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2.1 #3% B %+ EDT (European Technology Development ) £ {7 2_
Damage to Power Plant / CCGTs due to Cyclic or Two Shifting
Operation’ "B €3k > 2127 0K FLF 4 > BApsaF .

2.1.1 Conventional Steam Plant

m Thermal fatigue on HP, LP turbines, steam chests, boiler headers,
air heaters, steam lines.

m Stress corrosion and corrosion fatigue on cracking of LP turbines,
generator end rings, boiler parts, superheater, and reheater
pipework and hanger supports.

m Oxide scale spalling and enhanced erosion corrosion of plant
internals,particularly due to reheater pipework operating in
excess of normal temperatures.

m Fireside corrosion and erosion

m Over-heating on pipework and generator system components.

m Enhanced materials degradation on FGD systems

m Development of inspection strategy, plant condition monitoring and
outage /repair strategies

m Costs associated with cyclic operation (fuel, manpower, engineering

costs, repairs etc)

m Improvements to plant and operating procedures to optimise cost

effectiveness.

2.1.2 Combined Cycle Gas Turbines



m Experience with plant cycling and component response
m Creep-fatigue of turbine blades

m Cracking and degradation of combustor cans

m Effect of cyclic operation on thermal barrier coatings
m Thermal fatigue of heat recovery steam generators

m Stress corrosion cracking when using air cooled alternators
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Thermal fatigue cracking of tube-to-
header welds

Vertical gas path HRSG Horizontal gas path HRSG
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2.2 A% R %4 EDT (European Technology Development ) # 72
POWER PLANT BOILERS: MAINTENANCE, INSPECTION
AND MONITORING "3 » ' JG5AEp 5 ¢ 35 ¢

2.2.1 Plant Maintenance Issues :

m  Boiler component failure mechanisms and implications for key
components

m  Impact of thermal cycling/ two-shift operation

m  Problems arising from thermal cycling, low load operation and
best engineering strategies/ solutions available

m  Equipment modifications and improvements required for plant
cyclic operation

S B S A RO R L B fedpp R L AR B 4
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2.2.2 Plant Inspection and Monitoring :

m Review of plant inspection and monitoring systems

m Condition monitoring and outage/repair strategies

m In-situ measurement of corrosion

m Tube lifeassessment through automated internal oxide
measurement
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2.2.3 Introduction to Risk Based Maintenance :
m Introduction to the Risk Concept - Historical Aspects
m The Practice of RBM - Structured Approaches
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m Introduction to Risk Based Maintenance in Power Plant

m Case studies
AAR%GiER2Z ™A ‘-T'P’&.%?J‘J;Flﬁ‘.""v e
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Operation versus Maintenance

Under Maintained Over Maintained
4 & | =)
I I
I
| Operating &
I

Maintenance Cost

Cost

Operating Cost
P>

Maintenance Level

European Technology Development vc.
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Why Risk-Base Approach?
MAXIMISE MINIMISE

-Operating cost

| Rehablll‘ry EI Downtime

Q Efficiency Q Capital tie-up

ﬂ Key solution: Risk Based Approach jl
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Likelihood & Consequence X-Y Plot
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Severity of Consequences

m Combinations of Conclusions from Qualitative Analysis that Identify
Situations of Highest Concern

m Combinations that Identify Situations of Considerable Concern

Combinations of Concern which may Require Inspection for
Credible Events

European Technology Development v«
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2.2.4 Workshop

m Assessment of component life

m Calculation of effects of thermal cycling/ two-shifting

m Effects of different operating conditions
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Number of leaks reported
10 20 30 40 50 60 70

o

Coal ash corrosion

Long-term overheating/creep ]

Sootblower erosion

Flyash erosion

Corrosion fatigue

Waterwall fireside corrosion
Falling slag damage
Fatigue water-cooled circuits
Thermal fatigue cracking
Welding flaws

Waterside corrosion
Caustic gouging

Hydrogen damage

Stress cracking

Water cannon
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Graphitization

B]13 Causes of Tube Leaks in Power Plants
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B Calculation of furnace interior fluid dynamics by computational
fluid dynamics ( CFD)

A=

B The temperature profiles, velocities and currents are all
calculated

B To calculate how to get the prescribed chemical into
the furnace

B Taking into account all the fluid dynamics of the gases as they
flow through the furnace and heat transfer zones of the boiler

B One module of this complicated software deals with the injection
of the chemical itself.

B The whole process uses the evaporative qualities of water as a
driving force to help assure that the chemical is distributed in
the concentrations needed for good performance, without
wasting anything

B The equipment atomizes a mixture of chemical and
water with a certain quantity of air. The model determines
how much chemical, air, water and both the number
and placement of injectors in the furnace that will be required to
get full coverage in the trouble spots

B The injectors are set up to feed the required air,
water and chemical as determined by modeling. The injectors
produce a range of droplets that the computer
program has calculated and taken into account. The
smallest droplets evaporate very close to the injection point. The
chemical activates and this covers the zones nearest the injectors

B Each successively larger set of droplets goes deeper and deeper
into the furnace before evaporation is completed and chemical is

activated. This provides coverage successively further out into

20



the furnace until all the droplets have been evaporated and all of

the chemical has been activated

234 BMBFER A~ ah HEALR 2 BENIRELFRM

B Process Design Modeling involves duplicating the operation of
a particular furnace in a super computer and then testing
various 'what if"" problem and solution scenarios at
various power settings. A great deal of detail goes into
running this "plug flow" model

B All size and design dimensions, fuel and heat rates, fuel
chemistry details, details of air usage and boiler geometry are

programmed into the model

Color mm
N, =
Temp Fahrenheit
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B 18 % Chemical Dosage Map
This Figure depicts the chemical dosage map that was judged best to
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control the problem of slagging in the critical targeted areas, Colors
now change to representing chemical concentration with red being very
high concentration (near injectors) and dark purple being very low

concentration (further away from injectors)

2.3.5 “FERE G2 L
High reactive ability.
2 Large surface area per unit weight ratio (approximately
530,000 sq.ft./cu.ft).

High activity results in reduced treatment dosages.

S~ W

High stability eliminates many of the handling and feeding
problems associated with unstabilized compounds.

5 Suspended slurry of 5-8 micron sized particles.
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*FI g Rl PEE BRI HF R L L RB P I - L
AHGHEP VT B AR S KBS S E P (eutectic
PR (B fR) P N8IV 0 RV
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it B BRI w2 R AT

1 Dense, hard and relatively heavy for its volume.

2 Pores size are about 0.1 micron in diameter, and range in size up
to 25 mu.

3 Bubbles and inclusions are relatively small and packed tightly
together.

4 The structure that is responsible for the tenacious slags and fouling
that create problems with firing these types of fuels in utility

boilers.
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b8 R P (82 R AT
1 The structure is much lighter, softer and is easy to crumble.
2 The material has holes (pores) that are noticeably larger than those
in above Figure.
3 The walls between the largest pores have thinned and friable nature

considerably.
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Pulse Removal Technology Demonstrations

. Test oEowerwavé éti |
FirstEnergy’s Ashtabula

* Installed 6 units in spring
outage

« Initial results very positive,
BUT...

* Historically, major
accumulations have been in
fall

* Analysis in 1Q 08, report late
2Q 08

* Pratt & Whitney demo
w/DTE, SPN to follow

Fouled RH
pendants

©2007 Electniz Powst Research institute., Ino. Al ighes rosenasd 5

uncoated
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