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Used Coupled THM Processes and

Fuel .
. L Nuclear Waste Disposal
Disposition P
Short-Term THM Disturbance Long-Term Impact
(0 to 1000 years) :> (10,000 to 100,000 years)
Wetting and
swelling of  _ gzirsnswal Temperature close Restored hydrostatic
bentonite PR empe fluid pressure
Infiltration of X Remaining %/~ Bentonite 100%
water from rock ‘  Siress-induced “permanent” , <\ . Saturated with a
to bentonite \ fracture opening changes in rock / # X\ Swelling pressure
¢ or closure with properties (e.g. | . of ~5MPa
! /,( associated irreversible j §
Vapor flow along permeability fracture shear)?, | N/
thermal gradient change ) ‘
away from heat N E)'(Ctavztlgn )
. . isturbe y
source N _ Heating of bentonite Zone (EDZ) _-Sealing of
Drying and - - v el T = fracture?
shrinkage

® Are strongest during the early time (excavation, waste emplacement and

thermal peak), but may cause permanent changes that could have a significant
iImpact on the long-term performance.

® Are complex but can be analyzed with advanced numerical modeling
supported by lab and field experiments.

June 10, 2015 UFD WG Meeting in Las Vegas





Used Recent UFD THM Model Developments

Fuel
. " (TOUGH-FLAC, BBM and BExM)
Disposition
TOUGH-FLAC 1) Barcelona Basic Model (BBM)
A constitutive model for thermo-elasto-plastic
TOUGH - . . .
N behavior of unsaturated soils (bentonite)
Hydraulic
P:?:T,::s 4 Deviatoric
o (shear) stress
) Cam-clay yield
Mechanical surface (fully Drying ,
Propertics fluid saturated)
K,G,C, 1 /}
FLAC3D ,-_-/4' -
M
) , B
—- Direct couplings & S
- — Indirect coupling T = Temperature &QQP‘, {}e‘;’ P £2=const
. N3
C = Cohesion & ==S1t-:]a|n | strai d‘z‘,‘ie,‘;’q; @, 9)
G = Shear modulus er = Ihermal strain 2 = : -
K = Bulk modulus sew = Swelling strain ;~S Bentonite block stored at different
k = Infrinsic permeability $= E;IOt's Ptarameter relative humidity (Teodori et al 2011)
Py=P f ph = Porosity : ; ;
PLC:;E: ;rezsifzﬁ 1 = Coefficient of fiction ® Shear strength and stiffness depends on saturation ( or suction)
Sy = Saturation of phase p || o = Stress ) . . .
' ® Wetting-induced swelling or collapse strains

Clay aggregates

[~
%\\\\\ S Micropores between
ML %=
¢ Proper modeling of fluid flow through macro pores and

(
(|
their changes with stress and saturation

2) Barcelona Expansive Model (BExM)

® Micro- and macro-structure

o\
’g; 2

® Provides a link for coupling mechanics with chemistry Macrostructure Microstructure
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Used Model Validation Against Field

Fuel Experiments
Disposition P
. . . u W _ SE
MO nt Terrl (SW |tzer|an d) .I:I el d 1000—, Courgenay Terri rock laboratory ~ St-Ursanne
. . . a00 Mont Terri <]

experiments in Opalinus Clay .

Horizontal emplacement -
HE-E Heater Test (3 years o
heating Of bentonite-rOCk Limestone Sandstone Lll')n;llass:i?:" Dg?oar:'nh'rrte " Opalinus Limestone  Clay  Limestone Fault zone Fault
N Micro-tunnel) e oe

! I I Folded Jura |

Rty Suntiel HE-D Heater Test

(1 year heating of
Opalinus clay)

View of FE-tunnel showing Opalinus
Clay beddings

FE Heater Test (full-scale
repository demonstration over
15-20 years of heating)





Used Model Validation Against Field

Fuel Experiments
Disposition P

Horonobe (Japan) EBS experiment in
siliceous mudstone

Vertical emplacement, tunnel backfill, buffer

] © Ventilation shaft
e T

C'nncmbé lining (thickness 20)
/
g i = 280 460
Access shaft SR Access shaft sl
(West) @SRRI (East Borehole for titmeter ~\N_ = e
% Connection drift J__ A7 Rock
£ 9% at 140 m in depth ST
N—— /a 2z Wl Sand (tickness 12)
: 1 op || Bufer /
| Connection drift 200
b\ at 250 m in depth 1074 ol s A
B, - si|  Outputline
= Overpack (OP) e L
Hoater J et Sand (thickness 7)  unit [em
& Experimental drift H 2 ) LRl _ i ('_ ) i
& at 350 m in depth A-A section
* This layout i ’
x i | Experimental drift
d d th
MR at 500 m in depth 5

future investigations






Used
Fuel FY15 Work

Disposition

DECOVALEX-2015 Project (DEvelopment of COupled models and their
VALidation against EXperiments in nuclear waste isolation)

B Task B1l: Modeling the Mont Terri (Switzerland) HE-E Experiment in Opalinus Clay
— Step la: HE-D in situ heating of Opalinus Clay (completed November, 2013)

— Step 1b: Bentonite laboratory THM experiments for processes understanding and
parameter determination (completed, May 30, 2014)

— Step 2: HE-E predictive modeling (completed, Oct 2014)
— Step 3: HE-E Interpretative modeling (Nov 2014 — June 2015)

B Task B2: Modeling the Horonobe (Japan) EBS Experiment in siliceous mudstone

— Step 1: Benchmark calculation related EBS experiment for code comparison and
bentonite characterization (completed April 2014)

— Step 2: Horonobe EBS predictive analysis (Completed Dec 2014)
— Step 3: Horonobe EBS calibration analysis (Dec 2014-July 2015)
(Heating at Horonobe EBS started January 2015)

Mont Terri Project Full-Scale Emplacement (FE Experiment)
B Benchmark modeling of experiment with comparison to the results of
international modeling teams (Completed, April 2014)
B Modeling for design and prediction of experiment (Completed December 2014)
(Heating at FE experiment started in February 2015)





Used

-E Experiment

Model of Mont Terri HE

Disposition

Fuel
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TEMPERATURE (°C)

Used

Fuel MODEL PREDICTION VS MEASURMENTS
Disposition

Temperature Relative Humidity
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Used

Fuel Thermal Pressurization in the Opalinus Clay
Disposition

1E+06

)

Pa
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* Modeling results similar to field observations though pressure
Increase is slightly high





Used

Horonobe EBS experiment

predictive analysis

Fuel

Disposition

FLAC model

3D TOUGH-

Concrete Lining

Sand layer

Backfill

Bentonite

Heater

60 m

A

10
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Used
Fuel
Disposition

Horonobe EBS predictive analysis

Monitoring points in backfill and
near field

7 i\

I
1
I
!
t

Bentonite
Buffer

Cross section
(test pit)

TEMRERATURE (°C)

100

Temperature

Calculated temperature in 3D
TOUGH-FLAC model

P1

1 L 1 L I L 1 L L
200 400 600
TIME (days)





Used
Fuel Horonobe EBS predictive analysis

Disposition

Saturation

Monitoring points in backfill and
near field

/ 0.9
Backfrﬂ

?

Slight desaturation
sand layer

o
o

o
\'

P2

- = — -

o
o

LIQUID SATURATION (-)
o
&

Bentonite
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“ - Drying near heater
B 0.3F __
02
0.1 ;
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O B | ] | | ] | | ] | | |
0 200 400 600 800

Cross section
(test pit) TIME (days)
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Used
Fuel DECOVALEX Model Comparison (5 teams)

Disposition

120
——JAEA(10days)
—e—BGR(10days)
100 ——CAS(10days)
= KAERI(10days)
80 \ AN ——LBNL(10days) |
e "'\ —— JAEA(365days)
o \ \ \.,\ ——BGR(365days)
2 60 | WA\ ——CAS(365days)
S N N365 days ——KAERI(365days)
£ L N —— -
g 4 5 d%; \f\\*ﬂ’%dam
; e Qutput points 20 é@ . _
[unit: mm] 0
Cross section 0.0 1.0 2.0 3.0 4.0

test pit
(test pit) Distance from the center of the test pit (m)
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Used Model Predictions of the Mont

Fuel Terri FE Experiment
Disposition

Mont Terri Full-scale Emplacement (FE) Experiment is

undertaken by NAGRA and other partners as an ultimate _NAGR_A‘S HLW emplacement concept
test for the performance of geologic disposal in Opalinus for FE: Heater

Clay, with focus on both the EBS components and the
host-rock behavior; it will be one of the largest and
longest running heater tests worldwide.

Full-scale

Bentonite pellets
Bentonite blocks

15-20 years of heating

Grgnular bentonite e

k'S

mplacement

o~

(Figu?‘e from Tobias Vogt NAGRA)
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Used Model Predictions of the Mont

Fuel Terri FE Experiment
Disposition

100 m

A

Ay’

3D mesh with
21,140 elements

Heaters
Access tunnel Plu

Shot crete

Bentonite
blocks

e Current temperature predictions for 1500 W up to 160°C peak temperature
e Heating to start end of this year

e Will ramp up heat power in one heater 500, 1000, 1500 W and use modeling to

calibrate and predict peak temperature (should be below 150 °C)
15





Used
Fuel

Disposition

Model Predictions of the Mont
Terri FE Experiment

TEMPERATURE (C°)

LIQUID SATURAION (-)

First 100 days

150 -
100
50
0 20 40 60 80 100
TIME (days)
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0 | FTI I N N AR N |

| I R |
0 20 40 60 80 100
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Evolution over 1000 days (3 years)
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e = = = e - ---- - - -a
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- ------------
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Used
Fuel
Disposition

Emplacement of Heaters and Bentonite Buffer

Granular bentonite emplacement

Emplacement started Sept 4, 2014

Bulkhead

Bentonite blocks t‘/"‘ Co e \ v

(All photos by Herwig Muller in NAGRA Daily All heaters turned on from Feb 15, 2015
Reports of Emplacement 9/4/2014-2/15/2015)
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Used

Fuel

Next Steps

Disposition

Complete DECOVALEX work associated with Mont Terri HE-E experiment
- Final modeling with comparison to experimental data
- Contribute to DECOVALEX final report and joint journal papers
- Final DECOVALEX WS in October 2015

Complete DECOVALEX work associated with Horonobe EBS experiment
- Final modeling with comparison of data for first few months

- Possibility to continue comparison with field data for the entire experimental
period (outside of DECOVALEX after October 2015)

Continue modeling of FE- Experiment with access to field data
- FE-Experiment may likely be part of DECOVALEX-2019

- Opportunity for applying dual-structure (BExM) model in collaboration with
the Barcelona group

Work to gain further experience in modeling granular bentonite through field
experiments and newly available laboratory data

Implementation and testing of models for EDZ damage and permeability evolution
in clay host rock expanding on two-part Hooke’s model (HH Liu model) and
TOUGH-RBSN discrete fracture model...

18
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Used Fuel Disposition Campaign
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Used Fuel Disposition Campaign
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> Overall status of TDB IV and V Reviews

Disposition

Activity Status Final milestone

Fe — Part | = Most single contributions concluded * Book to peer-review in

Il Review | < A|l first drafts expected to be ready by end | beginning 2016.
of summer 2015

Mo » Big part of single contributions concluded * Book to peer-review in
Review - All first drafts expected to be ready by end | 2016.

of 2015
Ancillary » Aqueous drafts completed. Solids drafts * Book to peer review
Data expected by June 2015 end 2015

Review = Synopses expected by July 2015






Used The most appropriate path forward for
Fuel development of sorption models/databases
Disposition  for PA remains an open question

B We need to develop self-consistent surface complexation/ion
exchange models, in concert with thermodynamic models, for
nuclear waste repository performance assessment

B This issue was expressly identified in the recent NEA Sorption
project reports

B Some progress on this issue has been made only recently in various
International nuclear waste repository programs

B The best path forward for developing such databases remains an
open guestion, particularly in cases where generic repositories are
being investigated resulting in a need to model radionuclide
behavior over a very broad range of solution and mineralogic
conditions.

06/05/14 WG Meeting, Las Vegas





Used
Fuel Example: RESST database

Disposition

B RESST is a digital open source thermodynamic sorption database
— mineral-specific surface complexation constants

— can be used for additive models of more complex solid phases such as rocks
or soils

— Integrated user interface to access selected mineral and sorption data and
export data into formats suitable for other modeling software

— Data records comprise mineral properties, specific surface areas,
characteristics of surface binding sites and their protolysis, sorption ligand
information, and surface complexation reactions

— Non-Electrostatic, Diffuse Double Layer, Constant Capacitance, Triple Layer,
Basic Stern, and the 1-pK Model as extended to CD-MUSIC.

— Comprehensive database of publications

06/05/14 WG Meeting 5





Used

Fuel RESST database development

Disposition

Neptunium Adsorption on Synthetic Amorphous Iron Oxyhydroxide

DON C. GIRVIN,' LLOYD L. AMES, ALLEN P. SCHWAB,
aND JEFF E. MCGARRAH

Environmentad Sciences Department, Pacific Northwesi Laboratory, Richfand, Washingion 993352
Received January 4, 1988; accepted April 19, 1990
Neptunium adsorption on synthetic amorphous iron oxyhydmxldc {Fey 05+ HyO(a)) was investigated
at 25°C for initial Np{V) concentrations between 4.5 % 107" and 4.5 % 107" A in 0.1 W Na\lOa

electrolyte solutions undersaturated with atmospheric CO; for pH = 7. The
Fe;05 - HyO(a) were determined by COs-free acid-base titration (pH{PZC)

acidity and electrolyte complexation constants were delv::rmmcd using the triple-layer model (TLM).
The aqueous speciation of Np({V)is¢ : " axycation, NpO7, in the region of the
adsorption edges (5 < pH < §). At the ited, the adsorption data are consistent
with the hypotheses that (1) FeaOs -1 exam ple 1 “ideal” single-site ligand, (2) no de-
protonation of surface sites need be invoked 1o deseribe Np{ V) adsorption, and (3) NpOy(OH)® is the
dominant Np surface species. A single surface-coordination reaction, XOH + (NpO7), + H.O
= (XOH-—NpO;(OH))" + H{ (log K = —3.2), described all adsorption data and is independent of
the surface-coordination model. Surface hydrolysis of NpO£ occurs 2.4 pH units below NpO: hydrolysis
in bulk solution {pKyy, = 8.85). @ 1991 Academic Press. Inc.

131

1529
1474
4636
2642

Information NOT captured in database:
1. Primary sorption data
2. Aqueous speciation model

Information captured in database:
Reference

Mineral

Mineral characteristics

Solution conditions

Surface complexation model
Protonation constants

Surface complexation constants

NOoOR~WNE

minerals

specific surface area measurements
surface site data records

surface complexation reactions
literature references

06/05/14 WG Meeting, Las Vegas





Used

RES3T database output example:

Fuel U(VI tion t t
Disposition (V) sorption to qua
SCM Mineral _Area Site  pK 1 pK 2 logK Chemical Equation Literature
DDL Quartz 0.2 481 562 -5.72 »Si-(OH)2 + U02<2+> = »Si-02-U02 + 2 H<1+> AZBNO0Oa
DDL Quartz 0.2 481 5.62 -551 »Si-(OH)2 + UO2<2+> = »Si-02-U02 + 2 H<1+> AZZBNO1
DDL Quartz 10 10 -16 76 -7.259 »X-OH + U02<2+> + H20 = »X-0-UO2(0OH) + 2 H<1+> JHLCH99
DDL Quartz 10 10 -16 7.6 9.529 »X-OH + U02<2+> + CO3<2-> = »X-0-U02C0O3<1-> + H<1+> JHLCH99
DDL Quartz 10 10 -16 7.6 -1.978 »X-OH + U02<2+> = »X-0-U02<1+> + H<1+> JHLCH99
DDL Quartz  0.05 -7.2 -16.75 »SIOH + 3 U02<2+> + 5 H20 = »SiO-(U02)3(0H)5 + 6 H<1+> NB10
DDL Quartz  0.05 -72 03 »SiOH + UO2<2+> = »Si0-U02<1+> + H<1+> NB10
DDL Quartz  0.05 -7.2 -5.65 »SiOH + U02<2+> + H20 = »SiO0-UO2(OH) + 2 H<1+> NB10
DDL Quartz  0.31 23 -124 7.06 -0.3 »Si-OH + U02<2+> = »Si-0-U02<1+> + H<1+> PJTPO1
DDL Quartz  0.31 23 -124 706 -18.7 »Si-OH + U02<2+> + 3 H20 = »Si-0-UO02(0OH)3<2->+ 4 H<1+> PJTPO1
DDL Quartz  0.03 2.3 72 03 »Si-OH + U02<2+> = »Si-0-U02<1+> + H<1+> PTBP98
DDL Quartz  0.03 2.3 72 -16.75 »Si-OH + 3 UO2<2+> + 5 H20 = »Si-0-(U02)3(0OH)5 + 6 H<1+> PTBP98
DDL Quartz  0.03 2.3 72 -5.65 »Si-OH + U02<2+> + H20 = »Si-O-UO2(OH) + 2 H<1+> PTBP98
DDL Quartz 0.1 231 72 -8.45 »Si-OH + U02<2+> + 2 H20 = »Si-0-UO2(0OH)2<1-> + 3 H<1+> VT98
NE Quartz  0.33 0 -4.95 »Si(w)-OH + U02<2+> + H20 = »Si(w)-0-UO2(0OH) + 2 H<1+> DKO01
NE Quartz  0.33 0 1.06 »Si(s)-OH + U02<2+> = »Si(s)-0-U02<1+> + H<1+> DKO01
NE Quartz  0.33 0 -3.19 »Si(s)-OH + UO2<2+> + H20 = »Si(s)-0-UO2(0OH) + 2 H<1+> DKO01
NE Quartz  0.33 0 -2.56 »Si(s)-OH + U02<2+> + H20 = »Si(s)-0-UO02(0OH) + 2 H<1+> DKO01
NE Quartz  0.33 0 -4.98 »Si(w)-OH + U02<2+> + H20 = »Si(w)-0-UO2(OH) + 2 H<1+> DKO01
NE Quartz  0.33 0 1.2 »Si(s)-OH + UO2<2+> = »Si(s)-0-U02<1+> + H<1+> DKO01
NE Quartz  0.33 0 -4.64 »Si(w)-OH + U02<2+> + H20 = »Si(w)-O-UO2(OH) + 2 H<1+> DKO01
NE Quartz  0.33 0 -0.03 »Si(w)-OH + U02<2+> = »Si(w)-0-U02<1+> + H<1+> DKO01
NE Quartz  0.33 0 -5.28 »Si(w)-OH + U02<2+> + H20 = »Si(w)-0-UO2(0OH) + 2 H<1+> DKO01
NE Quartz  0.33 0 10.183 »Si(w)-OH + U02<2+> + CO3<2-> = »Si(w)-0-U02C0O3<1-> + H<1+> DKO01
NE Quartz  0.33 0 -3.28 »Si(s)-OH + U02<2+> + H20 = »Si(s)-0-UO02(0OH) + 2 H<1+> DKO01
NE Quartz  0.33 0 -4.73 »Si-OH + U02<2+> = »Si-0-UO2(0OH) + 2 H<1+> KCKD96
NE Quartz  0.33 0 -5.32 »Si(w)-OH + U02<2+> + H20 = »Si(w)-0-UO2(0OH) + 2 H<1+> KCKD96
NE Quartz  0.33 0 -2.65 »Si(s)-OH + UO2<2+> + H20 = »Si(s)-0-UO2(0OH) + 2 H<1+> KCKD96
NE Quartz  0.33 0 -2.56 »Si(s)-0(0.5)H + UO2<2+> + H20 = »Si(s)-0(0.5)-UO2(0OH) + 2 H<1+> KO02b
NE Quartz  0.33 0 -7.78 »Si(W)-O(0.5)H + UO02<2+> + CO2 + H20 = »Si(w)-0(0.5)-U02C0O3(0OH)<2-> + 3 H<1+> KO02b
NE Quartz  0.33 0 -6.56 »Si(w)-O(0.5)H + UO2<2+> + H20 = »Si(w)-0(0.5)-UO02(0OH) + 2 H<1+> KO02b
NE Quartz  0.33 0 -5.57 »Si(s)-0(0.5)H + UO2<2+> + H20 = »Si(s)-0(0.5)-UO02(0OH) + 2 H<1+> K02b
NE Quartz  0.33 0 -6.5 »Si(w)-O(0.5)H + U02<2+> + CO2 + H20 = »Si(w)-0(0.5)-U02C0O3(0OH)<2-> + 3 H<1+> KO02b
NE Quartz  0.33 0 -5.28 »Si(w)-O(0.5)H + UO2<2+> + H20 = »Si(w)-0(0.5)-UO2(0OH) + 2 H<1+> K02b
TL Quartz  0.32 0.00184 84 198 »Si(s)-OH + U02<2+> = »Si(s)-0-U02<1+> + H<1+> FDZ06
TL Quartz  0.32  0.00184 8.4 -1.88 »Si(s)-OH + U02<2+> + H20 = »Si(s)-0-UO2(0H) + H<1+> FDZ06
06/05/14 WG Meeting, Las Vegas





Used Application of RES3T in the

Fuel . . . .
Disposition present configuration is difficult

B No ability to integrate disparate data sets and model fits

B No ability to update surface complexation constants when
new aqueous speciation data are available

B No comprehensive error propagation in data or database
constants

06/05/14 WG Meeting, Las Vegas





Used Enhancements to RES3T can lead

Fuel
Disposition

to a database amenable to PA

Neptunium Adsorption on Synthetic Amorphous Iron Oxyhydroxide

DON C. GIRVIN,' LLOYD L. AMES, ALLEN P. SCHWAB,
aND JEFF E. MCGARRAH

Environmentad Sciences Department, Pacific Northwesi Laboratory, Richfand, Washingion 993352
Received January 4, 1988; accepted April 19, 1990
Neptunium adsorption on synthetic amorphous iron oxyhydmxldc {Fey 05+ HyO(a)) was investigated
at 25°C for initial Np{V) concentrations between 4.5 % 107" and 4.5 % 107" A in 0.1 W Na\lOa

electrolyte solutions undersaturated with atmospheric CO; for pH = 7. The
Fe;05 - HyO(a) were determined by COs-free acid-base titration (pH{PZC)

acidity and electrolyte complexation constants were delv::rmmcd using the triple-layer model (TLM).
The aqueous speciation of Np({V)is¢ : " axycation, NpO7, in the region of the
adsorption edges (5 < pH < §). At the ited, the adsorption data are consistent
with the hypotheses that (1) FeaOs -1 example 1 “ideal” single-site ligand, (2) no de-
protonation of surface sites need be invoked 1o deseribe Np{ V) adsorption, and (3) NpOy(OH)® is the
dominant Np surface species. A single surface-coordination reaction, XOH + (NpO7), + H.O
= (XOH-—NpO;(OH))" + H{ (log K = —3.2), described all adsorption data and is independent of
the surface-coordination model. Surface hydrolysis of NpO£ occurs 2.4 pH units below NpO: hydrolysis
in bulk solution {pKyy, = 8.85). @ 1991 Academic Press. Inc.

131

1529
1474
4636
2642

Information captured in database:
Reference

Mineral

Mineral characteristics

Solution conditions

Surface complexation model
Protonation constants

Surface complexation constants
Primary sorption data

©ONOORWDNE

minerals

specific surface area measurements
surface site data records

surface complexation reactions
literature references

Addition of primary sorption data allows for integration of all available
literature data, error propagation, and database updating to ensure self-

consistent aqgueous speciation, solubility, and sorption models
06/05/14 WG Meeting, Las Vegas





9% U(VI) adsorbed

Used
Fuel
Disposition

Example: Comprehensive

Evaluation of U(VI) sorption to

quartz
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Used U(VI)-quartz surface complexation

Fuel model development
Disposition P

B Aqueous speciation data from NEA databases
B Sorption references from RES®T database

B Metadata from RESS3T database

M Literature data digitized with DataThief software

B Surface complexation model fitting using the FITAFD
software (derivative of FITEQL model)

B Data uncertainty propagated through to fitted reaction
constants

06/05/14 WG Meeting, Las Vegas

11





Used

U(VI)-quartz Non-Electrostatic

surface complexation model fitting

Fuel
Disposition
1000
100
-
S 10
=
& %
S 1
=
% o O 8
3 o ®9
O O O
O O
0.01 % 0©O0
& § %D
%
0.001 Q
0.001 0.01 0.1 I 10 100 1000

Sorbed/Aqueous, data

06/05/14

WG Meeting, Las Vegas

Comparison of data and
model fits of the ratio of
sorbed to aqueous
concentrations for all batch
sorption data contained in
references identified by the
RESST database for U(VI)
sorption to quartz.
Increasing scatter at low
sorbed/aqueous ratios is a
result of inherent
uncertainties associated
with samples with little to
no U(VI) sorption. One-site
non-electrostatic surface
complexation model
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Used

U(VI)-quartz Non-Electrostatic

Fuel surface complexation model fitting
Disposition
1.0E-3
O data
—model .
1.0E-4 moce Comparison of measured
and predicted U(VI)
g 1.0E-5 concentration in ~400
= batch sorption data points
2 1.0E-6 digitized from the literature
£ based on references
A contained in the RES3T
s database for U(VI) sorption
g to quartz. One-site non-
1.0E-8 .
electrostatic surface
complexation model
1.0E-9
1.0E-10 — T

31

61

91 121 151 181 211 241 271 301 331 361 391

Sample Number

=4

=4
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Used Surface complexation constants

Fuel : .

Disposition from simultaneously fitted data
H >SiO logK =-3.85 = 0.04

® >SiOUO,OH logK =-4.56 = 0.04  (-2.56 t0 -5.32)
B >SiOUO,(OH), logK =-10.71 =+ 0.04

H >SiOUO,CO; logK = 2.02 =+ 0.04

B Simplifications:
— Non-electrostatic model, 2.3 sites/nm?, one site type

Date Presentation or Meeting Title
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Used
Fuel Next steps
Disposition

B Employ more robust fitting codes
— PEST optimization
— PhreeqC?

B Test a variety of surface complexation models
— DLM, TLM, GEM (Kulik)

M Expand to other radionuclide-mineral test cases

® In the longterm, provide a subroutine to PA that can
provide radionuclide partitioning (and parameter
uncertainties) under given conditions

Date Presentation or Meeting Title 15





