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Cross Section (barns)

|D 1T LI 1L B B REREI B R RLLT T lllllll| T I T T T T T T 1T v T

lo* TOTAL
1)

= O
~ (2
BT IR T T

IU'B W RTIL IR 11

Gd-155

K I il - —ELASTIC

i - INELASTIC
\ ) .\! —-CAPTURE 3

----- = mds — (N A

~

| n
- 1 Yy S

Bk gl e = —

~ i
elastic 7= e e e e I

TTTINN & T TTTemy T TTO0 C TTBE ¥ [T~ T 7AWy 7 T

2 I

I||-| A
l'-‘lll1 -
N -

=
1

lr

I L TR B AR IR WA [ WEIE

(07’ 0% g 102 103 10t 10% 108 (o7

Neutron Energy { aV)

Gd~155 O R Hrim i

Gd-157

IU LLILRLLEL LR FECE! ||||u|| T |||||u| T T TN

Io® —T6TAL ~—TNELASTIC — TR l—s
i 04 \ ~ = ELASTIC —-CAPTURE i

L b,

102

) -
1o elastic

1o - o =
- ]
|02
103
g~
1075
1g-8
T

|U-B cogd e s s Ly

o™ 1% o

7

TRTW TETIT 1T

T
s

T
’
b
-
{
=
T
!
3
1
T
&

Ig

J i

i
)
L

- =

1 /
1
[ X ¢

TTTTN TTTET] Taamy T TTsmy ST
-
-

AV el e e PERRRITTT AR IR RTTTT BRARE R RTTT

oz (0% 10t (0% (0% ol

I r
L |
w1
- : o
[N IS ’
. I

Neutron Energy { eVl

Gd-157 & BT E S
2.4.1-6 HFV=0rORGETEHEDOH (JENDL-3,3) @

16 &-RH 1 (BRARBs1E) 20

22



ORBMEE (4.9 wth) Bk

/ /—- @EBRFEE (2.1 wth) Rk

&
o

OX

OO
OO

@)

OO
# 3
OO0

b g *m@@
'”Q®O®@@@
@@@0@&@@

OFERBEREE: 4 &
QERAEEERSIES « 46 &
W:oax—HFawF

B2 41T TOAWERTMIRITC K1 DAMEHEERE (BURNEEE 8 X 8 BABHE 71 3 )

16 &R 1 (BEABSIE) -21

23



2.4.1-8 FEKEFERAFITET NV

16 5=-BlEs 1 (BBABS1E) -22

[ mmsesmorsn, kaMe LET




1.0
0.9
f-b\
o 0.8
*,
< 0.7
E&I—
4
%E 0.6
ﬁ
M 0.5
3
* 0.4
0.3 L AL Il Il
0.0 Q.2 0.4 0.6 0.8 1.0
KEE, g/cm?

DL AL, RA X v R 7 AROKOERE T ST ICHRAF v 2 7 AIBOKD
FEP—RICES SN RFEMTH Y, BEET T, 2.4 1-6 ZER.

M2.4.1-0(1/3) 3% v X 2 PESOABEE & PHET 2RISR O

16 &Rl 1 (BRARE51IE)-23

25



0. 46

S 044

*

'MG

= 0,42 ¢t

B

e )

i e

jﬁ 0. 40

H.

H

a

0.36 b 2 | :
0.0 0.2 0.4 0.6 0.8 1.0

KEE, g/cnd

HEEEH] c REFET VT, 2.4, 1-3 2R, ., FAFT Yy A7 AMITAKERE0 0 g/cn’

B 2.4.1-9(2/3) FRAF ¥ X7 SMROKEE & PHTFRIBEROBHMR -
(RLARISRER FLARAT) ™

16 Z=-RlEs 1 (B B51L) -24

26



B¥
m

0.95
S 093
+‘H
'Mc:
0.91
¥
Ho
I
ﬁ 0. 89
E —o——O0—O—onu o o)
&
0.87
0.85 . : . . : ‘
0.0 0.2 0.4 0.6 0.8 1.0
KEE, g/cmd

#1  BREFEF VIR, 2.4 1-6 Z(ERH, T/, HEAF Y AZ7PHIETAEE 1.0 g/en’

B 2.4.1-93/3) FHF ¥ A7 ARROKERE & PiEFENHEEROBLR
(RE/KRFEE S AE )

16 Z-BIEE 1 (ERAREAIE) -25



BREH L HE(H (0. 95)

CRREHEEEMU T Th D 2 L OERR

AR (keff+3a)
CEHRFEIC L AHEEE (RERE) O3 F0Ge) £ EE

- iR ST RMICHE SRS o 0T T A4
SRR, PHEFERM . BBE - AR 7y P L— FOIESREFROBRES

4

A

- PEmS o E
SHAF v A7 OPERER. Ax ¥ X7 ORII%E

S I O R R

AL BERERER B LS F e — BT R ATV, BRI o — FORERUE RN

- FR+SRAEE N LD THH Z L EHERE L L TRE

X 2.4.1-10 HHEFEDEEER keff OFREFEUEME &L BREETTREOBEER

16 Bl 1 (BRSREA L) -26

FEHT B oo thE T S5 3R (ke E)

28



BARNCRESN D VPR IBETB T, £2.4. 14 1TFT BV, FEEEER
LT3,

AR SR IE. HDP-69BCH (B) B % MEIRICERSI LR (ERRM) THT LR TS
D, BREHIRN TORMA X ¥ 27 ORBHREIAETH S,

2. 4. 14 FHEFEER

HE BRiTEES B iiE e
T AR N 0. 410" 7235, SCALE
S (o : 2— K RF
<0. 001*%) AIXEVTH
AR TR 0. 882% NaETHD
(o : ' AR T R
<0. 001%) | S, AGE
0.95 LT | MERER Tl
Fro— FOKE
EEEEEL
T, HERRZE
(o) 353
o) EME LA
EThH 2,

HEEHl : K 2.4, 1-8(2/3) WAKEE 0.0 g/cn® D

A2 : K 2.4, 1-8(1/3) OKEE 1.0 g/cn® DE

FEFOH3 : AR — N SCALE = — FU R 7 Ah LR ENIHEFRECE FHEFHRILD
ARZE)

16 Z-BIE 1 (B AREHIE) -27

29



(REFFRIAERRA)
cEBRFXAIAMOART Y b (ERF ¥ RN Sh 2 ERFERH ZBTEDH
MEMRBICHEST 2 -0 OEEME 5, UTRL.) BERAEFIEHED &K
TARBAIIE, BREHFEPEEEC TSRS y FOMERSES RN IBRFITHD
i, '

(R AE) _
5) #EtE. A7y FOBMERIBESAIESE, BEEHE LIRSy PO
REOCHEAFREOREZZE L CORERBHREINDLZ L,

HDP-69BCH (B) Y1, #HMA*+ A 7 ZEBEZICEET S FHFIETIE, BEIERFIIBNT,
NGy pOBEERIEEIRLVWERE LT3, —FH., BREEFOEFCIVER e
BEICHEZE LAV BT, ARy FOBBEEESE L THREBADERFFENDERGE
T 5,

R, DT QM. REISCEE 0 B EAEA L+ 5.

(BB ar B A

R R RRIL, MRRNICR T A3 &R Y ¥ AV REOC P TFRE ZE L.
EHRRICBRE SN AV EBETLEREBIET2ERH LA TNB T L,
BRI RSB Y A2 WIS B IS o T, BRI TEE LEEFIIon

TOEGEIIHEBEER L 2L 5 RELREER#LILNEZ &,

16 &Rl 1 (BRAB51E)-28



3.

ERAT AT =—F
(1) g

BRRARMT I, KEOA—7 Y v PEIHFFRT (ORNL) THE SN =AM ® SCALE
(Standardized Computer Analyses for Licensing Evaluation) =— FIAF LG %
Ao, T EDEEEOHEICIRR 2 — FYAFAREEND KENO-V.a =— F%
Wik,

KENO-V.a 21— Fit, B F A B ESSERMMTa— FThH Y, Bk UM
¥y A7 OEREITECEAVSh T3,

(2) Hee

KENO-V.a = — FiZ, FERAEICEAL T FOMEE T LT3,

a. ERICHPHTFAHS > YEHESIT, BREREAVCUEET D, E0 L)
RERICHEATE S, 2B, MR FEEREVE D, HHERERICITREIR
EVRARET 5,

b. 3RTOBHELBAMROGZEEZI Z LB TES,

(3) Ftr 7 o—

SCALE =— R AT AR 7 o —%K 2. 4. 1-11 {277,

BB IS OSI OBEE G E T IS B o — P NITAWL-TI O %
BRI ORE B T T AR LB = — R BONAMI ®, NITAWL-IT Jx A— ik oHiiet st
B — K XSDRNPMO & vy, 5 —F 54 75 VIESCALE a— K RF ADORET A 7
5 UF—2OH—2TH 5 238GROUPNDFS T4 75 )5 —& & Hie,

BB OBELDOFEE LT, BUSBEORRE —RITAEEF A TERIL,
XSDRNPM =t — K& WT 238 O PHTFRAMERD, £haEH L L TR OHEL
D 238 HEBZEM Uiz, T o 238 BEHEUKENO-Y. a 22— F& AT B REN
2{To7r,

(4) ERARER U

B AR O Lz SCALE =x— R RF AlE LT, BKRIFRE OBWER URFEx
¥ A7 BB LEEBROBRERO LV Fe— RBMTNEE S, TO2YSMERT
ERTN3,

KE PNL TITONBRARBRO 2GR L LR Fv— 0BT ERE L, _vFe
— 7 FRTRIER & L7z PNL-3602 R REROERIT, SoRFKIZHENZ32DIF RS
(IR Y 7 RS % E AT ICES Lo i) ORICTEFRRM2REB L L0
ThY ., PHEFREH OEE, RE, K¥ v v 7EEURERREES, FRXY X 7%
AT TEELBEAONI2ERREL, FEFEORRIBRTEBIN TS, BAE
BRICAW O DBHERRIT, v T BREET, 2,30 wi%B U0 4. 31 wtkh, BB~ L v M,
1. 1176 cm BTF1.2649 cm ThH Y, BABTFICHAV BREER L RERETH D,

16 Z-BIES 1 (BRARAIL)-29

31



ERAROBESYR 2.4. 1-12 1277, ZOBRRERERIIFEL RBEFBOE VI
BEh., SRBOBIC ARy y bOIZ S BHMAT L ARIC L 2 PHETFRINGT 2 H S
% HDP-69BCH (B) L D EE AR AR L HEL L T 3, '

HDP-69BCH (B) ZUIZ A 4 & (L FH S MNE OFDBARMEEE IX. 0 3. 1~3. 7 wih TH 5, FTL,
HDP-69BCH (B) B 0 F: FIRINAF 12, 129 /EMA T VL AMEHA LTS, Thvbid,
TR F o — 7 (BT OHIHABRGEE R U TR OMESFAEI L TE D, RE
Bk & HDP-69BCH (B) MO~ Fo—y (FR & LCHAT 52 LIZRS L EXBND,

BEMBOIRZ I 2. 4. 1-13 12, PTHEFREHEORRERK 2. 4. 1-14 12, PHEFRIE O
HEEZE 2. 4. 1-15 10, EBRF—FZ#X2.4.1-16 17, BREHETFEF A EE2.4.1-17 (2%
nERTRT, FEFRIERE LT, ArrAY AF VAL CAT VA, A R
IVLEORZOIMEEARELZEEBFEL TV S,

£ 2.4 1-4 IR T L3I0, HAX v A7 QBB OREFRRIRERIT, 0.410 &5
REEREZHT D0, BRSORBTHERRC 2D Z L3RV, 882 LT, Zigky
S UBRBHC L AEEPHF ORISR BVERORyFe— 2B L LT, REFROK
BIEBICEBMED T T RE (0315 wi%) ZIURAL. Fh bR LIgET®
HEHH L T35, REEIZERY =F L 2HNTNS,

AT — 7 FEATIE 238GROUPNDFS F o 75 U & V> SCALE =1 — R/ AT A TfTo T,
PNL-3602 DRy Fv— 7 BRIBOEREZE 2.4.1-5 12, EROAvFv—7BEREER
DRERRE 2. 4. 1-TITRT, v Fv— 7 AT ORBR. BRI A i E = — FRO
7 — 2 1P EMEEN L OIDIVWERBA LN TEY, BYUAKREEZD,

16 e-RIHs 1 (FRARBAIE)-30

32



PRI R

HHF v 27 TR
FER M
T SCALE = |f=====m=mmmmceaaad
(FEpk 2 ftk) 238GROUPNDF5
SATFY
(414 2 4)
BONAMI
NITAWL-II
(Hene A )
(BREFCLA o fE )
(R B
XSDRNPM
(BEA#EREH)

KENO-V. a
(B FLAEHT)

o - S

[2.4.1-11 Ea T 7 o—

16 &5l 1 (BRARBAIE) -31

N
.
S )
¥ -
= -
g =

33



(minimum)

160-mm-long
127-mm-thick

e 305mm ..;[ ACRYLIC PLATE

co000000C00000
o o0
o0
=]

0G0

SAFETY BLADE GUIDES

o]

T B T T TR R

900000g000000 T

NEUTRON
ABSORBER
PLATES

00000000

96600 ¥ 000

G

H 000000000

[nle]slals]

[aRele]

X 000000

CONTROL BLADE GUIDES

ASSEMBLY

o WIHDTH
= oo

T

6061 ALUMINUM SPACER

305 mm
{minimum}

8.52-mm-thick,
CARBON STEEL TANK

7S

254 mml-% A 96 mm

TYPICAL

rl SAFETY AND I

1

WATER LEVEL

52 mm {minimum}

TOP OF FUEL

MiTYPICAL OF FOUR)]

81-mm-wide
5061 ALUMINUM SPAC

ER BARS

12, 7-mm-thick
ACRYLIC

OR POLYPROPYLENE
PLATES

CONTROL BLADE
GUIDES
6061 ALUMIRUM

153 X 50.8 X 6.35 mm
S061-T6 ALUMINUM
CHANNEL

305 mm 760-mm-iong . 305 mm -
{minimum) 12.7-mm-thick {minimum}
ACRYLIC PLATE
|
PLAN VIEW

2. 4.1-12 PNL-36020 5 R ERER®

16 #-HIEs 1 (BRAE51E)-32

BOTTOM OF
FUEL RODS
26.4-mm-thick
4 ACRYLIC PLATE
END VIEW
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FUEL: 11.176-mm diam CLADDING: 11.176-mm i.d. X 0.762-mm WALL

12.7-mm diam : TOP

a— 50,80 mm >l 914.4 mm ——-J

977.89 mm -

?

CLADDING: 8081 ALUMINUM TUBING SEAL WELDED WITH A LOWER END PLUG
OF 5052-1132 ALUMINUM AND A TOP PLUG OF 1100 ALUMINUM

LDADING:
ENRICHMENT = 2.35 £ 0.05 wt% **y
FUEL DENSITY =9.20 mg/mm? (84% THEORETICAL DENSITY)
URANIUM ASSAY = 88.0 wt%
U0, = 8259/R0D (AVERAGE)

(a) 77 L IBHEHEE 2. 35 wibDPAEHE

FUEL: 12.64%-mm diam CLADDING: 12.827-mm id. X 0.660-mm WALL

RUBBER END CAP:
12.776-mm id. X 26.4 mm long

N

~C——RUBBER ENC CAP:
12.776-mm i.d. X 25.4 mm lang

! 9144 mm =

[ttt § 85,2 Y

CLADDING: B061 ALUMINUM TUBING

LOADING:
ENRICHMENT = 4,31 £ 0,01 wt% 235U
FUEL DENSITY =94.9 * 0.55% OF THEQORETICAL DENSITY
URANIUM ASSAY = 88,055+ 0.261 wt% OF TOTAL FUEL COMPOSITION
U0,=1203.38 £ 4.12¢/ROD

END CAP:
QENSITY = 1,321 g/em? .
COMPOSITION = CARBON: 58 = 1 wth SULFUR: 1.7 2 0.2 wt%
HYDROGEN: 6.5 0,3wt%  OXYGEN: 22.1 wt% (BALANCE]}
CALCIUM: 1142 1.8wth  SILICON: 0.3 2 0.1 wth

(b) 7T L BHEEE 4,31 wihDBREHE

X 2. 4.1-13 BEHEORHR©

16 §=-RBli 1 (BRABHIE)-33
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19+ 3mm

1785 & 0.4 mm

TYPE:

DENSITY:
IRON (wt%):
CARBON (wt's):

‘ MANGANESE (wi¥):

PHOSPHORUS:
SULFUR:
SILIGON:
NICKEL:
MOLYBDENUM:
CHAOM(UM:
CQPPER:

®2.4.1-14  BRFRHEOTHRE

16 R 1 (BRARBS1E) -34

SA533 GrB CN
7.84 gfem?
86,77+ 0.13
019t ——-
1.28 £ 0.03
0.w4 t -
0.006-——-
0.22t-——-
0.719 %014
0492005
0.12+ 0,01
0.13 £ 0.01
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Critical

-

178.5 + 0.4 mm

r 13.21 £0.76 mm
|

Neutron Absorber®
16.84-mm Separation Between
Thickness Square Pitch Fuel Clusters®
Material (mm} Fuel Clusters (mm)

None ——- 125X 18 95.1%0.2
2-20X 18

Type 304L stainless steel | 3.02£0.13 125X 18 82.8+0.3
220X 18

Type 304L stainless steel | 2.98 £ 0.06 125X 18 48,02 0,2

with 1.1 wt% beron 220X 18

Boral B 292£0.13 1-25% 18 26903
220X 18

Boroflex 546+018% | 125X18 20808
220X 18

Cadmium 0.61 £0.03 1-25X 18 38.6+0,2
2-20X18

Copper 3.37+0.08 1.25X 18 77.9%0.2
220X 18

Copper-cadmium 357+0.08 1-25%X 18 5431 1.0
2-30X 18

*Ercor Hmits are one standard deviation,

Iabsorber plates, 302 mm wide X 915 mm long, sach centered on middle fuel

cluster at outer cell boundary.
umber and size of fuel clusters, rods long X rods wide, aligned In a row.
“Perpendicular distance between the fuel ¢lusters, rod surface to rod surface,

Yncludes 1.60-mm-thick Plexigles on cither side of 2.26- + 0.04-mm-thick Boro-

Reflecting Wall

flex,
(a) 7 5 IBHEEE 2.35 wihoo ki
Neutron Absorber® Critfeal
1892mm | Separation Detween
Thickness | Square Pitch Fuel Clusters®
. Material (mm) Fuel Clusters {mm)

None —— 312X 16 1584 0.2
Type 304L stainless steel | 3.0220.13 A.12X 16 1375206
Type 304L stainless steel

with 1.1 wt% boron 298 £0.06 3-12X 16 983 £0.4
Boral B 2921013 3.12X 16 83.0+0.3
Boroflex 5460180 { 312X 16 3.7 £0.2
Cadmium 0.61 £ 0.03 3-12X16 89.4 L 0.6
Copper 3.37+£0.08 312X 16 1347204
Copper-cadmium 3572008 312X 16 108.720.2

(b) 7 5 »IBHEEE 4. 31 wthDIREIE

2.4.1-16 EHBF—2©

16 &=-BUE 1 (ERFRE51E)-36

14732

.684-cm Pitch

Reflecting Wall

147322 mm

178.5 £ 04 mm
__‘_’I r 19.56 * 1.02 mm
1 ]
3 3
3 og
g =
§ ol
o o
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r ,=5.588

. r,=6.35
Water
P 16.84 (cell pitch) B {mm)
(a) MRHEEE 2.35 wt%oohhiis
1
UQ, pelle
r,=6.3245
r,=6.4135
Water r,=7.0735
. 18.92 (cell pitch) B (mm)
T -

(a) TBHAEE 4.31 wthohklis

B 2.4.1-17 BEHE 7570

16 S-BEs 1 (BaSRBh L) -37
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2.4,

1-5(1/2) ~_vFv—7 BREIER(ZLD)
H H FRETRE %
AT o — A8 16
FigE 0. 99794
PR 0. 00191
B/ MiE 0. 99470
BXRE 1. 00105

TEER*] : 2.4, 1-5(2/2) D 16 7 — A D keff 2 EH

#2.4.1-5(2/2)

ARy F 7 — 7 GRS R (16 77— A DM

AR (wth) o R AT keff o

2.35 7L 0.99812 0. 00092
27w L A8 0.99470 | 0.00079
Re v A AT AR 0,99730 | 0.00092
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