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The 1st Work Shop 30-

Objectives of The Study

1. To improve the efficiency of coal-fired 
thermal power stations in India  

2. To transfer to our counterpart the 
technology that is necessary to achieve 
the above objective

by applying the manners and technologies  
typically implemented by Electric Utilities  in 
Japan
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Study Team Formation

Joint Venture of:
� Electric Power 

Development Co.,

� Kyusyu Electric 
Power Co.

and
� Chugoku Electric 

Power Co.

Installed 
Capacity 

(MW)
16.4GW

19.7GW

11.8GW
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Study Team Formation

Joint Venture of:
� Electric Power 

Development Co.,

� Kyusyu Electric 
Power Co.

and
� Chugoku Electric 

Power Co.

�Many International 
Consulting Projects, 
16 in India

�Cooperation 
Agreement with NTPC

�Training System and 
Experiences for 
oversees Trainees

Experiences+Strength:
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Team Member
Shimizu J-Power Leader
Miyagi J-Power Sub -leader, Boiler
Koizumi J-Power Turbine, RLA-turbin
Fujimori Chugoku EPCo Electrical
Okame Chugoku EPCo C&I
Hayakawa Kyushu EPCo RLA-boiler
Morooka J-Power Efficiency Assesment
Yotsumoto J-Power CDM
Yamaguchi Kyushu EPCo Economic&Financial
Kuba Kyushu EPCo Coordinator
Tamura Chugoku EPCo Training Program
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Trend of Efficiency Improvement

1. Upgrade of steam condition
� sub critical < 22.1MPa
� super critical ��������	
�
�

��
� ultra super critical ��������	
��

��

2. Size up of Unit Capacity
� ~200MW to 1,000MW+

3. R&D of new technologies
� IGCC
� IGFC

Coal fired thermal power stations in Japan
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Efficiency Improvement
J-Power coal fired power stations
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Upgrade of Steam Condition
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USC Coal-fired Power Stations in Japan 
Electric Power Co. Power Station MW MPa/MST/RST COD
Chubu Hekinan #3 700 24.1/538/593 1993
Tohoku Noshiro #2 600 24.1/566/593 1994
Hokuriku Nanao Ota #1 500 24.1/566/593 1995
Tohoku Haramachi #1 1,000 24.5/566/593 1997
J-Power Matsuura #2 1,000 24.1/593/593 1997
Chugoku Misumi #1 1,000 24.5/600/600 1998
Hokuriku Nanao Ota #2 700 24.1/593/593 1998
Tohoku Haramachi #2 1,000 24.5/600/600 1998
Shikoku Tachibanawan 700 24.1/566/593 2000
J-Power Tachibanawan #1 1,050 25.0/600/600 2000
Hokuriku Turuga #2 700 24.1/593/593 2000
J-Power Tachibanawan #2 1,050 25.0/600/600 2000
Chubu Hekinan #4 1,000 24.1/566/593 2001
J-Power Isogo New #1 600 25.0/600/610 2002
Hokkaido Tomatoh Atsuma #4 700 25.0/600/600 2002
Chubu Hekinan #5 1,000 24.1/566/593 2002
Kyushu Reihoku #2 700 24.1/593/593 2003
Tokyo Hitachinaka #1 1,000 24.5/600/600 2003
Tokyo Hirono #5 600 24.5/600/600 2004
Kansai Maizuru #1 900 24.5/595/595 2004
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Historical Efficiency Improvement
Coal fired power stations in Japan
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R&D of New Technology

PCF IGCC
1500ºC class

IGFC

Gross �: 43%
Net �:      41%

(HHV)

Gross �: 50%
Net �:      48%

Gross �: 51-53%
Net �:      46-48%

Gross �: �60%
Net �:      ���	

Gasifier

GT

ST Gasifier

GT

ST

FC

STBoiler

USC

STBoiler

A-USC
700ºC class

(Source: JCOAL)
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R&D of New Technology (cont’d)

IGCC Demo Plant IGFC Pilot Plant
EAGLE

Output: 250MWe
Test Period: 2007-

2009
Developer:
CCP R&D Co.
(10 EPCos & CRIEPI)

Air-blown gasifier

Coal feed rate: 150t/d
Test Period: 2001-2009
Developer: J-Power
Oxygen-blown gasifier

Nakoso, Clean Coal Power R&D Co., Ltd. Wakamatsu Research Institute, J-Power

(Source: JCOAL)
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Efficiency Management

1. Efficiency of coal fired power stations in 
Japan has been improved by upgrading of 
steam condition and size-up of unit 
capacity. 

2. However, basis of efficiency management 
activities is same regardless of steam 
condition and unit size.

3. Such a basis can be applied to coal fired 
power stations in India, where sub-critical 
and 200-500MW class units are dominant. 
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Typical Efficiency Management Record
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Activities in Takasago during 40years
1.Shut-down Maintenance

Boiler: Biennially, Turbine: once every 4 years
2.Major Replacements of Facility

- Boiler Tubes & SH/RH: 1985, 86, 89, 90, 91, 93, 94, 95, 96,   
97 & 98

- ESP Electrodes: 1987 & 88
- Turbine Rotors: 1984 & 1985
- FGD Absorbers: 1985 & 1986
- Control System: 1985 & 1996

3.Daily Efficiency Management
4.CMMS (Computerized Maintenance Management System): 2002-

5.PdM (Predictive Maintenance by thermograph, vibration, oil analysis):
2002-
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Typical Efficiency Management

1. Proper operation and maintenance to 
keep the efficiency at the level of the 
design efficiency

2. Active performance improvement by 
applying new technologies and/or 
replacing with high efficient equipment
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Proper O&M

1. Monitor efficiency trend periodically
2. Analyze the deviation between current 

efficiency and the design efficiency to get 
the root cause

3. Devise countermeasures both during 
operation and /or periodical inspection 
shut-down

17
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Typical O&M Activities

1.Operation
• proper combustion management to reduce 
unburned carbon loss

• proper soot blowing to prevent increase of 
flue gas temperature

• proper management of feed water quality to 
prevent boiler tube corrosion and heat loss 
through boiler drum water blow

• monitoring of air ingress into condenser
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Typical O&M Activities (cont’d)

2. Maintenance
• gap adjustment and replacement of turbine 
labyrinth seal

• gap adjustment and replacement of AH seal
• water washing and replacement of AH 
element 

• scale removal from turbine nozzle
• boiler chemical washing
• replacement of plugged condenser tubes
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Active Performance Improvement

1.Gross heat rate improvement
•application of AH SDS (Sensor Drive System) 
to reduce air leakage

•application of high performance AH element 
for better heat exchange and corrosion proof 

•optimization of soot blowing
• low flue gas O2 operation
•application of high performance turbine blade 
and anti-erosive turbine nozzle

20
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Active Performance Improvement

2.Net heat rate improvement
(reduce in-house power consumption)
•application of variable speed/pitch fans
•partial in-service of aux. equipment

21
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Workshop Agenda

1. Introduction
2. Efficiency management in Japan
3. Boiler performance improvement, RLA
4. Turbine/Aux. performance improvement, 

RLA
5. Electrical
6. C&I

Thank You !

The 1st Work Shop 30-31 Jan,  2009

We are happy to work with you to improve 
efficiency of coal fired power plants in 
NTPC/India as well as to proceed with 
technology transfer to our counterpart.

This document shall not be reproduced, transmitted, disclosed or used in whole or in part without 
the written authorization of Electric Power Development Co., LTD. Japan.
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Efficiency management in Japan

Tatsuya MOROOKA

J-POWER
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1) Efficiency management concept in Japan 

2) Thermal Power Plants operation in Japan

3) Management of thermal efficiency in Japan
(to keep design performance)

4) Maintenance scheme and program in Japan

Table of Contents

2
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�Existing thermal power plants
Maintenance of design thermal efficiency
(proper Operation &Maintenance)

�New thermal power plants
Introduction of Best Available Technology
(GT combined cycle,USC)

1) Efficiency management concept in Japan

3
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2) Thermal Power Plants operation in Japan

�Thermal Power Plants
�Introduction of the latest performance technology 

(for construction time)

�Independent Transmission System in island of Japan
�Operation from base load to peak load

(based on supply and demand)

4
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To improve
the thermal efficiency of thermal power plants ���

�Ideal�
�Construct large capacity &

high efficiency thermal power plants
�Maintain design thermal efficiency
�Operate at maximum load ! but ���

2) Thermal Power Plants operation in Japan

5
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2) Thermal Power Plants operation in Japan

�Reality�
�Life cycle of thermal power plant is about 40�50 years.
�We can�t construct large capacity thermal power plants

because of stagnant electric demand in Japan.
�To accomplish electric power supply stability (social 

mission), we must operate from minimum to maximum 
loads.
�Utilization factor is decreasing due to increase of non 
fossil fuel�s electric power. (nuclear , solar   etc.)
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2) Thermal Power Plants operation in Japan

Number of units and total MW by COD decade
- coal fired power plants in Japan as of Y2005-

~1960�s    8 units 1,448MW
1970�s      3 units 550MW
1980�s      21 units 7,699MW
1990�s      23 units 14,067MW
2000�s      25 units 13,341MW
�There are some old units alive.
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2) Thermal Power Plants operation in Japan

�Approach for performance improvement

�Replace

�Renovation

�Routine O&M

8

The 1st Work Shop 30-31 Jan, 2009

2) Thermal Power Plants operation in Japan

�Replace

introduction of
Best Available Technology(BAT)

�LNG combined cycle
�USC                                etc.

9
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2) Thermal Power Plants operation in Japan

�Renovation

remodeling according to aging deterioration

	Renovation by BAT

�steam turbine blade (3D shaped)     etc.

10
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2) Thermal Power Plants operation in Japan

�Routine O&M

overhaul & daily mending

	just good timing
to maintain design thermal efficiency

11

The 1st Work Shop 30-31 Jan, 2009

2) Thermal Power Plants operation in Japan
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2) Thermal Power Plants operation in Japan

�Efficiency management in Japan

Replace
Renovation


Routine O&M

�Large investment to construct new power plants
	We value Routine O&M to maintain design 

thermal efficiency.

13
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2) Thermal Power Plants operation in Japan

Japan : maintain design thermal efficiency
India :  ???  (coal fired power plants)

�POINT on this study
We pay attention to the difference between

the design and the actual thermal efficiency .

	If there is a difference even a little, we might be able to 
improve the present efficiency without large investment. 
To keep the design thermal efficiency is an simple & quiet 
activity. But it�s a very important activity.
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3) Management of thermal efficiency

�Management of thermal efficiency
�use of design coal
�management of daily actual efficiency
�management of monthly actual efficiency 
�performance test �before & after periodical inspection�
�coal scale management (conveyer , coal feeder)
�maintenance management 	4) Maintenance scheme and program in Japan

We want to evaluate the difference of above-mentioned
items between Japan and India.

15
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�Use of design coal

It�s a very important factor to use design coal to 
maintain design thermal efficiency.

	If we don�t use design coal, it causes the thermal 
efficiency decrease.
We need to select or blend the coal to keep design 
thermal efficiency.

3) Management of thermal efficiency

16

The 1st Work Shop 30-31 Jan, 2009

selection or blending

3) Management of thermal efficiency

[design coal] [other than design coal]

�1. Modification of equipment  to maintain
emission regulation is indispensable.

2. As for the other influence, we study cost 
effectiveness of modification. 17
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3) Management of thermal efficiency

�management of daily actual efficiency
�decision of items and values to be managed for
thermal efficiency and in-house power requirement 
�proper operation within allowable range decided 
above
�example of items to be managed for thermal efficiency

boiler
EcoO2, unburned carbon in ash
air heater
in and out gas temperature, differential pressure
steam turbine
main steam flow, 1st stage outlet pressure
condenser
vacuum
feed water heaters
inlet feed water pressure of high pressure heaters
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3) Management of thermal efficiency

�management of monthly actual efficiency 
[In Japan]
�Each power station has responsibility to manage the 

actual efficiency.  (not head office)
�The power plant can promptly discover the change in 

efficiency.
� The monitor and the analysis can be done at the same 

time in the power plant. 
�The power plant can study improvement of efficiency

most appropriately.
19
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3) Management of thermal efficiency

�management of monthly actual efficiency 

[specific way of management]

�We record many data at rated output once every 
month.
�The purpose of record is to evaluate the difference 

between design values and actual values.
�example of evaluation items

boiler efficiency
steam turbine efficiency
gross thermal efficiency

20
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3) Management of thermal efficiency

�performance test

boiler
heat loss method

turbine
 heat input and output method

thermal efficiency
 heat input and output method

21
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3) Management of thermal efficiency

�coal scale management (conveyer , coal feeder)
�scale of conveyors for loading to and discharging from coal 

stock yard
zero point adjustment: every day
calibration                   : once every month
�coal feeder scale

calibration                   : periodical inspection
�coal property analysis

coal loading conveyer :each ship
discharging conveyer  :moisture content (every day)

calorific value (10 days average)
ash composition (10 days average)

22
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4) Maintenance scheme and program in Japan

�Regulation system in Japan (Electric Utilities Industry Law)

Direct participation of the government
	Review of safety control about autonomous

periodic safety inspection�Art.55�
Utility�s voluntary preservation of security
	 Autonomous periodic safety inspection�Art.55�

� Overhaul interval
boiler : Biennially

(steamdrum, header, tube, BFP, FDF,IDF etc.)
turbine : once every 4 years

(steamturbine,condenser,MSV,GOV,RSV etc.)
23
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4) Maintenance scheme and program in Japan

�Based on the Electric Utilities Industry Law���

a . Equipment for which overhaul is required

b . Equipment for which overhaul is not required
(we can decide the interval of overhaul)

	We schedule overhaul based on ���
�the Law (a)
�previous overhaul results (b)
�equipment conditions (b)
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4) Maintenance scheme and program in Japan

Class BATA BATS M
300MW 45 days 43 days 15 days
500MW 63 days 55 days 15 days

Typical Maintenance Outage Days

Note:       BA(Boiler Major) TA(Turbine Major) TS (Turbine Minor)               
M (Intermediate Inspection)

Plant Overhaul Maintenance Cycle
Y ear � � � � � � � �

B o ile r P lan t �� �� �� ��

T urb ine  P lan t
�

��
�

��
�

��
�

��

Plant Maintenance Cycle
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4) Maintenance scheme and program in Japan

TBM

PdM

BM

TBM

New LogicOld Logic

�Introduction of PdM technologies

BM

26
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TBM to PdM

Cause of Failure

Bearing Damage

PdM Vibration Analysis

PdM Oil Analysis

Periodic Inspection

Internal Wear
Loose Component

Oil Degradation

Corrosion

4) Maintenance scheme and program in Japan

27

The 1st Work Shop 30-31 Jan, 2009

Summary

1) Efficiency management concept in Japan
�Existing thermal power plants

	maintain design thermal efficiency
�New thermal power plants

	Best Available Technology
2) Thermal Power Plant operation in Japan
�Replace , Renovation � 
Routine O&M
�POINT on this study

The thermal efficiency difference
between the design and the actual.

28
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Summary

3) Management of thermal efficiency
�We want to evaluate the difference between 

Japan and India.
use of design coal
management of daily actual efficiency ��� etc.

4) Maintenance scheme and program in Japan 
�Regulation system in Japan
�Plant maintenance cycle
�PdM technology (TBM	P�M)

TECHNICAL REPORT ON PHASE 3 S/B

Thank You !

The 1st Work Shop 30-31 Jan, 2009

This document shall not be reproduced, transmitted, disclosed or used in whole or in part without 
the written authorization of Electric Power Development Co., LTD. Japan.
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Boiler Portion 

Contents

1. Boiler Performance improvement introduction of cases in Japan

2. Real time Measurement of Coal in Coal fuel pipes

3. Online Measurement of the Unburned carbon in the Fly Ash

4. Air Heater

5. Boiler Combustion Turning

6. Boiler Annual Inspection Period improvement by Scaffolding

1

The 1st Work Shop 30-31 Jan, 2009The 1st Work Shop 30-31 Jan, 2009

Boiler Performance improvement Introduction of cases in Japan
Eco Outlet gas O2 unbalance improvement

1. Improvement Target:
To reduce unburned carbon by the modification of OFA damper control. 

(Plant Rated Output: 406 MW ,  Fuel : Coal & Oil)

2. Phenomenon & Countermeasure
Boiler combustion air is controlled by FDF vane under the Boiler automatic control 
system which calculated total input fuel signal and Economizer (ECO) outlet O2 
measurement value. However A and B side gas duct ECO O2 dose not controlled. 
(ECO outlet gas O2 A side: 4.2%, B side: 3.7%) They expected inhomogeneous 
combustion in the furnace. 

(Source: Energy conservation best practice national competition in 1994 fiscal year  in Japan, which was organized by Ministry of Economy, Trade and Industry )

Boiler

De-Nox

AH

ESP

2
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Boiler Performance improvement Introduction of cases in Japan
Eco Outlet gas O2 unbalance improvement

3. Improvement process

4. Result
Original=> ECO O2 A side: 4.2%, B side: 3.7%  

Modification=> A side: 3.8%, B side: 3.8% 

Study for OFA, L-AIR 
damper control system 

Temporary Modification of 
OFA, L-AIR damper control 
system 

Balance Test of ECO O2

Decision of Measurement 
from the test result

They focused on the OFA 

and L-AIR damper control.

(Source: Energy conservation best practice national competition in 1994 fiscal year  in Japan, which was organized by Ministry of Economy, Trade and Industry )

furnace

fu
rn

ac
e

Mill

3

The 1st Work Shop 30-31 Jan, 2009The 1st Work Shop 30-31 Jan, 2009

Boiler Performance improvement Introduction of cases in Japan
Boiler Gas Recirculation Fan (GRF) power consumption improvement
by the speed control devices 

1. Improvement Target:
To reduce GRF power consumption without affecting fuel combustion in the Boiler. 

(Plant Rated Output: 600 MW ,  Fuel : Oil)

2. Current Situation & Analysis (Plant Rated Output: 600 MW ,  Fuel : Oil)

a) 70% of Station power is consumed by  GRF, FDF and CWP

b) Comparison study (actual and theoretical value) of the above three (3) major 
equipment power consumption

GRF (damper control): Theoretical value (Power assumed by the calculation) < Actual �

detail study is required

FDF (variable pitch control): Theoretical value> Actual �

no room for reduce power consumption

CWP (variable pitch control): Theoretical value = Actual  �

no room for reduce power consumption

(Source: Energy conservation best practice national competition in 1994 fiscal year  in Japan, which was organized by Ministry of Economy, Trade and Industry )

4

The 1st Work Shop 30-31 Jan, 2009The 1st Work Shop 30-31 Jan, 2009

Boiler Performance improvement Introduction of cases in Japan
Boiler Gas Recirculation Fan (GRF) power consumption improvement by 
the speed control devices

3. Improvement process
a) Study for large scale fan control system, cost  and construction period.

b) Evaluation of those systems

c) Preparation of execution schedule (construction schedule)

4. Result
a) Unit 1 GRF applied VVVF system. Reduced Power consumption: 1190 kW (3560-2370)

LongLLLLow (L)1

-MMMMedium (M)2

(axbxcxdxe)ShortHHHHigh (H)Evaluation Points  3

NA5311332Pole change 

A16233323VVVF

A16233323Hydraulic coupling

NA2713313variable wing 

(g)
Result

(f) Total 
points 

(e) Modification 
period

(d)
Operation

(c)
Reliability

(b)
Cost

(a) Energy 
conservation

Item

(Source: Energy conservation best practice national competition in 1994 fiscal year  in Japan, which was organized by Ministry of Economy, Trade and Industry )
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Boiler Performance improvement Introduction of cases in Japan
Improvement of Boiler efficiency by the Mill rotating classifier control 
program change

1. Improvement Target:
To improve Boiler efficiency by the high fineness of pulverized coal. 

(Plant Rated Output: 600 MW ,  Fuel : Coal & Oil)

2. Current Situation & Analysis 
a) Boiler efficiency changed by the type of Coal.

Difference between Australia Coal A and D is 1 %.

b)  Coal characteristic effected to dry gas heat loss, water heat of    evaporation loss and 
unburned fuel loss.

It is necessary to take long period of operation test result in order to make effective 
operation procedure for reduction of dry gas heat loss and water heat of evaporation 
loss. Therefore ,they focused on the unburned fuel loss reduction.

(Source: Energy conservation best practice national competition in 2002 fiscal year  in Japan, which was organized by Ministry of Economy, Trade and Industry )
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Boiler Performance improvement Introduction of cases in Japan
Improvement of Boiler efficiency by the Mill rotating classifier control 
program change

3. Improvement process:
a) Study of Mill rotating classifier control program � Rotating speed change

b) Study of Mill outlet flow rate of coal and  fineness of coal

c) Study of Mill vibration and power consumption

4. Result
a) Boiler efficiency and Mill power consumption increased. 

However total cost reduced.

2,151 kW1,847kW1,971 kW1,707 kWMill Power 
Consumption

After  
modification

After 
modification

Before 
modification

Before 
modification

90.21%

0.15%

90.13%

0.3%

90.11%90.04%Boiler efficiency

0.25%0.4 %Unburned fuel loss

Australia Coal BAustralia Coal A

(Source: Energy conservation best practice national competition in 2002 fiscal year  in Japan, which was organized by Ministry of Economy, Trade and Industry )

M
ill 

ro
ta

tin
g 

cl
as

si
fie
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ot

at
in

g 
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d 

(rp
m

)
Coal feed rate (t/h)

Original 
rotating speed

Modified  
rotating speed

Determined by mill 
vibration, outlet 

flow, etc.
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Boiler Performance improvement Introduction of cases in Japan
Improvement of Power Consumption by the Low O2 Operation

1. Improvement Target:
To reduce power consumption of draft fans by the low O2 operation under the adequate 
Boiler combustion air. 

(Plant Rated Output: 175 MW ,  Fuel : Oil)

2. Current Situation & Analysis 
a) Boiler outlet gas O2: 3.0% at 175MW ,  3.5% at 145MW.

b) Boiler combustion air is controlled by main steam flow and gas O2 signal.

c) Unburned fuel is able to measure at ESP hopper.

d) Boiler outlet O2 is fluctuating plus minus 0.2% 

e) It is necessary to utilize OAP (OFA) and secondary air resister for air supply

f) Boiler outlet gas analysis is required for review of combustion state.

(Source: Energy conservation best practice national competition in 2001 fiscal year  in Japan, which was organized by Ministry of Economy, Trade and Industry )
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Boiler Performance improvement Introduction of cases in Japan
Improvement of Power and/or Fuel consumption by the Low O2 Operation

3. Confirmation test
a) Conditions

Boiler outlet O2 value change, 4 hours constant output (MW) and 4 hours  and OAP 
(OFA) and secondary air resister adjustment

175 MW: 3.0% O2, 2.5% O2, 2.3% O2, 140MW: 3.5% O2, 3.0% O2, 2.8% O2

4. Result
a) Draft Fan power Consumption & Boiler Efficiency

(Source: Energy conservation best practice national competition in 2001 fiscal year  in Japan, which was organized by Ministry of Economy, Trade and Industry )

87.22

86.61

0.07

0.25

Deference
(%)

87.15

86.36

Boiler Efficiency (%)

1,651.113.0
61.74

1,712.853.5140

1,958.522.5
74.67

2,033.193.0175

Reduction 
(kW)

Power Consumption (kW)O2 set value(%)MW
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Boiler Performance improvement Introduction of cases in Japan
Shortening of the duration for Annual Inspection work by the new method

1. Improvement Target
To reduce 104 days duration of annual inspection on 600MW coal fired thermal power 
plant.  (Plant Rated Output: 600 MW ,  Fuel : Coal & Oil)

2. Current situation & analysis
a) Unit 1 annual inspection duration on fiscal year 1998 required 104 days for all of 
the power plant equipment.

b) Lot of Dead time and waiting time for the works

c) Boiler furnace scaffolding assembling/disassembling and/or ash scrape out required 
time and manpower.

d) Limitation of crane utilization time due to the same schedule of dismantles for 
Generator and Steam Turbine.

e) It was take time repair the machine at the factory

f) Boiler combustion tuning was executed about 26 days

g) the manager could not instruct to staff timely due to the coordination meetings

(Source: Energy conservation best practice national competition in 2001 fiscal year  in Japan, which was organized by Ministry of Economy, Trade and Industry )
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Boiler Performance improvement Introduction of cases in Japan
Shortening of the duration for Annual Inspection work by the new method

3. Result (): shortening days

a) critical works applied two (2) shift working: (5days) 

b) reviewing number of meeting and changing start of the works: (2days)

c) rationalizing boiler combustion tuning: (1day)

d) changing of Generator H2 leak test: (2days)

e) reviewing of control characteristic confirmation test items: (3days shortening)

f) holding of spare parts for the machine which repair at the factory : (5 - 11days)

h) modification of Boiler furnace scaffolding : (6days)

i) developing/operating acoustic wave ash scrap out system from the Boiler: (1day)

j) developing/operating ash removal equipment by water-jet: (1day) 

k) re-scheduling Turbine inspection: (5days)

l) reviewing Boiler inspection items and applying two (2) shift working: (10days)

(Source: Energy conservation best practice national competition in 2001 fiscal year  in Japan, which was organized by Ministry of Economy, Trade and Industry )
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Boiler Performance improvement Introduction of cases in Japan
Shortening of the duration for Annual Inspection work by the new method

3. Result

10 days14 days20 days
(d) Boiler preventive 

maintenance
period

58 days78 days104 days(c) Duration

Boiler: Partial 
Turbine: Simplified

Boiler: Partial 
Turbine: Simplified

Boiler: Full 
Turbine: Partial

(b) Type of Annual 
Inspection

Unit 1Unit 2Unit 1(a) Annual Inspection 
Unit

199919981997

(Source: Energy conservation best practice national competition in 2001 fiscal year  in Japan, which was organized by Ministry of Economy, Trade and Industry )
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Boiler Performance improvement
Air Heater

Automatic Leakage Control

Tri-sector Air Heater 
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Boiler Performance improvement
Real time measurement of Coal in Coal fuel pipes
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Boiler Performance improvement
Real time measurement of Coal in Coal fuel pipes
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Boiler Performance improvement
Real time measurement of Coal in Coal fuel pipes
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Boiler Performance improvement
Real time measurement of Coal in Coal fuel pipes
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Boiler Performance improvement
Online Measurement of the Unburned carbon in the Fly Ash
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Boiler Performance improvement
Online Measurement of the Unburned carbon in the Fly Ash
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Boiler Performance improvement
Online Measurement of the Unburned carbon in the Fly Ash
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Boiler Performance improvement
Online Measurement of the Unburned carbon in the Fly Ash
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Boiler Combustion Turning

Outline of Boiler Combustion Tuning Procedure 
1. Condition

a) Boiler continuous operation at rated output

b) correction of measurement hardware

c) providing same type of coal

d) soot blower is not applied during the test

e) combustion Air box damper setting 

2. Measurement items

(1) combustion characteristic

a) Visual inspection internal of the furnace (brightness, confirmation of combustion status 
at burner portion)

(2) ECO outlet O2

(3) Mill

a) pulverized coal particle size measurement

b) Mill outlet temperature and Amount of Mill pyrite

d) Vibration of Mill and Mill operation records (mill motor current, etc..)
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Boiler Combustion Turning

Outline of Boiler Combustion Tuning Procedure 
2. Measurement items

(4) NOx value

(5) Unburned fuel in ash (Sampling of fly ash at EP hopper and measurement of unburned fuel)

(6) Slugging and fouling characteristic

Confirmation of Bottom ash situation, number of times for soot blower, records of Boiler 
metal temperature

(7) Plant Control characteristic

a) Boiler static character

b) Boiler dynamic character
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Boiler Combustion Turning

Outline of Computer Simulation 
Computer Simulation of boiler combustion is able to simulate  combustion gas flow, trajectory of 

particular, temperature distribution, oxygen concentration, etc..

It is useful for study of combustion optimization (decreasing of unburned carbon and NOx & SOx).

temperature 
distribution

oxygen 
concentration

trajectory of coal 
particular
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Boiler Annual Inspection Period improvement by Scaffolding

Scaffolding in the Boiler Furnace 

Safety Stage System (Hoisting Scaffolding system)

250MW class boiler scaffolding assembling and disassembling period

(26 days) (16 days) (16 days or less ?)

The 1st Work Shop 30-31 Jan, 2009

Electric Power Development Co.,Ltd

Thank You !

The 1st Work Shop 30-31 Jan, 2009

This document shall not be reproduced, transmitted, disclosed or used in whole or in part without 
the written authorization of Electric Power Development Co., LTD. Japan.
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JICA Study Team for Enhancing Efficiency of Operating Thermal Power Plants in NTPC-India
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Boiler Portion 

Area of Inspection

1
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Area of Inspection

� Disassembly and removal of 
Internal Components for VI

- Half Section at Each Inspection

� Internal Sketch for Recording

- Location and Size of Defects 

(Crack, Corrosion, and Erosion)

� P.T on Welding on Studs, Manhole 
and Waterline inside Shell

� Chemical Analysis on 
Sedimentation Materials

� External Welding Inspection on 
100,000 hours 

2

The 1st Work Shop 30-31 Jan, 2009The 1st Work Shop 30-31 Jan, 2009

�������	
��
���

��������
������������������������������
���
���������������������������������� ���!

������"�������
��������������������#��$���� �����
���
���!

�
 ��	�%�
�&��������
��'���������
(((((�
�&������
���
����
��������
(((((�
�&����) ���������	��*�����
(((((�
�&����������������
��	$��
�+

"�� ���

Steam Drum - Welding Inspection
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Area of Inspection - 2
(Upper Level Boiler Structure)

� Position of Air vent pipes, hangers 
and drain lines

- Boiler Movement due to heat 

expansion

� PT on Welding Joint of Sampling 
lines

� P.T on Welding of stub pipes of 
header

� P.T on Weld line of the roof 
penetrating pipes for representative 
pipe

Penthouse Area
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Roof Penetration Area
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Area of Inspection - 3
(Upper Level Boiler Structure)

• Shot Blasting on Transition Welding  
and Attachment Welding (+/- 1m from 
Joints) for Visual Inspection

� P.T on Welding 

� Check on Elephant Skin (Fire Crack) 

Div Wall, Platen, Final SH

Shot Blast + VI + PT
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Area of Inspection - 4
(Upper Level Boiler Structure)

• Erosion due to Sootblowing

• Erosion due to Gas Turbulence

Nose Area

Damage Area

(Shot Blast + P.T)

Gas Flow

SB

SB

SB
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Area of Inspection -5
Middle Level of Boiler Structure

Major Problem

� Ash Erosion by Flue Gas

� Ash/drain cut by Sootblower 

Inspection

� Air Blow Cleaning 

� Visual and Touch Inspection 
(Especially Corner Area)

� Thickness Measurements

Heat Recovery Area
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Thickness Measurement and Tube Protector

Overhaul Cycle

Tube Thickness

(mm)

ASME Design Thickness

Allowance 

Previous                    Now  Next

PROTECTORS

Tubing Thickness and Protector Installation

Repair Welding

9
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Tube Protectors

Wear

Gas

Tag
Welding

Bands
No Looseness !  
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Area of Inspection 6 -Lower Level of Boiler 
Structure

� Damage of castable and bending 
of its studs

� Fire cracks (Elephant Skin)

� Tube sampling and scale 
analysis

� Careful inspection required 
especially after Condenser Sea 
Water Leak 

Burner Area
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Area of Inspection 6 -Lower Level of Boiler 
Structure

� Piping dent due to Clinker and  
repair welding

� Check Damages after removal of 
Scaffolding

� Damage of castable and corrosion 
of Seal Plates

� Scaling of Overflow Piping � Jet
Cleaning

Boiler Bottom Area

Bottom Ash Hopper
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TECHNICAL REPORT ON PHASE 3 S/B

Electric Power Development Co.,Ltd

Thank You !
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JICA Study Team for Enhancing Efficiency of Operating Thermal Power Plant in NTPC-India

Life Assessment of Thermal Power PlantLife Assessment of Thermal Power Plant
Boiler ComponentsBoiler Components

The 1st Work Shop 30-31 Jan, 2009

1
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Operation Condition of Thermal Power Plants

The 1st Work Shop 30-31 Jan, 2009

Start and Stop
times

6%

41%

29%

18%

6%

100 times
100 300 times
300 500 times
500 1000 times
1000times

Cumulative start and stop times

17 units in Kyusyu Electric Power Company

Operation
 hours

6%

35%

35%

24%

50,000 h
50,000 100,000 h
100,000 150,000 h
150,000 h

Cumulative operation hours
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Statistics on Failure Cases and Causes of
Boiler Equipment

Fraction of
failure cases

Furnace
w all tube

42%
Pipe
11%

The
others
10%

SH, RH,
ECO
23%

Non-
pressure
d parts

5%

Draft fan
9% Fraction of

failure causes

Errosion
9%

Thermal
fatigue

Corrosion
fatigue
60%

Corrosion
7%

The
others

4%

Creep
20%

In  pressured equipments
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Failure Classification and Deterioration Factors
of Boiler Equipments

Classification Deterioration factors
Creep Long-term creep

Short-term creep

Fatigue Thermal fatigue
(Low cycle fatigue)
High cycle fatigue
Corrosion fatigue

Corrosion High temperature corrosion
Low temperature corrosion
Pitting
FAC (flow accelerated corrosion)
Stress corrosion cracking

Errosion Ash cut
Steam cut
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Crack Initiation Life and Crack Propagation Life(1)

C
ra

ck
le

ng
th

Crack initiation

Allowable Crack length

Aging
embrittlement

Crack initiation life Crack propagation
life

Time

5

The 1st Work Shop 30-31 Jan, 2009The 1st Work Shop 30-31 Jan, 2009

C
ra

ck
le

ng
th

Crack initiation

Crack initiation life Crack propagation
life

Time

Crack at pressured part is not
allowable in Japan

Crack Initiation Life and Crack Propagation Life(2)
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Non-Destructive Inspection Method
for Main Deterioration

Classification Phenomenon Non-destructive
Inspection method

Creep Swelling at late life Replica, etc.

Fatigue Surface cracking PT,MT

Corrosion

Errosion
Stress corrosion
 cracking Surface cracking PT,MT

Corrosion fatigue Inner surface
cracking  UT

Decrease of
thickness

Thickness
measurement
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Boiler Tube Overhaul Inspection
                          Water wall, SH, RH, Eco tubes
Inspection measure Deterioration factors Inspection inerval

Errosion Periodic inspection
Corrosion (every 2years)

VT Thermal deformation
Cracking
Burnout

PT Dissimilar metal weld failures
Thickness measurement Errosion

Corrosion
Examination of sampling tube Scale and deposition Nesessary interval

 PT for welding  fin Low cycle fatigue

Measures for errosion Errosion
Measures for SUS scaling SUS scaling
PT for attached metal  weld
part of tube Low cycle fatigue After 80,000 hours

operation

Remaining life assessment Creep
Judge from operation and
design condition

In case of elongation of
periodic inspection interval
(max. 2years)
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Steam Drum and Water Drum Overhaul Inspection

           Steam drum, Water drum
Inspection
measure

Inspection portion Deterioration
factors

Inspection inerval

VT Drum inside Deposit Periodic inspection
Corrosion (every 2years)
Errosion

Chemical  analysis Deposit

PT
Inner weld line
Inner corner of stub
Support and hanging lug

Low cycle fatigue

MT External seam and girth weld line
Inner weld line of stub

Low cycle fatigue After 80,000 hours
operation
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Boiler Header Overhaul Inspection
                             Header

Inspection
measure

Inspection portion Deterioration
factors

Inspection inerval

VT
General appearence Errosion Periodic inspection

(every 2years)
Corrosion
Cracking
Leak from weld part

PT
(MT)

Stub weld with no flexible structure
and no rounding of weld end toe

Low cycle fatigue

VT
Chemical analysis
of deposit

Headder inside Low cycle fatigue
Errosion
Deposition

Periodic inspection
(every 4years)

PT
(MT)

Header stub weld
Support metal weld

Low cycle fatigue After 80,000 hours
operation

MT Header girth weld and seam weld Creep

Remaining life
assessment

Most damaged header and pipe
beyond 450

Creep To extend priodical
inspection interval 2
year to 4year after
100,000 hours

High temperature Header and
pipe

Creep Consideration in
inspection plan
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Aging Deterioration Problem

Thickness required is not always enough to
creep rupture

for aging boilers exceeded 100,000h operation.

t =PD/(2S+P)+0.005D

P: Internal pressure
D: Outer diameter
S: Allowable stress

11

The 1st Work Shop 30-31 Jan, 2009The 1st Work Shop 30-31 Jan, 2009

What rules allowable stress S ?

Temperature

S
tre

ss

t =PD/(2S+P)+0.005D
� 25% of Standardized tensile

strength

� 25% of tensile  strength
at each temperature

� 67% of 0.2%proof stress
at each temperature 

� 0.01% creep strain/ 103 h �Ave.)

� 67% of 105 h creep strength�Ave.)
or

80% of 105 h creep strength�Min.)
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Necessity of Remaining Life Assessment

Creep rupture time

S
tre

ss

Average Creep rupture strength
                                     curve

105 h

Alowable stress S

67%  curve

The 1st Work Shop 30-31 Jan, 2009

t =PD/(2S+P)+0.005D

� 67% of 105 h creep strength�Ave.)
or

80% of 105 h creep strength�Min.)

Designed margin

Actual remaining life ?
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Extension of Boiler Inspection Interval
by Remaining Life Assessment

Remaining
life assessment

Evaluated remaining life / 2

Periodical inspection
interval 2 years �

Max.extension
interval 24 
months

Before reaching Before reaching 
evaluated remaining evaluated remaining 
lifelife

	

Remaining
life assessment

Other requirements
Countermeasures for failures of own unit and other units
Adequate operation and maintenance management
Measures for low cycle fatigue dissimilar metal weld failures 
and SUS scale accumulation

etc..
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Remaining Life Assessment for High
Temperature Components of Boiler

Positive point Negative point

Analytical
examination


Applicable to evaluate
  every necessary point

Effective for selection of
  critical point

Possible to evaluate with
  future operation mode

Possible to do on-line
  monitoring


Necessary for appropriate
  material strength data.

Time and cost consuming

with FEM analysis

Calculation on paper without
  current damage condition

Destructive
examination 
Precise evaluation


Necessary for extraction of test
  samples and repairing

Necessary for a few months
  to creep rupture

Unable to monitor at identical
  point

Non-destructive
examination


Cost effective

Possible to monitor at
  identical point


Limitation of inspection from
  surface
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Analytical Examination

FEM analysis

Operation data
(Metal temperature, etc.)

Information of modeling

Calculated value of
target point

Temperature T

Stress �

Stress range��

T.C.Weld part

Weld part

LMP LMP=T(C+logt)

St
re

ss Calculated stress

LMP

Virgin material data

Total life 10(LMPr/To-C)

Number of failure

St
re

ss
 ra

ng
e Calculated

stress range

Virgin material data

Creep life calculation Fatigue life calculation
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Destructive Examination

LMP LMP=T(C+logt)

St
re

ss

Operated stress

LMP

Virgin material

Remaining life 10(LMPr/To-C)

Temperature

R
up

tu
re

 ti
m

e

Operated temp.

Creep rupture test

Parameter method Iso stress method

Weld part

Weld part
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Non-Destructive Examination

Replica method
Weld part

Weld part Carbide Cavity
Replica film

Surface
Observation

Optical microscopy
Electron microscopy

Evaluated value

Creep life fraction

E
va

lu
at

io
n

Fa
ct

or

Evaluated value

Master curve

Hardness

Electrical resistance,etc.
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Non-Destructive Examination Technique of
Remaining Life Assessment for Boiler

������
������ ��
��������

������ ��
��������

��������� ��
��������

Hardness measuring Base metal
HAZ

Creep
Low cycle fatigue �Hv
Hv/Hvo

Electrical resisitance HAZ Creep �/?o

Chemical composition of carbide Base metal
HAZ Creep Mo/Cr

Creep cavity evaluation
HAZ Creep

(A-parameter
 ,area fraction,
 number density,ets.)

Microstructural Comparison Base metal
HAZ Creep

Creep cavity,
Microstructure,
Precipitates

Urtra sonic scattering noise Base metal
HAZ

Creep
Low cycle fatigue Ne/Neo

Interparticle spacing Base metal Creep Interparticle spacing

Crystal grain deformation Base metal Creep Grain aspect ratio

Micro-cracking length measurement Base metal
HAZ Low cycle fatigue Maximum micro-

cracking length

19

The 1st Work Shop 30-31 Jan, 2009The 1st Work Shop 30-31 Jan, 2009

Example of Microstructural Comparison Method

Microstructure Comment Low damaged High damaged 

B
as

e 
m

et
al

P
re

ci
pi

ta
te

s
co

nd
iti

on

Not observed
  free-precipitates
  zone along
  grainboundary
No remarkable

  degradation
1 12%

P
re

ci
pi

ta
te

s
co

nd
iti

on

Fine precipitates
  remain
No remarkable

  degradation

C
re

ep
 c

av
ity Not observed

  creep cavity
No remarkable

  creep damage
0 20%

H
A

Z

Observation Result Standard Microstructure examples

Free-precipitates zone
along grainboundary

No free-precipitates zone
along grainboundary

Fine precipitates remain Fine precipitates
disappear

A few creep cavities Linking cavities leads to
macro crack (50 m)
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On-Site Electrical Discharge Sampling Device
for Small Punch Creep Tests (1)

Electrical Discharge 
Sampling Device

Rack
for Device

Controller
Circulation pump 
for  working-fluid


Thinner and larger sampling
with minimum mechanical and
thermal damage
(about 22mm 30mm 2mm)


Flexible sampling with
various shape of components


3!4 hours / "sampling
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On-Site Electrical Discharge Sampling Device
for Small Punch Creep Tests (2)

Guide
block

Roller
Spinning axis

Flexible
slide

Electrode
holder

Electrode

Scooped sample

Base metal
Weld metal

Surface

Scooped surface
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TURBINE EFFICIENCY 

IMPROVEMENT

Nobuchika KOIZUMI

J-POWER
2

The 1st Work Shop 30-31 Jan, 2009

Factors for Turbine Efficiency

Steam condition
Condenser Vacuum
Temperature of feed water and 
number of feedwater heaters
Driving method for feedwater pump
Other factors
- Supplementary steam for boiler
- Pressure loss in reheater
- Boiler spraying
- Leakage from piping & valve

Heat Cycle Condition Performance of main turbine

Factors affecting the heat cycle

Loss in passage between turbine 
blades
Exhaust loss
Leakage
Mechanical loss

Turbine efficiency improvement measures are described using examples.
Factors relating to  “heat cycle condition” and “performance of main turbine” are shown 
below.

Factors affecting the turbine

3
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Survey Result of Turbine Efficiency Decrease Factors
(before implementing measures)

: Item corresponding to the “heat cycle 
condition”

DeaDea

HP turbine

BFPTBFPT

IP turbine LP turbine

CCondond

CPCP

BFPBFP

BoilerBoiler

8Htr 7Htr 6Htr 4Htr4Htr 3Htr3Htr 2Htr2Htr 1Htr1Htr

Increased amount of steam flow 
for BFPTPerformance decrease of high-

pressure heater

To outside To outside 
of systemof system

Leakage

: Item corresponding to the factors for “main turbine”

Internal efficiency decrease (increased amount of 
steam leakage, deposition of scale)

4
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Internal Efficiency Decrease Factors in Main Turbine

Loss in steam path between 
turbine blades

Leakage

Wear and enlarged gap in 
diaphragm packing

Wear and enlarged gaps in 
radial fins

Scale deposition in 
steam path

Turbine rotor

Diaphragm

Turbine 
blades

Inside of 
turbine

Wear and enlarged gaps 
shaft packing

Turbine rotor

The figure below is to explain schematically efficiency decrease factors identified for
the unit.  A major factor among these was identified as wear over years in materials used to 

seal off steam flow inside the turbine.

Leakage
Leakage

5
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Other factors such as
leakage from valves

(51.6%)

Degraded performance of
high-pressure heater

(1.6%)

Increased amount of steam
flow in  BFP (8.2%)

Scale deposition on steam
path (15.8%)

Enlarged gaps between
radial fins and the like

(22.8%)

Analysis of Turbine Efficiency Decrease Factors

Decrease attributable to the main part of turbine: 38.6% (roughly 40% of total)

Decrease attributable to heat cycle condition: 61.4% (roughly 60% of total)

The graph below shows distribution of efficiency decrease based on comparisons between the result of the 
survey and the efficiency as indicated in the initial data collected at the unit’s start of operation.
To summarize the result, roughly 60% of total decrease could be attributed to the factors corresponding to the 
“heat cycle condition,” and roughly the remaining 40%, to the “main part of the turbine.”

6
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100%

Influencing 
degree

1.5%+0.03%

21.0%0.42%

+0.05%
Adjustment for proper gap(s) through 
parts replacement

1. Enlargement of gaps between radial fins

High-
pressure

57.5%+1.15% +1.15%Investigation and repair of leaking 
valves1. Internal leak in water-steam systemOthers

7.5%0.13%

-0.01%Chemical cleaning of boiler1. Raised feed water pressureIncreased 
amount of 
steam for 
driving BFP 
turbine

+0.14%Improvement of water chemistry2. Decreased feed water volume

2.0%0.04%+0.04%Water jet washing of interior of tubes1. Increeased terminal temperature difference 
(TD)

Changed 
performance of 
high-pressure 
heater

+0.03%Removing scales1. Scale deposition on steam pathLow-
pressure

+0.03%Removing scales4. Scale deposition on steam path

+0.02%3. Enlargement of gap in shaft packing

+0.06%2. Enlargement of gap in diaphragm
10.5%0.21%

+0.10%
Adjustment for proper gap(s) through 
parts replacement

1. Enlargement of gaps between radial fins

Medium-
pressure

+0.04%Removing scales4. Scale deposition on steam path

+0.23%3. Enlargement of gap in shaft packing

+0.10%2. Enlargement of gap in diaphragm

Evaluation of 
measureDescription of measureEfficiency decrease factor

C
ha

ng
ed

 p
er

fo
rm

an
ce

 o
f m

ai
n 

tu
rb

in
e

Result of Measures
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Measures for Turbine Efficiency

This pattern is maintained and carried out with periodic inspections (in two-year cycles) to maintain efficiency.

44

45

46

47

19
89

19
94

19
99

20
04

20
09

Turbine efficiency (%)

Measure implemented to 
improvement turbine efficiency

Design value: 46.36%

Diagnosis and repair of leakage from seat of 
valve being maintained for major valves

Turbine in operation

Diagnosis of leakage 
from the seat of the 
valve

Two to three months before

Repair of leakage 
from the seat of the 
valve

Collecting reference data 
after repair

One month before Just after restart

Pattern of diagnosing and repairing leakage from the seat of the valve

Turbine in operation

Period from 11th to 20th yearPeriod from 11th to 20th yearPeriod from the first to tenth yearPeriod from the first to tenth year

Identification of valves to be 
repaired and repair plan for 
them

8
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Effect of renovation of turbine main component (Example)
New component

Major new component

1) HP·IP rotor

2) HP·IP inner casing

3) LP rotor

3.5 %Total

0.5 %Recovery

1.2 %New design bladeLP

0.7 %Recovery

0.2 %New seal

0.7 %New design blade

0.2 %Control stageHP·IP

Efficiency
improvement

(relative value)

ItemTurbine

The 1st Work Shop 30-31 Jan, 2009
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Turbine Maintenance

JICA Study Team for Enhancing Efficiency of Operating Thermal Power Plants in NTPC-India

Nobuchika KOIZUMI

J-POWER
1
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Inspection Item at Periodical Maintenance
1. Main turbine 
(1) Turbine rotor
• Cleaning by honing 
• Detailed inspection and repair of the disk, the rotating blades and 

the rotor
• Measurement of run-out and centering of the shaft 
• Inspection and repair of the coupling bolt 
(2)   Ejection Holes and Partitions 
• Cleaning by honing
• Detail inspection and repair of the stationary blades and labyrinths 
(3) Casing 
• Measurement of the clearance of the inside and the outside of 

casing
• Detail inspection
• Measurement of the level of the horizontal flange
• Measurement of the alignment of the casing
• Maintenance of the bolts, hardness test
(4) Bearing
• Adjustment of the contact of the white metals
• Measurement of the bearing gaps

2
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Inspection Item at Periodical Maintenance

2.  Equipment attached to the turbine body 
(1) Main Valves (MSV, CV, RSV, ICV) 
• Maintenance and inspection of the inside and the outside of the 

valves, the valve rods, the valve seats, and the valve bodies 
• Measurement of bend and the gaps of the valve rods 
• Inspection of the bolts
(2) Speed Governor and Emergency Stopping Device
• Inspection of the speed governor mechanism and the piping for the 

control oil
(3) Turning Device 
• Detailed and precision inspection of the gears and the bearings
• Inspection of the clutch mechanism

3
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Inspection Item at Periodical Maintenance

3.  Turbine lubricating oil device  
(1) MOP,  AOP, JOP and EOP 
• Overhaul, repair and detailed and precision inspection 
(2) Main Oil Tank and Oil Cooler 
• Cleaning and oiliness test of the inside of the tank 
• Cleaning of the oil cooler piping and the water chamber 
(3) Oil filter, oil purifier
• Cleaning of the inside and replacement of the filter
• Overhaul and repair 

4
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Inspection Item of Condenser (1)

VITo check marine creatures and 
dirty matter adhered
To check the connecting part

The tube plate 3

VIErosion, damage The outer surface of the 
cooling tube 

2

VI
PHT

Swell, separation, damage, or a 
pin hole on the rubber lining  
Marine creatures and dirty matter 
adhered

The inside of the water 
chamber 

4

VI
ET

Clogging, corrosion, erosionThe inside of the 
cooling tubes 

1

METHODPURPOSEITEMNO

VI: Visual Inspection ET: Eddy Current Test PT: Liquid Penetrant Test 
WT: Leak Test by Filling Water    ST: Hardness Test PHT: Pin Hole Test 
DI: Dimensional Inspection MT: Fluorescent Magnetic Test DM : Thickness measurement

5
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Inspection Item of Condenser (2)

VI,
PT

CrackNozzle for steam pipe7

VI
ST

DeteriorationRubber expansion joint6

VI
PT

Erosion, damage ,scale, dust The parts inside of the 
main body shell 

5

METHODPURPOSEITEMNO

VI: Visual Inspection ET: Eddy Current Test PT: Liquid Penetrant Test WT: 
Leak Test by Filling Water    ST: Hardness Test PHT: Pin Hole Test 
DI: Dimensional Inspection MT: Fluorescent Magnetic Test DM : Thickness measurement
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Inspection Item of HP Feed Water Heater

VI, DMErosionShell5

VI, PT, MTCrackWater chamber3
VI, DIDeformationWater chamber partition4

ETCrackTube (cu attribute)2

VI, DMErosionNozzle6

VI, DIInlet attackTube (steel)1

METHODPURPOSEITEMNO

VI: Visual Inspection ET: Eddy Current Test PT: Liquid Penetrant Test WT: 
Leak Test by Filling Water    ST: Hardness Test PHT: Pin Hole Test 
DI: Dimensional Inspection MT: Fluorescent Magnetic Test DM : Thickness measurement

7
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Inspection Item of LP Feed Water Heater

VI, DMErosionShell4
VI, DIDeformationWater chamber partition3
ETCrack, ammonia attackTube (cu attribute)2

UT, ETErosionTube (steel)1

METHODPURPOSEITEMNO

VI: Visual Inspection ET: Eddy Current Test PT: Liquid Penetrant Test WT: 
Leak Test by Filling Water    ST: Hardness Test PHT: Pin Hole Test 
DI: Dimensional Inspection MT: Fluorescent Magnetic Test DM : Thickness measurement

8
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Turbine Shut Down and Preparation Works

1. Turbine Forced Cooling

2. Heater Leak Check

3. Operation and Maintenance 
Coordination

9
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Turbine Forced Cool Down 

Pres

(Barg)

Temp

(C)

Load

(%)

60 120 180 2400

Time (min)

538

340

166

80
100

0 0 0

500

50

25

Normal Shut Don

1 hr. 500C
Forced Cool Down

4 hrs. 340C
MSP

MST

Load
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Heater Leak Check 
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•Empty Shell Side after Shut down 

•Test Pressure  :  60 � 90 Barg

•Check Leak at Drain Line

Leak Check !

Open
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HP Turbine Inspection Points

1. Outer Casing 

Body, Casing Bolt, Flange
3. Flange (MSP and X/O Pipe)

6. Balance Weight Hole

2. Inner Casing

Nozzle Box, Seal Ring, Diaphragm, 

Flange, Bolt

3. Rotor

Body, Blades(Shroud) Thrust Collar, 

Journal,Vibration Monitor, Oil Pump 

4. Bearing

5. Welding Joint
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HP Turbine Major Inspection - (1)

HP Turbine 1st Blade Erosion - Boiler Scale

Example (Wear due to Scale)

13
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HP Turbine Major Inspection - (2)

Example (Wear due to Scale) Unit 2 (Foreign Material) 
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HP Turbine Major Inspection - (2)

Typical Erosion MSV Strainer
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HP Turbine Major Inspection (3) 

Example - Outer Casing
(Stress Concentration)

Unit 2 HP Inner Casing

Corner Area

16
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HP Turbine Major Inspection - (4)

Creep - Shrouds and Roots 

Damage Example - Shrouds Typical Creep Damage Area
17
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LP Turbine Inspection Points

1. Casing 

Body, Cross Over Flange

Diaphragm, Structural 

Welding, Spray Nozzle 

3. Coupling 

Coupling Bolt & Nuts 

Spacer, Coupling

4.Ground Packing 

2, Rotor

Body, Journal, Blade (Shroud), Stellite

5. Balance Weight Hole 



18

The 1st Work Shop 30-31 Jan, 2009

LP Turbine Major Inspection (1)

Unit 4 LP Last Blade - Stellite

Light Erosion !
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LP Turbine Major Inspection (2)

Casing Structure Welding

PT !

Stiffener

Cone

Rib

Stay

20
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Turbine Major Inspection - Other Area (1)

Diaphragm Seal Ring Erosion
(Efficiency Loss)

Steam Flow

Erosion

21
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Turbine Major Inspection - Other Area (2)

Balance Weight Flange

Check !
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Turbine Major Inspection - Other Area (3) 

Cleaning

Thread Inspection

PT
23
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Turbine Major Inspection - Other Area (4)

White Metal Bonding Condition

Radial Bearing Thrust Bearing
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Turbine Piping Inspection

FW Pipe
PT/ MT on Drain Pipe Bend 
and Instrumentation Pipe 
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Deaerator Steam Pipe
Thickness Check
PT on Drain Pipe Welding

HP Heater
Thickness Check on Drain 
Pipe and PT on CV Body

BFBP Inlet/Outlet
Stub Welding of DA Outlet
Pump Inlet Joint Welding
Drain, Vent, Instrumentation   
BFBP Minimum Flow Line
Thickness Measurement

Extraction 
Pipe
PT/MT Drain
and Vent

CEP Recalculation Line
PT or MT on 1m after CV
and CV Body

CW Pipe
Pipe Thickness 
T/L-Bow, Pump Outlet
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Turbine Auxiliary Inspection Point
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HP Heater
Jet Cleaning
Eddy Current Test
Air Leak Test

Condenser
Jet Cleaning
Eddy Current Test

Hotwell
Check Sedimentation
and Record Keeping 

CW Pipe
Live Materials
Damage
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Turbine Commissioning

1. Heater Leak Test

2. Condenser Tube Leak Test

3. Condenser Vacuum Test

4. Turbine Steam Admission & AOP/EOP Test

5. Turbine Overspeed Test

6. Unit Interlock Test (MFT, Unit Trip)

27
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Turbine Commissioning - Vacuum Test

Elapsed Time (min) 

Vacuum
(mmHg)

Main Ejector Reference Start Point

60 120

Reference Performance Curve

. Max Vacuum and Required Time

Main Ejector Failure Poor Performance

Start-up Equipment Poor Performance 

System Leak
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Turbine Overhaul Improvement - Acceleration Work

1. Overhaul Period (300MW Class)

- J-Power P/S  45 days 

2. Area of Consideration

- Work Schedule Improvement

- Equipment Improvement

- Oil Flushing Improvement

29
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Work Schedule Improvement

1. Turbine Cool Down Acceleration

2. Work Sequence Improvement 

1. HP Turbine Casing Bolt

Loose Before Turning Gear

2. Turbine Forced Cool Down

Disassemble Flow Guide 

earlier and lift LP Casing

3. Lay down Area 

Disassembly Improvement

Overhaul Schedule Optimization
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Turbine Overhaul Improvement - Induction Heater (1)

Heating with Burner New Type - Induction Heater

31
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Resistance Wire
Saving Time 

= 30min X 34 times = 1020 min (17 hrs)   

Turbine Overhaul Improvement - Induction Heater (2)
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Turbine Overhaul Improvement - Turbine Oil Flushing
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Step 1 Oil Flushing before Bearing Assembly

Step 2 Oil Flushing after Bearing Assembly

Step 1

Step 2
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TURBINE RLA ASSESMENT

Nobuchika KOIZUMI

J-POWER
1
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EXAMPLE OF ASSESMENT
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EXAMPLE OF ASSESMENT
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EXAMPLE OF ASSESMENT
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ASSESMENT OF PUMP
BOILER FEED WATER PUMP

CIRCULATING WATER PUMP

1
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RETROFIT OF 200 KHI

BOILER FEED WATER PUMP
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LEAK BUSTER
(Detection technology of air leak into condenser)

1
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LEAK BUSTER
Detection technology of air leak into condenser

Features
1. Air leak points of the vacuum portion can be 

accurately detected during  operation

2. The applox. air leak volume can be 
measured.

3. The measurement can be made without 
dismantling the heat insulation.

4. Measuring work is completed in a few days.

5. No major set up of equipment is required.

2
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LEAK BUSTER
Detection technology of air leak into condenser

System configuration

TURBINE

CONDENSER
HELIUM GAS 

CYLINDER

MOISTURE
REMOVER

SAMPLE GAS

ANALIZER

VACUUM PUMP
EJECTOR

3
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LEAK BUSTER
Detection technology of air leak into condenser

How to asses air leak volume?

Helium spraying

Air leak volume:
Equivalent to 5.0kg/h

Max. value

Base level

4
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LEAK BUSTER
Detection technology of air leak into condenser
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LEAK BUSTER
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-Diagnosis of Transformer-
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Contents

1. Main components of transformer

2. The sorts of transformer diagnosis

3. Condition check diagnosis
(Dissolved Gas Analysis)

4. Deterioration diagnosis &
Remaining life diagnosis
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Main Components of Transformer

Oil deterioration
preventing apparatus

(Conservator)
Surge hydraulic
pressure relay

Rubber bag

Pitot relay or

Oil level gauge

Buchholtz
relay Oil

cooler

Winding
thermometer

Oil pump
Oil flow meter

Breather

Insulating
oil

IPB

Pressure release valve
Gas detector

Oil flow

Bushings

Terminal
connection in oil

Oil filled cable
Core

Windings
Tank

Basic configuration of shell-type
transformer

3
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Internal Structure of Transformer

Laminated core

Eddy
current

Single core

Eddy
current

Magnetic
flux

Pressboard

Insulating
paper

Laminated core

Coil conductor

In order to get induced electromotive
force, transformer coils consist of
conductor wound many times.
Besides, coils are insulated from each

other in each loops of wires.

Magnetic
flux

4
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Inspection & Diagnosis of Transformer (in Japan)

Dissolved Gas AnalysisOnce/yearDissolved gas analysis
(DGA)

Protection relay performance test, etc.Once/6 yearsPI (detail inspection)
Megger testing, Visual inspection, etc.

Oil temp., oil level, Oil leak, abnormal
sound, smell, rust, etc

Inspection contents

Depending on the results of DGAPI (special inspection)

Once/2 yearsPI (simple inspection��

Once/dayPatrol inspection

FrequencyInspection

Furfural analysis( )
Carbon dioxide�CO2�CO�analysis

Dissolved Gas Analysis
Methods

Deterioration diagnosis
(Life-remaining diagnosis)

Condition check diagnosis
Diagnosis

Transformer inspection

Transformer diagnosis
PI: Periodical inspection

�adaptable for insulating paper made from kraft pulp 5
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Dissolved Gas Analysis (DGA) (1)

��Various gases are generated by heat decomposition of insulating
paper and insulating oil, when abnormal condition such as
electric discharge and over heating occurs in a transformer.

�Abnormal condition is estimated and analyzed from the gas
components, the gas volume and the ratio of generated gas.

H2 CH4 C2H4 C2H2 CO CO2
Electric discharge at
solid insulator

H2 CH4 C2H4 C2H2
Electric discharge in
insulating oil

H2 CH4 C2H6 C2H4 C2H2 CO CO2
Over heating at solid
insulator

H2 CH4 C2H6 C2H4 C2H2
Over heating insulating
oil

Main generated gasAbnormal condition
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*TCG: Total Combustible Gas, the sum of CO to C2H2

Criteria of DGA (in Japan)

(1)C2H2 5
or

(2)Both C2H4 100 &
TCG at least 700

or
(3) Both C2H4 100 &

TCG increase
70 ppm/month

(1)C2H2 0.5
or

(2) Both C2H4 10 and
TCG 500

500TCG*
-C2H2

10C2H4

150C2H6

100CH4

400H2

300CO
Abnormal levelCaution levelCaution I levelGas

Caution I level The level that transformer is out of normal condition although
it is not judged to be abnormal and dangerous condition

Caution II level The level that transformer becomes abnormal condition
gradually

Abnormal level The level that transformer is clearly abnormal condition.
(aggravating further from Caution level)

Unit : ppm

Dissolved Gas Analysis (DGA) ( )

7

The 1st Work Shop 30-31 Jan, 2009

DGA

Caution II
level

Caution I
level

Abnormal
level

Aspect diagnosis (1)(2)(3)Aspect diagnosis (1)(3) Aspect diagnosis
(1)(2)(3)

Follow-up
study

required
Urgent Urgent

Operation and repair
history investigation

Operation and repair
history investigation

Discussion with
manufacturer

Internal
inspection
required

Electrical test

Comprehensive
diagnosis ( )

Comprehensive
diagnosis ( )

Transformer
shutdown
required

Normal

DGA follow-up study

Internal inspection and
repair

Follow-up interval
set to "next month or

two weeks later"

Yes

Yes

Yes

Yes

No

No

No

No

NoYes

Yes

Normal

Follow-up interval
set to "1/4 of periodic

inspection"

Follow-up interval
set to "1/2 of periodic

inspection"

No

Yes

Yes

No

No

Comprehensive diagnosis ( )
� Operation history, repair history investigation
� General external inspection, general

characteristics of oil
� DGA remeasurement

Aspect diagnosis (1): Gas pattern
Aspect diagnosis (2): Composition ratio (abnormality diagnostic diagram)
Aspect diagnosis (3): Diagnosis according to specific gas

Comprehensive diagnosis ( )
� Condition of internal abnormality (phenomenon,

extent, degree of development)
� Feasibility of operation continuation
� Determination of necessity and method of internal

inspection

Diagnosis Flowchart with DGA

8
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One Case of Transformer Troubles

Burst-out of insulating oil

After disassembling
transformer, the iron core and
windings were burnt out.

9
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Analysis of the Transformer Trouble

Decline of insulating paper
mechanical strength due to
deterioration

Damage to insulating paper
due to damage factor

Layer short

Overheating/internal
pressure up of insulating oil

Burst-out of insulating oil

If any measures had been
taken to comprehend internal
condition of transformer, this
trouble might have been
avoided.

Long term plant outage &
Large amount of repair cost
is required

� Operation loss because high efficiency plant has to stop.
� Energy loss because low efficiency plant has to operate.
� Insufficient power supply because of plant outrage

Important
Comprehending the condition
Implementing preventive maintenance

10
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Deteriorating Phenomenon of Transformer

Deterioration of mechanical strength
(tensile/ compressive)
Decrease in breakdown voltage
Generation of combustion gases, etc.

Insulating materials
Insulating paper,
Pressboard, etc.
Insulating oil

There are almost no mechanical/electrical
deteriorating tendencies.

Metal materials
Conductor, silicon steel
plate, etc.

Deteriorating phenomenonMaterial type

In transformers, deterioration of insulating materials are
rather remarkable than that of metals
In insulating materials, deterioration of mechanical

function is proceeding faster than that of electrical.

Insulating materials deteriorate faster than metal materials

11
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Life of Transformer

Among insulating materials, deteriorating severity of insulating oil
is milder than others. Additionally, its function can be refreshed by
degassing filtration treatment or exchanging to new one.

Pressboard reaches its service limit slowly than insulating paper,
because its temperature elevation is generally lower than insulating
paper and its necessary function is compressive strength.

When the insulating paper mechanical strength is decreased, there
is an increased risk of breaking paused by electromagnetic force
arising from surge current at the time of external short circuit fault
and other accidents.

Basically, it is impossible to re-wind the insulating paper and to
replace the transformer coils. Thus the insulating paper life means
the transformer life.

End of insulating paper life
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Mechanical & Electrical Strength of Insulating Paper

In
su

la
to

rb
re

ak
do

w
n

vo
lta

ge
(k

V/
1.

5m
m

)

�Diaphragm type

�Floating tank type

Operation years of transformerOperation years of transformer

M
ec

ha
ni

ca
ls

tr
en

gt
h

re
m

ai
ni

ng
lif

e
ra

te
(%

)

Insulating strength:
Mechanical strength deteriorates faster than electrical strength
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Insulation Paper Strength and Degree of Polymerization

Service years (Years)

Te
ns

ile
st

re
ng

th
fo

r
in

su
la

tin
g

pa
pe

r

Service years (Years)

A
ve

ra
ge

of
D

P
fo

r
in

su
la

tin
g

pa
pe

r

Measuring the strength of insulating paper in a fully inspection
costs a lot and  is difficult to do accurate because of the
insulation paper core set.

The degree of polymerization (DP) is the fiber density of
insulating paper and is closely related with the mechanical
strength of insulating paper.

14
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Weakening process of insulation paper strength
(Generation of organic constituents)

Chemical structural
formula of cellulose Glucose ring

Hydroxyl group of glucose ring Aldehyde group Carboxyl group

Oxidation Oxidatio
n

Oxidation

Example of glucose ring
opening

The decrease of insulating paper mechanical strength is caused by
chemical changes (glucose bond breaking and ring opening) of the
cellulose.

15
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Organic constituents extracted from insulating
paper aging

Furan methyl carboxylic acid, acetic ether (CH3COOC2H5),
furan (C4H4O), 2-acetyl furanOthers

Formic acid, 2-furan carboxylic acid, acidum tartaricum,
butyric acidAcid

Acetaldehyde, furfural, 5-methylfurfural, 5-hydroxymethyl-2-
furfural, acetone, methyl ethyl ketone

Aldehyde/
Ketone

Ethyl alcohol, furfuryl alcoholAlcohol

CH4Methane, ethane, propane, propyleneHydrocarbon

H2O, CO, CO2Inorganic

The quantity of organic constituents marked by this symbol has
close relevance with mechanical strength of insulating paper.

Various organic constituents are produced by chemical changes of
the cellulose.

CO,CO2 and Furfural are closely related with insulating paper strength
Remaining life diagnosis is conducted with the relation.

16
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Average DP survival rate and deterioration indicator
substances

C
O

2+
C

O
Q

ua
nt

ity
(m

l/g
)

Average DP remaining life rate (%)
Average DP remaining life rate (%)

Fu
rf

ur
al

qu
an

tit
y

(m
g/

g)

The qty. of (CO+CO2) and the qty. of furfural are closely related with
the average DP remaining life rate of insulating paper. They can be
therefore treated as deterioration indicators (the components which
deterioration level can be measured).
One of the main reasons for the data spread is difference in the load
factor of transformers.
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Judgment Criteria for Remaining Life Diagnosis
(Deterioration Diagnosis) (Japanese case)

Average DP of insulating paper Average DP of insulating paper

C
O

2+
C

O
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g
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Fu
rf

ur
al
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g
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r
�

m
g/

g)

0.015 (mg/g)0.0015 (mg/g)Furfural qt.

2.0 (ml/g)0.2 (ml/g)CO2+CO qt.
Level of dangerLevel of caution

Average DP and CO2+CO quantity Average DP and furfural quantity

Reference values for the
remaining life of insulating paper
is set to �Average DP 450�
Based on this, the judgment

criteria of deterioration
indicators is developed.
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Applicability of Gas Analysis

This method cannot be applied to open type transformers,
because CO and CO2 in the transformer is released to the
atmosphere.

Applicability of CO and CO2
method

Applicability of furfural method

Furfural is a liquid of 161 in boiling point and dissolves to
insulating oil.
Therefore, it can be detected even in an open type transformer.
When adsorbing materials exist in a transformer, this method
cannot be applied to because furfural is adsorbed to it.

19
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How to correct?

Degassing correction method

Gas quantity is decreasing
at the time of insulating oil
exchange, degasification,
etc. Therefore, degassing
correction is needed.

Make clear the quantitative
changes of deterioration
indicator substances along
with time in the event of
insulating oil exchange,
degasification, etc. Then,
make corrections by linking
balanced properties after
degasification to those
before degasification.

Why need degassing correction?

20
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Remaining Life Diagnosis of Transformer

The average DP is estimated by sampling approach, CO/CO2
method or furfural method, and the remaining life of transformer is
calculated by Acker�s regression formula.
Remaining life diagnosis of transformer enable trouble prevention,
reflection to replacement planning and so on.

Remaining life diagnosis method by average DP

LR = L0 ( 1 - r ) n

LR�DP
L0�Initial DP
r �coefficient estimated the

results of diagnoses
n�Operating years

Acker�s regression formula

A
ve

ra
ge

D
P

Service years of transformer
(Years)

1000

800

600

400

200

0

1000

800

600

400

200

0
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Flowchart of Transformer Preventive Maintenance

O
il-im

m
ersed

transform
er

During
stop

During
operation

During
operation

Transformer
deterioration diagnosis

Trouble prevention,
Reflection to the
replacement planning

Transformer remaining
life diagnosis

Measure DPDiagnosis by
sampling
insulators

Estimate DP
from furfural
quantity

Diagnosis by
analyzing furfural

Estimate DP
from gas
quantity

Diagnosis by
analyzing
(CO+CO2) gases

Considering the
load factor of
transformer

Old-style diagnosis

Thank You !
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Quoted from
Maintenance Management for Oil-immersed Transformer Vol. 54 No. 1 (Part 1)
Published by Electric Technology Research Association Japan)

No part of the contents of this presentation shall be reproduced or copied
without the permission of Electric Technology Research Association Japan)
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