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You Are Here

Waste Form Degradation Model B e

- NYIRCMMENTS
Used for both nominal and volcanic
scenarios in TSPA

CLST IRSR primarily related to this model
(October 12, 2000)

— Subissue 3 (CLST3): CSNF degradation

— Subissue 4 (CLST4): HLW degradation gh‘
SATURATED
ENFE IRSR (September 7, 2000) zf@?}ﬁm |
— Subissue 3 (ENFE3): Coupled thermal- amsﬁe PERFORMANCE

hydrological chemical coupling

nhp OIS, i

TSPAI IRSR

— Subissue 3 (TSPAI3): Model abstraction

¢+ ENG3: Chemistry of water contacting
waste

+ ENG4: RN release rates and
solubility limits

— Subissue 2 (TSPAI2): Scenario analysis
* Discussed in Waste Form Degradation PMR
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Waste Form Degradation Model
has Eight Components

Radioisotope
Inventory

Clad
Degradation =

| . Dissolved
" Goncentration
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ollcidal
ofcantration

| :
DSNF | Dissolved _/ Colloidal
Degradstion Concentration = ﬁ" contrati
| arsible

+ 4 i loddal
camration

- ' HLW
' | Degradation
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(g -fﬂu for next time step

e el o i

Matrix
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WFD Mode| 8 componert s ai

" EBs
WP Surface
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In-Package Chemistry Component Couples to Five
Other Components

Addresses thermal-hydrological-chemical coupling issue in ENFE3
Addresses T5 (integration criterion) of TSPAI/ENG3 model abstraction

Uncertainty in chemistry important source of uncertainty in 5 other components
(addresses T2-data uncertainty)

i Dissolved Colloidal =
T Concentration #\Concentration

* Discussed in In-Package Chemistry Abstraction AMR




In-Package Chemistry Component
Estimates pH, Calculates [CO,],, and
Samples [i] and [F]

Clad

% tt,, < 1000y ?

Degradation

felad }

L 4

Calculate pH

Seepage
Flow

Qseep

HLW
Degradation

THLw

PH ow = f‘l {fdad! q.'aaep} €
PHyigh = folftad: Qseep)
Sample between
pH Lo and pH High
|
Calculate total carbonate
[COJ; = f4(pH)
l
Sample ionic strength
a<[i]<b Repeat for
t -ty > 1000yr
and Codisposal
v Packages

Sample Fluoride concentration
and assign partial pressures

\

Qutput to Five
Components
(Uncertainty in

[DDQ]T = 3{pH} P{GDE} = H.I
c<[F]=d P{DE}=Iv(2

Chemistry Componenbs a

> |n-Package
Chemistry Component-
important source of
uncertainty
in other components)
(TSPAVENG3/T2-data
uncertainty)
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In-Package Chemistry Component Developed
from Regression Analysis on EQ3/6 Runs

Addresses TSPAI3/ENG3 and ENG4/TI, T4, and T5

Addresses CLST3 and its concern that influence of
corrosion products on waste degradation be evaluated

‘ A

D .
\_~

Time (years)

CSNF Conceptual EQ3/6 Runs Varying:
Model * Qeep

* I'steel*

* Thiw

e f

clad

pH Abstraction for > 1,000 Years

qseep

pH Abstraction for <1000 Years

* Corrosion of steel releases sulfur which can lower pH; the CLST IRSR specifically

notes influence of corrosion products on CSNF and HLW matrix degradation
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CSNF Matrix Degradation Component*
Based on Regression of
Laboratory Experiments

Temperature
Trnatrix

LT Y

Clad
Degradallon
fdud

THI-8342-6282-1

- |

Figure Madifed From
DOO2ODCANFD-SMR-18-MED Graphica/l' ai

Drawing Mot To Scale
CENF Degradation Madel =

* Discussed in CSNF Waste Form Degradation Summary and
Abstraction AMR
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CSNF Degradation Rates in SR Similar to
Rates in VA

Addresses CLST3: CSNF degradation and influence of T, pH, [CO,];

Addresses TSPAI/ENG3/T1 and T4 (not T2 - data uncertainty - since in

chemistry

100 ¢

—
e

[ Flow
102 | Qualified datum | test data |

s

LI

Reaction Rate (mg/cm % hr)

- 90°C
[ NG = 50°C
10° | | e o 25°C

2 regimes of behavior based on pH; Temperature

=f1(T,P02,[CO3]T,pH)

106 I ‘ ‘ relationship assumed the same in both regimes ||~~~
2 4 6 8 10 12 0.0026 0.0028 0.003 0.0032 0.0034
pH 1/T(K)
e ——
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Cladding Degradation* Consists of Two
Steps: Perforation and Unzipping

A— Cladding Perforations Radioisotope Exposure
Pedforation
. Fast rel
InitatGad Calculate {fmﬂuacnn Lﬁiﬁfmw
Conditions: Cladding in gap)
Pressure, strain Creep and SCC

Caleulate clad Appaortion radioB copes

Gﬂj'ﬂ-_llﬁfe _ Unzipping and according to mass
Physical Failure mass exposed =AMy
- Seismic event R = R
| (Meg Wy

Caloulate
Local
Corrosion

In-Package
Chemistry [F]

Cladding Dejpadation. ai

N,
CSNF i
Dissolution Ha:a\l Radioisotope
foanE J Inventory
* Discussed in Clad Degradation - Summary = ‘R,

Abstraction AMR
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Cladding Perforations™ before Receipt
based on NRC Contractor Report (1969-
1985) and Literature from 1985-1995

Triangular distribution 1 S \ \\ - o Addresses CLST3

« \ A4timesasmanyrods 1 request for evaluation
Median &~ failed as CCDF | of cladding damage
during operation,
storage, and
transportation

e Related to TSPAI/ENG4

used when sampling E \

- \
\
/\ l 0_1 4 \\ N
r 1
> C v

Fraction of WPs WYith\k

More than 1024 < issue on RN release
X% of the Rods _ ]
Perforated I /
103  Failure Rate |
Used in VA
4 times less' \ :
10—4 ReI_P|B4'SPW\ L1 t}\lan\ rrwle\dllalu\’ll CCDF | Ll
w T I I
102 107! 1 10!

% of Rods Initially Perforated in a WP
* Discussed in Initial Cladding Condition AMR
e
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In TSPA-SR, Perforation from
Cladding Creep Sampled Between
Analytical Estimates

e Addresses request in CLST3 for evaluation of creep rupture models (alternate
DCCG creep model addressed as FEP)

o Related to TSPAI/ENG4

g 12 .

4= Random selection .

é of failure criterion I Comparison of Murty's ]
5 1 \/ —_ 100 -1 Creep Correlation with .
Q& B Measurements of Irradiated ]
§ 0.8 - 0.4% strain // , c\i I Cladding .
&::) failure critérion / /A 11.8% strain _g 10 1
§ 0.6 | for all 12,000 / failure g,;:; E % ®

o rods / / criterion o ® c*®

g 04 2 5 Tte
5—{: . ’ /I % 1- o ° ..7
S 9 s

£ 021 ————-- = g .

2 ’ .«

E O _______T__-/ ‘ > O'l ! ‘ "HH! ' : “HH! : ! "HH\

150 250 350 450 0.1 1 10 100
Peak Temperature on Waste Package Surface Calculated Strain, %
e e
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Perforation of Cladding*
by Localized Corrosion

To account for microvariation in chemistry, pitting is
included since it is thought to be more likely to occur
relative to other localized corrosion mechanisms

Fraction of perforated rods conservatively assumed
to be proportional to seepage of water into WP

1
f;la

4T Da0am’

Both CLST3 and TSPAI/ENGA4 ask for evaluation of
potential for pitting corrosion

i qxeepAt[

* Fluoride pitting discussed in Clad Degradation - Summary and Abstraction AMR

e —
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Cladding Unzipping®* Follows Perforation

Triangular
% distribution

1 40 240
CSNF multiplier
Unzipping
velocity (cm/yr)
10°
10 30 MWd/MTHM
10° Dry unzipping 40
102 velocity \ 50
1 01 ......’ ;..,.’ ”’,»
1 Wet l-mzipping O
1 velocity 240 times
10- \
I e 40 times CSNF
10 e degradation rate
103 / ' —— CSNF
10+ degradation rate
103 —
0 50 100 150 200 250 300 350 400

T (O

e Addresses request in CLST3
to develop models for clad
splitting

e Related to TSPAI/ENG4
discussion

e Unzipping rate in dry
environment bounded by wet
unzipping rate at
temperatures anticipated in
WP and thus included
indirectly (no release,
however, until water seeps
into the container)

e Radioisotope releases from
unzipping conservatively
bound diffusive releases out
of pinhole perforations

* Discussed in Clad Degradation - Wet Unzipping, Clad Degradation - Dry Unzipping, and

Clad Degradation - Summary and Abstraction AMRs

YMP Yucca Mountain Project/Preliminary Predecisional Draft Materials
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Cladding Perforation from Several
Mechanisms Evaluated
(TSPAI2-FEP analysis)

1. Perforation from delayed hybrid cracking and hydrogen embrittlement

screen out - (discussed in Hydrogen-Related Degradation of SNF cladding under
Repository Conditions AMR)

2. In general, localized corrosion not predicted to occur for CSNF WP; thus,

localized corrosion FEPs generally screen out-(discussed in Clad Degradation - Local
Corrosion of Zirconium and its Alloys under Repository Conditions AMR)

1104 <[F]<9x10“m
[Cl]=2x10 “m
3.6 <pH < 8.1

3. Generalized corrosion screened out - (discussed in Clad Degradation - FEPs Screening
Arguments AMR)

4. Unlike TSPA-VA, cladding failure from rockfall screened out since other
perforation mechanisms more likely now that WP life has been extended

5. TSPA-SR does include perforation from severe earthquake (frequency of
1 O'GIyr) = (discussed in Clad Degradation - Summary and Abstraction AMR)

YMP Yucca Mountain Project/Preliminary Predecisional Draft Materials
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DSNF Degradation Component* uses
Constant Degradation Rate

Radioisctope
Invernt
=1

DSNF Matrix Degradation Component

Constant Rate Bounding Calculate Mass of Caleulate Mass of
M-Reactor Uranium Degraded DSMF Radicisctope Available
Metal Degradation for Transport

i-L?Skgfrnz-d Mo = iﬁ.ﬂ-m

THI-8342-G2 481
Figure Madifed From
DO0200CAWFD-FMR -24-MED Graphice'Lv.ai

* Discussed in DSNF and Other Waste Form Degradation Abstraction AMR

YMP Yucca Mountain Project/Preliminary Predecisional Draft Materials M&O Graphics/NRC_YMRechard_060600.ppt

15



Constant Degradation Rate Used for DSNF
Category Bounds all Measured
Degradation Rates

— 102 £
S r
< e Addresses
NE 101 b TSPAI3/ENG4
o : issue on RN
)] f release
é 100 A
= ;
whd L
(1]
= 107t
c :
el
= ;
S 102}
m L
| -
- ,
8 1073}
£ : . :
-1 ! 1100°C 1 25°C
1004
0.0015 0.0020 0.0025 0.0030 0.0035 0.0040

1/T( K1)
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HLW Degradation Component Uses Arrhenius Rate
Expression with First Coefficient Dependent on pH

Addresses CLST4 and TSPAI/ENG4

e \
y N

- Calculate HLW Calculte Vass d “Calald Niobie I'l
; egra ass adioisctope Mass | |
s ie g:i;:jil':c:p?:;ﬂ i e Maeq |
A off dog = ASAS A Hi:m R, |
Galculgte
Mtk Suiiigi?m

Temperature

Trmatrix \ A =200A
TFII-BME-QEd?—i
HLW o’ Radicisotope
Design Inverntory
Agﬂu ‘R,

. . . Figure Modifed Fi
* Discussed in Defense High Level Waste Glass DOM2OCANFD-EMR-26-MAD Craphicsl\l a

Degradation-AMR Dirawing Hot To Scale

HUN Degradation Companent &
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HLW Reaction Rates in SR similar to VA

e Addresses HLW degradation in CLST3 and RN release in TSPAI3/ENG4

HLW rate less than CSNF degradation except at high pH and high
temperature

HLW rate bounds stage |, Il and lll degradation rates

—
<

RN
o
&)

RN
o
A

10

106

Reaction Rate (mg/cm 2/hr)

107

3 5 7 9 11 0.0026 0.0028 0.0030 0.0032 0.0034
pH 1/T(K)
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Highest Percentage of Radioisotopes
Reside in CSNF Packages (TSPA-SR)

1% 2%

241 Am 27800.00
4%

239py, 1% 3290.00

1%

238p 8% 32200.00

238y 8% 1% 2.95

235 12% 1% 171.00
%

237Np 3% 3.96

2%
137Cs 19% 779000.00
2%
9T c 12% 144.00
o
0gy HLW 26% 581000.00 ci/pkg

0 10 20 30 40 50 o660 70 80 90 100
Percentage (Ci/pkg)
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Percentage of Radioisotopes in Packages

Similar in TSPA-VA

1%

241Am Il 39,
239py 5%1%
259py 6%

238 10% 1%

235y o1 5% 1%
237Np 1 A)1 3%
137CS |

e SNSRI HLw 9%

QOSr |

0O 10 20 30 40 &0 60 70 80 90 100

Percentage (Ci/pkg)

32900.000

3170.000
28100.000

2.880
.166
4.280

150.000 ci/pkg
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Radioisotope Selection Updated for TSPA-SR
As Requested in CLST3 and TSPAI3/ENG4

TSPA-SR

Nominal Volcanic Intrusion NRC IPA TSPA
Isotope | 10*  10° | 10*  10°  10*  10° @ TSPA-VA 99 93 & 95 Comments
Total 16 | 21 12 16 18 23 20 38
¢ . o . o . o . Aqueous “C, nonsorbing tracer
PTc . o . o . o . Tracked since 1984
12 o e o e . . . Tracked since 1984
227AC ° . ° . ° . °
25Th . . . .
20 ] ] U o o 10° yr runs
22Th . Groundwater protection; originally screened in for SR
232U ° ° ° ° ° °
2y e e e e e . . In DSNF
234[J ° [ ] L] [ ] ° [ ] L]
2y . In DSNF; helps track in growth of 3! Pa; originally in for SR
236U [ ] L] [ ] L] [ ]
238U ° [ ] L] [ ] [ ] L]
Np . o . o . . Tracked since 1984; daughter of *'Am &**! Pu
238Pu . . ° ° ° . .
239Pu ° [ ] L] [ ] L] [ ] L] o
240Pu ° (] L] [ ] ° [ ] (] L]
242py U U U o o 10° yr runs
241Am ° ° ° ° ° ° °
243Am ° ° ° ° ° ° ° °
20y . . . . Volcanic & intrusion scenario
3Cs . ° . ° Volcanic & intrusion scenario
210y ] ] U o o 10° yr runs
3 1Pa . ° . . . °
22Ra 0 0 o . Groundwater protection, 10° yr runs
22%Ra . Groundwater protection; originally screened in for SR

YMP Yucca Mountain Project/Preliminary Predecisional Draft Materials
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Radioisotope Selection Updated for TSPA-SR
as Requested in CLST3 TSPAI3/ENG4

NRC IPA TSPA

Isotope TSPA-SR TSPA-VA 99 93 & 95 Comments
Total 9 20 38

*Cl . Estimate updated from CDB value-no longer important
59Ni °

“Ni Originally screened in for SR
”Se U ° o Error in half-life corrected

N .

“Nb . R

P Zr .

107P d °

126 Sn °

135 CS ° °

151 S °

241 Pu °

242m Am °

Mom .

0m o o

246 . .

YMP Yucca Mountain Project/Preliminary Predecisional Draft Materials M&O Graphics/NRC_YMRechard_060600.ppt



Dissolved Concentration Component*
Determines Aqueous Concentration of
Radioisotopes

‘-.F*Eeep = gﬂeep At
Assume no
Water accurmulation
CSMF, DSNF, or .
HLW Degradation Calculate Rind Water Volume | [Select Smaller of Rind Water | [ S2Cu1ate Maximum Seled smalest
radicisctope
Mass Mag and Seepage Volumes L Concentrate [T cmcelntraiﬁnn >
Mueg Mt VRing = M #Sea * Viog Vo= min Vg Vo) R, )
T oR.FT Cp = min {GH,F Sg )
Calculate Solubilty From
Ermpirical Function Apportion Solubility
Spg =1 fpH) According to
S, =f{oH, T, PCOEI Y ] Mass Fraction
Sam=f (PH, Peg ) S, i= S,
2
(S, Function Also Used L
for Ac)
TR 304262 48-1
. Assign Constant Radicisotope
Sample Sciubility Solubility to {Mass Fractions
From Distribution Te, I, G, Th, Sr, Owver Time)
for Pu, Pb, Pa Ra, Cs f
1

Figure Modified From
CO020DCNFD-PMR-28-MAD GraphicsLV. &

Drawing Hol Ta Scale
Disschy ad Concertralion Component. &

* Discussed in Summary of Dissolved Concentration Limits AMR
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Solubility of Important Radioisotopes
updated for TSPA-SR

Empirical functions
— Np=f(pH)
— Am=f(pH, P_,)
~ U=f(pH,P_, T)
Distributions

— Pu
— Pa
- Pb

Constants
— Tc=1=Sr=Cs=C=1M

Estimates based on EQ3/6 simulation

Pu

931

VAT
SR

Pa

SR,VA,93"

Pb

VA,93T
SR
-12

-10 : -6

-10 -4.8

-10 -5

-10 -5

-8 -6

——
I log uniform i

I log uniform i

-8 -5 6.5
L heta ¥ = o/ —=
i ° 1=10 / 0.08

I log uniform !

-10 -8 -6 -4 -2 0

Log Concentration (M)

— Thermodynamic data used recent NEA and literature

Reevaluation addresses CLST3 and TSPAI3/ENG4 request to update

solubilities

* Discussed in Summary of Dissolved Concentration Limits AMR

YMP Yucca Mountain Project/Preliminary Predecisional Draft Materials
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Np Solubility Range in SR Similar to Range
in TSPA VA and TSPA-95

(mol/L) A TSPA-SR Abstraction
01— / Sxp = f(pH)
— 102
T 10-3 —

e Similar to range in TSPA-VA 1000 yr
after WP Breach

e Similar to range in TSPA-95 prior to
1000 yr

e CLST3 requested reevaluating Np
solubility in relation to in-package
chemistry (related to TSPAI3/ENG4)

seA ]
1995
CSNF 10 TSPA-SR Simulations
> 1000 yr « EQ3NR
i———————--—i(—)_—S—_— A * YMP andNEA_data '
_________ * Np, O; controlling solid
TSPA 5 * Secondary phases neglected*
VA 106
HLW
> 1000 yr CSNF
{ 107 — >1000 yr
_________ ; i HLW
. oo >1000yr
108 i L :
T T T T i T i —>
3 4 5 6 7 8 9 10
* Secondary phase formation discussed in Secondary pH
Uranium-Phase Paragenesis and Incorporation of
Radionuclides into Secondary Phases AMR
e
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Colloidal Component* Evaluates the Colloid
Concentration on Three Types of Colloids:
Waste, Rust and Natural
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Concentration

HLW Colloid Concentration
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* Discussed in Waste Form Colloid - Associated
Radionuclide Concentration Limits AMR
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Colloid Component uses Lab Results and
Estimated pH and lonic Strength to Determine
Availability and Stability of Colloids

Relationship Between Colloid
Concentration and lonic Strength
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Irreversible waste colloid
concentration function based
on HLW degradation data
(colloids treated separately
from HLW degradation)

Calculated ionic strength and
pH of water used to
determine concentration

Pu and Am transported as
irreversible colloids

Pu, Am, Th (Ra, Pb), Pa (Ac),
Sr, Cs transported as
reversible colloids

CLST and TSPAI3/ENG4
states colloids of low
concern but recommends
continued modeling
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