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EBS Subsystem Performance Assessment 
Existing Models 
Use in TSPA 

Waste Package Performance Modeling 
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Near Field Environment 
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Waste Form 

Container Performance Models 
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Summary  



EBS/NFE Subsystem PA Models 


TSPA Source Term 

Test Analysis Test Data 
System Analysis Far-Field Environment 

EBS/NFE Design Analysis EBS Design 
Subsystem Model Test Planning Sce.ar,os NN 

NFE ' EBS 

Mechanistic Models Mechanistic Models 


L -

0 

o ~¢., 
 o ._~ ..--
03 

z_ L- 


O 0 ~ 0 • 
0 

! 
"r' tO ,_ o "~ 

0 O O .~-- ¢n t -
0 O • ~ ==03 O 

(5 0 ~ 0 



EBS Subsystem Modeling in TSPA-1993 


YMIM (Yucca M o u n t a i n  In teg ra t ing  Model)  was  i m p r o v e d  and m o d i f i e d  
to p rov ide  the source term for TSPA. 

• A reduced  	vers ion  of YMIM was p rov ided  as a FORTRAN callable 
s u b r o u t i n e  for the SNL-TSA package.  

• The 	 abs t rac ted  desc r ip t ions  as incorpora ted  in YMIM were  p r o v i d e d  
to INTERA for use in the Golder -RIP model .  

YMIM - Modular  EBS/NFE model. Mechanistic container failure models for mult iple degradation 
modes dependent  on few group temperature, water contact and chemistry. 

RIP - Deterministic WP model in a stochastic integrated system model. Few group representation of 
NFE and EBS. Container failure distributions specified for mult iple degradation modes. 

TSA - Package of codes (Total System Analyser) for probabilistic flow and transport analysis over a 
range of scenarios with an input  source term. 
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Functional Structure of the YMIM Model 


Near Field Hydro logy 
• frequency of flow episodes 

• duration of episodes 
• matrix, fracture flux during 

episodes
• fraction of time container 

is wet 

R o c k  to 

Container  


Flow 
• flow rate of water onto 
container dudng flow 
episodes 

• fraction of year flowing 

Internal 

Container  F low 


• exposed area of failed rod 
• fraction of surface 

exposed 

Near Field Container 

Failure 


• Eh Chemis t ry  	 fraction of containers 
• pH 	 failed this period 
• fluorine concentration 
• chloride concentration i 4~' 


_• carbonate concentralJon ;i~ # r  I C ladding Failure I~ 


~ ~ / ~ . . ~ - fraction of d a riding f a J led ,' 


Rod and Container  I= f ..,,.1~ I thisperi°d II-

• 	 Temperature ~ : . . . . . . . . .  ----~'~1 o , . o , u ~ o n a n d  It 

rod temperature I~'-..~ Nucl ide Beha~or  I Accoun t i ng  1' 

• container terrceralure 
.	 . . . . . . . . ~ ,,re.e°t - - - ~ 1  ,,,,. p,,.o,, I~ 


this period 	 periodI 
• solubility of each ntcl'Kle I • rod failures this period 
• gap fraction for each m c r ~  I ° mass altered this period 



Current Developments  (TSPA-1993) 


TSPA-1 vs TSPA-1993 


F e a t u r e / P r o c e s s  
Waste package 

Emplacement 

Thermal Loadin 8 
Container performance 

Waste form performance 

Near Field Environment 

TSPA-1 (1991) 
Small, thin wall 

Borehole 

Implicit 57 kw/acre 
Arbitrary failure history 
Isothermal after 1000 yr. 

Isothermal, arbitrary rate 

Isothermal, 'ambient' 

TSPA-1993 
Small thin wall 
Larse multiple material 
Borehole 
In drift 
Explicit: 28.5, 57, 114 kw/acre 
Deterministic 
Temperature dependent 
Oxidation, General aqueous corr. 
Stochastic localized corrosion 
Temperature dependent 
Oxidation, Alteration, Dissolution 
Coupled hydrothermal modeling 
Temperature dependent 
Dry out effects 
Reflux effects 

Preliminary Draft 



Near Field Environment 
(TSPA-1993) 

Modeling 

- Tempera tu re  dependen t .  

Water flow represents both ambient  percolation 
hydrothermal ly  driven effects such as dry-out 

flux 
and 

and 
refluxing. 

- Abstracted from VTOUGH analyses for representat ive conditions. 

Few group representat ion of spatial variation from center to 
repository. Log-normal representation of localized flux 
he t e rogene i ty .  

edge of 

- Transient  geochemical  effects not currently incorporated.  

- Effects of Man-Made Materials not currently incorporated. 

Preliminary Draft 



Dry Oxidation Modeling 

(TSPA-1993) 


Dry oxidation rate extrapolated from high temperature data for iron 
and steel. 

-	 Arrhenius  temperature  dependence.  

Primarily used for early time oxidation of thick steel overpack. 

@ Key question: at what temperature-saturation conditions to switch 
to aqueous processes. 



E x a m p l e  D r y  O x i d a t i o n  D a t a  


R a t e  = Ke -~ 

Tern erature (°C) Oxidation Rate (mm/ ) 
•A l l o y  8 2 5  a 

2 5 3  2 . 4 x 1 0  -7 

2 0  5 . 5 x 1 0  -16 

Carbon Steel b 
540 10.08 
25 6.35x10 -6 

II I I I 

a Da ta  from Brasunas  et al., 1946 

b Data  from Uh]ig, 1946 




Aqueous General Corrosion Modeling 
(TSPA-1993) 

Aqueous  corrosion rate with a selectable pi t t ing factor to represent  
localized rate variations.  

Selectable average rates, defaul t  values extracted from iron and steel 
corrosion data. 

Tempera ture  relat ionship fitted to a quadratic shape with a max imum 
rate at a selectable temperature  (such as 80°C). 

Primarily used for wet  corrosion of thick steel overpack. 

Key question:  at what  temperature-sa tura t ion condit ions to switch 
to aqueous  processes.  



Example General Aqueous Corrosion Data 
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Figure 13-2. Generalized aqueous corrosion rate as a function of temperature. 


Table 13-4. Generalized aqueous corrosion rates for mild steel. 


Temperature (°C) Rate (mm/zr) 

80 0.38 (maximum) 

20 0.12 




Aqueous Localized Corrosion 

(TSPA-1993) 

-	 Combined  representa t ion of pi t t ing and crevice corrosion. 

Abstracted from a stochastic pi t t ing model  (Henshall)  which 

represents pit birth, growth and death probabil ist ically,  with 

distr ibutions normalized to fit pit depth data for austenitic 

corrosion res is tant  materials .  


Container  failure time extracted via extreme value statistics over the 
active area of container  surface. 

Tempera ture  	 dependence  fitted to an Arrhenius  re la t ionship  of growth 
ra te .  

-	 Median,  upper  bound  or lower bound  growth rates selectable. 

Key question: at what  temperature-sa tura t ion condi t ions  to switch 
to aqueous  processes.  



Example Localized Aqueous Corrosion Data 
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corrosion rate. 

F i g u r e  13-3.  Illustration of pitting growth rates for 3 growth conditions. 

Table 13-5. Es~mates of stainless-steel corrosion rates. 


i 
Temperature = 70°C Tempera tu r e  = 100°C ' 

95 th  Percent i le  Mean Growth 95th Percentile Mean  Growth 


Growth Condition (m~/yr) (mmlyr) (mm/~r) 

0.01 0.1Low Growth Rate 0.0001 0.001 


0.1 1.0Median Growth Rate 0.001 0.01 

1.0 10.0H~gh Growth _Rste 0.01 0.1 




Waste Package Lifetimes in TSPA-1993 


Use of the YMIM corrosion mode ls  gave a range of WP l i fe t imes u n d e r  
d i f fe ren t  condi t ions :  

• Waste 	Packages  which  were  "wet" at near  bo i l ing  t empera tu re s  fai led 
in as little as 100 years. 

• Waste Packages  which  s tayed dry never  fa i led in 1,000,000 years.  

• Under  	evolv ing  condi t ions  mos t  waste packages  had  l i fe t imes of 

several  t h o u s a n d  years.  


It should  be noted  that  TSPA-1993 did not  cons ider  several  po ten t i a l ly  
i m p o r t a n t  effects:  

-	 Delay  of resa tura t ion  after  t empera tu res  d r o p p e d  be low  bo i l i ng  

( ex tended  dryout) .  


-	 Galvanic protec t ion  of the inner  container  by  the outer.  
- Mic rob io log ica l ly  I n f l u e n c e d  Corrosion.  

- E f f e c t s  of a l tered  geochemis t ry .  

- E f f e c t s  of m a n - m a d e  mater ia ls .  




Example Applications of EBS Subsystem PA to Design 

and Regulator~ Compliance 


An improved EBS/NFE model was developed to provide the TSPA-1993 
source term. 

• Interaction 	with the Waste Package ACD design team has begun. 
YMIM is available to the M&O (B&W) group to evaluate waste 
package design features, and to begin incorporation of improved 
design details into the model. 

• The 	subsystem performance requirements were not addressed in 
TSPA-1993: 

- Substantially Complete Containment by the waste Package. 
- Controlled Release (10 -5 of the 1,000 year inventory) by the EBS. 

Results may be extracted from the TSPA-1993 analysis. Additional 
analysis using YMIM and the TSPA scenarios will follow. 

• Sensitivity/uncertainty 	studies have been started to assess the value 
of information in addressing design features, test planning and 
model development.  



~ l e  Application of EBS Subsystem PA Information 

Needs to Testing 


Test data information needs were identified during development  of the 
TSPA-1993 source term model: 

• The 	 t ransit ion of container corrosion mechanisms from non-aqueous 
to aqueous processes is important  to unders tanding  the effects of 
thermal  loading and hydrothermal  response on container lifetime. 
This transition is not currently understood adequately.  Testing and 
model development  were below the funding priority. 

Test p lanning has been revised to address this issue: 

• Controlled 	 envi ronment  ( temperature,  humidi ty)  corrosion 
experiments were elevated in priority as a result  of PA input. Test 
plans have been prepared and thermogravimetr ic  equ ipment  
procured. Preliminary test results will be available prior to the next 
TSPA. 



Example Application of EBS Subsystem PA Information 

Needs to Model Development 


Model  deve lopment  needs were ident i f ied dur ing deve lopment  of the 
TSPA-1993 source term model: 

• Water 	contact with the waste package, driven or prevented  by 
hydro thermal  processes,  may have significant impact  on the source 
term. No sui table abstracted models  exist. 

Model  deve lopment  has been revised to address this issues: 

• Abstracted 	models  are being developed to describe reflux water  f low 
and fracture f low penetrat ion of dry rock both above and below 
boiling. Data extraction subrout ines  have been  developed to al low 
hydrothermal  f low time histories to be extracted from large volumes 
of model ing  data. 



Example Application of EBS Subsystem PA Information 

Needs to Site Testing 


Model development  needs were ident i f ied dur ing deve lopment  of the 
TSPA-1993 source term model: 

• Water 	contact with the waste package, driven or prevented by 
hydrothermal  processes, may have significant impact  on the source 
term. Models  and data of coupled processes are needed.  

The Large Block Test at Fran Ridge is being adapted to address this 
issue.  

• Material  	corrosion coupons will be incorporated to sample the 

hydro the rma l  env i ronment .  


• Environmental  	sensors are being incorporated to moni tor  the vapor 
phase air-water mixture and aqueous surface processes.  



Summary 


Current EBS/NFE models are beginning to incorporate more 
mechanistic details such as hydrothermal water contact, 
temperature dependence, and specific corrosion processes. 

The primary purpose of these models is subsystem design and test 
analysis and to produce a source term for TSPA. 

Iterative interaction with design, testing, model development and 
TSPA is being actively pursued. 

More detailed EBS analysis will be possible in the future. Important 
developments will include: waste package design details, container 
material specification, improved mechanistic models and improved 
definition of the near-field environment such as water contact, 
geochemistry and man-made materials. 

Preliminary Draft 


