Ao &5 u}
5-27. 7% B Wl & F£49 &5

5-28. 7% B a3 F7t A% 28 =4 A 88
5-29. 9% 337] CO A A b A Sl 91
g

|
Ay} 28U 9%, .92
2

E
ES
5-30. ¥ 357] CO H&A A%
E 7}, *PU U E92

5—31. 9% 357] CO AFA

5-32. =X 537 1F7] &4 A A 94
5-33.93% 337] 1F7] = A2 AT el 94

vi



A A= 9

=2

-

=
A A

T

A 1A A

oW R T = = o . .l
5 T BT W o WO Mw T s &m TIRRRE W Bl gy e up o
e FEEECTE L FEENERRTES Mado® TIE
Sl L TEL A TR N ° S m =3
o X T N ,Ul H; 0 3 ,WL T o} <R 1_.0 o E#E &O =y UT mK JH —
W Wmmwu%‘ﬂﬂuqcﬂov X =W ﬁ,MQWﬂ”ﬂ AR g
RO B LK o - S R
o T
TEr T edmgR REfTOL PEZTTGA EXE
N ° — T N = N ~ m = © o | T
N mEokm, BT LT o e ™M T
%@ar%_d%ﬂe%meﬂMﬂMﬂ.omﬂﬂr ol SR
o ) & —_ 0 MRS Xomr o ® ~n "o~ Mo © @ WM m
T do oy 0 £ J;OULH_/O = KT <B T N it LICJI
LOIJ.L.rvg.L I or%]Aﬂ}@oﬁH — %o H ool = o WA;@.L
o X o T ool T I o No B X & o ) T oy K e R
oF 3 = =) ,._M_u Jﬂm = NS % B B -0 &o o) o7 X X gn Pl MVJ__ iR 4_00| DTn. T
— T N T . =~ !
RN R T - A
o AR B@%W%@ﬂﬂ%%a%mojiﬂr s T g ™
%Haawr%oﬁLM;%wo%ﬁLowﬁ}leql%wﬁW_o_.%mM;lm%@_ pu
TR S OR I I i
> _ am X < g B X T e X 23 oA e X T
R S - S - S Rl R
RUNS) | oy o o rm X - e [ L — =l ol
ﬂﬁﬁoiorqzﬁwwﬂ,ﬂﬂrﬁLmﬁﬂﬁ ﬂwﬁ7ioﬂlﬂm_/ui£_|_6ﬁﬁﬁ001|0tl
T o o}J ) — bS J j—
ﬁoﬂmm&ﬂﬂu Ei.ﬂﬂ%mﬁ%%mﬂﬂﬂﬁﬂ %ﬂiﬁﬁ%d%ﬂ
1 mEMMEWEE%]%%ﬂz%w«#ﬁ%%lﬁﬂJ%Pu%
TR e T g KB R _pw® TR " ey T2 PR
R Mo e o L e Eow  Fe T T W
o) I ~ _ e _ = e ol = oj ; T
%mr%Wo:ﬂwEWWﬁﬁxm%ﬂuﬂ%ﬂW%ﬂu%%Mﬁ.@Q@%é@
! O s ) V2]
T I S s - I MG BT WY T
N N A SN S A i BN T A T
LI s N ulial RO Wo B o i B m JJ oo m o =N "
0 <X X = T W B No T Fo Fo x Mo S m T E Zo r- oo



o

ofiy

Al 374 oA

71 9]

14 T = DeCARTOIA A143

e} =)
= =43

[e;

3

o

R

=
=

AALA A

Eix

<]

4
of AAAAL FHAA AN HY3} AU T

9 A wgow g

THAAE ARG AN MBTFE THE

Faiek2], [3].

55

o

A
~

oy

<

a1l
on

-
>

-

]

| =

W A A ABEIE SR} LulE A Folx|A| ¢

Mo

5|
T

T

o webd B QR AN Aol A

3k o

A =7t

wh=

o

—_
fife)

=0

i
ol

@

o]

o
=

R I s B e

=

-

FE+=

5 o]g3stsitt. RMET21

FE=[5]

RMETZ1

3

2 4

it

oo wal B AFoAMLE 71E Tl A E dANS

A AAZ S

o

b1 9]

S

ﬂl
ol

il

;&

sl

<]

IR<keind

wAE @

#3371

Eiaeg

A %

A

3

=
[N

AL A oA

DRE

Els

o

B
o

4o

wr
o

K

X

o

=0

i
ol

NI

J_,AIO

4o
-
o
mﬂ



% 7% X7 (Outflow transport correction)¥ol 2850 .
gy H HELIOS #helmege] vido] ZAAHEA §9] F%
H A (Inflow transport correction)™°o] EYEHAoH, F% HA
el we A FF wEaHAe] & Zelrh Al

GEATHT]. ole] we Mol HF BANME 4YH FHE
ol7h frurEle] F g % SR Aolk #¥ pem HF W
FEggel AR wE B ATgdE ouAT
WA AR AFAN FHAY £ wA WHOER FE
BASE P TASe] HEdoR £ YL £IY
Q=S s}

BEL

g B¢ AMAAS eeA TEes] g B
S 98 Bad nE ARS YUY &

2 A SleAE,
sdo] mgEojop g ey}

%
2L
ktl
E =
oX,
for
2,
o

N
-

AA, AMBEIF EH W AFA Sl
PRARANNE A ge mF gkt
57 Axe MEOF F95 &

AHEA ot meEbd ¥
HESFES MEIFE 7153
andor NExNE AAs7] 35
Take Aol daiA R =2ty

i)

ko

ol

)

)

=T

B e A

Y

o X p»

fu
ok
o

A2



At wEkA By

B
iz

o,

k)
pal

171 =

I<]

TH

[}

=

i
A38 =2 74

o

o

ik

o},
11 Doppler

WHe olg

U A ol | A el A

a7y

=

f

9

i A]
o

=

HZ 2

Broadening Rejection Correction[12]

I
fu

<

700

B

—_
fife)

e
fite)

ofiy

Fol T2

°©

Q.

°]3

=

=

A

A B
Aol A

3H
Sl

&

3z
=

ARt %

a
&g

oF

d

Utk Al 5ol = v
E

al

s

J_,NO

o

=

Fasojof &

<
T

A

A

3]
H
2t

Fa

<]

14 OPR 1000
A A

ia=

ha

O

7] =

9

nTRACER

1

0]
gl

HAe M =2

o



A 2% ZHA AUATE FEALL ZE AL

nTRACER FEM= T 98 &

.
33 Ae PHos AEIF PEE Agsa gon o=

s &
A3l T2 ¥ HAFY AMEIF TtexE AAT et 3
MBEIOE 7FeAe 2vAl ouAT #AEALSE T35t de
AL W FARKZoR U FHAs Fa vkeuwdEds
HAse HAoz Aol FHEd, AAT g Al 47l
Argeta gtk

T FTrads Ags vF7] A8 z2uAl dyAT
e AAre] HEEA] F Qsh ) 19874 Leszezynskiol o8] 7Rdkd
RMET21 ZE[5]7F 2 AHg-¥th. RMET2]1 IEE ot F=
g ol Z|gte] 2uA YA FEAAE s ZZolth
dutz oz 80W AUAF FRE AL FIHHE ZuAT
AEAAE At oFo] WEEE aTsit) oo RMET21 ZE+
g s dekstr] St ZuAlT AFERSE LFoFsho]
A 7gskal :

al

#HIEARNS B F vk ©io] v

ole] 7|EFES] FTAE sdst] Fee zwAd ASHAAN
AdNE A, 9F FEo] EHA e Al A
T35k flste] B ATelM = xulAl oUATL AEAN 3
EXUS (Effective XS generator employing Ultrafine group
Slowing down solution) 7B #3& &k}

o] Feix= EXUS FZ=9 7idz #
FEs st AlddMs ot F
o sl Asta, A2ddME= P4 A

A=) Shof A |l
=" EeEZERY 7k gEAA mEd diE  Adrgsith
i e At ys aeshy)

A3A M= H BAARRD 2PU AFe] A
A8l S At sz A8 o] diel drgstes dhh

¥

.-"\.\.I

2-T]

-
o

11



ol

o
1Hi
Ao
ol

T
O

qr

Nx!

0

Nio
o

J—,AIO

ol

i

g o oA

3-1
(3-3)
(3—4)

tof o B

o

e EREEE

ach

°
pal

34,
o)

(F,E' > E)¢(F,ENdE’ (3—2)

=

=

n2

A E)y (F)+ |

©

Q' E)dQY

~

l—;

Iéco(
(3-1) % (3-2)9 <yxA

1
Ax

Q-Vo, (F,Q)+Z, (e, (F,Q) = Q, (F)

A

Q-Vo(r,Q,E)+2(r,E)p(r,Q,E)=Q(r,E)

Q(F,E) =
714 ¢(F.E)

Al
a

oy
)

o)
e,

=
=

0.1 MeV Xt} FTE3] 2 94X

ia=

°
R
L
L

olv]

o

=

A= S84

o U A|

ol 4]

%3l

]

<R
)

21 o]

-
jis3

o

A
pA

.‘I

14,
R=N

P
o

PN
=2 T

sk

o o] A

[e)

=

t}

L —

T

2 (3-2) % (3-4)

i

°
ha

o



Q(r,u) =IUU7AES(F,U')P(U'—> u)g(r,u’)du’
(3-5)

Y Zs (F’ U')¢(F, U/) e—(u—u')dur

T e
Q1) = %, (NP4, (1)
gj (3-6)
=373,,(4, (1)

o] 7] A
u : 2%A (lethargy) u=In(g,/E), E, =10 MeV
ouA]EA WAl A FE AT

a=[(A-1)/(A+1)] : Hd)

=]

A=Inl/a) : 3 FT= A 4= F A JAdl =244

PU —u)du : A oAlUA7E u' oA Ak % [u, u+du] 7}
3 g5

P, 1 9 TolA At & g For FHold &

2l (3=6)c AE vpg} o], & WA FAA Aol
A9 el ATEe FAA Felwt dFE W A9, kS AR

NAATFFE FAH o R e AAS

TLR =X
of A uAT g 9 TP FE F AUALL g2 Ao)F
Wl 2xx F S8 P e ol EAHCHS], (9]
P 1 ungAu,Jaug,+Auf (u, u)du'du
=— —
99 AUf Ug Ug: P
(3=7)
- 1 Iugmf J‘ug'wuf exp(—(u —u"))du'du
(1-0!)Auf Ug '

7



f o A& o] g3te], A AL (self—scattering) & W &}k
At 5SS AY & 4 Y g=9 9 AHAS F FT=E F9
A7 At oA atell Holdle Atsrs ApA|Absrolgk $hr
A A G5 oa )

P 1 J~ug+AufJ-ue ( ( /))d d
- - xp(—(u —u"))du’du
9 (].—OC)AUf Ug Ug P
1 (3—8)
= AU, +exp(-Au,)-1
(1_a)Auf{  +exp(-Au, ) -1}

= 5 oo duATE
T e AUATLS FFst] olyA T gel
%7 AdYUAFLE g'=g-n o1 FES 3

P =P = 1 ug+AufJ-ug,n+Auf ex ( (u' u))du’du
g~ Tn (1—0()Auf Ug Ug—n p
(3-9)

= m{l— exp(—Au; )}2 exp(-(n—1)Au,)

A7 B FAAT nAel YA RS Bl H&T @)

2AAY SEg v,
Al A G=9Del n Al n

n—171¢] oyvAis SHdste] H454d G5

o3} g},
P, = m{l— exp(-Au, )} exp(-((n—1)-1)Au,)

:m{l—eXp(—Auf )}2 exp(—(n —1)Au, )exp(Au, ) (3—10)

=P, exp(Au,)

4 (3-10) 02N E thed 2 A4S 9 F 9k

8

¥

.-"\.\.I -



I:>n = Pn—l eXp(—AUf ) (3_ 1 1)

ek 2 (3-6) oA Fol® Ard HAYe e o] nh

X2AS Uk

N

Qg(r)zz n“'s,g- n(r)¢g n(r)

n=.

= sg 1¢g 1+stg 2¢gz . (3_12)

P g vy By veny TP g g

o714 N
Hol AJJAL FE vlstd, ot 2ol 9

N:Int|: A } (3-13)

2 (3-12)°lA AAAbEe] o dAS ALdEd=H, o=
WA (A B=3)9 #Hdel U= T AEol AT

FAE
oltt.

R=)

4 (3-120% Asd e goh AW W wudw
FAA &0 Bakel U@ 2L

Qg = Plzs,g—1¢g4 +{P ES 9- 2¢g 2 T Pszs,g—3¢g 3t
+ PRz + Pz

s,g—N¢g N N+1"s,g-N-1 g—N—l} PN+lzsg N-17g-N-1

(3—14)

A G-1DeA Qe HAAL olgdd, A (3-14)F
Belehd ohew 2o Ale Mg ud FA4E 9 5 ok

Qy =PRI, 18,1 +QyeXp(—AU;) — B, o\ 16y 1 €XP(-AU) (3—15)

FaAk sk EAZE B AN o)de] SFE

b

s}

=

rlr

o
A5 A

#;rﬁ'! _CIJI_ 1_-_li ;



7}

[e)
=

t}

L=
T

Bk

S

_?4

=
=

o]

A

3]

2l

)

-

%

Q. eXp(—AU )+ D {RE, by — PuZ o by €XP(—AU,)} (3—16)

A

Q
e

2 g A A

ol
er

,.m-o

o
Ho

AR, A s

WAL

&

et

=
nk

-

oL #] ]

q o

< oA el

atm, =4

S

=z
=

=
RS

[}

Stamm’ ler® A A [8]¢l

[8] el g ¥ o]

[e)
Fu

T

RN

ol A4

)

<

A #delA 1/E

o]

=

=

.
sk o A

[¢

-

°
pul

Il

H
Rl

| A=l 3k

¢
AA Z=F A

ARA]

23!

To

o

ol

10

s,

S

TAE 7H4

I



albedo «

= Jext

¢|:Yi(a)jext+zxik(a)Qk (3—17)

A

a @ SHIE BA Z2H, a=3,1,

2 @B-179 ¥l Qe F e 44 wAF glol x7]el
AHE 945 (a=0) & AF (a>0)° 93] F7E &=
ALY fFor @l 5 Sk ofE s a7t 094 wWe 7
TAALEE G Zol Fosta, ¥ ukabe] o3 FAALGE
T2 w o] g-ght}.

{Yi (ka) = f(Y), Y, k=Yi (ok) 1)
Xi (@) =9(X;), Xi =X (0)

11

¥

.-"\.\.I .y



BiE
il

oW

o
ﬁo

o}

P

ol
il
T
I
e

—_
fiTe)

ojm

IR

HEAbE|o] ThA)

73 Al el A

=]
AR=

=
o

0

Nfo

X

hs

N
on

B
fite)
B

25!

(3—-19)
(3—20)

3} g,

o

=

o}

T

-

1-(1-T)a

& T,

ZriYiVi

L
Xjolth. FAA% X

7 2ok 49 1 oA &
7t&2 7]

Y+ (L-T)a¥, + (1-T)a) % 42

o

Clasy
A0
D I

=
T

Yi(a)

do] A1

A

gl o F47}
WA of

S
R

_]

)

(3-21)

712

k

LY/

]

1!

1

—

[mt
o

7A

,mﬂ
e

=

)

Junil i B
_J__E

39 kel RITE V,
oy, A F94 F 35 Qo] A

pie

°

A7 =4

Mo
oy

o

A
o

o|J
o

12



FK:TBVY (T =ZVYe) (3—22)

gee] Eae x 9 FAA F ax 9 FAAE WA oh
folEnh @9 #9 olm=
ax, o FAARA A FAAEL V(o) g0 Fom A 5

.

i
of\
o,
B
u
=2
1o
e
ofy
o,
)
tpx
Mo
=<

S

kA ko gl whel A dxel &3t i d9ge A

b

X{ (a)E oteel o] mAEHT
Y
K)o wk _yk i _
X{ (@)= X{ +axyY;(a)=X; +axk1—(1—F)a (3—24)

4 B-1DE B FHAEE T gaAE bt gl
A X9 Y, & Falok Wk T o@ke I 8 FEE
FHH AL ATeA

DIWAVARS ZPJ,£C¢ +Q—] (3-25)
o714
Pji = PV,
5,0 ©9) SRRl g | e BRI i ddelM A&
WgE ohE
c; - AHAAtEE ¥l (self—scattering ratio), Zg/X;
Xf & o] S BN FYASE X)L @9l A

5y % TSI,



(3—25) el A

Al
a

o n

_Pnzc
XV -Pc

_Pmcz
n

z“2Vz - Pzzcz
-P,c

1 P11C1
_PlzC1
_Plncl

(3—26)
TV

HA%EE V2, Q

2
el

0

¢+

oy
TH

il
oj

<
o

O

™

002

L —
T

Nfo

o= #4

g,

o] iLejEofof

el
H
No

o

S FAA T o
A7k VAN A 5

o

(3—28)

A
o

%

==
5

=
=.

o

=)
=

ANA pE i GAY FHAL FE Yol AVE fE

(3—-29)
I

Py e o 2ol

S

1__]-;]_.
<

T

ES

=
14

=

o ¥
(3-28)°]

o

=

|
A

(3-29)<

b= RSt 9

Al
A



pariy
fite)

ol# g o] rebrbry

B
fie)
B
B

<
%o

n

ZPijCij *7i

(3-3D)

AL

=1

\/
A
™
|
™
N—
1
Il
e —
Yl Y2 DI Yn
1
o
o o [aly
= o |
o Ao
| | Vn
N

CZ
5 o
o~ | ™
| V2 |
22
<
o g N
| Dll . Pl
=" | I
g

o714

OiZV; + 2(Sij +Si 44— (Siju+Sia j))

Si =]

Pi

))dy

i) — Kis (7

'(Kis

R
0

X

2cos" ge cosfd

T

0

|

Ki, (%)

o|J

e et

[e)
R

(6]

A

ol

(3-27) ¢k (3-32)9

Xl
A

o

;01_
%O

o
i

0

Nfo

3

oo

= °l

2 (3-17)

(3-16) 2 AAE o] st

|
&

a4

g9 Ae

e

@A

15



A Ase SAH A¥s T RAbee ZHZEEWE
o2 el vsl ZHEE AA ARgskale Rlad & s
wAste] 7lE o R AMSET|E Stk oYt o] fE 7 A4l
wHZEYMS 482 ¢ o, TEFE nlel @2 At
AlZkol @ AR, B4 AT SO A flo] Agd dyE IS
T A= Aol Slvh ZEZEYE AREE AS HlTH AbR
HIEH Atd 59 Add 35 EdS 48 Jtestte F7HE
ojfs ztevh ZEZEY VI AEAN Eed tad 2o
Al 2sk3l e

A1 27 A=A =24 24

EHZAZYHS L3t TS5 AAS s Yeias, ARAd
ol dAREY %7l 2AS AAFFolor o 27 U

d7gstr] slal opei e &2 Al 7 S A gsksih

o Y I W 49 AUA I AL EaA s I
el BH 0w #AehA wxa

o Y o A9l oA FAoIN TGS oA
R

71 1A= A= A wA ZPEel wel A 49 Wl
Ao wdsHA ZEIH. F oA P2 wiAE TR
Z7] AuAE Az oy Ae] RS FEAES 2 @S]
A A QL A Aol AT e zheth S AT ECA

Q. = S

¥

.-"\.\.I .y



(3—33)
(3—34)

tgom e,

°©

1_]—4_.

-

e
o 7H

=

sin@=+/1—cos? 84

AL
sin@-cosa
sin@-sina
cosd

Fo] oA

Qx
Qy
Qz

°©

1-2¢,

} if rn?+rn,?<1

1

2.0 MeV o]
7_]

cosé
)
7_I
1-2¢,

T—

-

o]
1714
rn, =1-2&
rn,

7] A
o
g :

217te)

o)
iy

Ho

Br
go

o
Ho

0

29 v A

L
]

SHAl ARS-E 3lom,

S

3l A

S

171 4
o)

ks
pEs

°©

oA}
ol

-

0]
gl

=

[s)

xo
4 = of of

¢

_‘1

1o

s7] 9

A

S

g 1z A

BAL7F

ahg
Heg 2%

3} 7).

s
el

H

o

=

)

B
o}

=
=
fu

:EEEE

oA A]

=
3

o]

o

o

b
ay

T
o B

17



A3 A& As 29

Zh7ke] Qlaps ofd] 1@ @ FAZ wabg,

Determine position,
direction, group

v

Determine Distance

To Collision (DTC)

v

Determine Distance
To Surface (DTS)

@ Yes

Determine Direction

Move to Position .
after collision

* No
. Yes
Move to Surface Determme. I§otope
to collision

Determine
Destination group (G)
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Cross Section (barn)

U-235 Nu-fission XS
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5—4.

FEE

of M TAX A F&E FHiAT

]
B g

T 23k 190T FolB ] AL

FEE (Wt%) 1.5 2 2.5 3 3.5 4 4.5
McCARD 1.13919 1.22074 1.27612 1.31615 1.34638 1.37020 1.38951
Std [pem] 4 4 4 4 4 4 4
HELIOS lib 1.14020 1.22183 1.27715 1.31712 1.34738 1.37112 1.39028
22t [pem] 78 73 63 56 55 49 40
RPL lib - McCARD 1.14097 1.22285 1.27841 1.31861 1.34906 1.37298 1.39228
%2 [pem] 137 141 140 142 148 148 143
RPL lib - RMET21 1.14074 1.2227 1.27835 1.31863 1.34916 1.37315 1.39253
22k [peml] 119 131 137 143 153 157 156
RPL lib - EXUS.CP 1.14049 1.22236 1.27791 1.31811 1.34857 1.37248 1.39179
22t [pem] 100 109 110 113 121 121 118
RPL lib - EXUS.MC | 1.14165 1.22358 1.27917 1.31938 1.34985 1.37376 1.39306
%2 [pem] 189 190 187 186 191 189 183
RPL lib - Equiv.Rad” | 1.14150 1.22342 1.27900 1.31920 1.34966 1.37356 1.39285
22k [peml] 178 179 176 176 181 179 173
* 1 57F RS A&ste] EXUS &9 T=58EY B (EXUS.CP)& ol &3 39 A 44t
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T g BAE A & AT

4 g% 23}, 1907 ol AR

=5 (K) 296 500 700 900 1100 1400 2000
McCARD 1.34854 1.33373 1.32325 1.31615 1.31012 1.30133 1.28628
Std [pcml] 4 4 4 4 4 4 4
HELIOS lib 1.34628 1.33389 1.32449 1.31712 1.31057 1.30146 1.28598
22t [pem] —124 9 71 56 26 8 —18
RPL lib - McCARD 1.35073 1.3362 1.32601 1.3186 1.31199 1.30252 1.2864
22k [pem] 120 139 157 141 109 70 7
RPL lib - RMETZ21 1.35148 1.33687 1.32639 1.31862 1.31169 1.30204 1.28562
22t [peml] 161 176 179 142 91 42 —40
RPL lib - EXUS.CP 1.35087 1.33631 1.32587 1.31811 1.31119 1.30154 1.28512
22t [pem] 128 145 149 113 62 12 =70
RPL lib - EXUS.MC 1.35200 1.33744 1.32702 1.31938 1.31257 1.30294 1.28654
22k [pem] 190 208 215 186 142 95 16
RPL lib - Equiv.Rad 1.35183 1.33732 1.32692 1.31920 1.31231 1.30270 1.28635
22} [peml] 180 201 209 176 127 81 4
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X

5-6. &

o mE TAE A FE FHlAT

(]
% kg

E 23} 47T ol B AR

FEE (Wt%) 1.5 2 2.5 3 3.5 4 4.5
McCARD 1.13919 1.22074 1.27612 1.31615 1.34638 1.37020 1.38951

Std [pem] 4 4 4 4 4 4 4
HELIOS lib 1.13938 1.22101 1.27631 1.31627 1.34651 1.37023 1.38938

2k [pcm] 15 18 12 7 7 2 -7
RPL lib - McCARD 1.13934 1.22151 1.27732 1.31771 1.34831 1.37233 1.39171

93} [pem] 12 52 74 90 106 113 114
RPL lib - RMET?21 1.13922 1.22152 1.27746 1.31801 1.34879 1.37299 1.39255

22 [pcm] 2 52 82 107 133 148 157
RPL lib — EXUS.CP 1.13870 1.22083 1.27660 1.31697 1.34756 1.37157 1.39093

22 [pcm] —-38 6 29 47 65 73 73
RPL lib - EXUS.MC 1.14058 1.22282 1.27864 1.31904 1.34963 1.37364 1.39299

22} [pcm] 107 139 154 166 179 183 180
RPL lib — Equiv.Rad 1.14010 1.22229 1.27810 1.31847 1.34906 1.37305 1.39240

92k [pem] 70 104 121 134 148 151 149
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E 5-7. 25 WE FAE £A4 SHAT 2 3% QL 477 grolHeE ALE-
£ (K) 296 500 700 900 1100 1400 2000
McCARD 1.34854 | 1.33373 1.32325 1.31615 1.31012 | 1.30133 1.28628
Std [pem] 4 4 4 4 4 4 4
HELIOS lib 1.34608 1.33343 1.32356 1.31627 1.30978 1.30092 1.28584
%3 [pem] ~136 ~17 18 7 ~20 ~24 ~27
RPL lib - McCARD | 1.35005 1.33532 | 1.32496 1.31771 1.31125 1.30204 1.28636
<3 [pem] 83 89 98 90 66 42 5
RPL lib - RMET21 | 1.35108 1.33629 1.32575 1.31801 1.31112 | 1.30165 1.28553
%3 [pem] 139 144 143 107 58 19 ~45
RPL lib - EXUS.CP 1.35005 1.33526 1.32471 1.31697 1.31009 1.30064 1.28456
<3} [pem] 83 86 83 47 -2 —41 ~104
RPL lib - EXUSMC | 1.35185 1.33707 1.32663 1.31903 1.31228 1.30293 1.28701
<3 [pem] 182 187 193 166 126 94 44
RPL 1ib - Equiv.Rad | 1.35139 1.33665 1.32616 1.31847 1.31163 1.30225 1.28627
%3 [pem] 156 164 166 134 88 54 -1
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U-238 Absorption XS
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Cross Section (barn)

Cross Section (barn)

U-238 Absorption XS
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Cross Section (barn)

Cross Section (barn)

U-238 Absorption XS
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5—9. OPR 1000 H&A &A)

& FulAls, 190 olrelg] ALE-

A3tAl B A B Bl B2 C C1
McCARD 1.13925 1.33010 1.18808 1.17812 1.36696 1.16809
Std [pem] 11 14 14 14 13 14
HELIOS lib 1.13715 1.32763 1.18951 1.17945 1.36433 1.17060
22t [pem] —162 —140 101 96 —141 184
RPL lib - McCARD 1.13817 1.32929 1.18947 1.17933 1.36617 1.17021
22} [pem] —33 —46 98 87 —42 155
RPL lib - RMETZ21 1.13782 1.32912 1.18928 1.17912 1.36607 1.17005
2+ [pem] —-110 —595 85 72 —48 143
RPL lib - EXUS.CP 1.13762 1.32870 1.18897 1.17882 1.36558 1.16974
22t [pem] —126 =79 63 50 =74 121
RPL lib - EXUS.MC 1.13867 1.32988 1.18999 1.17985 1.36676 1.17072
22} [pem] —45 —-12 135 124 —-11 192
RPL lib - Equiv.Rad 1.13857 1.32974 1.18987 1.17973 1.36663 1.17060
2+ [pem] —52 —20 127 116 -18 184
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5-10. OPR 1000 A&A £A & FuiAlST, 477 elo] By ALE-

AgA el A B Bl B2 C Cl
McCARD 1.13925 1.33010 1.18808 1.17812 1.36696 1.16809
Std [pem] 11 14 14 14 13 14
HELIOS lib 1.13647 1.32692 1.18838 1.17833 1.36359 1.16924
22t [pem] -215 —-180 21 15 -181 84

RPL lib - McCARD 1.13626 1.32798 1.18864 1.17847 1.36501 1.16963
23} [peml] -231 -120 40 25 -105 113

RPL lib - RMET21 1.13594 1.32796 1.18852 1.17832 1.36513 1.16954
22k [pem] —-256 -121 31 14 -98 106

RPL lib - EXUS.CP 1.13552 1.32714 1.18791 1.17773 1.36415 1.16892
22t [pem] —-288 -168 -12 —-28 -151 61

RPL lib - EXUS.MC 1.13727 1.32909 1.18962 1.17944 1.36611 1.17056
23} [peml] -153 —-57 109 95 —46 181

RPL lib — Equiv.Rad 1.13689 1.32864 1.18921 1.17904 1.36565 1.17017
22k [pem] —182 -83 80 66 -70 152
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¥ 5-11. BAE 49 =28 A5 H7} McCARD

#U AaEaber W) oy 2By gk 119
FTC FTC
Temp (K) keff (pem/K) Temp (K) keff (pem/K)
700 1.32591 —-2.02 700 1.32491 —2.28
1100 1.31184 —-1.69 1100 1.30908 —-1.90
2000 1.28625 - 2000 1.28044 -
FTC s (k(T,) =k (1)) / (T, -T)
% 5-12. JEA 99 =& AS B7h McCARD
28U AFgEaber v oy 28y Ak 1
Temp (K) keff (pErTq/CK) Temp (K) keff (pErTq/CK)
900 1.32914 ~1.73 900 1.32738 ~1.94
1100 1.32307 ~1.68 1100 1.32057 ~1.88
1400 1.31432 - 1400 1.31079 -
® 5-13. X B9 £ A4 B7h EXUS
28U gL vl e 28U sk 119
FTC FTC
Temp (K) keff (pem/K) Temp (K) keff (pem/K)
700 1.32879 —2.08 700 1.32893 —2.20
1100 1.31426 —1.68 1100 1.31358 —-1.84
2000 1.28867 - 2000 1.28555 -
E 5-14. A¢A @9 =& A F7) EXUS
28U AgRabek W) oy 2By gk 119
FTC FTC
Temp (K) keff (pem/K) Temp (K) keff (pem/K)
900 1.33206 ~1.76 900 1.33175 ~1.86
1100 1.32585 ~1.66 1100 1.32518 ~1.82
1400 1.31715 - 1400 1.31565 -
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by EXUS, 2000 K

] | L Lol L L1l L sl 20
1000 w/o Upscattering| ] 1g
] ——w/ Upscattering| 7,

7 Rel. Error j
100 14

Cross Section (barn)

1 10 100 1000 10000
Energy (eV)

McCARD & &3] A3 Atgbs 133d RPL olRdgE
| =4 digt ©Fy g AdErgic

5-269 ¥ 5-1590A4 & F Q%] #PUe e Ak
EE&9 a3 oF 102938 =

s TEH3 HG AoAe

70L§]'Q'E‘ 7)4\% ;%3]—93\1’4— O]% %B‘H 238U.O/] )\o]'ﬁo]: /1\1_% :é:ﬂ]—%
IHE= Flo] BAXE, FEA G oYzt wAHelMe =&Y
Eopel QBE MATE A2 FAT Ao

¥ 5-15.0PR 1000 %7] Ao &% W u-$ = Hils

FEArE e | R vlany | HELIOS #iAts

&7, piyfT, | -1.83e-03 -1.60e-03 -1.62e¢-03
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13 5-26.0PR 1000 %7] xAA &% & e x H3E}

A52 74 % 24 53 J71

TE WA AEve AZel wwEste], dFo] FALEFE
aik= 238 "olxth oldt o7 AARE YA Fo AF
F Fat #d FF 2AE uyste] CduAT eEddS
AP AT. e AbeEHA S fE By W] wep F
FTHE AT GHel mE Aole FF wbsdH el wgEd
ol &yl SlEtel 2o FF wedHde was Hokth
a9 5-272 Y B fE FF 24 JF FF hedEA g
I HE R

L ey = odA el BA el wE
ool Apol7b AA YEhA k=t 1Y 1 MeV ©] 9]

L oR9 FE RAT wgwudel s)E9
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296 K

transport XS

Ratio

10 F -
Outflow 2
Inflow
4 Inflow/Outflow
1010“' 1(;‘2 1<‘)° 162 164 166 10-33
Energy (eV)
a9 5-27. &% BR o OE £4Y %5 dHF v
Fe ouA Gdeld] FF WSEEAL Apolrp mHi
Gee FAs] dAstel, WAk AAE 2= FEA BA, WA
e e v BA, BeW QA Al & EFo A#E
Fostgiet. 2AS E7 98 47 ¥ A dolueys
Agstgom, Fad 5wy wEw v e 9w
ol B g & AHg-3tqith
E 5-162 FFEAY WA wmE AEA A A3 Y
HES %= 9215 Hoj&
E 5-16. ¥HA}F BAAE ZE OPR 1000 A &4 27
A B B1 B2 C C1
McCARD | 1.13925 1.33010 | 1.18808 1.17812 1.36696 1.16809
Std 11 14 14 14 13 14
FERA 1.13626 1.32798 1.18864 | 1.17847 | 1.36501 1.16963
@ =} —231 -120 40 25 —-105 113
FRA 1.13637 1.32809 1.18862 | 1.17843 | 1.36511 1.16956
@ =} —222 —-114 38 22 —-99 108
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4y 2

A Argol FAsA EAst]
1

18x18 =719 AFA7F 2x2=
e FHA wAol MR FEs
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: il d
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Assembly
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Hell e 29 4 AdddE BogF

(@)
|
—
X, OO
rir
f
ol
of

=), AEA =AY 28 f5 5 24 49
Y FF 2 A9 Ayt AA Zo] v AE Felsrgith
T2 % 2AY dxs59 A9 °F 900 pcm °f 7M. @x}7f
Aot 9 4 B Al 800 pcm FAE7F o] 100 pem
T eA7F HAEHSl T
® 5-17. SRAAE 2 &8 =4 A4 A3
McCARD (ref) FERA U4
k—eff 1.04143 1.03197 1.0405
93 4 -880 -86

F5 B e wE Ay xols gsiA Avrry] s
=

712 B&W 94 BAE Fol Adz wmadich B&W U7
AL F 6% AR e wy BAZ T gov, 4 BAs
FA% 1w

2 g9 (1, 5, 12, 14), YH=x F A (18,
Ao fiEk EAleolth. AA A= oy

Fd g

X 5-18. B&W A A At 23
SAEFF 1 5 12 14 18 20
McCARD | 1.01942 | 1.01887 | 1.01856 | 1.01844 | 1.01884 | 1.01743
std, pcm 5 5 5 5 5 5

=7 1.01737 1.0158 | 1.01645 | 1.01599 | 1.01788 | 1.01743

9} -198 —-297 —-204 237 -93 0
TR 1.02052 | 1.01893 | 1.02026 | 1.01933 | 1.02184 | 1.02087
9=t 106 6 164 86 288 331
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U-238 Number Density
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Boron Concentration, ppm
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Abstract

Establishment of Integrated Multigroup
Cross Section Data Generation System
for Whole Core Transport Calculation

Lim, Chang—hyun
Department of Energy Systems Engineering
The Graduate School

Seoul National University

In this research, as a preliminary to generate a cross
section library for whole core transport code nTRACER, the
integrated multigroup cross section data generation system 1is
constructed. The point of the generation system is a code for
ultra—fine energy group slowing down calculation which
generates the effective cross section for resonance treatment.
So, the slowing down code EXUS is developed with employing
multi—group collision probability method and resolve the
geometrical limitation of the collision probability method by
implementing the slowing down calculation module by applying
the Monte Carlo method. In Monte Carlo slowing down
calculation, the function to handle the exact scattering model
including up—scattering is added. Furthermore, the B1 method
is implemented for inflow transport correction in the generation
procedure for group—wise cross section as user input.

This generation procedure is composed of three steps.
First, the group—wise cross sections are generated by using

NJOY code system and the resonance parameters are
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determined by ultra—fine energy group slowing down
calculation in second. Final step is to generate the cross section
library for nTRACER by combining the group—wise cross
sections and resonance parameters. On the other hand, the
option for slowing down calculation with the continuous energy
group Monte Carlo code, McCARD is added into the generation
procedure for the resonance parameters. The option is also
realized to take incomplete data from other cross section
library.

To vwverify EXUS, the slowing down calculation about
cylindrical fuel pin is performed by using the collision
probability module and Monte Carlo module of EXUS and the

accuracy is evaluated by comparison of the result with RMET?21.

In addition, the effective cross section which is obtained from
the ultra—fine group slowing down calculation is compared with
the reference by McCARD calculation.

By using the constructed multi—group integrated cross
section generation data system, the cross section data for
primary nuclides are generated based on ENDF—B/VII.O library
and quality of the generated cross section data is evaluated by
solving pin and assembly problem of OPR 1000. The reactivity
differences are about 150 pcm when the result by McCARD
calculation is used as the reference. As a result, it is confirmed
that the integrated multi—group cross section data generation
system is constructed well.

The resonance parameters are generated with considering
the up—scattering effect of ***U by using the McCARD based
resonance parameter generation procedure. It is shown that the
Doppler Effect is increased about 10 % from the result of the
pin, assembly and core problem. On the other hand, the inflow
transport corrected cross section of 'H is two or three times
higher than outflow transport corrected one over 1 MeV energy
range. It is verified that the increased 'H transport corrected

cross section restrained neutron leakage by solving mini core
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problem and B&W critical problem.

And finally, OPR 1000 assembly and core depletion
calculations by nTRACER are performed for verification. In the
result of assembly problem, the result with the generated
library shows good agreement with the reference by the code
CASMO at begin of cycle, but the difference of k—inf value are
increased about 1000 pcm at end of cycle. It is because of
larger quantity of 2*’Pu which is the fissile isotope at end of
cycle. In the result of core problem, while the result of
assembly problem, the critical boron concentration with the
generated library is 30ppm more accurate than that with the

existing library compared with the measured data.

Keywords : Resonance Parameter, Transport Correction, Up—
scattering, Slowing down Calculation, Nuclear data library
Student Number : 2010—23344
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