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The Fusegate
System

An innovative spillway control system
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Description of the
Fusegate system

Bucket Inlet well

Free-standing
blocks,

so called
Fusegates,

are installed side
by side across the

spillway sill ﬂ

31.37-

Side seal




Description of the Fusegate
system

In such a way
that they form
a watertight barrier.




Working Concept - Normal Opera

= Common Floods are discharged between the
Fusegates crest and the inlet wells

= Inlet wells are set at different elevations

= At this stage the chamber is empty

Inlet well
—

Ballast

Drain hole

f Toe abutment

Base chamber __/




Working Concept - Exceptional F

For exceptional floods only, the
reservoir level increases until the
water begins spilling

over the inlet lips.

Uplift pressure
builds up in the Drain holes can not
chamber. discharge all the flow.




Working Concept - Exceptional F

Uplift pressure causes
the Fusegate to overturn.

Toe
abutment




Fusegate stability analysis

Analysis of Fusegate stability against overturning involves
determining the moments on the toe abutments from all the
forces acting on the Fusegate

Fusega
section

Upstream
F
Fupl W ‘\\\\\\\\\\Toeabunnent
Overturning forces: Stabilising forces:
» Fyp- Hydrostatic pressure of the reservoir, » W,,: Fusegate dead weight
acting on the upstream side of the Fusegate = W,,: Weight of water in the Fusegate bucket
Fupi: Uplift pressure in the chamber (only when = F,,: back-pressure from tailwater against the ¢

water spills into the inlet well) the Fusegate



Fusegate system - Model tests

Tilting tests (scale 1:20) of semi-labyrinth Fusegates 7.60m
high at Sogreah hydraulic laboratory (France)




Fusegate system - Model tests
Ghrib dam (Algeria)




Fusegate system - Environmental Impacts

General principles

Flood Routing through a Fus
= Progressive release of the flood

300 000

= Outflow not exceeding the inflow

250000

200000

= Very low tip off probability

150 000

TIPPING
STAGES

Outflow (cfs)

100000

= Maximum Water Level in the

reservoir not raised /

0 5




Fusegate Types

30% 70% 140%
. Labyrintl Labyrinth
Straight By Conee Fusegates |
Fusecates usegates ) g Straight Fusegates
g Low Head High Head

Straight Crested Labyrinth Crest

Straight
« L » Shape for higher outflows '

Massiv



External load - Ice

Model test of Fusegates behavior
under ice condition at the Hydraulic
laboratory of NRC (Terre Neuve,
Canada)

Khorobrovskaya Dam (Russia)



External loads - Floating debris

Model test of Fusegates behavior under floating debris at
the Utah State University laboratory (USA)




External loads - Earthquakes

INDIA
EARTHQUAKE

318 Fusegates are installed on 12 dams in the Gujarat state (India)
2001, when a huge earthquake (7.7 Richter Magnitude) hits this
Some are situated less than 80km from the epicentre.

No damage was observed on the Fusegates
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Wave model test at the Hydraulic laboratory of EDF
(France)
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Increase Storage Capacity HOW1 ?

1. The sill is modified slightly
2. Fusegates are used to increase the Full Supply Level

3. No increase in Maximum Water Level

New Full Supply Level Maximum Water Level
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Urra Dam - Colombia

= Main characteristics

Purpose: Hydropower
Discharge capacity: 14000 m3/s
Spillway length: 184 m

Fusegate height: 2,00 m

Number of units: 22 + 2 flap gates

Former storage capacity: 1740 Mm?3
New storage capacity: 1890 Mm?

Storage increase: +10%
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Terminus Dam, CA - USA (2004)

= Main characteristics

Purpose: Flood attenuation .
Discharge capacity: 8500 m?3/s

Spillway length: 93 m

Fusegate height: 6,50 m

Number of units: 6

Former storage capacity: 173 Mm3
New storage capacity: 226 Mm?3

Storage increase: 30%




Ghrib dam- Algeria (2007)

= Main characteristics

Purpose: Flood attenuation
Discharge capacity: 3700 m3/s
Spillway length: 185 m

Fusegate height: 4,50 m

Number of units: 20

Former storage capacity: 230 Mm?3
New storage capacity: 300 Mm?3

Storage increase: 30%




Dartmouth Regulatory Dam - Australia (2003)

= Main characteristics

Purpose:
Discharge capacity:
Spillway length:
Fusegate height:

Number of units:

Former storage capacity:

New storage capacity:

Storage increase:

Hydro power
2100 m3/s

60 m

3,30 m

10

5,23 Mm?3
8,42 Mm?3
62%




Wanakbori dam - India (1995)

= Main characteristics

Purpose: Increase Storage capacity
Discharge capacity: 47.000 m3/s

Spillway length: 660 m

Fusegate height: 2,00 m

Number of units: 33

Former storage capacity: 42 Mm?3
New storage capacity: 84 Mm?3

Storage increase: 100%




Increase Discharge Capacity How?

1. The spillway is not able to pass the design flood below the MWL.
2. The spillway sill is lowered in order to pass the design flood.

\
3. The storage capacity of the dam is recovered by installing Fusegates.

Maximum Water Level

- TYPICAL DOWNSTREAM ELEVATION -




Shongweni Dam - South Africa (1994)

= Main characteristics

Purpose: Recreation
Storage capacity: 6,6 Mm?3
Spillway length: 125,0m
Fusegate height: 6,5m
Number of units: 10

Former discharge capacity: 1245 m3/s
New discharge capacity: 5000 m3/s

Discharge capacity
Increase: 300%

1995 Most outstandin
Engineering Achieve
Technical Excellen




Black Rock Dam - USA (2001)

= Main characteristics

Purpose:

Storage capacity:

Spillway length:

Fusegate height:

Number of units:

Former discharge capacity:
New discharge capacity:

Discharge capacity
Increase:

Recreation
3,21 hm?3
52,0m
2,60 m

15

170 m3/s
850 m3/s

400%

2002 ASDSO Nationa
Rebhabilitation Projeci
Year Award



Jindabyne Dam - Australia (2007)

= Main characteristics

Dam owner: Snowy Hydro
Purpose: Hydropower
Spillway length: 92,0m
Fusegate height: 7,6 m
Number of units: 8

Former discharge capacity: 3250 m3/s
New discharge capacity: 9000 m3/s

Discharge capacity
Increase: 176%




Canton dam - USA

= Main characteristics

Dam owner: US ARMY / USACE

Purpose: Flood attenuation
Spillway length: 146,0 m

Fusegate height: 9,214 m

Number of units: 9

Former discharge capacity: 10000 m3/s
New discharge capacity: 18000 m3/s

Discharge capacity
Increase: 80%

=



Conclusions

= Flexible and versatile

= Cost-effective

= Rapid installation

= Minimum long term maintenance
= Dependable, reliable and safe

= Significant environmental benefits
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Upstream Downstream
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(Uplift pressure)
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Resevoir elevation (m)

Surface (ha)
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Sarough dam inflow hydrographs
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""" Inflow Sarough dam
—— Outflow equipped with Fuseqgates:

7007 Nb of Fusegates : 6
T~ Height : 3.50 m
600 - - —~ R et ... N - Width : 3.50 m
500 | Max inflow : 614 m3/s
Max outflow : 580 m3/s
. Max water level : 1843.75 m
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