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Outline of talk

Aknes rockslide description and geology
Investigations

s Geophysics

s Borehole logs and movement

= Ground water investigations

Surface movements

Influence on movement from precipitation, snow melt,
heavy rain and changes in ground water level
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Bedrock and regional structures

Permiske magmatiske bergarter
Oslofeltet : Dyp- og dagbergarter

- Sedimentzre bergarter fra devon
- Skyvedekker av magmatiske

bergarter i den kaledonske fjellkjeden
- Sterkt metamorfe bergarter, omdannet

fra prekambriske og andre bergarter
Kambrosiluriske bergarter

[ i denkaledonske foldesonen : omdannet
langs den kaledonske foldesonen : noe omdan
i Oslofeltet : lite omdannet
Senprekambriske bergarter

(ofte som skyvedekker)

- Prekambriske bergarter

FAILURE VOLUMES
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Bedrock and regional structures
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700 m long back scarp in 800 — 900 m asl.

Description

Western boundary: Strike slip fault

Eastern boundary: Preexisting fault dipping
gently to the west

Toe zone 140 m asl.

Area and volume: 550 000 m?2 — 54 mil. m3?
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Historic slides

Kveldsvik et al. 2007. Landslides
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Structural

mapping

Folded gneis — foliation

H
steep at upper fracture,
dipping 30-35° south
= 3 fracture sets:
= N-S steeply dipping
s E-W steeply dipping
= Foliation parallel
H

Foliation near slope

parallel — important for

the sliding plane
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Upper tension fracture

6896000

Back scarp Geodetic datum: WGS 19
Projection: UTM 32 N
Equidistant : 1m
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Toe zone
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Geological models

B Heavily fractured rock to 35-65 m depth
[ Fractured rock to ~100 m depth
— Sliding surface at 35-65 m depth
A _A. Sliding surface (mapped at surface)
LA L possible sliding zone (from geophysics)
=== Bedrock foliation
E = extension
C = compression

boundary zone

-
e, ..
- >
- -

's ~ - ~ -

Ve
~~~~~
PRl

..
.
L

.

“““““““

Ganergd et al. 2008. Englneerlng Geology vol 102.

3 Norges vassdrags- og energidirektorat



F1

(235°/45°)

6895600}
6895400

6895200

N "W, Fold axis A2
~ Displacement vector
(scale: 10 cm/year)
Direction of horizontal compo-
nent for points with upward

movements
0 100 200 300 400 500

e e\ et res

68950004 "P{; ‘{QA 5
%y - ¢ § N W 5
s LA = "‘ i Vel ~ 4
2 / > > 3 : y
ISeed 200m
68948004 - & i ) 2

PN

T T T T
395200 395400 395600 395800 396000 396200

ﬂ>2

a7l Highly permeable fracture zones:
free of water saturated
\ \
800 higher resistivity lower resistivity

600 [Ohm.m]

L1 88'000
.
34'000
400 :_- U
10'000
‘_ 7'600
—

Folds

Jaboyedoff, Oppikofer, Derron 2011. Geologiczl“ i
| Society. London. Special publication v 351

>




Resistivity
—— GPR
Boreholes
400 Meters
| |

N
——— Seismics

100 200

ICS

geophys

loNsS -

t

Investiga



DC resistivity
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DC resistivity
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Meter o.h.

Refraction seismics
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Refraction seismics
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3D processing of resistivity
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3D processing of refraction seismics
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Old Upper borehole

Aknes, Upper BH
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Old Upper Borehole - movement
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Movement in sliding zone

Displacement
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Bunker
=  Boreholes
Scenario1
Scenario2
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Fractures and foliation
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Optisk televiewer

Water flow in the borehole

KH-08 Aknes

Flow measurements
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Water level in the borehole
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Movement in the borehole
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Movement at 24 — 29 m

| Crushed zone
~8.cm

I Crushed zone
~10 cm
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Movement in the borehole
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Middle borehole (Ormebolet)

Akneset, Bh 1b

2 holes to 150 m drilled in 2005 V==
= 1 vertical, 1 inclined 30° NE=s ‘_z-;_\,
s Water level in vertical: 41.5 m
= Inclined drained completely near —= j

bottom — probably still dry |

1 vertical to 200 m in 2006 (DMS)

w
=

= Drained completely at 194 m
creating a vacuum

=]
=]
v

=]
=

120

s Was sealed at bottom by concrete

3
130 i

= Water level about 45 m

150

sl -
Norges vassdrags- og energidirektorat ;
. J L : Temperature and gamma log from Inclined borehole.

Renningen, NGU report 002.2006






Aknes, Middle BH

Flow measurements, no pumping SHOTMmnclned: K01 M rictined KH-02-M KH-03-M KH-02-M
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Water level in Middle Borehole
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Movements in the Middle Borehole
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Movements in the Middle Borehole
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Lower borehole - logs
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. ower Borehole: Flow measurements

Aknes. Lower Bh Aknes, Lower Bh
Flow measurements, no pumping Flow measurements, no pumping
Filtered data Net flow
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Ground water investigations

2 master theses from ETH, supervisor Simon L6w
= Frei — Multi tracer and water balance
= Thoeny — Electric conductivity logging

1 master thesis NTNU: Tracer for flow velocity

Norges vassdrags- og energidirektorat



Multi-tracer
experiment

: "ot
Sulphorhodamine - B ‘926

- (upp%;bprehole) :

o e . Amino-G

‘ e *" (middle borehole)
Hydro-geological features |[Sal S & = =
and tracer injection points = i

Tracer injection
Borehole

Frei, 2008, master thesis ETH

Stream

Zone of infiltration |
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o ; Spring
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Flow direction
of tracer
Injected in
Upper
Borehole

A gﬁ\"ﬁ

e
'\

*  Tracer injection (borehole)
*  Tracer injection

Infiltration
~——— Stream
o~ Spring
« Borehole

by .4- -6: Total recovery of tracer salt
=== Peak concentration: 1-10 ppb
= = Breakthroughcurve contains only single peaks
Il Peak concentration: 20 - 40 ppb

. Peak concentration: > 400 ppb

s

4
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Flow direction of tracer
Injected into the graben

Norges vassd

w  Tracer injection (borehole) V%
*  Tracer injection

Infiltration
~—— Stream
o Spring
* Borehole

v .li _i‘Total recovery of tracer salt
=== Peak concentration: < 5 ppb
Il Peak concentration: 7 - 20 ppb
. Peak concentration: > 190 ppb

R

,’ 02550 100 150 200
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Flow direction of tracer
Injected into the Middle
borehole and streams into
back fracture

Norges vassdr

* Tracer injection (borehole) A
*  Tracer injection ‘
Infiltration
Stream
o~ Spring
« Borehole
I - Bromide
- Amino-G
Illll  Peak concentration: 4-10 ppb
- Sodium-Naphthionat
. Peak concentration: >500 ppb

o [02550 100 150 200
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Known hydraulic heads,
and equipotential lines and
flow lines

Frei, 2008, master thesis ETH
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Dynamic fluid conductivity logging
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Conceptual ground water flow model
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Stability modelling

Kveldsvik: UDEC, static and dynamic stability analysis

Grgneng:. Shear strength in sliding plane from physical
measurements on material tests
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Surface movement: Satellite InSAR
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Surface movements: Groun
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Instruments Upper area: Lasers and extensometers

Scenario1

Scenario2




Extensometers — since 1993
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Lasers — Since 2007
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GPS network
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GPS time series — 3D direction

Millimeters
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Total station and 28 prisms
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GB InSAR, totalstation and GPS
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Meteorology, water level, movement
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Meteorology, water level, movement
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Meteorology, water level, movement
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Meteorology, water level, movement
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Important points

How is the water table related to the sliding plane?
= Sliding plane above the water table at Old Upper and Middle Boreholes?
= Water table at sliding plane at New Upper

How is the movement influenced by the water table?

= Higher water table in late summers do not consistently cause larger
movement

Mechanism for contraction along the back fracture with high water
supply?

How is the hydrology at Aknes connected to the area above - or lake
above the mountain ridge?

Better define water table with refraction seismics or other geophysics?

More tracer studies defining flow paths?
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