Douglas County PUD

Wells Dam
Turbine Refurbishment
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BUILDING A BETTER WORLD




Project Background
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ACommlssmned 1967 1969

ATen vertical, 5-bladed, Kaplan units
A120,700 hp, 81.5 MVA rated generator output
A292.25 in Runner diameter

AOri ginal AC runners repl
runners.



Project Background

AFebruary 2005: Unit #1 stator failed.
ADecision made to:
I Replace stator core and windings
I Refubish rotor
I Replace coolers
AWork awarded to NEC
ACompleted July 2006

o

ALed to initiating rehab for all units to replace stators, refurbish
rotors, and then refurbish turbines as necessary.



Overall Project Scope of Work

Challenge: Hydro-combine design
does not have any interior laydown
space for work on equipment

AReplace Stator
ARefurbish Rotor
ARefurbish Runner Hub .
ARefurbish miscellaneous Turbine Components
ARepair and remachine Discharge Ring
Aossible Turbine improvements?




Turbine Scope of Work

ACFD and Scale Model Testing for any
efficiency gain with positive cost/benefit




CFD Model Testing

Alurboinstitute - Ljubljana, Slovenia

ACED ModificationsTested:

AWVicket Gate shape/rotation
ASemi/full spherical Discharge Ring
Ancreased blade diameter

ADraft Tube splitter vane

AStrategic concrete in Draft Tube
AStay Vane shape




CFD Model Testing I Wicket Gate

Shape/Rotation
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ANew WG profile = no advantage
~ Rotation of the WG circle by 4.5°
BN = increased efficiency, but not
\ [ cost-effective
Existing New



Model Testing 1 Discharge Ring
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Model Testing 1 Discharge Ring
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Semi- and spherical discharge ring, and increased blade
diameter = no benefit w/o replacing entire runner



CFD Model Testing T Draft Tube Splitter

5.200e+000

4.000e+000

3.900e+000 3.000e+000

2.600e+000 2.000e+000

1.300e+000 1.000e+000

0.000e+000 0.000e+000

A
[m sA-1] [m sA-1)
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Neither showed improvement, but about 0.5% loss in efficiency = no benefit
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CFD Model Testing T Draft Tube Splitter

Vane
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These show CFD runs for the short vane combined with a semi-spherical

discharge ring.
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CFD Model Testing T Strategic Concrete
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A Showed promise with
possible good cost/benefit
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CFD Model Testing T Stay Vane Extensions
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Stay Vane Extensions:
Showed promise T about 0.3%
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Scale Model Testlng

Physical Model:
Approximately
1:21 Scale
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Scale Model Testing 1 Strategic Concrete

DRAFT TUBE - STRATEGIC CONCRETE
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Scale Model Testing i Stay Vane

Extensions

Confirmed: 0.3% efficiency gain with

estimated positive cost/benefit
Stay Vane Extensions

Existing Unit

However, price negotiations prevented
implementation on first Unit
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