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Disposal Site
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Operations

Controls inside the repository Repository no longer subject to oversight

Controls outside the repository

to ~50 yr ~100 yr ~350 yr ~1000 yr

Isolation of the waste

Containment of radionuclides inside the repository Limitation of

Protection of other barriers

Safety functions
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How is climate (change) addressed ?

* Design

«  Design requirement “Withstand design climate loads”

» Design calculations (flooding, settlements,...)

» Safety assessment

©  Scenarios
* Near-field models
* Hydrogeological models

* Biosphere models
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Up to ~50 years m

Design requirement “Withstand design
climate loads” applies a.o. to:

r

« Trolley:
* Protects monoliths against rain
e Extreme temperatures | Steel roof
« Wind load

+  Steelroof TreiGes \

*

 Snow, wind & tornado loads

* Temperature differences
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From ~50 to ~1000 years

« Safety functions of earth cover:

»  Protect concrete barriers
« Limit water infiltration

* |solate the waste

« Controls and repairs (if needed) up to 350 years

« Design requirement “Withstand design climate
loads” applies to the earth cover

Backfilled Anoxic conditions
inspection

Unsaturated
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From ~50 to ~1000 years

Earth cover designed to:

+ Withstand erosion

« Climate change taken into account in the design
(e.g. higher rainfall intensity)

+ Avoid drying out of:

» Biological layer
» Infiltration (clay) barrier

Uncertainty regarding future climate treated in
the SA through:

Alternative scenarios considering accelerated /
extreme erosion

vegetation
A EEEEEEEEEEREERER

biological layer

A A A high resistance to
bio-intrusion barrier erosion
R e et (and bioturbation)
infiltration barrier
sand



NIRAS ONDRAF | MONITORING EVOLVING METEOROLOGICAL CONDITIONS AND THEIRPOTENTIAL IMPLICATIONS DURING SURFACE DISPOSAL OPERATIONS IN DESSEL SLIDE 12

After ~1000 years

« Earth cover degradation = buried conditions no
longer guaranteed

* Enhanced carbonation rates
*  Exposure to freeze-thaw cycles

« (Gradual development of fractures in impervious
top slab, modules and monoliths

«  Preferential pathways for water flow and RN transport
* Near-field models

« Assumption that concrete barriers are already
degraded when water infiltration starts

* Uncertainty regarding future climate is treated by
choosing a conservative infiltration rate

After degradation

v |

Atmospheric
carbonation

Freeze-tha

Radlonuclide
transport in
matrix
controlled by
diffusion

adlonuclide
ansport by
pdvection in
fractures,
terspaces,
backfilled
inspection
room and

Unsaturat bankment
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Hydrogeological Modelling

Objectives :

. Toidentify possible RN pathways at the disposal site and in its

environment

/. To quantify RN dilution in the aquifer (GTF*)

Effective dosis = Flux [Bg/a]
BCE[Sv/a/

@Bq/nﬁ /Ba/a
Bg/m

... considering possible changes in hydrogeological

conditions (climate change & human activities) over the

next few thousand years

*GTF: GeoTransfer factor

soom HEEEL NN

models

Near-field Biosphere models

source
term

Hydrogeological
mode|ls

transport
route

mankind
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Objectives of Monitoring

includes monitoring the
evolution of the system
and its environment
relative to the initial

«  To obtain the input needed for modelling activi reference state

« To verify that the disposal system behaves as expecte

« To verify that the assumptions and models used in the SA are consistent with
observed conditions

« To verify compliance with regulatory requirements and the conditions of the license
« Tosupport decisions related to safety

« Todetectany potential releases of radionuclides into the environment and to
monitor their evolution and radiological impact
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observed conditions
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Monitoring of Meteorological Conditions

Currently: Data from the existing weather station located nearby (Retie)

A weather station will be installed in the vicinity of the disposal modules & test cover

Monitored parameters:

* Number of hours of sunlight and intensity
* Relative humidity

 Temperature

* Precipitation intensity

* Windspeed and direction

Possible impacts of (evolving) meteorological conditions also monitored !
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Monitoring the Evolution of the System

Relative to the “Initial Reference State”

Disposal modules

*  Monitoring of a.0. temperature & relative
humidity to explain:
e any potential condensation

* long-term deformation behaviour of
concrete

« Monitoring of differential settlements
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Monitoring the Evolution of the System

Relative to the “Initial Reference State”

(Test) cover

« Monitoring of precipitation, temperature, ...
providing data for quantification of surface
runoff, evapotranspiration and infiltration

*  Monitoring of infiltration, erosion &
settlements

» Reference state defined based on the data
collected during test cover experiment




NIRAS ONDRAF | MONITORING EVOLVING METEOROLOGICAL CONDITIONS AND THEIRPOTENTIAL IMPLICATIONS DURING SURFACE DISPOSAL OPERATIONS IN DESSEL SLIDE 21

-
Monitoring the Evolution of the Hydrogeology
Relative to the “Initial Reference State”

Date: 2024-03-14 F

* Monitored parameters:

» Surface water & groundwater levels

«  Groundwater flow directions and velocities
« Approach needed to detect “significant changes”

« Circumstances during model calibration & validation
periods must be well known

+  Situations in which the original level of safety may no
longer be guaranteed must be detected

e How to define a “reference state” ?
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How to Define a Reference State ?

« Asufficiently long monitoring record is needed to
define a baseline under varying meteorological
conditions

« However, hydrogeological conditions continuously
evolve as the site and its surrounding environment
change...

« Anapproach is therefore needed to define a reference
state that reflects current site conditions

Summer 2021
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Groundwater Level Simulation Under Current Site Conditions

« Time series analysis to simulate groundwater levels under current conditions

* Model using precipitation & evapotranspiration data as input
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Groundwater Level Simulation Under Current Site Conditions

« Time series analysis to simulate groundwater levels under current conditions

* Model using precipitation & evapotranspiration data as input
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Groundwater Level Simulation Under Current Site Conditions

« Time series analysis to simulate groundwater levels under current conditions

* Model using precipitation & evapotranspiration data as input
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Reference State

= Simulated time series before T, (e.g. prior to the start of construction)
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-
Operational Limits & Conditions

«  Definition: “A set of rules setting forth parameter limits, the functional capability
and the performance levels of equipment and personnel approved by the
regulatory body for safe operation of an authorized facility.” (IAEA Safety

Glossary) _ ,
* Examplé? When wind speeds exceed the design load:

« (Construction and/or disposal activities halted

* Monolith temporarily brought into a safe configuration
 Inspection of potentially affected SSCs

* Repairing damage (if any is found)
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[ ] [ J ~
Design Assumptions B _ —
. e, tlam Ll
Example: Maximum groundwater level N = | ‘ EISd
 Initial design assumption: + 25,0 m § ‘ f <L Ef | T ‘ o | - 1
+  Maximum level observed during the o

exceptionally wet year of 2024: + 25,4 m

* Reassessments needed of:

« Conformity with design requirements (e.g.
"Avoiding capillary rise”)

« Stability calculations (settlements, bearing
capacity, liquefaction potential)

« Site drainage capacities
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Key Assumptions & Parameters of the SA

Example: RN dilutionin the aquiter (GTF*)

+  Bounding nature of the GTF has to be checked
regularly due to possible changes in hydrogeological
conditions (climate change & human activities)

«  Comparisons of metrics derived from monitoring
data with model outputs in the area relevant to the
estimation of the GTF

* Investigation required when an “investigation level” is
exceeded

*GTF: GeoTransfer factor
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Example: Average Flow Velocity ;e ! | 4
§ = T @L o Balln | ® L]
_ = T -
* Investigation level: "The average flow =T | ‘:f T )y %
velocity is lower than the value R R T
considered for the GTF calculation” o b s

* Tests:
*  Exceptionally wet year (2024)
*  Exceptionally dry year (2025)

Eastern GTF field

« Average flow velocity (and dilution) in
the model used to assess the
radiological impact remains bounding
w.r.t. tested "extreme” conditions

Model
2024
2025

T T T T
1e-04 1e-03 1e-02 1e-01
Darcy velocity [m/d]
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Conclusions - Food for Thought

« Assumptions on future meteorological conditions and related impacts needed
for design, construction, operational and long-term SA

+ Can we use current extremes as analogues for possible future conditions ?
« Monitoring needed to verity:
» validity of assumptions and models
* whether current conditions are still bounded by considered uncertainties

+ Defining a baseline might be challenging under evolving climate and site
conditions

« Design margins useful to mitigate climate-related uncertainties
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