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B Perfermance Assessment

m Sorptrenr Processes Can Delay

Radionuclide Transport to: the R -
- Biosphere . |

n Example

— Sen5|t|V|ty to K, values of
~calculated breakthrough of
237Np from. Yucca. Mountain: |
--unsaturated. ZONEX e

. k '

i ‘ & i I

A
*Figure taken from G. Morndrs (LBNL) presentatlon to the

Waste Technical Review Board. March 9-10, 2004, Las Vegas, | [NSSCEEENS Timelyear)
NV. -

(http://www. nwtrb ov meetun S march%202004 moridis.pdf) / / / /

ST

" Normalized Mass Fraction




CNWRA | .

heime " ADSEraCting Radionuclide S@rptmn i
For Performance Assessment:

. SorptiOnl I_s Impor:tantf Aspect of: Naturalé Bamers;

m Sorption (and K,)i Is a Function: of Site- Specmc Mmeralogy andt
N Gr@undwater Chemlstry | _

-»ia Mmeralogy andi Groundwater Chemlstry at Dlsposalr Sltes Can: Varyf
Spatnally (and Temporally)
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Performance Assessment Abstractlens

- Conduct RadronuclldeSorptﬁlon; Experiments.

v Develop Surface Complexation Models:

. UseSrte-SpecrﬂcData -

n Generate Parameters for Sorptlon Medel Abstractlon in Performance
~Assessment. Code ' | »
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 and Np(V)

| ] Slngle Mlneral End- Member Experlments_:

m Variables:
~ — Mineralisorbent
Radlonucllde concentratlon. |
- pHﬁrange

Ionic strength:
Solid-mass. to. solution-volume ratio:

, PCO2 (carbonate concentratlon C) | | | |
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lewlgA /i,
. S0 orption Expenments
_ Sorbents

Minerals Used|  Type of | PHppe  Surface Area |

- | Sorption Site® | | (mP/g)
[Quartz |  »SiOH® | ~25 003
Zt e TER T s

* |Clinoptilolite® | >SIOH? & >AIOH? | ~3 | 10:1

-| Montmorillonite®. |- >SiOH2. & >AIOH?.| ..
| \\’s. \ | xi | :
L Aluming | \ ‘; bo |
a-Alumina | . >AIOH ,
LV ! T

\ \ \ \ 1 I /.
a Sorbents treated\to remove carbonates and Fe-Ox / /

b ClanptIIOIIte and Montmon Ionlte exchanged to Na- end em

wWWA\\\\//////
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b Sorptiom: Experiments:
Results

" m Key Geochemical Parameters:

- pH!
e CGmplfexi'm}.. ligands (e;-.g;.,, ca\rbonate);- N

- Slte concentratlon (sorbent concentratlon/surface area)
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e Erect of pH oon UWI) Sorption

U(VI) Sorption
(ZU, ~ 2-4 x 107 M; P_,,=10-%5 atm)
E ' 0 T Ny ?

- O Montmorillonite
" <> Clinoptilolite
E @ o-alumina

c M Quartz

NEA_Sorption_Model Oct2005
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e Effect of pH on U(VI) Sorption:
Literature Data

Lieser and Thybush (1988) et al. (1992)
TS Eanh e o B RUDT WRnT A I et [ | ) J P S
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Payne,
: S W | T

T
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e
»

@ TiO,xH,0 Kaolinite (1 M NaCIO,)

® TiO,xH,0 (0.5 M NaCl) -k Kaolinite (0.1 M NaClO )
@ Kaolinite (0.01 M NaClO,)

wearERE e o

3 4 b5 6 @ 8 0

pHequ“ pHequ" pHequil
- A;mlolcli, ‘et ?I..(ll998) . ‘ | e Arr?olg, |etlal.' (}9‘99) e Gl v \(oclhtgn], et axl. '(1?9’0)'
Phyllite (4.0 m?/g) ] 3 3 _
Chlorite (1.6 m*/g) ] s L @ Quartz (0.2 m%g) ] [ 9@ Scolem?e
Muscovite (1.4 m°/g) ] - O Chabazite
Albite (0.2 m?’/g) [ 3 G Heulandite
Quartz (0.1 m?%/g) ] Stilbite

T
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Agueous Speciation

U(Vl) Sorption Uranium(6+) Aqueous Speciation
(ZU; ~ 2-4 x 107 M; P(,=10"35 atm) , (2U = 2.1x10” M; 0.1 m NaNO, matrix; pC0,=10"° atm)

| 1 1 g 1 5 1 Y i 5 1 ! T
Uranyl-hydroxy
complexes

 PRIShE DR B R B B B | |
Montmorillonite
Clinoptilolite

a-alumina
Quartz

3
E
3
3

U(VI) Species (moleseL"

povend 0 vl 1 orsnml o l:lllu,l FEERTIT A llluul it biiu

_I'_T'VTTITTI

UO“,(CO\@):,‘/" ;

st
-~
(o
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e Effect of pH on Np(V) Sorption

Np(V) Sorption
(Pco2=10-3% atm)
103 1 l 1 l 1 l 1
Montmorillonite
B Clinoptilolite
Quartz

102

NEA_Sorption_Model Oct2005
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Np(V) Sorption and
Agueous Speciation

Np(V) Sorption

(Pcoz=1 0'3'5 atm)

o o

‘ Montmonllomte

B Clinoptilolite
Quartz
,P ‘

oy « «'\‘@t.J

PR R TTTT ) ATRTTIT] PERTTIT [MERII

poaaml Lol

NEA_Sorption_Model_Oct2005
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Np(V) Species (moI-L’1)
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Np(V) Aqueous Speciation

(ENp; ~ 1 x 10°° M; P.,=10"35 atm)

NpO,(NO,)’(aq) A

5.
NpO,(CO;),

3.
NpO,(CO,),

NpO,(CO,) -
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U(VI) Speciation, PCO,=10"5 atm
ep T T g T T g

U(VI) Sorption on Clinoptilolite
[ e J e

b l oy

1

hilsakdebata )

| S S B LG E

Pcoj

o 1072 atm
¢ 10%° atm

T IIIIHI!
1 II|HHI

Molality of U(VI) Species
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Molality of U(VI) Species
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Np(V) Sorption:
EHEGE Ol ((6-)

Np(V) Sorption on Clinoptilolite
I l 1 I I I | I i I I I | '
m NoCO,

Np(V) Speciation, no CO,
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NpO,OH° (aq)

NpO,NO.° (aq)
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Molality of Np(V) Species
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Np(V) Sorption:
Effact of Poy (T

Np(V) Speciation, no CO,

i T e fEmaT B G BOLE

NpOZ'

Sorption on Clinoptilolite

Np(V)
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Molality of Np(V) Species

Moilality of Np(V) Species

NpO,OH° (aq)

NpO,NO.° (aq)

NpO,(OH),

L I i l 1 l i I ) l 1 I 1 l 1

3 4 5 b

pH

f

8

9

10 11

Np(V) Speciation, PCO,=10-5 atm

106

NpO,NO. (aq)

¢ L NpO,OH°’ (aq)
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U(VI) Sorption on Clinoptilolite

e

Initial U Conc.:
& -19x10°M
O ~22x10"M
® -22x10°M

T TTTT

I

|

lll'lll j O o 8 5 ]

Effect of Sorbate Concentration

U(VI) Sorption on Quartz

NEA_Sorption_Model _Oct2005

Initial U Conc.:
B 20x10%Mm
B 21x10'm
0O -~22x10°Mm
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oo oo Kaimin)
S'A‘Mont>SACIinop>SA(}L-AI203>SAQuartz

U(VI) Sorption (P¢o,=10" atm) Np(V) Sorption (no CO,)

L ] l L] l 1 I L] ' 1 | 1 ' 1
Montmorillonite
Clinoptilolite
a-alumina
Quartz

montmorillonite

clinoptilolite

a-alumina

quartz (0.5, 0.03 m?/g)
| ] | 1

9 10

i llllllll i Illlllll 1 llllllll i lllllul L L
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e Effect of Surface Area (cont'd.)

K, (mL/m?) = K,/SA
U(VI) Sorption (P;5,=10-3° atm) Np(V) Sorption (no CO,)

L] ! L} ’ L l 1 ' i) l 1 ' 1 ' L ' L
Montmorillonite
Clinoptilolite
a-Alumina

Quartz

@ -;'e .

montmorillonite
clinoptilolite
a-alumina

quartz (0.5, 0.03 m?/g)
| 1 | I

9 10

¥ IIIIHI‘ ] Illllﬂl L] Illl"" ] Illlllll T T TTvamm
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mememm  Effect of Surface Area (cont'd.)

K, (ML/m2) = K/SA.«
(For clinop & mont, SA; = 0.1xSA)

U(VI) Sorption (Po,=10"3> atm) Np(V) Sorption (no CO,)

L P B e T M T R S e T B e |

Montmorillonite
Clinoptilolite
a-alumna (2x2U)
Quartz

L] ll”lll' [ R R

QO montmorillonite
clinoptilolite
® o-alumina
quartz (0.5, 0.03 m#g)
|

1 1 ! 1

8 9 1
pH

Illul i llllllll i Illllul 1 lllllul LRy

T !ll”lll T l]llllll

(6]

. K, useful for PA abstraction

NEA_Sorption_Model_Oct2005
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e Surface Cemplexatl@n; Medelung

m Experimental Data; from CNWRA, Open: Literature
N Electrostatlc Diffuse Layer M@deh (IDLM)
- >SIOHO & >AIOHO |
- Component additivity: for alummosmcates
- ¢ Si:Allratios fixed' & priori
. Parameters: derived using; FITEQL
- Uniform site density (2.3 sites/am?2)..
_-_Monodentate surface species I
1‘ Thermodynamlc data from NEA TDB and LLNL EQ3/6 database
Voo \{\Io lon exchange - ! | E ,’ 1 :‘ , .f /
m\ Limjted to Slllcate and; Alumlnosmcate Sorptlon Fe-
(hydr)ox1des and Calcite to be Handled Separately

Wher\e Abundant \

" NEA_Sorption,_ ModeKOthOO\ \\ \\ \ \
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Calculated vs. Experimental Data

U(VI)-montmorillonite Np(V)-montmorillonite

105 1 ' 1 ] ' | | I 1]
>U~2x10" M

ST E N [t i i B9 RLRRE R b L

~32 g/L Py '; bX [ @ NocCo, -
~0.27 g/L ‘ X : i
0279 | © pCO=10"%atm @a®

~0.028 g/L oY
3 )

' § %)
} ‘ 3 : ¥ T
; .

S 2 /2 4/ 6 B 7/8 9/10 11
pH

:

.

:
vl L g g by b ol Lt

10°

Data from Pabalan and Turner (1997) and Turner et al. (1998)

NEA_Sorption_Model Oct2005
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P@tentlali Future Modeling; Eff@rts e

Examine Non-Electrostatic

Models (NEM) with: Generalized

Composite Model for Sites.
- Include Ion: Exchange:

| O Capped vials
-l O Pc‘,z=10"u atm (Forward)

o sz=10“ atm (Reverse)

~
‘o
-
£
e’

'0101:
x =

100

n
e

g i | '
Np-Hematite
=~ Nonelectrostatic Model

Data from Kohler et al. (1999) e

Can Be ,Used/ Off-Llne to
Further Reﬂne TPA

_Response Surfaces /

/o
Useful/for }Expenm /nts

wnth Composrte
Materlal/(In Pro/cess)

I




CNWRA

A center of excellence
in earth sciences

| and engirreering ™ | v Sum ma ITY;

: Sorptlon Experlments to: Identrfy Key: Geochemlcal Parameters That
~ Control Radlonuchde Sorptron[ Behavior

m Srmpllﬂed Surface Complexatlon» Models to Develop Unlformx
Parameter Set

L = Captures maJor aspects of sorptlon behavror; N

B R - | 5
.\\ \ r “r- | | [

\ — Focus on support for performance assessment abstractrons

|
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~ Applying Thermodynamic Radionuclide
| S@I’pt*l@ﬂt Models to Performance
) Assessmenfﬁ

D R.. Turnerr F P Bertettll Ji McMurry, andeT Pabalan. |

Center for Nuclear Waste Regulatory Analyses
Southwest Researchi Institute®
San: Antonio;. Texas.

~ NEA WOrkshop on Radionuclide Sorption
Paris, France

| CNWRA October 10-11, 2005

A center of excellence
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“" Outline of Presentation

Geologlc Dlsposal of Hrgh Level Nuclear Waste (HEW): and. Role of'
Performance Assessment .

‘= Sorption Model: Abstraction. in Performance Assessment
- Approaches to Improving: Sorption Model. Abstraction

Summary

SV
) NEA_Sorption_PA_OiZOOS | \ \\ \ \ \
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™ Geologic Disposal of U.S. HLW

m Potential Geologic Disposal of
HLW at Yucca Mountain,
Nevada

m /0,000 MTHM for Disposal N _, the Nevada Test Ste. The

Nevada Test Site is in Nye
County‘Nevada. .
~90% commercial spent
nuclear fuel (by radiation
content)

Figure taken from http://www.ocrwm.doe.gov/ymp/about/tour/index.shtmi|

~10% defense HLW, Naval
reactor fuel, U.S. Department
of Energy (DOE)-owned
reactor fuel

NEA_Sorption_PA_Oct2005
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e
sz, Role of Performance Assessment am
e in HIL\W Disposal '

m: Performance Assessment

- — Usedito estlmate how a: specrflc system and all of its components evolve
over time:

- Requrred 0)% regulatlon;

o Provides. a: tool! for determrnrng, whether aisystem: meets regulatory/ :
| requirements. |

m Total- -system. Performance Assessment (TPA) Links:
| ConceptuaI/Numerrcal Models. Of System: Components
- —-Simplifies;-or abstracts key -attributes: of- ‘process: leyel modehng,

\ - Iteratrve process as models data and computer codes are added ands’
| refrned ‘ ‘\ ‘» ‘ ’ ! / '

al e
) NEA_Sorption_PAiZOOS \\ \ \\ \ \ / / | / / /
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i, Abstraction of Radlenuchde;.
Sorption in TPA

- m Performance Assessment Codes Use: Distribution
Coefficients, or K s, to: Represent Sorption:
— Constant K for each: radionuclide and: each: |
hydrostratlgraphlc unit over the: time. of the reallzatlon

- — Probability: distribution: functions:
(PIDFs) represent variability: in: Kd

— PDFs.based on:

¢ laboratory. experimentsa
0 Expert: Judgment

! Process models
\ k
\ {

\

.. Range of values supportedby o
.~ observations and experiments - = - "¢

_ Altemative PDF forms

\ e
Optimistic Value .
Expected/most likely Value |

Pessimistic Value -
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Lo Abstraction of Radionuclide
Sorption in TPA (cont’d.)

p(xl>D_Stochgsti ¥ NRC TPA Code

X1-low X1-high

7 = Transport Modeled WIth Ky
Stochasti n 7 Approach Rf =1 + 0 K

o — 16 radioelements
— 9 stratigraphic units
- >250 transport parameters

P /E i, '8 ' Transport Treated as
Sekow Fatig Uncertain—Parameter PDFs

Probability Realization- Performance

Distributions Specific Conceptual Measure S | n g I e Kd Th I’O u g h O Ut
of Input Input Models or Output . : :
Parameters Parameters Simulation Time for Each
Realization and Each

Stratigraphic Unit
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EEEY Considerations for Improving
| - Sorption Abstraoti,ons; i?nr TPA |

n Sorpt|on (and, Ky) Is A Function: of Site- Spedﬂc Mlneralogy And
- Groundwater Chem|stry | |

Mrneralogy And: Groundwater Chemlstry At Drsposal Sltes Can Vary
a ?Spatlally (and Temporally) a , .

m K&}Iis.\WelliEstainshedi In ExistinggTPATra'n'sport; Models

g

WAV
NEA_Sorption_PA})iZOOS \ \ \\ \ \ / / | / / / |

Improvements focused on support for transport parameter PDFs 'Q»
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‘ T |
A_bstractmns, m. TPA!; @b‘»';e.ctwesz .

= Develop Abstractions. Considering; Effects. Of Chemistry On.
~ Radionuclide Sorption: Coefficients: (‘smart K,") ~

. -a 'DeVer:p;‘A‘bs,tr{actedi Models Based: On: Site-Specific I’nfcnmati,cmﬁ

- — Groundwater chemistry:

_ ROGK‘ pmperﬁes e

‘- ’s i ' z

\ ; ; i !
m Improve Transparency And Traceablllty Of Sorptlon Models Ifn TPAj

\ L O O R A A B
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e Improving Sorption Model
~ Abstractions in TPA (cont'd.)

~w Practical Considerations.
 — Availability of data:and models.
~ — Limits.om computationall requirements and other resources

" Flexibility

|

e\
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e | I‘mprevmg Serptlen Model
Abstractlens in TPA: A@pr@ach»

R Conduct Radlonucllde Sorptlon Experiments

SR I’demtiﬁy* S,forpti_ona Efx.penimemtali Data from: Open Literature:

- "lD'evfeIOp}- S'uﬁface@ Compl‘e,x_atiom; Models

om Use Slte Specmc Data

mia tee e moma e '!"""‘ B L S A T Ly

-\ Generate Parameters For Sorptlen Model Abstractlon |n TPA Code f

AT
NEA_Sorption_PA_\Oct\ZOOS \ \ \ \ / / / / /
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- Sorption Experiments: Results ™

m Key Geochemical: Parameters

- pH

 — Complexing ligands (e.g:, carbonate)

~ — Site concentration (sorbent concentration/surface area)
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Effect of Surface Area

K, (mL/m?) = K/SA.¢
(For clinop & mont, SA 4 = 0.1xSA)

U(VI) Sorption (Pgg,=10-3> atm) Np(V) Sorption (no CO,)

e [t B B Y e PRSI [, SR B PR 2 TS O 103

Montmorillonite
Clinoptilolite
o-alumna (2xZU) 102

101

I l|ll|ll[ ] lll”“] L] llll"ll T llllllll BRI AL

montmorillonite

clinoptilolite

a-alumina

quartz (0.5, 0.03 m?/g)
| ! | l

llllllul IIIIIIJJ] Lt Lilt

(8]

pH

equil

. K, useful for PA abstraction

NEA_Sorption_PA_Oct2005
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Su.rface C©m}plexaut|©nn M@delung |

- . Experi_menteals_lpata; from CNWRA Open Literature
| - 'Elécf_trio_sta'tki’c&; ID_i.f;ﬁu;'.ses I.f._a_.,yenfo@;de‘I% (:"DI;M%);"' B jj
- Np(V), U(VI)—MontmcarllI@nlte (CNWRA [Data);

o Am(III), Pu(V), Th(IV)—oc-Alummap (therature Datao

NEA_Sorption_PA_\OimOS \ \\ \ \ \




sz, Process Model Abstraction for TPA:
' Reﬁlmm K Parameter Dlstrlbutlens

u DLM For F|ve Actmldes
Computed with Regional Water
i Chemlstry Data (n = 460)

- ‘_Frequency Histograms and
- Parameter Correlations for -
Calculated K, Ky

- . DIStrIbUtIOnS Roughly Log _ S ) Oeo 35 2010 00 10 20 3.00:00l
. ‘Normal v s LegKa/.Np(V) (mLim?)

""V‘”Low calculated Ky values(

s \correspond to Iow pH and hlgh B

\ 'HCcoy \groundwate{s | 5

\ — Most calculated K values\fall
‘Within 2 to 3 orders, of

\ magnltu\de \ \ \ / | .
NEA_ Sorptlon_PA__OiZOOS \ \ \\ \

Frequency
Cumulative %
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" Process Modell / \bstraction for TPA:
""‘ Actinide Semhem |

Calculated Sorptlon Parameters Lmked Through Water
Chemistry =
- Correlation Coefﬂcnents Implemented In TPA

o - Indirect mcorporatlon of geochemlcal effects
- Computat|onally mtenswe

‘Uncorrelated - SAV . . Correlated - SAV

Log Rf, Np (SAV)
Log Rf, Np (SAV)

5.0 6.0 7.0 8.0 9.0 100 110 . 50 6.0 70 8.0 9.0 100 110

Log Rf,Am (SAV) Log Rf,Am (SAV)

i vy N N
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Further Refinements:

T T T T
Data fvolm Hsi nnJLlngmuk‘(ﬂ&ﬁ)

@ Cr=00M
Bl Cr=0001M

Log K4 (mL/g)

A Cr=001M
MR AN PO I |

58 67T B
pH

U(VI)-Goethite

(a) Model Calibration

(b) Predicted Effects of pH, M/V

U(VI),=10° M

(c) Predicted effects of pH, C,

U(VvI1),=10°M
M/V=0.01 g/L
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iz Further Refinements:
L Response Surfaces

Log K (mL'-m?)
- 3

7
-
[]
£
£
»
x
5
3

g NEA_Sorption_PA_OiZOOS \\ \\ \ \\

" » ’

w Sorption Response Surfaces

('Ka' VS pH’, PCOZ)

. — Electrostatic DLM: |
— MINTEQA2 with: NEA.andi
- EQS8/6:thermodynamic.data
. m Advantages .
| — Increasediflexibility:

Reduces number of: sampled
...transport.parameters.. ... _

P : e o
Alloyvs stqchas,tlpsamphng:of:‘;

measured hydrochemical

l {
parameters

| _Prg"vides/directllinktp site-/
/ specific geochemical variability

[

|

4

/)




CNWRA

A center of excellence -
in earth sciences .
and engineering TM

Offline Calculations
— SCM run; at discrete pHiand Py,
— K, calculated as function of pH for.
‘a fixed Pe, - |
- ¢ Polynomialifit to: curves.
- Implementatlon in TRPA

— pH:and: P, selected from: site-
specrﬂc PDF for each: reahzatronx |

e e Interpolatlon as. necessary

; Ka, rdentlfred from; response
surface / ! /

Ky converted to Kd based on
estlmated ESA /

|
i
/—I transport srmulatron

- \\ A / / / ’ / s

102

10

‘e« 10°

101
55 60 65 7.0 7.5 80 85 9.0 95




CNWRA

e« Process Model Abstraction for TPA:
Effects of Geochemical Variability

m Process Modeling To Investigate
Effects Of Geochemical
Variability

m [rends In Calculated Sorption
Parallel Trends In pH and P,

m Data Limitations Include
— Sparse data

— Water sampling integrated over
entire well bore

— Does not include post-1994 data E;jmmmmm
(Nye County EWDP wells) | — eyt i

I @ Location of wells and springs
L used to define contours

NEA_Sorption_PA_Oct2005
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i Refining Site-Specific

and engineering TM

Groundwater Chemistry Data

PH/Po, Distributions Are Being
it 159 Evaluated

71 DOE/CNWRA combined pH
—O— TPA pH Distribution

Original Pre-1994 Data Set
Covered a Large Area

i 5 — Revise for narrower focus on
. et anticipated flowpaths

O y
56 60 64 68 72 76 80 84 88 92 96 100

Frequency

mmm Tumer and Pabalan (1999) Additional, More Recent

[——1 DOE/CNWRA combined CO

mo- TPACO2 Distuton | Site-Specific Data Now
Available

Frequency

— Revise to include newer data

— Small changes in pH/P,
NEERREIRES

O—O—O-sHICH
55 50 45 -40 -35 -30 -25 -20 -15 -10 -05 0.0

log fugacity CO»

NEA_Sorption_PA_Oct2005
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Correlating Key
Geochemical Parameters

Saturated Zone (S2)

m New pH and P.,, Data From

Individual Flow Zones
— Some outliers

Negatively Correlated
— Correlation factor about - 0.95
— Used to correlate PDFs

UZ pH range/median
value (Browning and
= Murphy, 2002),

5 ¥ .8

pH

290
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Summary

- .l?recessr Moel‘s Used t;o: SUpportr S_orptio_m_; Par;ameter;_’ Distributions

| ~ " m Experrments to Identlfy Key Parameters That Controli Sorptlon. |

Behavror

‘_-r Surface Complexatron. Models Were Applled

'_ . Srte Specific.Gr‘oundWaterrChemrstry Data and Rock Propertres Were

\Used | \ \
AN \ \ \ 1
AL




