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Experiment 1 Modeling 
 VERY PRELIMINARY 
 Will compare acrylic tank face to IR: 
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Experiment 1 Modeling 
 VERY PRELIMINARY 
 Zones: 


Water level 
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Experiment 1 Modeling 
 VERY PRELIMINARY 
 Porosity change: 
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 Experiment 2 (June–July 2015) in granular salt 
 Analytical and numerical modeling 


– Include air mixing in analytical solution 
– Add airflow boundary conditions to numerical 


model 
– Model validation/data comparison 


 


 FY2016: Experiments in RoM salt?! 
 


Future Work 
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Hydrous Mineral Dehydration Model 


Amy Jordan, Hakim Boukhalfa, Florie Caporuscio, Bruce Robinson,  
Philip Stauffer 


 


UFD Meeting, 
6/10/15 
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 Experimental work  
informed development 
of a model for water  
production from hydrous 
minerals found in salt 
formations 


 The model was implemented in FEHM 
 Simulations show cases where including hydrous 


mineral dehydration makes a big impact 


Overview 
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 In-drift disposal with RoM salt backfill: 


Background 
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 Three-Phase Heat Pipe: 
– Observed in the laboratory by Olivella et al. (2011) 
– Modeled by Stauffer et al. (2013) 


 Build-up of a rind from brine evaporation around WIPP 
borehole heater tests in the 1980s 
(Krumhansl et al., 1991) 


Background 
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 Clays: 
– Corrensite: 
(Mg,Fe,Al)9((Si,Al)8O20)(OH)10⋅4H2O 


 Sulfate minerals: 
– Gypsum (CaSO4∙2H2O) 
→Anhydrite (CaSO4) 


– Polyhalite (K2Ca2Mg(SO4)4∙2H2O) 


 Others: 
– Carnallite (KMgCl3∙6H2O) 
– Kieserite (MgSO4∙H2O) 
– Bischofite (MgCl2∙6H2O) 


Hydrous Minerals in Bedded Salt 
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 Water release from clays was observed at 3 temperatures: 


 
 
 
 


 
 
 Mass of water produced at 64oC at node i based on the fraction 


of clay (fc), porosity, density of rock, and volume of the cell: 
 


Bulk Dehydration of RoM Salt Samples 
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 Finite Element Heat and Mass 
(FEHM) transfer code 


 Coupled T/H/C, no M 
 Porosity change from 


precipitation/dissolution 
 Linear capillary suction from 


Pc,max at zero saturation 
 


Numerical Model 
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 fc = 10% 
 RoM ϕi = 0.35 
 Si = 1% 
 Pc,max = 0.2 MPa 
 460 days 
 


Results: Dry/low suction – Very Little Change 


Slide 31 







Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA 


UNCLASSIFIED 


 Differences of fc = 10% minus pure halite (fc = 0%) at 
460 days:  
(a) temperature, (b) porosity, and (c) saturation. 


Results: Dry/low suction – Very Little Change 
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Results: Wetter/greater 
suction -  Significant Change 
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 (a): fc = 0% HM 
 (b): fc = 10% HM 


 
 RoM ϕi = 0.35 
 Si = 7% 
 Pc,max = 1 MPa 
 460 days 


 
 Porosity reduction (“rind”) 


around heaters 


Dissolution band 
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 Differences of fc = 10% 
minus pure halite (fc = 0%) 
at 460 days:  
(a) temperature 
(b) porosity 


 Heater temperatures up to 
25oC cooler 


Results: Wetter/greater 
suction -  Significant Change 
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 Experimental results provided a basis for a model of 
hydrous mineral dehydration in FEHM 


 Results show that: 
– Sometimes including HM dehydration makes little 


difference (dry/low suction) 
– Sometimes it makes a big difference (wetter/high 


suction) 
– Other factors also matter, including maximum 


capillary suction; initial saturation; heater 
temperature (Stauffer et al., 2013) 


Summary 
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Results: Effect of Initial Saturation (no HM) 
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Si = 1% 
Pc,max = 0.2 


Si = 5% 
Pc,max = 0.2 


Si = 10% 
Pc,max = 0.2 


Driest Wetter Wettest 





		Brine/Vapor Migration �Experimental Studies �in Granular Salt

		Outline

		Experiment Objectives

		Test Plan, September 2014:

		Experiment Setup

		Methods

		Experiment 0: Post-Heating Forensics

		Experiment 0: Post-Heating Moisture Profile

		Experiment 1

		Experiment 1

		Slide Number 11

		Slide Number 12

		Slide Number 13

		Slide Number 14

		Slide Number 15

		Slide Number 16

		Slide Number 17

		Parameters Determined by Optimization

		Slide Number 19

		Slide Number 20

		Slide Number 21

		Slide Number 22

		Future Work

		Hydrous Mineral Dehydration Model

		Overview

		Background

		Background

		Hydrous Minerals in Bedded Salt

		Bulk Dehydration of RoM Salt Samples

		Numerical Model

		Results: Dry/low suction – Very Little Change

		Results: Dry/low suction – Very Little Change

		Results: Wetter/greater�suction -  Significant Change

		Results: Wetter/greater�suction -  Significant Change

		Summary

		Results: Effect of Initial Saturation (no HM)







