IPRO 303 I
FAILURE PREDICTION MODELING FOR
POWER PLANT EMISSION CONTROL SYSTEMS

IPRO Purpose & Objectives Sponsor Information Wet-Scrubbers

The main goal of IPRO 303 is to investigate how SmartSignal’s modeling technology can SmartSignal is a corporation that provides applications to increase equipment

provide value in detecting problems on environmental systems: The main objectives that performance by means of predictive analysis. SmartSignal’s solution analyzes

SmartSignal would like for the team to investigate are: information gathered from equipment in power plants, monitors behavior of the plant
as a whole, and identifies the risk of failures. SmartSignal’s clients include a number of

- What are the regulatory drivers? major power plants nationwide and worldwide. The company is located in Lisle, lllinois.

- What types of systems are being deployed to remove what pollutants?

- How much instrumentation is available on these systems, and what signals are
measured (temperature, pressure, chemistry analysis, etc.)?

- What are the failure and performance degradation problems that occur? Te am Bfe akdOWﬂ

- How can the available instrumentation be used to remotely monitor and detect

. Wet scrubbers is a form of pollution control technology that uses scrubbing liquid, water
developing problems?

with lime, to remove pollutants from furnace flue gas or from other gas streams. Within the
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Ill il [ | scrubber the polluted gas stream is brought into contact with the scrubbing liquid by
Z 20 ] > spraying it with the liquid, by forcing it through a pool of liquid, or by some other contact
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,,E,' o | method, to remove the pollutants. There are many different types of scrubbers. The type

L i IPRO A ro aC h e of scrubber selected is based on factors such as the gas temperature, pollutants to be re-

| }i | 3 Research moved, space available, and desired efficiency. Some types of scrubbers are designed to

' E D . ‘&"E‘h r— —_— E— Regu';am . —— v remove particulate pollutants, like the venture scrubbers, and other are designed to mostly
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| Iii | é'.r oresentation | | Final Report Brochure Team Research Contact SCRE il Baghouses | ! Scrubbers remove gaseous pOllu’[aﬂ’[S or soluble partICU|ateS.

- Get a better understanding of how a power plant works as a system m—— — wr T Ingivah Cari e | | e [ e | o | ,
- it v ash from the f t - | aratsu | souiigis | aratsu |[ Aratsu || resser || aratsu | getanger | capps M| Aratsu Wet scrubbing is a two step process, the first step being the capture of the gas stream
aghouse are used to remove fly ash from the flue gas stream. Baghouses are primar- o _ o | i P : - - A - - -
_ ; _ _ Visit a power plant to understand how its emission systems function A N — : M __ c.;on.tammants In the liquid and the seconpl step being the separan'on. of the sqrubbmg
. . . . . . langer . | Irish Iris Kaneria Belanger Hesser Kaneria Bouikidis '
differential which is required to pass the gas through the filters. In the states, they are , , , L= i gl - 1] 1 J| - - i AL - i _
onlv found at 10% of | Baah h ies of fil hat filter the ai - Looking at various regulation proposed by the current government __ || Bret || | | stepin the final collection O.f ﬁhe pollutants because poor liquid separation will cause reen
y oun at OA) O power p antS ag ouses nave a series or 1 terS t at I tel’ t e alr. Lavesh McQuillan || | Jay B Lavesh ! | Brett | Jlohn | Sean | Lavesh Brett tralnment Of droplets Contalnlng the po”utants
The three most common types of baghouses are mechanical shaker, reverse air, and | | | | Moninani =t Poe | Srrer R e L I vish ] Mohinani [|f WeQuilan
reverse jet - Study about various pollutants emitted by fossil fuel combustion ) H o eavam J — , ohotos courtesy: productimage.tradeindia.com, cbh.net.au
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photos courtesy: airex-industries, novo-enrgy.com, usairfiltration.com. sparkdetectioncom - De’[ermine Wha’[ kinds Of Sensors are avai|ab|e on air treatment SyStemS L ng;ler !

- Look into the reliability of air treatment systems and the various degradation problems
associated with them

Ele Ctro S tatic - Look into sensors and the reliability of water treatment systems. S ele Ctlve C at31Yt1C

Precipitators | Reducers
Gantt Chart Obstacles and Solutions
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S EE = -Team Organizaion

o ’ - Early into the semester we had problems defining a team structure

| s novgnment w0 g ) and direction. After some discussion we came to the decsion to

13" waken o P v i Q : nominate an overall team leader, then divide the rest of the team into

R —— 3 Q subgroups, as shown above.
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r [ . - Contacting power plants and equipment manufacturers

| - . - We did not get in contact with suppliers and power plants because of

25 et e Evaion Opportuny o @L lack of responses to our attempts. To solve this we tried harder, called

. . — more companies and re-wrote e-mail scripts to encourage more re

54| Wowon PR Doetales o | | sponses. The effort did yield results, and we eventually did visit two

] e meere o T — | power plants.
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| HEST 4 T e e s SR - Ethical issues 3.
Working of ESP S S — e ey ® M | | o - pijs U OO
- lonization - As an IPRO we took the time to look into our ethical issues within the | l ' '1 m l m
This is the initial process of charging the dust particles from any process IPRO itself and the more general issues of working in teams. ﬁ !
- Migration | '1' ' ' ,I nl
Transporting the particles to the collecting surface

- Collection - Lack of Information 1 !Iﬂl[ﬂ

Precipitating the particles on to that surface
- Charge Dissipation
Neutralizing the charged particles to facilitate its collection on the surface

Selective Catalytic Reduction is a process used to eliminate NOx gases from power

- Some of the systems that the IPRO was researching were fiarly new plant emissions. The way this happens is Ammonia (or Urea) is injected into the flue

- Particle Dislodging technologies, or technologies t.hat had very little documenltation. We gas within a temperature range of about (600 to 750 degrees Fahrenheit), upstream of
Removing the particles from the collecting surface to hopper (hopper is a collecting sloved the problem by contacting manufacturers and getting detailed a catalyst. Subsequently, as the flue gas contacts the SCR catalyst, NOx is chemically
area for particles). information from the source. reduced to nitrogen and water.

- Particle Removing
Putting the particles to its disposal area via a conveyor.

photos courtesy: beth-filter.de, bateman-environmental.com, arb.ca.gov

photos courtesy: Babcock Power, apiconst.com

photos from Waukengan power plant visit




IPRO 303

FAILURE PREDICTION MODELING FOR
POWER PLANT EMISSION CONTROL SYSTEMS

Summary of problems associated with Wet Scrubbers

, . . o Summary of problems associated with Selective Catalvtic Reducers
Indicator Possible Failures

Wet-Scrubbers

Selective Catalytic Reducers

i ——— e Cause __ Effect on Sy§tgm Corrective Action |Preventative Measures
(Gas Flow) --> Check Sealants 1.Catalyst Deactivation 1. Catalyst poisoning 1. Reduces Efficiency |1. Replace Catalyst 1. Soot Blowers (to
--> Check for structural cracks (Stack, ducts, etc.) Elow A. Deactiviation of the of Nox Removal accommodate for Blockage
Flue gas desulfurization (FGD) T T e /\ --> Corrosion Straightenar Catalyst by chemical attack and Plugging)
limestone wet scrubber to stack : = Gas Flow Unbalance 2. Catalyst Masking 2. Amonia Slip
P =2 CF;” ”llal'fr”‘:[t)'on B. Macroscopic Blockage of 2. Screens to block out fly
Ve By et the catalyst surface by ash particulates
( , Particle Build Up
gliminator dense second phase
acked tower Low Pressure Difference Gas Flow Unbalance coating | 3. Sonic Homs
scbber N\ o >Fan malfunction | i.':iﬂﬁ 3. Catalyst Plugging
_— Packing -->Check Inlet Duct - C. Microscopic blockage of
Leakage in the system the catalyst system pore
SCR
—->Check Sealants . —— Reacior system by small flash ash
mist aliminatar -->Check for structural cracks (Stack, ducts, etc.) particles
/ -->Corrosion
. . < )
misl-eliminator T T/ //’/ 2. Pressure Gages High Pressure Nozzle Plugging
washwater S Valve Failure ot
| :Fl"f focé‘“ (Nozzle Slurry Line) Low Pressure Pump Failure i Ly 0% E\ [ CITT LT Il 1. Use across life span 1. Reduces Efficiency |1. Replace Catalyst |1. This will happen over the
: ST PR ——— Line Leakage causes the catalyst to of Nox Removal course of the life span of the
A B Valve Failure deteriorate 2. Ammonia Slip SCR (unavoidable)

Gas Flow Unbalance
-->Fan Malfunction

3. Temperature Monitor High Temperature

scrubbing slurry

1. Unreacted ammonia 1. No affect on 1. Ensure Mixer is 1. This is allowed and

3. Ammonia Slip

_— 200 0
/ Check Inlet Duct exiting SCR reactor system, affects EPA  [working properly expected to happen
& P Low Temperature Leakage in the system 2. Un-even distribution of  {regulations for Nox
-->Check Sealants Ammonia across catalyst  [Emissions 2. Prevent clogging of [2. Correct design of SCR
cerubber - -->gheck for structural cracks (Stack, ducts, etc.) surface the Ammonia Injection |system
g > o :
o ago | || sludge removal orTosion 3. Un-even distribution of Grid
P T CLEAN GAS OUTLET Check Gas Flow (Fans)
{/,.r//.. AR system Flue Gas across catalyst
& = \(\\ 4. pH Probe Low/High pH Check Slurry System o surface
R - !:i -->Lime Addition Hew installation
R | >\F;:{3§ E:illlj:: N 4. Broken Pump 1. Broken Housing or Shafts|Improper distribution |Replace Pump 1. Do not overload pump
; Sl , e ;I sludge to éi‘;.i'.??ﬂﬁr _->Solids Removal A. Excessive Vibration and |of flue gas and |
P & 3 H*!:‘“w 5 | ->Flushing/Drains gnbalance ammonia 2 Inspept pump during
Pty b I5posa i. Bent, cracked or broken installation
T claar llould return 5. Humidity Sensors High Humidity Gas Flow Unbalgnce e W we ey . Atomizing Al fan
fIUE gaﬁ q ">Fan malfunctlon Flue Gas jiInlet COH]DETI'E!SSOF COH'IEIE!SSOF ii Fan not Squarely
a — '
.. > Ty | |
mntalnmg H gmu“d limestone Ell..ll‘l'g," M ct::'zel?k_lnlft [I)zuclt Plugai " e | :: mounted on shaft
55U rfur' '-_-"". ".,r & 1S iminatoral ur.e ugging AqQueous ! _ Vapor Pressure Pressure TN . ||| CraCked or bent pU”eyS
Lol W e Packed Bed/Plate Failure Ammonia | Tank Fil Return | Srassure
dloxide effluent hold tank Nozzle Plugging S <Y CH . (3 due to improper handiing or
an Strainer _ ow Ammonia — © . )
Flooded Check Slurry System fulti.Be: |1 I X | Py — 2 installation
Elbow Slurry Outlet 777777 | ‘ Pl apny FESIFUMR S ! > — . B. Belts too tight
i . . . - - ) - 2 i . - Filter 5 . ) .
— heep:/ /wwwmikropul.com/products/pdf_files/wetscrubbers.pdf  EVEMVITST XA L] WAXWeI VIS 1 [ High/ Low Vibration Corrosion ZZ I Vapor ‘®_(8)_' | : E i. Excessive Loading
2000 Encyclopaedia Britannica, Inc. Monitors Pump Failure & I C’—lﬁ%me FeedPump A : e > F i Bending force on the
i um — . .
(Ducts, Fans, Pumps, etc) valve Faiure . = e W a— . | i Ditgon Al L, shaft causing a deflection
Fan/Local Equipment Failure (ﬁ"ﬂ% ; Alr | 3 . -
- Air Heater e Fleheater F g g g | — from the center of rotation
Leakage in the system Fa Heated Combustion | Recirculation Tank —
IT T daller Ta ESF 1 - - L 2
-->Check Sealants Air In-T ake Injﬂged ! Agueous Ammonia Storage System | —
-->Check for structural cracks (Stack, ducts, etc.) i 7 e J
http://www.babcock.com/library/pdf/BR-1646.pdf
Summary of problems associated with Electrostatic Precipitators ° ° ° Summarv of broblems associated with Baghouses :
ectrostatic Precipitators Baghouse Fafure Tabe agnouses
Cause efficiency’ Corrective action Measures _ Cause . . Remedy _
1. Poor electrode 1. Poor design Can drastically affect | Realign electrodes | Check hoppers (AL LECC UTEEEY ST Bag Cleaning Mechanism | e Increase cleaning frequency. The Causes The Problem
alignment 2. Ash buildup on performance and Correct gas flow frequently for proper dr'op, OO 5 not adjusting properly Clean longer duration
frame hoppers lower efficiency Operation minute o Not Capable of Removing |  Send sample of dust to o | =
3. Poor gas flow dust from bags manufacturer. Send bag to <E <
2. Broken e Excessive Reentrainment lab for analysis for blinding. 8 8
electrodes 1. Wire not rapped Reduction in efficiency| Replace electrode | Boiler problems; of dust : Dry clean or replace bags o Fabric-filter baghouse baghouse enclosure
clean, causes an due to reduced check space e Incorrect pressure reading | grntlnuousllycl smpty hcéppelr. s - o 3
arc which power input, bus between recording ~iean fow ot bags randomly e | B = o) - ' )
embroglios and section unavailability steam and air flow gIS;::(:)Otf :?S:Se”rgatglés é 5 g ) 2 ol - ;. % shaker mechanisim - . filter bag
burns through the pens, pressure ; ° u u ol 2l S ol & 5] 8] 9 /
wire gauges, fouled .y discharge electrode ionizing field or corona Check hoses for leaks. sl § sl » & 1B 5 ‘é e
2. Clinkered wire. screen tubes Housing : Nistitor : : Check diaphragm in gauge o1 21 &1 25| 3| | E|F3°
S pecuicar 5 R NOVAEGTECRICEIT o Pressures will be less with | e Reduce fan speed | =% g S| 8l F S| @ %‘) clean air outlat =
3. Distorted or , [:'l‘l':‘::fl'; P B oS Repping R:L:.I I-_’,-; . dr.op, High cubic feet per high tempgrature gasesor | e Check for visible emission % o < k 8 § § Z %0 E B
skewed 1. Ash buildup in Reduced efficiency Repair or replace | Check hoppers - ' Gos d;,:f;ﬁ: minute at high altitudes from stock - E g ARl a= 2 7 |
electrode plates hoppers p|ates frequenﬂy for proper .|]...I1I:I;I.I:I'II\ [ [Tigpemdr = “:H :.II-LIIF i parﬁﬂu]ate ."J; _-::'1._ cl&an e Filter bag ruptur?d e Check drives g 8 E % 8 5 0; m 8 'g E ¢
2. Gas flow Correct gas flow operation; check i et 11| i lad as * Fan speed too high * Check all doors and 2S8R Bl 2|58 — trapped dust on
ireqularities electrode plates 1M Sy, o == T il aden gas W W g e Ambient air infiltrating hatches. Check system for g g ° é = AR Z ] nner bag surtace
3. High temperatures during outages (Plates - p iy = é" S 'Iéi’ system leakage. S| 9 % oz v EIl: g & k= [ g “"“-\._“
4. Vibrating or ! | % an s N MR ECETEYICCCO o Induced draftfan failure |  Check fan rotation, drives OlEl Jdlnl SRl EIEIEIAID L
swinging 1. Uneven gas flow Decrease in efficiency Repair electrode Check electrodes jl}ll::_l:J-J:x Ve L .-'_;-'f\ | s .'I'Ir'. = FIs drop, Low cubic feet per e Restrictions in duct before and speed . . — 'I:.'-E'lll Fllatﬂ
electrodes 2. Broken electrodes | dueto redutced frequently for wear (wiresy g (|17 R ! minute or after e Check all dampers. Check Bag Material Incompatible for Application X X #pmnl of ittachrga;']l
power inpu PR (% I | i . fan damper. Check for dust Or Open bag ends
ANELELIETCENGE 1. High dust resistivity | Reduction in efficiency | Clean electrodes; | Check range of s Uiy NN T 22 g suppon . E:DHE{,"'“E“ electrode _ pIuggingpductwork. Review Bag Plugged X XX
power i;1put (ZJ(ELTIN 2. Excessive ash on gas conditioning or | voltages frequently to =X ‘}%ﬂ! Ll LTP ' Top View of ESP Schematic Diagram [Source: Powerspan Corp. |. duct design, (may be more Bag Torn or Improperly Installed X X|X|X
too low electrodes alterations in make sure they are e S, e, S Ll 4 restrictive flow than . -
3. Unusually fine temperature to correct; check insitu Homting 5 NS I expected). Increase Fan Baghouse Undersized X X X collection hopper Iﬂ
partical size reduce resistivity, | resistivity S ——— 7 high voltage speed. Blow-Down Cycle Interval Too Long X| X -
4. Inadequate power increase measurements S N - - e/ /srwapescsp.com;/ baghouse htm
supply sectionalization ‘*e-\_; power supply / rappers Blow-Down Cycle Time Failed or Damaged XX hitp:/ /wwwipesesp.com,/baghouseh
5 Inadequate 1. { Blow-Down Nozzles Plugged X
SO, i | _% ) Blow-Down Pilot Valve Failed to Open (Solenoid
6. Improper rectifier , e . X X e e
and control operation T pressurised ai ) Failure) L
0 0 _ gl R ] r
7|- Mtlsaélgnment of - 2 Dust Load Exceeds Capacity X i LR Fille E'EI_':I
electrodes TR 1l : o i
6. Back corona 1. Ash accumulated Reduction in efficiency | Same as above Same as above articulat y Excessive Demand X g GE =
on electrodes causes ::I' Sen flue gas = i Fan/Blower Not Operating Properly X i E £ d
excessive sparking adentiue gas WA @480 N S o
requiring reduction in = outlet Improper or Inadequate Lubrication X g Eilt
voltage charge | Leaks in Ductwork or Baghouse X X Saal T g ver
?. Broken or cracked [¥ Ash.bundup during | Reduction in efficiency Qlean or replace Check frequently; glean Mlsallgnment of Fan and Motor X IR | E E&gs
insulator or flower operation causes insulators and and dry as needed; nkestack . . TEE
AT RCETER M |eakage to ground bushings check for adequate et Moisture Content Too High X k i
2. Moisture gathered S G 147 188 Not Enough Blow-Down Air (Pressure and X | X X ity
during shutdown or housin s A" .,
Iow-Igad operation ’ metal collection - //} ﬂue gas Volume)
8. Air leakage 1. From dust Lower efficiency; dust | Seal Leaks |dentify early by plates 7 i inlet Not Enough Dust Layer on Filter Bags XX X X
through hoppers conveyor reentrained through increase in ash ’ | Pipine/Valve Leaks X HEI'FI[}EI'
electrostatic concentration at bottom | | ping .
precipitator of exit to ESP. by ol Plate-Out (Dust Build-up on Fan’s Rotor) X
9. Air in Leakage 1. Flange expansion Same as above; also | Seal leaks Check for large flue PP Plenum Cracked or Seal Defective X X X
through ESP Shell causes intense gas temperature drop Side view of ESP Schematic D'iagrarﬂ [5 ource: Powerspan Corp .
sparking across the ESP Rotor Imbalanced X
10. Gas bypass 1. Poor design; Only few percent drop | Baffling to direct Identify early by | Ruptured Blow-Down Diaphragms X | X X
around ESP improper isolation of | in efficiency unless gas into active ESP | measurement of gas ;
e Dead ective portion of ESP | sever Section flow in suspected areas Suction Ductwork Blocked or Plugged X
passage http:/ /www.clectrostaticprecipitators.net/baghouse.htm http:/ /wwwptincolevelcontrols.com/fly_ash.htm
above



