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 Introduction
 1992 Waste Isolation Pilot Plant (WIPP) data
 2020 Brine Availability Test in Salt (BATS) data
 Next Steps

Outline

BATS test ready (Dec. 2019) in WIPP N-940 drift Drilling BATS boreholes (Feb. 2019)

BATS 10-cm core
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Motivation
Alpine miner at WIPP

Borns & Stormont (1988)
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Cross-section view of Excavation Damaged Zone (EDZ) around drifts
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Task E Goals
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Waste Isolation Pilot Plant (WIPP) Context

Small-scale 
Brine inflow (1992)

BATS (2020)

Small-scale 
Mine-by (1991)

650 m depth

500 ft (152 m) 
scale bar

Layout of WIPP North End

⇽N
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WIPP Small-Scale Brine Inflow Test (1987-1992)

 Monitored 17 unheated boreholes
 Weekly brine inflow data
 INTRAVAL study (Beauheim et al., 1997)
 Effects of stratigraphy / orientation / drift 
 Considered single-phase brine flow

L4B01

DBT11

Finley et al. (1992)

(Beauheim et al., 1997)

Finley et al. (1992)

MB = marker bed
PH = polyhalite
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Brine Availability Test in Salt (BATS)

 Two Arrays: Heated / Unheated
 Behind packer

• Circulate dry N2
• Quartz lamp heater (750 W)

 Samples / Analyses
• Gas stream (natural / applied tracers and isotopic makeup)

 Cement Seals
• Sorel cement + Salt concrete: 3-axis strain & temperature

 Geophysics
• 3× Electrical resistivity tomography (ERT)
• 3× Acoustic emissions (AE)

 Phases:
• BATS 1a: first heating cycle (Jan-Mar 2020)
• BATS 1b-1c: Tracers (Jan-May 2021)
• BATS 2: drill new heated array (Oct 2021)

Heated

Unheated

Cross-section of central [HP] borehole

(Drift layout drawing by WIPP TCO)
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January-March 2020 BATS 1a Test Data

BATS 1a test and data summarized in Kuhlman et al. (2020)

Brine production data during BATS 1a

Temperature data during BATS 1a

Applied power
Brine inflow at heater shutdown
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May-Aug 2021 BATS 1b Gas Tracer Test Data

3.7 m

4.6 m

4.6 m

2.4 m

Gas Tracer Test Responses
• Unheated pressure response is repeatable
• Pressure maintained at source (D) until heat off
• No tracer breakthrough to heater (HP) until heat off
• Drop in humidity in adjacent borehole (SM) when heat off
• No response in seal (SL) borehole

Pressure in Source Borehole Breakthrough to Heated Borehole

Humidity behind packers
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Step 0: Single-process H1 and T benchmarks
Step 1: TH1 benchmark & H2M/H2 initial condition setup
Step 2: TH2M heated brine inflow test case
Step 3: Alternatives (ERT/AE joint inversion, seals, TH2MC, creep)

Task E Steps

Infrared heater in BATS HP borehole

H1= single-phase; H2 = two-phase
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Task E Step 0 (Apr. 2020 - Apr. 2021)
(Beauheim et al., 1997)
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Task E Step 1a (Nov. 2020 - Apr. 2021)

McTigue (1990)
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1. TH1 benchmark & H2 initial conditions setup
b) Parameterize two-phase flow in salt EDZ (few data exist)

• Literature capillary pressure data

– Recompacting granular salt 

– anhydrite EDZ at WIPP

– Salt “analogues” (tight sandstone or shale)

Task E Step 1b (Nov. 2020 - Nov. 2021)

Howarth & Christian-Frear (1997)

Fractured 
WIPP 

anhydrite 
from EDZ

Cinar et al. (2006) Olivella et al. (2011) GRS-450 - Krohn et al. (2017)

Recompacting granular salt

Popp et al. (2001)
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Task E Step 1c (Nov. 2020 - Nov. 2021)

IC = initial conditions
EDZ = Excavation Damaged Zone
EdZ = Excavation disturbed Zone

Guiltinan et al. (2020)
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Task E Step 2

Avery Island (Krause, 1983) 1-m bedded salt lab test (Hohlfelder, 1979)

~90% of all brine flow
in 30 days following 

heater shutdown

Asse (Rothfuchs et al., 1988)

ᵄ�

Brine
production

Avery Island permeability data
(Stickney & Van Sambeek, 1984)
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Task E Step 3 (Alternatives)
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Summary

Continuous miner at WIPP
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 Summary of Task E Interactions
• 26-30 Apr 2021: DECOVALEX M3

• 16 Jun 2021: Task E optional #1

• 11 Aug 2021: Task E optional #2

• 29 Sep 2021: Task E optional #3

• 8-12 Nov 2020: DECOVALEX M4

 “Optional” Discussions Meetings are Successful
• <90 minutes each

• Discussion between participants

• Clear up data issues

• Point out errors/inconsistencies in task specification

Task E Interactions M3 – M4
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 Teams: DOE, COVRA, GRS, BGR, RWM
 Results and Discussion on Step 1b

• BATS two-phase flow

• Two-phase flow model initialization

 Next steps
• BATS heater and brine production

• BATS gas tracer test

Task E (Thursday, Stream 3) Preview

BATS 1.0 over coring Oct 2021



energy.gov/ne20SFWST

Thank you!


