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Agenda

 Groundwater flow in rock

Fractures in crystalline bedrock — location and different actions depending
on purpose

Fracture conductivity
Ice thickness, isostatic uplift and hydraulic conductivity
Example: Temperature logging and hydraulic fracturing

« Research at NTNU IGP particularly relevant for planning
drainage at Aknes
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PhD- and master projects on Aknes and other landslide areas
Numerical modelling — challenges and limitations

Open pit mining, road cuts etc.

Tunnel and underground excavations
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Groundwater flow In rock

Crystalline bedrock Fractures
Sedimentary rocks Pores
Limestone rocks Cavities

Long fractures conducts more

water than short fractures
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How to get / get rid of large
amounts of water?

 Location of lineaments

— Fracture zones
— Faults

« Capacity increasing or
—reducing actions

— Hydraulic fracturing or
blasting

— Injection for sealing
— Drainage
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Groundwater

potential
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Ice thickness, Isostatic uplift
and hydraulic conductivity
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Temperature logging for
detection of fratures in boreholes

Energy well - testborehole thermal response test Vensmoen
Temperature measurements - undisturbed temperature
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Temperature logging for
detection of fratures in boreholes
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Hydraulic fracturing

Hydraulic fracturing - principle

i

H. Fracturing
Well Service Inc,

_ N Fracture made by hydraulic
= fracturing with water-only
Sy .
Fractures
>ﬂlled with
sand
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Hydraulic response of hydraulic fracturing

Changes in the groundwater level due to hydraulic
fracturing with water-only in borehole 5 at Bryn
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Aknes — PhD and MSc at NTNU

*PhD: Vidar Kveldsvik (2008): «Static and dynamic stability
analyses of the 800 m high Aknes rock slope, western
Norway»

*PhD: Guro Grgneng (2010): «Stabilty analyses of the Aknes
rock slope, western Norway»

*MSc: Nicole Ragvin (2006): «Aknes - Numerical modelling
based on PLAXIS» (in Norw.)

*MSc: Ingrid B. Aardal (2007): «Aknes - Analysis of correlation
between borehole geophysical data and fracture frequency
from core logging»

MSc: Elisabeth Holsbrekken (2007): «Correlation between Main supervisor of all projects:
displacement and climate/precipitation» Prof. Bjarn Nilsen

*MSc: Bjgrnar Moen (2008): «Aknes landslide area — Analysis
of possible effects of drainage» (in Norw.)

*MSc: Henrik Langeland (2014): «Development of revised
geological model and stability analyses for upper parts of B NTNU |
unstable rock slope at Aknes» (in Norw.) Innovation and Creativity
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https://brage.bibsys.no/xmlui/handle/11250/227459/discover

Aknes landslide area — Analysis
of possible effects of drainage

Bjernar Moen

Aknes skredomrade — Analyse av

1 . . () Alternativ 2 Strandadalen nedre, 4020m, 400 m.o.h.
mulig effekt av dreneringstiltak
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Alternativ 3
Fra fjorden, 3030m,
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MASTFROPPGAVF- Aknes skredomrade - Analyse av mulig effekl av dreneringslillak

Tegning 2: Alternativ 1 & 2 drenert
lunnelirase
Dreneringshull. Totalt er det skissert 15800 m.

—— Glideplan
———— Antatt grunnvannsniva. Basert pa tre malepunkter.

Teoretisk minimum grunnvannsniva etter drenering
Kijerneborhull. @vre, midtre og nedre.

100 200 300 400 500
Meler
Bjuriar Movn © 2008 | Malesiokk 1:5000 | Dalo: 11.04.2008 | Tagning nummer- 2

KH-02-N

- 100
L
0 N
1 1 1 1 1 1 1 1 1 1 1 I I 1
1400 1300 1200 1100 1000 900 800 700 600 500 400 300 200 100 0

(Moen 2008)

Academic use onl




Example: Draining of Dutchmans ridge

ffffff = Safety factor increased from
% 1,0 to 1,06 (acceptable).
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Numerical modelling

UDEC-model Aknes
(Kveldsvik 2005)

Main challenges/limitations:
« Complexity of geology/geometry
— Failure mode
— Joint pattern
» Definition of realistic input parameters
— Boundary stresses
— Friction of potential sliding plane

— Water pressure € i.e. numerical
modelling of limited value

« Realism of numerical model
— Continous vs. Discontinuous
— 2Dvs. 3D

* Interpretation of calculation result
— Reliability of failure criterion
— Critical limit for displacement

FEM-model with GW-table
(Ragvin 2006)




Open pit mining, road cuts etc

« Drainage tunnel, with drillholes
from tunnel

 Drain holes from surface
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Tunnel and underground excavation
- example Romeriksporten railway tunnel

Tunnels in Norway: >3500km
for hydropower tunnels and

>1500 km for road and railway, |
plus much more

— Considerable experience in
Norway on drainage
effect/water inflow in
tunnels

THIS SHOULD BE TAKEN
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Ulla-Fgrre, Iin granitic gneiss

« Water inflow 12 000 I/min (= 200 I/s=720 m3/h~17000 m3/day=6,3 Mm3/yr
—i.e. 15% of produced drinking water in Oslo in 2009 (94,6 Mm?3/yr))

 Pressure of 40-50 bar

* «pipe flow»

e W ™ ,'\ '{‘ " N - 1S S b .‘ ‘-:' -
v’(- ‘ ‘ “‘R\_“ .‘ ~ v «



Thank you!

Contact:
Bjarn Nilsen
bjorn.nilsen@ntnu.no, T: +47 73594819

Randi Kalskin Ramstad
randi.kalskin.ramstad@ntnu.no, T: +47 97513942
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