HydroCen — WP 1.1 Tunnel Systems

Professor Bjgrn Nilsen,
Department of Geoscience and Petroleum (IGP),
Norwegian University of Science and Technology - NTNU

NORWEGIAN RESEARCH CENIRE
FOR HYORD POWER TECHNOLOGY

RO POWER TECHNOLOG


http://www.google.no/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=4mepIPqjggoy7M&tbnid=CxKyi_zv4eulnM:&ved=0CAYQjRw&url=http%3A%2F%2Fwww.tu.no%2Fkraft%2F2013%2F11%2F25%2Fbare-rotoren-i-det-nye-aggregatet-veier-450-tonn&ei=-EcwU8HUIKXpywPIl4DwCg&bvm=bv.62922401,d.bGQ&psig=AFQjCNHdCHV0x7tRPxJmc1Wxij3-sxrHrQ&ust=1395759371777180

Main basis of Norwegian tunnelling technology:

Hydropower development
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¢ Road-tunnelsy(=1200/850 km)
e Railway tunnels (~700/260 km)
e Hydropower tunnels-(4000 km)
e Powerhouse caverns (~200)

e Air cushion chambers

e Oil and gas storage caverns

* Freeze storage caverns

e Drinking water storage caverns
e \Waste water treatment plants
e Waste disposal caverns

e Sports utility halls, and more



Norwegian underground hydropower proj
- some key figures

e 4000 km tunnels and shafts
e 200 powerhouse caverns
e unlined tunnels, up to 100 bar hydrostatic pressure
e 10 air cushion chambers,
air pressure of up to 77 bar/volume up to 100,000 m?

Ulla Fgrre: 2100 MW/4.1 TWh

e Much of the potential is developed, but some new, large _
Kvilldal: 1240 MW

projects are still beeing built

eConsiderable activity related to upgrading/ converting of
existing powerplants,

e|ncreased focus on more flexible operation — «peak operation»
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WP1.1 -Tunnel systems

* Research to a great extent organized through PhD-projects - 5 started 2017:

1.

Lena Selen, IGP: Consequences of swelling rock mass for stability and support
requirement

Bibek Neupane, IGP: Consequences of peak operation on stability and rock
support

Henki @degaard, IGP: Test methods for optimum design of transistion zone in
unlined pressure tunnels

Livia Pitorec, IBM: Rebuilding of tunnel systems for upgrading to peak operation
and pumped storage

Ola Haugen Havrevoll, IBM: New concepts/new design for sand traps in pressure
tunnels

For more details see: https://www.ntnu.edu/web/hydrocen/hydropower-structures
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https://www.ntnu.edu/web/hydrocen/hydropower-structures

Stability problems in hydropower tunnels

* Full blocking not common (around 15 cases known
from total tunnel lenght around 400 km)

* \Very expensive when it occurs (50 MNOK+)
* Most common: % - 2 years after water filling

* In some cases after many years of operation; i.e.

- After >20 years: Kvaeenangsbotn (1987)
- After ~30 years: Svandalsflona (2008)

- Most cases are quite old (more than 20 years)
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Cave m/blockmg of recent date

Byggemdusmen

Har utbedret ras i tillapstunnelen

Sphtter nytt kraftverk i sta etter tunnel-ras. til Nedre Vmstra kraftverk
Turbiner fra 1950 matte overta LA T S s s -
M4 bygge ny tunnel forbl razztedet. til Nedre Vinstra =} km"‘ N "’ F N < S 1B +
kommune i Oppland. N& er arbe ddmed p bl dacaa 8 B
n e S S § R § P 4 S S |utbedre rasstedet ferdig etter 11 ukers intensiv ﬁ idringsti
jobbing. 5 " v
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Nedre Vinstra 2015, ~2.500m3

- In TBM tunnel, after 26 years of operation
- Bypass required

- Estimated annual energy loss: 15 GWh
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Matre Haugsdal 2017, ~20-30m?3
- After 1 year of operation
- New adit and bypass required
- Cost of repair ~40 MNOK



Swelling rockmass in hydropower tunnels

e Alternative methods for testing swelling pressure
(SP) in lab

e Significance of slake durability (SD)

e Development of laboratory test methods more
representative of in- situ conditions

e [nstrumentation of support structures for in-situ
monitoring of SP

e Optimization of support design in swelling
conditions




Rockmass stability in peaking power tunnels

e Dynamic effects on support structures due to
variations in water flow and oscillating pressure

fluctuation

e [nstrumentation, monitoring and measurement
of pore pressure fluctuation in the rock mass

e Numerical analysis of selected cases

e Long term behavior and durability of rock
support
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Design of unlined tunnels/penstocks

e Critical review and evaluation of data from previous
jacking and fracturing tests

e Parallel testing in projects under construction

e Analysis and comparison of alternative
testing/monitoring methods

e Development of systematic methodology for
testing and design as basis for design
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Laboratory rig for hydraulic fracturing

Kran for & |gfte tunge komponenter
(det bla lokket veier over 200 kg)

En av tre hydrauliske jekker
som presser pa kuben med berg

Pumper for simulering av bergspenninger

Reaksjonsramme som skal serge
for at jekkene har noe a spenne mot
nar vi setter pa "bergspenningene"

Heytrykks injeksjonspumpe for & generere
vanntrykk i tunnelen (borhullet)

"Bergmassen"”, en kube med
iddefjordgranitt (som jeg skal
sprekk og jekke med vanntrykk)

In-situ testing
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Recent case of hydraulic jacking caused by
insufficient rock stress: Tosbotn
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(From Palmstrgm & Buen, 2017)

(From Helgelendingen,

\‘% 2018)

Tosbotn 1.-2.4.2016 => clay slide along highway

Total repair cost: >100 MNOK
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