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Today Today ……. Focus on Boiler Cleaning. Focus on Boiler Cleaning

After 90 years of dormancy we have rapidly advanced After 90 years of dormancy we have rapidly advanced 
boiler cleaning technology in the past 10 yearsboiler cleaning technology in the past 10 years

Culminating with the current stateCulminating with the current state--ofof--thethe--art of art of Intelligent Intelligent 
SootblowingSootblowing ( ( ISBISB ))

Today we would like to present overviews of:Today we would like to present overviews of:

•• Impact of Cleanliness on ProcessImpact of Cleanliness on Process

Fuel changesFuel changes

Fuel qualityFuel quality

EfficiencyEfficiency

Process interruptionProcess interruption

Air qualityAir quality

•• Ash Removal MechanismsAsh Removal Mechanisms

•• Ash Removal TechnologyAsh Removal Technology

•• Controlling CleanlinessControlling Cleanliness
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Boiler Cleaning and Boiler DesignBoiler Cleaning and Boiler Design

The published boiler design handbooks tell us that the ash 
(incombustible mineral matter) composition in the fuel is the 
principal consideration in designing a boiler

• 1/8” coating of ash restricts thermal transfer by ~ 20%

Making boiler cleaning one the most important 
consideration in designing and operating our power plants

We are introducing 76 of the 92 known elements into a 
myriad of conditions 

• Temperature

• Stoichiometry

““Boiler CleaningBoiler Cleaning”” is the science of locating and removing is the science of locating and removing 
these deposits safely and efficiently commensurate with these deposits safely and efficiently commensurate with 
plant process objectivesplant process objectives
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How the Ash Impacts the Boiler DesignHow the Ash Impacts the Boiler Design

GeometryGeometry
Residence TimeResidence Time

Surface AreaSurface Area

ƒƒ

Ash volumeAsh volume
Ash fusion TemperatureAsh fusion Temperature

Heat contentHeat content
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Boiler CleaningBoiler Cleaning from Operatorfrom Operator’’s Views View

Operators used global 
measurements to determine states 
of cleanliness in the various heat 
exchange sections

• Operated various cleaning devices until 
such time as global measurements 
responded

Temperatures ?

Δ P

• As the process was relatively stable 
operators developed fixed frequencies 
for individual and group sootblowing

• These preprogrammed frequencies 
were programmed based on operator 
experience and judgment

Timing

Human 
Intervention

Subjective
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Our Current Challenge Our Current Challenge -- FuelFuel

LowLow--Sulfur CoalSulfur Coal

HighHigh--Sulfur CoalSulfur Coal

BiomassBiomass

Culm Culm -- GobGob

Chipped TiresChipped Tires

Foreign CoalForeign Coal

PetcokePetcoke

Current business conditions Current business conditions 
require a wide variety of require a wide variety of 

compliance fuels to be burnedcompliance fuels to be burned

In a static boiler designed for In a static boiler designed for 
a single fuel a single fuel ……

Lost GenerationLost Generation

Reduced ReliabilityReduced Reliability

Increased EmissionsIncreased Emissions

Reduced ProfitabilityReduced Profitability

With no detrimental impact on With no detrimental impact on 
operations operations ……

And And …… most  also modified their combustion systems which exacerbates most  also modified their combustion systems which exacerbates the problemthe problem……
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We Have Changed the Operating VariablesWe Have Changed the Operating Variables

If we change:If we change:
Ash volumeAsh volume

Ash fusion TemperatureAsh fusion Temperature
Heat contentHeat content

Via:Via:
Fuel ChangesFuel Changes

LNB / OFALNB / OFA

Without changing:Without changing:
GeometryGeometry

Residence TimeResidence Time
Surface AreaSurface Area

Ash deposition rates Ash deposition rates 
increaseincrease

Location of deposits Location of deposits 
changeschanges

Ash tenacity increasesAsh tenacity increases

SootblowerSootblower System System 
becomes ineffectualbecomes ineffectual

LNBLNB

OFAOFA

Fuel ChangeFuel Change
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CHANGE CHANGE -- Combustion ModificationsCombustion Modifications

Combustion modifications seek to reduce the amount 
of thermally created nitrous oxides by reducing 
combustion temperatures through staged combustion 

Low NOx Burners – LNBLNB
• Stabilizes flame and increases mixing

• Initiates partial combustion by creating a fuel-rich reducing 
atmosphere

• Provides only 70% to 90% of required oxygen

• Reduces NOx production by 30% to 55% 

Over-Fire Air Ports – OFAOFA
• Provides balance ( 10% to 30% ) of required combustion air 

downstream of primary combustion

• Combined with LNB may reduce total NOx production 40% to 
60% even higher ( 70%) when gas re-burn technology is 
added
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Impact of Combustion ModificationsImpact of Combustion Modifications

Effect on 
Cleanliness:

LNB
• Creates reducing 

atmosphere

• Reduces residence 
time

• Altered flame 
characteristics

OFA
• Moves transition 

zone close to 
convection surfaces

LNBLNB

OFAOFA

ConventionalConventional
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CHANGE CHANGE -- Varying Fuel TypesVarying Fuel Types

Economic and Legislative pressures are currently forcing the use
of a wide variety of fuels that deviate from that which the boiler 
was designed to burn – Compliance Fuels

Lo-Sulfur
• Typically sub-bituminous fuels burned in boilers designed for bituminous

• Typically a loss in radiant heat transfer is experienced due to lower ash fusion 
temperatures

Hi-Sulfur
• Typically found in scrubbed units where economics dictate lower cost, higher 

sulfur fuels

• Typically in conjunction with LNB/OFA, these fuels have a higher range of 
plasticity in a reducing atmosphere

• With sulfur comes iron

• Typically a loss in furnace heat transfer is experienced

Alternates
• Waste coal

• Petcoke

• Biomass, Tires, etc..
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CHANGE CHANGE -- Varying Fuel QualityVarying Fuel Quality

Variations / Degradation in several coal quality metrics 
will have a substantial impact on slagging and fouling 
tendencies

Mineral Composition
• Quartz

• Pyrites

Chemical Composition
• Iron

• Alkalis
Calcium

Potassium

Sodium

Magnesium

• Silicates

Varying FuelVarying Fuel
QualityQuality

++ or or --

If you tune for + quality  If you tune for + quality  
and get and get –– quality = quality = 

UNDERCLEANUNDERCLEAN

If you tune for If you tune for -- quality  quality  
and get + quality = and get + quality = 

OVERCLEANOVERCLEAN

Driving need for Driving need for 
DYNAMIC, Intelligent DYNAMIC, Intelligent 

Cleaning SystemCleaning System
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Resulting in Resulting in ……

The operatorThe operator’’s subjective cleaning cycles no s subjective cleaning cycles no 
longer workinglonger working

• Over-Cleaning

• Under-Cleaning

Culminating in lost generationCulminating in lost generation

WARNINGWARNING
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Measurable Impact on the ProcessMeasurable Impact on the Process

+ Heat Rate+ Heat Rate

--Fuel VariabilityFuel Variability
-- Fuel QualityFuel Quality

+ Spray Flows+ Spray Flows -- Production Production MwhMwh

+ + NOxNOx+ Ammonia Use+ Ammonia Use

-- Catalyst LifeCatalyst Life

+ Erosion+ Erosion
+ Corrosion+ Corrosion

+ Tube Leaks+ Tube Leaks + Replacement Power+ Replacement Power

+ Unscheduled Outages+ Unscheduled Outages
+ De+ De--RatesRates
+ Shedding+ Shedding

-- Thermal TransferThermal Transfer

+ Clinker Formation+ Clinker Formation
+ Plugging+ Plugging

+ Punctured Tubes+ Punctured Tubes

+ FEGT+ FEGT

+ Media Costs+ Media Costs

+ Maintenance Costs+ Maintenance Costs

-- PrecipPrecip EfficiencyEfficiency

-- MCRMCR

+ Opacity+ Opacity

+ Overheating+ Overheating

+ Localized + Localized 
Transfer RatesTransfer Rates

+ SO+ SO33

+ Fan Load+ Fan Load+ CO2+ CO2
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Dealing with the new Dealing with the new slaggingslagging & fouling problems& fouling problems……

Reactive:Reactive:
• Aggressive Over-Cleaning, increase frequency and intensity 

using only cleaning tools available
Tube leaks

Increased maintenance costs

Increased media consumption

• Load Shed & De-rate

• Off-Load blasting

ProactiveProactive
• Mill performance

• Combustion optimization

• Coatings

• Overlay

• MagOx

• SST Pendants

ISBISB StrategicStrategic
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Effective Cleaning SystemEffective Cleaning System

EFFECTIVE SYSTEM DESIGN:EFFECTIVE SYSTEM DESIGN:
•• Matches the proper removal mechanism to the Matches the proper removal mechanism to the 

appropriate deposit typeappropriate deposit type

CONVENTIONAL SYSTEM:CONVENTIONAL SYSTEM:
•• Initiates sequences Initiates sequences 

ManuallyManually

Preprogrammed frequenciesPreprogrammed frequencies

INTELLIGENT SYSTEM:INTELLIGENT SYSTEM:
• Dynamically Initiates Cleaning Events: 

Only WHENWHEN needed

Only WHEREWHERE needed

Using the proper medium INTENSITYINTENSITY
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Classifying  the DepositsClassifying  the Deposits

Radiant-Temp
Slagging
• Temperature
• Chemistry
• Particle Size
• Stoichiometry

HighHigh--TempTemp
Fouling (1600fFouling (1600f--2400f)2400f)
•• Silicates act as bonding Silicates act as bonding 
agentsagents

IntermediateIntermediate--TempTemp
Fouling(1000fFouling(1000f--1750f)1750f)
•• Sulfates presentSulfates present

•• SodiumSodium
•• PotassiumPotassium
•• CalciumCalcium
•• MagnesiumMagnesium

Alkalis + SO2, SO3Alkalis + SO2, SO3

Vaporized
Molten

FriableFriable

Lo-Temp
Sintering (650f-
1000f)
• Temperature
• Stoichiometry

3:0 3:0 –– 4:04:0
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Furnace First !!!!!!!!!!Furnace First !!!!!!!!!!

Furnace cleanliness sets 
the stage for cleanliness 
in the rest of the process

Majority of heat release

Be aware of the:

• Deposit mechanisms

• Principal heat transfer 
mechanisms

Radiant-Temp
Slagging
• Temperature
• Particle Size
• Stoichiometry
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A Closer Look at the DepositsA Closer Look at the Deposits
With both mechanisms we see 
deposits form similarly:

Flight deposition causes small 
deposits to adhere to heat 
transfer surfaces

Deposits conjoin

Surfaces break down and begin 
to flow together

Groups of smaller deposits 
now form a homogeneous 
sheet

Subsequent flight deposits 
cause rapid increase in mass

Thermal boundaries form

Process continues 
Max Heat TransferMax Heat Transfer

Heat Transfer Heat Transfer 
Begins Begins 

DegradationDegradation

Homogeneous Homogeneous 
Sheet FormedSheet Formed

Thermal Boundaries Thermal Boundaries 
FormForm

Process ContinuesProcess Continues
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Now the Removal MechanismsNow the Removal Mechanisms

Now that we know a bit about the cause of the problem 
and the types of ash deposits that we are faced with we 
will review the methods of on-load removal.

Ten Basic OnTen Basic On--Load Ash Removal Mechanisms are currently Load Ash Removal Mechanisms are currently 
availableavailable
Hi-Impact – Impingement

Lo-Impact Impingement
Variable Dwell

Variable Helix

Lo-Impact Lateral

Hi-Impact Thermal

Lo-Impact Draft

Lo-Impact Acoustic

Lo-Impact Shockwave

Mechanical Vibration

ASHASH
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Cleaning Medium SelectionCleaning Medium Selection

Steam
• Most common due to availability of volume & pressure

Air
• Typically as effective as steam but supply volume & 

pressure typically not adequate or stable

Water
• Where deposits are expected to be in a plastic state

Sound
• Friable ash

Detonation
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HiHi--Impact Impact -- ImpingementImpingement

Characteristic:

• Direct Impingement

• Impact pressure exceedsexceeds
deposit strength

Media impacts with high 
force

Sets up laminar flow 
boundary – surface drag

Circumferential shear forces 
create axial fissure

Deposit instantaneously 
yields to:

• High impact

• Drag

Single strike typically 
sufficient for removal

Plasticity increases deposit strengthPlasticity increases deposit strength
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LoLo--Impact Impact -- ImpingementImpingement

Characteristic:

• Direct Impingement

• Impact pressure lessless than 
deposit strength

Media impacts with low force

Laminar flow & surface drag is 
insufficient to fracture deposit

Surface of deposit begins to 
pit and erode

Normal sootblower dwell 
times are insufficient to 
remove deposit

Deposit requires:

•• Longer dwell timesLonger dwell times

•• Multiple strikesMultiple strikesPlasticity increases deposit strengthPlasticity increases deposit strength
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LoLo--Impact Impact -- LateralLateral

Characteristic:

• Parallel flow

Media drags deposit with 
low force

Impact pressure : deposit 
strength determines 
effective cleaning radius

Plasticity increases deposit strength Plasticity increases deposit strength 
and reduces cleaning radius and reduces cleaning radius 

sometimes to sometimes to ““00””
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HiHi--Impact Impact -- ThermalThermal

Characteristic:
• Direct Impingement

• Surface is “wetted”

• ΔT shrinks deposits mass

• Fissures form

• Water flashes to steam

• Volumetric expansion lifts 
deposit
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LoLo--Impact Impact -- DraftDraft

Characteristic:
• Ash not sintered into a 

cohesive deposit

• Adhesion and tensile 
strength low

• Drag of boundary layer 
sufficient to dislodge deposit 

• Low impact pressure 
“dusting” with steam or air 
maintains surface 
cleanliness

• Relies principally on flow 
through open annulus area 
as opposed to direct 
impingement

G
as Flow

G
as Flow
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LoLo--Impact Impact -- AcousticAcoustic

Characteristic:

• Ash not sintered into a 
cohesive deposit

• Adhesion and tensile 
strength low

• Frequent low impact acoustic 
“dusting” maintains surface 
cleanliness if:

Moisture not present

Sufficient air pressure 
available to sonic cleaners

Maldistribution not an issue
G

as Flow
G

as Flow
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LoLo--Impact Impact -- ShockwaveShockwave

Characteristic:

• Rapid expansion of 
detonated gases 
creates shockwave

• Wave propagates 
throughout cavity to 
dislodge ash particles 
from surface

Form

• Off-load explosives

• Propane driven 
detonation device
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Mechanical Vibration Mechanical Vibration -- RappingRapping

As opposed to sonic & pulse which vibrate the 
atmosphere rapping vibrates the heat exchange surface 
through direct & intermittent mechanical force

Two basic technologies:

• Tumbling hammers

• Piston
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Evolution of Cleaning ToolsEvolution of Cleaning Tools

WALLBLOWERWALLBLOWER
Parallel Cleaning 
Jet

Subjective 
Actuation

1919
0303

WATER LANCEWATER LANCE
Back-raked 
Cleaning Jet

Subjective 
Actuation

1919
7272

WATER CANNONWATER CANNON
Opposed Wall 
Cleaning Jet

Intelligent 
Actuated

1919
9797

SMART CANNONSMART CANNON
Opposed Wall 
Cleaning Jet

Full Closed-Loop 
Actuation

2020
0202

RETRACTABLERETRACTABLE
Fixed Helix

Fixed Media

Subjective 
Actuation

SMART RetractableSMART Retractable
Variable Helix

Open-Loop Control or 
Full Closed-Loop 
Control

2020
0505



30
© CBPG  Clyde Bergemann Power Group

SootblowerSootblower System OverviewSystem Overview

Full RetractsFull Retracts

WallblowersWallblowers

Water LancesWater Lances

Partial Partial 
RetractablesRetractables

NonNon--Rotating Rotating 
RakesRakes

Non Rotating Non Rotating 
Partial RetractsPartial Retracts

Intelligent Intelligent 
ControlControl

InstrumentationInstrumentation

Intelligent Intelligent 
RetractsRetracts

Water CannonsWater Cannons

MultiMulti--MediaMedia

DCSDCS
Plant Plant 

InformationInformationIntegrationIntegration
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Traditional Furnace CleaningTraditional Furnace Cleaning

• Traditional Radiant Zone 
Cleaning utilized a fixed 
cleaning device which 
positions a steam / air 
cleaning jet parallel to 
the water wall tube 

• Affected areas range 
from 28 sq ft to 115 sq ft 
depending on deposit 
strength

• Limited treatment of < 
20% of critical surface 
area
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SmartCannonSmartCannon®® Reliable Reliable -- AccurateAccurate

Sealed Linear Screw 
Drives

• 24V Brushless DC 
Servo Motors

• Gear Reducer

• Linear Drives

• Ball Caster Spindle

• Magnetic Sealing 
Strip

Positive Seal Wallbox

Uni-Ball Construction
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When slag begins to build up on 
the furnace walls the measured 
heat flux starts to decrease 
Once the heat flux drops below 
a certain value known as  the 
backstop a signal is sent to the 
ISB to operate the water 
cannon for that zone 
The water cannon cleans the 
slag buildup on the furnace wall 
causing the Heat flux to 
Increase

Sensor HF

S
en

so
r H

F

Smart Furnace: Heat Flux SensorsSmart Furnace: Heat Flux Sensors

BackstopISB: Operate 
Water Cannon

Calculate Thermal Impact
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Smart ConvectionSmart Convection
SuperHeater Fouling Monitor:
• Determines Boiler cleanliness 

from Strain Gauges mounted to 
the Hanger Rods 

ThermoDynamic Model
• Determines Boiler Cleanliness 

from calculating the Heat 
Transferred into each heat 
exchanger

4

73 10

62 9

51 8

SG SG SG

Q Q
ThermoDynamic 

Model

SuperHeater 
Fouling Monitor
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SSuperuperHHeatereater FFouling ouling MMonitoronitor

Monitors Weight 
Accumulation on pendants 

As deposits stick to the tube 
banks the overall weight of 
the tube bank increases  

This increase in weight is 
detected by the Smart Gauges 
located on the hanger rods

The strain gauges relay the 
increase in weight to the ISB 
system

The ISB system then operates 
the  correct sootblower to 
remove the deposit   

SG SG SG

SB

ISB
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TDM

TThermohermoDDynamicynamic MModelodel

Monitors Inlet and Exit 
Temperatures and Flows for each 
heat exchanger 

As deposits stick to the tube 
banks the overall heat 
transferred (Q) to the tube banks 
decreases 

This decrease in heat transfer is 
detected by the Thermodynamic 
model

The TDM relays the decrease in 
heat transfer to the ISB system

The ISB system then operates the  
correct sootblower to remove the 
deposit   

SB

ISB

Q Q
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Relationship Relationship Direct:GlobalDirect:Global MeasurementMeasurement

LCRA U1 - Superheater Pendant

0

5,000

10,000

15,000

20,000

25,000

7/16/07 12:00 PM 7/17/07 12:00 AM 7/17/07 12:00 PM
Time

SH
FM

 W
ei

gh
t (

lb
)

0.5
0.6

0.7
0.8

0.9
1
1.1

1.2
1.3

1.4
1.5

C
leanliness Factor 

SHFM

CF

(C
F)

Cleaning Events

Clear Relationship between Direct measurement and Global CleanliClear Relationship between Direct measurement and Global Cleanliness Valuesness Values
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ToolsTools –– Smart Retractable CleanersSmart Retractable Cleaners

Fixed Fixed 
HelixHelix

11
Fixed Fixed 
HelixHelix

11

Variable Variable 
HelixHelix

33

Variable Variable 
HelixHelix

33

VariableVariable
DwellDwell

22

VariableVariable
DwellDwell

22

Constant Constant 
JPVJPV

44

Constant Constant 
JPVJPV

44
Variable Variable 
Partial Partial 

ArcArc

55

Variable Variable 
Partial Partial 

ArcArc

55
RepetitionRepetition

66

RepetitionRepetition

66

Virtual Stop Virtual Stop 
& Go& Go

77
Virtual Stop Virtual Stop 

& Go& Go

77

VariableVariable
PressurePressure

88
VariableVariable
PressurePressure

88

Single Single 
PassPass

99
Single Single 
PassPass

99
Cross Cross 
HatchHatch

1010
Cross Cross 
HatchHatch

1010

OpacityOpacity
ModeMode

1111

OpacityOpacity
ModeMode

1111

Single Single 
PanelPanel

1212
Single Single 
PanelPanel

1212
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When to Instrument When to Instrument -- Global:DiscreteGlobal:Discrete

High degree of spatial 
variability warrants 

investment in discrete 
measurement. 

Higher temperatures 
result in higher 

proportion of ash 
being molten and 

tenacious thus 
requiring more 

aggressive cleaning.

Areas with a Low 
degree of spatial 

variability respond well 
to calculation based 
cleaning directives.

Low temperature 
friable ash requires 

less intensive cleaning

Both operate under the auspices of global measurements
Load

Fuel Flow
FEGT

Steam Temperature
Flue Gas Temperature

Δ P



40
© CBPG  Clyde Bergemann Power Group

InstrumentsInstruments

Membrane Sensor
Provides positive feedback on Cannon 

impact accuracy

Membrane SensorMembrane Sensor
Provides positive feedback on Cannon 

impact accuracy

Membrane Sensor
Provides positive feedback on Cannon 

impact accuracy

Membrane SensorMembrane Sensor
Provides positive feedback on Cannon 

impact accuracy

SmartSensor
Monitoring heat flux and thermal impact 

simultaneously to guide cannon operation

SmartSensorSmartSensor
Monitoring heat flux and thermal impact 

simultaneously to guide cannon operation

SmartSensor
Monitoring heat flux and thermal impact 

simultaneously to guide cannon operation

SmartSensorSmartSensor
Monitoring heat flux and thermal impact 

simultaneously to guide cannon operation

Pyrometer 
Pyrometry provides accurate FEGT 

to serve as a background 
permissive

Pyrometer Pyrometer 
Pyrometry provides accurate FEGT 

to serve as a background 
permissive

Pyrometer 
Pyrometry provides accurate FEGT 

to serve as a background 
permissive

Pyrometer Pyrometer 
Pyrometry provides accurate FEGT 

to serve as a background 
permissive

Infrared Imaging
Provides operators with visual confirmation 

of instrument output relative to current 
slagging and fouling conditions

Infrared ImagingInfrared Imaging
Provides operators with visual confirmation 

of instrument output relative to current 
slagging and fouling conditions

Infrared Imaging
Provides operators with visual confirmation 

of instrument output relative to current 
slagging and fouling conditions

Infrared ImagingInfrared Imaging
Provides operators with visual confirmation 

of instrument output relative to current 
slagging and fouling conditions

SmartVision
Developmental system providing analog and 

digital mapping of hidden ash deposits 

SmartVisionSmartVision
Developmental system providing analog and 

digital mapping of hidden ash deposits 

SmartVision
Developmental system providing analog and 

digital mapping of hidden ash deposits 

SmartVisionSmartVision
Developmental system providing analog and 

digital mapping of hidden ash deposits 

SmartGauge
Monitors pendant ash accumulations to 
intelligently guide sootblower operation

SmartGaugeSmartGauge
Monitors pendant ash accumulations to 
intelligently guide sootblower operation

SmartGauge
Monitors pendant ash accumulations to 
intelligently guide sootblower operation

SmartGaugeSmartGauge
Monitors pendant ash accumulations to 
intelligently guide sootblower operation
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SCR CleaningSCR Cleaning

Non-rotating variant of the US 
Retractable
• Appendages with nozzles on 4”

centers clean entire surface
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AirAir--PreheaterPreheater CleaningCleaning

Air-Preheater
Cleaning

Cleaning
Equipment

Cleaning
Control

Regenerative Frequency
Sequence Closed Loop

Swing Arm Thermal
Model

Discrete
Measurement

Tubular Q-Pipe

Partial
Retractable
Multi-Media
Retractable

Sonic Retractable

Sonic Retractable
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APH CleaningAPH Cleaning

With the advent of the SCR 
and potential ammonia 
bisulphate deposits integral 
water wash capabilities 
have become increasingly 
important

Multi-Media APH cleaners 
are fully programmable to 
vary dwell time and step 
size for both steam and 
water cleaning

SCRSCR

APHAPH
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Cleaning ToolsCleaning Tools

VS
Severe-Duty furnace wallblower

VSVS
Severe-Duty furnace wallblower

VS
Severe-Duty furnace wallblower

VSVS
Severe-Duty furnace wallblower

WS
Precision Water Lance

WSWS
Precision Water Lance

WS
Precision Water Lance

WSWS
Precision Water Lance

SmartCannon
Safe, precise cleaning of furnace walls 

from hoppers to nose arch 

SmartCannonSmartCannon
Safe, precise cleaning of furnace walls 

from hoppers to nose arch 

SmartCannon
Safe, precise cleaning of furnace walls 

from hoppers to nose arch 

SmartCannonSmartCannon
Safe, precise cleaning of furnace walls 

from hoppers to nose arch 

US/USX
Severe-Duty single motor drive 

retractable sootblower 
platform

US/USXUS/USX
Severe-Duty single motor drive 

retractable sootblower 
platform

US/USX
Severe-Duty single motor drive 

retractable sootblower 
platform

US/USXUS/USX
Severe-Duty single motor drive 

retractable sootblower 
platform

SmartUS
Eliminates the constraints of 

traditional retractables by 
providing the world’s only full-

feature retractable

SmartUSSmartUS
Eliminates the constraints of 

traditional retractables by 
providing the world’s only full-

feature retractable

SmartUS
Eliminates the constraints of 

traditional retractables by 
providing the world’s only full-

feature retractable

SmartUSSmartUS
Eliminates the constraints of 

traditional retractables by 
providing the world’s only full-

feature retractable

SmartLance
The ultimate in retractable cleaner 

technology offering both Multi-Mode and 
Multi-Media flexibility

SmartLanceSmartLance
The ultimate in retractable cleaner 

technology offering both Multi-Mode and 
Multi-Media flexibility

SmartLance
The ultimate in retractable cleaner 

technology offering both Multi-Mode and 
Multi-Media flexibility

SmartLanceSmartLance
The ultimate in retractable cleaner 

technology offering both Multi-Mode and 
Multi-Media flexibility

APH Cleaner
Multi-Media Air Preheater 

cleaner alternates between 
normal steam cleaner and 

high-pressure washing

APH CleanerAPH Cleaner
Multi-Media Air Preheater 

cleaner alternates between 
normal steam cleaner and 

high-pressure washing

APH Cleaner
Multi-Media Air Preheater 

cleaner alternates between 
normal steam cleaner and 

high-pressure washing

APH CleanerAPH Cleaner
Multi-Media Air Preheater 

cleaner alternates between 
normal steam cleaner and 

high-pressure washing

Rake Cleaners
Proven effective safe 
SCR Catalyst Cleaning
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System ControlSystem Control
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ControlControl -- IntelligentIntelligent

HMIHMI

PLC Panel

AB's
ControlLogix PLC Panel

AB's
ControlLogix

PLC Panel
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PLC Panel
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Ethernet

Plant DCS

DCS can be the primary
Operator InterfaceEthernet,

Modbus,
DH+, Serial,...
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- Windows based HMI Application
- OPC Server for PLC & DAQ
Communications

SmartSmart
ConvectionConvection™™

SmartGaugeSmartGauge™™

SmartGaugeSmartGauge™™

SmartGaugeSmartGauge™™

SmartGaugeSmartGauge™™

SmartSensorSmartSensor™™ SmartSensorSmartSensor™™

Membrane SensorsMembrane Sensors

SmartCannonSmartCannon ™™

WBWB

WBWB

SBSB

SBSB

SBSB

SBSB

SBSB

SmartSootBlowerSmartSootBlower

SmartSootBlowerSmartSootBlower

SmartLanceSmartLance™™

SmartLanceSmartLance™™
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Relationship Relationship Cleanliness:HeatCleanliness:Heat RateRate
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PHR (inversely proportional to the plant efficiency)

SHFM (2nd Superheater)

TDM – Cleanlines Factor (2nd Superheater)

Sootblowing
events

# 1 ISB Takes Over Control of Cleaning Events

# 1 ISB Takes Over Control of Cleaning Events

#3 Global Cleanliness Values Increase#3 Global Cleanliness Values Increase

#2 Ash Weight Decreases#2 Ash Weight Decreases

#4 Unit Heat rate Improves#4 Unit Heat rate Improves
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In PracticeIn Practice –– Actual ISB ResultsActual ISB Results

INDIVIDUAL GENERATING BANK CLEANLINESS VALUES
Cleanliness Coefficient Platen SH SSH RH OUT Pri SH RH IN ECO
24 hours after stop ISB 91 91 85 95 90 97
24 Hours after resume ISB 93 93 87 97 93 99
Net Change 2% 2% 2% 2% 3% 2%

AVERAGE HEAT FLUX ( 2 HRS )
24 Hours after stop ISB 50 k/Btu/sqft/hr
24 hours after resume ISB 54 k/Btu/sqft/hr
Net Change 8%

AVERAGE FEGT ( 2 HRS )
24 Hours after stop ISB 2545 F
24 hours after resume ISB 2505 F
Net Change -2%

AVERAGE RH SPRAY FLOW ( 12 hours )
ISB not in service 27 k/pph
ISB in service 21 k/pph
Net Change -23%

24 HOUR BASELINE TEST24 HOUR BASELINE TEST
NORMAL SEQUENTIAL OPERATION VS. ISB OPERATIONNORMAL SEQUENTIAL OPERATION VS. ISB OPERATION

Cleanliness FactorsCleanliness Factors
Improved ForImproved For

ALL ZonesALL Zones

Furnace Heat Flux ImprovedFurnace Heat Flux Improved

4040ºº F Reduction In FEGTF Reduction In FEGT

Substantial Spray Flow ReductionSubstantial Spray Flow Reduction

Post Post –– LNB, OFA and Fuel SwitchLNB, OFA and Fuel Switch
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In PracticeIn Practice –– Actual ISB ResultsActual ISB Results
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To Achieve These Results the ISB System Dramatically AlteredTo Achieve These Results the ISB System Dramatically Altered
Individual Individual SootblowerSootblower Frequencies Based on RealFrequencies Based on Real--Time ConditionsTime Conditions

Loc. 6  = 66% Reduction
Loc 11 = 200% Increase
Loc.12 = 450% Increase
Loc 19 = 33% Increase
Loc 21 = 50% Decrease
Loc. 22 = 50% Increase
Loc. 25 = 200% Increase
Loc. 13/15, 17, 29, 33/36 – Eliminated

Loc. 6  = 66% ReductionLoc. 6  = 66% Reduction
Loc 11 = 200% IncreaseLoc 11 = 200% Increase
Loc.12 = 450% IncreaseLoc.12 = 450% Increase
Loc 19 = 33% IncreaseLoc 19 = 33% Increase
Loc 21 = 50% DecreaseLoc 21 = 50% Decrease
Loc. 22 = 50% IncreaseLoc. 22 = 50% Increase
Loc. 25 = 200% IncreaseLoc. 25 = 200% Increase
Loc. 13/15, 17, 29, 33/36 Loc. 13/15, 17, 29, 33/36 –– EliminatedEliminated

Less Over-Cleaning
Tube Leaks
Media Consumption

Less Under-Cleaning
Plugging

Less OverLess Over--CleaningCleaning
Tube LeaksTube Leaks
Media ConsumptionMedia Consumption

Less UnderLess Under--CleaningCleaning
PluggingPlugging
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Case Study: Heat Rate ImprovementCase Study: Heat Rate Improvement

NRG Big Cajun Unit 3

630 MW B&W Boiler

Fuel: PRB Coal

Challenges: Severe slagging causing 
unplanned outages

Solution: SmartClean System installed 
• Automated Cleaning

• Fouling Sensors in Furnace and Super heater

• SmartCannon for furnace cleaning

Annual Benefits:
• 1% Heat rate improvement  $1M

• Eliminate outage $3M

• Total $4M

Payback:        Less Than 1 year

PHR Improvement = 9590 – 9500 = 90 Btu/KWh

Power saved = 90 Btu/KWh * 1000 KWh/MWh * 600 MW = 57.106

Btu/hr
Cost reduction = 57.106 Btu/hr * 1KWh/9500Btu * 1000Kwh/MWh * 

$20/MWh 

= $968,589 per year (355 days)
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Justification Tools AvailableJustification Tools Available

Quantify individual plant situation

Establish discounted cash flow analysis

Boiler Cleanliness 
Configurator

Commercial Release  
Revision 1.3

1.0 Plant: Unit #: 1 and 2
2.0 Driver Value U/M Day Month Year
3.0
4.0
5.0 Capacity: 355                       Mw Boiler Mfg:
6.0 Demand Factor: 85% Boiler Type:
7.0 Average Demand: 302                       Mwh 7,242                  220,273            2,643,272             
8.0 Steam Production: 2,196,740             PPH 52,721,760         1,603,585,052  19,243,020,626    
9.0 Feedwater Flow: 3,207,240             PPH Dual Regenerative
10.0 Wheeled Revenue Potential: 70.00$                  Mwh 506,940$             15,419,087$      185,029,044$        
10.1 Avg Replacement Power Cost: 40.00$                  Mwh
11.0
12.0 Cleaning Media: Steam 360 PSIG 575 F

13.0 Qty Travel(') Model Cycles per Day  Media Consumption per Day 

14.0 Wallblower: 42 1.0 IR 3 10,710                  
15.0 Average Availability: 95%
16.0 Water Lance: 0 na
17.0 Average Availability:
18.0 Water Cannon: 0 na
19.0 Average Availability:
20.0 Full Retract: 20 25.0 IK525 2 64,615                  
21.0 Average Availability: 90%
22.0 1/2 Retract: 1 -                        
23.0 Average Availability: 90%
24.0 APH: 2 10.0 Retractable 6 25,200                  
25.0 Sonic: 0
26.0 100,525                  

BW
Supercritical

 Mirant Chalk Point 

Production Data
Plant Data

Type of Air Preheater:

Sootblower Compliment

Daily Cleaning Media Consumption (lbs for steam blowing and scf for air blowing)

 Project: 

 Cost of Capital 10%
Year: 1 2 3 4 5 6 Total
Capital Equipment (650,000)$      -$               -$               -$               -$               -$               (650,000)$      
Labor (350,000)$      (350,000)$      
Other Capital Costs
Incremental Operating Costs -$              -$              -$              -$              -$              -$              -$              
Total Outflows (1,000,000)$  -$              -$              -$              -$              -$              (1,000,000)$  

Operating Profit from Incremental 
Generation 875,000$        875,000$        875,000$        875,000$        875,000$        875,000$        5,250,000$     
Avoided Outage Costs 220,000$        220,000$        220,000$        220,000$        220,000$        220,000$        1,320,000$     

 Fuel Savings From Improved Heat Rate 500,000$        500,000$        500,000$        500,000$        500,000$        500,000$        3,000,000$     
Fuel Savings From Lower Fuel Price 2,500,000$     2,500,000$     2,500,000$     2,500,000$     2,500,000$     2,500,000$     15,000,000$   
Avoided Ammonia Cost 65,000$          65,000$          65,000$          65,000$          65,000$          65,000$          390,000$        
Avoided Catalyst Replacement 140,000$        140,000$        140,000$        140,000$        140,000$        140,000$        840,000$        
Avoided NOx Credit Cost -$               -$               -$               -$               -$               -$               -$               
Avoided Media Costs 35,000$          35,000$          35,000$          35,000$          35,000$          35,000$          210,000$        
Other -$               -$               -$               -$               -$               -$               -$               
Depreciation Rate 40% 30% 20% 5% 3% 3%
Depreciation 400,000$        300,000$        200,000$        50,000$          25,000$          25,000$          1,000,000$     
Corporate Tax Rate 30% 30% 30% 30% 30% 30%
Corporate Tax (1,180,500)$  (1,210,500)$  (1,240,500)$  (1,285,500)$  (1,293,000)$  (1,293,000)$  (7,503,000)$  
Total Inflows 3,154,500$    3,124,500$    3,094,500$    3,049,500$    3,042,000$    3,042,000$    18,507,000$  

Cash Flow 2,154,500$    3,124,500$    3,094,500$    3,049,500$    3,042,000$    3,042,000$    17,507,000$  

6-yr Discounted Cash Flow - NPV/IRR 1,958,636$     2,582,231$     2,324,944$     2,082,850$     1,888,843$     1,717,130$     12,554,633$   

 6-yr Return on Investment - ROI 1255%

 Payback Period 0.48                Years

Net Present Value (NPV) Calculator for Boiler Cleaning Projects
 John Doe Power Station - Water Cannons 
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Thank YouThank You


