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Abstract  

The Sectoral Plan for Deep Geological Repositories (SGT) has defined the safety-oriented site 
selection process since 2008. In the third and final stage of the site selection process, the database 
for the geological site characterisation was improved significantly in the three siting regions Jura 
Ost (JO), Nördlich Lägern (NL) and Zürich Nordost (ZNO).  

Compared to SGT Stage 2, core observations, geophysical logging, and in-situ and laboratory 
testing were expanded significantly with nine new exploration boreholes (TBO). The regional 
3D-seismic measurements in the siting regions also represent an important new dataset. Overall, 
the combined exploration efforts with 3D seismics and deep boreholes ensures a comparable data 
basis for all the siting regions.  

This report focuses on the spatial geometry of geological layers and key rock properties relevant 
for transport and assessment of barrier integrity. These properties are evaluated in mineralogical 
and petrophysical, hydrogeological and geomechanical chapters. The derivation of representative 
parameter ranges for these key properties is based on a data-driven abstraction and subdivision of 
the geological units. The observations and measurements of the TBO are compiled and interpreted 
considering spatial variability, scaling aspects and uncertainties. Representative parameter value 
ranges are specified for each of the three siting regions.  

The report complements the geosynthesis (Nagra 2024e) with a comprehensive site-specific 
geological description and parametrisation, which serve as a basis for the repository performance 
assessment (Nagra 2024g) and radiological consequence analysis (Nagra 2024i). 
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1 Introduction  

1.1 Aims of the report  
This report provides a quantitative geological description of the potential repository zone in the 
Jura Ost (JO), Nördlich Lägern (NL) and Zürich Nordost (ZNO) siting regions and complements 
the geosynthesis report (Nagra 2024e). While the geosynthesis highlights similarities and 
differences between the siting regions and discusses the key geological processes, this report 
focuses on a local geological characterisation of the central areas of the three siting regions, the 
area of interest (AOI), as a quantitative basis for numerical modelling of repository performance 
assessments (Nagra 2024k) and radiological consequence analysis (Nagra 2024i).  

More specifically, the report covers the following aspects for the three siting regions: 

• Abstraction of geological, stratigraphic units as a basis for modelling purposes in performance 
assessment and safety analysis, hereafter referred to simply as “abstracted units”  

• Geometry of the abstracted units in the potential repository zones (local “layer cake models”) 

• Key properties of the abstracted units (e.g. mineralogy, hydraulic properties), including expla-
nation of database, assumptions and concepts used to constrain parameter bandwidths 

Geological models and properties are being used in a variety of scoping calculations and 
modelling approaches, depending on the goals and focus of the investigation. It is therefore 
challenging to provide global parameter values, but those specified in the enclosures should be 
considered as a basis for calculations and further analyses.  

The model horizons in this report focus on a perimeter which contains only few seismically 
mappable faults, without major throws. Structural maps are therefore not presented here but can 
be found in Section 4.3.4 of Nagra (2024e) as well as in Section 5.3 of Nagra (2024a, 2024b, 
2024c). The following aspects of the description of the geosphere are neither covered in this 
report, nor in the geosynthesis (Nagra 2024e): 

• The engineering geological characterisation of the three siting regions relevant for con-
struction planning and construction risk analyses are covered in Nagra (2023a, 2023b, 2023c). 
Specific geomechanical parameters of Opalinus Clay used for construction design and tunnel-
static analyses are specified in Section 3.3.1 of Nagra (2023d)  

• A detailed evaluation of the site-specific stress field is provided in Nagra (2024j), including 
estimates of depth-dependent stress magnitudes in Opalinus Clay (Chapter 5.1) and in over-
lying formations along potential access structures (Appendix I).  

• Diffusion properties of host rock and confining units are described in Chapter 6 of  
Glaus et al. (2024). 

• Sorption properties of host rock and confining units are quantified in Chapter 5 of 
Miron et al. (2024). 

• For thermal properties and temperature conditions see Chapter 2 & App. A of Nagra (2024l). 

• Specific parameters relevant for the assessments of the effect of the future repository 
evolution on the geological barrier function (e.g. Excavation Damage Zone evolution, gas 
transport properties, temperature effects) are covered in the Appendix of Nagra (2024k). 

• The porewater chemistry of Opalinus Clay which is a constraint for the transport of radio-
nuclides (speciation, solubility, sorption, diffusion) and for the assessment of the geochemical 
stability of the engineered barriers is documented in Chapter 5 of Mäder & Wersin (2023).  
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1.2 Structure of the report 
The main products of the report are represented in an extensive appendix: 

• Encl. 2 to 6 visualise the site-specific abstracted units (lateral extent and parameter ranges) 

• Encl. 7 includes a listing of the recommended parameter ranges 

The text provides topic-specific background to understand the content of these enclosures and 
generally includes a description of the input data and of the used concepts and methods for 
abstraction and parametrisation:  

• In Chapter 2 the abstraction of the stratigraphic column to units with similar properties is 
described.  

• Chapter 2 introduces the local 3D model describing the geometry of these abstracted units.  

• Chapters 4 to 6 are concerned with the basic, hydraulic, and mechanical properties of the 
abstracted units:  

− Chapter 4: mineralogy and basic rock properties 

− Chapter 4: hydrogeology (conductivities, heads and gradients) 

− Chapter 5: geomechanical properties  

• Chapter 7 summarises the key points of the report. 

1.3 Database 
Most input data are documented in the borehole-specific data reports (Tab. 1-1). The continuous 
mineralogy and porosity profiles used in this report are based on a re-analysis after the TBO 
campaign applying a harmonised and refined approach (Becker & Marnat 2024). The seismic 
horizon and fault interpretations are documented in site-specific seismic interpretation reports 
(JO: Nagra 2024a, NL: Nagra 2024b, ZNO: Nagra 2024c). Additional data sources are cited in 
the individual sections.  

 

Tab. 1-1: List of new deep boreholes (TBO) drilled 2019 – 2022 and associated data reports 
MD: Measured depth below ground level. * Deviated borehole, true vertical depth 745.33 m. 

Siting 
region 

TBO Name Abbreviation 
used in report 

Data reports Nagra  
NAB No. 

Final depth  
[m MD] 

JO Bözberg-1-1 BOZ1 Nagra (ed.) 2022a NAB 21-21 1'037.39 

JO Bözberg-2-1 BOZ2 Nagra (ed.) 2022b NAB 21-22    829.11 

NL Bülach-1-1 BUL1 Nagra (ed.) 2021a NAB 20-08 1'370.19 

NL Stadel-3-1 STA3 Nagra (ed.) 2022d NAB 22-01 1'280.88 

NL Stadel-2-1 STA2 Nagra (ed.) 2022c NAB 22-02 1'288.12 

NL Bachs-1-1 BAC1 Nagra (ed.) 2023a NAB 22-04 1'306.26 

ZNO Trüllikon-1-1 TRU1 Nagra (ed.) 2021c NAB 20-09 1'310.0 

ZNO Marthalen-1-1 MAR1 Nagra (ed.) 2021b NAB 21-20 1'099.25 

ZNO Rheinau-1-1 RHE1 Nagra (ed.) 2023b NAB 22-03    827.99* 



 3 NAGRA NAB 24-10 Rev. 1 

2 Stratigraphic overview and abstraction  

2.1 Introduction 
The stratigraphic abstraction aims to divide the interval of the host rock and its low permeability 
confining units into units with similar characteristics regarding key parameters for performance 
assessment and radiological consequences analysis. The relevant interval between the main 
aquifers is defined in JO from the top of the Muschelkalk Group to the base of the interfingering 
of the Hauptrogenstein and the Klingnau Formation. In NL and ZNO the relevant section is 
defined from the top of the Muschelkalk Group to the base of the Villigen Formation (Top 
Wildegg Formation, within Malm Group). Therefore, the relevant section is delimited by the 
aquifers of the Muschelkalk Group, Dogger Group (Hauptrogenstein) and Malm Group. 

2.2 Database and Methodology 
The abstracted units represent units with similar transport properties. In Stage 2 of the Sectoral 
Plan for Deep Geological Repositories (SGT Stage 2), these stratigraphic units were mainly 
delimited based on the clay-mineral content (Nagra 2014a, Chapter 4, see also Dossier IV of the 
TBO reports as indicated in Tab. 1-1) measured in few boreholes (mainly Riniken, Weiach and 
Benken). In the current investigation phase, the database has been improved considerably with 
new boreholes and improved quantitative log analysis (referred to as “MultiMin”; Becker & 
Marnat 2024). The abstraction presented in this report is mainly defined according to mineralogy 
traced by MultiMin (Encl. 2-2a to 2-2c).  

The boundaries of the abstracted units were set by integrating different stratigraphic analyses. 
Lithostratigraphic boundaries in core and log depth of deep boreholes relevant for the three siting 
regions were defined in individual data reports (Tab. 1-1). The tops of the lithostratigraphic units 
in metres measured depth (m MD) can be found in the columns “RBG Lithostratigraphy, Core 
Depth” and “RBG Lithostratigraphy, Log Depth” in the Encl. 2-4b to d. After finishing these data 
reports, the core-to-log depth conversion has been revised partly. Additionally, petrophysical logs 
were re-assessed and some lithostratigraphic boundaries were adjusted to integrate all presented 
borehole data, such as borehole images, wireline logs, core photos, and core descriptions. The 
resulting lithostratigraphic boundaries can be found in the columns “RBG Lithostratigraphy, 
Revised Log Depth” in the Encl. 2-4b to d. The lithostratigraphic tops as listed in columns “RBG 
Lithostratigraphy, Core Depth” and “RBG Lithostratigraphy, Revised Log Depth” are considered 
as reference for reporting in the framework of the general licence application, “RBG Litho-
stratigraphy, Log Depth” was dismissed. But it is highlighted that differences between “RBG 
Lithostratigraphy, Log Depth” and “RBG Lithostratigraphy, Revised Log Depth” are generally 
very small (typically <50 cm). Depths with larger differences (i.e. >50 cm) are commented in 
Encl. 2-4b to d (refer to column “Comments”).  

In a next step the records of lithostratigraphy, biostratigraphy and sequence stratigraphy were 
integrated, and a new chronostratigraphic framework was established. This chronostratigraphic 
framework comprises the interpretation of timelines, i.e. horizons that represent the same time in 
different boreholes. These timelines show a smaller or larger uncertainty depending on the 
available data and depositional environment. The relative position of timelines to lithostra-
tigraphic boundaries can be found in Encl. 2-4a, sheet “Stratigraphic Framework”. Many 
timelines follow or are closely related to major lithostratigraphic boundaries. The depth of 
timelines in metres Measured Depth are listed in the column “RBG Timelines Log Depth” in the 
Encl. 2-4b to d. This new chronostratigraphic framework enables a temporal analysis of the facies 
distribution and depositional environment. The timelines also define reference horizons in the 
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interpretation of the 3D-seismic cube, as seismic reflectors generally follow timelines (Vail et al. 
1977, Eberli et al. 2002). More information on the timelines can be found in Chapter 4 of Nagra 
(2024e). 

The boundaries of the abstracted units are also defined based on timelines (Encl. 2-1a to 2-1c, 
column “RBG Abstracted Units for Safety Analysis” in Encl. 2-4b to d). A selection of timelines 
has been picked in the 3D-seismic cube (Nagra 2024a, 2024b, 2024c), so individuals or groups 
of abstracted units can be traced in three dimensions (Chapter 2). An overview of the top and 
thickness of the abstracted units per borehole and siting region can be found in sheets 2_1 and 
2_2 of Encl. 7-1. 

2.3 Results: Definition of abstracted units for safety analysis with similar 
properties 

From deeper/older to shallower/younger, the following abstracted units can be distinguished 
(Encl. 2-3a to 2-3c): 

• The Bänkerjoch Formation (Time interval 237_Lad_400_Top_Muschelkalk_Gr to 
227_Car_300_Top_Baenkerjoch_Fm) is divided into the three units Dolomitic-Anhydritic 
Keuper (DAK), Massive Anhydritic Keuper (MAK) and Anhydritic-Argillaceous Keuper 
(AAK). The massive anhydritic interval towards the base of the Bänkerjoch Formation was 
delimited as its very high content in anhydrite and low content of other components could be 
relevant for diffusive transport (low diffusion coefficients of anhydrite and indications from 
natural tracer profiles). 

• The Klettgau Formation is divided into several units over all three siting regions. This 
relatively high degree of detail in the Klettgau Formation reflects the variability in its 
characteristics. This variability traces the originally diverse terrestrial to partly marine 
depositional environments and the consecutive diagenesis. The different sedimentological 
and hydrogeological characteristics of the Klettgau Formation in the siting regions is relevant 
for site comparison – this warrants the comparably large number of subunits. 

• In the Ergolz Member (Time interval 227_Car_300_Top_Baenkerjoch_Fm to 
227_Car_200_Top_Ergolz_Mb), the lowermost Member of the Klettgau Formation, two 
different abstracted units are distinguished. The first unit, the Argillaceous Keuper (AK1), 
represents the clay-mineral-rich intervals that were originally deposited as fluvial floodplain 
deposits. The second unit, the Sandy Keuper (SK), represents the quartz-/feldspar-rich 
intervals that were originally deposited in fluvial channels. The SK unit can be traced by high 
quartz/feldspar (mineral contents of >50%, Section 4.3.2). According to this fluvial deposi-
tional environment, SK occurs in a complicated channel network that is interbedded in the 
floodplain deposits of AK1. This is indicated in Encl. 2-3a to 2-3c by SK forming a lens that 
is embedded in AK1. Note that due to the complex depositional environment in a terrestrial 
fluvial system location and geometry of AK1 units are difficult to predict. The facies is 
expected to occur locally in all three siting regions.  
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• The overlying sequence of Gansingen Member to Gruhalde Member and the cor-
responding abstracted units differ between the geological siting regions.  

− In Jura Ost the Dolomitic Keuper (JO-DK, Time interval 227_Car_200_Top_Ergolz_Mb 
to 227_Car_100_Top Gansingen_Mb) stratigraphic unit is followed by the Argillaceous 
Keuper (JO-AK2/3, Time interval 227_Car_100_Top Gansingen_Mb to 
199.5_Het_100_Top_Schambelen_Mb). The lowermost Member of the overlying Staffel-
egg Formation, the Schambelen Member, is also included in the JO-AK2/3 unit because 
of its relatively similar characteristics regarding transport. In Jura Ost the Seebi Member 
is not occurring or just as a thin layer (<1 m). In this sequence of JO the JO-DK unit 
should be highlighted as it is characterised by low clay-mineral contents and high 
dolomite contents. It is also thicker and has a higher macroporosity compared to Nördlich 
Lägern (in ZNO the Gansingen Member is anhydritic not dolomitic). 

− In Nördlich Lägern the Dolomitic Keuper and Argillaceous Keuper stratigraphic  
units alternate, i.e. NL-DK1 (Gansingen Member, Time interval 
227_Car_200_Top_Ergolz_Mb to 227_Car_100_Top_Gansingen_Mb), NL-AK2 
(“lower” Gruhalde Member, Time interval 227_Car_100_Top_Gansingen_Mb to 
208.5_Nor_200_Top_lw_Gruhalde_Mb), NL-DK2 (Seebi Member, Time interval 
208.5_Nor_200_Top_lw_Gruhalde_Mb to 208.5_Nor_100_Top_Seebi_Mb) and NL-
AK3 (“upper” Gruhalde Member of the Klettgau Formation and Schambelen Member of 
the Staffelegg Formation, Time interval 208.5_Nor_100_Top_Seebi_Mb to 
199.5_Het_100_Top_ Schambelen_Mb). 

− In Zürich Nordost the Anhydritic Keuper (ZNO-ANK, Gansingen Member, Time 
interval 227_Car_200_Top_Ergolz_Mb to 227_Car_100_Top_ Gansingen_Mb) 
stratigraphic unit is followed by the Argillaceous Keuper (ZNO-AK2 (“lower” Gruhalde 
Member, Time interval 227_Car_100_Top_Gansingen_Mb to 208.5_Nor_200_ 
Top_lw_Gruhalde_Mb), the Dolomitic-Sandy Keuper (ZNO-DSK, Seebi Member, Time 
interval 208.5_Nor_200_Top_lw_Gruhalde_Mb to 208.5_Nor_100_Top_Seebi_Mb) and 
the Argillaceous Keuper (ZNO-AK3, “upper” Gruhalde Member of the Klettgau 
Formation and Schambelen Member of the Staffelegg Formation, Time interval 
208.5_Nor_100_Top_Seebi_Mb to 199.5_Het_100_Top_Schambelen_Mb). In this 
sequence of ZNO the ZNO-DSK unit should be highlighted as it is characterised by low 
clay-mineral contents and high dolomitic (upper part) and sandy (lower part) contents. It 
also includes a higher macroporosity compared to NL. 

• In the Staffelegg Formation three abstracted units are distinguished in the three  
geological siting regions. Firstly, the Calcareous Lias (CL, Time interval 
199.5_Het_100_Top_Schambelen_Mb to 192.9_Sin_200_Top_Beggingen_Mb) corresponds 
to the Beggingen Member. A relatively thin layer with low clay-mineral contents and  
elevated calcareous contents. Secondly, the Argillaceous Lias (AL, Time interval 
192.9_Sin_200_Top_Beggingen_Mb to 192.9_Sin_100_Top_Frick_Mb) corresponds to the 
Frick Member. It is characterised by high clay-mineral contents and low carbonate contents. 
Thirdly, the Marly Lias (ML, Time interval 192.9_Sin_100_Top_Frick_Mb to 
174.7_Toa_100_Top_Lias_Gr) corresponds to the thin, condensed Grünschholz, Breitenmatt 
and Rickenbach Members, the Rietheim Member and the Gross Wolf Member. The Marly 
Lias is characterised by medium clay-mineral contents with lowest contents in the Grünsch-
holz, Breitenmatt and Rickenbach Members. 
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• The Opalinus Clay is defined with one abstracted unit (OPA, time interval 
174.4_Toa_100_Top_Lias_Gr to 170.9_Aal_300_Top_Opalinus Clay). It is characterised by 
high clay-mineral contents (>40%). The rest is dominated by quartz/feldspar and some calcite. 
In comparison to the other Mesozoic formations it shows low vertical and horizontal 
variability in its mineralogical characteristics. 

• In the Dogger Group above Opalinus Clay follows a succession that shows more variability. 
The first part of the succession corresponds to the lower part of the Passwang Formation (up 
to top of the «Humphriesi-Schichten») in JO and the «Murchisonae-Oolith Formation», 
Wedelsandstein Formation and «Humphriesioolith Formation» in NL and ZNO. This 
succession is dominated by high clay-mineral contents. However, up to a few metres thick 
successions of more weathering-resistant “hard beds” occur intercalated in the clay-mineral-
rich sedimentary rocks (Bläsi et al. 2013). Mainly based on their lithology, three types of 
“hard beds” can be generally distinguished (Nagra 2024e): 1) biomicritic limestone, 2) silty 
to sandy, bioclastic limestone, and 3) iron-oolite or iron-oolitic beds. In this succession  
two abstracted units are differentiated. The succession is dominated by the Sandy-
Calcareous-Argillaceous Dogger unit (SCAD, 170.9_Aal_300_Top_Opalinus Clay to 
168.2_Baj_200_Top_Brueggli_Mb (JO) resp. 168.2_Baj_300_Base_Herrenwis_Unit_eq 
(NL) resp. 168.2_Baj_200_Intra_Humphriesioolith_Fm (ZNO)). This unit corresponds to the 
intervals with elevated clay-mineral contents. The second unit, the Sandy-Calcareous Dogger 
unit (SCD) corresponds to the intervals with lower clay-mineral contents. To distinguish 
between SCAD and SCD units a clay-mineral content threshold value of 20 wt.% was applied 
(see Section 4.3.1 for more information). 

• The overlying succession of the Dogger Group differs in the geological siting regions. In JO 
the succession is represented by the Calcareous-Argillaceous Dogger stratigraphic unit 
(JO-CAD, Time interval 168.2_Baj_200_Top_Brueggli_Mb to 168.2_Baj_100_Top_ 
Passwang_Fm). It corresponds mostly to the Rothenfluh Member of the Passwang  
Formation that is characterised by medium clay-mineral contents. In NL four different 
stratigraphic units are differentiated. In the eastern part of Nördlich Lägern (STA3 and BUL1 
boreholes) occurs the Calcareous Dogger stratigraphic unit (NLE-CD, Time interval 
168.2_Baj_300_Base_Herrenwis_Unit_eq to 168.2_Baj_200_Top_Herrenwis_Unit_eq). It 
represents an isolated carbonate platform that is characterised by high calcareous contents. Its 
lateral extent within the area of interest can be mapped in the 3D-seismic cube (Chapter 4). It 
corresponds to the «Herrenwis Unit». Towards the west (STA2 and WEI boreholes) the 
NLE-CD is neighboured by the Calcareous Dogger stratigraphic unit (NLW-CD). It is 
characterised by elevated calcareous contents and thins from the platform towards the west. 
It corresponds to the time-equivalent, calcareous basinal part of the «Herrenwis Unit», the 
periplatform wedge. Its lateral extent within the area of interest can be approximated in the 
3D-seismic cube (Chapter 4). Even further towards the west NLW-CD is neighboured by the 
Argillaceous Dogger stratigraphic unit (NL-ARD, BAC1 borehole). It represents the time-
equivalent, silicilastic-rich basinal succession of the «Herrenwis Unit». It is characterised by 
elevated clay-mineral contents and is only several metres thick. These three stratigraphic units 
are overlain by the Argillaceous Dogger (NL-AD and ZNO-AD, Time interval 
168.2_Baj_200_Top_Herrenwis_Unit_eq to 154.8_Oxf_975_Top_Dogger_Gr). It is charac-
terised dominantly by high clay-mineral contents. The thickness is high in the east and 
diminishes over the carbonate platform, it seems to fill up the original topography. It 
represents the «Parkinsoni-Württembergica-Schichten», Variansmergel Formation and the 
iron-oolitic Wutach Formation. In ZNO the succession is represented by the Argillaceous 
Dogger stratigraphic unit (AD, Time interval 168.2_Baj_200_Intra_Humphriesioolith_Fm to 
154.8_Oxf_975_To_Dogger_Gr). It is characterised dominantly by high clay-mineral 
contents. It also represents the «Parkinsoni-Württembergica-Schichten», Variansmergel 
Formation and the iron-oolitic Wutach Formation. 
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• In the Malm Group of NL two types of abstracted units are differentiated. The Marly  
Malm stratigraphic unit (NL-MM1 & NL-MM2, 154.8_Oxf_975_Top_Dogger_Gr to 
154.8_Oxf_750_Intra_Wildegg_Fm & 154.8_Oxf_700_nTop_Gerstenhuebel_Bd to 
154.8_Oxf_300_nTop_Wildegg_Fm) is characterised by medium clay-mineral and  
calcareous contents. It represents the Birmenstorf Member and the calcareous marls of the 
Effingen Member of the Wildegg Formation. The Calcareous Malm stratigraphic unit 
(NL-CM, 154.8_Oxf_750_Intra_Wildegg_Fm to 154.8_Oxf_700_nTop_Gerstenhuebel_Bd) 
is characterised by high calcareous contents. It represents the interval with highest  
calcareous contents of the Effingen Member, mostly corresponding to the Gerstenhübel Bed. 
In ZNO the Wildegg Formation is thinner than in NL and only one interval of Marly Malm 
is differentiated (ZNO-MM, Time interval 154.8_Oxf_975_Top_Dogger_Gr to 
154.8_Oxf_300_nTop_Wildegg_Fm). 

In a next step, the abstracted units were classified regarding their hydrogeological significance 
based on the data compiled in Chapter 4 (refer to blue and grey arrows in Encl. 2-3a to 2-3c). 
Deep aquifers were differentiated into regional aquifers (Muschelkalk, Hauptrogenstein and 
Malm), local aquifers at site scale (ZNO-DSK/Seebi Member, JO-DK/Gansingen Member) and 
local aquifers confined to channels (SK in all geological siting regions). Zones with potentially 
increased transmissivity (fractured “hard beds” or local facies variation) were differentiated based 
on their thickness. Beds/units with 2 – 8 m thickness (e.g. CL/Beggingen Member, SCD, 
NL-CM/Gerstenhübel Bed) are separated from beds/units >8 m thickness (NLW-/NLE-
CD/«Herren-wis Unit»). The threshold of 8 m is based on observations from hydraulic packer 
tests in the Lias Group, Dogger Group above Opalinus Clay and Malm Group (see Section 5.6.3.2 
of Nagra 2024e). 
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3 3D-horizon models 

3.1 Introduction 
In this chapter and especially under Encl. 3-1 to 3-10 we provide an overview of 3D surfaces of 
the abstracted units defined in Chapter 2. The enclosures include a 3D view of the model, selected 
depth maps and thickness maps.  

The model horizons are not intersected with seismically mappable faults of significant throws 
within the AOI. Structural maps are presented in Section 4.3.4 of Nagra (2024e) as well as in 
Section 5.3 of Nagra (2024a, 2024b, 2024c). 

3.2 Database and method 
Input data for the 3D horizons include the results from the deep boreholes and the 3D-seismic 
data interpretation. The coverage by deep boreholes increased from one deep borehole per siting 
region to 3 boreholes in JO, 5 in NL and 4 in ZNO. In contrast to SGT Stage 2, 3D-seismic 
datasets are available for all siting regions.  

The interpretation of the 3D-seismic surveys is documented in Nagra (2024a) (JO), Nagra (2024b) 
(NL) and Nagra (2024c) (ZNO). The interpretation includes full survey time domain interpre-
tation for seismic key horizons of Mesozoic units and fault interpretations. The full-survey inter-
pretations helped to determine the smaller area of interest (AOI; see Encl. 3-1), which includes 
the potential repository zone. Within the AOI additional horizons were interpreted and a depth 
conversion of the horizons was carried out. The depth converted horizons served as a base for the 
site models.  

The modelled surfaces use the detailed seismic interpretations and borehole data inside the areas 
of interest. Time – depth conversion was conducted with layer-based velocity models. They were 
built in time domain using the AOI seismic horizon interpretation (Nagra 2024d).  
As part of the modelling process, the untied depth-converted horizons were well-tied to the 
associated stratigraphic markers in the boreholes and additional horizons which could not be 
interpreted in the seismic (see Nagra 2024a, 2024b, 2024c) were added. 

Depth converting a time-domain horizon or interpretation with these velocity models preserve the 
general structure of the geological horizon but will not perfectly fit the drilled well tops. The 
surfaces thus were adjusted to the well tops. For the horizons also acting as velocity breaks in the 
velocity models, the adjustment is mostly done within a 1,000-m influence radius around the 
boreholes, to fit the chronostratigraphic well tops. If untied depth horizons show residuals to the 
drilled well tops which are not distributed randomly around null, a compensating bulk shift may 
be applied before performing the radial adjustment to the borehole data. This occurs, for example, 
when the horizon is not a velocity break but within a section with a vertical velocity trend.  

As already mentioned, some of the horizons defined in Chapter 2, have not been interpreted in 
the seismic dataset and were thus created using over- and/or underlying horizons and well-
controlled thickness maps (see Encl. 3-2). Top Opalinus Clay (170.9_Aal_3001) in NL for 
example is not associated with a marked change in acoustic impedance and, consequently, the 
stratigraphic horizon is in a seismically transparent zone (with multiples; see  Nagra 2024b for 
details). This horizon therefore was created using Base Opalinus Clay (174.7_Toa_100) as a  
 
 

 
1  Here and in the following we use the abbreviated horizon names according to Encl. 2-4a_Stratigraphic Framework. 
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reference and an isochore map for the Opalinus Clay based on the well data. The isochore map 
implements a slight increasing thickness trend towards north-northwest and reflects the rather 
constant thickness measured in the boreholes. 

The resulting horizon surfaces were used to calculate isochore maps (true vertical thickness) for 
selected intervals (see section 3.3).  

The depth and thickness uncertainties are discussed in (Nagra 2024d). 

3.3 Resulting thickness and depth maps 
The layer models include the horizons listed in Encl. 3-2. The enclosures provide a general insight 
to the models on different aspects, such as depth maps and true vertical thicknesses maps of 
selected intervals (e.g. host rock, upper and lower confining units). The vertical delineation of the 
confining units between Opalinus Clay and nearest aquifers is discussed in Section 4.9 of Nagra 
(2024e), and also indicated in Encl. 3-2a-c. 

Encl. 3-3 shows a 3D view of the resulting layer model including the abstracted units defined in 
Chapter 2. Encl. 3-4 and 3-5 show the depth maps of the host rock in metres above sea level.  
Encl. 3-6 to 3-10 show the true vertical thickness of the confining units and the host rock.  

In the following paragraphs selected individual depth and thickness maps are described in more 
detail.  

Depth map Top and Base Opalinus Clay (Enclosures 3-4a – c & 3-5a – c) 

The depth maps show the geometry of the surfaces delimiting the host rock in metres above sea.  

Thickness map of the upper confining units (Enclosures 3-6a – c) 

According to Chapter 4 of Nagra (2024e) the following horizons were used for thickness 
calculation. The base of the upper confining units is in all site models Top Opalinus Clay 
(170.9_Aal_300). In NL & ZNO the top of the upper confining units is the Top Wildegg 
Formation (154.8_Oxf_300), while in JO it is the Top Passwang Formation (168.2_Baj_100).  

In JO, the top of the upper confining unit (i.e. Top Passwang Formation (168.2_Baj_100)) 
coincides with a level within a geologically heterogenous interval, where facies transitions and 
interfingering translate into a complex seismic imaging. Therefore, several interpretation attempts 
have been made, which result in different picking scenarios. As a result, such a horizon has to be 
considered of very low confidence, which directly affects the certainty for the upper confining 
units.  

In NL the Wildegg Formation thickens to the west. This also imprints to the thickness map of the 
upper confining units.  

The seismic horizon defining the Top Wildegg Formation (154.8_Oxf_300) in ZNO has been 
interpreted considering the variable seismic quality of this stratigraphic level. The amplitude is 
very continuous in the western sector of the AOI but becomes discontinuous towards the east. 
The relatively small thicknesses striking north-south, east of the Benken well are already located 
in an area with clear and continuous reflections.  
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Thickness map of the Opalinus Clay (Enclosures 3-7a – c)  

The Top Opalinus Clay (170.9_Aal_300) in NL is not associated with a marked change in acoustic 
impedance and, consequently, the stratigraphic horizon is in a seismically transparent zone (with 
multiples; see Section 5.2.3 of Nagra 2024b for details). The Top Opalinus Clay (170.9_Aal_300) 
horizon was therefore created using Base Opalinus Clay (174.7_Toa_100) as a reference and an 
isochore map of the Opalinus Clay based on the stratigraphic markers at the wells. Due to the low 
impedance contrast at the Top Opalinus Clay (170.9_Aal_300) this isochoring is a robust solution 
to map Top Opalinus Clay (170.9_Aal_300).  

TRU1 is the borehole with the deepest drilled Opalinus Clay in ZNO and the fastest velocities 
within the Opalinus Clay in this siting region, which is likely an effect of compaction of these 
sediments. The velocity model uses a constant velocity for the Opalinus Clay based on the data 
of the four boreholes. Thus, the thickness in ZNO might slightly be underestimated in the deeper 
(eastern) part of the siting region outside the area of control of the TRU1 borehole.  

Thickness maps of the lower confining units between Base Opalinus Clay and the Keuper 
aquifer (Enclosures 3-8a – c) 

The lower confining units range from Base Opalinus Clay (174.7_Toa_100) to Top Gansingen 
Member (227_Car_100) in JO, to Top Ergolz Member (227_Car_200) in NL and to Top Seebi 
Member (208.5_Nor_100) in ZNO (see Encl. 3-2, Nagra 2024e).  

As outlined above, challenges of interpreting Base Opalinus Clay (174.7_Toa_100) in NL also 
affects the thickness maps of the lower confining units. 

Total thickness map of confining units and host rock (Enclosures 3-9a – c)  

The Enclosures show the total thicknesses of the confining units and host rock.  

Potential additional confining units (Enclosure 3-10) 

In NL, the Keuper aquifer is occurring only locally related to sandstone channels in the Ergolz 
Member (see Section 4.5.3.10 of Nagra 2024e for further information). Consequently, the units 
between to Top Ergolz member (227_Car_200) and Top Muschelkalk Group (237_Lad_400) may 
additionally contribute to the transport barrier. The thickness of this interval in NL is thus shown 
in an additional Enclosure 3-10. 
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4 Mineralogy and petrophysical rock properties 

4.1 Introduction 
Mineralogy, especially the clay-mineral content, exerts fundamental control on diffusion and 
sorption properties, and the self-sealing capacity (Chapter 5 of Nagra 2024e). Besides mineralogy, 
the basic petrophysical rock properties are relevant parameters for a number of geomechanical, 
geochemical, geophysical and transport properties (see e.g. the following chapters in this report, 
Nagra 2024e or Glaus et al. 2024).  

This chapter documents the data and concepts used to determine recommended parameter ranges 
and gives a brief overview of the results in the form of tables and overview figures.  

4.2 Database 
The quantitative mineralogy, porosity and grain density data discussed here stem from multi-
mineral analyses (MultiMin). The MultiMin approach is based on the calculation of a theoretical 
log response from an assumed mineralogical content, porosity and pore water composition and 
the comparison of the results with actual petrophysical log measurement. Parameters are then 
adjusted until the error between theoretical and actual logs are minimised. A more detailed 
description of the MultiMin methodology and results of these analyses for the TBO boreholes 
(Tab. 1-1) and for the older Benken, Weiach and Riniken boreholes is provided in Becker & 
Marnat (2024). However, information from the three older boreholes is not of the same quality 
compared to data from the more recent boreholes due to technical and scientific advances in the 
last decades. Therefore, especially for the characterisation of the siting regions, data from these 
older boreholes has been used in a qualitative way (e.g. to define the abstracted geological units, 
see Chapter 2) but has been excluded from quantitative analyses further described in this chapter.  

4.3 Methodology 
Continuous data of the MultiMin analyses along each borehole was grouped according to the 
depth intervals of the abstracted units described in section 2.3 to determine unit-specific values 
of mineralogy and basic rock properties. The vertical variability of these properties per borehole 
can be determined using geostatistical methods. Here, basic geostatistical values (medians) for 
the main mineralogical content (Clay-minerals, Carbonates and quartz + feldspars; see  
Encl. 4-1a – c) and basic petrophysical rock properties (porosity and density; see Encl. 4-2a – c) 
for the determined units are reported. Outliers are estimated based on the 5 and 95 percentiles and 
excluded. The relevant parameters calculated are reported in sheets 4_1 to 4_3 in Encl. 7-1.  

The upper and lower boundaries of most units were defined based on lithostratigraphic 
observations (see Chapter 2). However, “hard beds” in the upper Dogger (SCD) and possible 
channels in the Keuper (SK) were classified based on conceptual models related to their hydro-
geological or mineralogical properties. This classification is described in more detail in the 
following two sections. 

4.3.1 Differentiation of SCAD and SCD units 
As emphasised in Section 2.3, several calcareous layers (Sandy-Calcareous Dogger, SCD) occur 
within the Sandy-Calcareous-Argillaceous Dogger (SCAD). The vertical extent of the SCAD unit 
in each borehole can be determined based on lithostratigraphic information. To delineate the SCD 
layers intercalated within the SCAD, a cut-off value at a clay-mineral content of 20 wt.% was  
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applied (see Fig. 4-1). Using such a cut-off value also allows for thickness determination of the 
SCD layers on a per borehole basis which was used to estimate the percentage of SCD to the 
combined SCD and SCAD unit thicknesses (see Fig. 4-2). 

The choice for the selection of 20 wt.% as a cut-off value for the clay-mineral content is based on 
two main points: i) it is consistent with observations from hydraulic packer tests indicating much 
stronger scatter of hydraulic conductivity in intervals below that cut-off value (Fig. 5-42 of Nagra 
2024e), and ii) it is consistent with reduced self-sealing potential of faults for intervals with clay-
mineral contents lower than the cut-off value (Section 5.7 and Fig. 5-57 of Nagra 2024e). It is 
also consistent with cut-off values used previously (Section 4.2 of Nagra 2014b). 

 

Fig. 4-1: Example of discrimination of SCAD and SCD units in the borehole MAR1  
The bluish rectangles in the “Unit” track enclose the areas where the clay-mineral content is  
<20 wt.% (red line in the DRY_CLAY track which represents the clay-mineral content 
determined from the MultiMineral interpretation). The MM Mineralogy track displays the 
interpreted main mineral content (SIDER = Siderite, ANHYDR = Anhydrite, DRY_CLAY 
= clay-mineral content). 
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Fig. 4-2: Example of the determination of SK within AK1 in STA2 
Values below 50 wt.% QF-silicates are counted to AK1. Values above 50 wt.% (red line in 
track QF_SILICATES) are counted towards the channels (SK, yellow colors in the “Unit” 
track). The 50 wt.% cut-off is also indicated by the light green square in the QF_SILICATES 
track. The MM Mineralogy track displays the interpreted main mineral content (ANHYDR 
= Anhydrite, DRY_CLAY = clay-mineral content) from the MultiMineral interpretation. 

The proportion of SCD in SCAD for the different siting regions is expressed as a percentage of 
SCD of the combined thickness of SCAD+SCD. In JO, the BOZ2 borehole has only 2 very thin 
layers which represent just 1% of the total thickness while the BOZ1 borehole has 7 layers of 
variable thickness representing 18% of the total. ZNO shows comparable values ranging between 
9% (in MAR1; see Fig. 4-1) and 20% (in TRU1). In NL, using a strict cut-off value of 20 wt.% 
on the clay-mineral content, no sandy-calcareous “hard beds” were identified (i.e. the clay-
mineral content is always above 20 wt.%). However, two samples in the «Murchisonae-Oolith 
Formation» just above the Opalinus Clay in the BAC1 borehole yielded low clay-mineral contents 
of around 10 wt.% only (see Nagra (ed.) 2023a: Table 2-1 in Summary plot). Based on expert 
judgement, the upper bound of the thickness proportion of SCD in SCAD in NL could be up to 
ca. 10%.  

4.3.2 Differentiation of SK and AK1 units 
The same general principle as for the SCAD/SCD was used to determine channels with elevated 
transmissivities (Sandy Keuper, SK) within the Argillaceous Keuper (AK1). Here, a cut-off value 
of 50 wt.% for quartz and feldspars (QF) was used (see Fig. 4-2). This cut-off value is based on 
detailed analyses of hydraulic packer test results notably in the STA2 borehole, in which overlaps 
of test intervals led to the conclusion that a significant increase in transmissivity is associated with 
intervals where QF-silicates are the dominant mineral phase. To distinguish possible channels 
from e.g. over bank deposits, an additional criterion of a minimum thickness (50 cm) was applied 
to assign intervals to SK units. Due to this minimum thickness criterion, no SK units are identified 
in the boreholes of JO. But the minimum thickness criterion may be met between boreholes and 
for this case SK parameter values from NL should be used. 
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4.4 Results 
Sheets 4_1 to 4_3 of Encl. 7-1 give an overview of the data for each borehole and combined per 
siting region. The general nomenclature for units introduced in Chapter 2 is used. As a reminder, 
not all units occur in each borehole of a single siting region. One example is the «Herrenwis Unit» 
(E-CD and W-CD), present in the NL siting region only.  

4.4.1 Mineralogy 
The main mineralogy of clay, carbonates (calcite and dolomite) and silicates (quartz and 
feldspars) are given in the form of boxplots in Encl. 4-1a – c and in the form of tables (5, 50 and 
95 percentiles) for total clay content in Encl. 7-1, sheet 4_1. Other mineralogical content, such as 
salt, anhydrite or minor minerals like pyrite, are not shown here because they generally are rarely 
used to determine geomechanical, geochemical or transport properties. In host rock and confining 
units, the percentage share of these units is generally low. However, in the units below 
(Bänkerjoch-Fm and Muschelkalk Group) a high anhydrite and/or salt content has been 
interpreted/observed in some boreholes. Hence, boxplot means in enclosure 4-1 do not necessarily 
add up to 100% which is especially obvious e.g. in the ANK, AAK and MAK units which show 
considerable amounts of anhydrite. Continuous profiles of mineralogy for all TBO boreholes, 
including salt and anhydrite, are given in the enclosures of Becker & Marnat (2024). 

4.4.2 Basic petrophysical rock properties (grain density, porosity)  
The percentiles (P5, P50 and P95) for both porosity and grain density are given in Encl. 7-1 
in sheets 4_2 (porosity) and 4_3 (grain density) together with overview plots in  
Encl. 4-2a – c. 
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5 Hydrogeological properties and conditions  

5.1 Introduction 
Characterised by very low hydraulic conductivities, the Opalinus Clay and its confining units 
form excellent aquitards in which transport at the formation scale is diffusion dominated. Their 
hydraulic barrier effect is also supported by hydrogeochemical investigations and observed trends 
indicating anomalous pore pressures in long-term monitoring system (Chapter 5.6.5 of Nagra 
2024e). It is responsible for the hydraulic decoupling between the over- and underlying aquifers 
of the Malm, Hauptrogenstein, Keuper and Muschelkalk. 

Advective dispersive transport dominates in these aquifers where groundwater flow is driven by 
topography-controlled lateral hydraulic gradients and comparatively high hydraulic conductivi-
ties. Acting as a hydraulic boundary condition of the aquitard systems, the aquifers exert a strong 
control over the hydraulic heads in the host rock and confining units. 

The hydraulic heads (or pore water pressures) in the Opalinus Clay are relevant for the design of 
the deep geological repository, notably with respect to effective stresses. 

5.2 Database 
The primary datasets to derive recommended parameter bandwidth of the rock mass hydraulic 
conductivities (Sections 5.3.1 and 5.3.2) are (Tab. 5-1): 

• Estimated hydraulic transmissivities and derived hydraulic conductivities from in-situ 
hydraulic packer tests performed in the host rock, confining units, and aquifers in the siting 
regions. The metric to decametric test intervals can cover different lithologies and variable 
degrees of tectonic overprint. 

• Matrix hydraulic conductivities parallel and perpendicular to bedding from laboratory experi-
ments conducted on centimetric to decametric drill-core samples. The testing program mainly 
focused on the Opalinus Clay, and on the Dogger above the Opalinus Clay and Lias units to 
a lesser extent. This dataset consists of several test types (Tab. 5-1) conducted under different 
conditions. 

The mineralogy and porosity of the rock, along with the structural inventory (tectonic overprint) 
in the intervals of the hydraulic packer tests, were also considered to investigate possible 
relationships with the rock hydraulic conductivities. 

The following complementary datasets were used conceptually as independent evidence of low 
hydraulic conductivities in the aquitards (Tab. 5-1): 

• Porewater and groundwater hydrogeochemical investigations 

• Hydraulic head measurements from long-term monitoring systems 

The parameter bandwidth for hydraulic heads and gradients (Sections 5.3.4 and 5.3.5) are 
primarily based on the long-term monitoring systems (LTM) measurements of the Benken bore-
hole and the newly equipped BOZ1, STA3 and MAR1 boreholes. Hydraulic heads derived from 
hydraulic packer test analysis were also considered for the aquifers (Tab. 5-1). Note that the LTM 
of the Benken borehole is particularly relevant as the measurements in the aquitards could take 
decades to recover from drilling activities. Simulation results of the groundwater flow models 
were mainly used as complementary data. 
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Tab. 5-1: List of hydrogeological parameters 
The Dossier numbers refer to the TBO reports listed in Tab. 1-1. 

Property Primary data Complementary data 

Hydraulic 
conductivities and 
transmissivities 

In-situ hydraulic packer tests and fluid 
logging (TBO Dossier VII, Beauheim 
2013) 
Laboratory tests: oedometric and 
constant head tests  
(TBO Dossier IX), and advective 
displacement (TBO Dossier VIII) 

Structural inventory (TBO Dossier V) 
MultiMin data  
(TBO Dossier X), 
Porewater hydrogeochemistry and 
hydraulic heads from long-term 
monitoring  
(TBO Dossier VIII, Nagra 2024e,  
e.g. Longridge et al. 2024) 

Hydraulic heads 
and hydraulic 
gradients  
 

Long term monitoring system (e.g. 
Longridge et al. 2024) and in-situ 
hydraulic packer tests and fluid 
logging (TBO Dossier VII) 

Groundwater flow models (Nagra 2024f, 
Gmünder et al. 2014) 

 

5.3 Conceptual considerations to derive parameters 
Section 5.3.1 provides the rationale for the derivation of the recommended equivalent hydraulic 
conductivities for the rock mass (i.e. the rock matrix and additional tectonic overprint) as 
considered representative in the area of the deep geological repository. The provided values are 
mainly based on the results and conclusions of the Nagra's deep borehole investigations (TBO 
Dossiers listed in Tab. 1-1, Nagra 2024e). 

In Section 5.3.2, transmissivities for faults are formulated based on available data, concepts and 
analogues. These values aim to cover potentially unobserved faults with enhanced transmissivities 
to test the robustness of the system regarding transport (performance assessment). 

The rationale for the derivation of the lateral hydraulic gradients in aquifers, and hydraulic heads 
and vertical gradients respectively in and across the Opalinus Clay is provided in the subsequent 
Sections 5.3.3 and 5.3.4 respectively. 

5.3.1 Hydraulic conductivities of the rock mass parallel to bedding 

5.3.1.1 Representativity of the datasets 
The hydraulic packer tests covered intervals of meters to decameters in length, which is the scale 
of interest for the deep geological repository, e.g. covering the size of future tunnels and 
cumulated with several tests also a significant part of the formation thickness. Furthermore, the 
test intervals cover both intact and fractured or faulted rock intervals, and the derived hydraulic 
conductivities reflect the ones of the rock masses. The hydraulic packer test results therefore do 
not need any scaling and are considered the key data to derive recommended bandwidths of 
hydraulic conductivities for the rock mass. 

In the Dogger and Lias sections, the hydraulic packer test interval lengths covered approximately 
40 to 70% of the total drilled thickness and generally included intervals with tectonic overprint. 
Hence, they provide excellent coverage of the units. The packer test results are therefore 
considered to provide a representative estimation of the formation hydraulic properties in the 
direction parallel to bedding. In the confining units, the tests generally cover various (sub)units 
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that can display contrasting hydraulic conductivities. The presence of slightly conductive frac-
tures (e.g. in clay-poor layers) and/or facies (e.g. quartz and feldspar-rich beds) can dominate the 
test results, taking over on the hydraulic signature of the remaining low permeability units. In 
such a case, a workflow was applied to isolate the hydraulic properties of each (sub)unit covered 
by the hydraulic packer tests (see example for the SCAD & SCD subunits in Section 5.3.1.2). 

In the aquifers, testing efforts were concentrated on the most permeable zones of the formations 
identified by fluid logging (in the Malm), mud losses, and/or structures detected on core and/or 
image logs. This approach gives a representative estimation of the formation transmissivities. 

Assessing the representativity of the datasets laterally is more challenging, especially in low-
permeability units such as Opalinus Clay where the radius of investigation of the hydraulic packer 
tests is limited to <1 m behind the borehole wall (de Marsily 1986). But the following observations 
provide confidence that the measurements can indeed be considered representative also spatially 
(Nagra 2024e): i) small variability of the packer test results between the boreholes, ii) good lateral 
correlation of the sedimentary sub-facies (mineralogy and porosity), iii) small variation of 
hydraulic conductivities in sub-facies as constrained on laboratory measurements, iv) indepen-
dent evidence from porewater investigations and long-term monitoring systems, which are 
consistent with the very low intrinsic hydraulic conductivities of these formations. 

For the Opalinus Clay, a comprehensive laboratory testing programme was done to constrain 
matrix conductivities of the intact rock. The tests covered the observed spectrum of porosity and 
mineralogy of the formation as well as the effective stress range at in-situ conditions. The range 
of measurements is therefore considered representative at the scale of measurement (i.e. centi-
metre to decimetre). Given the larger lithologic variability, this is only partly the case for the other 
units. 

5.3.1.2 Derivation of recommended lateral hydraulic conductivities 
The applied methodology to derive recommended parameter bandwidth of hydraulic con-
ductivities for units defined in Section 2.3 is explained in the following for the OPA unit, and the 
SCAD & SCD subunits. 

OPA unit (Opalinus Clay) 

The hydraulic conductivities in OPA are low and vary within a narrow range (approximately 
1 × 10-14 and 1 × 10-13 m/s), within the spectrum of matrix hydraulic conductivities (approximately  
1 × 10-15 to 1 × 10-12 m/s) as shown in grey on Fig. 5-1a and Fig. 5-1b. This highlights both the 
relative homogeneity of facies and the absence of a relevant impact of the tectonic overprint on 
its hydraulic conductivities. The median of the hydraulic conductivities from the hydraulic packer 
tests is 4 × 10-14 m/s (Fig. 5-1b). The wider distribution of matrix hydraulic conductivity from 
laboratory tests in comparison to the one of the hydraulic packer tests can be explained by: 

• The scale of measurement: hydraulic conductivities of small-scale samples are affected by 
local lithological variations while these effects are averaged in the case of the hydraulic 
packer tests. 

• The heterogeneity of the laboratory dataset: the different test types were performed under 
different conditions (different testing apparatus, confining pressure etc.). 

The estimated transmissivity of the interval 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 is expressed as the product of the hydraulic 
conductivity 𝐾𝐾 and the length of the test interval 𝐿𝐿: 
 

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 = 𝐾𝐾 × 𝐿𝐿  Eq. 5.1 
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As a result of the small variability of the hydraulic conductivities in the Opalinus Clay, a linear 
relationship exists between T and L (Fig. 5-1c). Taking advantage of this, an average hydraulic 
conductivity 𝐾𝐾�𝑂𝑂𝑂𝑂𝑂𝑂 for the dataset can be calculated by the mean of a linear regression of the form 
(Fig. 5-1c): 
 

𝑇𝑇� = 𝐾𝐾�𝑂𝑂𝑂𝑂𝑂𝑂 × 𝐿𝐿  Eq. 5.2 

 

 

Fig. 5-1: Interpretation of the hydraulic dataset from the Opalinus Clay 
a) Results of the in-situ hydraulic packer tests, grouped by siting region. The bar chart shows 
the best estimate and the bandwidth of the derived hydraulic conductivities. The range of 
observed matrix properties (from laboratory tests) is displayed in grey. The box plot on the 
right displays the best estimates of the hydraulic conductivities derived from hydraulic packer 
tests. b) Cross plot of the transmissivities as a function of the length of the test intervals in 
the Opalinus Clay. The displayed dataset includes the results of the TBO boreholes and BEN 
(Nagra 2024e). c) Summary figure showing the box plot of sub-figure (a) in comparison with 
the average hydraulic conductivity derived using linear regression in (b) and recommended 
values (best estimate, upper and lower bounds) for the rock mass of the Opalinus Clay. 
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An average hydraulic conductivity of 4.4 × 10-14 m/s, representing the slope of the regression line 
(Fig. 5-1c), is inferred. The low associated p-values (<0.01) suggest that the latter value is 
statistically significant. 

Based on these results, the best estimate of the expected hydraulic conductivity is set to 
5 × 10-14 m/s (Fig. 5-1d). 

While the lower bound of hydraulic conductivity is set to 1 × 10-14 m/s, the bandwidths of a few 
hydraulic packer tests extend further lower. In comparison, values below 1 × 10-14 m/s are rare in 
the drill-core sample dataset and are unlikely when equivalent hydraulic properties are inferred to 
the metric to decametric scale using laboratory measurements. The lower bound was thus set to 
1 × 10-14 m/s (Fig. 5-1d). 

The upper bound was fixed to 5 × 10-13 m/s (Fig. 5-1d) to fully cover the range of hydraulic 
conductivities measured from the hydraulic packer tests and inferred equivalent hydraulic 
conductivities at the metric to decametric scale (i.e. the scale of the hydraulic packer tests) using 
matrix hydraulic conductivities from drill-core samples. For comparison purpose, a hydraulic 
conductivity of 4 × 10-13 m/s was derived for a 30 m test interval at the base of the Opalinus Clay 
of the Schafisheim borehole, which includes an approximately 20 m thick zone of strongly 
deformed Opalinus Clay (not observed in the siting regions). 

SCAD & SCD units (Passwang Formation, «Murchisonae-Oolith Formation» to 
«Humphriesioolith Formation») 

As emphasised in Sections 2.3 and 4.3.1, the Sandy-Calcareous-Argillaceous Dogger (SCAD) is 
intercalated with the Sandy-Calcareous Dogger (SCD). A cut-off clay-mineral content value of 
20 wt.% was used to discriminate the SCD layers. 

The hydraulic conductivities measured in the stack of the SCAD & SCD units are generally low 
(Fig. 5-2a and Fig. 5-2b) but vary within a larger spectrum compared to the Opalinus Clay 
(2 × 10-14 and 2 × 10-12 m/s, median of 2 × 10-13 m/s; Fig. 5-2a). The highest values fall outside of 
the range of matrix hydraulic conductivities (Fig. 5-2a and Fig. 5-2b) derived from the limited 
dataset. 

While in the Opalinus Clay the test interval length is generally constrained within the bounds of 
the formation, test intervals performed in the SCAD & SCD units generally cover both subunits 
(Encl. 5-1a, 5-1b and 5-1c), and sometimes overlap with adjacent units. The challenge thus relies 
in the isolation of the hydraulic conductivities of the subunits. 

A representative range of hydraulic properties was derived for each packer test, following steps 
1 and 2 described hereafter. 

1) First estimate of range of KSCAD and KSCD 

As a first step, the range of hydraulic conductivities derived from the test intervals with clay 
content >20 wt.%, that is without any SCD layers (according to the 20 wt.% cut off), was assumed 
representative for the SCAD unit. This range of value was then used to estimate a range of 
hydraulic conductivities for the clay-poor layers of the SCD units (Fig. 5-2b) assuming that: 
 

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 = 𝐾𝐾𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑑𝑑𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 + 𝐾𝐾𝑆𝑆𝑆𝑆𝑆𝑆𝑑𝑑𝑆𝑆𝑆𝑆𝑆𝑆  Eq. 5.3 

 

Where 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 is the test interval transmissivity, 𝐾𝐾𝑖𝑖 is the hydraulic conductivity of unit 𝑖𝑖, and 𝑑𝑑𝑖𝑖 is 
the thickness of unit 𝑖𝑖 accommodated within the test interval. 
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2) Refined range of 𝑲𝑲𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺 and 𝑲𝑲𝑺𝑺𝑺𝑺𝑺𝑺 

Hydraulic packer test results do indicate an E-W trend (JO to ZNO siting region) with increasing 
hydraulic conductivity values (Fig. 5-2a). The above considerations, with different bounds for 
𝐾𝐾𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 and 𝐾𝐾𝑆𝑆𝑆𝑆𝑆𝑆 were therefore complemented with a refined analysis on the influence of 
mineralogy and porosity. A negative correlation was found between the carbonate content in the 
test intervals (median of the carbonates content constrained from MultiMin, Fig. 5-2c) and the 
hydraulic conductivities from the hydraulic packer tests. 

Taking advantage of this correlation, and considering a layer system composed of layers A and 
B, a linear system of equation of the following form was built: 
 

𝑑𝑑 ∙ 𝐾𝐾 = 𝑇𝑇 = �

𝑑𝑑𝐴𝐴1 𝑑𝑑𝐵𝐵1
𝑑𝑑𝐴𝐴2
⋮

𝑑𝑑𝐴𝐴𝐴𝐴

𝑑𝑑𝐵𝐵2
⋮

𝑑𝑑𝐵𝐵𝐵𝐵

� ∙ �𝐾𝐾𝐴𝐴𝐾𝐾𝐵𝐵
� = �

𝑇𝑇1
𝑇𝑇2
⋮
𝑇𝑇𝑁𝑁

�  Eq. 5.5 

 

Where the subscripts A and B refer to layers based on a cut-off value of carbonate content to be 
defined, 𝐾𝐾𝐴𝐴 and 𝐾𝐾𝐵𝐵 are the hydraulic conductivities of layers A and B, while 𝑑𝑑𝐴𝐴𝐴𝐴 and 𝑑𝑑𝐵𝐵𝐵𝐵 are the 
total thickness of the layers A and B in the test interval 𝑖𝑖. 

Solving this inhomogeneous linear system of equation for 𝐾𝐾𝐴𝐴 and 𝐾𝐾𝐵𝐵 sequentially using different 
cut-off values of carbonates content leads to a best cut-off of 22 wt.% (Fig. 5-2d), characterised 
by the lowest associated error (i.e. means squared error between simulated and observed 
transmissivities). 

Two average hydraulic conductivities (i.e. one for the layer A with a carbonates content  
<22 wt.% and one for the layer B with a carbonates content ≥ 22%) are derived along each 
borehole. The equivalent 𝐾𝐾𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 and 𝐾𝐾𝑆𝑆𝑆𝑆𝑆𝑆 are then calculated from the distribution of SCAD and 
SCD layers (Fig. 5-2e). 

The two approaches outlined above are then used in combination to specify bounds for 𝐾𝐾𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 and 
𝐾𝐾𝑆𝑆𝑆𝑆𝑆𝑆 (Fig. 5-2f). This analysis underlines that: 

• The SCD layers show the widest range of hydraulic conductivities, that is between 1 × 10-14 
and 5 × 10-11 m/s. While low hydraulic conductivities are typical for the carbonate-rich “hard 
beds”, the highest values are expected in quartz and feldspar-rich layers. The lowest hydraulic 
conductivities reflect the average hydraulic conductivities encountered in the carbonate-rich 
SCD layers. 

• The SCAD layers display an intermediate range of hydraulic conductivities between 1 × 10-14 
and 5 × 10-13 m/s. The lowest hydraulic conductivities reflect the average hydraulic conduc-
tivities encountered in the carbonate-rich SCAD layers. 

The recommended hydraulic conductivities of the SCAD unit were set as follows (Fig. 5-2g): 

• A best estimate of 1 × 10-13 m/s is set based on the refined statistical analysis described above 
in the text as well as on the results obtained for other clay-rich units. 

• The upper bound is set to 1 × 10-12 m/s based on the highest average hydraulic conductivity 
derived from the refined statistical analysis described above. 

• The lower bound is set to 1 × 10-14 m/s in analogy to the well-constrained dataset of the 
Opalinus Clay. 
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The recommended hydraulic conductivities for the SCD unit are defined based on the following 
considerations (Fig. 5-2g): 

• The best estimate was set to the low value of 5 × 10-14 m/s based on the results of the refined 
statistical analysis. It reflects the dominance of carbonate-rich “hard beds” in the SCD unit in 
the deep boreholes based on the MultiMin dataset. 

• The brittle behaviour of the SCD unit “hard beds” is likely to enhance their bulk hydraulic 
conductivities. The presence of hypothetical fracture networks was thus accounted for in the 
definition of the upper bound. To do this, the SCD dataset was extended to include hydraulic 
packer test results acquired in fractured sections of the analogue CL unit (i.e. thin limestone 
bed of the Lias). The upper bound (5 × 10-10 m/s) was constrained according to the highest 
transmissivity measured in association with a subvertical joint in the CL unit of the BAC1 
borehole. 

• The lower bound (1 × 10-14 m/s) reflects low hydraulic properties of the intact rock, which is 
the same as for Opalinus Clay. 

Remaining units 

The table in Encl. 5-2 provides a short description of the methodology adopted for the derivation 
of the best estimate, upper bound and lower bound of the hydraulic conductivities of the remaining 
units. Some general observations are provided below: 

• The amount of data tends to decrease away from the Opalinus Clay (Encl. 5-1a to 5-1c) 
reflecting their relevance as a geological barrier. 

• The bandwidths of the recommended rock mass hydraulic conductivities tend to increase 
away from the Opalinus Clay in order to reflect (1) the uncertainty carried out by the amount 
of available data per unit, and (2) the scatter of hydraulic conductivities due to the general 
decreasing clay-mineral contents (Nagra 2024e). 

• The parametrisation of units with limited datasets mainly relies on the datasets and 
recommended parameters of analogue units (with similar basic properties). 

Additional comments for selected units are provided in Encl. 5-2. 
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Fig. 5-2: For figure caption see opposite side 
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Fig. 5-2: Interpretation of the SCAD & SCD hydraulic dataset 
(a) Results of the hydraulic packer tests, grouped by siting region. The range of observed 
matrix hydraulic conductivities properties (from laboratory tests) is displayed in grey. (analo-
gous to Fig. 5-1a) (b) Estimated 𝐾𝐾𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆  and 𝐾𝐾𝑆𝑆𝑆𝑆𝑆𝑆 (step 1; example test MAR1-BDO1) 
(c) Negative correlation of hydraulic conductivities with median carbonate content of the test 
intervals. (d) Profile of carbonate content and cut-off value (22 wt.%) to distinguish layers A 
and B (example: test interval MAR1-BDO1). (e) Derived hydraulic conductivities for the 
layers A and B (on the left) and for the SCAD and SCD layers (on the right). (f) Derived 
ranges of formation hydraulic conductivities of the SCAD and SCD from the hydraulic 
packer test analysis (steps 1 and 2 in the text). (g) Summary figure showing the box plot of 
sub-figure (a) in comparison with the maximal range of hydraulic conductivities derived from 
the hydraulic packer test analysis (steps 1 and 2 in the text) (c) and recommended values (best 
estimate, upper and lower bounds) for the rock mass of SCAD and SCD subunits. 

 

5.3.2 Anisotropy coefficient 
Overall, drill-core samples from the Opalinus Clay tested parallel and perpendicular to bedding 
do not show any visible systematic anisotropy of their hydraulic conductivities (Fig. 5-3). 

 

Fig. 5-3: Hydraulic conductivities of Opalinus Clay constrained by oedometric tests 
The plot shows the range of hydraulic conductivities for each individual tests. Applied 
effective stress ranges from 2 to 20 MPa. 

 

The Opalinus Clay displays a layering whether at the formation scale (i.e. the different subunits) 
or at the macroscopic scale (i.e. bedding). It follows that the variability of its hydraulic properties 
is expected to be more pronounced perpendicular to the bedding than parallel to it. This results in 
an anisotropy of its hydraulic properties with the maximal hydraulic conductivity being parallel 
to the bedding. 

This was quantitatively investigated using a synthetic layered model such as the one illustrated 
on Fig. 5-4. 
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Fig. 5-4: Large-scale anisotropy of a layered geological system consisting of isotropic layers 
with different hydraulic conductivities (conceptual sketch) 

 

 

In such a simplified layered system, the equivalent hydraulic conductivities parallel and perpen-
dicular to bedding are respectively quantified in terms of the arithmetic and harmonic means 
(weighted with the thicknesses of the layers) of the hydraulic conductivities (e.g. Freeze & Cherry 
1979 Freeze & Cherry 1979). Here, such a large-scale anisotropy is quantified using Eq. 5.6: 
 

𝑎𝑎𝐾𝐾 = 𝐾𝐾𝑥𝑥
𝐾𝐾𝑧𝑧

= 1
𝑑𝑑2
∑ 𝐾𝐾𝑖𝑖𝑑𝑑𝑖𝑖𝑛𝑛
𝑖𝑖=1 ∑ 𝑑𝑑𝑖𝑖

𝐾𝐾𝑖𝑖
𝑛𝑛
𝑖𝑖=1   Eq. 5.6 

 

Randomly populating the layered model with hydraulic conductivities sampled from matrix 
hydraulic conductivity distributions (i.e. from drill-core samples) resulted in a best estimate of 
the anisotropy coefficient of 5 and an upper bound of 10 for the Opalinus Clay. The same exercise 
repeated using the hydraulic conductivities of the hydraulic packer tests, resulted in an anisotropy 
coefficient lower than 5. The lower bound was set to 1 and reflects isotropic conditions. 

The derived values are considered valid from the tunnel scale to the total thickness of the Opalinus 
Clay. 

The above-mentioned best estimate and bandwidth were further considered for the other clay-
mineral-rich units (i.e. SCAD, AL, NL-ARD, AD, AK1 to AK3, JO-AK2/3). 

Due to their strong vertical heterogeneity, an anisotropy coefficient ranging from 1 to 10 is recom-
mended for the MM, MM1 and MM2 units, consistent with previous values (Appendix A6 of 
Nagra (2010) and Section 4.7.3.2 of Nagra (2014b)). No evidence regarding anisotropy was found 
for the remaining units. They were thus considered as isotropic. 

5.3.3 Transmissivities of faults 
The intervals targeted as part of the hydraulic packer test program typically include zones with 
tectonic overprint along the boreholes. The faults covered in the in-situ tests typically range from 
micro faults to small-scale faults in scale. Given the strong heterogeneity of fault architecture in 
clay-limestone successions (e.g. Childs et al. 2009, Nagra 2024e), bracketing fault trans-
missivities cannot only rely on field measurements but should be complemented by concepts and 
analogues. 
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Fault transmissivities were thus derived in addition to rock mass hydraulic conductivities  
(Section 5.3.1) to cover hypothetical and unobserved faults with enhanced hydraulic trans-
missivities. These values aim to be used to evaluate the deviations from the observations to test 
the robustness of the barrier system regarding transport in the stack of units (performance 
assessment). 

In Encl. 5-1 a reference value and an upper bound of the expected transmissivities are provided 
per unit. A lower bound is not provided as hydraulic properties of faults with low or moderate 
transmissivities are covered in the recommended rock mass hydraulic conductivities  
(Section 5.3.1). A comparison between transmissivities from the hydraulic packer tests and the 
best estimate and upper bound of fault transmissivities is provided in Fig. 5-5 to guide through 
the conceptual approaches applied below. 

Based on the experience gained in deep boreholes in the siting regions, the importance of the 
tectonic overprint on the rock hydraulic conductivities increases with a decreasing clay content 
(Nagra 2024e). This can be explained by more robust self-sealing of faults but also lower fault 
rock matrix conductivity (e.g. for siliciclastic rocks: Jolley et al. 2007) with elevated clay-mineral 
content. But transmissivities of thin clay-mineral poor intervals seem to be less affected by the 
tectonic overprint compared to the massive carbonate-rich formations. 

 

Fig. 5-5: Comparison of unit-specific transmissivities derived from hydraulic packer tests and 
recommended values for faults 
Grey circles represent packer test data acquired in the TBO boreholes, and additionally from 
the older boreholes BEN, WEI and RIN. Red circles show data from the Schafisheim (OPA 
unit) and Schlattingen (SCAD & SCD units) boreholes outside the siting regions. For the 
SCAD & SCD and AL & CL units, the same respective hydraulic packer test dataset is plotted 
(packer tests cover both units). Coloured boxes represent recommended bandwidth for the 
reference value and upper bound fault transmissivities in the respective units. The horizontal 
lines highlight the different categories of units resulting from the application of criteria 1 and 
2 (refer to the text below). 1: Dolostone units (thickness >8m), 2: Limestone units (thickness 
>8 m; include the SK unit), 3: “hard bed” units (thickness <8 m), 4: marly units (including 
the SCAD unit), 5: clay-rich and anhydrite-rich units. 
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While fault bulk hydraulic properties depend on a wide variety of parameters and processes (e.g. 
Fisher & Knipe 1998, Fisher et al. 2018) a simple and conservative approach was adopted to 
bracket fault transmissivities. The following criteria were applied: 

1. Clay-mineral content: Three groups: (1) smaller than 20 wt.%, (2) between 20 and 40 wt.%, 
and (3) greater than 40 wt.%. Groups (1) and (2): further subdivision by lithology were 
selectively considered (Nagra 2024e). 

2. Geometry: in the Mesozoic stack, clay-mineral poor units occur as massive carbonate-rich 
units, but also as thin “hard beds”. Based on packer test results, thin “hard beds” are less prone 
to enhanced transmissivities than the massive formation leading to less deformation (Nagra 
2024e). 

Following criteria 1, fault transmissivities were firstly derived for the two endmembers, i.e. units 
with clay-mineral contents <20 wt.% and units with >40 wt.%. Intermediate transmissivities were 
then assumed for the units with moderate clay contents. 

Faults in rocks with clay-mineral contents <20 wt.% 

Massive brittle formations of the Malm, Hauptrogenstein and Muschelkalk can exhibit overall 
high transmissivities in fractured intervals (>10-5 m2/s; Fig. 4-86 of Nagra 2024e). Observed 
values tend to be even higher in the dolomitic aquifers (up to 1 × 10-4 m2/s), likely due to a 
combination of tectonic overprint and the generation of macro-porosity due to dolomitisation. 
Faults in limestones typically contain a damage zone and a fault core that may become cemented, 
dolomitised or even karstified. They can act as a barrier to flow across the fault but as a conduit 
along the fault (Bauer et al. 2016). In comparison, fault in dolostones can typically display wide 
pulverised damage zones and act as a conduit. 

Pesendorfer & Loew (2010) present the detailed analysis of hydraulic packer tests performed in 
a fractured and karstified limestones in the Lötschberg Base Tunnel (Switzerland). Measured 
transmissivities range from approximately 10-6 to10-4 m2/s, the highest values being observed in 
karstified intervals. For comparison, transmissive intervals in the Malm aquifers of the NL and 
ZNO siting regions range from 10-7 to 10-5 m2/s. 

In the siting regions, karst voids in the Malm aquifer in ZNO and NL are filled with low-
permeability sediments, and in JO no karst features were observed in the Hauptrogenstein aquifer. 
Therefore, the reference value and upper bound of the fault transmissivities in those units were 
set to 1 × 10-6 and 1 × 10-5 m2/s. The same transmissivities were assigned to the faults of the unit 
E/W-CD («Herrenwis Unit») as it consists of a thick clay-poor unit (approximately 40 m in the 
STA3 and BUL1 boreholes). Note that these values are not reflected in the hydraulic packer test 
results, which shows transmissivities <10-10 m2/s (and in exceptional cases <10-8 m2/s; see 
Dossiers VII of reports listed in Tab. 1-1). 

Higher values (i.e. one order of magnitude) were considered for the dolomitic units of the 
Muschelkalk aquifer, and Keuper aquifer in the case of JO and ZNO (i.e. JO-DK and ZNO-DSK). 

Lower transmissivities (i.e. one order of magnitude lower than the Malm aquifer unit) were 
considered for the thinner hard bed units but regionally present CM-Gerstenhübel Bed (NL siting 
region), CL, NL-DK1 and NL-DK2 following the criteria 2. While the considered values are 
higher than the ones of the hydraulic packer tests (Fig. 5-5), faulted carbonate-rich “hard beds” 
can display enhanced transmissivities as supported by the hydraulic packer test results in the 
Gerstenhübel Bed (Wildegg Formation) in the Olten area (Nagra 2014b) and interpreted mud-
losses in the Lias of the Siblingen borehole (Nagra 1992). 
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The “hard beds” of the SCD unit, which are laterally more variable (Section 4.2.7.2 of Nagra 
2024e) were assigned lower transmissivities (i.e. one order of magnitude) than their Lias and 
Keuper counterparts. Note that the transmissivities of the “hard beds” (SCD) described above are 
higher than the transmissivity of the hydraulic packer test performed in the Wedelsandstein 
Formation of the Schlattingen borehole (1 × 10-9 m2/s) (Fig. 5-5). 

Faults in rocks with clay-mineral contents >40 wt.% 

In OPA and over-/underlying clay-mineral-rich units (e.g. CAD, AL), the high self-sealing 
potential and stronger segmentation of faulting hinders strong enhancement of fault transmissivity 
(Nagra 2024e). 

The reference fault transmissivity of the Opalinus Clay (1 × 10-12 m2/s) reflects typical values 
from packer tests assuming that one single fault controls the transmissivity per test interval 
(Fig. 5-40 of Nagra 2024e). The upper bound (1 × 10-10 m2/s) is based on test results from the 
Schafisheim borehole and the Mont Terri underground laboratory, and conceptually from 
comparison with fault gouge analogues (a detailed discussion on fault transmissivity and self-
sealing in the Opalinus Clay is provided in Chapter 5 of Nagra (2024e): 

• The Schafisheim borehole and Mont Terri underground laboratory are both located in much 
more strongly deformed areas than the location of boreholes in the siting regions. The packer 
tests in the Schafisheim borehole yielded the highest transmissivity (1 × 10-11 m2/s) ever 
measured in the Opalinus Clay in boreholes at greater depth in Northern Switzerland. The test 
interval covered an approximately 15 m thick, strongly tectonised interval in the Opalinus 
Clay south of the Jura Main Thrust. No such faults are observed in the siting regions (Nagra 
2023a, 2023b, 2023c).  

• Fault slip experiments on the Main Fault at Mont Terri have yielded transmissivities of 
approximately 1 × 10-10 to 1 × 10-9 m2/s in the recovery period (several months after 
stimulation), with a trend to further reduction. Effective stress in the siting regions is higher 
than at the Main Fault (2024j), and this enhances self-sealing and reduction of transmissivity 
(Section 5.7 of Nagra (2024e)). 

• Generation of fault gouge or swelling in the vicinity of faults can locally enhance porosity 
compared to the undisturbed rock. But experiments with crushed and re-compressed 
(remoulded) Opalinus Clay indicate equivalent transmissivities <1 × 10-11 m2/s even for a  
1-m thick gouge zone with a porosity of 30 to 40 vol.-% (Fig.5-49 of Nagra (2024e)). 

Due to the limited dataset (one hydraulic packer test available in the Benken borehole), the same 
set of parameters were attributed to the anhydrite-rich units of the Keuper (AAK, MAK and 
DAK). This is motivated by the swelling capacity carried by the transformation of the anhydrite 
into gypsum that is expected to prevent the formation of conductive brittle structures. 

Faults in rocks with clay-mineral contents between 20 and 40 wt.% 

Fault transmissivities in the SCAD unit were estimated based on the dataset of fault rock permea-
bilities presented by Jolley et al. (2007). Considering hydraulic conductivities up to 10-9 m/s and 
a thickness of the fault rock of 10 cm (Section 4.7.2 of Nagra 2014b), a best estimate of 10-10 m2/s 
is calculated. The upper bound is set one order of magnitude higher. 

Due to the lack of specific data, the marly units MM, MM1 and MM2 were parametrised equally. 

The SK unit (Sandy Keuper) is characterised by a high quartz and feldspar content. Fault trans-
missivity could be enhanced, and therefore the upper bound was chosen identical (1 × 10-5 m2/s) 
as in the carbonate-rich aquifers (e.g. Malm aquifer). 
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5.3.4 Lateral hydraulic gradients in aquifers 
Lateral hydraulic gradients in the aquifer units of the Malm, Hauptrogenstein, Keuper (JO-DK, 
ZNO-DSK and SK units), and Muschelkalk were derived from site-specific borehole hydraulic 
head data (Tab. 5-1, Encl. 7-1), or based solely on the simulated potentiometry of aquifers from 
available stationary groundwater flow models (e.g. Nagra 2024f, Gmünder et al. 2014) in the case 
of a lack of field data (e.g. Hauptrogenstein aquifer). 

The results of alternative cases from older models (Gmünder et al. 2014) were considered to fix 
the upper and lower bounds. A factor of 2 to 5 typically separates the bounds and the best estimate. 
Information regarding the regional groundwater flow patterns of the considered aquifers (e.g. the 
locations of the infiltration and exfiltration areas) is provided in Section 4.5.4 of Nagra (2024e). 

Malm aquifer 

For the NL and ZNO siting regions, the best estimate is set equally to 1 × 10-2 m/m. While the 
lateral gradient is oriented towards the west/northwest in ZNO (i.e. discharge area located along 
the Rhine River in the Rhine Falls and Rheinau areas), groundwater flow in NL is oriented 
approximately towards the north (i.e. exfiltration zones in the Rhine Valley in the region of 
Kaiserstuhl – Hohentengen). 

Hauptrogenstein aquifer 

Due to lack of field data, lateral hydraulic gradients in the Hauptrogenstein aquifer were estimated 
based on the results of the various available groundwater flow models (best estimate: 
5 × 10-2 m/m). The recharge mainly occurs on the topographic high north of the JO siting region 
where the Hauptrogenstein is outcropping. The potential discharge areas are located along the 
Aare River to the east, assuming that the transmissive facies reach the lower Aare Valley, and in 
the Sissle Valley to the west. 

Keuper aquifer: JO-DK, ZNO-DSK and SK 

In the ZNO siting region, the best estimate of the lateral gradient is set to 5 × 10-2 m/m. The 
groundwater flow is approximately directed towards the south/southeast. 

In the NL siting region, a lateral hydraulic gradient of 5 × 10-2 m/m, oriented southward was 
inferred based on borehole data. 

A best estimate of 1 × 10-3 m/m is calculated for the JO siting region. While the recharge occurs 
along the outcrops north of the site, potential discharge areas are located along the Aare River to 
the east and in the Sissle Valley to the west. The groundwater flow direction in the JO siting 
region likely depends on the extension of the transmissive facies of the Keuper aquifer towards 
the east. 

Muschelkalk aquifer 

A lateral gradient of 1 × 10-3 m/m is derived for the NL siting region. The groundwater flow is 
oriented towards the west, that is toward the discharge area at the convergence of the Rhine and 
Aare Rivers. 

A higher lateral gradient of 1 × 10-2 m/m was inferred for the ZNO siting region. The groundwater 
flow is oriented towards the southwest. 

In the JO siting region, the best estimate of 5 × 10-3 m/m is between the values of NL and ZNO, 
and groundwater flow is developing towards the east (i.e. towards the exfiltration zones located 
in the Klingnau Lake area). Another groundwater flow system exists in the western part of JO, 
with flow directed towards the Sissle River. 
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5.3.5 Hydraulic heads and vertical gradients in the Opalinus Clay 
Hydraulic heads in the Opalinus Clay and vertical gradients across this unit can be described 
under steady state conditions as well as under transient conditions (i.e. based on the LTM 
observations). 

An example for short-term transient processes is the disturbance of the formation due to the 
drilling and testing activities days or weeks after drilling (Section 5.6.5 of Nagra 2024e). Due to 
the low hydraulic diffusivity of the Opalinus Clay, transient processes can also persist over much 
longer time periods. The measured hydraulic heads in Opalinus Clay in long-term monitoring 
(LTM) systems indicates underpressures (with respect to hydrostatic) and may be interpreted to 
reflect a response to unloading from exhumation or glacial cycles over several thousand years 
(Section 5.6.5 of Nagra 2024e). 

The aquifers located above and below the host rock and confining units act as the hydraulic 
boundary conditions of the aquitard system. They exert a strong control on the steady-state profile 
of hydraulic heads in these low permeable units toward which the transient hydraulic heads are 
continuously evolving. 

In the following, it is discussed how the measured underpressures can be considered as lower 
bound (Section 5.3.5.1), and extrapolation of the steady-state conditions across the bounding 
aquifers as upper bound in Opalinus Clay (Section 5.3.5.2). 

5.3.5.1 Lower bound  
(defined based on transient conditions) 

The LTM in Benken represents the most developed hydraulic head profile compared to the newly 
equipped boreholes (Nagra 2024e) as it has been in operation since July 2009. It is therefore 
considered the most reliable dataset for the estimation of the formation hydraulic head. Note that 
a trend to anomalous underpressure is also visible in the newly installed LTMs (Nagra 2024e). 

Hydraulic head 

In ZNO, the lower bound (330 m a.s.l.) is based on the lowest hydraulic head measured in the 
Opalinus Clay of the Benken borehole, that is about 70 m lower than the altitude of the ground 
surface. Such a magnitude of underpressure may be related to unloading from erosion and glacial 
cycles in the Quaternary (Section 5.6.5 of Nagra 2024e). 

Since the NL siting region experienced a similar recent geologic history as ZNO (Chapter 6 of 
Nagra 2024eNagra), the same lower bound (330 m a.s.l) was chosen also for the NL siting region. 
This value is higher than the hydraulic head measured in the long-term monitoring interval in the 
«Herrenwis Unit» of the STA3 borehole. The latter value was not used for the definition of the 
lower bound for the following reasons: 

• The hydraulic head measured in the STA3 intervals in the Opalinus Clay and the overlying 
Wedelsandstein Formation (i.e. between the Opalinus Clay and the «Herrenwis Unit») are  
>330 m a.s.l. (status 1.5.2024). 

• The measurement intervals in the Opalinus Clay of the STA3 borehole show a time evolution 
of the hydraulic head that is consistent with the ones observed in the measurement systems 
of BEN and MAR1. 
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In the JO siting region, the hydrogeological system is interpreted to be strongly influenced by 
topography of the Bözberg plateau. The altitude of the ground surface is therefore not considered 
as a good proxy for hydrostatic conditions. Instead, the well-defined hydraulic heads measured in 
the Muschelkalk aquifer in the boreholes of the JO siting regions (i.e. 383 to 396 m a.s.l.) were 
used as a reference for the determination of the lower bound. A value of 300 m a.s.l., which is 
approximately 80 to 100 m below the reference hydraulic heads, was chosen. 

Vertical hydraulic gradient 

The vertical hydraulic head distribution from the LTM of the BEN borehole in the ZNO siting 
region shows that the vertical hydraulic gradients are oriented towards the Opalinus Clay  
(Fig. 5-6). It follows that the net vertical flux across the Opalinus Clay is null. This was 
conceptually quantified as a net 0 vertical hydraulic gradient. 

This concept was further considered for the other siting regions (JO and NL) since a trend to 
underpressure is also observed in the Opalinus Clay in the newly installed systems (Section 5.6.5 
of Nagra 2024e). 

5.3.5.2 Upper bound  
(defined based on steady-state conditions in bounding aquifers) 

Large-scale hydraulic head differences between the aquifers above and below the host rock define 
the steady state hydraulic head profile towards which the aquitard system is continuously 
evolving. The resulting vertical hydraulic gradients in the host rock and confining units give 
information on the transport dynamics in the aquitard system under steady state hydraulic 
conditions. 

Hydraulic head 

The applied methodology involves the estimation of a representative steady state hydraulic head 
in the host rock by linearly interpolating the hydraulic head between adjacent aquifers using 
borehole data. The highest interpolated value was used to set the upper bound if artesian 
conditions prevail. Otherwise, the upper bound was set to a representative topographic elevation 
(i.e. altitude of the ground surface). 

Following this approach, an upper bound of 440 m a.s.l. was considered for the ZNO siting region 
as a result of the artesian conditions occurring in the Keuper aquifer of the Benken borehole  
(Fig. 5-6). The upper bound of the hydraulic head in the NL siting region was set to a represen-
tative topographic elevation of 410 m a.s.l. since all aquifers display non artesian conditions. 

In the JO siting region, the determination of a representative topographic elevation is not evident 
due to the hilly topographic situation. The upper bound (460 m a.s.l.) is thus defined based on the 
maximal steady state hydraulic heads in the host rock inferred using TBO and LTM data. 

Vertical hydraulic gradients 

Stationary vertical hydraulic gradients across the Opalinus Clay are estimated for each siting 
region by calculating the large-scale steady state vertical hydraulic gradients between adjacent 
aquifers (i.e. the difference in hydraulic head divided by the distance between the considered 
aquifers) using borehole data. The values are supplemented by the stationary hydraulic gradients 
calculated from the various available stationary groundwater flow models. The upper bounds 
provided in Encl. 7 consist of absolute magnitudes of the stationary vertical hydraulic gradients. 
Indication on their direction is given in the text below. 
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The steady state vertical hydraulic gradients across the Opalinus Clay are oriented upward in the 
ZNO siting region because of the high hydraulic heads of the Keuper aquifer (i.e. Benken 
borehole), and the comparatively lower hydraulic heads in the Malm aquifer that are strongly 
controlled by the outcrops along nearby Rhine River. A value of 0.5 m/m was chosen as an upper 
bound based on the different datasets. 

In the JO siting region, the recharge of the Hauptrogenstein aquifer through outcrops along the 
northern border of the siting region leads to high hydraulic heads in this aquifer. This translates 
into the dominance of downward hydraulic gradients. Due to the topographic and outcrop situa-
tions, a stationary vertical hydraulic gradient of 1 m/m was used for the upper bound. 

 

Fig. 5-6: Hydraulic head measurements and recommended bounds in the BEN borehole 
Circles in colour reflect data points from the long-term monitoring system (LTM; status 
01.05.2024). Results from the packer tests (grey triangles) are only shown for the aquifers to 
highlight good match between short-term and long-term measurements of the LTM. DAO: 
Dogger Group above Opalinus Clay. 

 

The NL siting region shows a more complex situation that mainly reflects the local dynamic of 
the Malm aquifer and the intermittent presence of the Keuper aquifer. Downard hydraulic 
gradients prevail in the southern part of the siting region reflecting notably the recharge of the 
aquifer occurring north of the Jura Main Overthrust. Stationary hydraulic gradients are oriented 
upward in the northern part of the siting region. A representative stationary vertical hydraulic 
gradient of 0.5 (valid in both vertical directions) is inferred based on the considered datasets. 
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6 Geomechanical properties  

6.1 Introduction 
Geomechanical properties and the effective stress magnitudes control the deformation behaviour 
of the rock mass. For a deep geological repository, this is of relevance for the following aspects:  

• Long-term stability and repository layout (acceptable thermally-induced-fluid or gas 
pressures in the Opalinus Clay) 

• Construction of access and underground structures (Opalinus Clay and overlying formations) 

A detailed evaluation of the site-specific stress field, including estimates of depth-dependent 
stress magnitudes in Opalinus Clay and in overlying formations along potential access structures 
is provided in Nagra (2024j). 

Key geomechanical properties relevant for engineering design and construction planning have 
been summarised in the Bautechnische Dossiers (Nagra 2023a, 2023b, 2023c).  

This chapter provides additional conceptual considerations relevant for the derivation of the 
recommended geomechanical properties and provides unit-specific parameter bandwiths. 

6.2 Database  
The geomechanical parameter groups including data sources are listed in Tab. 6-1. 

 

Tab. 6-1: List of geomechanical parameter groups and respective data sources.  
The Dossier numbers refer to the TBO reports listed in Tab. 1-1. *Only for BOZ1, BOZ2, 
STA2 and STA3 boreholes. 

Parameter group Primary data Complementary data 

Geomechanical 
properties of 
Opalinus Clay 

Laboratory tests (TBO Dossier IX, 
Crisci et al. 2024b 
Pressuremeter tests in situ (TBO 
Dossier VI*, Elkhoury et al. 2022, 
Elkhoury et al. 2024) 

Geophysical logs (TBO Dossier VI) 
MultiMin (Becker & Marnat 2024) 
Isotropic compression tests (Braun et al. 
2025) 
Comparison of laboratory tests and 
pressuremeter tests at Mont Terri URL 
(Liu et al. 2022) 

Geomechanical 
properties of other 
formations 

Laboratory tests  
(TBO Dossier IX)  

Geophysical logs (TBO Dossier VI) 
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6.3 Conceptual considerations to derive parameter bandwidths 

6.3.1 Geomechanical properties of the Opalinus Clay 
The general deformation behaviour of Opalinus Clay is summarised in Section 5.5 of Nagra 
(2024e). Different constitutive models and numerical codes are used to account for various 
aspects of the complex material behavior depending on the aims of investigation. For construction 
design and tunnel-static analyses this is specified in Section 3.3.1 of Nagra (2023d), and for 
scoping calculations concerning the long-term evolution of thermal and gas pressures details can 
be found in Chapter 3 of Nagra (2024g) and Chapter 4 of Nagra (2024h). The different constitutive 
models use different parametrisations, and it is not possible to provide universally valid hydro-
mechanical properties. Therefore, the recommended material parameters in Encl. 6-1 may deviate 
from modelling parameters used in specific scoping calculations. 

The key dataset for hydromechanical property assignment of Opalinus Clay is documented and 
discussed in Crisci et al. (2024b). Assuming a Mohr-Coulomb-type failure envelope, effective 
cohesion values and friction angles are derived from more than 140 tests. In the same reference, 
it is also argued that Opalinus Clay was tested in a representative way, both with respect to 
material variability within the formation, and number of tests across the different siting regions 
and source depths. Samples sourced from more shallow depth (400 to 700 m) exhibit slightly 
higher porosity and lower peak strength when loaded perpendicular to bedding than samples 
sourced from greater depth (700 to 900 m), but this difference is negligible compared to the 
overall variability of the material and was not observed in other loading directions. In terms of 
geomechanical properties, the Opalinus Clay can therefore be considered as the “same material” 
in all three siting regions. However, both strength and stiffness are dependent on effective stress. 
For strength parameters, this is accounted for by the Mohr-Coulomb effective cohesion and 
friction parameters, and for undrained E-moduli this is accounted for by two different effective 
stress intervals (Encl. 6-1).  

Also included in the parameter bandwidth of Encl. 6-1 is the drained bulk modulus (Kd). The 
quantification of this parameter is based on the triaxial test results of the TBO campaign, in 
particular: (i) the isotropic unloading (reverse consolidation) data prior to shearing was used to 
measure Kd, and (ii) the Kd values were also calculated from the elastic properties during the 
drained shear phase, adopting a cross-anisotropic formulation. All results (measured and 
calculated) showed that Kd values range between 2 and 7 GPa, with a best guess of approximately 
4 GPa, in the confining stress range of 5 – 15 MPa. A similar range of values was also obtained 
by complementary drained tests of STA3 core material with Opalinus Clay conducted in an 
isotropic compression cell at ParisTech (Braun et al. 2025). 

The laboratory tests exhibit only a small variability in strength, despite relatively large variability 
in bulk mineralogy (clay-mineral content ranging from 32 to 71 wt.%). This can be explained by 
the clay-matrix dominating the microstructure for nearly the entire spectrum of the mineralogical 
variability (Fig.5-57 of Nagra (2024e)), with some exceptions discussed further below. Not 
addressed in Crisci et al. (2024b) is the scaling of rock properties to rock mass properties. This 
involves two aspects, (i) the scale-dependent material variability, and (ii) the tectonic overprint in 
situ, and those aspects are discussed separately in the following subsections.  

Scale-dependent material variability 

In the laboratory, tested sample cylinders are only 38 to 50 mm long. The variability at this scale 
is larger than that at the metre scale, typical for underground structures. Yet the variability in 
strength of the test results is also small with equivalent unconfined compressive strengths in the 
range of 21 ± 5 MPa (Crisci et al. 2024b). A somewhat larger scatter is observed for stiffness 
(undrained E-moduli), although this can partly be attributed to differences in the amount of strain 



 37 NAGRA NAB 24-10 Rev. 1 

used to compute this parameter. The largest deviation from the mean stiffness (up to a factor two 
from the mean trend) is observed for a few test samples with unusual mineralogy for Opalinus 
Clay, with lower clay-mineral content (<40 wt.%), and high quartz or calcite content (>20 wt.%). 
The slight difference in strength and stiffness of these facies compared to Opalinus Clay with 
clay-mineral content >40 wt.% is attributed to a more dominant contribution of diagenetic cement 
or a grain-supported microstructure as has been proposed also for Opalinus Clay at the Mont Terri 
rock laboratory (Crisci et al. 2021).  

However, it can be shown that intervals with unusually low clay-mineral content in Opalinus Clay 
are i) very rare even at the scale of geophysical logging (approximately 15 – 20 cm) and ii) are 
distributed in the upper or uppermost part of the formation (Fig. 6-1). Given the scarcity in 
occurrence and distribution, the impact of such intercalations of lower clay-mineral content are 
on the overall geomechanical behaviour of the rock mass is considered negligible. Therefore, the 
measurements of samples with lower clay-mineral content were not fully included in the para-
meter bandwidth of Encl. 6-1 (Crisci et al. 2021). 

 

Fig. 6-1: Distribution of geomechanically different facies in Opalinus Clay and adjacent 
confining units 
Top and base of the Opalinus Clay interval in the various boreholes is delimited with solid 
black lines. Clay-dominated facies (Green): clay-mineral content >40 wt.%; quartz- or 
calcite-rich facies (Purple): clay-mineral content <40 wt.%. Plots are based on MultiMin 
results (Becker & Marnat 2024). 
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Potential scaling effects on geomechanical properties were also actively explored by pressure-
meter testing (PMT) in the borehole (Tab. 6-1). In this test a packer with an effective contact 
length of 50 to 100 cm is inflated and deflated in cycles, thereby loading the borehole wall. At the 
Mont Terri rock laboratory, this was performed with high-resolution strain gauges to measure 
deformation (Liu et al. 2022), and in the TBO this was done with a packer on wireline formation 
testing tool (Elkhoury et al. 2022, Elkhoury et al. 2024). In both cases the field test results in situ 
were compared to laboratory test results with cores from either the same or immediately adjacent 
intervals, and representative samples for the laboratory test results were chosen based on X-ray 
CT scans and sonic logs. Since packer inflation during PMT corresponds to cavity loading, the 
shear modulus is the best suited elastic parameter to compare directly to laboratory tests. 

 

Fig. 6-2: Comparison of shear moduli derived from field (PMT) and laboratory test results  
All tests are in Opalinus Clay except for the test indicated (Passwang Formation). 

 

A comparison of test results from the TBO campaign is provided in Fig. 6-2. Overall, the agree-
ment is good, with the larger-scale PMT results tending to slightly higher values. The possible 
causes for the small but rather systematic difference between lab tests and PMT are discussed in 
more detail in (Elkhoury et al. 2024). The difference is not considered to be associated with 
damage of laboratory testing specimens from core extraction and sample preparation. Where such 
damage occurred, it was possible to identify this diagnostically and as outliers when test results 
were plotted as a function of basic properties (Dossier IX of Nagra (ed.) 2022a and 2022b, Crisci 
et al. 2024a). Instead, the small difference in shear moduli can be attributed to different strains in 
laboratory and field tests (Liu et al. 2022, Elkhoury et al. 2024).  

Taking the strain-dependence into consideration, the agreement between laboratory tests and the 
field tests is excellent and provides confidence that rock properties from laboratory samples can 
indeed be used to bracket the intact rock mass at a larger scale.   
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Tectonic overprint 

Fracture frequency in Opalinus Clay is low, often with continuous core of several metres in length 
essentially free of natural discontinuities, with some clusters of higher frequencies (Nagra 2024e). 
In addition, many of the existing fractures are mineralised and do not represent effective planes 
of weakness. But smaller (sub-seismic) faults are present in Opalinus Clay and this needs to be 
accounted for in quantitative scoping calculations. 

The evolution of shear strength during fracturing was studied in detail in triaxial tests (Crisci et 
al. 2024b). The large data volume highlighted that fracturing is associated with a loss of effective 
cohesion, with only minor changes to the effective friction angle. Fractured Opalinus Clay inter-
vals may therefore be approximated with post-peak strength values as constrained from triaxial 
testing (post-peak effective cohesion and friction values in Encl. 7-1). 

In faults with larger shear displacements, the approximation by parameters from triaxial testing 
may not be appropriate, as such tests are limited to shear displacements of a few millimetres. 
Complementary tests were therefore done to mimic fault gouge material expected at larger 
displacements. To this end, intact Opalinus Clay was crushed, remoulded and recompacted. In 
addition to triaxial tests of such recompacted Opalinus Clay, samples were also tested to much 
larger strain in a ring shear apparatus. These investigations yielded lower bounds for the friction 
angle between 10° and 17° for different facies, i.e. for high and low clay-mineral contents (Ferrari 
et al. 2020). Whereas the latter is broadly consistent with the 20° as lower bound for post-peak 
frictional strength in the conventional triaxial tests, the 10° are significantly lower. But the 
remoulded tests were done with distilled water and by removing larger grains from the crushed 
Opalinus Clay to explore the theoretical lower bounds of shear strength. Elimination of larger 
grains changes the structure of the material, altering the interlocking and creating a rather smooth 
shearing surface. It is also noted that no such gouge material was encountered in the TBO in the 
Opalinus Clay. Real clay-rich gouge material from the main fault at Mont Terri yielded friction 
coefficients of approximately 0.3 (Orellana et al. 2018), which corresponds to 17°, hence also 
much higher than the 10°. 

The fault architecture in Opalinus Clay can be described as strongly heterogeneous and segmented 
(see Section 5.5 in Nagra 2024e), without strong localisation along planes filled with gouge 
material over distances of tens of metres. In combination with the above considerations, a lower 
bound of 20° with zero effective cohesion is therefore considered appropriate for the expected 
size of faults in Opalinus Clay at the siting regions. 

6.3.2 Geomechanical properties of over- and underlying formations 
For formations other than Opalinus Clay, the lithological and mechanical variability is generally 
larger and laboratory testing frequency much lower. For this reason, geophysical logging was 
used in combination with laboratory tests to estimate the value range of elastic and strength 
parameters. This semi-empirical approach is customary for property assignment in reservoir 
models (e.g. Tutuncu et al. 1998) and widely used in the hydrocarbon industry. Using this 
approach, continuous “dynamic” elastic properties are first derived along the boreholes from wave 
velocities (sonic scanner) in combination with bulk density.  

For isotropic materials, the dynamic Young's modulus (Edyn) can be expressed as functions of 
P- and S-wave velocities (Vp and Vs, respectively) and bulk density ρ: 
 

𝐸𝐸𝑑𝑑𝑑𝑑𝑑𝑑 = 𝜌𝜌𝑉𝑉𝑠𝑠2
3𝑉𝑉𝑝𝑝2−4𝑉𝑉𝑠𝑠2

𝑉𝑉𝑝𝑝2−𝑉𝑉𝑠𝑠2

2
  Eq. 6.1 
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On the other hand, “static” elastic properties are derived from laboratory testing with small 
increments in static loading, that is the slope of the stress-strain curve. 

For the static Young's modulus (Estat), this is the increment of axial stress versus the increment in 
axial strain: 
 

𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = ∆𝜎𝜎𝑎𝑎
∆𝜀𝜀𝑎𝑎

  Eq. 6.2 

 

For clay rocks, dynamic Young's moduli are generally larger than static moduli (Fjær 2019), and 
this was also explored as a function of the clay-mineral content in selected samples of the TRU1 
borehole (Mews et al. 2024). Therefore, the dynamic values need to be “calibrated” on the static 
values from laboratory tests. 

The correlation between static and dynamic values can thus be expressed as: 
 

𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = d𝐸𝐸𝐸𝐸𝑑𝑑𝑑𝑑𝑑𝑑  Eq. 6.3 

 

where dE, the correlation factor, depends on rock type and was established for each formation 
separately and interpolatedd where no laboratory data was available. Anisotropy was considered 
by assuming a transverse isotropy, calibrating logs to the appropriate lab measurements (loading 
perpendicular and parallel to bedding, respectively) and using Gamma-ray log (GR) results for 
scaling of anisotropy (generally higher anisotropy with higher GR values). 

An example of the workflow to derive the parameter bandwidth for elastic moduli in the direction 
vertical to bedding is illustrated in Fig. 6-3. The continuous blue line in Fig. 6-3a depicts the Edyn 
values according to Eq. 6-1 but already includes the shift (from calibration) to the static values of 
the laboratory tests (shown in Orange) using the formation-specific correlation factor for «Felsen-
kalke» + «Massenkalk». The continuous curve consists of points at a spacing of approximately 
15 – 20 cm along the boreholes. These points define a cumulative distribution (Fig. 6-3b), with 
the laboratory values shown for comparison and arbitrarily plotted at the P0.05 and P0.10 
(probability) level. The statistical values of the parameter bandwidth are then constrained from 
the distribution curve (Fig. 6-3c). 

The above workflow was also applied to Poisson's ratio and unconfined compressive strength 
(UCS). The resulting data is graphically illustrated in Enclosures 6-1a to 6-1c and tabulated in 
sheet 6-2 in Encl. 7-1.  

Not included in the graphics and tables are values for the Opalinus Clay, as these were constrained 
in much more detail from laboratory and field analysis (see Section 6.3.1 and sheet 6-1 of  
Encl. 7-1). But mechanical properties of Opalinus Clay were also constrained by the combined 
laboratory test and logging workflow as explained above and used as input for geomechanical-
numerical stress modelling and can be found in Chapter 4 of Nagra (2024j). This was done to 
ensure a coherent set of data (cumulative distribution) with plausible stiffness contrasts across 
formations. 
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Fig. 6-3: Example of empirical correlation of geophysical log and lab results  
Example is for intervall «Felsenkalke» + «Massenkalk» of the TRU1 borehole. a) Orange 
circles and square depict laboratory test results (unconfined compressive strength, UCS tests, 
and triaxial, TRX test, respectively), Blue line represents continuous dynamic Young's 
moduli after correlation with the static Young's moduli of lab tests. b) Cumulative distribu-
tion curve of entire formation compared to laboratory test results. c) Statistical values of the 
distribution curve with median value (P50) of approximately 29 GPa, as also indicated by the 
vertical green line in (a).  

 

a) 

b) 

c) 
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7 Summary 

The geology of the three siting regions was simplified and abstracted for the purpose of quanti-
tative site comparison and numerical analyses such as performance assessment and dose cal-
culations.  

The abstraction of the geology defines units with similar properties (Encl. 2), and the 3D 
stratification of these abstracted units is documented as depth- and thickness maps (Encl. 3). The 
extent of the maps in the respective siting regions delineate the area of interest containing the 
potential repository zone. 

For each abstracted unit, key properties relevant for transport and mechanical stability are 
synthesised (Encl. 4 to 6).  

Complemented with conceptual arguments, recommended bandwidths for these key properties 
are provided in Encl. 7-1., covering the following parameters for the abstracted units in separate 
sheets: 

• Unit thickness as measured in the boreholes (sheet 2_2) 

• Clay-mineral content (sheet 4_1) 

• Porosity and grain density (sheets 4_2 and 4_3) 

• Hydraulic conductivity of the rock mass and fault transmissivity (sheet 5_1) 

• Horizontal gradients in aquifers (sheet 5_2) 

• Vertical hydraulic gradients and heads in Opalinus Clay (sheets 5_3 and 5_4) 

• Geomechanical properties of Opalinus Clay (sheet 6_1) 

• Rock mechanical properties of other abstracted units (sheet 6_2) 

Data users may further simplify or adapt these units and parameters depending on the aim of 
investigation. 

As emphasised in the introduction, the following additional key parameters are covered in 
separate reports: 

• Stress field Nagra (2024j) 

• Diffusion properties of host rock and confining units (Glaus et al. 2024) 

• Sorption properties of host rock and confining units (Miron et al. 2024) 

• Thermal properties and temperature conditions (Nationale Genossenschaft für die Lagerung 
radioaktiver Abfälle 2024l) 

• Porewater chemistry of the Opalinus Clay (Mäder & Wersin 2023) 

For Opalinus Clay, the significantly expanded database confirms the expected thickness and 
barrier properties in all siting regions. The porewater chemistry and geomechanical properties are 
now much better constrained than in Stage 2 of the Sectoral Plan Deep Geological Repositories 
(SGT). Also, the spatial correlation and hydro-mechanical characterisation of the confining units 
is substantially improved. compared to the previous stage. A comparison of key learnings and 
developments of the database compared to previous investigations can be found in Section 7.1 of 
the geosynthesis report (Nagra 2024e). 
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Note: Borehole with lower data quality compared to TBO boreholes.








nTop = near Top 
eq = equivalent
lw = lower
Fm. = Formation
Mb(s). = Member(s)
«Humph.-Schichten» = «Humphriesi-Schichten» 
Gr.Wolf Mb. = Gross Wolf Member 
GBR Mbs. = Grünschholz, Breitmatt + Rickenbach Members
Begging. Mb. = Beggingen Menber
Cond. eq. Siss., Hau.+ Hirnic. Mbs. = Condensed equivalents of the Sissach, Hauenstein and/or Hirnichopf Members


Refer to NAB 24-10, Enclosure 2-4 for horizon names/timelines
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HORIZON NAMES /
TIMELINES


ABSTRACTED PROFILE
FOR JURA OST


JO-AK1: Argillaceous Keuper
(Ergolz Mb.)


JO-SK: Sandy Keuper
(Ergolz Mb.)


Dolomitic Muschelkalk
(Schinznach Fm.)


JO-DAK: Dolomitic-Anhydritic Keuper
(Bänkerjoch Fm.)


JO-MAK: Massive Anhydritic Keuper 
(Bänkerjoch Fm.)


JO-AAK: Anhydritic-Argillaceous Keuper
(Bänkerjoch Fm.)


JO-CL: Calcareous Lias
(Beggingen Mb.)


JO-DK: Dolomitic Keuper
(Gansingen Mb.)


JO-AK2/3: Argillaceous Keuper
(Gruhalde + Schambelen Mbs.)


JO-CAD: Calcareous-Argillaceous Dogger
(mostly Rothenfluh Mb.)


Calcareous Dogger
(mostly Hauptrogenstein + Klingnau Fm.)


JO-AL: Argillaceous Lias
(Frick Mb.)


JO-OPA: Opalinus Clay 
(Opalinus Clay)
JO-ML: Marly Lias
(Grünschholz Mb. to Gross Wolf Mb.)


JO-SCAD: Sandy-Calcareous-Argillaceous Dogger
(Passwang Fm.)


 refiuqa lanoiger


local aquifer (site scale) 


beds / units 2-8 m thickness


Deep aquifers


Zones with potentially increased 
transmissivity (fractured “hard beds“ or 
local facies variation)


beds / units > 8 m thickness


local aquifer (channels)
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168.2_Baj_100_Top_Passwang_Fm


170.9_Aal_300_Top_Opalinus_Clay


168.2_Baj_200_Top_Brueggli_Mb


SCD can occur vertically 
from the bottom to the top


Note: Klingnau Fm. & Wildegg Fm. not considered


{
JO-SCD: Sandy-Calcareous Dogger
(«Murchisonae-Oolith Fm.» to «Humphriesioolith Fm.»)


NAB 24-10


Enclosure 2-2a


JO Stratigraphic abstraction all boreholes


DAT.: Nov. 2024


Note: Borehole with lower data quality 
compared to TBO boreholes.
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DESCRIPTION OF ABSTRACTED UNITS
FOR SAFETY ANALYSIS AND HYDROGEOLOGY
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SCD can occur vertically 
from the bottom to the top


154.8_Oxf_750_Intra_Wildegg_Fm


NLE-
CD


 refiuqa lanoiger


local aquifer (site scale) 


beds / units 2-8 m thickness


Deep aquifers


Zones with potentially increased 
transmissivity (fractured “hard beds“ or 
local facies variation)


beds / units > 8 m thickness


local aquifer (channels)


NL-AK1: Argillaceous Keuper
(Ergolz Mb.)


NL-SK: Sandy Keuper
(Ergolz Mb.)


Dolomitic Muschelkalk
(Schinznach Fm.)


NL-DAK: Dolomitic-Anhydritic Keuper
(Bänkerjoch Fm.)


NL-MAK: Massive Anhydritic Keuper 
(Bänkerjoch Fm.)


NL-AAK: Anhydritic-Argillaceous Keuper
(Bänkerjoch Fm.)


NL-CL: Calcareous Lias
(Beggingen Mb.)


NL-DK1: Dolomitic Keuper
(Gansingen Mb.)


NL-DK2: Dolomitic Keuper
(Seebi-Mb.)
NL-AK2: Argillaceous Keuper
(Gruhalde Mb.)


NL-AK3: Argillaceous Keuper
(Gruhalde + Schambelen Mbs.)


NL-MM1 & -MM2: Marly Malm
(Wildegg Fm.)


NL-CM: Calcareous Malm
(Gerstenhübel Bed + Villigen Fm.)


NL-AD: Argillaceous Dogger
(«Parkinsoni-Württembergica-Schichten» to Wutach Fm.)


NL-ARD: Argillaceous Dogger
(western equivalent of «Herrenwis Unit» in NL)


NL-AL: Argillaceous Lias
(Frick Mb.)


NL-OPA: Opalinus Clay 
(Opalinus Clay)
NL-ML: Marly Lias
(Grünschholz Mb. to Gross Wolf Mb.)


NL-SCAD: Sandy-Calcareous-Argillaceous Dogger
(«Murchisonae-Oolith Fm.» to «Humphriesioolith Fm»)


NL-SCD: Sandy-Calcareous Dogger
(«Murchisonae-Oolith Fm.» to «Humphriesioolith Fm»)


NLW/NLE-CD: Calcareous Dogger
(«Herrenwis Unit»)


nTop = near Top 
eq = equivalent
lw = lower
Fm. = Formation
Mb(s). = Member(s)
«Parkinsoni-Württembergica-Sch.» = «Parkinsoni-Württembergica-Schichten»  
«Humph.oo. Fm.» = «Humphriesioolith Formation»
«Murch.Oolith Fm.» = «Murchisonae-Oolith Formation»
Gr.Wolf Mb. = Gross Wolf Member 
GBR Mbs. = Grünschholz, Breitmatt + Rickenbach Members
Begging. Mb. = Beggingen Menber
Schamb. Mb. = Schambelen Member
Gru. Mb. = Gruhalde Member
Gansing. Mb. = Gansingen Member
Schinz. Fm. = Schinznach Formation
Stamm. Mb. = Stamberg Member


Refer to NAB 24-10, Enclosure 2-4 for horizon names/timelines.
  


(NLW/NLE-CD)


NAB 24-10


Enclosure 2-2b


NL Stratigraphic abstraction all boreholes


DAT.: Nov. 2024


Note: Borehole with lower data quality 
compared to TBO boreholes.
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HORIZON NAMES /
TIMELINES


ABSTRACTED PROFILE
FOR JURA OST


DESCRIPTION OF ABSTRACTED UNITS
FOR SAFETY ANALYSIS AND HYDROGEOLOGY
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Note: thicknesses (m, MD) are
larger because of deviated
borehole RHE1
(ca. 30° from vertical)


DESCRIPTION OF ABSTRACTED UNITS FOR
SAFETY ANALYSIS AND HYDROGEOLOGY


HORIZON NAMES /
TIMELINES


ABSTRACTED PROFILE
FOR ZÜRICH NORDOST


 


ZNO-OPA
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ZNO-SCAD


ZNO-AD
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ZNO-AL
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168.2_Baj_200_Intra_Humphriesioolith_Fm


154.8_Oxf_975_Top_Dogger_Gr
154.8_Oxf_300_nTop_Wildegg_Fm


192.9_Sin_100_Top_Frick_Mb


192.9_Sin_200_Top_Beggingen_Mb 
199.5_Het_100_Top_Schambelen_Mb 


208.5_Nor_100_Top_Seebi_Mb


208.5_Nor_200_Top_lw_Gruhalde_Mb 
227_Car_100_Top_Gansingen_Mb
227_Car_200_Top_Ergolz_Mb
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174.7_Toa_100_Top_Lias_Gr 


237_Lad_400_Top_Muschelkalk_Gr
ZNO-MAK
ZNO-DAK


ZNO-SK


ZNO-ANK
ZNO-AK2


SCD can occur vertically 
from the bottom to the top


{
regional aquifer 


local aquifer (site scale) 


beds / units 2-8 m thickness


Deep aquifers


Zones with potentially increased
transmissivity (fractured “hard beds“ or 
local facies variation)


beds / units > 8 m thickness


local aquifer (channels)


ZNO-AK1: Argillaceous Keuper
(Ergolz Mb.)


ZNO-SK: Sandy Keuper
(Ergolz Mb.)


Dolomitic Muschelkalk
(Schinznach Fm.)


ZNO-DAK: Dolomitic-Anhydritic Keuper
(Bänkerjoch Fm.)


ZNO-MAK: Massive Anhydritic Keuper 
(Bänkerjoch Fm.)


ZNO-AAK: Anhydritic-Argillaceous Keuper
(Bänkerjoch Fm.)


ZNO-CL: Calcareous Lias
(Beggingen Mb.)


ZNO-ANK: Anhydritic Keuper
(Gansingen Mb.)


ZNO-DSK: Dolomitic-Sandy Keuper
(Seebi-Mb.)
ZNO-AK2: Argillaceous Keuper
(Gruhalde Mb.)


ZNO-AK3: Argillaceous Keuper
(Gruhalde + Schambelen Mbs.)


ZNO-MM: Marly Malm
(Wildegg Fm.)


Calcareous Malm
(Villigen Fm.)


ZNO-AD: Argillaceous Dogger
(«Parkinsoni-Württembergica-Schichten» to Wutach Fm.)


ZNO-AL: Argillaceous Lias
(Frick Mb.)


ZNO-OPA: Opalinus Clay 
(Opalinus Clay)
ZNO-ML: Marly Lias
(Grünschholz Mb. to Gross Wolf Mb.)


ZNO-SCAD: Sandy-Calcareous-Argillaceous Dogger
(«Murchisonae-Oolith Fm.» to «Humphriesioolith Fm»)


ZNO-SCD: Sandy-Calcareous Dogger
(«Murchisonae-Oolith Fm.» to «Humphriesioolith Fm»)


ZNO-AK1


Note: Borehole with lower data quality 
compared to TBO boreholes.
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nTop = near Top 
eq = equivalent
lw = lower
Fm. = Formation
Mb(s). = Member(s)
Birm. Mb. + «Glau. Bed» = Birmenstorf Member and «Glaukonitsandmergel Bed»  
«Parkinsoni-Württembergica-Sch.» = «Parkinsoni-Württembergica-Schichten»  
«Murchisio.Oolith Fm.» = «Murchisonae-Oolith Formation»
Gr.Wolf Mb. = Gross Wolf Member 
GBR Mbs. = Grünschholz, Breitmatt + Rickenbach Members
Begging. Mb. = Beggingen Menber
Schamb. Mb. = Schambelen Member
Gansing. Mb. = Gansingen Member


Refer to NAB 24-10, Enclosure 2-4 for horizon names/timelines
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JURA OST | STRATIGRAPHIC ABSTRACTION OVERVIEW
DESCRIPTION OF ABSTRACTED UNITS FOR
SAFETY ANALYSIS AND HYDROGEOLOGY


HORIZON NAMES/
TIMELINES


GEOSYNTHESIS
ABSTRACTION


GEOSYNTHESIS
DETAIL


ABSTRACTED UNITS 
FOR SAFETY ANALYSIS


JO-AK1: Argillaceous Keuper
(Ergolz Mb.)


JO-SK: Sandy Keuper
(Ergolz Mb.)


Dolomitic Muschelkalk
(Schinznach Fm.)


JO-DAK: Dolomitic-Anhydritic Keuper
(Bänkerjoch Fm.)


JO-MAK: Massive Anhydritic Keuper 
(Bänkerjoch Fm.)


JO-AAK: Anhydritic-Argillaceous Keuper
(Bänkerjoch Fm.)


JO-CL: Calcareous Lias
(Beggingen Mb.)


JO-DK: Dolomitic Keuper
(Gansingen Mb.)


JO-AK2/3: Argillaceous Keuper
(Gruhalde + Schambelen Mbs.)


JO-CAD: Calcareous-Argillaceous Dogger
(mostly Rothenfluh Mb.)


Calcareous Dogger
(mostly Hauptrogenstein + Klingnau Fm.)


JO-AL: Argillaceous Lias
(Frick Mb.)


JO-OPA: Opalinus Clay 
(Opalinus Clay)
JO-ML: Marly Lias
(Grünschholz Mb. to Gross Wolf Mb.)


JO-SCAD: Sandy-Calcareous-Argillaceous Dogger
(Passwang Fm.)


 refiuqa lanoiger


local aquifer (site scale) 


beds / units 2-8 m thickness


Deep aquifers


Zones with potentially increased
transmissivity (fractured “hard beds” or 
local facies variation)


beds / units > 8 m thickness


local aquifer (channels)
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192.9_Sin_200_Top_Beggingen_Mb 


237_Lad_400 _Top_Muschelkalk_Gr


227_Car_300_Top_Baenkerjoch_Fm


227_Car_100_Top Gansingen_Mb
227_Car_200_Top_Ergolz_Mb


199.5_Het_100_Top_Schambelen_Mb 


237_Lad_200_Intra_Baenkerjoch_Fm


237_Lad_300_Intra_Baenkerjoch_Fm


168.2_Baj_100_Top_Passwang_Fm


170.9_Aal_300_Top_Opalinus_Clay


168.2_Baj_200_Top_Brueggli_Mb


SCD can occur vertically 
from the bottom to the top


Note: Klingnau Fm. & Wildegg Fm. not considered


{
JO-SCD: Sandy-Calcareous Dogger
(«Murchisonae-Oolith Formation» 


Erosion


NAB 24-10


Enclosure 2-3a


JO Stratigraphic abstraction overview


DAT.: Nov. 2024


to «Humphriesioolith Formation»)


Gr. = Group
Fm. = Formation
Mb. = Member


Refer to NAB 19-11, Appendix A1 and A2 for lithology patterns.


Refer to NAB 24-10, Enclosure 2-4 for horizon names/timelines.
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SCD can occur vertically 
from the bottom to the top


154.8_Oxf_750_Intra_Wildegg_Fm


NLE-
CD


 refiuqa lanoiger


local aquifer (site scale) 


beds / units 2-8 m thickness


Deep aquifers


Zones with potentially increased 
transmissivity (fractured “hard beds” or 
local facies variation)


beds / units > 8 m thickness


local aquifer (channels)


NL-AK1: Argillaceous Keuper
(Ergolz Mb.)


NL-SK: Sandy Keuper
(Ergolz Mb.)


Dolomitic Muschelkalk
(Schinznach Fm.)


NL-DAK: Dolomitic-Anhydritic Keuper
(Bänkerjoch Fm.)


NL-MAK: Massive Anhydritic Keuper 
(Bänkerjoch Fm.)


NL-AAK: Anhydritic-Argillaceous Keuper
(Bänkerjoch Fm.)


NL-CL: Calcareous Lias
(Beggingen Mb.)


NL-DK1: Dolomitic Keuper
(Gansingen Mb.)


NL-DK2: Dolomitic Keuper
(Seebi-Mb.)
NL-AK2: Argillaceous Keuper
(Gruhalde Mb.)


NL-AK3: Argillaceous Keuper
(Gruhalde + Schambelen Mbs.)


NL-MM1 & -MM2: Marly Malm
(Wildegg Fm.)


NL-CM: Calcareous Malm
(Gerstenhübel Bed + Vill. Fm.)


NL-AD: Argillaceous Dogger


NL-ARD: Argillaceous Dogger
(western equivalent of «Herrenwis Unit» in NL)


NL-AL: Argillaceous Lias
(Frick Mb.)


NL-OPA: Opalinus Clay 
(Opalinus Clay)
NL-ML: Marly Lias
(Grünschholz Mb. to Gross Wolf Mb.)


NL-SCAD: Sandy-Calcareous-Argillaceous Dogger
(«Murchisonae-Oolith Fm.» to «Humphriesioolith Fm»)


NL-SCD: Sandy-Calcareous Dogger
(«Murchisonae-Oolith Fm.» to «Humphriesioolith Fm»)


NLW/NLE-CD: Calcareous Dogger
(«Herrenwis Unit»)


NÖRDLICH LÄGERN | STRATIGRAPHIC ABSTRACTION OVERVIEW


NAB 24-10


Enclosure 2-3b


NL Stratigraphic abstraction overview


DAT.: Nov. 2024


0


100


200


DESCRIPTION OF ABSTRACTED UNITS FOR
SAFETY ANALYSIS AND HYDROGEOLOGY


HORIZON NAMES/
TIMELINES


GEOSYNTHESIS
ABSTRACTION


GEOSYNTHESIS
DETAIL


ABSTRACTED UNITS 
FOR SAFETY ANALYSIS


nTop = near Top 
eq = equivalent
lw = lower
Gr. = Group
Fm. = Formation
Mb. = Member
DAO = Dogger Group above Opalinus Clay 


Refer to NAB 19-11, Appendix A1 and A2 for lithology patterns.


Refer to NAB 24-10, Enclosure 2-4 for horizon names/timelines.


(«Murchisonae-Oolith Fm.» to «Humphriesioolith Fm»)


(«Murchisonae-Oolith Fm.» to «Humphriesioolith Fm»)


(«Parkinsoni-Württembergica-Schichten» to Wutach Fm.)








ZÜRICH NORDOST | STRATIGRAPHIC ABSTRACTION OVERVIEW
ABSTRACTED UNITS 
FOR SAFETY ANALYSIS


GEOSYNTHESIS
DETAIL


GEOSYNTHESIS
ABSTRACTION


HORIZON NAMES /
TIMELINES
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SCD can occur vertically 
from the bottom to the top
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regional aquifer 


local aquifer (site scale) 


beds / units 2-8 m thickness


Deep aquifers


Zones with potentially increased 
transmissivity (fractured hard beds or 
local facies variation)


beds / units > 8 m thickness


local aquifer (channels)


ZNO-AK1: Argillaceous Keuper
(Ergolz Mb.)


ZNO-SK: Sandy Keuper
(Ergolz Mb.)


Dolomitic Muschelkalk
(Schinznach Fm.)


ZNO-DAK: Dolomitic-Anhydritic Keuper
(Bänkerjoch Fm.)


ZNO-MAK: Massive Anhydritic Keuper 
(Bänkerjoch Fm.)


ZNO-AAK: Anhydritic-Argillaceous Keuper
(Bänkerjoch Fm.)


ZNO-CL: Calcareous Lias
(Beggingen Mb.)


ZNO-ANK: Anhydritic Keuper
(Gansingen Mb.)


ZNO-DSK: Dolomitic-Sandy Keuper
(Seebi-Mb.)
ZNO-AK2: Argillaceous Keuper
(Gruhalde Mb.)


ZNO-AK3: Argillaceous Keuper
(Gruhalde + Schambelen Mb.)


ZNO-MM: Marly Malm
(Wildegg Fm.)


Calcareous Malm
(Gerstenhübel Bed, upper part Wildegg + Villigen Fm.)


ZNO-AD: Argillaceous Dogger
(«Parkinsoni-Württembergica-Schichten» to Wutach Fm.)


ZNO-AL: Argillaceous Lias
(Frick Mb.)


ZNO-OPA: Opalinus Clay 
(Opalinus Clay)
ZNO-ML: Marly Lias
(Grünschholz to Gross Wolf Mb.)


ZNO-SCAD: Sandy-Calcareous-Argillaceous Dogger
(«Murchisonae-Oolith Fm.» to «Humphriesioolith Fm»)


ZNO-SCD: Sandy-Calcareous Dogger
(«Murchisonae-Oolith Fm.» to «Humphriesioolith Fm»)


DESCRIPTION OF ABSTRACTED UNITS FOR  
SAFETY ANALYSIS AND HYDROGEOLOGY
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200


nTop = near Top 
eq = equivalent
lw = lower
Gr. = Group
Fm. = Formation
Mb. = Member
DAO = Dogger Group above Opalinus Clay
«Murch. Ool. Fm.» = «Murchisonae-Oolith Formation»  


Refer to NAB 19-11, Appendix A1 and A2 for lithology patterns.


Refer to NAB 24-10, Enclosure 2-4 for horizon names/timelines. NAB 24-10
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ZNO Stratigraphic abstraction overview


DAT.: Nov. 2024






a_Stratigraphic Framework

		Stratigraphic Framework

		Abbreviated Horizon names based on International Chronostratigraphic Chart v2022/10
		Jura Ost (JO)				Nördlich Lägern (NL)				Zürich Nordost (ZNO)

				Lithostratigraphic Comments		Horizon names based on International Chronostratigraphic Chart v2022/10 and short lithostratigraphic information		Lithostratigraphic Comments		Horizon names based on International Chronostratigraphic Chart v2022/10 and short lithostratigraphic information		Lithostratigraphic Comments		Horizon names based on International Chronostratigraphic Chart v2022/10 and short lithostratigraphic information

		149.2_Kim_100						Base Cenozoic (Top Malm Group (erosive surface), Top «Felsenkalke» + «Massenkalk»)		149.2_Kim_100_Base_Cenozoic		Base Cenozoic (Top Malm Group (erosive surface), Top «Felsenkalke» + «Massenkalk»)		149.2_Kim_100_Base_Cenozoic

		149.2_Kim_400						Near Top Schwarzbach Formation 		149.2_Kim_400_nTop_Schwarzbach_Fm		Near Top Schwarzbach Formation 		149.2_Kim_400_nTop_Schwarzbach_Fm

		149.2_Kim_700						Near Top Villigen Formation		149.2_Kim_700_nTop_Villigen_Fm		Near Top Villigen Formation 		149.2_Kim_700_nTop_Villigen_Fm

		154.8_Oxf_300 		Near Top Wildegg Formation		154.8_Oxf_300_nTop_Wildegg_Fm		Near Top Wildegg Formation		154.8_Oxf_300_nTop_Wildegg_Fm		Near Top Wildegg Formation		154.8_Oxf_300_nTop_Wildegg_Fm

		154.8_Oxf_700 		Intra Wildegg Formation (Effingen Member, near Top Gerstenhübel Bed)		154.8_Oxf_700_nTop_Gerstenhuebel_Bd		Intra Wildegg Formation (Effingen Member, near Top Gerstenhübel Bed)		154.8_Oxf_700_nTop_Gerstenhuebel_Bd		Intra Wildegg Formation (Effingen Member, near Top Gerstenhübel Bed)		154.8_Oxf_700_nTop_Gerstenhuebel_Bd

		154.8_Oxf_750 		Intra Wildegg Formation (Effingen Member, near Base Gerstenhübel Bed)		154.8_Oxf_750_Intra_Wildegg_Fm		Intra Wildegg Formation (Effingen Member, near Base Gerstenhübel Bed)		154.8_Oxf_750_Intra_Wildegg_Fm		Intra Wildegg Formation (Effingen Member, near Base Gerstenhübel Bed)		154.8_Oxf_750_Intra_Wildegg_Fm

		154.8_Oxf_975		Top Dogger Group (Top Ifenthal Formation)		154.8_Oxf_975_Top_Dogger_Gr		Top Dogger Group (Top Wutach Formation)		154.8_Oxf_975_Top_Dogger_Gr		Top Dogger Group (Top Wutach Formation)		154.8_Oxf_975_Top_Dogger_Gr

		168.2_Baj_100		Top Passwang Formation		168.2_Baj_100_Top_Passwang_Fm

		168.2_Baj_200		Intra Passwang Formation (Top Brüggli Member, Top «Humphriesi-Schichten»)		168.2_Baj_200_Top_Brueggli_Mb		Top «Herrenwis Unit» (BAC1: Top «Humphriesioolith Formation»)		168.2_Baj_200_Top_Herrenwis_Unit_eq		Intra «Humphriesioolith Formation» (Top «Humphriesioolith»)		168.2_Baj_200_Intra_Humphriesioolith_Fm

		168.2_Baj_300		Intra Passwang Formation (intra Waldenburg + lower part of Brüggli Member, above iron-oolitic horizon in upper part of Brüggli Member, Top «Blaue Kalke» at Frickberg, NAB 18-11) 		168.2_Baj_300_Intra_Passwang_Fm		Base «Herrenwis Unit» (BAC1/STA3: Top Wedelsandstein Formation, STA2/BUL1: Top «Humphriesioolith Formation»)		168.2_Baj_300_Base_Herrenwis_Unit_eq		Intra «Humphriesioolith Formation» (Top of lowest iron-oolite) 		168.2_Baj_300_Intra_Humphriesioolith_Fm

		168.2_Baj_400		Intra Passwang Formation (within Waldenburg + lower part of Brüggli Member)		168.2_Baj_400_Intra_Passwang_Fm		Intra Wedelsandstein Formation		168.2_Baj_400_Intra_Wedelsandstein_Fm		Intra Wedelsandstein Formation		168.2_Baj_400_Intra_Wedelsandstein_Fm

		170.9_Aal_200		Intra Passwang Formation (Top Sissach Member)		170.9_Aal_200_Top_Sissach_Mb		Intra «Murchisonae-Oolith Formation»		170.9_Aal_200_Intra_Murchisonae_Oolith_Fm		Intra «Murchisonae-Oolith Formation» (top of lower iron-oolite)		170.9_Aal_200_Intra_Murchisonae_Oolith_Fm

		170.9_Aal_300		Top Opalinus Clay		170.9_Aal_300_Top_Opalinus_Clay		Top Opalinus Clay		170.9_Aal_300_Top_Opalinus_Clay		Top Opalinus Clay		170.9_Aal_300_Top_Opalinus_Clay

		174.7_Toa_100		Top Lias Group (Top Staffelegg Formation)		174.7_Toa_100_Top_Lias_Gr		Top Lias Group (Top Staffelegg Formation)		174.7_Toa_100_Top_Lias_Gr		Top Lias Group (Top Staffelegg Formation)		174.7_Toa_100_Top_Lias_Gr

		192.9_Sin_100		Intra Staffelegg Formation (Top Frick Member)		192.9_Sin_100_Top_Frick_Mb		Intra Staffelegg Formation (Top Frick Member)		192.9_Sin_100_Top_Frick_Mb		Intra Staffelegg Formation (Top Frick Member)		192.9_Sin_100_Top_Frick_Mb

		192.9_Sin_200		Intra Staffelegg Formation (Top Beggingen Member)		192.9_Sin_200_Top_Beggingen_Mb		Intra Staffelegg Formation (Top Beggingen Member)		192.9_Sin_200_Top_Beggingen_Mb		Intra Staffelegg Formation (Top Beggingen Member)		192.9_Sin_200_Top_Beggingen_Mb

		199.5_Het_100		Intra Staffelegg Formation (Top Schambelen Member)		199.5_Het_100_Top_Schambelen_Mb		Intra Staffelegg Formation (Top Schambelen Member) 		199.5_Het_100_Top_Schambelen_Mb		Intra Staffelegg Formation (Top Schambelen Member) 		199.5_Het_100_Top_Schambelen_Mb

		201.4_Rha_100		Top Keuper Group (Top Klettgau Formation, Top Gruhalde Member)		201.4_Rha_100_Top_Keuper_Gr		Top Keuper Group (Top Klettgau Formation, Top («upper») Gruhalde Member)		201.4_Rha_100_Top_Keuper_Gr		Top Keuper Group (Top Klettgau Formation, Top («upper») Gruhalde to Top Belchen Member)		201.4_Rha_100_Top_Keuper_Gr

		208.5_Nor_100						Intra Klettgau Formation (Top Seebi Member)		208.5_Nor_100_Top_Seebi_Mb		Intra Klettgau Formation (Top Seebi Member)		208.5_Nor_100_Top_Seebi_Mb

		208.5_Nor_200						Intra Klettgau Formation (Top («lower») Gruhalde Member)		208.5_Nor_200_Top_lw_Gruhalde_Mb		Intra Klettgau Formation (Top («lower») Gruhalde Member)		208.5_Nor_200_Top_lw_Gruhalde_Mb

		227_Car_100		Intra Klettgau Formation (Top Gansingen Member)		227_Car_100_Top_Gansingen_Mb		Intra Klettgau Formation (Top Gansingen Member)		227_Car_100_Top_Gansingen_Mb		Intra Klettgau Formation (Top Gansingen Member)		227_Car_100_Top_Gansingen_Mb

		227_Car_200		Intra Klettgau Formation (Top Ergolz Member)		227_Car_200_Top_Ergolz_Mb		Intra Klettgau Formation (Top Ergolz Member)		227_Car_200_Top_Ergolz_Mb		Intra Klettgau Formation (Top Ergolz Member)		227_Car_200_Top_Ergolz_Mb

		227_Car_300		Top Bänkerjoch Formation		227_Car_300_Top_Baenkerjoch_Fm		Top Bänkerjoch Formation		227_Car_300_Top_Baenkerjoch_Fm		Top Bänkerjoch Formation		227_Car_300_Top_Baenkerjoch_Fm

		237_Lad_100		Intra Bänkerjoch Formation (Top «Cyclic sequence»)		237_Lad_100_Intra_Baenkerjoch_Fm		Intra Bänkerjoch Formation (Top «Cyclic sequence»)		237_Lad_100_Intra_Baenkerjoch_Fm		Intra Bänkerjoch Formation (Top «Cyclic sequence»)		237_Lad_100_Intra_Baenkerjoch_Fm

		237_Lad_200		Intra Bänkerjoch Formation (Top «Banded massive anhydrite»)		237_Lad_200_Intra_Baenkerjoch_Fm		Intra Bänkerjoch Formation (Top «Banded massive anhydrite»)		237_Lad_200_Intra_Baenkerjoch_Fm		Intra Bänkerjoch Formation (Top «Banded massive anhydrite»)		237_Lad_200_Intra_Baenkerjoch_Fm

		237_Lad_300		Intra Bänkerjoch Formation (Top «Dolomite and anhydrite»)		237_Lad_300_Intra_Baenkerjoch_Fm		Intra Bänkerjoch Formation (Top «Dolomite and anhydrite»)		237_Lad_300_Intra_Baenkerjoch_Fm		Intra Bänkerjoch Formation (Top «Dolomite and anhydrite»)		237_Lad_300_Intra_Baenkerjoch_Fm

		237_Lad_400		Top Muschelkalk Group (Top Schinznach Formation, Top Asp Member) 		237_Lad_400_Top_Muschelkalk_Gr		Top Muschelkalk Group (Top Schinznach Formation, Top Asp Member) 		237_Lad_400_Top_Muschelkalk_Gr		Top Muschelkalk Group (Top Schinznach Formation, Top Asp Member) 		237_Lad_400_Top_Muschelkalk_Gr

		237_Lad_500		Intra Schinznach Formation (Top Stamberg Member)		237_Lad_500_Top_Stamberg_Mb		Intra Schinznach Formation (Top Stamberg Member)		237_Lad_500_Top_Stamberg_Mb		Intra Schinznach Formation (Top Stamberg Member)		237_Lad_500_Top_Stamberg_Mb

		251.9_Per_100		Base Mesozoic (Top Weitenau Formation)		251.9_Per_100_Base_Mesozoic		Base Mesozoic (Top Weitenau Formation)		251.9_Per_100_Base_Mesozoic		Base Mesozoic (Top Weitenau Formation) or Top Crystalline Basement		251.9_Per_100_Base_Mesozoic



		Abbreviations



		Kim		Kimmeridgian

		Oxf		Oxfordian

		Baj		Bajorcian

		Aal		Aalenian

		Toa		Toarcian

		Sin		Sinemurian

		Het		Hettangian

		Rha		Rhaetian

		Nor		Norian

		Car		Carnian

		Lad		Ladinian

		Per		Permian



		Gr		Group

		Fm		Formation

		Mb		Member

		Bd		Bed

		nTop		near Top

		eq		equivalent





b_JO_Stratigraphy

		Borehole		BOZ2		BOZ2		BOZ2		BOZ2		BOZ2		BOZ2		BOZ2				BOZ1		BOZ1		BOZ1		BOZ1		BOZ1		BOZ1		BOZ1				RIN		RIN		RIN		RIN		RIN		RIN

		RBG Lithostratigraphy		RBG Lithostratigraphy
Core Depth
from NAB 21-22, Dossier IV
 (m, MD)		RBG Lithostratigraphy
Log Depth
from NAB 21-22, Dossier III
 (m, MD)		RBG Lithostratigraphy
Revised Log Depth  
(m, MD)		Comments		RBG Timelines
(full name)		RBG Abstracted Units for Safety Analysis		RBG Timelines
Log Depth
(m, MD)				RBG Lithostratigraphy
Core Depth
from NAB 21-21, Dossier IV
 (m, MD)		RBG Lithostratigraphy
Log Depth
from NAB 21-21, Dossier III
 (m, MD)		RBG Lithostratigraphy
Revised Log Depth  
(m, MD)		Comments		RBG Timelines
(full name)		RBG Abstracted Units for Safety Analysis		RBG Timelines
Log Depth
(m, MD)				RBG Lithostratigraphy
Core Depth
NTB 86-02, NAB 12-051, NAB 14-95, NAB 16-62, NAB 18-11, and modified
 (m, MD)		RBG Lithostratigraphy
Revised Log Depth  
(m, MD)		Comments		RBG Timelines
(full name)		RBG Abstracted Units for Safety Analysis		RBG Timelines
Log Depth
(m, MD)

		Top Quaternary		0		0		0												0		0		0												0		0

		Top OSM																		2		2		2

		Top OMM																		78		78		78

		Top USM																		88		88		88

		Top Siderolithic Group																		94		94		94

		Top «Felsenkalke» + «Massenkalk»

		Top Schwarzbach Fm.

		Top Villigen Fm.																		98		98		98

		Top Wildegg Fm. - Top Effingen Mb.		50		50		50												148		148		148												25.10		25.10

												154.8_Oxf_300_nTop_Wildegg_Fm				100.80

												154.8_Oxf_700_nTop_Gerstenhuebel_Bd				188.40												154.8_Oxf_700_nTop_Gerstenhuebel_Bd				300.10										154.8_Oxf_700_nTop_Gerstenhuebel_Bd				100.10

												154.8_Oxf_750_Intra_Wildegg_Fm				208.30												154.8_Oxf_750_Intra_Wildegg_Fm				317.00										154.8_Oxf_750_Intra_Wildegg_Fm				114.96

		Top Birmenstorf Mb.		300.25				300.65												402.75				402.78												206.00		205.91

		Top Ifenthal Fm.		303.95		304.38		304.38				154.8_Oxf_975_Top_Dogger_Gr				304.38				406.67		406.72		406.72				154.8_Oxf_975_Top_Dogger_Gr				406.72				209.50		209.50				154.8_Oxf_975_Top_Dogger_Gr				209.50

		Top Hauptrogenstein - "Spatkalk"		308.70		309.07		309.07												411.91		411.94		411.94												219.00		219.00

		Top Klingnau Fm.																		424.11		424.13		424.13												237.00		237.00

		Top Hauptrogenstein (lower part in BOZ1 and RIN)																		444.85		444.93		444.93												270.00		270.00

		Top Klingnau Fm. (lower part in RIN)																																		278.00		277.32

		Top Passwang Fm.		388.54		388.97		388.97				168.2_Baj_100_Top_Passwang_Fm		TOP JO-CAD		388.97				481.5		481.55		482.4		Top in revised log depth: harmonized  pick based on limited dataset (borehole distructively drilled, only data from GR and cuttings)		168.2_Baj_100_Top_Passwang_Fm		TOP JO-CAD		482.40				303.00		303.00				168.2_Baj_100_Top_Passwang_Fm		TOP JO-CAD		278.20

		Top «Humphriesi-Schichten»		418.30				418.71				168.2_Baj_200_Top_Brueggli_Mb		Top JO-SCAD/JO-SCD		418.30				504.87				504.95				168.2_Baj_200_Top_Brueggli_Mb		Top JO-SCAD/JO-SCD		504.20				303.00		303.00				168.2_Baj_200_Top_Brueggli_Mb		Top JO-SCAD/JO-SCD		302.40

		Top Waldenburg and lower part of Brüggli Mb.		424.40				424.79												510.51				510.59												307.8		307.66

		Top «Cond. equivalents of the Sissach, Hauenstein and/or Hirnichopf Mb.»		450.53				450.91												529.89				529.93												329.06		328.86

												168.2_Baj_300_Intra_Passwang_Fm				429.10												168.2_Baj_300_Intra_Passwang_Fm				514.20										168.2_Baj_300_Intra_Passwang_Fm				313.70

												168.2_Baj_400_Intra_Passwang_Fm				431.90												168.2_Baj_400_Intra_Passwang_Fm				516.80										168.2_Baj_400_Intra_Passwang_Fm				316.40

												170.9_Aal_200_Top_Sissach_Mb				451.50												170.9_Aal_200_Top_Sissach_Mb				530.10										170.9_Aal_200_Top_Sissach_Mb				328.50

		Top Opalinus Clay - Top «Sub-unit with silty calcareous beds»		451.54		451.90		451.90				170.9_Aal_300_Top_Opalinus_Clay		Top JO-OPA		451.90				530.28		530.32		530.32				170.9_Aal_300_Top_Opalinus_Clay		Top JO-OPA		530.32				331.34		330.58				170.9_Aal_300_Top_Opalinus_Clay		Top JO-OPA		330.30

		Top «Upper silty subunit»		480.56				480.86												564.51				564.55												360.26		359.08

		Top «Mixed clay-silt-carbonate sub-unit»		496.09				496.37												577.17				577.23												384.08		382.90

		Top «Clay-rich sub-unit»		559.75				560.01												637.33				637.46												423.60		422.47

		Top Staffelegg Fm. - Top Gross Wolf Mb.		573.68		573.89		573.89				174.7_Toa_100_Top_Lias_Gr		Top JO-ML		573.89				651.39		651.46		651.46				174.7_Toa_100_Top_Lias_Gr		Top JO-ML		651.46				450.93		450.43				174.7_Toa_100_Top_Lias_Gr		Top JO-ML		450.20

		Top Rietheim Mb.		576.57				576.82												654.76				654.82												454.98		454.30

		Top Grünscholz, Breittenmatt + Rickenbach Mb.		581.93				582.15				184.2_Pli_100_Top_Rickenbach_Mb								659.15				659.19				184.2_Pli_100_Top_Rickenbach_Mb								459.98		459.98				184.2_Pli_100_Top_Rickenbach_Mb

		Top Frick Mb.		585.24				585.55				192.9_Sin_100_Top_Frick_Mb		Top JO-AL		585.50				662.27				662.30				192.9_Sin_100_Top_Frick_Mb		Top JO-AL		662.30				462.43		462.43				192.9_Sin_100_Top_Frick_Mb		Top JO-AL		461.40

		Top Beggingen Mb.		600.77				601.04				192.9_Sin_200_Top_Beggingen_Mb		Top JO-CL		600.70				675.71				675.75				192.9_Sin_200_Top_Beggingen_Mb		Top JO-CL		675.70				476.21		474.88				192.9_Sin_200_Top_Beggingen_Mb		Top JO-CL		475.70

		Top Schambelen Mb.		604.27				604.45				199.5_Het_100_Top_Schambelen_Mb		Top JO-AK2/3		604.60				679.06				679.15				199.5_Het_100_Top_Schambelen_Mb		Top JO-AK2/3		679.20				479.45		478.07				199.5_Het_100_Top_Schambelen_Mb		Top JO-AK2/3		478.30

		Top Klettgau Fm. - Top Gruhalde Mb.		612.46		612.76		612.76				201.4_Rha_100_Top_Keuper_Gr				612.76				688.72		688.76		688.76				201.4_Rha_100_Top_Keuper_Gr				688.76				488.50		487.62				201.4_Rha_100_Top_Keuper_Gr				487.50

		Top Seebi Mb.										208.5_Nor_100_Top_Seebi_Mb				625.80												208.5_Nor_100_Top_Seebi_Mb				699.60				497.50		496.31				208.5_Nor_100_Top_Seebi_Mb				497.30

		Top Gruhalde Mb.										208.5_Nor_200_Top_lw_Gruhalde_Mb				625.80												208.5_Nor_200_Top_lw_Gruhalde_Mb				699.60				498.30		497.11				208.5_Nor_200_Top_lw_Gruhalde_Mb				497.30

		Top Gansingen Mb.		630.96				632.27				227_Car_100_Top_Gansingen_Mb		Top JO-DK		632.30				702.59				702.80				227_Car_100_Top_Gansingen_Mb		Top JO-DK		702.80				502.70		501.51				227_Car_100_Top_Gansingen_Mb		Top JO-DK		500.50

		Top Ergolz Mb.		637.82				639.13				227_Car_200_Top_Ergolz_Mb		Top JO-AK1/JO-SK		639.30				708.79				709.02				227_Car_200_Top_Ergolz_Mb		Top JO-AK1/JO-SK		708.60				507.20		506.27				227_Car_200_Top_Ergolz_Mb		Top JO-AK1/JO-SK		506.30

		Top Bänkerjoch Fm. - Top «Claystone with anhydrite nodules»		653.45		654.70		654.70				227_Car_300_Top_Baenkerjoch_Fm		Top JO-AAK		654.70				720.03		720.21		720.21				227_Car_300_Top_Baenkerjoch_Fm		Top JO-AAK		720.21				528.30		527.37		Top Bänkerjoch Fm. is transitional and erosive, it could also be picked several meters higher (according to petrophisical patterns)		227_Car_300_Top_Baenkerjoch_Fm		Top JO-AAK		521.60

		Top «Cyclique sequence»		683.23				684.49												751.15				751.12												551.00		551.14

												237_Lad_100_Intra_Baenkerjoch_Fm				685.00												237_Lad_100_Intra_Baenkerjoch_Fm				752.30										237_Lad_100_Intra_Baenkerjoch_Fm				549.80

		Top «Thin-layered anhydrite and claystone sequence»		704.07				705.29												771.91				771.82												572.00		571.96

		Top «Banded massive anhydrite»		739.32				740.62												800.27				800.10												600.00		599.46

												237_Lad_200_Intra_Baenkerjoch_Fm		Top JO-MAK		740.70												237_Lad_200_Intra_Baenkerjoch_Fm		Top JO-MAK		804.80										237_Lad_200_Intra_Baenkerjoch_Fm		Top JO-MAK		602.90

		Top «Dolomite and anhydrite»										237_Lad_300_Intra_Baenkerjoch_Fm		Top JO-DAK		745.80												237_Lad_300_Intra_Baenkerjoch_Fm		Top JO-DAK		809.20				609.00		608.15				237_Lad_300_Intra_Baenkerjoch_Fm		Top JO-DAK		607.60

		Top Schinznach Fm. - Asp Mb.		748.27		749.52		749.52				237_Lad_400_Top_Muschelkalk_Gr		Top Dolomitic Muschelkalk		749.70				812.62		812.45		812.45				237_Lad_400_Top_Muschelkalk_Gr		Top Dolomitic Muschelkalk		812.40				611.90		611.67		Top in revised log depth: harmonized  pick based on petrophysical log correlation 		237_Lad_400_Top_Muschelkalk_Gr		Top Dolomitic Muschelkalk		611.90

		Top Stamberg Mb.		752.64				753.86				237_Lad_500_Top_Stamberg_Mb				753.60				816.65				816.52				237_Lad_500_Top_Stamberg_Mb				816.50				616.00		615.97				237_Lad_500_Top_Stamberg_Mb				616.00

		Top Liedertswil Mb.		785.00				786.16												849.01				848.84												652.40		652.37

		Top Leutschenberg + Kienberg Mb.		793.79				794.93												857.45				857.27														659.97

		Top Zeglingen Fm. - Top «Dolomitzone»		820.32		821.88		821.09		Top in revised log depth: harmonized  pick based on petrophysical log correlation  										875.89		876.05		876.05												688.50		688.47

		Top «Sulfatzone»

		Top «Obere Sulfatzone»																		884.87				885.04												698.48		698.45

		Top «Salzlager»																		914.04				914.22												740.35		739.63

		Top «Untere Sulfatzone»																		915.36				915.54												742.73		742.01

		Top Kaiseraugst Fm. - Top «Orbicularismergel»																		922.22		922.30		922.3												750.70		748.52		Top in revised log depth: harmonized  pick based on petrophysical log correlation 

		Top «Wellenmergel»																		930.69				930.87												757.00		756.43

		Top «Wellendolomit»																		957.00				957.25												784.00		783.58

		Top Dinkelberg Fm.																		967.38		967.70		965.7		Top in revised log depth: harmonized  pick based on petrophysical log correlation 										793.90		793.90

		Top Weitenau Fm.										251.9_Per_100_Base_Mesozoic								989.89		989.83		989.83				251.9_Per_100_Base_Mesozoic				989.83				816.40		816.40				251.9_Per_100_Base_Mesozoic				816.20





c_NL_Stratigraphy

		Borehole		BAC1		BAC1		BAC1		BAC1		BAC1		BAC1		BAC1				WEI		WEI		WEI		WEI		WEI		WEI				STA2		STA2		STA2		STA2		STA2		STA2		STA2				STA3		STA3		STA3		STA3		STA3		STA3		STA3				BUL1		BUL1		BUL1		BUL1		BUL1		BUL1		BUL1

		RBG Lithostratigraphy		RBG Lithostratigraphy
Core Depth
from NAB 22-04, Dossier IV
 (m, MD)		RBG Lithostratigraphy
Log Depth
from NAB 22-04, Dossier III
 (m, MD)		RBG Lithostratigraphy
Revised Log Depth  
(m, MD)		Comments		RBG Timelines
(full name)		RBG Abstracted Units for Safety Analysis		RBG Timelines
Log Depth
(m, MD)				RBG Lithostratigraphy
Core Depth
NTB 86-01, NAB 12-051, NAB 14-95, NAB 16-62, NAB 18-11, and modified
 (m, MD)		RBG Lithostratigraphy
Revised Log Depth  
(m, MD)		Comments		RBG Timelines
(full name)		RBG Abstracted Units for Safety Analysis		RBG Timelines
Log Depth
(m, MD)				RBG Lithostratigraphy
Core Depth
from NAB 22-02, Dossier IV
 (m, MD)		RBG Lithostratigraphy
Log Depth
from NAB 22-02, Dossier III
 (m, MD)		RBG Lithostratigraphy
Revised Log Depth  
(m, MD)		Comments		RBG Timelines
(full name)		RBG Abstracted Units for Safety Analysis		RBG Timelines
Log Depth
(m, MD)				RBG Lithostratigraphy
Core Depth
from NAB 22-01, Dossier IV
 (m, MD)		RBG Lithostratigraphy
Log Depth
from NAB 22-01, Dossier III
 (m, MD)		RBG Lithostratigraphy
Revised Log Depth  
(m, MD)		Comments		RBG Timelines
(full name)		RBG Abstracted Units for Safety Analysis		RBG Timelines
Log Depth
(m, MD)				RBG Lithostratigraphy
Core Depth
from NAB 20-08, Dossier IV
 (m, MD)		RBG Lithostratigraphy
Log Depth
from NAB 20-08, Dossier III
 (m, MD)		RBG Lithostratigraphy
Revised Log Depth  
(m, MD)		Comments		RBG Timelines
(full name)		RBG Abstracted Units for Safety Analysis		RBG Timelines
Log Depth
(m, MD)

		Top Quaternary		0		0		0												0		0												0		0		0												0		0		0												0		0		0

		Top OSM

		Top OMM		14		14		14																										26		26		26.0

		Top USM		94		94		94												37		39.13												62		62		62.0												28		28		28												36		36		36

		Top Siderolithic Group		450		450		450												177.27		175.11		Top in revised log depth: harmonized  pick based on petrophysical log correlation										422		422		422.0												402		402		402												502		502		502

		Top «Felsenkalke» + «Massenkalk»		462		462		462				149.2_Kim_100_Base_Cenozoic				462.00				186.03		184.86				149.2_Kim_100_Base_Cenozoic				184.80				433.0		433.0		433.0				149.2_Kim_100_Base_Cenozoic				433.00				406		406		406				149.2_Kim_100_Base_Cenozoic				406.00				504		504		504				149.2_Kim_100_Base_Cenozoic				504.00

												149.2_Kim_400_nTop_Schwarzbach_Fm				549.50										149.2_Kim_400_nTop_Schwarzbach_Fm				289.60												149.2_Kim_400_nTop_Schwarzbach_Fm				548.30												149.2_Kim_400_nTop_Schwarzbach_Fm				532.50												149.2_Kim_400_nTop_Schwarzbach_Fm				653.30

		Top Schwarzbach Fm.		549.69		550.03		550.03												295.63		290.02		Top in revised log depth: harmonized  pick based on petrophysical log correlation										548.35		548.62		548.62												532.55		532.65		532.65												653.57		653.52		653.52

		Top Villigen Fm. - Top Wangental Mb.		570.98		571.29		571.29												315.96		315.96												575.08		575.45		575.45												557.93		558.11		558.11												676.58		676.51		676.51

												149.2_Kim_700_nTop_Villigen_Fm				573.50										149.2_Kim_700_nTop_Villigen_Fm				315.90												149.2_Kim_700_nTop_Villigen_Fm				575.20												149.2_Kim_700_nTop_Villigen_Fm				559.50												149.2_Kim_700_nTop_Villigen_Fm				676.00

		Top «Knollen Bed»		589.42				589.74																										591.16				591.48

		Top Küssaburg Mb.		589.52				589.84												336.00		335.93												592.38				592.73

		Top Hornbuck Mb.		627.20				627.40												379.85		379.92												620.37				620.67												618.67				618.88

												154.8_Oxf_300_nTop_Wildegg_Fm		Top NL-MM2		634.70										154.8_Oxf_300_nTop_Wildegg_Fm		Top NL-MM2		388.00												154.8_Oxf_300_nTop_Wildegg_Fm		Top NL-MM2		643.90												154.8_Oxf_300_nTop_Wildegg_Fm		Top NL-MM2		623.40												154.8_Oxf_300_nTop_Wildegg_Fm		Top NL-MM2		749.00

		Top Wildegg Fm. - Top Effingen Mb.		637.31		637.55		637.55												390.63		390.63												646.23		646.63		646.63												625.58		625.64		625.64												751.11		751.21		751.21

												154.8_Oxf_700_Top_Gerstenhuebel_Bd				665.90										154.8_Oxf_700_Top_Gerstenhuebel_Bd				418.80												154.8_Oxf_700_Top_Gerstenhuebel_Bd				670.60												154.8_Oxf_700_Top_Gerstenhuebel_Bd				648.70												154.8_Oxf_700_Top_Gerstenhuebel_Bd

												154.8_Oxf_750_Intra_Wildegg_Fm				670.97										154.8_Oxf_750_Intra_Wildegg_Fm				422.78												154.8_Oxf_750_Intra_Wildegg_Fm				678.34												154.8_Oxf_750_Intra_Wildegg_Fm				653.49												154.8_Oxf_750_Intra_Wildegg_Fm				771.24

		Top Birmenstorf Mb.		736.40				736.66												477.52		476.87												726.36				727.40												695.71				695.82												804.85		804.95		804.95

		Top Wutach Fm.		737.05		737.32		736.80		 Top in revised log depth: harmonized  pick based on petrophysical log correlation		154.8_Oxf_975_Top_Dogger_Gr		Top NL-AD		736.80				478.21		477.01		 Top in revised log depth: harmonized  pick based on petrophysical log correlation		154.8_Oxf_975_Top_Dogger_Gr		Top NL-AD		476.70				727.18		728.20		728.10				154.8_Oxf_975_Top_Dogger_Gr		Top NL-AD		728.10				696.03		696.15		696.10				154.8_Oxf_975_Top_Dogger_Gr		Top NL-AD		696.10				805.28		805.38		805.10				154.8_Oxf_975_Top_Dogger_Gr		Top NL-AD		805.10

		Top Variansmergel Fm.		738.81		739.08		739.08												483.11		482.19												732.16		733.25		733.25												699.47		699.59		699.59												806.49		806.59		806.59

		Top «Parkinsoni-Württembergica-Sch.»		741.22		741.47		741.08												487.65		487.65		Top in revised log depth: harmonized  pick based on petrophysical log correlation										734.92		735.95		735.95																												808.00		808.08		808.08

		Top «Herrenwis Unit»										168.2_Baj_200_Top_Herrenwis_Unit_eq		Top NL-ARD		789.00				520.29		519.68		New interpretation based on logs and lithology. WEI is now included within the periplatform wedge of the «Herrenwis Unit». WEI is now part of the periplatform wedge of the «Herrenwis Unit», whereby the hard ground from 520.29-520.54m lithologically present at the top could possibly be attributed to the "Humphriesioolith Fm.", simply extremely condensed.		168.2_Baj_200_Top_Herrenwis_Unit_eq		Top NL-ARD		519.80				767.02		768.05		768.05				168.2_Baj_200_Top_Herrenwis_Unit_eq		Top NLW-CD		768.05				701.65		701.77		701.77				168.2_Baj_200_Top_Herrenwis_Unit_eq		Top NLE-CD		701.77				812.03		812.11		812.11				168.2_Baj_200_Top_Herrenwis_Unit_eq		Top NLE-CD		812.11

		Top «Humphriesioolith Fm.»		788.92		789.12		789.12				168.2_Baj_300_Base_Herrenwis_Unit_eq		Top NL-SCAD		791.20										168.2_Baj_300_Base_Herrenwis_Unit_eq		Top NL-SCAD		527.20				777.54		778.47		778.47				168.2_Baj_300_Base_Herrenwis_Unit_eq		Top NL-SCAD		778.40												168.2_Baj_300_Base_Herrenwis_Unit_eq		Top NL-SCAD		742.10				853.94		854.02		854.02				168.2_Baj_300_Base_Herrenwis_Unit_eq		Top NL-SCAD		855.00

		Top Wedelsandstein Fm.		791.05		791.25		791.25												528.05		527.61		New interpretation based on logs and lithology. WEI is now included within the periplatform wedge of the «Herrenwis Unit». WEI is now part of the periplatform wedge of the «Herrenwis Unit», whereby the hard ground from 520.29-520.54m lithologically present at the top could possibly be attributed to the "Humphriesioolith Fm.", simply extremely condensed.										779.34		780.27		780.27												742.00		742.03		742.03												855.53		855.61		854.98		Top in revised log depth: harmonized  pick based on petrophysical log correlation

												168.2_Baj_400_Intra_Wedelsandstein_Fm				792.00										168.2_Baj_400_Intra_Wedelsandstein_Fm				536.00												168.2_Baj_400_Intra_Wedelsandstein_Fm				784.10												168.2_Baj_400_Intra_Wedelsandstein_Fm				760.80												168.2_Baj_400_Intra_Wedelsandstein_Fm				869.80

		Top «Murchisonae-Oolith Fm.»		793.11		793.31		794.11		Top in revised log depth: harmonized  pick based on petrophysical log correlation										539.17		538.43												786.85		787.79		787.79												764.97		764.94		764.94												883.96		884.05		884.05

												170.9_Aal_200_Intra_Murchisonae_Oolith_Fm				797.40										170.9_Aal_200_Intra_Murchisonae_Oolith_Fm				546.20												170.9_Aal_200_Intra_Murchisonae_Oolith_Fm				796.00												170.9_Aal_200_Intra_Murchisonae_Oolith_Fm				775.20												170.9_Aal_200_Intra_Murchisonae_Oolith_Fm				891.10

		Top Opalinus Clay - Top «Sub-unit with silty calcareous beds»		808.34		808.57		808.57				170.9_Aal_300_Top_Opalinus_Clay		Top NL-OPA		808.57				554.82		553.97				170.9_Aal_300_Top_Opalinus_Clay		Top NL-OPA		554.50				799.67		800.67		800.67				170.9_Aal_300_Top_Opalinus_Clay		Top NL-OPA		800.67				779.26		779.16		779.16				170.9_Aal_300_Top_Opalinus_Clay		Top NL-OPA		779.16				891.70		891.75		891.75				170.9_Aal_300_Top_Opalinus_Clay		Top NL-OPA		891.75

		Top «Upper silty subunit»		834.57				834.87												584.25		583.83												823.50				824.40												807.34				807.18												912.55				912.57

		Top «Mixed clay-silt-carbonate sub-unit»		861.63				861.90												600.93		600.51												839.72				840.78												821.09				820.94												927.77				927.78

		Top «Clay-rich sub-unit»		895.17				895.71												650.02		649.25												886.97				887.96												868.06				867.83												978.80				978.81

		Top Staffelegg Fm. - Top Gross Wolf Mb.		914.91		915.30		915.30				174.7_Toa_100_Top_Lias_Gr		Top NL-ML		915.30				665.67		665.23				174.7_Toa_100_Top_Lias_Gr		Top NL-ML		664.90				905.20		906.87		906.87				174.7_Toa_100_Top_Lias_Gr		Top NL-ML		906.87				887.94		887.72		887.72				174.7_Toa_100_Top_Lias_Gr		Top NL-ML		887.72				995.85		996.01		996.01				174.7_Toa_100_Top_Lias_Gr		Top NL-ML		996.01

		Top Rietheim Mb.		919.64				920.03												671.15		670.57												909.98				911.57												892.79				892.53												1000.70		1000.81		1000.79

		Top Grünscholz, Breittenmatt + Rickenbach Mb.		925.49				925.95				184.2_Pli_100_Top_Rickenbach_Mb								678.36		679.31				184.2_Pli_100_Top_Rickenbach_Mb								916.14				917.70				184.2_Pli_100_Top_Rickenbach_Mb								899.30				899.12				184.2_Pli_100_Top_Rickenbach_Mb								1006.81		1006.89		1006.90				184.2_Pli_100_Top_Rickenbach_Mb

		Top Frick Mb.		928.12				928.46				192.9_Sin_100_Top_Frick_Mb		Top NL-AL		928.40				680.97		681.92				192.9_Sin_100_Top_Frick_Mb		Top NL-AL		680.00				918.46				920.00				192.9_Sin_100_Top_Frick_Mb		Top NL-AL		920.00				901.53				901.35				192.9_Sin_100_Top_Frick_Mb		Top NL-AL		901.40				1009.07		1009.07		1009.15				192.9_Sin_100_Top_Frick_Mb		Top NL-AL		1009.10

		Top Beggingen Mb.		939.52				940.05				192.9_Sin_200_Top_Beggingen_Mb		Top NL-CL		939.90				694.30		693.84				192.9_Sin_200_Top_Beggingen_Mb		Top NL-CL		693.60				930.24				931.75				192.9_Sin_200_Top_Beggingen_Mb		Top NL-CL		931.80				913.47				913.27				192.9_Sin_200_Top_Beggingen_Mb		Top NL-CL		913.20				1019.82		1019.87		1019.87				192.9_Sin_200_Top_Beggingen_Mb		Top NL-CL		1019.80

		Top Schambelen Mb.		943.04				943.52				199.5_Het_100_Top_Schambelen_Mb		Top NL-AK3		943.20				698.30		697.69				199.5_Het_100_Top_Schambelen_Mb		Top NL-AK3		697.30				933.16				934.77				199.5_Het_100_Top_Schambelen_Mb		Top NL-AK3		934.70				916.23				915.99				199.5_Het_100_Top_Schambelen_Mb		Top NL-AK3		915.90				1025.42		1025.44		1025.45				199.5_Het_100_Top_Schambelen_Mb		Top NL-AK3		1022.70

		Top Klettgau Fm. - Top Gruhalde Mb.		949.73		950.07		950.07				201.4_Rha_100_Top_Keuper_Gr				950.07				704.32		703.63				201.4_Rha_100_Top_Keuper_Gr				703.70				940.89		941.42		941.42				201.4_Rha_100_Top_Keuper_Gr				941.42				922.71		922.44		922.44				201.4_Rha_100_Top_Keuper_Gr				922.44				1030.51		1030.53		1030.53				201.4_Rha_100_Top_Keuper_Gr				1030.53

		Top Seebi Mb.		959.75				959.95				208.5_Nor_100_Top_Seebi_Mb		Top NL-DK2		959.80				718.56		717.95				208.5_Nor_100_Top_Seebi_Mb		Top NL-DK2		715.80				951.85				952.42				208.5_Nor_100_Top_Seebi_Mb		Top NL-DK2		952.40				935.22				935.60				208.5_Nor_100_Top_Seebi_Mb		Top NL-DK2		935.60				1041.70		1041.70		1041.69				208.5_Nor_100_Top_Seebi_Mb		Top NL-DK2		1041.70

		Top Gruhalde Mb.										208.5_Nor_200_Top_lw_Gruhalde_Mb		Top NL-AK2		966.20				718.98		718.37				208.5_Nor_200_Top_lw_Gruhalde_Mb		Top NL-AK2		720.00				957.62				958.32				208.5_Nor_200_Top_lw_Gruhalde_Mb		Top NL-AK2		958.40				941.66				942.07				208.5_Nor_200_Top_lw_Gruhalde_Mb		Top NL-AK2		942.00				1044.42		1044.51		1044.52				208.5_Nor_200_Top_lw_Gruhalde_Mb		Top NL-AK2		1044.90

		Top Gansingen Mb.		966.03				966.16				227_Car_100_Top_Gansingen_Mb		Top NL-DK1		967.60				724.32		723.44				227_Car_100_Top_Gansingen_Mb		Top NL-DK1		723.40				959.06				959.65				227_Car_100_Top_Gansingen_Mb		Top NL-DK1		959.70				943.46				943.87				227_Car_100_Top_Gansingen_Mb		Top NL-DK1		943.90				1050.82		1050.87		1050.87				227_Car_100_Top_Gansingen_Mb		Top NL-DK1		1050.80

		Top Ergolz Mb.		968.75				968.82				227_Car_200_Top_Ergolz_Mb		Top NL-AK1		968.80				727.62		726.74				227_Car_200_Top_Ergolz_Mb		Top NL-AK1		726.70				961.46				962.10				227_Car_200_Top_Ergolz_Mb		Top NL-AK1		962.20				945.28				945.72				227_Car_200_Top_Ergolz_Mb		Top NL-AK1		945.70				1052.03		1052.12		1052.08				227_Car_200_Top_Ergolz_Mb		Top NL-AK1		1052.50

		Top Bänkerjoch Fm. - Top «Claystone with anhydrite nodules»		980.93		981.27		981.90		Top in revised log depth: harmonized  pick based on petrophysical log correlation		227_Car_300_Top_Baenkerjoch_Fm		Top NL-AAK		981.90				739.35		737.92		Top in revised log depth: harmonized  pick based on petrophysical log correlation		227_Car_300_Top_Baenkerjoch_Fm		Top NL-AAK		741.00				969.87		970.52		970.52				227_Car_300_Top_Baenkerjoch_Fm		Top NL-AAK		970.52				951.13		951.57		951.57				227_Car_300_Top_Baenkerjoch_Fm		Top NL-AAK		951.57				1067.36		1067.36		1067.36				227_Car_300_Top_Baenkerjoch_Fm		Top NL-AAK		1067.36

												237_Lad_100_Intra_Baenkerjoch_Fm				1003.30										237_Lad_100_Intra_Baenkerjoch_Fm				758.80												237_Lad_100_Intra_Baenkerjoch_Fm				992.00												237_Lad_100_Intra_Baenkerjoch_Fm				975.40												237_Lad_100_Intra_Baenkerjoch_Fm				1085.10

		Top «Cyclique sequence»		1002.78				1003.02												760.50		759.85												992.22				992.90												976.08				976.41												1085.07				1085.06

		Top «Thin-layered anhydrite and claystone sequence»		1029.89				1030.23												780.90		780.25												1017.72				1018.26												1000.71				1001.13												1109.60				1109.52

		Top «Banded massive anhydrite»		1046.84				1047.20				237_Lad_200_Intra_Baenkerjoch_Fm		Top NL-MAK		1047.20				803.35		802.58				237_Lad_200_Intra_Baenkerjoch_Fm		Top NL-MAK		806.50				1036.19				1036.75				237_Lad_200_Intra_Baenkerjoch_Fm		Top NL-MAK		1035.80				1019.81				1020.04				237_Lad_200_Intra_Baenkerjoch_Fm		Top NL-MAK		1019.30				1124.14				1124.14				237_Lad_200_Intra_Baenkerjoch_Fm		Top NL-MAK		1124.30

		Top «Dolomite and anhydrite»		1050.90				1051.24				237_Lad_300_Intra_Baenkerjoch_Fm		Top NL-DAK		1051.00				810.63		809.79				237_Lad_300_Intra_Baenkerjoch_Fm		Top NL-DAK		809.70				1039.72				1040.35				237_Lad_300_Intra_Baenkerjoch_Fm		Top NL-DAK		1040.20				1023.45				1023.64				237_Lad_300_Intra_Baenkerjoch_Fm		Top NL-DAK		1023.40				1128.67				1128.65				237_Lad_300_Intra_Baenkerjoch_Fm		Top NL-DAK		1128.50

		Top Schinznach Fm. - Asp Mb.		1053.90		1054.30		1054.30				237_Lad_400_Top_Muschelkalk_Gr		Top Dolomitic Muschelkalk		1054.10				814.08		814.08		Top in revised log depth: harmonized  pick based on petrophysical log correlation		237_Lad_400_Top_Muschelkalk_Gr		Top Dolomitic Muschelkalk		813.00				1043.07		1043.62		1043.62				237_Lad_400_Top_Muschelkalk_Gr		Top Dolomitic Muschelkalk		1043.80				1026.62		1026.96		1026.96				237_Lad_400_Top_Muschelkalk_Gr		Top Dolomitic Muschelkalk		1026.80				1132.00		1132.00		1132.00				237_Lad_400_Top_Muschelkalk_Gr		Top Dolomitic Muschelkalk		1132.00

		Top Stamberg Mb.		1057.9				1058.41				237_Lad_500_Top_Stamberg_Mb				1058.50				819.13		818.29				237_Lad_500_Top_Stamberg_Mb				817.70				1047.48				1048.13				237_Lad_500_Top_Stamberg_Mb				1048.00				1030.65				1030.87				237_Lad_500_Top_Stamberg_Mb				1031.00				1135.77		1135.77		1135.80				237_Lad_500_Top_Stamberg_Mb				1135.50

		Top Liedertswil Mb.		1095.95				1096.44												857.05		856.75												1081.00				1081.60												1069.18				1069.68												1174.24		1174.13		1174.09

		Top Leutschenberg + Kienberg Mb.		1100.66				1101.08																										1090.78				1091.33												1071.02				1071.45												1176.19		1176.06		1176.02

		Top Zeglingen Fm. - Top «Dolomitzone»		1125.75		1126.20		1126.20												887.90		887.90		Top in revised log depth: harmonized  pick based on petrophysical log correlation										1116.01		1116.69		1116.69												1099.03		1099.64		1099.64												1204.73		1204.58		1204.58

		Top «Sulfatzone»																		897.66

		Top «Obere Sulfatzone»		1134.87				1135.21												897.66		897.09												1125.93				1126.57												1109.13				1109.50												1214.0		1214.0		1213.86

		Top «Salzlager»		1160.56				1161.07																										1151.45				1152.07												1135.31				1135.67												1245.50		1245.76		1245.64

		Top «Untere Sulfatzone»		1195.79				1196.32																										1178.88				1179.58												1174.87				1175.08												1260.31		1260.37		1260.37

		Top Kaiseraugst Fm. - Top «Orbicularismergel»		1202.03		1202.43		1202.43												944.56		942.44		Top in revised log depth: harmonized  pick based on petrophysical log correlation										1184.72		1185.42		1186.70		Top in revised log depth: harmonized  pick based on petrophysical log correlation 										1178.43		1178.73		1181.23		Top in revised log depth: harmonized  pick based on petrophysical log correlation 										1267.94		1267.94		1270.14		Top in revised log depth: harmonized  pick based on petrophysical log correlation  

		Top «Wellenmergel»		1210.01				1210.36												950.35		949.81												1193.73				1194.41												1185.81				1186.06												1276.59		1276.73		1276.60

		Top «Wellendolomit»		1233.50				1233.97												973.32		973.17												1217.00				1217.96												1208.52				1208.78												1300.04		1299.94		1299.94

		Top Dinkelberg Fm.		1242.82		1243.12		1243.40												981.83		981.83												1224.20		1225.07		1225.66		Top in revised log depth: harmonized  pick based on petrophysical log correlation 										1215.50		1215.74		1215.82												1306.17		1306.11		1306.74		Top in revised log depth: harmonized  pick based on petrophysical log correlation  

		Top Weitenau Fm.		1256.86		1257.26		1257.26				251.9_Per_100_Base_Mesozoic				1257.26				991.50		991.50				251.9_Per_100_Base_Mesozoic				991.50				1237.01		1237.94		1237.94				251.9_Per_100_Base_Mesozoic				1237.94				1226.38		1226.68		1226.68				251.9_Per_100_Base_Mesozoic				1226.68				1319.63		1319.46		1319.46				251.9_Per_100_Base_Mesozoic				1319.46









d_ZNO_Stratigraphy

		Borehole		MAR1		MAR1		MAR1		MAR1		MAR1		MAR1		MAR1				RHE1		RHE1		RHE1		RHE1		RHE1		RHE1		RHE1						BEN		BEN		BEN				BEN		BEN		BEN				TRU1		TRU1		TRU1		TRU1		TRU1		TRU1		TRU1

		RBG Lithostratigraphy		RBG Lithostratigraphy
Core Depth
from NAB 21-20, Dossier IV
 (m, MD)		RBG Lithostratigraphy
Log Depth
from NAB 21-20, Dossier III
 (m, MD)		RBG Lithostratigraphy
Revised Log Depth  
(m, MD)		Comments		RBG Timelines
(full name)		RBG Abstracted Units for Safety Analysis		RBG Timelines
Log Depth
(m, MD)				RBG Lithostratigraphy
Core Depth
from NAB 22-03, Dossier IV
 (m, MD)		RBG Lithostratigraphy
Log Depth
from NAB 22-003, Dossier III
 (m, MD)		RBG Lithostratigraphy
Revised Log Depth  
(m, MD)		Comments		RBG Timelines
(full name)		RBG Abstracted Units for Safety Analysis		RBG Timelines
Log Depth
(m, MD)						RBG Lithostratigraphy
Core Depth
NTB 00-01, NAB 12-051, NAB 14-95, NAB 16-62, and modified
 (m, MD)		RBG Lithostratigraphy
Revised Log Depth  
(m, MD)		Comments				RBG Timelines
(full name)		RBG Abstracted Units for Safety Analysis		RBG Timelines
Log Depth
(m, MD)				RBG Lithostratigraphy
Core Depth
from NAB 20-09, Dossier IV
 (m, MD)		RBG Lithostratigraphy
Log Depth
from NAB 20-09, Dossier III
 (m, MD)		RBG Lithostratigraphy
Revised Log Depth  
(m, MD)		Comments		RBG Timelines
(full name)		RBG Abstracted Units for Safety Analysis		RBG Timelines
Log Depth
(m, MD)

		Top Quaternary		0		0		0												0		0		0														0		0														0		0		0

		Top OSM

		Top OMM																																																				24		24.0		24

		Top USM		48		48		48												3		3		3														68		68														50		50.0		50

		Top Siderolithic Group		248		248		248												149.9		149.9		149.90														192		192.90														470		470.0		470

		Top «Felsenkalke» + «Massenkalk»		254		254		255.30		Top in revised log depth: harmonized  pick based on petrophysical log correlation		149.2_Kim_100_Base_Cenozoic				255.30				154.4		154.4		154.40				149.2_Kim_100_Base_Cenozoic				154.40						199		197.20		Top in revised log depth: harmonized  pick based on petrophysical log correlation				149.2_Kim_100_Base_Cenozoic				199.00				474		474.0		474				149.2_Kim_100_Base_Cenozoic				474.00

		Top Schwarzbach Fm.		396.1		396.1		396.10				149.2_Kim_400_nTop_Schwarzbach_Fm				395.70				298.1		298.1		298.10				149.2_Kim_400_nTop_Schwarzbach_Fm				297.80						350		350.00						149.2_Kim_400_nTop_Schwarzbach_Fm				350.00				628.87		628.75		628.75				149.2_Kim_400_nTop_Schwarzbach_Fm				628.40

		Top Villigen Fm.		406.9		406.9		406.90				149.2_Kim_700_nTop_Villigen_Fm				406.50				312.7		312.7		312.70				149.2_Kim_700_nTop_Villigen_Fm				312.70						361		361.00						149.2_Kim_700_nTop_Villigen_Fm				360.80				653.29		653.15		653.15				149.2_Kim_700_nTop_Villigen_Fm				652.80

		Top Hornbuck Mb.																																				412.62		412.42														696.42				696.79

												154.8_Oxf_300_nTop_Wildegg_Fm		Top ZNO-MM		482.60												154.8_Oxf_300_nTop_Wildegg_Fm		Top ZNO-MM		397.30														154.8_Oxf_300_nTop_Wildegg_Fm		Top ZNO-MM		435.60												154.8_Oxf_300_nTop_Wildegg_Fm		Top ZNO-MM		710.30

		Top Wildegg Fm. - Top Effingen Mb.		484.02		484.22		484.22												398.8		398.8		398.80														436.66		436.51														714		714		714

												154.8_Oxf_700_Top_Gerstenhuebel_Bd				487.60												154.8_Oxf_700_Top_Gerstenhuebel_Bd				402.80														154.8_Oxf_700_Top_Gerstenhuebel_Bd				440.00												154.8_Oxf_700_Top_Gerstenhuebel_Bd				714.70

												154.8_Oxf_750_Intra_Wildegg_Fm				490.46																														154.8_Oxf_750_Intra_Wildegg_Fm				442.38

		Top Birmenstorf Mb. and «Glaukonitsandmergel Bed»		500.69				500.81												418.3				418.30														450.40		450.25														722.18				722.32

		Top Wutach Fm.		501.80		501.92		501.60				154.8_Oxf_975_Top_Dogger_Gr		Top ZNO-AD		501.60				419.2		419.2		418.60		Top in revised log depth: harmonized  pick based on petrophysical log correlation 		154.8_Oxf_975_Top_Dogger_Gr		Top ZNO-AD		418.60						451.15		451.15						154.8_Oxf_975_Top_Dogger_Gr		Top ZNO-AD		451.10				724.85		725.03		724.30		Top in revised log depth: harmonized  pick based on petrophysical log correlation		154.8_Oxf_975_Top_Dogger_Gr		Top ZNO-AD		724.30

		Top Variansmergel Fm. 		505.75		506.03		506.03				165.3_Bat_100_nTop_Variansmergel_Fm								423.4		423.4		423.40				165.3_Bat_100_nTop_Variansmergel_Fm										454.33		454.33						165.3_Bat_100_nTop_Variansmergel_Fm								727.13		727.27		727.27				165.3_Bat_100_nTop_Variansmergel_Fm

		Top «Parkinsoni-Württembergica-Sch.»		517.43		517.57		516.65		Top in revised log depth: harmonized  pick based on petrophysical log correlation										436.6		436.6		436.13														466.90		465.73		Top in revised log depth: harmonized  pick based on petrophysical log correlation												738.97		739.06		738.85

		Top «Humphriesioolith Fm.»		545.93		546.12		546.12												469.8		469.8		469.80														495.05		495.05														774.55		774.66		774.66

												168.2_Baj_200_Intra_Humphriesioolith_Fm		Top ZNO-SCAD		548.20												168.2_Baj_200_Intra_Humphriesioolith_Fm		Top ZNO-SCAD		472.30														168.2_Baj_200_Intra_Humphriesioolith_Fm		Top ZNO-SCAD		497.10												168.2_Baj_200_Intra_Humphriesioolith_Fm		Top ZNO-SCAD		776.90

												168.2_Baj_300_Intra_Humphriesioolith_Fm				554.10												168.2_Baj_300_Intra_Humphriesioolith_Fm				481.70														168.2_Baj_300_Intra_Humphriesioolith_Fm				505.20												168.2_Baj_300_Intra_Humphriesioolith_Fm				783.90

		Top Wedelsandstein Fm.		555.23		555.47		555.47												482.8		482.8		482.80														507.55		507.55														787.50		787.55		787.55

												168.2_Baj_400_Intra_Wedelsandstein_Fm				561.64												168.2_Baj_400_Intra_Wedelsandstein_Fm				488.50														168.2_Baj_400_Intra_Wedelsandstein_Fm				511.00												168.2_Baj_400_Intra_Wedelsandstein_Fm				797.90

		Top Murchisonae-Oolith Fm.		589.17		589.19		589.19												521.43		521.21		521.21														538.68		538.68														815.51		815.50		815.50

												170.9_Aal_200_Intra_Murchisonae_Oolith_Fm				590.10												170.9_Aal_200_Intra_Murchisonae_Oolith_Fm				524.20														170.9_Aal_200_Intra_Murchisonae_Oolith_Fm				539.40												170.9_Aal_200_Intra_Murchisonae_Oolith_Fm				816.20

		Top Opalinus Clay - Top «Sub-unit with silty calcareous beds»		590.35		590.37		590.37				170.9_Aal_300_Top_Opalinus_Clay		Top ZNO-OPA		590.37				524.61		524.33		524.33				170.9_Aal_300_Top_Opalinus_Clay		Top ZNO-OPA		524.33						539.70		539.70						170.9_Aal_300_Top_Opalinus_Clay		Top ZNO-OPA		539.70				816.42		816.43		816.43				170.9_Aal_300_Top_Opalinus_Clay		Top ZNO-OPA		816.43

		Top «Upper silty subunit»		626.41				626.36												564.30				564.26														574.00		574.00														846.88				846.95

		Top «Mixed clay-silt-carbonate sub-unit»		642.77				642.83												584.91				584.94														590.11		590.11														860.24				860.33

		Top «Clay-rich sub-unit»		688.88				688.74												640.86				640.92														637.80		637.80														912.95				912.89

		Top Staffelegg Fm. - Top Gross Wolf Mb.		705.40		705.52		705.52				174.7_Toa_100_Top_Lias_Gr		Top ZNO-ML		705.52				668.07		668.19		668.19				174.7_Toa_100_Top_Lias_Gr		Top ZNO-ML		668.19						652.04		651.81						174.7_Toa_100_Top_Lias_Gr		Top ZNO-ML		652.00				927.91		927.87		927.87				174.7_Toa_100_Top_Lias_Gr		Top ZNO-ML		927.87

		Top Rietheim Mb.		712.10				712.09												675.84				675.94														658.13		658.03														934.73				934.65

		Top Grünscholz, Breittenmatt + Rickenbach Mb.		721.48				721.39				184.2_Pli_100_Top_Rickenbach_Mb								687.81				687.90				184.2_Pli_100_Top_Rickenbach_Mb										667.58		667.48						184.2_Pli_100_Top_Rickenbach_Mb								944.68				944.63				184.2_Pli_100_Top_Rickenbach_Mb

		Top Frick Mb.		725.13				725.09				192.9_Sin_100_Top_Frick_Mb		Top ZNO-AL		725.10				692.89				692.98				192.9_Sin_100_Top_Frick_Mb		Top ZNO-AL		692.80						671.63		671.43						192.9_Sin_100_Top_Frick_Mb		Top ZNO-AL		671.60				949.90				949.76				192.9_Sin_100_Top_Frick_Mb		Top ZNO-AL		949.80

		Top Beggingen Mb.		737.74				737.74				192.9_Sin_200_Top_Beggingen_Mb		Top ZNO-CL		737.70				709.21				709.23				192.9_Sin_200_Top_Beggingen_Mb		Top ZNO-CL		709.20						684.05		683.85						192.9_Sin_200_Top_Beggingen_Mb		Top ZNO-CL		684.00				962.09				961.94				192.9_Sin_200_Top_Beggingen_Mb		Top ZNO-CL		961.90

		Top Schambelen Mb.		741.98				741.98				199.5_Het_100_Top_Schambelen_Mb		Top ZNO-AK3		742.20				714.15				714.24				199.5_Het_100_Top_Schambelen_Mb		Top ZNO-AK3		714.20						687.64		687.44						199.5_Het_100_Top_Schambelen_Mb		Top ZNO-AK3		687.30				965.83				965.66				199.5_Het_100_Top_Schambelen_Mb		Top ZNO-AK3		965.70

		Top Klettgau Fm.  - Top Gruhalde Mb. (or Top Belchen Mb.)		747.83		747.89		747.89				201.4_Rha_100_Top_Keuper_Gr				747.89				721.46		721.50		721.50				201.4_Rha_100_Top_Keuper_Gr				721.50						692.30		692.20						201.4_Rha_100_Top_Keuper_Gr				692.10				971.68		971.55		971.55				201.4_Rha_100_Top_Keuper_Gr				972.84

		Top Gruhalde Mb. (if Belchen Mb. is present)																																				692.90		692.90														973.09				973.09

		Top Seebi Mb.		765.75				765.94				208.5_Nor_100_Top_Seebi_Mb		Top ZNO-DSK		765.80				743.34				743.44				208.5_Nor_100_Top_Seebi_Mb		Top ZNO-DSK		743.40						709.12		709.12						208.5_Nor_100_Top_Seebi_Mb		Top ZNO-DSK		709.10				989.64				989.64				208.5_Nor_100_Top_Seebi_Mb		Top ZNO-DSK		989.90

		Top Gruhalde Mb. (lower part, if Seebi Mb. Present)		774.71				774.96				208.5_Nor_200_Top_lw_Gruhalde_Mb		Top ZNO-AK2		774.70				757.16				757.24				208.5_Nor_200_Top_lw_Gruhalde_Mb		Top ZNO-AK2		757.00						720.60		720.50						208.5_Nor_200_Top_lw_Gruhalde_Mb		Top ZNO-AK2		720.50				1003.95				1004.17				208.5_Nor_200_Top_lw_Gruhalde_Mb		Top ZNO-AK2		1004.10

		Top Gansingen Mb.		782.46				782.72				227_Car_100_Top_Gansingen_Mb		Top ZNO-ANK		782.60				765.67				766.07				227_Car_100_Top_Gansingen_Mb		Top ZNO-ANK		765.80						728.10		728.00						227_Car_100_Top_Gansingen_Mb		Top ZNO-ANK		727.90				1013.39				1013.53				227_Car_100_Top_Gansingen_Mb		Top ZNO-ANK		1013.50

		Top Ergolz Mb.		784.02				784.21				227_Car_200_Top_Ergolz_Mb		Top ZNO-AK1		784.50				767.79				768.19				227_Car_200_Top_Ergolz_Mb		Top ZNO-AK1		768.20						729.68		729.58						227_Car_200_Top_Ergolz_Mb		Top ZNO-AK1		729.70				1015.49				1015.61				227_Car_200_Top_Ergolz_Mb		Top ZNO-AK1		1015.60

		Top Bänkerjoch Fm. - Top «Claystone with anhydrite nodules»		790.12		790.34		790.34				227_Car_300_Top_Baenkerjoch_Fm		Top ZNO-AAK		790.34				776.42		776.79		776.79				227_Car_300_Top_Baenkerjoch_Fm		Top ZNO-AAK		776.79						735.76		735.76						227_Car_300_Top_Baenkerjoch_Fm		Top ZNO-AAK		735.50				1027.22		1027.44		1027.44				227_Car_300_Top_Baenkerjoch_Fm		Top ZNO-AAK		1027.44

												237_Lad_100_Intra_Baenkerjoch_Fm				813.90												237_Lad_100_Intra_Baenkerjoch_Fm				808.30														237_Lad_100_Intra_Baenkerjoch_Fm				759.00												237_Lad_100_Intra_Baenkerjoch_Fm				1040.10

		Top «Cyclique sequence»		814.28				814.47												808.28				808.53														760.66		760.66														1040.30				1040.43

		Top «Thin-layered anhydrite and claystone sequence»		835.66				835.88																														781.25		781.25														1062.24				1062.41

		Top «Banded massive anhydrite»		852.34				852.54																														796.20		796.30														1077.33				1077.41

												237_Lad_200_Intra_Baenkerjoch_Fm		Top ZNO-MAK		855.20												237_Lad_200_Intra_Baenkerjoch_Fm		Top ZNO-MAK																237_Lad_200_Intra_Baenkerjoch_Fm		Top ZNO-MAK		798.80												237_Lad_200_Intra_Baenkerjoch_Fm		Top ZNO-MAK		1078.70

		Top «Dolomite and anhydrite»										237_Lad_300_Intra_Baenkerjoch_Fm		Top ZNO-DAK		859.90												237_Lad_300_Intra_Baenkerjoch_Fm		Top ZNO-DAK																237_Lad_300_Intra_Baenkerjoch_Fm		Top ZNO-DAK		803.20												237_Lad_300_Intra_Baenkerjoch_Fm		Top ZNO-DAK		1081.30

		Top Schinznach Fm. - Asp Mb.		862.52		862.77		862.77				237_Lad_400_Top_Muschelkalk_Gr		Top Dolomitic Muschelkalk		862.70												237_Lad_400_Top_Muschelkalk_Gr		Top Dolomitic Muschelkalk								807.25		807.25						237_Lad_400_Top_Muschelkalk_Gr		Top Dolomitic Muschelkalk		807.20				1084.01		1084.22		1084.22				237_Lad_400_Top_Muschelkalk_Gr		Top Dolomitic Muschelkalk		1083.00

		Top Stamberg Mb.		867.61				867.86				237_Lad_500_Top_Stamberg_Mb				867.40												237_Lad_500_Top_Stamberg_Mb										811.35		811.45						237_Lad_500_Top_Stamberg_Mb				811.20				1090.46				1090.51				237_Lad_500_Top_Stamberg_Mb				1090.20

		Top Liedertswil Mb.		906.44				906.58																														848.47		848.77														1119.16				1119.22

		Top Leutschenberg + Kienberg Mb.		910.27				910.42																																858.20														1131.33				1131.39

		Top Zeglingen Fm. - Top «Dolomitzone»		932.24		932.47		932.47																														874.30		874.30														1154.25		1154.43		1154.43

		Top «Sulfatzone»		944.29				944.45																																														1164.00				1164.00

		Top «Obere Sulfatzone»																																				886.33		886.43

		Top «Salzlager»																																				918.93		918.81

		Top «Untere Sulfatzone»																																				931.93		931.80

		Top Kaiseraugst Fm. - Top «Orbicularismergel»		993.50		993.97		993.97																														942.03		940.61		Top in revised log depth: harmonized  pick based on petrophysical log correlation												1204.5		1204.5		1204.50

		Top «Wellenmergel»		1001.90				1002.30																														948.32		948.42														1210.3				1210.30

		Top «Wellendolomit»		1022.44				1022.80																														969.42		969.57														1230.2				1230.20

		Top Dinkelberg Fm.		1029.45		1029.95		1029.95																														975.62		974.44		Top in revised log depth: harmonized  pick based on petrophysical log correlation												1233.2		1233.2		1233.20

		Top Weitenau Fm.		1037.98		1038.23		1038.23				251.9_Per_100_Base_Mesozoic				1038.23												251.9_Per_100_Base_Mesozoic																		251.9_Per_100_Base_Mesozoic				982.60				1246.1		1246.1		1246.10				251.9_Per_100_Base_Mesozoic				1246.10

		Top Crystalline basement																																				983.3		983.45														1259.7		1259.7		1259.7
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JURA OST | HORIZON OVERVIEW
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DESCRIPTION OF ABSTRACTED UNITS 
FOR SAFETY ANALYSIS & HORIZON NAMES


HORIZON NAME /
TIMELINES


ABSTRACTED PROFILE
FOR JURA OST


JO-AK1: Argillaceous Keuper
(Ergolz Mb.)


JO-SK: Sandy Keuper
(Ergolz Mb.)


Dolomitic Muschelkalk
(Schinznach Fm.)


JO-DAK: Dolomitic-Anhydritic Keuper
(Bänkerjoch Fm.)


JO-MAK: Massive Anhydritic Keuper 
(Bänkerjoch Fm.)


JO-AAK: Anhydritic-Argillaceous Keuper
(Bänkerjoch Fm.)


JO-CL: Calcareous Lias
(Beggingen Mb.)


JO-DK: Dolomitic Keuper
(Gansingen Mb.)


JO-AK2/3: Argillaceous Keuper
(Gruhalde + Schambelen Mb.)


JO-CAD: Calcareous-Argillaceous Dogger
(mostly Rothenfluh Mb.)


JO-SCD: Sandy-Calcareous Dogger
(«M.-O. Fm.» to «Humph.ool. Fm.»)


Calcareous Dogger
(mostly Hauptrogenstein + Klingnau Fm.)


JO-AL: Argillaceous Lias
(Frick Mb.)


JO-OPA: Opalinus Clay 
(Opalinus Clay)
JO-ML: Marly Lias
(Grünschholz to Gross Wolf Mb.)


JO-SCAD: Sandy-Calcareous-Argillaceous Dogger
(Passwang Fm.)


Horizon name


Horizon name


Model horizon with seismic 
interpretated counterpart


Constructed model horizon


JO-SCD


JO-SCAD


JO-ML


JO-AAK


JO-CL


JO-AK2/3


JO-DK


JO-AL


JO-OPA


JO-CAD


JO-AK1


JO-SK


JO-DAK
JO-MAK


174.7_Toa_100_Top_Lias_Gr 


192.9_Sin_100_Top_Frick_Mb


192.9_Sin_200_Top_Beggingen_Mb 


237_Lad_400 _Top_Muschelkalk_Gr


227_Car_300_Top_Baenkerjoch_Fm


227_Car_100_Top Gansingen_Mb
227_Car_200_Top_Ergolz_Mb


199.5_Het_100_Top_Schambelen_Mb 


237_Lad_200_Intra_Baenkerjoch_Fm


237_Lad_300_Intra_Baenkerjoch_Fm


168.2_Baj_100_Top_Passwang_Fm


170.9_Aal_300_Top_Opalinus_Clay


168.2_Baj_200_Top_Brueggli_Mb


SCD can occur vertically 
from the bottom to the top{
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Enclosure 3-2a


JO horizon overview


DAT.: Nov. 2024
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DESCRIPTION OF ABSTRACTED UNITS FOR 
SAFETY ANALYSIS & HORIZON NAMES


HORIZON NAME /
TIMELINES


ABSTRACTED PROFILE
FOR NÖRDLICH LÄGERN


Horizon name


Horizon name


Model horizon with seismic 
interpretated counterpart


Constructed model horizon


NL-MM1


NL-MM2


NL-CM


NL-ARD


NL-
AD


NL-SCD


NL-SCAD


NL-ML


NL-AAK


NL-CL


NL-AK3


NL-SK


NL-AL


NL-OPA


NL-AK1
NL-DK1


NL-DK2
NL-AK2


NL-DAK
NL-MAK


NLW-
CD


{


174.7_Toa_100_Top_Lias_Gr 


170.9_Aal_300_Top_Opalinus_Clay


168.2_Baj_200_Top_Herrenwis_Unit_eq
154.8_Oxf_975_Top_Dogger_Gr


154.8_Oxf_700_nTop_Gerstenhuebel_Bd


154.8_Oxf_300_nTop_Wildegg_Fm


192.9_Sin_100_Top_Frick_Mb


192.9_Sin_200_Top_Beggingen_Mb 


237_Lad_400_Top_Muschelkalk_Gr


168.2_Baj_300_Base_Herrenwis_Unit_eq


208.5_Nor_100_Top_Seebi_Mb 


227_Car_300_Top_Baenkerjoch_Fm


227_Car_100_Top_Gansingen_Mb
227_Car_200_Top_Ergolz_Mb


199.5_Het_100_Top_Schambelen_Mb 


237_Lad_200_Intra_Baenkerjoch_Fm


237_Lad_300_Intra_Baenkerjoch_Fm


SCD can occur vertically 
from the bottom to the top


154.8_Oxf_750_Intra_Wildegg_Fm


NLE-
CD


NL-AK1: Argillaceous Keuper
(Ergolz Mb.)


NL-SK: Sandy Keuper
(Ergolz Mb.)


Dolomitic Muschelkalk
(Schinznach Fm.)


NL-DAK: Dolomitic-Anhydritic Keuper
(Bänkerjoch Fm.)


NL-MAK: Massive Anhydritic Keuper 
(Bänkerjoch Fm.)


NL-AAK: Anhydritic-Argillaceous Keuper
(Bänkerjoch Fm.)


NL-CL: Calcareous Lias
(Beggingen Mb.)


NL-DK1: Dolomitic Keuper
(Gansingen Mb.)


NL-DK2: Dolomitic Keuper
(Seebi-Mb.)
NL-AK2: Argillaceous Keuper
(Gruhalde Mb.)


NL-AK3: Argillaceous Keuper
(Gruhalde + Schambelen Mb.)


NL-MM1 & -MM2: Marly Malm
(Wildegg Fm.)


NL-CM: Calcareous Malm
(Gerstenhübel Bed + Vill. Fm.)


NL-AD: Argillaceous Dogger
(«Park.-Wü.-Sch.» to Wutach Fm.)


NL-ARD: Argillaceous Dogger
(western equivalent of «Herrenwis Unit» in NL)


NL-AL: Argillaceous Lias
(Frick Mb.)


NL-OPA: Opalinus Clay 
(Opalinus Clay)
NL-ML: Marly Lias
(Grünschholz to Gross Wolf Mb.)


NL-SCAD: Sandy-Calcareous-Argillaceous Dogger
(«M.-O. Fm.» to «Humph.ool. Fm.»)


NL-SCD: Sandy-Calcareous Dogger
(«M.-O. Fm.» to «Humph.ool. Fm.»)


NLW/NLE-CD: Calcareous Dogger
(«Herrenwis Unit»)


NAB 24-10


Enclosure 3-2b


NL horizon overview


DAT.: Nov. 2024
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DESCRIPTION OF ABSTRACTED UNITS FOR  
SAFETY ANALYSIS & HORIZON NAMES


HORIZON NAME /
TIMELINES


ABSTRACTED PROFILE
FOR ZÜRICH NORDOST


Horizon name


Horizon name


Model horizon with seismic 
interpretated counterpart


Constructed model horizon


ZNO-OPA


ZNO-ML


ZNO-SCAD


ZNO-AD


ZNO-MM


ZNO-AAK


ZNO-CL


ZNO-AK3


ZNO-DSK


ZNO-AL


ZNO-SCD


170.9_Aal_300_Top_Opalinus Clay


237_Lad_200_Intra_Baenkerjoch_Fm


237_Lad_300_Intra_Baenkerjoch_Fm


168.2_Baj_200_Intra_Humphriesioolith_Fm


154.8_Oxf_975_Top_Dogger_Gr
154.8_Oxf_300_nTop_Wildegg_Fm


192.9_Sin_100_Top_Frick_Mb


192.9_Sin_200_Top_Beggingen_Mb 
199.5_Het_100_Top_Schambelen_Mb 


208.5_Nor_100_Top_Seebi_Mb


227_Car_100_Top_Gansingen_Mb
227_Car_200_Top_Ergolz_Mb
227_Car_300_Top_Baenkerjoch_Fm


174.7_Toa_100_Top_Lias_Gr 


237_Lad_400_Top_Muschelkalk_Gr
ZNO-MAK
ZNO-DAK


ZNO-SK


ZNO-ANK
ZNO-AK2


SCD can occur vertically 
from the bottom to the top


{


ZNO-AK1: Argillaceous Keuper
(Ergolz Mb.)


ZNO-SK: Sandy Keuper
(Ergolz Mb.)


Dolomitic Muschelkalk
(Schinznach Fm.)


ZNO-DAK: Dolomitic-Anhydritic Keuper
(Bänkerjoch Fm.)


ZNO-MAK: Massive Anhydritic Keuper 
(Bänkerjoch Fm.)


ZNO-AAK: Anhydritic-Argillaceous Keuper
(Bänkerjoch Fm.)


ZNO-CL: Calcareous Lias
(Beggingen Mb.)


ZNO-ANK: Anhydritic Keuper
(Gansingen Mb.)


ZNO-DSK: Dolomitic-Sandy Keuper
(Seebi-Mb.)
ZNO-AK2: Argillaceous Keuper
(Gruhalde Mb.)


ZNO-AK3: Argillaceous Keuper
(Gruhalde + Schambelen Mb.)


ZNO-MM: Marly Malm
(Wildegg Fm.)


Calcareous Malm
(Gerstenhübel Bed, upper part Wildegg + Vill. Fm.)


ZNO-AD: Argillaceous Dogger
(«Park.-Wü.-Sch.» to Wutach Fm.)


ZNO-AL: Argillaceous Lias
(Frick Mb.)


ZNO-OPA: Opalinus Clay 
(Opalinus Clay)
ZNO-ML: Marly Lias
(Grünschholz to Gross Wolf Mb.)


ZNO-SCAD: Sandy-Calcareous-Argillaceous Dogger
(«M.-O. Fm.» to «Humph.ool. Fm.»)


ZNO-SCD: Sandy-Calcareous Dogger
(«M.-O. Fm.» to «Humph.ool. Fm.»)


ZNO-AK1


NAB 24-10


Enclosure 3-2c


ZNO horizon overview


DAT.: Nov. 2024








JURA OST | 3D View


RIN


BOZ2


BOZ1


DESCRIPTION OF ABSTRACTED UNITS


JO-AK1: Argillaceous Keuper (Ergolz Mb.)
 & JO-SK: Sandy Keuper (Ergolz Mb.) 


JO-AAK: Anhydritic-Argillaceous Keuper 
(Bänkerjoch Fm.)


JO-MAK: Massive Anhydritic Keuper 
(Bänkerjoch Fm.)


JO-DAK: Dolomitic-Anhydritic Keuper
(Bänkerjoch Fm.)


Dolomitic Muschelkalk
(Schinznach Fm.)
extended to Base Mesozoic for display


JO-CL: Calcareous Lias
(Beggingen Mb.)


JO-DK: Dolomitic Keuper
(Gansingen Mb.)


JO-AK2/3: Argillaceous Keuper
(Gruhalde + Schambelen Mb.)


JO-CAD: Calcareous-Argillaceous Dogger
(mostly Rothenfluh Mb.)


Calcareous Dogger
(mostly Hauptrogenstein + Klingnau Fm.)


JO-AL: Argillaceous Lias
(Frick Mb.)


JO-OPA: Opalinus Clay 
(Opalinus Clay)


JO-ML: Marly Lias
(Grünschholz to Gross Wolf Mb.)


JO-SCAD: Sandy-Calcareous-Argillaceous Dogger
(Passwang Fm.) &
JO-SCD: Sandy-Calcareous Dogger
(«M.-O. Fm.» to «Humph.ool. Fm.»)


NAB 24-10


Enclosure 3-3a


JO 3D View, model dimensions approx. 7 x 5 km


DAT.: Nov. 2024








NÖRDLICH LÄGERN | 3D View
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DESCRIPTION OF ABSTRACTED UNITS  


NL-CL: Calcareous Lias
(Beggingen Mb.)


NL-DK1: Dolomitic Keuper
(Gansingen Mb.)


NL-AK1: Argillaceous Keuper
(Ergolz Mb.) &
NL-SK: Sandy Keuper
(Ergolz Mb.)


NL-AAK: Anhydritic-Argillaceous Keuper 
(Bänkerjoch Fm.)


NL-MAK: Massive Anhydritic Keuper 
(Bänkerjoch Fm.)


NL-DAK: Dolomitic-Anhydritic Keuper 
(Bänkerjoch Fm.)


Dolomitic Muschelkalk
(Schinznach Fm.)
extended to Base Mesozoic for display


NL-DK2: Dolomitic Keuper
(Seebi-Mb.) &
NL-AK2: Argillaceous Keuper
(Gruhalde Mb.)


NL-AK3: Argillaceous Keuper
(Gruhalde + Schambelen Mb.)


NL-MM1 & -MM2: Marly Malm
(Wildegg Fm.)


NL-CM: Calcareous Malm
(Gerstenhübel Bed + Vill. Fm.)


NL-AD: Argillaceous Dogger
(«Park.-Wü.-Sch.» to Wutach Fm.)


NL-ARD: Argillaceous Dogger
(western equivalent of «Herrenwis Unit» in NL)


NL-AL: Argillaceous Lias
(Frick Mb.)


NL-OPA: Opalinus Clay 
(Opalinus Clay)


NL-ML: Marly Lias
(Grünschholz to Gross Wolf Mb.)


NL-SCAD: Sandy-Calcareous-Argillaceous Dogger
(«M.-O. Fm.» to «Humph.ool. Fm.») &
NL-SCD: Sandy-Calcareous Dogger
(«M.-O. Fm.» to «Humph.ool. Fm.»)


NLW/NLE-CD: Calcareous Dogger
(«Herrenwis Unit»)


NAB 24-10


Enclosure 3-3b


NL 3D View, model dimensions approx. 10 x 6 km


DAT.: Nov. 2024
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ZNO-AK1: Argillaceous Keuper
(Ergolz Mb.) &
ZNO-SK: Sandy Keuper
(Ergolz Mb.)


ZNO-AAK: Anhydritic-Argillaceous Keuper 
(Bänkerjoch Fm.)


ZNO-MAK: Massive Anhydritic Keuper 
(Bänkerjoch Fm.)


ZNO-DAK: Dolomitic-Anhydritic Keuper 
(Bänkerjoch Fm.)


Dolomitic Muschelkalk
(Schinznach Fm.)
extended to Base Mesozoic for display


ZNO-CL: Calcareous Lias
(Beggingen Mb.)


ZNO-ANK: Anhydritic Keuper
(Gansingen Mb.)


ZNO-DSK: Dolomitic-Sandy Keuper
(Seebi-Mb.) &
ZNO-AK2: Argillaceous Keuper
(Gruhalde Mb.)


ZNO-AK3: Argillaceous Keuper
(Gruhalde + Schambelen Mb.)


ZNO-MM: Marly Malm
(Wildegg Fm.)


Calcareous Malm
(Gerstenhübel Bed, upper part Wildegg + Vill. Fm.)


ZNO-AD: Argillaceous Dogger
(«Park.-Wü.-Sch.» to Wutach Fm.)


ZNO-AL: Argillaceous Lias
(Frick Mb.)


ZNO-OPA: Opalinus Clay 
(Opalinus Clay)


ZNO-ML: Marly Lias
(Grünschholz to Gross Wolf Mb.)


ZNO-SCAD: Sandy-Calcareous-Argillaceous Dogger
(«M.-O. Fm.» to «Humph.ool. Fm.») &
ZNO-SCD: Sandy-Calcareous Dogger
(«M.-O. Fm.» to «Humph.ool. Fm.»)


DESCRIPTION OF ABSTRACTED UNITS 


NAB 24-10
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ZNO 3D View, model dimensions approx. 7 x 3 km


DAT.: Nov. 2024
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In-situ hydraulic packer tests
Exp. on drill-core samples
Data of JO only/
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JO hydraulic conductivities


DAT.: Nov. 2024


Data are plotted by normalised depth with respect to abstracted profile of the 
BOZ1 borehole. The tests from the siting region JO are highlighted in orange, 
tests from other siting regions shown only for comparision. For each unit, the 
recommended hydraulic conductivities for JO are displayed as vertical red lines 
(a solid line for the best estimate and a dashed line for the lower and upper 
bounds). The range of hydraulic conductivities between the bounds is slightly 
bleached. For the AK1/SK units, only the bounds are displayed.








In-situ hydraulic packer tests
Exp. on drill-core samples
Data of NL only/
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NL hydraulic conductivities


DAT.: Nov. 2024


Data are plotted by normalised depth with respect to abstracted profile of the 
STA2 borehole. The tests from the siting region NL are highlighted in orange, 
tests from other siting regions shown only for comparision. For each unit, the 
recommended hydraulic conductivities for NL are displayed as vertical red lines 
(a solid line for the best estimate and a dashed line for the lower and upper 
bounds). The range of hydraulic conductivities between the bounds is slightly 
bleached. For the AK1/SK units, only the bounds are displayed.
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In-situ hydraulic packer tests
Exp. on drill-core samples
Data of ZNO only/
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ZNO hydraulic conductivities


DAT.: Nov. 2024


Data are plotted by normalised depth with respect to abstracted profile of 
the MAR1 borehole. The tests from the siting region ZNO are highlighted 
in orange, tests from other siting regions shown only for comparision. For 
each unit, the recommended hydraulic conductivities for ZNO are display-
ed as vertical red lines (a solid line for the best estimate and a dashed line 
for the lower and upper bounds). The range of hydraulic conductivities 
between the bounds is slightly bleached. For the AK1/SK units, only the 
bounds are displayed.
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Sheet1

		Unit  		Best estimate		Lower bound		Upper bound		Comments

		CM (Malm aquifer) and DM (Musch. aquifer), CD (Haupt. aquifer)		Based on the median of the formation T of the hydraulic packer tests divided by the average thickness of the unit		Based on the minimum formation T of the hydraulic packer tests divided by the average thickness of the unit		Based on the maximum formation T of the hydraulic packer tests divided by the average thickness of the unit		Formation scale average hydraulic conductivities are calculated by dividing the transmissivities with a representative thickness of the considered formation. The calibrated hydraulic conductivities of the considered aquifers of the stationary groundwater model (NAB 24-16) usually fall in the upper range of the bandwidth.

		MM, MM1 and MM2		Set as in NTB 14-02, Dossier VI as the size of the database has not increased significantly since       Stage 2.		Based on matrix K of carbonate- and clay-rich drill-core samples		Set equal to the one of the SCD and CL units to reflect the presence of fractured hard beds

		NL-CM (Gerstenhübel Beds)				Based on matrix K of carbonate-rich drill-core samples		Based on high bulk K measured in the Gerst. Beds of boreholes in the Aarau-Olten area

		AD and NL ARD		Based on the median of the bulk K and best estimate of other clay-rich units		Lower bound of well constrained OPA used.		Set higher than for OPA to reflect uncertainty related to the dataset (i.e., unit not targeted specifically, small amount of data)		Very low bulk hydraulic conductivity (3 × 10-15 m/s) derived from one hydraulic packer test interval of the STA2 borehole considered unrealistic: i) Test interval displays similar mineralogy and porosity as the four other tests conducted in the AD units in other boreholes, with coherent values almost two orders of magnitude higher (around 1 × 10-13 m/s), and ii) extreme lower end of observed hydraulic conductivities laboratory-scale test samples.

		CAD		Based on the median of the bulk K		Based on matrix K of carbonate rich drill-core samples		Set equal to the one of the SCD and CL units to reflect the presence of fractured hard beds

		E/W-CD («Herrenwis Unit»)		Based on the medinan of the bulk K. Reflects measured hydraulic properties of the reef		Based on matrix K of carbonate rich drill-core samples		Based on bulk hydraulic conductivities observed in fractured and/or porous carbonates units		The upper bound was set conservatively high to account for hypothetically high bulk hydraulic conductivities observed in other carbonate-rich units, namely the porous dolostone aquifers of the Keuper, as well as the fractured Malm and Hauptrogenstein aquifers. A value of 1 × 10-7 m/s is chosen.

		SCD		Refer to the text of Section 5.3.2

		SCAD

		OPA

		ML		Based on the median of the bulk K measured in the unit		Based on K of carbonate rich and clay-rich drill-core samples		Set in agreement with other units with a medium clay-rich units of the confining units (e.g., refer to unit SCAD)

		AL		Based on the median of the interpreted K and best estimate of other clay-rich units		Lower bound of well constrained OPA used.		Set higher than for OPA to reflect uncertainty related to the dataset (i.e., unit not targeted specifically, small amount of data)

		CL		Based on the median of the interpreted K		Based on matrix hydraulic conductivities of carbonate-rich drill-core samples		Refer to unit SCD (text of Section 3.5.2)

		AK1, AK2, AK3, and JO-AK2/3		Defined by analogy with the other clay-rich units.		Lower bound of well constrained OPA used.		Set higher than for the units OPA and AL to reflect the uncertainty related to the limited dataset. The upper bound tend to increase with distance from the OPA.

		ZNO-DSK & JO-DK		Based on the median of the median of the calculated bulk K of the Gansingen and Seebi Mb.		Based on the comparatively low bulk K calculated for the Seebi Mb. of the MAR1 borehole		Based on the highest bulk K calculated for the Gansingen Mb. of the borehole BOZ2

		NL-DK1 & NL-DK2		Based on the bulk K measured in the upper test intervals of the STA2 and STA3 Keuper		Based on matrix hydraulic conductivities of carbonate-rich drill-core samples		Refer to unit SCD (text of      Section 3.5.2)

		SK		Based on the calculated bulk K values of the Ergolz Mb. of the BAC1 and STA2 boreholes 		Set equal to the highest to reflect lower bulk K of fine sandy channels / overbank deposits 		Based on the highest values measured in sandy channels of the USM

		ZNO-ANK AAK, MAK and DAK		Based on the result of the hydraulic packer test BEN/K2		Set analogue to the other units due to the limited dataset.		Based on the upper bound of the clay-rich units as a contribution of fracture to the bulk K is not expected 		Low values attributed to these anhydrite-rich units since healing of open fractures by hydration of anhydrite (hydration into gypsum) is assumed.

		Notes

		T refers to the transmissivity (of a test interval or of an aquifer formation as specified in the text)

		K refers to the hydraulic conductivity
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JO geomechanical properties
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Young’s modulus (E), Poisson’s ratio (ν) and unconfined compressive strength (UCS), where 
subscripts v and h denote direction of loading in vertical and horizontal direction, respectively.
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2_1 Abstracted units

										Values represent Log Depth in metres [m, MD], as in Encl. 2-4 RBG Timelines Log Depth

		Unit short		Unit full name		Horizon above		Horizon above (short name)		JO						NL										ZNO						RHE

										BOZ2		BOZ1		RIN		BAC1		STA2		STA3		BUL		 WEI		MAR		TRU		BEN		TVDSS		MD

		MM2		Marly Malm
(Wildegg Fm.)		154.8_Oxf_300 (Near Top Wildegg Fm.)		154.8_Oxf_300_nTop_Wildegg_Fm								634.7		643.9		623.4		749		388

		MM		Marly Malm
(Wildegg Fm.)		154.8_Oxf_300 (Near Top Wildegg Fm.)		154.8_Oxf_300_nTop_Wildegg_Fm																		482.6		710.3		435.6		-1.17		397.30

		CM		Calcareous Malm
(Gerstenhübel Beds)		154.8_Oxf_700 (Intra Wildegg Fm., Near Top Gerstenübel Bd.)		154.8_Oxf_700_nTop_Gerstenhuebel_Bd								665.9		670.6		648.7		767.3		418.8

		MM1		Marly Malm
(Wildegg Fm.)		154.8_Oxf_750 (Intra Wildegg Fm., Near BaseGerstenübel Bd.)		154.8_Oxf_750_Intra_Wildegg_Fm								670.97		675.34		653.49		771.24		422.78

		AD		Argillaceous Dogger
(«Park.-Wü.-Sch.» to Wutach Fm.)		154.8_Oxf_975 (Top Wutach Fm.)		154.8_Oxf_975_Top_Dogger_Gr								736.8		728.1		696.1		805.1		476.7		501.6		724.3		451.1		-20.28		418.60

		CAD		Calcareous-Argillaceous Dogger
(mostly Rothenfluh Mb.)		168.2_Baj_100 (Top Passwang Fm.)		168.2_Baj_100_Top_Passwang_Fm		388.97		482.4		278.2

		E-CD		E-CD: Calcareous Dogger
(«Herrenwis Unit»)		168.2_Baj_200 (Top «Herrenwis Unit»)		168.2_Baj_200_Top_Herrenwis_Unit_eq												701.77		812.11

		W-CD		W-CD: Calcareous Dogger
(«Herrenwis Unit»)		168.2_Baj_200 (Top «Herrenwis Unit»)		168.2_Baj_200_Top_Herrenwis_Unit_eq										768.05						519.8

		ARD		Argillaceous Dogger
(western equivalent of «Herrenwis Unit» in NL)		168.2_Baj_200 (Top «Herrenwis Unit»)		168.2_Baj_200_Top_Herrenwis_Unit_eq								789

		SCD		Sandy-Calcareous Dogger
(Passwang Fm., «M.-O. Fm.» to «Humph.ool. Fm.»)						418.3		504.2		302.4		791.2		778.4		742.1		855		527.2		548.20		776.90		497.10		-67.11		472.30

		SCAD		Sandy-Calcareous-Argillaceous Dogger
(Passwang Fm., «M.-O. Fm.» to «Humph.ool. Fm.»)		JO: 168.2_Baj_200 (Intra Passwang Fm., 
Top «Humph.-Sch.»)
NL: 168.2_Baj_300 (Base «Herrenwis Unit»)
ZNO: 168.2_Baj_200 (Intra «Humph.oolith Fm.»)		JO: 168.2_Baj_200_Top_Brueggli_Mb
NL: 168.2_Baj_300_Base_Herrenwis_Unit_eq
ZNO: 168.2_Baj_200_Intra_Humphriesioolith_Fm

		OPA		Opalinus Clay 
(Opalinus Clay)		170.9_Aal_300 (Top Opalinus Clay)		170.9_Aal_300_Top_Opalinus_Clay		451.9		530.32		330.3		808.57		800.67		779.16		891.75		554.5		590.37		816.43		539.7		-111.04		524.33

		ML		Marly Lias
(Grünschholz to Gross Wolf Mb.)		174.7_Toa_100 (Top Lias = Staffelegg Fm.) 		174.7_Toa_100_Top_Lias_Gr		573.89		651.46		450.2		915.3		906.87		887.72		996.01		664.9		705.52		927.87		652		-230.52		668.19

		AL		Argillaceous Lias
(Frick Mb.)		192.9_Sin_100 (Top Frick Mb.)		192.9_Sin_100_Top_Frick_Mb		585.5		662.3		461.4		928.4		920		901.4		1009.1		680		725.1		949.8		671.6		-250.56		692.80

		CL		Calcareous Lias
(Beggingen Mb.)		192.9_Sin_200 (Top Beggingen Mb.) 		192.9_Sin_200_Top_Beggingen_Mb		600.7		675.7		475.7		939.9		931.8		913.2		1019.8		693.6		737.7		961.9		684		-263.84		709.20

		AK3		Argillaceous Keuper
(Gruhalde Mb. + Schambelen Mb.)		199.5_Het_100 (Top Schambelen Mb.) 		199.5_Het_100_Top_Schambelen_Mb								943.2		934.7		915.9		1022.7		697.3		742.2		965.7		687.3		-267.88		714.20

		AK2/3		Argillaceous Keuper
(Gruhalde Mb. + Schambelen Mb.)		199.5_Het_100 (Top Schambelen Mb.)		199.5_Het_100_Top_Schambelen_Mb		604.6		679.2		478.3

		DSK		Dolomitic Sandy Keuper
(Seebi-Mb.)		208.5_Nor_100 (Top Seebi Mb.) 		208.5_Nor_100_Top_Seebi_Mb																		765.8		989.9		709.1		-291.33		743.40

		DK2		Dolomitic Keuper
(Seebi-Mb.)		208.5_Nor_100 (Top Seebi Mb.) 		208.5_Nor_100_Top_Seebi_Mb								959.8		952.4		935.6		1041.7		715.8

		AK2		Argillaceous Keuper
(Gruhalde Mb.)		208.5_Nor_200 ( Top „lower“ Gruhalde Mb.) 		208.5_Nor_200_Top_lower_Gruhalde_Mb								966.2		958.4		942		1044.9		720		774.7		1004.1		720.5		-302.18		757.00

		ANK		Anhydritic Keuper
(Gansingen Mb.)		227_Car_100 (Top Gansingen Mb.)		227_Car_100_Top_Gansingen_Mb																		782.6		1013.5		727.9		-309.18		765.80

		DK1		Dolomitic Keuper
(Gansingen Mb.)		227_Car_100 (Top Gansingen Mb.)		227_Car_100_Top_Gansingen_Mb								967.6		959.7		943.9		1050.8		723.4

		DK		Dolomitic Keuper
(Gansingen Mb.)		227_Car_100 (Top Gansingen Mb.)		227_Car_100_Top_Gansingen_Mb		632.3		702.8		500.5

		SK		 Sandy Keuper
(Ergolz Mb.)						639.3		708.6		506.3		968.8		962.2		945.7		1052.5		726.7		784.50		1015.60		729.70		-311.08		768.20

		AK1		Argillaceous Keuper
(Ergolz Mb.)		227_Car_200 (Top Ergolz Mb.)		227_Car_200_Top_Ergolz_Mb

		AAK		Anhydritic-Argillaceous Keuper
(Bänkerjoch Fm. + partly Klettgau Fm.)		227_Car_300 (Top Bänkerjoch Fm.)		227_Car_300_Top_Baenkerjoch_Fm		654.7		720.21		521.6		981.9		970.52		951.57		1067.36		741		790.34		1027.44		735.5		-317.89		776.79

		MAK		Massive Anhydritic Keuper 
(Bänkerjoch Fm.)		237_Lad_200 (Intra Bänkerjoch Fm., 
Top «Banded massive anhydrite»)		237_Lad_200_Intra_Baenkerjoch_Fm		740.7		804.8		602.9		1047.2		1035.8		1019.3		1124.3		806.5		855.2		1078.7		798.8

		DAK		Dolomitic-Anhydritic Keuper
(Bänkerjoch Fm.)		237_Lad_300 (Intra Bänkerjoch Fm., 
Top «Dolomite and anhydrite»)		237_Lad_300_Intra_Baenkerjoch_Fm		745.8		809.2		607.6		1051		1040.2		1023.4		1128.5		809.7		859.9		1081.3		803.2





2_2 Unit thicknesses

		Values given in metres [m]

		Unit		BOZ2-1		BOZ1-1		RIN		WEI		BAC1-1		STA3-1		STA2-1		BUL1-1		MAR1-1		BEN		TRU1-1

		MM2		0.0		0.0		0.0		30.8		31.2		25.3		26.7		18.3		0.0		0.0		0.0

		MM		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		19.0		15.5		14.0

		CM		0.0		0.0		0.0		4.0		5.1		4.8		4.7		3.9		0.0		0.0		0.0

		MM1		0.0		0.0		0.0		53.9		65.8		42.6		52.8		33.9		0.0		0.0		0.0

		AD		0.0		0.0		0.0		43.1		52.2		5.7		39.9		7.0		46.6		46.0		52.6

		CAD		29.3		21.8		24.2		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0

		W-/E-CD		0.0		0.0		0.0		7.4		0.0		40.3		10.4		42.9		0.0		0.0		0.0

		ARD		0.0		0.0		0.0		0.0		2.2		0.0		0.0		0.0		0.0		0.0		0.0

		SCAD/SCD		33.6		26.1		27.9		27.3		17.4		37.1		22.3		36.8		42.2		42.6		39.5

		OPA		122.0		121.1		119.9		110.4		106.7		108.6		106.2		104.3		115.2		112.3		111.4

		ML		11.6		10.8		11.2		15.1		13.1		13.7		13.1		13.1		19.6		19.6		21.9

		AL		15.2		13.4		14.3		13.6		11.5		11.8		11.8		10.7		12.6		12.4		12.1

		CL		3.9		3.5		2.6		3.7		3.3		2.7		2.9		2.9		4.5		3.3		3.8

		AK3		0.0		0.0		0.0		18.5		16.6		19.7		17.7		19.0		23.6		21.8		24.2

		AK2/3		27.7		23.6		22.2		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0

		DSK		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		8.9		11.4		14.2

		DK2		0.0		0.0		0.0		4.2		6.4		6.4		6.0		3.2		0.0		0.0		0.0

		AK2		0.0		0.0		0.0		3.4		1.4		1.9		1.3		5.9		7.9		7.4		9.4

		ANK		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		1.9		1.8		2.1

		DK1		0.0		0.0		0.0		3.3		1.2		1.8		2.5		1.7		0.0		0.0		0.0

		DK		7.0		5.8		5.8		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0

		SK&AK1		15.4		11.6		15.3		14.3		13.1		5.9		8.3		14.9		5.8		5.8		11.8

		AAK		86.0		84.6		81.3		65.5		65.3		67.7		65.3		56.9		64.9		63.3		51.3

		MAK		5.1		4.4		4.7		3.2		3.8		4.1		4.4		4.2		4.7		4.4		2.6

		DAK		3.9		3.2		4.3		3.3		3.1		3.4		3.6		3.5		2.8		4.0		1.7





4_1 Total clay-mineral content

						Values given as weight percent [wt.-%]

		Unit short		Unit full name		BOZ2						BOZ1						JO tot						BAC1						STA2						STA3						BUL						NL tot						RHE						MAR						TRU						ZNO tot

						P5		P50		P95		P5		P50		P95		P5		P50		P95		P5		P50		P95		P5		P50		P95		P5		P50		P95		P5		P50		P95		P5		P50		P95		P5		P50		P95		P5		P50		P95		P5		P50		P95		P5		P50		P95

		MM2		Marly Malm
(Wildegg Fm.)		--		--		--		--		--		--		--		--		--		11.0		23.3		37.9		11.0		23.1		33.7		11.8		23.3		37.2		10.5		20.5		31.1		11.0		22.7		35.9		--		--		--		--		--		--		--		--		--		--		--		--

		MM		Marly Malm
(Wildegg Fm.)		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		10.2		22.2		33.1		10.7		21.9		33.5		19.8		27.4		31.0		10.4		22.9		33.2

		CM		Calcareous Malm
(Gerstenhübel Beds)		--		--		--		--		--		--		--		--		--		8.1		9.1		14.7		8.7		10.7		13.9		9.7		10.8		15.3		7.9		9.6		12.4		8.2		10.0		14.6		--		--		--		--		--		--		--		--		--		--		--		--

		MM1		Marly Malm
(Wildegg Fm.)		--		--		--		--		--		--		--		--		--		14.5		27.7		40.9		16.5		28.0		39.3		16.8		28.0		39.6		15.0		25.0		32.6		15.5		27.2		39.4		--		--		--		--		--		--		--		--		--		--		--		--

		AD		Argillaceous Dogger
(«Park.-Wü.-Sch.» to Wutach Fm.)		--		--		--		--		--		--		--		--		--		35.5		51.6		64.9		31.5		42.3		58.8		33.9		49.9		66.7		32.1		49.8		59.2		33.1		46.9		63.6		27.6		45.9		55.7		33.7		50.1		62.7		32.1		46.5		58.4		31.0		47.4		60.1

		CAD		Calcareous-Argillaceous Dogger
(mostly Rothenfluh Mb.)		24.2		32.6		44.3		20.2		27.4		36.0		21.8		30.8		41.9		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--

		E-CD		E-CD: Calcareous Dogger
(«Herrenwis Unit»)		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		2.6		8.9		26.7		3.8		6.5		14.5		2.9		7.5		22.8		--		--		--		--		--		--		--		--		--		--		--		--

		W-CD		W-CD: Calcareous Dogger
(«Herrenwis Unit»)		--		--		--		--		--		--		--		--		--		--		--		--		7.7		15.3		25.8		--		--		--		--		--		--		7.7		15.3		25.8		--		--		--		--		--		--		--		--		--		--		--		--

		ARD		Argillaceous Dogger
(western equivalent of «Herrenwis Unit» in NL)		--		--		--		--		--		--		--		--		--		47.1		53.0		61.8		--		--		--		--		--		--		--		--		--		47.1		53.0		61.8		--		--		--		--		--		--		--		--		--		--		--		--

		SCD		Sandy-Calcareous Dogger
(Passwang Fm., «M.-O. Fm.» to «Humph.ool. Fm.»)		15.5		16.6		18.3		8.0		16.8		19.8		8.0		16.7		19.8		No SCD units have been identified using 20% cut-off, refer to chapter 4, NAB 24-010 for further explanation																														14.4		17.4		19.8		16.2		17.5		19.9		13.8		16.2		19.5		14.2		17.3		19.9

		SCAD		Sandy-Calcareous-Argillaceous Dogger
(Passwang Fm., «M.-O. Fm.» to «Humph.ool. Fm.»)		21.9		34.6		58.6		21.1		29.3		48.5		21.6		32.3		57.3		26.0		37.3		78.1		23.5		46.8		65.8		29.5		56.9		73.1		25.6		43.9		60.6		25.8		47.0		71.8		21.6		31.5		53.7		21.2		31.7		57.0		21.7		33.9		60.1		21.6		32.0		56.6

		OPA		Opalinus Clay 
(Opalinus Clay)		46.0		61.2		74.5		40.5		58.4		68.2		42.8		59.9		72.8		42.5		63.2		72.3		42.8		61.7		68.4		38.1		55.2		64.6		41.4		57.7		69.1		40.4		59.4		69.5		38.0		51.0		59.3		43.3		55.5		65.2		45.6		55.6		63.7		41.5		53.5		63.9

		ML		Marly Lias
(Grünschholz to Gross Wolf Mb.)		17.6		34.1		46.5		17.0		30.5		41.4		17.4		32.8		45.5		19.1		35.3		45.1		17.7		32.5		39.6		15.4		28.0		37.1		17.1		35.4		50.1		17.5		32.1		43.5		19.3		31.0		40.2		20.9		32.4		41.6		22.5		33.7		42.5		19.9		32.2		41.8

		AL		Argillaceous Lias
(Frick Mb.)		32.0		42.6		50.4		35.7		40.4		45.6		32.5		41.4		50.0		32.0		43.5		50.2		35.6		44.5		54.3		40.8		45.9		54.9		36.2		46.0		48.2		35.1		44.7		54.0		53.5		61.0		66.2		48.0		58.4		64.9		43.7		56.5		60.2		45.7		58.4		65.3

		b		Calcareous Lias
(Beggingen Mb.)		10.1		17.3		32.9		13.6		20.4		33.6		10.8		18.0		33.9		15.1		18.8		44.6		11.6		16.1		34.1		16.9		24.0		50.2		11.9		40.2		75.0		12.1		21.4		55.5		14.1		29.0		62.6		11.4		23.2		70.5		11.7		56.7		66.4		12.1		32.5		68.0

		AK3		Argillaceous Keuper
(Gruhalde Mb. + Schambelen Mb.)		--		--		--		--		--		--		--		--		--		35.1		45.9		75.5		28.2		36.0		66.8		30.3		39.6		73.6		25.2		32.4		62.4		27.3		37.2		71.7		23.6		41.0		72.4		25.6		35.1		74.4		29.8		35.2		67.8		26.3		37.2		72.0

		AK2/3		Argillaceous Keuper
(Gruhalde Mb. + Schambelen Mb.)		11.0		35.9		69.6		21.0		39.3		69.6		11.4		37.9		69.6		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--

		DSK		Dolomitic Sandy Keuper
(Seebi-Mb.)		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		6.3		10.3		27.0		1.8		3.8		26.8		1.7		9.0		17.9		1.8		8.9		24.6

		DK2		Dolomitic Keuper
(Seebi-Mb.)		--		--		--		--		--		--		--		--		--		14.5		22.3		28.8		12.4		18.6		27.2		10.2		19.0		22.6		3.2		4.9		12.0		4.2		18.7		28.3		--		--		--		--		--		--		--		--		--		--		--		--

		AK2		Argillaceous Keuper
(Gruhalde Mb.)		--		--		--		--		--		--		--		--		--		9.8		11.5		15.5		15.4		26.1		27.5		34.2		45.1		51.8		14.8		29.3		35.9		11.0		28.1		48.3		46.3		57.2		83.2		47.3		62.1		73.2		25.7		55.3		64.7		35.6		58.1		72.8

		ANK		Anhydritic Keuper
(Gansingen Mb.)		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		2.6		2.9		19.8		2.6		2.6		21.0		2.3		2.5		7.6		2.4		2.6		18.9

		DK1		Dolomitic Keuper
(Gansingen Mb.)		--		--		--		--		--		--		--		--		--		5.0		6.0		7.9		2.8		6.9		25.2		13.9		20.8		28.1		4.9		7.0		36.3		3.2		9.2		29.9		--		--		--		--		--		--		--		--		--		--		--		--

		DK		Dolomitic Keuper
(Gansingen Mb.)		0.0		10.5		19.0		2.0		12.0		19.7		0.0		11.1		19.5		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--

		SK		 Sandy Keuper
(Ergolz Mb.)		--		--		--		--		--		--		--		--		--		41.6		44.0		46.3		26.6		29.5		39.0		--		--		--		32.3		43.8		47.8		27.3		34.6		46.4		--		--		--		--		--		--		35.5		38.0		41.9		35.5		38.0		41.9

		AK1		Argillaceous Keuper
(Ergolz Mb.)		27.7		38.3		60.7		50.0		59.4		74.1		29.3		50.0		72.1		44.3		64.6		75.0		29.0		44.1		54.0		43.8		53.2		72.5		41.9		57.2		85.3		41.5		56.1		82.0		34.8		53.2		66.5		34.0		57.9		68.8		36.2		50.3		70.9		34.8		53.2		69.6

		AAK		Anhydritic-Argillaceous Keuper
(Bänkerjoch Fm. + partly Klettgau Fm.)		6.6		29.4		51.0		7.9		27.8		46.9		7.5		28.5		49.4		7.3		27.1		48.9		7.6		27.8		50.1		9.2		27.5		49.3		9.0		22.7		40.1		7.9		25.8		48.4								8.4		29.2		50.0		9.3		22.9		34.9		9.1		25.7		46.6

		MAK		Massive Anhydritic Keuper 
(Bänkerjoch Fm.)		1.5		3.5		8.7		2.4		2.4		5.6		2.1		2.6		7.9		2.3		2.4		2.4		2.5		2.5		2.5		2.4		2.5		4.3		2.4		2.5		2.5		2.4		2.5		2.5								2.3		2.5		2.6		1.8		2.1		2.3		2.0		2.5		2.6

		DAK		Dolomitic-Anhydritic Keuper
(Bänkerjoch Fm.)		0.0		5.9		24.6		2.1		2.4		22.4		0.2		4.3		23.5		2.2		2.5		25.1		2.1		2.4		28.4		2.1		2.5		20.0		2.1		2.5		18.9		2.1		2.5		25.5								2.3		9.6		15.9		2.1		2.4		5.3		2.2		3.3		15.0





		  























































































































4_2 Porosity

						Values given as fraction [-]

		Unit short		Unit full name		BOZ2						BOZ1						JO tot						BAC1						STA2						STA3						BUL						NL tot						RHE						MAR						TRU						ZNO tot

						P5		P50		P95		P5		P50		P95		P5		P50		P95		P5		P50		P95		P5		P50		P95		P5		P50		P95		P5		P50		P95		P5		P50		P95		P5		P50		P95		P5		P50		P95		P5		P50		P95		P5		P50		P95

		MM2		Marly Malm
(Wildegg Fm.)		--		--		--		--		--		--		--		--		--		0.031		0.065		0.126		0.031		0.064		0.106		0.039		0.064		0.098		0.03		0.057		0.09		0.031		0.063		0.109		--		--		--		--		--		--		--		--		--		--		--		--

		MM		Marly Malm
(Wildegg Fm.)		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		0.029		0.062		0.088		0.03		0.06		0.09		0.055		0.074		0.087		0.03		0.063		0.088

		CM		Calcareous Malm
(Gerstenhübel Beds)		--		--		--		--		--		--		--		--		--		0.023		0.027		0.041		0.025		0.031		0.044		0.028		0.034		0.043		0.023		0.028		0.035		0.024		0.03		0.043		--		--		--		--		--		--		--		--		--		--		--		--

		MM1		Marly Malm
(Wildegg Fm.)		--		--		--		--		--		--		--		--		--		0.041		0.075		0.109		0.047		0.076		0.103		0.047		0.076		0.104		0.042		0.068		0.09		0.044		0.074		0.104		--		--		--		--		--		--		--		--		--		--		--		--

		AD		Argillaceous Dogger
(«Park.-Wü.-Sch.» to Wutach Fm.)		--		--		--		--		--		--		--		--		--		0.09		0.125		0.152		0.079		0.105		0.156		0.107		0.129		0.163		0.096		0.133		0.151		0.084		0.12		0.154		0.083		0.119		0.142		0.095		0.125		0.154		0.085		0.117		0.143		0.088		0.12		0.148

		CAD		Calcareous-Argillaceous Dogger
(mostly Rothenfluh Mb.)		0.063		0.084		0.111		0.061		0.082		0.104		0.062		0.084		0.108		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--

		E-CD		E-CD: Calcareous Dogger
(«Herrenwis Unit»)		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		0.015		0.028		0.079		0.011		0.022		0.096		0.012		0.026		0.085		--		--		--		--		--		--		--		--		--		--		--		--

		W-CD		W-CD: Calcareous Dogger
(«Herrenwis Unit»)		--		--		--		--		--		--		--		--		--		--		--		--		0.021		0.043		0.067		--		--		--		--		--		--		0.021		0.043		0.067		--		--		--		--		--		--		--		--		--		--		--		--

		ARD		Argillaceous Dogger
(western equivalent of «Herrenwis Unit» in NL)		--		--		--		--		--		--		--		--		--		0.117		0.13		0.147		--		--		--		--		--		--		--		--		--		0.117		0.13		0.147		--		--		--		--		--		--		--		--		--		--		--		--

		SCD		Sandy-Calcareous Dogger
(Passwang Fm., «M.-O. Fm.» to «Humph.ool. Fm.»)		0.042		0.044		0.049		0.025		0.055		0.069		0.025		0.054		0.068		No SCD units have been identified using 20% cut-off, refer to chapter 4, NAB 24-010 for further explanation																														0.04		0.05		0.10		0.04		0.06		0.09		0.04		0.06		0.09		0.04		0.06		0.09

		SCAD		Sandy-Calcareous-Argillaceous Dogger
(Passwang Fm., «M.-O. Fm.» to «Humph.ool. Fm.»)		0.059		0.092		0.142		0.067		0.104		0.159		0.061		0.097		0.147		0.073		0.111		0.179		0.079		0.12		0.153		0.079		0.135		0.167		0.067		0.117		0.153		0.071		0.123		0.165		0.06		0.09		0.15		0.06		0.09		0.14		0.06		0.09		0.15		0.06		0.09		0.14

		OPA		Opalinus Clay 
(Opalinus Clay)		0.093		0.12		0.142		0.086		0.118		0.136		0.089		0.12		0.14		0.09		0.12		0.135		0.086		0.117		0.129		0.075		0.107		0.122		0.075		0.114		0.151		0.078		0.115		0.136		0.083		0.107		0.132		0.092		0.114		0.133		0.092		0.11		0.126		0.088		0.11		0.131

		ML		Marly Lias
(Grünschholz to Gross Wolf Mb.)		0.04		0.081		0.125		0.036		0.071		0.123		0.038		0.074		0.123		0.041		0.076		0.117		0.038		0.073		0.127		0.037		0.069		0.124		0.035		0.106		0.239		0.037		0.075		0.161		0.045		0.082		0.13		0.051		0.079		0.134		0.053		0.079		0.133		0.048		0.08		0.134

		AL		Argillaceous Lias
(Frick Mb.)		0.071		0.082		0.09		0.07		0.078		0.092		0.07		0.081		0.09		0.07		0.085		0.097		0.067		0.083		0.095		0.076		0.084		0.096		0.075		0.083		0.096		0.071		0.083		0.097		0.097		0.117		0.139		0.085		0.102		0.117		0.081		0.107		0.114		0.085		0.107		0.132

		CL		Calcareous Lias
(Beggingen Mb.)		0.028		0.041		0.076		0.026		0.048		0.085		0.027		0.043		0.083		0.029		0.053		0.136		0.028		0.046		0.112		0.032		0.071		0.12		0.024		0.09		0.169		0.028		0.054		0.137		0.027		0.069		0.14		0.022		0.066		0.126		0.025		0.111		0.127		0.024		0.078		0.132

		AK3		Argillaceous Keuper
(Gruhalde Mb. + Schambelen Mb.)		--		--		--		--		--		--		--		--		--		0.106		0.125		0.177		0.087		0.108		0.134		0.081		0.117		0.141		0.062		0.121		0.194		0.078		0.115		0.171		0.059		0.147		0.164		0.051		0.116		0.143		0.095		0.113		0.146		0.062		0.127		0.162

		AK2/3		Argillaceous Keuper
(Gruhalde Mb. + Schambelen Mb.)		0.09		0.141		0.187		0.088		0.129		0.163		0.088		0.134		0.182		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--

		DSK		Dolomitic Sandy Keuper
(Seebi-Mb.)		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		0.06		0.102		0.163		0.022		0.093		0.128		0.048		0.09		0.156		0.042		0.097		0.154

		DK2		Dolomitic Keuper
(Seebi-Mb.)		--		--		--		--		--		--		--		--		--		0.076		0.098		0.107		0.064		0.084		0.101		0.034		0.066		0.087		0.04		0.069		0.087		0.041		0.082		0.106		--		--		--		--		--		--		--		--		--		--		--		--

		AK2		Argillaceous Keuper
(Gruhalde Mb.)		--		--		--		--		--		--		--		--		--		0.051		0.082		0.094		0.079		0.088		0.144		0.078		0.101		0.12		0.074		0.113		0.158		0.068		0.103		0.15		0.108		0.142		0.182		0.115		0.134		0.207		0.112		0.168		0.249		0.109		0.147		0.212

		ANK		Anhydritic Keuper
(Gansingen Mb.)		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		0.007		0.012		0.076		0.007		0.007		0.051		0.009		0.01		0.027		0.007		0.01		0.063

		DK1		Dolomitic Keuper
(Gansingen Mb.)		--		--		--		--		--		--		--		--		--		0.081		0.1		0.103		0.066		0.105		0.145		0.034		0.061		0.088		0.016		0.023		0.099		0.017		0.079		0.127		--		--		--		--		--		--		--		--		--		--		--		--

		DK		Dolomitic Keuper
(Gansingen Mb.)		0.043		0.098		0.119		0.06		0.083		0.156		0.046		0.085		0.13		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--

		SK		 Sandy Keuper
(Ergolz Mb.)		--		--		--		--		--		--		--		--		--		0.148		0.163		0.176		0.116		0.147		0.163		--		--		--		0.077		0.127		0.143		0.084		0.142		0.169		--		--		--		--		--		--		0.11		0.11		0.13		0.11		0.11		0.13

		AK1		Argillaceous Keuper
(Ergolz Mb.)		0.098		0.128		0.211		0.113		0.128		0.155		0.098		0.128		0.199		0.099		0.145		0.339		0.088		0.133		0.157		0.095		0.115		0.152		0.094		0.133		0.181		0.096		0.136		0.201		0.08		0.12		0.14		0.08		0.13		0.15		0.11		0.15		0.37		0.08		0.13		0.29

		AAK		Anhydritic-Argillaceous Keuper
(Bänkerjoch Fm. + partly Klettgau Fm.)		0.027		0.092		0.16		0.035		0.096		0.146		0.031		0.094		0.152		0.04		0.092		0.147		0.038		0.092		0.15		0.039		0.091		0.147		0.035		0.087		0.159		0.038		0.091		0.149								0.034		0.096		0.15		0.034		0.077		0.11		0.034		0.087		0.141

		MAK		Massive Anhydritic Keuper 
(Bänkerjoch Fm.)		0.006		0.013		0.031		0.009		0.019		0.036		0.008		0.015		0.034		0.009		0.011		0.028		0.009		0.009		0.021		0.009		0.009		0.025		0.009		0.009		0.017		0.009		0.009		0.024								0.008		0.012		0.023		0.008		0.017		0.045		0.008		0.013		0.033

		DAK		Dolomitic-Anhydritic Keuper
(Bänkerjoch Fm.)		0		0.022		0.081		0.009		0.017		0.074		0.001		0.022		0.077		0.008		0.025		0.084		0.008		0.03		0.094		0.008		0.024		0.065		0.008		0.022		0.064		0.008		0.026		0.086								0.008		0.035		0.055		0.008		0.009		0.021		0.008		0.019		0.052





























































4_3 Grain density

						Values given as gram per cubic centimetre [g/cm^3]

		Unit short		Unit full name		BOZ2						BOZ1						JO tot						BAC1						STA2						STA3						BUL						NL tot						RHE						MAR						TRU						ZNO tot

						P5		P50		P95		P5		P50		P95		P5		P50		P95		P5		P50		P95		P5		P50		P95		P5		P50		P95		P5		P50		P95		P5		P50		P95		P5		P50		P95		P5		P50		P95		P5		P50		P95		P5		P50		P95

		MM2		Marly Malm
(Wildegg Fm.)		--		--		--		--		--		--		--		--		--		2.695		2.704		2.72		2.629		2.702		2.713		2.702		2.709		2.72		2.687		2.712		2.721		2.69		2.707		2.72		--		--		--		--		--		--		--		--		--		--		--		--

		MM		Marly Malm
(Wildegg Fm.)		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		2.693		2.704		2.715		2.701		2.71		2.722		2.704		2.71		2.723		2.697		2.707		2.719

		CM		Calcareous Malm
(Gerstenhübel Beds)		--		--		--		--		--		--		--		--		--		2.696		2.701		2.704		2.702		2.706		2.713		2.7		2.706		2.709		2.707		2.721		2.734		2.698		2.706		2.725		--		--		--		--		--		--		--		--		--		--		--		--

		MM1		Marly Malm
(Wildegg Fm.)		--		--		--		--		--		--		--		--		--		2.696		2.707		2.717		2.697		2.706		2.716		2.7		2.71		2.72		2.697		2.714		2.724		2.697		2.708		2.72		--		--		--		--		--		--		--		--		--		--		--		--

		AD		Argillaceous Dogger
(«Park.-Wü.-Sch.» to Wutach Fm.)		--		--		--		--		--		--		--		--		--		2.679		2.707		2.781		2.684		2.701		2.94		2.699		2.797		2.956		2.73		2.748		2.802		2.682		2.708		2.863		2.674		2.69		2.84		2.685		2.703		2.911		2.686		2.7		2.832		2.68		2.698		2.859

		CAD		Calcareous-Argillaceous Dogger
(mostly Rothenfluh Mb.)		2.684		2.697		2.71		2.691		2.699		2.715		2.686		2.698		2.713		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--

		E-CD		E-CD: Calcareous Dogger
(«Herrenwis Unit»)		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		2.691		2.702		2.707		2.701		2.707		2.727		2.695		2.704		2.722		--		--		--		--		--		--		--		--		--		--		--		--

		W-CD		W-CD: Calcareous Dogger
(«Herrenwis Unit»)		--		--		--		--		--		--		--		--		--		--		--		--		2.702		2.715		2.726		--		--		--		--		--		--		2.702		2.715		2.726		--		--		--		--		--		--		--		--		--		--		--		--

		ARD		Argillaceous Dogger
(western equivalent of «Herrenwis Unit» in NL)		--		--		--		--		--		--		--		--		--		2.735		2.741		2.75		--		--		--		--		--		--		--		--		--		2.735		2.741		2.75		--		--		--		--		--		--		--		--		--		--		--		--

		SCD		Sandy-Calcareous Dogger
(Passwang Fm., «M.-O. Fm.» to «Humph.ool. Fm.»)		2.681		2.696		2.7		2.679		2.69		2.705		2.68		2.69		2.704		No SCD units have been identified using 20% cut-off, refer to chapter 4, NAB 24-010 for further explanation																														2.67		2.68		2.74		2.67		2.68		2.76		2.67		2.68		2.78		2.67		2.68		2.77

		SCAD		Sandy-Calcareous-Argillaceous Dogger
(Passwang Fm., «M.-O. Fm.» to «Humph.ool. Fm.»)		2.67		2.692		2.892		2.675		2.698		2.932		2.673		2.696		2.918		2.668		2.733		2.891		2.703		2.723		2.922		2.68		2.703		2.764		2.685		2.716		2.773		2.683		2.715		2.839		2.66		2.68		2.73		2.67		2.69		2.75		2.67		2.69		2.77		2.66		2.69		2.75

		OPA		Opalinus Clay 
(Opalinus Clay)		2.683		2.706		2.735		2.684		2.707		2.732		2.683		2.706		2.734		2.683		2.703		2.728		2.679		2.7		2.724		2.661		2.68		2.703		2.687		2.714		2.744		2.669		2.7		2.73		2.662		2.686		2.713		2.674		2.696		2.724		2.674		2.697		2.722		2.669		2.692		2.72

		ML		Marly Lias
(Grünschholz to Gross Wolf Mb.)		2.568		2.687		2.738		2.567		2.718		2.752		2.568		2.705		2.747		2.544		2.675		2.734		2.551		2.677		2.734		2.531		2.664		2.747		2.675		2.697		2.736		2.543		2.689		2.736		2.53		2.671		2.721		2.539		2.692		2.739		2.54		2.703		2.728		2.533		2.692		2.731

		AL		Argillaceous Lias
(Frick Mb.)		2.671		2.682		2.699		2.676		2.684		2.695		2.675		2.683		2.698		2.664		2.681		2.697		2.674		2.683		2.698		2.676		2.685		2.699		2.681		2.698		2.708		2.669		2.686		2.704		2.681		2.698		2.72		2.685		2.701		2.723		2.683		2.708		2.729		2.682		2.701		2.726

		CL		Calcareous Lias
(Beggingen Mb.)		2.721		2.752		2.816		2.718		2.747		2.817		2.719		2.748		2.817		2.725		2.737		2.96		2.722		2.772		2.869		2.724		2.803		2.846		2.746		2.79		2.887		2.724		2.779		2.896		2.731		2.75		2.792		2.734		2.765		2.835		2.692		2.74		2.759		2.702		2.748		2.805

		AK3		Argillaceous Keuper
(Gruhalde Mb. + Schambelen Mb.)		--		--		--		--		--		--		--		--		--		2.715		2.744		2.793		2.711		2.778		2.805		2.713		2.767		2.8		2.701		2.794		2.826		2.708		2.764		2.813		2.697		2.77		2.802		2.7		2.784		2.82		2.699		2.777		2.811		2.698		2.774		2.813

		AK2/3		Argillaceous Keuper
(Gruhalde Mb. + Schambelen Mb.)		2.703		2.757		2.817		2.709		2.755		2.778		2.705		2.756		2.812		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--

		DSK		Dolomitic Sandy Keuper
(Seebi-Mb.)		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		2.697		2.807		2.827		2.722		2.798		2.83		2.677		2.808		2.844		2.683		2.805		2.839

		DK2		Dolomitic Keuper
(Seebi-Mb.)		--		--		--		--		--		--		--		--		--		2.767		2.801		2.822		2.772		2.793		2.826		2.765		2.792		2.803		2.803		2.818		2.828		2.766		2.799		2.824		--		--		--		--		--		--		--		--		--		--		--		--

		AK2		Argillaceous Keuper
(Gruhalde Mb.)		--		--		--		--		--		--		--		--		--		2.801		2.805		2.816		2.755		2.767		2.802		2.759		2.777		2.806		2.714		2.796		2.817		2.754		2.795		2.816		2.725		2.75		2.769		2.71		2.744		2.771		2.713		2.753		2.778		2.714		2.749		2.774

		ANK		Anhydritic Keuper
(Gansingen Mb.)		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		2.747		2.924		2.948		2.844		2.943		2.947		2.88		2.953		2.957		2.781		2.941		2.956

		DK1		Dolomitic Keuper
(Gansingen Mb.)		--		--		--		--		--		--		--		--		--		2.802		2.807		2.819		2.79		2.817		2.836		2.779		2.804		2.823		2.776		2.825		2.862		2.775		2.81		2.855		--		--		--		--		--		--		--		--		--		--		--		--

		DK		Dolomitic Keuper
(Gansingen Mb.)		2.8		2.835		2.868		2.789		2.802		2.825		2.791		2.817		2.867		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--		--

		SK		 Sandy Keuper
(Ergolz Mb.)		--		--		--		--		--		--		--		--		--		2.684		2.694		2.707		2.654		2.661		2.669		--		--		--		2.667		2.689		2.701		2.656		2.669		2.702		--		--		--		--		--		--		2.69		2.70		2.70		2.69		2.70		2.70

		AK1		Argillaceous Keuper
(Ergolz Mb.)		2.674		2.718		2.8		2.681		2.722		2.778		2.676		2.719		2.78		2.596		2.696		2.765		2.703		2.755		2.771		2.689		2.716		2.77		2.685		2.715		2.789		2.654		2.713		2.778		2.70		2.73		2.81		2.69		2.73		2.82		2.67		2.74		2.82		2.68		2.74		2.81

		AAK		Anhydritic-Argillaceous Keuper
(Bänkerjoch Fm. + partly Klettgau Fm.)		2.772		2.839		2.909		2.733		2.83		2.914		2.741		2.835		2.911		2.72		2.82		2.9		2.718		2.809		2.897		2.72		2.81		2.892		2.535		2.752		2.888		2.606		2.808		2.896								2.709		2.791		2.899		2.723		2.802		2.881		2.713		2.797		2.89

		MAK		Massive Anhydritic Keuper 
(Bänkerjoch Fm.)		2.918		2.932		2.936		2.915		2.926		2.939		2.916		2.928		2.938		2.913		2.924		2.947		2.901		2.919		2.945		2.907		2.914		2.924		2.888		2.927		2.938		2.9		2.92		2.944								2.912		2.937		2.941		2.915		2.926		2.937		2.912		2.935		2.941

		DAK		Dolomitic-Anhydritic Keuper
(Bänkerjoch Fm.)		2.852		2.884		2.924		2.773		2.915		2.934		2.784		2.902		2.932		2.781		2.881		2.928		2.785		2.911		2.937		2.754		2.908		2.936		2.762		2.907		2.938		2.763		2.905		2.937								2.783		2.87		2.936		2.89		2.913		2.929		2.786		2.897		2.936































































5_1 Hydraulic conductivity

		Unit		Equivalent homogeneous porous medium																				Fault (pessimistic)				General comment --> TO BE COMPLETED!

				Horizontal hydraulic conductivity 																		Estimated
Kh/Kv		Hydraulic Transmissivity

				JO						NL (East and West)						ZNO								Reference		Upper bound

				Min.		Best		Max.		Min.		Best		Max.		Min.		Best		Max.

				[m/s]		[m/s]		[m/s]		[m/s]		[m/s]		[m/s]		[m/s]		[m/s]		[m/s]		[-]		[m2/s]		[m2/s]

		Malm aquifer		Not considered						1.E-10		1.E-09		1.E-07		1.E-10		1.E-09		1.E-07		1		1.E-06		1.E-05

		MM, MM1 and MM2		Not considered						1.E-14		1.E-12		5.E-10		1.E-14		1.E-12		5.E-10		1 to 10		1.E-10		1.E-09		Kbest: see NTB 14-02

		NL-CM (Gerstenhübel Beds, thick carbonate-rich beds)		Not considered						1.E-14		1.E-12		1.E-08		Not present						1		1.E-07		1.E-06

		AD		Not considered						1.E-14		1.E-13		1.E-11		1.E-14		1.E-13		1.E-11		5 (1 to 10)		1.E-12		1.E-10

		Hauptrogenstein aquifer		1.E-10		5.E-09		1.E-07		Not present						Not present						1		1.E-06		1.E-05

		CAD		1.E-14		5.E-14		5.E-10		Not present						Not present						1		1.E-10		1.E-09		Kmax set to the transmissivity of the test BAC1-1/LIA1 devided by the thickness of the Beggingen Mb. This value covers the matrix hydraulic conductivity measured in the Murchisonae-Oolith Fm. in STA2-1 (sandstone).

		E/W-CD («Herrenwis Unit»)		Not present						1.E-14		1.E-12		1.E-07		Not present						1		1.E-06		1.E-05		Herrenwis Unit is not considered as an aquifer. Independent data (heads, natural tracers, etc.) strongly suggests that this formation is isolated from the groundwater flow system. Zone with high permeability (e.g. connected secondary porosity) are however possible.

		NL-ARD		Not present						1.E-14		1.E-13		1.E-11		Not present						5 (1 to 10)		1.E-12		1.E-10

		SCD		1.E-14		5.E-14		5.E-10		1.E-14		5.E-14		5.E-10		1.E-14		5.E-14		5.E-10		1		1.E-08		1.E-06		Kmax set to the transmissivity of the test BAC1-1/LIA1 devided by the thickness of the Beggingen Mb. This value covers the matrix hydraulic conductivity measured in the Murchisonae-Oolith Fm. in STA2-1 (sandstone).

		SCAD		1.E-14		1.E-13		1.E-12		1.E-14		1.E-13		1.E-12		1.E-14		1.E-13		1.E-12		5 (1 to 10)		1.E-10		1.E-09

		OPA		1.E-14		5.E-14		5.E-13		1.E-14		5.E-14		5.E-13		1.E-14		5.E-14		5.E-13		5 (1 to 10)		1.E-12		1.E-10		Kmax was set to 1e-12 to account for possible depth effect?

		ML		1.E-14		5.E-14		5.E-13		1.E-14		5.E-14		5.E-13		1.E-14		5.E-14		5.E-13		1		1.E-10		1.E-09		Kmax set one order of magnitude above Kmax of the hydrotests (generally around 1e-13 m/s) to accound for possible scale effects.

		AL		1.E-14		1.E-13		1.E-12		1.E-14		1.E-13		1.E-12		1.E-14		1.E-13		1.E-12		5 (1 to 10)		1.E-12		1.E-10

		CL		1.E-14		1.E-12		5.E-10		1.E-14		1.E-12		5.E-10		1.E-14		1.E-12		5.E-10		1		1.E-07		1.E-06		Kmax set to the transmissivity of the test BAC1-1/LIA1 devided by the thickness of the Beggingen Mb. This value covers the matrix hydraulic conductivity measured in the Murchisonae-Oolith Fm. in STA2-1 (sandstone).

		AK3 and JO-AK2/3		1.E-14		1.E-13		1.E-11		1.E-14		1.E-13		1.E-11		1.E-14		1.E-13		1.E-11		5 (1 to 10)		1.E-12		1.E-10		Kmax set one order of magnitude above Kmax of the hydrotests (generally around 1e-13 m/s) to accound for possible scale effects.

		ZNO-DSK		Not present						Not present						1.E-09		1.E-06		1.E-04		1		1.E-05		1.E-04		Checker Kmin…plus élevé? Argumentation tracer profile.

		NL-DK2		Not present						1.E-14		5.E-12		5.E-10		Not present						1		1.E-06		1.E-05		Kmax set to the transmissivity of the test BAC1-1/LIA1 devided by the thickness of the Beggingen Mb. This value covers the matrix hydraulic conductivity measured in the Murchisonae-Oolith Fm. in STA2-1 (sandstone).

		AK2		1.E-14		1.E-13		1.E-11		1.E-14		1.E-13		1.E-11		1.E-14		1.E-13		1.E-11		5 (1 to 10)		1.E-12		1.E-10

		NL-DK1		Not present						1.E-14		5.E-12		5.E-10		Not present						1		1.E-07		1.E-06

		JO-DK		1.E-09		1.E-06		1.E-04		Not present						Not present						1		1.E-05		1.E-04

		ZNO-ANK		Not present						Not present						1.E-14		1.E-13		1.E-11		1		1.E-12		1.E-10

		AK1		1.E-14		1.E-12		1.E-09		1.E-14		1.E-12		1.E-09		1.E-14		1.E-12		1.E-09		5 (1 to 10)		1.E-12		1.E-10

		SK		1.E-09		1.E-07		1.E-05		1.E-09		1.E-07		1.E-05		1.E-09		1.E-07		1.E-05		1		1.E-06		1.E-05

		AAK		1.E-14		1.E-13		1.E-11		1.E-14		1.E-13		1.E-11		1.E-14		1.E-13		1.E-11		1		1.E-12		1.E-10

		MAK

		DAK

		Muschelkalk aquifer		1.E-08		5.E-07		1.E-06		1.E-08		5.E-07		1.E-06		1.E-08		5.E-07		1.E-06		1		1.E-05		1.E-04



		Legend

		Fractured carbonate rich aquifer

		Fractured dolomite rich aquifer with dissolution features

		Sandy rich channels aquifer

		Hard beds (thickness < 5m)

		Hard beds (thickness > 10m)

		Marly units

		Clay rich units

		Sulfate rich units





5_2 Lateral gradient

		Site		Unit		Estimated horizontal hydraulic gradient

						Min.		Best		Max.

						[m/m]		[m/m]		[m/m]

		JO		Hauptrogenstein aquifer		1E-02		5E-02		1E-01

				JO-DK		5E-04		1E-03		1E-01

				Muschelkalk aquifer		1E-03		5E-03		1E-02

		NL		Malm aquifer		5E-03		1E-02		1E-01

				NL-SK		1E-02		5E-02		1E-01

				Muschelkalk aquifer		5E-04		1E-03		1E-02

		ZNO		Malm aquifer		5E-03		1E-02		5E-02

				ZNO-DSK		1E-02		5E-02		1E-01

				Muschelkalk aquifer		5E-03		1E-02		5E-02





5_3 Heads OPA

		Site		Heads in Opalinus Clay

				Min.		Max.

				[m a.s.l.]		[m a.s.l.]

		JO		300		460

		NL		330		410

		ZNO		330		440





5_4 Vertical gradient

		Site		Vertical gradient over the Opalinus Clay

				Min.		Max.

				[m/m]		[m/m]

		JO		0.0		1.0

		NL		0.0		0.5

		ZNO		0.0		0.5





6_1 OPA Geomech

		Hydromechanical properties of Opalinus Clay (valid for JO, NL and ZNO)

				Property		Symmetrya		Stress rangeb		Min		Best guess		Max

				Bulk density [g/cm3]						2.46		2.52		2.58

		Elastic properties for drained boundary conditions		Eꓕ Drained Young's Modulus [GPa]		ꓕ		5 ≤ p’ ≤ 15 MPa		3		4		7

				Eǁ Drained Young's Modulus [GPa]		ǁ		5 ≤ p’ ≤ 15 MPa		8		13		16				aSymmetry

				K Bulk Modulus drained [GPa]		volumetric		5 ≤ p’ ≤ 15 MPa		2		4		7				ꓕ		Loading direction perpendicular to bedding

				Poisson's ratio vꓕ (drained) [-]		ꓕ		5 ≤ p’ ≤ 15 MPa		0.10		0.20		0.43				ǁ		Loading direction parallel to bedding

				Poisson's ratio vǁ  (drained) [-]		ǁ		5 ≤ p’ ≤ 15 MPa		0.13		0.26		0.38				//		Loading direction oblique to bedding (lowest peak strength)

		Elastic properties for undrained boundary conditions		Euꓕ Undrained Young's Modulus [GPa]		ꓕ		5 ≤ p’ ≤ 10 MPa		5		8		11

						ꓕ		10 > p’ ≤ 15 MPa		7		10		12				bStress range

				Euǁ Undrained Young's Modulus [GPa]		ǁ		5 ≤ p’ ≤ 10 MPa		10		16		22				p'		Effective mean stress

						ǁ		10 > p’ ≤ 15 MPa		14		19		24				s3'		Effective minimum principal stress magnitude

				Poisson's ratio uuꓕ (undrained) [-]		ꓕ		5 ≤ p’ ≤ 15 MPa		0.20		0.33		0.5				s1'		Effective maximum principal stress magnitude

				Poisson's ratio vuǁ   (undrained) [-]		ǁ		5 ≤ p’ ≤ 15 MPa		0.12		0.27		0.55

		Strength properties		Tensile strength [MPa]		ꓕ and ǁ		p'=- 1/3 s3'		0		1		3

				UCS [MPa]		ꓕ		p'= 1/3 s1'		16		20		25

						ǁ		p'= 1/3 s1'		17		24		27

				Peak effective cohesion c'ꓕ [MPa]		ꓕ		5 ≤ p’ ≤ 20 MPa		5.2		6.4		7.4

				Peak effective friction angle φ'ꓕ [°]		ꓕ		5 ≤ p’ ≤ 20 MPa		23		25.4		28.1

				Peak effective cohesion c'ǁ[MPa]		ǁ		5 ≤ p’ ≤ 20 MPa		5		7		7.9

				Peak effective friction angle φ'ǁ [°]		ǁ		5 ≤ p’ ≤ 20 MPa		27.6		30		30.1

				Peak effective cohesion c'// [MPa]		//		5 ≤ p’ ≤ 20 MPa		3		3.6		4.4

				Peak effective friction angle φ'// [°]		//		5 ≤ p’ ≤ 20 MPa		26.5		27.5		28

				Post-peak cohesion cr'[MPa]		ꓕ, ǁ, //		5 ≤ p’ ≤ 20 MPa		0.5		1.3		2

				Post-peak friction angle φr' [°]		ꓕ, ǁ, //		5 ≤ p’ ≤ 20 MPa		20		24		28





6_2 Rock props other units

						E-Modulus (perpendicular to bedding ꓕ, GPa)																		E-Modulus (parallel to bedding ǁ, GPa)																		Poisson Ratio (vꓕ, -)																		Unconfined compressive strength, UCS (MPa)  (perpendicular to bedding ꓕ, MPa)

		Unit short		Unit full name		JO						NL						ZNO						JO						NL						ZNO						JO						NL						ZNO						JO						NL						ZNO

						P5		P50		P95		P5		P50		P95		P5		P50		P95		P5		P50		P95		P5		P50		P95		P5		P50		P95		P5		P50		P95		P5		P50		P95		P5		P50		P95		P5		P50		P95		P5		P50		P95		P5		P50		P95

		MM2		Marly Malm
(Wildegg Fm.)		--		--		--		9		14		25		--		--		--		--		--		--		13		21		31		--		--		--		--		--		--		0.22		0.27		0.29		--		--		--		--		--		--		39		58		118		--		--		--

		MM		Marly Malm
(Wildegg Fm.)		--		--		--		--		--		--		9		13		20		--		--		--		--		--		--		14		18		28		--		--		--		--		--		--		0.22		0.27		0.29		--		--		--		--		--		--		41		54		100

		CM		Calcareous Malm
(Gerstenhübel Beds)		--		--		--		18		21		23		--		--		--		--		--		--		27		32		36		--		--		--		--		--		--		0.26		0.26		0.27		--		--		--		--		--		--		73		84		92		--		--		--

		MM1		Marly Malm
(Wildegg Fm.)		--		--		--		9		12		18		--		--		--		--		--		--		14		19		28		--		--		--		--		--		--		0.26		0.27		0.28		--		--		--		--		--		--		39		53		75		--		--		--

		AD		Argillaceous Dogger
(«Park.-Wü.-Sch.» to Wutach Fm.)		--		--		--		6		10		15		7		9		15		--		--		--		10		17		26		12		16		22		--		--		--		0.22		0.25		0.29		0.23		0.25		0.28		--		--		--		26		39		56		28		36		51

		CAD		Calcareous-Argillaceous Dogger
(mostly Rothenfluh Mb.)		6		9		12		--		--		--		--		--		--		12		16		22		--		--		--		--		--		--		0		0		0		--		--		--		--		--		--		25		33		44		--		--		--		--		--		--

		E-CD		E-CD: Calcareous Dogger
(«Herrenwis Unit»)		--		--		--		12		23		27		--		--		--		--		--		--		11		20		23		--		--		--		--		--		--		0.24		0.26		0.29		--		--		--		--		--		--		35		61		70		--		--		--

		W-CD		W-CD: Calcareous Dogger
(«Herrenwis Unit»)		--		--		--		12		16		23		--		--		--		--		--		--		10		14		20		--		--		--		--		--		--		0.25		0.29		0.31		--		--		--		--		--		--		33		44		60		--		--		--

		ARD		Argillaceous Dogger
(western equivalent of «Herrenwis Unit» in NL)		--		--		--		8		9		11		--		--		--		--		--		--		9		10		13		--		--		--		--		--		--		0.32		0.33		0.34		--		--		--		--		--		--		30		33		40		--		--		--

		SCD		Sandy-Calcareous Dogger
(Passwang Fm., «M.-O. Fm.» to «Humph.ool. Fm.»)		5		10		16		5		9		19		6		12		19		10		19		29		6		12		27		8		15		25		0.16		0.18		0.22		0.24		0.32		0.36		0.24		0.29		0.35		21		36		55		21		35		63		26		46		73

		SCAD		Sandy-Calcareous-Argillaceous Dogger
(Passwang Fm., «M.-O. Fm.» to «Humph.ool. Fm.»)																				10		19		19		6		12		27		8		15		25		0.16		0.18		0.22				0.32		0.36		0.24		0.29		0.35		21		36		55		21		35		63		26		46		73

		OPA		Opalinus Clay 
(Opalinus Clay)		see tab 6_1						see tab 6_1						see tab 6_1						see tab 6_1						see tab 6_1						see tab 6_1						see tab 6_1						see tab 6_1						see tab 6_1						see tab 6_1						see tab 6_1						see tab 6_1

		ML		Marly Lias
(Grünschholz to Gross Wolf Mb.)		6		11		20		8		12		21		7		10		17		12		21		38		15		22		40		14		20		32		0.23		0.26		0.30		0.23		0.25		0.27		0.22		0.24		0.27		33		54		89		38		55		93		37		50		74

		AL		Argillaceous Lias
(Frick Mb.)		10		13		14		10		12		14		7		8		11		20		24		26		19		22		26		13		16		21		0.22		0.23		0.25		0.22		0.24		0.27		0.25		0.27		0.28		49		58		64		48		54		63		35		40		49

		CL		Calcareous Lias
(Beggingen Mb.)		12		24		30		12		21		28		11		17		27		24		46		57		22		39		52		21		32		50		0.21		0.25		0.30		0.20		0.25		0.30		0.19		0.28		0.32		54		99		120		53		83		105		48		65		86

		AK3		Argillaceous Keuper
(Gruhalde Mb. + Schambelen Mb.)		--		--		--		6		11		16		8		10		14		--		--		--		10		15		26		11		14		19		--		--		--		0.24		0.27		0.31		0.25		0.28		0.29		--		--		--		28		44		67		32		41		55

		AK2/3		Argillaceous Keuper
(Gruhalde Mb. + Schambelen Mb.)		5		10		16		--		--		--		--		--		--		10		14		22		--		--		--		--		--		--		0.23		0.26		0.31		--		--		--		--		--		--		27		40		60		--		--		--		--		--		--

		DSK		Dolomitic Sandy Keuper
(Seebi-Mb.)		--		--		--		--		--		--		16		24		36		--		--		--		--		--		--		22		33		49		--		--		--		--		--		--		0.16		0.23		0.28		--		--		--		--		--		--		59		90		123

		DK2		Dolomitic Keuper
(Seebi-Mb.)		--		--		--		15		20		34		--		--		--		--		--		--		20		28		46		--		--		--		--		--		--		0.21		0.25		0.27		--		--		--		--		--		--		58		76		118		--		--		--

		AK2		Argillaceous Keuper
(Gruhalde Mb.)		--		--		--		11		13		23		7		9		14		--		--		--		15		18		31		10		12		19		--		--		--		0.21		0.24		0.28		0.22		0.25		0.28		--		--		--		39		51		82		26		32		44

		ANK		Anhydritic Keuper
(Gansingen Mb.)		--		--		--		--		--		--		18		37		43		--		--		--		--		--		--		25		50		59		--		--		--		--		--		--		0.22		0.24		0.29		--		--		--		--		--		--		68		129		144

		DK1		Dolomitic Keuper
(Gansingen Mb.)		--		--		--		16		25		32		--		--		--		--		--		--		22		34		43		--		--		--		--		--		--		0.17		0.24		0.30		--		--		--		--		--		--		60		93		112		--		--		--

		DK		Dolomitic Keuper
(Gansingen Mb.)		15		21		37		--		--		--		--		--		--		21		29		51		--		--		--		--		--		--		0		0		0		--		--		--		--		--		--		57		78		129		--		--		--		--		--		--

		SK		 Sandy Keuper
(Ergolz Mb.)		7		11		15		6		12		15		5		10		14		10		15		20		8		16		21		8		14		20		0.19		0.25		0.28		0.21		0.24		0.31		0.20		0.25		0.32		25		36		48		22		40		53		21		36		51

		AK1		Argillaceous Keuper
(Ergolz Mb.)				11		15		6		12		15		5		10		14		10		15		20		8		16		21		8		14		20				0.25		0.28		0.21		0.24		0.31		0.20		0.25		0.32		25		36		48		22		40		53		21		36		51

		AAK		Anhydritic-Argillaceous Keuper
(Bänkerjoch Fm. + partly Klettgau Fm.)		11		18		31		10		17		29		11		18		31		14		22		39		13		21		37		14		22		39		0.15		0.20		0.23		0.16		0.19		0.22		0.15		0.19		0.25		32		49		81		30		48		77		33		48		80

		MAK		Massive Anhydritic Keuper 
(Bänkerjoch Fm.)		33		41		49		32		45		50		43		48		51		41		51		61		40		56		63		54		60		64		0.20		0.20		0.22		0.18		0.19		0.22		0.17		0.19		0.20		86		103		122		86		112		126		107		115		125

		DAK		Dolomitic-Anhydritic Keuper
(Bänkerjoch Fm.)		25		47		52		23		42		51		30		44		52		31		58		65		28		52		64		38		55		64		0.18		0.19		0.21		0.16		0.19		0.22		0.17		0.19		0.20		63		116		128		58		105		128		74		102		125









