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A long way …

� The PRACLAY project and the creation of the 
EIG PRACLAY (1995) and the EIG EURIDICE 
(2000)
� The idea of a large scale demonstration project 
since the beginning of the nineties – post SAFIR 
(1989)

� The extension of the URL HADES in the period 
1997 – 2007 as part of the PRACLAY project

� Safety requirement of second shaft for extended 
underground infrastructure

� Use of excavation and construction technology at an 
industrial scale – world-wide « première »

� Gallery crossing



1980 - 19871997 - 2007

PRACLAY gallery

HADES Underground 

Research Facility



A long way …

� SEAL & HEATER experiments
� The evolution from a disposal demonstration 
project to a large scale R&D confirmation 
experiment

� Final part of the PRACLAY project (1995 – > 2020)

� Confirmation of our scientific knowledge base, e.g. 
w.r.t.

� Combined mechanical and thermal disturbance of clay

� Thermal properties of the clay

� THM behaviour of the clay

� …



A long way …

� SEAL & HEATER experiments
� CERBERUS (1986 – 1998) – heating & irradiation 
experiment (m scale)

� BACCHUS 

� ATLAS – still ongoing experiment

� PRACLAY heater phase 2011 - …
� 10 years of heating

� Post-mortem analysis



A central element of the national programme

� NIRAS/ONDRAF National waste plan

� Comments on the continued RD&D programme

� Overall quality of the programme

� Remaining uncertainties vs. a decision « now »

� Visibility of the PRACLAY SEAL & HEATER experiment w.r.t. 
remaining uncertainties

� Next milestones – Safety and Feasability Cases I & II

� SFC I: decision to start siting

� SFC II: decision to confirm 1 site

� PRACLAY SEAL & HEATER

� First confirmation input for SFC I

� Final confirmation input for SFC II



Next year - 2011

� EURIDICE will start the heating phase

� EURIDICE will organise with SCK•CEN and ONDRAF/NIRAS, an 
international event:

“HADES, 30 years underground research laboratory”

The changing role of URL’s in radioactive waste disposal research.

23, 24 & 25 May 2011

Antwerp, Belgium
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role of the H
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eal 
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 in-situ E
xperim

ent

�
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allery &
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rossing Test
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�
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eal Test
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O
bjectives of P

R
A

C
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Y
 H

eater test
�

sim
ulating the disposal of heat-em

itting high-level w
aste in a 

geological repository in clay

�
to study the com

bined effect of the E
D

Z
 and the T

D
Z

�
to im

prove our know
ledge of the T

H
M

/C
 behaviour of B

oom
 C

lay 

�
to dem

onstrate that the therm
al load does not affect the 

perform
ance of the B

oom
 C

lay as m
ain barrier 

�
configuration sim

ilar to a real repository

�
at a large scale : 

o
results w

ill not be affected w
ith local heterogeneities

�
to study the effect of the therm

al load on the stability of the liner
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O
bjectives of P

R
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C
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 S

eal test

�
to provide suitable hydraulic boundary condition for 

heater test (cf.later)

�
to test the feasibility to cut-off hydraulically any 

preferential pathw
ay to the m

ain access gallery through the 
E

D
Z

 and the lining w
ith a seal in a horizontal drift in B

oom
 

C
lay.
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hree alternatives for geological disposal of H
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S
leeve design
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S
upercontainer design

is the reference option, but …
choices have to be kept as flexible as possible to get the 
possibility to reorient parts of the design tow

ards another 
alternative at m

inim
al cost. 
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 H
eater test results should be applicable to all 

possible disposal designs 
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eater test

should  be developed as disposal design-
independentas possible to accom

m
odate possible future 

changes in the reference disposal design. 
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F
irst questions :

1.
D

isposal design -
independent ?

2.
H

eat source term
s ?

3.
H

eated length ?

4.
H

ydraulic boundary condition ?

5.
S

tability of the lining ? 

�
D

ism
antling of P

R
A

C
LA

Y
 experim

ent !

�
R

etrievability ?

�
T

H
M

 boundary conditions control ?
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T
he test has som

e lim
itations w

ith respect to a real 
repository :

�
D

ifferent tim
e scale

: short heating period (~
10 years) 

�
D

ifferent spatial scale

�
D

ifferent heat source term

�
D

ifferent boundary conditions

�
…

.
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reproduce in a conservative w
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ost critical 

phenom
ena

that could occur in the host rock (T
H

M
)
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1. D
isposal design –

independent  ?
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20 m
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1. D
isposal design -

independent ?
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after 1 year of heating
after 20 years of heating

F
or radial distance >

 2 m
, the influence of the design on T

°is very lim
ited

⇒
P
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C
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Y
 H

eater test results are applicable to all possible designs !
⇒

“D
isposal design-

independent” !
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 H
eater test : 

T
m

ax =
 80 °C

 ( ∆
T

64 °C
 )  at interface liner / B

oom
 C

lay,  higher than real 
cases 
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 M
ore penalising condition !

2. H
eat S

ource term
s ?
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C
onstant F

lux (250 W
/m

) or C
onstant Tem

perature (80°C
)?
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perature is m
ore efficient : 
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 ! Larger volum
e heated !

�
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oundary condition is better defined for T
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M
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3. H
eated length ?

•
1D

 m
odelling  : infinite length (m

ost representative )
•

2D
 m

odelling  : w
ith different lengths L :   %

 1D
 ?
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eater test : 30 m

 heated section !

4. H
ydraulic boundary condition ?
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4. H
ydraulic boundary condition ?
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1. B
ackfilling

the heated part of the gallery w
ith saturated 

high perm
eable m

aterial, w
hich allow

s to easily build-up the 
higher pw

 as expected by the undrained boundary condition

A
dditional requirem

ents for backfill: 

�
higher therm

al conductivity : λ
backfill >

 λ
B

C
/liner

�
hom

ogeneity : 
avoid segregation to achieve isotropic conditions

B
ackfill m

aterial selected for P
raclay gallery : M

ol S
and !
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/s] : 10
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λ
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2. Installation of an hydraulic S
ealat the intersection betw

een 
the heated and the non-heated part of the gallery 
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�
It should be as im
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eable as possible at its 

location on the interface seal/B
C

  : K
w
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<

 K
w

 of B
C
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T
he S

eal has to hydraulically seal the heated 
section of the gallery and its surrounding E

D
Z

 from
 

the non-heated section.
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eal length?
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eal ? 
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Length of S
eal ? 
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�
the longer the S

eal, the closer to undrained conditions 
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eal takes already effect
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1m
 of S
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as installed !
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R
ole of the S

eal:

�
A

s im
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eable as possible at its location on 
the interface S

eal/B
C
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w
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 ( ~
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�
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M
aterial choice for the S

eal:

B
entonites

are good choice:

–
sw

elling capacity 
–

low
er K

w
  

–
long term

 functioning 
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M
aterial choice for the S

eal : w
hy M

X
 80 ?

�
N

a-bentonite is com
patible w

ith the B
oom

 C
lay environm

ent, 

w
hose w

ater chem
istry is sodium

 dom
inated (14 m

M
 N

aH
C

O
3)

�
W

hen com
pacted to a suitable dry density

(C
hen’s presentation)

–
suitable sw

elling pressure 

–
desired low

 perm
eability

�
M

X
80 is m

ost studied in the w
orld 

–
a lot of existing T

H
M

 lab test results 

–
a lot of T

H
M

 param
eters obtained  

•
scoping calculations for seal design 

•
m

odelling for interpretation 
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hilippe’s presentation)
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5. Lining stability ?

C
om

pressible m
aterials are inserted in the lining 

to release stresses during heating phase
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M
oreover, tem

perature w
ill be increased 

progressively to the target T
 

=
>

 to m
inim

ise the ∇
T

=
>

 to m
inim

ise the ∆
σ

θ

S
u

m
m

ary

-70

-60

-50

-40

-30

-20

-10 0

0
20

40
60

80
100

120

 progressive heating 

 abrupt heating 

σ
θ

 ( M
Pa)

tim
e (days)

0 10 20 30 40 50 60 70 80 90

100

0
10

20
30

40
50

60
70

80
90

100

T
 ( °C

)

tim
e (days)

tem
peratures at extrados 

tem
peratures at intrados 

abrupt heating

progressive heating 

S
um

m
ary

�
D

esign criteria for P
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A
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Y

H
eater

test

•
heated part =

 30 m

•
T

 =
 80°C

at the gallery extrados

•
heating step by step ( W

im
’s

presentation )

•
“undrained” condition by: 

o
hydraulic S

eal 

o
backfilling and saturating the gallery 

�
R

ole of S
eal : achieve the “undrained” boundary condition by 

•
its low

 perm
eability 

•
its sw

elling capacity 
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C
onclusions

�
A

 successful experim
ent requires a good control of the test 

conditions, especially the boundary conditions

�
to interpret and understand the test results

�
P

R
A

C
LA

Y
experim

ent w
ill be carried out under w

ell controlled 
T

H
M

boundary conditions ( hopefully !)

�
T

he consideration on the T
H

M
boundary control in the 

P
R

A
C

LA
Y

H
eater test design constitute also key issues for 

the repository design.

�
T

he P
R

A
C

LA
Y

experim
ent w

ill constitute an im
portant 

m
ilestone in the B

elgian program
m

e for H
LW

disposal.
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P
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G
oal P

R
A

C
LA

Y
 H

ydraulic S
eal

�
undrained hydraulic boundary for H

eater Test

�
exam

ining feasibility of installing a seal
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d

u
ctio

n

D
esig

n
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o

n
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ctio
n
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n
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o

n
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D
esign P

R
A

C
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Y
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ydraulic S
eal
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U
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A
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T
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B
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ngineering
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R
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d
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o
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n
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D
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o
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n

D
esign criteria for steel structure

�
bentonite pressure: 5 M

P
a

�
upstream

 w
ater pressure: 3.5 M

P
a

�
upstream

 tem
perature: 90°C
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F
irst design

�
placem

ent bentonite ring (170 m
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)

�
assem

bly 4 parts of annular ring by w
elding
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�
thicker bentonite ring (310 m
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)
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less in-situ w

elding
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S
econd design
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)
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less in-situ w

elding
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econd design
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less in-situ w
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S
econd design

�
thicker bentonite ring (310 m

m
)
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less in-situ w

elding
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S
econd design

�
thicker bentonite ring (310 m

m
)
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less in-situ w

elding
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econd design
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elding
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o
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o
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n
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n

S
econd design

�
thicker bentonite ring (310 m

m
)

�
less in-situ w

elding

In
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d
u
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D
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n
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o
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o
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n

In
stallatio

n

S
econd design

�
thicker bentonite ring (310 m

m
)

�
less in-situ w

elding

�
bentonite instrum

entation

�
35 therm

ocouples

�
26 total pressure cells

�
21 piezom

eters

�
13 relative hum

idity sensors

�
3 therm

al conductivity probes

�
2 extensom

eters



C
onstruction and installation of the P

R
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Y
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ngineering
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D
ow

nstream
 flange

�
4 segm

ents

�
assem

bly by bolting and sealing resin
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U
pstream

 flange

�
4 segm

ents

�
assem

bly by bolting (and m
inor w

elding)
In

tro
d

u
ctio

n

D
esig

n

C
o

n
stru

ctio
n

In
stallatio

n

C
o

n
clu

sio
n

s

C
ylinder
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nstream

 flange by bolting
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assem
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 flange by w

elding
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C
ylinder

�
filters at extrados for artificial bentonite hydration
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Installation w
orks

�
introduction cylinder in gallery
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�
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ood in alternative lining
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installation dow
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 flange
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o

n
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�
installation dow

nstream
 flange
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Installation w
orks

�
installation upstream

 flange
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�
installation bentonite blocks
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�
positioning and assem
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D
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o
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In
stallatio
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o

n
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n

s

Installation w
orks

�
feed-through instrum

entation

C
onclusions

�
goals

�
undrained hydraulic boundary for H

eater Test

�
exam

ining feasibility of installing a seal

�
design

�
steel structure w

ith annular bentonite ring

�
m

inim
ising in-situ w

elding

�
use of bolts, gaskets and sealing resin

�
are the goals m

et?

�
in-situ assem

bly of large and heavy parts successful

�
technological void bentonite: 7-8%

�
bentonite hydration on-going

�
perform

ance evaluation before and during H
eater Test
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S
coping calculations for P

R
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C
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Y
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eal design
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X
80 bentonite 
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S
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density
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X
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o
Technologicalvoid

ratio

o
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n
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sity
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density
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o
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80 b
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3 b
y C

E
A
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  et al., 2007)

o
S

im
ple C

E
A

test is designed to sim
ulate S

eal test 

o
S

eal test is m
ore com

plex:

�
B

oom
 clay is an elastoplastic

m
aterial

�
A

t least 2D
problem

�
S

teel ribs exist betw
een bentonite

&
 B

oom
 clay

�
etc.

G
allery axis
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oom

 clay

C
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Steel ribs

S
teel structure

Steel ribs

Steel ribs
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oncrete liner

Injection system

V
oid 1

V
oid 2
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S
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 p
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 b
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In
trin

sic p
erm

eab
ility is a fu

n
ctio

n
 o

f d
ry d

en
sity

F
or dry density 1800kg/m

3: 2 orders low
er than B

oom
 clay.
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Intrinsic permeability (m2)
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Pusch (1980)
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C
E

A
(2007)
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u
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e
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d
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m

etric
m

o
d

el,&
2D

p
lan

e
strain

m
o

d
el

�
A

larg
e

n
u

m
b

er
o

f
T

H
M

p
aram

eters
an

d
co

n
stitu

tive
m

o
d

els
are

o
b

tain
ed

an
d

valid
ated

b
ased

o
n

lab
tests

&
in

-situ
tests.



M
o

d
elin

g
 test p

ro
ced

u
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d
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M
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n
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n
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�
E

xcavatio
n

&
in

stallatio
n

o
f

lin
er

N
ov.2007

�
D
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ag

e:

N
ov.2007~

F
eb.2010

�
R

em
o

ve
w

o
o

d

Jan.2010

�
In

stallb
en

to
n

ite
&

steel

F
eb.2010

�
In

jectw
ater

A
pr.2010~

Jan.2011

�
B

ackfill&
satu

rate
san

d
in

g
allery

Jan.2011

�
P

raclay
h

eater
test

S
ept.2011~

S
ept.2021

Steel structure

Bentonite
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L
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L
iner

B
oom

 C
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Steel ribs

M
o

d
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g
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lts 
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d
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M
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n
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C
o

n
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n

s

F
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initialdry
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rd =1800kg
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w
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:
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pressure
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sw
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pressure)
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C
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3

F
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e for d
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F
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ry d
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n

M
o

d
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g

M
X
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en

to
n

ite

C
o

n
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sio
n

s

�
In

itial d
ry d

en
sity o

f 1800kg
/m

3
is selected

, w
ith

W
ater content: 16.5%

S
aturation degree: 83.8%

S
uction : 59 M

pa

�
In

itial tech
n

o
lo

g
ical vo

id
 ratio

 o
f 6.9%

 is o
b

tain
ed

 after in
stallatio

n

�
A

t fin
al state, th

e estim
ated

 in
trin

sic p
erm

eab
ility: 

6~10×10
-21m

2, n
early 2 o

rd
ers lo

w
er th

an
 B

o
o

m
 clay

M
o

d
elin

g
 also

 ch
ecks m

an
y o

th
er asp

ects:

o
E

ffect of artificial w
ater injection on the saturation process

o
Interaction betw

een heater test and seal test

o
E

ffect of non-saturation of P
raclay

gallery on the T
H

M
responses of B

oom
 clay

o
Influence of earlier backfilling in gallery on the seal saturation process

o
E

ffect of unlocking the steel ribs on the hom
ogeneity of sw

elling pressure 

o
Influence of upstream

 joint, dow
nstream

 joint on the efficient of the seal  

o
etc.

M
o

d
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 keep

s u
p

d
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g
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 o

n
 th

e m
easu

red
 d

ata an
d

 real test co
n

d
itio

n
s
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S
eal Instrum

entation P
lan

M
onitoring objectives

�
hydraulic

perform
ance

�hydraulic
cut-offeffectively

realised

�transm
issivity

(w
ater&

gas) along
interface

�
evolution

of hydration/saturation

�availability of clay
w

ater

�
evolution

of sw
elling

pressure

�
displacem

ent at bentonite-host rock interface

�
tem

perature
field

�
T

 �
H

M
 (sw

elling
pressure, pore

pressure)

In
tro

d
u

ctio
n

M
easu

ran
d

s &
 

S
en

so
r Typ

es

S
en

so
r lay-o

u
t

E
xp

erim
en

tal 
P

h
ases

S
en

so
r D

ata

P
erfo

rm
an

ce 
Testin

g

C
o

n
clu

sio
n



M
easured

Q
uantities

and
S

ensor Types

O
verview

�
saturation

�
suction/hum

idity

�
porew

ater
pressure, perm

eability

�
sw

elling
pressure

�
totalpressure

�
m

echanicalresponse �
deform

ation

�
tem

perature
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Q
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and
S

ensor Types

S
aturation

�
suction

through
relative

hum
idity

ψ
=

 f(R
H

) 

�
capacitive

R
H

 sensor

�
psychrom

eter

�
tensiom

eter

�
m

oisture
sensors

�
T

D
R

�
indirect: therm

alconductivity

�
non-steady state probe
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M
easured

Q
uantities

and
S

ensor Types

S
aturation

�
R

H
 sensor preferred

over other
sensors

�
previous

experiences, confined
space

�
!  doesn’tlike

(liquid) w
ater

�
M

iniature
capacitive

sensor (R
otronic

H
C

-C
04), integrated

in piezom
eter filter
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Q
uantities

and
S

ensor Types

P
orew

ater
pressure, P

erm
eability

�
piezom

eter filters w
ith

one
tube

�
1 µ pore

size
(nom

inal) to
avoid

possible
clogging

in 
bentonite (5 µ in B

oom
 C

lay)

�
4 x tw

in
tube for

gas perm
eability

tests (F
O

R
G

E
)

Tem
perature

�
stainless

steel sheathed
therm

ocouples

�
“m

ulticouples” (3 x T
C

 in one
cable) to

lim
it w

iring

�
therm

istors
integrated

in vibrating
w

ire
sensors

In
tro

d
u

ctio
n

M
easu

ran
d

s &
 

S
en

so
r Typ

es

S
en

so
r lay-o

u
t

E
xp

erim
en

tal 
P

h
ases

S
en

so
r D

ata

P
erfo

rm
an

ce 
Testin

g

C
o

n
clu

sio
n



M
easured

Q
uantities

and
S

ensor Types

Total pressure
�

flatjack
cells

w
ith

vibrating
w

ire
pressure

sensor

�
G

eokon
4800 (Ø

 100 m
m

 flatjack
disc)

�
piezoresistive

soilpressure
cell

�
K

ulite 0234
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M
easured

Q
uantities

and
S

ensor Types

D
isplacem

ent
�

recom
pression

B
oom

 C
lay

at interface w
ith

S
eal

�
inductive

transducer, herm
etically

sealed

�
connected

to
steel cylinder

throughoutthe bentonite
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S
ensor lay-out principles

�
S

eal G
eom

etry

�
longitudinal

•
hydraulic

&
 therm

algradient

�
radial(hydration

evolution)

�
circum

ferential(anisotropy
–

stress state)

�
Technical issues

�
confined

space
→

 com
bined

sensors, cabling
lim

itations

�
precom

pacted
bentonite blocks

�
Instrum

entation around
S

eal

�
instrum

ented
boreholes

(P
30E

, P
35E

)

�
instrum

ented
segm

ents (R
20, R

21)
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M
ain locations and param

eters

su
ctio

n
/

m
o
istu

re

(u
n
sat)

p
o
rew

ater

p
ressu

re

(sat)

to
tal-

sw
ellin

g

p
ressu

re

tem
p
eratu

re
d
isp

lacem
en

t
/ 

d
efo

rm
atio

n

interface 

host rock
x

x
x

x
x

bentonite
x

x
x

x

interface 

steel 

structure
x

x
x

(x)

interface bentonite -
host rock

•
boundary conditions

•
m

ost im
portant zone (preferential pathw

ay)
•

displacem
ent

In
tro

d
u

ctio
n

M
easu

ran
d

s &
 

S
en

so
r Typ

es

S
en

so
r lay-o

u
t

E
xp

erim
en

tal 
P

h
ases

S
en

so
r D

ata

P
erfo

rm
an

ce 
Testin

g

C
o

n
clu

sio
n



S
ensor lay-out

�
T

hree m
ain

instrum
ented

sections

�
S

eparate sections
for

displacem
ent 
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O
ther instrum

ented sections

In
tro

d
u

ctio
n

M
easu

ran
d

s &
 

S
en

so
r Typ

es

S
en

so
r lay-o

u
t

E
xp

erim
en

tal 
P

h
ases

S
en

so
r D

ata

P
erfo

rm
an

ce 
Testin

g

C
o

n
clu

sio
n

E
xperim

entalphases
after

construction

�
naturalhydration

(F
eb 1, 2010)

�
hydration

through
injection

filters (A
pril 7, 2010)

�
“slow

” injection
to

fillvoids

�
sealing

of joints along
cables,…

�
avoid

differentialsw
elling

bottom
–

top bentonite

�
currentinjection

pressure
3 bar

�
totalvolum

e for
saturation

≈ 95 l

�perform
ance testing

(preparations)

�
O

ctober
2010
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A
rtificialhydration

through
injection

filters
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Injected water increase from May 28 (g)
injection

pressure
2 →

 3 bar

flo
w
 rate

≈
 72 m

l/d
ay

H
ydration

/ saturation

R
H

 values
depend

on radiallocation
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d
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n
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H
ydration

/ saturation

R
H

 values
depend

on radiallocation
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A

H
ydration

/ saturation
�

inside
bentonite

�
at joint betw

een
blocks

�
at outer

interface



P
orew

ater pressure at interface steel cylinder
P

iezom
eter filter data  (bar, absolute)
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P
orew

ater pressure inside bentonite
P

iezom
eter filter data  (bar, absolute)
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P
orew

ater pressure at interface B
C

P
iezom

eter filter data  (bar, absolute)

In
tro

d
u

ctio
n

M
easu

ran
d

s &
 

S
en

so
r Typ

es

S
en

so
r lay-o

u
t

E
xp

erim
en

tal 
P

h
ases

S
en

so
r D

ata

P
erfo

rm
an

ce 
Testin

g

C
o

n
clu

sio
n

Total/sw
elling pressure on outer interface

F
latjack and K

ulite data  (bar, relative)
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Total/sw
elling pressure on steel cylinder

F
latjack data  (bar, relative)
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Total/sw
elling radial pressure inside bentonite

K
ulite data (bar, relative)
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Total/sw
elling circum

ferential pressure inside
K

ulite data (bar, relative)

In
tro

d
u

ctio
n

M
easu

ran
d

s &
 

S
en

so
r Typ

es

S
en

so
r lay-o

u
t

E
xp

erim
en

tal 
P

h
ases

S
en

so
r D

ata

P
erfo

rm
an

ce 
Testin

g

C
o

n
clu

sio
n

Total/sw
elling pressure on flanges (axial)

F
latjack data  (bar, relative)
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D
isplacem

ent at bentonite –
B

C
 interface
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N
earby

piezom
eters show

 clear
influence
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35E

P
30E

55 cm



P
erform

ance Testing

�
C

heck of hydraulic
behaviour

around
/ betw

een
piezom

eter
filters

�
specific

case: injection
filter →

 piezom
eter

on steel cylinder

�
C

urrentstatus: saturation
of filters (w

/o R
H

) 

�
procedure:

�
rem

ovalair (vacuum
pum

p)

�
injection

of w
ater (pressurised

by
C

O
2 )
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P
orew

ater pressure at interface steel cylinder
P

iezom
eter filter data  (bar, absolute)
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P
orew

ater pressure at interface steel cylinder
P

iezom
eter filter data  (bar, absolute) –

detail of last m
onth
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R
eaction of total pressures on steel cylinder

F
latjack data  (bar, relative) –

detail of last m
onth
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C
onclusions

�
N

atural hydration
(before

injection) w
ell 

m
onitored

�
in line w

ith
m

odelling
results

�
O

verall sw
elling, but no uniform

 behaviour
yet

�
discrete nature

of bentonite
volum

e

�
U

nsaturated
behaviour

observed
through

piezom
eter

filters

�
? perm

eability
testing

in unsaturated
m

edia 

�
interesting

H
 →

 M
 interaction
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W
im

 B
astiaens

E
IG

 E
U

R
ID

IC
E

E
xchange M

eeting
25 N

ovem
ber 2010

T
he heating system

 for the 
P

R
A

C
LA

Y
 E

xperim
ent

O
utline

�
Introduction

�
D

esign

�
Testing

�
Installation

�
C

onclusions



A
im

�
H

eat experim
entalpart of P

R
A

C
LA

Y
 gallery

…

�
…

 follow
ing

the defined
heating

strategy

�
C

te
tem

perature: 80°C
at gallery

extrados

�
P

rogressive
heating: 16°C

�
80°C

�D
uring

10 years

D
efine

requirem
ents

of the heating
system

�
E

U
R

ID
IC

E

�
N

R
G

 (type of heater
&

 generalaspects)

In
tro

d
u

ctio
n

In
stallatio

n

C
o

n
clu

sio
n

s

D
esig

n

Testin
g

T
hree sections

�
F

ront and far end sections to lim
it side effects

�
E

ach section is to be controlled separately

�
M

iddle section is the representative part

�
M

axim
ise

the length of the m
iddle section

P
rim

ary and secondary heating system
s

In
tro

d
u

ctio
n

D
esig

n

C
o

n
clu

sio
n

s

In
stallatio

n

FA
R

E
N

D
F

R
O

N
T

E
N

D
M

ID
D

L
E

Testin
g



M
ain design requirem

ents for the h
eater

fixed by experim
ental conditions

�
w

ater saturated (up to 35 bar) and hot

�
m

echanically robust &
 corrosion resistant

�
life cycle overall system

 >
 10 years

�
heater at 10 cm

 from
 the lining intrados

�
protect concrete lining and instrum

ent cables

�
install w

ith 100 %
 redundancy

�
lim

it num
ber of feed-throughs

�
loops parallel to the gallery axis

In
tro

d
u

ctio
n

D
esig

n

C
o

n
clu

sio
n

s

C
o

n
stru

ctio
n

In
stallatio

n

M
ain requirem

ents co
n

tro
l system

D
uring start-up

1. Tem
perature cables <

 200°C
2. M

ax gradient concrete: 15°C
3. Tem

perature difference in m
iddle section: <

 7°C
4. Tem

perature difference total: <
 10°C

5. C
oncrete tem

perature: <
 95°C

D
uring stationary phase

1. Tem
perature cables <

 200°C
2. M

ax gradient concrete : 10°C
3a. M

ean tem
perature m

iddle section: 80°C
+

/-
2°C

3b. Local tem
perature m

iddle section: 80°C
+

/-
3°C

4a. M
ean tem

perature total: 80°C
+

/-
4°C

4b. Local tem
perature total: 80°C

+
/-

6°C
5. C

oncrete tem
perature: <

 95°C

B
e able to control secondary heater (C

te
pow

er)

Log heater output &
 generate alarm

s

In
tro

d
u

ctio
n

D
esig

n

C
o

n
clu

sio
n

s

C
o

n
stru

ctio
n

In
stallatio

n



Input control system
�

7 lining
sections

inside
the experim

ent w
ere

equipped
w

ith
therm

ocouples

�
4 segm

ents in each
section

�
3 T

C
 in each

segm
ent

�
U

se
intrados

and
extrados

�
7 x 4 x 2 =

 56 T
C

In
tro

d
u

ctio
n

In
stallatio

n

C
o

n
clu

sio
n

s

D
esig

n

Testin
g

C
ontract by public procurem

ent

�
Technical specification described functional 

requirem
ents

�
P

rim
ary heater elem

ents

�
C

ontrol system

�
D

etailed design to be perform
ed by contractant

�
Tyco T

herm
al C

ontrols (O
ct 2009)

S
econdary heater elem

ents: reuse E
S

D
R

E
D

 
heater

In
tro

d
u

ctio
n

In
stallatio

n

C
o

n
clu

sio
n

s

D
esig

n

Testin
g



In
tro

d
u

ctio
n

In
stallatio

n

C
o

n
clu

sio
n

s

D
esig

n

D
esign by

Tyco
�

M
ineral Insulated elem

ents

�
A

lloy 825 (Incoloy)

�
Laser w

elded

�
T

hree sections, four elem
ents per section

�
P

ow
er controlled separately

�
100 %

 redundant �
24 elem

ents

�
S

w
itched every 24 hours

�
F

ixed on stainless steel support structures, cables m
ay not 

touch each other

Testin
g

H
eater -

S
etup

•
H

eater elem
ent&

 cold lead
•

P
ow

er cable
•

T
herm

ocouple
•

D
ata cable



S
econdary

heater

�
R

e-use
E

S
D

R
E

D
elem

ents

�
F

our
M

I elem
ents

�
To

be
installed

in centraltube

�
A

ccessible
at alltim

es
during

experim
ent

�
S

am
e control system

 as prim
ary

�
C

onstant pow
er

In
tro

d
u

ctio
n

In
stallatio

n

C
o

n
clu

sio
n

s

D
esig

n

Testin
g

D
um

m
y elem

ent

�
E

lem
ents are guaranteed up to 30 bar but 

P
R

A
C

LA
Y

 pressure could reach 35 bar

�
D

esign and m
anufacturing process are 

com
patible w

ith higher pressures �
test

�
S

tepw
ise increase of pressure and tem

perature

�
M

egger: determ
ine resistance betw

een elem
ent 

sheet and elem
ent core (>

 50 M
Ω

)

In
tro

d
u

ctio
n

D
esig

n

Testin
g

In
stallatio

n

C
o

n
clu

sio
n

s

Tem
perature

P
ressure

R
esult

R
oom

 tem
perature

30 bar
>

 200 G
Ω

90°C
30 bar

>
 20 G

Ω

90°C
35 bar

>
 20 G

Ω

90°C
40 bar

>
 20 G

Ω

R
oom

 tem
perature

40 bar
>

 200 G
Ω



Installed elem
ents

�
Testing (M

egger) is perform
ed after each step

�
A

fter production

�
O

n-site

�
B

efore installation

�
A

fter installation

�
E

lem
ents w

ere im
m

ersed on-site during testing 
to detect defects �

all O
K

In
tro

d
u

ctio
n

D
esig

n

Testin
g

In
stallatio

n

C
o

n
clu

sio
n

s

S
upport structure

�
S

tainless
steel rings

�
10 cm

 distance
from

gallery
intrados

�
S

pacing
: 1 m

In
tro

d
u

ctio
n

D
esig

n

In
stallatio

n

C
o

n
clu

sio
n

s

Testin
g



H
eater phase 1

�
S

tainless steel cable ties

In
tro

d
u

ctio
n

D
esig

n

In
stallatio

n

C
o

n
clu

sio
n

s

Testin
g

W
ork platform

In
tro

d
u

ctio
n

D
esig

n

In
stallatio

n

C
o

n
clu

sio
n

s

Testin
g



H
eater phase 2

In
tro

d
u

ctio
n

D
esig

n

In
stallatio

n

C
o

n
clu

sio
n

s

Testin
g

H
eater

connections

In
tro

d
u

ctio
n

D
esig

n

In
stallatio

n

C
o

n
clu

sio
n

s

Testin
g



C
ontrol panel

In
tro

d
u

ctio
n

D
esig

n

C
o

n
stru

ctio
n

In
stallatio

n

C
o

n
clu

sio
n

s

C
entral tube for

secondary
heater

In
tro

d
u

ctio
n

D
esig

n

C
o

n
stru

ctio
n

In
stallatio

n

C
o

n
clu

sio
n

s



C
onclusions

�
P

rim
ary heater installed and connected to i/o boxes 

according to design

�
Test results on elem

ents w
ere satisfactory

F
uture w

ork related to the heater system

�
Install control system

 

�
In-situ testing

�
H

eater elem
ents

�
C

onnections

�
C

ontrol system

�
Install therm

ocouples on elem
ents

�
Install secondary heater

�
S

w
itch-on

In
tro

d
u

ctio
n

D
esig

n

In
stallatio

n

C
o

n
clu

sio
n

s

Testin
g



X
iangling Li

E
IG

 E
U

R
ID

IC
E

E
xchange M

eeting
25 N

ovem
ber 2010

F
uture program

m
e and planning of the 

P
R

A
C

LA
Y

 E
xperim

ent

F
uture w

ork

A
ctual state

P
R

A
C

LA
Y

 In-S
itu E

xperim
ent

�
P

R
A

C
LA

Y
 G

allery constructed: N
ovem

ber 2007

�
H

ydraulic S
eal installed : F

ebruary 2010

(hydration: ongoing)

�
P

rim
ary H

eater installed and connected : N
ovem

ber 2010

�
A

ll (nearly) instrum
ents w

ere installed

�
A

ll m
aterials w

ere delivered (backfill sand, central tube,…
) 



F
uture w

ork

A
ctual state

P
R

A
C

LA
Y

In-S
itu E

xperim
ent

�
F

inish the heating
system

 installation
(start 2011)

�
control system

 

�
in situ testing

�
F

inish cabling
and

feed-through
(start 2011)

�
Installcentraltube (start 2011)

�
B

ackfillthe P
R

A
C

LA
Y

gallery
(start 2011)

�
C

lose the P
R

A
C

LA
Y

gallery
(start 2011)

�
Installthe secondary

heater
(start 2011)

�
S

aturate
the P

R
A

C
LA

Y
gallery

(before
sw

itch on heater)

�
S

w
itch on heater ! 

•
depending on the S

eal evolution ! 

=
>

 system
atic S

eal perform
ance testing  !

F
uture w

ork

A
ctual state

P
R

A
C

LA
Y

In-S
itu E

xperim
ent

S
eal perform

ance testing
:

�
T

hrough filters at interface B
C

/B
entonite

�
gas pressure build-up testing 

�
pulse and response testing 

�
hydraulic conductivity testing 

�
etc.

�
T

hrough injection filters at interface bentonite/cylinder 

�
pulse and response testing

�
etc.
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