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Objectives

» Describe drip shield materials selection basis and
configuration

¢ Review

— Environmentally induced cracking susceptibility of drip
shield titanium alloys

— Effect of creep on drip shield performance

— General, localized and galvanic corrosion of drip shield
materials

e Conclusions
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Selection of Titanium for Drip Shield (DS)

e DS materials selection based on series of Yucca

Mountain Project (YMP) sponsored material experts
meetings & evaluations™

— Selection of corrosion resistant materials narrowed to Alloy 22
for WP and Ti Gr-7 or Gr-16 for DS in 1999

»  Selection based on expected corrosion performance, defense in depth,
fabrication ease, handling issues, cost impact and estimated lifetime

 Ti Gr-24 (or Gr-29) selected later for DS structural supports

— Literature indicates excellent general and localized corrosion
performance

« Titanium alloys evaluated on other repository programs
(including Canadian, Japanese and German programs)

* 1) Peer Review Report on Selection Criteria for the Yucca Mountain Project Waste Package Container Material, December 14, 1998,

2) Selection of Candidate Container Materials for the Conceptual Waste Package Design for a Potential High Level Nuclear Waste Repository at Yucca
Mountain, UCRL-ID-112-58, 1993,

3) Waste Package Materials Selection Analysis, BBA000000-01717-0200-00020 REV 01, Table 7.3.1.2-1, 1997,
4) Waste Package Containment Barrier Materials and Drip Shield Selection Report”, B00000000-01717-2200-00225 REV 00, 1999
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Drip Shield Segment

Ti-7 Shell
(~Ti Gr 2 + 0.12-0.15% Pd)

‘ )
cagt N
Ti-24 (or 29) Struts

and Bulkheads
Ti6AI4V (Gr 5) + 0.04-0.08% Pd

Alloy 22 Base

DS is post-weld stress relieved for 2 hours at 1100°F and air cooled
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Drip Shield lllustration

Connector  gyikhead _ Plates

Drip Shield Materials -

Plates- Ti-7

Connector, Bulkheads, Beams &
Stiffeners - Ti-24

Bases & Stabilization Pins - Alloy 22

Drip Shield Dimensions
Maximum Height =~ 114" (9.5’) ‘
Maximum Length ~ 228” (19’) I
Weight ~ 11,000 Ib i

Stabilization Pin Lifting Feature

-
mmmwm-om«gcmmmmmm»-mmmm mg
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Drip Shield Stress Corrosion Cracking

» As emplaced, drip shield resistant to SCC
— Stress relief annealed
— No dynamic loading

o SCC is possible under seismic and rockfall loads
— SCC does not compromise water diversion function

— Tightness and tortuosity of cracks limits flow
— Potential for mineral/corrosion product plugging.
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Environmental Cracking of DS Alloys

» DS alloys highly resistant to hydrogen induced
cracking (HIC) and stress corrosion cracking (SCC)

e Prior relevant testing includes:

— German* slow strain rate tests (SSRT) of Ti Gr-7 in
5 M NaCl brine at 170°C with no SCC initiation

— NRC funded notched SSRT of Ti G-2, Gr-7 and Gr-5 in
deaerated 95°C, 1 M NaCl with and without 0.1 M NaF **

* No SCC (or HIC) without 0.1 M NaF
+ With 0.1 M NaF, potential HIC observed for all three alloys
» Ti Gr-5 (basis for Ti Gr-24/29) more susceptible than Ti Gr-7

+ Aerated repository conditions and extended period of dry oxidation
will provide HIC margin and resistance to fluoride effects

* Smailos et al, Enresa final report, EC-Contract NO. F14W-CT95-0002, 1999
** Pan et al., CNWRA 2003-02, Section 4.2
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Ti Gr-7 Brine Failures versus Air Creep Rupture Results™

1000 |

105°C BSW brine failures

100

Applied stress ratio, %YS

- : 10,000 years\
10 : : a ’

1 10 100 1000 10000 100000 1000000
Time-to-failure, hrs

«Constant load brine failures due to creep rupture rather than SCC
Fractography also consistent with ductile failure

-Significant margin between minimum stress without SCC initiation and

threshold stress criterion

*Andresen et al., 12th Int| Conference on Environmental Degradation, Salt Lake City, August 14-18, 2005, Dutton et al., Preliminary Analysis of
the Creep Behaviour of Nuclear Fuel-Waste Container Materials, AECL-11495, COG-95-560-1, 1996, Drefahl et al., Titanium Science and
& B

(G. Lutjering, U.Zwicker and W. Bunk, editors), Deutsche Gesellschaft fur Metallkunde E.V.., Germany.
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Cold-worked Ti Gr-7 Crack Growth in 110°C BSW

SCC#?m of c148 T| Grade 7 + 20% Cold Work

11.673 = — - ——————r ; 120
s il 75
= SCC of c148 - Ti Grade 7, 20% CW, 110C :
16721 S o |30 MPaym, Air sat'd, ~Sat'd Chemistry | pue
~ ) Al .
[ © - Moving average of "ol ‘ T 116
11.671 T % ‘o 10 crack length & o , ‘
i r D 2:5%10 [ 4 )
g8 temperature data 1444
Zz < mm/s | b 4
£ I & 8 1.4x 107" mm/s
£ 11.67 T = . 1 &
- o 24 hour hold time T2 ™~
k= L ® ‘ ) '
. u ot § 110 B
o 1166971 o 1110 8
p i ] 2
f .-
3 11.668 1 @5 T 108 =
‘ £3 .
I E — T 106
11.667 1 8® :
82 T 104
[ -3 '
11.666 T ]
[ 7x 10" T 102
i mm/s d
11.665 . _ o . = 2 A - & ' k L o = + - H - A i i 4 + " " " 2 100
6000 7000 8000 9000 10000 11000 12000

Time, hours

*Cold-worked Ti Gr-7 highly resistant to SCC growth in BSW Brine

= =
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Localized Corrosion of Ti Gr-7 at High Temperatures

120°C Simulated Saturated Water
3.6 M KCI, 21.2 M NaNO;, NO,:Cl = 5.9* LLNL Cyclic Polarization
. - 7000 — (DTN LL030107312251.050)

‘ | —g MCaCi2, 150°C
| ——9MCaCi2 + 0.9 M Ca(NO3)2, 150°C|
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* Localized Corrosion margin (AE=E_, - E_,,,) very large up to 165°C*
*Hua et al., A Review of Titanium Grade 7 and Other Titanium Alloys in Nuclear Waste Repository Environments, Corrosion, Vol 61,

o. 10, pp. 987-1003, 2005 **Brossia et al., Paper NO. 00211, Corrosion 2000, NACE
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Effect of Chloride on Repasswatlon Potentlal
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Chloride Concentration, M

*Brossia et al., Paper No. 01127, Corrosion 2001, NACE
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Drip Shield Localized Corrosion (LC)

e Consistent with literature, YMP analysis™* for
repository relevant environments indicates LC will
not initiate, i.e., AE =(E_;; — E_,,,) > 0, where:

AE=d,+d -T+d, log(Cl")+d,- pH

| ‘ Gl |
—— I e S
700 — 1600 | -
- 1400 —f
00 I
1200 — L
reT\Eo’ - i AE o0
mV —
800 — w 800 — I
07 = -
500 —| 300 4
200 = //1// // P s T(K) o~ =z // — < ] 5 4t log(CI")
e P > 3 B _-_7_7 B0 2 8 s o ‘z/ /7
1
pH e e PH 14
= Mean AE
(a) (b)

m -40 Confidence Interval
ANL-EBS-MD-000004, General Corrosion and Localized Corrosion of the Drip Shield
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