
2013/8/29

1

Institute of Nuclear Energy ResearchInstitute of Nuclear Energy Research

Performance Tests after High Pressure g
Turbine Retrofit for Maanshan Nuclear 

Power Plant Unit 1

Yea-Kuang Chan, Yu-Ching, Tsai, Chin-Jang 
Chang Chun-Chang Lu Ping-Ling HsiehChang, Chun Chang Lu, Ping Ling Hsieh

July 31 ~ August  02, 2013

Presented at ICONE-21
by

Yu Ching Tsai

Institute of Nuclear Energy ResearchInstitute of Nuclear Energy Research

OutlineOutline

Introduction

System flow diagram

Key parameters for performance test

Test procedures

Requirements of test conditionsRequirements of test conditions

Test results evaluation 

Conclusions

2

user
打字機
附錄5-蔡員簡報



2013/8/29

2

Institute of Nuclear Energy ResearchInstitute of Nuclear Energy Research

The Nuclear Power 
Pl t i T i

Introduction Introduction (1/6)(1/6)

Plant in Taiwan:
CHINSHAN

BWR  : 636 MWe x 2

KOUSHENG
BWR : 985 MWe x 2

MAANSHAN
PWR : 951 MWe x 2PWR : 951  MWe x 2

LUNGMEN
Under construction
ABWR : 1350 MWe x 2
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Ref: Google map & Taiwan Power Company website

Fig. 1  Locations of Taiwan’s Nuclear Power plants.
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Introduction Introduction (2/6)(2/6)

The Nuclear power shared 18 4% electricity demand in
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The Nuclear power shared 18.4% electricity demand in 
Taiwan.
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Co-generation
3.4%
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Ref: Taiwan Power Company website

Fig. 2  2012 electricity consumption in Taiwan.
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Introduction Introduction (3/6)(3/6)

Thought the nuclear power has already been a low carbon
technology, the nuclear power plants (NPP) can also make their
contributions on CO2 reduction of the power sector by
improving their operating efficiency.

In order to increase the operating efficiency or power output
for old NPP in Taiwan, several actions including power
uprates, turbine retrofits and cycle isolation improvements are
taken in recent decades,.

In this paper, the High pressure turbine retrofits case in
Maanshan NPP in Taiwan was presented.
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The Maanshan NPP is a two-unit PWR 
plant owned by TPC. Each unit has 

i i l li d th l

Introduction Introduction (4/6)(4/6)

original licensed thermal power 
(OLTP) of 2775 MWt, and began 
commercial operation in July 1984 and 
May 1985, respectively. After 
implementing MUR PU in 2009, the 
reactor thermal power has been uprated 
to 2822 MWt (101.69% OLTP). 

101.69% OLTP (2822 MWt)
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Ref: http://wapp4.taipower.com.tw/nsis/option0‐3.asp

100% OLTP (2775 
MWt)

MUR PU

1984

2009

Fig. 3  Maanshan Nuclear Power Plant.
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Th i i l d bl fl hi h t bi ( id d b

Introduction Introduction (5/6)(5/6)

The original double flow high pressure turbines (provided by 
GE) of both units of Maanshan NPP have been operated more 
than 27 years. The low pressure turbines were replaced by 
ABB in 1992 and 1991 for Units 1 and 2, respectively.
In order to improve the efficiency and reliability of  
operation, Maanshan NPP decided to replace the high pressure 
turbines provided by ALSTOM for both units.
For performance improvement evaluation, two tests: the pre-
retrofit test (baseline performance test) and post-retrofit test
(verification test) were conducted in accordance with the 
ASME PTC 6-2004 “Steam Turbines” Performance Test 
Code, and two test runs were conducted for each test.
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Schedule of the performance test

Introduction Introduction (6/6)(6/6)

p

May, 2012May, 2012
High pressure High pressure 
turbine retrofitturbine retrofit
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March 17 ~ 18, 2011March 17 ~ 18, 2011
PrePre--retrofit testretrofit test

2 test runs 2 test runs 

August 13 August 13 ~ ~ 14, 14, 20122012
PostPost--retrofit testretrofit test

2 test runs2 test runs

18 months apart18 months apart
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System flow diagramSystem flow diagram
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Fig. 4  System flow diagram of Maanshan NPP.

Ref: Y. K. Chan, C. J. Chang, C. C. Lu, Y. C. Tsai, “Baseline Performance Test for Unit 1 of Maanshan Nuclear Power Plant
”, NUTHOS-9, Kaohsiung, Taiwan, September 9-13, 2012.
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The calibrated special test instruments were temporarily installed by

Key parameters for performance testKey parameters for performance test

The calibrated special test instruments were temporarily installed by 
the vendor of the high pressure turbine to measure important 
parameters that directly affect the corrected output. Calibrated, 
permanently installed station instruments provided other data.
Key measurements are as follows:

Steam generator outlet pressure
Steam pressure at high pressure turbine stop valve inlet
Condenser backpressureCondenser backpressure
Atmospheric pressure
Feedwater flow and temperature to steam generators
Steam flow to feedwater pump turbines
Generator output
Temperatures

10
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Before testing:
Cycle isolation is equally important for both the full-scale and alternative

Test Test procedures procedures (1/2)(1/2)

Cycle isolation is equally important for both the full-scale and alternative 
procedures and the accuracy of the test results depends on the isolation 
of the system. Extraneous flows should be isolated, if possible, to 
eliminate errors.

The plant was operating as close as possible to the design cycle and 
isolated the valves listed in the test procedure. 

A preliminary test should be conducted first to make sure the isolation 
and test conditions fulfilled the requirementand test conditions fulfilled the requirement.

Between two tests:
Between each test, there must be a break in isolation (to maintain 
hotwell levels) and a change in high pressure governor valve positions to 
reduce the load by 15% (approximately 150MWe) as required by ASME 
PTC 6. 
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Test Test proceduresprocedures(2/2)(2/2)

Run number Test 1 Test 2
Close normally open valves 14:05-15:05 11:30-12:30
Cycle isolation completed (start of 1-hour plant
stabilization period)

15:05-16:05 12:30-13:30

Test at rated conditions (required stable
conditions have been achieved )

16:05 13:30

Period of test time 16:05 18:05 13:30 15:30

Table 1  Test schedule for post-retrofit test.
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Period of test time 16:05-18:05 13:30-15:30
Date Aug. 13, 2012 Aug. 14, 2012
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Requirements of test Requirements of test conditions conditions (1/3)(1/3)

Target permissible deviation of the average of the test conditions from specified Permissible fluctuations 
during any test run

Table 2  Test conditions required by ASME PTC-6.

during any test run

Specified Minimum Maximum

Core thermal power
Pre-test     (MWt)
Post-test    (MWt)

100%
2822
2822

99.0%
2794
2794

100%
2822
2822

+/-0.25%

Steam generator outlet pressure
Pre-test      (psia)
Post-test     (psia)

980
980

-3%
950.6
950.6

+3%
1009.4
1009.4

5 psi

Steam generator outlet steam
moisture

0.25% 0% 0.75%

13

moisture
Pre-test       (%)
Post-test      (%)

0.25
0.25

0.00
0.00

0.75
0.75

N/A

Condenser backpressure
Baseline test   (inHg)

Test condition
Value 0.04 inHg

Condenser backpressure
Verification test   (inHg)

Test condition
Value

-0.1 inHg
of baseline
test value

+0.1 inHg
of baseline
test value

0.04 inHg

Ref: ALSTOM, Maashan unit 1 HP retrofit performance test uplift final report, HTCZ584662, 2012.
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Since the pre-retrofit test and post-retrofit test are nominally

Requirements of test Requirements of test conditions conditions (2/3)(2/3)

p p y
18 months apart, the variation in low pressure turbine exhaust
pressure (condenser backpressure) is expected to be outside the
limits specified in the test requirements.

The low pressure turbine output would be largely effected, and
the clarification of output contribution between high and low
pressure turbine was necessary. Thus, the correction curve for
condenser backpressure provided by low pressure turbine
vendor (ABB) needed to be checked.

14
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Requirements of test Requirements of test conditionsconditions(3/3(3/3))

dP1 shows the correlation between NSSS Power and change in electrical output

dP2 shows the correlation between condenser backpressure and change in electrical output 15

Fig. 5  Correction of the output dataset to rated
thermal power (dp1) and condenser
backpressure (dp2) for historical data.

Fig. 6  Comparison of the output dataset with
the ABB backpressure correction curve.
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The NSSS (nuclear steam supply system) thermal power was 

Test results evaluation Test results evaluation (1/)(1/)

( pp y y ) p
calculated as follows:

The corrected post-retrofit performance is determined using 
the following equations:

1000)h(hWP fwsfwt 
Pt :   NSSS thermal power (MWt)
Wfw : Steam generator outlet flow rate(kg/s)   
hs :   Steam generator outlet enthalpy (kJ/kg) 
hfw : Final feedwater enthalpy (kJ/kg).
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Test results evaluation Test results evaluation (2/)(2/)

Table 3  Correlation parameter.

17
Heater 1 TTD : Difference between Heater 1 shell side saturated temperature and tube  

side outlet flow temperature.
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The performance test results were corrected for reactor thermal 

Test results evaluation Test results evaluation (3/)(3/)

p
power, steam generator outlet pressure, and condenser 
backpressure, etc..

Correction factors are as stated by ASME PTC 6 code. Heat 
rate and electrical output must be corrected to the specific 
operating conditions by using the correction curves normally 
provided in the unit’s thermal kit.

18
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steam generator 
outlet pressure

condenser 
pressure

The operating 
conditions 
between two tests 
were quite stable 
except condenser 
pressure which 
was unable to bep

feedwater mass 
flow rate

final feedwater
temperature

was unable to be 
controlled. And the 
correction curve 
mentioned 
previously was 
used for it 
correction.
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Fig. 6  Trending data
of post-retrofit
test for Test 1
(left side) and
Test 2 (right
side).

NSSS thermal 
power

electrical output
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The average corrected output for pre-retrofit test was 965.6 

Test results evaluation Test results evaluation (6/)(6/)
PrePre--retrofit test resultsretrofit test results

g p p
MWe, and the heat rate was 10558 kJ/kWh.  

Parameter description Test 1 value Test 2 value

NSSS thermal power (MWt) 2833.41 2830.50

Steam generator outlet pressure (psia) 988.8 988.0

LP turbine exhaust pressure (inHgA) 2.33 2.34

Table 4  Test results of pre-retrofit test.

20

LP turbine exhaust pressure (inHgA) 2.33 2.34

Power factor 0.9984 0.9995

Measured generator output (MWe) 962.72 962.01

Overall output correction factor 0.9972 0.9961

Corrected electrical output (MWe) 965.38 965.82

Corrected heat rate (kJ/kWh) 10566 10550
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Test results evaluation Test results evaluation (8/)(8/)
PostPost--retrofit test resultsretrofit test results

990
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Corrected values (a)990

995

Measured values
C t d l (a)

Test 2Test 1

10400

10450

10500

970
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Measured values
Corrected values

10400

10450

10500

970
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(b)

( )

Measured values
Corrected values
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13:30 13:54 14:18 14:42 15:06 15:30
Time

10300

10350

Fig. 8    Comparison of the measured and corrected 
data during the period of Test 2: (a) 
electrical output, (b) heat rate.

16:05 16:29 16:53 17:17 17:41 18:05
Time

10300

10350

Fig. 7  Comparison of the measured and corrected
data during the period of Test 1: (a) electrical 
output, (b) heat rate.
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Test results evaluation Test results evaluation (7/)(7/)
PostPost--retrofit retrofit test resultstest results

Parameter description
Specified
value

Test 1
value

Output correction factor

NSSS thermal power (MWt) 2834.0 2828.9 -0.1903
Steam generator outlet pressure (psia) 980.0 976.6 -0.0021
LP turbine exhaust pressure (inHgA) 2.00 2.39 -0.3228
Heater 1 TTD (℉) 8.92 8.91 0.0004

Table 5  Corrected electrical output and heat rate for Test 1 of post‐retrofit test.

22

Heater 1 TTD (℉) 8.92 8.91 0.0004
Steam flow to SGPFT (lb/hr) 133275 134529 -0.0104
Condensate subcooling (℉) 2.47 1.97 0.0056
Power factor 0.9990 1.0 -0.0107
Overall output correction factor 0.9948
Corrected electrical output (MWe) 982.54
Corrected heat rate (kJ/kWh) 10365
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Test results evaluation Test results evaluation (8/)(8/)
PostPost--retrofit retrofit test resultstest results

Parameter description
Specified
value

Test 2
value

Output correction factor

NSSS thermal power (MWt) 2834.0 2829.5 -0.1682
Steam generator outlet pressure (psia) 980.0 976.8 -0.0020
LP turbine exhaust pressure (inHgA) 2.00 2.66 -0.7106
Heater 1 TTD (℉) 8 92 8 90 0 0004

Table 6  Corrected electrical output and heat rate for Test 2 of post‐retrofit 
test.

Heater 1 TTD (℉) 8.92 8.90 0.0004
Steam flow to SGPFT (lb/hr) 133275 136602 -0.0277
Condensate subcooling (℉) 2.47 1.75 0.0080
Power factor 0.9990 0.9999 -0.0107
Overall output correction factor 0.9910
Corrected electrical output (MWe) 983.87
Corrected heat rate (kJ/kWh) 10353
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The average value of measured electrical outputs was 976.2 

Test results evaluation Test results evaluation (8/)(8/)
PostPost--retrofit test resultsretrofit test results

g p
MWe. After correcting the electrical power to the specified 
conditions, the average gross electric output was 983.2 
MWe, which was 7.0 MWe higher than the measured electrical 
power. 

The corrected heat rate for the two performance tests were 
10365 and 10353 kJ/kW, respectively. The deviation between 
two corrected heat rates was 0.11% thereby satisfying the 
ASME PTC 6 test code of 0.25% for the permitted test 
deviation.
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Comparing pre- and post-retrofit results, the electrical output was
i d f 965 6 MW 983 2 MW (↑1 82%) d h h

ConclusionsConclusions

increased from 965.6 MWe to 983.2 MWe (↑1.82%), and the heat
rate was improved from 10558 kJ/kWh to 10359 kJ/kWh.
The improvement in gross electrical output was 17.6 MWe
comparing with the pre-retrofit test, which exceeded the 10.0 MWe
basic performance guarantee by turbine vendor.
The result indicates that the increase of electrical output due to high
pressure retrofit is not only improving plant operating performance
b t l d i th f l t MW t tbut also decreasing the fuel cost per MW output.
Moreover, the major parameters of the turbine cycle measured
during performance tests have established a reference base for
monitoring the plant operating performance.
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~Thanks for your attention~~Thanks for your attention~
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