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Figure 1. Location of the studied instruments. 



 
 

 
 
 
p:\2018\06\20180662\leveransedokumenter\rapport\20180662-05-r\20180662-05-r.docx 

Document no.: 20180662-05-R 
Date: 2020-07-09 
Rev.no.:  0 
Page: 7  

( ) =  ( )  ( ) +  ( )  
( ) =   +   

= ( ) ( ) = ( ) ( )  = ( ) ( ) 

=   +   
= ( ) ( )( ) ( ) = ( ) ( )( ) ( ) = ( ) ( )( ) ( )

= tan   
=  ( ) ( )



 
 

 
 
 
p:\2018\06\20180662\leveransedokumenter\rapport\20180662-05-r\20180662-05-r.docx 

Document no.: 20180662-05-R 
Date: 2020-07-09 
Rev.no.:  0 
Page: 8  

Figure 2. The horizontal plane (X-Y plane) is divided in 4 zones to calculate the dip/ dip-direction of the 
displacement / velocity / acceleration (see Table 1 for the calculations).  

Table 1. Calculating dip-direction of the movements. The zoning is defined in Figure 2.  

Zone Axiom Calculation of dip direction 
Zone 1 > 0   

 
DD = tan

Zone 2 Y < > 0 
 

DD = 90° + (90° tan | |  

Zone 3 
 

< < 0 
 

DD = 180° + tan | || |  

Zone 4 
 

> < 0 
 

DD = 360° tan | |  

= = 0
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Figure 3. Interpreting observed displacements in the rock-slopes, from Wyllie & Mah (2004) [2] 
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Table 2. GPS monitoring time for data extraction. 

13.10.2011 /12:00 17.10.2018 /18:00
13.10.2011 /12:00 17.10.2018 /18:00
13.10.2011 /12:00 23.09.2018 /18:00
13.10.2011 /12:00 17.10.2018 /18:00
13.10.2011 /12:00 17.10.2018 /18:00
14.10.2011 /12:00 17.10.2018 /18:00
13.10.2011 /12:00 17.10.2018 /18:00
13.10.2011 /12:00 17.10.2018 /18:00

4.1

Table 3. Available DMS monitoring time at data extraction. 

Total station Start 
Date/time 

Stop  
Date/time 

Months and 
days 

KH-01-06 22.11.2010 15.07.2013 31 mos., 23 d. 

KH-02-06 21.09.2015 21.10.2019 49 mos. 
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Total station Start 
Date/time 

Stop  
Date/time 

Months and 
days 

KH-03-06 21.09.2015 21.10.2019 49 mos. 
KH-01-12 24.09.2015 24.09.2019 48 mos. 

KH-01-17 15.10.2018 14.01.2019 3 mos. 

KH-02-17 15.10.2018 21.08.2019 10 mos., 6 d. 

4.2

Figure 4. Correcting the measurements when the sensors are detached and rotated inside the borehole [7].  
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Table 4. Locations with visible jump / stepping in displacements measured by DMS and verifying them against 
core pictures whether they are sliding plane / zone.  

Borehole  Depths with sharp 
changes in the 
displacement / depth 
curves 

Comment  Sliding 
plane/zone? 

KH-02-2006 34 m There is evidence of sliding plane in 
core logs.  

Yes 

115 m No evidence of sliding plane in core 
logs.  

No 

KH-03-2006 No sharp changes, only 
small steps in upper part 
of borehole 

No core picture available. Based on 
core logs it is confirmed that there 
is no sliding plane in this depth.  

No 

KH-01-2012 31 m Confirmed by cores  Yes  
63 m Confirmed by cores Yes 

KH-01-2017 35 m Data from core does not show any 
sliding plane.  

No 

40 - 41 m Confirmed by core; 5 to 10 cm of 
sliding plane 

Yes 

KH-02-2017 33 m Confirmed by cores, 2-3 m of sliding 
zone 

Yes  

71 m Confirmed by cores, 10 cm of sliding 
zone 

Yes  

KH-01-2018 35.5 m Confirmed by core picture Yes 
 94.5 There is no sliding plane visible in 

cores 
No 

KH-02-2018 15 m Confirmed by core picture Yes 
 112 m There is no sliding plane visible in 

cores 
No 
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6.1

Table 5. Mean sliding velocity and directions from DMS on different sliding planes/zones.  

Borehole  Depths 
of sliding 
plane 
(m) 

Belong to 
west (W) 
or east (E) 
flank 

Azimuth of 
disp. 
(degree) 

Sliding plane 
name  

Mean horizontal  
sliding velocity 
(mm/day) 

Kh-02-2006 36 m E   Not 
possible to 
measure. 

S3  

KH-03-2006 No 
sliding 
plane 

  No sliding plane 0 

KH-01-2012 31 m W 220 - 224 S2 Not possible to 
assess velocity 
due to error in 
DMS readings 

63 m W 224 S1 

Kh-01-2017 40 - 41 m E 165 S3 0.06 
Kh-02-2017 33 m W 185 - 200 S2 0.21 

71 m W 188 - 200 S1 0.18 
Kh-01-2018 35.5 m W 201 - 211 S1 0.2 
Kh-02-2018 15 m W 218 - 244 S1 0.2 
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Table 6. Mean velocity and direction of slope surface movements measured by GPS in East and West flank of 
the slope.  

6.2
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Figure 5. Initial block model and annual average slope displacements derived from photogrammetry 1983-2004. 
Scale; cm for displacements and m for block model, from Kveldsvik et al. (2008). 
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Figure 6 Snip from Figure 1 illustrating approximately location of block 8 (marked with dark blue lines) together 
with the new boreholes.  

6.3
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Table 7. Overview of boreholes and water table monitoring. 

Borehole Installation Calibration Stopped

Table 8. Overview of registered variation of water pressure on main sliding plane (or close to main sliding plane).  

Borehole 
number 

No. of 
piezo-
meters 

Water 
table* 
(mbgl) 

Depth to main 
sliding plane 

(mbgl) 

Water pressure 
on main sliding 

plane (m) 

BH-01-06 1 55-60 49-50 0 
BH-02-06 1 43,7-45,7 33 0 
BH-03-06 1 41,5-44 24 0 



 
 

 
 
 
p:\2018\06\20180662\leveransedokumenter\rapport\20180662-05-r\20180662-05-r.docx 

Document no.: 20180662-05-R 
Date: 2020-07-09 
Rev.no.:  0 
Page: 19  

Borehole 
number 

No. of 
piezo-
meters 

Water 
table* 
(mbgl) 

Depth to main 
sliding plane 

(mbgl) 

Water pressure 
on main sliding 

plane (m) 

BH-01-12 1 ~62 62 0-2,7 
BH-01-17 9 ~35,3 35,5 0-0,5
BH-02-17 11 ~66,5 70 2,3-3,5 
BH-01-18 10 ~33,4 34 0,4-1,4 
BH-02-18 12 ~18 15 0 

*Water table close to the main sliding plane. 

Point 1;
10/10/2017

Point 2;
20/11/2018Point 3;

03/10/2016
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Figure 7. Upper: Recorded groundwater table in open borehole of KH-01-2012 and marked 3 highest recorded 
water heads. Lower: Groundwater fluctuation in a period of one year for borehole KH-01-2012.  
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Figure 8. Recorded displacements in (a) GPS-3 and (b) GPS-4. The marked date with red correspond with the 
highest water head (4 m water standing on the sliding plane) recorded in KH-01-2012 at 10.10.2017.   
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Figure 9. Recorded displacements in (a) GPS-3 and (b) GPS-4. The marked date with red correspond with the 
second highest water head (1.7 m water standing on the sliding plane) recorded in KH-01-2012 on 20.11.2018.  
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Figure 10. Recorded displacements in (a) GPS-3 and (b) GPS-4. The marked date with red correspond with the 
third highest water head (1.5 m water standing on the sliding plane) recorded in KH-01-2012 at date of 
03.10.2016.   
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Figure 11. Water head changes in borehole KH-01-2018 during January, February and March 2020.  
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Figure 12. Displacements recorded in (a) GPS-3 and (b) GPS-4 during 01.01.2020 to 30.03.2020.   
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7.1

Figure 13. Geo-model suggested by Ganerød et al. (2008).  
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Figure 14. Conceptual model of the unstable slope at Åknes. From Jaboyedoff et al. (2011).  
 

7.2
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Figure 15 Illustration presenting location of boreholes, GPS, geophones, extensometer as well as suggested 
location of two sliding planes (dotted red lines) and one sliding plane in the middle (red line) and registered 
streams (modified from Clara Sena's presentation, 28. Nov 2019). 

Toe area (based on sliding plane below 
subdomain 3) from Ganerød et al. 2008 
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Figure 16. Illustration of possible locations of local toe areas in the rock slope.  

East FlankWest Flank
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VELOCITY AND ACCELERATION FROM GPS 
DATA 
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CORRELATIONS BETWEEN DMS 
MEASUREMENTS AND CORE PICTURES / CORE 
LOGS 
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Kh-02-2006
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GEOLOGICAL CROSS-SECTIONS FOR 
NUMERICAL MODELLING 
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