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The long-term integrity of TRU waste package, with a titanium alloy for the outer corrosion resistance layer and carbon steel for
the inner structural vessel, has been evaluated.

The target confinement period is settled at 60,000 years in this study (i.e., 10 times of half-life) . So the outer corrosion resistance
layer with titanium (Ti-Pd alloy) is developed through focus on the high corrosion resistance of Ti alloy as a technology that has
long-term confinement.

In investigation about integrity of its passive film, the thickness of corrosion layer of 60,000 years is calculated by building an
empirical formula between temperature and corrosion current density, considering the results of constant voltage examination in the
TRU waste repository assumed environment. About crevice corrosion, its occurrence conditions is investigated in the TRU waste
repository assumed environment, then, Ti.Gr-17 is selected as candidate material of the corrosion resistance layer. In investigation
about SCC in Ti alloy, using the models of growth of hydride-layer, the thickness of hydride-layer after 60,000 years is estimated by
the results of constant currents tests. Then, the hydride-layer of this thickness is confirmed not to generate cracks, in consideration
of destructive critical hydride cracking thickness and the models of crack propagation. The knowledge that the process of generation
of hydrogenated layers changes with differences in acceleration conditions (i.e., current density) is obtained. So we must confirm the
adequacy of this model by the examination with natural condition.

Keywords: TRU, waste package, C-14, titanium alloy, hull, end piece, depassivation, crevice corrosion, hydrogen-induced
stress corrosion cracking, performance assessment
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Table 1 Requirements of waste package [1]

Items

Requirements

Basic specification

Long term confinement of

Target period of confinement : 60,000 yr
(corresponding to retrievability for about 100

Corrosion resistance : Ti-Alloy

radionuclides . Pressure tightness : Carbon steel
years after closing)
Temperature Heat generation of TRU waste (Fig.2) Maximum temperature 80°C
Dose equivalent rate as : With 35cm assist radiation
surface=less than 2 mSv shield) dose equivalent rate as :
Radiation shielding 1m from surface= less than _ d '
surface = 1 mSv
100 uSv Im from surface= 50 uSv
(with additional radiation shield)
Inflammability Incombustible Using incombustible material

Impact resistance

Fall from forklift handling height

The safety of falling from 5.5m
(height of the top of stacked 4
steps )

Loading resistance

Stack loading

The integrity of loading under
stack

Earthquake resistance

Never turning over in case of an earthquake

The overturning moment in case
of an earthquake
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Fig. 2 Assumed temperature transition of the disposal site
conditions over time [1]
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Fig. 3 Time dependence of Ecorr of Ti-Gr.1 in simulated
concrete equilibrium solution based on immersion test [8]
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Fig.4 Schematic design of immersion test [8]
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Fig. 5 Potentiodynamic polarization curves of Ti-Gr.1 at
20mV min! in simulated concrete equilibrium solution [8]
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Fig.6 Time dependence of ipass of Ti-Gr.1 in simulated
concrete equilibrium solution for each temperature
condition (+0.5 V vs. SHE; constant)
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Fig. 7 Temperature dependence of Corrosion current
density (+0.5 V vs. SHE; constant)
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Fig.14 Schematic diagrams of hydride layer growth
curve[29]
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BT RN HE S 8 E & 2, LOWMERHD.
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BBV OFEE S & FRBARSFRIFEHEZ /2D 2 &b,
HFIZIERR CRd & 9 7, TR 28 2 sl

5=A1" (5) [29]
TKFMNMEN R T 5. , 0 ARFEHEE
X, 6 B, A EERER, THY, DUFCHEHERE A
DN T D,
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Fig.15 Depth direction of Ti-Gr.1 specimens after
hydrogen evolution [24]
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Fig.16 Depth direction of Ti-Gr.17 specimens after
hydrogen evolution at 0.7 MC/m? [9]
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dx oC C
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T
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ERTIENTED. bbb, KFEWEES 6 13KkFE
LB R DOKFBIREC, & LBIBERICH D L EZ DR
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2H,0 + 2e = Hy + 20H (12)
ZHUFLLT O XL S22 o0FBEN MR IND. T72
bbb, HEDOHVIKFEA A Hi-aq BEME (Volmer X
) s
H'-aqg+e=Hy (13)
&, ThITHE S B KRR FHyDERE S UL (Heyrovsky
B 5

Hy+H'-aq +e=H, (14)

EMBRY, BEDBERIGE 2D Z ERHEINTND
[31]. Z D%E DOKERFWAE I TimkinD FHREAE IZHE D
[3112 &5, WA KRBT Hy DR EHEFE 20, 13K H A
Ep Bt L LT, kX[32];

0H=k1 +k2 anHZ (15)

ThHxbhd., —F, KETAG Epm & i@EE (CEGE
NPBEDOTN) 1 & OBRIL, Tafellf$k%B = By = Bc =
(QQRT)/F& LT, ®A[32];

P2 = exp[-(4/B)n] (16)

THABND. U T, WAEKRIFETHy DRI PR
0 plFBEE n OBIE1]1E LT ;

Oy =k;-(4k/B)y 17)

LEFTLNTES.
WEE n &Y — NEREEic & ORI Butler -
Volmer=\; ;

ic = ip [exp(-1/Bc) — exp(n/B,)] (18)

ThHzbh5., ZZT, B=B,=B; b=2303B& LT,
HY— RGO T <0 THoT, |n|BAKREWVE XTI
FOE 2 THITEE TE D000, BEBEE n 1 3KkX[29] ;

n = -b log(i/ip) (19)

THZON, | n|N/hEWE Eidexp n &1+ 1 THEE29]
LT;

n =-(b/2) (i/iy) (20)
THz2b6N5.

K1NB L VQROZXRANITRAT S Z LITED, ight
KENWEEZL/hIWVEXTEREIKRA29] ;
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Op=k; + 9.212 k; log(i/iy) 2y
01[: k] +2 kg (l/lg) (22)

ERBEIND. ZORAEIET Tafel /53 b = 2.303B =
(303 RT)Y/FITHZEINTLE Y D, BET OHEH MK
ENTLEY, WEKERTFOREWER O L BREE
& DOBMRITIRE TITIKAE LR W.

¥, KFCWE ESE DOKRFIREC TR (15)~(22)T
it LSBT mIC BT 2R AEKEFRAH DRI ESE
0 gl BT 2 E L, KFEMHBEES § BARFE DB
SAREDKRFIRECJTBI L TN D Z &, KFE(LEI £
i DKFIRFEC T EMREINRIFE T, b o 1 X S EMEG
BENCOMEFET D Z &0 D, KB OEREUREED
BH B30T —F Z[29]|DEFT /MY TIEDH D &

[a] i = ksig [exp(A/ky) - exp(-A/ky)] (23)
[b] i = ksiy exp(A/k,) (24)
[c]i = (2ksiy/k,)A (25)
ksip=-1.41, k,=726x10°

(K[bl[c]DEH TIE EREX19), 0B HE & [FEEDOE

1 @  Tsutsuietal (1975)
o 69— B
0 ] a. |=k3|0[exp(A/k4)-exp(-A/k4)]
é b. i= k3|0 exka4)
< A i=(@kjk)A -
x ki =141
ODO 30
S o] K =726E9 |
04 |
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Fig.17 Application of rate constant, A, to experimental

data [29]
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Fig.18 Linear plot of low current density area [34]
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#a) 1B BB T —ZITE L LTV, Figl71Z
5 koI, BREREL >20 (Am?)DT — & 13:024)
OXAIET L (Hifb) TRELSh, BFEREE<2
Am?)DT —Z IR DEMAIET L (Hifke) TRES
n5.

Fig.17 IZY TXD72E T NV ORE i EFER A JE R L
BMFIR TR L2 B DO % Fig.18 12T,

ZZIICRA X, i <1 AmPCTHEZEICQS)DEREA
TIMTE, FGHLEB3OT % L KRETE TN 5.
Tz, EARBNE, [i|0 £ 0 K E O EEEE TR SR % 5
25,708, KQSDEMBID /8T A —H | kigh L Uk,
FEER KD 72 @ BT IR 0T — & 2 R4 D x5l
WEBILTRD D ZENTE D00, EFREAATHS.
245 KFRELYEBHREERBOBERGFNE

ik Loz, KRB LVQR2) ~DfRAIRFE TTafel
125 =2.303B = (2303 RT)FITMHZA SN TLE > 20D, iR
ETOEGMHLE SN T LR, WEKERFORmEER
0yt BRBEEIE OBMRITIRETICRGTE LRV D, B
B L ARF W IE R DO KFEIREC, & OBHRITIRSE
AR AE L 72U [29].

WE-T, KRG EADE DRAFEMN S, EERBADIR K
TEMEIZIE S 2 1 & KB IHARE Dy D IR RN TS L
TWAZ &2 5. [INTTE & O 7=Phillips © O FERfE R
ZFig19 |2, Z 26RO - HERIEADIREREN %
Fig.20 (27”77

Fig.20 12 H.% X 512, #HELRHAIL Arrhenius™ OO FE K
FEMEEZTRL, 70y MY TR T2 ERD D BT oiF i
b= R F—iF 244 kI mol! L FHF SN B[1].

PLEOBGEHER NG, EEIEE OFEEHMALL, i/iphd
KEnE xkA[29] ;

A = Ay log[i/(ksi)] exp[-Q/(RT)] (26)

Vg /h & & X |RA29] ;
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Fig.19 Time dependence of hydride layer thickness in a
variety of temperature [34]
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Fig.20 Temperature dependence of rate constant, A, based
on the Philips Data [34]

A =24y [i/(ksio)] exp[-O/(RT)] (27)
LB, ZIT, ksip=-141, Q=244 K mol'Hh)& T %.
246 TOMOKRIEMEBRAREERR~NDZE

O, MEHRT L L TEETRORE, RERT-L L
T pHIRTEENE Z b5,
BETLFEROFBIZ OV TR, IEROBRFHIR T 55 —#
DIFEAENELETHEE L TOPAEEG E RV T EMAMT
42 (Ti-Gr. 1~3) IZBETH LD THD DK LT, AR
ZECIETI-Gr. 17 s & L7z, PARINIA & & X8 & LT
5. ARWFSE T S ALzl 2 O RS RIIA A S[34)1C &
STEEDLNTVA. 80°C, pH=82, i=42~44 (Am?)
DEMCB T HRFMEE S § L PARINEE & 0 BIfR
ZFig21 \Rd . USR5 X 91T, PARINRE O EITIZ
LAERD LR,

pH EFEMEIZ-DUNTIE, Phillips H[14]0 FEER2S K FE RN
#|ZXFT DR E 7 pH (K FMEE R LTV % —7F5, Tomashov
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Fig.21 Relation between thickness, d, of hydride layer and
Pd addition density [34]

22

September 2008

247 KRILWFESHEEEINZRERETIL

90°C D KIRTRBR BRI BT, EEFAFHC LV I Y
— REMT ¥ — Y INRN L ERMERRF Sz THEAM
F & (Ti-Gr.1) #ERFIC OV T OBEHRE R A[9,15)10 &
DG STV, ZOZROKEINEILIG I & & 245
A ERRFRIILLT Fig.11 [15,16]1 L FRRIZLA T O X 51
EZ2 5N TW5[9,15].

(a) &BFEm S Ti KFBEPI LI, WESFHIZ
HIET D,

(b) KT EIE = 6 HREERGE S § C (BIERR T
~10um) (ZEIET DL, KFEYIE IR IE
ns,

(o) TR THAETMPEH L, T THUKELDE
DR S5,

(d) & HIEHGH DK B EE S DR S S I B5E
T 5L, HOKBEYEIEIZEND,

(e) T EMYIK LT, XHNERT D,

LWV RITHEAL SN D,

AT S OB LA, TR B T A KELY
JEOFR, R, BLOEHBEOHD IR LBROFT
& S R da/dt 13 E[9]

da/dt = A/(65/4° +eclecr) ™ (28)
THEz2zb6N5. 22T, §c: KFEWEDORERRAE X,
¢ o KRENMDEOBIER R OT I, e o TRLMOT 74
HWETHD. 2oL, ABR+THREnE X, k9]

da/dt = Alfec/ecy) ™? (29)
WL TE, —J, AR/ EnE ETRA[9]
da/dt = A*/5¢ (30)

WEICE 5.

AR E Tl 72 & 912, KB AR E R AIT AR D
T/NESWD D, EZEREE TG TR T &
MTEXBHEEBEZLND. Thbb, WESRKALKELLY
JBORIEIEFE X § A ERILSNIE, ZEREES
TRIFEETH 5[29)].
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DS DR AT - 7.
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T EFROEmR D, KFEHEZ § OBWEE ; i k17
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Fig.22 Time dependence of hydride layer thickness in a
variety of current density conditions
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Fig.23 Current density, i, dependence of rate constant, A

23
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mol'EEH LT,

EBic, BFAR2)ITKksig=-1.41 & LI=SpTH Tt
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LIEE A, KEICERT D SCC THNAMR - #ERTD.
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4 FEDHESHORE

WEICHE LRER D RICTF ¥ o AeIclT 5~
DHIR[1,4,7,8,10-12,16,26,29,34) & B v #xd, F7=, 4 FI%E
B U 7o AMBY REAR 7 B i B R B A S e & DNTK R b g
[E & OMERERAFIEDREFE R EH D AN TRIAMES
HETFRET N EHEE L. FONTET A0 b IEELSER
BRIz 2 F 7 o A MBEREASR OB G L, it
BEO 6 FEMOREENEEEND Z L 2HRA L. 5
BoOMELE LTI, UTF2%05%.

FEEARDORUE L B[R L6, WS T o n T,
IR X DR LI AR I C R X e
EHZBZENZD. LnLARND, Ti ORBEEEY
DA REME MBI T D REHINIRIE & A EE ST
2. L7eido T, BHEEG RS O NMBRE e MEIZ BT 5
WEHISHOEELRFEL LTHET NS, £2, Mgk
TR S U256 OB ERIZ DWW T H, 5%l
VETHD.

KFHALET MTHOWTIE, BT VOEE(L & IRETRE
JESRMEICRBT 2RI L 2 KT AERFEE O, 725
TNT 7T & A, TREEE B O S BB 3 S 1R O 7R
ML LR OIS, EFAOEELOBATIE, T
NIRRT 2 =2, FlZE, G4k, BE, pH, B
FOZ MO KGR FEIFEDORERNP NI TH 0, &2k
JBET VO 2 B LA 0> & ZUE R E) 4 F BRI ICAER
B2, EEBIEIC X 251G, BRI ES R
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Table 3 Analytical sum data of corrosion depth

Totall corrosion Corrosion Tchickness hydtl’ide layer SGC cracking depth
thickness under i pass thickness
Case (1 (60,000 yr : 60,000 yr : 60,000 yr :
32.626 [mm] 32.583 [mm] 43.038 [ m] 10.000 [« m]
Case @ (60,000 yr : 1,000 yr : 1,000 yr :
3.945 [mm] 0.543 [mm] 1.960 [ m] not occur
59,000 yr : 59,000 yr :
3.399 [mm] 0.546 [ m]
60,000 yr : 60,000 yr :
3.942 [mm] 2505 [ um]
Case @ (60,000 yr : 60,000 yr : 60,000 yr :
1.767 [mm] 1.766 [mm] 0.807 [ m] not occur
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