
















intervals and power consumption. For
the design of the monitoring system all
of these qualities were taken into ac-
count, and several different systems
were established for monitoring the
same area.

When establishing a monitoring sys-
tem and critical alarm functions, it is es-
sential to base the alarms on more than
one type of sensor. We have seen that
weather conditions such as lightning or
heavy snowfall can cause errors in some
of the measurements.

Geodetic instruments play a vital
role in the monitoring system for mea-
suring surface movement. The GPS net-
work is very stable and produces results
at two different time intervals. A result
of approximately +/- 1.5 cm accuracy
result is achieved every 10 minutes and
an accuracy of +/- 5 mm is achieved ev-
ery 12 hours. A typical GPS antenna
and prism setup is seen in the photo-
graph on the cover of this issue of
Geotechnical News.

The total station is set up in a stable
area that overlooks most of the sliding
area. Due to harsh weather conditions,
limited results are given from the total
station during the winter season. We see
that for distances with great height and
temperature difference, the accuracy
decreases considerably when compared
to the manufacturer’s instrumentation
specifications. The advantage of using a

total station is that a large number of ob-
servation points that can be used. The
accuracy specification given by the
manufacturer is 1mm + 1mm per 1km
distance to the target, but the accuracy
depends on local weather conditions
and distance to the target.

An example of movement data from
one of the single lasers from Åkneset
during snowmelt in 2006 is presented in
Figure 4. A normal movement is seen
until the 5th of May, but due to snowmelt
the movement increased during the fol-
lowing 12 days.

New Ground Based Radar System
One of the greatest successes in the
monitoring project is the use of an inter-
ferometer radar system. This radar sys-
tem measures relative movement be-
tween stable reference points and an
unlimited number of monitoring points
in the sliding area. The radar system has
been developed by a Norwegian com-
pany, ISPAS AS, and it is also used for
monitoring an unstable rock slope close
to the Åkneset site, the Heguraksla site
area shown in Figure 1. A second radar
system has also been used at Åkneset,
and was permanently installed in July
this year on the opposite side of the
fjord overlooking the Åkneset rock
slide (see Figure 2). The advantages of
using radar technology are the achieve-
ment of sub mm accuracy over very

long distances, and high sampling rates
(up to 100Hz). It is weather independ-
ent and has no moving parts, which
gives a very long operational lifetime
and few equipment problems.

Borehole Monitoring
Borehole monitoring methods are:
• Two 50 meters long Differential

Monitoring of Stability (DMS) sys-
tems. It is an in-place borehole in-
strumentation system consisting of
50 tiltmeters, 2 piezometers and 50
temperature sensors. The sensors are
installed in 1 m long modules, which
are connected by strong joints and at
the top by extensions of different
length to adapt the installation for
different depths.

• Piezometers, conductivity and tem-
perature sensors in 3 boreholes
The DMS Åkneset monitoring sys-

tems were installed in two 200m long
boreholes, and the 50 m long continu-
ous instrumentation columns were
placed at the depths where the sliding
was assumed to take place. The DMS
systems show several sliding zones and
provide data for determining the veloci-
ties of sliding.

Piezometer readings from the bore-
holes show rapid fluctuations, with an
increase of up to 4.5 m/day at the upper
location, where the groundwater level
increased from 45 to 40 m depth. There
is a groundwater level increase of sev-
eral meters in the spring, and simulta-
neously a well-defined increase in
movement from the extensometers and
single lasers.

Climate Station
The climate station is used to monitor
the following parameters:
• Temperature
• Precipitation
• Snow depth
• Wind speed
• Ground temperature
• Amount of sunshine

As the velocity of the rockslide
movements and incidents in the sliding
area are correlated with climatic
changes and weather conditions, it is
very important to have detailed meteo-
rological data for the area. The velocity
of the sliding area, errors in the data,
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Figure 3. Laser system on the upper part of the sliding area.



and failing or non-working equipment
can often be explained by the weather
conditions. Meteorological information
is also very important for predicting
possible incidents and periods where a
collapse might occur. As the accuracy
and quality from many sensors are af-
fected by the weather condition,
metrological data are also used to evalu-
ate the quality and reliability of the in-
coming data.

Web Cameras
Five web cameras have been set up and
are used to give visual information of
the area. The cameras can be panned,
tilted and zoomed. By running the cam-
eras through intelligent processing soft-
ware we are able to automatically track
visible changes such as avalanches and
personnel close to equipment. All these
images are stored in a database.

Live images are very useful in visual
control of the area and for analyzing
sensor data errors or breakdown.

Data Management, Presentation
and Alarm System
A central part of a monitoring program
is the data management system. The
data management system has two im-
portant functions: to import and store
the data from the sensors and to present
the data for the users of the system. The
data management system is a mod-
ule-based system based on GeODin, a
data management system developed by
Fugro Survey.

The data management system cur-

rently has the following capabilities:
• Transfer data from field to database
• Validation of incoming data
• Technical monitoring of equipment
• Alarm functions (via email and mo-

bile phone text message)
• Automatic reporting from all instru-

ments, on request and once a week
(PDF on email)

• Web portal with plots, interactive
map module and instrument status

• Smartphone setup for portal devices
• Desktop solution for advanced anal-

ysis of data
Experience from the

Åkneset/Tafjord project has shown us
the importance of having a data man-
agement system that can handle all the
different data from the field. It is much
easier for the user to understand the be-
havior of the rockslide and to make
good risk assessments when all data are
available in the same system.

Threshold Values
The operative early-warning system
needs different threshold types and val-
ues for the different sensors, including
multi-sensor thresholds. Alarm-thresh-
olds should be defined according to fol-
lowing criteria:
1. Total displacement (absolute read-

ings)
2. Velocity in defined time periods
3. Acceleration

We normally need at least a full an-
nual cycle of data in order to define
thresholds values (site-specific baseline

data). Main issues are to find the differ-
ent types of noise in the data and also to
define thresholds that:
1. Do not lead to false alarms
2. Are able to catch real events
3. Provide adequate warnings

The alarm system should be able to
pick up some of the largest and distinct
seasonal fluctuations, in addition to
more serious events. The prediction
provided by threshold values should be
supported by expert judgment. This
type of judgment will include evalua-
tion of factors such as the reliability of
the monitoring network, the complexity
of the displacement patterns, and the
short-time evolution of meteorological
and snow loading conditions.

Initially, velocity-based threshold
values have been chosen for the
Åkneset/Tafjord project. Threshold val-
ues for the sensors in the upper part of
the slide are presented in Figure 5. We
need to define the length of the period
on which the velocity trend is to be
based, and this period will be different
from instrument to instrument. For the
surface extensometers, which are very
stable, we can base the trend on one day
or one hour, while the total station needs
a much longer time due to larger fluctu-
ations in the data.
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Figure 4. Example of movement data from one of the single
lasers from Åkneset during snowmelt in 2006.

Figure 5. A schematic diagram showing the possible
development of an event at Åkneset, exemplified by surface
movement at the upper flank area. The different alarm levels
are indicated by the five different stages.
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