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Infrared Camera Images

Side view Back view Hank Herber, 5/4/15
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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
Porosity change
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Future Work

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?!
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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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Environ. Sci. Technol., 2015, 49 (11), pp 6783—-6790
DOI: 10.1021/acs.est.5b01002

Overview |
CALEEI

Hydrous Mineral Dehydration Around Heat-Generating Nuclear
Waste in Bedded Salt Formations

EX p e rl m e n tal WO rk Amy B, ]ordan,*"" Hakim Boukhalfa* Florie A. Caporuscio,*’ Bruce A. Robinson,® and Philip H. Stauffer’

- EES-16: Ce I ional Earth Science, MS T003, Los Alamos National Laboratory, Los Alamos, New Mexico 87545, United States
*EES-14: Earth System Observations, MS J-599, Los Alamos National Laboratory, Los Alamos, New Mexico 87545, United States
S5PO.CNP: Civilian Nuclear Programs, MS H816, Los Alamos National Laboratory, Los Alamos, New Mexico 87545, United States

(5] Supporting Information
Of a | I l O d e I fo r Wate r ABSTRACT: Heat-generating nuclear waste disposal in
bedded salt during the first two years after waste emplacement

is explored using numerical simulations tied to experiments of
hydrous mineral dehydration. Heating impure salt samples to

-
rodl ICtIOn frol I l h drol IS temperatures of 265 °C can release over 20% by mass of
hydrous minerals as water, Three steps in a series of

dehydration reactions are measured (65, 110, and 265 °C),

and water loss associated with each step is averaged from

. - : 2 E o
experimental data into a water source model. Simulations using
I I l I n e ra S O u n I n S a this dehydration model are used to predict temperature, moisture, and porosity after heating by 750-W waste canisters, assuming
hydrous mineral mass fractions from 0 to 10%. The formation of a three-phase heat pipe (with counter-circulation of vapor and
brine) occurs as water vapor is driven away from the heat source, condenses, and flows back toward the heat source, leading to
changes in porosity, permeability, temperature, saturation, and thermal conductivity of the backfill salt surrounding the waste

-
fo r I I I atl O n S canisters. Heat pipe formation depends on temperature, moisture availability, and mobility. In certain cases, dehydration of
hydrous minerals provides sufficient extra moisture to push the system into a sustained heat pipe, where simulations neglecting

this process do not.

The model was implemented in FEHM

Simulations show cases where including hydrous
mineral dehydration makes a big impact
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Background

In-drift disposal with RoM salt backfill:

Intact salt
Clay seams
Waste
_ canisters
Excavatg A Replace RoM
waste drift Run-of-Mine (RoM) salt salt atop waste

(contains clay)

~— *

L
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Background

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)

Crushed salt

Boiling region| Brine flux

_ —Vapor flux
Condensation—

region

Low-porosity rind
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Hydrous Minerals in Bedded Salt
Clays:

Corrensite:
(Mg , Fe’AI)Q((SI !AI)SOZO) (OH)104H20

Sulfate minerals:
Gypsum (CaS0O,:2H,0)
Anhydrite (CaSO,)
Polyhalite (K,Ca,Mg(S0O,),2H,0)
Others:
Carnallite (KMgCl;:6H,0)
Kieserite (MgSO,-H,0)
Bischofite (MgCl,-6H,0)
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Bulk Dehydration of RoM Salt Samples

Water release from clays was observed at 3 temperatures:

30
AN
Z 20 * u A
S . ¥ |
% 15 ? X Averages
(7))
o 10 —Model
_‘f_m 5
S 0 . . .
0 100 200 300
Temperature

Mass of water produced at 64°C at node | based on the fraction
of clay (f.), porosity, density of rock, and volume of the cell:

My=0.148 £2(1 = &) pr Veeu
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Numerical Model

Finite Element Heat and Mass
(FEHM) transfer code

Coupled T/H/C, no M

Porosity change from
orecipitation/dissolution

. . . oM Sal
_inear capillary suction from

P . max Al Zero saturation
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Results: Dry/low suction — Very Little Change

Porosity

— 0 e
f. = 10% I — | -
ROM ¢I : 0.35 . ‘\';.r \fi' ...:_, .\J. ; . A 1

N S 06 |/

0.5

% ‘ [t aoa 0.2 |— 1 A~
Pcmax = 0.2 MPa
460 days
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Results: Dry/low suction — Very Little Change

\/F‘\fl\l'l\/f\
(a)ﬂemperature

— 1 \C\/ Difference (°C), 7 AEEEEREEEE
10%HM-0% HMPKF SEEE R e
X e
<

1
109%HM- 0%HM]

0.2 y
0.15
0.1 b
0.05
ﬂ o

—1-0.05

chuddbbbhicoanmw

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

UNCLASSIFIED Slide 32

“e L f Llamos

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





Results: Wetter/greater —
suction - Significant Change | "%
(a): f. = 0% HM
(b): f. = 10% HM

-------

RoM ¢, = 0.35

C,Mmax

i BREAl NN 0.6
i I’.'.‘: ,:'] i ,%: _ 1[ -+ _. 77'? f y 0.5 |.
s S PERE DR SNl 0.4 |7
460 days |
. 02|/

Dissolution band

PRERREPKDKDDALLEDEERR
(b)) 10% HM

V% Porosity | |

\‘\| U0

Porosity reduction (“rind”)

around heaters
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Results: Wetter/greater ]]__ ey
suction - Significant Change = ‘

Differences of f, = 10%
minus pure halite (f. = 0%)
at 460 days:

(a) temperature o
(b) porosity

Heater temperatures up to
25°C cooler

UNCLASSIFIED s A Slide 34

« Los Alamos

NATIONAL LABORATORY

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





Summary

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)
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Results: Effect of Initial Saturation (no HM)

Driest Wetter Wettest

Porosity

>0.5
04 Vapor flux (m/s)
" (a) (b)——= =3.2e-Tmis | !

0.3 HiH
fc) ——= =1e-6mls - {

0.2

0.1 (note change of scale)

Saturation
=05

0.4
03 Liquid Flux (m/s)

0.2 == =1e-8 mis
0.1
0

T L
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