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Case study

Increasing plant
performance through
retrofitting in Kuosheng NPP

March 23, 2011

GenTech Asia 2011
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How Turbine Retrofitting
successfully adopted by Kuosheng
fo improve plant performance

Ching-Ho Lee

Deputy Plant General Manager
Kuosheng NPP
Taiwan Power Company

&) S V3 T’ D F) -2- Kuosheng NPP, TPC «iibds




| i Presentation outline

 Retrofit Background
e Procurement Process
e New Rotor Overview
« Manufacture / Installation / Testing
» Success of Retrofit
 Further Improvement

Nuclear Power Plants in Taiwan
CHINSHAN ? l

- . g 'l
(BWR - 636 MWe x 2) S d

KUOSHENG

(BWR -- 985 MWe x 2)

LUNGMEN

(ABWR — 1350 MWe x 2
under construction)

MAANSHAN
(PWR -- 951 MWe x 2)

\ Six units in operations, and two units under construction.
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Retrofit Background

Kuosheng has two identical nuclear units.
Each has the single largest design capacity
of 985 MWe in Taipower system.

Each turbine consists of one HP and two LPs.

The original design of LP rotors were
Westinghouse shrunk-on type. They were
replaced with the Pl and Fl types afterwards,
to cope with the problem of Stress Corrosion
Crack (SCC).

In the year of 2000, Taipower decided to
purchase two SCC-resistant LP rotors to
solve the problem on Kuosheng-1 turbine.
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Procurement Process

*The new rotors procurement was conducted by
applying the government “Regulations for
Evaluation of the Most Advantageous Tender”
through the “Tender Proposal Evaluation Criteria”
to select the final successful bidder.

* Selection criteria including: _(New LP Roton
- Technology A\
- Quality of Material
— Functionality
— Proven Track Record
- Evaluated Price
- Commercial Terms

— e+Siemens has awarded the contract from three
bidders, for its favorable price and guaranteed
MW improvement.
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New Rotor Overview

e It’s Siemens 13.9m? Advanced Disc
Design Low Pressure Turbine.

e The LP rotors have nine stages per flow.
Each flow comprises of six stages of 3D
drum blades with integral shrouds, and
three stages of 3D LP blades. (with the
last stage being a 46-inch Free-Standing
Blade)
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New Rotor Overview ...

e The last stage stationary blade row (L-0)
utilized Siemens hollow blade design for
the extraction of moisture contained in
the steam path.

10 Condenser
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Pipes lnsido the Blades 1o
Drain the Water from the
Innear to the Ouler Ring
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- Manufacture /Installation /Testing
e To meet Taipower’s stringent

~  requirement on the Torsional Natural

Frequency, Siemens provided three

new jack shafts without extra charge.

§ (New Jack Shaft)
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Manufacture /Installation /Testing

*Due to the budget constraint, only rotor and
stationary blade ring were replaced with the
new ones, and excluding the inner casing.
Thus a lot of time was spent in modifying the
inner casing during installation.

*To sustain the new weight and improve the
vibration on the new rotor, Siemens has to
strengthen each of the Bearing Supports.

i e -
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| Manufacture /Installation /Testing

According to the retrofit contract,
following requirements should be met
through the post-installation verification
tests:

e Lateral Vibration: <€ 4 mils

e Torsional Natural Frequency Minimum
Separation: 120+ 6Hz, 60+ S5Hz

e Electric Output Gain: 2 21.3 MWe

) SV T D s 5 -11- Kuosheng NPP, TPC «ipli

= e el S e —— = =

Success of Retrofit (1)

e Kuosheng unit 1 has been retrofitted with the
SCC-resistant LP rotors in 2006.

It did thoroughly solve the SCC problem which
Kuosheng has suffered for decades. A 13.5 years
of SCC-free warranty was granted in the retrofit.

 The actual output gain was verified to be 34.5
MWe (i.e. 3.5% of original design capacity), Which boost |
Kuosheng-1 the unique unit with output more than
1000 MWe in Taipower system. The payback
period was less than two years, accordingly.

» After the retrofit, all the turbine vibrations were
measured to be less than 3 mils. This also solved
the problem of high vibration issue that has
plagued Kuosheng in the past.
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Success of Retrofit

e After the retrofit, turbine inspection interval
could be extended to 10~12 years. It means
a shorter refueling outage with resulting
lower maintenance cost would benefit
Kuosheng a lot in the future long run.

*The improvement of thermal efficiency
could lower the outlet temperature of
circulating water and help improve the
condenser vacuum.

Those additional benefits are essential to
the safety and reliability of plant operations.
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Further iImprovement

» Base on the successful experience of
Kuosheng-1 retrofit, Taipower decided to
proceed a similar retrofit on Kuosheng-2.

e Siemens was the winner again for this bid.

e It is scheduled to implement the retrofit in
Kuosheng-2 upcoming refueling outage,
October 2011.

e To further enhance the plant safety and
reliability, with a big output gain, through
the retrofit is highly expected.
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Any Question or
Comment ?
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