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Hydropower and flood mitigation

Hydropower may decrease flood risk by technical structures

- Reservoirs can store water and reduce flood peaks
- Divertion/Bypass structures (tunnels, canals, ...)

The operation of structures iIs important

- Operation need to consider two or more objectives
Energy production

Flood damage

Other uses (Irrigation, transport, tourism, ...)
Who will pay and who will benefit?

How to balanse between these objectives?




Hydropower system — Dam safety

Hydropower may also increase flood risk —
Always consider Dam safety
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P033|ble Case studies FIood/Hydropower In Norway

- Nea-Nidelv river (Large reservoirs — flood volum

- Gaula (Small reservoirs, sharp flood peaks)
- V0SS0 — (Diverting flood by hydro tunnels)

- Telemark (Complex hydro system, forecast model) '

- Glomma (Three major floods, Land use and Hy.
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Potential case studies in Norway - Locations

- (1) Nea-Nidelv river
- (2) Gaula

- (3) Vosso

- (4) Telemark

- (5) Glomma
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Nea-Nidelv catchment and hydropower system
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Nea-Nidelv Floods - Summary

- Large reservoirs for hydropower
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- Snowmelt floods most important

- Long term optimization (seasonal)
needed for reservoirs

- First flood forecasts by models
Issued in 1976
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- Very significant flood reduction
observed — due to reservoirs

- Well documented case
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Telemark — major river basins

Tinn (4119 km?)

Hjartdal-Tuddal (1000 km?)

Ba-Seljord (1056 km?)

Tokke-Vinje (3640 km?)

Norsjg (999 km?)
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| Catchment area 10777 km

‘w;f Average flow 263 m3/s




Telemark — the most flood prone areas
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Skien Hjellevatn




Telemark- Main hydropower reservoir areas

(1) Mar,
(2) Tokke-Vinje,
(3) Mgsvatn
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Telemark — Extensive hydropower system

Some summary data:

33 HPPs

2179 MW

9932 GWh/year
7.5% of Norway

Svlgfoss 197
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A complex hydropower system
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Tinnelva — Major flood In 1927
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Rjukan - Flood and landslides in 1927

X

g Raset fra Rjukan 1927
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Hjartdgla (close to Notodden) — Flood in 2015
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Skien — Flood 1n 2015
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Telemark flood forecasting model system

C_D

[IN.LN @

Rainfall
p Temp. \ Hydrological
rognese prognosis
-
(D
(92]
(9’: //——'_-\ '..'."4. \J
T N 4 Hydrol.
> g
= Upstream Prog
e Ay
= inflow
= ~ Reservoir & river |+
S routing
| "4 WSEL
Reservoir Q
operation v
S~ Flood mapping b

19




[IN.LN @

-
S
®)
m—
D
w
(72)
o
-
=
c
>
o
)
=

=S
<
(9%}
@,

20

Summary — Telemark flood model

Significant flood risk in the river basin in downstream areas
Many large flood events recently — high media focus

Flood damage can be mitigated by hydropower reservoirs
Conflicts between flood mitigation and power generation
Difficult to find optimal operation for reservoirs

The Telemark flood model was developed as a tool

Tested during several years of operation since 2008

«Aclid test» during the 2015 flood «Petra»




V0SSO0 river system
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\Vosso river system — Flood risk in Voss town
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Flood risk in Voss town — can Inflow be diverted?
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Combined flood tunnel and hydropower possible

Rivers could be diverted
through tunnels to nearby
fjord at Granvin.

Hydropower plants in the
tunnels could pay for the
tunneling cost (500 Gwhiyr)...




Glomma river system

OVERSIKTSKART

Area 40 OOO kmz GLoMﬂEﬁzg:?uLTAGENS {‘k\f
Avg flow 600 m3/s
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Max flood > 4000 m3/s

Hydropower:
2500 MW, 12300 GWh
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Glomma river system — Flood in 1995

In 1995 the biggest floods inthis | + ¢
century occurred in Norway, ina T &
two week period from May 27th to
June 10th.

This flood created damage in the
order of 1800 Mill. NOK,
equivalent to 300 Mill US $.

The flood was caused by a
combination of large initial
snowpack, a delayed spring and
unusual but not extreme
precipitation in combination with
high air temperature during the
flood event.




The HYDRA research program

A large research program called HYDRA was initiated as
one of the measures taken by the government to be better
prepared to meet possible future floods.
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The main research topics in this program were:

« To understand combined effects on flood of land use changes iIn
the catchment

« To improve flood forecasting methods

e To improve methods to reduce damage in flood prone areas

» To make optimal use of hydropower reservoirs during floods
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The HYDRA flood model

S e S AW CioRENS -

The HYDRA Ri\rer System Model is using these
type of objects to represent a real river system

F166d protection A E
Wm 7 Urbanarea
ol T
, d I

Other ("Natural®) components :

.

[T TTTVETTTY
LIS TR TTRT TN TRl Ty

-— . i
— Ly I

— \SEpGERRY  Riverre
Lake (ureg )= NS #a;
N II$=" = .

Catchment




Hydropower structures - Impact on 1995 - flood

Flom i @yeren 1995 - Vannfaering ut
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HYDRA - Some conclusions

Floods in Glomma have been affected by anthropogenic
Influence from 1900 to 1990

This has led to a flood reduction, not larger floods,
practically everywhere in the river

The major part of the flood reduction is caused by
hydropower regulation reservoirs

Urbanization may lead to increasing floods, but the effect is
only visible locally in small catchments and have no
detectable effects in the main rivers

The greatest potential for further reduction in floods is
probably to improve the operation of regulating reservoirs
and if possible to build new reservoirs
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Hydropower and flood mitigation - Summary

Hydropower may decrease flood risk by technical structures
- Reservoirs storing flood peaks
- Diverting flood water through tunnels/canals/pipes

Optimal operation of flood/hydropower reservoirs is challenging
- Operation need to consider multiple objectives

- Energy production require reservoirs as full as possible

- Flood mitigation requires reservoirs as empty as possible

- Other uses (lrrigation, transport, tourism, ...) mostly full?

- Reservoirs should be lowered just before flood arrives

- With «perfect» forecasts this may be possible (not always)

- Still — generation will usually be reduced (and money lost)

- Who will pay the cost and who will benefit?

Key question: How to balanse between these objectives?
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