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Geologic Nuclear Waste Disposal

« Emplacement of waste packages in borehole repository to isolate Sealing Zone

radioactive materials THEEMTR
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Thermal Loading During Operations
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Thermal Loading Good or Bad?

Borehole

Geological

* Thermal loading enhances rock
layers

ductility and reduces fracturing
 Thermal load is expected to be

relatively small, but for soft rock (e.g., ~ Rocksalt - borehole
salt, carbonates, shale) the effect is sealed
expected to be large Cement by sa[t
* Increased temperature could reduce creeping
risk of permeability modification by Casing -
fracturing and more easily isolate
borehole :
Geological
layer
Disposal
zone ,
Plug Seal Schematic of borehole closure in a soft
rock from Bracke et al. 2017
How much will an increasing temperature in a soft rock considered for
hosting nuclear waste alter deformation?
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vaterials: Ghareb Formation
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Thermal Property Measurements

* Hot disk analyzer measures:
* Thermal conductivity (W/mK)
« Thermal diffusivity (mm?/s)
 Specific heat capacity (MJ/m3*K)

Thermal sensor _. .
| P !’ Rock samole I Samples from two separate
N 1 " -

quarried blocks (Set #1 and Set
#2) tested dry from 40 to 275 °C

« Sample from each block was
tested water-saturated to
measure thermal properties and
water loss with increasing

- Test System By temperatu e
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Mechanlcal Tests

* 1 hydrostatic creep test at 8 MPa
effective pressure and
Sample temperatures of:

B Lateral LVDT . 20, 40, 60, 80, 100 °C
=l b ) Axial LVDT
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» 2 triaxial tests with different loading
rates measuring creep at:
* 0, 5, 10, 15 MPa differential stress
100 °C and 15 MPa differential stress




Thermal Properties of Host Rock

— 7_|
1.25 - . . . : . . 0180 : . . - - N 225 ¢ x rock salt
G— 91 Temp iactenie — & = ) - Trmp Decrvam E 6 ™ 2
TS e g >
N %_%_mﬂ\‘ . RN et | ST ) / 402 s v
£ 100 B%e s é i \*f: £ 5 A x o Py
: e =S a N b NG s <R E R =52 = A -
z gy Bffa T | & NS z T Y e s -
E £ B—ao £ 2 o B g oF o T B o granite
S F ] Z O-e N '\‘E“ = S 3 3 basalt -
et#1 | 2 o7 £ oo g—f A g 1350 B B © e~
E = = Mﬂ__k Y E el o gj"i{-' & g 2 -~+_" "-—.-.._.__:_.:"'"—-—-
= _ . E o0 Ot o-g0g o . . 0 {212 v e Y O e, dry clay T
Foso| ggetEEEeeo0 0 g - M . B b T —s
2 . & e 1 _—Ghareb |
0.25 0.20 - 0.75 o 100 200 300 400
125 0.80 - L 225 ; Temperature (°C) ot
2 100 & : ::EE:“QMT % 20 e Low CondUCtiVity and
[= J F = . . . . .
2 E o060 3 s diffusivity implies heat will be
[ | slow to transfer from waste to
Set#2 | o i 5 s -
E = ag 3 formation
:’E E 0-40 [ ‘rll\-\\‘{‘:";%—l_ ﬁ'\ :E I hzj L]
£ oo > 2 - 2 * High clay/mud content may
' Sty —O— (8 o !
| ﬁjw;g o= T\ " reduce values below
a8 p—B-H -y - - N
n.zsﬂ 50 100 150 200 250 300 Mﬂn 50 100 ) 150 - 2In'n 250 300 s S0 100 150 200 250 300 expected for chalk (~1 9-2.9
’ Temperature ("C) : ) Tl:m}‘n.:mliuw (] Tl:l]'l]'l_'ﬁ;[ufu (C) W/m*K) Or marl (~2_1—2.8

W/m*K)

Geological
- Survey of Israel




Triaxial Creep Tests
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Thermal Contraction (-/°C)
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Thermal Contraction Under Stress

Hydrostatic = 8 MPa Confining Pressure

Triaxial = 15 MPa Differential Stress
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e Creep strain rates
increase with
temperature

* Under differential
stress conditions,
radial strain rate
is negative at 20
"C but positive at
100 °'C

« Strain rates are
not affected much
by increases in
differential stress
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Creep Strain Rate

Thermal Effect Under Creep Conditions

107

10% ¢

—
<
©°

10-]0

Hydrostatic = 8 MPa Confining Pressur

O O O O ISR008 Axial Creep Rate
0O O 0O O ISR0O08 Radial Creep Rate

Axial Creep Strain Rate (s)

o
O 0O o
O
O
© O
O
O
20 40 60 80 100

Temperature (°C)

120

107

p—
<
wn
..

10°¢

._.
<
~
-

10%}

107

e Triaxial = 15 MPa Differential Stress

T T T T ] 10‘4
. = o 1107
[m]
O
8 o
o 110°
O
O
O O
1107
| -8
O TCI Axial Creep Rate 110
O O TC2 Axial Creep Rate
O TCI Radial Creep Rate
0O TC2 Radial Creep Rate
1 1 1 1 0-9
20°C 20°C 20 °C 100 °C
5 MPa 10 MPa 15 MPa 15 MPa
Temperature
Differential Stress
P Geological

" Survey of Israel

(,.8) a1y ureng daar) [e1pey AIn[0sqy



* Low thermal properties indicate heat will be slow to diffuse from waste into
formation and away from borehole

 Temperature increase generates greater strain than stress increases
« Rate of thermal contraction is controlled by stress field applied

» High creep rate and thermal properties suggest that deformation around
borehole will be heightened by thermal loading

« Catastrophic failure or fracture propagation are unlikely due to compaction
strain dominating over dilatant strain (i.e., fracturing nucleation and
extension)
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Mass Loss and Saturation Effect
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Thermal Property Comparison

* Low conductivity and diffusivity
Implies heat will be slow to
transfer from waste to formation

* High clay/mud content may
reduce values below expected for
chalk (~1.5-2.5 W/m*K) or marl
(~2.1-2.8 W/m*K)

rock salt
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Triaxial Loading
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