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A comparison study on coupled thermal, hydraulic, and
mechanical interactions associated with an underground
radwaste repository within a faulted granitic rock mass
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A comparison study is perforimed to understand the coupling bchavior of the thermal, hydraulic,
and mechanical interactions in the vicinity of an underground radwaste repository, assumed to be
located at a depth of 500 m, within a granitic rock mass with a 58" dipping fault passing through
the roof-wall interscction of the repository cavern.  The two dimensional universal distinct element
code, UDEC is uscd for the analysis.

The model includes a granitic rock mass, a canistor with PWR spent fuels surrounded by the
compacted bentonite inside a deposition hole, and the mixed bentonite backfilled in the rest of the
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space within a repository cavern.
The coupling behavior of
interaction has been studied and compared.

hydromechanical, thermomechanical,

and thermohydromechanical

The effect of the time-dependent decaying heat, from the

radioactive materials in PWR spent fuels, on the repository and its swrroundings has been studicd.

A steady state flow algorithm is used for the hydraulic analysis.

Key words: coupling behavior, thermohydromechanical interaction, radwaste repository, granite, fault,

caverr, UDEC, decaying heat, steady state flow

1. Introduction

The assessment of the coupling effects of
thermal, hydraulic, and mechanical interactions in
the vicinity of very deep underground
radwaste repository in a granitic rock mass with

a

discontinuities is an important part of the design
and safety evaluation ol the disposal system.
The state of the art studics on the various
rock joints have been
The most cormmon

coupled processes for
sunmarized by Tsang(1990).
distinct element method considers the fractured
medivm as an assembly of blocks(Barton, 1988,
Fairhurst et al1987). For coupled thermal and
mecharical behavior, the distinct element method
has been used to analyze the behavior of the
fractuwed rock masses for a radioactive waste
repository(Shen et al,1990). For coupled hydraulic
and thermal behavior, the effect of increasing
temperature, due to the decay heat of the waste,
on the ground water flow around a repository

has been studied by many researchers
(Hart,1981;Noorishad ot al1984). TFor coupled
hydraulic, mechanical, and thermal behaviar,
Hart(1981) presented a model which fully

describes coupled behavior in nonlinear porous
geological systems, and the model is solved by
an explicit finite difference method. Noorishad et
al(1984) applied a finite element method with
joint clements to fully couple the behavior for a
Ohnishi et al
(1985) developed a fnite element code to handle

saturated fractured rock mass.
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the problems of coupled hydraulic, thermal, and
mechanical behavior of a saturated- unsaturated
geological meditum.

The objective of the present study is to

understand  the  coupling  behavior  of
hydromechanical, thermomechanical, and
thermohydromechanical interactions in the

vicinity of a 500 m deep underground radwaste
repository in a grauvitic rock mass with a 58°
dipping fault intersecting the roof of the repository.

2. Numerical model

The repository has the layout of multiple
caverns in parallel with a cavern spacing of 40
m. Each cavern is 250 m long, 6 m wide, and 7
m high from the floor to the crown of the
cavern. The vertical deposition holes are located
beneath the cavern floor along the centerline of
the cavern at a pitch of 6 m.

Four assemblies of PWR spent fucls cooled
for 40 years are emplaced and fixed with a cast
iron insert between the fuel assemblies and the
And then, compacted
bentorite fills the area between the canister and

hollow c¢ylindrical canister.

the surrounding rock mass, and backfill material
fills the inside the cavern(Fig.l). The radicactive
materials in PWR spent [uels generate decay
heat. The decay heat generated, II(T)
w/tHM(watt/metric  ton  of heavy metal)
defined as follows(Kang et al,2000):

in
is
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Fig. 1 The (@numerical model and (bla cavem and a deposition hole with a canister

H=2201169¢*"T+1693 22¢ "1+ 24 7 00T
+19.134e T 1 420 0000LT )
where, T is the lme aflter discharging PWR
spent fuels, 0=T=10° years
do
approximation using UDEC code,

In order to the two dimensional
this discrete
waste location is distributed uniformly along the
This means that

generating (rench is located below the cavem

disposal cavern. the heat
floor along the centerline of the disposal cavern.
After the consideration of the tributary healing
arca of 10000 m* which is equal to the area of
the cavern length of 250 m multiplied by the
cavern spacing of 40 m, heat flux, I, is lhen
oblained from the equation (1),
F=(28.O554)e_(57OSE_10)L+(4.1492)6_(1 B0E 11t

"'(0.6/186)8-(LBBZE_IZ)L'*'(O.04876)€_(3 171E-110L (2)
where, t is the time after 40 years of cooling, 0
<t=31536E13 sec, F in w/m’

2.1 Modeling

The model is for the simulation of the
coupled hchavior between thermal, hydraulic, and
mechanical interactions for the long term

behavior(500 years) of a radioaclive waste

repository.
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To simplify the analysis, the symmetry n the
repository layout of multiple caverns in parallcl
with
maodeling.

an equal spacing has been utlized in
The horizontal

boundarics are moved sufficiently {ar from the

top and bollom

heat generating waste.  The excavation of the
cavern, waste cmplacement, and huffer {illing are
all assumed to be instantaneous, and the initial
horizontal stress 1s assumed to be equal to the
the
Groundwater flow is idealized as laminar viscous
fow.
Gramitic

mitlal  vertical  stress  in analysis.

to e

with clastoplastic

rock wags i3 assumed

homogeneous  and  isotropic
behavior(Mohr-Coulornb  failure  criteria  applied),
and compacted and mixed benlonite are regarded
as elastoplastic material(Drucker-Prager failure
criteria applied). The material (or the canister is
to 'be homogeneous,  isotropic,
lincarly clastic. Barton- Bandis joint constitutive
model is used for the rock joints(Itasca,1996).
For the hydraulic analysis using ‘a sleady

assumed and

state (ow algorithm, groundwater flows through
A fully
coupled hydromechanical analysis is performed in

the discontinuities of the rock mass.

which fracturc conductivity is dependent on

mechanical deformation of the joint aperture;



A0S, s, A
conversely, joint water pressures affect the temperature. The change In temperature for any

mechanical  behavior, Groundwater flow s
governed by the pressure differential between
adjacent domains. The cubic law for flow in a
planar fracture is used in UDEC(Itasca,1996).
The flow rate, q, from a domain with pressure

is given by

3

D to a domain with pressure p2
q = ka(Aapl)

where k; is a joint permeability factor whose

theoretical value is (1/12x), # is the dynamic

viscosity of the fluid, a is the contact hydraulic

aperture, and 1 is the length assigned to the

contact between domains.

ey

Ap = prprt o wg(yeyD
where o is the fluld density, g is the
acceleration of gravity, and v,y are the
y-coordinates of the domain centers.
The hydraulic aperture is given by
a=a + Un ()

where a, Is the joint apcrturc at zero normal
stress, and u, is the joint normal displacement.
For the thermal analysis, this model simulates
fransient heat conduction in materials and the
subscquent  development of thermally induced
displacements and stresses. Heat transfer is
modeled as isotropic conduction and heal decays
exponentially with time. The thermal analysis in
UDEC(Itasca,1996)  provides
coupling to the mechanical

through the thermal expansion coefficient and to

only  one-way

stress  calculation

the calculation for groundwater flow in joints
through temperature  dependency  of
groundwater density and joint permeability. The

“the
basic equation of conductive heat transfer is
Fourier's law.

Q= “k(dT/9x) (6)

where @ is the heat flux in the i—direction, k
1s the thermal conductivity tensor, and T is the
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mass is as follows,

(0T/8t) = Que/(C,M) Q)

where Qne: Is the net heat flow into mass, G, is
the specific heat, and M ig the mass.

The equations (6) and (7) are the basis of the
thermal version of UDEC. Temperature changes
cause stress changces,

Aoy =-0y 3KeaT (8)

where A oy is the change in stress ij, &8y is the
Kronecker delta, K is K{for plane strain) and is
equal to 6KG/(3K+4G) for plane stress, K is the
hulk modulus, G is the shear modulus, ¢ is the
linear thermal cxpansion coefficient, and AT is
the temperature change.

2.2 Initial and boundary conditions

Symmetric boundary conditions are used due
to the repository layout of multiple cavern in
parallel with an equal shape, length, and spacing.

The boundary this  fully
saturated 200 m model are fixed horizontal
displacements on  both sides, fixed vertical
displacement at the bottom, and free at the
surface. Impermeable boundary conditions are
assumed on both sides and at the bottom of the

conditions  [or

model.  The thermal boundary conditions are
adiabatic on both sides and at the hottom.  The
temperature s assumed to be 20T at the ground
surface and to increase 06C for every 20 m
below the surface. the initial
temperature is 32°C at the top and 38T at the
bottom of the model.

Therefore,

2.3 Materal properlies

Material properties for the host granitic rock,
rock fault, compacted and mixed bentonite, and
canister cast fron msert arc as follows(Kang et
al,2000; Hokmark et al1991; Hokmark,1990;
Johansson et al,1991; SKB,1997; SKB,1997):
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Table 1. Mechanical and thermal properties of

Table 4. Mechanical and thermal properties  of

granite mixed-bentonite
Parameter Value Parameter Value
density 2700.0 kg/m’ density 21000 kg/mt’
bulk modulus 40.0 GPa bulk modulus 3.33 GPa
shear modulus 240 GPa shear modulus 154 GPa
thermal conductivity 39 W/mC thermal conductivity 2.0 W/mC
thermal expansion coeff 8366 /T thermal cxpansion coeff. 83E-6 1/C
specific heat 8150 J/keC specific heat 500 JheC |
friction angle 5.0
cohesion 16.0 MPa Table 5. Meghanical apd th_ermal properties of
canister cast iron insert
dilation 80 Parameter Value
density 80000 kg/m”
Table 2. Mechanical properties of a fault bulk modulus 1670 GPa
Parameler Value shear modulus 770 GPa
joint normal stiffness 16E4 GPa/m thermal conductivity 15.2 W/mC
joint shear stiffness 7.0E3 GPa/rn" N thermal expansion coeff. 82E-6 1/C
joint cohesion 0.1 MPa specific heat 504.0 J/kgC
joint dilation 0.0°
joint aperture 1.0E-2 m
joint permeability 3.0 1/(Pa*sec) 3. Results
joint residual aperture 50E-4 m
joint length 01lm Three different cases of coupled bchavior
joint roughness coeff, 5.0 between thermal, hydraulic, and mechanical
joint comp. strength 30.0 MPa interactions have been studied and comparcd
residual angle of friction 45.0° The model used here for comparison purposes is
intact rock comp. str. 200.0 MPa a 20 m model with a 58" dipping fault

Table 3. Mechanical and thermal properlies of

compacled bentonite

Parameter Value
density 2100.0 kg/m’
bulk modulus 35 GPa
shear modulus 0.75 GPa
thermal conductivity 1.2 W/mC
thermal expansion coeff. 00 1/TC
specific heat 10000 J/kgC
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intersecting the cavern roof~wall intersection.
The {irst case is the hydromechanical(HM)
model using a steady state flow algorithm The
second case 18 the thermomechanical(TM) model
in a dy condition without groundwater for a
period of 500 years after the emplacement of the
canister and filling with buffer materials. The
last case is the thermohydromechanical(THM)
model fully saturated using a steady state flow
algorithm for a period of 500 years after the
cmplacement of the canister and filling with
buffer materials.



3.1 Initial stage

At the initial stage, the loads acting on the
models are mainly the weight of the granitic
rock mass either saturated, or in a dry condition.
The initial ground tempcratuwre of 32T on the
top of the model and of 06C increase for every
20 m below the top boundary is applied on the
TM and THM models. The initial vertical and
horizontal stress distributions are shown in Figs.
2(a) (),
principal stresscs oceur at the top of the modcls
and are -1068 MPa on the HM model and
-10.67 MPa on the TM and THM models. The
minimum principal  stresses occur at the bottom
of the models and are -15.76 MPa on the HM
model and -16.06 MPa on the TM and THM
models.

and respectively. The maximum

o was

| ECNBIA

g,

A

=

7} =

, FEE
32 After instantaneols' excavation
After
stresses
The
locations just above the top of the cavern wall
and are -20.88 MPa on the HM model, -24.92
MPa on the TM rnodcl, and -20.88 MPa on the
THM model.
at the cavern floor—deposition hole intersection in

the
around the cavern.

the instantaneous excavation,
are concentrated

highest principal strcsses occur at the

The maximum displacements occur

the direction toward the center of the cavem
horizontally and. are 1.093 mm on the HM model,
1632 mm on the TM model, and 1.095 mm on
the THM modcl. The
displacements are 0.835 mm, 1.073 mm, and 0.835
mm on the HM, TV, and THM models, in that
order, at the location on the rock close to the

maximum  shear

center of the camister.
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Fig. 2 The (a)vertical and (b)horizontal siress distributions on the 200m model al the inilial slage
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Results along the fault from the analysis after
Instantanecus cxcavation are summarized in
Table 6. The nommnal stresses are higher, while
shear stresses are lower on the TM model than
on the HM and THM models. The hydraulic
aperture distribution is the samc in all three
models.

3.3 After waste empalcement and buffer filling

The waste emplacement, and compacted and
mixed bentonite filling are assumed to be
After
huffer filling, the highest principal stresses occur

instantancous. waste emplacement and
at the locations just above the top of the cavemn
wall and are in tum -24.0 MPa, -2491 MPa,
and -24.02 MPa on the HM, TM, and THM
The maximum displacements at the
of the cavern floor-deposition hole
intersection are 1413 mm, 1631 mm, and 1.429
mm on the HM, TM, and THM models, in that

models.
locations

order, in the horzontal direction toward the
center of the cavern. The maximum shear
displacements at the locations on the rock closc
to the center of the canister are 0.912 mm, 1.072
mm, and 0913 mm on the HM, TM, and THM
models, in that order.

Results along the fault from the analysis after
buffer filling are in Table 7. The normal stresses
after buffer filling are lower,
stresses after buffer filling are higher than the
normal and shear stresscs after excavation. The
hydraulic apertures along  the [ault become
smaller after buffer fAlling.

while shear

34 Long term behavior after waste emplacement
The long term structural behavior of the
coupled thermohydromechanical interaction, for a
period of 500 years after waste emplacement, on a
200 m fully saturated model with a 58C dipping
fault intcrsecting the cavern roof is shown in

Table 6. Results along the fault from the analysis after excavation

Resultts\Models HM ™ THM
hyd. aperture, m 2.194E-4~3.25213-4 2.194E-4~3.252E-4 21ME-4~3252E-4
normal stress, MPa 5.341~1759 8.661~27.43 5.355~18.07
shear stress, Pa -4.049E5~1.211E5 —8.558[24 ~2.045E5 -4.392E5~1.233EH
normal displ.,m 0 0 0
shear displ.,, m -3531E-4~2.299E-5 -4557E-4~3.86E-5 -3.53E-4~2.261E-5
domain press., MPa 4477 ~4638 0 4427 ~4.638
Table 7. Results along the fault from the analysis after buffer filling
Results\Models HM ™ THM
hyd. aperture, m 1.097E-4~2.194C 4 1.097E-4~2.194E-4 1.097E-4~2.194E-4
normal stress, MPa 4644~1169 8.667~16.54 4617-~11.69
shear stress, Pa -9.606E5 ~1.2515 -8.665E4 ~1.027E6 -9.302E5~1217ES
normal displ., m 0 0 0
shear displ., m -3.804E-4~3.897E-5 4554 -4~3906E-5 -3.8E-4~3.982E-5
domain press., MPa 4.427~4.638 0 4427 ~4.638
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TFig. 3. Temperaturc histories are shown in Fig. and cavern  floor-wall  infersection.  The

3(a). The top, middle,
curves are in turn for the locations of the center
of the canister which is the center of the heat

and bottom history

source, of 0.61 m away horizontally from the
canister center where the canister faces with the
compacted bentonite, and of 112 m away
horizontally from the camister center where the
bentonite faces with the rock. The curves show
maximum temperatures of 8C~91C after 41~
54 years, and then decay fastly down to 74T~
757C after 500 vears from waste emplacement.
Displacement histories are shown in Fig. 3(b).
The five history curves from the top are the
displacements for the locations of the cavemn
roof-wall intersection, cavern floor center, cavern
crown, cavern floor-deposition holc intersection,

fa)

=3

displacement history of cavern crown shows fast
the first 100
The rest of the history curves show

convergence approximately  after
years.
fairly constant displacements.

Normal stress histories are shown in Fig.
3(c).
the normal stresses for the locations near the

The three history curves [rom the top arc

cavern rool-wall intersection, cavern floor center,
The normal
intersection

and mid-point on the cavern roof.
stress near the cavemn roof-wall
shows fast convergence approximately after the
first 100 years. The other two history curves
show fairly constant normal stresses during the
period of 500 years.

Shear stress histories are shown in Fig. 3(d).
The three historv curves from the top are for

bl

Fig. 3 The (altemperature histories, (b)displacement, (©normal strss, and (d)shear stress histories
of the points in the vicinity of the cavern after 500 years of waste emplacement
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the locations near a mid-point on the cavern
roof, cavern floor-wall intersection, and cavern
roof-wall intersection. The shear stress near the
cavern roof-wall intersection increases fastly in
magnitude for the first 100 years after waste
The
rest of the history curves show constant shear

emplacement, and then decreases slowly.

streszes during the period of 500 years.

The temperature distribution on the 200 m
model and ils enlarged view in the vicinity of
the
emplacement arc shown in Figs. 4(a) and (b).

repository  after 200 vears of waste

Fig. 4 The (ajtemperature dislriulion on the model and (blits

A

understand

comparison  study is  performed to
the coupled HM, TM™M, THM
interactions in the vicinity of a repository for a
period of 100 years after waste emplacement,
because the history curves for stresses and
maximum
100 years
evenn though the
rcach maximum values in the vicinity of the

displacements show responses

approximately  after from wasle
emplaccment, lemperatures
repository  after approximately 50 years from
waste emplacement as shown in Fig. 3(a).

I e R A Tk )

[Lzanyl

{b)

enlarged view in the vicinity of the

repository after 500 years from waste emplacement
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Maxdmun and minimum principal stresses in
the vicinity of the repository are surnmarized in
Table 8 for each HM, TM, THM models. The
stresses near wall-roof intersection, at the center
of backfill, below the cavern floor, and bclow the
deposition hole are slightly higher in the THM
model, while the strcsses near the cavern wall
and near the wall-floor intersection are slightly
higher in the TM model.
IM model are much lower than the stresses in
the TM and THM models.
at the locations around the

The stresses in the

Displacements
repository are summarized in Table 9 for cach
HM, TM, and THM models.
generally are larger in the TM model than in

The displacements

the THM model, and they are in the rangc of
3.256cm~4.084cm.  But the differences between

A, ZEE

the two models are very small and are less than
(0.34%. The displacements are nuch smaller in
the HM model than in the rest of the models.

Shear displacements on the 58° dipping fault
after 100 yvears of waste emplacement in Table
10 show much larger values in the TM and
THM models than in the HM model. The shear
displacements in the THM model are smaller at
the left end of the fault close to the cavern and
larger at the right end of the fault away [om
the cavern than the shcar displacements in the
TM model.

Hydranlic apertures and hydraulic permeabilities
on the B8 dipping fault after 100 years of waste
emplacement, as shown in  Table 11, are
2194B-4 m and 401E-5 cm’, respectively both
at the left end of the fault closc to the cavem

Table 8. Maximum and minimum principal stresses after 100 years of waste emplacement (unit: Pa)
Locations\Models HM ™ THM
N AT -2/AE7 -6.771E7 -B.7T7TET
near wall-roof intersection 1 4oTET 7 095F6 —7153F6
. -4.367H5 --4,366E6 -4.806E6
at the center of bhaclkdfill 3 665E5 0TI —0.619F5
. -2.159E7 —-3.764K7 -3.604E7
near the cavemn wall ~1.093E7 -1.55357 15737
_ et -1.868E7 -2.001E7 -1.97E7
near the wall-floor intersection 3 R99ER LOTET ~1.957E7
; -1.207E7 -3.22E7 -3.301E7
below the cavern floor -6.664F6 —96I5E6 _O6SRE5
. s -2.395E7 -8O87E7 -9.168E7
below the deposition hole ~1'606E7 5 AORET 5 ATTET
-
Table 9. Displacements after 100 vears of wasle emplacement (unit: rm)
Locations\Models HM ™ THM
cavern Crown 875584 4.034E-2 4079E-2
mid-point on cavern roof 023E-4 4,029E-2 4.024E-2
roof-wall intersection 1.0E-3 3825E-2 3312E-2
wall-floor intersection 1.077E-3 3.532E-2 3.535E-2
deposition hole—floor intersection 1.413E-3 3557E-2 3.559E-2
bottom end of the fault 4.687E-5 3.503E-2 3512E-2
a point on the rock horizozltal]y connecting canister L957E-3 3 956E- 395652
center
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Table 10. Shear displacements on the fault after
100 years of waste emplacement
{unit: m)

THM
9.684E-5

HM
3.803E-4

™
2.081E-4

Locations\Modcls
rleft end close to
cavern

right end away
from cavern

3.906E-5| 1.881E-3 | 2.371E-3

and at the right end of the fault away from the
cavern in the HM and THM models.

The groundwater flow rates and velocities on
the 58" dipping [amilt after 100 years of waste
emplacement in Table 12 are larger at the right
end of the fault away from the cavern In both
HM and THM modcls.

Table 11. Hydraulic aperture and hydraulic permeability on the lault after 100 vears of waste emplacement

HM ™ TIIM

Locations\Results hyd. _ hyd. hyd. hyd.
hyd. aper.,m » |hyd. aper.,m B o

e, cim Dertn.,cr aper.m PO CITL

left end close to cavern | 21ME-4 | 401E-5 - - D194E-4 | 401E-5

ight end away fr
ngnt end away om- 1o jam-4 | 401E-5 - - 2194E-4 | 401E-5
cavern

Table 12, Groundwater flow rate, velocily, and domain pressure on the fault after 100 vears of waste

emplacement
HM ] THM
Locations\Models flow rate ‘ flow vel. | domain p. | floy rate | flow vel. | domain p.
m-/sec mysec Pa m’/sec my/sec Pa
left end close to cavern ! 4.47715—12—[ 2041E-8 | 4627086 | 2728E-12 | 1243E-8 | 4612E6
| right end away from cavern | 6.176E-12 | 28156-8 | 446086 | 1.146E-11 | 5200E-8 | 447085

4. Conclusion

Three different cases of coupled behavior in
the wvicinity of a 500 m deep
repository within a granitic rock mass with a 5

underground

8" dipping fault passing through the cavern roof
have been studied and compared. They are the
HM model using a steady state flow algorithm,
the TM model in a dry condition, and the THM
model fully saturated for a period of 500 years
after  the of heat generating
radioactive  wastes filing with buffer

emplacemernt
and
materials.

For three different cases, the results from
the initial state of stress analysis do not show
much difference. After the excavation the
maximum principal stress just above the cavermn

wall in the TM model is —24.92 MPa which is
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19% higher than that in the HM and TIIM
modcls, The maximum displacement at the
cavern floor-deposition hole intersection in the
TM model is 1632 mm which is 49% larger
than that in the HM and THM modcls. But the
magnitude of these stresses and displacernents
The and
digplacements just after waste emplacement and
bulfer filling also do not show much difference
in all three models.

For
behavior for a period of 500 years aflter heat
termperature

are not significant. stresscs

the long term thermchydromechanical
generating  waste  emplacerment,
historics along the horizontal line connecting the
center of the heat that the
maximum temperatures are 86T ~91T after 41~

source  show

54 years, and then decays fastly down to 74C ~
T after 500 years from wastc emplacement.



The normal and shear stress histories show that
the normal and shear stresses near the cavern
roof-wall intersection increase fastly for the first
100 years, and then change slowly for the rest
of the period of 500 years.

Finally a comparison study is performed to
understand the coupled HM, TM, and THM
interactions in the vicinity of a repository after a
perdod of 100 years from the emplacement of
heat generating wastes and buffer filling.

In general, the stresses at the locations in the
vicinity of the repository are higher in the THM
model and they are in the range of -7 MPa-
-92 MPa on the rock mass and of +4.05 MPa—
=772 MPa on the buffer The
displacements, on the other hand, are largor in
the TM model and they are in the range of 3.3
cm~4.1 cm. But the differences in stresses and
displacements between the TM and THM models
The stresses and
displacements are much smaller in the HM
modcl than in the TM and THM models.

The  Thydraulic apertures hydraulic
permeabiliies on the fault after 100 years of

filling.

are not very significant.

and

waste emplacement show the same results in the
HM and THM models.
rates and velocities on the fault are larger at the

The groundwater flow

right end of the fault away from the cavern in
both M and THM modcls. This is due to the
domain pressure differences along the line of the
fault as shown in equation (3). The different
magnitudes of flow rates in the HM and THM
models are due to the fact that the flow rate is
a function of the dynamic viscosity of the
agroundwater, The groundwater dynamic viscosity
is a function of the water density whose values
vary upon the surrounding temperature conditions.
In summary,
of
hydromecharnical
may be used as a start and rough esbimation, but

for the design and safety
disposal
and thermomechanical

evaluation the system,

analyses

thermohydromecharnical analysis is recommended
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to be used for the {inal
evaluation of the disposal system

design and safety
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