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POWER PLANT FLEXIBILITY THEMES

e Startup time e Safety

e Minimum Load e Equipment Life
(Turndown) e Reliability

e Emissions Compliance e Costs

e Ramp Rates e Revenue

What's Imbact
Important? @ P

+]-
BHE

e Operational
adjustment

e Capital Improvements

e Assess which
flexibility attributes
are the most valuable

Mitigation 'b
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PROBLEM STATEMENT

* Why do we need to incentivize
power plant flexibility?
A major root cause of increase in CaR}It)aI

and Operations & Maintenance (O&
cost for many fossil units is unit cycling.

Utilities have been forced to cycle aging
fossil units that were originally designed
for base load operation.

Market signals are resulting in lower
revenue.

* What can and should we do once
we understand the impacts and
costs?

System
Dispatch 2

Generation Units Originally Designed
for Baseload Operations Running in
Cycling Modes
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SO WHAT?

Accelerated Boiler Failures

e Startup-Related Tube
Failures in Waterwall,

Superheater, and
Reheater Tubing

e Burner Refractory
Failure Leading to

Flame Impingement
and Short-Term Tube

Overheating

Boiler Seals * Seals/Packing
Degradation Wear/Destruction
Tube Rubbing * Blade Attachment

_ Fatigue
Boiler Hot Spots * Silica and Copper
Deposits
Shell/Case Cracking

Wilson Line Movement

Drum
Humping/Bowing .

Downcomer to .

Furnace Sub cooling .
Bearing Damage

Expansion Joint LU - RN

Failures g B IR

Superheater/Reheater
Tube Leg Flexibility
Failures

Superheater/Reheater
Dissimilar Metal Weld
Failures

W

Turbine Failures

Water Induction to
Turbine

Increased Thermal
Fatigue Due to Steam
Temperature Mismatch

Steam Chest Fatigue
Cracking

Steam Chest Distortion

Bolting Fatigue
Distortion/Cracking

Blade, Nozzle Block,
Solid Particle Erosion

Rotor Stress Increase

Rotor Defects (Flaws)
Growth
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OUR VIEWPOINT ()

Almost any unit can be cycled.
This can be done with minimal capital investment.
* However, we have to account for:

Long term penalty of increased wear & tear damage and
reduced reliability.

Short term penalty of higher heat rate, increased O&M,
training requirements, and equipment efficiency.

* Component Damage can be determined
Understand amount of damage present
Rate of accumulation

Total damage before failure

* Cycling a power plant is more difficult operating mode than
baseload operation.
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STRATEGY

Transients,
Define Metrics O&M, Failure Testing
Trend
J
. Revise
Economic Operating Training
Evaluation P

Procedure
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FLEXIBLE OPERATION ROADMAP - PRE OUTAGE

Peer Review, Economic Analysis, EHS and EOH Calculations

Troubleshooting Audit of Design, Construction, Operation, Cycle Chemistry, Hot
Walkdowns and Maintenance, Management Directive Attributes

Identify Damage Prone Attributes/Damage Mechanisms Locations of Greatest

Concern

Collect Diagnostic, Troubleshooting Monitoring — Using DCS Instrumentation or
Installed Special Diagnostic Instrumentation if Necessary

Evaluate Operating Data — Load Tests, Ramp Rates, Operating Extremes

Source: Effect of Flexible Operation on Boiler Components: Theory and Practice, Volume 1: Fundamentals [Product ID:3002001180]
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FLEXIBLE OPERATION ROADMAP — MAINTENANCE

PLANNED

UN-PLANNED

Characterize the
Location, Size and

Mechanism of
Damage

Source: Effect of Flexible Operation on Boiler Components: Theory and Practice, Volume 1: Fundamentals [Product 1D:3002001180]

Interte k Engineering Consulting
Engineering | Failure Analysis | Technology

10



FLEXIBLE OPERATION ROADMAP - MITIGATION (n)

Review All Options:
Component Repairs
or Modifications

Repair or
Maintenance
Changes

Operational or

Control Changes Design Changes

Source: Effect of Flexible Operation on Boiler Components: Theory and Practice, Volume 1: Fundamentals [Product 1D:3002001180]
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DEFINE METRICS N

Pressing base-load units into cyclic operation?

Load Cycling . .
Cycle chemistry Thermally induced Extent of fatigue

cyclic stress damage
LL1 Hot Warm Cold
il Start Start Start
LL3
.11? . Nature & frequency | Thermal gradient of

i Material properties
12hrsorLess 12 hrs -T2 hr ' 72 hrs or Greater of the transients the components prop

Off Line Off Line Off Line
Load Cycling Hot Starts ~ Warm Starts Cold Starts

Strain softening

w significantly Damage is difficult

changes a materials to identify
strength
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FACTORS AFFECTING POWER PLANT

Maintenance-related
activities

Fuel type, quality and
deviation from design
fuel specifications

Plant configuration,
size, economies of
scale and scope

Equipment design and
manufacturer

Environmental
equipment (including
retrofits)

Controls and
instrumentation

Vintage of technology

Time between planned
outages (boiler
overhauls)

Retrofit of equipment,
especially, for greater
flexibility in moving
among duty cycles, and

()

Turbine design and
pressure and MW
capacity

Timing of
turbine/generator
overhauls,

Modes of cycling
operation over time
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TRANSIENT ANALYSIS — OBSERVED FATIGUE CYCLES ( n)

Ranges of 55 superheater cycles using all 1-minute readings

Ranges of 85 economizer cycles using all 1-minute readings Total dathape—10:07 equivalent T00C eyoles
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ELEVATED TEMPERATURE FATIGUE OF BOILER PRESSURE PARTS N

Causes of cyclic stress Stress transfer functions Cyclic stress attributes Cycle counting
ePressure changes with time eFluid pressure eStress amplitude *Max/Min stress from 3 or 4 point
eTemperature changes with time eRestrained thermal expansion *Mean stress “rainflow ” chle counting (or other
eTemperature gradient changes with eThermal shock «Cycle temperature FVde counting methods)
time eElastic and in-elastic corrections estrain rate & hold time OJudgementshoncycle temdperatur_e,
eNeuber Ramberg Osgood models) eCorrosion factors :Lrva;?itr;te, old time, and corrosion
Damage estimations (S-N) Life estimations
*Smooth base metal e Sum of damage
eCorroding base metal o Life

*Weld connections ¢ Remaining life

¢ Damage vs Load Change
Attributes

Temperature Change Cycle Counting Damage estimations (N=

eTemperature changes with time *Max/Min stress from 3 or 4 f(T/\5)

~| point “rainflow ” cycle counting S
(or other cycle counting
methods)

eMax/Min temp from 3 or 4 point
“rainflow ” cycle counting (or
other cycle counting methods)

Intertek Engineering Consulting
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DESIGN DETAILS THAT ARE PRONE TO CORROSION FATIGUE DAMAGE

= LTI B e
e
e =
.-___t- « T
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Buckstay corner

' Rear swage area
Wall blower seal box

Scaffold R e S $l¢p'-sh.:l0wall =
access door Py e connections Hockey stick area
Division wall

penetration Coutant slope features

Source: Paterson et al. EPRI Life Assessment Conference 2012
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SHUTDOWN OPERATION

Correlate flexible operation with
component damage.

| Shutdown— Pozitive Control Factors and Negative Efféctz of Poor Control |

' ! ! ! '
Forced Matural Controlled ww Vents, Bottled up furmce —
coolng cooling {Fired) Shutdown Pumps dampers vents, dampers closad
+ i ! I }
Heat flux mstalbity, circulation 155uss, Variabls preszume opaation
staemant flow and DIVE m WV tubas
Chemical carryover to 8H Ionitor ramp rates
Furnacs air m-leakagzs Cyele chemstry layup
preparation
Condenzer ordeasmator air in-leakage Improveor reparmsulation
Increazed fathwe ofattackmant walds, Waterwall circulation system
comuvonent distortion reffactory fatlue
Exfohationof 8H andRH oxide seale Economizer trickle fead
|
Baoiler subcooling and temperatira Modified vent'draim sequence,
stratifination tuning
Drums topped offwath cold feeduater Add aturbine bypass
Economizer Inlet Haadar fad with cold Enhanceddrain system design
Fraduratar
Longer boil out tirnas on the nect start Enhanee Instnmentation &
Control systemandlogic
+ ! ] ! + + + +
Ezon inlat WW tuba Steam SHEH SHEH Header Header, Piping
headsr COITOs10m touchad steam zide DhW borshole, piping tharmal’
cormosion fatisue tube oxide failuras lizament, thermal craep
fatigus rubbingor exfoliation weld, tubs shock fatizue
connaction connaction
fatizue cracking

Source: Effect of Flexible Operation on Boiler Components: Theory and Practice, Volume 1: Fundamentals [Product 1D:3002001180]
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LOW LOAD OPERATION

Correlate flexible operation with
component damage.

Source: Effect of Flexible Operation on Boiler Components: Theory and Practice, Volume 1: Fundamentals [Product 1D:3002001180]

‘ Low Load Opemtion — Pasit

ive Control Factor: and Negative Effect of Poor Controk |

‘ ! 4 ‘
AGC Contral Fuel'Am Valve Purnp
Bystem ratio opening Rates

!

! !

Gas
(Gas prassures can decreasa halow safs firad
limits burners
removad
Caoal
Tumdovn limited by coal handling & o fred

firing equipmant

Stable pulverizer inition pomts hard i
obtain

_,/ burners

removad

Inereazedlikelihood of overfinng

Unstabla low staam flows — staznation,
imbalances, overheating

Unstable gas flows —imbalancas hot
pockets, strabfication, emizsion izsuss

Fapeated openinzand closing of bums
dampers — non-design positions

Less effective condenser and deastator

Crperation at
low load

Enhancad Instrumentation & Control
system logie

Modify or replace firing sy stem - stable
combustion at high turndowm

Modify mill and prizaary air flows

Pulverizer inething systemmay be
required for safaty

Wariable pressur= opaation

Bun load tests to dearmine when flama

ignition becomes erratic

Flame scanmmg to mswre flame stabuly

Modify orreplacersgistars or dampers

deasration Regular combustion tests to identify
proper damper sattings
Drum level contol, economizar
steaming

I — I : !
Water touched tuba e |:> Water touchad Water touchad Steam touchad
acid dew-point tubeazh tube ash tuba long tam
comosion {::I Advarsa comosion aTpsion overheat/creap

affact
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3

GET SPECIFIC

Review Header Design,
Operating History and
Stub Tube Failures

Header
usceptible

to Cracking?

Mo Cracks

o
nspection : n
e Baselinzs Information
ecision

Parform NDE Fitnass for Service

Replace

Replace Header
Operate [

nodify and Monitar
‘Operating Procedures

Establish Extant and
int=rval for Inspection

Modify Design

Example: Economizer Inlet Header Cracking

Review Header Design
Review Design
Operating History
Investigate Stub Tube Leaks
Establish Susceptibility to Cracking
Fitness for Service

Review NDE Results

No Defects or Defects in Borehole -
Monitor for damaging transients

Cracks between the ID circumferential
ligament = Decide run/repair/replace

Source: EPRI: Guidelines for the Prevention of Economizer Inlet Header Cracking in Fossil Boilers, EPRI GS 5949s
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ASSET MANAGEMENT STRATEGY

Define flexible
operation

Quantify the
impacts on
reliability and
equipment life

Identify unknown
issues to minimize
surprises

Plan for end of life,
but don’t let the
asset limit station
life

Update asset
management
strategy to meet
business goals

Develop mitigation
plan for each issue
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