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Design Concepts for Overpack

Nobuyuki HONMA, Takahiko CHIBA *, Kenji TANAI
Abstract

This paper reports on the design process for a carbon-steel overpack as a key component in
the engineered barrier system of a deep geological repository described in the 2nd Progress
Report. The results of the research and development regarding design requirements,
configuration, manufacturing and inspection of overpack are also described. The concept of
a composite overpack composed of two different materials is also considered.

First, the design requirements for an overpack and presume environmental and design
conditions for a repository are provided. For a candidate material of carbon steel overpack,
forging material is selected considering enough experience of using this material in nuclear
power boilers and other components. Second, loading conditions after emplacement in a
repository are set and the pressure-resistant thickness of ovérpack is calculated. The
corrosion thickness to achieve an assigned 1000 year life time and the required thickness to
prevent radiolysis of ground water which might enhance corrosion rate are also determined.
As a result, the total required thickness of a carbon-steel overpack is conservatively estimated
to 190 mm. Thisisa reduction_ of about 30% from the previous estimate provided in the 1st
Progress Report. ' _

Additional items that must be considered in manufacturing and operating overpacks (i.e.
sealing of vitrified waste, examination of main body and sealing welding, mechanism of
handling) are evaluated on the basis of current technology, specific future data needs are
identified. '

With respect to the concept of composite overpack (i.e., an outer vessel to provide
corrosion-allowance or corrosion-resistant performance and an inner vessel to provide
pressure-resistance), the differences in design concepts between the carbon-steel overpack and
such composite overpacks are analyzed. '

Future data needs and analytical capabilities with respect to overpacks are also summarized.

Barrier Performance Group, Waste Isolation Research Division, Waste Management and Fuel

Cycle Research Center, Tokai Works
* Ishikawajima-Harima Heavy Industries Co. Ltd.
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FLOEEFFEMT 2720, EBRIZIVEOShRRBERES OBRIIOWT, BIEMR
SHEM 17V CA —N— 2%y 7 — k72 ) ORKERIFES ORfEE (FEEFIEF 0.99)
ko, BEERUSLEEL-EYEEES LoEKRERDL (BN, 1992). £
DIER, BEEOF —N—Sy 7R EET 2L, LTORTRABERS DHEE
OELREFHERESOBGEE BIFIOENT S5 Z 8T E T,

P = Xm + 7.5Xm® | (4-5)
::TPH%*%@%%%E@@LWMMLXmﬁ?ﬁ%ﬁ%é@@f%%o
SORINF—N—N 7 OBEFETIREENLROLFHEEES eRAL, &
B A, @E%%%ﬁfblUﬂaﬁﬁéﬁTLOWT%ﬂ%ﬂﬁiki%%k%ﬁ
EE% 44mm, 10.7mm, 11.8mm & &L 72,
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(3) KOBETIZLZEE
BRAEKPICRFEABRH 2R EL, BEELKEREEROBREZHREL:. 70
fak, UTORBZRETZ L, KEREEIBEELBEVHBETRLY GREIETAH,
1997a) | |

3Fe + 4H,0 — Fe,0, + 4H, (4-6)

T/, BRLZKEHES (80C) 2BV TREIKE A + Vi (0.001~0.1mol 1),
RERA A BB (0.001~0.1mol 17), LMW1+ »i#EE (0.0028~0.28mol 1) %22 T
1 EFHORERBREZER U7 (REED, 1997a), FORE, REGAOKAEEIIRE
KEAFVIRE, WA AV BEONTIUIDEELE W Ebd otz FEEEA +
YREFRIEVEHE (0.1moll!) KEAEEOEERETIED bNN, 0Ll
FZDERIZBVTRDS pHOEHVWEFIINET 5, LFoT, ZOBEREOEKT
P pH DIIRTH B DD, REBEAF Y OHNETHLOPRAETH S, ZOERTIE,
RERDTFHBREE IR OEERL DS 04~24 pmy' LN, BTE
BTICBITS, BT REERELZBET BT 2 REBORERE YN 43 1271,
12 (3 Simpson and Valloton (1984) 38 & UF Marsh et al. (1986) 12Xk » THIE S 7>
BEEEDRLZ, BEEEIERNICETI2ERNZRLTBY, 2EMRICIES,
my' DTOREREFRBOLN TS (BT, 1999), = OHEEHT 1000 £ HHERE S
NEERETHE, FHREFERSESmmUTERED SNLY, chooRERITHESE
LEBREER T TRTEELDOTR RV, XoT, SO TIBELEFIZELL IR
MEEZERBLT 10pm y' OFHBERELREL:. L7245 T, 1000 E£EOFE
WEAERSIT 10mm &Sz,

B, WREEHFICED L) THREREO—FILT, HEBEETEHOEHRHES DR
FEORWHTREEL TRILHIC X 2BERZ RED o7, SFHEHEIBET 20
=Ny 7 TOR & B AFHE A E IR, BEMPORBESETINTT R
TRAEIFEL, BEMAEPS BB L > Tt PR shs s EE L CsE %
Tole TORR, RUREREOZVHRERE X DBRA CEHEHPOREEOES5IZ &
LZBERESIL05mm, BTKFOHEESTDOESIZLABEESIT40mm Lot (K
H- %0, 1999), LoT, FHEAESIE 45 mm *REL N, BIEREIZE D%
IRHEEEIZLZ2AHN, Smm 2BA LV LI IhT,

RICBAEB T COBROBENIZOVTRIT 2, BEEBECRESHOES
BAH—E LT W & (#RIER, 1997), By P+ 4 M OBRBERBRCIIY—
BEVBREINTHLI LR ERPS (ANINEH, 1992), (HTH— 2L HEEAEDTES
EHEEZONG, T2, BEARY M A PRICBITAIMEERICL 2 L, EREALE
SHFREL LD EILERBIINEL 2B Z EBHEASI, ZOEBT— ¥ OEEKS
ETRERDP O, FHEERIY 10 mm BEOBESORKBAES IIEHEAELD 2
BUTTHHEI LD (BOED, 1999), Z2Tik 1000 EROBAEEES ¥ T
FERERID 245D 20 mm & L7,
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10°

KGR EEFMER (ALEXK80T)
M DL —TELSHRER (5{tih/RENE 80C)
O DL —TREERE (ATEKS80T)
X BEREAnAR (5t HENE 80T)
A
+

b
<
-

FHIEEREE mmy ]
o o
[} i)
——'_‘TWW%”II T T TTTIT

! Simpson and Vailoton, 1984 (A THTA 80T} ;5E
: Marsh et.al., 1986 {AT#E7k 90C) [

F#E~L hF o bR
& : AT#K 80T

O iRi/HEIE 80C Eg ]
e . el
0 300 600 900 1200 1500
FE2HAR [day] "

4-3 EREBRERET CORZERANTFHRREREEDEIFLEL
' (AHEIEH, 1997a)

(4) REHOBEAFAaETH

BEILDMAES, KOBTICEAEEESE2EHEL, 1000 FHOBERERS T
Bxhd BEEEXHFABIURESEEEFRIIOVWTEALN 244mm, 30.7 mm,
31.8 mm &S L7720 AN TR OBEE D LB NRERD 5 FH S B ER
%13 1000 BT 15 mm LEEShTWD (RILEDR, 1997). £72, ERSTES
2RRNE OEROBAETMAORAEICESEFH SRS 1000 FHOBERS I 1~14
mm T# % (Johnson and Francis, 1980 ; Araki et al,, 1989)c o OEMBEIRARE
XD XN TV EREOBAE S IEIROSMER L ST Th D, RTRIZFM
BTETWVELEZDLNS,

L7230, BEHA—A—8y 212, BL% 32 mm UEOWERES X5 LLC
£ 1000 £ EOBEEWE OB LAD EMHFTELLEZON S,

PLEORS4 BT 2, H5tHe 1000 EHTORERA —/N—-73v 7 DFEET S
F40mm L HET Ho
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423 EAVWEEZX

A==y JDESICL T, ==y 7 2 BB THHREEAEERE4
KOBERRTIRIZE D, BALEERIER LBEICEEL RITT o L AEESh 5,
BRALEALFE DL Z R L 2RI L 1E, BMAY M4 b CREMIIAREEL
FERILIZWZ & (Taniguchi et al,, 1998) 725, BIEANE U2 WEEIZEND
DEERZONDD, THELZEIBRENTVALD, KOBSHES@RIL VERIND
BALELZB OB R R KD, Chz2 V- FERFEICREL, S20BTEEOLE
EHI SR EBRVD IR OEANELE R F — N =8y 2 ES B L7 (8
I3, 1999)

(1) BAT#HE OBAT

7T AEEE, F—3—-%y 7 REMBLUEEIS 22 3RTEFN R,
FA2IRT LR D EITF—N—Sy s DERE 85 A—F b L 72 GR35 O AT %
TV, A==y yFHNETORIEEE»EH L7,

FRITIZIZ, REIC AT 7 EAEVAERT (LANL) 2SBI% L7 v 5 0V o s
Bk AT 2 — N MCNP-4A (Briesmeister (ed.), 1993) %M L 72, MCNP I — Fif, ~
v F<— 27 (Ganapol etal., 1994 ; Wemple etal., 1992a; 1992b 72 &), ETF4EE Y
HENWEEYT (Estes et al, 1985; Lu et al., 1991 7 &), ERFIREE F v R 7 E~

(Broadhead and Parks, 1991 ; Ueki et al., 1992 %2 &) % FI2BWVT, FOFYUMHFE
INTnW5B, :

V—AF—ALIZIZORIGEN-2 DD FFA L, HBEHEEL LCit
- BRUMSBI L P RTFRE ZORRTHRIBES S 4 4,
(e, n) RIDZEZ2HETREZOPRTRIBESES 4 &,
- BOREBRYORBIZE DR v B

eREL 72, BEMHOBALIZOWTIE, & 42 OEFEBIZRET LS 10Kk
WO RIZ L DB E~OHEPREARE 25 100% % IRE L7,
FENTDRERP D, F—N—3y 7 EETORNGEETY F 4-4 1257,

;| 4-2 RHHIREA G BBIRG

WRIGERE | 45,000 MWD tU?!
IR AR 45 %

Fd =Ry ZOME LETT
RET O 4 RS 30 %

TRETAT ORI L BRI 100 %
BILEORHO - OOMEEE |50y
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10k

WRITERE R Gy h'']
3

—r
S

10 15 20 25 30
==y JEE [cm]

—
=]
[
[4)]

E 4-4 F—/N—7%y 7 5E TORIRE 3
(PIEELE 2, 1999):

Eab, ==y 7EREATORIEREIL y BICLE5DOFXENTDY, +
—N—rSy 7 OEEFETICON, ¥ BICHTEENGHRIIKE LD, PEREFHR
L CHBEZECIR RV &b D5, |

P, FEBFCIIBREMOES%E 700 mm (#SEFIEA, 1999) & LTEHEHELTW5S,

BEMOESPEZIT00mm BEICH 2D L, BEMLEALPHFHEIDLE
EEACREE L, BEH TORIGEERITEMTEILIRED, M44IZR7TEHI
HEREFROFEIINE L, F—N—rty 7 RE CORRIRERICEE RERBNE V.

Q) BSOS RICL AEENDE

FAROBIEEERY b LI, =Ny 7 EEEEOREN CORGETHE %
B L7z KOBEHESETIZS { OB LI LERIERT 2745, BB T ORASE
EBhLELNLZHERRICE, BECFES LATRTOBECEREDOEEFE I N,
FORENS, ITNOERMEMILFHEIINT S G (100V DZANVF—RIUZ L T
BT AL OSTE) ARE D, T2 Tk, ERERICLETE, EAfRLBLE
ILERBOMEATT LT 24l (F2¢ 2IFH0,) LIEELTRDHNI 213 (Marsh et al,
1989) # GfEL L THW,

iﬁ,ﬁ%ﬁﬁ%ﬁlof%&bt@ﬁﬁmiﬁﬁ,%@HKW%L&W%QEL,
F T F =Ny FEMCER S ERIIFSTLH0 (hy— FERICER) &R
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B L72e M P TORICHILEEDLER & BT T OgchE TRb S, BRI
HACFEOERITA —N—2%y ZEADP LRSI L2 EET b,

2
%—Dagxc+R -exp(—Ax) (4-7)
R == -
°100-Av (48)

A

*, C DML L FEAEORE [mol m?

Da  BRALHEALZIED BT OFLEFREL 1.2X10° [m®s!]
(B)INED, 1992)

G EMEEALEE DO GHE 213 [5F V'] (Marsh et al., 1989)

o o
L .

E CRIGREZE [Vm?s!]
P DR OEIBRE 0,40 -]
Av L T7ERT FO (=6.023X10%) [9F molt)

P L REM ORINRE : 6.25 [m'] (Marsh et al., 1989)
(47) RE VA== 3y 7FKH (x=0) TOBREYRII,

dC _
dx Dl

-t)- erfc(l«/w )] (4-9)

TELEN, BEREICBVCREGRIIR/ (Da - 1) L% b, LENoT, d—r
=Ny JREIEESINE AV - FEREE Ly, [Am?] BRADIIIZERbENS,

I, =-n-F-R,-p/d (4-10)

ZZT, n.BbEbEEOmEE =2)[-]
F.7777—%88 (=9.65X10% [Cmol"]
(4-10) Ao, F—N—2Nv Z7ORE%2/$F5 A—% (10, 15, 17,20,25cm) & LT

RELBAV-TEREEZH 4512577,
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5 \ I
10 \\ g
107

I5I L 1 I10I 1 1 I15l 11 I201 11 I25[ 1 1 130
F—=N=Xy 7EZ [cm)

h— FERBE [Am?]

4-5 MEHRARRIC L WG ENhB HV — FERRE

B END IV - FERBFEPRIRBOAHRERFEREFEL TEHNE, BRORIHE
AITERE LAY (Marsh et al,, 1989), ZHE TOHRBICESIHE, REFOTHER
BEREFEIX 1.0X10*Am® (Marsh, 1990 ; HOIEA, 1994) BETH S, LA 2T,
B 45 & ) BHBAEOER Y HIET 570 ICHETROENG ELERE 8134 130 mm
DETHYD, TheBEr TRRE TS L 150mm L RET 5o

FTTIHBRIZEL I, TS T LA OWTRERZ TS ZARFFE LN TR
WZ ERDS, SHRTERROERICL - TRESLKESRZRRTEITERESD S,

BB, TITRDEEANSELERE S, BTFKOBREHESMIC L 5B
HMOERPIET E2-DILLEREETH ), HWBLSGORERICTI/EREEE DES
BREATERET S L) RENVES TRV, EEYZEET S L 400 mm LLEORED
DB 5 EDEEFBLRTBY, FOLIBREZEELI LT —N—iy ¥
DONY FY 7 EEBENTRWD, BERRIZBIT L5 AELEOF A, T
~OE, BTASHUETOEESDEEEIIBV T, ERBETERLL, /RO
EE LT T AELEERNT LIz —N—y 2 PEERE T AEEICOWTIE, FIEK
BRUE~NOERER B2 RN RET AV LW RO S L TORFBRTH 5,
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(2) BEHRIC & B0 E O BEETIEL

EBRM PRSI EET S ND &, TOREPICHRTRIBHIE S b H O E L
WHELRMENEE BN T B ANy 78 LTEELELIERTFEET 2
7z 74 FREM T, BFHEEFEFORSOESUT TH 5 & BETEL L BEIR{L S
B, BRMECTIRESIIBMT 505, M, HFREIETT 5. —#1C, BLo
REEIEHREIEERIRE (ductile-brittle transition temperature ; BAF [DBTT] &2 9)
DEARTRESN D,

BB T — N =%y OMEBICEELBET RIZELVEETH DL I L iR
BT 5720, BILPFRIZBLVEEZOLNDF —N—ty 2 ORREIZOWT, y8HE
IS & B RRR 1,000 £ D dpa (displacement per atom © MEEFH7-h DXL
SHLE) 2RFOCHEL, ThELICET2SHTRES— 5 O BifictoT
B3 h7z (Porter, 1960) XA L DBIT O LA E %KD (KEIZH, 1999b),

T OFER, DBTT O LA IZEFFE 1000 £/ T 10CHME L FME Nz, dpa 2EFH
BB LA LS ERTE, BILED DBTT BEFELSERIEDOF —/5—5y
7 DERRBEXT L CTHHUEL, F—3—r%8y 7 Otz # oieRE L EEL > 5
ZEHFTFHIS NG, :
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424 F—IN—IiNy TEEDETE
DEORESEA -y 7OESIZHETAIRFEREZETZ, DTOR43IIRT
l‘l% D E é %gﬁ%j_ Z) o ' :

+4-3 WEEF—N—INy TODEZ

WEREH BEREE
= I PS50 = Pt &8
.® HEE S 110 mm | 50 mm 80 mm 30 mm
@ HEHREANWE S 150 mm
@ BEA - 40 mm
F—nN—sSy 7B
max (D@) + @ 190 mm

:@lﬁm,::Tmﬁ%ﬂi—ﬂ—ﬁv?wgé%,%ﬁwﬁﬁ;%~N—”V
7 DAL L BT, BEBEAWER 150 mm (HEEE &) ICEEMK 40 mm %
Iz 190 mm & RHET 5o

CITHRELZ 190mm &) EIk, MEESKHLTTHaEfRTROBRER
77 MEES 2RO LBICHRE L-REHEER, BREMORLEWH LD OEEIRE
HIRRME 100CIZRBERAAR 1IS0CLEELA-ZEIEIADLENT, HBRLSRIC
BAREDF —N—r8y ZIZRET B, RARIZS LS SEBEICBIT LS4 -
— %y B ORBRREIH LT TSR EHBE b EEZLLONS,
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4.2.5 REDOIERIC & 3B OB

42.1 HTiX, WEFL —N—1y 722 NIr OB —IEBT 250 E LT, O
HELVEZE S ZERS01 BIZHEINTWLIBESTEX L AVWTEY L, EBIZ
i, JEMORBERCE — Ny JHEORY —L2ERABELZ S T, F—23—
2Ry ZIRAMICE o TERZBHE LT, RE] &vd,) PERATEZ L3402
ZRONDY, FELBHFEEOREZFME L E2HELZMEBIRRESATVEY,
ZTIT, A==y 7 OWERELORRE 22 RERBLVET L Z L2 HMIC,
B 4-6 ICARTFEHOITADETNVERVT, FAMCEZLZRERE K 235 2A—%
ELTAREREBINZT, =Ny 7FBRIIERT S EFEENLIFHE PO
rEH L7 BEREH4TIIRT .

ID
l.l..
IRy eyl
===l'.' "'.J"".O. Jog
fDumﬂMﬁ#%%
1Ny 80y 0, 0900990
ARG
P55
2%,
90 SR
S
g Y W
Cteeety!
e
======-=
EE=====-
| b [ e N I O
0° PANRY ANV
= (=] A . -
& 150 mm DA NETEDSAH

4-6 REBHRET I

1)i—ﬂ—ﬁv?®¥%kﬁ§@kﬁﬁ&ﬁ%LTW%EEWE®%Q,#—N—NV¢KEE%ﬁﬁé%6t,ﬁ
FrEd =33y 7 ORT X 73S ESRAICER L, FHEORINCE b %o TUL L 2ERP AT 2, 61
WEFEML ChERANOTPOHAL TELBRBESRFE L, WROBMESH TV &b b L I
BY2L)1l%5, TITIICE, BEELAEEINE LNEE ToRN o B AOHERF ——1ty 758
BREERTHWEP & L ‘ ,
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120
100 ---@* —o— B & 150mm NS
—A— B &100mm DiFE
i —1— B & 50mm OBE
804
‘w b
a
s L
o 607
8
iz -
40 -
20 |
0 =
0 0.2 0.4 0.6 0.8 1
REFRS K [dimensionless]

F4-7 A== 1Sy JHFBRICETH T L FRANZIFHE

ZOFERNPS, EE 150 mm DA —/X— 3y 2%, 72T K=10&) L BE42 R
JERBIZBHLNIBETE, PA35 MPaBEU L TR ITTAKRZEREZELZND
DEEZbND, ST, 150 mm iE, 424 THREL/A—/1N—y Z7E S 190 mm @
AL, BRELCHEREZHRTERESTHS, LT, BEHOBEER A —
IN=%y 7 DEEBIRENF OBITEBICBW TN 2BEARE b LAZELTYH,
421 TEMLA-WEMES 10 MPa BETH L Z LEZEITNIE, 424 TRLIESO
A=y 7SI, BROBEICBVWTIE TS RBEELETA0DLH#ER
INb,
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4.2.6 A DERORBORRN

HIEOEAWENIZ L BT OV T, Borgesson (1992) 245, Avz—FXDA
IAY 7TESISH LT, ALY 7E ) OBROEABEN & 85 L 2T £ KL <
Vd, CORE, RIZEESREME X 035m 100 LT 0.1m BEES AW A IIZEM L
2 LTR, HEEREBEZIMTAFYy=AY MIERTHLOD, BHIFICEL I L1
BRWEFEL TV 2, RETHEE LA ==y 7id, TOFXYZAFICHRT, ®
FRORS T AMMOBEENKELL oTED, F—— 3y 7OEHFEOBITIC
HLT, L0BUBRTHE, cOZ b, RICBEMES 0.7m 123 LT 0.2m 2

1%Uﬂx&éﬂm)%ﬁﬁﬁhﬁﬁﬁLtka%,#~N~N77®E%ﬁ¢é<,

BHCES TR I RVWEEZER LN,

A% x—5 (Werme, 1998) 7 4 > F > F (Raiko and Salo, 1999) IZ5WC,
HEBREZIATAF Yy A Y OBREIEL LT, SiFMORERLHEOSAMEND
BELEML -BED 5,

B, WO FERPFBEISANE, COLIRF—N—=Ny 2 IAH—IEHTA
WEORE 2D, V4 FOEANLHERESM IS TR R &R, %ﬁﬁ:ﬁ‘-—
W=y JEIANFERESINS,

D Az —Fre74 vy FRETE, REBKRELEESELORBCHAL, HBTFCBRTAZLELTE
N, TOELBMEOFREF YA Y LIRATWS, BETIX, ¥ AR EBEEORS IO LibERIZERT
BZEELTEBY, TOSBEOERE ;A —N—Ny FEFATWE, AV L—Fre7 4 vIyFalbTtunisy
SRAFICHRESh AR, EEWIIA-N—y I ERLTHD,
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4.3 BlfElE, fBEIMED 5 ORES

AR 2 BB OTIR R & F —/3—08y 7 OFEEEICOWTIE, BAL S 5
VERMT P iA B L UTEBRRONY B Y 7V HECOWTHSME DI 2, Zhbicidl
BECRESNBLEND 5,

431 ELMHEROEE

BEIC L AMBEES S URENTE, MET TORFTEESNL L —/N—3y
Z7OREICHRHLTE, HREMFCHAAICTETH Y, & QCHELRVWZ L3R 6%
BULRERINTVE FE 1R FLDIIBITBREBPL —/3—3y 7 OREF % X 4-8
(e S

X 4-8 REHA —/5—78y 7OREF (REIFD, 1992)

CORMETIE, PEROSEN»SAMH LERZ A TRETIBELRALT
VDS, 2RI L D EE L -HESM CER S BETABELELILNS, Z0%
BOEHOBEEE, +-N— %y AT T ABILEISEET 2 HABBEOBS LI
BV, +0%TE, BERFSTRTEREELOLEREDS 2w, BIRFER %
mEETHEETACLETELEZOND, BRBRICT LRI DSBS 2
L, BERPEZ 570, WEEE ELOAHERMROMECHRTRE LS, T
NOWBEIFTEDNTH L2000 TIE, EEPIRICEERZ DA MR EXSNELE S
LIS HOFEETH 5,
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432 #HABLURE
GIETOE ABERFOBRE, BLUF ==Xy 7O F) » 7OFEIIRT
HESRFEY, fid HORBPOLHH L TEHEILERIIDI IR S, -

a4 HA, REBLONY KU IDBEEICHTSEREE

ZRT~REFH

#ABHE

cERERBESTRER I
- H G ABLEICAERBREER S A hnwa L
- BEREIEV E

EBEBLITEER S E

RCEE3)

- ERECBVRES TR L
- EBEEBLS TR L

Ny FY T

- F@%ﬁt A==y 2 OHENT iR &
RCZEM TOMRAT RS &

(1) HA

BB OFMER,S, ANy JOESIZ190mm £ %5, —EIC, TOXH%
REFEROBETIE, BT TREBENEZHIET 5720 OFHDIIH, BEED
BRAL R EE 2 S0t E, RENTOBIIBLIUAZFORMZETERNE LB
BRHEMESLEL 25, I, BERRLETIT 600 CEEDERE II— R MR
B LULEREDALEZENL, REBOT T AR T 2B ZERT S L4 —/3—3
v I NOBEBIIFE LBV, Lo T, N3y 7 OF AIIIIBIEAZ TH
BHIG 2 ABREBEZNEL L, RERBLESTABEL 2 5BBEFEFEY EEZOND,
T, KEZEIZENENOH I PLEHOFERIEL Vo 2BRP L, FPHTHERLEY
RAOTEEDO L BWHEFLETNS, ThLHKENLR I LUSTIE, BROBAPDL
B REERELETLILFE TN, BRNRHEAFTEDOREE TIIEREELOTEH
FEEL LD, Z2Z0NDBNOPOFEIZNL, H#AFEL LTOEBREIIOWTH
BREF L 2R e E 4S5 ITIRT,

F4-5 HAAEE L TOBREICET 5 LEEEFM

1 7S AEEE ZRA% Y BEE
TR -MEEE |V AR | TIG 2B | MIG™ VIR | MAG™ B
A S O @) A @ O
At iR A o Bl 8 @) © O O A
{EFiks © ©) A O O
EiR~DE A O*! X A A A
[ BB oM @) @) O A A

[AFEN ©: ECICRWY, OBV, A PPED,

*1 HESEEBETOMM BENE S  THREEA
*2 Tungsten Inert Gas MBE, *3 Metal Inert Gas DB, *4 Metal Active Gas DB

X183
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BTE—AB8EE, EEFTEEL-EBTFY-AZ R LBEOHERBHRIZLD,
MWz EMEESECLHETH L, BORTUFREC, BEEELRNLD, BART
BEBIO EbD TRVEEF TR TH S, B2 CHREWE BV S EEEH & &8
BET 570, ZERPCHENE PO OARHBRAOTEEL D2V, FROLENR{,
—FIZRWIBEITAAPREONS 2 OEEEELBFV, LENEROEATOEMELRE
BAERE TR TH ), F—N— Ry IV AFEOEHLERO12EE2 505,

BV — ABEEICL B ==y 28 A2h o Tid, RO H 5 X BELE~
DEHBRERT 57:0, BERFOBRIAM LI-C— 22 BERSERVBEIEE
Lve F72, RIESEROBETELEBERIBOLER LV EELRREL 25, F
5> REWEEF —3—%y 7 ORFEICBVTE, ARIOREBREBOEEEICH
LTHREZRI-BEZRAL, ES80mm X TOBERIPTERTHL I EEFHEA LA (K
BEA, 1999a)0 ¥ 7z, BEH TRV, FHROKEADEEHRIRICH T 200 mm
Eé ifﬂﬁ%f‘%% Z <E7b§7ﬁ:§i"{{é nNTwb (zls:EEuii):’ 1992)0

TIG BEES MIG R R EOLBRVBERL, +—/3— %y ZEE 190 mm O
BETIE, NAEPFEEICEL RL-DMBICE L2 ABPRBMAE L 25134, B
RTREEREEORICBWTIMELEL O D, LML, ThODOFEIETHEE
BRIIBWTEOERTETL L L HIZ, ERBEEICL 2 aE8BBEROER{LE A
TWaZePb, kv V74 VYEHEORBRLBEROKMLL, EFE—a5EERL
OFERAZECEY, BHAMOR EFEFEENS,

SHi3, ETY-AWEEICL VEITRZERES ORLe, TIG S#EL L 0%
B S L OB FICET 2HMARET) & 2 312, BEELTOREEMIHT
PEARR, BRERS L VOREENOFME LA ER LT, WEHICERShERE
R ER(LT BB DB, T2, WAROBAPOLEE ShAES (BAR) 5720
DEGENTARBETT =N =y 7 OSSR E 25 & 5 7, BREE6C 8
EREDBENERINZVEOHEELR LIConTY, RERL LTHRHETALEND
hEEZLND,
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2) ®E
HABEBIIN LTI, TOREELHATI-DICRENLEEL 2, ERES
BRRAVBROBAIEZL NS,

@ FEmriEEA
BESOATREZRIET 5 HEL LTI, BEREERBRIHES 8RR X
PdHdb, 0I5, BEFREEARIEABETICHT 2REOBRBHEE LCEAE
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