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Trial Manufacturing of
Titanium-Carbon Steel Composite Overpack

Nobuyuki HONMA, Takahiko CHIBA *, Kenji TANAI

Abstract

This paper reports the results of design analysis and trial manufacturing of full-scale
titanium-carbon steel composite overpacks. The overpack is one of the key components of the
engineered barrier system, hence, it is necessary to confirm the applicability of current technique
in their manufacture. _

The required thickness was calculated according to mechanical resistance analysis, based on
models used in current nuclear facilities. The Adequacy of the calculated dimensions was
confirmed by finite-element methods. To investigate the necessity of a radiation shielding
function of the overpack, the irradiation from vitrified waste has been calculated. As a result, it
was shown that shielding on handling and transport equipment is a more reasonable and practical
approach than to increase thickness of overpack to attain a self-shielding capability.

After the above investigation, trial manufacturing of full-scale model of titanium-carbon steel
composite overpack has been carried out. For corrosion-resistant material, ASTM Grade-2
titanium was selected. The titanium layer was bonded individually to a cylindrical shell and flat
cover plates (top and bottom) made of carbon steel. For the cylindrical shell portion, a
cylindricaily formed titanium layer was fitted to the inner carbon steel vessel by shrinkage. . For
the flat cover plates (top and bottom), titanium plate material was coated by explosive bonding.
Electron beam welding and gas metal arc welding were combined to weld of the cover plates to
the body. No significant failure was evident from inspections. of the fabrication process, and the
applicability of current téchnology for manufacturing titanium-carbon steel composite overpack
was confirmed. |

Future research and development items regarding titanium-carbon steel composite overpacks

are also discussed.

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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4. S HE

Pl e BYRE LGS LTRSS OBITERE L, BERetoRRs

Tote. T, MBASHICBEESEETIERG L, MEEEETZ2HBGDENR

FhIZ 2N TERB LA,

431 AHABBEZFEDES

(1) fRiT &t
@ FEa—F
@ EyrEFN
@ REMPHE

AFE

: ABAQUS
D4 EiREERR Y U v REF IV

¥ 7R E=195X10° N/mm? |
(R 5015 BURE 11 JREES03%DREH))
RESHE 03%LTELT3
Ry vk v=03
BEGIRE Sm =147 N/mm® (150°C)
(7501 % BIRE2 [SF490A))

D EEFE 275MPa AKEWFE 549 MPa

B, ABRFRICIVRDEUTOLER X EEETEE UTHETICAWS,
EERE : 148.5 mm
JEERHRE : 142.0 mm
M EARERARE © 219.2 mm

(2) FEATHESR

B 4-1 [T EF N %, BBICRETIRAGHFER 42 12 FnFhsRd, 2721,
AEHECEHLAARAEITEERSOREEEL LTRIZAVOENLTHNS LR

AL TH D,

FEATHESR K 0 ARESARIC TR ERISHBRET D Z LR ShT,
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[N/mm?]
1.45X10?

1.33X1¢?

1.21X10?

1.09 X 10?

9.70 X 10!

8.52X 10!

7.33.X10"

6.14X10!

4,96 X10!

3.77X 10!

258X 10"

4-2 I5Hh5%Hh
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(3) #FH

F— =y 7 DEEMEFRMT B DI REIR S OKR EWERT &G STl

GEMBTE) 12RO, WAFMEIT O, FMBIIMITEREE S LIZH 41 1TRT
EATE Lz,

IEATMC OV TREH LA PVADIENZ S S ICETEMBAL TOEIS T om B
OIS ob 2RY, BTICRTEHETIT, '

OERABREomiZDOWVWTIE om = Sm THHZ &
I SmiEE S LT ED AREE WS T, ERS501 BRIERE2 XY 147 N/mm?
(150°C DR D iE)
@ BSAEEFEAEMZEIIRE (om+ob) ZONWTIX
(om+ob) = 15Sm (2205 N/mm?) THHIZ L

IhbRREIEGL LEESREHEETD,
INODELFIL, HEHORMALTRET S —RENZHRTDHDOTH D,
TRLLIEES (MTFRRVRE) BERA (Sy) KETDLLHAETILY, R

FEAME Sm (= 2/3 Sy) THIRT 2080 THD, i, BMIFEERLAHEI

+HREAIRAEEDDDBQOTH D,
BFHEALRIC T BISFIRHERE R 2 3R 4-4 17T

* 41 BEESTEEOHEOLATMBR
Efr (N/mm?)

- |-

—R—&

3 (B + Hid) FAIE
SHEWE | BUSHHE R E e

Pm Sm 1.58m

A-A 59.1 . 65.3 O

B-B 63.0 81.6 O

C-C 81.3 147 121.4 220.5 O

D-D 65.2 82.6 O

E-E 60.1 67.6 O
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LEDISIFMEOR R, BAERAORLREVIOEE C-C IZBWTHBEILAR
R, F—r3—Ry 7 DREEMIIHRFENZ L 2R LT,

Fh, ARCEBAEEEIIEKRT 0.16 mm Thotr, F— 13—y 7 NED~TE
($440X1345L) LT DU T ABELEDHZETE ($430X1340L) & ORI
5 mmOEEEZRELTEY, ZOMEIFLTHH/IENZ b, MERRXL D4 —
NNy OERITEY, ¥FXEEORSELER D &5 REREN T ER
Lz éExbha,

432 IRREMEBEZEEDES
(1) FEATSRAF
O #E=a—TF : ABAQUS
@ BirETN 8EHRIRZLYI vy NETA
@ REMPBMEE: Y r/E E=1.95X10° N/mm?
(EF7m501%5 BIERE11 TREERS03%DRFEH))

RBREEE 03%LLT LT3 '

RT7YvoH v=03

BREHR /1 E Sm= 147 N/mm?® (150°C)

(&E2R501 %5 BUEKE2 [SF490A))

SEICTRLEZEBY, ASHERE & BBOHARR, FHREIIAKIEICXY
WEEZRDZZENTEER, AGRFEIZONTIE LS FUETRE (275~
549MPa) & RDTCHHEBEITEATERY REHEIHETHNWS), L
T, AFRSIZ OV TIRELSMIC 549MPa OB—READLNLD HDE LIRS
ORBHBEORBREZEETEL LTHY, BtV CEERELRGZ2 5L TR
ENEHET D,

SEARERARE ¢ 200.6 mm
HEIRERE © 219.2 mm
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E72, AT NAVIIABIRE~OREWESRGE*ZBLIKTY Iy FEFALEL
7ro ANEICEREREHE LTUTONESR S 277,

SEHRES © 54.9 MPa

= I3 * — 9 |
M R P(B)—PO(E/ZHJ (oses ]

Sk

M 4-3 REOESR
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(2) FRHTRER

X 4-4 TRTET NV E, ERCRETDNATHERE 45187, e, §=90° ,
0° ETORNFHER 4-6, 4-7 ZENTNTFRT,

ERLY 0 =0 HOMERMAES LU0 =90° HOHBIREE L AR 05
RECBOTRABEFT TS Z & BHERB Sl

B
C AR—.
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A g
A 1 S
E HE—
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g
L4 o
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[N/mm?]

1.69X 107
1.53X10°
1.36 X 107

1.19X 10?

1.03 X 10°

AR

i

8.62X 10’

s

6.85X 10

520X 10

R

3.63X10

1.97 X 10!

3.11X 10" Y Z

4-5 [EHPT
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4-6 IS0
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(3) #¢l
MATVIEHEE & BB DRSO AEME-RE R 42 1R T,

= 4-2 BBEEZTEBOBAOBHTHEER :
Bifr (N/mm?)

—R—H A (BE+ 1) FAE
SHENTE | BUSHmE EAmE R
Pm Sm | 4 1.5Sm
A-A 51.2 58.3 O
B-B 46.8 100.9 O
C-C 65.1 117.4 O
D-D 52.2 147 59.6 220.5 O
E-E 52.2 59.6 Q
F-F 39.3 69.8 O
G-G 70.9 149.8 O

DS AFEMOFRER, BESHORLREVWFHENE C-C I\ TH AR
&, A==y s ORSMEIHERSND Z L 2R L,

Y7, HEIZEAEFEITIRAT 016 mm Thote, A——y 7HNEOTHE
(6 440X 1345L) &I+ 2 H 5 2 BULEDIRTEE ($430X1340L) & DREICIE
5 mm DEEERELTEY, JOHEEMLTHFLSMAEINWZ LD, ARTIDSA—
RNy 7 OEWRLY, 7 XAELEORESEEZEZR D X O 2B 0IER
LianZ eéE2bh5,
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5. F—/—s0y 7 OB~ VR

F—=N=Ry 73T AEEELEHAR, BRERE L THTLASEETHRESH
5, OB, AEHONI AEREPLRT LN IBHEREICL - Tk, BERER%E
BEREBRRETILNERDD, LiedoT, BEST—1—Ry 7 O BRIE~
WEBANZBEBTEZLEZENE LTE~VWHESZERE L,

F & —RBMEES A — =y 713, BEEE~ZIEEE LTREHAONE
BEHEET D, REHEILy BITH L TERFRE~NERTS, PHFICHLTIZEEZ
EBRITRV, ZFITF—R_—Ry 70XREREYERHRESL L CHREEELT
REIFILILTHLREBHODEINFERICELS B LEL NS,

ZITARF T, REREUERFBEELE L ThEEELZREIE3E5 L4
RIEZRELRVEED 2 BY OMTEfTo7, SIREZRELLWVWESIR, bt
DM EREHBEIZS &35 (TEREETE 753) 108 L CE~NNRIFE2E
L7,

2B, WEEELL, BEUEREEERORmIIBOT 2mSvh BT, B W
REMD Im OALEIZIBWT 100 Svh BT (IEERSE, EREMER X ORF
FORBICEETAEE) BS1ILD16F 1 EBLOE 2H) 15,

5.1 @A %
H T Z2AB{LEDOBIFESRER L OFOMOLB2 L TIZRT,

(1) BHR

O BROHHE _

R L LCRET A HEAEREIHRER CBREERIT 4.5wt%, 45000MWdr & L,
FrHOlRH L, BAEE COSHEEGL 4 £L 953, E-HOLE%O PR
MR 30FE LT3, X511 I LEEEEZRT,

@ HRIREREE
R3-1IERTREAZFEEZ D &R, BEBEZUTOBYRELE,
v BEGREE © 4.117X 105 (v /sec/ )
R BRIEAREE © 1.93X10° (n/sec/ &)

@ =FRAF—ZLT p L

yBREFHEFOTAALF =AY ML, 53 BIORSAITTFTEDEZERL
o YyEBRITRAF—ZART ML E LTI ORIGEN 2 R 2ER L, viEF=x
ANHF—RNT M E LTI, BRESHEHID LA PABEWY (e, n) KiE
LA boRERLE, BEAMIZIR Cn242 @ (e, n) FGICEDFHFO RV
F—A~7 b AEHER L DLC23-E S I E# LT,
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& 5-1 RRARER T4

i PWR
PREERE 45000MW,
BB S L
LA 38 MW/t
AR 4.5 Wt%
PR R 44
U:0.3%
U B Pu: 0.3%
BITHE
FTHA, »vaFfr0.0%
100%
BRI UO, Bkl &1t U-235 4.50%10%
(V588 lton H7=Y DEER () Pu-239 9.55X 1(°

Q) HEa—FRBIUVETF—#

yBOFHEIZIL, HAEEEES %Li%csz~b%ﬁmLto¢ﬁ%ﬁ®+%
i, 2 RtEEE R 2 — F DORT 2/ L, #7-&&LKTEO%E7477J%
FEALE,

(3) HEET NV
FPERBE-TRICHT2HERZERT 5, MEBRERFICE S EREETIE
¥, BEXEBOHEIEIR 51, REZEBOHBEGHEN 52 TELEFNTT, WT

NLBEFERBIIAZERZZER LETETHS, T, BREXEER, #BBXE

BEOEAEEY QAD =— FB XU DORT =— FOMBFRICEF L L5EE

RE#K 5-3, 54, 5-512FT,

B, EXEETEORS, A—1"—y 7D ETHMmEI ﬁbfﬁ?% E&Eiik
BHEL, PEFOREI DV ED, PEFICE L TRBRTFHICT TR ORI K
LTEHER2EREL, ZOBREZEBLCTHFROHERERE Lz, —F, v#ICHE
LT — =Ry 7 EFRAB IO THFROMAFIZH L CHEZER L,

RICEEEELZHRE T 5 HE ﬁ#é%ﬁ%%ﬁbto_@% , DORT 2k 3%
HEFIEA~OFHE O E T A& B 5-5 1T T,

B, BREEFBETALOCHTETRERBESEISERDSE, Z0X)
REBOEETE, vHRIITEFRIISODREHTEIEIEERETIED, vHI
XY D REATIZE I LT,
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(4) LRI

yBRIZELTIZ QAD a— REFEALLED, REUYESRREGRAERT I L
AR, EIRIRERERREEER TS5, ICRP pubsl THZ BTV B HE
# Z:IZ ORIGEN2 HEEICH LTARFET 3221k Y, SR IAX—HEHOBTO
YHEE L TRELEES2 K 5-5 17T,

FHEFICEL T, BERYBREREREEER TS, ICRP pubsl THEX bR T
5 HfE % BiZ ORIGEN2 &I LCHREBTA Z L IT L W R B XA F—&FH O
TORKEE LTRELZFHETR 1 om BEYBERTHSR (DLC23-E BiEE) %
R5-6IRT, 2k, PHEFREYNEZEHMTDEITIIFE 56 OBESR 25 L CHEE
T 5,

5) WEOHRB X UEBE

FFEICER LW EOMERB L OBEER 57 ITRT, ¥ AELEOMERS X
CEEZODVWTIRAy IBLETR TRATI LRESNTVWA N T X BE{LEERE
EERICES b0 & L, BbikofAk %k 5-8 1277,

(6) DLC23-E T A 75 U MRS B3 385

SEERLEE T 1 77 U2 DLC23-E Th 535, DLC23-E Ttk TF iy
BEREBELVEDICHMT2EARD S, S4AT5 V0B MNIL-TEDL
BB DREE LTz, LLTFOR 52 IR ERT,

o JEAY ME ﬁﬂe
sFREa—FBIUGFA4 75 : ANISIN+DLC23-E
MCNP-+FSXLIB-J3(JENDL-3)

% s
F 52 hEFRELUERITER
gk FEA~VEE X (em) 25 50 75 100
DLC23-E & 1.5 % 2.6 1% 4.8 {% 0.0 {%
FSXLIB-I3 & D, * o - = o
Fl.E
fREY B RREARO 1.2 4% 1.7 % 2.6 1% _ 43 1%
BERRERE **

. %) (FSXLIB-J3 74 77 Y # RV /e MCNP = — FOHER) / (DLCB-ESA 75V %
FAv iz ANISIN = — R OfATRE 5
#*) FERIZEVT MCNP = — FOBFIZBVTIL, BENAREYBREEN: LT,
BT RANF—FEHOP TRADHETIEARL, =— KT log-log MIEL@EEMH Lk,
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ERECBWTRIA TS VEEETHEMETa— FHEBLTNAR, o— KF
DERTFEAEELTAT I IHOZRNKEN L 25 2 L BRIBRBEFICE T
RENTWD, Lo T, PHTREYEOMITIZEL T DLC23-E 5475 Uik
BANWEOE SIIRETEH 2~10 FREEETFHRFMEEREL 5 L5 - L334
25, LL7ARH DG, DLC23-E ZEAT 256 OREY BRIBEHAHEIT ICRP pub.51
FLE{E% DLC23-E Q- RAF S TR 58Iz, #BHT XL —EETO%
BEREOBRREZEHOBEREL LTV L AL ES - ORBRLERT
WIS LR T BROMBTRERICI Y DLC23-E AT RICR L T&OE X T 20~30 cm ¢
it 15 A%, 70~80 cm BREETIIN 3 EOMERTLITLVEZ 2 N3,

LIe o T T OB Tt FREY BROBITFERICH LT LEORES®T
AHME LT,
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EAREETHICEDSE
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1000

6

155 or

829.5

5

215 *

BB NIY

1340

818

150 or

6

1000

BAT : mm

*) BREBOEZ 155 mm : BE X TBFOEARTE

215 mm : B % EEFOERTE

) BRHEMOE X 150 mm | BE X EEBOERTIE
' 205 mm : EEBE X TBIFOERTIE

X 5-4 48 - 84 - QAD AEtEHRE

— 49 —
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%53 rf@IRILE—IART ML

EHTRAF— YR F =AY b L
(MeV) (v/sec/ &)
0.0100 1.116%10%
0.0250 2.273X 10"
0.0375 2.711 X 10"
0.0575 2.217X 10"
0.0850 1.249 X 10
0.125 9.174 X 102
0.225 1.055 X 10"
0.375 4.419x 108
0.575 1.874X 10
0.850 2.111% 10"
1.25 1.782X 10"
1.75 6.443 % 10"
2.25 4,124 %107
2.75 1.413X 107
3.50 1.116 X107
5.00 4.776 X 10
7.00 5.507 X 10°
9.50 6.327 X 10*
TOTAL 4,117 % 10%

LT RAF—-HEEIEIL ORIGEN 2 EETH 5,

E54 PHEFRIRNF—IART b

LR RXAF— FHEFRT R —RRT b
(MeV) {n/sec/ &)
15.0 0.0
12.2 0.0
10.0 0.0
8.18 0.0
6.36 0.0
4.96 1.011X 167
4.06 7.608 X 107
3.01 5.402X107
2.46 _ 8.994 X 10°
2.35 2.909 X 107
1.83 1.320X 107
1.11 1.293 X 10¢
0.550 2.123%10°
0.111 0.0
3.35% 103 0.0
5.83%X10* 0.0
1.01 X 10* 0.0
2.90%10°% 0.0
1.07 X 107 0.0
3.06 X 10 0.0
4,14 X107 0.0
TOTAL 1.930x 10

R EBr3A¥—i, DLC3-EREBETHS, £, R PR
0-#—#% v b, Cm-242 (@, n) REOZRAF—RAT MTHDB,
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#= 55 riRERREXRTREZY (ORIGEN2 BiEE)

: _ THaRE
:Pigi*ﬂfﬁ (MGV) ( P Gy / h) / ( 'Y/ sz‘ SEC)
0.0100 2,67 % 107
0.0250 6.05 % 107
0.0375 2.60% 107
0.0575 1.33 %107
0.0850 1.34 %103
0.125 2.16 X 107
0.225 4,97 %103
0.375 7.68 X107
0.575 1.18 X 10
0.850 - 1.61 X102
1.25 2.20%10°?
1757 2.70X 10?2
2.25 - 3.14 X 10
2.75 3.55X10°
3.50 4.32 X107
5.00 5.69X10%
7.00 7.02% 107
9.50 8.95% 107
ICRP Pub.51 12 5% Bﬂm"ﬂ\z)%dﬁ%ﬁi\., ORIGEN?2 ###5 & Iowhin LT
HBIlc X bRz,

& 5-6 PHEFR 1em RB Y BLTMER (DLC23-E FiEE

) _ AR
T RAF— (MeV) (uSv/h) / (v/em?-sec)
150 198
22 176
10.0 1.61
818 1.51
6.36 1.41
1o 1.46
4.06 147
3.01 1.37
2.46 132
2.35 131
1.83 _ 1.30
111 124
0.550 0.965
o111 0.272
335X 10° 0.0283
5.83% 10 0.0256
1.01 X 10* . _ 0.0294
2.90% 103 0.0329
1.07X 107 0.0366
3.06 X 10°¢ : 0.0399
112X 10° 0.0403
414X 107 0.0392

ICRP Pub.51 i 52 B TW A E{EZ EIZ, ORIGEN2 HEEEIZXIE LT
REglck VR, FHMECRARBZORE? 2E L ERFERTS,
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& 57 EMPORETREEEE

(HAZ : atoms/b*cm)

LR EAS o] FH
B (g/mm’) 1.20%X 10°? 7.80 4.4

H 720X 10°

C 7.58X10°

N 3.90 X 10

o 1.05x10%

Fe 8.41 %102

Ti 553X 10%

+ 5-8 7 AELGEER

2 2.6 g/em®)

(B
- HEAEE: BE R EgEmE
(wt%) (gfem®) (atoms / b*cm)
Li*1 1.39 _ _
B *2 444 0.115 1.26 X 10°
0 4717 1.24 4.66 X 10
Na 7.42 0.193 5.05X 107
Al 2.65 0.0689 1.54%10%
Si 21.8 0.566 1.21 X107
Ca 2.14 0.0556 8.35x 10*
Zn *1 2.40 _ _
Mo *3 10.2 0.265 1.66 X 10°

%] 1 DLC-23E 54 7 F VIZ/RWVWLL, Zn BB LRV,

*3 1 B3 DLC-23E T4 7 F V2 B-10 LRV HEE LT 100%
B-10 #7353,

*3: FP B L U7 7 F= Fig{t#H % Mo THAET 2.
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53 F¥&H ' \ .

HTREBAERT A4 —A= "y 7 ORERELY B HEERELHR TS X
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K59 MBUBKMERRE L (BXREETE BEEHR)

B{¥ : mSv/h
REFWE X v # e 8t pe g
R 1.15 8.62 9.77 2
BHM 22.5 ¢m
FEMDB 1m 0.33 1.12 1.45 0.1
. RE 68.8 16.1 84.9 2
FmE 21.5¢cm
FHHPD 1m 9.59 0.69 10.28 0.1
FiE 90.2 16.1 106.3 2
el 20.5 cm
#E»H 1m 12.4 0.69 13.09 0.1

& 5-10 MBUBERFMBERE LD

(BEFREETE, HEEE)

BA7 : mSv/h
IRFHE & v B HRiE R HEt R RN
Fm 1.15 8.62 9.77 2
BHm 22.5cm
REHS Im 0.33 1.12 1.45 0.1
FHE 3.14 10.07 13.21 2
m 21.5cm
: FEHG Im 0.50 0.56 1.06 0.1
FE 5.17 10.07 15.24 2
= | 20.5 cm
FHMHD 1m 0.82 0.56 1.38 0.1

R 511 MEBYUBRTMMFERE L0 MAEECENTLLIFE)

B{F : mSv/h
IRFEHE X v R PR aF TR E
e — 0.660 0.660 2
75 cm
FE»MD 1m — 0.117 0.117 0.1
#Em
EA] - 0.336 0.336 2
85 cm
FEPD Im _ 0.0621 0.0621 0.1
= ' _ 0.566 0.566 2
70 em FEhD1 0.0773 0.0773 0.1
w5
FH — 0.273 0.273 2
80 cm
FE»PS 1lm — 0.0395 0.0395 0.1
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