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Overall Approach 

/ / / l l l l D l l l  Iml 

• :. I d e n t i f y  r isk s i g n i f i c a n c e  

• :- P r o v i d e  i n p u t  to 
p e r f o r m a n c e  a s s e s s m e n t  

• :- Increase  c o n f i d e n c e  in 
m o d e l s  

• :- A s s e s s  the a d e q u a c y  of  
D O E  d a t a / a n a l y s e s  by  
e v a l u a t i n g  c las ses  of  
mater ia l s  
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Corrosion-Related Experimental 

m mm mm an 
Program 
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o:- E v o l u t i o n  of w a s t e  p a c k a g e  e n v i r o n m e n t  

o:- C o n t a i n e r  s tud ies  

• ,- C l a d d i n g  s tud ie s  

• :- Dr ip  sh ie ld  s tud ie s  

o:- P e r f o r m a n c e  con f i rma t ion  tools 



Near Field Environment 
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Del iquescence  h u m i d i t y  (DH) of salt 
mixtures  is lower  than  that of pure  salts 

Confirmatory studies to unders tand the DH of 
salt mixtures formed from J-13 and other YM 
waters 

• :- S imula t ion  of evaporat ive concentra t ion 
us ing  OLI speciafion software 

• :. MULTIFLO s imula t ion  of t empera ture ,  RH, 
and chemis t ry  at drift  surface 

• :. Presence of dri. p shield m a y  inf luence  the 
effect of de l iquescence  a n d c h e m l s t r y  of 
condensed  water  



Semi-Empirical Model 
BBBB B/BBI IBI IDI I I  i i  BI 
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Time Time 

o:. Repassivation potential, Erp , is affected mainly by anionic 
concentrations, temperature, and metallurgy 

o:. Corrosion potential, Ecorr, is affected mainly by redox kinetics, 
surface state, pH, temperature, and metallurgy 

o:. Pit growth is affected mainly by transport processes within 
pits. 



Issues Related to Container Corrosion 
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• :o L o c a l i z e d  c o r r o s i o n  in i t i a t ion  a n d  g r o w t h  

- E f f e c t  o f  n e a r - f i e l d  e n v i r o n m e n t  

- F a b r i c a t i o n  

- M i n o r  i m p u r i t i e s  in  e n v i r o n m e n t  

- Is t h e r e  a c r i t i c a l  p o t e n t i a l ?  

- E f f ec t  o f  cyc l i c  l o a d i n g  

- M i n o r  i m p u r i t i e s  in  e n v i r o n m e n t  

• ;- P a s s i v e ,  u n i f o r m  d i s s o l u t i o n  

- M e a s u r e m e n t ,  m o d e l i n g  

• :. S t r e s s  c o r r o s i o n  c r a c k i n g  



Validity Of Repassivation Potential 
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Conditions For Localized Corrosion Of 
Four////iCandidate A1 ~o~~ 
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o:o Repassivation potential 
(Ercrev) used as a critical 
potential for the initiation of 
localized (crevice) corrosion 
in N R C / C N W R A  TPA code 

• :o Improved corrosion 
resistance in the order 
316L < 825 < 625 <C-22 

• :° Critical chloride level for C- 
22 close to saturation of 
NaC1 



Crevice Corrosion vs. Temperature 
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Effect Of Fabrication On Localized 
Corrosion 
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o:- Exposure to 
8700 C during 
thermal 
treatment may 
result in 
reduction of 
performance of 
alloy 22 
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Uniform Dissolut ion of Container 
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o:- The m e a s u r e d  dissolut ion rates of alloy 22 
range f rom 2x10 -5 to 7x10 -4 m m / y  

o:o A s s u m i n g  a constant  dissolut ion rate, 
pene t ra t ion  of 20 -mm wall  w o u l d  occur in 
30,000 to i mill ion years 

o:o Shor t - te rm m e a s u r e m e n t s  do not  consider  
defect genera t ion or metas table  events  

• :- The effect of fabrication processes on 
dissolut ion rates are not cons idered  
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Long-term Prediction of Uniform 
Corrosion 

/ / 

Vm V= 
V~ V= 

Alloy 

• :- M o d e l s  

/ l l i / l l l l  
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- P o i n t  d e f e c t  m o d e l  

- S e m i c o n d u c t i v e  o x i d e  m o d e l  

• :. E x p e r i m e n t s  

- S t o i c h i o m e t r y  o f  

- D i s s o l u t i o n  r a t e  

d i s s o l u t i o n  

1 3  



Uniform Dissolution Experiments 
m m mmmmmmmmnu lnl 

• :- E v a l u a t e  t h e  

s t o i c h i o m e t r y  o f  

d i s s o l u t i o n  

:~ , i  .~ .~  l y  ~:~ ~ ~  -:- S e n s i t i v e  m e a s u r e  

~"  ~ r a t e  o f  d i s s o l u t i o n  
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Critical Potential for SCC 
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• :o P r e - c r a c k e d  s p e c i m e n s  

• :o Crack  g r o w t h  rate 

c a l c u l a t e d  b y  p o s t - t e s t  
S E M  e x a m i n a t i o n  

• :o 1 - m o n t h  tests  

o:- S o m e  tests  for I year  

Potent ia l ,  m V s c  E 
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Critical Potential for SCC 
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Effect of Minor Environmental Species 
on SCC 

i D R i l l | D I l l  i U U i  
The effect of anticipated temperatures at the repository on 
corrosion and SCC 

- Test temperature used by the State much higher than 
expected for wet conditions 

The effect of anticipated pH of water contacting the containers 

- cracking can be observed at low pH even wi thout  lead 

The range of Pb, Hg, As concentrations needed to enhance SCC. 

The speciation of Pb in evaporated water 

- Prel iminary calculations us ing  EQ3/6, to predict the effect 
of evaporation of J-13 water at 100°C 

-- The pH is predicted to rise from - 8  to 10.5 

- The dominant  d i s so lved  species  is PbCO3(a q) at 1.2x10 -3 
molal  

The range of potentials anticipated in the repository 
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Use of Analogues 
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o:o Archeological and natural analogues have 
been proposed and studied 

- J o s e p h e n i t e  ( N i g F e  t y p e )  

- I r o n  

- B r o n z e / c o p p e r  

• :. Industrial experience with alloys similar to 
alloy 22 exist 

18 



Al loy  22 - Brief History 

~ ~  NN NNnnlluuDnll m m 

• :o Fourth generation in C-family of alloys 

- Haynes and others discovered Ni-Cr alloys ca. 1898 

- Alloy C developed by Union Carbide in 1930's 

.... Alloy C-276 developed by BASF in early 1960's 

- Alloy C-4 developed in 1973 

- Alloy C-22 developed in 1981 

- Other equivalent alloys (59, 622, etc.) commercialized (ca. 
1988) 

• :. Major applications include flue gas scrubbers, chemical process 
fluids, down hole tubing, pulp and paper bleach systems 

• :- Need to put  these industrial experiences in a common 
f ramework-  repassivation potential vs. corrosion potential 
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Considerations for Analogues 
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• :o S i m i l a r i t y  in e l e c t r o c h e m i c a l  r e s p o n s e  

- Josephenite (Ni3Fe,Co) vs. ferchromide (Cr3Feo. 4 ) 
v i s a  vis alloy 22 

o:o M e c h a n i s t i c  i n f o r m a t i o n  

- localized corrosion of mineral analog 

- localized corrosion of meteor i tes / i ron  artifacts 

• :o I m p r o v e  conf idence  in conceptua l  m o d e l  

- Map performance in other industrial  applications 
of a class of alloys 
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A Proposed Approach for Analog 
~ ~  uNNmm||nNII  m 

• :o Investigate mineral  assemblage and 
morpho logy  of ferchromide 

• :o Identify whether  any specific corrosion mode  
is present  

• :- Assess the geochemical history associated 
with the mineral  

• :- Compare  to model  predict ion (e.g., 
repassivat ion vs. corrosion potential) 

21 



Performance Confirmation 

m m mmmmmNNl NII 

o:- PC improves  confidence in models  and 
laboratory tests 

• :o PC can include m a n y  approaches ,  including 
laboratory and field tests and moni tor ing  

• :- Sensor per formance  is an impor tan t  
considerat ion 

o:- Different types of sensors can be evaluated  in 
s imula ted  heater  tests in the lab 

22 
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Simulated Drift 
mm mmmnmmDmml mm l-- 

o:o Objective is to evaluate  sensors,  not  hydrological  models  
• :. C rushed  tuff f rom YM w / 4 "  s imula ted  drift space 
• :. Tube heater  to s imulate  heat  from radioactive decay 

Water  e ui l ibrated s imulate  g round  wate r  percolated in at ":" 1-2 L / d qdy w / tuff to 

Sensor Array - -- c e  

/ 
Corrosion Coupon Galvanic Couple Sensor 
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,Galvanic Sensor 
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Summary 
N N N I N D N I I  7 

• :o Repassivation potential can be used to 
predict occurrence of localized corrosion and 
SCC 

• :o Fabrication effects need to be studied 

• :o Long-term passive dissolution needs to be 
better unders tood 

o:- Sufficient thought  should be given to the 
development  and limitations of performance 
conf i rmat ion/moni tor ing tools 
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Critical Potential for SCC 
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i m u m i i i D m u n  

Backup Slides 
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Alloys 
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• :- Type  316L SS: Fe-17%Cr-10%Ni-2 .5% M o  

• :o Al loy  825: F e - 4 2 % N i - 2 1 . 5 % C r - 2 % C u - 3 % M o  

o:o Al loy  625: N i -21 .5%Cr -9%Mo-3 .7%Nb 

• :o Al loy  C-22 :Ni -3%Fe-21 .5%Cr-13 .5%Mo-3%W 
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Background: Repository Temperature 
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Deliquescence Humidity and Aqueous 

/ 
or Dr~/Air Corrosion 
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Likely Deliquescence Humidity for 
Concentrated J13 Water 

~ i l i i m i i ~ i l l  m m 

3 

8 0  KC1 
- ~  '~ ~ . t -  'KCI (BP) ; 

' -"~---"  J ' , IoCI . . . ~ , ~  

"~" 70 I Nocl~Rr~ i 

r.~g,o3 I . . i  NoNO-~ (BP) 

" I ' - - - - - - - - ' -  K2co3-i I ~ \  Mox,. 
~. 40 "1 ~ 1 " - . . ~ .  / .oiling Point 

! ~ ~ _ . L  . . . .  I _ ~ .  ~ % - - - - ~  . ~_ ~0 . ] ~ ~ ~ .  ~ . - ~ q , . ~ , , _ _ . .  ~ , : ~ ,  ,~ ,~.~-.  ! 

9 6 - C  

0 50  100 1 5 0  

Tempera tu re  (°C) 

31 



Uniform Corrosion Rates 
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Starting 
Condition of 
Alloy C-22 

As-received 
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Density, 
A/cm 2 

2×  10 -9 
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Rate ] 6x10-8  TPA 3.2 Calculation Low Dissolution 

TPA 3.2 Calculation High Dissolution Rate 2 x 10-7 

Corrosion 
Rate, 
mm/yr 

2 x 10-5 
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20 mm Thick 
WP Barrier, 
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Uniform Corrosion 
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1 0  -3 
o~ Alloy 22, 95°C -' 
~_, 10 -4 O 0.028 M CI" pH=8.0 

0.13 M CI- pH=0.7 
0.5 M Cl- pH=8.0 

10 -5 4.0 M Cl" pH=8.0 
"~ 4.0 M Cl" pH=2.7 ,, ~ 10-6 

E 10 -7 i 

8 1°-8 ~'~, 
10-9 I ' I 

- 2 0 0  0 2 0 0  4 0 0  6 0 0  

P o t e n t i a l ,  m V s c  E 
8 0 0  -200 o 

10-3 ~ Steady state current density 

i n 4 M C  
10-4 

10_5 

1°-6 

lO -7 

,o-~ t /  ~. ~ - , ~  ~,,oy_~ ~F 

10_9 ~ L@ T h e r m ~ o y 2 2 , 4 h r a t 8 0 0 " C J I  
I ' I r I I I ' I ' I 

200 400 

Potential, mVsc E 

600 800 

33 


