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Triaxial tests with different stress paths
Triaxial tests on back-saturated specimens using dif-

ferent controlled stress paths were conducted to 

study the influence of the stress path on the hydro-

mechanical behavior of Opalinus Clay. Three differ-

ent stress paths approximating a tunnel excavation 

were applied: a two-dimensional stress path with 

isotropic initial stress conditions (i.e. pure shear com-

pression), a two-dimensional stress path with aniso-

tropic initial stress conditions, and a three-dimen-

sional stress path. The influence of the stress path 

was investigated with respect to the specimens’ 

geometry (i.e. P- and S-specimens were tested). Dif-

ferences in the hydro-mechanical response were 

identified with respect to the specimens’ geometry 

but also to the stress paths. When subjected to the 

two-dimensional stress paths, positive excess pore 

pressures were measured for S-specimens at low dif-

ferential stresses whereas P-specimens showed neg-

ative excess pore pressure. The magnitudes of excess 

pore pressure were higher for the anisotropic two-

dimensional stress path. Dilation associated with 

yielding was observed for all specimens. The applica-

tion of the three-dimensional stress path revealed 

pore pressure responses that were conceptually 

comparable to the pore pressure response observed 

in situ. This is illustrated in (Figure 7) which shows 

the pore pressure evolution of the P-specimen sub-

jected to the three-dimensional stress path. The 

black dot approximately represents the point where 

the tunnel face would pass the monitoring point. 

Pore pressure increase in front of the tunnel face can 

be related to poroelastic response of the rock mass 

to a change in differential and mean stress. Again, 

differences between P- and S-specimens were iden-

tified. Decrease in pore pressure before the tunnel 

face can be related to the dilation associated with 

yielding.

With regard to the effective peak strength of the 

specimens, no significant difference between P- 

and S-specimens and compared to the standard tri-

axial tests was found (Figure 8). Nevertheless, it was 

shown that the state of failure is affected by the 

transversal isotropy as for specimens consolidated 

to the same effective stress, S-specimens fail at 

lower effective stresses compared to P-specimens.
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Figure 5 (left):  
Dependency of drained 
and undrained Young0s 
moduli on the effective 
consolidation stress 
(Wild 2016).

Figure 6 (right):  
Possible peak strength 
failure envelopes  
for all specimens  
tested utilizing a  
standard triaxial stress 
path (modified from 
Wild 2016).

Figure 7 (left):  
Stress and related pore 
pressure response for a 
P-specimens subjected 
to the isotropic three-
dimensional stress 
path (modified from 
Wild 2016).

Figure 8 (right):  
Differential stress at 
peak vs. effective mean 
stress for different stress 
pahts. Also plotted are 
the results from the study 
utilizing consolidated 
undrained tests with 
tandard triaxial stress 
paths (CU-STSP) (modi-
fied from Wild 2016).
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National Cooperation

ENSI provides major funding of the HM experiment 

and cooperates with ETH in the coordination of this 

research activity. An additional national project 

partner for the HM-B project is Swisstopo.

International Cooperation

The Chair of Engineering Geology at ETH and ENSI 

internationally corporate with 1) Politecnico di 

Torino, Italy, 2) Bundesanstalt für Geowissenschaf-

ten und Rohstoffe (BGR); 3) Gesellschaft für Anla-

gen- und Reaktorsicherheit (GRS). 

Assessment 2016 and  
Perspectives for 2017

The HM Experiment was successfully finalized in 

2016 with some major scientific results. The find-

ings (including (poro)elastic properties, stress-strain 

behavior in combination with the pore pressure 

response, the dependency of these properties and 

behavior on the confinement and the stress path, 

and the non-linear effective peak strength failure 

envelop contribute to the geomechanical under-

standing of the material itself and the interpreta-

tion of observations around test galleries at the 

Mont Terri Underground Rock Laboratory. The 

major findings from the HM Experiment, which are 

compiled in a dissertation (Wild 2016), will be pub-

lished in several journal papers in 2017.

The HM-B project will be finalized in 2017 provid-

ing that the system in saturated and in equilibrium 

with ambient conditions. The pilot borehole that 

contains the packer system will be overcored using 

a 350 mm diameter borehole to unload the core 

with the instrumentation. Pore pressure and suc-

tion evolution will be monitored during overcoring. 

Publications 

K.M. Wild (2016): Evaluation of the hydro-mechan-

ical properties and behavior of Opalinus Clay. Dis-

sertation, ETH Zurich, Switzerland, 205 pp.
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ABSTRACT

We conduct research in the new Belchen N2 

highway tunnel (Sanierungstunnel Belchen, 

STB) between Basel and Lucerne, which is cur-

rently being excavated with a tunnel-boring 

machine (TBM). The new tunnel cuts partly 

through Opalinus Clay shale. This formation is 

the designated target for the future deep 

nuclear waste repository in Switzerland. Our 

project's focus is on the behavior of Opalinus 

Clay rock mass during TBM tunneling (short-

term) and after tunnel completion (long-term). 

Investigations include structural geology, hydro-

geology, rock mass stress and deformations, 

Opalinus Clay swelling behavior, and short- and 

long-term changes and interactions of the rock 

mass with the tunnel support, i.e. precast, outer 

steel-reinforced concrete tubbing rings and 

inner, cast-in-place concrete lining. The work on 

the detailed experimental strategy and design 

for the first of two project phases started in 

April 2016. The first phase included installation 

works for monitoring radial pressures on the 

tunnel outer tubbing lining, rock water content, 

and pore pressures, and geological documenta-

tion. Installation works in the tunnel started in 

November 2016 and were carried out under 

active tunneling conditions. The monitoring sys-

tems, together with three radial exploration 

boreholes, equipped with tubes for axial defor-

mation measurements, lie in a tunnel cross sec-

tion where the tunnel has its maximum over-

burden of about 325 m above the tunnel crown.

This report presents an overview of the first 

research phase of the Belchen project and design 

details of the installed in-situ monitoring sys-

tems. Preliminary results are presented for the 

first 48 days of the radial pressure build-up on 

the tubbing stone ring. These data illustrate local 

differences in the total pressure acting on the 

tubbing segments before installation of the inner 

liner. Different construction phases are clearly 

discernible, such as the movement of the TBM 

over the tubbing liner, and the concreting of the 

tunnel invert. Radial total pressures after 48 days 

range between 0.34 MPa and 0.82 MPa.

Author und Co-author(s)	 M. Ziegler, S. Loew

Institution		  ETH Zürich

Address		  Sonneggstrasse 5, 8092 Zürich

Phone, E-mail, Internet address	 +41 (44) 632 23 42, martin.ziegler@erdw.ethz.ch

Duration of the Project 	 3 years

Investigations in the new TBM-
excavated Belchen highway tunnel
Program, design and installations (Part 1)
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Project goals

The Swiss high-level nuclear waste (HLW) reposi-

tory concept requires access and ventilation tun-

nels or shafts, repository drifts, and underground 

laboratory space. The great length of repository 

drifts and tunnels at repository depth on the order 

of 24 km, together with the constraint to limit the 

damage of the geological barrier surrounding the 

drifts for HLW, among other factors, may suggest 

the use of tunnel-boring machines (TBMs) at least 

for the HLW repository drifts; (e.g., NAGRA, 2016). 

With this in mind, the new Belchen N2 highway 

tunnel tube (Sanierungstunnel Belchen, STB) 

between Basel and Lucerne, which crosses the 

folded Jura mountains with a TBM, is an important 

reference project, despite the considerably larger 

diameter of almost 14 m compared to future repos-

itory drifts of 3.2 m (NAGRA, 2016). The STB offers 

the opportunity to study fundamental and practical 

aspects of TBM excavation in Opalinus Clay shale 

(OPA).

The new Belchen tunnel tube STB is being con-

structed with enormous technical effort, because 

the old tunnel tubes have been damaged by swell-

ing processes in long sections with Gipskeuper and 

Opalinus Clay (e.g., Madsen et al., 1995, and refer-

ences therein; Amstad and Kovári, 2001, and refer-

ences therein; Aegerter and Bosshardt, 2006). The 

STB will have a final length of about 3.2 km and 

passes through about 570 m of Opalinus Clay shale 

in two separate sections. The tunnel lining consists 

of a double-shell concrete lining (outer segmental 

lining and inner cast-in-place lining). The geology 

along the new tunnel tube is well known prior to 

tunnel excavation because of the close vicinity to 

the two existing Belchen tunnel tubes (i.e., 

40–116 m lateral distance between tunnel mid-

points) and the exploration drillings carried out in 

2006 and 2009. The first section of OPA lies 

between Tm 3180 and Tm 3330 with bedding dip-

ping moderately steep (~45°) to the South (all tun-

nel meters (Tm) are given from North). The second 

section with OPA spans from Tm 2200 to Tm 2720. 

Here, the OPA is part of the Chambersberg syncline 

(Figure 1). Folding and faulting (thrusting) resulted 

in a variable thickness of the OPA formation and a 

changing dip direction of the OPA bedding. One of 

the planned cross-passages connecting the new 

tube with the western tube of the existing Belchen 

tunnel will also be established in Opalinus Clay 

shale (cross passage 5a; Figure 1).

Figure 1: Expected 
geological profile 
between about   
Tm 2100 and Tm 2800 
where the new Belchen 
tunnel passes through 
the Chambersberg 
syncline and 
predominantly through 
folded and sheared 
Opalinus Clay shale  
(IG STBelchen, 2015). 
The tunnel section 
equipped with a long-
term monitoring 
system is highlighted 
in red.
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The goals of this project are to carry out research 

that was so far not possible in the Mont Terri under-

ground research laboratory. This includes investiga-

tions of the:

	 Rock mass behavior of OPA in a TBM-excavated 

tunnel, in response to rock mass structural varia-

tions (bedding, faults) and different overburden 

loads (and in-situ stresses),

	 Technical possibilities and limitations of geolog-

ical / structural characterization and documenta-

tion in a TBM-excavated tunnel,

	 Technical possibilities and limitations of geolog-

ical investigations ahead of the TBM cutter head 

during excavation, 

	 Short- and long-term system behavior of the 

rock mass and the tunnel support,

	 Rock mechanical and mineralogical properties 

of the OPA in the Belchen area, and

	 Temporal and spatial in-situ swelling behavior of 

OPA.

The first three points will be investigated along the 

entire second (and if possible also the first) OPA 

section. The last three points will be studied at a 

specific measuring section (MS), i.e., at Tm 2315–

2317. In addition to the mentioned goals, we will 

gain substantial experience with handling of prac-

tical and unexpected problems and the value of 

geotechnical pre-excavation risk analyses.

The project involves two phases:

1)	� Monitoring systems installations and measure-

ments in the main STB tunnel

2)	� Monitoring systems installations and measure-

ments in the cross passage 5a

In this report we only describe the first results of 

phase 1 including the setup of geological / struc-

tural characterization in the main OPA section (Tm 

2200–2720), and the sensor installations at MS Tm 

2315–2317. Four types of sensors have been 

designed and installed in order to monitor and 

investigate the short- and long-term loading evo

lution onto the tunnel lining: sliding micrometer 

boreholes, total pressure cells, TDR packers and 

pore pressure sensors. All sensors had to be 

installed without disturbing the difficult ongoing 

tunnel excavation conditions and complement the 

monitoring program of ASTRA. Data analyses will 

be presented in subsequent annual reports.

Work carried out and first  
results obtained

Structural data collection in Opalinus  
Clay sections
The single-shield TBM used at Belchen does not 

allow to collect a complete dataset of the geological 

structures during tunneling. Information on the rock 

mass structure of Opalinus Clay was initially planned 

to come from a complete set of optical televiewer 

(OPTV) data collected in systematic pre-drillings of 

about 30–40 m length, drilled horizontally through 

gaps in the TBM cutter head. This approach was 

tested in two boreholes in the first section of Opali-

nus Clay (at Tm 3287 and Tm 3239). Due to short 

length of the boreholes (33 m and 21 m), large gaps 

in between adjacent boreholes, long waiting times 

of up to several hours due to drilling problems 

(resulting in expected poor borehole wall qualities 

and high costs), and non-accessibility of boreholes 

for logging (such as the borehole at Tm 3239), this 

exploration and characterization concept was finally 

rejected and replaced by systematic photogrammet-

ric characterization of the tunnel face every 28 m 

(two tunnel diameters) in the second OPA section, 

and every 14 m around the measuring section (MS; 

Figure 1). These datasets were collected and pre-

processed (i.e., calculation of 3D models with tex-

tures) by Marti AG using images from GoPro cam-

eras mounted in gaps of the cutter head at radii of 

5.64 m and 4.91 m. We obtained forty-two 3D-mod-

els from twenty-one face positions (2 models per 

face). Each model represents only a part of the full 

face, i.e., a mostly closed ring of about 0.6–1.0 m 

width in case of vertical and stable rock faces. Thus, 

between about 25 % and 45 % of a tunnel face 

were recorded. Figure 1 illustrates that data was 

obtained for large parts. However, there also exist 

three larger gaps with lengths up to 55 m where no 

data could be recorded. One of these gaps locates 

at the MS. 

Additional structural data come from cored bore-

holes drilled for extensometer tubes at Tm 3307  

(4 radial boreholes with a total length of about 

52 m), Tm 2525 (1 radial borehole of 11 m length), 

Tm 2315 (3 radial boreholes with a total length of 

about 46 m and 1 radial borehole of 3.5 m length 

for the TDR probe, see below). We will comple-

ment structural mapping using laser scanning and 

photogrammetry during the excavation of the 

cross-passage 5a (Figure 1) in order to increase our 

knowledge of the local rock mass structure close 

to the MS.
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Axial borehole deformations and geodetic  
surveys of the tubbing stone lining 
Within the OPA sections, as part of the existing 

deformation monitoring program, eight radial 

boreholes were drilled and equipped with measur-

ing tubes to monitor axial deformations. Three of 

these are located in the MS (Figure 2). Measuring 

tubes for a sliding micrometer probe with a speci-

fied accuracy <0.002 mm / m were provided and 

installed by Solexperts AG. Until now only refer-

ence measurements were carried out.

Displacement measurements of the tubbing lining 

in the OPA sections are carried out systematically by 

Marti AG every 10 m (one reflector per tunnel side 

wall; T. Heid, pers. comm.). These measurements 

are part of the standard tunnel survey. In addition, 

we scanned the tunnel lining in the vicinity of the 

MS with a Faro Focus3D X330 laser scanner about 

one week after placement of the instrumented 

tubbing ring (about 80 m from the face; November 

6th–9th, 2016) and after concreting of the invert 

(December 7th and 8th, 2016). We plan further 

scans prior to concreting of the tunnel crown and 

side walls. These scans document the geometry of 

the tubbing liner with the installed TPCs (Total Pres-

sure Cells, see below) and will be used to identify 

potential changes in the geometry within a period 

of about four months, prior to the placement of 

the inner lining (cf., Wenighofer et al., 2016).

Design, installation, and preliminary data  
of radial pressure cells
Special tubbing stones are needed to host radial or 

tangential stress cells (e.g., Leucker et al., 2008). It 

is common practice to leave recesses for stress  

cells and channels for electrical cables prior to con-

creting of the stones. In this project the steel-rein-

forced tubbing stones were already built (Figure 3a) 

so that modifications of tubbing stones and a spe-

cial stress cell design were necessary. We have 

developed, together with Smartec SA, a radial 

pressure cell, where the vibrating wire (VW) sensor 

and re-pressurization tube lie in the backside center 

of a rectangular (200 x 100 mm2), stainless steel, 

Figure 3: Modifications of produced steel-reinforced concrete 
segments (tubbings): (a) Situation at Klus with the six modified 
stones (stone height ~2 m), (b) rotary cutter for forming  
shallow (8 mm) recesses, (c) example of the utilized TPC prior  
to installation and (d) after installation, (e) coiled electrical 
cable stored inside a new, closed borehole ready for installation 
in the tunnel, (f) situation during the placement of the  
modified tubbing stones (white arrows; same procedure as  
for unmodified stones), and locations of temporal loggers 
(white arrows) (g) in the crown (VW Minilogger at TPC-1) and 
(h) close to the tunnel invert (V-Logger at TPC-6).

Figure 2: Sketch of the tunnel cross section (measuring  
section, MS) at Tm 2317 looking North (Tm 1384.5 from  
South; ring no. 693) showing the positions of seven total 
pressure cells (TPC-1 to TPC-7) installed in six out of seven 
tubbing stones (stone S1 is not equipped with a sensor).  
Special reinforced electrical cables were lain on the inside of 
the tubbing stones, below the drainage/sealing layer, to two 
positions at the tunnel side walls where they will finally be 
led through standpipes into recesses of the cast-in-place 
concrete inner lining (i.e., permanent logger positions). In ad-
dition, in the adjacent tubbing ring (no. 694) three extenso-
meter tubes and a TDR-double-packer sonde were installed.
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oil-filled total pressure cell (TPC; Figure 3c). The 

pressure cells can measure stress up to 20 MPa  

with an accuracy <12 kPa and a resolution of at 

least 5 kPa. Seven radial pressure cells of this type 

were levelled and fixed with anchor bolts, and 

cemented in about 8 mm deep cut recesses (Figure 

3b) on the outsides of steel-reinforced concrete 

tubbing segments of 35 cm thickness (E1–E4, F5 

and F6; Figure 2). Each stone was equipped with 

one sensor, except stone F5 has two sensors and 

the key stone S1 was not modified. The cells were 

installed flush with the outside surface of the tub-

bing stones (Figure 3d). The vibrating wire sensor 

and coiled electrical cable sit in a 60 mm borehole 

closed with a cap at the inside of the tubbing stone 

(Figure 3e). Tubbing modifications and stress cell 

installations were carried out by Diamantbohr AG. 

All sensors, except TPC-7, were located about 

30  cm away from the existing 97-mm-boreholes 

(for grout injections) so that local regrouting of the 

annular gap between the tubbing stone and the 

formation would be possible, but was not neces-

sary (Figure 3e). All boreholes lie outside the areas 

for vacuum gripper plates. Thus, the modifications 

of the stones and installation of the stress cells in 

the stones allowed for normal handling, except 

that care had to be taken that the stress cells were 

not damaged prior to tubbing ring installation 

(Figure 3f).

On November 1st 2016, within 4 hours after the first 

tubbing stones were placed, temporary data loggers 

were installed close to the TPC boreholes on the 

inside of the stones. Data was logged at an interval 

of 1 hour (TPC-2 and TPC-6 initially at 0.5h inter-

vals). During this time the annular gap between the 

formation and the tubbing ring was grouted. The 

target size of this gap is 22.5 cm. For TPC-1 to TPC-5 

single sensor Slope Indicator VW Minilogger with 

radio modules were used (Figure 3g), while data 

from TPC-6 was logged with a Slope Indicator 

V-Logger (Figure 3h). The borehole cap of TPC-7, 

located in the tunnel invert (Figure 2), was protected 

with an additional strong cover, and read out manu-

ally within the first 2.5 weeks after installation.

Then, sensor cables were spliced with armored 

cables and were laid inside additional protective 

conduits to two positions at the side walls of the 

tubbing ring underneath the drainage/sealing 

layer. Splicing and laying armored cables was 

carried out in three separate steps: first TPC-5  

and TPC-6, then TPC-7, and finally TPC-1 to TPC-4. 

This procedure was necessary since the drainage/

sealing foil was installed in steps (side walls, invert, 

and crown) and earlier splicing at the tunnel crown 

was not possible due to the tunnel ventilation tube 

and conveyor system in the crown.

In December 2016, all TPC electrical cables were 

laid to the side walls and connected to two 4-chan-

nel V-Loggers. The logging frequency was reduced 

for all cells to intervals of three hours. 

Figure 4a presents preliminary pressure data from 

the TPCs of the first 48 days after tubbing ring 

installation. The data has been corrected for sensor 

temperature (Figure 4b). The curves show a rapid 

pressure increase within the first 3–4 days and then 

a gentle increase. Within the first 7 days the 

installed ring was overrun by the TBM. This can be 

seen by at least three loading and unloading cycles, 

especially of the cells located in the invert (TPC-5 

and TPC-6). After about three weeks the invert was 

concreted and precast concrete service tunnel seg-

ments were placed. In accordance, TPC5 to TPC7 

show strongest pressure increases. Together with 

the concreting of the tunnel invert the tempera-

tures measured by the invert TPCs rose considera-

bly by up to 20°C and were decreasing thereafter. 

While pressure of TPC-7 remained high and was 

slightly rising, pressures at positions 5 and 6 

decreased with decreasing temperatures (Figure 

4b). Thus, TPC-7 indicates a different behavior.

Figure 4: Preliminary results showing (a) the first 48 days  
of radial pressure built-up on the tubbing ring, and (b)  
temperatures measured at the TPC sensors.
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Within the first 48 days, measured pressures at the 

tunnel side walls (TPC-3 and TPC-4) are mostly 

higher than those at the invert (TPC-5 and TPC-6). 

Pressures in the crown from TPC-1 and TPC-2 are 

not alike. TPC-1 shows greatest pressure within the 

first three weeks, while TPC-2 recorded similar pres-

sures as measured at the invert (TPC-5 and TPC-6). 

The pressure difference of about 0.3 MPa between 

TPC-1 and TPC-2 could be partially explained by 

extensive regrouting  operations in the very vicinity 

of the crown TPCs in ring no. 692, one day after 

ring no. 693 with the installed TPCs has been 

placed. The regrouting  could have led to a complex 

pressure distribution. An early impact of the rock 

mass on the total pressure differences measured 

with the two crown TPCs, as well as the impact of 

the loaded conveyer belt suspended below TPC-1, 

has to be investigated in more detail. However, 

other factors could also be considered. Pressure 

from TPC-7, closest to the invert center, started off 

with similar pressures compared to the adjacent 

cells TPC-5 and TPC-6, but then increased most rap-

idly. At the end of the 48-day period the radial total 

pressures measured at the seven locations range 

between about 0.34 MPa and 0.82 MPa. 

Design and installation of a TDR borehole probe 
in the tunnel invert
Radial pressure measurements at the interfaces 

between tubbing stone, grouted annular gap, and 

Opalinus Clay shale are difficult to interpret without 

additional sources of information, because the ori-

gins of pressures that (will) act on the tubbing seg-

ments can be manifold. Besides the weight of the 

tunnel segments, static and dynamic loads due to 

construction and later highway traffic, and thermal 

loads, rock mass consolidation and swelling will con-

tribute to the measured pressures. In order to inves-

tigate the potential swelling mechanisms of the OPA 

under in-situ conditions, a vertical borehole of 3.5 m 

length was drilled into the invert within the MS. This 

borehole was equipped with a specially-designed 

double-packer TDR (Time-Domain Reflectometry) 

probe from Solexperts AG (Figure 5 and Figure 6a). 

The major goal of this borehole probe is to measure 

changes of the water content at two positions, i.e. 

close to the interface between the formation and the 

annular gap (0.2–0.4 m inside the formation) and at 

greater depth, 3.1–3.3 m inside the formation. For 

this purpose we use TDR sensors for identifying 

changes in the dielectric properties of the surround-

ing Opalinus Clay (e.g., Cataldo et al., 2011). Long-

term changes (increases) in permittivity will likely 

Figure 5: 
Cross-section through 
the invert with 
sketched situation of 
the installed double-
packer TDR (Time-
Domain Reflectometry) 
borehole probe. Bold 
abbreviations indicate 
the types of sensors 
and corresponding 
interval numbers 
(AP=Air Pressure, 
P=Packer Pressure, 
PP=Pore Pressure, 
RH=Relative Humidity, 
T=Temperature, and 
VWC=Volumetric Water 
Content).
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indicate changes in the volumetric water content, 

which can be interpreted as swelling. In case that we 

can maintain about constant packer pressures over 

sufficient long time scales and temperature effects 

on packer pressure are known and can be corrected, 

swelling might also be seen in net increases of packer 

pressures. In addition, we monitor pore pressure (PP) 

close to both ends of the sonde.

Installation works were carried out in multiple steps 

and under active tunneling conditions. First, a small 

temporary shaft with steel lining and lid was built 

in the tubbing stone of the tunnel invert. Then, a 

floor (<10 cm thick) was concreted in the shaft and 

a standpipe drilled and grouted. Through this pipe 

a centralized borehole was drilled into the forma-

tion and cored with triple-tube barrel (Figure 6b 

and 6c; OPA cores were briefly mapped on site, 

kept in the plastic liner, and within few minutes 

protected by two layers of vacuumed foil and 

mechanically protected by core boxes). The bore-

hole was inspected briefly by a borehole camera 

after drilling. Due to waste water inflow from the 

annular gap into the borehole, parts of the bore-

hole wall became wet (such as the entire borehole 

circumference in the upper part of the borehole). 

Thus, the sonde was lowered oriented into the 

borehole so that the lower TDR-sensor faced a dry 

borehole wall (assuming no changes between 

borehole camera inspection and TDR sonde instal-

lation). The water is assumed to originate from the 

extensive drilling operations for the cross-passage 

5a that were carried out at the same time. Never-

theless, good borehole alignment allowed for 

unproblematic and fast placement of the sonde 

inside the borehole (Figure 6d and 6e), including 

inflation of the TDR packers and of an additional 

mechanical packer located in the shaft (Figure 5). 

After the complete installation of the borehole 

probe and GSM-modem equipped data logger, the 

temporal shaft was closed. Subsequent steps 

included demounting the logger for extending the 

standpipe and sonde rods underneath the bridge 

prior to concreting of the tunnel invert (Figure 6f), 

checks and adjustments of the packer pressures, 

and placing the logger and hydraulic valves at their 

final position inside a permanent shaft with steel lid 

inside the service gallery (Figure 6g).

National Cooperation

ENSI provides the funding of the investigations in 

the new Belchen tunnel and cooperates with ETH 

in the coordination of this research. We greatly 

appreciate that ASTRA allowed us to carry out 

these investigations. 

Assessment 2016 and  
Perspectives for 2017

In 2016, new monitoring systems and installation 

procedures have been designed for an ongoing 

TBM excavation in Opalinus Clay. The sensor instal-

lations in the measuring section (MS) at Tm 2315–

2317 of the new STB tube have been largely  

completed. Despite the challenging working  

environment and schedules (i.e., installations dur-

Figure 6: Photographs showing main steps during TDR- 
probe installation: (a) Preparing the TDR borehole probe for 
installation (white arrows show the TDR-sensor positions on 
the inflatable packers), (b) drilling of the 86 mm wide and 
3.5 m deep borehole centralized and parallel to the previously 
installed standpipe, (c) the OPA core was obtained using a 
triple-core barrel, (d) placing the TDR probe oriented into the 
open borehole, (e) short pause and discussions on next steps 
(e.g., pressurizing of packers) after successful positioning,  
(f) extending of rods and standpipes below the bridge some 
days later prior to concreting of the invert (red arrow),  
(g) the logger and hydraulics are now in their final position 
in a covered shaft in the service gallery.
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ing ongoing tunnel construction, undesired waste 

water inflow into the TDR borehole) installations 

were carried out successfully. OPA core material 

and structural, displacement and total pressure  

data have been collected. A great amount of pho-

togrammetric models of the tunnel face could be 

obtained from the entire Opalinus Clay section 

between Tm 2200 and Tm 2720 of the Chambers-

berg syncline. In sections with strongly sheared 

(tectonized) OPA large face breakouts occurred, 

which affected the acquisition of photogrammetric 

models and the TBM advance rate.

In 2017, the TPC installations will be finalized, i.e., 

electrical cables will be guided into recesses in the 

inner concrete lining (i.e, final data logger posi-

tions). All data of the first investigation phase will be 

analyzed in detail (photogrammetric, geodetic, 

borehole deformation, TPC, TDR) and measure-

ments of the OPA water contents from core speci-

men will be completed. Rock mass structural prop-

erties in the OPA sections will be investigated in the 

framework of a M.Sc. thesis (C. Soares). These struc-

tural data will be compared with TBM excavation 

parameters. Supplementary investigations of phase 

2 of this project, focusing on measurements in cross 

passage 5a, will be designed and implemented, 

such as face mapping of the cross passage excava-

tion with laser scans and photogrammetry, and 

measurements and experiments in new boreholes.

Within the second phase of the STB project, detailed 

analyses of the TPC data (including temperature 

effects due to setting of concrete), together with a 

comparison of the tunnel advance and regrouting 

operations will be carried out. A comprehensive 

mineralogical and rock-mechanical laboratory pro-

gram on existing and newly drilled OPA core mate-

rial (deformation, swelling and strength properties, 

mineralogy, microfabric, and porosity), together 

with tests on the deformation behavior of the tub-

bing stone and annular gap grout, will complement 

the investigations and data of the first phase. 

Publications 

Journal publications and conference contributions 

are planned for 2017 / 2018.
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ABSTRACT

The overall goal of this project is to quantify the 

timing of early and middle Pleistocene glacia-

tions and to reconstruct the landscape evolution 

of the northern Alpine Foreland by applying 

cosmogenic nuclide dating techniques with 
10 Be, 26Al and 36 Cl. We studied seven sites, 

which are morphostratigraphically classified as 

Deckenschotter. These are proximal glaciofluvial 

sediments that are mapped as laterally discon-

tinuous, isolated plateaus. They are classified 

into Höhere (HDS) and Tiefere Deckenschotter 

(TDS), which are separated by a significant 

phase of incision. In the fourth year of the pro-

ject, the final results were obtained and all data 

was compiled. In addition to dating, samples 

were collected for sedimentological analyses. 

Sedimentology allowed characterizing the 

provenance, transport pattern and pathway, 

and depositional environment of the Decken

schotter deposits. Finally, based on the recon-

structed chronology, we estimated the varia-

tion of post-depositional bedrock incision rates 

since the early Pleistocene. 

Between 2.1 and 1.5 Ma, sediments from the 

northern Central Alps as well as from the Mio-

cene Molasse conglomerates were eroded and 

transported to the foreland by paleoglaciers. 

Here, glacial meltwater took up the sediments 

and transported them as bedload in a braided 

river system to the sites Wilemer Irchel, Stadler-

berg and Siglistorf, where they were deposited. 

Bedrock incision, which separates HDS from 

TDS are in the order of ≤ 100 m / Ma, suggest-

ing that the landscape prior to this transition 

was one of low relief. 

Between 1.3 and 0.5 Ma, sediments originat-

ing in the northern Central as well as central 

Eastern Alps were eroded and transported to 

the foreland by the Rhaetian, Linth and Reuss 

paleoglaciers. In addition also clasts reworked 

from the Miocene Molasse, which the glaciers 

traversed, were included in this transport. In 

the foreland, the sediments continued their 

transport as bedload in braided rivers of the 

glacial meltwaters until they were accumulated 

at Rechberg, Irchel Steig and Hütz, Mandach 

and Ängi. The transport pathways differ for 

each study site. At that time, the Rhaetian 

paleoglacier drained through Lake Constance 

towards west into the Upper Rhine Valley. The 

incision separating TDS from the next lower 

morphostratigraphic level (Hochterrasse) shows 

values between 100 and 350 m / ma indicating 

that the landscape looked already similar to 

today.
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Project goals

Understanding the evolution of the Alpine Fore-

land landscape is of utmost importance to make 

predictions on the future on-site fluvial and glacial 

erosion in order to secure the long-term safety of 

deep geological repositories. This project recon-

structs the landscape evolution since the early Pleis-

tocene. For this we focus on the Deckenschotter 

deposits, which are the oldest Quaternary sedi-

ments in the northern Alpine Foreland and are thus 

a geoarchive of paleoenvironmental changes dur-

ing the Quaternary.

The main objectives are to: (1) establish chronolo-

gies for Höhere (Higher, HDS) and Tiefere (Lower, 

TDS) Deckenschotter deposits; (2) identify the 

provenance of the sediments and interpret the 

transport mechanisms and depositional environ-

ments; (3) discuss the evolution of sediment trans-

port pathways in the Alpine Foreland; and (4) 

quantify long-term bedrock incision rates and 

their variation through time. We establish the 

chronologies of these sediments using both depth-

profile dating with cosmogenic 10Be and 36Cl and 

isochron burial dating with cosmogenic 10Be and 
26Al. Furthermore, clast petrography, clast fabrics 

and clast morphometry are studied to identify the 

source area of the sediments and to reveal the 

changes of the sediment transport pathways in 

the Alpine Foreland during the early and middle 

Pleistocene. Post-depositional incision rates are 

quantified using the reconstructed chronology as 

well as the vertical height difference between the 

bedrock underlying the Deckenschotter site and 

the bedrock below the modern base level of the 

Rhine River [1]. 

The study area is located between Basel and Schaff

hausen and includes seven sites, which have been 

classified as HDS and TDS: Pratteln (Hohle Gasse), 

Mandach, Ängi, Rechberg, Siglistorf, Stadlerberg 

and Irchel (Fig. 1). At Irchel, the three sites, Wile-

mer, Steig and Hütz were studied.

Work carried out and  
results obtained

In the final year of the project, AMS analysis of the 

samples from Wilemer Irchel, Ängi and Rechberg 

were completed and the ages were calculated [3]. 

Reconstructed chronology of the study sites sug-

gest that between 2.1 and 1.5 Ma, clasts were 

eroded from the northern Central Alps and brought 

to the foreland by paleoglaciers. Several flow paths 

are suggested: one lobe advancing in the direction 

of Stadlerberg and Siglistorf and the other in the 

direction of Irchel (Fig. 2A). In the foreland, the 

clasts continued their transport as bedload in the 

glacial meltwater draining from the paleoglaciers. 

In addition, paleoglaciers as well as their meltwater 

Figure 1:  
Extension of the Valais, 

Aare, Reuss, Linth and 
Rhaetian glacier lobes 
during the Last Glacial 

Maximum (from [2]); 
location of the study 

sites Pratteln, Mandach, 
Ängi, Rechberg, 

Siglistorf, Stadlerberg 
and Irchel and 

distribution of the 
Deckenschotter in the 

northern Alpine 
Foreland (©Federal 

Office of Topography, 
swisstopo)
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eroded clasts from the Miocene Molasse conglom-

erates in the foreland. All the clasts were then 

transported together in a braided river system and 

were deposited at the sites Wilemer Irchel, Stadler-

berg and Siglistorf in a glacier proximal environ-

ment. The landscape at the time separating HDS 

from TDS deposits was one of low relief with 

smoother hillslopes (relief < 100 m) than at present 

as indicated by the rather slow bedrock incision 

rates of ≤ 100 m / Ma.

At Stadlerberg, sediments, which originate from 

the central Eastern Alps, such as e.g. ophiolites and 

dolomites, or reworked from the Hörnli talus fan 

[4; 5] are absent [6]. The same is true for the site 

Wilemer Irchel where none of these lithologies 

were encountered. At that time, sediments origi-

nating from the central Eastern Alps may have 

been transported by meltwater of the Rhaetian 

paleoglacier predominantly to the northeast and 

into the Danube River system (Fig. 2A).

Between 1.3 and 0.5 Ma, a second phase of gravel 

accumulation was interpreted from the resulting 

ages. This coincides with the timing of the Mid-

Pleistocene Revolution (MPR; c. 0.95 Ma [7]), which 

represents the transition from symmetric 41 ka gla-

cial / interglacial cycles to asymmetric 100 ka cycles. 

At this time, sediments were eroded from both the 

northern Central as well as central Eastern Alps and 

brought to the Alpine Foreland by the Rhaetian, 

Linth and Reuss paleoglaciers. Meltwater from 

both the Linth and Rhaetian paleoglaciers drained 

as a braided river possibly through the Töss Valley 

and deposited the sediments at the sites Irchel 

Steig and Hütz (Fig. 2B). In addition, glacial melt-

water from the Rhaetian paleoglacier also drained 

through Lake Constance towards the Upper Rhine 

Valley leading to accumulation of the gravels at 

Rechberg (Fig. 2B). Furthermore at this time, the 

Linth paleoglacier was advancing in the Walensee 

Valley toward Zurich and together with meltwater 

from the Reuss paleoglacier it was draining south 

of the Lägern mountain chain into the Aare River, 

contributing to the gravels in Mandach and Ängi 

(Fig. 2B). Additionally, to the material that was 

directly derived from the Alps, all these deposits 

contain erosional products that were reworked 

from the Miocene Molasse bedrock and were 

transported by the same pathways.

Evidence of these three transport pathways is given 

by the abundant presence of dolomite at the sites 

Irchel Steig and Rechberg suggesting that this 

lithology is either reworked from the Hörnli talus 

fan (in the case of the former) or was derived by the 

Rhaetian paleoglacier from the central Eastern 

Alps, the only dolomite outcrops in the Swiss Alps 

[4; 5; 8]. In addition, the ophiolites at the sites Irchel 

Steig and Hütz also suggest transport by the Rhae-

tian paleoglacier. These findings are supported by 

heavy mineral analysis, which yielded abundant 

hornblende, an indicator of the latter [9; 10; 11]. At 

the sites Ängi and Mandach, key lithologies of the 

Central Alps (Taveyannaz sandstone and Verru-

cano) have been found [10; 12]. 

Accelerated bedrock incision rates with values 

between 100 and 350 m / Ma for the time interval 

between TDS and Hochterrasse (High Terrace, HT) 

accumulation suggest that the landscape at that 

time looked similar as it does today. These high 

rates might be the result of the rerouting of the 

Alpine Rhine towards the west. As a consequence, 

the Danube River lost its Alpine headwaters in the 

central Eastern Alps and the drainage divide moved 

northward and eastward. The discharge as well as 

sediment flux and erosional capacity increased 

within the Rhine River [e.g. 13; 14]. Accordingly, 

we conclude that the principal driver of the accel-

erated incision rates in the Alpine Foreland was the 

climatic signal around the MPR along with a reor-

ganization of the Alpine Rhine and that tectonics 

likely had only a minor influence.

Figure 2:  
Evolution of the 
sediment transport 
pathways in the 
northern Alpine 
Foreland during the 
Pleistocene. 
A: Transport pathways 
between 2.1 and 1.5 Ma. 
B: Transport pathways 
between 1.3 and 0.5 Ma. 
This reconstruction is 
modified from [17; 10; 
18; 19; 20], based on 
own data and 
interpretations.
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Irchel
The internal stratigraphy of the Deckenschotter 

sequence at Irchel consists of different sub-units. 

These are, with increasing elevation, Langacher 

Gravel, Irchel Gravel, Steig Gravel, Hasli Formation 

and Forenirchel Gravel [11] (Fig. 3). The Hasli For-

mation is made of overbank sediments that were 

deposited during a warm time period [10]. In these 

sediments, a mammalian faunal assemblage that 

belongs to Mammal Neogene Zone 17 (MN 17: 

2.5 – 1.8 Ma) was found [15] (Fig. 3). This is the only 

available age until this study. We obtained ages 

about 2 Ma for the site Wilemer Irchel and about 

1 Ma for Steig and Hütz sites. Our results indicate 

that there were two phases of gravel accumulation 

at Irchel: (1) the Forenirchel Gravel unit, which was 

deposited approximately around 2 Ma and prob

ably once covered the entire Irchel; (2) the Irchel 

Gravel and Steig Gravel units around 1 Ma. The 

sites Irchel Steig and Hütz share the same age but 

do not belong to the same accumulation package. 

Their provenance is different as is evidenced by the 

results from clast petrography (Fig. 4). Two accu-

mulation phases at the same elevation can be 

explained by a cut-and-fill system where phases of 

sediment accumulation alternate with subsequent 

river incision [16]. These terraces record a river 

accumulation in response to an increased sediment 

load followed by a subsequent river incision with a 

reduced sediment load.

Pratteln
In the area between Basel and Rheinfelden, the 

boundaries between the different terrace levels are 

not always clear. Here, both HDS and TDS deposits 

occur between elevations of 360 and 390 m a.s.l. 

[20]. The sediments in Pratteln (Hohle Gasse) were 

studied in detail by Du Pasquier [21] and Frei [22]. 

Du Pasquier, in his compilation of glaciofluvial grav-

els of northern Switzerland mapped them as Hoch-

terrasse deposits. Frei and Bitterli-Brunner et al. [23] 

however, mapped these deposits as Tiefere Decken

schotter. Similarly, 3 km upstream from our study 

site in Pratteln, HT deposits are outcropping at 

330 m a.s.l. approximately at the same elevation as 

TDS sediments. Thus, based on the elevation of 

335 m a.s.l. of the study site it is not possible to 

assign the terrace to either morphostratigraphic 

unit (TDS or HT). This contradiction suggests that 

the stratigraphical context needs to be re-evalu-

ated. We hence applied absolute dating by a multi-

isotope approach with both 10Be and 36Cl depth 

profile dating at this site. For both methods, ages of 

< 500 ka resulted [3]. In addition, these ages agree 

well with minimum OSL ages of ca. 250 ka for 

Hochterrasse deposits in Sierentz (France; [24], 

25 km NNW of Pratteln as well as Hochterrasse 

deposits in the Lower Lech Valley [25]. Accordingly, 

we suggest that this site should chronostratigraph-

ically be classified as Hochterrasse (e.g. Middle 

Pleistocene) rather than TDS (e.g. Early Pleistocene). 

National Cooperation

The scientific collaboration on cosmogenic nuclide 

methodology and applications between the Insti-

tute of Geological Sciences at the University of 

Bern and the Laboratory of Ion Beam Physics (LIP) 

at ETH Zurich, established in the early 1990’s, 

yielded several research projects, international pub-

lications, PhD and MSc. theses. This collaboration 

Figure 3:  
Longitudinal section 

across the Irchel (after 
[10]). The black crosses 

show the locations of 
sampling sites for 

dating as well as the 
clast petrography.  

The black dots show 
sites where only clast 

petrography was 
performed.
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has a long tradition and a wealth of experience in 

applying cosmogenic nuclides (10Be, 26Al and 36Cl) 

to determine the timing of events and rates of 

landscape change in four different settings: Qua-

ternary glaciations, local and large-scale catchment 

wide erosion, mass movements and neotectonics. 

In addition, the specificity of the LIP group is its 30 

years of innovations and experience in AMS, while 

being the largest European tandem accelerator 

facility with a broad AMS program in the European 

scientific landscape.

Assessment 2016 and outlook

The final academic products of this project are one 

PhD Thesis, which was defended in September 

2016 and three publications in international jour-

nals, which are listed in Science Citation Index®. The 

first manuscript on the results from HDS deposits at 

Stadlerberg is published in October 2016 [6]. The 

second one on the chronology of terrace formation 

in Pratteln was already submitted to the Swiss Jour-

nal of Geosciences in June 2016 and is still under 

review. The third manuscript on the landscape evo-

lution of the Alpine Foreland during the MPR will be 

submitted to GSA Bulletin beginning of 2017.

At the end of this project we are left with some 

open questions which need to be considered for 

similar projects in the future. The morphostratigra-

phy of the Quaternary terrace sediments in the 

Alpine Foreland have a reversed stratigraphic rela-

tionship such that older deposits occur at higher 

elevations than younger deposits. Our results 

showed that this relationship must however not be 

true for every site. The Deckenschotter deposits at 

Irchel e.g. occupy the highest elevations between 

650 and 675 m a.s.l. but also show young ages of 

about 1 Ma for the sites Steig and Hütz compared 

to the range of slightly less than 2 Ma for the site 

Wilemer Irchel. This implies that the concept of ele-

vation vs. age should be considered carefully and 

that the landscape evolution model might be more 

complex than previously thought. The complicated 

sequence of events revealed at Irchel may be true 

at other Deckenschotter sites. Therefore, further 

field mapping and detailed sedimentological analy-

ses in combination with cosmogenic nuclide dating 

is needed at additional sites at Irchel and other 

Deckenschotter sites in Northern Switzerland. 

Figure 4:  
Petrographic 
composition results  
for Irchel’s different 
Deckenschotter 
deposits (hill shade  
by Federal Office of 
Topography, swisstopo).
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ZUSAMMENFASSUNG

Das Ziel des Forschungsprojektes ist es, solide 

stratigrafische und landschaftsgeschichtliche 

Aussagen für den Zeitabschnitt des Quartärs im 

Raum Hochrhein bis südlichster Oberrhein zu 

liefern. Diese sollen zu einer Verbesserung der 

Definition zukünftiger Erosionsszenarien für 

das Gebiet der zentralen und westlichen Nord-

schweiz beitragen. Die besondere Herausforde-

rung liegt dabei in den für verschiedene Berei-

che dieses Raums bestehenden und sich zum 

Teil fundamental unterscheidenden genetisch-

stratigrafischen Interpretationen des jeweils 

vorhandenen Sedimentinventars (Bodensee-

Rheingletschergebiet/zentrale Nordschweiz/ 

südlicher Oberrheingraben). Das Forschungs-

projekt hat zunächst den Fokus auf dem Auf-

bau einer Datenbasis, welche einen Vergleich 

und eine Validierung der unterschiedlichen 

Interpretationen ermöglichen und schliesslich 

ein gesamtheitliches Bild der Absenkungsge-

schichte des nordschweizerischen Entwässe-

rungsnetzes ergeben soll. Im Weiteren soll das 

Projekt die stratigrafischen Grundlagen für die 

Erstellung des Blattes Sissach-Rheinfelden des 

Geologischen Atlas der Schweiz 1:25 000 lie-

fern, welche in Zusammenarbeit mit dem Bun-

desamt für Landestopografie swisstopo erfolgt.

In der aktuellen Phase des Projektes ging es in 

erster Linie darum, die Fragestellung anhand 

von bestehenden Unterlagen zu konkretisieren 

sowie die für den Erfolg des Projekts wichtige 

Zusammenarbeit mit dem zuständigen Baden-

Württembergischen Landesamt für Geologie, 

Rohstoffe und Bergbau zu initiieren. In diesem 

Rahmen erfolgte die Beprobung von 2 For-

schungsbohrungen aus dem südlichen Ober-

rheingebiet. Die bisherigen Feldarbeiten haben 

sich auf das Gebiet des Blattes Rheinfelden kon-

zentriert, welches eine Schlüsselregion für die 

Stratigrafie des mittleren und späten Pleisto-

zäns darstellt.

Autor			   Hans Rudolf Graf

Beauftragte Institution	 Dr. von Moos AG

Adresse		  Bachofnerstrasse 5, 8037 Zürich
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Projektziele

Hinsichtlich der Langzeitsicherheit von geologi-

schen Tiefenlagern ist u.a. der Effekt der «Ge-

steins-Dekompaktion» im Lagerbereich infolge von 

Erosion zu beurteilen. Neben der glazialen Tiefen-

erosion, welche auf bestimmte Bereiche des Alpen-

vorlandes beschränkt ist, spielt dabei die lineare 

Erosion entlang von Flusstälern sowie die flächige 

Denudation eine Rolle. Lineare Erosion findet im 

lokalen Massstab besonders dann statt, wenn sich 

neue Durchbruchsrinnen bilden. Im regionalen 

Massstab erfolgt sie v.a. infolge der relativen Ab-

senkung der regionalen Erosionsbasis und den 

damit verbundenen Anpassungen u.a. in Fluss-

Längsprofilen.

Die Steuerung dieses Absenkungsvorganges wird 

heute v.a. in relativen vertikalen tektonischen 

Bewegungen gesehen (z.B. [1]). Wie genau tekto-

nische Bewegungen und Absenkung im Nord-

schweizerischen Mittelland miteinander zusam-

menhängen, ist allerdings noch nicht definitiv 

geklärt. In dieser Hinsicht soll das Forschungs

projekt zu einer Verbesserung des Prozessverständ-

nisses beitragen. 

Die wichtigste Grundlage für die Rekonstruktion der 

früheren Absenkungsvorgänge im nordschweizeri-

schen Entwässerungsnetz ist die Analyse der eis

zeitlichen Schotterterrassen. Die möglichst genaue 

Kenntnis ihrer relativen und – soweit möglich – 

absoluten Altersstellung ist dafür unabdingbar. 

Mittels sedimentologischer Aufschlussbearbeitung, 

Auswertung von Bohrdaten sowie sedimentpetro-

grafischen Untersuchungen soll eine detaillierte 

stratigrafische Analyse der im Untersuchungsgebiet 

vorkommenden pleistozänen Ablagerungen ausge-

führt und diese mit den entsprechenden Ablagerun-

gen im süddeutschen Rheingletschergebiet, in der 

zentralen Nordschweiz sowie im südlichen Ober-

rheingraben in Beziehung gesetzt werden.

Um die oben formulierten Aspekte anzugehen, sol-

len folgende konkreten Fragestellungen untersucht 

werden.

	 Kann die Gliederung der eiszeitlichen Sedimente 

im Hochrheingebiet im Wesentlichen mit derje-

nigen des Nordschweizerischen Alpenvorlandes 

in Zusammenhang gebracht werden und inwie-

fern sind Abweichungen bzw. grundsätzlich 

neue Gesichtspunkte festzustellen.

	 Inwieweit lässt sich der Einfluss von Schwarz-

waldgletschern feststellen und allenfalls für die 

stratigrafische Gliederung verwenden.

	 Wie wirkt sich die Vereinigung der verschiede-

nen alpinen Schüttungssysteme im Hochrheintal 

auf die Geröll- und Schwermineral-Spektren der 

eiszeitlichen Ablagerungen aus, und welchen 

Einfluss hat die Zufuhr von Lokalmaterial aus 

Jura und Schwarzwald.

	 Wie kann der sedimentpetrografische «Output» 

des Hochrheins in das Oberrheingraben-System 

charakterisiert werden.

	 Sind die Sedimente des südlichen Oberrheingra-

bens petrografisch mit diesem theoretischen 

«Input» vergleichbar und lassen sich daraus Hin-

weise für die Korrelation der stratigrafischen 

Einheiten gewinnen.

	 Welche Schlüsse lassen sich aus obigen Aspek-

ten hinsichtlich der tektonischen Steuerung der 

Absenkung des regionalen Entwässerungsnet-

zes im Nordschweizerischen Mittelland gewin-

nen (Prozessverständnis).

Arbeitsprogramm

Die Untersuchungsmethodik orientiert sich weit

gehend an derjenigen, welche [2] zugrunde liegt. 

Damit ist die Vergleichbarkeit mit den Kenntnissen 

aus dem Gebiet des Nordschweizerischen Mittel-

landes gewährleistet

Mit Felduntersuchungen (Aufschlüsse) und einer 

Auswertung von vorhandenen Sondierbohrungen 

und Publikationen (Literatur und geologische Kar-

ten) sollen die detaillierten Auflagerungsverhält-

nisse sowie die Ausdehnung der einzelnen Pleisto-

zän-Vorkommen abgeklärt werden. Für die Füllung 

des südlichen Oberrheingrabens kann dabei nicht 

auf Aufschlüssen basiert werden. Eine Anfrage 

beim Baden-Württembergischen Landesamt für 

Geologie, Rohstoffe und Bergbau (LGRB) hat erge-

ben, dass das Kernmaterial von zwei dort eingela-

gerten Forschungsbohrungen für die vorgesehe-

nen Untersuchungen zur Verfügung gestellt wird 

(je ca. 200 m pleistozäne Sedimente).

Die Darstellung der Resultate erfolgt als Felsiso-

hypsenkarte (bzw. Isohypsen der Basis der pleisto-

zänen Rinnen) sowie als thematische Über

sichtskarte der eiszeitlichen Einheiten (Massstab 

voraussichtlich 1:50 000). Die Bearbeitung von 

Aufschlüssen und Bohrungen dient der sedimen-

tologischen Charakterisierung (inkl. Einregelungs-

messungen von Flussgeröllen, wo sinnvoll), der 

Dokumentation von Leitgesteinen sowie der Ent-

nahme von Proben für sedimentpetrografische Un-

tersuchungen (Geröll- und Schwermineralanaly-

sen). Die sedimentpetrografischen Daten werden 
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vor dem Hintergrund der im Nordschweizerischen 

Mittelland unterscheidbaren Schüttungen (Geröll- 

bzw. Schwermineralfazien) statistisch ausgewertet 

(Cluster- und Hauptkomponenten-Analysen). Die 

Aufbereitung der Schwermineralproben inkl. Her-

stellung der Präparate wird von Mitarbeitern der 

Universität Freiburg i. Breisgau ausgeführt. Falls 

Sedimente bzw. Material vorhanden sein sollte, 

welches sich prinzipiell für eine Altersdatierung 

eignen könnte (Sandvorkommen/ -schichten, See-

ablagerungen – OSL-Datierung; Kalkausfällungen 

[Krusten, Zemente, Konkretionen] – U/Th-Datie-

rung; organisches Material – 14C-Datierung) er-

folgt eine Probenahme in Absprache mit dem Auf-

traggeber.

Im Weiteren beabsichtigt das Bundesamt für Lan-

destopografie swisstopo (Bereich Landesgeologie) 

die Erstellung des Blattes Sissach/Rheinfelden des 

Geologischen Atlas 1:25 000. Das vorgeschlagene 

Forschungsprojekt soll die Basis für die lithostrati-

grafische Gliederung und Einstufung der pleistozä-

nen Ablagerungen auf diesem Blattgebiet liefern.

Zeitlicher Ablauf

Durchgeführte Arbeiten und  
erreichte Ergebnisse

Das Schwergewicht der bisherigen Arbeiten lag in 

Feldaufnahmen im Rahmen der Kartierung von 

Blatt Rheinfelden für den geologischen Atlas der 

Schweiz 1:25 000. Dieses umfasst ein wichtiges Re-

ferenzgebiet für die lithostratigrafische Gliederung 

der Ablagerungen von Hoch- und Niederterrasse. 

So kann hier u.a. die Präsenz der alpinen (Möhlin-

Eiszeit gemäss [2]) sowie eines Schwarzwald-

Gletschers (Wehra-Gletscher, Beringen-Eiszeit [2]) 

festgestellt werden. Die vermutliche Maximalaus-

dehnung des Wehragletschers konnte anhand von 

geomorphologischen Kriterien sowie anhand der 

Verbreitung von Findlingen gegenüber den bishe-

rigen Kenntnissen präzisiert werden. 

Anlässlich einer Reise nach Freiburg i.Br. wurden die 

zwei oben erwähnten tiefen Quartärbohrungen 

aus dem südlichen Oberrheingebiet für sediment-

petrografische Untersuchungen beprobt.

Nördlich von Albbruck (D) sind die Ablagerungen 

der so genannten Mühlbachserie verbreitet, deren 

Genese und stratigrafische Stellung kontrovers 

diskutiert werden. Während sie in [3] als praktisch 

vollständig durchgewitterte Sedimente betrachtet 

werden, die dem Unterpleistozän angehören sol-

len, sind sie in [2] als umgelagerte, verwitterte 

Lockergesteine interpretiert worden, die dem Mit-

telpleistozän (Beringen-Eiszeit) angehören sollen. 

In Zusammenarbeit mit dem LGRB konnte eine der 

in [3] beschriebenen wichtigsten Lokalitäten 

wieder aufgefunden werden und soll nun genauer 

untersucht werden (Sedimentologie, Sedimentpe-

trografie).

Nationale Zusammenarbeit

Wie oben erwähnt, beabsichtigt die swisstopo  

die Erstellung des Blattes Sissach/Rheinfelden des 

Geologischen Atlas 1:25 000. Das vorgeschlagene 

Forschungsprojekt liefert die Basis für die stratigra-

fische Einstufung der pleistozänen Ablagerungen 

auf diesem Blattgebiet.

Die swisstopo stellt dafür die topografischen Grund-

lagen sowie die Bohrungsdaten der ehem. Schwei-

zerischen Geologischen Dokumentationsstelle zur 

Verfügung und beschafft Bohrungsdaten für die 

deutschen Gebiete.

Jahr Vorgesehene Tätigkeiten

2016

	 Beginn Feldbegehungen mit Entnahme von 
Geröll- und Sandproben im Gebiet zwi-
schen Waldshut und Kaiseraugst

	 Beginn Beschaffung Bohrdaten
	 Beginn Geröllzählungen

2017

	 Abschluss Feldbegehungen mit Entnahme 
von Geröll- und Sandproben im Gebiet  
zwischen Waldshut und Kaiseraugst

	 Weiterführung Geröllzählungen
	 Schwermineralzählungen
	 statistische Auswertung der Geröll- und 

Schwermineralzählungen im Gebiet  
zwischen Waldshut und Kaiseraugst

	 geologisch-landschaftsgeschichtliche Syn-
these für das Gebiet zwischen Waldshut 
und Kaiseraugst als Basis für das geologi-
sche Kartenblatt Sissach/Rheinfelden

2018

	 Beginn Feldbegehungen mit Entnahme  
von Geröll- und Sandproben im Gebiet  
zwischen Kaiseraugst und südl. Oberrhein-
graben

	 Geröll- und Schwermineralzählungen 

2019

-	 Abschluss Feldbegehungen mit Entnahme 
von Geröll- und Sandproben im Gebiet  
zwischen Kaiseraugst und südl. Oberrhein-
graben

-	 Abschluss Geröll- und Schwermineral
zählungen

-	 statistische Auswertung der Geröll- und 
Schwermineralzählungen im gesamten  
Untersuchungsgebiet

-	 geologisch-landschaftsgeschichtliche  
Synthese

-	 Schlussbericht
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Internationale Zusammenarbeit

Das LGRB in Freiburg i.Br. stellt Bohrkerne von zwei 

Forschungsbohrungen aus dem südlichen Ober-

rheingraben zu Beprobung und sedimentpetrogra-

fischen Untersuchung zur Verfügung. Die Resultate 

werden dem LGRB zur Verfügung gestellt. Im Wei-

teren stellt die Zusammenarbeit mit dem LGRB ei-

nen wesentlichen Pfeiler für die Diskussion der ge-

netischen und stratigrafischen Zusammenhänge im 

Raum zwischen Bodensee, zentraler und westlicher 

Nordschweiz sowie Oberrhein dar.

Die Aufbereitung der Schwermineralproben inkl. 

Herstellung der Präparate wird von Mitarbeitern der 

Universität Freiburg i. Breisgau ausgeführt.

Bewertung 2016 und  
Ausblick 2017

Die Arbeiten des Jahres 2016 standen im Wesentli-

chen im Zeichen der Informations- und Probenbe-

schaffung. In diesem Sinn können noch keine mass-

gebenden Erfolge im Hinblick auf die Projektziele 

verzeichnet werden. Immerhin gelang es, wichtige 

Kenntnisse zu bestätigen bzw. zu präzisieren (Aus-

dehnung Wehra-Gletscher, Wiederauffindung der 

Referenzlokalität der Mühlbachserie). Ebenfalls als 

Erfolg gewertet werden darf die intensive Zusam-

menarbeit mit der Baden-Württembergischen Fach-

stelle LGRB, was von grosser Bedeutung ist, da doch 

ein beträchtlicher Teil der Felduntersuchungen auf 

deutschem Boden ausgeführt werden. Die für 2017 

vorgesehenen Arbeiten sind der Tabelle im Ab-

schnitt «zeitlicher Ablauf» zu entnehmen.
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Anhang B: �Vertretungen des ENSI in 
internationalen Gremien

Organisation/Gremium Untergruppe Fachgebiet

IAEA
Board of Governors Allgemein

Commission on Safety Standards (CSS) Allgemein

Radiation Safety Standards Committee 
(RASSC)

Strahlenschutz

Transport Safety Standards Committee 
(TRANSSC)

Transporte 

Waste Safety Standards Committee 
(WASSC)

Entsorgung

Nuclear Safety Standards Committee 
(NUSSC)

Hauptgremium Reaktorsicherheit

Expertenteam für die Erarbeitung des Safety 
Guide on Human Factor Engineering in Nuclear 
Power Plants (Fertigstellung geplant 2018)

Reaktorsicherheit

Nuclear Security Guidance Committee 
(NSGC)

Sicherung

Emergency Preparedness and Response 
Standards Committee (EPReSC)

Notfallschutz

Nuclear Power and Engineering Section 
(NPES)

Technical Working Group of Life Management
(TWG LM NPP)

Reaktorsicherheit

Technical Working Group on Nuclear Power Plant 
Control and Instrumentation (TWG NPPCI)

Reaktorsicherheit

Technical Working Group on Managing Human 
Resources (TWG-MHR)

Mensch-Organisation-
Sicherheitskultur

Incident Reporting System (IRS) Allgemein

International Nuclear Event Scale (INES) Allgemein

Power Reactor Information System (PRIS) Reaktorsicherheit

International Nuclear Information System 
(INIS)

Allgemein

Spent Fuel Performance Assessment 
and Research

Entsorgung

International Generic Ageing Lessons 
Learned (IGALL)

Reaktorsicherheit

Project DriMa (International Project on 
Decommissioning Risk Management)

Stilllegung

UNO Working Party 15 Transporte

International Decommissioning Network 
IDN

Stilllegung

OECD NEA
NEA Steering Committee for Nuclear 
Energy

Allgemein

Committee on Nuclear Regulatory 
Activities (CNRA)

Hauptkomitee Allgemein

Working Group on Inspection Practices (WGIP) Reaktorsicherheit

Working Group on Public Communication of 
Nuclear Regulatory Organisations (WGPC)

Allgemein

Working Group on Operating Experience (WGOE) Reaktorsicherheit

CNRA Ad-Hoc Group – Safety Culture Allgemein

Committee on Radiation Protection and 
Public Health (CRPPH)

Hauptkomitee Strahlenschutz

Information System on Occupational Exposure 
(ISOE)

Strahlenschutz

Working Party on Nuclear Emergency Matters 
(WPNEM)

Strahlenschutz
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Organisation/Gremium Untergruppe Fachgebiet
Radioactive Waste Management 
Committee (RWMC)

Hauptkomitee Entsorgung

NEA Regulators’ Forum Entsorgung

Integration Group for the Safety Case of 
Radioactive Waste Repositories (IGSC)
 �Working Group on Measurement and Physical 
Understanding of Groundwater Flow through 
Argillaceous Media (CLAY CLUB)

 �Expert Group on Operational Safety (EGOS)

Entsorgung

NEA Working Party on Dismantling and 
Decommissioning WPDD
 �NEA Decommissioning Cost Estimation Group 
DCEG

 �NEA Task Group Preparation for 
Decommissioning (TG PFD)

Stilllegung

Committee on the Safety of Nuclear 
Installations (CSNI)

Hauptkomitee Reaktorsicherheit

Working Group on Fuel Safety (WGFS) Reaktorsicherheit

Working Group on Analysis and Management of 
Accidents (WGAMA)
 �Best Estimate plus Uncertainty

Reaktorsicherheit

Working Group on Integrity of Components and 
Structures (WGIAGE)
 �IAGE Subgroup Integrity of Metal Components 
and Structures

 �IAGE Subgroup Seismic Behaviour
 �IAGE Subgroup Concrete Structure Ageing

Reaktorsicherheit

Working Group on Risk Assessment (WGRISK) Reaktorsicherheit

Working Group on Human and Organisational 
Factors (WGHOF)

Mensch-Organisation-
Sicherheitskultur

Working Group on External Events (WGEV) Reaktorsicherheit

Working Group on Electrical Systems (WGELEC) Reaktorsicherheit

International Common-Cause Data 
Exchange Project (ICDE)

Reaktorsicherheit

Component Degradation and Ageing 
Programme (CODAP)

Reaktorsicherheit

Cable Ageing Data and Knowledge 
Project (CADAK) 

Reaktorsicherheit

Fire Incident Record Exchange (FIRE) Reaktorsicherheit

Cabri Water Loop Project Steering Committee Reaktorsicherheit

Technical Advisory Group Reaktorsicherheit

OECD Halden Reactor Project Halden Board of Management (HBM) Allgemein

Halden Programme Group (HPG), Fuels & Materials Reaktorsicherheit

OECD Studsvik Cladding Integrity Project 
(SCIP)

Management Board Reaktorsicherheit

Programme Review Group Reaktorsicherheit

OECD Hydrogen Mitigation Experiments 
for Reactor Safety (HYMERES); PSI/IRSN-
Projekt

Programme Review Group PRG Reaktorsicherheit

OECD Benchmark Study of the Accident 
at the Fukushima Daiichi Nuclear Power 
Station (BSAF-2) Project

Management Board Reaktorsicherheit

OECD – NEA Data Bank Liaison Officer Allgemein

OECD – NEA Working Party on Nuclear 
Criticality Safety (WPNCS)

Reaktorsicherheit
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Organisation/Gremium Untergruppe Fachgebiet

Internationale Übereinkommen
Convention on Nuclear Safety (CNS) Ständige Kontaktgruppe (National Contact Point) Allgemein

Joint Convention on the Safety of Spent 
Fuel Management and on the Safety of 
Radioactive Waste Management

Nationale Kontaktstelle (National Contact Point) Entsorgung

Oslo-Paris Commission for the Protection 
of the Marine Environment of the North-
East Atlantic (OSPAR)

Radioactive Substances Committee Strahlenschutz

Deutsch-Schweizerische Kommission für 
die Sicherheit kerntechnischer 
Einrichtungen (DSK)

Hauptsitzung Allgemein

AG1: Anlagensicherheit Reaktorsicherheit

AG 2: Notfallschutz Notfallschutz

AG 3: Strahlenschutz Strahlenschutz

AG 4: Entsorgung Transport und 
Entsorgung

Commission franco-suisse de sûreté  
nucléaire et de radioprotection (CFS)

Allgemein

CFS groupe d’experts «Crise nucléaire» Strahlenschutz

CFS groupe d’experts «transports» Transport

CFS groupe d’experts «dépôt en couche  
géologique profonde»

Entsorgung

Nuklearinformationsabkommen  
Schweiz-Österreich

Allgemein

Commissione Italo-Svizzera per la coope-
razione in materia di sicurezza nucleare 
(CIS)

Allgemein

Deep Geological Repositories’ Regulators’ 
Group 

Entsorgung

Internationale Behördenorganisationen
Western European Nuclear Regulators 
Association (WENRA)

Main WENRA Committee Allgemein

Working Group on Waste and Decommissioning 
(WGWD)

Entsorgung

Reactor Harmonization Working Group (RHWG) Reaktorsicherheit

European Nuclear Safety Regulators 
Group (ENSREG)

Hauptkomitee Allgemein

European Nuclear Security Regulators 
Association (ENSRA)

Sicherung

Heads of European Radiological 
Protection Competent Authorities 
(HERCA)

Hauptkomitee Strahlenschutz

Working Group on Emergencies Notfallplanung

Association of European Competent 
Authorities

European Association of Regulators for the 
Transport of Radioactive Material

Transporte

European Network on Operational 
Experience Feedback (EU Clearinghouse)

Reaktorsicherheit

Arbeitsgruppen in ausländischen Behörden
Autorité de sûreté nucléaire (ASN) Groupe permanent d’experts pour les transports Transporte 

Autorité de sûreté nucléaire (ASN) Groupe permanent d’experts pour les réacteurs Allgemein

STUK Reactor Safety Commission Reaktorsicherheit

STUK Waste Safety Commission Entsorgung

Entsorgungskommission (ESK, 
Deutschland)

Entsorgung

Entsorgungskommission (ESK-EL) Endlagerung radioaktive Abfälle Endlagerung

Entsorgungskommission (ESK-AZ) Abfallbehandlung/Zwischenlagerung Abfallbehandlung, 
Zwischenlagerung

Entsorgungskommission (ESK-ST) Stilllegung Stilllegung

Reaktorsicherheitskommission  
(RSK, Deutschland)

Ausschuss Reaktorbetrieb (RSK-RB)
Fachgebiet Reaktorbetrieb

Reaktorsicherheit
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Organisation/Gremium Untergruppe Fachgebiet

Hochschul- und Forschungsgremien
KTH Stockholm Melt Structure Water Interaction Reaktorsicherheit

Forschungsprojekt DECOVALEX 
(Modellierung gekoppelter Prozesse im 
Nahfeld eines Tiefenlagers)

Steering Committee Entsorgung

Felslabor Mont Terri Steering Committee Entsorgung

Felslabor Grimsel International Steering Committee ISCO Entsorgung

Bioprota International Forum Entsorgung

Institut für Kernenergie und 
Energiesystem (IKE) der Universität 
Stuttgart

Advisory Board für das Projekt «sCO2-HeRo» 
(Entwicklung eines diversitären 
Wärmeabfuhrsystems)

Reaktorsicherheit

Fachverbände
Deutsch-Schweizerischer Fachverband für 
Strahlenschutz e.V.

Umweltüberwachung (AKU) Strahlenschutz

Ausbildung (AKA) Strahlenschutz

Praktischer Strahlenschutz (AKP) Strahlenschutz

Notfallschutz (AKN) Strahlenschutz

Entsorgung (AKE) Entsorgung

Beförderung (AKB) Transporte 

Rechtsfragen (AKR) Strahlenschutz

European Platform on Training and 
Education in Radiation Protection 
(EUTERP)

Strahlenschutz

International Cooperative Group on 
Environmentally Assisted Cracking of 
Water Reactor Materials (ICG-EAC)

Materialtechnik

Normenorganisationen
International Electrotechnical 
Commission (IEC)

Nuclear Instrumentation Reaktorsicherheit

Internationaler Erfahrungsaustausch
Réunions tripartites B-F-CH Reaktorsicherheit

KWU Treffen Reaktorsicherheit
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Anhang C: �Publikationen  
und Vorträge 2016

Publikationen
Autoren ENSI Publikation
B. Bucher B. Bucher, G. Butterweck, L. Rybach: Aeroradiometrische Messungen, in: 

Umweltradioaktivität und Strahlendosen in der Schweiz 2015. Bundesamt für Gesundheit, 
Abteilung Strahlenschutz (2016), S. 48–52.

F. Cartier, B. Bucher,  
R. Habegger

F. Cartier, B. Bucher, R. Habegger: Messnetz zur automatischen Dosisleistungsüberwachung in 
der Umgebung der Kernkraftwerke (MADUK), in: Umweltradioaktivität und Strahlendosen in 
der Schweiz 2015. Bundesamt für Gesundheit, Abteilung Strahlenschutz (2016), S. 129–133.

A. Feldmann A. Feldmann: Kommentar zu Art. 26-29 (S. 643–667) und Art. 64 (S. 875–882) 
Kernenergiegesetz, in: B. Kratz u.a. (Hrsg.), Kommentar zum Energierecht, Band II (2016).

A. Feldmann A. Feldmann: Kommentar zu Art. 9-10 (S. 1237–1245) und Art. 22-23 (S. 1317–1321) ENSI-
Gesetz, in: B. Kratz u.a. (Hrsg.), Kommentar zum Energierecht, Band II (2016).

A. Gorzel H. Sonnenburg, W. Wiesenack, J. Karlson, J. Noirot, V. Garat, A. Cabrera-Salcedo,  
N. Waeckel, J. Zhang, G. Khvostov, A. Gorzel, V. Brankov, F. Nagase, P. Raynaud, M. Bales,  
T. Taurines, T.Nakajima, A. Alvestav: Report on Fuel Fragmentation, Relocation and Dispersal. 
NEA/CSNI/R(2016)16, 10. Oktober 2016. Abrufbar unter: https://one.oecd.org/document/
NEA/CSNI/R(2016)16/en/pdf  

A. Gorzel C. Cozzo, A. Epiney, S. Canepa, H. Ferroukhi, O. Zerkak, G. Khvostov, V. Brankov, A. Gorzel: 
Full Core LOCA Analysis for BWR/6 – Methodology and First Results. TopFuel 2016: LWR Fuels 
with Enhanced Safety and Performance, Boise, Idaho, USA (11.–16.09.2016) 1, 1135 (2016).

J. Hansmann S. Löw, V. Lützenkirchen, J. Hansmann, O. Masset, P. Guntli: Bergwasserzuflüsse zum 
Gotthard-Basistunnel und hydromechanisch gekoppelte Deformationen im Gotthard-Massiv, 
VIII Geologisch-bautechnische Herausforderungen. In: FGU Fachgruppe für Untertagebau 
(Hrsg.): Tunneling the Gotthard, S. 406–413. ISBN 978-3-033-05485-1.

M. Herfort E. Carrera, F. Königer, P. Bossart, D. Jaeggi, M. Herfort: FM-D Experiment: Lab testing for  
BEM III – Desorption Phase and Dielectric Permittivity Analyzes, Technical Note 2015-126, 
Mont Terri Project, St-Ursanne.

F. Kessler, A. Schefer F. Kessler, A. Schefer: Kommentar zu Art. 1-5 (S. 375–462) und Art. 83-84 (S. 1035–1055) 
Kernenergiegesetz, in: B. Kratz u.a. (Hrsg.), Kommentar zum Energierecht, Band II (2016).

F. Koch F. Koch: Dry Storage Aging Project for Dual Purpose Casks in Switzerland. Proceedings of the 
18th International Symposium on the Packaging and Transportation of Radioactive Materials 
PATRAM 2016, Kobe (J), 18.–23.09.2016.

M. Oberle, C. v. Arx M. Oberle, C. v. Arx: JRODOS for nuclear emergencies: Implementation in Switzerland and 
further developments. Posterbeitrag an der HARMO17-Konferenz, Budapest, Ungarn, 09.–
12.05.2016. Bericht für den Tagungsband (Proceedings) abrufbar unter: http://www.harmo.
org/Conferences/Proceedings/_Budapest/publishedSections/H17-049.pdf

M. Rahn P. G. Valla, M. Rahn, D. L. Shuster, P. A. van der Beek: Multi-phase late-Neogene exhumation 
history of the Aar massif, Swiss central Alps. Terra Nova 28: 383–393, 2016.

B. Roith C. Dinkel, M. Frisch, D. Billenstein, F. Rieg, B. Roith: Development of a simulation tool for the 
thermal evaluation of transport and storage casks. Proceedings of the 18th International 
Symposium on the Packaging and Transportation of Radioactive Materials PATRAM 2016, 
Kobe (J), 18.–23.09.2016.

B. Roith, F. Koch, S. 
Theis

B. Roith, F. Koch, S. Theis, N. Catoja, U. Röder-Roith: Switzerland’s regulatory approach to 
manufacturing and use of dual purpose casks for transport and storage of vitrified high level 
waste and spent fuel. Proceedings of the 18th International Symposium on the Packaging and 
Transportation of Radioactive Materials PATRAM 2016, Kobe (J), 18.–23.09.2016.

C. Ryser C. Ryser: The regulatory body’s perspectives on safety culture. Proceedings of the IAEA 
International Conference on Human and Organizational Aspects of Assuring Nuclear Safety, 
22–26 February 2016, IAEA, Vienna. (Die Proceedings werden zu einem späteren Zeitpunkt 
veröffentlicht: http://www-pub.iaea.org/iaeameetings/50800/International-Conference-on-
Human-and-Organizational-Aspects-of-Assuring-Nuclear-Safety-Exploring-30-Years-of-Safety-
Culture).

A. Schefer A. Schefer: Kommentar zu Art. 1-4 (S. 1145–1187), Art. 21 (S. 1313–1315) und Art. 24-26  
(S. 1323–1332) ENSI-Gesetz, in: B. Kratz u.a. (Hrsg.), Kommentar zum Energierecht, Band II 
(2016).

G. Schwarz, 
A. Müller-Germanà

G. Schwarz: Effectiveness of the Convention on Nuclear Safety (CNS). Proceedings of the 
International Conference on Effective Nuclear Regulatory Systems, Wien, 11.–15.04.2016. 
(IAEA-CN-236). https://gnssn.iaea.org/regnet/international_conferences/2016_Vienna/ 
02-CN-236%20Book%20of%20Abstracts.pdf
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Vorträge
Autoren ENSI Vortrag
C. von Arx C. v. Arx: Systèmes de gestion d’urgences et de crises en Suisse. Fachtreffen im Rahmen der 

Commission Franco-Suisse CFS, 22.03.2016.

C. von Arx C. von Arx: Notfallschutz in der Umgebung von Kernanlagen. Zivilschutz, Zusatzkurs 
Sachkunde Strahlenschutz. Eidg. Ausbildungszentrum, Schwarzenburg, 21.10.2016.

E. Blust E. Blust: Neue Schweizer Notfallklassierung, Vortrag vor den Bereitschaftshabenden des 
Landkreises Waldshut, 15.12.2016.

E. Blust E. Blust: Einführung der neuen IAEA-kompatiblen Notfallklassierung in der Schweiz, AKN-
Herbstsitzung, 27.–28.10.2016

E. Blust E. Blust: Ausblick auf die Gesamtnotfallübung GNU 2017, AKN-Herbstsitzung,  
27.–28.10.2016.

E. Blust E. Blust: Aufgaben des ENSI im Notfallschutz, Jahresrapport 2016 Komp Zen ABC-KAMIR, 
20.10.2016.

E. Blust E. Blust: Aufgaben des ENSI im Notfallschutz, Zukunftstag, 10.11.2016.

E. Blust E. Blust: Aufgaben des ENSI im Notfallschutz, Besuch des Landrats Dr. M. Kistler beim ENSI, 
07.06.2016.

E. Blust E. Blust: ENSI Emergency Organization. Visit of the Canadian Nuclear Safety Commission 
CNSC, 03.06.2016.

E. Blust E. Blust: ENSI – die Aufsichtsbehörde für Kernanlagen und Aufgaben des ENSI im 
Notfallschutz. Besuch der Aargauer Konferenz der Religionen AKoRel, 23.03.2016.

T. Brogle T. Brogle: Einsatzstrategie der KKW-Betreiber hinsichtlich der Notfallräumlichkeiten bei  
spezifisch unterstellten Randbedingungen. 44. Sitzung Arbeitskreis Notfallschutz des 
Fachverbandes für Strahlenschutz e.V., Dülmen, 27.10.2016.

B. Bucher B. Bucher: 30 years of AGS in Switzerland – What’s next? AMS Workshop, Las Vegas,  
11.–15. April 2016

A. Dehnert,
M. Rahn

A. Claude, N. Akçar, S. Ivy-Ochs, F. Schlunegger, P. W. Kubik, M. Christl, C. Vockenhuber,  
M. Rahn, A. Dehnert, C. Schlüchter: Long-term bedrock incision rates in the northern Swiss 
Alpine Foreland inferred from reconstructed Deckenschotter chronologies. CH-QUAT Meeting 
Annual Meeting, Zürich, 30.01.2016.

A. Dehnert,
M. Rahn

A. Claude, N. Akçar, S. Ivy-Ochs, F. Schlunegger, P. Kubik, M. Christl, C. Vockenhuber,  
A. Dehnert, M. Rahn, C. Schlüchter: 10Be depth-profile dating of glaciofluvial sediments in 
the northern Alpine Foreland. European Geosciences Union General Assembly 2016, Wien, 
17.–22.04.2016. (http://egu2016.eu/home.html)

A. Dehnert,
M. Rahn

N. Akçar, S. Ivy-Ochs, V. Alfimov, A. Claude, R. Reber, M. Christl, C. Vockenhuber,  
F. Schlunegger, A. Dehnert, M. Rahn, C. Schlüchter: Isochron-burial dating of glacially-driven 
sediments: first results from the Alps. European Geosciences Union General Assembly 2016, 
Wien, 17.–22.04.2016 (http://egu2016.eu/home.html)

A. Dehnert,
J. Kuhlemann,
M. Rahn

A. Claude, N. Akçar, S. Ivy-Ochs, F. Schlunegger, P. Kubik, M. Christl, C. Vockenhuber,  
A. Dehnert, J. Kuhlemann, M. Rahn, C. Schlüchter: Landscape evolution and bedrock incision 
in the northern Alpine Foreland since the last 2 Ma. European Geosciences Union General 
Assembly 2016, Wien, 17.–22.04.2016. (http://egu2016.eu/home.html)

A. Dehnert,
J. Kuhlemann,
M. Rahn

A. Claude, N. Akçar, S. Ivy-Ochs, F. Schlunegger, P. W. Kubik, M. Christl, C. Vockenhuber,  
A. Dehnert, J. Kuhlemann, M. Rahn, C. Schlüchter: Landscape evolution of the northern Alpine 
Foreland: constructing a temporal framework for early to middle Pleistocene glaciations. 14th 
Swiss Geoscience Meeting, Genf, 18.–19.11.2016. (https://geoscience-meeting.ch/sgm2016)

J. Dejoz J. Dejoz: Managing the Safety & Security Interface at competent authorities. 2nd International 
Regulators Conference on Nuclear Security, Topic 2 Regulatory Challenges. Madrid,  
11.–13. May 2016. Weitere Informationen: http://csnsecurityconference.org/

Th. Ernst-Simonnot Th. Ernst-Simonnot: Technical Post-Operation in Preparation of Nuclear Powerplant Mühleberg 
(KKM), FANC/BelV – ENSI – Workshop on Decommissioning, Brugg, 07.–08.11.2016.

H. R. Fierz,
C. Ryser

H. R. Fierz, C. Ryser: Oversight of Safety Culture. OECD/NEA/CNRA/WGIP, 52th Meeting of the 
CNRA Working Group on Inspection Practices (WGIP), Paris, France, 24.–27.10.2016.

H. R. Fierz H. R. Fierz: Significant Inspection Related Events. OECD/NEA/CNRA/WGIP, 52th Meeting of the 
CNRA Working Group on Inspection Practices (WGIP), Paris, France, 24.–27.10.2016.

A. Gorzel A. Gorzel: Reactor and Fuel: Current Regulatory Topics. Seminar Nukleare Energieerzeugung, 
KIT, Karlsruhe, 01.02.2016.

A. Gorzel A. Gorzel: Brennstabschaden durch Dryout. Deutsch-Schweizerische Kommission-
Arbeitsgruppe 1, Freiburg, Deutschland, 26.–27.04.2016.

A. Gorzel A. Gorzel: Dryout: inspection results and theories. Videokonferenz U.S.NRC – ENSI, 
20.09.2016.

A. Gorzel A. Gorzel: BWR Dryout Event. NEA Working Group on Fuel safety, 17. Plenarsitzung, Paris, 
28.–29.09.2016.

A. Gorzel A. Gorzel: Dryoutbefunde im Kernkraftwerk Leibstadt, Deutsch-Schweizerische Kommission. 
Hauptsitzung, Brugg, 06.10.2016.

A. Gorzel A. Gorzel: Aktuelles aus Aufsicht und Forschung, 31. Treffen der Expertengruppe 
Sicherheitsfragen Brennstoff. Axpo, Baden, 23.11.2016.
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Autoren ENSI Vortrag
A. Gorzel, L. Adam A. Gorzel, L. Adam: Aktuelle Reaktor- und Brennstoffthemen. 30. Treffen der Expertengruppe 

Sicherheitsfragen Brennstoff, ENSI, Brugg, 28.04.2016.

A. Gorzel, J. Dus,  
M. Wolff

A. Gorzel, J. Dus, M. Wolff: Fuel Failure by Dryout. Videokonferenz U.S.NRC – ENSI, 
20.06.2016.

A. Gorzel, K. Macků A. Gorzel, K. Macků: The new Swiss reactor and fuel guideline ENSI-G20. NEA Working 
Group on Fuel safety, 17. Plenarsitzung, Paris, 28.–29.09.2016.

J. Hansmann J. Hansmann: Provisorische Sicherheitsanalysen des ENSI in SGT E2. Fachgespräch mit der 
Arbeitsgruppe Sicherheit der Kantone (AgSiKa), 07.03.2016.

D. Hermann D. Hermann: Identification of Fire Modeling Issues Based on an Analysis of Real Events from 
the OECD Fire Database. 13th International Conference on Probabilistic Safety Assessment 
and Management (PSAM13), Seoul, 02.–07.10.2016.

S. Hueber S. Hueber: Flaw indications in the RPV of Beznau 1 NPP. NEA Working Group on Public 
Communication of Nuclear Regulatory Organisations (WGPC). Meeting Tokio, 06.04.2016.

S. Hueber S. Hueber: Umwelt- und Wissenschaftskommunikation. Vorlesung am Institut für 
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TÜV-Symposium, München, 25.–26.10.2016.

S.G. Jahn S.G. Jahn: Strahlenschutz-Ausbildung für Fahrzeugführer, Sachverständige für Transport und 
Gefahrgutbeauftragte (Klasse 7). Ämterkoordinationssitzung für Transport, Schweizerische 
Rheinhäfen, Basel, 21.01.2016.

S.G. Jahn S.G. Jahn: Entwicklung des Strahlenschutzes / Strahlenschutz-Gesetzgebung. Anerkannter 
Ausbildungskurs K314 für Strahlenschutz-Fachkräfte in Kernanlagen, Paul-Scherrer-Institut, 
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S.G. Jahn S.G. Jahn: Freimessung von Materialien aus kontrollierten Zonen / Anforderungen beim 
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Anhang D: Richtlinien des ENSI

Fett gedruckte Titel beziehen sich auf Richtlinien, die in Kraft sind.

Die Sicherungsrichtlinien sind nicht aufgeführt. Stand: Dezember 2016.

G-Richtlinien (Generelle Richtlinien)
Ref. Titel Stand
ENSI-G01 Sicherheitstechnische Klassierung für bestehende Kernkraftwerke Januar 2011

ENSI-G02, 
Teil 1

Auslegungsgrundsätze für in Betrieb stehende Kernkraftwerke: 
Sicherheitskonzepte und Auslegungsanforderungen

September 2016

ENSI-G02, 
Teil 2

Auslegungsgrundsätze für in Betrieb stehende Kernkraftwerke: 
Auslegungsanforderungen an bestimmte Systeme, Strukturen und Komponenten

ENSI-G03 Spezifische Auslegungsgrundsätze für geologische Tiefenlager und 
Anforderungen an den Sicherheitsnachweis

April 2009

ENSI-G04 Auslegung und Betrieb von Lagern für radioaktive Abfälle und abgebrannte 
Brennelemente

Juni 2015 
(Revision 2)

ENSI-G05 Transport- und Lagerbehälter für die Zwischenlagerung April 2008

ENSI-G06 Baudokumentation

ENSI-G07 Organisation von Kernanlagen Juli 2013

ENSI-G08 Systematische Sicherheitsbewertungen des Betriebs von Kernanlagen Juni 2015

ENSI-G09 Betriebsdokumentation Juni 2014

ENSI-G11 Sicherheitstechnisch klassierte Behälter und Rohrleitungen:  
Planung, Herstellung und Montage

Juni 2013 
(Revision 2)

ENSI-G12 Festlegungen von baulichen und organisatorischen Strahlenschutz-Massnahmen  
für den überwachten Bereich von Kernanlagen

ENSI-G13 Messmittel für ionisierende Strahlung Oktober 2015

ENSI-G14 Berechnung der Strahlenexposition in der Umgebung aufgrund von 
Emissionen radioaktiver Stoffe aus Kernanlagen

Dezember 2009
(Revision 1)

ENSI-G15 Strahlenschutzziele für Kernanlagen November 2010

ENSI-G16 Sicherheitstechnisch klassierte Leittechnik: Auslegung und Anwendung

ENSI-G17 Stilllegung von Kernanlagen April 2014

ENSI-G18 Brand- und Blitzschutz für Kernanlagen

ENSI-G19 Kommunikationsmittel für Kernkraftwerke

ENSI-G20 Reaktorkern, Brennelemente und Steuerelemente: Auslegung und Betrieb Januar 2015

ENSI-G21 Qualitätssicherung bei der Projektierung und Bauausführung von Bauwerken  
in Kernanlagen
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A-Richtlinien (Richtlinien für Anlagebegutachtung)
Ref. Titel Stand
ENSI-A01 Anforderungen an die deterministische Störfallanalyse für Kernanlagen: 

Umfang, Methodik und Randbedingungen der technischen Störfallanalyse
Juli 2009

ENSI-A02 Gesuchsunterlagen für den Bau von Kernkraftwerken

ENSI-A03 Periodische Sicherheitsüberprüfung von Kernkraftwerken Oktober 2014

ENSI-A04 Gesuchsunterlagen für freigabepflichtige Änderungen an Kernanlagen September 2009
(Revision 1)

ENSI-A05 Probabilistische Sicherheitsanalyse (PSA): Umfang und Qualität Januar 2009

ENSI-A06 Probabilistische Sicherheitsanalyse (PSA): Anwendungen November 2015

ENSI-A07 Methodik und Randbedingungen für die Störfallanalyse von Kernanlagen  
mit geringem Gefährdungspotenzial

ENSI-A08 Quelltermanalyse: Umfang, Methodik und Randbedingungen Februar 2010

ENSI-A15 Gesuchsunterlagen für Betriebsbewilligungen

B-Richtlinien (Richtlinien für Betriebsüberwachung)
Ref. Titel Stand
ENSI-B01 Alterungsüberwachung August 2011

ENSI-B02 Periodische Berichterstattung der Kernanlagen Juni 2015
(Revision 5)

ENSI-B03 Meldungen der Kernanlagen November 2016 
(Revision 4)

ENSI-B04 Freimessung von Materialien und Bereichen aus kontrollierten Zonen August 2009

ENSI-B05 Anforderungen an die Konditionierung radioaktiver Abfälle Februar 2007

ENSI-B06 Sicherheitstechnisch klassierte Behälter und Rohrleitungen: Instandhaltung Juni 2013
(Revision 2)

ENSI-B07 Sicherheitstechnisch klassierte Behälter und Rohrleitungen: Qualifizierung 
der zerstörungsfreien Prüfungen

September 2008

ENSI-B08 Sicherheitstechnisch klassierte Behälter und Rohrleitungen:  
Zerstörungsfreie Wiederholungsprüfungen

ENSI-B09 Ermittlung und Aufzeichnung der Dosis strahlenexponierter Personen Juli 2011

ENSI-B10 Ausbildung, Wiederholungsschulung und Weiterbildung von Personal Oktober 2010

ENSI-B11 Notfallübungen Januar 2013
(Revision 1)

ENSI-B12 Notfallschutz in Kernanlagen Oktober 2015
(Revision 1)

ENSI-B13 Ausbildung und Fortbildung des Strahlenschutzpersonals November 2010

ENSI-B14 Instandhaltung sicherheitstechnisch klassierter elektrischer  
und leittechnischer Ausrüstungen

Dezember 2010
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R-Richtlinien (von der früheren Hauptabteilung für die Sicherheit 
der Kernanlagen HSK verabschiedet)
Ref. Titel Stand
HSK-R-7 Richtlinien für den überwachten Bereich der Kernanlagen und des Paul 

Scherrer Institutes
Juni 1995

HSK-R-8 Sicherheit der Bauwerke für Kernanlagen, Prüfverfahren des Bundes  
für die Bauausführung

Mai 1976

HSK-R-16 Seismische Anlageninstrumentierung Februar 1980

HSK-R-40 Gefilterte Druckentlastung für den Sicherheitsbehälter von 
Leichtwasserreaktoren, Anforderungen für die Auslegung

März 1993

HSK-R-46 Anforderungen für die Anwendung von sicherheitsrelevanter  
rechnerbasierter Leittechnik in Kernkraftwerken

April 2005

HSK-R-50 Sicherheitstechnische Anforderungen an den Brandschutz in Kernanlagen März 2003

HSK-R-101 Auslegungskriterien für Sicherheitssysteme von Kernkraftwerken mit 
Leichtwasser-Reaktoren

Mai 1987

HSK-R-102 Auslegungskritierien für den Schutz von sicherheitsrelevanten 
Ausrüstungen in Kernkraftwerken gegen die Folgen von Flugzeugabsturz

Dezember 1986

HSK-R-103 Anlageninterne Massnahmen gegen die Folgen schwerer Unfälle November 1989
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