Site characterisation In the
final stage of selecting the site
In sedimentary clay rock In
Switzerland

Bernd Frieg
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Swiss waste management concept
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Sectoral Plan — 3 stages towards site selection

2008 - 2011
2012 - 2018

~ 6 years
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Proposed siting regions (end of SGT E2 (stage 2))

Geological siting regions
I HLW [L/ILW overlaid]
B LW

Sildranden |SH]

Dpalinus Clay

Ziirich North East [ZH, TG)

Brauner Dogger
Jura East [AG) o
Opalinus Clay North of Ligern [ZH, AG)
Brauner Dogger

Opalinus Clay
Opalinus Clay

Zurich

Jura-Sudfuss [S0, AG)
Effingan Beds

Wellenberg (NW, OW]
|'_.' arl Farm Silaln nt Fhe
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With the Stage 2 available data, the disposal perimeters at each
site are large enough to also accomodate both repositories
(combined repository)

For each site, variants for a HLW-repository, a LLW-repository or
a combined repository are being developed

Based on the results from the Stage 3 investigations and
considering the safety and engineering feasibility criteria:

the preferred site for the HLW-repository will be determined

first %
. . . . . . "
In a second step it will be assessed if there is still enough :
volume to locate the LLW-repository at the same site
If yes, the site will be proposed for a combined repository
Example of variants for
combined repositories V}/){f =
(ref. Cost Study 2016) |~ =
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EX|st|ng Investigations (end of SGT E2 (stage 2))

Deep boreholes
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Geological mapping & sampling
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Exploration concepts (until the end of SGT E3 (stage 3))

nagra,

Arbeitsbericht
NAB 14-83

Konzepte der
Standortuntersuchungen fiir

nagra,

Arbeitsbericht
NAB 16-28

Konzepte der Standortunter-
suchungen fiir SGT Etappe 3 -

i .\
R

SGT Etappe 3 Nordlich Lagern
Dezember 2014 April 2016
Nagra Nagra
2008 - 2011
. Na Genossenschaft -
Natia =lez Tii;::r:'f fir die Lagerung 2012 - 2018
radioaktiver Abfil kliver Abfglle
ardstrasse 72 o pestiach 200 ~ 6 years
CH-5430 Wettinge 5430Wettingen y
elefon 056-437 111 Telefon 056-437 1111
WwWWw.nagra www.nagra.ch
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Planning products

Site investigations strategy (all phases and all sites update for each phase)
- Aims per phase («identify / confirm / proof potential to construct safe repository»)
- Investigations (desk study, airborne surveys, ground surveys, drilling, underground labs)
- Key products and level of detail (see legal framework)

Site investigation concepts (per phase and per site) - regulator
- Geology
- Phase specific aims
- Breakdown of aims to individual methods

Survey / campaign concepts where necessary
- 2D, 3D-Seismics: not done (target description only)
- shallow drilling: not done (target description only)

- deep drilling: planning report including
breakdown of aims to drilling sites
Scenarios for different outcomes

Drilling applications (invasive investigations require licensing): catalog of
investigations and drill paths / site - licensing authority

Drill site work programs (for authorisation by regulator): selected methods /
investigations per section - regulator

nagra,

Arbeitsbericht
NAB 16-28

Konzepte der Standortunter-
suchungen fur SGT Etappe 3 -
Mordlich Lagern

April 2014

Hagra

Halcraie Canzasanachall

i 7Y
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Key features— Stage 3 investigations

\[e} Feature Mainly Investigations in Stage 3
applicable to
HLW L/ILW

Higher fault density in parts of the disposal perimeter

3D seismics, boreholes for confirming the fault

MO1 and shearing in the host rock due to thrusting from the X x) .
inventory
Alps
MO02 Zones with increased density of sub-vertical faults X) (X) 3D seismics

MO3

MO4

MO5

MO6

MO7

MO8

Zones with increased fault density in the vicinity of
local compressive structures

Confirmation of depth of the containment-providing
rock zone

Significance of overdeepened gullys (channels) for
the erosion scenarios

Thickness and quality of the upper confining units of
the Opalinus Clay, particularly the lower parts of the
‘Brauner Dogger’

Thickness and quality of the host rock, particularly
with respect to construction engineering aspects

Basement geology with regard to fault reactivation
and conflicts of use

3D seismics, possibly boreholes

3D seismics, confirmation of depth using
boreholes

Literature studies, shallow boreholes, 3D seismics
with deep boreholes

Boreholes for confirmation, 3D seismics,
supplementary studies

Boreholes for confirmation, 3D seismics

Boreholes, 3D seismics, gravimetry, geoelectrics

igd.tp - Berlin Dec. 2018
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Current schedule and key milestones
2014 | 2015 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025
|
I Collaboration with the regions Stage 2
- Identlflcatlon of the Iocatlon of surface faC|I|t|es
- Nagra submlts at least 2 proposals for each type of repository

Review, consultation and |Fedé

sral Council d

ecision on Stage 2

| |
Drilling permit apﬁ)lication for Stage 3

Continued collabo

3D seismic campaign for Stage :
|

Review of drilling permit applications
| |

Drilling
ration |

Decis

Stage 3

on UVEK / DETEC

] campaigns
with the regions

Lead mmmmm Authorities

s BFE / Region
------ Tl Nagra

0 Milestones

@ site selec

tion in

prepar

ation for general licence

Contin

ued collaboration with the regions

Gene

ral licence application

11
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Geological investigations in Stage 3

T

3D-Seismic Deep boreholes Quaternary investigations
Geological model Rock properties Basis for derivation
Available volume Seismic calibration of future erosion
-> Spatial extent Available volume scenarios

-> Vertical extent
12 igd.tp - Berlin Dec. 2018 n a g ra PY




3D-seismic campaign 2015 - 2017

Siting regions Geophysical well logs

L HaA @ wells used in stage 1

O additional wells used in stage 2
data

- new 20 lines 2011/2012
— reprecessed 2D lines
cther 20 lines
L 7] 30 seismics 1987

Wellenberg

Parameter Jura Ost Ziirich Nordost Nordlich Lagern | | ==
Area [km?] 92.6 18.3 921.6

Land owners contacted 1'624 h&5 1810

» Land owners giving their 1609 (99 %) 548 (97 %) 1750 (97 %)

permission

Communities 27 9 17
Measurement days 97 17 77

Person days 12'730 2°400 13'500 L
Kilometers driven A410°000 1007000 6007000

Shot points (vibration . . . . .
vehicles/explosives) 16315/ 37409 3319/ 407 14937/ 2392
Measurements points 25742 5109 20°7258

bt g !

i <=t

13
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Quaternary investigations e

= AT = Field investigations

—tmrm - Drilling into quarternary deposits
to investigate erosion processes
(dating sediments)

M) - First drilling started in March 2018,

k.. permit applications for 3 additional drillings
undergone public consultation and in the
T licensing stage by DETEC

Héhere
Decken-
schotter
Hochterrasse =
Tiefere Niederterrasse -
Decken- E.
schotter £
modifiziert nach
Mtiller et al. (2002), Graf & Midiller (1999)

200
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_ongterm erosion and uplift rates from fluvial terraces

modifiziert nach
Miller et al. (2002), Graf & Miiller (1999)

|

- Winterthur
IS

Mammal rerhains :
dated to 1.8 - 2.5 Ma
(Bolliger et al. 1996)

Zirich
5 O
Wohlen (AG) iz
[ ] i .
- N, b4 \ & " ; \‘& -

e ?E z N 3 Muri (AG) 33 o : 10km

I AT 1 : = ., D S— |
Standortgebiete Friihpleistozin Mittelpleistozin Spatpleistozin
; X -; HAA - Héhere Deckenschotter - Mittelpleistozane Schotter E Spatpleistozane Schotter

; (Mahlin bis Beringen) (Wurm/Birrfeld) inkl. Holozane

E SMA - Tiefere Deckenschotter Schotter iiber den rezenten

Talbaden

m o.M

600

500

400 —

300

200

7 Flussniveau der Aare heute

Fluvial terraces: archives for
reconstruction of base level
evolution

Periods of consideration:
- Past approx. 2 mio yrs
- Future approx. 1 mio yrs

Unteres Aaretal (JO) |

0.13 mm/a B

0.20 mm/a
0.35 mm/a r
0.21 mm/a

1.20mmia |

25 2 0.5 [Ma] 0

Total fluvial erosion Average erosion rates

last 2 mio yrs 210 m
last 1 mio yrs 130 m
last 0.4 mio yrs 30 m

last 2 mio yrs 0.11 m/a
last 1 mio yrs 0.13 m/a
last 0.4 mio yrs 0.08 m/a
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Estimation of repository depth: Stage 3 approach

Fluvial erosion What is the probability of a 300-
+ critical erosion volume
at site X and at time Y? 2001
Glacial erosion 200
(= significant overdeepenings) =D
.§ — 0
- . S
Bayesian 8 -100-
analysis 5 ;
|| | (stochastic) I T i
‘é‘ -300-
ooz
o
103 104 105 106 -400-{nns=
Time after disposal [years]
-500-
-600+
-700+

Climate scenarios

Lhiams
[}
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Site investigation concepts — underlying strategy

3D-Seismics: include tectonic context
Deep drilling: go for the boring geology (proof suitability) avoid complexities

Drilling applications: 2 years for a license (plus planning / negotiations and
optional legal procedures); 3D-seismics: 1 year preparation (no license
required) 1 year processing and interpretation; in-sequence work: 4 years
min. to locate drill sites

—> locate drill sites based on 2D-results (on lines)
—> use approximate locations to distribute targets, built in soft links
(avoid to be cornered)

Effort vs. flexibility? Flexibility! 6 — 8 drilling applications / site with 3-4
directions each. Invest in preparation work and negotiations (licensing
authority, regulator, cantons, communities, land owners) - React quickly to
Investigation results and availability of drilling licenses

igd.tp - Berlin Dec. 2018 n a g ra
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Deep borehole investigations
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e Vs

Densbiiren :
5 Schinznach
Jurz berschiebung
=
~ TLM, Vector 200 @ Bundesamt fiir Landestopografie

Jura Ost

#
boreholes

Jura Ost 8
NOrdlich Lagern 6
Zurich Nordost 8

approval
11/2017
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1/2017
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Zurich Nordost

- Permits from the Federal Government
sequential starting August 2018

Borehole site preparation in late Fall 2018

Start of drilling operations at selected sites
in 2019

|
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Survey / campaign concept (drilling campaign)

Interner Bericht -
NIB 18-05

= |dentification of most promising areas within siting regions

Tiefbohrungen SGT Etappe 3:

Untersuchungsziele und geplantes
Vorgehen

= Updated and refined targets

= Discussion of drilling sequence - base for discussion with regulator

I-_-_I Standortgebiet HAA Tiefbohrungen Kuhﬁren_z Tc_lp Lias
[ standorigebiet SMA g Bestehende = Niedrig : 0
1  Perimeter 3D-Seismik Tiefoohrungen Hoch: 1
Untersuchungs- A Mogliche Bohrplatze
perimeter P . .
el S [] Regionale Stérungszonen —— Standortgebiet SMA
[ Zu meidende tektonische Zonen - — —- Standortgebiet HAA
[ Tiefenlage Basis Opalinuston unter Terrain > 1000 m ——— Faziesgrenze
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NL — SDM — Geological profiles
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Nordlich Lagern - available information (SDM)

2] Lagerpernimeter SMA aL1-r
5] Lagerperimeter HAA al2-¢

- = = Reprozessierte Seismik
| & Tieohrungen (= 1000 m)

/
0

4 o
'f,r-.
o
B

____

o
o
5

L 1 [Z] Lagerperimeter HAA aL2-r

- >, [l standortareal OFA

- ===~ % Regionale Stérungen

—& (jperschiebung
Regionale Stérungszonen
Zu meid. tekt. Zanen

- == Flexuren (aus Seismik)

= Femschubfront
Tiefenlage Top Lias u.T.
. [ 400 - 500
[ 500 - 600
[ 600- 700
[ 700- 800
4[] 500-900
[ 900 - 1000
‘[ - 1000
. Basis des 'Br. Doggers'
mmm Moglicher Fazieswechel
)3 A w— Magliche Schwellenzone
s Bestehende
'.' Untersuchungen
* = Seismik 2D11/12
- - - Reprozessierte Seismik
4 Tiebohrungen (> 1000 m)

o YA
1. ! Standortgebiet HAA
[ standortgebiet SMA

“ [Z] Lagerperimeter SMA aL1-r
d 7] Lagerperimeter HAA aL2-r
w Il Standortareal OFA
Besteh. Untersuchungen

4 - —— Seismik 2D11/12

~ ‘},’ - = = Reprozessierte Seismik
¥ o | 4 Tiefohrungen (> 1000 m)
3 f‘\ Machtigkeit Quartar Geplante Untersuchungen

L Y[ Jo-20m [ seismik Perimeter
[J20-40m

Boh rimete
[ J40-80m @ Bonrungsperinater
[]=-s0 © Quartaruntersuchungen

Deep and quaternary borehole locations
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Drilling license application

= Justification of location (at the edge of most interesting regions)
= Catalog of methods: includes everything, excludes as little as possible
= = flexibility

5 |§
! Bohrstandort g o
] Bohmplatz @ @ |§
{ Tektonik |§
[ Regionale Stérungszone |§
Betrachtungsraum Interessenabwigung i I |§
Restflache |§
:::;g Ausgeschiedene Fliche... |§
:i:i@ F2Z .. nach Schritt 1 bis 4 I=
2 Oberflichengewisser
— Bach
P aieints, 2 3
I RN ke RS Kriterien Schritt 5
SRS e, 2 ¢
CRR ey I Hauptverkehrsnetz

SN 300 m Puffer um Wohnzonen
Naturgefahren (synoptisch)

I Freileitung (220 kV)

| Gasleitung
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Drilling applications for deep boreholes

Until Sept. 2018 Jura Ost (JO) Nordlich Lagern (NL)

No. of sites handed in 6 (+1 until Dec. 2018)

Permits given 0 1

Zurich Nordost (ZNO)

8
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Investigation objectives of TBO campaign

= Assessment of spatial extent ] —
- Confirmation of thickness/depth/lateral extent of containment zone s TEET
- Evaluation / Characterization of structural inventory Mesarkalk  EEEES ===
= Hydraulic barrier effect [
- Confirmation of hydraulic separation («Stockwerkbau) " [sohaman
- Evaluation of barrier efficiency of Upper/Lower Confining Units e ] e—
- Confirmation of barrier efficiency of host rock (ss) ==l
= Long-term stability =%
- Characterization of tectonic regime . :
- Confirmation of THM Properties of host rock | o
- Evaluation of conflict of use (permocarboniferous trough)
= Reliability of geological predictions 3| e B
- Evaluation of structural inventory s
- Characterization of continuity of Upper/Lower Confining Units | RS
- Confirmation of continuity of host rock (facial variability) 5 ol _
2|28 o O —
= Engineering suitability ;‘;;lt R e
- Characterization of geotechnical properties of host rock and stress _ Lty oee)
24 17.9.2018 - NUMO Workshop TBO Overview/Ndj n a g ra "



Exploration boreholes — organisation, planning, tendering

= Tendering of different work packages (not general contractor): Y i
- Drilling company :

- Logging services
- Hydraulic Testing
- On-site geological investigations (multiple work packages)

= Drilling at 2 sites in parallel

= Management of each work package remains by Nagra

= Detailed planning as basis for tender a requirement

= QOptimisation of the
interaction of the individual | gorenole on-site geological
teams critical investigations
(time, resources)

Activities, flow diagram and
interactions

Background colors indicate the
different teams involved
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Time-depth diagram (for planning/costing)

Lithalogy

Approx.
Thickness
{m)

Depth (m)

i

usMIl

“Chatsen” UsM 1

50+
100+
205

150+

200+

Plattenkalk / Bankkalke |

Massenkale

Qusderkalk/
Massenkale | M3

250+

3507

400+

450+

500+

550+

600+

650+

700+

7507

800+

1040
1050+
1100+

11507

1200

Borehole Image

Borehole sketch

Depth (m)

Time-Depth Diagram

3
z
s
H
3
R
300

E |Ba|shdedilmder

9SE 121
Rl @irem)

am

Bz

102am|

T T
15 10 5

T
]
Radius

L —
5 10 15

250 -

350 -

450 -

550 -

650 -

750 -

800 -

850 -

900 -

950 -

1000 -

1050 -

1100 ~

Drilling activities
Rigging up/down
I Coring (6 3/8") / reaming
- Destructive drilling
Il Cementation
- Cementation - casing - W.0.C
|:| Other activities
Borehole measurements

Technical Logging
Hydraulic Packertests
Petrophysical Logging
VSP
Fluid-Logging
MHF

Logging after MHF

15 20 25 30 35 40 45 50 55 130 135 140 145 150 155 160

60 65 70 75 80 85 90 95 100 105 110 115 120 125
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Organisation of field activities and TBO

BLPB
Snpa (Fit)

GPE3
Amau (Sian)

PR1'430
RL/HPFA
Mihe (Votb)

Assistenz(FAA)

PR1'339

PR1'561 PR1'621
FA-Material in den Erdwirmesonden,
Lagerhallen Gim Fremdbohrungen Bje

PR1'642
BVU Baugrund-
voruntersuchung
Khsv (Mlhe)

| PR1'559
TBOTiefbohrungen

QAU Quartar-

NSG bzw. UVEK
Verfiigungen

RDD core topic

MON Monitoring «Monitoring»

untersuchungen
Mhh (Mlhe)

Votb (Mihe) Votb (Mlhe)

Bohrtechnik

Tiefbohrungen (Votb) (Web)

Amat (Hza)
Stabstelle
_I _I PR1'562 _I _I PR1'460 _I PR1'554 _I _I
Aufzeitboh- Geophysik zusatzl. NSG Arbeitsprog. Bohrplatz HydOFAZNO Hydrogeologie Konzept Bohrkerne
— rungen Gim — Spth(Mhh) —  Wra(Olu) Gab (Amat) ~—— Amat(Khsv) [ Felderk. Votb Votb (Mlhe) [~ Votb (Mlhe) —  Gim(Gdr)
Fachplaner
PR1'567 PR1'613
Schadensfille Bohrgesuche Einsprache- Freigaben Bohrtechnik Erk. OFA/NZA LZB Benken Glasfaser Hydro
— Fhan [~ S.Kauer (Mhh) [~ behandl.zUs Amat (Gab) ] Amat(Hza) m Khsv Votb (Mlhe) — Votb (Spth) [—  Votb (Fbe)
DSV
FEEES Einsprachen Rekurse Auflagenman. HSE Erk. Zugangs- LZB TBO Planung EUU Bohrtechnik
—  Bip (Spth) S.Kauer (Mhh) Scli(Fbe) Hza (Gab) Amat (Hza) — bauw. Khsv Votb (Fhan) Spth (Mlhe) — Amat (Fbe)
HSEM
PR1'616 +1'646 PR1'643
Erstintervk:::o QBO Bohrung G.eologie Zusammenarbeit Erkundung Seismizita Modern2020 Legende
L L —  Amat (Ski) Gim(Gdr)  —[—  Olu>zus —  KarstSpth B Seth(Mihe) Fbe (Votb)
Mhh (Smh) = )
e | Hauptprojekt
QBO T1 Hydro hanik | | physil SBN schmscneben- PE—— I
- Votb (Khsv) Gab (Gdr) Spth (Gdr) netz Smh (Spth) Gab (Ftb) m
TSV TSV
Hydrogeologie Quelliiberw. Lokale seism. _
QBO T2 Hydro -
- Khsv (Votb) Votb (Fhan) Khsv (Votb) Netze (Spth)
= Teilprojekt
PR1'555
) Fluidlogging Labor(proben)
| QBOloseing Fhan (Votb) Gini (Votb) m  Gdr (Mihe)
Gdr (Spth)
dzt. «ruhend»
PR1'111+1'479
GNSS/NaGNet
SEiE Gdr (Mlhe)
—  Dpg(Mhh) Schnittstelle zu
anderem Ressort
PR1'553
Nivellment
L Zusam';ie; aroeit MBINIES) Version 5.9.2018
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General schedule

2130

2010 2030 2050 2070 2090 2110
Base data
Nuclear power plants
NPP operation |
Post-operational phase and | I
NPP decommissioning
Waste: arising and interim storage
L/ILW (operational and decommissioning waste)
L/ILW (medicine, industry and research) : : ! |
Long-lived ILW (various) I I [ [
Long-lived ILW (medicine, industry and research) | | [ l
SF/HLW | | | :
HLW repository L/ILW repository 2010 2030 2050 2070 2090 2110
Site selection/general licence ] Site selection/general licence H
Preparation and start of underground m Preparation and start of underground u
investigations investigations
Continuation of underground investigations [ Continuation of underground investigations [
Nuclear construction licence N Nuclear construction licence B
Repository construction Repository construction
Nuclear operating licence Nuclear operating licence
Emplacement operations Emplacement operations
Monitoring phase Monitoring phase
Closure of main facility Closure of main facility :
Closure of whole repository | Closure of whole repository

Long-term monitoring

1
2130

Long-term monitoring
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