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Development of the methodology

= Methodology implemented in relational database tool
(FileMaker)

Tool to identify target parameters for monitoring
Click on a coloured box to examine and edit contents

= Refined iteratively in a series of meetings with chosen
experts (co-authors)

= Methodology cross-checked against Modern2020
screening methodology
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Methodology to identify monitoring parameters

Describe the system
Identify key, safety-relevant parameters

Consider (without consideration of technical feasibility) whether
monitoring of these parameters would be of interest, and set priorities

Consider technical practicability of monitoring those parameters
identified as being or first and secondary priority

ldentify whether models exist for evolution of those parameters that can
be monitored and whether safety-relevant criteria exist that parameters
should meet

Assess overall rationale for monitoring those parameters identified in
Steps 2 through 5

3 Datum/Autorenkirzel Filename n a g ra
@



START: System description

Based on Entsorgungsprogram 2016

Accessinfraslructur | u Test fa.Clllty (SItG-SpGlelC URL)

- Not necessarily a single facility (rather, a series of
experiments at different locations)

- Provide the information required before the main
facility can start operation (and for subsequent
decisions)

= Pilot facility
- Contains representative fraction of waste

- Serves as demonstration facility for emplacement
technology

R e - Provides information to better understand the behaviour
' of barrier system and to check predictive models

- Allows early detection of any unexpected and
undesirable system evolution

- Provides input for decisions regarding commencement

Host rack (Opalinus Clay) Host rock (Opalinus Clay)

Liner

Granular
bentonite

Bentonite SFHLW  material . ) . -
pess - deposalcanse dsposa contaner of operations and eventually the closure of entire facility
Emplacement drift for SF/HLW Emplacement cavern for ILW
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STEP 1: key, safety-relevant parameters

FEPs
Requirements Potentially
and detrimental
assumptions phenomena

A

Safety relevant
parameters

|

Input to
STEP 2

Indirectly-
determined
parameters

|

Feedback from
STEP 3

Requirements
and
assumptions

Potentially
detrimental
phenomena

Indirectly-
determined
parameters

Define safety-related requirements on the
overall system and on sub-system
components (in particular, the canister,
buffer and host rock) and/or reference
assumptions for safety assessment

Quantify, influence, or indicate occurrence of

potentially (safety) detrimental phenomena

« that might compromise ability of system to
meet safety-related requirements or conform
with reference assumptions for safety
assessment, and/or

« that are present in Nagra’'s FEP List and are
clearly detrimental

Are needed for the evaluation of other key
parameters that cannot be measured or
monitored directly

*a parameter may fall into one or more of these categories
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STEP 1: key, safety-relevant parameters

List of potentially relevant parameters

= Requirement related to
Reasons for relevance: apply filter Key Canlster Wa” tthkneSS

n a g ra ° FEPs Q Requirements and reference assumptions defined with this parameter
: = ' Add parameter Q Show all Q Potentially detrimental phenomena quantified, influenced or indicated by this parameter @ Th I I th H k h Id
) 2 ® _ _ : e wall thickness shou
Requirements Potentially Q Parameter is needed for the evaluation of other key parameters e
d | detrimental 5
| sssumtons | |_onenomena | bl s ' ensure long-term structural

Select to show details, mark as safety function indicator or delete | nteg rlty an d th at th e
Hydraulic conductivity (Opalinus Clay) L] ~

T Hydraulic conductivity (operational tunnel EDZICDZ) 9 radlatlon dose ra-te at the
i Are significant changes in the parameters during | AR e by ’ Can|Ster Outer Surface IS <

the monitoring period expected or of interest? Hydraulic conductivity (SF/HLW emplacement room EDZ/ICDZ) 9

List of potentially-relevant
parameters

@ lonic strength (Opalinus Clay porewater) Q9 1000 mSV/hr In Order to
i E E lonic strength (SF/HLW buffer porewater) Q . . .
_1 ! Canbe EH Liguid flow rate (emplacement room EDZ/CDZ) L preCIUde radlatlon_lnduced
Expected- | Ngtei);ieqcat?yd 1! excluded | =) b S p— .
high priority | U orare not =1 = iquid flow rate (inflow open tunnels
|1 priority 1 5 o .
’ e ;% Liquid flow rate (operational tunnel EDZ/CDZ) 09 corrosion
= o o - r g ‘E Minimum radionuclide transport distance (host rock)
Can the pazﬁrg:’;;riiebf monitored || | Technology EE Outer diameter (operational tunnels) Q L] Req u I rement On the
> - |= Outer diameter (SF/HLW emplacement rooms) 9 9 . . .
. A A, A PH (Opalinus Clay porewater) 99 radiation dose itself
i Mo: ! No: i i Mo: Indirectly pH {operations tunnel porewater)
Yes:_set  technology _:-_. parameters -'.f oo, . .
locations | | development | | measured 1 e ! pH (SF/HLW buffer porewater) 9 _ Radlathn dose at the
i 4V - I_n?_e?e_q‘ -1 inforzgﬁ:r:ﬂy SR T Radial extent (operational tunnel EDZ/ICDZ) Q9

<
L]

-------- [ 1 Radial extent (SF/HLW emplacement room EDZ/CDZ)

| canister surface after
andCmenapr:rri;hde?monitf”ng - Radiation{dﬂosne(rc:nistersurface} 9 9 Ieadlng and Seallng Of the

Q?
-"'bveraﬁ”ésse?;(:,S:Sreof'mdrﬁoﬁ'hg | Radioactivity (SF/HLW buffer in gas phase) 9 Canlster ShOUId be IeSS than
o : Saturation (backfilled operational tunnels) Q .
B et Parameters Saturation (EDZ) hd 1000 mSV/h tO a.VOId
with criteria . Saturation (SFHLW buffer) 99 . . .
Seismic displacement/acceleration (host rock) o9 rad Iatlon-l nd u Ced CorrOSIOn .
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STEP 2: Prioritisation

= Prioritisation based on

- likelihood of (and uncertainty in) changes to parameter value during monitoring period
- safety-relevance of such changes

Priority Basis Examples

High priority Significant changes « Near-field
expected during the pre- temperature
closure monitoring period . Near-field pore
(especially if there are pressures
significant uncertainties
associated with those
changes)

Secondary priority Significant changes not o Geometry -
eXpeCted, but cannot be underground
completely excluded structures

€ d3.1S 01 indu|

None

Significant changes in a
parameter can be
confidently ruled out or are
irrelevant to safety

Thickness of
uncorroded canister
walll
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STEP 3: technical feasibility of monitoring

High- and secondary-priority parameters from STEP 2

Amenable to monitoring in practice?

Yes | Examples _
: Determine
» Fluid (pore) pressure; pH porewater . how, where R
 Temperature and when to
monitor
Park
Park
Indirectly determined parameters |+ Heat fluxes
« EDZ permeability ~ Feedback to
g STEP 1
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Tentative schedule and opportunities for measurements/monitoring

Start of operations

: I Decision to backfill
in test facility

and seal pilot facility

Start of operations
in pilot area

Access infrastructure

Decision start waste

emplacement repository End of waste emplacement

Decision to backfill and seal access
tunnel, ramps and shafts

Facility (facility for underground geological investigations)

ilot facility prior after backfilling and sealing

v
emplacement
backfilling

afts prior to backfilling

Geosphere and biosphere monitoring (from surface or via boreholes)
2130

| | | | A
- 2045 2055 2060 2075 Repository Closure

| | | | | l p=| Total duration ~ 100 a

9 5.3.2019 / Fbe WM2019 n a g ra
@]



Example of the assessment of a potential monitoring technology

pH probe

TRL 9

4

Acoustic sensing

Eh probe

Electrical conductivity probe

Evapometer

Extensometer

FDR

Fibre optics for distributed pore pressure
Fibre optics for strain

Fibre optics for temperature

Flowmeter

Gamma counter

Gas sampling and inline spectometry
Gas threshold pressure test

Geiger counter

Humidity sensar capacitive

Hydraulic testing

lon selective probe

LVDT displacement sensar
Mechanicalftotal stress pressure sensor
Mini ventilation tests

Madular mini packer systems (MMPS)

pH probe

Piezometer / Pore pressure sensor
Porewater extraction and laboratory analysis
Psychrometers

Radar (geophysical)

RTDS: PT100/PT1000

Seismics (Geophysical)

Strain meter

TDOR

Details of selected technology l Delete this technology or edit parameters l

Need for maintenance or repeated calibration

Data transmission {(choose from drop-down list)

!

Level of readiness (choose from drop-down list)

e sctatsystom poven noperstonsenvrooment ]

Parameters that can be monitored with this technology

pH (Opalinus Clay porewater)
pH (SFHLW buffer porewater)

pH (operations tunnel porewater)

Comments
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STEP 4: Models and safety-relevant criteria exist?

Temperature (°C)

Example of temperature evolution

140

120

100

(0.0]
o

o))
o

40

20

paleo-temperature

Expected monitoring period

I

SN Jy SRS SRS —— o prp R ————

Post-closure period

0 1 10 100 1'000 10'000
Time (years)

100'000

z 3
X-Coordinale (m)

11

Datum/Autorenkirzel Filename

nagra,



STEP 5: Overall rationale for monitoring

Prioritisation Rationale for monitoring Set as rationale?
Secondary H Igh 1.  Build confidence that each barrier meets its requirements and conforms with reference Yes: high
assumptions pricrity
Currently with 4 2*
criteria
) . 2. Build confidence that potentially detrimental phenomena do not compromise safety Set as rationale?
No criteria 16 14 ey |
a. Confidence in general understanding of the phenomena R
b. Confidence in input parameters for modelling the phenomena | Yes: high priority |
c. Confidence in model predictions, including adherence to criteria | Yes: high priority |
3. Build confidence in the parameter values used for the evaluation of other key parameters
4. oOther reasons to monitor this parameter Set as rationale?
a. Support decision making (e.g. when to backfill a section of repository) | Yes: high priority |
b. Stakeholder demands/reassurance [ Mo ]
c. Other grounds [ No ]

*Fluid pressure (Opalinus Clay) and temperature (Opalinus Clay)
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Comparison with Modern2020 Screening Methodology

OCESS LEVEL pAHan-ngg LEVEL TECHNOL ....::1'.=-.'-.'=;l_
"t
[ PRO1. Start )

= Each of the steps of Nagra’s methodology can be

I
|
| |
- - I
mapped onto the generic Modern2020 Screening : i oo —
. 1 |
Meth0d0|ogy, a feW dlfferences nOted. 1 e : acl:::ﬁaﬂn;%sgzn::::r;r;:’nbf:i;irgn5
: ; " _— VB e e e
| : ! i -G i
Modern2020 Nagra : L
: ) I I i o b bt
Translates processes into Also includes parameters that ! ; l A T
parameters define requirements and model | [T — = 1 ] . R |
: 1 e— ] . o . 1
assumptions | "-------- T :,;:‘gm.!;‘ e | | 7 Gt |
P e I Seen —sina TECH. wo | L
- Prioritises parameters on the ! L1 | ~EEa>" | |
basis of significant or relevant A ok ... . o
____________________ !
changes T W !
[ parameter w—ves- s frpered ! 1
- Acknowledges some parameters \ o’ NS | @ ,
are evaluated indirectly from . B WO | :
other (monitored) parameters I o et
1 : undertake further R&D on 7
. - monitoring technologees
Includes development of s : !
monitoring plan and | $06. Gross-compare pararmeters and decids | y
e e ey
programme | technology option{s) for each parameter - BARG. 1§ the
e e e e
paan®
TRRT Taa e ) P Pﬁﬁ;ﬁark iy
*Work currently in progress ' prm‘im‘?o".‘:';':“&, ) (_ oommeier )
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Thank you for your
attention!
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