SAND2018- 5475PE

Spent Fuel Waste Science & Technology

ystalline Disposal R&D: An Ove

Yifeng Wang
Sandia National Laboratories

SFWST Working Group Meeting
May 22-24, 2018

is a multi-mission laboratory managed and operated by National Technol
wned subsidiary of Honeywell International, Inc., for the U.S. Depa
r contract DE-NA-0003525.




Crystalline Disposal R&D Work Packages

Objectives

Advance our understanding of long-term disposal of used fuel in
crystalline rocks;

Develop experimental and computational capabilities to evaluate
various disposal concepts in such media.

Focus on two components of deep geologic repository
in crystalline rocks: EBS & fractured NS

Better characterization and understanding of fractured media and
fluid flow and transport in such media

Designing effective engineered barrier systems for waste
isolation

Assisting GDSA to develop a TSPA model for a reference case

Fully leverage international collaborations

Korean Atomic Energy Research Institute

Aspd Hard Rock Laboratory (Sweden)
DECOVALEX (UK, France, Canada, Japan, etc.)
Colloid Formation & Migration Project (Switzerland)
Crystalline club

Others

Institutions involved: ANL, LANL, LBNL, LLNL, SNL

Modified from http://www.bbc.com/news/uk-england-cumbria-21253673
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APPENDIX A

RESEARCH & DEVELOPMENT (R&D) PLAN FOR USED FUEL
DISPOSAL IN CRYSTALLINE ROCKS

Note: This R&D plan is a revision of an early developed R&D plan for natural
system evaluation and tool development (Wang, 2013). In this revision, the newly
added research topics are indicated in red. The topics that are no longer applicable
to crystalline rocks are indicated in gray.

Al0 Objectives

The US. Department of Energy Office of Nuclear Energy. Office of Fuel Cycle
Technology established the Used Fuel Disposition Campaign (UFDC) i fiscal year 2010
(FY10) to conduct the research and development (R&D) activities related to storage.
transportation and disposal of used nuclear fuel and high level nuclear waste. The
Mission of the UFDC 1s



Experimental & modeling activities for
used fuel disposition in crystalline rocks
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Highlights of accomplishments

Developed a reference case for the disposal
concept.

Won R&D 100 award for discrete fracture
network (DFN) simulation package.

Established a general framework for
synthesizing field data into a fracture network
model.

Advanced THMC modeling capability for buffer
materials.

Advanced mechanistic understanding of RN
interactions with both engineered and natural
materials.

Developed new models for waste form
degradation

Leverage materials science for engineered
material development.

Established strong international collaborations.
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Future work

Develop a sensible GDSA model
for sensitivity analyses.

Move model development more
towards model validation with real
data.

Develop reduced order models for
incorporation into the GDSA
model.

Continue with buffer material
development.

Develop and refine EBS models,

especially WP degradation models.
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DECOVALEX Task A: Modeling advective gas flow through low

permeability materials
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Dynamic behaviors of the system
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Dynamic behaviors of the system (cont.)
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Bubble migration under a pressure gradient

Continuous logistic equation
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Logistic map: An illustration

Prsr = AP (1 — py)

1
0.9
0.8
0.7
0.6
a 05
0.4
0.3
0.2
A=25 3.2 3.6
0.1
0
N A M N S NN M N ANnoON NN oS
e NN NN TN N WO ONMNOOOOWOO
n
10000 - = Injection 20
—— Backpressure [12)
—— Injection GR 1.8E-08
g o | —tackorareon 5 1.6€-08
2 - 1.4€-08
g% [11] 1.2E-08
; wg g 10£08
& 7000 /W i AAM A £ £ soe09
= . sablasd | 1 g o
z | ‘ S g 6.0E-09
§ o Jl l | d | | 3 4.06-09
L
LARRUMVAMALL AT | i
ém e T 0.0E+00
66 67 68 69 70 71
4000 -5
200 210 220 230 240 250 260 Dav
Time (days)

FORGE Report D4.17 (Harrington, 2013)

72



DECOVALEX Task F: Fluid inclusion and
movement in tight rock
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Observations: Size dependence
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Fluid inclusion migration under a thermal gradient
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Model analysis

Ay BV
K§ « eRTo” RTo

Wang (2017)

AE
D o eRTy

Velocity, v, cm/sec

169

0

- L T T rrrrrg
F KCl Crystal with

[ Self Brine Inclusions
T=65°C

T T T

T

Diftusion
Control
Limits

I

Velocity, cm/sec

T T T THT T
F 1 1
o, Diffusion
T 124°C Limits
80°C
0% e .
L a7°c i
r o
80°C
-7
10 —
- NoCl Crystal i
with Self Brine Inclusions
v B VTg=30°C/cm
[ q
16 1 1 1 J_”_L_‘_J

Data from

200 350 450
W, um

Velocity, cm/sec

o

e
i

-5 2

Diffusion
Limits -

835°C

NaCl Crystal
with Self Brine Inclusions

T, Wi
°c_ X/em

® 53 40
0 835 50

Olander et al. (1982)



Model fitting
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Model fitting (cont.)

Scaled surfacetension
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