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7 An international source of geosnce expertis
7 Proactively develop applicable knowledge and technology
NSl 9 Continuous professional development and educational outreach



NGI - Markets

9 Offshore Energy
9 Natural Hazards
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Building, Construction and Transportation
Environmental Engineering
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Hydropower history at NGl

-

Involved in design, construction and
instrumentation of dams, tunnels and caverns
for hydropower since the 1950s.

Designed 65% of norwegian embankment dams
(115 dams) and several dams world-wide.

Authors of Publication No. 10 Rockfill Dams in
the Hydropower Development book series

Active in international development of the
asphalt concrete core concept in dam
construction.




Hydropower history at NGl (2)

9 Used risk assessments and reliability
based design methods since early 1990’s.

9 Developed the Q-system for
determination of rock quality and
support systems in the early 1970’s. tunnelling

9 Continuous research and application of
new methods for more cost-effective
geosurveys and mapping of geological
conditions (e.g rock quality).




Asphalt Concrete Core Dams

Using asphalt concrete as core material
Simple and robust construction method
High rate of construction

<4 4 Q2 Jd

Earthquake resistant, self-healing of any
cracks

1. Asphalt core 2. Transition (0-60 mm)

3. Transition (0-150 mm) 4a. Quarried rockfill (0-500 mm)

4b. Quarried rockfill (0-1000 mm) 5. Slope protection (blocks min. 0.5m?3)
6. Crown cap (blocks) 7. Toe drain (blocks, min. 0.5 m?)

8. Concrete plinth (sill) for core

NGI

Asphaltic Concrete Cores for
Embankment Dams

KAARE HOEG




Embankment Dams — examples
La Romaine 2 (130 m), asphalt core

La Romaine 2: 640 MW
Whole La Romaine River Project: 1550 MW



Embankment Dams — examples
Svartevann Dam (129 m), Norway

Heightening in 2011



Embankment Dams — examples
Monitoring of Svartevann Dam (129 m), Norway

Q  Reference plate

O  Surface monuments

&  Pore pressure piezooeter
L]

Earth pressure cells, single and rosette
=4 Casing for measurement of displacement
=¥ Extensometers

SAR allows mapping of very local displacements at the dam
The method has a great potential for cost-efficient long-term monitoring.
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Zelazny Most Dam, Poland

9 The dam is displacing with increased velocity
7 NGI using monitoring and numerical analyses

to predict future behaviour of the dam

9 Analyses of deformations, stability and

seismic response

9 Mitigations to increase the lifetime (i.e years

of operation)

+165 (2006)
7

Shaft




Tunnels and caverns

Tunneling in Norway:
9 1000 road tunnels (900 km)
9 710 railroad tunnels (320 km)

9 290 hydropower tunnels/shafts (3100
km)

>50 small diameter TBM-tunnels
200 underground hydropower stations

“9

“9

9 36 subsea tunnels

9 10-20 oil and gass storage facilities
“9

Unknown no. of rock caverns




Using the Q-system
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Rock support and reinforcement

fication and support ¢

NCI

ROCK MASS QUALITY AND ROCK SUPPORT
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@ Unsupported or spot bolting

@ spot balting, SB

@ systematic bolting. fiore reinforced sprayed concrete, 5-6 cm, B+Sir
@ Fbre reinforced sprayed concrete and bolting. 6-9 cm, Sir (ES00)+B
(&) Abre reinforced sprayed concrete and bolfing. 912 cm. Str (E700)+B

@ Abre relnforced sprayed concrete and bolting, 12-15 cm + relnforced
ribs of sprayed concrete and bolting, §tr (E700)+RRS | +B

(@) Fbre reinforced sprayed concrete »15 om + relnforced ribs of sprayed
concrete and bolting. Str (E1000)+RRS 11+B

@ Cast concrete Ining. CCA of St (E1000)+RRS IIl+B
@ Special evaluation

Bolts spacing Is malnty based on @20 mm
E = Erergy absorbtion In fiore reinforced sprayed concrete
ESR = Excavation SUppoit Ratio

Ji Si30/6 @16 - @20 (span 10m)
M DAD/&+2 @16-20 (span 20m)
SIa5/6 @16-20 (span 5mi)
( Il D45/6+2 B16-20 (span 10m)
D55/6+4 220 (span 20m)
D40/6+4 @16-20 (3pan 5 m)
m D55/6+4 @20 (span 10 m)
D70/&+6 @20 (span 20 m)
5130/6 = Single layer of & rebars,
30 cm thickness of sprayed concrete
D = Double layer of rebars
@14 = Rebar diameter Is 14 mm
cfc = R3S spacing, centre - centre

wemameamaraerceresBom -t Lien and Lunde (1974)



Geosurveys. Bottom-up approach

Remote Sensing

Site visit

Geophysics

Ground
investigations

J

9 Important to understand the geology in early
stage of a project to get the best design
solutions and avoid redesign and delays.

79 Remote sensing and geophysics to focus and
increase efficiency.

9 (not as a additional method)




Airborne geophysics (EM)
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Anomalies linked to low rock quality

Interval-resistivity 70-80 m draped over topography
Depth range 300-500 m

1 10 100 1000
Resistivity (Qrm)
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Elevation [m]
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Resistivity section along tunnel
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Deep seated
landslide
Nainital, India:
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Deep seated
landslide
Nainital, India:

Kabul
5 PO ATy

- e
VISTAN . Rawalpindi
SAmacl XIZANG
Faisal shad® Lahdre (TIRET)
.
"Guetta - Multan®

KIsTAN Dethi i ew pahi

ssipur o
Guwalior,

Allhabad *

4" jodpur®

Dhanbad,, Dhaka

i * Wil Khna
s

’ .
Kolkata g
(Calcuttay | Iade

*Bhubaneswar

“Sholepur « HYderabad o Vidiakhapatnam

“Vijayawids
. Bay of
Chennai
(Madras) Bengal
.
*Bangalore (Bengaluru)
Cdicut - Cafmbatore g
Cochin® 170 Ly
P Tivendum) 8 L R
’ Tuticoringgy
g™ %

10(5’3[(‘ earth

Imagery Dale 1402010 & | 2006 20°23'24 6" N 70°27'43.14" E elev 2088 m




NG|

Hazaed Risk Assessments in Nepal

Earthquake and earthquake induced landslide hazard maps

Nepal HMazard Risk Assessment

BeHrE &rotE B E

Study for ADPC, 2010.
Financed by Global Forum for Disaster
Risk Reduction and the World Bank.

[y

Nepal Hazard Risk Assessment (NHRA] g

| Landslide Susceptibility Map
Earihquake Triggered
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Summary

9 Efficient and effective geo-survey
— Reducing risk of unexpected ground conditions

9 Dam and tunnel engineering expertise
— Enabling safe, cost effective solutions
“ Slope stability expertise
— Enabling safe infrastructure (services roads, transmission)
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@infoNGI

NORWEGIAN GEOTECHNICAL INSTITUTE
NGI.NO
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