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Thermal Conductivity -

 Thermal conductivity (K)is the property of a material
to conduct heat

* Heat transfer occurs at a higher rate across materials
of high thermal conductivity than across materials of
low K.

 TC of rock salt > that of other sedimentary rocks.

 Thermal gradients in salt bodies may be lower than in
surrounding sediments

K is expressed as Watts per meter Kelvin
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Process ffj

e Started with crushed salt
* Compacted it to a range of densities

 Measured thermal properties (here K) of
compacted salt

* Measured thermal properties single crystal salt
* Measured thermal properties fractured salt
* [ntent on understanding measured values, model
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Motivatioh

High Level Nuclear®Waste Disposal

Re-consolidation of crushed saltis an
important element of disposal
concepts, thermal mechanical
modeling is fundamental to design,
analysis and performance assessment
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# Smith 1976 single crystal

W Smith 1976 Bedded

A Birch and Clark, 1940 single
crystal

» Durham et al, 1983, 10%
nonHalite

4 Durham et al, 1983 14-21%
nonHalite

@ Durham et al., 1983 3-8%
nonHalite

+ Durham et al., 1983 10%
nonHalite

=Durham et al, 1983 3-21%
nonHalite

= Durham and Abbey, 1981a

Domal Avery Island
# Liu et al, 2011

M Sweet and McCreight, 1979

A Acton, 1978

< Maorgan, 1979
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“crushed salt” compacted domal salt single crystal

crushed salt
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Weight loss in oven-dried crushed salt
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Pure single-crystal salt

BMRound 1

+* Round 2
@ Birch & Clark, 1940

y =-1E-07x3 + 1E{04x? - 0.0311x +

R*+0.9987

y = -1E-07%° + 9E-05x? - 0.0205x + 6.7811
R? = 0.9995

y = -5E-08%° + 6H-05x? - 0.024x + 6
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Thermal conductivity: WIPP salt, Sample 1
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Thermal conductivity: WIPP salt, Sample 2

3

+ [, ]
—n =

Thermal conductivity {(W/mK)

— S

#&| nratinn 1

B Location 2
A Location 3

X Location ¢

50° 100° 150°
Temperature (C)




—
o
et

— S5

Umpre

+ S1, Location 1

m 51, Location2
A S1, Location 3

x §1, Location4

® single crystal
®S2, Locationl ——

=S2, Location 2

— 82, Location 3 ——
+ 52, Location 4

<z
£
2
Fy
2
s
=
°
c
S
©
£
o
£
| -

80° 100° 120°

Temperature (C)




S
$

N
¥
e &

/ RO
S

Unmare

A Sample2 sits 1
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Estimated thermal conductivity of porous salt
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Summary of results

 Thermal conductivity of single crystal, domal,
fractured, and porous salt has been determined for
a temperature range of interest for nuclear waste
disposal

K decreases with increasing porosity

* A simple mixture theory model represents the K
versus porosity rather well

* K decreases with increasing temperature

e K of fractured salt is less than intact salt

e As this bedded salt is heated, water is released
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Conclusions B o)

Thermal conductivity of the backfill will increase as the crushed salt
compacts under pressure, resulting in increasingly efficient
dissipation of heat as time progresses.

In a repository setting, water may be liberated by heating .

In repository settings where salt has been fractured, the K will be
less than that of intact salt of known porosity. Porosity estimates of
the fractured salt can be made by comparing measured thermal
conductivity to the K model.

K data measured are close to K values predicted by simple mixture
theory model at given porosities and temperatures. Model is a
reasonable predictor of salt thermal conductivity over a range of
conditions possible when disposing heat-generating nuclear waste
in salt.
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Bechthold, W., E. Smailos, S. Heusermann, W. Bollingerfehr, B. Bazargan
St = — -—7Sabet;-T-Rothfuchs,-P-KamlotJ-Grupa, S-Olivella, and-F.Hansen. 2004.—
Backfilling and sealing of underground repositories for radioactive waste
in salt (Bambus Il Project): Final Report. EUR 20621 EN. European
+ Commission, Luxembourg.

2.37: Backfill thermal conductivity versus porosity




Conclusions

Thermal conductivity

K, = K K
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Linear Crack Density (C/L)




