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Outline

= Why geotechnical Monitoring?

= Generic Model for deep repository models

= Host rock properties

= Questions to be answered by a monitoring program
- Monitoring Scenario
- Examples of near-field monitoring

= Conclusions
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Why geotechnical Monitoring?

= Gather data about the state of the repository system
= Verify models

= Confidence in the repository system

= Basis of decision if closure or retrieval

[ [ [ ][] ENTRIA Mintzlaff, Leon Vargas, Stahimann | Requirements for Monitoring at the Option of Retrievability 2
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Monitoring in the life-cycle of a deep geological repository
— Monitoring starts at the beginning of the operational phase of the repository.

— Monitoring ends at closure of the repository mine.

—
Pre-Operating Phase Operating Phase Post-Operating Phase
construction and waste emplacement no further waste emplacement
5|1:e: permitting closure of furth.er . closure of the no measn..Jres
selection procedure construct- = Wwaste em- emplacement| | monitoring repository upkeep of infor-
process ion of repository ~=_placement drifts | | underground minellmation (if possible)
[ Reversibility
] Retrievability
planned integrity of container ability |
is guaranteed nplanned possibly
defective container
\ Stahlmann et al. (2016)
..... ENTRIA Mintzlaff, Leon Vargas, Stahimann | Requirements for Monitoring at the Option of Retrievability 4
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Stahlmann et al. (2016)
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Goals of the generic deep repositories

[ Long-term Safety W

« Hardly any loss of integrity at the geological and
geotechnical barriers

.
Accessibility of the HAW & Operational
Safety

« Radiation Protection
 Protection against heat
« Stability of underground openings

[ [ [ ][] ENTRIA Mintzlaff, Leon Vargas, Stahimann | Requirements for Monitoring at the Option of Retrievability 6
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Measures to goal achievement

Monitoring
drifts are
kept open

Underground
infrastructure
is kept open
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Emplacement drifts:
Plug and Sealing Structure

Seal Backfill
Abutment =
Minimize L rotection
_ underground Ra(éhau_on against heat
Reduction of openings RIgtechen production
stress
rearrangement
g \_ A
Mintzlaff, Leon Vargas, Stahlmann | Requirements for Monitoring at the Option of Retrievability 7

Karlsruhe, 10-17-2016



o""."Q
32! |.a+ Technische

5 y
R

5:%;3%5 Universitit
PR j Braunschweig

)
L,

|G B-TUBS

Generic Model: Host Rock Systems
Crystalline
Clay Shale Hard Rock Rock Salt
Backfilling Bentonite based Crushed salt
Abutment Low-pH concrete
Salt concrete
Seal Bentonite based

ssass CNTRIA

Abutment and Seal
Backfill

/

J ]

| *I:I C_ s 1|

Mintzlaff, Leon Vargas, Stahlmann | Requirements for Monitoring at the Option of Retrievability
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Main Properties of Host Rock

Crystalline Hard

P t Rock Salt Cl Shal
roperty ock Sa ay ale Rock
Primary state of Stress isotropic slightly anisotropic anisotropic anisotropic
Plasticity and creep ability creeping plastic / creeping slightly plastic brittle
Joint system no open joints latently joints highly fissured joint system
Long-term self-supporting low low moderate high
properties of host rock
Convergences high high moderate very low

Excavation Damage Zone

long-term safety operational safety

(EDZ)
stagnating
. . stagnating groundwater, .. .
Groundwater in repository none . joint aquifer
ground water possible flow paths
on joints

[ [ [ ][] ENTRIA Mintzlaff, Leon Vargas, Stahimann | Requirements for Monitoring at the Option of Retrievability o)
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Host rocks: differences regarding retrievability

Salt, domal Salt, flat bedded Clay Shale Crystalline Hard Rock
(visco-)plasticity

self-supporting properties of the rock

required lining resistance for long-term stability

..... ENTRIA Mintzlaff, Leon Vargas, Stahimann | Requirements for Monitoring at the Option of Retrievability 10
..... Karlsruhe, 10-17-2016
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Five Questions to be answered in a Monitoring program

Why measure?

Where to measure?

When to measure?

What to measure?

How to measure?

according to MoDeRn (2011)

[ [ [ ][] ENTRIA Mintzlaff, Leon Vargas, Stahimann | Requirements for Monitoring at the Option of Retrievability 11
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Why to measure? Model verification

= Salt: dry repository mine

= Clay: little formation water, no
groundwater flow

= Shale: Little formation water, Hardly any loss of
groundwater flow may be barrier integrity
possible on fissures

= Crystalline Hard Rock:

groundwater
..... ENTRIA Mintzlaff, Leon Vargas, Stahimann | Requirements for Monitoring at the Option of Retrievability 12
..... Karlsruhe, 10-17-2016
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Where and when to measure?

Where: Infrastructure drifts are directly accessible;
Sealing structure and backfilled emplacement drift
are not directly accessible

_\/\_
W
‘ monitoring drift ‘
/ \d
o HB frastructure drift infrastructure drift
L A infrastructure dri infrastructure dri
WA
— / emplacement drift monitoring drift
/ ]
/ \ emplacement drift
7\“1{(\];’;tri”‘\‘1‘“
Q 1 | ) ‘ 1 I ‘\ T‘ | )L_“ | | ‘ | (j\\
Gl i)
When: to obtain reference values: | seal &abutment\

At the excavation beginning of each drift

[ [ [ ][] ENTRIA Mintzlaff, Leon Vargas, Stahimann | Requirements for Monitoring at the Option of Retrievability 13
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Time and place limitations

Strom-
versorgung |——

[ Anae | 4
Haupt- DMS T ',:-:
schacht Abfall- Pt IR L,
h )
Bewetterung konditionierungs: :l'r:r. Teufe
] b
— \ § ,’F}:f
AHHENE i
L

= reliability of sensors

age

- defective sensors can lead to wrong
data

- change possibility is required

Q

= data transfer

- wireless technology available, only i e Tobmann et al, (2011)
short distances possible
= energy (for more than 10 years) T— zz:';szg;;a‘s
- stand-alone power supply is not \

available \\
Druck regelanlage W S -
- Cables required from the surface \ersorguetetrges \ LI e

% e
Druckkammer _ //’/

: s
- no cables through geotechnical N—_
: ssquerschnitte Trennbleche \
rrl r Kontrollkammet -_Spannqngsmessungen
ba e S im Gebirge ERAM
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When to measure: Monitoring as a process

Construction of ) no

: > Monitorin
deep repository 9
yes
v
Process of o no
> Monitoring
Emplacement
yes
'A‘
v
Underground no
Infrastructure is —>  Monitoring
kepping open
yes
no /\
Retrieval? <
Y
Retrieval and
A4 interim storage
final disposal | >l NewConcept |
..... ENTRIA Mintzlaff, Leon Vargas, Stahimann | Requirements for Monitoring at the Option of Retrievability 15
..... Karlsruhe, 10-17-2016
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What to measure?

Shaft
A8 ; AT

b

Monitoring Drift

A6 ; Ak ; pg
Emplacement Drift
A8 ; Ak
0| T T S Y I T Po
‘r’r‘r‘t‘.A&f‘tE%— |
L A O S B
e Infrastructure
ost Roc AT
i AT: A8;AT; Aq I T A T R N O M A | I (N
» Po ] } ] 7 7 ] ] 7 T 1
IIIRRSS 5
b t t t 1 t t t [~
L]}\I\!‘) I,‘\‘, l \’ll’\
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What to measure?

Infrastructure
BONAT ; ADf; Ag

b

Monitoring drift
Q0 AT ; ADf

Einlagerungsstrecke
NS BOAD.; AT ; Ap,, Ap
Y/ AT

\AT Aw ; AD ; Ap

AT
A J L LAD Ap'
(DB, IA"’S1 | ‘| L |% L]
i FAp 1 I Ap 1
Abutment and seal Ap
AT ; Ap, ; Ak AT
..... ENTRIA Mintzlaff, Leon Vargas, Stahimann | Requirements for Monitoring at the Option of Retrievability 17
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How to measure: differences regarding retrievability

Salt, domal Salt, flat bedded Clay Shale Crystalline Hard Rock

(visco-)plasticity

- - Convergence

self-supporting properties of the rock

required lining resistance for long-term stability

..... ENTRIA Mintzlaff, Leon Vargas, Stahimann | Requirements for Monitoring at the Option of Retrievability 18
..'.. Karlsruhe, 10-17-2016
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= no stress reduction, EDZ
grows as in open drifts

O
A-A
= Abutment reduces stress
deviator in emplacement
drift

O
- reduced convergence
iIn emplacement drift

B - B Stahlmann et al. (2016)
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a) = Swelling pressure can not
(—f\/\ﬂ built up, as wall displaces;
a Q 30 r_e?uctlon of stress
S 0 eviator
= Without displacement of
A-A the Abutment, swelling
b) pressure can rise and
reduces stress deviator in
= f—'ww emplacement drift
Q
O 4_§>_, - EDZ does not expand
s ' "
B-B Stahlmann et al. (2016)
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More Aspects of Monitoring

= Up to now, only geotechnical Monitoring was looked upon. Futher aspects to
be discussed are:

- Who will be in charge of monitoring?
- Who will control the monitoring staff?
- How will be the data interpreted?

- How will be communicated these Interpretation?

- public access to raw data or interpreted data

- Is there enough interest of the society to proceed a monitoring program?

[ [ [ ][] ENTRIA Mintzlaff, Leon Vargas, Stahimann | Requirements for Monitoring at the Option of Retrievability 2.
L L L L Karlsruhe, 10-17-2016
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Conclusions

= Monitoring at deep geological repository is both technical and societal very
complex issue

= A compromise between monitoring short-term evaluation and reducing long-
term safety need to be found

= Monitoring and retrievability are raising the technical risk of disposal as more
open drifts are necessary...

..but on the other hand, there is the possibility to react immediately if
something not expected happens

[ [ [ ][] ENTRIA Mintzlaff, Leon Vargas, Stahimann | Requirements for Monitoring at the Option of Retrievability 22
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= www.entria.de

= 0259082A
0259082B
0259082C
0259082D
02S9082E
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,Beobachten ist gut, solange das
Hauptaugenmerk auf "achten" liegt.”

(E. Schumacher)
GEFORDERT VOM
% Bundesministerium
fiir Bildung
und Forschung
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