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WorleyParsons WorleyParsons — Industries Served

WorleyParsons
Minerals & Hydrocarbons Hydrocarbons
Mining Upstream Downstream




WorleyParsons Areas of Specialization

» Power » Upstream Hydrocarbons
—  Coal-fired plants — Fixed offshore facilities
—  Combustion turbine/combined cycle —  Onshore production facilities
— Nuclear — Floating production systems
— Transmission distribution/substations — Subsea systems
— Air quality control — Offshore and onshore pipelines
— Gasification — Processing plants
— Operations and maintenance —  LNG/NGL/LPG
— Owner’s engineer — Terminals
» Minerals & metals » Downstream Hydrocarbons
— Light metals — Refining
— Base metals — Petrochemicals
— Coal —  Sulfur management
—  Chemicals » Infrastructure
— Ferrous — Transport
— Industrial plants
— Buildings
— Defense

—  Environment
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WorleyParsons-Designed Plants

Nuclear - 11,100 MW IGCC - 255 MW



WorleyParsons

Outline

» Dampers

— Design criteria

- SCR
« Economizer by-pass
o SCR by-pass

- FGD

» Expansion joints

— Design criteria

- SCR

— Post air heater

— Absorber outlet

» Fans
— Design criteria

— Centrifugal
— Axial



WorleyParsons Dampers

» Damper service
— Ductwork (plenum) gas flow regulation/control
— Equipment (absorber) gas flow control and/or isolation
— Absorber by-pass control or isolation

» Damper types

— Guillotine - for isolation (no pressure drop during operation), top entry
preferred (acidic condensate and ash buildup in bottom of duct)
— Louver - for flow control (quick acting, less than 30 seconds) and

isolation (multi-louvers)

« Parallel blade - better sealing, for isolation
o Opposed blades - linear flow characteristics, for flow control



WorleyParsons

Typical Guillotine Damper

_— Drive Chain

Actuator

Damper Frame & Seal
Chamber




WorleyParsons

Typical Single Louver Damper

Damper Blade Seal
Strip

External
Linkage

Damper
Frame

Jamb Seal

Damper Blade
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Dampers ....coninues
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Seal Air

Typical Double Louver

Damper

Damper Blade Seal

Damper Blade

Jamb Seal

External
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WorleyParsons Dampers ....continues

Flow diverted Flow tends to

toward one side remain parallel to
of duct duct centerline
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Parallel-Blade Opposed-Blade

Blade Motion for Parallel-Blade and
Opposed-Blade Louver Dampers



WOI“leyPa I"SO“S Dampe I’S ..... continued

» Damper design
— Seals - blade-to-blade and frame seals for louvers and peripheral blades seals for
guillotines (on both side of blade)
— Seal air system (for isolation dampers — “personnel safe”)
« Required for zero leakage
« Separate blower(s) on each damper or central blower - heated air may be
appropriate
« Guillotine — seal air in four-sided seal chamber
« Louver - seal air between two louver dampers = more seal air

— Materials — seals need to be 300 series SS or high alloy, even for “dry,” 300°F
dampers

— Structural — frames and blades designed as structural members - blade
deflection criteria important

— Access - cranes or hoists to replace damper blades or drive motors



WorleyParsons

SCR Dampers

» Styles

Single or double louver Damper
BIPLANE

Louver — opposed blade
modulating

Louver — parallel blade
open/close

Diverter — flap
Isolation — guillotine



WorleyParsons SCR Dampers ...conines

» Economizer by-pass

— Modulating/Isolation
— Modulating economizer by-pass

» SCR by-pass

— Isolation/man-safe entry



WorleyParsons SCR Dampers — Design Criteria

» Type of service

— Modulating
— Shutoff/isolation

» Duct opening

» Blade depth

» Operating/design temperature
» Operating/design pressure

» Operator speed/stroke time

» Man-safe entry

» Pressure drop versus damper position

— Predictable
— Repeatable

» Flue gas constituents
» Ash analysis



Air Heater

Dampers

Expansion Joints



EXPANSION JOINT
. == _\ ELEV. 632'-6"
/2' FPT CONN - UPPER DIFFERENTIAL PRESSURE TRANSMITTER
T
| 5'-158* FLG
[l © 0000 ol o TEST PORT - 6 SAMPLE PROBES/1 MUILT-POINT
THERMOCOUPLE (6 POINTS) PER FLG (8 PLCS)
3
L $ESI?0;0’I}FG 6 SAMPLE PROBES PER FLG
2 0 0O 0 0O 0 0O O O (8 PLCS)
AMMONIA INJECTION GRID— g
| TRAIN 2B
o] SCR REACTOR EXISTING PRECIPITATOR
4-150*% FLG— | || =
— TEST PORT . = o000 0 0 o o
1 (3 PLCS) 2 7_@
\
6°-150* FLG
= " TEST PORT - 6 SAMPLE PROBES/1 MUILT-POINT
o )
B SCR FLUE GAS INLET DUCT | I THERMOCOUPLE (3 PDINTS) RER FLG (8 PLCS
AWING ROX0-2-DW-239-002-003 |—_
— | ! 0 0 0 000 O |||
1 4-15* FLG
— EXPANSION JOINT ~—— = HT™ AMMONIA SLIP MEASUREMENT PORT (2 PLCS)
4'-15@% FLG N || ———2"FPT CONN - LOWER DIFFERENTIAL
NOX ANALYZER PORT — N 1 PRESSURE TRANSMITTER
ECONOMIZER | EXPANSION JOINT HL\
BYPASS 4 oas
L | X | _—— TRAIN 2B SCR FLUE GAS OUTLET DUCT
] CL ELEV.557-18" N = ] SEE DRAWING ROX0-2-DW-233-002-003
o CL ELEV.554'-4 1/4"
EXPANSION JOINT —— 2 // V. 554"
L w
ECONDMIZER EXPANSION JOINT
= BYPASS DAMPER S —
EXPANSION JOINT | B __——— SCR OUTLET DAMPER
] SCR INLET b |
DAMPER [FF BT~ | EXPANSION JOINT
| 4——/ .
| TRAIN 2B PRECIPITATOR INLET DUCT
SEE DRAWING ROXQ-2-DW-239-082-807
CL ELEV.528'-4 3/16" =
_____________________ 3
NOMIZER - ANV \\\\\II////!
[LET TO SCR Q@ ES
o
15@* FLG 02 PORT,
‘NPT TEST PORT &
‘NPT SAMPLER PORT
PLCS)
EXPANSION
\;Hr JOINT 1
'~ ELEV.5@2'-8 7/8" :E j
| | f EXPANSION
JOINT
SCR OUTLET TO /
r————1—| AIR PREHEATER ggﬁp‘égp‘*ss
— |
AIR PREHEATER OUTLET EXPANSION JOINT
TO PRECIPITATOR r ~— S03 FLUE GAS CONDITIONING
l‘ = [? T [EJ T T + M INJECTION PROBE PORTS
l ] (Rt
cL_ELEv. 4721 ] % ______ N
— 1 I
4 lH Bl %\W—Vglﬁ - 7




Zero leakage double louver for SCR service ==33 1NC.




Large duct span single louver for SCR service. Center support
required due to large span at elevated temperatures ===
; oo i =FOXING.




Double louver being shop tested for zero leakage capabilities




Hydraulically driven diverter for 600 MW coal-fired SCR E?EQXINEL

R
Ll 11 I a9




Flap type diverter for oil-fired SCR =0C
S : NC.
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Large ID fan isolation damper being tested in vertical position
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WorleyParsons FGD Dampers

» Isolation dampers/man-safe entry

— Multiple boilers single absorber

— Multiple flue gas paths single absorber
— Multiple absorbers inlet

— Multiple absorbers outlet

» Single train absorber — no dampers required
» Styles

— QGuillotine
— Louver



WorleyParsons FGD Dampers — Design Criteria

» Isolation service/man-safe entry
» Duct opening

» Blade depth

» Operating/design temperature

» Operating/design pressure

» Materials of construction

— Frame
— Blades
— Seals

» Flue gas constituents
» Ash analysis



. Bypass Duct
Dampers -
Expansion Joints




WorleyParsons Wet FGD System

WorleyParsons

Fans, Flow Model, BOP Engineering, Stack Contractor

Systems integration - Process tanks, piping,
BOP utilities — water, air, steam
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WorleyParsons Seal Air Systems

» Ambient — if seal air chamber is at least 3 in wg higher
than duct pressure on both sides

» Pressurized — hot or cold air depending on acid gas
potential

» Safety factor — 200% for volume at 3 in wg over system
pressure



Seal air skid for zero leakage SCR double louver
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Large zero leak guillotine damper with seal air fan mounted




WorleyParsons Expansion Joints

» 700°F — 1100°F high temperature for SCR and
economizer by-pass

» 250°F — 700°F mid-temperature for air heater to FGD
absorber

» 100°F — 250°F wet expansion joints downstream of FGD
absorber

» Life — 10, 15, or 20 years



WorleyParsons Expansion Joint — Design Criteria

» Flue gas flow » Deflection

» Flue gas constituents — Axial (extended, compressed)
» SO, concentration ] ;?Zr:rl] fong shor

» Particulate loading » Operating/design temperature
» Duct dimensions » Operating/design pressure

» Corner radius — Six inches
» Mounting type
» Materials of construction



WorleyParsons SCR Expansion Joints

» Design
» Frame material — Chrome-Moly, SS, CS
» Erosion baffle — weld on or Z-frame

» Insulation — internal pillow or external

» Bolting — design temperature and bolt material depends on
insulation

» Transient temperature, pressure, and duration



WorleyParsons Air Heater Outlet EJ

» Design

» Susceptible to acid attack

» Frame material - CS

» Erosion baffle — weld on or Z-frame

» Insulation — internal pillow or external

» VITON belt materials in a U-style frame do not require erosion
baffles or insulation pillows

» Bolting — Zinc Plated CS (SS for acid resistance)

» Transient Temperature, pressure, and duration — typically 650°F for
one hour for an air heater failure



WorleyParsons FGD Absorber Outlet EJ... contnue

» Design
» Exposed to supersaturated (WET) flue gas

» Liquids drains are required in EJ frame or duct
(3" minimum, 4" or 6" is preferred)

» Frame material — FRP or AL6-XN

» Erosion baffle — none or AL6-XN — depending on frame style U or
Belted

» Insulation — None
» Bolting — Zinc plated CS (SS for extra acid resistance)

» Transient temperature, pressure, and duration - typically 200°F -
220°F for 30 minutes for an absorber recycle pump failure with an
emergency quench



Fabric expansion joint applications PATHWAY

Senlor Operallons, Ine.

600-800°F (316-427°C) Particulate laden flue gas
(flow liner and cavity pillow recommended)

600- 700°F (316-371°C) Clean Air

300-350°F (149-177°C) Particulate laden flue gas
(flow liner and cavity pillow recommended)

280-330°F (138-166°C) Flue gas with minimal
particulate

280-330°F (138-166°C) Flue gas with acidic condition
(corrosion resistant frame and belt recommended)

120-180¢°F (49-82°C) Flue gas at the acid dew point
(corrosion resistant frame and belt recommended)

Ambient clean air

senior -

Flexonics T



WorleyParsons Fabric Expansion Joint Advantages

» Ability to absorb large motions in multiple planes
» Eliminates need for costly metal joints in toggle (universal)




Hot vs. Cold Application Designs




A Division of JM CLIPPER
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Manufacturing Location;

1413 S. University - Nacogdoches, TX 75261

USA 800-233-3900 - Fax 936-564-8875
= __'_ s

Charleston Sales Office:

USA 800-800-7665
Fax B43-554-6175

SUPERSPAN

COLD SIDE

'$0-9607 ceRTFIE”

PRODUCT STANDARD FOR RM DYNEX SUPERSPAN EXPANSION JOINTS

STYLE

MARK I
FLEXTRA/F/G

Flange Geometry: RL-E769
Belt Geomstry: RL-6782

MATERIAL

SERVICE

Handles

1. 300°F (150°C) continuous
2. 400°F (205°C) excursion
3. pressure = 5 peig (I5kPa)

4, wetidry flue gas service.
Saffles not required.
External insulation allzwad.

MARK Il WIRE

Flange Geometry: RL-7333
Balt Gaamstry: RL-T423

2-PLY KNIT WIRE

Handles

1. 300°F (150°C) continuous
2. 400°F (205°C) excursion
3. pressure + 5 psig (35kPa)

4. wetidry flue gas service.
Baffles nat required.
External insulation allowead.

MARK 111
FLEXTRA !/ F/G

Flange Geomatry: RL-7422
Balt Geometry: RL-T421

; FLUCROELASTOMER COATED

= REIMFORCEMENT

Handles

A00PF (205°C) continuaus
2. B50°F (345°C) excursicn
3 pressure + 5 psig (35kPa)

4. watidry flue gas sarvice.
Baffles not required,
External insulation allowad.

MARK [T WIRE-F

Flange Geometry; RL-6803F
Bai Geometry; RL-S5810F

FLUCROELASTOMER FLEXTRACLOTH
COATING
E' s=maes ; e
i

ENITTED 20ch3 WIRE
MEEH

Handlzs

400°F (205°C) continuous
2. T50°F (400°C) excursicn
3. pressure + 5 psig (35kPa)

4, wetidry flue gas service.
Baffles not required.
External insulation allcwed.

MARK Il WIRE*

Flange Geometry: RL-6803
Bakt Geometry: RL-5810

FLUOROELASTOMER
COATING

L)
14" NOM,
—1

KNITTED WIRE
MESH; CARF. 20

Handlgs

400°F (205°C) continuous
2. 750°F (4007°C) excursion
3 pressure + 5 psig (35kPa)

4, watidry flue gas service.,
Baffles not recuired,
External insulation allowed.




Charleston Sales Office:
LISA BOD-B00-TE65
Fax 843-554-6175

Manufacturing Locatian:
1413 S. University - Nacogdoches, TX 75961
USA 800-233-3900 - Fax 936-564-8875

SUPERSPAN
HOT SIDE

PRODUCT STANDARD FOR RM DYNEX SUPERSPAN EXPANSION JOINTS
STYLE MATERIAL SERVICE

A Division of JM CLIPPER /50 3007 CERTIFIEY

MARK V SCR

Corrosive Sanice
Belt Geomeatry: RL-B818

Bak CuT
FLOLROPOLYMERGLAEEPTFE
g HETAINES FLY

1* TERSPRAT IS ATION
FIBERGLATS CLOTH
FIBERGLARE CLOTH

Handles

1. 1000°F {540°C) continuous

2. prassure + 2 paig (15kPa)

3. cormosive flug and chemical gas
Baffies required.

External insulation not allowed,

Insutation pillew reguirad whan

1. over TROFF (400°C) or

2 préssure over 107 W.G
(2.5kPa)

MARK V FLEXTRA

Nan-Carrogive Sarvice
Belt Geomairy: RL-T427

FEAFLEXTRAFEF

FLEXTRA FARRKC

Handles )
1. 1000°F (540°C) conlinuous
2. pressura + 2 paig [15kPa)

External insulation not allowed
Insulation piltw reguired when
1. over TS0°F (400°C) or

Carrosive Sarvice TOCRMAT 3. corrosive flus and chamical gas 2. prassurs over 10" W.G
Balt Geomairy: RL-T428 R hrei FLEXTRA Baffies required {2 5kPa)
Mon-Cormosive Service ;:;Jﬁiﬁunc Handins Extamnal Insulation not allowad
SR Balt Geomeiry: RL-T7132 = 1. 1000°F (540°C) conlinuous Ingulation pillow requined when
MARK V WIRE T GLASHMATT 2. pressure = 2 psig (15kPa) 1. over 800°F ar
Corrozive Sarvice -?ﬁ;ﬁ?— 3. corroslva flue and chemical gas 2, pressure cver 107 W.G

Ball Geomatry: RL-TD15

ALUMITED FLEXTRA FABRID

Baffles required

{2.5kPa)

MARKY
FLUOROPOLYMER

Corrozive Sarvice
Belt Geomatry: C-800T

FTFERGLATS DOVER
RETAMER PLY

TEFLDN
HEAT TREATED Fag=IT

= 1T INTULATION
HEAT TREATED FF{;H:

Handlax

1. 1000°F (540°C) continuous

2. pressure £ 2 psig (15kPa)

3. corrosive fius and chemical gas
Baffles required.

Extarnal insulation nol allowad,

Insulation pillow required when

1. owar TA0PF (200°C) or

2, pressure over 10°0W.G
{2.5kPa)

MARK V MODIFIED

Nan-Corrosive Sarvice
Belt Geometry: RL-T431

Corrosive Service
Belt Geometry: RL-7433

EPDMFLEXTRAFED
FLENTRS FADAC
113" CLASS MATT
FLEXTRA FARRIC

Handles

1. SDOFF [280°C) continuous
2. TSO0F (400°C) continuous
3. prassure = 2 psig (15kPa)

flue and chemical gas
Gas required.
Extarnal inzulation nol aliowsd.

MARK V MODIFIED

Non-Corrosive Service
Beilt Geometry: RL-T124

Cormsive Service
Belt Geometry: RL-7027

FERLASRE
& FLEXTRA FASHIC
U GLASS MATT

PTEEAGLASS
TNMER BLY

Handles

1. 550°F
2, T50°F (400°C) continuous
3. pressure = 2 psig (16kPa)

flue and chemical gas.
Gas required.
External insulation not allowed.

MARK V MODIFIED conosive Service

FLUOROPOLYMER

Belt Geometry: C-300T

Handles

1. SO0°F (260°C) continuous
2. T50°F (400°C) continuous
3. préssure + 2 psig (15kPa)

. Mue and chemical gas.

Gas required.
External insulation not allowed

INSULATION
PILLOW

Glass Fabric Casing: RL-7325
Ceramic Fabnc Casing: RL-7465

COATED GLASS FASRIC
3 COATED CERAMIT
FABFIC \WIRE IKBERTED

OSSO CERALED INEILATIOMN

THICKNESS &° [viomm)

PTFEMILASS COVER
13" IBULATION
T BTRE
FEAT TREATED FagRaC

Use with Mark V' axpanslon joint when temperatures ane in axcass of
THOF (200°C) or there is a problem of fly ash (eading.
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Frame Styles

VARIOUS STYLES
MATERIALS
WELD-IN / BOLT-IN
WITH OR WITHOUT FLANGES

RADIUS CORNERS / STD SIZES

SETBACK / HOLE SPACING

7

B FLENONICS
FPATHWAY

SR2400 “G”
FRAME

U1000SERIES

2400 SERIES

2500 SERES

2600 SERIES

2700 SERIES

2750 SERIES

2800 SERIES

2900 SERIES

)

NE




Charleston Sales Office:
USA 800-800-7665
Fax 843-554-6175

- Manufacturing Location:
. 1413 8. University - Nacogdoches, TX 75961
' LISA 800- 233 -3900 - Fax 936-564-8875

50,567 CeRTIFE

SUPERSPAN

MOVEMENT DESIGN STANDARD
RM DYNEX SUPERSPAN EXPANSION JOINTS

ANIAL
EXTENSION

SECTION VIEW OF
EXPANSION JOINTS
FLANGE GEOMETRY

|‘|II" ]
EfF
MARK 1L, 111 WIRE®
MARK 11l WIRE F*
TEHELASTOMERIC JOINTS)

BREACH
OPENING

AXIAL
COMPRESSION

LATERAI
RESULTANT

OFERATING EXCURSION | OPERATING EXCURSION | OPERATING EXCURSION

67 (152mm) A (140mm) | 19" (38mm) 2947 (37mm) S 3mm) 15" (3%mm) 215" (8 Tmm) e

8" (230mm) 84" (21 8mm) | 2% (T0mm)  4%"(120mm) v (1 3mm) 257 (T0mm) 444" (11 Ormm)

127 (305mm) 117 280mm) | 3% ("Wmm) 657 (1 60mm) 1™ {25mm) 347 (9imun) 3" (13 5mm) .

167 (405mam) 15 (38Cimm) | 57 (1 30mm) 447 (220mm) 17 (25mm) 5 (1. 30mm) T8 1 90mm) EE
“HAARK V MODIFIED -ii:' BELT GEOMETRY
(CONMPOSITE JOINTS) it

6 (150mm) sy (140mm) | 17 (25mm) W (13mm) 1 (23mm) l\l&%\ T

0 (230mm) W21 3mm) | 207 (65mm) Vi1 3mm) 2147 (A3mm) =

127 (305mm)
16" () Smrm)
HAARK Y

34" (B5mm)

445 (11 5mm)

L1 {280y
157 { 380mmi)

17 (250 I (BSmm)

4% (11 5mm)

A0
q1 3
| |
i

1" {25mm) JARK Y

BELTED GEOMETRY

(COMPOSITE JOINTS) i
6" (1 50mm)] 4" (140mm) | 1" (28mm) 4" (1 3mm) 1" {25mm}) g
9 (230mm) BT (215mim) | 27 (S0min) W (1 3mm) 27 S0mm) ' —_—
12" {300 5mim) 1™ 28 b 3 {7 8mm) 1™ {250um ) 3" T45mm) = "I
[6" (405mm) 15" (3%0mm) | 4" (100mm) 1" (35mm) 4% { | D0hrm)
“Pateut 403,79 **Recommended in Belt Gesnetry ***Recommcnded in Flange Geomelry
DESIGN NOTES: AXIAL EXPANSION CACULATIONS: COMPRESSION EXTENSION
. BT(ISOMM), 97 (230MM), 127 (3055M), 167 (#05MM) DUCT MATERIAL: AXIAL
pre standard manufbetured expansion joinl FF, RM CARBON STLLEL AT
DYNEX offers other sives fior special conditions, or on EXPANSION (in.) = 8.0 % 10 x tx AT MOVEMENT | L | !
request STAINLESS STEEL 4 | |
2, Lxtension may be increased by decrensing breach openin EXPANSION (i) = 12 107 x Ix AT = | ==
{pre-compression). However, compression will be reduce FIBERGLASS i | | |
cqual to extension incroase, EXPANSION (in.)= 1.8 % 107 x tx AT z \,_“__/
3. In general, resultont lateral should not exeeed the EXPANSION (em.) = 1.2 % 107 5 mxAe = LATERAL MOVEMENT =
compression, IT neccssary, this may be achicved by pre- EXPANSION lem.} = |65 x 107 %1 g i
compréssion, NPANSION (em )= 27 x 10% 3 mx A x/’/"}
4. Lueral movements exceeding 5™ (125MM) should be EXEANSION (omy) iR 7 =1 RESULTANT
pre-offest ane h’}”ﬂ'ﬂ-‘ wired movement. Review offset = |irviear Toet of duct [rdm anchaor pormt /
FEqQUARCMZATS with RM 'IJ""L;‘{ = ) ) 47T = service temperature less ambient wmperature m °F /// ‘><' V( i :
%, DBreach opening tolerances: Axial: 'a” (dmm) Exiension, m = lincar meters of duct from anchor point /:L,:, - LX+ é.Y
2 [13mm) Compression; Lateral: = %" (13mm) A = gerviee emperature léss anibient iemperatun in




SR2400 “G-Frame’ ﬁﬁs
TS PATHWAY

» Highest cost, lower installed cost
» Easiest installation
» Floating mating flange




SR2700 or 2750 “Z-Frame”

A"
LEXONICS
TS PATHWAY

» Lowest installed cost if flow liners are required
» Floating mating flange
» May require pre-compression




SR2800 “Angle Frame” , fmwﬁa.s‘
Ty PATHWAY

» Lowest installed cost if flow liner is not required
» Floating mating flange
» May require pre-compression




SENIOA
FLEXUNIES
FPATHWAY

Common

Smaller variance for floating flanges

Fabricated corners
Less movement capability

v Vv Vv Vv

Lower steel frame cost

»  Higher belt cost

Rubber

»  Maximum temperature 400 deg. F

Teflon/Darlyn

600-900 deg. F depending on belt type and required
movement

> Abrasion resistant - Yes » No, unless a liner is used

»  Flutter resistant - Yes »  Yes/No, depends on belt style



Belt Drain

Frame Drain




Belt Leakage Anatomy

Typical leakage points

o
S




WorleyParsons Fans

» Type
— Centrifugal — conventional boiler ID fans

— Axial — used in Europe after absorber due to wider use of axial fans
in power plants for ID fan service (Note: Europe uses reheat to
further reduce moisture after mist eliminator)

» Location

— Pressurized absorber — hot, dry, clean flue gas (dry fans)

— Negative pressure absorber — water saturated flue gas (“wet” fans)
» Service

— FGD booster fan — controls more complex

— Combined boiler ID / FGD booster fan — new fan or modified existing
ID fan



WorleyParsons

» Design

— Dry (positive pressure)
« Higher temperature - higher gas flowrate (volume)
o Larger fan and motor than wet fans

— Wet (negative pressure)

Saturation temperature (~125°F) = lower gas flowrate (volume)
Negative pressure structure design more difficult

Smaller fan and motor than dry fans

In-leakage increases gas flow

Mist eliminators operation critical — to avoid fan deposits

Wash system to remove deposits from rotor = reduce corrosion
and rotor imbalance due to solids buildup

- Poor reliability (USA experience)



WorleyParsons Fans....continued

» Materials

— Pressurized absorber — conventional fan material for ~300°F flue gas (carbon
steel)

— Negative pressure absorber — water-saturated flue gas (~125°F), with very
acidic and high chloride conditions
» Reheat - theoretically dry, but upset conditions should dictate

« No reheat

— Nickel alloys for rotors and blades (stainless not recommended due to chlorides),
rubber lining has been used in USA

— Linings and coatings can be used for housing = poor experience

» Structural

— Increased negative pressure excursions/transient for existing plants — boiler
implosion



WorleyParsons ID Fans

» A 600 MW SCR/FGD retrofit requires two 10,000+ HP
centrifugal fans



WorleyParsons ID Fan Turn down

» Cold start

» Load variation

» Dampers and VIVs 21047
» Hydraulic drives 410101
» Variable frequency drive 10+~



WorleyParsons Centrifugal ID Fan Flow Control

» Inlet dampers » Lowest initial cost/highest
operating cost

» Variable inlet vanes
» Variable hydraulic coupling

» Variable frequency drives » Highest initial cost/lowest
operating cost



WorleyParsons Georgia Power - Bowen 3 & 4

» (8) 145.25 in. diameter airfoil
bladed ID fans

» Voith vorecon geared fluid drive
» 8000 HP, 900 RPM motors

» Inlet and discharge dampers with
actuators

» Overspeed and impact tests of
rotors

» Radiography of CPL and flange
welds

» Shipped in summer of 2001

7
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POWER SAVING WITH VOITH VARIABLE SPEED TURBO COUPLING

VOITH

Damper Control
Inlet Guide Vane
Variable Speed Coupling
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WorleyParsons Santee Cooper - Cross Units 1 & 2

» (4) 150 in. diameter airfoil
bladed ID Rotors

» Forged double hubs "
» Variable speed control via VFD %

» Designed to retrofitinto two ~ J##~
different Competitor's Housings §
(Unit 1 and Unit 2) |

» Model performance test in
each housing

» Includes turnkey installation
» Installed in 2002 and 2003

=
FlaktWoods
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» Centrifugal Fans
» Airfoil Blades

— Highest efficiency, non-overloading power curve, low noise

—  Strongest design, clean or dirty gas capable

» Backward Curved Blades

— High efficiency, non-overloading power curve, low noise

— Single thickness blade, clean or dirty gas capable

» Backward Inclined Blades

— Good efficiency, non-overloading power curve

— Single thickness blade, intended for high build-up service

» Radial Tip Blades

— Lower efficiency, non-limit load power, higher noise

— Lower cost, intended for intense build-up or wear
» Radial Blades @ g
7\

— Low efficiency, non-limit load power, higher noise 5
— Low cost, intended for high pressure, high speed service Flak E'WUOdS




Centrifugal Fan







Inlet Vane Control




Inlet Louvre Dampers

ooooooooooooooooooooo



Shaft and Bearings




Balancing




Mechanical Design - Centrifugal Fans
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» Finite element modal analysis

—— e =

Q

FlaktWoods

> 4

RUSH | SLAND 139. 4" WHEEL

FULL MODEL FOR NATURAL FREQUENCY CALCULATIONS



WorleyParsons Axial ID Fan Flow Control

» Variable pitch blades



PFS - Single Stage Axial Fan

High reliability

High efficiency

pa
FlaktWoods
Vg
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PFT - Two Stage Axial Fan

High Pressure

Compact design

pa
FlaktWoods
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Types of The Variax® Fan

Variax® Type ANN Variax® Type ANT
Single-stage fan Two-stage fan
Pressure up to 45-50 inwg Pressure up to 90-100 Inwg

Volume flow up to 3.000.000 acfm Volume flow up to 3.000.000 acfm




Two-stage Axial Flow

Fan
Intermediate Inlet box
Impeller iece
casing 1
Diffuser = ) =
Blade / Main motor
' = f - 5C lings
) | owigs |
— A — B jr / | L\\
) i ) 1 B
Man hole Control drive Hub Shaft Coupling
Main bearing guard

assembly



WorleyParsons Industry Guides

» Expansion joints — FSA — Fluid Sealing Association

» Dampers — AMCA - Air Movement and Control Association
nc.

» Fans — AMCA and ASME PTC 11 Fans




