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Salt: Introduction, Brine Availability Test in Salt (BATS), and Extended
Plan

SFWST Meeting, Disposal Research Kris Kuhlman
May 19, 2021 Sandia National Laboratories
MS-Teams

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.



Salt R&D Multi-Lab Team

Sandia National Laboratories (SNL)
Kris Kuhlman, Melissa Mills, Rick Jayne, Ed Matteo, Courtney Herrick, @ Sandia

Charles Choens, Jason Heath, Martin Nemer, Yongliang Xiong, Matt Paul National
Laboratories
Los Alamos National Laboratory (LANL) .
. . - .y s . . - Los Alamos
Phil Stauffer, Hakim Boukhalfa, Thom Rahn, Eric Guiltinan, Mike Janicke NATIONAL LABORATORY

WIPP Test Coordination Office (LANL)

Brian Dozier*, Shawn Otto, Dave Guerin*

Lawrence Berkeley National Laboratory (LBNL) =
Jonny Rutgvist, Yuxin Wu, Mengsu Hu, Jiannan Wang “m III|

BERKELEY LAB

*Retired March 2021

SFWST

energy.gov/ne



Salt Host Rock Characteristics

Alpine miner at WIPP

Salt Long-term Benefits at km-scale

(" *  Low porosity (¢ < 0.1 vol-%) and permeability (k < 10722 m?)
* High thermal conductivity (=5 W/m - K)

< ¢ High peak temperature (Tyax =~ 200 °C)

* Openings creep closed (> 10° — 102 yr )

* Run-of-mine salt heals to intact salt

* No flowing groundwater (< 5 wt-% water)

< * Chlorine (= 190 g/L) — reduces criticality concerns

* Hypersaline — reduces colloid mobility

. * Low water activity (< 0.75) — biologically simple

Near-field, Short-term Complexities
* ¢ and k higher near drift
* Damage is highly anisotropic (k, < kg)

Salt

N

Brine

EDZ

e ————— Borns & Stormont (1988)
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Salt Host Rock Characteristics - Brine

Intergranular

= Water in Bedded Salt from Permian Deposition* Polyhalite = = oo
1. Disseminated clay (< 5 vol-%; ~25 vol-% brine)
2. Intragranular fluid inclusions (1 — 2 vol-%)
3. Hydrous minerals (e.g., K,Ca,Mg(S0,)s-2H,0; < 5 vol-%)
4. Intergranular brine (<< 1 vol-%)

WIPP Fluid inclusions
2 mm scale bar

(Caporuscio et al., 2013) Intragranular Fluid

Inclusions Clay

Intergranular fluid inclusions
in reconsolidated granular salt
100 um scale bar
(Mills et al. 2018)

>

= Each Responds Differently to Heat & Pressure

10.1 cm diameter core X-ray CT data from BATS (Betters et al., 2020)

* Krumhansl (2000); Permian was 252 — 299 million years ago
energy.gov/ne
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Definitions of Fundamental Processes

Early Time (<50 years)

(3)

Modified Properties

u Salt RepOSitOry Regions* Modified State ,|_\
1. Backfilled drift 1 - ot >

| ;
: ot e \_4_4| EDZ
2. Excavation Damaged Zone (EDZ) cacKfled Edz oo ¥
) . i Far-field
3. Excavation disturbed Zone (EdZ) K -
F(gr;ﬂe!;j ¢ >
. . ntac
= Open-Drift and Early Time L
° b o Oy = Oy
AU - EDZ 4 A¢ and Ak - prengﬁ;Q:tliDn Liguid pressure (g) t1
. Later Time (>1 0 - 1 ,000 yeal'S) %m | ;’}H\*-"/ Liquid saturation (S) - : >
. . 5L ' /
¢ Backfill - intact salt & g AL
o= o
* EDZ - intact salt ég + N
* EdZ shrinks significantly T Temparaiire X
1 atm | Porosity (¢} i
Kuhlman (2019) o = stress. ¢ = porosi
Drif ot - Eaz . Farfield 7, = radial :tresstpn*gzhou?stmss
rift r-fi o
*Davies & Bernier (2005) Radial Distance e Popp (2079)
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Brine Avalilability Test in Salt at the Waste Isolation Pilot Plant

Sw NE . .
Ground Suface WIPP is a repository for TRU
Gatuna Formation / Surficial Deposits (transu rar"C) WaSte
Dockum
et Group___
1000 - Dewey Lake
e ot Red Beds
s Ruster
TS0 L o Magenta = Formation
TT====-=---_____Rustler-Salado Contact
......... e Potash g - m e
soo e Salado
E —— Repository Level Formation
< 650 m depth
= 250 -
2 %
m
Sea | ;
Level ////////// Castile Formatiol g
7, %
i B e S R :
Formation
s \1,\ * WIPP has been operating since 1999
5 T J] g L]
$\é Sand and Sandstone Anhydrite « CBFO provides access to WIPP for
HE New Mexlco - I siltstone and Sandstone [ Halite

Texas "? Mudstone and Siltstone ] Limestone Brine Avallablllty TeSt in Salt (BATS)
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BATS 1

West Borehole Array Environmeng)

= Two Arrays (14 boreholes each)
= Behind HP packer e w,.-;.m,?",‘;'
* Circulate dry N, ‘ E
* Quartz lamp heater (750 W) o = /]
 Borehole closure gage = ‘
= Samples / Analyses
* (Gas stream (natural / applied tracers and isotopic makeup)
* Liquid brine (natural chemistry and natural / applied tracers)
* Cores (X-ray CT at NETL) B 750-W infrared lamp heater Rear centralizer
= Cement Seals _ oo /ot i1
* Sorel cement + Salt concrete: strain & temperature . ';‘ A =
_ I1® » u
= (Geophysics |
e 3x Electrical resistivity tomography (ERT) T
e 3x Acoustic emissions (AE) B closure uge S 57 iadER e UHP N, inlet
e 2x Fiber optic distributed strain / temperature sensing

East Borehole Array
(unheated)
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BATS 1 Borehole Arrays

Seal (S L) Lab-made seal installed in borehole
subsequently sealed behind packer

AE sensors on de-centralizers

4| Heater/N2 (HQ)

Thermocouples (T1-2) Fiber (F2) \ -

e e ‘o O
o \ 4 Sampling (§

‘ Diamonds = grouted

‘ Circles = not grouted/packer _ '
Fiber optic DSS/DST ERT controller / Q‘-ﬁ

Acoustic EI!!iSSion (AEZ) <> Czaikowski et al. (2016)

(Borehole layout drawing by WIPP TCO)
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BATS 1a (Jan-Mar 2020): Temperature and Brine Inflow

HHP: Central HF1: Fiberl (4" below) HF2: Fiber2 {7" left)
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Unheated array test

BATS 1b Gas Tracer Tests (2021)
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BATS 1-2

= BATS 1s shakedown test (2018)

= BATS 1a heated phase (Jan-Mar 2020)

= COVID-19

= Gas & liquid tracer tests (Jan-June 2021)
= Cyclic heating (summer 2021)

= New BATS 2 boreholes (October 2021) —

* Similar heater test in new boreholes (g Tempertr st e o

Rickard 8. ryee 7 e Kotwimpler | Kosklmsary
A v Ay & D rpa s sk Vamorad Livumoms,
A0 B S, A VM T LGS, % e i

el i el o g Tl <% 3T

BATS 1a * BATS 1b BATS 1c BATS1d  |Overcore |BATS2 S —

Heating Cooling JCOVID-19 | Gas tracer tests Liquid tracer tests |Cyclic heating | BATS heated |New Heated Array Tests Temperature response and brine availability to heated borcholes
in bedded salt "
Eric ], Guiltinan' © | Krisopher L. Kublman' © | Jossy Retqrist’ © | Mengsu B’
Hakim Boukhalfa’ © | Melisss Mills = | Shivwn Otio* = | Douglas 1, Weaver!

Brian Dazier' Phillip B StnulTer!
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BATS 1 vs

. 2 Locations

Q

Q

<

T
/L\
N\

= BATS 2

MU-4 < : :
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BATS 3 Plan

= BATS 1 & 2: coordinated around central borehole Layout of WIPP North End

* |nterference between tests BATS 3 (2022)
« ERT vs. thermocouples, ERT vs. AE

* EDZ from 14 boreholes

= BATS 3 will be more “distributed”

* Beginning of an Underground Research Lab (URL) in salt
* New infrastructure . § .
« CONEX box (dust control, lighting), internet, ground control ' = menn ) Lo

* Decoupled smaller tests deeper into SDI area
» Sealed heated borehole
* Long-term heated borehole
» AE during drilling (EDZ development)
» Epoxy injection into drift EDZ fracture network
« Cementitious EBS / seals experiments
» Gas and brine permeability k(a,T)

ATS 1/2 (2020-21)

500 ft (152 m)
scale bar

BATS
Shakedown (2018)
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SFWST

Salt Disposal Research Session

9:15-9:30
9:30-9:42
9:42 —9:54
9:54 - 10:06
10:06 —-10:18
10:18 - 10:30

10:30—-10:42

Introduction

DECOVALEX

Isotope Modeling in BATS
Lab Brine Migration
Geophysics monitoring
THMC Modeling
International

Kuhlman
Jayne
Guiltinan
Janicke
Wang
Tounsi
Mills
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