


I nspec t i on  
frequency 

- TABLE 5-1. TYPICAL MAINTENANCE 
INSPECTION SCHEDULE FOR A FABRIC FILTER SYSTEM1-6 

Dai ly  

Weekly 

( con t i nued ) 

Component 
” 

Stack  and  0pacit.y  monitor 

Manometer 

Compressed a i r  system 

Col 1 e c t o r  

Camper va lves  

Rotating  equipment  and 
d r i v e s  

Dust  removal  system 

F i  1 t e r  bags 

Cleaning  system 

Hoppers 

I Procedure 

Check exhaust f o r   v i s i b l e   d u s t .  

Check and r e c o r d   f a b r i c   p r e s s u r e  
loss and f a n   s t a t i c   p r e s s u r e .  
Watch f o r   t r e n d s .  

Check f o r   a i r   l e a k a g e  ( l o w  
pressure) .  Check va l ves .  

Observe a l l   i n d i c a t o r s  on  con- 
t r o l  -panel  and l i s t e n   t o  system 
f o r   p r o p e r l y   o p e r a t i n g  sub- 
sys tems . 
Check a l l   i s o l a t i o n ,  bypass,  and 
c lean ing  damper v a l v e s   f o r  
synchronizat ion  and  proper  
opera t i on. 

Check f o r   s i g n s   o f  jamming, 
leakage,  broken  parts,  wear, 
e t c .  

Check t o   e n s u r e   t h a t   d u s t   i s  
be ing  removed  from t h e  system. 

Check f o r   t e a r s ,   h o l e s ,   a b r a -  
s ion,   proper   fasten ing,   bag 
tens ion,   dust   accumulat ion  on 
s u r f a c e   o r   i n   c r e a s e s  and  folds. 

Check cleaning  sequence  and 
c y c l e   t i m e s   f o r   p r o p e r   v a l v e  and 
%imer   opera t ion .  Check com- 
pressed a i r  1 i n e s   i n c l u d i n g  
o i l e r s  and f i l t e r s .   I n s p e c t  
shaker mechanisms f o r   p r o p e r  
ope ra t i on .  

Check f o r   b r i d g i n g   o r   p l u g g i n g .  
Inspect   screw  conveyor   for   proper  
ope ra t i on  and l u b r i c a t i o n .  
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TABLE 5 - 1  ( c o n t i  tnued) 
- "____ 

Inspec t ion  
frequency 

Monthly 

Q u a r t e r l y  

Semiannually 

Annua 1 1 y 

Moni tor-(s)  

I n l e t  plenum 

Access  doors 

Shaker  mecharti sm 

Motors,   fans,   etc.  

C o l l e c t o r  

"_ " 
. 

Procedure 

Irrspect fi]:. l o o s e   b o l t s .  

Check. f o r  corros ior !  and m a t e r i a l  
b u i l d u p  and check   V-be l t   d r ives  
and chains for  t ens ion  and  wear. 

Check dccut-acy of a l l  i n d i c a t i n g  
equipment . 

Check b a f f l e   p l a t e   f o r  wear; if 
apprec iab le  wear i s  ev ident ,  
rep lace.  Check f o r   d u s t  
depos i t s .  

Check a l l  gaskets. 

Tube t y p e   ( t u b e  hooks suspended 
from a tubular  assembly):  I n -  
spec t   ny lon   bush ings   in   shaker  
bars  and  c lev is   (hanger)  assem- 
bly f o r  wear. 

Channel  shakers  (tube  hooks 
suspended  from a chat.,nel b a r  
assembly) : I n s p e c t   d r i  11 
bushings i n   t i e  bars,  shaker 
bars,  and connect ing rods f o r  
Near. 

L u b r i c a t e   a l l   e l e c t r i c   m o t o r s ,  
speed  reducers , exhaust  and 
reve rse -a i  r fans ,   and  s im i la r  
equipment. 

Check a l l   b o l t s  and  welds.  In- 
s p e c t   e n t i r e   c o l l e c t o r   t h o r o u g h -  
ly ,  c lean,   and  touch  up  pa int  
dhere  necessary. 

- 

- 
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operation o f  a f a b r i c  f i l t e r  should be tracked on a daily  basis t o  assure 
e a r l y  detection o f  any problems. The a b i l i t y  t o  perform ov-line maintenance 
depends on the  design o f  the  control equipment. 

” 

Routine checks o f  the  fabric  filter  include  pressure d r o p  ( a n d  patterns 
if a AP indicator a n d  recorder  are  used), opac i ty  patterns,  dust  discharge 
operation, a n d  external checks o f  the  cleaning system operation. Other fac-  
tors t h a t  can be checked include  temperature  (range) and fan  motor current,. 
I f  a check o f  these  factors  reveals a sudden change, ma-intenance  should be 
scheduled  as soon as possible. 

5 . 2 . 3  Weekly Maintenance/Inspecticn 

The extent of the weekly maintenance program depends greatly on access 
and design o f  the   fabr ic   f i l t e r .  Where possible, quick visual  inspections 
should be conducted; however, not  a l l  systems or  processes  are amenable t o  
t h i s  type of review. A weekly lubrication  schedule  should be established  for 
most  moving parts.  Manometer l ines shol;ld be  blown c lear ,  and temperature 
monitors  should be checked for proper operation. 

Shaker-Type Fabric Fi 1 ters--  
The operation of isolation dampers should be checked along  with  the 

operation o f  the  shaker system. The intensity o f  shaking  should be relatively 
uniform throughout  the compartment. Bag tension st-,ould be checked, and any 
fa l len bags should be noted and repaired. The presence o f  any d u s t  deposits 
on the  clean  side o f  the  tubesheet  also should be noted, as well  as ar;y holes 
o r  leaks  in  the bags. 

Reverse-Ai r Fabric F i  7 ters--  
The operatior. and  sealing o f  the  isolation and reverse-air dampers should 

be checked. Each conpartment  should be checked for proper bag tension  during 
reverse-air  operat’ion, and any fa1  len bags  shou:d be noted and repaired. The 
presence of dust  deposits on the  clean  side of  the  tubesheets  should be noted 
t o  determine i f  there  are any holes and leaks 
t igh t .  Tubesheets s h o u l d  be cleaned periclciica 
i n y  u p  around the  bags. 

in  the bags and if   the  seals  are 
,1 l y  t o  keep deposits from build- 

SECTION 5 - 0 6 M  PRACTICES 

5- 13 



Pulse-Jet  Fabric F i  l t e r s - -  
O n  the d i r t y  side o f  the  tubesheet, bags should be checked for  relatively 

t h i n  and uniform exterior  desposits. Bags also should be checked for  b a g - t o -  
b a g  c o n t a c t  (points of potential bag wear). On  t h e  clean  side of the  tubc- 
sheet, each row o f  bags should be examined for  l eaka5e  o r  holes. Deposits on 
the  underside of  the blowpipes and on the  tubesheet may indicate a bag f a i l -  

ure. The cleaning system  should be activated  (the  ir.spector shodld use hear- 
i n g  protection),  a n d  each row of baqs s h o u l d  f i r e  wi-th a resounding " t h u d . "  

The blowpipes should remain secured, and there should be r:o evidence o f   o i l  or 
water i n  the compressed a i r  supply. Tiie surge t a n k  o r  o i  l/w?ter  separator 
blowdown valve  should be opened t o  drain any accumulated water. Elisaligned 
blowpipes should,'be  adjusted t o  prevent damage t o  the upper portion of the 
bag .  The compressed air   reservoir  should be maintained a t  about 9c' t o  
.120 psi. 

5.2.4 Monthly-quarterly Maintenance and Inspection 

Beyond weekly inspections,  the  requirements become very si   te-specific.  
Clear-cut  schedules  cannot be established f o r  such items  as b a g  replacement 
and general maintetlance of the   fabr ic   f i l t e r .  Some items, however, may war- 
rant  quarterly  or monthly inspections, depending on si te-specific  factors.  
Items t o  be checked include door gaskets and  airlock  integrity t o  prevent 
excessive  inleakage ( b o t h  a i r  and water)  into  the  enclosure. Any defective 
seals should be replaced.  Baffles or blast   plates should be checked f o r  wear 
and replaced  as  necessary,  as  abrasion can destroy  the  baffles. Some fac i l -  
i t ies   prefer  t o  use fluorescent aye t o  check the  integrity of the bags and bag  

seals  (see  Figure 5-4) .  Any defective bags should he replaced, a n d  leaking 
seals should be corrected. 

Bag fa i lures  tend tc! occur short ly   af ter   instal la t ion a n d  near  the ecd of 
a bag's  useful  life. A record of bag fa i lures  and replacements i s  invaluable 
f o r  identifying  recurrent problems and indicating when the end o f  bag l i f e  has 
been  reaci-:ed. In i t ia l  bag. failure5  usually OCCUT because of  installation 
errors or bag  manufacturing defects. \.!hen new baqs a re  instal   led,  a period 
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Fi93r-e 5-4. Use o f  an  u l t rav io le t  1 i g h t  t o  check for  leaks o f  I !  4 
fluorescent dye tha t  has been injected  into  the  fabric f i l t e r .  

(Courtesy of  BHA Bac;hogse Accessories Co., 
Division o f  S t a n d a r d  Havens. Inc. j 

,i! ' , W  
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w i t h  - few or no bag f a i lu re s   i s  normally  expected unless  serious  design or 
operation problems ex i s t .  As the bags near  the end of  t he i r  useful l i f e ,  
however, the number o f  bag fa i lures  may increase  dramatically. When weighed 
against  factors such as downtime f o r  rebagging,  the cost  o f  new bags, and the 
risk o f  limited  production as the  result  of keeping the o l d  bags in  service,  
the most economical approach may  be just  t o  replace  all  the bags a t  one time 
t o  eliminate  or minimize fa i lure   ra te .  

I n  some cases, bags can be  washed or  drycleaped and reused, e.g., when 
dewpoint l imits   are  approached or  the bags are  blinded  in some manner. This 
i s  generally an economically  viable  option when  more t h a n  half a bag's  "nor- 
mal" l i f e  expectancy  remains. Although cleaning may shorten bag l i f e  some- 
what, sometimes i t  i s  economically more feasible  to  clean the bags than t o  
replace them. 
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This section  presents  step-by-step  procedures a n d  techniques f o r  de- 
tailed  external a n d  internal  inspections of f ab r i c   f i l t e r s .  

Fabric f i l ter   inspect ions  are  performed f o r  t h e  following  purposes:  as 
part o f  system star tup,  f o r  troubleshooting, t o  determine compl iance w i t h  

regulations, and 
gram. 1,2,3 

The purpose 
operating  status 
cause fa i lure  a t  

as p a r t  o f  an overall  operation and maintenance (O&M) pro- 

of  any fabric   f i l ter   inspect ion  is  t o  determine  the  current 
and t o  detect  deviations t h a t  may reduce  performance or 
some future  date. For th i s  reason,  inspection prosrams must 

be designed t o  derive maxirnum benefit from the  information  gathered d u r i n g  

the  inspection. 
A properly  designed  inspection program can be used for   three purposes: 

recordkeeping,  preventive  maintenance, and  diagnostic  analysis. Depending o n  
i t s  purpose, the  inspection may  be conducted by operators, maintenance s t a f f ,  
regulatory agency inspectors, or Gutside consultants  (vendor  representa- 
t i ves ) .  

6.1 PRESTARTUP INSPECTIONS 

Because  most f ab r i c   f i l t e r s  use a centrifugal f a n  , the  cnmpatibi 1 i t y  cif 
the fan and t he   f ab r i c   f i l t e r   i s  very i r n p ~ r t a n t . ~  On startup,  the fan  resis-  
tance  will be considerably lower t h a n  the  operating  design  level because of  
the new bags, and t h e  gas delivery  rate Kay exceed the design  value. This 
can have two undesirable  effects: 1) the  fan power level m y  r i s e  t o  a p o i n t  
where the motor will overload  and/or  the  higher-than-design volume flow may 
cause  excess  penetration; and 2 )  this  higher volunle flow may damage the 
f i l t e r   m e d i ~ m . ~ ’ ~ ’ ~  The overall system resistance  often i s  so h i g h  t i ! ‘ t  

variations  in  the  pressure between new a n d  used bays are t o o  small t o  have a 
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Hirkl  

I 

signif icant   effect  on f an  O n  systems i n  which the  design 
pressure loss  across  the  fabric  represents a large  fraction o f  t h e  t o t a l  
pressure  loss,  the  potential overload situation can be minimized by damper 
adjustment,  selection of  a f a n  w i t h  nonoverloading character is t ics ,  01- the 
use o f  adjustable  inlet vanes. A l l  dampers and/or  inlet vanes should be 
partially closed  during startup t o  reduce power consumption. After  the 
operating fan  speed has been attained and the  overall system temperature 
approaches the  operating  level,  the damper should be opened carefully t o  
a v o i d  motor over1 oad.  9 

Before the  init iation of normal operation,  the  inspector should check 
several items as  indicated: 2 ,3 ,5 ,6 ,9 ,10  

O Inspect a l l  bag compartments a n d  ductwork t o  see t h a t  jo ints   are  
t i g h t .  The general  location o f  a i r  leaks  in  either  positive  or 
negative  pressure baghouses can often be detected  audibly, and 
exact  locations can be established by applying a soap solution t o  
the  suspected l e a k  area. 

O Inspect a l l   bol ts  t o  ensure t h a t  they  are  tight.  Inspect a n d  
properly  lubricate  (as  applicable)  all  threaded  elements on clamps 
and door latches  for  corrosion  protection and easy  access. 

O Inspect bags t o  ensure t h a t  they are secured t o  the  floor  thimbles 
or cages. I f  bags are  furnished with ground wires t o  guard against 
sparking (and  dust  explosions),  they should be securely connect-d 
t o  the  tube  sheet, which  must be well-grounded. 

O Inspect a l l  system controls t o  verify  installation a n d  operation I n  
accordance  with  manufacturer's recommendations. 9 y 1 1 - 1 6  

O Inspect fan t o  ensure t h a t  i t  rotates  in  the  proper,  direction. A 
visual  inspection i s  recommended t o  identify  this  occasional cause 
o f  high pressure loss,  reduced amperage, and diminished a i r  hand- 
1 i ng capacity. 

O Inspect  the fan a n d  motor system for  vibration,  noise, a n d ,  in 
particular,  overheated  bearings. 

6.2 STARTUP INSPECTION PROCEDURES 

The startup and shutdown procedures depend on the  type o f  f a b r i c  f i l t e r  
(shaker,  reverse-air, or pulse-jet)  a n d  the  process or emissions being con- 
trolled.  Two examples are gsed t o  i l lustrate  the  startup  inspection proce- 
dures. The f i r s t   i s  a pu lse- je t   fabr ic   f i l t e r  and the second i s  a reverse- 



a i r  system, b o t h  used t o  control a combustion process. 
12,14 

6 . 2 . 1  Pulse-Jet System 

The following  procedures  should be followed  during  the startup o f  a 
12 pulse-jet system: 

O Check t o  see t h a t  the  iniet  damper i s  opened fully  after  the bag  
pressure  differential has increased t o  3 t o  4 i n .  water. 

O Do n o t  activate  the  timer  ccntrolling  the compressed a i r  pulses 
until  the  differential  pressure has reached 4 t o  5 i n .  water  unless 
operating  conditions  require a lower pressure  drop. 

O During normal s tar tup with  seasoned or  conditioned  bags, apply  
power t o  a l l   auxi l iary equipment (except f a n ) ,  energize  the  tirner, 
and s ta r t   the  compressed a i r  system. 

O T u r n  on f a n  motor w i t h  the system damper nearly  closed t o  prevent 
motor overload  during  the  starting power surge. 

O Maintain the  pressure loss across  the  fabric  within i t s   p re se t  
range by adjusting  the  pulse j e t  cleaning  cycle. More frequent and  
higher  pressure  pulses  will  reduce  the bag pressure  loss, whereas 
the  opposite  actions  will  increase bag pressure  loss should the 
need ar i se  t o  reduce  dust  penetration. 

O When the system i s   t o  be shut down, f i r s t  turn o f f  the fan  and  then 
close  the  inlet and exhaust dampers. After  waiting 15 to  30 minutes, 
shut  off the compressed a i r  and t iming  c i r c u i t ,  along  with any 
auxiliary equipment. 

O Be sure  the  hopper(s)  are emptied  of material  before Turning off 
the  airlock  and/or screw  conveyor.  This step  will  reduce  the 
chance of dust hangup  and plugging due t o  compaction and sticking 
of the  dust  in condensing  atmospheres. 

6.2.2 Reverse-Air System 

The objective d u r i n g  startup o f  a reverse-air   fabr ic   f i  1 t e r   i s  t o  pre- 
vent f lue gas  from enter ing   the   fabr ic   f i l t e r   un t i l   the   fabr ic   f i l t e r   i s  
completely  preheated and the bags are  precoated. By minimizing penetration 
of f ine  particles  into the fabric  structure,  these  precautionary  steps reduc e 

the chance of premature f i l t e r  plugging or blinding. Prior t o  actual   s tar t -  
up ,  the system should be checked to  verify t h a t  a1 1 control  elements, dam- 
pers, and fans  are  functioning  p1-0perly.l~ The  following  are  prestarttip 
procedures: 
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- O Preheat  compartments  by  using  hopper  heaters, if a v a i l a b l e .  

O Preheat i n l e t   d u c t   w i t h   f l u e  gas  from  gas- o r   o i l - f i r e d   b o i l e r ,  i f  
avai lab le,   and i f  t h e  damper a r rangements   a re   such  tha t   th is  can  be 
accompl i shed. 

O Prehea.t f a b r i c   f i l t e r   w i t h   h o t   f l u e  gas f r o m   g a s -   o r   o i l - f i r e d  
b o i l e r ,  i f  a v a i l a b l e .  

Precoat  bag  surfaces. 

O V i s u a l l y   i n s p e c t   f i l t r a t i o n   s u r f a c e   t o   e n s u r e   t h a t  bags are  coated. 

6.3 ROUTINE PREVENTIVE  MAINTENANCE INSPECTIONS 

Th is   sec t ion   p resents   suggested   p rocedures   fo r   per fo rming   rou t ine   p reven-  

t i v e  maintenance  inspections o f   t y p i c a l   p u l s e - j e t ,   r e v e r s e - a i r ,  and  shaker 

t y p e   f a b r i c   f i l t e r s .  

6.3.1 Pu l   se -Je t   Fab r i c   F i  1 t e r s  

Eva lua t ion  o f  Plume C h a r a c t e r i s t i c s ”  

An average  opaci ty  should be  predetermined.   Most   pu lse- je t   co l lectors  

ope ra te   w i th   l ess   t han  5 pe rcen t   opac i t y ,  so values  approaching 5 percent  rnay 
suggest  operating  problems. If puf fs   a re   observed,   the   t im ing   shou ld  be 

noted so t h a t  i t  i s   p o s s i b l e   t o   i d e n t i f y   t h e  row  be ing   c leaned   j us t   be fo re  

the   pu f f .  

F i l t r a t i o n  System-- 

The pressure   d rop   across   the   co l lec to r   shou ld   be  noted,. If t h e r e   i s  a 
~ gauge, p roper   opera t ion  o f  t h e  gauge should f i r s t  be  conf i rmed  by  observ ing 

m meter   response  dur ing  the  pu ls ing  cyc le .  If t h e r e   i s  some ques t ion   about   the  

c o n d i t i o n   o f   t h e  gauge o r   i t s   c o n n e c t i n g   l i n e s ,  one l i n e   a t  a t ime  shcruld  be 

d i sconnec ted   t o   i den t i f y   any   p lugged   o r   c r imped   l i nes   (d i sconnec t ing   l i nes  

may no t   be   poss ib le  i f  t h e r e  i s  a d i f f e ren t i a l   p ressu re   t ransducer   connec ted  * e t o   t h e  gauge l i n e s ) .  
YVIH, I f  a p r o p e r l y   o p e r a t i n g  gauge i s   n o t   a v a i l a b l e ,   t h e   s t a t i c   p r e s s u r e   d r o p  

should be measured w i t h   p d r t a b l e   i n s t r u m e n t s .  These  measurements should be 

made a t  i s o l a t e d   p o r t s   i n s t a l l e d   s p e c i f i c a l l y   f o r   t h e  use o f   p o r t a b l e   i n s t r u -  

mentation. I t  i s   i m p o r t a n t   t o  make t h e  measurements  on t h e   i n l e t  and the  

o u t l e t  one a t  a t ime so t h a t   p l u g g e d   t a p   h o l e s  and l i n e s  can  be i d e n t i f i e d .  
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The ope-ration o f  the  cleaning system  should be checked by n o t i n g  the   a i r  
reservoir  pressure. The ends o f  the  reservoir and  the  connections t o  each o f  

the diaphragm valves  should be checked f o r   a i r  leakage. Because these  valves 
are ncrnlally activated on a frequent  basis, i t   i s  usually  possible t o  observe 
a complete cleaning  cycle. Each valve should generate a cr isp t h u d  when 
activated. Valves t h a t  f a i l  t o  activate  or t h a t  produce a weak sound when 
activated  are  usually n o t  working properly  (see  Figure 6-1) .  If t o o  many o f  

these  valves  are  out-of-service,  the  air-to-cloth  ratios  are  probably  high, 
which can  cause  excessive  emissions t h r o u g h  the baghouse or inadequate  pol- 
lutant  capture. Even i f  a l l  d i aphragm valves  are working properly, reduced 
cleaning  effectiveness can result  from the low compressed-air  pressures. 

I f  the  compressed-air  pressures  are t o o  high,  especially  for  units 
designed w i t h  a high air-to-cloth  ratio,  the  intense  cleaning  action could 
result  an some seepage o f  d u s t  t h r o u g h  the bag fabric immediately a f t e r  
cleaning, when the bag i s  pushed i n t o  the  support  cage.  This  will  cause a 
momentary puff o f  5 to 10 percent  opacity. 

Holes and tears car, lead t o  puffs of 5 t o  30 percent  opacity  during  the 
cleaning  cycle. During the  pulse,  the  material  bridged  over  these  areas i s  
removed and the  particulate  matter  is allowed t o  leak  through  (see  Figure 
6-2) .  As soon as  the  pulse  dissipates , material  tends  to  bridge  over  the 
holes  again, and the  area  eventually  heals. As the  holes and tears  increase 
in  size,  the  duration of the puff also  increases. Continuous emissions 
result  when the  holes and  tears become too  large t o  bridge  over. 

The discharge of sol ids from the f i  1 t e r  hopper should be observed i f  
this  can  be  done safely a n d  conveniently.  Solids  are  usually  discharged on a 
fa i r ly  continuous basis  (following each pulsing of a row). 

Compressed-Air System-- 
The compressed-air system shculd be inspected t o  determine  whether i t  

contains any water o r  rust  deposits t h a t  could  cause the system t o  malfunc- 
t icn.  One quick method of checking  whether the system  has water or rust 
deposits  is t o  carefully open t h e  valve on the blowdown system and  observe 
whether any water or other  material  is being expelled t h r o u g h  the  valve. 
Also, if the  system has oil  traps,  the  traps can be visually  inspected t o  
determine i f  any water or other  material is   re ta ined i n  the t r a p .  
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CLEANING VALVE PROBLEMS 

Blow 

Air Supply I 

Figure 6-1. Cleaning  valve  problems. 
[ I l lustrat ion reproduced from "The Maintenance o f  Exhaust Systems 

in t h e  tiot Mix P la r? t  (IS-52A)" published by the 
National  Asphalt Pavement Association.] 
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E v a l u a t i o n  of Plume Characteristics-- 
An average o p a c i t y  should be predetermined. Most reverse a i r  a n d  shaker 

collectors  operate with less t h a n  5 percent  opacity. Values approaching this  
may suggest  operating problems. A drop i n  opacity when a specific compart- 
ment has  been isolated  for  cleaning  usually  indicates  holes o r  tears i n  bags 
i n  t h a t  compartment. Shaker collectors  often have opacity  spikes immediately 
following  the  cleaning  cycle. Both conditions warran t  further  evaluation. 

Fi 1 t ra t  i on Sys  tern-- 
The pressure d r o p  across  the  collector should be noted. If   there  is  

a gauge, i t s  proper  operation should f i r s t  be confirmed. If   there  is  some 
question a b o u t  the  condition of the gauge or i t s  connecting l ines ,  one l ine 

. a t  a time should be disconnected t o  identify any plugged o r  crimped lines 
(disconnecting  lines may n o t  be possible  if  there  is a differential  pressure 
transducer  connected t o  the gauge 1 ines).  

If a properly  operating gauge i s  n o t  available,   the  static  pressure drop 
should be measured w i t h  portable  instruments. These measurements should be 
made a t  isolated ports installed  specifically  for  the use of portable  instru- 
ments. I t  i s  important t o  make the measurements on the  inlet  and the  outlet 
one a t  a time so t h a t  plugged t a p  holes and l ines can be identified.  Care 
must  be exercised  while rodtiing o u t  t a p  holes  because on some designs i t  i s  
possible t o  poke a hole  in  the bag adjacent t o  the  tap  hole. 

The pressure drop across each compartment should be *determined  during 
the  cleaning  cycle. In  shaker  collectors,  the  pressure drop  during  the 
cleaning of a conpartment  should be zero. Nonzero values  indicate damper 
leakage problems. I n  reverse-air  collectors, backflow will cause a measur- 
able  pressure d r o p  with a polarity  opposite  that of the  f i l tering  cycle.  I f  
no gauge is   avai lable  and the  unit  operates a t  an elevated gas temperature, 
the gas temperature should be measured. This can be done a t  a point on the 
in le t  d u c t  t o  the  collector  or a t  one of  the t a p  holes ( i f   d i r e c t  access t o  
the inter ior  o f  t h e  collector i s  possible). 

SECTION 6-INSPECTION METHODS  AND  PROCEDURES 
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The ra te   o f   so l   ids   d ischarge  shou ld   be   checked,  if t h i s  cdtl  done 

sa fe l y  and conven ien t l y .   So l i ds   a re   usua l l y   d i scha rged   on l y  i l t  t . l l c  

b e g i n n i n g   o f   t h e   c l e a n i n g   c y c l i n g   i n  each  compartment. 

Air leakage  through  access  hatches,  sol   ids  d ischarge  valves,  tlopper 

f langes, and fan   i so la t i on   s leeves   shou ld   be   checked   by   l i s ten ing   f o r   t he  

sound o f  i n r u s h i n g   a i r .  

6.4 DIAGNOSTIC  INSPECTIONS 

Th is   sec t ion   p resents  a suggested  procedure  for   performing  diagnost ic 

i n s p e c t i o n s   o f   t y p i c a l   p u l s e - j e t ,   r e v e r s e - a i r ,  and  shaker  type  fa l ) r ic  filters 

when ce r ta in   p rob lems   a r i se .  

6.4.1 Pulse-Jet Systems 

High  Opaci ty   (cont inuous  or   puf fs) - -  

20 

On top- load  type  designs,  the  c lean  s ide  of   several  compart;rnprits should 

be  checked i f  these  can  be  safe ly   iso la ted  and i f  no p o l l u t a n t   c a p t u r e  prob- 

lems will r e s u l t   a t   t h e   s o u r c e   o r i g i n .  Even s l i g h t   d u s t   d e p o s i t s   c a n  be a 

s i g n  of  major  problems  (most  of  the  dust i n   t h e   c l e a n - s i d e  plenurrl i s   c a r r i e d  

o u t  because o f   t h e   r e l a t i v e l y   h i g h  gas v e l o c i t i e s ) .   D u s t   n e a r  one o r  more 

bag o u t l e t s  may suggest   inadequate  seal ing  on  the  tube  sheet .  Holes and 

t e a r s  may d isperse  dust   throughout   the  top  s ide O f  the  tube  sheet and make it 

l a t e r  t o  i d e n t i f y   t h e  

High  Pressure  Drop, H 
For a top-access 

C d i f f i c u l t   t o   i d e n t i f y   t h e  bag w i th   t he   ho le .   F luo res  
problem. 

i gh   Opac i t y ,   o r   P rocess   Fug i t i ve  

system, t h e   p o s s i b i l i t y   o f   f a b r i  

e n t  dye may be  used 

Emissions-- 

c b l   i n d i n g  a n  be 

checked  from  the  top  access  hatch. Oi 1 and  water i n   t h e  compressed a i r  1 ine 

a r e  sometimes p a r t i a l l y   r e s p o n s i b l e   f o r   t h e   b l i n d i n g   t h a t   t a k e s  o f  t h e  

fab r i c   a rea   ou t   o f   se rv i ce .  

For   convent iona l   pu lse- je t   COl lec tOrS,   the   poss ib i l i t y  f b r  tJ l i r id ing can 

on l y  be checked a t  t h e   d i r t y - s i d e  access  hatch.  Figure 6-3 iil~,w, ;if, example 

of easi ly  removable  dust.  A crusty  cake i s  sometimes  evidence rJf l:/cessive 

m o i s t u r e   o r   s t i c k y   d e p o s i t s  on the  bags. 

SECTION  6-INSPECTION  METHODS AND PROCEDURES E -9 



Figure 6-3. Knocking dust o f f  bags t o  see how easily 
rernovable i t  i s .  ( I n  this  case,  the  material was d r y  

a n d  easi ly  removable, b u t  t h e  cleaning 
mechanism was n o t  working. ) 

(Csurtesy of ?EI Associates,  Inc.) 
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Cont inuously  High  Opaci ty,   Frequent Bag F a i l u r e s   ( p r i m a r i l y   a t   b o t t o m ) - -  

Both t y p e s  o f   pu l se - je t   co l l ec to rs   can   exper ience   poss ib le   p rematu re  bag 

f a i l u r e  a t  the  bot tom i f  the  support  cages  are  sl ightly  warped  and  the  bags 

rub  a t  the  bottom.  This can  be  checked  from a d i r t y - s i d e   a c c e s s   h a t c h ,   o r  

some cases  from  below  as shown i n   F i g u r e  6-4. Note:   Only   the  operator  

(us ing  ext reme  caut ion)   should open the  hatches a t  the   tops   o f   hopper   a reas  

H o t   s o l i d s  can f l ow   rap id l y   ou t   o f   t hese   ha tches .  

The bag f a i l u r e   c h a r t s   f o r   t h e   f a b r i c   f i l t e r   s h o u l d   b e  examined. I f  a 

d i s t i n c t   s p a t i a l   p a t t e r n   i s   a p p a r e n t ,   t h e  damage may be  due t o   a b r a s i o n  

( i n l e t  gas b l a s t i n g ,   i n l e t   s w i r l i n g ,   o r   r u b b i n g   a g a i n s t   i n t e r n a l   s u p p o r t s ) .  

i n  

The d a t e   o f   t h e  bag  removal   and  the  e levat ion 'o f   the  apparent  damage (T-top, 

"m idd le ,   6 -bo t tom)   enab le   i den t i f i ca t i on   o f  many common modes o f   f a i l u r e .  

By us ing  such  char ts ,   operators   have  been  ab le  to   min imize  both  excess  emis-  

s i o n   i n c i d e n t s  and  bag  replacement  cost. A r a p i d   i n c r e a s e   i n   t h e   r a t e   o f  

f a i l u r e   o f t e n   s u g g e s t s   s i g n i f i c a n t   d e t e r i o r a t i o n   o f   f a b r i c   s t r e n g t h  due t o  

chemica l   a t tack   o r   h igh   tempera ture   excurs ions .  

When bags a re  removed f rom  se rv i ce  , a s i m p l e   r i p   t e s t   s h o u l d   b e   p e r -  

formed. I f  it i s   p o s s i b l e   t o   r i p   t h e   c l o t h   b y   i n s e r t i n g  a sc rew  d r i ve r  and 

p u l l i n g ,   t h e  bag damage probab ly  was t h e   r e s u l t   o f   c h e m i c a l   a t t a c k ,   h i g h  

t e m p e r a t u r e   e x c u r s i o n s ,   m o i s t u r e   a t t a c k ,   o r   r o u t i n e   f a b r i c   e x h a u s t i o n .   M o s t  

f a b r i c s  damaged by  abras ion-re la ted  problems  cannot   be  r ipped,   even  near   the 

s i t e   o f   t h e  damage. 

H i g h   O p a c i t y   a n d   D i s t i n c t   P a t t e r n   t o  Bag Holes  and  Tears-- 

Bag and  cage  assembl ies  should  be  carefu l ly   inspected  on  removal .   Of ten 

t h e   p o i n t   o f  bag f a i l u r e   i s   n e x t   t o  a sha rp   po in t   on   t he   suppor t  cage. 

Premature f a i l u r e  may also  be  caused  by  cages  that   do  not  provide  enough 

s u p p o r t   f o r   t h e   f a b r i c .  

If a l l   t h e  bags  have f a i l e d   a t   t h e  top, the  compressed-a i r   nozz les may 

be misa l igned  (see  F igure 6-5). T h i s   c a n   c a u s e   t h e   p u l s e   t o   b e   d i r e c t e d   a t  a 

narrow  area a t   t h e   t o p   o f   t h e  bay-. 

6.4.2 Reverse-Air and  Shaker Type f a b r i c   F i  1 t e r s  

Suspected Air Leakage, Low  Gas Temperature, or Low Pressure  Drop-- 

The O2 and C02 l e v e l s   a t   t h e   i n l e t  and o u t l e t   o f   c o m b u s t i o n   s o u r c e  

f a b r i c   f i l t e r s   s h o u l d  be  checked. The measurement p o i n t  on t h e   i n l e t  must  be 
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between the solids  discharge valve a n d  the t u b e  sheet, so t h a t  potential 
inleakage a t  this  point can a l s o  be taken into  account.  Thew  should n o t  be 
more t h a n  a 1 percent  rise i n  the 0, levels going from the i n l e t  t o  the 
o u t l e t  ( e . g . ,  6% O2 in and ? %  O2 o G t ) .  

Continuously High Opacity  (during most of operating  period)  or  Pressure Drop 
Much Greater  or Lower t h a n  Baseline-- 

The presence a n d  nature c f  t he  clean-side  deposits should be checked by 
viewing conditions from the  access  hatch. Note t h a t  the Compartment  must  be 
isolated by the  operator befcrre attempting t o  do the  internal  inspection. 
Al l  safety  procedures must  be carefully followed prior t o  entry. 

The presence of snap ring  leakage is  often  indicated by enlarged  craters 
in the  clean-side  deposits around the  poorly  sealed bags. Holes and tears  
can  sometimes be located by the shape of dust deposits next t o  the  holes  (see 
Figure 6-6). Poor bag tension  is  readily  apparent from the  access  hatch. 
Improper discharge o f  material from the bags can often be confirmed by noting 
t h a t  the bags close t o  the hGtch are   ful l  of material one or more diameters 
u p  from the bottom (see  Figure 6 -7 ) .  Deposits on the bags should also be 
noted. 

Anything more t h a n  a trace of material on the  clean-side tube shee t   i s  
indicative of probable  emissions from th i s  compartment that   are  substantially 
above the base1 ine  levels. 

If  the bag fa i lure   char ts  show a distinct  spatial  pattern,  the damage 
may  be due to  abrasion ( i n l e t  gas blasting,  inlet  swirling,  and/or rubbing 
against  internal  supports).  Including  the  date of the b a g  removal  and the - 

elevation o f  the  apparent damage ( T - t o p ,  “middle, B-bottom) makes i t  pos- 
s ible  t o  identify many  common  modes of fa i lure .  Operators  using such charts 
have  been able t o  minimize b o t h  excess  emission  incidents and  bag  replacement 
cost. A rapid  increase  in  the  rate of failure  often  suggests  significant 
deterioration of fabric  strength. A simple r ip   t e s t  should be performed on a 
bag recently removed  from service.  If i t   i s  possible t o  rip  the  cloth by 
inserting a screw driver and pulling,  the bag damage  was probably  the resul t  
of chemical attack, high temperature  excursions,  moisture  attack, or routine 
fabric  exhaustion. Most fabrics damaged by abrasion-related problems cannot 
be ripped, even near  the s i t e  of t h e  damage. 
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Figure  6-7.  Checking f o r   e x c e s s i v e   b u i l d - u p  and poorly tens ioned 
bags i n  a r e v e r s e - a i r   f a b r i c   f i l t e r .   T h i s  bag  passed b o t h   t e s t s .  

(Courtesy  of PEI  Associates,   Inc. )  
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The compressed a i r  system  should be inspected t o  ensure t h a t  i t  i s  

installed  properly and  t h a t  i t  has aftercoolers,  automatic  condensate  traps, 
and f i l t e r s   a s  necessary  for  proper ~ p e r a t i o n . ~  The inspection  should  deter- 
mine whether there   i s  any water or rust deposits i n  the  compressed-air  system 
t h a t  would cause the system t o  malfunction. One quick method of  checking 
whether the system hzs  water or rust   deposits  is  t o  carefully open the  valve 
on the blowdown system and observe whether any water  or  other  material  is 
being  expelled t h r o u g h  the  valve. I f  the system  has oi l   t raps ,   the   t raps  
also can  be visually  inspected t o  determine i f  any water  or  other  material i s  
retained  in  the t r a p .  

6.5 RECORDKEEPING 

The  key to  a good inspection and maintenance program i s  recordkeeping. 
A record of a l l  inspections  should be maintained i n  the form  of inspection 
reports. Bag f a i lu re  records were discussed  in  section 4. A brief  narrative 
discussion of the major deficiencies t h a t  were discovered and a recommended 
course o f  action  should a l so  be prepared and f i l e d  w i t h  the  inspection  report 
form. 

6.6 SUMMARY 

To summarize the  preceding  discussions,  the  following  major  items  should 
be addressed  during  the  inspection of  any f a b r i c   f i l t e r  system: 

1) - Dust Capture and Transport System 

The inspector should check a l l  movable or   s ta t ionary hoods  and evaluate 
the  capture  velocities,  dust  accumulation,  static  pressure,  condition of 
cleanout  traps,  integrity of ductwork, fan  wear, and leaks or fugitive  dust  
emissions. 

2 )  Fabric F i l t e r  System 

The following  are  the major  elements t ha t  should be evaluated  during  the 
inspection o f  the   fabr ic   f i l t e r  system: 4 

Parameter  monitors--including  opacity o r  broken bag detectors; 
manometers for  pressure d rop  across  fabric,  ccmpartments, Gr ent i re  

3 

Y 

Y 



collector;  indicators for cleaning  sequence,  cycle  time, compart- 
Rents o f f  l i n c ,  temperature, volume flow,  air-to-cloth r a t i o ,  
moisture,  pulse-jet header pressure, a n d  reverse-air f l o w .  

c Baghwse exterior--cleaning system operation;  cleaning method; 
overall  ccr,dition o f  exterior housing, i n c l u d i n g  structur21 mem- 
bers,  access  dcors, a n d  gaskets,  reverse a i r  fan  operatior;, a n d  
shaker mechanism. External  inspection w i l l  reveal  visual  evidence 
o f  corrosion;  warpins of panels;  faulty or missing  gaskets;  loose 
bolts;  and noise, o d o r ,  or  elevated  temperatures, which are  i n d i -  
cators o f  worn bearings,  overstressed f a n  be l t s ,  and e l ec t r i c  motor 
problems. 

Baghouse i n t e r i o r   ( i f  deemed necessary and i s  feasible)--condition 
of bags: tears,  pinholes, a n d  sagging  (inadequate  tension). P. 
sagging or slack bag  can resu l t  i n  the bag foiding  over  the bottom 
thimble  connection and  creating a pocket  in which accumulated dust 
can rapidly  abrade a n d  tear  the  fabric.  Slackness  also  prevents 
effective  cleaning  action  with both reverse-flow  or mechanical 
shaking  systems. nust seepage  or  bleeding  and/or  pinhole  leaks  are 
evidenced b y  dust  deposits on the  clean  side o f  the  fabric.  Stain- 
ing a n d  s t i f fening of  the  dirty  fabric  indicates  excessive caking 
caused by moisture  condensation or  chemical reactions.  The l a t t e r  
condition  leads t o  fabric  blinding and excessive  pressure  loss  as 
well as t o  fabr ic   fa i lure .  More t h a n  a 1/4-inch d u s t  layer on 
floor  plates  or  isolated  piles of d u s t  suggests  excess  seepage 
and /o r  torn or missing bags .  Inspection o f  the   in le t  plenum, 
including bag  interior,   will   reveal any excess d u s t  b u i l d u p  on bags 
and  dis t r ibut ion  plates .  As a "rule-of-thumb" for  smaller baghous- 
e s ,   i f   t he  amount o f  d u s t  on a  bag after  cleatiing i s  more t h a n  
twice  the weight  of the new (unused)  bag, insuff ic ient   c leaning  is  
indicated. The condition  of  solenoid  valves,  poppet  valves, me- 
chanical  linkages, a n d  bag clamps are  also  indicated. l 1  

Figure 6-8 1is.ts  the major data  elements t h a t  should'be  obtained and 
evaluated  in a routine  diagnostic  inspection of a pu lse- je t   fabr ic   f i l t e r .  
Figure 6-9 l i s t s   t he  major data  elements t h a t  should be obtained and evalu- 
ated  in a routine and a diagnostic  inspection of a reverse-air and shaker 
f a b r i c   f i l t e r .  



O Routine  InsDection Data 

Stack Average Opacity 
Duration and Timing of Puffs 

Fan - None 

Fabric F i l te r   In le t  and Outlet Gas Temperatures 
Inlet  and Outlet  Static  Pressures 
Presence or Absence of Clean Side  Deposits 
Air Reservior  Pressure 
Audible Checks for  Air  Inleakage 
Qualitative  Solids Discharge Rate 

Diagnostic  Inspection Data 

Stack Average Opacity 
Peak Opacity During Puffs 
Duration and Timing o f  Puffs 

- Fan Inlet  Gas Temperature 
Speed 
Damper Pos i t i  on 
Motor Current 

Fabric F i l te r   In le t  Gas Temperature 
Outlet Gas Temperature 
Inlet   Static  Pressure 
Outlet  Static  Pressure 
In le t  0, and CO, Content (Combustion Sources) 
Outlet 0, and CO, Content (Combustion Sources) 
Qualitative Sol ids Discharge Rate 
Air Reservoi r Pressure 
Frequency o f  Cleaning 
Presence or Absence o f  Clean Side  Deposits 
Audible  Air In f i l t r a t ion  

Figure 6-8. Routine and diagnostic  inspection  data  for  pulse-jet 
fabric f i 1 t e r s .  20 
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- 0  Routine Inspection Data 

Stack Average Opacity 
Opacity D u r i n g  the Cleaning  Cycles ( for  each 
compartment) 

Fabric Fi l ter   Inlet  and Outlet  Static  Pressures 
Inlet  Gas Temperature 
Rate of Dust Discharge (Qualitative  Evaluation) 
Presence or Absence o f  Audible Air Inf i l t ra t ion 
Presence or Absence of Clean Side  Deposits 
Ripping Strength o f  Discarded Bags 

O Baseline and Diagnostic  Inspection Data 

Stack Average Opacity 
Opacity During the Cleaning  Cycles ( for  each 
compartment) 

Fabric F i  1 t e r  Date of Compartment  Rebagging 
Inlet   Static  Pressure (Average) 
Outlet  Static  Pressure (Average) 
Minimum, Average, and Maximum  Gas Inlet  Temperatures 
Average 0, and CO, Concentrations (Combustion 
Sources  Only) 
Time t o  Complete a  Cleaning Cycle o f  a l l  
Compartments 
Length o f  Shake Period 
Length o f  Null Period 
Bag Tension (Qualitative  Evaluation) 
Rate o f  Dust Discharge (Qualitative  Evaluation) 
Presence or  Absence o f  Audible Air Inf i l t ra t ion  
Presence or Absence o f  Clean Side  Deposits 

Stack  Test Emission Rate 
Gas  Flow Rate 
Stack  Temperature 
0, and Co, Content 
Moisture  Content 

Fan Fan Speed 
Fan Motor Current 
Gas In le t  and Outlet Temperatures 
Damper Position 

Figure 6-9. Routine and Diagnostic  Inspection Oata for  reverse  air 
shaker fabr ic   f i l   ters .20 
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SECTION 7 
SAFETY 

The sa fe ty   o f   p lan t   personne l   and  agency   inspec tors   dur ing   a l l   aspec ts  

o f   f a b r i c   f i l t e r  O&M i s   o f   u l t i m a t e   i m p o r t a n c e .   A r e a s   o f   c o n c e r n   i n c l u d e  

conf ined  a rea   en t ry   (oxygen  de f ic iency  and tox ic   gases) ,   hazardous  mater ia ls  

(dus t ,   meta ls ,   e tc . ) ,   chemica l   burns ,   eye   in ju ry ,   and  normal   indus t r ia l  

safety  concerns  such as moving  equipment, f a l l s ,   e t c .   W i t h   r e g a r d   t o  

f a b r i c   f i l t e r s ,  mavy o f  these  concerns  occur  si inul  taneously  and i n  a con- 

f i ned '   a rea ,   wh ich   p resen ts   t he   po ten t i a l   f o r   se r ious   i n ju r i es   t o   pe rsonne l .  

U i th   p roper   p lann ing ,   sa fe ty   equ ipment ,   and  es tab l i shed  p rocedures ,   opera-  

t i o n  and  maintenance  and  inspect ions  can  be  per formed  safe ly   wi thout   r isk  

o f   i n j u r y .  

blany o f   t he   po ten t i a l   haza rds   and   p roper   p rocedures   f o r   add ress ing  

them are  d iscussed i n   t h e   f o l l o w i n g   s u b s e c t i o n s .   F u r t h e r   i n f o r m a t i c n  on 

conf ined  a rea   en t ry   and  manufac turers   o f   sa fe ty   zpp l iances   can  be  found i n  

spec i f i c   vendor   ma in tenance   manua ls   on   i ns ta l l ed   un i t s   and  i n  Occupational 

Safe ty   and  Hea l th   Admin is t ra t ion  (OSHA) a n d   N a t i o n a l   I n s t i t u t e   o f  Occupa- 

t i o n a l   S a f e t y  and Hea l th  (NIOSH) pub1 i c a t i o n s .  

7.1 HOPPER ENTRY 

F a b r i c   f i l t e r   h c p p e r s   p r e s e n t   s p e c i a l   s a f e t y   h a z a r d s .  It i s  recom- 
mended t h a t  hopper  doors be i n t e r l o c k e d  and tha t   t he   hopper   doo rs  be opened 

o n l y   a f t e r   t h e   u n i t  has  been shut  down. For  economic  reasons,  however, 

many companies s u b s t i t u t e   t h e   u s e   o f   p a d l o c k s   f o r   t h e   k e y - i n t e r l o c k  system. 

I n   p r i n c i p l e ,   t h e  use of   padlocks i s   e q u a l l y  as sa fe  i f  proper  procedures 

a r e   f o l l  owed. The tendency,  however i s  t o  remove t h e   l o c k  and  open  hopper 

doors   p remature ly   to   qu ick -coo l  a u n i t   o r   c l e a r  a hopper  pluggage. 

SECTION 7-SAFETY 
7-1 



- 

The danger in opening  doors comes  from the  discharge of  material im- 

pounded i n  the hopper. Dust t h a t  has accumulated i n  valleys or corners may 
break loose  during  entry  into  the hopper and  f a l l  on the  inspector, causing 
minor injury or,  i n  some cases,  serious  injury  or  suffocation by burying 
him or her. The doors on hoppers must be opened very carefully,  and care 
must  be taken t o  ensure  that no accumulation  of collected  dust  is impounded 
behind the  inner door.  

Entry i n t o  hoppers for  purposes other t h a n  maintenance  should be 
avoided. Maintenance that  can be conducted outside of  the hopper should be 
attempted f i rs t .   I f   entry  is   necessary,   the  bags should be thoroughly 
cleaned and then steps  should be taken to  dislodge and discharge  dust from 
the hopper before  entry. T h i s  can be accomplished by mechanical vibration 
(vibrators,  hammers, e tc . )  o r  poking,  prodding,  or a i r  lancing. Removal o f  
accumulated dust should  never be attempted from inside  the hopper. This 
material may  become dislodged and move  en masse i n t o  the  inlet  or outlet  
f i e ld  hoppers and completely f i l l   t h e  hopper. 

All hopper doors  should be equipped w i t h  safety  chains or double 
latches t o  prevent  complete opening upon release. This will slow the  loss 
of material  or ash i n  the  event of accidental opening of a ful l  hopper. 

Most hopper inner  doors have design  features  that,  if  properly used, 
will  ensure t h a t  no door i s  opened when dust is  impounded behind i t .  
First, a pipe  coupling w i t h  a plug should be installed  in  the door;  removal 
of the plug  allows  visual  verification of d u s t  impoundment. Second, a 
pressure-type  latch  should be used t h a t  allows a portion of the door seal 
t o  be released and causes a gap  between the door and sealing jam. This 
partial  release  will  allow accumulated dust  to flow ou t  and indicate a par- 
t i a l l y   f u l l  hopper without  the  possibility of the door 'being ful ly  opened. 

a f t e r  each period o f  dust removal. Whether the hopper i s   f u l l  may  be 
determined by striking  the door w i t h  a hammer. An empty hopper door will 
resound w i t h  a ring; a fu l l  hopper will produce a dull t h u d .  

A normal practice  is   to  discharge  the hoppers fully  before  entry and 

A further warning in  connection  with hopper entry  involves  the use of 
hand grips,  foot  holds,  etc.,   inside  the hopper. Because of  the  possibil- 
i t y  of dust  buildup on p r o t r u d i n g  objects,  manufacturers have avoided the  
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use  of handh-olds  and f o o t h o l d s   i n   h o p p e r   i n t e r i o r s .  Thus, t he   s teep   va l l ey  
angles  and  dust   layer   create a p o t e n t i a l  f o r  a f a l l  and i n j u r y  when en te r -  

ing  the  door.  Temporary  ladders  and  handholds may be i n s t a l l e d  and  used 

when needed. Because o f   t h e   a n g l e s  and smal l   door  openings,  back  in jur ies 

are  the  most common (other  than  abrasions).   Outside  access  equipment 

(scaffolds,   ladder,   handholds,   etc.  ) should be i n s t a l l e d   i n  a manner t h a t  

minimizes  the awkward na ture  o f  hopper  door  entry.  Also, i f  nuclear  hopper 

leve l   de tec tors   a re   used,   the   rad ia t ion   source  (beam)  s,hould  be sh ie lded  

f rom  the  outs ide  before  the  hopper   is   entered.  

Hopper  evacuation  systems  (screws,  drag  chains,  agitators,  etc. ) 
should  not  be  operated when persons  are  ins ide  the  hopper   area  or  i n  an 

area  f rom  which  they  could  fa l l   in to   the  hoppers.   Dust   accumulat ion  that  

i s  discharged  into  the  hopper  can  be  considered a l i v e   b o t t o m   w i t h   m o v i n g  

equipmelclt. The dus t  becomes f l u i d  and creates  t reacherous  foot ing.   Scaf-  

fo lds  on which  persons  are  standing may sh i f t .  2nd f l o a t ,  and t h a t   p e r s o n ( s )  

may become e n g u l f e d   i n   t h e   c o l l e c t e d   n a t e r i a l .  

7.2 CONFINED AREA ENTRY 

A confined  space i s  an  enclosure i n  which  dangerous a i r  con taminat ion  
cannot  be  prevented  or removed  by n a t u r a l   v e n t i l a t i o n   t h r o u g h   o p e n i n g   o f  

t he  space.  Access to   t he   evc losed   a rea  may be r e s t r i c t e d  such t h a t  i t  i s  

d i f f i c u l t   f o r   p e r s o n n e l   t o  escape o r  be  rescued. The most comnon examples 

of a conf ined  space  are  storage  tanks,   tank  cars,  or vats.  Depressed  areas 

(e+,  trenches, sumps, w e l l s )   a l s o  may have  poor   vent i la t ion  and  be  cons id-  

ered a confined  space. A f a b r i c   f i l t e r  system f a l l s   u n d e r   t h e   g e n e r a l  

d e f i n i t i o n   o f   c o n f i n e d  space,  and  as  such, requ i res   spec ia l   p rocedures  and 

p recau t ions   w i th   rega rd   t o   en t r y .  

Potent ia l   dangers of  conf ined space f a l l   i n t o   t h r e e   c a t e g o r i e s :  

oxygen de f ic iency ,   exp los ion ,   and  exposure   to   tox ic   chemica ls   and  agents .  

Pe rsonne l   en te r ing   t he   f ab r i c   f i l t e r   f o r   i nspec t i on   o r   ma in tenance   mus t  

assess   t he   r i sks   and   po ten t i a l   dangers   i n   each   ca tegory   and   f o l l ow   spec i f i c  
safety   precaut ions.  
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7 . 2 . 1  Oxygen Deficiency 

Oxygen deficiency i s  the most common h a z a r d .  Any gas generated i n  a 
confined  space  displaces  the atmosphere and reduces the oxygen content 
below the normal value of  20.9 percent.  Cut-gassing of combustible  gases 
(methane, H2S, organic  vapors, e t c . )  from collected  particulate  matter can 
resul t  i n  local  pockets  with reduced oxygen levels.  Further,  application 
of t he   f ab r i c   f i l t e r  t o  combustion sources   (e .g . ,   u t i l i ty  boi1ers;indus- 
t r i a l   bo i l e r s ,  cement ki lns ,   incinerators)  produces an atmosphere t h a t  i s  

extremely low i n  oxygen ( 2  t o  10 percent!. P u r g i n g  of the u n i t  d u r i n g  

cooling does n o t  always completely  replace  the  flue  gases w i t h  ambient a i r ,  
a n d  local  pockets may remain. 

Reduction of oxygen pressure below  normal conditions has increasingly 
severe  effects on a person and eventually  leads  to  death. Oxygen levels of 
less  than 16.5 percent  result  in r a p i d  d i sab i l i t y  and death. Table 7-1  
shows the  effects  of reduced oxygen concentrations  for  various  lengths o f  

time. Because of the  subt le   effects  of  oxygen deficiency,  the  average 
person  does  not  recognize the symptoms and may ignore  the  danger. By the 
time the person  does  recognize  the problem, he may  no longer be able  to 
remove himself from the dangerous  environment. 

7 .2 .2  Explosion 

Explosive  atmospheres can be created  in  confined  spaces by the evapo- 
ration o f  vola t i le  components o r  improper p u r g i n g  of the f a b r i c   f i l t e r  when 
the  process i s  shut down. Three  elements are  necessary t o  i n i t i a t e  an 
explosion: oxygen, a flammable gas, vapor  or d u s t ,  and  an ignition  source. 
A flammable atmosphere i s  defined  as one in which  a gas  concentration i s  
between  two extremes: 1)  the lower explosive l imit  ( L E L )  and the upper 
explosive  limit ( U E L ) .  A mixture o f  gas and  oxygen i n  a concentration 
between these  values can explode i f  a source o f  ignit ion  is   present.  

Possible  sources  of  ignition  include  cigarettes,  matches, welding a n d  
cutting  torches, and g r i n d i n g  equipment. The best means o f  preventing 
explosion i s   t o   d i lu t e   t he  flammable gas below the L E L  by ventilation. I t  
i s  n o t  safe t o  assume t h a t  a source of ignit ion can be eliminated and t o  
allow work t o  continue  in a potentially  explosive atmosphere. 
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TABLE 7-1.  EFFECTS OF VARIOYS LEVELS 
OF OXYGEN ON PERSONS 

Concentrat ion,  
percent E f f e c t b  Dura t i on  

20.9 Usual  oxygen  content  of a i r  I n d e f i n i t e  

19.5 

16.5 

12-16 

' 10-14 

6-10 

N o t  s t a t e d  

No t  s t a t e d  

Seconds t o   m i n u t e s  

Minimum  oxygen c o n t e n t   f o r  oxygen 
d e f i c i e n t  atmospheres (OSHA 
Standards) 

Lowest limit o f   a c c e p t a b l e   s t a n -  
d a r d s   r e p o r t e d   i n   l i t e r a t u r e  f o r  
e n t r y   w i t h o u t   a i   r - s u p p l   i e d  
r e s p i r a t o r s  

I I nc reased  pu lse  and r e s p i r a t i o n ,  
1 some c o o r d i n a t i o n   l o s s  

Seconds t o  minutes D i s t u r b e d   r e s p i r a t i o n ,   f a t i g u e ,  
emot ional   upset 

Seconds Nausea, v o m i t i n g ,   i n a b i l i t y   t o  move 
f ree l y ,   l oss   o f   consc iousness  

Below 6 Seconds Convuls ions,   gasping  respi ra t ion 
fo l lowed  by   cessat ion  o f  b rea th-  
i n g  a n d   c a r d i a c   s t a n d - s t i l l  

a D a t a  f o r  correspondence o f   R o b e r t  A. Scala, Ph. D., REHD, Exxon  Corporation, 
March 26, 1974. 

bE f fec ts  - O n l y   t r a i n e d   i n d i v i d u a l s  know t h e   w a r n i n g   s i g n a l s   o f  a low  oxygen 
supply. The average  person f a i l s  t o  recogn ize   the   danger   un t i l  he i s   t o o  
weak t o  rescue   h imse l f .   S igns   i nc lude   an   i nc reased   ra te   o f   resp i ra t i on  and 
c i r c u l a t i o n   t h a t   a c c e l e r a t e   t h e   o n s e t   o f  more p r o f o u n d   e f f e c t s   i n c l u d i n g  - 
loss o f  consc iousness ,   i r regu la r   hear t   ac t ion ,  and  muscular   tw i tch ing.  Un- 
consciousness  and  death  can  be  sudden. 



- Work i n  a confined  area may release  f l  annnable gases, which  can i n -  

crease  in  concentration.  Constant  ventilation  should be provided t o  main- 
tain  the  concentration below the LEL.  

Because many vapors are  heavier  than a i r ,  pocke 
may develop. An effect ive monitoring program checks 
multiple  locations and times d u r i n g  the exposure  per 

7.2.3 ExDosure t o  Toxic Chemicals and Aaents 

t s  of  f lamable gases 
concentrations a t  

iod. 

Depending on the  application of the  fabric  f i l ter ,   collected  dust  may 
contain  toxic  chemicals o r  harmful physical  agents. These  compounds may 
exist  in  the system or be created  as a resul t  of operations  in  the  confined 
area.  Inhalation,  ingestion;or  skin  contact have adverse  health  effects. 
Most agents have threshold  limit  doses below  which  harmful effects  do not 
occur. Exposure above these  threshold  doses can cause  acute or chronic 
*symptoms, depending on the compound. A quantitative assessment of each 
compound and the  threshold dose levels must be  made before anyone i s  allowed 
t o  enter   the  fabr ic   f i l ter .  Typical toxic chemicals  or  species  in  the 
f a b r i c   f i l t e r  environment can include  arsenic, cadmium, beryllium,  lead, 
a lka l i ,  and acids. Table 7-2 l i s t s   t h e  allowable  concentrations  for  entry 
into confined  spaces for  several compounds. 

TABLE 7-2. ALLOWABLE CONCENTRATIONS FOR ENTRY INTO CONFINED SPACES 

I Without air-supply No entryb W i t h  air-supply 
Agenta  equ i pmen t permitted equi pment 

Hydrocarbons 
Bel ow 16.5%  16.5% min. 19.5-23.5% Oxygen 

Above  20% LEL 20% LEL max. 1% LEL max. 

10 ppm max. 

>500 ppm 500 ppm 5 ppm max. 
>ZOO ppm 200 ppm 30 ppm max. Carbon monoxide 
>300 ppm 300 ppm 

so2 

aIf  other contaminants are.present,  an industrial  hygienist should be con- 

bWork may be performed in  oxygen-free atmospheres i f  backup systems are 
sulted  for  the  appropriate  allowable  limits. 

available, such as  air-line  respirators,  self-contained  breathing  apparatus, 
and an emergency  oxygen escape pack. 
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Atmospheric Testing and Analysis-- 

Gas nloni tor ing usually i s  conducted to  determine  the  percentage o f  
oxygen, the  percentage o f  lower explosive  limit (hexane/methane,  heptane, 
e t c . ) ,  hydrocarbon concentration  (in  parts  per  million), and  carbon monox- 
ide  levels  (in  parts  per  million). I f  hydrogen sulfide o r  other  toxic 
gases are  suspected,  additional  analyses may be conducted  with detection 
tubes or continuous gas samplers. The use of continuous gas samplers  with 
an audible alarm i s  recommended.  The i n i t i a l  measurements should be per- 
formed according t o  the  following  suggested  procedures. 

1. 

2. 

3. 

4 .  

Remaining outside, a gas t e s t e r  shculd check the  vessel 's oxygen 
content,  explosivity, and toxic chemical concentration by f i r s t  
sampling all   entry  ports and then use  probes t o  sample inside  the 
space.  Caution  should be used when tes t ing  for  combustible 
gases,  as many meters need an oxygen level  close t o  ambient 
levels t o  operate  correctly. This i s  one reason t h a t  the  space 
should be purged and vented  before testing. Voids, subenclosures, 
and other  areas where pockets  of  gas  could col lect  should also be 
tested. 

When i n i t i a l  gas t e s t   r e su l t s  show that  the  space has suff ic ient  
oxygen, the  gas t e s t e r  can enter  the space and complete the 
in i t ia l   t es t ing  by examining areas  inaccessible from outside  the 
shel l .  He/she should wear an air-supplied  positive-pressure 
respirator d u r i n g  these measurements. Special  care  should be 
taken t o  tes t   a l l   breathing zone areas. 

I f  the  results of t he   i n i t i a l   t e s t s  show t h a t  a flammable atmo- 
sphere s t i l l   ex i s t s ,   add i t iona l  p u r g i n g  and ventilation  are 
required t o  lower the  concentration  to 10 percent of the LEL 
before  entry may  be permitted. 

I f   tes t ing shows an oxygen-deficient atmosphere or toxic concen- 
t r a t ions ,   a l l  personnel entering  the  space must use an appropri- 
ate  air-supplied  respirator. 

After  the  initial gas tes t ing has been performed, dust,  mists', fumes, 
and  any other chemical agents  present should be evaluated by e i ther  an 
industrial  hygienist or a trained  technician. The results  will   indicate  if  
additional  control measures are  necessary.  Physical  agents such as  noise, 
heat, and radiation  also must  be evaluated, and i f  any are  present,  the 
appropriate  control measures (e.g.,  ear  protection or r o t a t i n g  employees) , 
should be instigated. 
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The s p e c i f i e d   r e s p i r a t o r y   p r o t e c t i o n   s h o u l d  be based  on  the  hazard 

assessment,  i.e.,  the  type o f   c o n t a m i n a n t ,   i t s   c o n c e n t r a t i o n ,   a n d   t h e  

exposure  t ime. The t ype   o f   resp i ra to ry   equ ipmen t   requ i red   f o r   each   spec ies  

i s  spec i f i ed   by  NIOSH. 
Resp i ra to rs . inc1ude  bas ic   par t i c le - remov ing   dev ices   (dus t ,   aeroso l ,  

m is t ,   e t c . ) ,   a i r -pu r i f y ing   resp i ra to rs   (gas ,   vapors ,   e t c . )  , and  a i r -supp ly -  

i n g   r e s p i r a t o r s   ( a i r - l i n e ,   s e l f - c o n t a i n e d ) .  

7.3 WORKER PROTECTION 

7.3.1 Eye P r o t e c t i o n  

D u s t   c o l l e c t e d   b y   f a b r i c   f i l t e r s   i s   v e r y   f i n e  and u s u a l l y   c o n t a i n s  a 

h i g h   p e r c e n t a g e   o f   p a r t i c l e s   l e s s   t h a n  5 mm. The p a r t i c l e s  may be  sharp- 

edged o r   c r y s t a l  1 i n e   i n   n a t u r e .  Because  a1 1 sur faces  i n  t h e   f a b r i c   f i l t e r s  

a re   coa ted   w i th   dus t ,   wh ich  may be eas i ly   d is lodged  and  suspended  dur ing 

i n t e r n a l   i n s p e c t i o n s ,   p r o t e c t i o n   i s   n e c e s s a r y   t o   p r e v e n t   d u s t   f r o m   e n t e r i n g  

the  eyes.  Goggle  type  protect ion i s   g e n e r a l l y   n o t   e f f e c t i v e  because o f   t h e  

i n a b i l i t y   o f   t h e  frames t o   f o r m  a t i gh t   sea l   aga ins t   t he   worke r ' s   f ace .  

E f f e c t i v e  eye p r o t e c t i o n   c o n s i s t s   o f   f u l l - f a c e   p r o t e c t i o n   o r  a s n o r k l i n g  

mask. 

Eyes a l s o  may be sub jec ted   to   chemica l  damage as a r e s u l t   o f   t h e   d u s t  

composi t ion  or   spec ies  condensed  onto  the  dust   par t ic les.  The most common 

a c t i v e   a g e n t s   a r e   s u l f u r i c   a c i d  on fly a s h   p a r t i c l e s  and a l k a l i   a g e n t s   i n  

cement a p p l i c a t i o n s .  Each p l a n t   s h o u l d   c o l l e c t  samples o f   f a b r i c   f i l t e r  

dus t  and s p e c i f y  eyewash s o l u t i o n s   s u i t a b l e   f o r   r e m o v i n g   o r   n e u t r a l i z i n g  

t h e   a c t i v e  components.  Table 7-3 summarizes t h e   k i n d s   o f   a p p l i c a t i o n s  

where p o t e n t i a l  eye  hazards may e x i s t .  

TABLE 7-3. APPLICATIONS PRESENTING POTENTIAL EYE HAZARDS 1- 

PH 
1yr, 

A p p l i c a t i o n  P o t e n t i a l   a c t i v e   s p e c i e s  
Irr+ 

Fly ash 

A1 k a l  i ne A1 k a l  i Cement 
Ac id  S u l f u r i c   a c i d  

I (NaOH, Na2S04, K2S04, e t c .  ) I 
Mun ic ipa l   i nc ine ra t i on   Hydroch l   o r i  c a c i d  

A c i d  Copper c o n v e r t e r   S u l f u r i c   a c i d  
Ac id  I 
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7.3.2 Hearing Protection 

The f a b r i c   f i l t e r  hcusing i s  a large open area  with metal walls t h a t  
tend t o  magnify and  ref lect  sound energy. When inspectors  are  inside t h e  
uni t ,  proper  hearing  protection should be used to   l imit  sound levels t o  
maximum permitted  exposure. Many types o f  hearing  protection  devices 
(cotton, premolded inser ts ,  foam, ear  muffs, etc.)   are  available;   selection 
depends on individual  preference and expected sound levels.  

Limits of  worker exposure t o  noise  are based on bcth  duration o f  

exposures and scund levels (dBA). Permissible  levels  for  intermittent 
noise a n d  nonimpulsive levels  are  presented i n  Tables 7-4 and 7-5. 

7.3.3 Skin I r r i ta t ion  

Depending on i t s  compcsition,  the  dust  collected i n  t he   f ab r i c   f i l t e r  
car! be ac id ic ,   a lka l i le ,  hydroscopic, or abrasive. When i t  contacts  the 
skin,  this  dust can cause  burns or i r r i t a t ion .  Workers can l imit  skin 
contact  area and thus  prevent  potential  irritation hy wearing  long-sleeved 
sh i r t s  and gloves  during  internal  inspections. Depending on teKperature 
conditions and activity  levels,   ccverall  s or other  full  covering may be 
worn. 

TABLE 7-4. MAXIMUM PERMISSIBLE SOUND LEVEL FOR INTERtlITTENT  NOISEa 
(A-weighted sound level ,  dBA) 

Total  time/8 hours 

8 hours 
6 hours 
4 hours 
2 hours 
1 hour 

f hour 
4 hour 
8 minutes 
4 minutes 
2 minutes 

aSource : The Industri 
1973, p .  327. 

1 

89 

90 

91 

93 

96 

100 

104 

108 

113 

123 

Number of occurrences  per day - 

" 

- 
1 Environment "Its Ev; 

3 

89 

92 

94 

98 

102 

105 

109 

114 

125 

7 

89 

95 

98 

102 

106 

109 

115 

125 

15 

89 

97 

101 
105 

109 

114 

124 

uation 

7 

" 

and Con1 

35 

89 

97 

103 

108 

114 

125 

75 

89 

94 

101 

113 

125 

" 

.ol . NIOSH, 

89 

93 

99 

117 

125 
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TABLE 7-5. THRESHOLD L I M I T  VALUES FOR NONIMPULSIVE NOISE ( A C G I H ) ~  
Duration hourslday Permissible sound level ,  dBA 

8.00 
92 6.00 
90 

115 0 2 5  
110 0.50 
107 0 .75  
105 1 .OG 
102 1.50 
100 2 .oo 
97 3 .OO 
95 4 .OO 

a Source: The Industrial Environment - I t s  Evaluation and Control. NIOSH, 
1973, p .  327. 

7.3.4 Thermal Stress 

Thermal stress  associated  with  inspections and maintenance of a fabr ic  
f i l t e r  and i t s  components  must  be considered  in  defining  the time required 
for  repairs. Because of the dus ty ,  humid conditions and limited access, 
thermal effects  may be severe.  Also, if   l imited time is   avai lable   for  
purging and cooling  the  unit,  entry may have t o  be  made under elevated 
temperatures. 

The thermal s t r e s s  placed on the worker i s  a function of several 
variables, such as a i r   veloci ty  , evaporation  rate, humid i ty  , temperature, 
radiation, and metabolic  rate (work). In effect ,   the   s t ress   is   indicated 
by the need t o  evaporate  perspiration. 

A Heat Stress Index developed by Belding and  Hatch (1955-)* incorpo- 
rates environmental  heat  [radiation ( R )  and convection ( C )  , and metabolic 
( M ) ]  into an  expression of stress  in terms of requirement for evaporation 
of perspiration.  Algebraically  the  function may be stated as follows: 

M + R + C = E r e q .  

-k 

Belding and Hatch. Index for Evaluating Heat Stress  in Terms of Resulting 
Physiologic  Strains.  Heating,  Piping and Air  Conditioning, 1955. 
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- The resulting  physiological  strain  is determined by the  ratio o f  
st ress  ( E  req.) t o  the maximum capacity o f  the environment ( E  max. ) .  The 
resulting  value  is  defined  as  the Heat Stress Index ( H S I ) ,  which i s  c a l c u -  
lated a s :  

HSI = ".-!% x 100 E re 
E rnax. 

The values E req. and E max. may  be calculated a t  the maximum exposure 
values time based on the HST defined.  Generally, HSI maximum acceptable 

are  established  for an &"our work day. 
Table 7-6 indicates  expected  physiological and hygienic imp1 

of an  8-hour  exposure a t  various  heat-stress  levels. 
ications 

A nomograph may be used to  evaluate  acceptable exposure  times under 
various  conditions.  Figure 7-1. shows the methodology for  calculating 
exposure  time. Constants and variables used i n  the nomograph are  as  follows: 

R = 17.5 (Tw - 95)  

C = 0.756 Voe6(Ta - 9 5 )  

E Max. = 2.8 V o o 6  (42-PWa) 

where R = radiant  heat exchange, B t u / h  
C = convective  heat  exchange, B t u / h  

E max. = max. evaporative  heat loss, B t u / h  
Tw = mean radiant  temperature, "F 
Ta = a i r  temperature, OF 

V = air   velocity,   f t /min 
PWa = vapor press., mm Hg 

Twb = wet bulb  temperature, " F  
M = metabolic  rate, B t u / h  

Tg = globe  temperature, OF 
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TABLE 7 - 6 .  INDEX O F  HEAT  STRESS^ 

Physiological and hygienic  implications o f  8-hour  exposures t o  
various  heat  stresses 

Mild c o l d  s t ra in .  This condition  frequently  exists i n  areas 
where persons  recover from exposure t o  heat. 

No thermal s t ra in .  

Mild t o  moderate heat s t ra in .  Where a j o b  involves  higher 
intel  lect.ua1 functions , dexter i ty ,   or   a ler tness ,   subt le  t o  
substantial decrements in performance may be expected. When 
a job  requires heavy physical work, 1 i t t l e  decrement expected 
unless  abil i ty of individuals  to perform such work under no 
thermal, s t r e s s   i s  marginal. 

Severe  heat s t r a in ,  involving a threat  t o  health  unless persons 
are   physical ly   f i t .  A break-in  period i s  required  for  those not  
previously  acclimatized. Some decrement in performance  of physi- 
cal work i s  t o  be expected. Medical selection of personnel i s  
desirable because these  conditions  are  unsuitable  for  those 
w i t h  cardiovascular or respiratory impairment or w i t h  chronic 
dermatitis. These working conditions  are  also  unsuitable  for 
activities  requiring  sustained mental e f fo r t .  

Very severe  heat  strain. Only a small percentage o f  the popu- 
lat ion may be expected to   qua l i fy   for   th i s  work. Personnel 
should be selected by medical examination a n d  by t r i a l  on the 
job (after  acclimatization).  Special measures are needed t o  
assure adequate  water and s a l t  intake.  Amelioration  of work- 
ing  conditions by  any feasible means is   highly  desirable,  
and should decrease the  health. hazard and simultaneously 
increase  efficiency on the job.  Slight  "indisposition" 
t h a t  in most j o b s  would  be insuff ic ient   to   affect  performance 
may render workers unf i t   fo r  this exposure. 

The maximum strain  tolerated  daily by f i t ,  acclimatized, young 
persons. 

aAdapted from Belding and Hatch, "Index fo r  Evaluating Heat Stress i n  Terms 
of Resulting  Physiologic  Strains,"  Heating,  Piping and Air Conditioning, 
1955. 
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Figure 7 - 1 .  Nomograph developed by McKarns a n d  Brief 
incorporating t h e  revised  Fort Knox coefficients,  

Source: McKarns, J .  S . ,  and  R .  S. Brief. Nornographs Give Refined Estimates 
of Heat Stress Index. Heating,  Piping and Air Conditioning 
38:113, 1966. 

7-14 



An e-xample presented  here  illustrates  the  use o f  the nomograph under 
the  following  conditions: Tg = 130°F, Ta = 100°F, Twb = 80°F, V = 50 
ft/min, M = 2000 B t u / h  and dew point = 73°F. 

Step 1. Determine convection ( c ) .  Connect velocity (column I )  w i t h  a i r  tern- 
perature [ ( T a )  column  111 and read c on  column 111. 

Step 2 .  Determine E max. Connect velocity (column I )  and dew point (column Iv) 
and read E max. on  column V .  

Step 3. Determine constant K .  Connect velocity (column I )  w i t h  Tg-Ta (column 
VI) and read K on columr! VII. 

Step 4. Determine Tw. Connect K (column VII) and Tg (column VIII) and read 
Tw on column  IX. 

Step  5. Extend l i ne  i n  s tep  4 t o  column X and read R. 

Step 6 .  Connect R (column X )  w i t h  M (column  XI)  and read R + M on column X I I .  

Step 7 .  Connect C (column 111) with R + M (column XII) and read E req. on 
column XIII. 

Step 8. Connect E max. (column V )  with E req. (column XIII) and read  allowable 
exposure  time on column  XIV. 

Metabolic ra te   var ies  w i t h  exertion and  work expended, and an estimate 
of M must be  made fo r  each e f f o r t  expended i n  the   fabr ic   f i l ter   inspect ion 
or  repair .  Examples of M for  several  levels of ac t iv i ty   a r e  provided  in 
Tables 7-7 and 7-8. 

1 
4 

TABLE 7-7.  HEAT PRODUCTION FOR VARIOUS LEVELS O F  EXERTION 

cal/m h 2 Slac Activity 

S1 eepi ng 

rn Working a t  a desk, d r i v i n g  a car,  standing, minimum 
50 #* Sitt ing  quietly 

40 

movemen t 80 
ryI 

Sentry d u t y ,  standing a t  machine while  doing l i gh t  work 100 

Walking 2 .5  mph on leve l ,  moderate work 150 

Walking 3.5 mph or   level ,  moderately  hard work 2 00 

Walking 3.5 mph on level w i t h  45 l b  load, hard work 300 
aAdapted  from: The Industrial  Environment - I t s  Evaluation and Control. 

NIOSH, 1973. 
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TABLE 7-8. BODY HEAT PRODUCTION AS A FUNCTION O F  A C T I V I T Y ~  

Activity kcal / h 
Rest ( seated) 

200 Light machine work 
90 

300 Walking, 3.5 mph on level 
Forging 
Shovel i ng 

390 

450-600 

S l a g  removal 700 

a Adapted  from:  The Industrial  Environment - I t s  Evaluation and Control. 
NIOSH , 1973. 

i, .$. When the work involves   l i f t ing,  p u s h i n g ,  or  carrying  loads;  cranking; 
3 etc.,  the  heat  equivalent of the  external work ( W )  i s  subtracted from the 
s 
2. 

$! to ta l  energy  output to  obtain  heat produced i n  the body ( M )  . 
@ '  
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SECTION 8 

MODEL oaM PLAN 

Generally, one or more individuals a t  a plant  site  are  responsible  for 
ensuring t h a t  a f a b r i c   f i l t e r   i s  operated and maintained so t h a t  i t  meets 
design removal efficiencies  for  particulate  matter and t h a t  the  plant com- 
plies with regulatory  emission  limits. 

Unfortunately, most O&M personnel do n o t  receive  in-depth  training on 
the  theory of fabr ic   f i l ter   operat ion,   d iagnost ic   analysis ,  and the problems 
and malfunctions t h a t  may occur  over  the l i f e  of a unit.  Plant personnel 
tend t o  learn  about  the  operation of a specific  unit  and to  gain  operating 
experience  as a resu l t  o f  day-to-day operating problems. This  so-called 
"on-the-job" training can resul t   in   ear ly  equipment deterioration or cata- 
strophic  failures t h a t  could have been avoided. 

This section  presents  the  basic  elements of an O&M program t h a t  will 
prevent  premature f a b r i c   f i l t e r   f a i l u r e .  This program i s  n o t  a l l - inclusive,  
and i t  does not  address a l l   potent ia l   fa i lure  mechanisms. Nevertheless, i t  
provides  the  user  with enough  knowledge t o  establish a plan of action, t o  
ma in ta in  a reasonable  spare  parts  inventory, and to  keep the  necessary  rec- 
ords for  analysis and  correction of deficiencies  in  fabric  f i l ter   operation. 

The overall goal o f  an O&M p l a n  i s  t o  prevent  unit  failures. In case 
fai lures  do occur, however, the  plan must include  adequate  procedures t o  
1 imit  the  extent and duration of excess  emissions, t o  l imit  damage to  the 
equipment, and  t o  e f fec t  changes i n  the  operation of the  unit   that   will  
prevent  recurrence of the  fa i lure .  The ideal O&M program includes  require- 
ments for  recordkeeping,  diagnostic  analysis,  trend  analysis,  process  anal- 
ys i s ,  and  an  external and internal  inspection program. 

The components  of  an O&M plan are  management, personnel,  preventive 
maintenance, inspection program, specif ic  maintenance procedures, and 
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internal p l a n t  audits. The  most important of these  are management and  per- 
sonnel. Without a properly  trained a n d  motivated s ta f f  and  the f u l l  support 
o f  p l a n t  management, no O&F1 program can be effective. 

" 

8.1 MANAGEMENT  AND STAFF 

Personnel operating and  servicing  the  fabric  f i l ter  must  be familiar 
w i t h  the components of the  unit,  the  theory of operation,  limitations of the 
device, and proper  procedures for  repair  and  preventive  maintenance. 

For  optimum performance, one person ( i . e .  , a coordinator) should be 
responsible fo r  f a b r i c   f i l t e r  O&M. A l l  requests  for  repair and/or  investiga- 
t i o n  of  abnormal operation  should go th rough  this  individual  for  coordination 
of effor ts .  When repairs  are completed, final  reports  also should be trans- 
mitted t o  the  originating  staff th rough  the  fabric  f i l ter   coordinator.  Thus, 
the  coordinator  will be aware of a l l  maintenance t h a t  has been performed, 
chronic  or acute  operating  problems, a n d  any work that  is  in  progress. 

The coordinator,  in  consultation w i t h  the  operation  (process) personnel 
and management, also can arrange  for and  schedule a l l  required maintenance. 
He/she can assign  priority t o  repairs a n d  order  the  necessary  repair compo- 
nents, which sometimes can be received and checked o u t  pr ior   to   instal la t ion.  
Such coordination does n o t  eliminate  the need for   special is ts   (e lectr ic ians ,  
pipe f i t t e r s ,  welders,  etc. ) ,  b u t  i t  does avoid duplication of e f for t  and 
helps t o  ensure an efficient  operation. 

Many f ab r i c   f i l t e r   f a i lu re s  and operating problems are caused by mechan- 
ical  deficiencies. These are  indicated by changes i n  differential  pressures 
a n d  temperatures and by opacity  readings. By evaluating  process  conditions, 
pressure and temperature  readings,  inspection  reports, and  the  physical 
condition of the  unit,  the  coordinator can evaluate  the  overall  condition of 
the u n i t  and recommend process  modifications and/or repairs. 

The  number  of support s t a f f  required  for  proper  operation and mainte- 
nance  of a un i t   i s  a function of unit  size,  design, and operating  history. 
Staff  requirements must  be assessed  periodically t o  ensure t h a t  the  right 
personnel are  available  for normal levels of maintenance.  Additional s ta f f  
wi l l  generally be needed for  such act ivi t ies   as  a major rebuilding of the 
unit  and/or  structural changes.  This additional  staff may include  plant 
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persofinel,  outside  hourly  laborers,  or  cor,tracted personnel from service 
con:panies or f a b r i c   f i l t e r  vendors. Ir! a l l  cases,  uts si de personnel should 
be supervised by experienced p l a n t  personnel. The services o f  laboratory 
personnel a n d  computer analysts may also be needed. The cccrdinator should 
be responsible for  f inal  acceptance and approva l  o f  a l l  repairs.  Figure 8-1 

presents  the  general  concept a n d  staff  orgacizational  chart for  a centrally 
ccordi na ted O&M program. 

As with any highly  techr;ical  process,  the O&I4 staff  responsible  for  the 
f a b r i c   f i l t e r  must  have adequate knowledse t o  operate and repair  the  equip- 
ment. 

Many components  of a f ab r i c   f i l t e r   a r e  not unique, and  specSal knowledge 
i s  n o t  required  reoarding  the components themselves; however, the arrangement 
;incl! instal la t ion o f  these components are unique in most applications,  a n d  
special.know1edge and care  are  necessary t o  achieve  their cptilnum performance. 

Many plants have a high rate of personnel turnover, and new employees 
are  assianed t o  work cn a f a b r i c   f i l t e r  who may have had no previous  contact 
w i t h  air   pollution  control equipment. To provide  the  necessary  technical 
expertise, manacjement must establish a formal training p r o a r m  f o r  each 
employee assigned t o  f a b r i c   f i l t e r  mainteriance and operation. 

P.n optimun! training program should  include  the  operators,  supervisors, 
and maintenance s t a f f .  Changes in  operation t h a t  affect  temperature,  oil  or 
moisture  content,  acid dew p o i n t ,  and  the  particulate  abrasiveness o f  the gas 
stream entering  the  unit have a detrimental  effect on f a b r i c   f i l t e r  opera- 
t icn.  The process  operator has control  over many o f  these  variables. An 

understanding o f  the  cause-and-effect  relationship between process  conditions 
and the   fabr ic   f i l t e r  can help t o  avoid many performance  problems. Safety i s  
an important  aspect of any training program. Each person associated w i t h  the 
unit should have complete instructions  regarding  confined-area  entry,  first 
a id ,  and lock-out/tag-out  procedures. 

Thus, a typical  fabric  f i l ter   training program should  include  safety, 
theory of operation, a physical  description of the  unit ,  a review o f  subsys- 
terns, normal operation  (indicators), and  abnormal operatiofis (common fa i lure  
mechanisms), troubleshootjny  procedures, a preventive  maintenance  proyarn, 
and recordkeepi ny . 
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1 MANAGEMENT 

. 
MAINTENANCE 
SUPERVISOR 

J. 
ELECTRICAL  MECHANICAL 

ELECTRICIANS  MECHANICS 

1 

i l  
1 SUPERVISOR I 

I 

Figure 8-1. Organizational  chart  for  centrally  coordinated 
fabric  filter O&M program. 
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The O&Mprogram should emphasize optimum a n d  continuous performance of 
the  unit. The s ta f f  should  never get  the  impression t h a t  less-than-optimum 
fabr ic   f i l t e r  performance is  acceptable. Redundancy is  established i n  the 
u n i t  solely t o  provide a margin o f  safety f o r  achieving compliance during 
emergency situations.  Once a pattern  is   established t h a t  allows a less-than- 
optimum condition t o  e x i s t   ( i . e .  , reliance on buil t- in redundancy),  less- 
than-optimum performance becomes the norm, and the margin of  safety begins to 
erode. 

To reenforce  the  training program, followup written  material should be 
prepared. Each p l a n t  should  prepare a n d  continually update a f a b r i c   f i l t e r  
operating manual and  a f a b r i c   f i l t e r  maintenance manual for each u n i t .  A 
generic manual usually  is  n o t  adequate because each vendor's  design  philoso- 
phy varies. The use o f  actual photographs,  s l ides ,  and drawings aids i n  the 
overal1.understanding of the  unit and reduces los t  time during  repair work. 

Training  material and courses  available from manufacturers a n d  vendors 
should'be reviewed a n d  presented  as  appropriate.  Further,  staff members 
responsible  for each unit should attend workshops, seminars, and  training 
courses  presented by the  Electric Power Research Ins t i tu te  ( E P R I ) ,  the  Port- 
land Cement Association ( P C A ) ,  EPA, and other  organizations t o  increase  the 
scope o f  knowledge and t o  keep current  with  evolving  technology. 

8.2 MAINTENANCE MANUALS 

Specific maintenance manuals should be developed f o r  each f a b r i c   f i l t e r  
a t  a source. The basic  elements of design and overall  operation  should be 
specific t o  each f a b r i c   f i l t e r  and should incorporate  the  manufacturer's 
l i terature  and  in-house  experience  with  the  particular type of u n i t .  The 
manual should re la te  t o  the  physical  aspects o f  the  unit.  Descriptions 
should be brief and t o  the  point; long narratives  without  direct  application 
should be avoided. 

Figure 8-2 presents a suggested out l ine  for  a typical manual. The manu- 
a l  should begin with such basic  concepts as fabr ic   f i l ter   descr ipt ion and op- 
eration. I t  can then  continue  with a section on component par t s ,  which 
should include  detailed drawings and an explanation o f  the  function o f  each 
component and  i t s  normal condition. 
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A. 

B .  

C .  

D .  

E .  

- 

F A B R I C  F I L T E R  DESCRIPTION ( G E N E R A L )  
1. Particulate  Collection System 
2 .  C l e a n i n g  System 
3.  Ash Removal System 

DESCRIPTION OF OPERATION 
1. Collection Mechanisms 
2 .  F i l te r  Cake Ranoval 

SAFETY E Q U  I PMENP 
1. Self-contained  Breathing 

2 .  Gas Monitoring Equipment 
3.  Protective  Clothing 
4 .  Eye and Ear Protection 
5. Gas  Masks with  Appropriate 

Apparatus 

F i  1 ters  
.6. Tags 

COMPONENT DESCRIPTION 
1. F i l te r  Media 
2 .  Cleaning System 
3. Housing 
4 .  Valves a n d  Dampers 
5 .  Motors , Fans ,  and Belts 
6 .  Auxiliary Systems 

INTERNAL INSPECTION AND MAINTENANCE 
1. Bags 

a .  Worn, Abraded, Damaged Bags 
b .  Condensation on Bags 
c .  Tension 
d .  Loose, Damaged, o r  Improper 

Bag Connection 
2 .  Inlet  a n a  Outlet Ducts 

a .  Dust Buildup 
b .  Baffle 

a .  Dust Buildup in Hoppers 
b.  Hopper Heater  Operation 

3. Hoppers 

4 .  Corrosion on All Surfaces 

F. E X T E R N A L  INSPECTION A N D  MAINTENANCE 
1. Cleaning System 

a .  Operation W i t h o u t  B i n d i n g  
b. Loose or Worn Bearings 
c. Drive Components 
d .  Solenoids,  Pulsing Valves 

( P u l  se-Jet)  
e .  Compressed-Air System 

( P u l  se-Jet)  
f .  Damper Valves 

2 .  Air Leakage 
a .  Expansion Joints 
b .  Door Gaskets 
c .  Cleaning System Penetra- 

tions 
d. Hoppers 

3. I nterl ocks 
a .  Operation 
b .  Lubrication 

4. Control  Cabinet 
a .  Clean1 iness 
b .  Loose Connections 
c.  Air F i l t e r  

APPENDIX 
1. Inspection and Maintenance 

Check1 i s t  
2 .  Layout Details 

Figure 8-2. Outline f o r  F a b r i c  F i l t e r  Maintenance Manual. 
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The next section  covers  the  internal  inspection a n d  maintenance  procedure, 
which i s  extremely c r i t i ca l  in  maintaining  performance.  Periodic checks are 
necessary t o  m a i n t a i n  bag integri ty ,  t o  remove accumulated  ash deposits, a n d  t o  
prevent a i r  ir;leakage. The section on external  inspection and  maintenance 
includes  all  supporting equipment, such as  cleaning mechanisms, instrumentation, 
a i r  compressors (where applicable),   etc.  Each of these  sections should  provide a 
procedure for  evaluating  the component. The  manual should identify key operating 
parameters,  define normal operation, and  identify  indicators of  possible 
deviations from nGrmal condition. Key operating  parameters  include  temperature, 
pressure,  cleaning  cycle,  opacity, o r  other  parameters t h a t  car: be used t o  estab- 
l ish the  basic  operating  condition  of  the  unit. 

After  evaluation of ccnditions, a procedure must be presented t o  replace, 
repair ,  or isolate each ccmponent. Unless a proper  procedure i s  followed, 
the  corrective a c t i o n  could resul t  i n  further damage t o  the  unit,  excessive 
emissions,  or  repeated  failure. 

8 .3  OPERATING MANUALS 

Whereas maintenance manuals are  designed  to  facilitate  physical  repairs 
t o  the  fabric  f i l ter ,   operating manuals are needed to   es tabl ish an operating 
norm or baseline  for each unit .  Maintenance of the  physical  structure  cannot 
ensure  adequate  performance of the  unit because  gas  stream conditions such as 
temperature, gas composition, and gas volume can cause  premature bag f a i lu re  
and rapidly  decrease  collection  efficiency. 

The operating manual should parallel  the maintenance manual in  terms of 
introductory  material so t h a t  the  operators and  maintenance  personnel have 
the same basic  understanding of the components and their  function and of the 
overall  operzting  theory.  Additional  information  should be provided on the 
effects of major operating  variables such as  gas  volume, gas temperature, and 
pressure drop. The  manual also should  discuss  the  effects of a i r  inleakage on 
the  bags,  potential  condensation  problems, and the  points where inleakage may 
occur (hoppers,  doors,  expansion  points,  etc. ) . Figure 8-3 presents an 
outline  for an  operating manual. 
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A. DESCRIPTION OF FABRIC FILTERS D. 

1. P a r t i c u l a t e - C o l l e c t i o n   S y s t e m  

2. C lean ing  System 

3. Dust Removal System 

B. DESCRIPTION OF OPERATION E. 

1. C o l l e c t i o n  Mechanisms 

2. F i  1 t e r  Cake  Removal 

C. OPERATIONAL  FACTORS 

1. Gas Volume 

a. Excess Air G. 

b. Air In leakage 

(1) Hoppers 

( 2 )  Access  Doors 

( 3 )  Expans ion   Jo in ts  

( 4 )  T e s t   P o r t s  

( 5 )  Process  Points  

2. Gas Temperature 

a. High  Temperature 

b. Low Temperature 

(1) Ac id   and  Mo is tu re  
Dewpo i n t 

3. D i f f e r e n t i a l   P r e s s u r e  

a. H igh  

b.  Low 

4. Opac i ty  

ASH-REMOVAL-SYSTEM  MALFUNCTION 

1. Plugged  Hopper 

2. Low  Vacuum 

a. Excess Air In leakage 

b.  Valves  Stuck Open 

STARTUP 

1. Sa fe ty  Check 

2. Cleaning  System On 

3. Ash Removal System On 

4. Hopper  Heaters  On. 

SHUTDOWN 

1. System  Purged 

2. Hoppers  Emptied 

3. Cleaning  System  Turned O f f  

4. If Long  Outage,  Compressor, 
Hopper  Heaters,  and  Dust- 
Removal System  Turned O f f  

F i g u r e  8-3. F a b r i c   F i l t e r   O p e r a t i n g  Manua o u t l i n e .  
( C o u r t e s y   o f  PET Assoc ia tes ,   Inc .  1 
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W i t h  regard t o  fuel combustion sources, t h e  manual should discuss  the 
effects o f  such process  variables  as  burner  conditions,  burner  alignment, and 
pulverizer  fineness, which change the ash particle  properties a n d  s ize  
distribution. An expected normal range of  values and  indicator  points should 
be established  as  reference  points for the  operator. 

S t a r t u p  a n d  shutdown procedures  should be established, and step-by-step 
instructions should be provided t o  ensure sequenced outage o f  equipment t o  
aid  in maintenance ac t iv i t i e s  and t o  eliminate  startup problems. 

8.4 SPARE PARTS 

An inventory of spare  parts should be maintained t o  replace  failed  parts 
as needed. Because a l l  conponents or subassemblies  cannot be stocked, a 
rational system must  be developed t h a t  establishes a reasonable  inventory of 
spare  parts.  Decisions  regarding which  components t o  include  in  the  spare 
parts  inventory  should be based on the  following: 

1. Probability of fa i lure  
2 .  Cost cf components 
3 .  Replacement time ( instal   la t ion)  
4.  Whether the  part can be stored  as a component or subassembly ( i   . e .  , 

5. In-house technical  repair  capabilities 
6. Available  space 

The probability  of  failure can be developed from outside  studies  (e.g., 

shaker assembly vs. individual components) 

EPRI ) , vendor recornmendations , and a h i  story of the u n i t .  I t  i s  reasonable 
t o  assume t h a t  components subjected t o  heat,  dust,  weather, or wear are  the 
most l ike ly   to   fa i l .  Components  of th i s  type are no different  from those  in 
process service, and reasonable judgment  must be used i n  deciding what t o  
stock. Maintenance s t a f f  members should be consulted  for recommendations 
concerning some items t h a t  should be stocked a n d  the number required. Ad- 
justments can  be  made as cjperatiny  experience i s  gained. Items t h a t   f a l l  
into  this  category  include  solenoids,  drive  belts,  tension  springs,  shaker 
motor drives, and level  indicators. 

*+4 
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Another factor i n  defining a spare  parts  inventory is  the  cost  of indi- 

v i d u a l  components. A l t h o u g h  stocking bags o r  door seal components are n o t  
costly,  stcck.ing a spare compressor can be quite  costly.  Maintaining an 
extensive  inventory of high-cost items t h a t  have low probability of f a i l u r e  

is  n o t  jus t i f ied .  
The time required t o  receive  the p a r t  from the vendor and the time re- 

quired t o  replace  the  part on the  unit  also  influence whether a n  item  should 
be stocked. I f  the  lead time for  a c r i t i ca l  p a r t  i s  a matter o f  weeks or 
months, or i f  a Component  must  be specially bui 1 t ,  stocking such items i s  
advantageous. 

Many plants have an electronics and mechanical shop whose highly  trained 
s ta f f  can repair or rebuild components t o  meet original  design  specifica- 
tions. The avai labi l i ty  of this  service can greatly reduce the need t o  

4 maintain component parts or subassemblies. I n  these  cases, one replacement 
can be stocked for instal la t ion during  the  period when repairs  are being 
made. For example, many printed  circuit boards can be repaired  internally, 
which reduces the need t o  stock a complete l ine of electronic  spare  parts. 

8 .5  WORK ORDER SYSTEMS 

A work order system i s  a valuable  tool t h a t  al lows  the  fabric  f i l ter  
coordinator t o  track  unit performance over a period of time. Work order and 
computer tracking systems are  generally designed t o  ensure  that  the work has 
been completed and t h a t  charges for  labor and parts  are  cQrrectly  assigned 
for  accounting and planning  purposes. With minor changes in  the work order 
form and in  the computer programs, the work order  also can permit  continuous 
updating of  failure-frequency  records and can indicate whether the mainte- 
nance performed has been effective i n  preventing  repeated  failures. In  
general,  the work order  serves  three  basic  functions: 

1. I t  authorizes and  defines  the work to  be performed. 

2.  I t  ver i f ies  t h a t  maintenance has been performed. 

3. I t  permits  the  direct impact o f  cost and parts d a t a  t o  be entered 
ir,to a central computerized d a t a  handling  system. 
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T c  perform these functions  effectively,  the work order form nust be specific.  
a n d  the d a t a  f i e l d s   w s t  be large enough t o  handle detailed requests and t o  
provide specific  responses. I n  many conputerized  systems, the d a t a  entry 
canno t  accommodate a narrative  request and  specif ic   detai ls   are   lost .  

- 

Most systems can  accommodate simple  repair jobs because they do n o t  
fnvolve vultiple  repairs,  staff  requirements, o r  parts  delays. Major re- 
pairs ,  however, become los t  in the system as ma jo r  events  because  they  are 
subdivided i n t o  smaller j o b s  t h a t  the system can handle. Because of t h i s  
constraint ,  a large  repair  project.  with many components ( e . g . ,  a cleaning 
system failure  or  control panel repair)  t h a t  may have a common cause a.ppears 
t o  be a number o f  unrelated  events  in  the  tracking  system. 

For dislgnostic  purposes, a subroutine  in  the work order system i s  txc -  
essary t h a t  l inks  repairs,  parts, and location of failure  in a n  event-time 
profile.'  Further,  the  exact  location o f  component fa i lures  must be clearly 
defined. I n  e f f e c t ,   i t   i s  more important t o  know the  pattern of fa i lure  than  
the  cost of the  failure.  

The g o a l  of the work order system can be sunmlarized in  the  following 
i terns : 

To provide  systematic  screening a n d  authorization c f  requested 
work'. 

To provide the  necessary  information  for  planning and  coordination 
o f  future work. 

O To provide  cost  information  far  future  planning. 

O To instruct, management and  craftsmen  in  the  performance of repair 
work. 

O To estimate manpower, time, a n d  materials  for  completing  the  re- 
pair. 

To define  the equipment t h a t  may need t o  be replaced,  repaired,  or 
redesigned (work order  request Tor analysis of  performance  of 
components, special  study,  or  consultation,  etc. ). 

Repairs t o  the  unit may be superficial  or cosmetic  in  nature or they may 
be of an urgent  nature arld require emergency response t o  prevent damage or 
fa i lure .  I n  a major f ac i l i t y ,  numerous  work order  requests may be submitted 
as a resul t  of  daily  inspections or operator  analysis. Completing the  jobs 
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i n  a reasonable time requires  scheduling the  s taff  a n d  ordering a n d  receiving 
parts i n  a n  organized manner. 

For effective implementation of  t h e  work order  systerr,  the  request must 
be assigned a level of p r i o r i t y  as t o  completion  time. These priority as- 
signments must t a k e  i n t o  consideration p l a n t  a n d  personnel safety,  the poten- 
t i a l  effect  on emissions,  potential damage t o  the equipment,  maintenance per- 
sonnel avai labi l i ty ,   par ts   avai labi l i ty ,  a n a  boiler  or process avai labi l i ty .  
Obviously, a l l  jobs c a n n o t  be assigned  the  highest  priority. Careful  as- 
signment of priority i s  the most cr i t ical   par t  of  the work order  system, a n d  
the  assignment must  be  made as  quickly  as  possible  after  requests  are  re- 
ceived. An example  of a five-level  priority system i s  provided i n  Figure 
8-4. 

I f  a work order  request i s  t o o  detailed,  it   will  require  extensive time 
. t o  complete. Also, a very complex  form leads t o  superficial  entries a n d  

erroneous d a t a .  The form s h o u l d  concentrate on the key elements  required t o  
document the need for  repair ,   the response t o  the need (e.g.,  repairs com- 
pleted),   parts used, and manpower expended. A l t h o u g h  a multipage form i s  
not  recommended, such a form may  be used for  certain purposes. For example, 
the f i r s t  page  can be a narrative  describing  the  nature of  the problenl or 
repair  required and the  response to  the need. I t  i s  very important t h a t  the 
maintenance staff  indicate  the  cause o f  the  failure and possible changes t h a t  
would prevent  recurrence. I t  i s  n o t  adequate simply t o  make a repair t o  
malfunctioning  shaker  cleaning  system  controls and respond t h a t  "the  repairs 
have  been  made." Unless a detailed  analysis  is  made of .the  reason for  the 
failure,  the  event may be repeated  several  times.  Treating  the symptom 
(making the  repair;  replacing  bags,  solenoid  valves,  etc.)  is n o t  suff ic ient ;  
the  cause of the  failure must be treated.  

I n  summary, the  following i s  a l i s t  o f  how the key areas of a work order 
request  are  addressed: 1 

1. Date - The date i s  the day the problenl was identified or the j o b  
was assigned  -if i t  originated  in  the  planning,  environmental, or 
engineering  sections. 

2 .  Approved by - This  indicates w h o  authorized  the work t o  be coni- 
pleted, t h a t  the  request has been entered  into  the  system, and  t h a t  
i t  has been assigned a pr ior i ty  and  schedule for response. The 
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WORKORDER  PRIORITY SYSTEM 

PRIORITY ACTION 

1 Emergency  Repair 

' 2  Urgent repair to  be completed 

394 Work which may be delayed 

5 Work which may be delayed 

during the  day 

and completed in the future 

until a scheduled outage 

Figure 8-4. Example of five-level  priority system. 
(Courtesy  of PEI Associates, Inc. ) 
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I 

- 

3. 

4. 

5. 

6.  

7 .  

main tenance   superv i so r   o r   f ab r i c   f i l t e r   coo rd ina to r  may approve  the 
request,   depending  on  the  staf f  and t h e   s i z e  of t h e   f a c i l i t y .  When 
emergency repa i rs   a re   requ i red ,   the   work   o rder  may be  Completed 
a f t e r   t h e   f a c t ,  and  approval i s   n o t   r e q u i r e d .  

P r i o r i t y  - P r i o r i t y  i s  ass igned  accord ing t o  j ob   u rgency  on a sca le 
o f  1 t o  5.  

Work order  number - The work  order  request number i s   t h e   t r a c k i n g  
c o n t r o l  number n e c e s s a r y   t o   r e t r i e v e   t h e   i n f o r m a t i o n   f r o m   t h e  
computer  data  system. 

Con t inu ing   o r   re la ted   work   o rde r  numbers - I f  t h e   j o b   r e q u e s t   i s  a 
c o n t i n u a t i o n   o f   p r e v i o u s   r e q u e s t s  or represents  a cont inu ing   p rob-  
lem  a rea ,   the   re la ted  number should  be  entered. 

Equipment number - All major  equipment i n  a f a b r i c   - f i l t e r   s h o u l d  be 
ass igned   an   i den t i f y i ng  number t h a t   a s s c j c i a t e s   t h e   r e p a i r   w i t h   t h e  
equipment. The numbering  system  can  include  process  area,  major 
process component, f a b r i c   f i l t e r  number, f a b r i c   f i l t e r  compartment, 
equipment number, and  component. T h i s   n u m e r i c   i d e n t i f i c a t i o n   c a n  
be es tab l i shed   by   us ing  a f i e l d  of  grouped  numbers.  For  example, 
the  fo l lowing  could  be  used:  

I D  number 

xx  - xxx  - xx  - xxx  - xxx - xxx  

l L  L equipment number 

f a b r i c   f i l t e r  compartment 

f a b r i c   f i l t e r  number I 

L L process subcomponent 

process  area 

I f  t h e   f a c i l i t y   c n l y  has  one f a b r i c   f i l t e r  and one process,   the 
f i r s t   f i v e  numbers ( two  groups) may no t   be   requ i red ,   and   t he   en t r y  
i s  t h u s   s i m p l i f i e d .  The purpose o f   t h e  ID system i s   t o  enable 
a n a l y s i s  of t h e  number o f   e v e n t s  and c o s t   o f   r e p a i r   i n   p r e s e l e c t e d  
areas o f   t h e   f a b r i c   f i l t e r .  The f ineness or d e t a i l   o f   t h e   e q u i p -  
ment I D  d e f i n i t i o n  will s p e c i f y   t h e   d e t a i l   a v a i l a b l e   i n   l a t e r  
analyses. 

D e s c r i p t i o n   o f  work - The r e q u e s t   f o r   r e p a i r   i s   u s u a l l y  a n a r r a t i v e  
d e s c r i b i n g   t h e   n a t u r e   o f   t h e   f a i l u r e ,   t h e   p a r t   t o   b e   r e p l a c e d ,   o r  
the  work t o  be  completed. The d e s c r i p t i o n  n u s t  be   de ta i l ed   bu t  
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brief because the number of  characters t h a t  can be entered i n t o  the 
computerized d a t a  system is  l imited.  A d d i t i o n a l  pages of lengthy 
instruction  regarding  procedures maj' be a t t a c h e d  t o  the  request 
( n o t  for computer entry) .  

8. Estimated labor - Assignment of  personnel a n d  scheduling o f  outages 
of certain equipment require  the  inclusion of  an estimate of  man- 
hours, the  number o f  in-house s t a f f  needed, a n d  whether outside 
l a b o r  i s  needed. The  more complex Jobs may be broken down into 
steps,  w i t h  d i f ferent  personnel a n d  crafts  assisned  specific  re- 
sponsibil i t ies.  Manpower and procedures i n  the  request  should be 
consistent with  procedures a n d  policies  established i n  the O&M 
manual .  

9 .  Materizl  requirements - I n  many j o b s ,  maintenance crews will remove 
components before a detailed  analysis of  t h e  need-ed materials can 
be completed; t h i s  can extend an outage  while components o r  parts 
are ordered and received from vendors or  retrieved from the  spare 
parts  inventory.  Generally,  the  cause of the  failure should be 
identified a t  the time the work order  request  is  filled, and spe- 

' cific  materials needs should be identified  before any removal ef-  
fort  begins. I f  the j o b  supervisor knows in advance what materials 
are t o  be replaced, expended, or removed, efficiency  is  increased 
and outage  time  reduced.  Also, i f   par ts   are  n o t  available,  orders 
may be placed and the  parts  received  prior t o  the  outage.  Material 
requirements are n o t  limited t o  parts;  they  also  include  tools, 
safety equipment, e tc .  

10. Action taken - This  section of the  request  is  the most important 
part of the computerized tracking system. A narrative  description 
of  t h e  repair conducted  should be provided  in  response t o  the work 
order  request. The d a t a  must  be accurate and clearly respond t o  
t h e  work order  request. 

11. Materials  replaced - An itemized l i s t  o f  components replaced  should 
he provided for  tracking  purposes.  If  the component has a pre- 
selected ID number (spare  parts  inventory number), t h i s  number 
should be included. 

Actual man-hours  expended in  the  repair can be indicated by work order 
number on separate time cards and/or  j o b  control  cards by c r a f t  and  personnel 
number. 

Copies of work orders   for   the  fabr ic   f i l ter  should be retained  for 
future  reference. The fabric   f i l ter   coordinator  should review these work 
orders  routinely a n d  make design changes or equipment  changes as  required t o  
reduce fai lure  or downtime. An equipment log also should be maintained, and 
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the work should be summarized and dated t o  provide a history of  maintenance 
on the u n i t .  
- 

Figure 8-5 shows a simplified work order  request form. Changes in 
design for i n d i v i d u a l  applications and  equipment must  be  made t o  meet s i t e -  
specific  requirements. 

8.6 COMPUTERIZED TRACKING 

8.6.1 Work Orders 

I f  the work completed and parts used i n  the   fabr ic   f i l t e r  have  been 
entered i n  the computerized work order system with suf f ic ien t   de ta i l ,  mainte- 
nznce and management personnel can evaluate  the  effectiveness of fabric 
f i l t e r  maintenance. 

Preventive maintenance (PM) man-hours versus  repair man-hours also can 
. be compared to  evaluate  the  effectiveness of the  current PM program. The 

level o f  detail  may allow  tracking of the impact of PM on particular 
subgroups (e.g.,  shakers,  hoppers)  as changes are made in PM procedures. The 
effectiveness of the PM program may  be further  evaluated by the  required 
number of  emergency repairs  versus  scheduled  repairs over a period of time 
( i . e . ,   p r io r i ty  2 versus  priority 5 ,  e t c . ) .  

I t  should be emphasized t h a t  the purpose of the computerized tracking 
system i s  n o t  t o  satisfy  the needs of the  accountants or programmers or t o  
state  that   the  plant has such a system.  Rather,  the purpose of a computer- 
ized tracking system i s  t o  provide  the  necessary  information to  analyze 
f a b r i c   f i l t e r  maintenance practices and t o  reduce component fa i lures  and 
excess  emissions. The maintenance s t a f f  and fabr ic   f i l ter   coordinator  must 
clearly  define  the kind of d a t a  required,  the  level o f  de ta i l ,  and the type 
of  analysis  required  prior t o  the  preparation of the  data-handling and 
report-writing  software. Examples of o u t p u t  may  be man-hours by department, 
man-hours by equipment ID, number of repairs,  number of events, number of 
parts, and frequency of events. 

8 .6 .2  Fabric Fi 1 t e r  Ooerati na Parameters 

I n  addition t o  tracking work orders,  the computer can be used t o  develop 
correlations between process and f a b r i c   f i l t e r  parameters and observed 
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WORK O R D E R  

1 

I I I 

I I 1 
SAFETY PROCEDURES: 

S A F W  EOUIPMENT  REOUIREO: 

REMARKS: 

MATERIAL REOUIRWEHT OATE REQO. OFLIVEA TO: 

DESCRIPTION STOCK NO OW.  AVAIL USED 

- 
I 

I 
SPECIAL EOwP aEOulRE0 

- 

~ C E P T E O  e y  1 DATE UAINTENIHCE SUP€RVISOR O A T E  CODE 

Figure  8-5a. Example o f  work order fo rm.  1 
(Copyri g h t  @ Apri 1 1983, EPRI Report CS-2908, "Proceedings : Conference on 
Electrostatic  Precipitation Technology for  Coal Fired  Plants".  Reprinted 
w i t h  permission. 8-1 7 

I r  



UHlT SYSTM SUBSYSTEn CONPONENT SUBCWPOI1EKT 

MINTENMCE REQUEST fOW 0 0 0 0 0 0  

ORIGINATOR: DATE : T I H E :  

ASSIGNED TO: 1 k c n .  UNIT S T A T U S :  1 NORML 
2 DERATED 

3 INSTR. 3 DOHN 

PRonLEn  DESCRIPTION: 

SUPERVISOR: C s n ~ ~ e 7 : o n  ZAT;: 

hTERIALS USED: 

Fiqure 8-5b. Example of work order form. 2 
(Copyright @ Apri 1 1983, EPRI Report CS-2908, "Proceedings: Conference on 
Electrostatic  Precipitation Technology for Coal Fired  Plants". Reprinted 
w i t h  perrni ssion. ) 8-1 8 
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ernissior; prof i les .  Depending on the  type o f  cycles  expected i n  process 
operation,  the d a t a  may be continuously i n p u t  i n t o  the system or i t  may be 
entered from operating  logs or d a i l y  inspection  reports once or twice a week. 

The  key d a t a  for  tracking performance are   pressure  different ia ls ,  o p a c i -  

- 

t y  ( i   . e .  , 6-minute averages),  boiler l o a d  (or associated  parameter  propor- 
tional t o  gas  flow  volume), flue gas temperature, and fuel  qual i t y  d a t a  
( i   .e . ,   fuel   source,   ash,   f ineness,   etc.) .  

8.7 PROCEDURES  FOR HANDLING KALFUNCTION 

Many malfunctions  are of  an  emergency nature and require prompt  a c t i o n  
by maintenance s t a f f  t o  reduce  emissions or prevent damage t o  the  unit .  On 
some units,  predictable b u t  unpreventable  malfunctions can be ident i f ied;  
such malfunctions  include hopper pluygages, bag f a i lu re ,  and  cleaning system 
failure.  These problems,  as well as  corrective  actions,  are  discussed  in 
Sections 4.2 and 4.3. 

An effective O&M program should include  established  written  procedures 
t o  be followed when malfunctions  occur. Having a predetermined  plan of 
action reduces lost  time,  increases  efficiency, and reduces  excessive emis- 
sions. The procedures  should  contain  the  following  basic  elements:  malfunc- 
t ion  anticipated,   effect  of malfunction on emissions,  effect of  malfunction 
on equipment i f  allowed t o  continue,  required  operation-related  action, and 
maintenance requirements or procedure. 

1 SECTION  8-MODEL O d M  PLAN 
8-1 9 
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Source  I.D. NO. SIC 
Inspector(s) - Date 
Inspection  Announced? 

A. GENERAL  PLANT  DATA FROM AGENCY FILE 

1. Source  name,  address, and  phone  number 

2. Type of process 

3. Allowable  emission  rate and opacity 

4 .  Date  baghouse  installation  approved 

5. Prior  complaints or episodes of excess  emissions 

6. Last  inspection  date 

7 .  Purpose o f  inspection 

8. GENERAL  OBSERVATIONS  PRIOR TO ACTUAL  INSPECTION 

1. Weather  conditions 

2. Visible  emissions 

Fabric  filter  inspection  report  form. 

A- 3 



0. 

ce r t i f i ca t ion   da t e  
(Attach copy of Method 9 ,  i f  performed) 

C .  PROCESS INFORMATION 

1. Confidential? Yes - No 

2. Person contacted a t  plant and t i t l e  

- 

3. Product ( s  ) produced 

4 .  Production  rate(s) 

5. Raw materials used 

6 .  Portion of  process  controlled by baghouse 

7. Average uncontrolled  emission  rate  or  concentration  (indicate 
weather  obtained from s tack   tes t ,  mass balance,.AP-42  emission  fac- 
t o r ,   o the r ,   e t c .  ) 

8. Date o f  l a s t   s t a c k   t e s t  and average  emission rate  obtained 

9. Is   cleaned  effluent  recirculated back i n t o  plant? Yes __ No - 
DUST CHARACTERISTICS (PRIOR TO CONTROL) 

1. Is  material  toxic  or  otherwise hazardous o r  does i t  require  special 
hand1 i n g :  Yes - No Describe - 

Fabric f i l ter   inspect ion  report  form. (continued) 
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2 .  Moisture  content o r   o t h e r  gaseous  constituents 
" 

3 .  Abrasiveness or other   propert ies  

4. Par t ic le  s i z e  data - indicate  how measured 

E .  COLLECTION SYSTEM ( S )  

1. Baghouse 

a .  Manufacturer 
b .  Type or   t rade  name 
c.  Model No. 

' d .  No. of  compartments 
e.  Bags/compartment 
f .  Bag 1 x d 

g . Total  Cloth Area 

2 -  - Fan 

a.  Manufacturer 
b. Model No. 
c.  Blade type 
d .  Belt or d i r ec t   d r ive  

~ e .  Power ra t ing  
f .  Posi t ive  or   negat ive 

pressure 

3. Fabric 

a .  Manufacturer 
b .  Material 
c.  Woven o r   f e l t e d  
d .  Weave 
e.  Weight 
f . Permeabi 1 i t y  

No. 1 No. 2 No. 3 

No. 1 - 

No. 1 

No. 2 

No. 2 

No. 3 

No. 3 

Fabr ic   f i l t e r   inspec t ion   repor t  form. (continued) 
A- 5 



No. 1 No. 2 No. 3 

g .  Operating temp. range 
h .  Surface  treatment 
i .  Coating upon s ta r tup  
j .  Guaranteed l i f e  
k. Actual l i f e  

4 .  C1 eani nq System 

a .  Method 
- b.  Frequency 

c.  Actuated by 
d .  Anticollapse  rings 
e. Wire mesh cages 

No. 1 

F .  DUST HANDLING SYSTEM(S) 

1. Do baghouse  hoppers  have: 

a.  Heaters 
b. Insulation 
c .  Level indicators 
d .  V i  brators 

No. 2 No. 3 

2 .  Type of  dust   transport  system 

3. Fate o f  collected  material 

G .  INSTRUMENTATION 

Do system  monitors  record any of  the  following: 

1. Process  start-up/shutdown 

Fabric f i l t e r   inspec t ion   repor t  form. (continued) 
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2. 
3. 
4. 
5. 
6. 
7. 
a. 
9. 

10. 
11. 

System flow or velocity 
Fan motor amps 
Temperature  (recording?) 
Pressure 
Opac i ty 
Outlet emissions 
Compartments off-line 
Compartments  being  cleaned 
Compartments in operation 
Other 

H. OPERATING PARAMETERS - DESIGN AND ACTUAL 
Desi  gn 

1. 

2. 

3 .  

4 .  

5. 

6. 

Flow rate 

Pressure drop, 
f 1 ange- to-f 1 ange 
measurement location 
A/C, gross 

A/C,  net 
(2 comp. down) 

Temperature 

Efficiency 

Fabric  filter  inspection report form. (continued) 
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- 7 .  Emission r a t e  

8 .  Opacity 

I .  OPERATING E X P E R I E N C E / M A I N T E N A N C E  ASPECTS 

1. Percent o f  time baghouse ful ly   operat ional  when process i s  in  opera- 
t i  on 

2 .  Has a detai led maintenance  schedule been in s t i t u t ed?  

3. Is maintenance  scheduled as recommended by baghouse manufacturer o r  
by p l a n t ?  

4 .  Are maintenance  records  available  for  inspection? 

5 .  How long are  records  kept on f i l e ?  

6 .  Which of  the  following problem areas have led t o  periods of excess 
emissions  or  caused  the  process  to be shut down? 

a .  

b .  

C .  

d .  

e .  
f .  

9 -  
h .  

Problem Area 

Insuff ic ient   dust  pickup  and/or 
transport   (fugitive  emissions) 
Duct abrasion  or  corrosion 
Temperature  excursions,  high 
o r  low 
Moisture 
Fan abrasion,  vibration,  etc.  
Gross bag f a i l u r e  
Inadequate bag tension 
Bag chafing or abrasion 

Dura t i on Frequency 

Fabric f i  1 ter   inspection  report  form.  (continued) 
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- 
Problem Area Duration Frequency 

i .  Pressure  loss 
j .  Compartment i so la t ion  

k .  Cleaning mechanism 
1 .  Visible  emissions 
m. P1 ugged hoppers 
n .  Hopper f i r e s  
0. Dust discharge system 

dampers 

3. CONCLUSIONS/RECOMMENDATIONS 

1. Compl iance status 

2.  Need for   fur ther   act ion 

3 .  Corrective  actions t o  be taken 

4 .  Time required  to   rect i fy  problems 

5. Special  waivers o r  review o f  compliance c r i te r ia   requi red  

6.  Need f o r  follow-up  inspection 

7 .  Inspector 's   s ignature  
date 

approved by 
t i t l e  

Fabric f i l t e r   inspec t ion   repor t  form. (continued) 
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K. - OTHER  NOTES, COMMENTS, SKETCHES (ATTACH  ADDIT IONAL  PAGES,  I F  NECESSARY) 

Schematic  drawings  showing  locations o f  process and dust control  equip- 
ment should be prepared ,   par t icu lar ly  so,  where verbal  descriptions may 
1 ead t o  mi sunders  tandi ngs.  

F a b r i c   f i l t e r   i n s p e c t i o n   r e p o r t  form. 

A-1  0 



BAG FAILURE LOCATION RECORD 
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13 000 
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11 000 
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APPENDIX B 

OPERATION  AND  MAINTENANCE 
OF UTILITY FABRIC FILTERS 

INTRODUCTION 

Interest i n  the  application o f  baghouse technology t o  e l e c t r i c   u t i l i t y  
boilers began i n  the  late 1960's .  The advent of the Clean Air Act o f  1970 

gave impetus t o  the  investigation of t h i s  technology, which continued  through 
the 1970's. The Clean Air Act also  precipitated  the  particulate  emissions 
limitations'of  the 1971 New Source  Performance Standards (NSPS), which were 
revised i n  1979 t o  include even more stringent  particulate emission l i m i t a -  
tions for u t i l i t y  coal-fired  boilers. 

Prior t o  the 1 9 7 0 ' ~ ~  uti l i t ies   pr imari ly  used electrostat ic   precipi ta tors  
(ESP's) for particulate  control. These devices were relatively economical 
and performed well in terms of  par t iculate  removal efficiency  with  the  high- 
sulfur ( 2  t o  5 percent) Midwestern and Easter  coals common a t  the  time. The 
low-sulfur western coals t h a t  were used in  the  western p a r t  of the  country, 
however,  produced an ash t h a t  was more d i f f i c u l t  f o r  an ESP to   col lect .  As a 
resul t ,  ESP's  were less  at tractive  for  these  applications both i n  terms  of 
cost and removal performance. Also, when the more stringent  regulatory 
standards of the 1970 's  p u t  s t r i c t   l imi t a t ions  on SO2 emissions,  the  industry 
began shift ing from high-sulfur  to  low-sulfur  coals  (less  than 1 percent)  to 
reduce SO2 emissions. Although the 1971 NSPS regulations  for SO2 emissions 
could be  met with low-sulfur  "compliance  coal,"  various u t i l i t i e s  began to  
use SO2 scrubbers when the use of low-sulfur coal was impractical or where, 
for example, s ta te  SO2 emission  st.andards were more stringent than  the  appli- 
cab1 e Federal standards (NSPS) . 

While these  events were taking  place,   fabr ic   f i l ter  technology  continued 
t o  evolve. The 1979 NSPS revisions  eliminated  the advantage of using low- 
sulfur coal ( a t  least  i n  the  Eastern and Midwestern parts of the  country) 
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and a su 
w i t h  a 1 
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when i t  became c l e a r  t h a t  a1 1 coal-fi  red uni ts  would  be required t o  employ 
some type of  f lue gas desulfurization (FGD) system  regardless o f  the  coal 
sulfur  content.  I n  addition,  these new standards  further reduced  allowable 
particulate  emissions,  which made ESP's ~ V C P  less  practical   for  low-sulfur 
coal  applications. A b o u t  th is   t ime,  a special   class of FGD system  called a 
spray  dr.yer became avai lable  for  use  with  low-sulfur  coal. I n  these  systems, 
f a b r i c   f i l t e r s   a r e  normally Gsed in  conjunction  with  the  spray  dryer  equip- 
ment. By combining SO2 and particulate  collection,  this  system  configuration 
reduced the need for   separate  SO2 removal equipment  (which  can  account f o r  as 
much as 25 percent of the t o t a l  p lan t   cos t ) .  The f i r s t   f u l l - s ca l e   l ow-su l fu r  
application of th i s  type was the 440-MW Coyote power s ta t ion  owned a n d  oper- 
ated by Otter  Tail Power, which began  operations i n  April 1980. 

The t rad i t iona l   bar r ie r   to   the   use  of f a b r i c   f i l t e r s  i n  t h e   e l e c t r i c  
u t i l i t y   i ndus t ry  was the  unavai labi l i ty  of a bag fabric   durable  enough t o  
w i t h s t a n d  elevated  operating  temperatures;  to  resist chemical a t tack ;  and  t o  
maintain  dimensional s t a b i l i t y ,   t e n s i l e   s t r e n g t h ,  and f lex  s t rength. '  When 
sui tably  f inished,  woven f iberg lass   fabr ics  became avai lable   in   the  ear ly  
1960's ,   the   use  of   fabr ic   f i l ters  i n  t he   u t i l i t y   i ndus t ry  became  more feasible .  

f a b r i c   f i l t e r   i n s t a l l a t i o n . '  Although the   r e su l t s  were  good, t h e   u t i l i t y  
opted f o r  ESP's a t  t he   fu l l - s ca l e   f ac i l i t y .  In 1964, Publjc  Service  Electric 
p1 Gas Co. a lso  tes ted and discarded  the  fabr ic   f i l ter   concept .  

I n  1961,  Pennsylvania Power & L i g h t  Co. began opera t ions   a t  a p i l o t  

Ins ta l la t ion  o f  t h e   f i r s t   f u l l - s c a l e   u t i l i t y   f a b r i c   f i l t e r   i n   t h e  United 
States  was in  1965--at  the 320-MW oil/gas-fired  Alamitos  station owned and 

A f a b r i c   f i l t e r  was i n s t a l l e d   a t  
lume a t t r i b u t e d   t o   f i n e   p a r t i c l e s  
combustion  of  residual  fuel  oil 
ins ta l la t ion ,   var ious   a lka l ine  

by Southern  California Edison Co. 
i l i t y  t o  eliminate b o t h  a v i s i b l e  p 
l fu r i c   ac id  fume resul t ing from the 
.7 percent  sulfur  content.  I n  th is  

additives  (e.g. ,   dolomite and limestone) were injected  upstream o f  the   fabr ic  
f i l t e r  t o  react  with  the.S03 i n  the  f lue  gas.  This material was then c o l -  
lected  in   the  fabr ic   f i l ter   system.  After  5 years of operation,  the system 
was shut down permanently when t h e   u t i l i t y  was unable t o  obtain a variance t o  
continue b u r n i n g  high-sulfur   oi l .  

~ ~ 
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The f i r s t   f u l l - s ca l e  a p p l i c a t i o n  of a f a b r i c  f i l t e r  a t  a coal-fired 
u t i l i t y  bciler occurred  in February 1973.l The s i t e  of th i s   ins ta l la t ion  was 
the  four-boiler, 87.5-MW Sunbury  station o f  Pennsylvania Power & L i g h t  Co. 
I n  the 10 years  following th is   in i t ia l   appl ica t ion ,   u t i l i ty  commitments t o  
baghouse technology grew r a p i d l y .  By the f i r s t   quar te r  of  1984, more t h a n  
110 baghouses were either  in  operation, under construction, or i n  the  design 
phase;  the total  power generating  capacity involved was  more t h a n  20,000 MW. 1 

The growth in f a b r i c   f i l t e r  usage i s  illustrated  in  Figure B - 1 ,  which 
plots  the  cumulative instal la t ions  ( in  terms of associated  electrical  gener- 
a t i n g  capacities) by year of s tar tup.  The actual  units  represented by these 
capacity  figures  are shown i n  Table B - 1 .  To p u t  t h i s  information  in  proper 
perspective,  Figure B-2 presents a rescaled  version of the  Figure B - 1  plot  
superimposed on a plot of the U.S. uti l i ty   coal-f i red power generating  capa- 
c i ty   ins t i l l ed  by year. 

When compared with  the  population of coal-fired  units  as a whole, the 
impact of f a b r i c   f i l t e r s  i s  small; however, the number  of projected  coal- 
fired  boilers t h a t  will be equipped  with f a b r i c   f i l t e r s  i s  expected t o  i n -  

crease.  Also, a s ignif icant  number  of existing  plants  are  expected  to  convert 
t o  the use of f a b r i c   f i l t e r  technology for   par t iculate  emission  control  in 
the  years t o  come. 

TYPES OF FABRIC FILTERS IN USE 

Fabric f i l t e r s   a r e  normally classi f ied by fabric  cleaning method. The 
three primary cleaning methods are  shake-deflate,  reverse-gas, and  pulse-jet .  
Only the f i r s t  two are widely used in ut i l i ty   appl icat ions,  and the  reverse- 
qas method i s  by f a r  the most prevalent*. O f  the 72 u t i l i t y   bo i l e r s  equipped 
with fabr ic   f i l t e rs   as  of June 1981, 9 were  of the  shake-deflate  design, 2 
were o f  the  pulse-jet  design, and all   the  rest  were o f  the  reverse-gas  design. 

Pulse- je t   fabr ic   f i l ters  work well for  the  shorter,  small-diameter bags 
f o u n d  cn smaller-scale  industrial  applications. Because u t i l i t y  systems 

*Recent research and economic studies now show t h a t  a shake/deflate  fabric 
f i l t e r  with an  a i r - to-cloth  ra t io  of 2 . 7  acfm/ft*  offers a lower total   cost  
thar  reverse-gas  units  with comparable or lower ai r - to-cloth  ra t ios .  
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YEAR OF STARTUP 

Figure B-1 . Cumulative electrical  generating  capacity  control 1 ed  by 
f ab r i c   f i l t e r s ,  by year of  startup. 
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TABLE B-1. FABRIC  FILTERS IN OPERATION,  UNDER  CONSTRUCTION,  OR IN THE 
DESIGN  PHASE IN THE U.S. ELECTRIC  UTILITY  INDUSTRY 

U11LIIf 
COmlSSIONEO 

OAT E STATION W E  Mllff i  
*1 

Four Corners 
Oeepaler  
Owprater  
C r a w  
Antelope V a l l e j  
O r b w  
R. 0. N u o n  
Mar1 In Drake 
ColumOir 
Colunbia 
oulutn 
&I lock 

Cratq 
C o d 1  Creek 

NUC Id 

Cml Creek 
PId!ll C r l S l  
Longworth 

ton 0. Uriqht  
LW 0. Wright 
nea l y  

M issour i   C i ty  

Kd- 
InterPountain 

K A W  
Shiras 
Shirdr 
Shirar 

Hbrsha I I 

KrMer 
Kramer 

uarner Val ley  
Re16 Loaner 

c'. M. SaWniS 
Rivers ide 

Coyote 
Sunbury 
Mo 1 tu& 
MOltrood 
Brunner Irlrnl 
Cronby 
P i q u  

.Rawhide 

8WdnZa 

U. A. Par ish 

Marshall  

c l d y  6OSrCll 

ESCblUlte 

Arapahoe 
C d m O  
t-0 
Cherokee 
Cherokee 

North Valmy 
Rochester 

North Va Iny 

Clark 
Ray T O l k  
Harr inpton 
Harr inoton 

c Ibrk 

21800 
2.23 

2' I97 
40 

2.440 
540 
200 
85 

22 
16.5 

3" 
216.25 

3113 
440 
91 
92 

S t e m  
12.5 

400 

K 2.1 
K " RG 

R G  

RG 
RG 
RG 
RG 
9G 

1982 
1982 
19.93 
1903 
1983184 
I986 
1980 

Arazooa PublIc Serrlce 
A t l a n t a  Ci ty   E lec t r i c  
Atlanta  City E l e c t r t c  
Bal l inore Gar L Elecrric 
Barin Electr lc  Power Cmp. 
Cajun EIPCt r lC  COOP. 
c t t f  Of COlOCddG >PrlWJ% 
C l t y  of  Colorado  Sprlngs 

C i t y  of C o l d l a  Mater and L i q h t  

Colorado - U t c  E l e c t r i c  Assn., l n c .  
Colordao - Ute  E lect r ic  Axrn.. l n c .  
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require much larger  units  ( in terms of bag dimensions and o t h e r  design  as- 
pects) ,  the  pulse-jet systems are  less  effective.  Also, because o f  t he i r  
dewaterability i n  high-temperature,  potentially  acid  environments,  coated 
fiberglass bags are  Generally used ir: uti l i ty  applications.   Since  the more- 
brittle  fiberglass  material  tends  to wear o u t  rapidly when flexed, i t  i s  n o t  
suitable  for  pulse-jet  units. 

Fabric f i l t e r s  used i n  u t i l i ty   appl icat ions,  although  similar i n  basic 
design,  differ  significantly from those used in typical  industrisl  applica- 
tjons. U t i l i t y  f ab r i c   f i l t e r s  may be 10 t o  100 or more times larger t h a n  
industr ia l   fabr ic   f i l ters .  Because o f  their   larger   s ize  and  s t r i c t e r  emis-  

sion  guidelines imposed u p o n  these  boilers (even a t  startup and  shutdown), 
f ab r i c   f i l t e r s  become crit ical   to  the  operation of the power plant. There- 
fore,  more attention  is   directed toward such factors  as  operation and  main- 
tenance, 'energy efficiency, bag 1 i f e ,  a n d  preventative maintenance s t ra teg ies .  
Other constraints  also  affect  the  design and  operation of f a b r i c   f i l t e r s   f o r  
uti l i ty  applications.  For example, the  temperature of flue gas from u t i l i t y  
boilers  is  siqnificantly  higher t h a n  t h a t  enccuntered  in many industrial  
applications, a n d  the  abrasive  qualities of the  f ly  ash also must be con- 
sidered. The flue gas also  contains  significant  moisture and acid  consti t-  
uents t h a t  require high tevperatures (above 250°F) t o  be maintained t o  pre- 
clude  acid dewpoint problems and moisture  condensation on the  bags.  If high 
temperatures  are n o t  maintained,  corrosion, bag fabric decay, and bag  blinding 
can resul t .  

In an effor t   to  nlaiptain  the  temperatures of the  flue gas t o  the  fabr ic  
f i l t e r s ,   u t i l i t i e s  have installed  flange-to-flange  insulation. Even with 
this  insulation,  localized  corrosion may occur a t  any heat  sinks where sup- 
ports and ground-mounted structural  beams are welded t o  t he   f ab r i c   f i l t e r  
framework. Precautions  also must  be taken  in  the "downcomer" sections  to  the 
hoppers.  Corrosion can occur on the  walls, and the ash may agglomerate i n  
the hopper a s  the lower surface  temperatures  cause  condensation. Some low- 
sulfur Western coal s yield a1 kal ine  ashes t h a t  tend t o  ' 'set up"  when wetted, 
which further  complicates  the problem of ash removal. Care also must  be 
taken t o  prevent  inleakage of ambient a i r  in  the ash removal system,  as  this 
t o o  reduces the  flue gas temperature. 
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Because f l y  ash i s   a b r a s i v e ,  some des ign   fea ture   must  be implemented, 

p a r t i c u l a r l y   a t   t h e  gas i n l e t ,   t o   m i n i m i z e   t h e   i n i t i a l   i m p a c t   o f   t h e   i n l e t  

gas s t ream  on   the   bag  fabr ic .  No s t a n d a r d   d e s i g n   i s   a v a i l a b l e   t o  ensur.e 

a d e q u a t e   f l o w   d i s t r i b u t i o n   o f   t h e   f l u e  gas   (and  there fore   the  f l y  ash)   th rough 

t h e   f a b r i c   f i l t e r .  Some i n s t a l l a t i w s  have  no means o f   d i s t r i b u t i o n   o t h e r  

than  the  wedge-shaped i n l e t   m a n i f o l d ;   o t h e r s  have b a f f l e s ,   t u r n i n g   v a n e s ,   o r  

a combina t ion   o f   the   two.  

I n  some ins tances ,   l ouve red  dampers o r   b u t t e r f l y   v a l v e s   a r e   u s e d ,   b u t  

p o p p e t   v a l v e s   a t   t h e   i n l e t   a n d   o u t l e t   o f   t h e   c o m p a r t m e n t s   a r e   m o s t  commonly 

used f o r   f l o w   c o n t r o l .   T h e r e  may be  no rea l   advan tage   t o   us ing   poppe t   va l ves  

a t   t h e   f a b r i c   f i l t e r   i n l e t ;   i n   f a c t ,   t h e r e  may be a p ressu re   d rop   pena l t y .  

A t  t h e   o u t l e t ,   h o w e v e r ,   p o p p e t   v a l v e s   p r o v e   s u p e r i o r   t o   l o u v e r   a n d   b u t t e r f l y  

dampers. Poppet   va lves  seal   very  we1 1. A two-valve  design  has a l ower  

p ressu re   d rop   pena l t y ,   because   two   pa ths   o f fe r   l ess   res i s tance   f o r  gas  passage. 

Using a p a i r   o f   v a l v e s   ( o n e  1 arge  and one much sma l le r )   has   t he  same advan- 

tages as m u l t i p l e  gas pa ths , 'bu t   a lso   has   the   added  advantage  o f   reduc ing   bag 

s t r e s s e s   d u r i n g   c l e a n i n g   c y c l e s .  Bag r e i n f l a t i o n   i s   o f t e n  accompanied  by a 

l oud   "pop"   as   t he   f l ue  gas  rushes i n   t o  fill t h e   v o i d .   T h i s  damages t h e  

f a b r i c   ( p a r t i c u l a r l y   f i b e r g l a s s )   o v e r  a p e r i o d   o f   t i m e .  When t h e   f a b r i c  

f i l t e r   d e s i g n   i n c l u d e s  a s m a l l   ( p i l o t )   p o p p e t   v a l v e ,   t h e   r e i n f l a t i o n   f l o w   c a n  

be s t a r t e d  more g r a d u a l l y .  The sma l l   va l ve  opens f i r s t   d u r i n g  bag i n f l a t i o n ,  

and t h e   l a r g e r   v a l v e  opens l a t e r   t o   c o m p l e t e   t h e   i n f l a t i o n .  On reverse-gas 

c lean ing   app l i ca t ions ,   bo th   economics   and a d e s i r e   t o   a c h i e v e  a " g e n t l e "  

r e i n f l a t i o n   d i c t a t e   t h e  number  and s i z e   o f  p o p p e t   v a l v e s   a t   t h e   o u t l e t .  

E i the r   two   equa l   d iamete r   poppe t   va lues   o r  one large  and  one  smal l   va lve  are 

commonly used. 

Except a t   t h e   s i t e s  of  t h e   t w o   p u l s e - j e t   i n s t a l l a t i o n s ,  woven f i b e r g l a s s  

i s   t h e  b a g   m a t e r i a l   m o s t   i n s t a l l a t i o n s   o f t e n   u s e .  The c o a t i n g s   v a r y ,   b u t  

most   are  Tef lon (10 p e r c e n t   b y   w e i g h t ) .  A survey  taken i n  1981 i n d i c a t e d  

t h a t   t h o s e   p l a n t s   n o t .   u s i n g   T e f l o n   ( r o u g h l y  13 pe rcen t )   were   us ing  a s i l i c o n -  

g r a p h i t e   c o a t i f i g   o r  ope o f   t h e   r e c e n t l y   i n t r o d u c e d   a c i d - r e s i s t a n t   f i n i s h e s .  

The woven b a g s   a r e   t y p i c a l l y   a t t a c h e d   t o   t h e   t u b e   s h e e t   b y  means o f  t h i m b l e s  

8 t o  12 inches i n   h e i g h t .  T h e s e   t h i m b l e s   a r e   u s e d   t o   p r e v e n t   e r o s i o n   o f   t h e  

bag m a t e r i a l  due t o  f l y  ash p a r t i c l e s   e n t e r i n g   t h e   b a g s   f r o m   t h e   h o p p e r .  
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As m e n t i m e d   e a r l i e r ,   u t i l i t y  and i n d u s t r i a l   f a b r i c   f i l t e r s   d i f f e r   i n  

several  ways. For  example,  gas v o l u m e t r i c   f l o w   r a t e   i n   e l e c t r i c   u t i l i t y  

systems may be a s  h igh  as  4 x 10 acfm as opposed t o  100,000 acfm i n   t y p i c a l  

i n d u s t r i a l   a p p l i c a t i o n s .  Energy  costs   resul t ing  f rom  ductwork and dust  cake 

res is tance  pressure  drop  are  genera l ly  much g r e a t e r   f o r   u t i l i t i e s .  I R  addi -  

t i o n ,   u t i l i t i e s  do n o t   b e n e f i t   f r o m  a p r o d u c t   r e c o v e r y   c r e d i t  o f  t h e   c o l -  

l ec ted   ma te r ia l  as  many i n d u s t r i e s  do.  High f l u e  gas temperatures i n   u t i l i t y  

app l i ca t i ons  limit the  cho ices   o f  bag f a b r i c s .  The volume, flow,  tempera- 

ture,   composi t ion,  and p a r t i c u l a t e   c o n c e n t r a t i o n   o f   t h e   f l u e  gas e n t e r i n g   t h e  

f a b r i c   f i l t e r s   i n   u t i l i t y   a p p l i c a t i o n s   v a r y   g r e a t l y   w i t h   t h e   b o i l e r   l o a d ,  and 

the f l y  ash  represents a wide  and  o f ten  unpredic tab le  range  o f   coal   proper t ies.  

6 

MONITORING 

Ut i l i - ty  a p p l i c a t i o n s   t y p i c a l l y   i n c o r p o r a t e  more mon i to r ing   dev ices   than 

i n d u s t r i a l   f a b r i c   f i l t e r  systems do t o   t r a c k   t h e   o p e r a t i o n   o f   t h e   s y s t e m  and 

i t s  re lated  equipment.   Monitor ing  and  alarm  devices  d isplay  and/or  record 

the gas f lows and p ressu re   l osses   w i th in   t he   sys tem,   i nc iden ts   i nvo l v ing  

compartment i s o l a t i o n ,   i n l e t  and out le t   temperatures  o f   the  system,  operat ion 

and sequencing o f   t h e   c l e a n i n g   a p p a r a t u s ,   p a r t i c u l a t e   e m i s s i o n s   e x i t i n g   t h e  

stack,  and  bag fa i l u re   ( i . e . ,   seve re   p lugg ing   o r   rup tu re ) .   Ou t le t   opac i t y  

m o n i t o r s   a r e   t y p i c a l l y   i n s t a l l e d   t o   s a t i s f y   e n v i r o n m e n t a l   r e g u l a t i o n s ,   b u t  

they   a re   a lso   use fu l   in   de tec t ing   p rob lems  be fore   they  become ser ious .   For  

example, when bag rupture  problems  were  encountered a t   t h e   H a r r i n g t o n   S t a t i o n  

o f  Southwestern  Public  Service Co., worke rs   were   ab le   t o   p inpo in t   f a i l u res  i n  

t h e   s p e c i f i c  compartment  through  the  use o f   o p a c i t y   m e t e r s .  

The ou t l e t   opac i t y   mon i to r   shou ld  be  observed  during  normal f i l t e r i n g  

operat ion and dur ing  compartment c lean ing .  A g radua l   inc rease i n  o p a c i t y  

d u r i n g   f i l t e r i n g   i n d i c a t e s  a worsening  bag o r  compartment  leak  (assuming  the 

m o n i t o r   i t s e l f   i s   p e r f o r m i n g   p r l 3 p e r l y ) .   D u r i n g   c l e a n i n g ,  a v e r y   c l e a n   f i l t e r  

will show almost  no change i n  opaci ty  as  compartments  are removed, cleaned, 

and pu t   back   in to   serv ice .  A drop i n  o p a c i t y  when a compartment i s  removed 

from  service  indicates  that   the  compartment  has a leak .  The o p a c i t y  will 

also  normal ly   increase  immediate ly  when t h a t   p a r t i c u l a r  module i s  put  back i n  

serv ice.  

,!l.(Wkt 
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The o p a c i t y  may a l s o  increase  momentarily w h e n  a given compartment i s  
relnoved because o f  the  disturbance of a n  accumulation of  ash i n  the  other 
colnpat-tlwnts resul t ing from the sudden increase i n  gas  flow i n  these com- 
partments due t o  the removal of a compartment. 

Pressure  gauges,  level  indicators, a n d  gas f l o w  a n d  temperature  monitors 
a l s o  provide  data  for  early  detection o f  problems.  Thus, i t  i s  apparent t h a t  
good m o n i t o r i n g  systems,  dedicated  maintenance, a n d  quality  control  in  the 
fabrication a n d  i n s t a l l a t i o n  of  bags lead t o  great:y improved service a n d  

substantial  savings i n  labor and repair   costs .  

O & M  PROBLEMS AND PRECAUTIONS 

Fabric f i l t e r s  have performed  well on u t i l i t y  bo i le rs .  Design removal 
e f f i c i e n c i e s   f o r   a l l   f a b r i c   f i l t e r s  range from 99 .4  to  99.9  percent, a n d  in 
many cases ,   ac tua l   e f f ic ienc ies  have exceeded  the  design  efficiencies. 
Opacities  are  typically below 5 percent.  Pressure drops  range between 3 at?d 

12 inches, w i t h  newer i n s t a l l a t i o n s  showing values a t  the  lower end of the 
range. 

Assuming proper   fabr ic   f i l ter   design and  proper bag i n s t a l l a t i o n ,   t h e  
most c r i t i c a l  concern i s   s t a r t u p  and shutdown. Several  typical  maintenance 
problems and precautions arc! introduced  briefly  here and  i l l u s t r a t e d   l a t e r   i n  
t h j s  appendix by case   h i s tor ies .  

Operational  Factors 

Operating  factors of  concern on f a b r i c   f i l t e r  systems  include  the  clean- 
ing  system,  the bags  themselves,  the ash-removal  system, and overall  system 
in tegr i ty .  

Operators must be careful n o t  to   c lean  the bags too  frequently.  When 
bags are  cleaned  too  frequently,  the  overall  average  pressure  drop  is  higher 
because the  dust  cake i s  not  as heavy and i s  harder t o  remove. Also,   fre- 
quent bag cleaning weakens the  material and shortens bag l i f e .  

Cperators must minimize the  potent ia l   for  problems associated w i t h  
s ta r tup  a n d  shutdown. I f  a t   a l l   p o s s i b l e ,   t h e   f a b r i c   f i l t e r  system  should be 
heated  thoroughly ( e . g . ,  by gas-f i r ing  the  bci ler  or by  some other  means) 
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before  the  sulfur-laden gas  from coal f i r i n g  i s  allowed t o  enter  the  collec- 
t o r .  I f  t he   f ab r i c   f i l t e r   app l i ed  t o  a coal-fired u n i t  i s  c o l d  a t  s t a r t u p ,  
moisture fr-on1 the  f lue gas will  condense on the b a g s  a n d  wal l s ,  a n d  the SO3 

i n  the  gas +!il l  combine with  the  moisture t o  form su l fu r i c   ac id ,  which may 
resu l t  i n  corrosion a n d  fabr ic  decay.  Also,  moisture may cause  “blinding”  of 
the  fabr ic  when residual   f ly  ash and  water  seal  the a i r  passages i n  t he   f i be r  
weave. During  shutdowns and forced  outages,   fabr ic   f i l ters   should be purged 
as t h o r o u g h l y  as  possible  to remove moisture a n d  sulfur-laden  gases  as  the 
col lec tor  cool  s .  

Cperators  should  observe  the  performance of the  reverse-gas  valve and  

compressor  system t o  assure  adequate bag cleaning d u r i n g  the  cleaning  cycle. 
Operators  also must carefully  observe t,he f a b r i c   f i l t e r  monitoring  equipment 
to   de tec t  bag  f a i l u r e s  as ear ly   as   possible .  A serious bag fa i lure  can cause 
darrace to  surrounding bags .  

Maintenance Factors 

Dur ing  b a g  replacement,  care must be taken t o  minimize the risk of 
damage t o  other  bags  as a r e s u l t  of  snags a n d  punctures w i t h  tools  and equip- 
ment. As t he   u t i l i t y   i ndus t ry  has become  more famil iar  w i t h  f a b r i c   f i l t e r  
technology,  problems  relating  to  improper  maintenance  procedures have dimin- 
ished i n  number. 

Maintenance  personnel must be cer ta in  t h a t  bag tensioning  devices  are 
properly  adjusted and in good condition. One of the  primary  causes  of bag 

f a i l u r e  can be traced  to improper bag tensioning. Bags a l so  must be i n s t a l l e d  
properly. Improper i n s t a l l a t i o n  may cause  the bag t o  rupture  and/or become 
dislodged. When this   occurs ,   o ther  bags  can a l s o  be damaged. 

Fabric f i l t e r s   a r e  well  maintained a t  most u t i l i t y   a p p l i c a t i o n s .  The 

changeout  time for  12-inch-diameter,  36-foot-long  fiberglass  bags i s  15 t o  20 
minutes ( t w o  men). I n  most f ab r i c   f i l t e r s ,   i n su la t ion   i s   p l aced  between 
compartments. Some a lso  have ventilation  systems  to cool the compartments 
quickly, which permits  personnel t o  work comfortably a n d  sa fe ly  t o  replace 
bags i n  a n  isolated compartment while  the  rest  o f  t h e   f a b r i c   f i l t e r  system i s  
s t i l l  i n  service. 

“.I%#, , 
1 1 1  

APPENDIX 6-OPERATION AND MAINTENANCE OF UTILITY FABRIC FILTERS B-11 



- 

CASE HIS 

The 
imately 

TORIES 

case  histories t h a t  follow were selected from a p o p u l a t i o n  o f  a p p r o x -  
84 operating  fabric  f i l ter   installations.   Selection was based on the 

avai labi l i ty  of O&M d a t a  and  on each case's   typicali ty o f  U.S. u t i l i t y  fabric 
f i l t e r   i n s t a l l a t ions .  Larger instal la t ions (500 MW and g rea te r ) ,  however, 
are not  well represented because f ab r i c   f i l t e r s  have only recently been 
applied on these  units. Thus, O&M d a t a  are  limited. The successes  exhibited 
with  smaller  boilers has s tar ted a trend by u t i l i t i e s  toward equipping larger 

emissions  control. Some of  t h e  
less typical  as more i s  learned 

i l t e r  systems CE ut i l i ty   bo i le rs .  
be used for  further-  study o f  U.S. 

plants  with  fabric  filters f o r  particulate 
O&M experiences  reported  herein may  become 
a b o u t  the  design and operation of fabric f 
Several of the  references  cited  herein can 
u t i l i t y  O&M experience  with  fabric  filters 

Colorado Springs Department of Public  Util i t ies,  Martin Drake 6 

Martin Drake 6 i s  an 85-MW power generating  unit  located  in Colorado 
Springs, Colorado. The bo i l e r   i s  equipped with a reverse-gas  design  fabric 
f i l t e r  equipped  mostly with  Teflon B-coated fiberglass bags and a few t e s t  
bags with acid-resistant  coatings. The coal burned a t  Martin Drake 6 has a 
heating  value of 10,200 Btu/lb and moisture,  ash, and sulfur  contents of 1 6 ,  
7 . 5 ,  and  0.37 percent,  respectively. The r e t ro f i t t ed   f ab r i c   f i l t e r  system 
was commissioned into  service  in 1978. 

The system was designed  with an air-to-cloth  ratio of 2 : l  a n d  a flange- 
to-flange  pressure drop o f  4 i n .  H20.  The unit  operates a t  about  5 inches 
pressure drop and has recorded a baa replacement rate of a b o u t  1 percent ( a n  
average of less t h a n  one bag per month of a total  of 2376 bags). Most f a i l -  
ures have occurred between the  thimble and  the  . f i rs t   r ing.  Some have  been 
attr ibuted  to poor instal la t ion and others, t o  weak spots in  the bags.  The 
reported  areas o f  concern  with  regard t o  bags were the clamping devices 
and/or  procedures used a t  the  thimbles and for  bag tensioning. 

The u t i l i t y  has  experienced problems with  temperature  instrumentation  in 
t h a t  readings become e r r a t i c  under certain weather conditions. One possible 
solution was t o  minimize thermocouple junctions and t o  extend the  wiring  all 
the way t o  the thermocouple sensor  area  as much as  possible. Whether t h i s  
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was acted u p o n  i s  u n k n o w n .  Other reported problems include  general bag  
cleaning problems (accompanied by increased  pressure  drops),  tensioning 
nlechanisnl problems (such  as  loss of spring  st iffness a n d  ratchet mechanism 
wear), a n d  loss of pneumatic control  (poppet  valve  operation) due t o  cold 
weather freeze-up o f  control a i r  l ines .  Also reported were sluggish p o p p e t  
valve  operation on b o t h  i n l e t  a n d  ou t l e t ,  scored  cylinders on valve  actuators, 
and shaft  seal problems. 

Irl a recent  study a t   th i s   fac i l i ty ,   the   res idua l  d u s t  cake  weight was 
a b o u t  48 lb/bag o r  0.5 l b / f t  . Overal l ,   the   fabr ic   f i l ter  system operates 
w e l l .  The out le t  emission rate   is  0.005 t o  0.006 lb/10 B t u  ( i . e . ,  a removal 
efficiency of 99.93%), which i s  one of the  lowest among U.S. inst .slfations.  

The u t i l i t y  minimizes the  potentially  serious problems associated  with 
startup by fir ing  natural   gas.   After  the  fabric  f i l ter  has been completely 
purged hith ambient a i r ,  i t  i s  slowly warmed with  the  flue gas from the 
natural gas f i r i ng .  Four of the  system's 12 compartments a re  brought on l ine 
a t  one time; when the  entire system i s  on l ine ,   the   bo i le r   i s  switched t o  
coal -f i r i  ng . 

2 
6 

Kansas City Board of Public U t i l i t i e s ,  Kaw 1 ,  2 ,  and 3 

Kaw units 1, 2 ,  and 3 (rated a t  44, 44,  and 68 M W ,  respectively)  are 
located  in Kansas City, Kansas. All are  controlled by reverse-gas  fabric 
f i l t e r  systems. The systems on Units 1 and 2 use  Teflon B-coated f iberglass  
bags whereas the system on Unit 3 uses  zcid-resistant-coated  bags. The fuel 
burned a t  t h i s  s t . a t ion  i s  a bituminous  coal  with a heating  value of 11,000 
Btu/lb, a moisture  content of 6 t o  12 percent, an ash  content of 15 percent, 
and a sulfur  content of 5 (max.) percent.  Units 1 and 2 were commissioned 
into  service  in 1979; U n i t  3 began operation  in 1980. 

The Kaw f a b r i c   f i l t e r s  were designed  with ai r - to-cloth  ra t ios  o f  approxi- 
mately 2 : l  and flange-to-flange  pressure drops o f  4 to  6 i n .  H20; however, 
actual  pressure drops f a l l  i n  the range of 8 t o  12 inches,  with the average 
a t  the  higher end of the  range.  -The high pressure drop i s  a t t r ibu ted ,   in  
p a r t ,  t o  the  boiler  operations.  Occasionally,  the  boiler has  operated  in 
such a way that  the  temperature of the gas ducted to   t he   f ab r i c   f i l t e r  has 

APPENDlX  B-OPERATION  AND  MAINTENANCE OF UTtLlTY FABRIC FILTERS B-13 



a 

- 

f a l l e n  below dewpoint for extended periods. The resulting moist ash accumula- 
t i o n  on the bags reduces bag cleaning  effectiveness a n d  yields 2 h i g h  pressure 
d rop .  

Kaw 1 and 2 each experienced a b o u t  six b a g  fa i lures  per m o n t h  (19&1), 
whereas U n i t  3 had only  three per year. A1 t h o u g h  bag  fa i lures  occurred 
randomly with  respect t o  bag location,  the t y p i c a l  fa i lu re  was a t  the  rings 
on the lower half of the bag  i t se l f .   Par t  o f  the problem a t  Kaw 1 and 2 i s  
t h a t  t h e  boilers  operate  in a cycling  load; they are not  used continuously. 
A l t h o u g h  subject t o  a fluctuating l o a d ,  Kaw 3 is   rarely  shut down completely. 
Heavier-grade bags (13 0 2 . )  have since been installed with some success a t  
Kaw 1 and 2 t o  minimize the problem. Fan vibration a n a  overall  balance  also 
created some problems, par t ia l ly  because the  fans were undersized and pa r -  
t i a l l y  because of  erosion. This  could have h a d  an impact on the bag  l i f e .  
The low-horsepower fan problem was solved by install ing  larger  capacity 
units. 

Other t h a n  the high pressure d r o p ,  the primary problem t h a t  the   u t i l i ty  
reported on Kaw 1 and 2 systems was with  reverse-gas  fan and fan motor bearing 
failures.  B o t h  units were designed for  removal eff ic iencies  of 99.86 percent, 
b u t  e f for t s  t o  achieve  this  design  efficiency have  been unsuccessful. The 
units have  been unable t o  achieve  the  design  part.iculate removal eff ic iencies .  
Actual removal efficiencies have  been 98.4 percent on Kaw 1 and  98.83 percent 
on Kaw 2 ;  outlet  dust  concentrations have  been 0.087 a n d  0.06 lb/10 B t u ,  
respectively. This  lower removal efficiency  is  believed t o  resul t  from the 
boiler being a cyclic  unit burning a high-sulfur coal  with a history o f  low 
f l u e  gas temperatures acd from the high pressure  drop of the   fabr ic   f i l t e r .  
The  removal efficiency of Kaw 1 i s  one  of the  lowest  recorded aniong U.S. 

u t i l i t y   f ab r i c   f i l t e r s .  

Minnesota Power and Light, Clay  Boswell 1 and 2 

6 

The two 69-MW Clay  Boswell  power generating  units  in  Cohasset, Minnesota 
are owned and operated by Minnesota Power and Light. The fabr ic   f ’ l t e rs  on 
these  units  are of the  reverse-gas  design and the bags are woven fiberglass 
w i t h  Te f lon  B coating. The boilers burn an  8500-Btu/ 
t h a t  has moisture,  ash, and sulfur  contents of 2 5 ,  10 
spectively. The units began operations  in 1979. 

1 b subbituminous  coal 
, and 1 percent,  re- 

~~~ -~ 
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The f ab r i c   f i l t e r s  were designed w i t h  an air-to-cloth  ratio of 2.26:l 
I a n d  a flange-to-flange  pressure drop of 6 in. H20. The design  particulate 

removal efficiency  is  99.7 percent. Actual pressure drop  i s  7 in. H20 a n d  
typical  particulate removal efficiency is 99.8 percent. 

, 

Individual bag  fa i lures  do n o t  appear  to be a major problem a t  most 
ut i l i ty   instal la t ions--one  or  two bags per month .  A t  Clay Boswell, however, 
several hundred bags had t o  be replaced  in one instance  as a resu l t  of poor 
bag  tensioning. I n  1980, bag failures  totaled 100 per  year; more recently 
the  failure has been a b o u t  six per m o n t h .  The bag failures  usually occur i n  

the lower 8 f ee t  of the bag .  Problems related t o  boiler  tube  leaks and low 
winter  boiler  loads  in some instances have caused f lue  gas  temperature t o  
drop below dewpoint for  extended  periods. The resulting  moist  ash accumula- 
tion on the bags reduced bag cleaning  effectiveness and caused a high pressure 
drop.  When boiler tube  leaks were repaired,  the problem was eventually 
b r o u g h t  under control, and the  pressure drop f e l l  back down to  7 in. H20. 

Operator  experience  appears t o  have  been  more instrumental  in  solving  the 
pressure drop problem than  anything else .  High bag f a i l u r e   r a t e   i s   s t i l l  a 
problem, b u t  no agreement has been reached as t o  the  cause. Flue  gas mois- 
ture ,  SO3, or a combination of the two in  conjunction w i t h  the   p lan t ' s   s ta r t -  
up/shutdown procedures have  been suggested  as  possible  causes. The  newer 
Teflon-core  fiberglass bags (used for  the  past 2 years) have shown a moderate 
impoundment ir. bag l i f e .  

Ini t ia l ly ,   several  problems were encountered a t  the Clay Boswell i n s t a l l -  
ations. . For example, the  units  originally  failed  to meet the  design  require- 
ments o f  0.01 grain/scf.  After  the  tube  sheet  thimbles were seal-welded and 
pinhole  leaks i n  the bags  were repaired, however, an out.let  concentration o f  

0.007 grain/acf was achieved, which i s   be t t e r  t h a n  the  design  requirement. 
The u t i l i t y  reported  load  reductions of 200 hours in 1979 and 250 hours  in 
1980 due t o  fabric f i 1 t e r  problems. 

Reverse-gas fan and fan  motor.bearing  failures  also  occurred. According 
t o  the  log  kept on these  problems,  sluggish poppet valve  operation was en- 
countered on b o t h  the  inlet  a n d  outlet ,   cylinders on valve  actuators were 
scored, a n d  s h a f t  seal problems were noted. I n  addition, a loss of pneumatic 
control  (poppet  valve  operation)  resulted from a cold  weather  freeze-up o f  

~~ 

APPENDIX  8-OPERATION  AND  MAINTENANCE  OF UTILITY FABRIC FILTERS B-15 



" 

control a i r  l ines .  Ray tensioning mechanism problems also occurred, such as 
loss o f  spring  st iffr;ess a n d  ra tchet  mechanism wear. The excessive bag  

f a i l u r e  mentioned e a r l i e r  m s  a d i r e c t   r e s u l t  o f  pocr bag  tensioning t h d t  

allowed  the bags t o  droop, which caused  creases a n d  wear point,s. 
Finally,  problems w i t h  the a sh  handling  system were also  reported. 

Erosion a n d  pltigging  problerm  occurred i n  the vachun blowers a s  a r e s u l t  o f  

ash  carryover  in  the  transport. 
Flor?e of the problems  encountered a t   t h e  Clay Ecswel 1 faci  1 i t y  proved t~ 

be c r i t i c a l ,  d n d  operat.iotls have improved considerably  since  startup. 

Nebraska Public Power D i s t r i c t ,  Kramer 1, 2 ,  3,  and  4 

Units  1, 2 ,  and '3  a t  t h e  Kramer  Power Station  in  Ee'llevue,  Nebraska,  are 
rated a t  23 MW each; U n i t  4 i s   r a t e d   a t  36 M W .  All the  units were s ta r ted  u p  
in  1977,  beginning  with U n i t  1 i n  March, and a1 1 four were on 1 i ne  by  May of 
that   year .  These units r e p r e c e n t   t h e   f i r s t   u t i l i t y   f a b r i c   f i l t e r s  used a t  a 
p l a n t  b u r n i n g  a typical,   low-sulfur,  Western  subbituminous  coal i n  a pulver- 
ized  coal-fired  bciler.  The  Wyoming subbituminous  coal  burned a t  th i s   p lan t  
has a heating  value of 10,100 Btu/lb, and moisture,  ash, a n d  sulfur  contents 
of 21, 3.1, a n d  0.57  percent,  respectively. The f a b r i c   f i l t e r  systems  are of 
reverse-gas  design and use typical woven f iberg lass  bags coated  with  Teflon 
B. 

The f a b r i c   f i l t e r s  were designed w i t h  normal a i r - to-c lo th   ra t ios  of 
a b o u t  2 :  1 ( 2 . l : l  for  Units 1 t h r o u g h  3 and  1.91: 1 f o r  U n i t  4 )  and flange-to- 
flange  pressure  drops o f  about 3 t o  5 in.  of H20. Design par t icu la te  removal 
efficiency o f  these  systems i s  99 percent. The uni ts   actual ly  have achieved 
par t icu?z te   co l lec t ion   e f f ic ienc ies   o f  99.9 percent,   outlet   emissions of 
0.002 lb/10 B t u ,  opacit ies  of 0.07 percent,  and average  pressure drops of 
4.5 i n .  H20. The f a b r i c   f i l t e r s  on the Kramer uni t s  have achieved among the 
lowest  dust  enlission  concentrations  (typically 0.005 t o  0.006 lb/10 R t u )  of 
any U.S. u t i l i t y   f a b r i c   f i l t e r .  

6 

6 

A systematic  study  cf  the  fabric  f i l ter   cleaning  cycle conducted a t  
Kramer by Electr ic  Power Research I n s t i t u t e  ( E P R I )  invest igators  and  plant 
personnel es tabl ished  for  the f i r s t  time ( i n  commercial operation) t h a t  
lengthening  tile  dwell t ine  ( t ime  during which nc cleaning  is  t a k i n g  place i n  
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any compartme6t) decreases  emissions w i  t h o u i  affecting  average  pressure d r o p .  
Further, under some operating  conditions,  average  pressure d r o p  a c t u a l l y  de- 
creases  with  increased dwell time.  Substituting a 100-minute cleaning  cycle 
(10-minute dwell time)  in  place o f  a 10-minute cleaning  cycle ( n o  dwell time) 
a t  Kraner reduced particulate  matter  penetration 50 percent w i t h o u t  increas- 
i n g  the  pressure drop.  Secondary benefits of-  less  frequent bag cleaning  are 
reduced s t ress  on the  bags,  increased equipment r e l i ab i l i t y ,  and a lower 
average air- to-cloth  ra t io   (as  each compartment's  time i n  service  versus time 
o u t  of service  during  cleaning was increased). 

Bag l i f e  exceeds 3 years on the Kramer units.  Three of the  fabric 
f i l t e r  systems have 10 compartments each;  the f o u r t h  has 16.  Each compart- 
ment has 72 bags, for  a total  of 3312 bags. The bag tension i s  50 lb.  i o t a 1  
bag fa i lures  by year were 1 i n  1977,  1 2  i n  1978 28 in 1979, 43 in 1980, and 

12 in 1981.. An additional 18 t e s t  bags fa i led ,  which  were n o t  included i n  
the above figures. During the  study  period,  tests were performed w i t h  bags 
coated  with  dolomitic  lime. As a resul t ,   the   fabr ic  on Unit 1 experienced 
fabric  blinding and a pressure d r o p  of more t h a n  10 in. H20. Fly  ash coating 
was used thereafter.  The bag fa i lures  were random with  respect t o  bag  loca- 
tion  in  the baghouse, even t h o u g h  the gas dis t r ibut ion  is  n o t  even across  the 
compartments. 

Other problems have included  bearing fai lures  and bent  shafts on the 
reverse-gas  fans and higher-than-design  pressure  drops. The 1 a t t e r  has n o t  
been a big problem, however, because the  fans were designed for  redundancy. 

For boi le r   s ta r tup ,   the   u t i l i ty  has a purge-preheat  option. Mechanical 
collectors  are used a l o n g  with  the  fabric  f i l ters a t  boi ler   s tar tup.   Firs t ,  
gas i s   f i r e d ,  and  then coal; when the  nutlet  temperature  reaches 300"FY the 
fu l l  gas  load i s  ducted t o  the  fzbri c f i  1 t e r ,  and the mechanical col lectors ,  
which  were operating  parallel t o  t he   f ab r i c   f i l t e r  up  t o  this  point,   are 
closed off.  Lower  power  demands in  the  recent  past have necessitated some 
cycling of the  boilers,  and the   fabr ic   f i l t e rs  have experienced dewpoint 
conditions  during  these  periods. As yet no problems have  been reported as a 
result  of this   cycl ing;   overal l   the   ut i l i ty   is   sa t isf ied with  the performance 
o f  the   fabr ic   f i l ters .  
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Otter T a i l  Power Co., Coyote 1 

Coyote 1 i s  a 410-MW u n i t  iocated i n  Beulah, North Dakota .  The boi le r  
i s  equipped w i t h  a sodium-based spray-dryer FGD system  followed by a shake- 
deflate  design f a b r i c  f i l t e r .  The bags are made o f  uncoated synthet ics  
(predominantly  acrylic  fabric).  The coal burned a t  Coyote i s  a 7050-Btu/lb 
Dakota l i g n i t e  w i t h  moisture,  ash, a n d  sulfur  contents o f  36, 7 ,  and 0.78 
percent,   respectively.  The u n i t  began operations i n  mid-1981. 

The design  air-to-cloth ( A / C )  r a t i o  o f  t h e   f a b r i c   f i l t e r  i s  2.5 :1 ,  the 
design  flange-to-flange  pressure d r o p  i s  3 t o  5 i n .  H20, and the  design 
par t icu la te  removal e f f i c i ency   i s  99.5  percent. The actual  air-to-cloth 
rat io ,   pressure d r o p ,  and removal efficiency were reported t o  be 3:1,  5 in .  
H20, and  99.53  percent,  respectively. 

two-stage f l u e  gas  cleaning  system  for removal of SO2 a n d  par t icu la te .  This  
system consists of four  46-foot-diameter  spray  dryers t h a t  use a sodium 
carbonate  additive as the SO2 absorbent  followed by a 38-compartment f a b r i c  
f i l t e r .  Two axial-flow  induced-draft  fans  discharge  the  filtered  flue  gas  to 
a s ingle   s tack.  The f l u e  gas  temperature a t  t he   i n l e t  t o  t h e   f a b r i c   f i l t e r  
is   in  the  range of 210" t o  220°F. If   f lue gas temperatures  exceed a pre- 
determined  setpoint  (well   within  the  fabrics  capabili t ies),  an alarm i s  
activated and  gas  flow i s   d ive r t ed  through a f a b r i c   f i l t e r  bypass  system. 
A l t h o u g h  f a b r i c   a i r - t o - c l o t h   r a t i o s   ( i . e . ,  gas flows) have been higher  than 
anticipated  becadse  the  boiler  uses more excess a i r   t han , an t i c ipa t ed  i n  the 
f a b r i c   f i l t e r   d e s i g n ,   t h e   f a b r i c   f i l t e r  has consistently  operated  well  within 
expectations. The f l u e  gas  flow i s   a l s o   g r e a t e r  because  the  gas  exits  the 
boi le r  a t  a temperature  of  about 25°F greater  t h a n  design, which y ie lds  a 
greater  gas volume. F i l t r a t i o n  performance (pressure  drop,  cleanabili ty,  and 
eff ic iency)  has remained r e l a t ive ly   s t ab le   i n   sp i t e  of a wide var ie ty  o f  

boiler  a n d  spray dryer  system  operating  conditions.  Pressure  excursions due 
tc  boiler  load  swings, uneven gas  d i s t r ibu t ion  from spray  dryers ,   fabr ic  
f i l t e r   c o n t r o l ,  equipment  malfunctions, e t c . ,  have only been temporary, and 
when the  system  operation  returned t o  normal, so d i d  pressure d r o p  of the 
f a b r i c   f i l t e r .  

During operat ion,   the   f lue gas  e x i t s  two a i r   hea t e r s  and flows  into a 
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As would  be expected,  the  higher  temperature  operation (230" t o  250°F 
compared w i t h  the  design  temperature of 180°F for  much o f  t h e   f i r s t  12  months) 
resulted  in  discoloration of the  acryl ic   fabr ic ,  b u t  had no serious  effect  on 
f a b r i c  strength,  expected serv ice   l i fe ,  o r  dimensional s t a b i l i t y .  The higher 
temperature  did  accelerate  the  failure of the  polyester  fabrics a n d  led t o  
their  replacement w i t h  the  acrylic  material. The uti1 i t y  reported i t  expects 
t o  do  further  testing of  polyester  fabric ( a t  stable  operation  with tempera- 
tures i n  the 190" t o  220°F range) sometime in  the  future. 

Operating and maintenance de ta i l s  were n o t  available on t h i s  system. 
During the f i r s t  year-and-a-half of operation  the  fabric f i l t e r  underwent a 
bag material  testing program; therefore, bag replacement ra tes  may n o t  be 
meaningful in this  case.  Reportedly, however, the  instal la t ion has exhibited 
superior performance i n  terms of low pressure drop a t  high f i l t e r   v e l o c i t i e s ,  
fabric  replacement  experience, and service  life  expectancy. 
Pennsylvania Power and  L i g h t ,  Brunner Island 1 

Brunner Island 1 i s  a 350-MW pulverized-coal-fired  unit  located  in 
Yot-khaven, Pennsylvania. The bo i l e r   i s  equipped with a reverse-gas  fabric 
f i  1 t e r .  The bags are made of woven fiberglass  with a TeflGn coating. Brunner 
Island 1 burns an 11,000- t o  13,000-Btu/lb  eastern  bituminous  coal  with a 
moisture  content of 5 t o  20 percent, an ash content of 12 t o  13 percent, and 
a sulfur  content of 1.1 to  3.0 percent. The unit began operating  in October 
1980, 

The design  air-t.0-cloth  ratio  is  2.01:l  with two compartments o u t  of 
-service and 2 . f l : l  with six compartments o u t  of service. The design  pressure 
d r o p  i s  6 in. H 2 @ ,  and the  design  particulate  matter removal efficiency is  
99.9 percent. The f a b r i c   f i l t e r  system actually  operates  with a noma1  pres- 
sure drop of only 4 in. H20.  The actual  outlet  emissions  generated  during 
two tes t s  were 0.037 and 0.096 lb/10 B t u  vs.  the  design  emission  rate  cf 6 

0.075 1 b/106 B t u .  Brunner Island has 24 compartments , with 264 b a g s  per 
compartment. The uti  1 i t y  reported a total  of 6 bag failures  in 1980 ( the 
u n i t  d idn ' t  begin operations unti-1 October), 209 failures  in 1981, and  877 in 
1982 (through  early  necember). The large number  of failures  adversely  af- 
fected  the  pressure d r o p  because of the  frequent need t o  cool compartments 
for maintenance purposes. The failures  occurred randomly t h r o u g h o u t  the 
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system w i t h  respect t o  bag  location. The fai lures  of the bags themselves 
typically  occurred between the  thimble and  the f i r s t   r i n g ,  a n d  n;any resulted 
from bag c u f f i n g .  The tension method caused most. o f  t h e  bags e i ther  t o  be 
overtensioned  or  undertensioned. The u t i l i t y  solved  the  tensioning problem 
by replacing  the o l d  s t i f fer   spr ings with new ones t h a t  have superior  charac- 
t e r i s t i c s .  W i t h  the  old  springs, when the bays were ratcheted u p  a l i ck ,  
they would be e i ther  t o o  t ight   or  too  loose and no way was provided t o  adjust 
the  tension between the 1 i nks .  The  new springs ( a 1  t h w g h  very s t rong)  have 
better  elastic  characterist ics  for  this  application a n d  y i e l d  2 more uniform 
force on the bags fron; one 1 ink t o  the  next.  This  factor combined w i t h  

ineffective  cleaning of  the bags resulted  in  excessive  residual dust.  cakes. 
The typical weight of the  residual cake on these bags was found t o  be 1.18 
lb / f t   o r  126 lb  per bag. 2 

Problems reported a t  this  facility  include  those  associated  with  valves 
(and  valve operators),  the  control syst.em, and tensioning mechanisms. Boiler 
problems  stich as  tube  leaks and operating equipment fa i lures  have also added 
t o  the problems, as  a s ignif icant  number  of load  reductions and forced  cutages 
have  been reported. 

A l t h o u g h  many aspects of the Brunner Island  fabric  filter  operation were 
init ially  discouraging,  significant improvenlents have been made la te ly .  Bag 
f i l ter   to ta l   pressure d r o p ,  which previously was as high as 12 in. H20 with 
a l l  compartments b u t  one in  service (one o u t  for  bag cleaning), has dropped 
t o  approximately 6 in. H20 a t  fu l l  load  with three compartments o u t  of service 
for maintenance and  one fo r  bag cleaning. The uti l i ty  insti .1led horn5  f o r  
sonic cleaning  (eight  per compartment) and has been testing  several rebagging 
s t ra tegies  (warp in/out,  new fabr ic ,   e tc ) .  Although the bags a r e   s t i l l  n o t  
sa t isfactory,   the   fabr ic   f i l ter   operat ions a t  the   fac i l i ty  have  been relative- 
ly  reliable. 

Pennsylvania Power and Light , Sunbury 1 and 2 

The Sunbury units 1 and 2 are  located  in Shamokin Dam, Pennsylvania. 
This station marked the f i r s t   f u l l - s ca l e   f ab r i c   f i l t e r   i n s t a l l a t ion  a t  a 
coal-fired  generating  plant. The combined capacity of the  boi lers   is  abou t  
175 MW. Each of the fou r  boi lers   is   control led by a f a b r i c   f i l t e r .  The coal  
blend i s  65 t o  85 percent  anthracite and 15 t o  35 percent  petroleum coke and 
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bituminous c o d .  The heating va lue  o f  th is  blended fuel i s  a b o u t  9800 B t u / l b .  

The moisture  content i s  10 t o  20 percent,  the ash content i s  18 t o  30 percent, 
a n d  the sulfur  content  is 1.1 t o  1 .3  percent. 

Preceded by modified  mechanical collectors t h a t  are  approximately 70 
percent effective i n  removing particulate  matter,  these  reverse-gas  fabric 
f i l t e r s  a t  S u n b u r y  have a design a i r - t o - c l o t h  r a t i o  o f  2 .07: l .  The bags are 
made of  woven fiberglass and  have a 10 percent by weight Teflon f inish.  I n  

operation,  the  units have demonstrated a particulate  matter removal e f f i -  
ciency of  99.9 percent  versus a design removal efficiency o f  99.2 percent. 
Out le t  emissions of 0.005 lb/10 B t u  were reported, w h i c h  i s  among the  lowest 
reported for U.S. u t i l i t y   f a b r i c   f i l t e r s .  The plant  reportedly shows no 

visible plume, and the  average  pressure d r o p  -has been as low as 3 in.  H20 
versus a design  pressure d r o p  of 5 i n .  H20. 

G 

A 4-year bag l i f e   i s  reported a t  the Sunbury station,  the  longest  at  any 
U.S. u t i l i t y   i n s t a l l a t ion .  The annual bag failure  rate  is   reported t o  be 4 

i perc.ent. The residual  dust cake  weight  recorded  in a recent  study was 0 . 7 2  
~ 

I I b / f t  2 per b a g ,  or a b o u t  68 lb/bag  per day .  12  
I Recently, however, concern  arose  concerning  the performar!ce of  the 

f ab r i c   f i l t e r s  when the  average  flange-to-flange  pressure drop rose t o  a b o u t  
6 t o  6.5 in. H20. Although t h i s   i s  cause for  concern, the  u t i l i t y  has indi- 
cated t h a t  t h i s  i s  n o t  excessive compared with  the  pressure drop  a t  other 
installations.  

I 

Overall,  Pennsylvania Power and L i g h t  i s   s a t i s f i e d  with  the  installation. 
Several factors  are  believed t o  have contributed t o  the  generally good per- 
formance of the Sunbury fabr ic   f i l ters .   Firs t ,   the   boi lers   typical ly   operate  
a t  full  load,  with minimal swings and unit  outages. Second, the bag tension- 
ing system a t  Sunbury permits  tensioning a t  very nearly a steady 50 I b ,  

whereas a t  other  installations  tensioning may be 50 ? 20 lb .  Other  contribut- 
ing factors  are  the use of f i l t e r  bags t h a t  perform well in th i s   spec i f ic  
environment, a re la t ively low inlet  grain  loading, and special gas inlet /out-  
l e t  design features. Unlike most fabr ic   f i l t e r   ins ta l la t ions ,   the   f lue  gas 
enters and e x i t s   t h e   f i l t e r  chamber from the  center. I n  typical   instal la-  
t ions,  the  gas enters from the  side and  ex i t s  from the  side, and  pressure 
drops o f  the bags closest  i o  the  inlet  may differ  as much as a n  inch from 
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those o f  the bags far thest  away.  Both the  quantity and  qual 
collected  differ ir, those two areas.  This does n o t  occur a t  
the more uniform environment i s  believed t o  have a beneficia 
overall bag 1 i f e  and performance. 

Sierrs.  Pacific Power Co. , North Valmy 1 

North Valmy 1 i s  a 250-MW power generating  station  located  in North 
Valmy ~ Nevada. The bo i l e r   i s  equipped with a reverse-gas  fabric  f i l ter   in 
which Teflon-coated woven fiberglass bags are used. The fuel burned a t  North 
Valmy 1 i s  generally a Western low-sul fur coal. The coal orisinates from 
different  sources, which accounts for  the wide var iabi l i ty  of  i t s   character-  
i s t i c s .  The heating  value  ranges from 8000 t o  12,250 Btu/lb, and i t  may have 
a moisture  content of 3 t o  22 percent, an ash content  of 3 t o  20 percent, and 

a sulfur  content of 0.3 t o  1 .5  percent. The unit, was commissioned into 
service i n  1981. 

The design air- to-cloth  ra t io  of t h e   f a b r i c   f i l t e r   i s  1 .99 : l  (worst 
coal) ,  and the  design  flange-to-flange  pressure  drop is   5 .5   in .  H20. The 
system contains a total  of 6480 bags in 10 compartments. The uni t   i s  de- 
signed for  normal operation  with  eight compartments--one out  for  cleaning and 
one f o r  maintenance. The supplier recommends and the  ut i l i ty   pract ices  
f i l t e r  bag precoating.  This  coating  (fly  ash) i s  applied by slowly  placing 
the system in  service one compartment a t  a time a f t e r  100 percent  coal  firing 
has been achieved. 

As of mid-1983, the  fabr ic   f i l ter   reportedly had n o t  1-imited boiler 
operations.  Plant  operating  procedures  contribute  to  the low bag fa i lure  
ra te   ( less  t h a n  0.25  percent  versus a contract  guarantee of 5 percent maximum 
fa i lure   ra te ) .  During the  period November 1981 through  February 1983, a 
total  of 24 bags fa i led.  

General problems reported  for  this  installation included  those  asso- 

ciated with  valve  operation and cold  weather. The pneumatic colitrol system 
was sometimes subject t o  temperatures as low as 40°F  below zero. Water t h a t  
accumulates  in the  lines would freeze and general moisture/temperature-related 
problems caused sluggish  operations  in equipment throughout  the  installation 
because the pneumatic control system was n o t  designed for th i s  environment. 
The uti l i ty  reported t h a t  injecting  alcohol in the  lines has reduced the 

APPENDIX  8-OPERATION  AND  MAINTENANCE OF UTILITY FABRIC FILTERS 
B-22 



incidence of freeze-up. Casing and door seal  leaki 
corrosion. Also, unrelated ductwork corrosion and 
have occurred. 

On  startup,  the Nevada Oivision of Environment 

n g  accounted f o r  some 
expansion jo in t   f a i lu re s  

a1 Protection ( N D E P )  
permits  Sierra  Pacific t o  wait  until  the  unit  is a t  approximately  half-load 
(125 MW), on two pulverizers,   before  placing  the  fabric  f i l ter   in  service.  
This assures t h a t  basically no oi l   f i r ing  is   s t i l l   taking  place.   This  pro- 
cedure i s  based on data developed by the  supplier, which strongly  suggests 
t h a t  the bag l i fe   wi l l  be seriously reduced i f   o i l   soot   i s  allowed t o  accumu- 
l a t e  on the  bags, as would occur  during a startup.  Sierra  Pacific  believes 
this  procedure has greatly  contributed t o  longer bag l i f e .  

During a normal unit  shutdown, the   f ab r i c   f i l t e r  system i s  kept  in 
service  until  the  unit  is  taken  off  line. The system  remains in  service  for 
3 minutes; which allows a hot-air purge of the  unit t o  take  place.  After  the 
purge,  the  unit i s   su i ted  t o  the  "bypass" mode  of operation. 

I f  the  outage i s  t o  he relatively long (several  days),  the  doors  are 
opened and the  uni t ' s   vent i la t ion system i s  placed  in  service.  If  the  outage 
i s  expected t o  be br ie f ,   the   fabr ic   f i l t e r  i s  kept  sealed  in an e f fo r t  t o  
reduce moisture in f i l t r a t ion  and heat  losses. 

The uti1 i ty is   generally  satisfied with  the performance of the  fabr ic  
f i l t e r .  Except during bag failures,   the system continually  maintains  i ts  
design particulate removal efficiency of 99.7 percent.  Opacity  readings 
typically run 2 t o  4 percent;  during  excursions (bag ruptures)  the  opacity 
readings r i se  t o  the 8 t o  10 percent range. 
Southwestern Public  Service Co., Harrington 2 and 3 

Harr ington units 2 and 3 are  located  in  Amarillo, Texas. Each i s   ra ted  
a t  350-MW. The f a b r i c   f i l t e r  system or! Harrington 2 was the   f i r s t   l a rge   un i t  
installed on a new u t i l i t y   bo i l e r .  The f a b r i c   f i l t e r s  0.n both uni ts   are  of 
the  shake-deflate  design.  Originally equipped with  silicon/graphite-coated 
woven fiberglass  bags,  these  units were l a t e r  switched to  Teflon B woven 
fiberglass bags.  The units  are  f ired with an 8230 Btu/lb Western subbituminous 
coal with  moisture,  ash, and sulfur  contents of 30, 6 .4 ,  and 0.48 percent, 
respectively.  Harrington 2 began operations  in mid-1978, and Harrington 3 
stzrted u p  in 1980. The design  air-to-cloth  ratio of t h e   f a b r i c   f i l t e r  on 

'11 I, < , 
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U n i t  2 i s  3 .4 :1 ,  a n d  the  design  pressure d r o p  i s  6 in .  H20. The design a i r -  
to-cloth r a t i o  for the Number 3 u n i t  i s  3.C:1,  and  the  design  pressure d r o p  
i s  7 in .  H,O. Actual  pressure d r o p  on t h i s  u n i t  i s  6 i n .  H,O. Pressure 
drops on b o t h  uni ts  have reached  as  high as 13 i n .  H20. The pressure drop 
now i s  kept below 10 inches,  primarily as a r e s u l t  o f  s tud ie s   t he   u t i l i t y  has 
performed t o  optirniie bag shaking a n d  overall  cleaning  cycles. The a c t u a l  
par t icu la te  removal eff ic iency  for  both uni ts   i s   reported t o  be 99 .7  percent 
for these  units w i t h  o u t l e t  emissior!  concentrations o f  0.C; l b / 1 0  Z t u .  

L. L 

6 

The Harrinqton f a c i l i t y  has  hosted f a b r i c   f i l t e r   s t u d i e s  GP bag fabr ics ,  
effect.s o f  shaking  frequency or! pressure  drcp, a n d  other.  subjects o f  ccncern. 
f i s  a resu l t  of  such s tudies ,  more s u i t s b l e  bqgs were i d e n t i f i e d   ( t h e   u t i l i t y  
now uses 1C-oz Teflon-coated  fiberglass  or 14-02 Teflon- or acid  res is tant-  
coated  fiberglsss  bags,  the  frequency of  shaking was increased, a n d  the 
shaker s u p p o r t  meckc:nism was redesigned. The studies  demonstrated  the v i a b i l -  

i t y  cf   using  shake-deflate   fzbr ic   f i l ters   for   large-scale   instal la t ions.  
No f a b r i c - f i l t e r - r e l a t e d  problems  have been reported d u r i n g  s ta r tup .  

The st.artup procedure a t  Harrington  begins w i t h  gas  f i r i n g  t o  b r i n g  the 
boiler  outlet  gas  temperature t o  about 250°F. The f a b r i c   f i l t e r   i s  then 
heated, 2nd when f u l l y  on l ine,  the  boiler  fuel  source i s  switched t o  coal.  
The u t i l i t y  has reported no problems t r aceab le   t o   s t a r tup   o r  shutdown a t  
Harrington. 

Southwestern  Public  Service Co. i s  generally  satisfied  with  the  opera- 
t ions o f  the   Harr inqton  fabr ic   f i l ters .  The u t i l i t y  would l i k e  t o  see irn- 

prcvements made i n  bag 1 i f e .  Its   experience has been 3 t o  3.5 years on the 
best bags .  Some studies  seem t o  imply tha t   increas ing   the   f i l t e r ing  time 
before  cleaning  could  extend  the bag l i f e  an additional  year.  

Texas U t i l i t i e s  Co., Monticello 1 and 2 

The Monticello  steam  electric  station i s  located  in Mt. Pleasant, Texas. 
Units 1 and 2 a re  each  rated a t  575 M W .  The boi le rs  a re  controlled by fabr ic  
f i l t e r s  of the shake-deflate  design and pa ra l l e l   e l ec t ros t a t i c   p rec ip i t a to r s .  
The f i  1 t e r  bags are  Teflon B-coated woven f iberg lass .  The coal burned a t  
Monticello i s  a 5750- to  8000-Etu/lb Texas l i g n i t e  w i t h  a moistur?  content of 
26 t o  37 percellt, a n  ash  ccntent o f  5.8 t o  23 percent, and  a sulfur  content 
o f  0.3 t o  2.G3 percent. The uni ts  were  commissioned i n  1978 and  1979. 
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Each o f  the r e t r o f i t t e d  f a b r i c  f i l t e r  systems has a design  ra t io  o f  
2 . 9 : l  drld a flange-tc-flange  pressure d r o p  o f  9 i n .  H20.  The a c t u a l  pressure 
drop has ranged frov 9 t o  11 i n .  tir,O, b u t  recently was reported t o  be 12  

ir:ches. The u t i l i t y  reported t h a t  the  pressure  drop i s  a function o f  ash 
l o a d i n g  a n d  the  nature o f  the f a b r i c  f i i t .er   system. The units now operate i~ 

the 10- t o  12-inch  range. The f a c i i i  t y  i s  kept below 12 inches t h r o u g h  care- 
f u l  atterction t o  the b a g  cleaning  operations.  The residuzl  dust  cake  weight 
was measured a t  0.33 l b / f t L  or a b o u t  33 l b  per b a g .  Gpacity  readings  range 
from a b o u t  4 t c  20 percent. 

L .  

3 

The u t i l i t y   o r i g i n a l l y  used fiberqlass  bass  coated w i t h  a s i l icon-graphi te  
materidl ,  b u t  nlzssive fa i lures   occur red   a f te r  o n l y  4 t o  6 months of operatior;. 
The primary cause  of  the bag f a i l u r e s  was b a s  t.ensionin9 a n d  subsequent weave 
t ightening; i t  v!as impossible t o  ma in t . a in  the  proper bag  tension. These bags 
accumulatcd as much as 100 l b  o f  residual  ash.  Later,  the  Teflon  B-coated 
f iberglass  bags were i n s t a l l e d ,  and many o f  these have las ted more than 2 
years . 

The f a b r i c   f i l t e r s  were originally  designed t o  control abctut 80 percent 
o f  the  gas  flow, ana  t he   pa ra l l e l   e l ec t ros t a t i c   p rec ip i t a to r s  were t o  control 
the  other 20 percent. Because  of  problems associated w i t h  having these twcr 

control   devices   in   paral le l ,   dedicated  fabr ic   f i l ter   fans  had t o  be ins ta l led  
t c J  m in ta in   t he  gas  flow to  these  systems. 

Pressure d r o p  a n d  r e l a t ive ly   sho r t  bsg l i f e   a r e   t he  two primary  concerns 
voiced by t h e   u t i l i t y  because o f  t,he substantial   costs  associated w i t h  these 
problems. Each f ab r i c   f i l t e r   con ta ins  7344 bags; one u t l i t  has been com- 
pletely rebagged twice,   the  other has been rebagged  once. The u t i l i t y  
believes,  however, t h a t  the  2-year bag l i f e  achieved o n l y  on the  best  bags i n  

the  past has now become the  expected bag 1 i fe   overal l  . 
Recent ly ,   the   ut i l i ty  has  achieved  pressure  drops as  low as 10 t o  10.5 

i n .  H20 on t h e   f a b r i c   f i l t e r s ,  b u t  no fur ther  improvements  have been noted 
since  then. The inlet   grain  loading on t h e s e   f a b r i c   f i l t e r s   i s   r e l a t i v e l y  
h i g h  ( 9  t o  10 gra ins /acf ) ,  and the  -12-inch  pressure drop  mentioned e a r l i e r   i s  
one of the  highest  ever  reported  for any U.S .  G t i l i t y   f a b r i c   f i l t e r   i n s t a l l a -  
t ion.  
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Other general problems reported have included  casing a n d  door  seal 
leaking, w h i c h  resulted  in  corrosion and  f lue gas distribution problems. 
A l t h o u g h  the  poor gas dis t r ibut ion has n o t  caused serious O&M probl.ems, 
heavier ash loading has been noted i n  the hoppers  beneath some compartments, 
which i s  n o t  expected  because the  inlet  ducts have gas distribution  devices 
built   into them. Failures o f  the  reverse gas  fans and fan motors have also 
been n o t e d ,  a n d  pressure blower erosion i n  the ash  handling system has re- 
sulted from ash entrainment  in  the incoming a i r  stream. These problems are 
controlled t h r o u g h  operation and niaintenance measures rather than major 
design  modifications. Some indications o f  improved availability  are  evident 
for  the Mont-ice1 l o  units.  Reported res t r ic ted  hours f o r  these  units  are  as 
follows: 740 in 1978, 144 in 1979, and 22 ir; 1980. 
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GiLUSSAHY Wf- 

ABRASION - FLEX: Where  the  cloth has abraded in 

ABRASIOX - SURFACE: Where  the  cloth  surface has 
a creased  area by repeated  bending. 

been  abraded by rubbing,  scuffing,  erosion. 
ABSOLUTE ZERO: The  zero  from which absolute 

temperature  is  reckoned.  Minus 46OoF., approxi- 
mately. 

ACETATE: A manufactured  fiber in which  the  fiber 
forming  substance is  cellulose  acetate. 

ACRYLIC: A man-made  polymerized  fiber  which  con- 
t a i n s  at  least 85% acrylonitrile. 

AEROSOL: An assemblage of small  particles,  solid 
or Hquid, suspended in a i r   o r   gas .  

AIR, DRY:  In psychrometry,  air  containing no water 

AIR, STANDARD: Air  with  a  density of 0.075 lb. per  
vapor. 

cubic foot. This  is  substantially  equivalent to dry 
a i r   a t  7OoF. and 29.92 in. (Hg) barometer. 

AIR-"CLOTH RATIO: The  volumetric  rate of capacity 
of a fabric  filter;  the  volume of a i r  (gas)  cubic 
feet  per  minute,  per  square  foot Of filter  media 
(fabric). 

ANEMOMETER: An instrument for measuring  the 
velocity of a i r  or gas. 

ATMOSPHERIC PRESSURE: The  pressure of the 
atmosphere as measured by means of the 
barometer  at  the  location  specified. 

BACKWASH: A method of Iabric  cleaning  wheredirec- 
tion of filter flow is  reversed,  accompanied by flexing 
of the  fabric and  breaking of the  dust  cake.  Also 
known as  backpressure,  repressure,  collapse-clean, 
etc. 

BAG: The  customary  form of filter  element.  Also known 
a s  tube,  stocking,  etc.  Can be unsupported  (dust 
on inside) o r  used on the  outside of a grid  support 
(dust on the  outside). 

BATCH CLEANED: U s u a l l y  refers   to  a process  used 
in  heat  cleaning  fiber  glass  cloth  in roll form by 
exposing  it a t  500°F. to 600OF. for prolonged 
periods to burn off the  starches  or  binders. 

BLAST GATE: A  sliding  plate  installed  in  a  supply 
or e h a u s t  duct  at  right  angles to the  duct for the 
purpose of regulating  air flow. 

BLIXDING (BLINDED): The  loading, or accumulation, 
of filter  cake to the  point  where  capacity  rate is 

diminished. A l s o  termed "plugged". 
BRITISH THERMAL UNIT (btu): The  amount of 

heat  required to raise  one pound of water me de- 
gree  fahrenheit. 

BROKEN TWILL: ModiIied  twill  weave  where  the 
diagonal  twill  line i s  shifted in a regular pattern. 

BULKED  YARN: Multi-filament  yarn  which  has  been 
Processed by high pressure  air   passing  through  the 
Yarn a d  relaxing  it  into  gentle  loops,  bends.  etc. 

I tHMINOLOGY' 

CALENDElUNC: The  application of either hot or 
pressure rolls to smooth i)r polish  a  fabric,  thert 
by reducing  the  thidcneea of the  cloth  and  decreas- 

CANTON FLANNEL: Usually  a  twill  weave  fabric with 
ing air  permeability. 

CHAIN  WEAVE: A 2 / 2  b r e e n  twill  weave,  arranged 
the  filling  float  heavily  napped. 

2 threads  right and 2 left 
CLOTH: In general, a  pliant  fabric; - woven,  knitted, 

felted, or otherwise  formed of any  textile fiber, 
wire, or other  suitable  material.  Usually  understood 
to mean  a woven textile  fabric. 

CLOTH WElGHT: Is  usually  expressed in  ounces  per 
square  yard or ounces  per square foot. However, 
cotton  sateen is often  specified a t  a certain  number 
of l inear  yards  per pod of designated width. For 
example,  a 54' - 1.05 sateen  weighs 1.05 linear 

CONDENSATION: The  process of changing  a  vapor 
yards   per  pound in  a 54" width. 

into  liquid by the  extraction of heat. 
CORONIZING: A  heat  cleaning  process  for  fiber  glass 

fabric to bum off the  starche%(used in processing) 
usually  at  temperatures of 1000 F. for shortduration- 

CORROSION: Deterioration or physical  degredation  due 
to  chemical  action. 

COTTON NUMBER: Staple  yarns  are  generally  sized 
on  the  cotton  system.  Example:  an 18 singles  yam 
i s  of such  size  that 18 hanks  (each hank contains 
840 yards)  weighs one pound. 

COUNT: The  number of warp  yarns  (ends) and  filllr- 
yarns  @icks)  per inch. A l ~ o  called  thread count. 

COVER: A description  term for the appearance of 
woven goods.  A  well covered  cloth  is  the  opposite 

CRIMP: The  corrugations  in a y a m  from passing  over 
of an  open, or "reedy"  cloth. 

CROWFOOT SATIN: A 3/1 brolren  twill  arranged 2 
and  under  other  yarns  at  right angles. 

threads  right,  then 2 threads left, etc.  Also  called 
4 shaft  satin, or brdten  crow weave. 

DAMPER: An adjustable  plate  installed  in  a  duct 
for  the  purpose of regulating air flow. 

DEHUMIDIFY: To reduce by any  process  the  quantity 
of water vapor. 

DENIER  The  number, in grams,  of a  quantity of yam, 
measuring WOO meters  in length.  Example: 
A 200 denier  yarn  measuring 9OOO meters  Weighs 
200 grams. A 200/80 yarn  indicates a 200 denier 
yarn  composed of 80 filaments.  UsualIy  used for 
continuous  multi-filament yams ~i s a ,  rayon,  Orlon? 
Dacron,@  Dynel?  Nylonpetc. 

DENSITY: The ratio of the mass of a specimen of a 
substance to the volume of the specimen.  The moss 
of a unit  volume of a substance.  DW  air  at 70 F. 
and 29.92' Hg has a dendty  of 0.07'5 pounds  per 
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cubic  foot- 
DIMF&S:SIONAL STABILITY:  Abllity of the  fabric to 

retain flnlshed  length  and  width,  under Gress, in 

DRILL:  Same a s  twill  except  the  diagonal  twll  line 
hot or  moist  atmosphere. 

usually runs f rom  lower  rqht  tn upper  left. A 2/1 
LH twill, or 3/1  twill. 

DUST: Solid par t ic les   l ess  than  100 microns  created 
~JY the attrition of larger  parbcles.   Dartlcles  thus 
formed  a re  not  usually  called  dust  unless  they a r e  
larger  than  about  1  micron  dlameter. 

DGST COLLECTOR: A device to remove  solid  aerosol 
particles  from  a  gas  stream. 

DCST LOADING: The weight of solid  particulate 
suspended i n  an   a i r  (gas) stream,  usually  expressed 
ln  t e rms  of gra ins   per  cubic foot, grams  per  
cubic meter  or pounds  per  thousand  pounds of gas .  

DUS'T PERMEABILJTY:  Defined  a6  the  mass of dust 
(grams)  per square loot of media  divlded by the 
reslstance  (pressure  drop)  inches w.g. per  unit Of 
filtering  velocity,  fpm. Not to be compared   w~th  
cloth  permeability. 

END: An  individual yarn or cord,  a  warp  yarn  running 
lengthwise of the  fabric. 

EXTRY LOSS: Loss  in  total  pressure  caused by a i r  
(gas), flowing into  a  duct or hood (usually  expressed 
in  Inches w.g.). 

EXVELOPE: A  common form of filter  element. 
EROSION: Wearing  away  due  to  mechanical  action. 
EXTENSIBLILITY: The  stretching  characteristic of 

fabrlc  under  specific  conditions of load,  etc. 
FABRIC: A planar  structure  produced by interlacing 

yarns, fibers or fllaments. 
KhITTED  Fabrics  are  produced by interlooping 
strands of yarn,  etc. 
WOVEN Fabrics   are   produced by interlacing 
strands  at   more  or  leas  r ight  angles.  
BOKDED Fabr i c s   a r e   a  web of fibers  held 
together  with  a  cementing  medium  which  does not 
form a  continurns  sheet of adhesive  material. 
FELTED  Fabrics  are  structures  buil t  up by the 
interlocking  action of the  fibers  themselves,  without 
spmning,  weaving or knitting. 

FIBER: The  fundamental  unlt  comprising  a  textile 
raw  material   such  as  cotton,  wml,  etc.  

FILAMENT: A continuous  fiber. 
FILL:  Crosswise  threads woven by loom. 
FILL COLRUT: Number of fill  threadsper  inch of cloth. 
FILLING YARN: Yarns in a fabric  running  across  the 

DRAG: Pressure  drop,   inches w.g. per  cubic 
width Of a  fabric;  i.e., a t  rlght  angles to the w r p .  

foot of air wr  minute, per square foot OI fdter  media.  
Analogous to the  resirrtance of an  .element  in M 
electrlCal  Arcuit.  The ratio of f i l t e r   p ressure  
to  filter  velocity. 

FILTER MEDIA: The  substrate   support   for   the filter 
cake;  the  fabric upon  which  the  filter  cake I S  h i l t .  

FILTER VELOCITY: The  veloclty,  feet  per  minute, 
a t  which  the air  (pas)  passes  through  the  fllter 
media, or rather the  veloclty of approach to  the 
media.  The  filter  capaclty  rate. 

FILTRATION  RATE:  The  volume of air   (gas) ,  cublc 
feet  per  minute,  passlng  through  one  square foot  of 
f i l t e r  media. 

FINISHED: A  fabric which has  been  processed  after 
weaving,  i.e.,  other  than In the  greige. 

FLAME  RETARDANT: A finish  designed to repel 
the  comtustibility of a  fabric,   ei ther of a  durable or 
non-durable  type. 

FLOAT:  The  position of a  yarn  that   passes  over two 
or more  yarns  passing in the  opposite direction. 
Example: in standard  cotton  sateen,  yarns  "float" 
four, and pass  under  one. I n  other  words 411. 

FLUOROCARBON: Fiber!ormed of long  cham  carbon 
molecules,  available  bonds  saturated with fluorine 

FOG:  Suspended  liquid  droplets  generated by condensa- 
tion from the  gaseous to the  liquid state, or by 
breaking up a  liquid  into  a  dispersed  state,  such 3: 

by Splashing,  foaming  and atomizing. (See  nilst! 
FULLED: A woven fabric  treated to ra l se  fiber ends 

(like  napping) so that  the  thready, woven  look IS 
partlally or completely  obscured. 

FUME:  Fine  particles  dispersed in  a i r  or gases .  
formed by condensation,  sublimation or chemical 
react ion.   Par t ic les   are   usual ly   less  than 0p.e mlcron 
in  size. 

GAS: Gas  is a   formless   s ta te  of matter completely 

GLASS  (FIBER-GLASS):  A  manufactured  fiberinwhlck 
occupying  any  space.  Air is a gas. 

the  fiber  forming  substance  is  glass. 
"CRAB" TENSILE:  The  tensile  strength, in  pounds 

p e r  inch, of a  texti le  sample  cut 4" x 6' and  pulled 
in  two  lengthwise by two 1" sqtsre clamp  Jaws 
s e t  3" apart  and  pulled  at a constant   spec~fied 
speed. 

GRAIN: 1/7000 pound or approximately 65 mllll- 
g rams.  

GRAVITY,  SPECIFIC:  The  ratio of rhe m a s s  of a  unit 
volume of a  substance  tothe  massofthe  same  volume 
oi a standard  substance  a t   a   sundard  temperature  
Water  is  usually  taken a s  a  standard  substance. 
For gases ,   d ry   a i r   a t   the   same  tempera ture  and 
p r e s s u r e   a s   t h e   g a s  is often W e n   a s  the  standard 
substance. 

GREIGE CLOTH: Cloth a s  i t  comes  off the loom. 

G R I D  CLOTH: The  cloth  used in supporting  the  sliver 

HAND OR HANDLE: The  "feel" of the  cloth - as   sof t ,  

or so-called  "loom  finish". 

in  making  a  supported, needled felt. 

harsh, smoott ,   rough,  si lken-lke,   boardy,  etc.  
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HARNESS: The  frame u s e d  to  raise or lower  those 
warp yams  necessary  to  produce  a  specific weave 
at  the  same time permittlng  the  tilling to be passed 
through by the  shuttle. 

H U D  END: A piece of fabric  Wten Irom the  end of 
a roll of cloth. 

HEAD SET: A finishing process  for that  particular 
fiber, in fabric  form.  to  stabilize  it  against 

HEAT, SPECIFIC:  The  heat  absorbed (or given up) 
further  shrinltage  at  predetermined  temperatures. 

by a Unit mass  of a  substance when its  temperature 
is increased (or decreased) by one degree.  The 
common  unit i s  the btu per  degree  Fahrenheit. 
For  gases.  both specific  heat  at  constant  pressure 
(c 1 and  specific  heat  at  constant  volume ( c ~  a r e  
frgquently  used. 

HOOD SUCTION: The  entry  loss  plus  the  velocity 
prpssure in the  connecting  duct. 

HUMIDITY, ABSOLUTE: The weight of water  vapor 
carr ied by a  unit  weight of d ry   a i r  or gas.  Pounds 
of  water  vapor  per pound of dry   a i r ;   g ra ins  of water 
vapor per  pound of dry   a i r .  

HUMIDITY, RELATIVE: The  ratio of the  absolute 
humidity in a  gas  to  the  absolute  humidity of a 

HYDROPHILIC FIBERS: Those  fibers not readily  water 
saturated  gas  at  the  same  temperature. 

HYGROSCOPIC: Those  fibers which a re   water  
absorbent. 

INCH OF WATER: A unit of pressure  equal  to  the 
absorbant. 

pressure  exerted by a  column of liquid  water  one 
inch high at   a  standard  temperature.   The  standard 
temperature  is   ordinarily taken a s  70°F. One  inch 
of water  at 7OoF. = 5.196 Ib  per sq. ft. 

INTERLACING: The  paints of contact  betweenthe  warp 
and  filling y a m s  in a  fabric. 

INTERSTICES: The  openings  between  the  interlacings 
of the  warp  and  filling  yarns; i.e., the  voids. 

K FACTOR: The  specific  resistance of the  dust  cake, 
inches  water  gage  per pound of dust  per  square 
foot of filter  area  per  feet  per  minute  filtering 
velocity. 

LOOM  FINISH: Same as  greige  cloth.  
MANOMETER: An instrument for measuring  pressure; 

a U-tube partially  filled with  a  liquid,  usually  vrater, 
mercury or a  light  oil, so constructed  that  the 
amount of displacment of the  liquid  indicates  the 
pressure being exerted on the  instrument. 

MICRON: A unit of length,  the  thousandth  part of 1 mm 
or the  millionth of a  meter,  (approximately l/ZS,OOO 

MILDEW RESIST FINISH:  An organic or inorganic 
of an inch). 

finish  to  repel  the  growth of fungi on natural  fibers. 
MIST AND FOG: A distinction sometimes  made be- 

tween  mist  and  fog i s  of minor  importance  since both 
t e rms   a r e  used  to  indicate  the  particulate  state 

Of airborne  liquids. M i s t  is a  visible  emission 

phase  reaction, the liquid partrcles being sufflclentl 
usually  formed by J. condensatlonprocessor 3 vapor- 

large  to  fall of thelr own weight. 

l ess  than 85% acrylonitrile  (at  least 3%). 
MOL: A weight of a  substance  numerically  equal  to 

the  unit is "Pound Mol". For  dry  air   at  70°F., 
its  molecular weight. If the  weight is in pounds, 

and  a pressure of one atmosphere,  a pound mol 
occupies 386 cubic  feet. 

MONOFILAMENT: - A  continuous Ilber of sufficient 
size to se rve   a s   ya rn  in normal textile  operations. 

MULLEN BURST: The  pressure  necessary  to  rupture 
a  secured  fabric specimen, usually  expressed i n  
pounds per  square inch. 

MULTIFILAMENT: (Multifil) A ya rn   hnd le  composed 
of a  number of filaments. 

NAPPED: A process  to raise  fiber or filament  ends 
(for  better  coverage  and  more  surface  area)  ac- 
complished by passing  the  cloth  over  a  large  re- 
volving  cage or drum of small power-driven rolls 

hEEDLED FELT: A Ielt made by the placement of 
covered with card clothing (similar to a  wire  brush). 

loose  fiber in a  systematic  alignment, w i t h  barbed 
needles moving up and down, pushmg  and  pulling 
the  fibers to form  an  interlocking of adJaCent  fibers. 

SON-WOVEN FELT: A felt  made  either by needling, 
matting of fibers or compressed with a bonding agent 
for permanency. 

forming  substance  is any long-chain  synthetic  poly- 

OLEFIN: A manufactured  fiber in which the  fiber  form- 
amide  having  recurring  amide  groups. 

ing substance  is  any  long-chain  synthetic  polymer 
composed of at   least  85'6 by weight of ethylene, 

PERMEAEILITY, FABRIC: Measured on Frazier  
propylene, or other  olefin  units. 

porosity  meter, or Gurley  permeometer,  etc. Not 
to be confused  with  dust  permeability.  The  ability 
of a i r  (gas) to pass  through  the  fabric,  expressed in 
cubic  feet of a i r   p e r  minute per   square fcmt  of fabric 
with an 0.5" H 0 pressure  differential. 

PICK: An ind&idual  filling  yarn  running  the width 
of a woven fabric  at  right  angles to the  warp. In 
England  it i s   t e rmed woof, or weft. 

PICK GLASS: A magnifying glass  used  in  counting 
the  warp  and  filling  yam in the  fabric. 

PITOT TUBE: A meansof  measuring  velocity  pressure. 
A device  consisting of two tubes - one  serving  to 
measure  the  total or impact  pressure  existing in 
an air   stream,  the  other to measure  the  static 
pressure only. When both tubes  are  connectedacross 
a  differential  pressure  measuring  devlce,  the StatlC 
pressure is compensated  automatically  and  the 
velocity pressure only is registered. 

MODACRYLIC: A man-made  flber which contalns 

NYLON: A manufactured  fiber  in which the ~ I I ; . .  
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PLAIN WEAVE: Each w ~ r p  yarn  passing  alternately 
Over  each  filling y a r n .  The  s implest  weave,  1/1 
Construction. Also  called Uffeta weave. 

( 'LENUM CHAMBER: A n  air  conlpartment  maintained 
under  pressure,  and  connected to one or  nlore  ducts. 
A pressure  equalizmg  charnkl-.  

p ~ y :  TWO or more   yarns  lorned  together by twisting. 
POLYESTER: A manufactured fiber in which  the fiber 

forming  substance IS  d n y  long-cbarn synthetic 
polymer  composed of a t   least  85% by weight of an 
es te r  of dihydric  alcohol  and  terephthalic  acid. 

POROSITY, FABRIC: Tersm often  used  interctmngeably 
wrth permeability.  Actually  percentage of voids 
per  unit  volume - therefore,   the  term  is   improperly 
used  where  permeability is Intended. 

PRESHRUNK: Usually  a  hot  aqueous  immersion of 
the  cloth to eliminate its tendency  to  shrink in 

PRESSURE,  ATMOSPHERIC: The   pressure   due  to the 
further wet performances. 

weight of the atmosphere, a s  indicated by a 
barometer.   Standard  atmospheric  pressure is 29.92" 
of mercury  equivalents in other   uni ts   are  160 m m  
of mercury,  14.7 psia,  and 407 inches  water  column. 

PRESSURE,  GAGE: Pressure  measured trom 

be indicated by a  manometer which has  one leg 
atmospheric  pressure  as  a  base.   Gage  pressure may 

connected to the  pressure  source  and  the  other 

PRESSURE J E T  CLEANING: A bag cleaning  method 
exposed to atmospheric  pressure.  

where a momentary  burst of compressed   a i r  is 
introduced  through  a  tube or nozzle attached to the top 
cap of a bag. A bubble of a i r   f lows  down  the bag, 
causing bag walls to collapse betrind it. 

PRESSURE,  RESISTANCE: Resistance  pressure  (RP) 
is the  pressure  required  to  overcome  the  resist-  
ance of the  system.  I t   includes  the  resistance of 
straight runs of pipe,  entrance tc headers,  bends, 
elbows,  orifice loss, and  cleaning  device. I t  i s  
indicated by the  difterence of t o t a l  pressure  between 
two  points in the  duct  system. 

PRESSURE,  STATIC: The  postential  pressure  exerted 
in al l   directions by a fluid a t   r e s t .  For a fluid  in 
motion,  it is measured in a  direction  normal  to  the 
direction of flow.  Usually  expressed  m  inches  water 
gage,  when  deallng  with  air. 

PRESSURE,  TOTAL: The  algebrdic  sum  ofthevelocity 
Pressure  and  the  static  pressure (with due  regard 
to sign). In gas-handl ing  systems  lhese  pressures  
a r e  Usually expressed in  inches  water  gage.  The 

PRESSURE,  VELOCITY: The  kinetic  pressure in  the 
sum Of the  static  pressure  and  the veIocity p r e s m r e .  

direction of now necessary to cause  a  f luid  at   rest  
to  now at a  given velocity. Uscally  expressed in 

PULSE JET: A system of bag cleanin(:  using  a 
inches water gage. 

momentary h r s t  of compressed   a i r  In the  discharge 

nozzle of a f i l ter  bag, which 8:ops !I l ler  f low and 
innates  the k g  i n  the oppls~te  dlrer t lon.  

RAVEL STRIP  TENSILk: The t e n s r l c .  slr.:ngtn. 111 pound5 
per  Inch oi a 6" lonf t ex t l le  s 2 m p i r  (9: J u s t  o v r r  
one Inch wlde, (wl th  yai-ns , ) . ,e ird oli e ~ c h  slde 
doun  to  exactly one i n c h  w1d-j i :uIi?d Art luo length- 
wise &tween J A W S  s ~ :  ?" J p a r I  ;no Gulled a: a 
Con-Sant speclfred  speed. 

RAYOX: A manufactured f ~ k r  conlpused r . !  repeneraled 

REED M A R K S :  The !dent.Jllr>ria 1." :wC.cn 2.  3 <>r 4 ends, 

REPEAT:  The  number of tlirexds I n  a u c a v e  belore 
the  weave  repeats or st3rIs over i g J l n .  T h e  number 
of ends and picks In the r . 2 ~ ~ 3 :  : 1 u y  k equal or 
unequal, but in  every  case tht repeat  must be I n  

RESISTAKCE:  Analogcus  tu electj ical resist;cnce - a  rectangular  form. 

the pres su re   d rop   ac ross  the lilter medld  and dust  
cake,  expressed I n  inches water ~ 3 g e  

REVERSE JET CLEAhI?IC: A cle;ln!ng method 
(Hersey)  usjng a traveilng r i c g  traverslrig  the C'X- 

ter ior  01 the  filter bag. High pressure a i r  is blown 
backwards  through the fabric througi! small  holes 
or s lots  i n  conkct  WIUI  the clcth. 

SANFORIZED: A patw:ed process  where  the  cloth 
is "puckered" in  the  warp  dlrectlon t O  elrmil?;te 
shrinkage in  laundering. 

SARAK: Any long-chain  synthetic  polymer  composed 
of a t   l eas t  8SLh vinylidene - chlorldr units. 

SATEEN:  Cotton  cloth  made vrth a 4, ! satin  weave, 
either a s  warp  sateen or filling sbteen. 

SATIS  WEAVt: A fabric   us~al ly   character ized by 
slnoothness  and  luster.  Generally made warp  face 
with 2 great  many  more  ends than p~cks .  The sur- 
face  consists  almost entirely of warp (or f lulng)  
floats in  construction  4/1  to 7,  1- The rntersectron 
Pcints  do not fall in  regular  l i n e s ,  tn.6 are   shlf ted 
in a   r e p l z r  or i r regular  I n a n n e r .  

SCOUR: A soap  and  hot  waler u a s h  to "off loom" 

SELVAGE: The  bindlng  lengthwise edge of a woven 
fabrtc. 

SHAKING (CLEAN!NGi: A commor.,  mechanical  method 
fabric. 

of r?moving  dust  from  filter  elements  Backwash, 
or other   supplemental   methds,   are  often  used wrth 
shaking. 
Air-shaking is a baK cleaning  meanswhereinbagsare 
shaken in a  random  fashlon b) high veloclty air  
stream  rather  than by mechanical devlces. 

SINGEING: The  burning off of the  protruding hairs 
from ulr warp  and  filllng  Yarns of the fabric .  

SINGLES: The  term  used to imply  only one  yarn. 
SIZIhG: A protective coatrng  api~ired to yarn  to  Insure 

safe  handling;  i.e.,  abraslon-resrsCanCe  during 
wuca.,Img. 

cellulose 

usually  elimlnated r n  l t n l s h i l y  

" " 
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SECTION 1 

INTRODUCTION 

The success o f  an a i r  p o l l u t i o n  abatement  program u l t i m a t e l y  depends 

upon e f f e c t i v e   o p e r a t i o n  and  maintenance (O&M) of t h e   i n s t a l l e d   a i r   p o l l u t i o n  

control   equipment.   Regardless  of  how w e l l  an a i r   p o l l u t i o n   c o n t r o l   s y s t e m   i s  

designed,  poor O&M will l e a d   t o   t h e   d e t e r i o r a t i o n   o f   i t s   v a r i o u s  components 

and  a r e s u l t i n g   d e c r e a s e   i n   i t s   p a r t i c u l a t e   r e m o v a l   e f f i c i e n c y .   T h i s   i s  

p a r t i c u l a r l y   t r u e   w i t h   f a b r i c   f i l t e r s ;  i f  n o t   c o r r e c t e d ,  a s m a l l   p r o b l e m   l i k e  

a p i n h o l e   l e a k   i n  a bag  can r e s u l t   i n   t h e   f a i l u r e   o f   t h e   s u r r o u n d i n g  bags 

w i t h i n  a sho r t   t ime .  

E f f e c t i v e  O&M a l s o   a f f e c t s   e q u i p m e n t   r e l i a b i l i t y ,   o n - l i n e   a v a i l a b i l i t y ,  

c o n t i n u i n g   r e g u l a t o r y  compl iance, and regu la to ry   agency lsource   re1   a t ions .  

Lack o f  t i m e l y  and p roper  O&M leads t o  a g r a d u a l   d e t e r i o r a t i o n  i n  the   equ ip -  

ment,  which i n   t u r n   i n c r e a s e s   t h e   p r o b a b i l i t y   o f   e q u i p m e n t   f a i l u r e  and  de- 

c reases   bo th   t he   re1   i ab i  l i ty  and o n - l i n e   a v a i l a b i l i t y   o f   t h e   e q u i p m e n t .  

These l a t t e r  two  i tems  can  decrease  p lan t   p roduc t iv i t y  i f  process   opera t ions  

a r e   f o r c e d   t o  be c u r t a i l e d   o r   s h u t  down t o   m i n i m i z e   e m i s s i o n s   d u r i n g   a i r  

po l l u t i on   con t ro l   equ ipmen t   ou tages .   F requen t   v io la t i ons  o f  e m i s s i o n   l i m i t s  

can r e s u l t   i n  more i nspec t i ons ,   po ten t i a l   f i nes   f o r   noncomp l iance ,  and i n  

some cases,  mandatory  shutdown unt i l   emiss ion   p rob lems  a re   so lved.  

This  manual focuses on t h e   o p e r a t i o n  and  maintenance o f   t y p i c a l   f a b r i c  

f i l t e r s .  The overview  presented i n   S e c t i o n  2 summarizes t h e   a v a i l a b l e   i n f o r -  

mat ion on f a b r i c   f i l t e r   t h e o r y  and d e s i g n   i n   s u f f i c i e n t   d e t a i l   t o   p r o v i d e  a 

bas ic   background  for   the O&M p o r t i o n s   o f   t h e   m a n u a l .  Numerous  documents a re  

a v a i l a b l e  i f  the   reader   des i res  a  more r i g o r o u s   t r e a t m e n t   o f   f a b r i c   f i l t e r  

theory  and design. 

The manual i s  des igned   to  be  an e d u c a t i o n a l   t o o l   f o r   p l a n t   a n d  €PA 

personnel ,   not  an enforcement   too l .  No a t t e m p t   i s  made t o   t e l l   p l a n t   p e r -  

sonnel how t o   o p e r a t e  a p l a n t ;   r a t h e r ,   t h e  manual prov ides  cause-ef fect  

SECTION 1-INTRODUCTION 1-1 



r e l a t f o n s h i p s   t o   a s s i s t   i n   t h e   p r e v e n t i o n   o r   l o c a t i o n   o f   p r o b l e m s .   A c t u a l  

p l a n t   e x p e r i e n c e   a n d   e x a m p l e s   a r e   u s e d   t o   d e m o n s t r a t e   o r   i l l u s t r a t e   c e r t a i n  

p o i n t s .  The manual will no t   on l y   se rve  as a handy r e f e r e n c e   r e g a r d i n g   f a b r i c  

filter O&M, b u t   a l s o   p r o v i d e   t h e   n e c e s s a r y   i n f o r m a t i o n   t o   a s s i s t   p l a n t   p e r -  

sonnel i n   t h e   p r e p a r a t i o n   o f   t h e i r  own s i t e - s p e c i f i c  O&M manual. 

1.1 SCOPE AND CONTENT 

Sect ion  2 o f   t h e  manual p resents  an  overv iew  of   fabr ic  f i  1 t e r   t h e o r y  and 

design i n   s u f f i c i e n t   d e t a i l   t o   p r o v i d e  a background f o r   t h e   o t h e r   s e c t i o n s   i n  

the  manual.  Although th is  s e c t i o n  does no t   p rov ide   " tex tbook"   cove rage   o f  

f a b r i c   f i l t e r   t h e o r y  and p r i n c i p l e s   ( s u c h   i n f o r m a t i o n  i s  r e a d i l y   a v a i l a b l e   i n  

t h e   t e c h n i c a l   l i t e r a t u r e ) ,  i t  does  draw a t t e n t i o n   t o  some  new i n f o r m a t i o n   o r  

recent   developments  that  may be  useful  i n  i m p r o v i n g   f a b r i c   f i l t e r  O&M. T h i s  

sec t i on   a l so   p resen ts  a g e n e r a l   d e s c r i p t i o n   o f   f a b r i c   f i l t e r   t y p e s  and exam- 

i n e s   t h e i r   a p p l i c a b i l i t y   t o   v a r y i n g  gas   s t ream  cond i t i ons   and   pa r t i cu la te  

c h a r a c t e r i s t i c s .  

Sec t ion  3 presents   the  purpose,   goaqs,   and  ro le   o f   per formance  moni tor -  

i n g  as  a major  e lement i n  an O&M program.  Discussions  w.i l1  focus  on  key 

per formance  ind icators   and  the i r   measurement  and on   i ns t rumen ta t i on ,   da ta  

a c q u i s i t i o n ,  and  recordkeeping  methods  useful  i n   o p t i m i z i n g   f a b r i c   f i l t e r  

system  performance. 

Sec t ion  4 d iscusses   the   use   o f   per fo rmance  mon i to r ing   and  o ther   in fo rma-  

t ion  to   evaluate  equipment   per formance,   d iagnose  rea l   or   impending  problems,  

and t roubleshoot   problem  and  mal funct ion  causes.   Track ing  procedures  and 

t rends   ana lys is   methods   tha t   can   be   used  to   assess   cur ren t   o r   impend ing   de te-  

r i o r a t i o n   i n   p e r f o r m a n c e   a r e   a l s o   d i s c u s s e d .   P r o b l e m   d i a g n o s i s   a n d   p o t e n t i a l  

c o r r e c t i v e  measures are   descr ibed.  

Sec t ion  5 p r e s e n t s   g u i d e l i n e s   f o r   g e n e r a l  O&M p r a c t i c e s  and  procedures 

f o r  use i n   i m p r o v i n g   a n d   s u s t a i n i n g   f a b r i c   f i l t e r   p e r f o r m a n c e   a n d   r e l i a b i l i -  

ty. Genera l   gu idance ,   ra the r   t han   spec i f i c   i ns t ruc t i ons ,  i s  g iven   because  o f  

t he   un ique   na tu re   o f   t hese   con t ro l   dev i ce   sys tems   and   o f   t he   p rocess   s t reams  

they  serve. The i n t e n t   o f   t h i s   s e c t i o n   i s   t o   p r e s c r i b e   t h e   b a s i c   e l e m e n t s   o f  

good o p e r a t i n g   p r a c t i c e  and prevent ive  maintenance  programs  that   can  be  used 

as  the   bas i s  and  framework f o r   t a i l o r e d ,   i n s t a l l a t i o n - s p e c i f i c  programs. 
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Sec t ion  6 p resents  methods  and  procedures  for   detai led  inspect ions o f  

f a b r i c   f i l t e r  systems  and t h e i r  components. It prov ides  s tep-by-step  proce-  

dures  and  techniques  for   conduct ing  external   and  in ternal   inspect ions  a t   both 

l a r g e  and s m a l l   f a b r i c   f i l t e r   i n s t a l l a t i o n s .   I n s p e c t i o n   d u r i n g   t h e   p r e -  

ope ra t i ona l   cons t ruc t i on   phase  and the  per formance  demonstrat ion  (basel in ing)  

per iod  are  a lso  addressed.   Safety   cons iderat ions  are  emphasized  and any 

spec ia l   p recau t iona ry  measures a t   m a j o r   s o u r c e   i n s t a l l a t i o n s   a r e   s t a t e d .  The 

p o r t a b l e   i n s t r u m e n t a t i o n  and safety   equipment  needed d u r i n g   i n s p e c t i o n   a r e  

l i s t e d ,  and  example  inspect ion  check l is ts   are  prov ided.  

Sec t i on  7 summarizes impor tan t   i t ems   tha t  an adequate O&M p lan   shou ld  

i n c l u d e .   D i f f e r e n t   p l a n s   a r e   s u g g e s t e d   f o r   s m a l l   v s .   l a r g e   f a b r i c   f i l t e r  

opera t ions .  The f o r m a t   o f   t h i s   s e c t i o n   c o n s i s t s   o f  an a n n o t a t e d   o u t l i n e   o f  

t he   key   i t ems   tha t   shou ld   be   i nc luded   i n  a model O&M p lan .  

‘Appendix A shows e x a m p l e s   o f   f a b r i c   f i l t e r  O&M forms.  Appendix B summa- 

r i z e s   t h e   d e v e l o p m e n t   a n d   s t a t u s   o f   f a b r i c   f i l t e r   a p p l i c a t i o n   t o   u t i l i t y  

b o i l e r s .   A l t h o u g h   t h i s   i s  an a p p l i c a t i o n   t h a t   i s   s t i l l   b e i n g   d e v e l o p e d ,  many 

o f   t h e   i n i t i a l   p r o b l e m s   h a v e   a l r e a d y  been solved. A g l o s s a r y   o f   t e r m i n o l o g y  

i s  a1 so presented. 

1.2 INTENDED USE OF MANUAL 

The i n t e n t   o f   t h i s  manual i s   t o   p r e s e n t  O&M p r i n c i p l e s  and  procedures  to 

supp lement   p lan t -spec i f i c  O&M techniques and s t r a t e g i e s .  An u n d e r l y i n g  

o b j e c t i v e   i s   t o   i m p r o v e   a i r   q u a l i t y   b y   p r o v i d i n g   t e c h n i c a l - g u i d a n c e   t h a t  will 
u p g r a d e   t h e   r e l i a b i l i t y  and  performance o f   f a b r i c   f i l t e r s .  

The intended  audience i s   t h e   p l a n t   e n v i r o n m e n t a l   e n g i n e e r ,   p l a n t  O&M 

personnel,  and EPA f i e l d   p e r s o n n e l .  The conten ts   a re   s lan ted   toward   the   con-  

cerns   o f   the   p lan t   env i ronmenta l   eng ineer ,   however ,  who w i t h   t h e   a s s i s t a n c e  

o f   h i s / h e r   s t a f f   i s   r e s p o n s i b l e   f o r   l o n g - t e r m   c o n t r o l   s t r a t e g i e s ,  O&M p lans,  

p r e p a r a t i o n   o f   b i d   s p e c i f i c a t i o n s ,  and  performance  trends  analyses. The doc- 

ument a l s o   p r e s e n t s   i n f o r m a t i o n   t o   e n a b l e   p l a n t  O&M p e r s o n n e l   t o   r e c o g n i z e  

potent ia l   problem  areas as w e l l  as e x i s t i n g   p r o b l e m s ,   t h e i r   u n d e r l y i n g   c a u s -  

es,  and t h e i r   s o l u t i o n s .  The i n f o r m a t i o n   p r o v i d e d   s h o u l d   h e l p  EPA f i e l d   p e r -  

sonnel t o   d e t e r m i n e  i f  t h e   f a b r i c   f i l t e r  i s  o p e r a t i n g   w i t h i n   t h e   a p p l i c a b l e  
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regulations, t o  judge  the  effectiveness o f  the  plant 's  O&M program, and  t o  
asseSs  the  causes of poor f a b r i c   f i l t e r  performance. 

The p l a n t  er\#ironmental  engineer wi 11 generally have  overall  responsi- 
b i l i t y  for  the  proper O&M of the   f ab r i c   f i l t e r ,   f o r  a wide range of trends 
analyses  related t o  performance of t he   f ab r i c   f i l t e r ,  a n d  for  background 
in fo rma t ion  d u r i n g  the  preparation of bid specifications.  This manual  does 
n o t  attempt t o  replace  the  step-by-step O & M  manuals prepared by f a b r i c   f i l t e r  
vendors or documents developed by the p l a n t  f o r  a si te-specific  application. 
Neither does i t  directly  address  the development of b i d  spec i f ica t ions .   I t  
does, however, attempt  to  provide  sufficient  detail t o  enable  the  plant  envi- 
ronmental engineer to  evaluate  the  plant's  present O&El program  and determine 
i f  and  where  improvements are needed. The examples presented  throughout  the 
tex t  can be used t o  become aware  of potential problems t h a t  can occur tha t  
the-engineer may not have experienced  as  yet. The descriptions,  general 
procedures, and analytical  techniques  presented can assist  the  plant  environ- 
mental engineer and the  central  engineering  staff  in developing b i d  specif i -  
cations  for purchase of a f a b r i c   f i l t e r  t h a t  w i l i   f ac i l i t a t e  O&M as well as 
performance evaluations and trends  analyses. 

Plant O&M personnel  should - n o t  use this manual for   specif ic   instruct ions 
on startup and shutdown procedures. Such instructions should be provided by 
the equipment manufacturer, and minor modifications  should be  made  by plant 
personnel to  f i t  s i te-specif ic  needs. This manual presents  general  operating 
guidelines t h a t  can  be used as a  background  document fo r  determining  the com- 
pleteness of the  plant 's   fabric  f i l ter   operating manual, preventive a n d  cor- 
rective maintenance procedures, and  troubleshooting and inspection  procedures. 

For EPA f i e l d  personnel,  the manual provides  guidelines  for a detailed 
f i e ld  inspection of f a b r i c   f i l t e r  systems. Emphasis i s  on the inspection 
methodology for  evaluating both equipment and performance.  Discussions do 
n o t  include  topics cGvered i n  detail  elsewhere (e.g.,  source  testing and 
opacity  readings). 

Other user groups will  find  the manual provides  useful  general  informa- 
t i o n  on f a b r i c   f i l t e r  O&M and  problems encountered  in a wide variety of fab- 
r ic   f i l ter   appl icat ions.  The  manual c iear ly  shows t h a t  a c tua l   f ab r i c   f i l t e r  
O&M a n d  performance often  differ  greatly from theorized O&M and performance. 
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SECTION 2 

OVERVIEW OF FABRIC  FILTER  THEORY, 
DESIGN, AND 0 8 M  CONSIDERATIONS 

The g e n e r a l   d e s c r i p t i o n s   o f   t h e   b a s i c   t h e o r y  and p r i n c i p l e s   o f  filtra- 

t i o n ,   f a b r i c   f i l t e r  systems,  and O&M cons ide ra t i ons   p resen ted  i n  t h i s   s e c t i o n  

a r e   i n t e n d e d   o n l y   t o   p r o v i d e  a background f o r   t h e   r e m a i n d e r   o f   t h e   m a n u a l .  

D e t a i l e d   i n f o r m a t i o n   i s   r e a d i l y   a v a i l a b l e   i n   v a r i o u s   t e x t b o o k s   a n d   i n   t h e  

proceedings o f   per t inen t   seminars   and  conferences .  

2.1 BASIC THEORY AND PRINCIPLES OF FILTRATION 

An u n d e r s t a n d i n g   o f   t h e   b a s i c   p a r t i c l e   c o l l e c t i o n  mechanisms  and  the 

f a c t o r s   t h a t   a f f e c t   f a b r i c   f i l t r a t i o n   a r e   n e c e s s a r y   f o r  a n y   e v a l u a t i o n   o f  

pa ramete r   mon i to r i ng   da ta   f o r   t he   es tab l i shmen t   o f   op t imum O&M procedures. 

It i s  i m p o r t a n t   i n   t h e   a n a l y s i s   o f   t h e   c a u s e - e f f e c t   r e l a t i o n s h i p s   b e t w e e n  

v a r i a t i o n s   i n   o p e r a t i n g   p a r a m e t e r s   a n d   o p e r a t i n g   c o n d i t i o n s   a n d   f a b r i c   f i l t e r  

performance. 

2.1.1 P a r t i c l e   C a p t u r e  Mechanisms 

A s i n g l e   f i b e r   c a n   b e   u s e d   t o   d e s c r i b e   t h e   v a r i o u s   c a p t u r e  mechanisms of 
a f a b r i c   f i l t e r .  As shown i n   F i g u r e  2-1, t h e   f i v e   b a s i c  mechanisms  by  which 

p a r t i c u l a t e   c a n  be c o l l e c t e d   b y  a s i n g l e   f i b e r   a r e  1) i n e r t i a l   i m p a c t i o n ,   2 )  

B rown ian   d i f f us ion ,  3 )  d i r e c t   i n t e r c e p t i o n ,  4 )  e l e c t r o s t a t i c   a t t r a c t i o n ,  and 

5 )  g r a v i t a t i o n a l   s e t t l   i n g .  

These c o l l e c t i o n  mechanisms, p l u s   s i e v i n g ,   a l s o   a p p l y   t o  a f a b r i c   w i t h  a 

dust   cake,   such  as  would  be  encountered  under   typ ica l   operat ing  condi t ions.  

I n e r t i a l   i m p a c t i o n  i s  t h e   d o m i n a n t   c o l l e c t i o n  mechanism w i t h i n   t h e   d u s t  cake. 

The f o r w a r d   m o t i o n   o f   t h e   p a r t i c l e s   r e s u l t s   i n   i m p a c t i o n  on f i b e r s   o r  on 

a l ready   depos i ted   pa r t i c l es .  lY2 Although   impac t ion   i nc reases   w i th   h ighe r  gas 

v e l o c i t i e s ,   t h e s e   h i g h e r   v e l o c i t i e s   r e d u c e   t h e   e f f e c t i v e n e s s   o f   B r o w n i a n  
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d i f f u s i o n .   I n c r e a s i n g   t h e   f a b r i c  and dus t   cake  poros i ty   by   use   o f  a l e s s  

dense f a b r i c  o r  more f r e q u e n t   c l e a n i n g   a l s o   r e d u c e s   d i f f u s i o n a l   d e p o s i t i o n .  3 

Except a t  low gas v e l o c i t i e s ,   g r a v i t y   s e t t l i n g   o f   p a r t i c l e s  as a method o f  

c o l l e c t i o n  i s  u s u a l l y  assumed t o  be n e g l i g i b l e .  1 ’ 3 y 4  E l e c t r o s t a t i c   f o r c e s  

may a f f e c t   c o l l e c t i o n  because o f   t h e   d i f f e r e n c e   i n   e l e c t r i c a l   c h a r g e  between 

t h e   p a r t i c l e s  and  the f i l t e r ;  however, the  impact  on  commercial-scale  equip- 

ment i s  n o t   f u l l y   ~ n d e r s t o o d . ~   S i e v i n g   o c c u r s  when t h e   p a r t i c l e  i s  t o o   l a r g e  

t o  pass   t h rough   the   f ab r i c   ma t r i x .  It i s  n o t  one o f   t h e   m a j o r  mechanisms f o r  

c o l l e c t i n g   p a r t i c u l a t e .  The c o m b i n a t i o n   o f   a l l   t h e s e   p a r t i c l e   c o l l e c t i o n  

mechanisms r e s u l t s   i n   h i g h - e f f i c i e n c y  r e m o v a l   e f f i c i e n c y   f o r   a l l   p a r t i c l e  

s izes  . 
2.1.2 Dust  Accumulation  on  Fabrics 

The f a b r i c   f i l t r a t i o n   p r o c e s s   o r   t h e   a c c u m u l a t i o n   o f   p a r t i c g l a t e  on a 

new f i b r i c   s u r f a c e   o c c u r s   i n   t h r e e  phases: 1) e a r l y   d u s t   b r i d g i n g   o f   t h e  

f a b r i c   s u b s t r a t e ,  2 )  subsurface  dust  cake  development,   and  3)  surface  dust 

cake  development. The f a b r i c   u s e d   i n  a f a b r i c   f i l t e r   i s   t y p i c a l l y  a woven o r  

fe l t ed   ma te r ia l ,   wh ich   f o rms   the   base   on   wh ich   pa r t i cu la te   em iss ions   a re   co l -  

lec ted .  Woven f a b r i c s   c o n s i s t   o f   p a r a l l e l   r o w s  o f  y a r n s   i n  a square  array.  

The open  spaces  between a d j a c e n t   y a r n s   a r e   o c c u p i e d   b y   p r o j e c t i n g   f i b e r s  

c a l l e d   f i b r i l s .   F e l t e d   f a b r i c s   a r e   c o n s t r u c t e d   o f   c l o s e ,   r a n d o m l y   i n t e r -  

t w i n e d   f i b e r s   t h a t   a r e  compacted t o   p r c v i d e   f a b r i c   s t r e n g t h .   F i g u r e  2-2 

d e p i c t s   t h i s   p a r t i c l e   a c c u m u l a t i o n  on woven g l a s s   f a b r i c s .  

I n   t h e   f i r s t  phase, p a r t i c l e s   e n t e r i n g  a new f a b r i c   i n i t i a l l y   c o n t a c t  

t h e   i n d i v i d u a l   f i b e r s  and f i b r i l s  and a r e   c o l l e c t e d   b y   t h e   f i l t r a t i o n  mecha- 

n i sms .   These   depos i ted   pa r t i c l es ,   wh ich   a re   essen t ia l l y   l odged   w i th in   t he  

f a b r i c   s t r u c t u r e ,   p r o m o t e   t h e   c a p t u r e   o f   a d d i t i o n a l   p a r t i c l e s .  As these 

p a r t i c l e s   b u i l d  up dur ing   the   second  phase,   par t i c le   aggregates  form, b r i d g -  

ing   o f   the   in te rweave and i n t e r s t i t i a l  spaces  occurs,  and a more o r   l e s s  

c o n t i n u o u s   d e p o s i t   i s   f o r m e d .   I n   t h e   t h i r d  phase, p a r t i c l e s   c o n t i n u e   t o  

c o l l e c t  on the   p rev ious   depos i t ,  and the   su r face   dus t   cake   i s   deve loped .  

The c l e a n i n g   c y c l e   ( v i a   s h a k i n g ,   r e v e r s e   a i r ,   o r   p u l s e   j e t )  removes some 

o f   t h e   s u r f a c e  cake. A f t e r  a f e w   c l e a n i n g   c y c l e s ,   t h e o r e t i c a l l y ,  a steady- 

s ta te  dust   cake  should be formed,  which will r e m a i n   u n t i l   t h e  bag i s  damaged, 

rep laced ,   o r  washed. A c t u a l l y ,  however, t h e   d u s t   c a k e   c a n   v a r y   s i g n i f i c a n t l y  
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from cycle t o  cycle,   particularly i n  severe  applications such a s   u t i l i t y  
boilers or met,allurgical  processes.  This remaining  cake forms a base for  the 
collectior: o f  par t ic les  when the bag i s  p u t  back on l ine  after  cleaning. 

2 .1 .3  Gas Stream Factors T h a t  Affect  Fabric F i l t e r  Design and Gperation 

A complete characterization of the  effluent gas stream i s  important i n  

the  design a n d  operation of a f a b r i c   f i l t e r  system. I t  should  include  the 
gas f low ra te ;  minimum and  maximum gas temperatures;  acid dew point;  moisture 
content;  presence of large  particuizte  matter;  presence of st icky  particulate 
matter;  part.iculate mass loading;  chemical,  adhesion, and abrasion  properties 
of the  particulate;  and presence  of potentially  explosive  gases  or  particu- 
late  matter. These .data can be used t o  design a col lector  w i t h  the  required 
degree of control or t o  optimize  the  operation o f  an e x i s t i n s   f a b r i c   f i l t e r ,  
as   i l lust rated by the  following examples: 

The s ize  of a f a b r i c   f i l t e r  system i s  determined by the  gas volume 
t o  be f i l tered,   the   a i r - to-cloth (A/C) r a t io ,  and the  pressure  drop 
a t  which t h e   f i l t e r  can be operated  given  the  fabric  type, d u s t  
cake properties, and  cleaning method. The area of fabric  surface 
i s  determined by multiplying  the  total gas flow by the  selected A/C 
ra t io .  

Penetration is   re la ted  to   the  effect ive A/C r a t i o  i n  the  system, 
par t icular ly   i f   the  A/C r a t io  i s  outside the optimum range f o r  the 
specific  application and type  of fabr ic   f i l t e r   ( see   Sec t ion  
2.2).9’10 Therefore,  the  lowest  possible  face  velocity  consistent 
w i t h  economic constraints  should be specified d u r i n g  the  design 
phase. This parameter  should also be considered i n  the  operation 
of an  e x i s t i n g   f a b r i c   f i l t e r ,   i f  process  flow rates  increase sig- 
nificantly  or  additional  sources  are added. 

Variations i n  gas  stream  temperature  over  time affect   the  operation 
and design  of a f a b r i c   f i l t e r .  The temperature  of  gases  emitted 
from industrial  processes may vary more than several hundred  de- 
grees  within short periods  of  time. They  may f a l l  below the gas 
moisture and acid dew points  or  they may exceed the maximum tha t  
the  fabr ic   wil l   to lerate .  The temperature  extremes must  be deter-  
mined before  the f i l t e r   f a b r i c  i s  selected and d u r i n g  evaluation  of 
f a b r i c   f i l t e r  performance. 

The par t ic le   s ize   dis t r ibut ion of the  dust must be considered i n  
the  design and operation of the  collector.   Particle  siz.e  distribu- 
t i o n  a f fec ts  b o t h  the  porosity of  the  dust  cake and abrasion  of  the 



-- f a b r i c .  The presence o f   f i n e   p a r t i c l e s   i n   t h e  gas  stream  can  cre- 
a t e  a very   compact   dus t   cake  and  inc rease  the   s ta t i c   p ressure   d rop  
through  the  cake. l1  These f i n e   p a r t i c l e s   c a n   a l s o   c a u s e   f a b r i c  
b l e e d i n g  i f  p u l l e d   t h r o u g h   t h e   f a b r i c .  The presence  o f   large 
a b r a s i v e   p a r t i c l e s  can  reduce  bag l i f e  and may necess i ta te   t he   use  
o f  a p r e c l e a n e r   o r  Gas d i s t r i b u t i o n   d e v i c e s   i n   t h e   c o l l e c t i o n  
sys tern. 

5)  Mo is tu re   con ten t  and a c i d  dew p o i n t   a r e   i m p o r t a n t  gas compos i t ion  
f a c t o r s .   O p e r a t i n g  a f a b r i c   f i l t e r   a t   c l o s e   t o   t h e   a c i d  dew p o i n t  
i n t r o d u c e s   s u b s t a n t i a l   r i s k   o f   c o r r o s i o n ,   e s p e c i a l l y   i n   l o c a l i z e d  
s p o t s   c l o s e   t o   h a t c h e s ,   i n  dead a i r  pockets,  i n  hoppers, o r   i n  
a reas   ad jacent   to   heat   s inks ,   such as e x t e r n a l  
A1 low ing   t he   ope ra t i ng   t empera tu re   t o   d rop   be low  the   wa te r   and /o r  
a c i d  dew p o i n t ,   e i t h e r   d u r i n g   s t a r t u p   o r   a t   n o r m a l   o p e r a t i o n ,  will 
u s u a l l y  cause b l i n d i n g   o f   t h e  b a g s .   A c i d s   o r   a l k a l i   m a t e r i a l s   c a n  
a l s o  weaken t h e   f a b r i c  and s h o r t e n   t h e i r   u s e f u l   l i f e .   T r a c e  com- 
ponen ts ,   such   as   f l uo r ine ,   a l so   can   a t tack   ce r ta in   f ab r i cs .  

2.1.4 F a b r i c   F i l t e r  Models 

F a b r i c   f i l t e r  models  have  been  developed t o   p r e d i c t   p e r f o r m a n c e   w i t h  

var ious  operat ing  and  des ign  parameters.14 The g r e a t e s t   d r a w b a c k s   t o   f a b r i c  

f i l t e r  m o d e l s   a r e   t h e i r   i n a b i l i t y   t o   a c c o u n t   f o r   r e a l - w o r l d   c o n d i t i o n s ,   s u c h  

as a c i d   d e w p o i n t   e x c u r s i o n s ,   t h e   r a t e   o f   f o r m a t i o n   o f   p i n h o l e   l e a k s   o r   b a g  

t e a r s ,   a n d   t h e   e f f e c t   o f   p o o r   c o n s t r u c t i o n   o r   m a i n t e n a n c e .   M o d e l i n g   a l s o  

r e q u i r e s   s i t e - s p e c i f i c   i n f o r m a t i o n   t h a t   i s   n o t   e a s i l y   o b t a i n e d ,   s u c h   a s   t h e  K 

f a c t o r   ( i . e . ,   t h e   s p e c i f i c   r e s i s t a n c e   o f   t h e   d u s t   c a k e   i n   i n c h e s   w a t e r   c o l u m n  

p e r  pound o f   d u s t   p e r   s q u a r e   f o o t   o f   f i l t e r   a r e a   p e r   f e e t   p e r   m i n u t e   o f  

f i l t e r i n g   v e l o c i t y ) .   I n   t h i s   s e c t i o n ,  a model  developed  by GCA C o r p o r a t j o n  15 

f o r   t h e  U.S.  Env i ronmenta l   Pro tec t ion  Agency  and a p p l i c a b l e   t o   c o a l - f i r e d  

b o i l e r s   i s   d i s c u s s e d   b r i e f l y   t o  show t h e   t y p i c a l   v a r i a b l e s   t h a t   a r e   i n c l u d e d  

i n  a f a b r i c  f i  1 t e r  model . Again, a1 though  none o f  t h e   a v a i l a b l e   f a b r i c  

f i l t e r  models i s   v e r y   u s e f u l  i n  t h e   e v a l u a t i o n   o f   t h e   e f f e c t   o f  O&M p r a c t i c e s  

on f a b r i c   f i l t e r   e f f i c i e n c y ,   t h e y   c a n  be  used t o  some e x t e n t   t o   e v a l u a t e   t h e  

e f f e c t   o f  some d e s i g n   p a r a m e t e r s   o n   t h e   t h e o r e t i c a l   e f f i c i e n c y  of t h e   u n i t .  

The GCA m o d e l 1 4   p r e d i c t s   t h e   a b i l i t y   o f   f a b r i c   f i l t e r s   t o   c l e a n   c o a l -  

f i r e d   b o i l e r   f l u e  gases.  This  model  addresses f i l t e r s   h a v i n g   e i t h e r   m e c h a n i -  

c a l   o r   r e v e r s e - a i r   c l e a n i n g  mechanisms. It prov ides   es t imates  of average  and 

p o i n t   v a l u e s   f o r   p e n e t r a t i o n  and mass e f f l u e n t   c o n c e n t r a t i o n   f o r  a s e l e c t e d  



s e t  o f  ope-rat ing  parameters  and  dust / fabr ic   spec i f icat ions.  The model ex -  

p r e s s e s   p e n e t r a t i o n   o r   o u t l e t   c o n c e n t r a t i o n  as a f u n c t i o n  o f  t h e   f o l l o w i n g  

parameters: 

Pn o r  Co = f (@,  Ci, W ,  F ,  C R )  

where Pn = p e n e t r a t i o n  

Co, = o u t l e t   c o n c e n t r a t i o n  

Ci = i n l e t   c o n c e n t r a t i o n   ( c o n s t a n t )  

CR = r e s i d u a l   c o n c e n t r a t i o n  

Q = a p a r a m e t e r   c h a r a c t e r i z i n g   t h e   d u s t / f a b r i c   c o m b i n a t i o n  o f  i n t e r e s t  

W = f a b r i c   d u s t   l o a d i n g  

F = f a c e   v e l o c i t y   ( d e t e r m i n e d  by t h e   a i r - t o - c l o t h   r a t i o )  

t o  d e t e r m i n e   t h e   p a r a m e t e r   t h a t   i n f l u e n c e s   f a b r i c   f i l t e r   e f f i c i e n c y   f o r  

a spec i f i c   p rocess ,  one   can   i nves t i ga te   each   o f   t he   pa ramete rs   i nd i v idua l l y .  

Acco rd ing   t o   t he   mode l ,   f ace   ve loc i t y  i s  t he   des ign   pa ramete r   w i th   t he   g rea t -  

es t   impac t   on   pene t ra t i on .   Under   ac tua l   f i e ld   cond i t i ons ,   however ,   o the r  

f a c t o r s  may have a much more s i g n i f i c a n t   i m p a c t  on f a b r i c   f i l t e r   e f f i c i e n c y .  

2.1.5 F a b r i c   F i l t e r   A p p l i c a t i o n s  

The t w o   f u n d a m e n t a l   a p p l i c a t i o n s   o f   f a b r i c   f i l t e r s   a r e   f o r   n u i s a n c e   d u s t  

c o n t r o l   a n d   f o r   p r o c e s s   c o n t r o l .  These a p p l i c a t i o n s   a r e   d i s c u s s e d   b r i e f 1 . y  

bel ow. 

2.1.5.1 Nu isance  Dust   Cont ro l   App l ica t ions- -  

S torage  s i los ,   woodwork ing   shops ,   and  mater ia ls   t rans fer   a re   examples   o f  

the   types  o f  o p e r a t i o n s   w h e r e   f a b r i c   f i l t e r s   w o u l d  be  used t o   c o n t r o l   d u s t   i n  

t h e   a i r .  In many cases,  low  volumes o f   a i r   a r e  handled,  and  continuous 

o n - l i n e   c l e a n i n g ,   l o n g - l i f e   f a b r i c s ,   c o r r o s i o n ,  and o t h e r   f a c t o r s   a r e   u s u a l l y  

n o t   c o n s i d e r a t i o n s  i n  t h e i r   d e s i g n  and o p e r a t i o n .  

2.1.5.2 Manufac tur ing   Process   App l ica t ions- -  

F a b r i c   f i l t e r  systems  used to   c lean  the   exhaust   f rom  ma jor   p rocesses  may 

be r e q u i r e d   t o   o p e r a t e  24 hours a day, 365 days a year .  The exhaust  streams 
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may.-contain large  high-temperature gas volumes, highly  abrasive  rateria 
submicron par t ic les ,  and corrosive  agents. In some cases, the process 
f i l t e r  may be c r i t i c a l  t o  the  plant ' s  continued  operation. I n  ari aspha 
p l a n t ,  f o r  example, i f   the   fabr ic   f i l t e r   i s  n o t  operating  properly,  the 
may n o t  be able t o  achieve  adequate  production rates.  15 

I S ,  

f a b r i c  
I t  

P 

If  toxic  substances  are  present  in  the gas stream,  operation of  the 
f a b r i c   f i l t e r   i s   c r i t i c a l  t o  the  well-being o f  the workers and the  genera 

a n t  

public  (e.g., i n  a p l a n t  where lead  oxide is  generated). For these  reasons, 
more sophisticated  monitoring equipment (such  as  temperature and  pressure 
gages a t  an inside  monitoring  station  rather t h a n  outs ide)   is  used t o  monitor 
the performance  of these  units,  and they  generally  represent a higher  invest- 
ment than fugi t ive d u s t  collectors.  Fabric  filters  controlling  processes  are 
stressed  in this manual because of the wide variation i n  operating  conditions 
t o  which they  are exposed and the importance of troubleshooting and regular 
niaintenance for  efficient  operation. 

2.2 FABRIC FILTER SYSTEMS 

Although the  basic  particulate  collection wechanisms are  the same for  
a l l   f ab r i c   f i l t e r s  and  gas stream  factors  affecting  their performance are 
relatively  similar,  the equipment i t s e l f  and fabrics used in   fabr ic   f i l t e r  
systems vary  widely by vendor and application. Some o f  these  variations  are 
necessary to  meet various performance capability demands  and physical  charac- 
teristics;  others  are  the  products o f  individual  contributions of numerous 
equipment a n d  fabric vendors. 

Although f a b r i c   f i l t e r s  can be classif ied in a number of ways, the most 
common  way i s  by the i r  method of fabric  cleaning:  shaker,  reverse-air, and 
pulse-jet. 

2 .2 .1  Shaker-Type Fabric  Filters 

A conventional  shaker-type  fabric f 
ticulate-laden gas enters below the  tube 
surface t o  the  outside  surface. A t  regu 
cake i s  removed  by  manual shaking ( m a l  1 

i l t e r   i s  shown in  Figure 2-3. Par- 
sheet and passes from the  inside bag 

lar   in tervals  a portion o f  the  dust 
systems) or mechanical  shaking 
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Figure 2-3 .  Small shaker- type  fabr ic   f i l ter  
(Reprinted  with  permission from Flakt, Inc.) .  
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(larger  systems). Mechanical shaking o f  the f i l t e r   f a b r i c   i s  normally accom- 
plFshed by rapid  horizontal motion induced by a mechanical shaker  bar a t -  
tached a t  the  t o p  o f  the baa. The shaking creates a standing wave i n  t h e  bag 

a n d  causes  flexing o f  the f a b r i c .  The flexing  causes  the  dust cake t o  crack, 
and  portions  are  released from the  fabric  surface. The cleaning  intensity  is 
controlled by bag tension and  by the  amplitude,  frequency, and duration of 

the  shaking. Woven fabrics  are  generally used i n  shaker-type  collectors; and  
because o f  the low cleaning  intensity,  the gas flow i s  stopped  before  clean- 
ing begins t o  eliminate  particle  reentrainment and  t o  allow  the  release of  
the  dust  cake. The cleaning may be done by bag ,  row, section, or compart- 
men t . 

Gas flow t h r o u g h  shaker-type  fabric  f i l ters  is   usually  l imited t o  a low 
superficial  velocity or A / C  r a t io  of less  than  3 ft/min and a typical range 
of from 1 t o  2 ft/min. High A/C values can lead to  excessive  particle pene- 
t ra t ion  o r  blinding, which reduces fabr ic   l i fe  and results  in high pressure 
drop. 

Mechanical shaker-type  units  differ with  regard t o  the  shaker assembly 
design, bag length and arrangement, and  type of fabric.  All sizes of control 
systems can use the  shaker  design. 

2 . 2 . 2  Reverse-Air Fabric F i  1 t e r s  

In f ab r i c   f i l t e r s  with  reverse-air  cleaning,  particles can be collected 
on a dust cake on either  the  inside or outside of the bag. Fabrics may be 
ei ther  woven or f e l t ,  b u t  f e l t s   a r e  normally rest r ic ted t o  external  surface 
collection. A small cylindrical  unit w i t h  external  surface  f i l tering  is  
i l lustrated  in  Figure 2-4. In  this  design,  the bags are  arranged  radially 
and are suspended from an upper tube  sheet. The inner and outer row of 

reverse-air  manifolds  continuously  rotate around the  unit and use a dampering 
system t o  induce reverse flow i n  each bag. Thus, i t  i s  not  necessary t o  
isolate  the  entire baghouse for  dust-cake removal. A somewhat larger and 

perhaps more typ ica l   reverse   a i r   f i l t e r  i s  shown in  Figure 2-5. 
Regardless of  design differences,   the  principle  is   the same. Cleaning 

i s  accomplished by reversal of the  gas flow t h r o u g h  t h e   f i l t e r  media. The 
change in  direction  causes  the  surface  contour of the f i l t e r   su r f ace  t o  
change (relax)  and promotes dust-cake  cracking. The f low of  gas through the 
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Figure 2-4. Example o f  a small cylindrical   reverse-air   fabric  f i l ter   design 
(Courtesy o f  Carter-Day Company). 
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Figure 2-5. An example o f  a large  reverse-air   fabr ic   f i l ter  
(Courtesy of MikroPul Corporat ion) .  

2-1 2 



- 

f a b r i c  ass i s t s  i n  removal o f  the cake. The reverse f l o w  may be supplied by 
cleaned  exhaust  gases or by ambient a i r  introduced by a secondary fan. 

I n  f i l t e r s  w i t h  inside bag collection,  cleaning  is done w i t h  compart- 
ments isolated. The f i l t e r  bags may require  anticollapse  rings t o  prevent 
closure o f  t h e  tube and d u s t  bridging. 

Reverse-air f i l t e rs   a re   usua l ly  limi  ted t o  A / C  ra t ios  of less  than 
3 ft/min, and a range o f  about 1 t o  2.5 ft/min. I n  general,  the  appropriate 
A / C  r a t i o  for a reverse-air  unit s h o u l d  be abou t  one-third lower than for  a 
similar  shaker-type u n i t  application.* 

2.2.3 Pul se-Jet  Fabric F i  1 t e r s  

In pulse-jet   fabric  f i l ters,   f i l tering  takes  place on exterior bag 
surfaces. A small pu l se - j e t   f ab r i c   f i l t e r   i s   i l l u s t r a t ed  i n  Figure 2-6. The 
bags,  ‘supported by inner  retainers  (usually  called  cages),  are suspended from 
a tube sheet, an upper cell   plate.  Compressed a i r  for cleaning is  supplied 
through a manifold-solenoid assembly into blow pipes.  Venturis  are mounted 
in  the bag entry  area  to improve the  pulse-jet  effect and t o  protect  the  top 
p a r t  o f  the bag. The diffuser i s  placed a t  the gas in l e t  t o  prevent  large 
particles from abrading lower portions of the bag. 

During cleaning, a brief  (generally  less t h a n  0.2-second)  pulse of com- 
pressed air  injected  into  the  top of the bag creates a traveling wave i n  the 
fabric, which shatters  the cake and throws i t  from the  surface of the  fabric. 
The dominant cleaning mechanism i n  a pulse-jet  unit  is  fabric  flexing.  Felt- 
ed fabrics  are normally  used, and the  cleaning  intensity  (energy) i s  high. 
The cleaning  usually  proceeds by rcws, and a l l  bags i n  a row are  cleaned 
simultaneously. The compressed-air  pulse, which i s  delivered a t  80 to  120 
psi,  results i n  local  stoppage o f  the gas flow. The cleaning  intensity i s  a 
function of compressed-air pressure.  Pulse-jet  units can operate a t  substan- 
t i a l l y  higher A/C ra t ios  t h a n  the  previously  discussed  fabric  filters because 
of their  higher  cleaning  intensity. Typical ra t ios  range from 5 to  10 f t  / 
f t  -min. 

3 
2 

* 
Correspondence between Wheelabrator-Frye,  Inc., and  PET. Associates,  Inc., 
February 1, 1985. 
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F i g w e  2-6. Example o f  a small pulse-jet  f a b r i c  f i l t e r  
(Courtesy o f  Gcorge A. Rol fes Company). 
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The  plenum pulse  cleaning method i s  a v a r i a t i o n  of  the  pulse-jet  clean- 
i n g  mechanism; i n  t h i s  method, a n  entire  section o f  bags i s  pulsed  with 
compressed a i r  from the  clean a i r  plenum. 

2.2.4 Other  Designs and Modifications 

2 .2 .4 .1  Positive-Pressure Vs. Negative-Pressure  Units-- 
Fabric f i l t e r s  can be constructed  either as a posi tive-pressure u n i t  

with the f a n  upstream of t he   f ab r i c   f i l t e r  or as a negative-pressure  unit 
w i t h  the  fan downstream of the  unit. 

The use of a posit ive-pressure  fabric  f i l ter   el iminates  the need fo r  
ductwork and a stack downstream  of the  unit, which reduces  requirements for  
space and other  materials b u t  makes monitoring more d i f f i cu l t .  Because 
positive-pressure units are  generally n o t  exposed t o  as high a s t a t i c  pres- 
sure  as  negative-pressure  units, housing can sometimes be constructed of a 
bolted  light-gauge  1nateria1.l~ Any leaks from the   f ab r i c   f i l t e r  will enter 
the  surrounding a i r ,  which eliminates  the  potential  cooling  effects of unde- 
s i r ab le   d i lu t ion   a i r ,  b u t  increases  the risk o f  fugitive  emissions from the 
u n i t .  Positive-pressure  units  are  frequently used t o  control  arc  furnaces, 
canopy exhausts,  ferroal  loy  furnaces, and 8OF reladl ing fumes. 16 

In negative-pressure units , the  fan i s  located on the  clean  side of the 
f i l t e r ,  where i t  i s  subject t o  less  wear  from d u s t  abrasion. The fabric  
f i l t e r  housing must be gas-tight,  as any leaks  will draw a i r  i n  from the 
outside.  This  outside  air  will normal ly cool the gas  stream; and i t  could 
reduce the gas  temperature below the dew p o i n t ,  which  would cause condensa- 
tion on the  inside of the u n i t .  In some processes,  introduction of outside 
air  increases  the risk of f i r e  and/or  explosion. On the  other hand, leaks 
will n o t  resu l t  i n  fugit ive emissions because  ambient a i r  i s  drawn into  the 
unit.  Negative-pressure  units  are  generally used on coal-fired  boilers,  
cement kilns , rock dryers, carbon black reactors/dryers, and nonferrous 

smelting  furnaces. 16 

2.2.4.2 Fabric  Filter Control of Sulfur Dioxide-- 
Some f a b r i c   f i l t e r s  used t o  control  boilers  are  designed  or  modified t o  

collect  sulfur dioxide (SO2) with a dry S02-co11ection  system. The two basic 
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methods o f  dry SO, removal a re  1 )  dry injection a n d  2 )  spray d r y i n g .  The 
f i r s t  method consis ts  of  in ject ing a sodium compound (nahcolite)  as a powder 
i n t o  the  flue gas  upstream of  t he   f ab r i c   f i l t e r .  The d r y  sorbent  collects on 
the  bags, a n d  the SO2 i s  removed, b o t h  i n  t h e  suspended st.ate and  when the 
gases  pass t h r o u g h  the  cake  that has b u i i  t t ip  on the bags .17 I n  the  spray 
d r y i n g  technique, an  atomized alkaline  solutiorl   cr   slurry  ( l ime) i s  injected 
into  the  flue  gas. As the  alkaline  material  evaporates t o  dryness, i t  reacts 
w i t h  the SOx and HC1 in  the  f lue gas ."  The resultant  reactior:  products  are 
collected,  usually  along w i t h  the   f ly  ash i n  t he   f ab r i c   f i l t e r ,  a n d  disposed 
of  as a dry  waste. 

" L 

The primary  advantages of  both dry removal systems are  the lower capital  
cost  associated w i t h  the  simultaneous removal o f  SO2 and  par t iculate  i n  the 
system, grea te r   ava i lab i l i ty  of the system  because of i t s   s i m p l i c i t y ,  and  
lower energy and water consumption t h a n  with wet scrubbers. Spray drying 
kias an  additional  advantage i n  t h a t  i t  can be used in  conjunction w i t h  e i t he r  
f a b r i c   f i l t e r s  or electrostatic  precipi  tator 's .  

The main disadvantages of spray  drying  are  that high removal eff ic ien-  
c ies   are  more d i f f i c u l t  t o  obtain,  a h ighly  react ive  ( i .e . ,  nonlimestone) 
absorbent must be used, and the  spent  sorbent  cannot be eas i ly  disposed  of. 

2 . 2 . 5  Recent Developments  and Trends 

17 

Many of the  continuing  efforts  to develop new techniques,  technologies, 
and applications  for  fabric  f i l ters  are  nct   within  the scope  of this  report  
because they  are  ei ther i n  the early  stages o f  development or the  topic  is  of 
l imited  interest .  These topics  include: 

O Elec t ros ta t ica l ly  enhanced f i l t r a t i o n  
O Wet and granular   f i l t e rs  

Grounded bags i n  coal  mill  installations 
Counterweight bag tensioner 

O Stainless   s teel  and other  exotic  materials  for bags. 

Further  information on these  topics can be obtained by reviewing special t  
conference  proceedings and periodical  art icles.  

The re la t ive ly  new products t h a t  are  described  briefly  include  the 
Staclean  diffuser and sonic enhancement c f  bag cleaning. The Staclean d i  

fuser   i s  designed to  provide a bet ter   d is t r ibut ion o f  the  cleaning  pulse 

Y 

f -  
i n  



pulse-jeT f c b r i c  filtc),rs. This perfcrated  tube, which f i t . 5  inside  the bag 
cage,  reportedly pt-events  the  full  force o f  the  pulse frcnl acting on the t o p  
p o r t i o n  of the bag a n d  a1  lows  more o f  the p u l  sed-air energy to  reach the 
b o t t o m  o f  the b a y .  The expected rcsul t i s  more 3 n i  form cleaning of the bag  

a n d  1 ovger b a g  1 i f e .  19 

The Electr ic  Power Research Ins t i tu te  ( E P R I )  and the  Public  Service Co. 
o f  Colorado  ( P S C )  have tested  the  effectiveness o f  sonic  energy enhancement 
in removing accumulated dust from the bags of a 1-everse-air f i l t e r  and  keep- 
i n g  the  pressure drop down.” I n  t h i s  method, horns sound d u r i n g  the  re- 
verse-air  cleaning  cycle t o  help  dislodge  the f i l t e r  cake. Both EPRI and  PSC 
have had success w i t h  t h i s  technique;  pressure  drop has decreased  as much as 
40 to  50 percent.”  Further  studies  are being  conducted by EPRI t o  determine 
the impact of d i f fe ren t  horn frequencies,  locations,  timing, and duration. 20 

A l l  ins ta l la t ions  t o  date have  been r e t ro f i t t ed .  The effectiveness of t h i s  
technique i n  preventing  excessive  residual d u s t  cake  buildup on clean bags 
has n o t  yet  been demctlstrated. 

2.3 SYSTEM COMPONENTS 

2.3.1 Fabric 

Fi l ter   fabr ics  commonly used in opera t ing   fac i l i t i es   a re   e i ther   fe l ted  
or woven. Fe l t   i s  a genuine f i l t e r  medium  and col lects   par t iculates  more 
e f f ic ien t ly  a t  cmparable gas veloci t ies ;  however, i t   i s   a l s o  more expensive. 
Felted  fabrics ar? composed of randomly oriented  f ibers and a re   re la t ive ly  
thick. The thickr,ess  provides maximum particle’ impingement, b u t  i t  a lso 

I increases  the  static  pressure d rop .  Felted  fabrics  are normally used in 
I 
i pulse-type  unit.s and  are  operated a t  high A/C ra t ios .  

Woven fabrics  are  generally used i n  shaker and reverse-a i r   f i l t e r   sys-  
tems  and are  operated a t  re la t ively low A/C ra t ios .  Woven fabr ic  i s  made u p  
of filament or staple  (spun)  yarns in a variety of weaves w i t h  various  spac- 
ings between the  yarns. The f in i sh   i s   spec i f ica l ly  designed to   re ta in   o r  
shed f i l t e r  cake, depending on the  application.  Figure 2-7 shows sever! cf 
the most common weave patterns.  P l a i n  weave has the  lowest  init ial   cost ,   the 
least   porosity,  and the  greatest   par t ic le   re tent ion;  however, i t  a l s o  has the 

8ECTION 2-OVERVIEW OF FABRIC FILTER THEORY. DESION,  AND 06U CONSIDERATIONS 
2-17 



&in or Taffeta. 
Weave 111 

YA 

312 Regular Twill 

I 

., 
Crowfoot" Satin or 

4 Shah Stin 

No. 4 H a r m  

211 Regular 
Twill 

411 Satm 
(Sateen if Cotton) 

No. 5 Harness 

311  Regular 
Twill 

2/2 "Broken" Twill 
or Chain Weave 

Other Popular Weaves: 
Drill = 211 L.H. Twill, or 3/1  Twill 
Herringbone = a type of broken twill 
Basket  Weave = extension of plain weave 
Gabardine = r q u l r  or steep twill with 

higher warp than fill count 

Figure  2-7. T y p i c a l   f a b r i c  weaves ( r e p r i n t e d  by permiss ion:  
I n d u s t r i a l  Gas C l e a n i n g   I n s t i t u t e ) .  
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g r e a t e s t   p o t e n t i a l   f o r   b l i n d i n g .  Twill weave has medium r e t e n t i o n  and b l  

i n g   c h a r a c t e r i s t i c s  and  has reasonab le   permeab i l i t y ;  it a l s o   e x h i b i t s   t h e  

bes t   res i s tance   t o   ab ras ion .   Sa teen  weave  has t h e   l o w e s t   p a r t i c l e   r e t e n t  

i s  e a s i e s t   t o   c l e a n   o f   a c c u m u l a t e d   d u s t ,  and  has t h e   l o w e s t   p o t e n t i a l   f o r  

i nd- 

i o n ,  

b l i n d i n g .  The permeabi 1 i ty o f  woven f a b r i c s  depends o n   t h e   t y p e   o f   f i b e r ,  

t h e   t i g h t n e s s   o f   t h e   t w i s t ,   t h e   s i z e   o f   y a r n ,   t h e   t y p e   o f  weave (geometr ic  

p a t t e r n ) ,   t h e   t i g h t n e s s   o f   t h e  weave ( th read   coun t ) ,  and t h e   t y p e  o f  f a b r i c  

f i n i s h .  The p e r m e a b i l i t y  o f  t h e   f a b r i c ,  however,  has l i t t l e   t o  do w i t h   t h e  

o p e r a t i o n   o f   t h e   f a b r i c   u n d e r   a c t u a l  gas c o n d i t i o n s .  

Woven f a b r i c s   a r e   a v a i l a b l e   i n   s e v e r a l   f i n i s h e s .   C o t t o n   f a b r i c s  may be 

p resh runk   t o   ma in ta in   d imens iona l   s tab i  1 i ty ( i  .e., r e s i s t a n c e   t o   s t r e t c h i n g  

o r   s h r i n k i n g   i n  a n y   d i r e c t i o n ,   w h i c h   c o u l d   a d v e r s e l y   a f f e c t   o t h e r   f a b r i c  

c h a r a c t e r i s t i c s )  . Spun f i b e r   f a b r i c s  may be  napped  on t h e   s u r f a c e   t h a t  w i  11 

r e c e i i e   t h e   d u s t   l o a d .  The n a p p i n g   p r o c e s s   p u l l s   f i b e r s   o u t   o f   t h e   y a r n  

bund les   t o   f o rm a s o f t   p i l e ;   t h i s  p romotes   t he   f o rma t ion   o f  a dust  cake  on 

t h e   f a b r i c   s u r f a c e   t h a t  does n o t   p e n e t r a t e   t h e   i n t e r s t i c e s   o f   t h e   f a b r i c .  

S y n t h e t i c   f a b r i c s  may be h e a t - s e t   t o   e n s u r e   d i m e n s i o n a l   s t a b i l i t y   a n d   t o  

p rov ide  a smooth s u r f a c e   w i t h   u n i f o r m   p e r m e a b i l i t y .  Any f a b r i c  may be sili- 

c o n e - t r e a t e d   ( a l s o   u s e d   i n   c o m b i n a t i o n   w i t h   g r a p h i t e   a n d   T e f l o n )   t o   i m p r o v e  

a b r a s i o n   r e s i s t a n c e ,   t o   f a c i l i t a t e   c a k e   r e l e a s e ,  and t o  reduce  mo is tu re  

a b s o r p t i o n .   F a b r i c   f i n i s h   i s   e x t r e m e l y   i m p o r t a n t   f o r   i n s i d e   b a g   f i l t e r i n g ,  

w h e r e   n o d u l e s   d e v e l o p   t h a t   r e s t r i c t   f i l t e r i n g   ( i n c r e a s e   p r e s s u r e   d r o p )  and 

i n t e r f e r e  wi th cake  release. The format ion  o f   nodules  can  be  reduced  by 

s i n g e i n g   t h e   i n t e r i o r   o r   e x t e r i o r   s u r f a c e  t o  remove f i b e r s   n o t   t i g h t l y  bound 

i n   t h e  weave. 

F a b r i c   s e l e c t i o n   i s   u s u a l l y  b a s e d   o n   t h e   p r i o r   e x p e r i e n c e   i n   s i m i l a r  

a p p l i c a t i o n s .  The f o l l o w i n g   f a c t o r s   a r e   i m p o r t a n t :  

Dus t   pene t ra t i on  
Continuous  and maximum opera t ing   tempera tures  
Chemical  degradation 
Abras i on r e s  i stance 
Cake re1  ease 
Pressure  drop 
c o s t  
Cleaning  method 
F a b r i c   c o n s t r u c t i o n  
Bag l i f e   t i e s i r e d  

I 
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The choice of fabric  ultimately  affects  pressure  drop,  selection of cleaning 
method, outlet  concentration, and t h e  l i f e  of  t h e  fabric under operating 
conditions. 

Fi l ter   fabr ics  can further be broken down into  the f o l l o w i n g  three 
classi f icat ions:   natural ,   synthet ic ,  and mineral. The f ibers  included i n  

each are  as  follows: 

O Natural 

- Cotton 
- Wool 

O Synthetic 

- Polypropylene 
- Nylon 
- Polyester (Dacron) 
- Nyl on aramide (Nomex) 
- Acrylic  (Dralon T )  
- F1 uorocarbon (Tef 1 o n )  
- Polyphenyl ene sul f ide (Ryton) 

O Mineral 

- Glass 
- Ceramic 
- Stainless  steel  (or other  exotic  alloys such as  Hastelloy and 

Chromalloy, depending upon the  application) 

Other substances can be used as  coatings on these  fabrics t o  improve 
their  operating  characteristics ir! specific environments. The most common 
coatings  are Teflon and silicone/graphite. 

The properties of commonly used fabrics and fabric  coatings  are  dis- 
cussed  in  conjunction  with  the gas stream  properties t h a t  l imit  which fabric  
can be used in  various  applications. These properties  are  temperature,  the 
chemical composition o f  the  gas, and the  abrasive  nature o f  the  particulate.  

2.3.1.1 Gas Stream Properties  Affecting  Fabric  Life-- 

Temperature--High temperatures  accelerate  the  degradation of the polymer 
in  synthetic and natural  fabrics. Table 2-1 l i s t s  the  continuous tempera- 
tures a t  which reasonable performance of the  various  fabrics can be expected 

" " 



TABLE 2-1. RECOMMENDED TEMPERATURE LIMITS FOR VARIOUS F A B R I C S ~ , *  

Generic name Fiber 

Cotton 

Wool 

Nylon 

Dyne 1 

Polypro- 
pyl ene 

Or1 on 

, Dacron 

Nomex 

Tef  1 on 

Fi berg1 ass  

Stainless 

Natural f i be r  
ce l l  u l  ose 

Natural f i be r  
protein ' 

Nylon polyamide 

Modacrylic 

Pol  yo1 ef  i n 

Acryl i c 

Pol yes ter 

Nylon aromatic 

Fluorocarbon 

G1 ass  

i Maximum gas  temperature, O F  

Continuous 

180 

200 

200 

160 

200 

275 

275 

400 

500 

500 

1000 

Short-term 

225 

250 

250 

200 

250 

320 

325 

425 

530 

550 

No data 

I 

I 
Me1 t i n g  

temperature, O F  

(Adapted from Perkins, H.C. In: Air Pollution, A. Stern  (ed.), McGraw Hi l l ,  
New York, 1974). 

I 

420 decomposes 

575 chars 

520 

440 softens 

440 

520 softens 

440 

640 decomposes 

670  decomposes 

1070 

1700 
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under .-normal conditions,  according t o  fabric  manufacturers. The maximum 
short-term  temperature  represects  the  temperature a t  which r a p i d  deteriora- 
t i o n  w i l l  occur and resu l t  i n  immediate fa i lure .  For synthetics,   this  is   the 
temperature a t  w h i c h  polymer softening/polymer  chain breakage occurs and  
causes permanent elongation. 

Polymer finishes,  such as  Teflon, can also degrade a t  h i g h  temperatures. 
A few minutes o f  exposure to  temperatures above the recommended continuous 
operating  temperatures may n o t  resu l t  i n  immediate f a i lu re ,  b u t  will reduce 
the  overall l i f e  of the  fabric.  The e f fec ts  of repeated  temperature  excur- 
sions on tensile  strength  are  cumulative. 

Chemical composition--Chemical degradation of the  fabr ic   is  caused by 

the  breaking of polymer chains w i t h i n  the  fiber  structure.  This can be 
caused by acid  hydrolysis or a lka l i  a t t a c k .  

As the  chain  length of a polymer i s  reduced by chemical a t t ack ,   i t   l o ses  
strength. The chemical attack may  be accelerated by moisture or metal cata- 
lysts i n  the  dust impregnated i n  the  f ibers.  The ra te  of  attack  increases 
with temperature. 

Chemical composition of the gas  stream  (along w i t h  i t s  moisture  content 
and temperature) must be considered  in  selection of the f a b r i c .  Table 2-2 
presents  the  ratings of commercial fabrics w i t h  respect t o  chemical r e s i s t -  
ance.  "Resistance" i s  a re la t ive  term; i t  does  not imply total   resistance t o  
a specific  chemical.  Also,  resistance may  be greatly reduced by cyclic oper- 
ation under different  conditions and concentrations.  Tables such as   th i s  
must  be  used with caution.  Polyester  is  generally  rated  as  resistant t o  
alkali   at tack, b u t  a t  temperatures above 93°C (200°F) and in  the  presence of 
moisture,  the polymer degrades  rapidly. Cotton and Nomex are   par t icular ly  
susceptible t o  sulfuric  acid  attack below the  acid dew point. The tens i le  
strength of the  f iber i s  reduced as  the polymer chains  are broken. 

I n  general ,   the   l i fe  of the  f iber  depends on proper fiber  choice  for 
application t o  acid  gases such as SO2: hydrogen chloride ( H C l ) ,  and  hydrogen 
f 1 uoride ( H F )  . 

Abrasive dust--How well a f ab r i c   r e s i s t s  abrasion depends on fabric 
construction,  fabric  finish, and  shapes o f  the  particles  collected. General 
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abrasion o f  the  fabric  is  accepted us a normal contributor t o  the  failure of  
a bag  over i t s   l i f e .   Fa i lu re  d u e  t o  abrasion c a n n o t  be prevented, b u t  the 
rate o f  abrasion can be reduced by properly  installing t h e  bags t o  a v o i d  
b a g - t o - b a s  c o n t a c t ,  by m a i n t a i n i n g  proper tension, and  by reducing  the amount 
of  dust being handled. 111 some applications, a cyclone may be instal led as a 
precleaner t o  remove larger  particles a n d  reduce inlet  loading. I n  other 
applications, however, the removal of  larser  particles may n o t  be desirable 
because of  dust cake considerations. 

" 

2.3.1.2 Other Factors  Affecting Bag Life-- 

Local intensive  abrasion--Local  intensive  abrasion, which can cause 
premature bag fa i lure ,  can be prevented. High  abrasion  rates  are commonly 
associated  with improper bag installation  or design  flaws  in the  collector. 
Higher A/C ratios  will  also  increase  abrasion. Each case of abrasion  failure 
must be addressed  separately t.0 determine if   corrective  action may  be taken 
t o  reduce failure  frequency. 

Cleaning method--The  method of removing the  dust  cake is   c losely  re la ted 
t o  fabric  construction and fiber  type. W i t h  woven fabrics t h a t  are  subject 
t o  abrasion or flex damage, gentle  cleaning methods such as low-frequency 
shaking or  reverse  air  can be used.  Felted  fabrics  require a more intense 
cleaning method, such as  high-pressure  reverse-air or pulse-jet  cleaning. 
Use o f  an improper cleaning method with a fabric  (e.g.,  intense  shaking of 
glass bags) can cause  premature fabric   fa i lure ,  incomplete  cl,eaning,  or 
blinding of the  fabric  (complete  plugging- o f  pores). 

Pressure  drop  across  filter--Greater  stress on the  fabric  at   higher 
pressure  drops can decrease bag l i f e .  

2.3.2 Instrumentation 

The following  instrumentation  contributes t o  the  reliable  operation o f  a 
f ab r i c   f i l t e r .  

1. Thermocouples or other temperature-measuring  instruments a t  the 
device in l e t .  

2.  Inlet /out le t   d i f ferent ia l   s ta t ic   pressure gages. 



- 
3. A double-pass  transmissometer ( o p a c i t y  meter). 

4 .  Compressed-ai r pressure gage. 

5 .  Fan  motor  ammeter. 

Recording temperature  meters  are  especially  useful i n  identifyins high- 
or  low-temperature excursions, which r a p i d l y  destroy  fabrics. High-tempera- 
ture  indicators composed of colored  fiber o r  temperature-sensitive  plugs may 
be used as a less expensive al ternat ive.  

I n  lieu of differential  pressure  gages, i t  i s  sometimes simpler t o  
install   static  pressure  taps,  where appropriate, a n d  t o  use a portable meter 
t o  o b t a i n  readings.  This approach reduces problems of meter  moisture damage, 
meter corrosion, and plugging of l ines.   If  permanent d 

pressure gages are  used,  the  static  pressure  lines shou 
sible a n d  f ree  of  90-degree elbows t o  minimize plugging 
noncorrosive  environment has been  found t o  be less  susc e 

f f e ren t i a l   s t a t i c  
d be as  short  as pos- 

Copper tubing  in a 
p t  i bl e to  deteri  ora- 

tion than the  polypropylene l ines commonly used. However, PVC i s  even bet ter  
because of i t s   res i s tance  t o  corrosive  conditions. 

The double-pass  transmissometer may n o t  provide an accurate measurement 
o f  effluent  opacity; however, i t   i s  useful  in  identifying problems. A sig-  
n i f i c a n t  leak is  detected  in a specific compartment by a drop  in  the  opacity 
when t h a t  compartment i s   o f f - l ine   for  maintenance in  shaker and reverse-air 
fabr ic   f i l ters ."  A pinhole  leak can  be ident i f ied  in   pulse- je t   f i l ters  by 
an increase  in  opacity a few seconds af ter   the  row of bags t h a t  contains  the 
pinhole  leak i s  cleaned. 

The instrument  readouts  should be  mounted on a master  control panel as 
close  as  possible t o  other  process  monitoring  displays. The readings of 
thermocouples,  pressure differential  gages, and  transmissometers can a l l  be 
electronically recorded for  permanent records. 

2 .3 .3  Gas in l e t  equipment 

If an adequately  designed.  baffle  plate i s  n o t  used t o  remove large,  
abrasive  particles,  abrasion can occur,  particularly on the  surface of the 
bag Rear the  cuff. More abrasion problems occur  near the bottom of the  bags, 
directly above the  thimbles. The instal la t ion of thimble  extensions, a blast  
plate, or a precleaner can reduce the  abrasive damage and extend bag l i f e .  



Baffle  plates or diffusers  are used t o  cause large  particles t o  deposit 
i n  the-hopper  before they contact  the bags. The orientation of t h e  plates  is 
c r i t i c a l ,  however, because deflection of incoming gas i n t o  the hopper can 
resuspend collected  dust and increase  dust  loading t h r o u g h  the  tube  sheet. 
Less resuspension  will  occur i f  the hoppers are  operated w i t h  continuous  dust 
removal and  the  dust remains below the gas in l e t .  Screw conveyor discharge 
also should be on the  opposite  side from the gas in l e t  t o  minimize reentrain- 
ment.  Because baffle  plates  suffer  continuous  erosion,  they must  be replaced 
periodically. An increase i n  bag ruptures  near  the  cuff  area may indicate 
the need t o  replace a baffle  plate or t o  correct  other problems with  the  tube 
sheet  thimble. 

A good thimble  arrangement will  also reduce  abrasion a t  the bottom of 
bags in  reverse-air and shaker-type  collectors. The thimbles  should be a t  
least  one  bag diameter long  t o  prevent  abrasion caused by par t iculate  "turn- 
i n g  the  corner" a t  the  cell  plate and being thrown t o  the  outside by iner t ia l  
force." The thimbles act  as flow straighteners and protect  the bottom of 
the bag from excessive  abrasion. A properly  designed u n i t  i s  shown in  Figure 
2-8. The rounded edge on the t o p  of the  thimble  reduces  cutting of the 
fabric even i f  tension i s  n o t  optimum. For units  in which the base  snaps 
i n t o  the  tube  sheet, a thimble can be added that  extends downward t o  provide 
the same type o f  abrasion  protection  as t h a t  shown in  the  i l lustrat ion.  

A bypass may  be advisable,  especially when process  startup  or  upset con- 
ditions  could  generate  sticky  particulate or resul t  i n  gas  temperatures below 
the  acid vapor or water dew pcints. These could also be used i n  conjunction 
with a spark  sensor t o  reduce risk of f i r e .  

Inlet  ana out le t  dampers should be provided  in compartmented systems t o  
allow on-line maintenance. The dampers  must  be designed t o  provide  positive 
seal i n g  so as t o  protect maintenance  personnel from toxic  gases. 

2 . 3  

CGl 
col 
and 

4 Hoppers and Dust Handling System 

As solids  are  cleaned from the f i l t e r ing   fabr ic ,   they   fa l l   in to  a 
ection hopper for  ultimate removal. The "fluid"  properties of the 
ected  solids  are  important t o  the  design and operation  of  these  systems, 
they may be markedly different  from the  properties of the  material from 

w h i c h  they  originated. Fine dusts, f o r  example,  tend t o  pack  more readily 
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Figure 2-8. Cross  section o f  a thimble  protecting bottom of bag 

(Courtesy o f  Mr. E.  W .  Stanly).  
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than  coarser  mater ia ls;   moreover,   condensat ion  formed i n   t h e   f i l t e r   d e v i c e  

may cause s o l i d   m a t e r i a l   t o   a g g l o m e r a t e .   B c t h  o f  these  factors   can make 

sol i d s  d i s p o s a l   d i f f i c u l t .  

Va r ious   des ign   f ea tu res   can   he lp   t o   p reven t   t he   c logg ing   o f   so l i d   co l -  

l ec t i on   hoppers .  The hopper  should  be  designed  wi th a s teep  va l ley   ang le ;  

angles  of  55 t o  70 degrees  are recommended. Hoppers  should  a lso  inc lude 

la rge   d i sch i i rge   open inss ,   we l l   f i n i shed   ( smoo th )   su r faces ,  and minimal  ledges 

o r   o t h e r   o b s t r u c t i o n s   o n   s i d e w a l l s .  The top   o f   the   hopper   s idewal l   shou ld  

d r o p   v e r t i c a l l y  and t h e   s l o p e   t o   t h e   d i s c h a r g e   p o i n t   s h o u l d   b e g i n  a t  l e a s t  

one  bag d iameter   be low  the   bo t tom  o f   the   bags   to   a l low  p roper   dus t   d ischarge.  

A t  l e a s t  1 ft o f   c learance  shou ld   be   p rov ided  be tween  hopper   wa l ls  and  any 

i n t e r n a l   p a r t i t i o n s   t o   a l l o w   e a s y   d i s c h a r g e .  

Heaters   and  insu la t ion   can  be i n s t a l l e d   i n  hoppers t o   p r e v e n t  condensa- 

t i o n  and  caking o f   c o l l e c t e d   m a t e r i a l .  Hopper   s tones   supp l ied   w i th   ho t   d ry  

a i r  c a n   a l s o   b e   u s e d   t o   f l u i d i z e   m a t e r i a l   i n   t h e   h c p p e r  and  keep i t  f ree-  

f l o w i n g .  

S o l i d s   a r e   g e n e r a l l y  removed  from the  hopper   by means o f  a d ischarge 

va l ve ,   wh ich   removes   ash   f rom  the   hopper   wh i l e   p rese rv ing   t he   p ressu re   d i f -  

f e r e n t i a l  be tween  the   dus t   conveyance  sys tem  and  the   fabr ic   f i l te r   sys tem.  

I n s u l a t i n g   t h e   f a b r i c   f i l t e r   h e l p s   t o   m a i n t a i n   t h e   t e m p e r a t u r e   o f   t h e  

gas w h i l e  i t  i s  being  c leaned.  Temperatures  above  the  acid dew p o i n t   m i n i -  

mize  corros ion  o f   hanger   components,   doors,   and walls.  I n t e r n a l   s h e l l  compo- 

n e n t s   c a n   a l s o   b e   l i n e d   w i t h   a p p r o p r i a t e   c o r r o s i o n - r e s i s t a n t   m a t e r i a l s  i f  

necessary .   Insu la t ion   shou ld   be   spp l ied   to   the   baghouse  she l l ,   hoppers ,  and 

d o o r s .   S t r u c t u r a l   s t e e l  may b e   p l a c e d   o n   t h e   i n t e r n a l   p o r t i o n   o f   t h e   s h e l l .  

The i n s u l a t i o n  may t h e n   b e   a p p l i e d   e v e n l y   a c r o s s   t h e   s h e l l   t o   r e d u c e   " c o l d  

spo ts , "   wh ich   p romote   co r ros ion   o f   t he   she l l .  

2.3.5 Bag Support  System 

The bags and t h e   a s s o c i a t e d   f a b r i c   f i l t e r  components  (such  as  the  tube 

sheet,  clamps,  thimbles,  and  bag  cages)  must  be  compatible  for  optimum  bag 

l i f e  and c o n t r o l   e f f i c i e n c y .  

I n  s h a k e r   a n d   r e v e r s e - a i r   f a b r i c   f i l t e r s ,   t h e  baa  can  be  a t tached  to   the 

tube  sheet  by a th imb le   and  c lamp- r ing   des ign   o r   by  a snap- r ing   des ign .   F ig -  

u r e  2-9 shows the  two  methods o f   a t t a c h m e n t .   D u s t   e n t e r s   t h e   f a b r i c   f i l t e r  
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Figure 2-9. Methods o f  bag attachment i n  shaker and reverse-a i r   fabr ic   f i l t e rs .  
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a.t the  hopper i n  a h o r i z o n t a l   d i r e c t i o n  and  must make a v e r t i c a l   t u r n  t o  

en ter   the   tube  sheet   th imb les .  Because  heavy p a r t i c l e s   w i t h   h i g h e r   i n e r t i a  

do no t  fo l low the   f low,   they  do n o t   e n t e r   t h e   o p e n i n g   p a r a l l e l  t o  t h e   t h i m b l e  

w a l l s .  The p a r t i c l e s   i m p a c t  on t h e   w a l l s   o f   t h e   t h i m b l e   a n d ,  if t h e   t h i m b l e  

i s   s h o r t ,  on t h e   f a b r i c  above the   t h imb le .  The a c t i o n   o f   t h e   p a r t i c l e s  

s t r i k i n g  a t  an ang le   t o   t he   f i be r   su r face   i nc reases   ab ras ion .   Rough ly   90  

percent  o f  bag f a i l u r e s   o c c u r   n e a r   t h e   t h i m b l e .  The use o f  doub le - laye red  

f a b r i c   ( c u f f s )   o r   l o n g e r   t h i m b l e s   r e d u c e s   t h e   f a i l u r e   r a t e .  

" 

In   the   snap- r ing   sys tem,  no t h i m b l e  i s  used,  and i n  some cases, a c u f f  

i s  n o t  used.  This  exposes  the  bag t o   r a p i d   a b r a s i o n  a few  inches  above  the 

snap r i n g .  Add-on tube  sheet   th imb les  may be  used t o   r e d u c e   t h i s   a b r a s i o n .  

I n   t h e   n o - t h i m b l e   d e s i g n ,   i m p r o p e r   i n s t a l l a t i o n   o f   t h e   s n a p   r i n g   c a n  

r e s u l t   i n   d u s t   p e n e t r a t i o n   b e t w e e n   t h e   t u b e   s h e e t  and t h e   b a g   c u f f   ( s e e  

F igure  2-10). I f  t h e   r i n g   s e a t i n g   i s   q u e s t i o n a b l e ,   t h e   b a g   s h o u l d  be  removed 

and r e i n s t a l l e d .  I f  an  adequate f i t  cannot be achieved,  the  bag  should be 

d i  scarded .. 

Proper  bag  tension i s   i m p o r t a n t   t o   e n s u r i n g   a d e q u a t e   b a g   l i f e   a n d   m i n i -  

mum p a r t i c u l a t e   e m i s s i o n s .  F i g u r e  2-11 shows a t y p i c a l   s p r i n g  bag  ten- 

s i o n i n g  mechanism.  The bag   shou ld   be   t i gh t  enough t o   p r o v i d e  optimum u t i l i -  

z a t i o n   o f   c l e a n i n g   e n e r g y .  It may be  necessary t o  check  bag  tension  soon 

a f t e r   ~ t a r t u p . ' ~   F o r   u n i f o r m   c l e a n i n g   e f f i c i e n c y ,   t h e   t e n s i o n   m u s t   b e   u n i -  

form i n  a l l  the   bags .   Proper   tens ion   a lso   reduces   bag  fa i lu res   a t   the   cu f f ,  

lessens wear  on th imbles,   and  improves  c leaning  e f f ic iency.  It should  a l .so 

he n o t e d   t h a t   t e n s i o n   v a r i e s   t h r o u g h o u t   t h e   c l e a n i n g   c y c l e   a n d   w i t h   b a g  age. 

22 ,22 

2.4 FABRIC FILTER O&M CONSIDERATIONS 

Th is   subsec t i on   se ts   t he   s tage   f o r   succeed ing  manual sect ions,   which  ad-  

d r e s s   d e f i n i t i v e  O&M procedures ,   methods ,   and  p rac t ices   tha t   p romote   re l iab le  

system performance  and i n t e g r i t y .   T h e o r e t i c a l l y ,   f a b r i c   f i l t e r s   c a n   a c h i e v e  

mass c o l l e c t i o n   e f f i c i e n c i e s   i n   e x c e s s   o f  99.5 percent  when p a r t i c l e s   a r e  as 

s m a l l  as 0.01 pm. I n  pract ice,   however ,  many process   cond i t ions  and i n s t a l -  

l a t i on   p rob lems  can   reduce   bo th   t he   co l l ec t i on   e f f i c i ency  and t h e   t i m e   a v a i l -  

ab le  f o r  s e r v i c e .   F a b r i c   f i l t e r s   r e q u i r e   p r o p e r   o p e r a t i o n ,   e x t e n s i v e   p r e v e n -  

t i v e  maintenance,   and  per iod ic   inspect ions s.imed toward   reduc ing   per iods  o f  
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WEDGE SEAL CAP 

TENSIONING 
' MECHANISM 

F igu re  2-11. Typ ica l   spr ing   bag  tens ion ing   a r rangement .  
(Cour tesy o f  I n d u s t r i a l   C l e a n   A i r )  
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excess  missions. Each o f  these  is  d 
" 

sections o f  this  nanual, b u t  they  are 
iscussed i n  detai 
touched on brief 

1 i r ,  the  rernainir,g 
l y  here. 

2 . 4 . 1  Causes o f  Poor Perforrrl;r;ce 
G i v i n g  proper  2t.tention t o  the  design,  constructicn, and  ins ta l la t ion  cf 

the  fabr ic   f i l ter .  systent w i l l  enhance SII O&M program. The design and con- 
figuration should  allow access ib i l i ty  t o  al l   operating components and  the 
in te r ior  cf t he   f ab r i c   f i l t e r  for performance  rnonitoririg (Section 3 ) ,  for  
troubleshwting  (Secticn 4 ) ,  for  performing preventive  naintenance  (Section 
5 j ,  and for  making detailed  inspecticris  (Section 6 ) .  On larger  conpartr,enied 
f a b r i c   f i l t e r  systems, each compartment should be  dampered ( b o t h  automatical- 

t o  be off-1  ine  to perform 'needed mainten;nce. The 
iil t e r  should be closely mcrni tored by in-house env 
quality  assurance d u r i n g  construction. 

ly  and manually) for   i so la t ion  so that  the  entire  fabric l'i1 
i nstsl  1 a t  

ironmental 

Of par t icular  importance are  welding  of the  tube  sheet 

t 
i 

a 

er  does  not have 
on o f  a fabr ic  
personnel f o r  

nd housing,  in- 
sulation work,  and bag ins ta l la t ion .  Improper insulat ion,   for  example, can 
lead  to  condensation  inside  the  fabric  filter, and deterioration o f  the bags 
can resul t  frcm chemical attack or bag b l i n d i n c ; .  Such deterioration  will  
lead t o  premature bag failures,   greater  emissions,  and increased  maintenance 
costs  for bag replacement. Leaks  due t o  tube  sheets  not  being  completely 
welded t o   t h e   f i l t e r  housing and  bags not being  properly  installed  allow 
unfiltered  exhaust  gases t o  bypass the  f!:ter  material  (see  Figures 2-12 and 
2-13). Infer ior  workmanship and materials may lower the  capital   costs , b u t  
efficiency o f  the   uni t   wi l l   suffer .  

Troubleshooting i s  an important part  o f  operation and maintenance. All 
potential  causes o f  a problem should be investigated, n o t  just  the most obvi- 
ous.  Fabric f a i lu re ,   fo r  example, i s  a n  obvious  cause fo r  a loss in  particu- 
l a t e  removal efficiency. Flerely replacing  the bag, however, may only tempo- 
rari ly  solve  the problem. Problems w i t h  the  cleaning  system,  solids removal 
system, or  other  factors may have contributed tc. bag deter iorat ion.  In other 
words, just  treating  the symptoms'does not  always e f fec t  a cure.  Section 4 
details  the  techniques  for  effective performance evaluation, problem d i a g -  
nosis,  and  correction. 

! '  
i 

I 
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Figure 2-13. Broken  weld on r o o f  of f a b r i c   f i l t e r .  T h i s  allows 
signif icant   quant i t ies  of water t o  enter ,  and the  water-sprayed bags 

can become b l  inded. 
(Courtesy o f  PE: Associates,  Inc.) 
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A-good  rout ine  prevent ive  maintenance  program  (Sect ion 5 )  can  minimize 

typical   performance  problems  such as b a g   b l i n d i n g ,   c l e a n i n g  mechanism f a i l -  

ure,  and p inho le   l eaks   (Sec t i on  3 ) .  Many of   these  problems,  for   example,   can 

be m in im ized   by   rou t i ne   ma in tenance   o f   i nsu la t i on ,   mo to rs   assoc ia ted   w i th   t he  

c lean ing  mechanisms  and dus t  remova l  sys tem,   and  tempera ture   con t ro l   ins t ru -  

ments. 

2.4.2 E s t a b l i s h i n a  an  Adeauate  ODeration  and  Maintenance  Proaram 

Why should a p l a n t  make a c o n c e r t e d   e f f o r t  t o  m a i n t a i n  i t s  f a b r i c  filter 

p r o p e r l y ?  The m o s t  conv inc ing   reason,   ou ts ide   o f   the   necess i ty   to   meet  

a p p l i c a b l e   p a r t i c u l a t e   e m i s s i o n   r e g u l a t i o n s ,   i s  one o f  economics. A f a b r i c  

filter i s  an expensive  p iece o f  equipment,  and  even  well-designed  equipment 

will d e t e r i o r a t e   r a p i d l y  i f  improper l y   ma in ta ined  and will have t o  be r e -  

p laced  long   be fore  i t  shou ld  be necessary. Not  on ly   can   p roper  O&M save  the 

p l a n t  money, i t  c a n   a l s o   c o n t r i b u t e   t o  good r e l a t i o n s   w i t h   t h e   l o c a l   c o n t r o l  

agency  by  showing  good f a i t h   i n   i t s   e f f o r t s   t o  c o m p l y   w i t h   a i r   r e g u l a t i o n s .  

A f a b r i c   f i l t e r  i s  u n l i k e l y   t o   r e c e i v e   p r o p e r  O&M w i t h o u t  management 

support  and t h e   w i l l i n g n e s s   t o   p r o v i d e   i t s  employees w i t h   p r o p e r   t r a i n i n g .  

The f a b r i c  filter mus t   be   e leva ted   t o   t he  same l e v e l   o f   i m p o r t a n c e  as t h e  

process, and the  operator   must  know the   d i f f e rence   be tween  a process  change 

and d e t e r i o r a t i o n   o f   t h e   f a b r i c   f i l t e r .  Management must i n s t i l l  a n   a t t i t u d e  

o f   a l e r t ,   i n t e l l i g e n t   a t t e n t i o n   t o   t h e   o p e r a t i o n  o f  t h e   f a b r i c   f i l t e r   i n s t e a d  

o f  w a i t i n g   f o r  a m a l f u n c t i o n   t o   o c c u r   b e f o r e   a c t i n g .   T h i s   r e q u i r e s  a con- 

s i s t e n t   m o n i t o r i n g   p r o g r a m   e n t a i l i n g   t h e   m a i n t e n a n c e   o f   d e t a i l e d  documenta- 

t i o n  o f  a l l   f a b r i c   f i l t e r   o p e r a t i o n s .  

A l though  each  p lant   has i t s  own method  of  conducting  an O&M program, 

past   exper ience has shown t h a t   p l a n t s   t h a t   a s s i g n  one i n d i v i d u a l   t h e   r e s p o n -  

s i b i l i t y   o f   t y i n g   a l l   t h e   p i e c e s   o f   t h e   p r o g r a m   t o g e t h e r   o p e r a t e   b e t t e r   t h a n  

those  where d i f f e r e n t   d e p a r t m e n t s   l o o k   a f t e r   o n l y  a c e r t a i n   p o r t i o n   o f   t h e  

program  and  have l i t t l e  knowledge  of how t h a t   p o r t i o n   i m p a c t s   t h e   o v e r a l l  

program. I n   o t h e r  words, a p l a n t  needs t o   c o o r d i n a t e   t h e   o p e r a t i o n ,   m a i n t e -  

nance,  and t r o u b l e s h o o t i n g   c c m p o n e n t s   o f   i t s   p r o g r a m  i f  i t  e x p e c t s   t o  be  on 

top  of  t h e   s i t u a t i o n .  

Same companies tha t   have   seve ra l   p lan ts   have   f ound  i t  t o  be  advantageous 

t o  s e t  up a c e n t r a l   c o o r d i n a t i n g   o f f i c e   t o   m o n i t o r   t h e  O&M s t a t u s   a t  each 



plant. The resulting improved communications can provide an o p p o r t u n i t y  t o  
develop  standardized  reporting  forms,  assistance i n  personnel training, 
interpretation of  operating d a t a ,  and routine  inspections. W i t h  knowledgeable 
people i n  t he  central  coordinating  office,  the  plants have  somewhere t o  g o  
f o r  assistance i n  solving problems for   their   specif ic  k i n d  o f  f ab r i c   f i l t e r .  

- 

Another resource t h a t  plants can draw upon i s  the  manufacturer's  field 
service  engineer. This  person i s  involved i n  pre-operational  inspections t o  
ensure proper assembly o f  f a b r i c   f i l t e r  components; t o  s e t  u p  the  various 
controls w i t h i n  prescribed  limits;  to check f o r  proper  operation o f  the  dust 
discharging system; t o  solve any existing problems a f t e r   i n i t i a l   s t a r tup ;  and 
f ina l ly ,  t o  instruct p l a n t  personnel on how t o  perform these  functions. 

Experienced field  service  engineers can be very helpful  as a resource 
for  assistance i n  troubleshooting; however, because  manufacturers are gener- 
a l ly  plagued w i t h  a high turnover  rate,  the  plant should be wary of  inexperi- 
enced people who may incorrectly  diagnose  operating problems or be unaware of 
proper  correction  procedures.  This  only adds t o  the  confusion by misleading 
O&M personnel. 

The training and motivation of employees assigned t o  monitor and  main- 
ta in   the  fabr ic   f i l ter   are   cr i t ical   factors .  These duties  should n o t  be 
assigned t o  inexperienced  people who do n o t  understand how the   fabr ic   f i l t e r  
works or the purpose behind their  assigned  tasks. The employee  must know 
what management expects a n d  should receive encouragement for a j o b  well done. 

Regular training  courses  should be held by in-house  personnel or  by .the 
use of outside  expertise so t h a t  operators and maintenance  personnel are  
instructed on everything  they need to  know in  regard t o  the   fabr ic   f i l t e r .  
This  should include  written  instructions and "hands-on" sessions on safety,  
how t o  make inspections  while  the  fabric f i l t e r   i s  b o t h  in and o u t  of serv- 
ice ,  how t o  take  operating  parameter  readings, how t o  perform routine  mainte- 
nance, and how t o  record and use d a t a .  Tra in ing  provides  the knowledge 
necessary for proper  operation and maintenance o f  the   fabr ic   f i l t e r  and  makes 
the employees' j o b  easier because they  will  understand why they are  taking 
pressure and temperature  readings or searching  for  pinhole  leaks. 

I n  summary, the  three  separate components of an adequate  plan for long 
fabr ic   f i l t e r   l i fe   a re   opera t ion ,  maintenance, and  troubleshooting. Each 

' !  



p l a n t  should have i t s  own O&M procedures manuals, blueprints ,  and a conlplete 
s e t  of  f a b r i c  f i l t e r   spec i f i ca t ions ;  a n  adequate supply a n d  record o f  spare 
parts;  written  procedures f o r  addressing  malfunctions; and formalized a u d i t  

procedures. 

- 

Records should be kept on fabric  filter  operating  conditions  (process 
l o g s ,  fuel  records, gas  temperature,  pressure  differentials, e t c . ) ,  equipment 
conditions  (internal  inspections; d a i l y  inspections of  cleaning mechanisms, 
hoppers,  compressors, e t c . ) ,  maintenance (work orders,  current work i n  
progress,  deferred work) ,  a n d  troubleshooting/diagnostic analysis (component 
fa i lure  frequency a n d  locations, impzct o f  process changes or! f a b r i c   f i l t e r  
perfornance, and other  trend-related  analyses). Each o f  these  areas is  
discussed  in  detail i n  :ater  sections of t h i s  manual .  
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SECTION 3 

FABRIC FILTER  PERFORMANCE  MONITORING 

Performance monitoring i s  a key factor i n  establishing good operation 
and maintenance procedures for a f ab r i c   f i l t e r .  I t  includes measurement of  
key operating  parameters by b o t h  continuous a n d  intermittent methods, compar- 
ison of  these  parameters with baseline  and/cr  design  values, and the  estab- 
lishment of recordkeeping  practices. These mofiitoring d a t a  are  useful  ir; 
performance evaluation and problem diagnosis. I n  th is   sect ion,   the  key 
operating d a t a  and prccedures used in performance monitoring  are  discussed. 
Interpretation of the d a t a  i s  covered i n  Secticn 4 .  

3.1 K E Y  OPERATING PARAMETERS AND THEIR MEASUREMENT 

Several  operating  parameters  are  indicative of a l ikely change in  per- 
formance. Some of these parameters are  easily measured and monitored on a 
continuous basis,  whereas others must  be measured only  periodically because 
of the 'expense and/or  difficulty  in  measureeent. Most of these  parameters, 
however, d i rec t ly   a f fec t   fabr ic   f i l t e r  performance. The following  typical 
parameters are  discussed  here: gas volume and gas velocity through  the 
fabric  filter;  temperature,  moisture, ana chemical composition  cf  the  gas; 
par t ic le   s ize   dis t r ibut ion and concentration; and pressure drop across  the 
f ab r i c   f i l t e r .  Many of these  factors  are  interrelated a n d  a f f ec t   c r i t i ca l  
f a b r i c   f i l t e r  performance factors such as air-to-cloth  ratio,  the  required 
cleaning  energy and i ts   effect iveness ,  and bag tension. 

3.1.1 Gas  Volume and Velocity 

A change in  gas volume and velocity  affects  the  air-to-cloth  ratio,   the 
required  cleaning  energy and i ts   effect iveness ,  and bag l i f e .  The collection 
efficiency  also  varies w i t h  fabr ic   f i l ter   designs,  b u t  such variations  are 
generally n o t  significant  unless  the f low i s  increased beyond the  design 
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l imitations.  Higher gas volumes lead t o  higher  air-to-cloth  ratios a n d  

veloci t ies ,  which shorten bag l i f e  as a resul t  of more frequent  cleanin9, 
higher  particle  velocity t h r o u g h  the  fabric (more abrasion),   greater poten- 
t i a l  f o r  blinding, and  a higher  pressure  drop. 

A p i t o t  tube  traverse  is normally used t o  measure total  gas volume, and  
the method i s  usually a combination o f  EPA Reference Methods 1 and 2 .  I n  
t h i s  method, the d u c t  on the  cross  section o f  the  stack i s  divided i n t o  a 
number o f  equal areas , and each area i s  sampled t o  arr ive a t  an average 
velocity through  the  duct. When the  average  velocity and  the d u c t  or stack 
cross-sectional  area i s  known,  the  average gas volume can be determined. 
Because  most f s c i l i t i e s  do not  routinely measure gas volume, other  indirect 
indicators may  be used to  estimate  the volume. These include  fan  operating 
parameters,  production  rate, and a combination of other gas condition parame- 
te rs .  

3.1.2 Gas Temperature 

Monitoring the  temperature of the gas stream can provide information 
abou t  the performance o f  a f a b r i c   f i l t e r  and clues  for  diagnosing b o t h  fabric 
f i l t e r  performance and process  operating  conditions. The major concern i n  
temperature measurement i s   t o  avoid sampling a t  a s t ra t i f ied   po in t  where the 
measured temperature i s  not  representative of  the bulk gas flow. Thermocou- 
ples with digital ,   analog,  or  str ip-chart   display  are  typically used. 

The effect  o f  temperature i s  most impor tan t  as an indicator of excessive 
inleakage  into  the gas stream. Even the  best-constructed and 'best-insulated 
fabric  f i l ter   will   experience some temperature  drop, which  can be as low as 
1" t o  2°F  on smaller   fabr ic   f i l ters  and u p  t o  25°F on very la rge   fabr ic   f i l -  
t e r s .  Of course,  the  expected  temperature drop will  vary, depending on the 
temperature of  the gas stream relat ive t o  ambient temperatures. In  fact ,   the  
temperature drop i s  normally  higher on small collectors than on large ones 
because the  ratio of the  outside  collector  area  to gas t h r o u g h p u t  i s  general- 
ly  higher. I n  any case,  some.acceptable or maximum difference between in le t  
and  out le t  gas temperatures  should be s e t ,  which  when exceeded, would  indi- 
cate improper operation  or a maintenance problem t h a t  requires  correction. 

Temperature monitoring i s   a l so  important  for m i n i m i z i n g  bag damage  due 
t o  temperature  exposure above the  fabric 's   design  l imits.  Even a temporary 

SECTION 3-FABRIC FILTER PERFORMANCE MONITORING 

2.- 2 



excursion above fabric temperature 
" 

a regularly maintained  thermocouple 
persture  excursion. This  alarm can 
method o f  protection, such as d i lu t  

imits can  weaken bags. A n  a larm t ied t o  
probe may prevent bag fa i lure  due t o  tem- 
be used i n  conjunction  with a n  a u t o m a t i c  
on a i ' r  or bypass. The e f fec ts  of  re- 

peated temperature  excursions  are  cumulative, and  temperature  charts can be 
used t o  determine  the  potential  for  short-term  failure due to  temperature 
excursions. I t  should be noted t h a t  the use of only one probe  does n o t  
represent  the  temperature  in each section o f  t he   f ab r i c   f i l t e r ,  b u t  rather 
only  the  average. 

B o t h  maximum and minimum fabric  filter  operating  temperatures must be 
considered. The exposure of the  fabric t o  temperatures above the maximum 
exposure temperatures can cause immediate fa i lure  due to  complete loss o f  

strength and permanent elongation (me1 t ing) .  Flinimum temperatures  are  relat- 
ed t o  the dewpoint temperature o f  the gas stream.  Operation of the  fabric 
f i l t e r  below this  temperature can cause  moisture or acid  condensation and 
result  in bag blinding or chemical attack of the  fabric.   Fabric  l ife under 
these  conditions depends on the  proper i n i t i a l  choice  for  application t o  acid 
gases such as SO2, hydrogen chloride ( H C 1 )  , a n d  hydrogen fluoride ( H F )  . 
3.1.3 Chemical Coaposition 

I m p o r t a n t  factors  regarding  the chemical  composition  of the gas stream 
include  moisture  content and acid dewpoint.  Operating a f a b r i c   f i l t e r  a t  
close t o  the  acid dewpoint presents a substantial risk of  corrosion,  espe- 
c ia l ly  i n  localized  spots  close t o  hatches,  in dead a i r  pockets,  in  hoppers, 
or in  adjacent  heat  sinks  (such  as  external  supports).  If  the  operating 
temperature  drops below the  water  dewpoint, either  during  startup  or under 
rlormal operation,  blinding o f  the bags can occur.  Trace components such as 
fluorine  also czn attack  certain  fabrics. For example, f iberglass  bags 
exposed t o  200 p p ~ n  of HF a t  500°F may l a s t  2 years,  while 1200 ppm of HF a t  
500°F may resui-t  in a bay  1 i f e  of only 2 months. 

From a practical  standpoint,  the chemical composition of  the  dust and 
gas stream i s  a dynamic quantity, and  any monitoring scheme can only p o i n t  
o u t  an o p t i m m  range and the  variabil i ty.  Monitoring the  level of  certain 
compourdz may prove useful i n  sGme instances;  for example, in  the combustion 
o f  coal,  sulfur  content,  combustibles  content, onc! chemical compositior; cf  
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the-ash may provide  supporting  evidence when problems occur .  I n  many i n -  

stances, however, chemical  composition i s  ei ther  n o t  monitored or i t  i s  
monitored for  other  purposes. 

3 .1 .4  Mass Loading  and Size. Distribution 

Mass loading and s ize   dis t r ibut ion must be considered d u r i n g  the  design 
o f  a f a b r i c   f i l t e r  and also  during  operation; however, within  certain  limita- 
tions ( t 1 0  t o  20 percent of design  values), changes i n  these parameters do  

not seriously  affect   fabric  f i l ter   efficiency.  Nevertheless,  an increase in 
mass loading may require more frequent  cleaning of the bags as  a resul t  of 
f a s t e r   f i l t e r  cake buildup. When bag fai lures  occur due t o  the  presence o f  

large  abrasive  particles,  the use of a precleaner or a gas distribution 
device ( i . e . ,  an i n l e t   d i f fuse r )   a t   t he   f ab r i c   f i l t e r   i n l e t  may  be required. 
For  some sources, such as  spreader  stoker  boilers,  installation of a mechani- 
t a l  collector ahead o f  t he   f ab r i c   f i l t e r  may  be necessary to  protect  the bags 
from the  large number of >lO-micrometer par t ic les  and  from glowing embers. 

Mass loading a t  the   in le t  and ou t le t  of the fabr ic   f i l t e r   i s   usua l ly  
measured by standard EPA reference methods. The difference between the 
amount  of  material  in  the  outlet gas stream and the  inlet  gas stream  provides 
the  basis  for removal efficiency  calculations.  The use of the  reference sam- 
pling methods, however, can be d i f f i c u l t  on processes t h a t  generate very high 
mass loadings a t  t he   f ab r i c   f i l t e r   i n l e t .  When out le t  mass loadings  are very 
low, long  sampling times may  be required t o  col lect  enough material  for accu- 
rate weighing. Also,  simultaneous  sampling of i n l e t  loadings  during  the en- 
t i r e   t e s t  period may n o t  always be possible  if  the  loadings  are so high t h a t  
the sampling t ra in  becomes overloaded. In some instances, a ser ies  of probes 
inserted  for 1 t o  15 minutes t o  take “grab”  samples of the  inlet  concentra- 
tion may be al l   that   i s   technical ly   feasible .  Although th is  may n o t  provide 
as  accurate a value for   in le t  mass loading  as would an “integrated“ sample 
taken concurrently  with  the  outlet  emissions  test, i t  will give a reasonable 
value t o  work with. 

Particle  size  distribution i s  usually determined t h r o u g h  the use of 
cascade  impactors.  Various  types o f  cascade  impactors are  available  with 
different  particle  cut  sizes and  for   dif ferent  mass loadings. A typical 
cascade  impactor  system i s  presented i n  Figure 3-1. The cascade  impactor i s  
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Figure 3-1 . Typical  cascade  impactor system (courtesy of Andersen Samplers,  Inc. ) . 
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usuaSly  placed  on a s tandard  sampl ing  probe  and  inser ted  in to   the  gas  s t ream 

for i s o k i n e t i c   s a m p l i n g   o f   t h e   p a r t i c u l a t e .  A s a m p l i n g   t r a i n   w i t h  a cascade 

impactor i s  i l l u s t r a t e d   i n   F i g u r e  3-2. A f te r   sampl ing   i s   comple ted ,   each 

stage o f  t h e   i m p a c t o r   i s   w e i g h e d   i n   t h e   l a b  and  compared a g a i n s t   i t s   i n i t i a l  

w e i g h t   t o   d e t e r m i n e   d i s t r i b u t i o n .  Because t h e   i m p a c t o r   c o n s i s t s   o f   s e v e r a l  

stages  (usual  ly  f i v e   t o   n i n e )  and  each  stage  corresponds t o  a p r o g r e s s i v e l y  

s m a l l e r   p a r t i c l e   s i z e   r a n g e ,   t h e   w e i g h t   g a i n  of each  successive  stage  pro- 

v ides a w e i g h t   d i s t r i b u t i o n   o f   p a r t i c l e   s i z e s .  

Cascade impac to rs   have   two   l im i ta t i ons :   t he   f l ow   ra te   canno t   be   va r ied  

d u r i n g   t h e   t e s t   r u n ,  and m u l t i p l e - p o i n t  samples a r e   n o t   u s u a l l y   p o s s i b l e  wi th  

a s i n g l e  sample t r a i n .  The samp l ing   l oca t i on   mus t  be s e l e c t e d   c a r e f u l l y   t o  

a v o i d   s t r a t i f i c a t i o n  and t o   p r o v i d e  a r e p r e s e n t a t i v e   s a m p l e   t h a t  will produce 

v a l i d   r e s u l t s .  The p a r t i c l e   c a p t u r e   c h a r a c t e r i s t i c s   o f  a cascade  impactor 

a r e   c a l i b r a t e d   a g a i n s t  a g i v e n   f l o w   r a t e .  Thus, t h e   s t a t e d   p a r t i c l e   s i z e  

range f o r  any  given  stage i n  t h e   i m p a c t o r   i s   r e f e r e n c e d   a g a i n s t  a f i x e d   f l o w  

r a t e .  Changes i n   t h e   r e f e r e n c e   f l o w   r a t e  t o  p r o v i d e   i s o k i n e t i c   s a m p l i n g   i n  

the   s tack  will change t h e   p a r t i c l e   s i z e   r a n g e   t h a t   e a c h   i m p a c t o r   s t a g e  will 
capture.  I f  t h e   c h o s e n   f l o w   r a t e   i s   d i f f e r e n t   f r o m   t h e   r e f e r e n c e   v a l u e ,  

c a l i b r a t i o n   c u r v e s   a r e   a v a i l a b l e   f o r   e a c h   i m p a c t o r   t o   c o r r e c t   f o r  changes i n  

t h e   p a r t i c l e   s i z e   s e n s i t i v i t y   o f   e a c h   i m p a c t o r   s t a g e .  Thus, t h e   f l o w   r a t e  

through  the  impactor  cannot  be  changed  once i t  has  been  estab l ished.   Th is  

necess i ta tes   s ing le -po in t   sampl ing ,   wh ich  i s   e s s e n t i a l l y  a grab  sample. The 

s i t u a t i o n   i s  even  worse a t   t h e   i n l e t ,  where  sample  times may b e   l i m i t e d   t o  

o n l y  1 t o  2 minutes  because o f  mass l o a d i n g .  More than a s i n g l e - p o i n t  sample . 

may be ob ta ined by t h e   u s e   o f   m u l t i p l e  cascade  impactors t o  sample a number 

o f   d i f f e r e n t   p o i n t s .   T h i s   i s   b o t h   e q u i p m e n t -  and  labor- intensive;   however,  

i t  may prov ide  an i n d i c a t i o n   o f   t h e   r e p r e s e n t a t i v e   n a t u r e  of a s i n g l e - p o i n t  

sampl  e. 

3.1.5 Pressure  Drop 

Each f a b r i c   f i l t e r   i s   d e s i g n e d   t o   o p e r a t e   a t  a s p e c i f i c   p r e s s u r e   d r o p   o r  

w i t h i n  a c e r t a i n  range. If t h e   f a b r i c   f i l t e r  i s  o p e r a t i n g   p r o p e r l y ,   t h e  

p ressu re   d rop   shou ld   rema in   f a i r l y   s teady   du r ing   no rma l   ope ra t i on ,   w i th  a 

gradual   increase as t h e   f i l t e r  cake  bu i lds  up  on  the  bags  and a steep  de- 

crease  immediate ly   a f ter   the  bags  are  c leaned.   Pressure  measurements  a lone 
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indi-cate  the  permeabjlity o f  t h e  c l o t h ,  how heavy the  dust  deposit i s  before 
cleaning, how complete the  cleaning i s ,  a n d  whether the f a b r i c  i s   s ta r t ing  t o  
p l u g  or blind. I t  should be noted, however, t h a t  since A P  i s  a f u n c t i o n  o f  

velocity,  values can only be  compared a t  the same  volume f l o w  t o  show fabric 
change. 

Static  pressure gauges ( e .g . ,  a magnehelic gauge or manometer) should be 
installed a t  the  inlet  and  out le t  of the   fabr ic   f j l t e r  t o  determine  the 
pressure d r o p  across  the  unit. I n  many applications,  static  pressure  indica- 
tors must withstand high temperature and d u s t  loadings. Eecause the most 
common problem with  pressure  indicators i s  p l u g g i n g  of  the  taps,  provisions 
for  cleaning  the  taps must be included. A t  f a c i l i t i e s  t h a t  use pulse-jet 
fabr ic   f i l t e rs   for   fug i t ive  emission  control, a pressure  indicator should be 
installed t o  determine  the  pulse header pressure. An alarm also can be 
connected t o  such an indicator t o  signal  the  operator when pulse  pressure 
drops below a preset  value  (e.g., 70 lb/in.  ) .  2 

I t  i s  sometimes simpler t o  install   static  pressure  taps  in  l ieu of 
differential  pressure  gauges, where appropriate, and t o  use a portable meter 
t o  take  readings. This approach  reduces problems of meter  moisture damage, 
meter corrosion, and plugging of l ines.  When permanent d i f f e ren t i a l   s t a t i c  
pressure gauges are  used,  the static  pressure  l ines should be as  short  as 
possible and free of  90-degree  elbows. As mentioned in  Section 2, copper 
tubing ( in  a noncorrosive  environment) has been found t o  be less  susceptible 
t o  deterioration t h a n  the  polypropylene  lines commonly used. However, PVC i s  
even bet ter  because o f  i t s   res i s tance  t o  corrosive  condi,tions. 

3.1.6 Bag Tension 

Proper bag tension i s  an important  factor  for  ensuring  adequate bag l i f e  
and minimum particulate  emissions. The bag should be t i g h t  enough t o  avoid 
excessive  fiber-to-fiber and bag-to-bag abrasion, b u t  not so t ight   as  t o  
exceed the  tensile  strength o f  the bag  d u r i n g  cleaning. An example of a 
properly  tensioned bag i s  shown in  Figure 3-3. 

Upon ins ta l la t ion ,  each bag must  be checked for proper  tension. The 
manufacturer 's   l i terature should be consulted t o  determine the  correct  ten- 
sioning method. The proper bag cleaning  requires  flexing o f  the  surface t o  
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Figure 3-3 .  Examp1 e o f  a prclperly tensioned bag t h a t  i s  
collapsed d u r i n g  rreversz-air clea9ing. 

( ~ o u r t e s y  o f  PEI b s s o c i a t e s ,  Irtc.) 
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dis lodge  the  cake,  and if bag t e n s i o n   i s  low, t h e  bag may be  f lexed  adequate- 

?y  a t  t he   t op ,   bu t   t he   s tand ing  wave will dampen a s  i t  moves downward. A lsc ,  

t h e   f a b r i c  may e longate  because  o f   the  weight  o f  dus t   co l l ec ted   be tween  

c l e a n i n g   c y c l e s ,   o r   t h e  bag  attachments may s l i p   i n   t h e   h a n g e r s .  Thus, 

t e n s i o n  may change w i t h   l e n g t h   o f   s e r v i c e ,  and i t  a lso   shou ld  be checked soon 

a f t e r   s t a r t u p  and p e r i o d i c a l l y   t h e r e a f t e r .  

3.2 INSTRUMENTATION SYSTEMS AND COMPONENTS 

Numerous ins t ruments  may be  used t o   m o n i t o r   f a b r i c   f i l t e r   p e r f o r m a n c e  

and  performance  changes.  These  include  the  usual  pressure  and  temperature 

sensors,   t ransmissometers,   and  hopper   leve l   ind icators .  

3.2.1 Transmissometers 

T r a n s m i s s o m e t e r s   c a n   b e   u s e f u l   f o r   d e t e r m i n a t i o n   o f   f a b r i c   f i l t e r   p e r -  

formance  levels.  A f a c i l i t y  may have  one o r  more m o n i t o r s   t h a t   i n d i c a t e  

o p a c i t y   f r o m   v a r i o u s   f a b r i c   f i l t e r   o u t l e t   d u c t s   a n d   f r o m   t h e   s t a c k   i t s e l f .  

O p a c i t j   a l s o  may be  measured  on a r e a l - t i m e   b a s i s   o r   o v e r   s e l e c t e d   a v e r a g i n g  

per iods.  

The o p a c i t y   m o n i t o r   s i m p l y  compares t h e  amount  of l i g h t   g e n e r a t e d  and 

t r a n s m i t t e d   b y   t h e   i n s t r u m e n t   a g a i n s t   t h e   q u a n t i t y   r e c e i v e d   b y   t h e   r e c e i v e r .  

The d i f f e r e n c e ,   w h i c h   i s   c a u s e d   b y   a b s o r p t i o n ,   r e f l e c t i o n ,   r e f r a c t i o n ,  and 

l i g h t   s c a t t e r i n g   b y   t h e   p a r t i c l e s   i n   t h e  gas  stream, i s   t h e   o p a c i t y  o f  t h e  

gas stream.  Opaci ty i s  a f u n c t i o n   o f   p a r t i c l e   s i z e ,   c o n c e n t r a t i o n ,  and pa th  

l e n g t h .   O p a c i t y   m o n i t o r s   a r e   t y p i c a l l y   c a l i b r a t e d   t o   d i s p l a y   o p a c i t y   a t   t h e  

s t a c k   o u t l e t   p a t h   l e n g t h .   M o s t   o f   t h e   o p a c i t y   m o n i t o r s  now b e i n g   i n s t a l l e d  

a re   doub le -pass   mon i to rs ;   i . e . ,   t he   l i gh t  beam i s  passed  through  the  gas 

s t ream  and   re f l ec ted   back   ac ross   t o  a t r a n s c e i v e r .   T h i s   a r r a n g e m e n t   i s  

advantageous  for  several  reasons: 1) i t  a1 lows  au tomat ic   check ing   o f   the  

zero  and  span o f   t h e   m o n i t o r  when the   p rocess  i s   o p e r a t i o n a l  ; 2) because  the 

p a t h   l e n g t h  i s  l o n g e r ,   t h e   m o n i t o r   i s  more s e n s i t i v e  t o  s l i g h t   v a r i a t i o n s   i n  

o p a c i t y ;  and 3 )  a l l   o f   t h e -   e l e c t r o n i c s  package i s   l o c a t e d  on  one s i d e   o f   t h e  

s tack  as  a t ransce ive r .   A l though   s ing le -pass   t ransmissomete rs   a re   ava i l ab le  

a t  a l ower   cos t   (and   sens i t i v i t y ) ,   t he   doub le -pass   mon i to r   can  meet t h e  
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requirements for zero and span in Performance Specification 1, Appendix B, 40 
C F R  60. Monitor s i t i n g  requirements are  also  discussed i n  Performance Speci- 
f icat ion 1. 

For many sources, mass-opacity correlations can  be developed t o  provide 
a relative  indication of f a b r i c   f i l t e r  performance. Although s i te -spec i f ic ,  
these  correlations can provide  plant and  agency personnel w i t h  an  indication 
of re la t ive  performance l eve l s   a t  a giver:  opacity and deterioration i n  per- 
formance t h a t  requires  attention by plant  personnel. 

When pa ra l l e l   f ab r i c   f i l t e r s   o r  chambers are  used, an opacity  monitor 
can be placed i n  each out le t  duct , as we1 1 as on the  stack, t o  measure the 
opacity of the combined emissions.  although  the  stack moni to r  i s  commonly 
used t o  indicate  stack  opacity  (averaging  opacities from different  ducts can 
be difficult) ,   the  individual  duct monitors can be used t o  determine bag 
inteQrity i n  each chamber and  for  troubleshooting. Although this   opt ion  is  
often n o t  required and i t  represents an  additional  expense, i t  can be very 
useful, particularly on re la t ive ly   l a rge   fabr ic   f i l t e rs .  

3.2.2 Hopper  Level Indicators 

Hopper level  indicators could more accurately be called high  hopper lev- 
el  alarms  because  they do not  actually measure dust levels  inside the hopper; 
instead, when the d u s t  level becomes higher  than  the  level  detector, an  a1  arm 
sounds t o  indicate  that   corrective  action i s  necessary. The level  detector 
should be placed h i g h  enough that  "normal" d u s t  levels w i l l  ncjt continuously 
set  off  the  alarm, b u t  l o w  enough t o  allow  adequate  response  time to   c l ea r  
the hopper before the d u s t  reaches  the  tube  sheet and  causes  blocking  of  the 
ir let t o  the bags. Not a1 1 fabric  f i  1 t e r s  use  or need  hopper 1 eve1 indicators.  

Two types  of  level  indicators  are most commonly used (although  others 
are  a v a i  1 able) .  The older of the two,  a capaci tame prGbe , is   inser ted i n t o  
the hopper. As d u s t  builds up around the  probe, a  change in  the  capacitance 
occurs and t r iggers  an alarm. Although these systems are generally  reliable, 
they can be subject  to d u s t  buildbp and f a l se  alarms i n  some s i tuat ions.  The 
newer system, currently  in vogue, i s  a nuclear or radioactive  detector. 
These systems use a shielded Cesium radioisotope  to  generate a radioactive 
beam that  i s  received by a detector on the  opposite  side o f  the hopper. Ash 

intercepting  the beam decreases  the  detector  signal a n d  tr iggers a response. 
- 
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T h i s  system has two advantages: 1)  i t  does n o t  include a probe t h a t  i s  sub- 
j ec t  t o  dust b u i l d u p ,  a n d  2 )  more t h a n  one hopper  can be monitored by one 
radioactive  source. I t s  major drawback i s  t h a t  p l a n t  personnel must deal 
with a low-level radioactive  source, which  means adequate safety  precautions 
must  be taken. These detectors  are provided  with safety  interlocks t o  pre- 
vent  exposure of  p l a n t  personnel when maintenance is  required. 

- 

Hopper level  detectors normally should be placed between one-half a n d  
two-thirds o f  the way u p  the  side of  the hopper. As l o n g  as hoppers are n o t  
used for  storage,   this should  provide an adequate safety margin. ( I t  should 
be remembered t h a t  i t  takes much longer t o  f i l l  the upper 2 fee t  of a pyramid 
hopper t h a n  the lower 2 fee t .  ) 

Other indirect  methods are  available for  determining  whether  the hopper 
i s  emptying properly. On vacuum dischargelconveying  systems,  experienced 
operators can usually  tel l  where the hopper i s  plugged or i f  a "rat-hole ' '   is  
formed by checking the time and vacuum drawn on each hopper as d u s t  i s  re- 
moved. On systems t h a t  use a screw conveying system,  the  current drawn by 
the conveyor motor can serve  as an indicator of  dust removal.  Another simple 
method f o r  determining hopper pluggage i s  through a thermometer located 
approximately  two-thirds of  the way u p  on the hopper. If  dust  covers  the 
probe because o f  hopper buildup,  the  temperature  will begin t o  drop, which 
signals  the need for  plant personnel t o  take  corrective  action. 

3.3 PERFORMANCE TESTS AND PARAMETER MONITORING 

The operating  characteristics  of a f a b r i c  f i l t e r   a r e  such that  several 
concepts  are  useful i n  a performance evaluation. Among these  are  parameter 
monitoring and baseline  assessments. These concepts form the  basis  for good 
recordkeeping and a preventive  maintenance program  aimed a t  achieving  contin- 
uous compliance of the  controlled  source. 

Regulatory compl iance  is determined by a performance t e s t  involving  the 
use of a Reference Method, such as Method 5 or Method 17. In between these 
periodic performance t e s t s  during  operations a t  maximum and normal operating 
conditions, compliance with vis ible  emissions  standards  also may be deter- 
mined by opacity  observations performed in accordance  with  requirements of 
Reference Method 9. Because these  emission  tests  represent  only a small 
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segment of  time i n  t h e  d a i l y  operation o f  the  process a n d  fabr ic   f i l t e r ,   the  
performance d u r i n g  the  emissions t e s t  may n o t  be representative o f  character- 
i s t i c  d a i l y  operations.  Nevertheless,  these  emissions  tests do afford  the 
opportunity t o  document process and  fabric  f i l ter   operating  conditions t h a t  
influence  performance. By providing a known level of  performance, these 
values  serve  as a benchmark or baseline  condition  for  future comparisons w i t h  
d a t a  collected  during  routine parameter monitor ing and  recordkeeping or as 
part of diagnostic  troubleshooting. The establishment of these  baseline 
conditions makes i t  possible for a number  of parameters t o  be compared t o  
determine their   effect  on performance. I t  i s  the magnitude of these changes 
t h a t  i s  important. I n  addition t o  the  data  obtained  during  emission  testing, 
baseline  conditions may include bo th  pressure and temperature drop  across 
fabric  .f i l ter   (average  as well as  before and after  cleaning) and cleaning 
frequency. 

Parameter monitoring, an extension of baselining  the  fabric  f i l ter  and  
process  equipment, forms the  basis of diagnostic  recordkeeping and preventive 
maintenance. Several key parameters  are  usually monitored t o  track  fabric 
f i l t e r  performance. Generally,  parameter  monitoring  includes both process 
and f ab r i c   f i l t e r  d a t a  because bo th  are important t o  fabr ic   f i l t e r   per for -  
mance. An analysis o f  these key parameters and a comparison w i t h  base1 ine 
values can define many performance  problems, indicate  the need for  mainte- 
nance, and define  operating  trends  within  the  fabric  filter  (see  Section 4 ) .  

3.3.1 Performance Tests 

The performance test  often  is  the  deciding  factor  for  the  acceptance o f  
a new fab r i c   f i l t e r ,  and many agencies  require  periodic  testing (anywhere 
from quarterly t o  once every 3 to  5 years).  The i n i t i a l  performance t e s t  
cer t i f ies  t h a t  the f a b r i c   f i l t e r   i s  designed to  be capable of meeting the 
specifications. These i n i t i a l  performance t e s t s  may also  include  tests with 
sections of the  fabr ic   f i l ter   out  of service t o  meet special  requirements of 
the  permit,  specifications, or regulatory  requirements. The i n i t i a l  perform- 
ance tes ts  may also  include  inlet   tests t o  establish  grain  loading,  collec- 
tion  efficiency,  and,  in some cases,   inlet   particle  size  characterist ics.  

Testing  requirements  vary from s i t e  t o  s i t e ,  and they  should be estab- 
lished  in a testing  protocol; however, one of two t e s t  methods is   general ly  
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specified f o r  determining particulate emission rates .  These are EPA Refer- 
ence Methods 5 and  17 (40 CFR 60, Appendix ) .  In b o t h  methods , a sample i s  
removed isokinetically ( i  . e . ,  the  linear  velocity o f  the  gas  entering  the 
sampling nozzle i s  equal t o  t h a t  o f  the  undisturbed  gas  stream a t  the sam- 
pling p o i n t )  from various sample locaticns t o  prevent  the sample results from 
being biased. The main difference between the two methods i s  the  location o f  
the f i l t e r  i n  the sample t r a i n .  The  Method 5 sample t r a in  uses an external 
f i l t e r  held i n  a temperature-control h o t  box. The sample passes t h r o u g h  the 
heated sample probe and f i l t e r  i n t o  the impinger t ra in   for  removal of conden- 
sable  materials  (water,  acid, a n d  condensible  organics). The par t iculate  
emission rate  usually w i l l  be determined from the probe and f i l t e r  catch 
alone  (front-half  catch); however, some regulatory  limitations  specify  the 
use of bo th  f ron t -  and back-half  catches (which include  the  impinger  catch 
minus water). In most cases , the  specified  temperature i s  248" ? 25°F for 
the   f i l t e r  of  a Method 5 sample t r a in ,  b u t  special  conditions  allow a temper- 
a t u r e  u p  t o  320" t 25°F. 

Method 1 7 ,  on the  other hand, uses an in-stack f i l t e r   to   cap ture   par t ic -  
ulate .   After   the   f i l ter  temperature has been allowed t o  equi l ibrate  t o  stack 
conditions,  the sample i s  drawn through the  nozzle and i n t o  t h e   f i l t e r .  The 
sample i s  then  passed through a s e t  o f  impingers to remove condensibles from 
the gas stream. 

The two methods often do  n o t  provide  equivalent  results, even when the 
f lue gas temperature i s  the same as the h o t  box temperature. First ,  Method 5 
defines  particulate  as  the  material t h a t  i s  captured on a f i l t e r   a t  the  hot 
box temperature  (nominally 250°F) , even though the  temperature  of  the gas 
stream  passing  through  the f i l t e r  may be substant ia l ly   different  from the hot 
box temperature.  This i s  important because many "particulates"  are tempera- 
ture-dependent, i . e . ,  they ex is t  below a certain  temperature, b u t  they may 
remain in a gaseous form above a given temperature.  Theoretically,  particu- 
late  matter  is  referenced t o  a particular  temperature. Second, some losses 
are normally associated with  recovering  the  particulate from the  in-stack 
f i l t e r  of the Method 17 sample t r a in ,  and an average  correctior! must be ap-  
plied  (e.g., 0.04 gr/scf  for  kraft recovery boi lers) .   Last ly ,  because Method 
17 is  referenced t o  the  stack  temperature,  the  definition o f  what consti tutes 
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" p a r t i c u l a t e "  may be d i f f e r e n t .  Method 17 i s  u s u a l l y   r e s e r v e d   f o r   p a r t i c u -  

l a t e s   o r   p r o c e s s e s   t h a t  a r e  not  temperature-dependent. When t h i s   i s   t h e  

case ,   t he   resu l t s   o f   bo th   me thods   a re   usua l l y   i n   re la t i ve l y   c lose   ag reemen t .  

There  has  been  widespread  discussion as to  which  method  should  be  used 

when a cho ice  i s  al lowed. Each method  can  be  manipulated t o   p r o v i d e   t h e   m o s t  

f a v o r a b l e   e m i s s i o n   r a t e .  Method 17 may r e f l e c t  more a c c u r a t e l y   t h e   c o n d i t i o n s  

t h e   f a b r i c   f i l t e r  may encounter;  however,  Method 5 a t t e m p t s   t o   s t a n d a r d i z e  

the   opera t ing   tempera ture  so t h a t   d i f f e r e n c e s   i n   t e m p e r a t u r e  and  temperature 

dependency are  min imized.  

I n   a d d i t i o n   t o   o v e r a l l   p a r t i c u l a t e   e m i s s i o n   r a t e s ,  some r e g u l a t i o n s  

limit the  emis.sion o f   f i n e   p a r t i c l e s .  Such l i m i t s   r e q u i r e   p a r t i c l e   s i z e  

a n a l y s i s ,   e i t h e r   b y   m i c r o s c o p i c  methods or   by   the   use   o f   cascade  impactors .  

Cascade i m p a c t o r s   a r e   p l a c e d   i n   t h e   s t a c k   i n  a manner s i m i l a r   t o   t h e   p l a c e -  

ment o f  a n   i n - s t a c k   f i l t e r .  An i m p a c t o r   c o n s i s t s   o f  a s e r i e s   o f   p e r f o r a t e d  

p l a t e s  and ta rge t   o r   impac t   s tages  on which  an  impact medium (e.g. , grease)  

i s  used. As t h e  gas  and p a r t i c u l a t e s  pass  through  the  impactor ,   they  are 

a c c e l e r a t e d   t o   h i g h e r   v e l o c i t i e s .  The p a r t i c u l a t e   m a t t e r   h a s   d i f f i c u l t y  

s t a y i n g   w i t h   t h e   f l o w   s t r e a m l i n e s ,  and i t s   i n e r t i a   c a r r i e s  i t  t o   i m p a c t   t h e  

ta rge t   s tage .  Each s tage i s   s i z e d   t o   c a p t u r e  a p r e d e t e r m i n e d   p a r t i c l e   s i z e  

range a t  a g i v e n   f l o w   r a t e .   C a l i b r a t i o n   c u r v e s   a n d   c o r r e c t i o n s   t o   t h e   p a r t i -  

c le   s ize   ranges   a re   p rov ided  by   the   equ ipment   manufac turers .  

There  are  two  problems  re la ted  to   the  use of cascade  impactors .   F i rs t ,  

t h e  gas   s t ream  must   be   sampled   i sok ine t ica l l y   to   avo id   skewing   o f   the   par t i -  

c l e   s i z e   d i s t r i b u t i o n .   U n d e r - i s o k i n e t i c   s a m p l i n g  ( a t  a p r o b e   v e l o c i t y   l e s s  

t h a n   t h a t   o f   t h e   s t a c k   o r   d u c t )   u s u a l l y   r e s u l t s   i n  a d i s t r i b u t i o n  skewed 

toward 1 a r g e   p a r t i c l e s  , whereas   over - i   sok i   ne t i  c sampl i ng  undersampl  es  the 

l a r g e   p a r t i c l e s .   A l s o ,   t h e   p a r t i c l e   s i z e   d i s t r i b u t i o n  may have l i t t l e  

bear ing  on the  Method 5 r e s u l t s  because o f  the  temperature-dependency of  t h e  

p a r t i c u l a t e .  Second, t h e   i s o k i n e t i c   s a m p l i n g   r e q u i r e m e n t  means t h a t   t h e  Sam,- 

p l e  must be drawn a t  a g i v e n   f l o w   r a t e  and t h e  flow r a t e   c a n n o t   b e   v a r i e d   t o  

m a i n t a i n   c a l i b r a t i o n   o f   t h e   i m p a c t o r .   V a r y i n g   t h e   f l o w   r a t e   w o u l d   v a r y   t h e  

p a r t i c l e   s i z e   d i s t r i b u t i o n  e a c h   s t a g e   w o u l d   c a p t u r e .   T h i s   u s u a l l y   r e s u l t s   i n  

the  use of s i n g l e - p o i n t   s a m p l i n g   o r  an " a v e r a g e "   i s o k i n e t i c   r a t e   f o r   t h e   t e s t  
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ports,  w i t h  a l l  the  attendant  limitations  regarding sample represpntative- 
ness. I n  some cases,  multipoint sampling may  be carried o u t . ,  b u t  careful 
planning a n d ,  for multiple  impactors, good f low distribution  are  necessary. 

" 

Opacity i s  usually  monitored  during  the performance t e s t  w i t h  an  cpacity 
lnonitor a n d / o r  by  Method 9 observations.  Several  sources ( m o s t  n o t a b l y  

u t i l i t i  
prompt 
appear 
s ize  d i  

over a 

e s )  have  done some  work to  establish  masslopacity  correlations, which 
the  following  general  observations.  First,  mass/opacity  correlations 
t o  depend on a number of  industry- and site-specific  factors,   including 
s t r ibut ion,   s tack p a t h  length, a n d  process-related  factors. Second, 
period o f  time,  consistent  relationships have  been found a t  a  number 

of sources  (regardless  of  process  load),  provided  neither  the  process nor  the 
fabric  filter  is  experiencing  severe  malfunctions. The process  operation 
seems t o  be the  controlling  factor i n  most cases. For example, much o f  the 
d a t a  for  utility  applications  suggests  that  the  mass/opacity  relationship i s  
*relatively  constant  for a given  source; however, when a condensible  partic- 
ulate  is  present,  the  masslopacity  correlation may not be re l iab le .  T h i r d ,  

opacity  monitor d a t a  tend t o  produce "tighter" or  better  correlations than 
Method 9 when 95 percent  confidence  intervals  are  calculated  for  the  correla- 
tion. Observer biasing can r e su l t  from changing background conditions or 
from "between-observer"  differences; whereas a properly  maintained  monitor 
usually i s  n o t  subject  to  biasing problems. Lastly,  confidence  intervals 
tend t o  become very large a t  the extreme  ends  of the  curves when  mass and/or 
opacity i s   e i t he r  very low o r  h i g h .  A t  the l ow  mass/opacity end of the 
curve,   the   re la t ive  errors ,   par t icular ly  i n  t es t  methods, can become substan- 
t i a l .  Although the mass loading i s  very  high a t   t h e  upper end, l i t t l e  change 
may occur  in  opacity. I n  the  opacity  ranges of i n t e re s t   t o  most agencies a n d  
sources, however, the  confidence  intervals can be qui te  t i g h t .  This opacity 
correlation, although  not  usually used f o r  compliance determinations, can be .  
useful i n  evaluating  operation and maintenance, which was the  original  intent 
behind the  requirement fo r  continuous  emission  monitors. 

3.3.2 Baseline Assessment 

The establishment  of  baseline  conditions  for a f a b r i c   f i l t e r  during a 
performance t e s t  provides a basis  for comparison i n  future  evaluations of  the 
f a b r i c   f i l t e r .  The baseline  serves  as a reference p o i n t ,  a n d  the  types a n d  
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magnitude of  sh i f t s  from baseline  conditions  are  important i n  evaluating 
f a b r i c   f i l t e r  performance. 

Fabric filter  baseline  conditions  generally can be established  during 
the  unit’s i n i t i a l  performance t e s t .  The following key parameters  should be 
examined during  subsequent  performance t e s t s  and compared against  the base- 
line  values: 

1. Gas volume. I f  t o o  high, i t  can blind  the  bags; i f  t oo  low, i t  can 
cause  dust  dropout i n  the  ducts. 

2.  Temperature. If too  h i g h ,  i t  can destroy  the bags and/or  gasket- 
in?;   if  t o o  low, i t  might cause  excursions below the dewpoint. 

3 .  Pressure  drop. A pressure drop t h a t   i s  too high indicates poten- 
t i a l  bag blinding  or high gas flow; one t h a t  i s  too low indicates 
bag fai lure .  

4. Dust load .  I f  t oo  high, i t  may exceed the  unit‘s  capacity  to 
convey the  dust from the baghouse; i f  too low, i t  may cause ex- 
cessive  emissions a f t e r  each cleaning  cycle. 

5. Particle  size.   Particles t h a t  are  too  f ine car: cause  blinding of 
the bags or  excessive  emissions. 

Baseline  conditions  should also be established  for  the  process t h a t  the 
fabr ic   f i l t e r   cont ro ls .  Process d a t a  may include  production  weight, raw 
material and product  feed  characteristics,  operating  temperatures and pres- 
sures, combustion a i r  se t t ings ,  and cycle  times  (for  cyclic  processes]. 

Although the  exact  effect a change i n  most of  these  parameters  will have 
on performance cannot be predicted, a quali tative  evaluation can often be 
made  when values  deviate from baseline  conditions, and these  deviation  values 
are  useful i n  parameter  monitoring. 

3 . 3 . 3  Parameter  Monitoring 

Parameter monitoring  usually  plays a key role  i n  an overall  operation 
and maintenance plan,  particularly one that  stresses  preventive maintenance. 
Such monitoring also forms the  basis  for a recordkeeping program that  places 
emphasis on diagnostics.  Typically,  daily  operating  data  are reduced t o  
include  only  the d a t a  on a few  key parameters  that  are  monitored. Acceptable 
ranges may  be established  for various parameters  (by  use of base1 ine  tes t  
data) t h a t  require  further d a t a  analysis,  or  perhaps some other  action  if  the 

r v r w  
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v a l u a   f a l l   o u t s i d e  a g iven  range.   Care  must   be  taken  not   to   re ly  on j u s t  

one paramete r   o r   i nd i ca to r ;   o the r   f ac to rs ,   bo th   des ign -  and o p e r a t i o n - r e l a t e d ,  

usua l ly   must  be  cons idered.   Typica l   parameters  that   can be m o n i t o r e d   i n c l u d e  

o p a c i t y  and pressure  drop  dur ing  cake  bu i ldup,   and gas temperature.  

Many sources   use   opac i ty   leve ls  as t h e   f i r s t   i n d i c a t o r   o f   p e r f o r m a n c e  

changes. I n   g e n e r a l ,   o p a c i t y   i s  a  good i n d i c a t o r  and t o o l   f o r   t h i s   p u r p o s e .  

It i s  n o t   w i s e   t o   r e l y  on opac i ty   da ta   a lone,  however,  as  such r e l i a n c e  can 

cause  one to   over look   p rob lems  tha t   can   a f fec t   long- te rm  per fo rmance  (e .g . ,  

hopper  pluggage o r   b r i d g i n g  w i th in  bags may n o t   s i g n i f i c a n t l y   i n c r e a s e   o p a c -  

i t y ,  b u t  may even tua l l y   dec rease   t he   ne t   c lo th   a rea  and inc rease   p ressu re  

drop) .  

A n o t h e r   u s e f u l   p a r a m e t e r   i s   t h e   p r e s s u r e   d i f f e r e n t i a l   a c r o s s   t h e   f a b r i c  

filter. S ta t i c   p ressu re   d rop   shou ld   be   measured   pe r iod i ca l l y   t o   de te rm ine  

r e j a t i v e  changes i n   d u s t   c a k e   r e s i s t a n c e .  When r e v i e w i n g   t h e   o p e r a t i n g   l o g s ,  

t h e   o p e r a t o r   s h o u l d   l o o k   f o r  any i nc rease  above t h e   p r e v i o u s   o p e r a t i n g   l e v e l s  

i n  the   l ower   (a f te r   t he   c lean ing   cyc le )   and   upper   (be fo re   t he   nex t   cyc le  

begins)  pressure  drops  across  the  bags. A g r a d u a l   i n c r e a s e   i n   r e s i s t a n c e   c a n  

i n d i c a t e   o i l   d e p o s i t s ,   f i n e   p a r t i c u l a t e   b l i n d i n g   o f   f a b r i c ,   o r   m o i s t u r e  

inleakage. An i n c r e a s e  may b e   t o l e r a t e d  i f  i t  i s   n o t   s e v e r e   o r  i f  a de- 

c reased   ven t i l a t i on   pe r fo rmance  does n o t   r e s u l t   f r o m   t h e   d e c r e a s e d   v o l u m e   o f  

gas exhausted.   Temperature  char ts   must   be  moni tored  to   determine  the  poten-  

t i a l   f o r   s h o r t - t e r m   f a i l u r e  caused  by   tempera ture   excurs ions   and  to   de tec t  

i n l e a k a g e   t o   t h e   f a b r i c   f i l t e r   h o u s i n g .  It i s  an un fo r tuna te   m isconcep t ion  

tha t   sho r t   t empera tu re   excu rs ions  do not  cause  permanent damage, as t h e  

e f fec ts   o f   repea ted   t empera tu re   excu rs ions  on t e n s i l e   s t r e n g t h   a r e   c u m u l a t i v e .  

A s i g n i f i c a n t   d e c r e a s e  i n  t e m p e r a t u r e   a c r o s s   t h e   f a b r i c   f i l t e r  may i n d i c a t e  

in leakage o f  o u t s i d e   a i r ,   e i t h e r  because o f   f a i l u r e   o f   g a s k e t s   a r o u n d   o p e n -  

i n g s   o r   t h e   l o s s  o f  t h e   i n t e g r i t y  o f  the  housing.  

3 .4  RECORDKEEPING PRACTICES AND PROCEDURES 

R e c o r d k e e p i n g   p r a c t i c e s   f o r   f a b r i c   f i l t e r s   r a n g e   f r o m  none t o   m a i n t a i n -  

i n g   e x t e n s i v e   l o g s  o f  o p e r a t i n g   d a t a  and   ma in tenance   ac t i v i t i es   and   s to r i ng  

them on computer  d isks.  The data  obta ined  by  parameter   moni tor ing  form a 
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basis f o r  recordkeeping,  as  this  type of  data  usually  indicates  fabric  f i l ter  
performance. Recordkeeping allows  plant  personnel t o  t r ack   f ab r i c   f i l t e r  
performance, evaluate  trends,  identify  potential problem areas,  and arr ive a t  
appropriate  solutions. The magnitude o f  the  recordkeeping act ivi ty   wil l  
depend on a combination o f  factors ,  such as  personnel ava i lab i l i ty ,   s ize  o f  

the   fabr ic   f i l ter ,  and  the  level of maintenance required. For moderately 
sized,  well-designed, and well-operated  fabric  filters,  maintaining b o t h  
daily  operating  records a n d  maintenance records  should n o t  be t o o  cumbersome; 
however, records  should be limited t o  key operating  parameters  only t o  avoid 
accumulating a mountain of  unnecessary  information. 

" 

When sett ing u p  a recordkeeping program, one should  give at tent ion t o  
bo th  operating and maintenance  records because they  are  required t o  provide a 
complete operating  history o f  the   fabr ic   f i l ter .  This operating  history  is 
useful'in an  evaluation of future performance,  maintenance trends, and 
operating  characteristics t h a t  may increase  the  life of the  unit  and  minimize 
emissions. Even thouah  recordkeeping programs are   s i te-specif ic ,   they should 
be se t  u p  t o  provide  diagnostic and troubleshooting  information,  rather t h a n  
merely for  the sake  of  recordkeeping.  This approach makes the  effor t  bo th  
worthwhile and cost-effective. 

Other supplementary  records that should be maintained as part  o f  the 
permanent f i l e  f o r  operation and maintenance include all   baseline assessments 
t h a t  include b o t h  process and fabric  f i l ter   operating  data and d a t a  from 
emission tes t s .  A spare  parts  inventory  listing  also  should be maintained, 
w i t h  periodic  updates so that  parts may  be obtainee and installed  in a timely 
manner. 

3.4.1 Operating Records 

As mentioned previously,  the  specifics on what parameters  will be moni- 
tored and recorded and a t  what frequency will be largely  si te-specific.  
gonetheless,  the  factors  that  are  generally  important i n  parameter  monitoring 
will  also be the ones reccrded  as  part of a recordkeeping program. Such ditta 
would typically  include  the  process  operating  rate,  differential  pressures, 
temperatures, and opacity monitor  readings. These d a t a  prohably  should be 
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i n g ,  the more sensitive  the  operators  will be t o  process  or f a b r i c  f i l t e r  
operational  problems, b u t  the amount of d a t a  t o  manipulate a l s o  increases. 
The op t ima l  frequency may be every 4 hours (twice p e r  s h i f t ) .  I n  the  event 
of sudden and dramatic changes i n  performance, this   a l lows  re la t ively  l i t t le  
time t o  evaluate  the d a t a  t o  determine  the  cause of the change. Shorter 
intervals m i g h t  be required on highly  variable  sources. 

I n  addjtion t o  the  numerical  values of the  operating  parameters, a check 
l i s t  should be included t o  confirm  operation of  the  cleaning  system, hopper 
systems (or  other dust-removal systems),  the abser;ce of  audible  inleakage, 
and the  other  general  physical  considerations t h a t  can adversely  influence 
f a b r i c   f i l t e r  performance. 

3.4.2 Maintenance Records 

. Maintenance records  provide an operating  history of a f a b r i c   f i l t e r .  
They can indicate w h a t  has f a i l ed ,  where, and how often; what k i n d  o f  prob- 
lems are  typical; and  what has been  done about  them. These records can be 
used in  conjunction w i t h  a spare  parts  inventory t o  maintain and update a 
current l i s t  of available parts and the  costs o f  these  parts. 

The work order  system  provides one o f  the  better ways to  keep mainte- 
nance records. When properly  designed and used, th i s  system can provide 
information on the  suspected problem, the problem actually found,  the  correc- 
tive  action  taken, time and parts  required, and  any additional  pertinent 
information. The system may involve  the use of t r i p l i ca t e  carbon forms-or i t  
may be computerized. As long as  a  centralized system i s  provided for  each 
maintenance act ivi ty ,   the  work order approach usually works well. 

Another approach i s   t o  use  a  log book in which a summary of  maintenance 
ac t iv i t i e s   i s  recorded. Although not  as  flexible  as  a work order system 
(e.g.,  copies o f  individual work orders can be sent t o  various  appropriate 
departments) , i t  does provide  a  centralized  record.  This  type  of  maintenance 
record i s  probably bet ter   sui ted f o r  the   fac i l i ty  t h a t  uses  smaller  fabric 
f i 1 ters  . 

I n  addition t o  these  centralized  records,  a  record  should be maintained 
of a l l  periodic checks or  inspections. These should  include  the weekly, 
monthly,  semiannual , and annual  checks o f  the   fabr ic   f i l t e rs   tha t  make up 
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p a r t  o f  a prevent ive  maintenance  program.  Speci f ic   maintenance i t e m s  i d e n t i -  

f i e d  by these  per iod ic   inspec t ions   shou ld  be i n c l u d e d   i n   t h e   r e c o r d k e e p i n s  

process. The i tems t o  be checked  are  discussed i n  more d e t a i l   i n   S e c t i o n s  4, 

5, and 6. 

3 . 4 . 3  R e t r i e v a l  o f  Records 

" 

A computer ized   s to rage  and  re t r ieva l   sys tem  i s   idea l   fo r   recordkeep ing .  

A computer  can  manipulate and r e t r i e v e   d a t a  in a var ie ty   o f   fo rms  (depend ing  

upon the   so f tware)  and a l s o  may be u s e f u l   i n   i d e n t i f y i n g   t r e n d s .  A computer- 

ized  system i s  n o t  f o r  everyone,  however. The l a r g e r   t h e   d a t a   s e t   t o  be 

handled,  the more l i k e l y  i t  i s   t h a t  a computer   can  he lp  to   analyze  and  sor t  

data.  For a smal l   source   w i th  a f a b r i c   f i l t e r   t h a t   p r e s e n t s  f e w  problems  and 

t h a t  has  a very   manageab le   se t   o f   opera t ing   parameters   to  be mon i to red ,  a 

computer   system  could  be  very   wastefu l   (un less  comput ing  capabi l i ty  i s   a l -  

ready   ava i l ab le ) .   A l so ,  i t  i s  sometimes e a s i e r   t o   p u l l   t h e  pages f rom a f i l e  

manually, do  a 1 i t t l e   a r i t h m e t i c  , and come up w i t h   t h e   a n s w e r   t h a n   t o   f i n d  

t h e   a p p r o p r i a t e   d i s k s   a n d   f i l e s ,   l o a d   t h e   s o f t w a r e ,  and  execute  the  program 

to   d i sp lay   " t he   answer . "  

R e t e n t i o n   t i m e   i s   a l s o  a s i t e - s p e c i f i c   v a r i a b l e .  I f  records   a re   ma in-  

t a i n e d   o n l y   t o   m e e t  a regu la to ry   requ i remen t  and are   no t   used o r  eva lua ted ,  

they can probab ly  be disposed o f  a t  t he  end o f   t h e   s t a t u t o r y   l i m i t a t i o n  

( t y p i c a l l y  2 y e a r s ) .  Some would  suggest   that   these  records  should  not   be 

destroyed  because i n  the e v e n t   o f   p r e m a t u r e   f a i l u r e   o f  a f a b r i c   f i l t e r   ( o r  

process) ,   the  data  preserved ir. these  records   cou ld  be used  as  an  example o f  

what n o t   t o  do. On some f a b r i c   f i l t e r s   i n   s e r v i c e   t o d a y ,   r e c o r d s   g o i n g   b a c k  

10 t o  12 years  have  been  kept   to   t rack  the  per formance,   cost ,   and  system 

response t o   v a r i o u s   s i t u a t i o n s  and t h e   m o s t   e f f e c t i v e  ways t o  accompl ish 

th ings.  These records   serve  

minimize  emissions,  which i s  
o f  these  records may v e r y  we 

Af ter   severa l   years,   however  

t i e s   a r e  more d e s i r a b l e   t h a n  

c r e a t e d   c o n c u r r e n t l y   w i t h   t h  e 

as  a l e a r n i n g   t o o l  t o  opt imize  performance  and 

the   under ly ing   purpose  o f   recordkeep ing .  Some 

1 be k e p t   t h r o u g h o u t   t h e   l i f e   o f   t h e   e q u i p m e n t .  

.summaries o f   o p e r a t i o n  and  ma in tenance  ac t i v i -  

the  actua l   records  themselves.  These  can be 
d a i l y   o p e r a t i n g  and  maintenance  records  for  

future  use. I f  needed, ac tua l   da ta   can   then be r e t r i e v e d   f o r   f u r t h e r   e v a l u a -  

t i o n .  
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SECTION 4 

PERFORMANCE  EVALUATION,  PROBLEM DIAGNOSIS, 
AND PROBLEM  SOLUTIONS 

Many f a c i l i t i e s  t h a t  have ins ta l led   fabr ic   f i l t e rs  have  done so w i t h  

expectations of  high collectior:  efficiency,  reasonable  energy  requirements, 
good long-term  performance  with reasonable bag l i f e ,  and low maintenance 
requirements.  Unfortunately,  failure of  the equipment to  meet these expec- 
tations  (because of poor design and installation,  inadequate  maintenance, or 
operation t h a t  is   inconsistent with  design constraints)   of ten  resul ts  i n  non-  
compliance and/or  maintenance problems. Personnel  respGnsible  for  evaluating 
the performance  of a f a b r i c   f i l t e r  should be familiar  with  the equipment 
design,  the  principles of  operation,  the importance of certain  process param- 
eters  and the i r   e f fec t  on performance, and maintenance  requirements.  This 
section  presents  discussions on the use of key parameters  in  monitoring  per- 
formance, diagnosing or troubleshooting  problems, and providing  corrective 
actions  for  the most common problems. Because fabr ic   f i l t e rs   a re   appl ied  t o  
a wide variety of sources,  site-specific  factors  play an important  role  in 
the  overall performance of these  control  systems. 

4.1 PERFORMANCE  EVALUATION 

As discussed i n  Section 3,  several key operating  parameters  should be 
monitored and recorded t o  alert   operators t o  current performance conditions. 
To be o f  greatest  value, however, these  parameters must be  compared against 
i n i t i a l  design  conditions  or  baseline  values t o  determine their   acceptabil-  
i ty .  For example, measurement G f  temperature and pressure d r o p ,  two of  the 
more  common parameters, has l i t t l e  meaning if  the  design and baseline  values 
of these  parameters  are n o t  k n o w n .  The temperature  limits may be se t  by 
dewpoint conditions and by bag type, b o t h  of which are   par t  of the  design and 
basel ine  cr i ter ia  d a t a  set .  Without these d a t a ,  the  value  recorded  for 
temperature has r e l a t i v e l y   l i t t l e  meaning. A similar  case can be  made for 
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pressure  drop. Thus, a comparison o f  the key operating parameters w i t h  

design  or  baseline  values  provides an awareness o f  what values  are "norma 
o r  f a l l  w i t h i n  the range of acceptable  performance. 

- 

Although a single d a t a  se t  i s  useful f o r  evaluating  operating  condit 

1 I' 

ions 
and performance, i t  generally  cannot be used t o  evaluate  trends  in  the f a b r i c  

f i l t e r  performance. Evaluating  long-term  performance, minimizing maintenance 
costs,  a n d  providing optimum bag l ife  require  the maintenance a n d  evaluation 
of  daily  records so t h a t  any  sudden o r  gradual changes  in the  parameters can 
be determined. Key process a n d  control equipment operating parameters are,  
of course, of greatest   interest   in such an evaluation. With f a b r i c   f i l t e r  
systems,  the  parameters t h a t  shou-ld be reviewed t o  determine  trends  are 
opacity,  pressure drop ,  temperature,  pressure drop  and temperature  cycles ( i f  
continuous strip  chart  recorders  are  used), and such key process  parameters 
3s production rate .  Fan speeds and  motor currents  also could be included  in 
this  evaluation. When evaluated i n  l igh t  of the gas  temperature,  the  fan 
speed and motor current can be indicative of the gas volume  moving through 
the  system. Maintenance records  are  also very  useful  in  evaluating long-term 
performance, in  establishing performance trends, and in  identifying  failure 
patterns. For example, records of  bag fa i lures ,   the i r   loca t ion ,  and the  type 
o f  fa i lure  could  reveal a design or operating problem when used in  conjunc- 
tion w i t h  daily  operating  records. How the  records  are  arranged and what 
d a t a  are included are  si te-specific  decisions.  

4 .2  DATA COLLECTION AND CORPILATION 

For most fabr ic   f i l ter   appl icat ions,   the  two most useful  operating 
parameters are  the  opacity and the  pressure drop across  the f i  1 ter   material .  
In some applications,  temperature d a t a  will be important  for  evaluation of 
the impact o f  high temperature  excursions  or  condensation. The frequency for 
collection o f  these d a t a  will depend on several  factors, b u t  as  a general 
rule,  these d a t a  should be checked once a day.  Continuous strip-chart  
recorders  for  opacity,  pressure d r o p ,  and temperature can be very useful  for 
indicating  caily  trends. The use of  continuous  strip-chart  recorders i s  

often  limited t o  larger  sources, however. Opacity  monitors  also tend t o  be 
used only i n  certain  applications and a t  large  industrial  sources. Most 
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smal 1 sources t h a t  use f a b r i c   f i l t e r s  ha\:e no opacity  monitors. A 1  7 sources, 
however, have means o f  monitoring  temperature, a n d  when f ab r i c   f i l t e r s   a r e  
applied t o  high-temperature  sources  or i n  s i tuat ions where temperature proh-  
lems may occur, t h e  i n l e t  gas temperature  should be monitored continuously. 

Irl the  absence of continkous  monitors/recorders,  visible  emission  char- 
a c t e r i s t i c s  and  onsite  instrumentation must  be observed periodically and the 
results  evaluated.  Opacity  observations a r e  very  useful a t  most applications 
because opacity plumes a t  a properly  operated and maintained f a b r i c   f i l t e r  
are  generally very low,  except when a condensible plume i s  present. A 

relatively  continuous  elevated  opacity  level can be indicative of the  pres- 
ence o f  major leaks a n d  t ears   in   the   f i l t e r  bags.  Pinhole  leaks  are  also 
usually  discernible by  an increase i n  opacity  after  cleaning of the  bag(s). 
These kinds o f  plume characteristics  are  generally  discovered by continuous 
observa'tion of the plume as  opposed t o  once every 15 seconds as  required by 
EPA Reference Method 9. Whereas the  use o f  Method 9 for  determining  average 
opacity is  suf f ic ien t   for  enforcement  purposes, changes in  opacity t h a t  
resul t  from  minor leaks may  be missed when this  method i s  used. !n general, 
continuous  observation  of the plume t o  note any changes i s   be t t e r   su i t ed   fo r  
evaluating maintenance  requirements,  as problems in  certain rows or modules 
can be ident i f ied by t h i s  method. 

The pressure d r o p  across  the  fabric  f i l ter   gives an  indication of the 
resistance t o  gas  flow and cleaning  effectiveness. The pressure  drop  usually 
varies w i t h  the  square of the gas volume flow  through the   fabr ic ,  b u t  i t  will 
a lso vary w i t h  the  thickness of the d u s t  cake and the amount of  material 
permanently retained by the   f ab r i c   f i l t e r .  This  value will  deper,d on various 
factors .  The pressure drop o f  a f a b r i c   f i l t e r ,  however, general ly   fa l ls  
within a "typical"  range, and i t   i s   t h i s  range tha t  i s  important. The 
recorded  value  should f a l l  within  the  general  operating  range  for  the u n i t .  
Any changes in  the  pressure d r o p ,  whether  gradual or sudden, may indicate the 
need fo r  maintenance. I f  the  cleaning  cycle i s  i n i t i a t ed  by a specified 
pressure d r o p ,  however, the  pressure d r o p  will  n o t  change, b u t  the  time 
between cleaning  cycles  will be shortened. When a large number of fabr ic  
f i l t e r s  must be evaluated, fGrms  may be printed t h a t  include the typical  or 
baseline  values so tha t  an immediate comparison can  be  made. For large,  
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multicompartmented f i l t e r  systems,  recording  the  pressure d r o p  across i n d i -  

v i d u a l  modules may n o t  be necessary because pressure d rop  tends t o  equalize 
across  all  the modules. 

For  those  units on which operating  temperature i s  of particular  concern, 
the  use of  continuous strip-chart  monitors i s  highly recommended.  Sometimes 
bag damage is  n o t  evident  until days or weeks a f t e r  a temperature-related 
incident. This can  be troublesome t o  maintenance  personnel  because f a i lu re  
t o  detect  the cause of deteriorating bags can result  in  unusually high 
maintenance costs. Although b o t h  i n l e t  and outlet  monitors  are recommended, 
measurement  of only the   in le t  gas temperature i s  usually  sufficient. Tem- 
perature  readings  recorded  during  the  acquisition of other  data  (opacity, 
pressure d rop ,  production  rate,  etc.)  are  usually of 1 i t t l e  use by them- 
selves,  since  they  are  not  continuous. 
. Maintenance records  are  also  useful  in  evaluating  fabric f i l t e r  perform- 

ance. A record of  bag failures  and/or bag replacement can be especially 
helpful. I n  a typical  application  with newly installed bags, random  bag 
fai lures   short ly   af ter   s tar tup  is  n o t  uncommon. These are  usually caused by 
an occasional  defective bag and by instal la t ion problems. After  these 
failures occur  during  the shakedown period, bag replacement  requirements are  
expected t o  be  minimal u n t i l  the bags near  the end o f  t he i r  useful  lives. 
Records  of bag replacement location, however, may reveal  the  presence of 
failure  patterns  resulting from design o r  operating  practices. The existence 
of such a pattern may suggest a possible cause and solution t h a t  will improve 
performance and reduce  maintenance costs i n  the long run. A'typical bag 
rep7acement record i s  shown in  Figure 4-1. 

Another character is t ic  t h a t  bears  examination i s   t he  physical  property 
of t h e  dust and  any associated changes tha t  may have occurred. Although 
site-specific  factors  control  the  characterist ics of the  dust  to be con- 
t rol led,  two general character is t ics  t h a t  can influence  fabric  f i l ter   per- 
formance are   par t ic le   s ize   dis t r ibut ion and the  adhesive  characteristics of 
dusts. Changes i n  par t ic le -s ize   d i s t r ibu t ion  may increase  abrasive wear i f  
t he  particles  increase  in  size. On the  other hand,  a s h i f t  t o  a smaller 
particle  size range may increase  penetration  (bleed-through) and blinding. 
Changes in  process  operating  characteristics can sometimes cause s ignif icant  
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Figure 4-1 . Typical bag replacement   record.  
(Courtesy of  Mi kro-Pu1  Corp. ) 
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sh i f t s  i n  par t ic le   s ize .  Changes i n  adhesive character is t ics  can d l s o  resu l t  
from variations  in  process  operation  conditions  (e.g., some combustion 
sources can produce "sticky" carbon par t ic les  i f  conlhustion character is t ics  
are poor) or  fluctuations in  temperature t h a t  produce dewpoint problems. 
Where such changes are  possible,  routine  monitoring of d u s t  charac te r i s t ics  
may be prudent t o  prevent  excessive  or unexpected  maintenance  problems. 

4 .3  PROBLEM DIAGNOSIS 

The  two major categories of  operation a n d  maintenance problems are  
1)  problems t h a . t  can affect   fabr ic   f i l ters   regardless  of type, a n d  2 )  prob- 
lems t h a t  .are charac te r i s t ic  t o  a particular  cleaning system design. The 
f i r s t  category  includes  fabric  failure, d u s t  discharge  problems,  corrosion, 
poor or  improper  maintenance considerations, and  other problems t h a t  are  

common t o  nearly a l l  fabr ic   f i l ter   types .  The discussion of problelus in  the 
second category i s  presented by system design--shaker,  reverse-air, or 
pulse-jet. Some h y b r i d  systems will n o t  conform t o  these   c r i te r ia ,  a n d  
s i te-specif ic  design factors must be considered. Most f a i lu re  modes, how- 
ever,  are  addressed  here. 

4.3.1 Fabric  Failures 

The factors  that   contribute t o  fabric  failures  include improper ins ta l -  
la t ion,  high temperatures,  condensation, chemical degradation, h i g h  a i r - to-  
cloth ( A / C )  r a t io ,  high pressure  drop, and bag abrasion. Each of these i s  

discussed  separately. 

Installation-- 
The f i r s t   s t e p  i n  achieving  the  expected performance from the  fabric 

f i l t e r   i s  proper ins ta l la t ion  o f  the hags i r  accordance w i t h  the  guidelines 
provided by the bay  manufacturer and the equipment vendor. Because these 
guidelines  are not always available  to maintenance personnel,  training o f  
maintenance  personnel in  proper i n s t a l l a t i w  procedures i s  very important. 
Reasons for  lack of training v a r y ,  b u t  generally they resul t  from lack o f  

vendor-supplied training a n d  maint.er!ance  manuals an3 turnover  in mair,tenance 
perscnnel. The la t te r   c rea tes  a s i tuat ion t h a t  necessitates  almost  continuzl 
training. Common problems result ing frcm improper ins ta l la t ion  of the bags 



inc lude  leaks around s ea l s ,  in;proper baq tensioning, 2nd  damage tc! the  bags 
d u r i  n g  hand1 i n g  . 

Failure o f  a few new bags  i s  t o  b e  expected i n  if new or rebayged fabt- i  c 

f i l t e r ,  even during  norm1  operating  cccditions, a s  a resul t  o f  occasional 
manufacturing defects a n d  improper h a n d l i n g   d u r i n g  installation.  After  these 
few in i t ia l   fa i lures ,  however, i f  t h e  system i s  properly  designed a n d  oper- 
a t e d ,  the  occurrence of  such fai lures  should be a t  a very low level  until 
near the  end of the b a g  l i f e ,  when faiiures  are  likely t o  s tar t   increasing.  
I f  installed  improperly, however, bags may continue t o  f a i l  long a f t e r  t h e  
ini t is1  instal la t ion a n d  long before they  approach the end o f  w h a t  should be 
the i r  normal 1 i f e .  

To some extent,  the  design of the   fabr ic   f i l t e r  can influence  the  extent 
o f  bag  damage during  installation. Systems t h a t  provide good access a n d  are 
designed  with  maintenance considerations i n  mind reduce the  likelihood of  bag 

damage.  The poor access  design of a reverse-a i r   fabr ic   f i l t e r   ( see  Figure 
4 - 2 )  i s  n o t  conducive t o  proper instal la t ion a n d  maintenance. Examples of 
designs t h a t  f a c i l i t a t e  bag replacement  or installation  are  in  pulse-jet  
systems with  top-loading bags or reverse-air or shaker  systems  with a maximum 
" b a g  reach" o f  two or three bags. These designs  allow  maintenance  personnel 
t o  disturb only a minimal  number  of "good" bags. Obviously, l i t t l e   i s  gained 
i f   the  replacement o f  one or two bags results  in  the damage and l i fe-short-  
ening cf several  others. 

I n  reverse-air and shaker- type  fabr ic   f i l ter   ins tal la t ions,  damage often 
occurs when the bags are  being hung .  Access t o  the bag support and tension- 
ing mechanisms may be d i f f i c u l t  and  cumbersome, and personnel may prefer t o  
h a n g  a l l   the  bags a t  once and then a t t a c h  them t o  the  tube  sheet   af ter   a l l  of 
them are suspended. The tendency, however, i s  t o  t i e   t h e  bags o u t  of the way 
67, they are hung  in  the  enclosure.  (See  Figure 4-3). Some fabric  types can 
withstand this  treatment  with few problems, whereas others (most notably 
fiberglass) cannot .  If  the  fabrics have poor abrasion  resistance, t y i n g  the 
bags can cause  leaks t o  occur wherever a crease i s  formed. Efforts should be 
made t o  tension  these bags properly as they are   instal led,   as   this  adjustment 
i s  sometimes d i f f i c u l t   a f t e r  a71 the bags  have  been h u n g .  Care also should 
be t a k e n  t o  avoid  stepping on the bags as  they a re  taken o u t  of  their   cartons 

b9 
"P 

did Htfy 

% 

o r  when they are  laid on the  floor  prior t o  ins ta l la t ion .  

. .  . . . . . ...~ . .~ " "" " - . .  . .  



Figure 4-2. Example  of  exceptionally  poor  access  to  the  top of  a  pulse-jet 
fabric  filter.  (The bo1 ts  on the bottom  of  the dear cannot be easily 

removed  because  access  to  the  nuts i s  blocked by the  tubesheet; 
also,  there  are no ladders  or  walkways  to  this d o o r . )  

(Courtesy of PEI Associates, Inc.) 
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F i g G r e  4 - 3 .  Tied-off  fiberglass bags during bag replacelllent. 
(This may resu l t  in damage t o  new bags during  installation.)  

(Cour tesy of PEI Associates,  Inc.) 
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Fabric f i l t e r s  w i t h  pulse j e t  cleaning systems ( o r  any other design 
" 

where f i l t r a t i o n  occurs on the  outside and  a cage i s  used f o r  bay  support) 
getvrally have shorter  bags, which are a l i t t l e  more manageable. Most o f  the 
damage during instal la t ion of these bags occurs when they are placed on the 
cages. These  bags generally f i t  snugly, and damage may resul t  from im- 
properly  sized b a g s  or sharp  edges on the  cages. When a number o f  bags are 
being installed,  the bags are  generally  placed on the cages and  stacked  prior 
t o  their   installation. This can result  in bag damage unless  special  care i s  
taken. These  bags can also be  damaged i f  they must be s l i d  t h r o u g h  a tube 
sheet and the f i t  i s  t o o  t ight .  The " n i p "  o r  amount of the baa t h a t  can be 
drawn  away from the cage f o r  a c o r r e c t   f i t   i s  about  1/4 inch. 

I n  summary, fa i lure  t o  take  appropriate  precautions t o  safeguard  the 
bags during  the installation  process may resul t  i n  excessive maintenance due 
t o  bag fa i lure  or reduced bag l i f e .  

High Temperature-- 
High temperatures are not a consideration w i t h  many f a b r i c  f i l t e r  

applications; however, in  those t h a t  operate above 150°F, the  effects of 
temperature on the  fabric must  be considered. High temperature  breaks  the 
polymer chains  in most commercially available  fabrics,  which causes  loss of 
strength and reduces bag l i f e .  The e f fec ts   a re   d i f fe ren t  on high-temperature 
fiberglass. The h i g h  temperatures  attack  the  finish  that has been applied t o  
the  fiberglass t o  reduce fiber-to-fiber  abrasion, and when th i s   f i n i sh   i s  
destroyed,  the bag can abrade i t s e l f  and self-destruct.  Sometimes i t  takes 
several days or weeks before  these bags begin t o   f a i l .  The fabric  type i s  
chosen on the  basis of expected  temperature  ranges, and care must be taken t o  
provide an  adequate margin for  error.  Temperature monitors and alarms are 
of%en used t o  avoid h i g h  temperature  excursions.  Excursions above the 
recommended temperature limit  generally  shorten bag l i f e  considerably; 
however; the  closer the actual  operating  temperature i s  t o  the  fabr ic 's  
temperature limit,  the  shorter  the bag l i f e   w i l l  be. 
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cak.c on a n d  w i t h i n  the fzbr-ic s t ructure ,  and  “mudding“  or blinding o f  t h e  

bags may occur  because the  cleaning system canno t  remove this   dust .  This 
usually  increases  the  prrssure  drop, a n d  more f a n  energy is  required t o  
cvercome the  added resistance t h r o u g h  the  dust  cake. Such condition5 may 
occur near  the wal l s  of  the u n i t  when  warm, moist, c r  acidic  gases  pass 
t h r o u g h  a cool or  cold  fa.bric f i l t e r  t h a t  has n o t  been preheated. (For  
example, i t   i s  often  advisable t o  preheat   the   fabr ic   f i l ter   uni t  a t  a n  
asphalt p l a n t  p r ior  t o  i n t r o d u c i n g  wet aggregate t o  the  dryer.) Condensation 
may a l s o  occur i f  moist  gases are n o t  purged from the u n i t  before i t  i s  shut 
down. \!hen the  temperature i s  allowed t o  cool below the dewpoint a t  the end  
of a prcduction  run,  moist  or z c i d i c  gases  should be purged t o  prevent 
condensation on the  walls and the bags within  the  fabr ic   f i l ter .  

Chemical Degradation-- 
Chemjca1 resistance  refers t o  the  fabr ic’s   abi l i ty   to   withstand  acidic  

or  alkaline  conditions.  Fabrics  are  rated  according t o  t he i r  chemical 
resistance, b u t  care must  be exercised  with  regard t o  these  c lass i f icat ions 
because certain  fabrics  are more susceptible t o  some chemical species  than t o  
others.  Fiberglass bags generally  are  rated  as having good acid  resistance; 
however, the use of  f iberglass bags in  atmospheres w i t h  ap reciable quan- 
t i t i e s  of hydrogen fluoride would n o t  be advisable. Nome b i s  generally 
rated  as having fair   acid  resistance.  I t  is   also  generally known f o r   i t s  
good moisture and SO, resistance; when both water and SO2 are  present,  
however, sulfurous and  sulfuric  acid  mist i s  formed, the aramid s t ructure  of 
Nomex is  attacked, and  the  fabric  loses  i ts   strength.   Individually,   water 
vapor or SO2 does not  present a problem t o  Nomex, b u t  i n  combination  they can 
result  in  ccstly bag fa i lure .  

L 

High A / C  Ratio-- 
Righ A / C  ratio  generally  results from an increase  in gas volume  moving 

t h r o u g h  the system or  the  installation o f  an undersized  system. The cleaning 
system type generally  controls  the range o f  acceptable A / C  ra t ios;   the  
lower-energy cleaning systems (reverse-air  and shaker) use  lower A/C ra t ios .  
Other factors,  such as  dust  loading and par t ic le   s ize   dis t r ibut ion,   a lso 
influence  the  design A / C  r a t i o .  I n  general,  the  higher  the A / C  ra t io ,   the  
higher  the  operating  pressure d rop .  Excessively high A / C  r a t io s ,  however, 
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can 7esul t i n  very h i g h  pressure d r o p s ,  and bag abrasion i s  increased because 
the p a r t i c l e s  impact the bags a t  higher  face  velocities. Bag blinding or an 
increase i n  the,residual d u s t  loading after  cleaning  also may occur  because 
b o t h  the  increased  pressure drop across  the bag and the  increased  velocity 
allow dust t o  penetrate i n t o  the  fabric,  where the  cleaning system i s  unable 
t o  remove i t .  This  will  cause a gradual  increase i n  pressure drop across  the 
bags. The ne t  resul t  i s  generally an increase i n  energy requirements t o  
maintain gas flow and a decrease  in bag l i f e .  

High Pressure Drop-- 
As noted previously, high pressure d r o p  can  be a symptom o f  high A/C 

ratios.  I t  can also occur when the  cleaning system f a i l s  o r  when l i t t l e  or 
no cleaning energy i s  supplied t o  remove the  dust cake from the bags. The 
greater  thickness of the  dust cake increases  the  resistance  to gas flow, 
which i n  turn is   reflected  as an increase  in  pressure drop across  the bags. 
High pressure drop also can resul t  from bag blinding  or  condensation  in  the 
bags. Although i t   i s  usually a symptom of some other problem,  high pressure 
d rop  i t se l f  may cause  other problems. First, the  greater  resistance t o  flow 
tends t o  decrease gas  flow through the   f ab r i c   f i l t e r  and can lead t o  fugitive 
emissions fron  the  emission  source. An increase  in expended energy i s  
required t o  maintain gas flow. Second, the  greater  differential  pressure 
between the  dirty and clean  side of the  fabric provides a larger  amount of 
energy t o  draw particulate  matter  into  the weave of the bag ,  which  can lead 
t o  more abrasion damage within  the bag  and shortened bag l i fe .   Last ly ,  a 
very high pressure  drop (10 t o  14 i n . )  may cause the bag t o  be unable t o  
withstand  the  pressure  differential and to   t ear   a t   po in ts  where the bag ' s  
strength has been reduced. In  most f a b r i c   f i l t e r s ,  only a few affected bags 
can lower the  pressure drop and allow signif icant   quant i t ies  of gas t o  pass 
through the fabric   f i l ter   untreated.  

A1 though high pressure drop i s  usually a symptom of other problems and 
should be treated  as  such, i t  should  not be ignored. Even if   the  related 
problem  does n o t  shut   the  fabr ic   f i l ter  down, the high pressure drop wi 11 
lead t o  higher energy costs ,  reduced bag l i f e ,  and increased  maintenance 
costs. 
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Bag Abrasion-- 
Bag abrasion may be caused by contact between a b a g  a n d  another  surface 

(e.g.,  another bag or  the  walls o f  t he   f ab r i c   f i l t e r )  or by the impac t  o f  

higher-than-average gas volumes  and particulate  matter  loading on the  bags. 
Bag-to-bag contact can be a problem i n  nearly  every  type o f  f a b r i c   f i l t e r  i f  
the bags are not  installed  properly. Such contact may eventually wear a hole  
in  the b a g ,  and the  resul t ing  je t  of gas  flow  through the  hole  will  gradually 
enlarge i t .  On bags t h a t  collect  dust on the  inside, a hole may cause a 
high-velocity j e t  t o  impinge upon an  adjacent bag and also  eventually wear a 
hole  in i t .  

Blast  plates or diffusers (and  sometimes precleaning  devices)  are 
recommended for  many f a b r i c   f i l t e r s .  The purpose  of these  devices i s  t o  
reduce  the  quantity o f  large  par t ic les   that   s t r ike  the bags a n d ,  along w i t h  

long thiinbles on shaker and reverse-air systems , t o  help minimize the wear on 
the bottom of  the bag. Because of the i r   s ize  and weight,  these  large par- 
t i c l e s  have great   iner t ia ,  which allows  the  particles t o  str ike  the bag a t  an 
angle and eventually damage the bags. These par t ic les  have a tendency t o  
s t ra t i fy   in   the  inlet  of t he   f ab r i c   f i l t e r  because the i r   iner t ia  reduces 
their   abil i ty  to  follow gas streamlines. I t  i s  not unusual to  find  abrasion 
problems i n  the bags on the  side  opposite  the  inlet. On most bags the 
greatest  abrasion  occurs  within 18 to  24 inches from the bottom of the bag. 
Diffusers, such as  the one shown in  Figure 4-4, tend t o  help  reduce the 
problem, and the  diffuser  should be checked periodically  for wear. 

Holes in  the bags usually  cause an increase  in  opacity, i f  small par- 
t icles  are  present,  and  they also may cause a reduction  in  pressure  drop. 
Pinholes  are  usually  covered  easily by the d u s t  cake;  thus,  opacity  increases 
a f t e r  the bag i s  cleaned.  This  increase  in  opacity i s   r e l a t ive ly  short, 
however, and diminishes  as  the  pinhole i s  covered  again.  Tears or holes  in 
the bags may or may n o t  be covered by the d u s t  cake , depending on the i r   s ize  
and the  pressure  drop  across  the  bags. The opacity  generally  will n o t  
decrease  quickly or substant ia l ly ,  however, because  the hole(s) may allow a 
significant q u a n t i t y  of material t o  pass  through  the  system.  Thus,  opacity 
can be an indicator of the  relative magnitude of any holes formed by abra- 
sion. 

~~ -~ 
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Fisure 4 - 4 .  Example o f  a -diffuser  for  deflecting  large  Darticles 
from the gas stream. 

(Courtesy of  PEI A s s o c i a t e c ,  I ~ C .  ) 



4 . 3 . 2  Dust Discharge Failures 

Hopper pluggaye can cause serious problems i n  a f l b r i c   f i l t e r .  P.egard- 
less of  the redson ( c o o l  i n y  of the  dust,  inleakage,  failure o f  the  discharge 
system operation,  or simply  using  the hoppers for   s torage) ,   fa i lure  t o  remove 
the  dust from the hcpper usually  results i n  h a v i n g  t o  open u p  the hoppers t o  
clean them o u t .  This can resul t  in  the type o f  fugitive  emissions  i l lustrat-  
ed i n  Figure 4-5. The fugitive  missions generated by a single  cleaning o u t  
of t he  hoppers m y  be greater than  the  emissions emanating from the  fabric 
f i l t e r   ou t l e t   fo r  an entire  year.  Therefore, minimizing the  r)ccurrences of 

hopper pluggage by emptying hoppers continuously or frequently  is  very 
important. 

Many dusts f low less   easi ly  when they are  cold t h a n  when they  are warm. 
Thus, irlsulation, hopper heaters, and continuous d u s t  removal may be neces- 
sary t o  minimize the hopper pluggage  problems. The e f fec ts  of  hopper plug- 
gage a re  n o t  always immediately cbvious. As the  dust  builds u p ,  dust  re- 
suspension may increase,  as most f ab r i c   f i l t e r   i n l e t s   en t e r  through  the 
hopper. This increase  in resuspended  material  will  increase  the  particulate 
loadin9 on the  bags, and i t  also may cause an  increase  in  the  pressure drop 
across  the  bags. When the  dust  buildup  in t.he hoppers reaches a cer ta in  
height, some bags may  be par t ia l ly  o r  completely blocked from the gas  flow, 
which increases  the gas  flow ( A / C  ra t io)  for the  remaining bags and further 
increases  the  pressure d rop .  Eventually,  all gas flow may  be blocked from 
the hopper in le t .  Dust buildup  in and  around the bags can be a problem, 
particularly  as  condensation  occurs when the  dust  is  cooled.  This car! 1ezt.d 
t o  a condition  similar t o  bag blinding. 

4.3.3 Shaker Cleaning System Failures 

Because gas  flow from the   fabr ic   f i l t e r  must  be cut  off  before  the 
shaker  cleaning system car! be operated,  shaker-type  fabric  filters  are  either 
modularized or they  ?.re  applied t o  intermittently  operating  sources where gas 
flow can be stopped so the  shaking a c t i o n  can be effective.  Several problems 
are  characterist ic o f  shaker-type  fabric  filters. 

Shaker motors car? be installed  inside or cutside of the   fabr ic   f i l t . e r  
housing depending on the  temperature and corrosive  conditions  in  the gas 





- 

stream.  These  smal l   motors  (usual ly  less  than 5 horsepower )   a re   usua l ly  

i n s t a l l e d   o u t s i d e   t h e   h o u s i n a  and a r e   w i r e d   i n t o  a c o n t r o l   c i r c u i t   t h a t  may 

b e   m a n u a l l y   o r   a u t o m a t i c a l l y   a c t i v a t e d .   O p e r a t i o n  of these  motors i s   e a s i l y  

v e r i f i e d .  The o p e r a t i o n  o f  i n t e r n a l l y  mounted  shaker  motors,  however,  can  be 

d i f f i c u l t  t o  e v a l u a t e .   F a i l u r e  o f  the  shaker  motor may (and i n  many cases 

does)   lead   to   excess ive   dus t   cake  bu i ldup on the  bags  and  an  increase i n  

p ressu re   d rop .   I n  some a p p l i c a t i o n s ,  when the  gas f l o w   i s   s t o p p e d   b y   c l o s i n g  

t h e  dampers, t he   dus t  will s l i d e   o f f   t h e  bag. I n  most   appl icat ions,   however ,  

the  shaker  system i s  needed f o r  adequate  removal o f   the   dus t   and  ma in tenance 

o f  a reasonable  pressure  drop. 

The shaker  l inkages  must  be  maintained i n  a manner t h a t   a l l o w s   t h e  

energy   p rov ided  by   the   shaker   motor   to  be d i s t r i b u t e d   t h r o u g h   t h e   s h a k i n g  

system t o  t he  bags.  Because  these  systems  are  mechanical ,   per iodic  lubr i -  

c a t i o n ,   c h e c k i n g   f o r  wear o r   l o o s e   p a r t s ,  and  rep lacement   o f   broken  par ts   are 

r e q u i r e d   t o   m a i n t a i n   t h e i r   c l e a n i n g   e f f e c t i v e n e s s .  The o n l y  way t o   e v a l u a t e  

t h i s  system i s   t o  watch i t  i n   o p e r a t i o n   t o   a s c e r t a i r !   t h a t   a l l   t h e  bags a re  

be ing   c leaned   a t   app rox ima te l y   t he  same in tens i ty .   Watch ing   the   sys tem 

operate may r e v e a l   t h a t   c e r t a i n   m o d u l e s   o r   c e r t a i n   s h a k e r   b a r s   a r e   n o t   b e i n g  

moved t h r o u g h   t h e   c o r r e c t   a m p l i t u d e .  These sec t i ons   have   h ighe r   res i s tance  

to   f l ow ,  and the  g2.s i s  f o r c e d   t o   f l o w   t h r o u g h   t h e  bags h a v i n g   l e s s   r e s i s -  

tance  to   equa l ize   the   p ressure   d rop .  A1 though   the   ove ra l l   p ressu re   d rop  may 

increase somehhat, a b r a s i o n   a n d   b l i n d i n g  damage  may occur  i n   t h e  bags be ing  

cleaned more e f f e c t i v e l y   b y   t h e   s h a k e r   s y s t e m .  

The t h i r d   p r o b l e m   i n   f a b r i c   f i l t e r s   w i t h   s h a k e r   c l e a n i n g   s y s t e n l s   c o n -  

cerns  bag  tension. Bag t e n s i o n  changes w i t h  the age o f   t h e   b a g   a n d   w i t h   t h e  

arnoupt o f  m a t e r i a l   c o l l e c t e d   o n   t h e   d u s t   l a y e r ,  and i t  i s  usua l l y   exp ressed  

i n   t h e  number o f  pounds o f  f o r c e   a p p l i e d   t c   t h e   t o p  o f  the  bags.  Thus, bag 

tens ions   a re   usua l l y   ad jus ted   by  some arrangement a t   t h e   t o p   o f   t h e  bag. 

Bags t h a t   a r e   t o o   t i c h t  may not. t r a n s f e r   t h e   s h a k e r   e n e r g y   e f f e c t i v e l y   a n d  

may be damaged dur ing   shak ing .  Bags t h a t   a r e   t o o   l o o s e  may sag  on  the 

tubesheet, and  bag ab ras ion  may r e s u l t   f r o m   t h e   b a g   b e i n g   p l a c e d   i n   t h e  gas 

s t ream  o r   be jng   con tac ted   by   the   th imb le   o r   o ther   bags .   Loose bags a l s o  may 

n o t   u s e   t h e   c l e a n i n g   e n e r g y   e f f e c t i v e l y  ar;d  may b l o c k   t h e   f l o w  o f  d u s t   o u t  of 

the bags i f  they  sag, f o l d ,  o r  c l o s e   o f f  above the   t ubeshee t .   P roper   t ens ion  
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allows  the  dust t o  f low o u t  o f  t he  b a g  w i t h o u t  sagging problems or problems 
i n  the transfer of  shaker  energy. 

Problems  can occur i n  the bag  h a n g i n g  mechanism i f  bag  tensioning  is not 
proper. Some systems use chains  or  threaded  bolts t h a t  a t t a c h  the  shaker bar 
t o  the t o p  (metal  cap) o f  the bag. I n  other  cases,  the bags  have a tongue 
t h a t  i s  threaded through a c l i p ,  and f r i c t ion   i s  used t o  keep the bags on 
their  hangers. Maintenance personnel must properly  install  the bags t o  
ensure t h a t  they remain attached a t  the t o p  a n d  t h a t  they w o n ' t  fa1  1 down or 
l i e  on the  tubesheet. When f ab r i c   f i l t e r s   a r e  used t o  control dense dusts 
(e .g . ,  i n  the  metals industries),   the bags sometimes f a l l  because  they were 
installed improperly  or because bag tension and/or  cleaning  efficiency were 
inadequate to  remove the  dust from the bags. When bags become heavily 
ladened  with d u s t ,  they  will  pull away from the  attachment mechanism or cause 
fh is  mechanism t o  break. Because the bags t h a t  l i e  on the   fabr ic   f i l t e r  
f loor  are  essentially o u t  of service,  the  actual A/C ratio,  the  pressure 
drop, bag wear, a n d  maintenance costs  all  increase. 

4 .3 .4  Reverse-Air  Cleaning Systems 

Like the  shaker  cleaning  system,  the  reverse-air system i s  a low-energy 
system that cannot  function  properly i f  gas flow i s  present i n  the module o r  

area being cleaned. The  damper systems fo r   f ab r i c   f i l t e r s  w i t h  this  cleaning 
mechanism tend t o  be  more  complex t h a n  those  for  the  shaker system  because a 
reverse flow of gas i s  used t o  collapse  the bag ,  t o  break and release  the 
dust  cake, and to  allow i t  t o  be collected and removed from the  fabric 
f i l ter .   Fai lures   in   this  type of f i l t e r  system are most often  related t o  the 
improper functioning of the  cleaning  system. 

Several  types of reverse-air  cleaning system designs  are  available. 
Some use a separate  reverse  air  fan, and others do n o t .  Despite  the partic- 
ular  design,  the gas  flow must  be stopped i n  the module so t h a t  cleaning may 
take  place.  This  requires a positive  seal on the  reverse-air  isolating 
damper ( a  poppet damper is  pften  used). Without proper  sealing,  the bags may 
n o t  collapse  properly and the  cleaning  action may  be ineffective. Unlike the 
other  cleaning  systems,  relatively l i t t l e  energy is   avai lable  t o  clean  the 
fabric,  as  the  reverse flow of gas t h r o u g h  the bags i s  usually small compared 



wit11 nornlal ,-on-line 96s f l o w .  Over a per iod o f  time, the  overall  pressure 
d r o p  w i  11 gradually i [:crease because of  bGildup on the  bags. 

Failure n f  the  iso1atic.n dampers i s  usually easily detected,  as  the 
actuators  are  generally pneurnatic?;lly or hydraulically  operated ar;d the 
movement of the  piston  is  visible. Too 1 i t t : e  movement o f  the  piston  usually 
indicates t h a t  the damper i s  n o t  sealing  properly. Symptoms of problems arc- 
sirnililr t o  those f o r  the  reverse-air supply dampers. I n  some s i tuat ions,   the  
fa i lure  of the damper systeln can  be detected by a missing  spike and  subse- 
quent decrease i n  pressure  drcp after  the  affected module  conles off  l ine for  
cleaning.  Pkisture and  oil  in  the  compressed-air  supply Iirtcs can cause 
blockage during  freezing  weather and  result   in  the  failure of these pneu- 
matically  operated  systems. Damper operation  failures, however, usually 
resul t  from fai lures  of t h e  controll ing timers o r  pressure d r o p  sensors t h a t  
are used t o  activate  the  cleaning  cycle a t  certzin  intervals or a t  certain 
pressure-drop  thresholds. 

Buildup of materiais arour,d the dampers or deformation o f  the dampers or 
their   seals  can cause problems with  proper isolation of a compartment fo r  
cleaning. Symptoms of t h i s  problerr, zre  similar  to  those f o r  a malfunctioning 
damper system, and they ma3 register on the  continuous  pressure  drop  recorder. 
The major difference i s  t h a t  the damper  would appear t o  be functioning. 
Confirmation of poor damper sealing  is  only  possible by internal  examination 
of the  equipment, and even internal  inspection of the damper system may  be 
inconclusive because the system must  be cooled suff ic ient ly   for   safe   entry.  
An internal  inspection, however, may indicate  the  presence of l ight   leaks,  
wzrped  dampers a n d  sea ls ,  or buildup or wear  of the dampers caused by mate- 
r ia l  passing through the   fabr ic   f i l t e r .  The  damper operation and seal should 
be checked periodically  as  part of a preventive  maintenance program. 

Proper bag tension i s  essential t o  bag cleaning.  Just  as i t  was impor- 
t a n t  for  the bags t o  be properly  tensioned  for  the  shaking  action  to be 
effectively  transmitted t o  the b a y ,  attention t o  bag tension i s  necessary to  
obtain  the  proper  collapse a n d  flexing of the  dust cake f o r   i t s  removal  from 
the bags .  Rags t h a t  are t o o  t ight  may not  collapse enough t o  allow  effective 
flexing of the  dust  cake. Too much tension can also damage the  fabric. On 
the  other hand, insufficiect  tension of  the bags may allow  the bags t o  
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c o i  lapse t o  the p o i n t  where the bag i s  closed down d u r i n g  the  reverse-ai r 

cleaning  cycle lever1 when anticollapse  rjngs  are  used). Loose  bags also may 

suffer  abrasion due t o  t h e  b a g  being sucked down i n t o  the  thimble. i t  i s  

recommended that  thinhles be rounded 2 n d  f ree  o f  sharp  edges t o  prevent tears 
i f  t h i s  should occur. 

" 

Proper bag tensior;  is a function o f  at tent ion t o  detail  during  the 
in i t i a l   i n s t a l l a t ion .  Bags must be h u n g  properly,  without damaae, i f  the 
proper 1 j f e  expectancy i s  to  be achieved. i h g  tension wi 1 1  vary w i t h  the age 

of the bag  a n d  also  within any given  cleaning  cycle as material  builds u p  on 
the b a g s .  Poor bag tension can increase b z g  wear, cause h i g h  pressure  drop, 
a n d  shorten bag 1 i f e .  

Corrosion a l so  can be a  problem in this type of f a b r i c   f i l t e r .  I n  some 
applications, most notably where acid dewpoint conditions have not been ade- 
quately  considered,  corrosior! of the metal antisollapse rings has resulted i n  

abrasion and  wear of the bag a t  t h e   s i t e  of bag  r ing contact  as shown i n  

Figure 4-6. Sometimes fuels or process  paran~eters can  be modified t o  reduce 
potential  corrosion.  Special  alloy  metals  or  coatings  also can be used to 
minimize or  eliminate  corrosion problems. 

4.3.5 Pulse-Jet Cleaning Systems 

Pulse j e t   f a b r i c   f i l t e r s   a r e  widely used because  of their   smaller  size 
and because their  higher  available  cleaning energy  allows for  higher A/C 

ratios.  Despite  the  attractiveness of t h e i r  lower i n i t i a l   c o s t s ,  however, 
these bags have their   l imitat ions and potential problems because o f  the 
higher  energy  required  to  operate  these  systems. 

The higher A/C ra t ios  on t h i s   f a b r i c   f i l t e r  type  increase  the  potential 
for  fabric  abrasion.  Therefore,  greater  efforts should be  made t o  minimize 
other,  often-overlooked,  abrasion-related  failures. 

Typically,  the bags in a pu lse- je t   fabr ic   f i l t e r   a re  suspended from  a 
tubesheet and  supported by a cage. This single-point method o f  attachment 
allows  the bag to  move around during normal operation. One source of bag 
abrasion i s  bag-to-bag contact due t o  improper in s t a l l a t ion ,  poor  alignment 
of the bag/cage  assemblies  with  the  tubesheet, or hentlwarped  cages. The 
rubb ing  together o f  the bags (usually a t  the b o t t o m )  can  wear a hole i n  one 
or more  of the  bags. 

I 



Figure 4-6. Example 0-f bag wear  caused 
by corrosion o f  rwtal  anticoilapse  rings. 

(Courtesy of P E I  Associates, Inc.) 
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The misalignment of  baglcage  assemblies can also cause other problems. 
I n  some designs,  the  misalignment o f  the cage will  prevent  proper  sealing of  

the bag with  the  tubesheet.  This may a l l o w  some of the  dust t o  bypass the 
f i l t e r  area , which decreases performance b u t  probably  causes 1 i t t l e   o r  no 

change i n  pressure d r o p .  Particularly  abrasive  dust has been known t o  wear 
the bags a n d  the  tubesheet so severely a t  the  point of the  leak t h a t  achiev- 
i n g  a n  adequate seal may be impossible  without  replacing  the  tubesheet. 

Another abrasion-related problem concerns  the  condition o f  any baffle o r  
blast  plate t h a t  may  be installed a t  the  inlet  of t he   f ab r i c   f i l t e r .  The 
purpose o f  t h i s  device i s  t o  "knock down" the  heavier  particles and t o  
distribute flow such t n a t  the  larger  particles do  not s t r ike  the bot tom of 
the bags opposite  the  inlet. Not all  designs are equipped with a blast  
plate,  which should  bring  the gas  flow below the bottom o f  the bags. When 
fai lure  of the bags  occurs  within  about 18 inches o f  the bottom on the  side 
opposite of  the  inlet ,   the presence and integrity of the b l a s t  plate or 
diffuser  plate should be checked. Although other problems with  the  cleaning 
system can lead t o  increased bag wear and poor performance th rough  higher 
pressure  drop,  these problems tend t o  be  more indirect  i n  nature. 

The design and operation of the  pulse-jet system generally  call   for 
on-line  cleaning, which requires  the  availabil i ty of considerably more clean- 
ing energy t o  remove the  dust from the bags (in  addition t o  the  higher A/C 

ratios normally encountered w i t h  this  design).  Failure t o  provide th i s  
energy will  generally show u p  quite  readily  as an increase  in  pressure drop 
because a relatively small cloth  area  is  handling a large gas  'flow.  Several 
components can contribute t o  such a problem. 

The compressed-air  supply must  be able t o  provide a pressure o f  between 
90 and 120 psig t o  clean  the bags effectively.  Compressed-air requirements 
for  short bags ( 6  t o  8 f t )  may be lower (say 60 t o  90 psig);  whereas for  14 
f t  bags,  pressures of 120 t o  140 psig may be necessary fo r  adequate  cleaning. 
The pressure must  be high enough t o  clearc the  entire  length of the bag  during 
the  pulse, b u t  not  so high t h a t  i t  damages the upper portion of the b a g .  
Insufficient  cleaning of the bag may gradually  increase  pressure drop  and  
reduce the  useful bay l i f e .  Too low compressed-air  pressure, which i s  
usually more common t h a n  excessive  pressure, may be caused by wear  of the 
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compressor rings,  leakage  of  diaphragms,  or  excessive  draining o f  the  reserve 
o f  the compressors by other equipment t ied  to  a common supply l ine.  

" 

The leakage around a d i aphragm,  which can usually be detected a u d i b l y  by 
the absence of the  resounding " t h u d "  that   typically  characterizes proper 
operation o f  the  pulse-jet  system,  affects  the  cleaning  effectiveness f o r  a l l  
the bags. Although i t  may take  several  hours  or  several  days,  the  pressure 
drop usually  will  increase  eventually if   the  leak  is   severe enough. 

Failure of the  solenoid( s )  or the  t imer  circuit  may cause one or more 
rows not  t o  be cleaned.  Effects on f a b r i c   f i l t e r  performance may range from 
indiscernible t o  complete cutoff of gas  flow, depending upon  the  percentage 
area of the bags affected and the d u s t  character is t ics .  Both mechanical and 
electronic  t imers  are  st i l l   in  use,  and both have certain  advantages and 
disadvantages. An electronic  timer i s  shown i n  Figure 4-7; solenoids  that 
are  activated by the  timer  are shown in  Figure 4-8. Both  types must be kept 
in a dust-free, dry environment and re la t ively  f ree  from the shocks and j o l t s  
that  can accompany normal operations.  Solenoid  failures  affect  the row t h a t  
has experienced the  failure whereas t imer  failures tend to   a f fec t  most, i f  
n o t  a1 1 , o f  the   fabr ic   f i  1 t e r  system. 

When the  timer  activates  the  solenoid t h a t  opens the diaphragm a t  the 
end  of the  pulse  pipe,  the  force o f  the compressed air  entering  the  pulse 
pipe and discharging  into  the bags places  considerable  stress on the  pulse 
pipe. In  some instances,  the  force i s  suf f ic ien t  t o  break the  attachment a t  
the  other end of the  pipe  (usually a bo1 t and n u t ) ,  which allows  the  pipe t o  
bounce around ins ide   the   fabr ic   f i l t e r  when the row i s  cleaned.  Several 
problems may resul t .   Firs t  , the pulse  pipe may n o t  be properly a1 igned t o  
provide effective  cleaning t o  t h a t  row. Second, the  alignment may be  such 
that  the pipe  openings are  aimed d i rec t ly   a t   the  bags and can blow holes  in 
them. Lastly,  the  loose  pipe may damage the  tubesheet  or even the  fabric 
f i l t e r  enclosure, which  would necessitate  additional  repairs. The sound of a 
loose  pulse  pipe is  usually  unmistakable, as i t  moves around whenever the 
pulse-jet  compressed-air is   f i red  into  that   p ipe.  

Although a l l  o f  these problems are   re la t ively common in most pulse-jet 
systems and may produce bag abrasion or shorten bag  l i f e ,  the one problem 
t h a t  seems t o  recur  with greatest  frequency i s   t h e  presence of water and/or  
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oi- l  -in.- the  pulse-jet  compressed-air  supply. Compressed-air  systems can be 
equipped with  small  water a n d  o i l  traps t h a t  work  we1 1 i f  the compressor i s  
maintained a n d  the humidity i s  n o t  excessive. Even these  systems, however, 
must  he drained  periodically t o  be effect ive.  Water a n d / o r  o i l  t h a t  are 
blown into  the bags during  cleaning tend t o  absorb th rough  the bag  and  cause 
b a g  blinding  as  the  dust cake becomes wet. The resul t  i s  usually  excessively 
high pressure d r o p  th rough  blinded  bags, which  must be thrown away. The oi l  
usually comes from leakage around worn rings and seals  in  the compressor a n d  

the  moisture comes from the atmosphere. The rate a t  which the bags are 
affected depends on how much water and  oil  enter  the system. 

4.3.6 Problem Identification 

The  key t o  e f fec t ive   fabr ic   f i l t e r  performance i s  a good design t h a t  
f ac i l i t a t e s  proper  maintenance, 6 good understanding on the p a r t  o f  mainte- 
nance personnel  as t o  how the equipment i s  supposed t o  work and  wha t  can go 
wrong, and the  existence o f  a diagnosis and corrective  action plan aimed a t  
correcting  the problem n o t  the symptom.  Many o f  the problems discussed  in 
t h i s  section produce several common resul ts :  they  generally  increase bag 
pressure d rop ,  they may shorten bag l i f e ,  and  they may result  in  higher 
opacity from the   fabr ic   f i l t e r   ou t le t .  Trying t o  isolate  the cause of the 
problem i s  usually  the most cost-effective approach  because such action may 
avoid costly bag replacement or repet i t ive  fa i lures  t h a t  cause  long-term 
performance t o  suffer.  Some synergistfc  effects  are  possible w i t h  the  fabric 
f i l t e r ,  b u t  they are  relatively  limited  in scope. Usually repe t i t ive   fa i l -  
ures  in a fabr ic   f i l t e r   ind ica te  t h a t  the  cause or causes have not been 
properly  identified. Sometimes  one  must check the  actual equipment against 
the  original  design t o  ascertain t h a t  the  fabric  is   identical  t o  t h a t  speci- 
fied a n d  t h a t  i t   i s  properly  installed. When these  questions have  been 
satisfactorily  addressed,  various  operating problems should be investigated. 

4.4 CORRECTIVE ACTIONS 

Fabric f i l ters   general iy  have a potentially high collection  efficiency, 
b u t  they must  be rnaintaitied properly t o  achieve  acceptable  long-terw perform- 
znce.  This  includes  preventive maintenance and the  correct  diagnosis a n d  
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solutiorl t o  problems as  they  occur. Some o f  the corrective  actior?s  are 
obvious. Even so, the bulk of  the maintenance e f for t  seems t o  be  aimed a t  
correcting  the symptoms of problems rather than  f i n d i n g  the  cause and  cor- 
recting i t  t o  a v o i d  recurrence. For example, i f  a se t  o f  bags a re  destroyed 
by burning,  they  obviously must be replaced. T h a t  solves  the immediate 
problem o f  h i g h  emission ra tes ,  b u t  i t  doesn't answer the  following  ques- 
tions. What caused the bag  damage? Is there a h i g h  temperature  alarm and  

recorder i n  the system? Does i t  work? Could th i s  have  been prevented, and  
can i t  be prevented  in  the  future?  Trying t o  f i n d  the  cause of  a problem and  
t o  correct t h a t  cause  involves a different approach and a t t i t ude  t h a n  simply 
treating  the symptoms. This  difference should be recognized by both plant 
and  regulatory  personnel. This section  stresses how this  difference can 
effect  long-term  compliance expectations and  in some cases,  control  costs. 

4.4.1 Eabric  Failures 

Installation-- 
Failure t o  i n s t a l l   f i l t e r  bags properly  almost  certainly  guarantees 

future problems with  the  bags. For example, on pu lse- je t   fabr ic   f i l t e rs  
aligning and sealing  the bag  a t  the  tubesheet  are somewhat d i f f i cu l t   t a sks .  
I n  some applications  (e.g., cement clinkers),   the  dust   is  very  abrasive and 
will  eventually wear away the  tubesheet at   points where the bag i s  n o t  sealed 
properly.  This can necessitate replacement of the  tubesheet i f   t h e  wear i s  
so significant t h a t  the bags can no longer be sealed, even with ex t ra   e f for t  
and attention on the p a r t  of maintenance personnel. When this  occurs,   the 
lo s t  production and equipment  replacement costs  are  substantial   as a resul t  
of a problem that  could have been avoided had the bags  been ins ta l led  prop- 
er ly  a t  the  outset.  Figure 4-9 demonstrates  correct and incorrect methods of 
instal l ing bags in a reverse   a i r   fabr ic   f i l t e r .  

A l i t t l e  more at tent ion  to   detai l  and proper ins ta l la t ion  can often make 
the  difference between good and poor performance and acceptable and unaccept- 
able bag l i f e .  

High Temperature-- 
The effects  of h i g h  temperature  conditions can range from a few holes  in 

the bags caused by sparks t o  complete destruction of a l l   the  bags result ing 
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from generalty high temperatures w i t h i n  t he   f ab r i c   f i l t e r .  Although damage 
from h i g h  temperatures is  usually  limited t o  sources  operating a t  elevated 
temperatures, i t  cannot be ruled o u t  f o r  sources where spark  carryover i n t o  
t he   f ab r i c   f i l t e r   i s  a potential problem. For example, i n  the  furniture a n d  

woodworking industry,   fabric  f i l ters  applied t o  sanders and abrasive  planers 
have the  potential t o  throw a spark i n t o  the gas stream t h a t  may then be 
carried t o  the  fabr ic   f i l ter .  The ensuing fire  or  explosion  will  destroy  the 
bags just  as  surely  as i f  the a i r  temperature had  been raised  over  the bag 
temperature  limitation. The use of temperature  monitors i s  usually recom- 
mended a t  sources t h a t  operate a t  elevated  temperatures, and p l a n t  personnel 
generally  install alarms and perhaps an emergency bypass  system to  protect 
the system from temperature  excursions. A temperature  monitor would  be 
useless  in  the example cited above, however, because the  temperature  sensor 
would no$ react  quickly enough to  take  action  to  avoid  the  situation. Spark 
arrestors have  been  used with some success where sparks ( n o t  high  gas  temper- 
a ture)  have, proven to  be a problem. 

When high temperature damage t o  the bags does occur,  the  cause of the 
temperature  excursion  (e.g. , operator  error,  process  upset and nature of 
upset) should be determined and action  taken t o  prevent  the  occurrence of the 
problem. This migh t  entai l   the   instal la t ion of temperature  recorders where 
none existed  previously,  the  addition of  temperature-conditioning  systems  or 
an emergency bypass,  education of operators t o  avoid certain  conditions, or 
combinations of conditions t h a t  may lead t o  high  temperature  excursions. 
Proper identification and correction of the  cause of high temperatures 
usually prove t o  be much less  expensive  than  periodic  replacement o f  the 
bags. 

Condensation" 
The condensation problem can generally be corrected by increasing 

operating  temperature,  decreasing  moisture  and/or  acid  gas  levels  entering 
the   fabr ic   f i l t e r ,  or by insulat ing  the  fabr ic   f i l ter  more e f f ec t ive ly   ( i f  
insulation  already  exists). Removal of the  gases  prior t o  shutdown  and 
preheating  the f a b r i c  f i l t e r  before  startup  (usual purge and preheat  times 
range from 5 t o  20 minutes) also may minimize the  potential   for condensation 
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w i t h i n  the  f ab r i c   f i l t e r .  All of these  points  could be considered  as changes 
i n  operating  practice. 

When a fabr ic   f i l ter   a l ready has a bag blinding problem as a resul t  of 
condensation, l i t t l e  can be  done b u t  change the bags and t r y  t o  avoid a 
recurrence of the  conditions t h a t  caused the problem. I n  some s i tuat ions,  
allowing  the bags t o  "dry o u t "  by passing h o t ,  d ry  gas  through the  system, 
may enable  the  cleaning system t o  remove  enough material  for  the  fabric 
f i l t e r  t o  become operational  again. Some permanent increase i n  pressure  drop 
is   l ikely t o  remain in th i s   s i tua t ion ,  however, which  means increased energy 
cost t o  the p l a n t  a n d  potentially  shortened bag l i f e .  

Another option  that has been used w i t h  some success i s  t o  remove and 
wash the bags and.then  place them  back in  service. The cost  varies  according 
t o  bag size and construction, b u t  i t  generally runs  approximately  half that  
of the  cost  for new bags. The bags are  removed from the   fabr ic   f i l t e r  and 
dhecked individually and the  integrity of each i s  checked. Only those bags 
t h a t  appear t o  be in good condition  are washed or dry-cleaned;  other bags are 
replaced. Before being placed back i n  service,  the  cleaned bags are  again 
screened t o  check for   fabr ic   integri ty .  Those bags that  do not  pass must 
also be replaced. For bag washing t o  be effect ive,  only a small percentage 
o f  bags ( i . e . ,   l e s s  t h a n  10%) can be rejected  during  the  screening  process 
and a t  least  half of the expected bag l i f e  must remain. Otherwise, bag 
washing or dry cleaning does not  appear t o  be a cost-effective approach. 

When the  particulate  matter t o  be captured by t h e   f a b r i c   f i l t e r   i s  
expected t o  be sticky or condensible  material, a precoating may be 
into  the gas stream t o  coat  the bags and keep this  sticky  material 
condensing on or in  the bags and blinding them. Any dry, powdered 
material may be used, b u t  pulverized  limestone i s  the most common. 

injected 
from 
inert  
This 

material must  be  added continually t o  protect  the bags. When limestone i s  
used,  care must  be taken t o  prevent  temperatures from fa l l ing  below the 
moisture dewpoint. Otherwise,  the  limestone  will  "set" and b l i n d  the bags.  
F ly  ash and  other  materials have also been used for  precoating  the bags. 
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Chemical Degrada t ion”  
Bags damaged by chemical d e g r a d a t i o n  generally must  be replaced. Once 

beguri, l c s s  of  fabric  strength due t o  chemical degradation  cannot be re- 
versed.  After  the damaged bags are renloved, consideration shou ld  be given t o  
a1 tering  the  temperature ( i f  condensation or increased  degradation i s  occur- 
ring a t  current  conditions), t o  removing or reducing  the  offending c o n s t i t -  
uent,  or t o  changing t o  a less  susceptible  fabric.  I f  chemical degradation 
i s  occurring  near cool surfaces i n  the   fabr ic   f i l t e r ,  improving the i n s u l a -  
t i o n  or install ing windbreaks may help t o  correct  localized chemical degrada- 
t i  on problems. 

High A / C  Ratio-- 
Nhen high A / C  ratios  are known to  be a problem, the two most viable 

solutions  usually  are t o  reduce the  gas volume through the system or  t o  
increase‘  the f i l t e r  area by install ing  additional  fabric  f i l tration  capabil-  
i t y .  The costs of  operating a system a t  a higher t h a n  normal design  range of 
A / C  ratios  are  generally  related  to  the energy  required t o  move the gas 
through a n  increased  resistance  (pressure drop)  , and the  increased bag re- 
placement costs  resulting from bag abrasion,  blinding, and generally  short- 
ened bag l i f e ,  In  some s i tuat ions,   the   cost  of operating and maintaining  the 
system a t  high A / C  r a t io s   f a r  outweighs  the  cost of adding addi t iona l   f i l t e r  
area or finding ways t o  reduce the gas volumes t h r o u g h  the   fabr ic   f i  1 t e r  
system. This is   par t icular ly   t rue when the   f ab r i c   f i l t e r  i s  applied t o  a 
combustion source. Combustion  and thermal efficiency  are  related  to the 
amount of excess a i r  used in  the combustion process. In a bo i le r ,   fo r  
example, the thermal efficiency  decreases  as  the  percent  excess a i r   i n -  
creases. Thus, fo r  a given boiler  operating a t  a fixed steam production 
rate ,  more fuel i s  required  per pound of steam a t  higher  excess a i r  con- 
ditions t h a n  a t  lower excess a i r  conditions because of changes in thermal 
efficiency. The net  result  of b u r n i n g  more fuel  at  higher  excess a i r  levels  
i s  a p  increase  in  the  quantity of f lue  gas produced and,  therefore, an 
increase i n  A / C  ratio.  This  in turn produces a higher  pressure  drop  across 
t h e  f a b r i c  f i l t e r  and the  potential  for bag damage and shortened bag l i f e .  
Energy costs  alone  are  usually  substantial enough to  merit changes i n  the 



High  Pressure Drop-- 
Because, as  s ta ted   ear l ie r ,  h i g h  pressure drop is  usually a symptom of 

some other problem, personnel must seek the  cause of  the problem within  the 
sys tern. 

Bag Abrasion-- 
Like h i g h  pressure d r o p ,  bag abrasion  is  often a symptom of a problem 

elsewhere i n  the  system. Causes o f  bag abrasion  include bag-to-bag contact, 
poor tensioning of  bags,  lack of or wear  of a baffle  plate o r  other  preclean- 
ing device,  short  or no thimbles ( i n  some shaker a n d  reverse-air  systems), 
and high pressure  drop  as a resul t  of h i g h  A/C ra t ios   or  bag blinding. All 
of these problems are  related  to  installation,  design, o r  operating problems, 
most o f  which are  discussed  elsewhere  in  the manual. 

I f  the  fabric  filter  includes  precleaning  devices and blast   p la tes ,  
these should be checked periodically  for wear, as they can  wear o u t  quite 
quickly and allow  carryover of heavier, more-abrasive par t ic les  t o  the 
fabric. When wear o f  the bags opposite from the  inlet   i s   consis tent  i n  
f ab r i c   f i l t e r s  not  equipped  with blast   plates  or long thimbles,  equipping  the 
f a b r i c   f i l t e r  with a method for  protecting  the bag may be worthwhile. For 
bags  mounted on thimbles,  the  thimbles  should be well-rounded  with no sharp 
edges and the bags should be properly  tensioned. Again, determining  the 
cause of the bag abrasion  rather t h a n  just  replacing  the damaged bags may 
ultimately save  maintenance  time and  money. 

4.4.2 Dust Discharge Failures 

Hoppers should  not be used for  long-term storage.  Actually,  continuous 
removal  of d u s t  from the hoppers is  preferred t o  minimize compaction and 
hopper bridging. A t  sources  operating a t  elevated  temperatures,  this can' be 
particularly  important because many dusts have better flow character is t ics  
when they are warm t h a n  when they are  cold. To assist   those persons  assigned 
t o  check the equipment periodically,  markers  should be placed on the  shafts 



o f  t h e   d u s t  

opera t ing .  

Dust d 

p l i c a t i o n s .  

- 
d i scha rge   sys tem  fo r   easy   con f i rma t ion   t ha t   t he   equ ipmen t  i s  

ischarge  systems  must   mainta in  a seal  i n   n e g a t i v e   p r e s s u r e   a p -  

I f  t h e   f a b r i c   f i l t e r  i s  l o c a t e d  ahead o f   t h e   f a n ,   t h e   s y s t e m  

will most l i k e l y  be  under   negat ive  pressure.  The hopper,   dust   d ischarge, and 

a i r l ock   sys tem  shou ld   be   f ree  o f  a i r  i n l e a k a g e   t o   r e d u c e   o r   e l i m i n a t e   t h e  

r e s u s p e n s i o n   o f   p a r t i c l e s   i n t o   t h e  gas  stream,  and a t  s o u r c e s   o p e r a t e d   a t  

e l e v a t e d   t e m p e r a t u r e s ,   t o   r e d u c e   t h e   c o o l i n g   e f f e c t s   a t t a n d a n t   w i t h   i n l e a k -  

age. I f  hopper  pluggage i s  due t o   c o o l i n g   o f   t h e   d u s t ,   e l i m i n a t i n g   i n l e a k -  

age, i n s t a l l i n g   p r o p e r   i n s u l a t i o n ,  and   us ing   hopper   hea te rs   a re   poss ib le  

c o r r e c t i v e   a l t e r n a t i v e s .   T h i s  assumes t h a t   t h e   d u s t   d i s c h a r g e   i s   a d e q u a t e l y  

s ized. I f  such i s   n o t   t h e  case o r  i f  p a r t i c l e   c h a r a c t e r i s t i c s  change,  the 

system may b e   u n a b l e   t o   h a n d l e   t h e   q u a n t i t y   o f   d u s t   d e l i v e r e d .  

V ibrators   can  somet imes  cause  fur ther   compact ion o f  t h e   d u s t   i n  a hopper 

r a t h e r   t h a n   h e l p i n g   t h e   d u s t   f l o w ,   w h i c h   s h o u l d   b e   c o n s i d e r e d   i n  a d e c i s i o n  

o f  whether   to   use  a v i b r a t o r .  The  use o f  a s ledge hammer by p l a n t   p e r s o n n e l  

a l so   shou ld   be   app roached   ca re fu l l y .   I n  some s i t u a t i o n s ,   b e a t i n g   o n   t h e  

hopper  only  compacts  the  dust  and  puts  dents i n   t h e  hopper t h a t   p r o v i d e  

f u t u r e   s i t e s   f o r   f u r t h e r   h o p p e r   p l u g g a g e .  Taken t o  extreme,  the  hoppers  can 

become so d i s t o r t e d   t h a t   t h e y   r e m a i n   c o n s t a n t l y   p l u g g e d   o r   h o l e s   f o r m  t k t  

a l l ow   i n leakage   o r   PGg i t i ve   em iss ions ,   depend ing   on  how the   sys tem i s  de- 

signed. 

I n   a l l  cases,  hoppers  should  be  cleared  as socn a s  p o s s i b l e   t o   p r e v e n t  

bag b l i n d i n g ,   t o   a v o i d  damage to   the   dus t   convey ing   sys tem,   and Lo min imize  

the   f ug i t i ve   em iss ions   genera ted   by   manua l l y   empty ing   t he   hoppers .  

4.4.3 Shaker  Cleaning  System  Fai lures 

When a system o r  module i s   i s o l a t e d   f o r   c l e a n i n g ,   t h e r e   s h o u l d   b e   n o  
f l o w  o f  gas  through  the  system.  Al though damper a c t i v a t i o n   c a n   u s u a l l y   b e  

checked v i s u a l l y   d u r i n g   o p e r a t i o n ,   t h e   i n t e g r i t y   o f   s e a l i n g   c a n n o t .  Depend- 

i n g  on t h e  damper and  fan  arrangement o f   t h e  system, a p r e s s u r e   d i f f e r e n t i a l  

across  the  module  should show e i t h e r  a ze ro   p ressu re   d rop   o r  a s t a t i c   p r e s -  

su re   equa l   t o   t he   ou t l e t   va lue .  I f  the  value  measured f o r   t h e   i s o l a t e d  

1. 
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compartment varies from these  values, some gas i s   s t i l l  f l o w i n g  through the 
compartment. This can make the  shaking  action  less  effective i n  removing the 
particulate  matter from the  bags, and  bag b l i n d i n g  and higher t h a n  normal 
pressure  drops may resul t .  Although shaking action can be intensified 
somewhat t o  counteract  the  less  effective  cleaning, such a c t i o n  could damage 
the  bags. 

Shaker motors and shaker mechanisms should be kept  in good operating 
condition. They should be checked periodically  as p a r t  o f  a preventive 
maintenance plan, and any broken o r  worn parts  should be replaced. 

Bag tension and bag suspension  should also be checked periodically. New 
bags may s t re tch or shrink when exposed to  the gas conditions in  the fabric 
f i l t e r .  Approximately 2 weeks af ter   ini t ia l   operat ion,  new bags should be 
checked for  proper  tension and adjusted  as  necessary. I t  should be noted 
t ja t   the   tension on the bag will vary with d u s t  cake loading. I t  i s  probably 
bet ter  t o  shake al l   the  bags so t h a t  some valid comparison of tension can be 
made before  adjustments  are made. Records should be kept of the  adjustments 
made and the observed dust cake release  to determine i f  any trends or p a t -  
terns  are  occurring. 

4.4.4 Reverse-Air  Cleaning System 

Failures of the  reverse a i r  cleaning system are  usually  related t o  poor 
bag tension,  failure of isolation dampers, and f a i lu re  of the  reverse-air 
fan(s ) .  As i n  the  shaker  type  fabric  f i l ter ,   isolation of the module being 
cleaned i s  essential  fo r  proper  operation. I t  i s  n o t  the  reverse flow o f  gas 
t h a t  removes the  dust from the bag ,  b u t  the  flexing  action of the bag i t s e l f .  
Failure of the  cleaning system t o  work in a coordinated  action  tends t o  leave 
an excessive  dust cake on the  bags, a higher  pressure  drop,  greater bag 
abrasion, and possibly reduced bag l i f e .  

Failure of the  reverse-air f a n  would allow  the bags t o  hang in  the 
f a b r i c   f i l t e r  when the compartment i s   i so l a t ed ,  b u t  no energy would  be 
applied t o  flex  the  bags, so excessive d u s t  cake b u i l d u p  eventually  occurs. 
The fan  should be periodically checked fo r  proper  operation, and on some 
larger  systems,  the  reverse-air f a n  motor current  should be monitored t o  
ensure  proper  operation. 
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Failure-to  seal  the  isolation dampers o r  open the  reverse-ai r damper can 
present problems. On most  systems the damper drive systems (p i s tons ,   e t c . )  
can be visually checked. I n  many cases, however, conf i rmat ion  t h a t  the 
dampers are  fully  closed and sealed is  n o t  possible. I f  monitored,  pressure 
drop across  the  tubesheet  during  the  "dwell"  period  should show 0 i n .  H20 
because the gas flow t h r o u g h  the compartment  would cease.  If  the manometer 
i s  working  correctly and some pressure  drop i s  observed, one could  conclude 
t h a t  the dampers  were n o t  sealing  properly, and maintenance should be sched- 
uled t o  adjust o r  repair  the dampers. 

Bag tension  should 
rep1 acement. Approxirnat 
be checked and adjusted 
affect  bag tension,  the 
so t h a t  proper  tension i 

be checked periodically,   particularly  after bag 
ely two weeks a f t e r  replacement,  the  tension  should 
as necessary. Because d u s t  layer  thickness may 
tension on a l l  bags should be  conlpared after  cleaning 
s provided.  Excessive  buildup  in  the bags should be 

noted,  recorded, and  evaluated  for  trends or patterns  within  the  fabric 
f i l t e r .  

4.4.5 Pulse-Jet  Cleaning System 

As discussed e a r l i e r ,  problems with  pulse-jet systems that  involve  bent 
cages,  leaks  in  bag/tubesheet  seals, and bag-to-bag contacts  primarily  result 
from improper instal la t ion.  This d i f f icu l ty  can be eliminated  through  proper 
training o f  personnel responsible  for bag instal la t ion.  Bag abrasion  result- 
ing from  wear or lack of a baffle  plate have also been discussed. The 
corrective  actions  discussed  in  this  subsection  focus on the  compressed-air 
system. 

The compressed-air  pressure must f a l l  w i t h i n  a specific  range  to gen- 
erate  a shock  wave t h a t  traverses  the bag length and returns, and thereby 
flexes  the  dust cake and causes i t s  removal from the bag. The pressure range 
is  partially  related  to  the  length o f  the bag; higher  pressures  are  required 
for  longer bags. If  pressure i s   insuf f ic ien t ,  the bags will  not be cleaned 
properly and pressure d r o p  will beg-in to  r ise.   Insufficient  pressure con- 
ditions can resul t  from an undersized  compressor, a leak  in  the  system, a 
large number of systems  being served by the compressor a t  one time, or 
someone's closing a supply-line  valve.  If  the compressor i s  inadequate  to 
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h a n d l e  a 1  1 t he  needs o f  the  various  systems, a d d i t i o n a l  compressor capacity 
may be required. The cos t  o f  extra compressor c a p a c i t y  w o u l d  be o f fse t  by 
lower energy c o s t s  resulting from the f a b r i c  f i l t e r  o p e r a t i n g  w i t h  cleaner 
bags. The various systems supplied by the  compressor(s)  also should be 
checked t o  ensure t h a t  no leakage o r  otherwise  wasteful use of  compressed a i r  
is  occurring. For example, a leak  pulse-pipe diaphragm allows compressed a i r  
t o  escape a n d  lowers compressed-air  pressure. 

Too h i g h  a pressl;re  (above 2.115 psig)  creates a d i f ferent  problem. This 
occurs when enough pressure i s  n o t  available t o  clean  the  entire  length o f  a 
lor19 bag .  The pressure can be so high a t  the t o p  of the bag t h a t  i t  blows 
holes or causes tears  in  the  fabric. A d i f fuser   inser t  manufactured by 
Sta-Clean i s  supposed t o  help  equalize  the  pressure wave a t  the t o p  and 
bot tom of the bag  and even t o  allow  operation a t  a lower compressed-air 
pressure.  Qperating  experience  with  this  device seems t o  confirm t h a t  the 
tops o f  the bags are  protected and more uniform cleaning of the bags occurs. 
This  should  extend bag l i f e  and lower energy  requirements. 

Bag b l i n d i n g  resulting from the  presence of water and oil  in  the corn- 
pressed-air supply can  be solved  in  several ways. First ,   routine maintenance 
of the compressor can prevent worn compressor rings from passing oil  into  the 
compressed a i r  systems.  Second, a trap  and/or  air   in-l ine  dryer can be used 
t o  remove  any water and  oil.   Third,  the  surge t a n k  should be located such 
t h a t  compressed a i r  entering  the  pulse  pipe  exits  the tank  from the t o p  
rather t h a n  the bottom. With this  design, any water and oi l  t h a t  enter  the 
surge t a n k  will  tend n o t  to  leave  the t a n k  except through a blowdown valve 
provided on the bottom of the t a n k .  Figure 4-10 i s  an example o f  a top-  
mounted surge t a n k  t h a t  can allow  moisture t o  enter  the  pulse  pipe.  Lastly, 
i f  the compressor i s  beyond reasonable  repair, a new one should be consid- 
ered. Again, cost i s  important i n  the  consideration o f  whether to  repair  or 
replace a compressor or ins ta l l  a dryer  in  the system. If  the  cost of one or 
two bag changes, however, is  equivalent t o  the  cost o f  a new compressor and 
the bags are  lasting  less t h a n  half of t h e i r  normal expected l i fe ,   the   cost  
of replacement will be of fse t  by the  extended bag l i f e .  Another set  of costs 
often overlooked are  those  associated w i t h  l o s t  production caused by the 
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f a b r i c   f i l t e r  being down a n d  the  cost o f  maintenance  personnel t o  change the 
bags. The solution t o  the problem  of bag b l i n d i n g  i s  t o  identify  the cause 
of  b a g  b l i n d i n g  a n d  make the  appropriate changes. Cost savings can be 
substantial. A t  one f ab r i c   f i l t e r   i n s t a l l a t ion ,  bags h a d  t o  be changed  once 
every 2 months because o f  bag blinding a t  an  approximate cost o f  $5000 for 
bags alone. The cause of the problem proved t o  be a worn compressor t h a t  was 
losing  quite a b i t  of o i l ,  and the  cost of replacing  the compressor  with one 
of  equivalent  size was approximately $5000. Even with a bag l i f e  o f  only 1 
year ( h a l f  of t h e  expected normal bag 1 i f e  of 2 years ) ,   th i s  company spent 
$25,00O/year more on bags t h a n  necessary, and i f  the  cost of l o s t  production 
a n d  maintenance  personnel were added,  the  actual  cost would be a t  least  twice 
t h a t  amount. As has been stressed  several  times,  identifying  the  cause 
rather t h a n  treating  the symptom i s  usually  the  least-cost  solution t o  any 
problem. 

I n  the  pulse-jet  activation  circuit,  leakage o f  the d iaphragm can cause 
compressed a i r  t o  escape from the  surge  tank. This  lowers overall  pulse 
pressure,  reduces  cleaning  efficiency, and increases  fabric  f i l ter   pressure 
drop. A continuous  hiss from the  leaking diaphragm is  usually an indicator 
of this  condition. Most p l a n t  maintenance  personnel keep several  spare 
diaphragm replacement kits  available because repair   is   usually  relatively 
simple. The solenoids t h a t  activate  the  various  pulse-pipes  are  also  subject 
t o  fa i lure  and  are  easily  replaced  in most designs. When these  solenoids 
f a i l ,  the diaphragm will n o t  open and material  is allowed t o  build u p  in  the 
row t h a t  i s  supposed t o  be cleaned. Depending on the  fabr ic . f i l ter   design,  
this  problem may n o t  be detected  until someone checks for  the  activation of 
each row for  cleaning. 

The timing circui t   i s   a lso  subject  t o  fa i lure .  The o lder   fabr ic   f i l t e rs  
used mechanically  driven and activated  rotary  switches t o  act ivate  each 
solenoid. Newer designs  use  electronic  timers t o  activate  the  cleaning 
system. These new systems tend t o  be  more  compact and more re l iab le   i f  
maintained properly. Both systems require  clean,  dry mountings to  operate 
properly, a n d  the  presence of water and dust  inside  the  timer  enclosure can 
lead t o  fa i lure  o f  the  timer  circuits. The electronic  timers a l s o  must  be 



properly shock-mounted in a coo 
i n g  machinery have occasionally 
loosened components as a resul t  
s t a t e  components generally cann 

area.  Electronic  timers mounted on vibrat- 
suffered from cracked c i r cu i t  boards or 
o f  the  vibration. I n  addition, t h e  solid- 
t withstand  temperatures above 115" t o  125°F 

fo r  extended periods o f  time.  Failure o f  the t i m i n g  c i rcui t   wi l l  cause the 
bags t o  bl ind because they cannot  be cleaned. 

The l a s t  problem t o  be discussed  with  regard to  pulse-jet  systems i s  
pulse-pipe  alignment. When installed or replaced,  the  pulse  pipes should be 
aligned  over  the row o f  bags so t h a t  the openings are  centered  over each bag  
and aimed down the  centerline o f  the bags. The attachment  technique on many 
pulse-pipe  designs  ensures th i s  alignment. I n  some pipe  designs, however, 
the  pipes can be misaligned,  as shown in  Figure 4-11, and care should be 
taken t o  be sure  these  pipes  are  properly  aligned. In addition,  the end of 
the  pipe.that i s  away from the  pulse  supply must  be bolted or clamped down. 
I f   th is  clamp i s  broken,  pipe  misalignment i s   l i k e l y  and  damage to  the t o p  o f  

the bags can occur.  Pipes t h a t  are  loose  usually  create a ratt le  inside  the 
clean-air plenum  when the  cleaning system is   act ivated.  Maintenance should 
be scheduled  as soon as possible  to  correct  this problem, as  pulse  pipes can 
break from the  connectors and damage the bags. 
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SECTION 5 
0 8 M  PRACTICES 

The importance of proper  design  considerations,  timely  detection of  mal- 
functions and bag f a i lu re s ,  and  good recordkeeping  practices t o  f a b r i c   f i l t e r  
performance has been discussed. Also essential t o  sat isfactory long-term  per- 
formance o f  this  contro1,'device  are  proper  operating  procedures and  preventive 
maintenance practices. A1  t hough  high-temperature  fabric f i  1 ters  often  receive 
the  mosteattention,  proper  operating  procedures  are  essential  for bo th  h i g h -  
and low-temperature applications. This section  discusses  general  operating 
procedures and' preventive maintenance practices t h a t  can minimize unexpected 
malfunctions and improve the performance o f  the   fabr ic   f i l t e r .  

5.1 OPERATING PROCEDURES 

Proper operating  procedures  are  important  during  startup, shutdown,  nor- 
mal operations, and emergency conditions. For any system, and par t icular ly  a 
new system, these  procedures  should  include  training of O&M personnel  in 
design  fundamentals, component operations, and the  limitations and expected 
range of values of various  operating  parameters. Often th i s   t ra in ing   i s  over- 
looked, t h o u g h t  to  be too  expensive,  or  left t o  on-the-job  training. Whereas 
the  cost of  repairing  the damage result ing from improper operation of some 
systems i s  n o t  excessive,  the  cost can be substantial  for  other systems (e.g., 
large  high-temperature  units),  particularly  if  failures recut- as a resu l t  of 
continual  operation  in a manner t h a t  i s  incompatible  with  the  system's  design. 

5.1.1 S t a r t u p  Procedures 

Improper s tar tup can adversely  affect many f ab r i c   f i l t e r s .  Most often 
these  adverse effects  will  be reflected  as a n  increase  in  pressure d r o p  or a 
Shortening of bag l i f e ,  bo th  of  which increase  the  cost of operating  the 
f a b r i  c f i 1 t e r  . 
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For new fab r i c   f i l t e r s ,  a complete check of  a l l  the components i s  recorn- 

merlded prior t o  operation. Any necessary  repairs  or  corrections  are  usually 
easier t o  make while   the  fabr ic   f i l ter   i s   s t i l l   c lean.  This component  check 
should include  operating  the  cleaning  system,  the  dust-discharge  system, a n d  

the  isolation dampers and fans. I t  should also  include  passing  clean ambient 
a i r  through the system t o  confirm t h a t  a l l  baas are  properly  installed. As a 
f i n a l  check,  fluorescent dye may  be injected  into  the system t o  check f o r  
proper sealing of the  tubesheet and  bags. The use of fluorescent dye i s  

usually  reserved  until some small amount o f  dust cake i s   b u i l t  u p  on the bags 

so t h a t  the  dust  will not. bleed t h r o u g h  the bags. 
New bags are prone t o  abrasion if  subjected t o  high d u s t  loadings and  

full-load gas  flows.  This i s  of particular concern during  the  init ial   start-  
u p ,  as new bags do not have the  benefit of a dust  buildup  cake to  protect  the 
fibers from abrasion or t o  increase  their  resistance t o  gas  flow.  Introducing 
a ful l  gas flow a t  high dust  loadings can allow  the  particulate  matter  to 
impinge on the  fabric a t  high velocity and result  in  abrasion t h a t  may shorten 
bag l i f e .  In addition,  the  dust may penetrate so deeply i n t o  the  fabric t h a t  
the  cleaning system  cannot remove i t ,  and a “permanent“ pressure drop resul ts .  

Two methods are  available t o  prevent t h i s  problem with new bags. The 
f i r s t  involves  introducing a reduced gas volume in to   t he   f ab r i c   f i l t e r  a t  a 
lower mass loading ( i f   possible)  t o  allow  the  dust cake to  build  gradually and 
gently. This  prevents  the  particles from impacting the new  bag f ibers  a t  ful l  
velocity. The second method involves  the use of a precoat  material t o  provide 
a prctect-ive f i  1 t e r  cake before  the  process gas stream i s  introduced  (see 
Figure 5-1). The precoat  material may be the same dust t h a t  will be f i l t e red  
during normal operation  or some other  dust t h a t  will  provide  suitable  cake-re- 
lease  properties. Examples of precoat  materials  inclEde  fly ash and pulver- 
ized  limestone. Although the use of a precoat  material may be part  of normal 
cperation or routine startup procedures, i t   i s   a l s o  recommended  when  r?ew bags 
are  installed,  when an abrasive  dust  s’tuation  exists, when the bag fabric has 
a low abrasion  resistance, and when partial  bag changeouts  occur. 

Dewpoint ( b o t h  moisture and  a c i d ,  i f   applicable)  is  a major concern 
during startup. The presence  of  moisture  in  the gas stream  usually does n o t  
present a prcblem as l o n g  as the  moisture i s  n o t  allowed to  condense within 
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t h e   F a b r i c   f i l t e r .  The i n t r o d ~ ~ c t i o n  o f  warn! m o i s t  gas i n t o  a coo l  o r  c o l d  

f a b r i c  T i  1 t e r  can  cause  conderlsat,icrl 0 ; )  t h e  bags o r  o n   t h e   f a b r i c  f i  1 t e r  

s h e l l .  This   mo is tu re  may cause bag b l i n d i n g  and a s i t u a t i o n   r e f e r r e d   t o  

"mudded" bags. A1  though some d u s t s  can  be  heated,  dried, and then  removed 

from  the  bags,  most will remain s s  a s o l i d  and  perhaps  impermeable  dust  cake 

tha t   p roduces   excess ive ly   h igh   p ressure   d rops .   Spec ia l   care   must  be  taken 

wi th   the  use  o f  some p recoa t   ma te r ia l s   ( such  a s  1 imestone)  because  these 

m a t e r i a l s   t e n d   t o   s o l  id.i  f y  when a1 1 owed t o  become mois t   (see   F igure  5 - 2 ) .  

P r e h e a t i n g   t h e   f a b r i c   f i l t e r   t o  a s u f f i c i e n t l y   h i g h   t e m p e r a t u r e   t o   p r e v e n t  

condensat ion i s  a p r a c t i c a l   a l t e r n a t i v e   i n  some c a s e s   ( e . g . ,   f a b r i c   f i l t e r s  

used i n   a s p h a l t   p l a n t s  can  be  preheated  by f i r i n g   t h e   d r y e r   w i t h o u t   a g g r e g a t e  

u n t i l   t h e   t e m p e r a t u r e   a t   t h e   f a b r i c   f i l t e r   o u t l e t  exceeds  the  dewpoint).  I n  

the   case   o f   compar tmen ted   f ab r i c   f i l t e rs ,   i nd i v idua l   compar tmen ts   can  be 

preheated  and  brought  on-stream a s  t he   p rocess   ra te   i nc reases .  

Ac id  dewpoint  may be  impor tant  on some combust ion  processes  (most  notably 

t h o s e   u s i n g   s u l f u r - b e a r i n g   f u e l s ) .  The ac id   dewpo in t  depends on t h e  amount o f  

m o i s t u r e   a n d   a c i d i c   m a t e r i a l   i n   t h e  gas  stream.  Acid  dewpoint   condi t ions  can 

l e a d   t o   c o r r o s i o n   o f   t h e   f a b r i c   f i l t e r  components, s t i c k y   p a r t i c u l a t e  and 

cake-release  problems, and a c i d   a t t a c k  on some f a b r i c s .  One o f  the  most 

wel l -known  but   somet imes  over looked  combinat ions  that   resul t  i n   f a b r i c   a c i d  

a t t a c k  i s  the  use o f  Nomex f a b r i c   w i t h  a gas  s t ream  h igh i n   s u l f u r i c   a c i d .  

The s u l f u r i c   a c i d  will a t t a c k   t h e   a r a m i d   s t r u c t u r e   o f   t h e  Nomex f a b r i c  and 

cause a loss o f  bag s t r e n g t h  and f a b r i c   f a i l u r e .  I f  opera to rs   a re   no t  made 

aware o f   t h e  need t o   a v c i d   a c i d   d e w p o i n t   c o n d i t i o n s ,   b a g   f a i l u r e  will occur  

f requen t l y .  

Another   p rob lem  (o f ten   asscc ia ted   w i th   combust ion   sources)  i s  uns tab le  

combust ion   dur ing   s ta r tup .  Poor combust ion  can  produce  substant ia l   carbon 

car ryover ,   wh ich  may r e s u l t   i n  a s t i c k y   p a r t i c u l a t e .   T h i s   s i t u a t i o n   a l s o  can 

c r e a t e   t h e   p o t e n t i a l   f o r   f i r e s   i n   t h e   f a b r i c   f i l t e r  when a combustion  source 

and  an  adequate  supply o f  oxygen  s re   ava i lab le .  Because f i r e s  on t h e  bags  and 

i n   t h e   h o p p e r s   t e n d   t o   d e s t r o y   t h e   f a b r i c  and n e c e s s i t a t e  bag  replacement, 

h o p p e r s   s h o u l d   b e   e m p t i e d   c o n t i n u a l l y   d u r i n g   s t a r t u p .   C o a l - f i r e d   b o i l e r s   i n  

which o i l   i s  used   du r ing   s ta r tup   p resen t   p rob lems   i n   t he   a reas   o f   m in im iz ing  
e m i s s i o n s   a n d   p r o t e c t i r l g   t h e   f a b r . i c   f i l t e r .   R y p a s s i n g   t h e   f a b r i c   f i l t e r  u n t i l  
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stable coal operation  is  achieved,  preheating  the  fabric  filter, and bringing 
only the  m i n i m u m  number o f  compartments needed i n t o  service when stable corn- 
bustion has  been achieved are   a l l  ways o f  avoiding  operating problems. Con- 
tinuous  precoating of the bags  can help  to  prevent  sticky  (condensable)  soot 
from f o u l i n g  the bags during startup. 

5 .1 .2  Normal Operating  Procedures 

During normal process  operations, a well-designed and maintained  fabric 
f i l t e r  should  provide satisfactory  control,  which will be evidenced by i t s  
outlet  o p a c i t y .  With the  exception of  condensable materials  (water v a p o r ,  
heavy organics), most f a b r i c  f i l t e r s  should  generate l i t t l e  or no vis ible  
emissions.  Opacity  readings can help t o  determine  the  presence of pinholes 
and tears  in bags and ,  in some cases,  the  general  location of the bag fa i lure .  
Whether determined by an  opacity  monitor  or by a visual method, vis ible  emis- 
sions  are  usually  the  first  indicator of poor f a b r i c   f i l t e r  performance. 

Pr?ssure drop across   the  fabr ic   f i l ter   a lso should be monitored periodi- 
cally t o  assure t h a t  i t  remains w i t h i n  the expected  range.  Normally,  the 
equipment will assume some range of values  (e.g., 2 t o  6 in. H20), depending 
on the  dust l o a d i n g ,  air-to-cloth  ratio,  and cleaning  cycle.  Inadequate 
cleaning of  the  fabric, bag blinding,  or  excessive gas volume through the 
system i s  generally  reflected  in  the  pressure drop.  In  some applications,  the 
pressure drop increases  steadily  as  the bags age, and the "permanent" pressure 
drop  after  cleaning  also  increases. Although many factors  influence  pressure 
d r o p  and bag l ife,   pressure drop i s   s t i l l  an  extremely  useful performance 
indicator. 

When used in  conjunction  with  the  pressure drop across   the  fabr ic   f i l ter ,  
measurement  of fan motor amperage can also provide an indication of the 
quantity o f  gas flowing through smal l e r   f ab r i c   f i l t e r s .  In general , an 
increase i n  current combined with an increase  in  pressure d r o p  indicates an  
increase i n  gas volume, and a decrease i n  amperage ref lects  a decrease  in gas 
volume.  These changes , however, must be normalized for temperature  (density) 
changes because temperature  influences  the energy required t o  move the gas 
t h r o u g h  the system. 
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High-temperature operations  should be equipped w i t h  continuous s t r i p  
chart  recorders a n d  h i g h  temperature  alarms (see Figure 5-3) .  The h i g h -  

temperature  alarms  should  provide some margin for  corrective a c t i o n ,  i . e . ,   s e t  
points of 50" t o  75°F  below the high temperature  limit o f  the  fabric. The 
temperature  alarm/recorder  also may  be connected t o  some automatic damper 
system t o  control  the  temperature or t o  bypass the   fabr ic   f i l t e r .  A1 t h o u g h  
some differential  between the maximum temperature ana the alarm activation 
must  be provided,  the  temperature set   point should n o t  be so low t h a t  the 
alarm i s  continually  activated. The temperature  indicator  will  also monitor  
against  excessively low temperatures and  dewpoint problems. 

5.1.3 Shutdown Procedures 

Dewpoint conditions and d u s t  removal  from the  fabr ic   f i l ter   are   the  pr i -  
mary concerns during shutdown. Failure t o  follow recommended  shutdown proce- 
dures  alsb can result  in  early bag fa i lure .  Avoiding dewpoint conditions 
through system purging i s  o f  top  priority;  bag cleaning and hopper emptying 
are 1 ower-pri ori t y  i terns. 

When processes  operate on a daily  cycle, the last   operation of the day 
should be t o  purge moisture and acidic  materials from the  fabric  f i l ter   with- 
o u t  passing th rough  the  dewpoint. For example, an asphalt  plant might allow 
the  dryer t o  operate f o r  several  minutes  with  the burner on af ter   the  aggre- 
gate has  been  removed  from the drum to  remove moisture from the   fabr ic   f i l t e r .  
Ambient a i r  could  then be  drawn through the system to  purge the remaining 
combustion products from the   fabr ic   f i l t e r .  Even wel l - insulated  fabr ic   f i l -  
ters  usually have trouble  maintaining  temperatures above dewpoint for  more 
t h a n  several hours; therefore, i t  i s  advisable t o  purge these systems when 
long idle  periods a re  expected. 

Upon shutdown, a t  l eas t  one or two complete  cleaning  cycles  should be 
allowed in compartmented f a b r i c   f i l t e r s ,  and 5 t o  20 minutes of cleaning  in 
pulse-jet systems. Removing the  dust from the bags in this  fashion  will  help 
prevent  blinding of the  bags.  Continuing t o  operate  the hopper discharge 
system while  the  cleaning system i s  in  operation  will minimize the chance of 
hopper p l  uggage. 

When emergency shutdowns of the  fabric  filter  are  necessary because of  

high temperatures,  spark  detection, or other  process  upsets,   the  fabric  f i l ter  
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Figure  5-3. Examples o f  s t r i p   c h a r t   o u t p u t  on a f a b r i c   f i l t e r  
w i th   h igh   tempera ture   excurs ions   as   ind ica ted   by   a r rows.  

(Cour tesy  of  P E I  Assoc ia tes ,   I nc . )  5- 8 
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i s  usually bypassed t o  prevent  failures and t o  protect  the system from  damage. 
For such major  prob~ems  as f i r e s  in  the hoppers or on the  bags, however, i t   i s  
probably better t o  l e t  them b u r n  o u t  rather than  t o  cut  off  the gas  flow imme- 
diately. Allowing the  ignition  source  into a fabr ic   f i l ter   wi thout  any gas 
flow may cause an explosion.  Also, adding  water t o  a b u r n i n g  f a b r i c   f i l t e r  or 
t o  a hopper f i r e   i s  n o t  always advisable. I n  some situations,   the  addition of 
water under reduced (oxygen-starved)  atmospheric  conditions  will  hydrolyze  the 
water and  form hydrogen, which  can create  the  potential  for an  explosion w i t h -  
in  the  fabric f i l t e r .  The f a b r i c   f i l t e r  manufacturer and insurance  carrier 
should be contacted whenever a known potential for  f ires/explosions  exists.  

Other process fa i lures  may necessitate  only temporary bypassing of the 
f ab r i c   f i l t e r ,  and the  operation can be restored  in a matter  of  minutes. In  
these  cases,  the  fabric  filter  generally does not have t o  be s h u t  down com- 
pletefy and purged. I f  the  upset  cannot be corrected  within a reasonable 
amount of time, however, ,shutdown and the  subsequent startup of the  fabric 
f i l t e r  may then be necessary t o  prevent dewpoint problems. 

I t  i s  important t o  note t h a t  bypassing the  fabr ic   f i l ter   dur ing  s tar tup,  
soot blowing, or a n  emergency may n o t  be acceptable t o  the  applicable  regula- 
t o r y  agency. Such occurrences  should be investigated and accounted for  during 
the  design  stages of  development. 

5.2 PREVENTIVE NAINTENANCE PRACTICES 

The wide range of fabr ic   f i l ter   appl icat ions makes specification of 
preventive maintenance practices a d i f f i cu l t  task .  Recordkeeping i s  the  heart 
of any preventive maintenance program because i t  permits  determination of pat- 
terns t h a t  p o i n t  t o  the  possibility of major problems on the  horizon. For a 
f ab r i c   f i l t e r ,  recordkeeping  centers on bag l i f e  and  bag replacement, b u t  

other  items alsG Eust be considered. 

5.2.1 Overall  Maintenance Inspection  Checklist 

The followir,g i s  a general  checklist of items that  should be inspected 
regularly as  p a r t  o f  a comprehensive O&H inspection program. 1-6 

O Inspect f i l t e r  media for  blinding,  leakage,  wear,  slack, bag ten- 
sion, and loose bag clarnps, or discoloration. 

* 

b rQ 

u iq 
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I n s p e c t   t h e   o v e r a l l   c o l l e c t o r  and  compartment  housings,  hooding, and 
connect ing   duc twork   fo r   leakage,   cor ros ion ,   o r   dus t   accumula t ion .  

Inspec t   a l l   so leno id -opera ted   pneumat ic  danlper a c t u a t o r s ,   a i r l o c k s ,  
and  valves  for   proper  seat. ing,   dust   accumulat ion,   leakage,  synchro- 
K i z a t i o n ,  and opera t ion .  

O I n s p e c t   h o p p e r   d i s c h a r g e   f o r   p o s s i b l e   b r i d g i n g   o f   d u s t .  

O Measure  the bag pressure  drop. Compare f r e q u e n c y   o f   c l e a n i n g   w i t h  
t h a t  recommended by  the  manufacturer .  

@ I n s p e c t   f a n   b o l t s   ( f o r   t i g h t n e s s ) ,   b e a r i n g s   ( f o r   v i b r a t i o n )  , and 
t e m p e r a t u r e .   I n s p e c t   f o r   e r o s i o n   o r   d u s t   b u i l d u p   i n   t h e   h o u s i n g  and 
on the  wheel .  Check a l i g n m e n t   o f   f a n   i m p e l l e r   w i t h   V - b e l t   d r i v e   o r  
c o u p l i n g  and d r i v e r .  Check sheave f o r   s i g n s   o f   V - b e l t - w e a r .  

I n s p e c t   a l l   b e a r i n g s   o n  fans,   motors,   dampers,   e tc . ,   for   lubr icat ion 
and   f ree   ro ta t i on .  

I n s p e c t   f o u n d a t i o n   b o l t s  on c o l l e c t o r ,   m o t o r ,   f a n ,   e t c . ,   f o r   t i g h t -  
ness. Also i n s p e c t   b o l t s   o n   c o l l e c t o r   h o u s i n g   a n d   s t r u c t u r a l  mem- 
bers.  

O Inspec t   access   doGrs(s )   fo r   leaks   due  to   fau l ty   gaskets   o r   warp ing  
o f   doo r (s )   and /o r   f rame(s ) .  

A l t h o u g h   t h e   i n s p e c t i o n   f r e q u e n c y   f o r   a n   i n d i v i d u a l   f a b r i c   f i l t e r   s y s t e m  

will depend on  the  type  of  system  and  the  vendor's  recommendations,  certain 

major  components  should  be  inspected  on a rou t i ne   bas i s ,   and   any  needed  main- 

tenance  should  be  performed.  Table 5-1  summarizes t h e   i n s p e c t i o n  and  mainte- 

nance  schedule f o r   t h e   m a j o r  components o f  a f a b r i c   f i l t e r  system. 

5.2.2 Da i ly   Inspec t ion /Main tenance - 

At l e a s t   t w i c e   p e r   s h i f t   ( a n d   p e r h a p s  as o f t e n  as e v e r y  2 hou rs ) ,   opac i t y  

and  pressure  drop  should  be  checked. Sudden  changes i n   t h e s e   v a l u e s   a l o n g  

w i th   those  o f   tempera ture  and  gas  volume, may i n d i c a t e  a problem.  For exam- 

p l e ,   t h e   f a i l u r e   o r   p a r t i a l   f a i l u r e  of t h e   c l e a n i n g   s y s t e m   g e n e r a l l y  will 

cause a r e l a t i v e l y   r a p i d   i n c r e a s e   i n   p r e s s u r e   d r o p   i n   m o s t   s y s t e m s .   T i m e l y  

i d e n t i f i c a t i o n ,   l o c a t i o n ,   a n d   c o r r e c t i o n   o f   t h i s   p r o b l e m   c a n   m i n i m i z e   o p e r a -  

t i n g  p r o b l e m s   a n d   l o n g - t e r m   e f f e c t s   o n   b a g   l i f e .   A l t h o u g h   i d e n t i f i c a t i o n  and 

s u b s e q u e n t   c o r r e c t i o n   o f   r e l a t i v e l y   m i n o r   p r o b l e m s   h a v e   l i t t l e   e f f e c t  on 

f a b r i c   l i f e ,  some m i n o r   p r o b l e m s   t e n d   t o   t u r n   i n t o   m a j o r   f a i l u r e s .  Thus, t h e  

~~ 
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I nspec t i on  
frequency 

- TABLE 5-1. TYPICAL MAINTENANCE 
INSPECTION SCHEDULE FOR A FABRIC FILTER SYSTEM1-6 

Dai ly  

Weekly 

( con t i nued ) 

Component 
” 

Stack  and  0pacit.y  monitor 

Manometer 

Compressed a i r  system 

Col 1 e c t o r  

Camper va lves  

Rotating  equipment  and 
d r i v e s  

Dust  removal  system 

F i  1 t e r  bags 

Cleaning  system 

Hoppers 

I Procedure 

Check exhaust f o r   v i s i b l e   d u s t .  

Check and r e c o r d   f a b r i c   p r e s s u r e  
loss and f a n   s t a t i c   p r e s s u r e .  
Watch f o r   t r e n d s .  

Check f o r   a i r   l e a k a g e  ( l o w  
pressure) .  Check va l ves .  

Observe a l l   i n d i c a t o r s  on  con- 
t r o l  -panel  and l i s t e n   t o  system 
f o r   p r o p e r l y   o p e r a t i n g  sub- 
sys tems . 
Check a l l   i s o l a t i o n ,  bypass,  and 
c lean ing  damper v a l v e s   f o r  
synchronizat ion  and  proper  
opera t i on. 

Check f o r   s i g n s   o f  jamming, 
leakage,  broken  parts,  wear, 
e t c .  

Check t o   e n s u r e   t h a t   d u s t   i s  
be ing  removed  from t h e  system. 

Check f o r   t e a r s ,   h o l e s ,   a b r a -  
s ion,   proper   fasten ing,   bag 
tens ion,   dust   accumulat ion  on 
s u r f a c e   o r   i n   c r e a s e s  and  folds. 

Check cleaning  sequence  and 
c y c l e   t i m e s   f o r   p r o p e r   v a l v e  and 
%imer   opera t ion .  Check com- 
pressed a i r  1 i n e s   i n c l u d i n g  
o i l e r s  and f i l t e r s .   I n s p e c t  
shaker mechanisms f o r   p r o p e r  
ope ra t i on .  

Check f o r   b r i d g i n g   o r   p l u g g i n g .  
Inspect   screw  conveyor   for   proper  
ope ra t i on  and l u b r i c a t i o n .  
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TABLE 5 - 1  ( c o n t i  tnued) 
- "____ 

Inspec t ion  
frequency 

Monthly 

Q u a r t e r l y  

Semiannually 

Annua 1 1 y 

Moni tor-(s)  

I n l e t  plenum 

Access  doors 

Shaker  mecharti sm 

Motors,   fans,   etc.  

C o l l e c t o r  

"_ " 
. 

Procedure 

Irrspect fi]:. l o o s e   b o l t s .  

Check. f o r  corros ior !  and m a t e r i a l  
b u i l d u p  and check   V-be l t   d r ives  
and chains for  t ens ion  and  wear. 

Check dccut-acy of a l l  i n d i c a t i n g  
equipment . 

Check b a f f l e   p l a t e   f o r  wear; if 
apprec iab le  wear i s  ev ident ,  
rep lace.  Check f o r   d u s t  
depos i t s .  

Check a l l  gaskets. 

Tube t y p e   ( t u b e  hooks suspended 
from a tubular  assembly):  I n -  
spec t   ny lon   bush ings   in   shaker  
bars  and  c lev is   (hanger)  assem- 
bly f o r  wear. 

Channel  shakers  (tube  hooks 
suspended  from a chat.,nel b a r  
assembly) : I n s p e c t   d r i  11 
bushings i n   t i e  bars,  shaker 
bars,  and connect ing rods f o r  
Near. 

L u b r i c a t e   a l l   e l e c t r i c   m o t o r s ,  
speed  reducers , exhaust  and 
reve rse -a i  r fans ,   and  s im i la r  
equipment. 

Check a l l   b o l t s  and  welds.  In- 
s p e c t   e n t i r e   c o l l e c t o r   t h o r o u g h -  
ly ,  c lean,   and  touch  up  pa int  
dhere  necessary. 

- 

- 
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operation o f  a f a b r i c  f i l t e r  should be tracked on a daily  basis t o  assure 
e a r l y  detection o f  any problems. The a b i l i t y  t o  perform ov-line maintenance 
depends on the  design o f  the  control equipment. 

” 

Routine checks o f  the  fabric  filter  include  pressure d r o p  ( a n d  patterns 
if a AP indicator a n d  recorder  are  used), opac i ty  patterns,  dust  discharge 
operation, a n d  external checks o f  the  cleaning system operation. Other fac-  
tors t h a t  can be checked include  temperature  (range) and fan  motor current,. 
I f  a check o f  these  factors  reveals a sudden change, ma-intenance  should be 
scheduled  as soon as possible. 

5 . 2 . 3  Weekly Maintenance/Inspecticn 

The extent of the weekly maintenance program depends greatly on access 
and design o f  the   fabr ic   f i l t e r .  Where possible, quick visual  inspections 
should be conducted; however, not  a l l  systems or  processes  are amenable t o  
t h i s  type of review. A weekly lubrication  schedule  should be established  for 
most  moving parts.  Manometer l ines shol;ld be  blown c lear ,  and temperature 
monitors  should be checked for proper operation. 

Shaker-Type Fabric Fi 1 ters--  
The operation of isolation dampers should be checked along  with  the 

operation o f  the  shaker system. The intensity o f  shaking  should be relatively 
uniform throughout  the compartment. Bag tension st-,ould be checked, and any 
fa l len bags should be noted and repaired. The presence o f  any d u s t  deposits 
on the  clean  side o f  the  tubesheet  also should be noted, as well  as ar;y holes 
o r  leaks  in  the bags. 

Reverse-Ai r Fabric F i  7 ters--  
The operatior. and  sealing o f  the  isolation and reverse-air dampers should 

be checked. Each conpartment  should be checked for proper bag tension  during 
reverse-air  operat’ion, and any fa1  len bags  shou:d be noted and repaired. The 
presence of dust  deposits on the  clean  side of  the  tubesheets  should be noted 
t o  determine i f  there  are any holes and leaks 
t igh t .  Tubesheets s h o u l d  be cleaned periclciica 
i n y  u p  around the  bags. 

in  the bags and if   the  seals  are 
,1 l y  t o  keep deposits from build- 
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Pulse-Jet  Fabric F i  l t e r s - -  
O n  the d i r t y  side o f  the  tubesheet, bags should be checked for  relatively 

t h i n  and uniform exterior  desposits. Bags also should be checked for  b a g - t o -  
b a g  c o n t a c t  (points of potential bag wear). On  t h e  clean  side of the  tubc- 
sheet, each row o f  bags should be examined for  l eaka5e  o r  holes. Deposits on 
the  underside of  the blowpipes and on the  tubesheet may indicate a bag f a i l -  

ure. The cleaning system  should be activated  (the  ir.spector shodld use hear- 
i n g  protection),  a n d  each row of baqs s h o u l d  f i r e  wi-th a resounding " t h u d . "  

The blowpipes should remain secured, and there should be r:o evidence o f   o i l  or 
water i n  the compressed a i r  supply. Tiie surge t a n k  o r  o i  l/w?ter  separator 
blowdown valve  should be opened t o  drain any accumulated water. Elisaligned 
blowpipes should,'be  adjusted t o  prevent damage t o  the upper portion of the 
bag .  The compressed air   reservoir  should be maintained a t  about 9c' t o  
.120 psi. 

5.2.4 Monthly-quarterly Maintenance and Inspection 

Beyond weekly inspections,  the  requirements become very si   te-specific.  
Clear-cut  schedules  cannot be established f o r  such items  as b a g  replacement 
and general maintetlance of the   fabr ic   f i l t e r .  Some items, however, may war- 
rant  quarterly  or monthly inspections, depending on si te-specific  factors.  
Items t o  be checked include door gaskets and  airlock  integrity t o  prevent 
excessive  inleakage ( b o t h  a i r  and water)  into  the  enclosure. Any defective 
seals should be replaced.  Baffles or blast   plates should be checked f o r  wear 
and replaced  as  necessary,  as  abrasion can destroy  the  baffles. Some fac i l -  
i t ies   prefer  t o  use fluorescent aye t o  check the  integrity of the bags and bag  

seals  (see  Figure 5-4) .  Any defective bags should he replaced, a n d  leaking 
seals should be corrected. 

Bag fa i lures  tend tc! occur short ly   af ter   instal la t ion a n d  near  the ecd of 
a bag's  useful  life. A record of bag fa i lures  and replacements i s  invaluable 
f o r  identifying  recurrent problems and indicating when the end o f  bag l i f e  has 
been  reaci-:ed. In i t ia l  bag. failure5  usually OCCUT because of  installation 
errors or bag  manufacturing defects. \.!hen new baqs a re  instal   led,  a period 
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Fi93r-e 5-4. Use o f  an  u l t rav io le t  1 i g h t  t o  check for  leaks o f  I !  4 
fluorescent dye tha t  has been injected  into  the  fabric f i l t e r .  

(Courtesy of  BHA Bac;hogse Accessories Co., 
Division o f  S t a n d a r d  Havens. Inc. j 
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w i t h  - few or no bag f a i lu re s   i s  normally  expected unless  serious  design or 
operation problems ex i s t .  As the bags near  the end of  t he i r  useful l i f e ,  
however, the number o f  bag fa i lures  may increase  dramatically. When weighed 
against  factors such as downtime f o r  rebagging,  the cost  o f  new bags, and the 
risk o f  limited  production as the  result  of keeping the o l d  bags in  service,  
the most economical approach may  be just  t o  replace  all  the bags a t  one time 
t o  eliminate  or minimize fa i lure   ra te .  

I n  some cases, bags can be  washed or  drycleaped and reused, e.g., when 
dewpoint l imits   are  approached or  the bags are  blinded  in some manner. This 
i s  generally an economically  viable  option when  more t h a n  half a bag's  "nor- 
mal" l i f e  expectancy  remains. Although cleaning may shorten bag l i f e  some- 
what, sometimes i t  i s  economically more feasible  to  clean the bags than t o  
replace them. 
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This section  presents  step-by-step  procedures a n d  techniques f o r  de- 
tailed  external a n d  internal  inspections of f ab r i c   f i l t e r s .  

Fabric f i l ter   inspect ions  are  performed f o r  t h e  following  purposes:  as 
part o f  system star tup,  f o r  troubleshooting, t o  determine compl iance w i t h  

regulations, and 
gram. 1,2,3 

The purpose 
operating  status 
cause fa i lure  a t  

as p a r t  o f  an overall  operation and maintenance (O&M) pro- 

of  any fabric   f i l ter   inspect ion  is  t o  determine  the  current 
and t o  detect  deviations t h a t  may reduce  performance or 
some future  date. For th i s  reason,  inspection prosrams must 

be designed t o  derive maxirnum benefit from the  information  gathered d u r i n g  

the  inspection. 
A properly  designed  inspection program can be used for   three purposes: 

recordkeeping,  preventive  maintenance, and  diagnostic  analysis. Depending o n  
i t s  purpose, the  inspection may  be conducted by operators, maintenance s t a f f ,  
regulatory agency inspectors, or Gutside consultants  (vendor  representa- 
t i ves ) .  

6.1 PRESTARTUP INSPECTIONS 

Because  most f ab r i c   f i l t e r s  use a centrifugal f a n  , the  cnmpatibi 1 i t y  cif 
the fan and t he   f ab r i c   f i l t e r   i s  very i r n p ~ r t a n t . ~  On startup,  the fan  resis-  
tance  will be considerably lower t h a n  the  operating  design  level because of  
the new bags, and t h e  gas delivery  rate Kay exceed the design  value. This 
can have two undesirable  effects: 1) the  fan power level m y  r i s e  t o  a p o i n t  
where the motor will overload  and/or  the  higher-than-design volume flow may 
cause  excess  penetration; and 2 )  this  higher volunle flow may damage the 
f i l t e r   m e d i ~ m . ~ ’ ~ ’ ~  The overall system resistance  often i s  so h i g h  t i ! ‘ t  

variations  in  the  pressure between new a n d  used bays are t o o  small t o  have a 
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I 

signif icant   effect  on f an  O n  systems i n  which the  design 
pressure loss  across  the  fabric  represents a large  fraction o f  t h e  t o t a l  
pressure  loss,  the  potential overload situation can be minimized by damper 
adjustment,  selection of  a f a n  w i t h  nonoverloading character is t ics ,  01- the 
use o f  adjustable  inlet vanes. A l l  dampers and/or  inlet vanes should be 
partially closed  during startup t o  reduce power consumption. After  the 
operating fan  speed has been attained and the  overall system temperature 
approaches the  operating  level,  the damper should be opened carefully t o  
a v o i d  motor over1 oad.  9 

Before the  init iation of normal operation,  the  inspector should check 
several items as  indicated: 2 ,3 ,5 ,6 ,9 ,10  

O Inspect a l l  bag compartments a n d  ductwork t o  see t h a t  jo ints   are  
t i g h t .  The general  location o f  a i r  leaks  in  either  positive  or 
negative  pressure baghouses can often be detected  audibly, and 
exact  locations can be established by applying a soap solution t o  
the  suspected l e a k  area. 

O Inspect a l l   bol ts  t o  ensure t h a t  they  are  tight.  Inspect a n d  
properly  lubricate  (as  applicable)  all  threaded  elements on clamps 
and door latches  for  corrosion  protection and easy  access. 

O Inspect bags t o  ensure t h a t  they are secured t o  the  floor  thimbles 
or cages. I f  bags are  furnished with ground wires t o  guard against 
sparking (and  dust  explosions),  they should be securely connect-d 
t o  the  tube  sheet, which  must be well-grounded. 

O Inspect a l l  system controls t o  verify  installation a n d  operation I n  
accordance  with  manufacturer's recommendations. 9 y 1 1 - 1 6  

O Inspect fan t o  ensure t h a t  i t  rotates  in  the  proper,  direction. A 
visual  inspection i s  recommended t o  identify  this  occasional cause 
o f  high pressure loss,  reduced amperage, and diminished a i r  hand- 
1 i ng capacity. 

O Inspect  the fan a n d  motor system for  vibration,  noise, a n d ,  in 
particular,  overheated  bearings. 

6.2 STARTUP INSPECTION PROCEDURES 

The startup and shutdown procedures depend on the  type o f  f a b r i c  f i l t e r  
(shaker,  reverse-air, or pulse-jet)  a n d  the  process or emissions being con- 
trolled.  Two examples are gsed t o  i l lustrate  the  startup  inspection proce- 
dures. The f i r s t   i s  a pu lse- je t   fabr ic   f i l t e r  and the second i s  a reverse- 



a i r  system, b o t h  used t o  control a combustion process. 
12,14 

6 . 2 . 1  Pulse-Jet System 

The following  procedures  should be followed  during  the startup o f  a 
12 pulse-jet system: 

O Check t o  see t h a t  the  iniet  damper i s  opened fully  after  the bag  
pressure  differential has increased t o  3 t o  4 i n .  water. 

O Do n o t  activate  the  timer  ccntrolling  the compressed a i r  pulses 
until  the  differential  pressure has reached 4 t o  5 i n .  water  unless 
operating  conditions  require a lower pressure  drop. 

O During normal s tar tup with  seasoned or  conditioned  bags, apply  
power t o  a l l   auxi l iary equipment (except f a n ) ,  energize  the  tirner, 
and s ta r t   the  compressed a i r  system. 

O T u r n  on f a n  motor w i t h  the system damper nearly  closed t o  prevent 
motor overload  during  the  starting power surge. 

O Maintain the  pressure loss across  the  fabric  within i t s   p re se t  
range by adjusting  the  pulse j e t  cleaning  cycle. More frequent and  
higher  pressure  pulses  will  reduce  the bag pressure  loss, whereas 
the  opposite  actions  will  increase bag pressure  loss should the 
need ar i se  t o  reduce  dust  penetration. 

O When the system i s   t o  be shut down, f i r s t  turn o f f  the fan  and  then 
close  the  inlet and exhaust dampers. After  waiting 15 to  30 minutes, 
shut  off the compressed a i r  and t iming  c i r c u i t ,  along  with any 
auxiliary equipment. 

O Be sure  the  hopper(s)  are emptied  of material  before Turning off 
the  airlock  and/or screw  conveyor.  This step  will  reduce  the 
chance of dust hangup  and plugging due t o  compaction and sticking 
of the  dust  in condensing  atmospheres. 

6.2.2 Reverse-Air System 

The objective d u r i n g  startup o f  a reverse-air   fabr ic   f i  1 t e r   i s  t o  pre- 
vent f lue gas  from enter ing   the   fabr ic   f i l t e r   un t i l   the   fabr ic   f i l t e r   i s  
completely  preheated and the bags are  precoated. By minimizing penetration 
of f ine  particles  into the fabric  structure,  these  precautionary  steps reduc e 

the chance of premature f i l t e r  plugging or blinding. Prior t o  actual   s tar t -  
up ,  the system should be checked to  verify t h a t  a1 1 control  elements, dam- 
pers, and fans  are  functioning  p1-0perly.l~ The  following  are  prestarttip 
procedures: 
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- O Preheat  compartments  by  using  hopper  heaters, if a v a i l a b l e .  

O Preheat i n l e t   d u c t   w i t h   f l u e  gas  from  gas- o r   o i l - f i r e d   b o i l e r ,  i f  
avai lab le,   and i f  t h e  damper a r rangements   a re   such  tha t   th is  can  be 
accompl i shed. 

O Prehea.t f a b r i c   f i l t e r   w i t h   h o t   f l u e  gas f r o m   g a s -   o r   o i l - f i r e d  
b o i l e r ,  i f  a v a i l a b l e .  

Precoat  bag  surfaces. 

O V i s u a l l y   i n s p e c t   f i l t r a t i o n   s u r f a c e   t o   e n s u r e   t h a t  bags are  coated. 

6.3 ROUTINE PREVENTIVE  MAINTENANCE INSPECTIONS 

Th is   sec t ion   p resents   suggested   p rocedures   fo r   per fo rming   rou t ine   p reven-  

t i v e  maintenance  inspections o f   t y p i c a l   p u l s e - j e t ,   r e v e r s e - a i r ,  and  shaker 

t y p e   f a b r i c   f i l t e r s .  

6.3.1 Pu l   se -Je t   Fab r i c   F i  1 t e r s  

Eva lua t ion  o f  Plume C h a r a c t e r i s t i c s ”  

An average  opaci ty  should be  predetermined.   Most   pu lse- je t   co l lectors  

ope ra te   w i th   l ess   t han  5 pe rcen t   opac i t y ,  so values  approaching 5 percent  rnay 
suggest  operating  problems. If puf fs   a re   observed,   the   t im ing   shou ld  be 

noted so t h a t  i t  i s   p o s s i b l e   t o   i d e n t i f y   t h e  row  be ing   c leaned   j us t   be fo re  

the   pu f f .  

F i l t r a t i o n  System-- 

The pressure   d rop   across   the   co l lec to r   shou ld   be  noted,. If t h e r e   i s  a 
~ gauge, p roper   opera t ion  o f  t h e  gauge should f i r s t  be  conf i rmed  by  observ ing 

m meter   response  dur ing  the  pu ls ing  cyc le .  If t h e r e   i s  some ques t ion   about   the  

c o n d i t i o n   o f   t h e  gauge o r   i t s   c o n n e c t i n g   l i n e s ,  one l i n e   a t  a t ime  shcruld  be 

d i sconnec ted   t o   i den t i f y   any   p lugged   o r   c r imped   l i nes   (d i sconnec t ing   l i nes  

may no t   be   poss ib le  i f  t h e r e  i s  a d i f f e ren t i a l   p ressu re   t ransducer   connec ted  * e t o   t h e  gauge l i n e s ) .  
YVIH, I f  a p r o p e r l y   o p e r a t i n g  gauge i s   n o t   a v a i l a b l e ,   t h e   s t a t i c   p r e s s u r e   d r o p  

should be measured w i t h   p d r t a b l e   i n s t r u m e n t s .  These  measurements should be 

made a t  i s o l a t e d   p o r t s   i n s t a l l e d   s p e c i f i c a l l y   f o r   t h e  use o f   p o r t a b l e   i n s t r u -  

mentation. I t  i s   i m p o r t a n t   t o  make t h e  measurements  on t h e   i n l e t  and the  

o u t l e t  one a t  a t ime so t h a t   p l u g g e d   t a p   h o l e s  and l i n e s  can  be i d e n t i f i e d .  
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The ope-ration o f  the  cleaning system  should be checked by n o t i n g  the   a i r  
reservoir  pressure. The ends o f  the  reservoir and  the  connections t o  each o f  

the diaphragm valves  should be checked f o r   a i r  leakage. Because these  valves 
are ncrnlally activated on a frequent  basis, i t   i s  usually  possible t o  observe 
a complete cleaning  cycle. Each valve should generate a cr isp t h u d  when 
activated. Valves t h a t  f a i l  t o  activate  or t h a t  produce a weak sound when 
activated  are  usually n o t  working properly  (see  Figure 6-1) .  If t o o  many o f  

these  valves  are  out-of-service,  the  air-to-cloth  ratios  are  probably  high, 
which can  cause  excessive  emissions t h r o u g h  the baghouse or inadequate  pol- 
lutant  capture. Even i f  a l l  d i aphragm valves  are working properly, reduced 
cleaning  effectiveness can result  from the low compressed-air  pressures. 

I f  the  compressed-air  pressures  are t o o  high,  especially  for  units 
designed w i t h  a high air-to-cloth  ratio,  the  intense  cleaning  action could 
result  an some seepage o f  d u s t  t h r o u g h  the bag fabric immediately a f t e r  
cleaning, when the bag i s  pushed i n t o  the  support  cage.  This  will  cause a 
momentary puff o f  5 to 10 percent  opacity. 

Holes and tears car, lead t o  puffs of 5 t o  30 percent  opacity  during  the 
cleaning  cycle. During the  pulse,  the  material  bridged  over  these  areas i s  
removed and the  particulate  matter  is allowed t o  leak  through  (see  Figure 
6-2) .  As soon as  the  pulse  dissipates , material  tends  to  bridge  over  the 
holes  again, and the  area  eventually  heals. As the  holes and tears  increase 
in  size,  the  duration of the puff also  increases. Continuous emissions 
result  when the  holes and  tears become too  large t o  bridge  over. 

The discharge of sol ids from the f i  1 t e r  hopper should be observed i f  
this  can  be  done safely a n d  conveniently.  Solids  are  usually  discharged on a 
fa i r ly  continuous basis  (following each pulsing of a row). 

Compressed-Air System-- 
The compressed-air system shculd be inspected t o  determine  whether i t  

contains any water o r  rust  deposits t h a t  could  cause the system t o  malfunc- 
t icn.  One quick method of checking  whether the system  has water or rust 
deposits  is t o  carefully open t h e  valve on the blowdown system and  observe 
whether any water or other  material  is being expelled t h r o u g h  the  valve. 
Also, if the  system has oil  traps,  the  traps can be visually  inspected t o  
determine i f  any water or other  material is   re ta ined i n  the t r a p .  
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CLEANING VALVE PROBLEMS 

Blow 

Air Supply I 

Figure 6-1. Cleaning  valve  problems. 
[ I l lustrat ion reproduced from "The Maintenance o f  Exhaust Systems 

in t h e  tiot Mix P la r? t  (IS-52A)" published by the 
National  Asphalt Pavement Association.] 
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E v a l u a t i o n  of Plume Characteristics-- 
An average o p a c i t y  should be predetermined. Most reverse a i r  a n d  shaker 

collectors  operate with less t h a n  5 percent  opacity. Values approaching this  
may suggest  operating problems. A drop i n  opacity when a specific compart- 
ment has  been isolated  for  cleaning  usually  indicates  holes o r  tears i n  bags 
i n  t h a t  compartment. Shaker collectors  often have opacity  spikes immediately 
following  the  cleaning  cycle. Both conditions warran t  further  evaluation. 

Fi 1 t ra t  i on Sys  tern-- 
The pressure d r o p  across  the  collector should be noted. If   there  is  

a gauge, i t s  proper  operation should f i r s t  be confirmed. If   there  is  some 
question a b o u t  the  condition of the gauge or i t s  connecting l ines ,  one l ine 

. a t  a time should be disconnected t o  identify any plugged o r  crimped lines 
(disconnecting  lines may n o t  be possible  if  there  is a differential  pressure 
transducer  connected t o  the gauge 1 ines).  

If a properly  operating gauge i s  n o t  available,   the  static  pressure drop 
should be measured w i t h  portable  instruments. These measurements should be 
made a t  isolated ports installed  specifically  for  the use of portable  instru- 
ments. I t  i s  important t o  make the measurements on the  inlet  and the  outlet 
one a t  a time so t h a t  plugged t a p  holes and l ines can be identified.  Care 
must  be exercised  while rodtiing o u t  t a p  holes  because on some designs i t  i s  
possible t o  poke a hole  in  the bag adjacent t o  the  tap  hole. 

The pressure drop across each compartment should be *determined  during 
the  cleaning  cycle. In  shaker  collectors,  the  pressure drop  during  the 
cleaning of a conpartment  should be zero. Nonzero values  indicate damper 
leakage problems. I n  reverse-air  collectors, backflow will cause a measur- 
able  pressure d r o p  with a polarity  opposite  that of the  f i l tering  cycle.  I f  
no gauge is   avai lable  and the  unit  operates a t  an elevated gas temperature, 
the gas temperature should be measured. This can be done a t  a point on the 
in le t  d u c t  t o  the  collector  or a t  one of  the t a p  holes ( i f   d i r e c t  access t o  
the inter ior  o f  t h e  collector i s  possible). 
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The ra te   o f   so l   ids   d ischarge  shou ld   be   checked,  if t h i s  cdtl  done 

sa fe l y  and conven ien t l y .   So l i ds   a re   usua l l y   d i scha rged   on l y  i l t  t . l l c  

b e g i n n i n g   o f   t h e   c l e a n i n g   c y c l i n g   i n  each  compartment. 

Air leakage  through  access  hatches,  sol   ids  d ischarge  valves,  tlopper 

f langes, and fan   i so la t i on   s leeves   shou ld   be   checked   by   l i s ten ing   f o r   t he  

sound o f  i n r u s h i n g   a i r .  

6.4 DIAGNOSTIC  INSPECTIONS 

Th is   sec t ion   p resents  a suggested  procedure  for   performing  diagnost ic 

i n s p e c t i o n s   o f   t y p i c a l   p u l s e - j e t ,   r e v e r s e - a i r ,  and  shaker  type  fa l ) r ic  filters 

when ce r ta in   p rob lems   a r i se .  

6.4.1 Pulse-Jet Systems 

High  Opaci ty   (cont inuous  or   puf fs) - -  

20 

On top- load  type  designs,  the  c lean  s ide  of   several  compart;rnprits should 

be  checked i f  these  can  be  safe ly   iso la ted  and i f  no p o l l u t a n t   c a p t u r e  prob- 

lems will r e s u l t   a t   t h e   s o u r c e   o r i g i n .  Even s l i g h t   d u s t   d e p o s i t s   c a n  be a 

s i g n  of  major  problems  (most  of  the  dust i n   t h e   c l e a n - s i d e  plenurrl i s   c a r r i e d  

o u t  because o f   t h e   r e l a t i v e l y   h i g h  gas v e l o c i t i e s ) .   D u s t   n e a r  one o r  more 

bag o u t l e t s  may suggest   inadequate  seal ing  on  the  tube  sheet .  Holes and 

t e a r s  may d isperse  dust   throughout   the  top  s ide O f  the  tube  sheet and make it 

l a t e r  t o  i d e n t i f y   t h e  

High  Pressure  Drop, H 
For a top-access 

C d i f f i c u l t   t o   i d e n t i f y   t h e  bag w i th   t he   ho le .   F luo res  
problem. 

i gh   Opac i t y ,   o r   P rocess   Fug i t i ve  

system, t h e   p o s s i b i l i t y   o f   f a b r i  

e n t  dye may be  used 

Emissions-- 

c b l   i n d i n g  a n  be 

checked  from  the  top  access  hatch. Oi 1 and  water i n   t h e  compressed a i r  1 ine 

a r e  sometimes p a r t i a l l y   r e s p o n s i b l e   f o r   t h e   b l i n d i n g   t h a t   t a k e s  o f  t h e  

fab r i c   a rea   ou t   o f   se rv i ce .  

For   convent iona l   pu lse- je t   COl lec tOrS,   the   poss ib i l i t y  f b r  tJ l i r id ing can 

on l y  be checked a t  t h e   d i r t y - s i d e  access  hatch.  Figure 6-3 iil~,w, ;if, example 

of easi ly  removable  dust.  A crusty  cake i s  sometimes  evidence rJf l:/cessive 

m o i s t u r e   o r   s t i c k y   d e p o s i t s  on the  bags. 
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Figure 6-3. Knocking dust o f f  bags t o  see how easily 
rernovable i t  i s .  ( I n  this  case,  the  material was d r y  

a n d  easi ly  removable, b u t  t h e  cleaning 
mechanism was n o t  working. ) 

(Csurtesy of ?EI Associates,  Inc.) 
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Cont inuously  High  Opaci ty,   Frequent Bag F a i l u r e s   ( p r i m a r i l y   a t   b o t t o m ) - -  

Both t y p e s  o f   pu l se - je t   co l l ec to rs   can   exper ience   poss ib le   p rematu re  bag 

f a i l u r e  a t  the  bot tom i f  the  support  cages  are  sl ightly  warped  and  the  bags 

rub  a t  the  bottom.  This can  be  checked  from a d i r t y - s i d e   a c c e s s   h a t c h ,   o r  

some cases  from  below  as shown i n   F i g u r e  6-4. Note:   Only   the  operator  

(us ing  ext reme  caut ion)   should open the  hatches a t  the   tops   o f   hopper   a reas  

H o t   s o l i d s  can f l ow   rap id l y   ou t   o f   t hese   ha tches .  

The bag f a i l u r e   c h a r t s   f o r   t h e   f a b r i c   f i l t e r   s h o u l d   b e  examined. I f  a 

d i s t i n c t   s p a t i a l   p a t t e r n   i s   a p p a r e n t ,   t h e  damage may be  due t o   a b r a s i o n  

( i n l e t  gas b l a s t i n g ,   i n l e t   s w i r l i n g ,   o r   r u b b i n g   a g a i n s t   i n t e r n a l   s u p p o r t s ) .  

i n  

The d a t e   o f   t h e  bag  removal   and  the  e levat ion 'o f   the  apparent  damage (T-top, 

"m idd le ,   6 -bo t tom)   enab le   i den t i f i ca t i on   o f  many common modes o f   f a i l u r e .  

By us ing  such  char ts ,   operators   have  been  ab le  to   min imize  both  excess  emis-  

s i o n   i n c i d e n t s  and  bag  replacement  cost. A r a p i d   i n c r e a s e   i n   t h e   r a t e   o f  

f a i l u r e   o f t e n   s u g g e s t s   s i g n i f i c a n t   d e t e r i o r a t i o n   o f   f a b r i c   s t r e n g t h  due t o  

chemica l   a t tack   o r   h igh   tempera ture   excurs ions .  

When bags a re  removed f rom  se rv i ce  , a s i m p l e   r i p   t e s t   s h o u l d   b e   p e r -  

formed. I f  it i s   p o s s i b l e   t o   r i p   t h e   c l o t h   b y   i n s e r t i n g  a sc rew  d r i ve r  and 

p u l l i n g ,   t h e  bag damage probab ly  was t h e   r e s u l t   o f   c h e m i c a l   a t t a c k ,   h i g h  

t e m p e r a t u r e   e x c u r s i o n s ,   m o i s t u r e   a t t a c k ,   o r   r o u t i n e   f a b r i c   e x h a u s t i o n .   M o s t  

f a b r i c s  damaged by  abras ion-re la ted  problems  cannot   be  r ipped,   even  near   the 

s i t e   o f   t h e  damage. 

H i g h   O p a c i t y   a n d   D i s t i n c t   P a t t e r n   t o  Bag Holes  and  Tears-- 

Bag and  cage  assembl ies  should  be  carefu l ly   inspected  on  removal .   Of ten 

t h e   p o i n t   o f  bag f a i l u r e   i s   n e x t   t o  a sha rp   po in t   on   t he   suppor t  cage. 

Premature f a i l u r e  may also  be  caused  by  cages  that   do  not  provide  enough 

s u p p o r t   f o r   t h e   f a b r i c .  

If a l l   t h e  bags  have f a i l e d   a t   t h e  top, the  compressed-a i r   nozz les may 

be misa l igned  (see  F igure 6-5). T h i s   c a n   c a u s e   t h e   p u l s e   t o   b e   d i r e c t e d   a t  a 

narrow  area a t   t h e   t o p   o f   t h e  bay-. 

6.4.2 Reverse-Air and  Shaker Type f a b r i c   F i  1 t e r s  

Suspected Air Leakage, Low  Gas Temperature, or Low Pressure  Drop-- 

The O2 and C02 l e v e l s   a t   t h e   i n l e t  and o u t l e t   o f   c o m b u s t i o n   s o u r c e  

f a b r i c   f i l t e r s   s h o u l d  be  checked. The measurement p o i n t  on t h e   i n l e t  must  be 
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between the solids  discharge valve a n d  the t u b e  sheet, so t h a t  potential 
inleakage a t  this  point can a l s o  be taken into  account.  Thew  should n o t  be 
more t h a n  a 1 percent  rise i n  the 0, levels going from the i n l e t  t o  the 
o u t l e t  ( e . g . ,  6% O2 in and ? %  O2 o G t ) .  

Continuously High Opacity  (during most of operating  period)  or  Pressure Drop 
Much Greater  or Lower t h a n  Baseline-- 

The presence a n d  nature c f  t he  clean-side  deposits should be checked by 
viewing conditions from the  access  hatch. Note t h a t  the Compartment  must  be 
isolated by the  operator befcrre attempting t o  do the  internal  inspection. 
Al l  safety  procedures must  be carefully followed prior t o  entry. 

The presence of snap ring  leakage is  often  indicated by enlarged  craters 
in the  clean-side  deposits around the  poorly  sealed bags. Holes and tears  
can  sometimes be located by the shape of dust deposits next t o  the  holes  (see 
Figure 6-6). Poor bag tension  is  readily  apparent from the  access  hatch. 
Improper discharge o f  material from the bags can often be confirmed by noting 
t h a t  the bags close t o  the hGtch are   ful l  of material one or more diameters 
u p  from the bottom (see  Figure 6 -7 ) .  Deposits on the bags should also be 
noted. 

Anything more t h a n  a trace of material on the  clean-side tube shee t   i s  
indicative of probable  emissions from th i s  compartment that   are  substantially 
above the base1 ine  levels. 

If  the bag fa i lure   char ts  show a distinct  spatial  pattern,  the damage 
may  be due to  abrasion ( i n l e t  gas blasting,  inlet  swirling,  and/or rubbing 
against  internal  supports).  Including  the  date of the b a g  removal  and the - 

elevation o f  the  apparent damage ( T - t o p ,  “middle, B-bottom) makes i t  pos- 
s ible  t o  identify many  common  modes of fa i lure .  Operators  using such charts 
have  been able t o  minimize b o t h  excess  emission  incidents and  bag  replacement 
cost. A rapid  increase  in  the  rate of failure  often  suggests  significant 
deterioration of fabric  strength. A simple r ip   t e s t  should be performed on a 
bag recently removed  from service.  If i t   i s  possible t o  rip  the  cloth by 
inserting a screw driver and pulling,  the bag damage  was probably  the resul t  
of chemical attack, high temperature  excursions,  moisture  attack, or routine 
fabric  exhaustion. Most fabrics damaged by abrasion-related problems cannot 
be ripped, even near  the s i t e  of t h e  damage. 
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Figure  6-7.  Checking f o r   e x c e s s i v e   b u i l d - u p  and poorly tens ioned 
bags i n  a r e v e r s e - a i r   f a b r i c   f i l t e r .   T h i s  bag  passed b o t h   t e s t s .  

(Courtesy  of PEI  Associates,   Inc. )  
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The compressed a i r  system  should be inspected t o  ensure t h a t  i t  i s  

installed  properly and  t h a t  i t  has aftercoolers,  automatic  condensate  traps, 
and f i l t e r s   a s  necessary  for  proper ~ p e r a t i o n . ~  The inspection  should  deter- 
mine whether there   i s  any water or rust deposits i n  the  compressed-air  system 
t h a t  would cause the system t o  malfunction. One quick method of  checking 
whether the system hzs  water or rust   deposits  is  t o  carefully open the  valve 
on the blowdown system and observe whether any water  or  other  material  is 
being  expelled t h r o u g h  the  valve. I f  the system  has oi l   t raps ,   the   t raps  
also can  be visually  inspected t o  determine i f  any water  or  other  material i s  
retained  in  the t r a p .  

6.5 RECORDKEEPING 

The  key to  a good inspection and maintenance program i s  recordkeeping. 
A record of a l l  inspections  should be maintained i n  the form  of inspection 
reports. Bag f a i lu re  records were discussed  in  section 4. A brief  narrative 
discussion of the major deficiencies t h a t  were discovered and a recommended 
course o f  action  should a l so  be prepared and f i l e d  w i t h  the  inspection  report 
form. 

6.6 SUMMARY 

To summarize the  preceding  discussions,  the  following  major  items  should 
be addressed  during  the  inspection of  any f a b r i c   f i l t e r  system: 

1) - Dust Capture and Transport System 

The inspector should check a l l  movable or   s ta t ionary hoods  and evaluate 
the  capture  velocities,  dust  accumulation,  static  pressure,  condition of 
cleanout  traps,  integrity of ductwork, fan  wear, and leaks or fugitive  dust  
emissions. 

2 )  Fabric F i l t e r  System 

The following  are  the major  elements t ha t  should be evaluated  during  the 
inspection o f  the   fabr ic   f i l t e r  system: 4 

Parameter  monitors--including  opacity o r  broken bag detectors; 
manometers for  pressure d rop  across  fabric,  ccmpartments, Gr ent i re  

3 

Y 
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collector;  indicators for cleaning  sequence,  cycle  time, compart- 
Rents o f f  l i n c ,  temperature, volume flow,  air-to-cloth r a t i o ,  
moisture,  pulse-jet header pressure, a n d  reverse-air f l o w .  

c Baghwse exterior--cleaning system operation;  cleaning method; 
overall  ccr,dition o f  exterior housing, i n c l u d i n g  structur21 mem- 
bers,  access  dcors, a n d  gaskets,  reverse a i r  fan  operatior;, a n d  
shaker mechanism. External  inspection w i l l  reveal  visual  evidence 
o f  corrosion;  warpins of panels;  faulty or missing  gaskets;  loose 
bolts;  and noise, o d o r ,  or  elevated  temperatures, which are  i n d i -  
cators o f  worn bearings,  overstressed f a n  be l t s ,  and e l ec t r i c  motor 
problems. 

Baghouse i n t e r i o r   ( i f  deemed necessary and i s  feasible)--condition 
of bags: tears,  pinholes, a n d  sagging  (inadequate  tension). P. 
sagging or slack bag  can resu l t  i n  the bag foiding  over  the bottom 
thimble  connection and  creating a pocket  in which accumulated dust 
can rapidly  abrade a n d  tear  the  fabric.  Slackness  also  prevents 
effective  cleaning  action  with both reverse-flow  or mechanical 
shaking  systems. nust seepage  or  bleeding  and/or  pinhole  leaks  are 
evidenced b y  dust  deposits on the  clean  side o f  the  fabric.  Stain- 
ing a n d  s t i f fening of  the  dirty  fabric  indicates  excessive caking 
caused by moisture  condensation or  chemical reactions.  The l a t t e r  
condition  leads t o  fabric  blinding and excessive  pressure  loss  as 
well as t o  fabr ic   fa i lure .  More t h a n  a 1/4-inch d u s t  layer on 
floor  plates  or  isolated  piles of d u s t  suggests  excess  seepage 
and /o r  torn or missing bags .  Inspection o f  the   in le t  plenum, 
including bag  interior,   will   reveal any excess d u s t  b u i l d u p  on bags 
and  dis t r ibut ion  plates .  As a "rule-of-thumb" for  smaller baghous- 
e s ,   i f   t he  amount o f  d u s t  on a  bag after  cleatiing i s  more t h a n  
twice  the weight  of the new (unused)  bag, insuff ic ient   c leaning  is  
indicated. The condition  of  solenoid  valves,  poppet  valves, me- 
chanical  linkages, a n d  bag clamps are  also  indicated. l 1  

Figure 6-8 1is.ts  the major data  elements t h a t  should'be  obtained and 
evaluated  in a routine  diagnostic  inspection of a pu lse- je t   fabr ic   f i l t e r .  
Figure 6-9 l i s t s   t he  major data  elements t h a t  should be obtained and evalu- 
ated  in a routine and a diagnostic  inspection of a reverse-air and shaker 
f a b r i c   f i l t e r .  



O Routine  InsDection Data 

Stack Average Opacity 
Duration and Timing of Puffs 

Fan - None 

Fabric F i l te r   In le t  and Outlet Gas Temperatures 
Inlet  and Outlet  Static  Pressures 
Presence or Absence of Clean Side  Deposits 
Air Reservior  Pressure 
Audible Checks for  Air  Inleakage 
Qualitative  Solids Discharge Rate 

Diagnostic  Inspection Data 

Stack Average Opacity 
Peak Opacity During Puffs 
Duration and Timing o f  Puffs 

- Fan Inlet  Gas Temperature 
Speed 
Damper Pos i t i  on 
Motor Current 

Fabric F i l te r   In le t  Gas Temperature 
Outlet Gas Temperature 
Inlet   Static  Pressure 
Outlet  Static  Pressure 
In le t  0, and CO, Content (Combustion Sources) 
Outlet 0, and CO, Content (Combustion Sources) 
Qualitative Sol ids Discharge Rate 
Air Reservoi r Pressure 
Frequency o f  Cleaning 
Presence or Absence o f  Clean Side  Deposits 
Audible  Air In f i l t r a t ion  

Figure 6-8. Routine and diagnostic  inspection  data  for  pulse-jet 
fabric f i 1 t e r s .  20 
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- 0  Routine Inspection Data 

Stack Average Opacity 
Opacity D u r i n g  the Cleaning  Cycles ( for  each 
compartment) 

Fabric Fi l ter   Inlet  and Outlet  Static  Pressures 
Inlet  Gas Temperature 
Rate of Dust Discharge (Qualitative  Evaluation) 
Presence or Absence o f  Audible Air Inf i l t ra t ion 
Presence or Absence of Clean Side  Deposits 
Ripping Strength o f  Discarded Bags 

O Baseline and Diagnostic  Inspection Data 

Stack Average Opacity 
Opacity During the Cleaning  Cycles ( for  each 
compartment) 

Fabric F i  1 t e r  Date of Compartment  Rebagging 
Inlet   Static  Pressure (Average) 
Outlet  Static  Pressure (Average) 
Minimum, Average, and Maximum  Gas Inlet  Temperatures 
Average 0, and CO, Concentrations (Combustion 
Sources  Only) 
Time t o  Complete a  Cleaning Cycle o f  a l l  
Compartments 
Length o f  Shake Period 
Length o f  Null Period 
Bag Tension (Qualitative  Evaluation) 
Rate o f  Dust Discharge (Qualitative  Evaluation) 
Presence or  Absence o f  Audible Air Inf i l t ra t ion  
Presence or Absence o f  Clean Side  Deposits 

Stack  Test Emission Rate 
Gas  Flow Rate 
Stack  Temperature 
0, and Co, Content 
Moisture  Content 

Fan Fan Speed 
Fan Motor Current 
Gas In le t  and Outlet Temperatures 
Damper Position 

Figure 6-9. Routine and Diagnostic  Inspection Oata for  reverse  air 
shaker fabr ic   f i l   ters .20 
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SECTION 7 
SAFETY 

The sa fe ty   o f   p lan t   personne l   and  agency   inspec tors   dur ing   a l l   aspec ts  

o f   f a b r i c   f i l t e r  O&M i s   o f   u l t i m a t e   i m p o r t a n c e .   A r e a s   o f   c o n c e r n   i n c l u d e  

conf ined  a rea   en t ry   (oxygen  de f ic iency  and tox ic   gases) ,   hazardous  mater ia ls  

(dus t ,   meta ls ,   e tc . ) ,   chemica l   burns ,   eye   in ju ry ,   and  normal   indus t r ia l  

safety  concerns  such as moving  equipment, f a l l s ,   e t c .   W i t h   r e g a r d   t o  

f a b r i c   f i l t e r s ,  mavy o f  these  concerns  occur  si inul  taneously  and i n  a con- 

f i ned '   a rea ,   wh ich   p resen ts   t he   po ten t i a l   f o r   se r ious   i n ju r i es   t o   pe rsonne l .  

U i th   p roper   p lann ing ,   sa fe ty   equ ipment ,   and  es tab l i shed  p rocedures ,   opera-  

t i o n  and  maintenance  and  inspect ions  can  be  per formed  safe ly   wi thout   r isk  

o f   i n j u r y .  

blany o f   t he   po ten t i a l   haza rds   and   p roper   p rocedures   f o r   add ress ing  

them are  d iscussed i n   t h e   f o l l o w i n g   s u b s e c t i o n s .   F u r t h e r   i n f o r m a t i c n  on 

conf ined  a rea   en t ry   and  manufac turers   o f   sa fe ty   zpp l iances   can  be  found i n  

spec i f i c   vendor   ma in tenance   manua ls   on   i ns ta l l ed   un i t s   and  i n  Occupational 

Safe ty   and  Hea l th   Admin is t ra t ion  (OSHA) a n d   N a t i o n a l   I n s t i t u t e   o f  Occupa- 

t i o n a l   S a f e t y  and Hea l th  (NIOSH) pub1 i c a t i o n s .  

7.1 HOPPER ENTRY 

F a b r i c   f i l t e r   h c p p e r s   p r e s e n t   s p e c i a l   s a f e t y   h a z a r d s .  It i s  recom- 
mended t h a t  hopper  doors be i n t e r l o c k e d  and tha t   t he   hopper   doo rs  be opened 

o n l y   a f t e r   t h e   u n i t  has  been shut  down. For  economic  reasons,  however, 

many companies s u b s t i t u t e   t h e   u s e   o f   p a d l o c k s   f o r   t h e   k e y - i n t e r l o c k  system. 

I n   p r i n c i p l e ,   t h e  use of   padlocks i s   e q u a l l y  as sa fe  i f  proper  procedures 

a r e   f o l l  owed. The tendency,  however i s  t o  remove t h e   l o c k  and  open  hopper 

doors   p remature ly   to   qu ick -coo l  a u n i t   o r   c l e a r  a hopper  pluggage. 
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The danger in opening  doors comes  from the  discharge of  material im- 

pounded i n  the hopper. Dust t h a t  has accumulated i n  valleys or corners may 
break loose  during  entry  into  the hopper and  f a l l  on the  inspector, causing 
minor injury or,  i n  some cases,  serious  injury  or  suffocation by burying 
him or her. The doors on hoppers must be opened very carefully,  and care 
must  be taken t o  ensure  that no accumulation  of collected  dust  is impounded 
behind the  inner door.  

Entry i n t o  hoppers for  purposes other t h a n  maintenance  should be 
avoided. Maintenance that  can be conducted outside of  the hopper should be 
attempted f i rs t .   I f   entry  is   necessary,   the  bags should be thoroughly 
cleaned and then steps  should be taken to  dislodge and discharge  dust from 
the hopper before  entry. T h i s  can be accomplished by mechanical vibration 
(vibrators,  hammers, e tc . )  o r  poking,  prodding,  or a i r  lancing. Removal o f  
accumulated dust should  never be attempted from inside  the hopper. This 
material may  become dislodged and move  en masse i n t o  the  inlet  or outlet  
f i e ld  hoppers and completely f i l l   t h e  hopper. 

All hopper doors  should be equipped w i t h  safety  chains or double 
latches t o  prevent  complete opening upon release. This will slow the  loss 
of material  or ash i n  the  event of accidental opening of a ful l  hopper. 

Most hopper inner  doors have design  features  that,  if  properly used, 
will  ensure t h a t  no door i s  opened when dust is  impounded behind i t .  
First, a pipe  coupling w i t h  a plug should be installed  in  the door;  removal 
of the plug  allows  visual  verification of d u s t  impoundment. Second, a 
pressure-type  latch  should be used t h a t  allows a portion of the door seal 
t o  be released and causes a gap  between the door and sealing jam. This 
partial  release  will  allow accumulated dust  to flow ou t  and indicate a par- 
t i a l l y   f u l l  hopper without  the  possibility of the door 'being ful ly  opened. 

a f t e r  each period o f  dust removal. Whether the hopper i s   f u l l  may  be 
determined by striking  the door w i t h  a hammer. An empty hopper door will 
resound w i t h  a ring; a fu l l  hopper will produce a dull t h u d .  

A normal practice  is   to  discharge  the hoppers fully  before  entry and 

A further warning in  connection  with hopper entry  involves  the use of 
hand grips,  foot  holds,  etc.,   inside  the hopper. Because of  the  possibil- 
i t y  of dust  buildup on p r o t r u d i n g  objects,  manufacturers have avoided the  
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use  of handh-olds  and f o o t h o l d s   i n   h o p p e r   i n t e r i o r s .  Thus, t he   s teep   va l l ey  
angles  and  dust   layer   create a p o t e n t i a l  f o r  a f a l l  and i n j u r y  when en te r -  

ing  the  door.  Temporary  ladders  and  handholds may be i n s t a l l e d  and  used 

when needed. Because o f   t h e   a n g l e s  and smal l   door  openings,  back  in jur ies 

are  the  most common (other  than  abrasions).   Outside  access  equipment 

(scaffolds,   ladder,   handholds,   etc.  ) should be i n s t a l l e d   i n  a manner t h a t  

minimizes  the awkward na ture  o f  hopper  door  entry.  Also, i f  nuclear  hopper 

leve l   de tec tors   a re   used,   the   rad ia t ion   source  (beam)  s,hould  be sh ie lded  

f rom  the  outs ide  before  the  hopper   is   entered.  

Hopper  evacuation  systems  (screws,  drag  chains,  agitators,  etc. ) 
should  not  be  operated when persons  are  ins ide  the  hopper   area  or  i n  an 

area  f rom  which  they  could  fa l l   in to   the  hoppers.   Dust   accumulat ion  that  

i s  discharged  into  the  hopper  can  be  considered a l i v e   b o t t o m   w i t h   m o v i n g  

equipmelclt. The dus t  becomes f l u i d  and creates  t reacherous  foot ing.   Scaf-  

fo lds  on which  persons  are  standing may sh i f t .  2nd f l o a t ,  and t h a t   p e r s o n ( s )  

may become e n g u l f e d   i n   t h e   c o l l e c t e d   n a t e r i a l .  

7.2 CONFINED AREA ENTRY 

A confined  space i s  an  enclosure i n  which  dangerous a i r  con taminat ion  
cannot  be  prevented  or removed  by n a t u r a l   v e n t i l a t i o n   t h r o u g h   o p e n i n g   o f  

t he  space.  Access to   t he   evc losed   a rea  may be r e s t r i c t e d  such t h a t  i t  i s  

d i f f i c u l t   f o r   p e r s o n n e l   t o  escape o r  be  rescued. The most comnon examples 

of a conf ined  space  are  storage  tanks,   tank  cars,  or vats.  Depressed  areas 

(e+,  trenches, sumps, w e l l s )   a l s o  may have  poor   vent i la t ion  and  be  cons id-  

ered a confined  space. A f a b r i c   f i l t e r  system f a l l s   u n d e r   t h e   g e n e r a l  

d e f i n i t i o n   o f   c o n f i n e d  space,  and  as  such, requ i res   spec ia l   p rocedures  and 

p recau t ions   w i th   rega rd   t o   en t r y .  

Potent ia l   dangers of  conf ined space f a l l   i n t o   t h r e e   c a t e g o r i e s :  

oxygen de f ic iency ,   exp los ion ,   and  exposure   to   tox ic   chemica ls   and  agents .  

Pe rsonne l   en te r ing   t he   f ab r i c   f i l t e r   f o r   i nspec t i on   o r   ma in tenance   mus t  

assess   t he   r i sks   and   po ten t i a l   dangers   i n   each   ca tegory   and   f o l l ow   spec i f i c  
safety   precaut ions.  
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7 . 2 . 1  Oxygen Deficiency 

Oxygen deficiency i s  the most common h a z a r d .  Any gas generated i n  a 
confined  space  displaces  the atmosphere and reduces the oxygen content 
below the normal value of  20.9 percent.  Cut-gassing of combustible  gases 
(methane, H2S, organic  vapors, e t c . )  from collected  particulate  matter can 
resul t  i n  local  pockets  with reduced oxygen levels.  Further,  application 
of t he   f ab r i c   f i l t e r  t o  combustion sources   (e .g . ,   u t i l i ty  boi1ers;indus- 
t r i a l   bo i l e r s ,  cement ki lns ,   incinerators)  produces an atmosphere t h a t  i s  

extremely low i n  oxygen ( 2  t o  10 percent!. P u r g i n g  of the u n i t  d u r i n g  

cooling does n o t  always completely  replace  the  flue  gases w i t h  ambient a i r ,  
a n d  local  pockets may remain. 

Reduction of oxygen pressure below  normal conditions has increasingly 
severe  effects on a person and eventually  leads  to  death. Oxygen levels of 
less  than 16.5 percent  result  in r a p i d  d i sab i l i t y  and death. Table 7-1  
shows the  effects  of reduced oxygen concentrations  for  various  lengths o f  

time. Because of the  subt le   effects  of  oxygen deficiency,  the  average 
person  does  not  recognize the symptoms and may ignore  the  danger. By the 
time the person  does  recognize  the problem, he may  no longer be able  to 
remove himself from the dangerous  environment. 

7 .2 .2  Explosion 

Explosive  atmospheres can be created  in  confined  spaces by the evapo- 
ration o f  vola t i le  components o r  improper p u r g i n g  of the f a b r i c   f i l t e r  when 
the  process i s  shut down. Three  elements are  necessary t o  i n i t i a t e  an 
explosion: oxygen, a flammable gas, vapor  or d u s t ,  and  an ignition  source. 
A flammable atmosphere i s  defined  as one in which  a gas  concentration i s  
between  two extremes: 1)  the lower explosive l imit  ( L E L )  and the upper 
explosive  limit ( U E L ) .  A mixture o f  gas and  oxygen i n  a concentration 
between these  values can explode i f  a source o f  ignit ion  is   present.  

Possible  sources  of  ignition  include  cigarettes,  matches, welding a n d  
cutting  torches, and g r i n d i n g  equipment. The best means o f  preventing 
explosion i s   t o   d i lu t e   t he  flammable gas below the L E L  by ventilation. I t  
i s  n o t  safe t o  assume t h a t  a source of ignit ion can be eliminated and t o  
allow work t o  continue  in a potentially  explosive atmosphere. 
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TABLE 7-1.  EFFECTS OF VARIOYS LEVELS 
OF OXYGEN ON PERSONS 

Concentrat ion,  
percent E f f e c t b  Dura t i on  

20.9 Usual  oxygen  content  of a i r  I n d e f i n i t e  

19.5 

16.5 

12-16 

' 10-14 

6-10 

N o t  s t a t e d  

No t  s t a t e d  

Seconds t o   m i n u t e s  

Minimum  oxygen c o n t e n t   f o r  oxygen 
d e f i c i e n t  atmospheres (OSHA 
Standards) 

Lowest limit o f   a c c e p t a b l e   s t a n -  
d a r d s   r e p o r t e d   i n   l i t e r a t u r e  f o r  
e n t r y   w i t h o u t   a i   r - s u p p l   i e d  
r e s p i r a t o r s  

I I nc reased  pu lse  and r e s p i r a t i o n ,  
1 some c o o r d i n a t i o n   l o s s  

Seconds t o  minutes D i s t u r b e d   r e s p i r a t i o n ,   f a t i g u e ,  
emot ional   upset 

Seconds Nausea, v o m i t i n g ,   i n a b i l i t y   t o  move 
f ree l y ,   l oss   o f   consc iousness  

Below 6 Seconds Convuls ions,   gasping  respi ra t ion 
fo l lowed  by   cessat ion  o f  b rea th-  
i n g  a n d   c a r d i a c   s t a n d - s t i l l  

a D a t a  f o r  correspondence o f   R o b e r t  A. Scala, Ph. D., REHD, Exxon  Corporation, 
March 26, 1974. 

bE f fec ts  - O n l y   t r a i n e d   i n d i v i d u a l s  know t h e   w a r n i n g   s i g n a l s   o f  a low  oxygen 
supply. The average  person f a i l s  t o  recogn ize   the   danger   un t i l  he i s   t o o  
weak t o  rescue   h imse l f .   S igns   i nc lude   an   i nc reased   ra te   o f   resp i ra t i on  and 
c i r c u l a t i o n   t h a t   a c c e l e r a t e   t h e   o n s e t   o f  more p r o f o u n d   e f f e c t s   i n c l u d i n g  - 
loss o f  consc iousness ,   i r regu la r   hear t   ac t ion ,  and  muscular   tw i tch ing.  Un- 
consciousness  and  death  can  be  sudden. 



- Work i n  a confined  area may release  f l  annnable gases, which  can i n -  

crease  in  concentration.  Constant  ventilation  should be provided t o  main- 
tain  the  concentration below the LEL.  

Because many vapors are  heavier  than a i r ,  pocke 
may develop. An effect ive monitoring program checks 
multiple  locations and times d u r i n g  the exposure  per 

7.2.3 ExDosure t o  Toxic Chemicals and Aaents 

t s  of  f lamable gases 
concentrations a t  

iod. 

Depending on the  application of the  fabric  f i l ter ,   collected  dust  may 
contain  toxic  chemicals o r  harmful physical  agents. These  compounds may 
exist  in  the system or be created  as a resul t  of operations  in  the  confined 
area.  Inhalation,  ingestion;or  skin  contact have adverse  health  effects. 
Most agents have threshold  limit  doses below  which  harmful effects  do not 
occur. Exposure above these  threshold  doses can cause  acute or chronic 
*symptoms, depending on the compound. A quantitative assessment of each 
compound and the  threshold dose levels must be  made before anyone i s  allowed 
t o  enter   the  fabr ic   f i l ter .  Typical toxic chemicals  or  species  in  the 
f a b r i c   f i l t e r  environment can include  arsenic, cadmium, beryllium,  lead, 
a lka l i ,  and acids. Table 7-2 l i s t s   t h e  allowable  concentrations  for  entry 
into confined  spaces for  several compounds. 

TABLE 7-2. ALLOWABLE CONCENTRATIONS FOR ENTRY INTO CONFINED SPACES 

I Without air-supply No entryb W i t h  air-supply 
Agenta  equ i pmen t permitted equi pment 

Hydrocarbons 
Bel ow 16.5%  16.5% min. 19.5-23.5% Oxygen 

Above  20% LEL 20% LEL max. 1% LEL max. 

10 ppm max. 

>500 ppm 500 ppm 5 ppm max. 
>ZOO ppm 200 ppm 30 ppm max. Carbon monoxide 
>300 ppm 300 ppm 

so2 

aIf  other contaminants are.present,  an industrial  hygienist should be con- 

bWork may be performed in  oxygen-free atmospheres i f  backup systems are 
sulted  for  the  appropriate  allowable  limits. 

available, such as  air-line  respirators,  self-contained  breathing  apparatus, 
and an emergency  oxygen escape pack. 
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Atmospheric Testing and Analysis-- 

Gas nloni tor ing usually i s  conducted to  determine  the  percentage o f  
oxygen, the  percentage o f  lower explosive  limit (hexane/methane,  heptane, 
e t c . ) ,  hydrocarbon concentration  (in  parts  per  million), and  carbon monox- 
ide  levels  (in  parts  per  million). I f  hydrogen sulfide o r  other  toxic 
gases are  suspected,  additional  analyses may be conducted  with detection 
tubes or continuous gas samplers. The use of continuous gas samplers  with 
an audible alarm i s  recommended.  The i n i t i a l  measurements should be per- 
formed according t o  the  following  suggested  procedures. 

1. 

2. 

3. 

4 .  

Remaining outside, a gas t e s t e r  shculd check the  vessel 's oxygen 
content,  explosivity, and toxic chemical concentration by f i r s t  
sampling all   entry  ports and then use  probes t o  sample inside  the 
space.  Caution  should be used when tes t ing  for  combustible 
gases,  as many meters need an oxygen level  close t o  ambient 
levels t o  operate  correctly. This i s  one reason t h a t  the  space 
should be purged and vented  before testing. Voids, subenclosures, 
and other  areas where pockets  of  gas  could col lect  should also be 
tested. 

When i n i t i a l  gas t e s t   r e su l t s  show that  the  space has suff ic ient  
oxygen, the  gas t e s t e r  can enter  the space and complete the 
in i t ia l   t es t ing  by examining areas  inaccessible from outside  the 
shel l .  He/she should wear an air-supplied  positive-pressure 
respirator d u r i n g  these measurements. Special  care  should be 
taken t o  tes t   a l l   breathing zone areas. 

I f  the  results of t he   i n i t i a l   t e s t s  show t h a t  a flammable atmo- 
sphere s t i l l   ex i s t s ,   add i t iona l  p u r g i n g  and ventilation  are 
required t o  lower the  concentration  to 10 percent of the LEL 
before  entry may  be permitted. 

I f   tes t ing shows an oxygen-deficient atmosphere or toxic concen- 
t r a t ions ,   a l l  personnel entering  the  space must use an appropri- 
ate  air-supplied  respirator. 

After  the  initial gas tes t ing has been performed, dust,  mists', fumes, 
and  any other chemical agents  present should be evaluated by e i ther  an 
industrial  hygienist or a trained  technician. The results  will   indicate  if  
additional  control measures are  necessary.  Physical  agents such as  noise, 
heat, and radiation  also must  be evaluated, and i f  any are  present,  the 
appropriate  control measures (e.g.,  ear  protection or r o t a t i n g  employees) , 
should be instigated. 
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The s p e c i f i e d   r e s p i r a t o r y   p r o t e c t i o n   s h o u l d  be based  on  the  hazard 

assessment,  i.e.,  the  type o f   c o n t a m i n a n t ,   i t s   c o n c e n t r a t i o n ,   a n d   t h e  

exposure  t ime. The t ype   o f   resp i ra to ry   equ ipmen t   requ i red   f o r   each   spec ies  

i s  spec i f i ed   by  NIOSH. 
Resp i ra to rs . inc1ude  bas ic   par t i c le - remov ing   dev ices   (dus t ,   aeroso l ,  

m is t ,   e t c . ) ,   a i r -pu r i f y ing   resp i ra to rs   (gas ,   vapors ,   e t c . )  , and  a i r -supp ly -  

i n g   r e s p i r a t o r s   ( a i r - l i n e ,   s e l f - c o n t a i n e d ) .  

7.3 WORKER PROTECTION 

7.3.1 Eye P r o t e c t i o n  

D u s t   c o l l e c t e d   b y   f a b r i c   f i l t e r s   i s   v e r y   f i n e  and u s u a l l y   c o n t a i n s  a 

h i g h   p e r c e n t a g e   o f   p a r t i c l e s   l e s s   t h a n  5 mm. The p a r t i c l e s  may be  sharp- 

edged o r   c r y s t a l  1 i n e   i n   n a t u r e .  Because  a1 1 sur faces  i n  t h e   f a b r i c   f i l t e r s  

a re   coa ted   w i th   dus t ,   wh ich  may be eas i ly   d is lodged  and  suspended  dur ing 

i n t e r n a l   i n s p e c t i o n s ,   p r o t e c t i o n   i s   n e c e s s a r y   t o   p r e v e n t   d u s t   f r o m   e n t e r i n g  

the  eyes.  Goggle  type  protect ion i s   g e n e r a l l y   n o t   e f f e c t i v e  because o f   t h e  

i n a b i l i t y   o f   t h e  frames t o   f o r m  a t i gh t   sea l   aga ins t   t he   worke r ' s   f ace .  

E f f e c t i v e  eye p r o t e c t i o n   c o n s i s t s   o f   f u l l - f a c e   p r o t e c t i o n   o r  a s n o r k l i n g  

mask. 

Eyes a l s o  may be sub jec ted   to   chemica l  damage as a r e s u l t   o f   t h e   d u s t  

composi t ion  or   spec ies  condensed  onto  the  dust   par t ic les.  The most common 

a c t i v e   a g e n t s   a r e   s u l f u r i c   a c i d  on fly a s h   p a r t i c l e s  and a l k a l i   a g e n t s   i n  

cement a p p l i c a t i o n s .  Each p l a n t   s h o u l d   c o l l e c t  samples o f   f a b r i c   f i l t e r  

dus t  and s p e c i f y  eyewash s o l u t i o n s   s u i t a b l e   f o r   r e m o v i n g   o r   n e u t r a l i z i n g  

t h e   a c t i v e  components.  Table 7-3 summarizes t h e   k i n d s   o f   a p p l i c a t i o n s  

where p o t e n t i a l  eye  hazards may e x i s t .  

TABLE 7-3. APPLICATIONS PRESENTING POTENTIAL EYE HAZARDS 1- 

PH 
1yr, 

A p p l i c a t i o n  P o t e n t i a l   a c t i v e   s p e c i e s  
Irr+ 

Fly ash 

A1 k a l  i ne A1 k a l  i Cement 
Ac id  S u l f u r i c   a c i d  

I (NaOH, Na2S04, K2S04, e t c .  ) I 
Mun ic ipa l   i nc ine ra t i on   Hydroch l   o r i  c a c i d  

A c i d  Copper c o n v e r t e r   S u l f u r i c   a c i d  
Ac id  I 
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7.3.2 Hearing Protection 

The f a b r i c   f i l t e r  hcusing i s  a large open area  with metal walls t h a t  
tend t o  magnify and  ref lect  sound energy. When inspectors  are  inside t h e  
uni t ,  proper  hearing  protection should be used to   l imit  sound levels t o  
maximum permitted  exposure. Many types o f  hearing  protection  devices 
(cotton, premolded inser ts ,  foam, ear  muffs, etc.)   are  available;   selection 
depends on individual  preference and expected sound levels.  

Limits of  worker exposure t o  noise  are based on bcth  duration o f  

exposures and scund levels (dBA). Permissible  levels  for  intermittent 
noise a n d  nonimpulsive levels  are  presented i n  Tables 7-4 and 7-5. 

7.3.3 Skin I r r i ta t ion  

Depending on i t s  compcsition,  the  dust  collected i n  t he   f ab r i c   f i l t e r  
car! be ac id ic ,   a lka l i le ,  hydroscopic, or abrasive. When i t  contacts  the 
skin,  this  dust can cause  burns or i r r i t a t ion .  Workers can l imit  skin 
contact  area and thus  prevent  potential  irritation hy wearing  long-sleeved 
sh i r t s  and gloves  during  internal  inspections. Depending on teKperature 
conditions and activity  levels,   ccverall  s or other  full  covering may be 
worn. 

TABLE 7-4. MAXIMUM PERMISSIBLE SOUND LEVEL FOR INTERtlITTENT  NOISEa 
(A-weighted sound level ,  dBA) 

Total  time/8 hours 

8 hours 
6 hours 
4 hours 
2 hours 
1 hour 

f hour 
4 hour 
8 minutes 
4 minutes 
2 minutes 

aSource : The Industri 
1973, p .  327. 

1 

89 

90 

91 

93 

96 

100 

104 

108 

113 

123 

Number of occurrences  per day - 

" 

- 
1 Environment "Its Ev; 

3 

89 

92 

94 

98 

102 

105 

109 

114 

125 

7 

89 

95 

98 

102 

106 

109 

115 

125 

15 

89 

97 

101 
105 

109 

114 

124 

uation 

7 

" 

and Con1 

35 

89 

97 

103 

108 

114 

125 

75 

89 

94 

101 

113 

125 

" 

.ol . NIOSH, 

89 

93 

99 

117 

125 
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TABLE 7-5. THRESHOLD L I M I T  VALUES FOR NONIMPULSIVE NOISE ( A C G I H ) ~  
Duration hourslday Permissible sound level ,  dBA 

8.00 
92 6.00 
90 

115 0 2 5  
110 0.50 
107 0 .75  
105 1 .OG 
102 1.50 
100 2 .oo 
97 3 .OO 
95 4 .OO 

a Source: The Industrial Environment - I t s  Evaluation and Control. NIOSH, 
1973, p .  327. 

7.3.4 Thermal Stress 

Thermal stress  associated  with  inspections and maintenance of a fabr ic  
f i l t e r  and i t s  components  must  be considered  in  defining  the time required 
for  repairs. Because of the dus ty ,  humid conditions and limited access, 
thermal effects  may be severe.  Also, if   l imited time is   avai lable   for  
purging and cooling  the  unit,  entry may have t o  be  made under elevated 
temperatures. 

The thermal s t r e s s  placed on the worker i s  a function of several 
variables, such as a i r   veloci ty  , evaporation  rate, humid i ty  , temperature, 
radiation, and metabolic  rate (work). In effect ,   the   s t ress   is   indicated 
by the need t o  evaporate  perspiration. 

A Heat Stress Index developed by Belding and  Hatch (1955-)* incorpo- 
rates environmental  heat  [radiation ( R )  and convection ( C )  , and metabolic 
( M ) ]  into an  expression of stress  in terms of requirement for evaporation 
of perspiration.  Algebraically  the  function may be stated as follows: 

M + R + C = E r e q .  

-k 

Belding and Hatch. Index for Evaluating Heat Stress  in Terms of Resulting 
Physiologic  Strains.  Heating,  Piping and Air  Conditioning, 1955. 
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- The resulting  physiological  strain  is determined by the  ratio o f  
st ress  ( E  req.) t o  the maximum capacity o f  the environment ( E  max. ) .  The 
resulting  value  is  defined  as  the Heat Stress Index ( H S I ) ,  which i s  c a l c u -  
lated a s :  

HSI = ".-!% x 100 E re 
E rnax. 

The values E req. and E max. may  be calculated a t  the maximum exposure 
values time based on the HST defined.  Generally, HSI maximum acceptable 

are  established  for an &"our work day. 
Table 7-6 indicates  expected  physiological and hygienic imp1 

of an  8-hour  exposure a t  various  heat-stress  levels. 
ications 

A nomograph may be used to  evaluate  acceptable exposure  times under 
various  conditions.  Figure 7-1. shows the methodology for  calculating 
exposure  time. Constants and variables used i n  the nomograph are  as  follows: 

R = 17.5 (Tw - 95)  

C = 0.756 Voe6(Ta - 9 5 )  

E Max. = 2.8 V o o 6  (42-PWa) 

where R = radiant  heat exchange, B t u / h  
C = convective  heat  exchange, B t u / h  

E max. = max. evaporative  heat loss, B t u / h  
Tw = mean radiant  temperature, "F 
Ta = a i r  temperature, OF 

V = air   velocity,   f t /min 
PWa = vapor press., mm Hg 

Twb = wet bulb  temperature, " F  
M = metabolic  rate, B t u / h  

Tg = globe  temperature, OF 
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TABLE 7 - 6 .  INDEX O F  HEAT  STRESS^ 

Physiological and hygienic  implications o f  8-hour  exposures t o  
various  heat  stresses 

Mild c o l d  s t ra in .  This condition  frequently  exists i n  areas 
where persons  recover from exposure t o  heat. 

No thermal s t ra in .  

Mild t o  moderate heat s t ra in .  Where a j o b  involves  higher 
intel  lect.ua1 functions , dexter i ty ,   or   a ler tness ,   subt le  t o  
substantial decrements in performance may be expected. When 
a job  requires heavy physical work, 1 i t t l e  decrement expected 
unless  abil i ty of individuals  to perform such work under no 
thermal, s t r e s s   i s  marginal. 

Severe  heat s t r a in ,  involving a threat  t o  health  unless persons 
are   physical ly   f i t .  A break-in  period i s  required  for  those not  
previously  acclimatized. Some decrement in performance  of physi- 
cal work i s  t o  be expected. Medical selection of personnel i s  
desirable because these  conditions  are  unsuitable  for  those 
w i t h  cardiovascular or respiratory impairment or w i t h  chronic 
dermatitis. These working conditions  are  also  unsuitable  for 
activities  requiring  sustained mental e f fo r t .  

Very severe  heat  strain. Only a small percentage o f  the popu- 
lat ion may be expected to   qua l i fy   for   th i s  work. Personnel 
should be selected by medical examination a n d  by t r i a l  on the 
job (after  acclimatization).  Special measures are needed t o  
assure adequate  water and s a l t  intake.  Amelioration  of work- 
ing  conditions by  any feasible means is   highly  desirable,  
and should decrease the  health. hazard and simultaneously 
increase  efficiency on the job.  Slight  "indisposition" 
t h a t  in most j o b s  would  be insuff ic ient   to   affect  performance 
may render workers unf i t   fo r  this exposure. 

The maximum strain  tolerated  daily by f i t ,  acclimatized, young 
persons. 

aAdapted from Belding and Hatch, "Index fo r  Evaluating Heat Stress i n  Terms 
of Resulting  Physiologic  Strains,"  Heating,  Piping and Air Conditioning, 
1955. 
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Figure 7 - 1 .  Nomograph developed by McKarns a n d  Brief 
incorporating t h e  revised  Fort Knox coefficients,  

Source: McKarns, J .  S . ,  and  R .  S. Brief. Nornographs Give Refined Estimates 
of Heat Stress Index. Heating,  Piping and Air Conditioning 
38:113, 1966. 
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An e-xample presented  here  illustrates  the  use o f  the nomograph under 
the  following  conditions: Tg = 130°F, Ta = 100°F, Twb = 80°F, V = 50 
ft/min, M = 2000 B t u / h  and dew point = 73°F. 

Step 1. Determine convection ( c ) .  Connect velocity (column I )  w i t h  a i r  tern- 
perature [ ( T a )  column  111 and read c on  column 111. 

Step 2 .  Determine E max. Connect velocity (column I )  and dew point (column Iv) 
and read E max. on  column V .  

Step 3. Determine constant K .  Connect velocity (column I )  w i t h  Tg-Ta (column 
VI) and read K on columr! VII. 

Step 4. Determine Tw. Connect K (column VII) and Tg (column VIII) and read 
Tw on column  IX. 

Step  5. Extend l i ne  i n  s tep  4 t o  column X and read R. 

Step 6 .  Connect R (column X )  w i t h  M (column  XI)  and read R + M on column X I I .  

Step 7 .  Connect C (column 111) with R + M (column XII) and read E req. on 
column XIII. 

Step 8. Connect E max. (column V )  with E req. (column XIII) and read  allowable 
exposure  time on column  XIV. 

Metabolic ra te   var ies  w i t h  exertion and  work expended, and an estimate 
of M must be  made fo r  each e f f o r t  expended i n  the   fabr ic   f i l ter   inspect ion 
or  repair .  Examples of M for  several  levels of ac t iv i ty   a r e  provided  in 
Tables 7-7 and 7-8. 

1 
4 

TABLE 7-7.  HEAT PRODUCTION FOR VARIOUS LEVELS O F  EXERTION 

cal/m h 2 Slac Activity 

S1 eepi ng 

rn Working a t  a desk, d r i v i n g  a car,  standing, minimum 
50 #* Sitt ing  quietly 

40 

movemen t 80 
ryI 

Sentry d u t y ,  standing a t  machine while  doing l i gh t  work 100 

Walking 2 .5  mph on leve l ,  moderate work 150 

Walking 3.5 mph or   level ,  moderately  hard work 2 00 

Walking 3.5 mph on level w i t h  45 l b  load, hard work 300 
aAdapted  from: The Industrial  Environment - I t s  Evaluation and Control. 

NIOSH, 1973. 
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TABLE 7-8. BODY HEAT PRODUCTION AS A FUNCTION O F  A C T I V I T Y ~  

Activity kcal / h 
Rest ( seated) 

200 Light machine work 
90 

300 Walking, 3.5 mph on level 
Forging 
Shovel i ng 

390 

450-600 

S l a g  removal 700 

a Adapted  from:  The Industrial  Environment - I t s  Evaluation and Control. 
NIOSH , 1973. 

i, .$. When the work involves   l i f t ing,  p u s h i n g ,  or  carrying  loads;  cranking; 
3 etc.,  the  heat  equivalent of the  external work ( W )  i s  subtracted from the 
s 
2. 

$! to ta l  energy  output to  obtain  heat produced i n  the body ( M )  . 
@ '  

SECTION 7-SAFETY 
7-16 



SECTION 8 

MODEL oaM PLAN 

Generally, one or more individuals a t  a plant  site  are  responsible  for 
ensuring t h a t  a f a b r i c   f i l t e r   i s  operated and maintained so t h a t  i t  meets 
design removal efficiencies  for  particulate  matter and t h a t  the  plant com- 
plies with regulatory  emission  limits. 

Unfortunately, most O&M personnel do n o t  receive  in-depth  training on 
the  theory of fabr ic   f i l ter   operat ion,   d iagnost ic   analysis ,  and the problems 
and malfunctions t h a t  may occur  over  the l i f e  of a unit.  Plant personnel 
tend t o  learn  about  the  operation of a specific  unit  and to  gain  operating 
experience  as a resu l t  o f  day-to-day operating problems. This  so-called 
"on-the-job" training can resul t   in   ear ly  equipment deterioration or cata- 
strophic  failures t h a t  could have been avoided. 

This section  presents  the  basic  elements of an O&M program t h a t  will 
prevent  premature f a b r i c   f i l t e r   f a i l u r e .  This program i s  n o t  a l l - inclusive,  
and i t  does not  address a l l   potent ia l   fa i lure  mechanisms. Nevertheless, i t  
provides  the  user  with enough  knowledge t o  establish a plan of action, t o  
ma in ta in  a reasonable  spare  parts  inventory, and to  keep the  necessary  rec- 
ords for  analysis and  correction of deficiencies  in  fabric  f i l ter   operation. 

The overall goal o f  an O&M p l a n  i s  t o  prevent  unit  failures. In case 
fai lures  do occur, however, the  plan must include  adequate  procedures t o  
1 imit  the  extent and duration of excess  emissions, t o  l imit  damage to  the 
equipment, and  t o  e f fec t  changes i n  the  operation of the  unit   that   will  
prevent  recurrence of the  fa i lure .  The ideal O&M program includes  require- 
ments for  recordkeeping,  diagnostic  analysis,  trend  analysis,  process  anal- 
ys i s ,  and  an  external and internal  inspection program. 

The components  of  an O&M plan are  management, personnel,  preventive 
maintenance, inspection program, specif ic  maintenance procedures, and 

SECTION 8-MODEL O&M PLAN 8- 1 



internal p l a n t  audits. The  most important of these  are management and  per- 
sonnel. Without a properly  trained a n d  motivated s ta f f  and  the f u l l  support 
o f  p l a n t  management, no O&F1 program can be effective. 

" 

8.1 MANAGEMENT  AND STAFF 

Personnel operating and  servicing  the  fabric  f i l ter  must  be familiar 
w i t h  the components of the  unit,  the  theory of operation,  limitations of the 
device, and proper  procedures for  repair  and  preventive  maintenance. 

For  optimum performance, one person ( i . e .  , a coordinator) should be 
responsible fo r  f a b r i c   f i l t e r  O&M. A l l  requests  for  repair and/or  investiga- 
t i o n  of  abnormal operation  should go th rough  this  individual  for  coordination 
of effor ts .  When repairs  are completed, final  reports  also should be trans- 
mitted t o  the  originating  staff th rough  the  fabric  f i l ter   coordinator.  Thus, 
the  coordinator  will be aware of a l l  maintenance t h a t  has been performed, 
chronic  or acute  operating  problems, a n d  any work that  is  in  progress. 

The coordinator,  in  consultation w i t h  the  operation  (process) personnel 
and management, also can arrange  for and  schedule a l l  required maintenance. 
He/she can assign  priority t o  repairs a n d  order  the  necessary  repair compo- 
nents, which sometimes can be received and checked o u t  pr ior   to   instal la t ion.  
Such coordination does n o t  eliminate  the need for   special is ts   (e lectr ic ians ,  
pipe f i t t e r s ,  welders,  etc. ) ,  b u t  i t  does avoid duplication of e f for t  and 
helps t o  ensure an efficient  operation. 

Many f ab r i c   f i l t e r   f a i lu re s  and operating problems are caused by mechan- 
ical  deficiencies. These are  indicated by changes i n  differential  pressures 
a n d  temperatures and by opacity  readings. By evaluating  process  conditions, 
pressure and temperature  readings,  inspection  reports, and  the  physical 
condition of the  unit,  the  coordinator can evaluate  the  overall  condition of 
the u n i t  and recommend process  modifications and/or repairs. 

The  number  of support s t a f f  required  for  proper  operation and mainte- 
nance  of a un i t   i s  a function of unit  size,  design, and operating  history. 
Staff  requirements must  be assessed  periodically t o  ensure t h a t  the  right 
personnel are  available  for normal levels of maintenance.  Additional s ta f f  
wi l l  generally be needed for  such act ivi t ies   as  a major rebuilding of the 
unit  and/or  structural changes.  This additional  staff may include  plant 
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persofinel,  outside  hourly  laborers,  or  cor,tracted personnel from service 
con:panies or f a b r i c   f i l t e r  vendors. Ir! a l l  cases,  uts si de personnel should 
be supervised by experienced p l a n t  personnel. The services o f  laboratory 
personnel a n d  computer analysts may also be needed. The cccrdinator should 
be responsible for  f inal  acceptance and approva l  o f  a l l  repairs.  Figure 8-1 

presents  the  general  concept a n d  staff  orgacizational  chart for  a centrally 
ccordi na ted O&M program. 

As with any highly  techr;ical  process,  the O&I4 staff  responsible  for  the 
f a b r i c   f i l t e r  must  have adequate knowledse t o  operate and repair  the  equip- 
ment. 

Many components  of a f ab r i c   f i l t e r   a r e  not unique, and  specSal knowledge 
i s  n o t  required  reoarding  the components themselves; however, the arrangement 
;incl! instal la t ion o f  these components are unique in most applications,  a n d  
special.know1edge and care  are  necessary t o  achieve  their cptilnum performance. 

Many plants have a high rate of personnel turnover, and new employees 
are  assianed t o  work cn a f a b r i c   f i l t e r  who may have had no previous  contact 
w i t h  air   pollution  control equipment. To provide  the  necessary  technical 
expertise, manacjement must establish a formal training p r o a r m  f o r  each 
employee assigned t o  f a b r i c   f i l t e r  mainteriance and operation. 

P.n optimun! training program should  include  the  operators,  supervisors, 
and maintenance s t a f f .  Changes in  operation t h a t  affect  temperature,  oil  or 
moisture  content,  acid dew p o i n t ,  and  the  particulate  abrasiveness o f  the gas 
stream entering  the  unit have a detrimental  effect on f a b r i c   f i l t e r  opera- 
t icn.  The process  operator has control  over many o f  these  variables. An 

understanding o f  the  cause-and-effect  relationship between process  conditions 
and the   fabr ic   f i l t e r  can help t o  avoid many performance  problems. Safety i s  
an important  aspect of any training program. Each person associated w i t h  the 
unit should have complete instructions  regarding  confined-area  entry,  first 
a id ,  and lock-out/tag-out  procedures. 

Thus, a typical  fabric  f i l ter   training program should  include  safety, 
theory of operation, a physical  description of the  unit ,  a review o f  subsys- 
terns, normal operation  (indicators), and  abnormal operatiofis (common fa i lure  
mechanisms), troubleshootjny  procedures, a preventive  maintenance  proyarn, 
and recordkeepi ny . 

S E C T I O N   8 - M O D E L  O&M P L A N  

8-3 

~- " A - 

IC" 

P 
irr 



1 MANAGEMENT 
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MAINTENANCE 
SUPERVISOR 

J. 
ELECTRICAL  MECHANICAL 

ELECTRICIANS  MECHANICS 

1 

i l  
1 SUPERVISOR I 

I 

Figure 8-1. Organizational  chart  for  centrally  coordinated 
fabric  filter O&M program. 
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The O&Mprogram should emphasize optimum a n d  continuous performance of 
the  unit. The s ta f f  should  never get  the  impression t h a t  less-than-optimum 
fabr ic   f i l t e r  performance is  acceptable. Redundancy is  established i n  the 
u n i t  solely t o  provide a margin o f  safety f o r  achieving compliance during 
emergency situations.  Once a pattern  is   established t h a t  allows a less-than- 
optimum condition t o  e x i s t   ( i . e .  , reliance on buil t- in redundancy),  less- 
than-optimum performance becomes the norm, and the margin of  safety begins to 
erode. 

To reenforce  the  training program, followup written  material should be 
prepared. Each p l a n t  should  prepare a n d  continually update a f a b r i c   f i l t e r  
operating manual and  a f a b r i c   f i l t e r  maintenance manual for each u n i t .  A 
generic manual usually  is  n o t  adequate because each vendor's  design  philoso- 
phy varies. The use o f  actual photographs,  s l ides ,  and drawings aids i n  the 
overal1.understanding of the  unit and reduces los t  time during  repair work. 

Training  material and courses  available from manufacturers a n d  vendors 
should'be reviewed a n d  presented  as  appropriate.  Further,  staff members 
responsible  for each unit should attend workshops, seminars, and  training 
courses  presented by the  Electric Power Research Ins t i tu te  ( E P R I ) ,  the  Port- 
land Cement Association ( P C A ) ,  EPA, and other  organizations t o  increase  the 
scope o f  knowledge and t o  keep current  with  evolving  technology. 

8.2 MAINTENANCE MANUALS 

Specific maintenance manuals should be developed f o r  each f a b r i c   f i l t e r  
a t  a source. The basic  elements of design and overall  operation  should be 
specific t o  each f a b r i c   f i l t e r  and should incorporate  the  manufacturer's 
l i terature  and  in-house  experience  with  the  particular type of u n i t .  The 
manual should re la te  t o  the  physical  aspects o f  the  unit.  Descriptions 
should be brief and t o  the  point; long narratives  without  direct  application 
should be avoided. 

Figure 8-2 presents a suggested out l ine  for  a typical manual. The manu- 
a l  should begin with such basic  concepts as fabr ic   f i l ter   descr ipt ion and op- 
eration. I t  can then  continue  with a section on component par t s ,  which 
should include  detailed drawings and an explanation o f  the  function o f  each 
component and  i t s  normal condition. 
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A. 

B .  

C .  

D .  

E .  

- 

F A B R I C  F I L T E R  DESCRIPTION ( G E N E R A L )  
1. Particulate  Collection System 
2 .  C l e a n i n g  System 
3.  Ash Removal System 

DESCRIPTION OF OPERATION 
1. Collection Mechanisms 
2 .  F i l te r  Cake Ranoval 

SAFETY E Q U  I PMENP 
1. Self-contained  Breathing 

2 .  Gas Monitoring Equipment 
3.  Protective  Clothing 
4 .  Eye and Ear Protection 
5. Gas  Masks with  Appropriate 

Apparatus 

F i  1 ters  
.6. Tags 

COMPONENT DESCRIPTION 
1. F i l te r  Media 
2 .  Cleaning System 
3. Housing 
4 .  Valves a n d  Dampers 
5 .  Motors , Fans ,  and Belts 
6 .  Auxiliary Systems 

INTERNAL INSPECTION AND MAINTENANCE 
1. Bags 

a .  Worn, Abraded, Damaged Bags 
b .  Condensation on Bags 
c .  Tension 
d .  Loose, Damaged, o r  Improper 

Bag Connection 
2 .  Inlet  a n a  Outlet Ducts 

a .  Dust Buildup 
b .  Baffle 

a .  Dust Buildup in Hoppers 
b.  Hopper Heater  Operation 

3. Hoppers 

4 .  Corrosion on All Surfaces 

F. E X T E R N A L  INSPECTION A N D  MAINTENANCE 
1. Cleaning System 

a .  Operation W i t h o u t  B i n d i n g  
b. Loose or Worn Bearings 
c. Drive Components 
d .  Solenoids,  Pulsing Valves 

( P u l  se-Jet)  
e .  Compressed-Air System 

( P u l  se-Jet)  
f .  Damper Valves 

2 .  Air Leakage 
a .  Expansion Joints 
b .  Door Gaskets 
c .  Cleaning System Penetra- 

tions 
d. Hoppers 

3. I nterl ocks 
a .  Operation 
b .  Lubrication 

4. Control  Cabinet 
a .  Clean1 iness 
b .  Loose Connections 
c.  Air F i l t e r  

APPENDIX 
1. Inspection and Maintenance 

Check1 i s t  
2 .  Layout Details 

Figure 8-2. Outline f o r  F a b r i c  F i l t e r  Maintenance Manual. 
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The next section  covers  the  internal  inspection a n d  maintenance  procedure, 
which i s  extremely c r i t i ca l  in  maintaining  performance.  Periodic checks are 
necessary t o  m a i n t a i n  bag integri ty ,  t o  remove accumulated  ash deposits, a n d  t o  
prevent a i r  ir;leakage. The section on external  inspection and  maintenance 
includes  all  supporting equipment, such as  cleaning mechanisms, instrumentation, 
a i r  compressors (where applicable),   etc.  Each of these  sections should  provide a 
procedure for  evaluating  the component. The  manual should identify key operating 
parameters,  define normal operation, and  identify  indicators of  possible 
deviations from nGrmal condition. Key operating  parameters  include  temperature, 
pressure,  cleaning  cycle,  opacity, o r  other  parameters t h a t  car: be used t o  estab- 
l ish the  basic  operating  condition  of  the  unit. 

After  evaluation of ccnditions, a procedure must be presented t o  replace, 
repair ,  or isolate each ccmponent. Unless a proper  procedure i s  followed, 
the  corrective a c t i o n  could resul t  i n  further damage t o  the  unit,  excessive 
emissions,  or  repeated  failure. 

8 .3  OPERATING MANUALS 

Whereas maintenance manuals are  designed  to  facilitate  physical  repairs 
t o  the  fabric  f i l ter ,   operating manuals are needed to   es tabl ish an operating 
norm or baseline  for each unit .  Maintenance of the  physical  structure  cannot 
ensure  adequate  performance of the  unit because  gas  stream conditions such as 
temperature, gas composition, and gas volume can cause  premature bag f a i lu re  
and rapidly  decrease  collection  efficiency. 

The operating manual should parallel  the maintenance manual in  terms of 
introductory  material so t h a t  the  operators and  maintenance  personnel have 
the same basic  understanding of the components and their  function and of the 
overall  operzting  theory.  Additional  information  should be provided on the 
effects of major operating  variables such as  gas  volume, gas temperature, and 
pressure drop. The  manual also should  discuss  the  effects of a i r  inleakage on 
the  bags,  potential  condensation  problems, and the  points where inleakage may 
occur (hoppers,  doors,  expansion  points,  etc. ) . Figure 8-3 presents an 
outline  for an  operating manual. 
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A. DESCRIPTION OF FABRIC FILTERS D. 

1. P a r t i c u l a t e - C o l l e c t i o n   S y s t e m  

2. C lean ing  System 

3. Dust Removal System 

B. DESCRIPTION OF OPERATION E. 

1. C o l l e c t i o n  Mechanisms 

2. F i  1 t e r  Cake  Removal 

C. OPERATIONAL  FACTORS 

1. Gas Volume 

a. Excess Air G. 

b. Air In leakage 

(1) Hoppers 

( 2 )  Access  Doors 

( 3 )  Expans ion   Jo in ts  

( 4 )  T e s t   P o r t s  

( 5 )  Process  Points  

2. Gas Temperature 

a. High  Temperature 

b. Low Temperature 

(1) Ac id   and  Mo is tu re  
Dewpo i n t 

3. D i f f e r e n t i a l   P r e s s u r e  

a. H igh  

b.  Low 

4. Opac i ty  

ASH-REMOVAL-SYSTEM  MALFUNCTION 

1. Plugged  Hopper 

2. Low  Vacuum 

a. Excess Air In leakage 

b.  Valves  Stuck Open 

STARTUP 

1. Sa fe ty  Check 

2. Cleaning  System On 

3. Ash Removal System On 

4. Hopper  Heaters  On. 

SHUTDOWN 

1. System  Purged 

2. Hoppers  Emptied 

3. Cleaning  System  Turned O f f  

4. If Long  Outage,  Compressor, 
Hopper  Heaters,  and  Dust- 
Removal System  Turned O f f  

F i g u r e  8-3. F a b r i c   F i l t e r   O p e r a t i n g  Manua o u t l i n e .  
( C o u r t e s y   o f  PET Assoc ia tes ,   Inc .  1 
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W i t h  regard t o  fuel combustion sources, t h e  manual should discuss  the 
effects o f  such process  variables  as  burner  conditions,  burner  alignment, and 
pulverizer  fineness, which change the ash particle  properties a n d  s ize  
distribution. An expected normal range of  values and  indicator  points should 
be established  as  reference  points for the  operator. 

S t a r t u p  a n d  shutdown procedures  should be established, and step-by-step 
instructions should be provided t o  ensure sequenced outage o f  equipment t o  
aid  in maintenance ac t iv i t i e s  and t o  eliminate  startup problems. 

8.4 SPARE PARTS 

An inventory of spare  parts should be maintained t o  replace  failed  parts 
as needed. Because a l l  conponents or subassemblies  cannot be stocked, a 
rational system must  be developed t h a t  establishes a reasonable  inventory of 
spare  parts.  Decisions  regarding which  components t o  include  in  the  spare 
parts  inventory  should be based on the  following: 

1. Probability of fa i lure  
2 .  Cost cf components 
3 .  Replacement time ( instal   la t ion)  
4.  Whether the  part can be stored  as a component or subassembly ( i   . e .  , 

5. In-house technical  repair  capabilities 
6. Available  space 

The probability  of  failure can be developed from outside  studies  (e.g., 

shaker assembly vs. individual components) 

EPRI ) , vendor recornmendations , and a h i  story of the u n i t .  I t  i s  reasonable 
t o  assume t h a t  components subjected t o  heat,  dust,  weather, or wear are  the 
most l ike ly   to   fa i l .  Components  of th i s  type are no different  from those  in 
process service, and reasonable judgment  must be used i n  deciding what t o  
stock. Maintenance s t a f f  members should be consulted  for recommendations 
concerning some items t h a t  should be stocked a n d  the number required. Ad- 
justments can  be  made as cjperatiny  experience i s  gained. Items t h a t   f a l l  
into  this  category  include  solenoids,  drive  belts,  tension  springs,  shaker 
motor drives, and level  indicators. 

*+4 
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Another factor i n  defining a spare  parts  inventory is  the  cost  of indi- 

v i d u a l  components. A l t h o u g h  stocking bags o r  door seal components are n o t  
costly,  stcck.ing a spare compressor can be quite  costly.  Maintaining an 
extensive  inventory of high-cost items t h a t  have low probability of f a i l u r e  

is  n o t  jus t i f ied .  
The time required t o  receive  the p a r t  from the vendor and the time re- 

quired t o  replace  the  part on the  unit  also  influence whether a n  item  should 
be stocked. I f  the  lead time for  a c r i t i ca l  p a r t  i s  a matter o f  weeks or 
months, or i f  a Component  must  be specially bui 1 t ,  stocking such items i s  
advantageous. 

Many plants have an electronics and mechanical shop whose highly  trained 
s ta f f  can repair or rebuild components t o  meet original  design  specifica- 
tions. The avai labi l i ty  of this  service can greatly reduce the need t o  

4 maintain component parts or subassemblies. I n  these  cases, one replacement 
can be stocked for instal la t ion during  the  period when repairs  are being 
made. For example, many printed  circuit boards can be repaired  internally, 
which reduces the need t o  stock a complete l ine of electronic  spare  parts. 

8 .5  WORK ORDER SYSTEMS 

A work order system i s  a valuable  tool t h a t  al lows  the  fabric  f i l ter  
coordinator t o  track  unit performance over a period of time. Work order and 
computer tracking systems are  generally designed t o  ensure  that  the work has 
been completed and t h a t  charges for  labor and parts  are  cQrrectly  assigned 
for  accounting and planning  purposes. With minor changes in  the work order 
form and in  the computer programs, the work order  also can permit  continuous 
updating of  failure-frequency  records and can indicate whether the mainte- 
nance performed has been effective i n  preventing  repeated  failures. In  
general,  the work order  serves  three  basic  functions: 

1. I t  authorizes and  defines  the work to  be performed. 

2.  I t  ver i f ies  t h a t  maintenance has been performed. 

3. I t  permits  the  direct impact o f  cost and parts d a t a  t o  be entered 
ir,to a central computerized d a t a  handling  system. 
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T c  perform these functions  effectively,  the work order form nust be specific.  
a n d  the d a t a  f i e l d s   w s t  be large enough t o  handle detailed requests and t o  
provide specific  responses. I n  many conputerized  systems, the d a t a  entry 
canno t  accommodate a narrative  request and  specif ic   detai ls   are   lost .  

- 

Most systems can  accommodate simple  repair jobs because they do n o t  
fnvolve vultiple  repairs,  staff  requirements, o r  parts  delays. Major re- 
pairs ,  however, become los t  in the system as ma jo r  events  because  they  are 
subdivided i n t o  smaller j o b s  t h a t  the system can handle. Because of t h i s  
constraint ,  a large  repair  project.  with many components ( e . g . ,  a cleaning 
system failure  or  control panel repair)  t h a t  may have a common cause a.ppears 
t o  be a number o f  unrelated  events  in  the  tracking  system. 

For dislgnostic  purposes, a subroutine  in  the work order system i s  txc -  
essary t h a t  l inks  repairs,  parts, and location of failure  in a n  event-time 
profile.'  Further,  the  exact  location o f  component fa i lures  must be clearly 
defined. I n  e f f e c t ,   i t   i s  more important t o  know the  pattern of fa i lure  than  
the  cost of the  failure.  

The g o a l  of the work order system can be sunmlarized in  the  following 
i terns : 

To provide  systematic  screening a n d  authorization c f  requested 
work'. 

To provide the  necessary  information  for  planning and  coordination 
o f  future work. 

O To provide  cost  information  far  future  planning. 

O To instruct, management and  craftsmen  in  the  performance of repair 
work. 

O To estimate manpower, time, a n d  materials  for  completing  the  re- 
pair. 

To define  the equipment t h a t  may need t o  be replaced,  repaired,  or 
redesigned (work order  request Tor analysis of  performance  of 
components, special  study,  or  consultation,  etc. ). 

Repairs t o  the  unit may be superficial  or cosmetic  in  nature or they may 
be of an urgent  nature arld require emergency response t o  prevent damage or 
fa i lure .  I n  a major f ac i l i t y ,  numerous  work order  requests may be submitted 
as a resul t  of  daily  inspections or operator  analysis. Completing the  jobs 
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i n  a reasonable time requires  scheduling the  s taff  a n d  ordering a n d  receiving 
parts i n  a n  organized manner. 

For effective implementation of  t h e  work order  systerr,  the  request must 
be assigned a level of p r i o r i t y  as t o  completion  time. These priority as- 
signments must t a k e  i n t o  consideration p l a n t  a n d  personnel safety,  the poten- 
t i a l  effect  on emissions,  potential damage t o  the equipment,  maintenance per- 
sonnel avai labi l i ty ,   par ts   avai labi l i ty ,  a n a  boiler  or process avai labi l i ty .  
Obviously, a l l  jobs c a n n o t  be assigned  the  highest  priority. Careful  as- 
signment of priority i s  the most cr i t ical   par t  of  the work order  system, a n d  
the  assignment must  be  made as  quickly  as  possible  after  requests  are  re- 
ceived. An example  of a five-level  priority system i s  provided i n  Figure 
8-4. 

I f  a work order  request i s  t o o  detailed,  it   will  require  extensive time 
. t o  complete. Also, a very complex  form leads t o  superficial  entries a n d  

erroneous d a t a .  The form s h o u l d  concentrate on the key elements  required t o  
document the need for  repair ,   the response t o  the need (e.g.,  repairs com- 
pleted),   parts used, and manpower expended. A l t h o u g h  a multipage form i s  
not  recommended, such a form may  be used for  certain purposes. For example, 
the f i r s t  page  can be a narrative  describing  the  nature of  the problenl or 
repair  required and the  response to  the need. I t  i s  very important t h a t  the 
maintenance staff  indicate  the  cause o f  the  failure and possible changes t h a t  
would prevent  recurrence. I t  i s  n o t  adequate simply t o  make a repair t o  
malfunctioning  shaker  cleaning  system  controls and respond t h a t  "the  repairs 
have  been  made." Unless a detailed  analysis  is  made of .the  reason for  the 
failure,  the  event may be repeated  several  times.  Treating  the symptom 
(making the  repair;  replacing  bags,  solenoid  valves,  etc.)  is n o t  suff ic ient ;  
the  cause of the  failure must be treated.  

I n  summary, the  following i s  a l i s t  o f  how the key areas of a work order 
request  are  addressed: 1 

1. Date - The date i s  the day the problenl was identified or the j o b  
was assigned  -if i t  originated  in  the  planning,  environmental, or 
engineering  sections. 

2 .  Approved by - This  indicates w h o  authorized  the work t o  be coni- 
pleted, t h a t  the  request has been entered  into  the  system, and  t h a t  
i t  has been assigned a pr ior i ty  and  schedule for response. The 
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WORKORDER  PRIORITY SYSTEM 

PRIORITY ACTION 

1 Emergency  Repair 

' 2  Urgent repair to  be completed 

394 Work which may be delayed 

5 Work which may be delayed 

during the  day 

and completed in the future 

until a scheduled outage 

Figure 8-4. Example of five-level  priority system. 
(Courtesy  of PEI Associates, Inc. ) 
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I 

I 

- 

3. 

4. 

5. 

6.  

7 .  

main tenance   superv i so r   o r   f ab r i c   f i l t e r   coo rd ina to r  may approve  the 
request,   depending  on  the  staf f  and t h e   s i z e  of t h e   f a c i l i t y .  When 
emergency repa i rs   a re   requ i red ,   the   work   o rder  may be  Completed 
a f t e r   t h e   f a c t ,  and  approval i s   n o t   r e q u i r e d .  

P r i o r i t y  - P r i o r i t y  i s  ass igned  accord ing t o  j ob   u rgency  on a sca le 
o f  1 t o  5.  

Work order  number - The work  order  request number i s   t h e   t r a c k i n g  
c o n t r o l  number n e c e s s a r y   t o   r e t r i e v e   t h e   i n f o r m a t i o n   f r o m   t h e  
computer  data  system. 

Con t inu ing   o r   re la ted   work   o rde r  numbers - I f  t h e   j o b   r e q u e s t   i s  a 
c o n t i n u a t i o n   o f   p r e v i o u s   r e q u e s t s  or represents  a cont inu ing   p rob-  
lem  a rea ,   the   re la ted  number should  be  entered. 

Equipment number - All major  equipment i n  a f a b r i c   - f i l t e r   s h o u l d  be 
ass igned   an   i den t i f y i ng  number t h a t   a s s c j c i a t e s   t h e   r e p a i r   w i t h   t h e  
equipment. The numbering  system  can  include  process  area,  major 
process component, f a b r i c   f i l t e r  number, f a b r i c   f i l t e r  compartment, 
equipment number, and  component. T h i s   n u m e r i c   i d e n t i f i c a t i o n   c a n  
be es tab l i shed   by   us ing  a f i e l d  of  grouped  numbers.  For  example, 
the  fo l lowing  could  be  used:  

I D  number 

xx  - xxx  - xx  - xxx  - xxx - xxx  

l L  L equipment number 

f a b r i c   f i l t e r  compartment 

f a b r i c   f i l t e r  number I 

L L process subcomponent 

process  area 

I f  t h e   f a c i l i t y   c n l y  has  one f a b r i c   f i l t e r  and one process,   the 
f i r s t   f i v e  numbers ( two  groups) may no t   be   requ i red ,   and   t he   en t r y  
i s  t h u s   s i m p l i f i e d .  The purpose o f   t h e  ID system i s   t o  enable 
a n a l y s i s  of t h e  number o f   e v e n t s  and c o s t   o f   r e p a i r   i n   p r e s e l e c t e d  
areas o f   t h e   f a b r i c   f i l t e r .  The f ineness or d e t a i l   o f   t h e   e q u i p -  
ment I D  d e f i n i t i o n  will s p e c i f y   t h e   d e t a i l   a v a i l a b l e   i n   l a t e r  
analyses. 

D e s c r i p t i o n   o f  work - The r e q u e s t   f o r   r e p a i r   i s   u s u a l l y  a n a r r a t i v e  
d e s c r i b i n g   t h e   n a t u r e   o f   t h e   f a i l u r e ,   t h e   p a r t   t o   b e   r e p l a c e d ,   o r  
the  work t o  be  completed. The d e s c r i p t i o n  n u s t  be   de ta i l ed   bu t  
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brief because the number of  characters t h a t  can be entered i n t o  the 
computerized d a t a  system is  l imited.  A d d i t i o n a l  pages of lengthy 
instruction  regarding  procedures maj' be a t t a c h e d  t o  the  request 
( n o t  for computer entry) .  

8. Estimated labor - Assignment of  personnel a n d  scheduling o f  outages 
of certain equipment require  the  inclusion of  an estimate of  man- 
hours, the  number o f  in-house s t a f f  needed, a n d  whether outside 
l a b o r  i s  needed. The  more complex Jobs may be broken down into 
steps,  w i t h  d i f ferent  personnel a n d  crafts  assisned  specific  re- 
sponsibil i t ies.  Manpower and procedures i n  the  request  should be 
consistent with  procedures a n d  policies  established i n  the O&M 
manual .  

9 .  Materizl  requirements - I n  many j o b s ,  maintenance crews will remove 
components before a detailed  analysis of  t h e  need-ed materials can 
be completed; t h i s  can extend an outage  while components o r  parts 
are ordered and received from vendors or  retrieved from the  spare 
parts  inventory.  Generally,  the  cause of the  failure should be 
identified a t  the time the work order  request  is  filled, and spe- 

' cific  materials needs should be identified  before any removal ef-  
fort  begins. I f  the j o b  supervisor knows in advance what materials 
are t o  be replaced, expended, or removed, efficiency  is  increased 
and outage  time  reduced.  Also, i f   par ts   are  n o t  available,  orders 
may be placed and the  parts  received  prior t o  the  outage.  Material 
requirements are n o t  limited t o  parts;  they  also  include  tools, 
safety equipment, e tc .  

10. Action taken - This  section of the  request  is  the most important 
part of the computerized tracking system. A narrative  description 
of  t h e  repair conducted  should be provided  in  response t o  the work 
order  request. The d a t a  must  be accurate and clearly respond t o  
t h e  work order  request. 

11. Materials  replaced - An itemized l i s t  o f  components replaced  should 
he provided for  tracking  purposes.  If  the component has a pre- 
selected ID number (spare  parts  inventory number), t h i s  number 
should be included. 

Actual man-hours  expended in  the  repair can be indicated by work order 
number on separate time cards and/or  j o b  control  cards by c r a f t  and  personnel 
number. 

Copies of work orders   for   the  fabr ic   f i l ter  should be retained  for 
future  reference. The fabric   f i l ter   coordinator  should review these work 
orders  routinely a n d  make design changes or equipment  changes as  required t o  
reduce fai lure  or downtime. An equipment log also should be maintained, and 
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the work should be summarized and dated t o  provide a history of  maintenance 
on the u n i t .  
- 

Figure 8-5 shows a simplified work order  request form. Changes in 
design for i n d i v i d u a l  applications and  equipment must  be  made t o  meet s i t e -  
specific  requirements. 

8.6 COMPUTERIZED TRACKING 

8.6.1 Work Orders 

I f  the work completed and parts used i n  the   fabr ic   f i l t e r  have  been 
entered i n  the computerized work order system with suf f ic ien t   de ta i l ,  mainte- 
nznce and management personnel can evaluate  the  effectiveness of fabric 
f i l t e r  maintenance. 

Preventive maintenance (PM) man-hours versus  repair man-hours also can 
. be compared to  evaluate  the  effectiveness of the  current PM program. The 

level o f  detail  may allow  tracking of the impact of PM on particular 
subgroups (e.g.,  shakers,  hoppers)  as changes are made in PM procedures. The 
effectiveness of the PM program may  be further  evaluated by the  required 
number of  emergency repairs  versus  scheduled  repairs over a period of time 
( i . e . ,   p r io r i ty  2 versus  priority 5 ,  e t c . ) .  

I t  should be emphasized t h a t  the purpose of the computerized tracking 
system i s  n o t  t o  satisfy  the needs of the  accountants or programmers or t o  
state  that   the  plant has such a system.  Rather,  the purpose of a computer- 
ized tracking system i s  t o  provide  the  necessary  information to  analyze 
f a b r i c   f i l t e r  maintenance practices and t o  reduce component fa i lures  and 
excess  emissions. The maintenance s t a f f  and fabr ic   f i l ter   coordinator  must 
clearly  define  the kind of d a t a  required,  the  level o f  de ta i l ,  and the type 
of  analysis  required  prior t o  the  preparation of the  data-handling and 
report-writing  software. Examples of o u t p u t  may  be man-hours by department, 
man-hours by equipment ID, number of repairs,  number of events, number of 
parts, and frequency of events. 

8 .6 .2  Fabric Fi 1 t e r  Ooerati na Parameters 

I n  addition t o  tracking work orders,  the computer can be used t o  develop 
correlations between process and f a b r i c   f i l t e r  parameters and observed 
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WORK O R D E R  

1 

I I I 

I I 1 
SAFETY PROCEDURES: 

S A F W  EOUIPMENT  REOUIREO: 

REMARKS: 

MATERIAL REOUIRWEHT OATE REQO. OFLIVEA TO: 

DESCRIPTION STOCK NO OW.  AVAIL USED 

- 
I 

I 
SPECIAL EOwP aEOulRE0 

- 

~ C E P T E O  e y  1 DATE UAINTENIHCE SUP€RVISOR O A T E  CODE 

Figure  8-5a. Example o f  work order fo rm.  1 
(Copyri g h t  @ Apri 1 1983, EPRI Report CS-2908, "Proceedings : Conference on 
Electrostatic  Precipitation Technology for  Coal Fired  Plants".  Reprinted 
w i t h  permission. 8-1 7 

I r  



UHlT SYSTM SUBSYSTEn CONPONENT SUBCWPOI1EKT 

MINTENMCE REQUEST fOW 0 0 0 0 0 0  

ORIGINATOR: DATE : T I H E :  

ASSIGNED TO: 1 k c n .  UNIT S T A T U S :  1 NORML 
2 DERATED 

3 INSTR. 3 DOHN 

PRonLEn  DESCRIPTION: 

SUPERVISOR: C s n ~ ~ e 7 : o n  ZAT;: 

hTERIALS USED: 

Fiqure 8-5b. Example of work order form. 2 
(Copyright @ Apri 1 1983, EPRI Report CS-2908, "Proceedings: Conference on 
Electrostatic  Precipitation Technology for Coal Fired  Plants". Reprinted 
w i t h  perrni ssion. ) 8-1 8 



I 

ernissior; prof i les .  Depending on the  type o f  cycles  expected i n  process 
operation,  the d a t a  may be continuously i n p u t  i n t o  the system or i t  may be 
entered from operating  logs or d a i l y  inspection  reports once or twice a week. 

The  key d a t a  for  tracking performance are   pressure  different ia ls ,  o p a c i -  

- 

t y  ( i   . e .  , 6-minute averages),  boiler l o a d  (or associated  parameter  propor- 
tional t o  gas  flow  volume), flue gas temperature, and fuel  qual i t y  d a t a  
( i   .e . ,   fuel   source,   ash,   f ineness,   etc.) .  

8.7 PROCEDURES  FOR HANDLING KALFUNCTION 

Many malfunctions  are of  an  emergency nature and require prompt  a c t i o n  
by maintenance s t a f f  t o  reduce  emissions or prevent damage t o  the  unit .  On 
some units,  predictable b u t  unpreventable  malfunctions can be ident i f ied;  
such malfunctions  include hopper pluygages, bag f a i lu re ,  and  cleaning system 
failure.  These problems,  as well as  corrective  actions,  are  discussed  in 
Sections 4.2 and 4.3. 

An effective O&M program should include  established  written  procedures 
t o  be followed when malfunctions  occur. Having a predetermined  plan of 
action reduces lost  time,  increases  efficiency, and reduces  excessive emis- 
sions. The procedures  should  contain  the  following  basic  elements:  malfunc- 
t ion  anticipated,   effect  of malfunction on emissions,  effect of  malfunction 
on equipment i f  allowed t o  continue,  required  operation-related  action, and 
maintenance requirements or procedure. 

1 SECTION  8-MODEL O d M  PLAN 
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APPENDIX A 

EXAMPLES OF FABRIC FILTER O&M FORMS 

APPENDIX A - EXAMPLES OF FABRIC FILTER 0 8 M  FORMS A- 1 
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Source  I.D. NO. SIC 
Inspector(s) - Date 
Inspection  Announced? 

A. GENERAL  PLANT  DATA FROM AGENCY FILE 

1. Source  name,  address, and  phone  number 

2. Type of process 

3. Allowable  emission  rate and opacity 

4 .  Date  baghouse  installation  approved 

5. Prior  complaints or episodes of excess  emissions 

6. Last  inspection  date 

7 .  Purpose o f  inspection 

8. GENERAL  OBSERVATIONS  PRIOR TO ACTUAL  INSPECTION 

1. Weather  conditions 

2. Visible  emissions 

Fabric  filter  inspection  report  form. 
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0. 

ce r t i f i ca t ion   da t e  
(Attach copy of Method 9 ,  i f  performed) 

C .  PROCESS INFORMATION 

1. Confidential? Yes - No 

2. Person contacted a t  plant and t i t l e  

- 

3. Product ( s  ) produced 

4 .  Production  rate(s) 

5. Raw materials used 

6 .  Portion of  process  controlled by baghouse 

7. Average uncontrolled  emission  rate  or  concentration  (indicate 
weather  obtained from s tack   tes t ,  mass balance,.AP-42  emission  fac- 
t o r ,   o the r ,   e t c .  ) 

8. Date o f  l a s t   s t a c k   t e s t  and average  emission rate  obtained 

9. Is   cleaned  effluent  recirculated back i n t o  plant? Yes __ No - 
DUST CHARACTERISTICS (PRIOR TO CONTROL) 

1. Is  material  toxic  or  otherwise hazardous o r  does i t  require  special 
hand1 i n g :  Yes - No Describe - 

Fabric f i l ter   inspect ion  report  form. (continued) 
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2 .  Moisture  content o r   o t h e r  gaseous  constituents 
" 

3 .  Abrasiveness or other   propert ies  

4. Par t ic le  s i z e  data - indicate  how measured 

E .  COLLECTION SYSTEM ( S )  

1. Baghouse 

a .  Manufacturer 
b .  Type or   t rade  name 
c.  Model No. 

' d .  No. of  compartments 
e.  Bags/compartment 
f .  Bag 1 x d 

g . Total  Cloth Area 

2 -  - Fan 

a.  Manufacturer 
b. Model No. 
c.  Blade type 
d .  Belt or d i r ec t   d r ive  

~ e .  Power ra t ing  
f .  Posi t ive  or   negat ive 

pressure 

3. Fabric 

a .  Manufacturer 
b .  Material 
c.  Woven o r   f e l t e d  
d .  Weave 
e.  Weight 
f . Permeabi 1 i t y  

No. 1 No. 2 No. 3 

No. 1 - 

No. 1 

No. 2 

No. 2 

No. 3 

No. 3 

Fabr ic   f i l t e r   inspec t ion   repor t  form. (continued) 
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No. 1 No. 2 No. 3 

g .  Operating temp. range 
h .  Surface  treatment 
i .  Coating upon s ta r tup  
j .  Guaranteed l i f e  
k. Actual l i f e  

4 .  C1 eani nq System 

a .  Method 
- b.  Frequency 

c.  Actuated by 
d .  Anticollapse  rings 
e. Wire mesh cages 

No. 1 

F .  DUST HANDLING SYSTEM(S) 

1. Do baghouse  hoppers  have: 

a.  Heaters 
b. Insulation 
c .  Level indicators 
d .  V i  brators 

No. 2 No. 3 

2 .  Type of  dust   transport  system 

3. Fate o f  collected  material 

G .  INSTRUMENTATION 

Do system  monitors  record any of  the  following: 

1. Process  start-up/shutdown 

Fabric f i l t e r   inspec t ion   repor t  form. (continued) 
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2. 
3. 
4. 
5. 
6. 
7. 
a. 
9. 

10. 
11. 

System flow or velocity 
Fan motor amps 
Temperature  (recording?) 
Pressure 
Opac i ty 
Outlet emissions 
Compartments off-line 
Compartments  being  cleaned 
Compartments in operation 
Other 

H. OPERATING PARAMETERS - DESIGN AND ACTUAL 
Desi  gn 

1. 

2. 

3 .  

4 .  

5. 

6. 

Flow rate 

Pressure drop, 
f 1 ange- to-f 1 ange 
measurement location 
A/C, gross 

A/C,  net 
(2 comp. down) 

Temperature 

Efficiency 

Fabric  filter  inspection report form. (continued) 
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- 7 .  Emission r a t e  

8 .  Opacity 

I .  OPERATING E X P E R I E N C E / M A I N T E N A N C E  ASPECTS 

1. Percent o f  time baghouse ful ly   operat ional  when process i s  in  opera- 
t i  on 

2 .  Has a detai led maintenance  schedule been in s t i t u t ed?  

3. Is maintenance  scheduled as recommended by baghouse manufacturer o r  
by p l a n t ?  

4 .  Are maintenance  records  available  for  inspection? 

5 .  How long are  records  kept on f i l e ?  

6 .  Which of  the  following problem areas have led t o  periods of excess 
emissions  or  caused  the  process  to be shut down? 

a .  

b .  

C .  

d .  

e .  
f .  

9 -  
h .  

Problem Area 

Insuff ic ient   dust  pickup  and/or 
transport   (fugitive  emissions) 
Duct abrasion  or  corrosion 
Temperature  excursions,  high 
o r  low 
Moisture 
Fan abrasion,  vibration,  etc.  
Gross bag f a i l u r e  
Inadequate bag tension 
Bag chafing or abrasion 

Dura t i on Frequency 

Fabric f i  1 ter   inspection  report  form.  (continued) 
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- 
Problem Area Duration Frequency 

i .  Pressure  loss 
j .  Compartment i so la t ion  

k .  Cleaning mechanism 
1 .  Visible  emissions 
m. P1 ugged hoppers 
n .  Hopper f i r e s  
0. Dust discharge system 

dampers 

3. CONCLUSIONS/RECOMMENDATIONS 

1. Compl iance status 

2.  Need for   fur ther   act ion 

3 .  Corrective  actions t o  be taken 

4 .  Time required  to   rect i fy  problems 

5. Special  waivers o r  review o f  compliance c r i te r ia   requi red  

6.  Need f o r  follow-up  inspection 

7 .  Inspector 's   s ignature  
date 

approved by 
t i t l e  

Fabric f i l t e r   inspec t ion   repor t  form. (continued) 
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K. - OTHER  NOTES, COMMENTS, SKETCHES (ATTACH  ADDIT IONAL  PAGES,  I F  NECESSARY) 

Schematic  drawings  showing  locations o f  process and dust control  equip- 
ment should be prepared ,   par t icu lar ly  so,  where verbal  descriptions may 
1 ead t o  mi sunders  tandi ngs.  

F a b r i c   f i l t e r   i n s p e c t i o n   r e p o r t  form. 
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BAG FAILURE LOCATION RECORD 
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APPENDIX B 

OPERATION  AND  MAINTENANCE 
OF UTILITY FABRIC FILTERS 

INTRODUCTION 

Interest i n  the  application o f  baghouse technology t o  e l e c t r i c   u t i l i t y  
boilers began i n  the  late 1960's .  The advent of the Clean Air Act o f  1970 

gave impetus t o  the  investigation of t h i s  technology, which continued  through 
the 1970's. The Clean Air Act also  precipitated  the  particulate  emissions 
limitations'of  the 1971 New Source  Performance Standards (NSPS), which were 
revised i n  1979 t o  include even more stringent  particulate emission l i m i t a -  
tions for u t i l i t y  coal-fired  boilers. 

Prior t o  the 1 9 7 0 ' ~ ~  uti l i t ies   pr imari ly  used electrostat ic   precipi ta tors  
(ESP's) for particulate  control. These devices were relatively economical 
and performed well in terms of  par t iculate  removal efficiency  with  the  high- 
sulfur ( 2  t o  5 percent) Midwestern and Easter  coals common a t  the  time. The 
low-sulfur western coals t h a t  were used in  the  western p a r t  of the  country, 
however,  produced an ash t h a t  was more d i f f i c u l t  f o r  an ESP to   col lect .  As a 
resul t ,  ESP's  were less  at tractive  for  these  applications both i n  terms  of 
cost and removal performance. Also, when the more stringent  regulatory 
standards of the 1970 's  p u t  s t r i c t   l imi t a t ions  on SO2 emissions,  the  industry 
began shift ing from high-sulfur  to  low-sulfur  coals  (less  than 1 percent)  to 
reduce SO2 emissions. Although the 1971 NSPS regulations  for SO2 emissions 
could be  met with low-sulfur  "compliance  coal,"  various u t i l i t i e s  began to  
use SO2 scrubbers when the use of low-sulfur coal was impractical or where, 
for example, s ta te  SO2 emission  st.andards were more stringent than  the  appli- 
cab1 e Federal standards (NSPS) . 

While these  events were taking  place,   fabr ic   f i l ter  technology  continued 
t o  evolve. The 1979 NSPS revisions  eliminated  the advantage of using low- 
sulfur coal ( a t  least  i n  the  Eastern and Midwestern parts of the  country) 
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when i t  became c l e a r  t h a t  a1 1 coal-fi  red uni ts  would  be required t o  employ 
some type of  f lue gas desulfurization (FGD) system  regardless o f  the  coal 
sulfur  content.  I n  addition,  these new standards  further reduced  allowable 
particulate  emissions,  which made ESP's ~ V C P  less  practical   for  low-sulfur 
coal  applications. A b o u t  th is   t ime,  a special   class of FGD system  called a 
spray  dr.yer became avai lable  for  use  with  low-sulfur  coal. I n  these  systems, 
f a b r i c   f i l t e r s   a r e  normally Gsed in  conjunction  with  the  spray  dryer  equip- 
ment. By combining SO2 and particulate  collection,  this  system  configuration 
reduced the need for   separate  SO2 removal equipment  (which  can  account f o r  as 
much as 25 percent of the t o t a l  p lan t   cos t ) .  The f i r s t   f u l l - s ca l e   l ow-su l fu r  
application of th i s  type was the 440-MW Coyote power s ta t ion  owned a n d  oper- 
ated by Otter  Tail Power, which began  operations i n  April 1980. 

The t rad i t iona l   bar r ie r   to   the   use  of f a b r i c   f i l t e r s  i n  t h e   e l e c t r i c  
u t i l i t y   i ndus t ry  was the  unavai labi l i ty  of a bag fabric   durable  enough t o  
w i t h s t a n d  elevated  operating  temperatures;  to  resist chemical a t tack ;  and  t o  
maintain  dimensional s t a b i l i t y ,   t e n s i l e   s t r e n g t h ,  and f lex  s t rength. '  When 
sui tably  f inished,  woven f iberg lass   fabr ics  became avai lable   in   the  ear ly  
1960's ,   the   use  of   fabr ic   f i l ters  i n  t he   u t i l i t y   i ndus t ry  became  more feasible .  

f a b r i c   f i l t e r   i n s t a l l a t i o n . '  Although the   r e su l t s  were  good, t h e   u t i l i t y  
opted f o r  ESP's a t  t he   fu l l - s ca l e   f ac i l i t y .  In 1964, Publjc  Service  Electric 
p1 Gas Co. a lso  tes ted and discarded  the  fabr ic   f i l ter   concept .  

I n  1961,  Pennsylvania Power & L i g h t  Co. began opera t ions   a t  a p i l o t  

Ins ta l la t ion  o f  t h e   f i r s t   f u l l - s c a l e   u t i l i t y   f a b r i c   f i l t e r   i n   t h e  United 
States  was in  1965--at  the 320-MW oil/gas-fired  Alamitos  station owned and 

A f a b r i c   f i l t e r  was i n s t a l l e d   a t  
lume a t t r i b u t e d   t o   f i n e   p a r t i c l e s  
combustion  of  residual  fuel  oil 
ins ta l la t ion ,   var ious   a lka l ine  

by Southern  California Edison Co. 
i l i t y  t o  eliminate b o t h  a v i s i b l e  p 
l fu r i c   ac id  fume resul t ing from the 
.7 percent  sulfur  content.  I n  th is  

additives  (e.g. ,   dolomite and limestone) were injected  upstream o f  the   fabr ic  
f i l t e r  t o  react  with  the.S03 i n  the  f lue  gas.  This material was then c o l -  
lected  in   the  fabr ic   f i l ter   system.  After  5 years of operation,  the system 
was shut down permanently when t h e   u t i l i t y  was unable t o  obtain a variance t o  
continue b u r n i n g  high-sulfur   oi l .  

~ ~ 
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The f i r s t   f u l l - s ca l e  a p p l i c a t i o n  of a f a b r i c  f i l t e r  a t  a coal-fired 
u t i l i t y  bciler occurred  in February 1973.l The s i t e  of th i s   ins ta l la t ion  was 
the  four-boiler, 87.5-MW Sunbury  station o f  Pennsylvania Power & L i g h t  Co. 
I n  the 10 years  following th is   in i t ia l   appl ica t ion ,   u t i l i ty  commitments t o  
baghouse technology grew r a p i d l y .  By the f i r s t   quar te r  of  1984, more t h a n  
110 baghouses were either  in  operation, under construction, or i n  the  design 
phase;  the total  power generating  capacity involved was  more t h a n  20,000 MW. 1 

The growth in f a b r i c   f i l t e r  usage i s  illustrated  in  Figure B - 1 ,  which 
plots  the  cumulative instal la t ions  ( in  terms of associated  electrical  gener- 
a t i n g  capacities) by year of s tar tup.  The actual  units  represented by these 
capacity  figures  are shown i n  Table B - 1 .  To p u t  t h i s  information  in  proper 
perspective,  Figure B-2 presents a rescaled  version of the  Figure B - 1  plot  
superimposed on a plot of the U.S. uti l i ty   coal-f i red power generating  capa- 
c i ty   ins t i l l ed  by year. 

When compared with  the  population of coal-fired  units  as a whole, the 
impact of f a b r i c   f i l t e r s  i s  small; however, the number  of projected  coal- 
fired  boilers t h a t  will be equipped  with f a b r i c   f i l t e r s  i s  expected t o  i n -  

crease.  Also, a s ignif icant  number  of existing  plants  are  expected  to  convert 
t o  the use of f a b r i c   f i l t e r  technology for   par t iculate  emission  control  in 
the  years t o  come. 

TYPES OF FABRIC FILTERS IN USE 

Fabric f i l t e r s   a r e  normally classi f ied by fabric  cleaning method. The 
three primary cleaning methods are  shake-deflate,  reverse-gas, and  pulse-jet .  
Only the f i r s t  two are widely used in ut i l i ty   appl icat ions,  and the  reverse- 
qas method i s  by f a r  the most prevalent*. O f  the 72 u t i l i t y   bo i l e r s  equipped 
with fabr ic   f i l t e rs   as  of June 1981, 9 were  of the  shake-deflate  design, 2 
were o f  the  pulse-jet  design, and all   the  rest  were o f  the  reverse-gas  design. 

Pulse- je t   fabr ic   f i l ters  work well for  the  shorter,  small-diameter bags 
f o u n d  cn smaller-scale  industrial  applications. Because u t i l i t y  systems 

*Recent research and economic studies now show t h a t  a shake/deflate  fabric 
f i l t e r  with an  a i r - to-cloth  ra t io  of 2 . 7  acfm/ft*  offers a lower total   cost  
thar  reverse-gas  units  with comparable or lower ai r - to-cloth  ra t ios .  
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Figure B-1 . Cumulative electrical  generating  capacity  control 1 ed  by 
f ab r i c   f i l t e r s ,  by year of  startup. 
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TABLE B-1. FABRIC  FILTERS IN OPERATION,  UNDER  CONSTRUCTION,  OR IN THE 
DESIGN  PHASE IN THE U.S. ELECTRIC  UTILITY  INDUSTRY 
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Figure 8 - 2 .  Actual and projected  coal-fired  generating  capacity a n d  
capacity  controlled by f a b r i c   f i l t e r s ,  1984. ’ y 3 ”  
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require much larger  units  ( in terms of bag dimensions and o t h e r  design  as- 
pects) ,  the  pulse-jet systems are  less  effective.  Also, because o f  t he i r  
dewaterability i n  high-temperature,  potentially  acid  environments,  coated 
fiberglass bags are  Generally used ir: uti l i ty  applications.   Since  the more- 
brittle  fiberglass  material  tends  to wear o u t  rapidly when flexed, i t  i s  n o t  
suitable  for  pulse-jet  units. 

Fabric f i l t e r s  used i n  u t i l i ty   appl icat ions,  although  similar i n  basic 
design,  differ  significantly from those used in typical  industrisl  applica- 
tjons. U t i l i t y  f ab r i c   f i l t e r s  may be 10 t o  100 or more times larger t h a n  
industr ia l   fabr ic   f i l ters .  Because o f  their   larger   s ize  and  s t r i c t e r  emis-  

sion  guidelines imposed u p o n  these  boilers (even a t  startup and  shutdown), 
f ab r i c   f i l t e r s  become crit ical   to  the  operation of the power plant. There- 
fore,  more attention  is   directed toward such factors  as  operation and  main- 
tenance, 'energy efficiency, bag 1 i f e ,  a n d  preventative maintenance s t ra teg ies .  
Other constraints  also  affect  the  design and  operation of f a b r i c   f i l t e r s   f o r  
uti l i ty  applications.  For example, the  temperature of flue gas from u t i l i t y  
boilers  is  siqnificantly  higher t h a n  t h a t  enccuntered  in many industrial  
applications, a n d  the  abrasive  qualities of the  f ly  ash also must be con- 
sidered. The flue gas also  contains  significant  moisture and acid  consti t-  
uents t h a t  require high tevperatures (above 250°F) t o  be maintained t o  pre- 
clude  acid dewpoint problems and moisture  condensation on the  bags.  If high 
temperatures  are n o t  maintained,  corrosion, bag fabric decay, and bag  blinding 
can resul t .  

In an effor t   to  nlaiptain  the  temperatures of the  flue gas t o  the  fabr ic  
f i l t e r s ,   u t i l i t i e s  have installed  flange-to-flange  insulation. Even with 
this  insulation,  localized  corrosion may occur a t  any heat  sinks where sup- 
ports and ground-mounted structural  beams are welded t o  t he   f ab r i c   f i l t e r  
framework. Precautions  also must  be taken  in  the "downcomer" sections  to  the 
hoppers.  Corrosion can occur on the  walls, and the ash may agglomerate i n  
the hopper a s  the lower surface  temperatures  cause  condensation. Some low- 
sulfur Western coal s yield a1 kal ine  ashes t h a t  tend t o  ' 'set up"  when wetted, 
which further  complicates  the problem of ash removal. Care also must  be 
taken t o  prevent  inleakage of ambient a i r  in  the ash removal system,  as  this 
t o o  reduces the  flue gas temperature. 
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Because f l y  ash i s   a b r a s i v e ,  some des ign   fea ture   must  be implemented, 

p a r t i c u l a r l y   a t   t h e  gas i n l e t ,   t o   m i n i m i z e   t h e   i n i t i a l   i m p a c t   o f   t h e   i n l e t  

gas s t ream  on   the   bag  fabr ic .  No s t a n d a r d   d e s i g n   i s   a v a i l a b l e   t o  ensur.e 

a d e q u a t e   f l o w   d i s t r i b u t i o n   o f   t h e   f l u e  gas   (and  there fore   the  f l y  ash)   th rough 

t h e   f a b r i c   f i l t e r .  Some i n s t a l l a t i w s  have  no means o f   d i s t r i b u t i o n   o t h e r  

than  the  wedge-shaped i n l e t   m a n i f o l d ;   o t h e r s  have b a f f l e s ,   t u r n i n g   v a n e s ,   o r  

a combina t ion   o f   the   two.  

I n  some ins tances ,   l ouve red  dampers o r   b u t t e r f l y   v a l v e s   a r e   u s e d ,   b u t  

p o p p e t   v a l v e s   a t   t h e   i n l e t   a n d   o u t l e t   o f   t h e   c o m p a r t m e n t s   a r e   m o s t  commonly 

used f o r   f l o w   c o n t r o l .   T h e r e  may be  no rea l   advan tage   t o   us ing   poppe t   va l ves  

a t   t h e   f a b r i c   f i l t e r   i n l e t ;   i n   f a c t ,   t h e r e  may be a p ressu re   d rop   pena l t y .  

A t  t h e   o u t l e t ,   h o w e v e r ,   p o p p e t   v a l v e s   p r o v e   s u p e r i o r   t o   l o u v e r   a n d   b u t t e r f l y  

dampers. Poppet   va lves  seal   very  we1 1. A two-valve  design  has a l ower  

p ressu re   d rop   pena l t y ,   because   two   pa ths   o f fe r   l ess   res i s tance   f o r  gas  passage. 

Using a p a i r   o f   v a l v e s   ( o n e  1 arge  and one much sma l le r )   has   t he  same advan- 

tages as m u l t i p l e  gas pa ths , 'bu t   a lso   has   the   added  advantage  o f   reduc ing   bag 

s t r e s s e s   d u r i n g   c l e a n i n g   c y c l e s .  Bag r e i n f l a t i o n   i s   o f t e n  accompanied  by a 

l oud   "pop"   as   t he   f l ue  gas  rushes i n   t o  fill t h e   v o i d .   T h i s  damages t h e  

f a b r i c   ( p a r t i c u l a r l y   f i b e r g l a s s )   o v e r  a p e r i o d   o f   t i m e .  When t h e   f a b r i c  

f i l t e r   d e s i g n   i n c l u d e s  a s m a l l   ( p i l o t )   p o p p e t   v a l v e ,   t h e   r e i n f l a t i o n   f l o w   c a n  

be s t a r t e d  more g r a d u a l l y .  The sma l l   va l ve  opens f i r s t   d u r i n g  bag i n f l a t i o n ,  

and t h e   l a r g e r   v a l v e  opens l a t e r   t o   c o m p l e t e   t h e   i n f l a t i o n .  On reverse-gas 

c lean ing   app l i ca t ions ,   bo th   economics   and a d e s i r e   t o   a c h i e v e  a " g e n t l e "  

r e i n f l a t i o n   d i c t a t e   t h e  number  and s i z e   o f  p o p p e t   v a l v e s   a t   t h e   o u t l e t .  

E i the r   two   equa l   d iamete r   poppe t   va lues   o r  one large  and  one  smal l   va lve  are 

commonly used. 

Except a t   t h e   s i t e s  of  t h e   t w o   p u l s e - j e t   i n s t a l l a t i o n s ,  woven f i b e r g l a s s  

i s   t h e  b a g   m a t e r i a l   m o s t   i n s t a l l a t i o n s   o f t e n   u s e .  The c o a t i n g s   v a r y ,   b u t  

most   are  Tef lon (10 p e r c e n t   b y   w e i g h t ) .  A survey  taken i n  1981 i n d i c a t e d  

t h a t   t h o s e   p l a n t s   n o t .   u s i n g   T e f l o n   ( r o u g h l y  13 pe rcen t )   were   us ing  a s i l i c o n -  

g r a p h i t e   c o a t i f i g   o r  ope o f   t h e   r e c e n t l y   i n t r o d u c e d   a c i d - r e s i s t a n t   f i n i s h e s .  

The woven b a g s   a r e   t y p i c a l l y   a t t a c h e d   t o   t h e   t u b e   s h e e t   b y  means o f  t h i m b l e s  

8 t o  12 inches i n   h e i g h t .  T h e s e   t h i m b l e s   a r e   u s e d   t o   p r e v e n t   e r o s i o n   o f   t h e  

bag m a t e r i a l  due t o  f l y  ash p a r t i c l e s   e n t e r i n g   t h e   b a g s   f r o m   t h e   h o p p e r .  

APPENDIX  8-OPERATION  AND  MAINTENANCE OF UTILITY  FABRIC  FILTERS B-8 



As m e n t i m e d   e a r l i e r ,   u t i l i t y  and i n d u s t r i a l   f a b r i c   f i l t e r s   d i f f e r   i n  

several  ways. For  example,  gas v o l u m e t r i c   f l o w   r a t e   i n   e l e c t r i c   u t i l i t y  

systems may be a s  h igh  as  4 x 10 acfm as opposed t o  100,000 acfm i n   t y p i c a l  

i n d u s t r i a l   a p p l i c a t i o n s .  Energy  costs   resul t ing  f rom  ductwork and dust  cake 

res is tance  pressure  drop  are  genera l ly  much g r e a t e r   f o r   u t i l i t i e s .  I R  addi -  

t i o n ,   u t i l i t i e s  do n o t   b e n e f i t   f r o m  a p r o d u c t   r e c o v e r y   c r e d i t  o f  t h e   c o l -  

l ec ted   ma te r ia l  as  many i n d u s t r i e s  do.  High f l u e  gas temperatures i n   u t i l i t y  

app l i ca t i ons  limit the  cho ices   o f  bag f a b r i c s .  The volume, flow,  tempera- 

ture,   composi t ion,  and p a r t i c u l a t e   c o n c e n t r a t i o n   o f   t h e   f l u e  gas e n t e r i n g   t h e  

f a b r i c   f i l t e r s   i n   u t i l i t y   a p p l i c a t i o n s   v a r y   g r e a t l y   w i t h   t h e   b o i l e r   l o a d ,  and 

the f l y  ash  represents a wide  and  o f ten  unpredic tab le  range  o f   coal   proper t ies.  

6 

MONITORING 

Ut i l i - ty  a p p l i c a t i o n s   t y p i c a l l y   i n c o r p o r a t e  more mon i to r ing   dev ices   than 

i n d u s t r i a l   f a b r i c   f i l t e r  systems do t o   t r a c k   t h e   o p e r a t i o n   o f   t h e   s y s t e m  and 

i t s  re lated  equipment.   Monitor ing  and  alarm  devices  d isplay  and/or  record 

the gas f lows and p ressu re   l osses   w i th in   t he   sys tem,   i nc iden ts   i nvo l v ing  

compartment i s o l a t i o n ,   i n l e t  and out le t   temperatures  o f   the  system,  operat ion 

and sequencing o f   t h e   c l e a n i n g   a p p a r a t u s ,   p a r t i c u l a t e   e m i s s i o n s   e x i t i n g   t h e  

stack,  and  bag fa i l u re   ( i . e . ,   seve re   p lugg ing   o r   rup tu re ) .   Ou t le t   opac i t y  

m o n i t o r s   a r e   t y p i c a l l y   i n s t a l l e d   t o   s a t i s f y   e n v i r o n m e n t a l   r e g u l a t i o n s ,   b u t  

they   a re   a lso   use fu l   in   de tec t ing   p rob lems  be fore   they  become ser ious .   For  

example, when bag rupture  problems  were  encountered a t   t h e   H a r r i n g t o n   S t a t i o n  

o f  Southwestern  Public  Service Co., worke rs   were   ab le   t o   p inpo in t   f a i l u res  i n  

t h e   s p e c i f i c  compartment  through  the  use o f   o p a c i t y   m e t e r s .  

The ou t l e t   opac i t y   mon i to r   shou ld  be  observed  during  normal f i l t e r i n g  

operat ion and dur ing  compartment c lean ing .  A g radua l   inc rease i n  o p a c i t y  

d u r i n g   f i l t e r i n g   i n d i c a t e s  a worsening  bag o r  compartment  leak  (assuming  the 

m o n i t o r   i t s e l f   i s   p e r f o r m i n g   p r l 3 p e r l y ) .   D u r i n g   c l e a n i n g ,  a v e r y   c l e a n   f i l t e r  

will show almost  no change i n  opaci ty  as  compartments  are removed, cleaned, 

and pu t   back   in to   serv ice .  A drop i n  o p a c i t y  when a compartment i s  removed 

from  service  indicates  that   the  compartment  has a leak .  The o p a c i t y  will 

also  normal ly   increase  immediate ly  when t h a t   p a r t i c u l a r  module i s  put  back i n  

serv ice.  

,!l.(Wkt 
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The o p a c i t y  may a l s o  increase  momentarily w h e n  a given compartment i s  
relnoved because o f  the  disturbance of a n  accumulation of  ash i n  the  other 
colnpat-tlwnts resul t ing from the sudden increase i n  gas  flow i n  these com- 
partments due t o  the removal of a compartment. 

Pressure  gauges,  level  indicators, a n d  gas f l o w  a n d  temperature  monitors 
a l s o  provide  data  for  early  detection o f  problems.  Thus, i t  i s  apparent t h a t  
good m o n i t o r i n g  systems,  dedicated  maintenance, a n d  quality  control  in  the 
fabrication a n d  i n s t a l l a t i o n  of  bags lead t o  great:y improved service a n d  

substantial  savings i n  labor and repair   costs .  

O & M  PROBLEMS AND PRECAUTIONS 

Fabric f i l t e r s  have performed  well on u t i l i t y  bo i le rs .  Design removal 
e f f i c i e n c i e s   f o r   a l l   f a b r i c   f i l t e r s  range from 99 .4  to  99.9  percent, a n d  in 
many cases ,   ac tua l   e f f ic ienc ies  have exceeded  the  design  efficiencies. 
Opacities  are  typically below 5 percent.  Pressure drops  range between 3 at?d 

12 inches, w i t h  newer i n s t a l l a t i o n s  showing values a t  the  lower end of the 
range. 

Assuming proper   fabr ic   f i l ter   design and  proper bag i n s t a l l a t i o n ,   t h e  
most c r i t i c a l  concern i s   s t a r t u p  and shutdown. Several  typical  maintenance 
problems and precautions arc! introduced  briefly  here and  i l l u s t r a t e d   l a t e r   i n  
t h j s  appendix by case   h i s tor ies .  

Operational  Factors 

Operating  factors of  concern on f a b r i c   f i l t e r  systems  include  the  clean- 
ing  system,  the bags  themselves,  the ash-removal  system, and overall  system 
in tegr i ty .  

Operators must be careful n o t  to   c lean  the bags too  frequently.  When 
bags are  cleaned  too  frequently,  the  overall  average  pressure  drop  is  higher 
because the  dust  cake i s  not  as heavy and i s  harder t o  remove. Also,   fre- 
quent bag cleaning weakens the  material and shortens bag l i f e .  

Cperators must minimize the  potent ia l   for  problems associated w i t h  
s ta r tup  a n d  shutdown. I f  a t   a l l   p o s s i b l e ,   t h e   f a b r i c   f i l t e r  system  should be 
heated  thoroughly ( e . g . ,  by gas-f i r ing  the  bci ler  or by  some other  means) 
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before  the  sulfur-laden gas  from coal f i r i n g  i s  allowed t o  enter  the  collec- 
t o r .  I f  t he   f ab r i c   f i l t e r   app l i ed  t o  a coal-fired u n i t  i s  c o l d  a t  s t a r t u p ,  
moisture fr-on1 the  f lue gas will  condense on the b a g s  a n d  wal l s ,  a n d  the SO3 

i n  the  gas +!il l  combine with  the  moisture t o  form su l fu r i c   ac id ,  which may 
resu l t  i n  corrosion a n d  fabr ic  decay.  Also,  moisture may cause  “blinding”  of 
the  fabr ic  when residual   f ly  ash and  water  seal  the a i r  passages i n  t he   f i be r  
weave. During  shutdowns and forced  outages,   fabr ic   f i l ters   should be purged 
as t h o r o u g h l y  as  possible  to remove moisture a n d  sulfur-laden  gases  as  the 
col lec tor  cool  s .  

Cperators  should  observe  the  performance of the  reverse-gas  valve and  

compressor  system t o  assure  adequate bag cleaning d u r i n g  the  cleaning  cycle. 
Operators  also must carefully  observe t,he f a b r i c   f i l t e r  monitoring  equipment 
to   de tec t  bag  f a i l u r e s  as ear ly   as   possible .  A serious bag fa i lure  can cause 
darrace to  surrounding bags .  

Maintenance Factors 

Dur ing  b a g  replacement,  care must be taken t o  minimize the risk of 
damage t o  other  bags  as a r e s u l t  of  snags a n d  punctures w i t h  tools  and equip- 
ment. As t he   u t i l i t y   i ndus t ry  has become  more famil iar  w i t h  f a b r i c   f i l t e r  
technology,  problems  relating  to  improper  maintenance  procedures have dimin- 
ished i n  number. 

Maintenance  personnel must be cer ta in  t h a t  bag tensioning  devices  are 
properly  adjusted and in good condition. One of the  primary  causes  of bag 

f a i l u r e  can be traced  to improper bag tensioning. Bags a l so  must be i n s t a l l e d  
properly. Improper i n s t a l l a t i o n  may cause  the bag t o  rupture  and/or become 
dislodged. When this   occurs ,   o ther  bags  can a l s o  be damaged. 

Fabric f i l t e r s   a r e  well  maintained a t  most u t i l i t y   a p p l i c a t i o n s .  The 

changeout  time for  12-inch-diameter,  36-foot-long  fiberglass  bags i s  15 t o  20 
minutes ( t w o  men). I n  most f ab r i c   f i l t e r s ,   i n su la t ion   i s   p l aced  between 
compartments. Some a lso  have ventilation  systems  to cool the compartments 
quickly, which permits  personnel t o  work comfortably a n d  sa fe ly  t o  replace 
bags i n  a n  isolated compartment while  the  rest  o f  t h e   f a b r i c   f i l t e r  system i s  
s t i l l  i n  service. 

“.I%#, , 
1 1 1  

APPENDIX 6-OPERATION AND MAINTENANCE OF UTILITY FABRIC FILTERS B-11 



- 

CASE HIS 

The 
imately 

TORIES 

case  histories t h a t  follow were selected from a p o p u l a t i o n  o f  a p p r o x -  
84 operating  fabric  f i l ter   installations.   Selection was based on the 

avai labi l i ty  of O&M d a t a  and  on each case's   typicali ty o f  U.S. u t i l i t y  fabric 
f i l t e r   i n s t a l l a t ions .  Larger instal la t ions (500 MW and g rea te r ) ,  however, 
are not  well represented because f ab r i c   f i l t e r s  have only recently been 
applied on these  units. Thus, O&M d a t a  are  limited. The successes  exhibited 
with  smaller  boilers has s tar ted a trend by u t i l i t i e s  toward equipping larger 

emissions  control. Some of  t h e  
less typical  as more i s  learned 

i l t e r  systems CE ut i l i ty   bo i le rs .  
be used for  further-  study o f  U.S. 

plants  with  fabric  filters f o r  particulate 
O&M experiences  reported  herein may  become 
a b o u t  the  design and operation of fabric f 
Several of the  references  cited  herein can 
u t i l i t y  O&M experience  with  fabric  filters 

Colorado Springs Department of Public  Util i t ies,  Martin Drake 6 

Martin Drake 6 i s  an 85-MW power generating  unit  located  in Colorado 
Springs, Colorado. The bo i l e r   i s  equipped with a reverse-gas  design  fabric 
f i l t e r  equipped  mostly with  Teflon B-coated fiberglass bags and a few t e s t  
bags with acid-resistant  coatings. The coal burned a t  Martin Drake 6 has a 
heating  value of 10,200 Btu/lb and moisture,  ash, and sulfur  contents of 1 6 ,  
7 . 5 ,  and  0.37 percent,  respectively. The r e t ro f i t t ed   f ab r i c   f i l t e r  system 
was commissioned into  service  in 1978. 

The system was designed  with an air-to-cloth  ratio of 2 : l  a n d  a flange- 
to-flange  pressure drop o f  4 i n .  H20.  The unit  operates a t  about  5 inches 
pressure drop and has recorded a baa replacement rate of a b o u t  1 percent ( a n  
average of less t h a n  one bag per month of a total  of 2376 bags). Most f a i l -  
ures have occurred between the  thimble and  the  . f i rs t   r ing.  Some have  been 
attr ibuted  to poor instal la t ion and others, t o  weak spots in  the bags.  The 
reported  areas o f  concern  with  regard t o  bags were the clamping devices 
and/or  procedures used a t  the  thimbles and for  bag tensioning. 

The u t i l i t y  has  experienced problems with  temperature  instrumentation  in 
t h a t  readings become e r r a t i c  under certain weather conditions. One possible 
solution was t o  minimize thermocouple junctions and t o  extend the  wiring  all 
the way t o  the thermocouple sensor  area  as much as  possible. Whether t h i s  
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was acted u p o n  i s  u n k n o w n .  Other reported problems include  general bag  
cleaning problems (accompanied by increased  pressure  drops),  tensioning 
nlechanisnl problems (such  as  loss of spring  st iffness a n d  ratchet mechanism 
wear), a n d  loss of pneumatic control  (poppet  valve  operation) due t o  cold 
weather freeze-up o f  control a i r  l ines .  Also reported were sluggish p o p p e t  
valve  operation on b o t h  i n l e t  a n d  ou t l e t ,  scored  cylinders on valve  actuators, 
and shaft  seal problems. 

Irl a recent  study a t   th i s   fac i l i ty ,   the   res idua l  d u s t  cake  weight was 
a b o u t  48 lb/bag o r  0.5 l b / f t  . Overal l ,   the   fabr ic   f i l ter  system operates 
w e l l .  The out le t  emission rate   is  0.005 t o  0.006 lb/10 B t u  ( i . e . ,  a removal 
efficiency of 99.93%), which i s  one of the  lowest among U.S. inst .slfations.  

The u t i l i t y  minimizes the  potentially  serious problems associated  with 
startup by fir ing  natural   gas.   After  the  fabric  f i l ter  has been completely 
purged hith ambient a i r ,  i t  i s  slowly warmed with  the  flue gas from the 
natural gas f i r i ng .  Four of the  system's 12 compartments a re  brought on l ine 
a t  one time; when the  entire system i s  on l ine ,   the   bo i le r   i s  switched t o  
coal -f i r i  ng . 

2 
6 

Kansas City Board of Public U t i l i t i e s ,  Kaw 1 ,  2 ,  and 3 

Kaw units 1, 2 ,  and 3 (rated a t  44, 44,  and 68 M W ,  respectively)  are 
located  in Kansas City, Kansas. All are  controlled by reverse-gas  fabric 
f i l t e r  systems. The systems on Units 1 and 2 use  Teflon B-coated f iberglass  
bags whereas the system on Unit 3 uses  zcid-resistant-coated  bags. The fuel 
burned a t  t h i s  s t . a t ion  i s  a bituminous  coal  with a heating  value of 11,000 
Btu/lb, a moisture  content of 6 t o  12 percent, an ash  content of 15 percent, 
and a sulfur  content of 5 (max.) percent.  Units 1 and 2 were commissioned 
into  service  in 1979; U n i t  3 began operation  in 1980. 

The Kaw f a b r i c   f i l t e r s  were designed  with ai r - to-cloth  ra t ios  o f  approxi- 
mately 2 : l  and flange-to-flange  pressure drops o f  4 to  6 i n .  H20; however, 
actual  pressure drops f a l l  i n  the range of 8 t o  12 inches,  with the average 
a t  the  higher end of the  range.  -The high pressure drop i s  a t t r ibu ted ,   in  
p a r t ,  t o  the  boiler  operations.  Occasionally,  the  boiler has  operated  in 
such a way that  the  temperature of the gas ducted to   t he   f ab r i c   f i l t e r  has 
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f a l l e n  below dewpoint for extended periods. The resulting moist ash accumula- 
t i o n  on the bags reduces bag cleaning  effectiveness a n d  yields 2 h i g h  pressure 
d rop .  

Kaw 1 and 2 each experienced a b o u t  six b a g  fa i lures  per m o n t h  (19&1), 
whereas U n i t  3 had only  three per year. A1 t h o u g h  bag  fa i lures  occurred 
randomly with  respect t o  bag location,  the t y p i c a l  fa i lu re  was a t  the  rings 
on the lower half of the bag  i t se l f .   Par t  o f  the problem a t  Kaw 1 and 2 i s  
t h a t  t h e  boilers  operate  in a cycling  load; they are not  used continuously. 
A l t h o u g h  subject t o  a fluctuating l o a d ,  Kaw 3 is   rarely  shut down completely. 
Heavier-grade bags (13 0 2 . )  have since been installed with some success a t  
Kaw 1 and 2 t o  minimize the problem. Fan vibration a n a  overall  balance  also 
created some problems, par t ia l ly  because the  fans were undersized and pa r -  
t i a l l y  because of  erosion. This  could have h a d  an impact on the bag  l i f e .  
The low-horsepower fan problem was solved by install ing  larger  capacity 
units. 

Other t h a n  the high pressure d r o p ,  the primary problem t h a t  the   u t i l i ty  
reported on Kaw 1 and 2 systems was with  reverse-gas  fan and fan motor bearing 
failures.  B o t h  units were designed for  removal eff ic iencies  of 99.86 percent, 
b u t  e f for t s  t o  achieve  this  design  efficiency have  been unsuccessful. The 
units have  been unable t o  achieve  the  design  part.iculate removal eff ic iencies .  
Actual removal efficiencies have  been 98.4 percent on Kaw 1 and  98.83 percent 
on Kaw 2 ;  outlet  dust  concentrations have  been 0.087 a n d  0.06 lb/10 B t u ,  
respectively. This  lower removal efficiency  is  believed t o  resul t  from the 
boiler being a cyclic  unit burning a high-sulfur coal  with a history o f  low 
f l u e  gas temperatures acd from the high pressure  drop of the   fabr ic   f i l t e r .  
The  removal efficiency of Kaw 1 i s  one  of the  lowest  recorded aniong U.S. 

u t i l i t y   f ab r i c   f i l t e r s .  

Minnesota Power and Light, Clay  Boswell 1 and 2 

6 

The two 69-MW Clay  Boswell  power generating  units  in  Cohasset, Minnesota 
are owned and operated by Minnesota Power and Light. The fabr ic   f ’ l t e rs  on 
these  units  are of the  reverse-gas  design and the bags are woven fiberglass 
w i t h  Te f lon  B coating. The boilers burn an  8500-Btu/ 
t h a t  has moisture,  ash, and sulfur  contents of 2 5 ,  10 
spectively. The units began operations  in 1979. 

1 b subbituminous  coal 
, and 1 percent,  re- 

~~~ -~ 
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The f ab r i c   f i l t e r s  were designed w i t h  an air-to-cloth  ratio of 2.26:l 
I a n d  a flange-to-flange  pressure drop of 6 in. H20. The design  particulate 

removal efficiency  is  99.7 percent. Actual pressure drop  i s  7 in. H20 a n d  
typical  particulate removal efficiency is 99.8 percent. 

, 

Individual bag  fa i lures  do n o t  appear  to be a major problem a t  most 
ut i l i ty   instal la t ions--one  or  two bags per month .  A t  Clay Boswell, however, 
several hundred bags had t o  be replaced  in one instance  as a resu l t  of poor 
bag  tensioning. I n  1980, bag failures  totaled 100 per  year; more recently 
the  failure has been a b o u t  six per m o n t h .  The bag failures  usually occur i n  

the lower 8 f ee t  of the bag .  Problems related t o  boiler  tube  leaks and low 
winter  boiler  loads  in some instances have caused f lue  gas  temperature t o  
drop below dewpoint for  extended  periods. The resulting  moist  ash accumula- 
tion on the bags reduced bag cleaning  effectiveness and caused a high pressure 
drop.  When boiler tube  leaks were repaired,  the problem was eventually 
b r o u g h t  under control, and the  pressure drop f e l l  back down to  7 in. H20. 

Operator  experience  appears t o  have  been  more instrumental  in  solving  the 
pressure drop problem than  anything else .  High bag f a i l u r e   r a t e   i s   s t i l l  a 
problem, b u t  no agreement has been reached as t o  the  cause. Flue  gas mois- 
ture ,  SO3, or a combination of the two in  conjunction w i t h  the   p lan t ' s   s ta r t -  
up/shutdown procedures have  been suggested  as  possible  causes. The  newer 
Teflon-core  fiberglass bags (used for  the  past 2 years) have shown a moderate 
impoundment ir. bag l i f e .  

Ini t ia l ly ,   several  problems were encountered a t  the Clay Boswell i n s t a l l -  
ations. . For example, the  units  originally  failed  to meet the  design  require- 
ments o f  0.01 grain/scf.  After  the  tube  sheet  thimbles were seal-welded and 
pinhole  leaks i n  the bags  were repaired, however, an out.let  concentration o f  

0.007 grain/acf was achieved, which i s   be t t e r  t h a n  the  design  requirement. 
The u t i l i t y  reported  load  reductions of 200 hours in 1979 and 250 hours  in 
1980 due t o  fabric f i 1 t e r  problems. 

Reverse-gas fan and fan  motor.bearing  failures  also  occurred. According 
t o  the  log  kept on these  problems,  sluggish poppet valve  operation was en- 
countered on b o t h  the  inlet  a n d  outlet ,   cylinders on valve  actuators were 
scored, a n d  s h a f t  seal problems were noted. I n  addition, a loss of pneumatic 
control  (poppet  valve  operation)  resulted from a cold  weather  freeze-up o f  

~~ 
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control a i r  l ines .  Ray tensioning mechanism problems also occurred, such as 
loss o f  spring  st iffr;ess a n d  ra tchet  mechanism wear. The excessive bag  

f a i l u r e  mentioned e a r l i e r  m s  a d i r e c t   r e s u l t  o f  pocr bag  tensioning t h d t  

allowed  the bags t o  droop, which caused  creases a n d  wear point,s. 
Finally,  problems w i t h  the a sh  handling  system were also  reported. 

Erosion a n d  pltigging  problerm  occurred i n  the vachun blowers a s  a r e s u l t  o f  

ash  carryover  in  the  transport. 
Flor?e of the problems  encountered a t   t h e  Clay Ecswel 1 faci  1 i t y  proved t~ 

be c r i t i c a l ,  d n d  operat.iotls have improved considerably  since  startup. 

Nebraska Public Power D i s t r i c t ,  Kramer 1, 2 ,  3,  and  4 

Units  1, 2 ,  and '3  a t  t h e  Kramer  Power Station  in  Ee'llevue,  Nebraska,  are 
rated a t  23 MW each; U n i t  4 i s   r a t e d   a t  36 M W .  All the  units were s ta r ted  u p  
in  1977,  beginning  with U n i t  1 i n  March, and a1 1 four were on 1 i ne  by  May of 
that   year .  These units r e p r e c e n t   t h e   f i r s t   u t i l i t y   f a b r i c   f i l t e r s  used a t  a 
p l a n t  b u r n i n g  a typical,   low-sulfur,  Western  subbituminous  coal i n  a pulver- 
ized  coal-fired  bciler.  The  Wyoming subbituminous  coal  burned a t  th i s   p lan t  
has a heating  value of 10,100 Btu/lb, and moisture,  ash, a n d  sulfur  contents 
of 21, 3.1, a n d  0.57  percent,  respectively. The f a b r i c   f i l t e r  systems  are of 
reverse-gas  design and use typical woven f iberg lass  bags coated  with  Teflon 
B. 

The f a b r i c   f i l t e r s  were designed w i t h  normal a i r - to-c lo th   ra t ios  of 
a b o u t  2 :  1 ( 2 . l : l  for  Units 1 t h r o u g h  3 and  1.91: 1 f o r  U n i t  4 )  and flange-to- 
flange  pressure  drops o f  about 3 t o  5 in.  of H20. Design par t icu la te  removal 
efficiency o f  these  systems i s  99 percent. The uni ts   actual ly  have achieved 
par t icu?z te   co l lec t ion   e f f ic ienc ies   o f  99.9 percent,   outlet   emissions of 
0.002 lb/10 B t u ,  opacit ies  of 0.07 percent,  and average  pressure drops of 
4.5 i n .  H20. The f a b r i c   f i l t e r s  on the Kramer uni t s  have achieved among the 
lowest  dust  enlission  concentrations  (typically 0.005 t o  0.006 lb/10 R t u )  of 
any U.S. u t i l i t y   f a b r i c   f i l t e r .  

6 

6 

A systematic  study  cf  the  fabric  f i l ter   cleaning  cycle conducted a t  
Kramer by Electr ic  Power Research I n s t i t u t e  ( E P R I )  invest igators  and  plant 
personnel es tabl ished  for  the f i r s t  time ( i n  commercial operation) t h a t  
lengthening  tile  dwell t ine  ( t ime  during which nc cleaning  is  t a k i n g  place i n  
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any compartme6t) decreases  emissions w i  t h o u i  affecting  average  pressure d r o p .  
Further, under some operating  conditions,  average  pressure d r o p  a c t u a l l y  de- 
creases  with  increased dwell time.  Substituting a 100-minute cleaning  cycle 
(10-minute dwell time)  in  place o f  a 10-minute cleaning  cycle ( n o  dwell time) 
a t  Kraner reduced particulate  matter  penetration 50 percent w i t h o u t  increas- 
i n g  the  pressure drop.  Secondary benefits of-  less  frequent bag cleaning  are 
reduced s t ress  on the  bags,  increased equipment r e l i ab i l i t y ,  and a lower 
average air- to-cloth  ra t io   (as  each compartment's  time i n  service  versus time 
o u t  of service  during  cleaning was increased). 

Bag l i f e  exceeds 3 years on the Kramer units.  Three of the  fabric 
f i l t e r  systems have 10 compartments each;  the f o u r t h  has 16.  Each compart- 
ment has 72 bags, for  a total  of 3312 bags. The bag tension i s  50 lb.  i o t a 1  
bag fa i lures  by year were 1 i n  1977,  1 2  i n  1978 28 in 1979, 43 in 1980, and 

12 in 1981.. An additional 18 t e s t  bags fa i led ,  which  were n o t  included i n  
the above figures. During the  study  period,  tests were performed w i t h  bags 
coated  with  dolomitic  lime. As a resul t ,   the   fabr ic  on Unit 1 experienced 
fabric  blinding and a pressure d r o p  of more t h a n  10 in. H20. Fly  ash coating 
was used thereafter.  The bag fa i lures  were random with  respect t o  bag  loca- 
tion  in  the baghouse, even t h o u g h  the gas dis t r ibut ion  is  n o t  even across  the 
compartments. 

Other problems have included  bearing fai lures  and bent  shafts on the 
reverse-gas  fans and higher-than-design  pressure  drops. The 1 a t t e r  has n o t  
been a big problem, however, because the  fans were designed for  redundancy. 

For boi le r   s ta r tup ,   the   u t i l i ty  has a purge-preheat  option. Mechanical 
collectors  are used a l o n g  with  the  fabric  f i l ters a t  boi ler   s tar tup.   Firs t ,  
gas i s   f i r e d ,  and  then coal; when the  nutlet  temperature  reaches 300"FY the 
fu l l  gas  load i s  ducted t o  the  fzbri c f i  1 t e r ,  and the mechanical col lectors ,  
which  were operating  parallel t o  t he   f ab r i c   f i l t e r  up  t o  this  point,   are 
closed off.  Lower  power  demands in  the  recent  past have necessitated some 
cycling of the  boilers,  and the   fabr ic   f i l t e rs  have experienced dewpoint 
conditions  during  these  periods. As yet no problems have  been reported as a 
result  of this   cycl ing;   overal l   the   ut i l i ty   is   sa t isf ied with  the performance 
o f  the   fabr ic   f i l ters .  
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Otter T a i l  Power Co., Coyote 1 

Coyote 1 i s  a 410-MW u n i t  iocated i n  Beulah, North Dakota .  The boi le r  
i s  equipped w i t h  a sodium-based spray-dryer FGD system  followed by a shake- 
deflate  design f a b r i c  f i l t e r .  The bags are made o f  uncoated synthet ics  
(predominantly  acrylic  fabric).  The coal burned a t  Coyote i s  a 7050-Btu/lb 
Dakota l i g n i t e  w i t h  moisture,  ash, a n d  sulfur  contents o f  36, 7 ,  and 0.78 
percent,   respectively.  The u n i t  began operations i n  mid-1981. 

The design  air-to-cloth ( A / C )  r a t i o  o f  t h e   f a b r i c   f i l t e r  i s  2.5 :1 ,  the 
design  flange-to-flange  pressure d r o p  i s  3 t o  5 i n .  H20, and the  design 
par t icu la te  removal e f f i c i ency   i s  99.5  percent. The actual  air-to-cloth 
rat io ,   pressure d r o p ,  and removal efficiency were reported t o  be 3:1,  5 in .  
H20, and  99.53  percent,  respectively. 

two-stage f l u e  gas  cleaning  system  for removal of SO2 a n d  par t icu la te .  This  
system consists of four  46-foot-diameter  spray  dryers t h a t  use a sodium 
carbonate  additive as the SO2 absorbent  followed by a 38-compartment f a b r i c  
f i l t e r .  Two axial-flow  induced-draft  fans  discharge  the  filtered  flue  gas  to 
a s ingle   s tack.  The f l u e  gas  temperature a t  t he   i n l e t  t o  t h e   f a b r i c   f i l t e r  
is   in  the  range of 210" t o  220°F. If   f lue gas temperatures  exceed a pre- 
determined  setpoint  (well   within  the  fabrics  capabili t ies),  an alarm i s  
activated and  gas  flow i s   d ive r t ed  through a f a b r i c   f i l t e r  bypass  system. 
A l t h o u g h  f a b r i c   a i r - t o - c l o t h   r a t i o s   ( i . e . ,  gas flows) have been higher  than 
anticipated  becadse  the  boiler  uses more excess a i r   t han , an t i c ipa t ed  i n  the 
f a b r i c   f i l t e r   d e s i g n ,   t h e   f a b r i c   f i l t e r  has consistently  operated  well  within 
expectations. The f l u e  gas  flow i s   a l s o   g r e a t e r  because  the  gas  exits  the 
boi le r  a t  a temperature  of  about 25°F greater  t h a n  design, which y ie lds  a 
greater  gas volume. F i l t r a t i o n  performance (pressure  drop,  cleanabili ty,  and 
eff ic iency)  has remained r e l a t ive ly   s t ab le   i n   sp i t e  of a wide var ie ty  o f  

boiler  a n d  spray dryer  system  operating  conditions.  Pressure  excursions due 
tc  boiler  load  swings, uneven gas  d i s t r ibu t ion  from spray  dryers ,   fabr ic  
f i l t e r   c o n t r o l ,  equipment  malfunctions, e t c . ,  have only been temporary, and 
when the  system  operation  returned t o  normal, so d i d  pressure d r o p  of the 
f a b r i c   f i l t e r .  

During operat ion,   the   f lue gas  e x i t s  two a i r   hea t e r s  and flows  into a 
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As would  be expected,  the  higher  temperature  operation (230" t o  250°F 
compared w i t h  the  design  temperature of 180°F for  much o f  t h e   f i r s t  12  months) 
resulted  in  discoloration of the  acryl ic   fabr ic ,  b u t  had no serious  effect  on 
f a b r i c  strength,  expected serv ice   l i fe ,  o r  dimensional s t a b i l i t y .  The higher 
temperature  did  accelerate  the  failure of the  polyester  fabrics a n d  led t o  
their  replacement w i t h  the  acrylic  material. The uti1 i t y  reported i t  expects 
t o  do  further  testing of  polyester  fabric ( a t  stable  operation  with tempera- 
tures i n  the 190" t o  220°F range) sometime in  the  future. 

Operating and maintenance de ta i l s  were n o t  available on t h i s  system. 
During the f i r s t  year-and-a-half of operation  the  fabric f i l t e r  underwent a 
bag material  testing program; therefore, bag replacement ra tes  may n o t  be 
meaningful in this  case.  Reportedly, however, the  instal la t ion has exhibited 
superior performance i n  terms of low pressure drop a t  high f i l t e r   v e l o c i t i e s ,  
fabric  replacement  experience, and service  life  expectancy. 
Pennsylvania Power and  L i g h t ,  Brunner Island 1 

Brunner Island 1 i s  a 350-MW pulverized-coal-fired  unit  located  in 
Yot-khaven, Pennsylvania. The bo i l e r   i s  equipped with a reverse-gas  fabric 
f i  1 t e r .  The bags are made of woven fiberglass  with a TeflGn coating. Brunner 
Island 1 burns an 11,000- t o  13,000-Btu/lb  eastern  bituminous  coal  with a 
moisture  content of 5 t o  20 percent, an ash content of 12 t o  13 percent, and 
a sulfur  content of 1.1 to  3.0 percent. The unit began operating  in October 
1980, 

The design  air-t.0-cloth  ratio  is  2.01:l  with two compartments o u t  of 
-service and 2 . f l : l  with six compartments o u t  of service. The design  pressure 
d r o p  i s  6 in. H 2 @ ,  and the  design  particulate  matter removal efficiency is  
99.9 percent. The f a b r i c   f i l t e r  system actually  operates  with a noma1  pres- 
sure drop of only 4 in. H20.  The actual  outlet  emissions  generated  during 
two tes t s  were 0.037 and 0.096 lb/10 B t u  vs.  the  design  emission  rate  cf 6 

0.075 1 b/106 B t u .  Brunner Island has 24 compartments , with 264 b a g s  per 
compartment. The uti  1 i t y  reported a total  of 6 bag failures  in 1980 ( the 
u n i t  d idn ' t  begin operations unti-1 October), 209 failures  in 1981, and  877 in 
1982 (through  early  necember). The large number  of failures  adversely  af- 
fected  the  pressure d r o p  because of the  frequent need t o  cool compartments 
for maintenance purposes. The failures  occurred randomly t h r o u g h o u t  the 
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system w i t h  respect t o  bag  location. The fai lures  of the bags themselves 
typically  occurred between the  thimble and  the f i r s t   r i n g ,  a n d  n;any resulted 
from bag c u f f i n g .  The tension method caused most. o f  t h e  bags e i ther  t o  be 
overtensioned  or  undertensioned. The u t i l i t y  solved  the  tensioning problem 
by replacing  the o l d  s t i f fer   spr ings with new ones t h a t  have superior  charac- 
t e r i s t i c s .  W i t h  the  old  springs, when the bays were ratcheted u p  a l i ck ,  
they would be e i ther  t o o  t ight   or  too  loose and no way was provided t o  adjust 
the  tension between the 1 i nks .  The  new springs ( a 1  t h w g h  very s t rong)  have 
better  elastic  characterist ics  for  this  application a n d  y i e l d  2 more uniform 
force on the bags fron; one 1 ink t o  the  next.  This  factor combined w i t h  

ineffective  cleaning of  the bags resulted  in  excessive  residual dust.  cakes. 
The typical weight of the  residual cake on these bags was found t o  be 1.18 
lb / f t   o r  126 lb  per bag. 2 

Problems reported a t  this  facility  include  those  associated  with  valves 
(and  valve operators),  the  control syst.em, and tensioning mechanisms. Boiler 
problems  stich as  tube  leaks and operating equipment fa i lures  have also added 
t o  the problems, as  a s ignif icant  number  of load  reductions and forced  cutages 
have  been reported. 

A l t h o u g h  many aspects of the Brunner Island  fabric  filter  operation were 
init ially  discouraging,  significant improvenlents have been made la te ly .  Bag 
f i l ter   to ta l   pressure d r o p ,  which previously was as high as 12 in. H20 with 
a l l  compartments b u t  one in  service (one o u t  for  bag cleaning), has dropped 
t o  approximately 6 in. H20 a t  fu l l  load  with three compartments o u t  of service 
for maintenance and  one fo r  bag cleaning. The uti l i ty  insti .1led horn5  f o r  
sonic cleaning  (eight  per compartment) and has been testing  several rebagging 
s t ra tegies  (warp in/out,  new fabr ic ,   e tc ) .  Although the bags a r e   s t i l l  n o t  
sa t isfactory,   the   fabr ic   f i l ter   operat ions a t  the   fac i l i ty  have  been relative- 
ly  reliable. 

Pennsylvania Power and Light , Sunbury 1 and 2 

The Sunbury units 1 and 2 are  located  in Shamokin Dam, Pennsylvania. 
This station marked the f i r s t   f u l l - s ca l e   f ab r i c   f i l t e r   i n s t a l l a t ion  a t  a 
coal-fired  generating  plant. The combined capacity of the  boi lers   is  abou t  
175 MW. Each of the fou r  boi lers   is   control led by a f a b r i c   f i l t e r .  The coal  
blend i s  65 t o  85 percent  anthracite and 15 t o  35 percent  petroleum coke and 
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bituminous c o d .  The heating va lue  o f  th is  blended fuel i s  a b o u t  9800 B t u / l b .  

The moisture  content i s  10 t o  20 percent,  the ash content i s  18 t o  30 percent, 
a n d  the sulfur  content  is 1.1 t o  1 .3  percent. 

Preceded by modified  mechanical collectors t h a t  are  approximately 70 
percent effective i n  removing particulate  matter,  these  reverse-gas  fabric 
f i l t e r s  a t  S u n b u r y  have a design a i r - t o - c l o t h  r a t i o  o f  2 .07: l .  The bags are 
made of  woven fiberglass and  have a 10 percent by weight Teflon f inish.  I n  

operation,  the  units have demonstrated a particulate  matter removal e f f i -  
ciency of  99.9 percent  versus a design removal efficiency o f  99.2 percent. 
Out le t  emissions of 0.005 lb/10 B t u  were reported, w h i c h  i s  among the  lowest 
reported for U.S. u t i l i t y   f a b r i c   f i l t e r s .  The plant  reportedly shows no 

visible plume, and the  average  pressure d r o p  -has been as low as 3 in.  H20 
versus a design  pressure d r o p  of 5 i n .  H20. 

G 

A 4-year bag l i f e   i s  reported a t  the Sunbury station,  the  longest  at  any 
U.S. u t i l i t y   i n s t a l l a t ion .  The annual bag failure  rate  is   reported t o  be 4 

i perc.ent. The residual  dust cake  weight  recorded  in a recent  study was 0 . 7 2  
~ 

I I b / f t  2 per b a g ,  or a b o u t  68 lb/bag  per day .  12  
I Recently, however, concern  arose  concerning  the performar!ce of  the 

f ab r i c   f i l t e r s  when the  average  flange-to-flange  pressure drop rose t o  a b o u t  
6 t o  6.5 in. H20. Although t h i s   i s  cause for  concern, the  u t i l i t y  has indi- 
cated t h a t  t h i s  i s  n o t  excessive compared with  the  pressure drop  a t  other 
installations.  

I 

Overall,  Pennsylvania Power and L i g h t  i s   s a t i s f i e d  with  the  installation. 
Several factors  are  believed t o  have contributed t o  the  generally good per- 
formance of the Sunbury fabr ic   f i l ters .   Firs t ,   the   boi lers   typical ly   operate  
a t  full  load,  with minimal swings and unit  outages. Second, the bag tension- 
ing system a t  Sunbury permits  tensioning a t  very nearly a steady 50 I b ,  

whereas a t  other  installations  tensioning may be 50 ? 20 lb .  Other  contribut- 
ing factors  are  the use of f i l t e r  bags t h a t  perform well in th i s   spec i f ic  
environment, a re la t ively low inlet  grain  loading, and special gas inlet /out-  
l e t  design features. Unlike most fabr ic   f i l t e r   ins ta l la t ions ,   the   f lue  gas 
enters and e x i t s   t h e   f i l t e r  chamber from the  center. I n  typical   instal la-  
t ions,  the  gas enters from the  side and  ex i t s  from the  side, and  pressure 
drops o f  the bags closest  i o  the  inlet  may differ  as much as a n  inch from 
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those o f  the bags far thest  away.  Both the  quantity and  qual 
collected  differ ir, those two areas.  This does n o t  occur a t  
the more uniform environment i s  believed t o  have a beneficia 
overall bag 1 i f e  and performance. 

Sierrs.  Pacific Power Co. , North Valmy 1 

North Valmy 1 i s  a 250-MW power generating  station  located  in North 
Valmy ~ Nevada. The bo i l e r   i s  equipped with a reverse-gas  fabric  f i l ter   in 
which Teflon-coated woven fiberglass bags are used. The fuel burned a t  North 
Valmy 1 i s  generally a Western low-sul fur coal. The coal orisinates from 
different  sources, which accounts for  the wide var iabi l i ty  of  i t s   character-  
i s t i c s .  The heating  value  ranges from 8000 t o  12,250 Btu/lb, and i t  may have 
a moisture  content of 3 t o  22 percent, an ash content  of 3 t o  20 percent, and 

a sulfur  content of 0.3 t o  1 .5  percent. The unit, was commissioned into 
service i n  1981. 

The design air- to-cloth  ra t io  of t h e   f a b r i c   f i l t e r   i s  1 .99 : l  (worst 
coal) ,  and the  design  flange-to-flange  pressure  drop is   5 .5   in .  H20. The 
system contains a total  of 6480 bags in 10 compartments. The uni t   i s  de- 
signed for  normal operation  with  eight compartments--one out  for  cleaning and 
one f o r  maintenance. The supplier recommends and the  ut i l i ty   pract ices  
f i l t e r  bag precoating.  This  coating  (fly  ash) i s  applied by slowly  placing 
the system in  service one compartment a t  a time a f t e r  100 percent  coal  firing 
has been achieved. 

As of mid-1983, the  fabr ic   f i l ter   reportedly had n o t  1-imited boiler 
operations.  Plant  operating  procedures  contribute  to  the low bag fa i lure  
ra te   ( less  t h a n  0.25  percent  versus a contract  guarantee of 5 percent maximum 
fa i lure   ra te ) .  During the  period November 1981 through  February 1983, a 
total  of 24 bags fa i led.  

General problems reported  for  this  installation included  those  asso- 

ciated with  valve  operation and cold  weather. The pneumatic colitrol system 
was sometimes subject t o  temperatures as low as 40°F  below zero. Water t h a t  
accumulates  in the  lines would freeze and general moisture/temperature-related 
problems caused sluggish  operations  in equipment throughout  the  installation 
because the pneumatic control system was n o t  designed for th i s  environment. 
The uti l i ty  reported t h a t  injecting  alcohol in the  lines has reduced the 
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incidence of freeze-up. Casing and door seal  leaki 
corrosion. Also, unrelated ductwork corrosion and 
have occurred. 

On  startup,  the Nevada Oivision of Environment 

n g  accounted f o r  some 
expansion jo in t   f a i lu re s  

a1 Protection ( N D E P )  
permits  Sierra  Pacific t o  wait  until  the  unit  is a t  approximately  half-load 
(125 MW), on two pulverizers,   before  placing  the  fabric  f i l ter   in  service.  
This assures t h a t  basically no oi l   f i r ing  is   s t i l l   taking  place.   This  pro- 
cedure i s  based on data developed by the  supplier, which strongly  suggests 
t h a t  the bag l i fe   wi l l  be seriously reduced i f   o i l   soot   i s  allowed t o  accumu- 
l a t e  on the  bags, as would occur  during a startup.  Sierra  Pacific  believes 
this  procedure has greatly  contributed t o  longer bag l i f e .  

During a normal unit  shutdown, the   f ab r i c   f i l t e r  system i s  kept  in 
service  until  the  unit  is  taken  off  line. The system  remains in  service  for 
3 minutes; which allows a hot-air purge of the  unit t o  take  place.  After  the 
purge,  the  unit i s   su i ted  t o  the  "bypass" mode  of operation. 

I f  the  outage i s  t o  he relatively long (several  days),  the  doors  are 
opened and the  uni t ' s   vent i la t ion system i s  placed  in  service.  If  the  outage 
i s  expected t o  be br ie f ,   the   fabr ic   f i l t e r  i s  kept  sealed  in an e f fo r t  t o  
reduce moisture in f i l t r a t ion  and heat  losses. 

The uti1 i ty is   generally  satisfied with  the performance of the  fabr ic  
f i l t e r .  Except during bag failures,   the system continually  maintains  i ts  
design particulate removal efficiency of 99.7 percent.  Opacity  readings 
typically run 2 t o  4 percent;  during  excursions (bag ruptures)  the  opacity 
readings r i se  t o  the 8 t o  10 percent range. 
Southwestern Public  Service Co., Harrington 2 and 3 

Harr ington units 2 and 3 are  located  in  Amarillo, Texas. Each i s   ra ted  
a t  350-MW. The f a b r i c   f i l t e r  system or! Harrington 2 was the   f i r s t   l a rge   un i t  
installed on a new u t i l i t y   bo i l e r .  The f a b r i c   f i l t e r s  0.n both uni ts   are  of 
the  shake-deflate  design.  Originally equipped with  silicon/graphite-coated 
woven fiberglass  bags,  these  units were l a t e r  switched to  Teflon B woven 
fiberglass bags.  The units  are  f ired with an 8230 Btu/lb Western subbituminous 
coal with  moisture,  ash, and sulfur  contents of 30, 6 .4 ,  and 0.48 percent, 
respectively.  Harrington 2 began operations  in mid-1978, and Harrington 3 
stzrted u p  in 1980. The design  air-to-cloth  ratio of t h e   f a b r i c   f i l t e r  on 

'11 I, < , 
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U n i t  2 i s  3 .4 :1 ,  a n d  the  design  pressure d r o p  i s  6 in .  H20. The design a i r -  
to-cloth r a t i o  for the Number 3 u n i t  i s  3.C:1,  and  the  design  pressure d r o p  
i s  7 in .  H,O. Actual  pressure d r o p  on t h i s  u n i t  i s  6 i n .  H,O. Pressure 
drops on b o t h  uni ts  have reached  as  high as 13 i n .  H20. The pressure drop 
now i s  kept below 10 inches,  primarily as a r e s u l t  o f  s tud ie s   t he   u t i l i t y  has 
performed t o  optirniie bag shaking a n d  overall  cleaning  cycles. The a c t u a l  
par t icu la te  removal eff ic iency  for  both uni ts   i s   reported t o  be 99 .7  percent 
for these  units w i t h  o u t l e t  emissior!  concentrations o f  0.C; l b / 1 0  Z t u .  

L. L 

6 

The Harrinqton f a c i l i t y  has  hosted f a b r i c   f i l t e r   s t u d i e s  GP bag fabr ics ,  
effect.s o f  shaking  frequency or! pressure  drcp, a n d  other.  subjects o f  ccncern. 
f i s  a resu l t  of  such s tudies ,  more s u i t s b l e  bqgs were i d e n t i f i e d   ( t h e   u t i l i t y  
now uses 1C-oz Teflon-coated  fiberglass  or 14-02 Teflon- or acid  res is tant-  
coated  fiberglsss  bags,  the  frequency of  shaking was increased, a n d  the 
shaker s u p p o r t  meckc:nism was redesigned. The studies  demonstrated  the v i a b i l -  

i t y  cf   using  shake-deflate   fzbr ic   f i l ters   for   large-scale   instal la t ions.  
No f a b r i c - f i l t e r - r e l a t e d  problems  have been reported d u r i n g  s ta r tup .  

The st.artup procedure a t  Harrington  begins w i t h  gas  f i r i n g  t o  b r i n g  the 
boiler  outlet  gas  temperature t o  about 250°F. The f a b r i c   f i l t e r   i s  then 
heated, 2nd when f u l l y  on l ine,  the  boiler  fuel  source i s  switched t o  coal.  
The u t i l i t y  has reported no problems t r aceab le   t o   s t a r tup   o r  shutdown a t  
Harrington. 

Southwestern  Public  Service Co. i s  generally  satisfied  with  the  opera- 
t ions o f  the   Harr inqton  fabr ic   f i l ters .  The u t i l i t y  would l i k e  t o  see irn- 

prcvements made i n  bag 1 i f e .  Its   experience has been 3 t o  3.5 years on the 
best bags .  Some studies  seem t o  imply tha t   increas ing   the   f i l t e r ing  time 
before  cleaning  could  extend  the bag l i f e  an additional  year.  

Texas U t i l i t i e s  Co., Monticello 1 and 2 

The Monticello  steam  electric  station i s  located  in Mt. Pleasant, Texas. 
Units 1 and 2 a re  each  rated a t  575 M W .  The boi le rs  a re  controlled by fabr ic  
f i l t e r s  of the shake-deflate  design and pa ra l l e l   e l ec t ros t a t i c   p rec ip i t a to r s .  
The f i  1 t e r  bags are  Teflon B-coated woven f iberg lass .  The coal burned a t  
Monticello i s  a 5750- to  8000-Etu/lb Texas l i g n i t e  w i t h  a moistur?  content of 
26 t o  37 percellt, a n  ash  ccntent o f  5.8 t o  23 percent, and  a sulfur  content 
o f  0.3 t o  2.G3 percent. The uni ts  were  commissioned i n  1978 and  1979. 
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Each o f  the r e t r o f i t t e d  f a b r i c  f i l t e r  systems has a design  ra t io  o f  
2 . 9 : l  drld a flange-tc-flange  pressure d r o p  o f  9 i n .  H20.  The a c t u a l  pressure 
drop has ranged frov 9 t o  11 i n .  tir,O, b u t  recently was reported t o  be 12  

ir:ches. The u t i l i t y  reported t h a t  the  pressure  drop i s  a function o f  ash 
l o a d i n g  a n d  the  nature o f  the f a b r i c  f i i t .er   system. The units now operate i~ 

the 10- t o  12-inch  range. The f a c i i i  t y  i s  kept below 12 inches t h r o u g h  care- 
f u l  atterction t o  the b a g  cleaning  operations.  The residuzl  dust  cake  weight 
was measured a t  0.33 l b / f t L  or a b o u t  33 l b  per b a g .  Gpacity  readings  range 
from a b o u t  4 t c  20 percent. 

L .  

3 

The u t i l i t y   o r i g i n a l l y  used fiberqlass  bass  coated w i t h  a s i l icon-graphi te  
materidl ,  b u t  nlzssive fa i lures   occur red   a f te r  o n l y  4 t o  6 months of operatior;. 
The primary cause  of  the bag f a i l u r e s  was b a s  t.ensionin9 a n d  subsequent weave 
t ightening; i t  v!as impossible t o  ma in t . a in  the  proper bag  tension. These bags 
accumulatcd as much as 100 l b  o f  residual  ash.  Later,  the  Teflon  B-coated 
f iberglass  bags were i n s t a l l e d ,  and many o f  these have las ted more than 2 
years . 

The f a b r i c   f i l t e r s  were originally  designed t o  control abctut 80 percent 
o f  the  gas  flow, ana  t he   pa ra l l e l   e l ec t ros t a t i c   p rec ip i t a to r s  were t o  control 
the  other 20 percent. Because  of  problems associated w i t h  having these twcr 

control   devices   in   paral le l ,   dedicated  fabr ic   f i l ter   fans  had t o  be ins ta l led  
t c J  m in ta in   t he  gas  flow to  these  systems. 

Pressure d r o p  a n d  r e l a t ive ly   sho r t  bsg l i f e   a r e   t he  two primary  concerns 
voiced by t h e   u t i l i t y  because o f  t,he substantial   costs  associated w i t h  these 
problems. Each f ab r i c   f i l t e r   con ta ins  7344 bags; one u t l i t  has been com- 
pletely rebagged twice,   the  other has been rebagged  once. The u t i l i t y  
believes,  however, t h a t  the  2-year bag l i f e  achieved o n l y  on the  best  bags i n  

the  past has now become the  expected bag 1 i fe   overal l  . 
Recent ly ,   the   ut i l i ty  has  achieved  pressure  drops as  low as 10 t o  10.5 

i n .  H20 on t h e   f a b r i c   f i l t e r s ,  b u t  no fur ther  improvements  have been noted 
since  then. The inlet   grain  loading on t h e s e   f a b r i c   f i l t e r s   i s   r e l a t i v e l y  
h i g h  ( 9  t o  10 gra ins /acf ) ,  and the  -12-inch  pressure drop  mentioned e a r l i e r   i s  
one of the  highest  ever  reported  for any U.S .  G t i l i t y   f a b r i c   f i l t e r   i n s t a l l a -  
t ion.  
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Other general problems reported have included  casing a n d  door  seal 
leaking, w h i c h  resulted  in  corrosion and  f lue gas distribution problems. 
A l t h o u g h  the  poor gas dis t r ibut ion has n o t  caused serious O&M probl.ems, 
heavier ash loading has been noted i n  the hoppers  beneath some compartments, 
which i s  n o t  expected  because the  inlet  ducts have gas distribution  devices 
built   into them. Failures o f  the  reverse gas  fans and fan motors have also 
been n o t e d ,  a n d  pressure blower erosion i n  the ash  handling system has re- 
sulted from ash entrainment  in  the incoming a i r  stream. These problems are 
controlled t h r o u g h  operation and niaintenance measures rather than major 
design  modifications. Some indications o f  improved availability  are  evident 
for  the Mont-ice1 l o  units.  Reported res t r ic ted  hours f o r  these  units  are  as 
follows: 740 in 1978, 144 in 1979, and 22 ir; 1980. 
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GiLUSSAHY Wf- 

ABRASION - FLEX: Where  the  cloth has abraded in 

ABRASIOX - SURFACE: Where  the  cloth  surface has 
a creased  area by repeated  bending. 

been  abraded by rubbing,  scuffing,  erosion. 
ABSOLUTE ZERO: The  zero  from which absolute 

temperature  is  reckoned.  Minus 46OoF., approxi- 
mately. 

ACETATE: A manufactured  fiber in which  the  fiber 
forming  substance is  cellulose  acetate. 

ACRYLIC: A man-made  polymerized  fiber  which  con- 
t a i n s  at  least 85% acrylonitrile. 

AEROSOL: An assemblage of small  particles,  solid 
or Hquid, suspended in a i r   o r   gas .  

AIR, DRY:  In psychrometry,  air  containing no water 

AIR, STANDARD: Air  with  a  density of 0.075 lb. per  
vapor. 

cubic foot. This  is  substantially  equivalent to dry 
a i r   a t  7OoF. and 29.92 in. (Hg) barometer. 

AIR-"CLOTH RATIO: The  volumetric  rate of capacity 
of a fabric  filter;  the  volume of a i r  (gas)  cubic 
feet  per  minute,  per  square  foot Of filter  media 
(fabric). 

ANEMOMETER: An instrument for measuring  the 
velocity of a i r  or gas. 

ATMOSPHERIC PRESSURE: The  pressure of the 
atmosphere as measured by means of the 
barometer  at  the  location  specified. 

BACKWASH: A method of Iabric  cleaning  wheredirec- 
tion of filter flow is  reversed,  accompanied by flexing 
of the  fabric and  breaking of the  dust  cake.  Also 
known as  backpressure,  repressure,  collapse-clean, 
etc. 

BAG: The  customary  form of filter  element.  Also known 
a s  tube,  stocking,  etc.  Can be unsupported  (dust 
on inside) o r  used on the  outside of a grid  support 
(dust on the  outside). 

BATCH CLEANED: U s u a l l y  refers   to  a process  used 
in  heat  cleaning  fiber  glass  cloth  in roll form by 
exposing  it a t  500°F. to 600OF. for prolonged 
periods to burn off the  starches  or  binders. 

BLAST GATE: A  sliding  plate  installed  in  a  supply 
or e h a u s t  duct  at  right  angles to the  duct for the 
purpose of regulating  air flow. 

BLIXDING (BLINDED): The  loading, or accumulation, 
of filter  cake to the  point  where  capacity  rate is 

diminished. A l s o  termed "plugged". 
BRITISH THERMAL UNIT (btu): The  amount of 

heat  required to raise  one pound of water me de- 
gree  fahrenheit. 

BROKEN TWILL: ModiIied  twill  weave  where  the 
diagonal  twill  line i s  shifted in a regular pattern. 

BULKED  YARN: Multi-filament  yarn  which  has  been 
Processed by high pressure  air   passing  through  the 
Yarn a d  relaxing  it  into  gentle  loops,  bends.  etc. 

I tHMINOLOGY' 

CALENDElUNC: The  application of either hot or 
pressure rolls to smooth i)r polish  a  fabric,  thert 
by reducing  the  thidcneea of the  cloth  and  decreas- 

CANTON FLANNEL: Usually  a  twill  weave  fabric with 
ing air  permeability. 

CHAIN  WEAVE: A 2 / 2  b r e e n  twill  weave,  arranged 
the  filling  float  heavily  napped. 

2 threads  right and 2 left 
CLOTH: In general, a  pliant  fabric; - woven,  knitted, 

felted, or otherwise  formed of any  textile fiber, 
wire, or other  suitable  material.  Usually  understood 
to mean  a woven textile  fabric. 

CLOTH WElGHT: Is  usually  expressed in  ounces  per 
square  yard or ounces  per square foot. However, 
cotton  sateen is often  specified a t  a certain  number 
of l inear  yards  per pod of designated width. For 
example,  a 54' - 1.05 sateen  weighs 1.05 linear 

CONDENSATION: The  process of changing  a  vapor 
yards   per  pound in  a 54" width. 

into  liquid by the  extraction of heat. 
CORONIZING: A  heat  cleaning  process  for  fiber  glass 

fabric to bum off the  starche%(used in processing) 
usually  at  temperatures of 1000 F. for shortduration- 

CORROSION: Deterioration or physical  degredation  due 
to  chemical  action. 

COTTON NUMBER: Staple  yarns  are  generally  sized 
on  the  cotton  system.  Example:  an 18 singles  yam 
i s  of such  size  that 18 hanks  (each hank contains 
840 yards)  weighs one pound. 

COUNT: The  number of warp  yarns  (ends) and  filllr- 
yarns  @icks)  per inch. A l ~ o  called  thread count. 

COVER: A description  term for the appearance of 
woven goods.  A  well covered  cloth  is  the  opposite 

CRIMP: The  corrugations  in a y a m  from passing  over 
of an  open, or "reedy"  cloth. 

CROWFOOT SATIN: A 3/1 brolren  twill  arranged 2 
and  under  other  yarns  at  right angles. 

threads  right,  then 2 threads left, etc.  Also  called 
4 shaft  satin, or brdten  crow weave. 

DAMPER: An adjustable  plate  installed  in  a  duct 
for  the  purpose of regulating air flow. 

DEHUMIDIFY: To reduce by any  process  the  quantity 
of water vapor. 

DENIER  The  number, in grams,  of a  quantity of yam, 
measuring WOO meters  in length.  Example: 
A 200 denier  yarn  measuring 9OOO meters  Weighs 
200 grams. A 200/80 yarn  indicates a 200 denier 
yarn  composed of 80 filaments.  UsualIy  used for 
continuous  multi-filament yams ~i s a ,  rayon,  Orlon? 
Dacron,@  Dynel?  Nylonpetc. 

DENSITY: The ratio of the mass of a specimen of a 
substance to the volume of the specimen.  The moss 
of a unit  volume of a substance.  DW  air  at 70 F. 
and 29.92' Hg has a dendty  of 0.07'5 pounds  per 
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cubic  foot- 
DIMF&S:SIONAL STABILITY:  Abllity of the  fabric to 

retain flnlshed  length  and  width,  under Gress, in 

DRILL:  Same a s  twill  except  the  diagonal  twll  line 
hot or  moist  atmosphere. 

usually runs f rom  lower  rqht  tn upper  left. A 2/1 
LH twill, or 3/1  twill. 

DUST: Solid par t ic les   l ess  than  100 microns  created 
~JY the attrition of larger  parbcles.   Dartlcles  thus 
formed  a re  not  usually  called  dust  unless  they a r e  
larger  than  about  1  micron  dlameter. 

DGST COLLECTOR: A device to remove  solid  aerosol 
particles  from  a  gas  stream. 

DCST LOADING: The weight of solid  particulate 
suspended i n  an   a i r  (gas) stream,  usually  expressed 
ln  t e rms  of gra ins   per  cubic foot, grams  per  
cubic meter  or pounds  per  thousand  pounds of gas .  

DUS'T PERMEABILJTY:  Defined  a6  the  mass of dust 
(grams)  per square loot of media  divlded by the 
reslstance  (pressure  drop)  inches w.g. per  unit Of 
filtering  velocity,  fpm. Not to be compared   w~th  
cloth  permeability. 

END: An  individual yarn or cord,  a  warp  yarn  running 
lengthwise of the  fabric. 

EXTRY LOSS: Loss  in  total  pressure  caused by a i r  
(gas), flowing into  a  duct or hood (usually  expressed 
in  Inches w.g.). 

EXVELOPE: A  common form of filter  element. 
EROSION: Wearing  away  due  to  mechanical  action. 
EXTENSIBLILITY: The  stretching  characteristic of 

fabrlc  under  specific  conditions of load,  etc. 
FABRIC: A planar  structure  produced by interlacing 

yarns, fibers or fllaments. 
KhITTED  Fabrics  are  produced by interlooping 
strands of yarn,  etc. 
WOVEN Fabrics   are   produced by interlacing 
strands  at   more  or  leas  r ight  angles.  
BOKDED Fabr i c s   a r e   a  web of fibers  held 
together  with  a  cementing  medium  which  does not 
form a  continurns  sheet of adhesive  material. 
FELTED  Fabrics  are  structures  buil t  up by the 
interlocking  action of the  fibers  themselves,  without 
spmning,  weaving or knitting. 

FIBER: The  fundamental  unlt  comprising  a  textile 
raw  material   such  as  cotton,  wml,  etc.  

FILAMENT: A continuous  fiber. 
FILL:  Crosswise  threads woven by loom. 
FILL COLRUT: Number of fill  threadsper  inch of cloth. 
FILLING YARN: Yarns in a fabric  running  across  the 

DRAG: Pressure  drop,   inches w.g. per  cubic 
width Of a  fabric;  i.e., a t  rlght  angles to the w r p .  

foot of air wr  minute, per square foot OI fdter  media.  
Analogous to the  resirrtance of an  .element  in M 
electrlCal  Arcuit.  The ratio of f i l t e r   p ressure  
to  filter  velocity. 

FILTER MEDIA: The  substrate   support   for   the filter 
cake;  the  fabric upon  which  the  filter  cake I S  h i l t .  

FILTER VELOCITY: The  veloclty,  feet  per  minute, 
a t  which  the air  (pas)  passes  through  the  fllter 
media, or rather the  veloclty of approach to  the 
media.  The  filter  capaclty  rate. 

FILTRATION  RATE:  The  volume of air   (gas) ,  cublc 
feet  per  minute,  passlng  through  one  square foot  of 
f i l t e r  media. 

FINISHED: A  fabric which has  been  processed  after 
weaving,  i.e.,  other  than In the  greige. 

FLAME  RETARDANT: A finish  designed to repel 
the  comtustibility of a  fabric,   ei ther of a  durable or 
non-durable  type. 

FLOAT:  The  position of a  yarn  that   passes  over two 
or more  yarns  passing in the  opposite direction. 
Example: in standard  cotton  sateen,  yarns  "float" 
four, and pass  under  one. I n  other  words 411. 

FLUOROCARBON: Fiber!ormed of long  cham  carbon 
molecules,  available  bonds  saturated with fluorine 

FOG:  Suspended  liquid  droplets  generated by condensa- 
tion from the  gaseous to the  liquid state, or by 
breaking up a  liquid  into  a  dispersed  state,  such 3: 

by Splashing,  foaming  and atomizing. (See  nilst! 
FULLED: A woven fabric  treated to ra l se  fiber ends 

(like  napping) so that  the  thready, woven  look IS 
partlally or completely  obscured. 

FUME:  Fine  particles  dispersed in  a i r  or gases .  
formed by condensation,  sublimation or chemical 
react ion.   Par t ic les   are   usual ly   less  than 0p.e mlcron 
in  size. 

GAS: Gas  is a   formless   s ta te  of matter completely 

GLASS  (FIBER-GLASS):  A  manufactured  fiberinwhlck 
occupying  any  space.  Air is a gas. 

the  fiber  forming  substance  is  glass. 
"CRAB" TENSILE:  The  tensile  strength, in  pounds 

p e r  inch, of a  texti le  sample  cut 4" x 6' and  pulled 
in  two  lengthwise by two 1" sqtsre clamp  Jaws 
s e t  3" apart  and  pulled  at a constant   spec~fied 
speed. 

GRAIN: 1/7000 pound or approximately 65 mllll- 
g rams.  

GRAVITY,  SPECIFIC:  The  ratio of rhe m a s s  of a  unit 
volume of a  substance  tothe  massofthe  same  volume 
oi a standard  substance  a t   a   sundard  temperature  
Water  is  usually  taken a s  a  standard  substance. 
For gases ,   d ry   a i r   a t   the   same  tempera ture  and 
p r e s s u r e   a s   t h e   g a s  is often W e n   a s  the  standard 
substance. 

GREIGE CLOTH: Cloth a s  i t  comes  off the loom. 

G R I D  CLOTH: The  cloth  used in supporting  the  sliver 

HAND OR HANDLE: The  "feel" of the  cloth - as   sof t ,  

or so-called  "loom  finish". 

in  making  a  supported, needled felt. 

harsh, smoott ,   rough,  si lken-lke,   boardy,  etc.  
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HARNESS: The  frame u s e d  to  raise or lower  those 
warp yams  necessary  to  produce  a  specific weave 
at  the  same time permittlng  the  tilling to be passed 
through by the  shuttle. 

H U D  END: A piece of fabric  Wten Irom the  end of 
a roll of cloth. 

HEAD SET: A finishing process  for that  particular 
fiber, in fabric  form.  to  stabilize  it  against 

HEAT, SPECIFIC:  The  heat  absorbed (or given up) 
further  shrinltage  at  predetermined  temperatures. 

by a Unit mass  of a  substance when its  temperature 
is increased (or decreased) by one degree.  The 
common  unit i s  the btu per  degree  Fahrenheit. 
For  gases.  both specific  heat  at  constant  pressure 
(c 1 and  specific  heat  at  constant  volume ( c ~  a r e  
frgquently  used. 

HOOD SUCTION: The  entry  loss  plus  the  velocity 
prpssure in the  connecting  duct. 

HUMIDITY, ABSOLUTE: The weight of water  vapor 
carr ied by a  unit  weight of d ry   a i r  or gas.  Pounds 
of  water  vapor  per pound of dry   a i r ;   g ra ins  of water 
vapor per  pound of dry   a i r .  

HUMIDITY, RELATIVE: The  ratio of the  absolute 
humidity in a  gas  to  the  absolute  humidity of a 

HYDROPHILIC FIBERS: Those  fibers not readily  water 
saturated  gas  at  the  same  temperature. 

HYGROSCOPIC: Those  fibers which a re   water  
absorbent. 

INCH OF WATER: A unit of pressure  equal  to  the 
absorbant. 

pressure  exerted by a  column of liquid  water  one 
inch high at   a  standard  temperature.   The  standard 
temperature  is   ordinarily taken a s  70°F. One  inch 
of water  at 7OoF. = 5.196 Ib  per sq. ft. 

INTERLACING: The  paints of contact  betweenthe  warp 
and  filling y a m s  in a  fabric. 

INTERSTICES: The  openings  between  the  interlacings 
of the  warp  and  filling  yarns; i.e., the  voids. 

K FACTOR: The  specific  resistance of the  dust  cake, 
inches  water  gage  per pound of dust  per  square 
foot of filter  area  per  feet  per  minute  filtering 
velocity. 

LOOM  FINISH: Same as  greige  cloth.  
MANOMETER: An instrument for measuring  pressure; 

a U-tube partially  filled with  a  liquid,  usually  vrater, 
mercury or a  light  oil, so constructed  that  the 
amount of displacment of the  liquid  indicates  the 
pressure being exerted on the  instrument. 

MICRON: A unit of length,  the  thousandth  part of 1 mm 
or the  millionth of a  meter,  (approximately l/ZS,OOO 

MILDEW RESIST FINISH:  An organic or inorganic 
of an inch). 

finish  to  repel  the  growth of fungi on natural  fibers. 
MIST AND FOG: A distinction sometimes  made be- 

tween  mist  and  fog i s  of minor  importance  since both 
t e rms   a r e  used  to  indicate  the  particulate  state 

Of airborne  liquids. M i s t  is a  visible  emission 

phase  reaction, the liquid partrcles being sufflclentl 
usually  formed by J. condensatlonprocessor 3 vapor- 

large  to  fall of thelr own weight. 

l ess  than 85% acrylonitrile  (at  least 3%). 
MOL: A weight of a  substance  numerically  equal  to 

the  unit is "Pound Mol". For  dry  air   at  70°F., 
its  molecular weight. If the  weight is in pounds, 

and  a pressure of one atmosphere,  a pound mol 
occupies 386 cubic  feet. 

MONOFILAMENT: - A  continuous Ilber of sufficient 
size to se rve   a s   ya rn  in normal textile  operations. 

MULLEN BURST: The  pressure  necessary  to  rupture 
a  secured  fabric specimen, usually  expressed i n  
pounds per  square inch. 

MULTIFILAMENT: (Multifil) A ya rn   hnd le  composed 
of a  number of filaments. 

NAPPED: A process  to raise  fiber or filament  ends 
(for  better  coverage  and  more  surface  area)  ac- 
complished by passing  the  cloth  over  a  large  re- 
volving  cage or drum of small power-driven rolls 

hEEDLED FELT: A Ielt made by the placement of 
covered with card clothing (similar to a  wire  brush). 

loose  fiber in a  systematic  alignment, w i t h  barbed 
needles moving up and down, pushmg  and  pulling 
the  fibers to form  an  interlocking of adJaCent  fibers. 

SON-WOVEN FELT: A felt  made  either by needling, 
matting of fibers or compressed with a bonding agent 
for permanency. 

forming  substance  is any long-chain  synthetic  poly- 

OLEFIN: A manufactured  fiber in which the  fiber  form- 
amide  having  recurring  amide  groups. 

ing substance  is  any  long-chain  synthetic  polymer 
composed of at   least  85'6 by weight of ethylene, 

PERMEAEILITY, FABRIC: Measured on Frazier  
propylene, or other  olefin  units. 

porosity  meter, or Gurley  permeometer,  etc. Not 
to be confused  with  dust  permeability.  The  ability 
of a i r  (gas) to pass  through  the  fabric,  expressed in 
cubic  feet of a i r   p e r  minute per   square fcmt  of fabric 
with an 0.5" H 0 pressure  differential. 

PICK: An ind&idual  filling  yarn  running  the width 
of a woven fabric  at  right  angles to the  warp. In 
England  it i s   t e rmed woof, or weft. 

PICK GLASS: A magnifying glass  used  in  counting 
the  warp  and  filling  yam in the  fabric. 

PITOT TUBE: A meansof  measuring  velocity  pressure. 
A device  consisting of two tubes - one  serving  to 
measure  the  total or impact  pressure  existing in 
an air   stream,  the  other to measure  the  static 
pressure only. When both tubes  are  connectedacross 
a  differential  pressure  measuring  devlce,  the StatlC 
pressure is compensated  automatically  and  the 
velocity pressure only is registered. 

MODACRYLIC: A man-made  flber which contalns 

NYLON: A manufactured  fiber  in which the ~ I I ; . .  
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PLAIN WEAVE: Each w ~ r p  yarn  passing  alternately 
Over  each  filling y a r n .  The  s implest  weave,  1/1 
Construction. Also  called Uffeta weave. 

( 'LENUM CHAMBER: A n  air  conlpartment  maintained 
under  pressure,  and  connected to one or  nlore  ducts. 
A pressure  equalizmg  charnkl-.  

p ~ y :  TWO or more   yarns  lorned  together by twisting. 
POLYESTER: A manufactured fiber in which  the fiber 

forming  substance IS  d n y  long-cbarn synthetic 
polymer  composed of a t   least  85% by weight of an 
es te r  of dihydric  alcohol  and  terephthalic  acid. 

POROSITY, FABRIC: Tersm often  used  interctmngeably 
wrth permeability.  Actually  percentage of voids 
per  unit  volume - therefore,   the  term  is   improperly 
used  where  permeability is Intended. 

PRESHRUNK: Usually  a  hot  aqueous  immersion of 
the  cloth to eliminate its tendency  to  shrink in 

PRESSURE,  ATMOSPHERIC: The   pressure   due  to the 
further wet performances. 

weight of the atmosphere, a s  indicated by a 
barometer.   Standard  atmospheric  pressure is 29.92" 
of mercury  equivalents in other   uni ts   are  160 m m  
of mercury,  14.7 psia,  and 407 inches  water  column. 

PRESSURE,  GAGE: Pressure  measured trom 

be indicated by a  manometer which has  one leg 
atmospheric  pressure  as  a  base.   Gage  pressure may 

connected to the  pressure  source  and  the  other 

PRESSURE J E T  CLEANING: A bag cleaning  method 
exposed to atmospheric  pressure.  

where a momentary  burst of compressed   a i r  is 
introduced  through  a  tube or nozzle attached to the top 
cap of a bag. A bubble of a i r   f lows  down  the bag, 
causing bag walls to collapse betrind it. 

PRESSURE,  RESISTANCE: Resistance  pressure  (RP) 
is the  pressure  required  to  overcome  the  resist-  
ance of the  system.  I t   includes  the  resistance of 
straight runs of pipe,  entrance tc headers,  bends, 
elbows,  orifice loss, and  cleaning  device. I t  i s  
indicated by the  difterence of t o t a l  pressure  between 
two  points in the  duct  system. 

PRESSURE,  STATIC: The  postential  pressure  exerted 
in al l   directions by a fluid a t   r e s t .  For a fluid  in 
motion,  it is measured in a  direction  normal  to  the 
direction of flow.  Usually  expressed  m  inches  water 
gage,  when  deallng  with  air. 

PRESSURE,  TOTAL: The  algebrdic  sum  ofthevelocity 
Pressure  and  the  static  pressure (with due  regard 
to sign). In gas-handl ing  systems  lhese  pressures  
a r e  Usually expressed in  inches  water  gage.  The 

PRESSURE,  VELOCITY: The  kinetic  pressure in  the 
sum Of the  static  pressure  and  the veIocity p r e s m r e .  

direction of now necessary to cause  a  f luid  at   rest  
to  now at a  given velocity. Uscally  expressed in 

PULSE JET: A system of bag cleanin(:  using  a 
inches water gage. 

momentary h r s t  of compressed   a i r  In the  discharge 

nozzle of a f i l ter  bag, which 8:ops !I l ler  f low and 
innates  the k g  i n  the oppls~te  dlrer t lon.  

RAVEL STRIP  TENSILk: The t e n s r l c .  slr.:ngtn. 111 pound5 
per  Inch oi a 6" lonf t ex t l le  s 2 m p i r  (9: J u s t  o v r r  
one Inch wlde, (wl th  yai-ns , ) . ,e ird oli e ~ c h  slde 
doun  to  exactly one i n c h  w1d-j i :uIi?d Art luo length- 
wise &tween J A W S  s ~ :  ?" J p a r I  ;no Gulled a: a 
Con-Sant speclfred  speed. 

RAYOX: A manufactured f ~ k r  conlpused r . !  repeneraled 

REED M A R K S :  The !dent.Jllr>ria 1." :wC.cn 2.  3 <>r 4 ends, 

REPEAT:  The  number of tlirexds I n  a u c a v e  belore 
the  weave  repeats or st3rIs over i g J l n .  T h e  number 
of ends and picks In the r . 2 ~ ~ 3 :  : 1 u y  k equal or 
unequal, but in  every  case tht repeat  must be I n  

RESISTAKCE:  Analogcus  tu electj ical resist;cnce - a  rectangular  form. 

the pres su re   d rop   ac ross  the lilter medld  and dust  
cake,  expressed I n  inches water ~ 3 g e  

REVERSE JET CLEAhI?IC: A cle;ln!ng method 
(Hersey)  usjng a traveilng r i c g  traverslrig  the C'X- 

ter ior  01 the  filter bag. High pressure a i r  is blown 
backwards  through the fabric througi! small  holes 
or s lots  i n  conkct  WIUI  the clcth. 

SANFORIZED: A patw:ed process  where  the  cloth 
is "puckered" in  the  warp  dlrectlon t O  elrmil?;te 
shrinkage in  laundering. 

SARAK: Any long-chain  synthetic  polymer  composed 
of a t   l eas t  8SLh vinylidene - chlorldr units. 

SATEEN:  Cotton  cloth  made vrth a 4, ! satin  weave, 
either a s  warp  sateen or filling sbteen. 

SATIS  WEAVt: A fabric   us~al ly   character ized by 
slnoothness  and  luster.  Generally made warp  face 
with 2 great  many  more  ends than p~cks .  The sur- 
face  consists  almost entirely of warp (or f lulng)  
floats in  construction  4/1  to 7,  1- The rntersectron 
Pcints  do not fall in  regular  l i n e s ,  tn.6 are   shlf ted 
in a   r e p l z r  or i r regular  I n a n n e r .  

SCOUR: A soap  and  hot  waler u a s h  to "off loom" 

SELVAGE: The  bindlng  lengthwise edge of a woven 
fabrtc. 

SHAKING (CLEAN!NGi: A commor.,  mechanical  method 
fabric. 

of r?moving  dust  from  filter  elements  Backwash, 
or other   supplemental   methds,   are  often  used wrth 
shaking. 
Air-shaking is a baK cleaning  meanswhereinbagsare 
shaken in a  random  fashlon b) high veloclty air  
stream  rather  than by mechanical devlces. 

SINGEING: The  burning off of the  protruding hairs 
from ulr warp  and  filllng  Yarns of the fabric .  

SINGLES: The  term  used to imply  only one  yarn. 
SIZIhG: A protective coatrng  api~ired to yarn  to  Insure 

safe  handling;  i.e.,  abraslon-resrsCanCe  during 
wuca.,Img. 

cellulose 

usually  elimlnated r n  l t n l s h i l y  

" " 
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