This paper describes objective technical results and analysis. Any subjective views or opinions that might be expressed
in the paper do not necessarily represent the views of the U.S. Department of Energy or the United States Government.

RESERVOIR RESPONSE TO HEAT
GENERATING NUCLEAR WASTE
IN BEDDED SALT

Richard S. Jayne

EGU 2020 Virtual Meeting
Monday 4 May 2020

SAND2020- 4582C

Sandia National Laboratories is a multimission
laboratory managed and operated by National
Technology & Engineering Solutions of Sandia,
LLC, a wholly owned subsidiary of Honeywell
International Inc., for the U.S. Department of
Energy’s National Nuclear Security
Administration under contract DE-NA0003525.



2 | BRINE AVAILABILITY TEST IN SALT (BATS) TEAM

Sandia National Laboratories (SNL)

Kris Kuhlman, Melissa Mills, Rick Jayne, Courtney Herrick, Ed Matteo, Charles
Choens, Martin Nemer, Yongliang Xiong, Jason Heath

Los Alamos National Laboratory (LANL)
Phil Stauffer, Hakim Boukhalfa, Eric Guiltinan, Thom Rahn, Doug Ware

WIPP Test Coordination Office (TCO), LANL

Doug Weaver, Brian Dozier, Shawn Otto

~

Lawrence Berkeley National Laboratory (LBNL)

A
|||m

rrrreer

Yuxin Wu, Jonny Rutqvist, Mengsu Hu

BERKELEY LAB




BRINE AVAILABILITY TEST IN SALT (BATYS)

BATS Goal:

Monitoring brine distribution, inflow, and chemistry from heated salt using geophysical
methods and direct liquid & gas sampling

Why Salt?
Salt long-term (10* — 10° yrs.) benefits at km-scale

SHEAR ALONG CLAY SEAMS

Low porosity and permeability
High thermal conductivity

No flowing groundwater

BEAM BUCKLING

Creep closure
ROOF BOLTS

Salt Complexities

ZONES OF MACROFRACTURING

Brine and salt are corrosive

. . G/Q\BOUNDARY OF
EV&pOI’ltCS are very soluble in water : THE ACTIVE OPENING

Salt creep requires drift maintenance

Excavation Damaged Zone (EDZ) Borns & Stormont (1988)




BACKGROUND ON BRINE IN SALT

* Water types in bedded salt
. Disseminated clay (< 5 vol-% total; ~25 vol-% brine)

2. Intragranular brine (fluid inclusions; 1 — 2 vol-%)

(©)

Hydrous minerals (e.g., polyhalite, bischofite, epsomite)
4. Intergranular brine (between salt crystals; << 1 vol-%)

* These water types:
> respond differently to heat & pressure

> have varying chemical composition

> differ in stable water isotope makeup

WIPP fluid inclusions, 2 mm scale bar

(Caporuscio et al., 2013)

* EDZ increases intergranular ¢¢ — primary flow path

Q: How do water types contribute to Brine Availability?

Intergranular

Fractures

Fluid

Inclusions

10.1 cm diameter core CT data (Betters et al., 2020)




QUESTIONS BATS EXPERIMENT SEEKS TO ANSWER

Understand and predict THMC processes impacting brine availability

How much of each water type in bedded salt?

Wiater response to pressure (Ap), stress (Ao), and temperature (4T)?

How does EDZ control migration of water (¢, k, relative perm. k;.)?

How does EDZ evolve with Ap, Ao, and AT?
Is two-phase flow in EDZ important for predictions?

How to best simulate brine pulse after heating?

OBJECTIVE: Utilize PFLOTRAN and TOUGH numerical
modeling codes to match the most recent heating/cooling
cycle at WIPP.

P (liquid pressure)
0 (water saturation)

i /k (permeability) | Ambient

orosity)

Heated

Anisotropy oriented
due to radial and
tangential

stress state Temperature

Drift' EDZ' Edz



WASTE ISOLATION PILOT PLANT (WIPP) CONTEXT

Layout of WIPP North End
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7 . BATS EXPERIMENTAL SETUP
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JANUARY - MARCH 2020 BATS TEST DATA
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UTILIZING |-D MODELS TO MATCH FIELD TEST .

Pressure, Humidity
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RESERVOIR PARAMETERS




o | EXCAVATED DAMAGED ZONE (EDZ) STRONGLY CONTROLS
TEMPERATURE PROFILE

HE1-TC3 - 0.4m

HT2-TC8 - 0.68m

HT1-TC16 — 1.01m

——Field Data
-—--—-EDZ1.25m
-—--—EDZ1.0m
-—-—EDZ 0.75 m

Temperature (C)

Time (days)

0 2 4 6 8 101214 16 18 20 22 24 26 28 30 32 34 36 38 40 42 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 4

Time (days)

2 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42
Time (days)

Temperature (C)

|
///
/ L

\

|

10
Log Time (hrs)

1000 0.1

1 10 10

Log Time (hrs)

00 0.1 10
Log Time (hrs)

-47.5

-45.0

-42.5

-40.0

F37.5

-35.0

-32.5

-30.0

275

(9) ainesadwa ]

(0) eunjesadwe |




3-D MODELING OF FIELD TEST

Preliminary Results/Workflow

° Well geometry = LaGrtiT = Voronoi
> Outputs Voronoi mesh for TOUGH and PFLOTRAN

> 10mx10mx 10 m
° ~650,000 grid cells

> Include open-air boreholes

Refinement around wells

VOROCRUST
> Code developed at Sandia

=

> Voronot cells s

o Test discretization
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FUTURE VWORK

Can we use 1-D models to map the EDZ to incorporate into more complex 3-D models?

Constrain reservoir parameters via laboratory experiments
Thermal conductivity vs. temperature

Heat capacity vs. temperature

Instead of a distinct separation of the EDZ and intact salt, have reservoir parameters decay as a
function of distance from borehole and drift?

Match brine inflow into borehole.

How to incorporate permeability as a function of temperature?
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