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Conditions for use of this training material
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The training materials for the DOPAS Training Workshop 2015 have been produced partly with the
European Commission’s financial support. The materials can be downloaded from the DOPAS WP7
webpage and used in general freely without a permission for non-commercial purposes providing the source
of the material and Commission support is referred to.

The figures and pictures in each presentation originate from the organization that has produced the specific
training material unless mentioned otherwise.

Some photos and materials in the presentations present prior knowledge (background information) of the
consortium partners. This information requires a permission for all uses from the copyright owner.

The information presented in this training material is to be used as a whole: partial reproduction may lead to
misunderstanding and/or bad conclusions.

Non-commercial use means that if this training material is used e.g. in education, training, or consulting no
fee may be collected from using this material.

For other uses, please contact the DOPAS project.
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[ 2014 | 2015 | 2016 |

2017

Background and Context (1/2)
Cigéo 2015-2035 PDP

] 2018 |

2019 1

2020 [2021 2022

Safety options and technical
reversibility options

Construction
Authorization Application

<

FSS : Full Scale Sealing (on surface with the reference
concept)

In situ or surface tests for
resaturation/swelling of bentonite

core on models for repregg ive
conditions (NSC, BH @)

Monitoring of the behavior of the bentonite core on in situ reduced models in presence of gas (PGZ)

Recompression of the EDZ
(simulating the swelling of the

clay core) (CDZ)

Concrete
Liner Removal

test in USC
(DCN)

Summary design of the
seals and their
demonstrators

Experimental study of friction and
shear conditions of the concrete-clay
interface

Numerical simulations of the seals and their concrete

plugs

Detailed design of the seals

demonstrators

Studies and researches on chemical and hydro-mechanical evolution of

the low pH concrete, interactions with the clay host rock and the In

bentonite (MLH)

Activity mainly done in Bure
URL

Activity partially done in
Bure URL

: Activity done in Cigeo

Construction
Authorization Order

2023 | 2024 | 2025 | 202,

F—

Authorization
Commissioning

612027 12028 1 2020 1 2030 1 2031 [ 2032 | 2033 | 2034 | 2035 [ 2036 [ 2037

Current Operating
Passage Authorization

Concrete Liner
Removal test in

|

<>

UA (+facing
recovery if —L Construction of the
necessary) surface-bottom
connections and the main
galleries of the first phase
] of Cigeo
Complementary tests L
for recompression of I—

the EDZ J

Design and testing of an
industrial tool for realization
of hydraulic cuts

L

Full scale in situ
test of hydraulic
cuts

Realization of the seals
demonstrators in Cigeo (ramp,
gallery, hydraulic cuts)

<€

Complementary tests on hydro-mechanical behavior on reduced models under representative hydraulic-gas

solicitations

Updating of the
performance
simulations for
seals

Galleries and ramps seals

I Monitoring of the Hydro-mechanical evolution of the seals I

[

Preparation of industrial
construction of gallery

seals

Galleries and ramps seals

Possible realization of a shaft seal in bure URL and
long term behavior monitoring

S

Shafts seals
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Background and Context (2/2)

Plugs and seals demonstrator program

) Technical feasibility

[1 Surface demonstrators
+ FSS “Scale one technical feasibility for a drift plug” (DOPAS WP3)
» Test of concrete formulations
» Test of pellets/powder bentonite formulation
» Test of filling of the plug by the bentonite mixture
+ TSS and SET “hydraulic cut-offs”
» Test of filling the hydraulic cut-offs with bentonite blocks
[1 Underground demonstrators (Bure URL)
+ DCN “removal of tunnel lining segments”
+ BHN “natural resaturation at metric scale”

) Phenomenological understanding consolidation

O Surface demonstrators
+ REM “metric scale resaturation” test (DOPAS WP5)
» FSS pellets/powder mixture
» Near to natural resaturation
[1 Underground demonstrators (Bure URL)
+ NSC “1/2 scale grift plug”
» Bentonite blocks
» Artificial resaturation
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REM : aims of the experiment

Complete the database on powder / pellets mixture resaturation

Most experiment done with forced resaturation (flow several orders of magnitude higher
than in natural media)

At decimetric scales

A Metric scale experiment with “as near as possible from site” resaturation
Same density as for FSS

Consolidate the physical representation of the HM behavior of powder/pellets mixture
Improve the numerical representation of the rheological behavior of such a mixture
Improve the numerical representation of the hydraulic behavior of such a mixture

A Implementation of a high number of HM sensors (not possible in-situ)

Numerical HM simulation /7 benchmarking

Help provide (partial) demonstration of powder mixture “natural” resaturation for the DAC
(2017)

Help design (and optimize) the seals and plugs for the Cigéo project
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Relative humidity sensor Gas flow meter0-0,035 ml/min

Alim24V
Sortie ANA 4-20mA

Cavity test :

- cylinder _ :
_ 1 m height REM : experimental layout (1/5)

- 1 m diameter

..I... mml ™ T
N S T Lop o) ke L
- — by
e Bt e L A e e ;o
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. L
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¥ R, 3T A g L]

» Gas outflow

Resaturation from the
bottom with site water Scales

sl

Expected total
resaturation time :
20-30 years X

SS5-4CA-3
Clapet de

décharge taré
Alim24V g]
Sortie ANA 4-20mA

SERE S AT AT S HC Sl v e )-8 v Lo A IE Pilotage 0-10V Pomp
7/20  Near in-situ resaturation flow | \Water flow meter 2,1 E/h
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Sensors REM : experimental layout (2/5)

) 30 for total (swelling) pressure (+ 4 on top) @

) 30 for relative humidity ®
) 5 for interstitial (water) pressure @
)4 for strength (on bolts)
oowse 7S Development of the cylinder external surface
2l
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REM : experimental layout (3/5)

REM emplacement and filling (Sept. 2014)

Total pressure
sensors

Relative humidity sensor installed

View of the test cavity
during its cleaning
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REM : experimental layout (4/5)
REM emplacement and filling (Sept. 2014)

First pellets layer

Filling of the ce

‘ Cover
__emplacement

TR S,

—1
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REM : experimental layout (5/5)

Satellite experiments (@ 57 mm and @ 240 mm cells) | TR ]
) Resaturation with leached concrete water '__ ,:, _i
O “Portland type” leached concrete water ] ?\ T

[0 Low pH concrete water (the same as the one used for FSS)

=
e ]
=
-
Fed
N
4 /
/I;/ a ot
- :«1

) Measure of swelling pressure
[] Radial resaturation

) Measure of permeability
[ Radial resaturation
[0 Axial permeability measurement [

.f
i w o

) EXpected resaturation time
[l <100 d for @ 57 mm cell
[1 <500 d for @ 240 mm cell

2 o
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REM : on-going work and first results

Satellite experiment : swelling pressure in relation with different resaturation water type
@ 57 mm cell

6,0 - - - - - -
Comparison of swelling pressures in relation with the resaturation water type . .
Swelling pressure higher than
expected from the ESDRED
50 P— ~ (Euratom FP6) results, mainly
o — . linked to the very low water
e content of the bentonite used
E 40 to generate the pellets/powder
E 1
2
=
[7)]
[72]
@ 30 -
o <—
f=2]
£ With site water (and to a lesser
o extent with low pH concrete
> 20 -
0 < ’ \_/ water) the « double porosity »
Portland type concrete water behavior is not present during
— low pH concrete water the resaturation phase
1,0
’ —synthetic site water
Pellet/powder mixture density : 1.50
0,0 T T T T
0 50 100 150 200 250
Time (Days)
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REM : ongoing work and first results
Satellite experiment : @ 240 mm cell = 4 '.‘;?

) First used to determine the swelling pressure for FSS
O Beginning of resaturation end of April 2014

O Expected swelling pressure not reached
LI The piston was stuck
O Repair of the piston (end of September 2014)
[1 Beginning of new experiment (October 2014)
O New swelling pressure results for FSS (February 2015) ¢
) Use for REM (4 to 5 month delay) masedear(q  FSS: Essai de gonflement du mélange pellets-concassé s
1600 32
O Installation of sensors to measure (March 2015)
1400 28
+ total pressure =
+ Relative humidity 1200 //}- (_25’
D - - - 1000 ﬂ 20
Beginning of experiment (March 2015) / /
H H . H 800 16
O Results obtained in July 2015 : swelling pressure of / /
around 3.3 MPa 600 // 12
[1 Density of the bentonite pellets/powder mixture was 400 > 4 MPa instead of 08
(rjlpt ex?ctly t”he same as the one used for the small 20 / expected 5 MPa (as in the small cells) *
lameter ce o jgulrs‘ 00
0 20 40 60 80 100 120 140 160 180 200
1 3 / 2 O ——masse d'eau introduite (g) ——Pression de gonflement (MPa)
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REM : ongoing work and first results

Satellite experiment : water uptake for powder and pellets/powder mixture

100
80 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

&
c No significant difference :
L 60 __For first estimations, continuous
2 hydro-mechanical models can be
© used
a
— == pellets-poudre )
9 Density : 1.50
© =4 poudre seule

0 10 20 30 40 50 60 70 80 90
Time (Days)
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REM : ongoing work and first results

REM first hydraulic (no mechanic) numerical simulation

. . . 4 Smax B Sres
Van-Genuchten retention curve calibration — S: =S + —~
n
1 1+ Pcap
Pf‘
c
O o0s
5 == Experiment results Smax =1
3 == \an Genuchten
© 0.6 e =025
n
o m = 0.486085
)
S o4 n=1.88
P. =14x10° Pa
0.2
0 50 100 150
Capillary pressure (MPa)
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REM : ongoing work and first results

REM first hydraulic (no mechanic) numerical simulation

Vertical position inside REM (m)
0 01 0.2 03 04 05 0.6 0.7 08 0.9 1

R J | =r=25ans
LODE+06 | g A
9.00E+05 T
8.00E+05 =28 3115
7.00E+05 B
Expected resaturation time : _ oom0s B
25-30 years & sooeas *z
@ 4.00E+05 ans
5 === 33 ans
O 300E+05
u =f=34 ans
D 200405
S ={0=35ans
o 3
- 1.00E+05
(O]
*ES' 0.00E+00
; -1.00E+05
-2.00E+05
-3.00E+05
-4.00E+05
-5.00E+05
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REM : ongoing work and first results

REM first hydraulic (no mechanic) numerical simulation

1
0.9
0.8
\I/ 0.7 capteurtz=25
> v
S 06 el capteur2 z£50
- V === capteur3 zr100
5 0.5
L y e capte urd z=400
Q o4
g m=ie=capteur5 z=800
) 0.3
x
0.2 —
Expected Hr sensors
0.1 evolution before mid 2015
0 I I I | | I
0 30 60 90 120 150 180 210 240 270 300 330 360 390
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REM : ongoing work and first results

100 | HUM_01
: HUM_03

-‘— HUM_05
1— HUM_07

Relative humidity
measurement since the

| - -

—————— il HUM_09 beginning of the
| HUM_11 experiment
——— HUM_13 P
‘ HUM_15

——— HUM_17
****** T HUM_19
b HUM_21

HUM 23
} HUM_25
| ——— HUM_27

T

HUM 29 | V

[9SSaA 8y} ul asealou| ybiay

|

|

|

|

i
300

0 50 100 150 200 250

Time since beginning
of experience (days)
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REM : general achievement (within DOPAS)

Experimental results (REM + satellite experiment)

) Evolution of the resaturation in time during 1.5 years
[0 Expected resaturation of around several centimeters
[0 Evolution of the relative humidity over the whole volume of the cell

) Evolution of the swelling pressure during 1.5 years over the whole volume of the
cell

) The experiment will be maintained at least for 10 years to see the evolution of resaturation
and to help develop a specific rheological model

Numerical simulations

) Simulation of the resaturation period
[1 Evolution of the saturation (relative humidity) over the whole cell
[0 Evolution of the swelling pressure over the whole cell

) Development of a specific rheological behavior

) First benchmark
O To compare simulations predictions and experimental results
O To compare results of different simulations / codes

19/20

Svensk Kéimbrénslehantering AB

Bl nagra, "

FOsSIVA FSv

Radioactive Waste _f_w,'
B Management

19/27

s_E}Galson Sciences Ltd  [MiETEC

—TURATON O TSRS 7 EAB S 0113




Thank you
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