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The repor t  presents r e s u l t s  o f  rl program t o  charFtcterize f i n e  p a r t i c u l a t e  emissions 
from s ta t ionarv  and miscellaneous sources i n  the Ca l i f o rn ia  South Coast A i r  Easin. 
source emissirns were sample4 using an EPA Source Assessment Sampling System, which 
divides the par:icula:.e matter i n t o  four s i ze  range,: 
samples were analyzed t o  determine elemental composition (by x- ray fluorescence) ; 
sulfztes and n i t r a t e s  (by wet chemistry); and carbon content (by carbon analyzer) i n  the 
fonns of v o l a t i l e ,  carbonate and t o t a l  carbon. 
samples i n  the same s ize  range were obtained from the l i t e r a t u r e .  

; lass i f i ca t ion  Codes which are found i n  the Bcsin. 
fo r  each s i ze  category. Approximately 66 percent o f  t he  p a r t i c u l a t e  matter emit ted from 
Joint  sources was i n  the f i ne  (<10vm) s i ze  range. These emissions amomted t o  83,tons 
3er day h d ) ,  w i t h  combustion of fuels being the preoominate app l i ca t i on  category. The 
3rea source f i n e  p a r t i c u l a t e  emissions t o t a l l e d  385 tpd. 
tabulated .and gridded (by 10km) formats. 
:osts and e f f i c i enc ies .  . ,  

Point  

"0; 3-10. 1-3, a i d  < l I lm .  These 

Data fo r  t9e area'source p a r t i c u l a t e  

From these data, emi,ssion p r o f i l e s  were developed fo r  81 o f  .the 135 Source 
The p r o f i l e s  provade coinposition data 

These data are presented i n  
A d iscussion o f  con t ro l  technology emphasizes 

The emission p r o f i l e s  are presented i n  the  Appendix. 
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, i nves t iga t ion  of  f i n e  p a r t i c d a t e  amiSsims from s t a t i o n a r y  and 

miscellaneous sources In t h e  g r e a t e r  Loo Angeles a rea  was conducced. 

oh jec t ives  uere t o  he lp  provide information on the o r i g i n  o f  t h e  ambient 

&ros?i (haze) and t o  deve'lop a basis ' fmm uKlch to plan cont ra1  s t r a t egy .  

The program r e s u l t s  included extensive f i e l d  t es t  da ta ,  an inventory o f  t o r a l  

suspended p a r t i c u l a t e  (TSP) em'issi0r.s. a comprehensive p ro f i  .e on these 

emissions 1i.e.i' by s i z e  d i s t r i b u t i o n  and chemi&l composition) and r e c o m n -  

dat ions of  a l t e r n a t i v e  methods of emission cont ro l .  The p a r t i c u l a t e  

inventory w a s  del ivered t o  the ARB i n  the form of.couquter p r in t -ou t s  and 

macpetic tapes.  

presented ai an appendix to  t h i s  repor t .  

emissions by weight percent  i n t o  f o e  ca teyor ies ,  LlOum, .3-10;;a, 1 - 3 ~ ,  and 

ClW. 

percent.  These data include: elemental  composition (by X-ray' f luorescince)  ; 

s u l f a t e  and n i t r a t e  c o q a s i t i o n  (by w e t  chemistry) ; and carbon content  (by 

carbon analyzer)  in t h e  t o m  of  v o l a t i l e ,  carbonate,  and t o t a l  carbon. 

The 
' 

. ,  

The'emission p r o f i l e s  developed on the progpm were 
I 

These p r o f i l e s  d iv ide  t h e  TS: 

Within each category, t h e  chemical composition is  r-abulated in,weigh: 
I ,  
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SECTION 1.0 

oVER-*-Fw_ - 

1.1 1NTW)DUCTION 

In o rde r  to charactel  :e aik q u a l i t y  i n  t I .li r n i a  S o u t h  Coast 

Air Basin (SCAB) and to provide information on w h i c h  to ,base con t ro l  s t r a t e q y  

decis ions,  t h e  ARB has sponsored a series of programs to inventory emissions , 

f r o m  s t a t i o n a r y  source3 ahd inves t iga te  t h e  systems i n  place for t h e i r  control .  

The NOx, Sox and V t c '  proqrams have already Deen conpieted and' the p re sen t  

program documents t h e  wark p e r f o m d  to provide t h e  s a m  information f o r  f i n e  

p a r t i c u l a t e s .  

Air-suspended matter havlng p a r t i c l e  diameters of  l e s s  than LObm i s  

defined as f i n e  p a r t i c u l a t e s .  

l a t e s  con t r ibu te  to  t h e  ambient aerosol ,  causing h a e  o r  reduced v i s i b i l i t y ,  

and c o n s t i t u t e  a human hea l th  hazard. 

t h e  earliest e f f o r t s  t o  c o n t r o l  air p o l l u t i o n  were 6ireFted a t  p a r t i c u l a t e  

ernissip-. Rs a r e s u l t ,  t h e  mass flow of p a r t i c l e  emissions has been reduced 

by 95% or nure from what prevai led under previously uncontrolled condi t ions.  

Because oP t h e  c l a s s i f y i n ?  nature  of the  ' w n t r o l  p k c e s s e s '  appl ied,  however, 

t h e  r e ra in ing  particulate emissions are i n  t h e  Pine particle range. This 
material tends t o  remain suspended in t h e  ,ambient a i r  and, conpared with coarser  

particle ranges, c o n s t i t u t e s  the g r e a t e s t  h e a l t h  hazard., 

Emitted from s t a t iona ry , so l+ces ,  f i n e  pa r t i cu -  

Because of t h e i r  V i s i b i l i t y ,  so& ,of 

' 

Pennelly (Pat. 1-11 ind ica tes  t h a t  f o r  very f i n e  (clum) p a r t i c l e s  t h a t  . .  
enter the pulimnary system, wre than 30% w i l l  remain t h e r e .  

a f i n e  p a r t i c u l a t e  s tandard recent ly ,  the.U.S. EPA decided t h a t  ?articles 

ClSum are i n  the resp i rab le  range. In  combustion sources,  I(vB (Ftef. 1-2) and 

o t h e r s  (Rnf. 1-3) have foupd. that  the smaller particles o f t e n  have higher  

concentrat ions of  toxic mtals than do l a r g e r  p a r t i c l e s .  

In C O n S l ? a r i n g  

This e f f e c t  is due 

' I  

* v o l a t i l e  Organic Compounds 
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to s e l e c t i v e  condensation i n  t t e  cool ing gas.  ' Friedlander  (Ref. 1-4) i d e p t i f i i d  

f u e l - o i l  f l y  a s h  a s  i s i g n i f i c a n t  c o n s t i t u e n t  i n  t h e  a&ier.t ae roso l  of t h e  

Basin. 
. 

i Panic les  having diameters of 0.3 to 1 . O p  a r e  considered to b e  nust 

'U e f f e c t i v e ,  in l i g h t  scattering and, therefore ,  haze production. This is because , 
t h i s  s i ze  ra..ge corresponds to  ' the wavelength range 3f v i s i b l e  l i g h t .  

while emks ions  of (coarser1 p a r t i c u l a t e s  i n  t h e  B a s i n  have been g r e a t l y  

reduced as a r e s u l t  of appl ied controls; f i n e  p a r t i c l e  t h a t  a r e  still ,  cmicted 

by s t a t i o n a r y  sources c o n t r i b u t e  s i g n i f i c a n t l y  t o  reduced v i s i b i l i t y  and 

increased hea l th  hazards. 

p e r s i s t e n t  f i n e  f rac t ion  of p a r t i c u l a t e  emissions w a s  considered justified. 

A con t rac t  was accordingly awarded by the  A?.?, r e s u l t i n g  i n  the woek d e s c r i t e d  

here. 

Thus, 

In view of thase  considerat ions,  a study o f  the' 

I! 
' . Qaission p r o f i l e  l i s t i n g  by, SCC Code 

. I  

d. Provide particle i l z e  f i s t r i b u t i o p  and cti-dcal C O m p o S i t l O n  data 
i n  the  form of  erdssi? p r o f i l e s  



1.2 ' S,IMMARY AND CONCLUSIONS 

In order to  accomplish t h e  dhow objec t ives ,  t h e  f i r s t  s t e p s  under- 

taken were: 

(TSP) u i t h o u t  cmnsideration o f  p a r t i c l e  size or composition; t o  i d e n t i . 9  t h e  

najor emission sources; and to  determine the d i s t r i b u t i o n  of  emissions among 

t h e  var ious source types. 

tn p e p a r e  a preliminary inventor[ of total suspended p a r t i c u l a t e s  

On t h e ' b a s i s  of  t h i s  preliminary inventory,  a f i e l d  t e s t  program was 

n e x t  conducted' t o  cha rac t e r i ze  emissions fmm t h e  sources s e l e c t z d ,  e&hasizing 

those source types  producing t h e  grea te r  a u n t s  of emissions. 

p a r t i c d a t e  sampling runs were then made, 40 using t h e  EPA Source issessmmt 

Sampling System (SASS) and 37 employing a modified EPA Method 5 t r a i n .  1'1 each 

-nn p a r t i c l e s  were c o l i e c t e d  in  three cyclones w i t h  p a r t i c l e  size c u t s  of 19, 

3 and 1 um followed by a backup f i l t e r  and water impinger. Whenever catchas 

i n  excess of 100 s i l l i g r k p s  were acquired, *icy were analyzed f o r  cAemical 

Seventy-eight,  

c o m p s i t i o n .  A summary of t h e  sources t e s t e d  i s  as follow;: 

U t i l i t y  e o i l e r  

I n d u s t r i a l  Boi ler  

I C  Engine 

Hog Fuel (Woodchip) Boi ler  

Gypsum P l a n t  

B r i d r  P l an t  

Cement P l a n t  

G i a s  &ce 
Fibcrqlaps Plant  

Asphalt Rwfing  P l a n t  

Asphalt raving P i M t  

' ,  

'Rice Dryer 

carob P l a n t  

K B t  Treat ing Prozess 

Sand B las t ing  Process 

1-3 

' 8  

10 

3 

1 

1 

2 

, .  

? 
6 

7 
z 
2 

2 

2 

2 

2 
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open Hearth P l h t  2 

t 
i 

spray  ~ w t h  

Boric Acid P l a n t  

4 

2 

F e r t i l i z e r  P l a n t  2 

Wocd Processing 

Process Heater ' 8: ' i  
1; 

Fluidized Bed Ca ta ly t i c  Cracking (FCC U n i t )  ' 1  ,f . .  

1. 
In preparinu for t h e  f i e l d  t e s t  program a commercial SASS u n i t  w i t h o u t  

the  s tandard organic  mDdu1,e w a s  acquired along with 'a co.mmercial Method 5 un i t .  

W i t h  t h e  a s s i s t ance  of  %e Southern Resekch  I n s t i t u t e  a s e t  of th ree  cyclones 

having the same c u t  s i z e s  as che SASS t r a i n  were designed and fabr ica ted  for the  

.Xethod 5 trair. Ss+ss+quently, both t h e  SASS and t h e  xet!!od 5 cyclone sets  were 

c a l i b r a t e d  a t  400 'F using s p e r i c a i  aluminum powder. A t  flow r a c e s , o f  4 and 

1 SCFN, respec t ive ly ,  tne  r e s u l t s  were as f o l l d v s <  

j 

'I Sominal Cut 
S ize ,  I ' m ,  

10 
3 
1 

SASS 

%I+= 

9.2 
3.8' 
1.3 

, ,  
Method 5 
%&EL 

8.3 (9.l)t 

@.6 (:.2)5 
1.9 ( 4 . 1 ) :  

*D50 is the  aerodynamic diameter a t  which Sa% of the p a r t i c l e s  
would be re ta ined  i n  the cyclone and 50% would pass through. 

-;The numbrrs in parenthes is  are L!a D53's obtained by Southern 
Research on i d e n t i c a l  cyclones using a v ibra t ing  o r i f i c e  aerosol  
generator c a l i b r a t i o n  technique (See Sect ion 3.2.1). 
iThe vclue of (1.2) shorn w a s  no t  measured d i r e c t l y  by Southern 
?ese~-c.*. tut waz der ived f r a u  meazurements a t  a lower ,temperature. 

P a r t i c l e  s i z e  d i s t t i b u t i o n s  were calculated for ea.& pa t - i cu la t e  . .  
s a n p l b g  run. Chemical ana lys i s  of the paz t i cu la t e  catches cons is ted  of X-ray 

f l w r e s c e n c e  ana1ysi.s f o r  elemental  composition, w e t  chemistry for n i t r a t e  and 

s u l f a t e  content ,  and carbon a n a l y s i s  for  vulatile, carbonate,  and t o t a l  carbon 

values.  

. .  

I .  

. ,  I 7rw these  data--pl .s  d a t a  found in the literature-emission p r o f i l e s  

were prepardd for 31 of the 1 3 5  Source C l a s s i f i c a t i o n  Codes which a r e  found 

in t h e  Basin. The p r o f i l e s  d iv ide  t h e  TSP emissions by weimt percent  i n t o  i 
1-4 KVB 5806-783 
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four  ca tegor ies :  >low. 3-10w. 1-3w and <lw. The .W analys is ,  s u l f a t e s ,  

n i t r a t e  and carbon composition are l i s t e d  ih weight percent  f o r  each s i z e  

category. 

me next s t e p  i n  the program w a s  to generate a f i n a l  inventory.  The 

RRB provided Emission I n f c m a t i o n  Subsystem (EIS) data  f i l e s  f o r  t h e  South 

Coast A i r  Quality Manaqeuent DiS#t r ic t  (SCAQMD) , which includes Los h g e l e s ,  

Orange, Rivers ide ,  and S m  Bernardino Counties,  and t h e  Ventura Air Pol lut ion 

Control D i s t r i c t  (VAF'CJ), along with a breakdown of h- papulation daca for 

the  Basin on a 1 Km g r i d  map. , Tho EIS data were the  b a s i s  f o r  t h e  KVB f i n a l  

'inventory. 

adjusted where necessary by a p p l y h q  c o r r e c t i o n  f a c t o r s  &te+ned fkom data  

obtained in tests o f  speci5:c sources or from d n t a . f o r  a gmup o f  sources 

i d e n t i f i e d  with a c e r t a i n  Source C l a s s i f i c a t i o n  Code (SCC) number. The 

emission p r o f i l e s  were'keyed t o  the s p e c i f i c  sources. Additionally,  source 

types n o t  contained i n  the, EIS f i l e s ,  pr+ri ly  a rea  sources;  were added t o  

the  data base. 

The emission f a c t o r s  i n  t h e  EIS. f i l e s  w e r e  reviewed by KVB and 

The f i n a l  inventory vas  del ivered to .the ARB under sepa ra t e  cover as 

The primary elements del ivered 
I 

computer p r i n t - o u p '  and magnetic tape f i l e s . .  

a r e  ds fol lobs:  4 , I  

. a t o t a l  suspended p a r t i c u l a t e s  repor t  with 10 km-grid mapping 

. a total suspended p a r t i c u l a t e s  r e p o r t  by ?Re app l i ca t ion  cateqorf 

. a a l a n t  index . .  

. an ecission p r o f i l e  l i s t i n q  (Appendix A of f i m l  repor t )  

. in SCC r e p o r t  

. , a po in t  iource emission f i l s  i n  EIS format ( tape)  

. M area sourCe f i l e  ( tape)  

. an SCC report f i l e  (tap! 

The inventory,  which has  t h e  t im franr  of 1975-1976, shows t o t a l  

suspended p a r t i c u l a t e  emissions of 510 tons/&y. Of t h i s ,  385 tons/day 

le r ived  from miscellaneous a r e a  sa&es, such as f u g i t i v e  dus t  (290 kns/day) 

s e a  salt  (55 tons/Qy),  automctive tires v d  brakes (30' tonq/day), and various 

form.. of  open burning (12  tons/day) . 

, , ,  

Of t h e  125 tons/day A ' t t e d  by po in t  . 
, , '  
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I ,  

. sources ,  28 percent  cam3 from 'miners:. sources ,  notably one sand and grave l  and 

'one br ick  mnufac tur inq  p l an t  (both ir. Vent'xa County). U t i l i t y  b o i l e r s  accounted 

for 27? of ' the poin t  source emission, w h i l 3  t he  e n t i r e  category of "Combustion 

of Fuel"  accounted f u r  30% of the  po in t , sou rce  emissions. 

Ovnr 90% of the tozal emissions (poin t  and area  'source) have a p a r t i c l e  

, s i te  of 1es3 than ten w. This assessmdnt was based on a n  ana lys i s  of  ava i l ab le  

emission j i 'o f i les  for the various appl ica- ion ca teqor ias .  

ou t .  however. t h a t  the  major cateqor;  "Xixcellaneous Area Sources,. her3  includes 

only p a r t i c u l a t e  cont r ibu t ions  of 101.m and smaller. 

I t  shculd be pdinted 

A surrmlary.of ' t h e  waral l  
' TSP and f i n e  pa r t i cu lace  emissions for t h e  per iod covered i s  a s  follows: 

Application Categorf 

P e t r o l e m  
Solvent use 

' chemical 
Yeta l lurg ica l  
Mineral 
Combustion 0,' f u e l  
Focd and ag r i cu l tu re  
Xocd pmcessinq 
Waste burning , 
M i x .  i n l u s t r i a l  ' 

Wsc. a rea  sources 

. .  

Total 

TSP 
Tons/Day 

2.1 
3.2 

11.5 
35 
38 

, 30 

L S ,  

0.4 
1.6 . 
1.2 .  . 

385 

510 ' 

Pine Par t ic le  ( 4 0 ~ )  
Tons/Day 

1 . 2  
2.1 
1.4' 

10.4 
6.8 

35 
24 

0 . 2  
1.1 
0.5 

385 

468 
- 

From these tccals,  it can be seen t h a t  66% of t h e  p a r t i c u l a t e s  emit ted from 

2ck.t  s o o x e s ' i n  the  Basin were i n  t h e  f i n e  (<low) p a r t i c l e  s i z e  range. 

Table 1-1 sunmarires the TSP p a r t i c u l a t e  emissions of both po in t  and 

a rea  sources by 'appl icat ion cateqo-' 

80% of 'the TS?. 

Table 1-1 aata and that tabula ted ,  j u s t  abo'de dd n o t . r e f l e c t  fuq i t i ve  d u s t .  

emissions a t t r i b u t a b l e  to "paved mad  t r avu l . "  

p r i s e s  mater ia i s  r e l sa sed  from roadbeds, including depos i ted  dus ts  bu t  no t  

au tomt ive  exhaust .&iculates ,  or matter re leased  from tires' or brakes.  

?aved road travel emissions and t h e  r a t i o c a l e  f o r  their omission i n  these  

t o t a l s  a r e  explained i n  Sect ion 2.3.3. 

As g i v e n ,  ,area sources '  account for 

In this cunneccion, it should be pointed o u t  t h a t  tne 

This k j o r  c i a s s i t i c a t i o n  'com- 
) '  

, 
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Table 1-2 i s  a decai led breakdown, with estimated accuracies ,  of t h e  , 

miscellaneo*is a r e a  sources try county i n  the SCAB. These estimates involve 

an o v e r a l l  uncertainty of  +65.000 tons/yezx (180 t o r d d a y )  and -36,000 tons,' 
yea r  (-99 tonsjday) . 
emissions a r e  included i n  Tahle  1-2. 

Unlike t h e  p r e ~ . o u s  two  tables', paved road t r a v e l  

Figure 1.-1 furnishas  a s p a t i a l  d i s t r i b u t i o n  of  p o i n t  and a r e a  TSP 

sources based on a 10-km ;rid map of  t h e  Srm. Each g r i d  element shows t h e  

d a i l y  emission rat?, while T a b l e  1-3 i temizes  those g r i d  elements  with , 
TSP emission r a t e s  g r e a t e r  than 5 tons/day. 

F ina l ly ,  &I i nves t iga t ion  of  con t ro l  techniques was made. Control 

techniques reviewed i n  the rewrt include: 

. 
'. W e t  scrubbers 

. Electrostatic p r e c i p i t a c o r s  

. Fabric f i l t e r s  lbrrghouses) 

llechanical c o l l e c t o r s  !cyclones, s e t t l i n g  chambers, e t c . )  

Cost data  for cont ro l  systems were obtained f r o m " R e s e a r c h ~ o t t r e ~ 1  and a r e  

presentbd. , These data pres&+ ins ta l . l ed  c o s t  as a functran of:  

s i ze ;  mlumat r i c  flow r a t e ;  and p a r t i c u l z t e  loading. 

mea: p a r t i c l e ,  

T h i s  repor t  c o n s i s t s  of f i v e  s e c t i o n s ,  the  present  discussion 

c o T r i s i n q  Sect ion 1.0. 

descr ibes  the  data sources and p resen t s  t h e  d e t a i l e d  data lrsrd i n  t h e  i n v e n t r r -  

compilations. 

3.0 p re sen t s  t h e  sampling and a n a l y s i s  uehodology as well  as an assessment c f  

t h e  da ta  qua l i ty .  

from each of t h e  tests conducted. 

cont ro l  techniques and t h e i r  a s soc ia t ed  costs of appl icat ion.  

s ec t ion  2.0 dea ls  with t h e  emijsior. inventory: it 

various s m r y ,  t a b l e s  and p locs  a r e  a l s o  presentcd. ' Section 

Section 4.0, is  a d e t a i l e d  discussion of results ob,tained 

Fina l ly ,  Sect ion 5.0 is a treatment of 

1.3 RECOPMMDATlONS FOR' NmER RESEAI(cH 

On t h i s  program, a maXimrmr e f f o r t  has been made t o  p e r f o k  as many 

tests a s  possible  witrun budgetary constrain-.  There a r e  m y  a d d i t i o n a l  

sourcbs t h a t  could n ~ r t  be t e s t e d  due to  lack of  time or t h e  a v a i l a b i l i t y  of  

1-8 KVB 5806-783 
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TABLE 1-3. GRID-ZONES HAVING ESTW~ED 
MISSION RATES IN EXCESS OP 5 TONS/DAY - 

, 

, 

birr( coo-. 
EP N/S 
280 3790 
300 3770 , ' 

320 3800 
360 3750 
370 3740 
380 3740 
380 3730 
390' 3730 
450 3770 

Nearest City 

U. Ventura 
P t .  mgu 
Fillmore 
LA A W T t  
Torrance 
pL-'-'"t 
LA Harbor 
Long Baach 
P o n W  

'Emissions (Ton/Day) 

lb.8 
7.4 
19.1 

9.4 
6;4 
5.9 
11.5 
11.1 

' 5.3. . , 

, . Principal ' 
Source Type 

Ceramic manufacturing 
.Elect. gen. C area. 
Sand and gravel, , 

A r b  
Elect. gen. . L  -%aL 
?a0 Pt. 'sources L area sources 
250 P t .  aourc0s b area sources 
elect,  gen. L area 
St -1  nwufacturing 

. .  
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, .  . .  . .  , .  , 

the  test  u n i t .  

B a s i n  had emission p r o f i l e s  developed f o r  them. ' In mst cases  a source 

type has  had to be character ized by t h e  eizission from only a s i n g l e  p l a n t  

tes ted .  

As mentioned e a r l i e r ,  ,only 70% of  t h e  SCC's found i n  t h e  

To give a &ea te r  u n i v e r s a l i t y  to t k e  e d s s i o n  p r o f i l e s  developed i n  
t h i s  prosram and to develop addi t iona l  new p r o f i l e s ,  it i s  recrnrmended L h t  

f u r t h e r  t e s t i n y  3e considered. 

t e r i z a t i o m  achieved on t h i s  program i s  expensive, pa r t i cu la rky  if ,compared 

P a r t i c u l a t e  t e s t i n g  w i t h  tile f u l l  cbrac- 

'. to  any o t h e r  type oe po l lu t ion  t e s t i n g .  The t r a i n s  used i n  t h i s  program ' 
performed adequately.  but  it is quest ionable  i t  t h i s  would have been trde had 

=re eccnomical approaches been applied.  

Bresently developed data ara  t o  be m a n i n q f u l l y  used with any f u t u r e  new 

da= '-at a r e  generated,  it i s  recommended t h a t  t h e  sdme general  procedures 

p e d ' o n  t h i s  program be employed i n  any subsewent e f f o r t s .  

Therefore,  t o  insure  t h a t  these 

, . , ,  

1-12 ' KVB 5,806-783 

._ . 

. 



. .- 

1-1 

1-2 

1- 3 

1-4 

, 
, 

i 
REFeLWCES 

SECTION 1.0 ' 

Femelly, p. E., "Priaary and Secondary, Particulates is Ais Pollutants," 
JAPCA, July 1975. 

Cato, G. A., "Field Testing: 
Industrial Boilers," EPA 600/2-76-C86b, KVB, Inc.,,October 1976. 

Coldstein,, 8. L. and Siegmund, C. W . ,  "Influence of Heavy Fuel Oil, 
Composition and Boi;er,:onbuscion Conditions on Particulate missions," 
Env.' Science 6 Tech., Sovember 1976. 

Friedlander, S. K., "Chemical Element Balances and Identifisation of 
Air Pollution Sources," mv. Science 6 Tech.,. 7:235. 1973. 

Trace Elanats and Srgaic Emissioru from 

N B  5806-783 1-13 

I .  

Ils.̂  , .. . ." 

. .  



i 
c 

I 

I 
I 

6' 
I 

I 

I 

SECTION 2.0 

2 .1  DATA SOlTRCEs 

,The data  used i n  th is  p a r t i c u l a t e  emission inventory vere obtained 

from the  t o l l w i n g  sources: 
, '  1 

1. Various governmeiilt agency f i l e s  , I  . ,  
2. Field t a s t ing  

3: Literature 
4. mgineei ing analyse? , 

5. Person+ contacts  with government and industry personnel. 

The f i n a l  inventory vas compiled using the South Coast ApnO and Ventura 

County APCD EIS. (Ref. 2-1). data bases,'for the .major  point  sources, and a l?B- 

develo?ed area source file. 

emission data c r e d i b i l i t y .  

required based on information acqu ind  frm the f i e l d  t e s t  proqram Md other  

s tud ies  perfonmd during the progrhm. ' ?e fo11wi;lg key data -re contained 

in  the EIS'data base: 

%e EIS f i l e s  veA Aeckej. f o r  completeness'and . .  
Adjustments in emission ' factors vere =&,as 

' ,  , 

1. . P l a n t  name, address, I D  Ho., etc. * 

2. Standard I n d u s t r i a l  Code (SIC) 
3. source classification codes (SCC) . ,  

. ,  
I . .  4. 'DM Coc-dinates 

5. S t a d i  height  ' 

6. Pollutant  i d e n t i f i c i t i b u  

7; mssion fac to r  

8. Ruoughput r a t e s  

9. Estiuated emissions 

. .  
, ,  

10. Seasonal var ia t ions  ' .  

11.' Operating period UuLday, day/%!&, weeic/,yr) 

*%dssion Inv,entory Subsystem/Pe&,t and Reqis t ra t ion 
2-1 KVB 58Q6-78? 



Fis ld  t e 4 t ' d a t a  w e r e  used to formulate emission p r o f i l e s  and to 
develop emission f a c t o r s  for 'neu  sources or check those f a c t o r s  on So'UCeS 

alraady character ized by t h e  Di3Uicts or the EPA i n  AP-42 {Ref. 2-3). 

. 

othqr yources of  i n t o m a t i o n  included personal contac ts  with various 

industry a s soc ia t ions  and government agencies (espec ia l ly  the  ARB, EPA Office % 

of  Air Quali ty  Planning ar.d Standards i n  Durham, EPA Reqion 9,  l o c a l  a i r  poi -  

l u t i o n  d i s e i c t s ,  and +-he Southern Ca l i fo rn ia  Association of Governments ( S a c ) .  

The data received from these seurces were used t o  de r ive  dddi t iona l  emission 

p r o f i l e s  in a form compatibld w i t h  the inventory format. 

From owcanaries of the EIS f i l e s ,  a brelkdown of  t o t a l  p a r t i c u l a t e  emis- 

sions i n t o  i ! d u s t r i a l  source c a t e g a r i e s  ( re fer red  to h e r e a f t e r  as AR8 Application 

Categories) f o r  ea;h cour.try was t abu la t ed  a s  shown in Figure 2-1. A sunrmary of 

emissions by app l i ca t ion  ca t egor i e s  f o r  the  e n t i r e  SCAB is given i n  Figure 2-2a. 

The f r a c t i o n  of t h e  t o t a l  p a r t i c u l a t e  emissions from each county is given i n  I 

Figure 2-Zb. 

the Phase T I  f i e l d  test  program w a s  developed. 

t e s t s  among the  var ious app l i ca t ion  ca t egor i e s  is shown i n  Figure 2-2c. 

From these  breakdouns of emissions i n t o  app l i ca t ion  ca tegor ies ,  

The d h t r i b u t i o n ' o f  the  f i e l d  

EA'*& .V,4?.G=.*NT -.. L.6  

The data t o  be processed as p a r t  of  the tiMi p a r t i c u l a t e  emission 

inventory included: 

1. EIS d a t a  , f o r  major and minor point  sources of S W W  

2. EIS da ta  f o r  major and minor sources 'of Ventura County 

3. Additional area data for sources such as f o r e s t  f i r e s ,  
f u g i t i v e  d u s t ,  . t i r e  a t t r i t i o n ,  and a g r i c u l t u r a l  burning 

4. . Emission p r o f i l e  number v s  scc number 

5. 

6 . .  Emission factor adjustments  to EIS.data 

Population d i s t r i b u t i o n  by one kilometer w i d  

The a v a i l a b l e  EIS data pmcess ing  software was incorporated for pro- 

I n  this system, individual  sources could be modified, cessing the EIS data. 

2-2 
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added, or deleted.  

modified by SCC number. 

from c e r t a i n  u t i l i t y  bo i l e r s  ( i d e n t i f i e d  by a s p e c i f i c  SCC number) appeared 

t o  be too high based on recent  test data. 

vere modified by one cor rec t ion  f a c t o r  appl ied  t o  all t h e  emissions of that 

s p e c i f i c  SCC number. 

KVB added a f ea tu re  which a l s o  p e d t t e d  t h e  data to be 

For example, the e$issions i n  the EIS '&ta base 

Tho emissions from t h o s a  units 

For  each SCC ncmber zn emissions p r o f i l e  key w a s  assigned, i f  ava i lab le .  

Each emission p r o f i l e  provides a breakdown of the t o t a l  suspended ,par t icu la te  

(TSP) emissions i n t o  ,fcur sire ranges ( a  by ve ight )  and foe  each s i ze  range 

a chemical compositional breakdown i s  provified ( a  by weight) .  Storage and 

3 e t r i e v a l  of Aerometric Data (SAROAD) ccdes vere assigned to  each chemical 

species  iden t i f  ?ed. Each p r o f i l e  a l s o  conta ins  information concerning the 

method of detc.mining the p r o f i l e  and rating number indica t ing  the  r e l a t i v e  

ve loc i ty  of the  p ro f i l e .  

>resented i n  the Append*, Volume 11. 

were assigned a "rlot c l a s s i f i ed"  key number. 

The 49 p o f i l e s  developed during the program a r e  
. I  

'SCC's' f o r  which no p r o f i l e s  a re , aVa i l&le  

Area.source emission r a t o s  were added to the EIS data f i l e  using the 

emission. :actors and throughput da t a  presented ir: Sectior. 2.3.4. These s o u c e s ,  

i x l u d i n q  na tu ra l  ,emissions,  fug i t i ve  dus t ,  and t i re  a t t r i t i o n ,  cons t i t u t ed  , 

a large port ion of  the t o t a l  emissions i n  the Basin. 

vas n o t , y e t  availcable f o r  descr ib ing  emissions no t  m e t i n g  the EIS p i n t  
oource criteria, KVB chose eC. develop an area source data base f o r  t h i s  

purpose based.on general  guidelines proposed by t h e  ARB (As?.  2-4). The 

format ,was d a s i k e d  to allow desc r ip t ion  of emissions by their one kilometer 

g r rd  loca t ion  and Rrocess (or a c t i v i t y ) .  

Since a s tandard format 
' 

Each source i n  t h e  inventory vas cateqorized by a Sauce Clas s i f i ca t ion  , 

Coda (SCC) number which was occasional ly  q u a l i f i e d  by the SIC number. (SCC 

numbers for a n . a  sources were created toge ther  with ARB p e r s o ~ e l . 1  

A ' f i l e  ,vas created v i t h  a l l  in formt ion  r e l a t i v e  tomthese SCC numbers, the  

a' .ssion cor rec t ion  f ac to r s  ti be appl ied  to  a l l  sources v i t h  the given SCC/ 

SIC wmber,  the p r o f i l e  key t o  , ident, ify tke  p r o f i l e  f o r  t h i s  source Q-pe, the ,  

re levant  ARB appl ica t ion  category, and sununer or winter  d i f f e r e n t i a l s  to be 

used 'to a l t e r  emissions seasonal ly  if warkanted by the source type.. T h i s  SCC 

f i l e  was used as -3Ie'major system l ink between sources and t h e i r  p ro f i l e s .  

From these data f i l e s  a f i n a l  i n v e n t o q  vas  produced in the  f o q  of various 

' 

. ,  

' 
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computer r epor t s  and magnetic tapes  which were de l ivered  to the ARB under 

sepa ra t e  cover. 

o f  t h e  results are presented i n  Sec t ion  2.4. F i r s t ,  however, is a discussion 

oi the various technica l  cons idera t ions  ( i .a. ,  emission f ac to r s ,  emission 

p r o f i l e s ,  e t c 3  that were used i n  preparing the inventory. 

A descr ip t ion  of the f i n a l  inventory r epor t s  and a discussion 

2.3 ENGINEEAPING 'WALYSIS 

2.3.1 Point  source Emission Fac tors  

There has heen considerable interest i n  the develapment of  emis s im 

fac to r s  t h a t ' c a n  be employed t o  es t imate  emissions from s p e c i f i c  sources based 

upon a knowledge of t5e pe r t inen t  opera t ing  c h a r a c t e r i s t i c s  of the source.  

Such procedures are i n  c o m n  use throughout the country by loca l  con t ro l  

agencies t o  es t imate  a i r  po l lu t ion  emission r a t e s  f o r  po in t  and a rea  sources. ,  , 

One of the  primary objec t ives  ,of the ARB f i n e  p a r t i c u l a t e  emission study w a s  

t o  & t i c a l l y  evaluate  the emission f a c t o r s  for f i n e  p a r t i c u l a t e  emissions 

used by the SCAQLYE ar.d loca l  APCD's and t o  develop new emission f a c t o r s  f o r .  

sources not contained Fjl the  E I S  data system t h a t  were appl icable  t o  the 

South C d a s t  A i r  Basin. 

employed durfnq +ha axalysis fnr pci.?t source=. Ed.c=i=n f=ct:rs foe  &ea 

sources are discussed in  sec t ion  2 . 3 . 3  since they required a s i g n i f i c a n t l y  

d i f f e r e n t  approach. 

, .  

The fo l lowinp  discussion o u t l i n e s  the methodalog 
1 .  

P o i n t  source emission f a c t o r s  f o r ' i n d u s t r i a l  po in t  so~uces in the 

Basin w e r e  d ivided i n t o  nine appl ica t ion  ca tegor ies :  (1) the  combustion of 

fue l s ,  ( 2 )  evaporat ive emissibns, ( 3 )  mineral products,  ( 4 )  meta l lurg ica l ,  

(5 )  petmlrum, (6) wood operat ions,  (71 food and ag r i cu l tu re ,  ( 8 )  metal 

f ab r i ca t ion ,  and (9) chemical uses. 

9owces had been ca l cu la t ed  by the, l o c a l  con t ro l  agencies using emission 

factors and the appropriate  i n fonn t i . on  on f u e l  usaqe, product throughput, 

etc. 

total  p a r t i c u l a t e  emissions i n  t h e  Basin and therefore  was ,qiven.prFmary 

emphasis in the ana lys i s  of po in t  source emission f ac t c r s .  , 

In  genera+, emission rates fmm these  

The combustion of fuel' ca t egor i e s  represes ted  a large p a r r  of  the 

1-6 KVB 5806-783 
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A. Approach-- 

A comprehensive l i s t i n g  of p o i n t  source emission f a c t c r s  .?BY be ,found 

in the EPA publicat ion,  "Compilation of A i r  Po l lu t icn  Emission Factors" 

(Ref. 2-3). hereaf te r  r e f e r r e d  t o  a s  "AP-42.' Tsie  SCAQMD has  i ts  own emis- 
sion fac tors  which have been employed i n  rhe process es t imat ing emission 

r a t e s  ' :or, industrial  point  souT:es contained'  i n  the EIS da:a . f i le .  TO a 

certai:: extent ,  t h e s e  emission f a c t c r s  were the  same, because frequent ly  

SCAQ.Q data were used a s  L\e b a s i s  f o r  the development of Rp-42 ed i s s ion  

fac tors .  

somrthes based its emission f a z t o r s  on its own test data '  i n  preference W 

using W-42 values. 

I 

In o t h e r  i-stances the emission f a c t o r s  d i f f e r e d  because the SCnpMD 

X s p e c i f i c  ob jec t ive  of t h i s  study was t o  examine the  point  so 'uce  

enussion f a c t o r s  used by t h c  SCXQMD and AP-42. 

reasons. 

s p e c i f i c  source types stem from s t u d i e s  conducted a s  f a r  back a s  the '1950's .  

Second, c e r t a i n  emission f a c t o r s  l i s t e d  i n  Ap-42 i.1tended f o r  use'  na t iona l ly  

may not necessar i ly  rapresent  conditions i n  the B,asin. F ina l ly ,  it was . 
necessary to generate e n t i r e l y  new emission f a c t o r s  where none had ex i s t ed  

previously.  

T h i s  w a s  done f o r  th ree  

F i r s t ,  ffiuch of  the da ta  used t o  generate e a i s s i o n  f a c t o r s  f o r  

F ie ld  tests were conducted. t o  provide da ta  t o  a s s i s t  i n  enissior. ' 

f a c t o r  evaluat ioa arid development. In addi t ion ,  data from saver& r e l a t e d  

pro jec ts .  s p e c i f i c a l l y  o r i en ted  t o  i q r o v i n g  ,Rp-42 emission f a c t o r s ,  . . 
have heen incorporated i n t o  %\is ana lys i s .  
had been 'd i rected a t  condi t ions within the Basin making them d i r e c t l y  

Ia mst cases ,  thesa s t u d i e s  ' 

I appl icable  t o  the  c u r e n t  study. ' , .  

Comp&isons have been made between the = A s s i o n  f a c t o r s  used by +e 
sCAQMD, those contained in AP-42, and those generated i n  th is  and r e l a t e d  

s tudies .  

s ion  fqc tors ,  correct ion f a c t o r s  were qpplied to. t h e  emission r a t e s  l i s t e d  in 
ths EIS data system t o  update these '&mission estimates.  

have the EIS data f i l e ,  del ivered to t h e  ARB, r e f l e c t  the best and most recent  

information ava i lab le .  Tbis was a v i a l  p& of the improvements incorporated 

i n t o  t h e  f i m l  KVB da t a  base. 

Where KVe f e l t  that a v a i l a b l e  data disaqreed w i t h  +e SCAQPD emis- 

, '  

The i n t e n t  was t o  

, ,  

1-7 RVB 5806-783 



8. Results-- 

In  this sect ion the  various adjustments m d e  t o  the SCAQW emission 

f a c t o r s  i n  t h e i r  EIS ' f i l e  p r io r  to running the  f i n a l  TSP i n v h t o r y  w i l l  be 

discussed. The r e s u l t s  a m  tabulated i n  Table '2-1 and explained in the  fo l -  
- lowing'discussion. In the tab le  f o r  each 'source type and appl icable  SCC - 

number, the AP-42 (Ref. 2-31 emission f a c t o r  is l i s t e d  along w i t h  k i s s i o n  

f ac to r s  obtained from the  SCnr;M, EIS f i l e  and derived from KVB t e s t  data.  

Each emission f ac to r  column v o v i d e s  bath control  ( "an" )  and uncontrolled 

("unc') emissions da ta  where ava i lab le .  

a s , " ' spec i f i c "  or "overa l l "  ,from the  s tandpoint  of whether the data  appl ied . . ' '  
t o  one p a r t i c u l a r  source or whether it represented a composite of  da ta  from 

mult iple  sources. The SCAQW value shown in  the t ab le  is the a s s i o n  f a c t o r  

t h a t  w a s  ir. the AQMD's ZIS data  base used for the f i n a l  APE inventory m i .  

A t  the  r i g h t  s i d e  of the tab le  a r e  two columns ind ica t ing  whether o r  'not a 

cnange was made to the  AQMg value. ' I f ' n o  change was made, the  "EIS Correction 

Factor" column has a 1.0 and the next column " F i n a l  Inventory m i s s i o n  Fac- 

to r"  c a n t a i m  a value ident ic21 to the AQM, column. 

For the SCnpW the  data =e presented , 
I I 

I 

, 

- , 1. =s t ion  of f u e l  -- Residual o i l  combus'tion from power p l a n t s  repre-. 

sent.; th9 Lar?est p i T t  s o u r c e ' t E e  f o r  TSP emissions i n  the Basin accounting 

fo r  over 454.  

analys is  cons i ie r inq  not only the nd-42 emission f ac to r ,  the f i e l d  t e s t  data 

(18 t e s u )  from this program, but o ther  o i l - f i r e d  u t i l i t y  b o i l e r  test data  

from t ! e  KVB c o n f i d e n t i a l  f i l e  'of c l i - t  data. 

, 
T h i s  source type was givcn a g r e a t  de@ of inves t iga t ion  and 

Figure 2-3 sumparias these data.  
' Note that  t h e  data  points  i n  Figure 2-3 a r e  f i l l e d  or gpen, w i t h  

the f i l l e d  points indicat ing the  t o t a l  p a r t i c u l a t e  ca t ch  including. impinger 

and the open poin ts  indicat ing the EPA M e t h o d  5 data  which do no? include 

the imRinger catch. For the  t e s t s  conducted an this p r g r a m , p o l n t s  were 

p l o t t e d  both w i t h  .hnd .withoui the impinger catch.  

I t  was the  decis ion of  the  APB that for  'this inventory the TSP should 

, include the impinger catch.  .But most of  the cmpar ison  data were fir the  

Therefore, the data were analyzed on the  ne impinger  basis EPA Method 5. 

d i r s t  and then on the  total catch bas is .  
. 
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The Re-42 emtssion f ac to r  curves p l a t t e d  i n  Figure 2-3 a r e  subs-a- 

t i a l l y  higher thu 'any of the KVB t e s t  data .  

without impingq)  for  the  18 t e s t s '  conducted f o r  t h i s  program (9 SASS and 9 

Joy) ,  while t h e r e  is a s i g n i f i c a n t  spread, do agree w i t h  the  o ther  f r o n t  ha l f  

data .  The lower c w e  is the  b e s t  fit  through these data .  Since t h e  f r o n t  ' 

data ,  taken on t h i s  prsgram appear to be v a l i d  because they a r e  c o n s i s t e n t  

w i t h  o ther  d a t a  by d i f f e r e n t  crews a t  d i f f e r e n t  l oca t i sns ,  it see& reasonable 

to  assume t h a t  the t o t a l  catch da ta  ,paken an t h i s  program should a l so  be 

va l id .  

lJ00 g a l  burned which is the value se lec ted  f o r  use i n  the  f i n a l  inventory. 

D i s t i l l a t e  o i l  combustion by i n d u s t r i a l  sources also represents  a-. 

important i n d u s t r i a l  source of  par t icu la te , s .  Once again it was d i f f i cu l ' .  

to make a cornprison between ;\l-J2's value f o r  a f ron t  half catch and tne 

sCAQMD'S value fo r  t o t a l  par t icu la-es .  However, there  was good agreement 

The f ron t  half  dam ( i . e . ,  , 

The mean emission f ac to r  value fo r  t o t a l  catch measurements,is 3 lb/ 

, 

, between KVB and t k e  SCdQMO. 

system w a s  f e l t  necessary. 

Therefore, no correct ion f ac to r  t o  the E I S  

For CO bo i l e r s  the AQ.W did  not use ' a  s ing le '  emission fac tor  b u t  used 

the t e s t  da ta  fo r  each souIce. A r'eview of .the EIS data  indicated t h a t  the 

averaqc CO boiirr is?, eiiijjiai, e.j, ~ 4 . 4  l b ; : ~ ~  !& =h.r?x2$?p?ltJ ~ b 1  is on 

t h e  l o w  &d of the AF-42 range bu t  a l l  u n i t s  in the Basin.uti! . irs  s l e c t r o s t a t i c  

p r e c i p i r a t a r s  (E?). The un i t  t e s t e d  by KVB had t een  l i s t e d  in t h e  E I S  f i l e  a t  

the equ iva len t  of  4 . 3  U / l o O O  bbl which w a s  obviously l o w  compared to XYB , t e s t  

da ta  of 32 l b / l O O O ' b b l .  I t  w a s  l a t e r  learned t h a t  the EPA had recent ly  t e s t e d  

the  s a m  CO bo i l e r .  m e  EPA used a ' M t h o d  5. t ra in and a SCAQm t r a i n  and 

measured co ta l  emassions ( inc luding  the  impingee) i n  b o a  cases.  "ie r e s u l t s  

were 32 and 25'Lb/1000 bbl respect ively.  

e m i s s i o n s o t  the s p e c i f i c  co boi1e.r i n w l v s d  in the. te-. 

1(vB cor,re&ed E I S  f i l e  f o r  the 

. .  
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2. Mineral products--Table 2-lb p r e s e n t s  a comparison of t h e  emission 

f a c t o r s  used t o  est imate  the ' p a r t i c u l a t r  emissions emitted trom mineral product . 
Operations. Since the SCSQMD used test  results from these sources r a t h e r  I I 

than emission f a c t o r s ,  the comparison betwean SCAQM, values and those obtained 

i n  t h i s  program has been nade f o r  .I p a r t i c u l a r  u n i t  t es ted .  
_ .  

The results of t h e ,  gypsum c a l c i n e r  t e s t  conducted by KVB a r e  a faccor 

o f  2 g r e a t e r  than that faun8 by t h e  AQRD and tha t  l i s t e d ' i n  AP-42. The reason 

for ' t h i s  is believed t o  be ai= abnormal baohouse operation on t h e  day of the 

t e s t  as conurented on by the  operators.  , NO co r rec t ion  was made. 

The emission fac tor  f o r ,  t h e  claygrinding and pulver iz ing operat ion f o r  
. .  brick sanufacturers  gener3ted from KVB test 'data are lower than the 

v a l u e s  l i s t e d  i n  AP-42 (t5e vaiue in the EIS sys t em)  . I f  the f u g i t i v e  i u s t  

frG,m *his 'process could have been included (not  t e s t e d - i ?  this study) t h e  ' 

e3i3sion f a c t o r  would be dch higher and thus be c l o s e r  t o  t h e  -42 value. 

Also the clay was s l i g h t l y  wre mist due t o  ra iny  weathci. 

g r e a t l y  aid i n  reducing the emis'sion. 

Lhe curren t  EIJ system was 1e:t unchanged. 

, , ,  

This woula 

Therefore the,emission f a c t o r , u s e d  i n  

The r e s u l t s  of  the coal  f i r e d  cement k i l n  test ind ica t ed  that Lkere 

was p o d  agreement between 

however vas six times grea te r  'thm t h a t  l i s t e d  in AP-42 or measured by KVB. 

A c lose  look a t  t h e  e f f e c t s ' o f  c q t r o l  device e f f i c i ency  revealed that a 
0.18 change i n  e f f i c i e n c y  results i n  a 0.05 lb/bbl cement emission kwrease .  

Therefore a'99.98 e f f i c i e n c y ' r e s u l t s  in  a 0.05 lb/bbl  emission f a c t o r  while 

a 99.3% e f f i c i ency  r e s u l t s  

f ic iency  s e d  reasonable for.an i n d u s t r i a l  process.  

the l imi ted  number of tests wen was t h e  basis f o r  not i n i t i a t i n g  an emis- 

s ions  f a c t o r  change t o  t h e  EIS f i l e .  

and AP-42: The SCAQMD's value l i s t e d  i n  the EIS 

, .  

' ,  , 

, ,  

h ' O . 3  l b i b b l  emission fac tor . ,  The l a t t e r  e f -  

This coupled with 

, I  

I ,  
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, ,  

The emission f ac to r s  generated'  from the results of KVB f i e l d  t e s t i n g  

for the glass furiis=ss &-e ~n good ag reemnt  w i t h  the  valuss l i s t e d  i n  Re-42 "n 

and the current EIS system. The emission f ac to r s  i n  the  EIS system were l e f t  

unchanged exceat in tiis case where there  was no l i s t i n g  for a glass furnace. 

When there  w a s  n o t  a l i s t i n g  t h e  czmtrolled emission factor.  w a s  assigned to - 
%he plant .  

the  E I S  system. 

Often o t h e r  p l a n t  da ta  needed t o  be obtained t o  make an entry i n  

X? comparing KVB's meaured emissions from f iberg lass  forming opera- 

t i i a  agains t  those l i s t e d  i n  AP-42 and 'the E I S  system i t ' w a s  found t h a t  

KVB's value was approximately midway between t..em. 

by ttie SCXQMD a t  a s imi la r  p i a n t  supports t h e i r  lower value. 

l imited number of sanples  taken and var iab les  i n  the  operat ion,  a p o i n t  source 

emission f a c t a r  change was not  f e l t ,  t o  be appropriate.  

A source t e s t  conducted 

Based on t h e  

IpIB's maasured emission f a c t o r  fo r  an asphal t  roofing f e l t  s a t u r a t o r  

was approximately one-half the  value found i n  the EIS system. 

d i f f i c u l t  to  use AP-42's value f o r  comparison purposes because it is only given 

for uncontrolled sources.  ,'KVB and the  SCAQMO's values e r e  fo r  cont io l led  

It was 

* , devices. N o  m r r e c t i o n  f ac to r  was zpplied.  

In reviewing -3-m E I S  computor p r i n t o u t  f.,r t h e  a s p h a l t i c  Concrete 

batch p l an ' t . t e s t ed ,  a deoimal e r r o r  1oca ted . in  the emission f ac to r  was noted 

and corrected.  

and rherefore ,  'no fu r the r  change was necessary. 

high in t h i s ' c a s e .  

KVB'a measued value suppoked t h e  now c o r r e c t  SCAQMO value 

Zb-42:~ value appeared to be 

3 .  Food and agri'culture--The c a m b  r o a s t e r  in Table 2-lc shows agreement 

between the  KVB'test r e s u l t s  and the .&42 r e s u l t s  but  disagreement with 

the AQMO r e su l t s .  me AQMD emissions were on a , m i l l i o n  cubic f e e t  basis 

instead of  a , t o n  of product b a s i s  as. i q  Re-42. 

m r e  made but  the  AQMO was recornended t o  chanqe the  bas i s  fo r  computing 

emissions. 

There a re  no r i c e  dryers  i n  the Basin. 

. ,  

NO Changes in d S S f o n S  
' 

The KVE r e s u l t s  for the r i c e  , w e r  were in  agre-t.with xp-42. 

3 . .  
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/ '  

,. 

sion fac tors  used i n  estimating the emissions from water-based and so lven t -  

based ' spray paint .  booths. "here. is no e x i s t i n g  emission f a c t o r  l i s t i n g  f o r  

this category in  h - 4 2 .  Also. since the ~X~IQMSI 

sources r a t h e r  than overall enursion f a c t o r s ,  L.e/ coqarison between the 

4. Evaporative sources--TLie 2-ld p re sen t s  a conpu i son  of  the amis- 

, 
IJb 
& test resu l to  from these d# 

.SCAQm's values and Close obtained i n  t h i s  program ha3 been made for d 

W r t i c - d a r  ,mi: tes ted .  

5. Y e t l L h r g i c a l  cperations--Table 2 -1g p resen t s  a c o q a r i s o n  of  thf. 

,emission f a c t o r s  used to estimate' the p a r t i c u l a t e  'emissions from meta l lu rg ica l  

operations.  

ra ther  than o v e r a l l  emission faczors  f o r  compucing a source ' s  annual emis.- 

rions. 

Xere again,  the  SCAQM3 used t e s t  r e s u l t s  from these sources 

a absence of  ,emission f a c t o r s  i n  A P - A Z  f o r  s t e e l  heat '  t r e a t i n y  and 

KVB's measured emissions usstream and doxn- s t e e l  s m d  b l a s t i n g  was noted. 

scream of a cont ro l  device f o r  these operat ions were d i f f i c u l t ' t o  campare' 

again+= t!!e SCAQm' B uncontrolled values. N o  cor rec t ions  were applied.  

por the  al;lainum reve,rbatory furnaces t e s t e d  t h e  EIS l i s t i n g  was found 
. . .  t o  be outdated and i n  t h e  process of  being revised. 

disaqreenent between tkke three emission f a c t o r  sources. The SCAQCD o v e r a l l  

emission fat-or f o r  t h i s  operat ion w s ' f o u n d  t o  l i e  midway betwean AP42 and 

KVB. It  nas therefore  f e l t  t h a t  th4 XAQm emission factgr was 

bes t  su i ted .  

There was a l s o  wide 

KVB's,measured emission fac tors  far ai open hearth s t e e l  iurnace 

(osr ien Lan'ce) a r e  s l i g h t l y  higher t h a n  t h e  SCAQfQ's source test FiSSiOn 

f a c t o r  'and those l i s t e d  i n  b-42. The redson is  t h a t  the  electrostatic 

p r e c i p i t a t o r  h i n q  used is not bs e f f i c i e n t  as it had been i n  the  past .  

reduced e f f i c i e n c y  r e s u l t s  i n  a s l i g h t l y  h ighe r  control led emission fac tor .  

This 
. .  

The factor l i s t e d ' i n  t h e  EIS system was dealgd correct and the re fo re  

The SCaQMi's overall emission fqc tor  for  t!is categorf appears not a l t e r e d .  

t o  be lw,. 

t o  c r i t i q u e  it with a reasondble degree of accuracy. 

There ;as no t  s u f f i c i e n t  t e s t  information a v a i l a b l e ,  hwever ,  

- .--IC.*- 

---.-_.. . . 
. . .  



, 
8 .  

. .  . .  
, ,  

2.3.2 m i s s i o n  P r o f i l e s  

-, 

A qique aspect of the current program vas tile development of  emis-' 

sion p r o f i l e s  '-- the i k t i f i c a t i o ' n  of the elements i n  four  p a r t i c l e  size 
ranges represented by *&e TSP emissiori r a t e s  cu r ren t ly  given in emi is i sn  

measurements. 

. 
A p r i m a q  ob jec t ive  of this program was t o  iden t i fy  the e l e m n t a l  

emissions an,d s ize  d i s t z ibu t ion  f o r  each s t c t iona ry  sour+e type in the d a s h .  

' Thus  an emission p r o f i l e  vas formuldtnd for each Source C las s i f i ca t ion  Code' 

(scc) e m i t u n g  p a r t i c d a c e  ma te r i a l  i n  the Basin. ' Both 'poin t  and a rea  

, sources vere  include4. All p l a n t  devices  i d e n t i f i e d  by the  same SCC and 

SIC number vere  given t h e  same emission F r o f i l e .  

a n t  ' ha t ' p ro f i l e s  be t r u l y  representa t ive  of the  device i n  genoral.  xddi- 

t i o n a l  adv,antages st' deve1opir.g aggregate  . p r o f i l e s  by SCC n d 6 r  were: (1) 

est jmat ions based on i k g e r  data samples vere  mre' s t a t i s t i c a l l y  r e l i a b l e  

th in  s i n g l e  da t a  samples, (2)  p r o f i l e s  were. compatible v i t h  the EIS concept 

by descr ib ing  devices by the SCC itumber system, and !3j  wlms of p r o f i l e  

data vas reduced t o  a moremanageabl+ level. 

Conversely, i.x v a s . , i m b r t -  

1 , I  

=,e irri:ia:' Ly:Gyt v~ :J prcvide 2 g--:il= ea=! ccc listed i p  

the d a t a  basb. 

to cover seve ra l  SCC and SCC/SIC camjihations.  

t he re fo re  formulated and indexed by a profile number. 

numbers ( v i t h  i d e n t i c a l  spec ie  d i s t r i b u t i o n s )  vere  given t o  :;CC/SIC 

combinations t o  f a c i l i t a t e  da t a  management, s p e c i f i c a l l y  *.e segregat ion of 

emissions f r o m  devices w i t h  s i m i l a r  SCC codes in tw d i f f e r e n t  industry 

clmses i n t o  the appropriate  PJIB' Application ca tegor ies .  

In many instances,  hovever, an ind iv idua l  p m f i l e  wiw found 

The F r o f i l e  d a t a  base vas  

Separate  profile 

I 

, .  
' ,  

, .  

, .  

.I 

, '  

I ,  
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I I n  each p r o f i l e  t5e chemical elemexs of t h e  p u t i c u l a t e q  were ident i -  

f i e d  by t h e i r  appropriate  SAWAD code f o r  each s i z e  range (4  ranges.) A typi-  

'cal p r o f i l e  is shorn on the following page. 

proEile  was an &timate of  i ts  r e l a t i v e , c r e d i b i l i t y .  This qst imate  of c red i -  

b i l i t y  was s t r i c t l y  subjec t ive  ,and has been ir.cluried t o  g ive  a r e l a t i v e  l e v e l  

of  confidence t o  -=e s p e c i f i c  p ro f i l e .  

should be given to these  emr'estimates. 

Associated 'with each emissioa' 

No s t a t i s t i c a l  s ign i f i cance  has.been or 

The emission ,profiles developed in  the C u r r P n t  s tudy a re ,p re sen ted  i n  

' the Appendix. A p r o f i l e  l i s ts  the SAROAD code, elemental name, and percent  

The elements a r e  a l s o  summed t y  s i ze  distri-  cont r ibu t ion  of each species .  

bzt ion.  A sanyle p r o f i l e  is gresen te t  on *.e next page. Two repor t s  are 

used t o  r e l a t e  the  prof i le , s  t o  the  devices i n , t h e  inventory.  

( sor ted  by SCC number and p r o f i l e  number) l ists  a l l  devices i n  t h e  inventory and 

gives the  p r o f i l e  number o f  the  p r o f i l e  t h a t  descr ibes  the  emission brea)r.lown 

for t h e  p a r t i c u l a r  device. The p r o f i l e  f i l e  (Appendix1 lists t h e  proEiles  

by p r o f i l e  number. 

T d e  SCC repor t  

8.. ' Hetho&l.oqy-- . I  

m ' g e n e r a i  approaches w e r e  used t o  formulate the emission p r a f i l e s :  

one where only  one data po in t  was ava i l ab le  to charac te r ize  many souroes and 

the o the r  where mul t ip le  data poin ts  were ava i iab le .  

f i l e  was ava'.lable from only one source and that source was bel ieved t o  be 

representa t ive  of all such saurce types in the Basin, then that p a r t i c u l a r  

source emission p r o f i l e  w a s  used. An aopropr ia te  c r e d i b i l i t y  es t imate  was 

q i v k  t o  r e f l e c t  the  r e l a t i v e  confidence l e v e l  of these data. 

cipateC ea r ly  i n  the program t h a t  a i i g n i f i c a n t  number of source types wuuld 

f a l l  i n t o  this category due to  the l imi ted  anuunt of f+d t e s t s  ava i lab le .  

Ther,efore, test locatidng were catFfully se l ec t ed  bn the.basis of the represen- 

G?+tive na ture  of  t h e i r  emissions t o  all o the r .dev ices  of t h a t  p a r t i c u l a r  type. 

In  this way. da t a  from this ,sos:ree could be a s s m d  t o  ap2ly t o ' o t h e p  non- 

' 

I n  ca ses  where a pro- 

I t  was. =,ti- 

' ' 

'. t e s t e d  so+ces.  



EX4MPLE OF EMISION PROFILE. OTHER PROFILES LISTED IN APPENDI.:. 

T i t l e :  U t i l i t y  Boiler;  (Residual Pmf i l e  Key: 0006 - 
Fuel) - 

I 
h i e s  , - 

Arsenic 
Barium 
Br0mir.r  
Cadmium 

' ' Calcium 
chromium 
.Cabal: 
Copper 

Lead 
.xanganese 
mlybdenum 
Nickel 
Potassium 
Selenium 
Strontium 
Titanium ' 

Vanadium 
Zinc 
S u l f a t e s  
N i e a t e  

(820 sal) 
Tota l  c a r b a r  

o l a t i l e  
ca rbon  
Subtotal 

Total 

*Ref  2-9 

S r n A i l  
code 

12103 
12107 
12109 
12110 
12111 
12112 
12113 

12126 
12128 
12132 
12134 
12136 
12180 
121.54 
12168, 
12161 
12164 
12167' 
12403 

12306 
i2116 

15101 

.-... ' 
I'LI* 

d 
t 

T 

3P c y '  
4 
d 
d 
d 
2 '  
t 
d 
d 
d 
t 
t 
20 ,, 

30 
d 

:20) 
56 
44 
.oo 

source of Data: Applicable SCC'S 

1-01-004-01, 1-02-004-01 

X L i t e r a t u r e  Oata-;Ref .* 1-02-004-03, 1-02-005-01 

x ~ s t i m a t e - - ~ a s i d  1-02-005-02, 1-02-005-03 

X KVB T e s t  - 
- 
- 
Confidence Level. 

Test  ti 11,12,13,21,22,23,24,32,33 

>lourn 3-10um 1-3um c Urn composite ~ 

3 4 85 100 

w 
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d 
d 
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d 
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20 
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30 

(20) 
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100 

j in Ind ica t e2  S ize  
d < 0.1% 
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33 
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+Estimated t o ' b e  same a s  :31n s i z e  f r ac t ion  K% '5806-7.83 
I ) included in t o t a l  caz , . , .  
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1. 5 inu le  da ta  Do i n t  pro 1s-The weight percan of each s i ze  range was 

obtained from the  p a r t i c l e  s ize  d i s t r i b u t i o n  p lo t  (which included the impinq+lr 
catch)  given i n  Section 4 for each i n d u s t r i a l  type tes ted .  Tho d e t a i l s  Of how 

these c w e s  were generated &-e discussed i n  Section 3.'2.3 B. Whenever d a t a  

w a s  taken on a cont ro l  device,  t h e  downstrevs ( o u t l e t )  data waa used to  generate  

the  ? r o f i l e  for both chemi-al m m p s i t i o n  and s i ze  d i s t r i b u t i o n .  

c o q o s i t i o n  f o r  each s i z e  range w a s  obtain& from the analyses  f o r  the  

parei 'culate  catches as discussed i n  Sec t ion  3.2.2. 

cyclone ana lys i s  results vere  used i n  conjunction with t h e  >low. 10-3Ym. 

and 3-1um s i z e  range respect ively.  

r e s u l t s  were used i n  conjunction with the < I D  Size range. For each a p i n q e r  

cacch t he rc  was an organic  =rac t ion  ,which vas obtained from methyl c h l a r 9 5 r a  

ex t r ac t i cn  o f  t h e  impinger condensate as  explained i n  Sect ion 3.3.3-C and an 

inorganic f r ac t ion  which was the remaining impinger res idue as  also explained 

i n  Section 3.2.2-2. 

f rm tse evawra t ion  d i sh  a s  discussed i n  'Section 3.2.2-0 ( p g e  3-52), f o r  

chemical ana lvs i s  purposes only the  inorganic  f r ac t ion  of the  impinqer catch 

, was used with the  f i l t e r  anaiys'.s t o  f u l l y  characterize t h e  Clym i i z e  range. 

The p,erC&t of  carSon i n  the  organic  f r a c t i o n  w a s  incorporated w i t h  t he  car ton  

concentrat ion of  the  <l,Lin size range f o r  each p r o f i l e .  

The chemical, 

The f i r s t j ' s e c o n d .  and t h i r d  

The f i l t e r  and impinger Catc!  ana lys i s  

Because t h e  organic  f r a c t i o n  residue could not  be removed 

', 

Whenever the re  were no data for a s i ze  range o f  a particular p r o f i l e  

and there  were da ta  f o r  the o t h e r  size ranges, then an estimate w a s  made. 

3 1 s  estimate q?n?ral ly  assumed t h a t  &e concentrat ions of  t he  chemical 

' cons t i tuents  uere  t h e  same f o r  each s ize  range. I t  is bel ieved that t h i s  

is a good a s s u p t i o n  because umst of t h e  p r o f i l e s  where complete da ta  were 

ava i l ab le  ind ica ted  t h a t  tiie c o n o n t r a t i o n s  of t he  chemical cons t i t uen t s  

were similar far t h e  size range,' except for s u l f a t e  ahd cond@nsibIe carbon. 

Su l f a t e s  tend to  ;.e about tua to  th-ee times mre Concentrated i n  . the  ssaller 

s izes  (impinger) than i n  %.e larger sizes .  Condensible carbon usual ly  ends 

up i n  the impinger cat& (sniali size)  add showedup in the jnpinger organic 

f rac t ion .  , ,  

2-21 m 5806-783 



3 
2 .  Multiple ddta p i n t  pro:iles--me second approach used vas t o  

I 

% ,  
develop emiss'ion p r o i i l e s  ' b a e d  on data from severa l ,  souzces within 'a p a r t k u -  

r late some type. , This involved: (1) acquizbq ' thhe  d a t a ,  ( 2 )  determining the  

r e l a t i v e  mqni tudes  of each souzce wmpared t o  the total emission' from t h e  source r - 
type, and ( 3 )  fors lng  * composite p r o f i l e  by facr.oring the  da ta  from each 

scxrce by an appropriate  weighting f a c t o r .  

were deveioped f o r  ind iv idua l  source types  t h a t  i n  ac fua l i t y  represenzed the 

a n r a q e  emissiona from sources of t h a t  category (SCC number). 

I n  L M s  sanner.  e a i s s i a n  p r o f i l e s  

, 
I ,  

Tse  appmach used to assign p r o f i l e  numbers (keys) to each sotlzce 
, I  type (SCC number) vas as folLous: , ,  

1. A curran t  l i s t  of a l l  sou--ce types (SCC ? M e r )  that were 

emit t ing parz icu la tes ,  i q q  the 5C.U was generated from tke  

mOst recent ( A p r i l  1978) EIS sumpary. 

Each'i tem on t h i s  l ist of source types was assigned a 

four-digi t  number. These are l i s t e d  i n  Table 2-2. The 

rider 0000 i r d i c a t e s  t!!at +ere was no data avail&l<? 

eo geni - iee  the emission prasi le .  The number 0039 i n d i -  

cates that' the source. type js r.Jt c l a s s i f i e d .  . AU o the r  

numbers were assigned to a s p e c i f i c  source,ty?e. 

Each'oi! the p r o f i l e  nunhers ' l i s t e d  i n  Table 2-2 v u e  

matched with the  appropriate  SCC number from the l i s t  

generated frm t h e  cu r ren t  E15 f i l e  (1 above). 

ins tances .  an individual  p r o f i l e  was found to cover severa l  

SCC,and sCC/SIC combinations. ,?he p r o f i l e  data bare vas ' ' 

t h e r e f o e  f o d a t e d  Md indexed by a p r o f i l e  n y b e r .  

This is listed in Table.2-3. 

. ,  

2. 

' 
, I  

3. 

Iq m y  

. .  

, .  

'. 
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TABLE 2-2. PROFILE KEY INDEX 

P ro f i l e  Key Sob-ce C l a s s i f i c a t i o n  Reference 
I ,  

0000 ~ d t a  not  ava i l ab le  f o r  p r o f i l e  

I n d u s t r i a l  toilers (trade and residue)  Sec. , 4 . ' 2 . 1  

I n d u s t r i a l  h i l e r s  ( d i e s e l  fue l )  Sec. 4 .2 .2  0002 

000 3 In t e rna l  combustion engines (diesel' fue l )  Set. 4 . 2 . 5  

0004 In t eAi r l  combustion engines  (gas Sec. 4 .2 .5  

0005 ' Wood w a s t e  F i l e r '  Ref. 2-8.  
SSC. 4 . 2 . 4  

- ' aooi  

0036 U t i l i t : .  b o i l e r s  ( r e s i d u a l  Cue11 Ref. 2-0. 
Sec: 4 .2 .4  

, .;.:.,: Rice dz ier  Sec. 4.2.13 

0008 Coffee/carob roas t ing  , iec. p'.2.14 

0009 S t e e i  hea t  t r c s t i n q  Sec. 4 .2 .15  

9013 Steel .  abras ive  b!.astinq iec. 4 .2 .16  

30 11 Aluminum foundry Sec. 4 . 2 . 1 7  

Stee l -s in te ' r  p l a t  ' , Sec: 4.2.1.3 5012 

Sec. A.2 .13  

* 

2013 ' ' ' , Steel-open heart!! furnace Ref .  2L12, 

oo:a C a l c h a t i o n  of  gypsum Sec. 4 . 2 . 7  

0015 

00 16 Cemant production iec. 4 .2 .6  

0017 G l a s s  ne l t i nq  funace  Sec. ' 4 . 2 . 9  

no i a  Fiberglass  foerninq l i n e  Sec. 4 . 2 . 1 2  

0019 , ,  Asphalt &of inq Sec. 4.2.11 

, I  

Brick grL.dinq and ' screelung SCC. 4 . 2 . a  

' 3020 Asphal t ic  concrete  batch p l a n t  I ' sac. 4 .2 .12  

0021 Pa in t  spray booth (water so lvent )  Sec. 4.2.22 

Pa in t  spray booth . ( o i l  so lvents )  Sac. 4 .2 .22  0022 

0023 Boric a c i d  manufacture sac. a.2.20 
, .  

" 3024 Chemical f e r t i l i z e r ,  (u rea )  Sec'. 4.2.21 

0025 '&d .operation (resaving)  Sec. 4.2.23 

, , '  

I .  
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I 

I 
! 

I 

'1, ' ' 

0026 

0027 

0 0 2 0  

0; 2 ' )  

0030 

0031 

OC 32 

, 0033 '^... 
"i >. 

3 0 3 5  

1036' 

5037 

350 33 

:2,j  

C O W  

0041 

0942 

0043 

504.4 

9045 

30 46 

0047 

30aa 
00.\9 

- 0099 

m u  2-2. (Continued! 

Wood opera t ion  (sanding) Sect ion 4.2.23 

Petroleum hea te r s  ( n a t u r a l  
qas fue l )  Sect ion 4.2.24 

Petroleum-FCC UA-ts/m aoikers  Ref. 2-11 
Sect ion 4.2.25 

Feed and gzairr .operatian5 Ref. 2-12 

Limestone k i l n s  ' Ref. 2-13 

Basic o q g m  furnace ( s t e e l )  Ref. 2-10 

E l e c t r i c  k-c fu-Tace ( s t e e l )  .Ref. 2-14 

R D d c  crashers  Ref. 2-15 

: x k  screenir.; L?? =onve;.i?q aPf. 2-15 

S=r ic+ura i  firs 

?.esi3ential na tu ra l  qas burninq 

i i rep iaces  

T i = +  a t c r f t i a n  

Ci;arette ' s m i e  

sea, salt  spray 

Brake l i n i n g  wear 

Livestock dus t  

unpaved roads 

Construceion dus t  

Xqriculzural  burninq 

lores i  f i r e s  

Landf i l l  dust  

n q r i c u l t u r a l  t i l l i n g  

Indus t r ib1  Boi le r  (natxral gas fuel1 

N o t  c l a s s i f i e d  ' 

- 
, .  

2-24 

I .  
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TABLE 2-3. PPQFTLE KEY ASSIGNKENT To X C  NIMBERS 

Profile 
U Y  - SCCd - 

1-01-004-01 . 

1-01-005-01 

1 2  1-006-01 

1-01-006-02 

1-02-004-01 

1-02-004-03 , 
.1-02-005-01 

1-02-005-02 

1. 9 2 4 0 5 3 3  

1-0 2-006-0 1 

:.-C 'L-006-0 2 

1-02-006-03 

1-02-007-01 

1-02-007-02 I 

1-02-00')-07 

1-03-005-02 

1-03-006-02 

1-0 3-007-0 3 

1-05-002-06 

2-01-001-01 

2-01-002-01 

2-02-002-02 

2-06-013-01 

3-01-009-99 

3-01-017-01 

3-0);-999-99 

3-0 2-00 1-99 

3-02-00541 

3-02-006-01 

3-0 2-0@6-02 

2-25 

0006 ' , 
0002 

0049 

0049 

0006 

0006 

0006 

300€ 

OOC6 

0049 , 

0049 , , 

0049 

OC49 

0049 

0049 

0002 

0049, ' 

0049 

0049 

coo2 

00 49 

0049 

0999 

0099 

0000 

0099 

0099 

0029 

0029 

00:9 

I 

. .  
... . .  . .. 
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TRBLE 2-3. (Continuedl 

3-02-007-30 

3-02-008-99 

3-02-999-98 

3-02-003 -02 

3-03-003-04 

3-0 3-00 3-06 

3-03-003-99 

3-03-008-02 

3-03-008-03 . 

3-03-008-99 

3-03-~309-01 

3-03-009-03 

3-03-009-55 

3-04-001-01 

3-04-001-99 

3-04-00 3-01 

3-04-003-50 

3-04-004-0 3 

3.94-007-01 

3-04-007-09 

3-04-999-99 

3-0~-0ni -04 

3-05401-99 

3-05-002-03 

3-05-002-99 ' 

3-05-003-02 

3-05-006-02 

3-05-006-99 . 
3-05-007-99 

3-05*08-01 

, 3-9s-008-02 

3-05-008-99 

3-05-011-01 

, 3-05-012,-04 
2-26 

0029 

0029 

0099 

0000 

0000 

3000 

0099 

0000 

oc L 
0099 

0913 

30 3 1  

00 32 

0011 

0099 

0000 

0000 

0000 

0032 

0099 

0099 

0019 ' 

0019 

0020 

0020 

0015 

0016 

0099 

0016 

0015 

0015 

0099 

0016 

0018 
AVB 58067783 
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TABLE 2-3. 

3-05-01'1-99 

3-05-014-01- 

3-05-014-11 

3-05-015-02 

3-05-035-99 
3-0 5-0 16-99 

3-05-017-01 

3-05-017-99 

(Continued1 

,0099 

0017 

00 17 

0014 

0014 

,0030 

- 

i '  oooo 3099 
. /  

3-05-020-01 

3-05-020-02 

3-05-020-05 

3-05-010-06 ' . '  

3-05-020-a0 

3-05-020-99 

3-05-025-01 

3-05-0'25'-99 

3-05-999-88 ' , 

3-05-999-99 

3-06-001-02 

3-06-001-03 

3-06-001-04 ' 

3-06-001-09 

3-0640 2-0 1 

3-06-009-99 

3k6-011-99 . ' 

3-06-012-03 

3-06-999-97 

3-06-999-98 

'3-07-004-99 

3-0 7.4 20 -99 

2-27 

. .  

0033 

0033 

00 33 

00 34 

0099 

0099 

00 33 

0099 

0099 , 

0099 

0027 

0000 

0027 

0099 

0028 

0099 

p099 

0000 

0099 

0099 

0099 

, ,  

. . .  

0099 

lcvB 5806-783 
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T A B U  2-3. 

3-09-001-88 

3-09-001-99 

3-09-030-04 

3-09-030-99 

3-09-999-99 

3-63-009-01 

3-90-005-05 

3-90-006-05 

3-30-006-08 

3-90-006-31 

3-90-006-99 

3-90-308-99 

3-99-999-99 

4-c '-001-01 

4-02-003-01 

4-02-004-01 

4-52-001-05 

4-02-005-99 

4-02-007-01 

' 4-02-008-01 

4-02,-008-03 

4-04-001-99 

4-90-999-99 

5-03-002-01 

9-12-071-00 

?-13-081-00 

9-14-001-07 

9-14-034-00 

9-24-089-95 

9-27-619-50 

9-41-OC9-52 

(Continued) 

0099 

0099 

0000 

0099 

0099 , 

' 0599 

0000 

00 11 

0000 

0000 

0059 

0099 

009'3 

0021 

0021 ' ,  

0022 

0022 

0099 

0000 

2-28 

0000 

0000 

0099. 

0099 

0045 

0043 

0046 

0036 

0037 

0035 

, CO39, ' 

0041 

loIB 5806-783 J 
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TABLE 2-3 (Continued) 

9-47-239-00 

9-47-307-42 

' 9-47-549-01 

9-49-000-00 

9-49-999-01 

9-49-999-98 

9-49-999-99 

0048 

0044 

0040 

0047 

0038 

GO42 

0047 

. I  
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C. C r i t i c a l  Prof iles-- 

' 5- to the magnitude of the sources, which they represent ,  severa l  

emission p r o f i l e s  vere  recognized to  haw a significant w c t  on ' tha r e s u l t s  

o f  t h e  f i n a l  invrntory.  These include: (1) combustion of fue l s  for u t i l i t y  

and i n d u s t r i a l  b o i l e r s ,  ( 2 )  Cexent p .-'uction. ( 3 )  fugi t ive-dust  from unplved 

roads and ConstzuctLon, and ( 4 )  t i r e  .:t from wear. De,tailed d i s c u s s i m  O f  

&e developwnt  of these p r o f i l e s  a r e  i:rcluded i n  the following sec t ion .  
I ,  

, '  

1. Canbustion of  fuels--The combustion o f  fuels cons t i t u t e s  about 509 Of 

' the  p a r t i c u l a t e  emissions from.Qoint sources  i n  the SCU. This l a rge  source o f  

emission vas  Srsken dovn inra  tu0 groups: (1) emissions from u t i l i t y  b o i l e r s  

and ( 2 !  emissions f ran  i r . d u s t r i a  b o i l e r s .  

Yine f i e l d  t e s t s * , , w i t h  tvo sampl ing  t r a i n s  for  a t o t a l  of 18 t e s t s .  

were done on u t i l i t y  b o i l e r s  burning lov  s u l f u r  res idua l  fue l .  

to 'deve lop  the emission p r o f i l e  f o r  u t i l i t y  bo i l e r s  burning r e s idua l  fue l .  

r e s u l t s  fros these t e s t s  

less than i 9 .  

yere taskan,  lC \ .ve re  calcium, 5% vere n i cke l  and 2% veremiron. A l l  o the r  I 

elements that were detected. Sy bL,e ~ - . s l y s i s  *$=e i n  concnntrations less than 

1%: 

These vere  used 

The 

indica ted  t h a t  85% by veight  of t h e  p a r t i c l e s  vere  

Thir ty-s ix  percent  of  th,e t o t a l  p a r t i c u l a t e s  vere  s u l f a t e s ,  22% 

This p r o f i l e  ( p r o f i l e  key 00011 is l i s t e d  i n  the Appendix (Vol: 111. . .  
The resulu of  tvo f i e l d  tests. on i n d u s t r i a l  b o i l e r s  burning d i e s e l  

t u s l  w r e  used,to develop the emission p r o f i l e  f o r  i n d u s t r i a l  boilers. 'The 

results i.nplcated t h a t ' 9 6 r  by veight  of tt.e par t i cu la t e s  vere  less than lb 
ok b h c h  65% v e r t  s u l t a t a s ,  lS% w e r e  carbon, and ' a l l  o the r  elements de tec ted  

were jn concentrat ions less than 1%. This  p r o f i l e  ( p r o f i l e  key 0002) 1s 
, l is t& in tne ~ppendix .  

, I  

2. , Cement production-The results I ,  of  tu) f i e l d  t e s t s *  and data from, 
Reference 2-16 vere used t~ develop the emission p r o f i l e  f o r  the production of 

Portlard Cement. These restfi ts  i nd ica t ed  t h a t  34a by veight  , I  of  the p a r t i c l e s  

hese  f i e l d  tes ts  are discussed i n  d e t a i l  i n  Section 4.0 
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I '  . I  

, ,  , 
, .  

. ,  

were less than lym, 34\ betneen, 3 - l u m ,  24\ betneen 10-3m,, airad 8% g r e a t e r  G b n  

lorn. 
10% s i l i c o n ,  20s  calcium, E\ carbon, and a l l  odrer elements de tec ted  yere 
in  concentrat ions leso than 1%. This prot i le  ( p m f i l e  key 5016) is listed i n  

the  A p p ~ d i ~ .  

Tnenty Eive percent  o f  t h e  m.mposife o f  t h e  s izes  were s u l f a t e s ,  

. -  
3.  z t i v e  dust--l%e fug i t ive  dus t  ehussion m n s t i t u t e s  about 80% o t ' t h e  

?articulate emission from tho accountable area sources .  Fugi t ive dus t  emissions 

azz broken i n t a  f ive ,  groups: (1) road and bui lding cons t ruc t ion ,  5 5 s ,  

2 )  unpaved'rnads 18%. 3) a g r i c u l t u r a l  t i l l i n g ,  7\,  4) l i ves tock  feed lots ,  1%. 

and 5 )  refuse d isposa l  s i tes ,  <lo. Only road and bui lding construct ion and 

mpaved roads w i l l  be discussed here.  From t h e  literature, (Ref. 2-17 ,18) ,  it 

. '&as de temined  Lidt 45% .by veiqht  of t h e  p a z t i c l e s  n e r s  g r e a t e r  than 10va. 

15% betneen 10-3um. 124 betnee? 3-,ldrn: and 28% less L'an lym, for c o n s t r x t i o n  

clst. Tnenty percent  YLK s i l i c o n ,  8% sluminurn, 2% calcium, 3% i r o n ,  and 29 

p0tassi.m. 

The p r o f i l e  f o r  c o n s t p c t i o n  dust  ( p r o f i l e  key 5044) is given i n  Appendix A. 

The p r o f i l e  f o r  fug i t ive  dus t  from unpaved roads is s imi1a r .W tht of 

cpnstruct ion dust .  

by weight of  t h e  particles were g:eater than 1 O u m .  151 between 10-3Wn. 12% 

between 3-1ym, and L8'. less than 1'~. -ty percent  were s i l i c o n ,  89 

aluninum, 2% calcium, 3% i m n ,  and 2% potassium. A l l  o t h e r  e;ements listed 

nere i n  concentrat ions less than 18. The p r o f i l e  f o r  f u g i t i v e  dus t  from 

unpaved roads ( p r o f i l e  key 0043) is l i s t ed  in the  Appendix. 

All o t h e r  elements l i s ted  were i n  concentration's less *an ,la. 

From t h e  literature (Ref. 2-17.181 it w a s  determined that 55% 

4. T i m  oust--Emissi:ns from t i re  a t t r i t i o l  c o n s t i t u t e s  about 7% of  the  

I particulate emissions from t h e  accobtablb area sources. 

(Ref. 2-L7.18) i c w a s  determined that bre.lkdonn of the p a r t i c l e  s ize  d i s t r i b u t i o n  

i s  a follows: 

From t h e  literature 

, .  

>lOum 10-3Um 3-1m C l u m  
, .  

.. T i r e  Dust 60% 5\ 15% 20\ 

The dus t  is coupused o f ,  about W\ carbon, and 1% zinc.  The remaining,element 

is  krdroqen. F u r t h e r  information an t i r e  dus t  is presented i n  t h e ' n e x t  
, .  

I sec t ion  (Sect ion 2 . 3 . 3  C . i )  . 
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2.3.3 &a Sources 

, h n  important aspect of the KVB f h e  p a r t i c u l a t e s  emission inventory 

w a s  tba i d e n t i f i c a u o n  of sour& of f i n e  p a r t i c u l a t e  emissions not under 

permit and general ly  not included or adequateSy character ize2 in p r e v i o c s '  

i n v e n t o r i s .  These s o u c e s  were categorized i n t o  four main groups: 1) fugi -  

t i v e  dust sources,  2 )  combustion sources ,  3 )  automobile source9, and 5 )  s i a  s a l t  

spray. Because these a r e  d i f fuse  and not  concentrated sources l i k e  i n z u s t r i a l  

po in t  sources,  they a r e  reEerred to a s  a rea  sources. 

these sources were therefore  based on. land =ea ,  populat iosl  land use, or 

other  c r i t e r i a  c h a r a c t e r i s t i c  of the a r e a  s o y c e .  

Emission f ac to r s  for 

Table 2-4 presents  a summary of the a rea  source suspended par t icu-  

l ace  emission estimates f o r  each 0: t i e  sources considered. Precise euis-  

sion'  r a t e s  were d i f f i c u l t  to  estimate due to the  complex nature  and non-avail- 
a b i l i t y  of appl icable  da ta  €or each s o y c e  ty?e. 

A second objec t ive  of the a r e a  sorrrce inventdry was t o  iden t i fy  the 

p a r t i c l e  s i ze  and chemical compcsition of the r spot t sd  pa r t i cu la t e  emissions 

from each source type. 
%ere d i f f i c u l t  t o  obtain for  many a r e 3  source types due to the wide v a r i a t i o n  

i n  n a t e r i a i s  associated wich each a r e a  source. 

cornposition analysis  can be found under t h a t  sec t ion  t i t l e d  "Area P r o f i l e s . "  

Aqdin, p r e c i s e  p a r t i c l e  s i i i n g  and chemical composition 

Spec i f ic  source chemicai 

A t h i r d  ohject ive of the study was to loca te  these area sources 

geographicaily i n  tfie south Coast A i r  B a s i n .  

secured from various governmental agencies on population d i s t r ibu t ion ,  land 

use, a g r i c u l t u r a l  p lan t ings ,  construct ion and road building. e t c .  Maps 

corresponding to the approximate loca t ion  of each source were developed. 

Area'sources based oil popuiation &re distribluted on a per capi ta  bas i s  

based on information f r o m  the ARB. 

TO th iwend ,  information was 

' 
. I  
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, g c n e r d ,  tbe orocedure 

2) an appropriate  ,inventory. 

can be rzadi ly  employsd t o  i&rova f u t u r e  estimates.  

Uc;ing t h i s  format, imprw. 7s of e i t h e r  c r i t e r i a  

'*, 

It must be pointed out  t h a t  many of the emissia :-;tars a, ,?iL 

the  inven:ories presented were developed s p e c i f i c a l l y  for t h L s  StuC: 3f 

South Coast Air Basin and a r e  not  necessa r i ly  appropriate  OL wpliCabL*. , 

, '  

Fugit ive Dust-- 

turbance of granular matzr ial  exposed t o  the  air .  Dust qmera ted  f ron  these 

e s t i r a t e d  t o  be emanating from the a r e a  sources considered excluding paved 

roaC t r a v e l .  T h e ' s i x  f u g i t i v e  dust  a r r a s  considered a r e .  (1) road and bui lding 

2onstruct ion,  ( 2 )  a g r i c u l t u r a l  t i l l i n g .  ( 3 )  re fuse  diaposal  s i tes,  ( 4 )  l ivestock 

3 road t r a v e l .  A s  can b e  seen i n  ' 

Y 

KVB 5806-703 
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. 

For the  above ca tegor ies  o f  fug i t ive  d u s t  sources, we dus t  generat ion 

process is caused by two bas i c  phys ica l  phenomena: 

1. Pulver iza t ia?  and abrasion of sur face  n a t e r i a l s  by appl ica t ion  
of mechanizal force  r!rough isplemrnrs (wheels, blades.  e t c . )  

cu r ren t s  s en i r a t e4  by winds, aovrng vehic les ,  et:. 

, I  

, I  2 .  Entrainment ~f dus t  pa r t i ' c l e s  bv L5e ac t ion  of tu rbulen t  air 

The a i r  po l lu t ion  impact ,of  'a fug i t i ve  dus t  source depends on the 

quant i ty  and d r i f t  of  L!e dus t  p a r t i c l e s  er . i t ted into t he  a tsosphere.  I n  

3ddi,tion to large d u s t  p a r t i c l e s  t h a t  s e t t l e  o u t  near the source (o f t en  

' c r ea t ing  a loca l ized  nuisance problem), considerable  amounts of  f i n e  Barucles 

?.re also P?. iz :~d and d i s y r s e 3  over nuch oreazer  d - s r a x e ;  from :!e 's0llr-e 
. .  

(3ef.  2-13]. 
, .  

T'ce q u a n t i t i e s  of dus t  r e p o e e d  as emissions i a  t h i s  repor t  are 

deti..ed as being comprised of p a r t i c l e s  smaller =!an l O u m  and having a; 

zarzicle ir,nsi:y of 2 .0  - 2.5 q/m . Fur t !e r  ?a r t i c l e  s ize  breakdovn in ta  

' c15:n. < 3 3 .  Jr.d <l;x intervals is i n c l k e d  i n  each sub-cAteqory discussion.  

The co r re l a t ion  becdeen imbirnt  !Ii-Vo!~um Samples and r!e Pasq;Jile-Gifford 

3if&on equation for gfound level .sources was employed by the refcrenced 

sz-dies (3efs. 2-17,13) as t he  basis  for conpuzing t ie  ar igxnal  ermssion 

f ac to r s .  

I 
I .  

' 

' ,  

1. Road and bui1di.q c o n s t r ~ c t i ~ - - l l e c e n t  s t u d i e s  (icefs. 2-20.21) ca.re 

ccnciuded t'cat road and bui lding consAnct i5r  a c t i v i t i e s  a r e  s i p i f i c m t  sources 

of 5dgi t ive  dust. 

grcund excavations, ,cut and fill opera t ions ,  and the  construct ion of tSa 

?ali:sLar f ac i i i k ,  i t s e l f .  

a c t i v i t i e s  accounted , for  the s i n g l e  l a r g e s t  source of i a t i - u l a t e  rnatrer 

lexc?c:Cinq pa-red T a d  :ra-mll. 

Such emissions are assoc ia ted  vir! land clc&-ing, b l a s t ing ,  

As :an be seen i n  T a b l e  2-4,  -0nstrucz:on 

, ,  

r , ,  , 

, .  
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, 
TMLP 2- j. ROAD 6 BUILDING CONSTRUCTION 

PARRCULRTE EMISSIONS 'SUMMARY , -- 
Acre-cunL\l Constriction 

Non- Emissions' 
Roads ' tons/vr county Res ident ia l  a e s i d e n t i a l  - 

29,894 6.004 ii:832 21,000 oranqe 

io, 184 24.000 

1,236 ,9,860 7,100 

L a  Xngeles 25.62: i3.304 

!liverside 8,078 

San Bernar&na 12.501 1,730 14 ,384  .11,000 

6,400 V e n t u a  9 * 7.97 ,1,085 3.J28 , 

258 1,144 1,000 h n t a  aarbara 1.172 

Total 
. 8  

' 71,2c3 

w n s / y r  

T 
I $1 ii7G-e 2-4.  Road and buil3i-g cons;rsct-m dust 

p c i c i e  s i r e  , + s t r i b u t i g n .  

W 5JO6-783 2-37 
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2. A g r i c J l N a l  tillaq&Approximately 9500 tons p e r  year of fug i t ive  dust  i 

(particles <1W) were est imated to'ba coming from 
operations w i t h i n  the basin as shorn in Table 2-4. 

icultural t i l l i n g  8 
c 

I . , 

"he t w o  universal objec t ives  of agricultL*ral t i l l i n g  dre the  c rea t ion  

of the  des i red  soil s t r u c t u r e  EO be used as L5e crop seedhsd and the  eradica-  

t i on  ?f veeds. Plc*i.ng, L5e most coanrnn method of t i l l a g e ,  c o n s i s t s  of some 

fo r s  of c u t t i n 3  loose,  granulat ing,  and inver t ing  the s o i l ,  and turning unddr 

t!s' organic  l i t ter .  

leave the sur face  trash in place,  have r ecec t ly  become more popular f o r  t i l l i n g  

in dryland farping areas .  

Implements that loosen the  soil  and CUE off the  veeds b c t  

During a t i l l i n g  operat ion,  d u s t  p a r t i c l e s  f r o m  the  loosening and 

i i t o  'thc a ~ z ~ o s p h e r e  as tke  s o i l  is ?u lve r i r a t ion  3f the  soi:' a::? s m i t t e C  

A--og;ed t o  :?e surface.  Gust  emissions a r e  g r e a t e s t  when the s o i l  1s ,d-T and 

2uriig f i n a l  seedjed preparat ion (Re?. 2-23). - 
In developing an emissiGns es t imate ,  a threefo id  approach vas d e n :  

1. t s~ .n i l s r .menc  of 1 1376 mvencor i  0: tiie har ies ted 'acreaqe  of f i e l d ,  . . 
t r x k .  orchards. a u t d m r  nurser(. and improved pasture .  

2.  h t e r n i r a t i o n  of the  passes pe r  crop made by a f a - d n g  

imple3ent t h a t  3ist.xrbs the  soil s ign i f i can t ly .  

3. 3avelopment of the proper emission facto: to apply to 
farning opekc ions  v i t h i n  the Basin. 

Ar ,~ iven%or i  of narrested acreage .>as compiled u i r b  L5e a i d  of Lie 

;375 3GIC-y Asricul t . i rdi  ~ ~ i s s i o n ' s  Crop ,Reparts (?afs. 2-24 thraugh 29). 

%e ?asses p r  s r q  'ere d e t e r a b e d  thriuqh lengthy oommun'icadon w i . 3  

rrurmrow C n i v e r s s q  of Cali?ornn;d Cooperative Exzension Service Farm AZvi!iors 

( i m f s .  i - 2 0  =!:A* 3 3 ) .  

are ?ra¶enred in,  T a b l e  2-6. 

~ ? l e ' e A a t e d  aver& n e r .  of passes p e r  crop t j j e  
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I ,  

C m e n t  f a d n q  p rac t i ces  i n  orchards d isc losed  t!!t only 10-20\ of the 

acre'age present ly  d o t t e d  t o  orchards is actual ' ly  t i l led.  

of  herb ic ides  is t h e  reason for t h i s  p rac t i ce .  

An.increased use 

A f i e l d  stlldy condmted by .Midwest Research I n s t i t u t e  (Ref. 2-18] 

concluded that the  quar.?+ity, of dust emitted from a q r i c u i t u r n l  t i l l i n g  is 

t rbpor t iona i  ta =!e area  of land being t i l i e d .  

on che following v a r i e l e s :  soil t e x t u r e ,  s o i l  moisture. ar.d t r a c t o r  speed. 

Available t e s t  data ind ica te  no s u b s t a n t i a l  deper.dence of A s s i o n s  on t h e '  

?fie of t i l l a q e  impLcicx-t  baing .used when operat ing a t  a t y p i c a l  speed of 

6 q h  ! - f .  2-19]. 

In addi t ion ,  emissions deperd 

The  equaziun f a r  eszinatinq tSe t o t a l  mount  0: , t i l : a ~ e  dusz erLssion5 
is as f0l.aws: . I  . 

, ,  

e (-iii~.q! I 1 . 4 s  ( 5 / 5 . 5 S  ! c !  , 2L5, 

'(PE/SO) 

where: e I emission factZr'!po&ds per  acre1 

s - silt conten t  (part ' .cles between 2 w y S 0 6  a s  defined by 
the t i . S .  Dept. ot kqr icu l ture l  of t h e  surface soil (0-4 
inchas depth) percent  

I 

5 - implement speed !miles p e r  hour) 

PE - Thornthwaite 's  precipitation-evapration rnde r ' co r rec t ed  
for i r r i g a t i o n  . t  

, ,  

C - p a r t i c l e  s i z i n g  factor (e.g. 6 5 % .  vt. <iOw diameter 
p a r t i c l e s ,  see Yigure 2 - 5 )  

2-40 RIB 5806-783 
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The s i l t  content  of i& a g r i c u l t u r a l  lands qaneral ly  ranse rron 10-:3\. 

A mid-range v d u ,  of  206 was chosen. 

the top four  rnches of soil during t i l l i n g  var ied from a ?E Index of 1' tc 56 
(Refs. 2-39.32.34.35). 

ment speed var ied considerably so a v a l w  of 5 . 5  mph w a s  chosen. 

ALSO, rewrts on the  moisture content  of 

A value of 41 w a s  chosen t o  be repre ien ta t ive .  Imple- 

3y i n s e r t i n g  L!is i n f o m t i ? n  i n t o  the  forementioned t i l l a g e  dus t  

equation, an enissL3n f a c t s r  of 27 lb per  acre  pass xas leri.r=d. A ?e - i c .Le  

s i z e  d i s t r i b u t i o n  ? l o t  is snow m Figure 2-5. 

ca lcu la t ed  for agrrcult.&al t i l l i n g  have the following p a r t i c l e  s i z e  

c h a r c c t e r i s t i c s  (Ref. 2-:8) : 

On the average, dust  emissions 

P h r t i c l e  Diameter Weight Percent  

25% 

17% 

229 

366 ' 

, , ,  

A s u m a r i r a t i o n  of the inventory and emission est imates  by crop group 

s.2 = o u f ' (  a re  ?resented i n  Table 2-7. F i v e  2-6 depic ts  the  major 

a g r i c d t u r a l  a reas  to which tkese emission e s t b t e s  were assigned. 

a id  of County Agr i cu l tu ra l  C w s s i o n e r s ;  Farm Advisors !Refs. 2-31.36-38) and 

an XRB m e m o  (Ref. 2-39) were s o l i c i t e d  in est imat ing t h e  percentage Of Craps , 

contained w i t h i n  the Air Basin when a county such a s  Riverside extends au ts ide  

the study area. 

The'  
, I  

3 .  iletuse DiSPOSal Sites-&er 15 million tons 'of l i q u i d  a n d ' s o l i d  waste 

were lispxed o f  annually i n  the 45 major l a n d f i l l  s i t e s  located in the basin.  

fiis accounted tor approrimatsly 300 .tons of  f u g i t i v e  dust .  Disposal invol-s 

. the  , co l lec t ion .  t ranspor ta t ion .  unloading. and soil covering of daily refuse.  

For our purposes. t h e  d u s t  associated with unloading ,and soil covering w i l l  

be considered to c o n s t i t u t e  the  major por t ion  o f  t h e  dus t  generated from the 

t o t a l  d i spcsa l  cycle.  

. 1-41 icvB 5806-783 
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Figure 1 - 5 ,  Agcicu~tural t i l lage  3ust particle 
s i z e  distribution. 
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A +reefold approach w a s  taken i n  the e s t a b l i s h r e n t  of  the 300 tons 

aer yeax esti;nate: 

' 1 .  &vi&' of C o u t y  Solid waste &ageman+ P l a n s  to e s t a b l i s h  

site l o f a t i o n  and annual re fuse  disposal 

Deternination of the sur face  area worked based 9n the annual 
q u a n t i t i e s  of re fuse  disposed 

I ,  

2. 

' J., E s t a b l i s h m e n t  of an appl icable  k'nission fac tor  

'Coyote Canyon l a n d f i l l  s i t e  w a s  chosen a s  a model re fuse  s i t e .  Tho 

N r f a c e  area worked vas estimdted t o  be equal t o  2/3 power O f  t h e  vo lwe ,  of the 

disposed refuse (Ref. 2-40 ) .  

to weigh *-l:OO'pounds ( 2 m s i t y  of 0 .71  q/cm ) 

a r r i c l e s  o n ' f y i t i v e  dust. emissions f a i l e d  to reveal an emission f a c t o r  

specifically desiqned f o r  l a n d f i l l  s i t e s .  

O l e  C U ~ A C  yard of  compacted' refuse was estimated 
3 (Ref. 2 - 4 1 ) .  Rrviev of numerous 

Since' Lie a c t i v i t i e s  a+ a l a n d f i l l  s i t e  approximate h o s e  found a t  

a cons tmc t ion  site, the 0 .5  ton per  acre-mntS o f  a c t i v i t y  f o r  COnStNCtiOn- 

vas chosen. 

s i t e s  ( R e f .  2-42: disclosed t h a t  continuous watering o? 3 e  d i r t  roadway and 

, active'duuip area is c o m n  prac t ice .  Also, continuous watering i s ' p r a c r i c e d  

Invest igaf ion of d u s t  cont ro l  p r a c t i c e s  a t  orange County l a n d f i l l  ,' 

, .  

a t  a m j o r i t y ,  if not a l l ,  municipal sites i n  the bas in .  

f e l t  t h a t  the 0.5 ton p e r  acre-month w a s  indeed appropriate.  

,Therefore,  i t  W a s  

The s p e c i f i c  s i te  loca t ions '  and annual re fuse  disposed Can be found 

in Fiqure 2-7 and T a b l e  2-8. ' Emissions wera entered i n t o  the ftM1 i 
inventor i  on t!!e b a s i s  of s i te  loca t ion . ,  , 

Part ic le  s i r i n g  i n f o r r a t i o n  on f u g i t i v e  dust  from COnstNCtion s i t e s  

was a l s o  iudged to  be appl icable  t o  l a n d f i l l  sites. 
, ,  

4. L i v e s t c c k  dust--.in EPA sponsored study ( R e f .  2-17) has been conducted ' ~ 

to quantify the  f u g i t i v e  dust  ea i s s ions ' f rom livestock feedlots .  

48 samples 'were taken a t  24 d i f f e r e n t  f e e d l o t  lochtionr. , .  Emission fac tors  of 

A O ta l  Of ~ 

~ 

. ,  

' ' 8  tons/lOoO hd/year for uncontmlled l o t s  vith less than 25,000 head. and ' 

. 5  tone/'1000 hd/year for feedlo ts  v i t h  more than 25,000 head ( F a r t i c l e  < 3 0 W  

vere derived. 

, ' ' 

Additional, p a r t i c l e  s i z i n g  ' inforWtion vas n o t  taken. 'harever.  
: '  , 

2-45, FJB 5806-783 , 
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TABLE 2-8. EXISTMG P W O R  CLASS I AND I1 SANITARY LAWFILL SITES 
IN THE SOUTH COAST A I R  BASIN 

(Reference - County Solid Waste Management Plans) 
I 

I1 
I1 
I1 
I 

11 
I1 
I1 
I1 

I 
I1 
:I 
11 
11 

I 
I1 
11 
11 
XI 
I1 
1 

11 
I1 
I1 

n. -a MI. = (ru- 
n. WIIdU 
4. 

(w 

XI 
11-2 
IZ 
11 
11 
XI 
I1 

11-1 
11-1 

11-1 
11-1 
11-1 

11-1 

sx-1 

11-a 

n - a  
1:-a 

I 1  - a2.m- 51.700 
101 - u.1- - U . 3 5 0  
I.) 1.100 1.100 
140 1,100 1.100 
u f 1 a . a  l a .  400  

w 4  1s.- I 5 . W  
5 0  U.UD b 1 . W  
ma - u.m - u . 0 -  

- - 
- - 

. "." M - 1.010 - 
LO ' - l.I¶O 

L Q W  - a,"." 



I .  

A particle size d i s t r i b u t i o n  p loz  ahok. in Figure 2-8 was generatbd 

based cn t h e  assumptions that -he s i l t  c0ntri.r of t h e  s o i l  contained within a 
feedlo t  pen is h ighe r  Gban t ha t  of c.3nstruztion and unpaved mads,ar.d %\at i 

t h e  misture content  of the s o i l  may be somvha t  higher  due t o  l ivestock 

excre t ions .  

5n the average t h e r e f o r e i t  is est imated t h a t  dus t  p a r t i c l e s  from 
- .  

fee? lo ts  would have the foliowing p a r t i c l e  s i z e  cha rac t e r i s t i c s :  

1. 

- P a r t i c l e  oi5- Percent hy lreiqht 

C l D  46 

1 - 3 p  16 

3-10lm ' '  j '  13 
>10Urn 4 # 2 S '  

. .  
, , ,  

A recent i n w n t o r y  of pa r t i cu laca  emissions from feedlo ts  iocated 

within '  the  basin was conducted by t h e  .Air Resources B o a r  (Ref. 2-43) . Emissions 

of '400 tons ( p a r t i c l e s  <30Um) were est imated.  Basis  f o r  this estimatc was Lbe 

at 
A re ,nt  st'2dy (Ref. 2-44) on this s v e  subjec t  conducted by the  SCAQW was used 

as a cool i n  evai=CizG '_e ADS'S est inzr_eI  

' 
Xntioned s tusy and the C a l i f a r n i a  Livestock Statist ics R e p r t  for 1976. 

The s p e c i f i c  emission f a c t o r s  appl ied  i n  t h e  ARB est imate  are (Ref. 2-39): 

.. I C a t t l e  , . 8 T/i000 hd/yr 

Sheep' 6 Hogs 1.25 " 
Gc:sts , 1.'25 *' 

.' Ttukeys 0 . 2  

E m i s g i m s  t o t a l i n g  1300, tons ( p a r t i c l e s  Cl0~m) were entered i n t o  t h e  fikl 
inventory. Feedlot loca t ions ,  Rigure 2-.9, were ex t rac ted  from ;.e . . 
Cal i forn ia  Livestock S t a t i s t i c s  Rep.-.  

I ,  

5 .  Unphved mad  travel--Studies (Refs. 2117,18,45-48) have showmthat 

significkt q u a n t i t i e s  o f  f u g i t i v e  d u s t  are emitted during vehicular  travel 
on unpamd 'madways. , O u s t  plumes t r a i l i n g  behind vehicle5 t r ave l ing  on wr.- ' 

pa?ed ro&s a r e  a f ami l i a r  s i g h t  i n '  rural areas. 

an unpaved m a d ,  t h e  force of the wheels on t h e  mad sur face  causes pulver iza t ion  

*en a vehicle  travels over 

8 .  
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Se , -  veh ic l e  speed cor rec t ion  t a c t o r '  (ref. 2 - 2 0 )  

30 mph . 258 appmx. con t ro l  err.  , 

20 mph 65% " '  I . ,  I. 

15 mph air 0. * H - man annual n w d r  of days with 0 .Ol ' i n .  or mre of  r a i n f a l l  - park ic l e  s i ze  range f a x o r ,  see Figure 2-10 1e.q. 'to determine 
Lh.e emission facto: for ? a r t i c l e s  less than ?WP,, C i s  0.46 

c 

(or 46a from ?iqure 2 - 1 0 ) ] .  , 2 
' .  , 

' . On the averaqc, dust emissims from unpaved road t r a v e l  have the 

fo l lov inq  pn r r i c l e .  s i z e  c h a r a c t e r i s t i c s :  

Par t ic le  s i z e  Weiqh t Percent 

1:a 13  

1-3pm 12 

3-10~m 16 

>low ' 54 

X s3mtraq' of the  ind iv idua l  road types ,  &le!. pe r  hour speed r e s t r i c t i o n s .  

'and emission rates ?er counry axe presented i n  T a l e  2-9. P e r  county 

;nvrn:=ries of Lie vehic ie  a i ies  c rave iea  p e r  year  i W Z i  i e r  road cy?e 

were obtained from the A i r  Resources B c a r d  (Ref. 2-49].  T a b l e  2-10 p re sen t s  

a ' ~ ~ r ~  of r^ie e s t rna t ed  V%T far each count'/ wi th in  t h e  stud'/ area.  

Appl/& e e  emission f a c t o r s  presented i n  T a b l e  2-9 t o  t h e  

inventory i n  T a d l e  2-10 resu l ted  i n  a t o t a l  emissions rate f n m  these 

sotuzces o f  a x r o x i n a t e l y  23,201) tons pe r  year.  

L6.( o: a i -  area sources accol;nced for i n  Table 2-4. 

This  is equal to sFprdxiK.at@~f 

5 %sed on the  assumption t 5 a t  ' " k o n t r o l l e d ' .  s;ieed is t.ypic,all.j 40 a@h. 
Betucen 30-50 aph emissions are l h e a r l y  p m p c i v n e d  t o  vehicle  speed. 
B d m !  30 zph. S o w c E r .  emissions ap-psr t o  be proportioned t o  Cie square of 
Lie' ' r e h i d e  +peed. 

neqlect inq er~isions ?n '"wet" days,  i.e.; days with more t5an 0.01 inches 
of r a i n f a l l .  

1 The :apora:.J r e d u c t i m  i n  emissi3ns Secause of r a i n f a l l '  is  accounted €or  by 

I '  . 
LpvB 5806-793 
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Figure 2-10. Unpaved road & s t  particle site 

8 ,  distribution. Source:, Ref. .2-18. 
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.I 6. P a r t i c u l a t e  emissions from paved roadways--The ac t ion  of vehicular  

t r a f f i c  on a dus t  laden paved roadway causes 90111) of  the mater ia l  t o  be 

emi t ted  ' in to  the  atmosphere. 

normally s e t t i e  o u t  within 20 t o  30 f e e t  from t h e  edge of the roadway and, 

therefore ,  a r e  n o t  included i n  t h e  area source emission p r o f i l e .  P a r t i c l e s  

q f  ' l e s s  than lOOUm d i a r e t e r  w i l l  be d ispersed  depending lipon t h e i r  dian*?tcr 

a i d  ex ten t  of atmospheric turbulence.  

The l a r g e r  p a r t i c l e s  (>100!.4mI emit ted w i l l  

. I  

An equi l ibr ium roadway dus t  loading w i l l  r e s u l t  when a balance i s  
adt ieved between t h e  mater ia l  depos i t ion  and r e m v a l  r a t e s .  

r a t e  includes:  t i r e  and brake l i n i n g  wear; pavemnt wear; atmospheric dus t  

f a l l o u t ;  mud and dus t  carryout  fzom unpaved areas ;  vehicle  e n g i n e  p a z t i c u l a t e  

e%,jsior.s: et:. 

entrainment by t i r e  moqion and vehicle-generated t u r b u l e x e ;  wind eros ion  

(,fer wind speeds exceeding 13 .n i /hr I  : r a i n f a l l  washing; s t r e e t  sweeping;' e t c .  

Tk .! former 

m r e r i a l  is removed from the roadway under t h e  ac t ion  o f :  

. 
' Measurements of a i rborne p a r t i c u l a t e s  emanating from paved roadway3 were 

reported i n  References 2-113 ar.d 2-114. 8oL5 s tud ie s  addressed dus t  e n t r a i n m e n t  

f r o m  d?l s c r e e t s  i n  q e  Kansas c i t y  a rea .  

A?-42 remmended emission f a c t o r  o f  0.012 lb/vehicle-mile. However, t h i s  

sinqle "slue !mist be nulrdLfLed to a c c o m t  ;or dus t  r e m v a l  by r a i n ,  t i r e  and 

br&e l i n i n g  emissions, and high-speed, hi?h-volume t r a f f , i c  pa t t e rns .  

The= data  were the bas i s  of txe . 

D u s t  r e m v a l  by r a in  was accounted f o r  by assuming t h a t  r a i n f a l l  i n  

excess of  0.01 in./day '*auld completely i n h i b i t  p a r t i c u l a t e  emissions of  any 

, kind from L5e roadway. T h i s  i s  t h e  same c r i t e r i o n  u t i l i z e d ' i n  t h e  ana lys i s  

Thus, the b a s i c  .emission f ac to r  was m d i f i e d  by a term: of -unpaved roads. 

(365 - W) 
3 6  5 

where W i s  the  number of days/year w i t h  r q i n f a l l s  exceeding,0.01 in./day. 
, a  

Reference 2-114 performed microscopic analyses of co l l ec t ed  p a r t i c u l a t e  

samples and found t r c e > . ' o f  rubber t i r e  p a r t i c l e s .  

repor t  es t imated par t i : .u la te  emissions from t i r e  ana brake w e a r ,  t he re fo re ,  

these t o t a l s  w e r e  subtracted from t h e  paved road emissions in order  t o  prevent 

O the r ' s ec t iom i n  t h i s  

double counting. ,.l 
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The equilitirium dus t  content  on high--speed, high-voluae madways w a s  

e-cted to  be iess  &,an on r e s i d e n t i a l ,  comrerci+ or indu 'Ui .11 sur faces .  

This i s ' d u e  to  t h e  high t r a f f i c  vulunr, p m ' d x i n g  a high r e m ~ v d l  .rate, i .e: ' 

vehic le  .Ib s Lb 
vehicle/mile ' hour  hour-mile Mass race of .removal - 

This r e m v a l  rate would be p a r t i a l l y  o f f s e t  by engine-generated p a r t i c u l a t e s ,  

s a v e m n t  wear and dirt c a n l o u t  ( d i r e c t l y  propor t iona l  to  t r a f f i c  volume). 

Hwever ,  ot..er d e p s i t i o n  s o u ' c e s  (!aa&ground ?ust  f a l l c u t ,  e tc . )  would be,  

, t o  a f i rs t  approximation.. independent of t r a f f i c  volum. 

so q w t i r ' i e d  data w a s  found desc r ib ing  p a r t i c u l a t e  emissions from 

high-speed, h i g h - w l u w  paved roadways and it w a s  assumed t h a t  these condi t ions  

would pKoduce one-hale 'he emission f ac to r  eecomwnded in '  AP-42, i .e.  C.006 

l>/vehic:e-mile, basqd oh the considerat ions previously discussed.  , ' 

T t e  p a r t i c l e ,  s i r e  d i s t r i b u t i o n  from paved roads was taker, as t h e  mean 

of t h a p p r o p r i a t e  tests KepL-ted in Ref. z - i i 3  and i s , s h &  in F i g u r e  2-11. 
This d i s i r i b u t i o n  has Cie following c h a r a c t e r i s t i c s  : 

. .  ' Par t ic le  S i z e  Weight Percent 

< l Y m  13 

3-1Oum 24 
? l O u m  20 

1-3l;n 25 , 

Freeway ~d highway t r a v e l  represents  50% of  t h e  t o t d l  vehicle-miles 

t rave led  (W) in t he  South Coast Air B a s i n .  according to  Ref. 2-115. Tota l  

vehicu lar  t r a v e l  on paved roads i n  t h e  SCAB. excluding toyed trailers, amounts 

to an estiAted 7.2~101' vMT/year -(cf.  T a b l e  2-15)  and , ,  dth the  emission f a c t o r s  

developed, represents  a gmss p a r t i c u l a t e  *mission ra t e  of 330,000 tOnS/year. 

This  amunt w a s  reduced by those corresponding t o  t i re  w a r  (a400 t o m /  

year)  and brake wear (3100 tons/year) in orde r  not t o  double 'Count t hese  

sources. 
days (h3.010 in./day) i n  the SCAB (32 days/year) t o  achieva an estimated to t a l  
par t iculat : ."  emission ra te  o f  Z ~ O . O O O  to,ns;year. 

The resultants were f u r t h e r  reduced by t h e  average number of ralny 

Reference 2-11.] prodilced the p a r t i c l e  sire d i s t r i b u t i o n  shown above 

which allowed t'e spec i f i ca t ion  of t he  t.ota1 e a i l s i o n  rate assoc ia ted  wiL\ 

p a r t i c l e s  <lourn i n  diameter, i .e.  721 by weight. Thus, t h e  t o t a l  emissions in 

2-57 
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Figure 2-11. Pwed road particle,  s i z e  distr ibut ion , i 
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tiiis s i z e  range w a s  210,000 ton/year  (70,000 ton /yr i r  from freevays/hzghways 

and 1 Q tons/year from sur face  streets).  ' 

'!e 2-11 presants  t h e  emissions .from paved roadways i n  t h e  SCAB 

I for  d< '  . by roadway category and p a r t i c u l a t e  type. These f i g u r e s  must 

be viewau w i t h  caut ion s ince ,  according to AP-42, 409 by weight of  Samples ' 

co l l ec t ed  were analyzed t o  be eugine combustion genelrated p a r t i c u l a t e s .  TneSe 

p a r t i c l e s  would Lave been included i n  a npbi le  source inventory ai3 it  * o d d '  

be incor rec t  t o  include them again i n  a new category--paved road t.caveJ-. 

Vehicular craw: on paved ma& produces p a r t i c u l a t e  emissions 

categorized as (-42) : ?ngine exhaust pa.rticles (40% by weight) i mineral 

matter (599 by weight) : and b io logica l  and Eire dus t  (1% by weight) .  

the  encline exhaust p a r t i c l e s  have already been included as  a mobile source 

coptr ibut ion and, therefore ,  s h o d d  not  be counted again by t h i s  study. 

matter en iss ions  r e s u l t  from re-ent'rainment of background dus t  deposi t ing on , 

t h e  roadway and from dirt and mud c a r r i e d  o u t  from unpaved areas .  Thus, a 

la rge  percentage of t!!e roadway dus t  ermssions a c t u a l l y  o r i g i n a t e d  from an 

area source not  considered , i n  the  present  work, e . g . ,  wind erosion of  open f i e l d s ,  

and it would not b e  c o r r e c t  t o  a t t r i b u t e  then. to paved mad traGe1: T i r a  (and 

brake1 a t t r i t i o n  has been separa te ly  considered and was no t  counted again a s  

However, 

Minerql 

. a paved ' k d  dust  area source. - ,  . .- 
S t r i c t l y  s p e d i n g ,  the only p a r t i c u l a t e  emissions d i r e c t l y  a t t r i b u t a l e  

t o  roadway t r a f f i c  would be pavement degradation, ,ure and brake l i n i n g  

a t t r i t i o n ,  and engine combustion p a r t i c l e s .  T h e . f i r s t  item w a s  no t  quanti-  

f i e d  by L3is study, while t h e  secona i.as been separately estimated. The l a s t  

item h a s  a l ready been discussed. Thus, a l a r g e ,  but'unkncwn, f r a c t i o n  of the  

p a r t i c u l a t e  enission rates sham in T a b l e  2-11 have been considered elsewhere.' 

B. Combustion-- 

Fugitive .combustion re la ted  sources ,ac?ount& f o r  %3% o f  t!e t o t a l  

The estimated area source emissions computed i n  t h e  f i n a l  1975, i n n i n t o q .  

a rea  sources 'and t h e i r  respect ive emissions covered under conbustion i n  -.he 

f i n a l  inventory are: 

1) Forest  Fires 2400 T/yr 

2)  S t r u c t u r a l  ' . 200 

3)  Fireplaces  500 n 
I .  
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TABLE 2-11. PAVED FOAZWAY PARTICULRTE EMISSIONS I N  SCAB' 

d<lOl;m, 32 rainy days/year 

Part iculate  Type, Tons/Year 

Wadway Category Exhaust mnera l  Tota l ,  Tons/Year 

?eeeway/Hrghway 28,000 42,000 70,000 

Surface S t r e e t  56,000 ' 84,000 140,000 

84,000 126,000 210,030 

~~~ 

' Note: Particulate  emi.ssions f r o m  tire and brake w e a r  w e r e  , '  

separate ly  estimated. 

See text.  
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4) Resident ia l  na tu ra l  gag consumption 100 * 
5 )  Cigare t tes  3*') " 

500 ** , ' . 6 ) ,  Agricu l tura l  burning - 
mAL 4500 T/yr 

1. Forest  f i res--Forest  f i r e s  consuntad over 23,000 ac res  o f  f o r e s t  and 

Pr iva te ly  owned L-ads within the SCAB i n  1.976. Rn est imated 373,000 tons 

of combust+le ma te r i a l .  ( f u e l )  w a s  consumed i n  the  process shown i n  T a b l e  2-12. 

The  ms t  apparent a t m s p n r r i c  contaminant from f o r e s t  burning is  

Pa r t i cu la t e  e m i s s l u n s . ,  The s i z e  and i n t e n s i t y  (or even t h e  occurrence) of  

a wi ld f i r e  i s  d i rec ' t ly  dependent on such va r i ab le s  a s  the  l o c a l  meteorological 

condi t ions,  L5e spec ies  of t r e e s  and t h e i r  moisture content ,  and L5e weight of 

consumable fcei per  ac re  (fuel loading) . Once a f i z e  begins,  the  dry  combustible 

mater ia l  (usua l ly  snall undergrowth and f o r e s t  f l o o r  l i t t e r )  is  consumed f i r s t ,  

md i f  .che energy r e l ease  is la rge  and o f  s1lff ic ient  durat ion,  the drying of 

green, l i v e  mater ia l  occurs with subsequent burning of t h i s  mater ia l ,  as w e l l  

as the  l a r g e r  dry mater ia l .  

this process ,nay ini t ia te  a chain reac t ion  that r e s u l t s  i n  a widespread 

conf1a;ration. 

Under proper environmental and f u e l  condi t ions,  

The complete combustion of a f o r e s t  Cue1 , requi res  a hea t  f lux  

(temperature Lradient)  , an adequate oxygen supply,  and s u f f i c i e n t  burning 

:be. 

z?d t h e  topographic f ea tu res  i n t e r a c t  t c , u o d i f y  and change the burning 

behavior as the  f i r e  spreads; thus,  , a w i l d f i r e  w i l l  a t t a i n  d i f f e r e n t  degrees 

of combustion during i t s  l i f e t ime  (Ref. 2-50). 

The h i r e  and quant i ty '  of f o r e s t  f u e l s ,  the meteorologica1,condition's. 

Knowledge of the  chemical na ture  of f o r e s t '  f ue l s ,  combined with what 

i s  known about pyro lys i s  ' a d  combustion, suggests t h a t  pa r t i cu la t e s '  formed 

by . f o r e s t  f i r e s ' w i l l  c o n s i s t  pr imari ly  of a couple.. mixture of  scot, tars, 

ar.d m l a t i l e  o r q v i c  substances.  The majori ty  of p a r t i c l e s  fomd i n  f i r e  : 

smoke a r e  formed from the  gaseous organic  compounds produced by pyrolysis  

and combustion. The processes of nucleat ion,  condensation. and coagulation 

combiie i z  a continuous .=hain of  rap id  events  to  form bath l iqu iZ and s o l i d  

a l so  formed by the  mechanical tear ing  ac t ion  of  tu rbulen t  forces  present  i n  L!e 

f i r e s  zone (Ref. 2 - 5 1 ) .  

. ,  

, '  . 

pat ,ac*dates  ranging upwardi i n  size from about 0.002 microns. P a r t i c l e s  a r e  , .  

Research on f o r e s t  f i r e  emissions conduct3d by the,USDA Fozest Service ; 
Southeastern Forest  Exper imnta l  S t a t i o n  ( R e f .  2-51) ccncluded ;hat: 
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1) Zhe median diameter of  p a r t i c l e s  i n  fo re s t  f i r e  smoke 
i s  approximately 0.2 micron, i . e .  51)* of the  p a r t i c s d a t e  
veight  occurs a t  t h i s  s ize .  

Approximately 80% of the mass of a l l  p a r t i c u l a t e s  is  belov 
1 micron (see Figure 2-12) 

Regardless of  fue l  type. average pa r t i c16  sire remains 
e s s e n t i a l l y  constant.. 

21 

3) 

A high l eve l  of confidence i n  these i n d i c a t i o n s  vas  reached by the Southeastern 

Forest  Service when mupled w i t h  the r e s u l t s  of  othe? inves t iga t ions .  Hoveviir, 

these conclusions 'apply ma in ly  to f o r e s t  acreage located i n  the Southeastern 

port ion of  the United S ta tes .  

betveen Southern Cal i forn ia  f o r e s t s  and f o r e s t s  of  the  southeastern p a r t  of t&e 

United S ta t e s ,  the e f f e c t s  of these d i f f e rences  on p a r t i c u l a t e  s ize  and mass , 

loading are not known a t  this time. Impactor s t u d i e s  performed by t h e  P a c i f i c  

Northwesc Forest and Range Experiment S t a t i o n  (Ref. 2-52) on the  burning of 

tbuglas f i r '  under l d o r a t o r y  condi t ions revealed t n a t  329 of the p a r t i c u l a t e  

mass vas <lw aerodynamic diameter and that 69% was <0.3um. A s  can be seen 

in  Figure 2-12 

by the  Southeastern Forest  Service.  

SCAB f o r e s t  f i r e  c h & a c t e r i s t i c s . a r e  conducted, it is assumed tha t  the 

ch 'a rac te r i s t ics  of S W  f o r e s t  f i r e s  do noc d i f f e r  s i g n i f i c a n t l y  from those 

1 - 
Although d i f f e rences  i n  f u e l  type do exist 

these values do not d i f f e r  s i q n i f i c a n t l y  from those measzred , ' ' . 
Therefore,  u n t i l  f u r t h e r  s tud ie s  COnCeqIing 

c h a r a c t e r i s t i c s  observed by t h e  Southeasterh Fores t  Service.  
( I  

. ,  

The emission rate o f ' p a t i c u l a t e s  depends heavi ly  upon the f i r e  t h e  
and, f u e l  moist& content ,  and, 

rangement. 

than backing f i r e s ,  everything e l s e  b e b g  equal. Also, f o r  a given f i r e ,  ' ', 
emission rates during t h e  molder ing  phase can be e ight  times higher  than i n  
the f l a r i n g  phase (Ref. 2-51). 

a lesser ex ten t ,  upon fuel  type and 'k- 
Heading f i r e s  general ly  produce about  thrse tiiues more p a r t i c d a t e s  

Studies  (Refs. 2-50.54) have est imated that from 16-17 pounds of 

p a r t i c u l a t e '  mat ter  are  released per ton of f u e l  burned. 

f o r e s t  and pr iva t e ly  owned lands b.:m+ i n  1976 and t h e i r  assoc ia ted  f u e l  

ldadinq values were obtained from National  Fores t  senices (Resf. 2-55.56) 'and , 

the Air Resources Board (Ref .  2-57). The ac res  burned, material consumed. and 

estimated emissians are presented i n  Table  2-12. Figure 2-13 presents  the lo- 
ca t ion  of the major f o r e s t  acreage i n  the South Coast Air Basin. 

"iocation of four  fue1 , types  t a s t e d  are: Dnridder, LA; New Born, NC; FG. 

+Douglas f i r  comprises approx. 10% of t h e  total  SCAE forest acreage and -26% 

The acreage of 

Lauderdale, FL; b u n d  Oak, Cd. 

of  the  f o r e s t  acreage occupied by t r e e s  (Ref. 2-53).. 
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Figure 2-12. Fordst f i re  particle s i re '  distributi,on. 

Source:' mi .  2-51 
Average of f o v ,  fu s l  typas 
f r w  Idcations a t :  a) Derrider, LA 

b) New Born. NC 

d) Roundoak, GA 

Southern California not available; assunm ' 
Ytferences a t  this time to  be negliyible. 

, , c )  F t .  Laudqrdale, FL 

Note: Particle s iz ing  data on fuel, types natim to 

. 
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2 .  St ruc tu ra i  f i r e - - A  recent s tudy ( R e f s .  2-53, 59) conducted by t h e  i 

and X A Q S I  was employed i n  es t imat ing  t h e  quant i ty  of p a r t k u l a t e  mat ter  emitted 

t o  ;he atmosphere during a s t r u c t u r a l  or vehicular  f i r e .  

tcns/yr  o r  0.24 tons/yr  pe r  10,000 people ,uere  reported f o r  t h e  e n t i r e  s t a t e  of 

Cal i forn ia .  

the  0 .24  tons >e= 1O.ooo j e o p l e  p e r  yea r  by t h e  1376 SCAB population (Ref .  2-60). 

Emissions of SO0 

. 
The SCAB es t imr te  of S O 0  tons p e r  year  w a s  derived by multiplyinq 

The approach taksn i n  the abovn rent ionad s tudy was: 

11  

2 )  Establ i sh  che mnetap. *.*=he equivelent  to the conbustion 

3) 

41 Cowpute emission f ac to r s  using AP-42. as '  a &idee. ' 

51 

Using CFIR R e p o r t 3  (Ref. 2-61), e s t a b l i s h  a mheta ry  value 
of prope;ty, contents ,  and vehicle loss due t o  f i r e  i n  1976. 

of one house, car, and'contenrs, .  

Es tab l i sh  fue l  loading f a c t o r s  per  category. 

Convert the  derived emission r a t e  i n t o  a p ,apuiat im b a e d  emission 
, ,  f a c t o r  t o  b e t t e r  d i s t r i b u t e  t h e  ca lcu la ted '  emissions. 

' Tab:.e 2-13 presents  t h e  above discussed approach, values ass igned and 

e&saion est imates .  D u e  to the  3 i v e r s i t y  of mater ia l  consvied within a 

struct 'za.1 f i re ,  a p a r t i c l e  s i z e  d i s t r i b u t i o n  b l o t  uas n o t  ava i lab le .  

aea-d to be ;s i r i :ar  m t!!c pr*AsLe sire distribution ,for f o r e s t  f i r e s .  

' It was 
1 , s  

3. Fireplaces-As shmm i n  Table 2-4, approximately 500 tons of p a r t i c u l a t e  
, .  

matter (particle C l o p )  were est imated t o  be e w n a t l n g  from i h e  combustion of  

firewood i n  r e s i d e n t i a l  f i r ep laces .  

A study (Ref. 2-62) conducted on f i r ep lace  emissions f o r  t h e  PPA 
estimated t!h,e t o t a l  average p a r t i c u l a t e  mass emission r a t e  to be 2 1  pun& 

per  ton wood,bunied.* 

burned i n  the SCAB (mainiy dine,  orange and eucalyptus) and of  t h a t  burned 

i n  the  above mentioned s tudy ( a l d i r ,  f l r ,  l ocus t ,  and pine)  are asslnned 50 

.be neg l ig ib l e  for this study. 

o t h e r  appl icable  &a. 

Differences i n  emissions e x i s t i n g  netween the wood ' 

' 

A l i t e r a t u r e ' s e a r c h  f a i l e d  t o  d ikc lose  any 

Average s o f t  wwd nvis ture  conten t  12.5% by ut. 
Average s o f t  c o d  densi ty  0.43 g/cc 
One coqd or wood contain9 90 c f  m o d  (Ref. 2-63) 

,- 

. 
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darticle s i z i n g  da ta  from the above mentioned s'tudy is presented i n  n 

Figure 2-14. 

p a r t i c l e  s i z i n g  da ta  vas considered. 

Since s o f t  m d s  are mainly buxned i n  t h e  SCAB, onlf s o f t  vood 

On t h e  average, p a r t i c u l a t e  emissions 

from' r e s i d e n t i a l  f i r ep laces  h a w  the f o l l o r i n g  i a r t i c l o  s i z e  c h a r a c t e r i s t i s s  . ' -  

P a r t i c l e  S ize  Weight Tcic+nt 

< l p m  36 
1-3m 12 

3-10m ' 14 ' 

>1oym 38 

The medim p a r t i c l e  size vas  found t o  be a t o u t  3 microns; 66.3t oP the  

p a r t i c u l a t e  vas  condensibles caught i n  t h e  back ha l f  of t h e  ,s&ling t r a i n .  

In es t ab l i sh ing  an inventory of a c t i v e  mod burning, r e s i d e n t i a l  f i r e -  

p laces  i n  the sCm. local g . w e r m n t  agencies were contacted as to the  .iutrber 

of  ?x i s t ing  f i r ep laces .  

w a s  not  ava i lab le .  

of  s ing le  family a r d o r  dwelling units i n  i county.was taken. 

off ices  :"sf;. 2=57 t= 2-70) xi:e:e Csn'Acted. 

I t  vas  r w n  discovered that such information per  se 

A second approach o f  obtaining information on the nmber  
, 

'ounty assess3r15 

To t h i s  inventory,  two ass'umptions were made duo to t h e  lack Of aVaE.- 

able d a t z ' t o  7haracter ize  the  f i r e p l a c e  units lc-ated within t h e  inventory: 

1. Ten gercent  ot a l l  , repor ted  ex i s t ing  dwel1ir.g u n i t s  possess 

and use t h e i r  vood b u n i n g  f i r ep laces  annually 

2 .  Each dwelling u n i t  inz iuded  i n  tho lO\.estimace burns 1 /4  

cord o f  v w d  par burning season. 

A census of KVB personnel &d t h e i r  f i r e p l a c e  burning, h a b i t s  was s o l i c i t e d  

i n  a r r i v i n g  a t  the 101 estimake. 

A n  emission f a c t o r  of 0.45 tons  pe r  1~7,000 people vas  en tered  i n t o  

the f i n a l  inventory. . A papulation baped amissidr i , factar  was chosen t o  b e s t  

r d f l e c t  the loca t ion  of the e n i s s i o m .  

4. Rnsident ia l  na tu ra l  gas co&ustion--The, S0uthe;m Cal.ifornia a s  

Company (SCGC) (Ref. 2-71'] reportod t h a t  286 b i l l i o n  cubic f e e t  of na tu ra l  gas 

was sold to its r e s i d e n t i a l  customers .in 1976. The populat ion 'served vas 
, ,  

2+8 KVB 5806-783 
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approximately 11,300,000 people excludinq the  c i t y  of  Long Beach. The SCAB 

population in 1976 w a 3  approximately 1~,300.~30 people (Ref. 2-60). Realizing -* 

that the bulk o f  its customers do r e s i d e  in the  Basin, the .Lnt i re  386 billion 
cubic f e e t  was appl ied  t o  t h e  SCAB. A h a ,  according t o  a SCGC f a c t  shee t  

( R e f .  2-72).. space heat ing accounted f o r  65% and water heat ing 21, of the 

average h o u s e k l d  appi iance opera t ing  c o s t s  per  year on a compa:atim c o s t  

basis .  

*> 

Studies  (Refs. ,2-71-74) conducted on n a t u a l  gas-f i red warm air  heat ing 
6 6 Btu and 0.00071 &/lo systems cnnclu'!ed emission f a c t o r s  of  0.00084 lb/10 

Stu for f r o n t  ha i f  ca tches  only: Back ha l f  results were no t  ava i lab le .  

TarticLe s ize  w a s  cms ide red  t c  be 100% l e s s  k k a  1 micron (Ref. 2-74). 

The 0.00084 lb/lO atu value was selecteC *a represent  emissions €ram w a r m  

ai: heat ing uni:s t yp ica l  of the  s tudy .area since t h i s  study was based on 
t$s:s n n  i n  t h e  Los Angeles a r e a  and t h e  o the r  s tudy was not. 

water or s t em ' sys t ems  were a l s o  found t o  be s imi l a r  t a  warn a i r  heat ing systems 

and uze the same type of burner.  

hea te rs  and, r e s i d c 3 t i a l  pte& heat ing sys t& a r e  assumed to be similar t o  those 

from w a r m  air heat ing systems. 

6 

Gas-fired hot 
, . .  

B a s e d  on t h i s  f indi. ig,  emissions from water 

Based on the  above iAventory and n r i s s ion  ?actors,  100 tons per y e a r  

of p a r t i c u l a t e  matter was est imated u, be emanating from r e s i d e n t i a l  na tu ra l  , 

gas combuition i n  the  Basin. 
. ,  

Ame+ssLon f ac to r  of  0.13 tons p e r  10,000 people/ 

yea r  w a s  entered  i n t o  t h e . f i n a 1  inventory.  A pcpulat ion b a e d  emission f ac to r  , .  

w a s  judged to r e f l e c t  the  locat ior .  of the dwelling u n i t s  u s ing  n a t u r a l  gas. 

The Southern C a l i f o r n i a  Gas Company est imates ,  chat g rea t e r  than 95% of 

m e  s i n g l e  f a m i l y  dwelling u n i t s  it serves  usr na tu ra l  gas f o r  apace nea t icg .  . 

Although soua correc t ion  f a c t o r  grea:er ~ I I M  ona should have been 

appl ied  to this e m i d o n  fact& to account, for the imphger ca tch ,  it wa.* is- 
nored, because the  basic emission of 100 T/y'r is 'so wall that it woulu not' Lur 

cos t -e f fec t ive '  t o  develop a'  correction fac:or. 

. 

I .  

5. Ciga re t t e  smoke-It was est imated ,that ,approximatsly 800'tms per  year 

of p a r t t c u h t a  matter w a s  Tenerated by *.e conbustion of approximatdy 30 

ver= consumed, by an est imated 150 million adu l t  (over 18) Americans (Ref. 2-76) 

in 1376. 

bi l l . ion  c i g a r e t t e s  i n  the B a s h .  Nationwide, si0 b i l l i o n  c i g a r e t t e s  (Ref. 2-75) ..) 

Based on these 1976 s t a t i s t i z s ,  it was e s t h t e d  t h a t  4100 ciga-  

, I  
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. , .  

, .  

rettes were consumed per a d u l t .  

n i l l i o n  adultn (Ref .  2-7G)'residing :e t h e  SCAB i n  1976, it va9 estimated t h a t  

30 b i l l i o n  c r g a r e t t e s  were consunmd i n  1376; 

Applyiny, this iactor to +e repOrted'7.4 

A p a s t  study (Refs. 2-77, 73) e x p e r b e n t a l l y  determined t h a t  1000 

c i g a r e t t e s  w i t h o u t  f i l t e r s  pxxluced 1.0 p u q d  of smke--gaseous and p a r t i c u + t e  

matter. 

jured by sidestream s m k e ,  hove.rar. 

which eiwiates  froa the  burning t i p  of a c i p r e t t e  and goes rlirectLy in- 

t h e  a tms?here.  Researchers (Ref. 2-73) have ca l cu la t ed  t h a t  w e n  when a 

smkcr inhales ,  two-tJ?irds of  the s m k e  frora a burning c i g a r e t t e  S t i l L  

goes ir&o the  en+ronment.: 

.Yz*u--ellpents were not  made on t h e  q u a n t i t y  7 Z  smokc t.hat w a s  c o n u l -  

Z i 3 e s t r e m  s m i e  ,iJ defined as t h a t  snnke 

Various s t u d i e s  (Hefs. 2- .80,  81) done or! s w k i n g  have c l a s s i f i e d  s ide-  . ,  
s c e a n  snake a3 cons i s t ing  of 902 gaseous and 10% parz' iculare matter.  Si&- 

sr.ream s m k e  h a s ,  3 - 3  times t h e  p a r t i c u l a t e  r a t t e r  conaained i n  e.xhaled smke .  

4 snoker 's  lungs, act as a v e q  e , f f e c t i v s  f i l t e r i n g  rqent  and r emve  nearly 

a l l  of thd p a r t i c u l i t c  matter in mainstrew 
p a r t i c u l a t e s  being exhaled ware t!!erefore coffiiderad negl igible .  

s m k e  (Ref. 242). Painscriam 
I ' 

The conclusion f r o m  the' d o v e  i n f o m t i c n  and from persona$ observa- 

t i o n  is that approximatekf 53% of t h e  one pound 00 smke/1000 cigarettes i s  

sides:ream Smke. 

, ' 2 a r t i c s l a t e  matter. 

Ten pcrcent cf t h i s  s idestream smoke was ass-3 , to  be 

?article s i z i n g  data were not a v a h b l e ,  bu t  .it i s  

assumd tAat a l l  p a r t i c l e s  being emitted are <lo microns i n  diameter. 

A ?articulate emission f a c t o r  of  0.05 l b  per 1000 Cigare t tes  smked 

vas calculated.  

1000 c i g a r e t t e s  without f i l t e r s .  

weished i n  KvB's lab to a r r i v e  a t  an average c i g a r e t t e ,  without. f i l t e r  w i g h t  

of 3.9 grams. 

T h i s  accounts for ,approximately 2.5% of t h e  t o t a l  weight O f ,  . 

A number of f i l t e r l e s s  c i g a r e t t e s  were 

. .  
Eased on tho above information, an emission factor  f o r  t h e  f i n a l  inven- 

, , '  
tory w a s  developed a s  folllows: 

1.0 Lk smke . 0.5 ;b sieastream- 0 . 1  lb p a r t i c u l a t e s  
1000 c i g a r e t t e s  1.0 Ib m o k e  lb of sidestream smoke x -_.- 

0.00008 ton or 0.08 t on  ' 410C c i g a r e t t e s  2 .adul ta  ton I 
X a d u l t  4 persons 2000 lb geE.on 10,000 persons 

x 1.0.000 persons i n  t h e  SCAB - 800 tJW/Yr 
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ji 
6 .  Agricu l tura l  buminp--The p a r t i c u l a t e  emissions f r o m  the  burning o f  

a g r i c u l t k a l  wastes in Cali .fornia have 

(Ref. 1-63). The b3 and the EPA have nsorad seve ra l  s tud ie s  '(Refs. 2-84 .85 ,  , ' 

06)  with the i n t e n t  of developing emission f ac to r s  far such operat. ' .ms. 

pen recognized for several years 

- !ko I 

1 
'1 

, 

- L 

The RRB and loca l  d i s t r i c t s  have a l s o  iupiemented requlat ions t h a i  

severely r e s t r i c t  the open burning of waste mater ia l s .  

(.wf. 2-87,) requi re   SUI^ permits t o  be issued.by loca1,government cont ro l  agen- 

c i e s  p r i o r  to the  burning of farm ~ . w ~ t e s ,  burns conducted for range impmVe- 

ment, f o r e s t  managemeni, an? pes t  cont ro l  or the improvement of wild li 'e 

or '  game habi t . l ts .  Such burns could only be conducted luring "permissive burn" 

days as determined by loca l  m t e o r o l o g i c a l  conditions.  

recordsd the ;ocario.i and quant i ty  of mater ia l  t o  be' burned. 

s t u d i e s  (Xef. 2-d4) on emissions from burning a g r i c u l t u r a l  wastes 

i n  C a l i f o d a  .were conducted by Dr. E l l i s  Darley. 

c o n c l n s i x s  reached were: 

Exis t ing regulat ions 

B u r n  permits 

Extensive 

Some of the pe r t inen t  

1) A s  a = l a s s ,  f i e l d  crops and w e e d s  produce considerably &re 

p o l l u t a n t s  (Par t . .  CO. HC) than d id  orzhard and vine crops.  , , 

2 )  aack f i r i n g  f i e i a  crops r e su i t ed  in iowar rmijjioi& partic.;late; 
' but  no t  CO and HC.when compared with head Clring. 

back f i r e s  s i g n i f i c a n t l y  reduces p a r t i c l e  s i r e ,  *-he averages 

being 0.11 and 0.2: microns, respect ively.  

The ,use of  

, 3) F o r  a l l  f u e l s  (crops)  except  awcado,  i t  appears t h a t  drying 3- 

to  a t  l e a s t  35% moisture would minimize p a r t i c u l a t e  emissions.  

J) h e  vas t  sajoricy of p a r t i c l e s  from burning a g r i c u l t u r a l  waste 

are submitron i n  s i z e .  The 8115s mdian diameter (,m) oL 
mst p a r t i c l e s  is below 0.3 microns. 

smaller  pa i t i c l e ' s  t h M  do f i e l d  crop Cuals. 
Orchard f u e l s  tend to  y i o i d  . 

The p a r t i c l e  sire 

I E w l e s  of Darley's sire d i s t r i b u t i o n  p l o t s  Cor various crops 

5)  

b i sc r ibu t ion  can be a l t e r e d  by manipulating t h e  f i r i n g  p rac t i ce .  

'%e average emissions ot a l l  p lan t  d th r i a l  t a s t -d  a t  t h e  

, I  

dre shown in Figures 2-15 t o  2-19. 

.i 

ind ica ted  averaqe'  Cue1 m i s t u r z  (dry weight b a s i l )  i a  5hmn 

o: ?aqe 2-78 as to l loys :  

. .  , . . .  
. .  

,I . .  i 1:. ' . , . I '  , '1- , . .  
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Pigum 2-15. Wheat vasta burni3g s ire  3iStribUtfm. 

X and 8: head and back f ires ,  respectively; 15 or 25 
refem to percent uf slop used. 

dwb: d r y  weight basis 

mu: H-S mdian Diarmters, &irons. 

Source: net. 2-84 
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Figure '2-16. A l fa l fa  wast,e bvrring 
particle size dlstri- 
bution. 

Source: Raf .  2-84 , 

..I 
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Figure 2-17. Apricot waste burning particle 
. I  size distribution. 

a Fuel vas igRited at the !aqttor. of the p i l e  with 
a large propane torch without the aid of hot  
c w l s  or  pee-existing f i re .  

F u e l  was iqnited.by +ling the  p i l e  onto the 
gloving embers of a pre-existing f i r e . '  

Source: Xef. 2-84 
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F i g u r e  2-Id. Peach waste burning p a r t i c l e  s i z e  d i s t r i b u t i o n .  

Source: Ref. 2-84 
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' F i g u r e  2-19. Ditch bank w e e d  burning p a k t i c l e ' s i z e  , 

, .  d i s t r i b u t i o n .  

. .  
' SoUCa:  Ref. 2-84 . .  
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Fie ld  Crops ( i n c l .  w e e d s )  

Avg.:Fuel 'Moisture P . x q .  P a r t .  mdssior;t 
(+a vt b a s i s )  lbs / ton  Fuel Buried - 

I 
12.3 18.3 

Orchard Crops ( incl. vines)  ' ' ,  40.3 ( T e s t  Cond. 1) 8.7 

23.7 (Tesc Cond. 2 )  I 5 . 4  

A d e t a i l e d  summary o f  emission factor '  ranges pe r  crop type i s  presented i n  

'T%b:e 2-iJ. The f ac to r  range se l ec t ed  is  b.a%sd'on U.e assumption t h a t  burning 

would be conducted' under those condi t ions  vhere lover emissions ,could be  

expected. 
. .  

R M U ~  reprrs  by the  RRB were i s sued  with estimates of  t h e  

a i r  po l lu t ion  impact of these  burns u t i l i z i n g  this inventnry ,and  t h e  emissions 

f ac to r s  r e fe r r ed  t o  above. I t  w a s  e s t imr ted  by the  ARB t h a t  500 t o n s  of 

p.:tic,A;late matter :rere emit ted ' i n  Lh.e SCAB 'due to  a q r i c u l t u r a l  b u r :  ' 

( R e f .  2-88). These emissions were d i s t r i b u t e &  in? the  a q r i c u l t w a l  ' 

shown i n  Figure 2-6. 

Automtive-- 

ou ly ,  t w o  areas OP' automxive  type  @ar t icu la te  sr&ssi.zrs 'were consi.crcd 

i r .  1976 

j ions  3s 

, I  . ,  
C: 

I , (  

i n  L5e f i n a l  1976 inventory. 

emissions are:, 

3100 tons.  

tons of  p a r t i c u l a t e  matter a t t r i b u t e d  to  area sources.. 

The areas considered and t h e i r  respec t ive  

ti& t r e a d  at t r i ' t i~n--84.00 tons ,  hnd brake l i n i n g  a t t r i t i o n - -  

Combined, they accoukted for'approwimately 8 % .  of the  t o t a l  140.000 

1. T're t r e a d  at t r i t ion--Every yea r ,  U.S. m t o r i s t s ' w e h r  o f f  near ly  , 

1.1 mil l ion  tons  of t i r e  t raad  through the d r i \ &  o f  a reported 63 t r i l l i o n  

miles ( R e f s .  249,301.  Ti res  provide the sole contac t  between the  vehic le  and 

the  r o w a y  sur face  and m u s t  t ransmi t  t h e  i n t e r a c t i v e  fo rces  required f o r  

propulsion and cont ro l .  In  doing t h i s ,  t i r e  t r e a d  material i s  worn away 

by a -3ariety of processes. 

, I  

m y  o f  the f a c t o r s  a f f e c t i n g  tread;wenr are , ,  

presented i n  Figure 2-20. 
, .  . -  

Tvo Schols of  thought a w n 9  s c i e n t i s t s  d x i s t  on t h e  fundamental 
,* mechanism of  vear. The f i r s t  mechanism, c a l l e d  " t h e m 1  a c t i v a t e d  ImleCular 

s t i c k  sl i?," reshts from t h e  extrenm h e a t  developed due to t h e  r n l a t i v e  

m t i o n  o f  L5e t i re  a t  L>e mad sur face  v h i d i  breaka down t h e  chemical con- 

bos i t i on  of  t he  rubber causing a rk.:s ' a t  t > e  sur face  o f  a c e c a i n  nrrmbe'r of .. * 
molecule=. The second mech&lism i s  based on abrasior. between :*e t i r e  and the  

I ,  
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TABLE 2- 

. 

5 .  AGRTCULTURAL WASTE BURNING EMISSION FACMRS 

'Particulates, lb/ton of m e 1  Burnel 

< 5  5-10 - 

Field and Weeds 

tule barley 
Eotton 

mixed 
' rice 

weeds 

Orchard and vines 

apple a b n d  
apricot ' cherry 
boysen- date 
berry fig 

grape peach ' 
nectarine pear 
prune walnut 

10-15 13-20 >20 - 

bean ' , hay alfalfa 
corn safflower asparagus 
peas oats 
sorgiium 
wheat 
ditch 
bank 
weeds 

olive avocado 

S o m e :  Ref. 2-84 
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road sur face  causing Dlechanical ramoval of small N b b x  pieces.  

of these f ac to r s  is  l ike ly  to occur under normal dr iv ing  condi t ions.  

A combination 

Numerous studies (Refs. 2-89.92-96) have,been conducted t o  charac- 
I 

t e r i z r  t i r e  t r ead  emissions as t o  mass loss, p a r t i c l e  s ize ,  end gaseous emis- 

sions. 
dr iv ing  t e s t s  sited axe ones conducted by General mtors (Pais .  2-95.96) and 

by J. 2 .  Subramani, Ph.D. t h e s i s ,  Ciniversity 'of Cinc inna t i  (Ref .  2-94). 

The two moat s i g n i f i c a n t  s tud ie s  involving dynamometer and a c t u a l  road 

Genera  mtors est imates  Q t i r e  wear rr.ce o f  0.0h8 g / t i r e . a i l e  fcr 

t ravel  on t h 3  Sa¶ Gabriel Freeway. 

estimated t c  set':le o u t  wi-hin 1). few m t e r s  of t h e  road ' s  edqe. Tes t s  

conducted t x  rubber content  on roadside s o i l  and d u s t  samples proved t h i s  

to  be t rue .  

( < ?  micron) p a r t i c l e s .  T h i s  l i n e  of  reasoning f a l l s  i n t o  l i n e  w i t h  General 

%tors (Ref. 2-96) ove ra l l  t i r e  t reac wear conclusion t h a t  the  emission r a t e  of 

gases and a i rborne  p a r t i c u l a t e  matter i s  n e z l y  independent of  wzar ra te  
and a ? c o u n a  f o r  only 1-209 of  t h e  t o t a l  emissions. 

Eighty percent  or 0.036: g.':ire.mile w a s  

The remin;.ng 209 is  bel ieved t o  cons i s t  of gaseous and airborne 

P a r t i c l e  s i z i n g  da ta  taken on M dynamometer tests CGnCluded t h a t  

24% of  G.e airborne mss under dynamic sampling condi t ions w i s  compos+ of 

p a r t i c l e s  <0.43 microns and t h a t  tires emit p a r t i c l e s  i n to  bas i ca l ly  t'd? 

s i z e  f r ac t ions ,  l a rge  p a r t i c l e s  >7 microns and small p a r t i z l e s  c0.4 microns. 

In the  J.P:Subramani t h e s i s  p r o j e c t ,  a c t u a l  road wear rates a s .  

wel: as dynanyreter wear r a t e s  were measured. 

we& rata,, 43 c a r s  were driven under winter  and summer condi t ions in  the Ci ty  

of Cincinnati. 'Wear r a t e s  of  0 .146 'g / t i r e  mile and 0.0873 q / t i re .mi le  

respec t ive ly  were measured. 

To e s t a b l i s h  an actual road 

Dynamometer tests involving rvo automobiles reported vear  rates of 
0.05 g / t l re 'mi le  and 0.0431 yYtire 'mi1e.  Fur ther  t e s t i n g  to  c o r r e l a t e  

bynaimwter and road tests w a s  advised. 

Par t ic le  s i z i n g  da ta  w a s  obtained during t h e  dyna tme te r  tests. 
, '  

p a r t i c l e  m a s u r e r e n t s  were made in three size$ OF f ract ions: ,  

$2 d c r o n s ,  and those caught i n  a millipore f i l t e r .  

>IO micron, . ,  

Conclusions drawn were 
. .  
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t h a t  SO\ lay weight of t h e  p a r t i d e s  were in t h e  ,510 micron s ize  f r a c t i o n ,  v i e  ' 

*ha remahder cons i s t ing  of  p a r t i c l e s  -2 micron in s i z e .  This  zonclusion is 
similar i n  s i z e  c l a s s i f i c a t i o n  to  t h a t  of  General m t o r s .  

< 

_r 

I 6-sed  on the foregoing discussion,  an autouobild t i r e  wear r a t e  of  

0.070 g / t i r e  mile w a s  de'rived. 

estimated t o ' c o n s i s t  of p a r t i c l e s  <lo picrom i n  s i z e ,  5-101 vt. to  be gaseous, 

and the remaining 60\ t o  c o n s i s t  of  p r i n a r z l y  sediwntary  t'ype pa r t i c l e s - -  

p a r t i c l e s  which s e t t l e  o u t  within a f e w  meters of t h e  road ' s  edge. 

Of thts.  30\, or 0.021 g / t i r e  mile vas 
L 

. .  
. ,' .; 

_. 
/' 

. .  . 
I ,  

The basis f o r  the 0.070 g / t i e e - + l e  vas ,the f a c t  t h a t  South'ern 

Ca l i fo rn ians  do a l o t  of frsevay as w e l l  as c i t y  type dr iving.  An average 

value composed of General b t o r ' s  freeway e s t ima te  of 0.048 g / t i r e - m i l e  and 

J .  P. Subramani's c i t y  s * m r  estimate of 0.087 g / t i r e .mi l e  vas therefore  

concluded t o  be app l i cab le  t o  Southern Cal i fornia .  The ? a r t i c l e  s i z e  

d i sc r ibu t ion  vas derived through t h e  hveraging of t h e  hynamometee t e s t  

r e s u l t s  conducted by J. P. 3br-i and General M&ors. 

' 1 .  
, I  

. .  
, .  

Taking i n t o  account the semi-quant i ta t ive p a r t i c l e  s i z e  d i s t r i b u t i o n  

expressfd by General Motors and Subrdman;, thb following p a r t i c l e  s i z e  distri- 

bution for the'non-gaseous fac tor  of worn t i r e  t read was prepared f o r  u s e  Qn 

t h i s  inventory.  
I ,  

P a r t i c l e '  size: >low 10-3 ytn 3 - 1 p  ClUm ' 

Percent: 60 . 5 1 5  20 

. Tire a t t r i t i o n  rates of 0.2G3 g/t i ra .mila  and 0.161 g/ t i re .mile  for , . .  . 
rmdium (5.000-10.000 lb curb vt.) and h e a y  duty ( > l O . O O O  lb zurb %e.) vehic les ,  

respect ively,vere  a l s o  calculated.  

total  tread loss (Ref . ,  2-97: a r e  t h e  c r i t e r i a  for t h e  above vear  r a t e s .  

p a r t i c l e  smize d i s t r i b u t i o n  is assrimsd t o  be s i m i l a r  to t h a t  of automolila 

tirSS. 8 . .  

Difforences e x i s t i n g  i n  vear  r a t e s  ar 1 
The 

. ,  
i 

Once mkicular t ire war r,ate.s vere e s t a b l i s h e d  a vehicle  i.rventory 

f o r  1976 naadc4 t o  be developed.' 

inventory f c r  t h e  SCAR, &velo:*d by t h e  SCAQm (Ref. 2-97), and an ARB 

document, e n t i t l e d ,  "Data Base a Oacumentation for E s t h t i n g  Emission. from 

Information 'from a recent  1976 vehicle  
.. ~ 

/- .-<- 

, .  b t o r  Vehicles i n  Cal i forn ia"  (Ref .  2-98) vas  s o l i c i t e d  for  this purpose. ,* 
Vehic les  vera  grouped i n t o  bas i ca l ly  t h r e e  wei3ht groups: 

I .  

1) AutomobiJA and conmercial tvo, axle,<5000 lb  curb w t .  

2) Medii& dutyi5.000-10.000 Ib curb v t .  C) 

. .  3) Heavy duty;>10,000 l b  curb w t .  ' , 
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In addition,,  annual mileaqd es t imates  were assigned to each class b a ~ e d  on 

the  above mantioned sources. Table 2-15 presents  t h e  resrrlts of the fore- 
qoinq discussion.  Emissims t k a l i n y  28,OOC t 0 b - s  were e s t ina tod .  Of t h i s ,  

8100 tons arb: est imated to  'consist o f  par t ic les  <10 m l c m n s  i n  sire with a 

majori ty  i n  the respirable s ize  range. Also, i n f r a r e d  and py ro lys i s  a n a l y s i s  

of  a i rborne  p a r t i p l a t e s  ind ica ted  that  t h e  erborne p a r t i c u l a t e - i s  not  

sihply composed o f ' s n a l l  p ieces  of rubbar, bu t  t h a t  some of the  p a r t i o r l a r e  

is deqraded piyrer and/or extender o i i  (RzE.  2-95). 

That por t ion  of $e total p a r t i c u l a t e  loss lakeled as sadimentary is 

bel iebed zo se t t le  o u t  within a few meters of the rmdway's edqe. 

(Ref. 2 - 9 5 )  conducted dlanq a s r r e t c h  of t h e  S a n  Gabriel Freeway proved t h i s  

t o  be p a r t i a l l y  t r u e .  ' 

T e s t 0  

Roadway t r ead  rubber ranoval m c h a c i s m  such as chenica i  degradat ion,  
' and t o  a lesser ex ten t  in Southcm Ca l i fo rh ia ,  r a i n  runoff, were alsa c i t e d .  

Information on p a r t i c l e  re-entrainment which i s  probably s i g n i f i c a n t  vas 

r r O t  ava i l abh ,  however. 

2. Brake l i n i n q  a t t r i t ion-brake  :i.?inq a t t r i t i o n  from v e h i c h s  operat ing 

within the SCAB .in 1976 dccomted for an est imated 3:OO tons  of asbes tos  

material. 

l i n i n q  a t t r i t i o n  f a i l e d  to  d isc lose  any information on t i e  subjec t .  

Environmentil Pro tec t ion  Agency is planning to conduct research i n t o  

t h i s  area in tHe fu ture .  however. 

A l i terature search for information on emissions from brake 

I ,  The 

The approach taken i n  e s t ab l i sh inq  an emissioy estimate w a s  ons of 

couplinq a vehicle  brake Lining a t t r i t i o n  f a c t o r  t o  a vehicle  annual mileaqe' 

astinate.  

l i n ing  emissions w- solicited for  th- purpose of '  developing an q t t r i t i o n  

factor . ,  

m b s u m ~ n t s  ty SCAQMD were made t o  determine the q u n t l t y  of 1 i Q i n q  m¶tefial 
ava i l ab le  per. brake shoe, per weight class and average l i n inq  life. Basic 

Information f r o m  a recent  SCAQW i n m n t o i y  (Ref. 2-97) on braky 

Oisclrpsions wich brake l i n i n g  manufacturers and a c t k l  physical '  

assumptions '=de were: . I  

2-83 
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L ,  

3 '  1) Density of brake l i n i n g  m a t p x i a l  is 150 l b s / f t  

' 2) Brake l in inq  on the  average c m t a i n s  8 O P w t  asbestos  mater ia l  , I  

3 )  25% of , t h e  ' l i n ing  material remains on t h e  shoe or pad 

Due t o  t h e  propr ie ta ry  n a t u e  of brake l i n i n g  ma te r i a l ,  accura te  i d o r n a t i o n  

on l i n i n g  composition vas not  ava i lab le .  T a b l e  2-16 presents  t h e  emissim 

faccors ca lcu la ted  per  weight class. 

In t h e  develapment of  a vehic le  inventory,  information from an ARB 

bcwner t  on w t o r  vehicle  emissions (Ref. 2-98) and a SCApXJ vehic le  inventory 

(Ref .  2-97) were so l ic i ted . .  Rhsu'its a r e  presented i n  Table 2-17. 

P a r t i c l e  s i z i n g  da ta  w a s  not  ava i l ab le ,  but it is assumed that alX 

pay-icles  would be !ess C a n  lOUm 

D. Sea S a l t ,  Spray-- 

Present ly  there  is  no prec i se  es t imate  a s  t o  t h e  mass o f  sea  sa l t  

spray p a e i e l e s  emit ted in& t h e  a m s p h e r e  a t  the surf zone due t o  wave , 

action. Concentrations of  sea s a l t  i n  ambient a i r ,  however, have been 

measured a t  severa l  l oca t ions  i n  the ba&n (Ref;. 2-95.1001. Resul ts  f t n m  t h e  

Cal i forn ia  A U O S ~ L  Character izat ion .Experiment (ACHEX) were used t o  es t imate  

the sea  salt  e,missions occurring along the  SC- coas t l i ne .  

were taken using t h i s  information. 

, .  

' 

Two approaches 

The f i r s t  approacti w a s  t o  use the  resillts cram a study (kef .  2-101) 

concerned with s t r a t e g i e s  for approaching and ?.=h*dving the Natimal Ambient 

Air Quali ty  Standards for p a r t i c u l a t e s  in  t h e  Los Angeles Regton. Conclusions 

contained i n  t h i s  r epor t  were based on t h e  d a t h  contained within t h e  ACHEX study. 

saa sal-. concentrat ions of 6-10 pg/m' were measured in I the coas t a l  a reas ,  e .  g . ,  , 

L~MOX, Doninguez H i l l s .  In add i t ion ,  to  a r r ive  at an qisslons estFmate, 

the a i r  flow throuqh t h i s  region or wind- needed t o  be estimated. 

The bas i c  aSSunptioM made were: 

1) 
, '  

Average height  of t h e  inversion l a y e r  is 2OOOft (0.6i Km)--winlGw 

height .  

Window l eng th  is 19@ miles (300 ~ m ) ,  the projected length of coast-  

l i n e  i n  the Basin: 

, , '  

2 )  

I 
I 
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3) Sea salt concentrat ion of e L19/m3 is UnifOnn throughout ;he 
.. window 

4) Annual average on-snore w i n d  ve loc i ty  is 6 mph tar 10 kmh) 

5 )  On-shore sea breeze blows 46\ or the time ( R e f .  2-103) 

6) 

( R e f .  2-102: 

75% by v t  of the sea s a l t  panicles axe < l o  mic.?ns i n  s ize  
(Ref. 2-100) 

Using this approach, 39,000 tons ( p a r t i c l e s  <lOUm?m) o f .  sea  salt  was 

estimaced t o  o r i g i m t e  from the  SCAB surf zone each year .  

The second approcchinvolved using measured concentrat ions of  sea 
s a l t  a t  50 f t  abave t h e  su'rf and 5GC f t  above the surf  and e s t ab l i sh ing  a ' 

l i n e a r  concentration gradient  a s  shown in Fiqure 2-21. As dzscussed 

below t h e  masured concentrat ions were taken a t  periods of wind ve loc i ty  h ighe r ,  

'rhan the  avrrage wind Of 6 mph. Therefore,  an adl;ust . .nt  w a s  made to t h e  

averaqe capcentrat ion of 17 ug/m 

A v a l u e  of 1 2  pg/m w a s  se lec ted .  To c a l c u l a t e  t h e  emissions, it w a s  assumed 

tha t  a l l  t h e  s a l t  .spray vas  generated over t h e  he ight  of t h e  gradient  which 

ex t rapola tes  to  zero concentrat ion a t  a height  of 600 ,fc. 
and Gle o the r  assinptions shown i n  Figure 2-21, a value of 20.000 ton-.,'year 

of  sea sa l t  emissions less than 10 lim i n  size were calculated.  

3 t o  account '  fo r  cor.ditions ?der average w i n d s .  
3 

'Using ti+ ' appoach  

The following is an explanation of  the da ta  used to develop this 

estimate.  I .  

, I  

.The ambient sea salt aerosol  concentrat ions were measured a t  two on- 

Source of  'this information vas the  shore s i tes--Pt .  Reyes and P t .  Arquello. 

ACHEX study. 

The sampling s t a t i o n  a t  P t .  Reyes Lighthouse w a s  on a c l i f f  500' 

(0.18 KE) above sea level and well exposed t o  t h e  w i n d s .  

here is presumad t o  be representa t ive  of backgromd marine coastal conditions ' ' ' 

The data c o l l e c t e l  

' a long  the .Cent ra1  P a c i f i c  &ast of the United S t a t e s ,  however, t h i s ' d a t a  

may 'not 'be appi icable ,  along L-e southern Cal i fornia  coas t l ine .  

2-89 KVB 5806-783 
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C-- Averaqe on-shore wind 
6 mph, 364 of the time 
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30pg/m3 P t .  Arquello 

I I I 
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lindow (surf - 

, .  

k . e r  assun-,;ions: a .  Length of c o a s t l i n e  including curvature - 220 milrs 
( 3 5 0  Km) b. 76% by weight of sea &l+ p a r t i c l e s  are 

less Gkan lOum in s i z e  ( R e f .  2-100) 

Figure '2-21. S a l t  spray emission ca lcu la t ion  model. 

Source: Ref. 2-1001 
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<t 
were measured. w i n g  the second wkek of t e s t i n g ,  concentrat ions of 4 . 4  vq/m 3 i  

D a t a  W e I e  co l l ec t ed  over a ten day  period.' During t!!e f i r s t  week of 
.3 t e s t ing .  concenikationa of.3.5 Ug/m w i t t i  4-11 mph (6-18 kmh) onshore winds 

. *  - 
'with a 22-34 mph'(35-55 !ah) on-shore winds were measwed. 

dL-iny t h i s  period, bu t  surface t r a j e c t o r i e s  w e r e  Tenerally off-shore.  

Winds were higher 

- 
A t  P t .  Arguello t h e  a i r  was dominated by the  Gcean breeze.  The 

I ,  

sampling s i te  . w a s  loca ted  w i t h i n '  1Ou yds of  t h e  sea and about %I' aho-ie the  

surf  zone. The atmosphere w a s  d i s turbed  during the  p r i o d  of  sampling by a 
weak storm f r o n t  p s s i n g  t!!rough Central  Southern Cal i forn ia .  

w a s  a l s o  charac te r ized  by a wide range of condi t ions from weak winds ?.4 mph 

" This per iod 

- . .. ( 6  kmh) t o  rather high winds of 12 mph (19 Id!). Win& i n  t h i s  areh genera l ly  

blow Erorn tfie north a t  6-10 mph (10-16 bh). 

3 Sea sal t  concentrat ions during this period ranged from 1-100 pq/m . 
' 

aased on the  ava i l ab le  i n f o m t i o n  ex t rac ted  from the  ACHEX s tudy,  a value of 
3 ,  was chosen t o  represent  the  average sea  sa l t  concentrat ion a t  P t .  30py/m 

Arwe l lo .  

r e s u l t s  of the p a r t i c l e  s i z i n g  t e s t .  

B a s e d  on these data, the 20.000 ton/yr o f  sea sal t  emissions were 

P a r t i c l e  s i z i n g  data w?re a l s o  taken. Figure 2-22 presents  the 

estimated to h a w  t h e  following p a r t i c l e  s ize  d i s t r ibu t ion :  

3' 

. .. 

P a r t i c l e  S ize  weight  P I r c e n t  

<1pUl 2 

1-3ym 20 

3-1OUm 54 

>lO<wl , 24 
. .  

For the f i n a l  inventory,  the second dpprcach was se l ec t ed  becausd i t '  

, , appeared t o  follow Ue m r e  reasonable approach considering the avai lnbla  dacA. 

. It w a s  a l s o  evident  that regard less  o f - t h e  approach Wen. the quant i ty  Of 

salt p a r t i c l e a  belng d t t e d  from the surf zone into the  atmosphere is 

apprec iab le ,  t h a t  is, 39,000 ton/yr or 20,000 ton/yr.  
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WEIGHT, PERCENT LESS THAN S T A E D  SIZE 

Figure 2-22. Sea spray particle s ize  d i s t r i b u t i o n .  

source: Ref. 2-100 
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.2.4 I W T C R Y  RESULT5 

,The f i n a l  TSP emission inventory w a s  produced in Augu t  1978 using 

EIS data tapes received from the  ARB. The t a p  from Sc4QMD vas procluced i n  

February 1978 and the t ape  Pram Ventura . W D  w a s  produced in December 1977. 

? lac ing  a t a s e l i n e  date on t h e  inventory is d i f f i c u l t .  

SCAQ.XD urd V A X D  were i c z t i a t e d  L? 1975 but  data processing,  cor rec t ing  and 
updacing continued from '*.dt, time u n t i l  t h e  t apes  used on a i s  e v e n t o r y  were 

f i i a l l y  produced. Consideri?g the span of tm inmlved  in incorporacing new 

source data i n t o  the EIS system, the most appropriate time base t o  assign'  

to  the  inventory is  i975-75. 

I 

"l.3 EIS e f f o r t s  d t  

The emission €ac tors ,  area source 6ata and emission p r o f r l c s  used in 

I n , t h i s  s ec t ion ,  t h e ,  t h e  inventory are discussed i n  the previous sec t ions .  

r e s u l t s  of t he  inventory w i l l  be discussed.  

2.4.1 Phys i ta l  Descr ipt ion and Use I n s t r u c t i o n s .  

The inventory vas de l ivered  t 0 , t h e  ARB i n  the form of one Fund Mlume 

of  compute+,printouts, one p r in t ed  volume of  emission prof i ' l es ,  p lus  t h e e  reels 
c r  computer t a p e .  

f a c i l i t a t e  thciir use. 

A. Computer Printouts-- 

Tho following i s  a desc r ip t ion  bf t hese  reports to  he lp  

The canputer report includes rl p l m t  index, an invantory by 10 kilometer 

q r i d  squares, an inventory by ARB app l i ca t ion  ca t egor i e s  and a SCC report. 

The p l a n t  index is a r r a q e d  by county and p l a n t  I D  number. 

of a cont inuing problem with t h e  EIS so'fe.fare, it wds not  possible to sort  

a l a rge  inconvenience since for 4 large p-t of t h e  l i r r t ing  ' he  p l a n t ' I D  

numbers ware assiqmd alphabet ica l ly .  The index contakrs  ( i n  d q t i o n  to 

county and ID)  t!!e p l a n t  name apd dddreqs and it9 Universdl;Transvarse 

~ e i c a t o r  (IJTX) coorlinates. Once d p l a n t ' h a s '  been f o m d  i n  t h e  index, 

the c o q l e t e  emission record can be found i n . t h e  10 kilometer g r i d  file 

'by looking up L3e UP4 coordinates  ar.6 t h e  e l a n t  I D  number. 

, 
Because 

, .  

the p l a n t  f i l a  to  arrange i t  i n  a lphaba t i ca l  order. Fo?Xunately, t h i s  is not . I  

' 

I 
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The 10 kilometer g r i d  r epor t  cor. tains m a  following i?fomd.tion: 

a. The UTM coordinates  of the g r i d  

'b. The rajas c i t y  t h a t  the g r i d  includes 

E. The population of tha t  g r i d  

,d. A l i s t i n y  o f  each p l an t  i n  -be g i r d  contained in the  
EIS f i l e s  and emit t ing p a r t i c u l a t e s .  For each p l an t ,  
ic contains:  

(1) 

(2) The p l a n t  ;5 Nuuber 

?he CoIL'ty in which chr p l a n t  is loca ted  

' I  

(3 )  The p lan t  SCC a d  SIC codes ' 

( 4 )  S m e r  and v incer ,  week-day and weak-end emissions 

( 5 )  
, compositional, ( s i z e  and chenica'l) br4akkdown contained 

pius the t o t a l  -mi emissions , 

A p r o f i l e  key which r e l a t e s '  those TSP smissions to a 

i n  the -5nission 2rofiLa aepor t ,  

e. A 3unma.q of a rea  source emissions by a2pl ica t ions  category - 

V 
c 

The appl ica t ion  category r e p o r t  conta ins  t h e  i d e n t i c a l  information; 

however, . the  sources are arranqed in  appl ica t ion  ca tegor ies  A d  the  emissions 

f u r  each category axe summari-zd by >oin t  area and t o t a l  ,emissions. 

tsrminology "Mbor Sources" seen i n  the summar] is obsolete  anC was not 'used  

I i n  t h i s ' i nven to ry .  A i l  en-ies are zem.  AU p i n t  source emissi3ns are l i s t e d  

under :Major Sources" and area  sources  are c o r r e c t l y  reported as indicated.  

I ,  The 

The SCC report lists the  p r o f i l e  keys, appl ica t ion  ca tegor ies  and 

emission f ac to r  cor rec t ions  f o r  a l l  3CC numbers encountered i n  the source f i l e .  

T h i s  report is sor ted  i n  NO orders-by SCC number and bk p r o f i l e  k?y. 

l a t t e r  provides 'al l  SCC's covered by a s inq le  p r o f i l e  

The 

8 .  Emission P r o f i l e  Report- 

The emission prof'.les are bound i n  a separa te  vulums. It conta ins  49 

Each p r o f i l e  krdicatea '  the d i i t r i b u t i o n  of TSP emissions d i f f e r e n t  p ro f i l e s .  

i n t o  s i z e  ranges: >lorn,  3 to lorn, 1 to 3 um, and Clum. 

size ranges, a chemical composition of  the emissions is p r o v i d e .  

f o r  using t3e da ta  are included in t h  volume. 

For each of these  

Ins-Juctionn 
kf 

, .  
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C. Magnetic Tape Files--  

The f i l e s  submitted on magnetic tape inc lude  Lie EIS po in t  source 

f i l e ,  t h e  a rea  source f i l e  end the SCC f i le .  

The EIS ' tape f i l e  conta ins ,  f o r  each po in t  source emitting TSP, all 

of the information i n  t h e  EIS f i l e s  of the SCAQMD, SBAP.:D, and VCxpC3. 

in the  EIS format. The f i l e  layouts  are i d e n t i c a l  to  those f o r  Gie hydeo- 

carbon f i l a  de l ivered  l a s t  My. (Refer t o  Vol .  11 of the  H/C f i n a l  r epor t  - 
Referelice 2-53). .  

The da ta  a r e  

'The a rea  source tape f i l e  conta ins  the area SOL-C~ da ta .  

were a l s o  contained in t h i  H/C f i n a l  r e p o r t  ( R e f .  2 - 5 3 ) .  

The SCC f i l e  contains  for each SCC numbs?r t h e  appl icable  p r o f i l e  key, 

F i l e  layouts  

appl ica t ion  category and emission f ac to r  correczion.  

2.4.2 T o t a l  Suspended Pa r t i cu la t e  (TSP) Emissions 

":he TSP emissions i n  'he Basin p lus  Ventura County are 174,000 tons/ 

yea+ which accounts for 3900 point  sources arid the  a rea  s u u c e s  presented, , in  

Section 2.3.3.' A breakdovn of these  emissions according t o  appl ica t ion  cate-  

3ories is presented i n  T a b l e  2-18. 

data  from 1975 inventor ies  obtained from t.:e l o c a l  cont ro l  d i s t r i c t s  (Refs. 

2-lC5 - 110 1 ,  the  ARB (Ref. 2 - l l i l  a7.d the  A i r  Qual i , ty  .xanaqeinent ?lu. pro- 

driced j o i n t l y  by t h e  South California Association of Governments (SCAC) , SCWKD 

and ARB (Ref. 2-112). The total po in t  source emissions a re  i n  c lose  a g r e k e n t .  

T?re EIS/Kve , inventory has lower poin t  source combustion emissions 

of a reductior.  i n  u t i l i t y  b o i l e r  *sLssion f a c t o r  from 7.1 l b  TSP/1000 g a l  t o  

3.0 Lb TSP/lOOO g a l  made by KVB as a resu l t  o f  f i e l d  tests a s  discussed earlier 

i n  s e c t i o n  2,3.1. ' The :QMP h& a similar number f o r  u t i l i t y  boilers. The EIS/ 

KVB inventory has l q e r  ".s(ineral". emissions pr imar i ly  from two l a rge .  sources  

i n  V e n t u m  County, a sand .md gravel  p l a n t  and a t r i c k  p l an t  which account 

f o r  over 80% of t t 3  repcr ted  eaissions. 
an even hiqher emission. 

Also presented in these '  t a b l e s  a r e  the  

, .  
' 

because,  

. ,  

Again, the AQLW is i n  agreement showicg 
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The KVB area sources were discussed in Section'  2 . 2 . 3 .  The a rea  Yources 

accounted for i n  h e  ARB .and AQMP inventor ies  compared to  L9e KVB i n v v t 3 r y  

u e  a s  follovo: 

A-ea Source ARB, TonD Apt@, Ton/Y KVB, Ton/Y 

Wild f i r e  2 2 ,  OGO Not indicated ' 2.400 
s t r u c t u r a l  Eire 5 ,000  trot ind ica ted ,  200 
Fanning 3,000 6,aoo 10,000 

Unpaved roads 2,000 

Canstmction 6 4,000 84,000 71,000 

Not ind ica ted  23,000 
demolit ion 

260 I , Nec~lrcted , ' I  E q u i p e n t  (movers, e tc . )  200 

Since t h e  d e t a i l e d  b a s i s  f o r  the varaous est imates  (o the r  than f o r  the  

K V B  est imates  discussed previously)  is not  ava i l ab le ,  t!!ero i s  l i t t l e  t o  Se 

s a i d  r ega r l i ag  the d i f fe rpnces  i n  v a l k s .  

KVB coordinated t h e i r  ' kea  source a s t h t e  with L5e AR9 s t a f f .  

Before preparing the f i n a l  +venr?ri., 

, 

2.4.3 S p a t i a l  Dis t r ibu t ion  

A map'shoving c-ha s p a t i a l  d i s t r i b u t i o n  of ,the TSP emission in the 

Basin and Ventura.County is show.  i n  'Fi+e 2-23. 

the g r i d s  with TSP emissions g r e a t e r  than 5 ton/day. 

,Table 2-,1g i a e n t i f i e s  

TABU 2-19. MAJOR 10-Kn GRID EKTTERS 

UTH Coor. 
E/W N/S 

280 3790 
300 3770 
320 3800 
360 3750 
370 ,3740 
380 3740 ' 

380 3730 
,390 3730 
450 3770 '  

Nearest C L t L  

W. Ventura 

Fil lmore 
LR A i r p l r t  
Torrance 
Paramount 
LA Harar 
LJng Beach ,, 
Fontand 

P t .  hgu  . , 

. P r i n c i ~ a l  
Emissions (Ton/DaY) source me 

10.8 Ceramic 'manufaceurinq 
7.4 Elect. gen. 6 area.' 

19.1 Sand and gravel  
5.3 area 
9.4  , Elect. gen. 6 axea 
6.4 280 P t .  sourcas'6 area 
9.9 250 Pt. sources 6 area 

11.5 Elect. gall. 6 area 
11.1 S tee1 manufacturing 

I .  
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, .  
i b, 2.4.4 Fine P a n i c l e  S u n r m a r y  

The ob jec t ive  of  t h e  program was to  a s ses s  not Only the  total suspmded 

pJr t iculate  amissions but  also tt.8 fine p a r t i c l e  Emission, i.e., the  f r a c t i o n  

with p a r t i c l e  s ize  Less than 10 microns. , 
, *  

+ 
Since it w a s  outs ide  of t h e  scope of t h i s  cont rac t  t o  pnqram t h e  

emission prof i les ,  it was a o t  poss ib le '  t o  perfom a rigurou? computation nt' 

=?e m s s  of f ine  p a r t i c l e  emissions.  Ins tead ,  a c lose  approximation was 

',made by est imat ing 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  f o r  each appl ica t ion  cate- 

gory. 
Appendix and escabl ishing a percentage 05  t h e  emissions with p a r t i c l e  s i z e s  

less than low. 

'Ihis est imate  was made by inspect ion of t h e  emission p r o f i l e  $ the  

TaSle 2-20 presents  these r e s u l t s .  Note t h a t  an estiniate of the per- 

c&t  Of TSP < l O U m  was made f o r  the  point  sources i n  each appl ica t ion  catego?. 

The a rea  source emissions reported in t h i s  inventory ( i .e . ,  Table 2-LR) were 
. .  

, already adjusted so & a t  they only included t h e  CLOum portim. 

. .  In summar,' of the 175.000 to:i/year TSP inventor ied in t h i s  s tudy,  
I .  I ,  

161,000 t O n / p a r  or over 90% are l e s s  than 1Dd.a. Of the 34,000 ton/year,TSP 

from :.oint sources shoun in  Table 2-18, 31,000 ton/year or 9Oa are f i n e  par- 

t i c l e s .  

, I  

I 
,' *!.i 
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* of TSP TSP mn/yr %ne P a r t i c l e ' m i s s i o n s  
Application Ca teqory  < l o p  ( T a b l e  2-17) Ton/yr Tcn/day 

Petrole& 

Orqanic Solvant Use 

C.5emical 

.ye t a l u r g i c a l  

x ine ra l  

waste Burning 

Combustion of Fuel 

U t i l i t y  eoiler 

Other 

Wood Processing 

FSOZ 6 ?.qri&ultrre 

Misc. Indus t r i a l  

Area Sources 

A s r F c , i l t u r a l  T i l l i n q  

mad 6 Building Con- 
s C N C  t i on  

Livestock F?edlots 

Unpaved ba4s 

Forest  Fires 

St rdc tu ra l  F i res  

Other Canbustion 

T i r s  6 Brake A t t r i t i o n  

Sea S a l t  

60 

70 

90 

90 

20 

70 

97 

90 

60 

' 80 

50 

100' 

100. 

100. 

100. 

100 

LOO. 

100.' 

100. 

100' 
, I  

750 

1160 

540 

' 4200 

12600 

,600 

9100 

4800 

, 130 

11000 

450 

I .  

9900 

71000 

1300 

23000 

2400 

200 

19co , 

11000 

20000 

mAL 

450 

800 

' ,500 

3800 

2500 

400 
' ,  

' 8800 

4300 

70 

8800 

200 

1 .2  
3. 

, , 2 . 1  i 

1 . 4  

10.4 

'6.8 

1.1 

24 

11.a 

0.2 

2 4  ' 

0 . 5  

9900 . . 27 

71non ' 0 5  

1300 3.6 . 
23000 63 

, 2400 6.6 

, ' 200 0.5 

1900 '5.2 

11000 30 

2ocoo 55 

171000 46 7 

The emissions calculated for area sources only incll.iml t h a t  portion of , 
I ,  

' ,  
TSP <lourn. 
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S E T I O N  3.0 

, FIELD TESTINI; 

!Xi f ih l 'd  tes ts  co.xlucted on this p n q a m  provided a realisti; assess- 

ment of t he  p a r t i c u l a t e  emissions €:om s t a t i o n a r y  soures  i n  t h e  Basin. 

the  o u t s e t  t h e  experimental p lans  and procedures were coordinated with 

:.merius governnent. i n z u s t r f ,  and rasearc.. consultants t o  bene f r t  from t3e  

advice of o the r  experts i n  tkke f i g l d , '  avoid dup l i ca t ion ,  i d e n t i f y  representa-  

r i v e  3ou:ces and insure  hiqh'  da t a  q u a i i t y .  

From 

' 
The , fol lowing,  semiom, p resen t  t he  expzr immtal  methcds unplo~!eZ. 

3.1' APPROACH. , 

The number o f  s t a t i o n a r y  sources  of pb - t i cu la t e  emissions i n  tSe aasin 
is :?:;e. The objec:ive a f  t h e  ten: proqram w a 3  t o  provide as m u c h  i n f o n a t i o n  

as possible t~ chasac ter ize  the, pae icu la te  emissions from these  sources. 

&-,initial goal c f  45-SO sources  was es tab l i shed .  

, . ,  

The EPA has  categorized po l lu t ion  sources using a '  system of Sourca' 

Classif icat ion codes (SCC). The sources i n  t h e  Basin acco 'nc for approxi- 

mately 150 SCC numbers: For each of these  NI emission f a c t o r  and an 'emission 

p r o f i l e  vas  desired. 

V e r (  l i t t l e  d a t a ' r e r e  ava i l ab le  on vhicS t o  bare emission p r o t i i e s .  

fo re ,  t h e  major emphasis va9 given t o  ob ta in ing  emisition p r o f i l e  da t a .  , 

, 
In k n v  cases emisslon €ac to r  data were ava i lab la .  

There- 

From tlie preliminary b-:ontory it v a s  de t eqdned  t h a t  , fuel  combustion 

acconted f o r  S 4 t  of the emissions in  the Basin and w t a l l u r q i c a l  and 

minerals accounted 'for ' 2 4 t .  

?me such as p w e r  p h n t ,  cement p l a n t ,  glass f 9 m a c e s .  and e s p h a l t  bat-h 

?lants. Specia l  mwutces l i k e  a steel mill, chemical p l an t ,  e tc .  ware 
also listed. 

, .  

Mior p lants  v e r e  ident i i . i ed , fn  oach source 

. I  
, .  
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* Industry was found t o  be cau t ious  and concerned about this t e s t i n g .  

They o f t e n  requested a k u l l  technical  b r i e f i n q .  

G l a s s  Packaging I n s t i t u t e  CPI and the petrolecm industry used the  Western O i l  

The g l a s s  industky used the . .  

' and Gas Association (WOCA) as agents to. m n i t o r  arid con t ro l  their p a r t i c i p a t i o n .  
7$ 

- ' a  r e s u l t  of this concern a Treat d e a l  of engineering time w a s  required LO . 
gain er.tr( t o  p l a n t s  for tdut ing.  Pren a f t e r  r e s t s  Were completed, Lhere were 

return wi i ics  t o  r rv iev  d a t a .  

of p l k i s  and r e s u l t s  vdre made f o r  each s i t e  tes ted .  

:n t h e  case of CPI and S C E ,  formal presentat ions 

To minimize ' the  amount of coordinat ion work, KVB took the  approach of  

t ry ing  t o  conduct as many of t h e  planned t e s t s  a t  one p l a n t  s i t e  as possible .  

test crew consis ted of t w o  engineers  and two technicians.  On all 

t+st3, all four 'worked toqether.  Iach tesz  required on? nor: .ng day a t  t!!e 

  la?^ s i te  ?:us tsro days for equiprent turnaraund and sam?lr processing. 
I .  

_. ~ 

3.2 ' ,%THOPOMGY 

I Samplinq and ana lys i s  methodology described in t i  . sec t ion  w a s  , 

Thl .  1s discussed i n  evaluated 'Zuring ' the  Phase L period of t h e  prograa. 

_---_-.. -.-.+. A,,- V ~ ~ ~ b ~ i ~ s a  *sic1 eo ( i j  distrrmine khe >pEticuiate ur iss ion  

r a t e  from ducted musces, (2) c o l l e c t  d5d p r e s e m  reprezantat ive +pleles.of 

these  emissions urd ( 3 1  analyze t h e  samples for the& chemical COUQOSitiOn. 

The qeneral  appqoach to eniission rate determination was to either measure t h e  

emission r a t e  o r  t o  determine it by c a l c u l a t i s n s  from process' dd ta .  

. . .  
=--- i_" + , ",L_ _Li___: .... 

Presented i n  the fallowing s e c t i o n s  a r e  a d e t a i l 4  d s s c r i l t i o n  of  ' the 

f i e ld  t e s t  and laboratory cquipmsnt. noma explanation for t h e i r  selection; and 

a d e t a i l e d  desc r ip t ion  of  test  procedures and da ta  rduct ion techniques 

fdl loued during t h e  program. 

I 
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3 . 2 . 1  Samplinq 

Tu0 s u p l i n g  t r a i n s  were used Lz -he proqram. an E?A, Source Assessment ' 

'Sampling ?]stem (SASS) and a d i f i e d  .Yethod 5 train. Bath trains cons is t sd  of 

heated probe; w e e  ca l ib ra t ed  cyclones with nominal c u t  s i z e s  of 10, 3 and 1 rn 
contained in ,an ovac capable of being heated t o  40C'r a millipore f i l t e r  a l s o  

in tkte ovea; t& inpingars  containing d i s t i l l e d  water;  one dry impinqer; one 

inp i iqer  containing des iccant ;  vacum punp(s) ; and a dryqas meter. 'The primary 

Zrffersnoe ir. the  two t r a i n s  is  s i ze .  

of 4.0 S C n  or 6.5 ACFX at 400°r where the  .%thcd 5 t r a i n  has a samplinq r a t e  of 
1.0 S Z F X  (1.65 ACFX a t  4 0 O O F l .  Tne X i 5  r e q k r e s  two vacuum pumps. Both systems 

'are e s s e n t i a l l y  standar3. commercially-availablo e q u i p e n t  except cha t  the  stan- 
dard SASS has an organic  sampling module between the  f i l t e r  and the  impingers 

vhich was not used on these t e s t s  and a spec ia l ' cyc lone  set was designed and 

fabr ica ted  e spec ia l ly  f3r use with the  Method 5 tra.in. 

' T.he purpccses for using t w o  t r a i n s  were to: 

The SASS i s  l a rge r  w i t b  a s i p l i n q  r a t e  

a. Simultaneously sample upstream uld downstream. of con t ro l  devices  
t o  measure e f f i c i sncy .  

simultaneously sample a t  a3 same loca t ion  t3 d e t e r i n e  measure- 
ment accuracy. ' 

Provide f l e x i b i l i t y  in W'ipmen t ' s i ze  using the phys ica l ly  smaller 
net!!& 5 t r a i n  i n  loca t ions  where  the  S A W  w a s  too large. 

The -1ler train w a s  used upstream of a l l  cont ro l led  de r i ces  and the  f a s t e r  

samplioi  SASS was used domstream where the q ia in  lofidinq was s u b s t a n t i a l l y  

l i gh te r .  

b. 

c'. 

Both tfle Small  and la rge ,  cyclone sets vdre ca l ibra ted  3t tha ,program 

outse t .  

brated per iodica l ly  throughout the program. 

p i t q t  cubes, gauqes, amter, the,nno;-couples and pyrometers ware cali-  

A. e p i a a n t  Description-- 
, '  

i. Source assessm-At samplinq syst.em (SASS) Ref. ?-l--The flow diagram 

for Lie SASS is shown iir Figure 3-1. ' The SASS is ava i lab le  is a btandar3 pro- 

duct of the  Acurex Corporation, HOuntain View. Cal i forn ia .  

the :omponents i?'l:ows. 

. 
R descr ip t ion  of 

. ,, 
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E A T E D  PROBE 

The S S S  ?robe extracts gas/part;culate samples from t he  source 

, k i a g  tested, s o n i t o r s  t t 9  temperature and g a s  ve loc i ty  of  the 'source, and 

maintains sample temperatures above the condensation point of water/so mix- 

- t9ures. Figxe 3-2 shows the i n t e r n a l  arrangement of  tho -sembled probe: The 
3 

- 
important :eatuL?s of  =?e probe drs the T y p e  316 . s t a i n l e s s  s t e a l  sampl'inq t h :  

:he f i b e r g h s s - i n s u l a i e d  s t r i p  hea te r  ( i n c o r w r a r i n g  a thenocoup le  for feed- 

h c k  t a y e r d t u r e  control1 wrapped around the sampling tube; a round probe body 

t o  allow' s ea l ing  of t i e  sampling port and r o t a t i o n  of the  probe, as necessary; 

s t r a i n  r e l i e f  for a l l  e l e c t r i c a l ,  thermocouple, and p i t o t  l i n e  connections: a 

sa l ibrp t ,ed . i - type  p i t o t ;  and e a s i l y  interchangeable  probe t i p s  with diameters 

from 1/4 :a 3/4 inch i n  Ui6- inch  increments as s-sndard equipment. ?he ?robe 

is desiqrnsd t o  withstacd duc t  temperatures 05  up t o  600-F. 

i 

P A X I C U U F - '  C O E C T I O N  SYSTEI(  
I ,  

The pzpese of the  p a r t i c u l a t e  co l lecc ion  system is  to  maintain the  

sample gas stream a t  400°F while ~ o l l ~ ~ c t i n g  the  p a r t i c u l a t e  i n  three cyclones 

and d backup absolute f i l t e r .  

oven.. Figure 1-4 schematically illIJstrates t h e  t h r e e  SASS cyclones and shows . ' 

h y  dinensions of each. The cyclones were developed by t h e  Southern aesearch 

I n s t i t u t e  and Acurex's AerDtherm Division. 'The cyclone assembly is fabr ica ted  

' of 316 stainless steel. In o rde r  to be' l ightweight  and compact f o r  easy f i e l d  

use, an:. t o  be e a s i l y  ass&bled, ?isassembled, A d  cleaned i n  the  f i e l d ,  t he  

cyclones were f ab r i ca t ed  by spinning wi th  i n l e t  s ec t ions  at tbched by welding. 

Support € o r  t he  ind iv idua l  p ieces  i n  the oven i s  arovidedby tubingconnect ions 

As a r e s u l t  t.ha cyclones are f r a g i l e  and eas i+y  damaged. 

f a i l e d  midway in the  prograu and was replaced by a machined u n i t  which was less 

expensive and more rugged, but  s l i q h t l y  heavier .  

Figure 3-3 shows the  system i n s t a l l e d  in t i l e  

,The middle.cyclone 
. ,  

' ' The rreal between.the t o p  and b d y  s e c t i o n s  of t he  CyClOneS ware o r ig in -  

a l l y  made of Teflon. These Teflon mals proved t o  be troublesome because of 

r , e i r  lack o f  f l e x i b i l i t y  and tendency to cold-flow. leading to d i f f i c u l t y  

in q e t t i n g  s i t i s f a c t o r y  leak tests. ,  After  a few tests, t h e  Teflori w a s  

replaced w i h  .ri:on which has  been adopted by t!!e EPA as an ,acceptable 

ma*&rial Cor, t h e  system.' 

I 
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The' f i l t e r  ho lder  (Figure 3-31 houses and suppor ts  an absolu te  ta.ckuP 

f i l t e r  for the  series zyclones. Because of pseudo p a r t i c u l a t e  probhems ax- 

perienced wi th 'o the f  f i l t e r s  (Re?. 3-19), o d y  Reeve Angel 9 3 4 m @ l t e r s  were 

employed i n  t h e  f i l t e r  ho lde r s  o f  both t r a i n s .  These f i l t e r s  arelrnsde of 

b o r o s i l i c a t e  g l a s s  f i b e r s  and have an es t imated  po ros i ty  o f  9 .3  - 0.5 um. 
The f i l t e r s  were obta ined  i n  150 & diameters  and were ind iv idua l ly  c u t  t o  

1 4 1  mn diametsrs  t o  f i t  t h e  holder .  

. ,  

The oven ,provides a constant '  t em?ara=xe  environment f o r  the cyclones 

and f i l t e r ,  a s  w e l l  as mechanical p ro t ec t ion .  I t  also suppor ts  t he  probe by 

mear.s of a col lar  a t tached  t o  t h e  s i d e  of the  oven, which secure ly  clamps t h e  

grobe. Th? probe and o:.m co l la r  a r e  so designed t h a t  t h e  probe can be rotat,*d 

, t o  any angular  pos i t i on .  

ILWINGER AS5Ei4BLY 

The impinqer a'ssembly c o l l e c t s ' a n y  remaining ccndensrbles  i n  t h e  gas  

stream and d r i e s  t h e  sample gas  s t ream t o  avoid damaging the  gas  pumps a?d f l o w  

monitoring ins t rumenta t ion .  The impinger assembly, p i c tu red  i n  F q u r e  3 4  

c o n s i s t s  of :>:x heavy w a l l  g l a s s  botFles. 316 s t a i n l e s s  steel and T e f l o n  tubing 

' d i r e c t s  gas  flow. The f i r s t  two impinger b o t t l e s  contained 400 m l  o f  d i s t i i l e a  * 

water. In  each of these  b o t t l e s ,  a s t r a i g h t  section of tubing duc t s  t h e  sample 

gas  below t h e  l i q u i d  l e v e l .  1 
, qas below t h e  l i q u i d  l e v e l .  The sample g a s  S'&L;en k:ireu?ii t:-.t' ?.,i..u.'.d, allowing 

1 t h e  .:arious p o l l u t a n t  spec ies  t o  be scrubbed ou t .  The t h i r d  bottle w a s  empty. 

The sample g a s  s e c t i o n  of tubing duc t s  t he  sarnple 

Tkie fou.rth impinqer b o t t l e  contained ?ranular  s i l i c a  g e l  t o  dry t h e  gas: 

t h i s  b o t t l e  a l s o ,  t h e  gas  i s  ducted t o  t h e  bottom of the  , b o t t l e  by a, s t a i n l e s s  

steel  tube and f l o w s  upward through !he s i l i ca  g e l  granules .  

In 

The remaining components o f  t he  impinger assembly (shown i n  Figure 3-61 

inc lude  a therm>cou?le t o  monitor temperature of the  gas  e x i t i n g  t h e  si.lica 

g e l , , a  small pump to a g i t a t e  t h e  ice/water  slurry sur roundinq , ' the  b o t t l e s  and' 

ca r ry ing  t r a y  so t h e  e n t i r e  impinqer asembly c a  be  l i f t e d  o u t  0: i ts  ice ,  bath 

when required.  

3-9 
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\ F i g u r e  3 - 5 .  F i l t e r  housinq assembly ( R e i .  3-11. 
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F i k e  3-6. ' Imp:.nger train out of case. 
(Ref. 3-1) 
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?wo vacuum pmps connected i n  s e r i e s  are  used with the  SASS. TheS:: 

carbon%J>':-c.j.F? p q p s  ( C a s t ,  %&el ;322) are n o d i f i e d  by Acurex w i t h  a Si'aclal 

s h a f t  seal  t o  reduce the  le% rate t o  better than Method 5 s t a n d a r i s .  

pump h a s , a  3/4-hp motor. a ' f lowrate  of 10 ACFX a t  zero p res su re ' d rop .  and w e W s  59 

1bs includiny a l l  f i t t i n g s .  

Etch 

E a c h  pfnp requires ;O m p s / ; i 5  VAC. 

C3NTWL L?iIT 

The con t ro l  ' w . i t  con ta ins  a11 of  the inst ruments  f o r  s e & l r i a g  s t ack  

' veloclt.;. sampling f lowra te  and cumulative f l o w ,  and t e r p e r a t u r e s  a t  v l r i o u s  

pi2:s in  t he  samplinc; sysceci [Fij .Lre 3 - 3 ) .  A l l  cL t he  con t ro l s  f c r  th- sam- 

.>li?q s.;stem a r e  loca te2  i ~ .  the contco? .= i t  e x c e p t  t%e valves  I s r  i on tco l l i nq  

5mele f~owr:ze. ?he '~31..:es i r e  5o'i?.:&i sa t he  vai2um p m p .  wb.ic?> i s  ?lazed 

adjacrr.: Z o  t%c :on t r31-cni t  when usinq the  s a . . p l i c ~  system. 

con:rols an,i medsureknt  displays 'a:= centered  about tho concrol  un i t .  

Thus a l l  o f  t h e  

?%e vari?us swi tches ,  gau,:. s, and connsc t ions  seen on face of t h e  con- 

t r o l  ,mit  a r e  descr ibed below: ,, 

There are f i v e  e lec t r ica l  s w i  :c>.es v i t h  the  following €unct ions :  
. . -  

, I  . %in' power (wi th  p i l o t  light;:.: J-amp,ere, ..>-VAC circui t  
breaker )  

. Probe hea te r  iwith p i l o t  l i g h t  and 15-ampere, LiS-VAC c i r x i t  
.breaker) 

breaker) 
. Oven hea te r  (wi th  p i l o t  1 igb . t  p"d ' j - a m ~ e c e , ,  .:.5-VAC c i r c u i t  

, 

. Fan power . ' 

. Elapsed t i m e  i nd i - a to r  s tar t -s top switch 

7he oven c i r c u l a t i o n  55". is connected so t h a t  durinq hea t ing .  t he  

fan  i s  i n  opzra t ion  r ega rd le s s  of the  p9si:ior o? t he  fan contzo l  switch. 

ilhen the oven nea te r  is  "o f f  , ' *  t5=  fan' may be turned "on" with t h e  oven door 

open t o  hasten coo:.ng of t h e  oven, cyclones,  and f i l t e r .  

+n e lapsed  time indica_for is :ised t o  ; Ie temine  when t o  move from one 

tra;re:se a o i n t  t o  the  nex t ,  when per . foming Xethsd 5 z3mplinq. It i s  ais0 

3-13  FIB 580h-7S3 
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u s e h i  ,Lor SASS ' j a m p l i ? q  t o  monitor ,?pir.ger sa lac ion  cLasqe i n t e r v a l s ,  d a t a  

i c q q u q  i'tervbls, &?d t a t a l  sampling time. 

of L/?-O of a minute. 

wic!! a psi-iaucfon located ne& the indica tor .  

The inLicacor has d reso lu t lon  

The ind ica to r  car. 2e reset t o  zero, M d  started or stopped 

~ v e n  ~ m . 6  ? r o t e  ~ e a ' t s r  ?emaerar<se con t ro l3  

lower zo the  oven XI? probe +.eating $L%ents is  modulated wizh adjust- 

able  zemperarxre controlLers .  

coubler for  renperature  sensing. 

These contro1:ers use chromel-almel  t h e n o -  

Each c o n t r o l l e r  has :ne followinq f ea tu res :  ' 

' . Actual temperature cont inurusly displayed 1 
. ,  

. 

. Power cycl ing  is ind ica ted  by red M d  green l i q h t s  

?he isn:r=liers prsv%?ed .with t he  &?it used on t h i s  ?:3qrau were cE 

.\(sximun set-poi.?; is l imlred t o  500D? by a machanical stop 

. 
;ow q u a l i t y  and requrred cont inua l  adjustnenc t o  keep then i n  c a l i b r a t i a n .  

Xftdr j eve ra l  replacements, t he  t e s t  crew laarned to use manual procedures 

bring the  temperatures t o  t he  dzs i red  l e v e l  (i.e., 4OOoF for &e probe ana oven) 

afcs: 'whizh :he ' cont rb l le r  .would genera l ly  hold the  temperature, although th4 

ind ica tor  might be a s  much ps ;OO°F off  t he  proper settL?g. 

t o l l e r  ;as c a n e d  t o  t he  uppe'r linir of temperacuke (no! beyond the  s c a l e ) ,  the  

CM:KC~ would lcck. requirbq disassembly. 

to. 

Also, i f  t he  COD- I ' 

, ,  

Temperatxe Displax . .  

A d i g i t a l  temperature i n d k a t o r  is wed toge ther  w i e .  an e ight -poin t  , ' 

S e l e C t O r  sv i tch .  

each of t h e  foliowing locat ions:  

The s e l e c t o r  switch p e d ' t s  m n i t o r i n g  t h e  temperature at  

I 

. S*ACk ' 

. Probe 

. Oven , .  

. Tmpinger t r a i n  o u t l e t  

. Gas mter i n l e t  , .  

. Gas =COT o u t l e t . ,  

. . Two "spare" 1ocaticr.s 

The temperature range is O°F t o  LSOO'F with in accuracy of Z 4 T .  

, , '  

3-15 KVE 5806-783 . .  
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Gas Flov t 

The c@lative sample gas flow i s  re.mxed by a Rockwell Hodel 415 gas 

mster, a high accuracy mter used f o r  t e s t ing .  

by a d i g i t a l  counter an< pohter v i t h  a reso lu t ion  of  0.00s cu. e t .  
Tho neasurement i s  displayed 

Po 
i 

I 
, .  

Pressure Gauges 

Three ?(aqnehelic pressure gauges car. be seen on tne  face of G!e control 

unit. 

(see fo l lov ing  d iscuss ion  on o r i P i c e  meter). The o the r  , t vo  gages a r e  connec- 

t e d  ir. p a r a l l e l  and in&cate -he pressure  d i f f e r e n t i a l  Of t h e  p i t o t  tube used 

:or 3easurinS s u c k  vei3ci:y. 

inches  of war_er; t h e  o ther , ,  usual ly  0 t o  4 inches of  va t a r .  Thus t h e  p i t o t  

-,.'e -- . 3zess::e 3 f f e r e n r i a l  can be dete-nined .dit." hiqh prec is ion  aver  c h i  , 

f u l l  range. 

Umbil izal  L i n e  C o n n e c t i o M  

t h e  connections w i t h  tL conzrol u n i t  L follovs': 

One is  used for m n i t o r i n g  t h e  pressure  drop across the  o r i f i c e  meter 

One o f  the Gages h a , a  r m g e  ::om 0 ta  0 .5  

The .&ilical line between the  cont ro l  u n i t ,  oven; and peobe makes 

. Hul t ipo in t  Connector ViGh AC pbwer leads eo Oven. tar.: ?zed prob? 

. Dual-pin thenmcouple connectors for t h e  s tack ,  probe, and , 
' impinqer t'ennocouples. 

Tha sepa ra t e  25-toot s w l e  hose comects t o  the ,vacuum pumps. The 

exhaust hose of the p u p  i s  coMected t o  the  " i n l e t "  f i t t i n g  located on &e 

Control u n i t .  

i n  t h e  manner of t h e  t y p i c a l  Method 5 sampling t r a i n .  

The sample gas t h e n  passes  through t h e  gas and o r i f i c e  meters 

A quick-disconmact f i t t i n g  is provided a t  t h e  s w l e  "exhaust" o u t l e t  

on the cont ro l  un i t .  
. .  

2.' method 5 sampl:.nq system (JOY T r r i n )  --The ' x e t h d ,  S sampling iystsm i s  

a standard. 'Joy .Hanufacturing Company u n i t  shown schematically i n  Figure 3-9. 

X speciaL p a r t i c u l a t e  sampling system was designed and fabric ,a ted t o  !it ins ide  

the standard oven. A descr ip t ion  of t h e  system cmponellts is presented belov. 

CXLONE SET 

In designing tlle cyc1or.e set  f o r ' t h e  Jo') t r a i n .  KVE v i s i t e d  Southern 

Research I n s t i t u t e  (3~iU). vhete under,EPA sponsorship they were developing a 

3-16 I . W E  5806-783 
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Piguze 3-10 .  Environmental Prptect ion Agency-Southern Research 
I n s t i t u t e  F i v e - S t a y  .cyclone (Ref. 3-2). 
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five-scaqe cy2Lona system for  in-s tack  sampling. The s;s:em, '.:hich 1 s  no,,. de- 

v e l o p e ; ,  i s  sLom i n  Ficjure 3-io and che development program 1s dsc'mrntec i n  

Reference 3-2. 

s-ne respec t ive  cu t  sizes ?AS t h e  t h r e e  SASS cyclones XZ.:.:~ a t  a Sarn? l iny  race  

of one SCFX. 

:empera:.ires but nor at 4OCI'?. They qiere : n l y  in :h+ procsss of  ?a.:513+:n; 3 

I $195 :amperacure ;allSrac;on ?rocedure. Dr. !%!al?ace En:15, ;f $0' :3l:,:iaE-'? 

z.;?t ::*.el: cyzi022s I .  : I ,  mi i V  shouli come 3 s  :lose :a xatchi.29 z x  SAi5 

cyciones a3 &?y desi5r.s h e  could imagine. A t  t he  t. ine, even t k e  3 ? S  :?clones 

?..ad no: been cali5:aied a5 4OO'F. 3rawlnqs of the  SaRI -. - j  clone7 ,were o i x a l n e j .  

Tne 0' ~ ? c t ? . v e  was to  des ign  t h r e e  cyclones t h a t  would have tk P 

S O R I  h'sd c a l i b r a t i o n  daca on e h e i r  f i v e  cyclones at synbi rn t  - 

aeview of t h e  SoRL I e i r 3 n s  i nd ica t ed  the L o l l o w i n g  ?robhms': 

. El ia ina t rnq  E..<" oi t3e ,c:.cloncs an2 fi::inc f k e  .:ni:s i n z c  :5+ -->y 
>ye:: za2ss3 ;z>5l<xs 1:: :~.n+cc:r.j '1's ::,::s. 

. ?he  in : e rn i ?  th reads  bet&&, t::? ;a; 3nJ t!.e t0.i;. O! :::e c:.,cion-.s', 
w h ~ l e  neceijaf;. 50: :ks <a31 ob>ez::v+ OF 3 s m 3 ! ?  -.n.:a!.y,-.. 
i o  Sa ;oter.cially troub:e;snr .Car 5 ~ 2 1 :  as:e?b>,; 3::: ::s~ssx&:.:. 

The i n t e r n a l  t h reads  i n  t h e  body cculd in::rfe:e ,dit5 : a : ~ i c , ~ i a t s  
r rnoval .  

3;ye.ir.?..! . .  . .  
. 

. A means for more r e l i a b l y  connectinq the ' cyc lones  together '*as 
required.  

A modified desiqn was prepdrnd. 

The i n t e r n a l  d inens ions  of :he Lhree s + l e c t e d  cyclones were used. 

The  ex te rna l  f e a t u r e s  were designed so t h a t  t h e  t h r e e  cyclones and f i l t e r  

.woul,.l :it and could be adapted to t h e  16" x 18" X 7': space of the  joy aven. 

Tk:s 2esi;n ;rould ;Is0 e l iminare  some 3f t h e  problems noted above. 

, ,  , 

:he 

q'clor.es are shown i n  :he foilowing figures: . .  

Fiqure 3-11 A photoqraph of  Cyclone 1' assembled and disassembled. 
~ l i c  a crawinq o f  Cyclone is shown i n  Figure 3:~a. 
r eve r se  e x i t  tubeAdrawinq is shown i n  Figure 1-19. 

also a drawinq of ?!clone 2 is  show. i n  F i g u r e  3-2'2). 

A l s c  a rlrawinq.of C y c l o n e , )  is shown i n  Fiqcre  3-,2L. 

, Figure 3-14 A photograph of t h e  t i i t e r  holder  assembled and 
disassembled. I .  

The 

ficjxre 3-12 A phot+raph of Cyclone 2 assembled and disassembled. 

fiqure 3-13, A photoqraph of Cyclone ,3 assembled and disassembled. 

' 
Fiqure 3-15  . A  photoqraph o f  the  o v e r a l i  assembly of  t h e  cyclones 

and f i l t e r  ho1,drr: . .  



, 
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Fiqure 3-11. Cyc lone  1. 

' 1  

c 
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Figure 3-12,. ,Cyclone 2 .  
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Fiqure 3-13. Cyclone 3. , .  
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Figure 3-14. Filter bolder. 

, '  
I 



' : 
. - . L .  ~ , .  . 
. .  

. , .  
. .  . .  

, 

I ,  

L 

Figurs 3-15. J o y  train q c l o n ?  assembly/. 
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Piqure 3-16 

Figure 3-17 

Figure 3-18 Drawing of  Cyclone 1. 

Figure 3-19 Drawing of  reverse  ex i t  tube for Cyclone 1. 

?i3+Yre 3-2,0 Drawing cf Cyclone 2 .  

Fisure  3-21 Drawing o f  C.{clonc 3 .  ' 

: igure  3-22 Craving 05 s t a i n l a s i  sceel -11 and i o c i e r  :oir.cs used 

.\ drawing of :he :rant view' of t he  cyclones and frL,ter 
holder assembled i n  c.?e j o y  oven. 

X'drawing of t he  top  v i e r .  1 

- .  

t o  connect t he  cyclones t o  each ocher and t o  the probe. 
Note that qrcoves f o r  "0. r ings  have been cu t  i n  b a l l  
j o i n t s  t o  assure  a pos lc ive  s e a l  when "0" r i n g  is i n  place.  

The un,i-a were fabricated from 316 s t a i n l e s s  sreel with 5235 quai icy 

In2 s rx i s i sn .  SabseqxneL:,, c%e So?: eeszs we:? zam?la:ed. i.-.di:a:irq k a t  

the  c ~ c  ~ o i n r s  voul.' 5 s  as follows: 

JOCJ'F 9- Cut ?omt i R e f  3-13) -0 

9 . 1  m 

4 . 1  'XI 

1.3 '9 

3rouqhou-l 3 e  tes t  proqram :;;e sinall I -.fclc.ies per famed T e r f e c t l y .  

The hll j o i n t s  provided no sea l ing  problems and are r e c m e n d e d  Sig!iPf for 
5it-re designs. 

a f t e r  the i i i t i a l  t r i l l  runs with t h e  small t r a i n  it was found t h a t  . . 

:ne o r i q i n a l  f i l t e r s  on :he J o y  triin were becoming cloqged within a shor t  3ur- 

a t i s n .  Po a l l e v i a t e  this rand i t ion ,  a l a r g e r  Zi l tar  holder w a s  fabr ica ted  and 

successfu l ly  ins ta l le 'd  in the  unit .  Where the  o r i g i n a l  f i l t e r s  were only 4 i m  

i n  diameter, t he  new f i l t e r s  were 1Jlm. t h e  same size as t he  ones in t he  SASS 

tra. in.  T k s  improved the  s m p l i n g  r cu t ine  s u b s t a n t i a l l y ,  reducing the  number 

.of f i l t e r  changes. 

, ,  

Figures 1-15 and 3-L6 show ' t he  la rger  f i l rer  i n  place. 

SAMPLING UNIT 
, ,  

' The sakpling unrt, Figure ,3-24.  c o n s i s t s , o f  a s t a i n l e s s  steel  cabine t  

divided in to  t'm sect ions.  The .first sec t ion  is a heated compartrent contain- 

ing provis ions Cor a f i i t e r  assembly and cyclones; t he  second sec t ion  is a 

c m p w e n t  c o n t a i n k g  the  impinger t r a i n .  

devices are provided :or attachment of  che p r o b e i 2 h o r i z o n t a l  pos i t ions .  Sam- 

pl ing  t r a i n  components ki t he  oven are made of s t a i n l e s s  steel ,  joined !,y b a l l '  

and socket joL?ts and provided wi th  clamping devices. 

Cpenings i n  t h e  'cablret  and clamping 

, 
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f---l Zyclone I I 

Cyclone I: Y 

Frant V i e w  

Fiqum 1-16. Joy t r a i n  cyclone assembly schematic. 
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Figure 3-17. 
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P i &  3-19. D e s i g r i  sketc.',  reverse ex i t  
tube tor' Cyclone 1. 
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Figure 3-23.. J o y  nanufac,turing 
co. c o n t r o l  u n i t .  

~ i q u r e  3-24 .  , KVB modified Joy 
, ,  !-!anufacturinq Co. 

smpLing case .  , 

.. I 

F iqure  3-25. J o y  Hanufacturinq Co 
probe. 
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PilOBE , 

The s tandard  probe. Fiqure.3-25,  has an e f f e c t i v e  length  of f i v e  feet 
and c o n s i s t s  of 3 samplinq tube ,  a r!?:peracure p rob t ,  and a p l t o c  tube.  The  ? 

sampiinq tube,  is a l eng th  of s ta in less  s t ee l  tubing runninq throuqh t?,e ceT.f?r 

of  an e x x r i o r  s t a i n l a s s  s t ee l , r . ube  and t e rn ina t inq  i n  a s t a i n l e s s  s c a e l  l o i n t  

,~ 

a s h o r t  d i s t b c e  beyond t h e  end of t h e  stainless tube. The s t a i n l e s s  s t e e l  , I (  

.) 

tubinq i s  heated by a r e s i s t ance  .+Li.ment. 2rovizim 1; im..ie f o r  u s e  of a , 

variee:, 0 5  s a m p l i n q  nozzles .  ~ 5 e  p i r o t  tube cons!sts 3 5  a , p a i r  ? E  s t a i n l e s s  

i t e r 1  t,ubei 3ttdc5ed t 9  t h e  assenbl;.. 
,. I 

I!QINGERS .- 1. 
Four impin.j?rs are  connected i n  series w i t ' ,  ql ;~ss b a l l  j o l n t  f i t t l n a s .  

Tt'X f l rS t ,  t h i r d .  f ou r th  lnp inqars  ace of t > e  Gre rnbur~-Sn i fn  .?ez:qn, 

no<lfrec! b y  r r r l J c i n g  tiis :i2 w:zi a l/Z" 13, i j lass  tubs cxtrndiny I / ? "  

from the  b o t u m  O f  t h e  f l a s k .  T h e  second la?i?.ger is Q €  t he  Lreenburq-5mnlth 

design ,with the  s tandard  t i p .  

I 
' I  
6" $ " 

[ 
I E T E R I N C  SYSTEM 

A vaclum qauqe, leak- f ree  pump, thrmometers  c a p b l e  of neasurm; 
I: 
I 
i 

t rmperbture  t o  !within 

ment 'are ?:ovided to maintain the  appropr i a t e  sampling ra te  and t o  d e t e m J n s  

d r y  5.3s nnfter wi:h 2 %  accuracy, an3 related ?cju:?- 

f 

This  sec ' t ion  w i l l  p r e sen t  t h e  procedures t h a t  *ere employed a t  t h e  test  

s i te .  iincluding prepacacion,  sampling, d i s a s s e h l y  and sample recovery. ~ n a -  

l y t i c a l  procedures t h a t  were employed to  determine the  quan t i ty  and composition 

of the  p a r f i c u l d t e  samples are d i s c u s s ~ a ,  i n  Sect ion 3.2.2. 

apply' to b t h  t n e  SASS and Joy samplinq t r a i n s .  

procedures cu t l i ned  below i l l u s t r a t e  the ,  de t a i l ed .  p repara t ions  and pre-  

cau t ions  t h a t  w ' r e  taken to  in su re  q u a l i t y  con t ro l .  

These p rmedures  

The sam'plinq and labora tory  , ' 

1.. Prel iminary eva lua t ion  of  t h e  t e s t  site--m important aspec t  of  the  

; m p l i n g  procedur t s  was the  prolimLnary assessment o€ t he  sampling t e s t  s i te .  

Far d qiven i n d u s t r i a 1 , o p e r a t i o n .  a sampling loca t ion  was s e l e c t e d  'based on 

a c c e s s i b i l i t y  j n d  exhaust  flow c h a r a c t e r i s t i c s .  R min imum of a ?- inch sampling 

.r 

por t  w a s  k q u i r e d  t o  accomodate the  p i t o ?  and sampling nozzle and probe. .. 
3 -'3 4 KVE 5806-733 
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Idea l ly ,  t he  e ihaus t  flow a t  this loca t ion  should' be f u l l y  nixed f ron  

L5e process or comSustim zone dnd w i l l  be s teady and uniform, 'not d i s turbed  

by e lbowb  or dampers. 

and ceageracure seasurement was made i n  accordance with the  pcocedures out l ined  

~i the Federal Regis ter  (Roc. 3-3). 

This  genera l ly  w a s  not che case. 

D a t a  was recorded 

A p i z o t  tube t r ave r se  

.... 
t he  shee t  i l l u s t r a t e d  

in Form 53JJ-4 (sect. 3.4): aased on t h e  r e s u l t s  o f  th i s ' "  3 raverse ,  sm.?linq 
I 

loca t ions  within t h e  flow stream were se lec ted  t o  providea  s a a c i a l l y  in t eg ra t ed  

SdJlpla. 

2. S&z??a f l o w  &-id isokinecrc  cor.2icxns--'ro preserve the  cyclone ":ut- 

o f f "  po in ts .  t h e  sampling flow race was adjus ted  t.0 maintain 4.0 Sclx a:'the 

required JOO'? cyclone oven temperature condi t ions .  I sok ine t i c  sampling vas 

3.ieo des i red  and was aciueved to the  deqrse poss ib le  3y s e l e c t i n g  +lie ?roper 

?rob? Z O : : : ~  -Iiaz.ecae. Isck:?.s~:c sa?li?.3 is a condi t ion where cig veloci':.. 

V , o f  ths sanple  throuqh ck:e nozzle is the  sane as t h e  velocicy.  V , o f  t h e  

s t a c k  qas.  The nozzle v e l o c i e j  V is relaced to  G5e nozzle diamecer, d ,  and 
n S 

n 
:o the  ueter  flow race Q, by t2.e fo l lov ing  equations: , ,  

n 
.VY 

(1 - 
for t he  i sok ine t i c  sampling t h e  s t ack  ve loc i ty  equals t he  nozzle ve loc i ty :  

vs - *? 
1 

60 

I, 
A T -  - s u b s t i t u t e  t he  Vs 

value from the  

and sol= for t he  nozzle diaueter, d. 

appear on following 
'n 1 '  T .  s 

bH2O , Tm I-' (p ' ,= Qm 
S (1 - - -' 100 

d - 24 

-- 
A 1 1  prepared data s h e e t s  used i n  these tests are presented in Sect ion 3 . 4  

, ' 3-35 KVB 5006-783 
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T s , -  s t ack  temperature. OR 

v - s t ack  ve loc i ty .  ' f t / sec .  

- dry gas mcter temperature, 'R, 

9 .  - veloc i ty  a t  nozzle, f t / s e c  
3 .  . i, "n 

$. = gas  flow rate a t  nieter. f t  /rmn 
3 . .  

Qn 
d = diameter of  nozzle,, i n .  

.Dm = x t e r  p res s ' xe .  p e i a  

'e = s tack  ~zcs::i:c, ?zia 

% H20 - s t ack  gds '+fat.Fr content  

- gas flow rate d t  nozzle, f t  /v in  

: I 

. ... , ' j 
5 

: 

' t '  I ,-. - 

I ,  

,' , 
e ,  

,'< <. 

- - .  

Y 

cleaning procedure.. ,c 
. ). 

. ,  

, , '  

KVB 5606-783 ' ' 3-36 

., . 

The sampling flow r a t e  0 

€or t h e  Joy t o  p re se r r e  the  cyclone cut-off po in ts .  The nozzle was .chosen t o  
have the  c l o s e s t  diameter t o  the  ca lcu la ted  diamtter .  For t h e  a e t t  ': 5 proce- 

dure,  Qm,ciluld be adjusied t9 account €or the  nozzle d i f f e rence .  

was s a i n t a i n r d  a t  4.0 SCFk for  t he  SASS and 1.0 SCFX .. . .. 1 
. ,  ! 

I 
f 

. -. 

: i Af ter  cha s tack  veloci t i 'es  ,and tfmperqture l eve l s  have Seen es:uliA=d 

by the  pre l imini ry  s t ack  t r ave r se ,  the nomogram i l l u s t r a t e d  in Figure 3-36 'das 

used t o  select  the  proper nozzle diameter aqd fpr the  required sainplinq rate.  

I f  stack condi t ions  were encountered tha-. were not  covered by t he  nomograr., t he  

abbve equat ions were used. 

3. Preparat ion of t h e  sampling trains-- 

a. cleaning--Prior t o  sampling, , a l l  samplinq t r a i n  components and 

sample conta iners  'were ,cleaned f i r s t  k i t h  d i s t i l l e d ' v a t e r .  and then with ace 
tone. The d i s t i l l e d  water was dispnnsed in p l a s t i c  wash b o t t l e s ;  t he  aceton, , 

.was di,spensed using T e f l o n  or g l a s s  wash bot t le ' s .  After  each p a r t  was washed 
, .  

wi:h ace to re ,  it was Cried in a Cil te red  stream of dry a i r  o r .n i t rogen .  
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After c leaning .  t he  cyclone assemblies were assembled and ca??ed o f f .  

The ocher se.=tions of  tire trai?,  includinq t h e  probe, f i l t e r  housing, impinqer 

trains, and i x e r c o n n e c t i n g  hoses, were capged o f f .  

3. ?-l:er ?re=ara:ion--Usi?q s t a i n l e s s  s t e e l  tweezzrs, each f i l t e r  'was 

: l ~ c e d  ia a c lean,  nunbered 150 g l a s s  ?e r r1  dish. 

a: I ~ z s :  :::=e hours ~n a drying oven, then"imediazaiy c r m s f i r e d  t o  a desicca-  

far :J cool. 

They were ;&ad a t  220'F for 

-I. ... e filters were veqhed  once and Lien d isccnd tine seve ra l  hours l a te r .  
.. 

-3 ; o n : r . ~  :.'.e i n i r i d l  'de;3h~?g. This w a i  t h e  'weight used t o  detennine the  

ldjs ;&---i:dlate za-ch cn :he f i l t e r .  several f i l t e r s  were prepared to be -sed 

1.1 :.le even: :hat ? a - ? i x h t e  q ra in  loadinq %as hiqh. 

:. :=;r.;e: sz:-:;:r.j---:>.e : > L i z , w : : q  s:L-:ior.s x i  ; r x e i x r a s  :#ere , ; s a l  

f a r  E;i?.qer s ~ i a l e  aotzles:  

' 
CL ...e 3pont 3rieri-e was not kept for  ana lys i s .  Rowever. the w e i q h t  qain 

h e  :g adied 'date= va3. recorded and used :a detern ine  moist'sre of t he  s tack  gas.  

i. j d r i c i rn . j  - : r i i n s  asse*bl:, ?rehe3::>.5--~ac?. zompanent o f  the  t ~ ~ i n s  

'was tr,x?sferred as a separa te  amit t a  t he  t es t  si-e v i rh  a l l  sea l inq  caps m . .  
'?lace. '  Care 'was taken .when removinq caps for ca r rec t ion  of component so as t o  

.-e zercdia  -hat no fareiqm n a t t e r  entered the  cmp3nents. X leak c'ie:k was 

conducted ,wi:h the  ?ro,be &ped before i n s t a l l i n q  the  probe nozzle. The leak 

r a t e  was less than 0.05 CFY a t  2 0 ° K ~  pump suc t ion .  The proper nozzle ;elected 

' W E  5806-781 I 1-39 
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' T l b i e  1-1 Lists t??e sam2les to be recovered from Lhe SASS t r a i n  and 

C+.? :-ecomended coritaineis , sed  for sanple  s torage  and shiapinq.  12 some 

cases ,  m=e <>an m e  zonts lner  vas r e q u i r e .  A 1 1  contki-rs were cleane2 

? r ior  to '%e accor5inq ' t o  the  pracedure used' .for cleaning. t he  t r a i n  as  

descr ibed b v e .  

If 

. .  I" 
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TA3I.Z 3-1. 5.XVPI.E JTORAGE/SHI?PING CONTAIXERS 
. ,  

Train Ccinponanc Sample ?me conta iner  Required. 

?robe an3 nozz le ,  s o l i d  cappinqs Tared 4 dram v i a l  
, ,  

250 m l  Lce'r Tlass solvenc wash 

_,_ .. c,;c~ar.e ' c.ip POlLdS Tared 4 dr&% v i a l  

solvent  wash 2 5 0  61 d e r  g l a s s  

,3u c:iz?one cup so l ids  Tared 4 dram ,vial  

iolvenc wash , 2 5 0  ml amber qlass 

1u ::,c1s,na N p  S O l ~ d S  Tared 4 dran v i a l  

,250 nl &-e= g l a s s  

.?:l:er ?.ciiez and s o l i d  tappkngs and , Tared 150 nm ?lass 
filzsr f i l c e r  , p e t r i  d i s h  

solvent  wash ' zp3 co izpinqer  

1 lice.: LTE --...7-o* _._.-I-. ,-- =: contencs 6 r in ses  

:npinqer $ 2  concencs 6 r i n s e s ,  1 lice: LPE 

n p i n g e r  13 cmcencs  5 ruses  1 l i t e r  LPE 

* A 1 1  g l a s s  conta iners  must have Teflon cap l iners .  

I 
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7. Sample proce is ino  and analysis-- 

a. Cvclones--Each cyclone sol id  ca tch  vas t r ans fe r r ed  t o  a t r ans -  * 
port i .ng conta iner ,  des icca ted  f o r  one hour, and welghed. 

se?t t o  k-ent Systems Corparat lon for predominant elemental compos&tion 

ana lys i s  by X-ray f luorescence.  then t o  Rockwell A i 1  .%nitoring ,Center for 

s u l f a t e ,  n i t r a t e ,  and carbon ana lys i s .  The procedures f o r  these analyses  are 

discxised in' i e c t i o n  3.2.2. 

These sanbles were 

*, . 
Each cyclone was rinsed with d i s t i l l e c !  water an4 the  r insed material 

co l l ec t ed  separately.  

for 0r.e ho3ir a t  2 5 0 ° 1 ,  des' iccated,  and weighed on an Ainsworth t o r s i o n a l  balance. 

This weight was iccluded i n  each of the cyclone 's  solir! weight catches. 

The water w a s  evaporated and the '  remaining sample baked 

3. riLts:--:>e f i l t e r  vas :ransferred t o  a F e t r i  dish, lsiizca:nd. - 
f o r  one hour, and weighed. 

iyscems for predcminant elemental composition a n a l y s i s .  tnen t o  Rockwell 

for  s u l f a t e ,  n i t r a t e ,  and carbon ana lys i s .  The f i l t e r  housing w+s r i r s e d  

srich d i j t i i l e d  water and co l l ec t ed  wi th  the  iz!pinge,r r i n ses .  

Ti.? f i l t e r  and p a r t i c u i a t e  were sent ,  tO'Aml?lent 

c. I.mpinqers--The voluk of water  i n  each imsinger,was' measured. ' . ,  
TCe water from the  f irst  three, , impingers  w a s  combined along w i t ?  t h e  water 

r i x s e  from these impingeis.. T:.e corbincd ~ _ o l = t i c i  was extracted f i v e  L i n e s  

wit!! 25 ml  por t ions  of reagent grade methyl c:iloroform f o r  each 500 r n l  of  

so lu t ion  to  de tern ine  *,e orqanic  content  of the  impizger catch.  

c h l o r o f o m  was t r ans fe r r ed  to a tared v i a l  and,evaporated a t  r o o m  tenperature  

i n  a d ry  a i r  stream. 

T+.is weight w a s  &e organics  content  of  t h e  impinger catch and was included 

i n  the weight o f  t h e  u p i n g e r  ca tch .  

The methyl 

This  sanple w a s  .&s icca ted  f x  one hour ,and  weighel. 

'The',water remaining from the above ex t r aa t ion  was t r ans fe r r ed  t o  a 

tared beaker. evaporated to dryness, des icca ted  f o r  one hour, and weighed. 

TII'S sample was s e n t  t o  Armament .:ystems f o r  predominant elemental composi- 

t i o n  ana lys i s  by x-ray fluorescence. then t o  Roc,Lwell AiYC f o r  s u l f a t e ,  carbon 

and ' n i t r a t e  ana lys i s .  , 
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.- 
n 3.2.2 Analysis n e t h d s  

XL1,of t h e  p x t i c u l a t e  samples obtaine': f o r  any of ,  t h e  catches t h a t  

had a weight of 1.00 ig or g r e a t e r  were s e n t  t o  Xnoanent S y s t e m  Corporation: 

Andhein. 'Ca l i fo rn ia ,  for elemental fompositi-n and t o  q c k w e l l  In t e rna t iona l  

A i r  .Xonitoring Cenrer (X'lC). :lewbury P a r k ,  C a l i h r n i a ,  for su l - a t s ,  n i t r ace .  

and carbon ana lys i s .  

A. Elemental a n a l y s i s - -  

- ' 

,Y - 
~ .- 

1. X-ray fluorescence--During t h e  mid 1960's. s o l i d  state devices  (energy 

' . ' d i sp i r s ive  .?ectcn~tersl were daveloped which absorb /X-ray r ad ia t ion  emit ted 

by a sample and generate  vol tage pulses  whose maqnitudes'are propor t iona i  t o  r-ie 

energy of t h e  absorbed x-rays: With the  a i d  of a multichannel analyzer .  theSe 

?u lses  CL? be.ee;sr:tsd a i e i L u l y  to  c h r i r  s i r e .  Since eacn atom generates  a 

series of X-rays with s j e c i f i c  energ ias ,  t hz  enerqy sgectri-m accuaglated i n  a 
mult ichannel~analyzer  has peaks which spec i fy  t h e  elements present .  With I .  

proper ' c a l i b r a t i o n ,  t he  in tegra ted  i n t e n s i v l  

to t he  concentrat ions of t h e  observed eleinents r n  c..: azalyzed sample. 

of thes. respcnsf3 'ccli b t  r e l a t e d  

(See ASTM STP435, Energy Dispersive X-ray Anaiysis: X-ray + E l e a r o n  

aeobe Analysts, 19711. 

Specia l  sample a repara t ion  procecures and labora tory  techniques were 

used with enerqy dispers. ive spectrometers t o ' g e n e r a t e  low ppm d e t e c t a b i l i t y  

f o r  a l l  chemical elements hoavier  than potassium i n  so l id s .  The laboratory 

anal.ysis included t h e  f3llowing procedural s t e p :  

( I )  .A representa t ive  sample w a s  coarse ly  sieved and the  remaining 
material vas thoroughly mixed before  a 20-50 mg a l iquo t  w a s  
taken. a 

The sample vas then d r i e d , a n d  degrFased i f  necessary. 

20 t o  50 mc gf t h i s  material were comhin,ed with a binder and ' 

pressed into a thin p e l l e t  f o r  ,an'alysis. 

. .  

, ( 2 )  

( 3 )  

A Picker  X-ray generator  w a s  used t o  provide photons which exc i ted  t5: 

prepared p e l l e t .  

provide e s s e n t i a l l y  rnonochromatic'photons 0.4 1 7  and 35 K e V  which were used c 3  

f luoresce  the  sample. 

numbe,rs 19-39 pius' 57-83, ind 40-56,' respec t ive ly .  

absorption measurement was made on t he  t a r g e t  accarding to t h e  method o f  G i q u e  

Fomerly Analex Cor2. 

'She tube X-rayp were f i l t e r e d '  i n  t.do d i f f e r e n t  modes t o  

' 'I1 

This optimized 'the s e n s i t i v i t y  f 9 r  elements w i t h  a tox ic  

Prior t o  ana iys i s ,  an 

,id . .  
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and Zaklevic (Ref. 3 - 2 5 ) .  This 'das rcqdre: f o r  elements w i t h  atomic numbers , 

19-30. This measurement enabled pmper  comparison w i t h  NBS standard reference 

mater ia l s  and EPA standard reference samples. Each pellet was then f luoresced 

and t h e  spectrum was accumulated. The responses were cor rec ted  fo r  absorpt ion 

e f f e c t s ,  properly in taqra ted  and compared t o  s tandards t o  obta in  t h e  f i n a l  . 
e lemei ta l  :oncenCzations. To insure  accuracy, comparisons were made on a 

periodic  basis w i t h  whatever d a t a  were ava i lab la  from o the r  a?a ly t i ca l  netho- 

dologies  in addi t ion  t o  the  normal c a l i b r a t i o n  rout ine .  

r: 
I 

-, 

Although X-zay f luarescence is not  normally used t o  d e t e c t  s i l i c o n  ,and 

s u l f u r ,  a t o d c  nunhers 14 and 16 respec t ive ly ,  A&m>nt  Systems w a s  req'Aested 

t o  repor t  these  elements when t h e y  f e l t  t h e i r  ana lys i s '  could prcduce a meaning- 

f u l  r e s u l t .  Those resu l t s  are reported but should be used jrith soma reserva- 

:ion conceni . ig  t k i r  3ccr;racy. 

. 2. Atomic Adsorption (AA)--A f e w  sanples  were randomly chosen fo r  AA analy- 

Atomic Adsorption ana lys i s  sis t o  comgare wi th  t h e  results of  :he XRF ana lys i s .  

w a s  ddne by mckwell  A.W. The p rocedure i s  a s  follows: 

Five t o  t en  nulli?rams of s o l i d  p a r t i c u l a t e  or 1" c i r c l e  from the f i l -  - 
t e r s  was t r e a t e d  w i t h  a mixture of hydrotiorLz acid. &-A n i t r i c  ;cid tJ Cc!FletelY 

d isso lve  any s i l i c a t e s . p r e s e n t .  

s i l i c o n e s  were driven off a s  SiF6. 

10% n i t r i c  acid. 

adlled, so that  t h e  f i n a l  matrix used foc  .U w a 3  10% n i t r i c  and. 0 . 5 3  lanthanum. 

Then flame ana lys i s  was pzrfomed.  

The mixture was taken t o  dryness so t h a t  a l l  : i  
The remaining s o l i d s  were resuspended i n  

, 
Before d i l u t i n q  to volume,a flame buffer  of lanthanum W a s  

. I  

8 .  Cheniccl Analysis-- 
. .  i 

Each sample received was placed in a des i cca to r  for a minimum period 

of  24 hours. 

with a !nortar p e s t l e  u n t i l  they were homogeneous. 

The  samples which conta in  la rge  pa r t i cu la t e s ,were  then ground 

1. Water so luble  s u l f a t e  lSO1) i a l f s i s - - T h r e r  sanples  wore randomly ' ' 
2 I ,  

, .  chosen t o  t e s t  r e l a t i v e  ex t rac t ion  e f f f c i ency  f o r  redovery of t o t a l  s u l f a t e ,  

, , by a1 0.01 n carbonate ex t r ac t ion ,  6) water ex t r ac t ion ,  and c) carbonate fusion .P 
ext rac t ion .  

t i o n  of precis ion.  

carbonate ex t rac t ion  method was chosen fo r  a l l  SO analys is .  The t h ree  pro- 

Duplicate and t r i p l i c a t e  samples were analyzed Lo give an l?dCa- 

The resulta a r e  discussed i n  Section ,.3.2. "The 0.01 M - 
4 ,  . ,* 

cedures a r e  given below:, I .  

. I .  
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a )  0.01 N C a r b n a t e  Lutraction--A lOmg po,rtion of s o l i d  sample or a 

1" diameter circle gunched from f i l t e r  samples vas re f lux  ex t r ac t sd  i n  a 0.01 

H carbonate.  .0035' M a c e t a t i  bu f fe r  (pa 4 . 5 )  f o r  one hour. The hot extract  
so lu t ion  w a s  then f i l t e r e d  c+ough Whatpan W41 f i l t e r  paper and d i l u t e d  t o  a 

f i n a l  volume of 50 m l .  

thymol bl,ie (NTB) method. The decection l b i t s  vere 1.0 ~ g / n l  (0.5% by weight 

s o l i d ) .  

. ,  - - 
Colorimetric a n s l y s i s  was performed using the mexhyl- 

, ,  
I .  

The m method of s u l f a t e  3etermination' is based on t h e  spectral d i f f e rence  

wpch e x i s t s  in bas ic  so lu t ions  (p9.12.5-13.0).  between the barium ccmplex of NTB 

t i e  f r e e . m B .  A t  h i s  ?€I the  barium complex is blue and the  f r e e  MTB i s  brown- 

i s h - z 4 .  (fiosrbs l i g h t  a t  46Omm). T?.us, t h e  color  c f  so lu t ions  containing bcth 

t h e  free 41T3 ari the barium complex of XTB, m n i t o r e d  co lo r ime t r i ca l ly  a t  460 m. 

is the  measure o f , , t h e  mount-of s u l f a t e  in the  sampl. because the react ion of 

s u l f a t e  with MTB-Ba r e s u l t s  in equivalent  amounts of f r e e  MTB. 
, ,  ++ 

b l  Water Extrac4:ion--The procedure used f o r '  water ex t r ac t ion  was the 

same a s  the '0.1 X carbonate extrac^.ion e,xcept water rep:.aced t h e  0.0LY car- 

bonate Aolution. ' ' 

c ) '  Carbonate Fusion Extraction--In t h i s  method sodium an3 potassium 
I 

carbonates w*re d e l t e d  with the  sample t o  convert  a l l  insoluble  so4 t o  

soluble  forms. 

Procedure-- 5-10 mg of  substancn, ' f i n e l y  ground,.was mixed with 

40-50 m l  of a mixture of equal p a r t s  of anhydrous sodium and 

patdssium caxbona:es, i n  a platinum crucible .  The sampie w a s  f i r s t  

heated f o r  5 minutes gent ly ,  then to  fusion,  maintaining the mass 
i n  the fused s t a t e  for 30 minctes. 

carbon dioxide were formed, it was heated as  strongly'  a s  poss ib l e  

f o r  another, 10 minutes. I't w a a  allowed t o  cool, causing the mass 

to congeal as a layer  around the  walls of the  crucible .  

e a s i e r  t o  extracc &e miss a f t e m a r d s  i f  it had a s  la rge  a sur fa -e  

as  possible . )  

and.heated gent ly .  The so l id 'was  then.detacheA. I f  i t  did not  

respond t o  t h i s  treatment,  the  c r u c i b l e  was placed i n  a bedker of  

water and heated u n t i l  the s o l i d  was disinte.jrdt::d.. 

When no f u r t h e r  bubbles of 

(I t  was 

The crucible w a s  then f i l l e d  one-third with water 
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 he ho t  e x t r a c t  so iu t ion  was then f i l t e r e d  through Whatman d 4 1  f i l t e r  

and d i l u t e d  t o  a f i n a l  vo lme  of 50 ml. Cnlorimetr ic  ana lys i s  w a s  performed 

using the  m.mechod  discussed akove. , - 
2. N i t r a t e  (No ) Analvsis--A por t ion  of the 50 ml hot  ext-act  so lu t ion  3-- 

(from 50; ana lys i s ,  s ec t ion  3.2 .2 ,  A.1 .a .  above) was f i l t e r e d  f o r  t h e  analy- 

sis of n i t r a t e .  Calorimgtr'ic ana lys i s  was performed usir.5 che Cd reduction- 

diazo dye method. ?he de tec t ion  l i m i t  was 0 . 5 1  Ug/ml (0.25% by w e i g h t  s o l i d ) .  
I (  

. .  I .  

., 1 The nitrate ext rac ted  from the s o l i d  and f i l t e r  sanples w a s  reduced 
r to n i t r i t e  b y ' a  copperized-cadmium reductor  column and was reacted with 

. sulfanildmide i n  a c i d i c  so lu t ion  t o  form a diAz.0 compound. This cornpun3 , 
then coupled with N-1-naphchylenediamine dihydrochloride to forn a reddish- 

?u-dle,,aro dye which was determined spectrophotometr ical ly  ac  560 nm. 

I 

C a r t o n  Analysis -- 
'A carbon manaiyzer ,&ate ,by Ooeanoqraphy In t e rna t iona l  was used for 

the carbon ana lys i s .  Using this instxment, carbon i n  the sample w a s  con- 

ver ted t o  C 0 2 ,  which was analyzed using a Horiba NDIR de t ec to r .  

f e r en t  tec!miques were used to  ar.al:yze th&samples., Using the d i r e c t  injec-  

t i o n  technique,,  . & r c l i t e r , q u a n t i t i e s  (up to  iJ0 ug) of sample were' in jec ted  

Onto  a f i lament  for prcgrammed heat ing a t  15u "c and then a c  600 =,C. This 

f i lament  is in a sealed system with' 0 flow,tng ' f i r s t  over the  f i lament ,  2 
then through a fiunace kept  a t  800 'C, and f i n a l l y  :o the  XOIR detec tor .  

. .  . , .  

c. 
. -  . 

.~ 
Three d i f -  

, .  

F 

Samples were sumetimes analyzed by t h e  ampule tec.hnique. Using this 

technique, samples were sealed ii a g l z s s  ampule with oxidizing sc lu t ion  and 

heated a t  190 ' C  for a t  l e a s t  e igh t  hours. ?he ampules were then 'cooled  and 

and placed in  t9e  analyzer.  

gas  f lushes  a l l '  C02 f r o m  the  ampule to  the NDIR detec tor .  

The t i p  of t h e  ampule was broken and ni t rogen 

I ,  

CarbOnate in so lu t ion  was analyzed using a closed v i a l  conrainin9 
. .  

! . ' ac id  so lu t ion . ,  There w a s  a continuous flow of ni t roqen t k u g h  t h e  so lu t ion  ! 
of t h i s  v i a l  and t o  t h e  NDIR detec tor .  

through a septum i n t o  the ac id  so lu t ion  of t h e  v i a l .  

Up t o  1 m l  of sample w a s  in je - tad  . .  
. .  

' ,  i 
h 

- 0  
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.%%t of the  samples on' tus program were 'analyzed f o r  vu la t i le  carbon 

m d  to ta l  !:arbon by the  riirect i n j e c t i o n  tecmiques .  Five m l  of f i n a l  ground 

p&.rticulat.es were sus$e:ided',in 10 ml of  carbonate f r e e  water. , Up to  100 yq 

of these 3uspende3 partic;laires were injected onto  the  in j ec t ion  f i iament  f o r  

programed heating. 

or 1s oxidized a: the  Eilunent is heated a t  150 "C for  200 seconds. 

w l a t i l a "  car!xn, is determiaer? as the  f i lament  i s  heated to a00 O C  f o r  80 

"Vol i t i l e "  carbon w a s  t he  carbon which e i t h e r  vaporizes  

"Non- - 
, seconds. 

Inorganic.  ,$k-bon was dezermined on p a r t i c u l a t e  samples by . i i j e c t i n g  

1 . O ' m l  of the  suspended particu'.;te i n t o  ac id  so lu t ion  i n  a closed via?.  

;arkon dioxi-e w a s  pi.rged from, the  ac id  and to  the  de t ec to r  by a flow of 

ni t roqen through the  ac id  so lu t ion .  

F i l t e r  s m p l e s  wz.re analyzed for inurbanic and for  t o t a l  carbon using 

the  anpule tec'u.ique. 

f r c m  the fil%r ind p k - e d  i n  a g l a s s  ampule. TLe'amprrle was then pl;-ged of 

a -mspker ic  carbdr. and sealed, i n  a flame. Inorganic carbon vas  determined 

by bre&ing t h s  ampule i n  a closed system, adding 2.0 r n l  59 v/v phosphoric 

acid., and purging the  carbon dioxide t o  the  detectir .9 system. 

c a r b o n  k a l y s i s ,  zn3ther 1 c m  c i r c l e  w a s  punched fron t h e  f i l t e r  and placed 

i n  a g l a s s  ampule. 

to  the  ampule and t he  ampule 'is then allowed to s i t  f o r  30 minutes. 

ml of  sa tu ra t ed  potassium p e r s u l f a t e  were added and t h e  ampule w a s  ptxgrd 

of carbon dioxide and sealed i n  a flame. Severz.1 anpules were then ?laced 

in a p r e s s i r e  vesse l  and heated , for  e i q i t  hours c t  150 OC to  allow oxidat ion 

of organic  carbon. 

ampule in a sea led  system, and purging t h e  carbon dioxide to  the  de tec t ion  

system. 

D. 

Tor inorqani? ana lys i s .  'a 1 cm circle was pur.ched 

For t o t a l  

One m l  69 v/v phosphoric ac id  and tm m l  water are added 

Three 

The am?ules were coo led  and ahalyred by breaking t h e  

Analysis, f o r  t h e  Orqanic Content 'of t h e  Impinger Catch-- 

, '  Sample processing w a s  i i v id7d  i n t o  tw operat ions:  (1) determining 

the mupt o f  water condensed i ; l , t he  impinqecs. and ' ( 2 )  determining the  t o t a l  

veiqht  of p a r t i c u l a t e  matter coUec ted  by the  Fmpirgers. 
, .  

8 .  
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The to t a l  A r n e  'of l i q u i d  contained i n  t h e  impingers was c a r e f u l l y  

measured. The d i f f e r e n c e  beedeen t h i s  volume ,and 51s ini t ia l  volume of  

d i s t i l l e d  water was recor6i.d as t h e  condensate volume. When sa-11 amounts 

of condensate w e r e  obtained, each ing inger  w a s  weighed ( t o  the  neare 'st  0.1 
1--.- 

r )  
~, .~ 

e-. 91, before i d  a f t e r  the  tesc. .A -11 . cor rec t ion  vas  mads for  p a r t i c u l a t e  I 

:.-. . I 

mstter. 
~ - - - 

The impinqers and associated tubing were. c a r e f u l l y  r in sed  with small 
-, 

, .  w r t i o n s  of d i s t i l l e d  water, t he  Liquid and washinqs being kept  i n  a beaker 
I 

,s I 
or f l a sk .  The innw w a l l s  of che runpl iny probe and tllSinq were washed and 

the  washiiqs kept separate .  Al l  of  the inner  sur faces  of each of t h e  cyclones 

and tubing yere  washed and processed sepa ra t e ly ,  a f t e r  Cne s o l i d  material had 

been t r ans fe r rod  t o  t a red  v i a l s .  

xen; o r  t~sb inq  w a s  ;.ash.ed o u t  with niniram anouncz of r e a q m t  grade acetone 

-. . 
Any tar- ' l ike  or orqanic  mater ia l  i n  t h e  equip- 1 

- -  
7 

-. ~- or x.et?,yl _ - h ? . o : o f ~ - ~ .  arrd added TO the  aqueocs For t ion .  All ,washing was done -- 
-, i n  a counter-current  m a e r ,  using each pc r t ion  of water or solven't t o  wash I- . -  . - 

. '. ... 

each impinqer successively i n  a C i rec t ion  oppos i te  t L  t he  sanple  gas  t -avel . '  

ii orce r  to  cons.+rve l i qu id  volume and avoid excess use of organic  solvenc. , 

The urganic materia1.wa.s r a o v e d  from the  aqueous by e x t r a c t i o n ' w i t h  
, ,  

an o r q m i c  solvenr.,' and. t$: solvenc .eatract  w a s  evaporated' a t  r o a m  tempera- 

7x2. 

from the 'n?inqer & a b n ,  x+r+ tr&.?i.farred to a se?;uatory f.;?iel w.d e.utr=Cte? 

with f i v e  7 i - n l '  Fort ions of reaqent 'q rade  methyl chlgroform per  500 m l  of 

.date:. a u t  25  shakinqs were made for  .?ac'h ex t rac t ion .  The t w n  l i q u l l s  

The  combined l i qu id  and washings (usua l ly  a volume of about 2-3.11 

- ,  
w r e  allowed 50 separate as u~uch. as poss ib l e  after each ex t r ac t ion ,  a n i  care 

was taken not  t o  inclnde any water &I t h e  sc lvent  e x t r d t  that w a s  drained 

from the  lower por t ion  of. the  funnel  af ter  each ex t rac t ion .  Larger Mlumes 

:.. .r . 1 - - :  

_ -  
I -  .., 

' /p 

. .  
j *  .- 1 

_ -  
_- 

of solvent  were used i f , t h e  q i e o u s  volume w a s  much g r e a t e r  than 500 m l .  

Since methyl chlorofsrm vapers are t o x i c ,  a l l  opera t ions  were conducted i n  

a well ven t i l a t ed  0: hooded locat ion.  

F ina l ly ,  the  aqueous f r a c t i o n  was evaporated to 2r'p>ss and r e s j i u e  

weiqhed as  descr ibed below: 

, . '  

Y 
I * 



The small beaker was evaporatbd j u s t  t o  dayriess a t  105 OC in a con- 

stant 'temperature e l e c t r i c  oven, cooled in a desicca:or for  one-half hour, 

and weighed on an' analytical bal'anze t o  the nearest  0.1 mq. 

from the tare weight of the beaker was ,recorded a s  the weight of pa r t i cu la t e  

matter col lected by the Fmpingers. 

=de on each batch of d i s t i l l e d  water used and a correction for'this b l u k  , '  

a p i d e d  t o  each sample. 

. The d i f fe rence  
I* 

, ' 

Determination of dissolvad s o l i d s  was 

The solvent containing the dissolvad organic f rac t ion  of the pa r t i -  

culate  aa t te r 'was  placed in 250-ml cohical  f l a sk  and the solvent evawra ted  

by a stream of dry a i r .  

A short  g l a s s  o u t l e t  tube was connected t o  a vacuum l h e .  

tube. drawn out to about 1 mm i n  diameter a t  the . t i p ,  was placed a t  a p i n t  

j u s t  above the .surface of the l i ku id .  

j e t  of a i r  over the surface of the solvent and promote f a s t  evaporation. 

The i n l e t  a i r  passed through a large-diameter drying tube f i l l e d  with a 
des i ccmt  such a s  o r i e r i t e .  The f lask  was k e p t ' s l i g h t l y  above m o m  tempera- 

t u r d  in a watertbath t o  p r e v q t  slowing of the evaporation pzocess. 

discharge air from the vacuum pump or a s p i r a t o r  w a s  hooded t o  a vent i la t ion  

system t o  remove the toxic  v a p r s .  

'The f l a sk  was qu ipped  w i t h  a two-holed cork stopper., 

A n  i n l e t  g l a s s  

, ' , 

The ,vacuum was regulated t o  draw a 

I 

, 
The 

, ' I 

When the  solvent evapbrated t o  15 ml or  less .  the l iqu id  was t rans-  

The bedker ferred t o  a ta red  SO-ml beaker, using smal l  amunts of solvent. 

was placed under a s m a l l  bell j a r  (such a s  Corning No. 7880) 'wi th  an arrange- 

ment for drawing a stream of dry a i r  over the  surface of the l i qu id  a t  rwm 

'I temperature, in the &er  described in the preceding paragraph. The eaapora- 

t ion vas continued u n t i l ,  a l l  of the solvent had evaporated and only an o i l  

o r  res in  remained. 

Pres+-0-Lite) was used t o  determine when a l l  the chlorinated solvent 'had,  

-porated. The sampling tube of the  de tec tor  was held above the residue 

in'the beaker and the color  of the  mall acetylene' fiame over a copper g r id  

observed. 

A hal ide leak detector  (such a s  one manufactured by '  

I f  any halogen was present a s  a vapor, the flame w u l d , b e  colored 

,.&e or l e s s  br ight  blue or green;' otherwise d e  flame vak almost a Mn- 
luminous blue-biolet. 

In t \ e  r a re  event t h a t  the pa r t i cu la t e  matter contained'volatile'organic 

halides,  a s e r i e s  of weighings were necessary in order  t o  determine when' 

This t e s t  is sens i t ive  t o  a few pa r t s  per mill ion.  

I 

.a 

all the solvent had been evaporated. . .  
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The,beaker was p l s c d  in a des i cca to r  f o r  one-half hour and weighed 

on an an,&tical balance to t h e  nea res t  0.1 mg. The d i f f e rence  from the' tare 

weight represented the weight of  solvant-soluble paStfculate matter c o l l e c t e d  

by the  impingers. (Only r e l a t i v e l y  high bo i l ing  point '  organic compounds-- 

over 320 O F  bo i l ing  point--were retained during the  evaporation of the  c h l o r i -  

nated solvent . )  (The lower h i l i n g  point  organic  compounds, 4.q., aldehydes, 

keton'es, .organic ac ids ,  .would no t  bb held.)  

bl& weight f r o m  the evaporation of t h e  pure solvent.  

solvent  and aqueous r e s idues  a r e  added t o  give t h e . t o t a 1  p a r t i c u l a t e  matter 

c o l l e c t e d  by t h e  ,+pingers. 

it w a s  no t  possibla to ob ta in  furclier chemical analyses  1i.e.. YXW, s u l f a t e ,  

n i t r a t e ,  and carbon).  

I 

There should be negli ,gible 

The'weights of  t h e  

Duu t o  t h e  t a r - l i ke  consistency of t h e  sample 

3.2.3 Data Reduction , 

A. Data Sheets and Data Work sheets-- 

' This sec t ion  deals with the descr i? t ion and use of t h e  var ious types 

of data sheets t h i c  were used to 'document each f ie ld '  test. 

tion are explanat ions ?f the  ca l cu la t ion  used for the reduction of the d a t a  

to the form given in T a b l e  4-1.. 

Also in this sec- 

The following i s  a list of  d a t a  s h e e t  and work sheet forms used 

throughout t h e  f i e l d  tes t  portion of  this program and discussed i n  t h i s  

sect ion.  These 

Section 3.4 .  

5806-6 

5804-7 

. .  5804-5 

5806-2 

, I  5804-4 

5806-3 

60-3 

forms a r e ' l i s t e d  below and a iopy i s  presented i n  

T e s t  Preparat ion and P l a n t  v i s i t  
Gas Velocity Data . ,  

SPOT Monitoring D a t a  by Draeqer 

e t e r  Sheet  

Water .Vapor and Gas Density Calculat ions 

Engineering Pmcess F i e l d  Report ' 

Mobile Laboratory Data--only used on sources t h a t  were !reins 
monitored. 

. .  
, .  

, I  
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60-33 Control W m  Datd. 

5804-1, Statement of Process Weight 

5806-1 Pa r t i cda te  Emission Calcula t ion  

5806-10 Extract ion of Ilrp'inqer Water ' 

,5806-8 , Sol id  Cyclone and F i l t e r  Catch 

5806-7 Par t i cu la t e  Emission Boil  down Sheet 

5806-9 P a r t i c u l a t e  Summary Sheet 

5804-8 LCLaratory Test  Request 

5 8 0 6 - ~  

5806-5 

5806-C Par t ic le  Size Di s t r ibu t ion  , 

5806-D 

S i r e  Dis t r ibu t ion  Work Sheet #i' 

Size  Dis t r ibu t ion  Work Sheet 82 

Chemical Composition of P a r t i c u l a t e  Samples 

' 5806-E X-ray Fluorescence Analysis Resul ts  , 
Sul fa t e  and Nitrate Analysis Resu l t s ,  5806-F 

5806-G Carbon Analysis Resul ts  

Careful s e l ec t ion  of  the  test  s i t e s  was made by using the  preliminary 

inventor] data.' 

t r i a l  type from the  inventory da ta ,  then phone calla were made t o  each p l a n t  

unt i1 ,cooperat ion was obtained from a t  least one ,p la i i t .  

scheduled t o  inspec t  the equipment and determine the  best loca t ion  f o r  t e s t  

set-up ( i f  t e s t  could be conducted a t  a l l ) .  The f i e l d  test  d i r e c t o r  or 

pro jec t  engineer would then v t s i t  the  p i a n t  and u s e  Form 5806-6 (page 1-31, 

Section 3.4, t o  acqui re  t h e  i + o m t i o n  needed t o  plan and prepare f o r  

the  Source sampling of ' pa r t i cu la t e s .  

When ' , severa l ,  test  sites were se l ec t ed  f o r  a p a r t i c u l a r  indus- . 
A p l a n t  v i s i t  w a s  

On the day of  the f i e l d  test, the  order  of events  was'as follows: 

1. The f i e l d  test  d i r e c t o r  would clear the t es t  area with the , '  

pmper aersonnsl  and sa fe ty  peop'e. , 

The test crew wuld beqfn unloading equipment, while the  f i e l d  2. 

tes t  drrector uould check the  s tack  (pol lu t ion  source) fo r  toxic  
matters v i t h  a Draeqer tube whenever toxic matter  might be pre- 

sent .  These da t a  are recorded on Form 5804-5, Section 3.4.  



e- 

3. 

4. 

5. 

6. 

_I 
I .  

8. 

9. 

( I  

1 
While t e s t  equipment was being s e t  up, a ve loc i ty  t r a v e r s e  

.a?) taken of the stack or ducts  (sometimes a t  both i i r l c t  and 

exit t o  a cont ro l  device i f  these were t o  be t es ted . )  The 

v e l o c i t y  da ta  were recorded and calculated on Form ,5804-7. 

S e c t i m  3-4. 
- 

The equation used t o  ca lcu la te  ve loc i ty  %as: . , . 
1/2 ve loc i ty  ( f t / sec)  - 2 . 9  [ (ve l .  head in H20) (Temp OK)] 

Weer vdipr in the gas stream was determined by using an O r s a t  

a&or Fryr i t e  (02 and C O Z ) ' o r  sling psychromater. These data  

were recorded dnd ca lcu la t ed  on Fora 5804-4. Section 3.4. 

The f i e l d  t e s t  d i r e c t o r  ca l cu la t ed  a pmper  nozzle diameter 

using thr nomgr'aph technique discussed i n  Sect ion 3.2.,1 B or 
t h e  equation given i n  the  same section. 

AS the t e s t  crew would complete the l a s t  d e t a i l s  of the  set- 

up, the f i e l d  t e s t  d i r e c t o r  would checK w i t h  the cont ro l  r o o m  
t o  a s s u e  a noma1 opera t ion  of the equipment being t e s t ed .  

The t e s t  crew w u l d  wai t  f o r  the f i e l d  t e s t  d i r e c t o r ' s  approval 

before s t a r t i n g  t" t e s t .  

recorded on the  meter shee t ,  Form 5806-2, Section 3.4. 

During t h e  t e s t  i n t e r v a l ,  t h e  t e s t  crew would record da t a  on 
the ineter shee t  every 15,minutes.  and the  f'.eld t e s t  d i r e c t o r  

would record process observat ions and da ta  on F o m  5806-3, 

60-3, 60-33, and ,5804-l.in Section 3.4. ' 

A t  the end of the  t e s t ,  the  c r &  would record the f i n a l  reading 

and c a r e f u l l y  load th9 equipment f o r ' t r a n s p o e i n g .  

. .  

The ' i n r t i a l  meter readings were 

' , '  The next  day a t  the KVB lab f a c i l i t y ,  tb t e s t  crew would unload 
, ,  

the  samples from the van and begin the t a s k s  of wei3hin9, ex t rac t ing ,  v.3 
, evaporhting the 15.quids. The order of events was a s  follows: 

' ', 

1. I n i t i a l  weight for  s o l i d  catches (pa r t i cu la t e s  caught in the 

H zyclones and f i l t e r  conta iners )  * .  were obtdinei  b e f o r e ' t b ,  . w 

f i e l d  test. ' The mater ia l  in the cyclone was c a r e f u l l y  trans- 

fe r red  to tared v i a l s ,  d e s s i c a t . 4 ,  and weighed. These data  

'were recorded on For~ 5806-8, Section 3.4. Weight da ta  for 
the  ' f i l t e r  also were . ecorded a t  this, time. 

'.- 
I '  . 

, I  
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2. 

3. 

4. 

. .  . .  

The,amoyt  of  water in t h e  impinger was measured q d  recorded 

on the meter shee t ,  Form 5806-2, Sect ion 3 . 4 .  

t ranafer red  t o  a separatory funnel and extracted with methyl 

Chloroform. This procedure i s  d iscussed  i n  Section 3.2.2 C .  

ne data  were recorded and ca lcu la ted  on Form 5806-10, Section 3 . 4 .  

The impinger water was then evaporated. 

the  cyclones and probe w e r e  evaporated. 

l a t i o n s  were recorded on Form 5806-7, Section' 3.4 .  

A t  t h i s  p i n t ,  t h e  weights of a l l  samples wege,recorded on t h e  

weight summary s h e e t , ' F o m  5806-9 (Section 3 .4 )  and the  data 

turned over t o  t h e  pro jec t  engineer.  

The water w a s  then 

I 

Also water washes of 

These ,data  and'calcu- 

I 

, I .  

The p ro jec t  enginaer would review the  weight suomary shee ts  and d e c i l e  

on t h e  samqies t o  be sen t  fo r  XRF ana lys i s  and SO4. NO3, and carbon ana lys i s .  

Only  samples with weights of 100 mg o r  l a rge r  could be s e n t  for these' analyses ,  

due to t!; l imited amount of sample necessary f o r  determinations.  

u se  Form 5805.-8 (Section 3.4)  t o  r'ecord samples s e n t  f o r  ana lys i s .  

He would 

I .  

The p ro jec t  engineer would use the  var ious  forns  discussed above t o  

ca l cu la t e  t h e  parameters given on Form 5806-1, Sect ion 3 .4 .  

use the  data, to  determine t h e  s i z e ,  d i s t r i b u t i o n  curve. 

were recorded on Form 5806-A, 5806-8, and S806-C, Sect ion 3.4 .  

fo r  temperature and flow f o r  the  0 

us ing ' t he  d a t a  discussed i n ' s e c t i o n  3.2.3-C. 

fo r  the  explanation of  t h e  s i z e  d i s t r i b u t i o n  p lo t s .  

He would also 

Calculat ions and p l o t s  

The cor rec t ion  
' c u t  size f o r  each cyclone was performed 50 

Also r e f e r  t o  Sect ion 3.2.3-8 

, ,  

When t h e  p ro jec t  engineer received a n a l y s i s  data f o r  samples completed 

by 1) XRF-Fori 5806-E (Sect .  3.4)--major elements, 2)'  s u l f a t e s  and n i t ra tes - -  

Form 5806-P (Sect. 3.41 ,  and 3) total carbon, v o l a t i l e  carbon, carbonates-- . 
Fom 5 8 0 6 4  (Sect.  3 . 4 ) .  h e  woad check t h e  r e s u l t s  and en te r  the d a t a  on 
~ o r m  5806-0 (Sect.  3 . 4 )  foz e m h  f i e l d  t e s t .  T h i s  form allowed f o r  easy 

comparison bemieen t h t  d i f f e r e n t  s i r e . f r a c t i o n s  for each t e s t  and a l s o  f o r  

assessments of t h e  two trains when they were used s i m u l t a k ~ u s l y .  

, , .  

, 
, .  

6% 
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8 .  P a r t i c l e  Size Distribution-- 

I 
, sn general, t h e  p a r t i c l e  sizes w i l l  have a normal or Gaussian d is -  

t r i b u t i o n . '  P l o t t i n g  t h e  p a r t i c l e  s i z a  d i s t r i b u t i o n  i n  m, aga ins t  t h e  

cumulative weight percent  on log-normal p r o b a b i l i t y  paper, y i e l d s  a s t r a i g h t  

l i n e  ( R e f s .  3-5 t o  3-8). ' 

Each source sample f o r  TSP vas broken down i n t o  the following 

fract ions:  

1. P r o b e  Catch--assumed t o  have sizes of  p a r t i c l e s  evenly d is -  
. (  , 

t r i b u t e d  over t o t a l  ranqe. 

F i r s t  Cyclone Catch--contained a l l  p a r t i c l e s  Larger than 

t h e  050 c a l i b r a t e d  c u t  s i z e  f o r  t h i s  cy:lone (9.2 Ym f o r  

SXS.and  8.3 pm for Joy) 

Second or Middle Cyclone Catch--contained only p a r t i c l e s  of 

the D~~ c a l i b r a t e d  c u t  s i z e  f o r  this cyclone (3.8 j r a  f o r  

SASS m d  1 . 9  for Joy) .  

2. 

3 .  
, '  . . 

4 ;  . Third  or Small. Cyclone Catch--contained .only particLes 0: 

t h e  D50 c a l i b r a t e d  c u t  s i z e  f o r  this cyclone ( 1 . 3  lim f o r  

SASS and 0.6 pm f o r  Joy) .  

F i l t e r  Catch--contained a l l  particles of s i z e s  less than 
t h e  OS0 c a l i b r a t e d  cu t  s i z e  of t h i r d  cyclone bu t  g r e a t e r  

than t h e  po ros i ty  of t h e  f i l t e r  (porosi ty  of  t h e  f i l t e r  iS 

quest ionable  but  'is estimated a t '  0.01 Ym) . 
ImpLger Catch--contained ae roso l s  which were vapor through 

the  400 OF f i l t e r  and had condensed i n  t h e  impinger, and 

sutrmicmn p a r t i c l e s  l e s s  t han  0.01 m. 
particulates [ p a r s i d e s  formed af ter  t h e  f i i t e r ,  .e.g., 

SO3 ,+ 3H;O -C RZS04 

may add t o  t h e  weight of t h i s  f r a c t i o n .  

5 .  

6 .  

However, pseudo 

2R 0 and 2NH3 + SO3 + H 2 0  ;C:(NH4) SO4] 
2 2 

The weight f r a c t i o n  of t h e  probe catch w a s  not  used to de f ine  the  

s i z e  d i s t r i b u t i o n ,  because t h i s  f r a c t i o n  contained p a r t i c l e s  of unknown 

s i z e s .  The weights, in mq, of the remainnlng f r a c t i o n s  were l i s t e d  on the  
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, .  
"Sire 3is txibi i t ion Work Sheet : 2  (Table B)--impinger catch not included,  and 

on the "Size Dis t r ibu t ion  Work Sheet #l': (Table C) - - i q i n g e r  ca tch  included 

(Sect.  3 . 4 ) .  

sh.iets were used 1:o determine the ,  s t r a i g h t  l i n e  on a l o g - n o m 1  p robab i l i t y  p l o t  

(Comertea s i z e .  um v s  weight percent  less t h a n  s t a t e d  s ize) .  Figure 3-28 

i l ! .x t ra t33  tha  construct ion of t h i s  function. The f i r s t  cyclone was not used 

i n  qeneeati2g 'fie ; a r t i c l e  s i z e  d is t , r ibu t ion  s ince  i t  would :it:ii 

&ve i t s  DS0 c u t  po in t .  

above t h e  cut po ia t ,  i . e .  t h e  e f f e c t i v e  f i rs t  cyclone catch diameter could 

not be determined. Corrections of the  D 

in Section 3.2.342. 

,c, 

Only t h e  'Qta from' the  second and t h i r d  cyclones from these work 
, .  

L 

, ,  
a r t i c l e s  

This mater ia l ,  could' only ba character ized a: being 

c a l i b r a t e d  c u t  s izes  are discussed 50 

The s i z e s  of p a r t i c l e s  contained i n  t h e  f i l t e r  car.zh and i n  the 
' icpinqer ca tch  were deternined using che s t r a i g h t  l i n e  m r l  the  weight percent  

less than s t a t e d  s i ze  f o r  these  f rac t ions .  
, ,  

, .  
T h i s  l i n e  was a+o used t o  determine t h e  percent  'of p a r t i c l e s  of 

':LZ~S grea te r  than 10  w, 3 - 1 urn, and l e s s  than 1 %m. 
. , ,  

Size d is t r - ibu t icn  p l o t s  for each,oP the  i n d u s t r i a l  types tested a r e  
, .  

discussed i n  Section 4.0. 

C. DS0 C u t  Size Corrections f a r  Flow Fate and Temperature- 

TeuperatL-e and flow rate cor rec t ions  were needed f o r  samples where 

the  temperatures and/or flow rates were no t  maintained a t  the 'desiqned con- 
d i t i o n s  (i .e. ,  4 and 1 SCFY and 400 OF). Varying from the  designed condi- 

t i ons  was necessary f o r  c e r t a i n  sources (1) t o  p ro tec t  the  chemical makeup 

of the sample (i .e. ,  a g r i c u l t u r a l  samples), ( 2 )  for sa fe ty  (e.9.. chemical 

f e r t i l i z e r s ) ,  o r  ih a few cases , ,  were t h e  r e s u l t  of inadvertent  va r i a t ion  

of temperatures and flow r a t e s  during t h e  sampling time. 

. .  

were derived using the  da t a  ob t i ined  from t h e ,  "Development and Laboratory 

m a k t i o n  of .a F i v e s t a g e  qc ione ' sys t em"  (Ref. 3-21.). 

. .  

Correction CuNes f o r  ' temperature ind  flow r a t e  on the' D~~ c u t  size 

' , 

, data  i 3  shown in Table 3-2. 

A smmry  of these 
'fi 

Temperature Correct=--In Figure 3-29, t h e  temperature is p lo t t ed  

aga ins t  t h e  c jc lone .pS0 c u t  points, pm, a t  a flow r a t e  of 1.0 acfm and a 

particle dens i ty  of  1.00 gm/cm3.' 
,?a 

It  is noted that when t h e  data are extra- 
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WEIGHT,'PERCNT LESS THAN STATED SIZE 

, ,  

. .  

Figure 3-28. Iliustration, of particle  'size distribution construction. 
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r 
. .  

,i. 

i ,* 

polated t o  low temperatures,  t h e  D c u t  po in t s  aporoach zero as t h e  tem- 50 
pe ra tme  approaches absolu te  zero. with this in fomat ion ,  a temperature 

I 
co r rec t ion  curve can be d r a m  f o r  any DsO c u t  s i z e  a t  t h e  c a l i b r a t i m  

tenperature  of any cyclone. 

the  coordinate of  t h e  D cut  s ize  and t h e  c a l i b r a t i o n  te'nperature. The cor- 

r e c t d  DsO c u t  s i z e  is read on the  l i n e  a t  the operat ion t a n p e r a t w e  cf t h e  

cyclones. The ca l ib rh ted  Os0 c u t  po in t s  for the  small cyclones a r e  p lo t t ed  

t h i s  way i n  Figure 3-30. 

Simply d r a w  a l i n e  between &->lute  zero and 

50 

Flow Fate corrections-The D cut po in t ,  p,' and, the flow r a t e ,  
50 

acfm. from T a b l e  3-2, are p1.otted on log-log paper i n  Figure 3-31. 

t h a t  the s lope of the l i n e  f o r  each of t h e  cyclone p l o t s  is about -0.85. 

15 it is assumed t h a t  the  s lo?e  i s  t h e  same over the  range of flow r a t e s  used 

L7 cl7is stad:/, then a flow ra:= cor rec t ion  curve can be obcained for the s m a l l  

cyclones. The f l o r  r a t e  cor rec t ion  cumes  f c r  both sets o f '  cyclones a r e  shorn 

i n  Figure 3-32. 

Observe 

Example of a temperature and flow r a t e  cor rec t ion  

, .  SASS h a i n  Data: Vs, sample volume CSCF 912 

water co l i ec t ed  SCF (vapor) 96 , 
VW. 
t, 'sampling time, m i n .  240 

To,.oven/cyclone temperature,  O R  660 

Calculate the  w e t  a c t c a l  flow rate a t  t h e  cyclones,  wacfm, as follows: 

'VS + VW' To 
x- t 520 flow r a t e  a t  cyclones - 

(912 + 96) 660 
240 520 

- .  

- 5.33 n c f m  

F i r s t  go t o  Figure 3-32. 

where the c o r r e c t i o n , l i n e  z rosses  the  flow rate, 5.33 acfm 

mad *-he DS0 cut point for each ol! t h e  ,cyclones 

' rate on ly  

10 p cyclone - 11.5 

3 u &clone - 4.6 

1 ~1 cyclone - 1.6 

,?? , .  
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F i g u r e  3-31. Cyclone f l ~ v  rate vs D cut  50 
point  for s w l l  cyclones.  
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Now 90 t o  Figure 3-30. Place a ".ot f o r  each of  the flow rcce corrected values 

above on the 860 OR line. . Then draw a l i n e  from the  dot  t o  &.solute zero and 

read t h e  ,temperature co r rec t ed  Ds0 c u t  pint a t  t h e  oven/cyclone temperatvre  

660 OR. 

Flow 3ate ' Flou Rate and 
SASS Corrected Temperature Corrected 

lop cyclone + 11.5 -c 8.9W 

3 5w 3U cyclone -c 4 . 6  f 

l y  cyclone , -  1.6 t 1 : p l U  

The above procedure is repeated fo r '  the  small cyclones.  

3.3 QUxLXTY CONTROL 

A comprehensive q u a l i t y  cont ro l  pr3gra.. rlas conduc&d a s  dn i n t q r a l  

p a r t  of the p a r t i c u l a t e  emission f i e l d  t e s t s .  The .arogram , featured:  

1. Ca l ib ra t ion  of cyclone at, 400 'F and 4 scfm f o r  t h e  SASS 

train and 1 scfm f o r  the JOY t r a i n .  

2 .  Laboratory. q u a l i t y  assurance procedures. 

3. 

, I  

, , I  

' Concurrent samples taken from the  same so&e with separa te  

but i d e n t i c a l  t r a i n s  f o r  p rec i s ion  checks. 

4. Cal ib ra t ions  of  f i e l d  test instruments with standard methods 

and frequent response-faztor c a l i b r a t i o n s  of laboratory , 

instruments. 

clone Ca l ib ra t ion  
I 

3.3.1 cy 

This,  section contains  discussion taken from EPA 6C0/7-78-018, F e b m a q  

1978, "source Assessnent Sampling Systen: Design and Development' (Ref. 3-1). 

, 
The c a l i b r a t i o n  of  t h e  SASS cyclones has  been underway almost con- 

t i n u o u s l y ' s i x e  the  development o f . t h e  SASS. 

by Southern Research I n s t i t u t e  using a Vibrating O r i f i c e  Aerosol Generator. 

Later c a l i b r a t i o n  t e s t s  vere  pczformed by Acurex using a d i f f e r e n t  method 

involving d i spe r s ions  of polydisperse aluminum spheres. Results have been 

obtained with ,both methods t h a t  . a r e  reasonably cons i s t en t  and a r e  believed 

I n i t i a l  e f f o r t s  were, conducted 

to  represent  t h e  a c t u a l  p e r f o m c e  of the  cyclones. 
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The object of.the various cyclone calfintion tasks vas to determine 

the cyclone, efficidcy curve; from that curve can be obtained a comonly 

used figureof-&it for the cyclone called the D5,, cut di-t@. Figure 

3-33 illuszates. chese concepts. 
, 

1 The efficiency of particle collection is 

, ,  plotted against t3e p%cle di,ameter. For each particle diameter, therefore, 

the effectiveness of the cyclone is determined. For example, Figure 3-33 

I shows that,for t c s  particulate (fictitious) device, if a large number of 

2.5 p diameter particles are introduced, 17.5< will be collected and 82.5% . ' 

will pass through ucollected. 

particles collected is the D 50 
diameter of - A t  device to.be 3.0 m. 

viated to "cut size", is corrmPnly,used as a rough indicaticil of the collec- 

tion cut-cff of a cyclone. 

The particle diameter at which half of the 

cut diameter: Figure 3-33 shows the DS0 .=ut 

The DS0 cut diameter, often abbrs- 

Note thit Figure 3-33 expresses particle dianetk-s as aerodynamic 
particle diameters. It is important to distinguish aerodynamic diameters 

from physical diameters. 

?article obtained by physical neasurement, for exanple, with a microscope 
E.' reticle. 

particle' may have several different values, depending on the measurement 
axis chGsen. The aerod.flamic diameter (sometimes calied the Stokes diameter) 

is defir.ed as the'diameter of the equivalent spherical'particle of unit 
specific gravity having the same terminal settling velocity as'the particle 

in question. 

the .particles used for cyclone calibration are two-fo.1d. 

1s uniquely characterized, independent of any choice of physical dimension. 

The physical diameter is the dimension of the 

I.',,= nonsynrmetrical bartfcles, the physical diameter of a qiven 

The advantages of using the aerodynamic diameter to characterize 

First, each 'particle 

Second, and =re imprtanr, since the basic &lone separation mechanisa 

depends on Stoke's L a w ,  measuring particle diameter in terms of Stoke's L a w  

behavior assures that calibration data will be valid over wide ranges of 
particle size, shape, and Censity. 

A. 

.. 

Pblydisperse Poker qclone Calibration Method-- 

From the size distribution data, it should have been possible to 
, .  

construct h *lone efficiency vs particle siza cu:-ve for the particle size 

range of the test dust. +en this vas atteqted, it became apparent that 

, /  3-66 LZVB 5806-783 
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Figure 3-33. Typical cyclone fractional.efficiency curve. 
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the  a x p e r h e n t a l  r e s u l t s  were incons is ten t ,  and in some cases ,  contradictory.  

FOX severa l  experiments, f o r  example, the  mass median s i z e  of the cyclone 

cup catch was smaller than the f e e d  mater ia l ;  the  f i l t e r ' c a t c h  mass median 

diameter was evm smaller.  

dus t  is  changing i t s  c h k a c t e r i s t i c s  during the  t e s t .  

I 

T h i s  r e s u l t  is c l e a r l y  impossible unless  the  t e s t ,  

There is sone evidence t h a t  the  l a t t e r  explanation is  the cause of 

the unexpected t e s t  r e s u l t s .  Figures 3-34, 3-35, and 3-36 a r e  scanninq 

e lec t ron  micrographs of the  feed, cyclone cup, and f i l t e r , f r a c t i o n s .  respec- 

t i v e l y ,  f r o m  a c a l i b r a t i o n  run with t h e  s m a l l  cyclone. The magnification is 

3000X. 

tha~ the  feed f r ac t ion ,  a s  indicated by the '  X-ray Sedograph meas.iirements. 

-.e most in teees t ing  2 o h t .  however, is the  appearance of the  p a r t i c l e s .  

The t e s t  d u s t  p a r t i c l e s  (3 igure  3-34) a r e  general ly  smooth and i::ow cl&rvaqe 

planes. The p a r t i c l e s  co l lec ted  by t h e  cyclone (Figure 3-35), however, a r e  

It is q u a l i t a t i v e l y  apparent t h a t  the cyclone cup f r ac t ion  i s  smaller 

' 

' very rough an? p i t t e d ,  and seem t o  'be rouneed off. The f i l t e r  f r ac t ion  

la rge ly  c x s i s t s  cf ve-y small p a r t i c l e s  that a r e  not evident i n  the t e s t  

dust .  

reduced i? average s i r e  somewhere iii t h e  c a i i b r a t i o n  apparatus: 

c i t i e s  in the  dust  cloud o u U e t  tube and heater  d i e  kept d e l i b e r a t e l y  high 

(near sex ic)  t o  avoid,reagqlomeratioh of t h e  dus t ,  it is  suspected that 

p a r t i c l e - W i c l e  A n t a c t  i n  this region is  causing the erosion. ' The ha-+ 
ness and f r a n g i b i l i t y  of the  t e s t  d u s t  undoubtedly is  a l s o ' a  major fac tor .  

B. Cyclone Cal ibrat ion Results-- 

x11 of t h i s  s e a  t o  ind ica te  t h a t  the t e s t  dust  has been eroded and 

As v e l o i  

The c a l i b r a t e d  aerodynamic D c u t  po in ts  fo r  the t iuee  KVB (ARB1 50 
SASS cyclones v i thout  the  swirl b u s t e r s  a r e  9 .2 ,  3.8; and 1.3 lnn f o r , t h e .  

large,  middln, and -11 cyclones, respec t ive ly .  The c a l i b r a t i o n  &eo 

a r e  given i n  Figure 3-27. Tne c a l i b r a t i o n  r e s u l t s  of the KvB SXSS cyclone 

set agree weir with t h e ' c a l i b r a t i o n  results OS the  EPA SASS cyclone set a s  

compared i n  F i q d e  3-38. ' , ' , .  

The c a l i b r a t e d  aerodynacic DS0 c u t  po in ts  f o r  the three  KVB (ARE) 
Soy cyclones a r e  8.3, 1.9 ,  and 0 . 6  lnn for the  la rge ,  middle', and -11 cyclones, 

respect ively.  The s o l i d  l i n e s  

a r e  the r e s u l t s  of the  c a h b r a t i o n  by Acurex and the broken l h e  (- . -1 i s  
the r e s u l t  of  Southern Research I n s t i t u t e  ( S O R I )  ca l ib ra t ion  I a t a  on a 

s imi la r  cyclone s e t ;  h e  dashed l i n e  ( - - - I '  is an assumed project ion.  

The c a l i b r a t i o n  m e s  a r e  given i n  Figure 3-39. 

' 
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Figure ,3-34. S i02  test dust .  

F i g u r e  3-35. S i02  -- smdl l  dust  cyc lone  cup catch. ,  
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Figuie 3-36. Si0 test dust -- small cyclone f i l t e r  catch. 
2 
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DSO Cut Diameters. 'w 
~~ 

KVB ' €PA 

Cyclone ' Physlcal Aerodynamic ' ' Physical Aerodynaaic 

Large3 5.61 9.2 6.23 10,. 2 

%all 0.81 1.3 ' 1.05 I . ?  

I 

Mediuma , 2.3C 3.8 2.19 3.6 

a5birl busters removed - KVB (pns)  cyc lones  
-&--- E P A  cyc lones  

i n 

Figure  3-38. Comparison - calibration results for tu0 sets ,Of SASS 
cyclones. , '  

i-.. 
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8 .  Lar;e .C;'cLsr.r 

cut point 

---..Pro jaction 
-Acurex cal ibra-  

0.6  0.8 1 2 3 J 5 6 a io is 20 30 

r\ERODY?&YIC PARTZCLE DIAXETF$I, ,' 

Figure 3-39,. Calibration results, KVB' 1 cfa cyclone. 
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The c a l i b r a t i o n  results (curves) f r y  A N e x  for t h e  KVB Joy cyclone 

set i n t a i l s  some quest ions:  
' I  

1. why does t h e  small cyclane c a l i b r a t i o n  curve s t a y  a t  loo\? 
Answer: The small cyclone c q l l e c t e d  100% of all of  the  par t ic le ' .  

I .  

in the s ize  range 0-5 the 'cal ibrat ion.  

0.6 - 0 . 7 ~ .  

s h ~ w n  i n  Figure 3-39) and the  D c u t  p i n t  was taken from t h i s  c w e  t o  be 

0.6Um. 

The sma l l e s t  , p a r t i c l e s  were 'between 

Therefore the  co l lec t ion  e f f i c i e n c y  c w e  was assumed (as 

50 

Y 

.I . 

,, ' 2.. Why does the  c a l i b r a t i o n  curve for the  la rge  cyclone taper iof f  

a t  70% c o l l e c t i o n  e f f i c i ency?  

Answer: , D r .  D. Blake. Acurex, admits t h a t  the  curve looks s t range  

(nothizg l i k e ' h e  has  even seen b e f o r e ) ,  and s a i d  q a t  3O.i.of t i e  h r q e  

p a r t i z i e s  i n  the s i z e  range (15-30m) of the  c a l i b r a t i o n  d u s t  g o t  throbqh t!!e 

&clone somehow. However, he  could no t  explain how the la rge  p a r t i c l e s  could 

do t h i s  and that t h e r e '  might have been an e r r o r  in the  c a l i b r a t i o n  bu t  'he couid 

m a t  t r a c e  it. Therefore the dashed l i n e  i s  an assumed p ro jec t ion  of w h a t  the  

curve should be. I 

' 

\ '  

1 ,  

2 .  I*.;- =re Lhe r u n , ~ = l i b r a t i o n  curves d i f f e r e n t  for the middle , ,  
cyclone which, has the  same physical dimensions? 

dnsyer: A t  f i r s t  it w a s  thought that possibly the physical  dimensions 

Both SORI and m' remeasured t h e  c r i t i c a l  of t!e t w o  c - c l o n e s  were d i f f e r e n t .  

dinensions f o r  t h e i r  cyclone. 

cyclone dimensions w a s  found. Blake of  Acurex suggested t h a t  t h e  

c a l i h r a t i o n  method was d i f f e r e n t  and would give d i f f e r e n t  r e s u l t s ,  i .e .  

Acurex's c a l i b r a t i o n  method used a ' q r a i n  loading of 1.0-1.5 gr/DSCF whereas 

SORI'S method used a g r a i n  loading o f  0.0001-0.001 gr/DS&. 

However, no d r t e c t i b l e  d i f f e rence  in the  

3 . 3 . 2  Laboratory Qual i ty  Assurance Program 

A. Rockwall A i r  m n i t a r i n q  Center-- 

h e  impdRance;of applying q u i l i t y  assurance control p r a c t i c e s  t o  
laborator]  procedures was recognized very e a r l y  by chemists8 severa l  taxts 

of a n a l y t i c a l  chemistry d w ~ t e  chapters  t o  this subject.  Essent ia l ly ;  the  
, .  



. 

purpose of qual.ity assurance is t o  answer the  quest ion of whether  da t a  qenera- 

ted by an a n a l y t i c a l  procedure can be regarded a s  typ ica l  sampies from a s ing le  

population of da ta .  

can be assumed. 

representat ion cons j s t s  of cont ro l  char t s .  

p l o t s  of var ious qua l i t y  chb-ac t - r i s t ics .  For example, q u a l i t i e s  shown might 

be a day-to-day p l o t  of the average conten t  of ' copper  (Cu) in an ore', the 

n o m i i t y  of a s:mdard so lu t ion ,  the  c a l i b r a t i o n  parameters of an i n s t -  ment, 

e tc .  

and trends in data .  Also, sudden lack of prec is ion  can ha made evident  

and causes may be sought by use of tke  cha r t s .  The necessi ty  of comprehensive 

qua l i t y  assurance :echniques i n  a i r  q u a l i t y  d a t a  generated either i n  t h e  f i e l d  

o r  i.? t?.e 1Lvrator.i a r e  very well known and have been recognized widely. 

s:~dy can be considered complete without the appl ica t ion  of some type of 

qua l i t y  assuranc? procedure. 

u, 

If such data can be 60 regarded, s t a t i s t i c a l  con t ro l  

The most c o m n l y  used me'thod of detenniiiinq accura te  

Control cha r t s  are sequent ia l  . 
,m 

Control cha r t s  yive a continuous record of the  qua l i t y  , c h a r a c t e r i s t i c  

NO 

I To ensure the  qua l i t y  of the r e s u l t s  of the s u l f a t e ,  n i t r a t e ,  carbon 

and metal ana lys i s  by AA the  following procedcres a r e  rout ine ly  inccrporated 

into the ana lys i s  of each sample: 

E 

d 

.. OVbM 
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To ensure the  q u a l i t y  of the e n e r g  d i spe r s ive  X-ray fluorescence da ta  

the  following pmcddures arm rou t ine ly  incorporated i n t o  the analysis of  each '  

sample: 

.n 

1. Cal ib ra t ion  is  accomplished w i t h  t h e  uZe af NBS s w e a r d  

reference ma te r i a l s  and EPA standard reference samples. 

These c a l i b r a t i o n  inater ia ls  ;.re processed twice daily-- 

, . once before and once a f t -  each s e r i e s . o f  analyses. C a l i - ,  

b r a t ion  matsrial responses have remained c o n s y t '  t o  within 

10% f o r  a l l  procissed samples. 

S i x e  t h e  X-ray fluorescence orocess is  ncndes&uctive, the  

c a l i b r a t i o p  mater ia ls  which a r e  used have been repeatedly 

checked for self-cpn+ency. 

'I 1 ' . .  
, I  

2. 

A long h i s t o r y  of cross-  

. . c a l i b r q t i o n  stud-es has a l s o  contr ibuted t o  the c r e d i b i l i t y  

o f  Lle obsezved responses. 

All processed samples are anlayzed twice uzdiq' t w o  d i f f e r e n t  

photon f luorescing energ'ies. i n  o rde r  t o  optimize' elemental 

respcnses over t h e  e n t i r e  range of i n t e r e s t .  'As  a result, 

many of the major components a r e  measured twice so t h a t  any 

inconsis tencies  i n  t h e  d a t a  are easi ly  observed. 

3 .  

, .  

4.  ,Occ:hsionally samples are prepared using two d i f f e r e n t  pm- 

cedures t o  determine t h e  q u a l i t y  of  preparation methods. 

A l l  reagent materials used i n  t h e  peegaration of sampl.es a r e  

rou t ine ly  checked by lot t o  v a l i d a t e  t h e i r  pur i ty .  

5.  

3.3.3 Redundant l i e l d  Sampling and .Ualys is ,  ' 

To maintain the  accuracy 'and p rec i s ion  throughout the  f i e l d  test  , '  

phase of  t h e  program, the following three itens were conducted and w i l l  be 
' , 

. ,  

'discussed i n  t h i s  sect ion:  

I 

' .  

8 ,  
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A. Siml taneous  sampltrq uitkl 'the two sampling t ra ins--4 scfm S&SS 

' and  1 scfm Joy t r a i n .  

E.  Unannbucced dupl ica te  sa&les f o r  ana lys i s  for elemental  -.Jmposi- 

t i o n  by L V , ' a n d  s u l f a t e ,  carbon , nd n i t r a t e  ana lys i s . '  

Blanks 'ware run on L3e s a m l i n g  t r zhs .  Cl 
, .  

A .  Sisul taneous iD.pling--Joy vs SASS- - 
whenever the  two sampling t r a m s  uere  not be& used t o  evaluate  a 

cont ro l  device and u h r n e v e r ' p s s i b l e  t h e  two Joy' and SASS sampling t r a i n s  were 

run s h l t a n e o u s l y  a t  apprcxire2tel.f the  same l cca t ion  i n  the  s tack.  The two 

t r a i n s  uere handled as separa te  tests. Twentf-one such a c c x a c y  assessments 

'xer? ad-.. Tib:e 3-3 :is:: ?Lese by t e s t  r d e r  and crinpares the r e s u l t s  Lq 

,qr/l)SCF f o r  each ::ai?. 

deviat ion , t u .  

Tho rig:.t hand .;alum is che percent  of. the  s tmdard  , .  , 

T h i s  i s  calcula?ed from the following eciuatiop: 

W - [ ( s tandard  devia t~onl /neanl  x 1.30% 

.-L 

I , I  
... e aekq is t k e n  f:oa the vaiues of t h e  SASS t r a i n ' a n d  tSe Joy t r a i 3  foe 

eacn t e s t .  

thrown ou t  a s  bad data .  These uer,e: 1) Test  2:--;0y, l o s t  p a r t  o f ' t h e  sample: 

2 )  r e s t  13--S?&, nozzle s c r d p d  ~ o r t  causing added weight; 31 Tes t  23--SASS, 

nozzle scraped port causing aCded wei,ght. 

18 remaining tests is 16.4%. 

:Gee t e s t s  o u t  of t h e  4: ind iv idua l  r e s u l t s  j u s t i f i e 5  beizg 

. ,  
The average value fo r  8U of the  

. 
A l s o  T e s t  1 and Test  3 uere d u j l i c a t e s  of  each ot?er and on Test  3 A 

r e t k d  5 'and an d..derson impactor .: 
i n  Section 4.2.1. 

.:. The r e s u l t s  of t h e s e  are discussed 

S l igh t  va r i a t ioa  i n  load and e x c r s s , 0 2  were the only.  

.,ariabled for t?ese two tests. Tests 11, 12 ,  13,' 23, 24,  32, 33 were also , #  

r epe t i t i ons  of each other .  

r e s u l t s  a r e  discussed i n  Section 4.2.4. 

E. 

The only va r i ab le s  were load and excess 02. These 
, I  

unannounced h p l i c a t e  samples f o r  Analysis-- 

same samples e r e  sent  t o  the  analytical l abora to r i e s  f o r  dupl ica te  %, 
analysis .  The samples had d i f f e r e n t  i d e n i i f i c a t i o n  numbers.' R q e s t s  f o r  

redundant ana lys i s  on o the r  ,saaples w i t h  the  same i d e n t i f i c a t i o n  were 'made. 

d e  following lists the  number of rep l ica te ' samples  and analyses  done: + 
, ,  . ,  

3-77 ?TB 5806-783 
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TABLE 3-3. REDUNDJCXT SAMPLING RESULTS 

TSP, Includmg Impmgs; I 

- S t d  ' Catch, gr/DSCF 

Test * SASS Train Joy Train Deviation 

2 0.0285 0.0278 1.73 

4 0.0093 0.0154 34.92 

7 0.0427 0.0200 51.2 

10 

' 16 

0.0026 0.0021 15.04 

0.0263 0.0i99 19.59 

2 1  0.0092 0.0071 18.22 

3.51C? .1 - -  , . 
35 0.0594 0.0649 6.26 

38 

25 

0. C$70 0.0136 15.7 

0.0075 8 '  0.0078 2.77 

27 ' O'.OC37 0.0033 ' 8.08 

31 ' ' 0.0025 '0.00iB . '  B.ir5 

0,0672 0 .086  '(Test 3 20.2 
Method 5 . 23.43 

0*0365 0.066) , 
3 '  0.051 

. .  

0.0091 '0.0078 io.aa 
0.3072 0.0085 15-23 

u 

0.0088 

., 0.0084 

0.0112 0.0144 17.68 

0.0124 0.0086 ' 25.59 
I .  ' 33 0.0132 0.0133 0.53 , 

Average 16.4 - 
'TSP data knovn to ba i n  error. 

I .  
3-78 .KvB 5806-783 . .  
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10 3ampies f o r  carbon a n a l y s i s  

9 -  s u l f a t e  a n a l y s i s  

7 "  " n i t r a t e  ana lys i s  

, 4  - ' n  XRF a n a l y s i s  f o r  e l e m n t s ,  

3 "  " atomic absorption a n a l y s i s  t o  compare with ::.X 

Table 3 4  l is ts  the  r e s u l t s  f o r  r e d u d a n t  carSon a n a l y s i s .  For each set 

of r e p l i c a t e  ana lyses  the  percent  of the  standard deviat ion (JO) on t h e  mean 

was calculated.  

of t h e  carbon ana lys i s  i s  + 204,  to  be conservative.  Table 3-5 l ists  

t h e  r e s u l t s  f o r  redundant s u l f a t e  and n i t r a t e  an lays is .  The average of t@ 

f o r  s u l f a t e  ana lys i s  is 3.0. Again being conservat ive,  the I r e c i s i o n  of  t h e  

s u l f a t e  ana lys i s  i s  +SS. 

is  - ~30%. 
metals. In a l l  cases  l i s t e d  t h e  resu1:s' agree v i , t h  t h e  r q e a t  ana iys i s  

within t h e  e r r o r  l i m i t ' z t a t e d  . f a r  each element. 

The average of  thbse values is 18%. Therefore, the  precis ion,  

- 

A conservative average f o r  the  n i t r a t e ,  ana lys i s  

Table 3-6 l i s t s , t h e  r e s u l t s  for t h e  redsmdant X W  analys is  of the 

' T a b l e  3-7 lists t h e  r e s u l t s  f o r  t h e  chemical composition of  the. .  

p a r t i c u l a t e  samples, comparing t h e  XRF analys is  with t h e  Rx analysis .  'For , ' 

s o i i d  p a r t i c u l a t e  samples (cyclone &d f i l t e r  catches)  there is good agree- 

ment between t h e  t w o  methods of  analysis .  

C. 

, 

B l a n k  R U ~ S  on the'sampling Trains-- 

Twice during Phase IT ( t h e  f i e l d  t e s t i n g  p a r t  of  the  proqqram). both 

sampling t r a i n s  vere t r e a t e d  as though a sample has been t a e n ,  although 

th'e s ampl inq , t r a in  has never l e f t  the lab.  

The ob]ectives f i r  t h e  blank m i  were: 

l h e s e  were c a l l e d  blank runs. 

1) 

2 )  

3: 

Determine i E  any mater ial  w a s  being 1 ,e f t  i n  the  t r a i n s  from t h e  

previous t e s t .  

Evaluate the  techniques of  t h e  technician used in t h e ' l h b .  

Determine i f  material w a s  being t r a n s f e r r e d  from the methyl 

chloroform to the  water or vice versa  Curing t h e  ex t rac t ion  

of the  impir.qer condensate. . I  

3-79 5806-783 
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TABLE 3 4 .  kW"T CRRBON 'ANALYSIS 

mtal t Standard 
Sample No. Carbon, 0 Deviation 

--- 8J-2s 1. < 2 
2. < 2 --- 

15-4s 1. 85.,3 7.8 
2. 14.1 
3. 81.4 

15-35 1. 67.7 14.80 
2. 72.5 
3. 69.1 
4. 51.0 
5. 74.7 

I 

'ls-zs 1. 43.7 19.1 
2. 29.7 
3. 39.7 

2s-4s 1. 85.8 2.9 
2: 82.4 

3s-4s ' l., 79.7 1.7 
2.' 77.8 

3s-2s 1. 31.8 32.0 
2. 50.4 

19s-2s 1. 11.2 9.7 
2. 9.5 
3. .9.5 

30-5-2s , 1. 48.6 17.0' 
2. 60.7 
3. 39.5 
4. 50.4 
5. 41.4 
6. 41.4 

26;-25 1. "5.7 
2. 5.9 , 48.5 
3. < 2 

Average 18% 

I .  

I .  

3-80 

, ,  

Volatile t Standard 
Carbon.\ ' '  Deviation 

< 2  
< 2  

46.6 20.5 
56.9 
36.8 
49.0 

35.4 , 

35.4 

2.3 
1.1 34.1 

< 2  

M 5806-783 
I .  
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TABLE 3-5. REDWANT - SULFATE AND NITRATE ANALYSIS 
- 

t Standard 
Siunpie No. S u l f a t e .  t Deviation 

12s-IC. 1. 15 .8  4.8 , 
2. 16 .8  
3. 17.4 : I  1 

11s-IC' 1. 15.8 1.1' I 

25-4s 1. 6.2 0.2 

2. 1 6 . 1  

2. 6.0 , I ,  

1S-35'. 1. 3.5 1.3 
2. 3.1 

35-4s.. , . 1. 3 . 6  0 . 2 8 ,  
, ' 2. 3.5' 

19J-23 1. 8 .2  ' , 4.4 
I 2. .8.7 

aJ-2s ' 1. 0.06 , 1 8 . 1  
, .2. 0.09 

255-25 1. ND 0 

30-5-2s ' 1. ND 0 
2.  ND 

2. N D  

Averaqe 2 .9  
- 

ND - 'wt Detected 

% standard 
Ni tra te ,  t Deviation 

--- --- --- --- 
0.07 18.3 
0.12. 

0.19 7 7 . 1  
0.46 

0.09  0 
0 .09  , 

0.42 67.0 
0.'15 

0.02 12.9  
0.05 

ND 0 
ND 

ND 0 
ND 
Average 2 5 . 0 .  

'Tests 1, and 12 were performed on the  same u t i l i t y  boiler at  
the same sampling locat ion.  

**Test3 1 and 3 as above. 

' ,  

H' 

KVB 5806-783 



3-82 

* 
d 
+I 
N 

.I . 

c c 



Y '  
TABLE 3-7. XRF VS AA FOR ELEMENT C9MPOSITION 

OF PARTICUWIZ SAMPLES IN P E R d P T  . 23s-2s 265-45, 11s-55 
i.1 (1Oy in cyclone) (ly in Cyclone) (Filter) 

sample Nuinber %RF RA XRF 8.A XRF AA'  

l . V 0 . 4  1.17 12.2/1.0 13.5 
, I  

Calcicm 1.1/0.3 t 

Chlorine 14/5 31 

Cobalt 

Copper 

I m n  
Load 
Xickel 2.5/0.3 1.2 10.6/1.1 8.4 

t 't 

1.6/0.4 1.4 t 

t 1 3 / 3  17.4 t 

' t  9/4 1.8 t t 

t t t '  t t 

3.4/0.4 2.1 ' 2/0.3 2.2 4.9/0.06 4.1 

- L 

, .  ?otassium , 

t t 2.1/0.3 1 . 5  vanadium t 

zinc , 
, I  

. I  
, -  

, , .  

f denotIS <l.OI 

Where values i n d i c a t e d ' a s  x/y, x is the measured percent composition and 
'j i s  the percent variation. . , 

I 

Y 

, I .  

' 3-83 , 
KVB 5806-783 



In both 'cases  f o r  t h e  Joy and SASS bla& m s ,  t h e  f i i t s r s  and cyclone 

wash residues s h w e d  no s i g n i f i c a n t  weight gain.  

a ga in  i n  weight f o r ' a n  average of  about 1.5 nq. 

gain is mate r i a l  l e f t  in t h e  probe from the previous test, then it CM be 

s a i d  t&t less than 2% of t h e  matter c o l l e c t e d  in the probe remains i n  tha  

probe. The impinqer condensates were ex t r ac t ed  a s  normal. Normally, the  

dist i l led water when toiled dry leaves a r e s idue  of 0.,006\ of  t h e  water weight. 

I After the , d i s t i l l e d  H 0 w a s  sabjected t o  'mechyl chloroform ext rac t ion ,  the 

"ha probe wash residues had 

If it is assumed that this 

2 
residue w a s  reduced to approximately 0.0049. 

inq,  it has no effect on the r e s u l t s  of t h e  f i e l d  t e s t  samples. 

Althoush this result is'interest- 

3 .3 .4  Ewipmenz Xaintenance an6 Cal ib ra t ion  

Rnalyt ical  Balance--One of t h e  mst important tools used i n  measuring 

f i n e  p a r t i c u l a t e s  i s  t!!e a n a l y t i c a i  balance. To assure the q u a l i t y  of  the 

work; lCJ8.s a n a l y t i c a l  balance was serviced and c e r t i f i e d  a t  t h e  beginning' 

of -de progran and  half  way tiuough it. 

Dry-gas Xeter--The dry gas meter is another cri t ical  i n s t r m n t  

used., The dry gas meters used i n  the  sampling t r a i n s  were checked aga ins t  one 

a - o h ? r  a:? 15aixt a r=ce.?'.ly c a l i 3 r a t e d  dry-gas meter' four times through the 

course of the, program (once every two month!.). . 

P i t o t  Tubes--The p i t o t  tubas used w i t h  t h e  probes'and those used t o  

measure s t a c k  v e l o c i t i e s  were checked once a month i n  a clean a i r  stream aga ins t  

a c a l i b r a t e d . s t a n d a r d  type p i t o t  tube t o  check the  p i t o t  co r rec t ion  fac tors .  

A l s o  t h e  magnehelic qauges which a r e  used t o  measure the  l r e s s u r e  drop across  

' t h e  p i t o t  tube were checked against  a d r a f t  qauc:. 

, Thermocouples--The thermocouples and pyrometers and t h e m m e t e r s  used 

f o r  t h e  p a r t i c u l a t e  program were checked once, a m n t h  aga ins t  constant  

b o i l i n g  l iqu ids .  
, #  

. ' Vacuum,Laaks--Vacuum leaks Sn' t h e  sampling system were checked f o r  as 

, .  aarZ of the sampling procedure for 'each t e s t .  
. I  

.I . 
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SECTICN’3.4 

FOX% - 

This section coccains .the form referred to in 

. Sections 3.1 through 3.3.4. 

3-85 KVB 5806-783 
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Test :  f i n  - 
on date 

t e n t a t i v e  - RESULTS - 

KVB 
TEST PRE2AIUTION AND PLANT VISIT Y 

I '  

Firm Name 

Address 

- Person Contacted Name 

T i t l e  

Process  Product 

Equipment to be' Tested APCD Permit - 
Size  

Make 

Control  Equipment, if any APCD P e m t  

. ,  
Hdke 

process  mterial  In io rxa t idn  ( q u a n t i t a t i v e ,  q u a l i t a t i v e ,  souice)  

, 
Process  Weight A v a i l a b i l i t y  

\ 

opera t ing  Schedule o f  Equpmant,  cyc le ,  type 

opera t ing  Schedule of Plan t  

P l an t  Personnel schedule ( S h i f t s )  

Process  Spec i f i c s  

1 . 

Proceqs Control Location 

' &cess. 

.Y ,. process n p i c i t y  (Wpresenwstive o f  N O ~ I  Cpira t ion)  : 

Annual Process  Tim Rate: hr/day , day/week 

**;/year 
Process  Diaqram, DrawinSs Ava i l ab i l i t y  

P lan t  Entry and E x i t  
1 ,  KYB 5806-783 

3-86 58066  Pam 1 of 3 
9/28/77 
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Page 2 58064 
9/2 8/ 7 7 

Plant  R e s t r i c t i o n s  i n  Access 

v - 
Vehicle ACCeSS 

Parking 

Plan t  Safe ty  Requircments 

Ld 

~~ ~~ 

P l a n t  'Engi2sering and :laintendlice Engineering He12 Gurinq T e s t  

T h e i r  L ia i son ,  Name:  

Equipment Access 

Cperator Access. ( i n ' c h a r g e )  

Operator 's  Permission (by Company Pol icy)  to  Supply Infonza t ion  

0jera:ional ? l : ~ % e  Lnlica:3rs of Cavn, StdTt -up, ,  S:o?, e t c :  - 
Revis i t  Contact, Nme 

T i t l e  

T e s t  Documentation Photo P e r m i t  

T e s t  Synchronizat ion wi th  P l a n t  aunning' 

( i f  overt ime by t e s t  crew on r i g s i n g ,  take-dom, e tc . )  

Comunicacion t o  Outside 
- 

~~ 

Emergency Procedures, if any. Designated: 

TEST SETUP 
. .  Best Location ,of ' T e s t  S t a t ions ,  

Source Geometry: Shape , 

Diawter 

Keight 

T e s t  A r e a  Access a t  Height 

through 

Tes t  Holes. size - 
Height Above Level Area 

Width of Platform 

tenora l  Space A v a i l a b i l i t y  - 
' ,  

, .  

KVB 5806-783 
m, INC. 

I 

3-87 
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Estimte of Source: Tcmpcraturcs, 

Page 3 5806- E, 
9 /28 /71  

t I 

O u t l e t  

IN MIT 
- gas  v e l o c i t y  

gas  t o x i c i t y  

emiss ion load - 
n o i s e  

dust  
' I  
. ,  , I Equipment Hauling to Test Area 

E l e c t r i c i t y  A v a i l a b i l i t y :  30A,  60A. 11C V each a t  D i s t a x e  - 
to be a s s i s t e d  i h  hook-up by 

Water A v a i l a b i l i t y  ' ' 

Cleanup A v a i l a b i l i t y  

Nearest Somce of I C E  Elachine a t  
I 

E! ---- 
MIL: - 

3-88 

Am, INC. 
I .  
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'I ~- 
T i m e  1 

... 

I I I 11 I 1 

I I 
I I I' I I 

I I I1 I I 

,I 

I 

I II 

-41 - 

I 

I-' 11 
I /I 

/I 
I 

II 
I1 
II - 
I 

I I1 I I I 1 

I I1 I I 11 I I 11 I I I 

I I II I I '  II I I1 
I I I II I I II I I II I I I II I I I c 

A .  A v e r a g e  Veloc~ty(:raverse)Ft/Sec' 

9. 

C. 

D. 

E .  

T .  

A". ve loc i ty  ( R e f .  P o i n t )  F t / S e c  

F l s e  F a c t o r  A / p  

P i t o t  C o r r e c u o n  F a c t x  

Gas D e n s i t y  C o r r e c t i o n  FactOK 

C o r r e c t e d  V e k . ,  AxDxE , F t / S e c  

or axcxDxE. F t / S e c  

, I  

. I  

Area of F l u e .  Sq. F t .  - 
~ v e r a q e  F l u e  Temp.. OF 

i l ov  U t e ,  FxGx60,' CFY 

F l o v  Rate, 520 x I/(9-1.460), SCFY 

KVB 5806-783 

KVB 5804-7 
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' S a n p l e  Code 

F i r n  ?Idme and U n i t  

Test NO. Page D-2 
1 

Sampling S:at&m nat.2 

SPCT !C>iITO?2KS DATA 3Y D R X G Z X  OR TL'I S;:TICER 

9/76 
KVB 58'04-5 ( .  

3-90 KVB 5806-783 , 
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Sample Code 

F i r m  and U n i t  

P a g e  

Dace n 
, -  

I 
" Tes t  No. 

S a m p l i n g  S t a t i o n  

WATER VAPOR AND CAS DENSITY U L C U U T I O N S  , 

I 

P e r c e n t  Water Vapor i n  Gases 

A.  Gas P r e s s u t e  a: ueter ,  I n .  Hq Ldbsolute) 

3 .  ':3?or ?ressu:: ~f i i d t s r  a: , I x ? ~ n l j c r  :c.np., In..'i-, 

i'. V O l L l * !  Of :.letered GdS,  Cu. F:. 
, ,  D. Vol,me ,of  Wa:=r 'Vasor .Ye , t a red ,nxC/a ,  ca. r t .  

E. Volume of Water Vapor  Condensed .  C u . F t . *  

2 .  T o t a l  ':ol.~m of Water  Vapor  i n  $as S a q l r ,  D+E,Ca.?:. - 
. . .  G. T o t a l  V o l u n e  of Gds im.ple ,  C + f ,  Cu .Z t .  

H. \ Water Vapor i n  SAnp led  Gas, 130 x F/'G 

See D on i a m p l i n q  t r a i n  d a t a  s h e e t  

Weisht, P e r  b l e  

'\ 

Component .Volume Percen:  X Y o i s c u r e  C o l l e c t i o n  X I l a l . W t . -  Wet Basis 

. ,  

II, 

: 
A V . x o 1 . W t .  = , .T. D e n s i q  of C a s ,  R e f e r r e d  to, Air - 

28.35  
K: ids D e n s i t y  C o r r % c t i o n  ?actor - d F  ,* 

', 
3-92 loIB 5806-783 ' ,  

9/76 lore 3304-4 . 
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p g e  rlo. - 
YVB Test No. * KVB 

FN GIMf ERING PROCESS FIELD REPORT 

3-93 KVB 5806-78; 
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Tesc NO.- to 
K V E. INC. % 

T e s t  En-. 
MOBILE I A B O P A T O R l  

- *  
b 

T e s t  N d e r  oat? 

C n i t  Number h e r -  

F-1 I Locatj:o,n 

Capaci,ry Ik+/k) Ident i t i ca t ion ,  

F u T s z e  rype B u r n e r  T y o e  - 



i 

22. ' aoiler Outlet ~emp:  lo?)  

23. A i r  iiea:er Inlec'Tunp. 1.F) 

24. A i r  s e a t e r  6 u t l e t  remp. ( e ? )  

25. Windtax Temperature I'FI 

26 .' 
27. 

'. 

U' 

Tesc KO. 

Enq:. 
KVB 

I 

1 

O N T R 3 L  R W U  DATA I 

Test ,Number Date 

Cnic  11umSe: m e r  

Fue 1 Location 

Ca;a:l',y l K l / s r )  

Fxnace  Type Burner rype 

u * - - - 

I I I I I 

20. Stack Temp. 1-F) 

21. Boiler Outlet Press Irwl I I I I I 



~- 
I 

I .  

. .  

KVB 

Sample Code 

Tes:ed by: 

Dd:e 

STATE.YENT OF TRCCESS WEIZHT OR '?OXME 

3/76 

1 L _  
A U > ,  yo. ._I^: _L. 

..5 ..9.L. 

or 1bs.qal 
volume lbs, gal 

lbs.qa1 I 

lbs, ga l  

1bs.qal 
lbs,qa1 

T o t a l :  

Siqnacurc 
Tl:lr. 

.I 
C 

" 3 

KVE 5804-1. ..I 

ioIB 5806-783 
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FhRTlCUVITE LMlSSlON CALCVVITIONS 

Tcst No. Date Locat ion  Lnqr. 

unit No. ?%el l a a d  

p i t o t  Fac to r ,  Fs i l-rometric P res su re ,  'ba- ' in. Hg 

m gm mt. L i q u i d  Col lec tcd ,  
nn 

m l  Total P a r t i c u l a t e ,  
I 

"1- 
2 

V e l o c i t y  Hcad. hp iug Stack Tcmp., TS .R ' S t a c k  Area, As ft 

SanplC VOlUma. v= ft3.' Stack P res s . ,  Psg i v q  &cess o 

O r i f i c e  Press. Diff., B ivg Stack  Gas Sp. Gravi ty ,  Gs n.d. 

Sample Time, a ' 

\ 
2' %' 

min Nozzle D i a . ,  ~n in. Hetcr Temp., .R =- 
01. 

2. 

3. 

4. 

$ 0  

6. 

7. 

8 .  

9. 

10. 

s&T?le-Gas Volme ba 

5:ater v a p r  Vu = 0.0474 V 

mois ture  Content Bvo - Eq. 2/(Eq. 1 + .q. 21, 

Concentrat ion 

= 0.0334 Va(Pbar  + w13.6) - 520 
TLl 

S t d  

_. s t d .  IC , . 

a. C = 0.0154 Mn/vmstd  

b. C = 2.205 x 10 

c. C - Eq. 4 3  x 16.018 x 10 

.- 6 
'L"/vmstd 

3 - 
Abs. Stack Press .  P s  =ehr x 13.6)+ Psg 

Stack  Gas S p e d  ' V s  = 174 Fs & j r b  
PS cc S' 

5'0 Ps S t a c k  Cas Flow a. Qsw - Eq. ' 6  x AS x A x - 
TS 407, Rate C 6o.P 

' 

b. Qsd = Eq. f a  x (1. - Eq. 3) 

>:a teriai FIOV NS = Eq. x Eq.  4b x 60 

XO fac tor  X 0 2 f  p 2090/(20.9 - X02\)  

Emission ' a . ' E  - 'Eq. 4b x Fe x Eq. 9 

2 
, .  

b. E - Eq. 4c x Rn x E q .  9 x 1000 

. 14077 x ~ s ( ~ m ~ ~ ~  + vu 
% I sok inec ic  s t d  I -  2 8 x vs x P S ' X  Dn 

SCP 

93. 

N.D. 

grains/Osc: 

lb/DSCF . 

gri.s/>sC.! 

i n .  w abs.  , 

ft/min 

' h'SC?/min 

DSG'/min 

, .  

. .  

. , ,  

&/hr 

'11.D. 

1 b/l.'J4,8 t u  

' '  ng/joole  

3, - 
Coal 

P9.2 

.& 

KVB 5806-783 
' ' Data Sheet  5OC6-1 3-97 . *t 520 iZ dry-gas mzer is temp. compensated , 

'F 

1 .  
... . 



KVB 

' E~:RACTION OF IMPINGER WATER - 
Extrhction Date- 

. ,  I .  

Test ?lumber Engineer 

1 sampling ~ y p e :  SASS Train Joy Train 

V o l .  of Impincjer Water - ml 

Vo1. of methyl chloroform p r  extraction ml 
. ,  , 

, . a  'rises 3: a x t r 3 z r i c . l ~  

A ?  Tem?erazwe .- 

i 

Sample 30. 

, , I  

. Se> Xo. 

I -  

Tared Beaker yo. Th-ed 3eaker No. Tared Beaker No. I ,  

F i n a l  W t .  (g) 

I n i t i a l  igl 

Increase ( 9 )  

,' rare 

a. (q) xethyl Chloroform ~ l a n ~ c  Residue 9/200cc 

Residue To,+ (q) - Reridus ( g )  

Organics ig) -- 
I .  

REwdxs: 
:4 

, .  - 
I .  

i*? 

, .  

3-98 KYB 5806-783 
KVE 5806-10 

i 10/25/77 

b. 



KVB t 
TEST NO. TRAIN 

inc .  19) 

2 T a r e  

Part. W t .  IF) 

F I L E 3  CATCH 

SA9i'LE FILTER ??.ED FILTER 
NS. NO. 

TAXED FILTER 
N3. 

3-99 KVB 5806-793' 
IF.% s a o s h  
10-19-77 

. .  , 

k 

. .  .. . 
. .  



KVB 
. I  

PARTICUWTS MISSIONS 

BOIL %%?4 SHEET 

DATE TEST NO. - 
x20 RESIDUE ENCIXEER ., 

i 

SASS TRAIN 
T A X  TARE 

B W R  BLUCER 
CYCLCSES LHPI!iCERS 

10 iI I 'J 1 p  I 

SX.l?LE PROBE 

-- L rare 
i;t. (J! 

I ,  -- -5,O Residue 

7ait bit. I ,  

- 

SXYTLE ?&BE 

m t t l e  Xo. 

Faildoyn 
Sdaksr No. 

Volupe, (ml) 

Veiqhed 
Beaker No. 

F i M l  W t .  (9) 

I n i t i a l  W t .  
.. (3) 

JOY m I N  

CYCONES 
10 u 3 u  l!J - M?DICERS 

Increase (q) 

* Tare 
W t .  (9) 

-H 9 Resrdue 
2 

-- P a r t  Ut. 

REYARXS i 3-100 , KVE 5806-783 
- 

I W E  5806-7 
10/19./77 , , 



, 

. ,  

, .  

KVB 

Probe '(9) 

Cyclone 10 Wet (g) 

Dry (g! 

T u t a l  (g)  

Cyc1or.e '3 Wec '(g! 

Dry (9) 

T o t a l  (g)  

' Cyclone 1 wet (g) 

Dry (9) 

Tota l  (g) '  

F i l t e r  (9) 

Impinger water (g) 

-g (9) 

Tuta? (g)  

mta1 , P a r t .  W t .  (g )  

, .  

3-101 

a 

KVE 5806-783 

M 5006-9 
OStobCr 19, 1977 

. .  



DATE 

LABORATORY 'TEST REQUEST 
I 

P R O G R U :  c . A . R , B .  ORGANIC COMPOUND EMISSION INVENTORY . 
TEST: FIRM NAHE ' - - 

ADCRESS 
UNIT TESTED 

DATE OF TEST 

PROCESS MATER I AL 

REMARKS 

,TEST CODE 

E M i k I o k  , I  TYPE 
. I  

, , ,  

DELEVERY DATE BY (SIGNATURE) 
.I RECEIVED BY 

ANALYSIS COMPLETED BY DATE 
PROJECTED DATA TRANSFER D A f E  

9/76 , 
3-102 m 5806-783 

,vh+te - originator Pink - receipt 5004-8 +, 
Y e l l o w  - lab Slue - aCtdcbed to :saults 



KVB 

SIZE DISTRIBUTION WOW SZEET Bl 

c Test No. Company 
* 

Weight \ 
I .  ie55.Than Unco::+czee C?rrected 

mq \ Sta-ed S ize  S i z e .  un S i z e ,  ux 

sass - 
' 10 Y cyclone 1 100% 9 . 2  

3 u cyclone 3 . 8  

1 Y cyclsne 1 . 3  ' 

Total , loo\ 0% 

F l w  Rate Thouqh 
Cyclones (wac%nin) 

I .  . .  

RIB 5806-a 
, Rev. 3/7/78 
KVB 5806-783 



I 

KVB 

SIZE DISTRISLITIUN WORK S E E T  #2 

T e s t  No. Company 

~ ~~ ~~ 

Weignt \ 
L e s s  Than Uncorrected Corrected 

I ,  me- % SL:=Si:e Size. um Size, rn 
SASS - 

:001 9.2 10 u cyclone 
3.8 3 u cyclone 

1 u cyclone - 1 . 3  

- -__- 
~- 

- -- F i ? z a r  

Total 100% 0% -- 

- 
JOY 

10 u cyclone 100% 8.4 
1.9 3 u cyclone 

1 u cyclone -- 0.6 

- 
- - 
- 
-- F i l t e r  

T o t a l  100% 0% 

k 

KVE 5806-8 
Rev: 3/7/78 

' ICJB 5806-783 
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, .  
rir 

LOO 

80 

60 
50 

40 

30 

20 

2 '  

1 

:.e 

0 . 6  
0.5 

0 . 4  

0.3 

O . i  

2.1 

3 . 5 8  

5.06 
G.05 

J.34 

3.03 

, ,  

3.32 





. I  

P.0.Y 

Lab Run B , - Y 

- - 
S a m l e  Label: 

concentrat ions a r e  i n  - 

’ ,  1 
, I  , ,  Indium Rubidium k1 s i  r.:n - 

lo’:”a :,u:n2-:”, . .  _,.._ .? . I . . . . - , . . 
j;anc; 23  -- 
S e ! e n < : c  

S i i i c o n  - - 
st ront ium - 

l r i  i ‘’ I cz Amen.: c 

j a r i u m  

Gismuth 

irrocine 

t x n i u m  , 

c3 , lc im - 
Ces i um 
Chlorine 

Chromium 

Coba! f 

Copper 

Gal l iun 

Genani  um 

Go1 d 

Ha f n i *Jm 

. .  I .  

’ Ircn 

Lead 
’ i.!anganese S i l v e r  - 

8ercury 

Nickel 
Niobium .- 

Pal l ad i  um Tin  

- , I  Holybaenum I , s u l f u r  

- _. 
Tantaium 

- 
Tellurium - 

Osmium Thai i 4 um’ - 

Phosphorus Ti tacium - 
. ,  

Platinum Tungsten 

Vanad i um Potassium 

Yttrium ’ Rhenium 

Rhodium 

Zirconium - 

. .  

’ ’ Zinc I .  

. .. I .  .- - . I .  

. - -  ’ ,  

( ) q u a l i t n t i u c  c s t i n n t e  

: d e t e c t e d  ( ( 0 . 1 %  C o n c a n ’ t r a T i o n )  
i: 
?’ \ n o ?  d e f , e c t e d  

I ,  

KVB 5806-783 

5806-E 

. .  . .  . .  
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K''9 NUi?BFR 
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SECFION 4.0 

FARTICUUTE TZST REJTLTS 

-- 4.: .:ST ?32%Grn.! 

During c h i s  program, 41 source tesfs were conducted a t  25 

locat ions.  This sec t ion  is a repor t  of each of these tests descr ib ing  tSe 

source,  ,5isccssi.:s circumstances of che test ,  and present ing and analyzing 

tSe :est r e su l r s .  The foilowinq s u b s e c t i o n s  are groxped toge ther  according 

d i f f e r e n t ,  

- _  _- A* :;.;* 3f  - a - . , - l > , , q 4 , . - - - : > ,  __.__ _ _ _ _ _  ?r~:-ss. 
- :uel, CanSustisn ' 

Yizers i  l roduc t s  

.' Food and Agricul ture  

%tal Fabr ica t ion  

I t e u i l u r g i c a i  , 

Organic Solvent Use 

Ct, -& t a l  

. .  

Wod Operation . 
Petroleum Operation 

TSe field tests were run to  ob ta in  p a r t i c u l a t e  ep iss ion  data for t he  

indus- j ia l  types l i s t e d  above. 

Fz;ure -I-:. 

taneous sampling wi t . .  t he  l a r g e r  SASS t r a i n  and t h e  mall Jcy t r a i n  (as 'das-  

cussed i n  Sect ion 3.2.1 A )  for  accuracy assessment. 

simltan,eaus sampling of both t r a i n s  (one on t h e  h l e c  and t h ~  o the r  on the.  

o u t l e t )  t o  avaluace t h e  e f f i c i ency  of t h e  particclate cont ro l  equipient .  

Seven t e s t s 'were  r&n using only t3e SASS :r3in, and two tests were run using 

only 'the Joy t r a in .  

The d i s t r i b u t i o n  of cpe ' t e s t s  is shorn i n  

Clf t i e  completed f i e l d  tes ts ,  11 tests were rm w i t ? ?  siml- 

Eieven tests were run as 

. .  

, .  * 1  
.", , 

4-1 . Fh 5806-783 
, I  



, , ,  . ' ,  

c 

1 !.tinera1 Products 

FuB1 Combustion, 
( 2 l e c t r i s )  

225 

I Fuel Combustim 
(Industrial ) 

. .  

, '  
Figure ,4-1. D i s t r i b u t i o n  of f i e l d  tests (total 41 tests) 

, , '  

KVE 5306-793 4- 2 

'1 ' . /  ,. 



SJZMRRY OF TEST RENiSS 

The key r e s u l t s  of  all fiei.' tests a r e  summarized i n  Thble 4-1. 

r e su l t s  for  each test have been l i s t e d  on tvo consecutive pages. For example, 

- *  r e s c l t s  from T e s t  015 begin on t!!e f i r s t  l i n e  of  t h e  i n d u s t r i a l  b o i l e r  s ec t ion  

i .. a.2  

' ,  The 

* 
on the  f irst  page of  the  KaLle and contmue on the  f i r s t  l i n e  of the second, 

page. The 

**Le 4-1: 

:) 

.. 
- 

following is  a b r i e f  explanat ion,oC each of t he  e n t r i e s ,  i n  the 

Application Categories-Combustion of Fuel,  Pood and Agricul ture .  

netal Fabr ica t ion ,  e tk . ;  general  c l a s s i f i c a t i o n  of  the source 

t f le  tested. 

Company/Industry me--Tfle of  source tested. Spec i f io  naaes of 

f:&*.ts castad are not  included ~2 :.'.a ra;or=. 

Test  Number--A unique n w e r  assigned by C i B  vhich i i e n t i f i e s  t h e  ' 

loca t ion ,  t e s t , ? rocedure  and tesz r e su l t s .  

Date, o,f Test  

Sample Volume--Volune of gas  'sampla .taken during tes t  [5ry Standard ' , 

C h i c  Feet COSCF) and Wet Standard C u b i c  ?eet WSCF), I .  
Sample Flow -te--[Xet Standard Cubic F e e t  par  .Xinute (WXF?tj I .  
This is  the  flow ra te  of gas  t h a t  has 'passed through our sampling 

equ :.:men e. 
Temperature 'F--S.hown are the  teolpera:mres of :he s t ack ,  t he  dry 

gas  meter used t o  neasu-e the  sample volume =ken, bid the  o w n  

i n  which the  three cyclones phis f i l t e r  were housed. 

Percent Isokinetio--The amaunt t h a t  the  sampling 5tri)dm ve:ocity 

var iqs  f ron  s tack  gas ve loc i ty . ,  Over 100% means the  sampling 

stream was f a s t e r  Llan' t he  s tack g a s  stream. 

P a r t i c u l a t e  Weights. ---These are t h e  w i g h t s  of p a r t i = u i a t e s  ' ' 

collected i n  probe, l@m cyckone, 3pm cyclone, lLm cyclone, 

t3e f i l t e r ,  and t h e  i q i r i g e r .  

inIi0'k.m p a r t s ,  t he  organic  f r a c t i o n  and tse nonorqanic ' f r ac t ion .  

. .  

, 

The impinger c a t c h  i s  broken down 

4-3 , , i(vB 5806-783 
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lo) Stack FLOW &te--Jry Standard Cubic Feet per Minute (DSCN). 
* '  . This  is the  exhaust gas v e h c i t y  measured ae the  sample loca t ion  

Excess 02--~his i s  tne oxygen concentrat ion in t h e  exhaust gas  

measured a t  t h e  sampling locat ion.  Combustion Sources. ' 

11) 

If) C02--This is  t h e  carbon d ioxide  concentrat ion i n  the  exhaust  gas 4. , .  
meas.ured a t  t h e  sampling ' :at ion.  Combustion Sources. 

1 3 )  Sampling Tine--The tire tus . i n  minutes t o  complete the ' sou rce  

sample. 

P l z i t  Operation Time--This is the  number of houts t h e  p l a n t  or 
equifrrrtnt sampled is  operated i n  one year. 

14) 
' I  

15) Zmissions--Thise a r e  f a c t o r s  r e l a t e d  t o  the device type tes ted .  

qr,'CSCF - Grains pr; dry s tandard cubic f e e t  
TPf: - Tons pe r  year  
lb/hr - paids per  hour ' 

lb/.kFJ t u  - pounds per mil l ion  Btu 

16) ' ?arti:le Size Di s t r ibb t ion ,  Percent  of Part ic les--Distr ibut ion 

i n t o  s i z e  ranges; g r e a t e r  than 10 nicrons,  3 to  10 microns, 1 t o  3 

microns and l e s s ' t h a n  1 micron,. 

ca tch  as p a r t  o f  t h e  t o t a l  suspended p a r t i c u l a t e  (TSP) 'as 

directed by the A 2 5  (ETA nethod 5 does n o t  include t t e  i n p i n j r r ,  

catch i n  the  measurement o f  TSP. ' The SmQm inz ludes  the  

' i'mpinger ca tch  i n  t h e i r  metho&. ' Results w i t t  and without the  

This t a b l e  includes the  impinger 

- , , 

i q i n g e r  ca tch  are presented i n  the detailed discussions i n  

. .  Sect ion  4.2) .  

The percent  of  2 a r t i c l e s  >10bn, 3-10um. 1-3p1, <1pm are taken 

fr jm t'e s i ze  d i s t r i b u t i o n  cur->os (weight p e r t e n t  less &an 

stated versus p a r t i c l e  s ize ,  pm, on log-normal 

i n  Sect ion 4.2. 

)er) presented 

17) ' Control--If G.e i n l e t  and e x i t  to  a con t ro l  device were sampled, 

the  type of con t ro l  device ( i . e . ,  baghouse, cyclone, etc.)  and 

e f f i c i e n r y  is listed. 

measured S n t r o l  e f f i c i ency  ( Input - OutPut)x 100 

i s  indicated.  

Where a cont iol  device was t e s t e d ,  t h e  

percent ;  
Input 

I .  

4-4 loIB 5806-ig3 
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4.2.1 Kv9 Eailer T e s t s  

KVB s e t  o u t  t o  accomplish seve ra l  ob jec t ives  for the  f i r s t  few tes ts  
I a r f o m e d  on &e KVB bo i l e r .  These ob jec t ives  were as follows: 

1. 
2 .  

3. 

4. 

5 .  

6 .  

7. 

3'. 

9. 

To check o u t  t h e  test  crew and to check o u t  t h e  equipment. 

Determine the  time involved f o r  completing the  tests ( i . e .  set-up 

t-, t e s t  time, tear  down'time, tu rn  arounc' :ine, l+ andlys is  

t i n e l .  

Determine the  accuracy and p rec i s ion  o f  the  t o t a l  p a r t i c u l a t e  

co l l ec t ion .  

Determine tkke accuracy and p r e c i s i o n  of  t h e  s i z e  d i s t r a u t i o n .  

Deternine the  e f f e c t  of fue l  sulfur 0.1 TSP and s i z e  d i s t r i b u t i o n .  

3h3ck out ?lexe:.:al k?? =?.erica1 kia1;isis ;roc+:~r?; ,>f srrS- 

cont rac tor  labora:or?.es a z  Xrmament iystems (X-:3y, fluorescence) 

aqd 3ock.+all X.lC ' ( s u l i a c r s ,  n i t r a t e s ,  and caraonj . 
Determine d r t a  reduction w t h c d  f o r  l i s t i n g  r a w  da ta  (da ta  shee t s )  

ann3 neehc's f o r  ca l cu la t ing  and p l o t t i n g  da ta  (Sect ion 3.2.3). 

Use :.ne data t a  develop p r o f i l e s  and emission f a c t o r s  for indus- 

: r ia l  boilers. 

3e:eni.ie i f  30 would cause a weight change on the f i l t e r s  

( i .e.  pseudo p a r t i c u l a t e s ) .  
2 

Due t o  t'e w u n t  of e f f o r t  involved i n  performing p a r t i c u l a t e  t e s t s  
using bot3 tCIe S X i S  and Joy t r a i n ,  t h ree  t es t  runs were designed t o  accomplish 

the  abovs ob j ecr ives .  

?do fuels were ct.osen vi-A d i f f e r e n t  sulfur contents  bu t  with similar 

sharacteristics--especially carbon, hydrogen, i s h  content  and composition and 

heat ing v a h e .  

ililmiiqzon c n d e  o i l  w i t i t  1.351 sulfur. 

e80 fue l3  are s h m  i n  T a b l e  4-2. 

These ' fue l s  were a ?lo. 6 f u e l  o i l  with 0 . 2 8 0  s u l f d r  and a, 

The f u e l  ana lys i s  results of t hese  

T e s t  01 and T e s t  03 were done with both Joy and SASS t ra ins  running 

simultaneously using t h e  'high' sxlfur Wihington  crude a t  s a m  b o i l e r  s e t t i n g .  

4-17 KVB 5836-781 
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. 

These c d o  tes ts  were exact  repea ts  and vere  use$ t o  de te rn ine  L9e prec is ion  

0 2  L.'e sampling t r a i n s  f o r  PSP and s i ze  d i s t r i b u t i o n .  For T e s t  03, a Method 

5 and an Gde,rsen b p a c t o r  vere  s i m l t a n s o u s l y  used i n  add i t ion  t o  the SASS 

and Joy t r a i n s  t o  determine tkte accuracy of the sampling t r a i n s  for the TSP 

and s i z e  d i s u b u t i o n .  

 men: and i e t a r a i n e  t i e  t~.nes involved f o r  Lhe differs?.: operat ions of  
.io :est. Tesf 57 was run v i t h  Lhe low sulf-ir Nu. 6 f a e l  oil ac  :.'.e same 

b o i l e r  condi t ions a s  for T e s i  0 1  and 03.  

T e s t  01 w a s  used t o  check out  t he  cesc crew k?d 

' 

T e s t  31. 0 2 ,  and 0 3  were used t o  determine t h e  e f f e c t  of f u e l  s u l f u r  

content  on TS? and s i z e  d i s t r b u t i o n  (discussed.  i n  subsequent sections). U1 

L5ree were used t o  1) ' evaluate  the  methods o f  ana lys i s  f o r  major elemental 

c o T c s i z i x  3 3 2 ,  :> .mi=a~ csnten t  ( i ~ s c . ~ s i c ( ~  i?. section 3 . 2  . ? I  .' a:.! 2 )  ?il:+--i?.il 

2ata sheet 2esd f a r  Lata reZuction and merScd for  i a t a  redact ion and si:e 

3 i s i r i j u t i o n  p l o t s  (discussed i n  Sect ion 3.2.3). 

was used t o ' e e t e d n e  i f  SO 

A. T e s t  FaciLi?f--:C;S 80 H?.jailer--  

For test  01 a back-up f i l t s r  

vas adding weight tC t h e  f i l t e r .  2 

The TI5 combustion 1aSoratDry has 'a 5,000,000 Btu /h r  Scotch dry-back 

boile'r having' a combustion chamber th ree ' f ee '  i n  diameter and eleven f e e t  i n  

lenqt.'.', .with a i r  supply up t o  650 'F and 1 psig.  F l - e  gas  r e c i r c u l a t i o n  of  

up to 35% i n t o  the  combustion a i r  is possible. This u n i t ,  as shown schemat- 

i c a l l y  i n  F i k r e s  4-2, 4-3 and 4-4. is eqiripped t o  f i r e  near ly  any type of 

gaseous. l i qu id .  o r  s o l i d  fue l .  

1:s four sampling ports  a r e  shorn schematically i n  Figure 4-5 .  

2orts are located i n  t h e  v e r t i c a l  f l u e  sec t ion  on the  r igh t .  

- 
TLe doiler.  its' f l u e s ,  and the  loca t ions  of 

The sampling 
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Figure  4-5. KVB test boiler instaliation 
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ht. 

110 m, 

,0119 

.127b 

,0196 

LJ" - - 

* 
.0100 

.W86 

19 

- ao 
60 :6 

18 16 

I1 I 1  

Taken f ro3  curves 
# TS? not determined 

';Le precisznn OE the data 'vas d e c e h n e d  usin; the data from reFeat ' 

t e s t s ,  l e s t  01 and 0 3 .  Thrse.data are a s  fallows: 

14 

50 

7b 

4 6  

61 

'lb 

2' - 

76 

58 ' 
61  

16 

63 

9 1  

14 - . 7 d  

' ,  
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SOL? the  SASS ucain and the Joy train daca for. L?e CYO repea t  tes t5  

were used KO determine a rean,. standard devia t ion  and 0 of the s tandard , '  . 

devracion from the mean; 

Lqe SASS daca falls close to the  man and is within h e  U O ; .  

t h e  :wo Joy runs i s  not  as good as t he  SASS runs. 

s;rr.pla s i z e  (as a result o f  clogging of the f i l t e r  and an e a r l y  end t o  the  

cast). Six repea t  uc i l r cy  boiler tes t s  were dona during =?e f i e l d  t e s t  

>.r3sran. The r e s u l r s  of <lase tests are discussed i n  Section 4.2.4 and 

show L?at t he  prec is ion  for the Joy t r a i n  is about,  ?.%OW which is consiscenc 

%e TS? i n  gr/DSCP from the  above l is t  s h o w s  t?at  

'Xne TSP for 

This  may be  due t o  the  s m a l l  

wi=? t h e  r e s u l t  obtained here .  1 

The prec is ion  of tne s i z e  d i s t r i n u t i o n  curves i s  around ?203U from these  
.. . .  a>= a=zct  ~ ? 3 \ c  f r ~ a  :?.e * ; t i l i ty  boils: tes;s cls=~zs.jeL i n  iecc ion  4.2.;. 

~ ? . e  aqreeaect  from SASi  r u r c o  sais run and from j o y  run KO JOY run is  v e r i  

z losa .  

3. 

. I  

Chemical Composition of the P a r t i c u l a t e  Col lec t ion  

Each of tke, f i v e  f r ac t ions  (?OLIO Cyclone, 3Lm cyclone, lp cyclcae,  hpi.7- 

s b r ,  and f i l t e r  ca tch)  f o r  T e s t  61. 0 2 ,  and 03 were analyzed f o r  major elements 

by x-ray :Y2o:rscen;e arid f o r  SO,; NOj, t o t a l  carbon, i n x g a n i c  carbon, 

and v o l a t i l z  carbon. These  r e s u l t s  are given i n  T a b i r s  4-4, 4-5,.?-6. , , 

=. - 

Tables ' .%-7, 4-8, and 4-9 l is t  the  comparison of elenet.:als from t he  

fuel ash to the elemental from che p a r t i c u l a t e  catch,  

the lb/hr  of' elements t h a t  would be emi t ted  from the  f c e l  ash [ ca l cu la t ed  

from fue l  flow rate x ppm of elements i n  o i l ) .  The f i r s t  f i v e  columns are the  

LS 

catch. (ca lcu la ted ,  from Lb/hr' of p a r t i c u l a t e s  x c u t  e of t o t a l  x elemental % of  

c o l d  is  . > e  lbhr x lo-.% for eazh'element normalized t o  100% i f  L i e ' f i v e  

The last column l i s t s  

-4  Ls/hr sf e l e r e n t s  t h a t  are c i c t e d  from each f r a c t i o n  of the  p a r t i c u l a t e  

-4 
. ,  c u t )  - The n e x t  column is t he  sum of  the  10 lb/h for each cut .  The next  

f r ac t ion  columns d id  not  t o t a l  100%. This  column can be compared to  t h e  l a s t  

column for eacn element. T'.e sum of  the  l a s t  column can be compared to  -ne 

total  p c t i c u l a t e  ca tch ,  a.2 it should always be 1ess . than  the  t o t a l  ca tch .  
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?=LE 4-4. CtlE.XICAL CC'WOSITION OF PAirrICVWTE SXr'IPLES 

IN PERCCEm, FOR INDUSTRZRL BOILER5 (TEST 01) 

~~ 

1 O p n  3wJ 1- 
C y c l o n e  C y c l o n e  C y c l o n e  F i l t e r  lmpinqer 

S . S 3 ? B  4 01s-2s 01s-35 01s-45 015-1C 515-5s 

24.4 

0.36 

1.3 

j . 5 3  

( 6 . 4 1  

0.3 

3 .6  

(2.1) 
t 

37 

( t) 

( t l  

4 2. 

58 

100% 

9.5 

t 

t 

t ,  

i 5 . 6 ) ,  

t: 

3.5 

(1.4) 
t 

70 

(t) 

( t )  

74 

26. 

100% 

5.6 

t 

t 

1.5 

2.0 

(6 .51  

1.1 

5.0 

(2.2) 
t 

80 

L t) 

(t) 

90 

10 

100% 

21.9 , 32.4 

t t 

t 

t t 
L -, 3.3 

5.3 

t 

(l1.C) 8 . 6  

4 . 4  

35 23 

(3.7) (2.8) 

NA 0 
4.3 6.0 

13.1) I (0) 

(e). (%A) 

39 42 

6: 58 

100% 100% 
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I 
?-LE 4-5. C r ( E L q c U .  COMPOSITION OF PARTICULATE SAMPLES 

I N  PERCEXT FOR I P ; D U S T W  S O I L E E  ("EST 02) 
. I  

l o p  a m  4 i m  % 

, ,  C y c l o n e  C y c l o n e  C y c l o n e  I m p i n g e r  F i l t e r  
b 2 5 - 5 ~  - -  ' silmple #' 02s-2s 025-3s 02s-4s 02s-IC ._ 

1j.S 

t 

t 

t 

( 2 . 6 )  

t' 

1.8 

IO. 3)  

t 

59 
(5a) 

(t) 

61 

39 

100% 

13.8 

t 

t 

t 

(3.1) 

t 

t 

1:9 

Li.2) 

t 

93 

(921 

(t) 

95 

5 

100% 

20.5 

3 . 3  

1 . 3  

t 

( 5 . 5 )  

t 

4.6 
6.2 

17.8) 

t ,  

84 

(82)  .. I 

1.51 

95 

' 5  

100% 

2-,.0 16.2 

t t 

t 

t 2.5 

t 3.3 - b 

( 3 1 )  I , , (19.3) 

1.7 

t 8.0 
6 3  60  

. I  110.5) , (6.4) 

- 3.6 
- -. 

63 72 

37 28 

100% 1000 



TRBLE 4-6. CHE.XICAL COMPOSITION OF P A R P I C W T E  SAWLES 

' IN PEYMT FOR INDUSTRIAL. BOILERS (TEST 03) 

10 pL1 3Lrm 1W 
Cyclone Cyclone Cyclone Implnger F i l t e r  * 

-0 Sample # ' , 035-17 035-18 023-12 O3S-6b a s -47  

PE.XSS? CIF CUT 14.2 

xa€ ANALYSIS 
Calcium 

6.2 ' 6.7. 53.4 

t . . 5  t 
' C h r o m i u m  , 

Cobalt 

I ron  

Xi:kel . I  

Potassium 

, ( S u l f u r )  

Vanadium 

TcTxLi 
S u l f a c P s ,  x20 sol2 ' 

(sdfur, from s%) ' 
Nitrate ( H ~ O  sol) '  

Total  Carbon' 

(volat i le  CarSon) ' 
(Carbonates) 

TOTAL , ;cU,UYZED 

B W C E  

. i 
C 

(4 .7)  

e 

t 

2 . 0  

(1.5) 

t 

44. 

( t )  

( t )  

46 

54 

100% 

' t  . ' 1.7 4.9 

t 2.2 9.0 

t 

(3.4)  (6 .4) '  (11.8) ,  

t 1.3 6 . 8  

t 5.2 22 

I , 1.8 

(1.1) 

t 

62 

( t )  

( t )  

64 

36 " 

1008 

3: 5 

(2.1) 

t 

7.9 

( t )  

( t )  

88 

12 

100% 

47 

( 4.0) I 

- 
5.9 
- 
- 

i 5  

25 

iooa 

14.6 

8 

t .  

1.1 

t 
S 

(13) 

14 

25 

( 4.,7) 

4.7 

4:o 

( t  1 

44 

56 

1008 
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The value of  s u l f u r  from XRF ana lys i s  car. be'compared t o  the  value 
' I  

of s u l f a t e  (S04/S - 96/32 = 31. Div ide , the  su l . ia te  I b / h r ~ l O - ~  by the 

s u l f u r  Ib/hrXlO-'; the quo t i en t  should be about 3.0. 

and, 4-6 

The development of emission p r o f i l e s  i s  discuszed i n  d e t a i l  in Sect ion 2:3.2. 

4 .  The e f f e c t  of  s u l f u r  con:ent i n  fue l  on s i z e  d i s t r 3 u t i o n  -.d o n '  

Tables  4-4, 4-5 

are i n  the, general  form of  an emission p r o f i l e  f o r  these sources .  

t o t a l  particulates-,-Goldstein and S i e y u n d  (Ref. 4-1) pointed Out t h a t  the  

fue l  su l fu r  content  i s i d i r e c t l y  propor t iona l  t o  the  ash p lus  aspha,, ' t ene  

content  of t he  fue l .  Their  da t a  are shown by the  l i n e  i n  Figure 4-9; t h e  

circle represents  t he  Kv9 high s u l f u r  f u e l  used for T e s t s  01 and 03. and 

the  t r i a n g l e  represent:. that f o r  t he  low s u l f u r  fue l  used for  T e s t  02. 

a;s?%:ein ani S F e F m d  (?et .  4-1) also 2ete.cnined t h a t  t he  p a r t i c u l a t e  

emissions are propor t iona l  t o  the  f u e l  s u l f u r  content .  'Their da ta  are 

represented 5f r3e i i n e  i n  Figure 4-1C. The KVE data  a re  as noted. 

The p a r t i c u l a t e  emissions 'obtained by KVE f o r  t he  t h r e e  b o i l e r  tes ts  

The p a r t i c l e  s i z e  d i s t r i b u t i o n  is  a f f ec t ed  by the f o l l o w  t h i s  re la t ionship .  

s u l f u r  Fontent of  t he  f u e l  (Ref. i-1). 
duce a l a r g e r  percentage of  smaller p a r t i c l e s  than the  higher  s u l f u r  fue l .  

G ' B ' s  da ta  agrees  with this. Figure 4-11 shows t h e  p a r t i c l e  s i z e  d i s t r ibx -  

t i o n  f o r  Goldstein 's  bnd KVB's data. 

t I  

. .  
The lower sulfur fue l .  ten* to  pro- 

5 .  A recent  s tudy (Ref. 4-2) shows that  d i f f e r e n t  types o f  f i l t e r  paper 

. a u l d  ga in  weight when exposed only to  SO2 and water. 

back-up Ri,eve Angel f i i t e r  was used i n  series with t h e  SPSS t r a i n  f i l t e r .  I 

The f i r s t ,  f i l t e r  y u l d  collect all f i l t e r a b l e  p a r t i c u l a t e s  and t h e  second 

Reeve Angel 934xH f i l t e r  would only see v e r y  small p a r t i c l e s ,  SC 

gases. 

a f t e r  t h e  t e s t .  

For T e s t  01,  SASS. a 

and f lue  2' 
The Reeve Angel f i l t e r  w a s  des icca ted ,and  weighed i n  t h e  usual  way 

It w a s  found t h a t  the 'keeve  Angel paper  d i d  not  change 

in weight. . , .  

'4-37 WE 5806-783 

I .  

1 ,  



I I 

- 
4 -  - 

- 
A = Test 92 

0 = T e s t ' O l  6 03 
- 

l d s t e i n  6 Siagipund 
R e f .  4-1 - 

I 1 
0 . 5  1 . 0  1 . 5  ' 2 . 0  

FUEL SULFUR CONTENT, WTa 

Fiqure 4-9. Ash + asphaltenes v i  fuel sul fur .  

0 . 2 5  

Gpldstein fi Siegmund 
Ref. 4-1 
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Figure 4-10. Particulate 
, 0 T e s t  01--SASS emiss ions  ( T e s t  0 1 ,  

' ,  
T e s t  01--Joy 

T e s t  02--SnsS 

A T e s t  02--Joy 

, [7 T e s t  0 3 - - S X S S  

6 T e s t  0 3 - J o y  
I 
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' f c  
Figure 4-11. Particle sire' distributicn for high fuel s u l f u r -  

low f u e l  s u l f u r  comparison. 

I .  
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Also a test w a s  designed as described below.to determine any weight 

change. A gas stream Of 831 ppm SO2 from a gas  cyl inder  w a s  passed f i r s t  

through a Gelman AE f i l t e r  paper, next through a Reeve Angel 9 3 W  f i l t e r  
paper ,  an4 f i n a l l y  the  volumes of g a s  were measured on a dry  gas meter. 

15 scf of gas  w a s  passed over the f i l t e r s .  

normal way (desiccate and weigh). 

paper shoved any ;eight change. 

f i l ters were used throughout the'program. 

I 

Over 

The  f i l t e r s  were processed i n  the  

Ne i the r  t h e  Gelman nor the Reeve &gel 

B a s e d  on t h e  da t a  in Ref. 4-2, the'Reeve Angel' 

, ,  

.. - 

. 

,- ' .  
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4.2.2 

A. Process Descri?tion (Rei. 4-3)- 

t 2  Fuel Oil-Fired Indus t r i a l  Boiler. 

Boi lers ,  hea te rs ,  steam generators ,  &d sAmilar conpustion equipment .' 
m '  

f i r e d  w i t h  .u2 f u e l  oil are  used i n  comu?rce and i n d u s t q  to t r a n s f e r  hea t  

from combustion gases zo water or o the r  f l u i d s .  The ocly s i g n i f i c a n t  enis- 

saons :o :he atnosphere from t h i s  equipment i:.: n o m 1  o?eratiOn, regard less  
- 

, cf the Fluid being heated or vaporized, a r e  those r2su l t ing  from the burninq 

Differences i n  design and operat ion of t h i s  equipment can, of Eossil  fue ls .  

however, a f f e c t  production of air  contaminants. 

A b o i l e r  or heater  consists e s s e n t i a l l y  05 a burner,  f i rebox,  hea t  

exchanger, and a means of c r ea t ing  and d i r e c t i n q  a flow of  gases through 
-:.> ..-, *..--. - 311 cam;7ustio-t equisne+.:--eroa <-.e s3a;lest  dc7asclc"dater hea te r  

to the  l a r g e s t  ?over p l an t  s t e m  generator--includes thase e s sen t i a l s .  N o s t  , 

31.50 incLude some a u x i l i a r i e s .  The rider and complexity of a u x i l i a r i e s  

tend t o  ir.crease with b o i l e r  s i z e .  I (  
Larger c d u s t i o n  equipment o f t en  includes 

' ' flame s a f e t y  devices.  scot blowers, a i r  p rehea te r s ,  economizers, superheaters ,  
_ I  

, ' fue l  heacers.  and a?:r.xatic f l u e  gas ana lyzers . .  

The i n d u s t r i a l  b o i l e r  t e s t e d  w a s  a Babcock & Wilcox type H S t i r l i n g  
I t  has ' a  hea t ing  surface of 4950 f t  , a I . 

, ,  I 
bo i l e r  as shown i n  Figure 4-12. 

' des ign  pressure of 160 lb .  I t  was b u i l t  m 1946. 

8. Pa r t i cu la t e  T e s t  Setup-- 
I '  

Tdo samp1i:;g t r a i n s  were used sisult.aneously t o  sample the  exhcust . 
gases of the  b g i l e r .  The sampling s t a t i o n  was located on t b e ' v e r t i c a l  

sect ion of t h e  s tack above t h e  roof, a t  least 6 duct  diameters from the  

neares t  disturbance. ' 
. . I  

The veloc i ty  p m f i l e  i n  the stack i s  shown i n  

However, t h e  ve loc i ty  i n  t 9 e  s t a c k  var ied as the  load var ied .Table 'Q-lO. 

t o  meet t h e  s tem de-d of the  p lan t .  

28;OOO Ib/hr  during tha s a r q l i n g  time. 

The f u e l  f o r  t h e  b o i l e r  was low s u l f u r  NO. 2 f u e l  o i l .  The results of the 

f u e l  ana lys i s  is l i s t e d  i n  T a b l e  <-12. 

, ,  
The stem demand var ied from 10,000 t o  

This ,was a t y p i c a l  t y p e , o f  operat ion.  , . I  

,q 
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Figure 4-12. A n  indcscrial water tube boiler (The Babcock 6 Wilcox Co.. 
New Yorkl . 

, ,  
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TABLE 4-10. , VELCCXY PROFILE FOR LXDIJSTRIAL BOILER (TEST 16) 8 

SASS SL7.712 
Point 1" ?iozrl+ 

Joy Saaple Point 
1/2" kozzle 

. 

Temperatwe 515 'F 

Static Pressure 0.6 i n .  H20 

Stem Load 18-22,000 l b h r  

Oistdnce From Veloc i ty  
f t / s e c  Point NO. f t / s e c  End of Port.'  inches Point NO. 

.' 7-1/8 . 1  . '  ,20:1 7 18.6 

12-1/2 2 I 22.8 8 21.5 
20-3/8 

31-1/4 
3 20:l 9 '  20.1 

I 
18.6 R 1816 

18.6' 

50 5 17.0 11 16.6 

55-3/8 6 18.6 , 12 18.6 ' 

R 

' 42-1/8 4 17.0 10 

_.-- - 
Average 18.8 ft/sec Includes 4-3/4" nipple length 

, .  

9170 SCFN 
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.I ' T e s t  Results-- - 
The r e s u l t s  of t h e  tests (16J and 1 6 S ) 8 d i ? c u ~ s e d  i n  t h i s  s ec t ion  

I ,  

c. 

are l i s t ed  i n  Table  4-1. Elemental compositions, s u l f a t e ,  n i t r a t e ,  and 

carbon ana lys i s  were determined f o r  a l l  f r a c t i o n  of  p a r t i c u l a t e  catches 

uhic!~ contained weights i n  excess o f  100 mq. 

are d iscussed  i n  Sec t i sn  3.2.2. An ana lys i s  of  fue l  composition was also 

performed 

D. Discussion of  ilesulta-- 

. . 
The d e t a i l s  for  these procedures , 

. ,  
1. Par t ic le  Size Distr ibut ion--Figure 4-13 i s  a p l o t  a f  p a r t i c l e  s ize  

(Urn) vs. accumulated,weight percent ,  t h e  l a t t e r  p l o t t e d  on a p robab i l i t y  

scale as explained i n  Sect ion 3 . 2 . 3 8 . .  TwP curves are presented,  one inclu2inq 

:3.e ix>i?qe: cacch, a?.d :he o t h e r  Ly?ori?.q i,t. 

of material co l l ec t ed  i n  the  impinger, it would seem t h a t  the  e f f e c t  of  

?seudo ? a r t i c u l a t e s ,  ,would be i n s i ~ i f i c a n t .  

was bel ieved t o  be properly included i n  the measurements of the  suspended 

+ a r t i c u l a t a s ,  from i n l u s t r i a l  b o i l e r s  f o r  p a r t i c l e  s i z e  d i s t r i b u t i o n .  The 

'break-down of the  p a r t i c l e  s ize  d i sc r ibu t ion ,  taken from Figure 4-13 

Consi6rri-g t h e  la rge  a.ro,~-~z 

Therefore, t he  inpinqer  ca tch  

'including the  impinger ca tcn ,  is as fol lows:  

Percent  of P a r t i c l e s  I ,  

<Il lm, -- 3 - l u m  _I 
1 0 - 3 U m  

T e s t  163 0.7 0.9 1.4 97 

T e s t  16s 2 .5  0.8 0.8 96 

2. Chemical Composifion--Table 4711 l is ts  t h e '  r e s u l t s  Zrom the  chemical 

' ana lys i s  of  the  p a r t i c u l a t e  f r a c t i o n  for each of the  tes ts  discussed i n  t h i s  

sec t ion .  Su l f a t e s  are the  uust abundant spec ies  found in  the  p a r t i c u l a t e  

, catches.  Carbon, i ron  a n d , n i t r a t e s  are next i n  order.. A l l  other elements 

detected vere  found in  concentrat ions less than 1\. 
. .  

Using the  results from t h e  XRF ana lys i s  hnd t h e  f u e l  ana lys i z  r e su l t a  

( T a b l e  4-12) a mass balance was determined for each t r a i n  for t h e  elemen&. 

This is lisred i n  Table 4-13. The r a t e  of elements (10-4xlbhr) ca lcu la t ed  

from t he  asti content  is cOmFared t o  t h e  t o t a l  of t he  elementa de tec ted  in 

I 
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a Joy N f g .  S.mplinq T r i l i n  WltS Iapinger 

0 Joy Hfq. Sampling Train Without Impinqar 

@ SXSS Train With Impinqer 

0 SASS Train siithout Impinqer 

. .  

, 

Figure 4-13. P a r t i c l e  s ize  d i s t r i b u t i o n  for  i n d u s t r i a l  b o i l e r . ( T e s t  161. 
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TABLE 4-11,. CHEMICAL CU~WSITION OF PAIITICVLATE' SAMPLES 

I N  PERCENT FOX TEST 1 6  - 
I ' .  

. .  SASS JOY JOY SASS 
I m p i n g e r  F i l t e r .  I n p i n p e  r F i l t e r  

S L W E  r 165-IC . 165-55 16J- IC 165-55 
-. 

19  ' ' 68 9 . 4  P E X Z N T  OF CUT 

XRF ANALYSIS 

Calci'm 

Chmnium 

Iron 
Lead. 

:4 ickr 1 

S u l f u r  

Z i n c  

TOTAL' 

sd fazes ,  K O  901' 
1 = *  (S.11fur. ,from so4) 

Nitrate ( H 2 0  sol) '  

Totd l  Carbon3. 

(volati le ~a.:!ioii) ' 
C a r b o n a t e s )  

TOTAL LYALYZED 

BALALiC3 

84 

t 

2/0 .3  

' 2 . 0  

32 
( 1 0 . 7 )  

4.10 

2 0  

(17 .84)  

-- 
58 

42 

3.9/0 .'5 

t 

(24 /10)  

t 

3 .9  

30 

( 9 . 9 ) '  

3 :l2 

16 

-- 
49 

5 1  

(18/6) 

1 4 . 3  ' 

(4 .81  

0 . 2 6  

1 3  

(9.0) 
-- 

28 

, 72 

2 .2 /0 .5  

2.7/0.3 

t 

(11/3 .I) 

t 

5.4 

-- 
2a  

72 
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TABLE 4-12. FIJEI,rWALYSIS RESULTS TEST NO. 16--#2 FUEL OIL 
by Truesdail' Laboratories, Inc. 

- 'Carbon. % 86 .63  

Hydrogen. o 12.96 

Sulfur, % 0.38 

Ash, O 0.001 

Heat of Combust: Ton: 
Gross Btu/lb 
Net Btu/ lb  

19,470 
18,290, 

The resu l t s  of t'x spectragraphic aaalysis of the ash are 3s 
follows : 

Percent i n  ,A& 

Iron 48 

6 .0  Sil icor.  

Earon 

:knganese 

I 0 . 5 5  

0.29 
magnesium I 0.39  

Lead 1 .7  

Nickel 

Aluminum 

0.85 , 

1.9 

' 

' Calcium 0.71 

0.23 copper 

S i l v e r  

sodium 
Zinc 0.47 

Ti tan ium 0.061 

. ,  0.006 

' <  1.3 

I .  

Cobalt .0.080 

P 
chromim 0.035 

,w 
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, I  

, .  

each' sampling t r a i n .  

for  the Joy t r a i n  with t h a t  of t he  f u e l  is reasonable. 

t r a i n  comparison ind ica tes  t h a t  t h e r e  was some i r o n  contamination3! the  

sample. It is bel ieved t h a t  t h i s  coiltamination was cause,d by oxida t ion  Of 

ttte nozzle .  Several weeks a f t e r  t he  t es t ,  rust w a s  de tec ted  on the  nozzle 

used fqr T e s t  16s.  

Comparison of t h e  mss rate o f  t h e  elements ( lb /h r )  

However, t h e  SASS 

, ,  I .  

3. Emissio? and Emiss ion  Factors--Emrssion and emission f a c t o r s  can be 

l i s t e d  wi th  seve ra l  'd i f fe ren t  un i t s .  The fal lowing lists some of  these  

emissions and fac tors .  

:.-. . - . . l - S  , - 
qr/DSC , .  

V y r  , ,  

Lb/hr 
b/X.l+U 

l b / l O t l O  qak Burned 

l b / ? o O O  'gal  Burned, 
(Ref. 4-5) 

w t  on f u e l  

, T e s t  155' 

0 .02  

3 . 2  

1.43 

0.043 

10.0 

2.0 
, . *  

0.13 , , 

T?st 16.7 

0.0087 

2.7 

0.61 

0.018 

4.3 

2.0 ' 

0.058 

l reder iksen  (Ref. 4-4) 
20. 1 5  ' 1 0 . 2 6  

0.0071 0.010 

' 2 . 9  4 . 3  

0 . 6 7  ' 0.97 

0 .02  0.029 

4.7 6.8 

2.0 2.0  

0.064 0.093 

: aesults suspected to be i n  error--see Se'ction 4.2.2 D2 

ALSO the emission foilows che Goldstein r e l a t i o n  (Ref. 4-11 of 

emission YS % 5 ,  see Figure 4-10. Sect ion 4.2.1 ( i .e .  t h e  p o i n t  O.?C% s u l f u r  , 

f u e l  ash pa r t i cu la ' x  emission of  0.0539 on f u e l  i s , o n  Gbldstein's l i n e ) .  
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4 .2 .3  Wood waste Boi le r  

Sawdust, wood ch ips ,  and bark are u s e d , a s  f u e l  i n  toilers of lunber 

savmills. These wood w 

(o r ' t eepee )  burners  f o r m d l y  used to  d ispose  of what vas  considered a' waste 

product. 

heat  the k i l n s  i n  which the fresh-cut  lumber is cured. The h d  vaste i s  
co l l ec t ed  a t  var ious processing s t a t i o n s ,  and de l ivered  i n t o  a l a rge  s i l o -  

l i k e  b ? p e r .  The vas t e  is dampened to  a 60 t o  70% wates.content t o  prevent 

ign i t ion :  ' The waste ' i . s  fed from the hopper i n t o  the  b o i l e r  a t  a cont ro l led  

r a t e  to meet steam demand. 

A. Boi le r  Description 

e b o i l e r s  have replhced near ly  a l l  of the  conica l  , % 
I 

The steam generated by t h e  m d  waste burners is  t y p i c a l l y  used t3 

The u n i t  t a s t e d  was a Wrllons,Hag Fuel Boi la r ,  ccns i s t ing  of the  

following components: 

3 1. Bebcock and wilcox watertube b o i l e r ,  3952 f t  heat ing &face,  
160 os ig  ra ted ,  and 125 ps ig  operat ing.  

2. Wellons Double .Cell Type Furnace, with r e f r ac to ry  li'ing; Water 
cooled g r a t e s ,  5'6" inside diameter.  , I  

feed sy2t-m t o  furnace.  . .  

. . .  
3 .  Wellons P o s i - F L o  Storage B i n ,  32000 E t 3  capaci ty ,  with au toadt ic  

Wellons Xulti-Cone Col lec tor ,  w i t h  35 8" c o l l e c t o r  ,tub-s. '4. 

5. Hagan Pneumatic Controls.  

. '  

. . 

6. Three  f t  diameter,  40 f t  high s t a c k .  

T h e  ra ted  steam load is 27,OOO'lbhr maximum, 15,000 l b / h  average. It is 

operated continuously a l l  year round. Fuel feed rate is  4500 lb/hr maxi- 

mum, 2500 lb /hr  average dry weight. The average heating value of  the f u e l  

is 8500 Btu/ lb  d r q , v e i g h t ,  and the  ash  conten t  is 2% or less of the dry  

w i g h t .  The annual wood consumption is  approximately 11,000 toniyear  dry 

,, 

. ,  

, .  weight. . ,  
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The unit  is shown LI Figure 4-14 which includes a . I  step-by-step . descr ip-  

Note t ha t  near t he  t o p  of  the conveyor t h e  t i o n  of t h e  process operat ions.  

u n i t  contains  a sawdust screen which extracts the sawdust whicd con ta ins  

75\ water and blows it with 600 OF exhaust gas  through a cyclone which reroves 

approximately 159 of  the water before  re turn ing  t h e  sawdust t o  the surge bin. 

8 .  Par t icu la te  T e s t  Setup 

, 

A three inch diameter port was made i n  the  three  foot  diameter I 

s tack located midway up the 30 E t  high s t ack ,  15 f t  above t h e  induced d r a f t  

fan located a t  t he  Pds'e of  th? s tack.  T a b l e  4-14. ' presents  t he  ve loc i ty  pro- 

f i l e  in the s t ack ,  which w a s  s l i g h t l y  unusual due t o  the  asymmetric' flow 

caused by the  induced d r a f t  fan. 

t k  S . G S  t r a i n  ?robe whi ih bas inser ted  24 i n c h e s  i n t o  th3  strPam from the  

t es t  p c t .  Sam?Ling occurred continuously from 12:OO noon t o  2:lO p, o n  

October 13, 1977. 

volume of  gas  sampled w a s  455 SCF. 

A 0.75 diameter nozzle w a s  used with 

Sampling ra te  was 6 .5  ACFM 2 59 a t  400 O F  2 10 OF. Tpta l  

The test w a s  stopped due t o ' a  clogged 

f i l t e r .  

C. , T e s t  R e s u l t s  

The following L i s t s  t he  

of t o t a l  f o r  each uq and weight 

Probe 

Large Cyclone - 9.2 pro 

Medium Cyclone - 3.8 !lm 

Small Cyclone - 1.3 W 

F i l t e r  

Impinger 'water 
Impinqer extract  

mta1: 

, I  

ac tua l  weight co l l ec t ed  i n  milligrams, 

f r a c t i o n  of t h e  t o t a l  catch: 
, ,  

29- Weight 9 of Tota l  

30 1 .  

126 3 

515 12 

100 , 2 

347 8 

2170, 50 

24 1041 

4330 100 
- - 
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P U L E  4-14. WCOD WASTE BOIUR - STACK VELOCITY PROFILE (TEST 5) 
I 

'Distance from 
Port E n t r a n c e ,  

' , , . i n .  

1 . 2  
3 . e  
6 . 8  

11 .2  : 
1 7 . 5  
23 .8  
28 .2  
3 1 . 3  

, ' 3 3 . ' 9  ' ,  

I 

Veloc, i ty  Head, 

2- i n .  H 0 i n ,  ft/sec 

0.05 - 
0 .58  - 
0 . 1 2  - 
0 . 1 0  - 
0.12  - 
0.16 - 
0 .20  - ,  
0 . 2 1  - I  

0.20  

0.132 

, 
I - 
I 

I .  

, Average 

: 14.9 
18.8 
23 .1  
21 .1  
23 .1  
2 6 . 7  
29 .8  

, 29.8 

. .  

-- 29.8  ' 

a t  754 O R  - 24.2 f t / s e c  

Average 
Velosi ty  



, .  

The impinger w a t e r  had turned a dark amber color  by %he end of the  

t e s t .  Later it was determined t h a t  75% of the  par:iculate was caught i n  

the  impinger. In Table 4-15 th r e s u l t s  of  XRF d . a l y s i s  of the  various , 1 
p a r t i c u l a t e  samples ,are'sunnnarized. 

. 
For each sample caught i n  the  t r a p s ,  

a s  ind isa ted ,  t h e  percentage if aacn diement is presented with the error 

indicated a f t e r  the s l a s h ,  i .e . .  1.2/0.01 means 1.2% 0.01\. 

The, r e s u l t s  of t h e  t e s t  discussed i n  t h i s  s e c t i o n . a r e  l i s t e d  i n  

Table 4-1. Elemental zonposit ion,  s u l f a t e ,  n i t r a t e . and  carbon ana lys i s  

were d e t e r a i r e d  f o r  all f r a c t i o n s  o f  p a r t i c u l a t e  catches which contained 

weights i n  excess of 100 mg. The d e t a i l s  for these procedures are discussed 

in Section 3 . 2 . 2 .  Table 4-15 lists t h e  results from t h i s  ana lys i s .  

The s u l f a t a ,  > i t r a t e ,  and car5on analyses  r e s u l t s  a re  also ~ x r c a r i z e l  
i n  Tabla' 4-15. 

D.  Discussion of Xesults-- 

1. P a r t i c l e  Size Distr iSut ion - - l i g u r e  4-15 is a p l o t  of p a r t i c l e  s i z e  

VS. accumulated weight Bert !nt ,  the  l a t t e r  p l o t t e d  on a p robab i l i t y  scale 

a s  expiained in Section 3.2.38. 

thg impinger ca tch ,  and the other  ignoring it. Considering t h e  la rge  amount 

of n a t e r i a l  c o l l e c t e d  i n  the  impinger (over th ree  grams), it would seem t h a t  

t!!e a f f e c t s  of pseudc p a r t i c u l a t e s  would be negl igible .  Therefore, t h e  

impinger catch was believed t o  be properly included i n  the  measurement of  

t o t a l  sus sended 'pa r t i cu la t e s  from t h i s  ,waste wood boi le r .  Therefore, the  

breakdown o f ' p a r t i c l e  s i z e  dintr ibut ' ion is as foEows: 

Two curves a r e  presented, one including 

3 - 10. Y m 

l - . 3 u m  

' 1 y m  

3 

16 

80 

1 . 

,. . . 4-54 KVE 5806-783 
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TABLE 4-15. C.XEW.CxL COMPOSITION OF ?ARTICULATE SAVLES 

I N  PERCWT FOR WOOD W A S T E  BOII,ER (TEST 5) 

10';m 3m 1 W  
Cyclone q c l o n e  Cyclone Filter Impinger 
5s-2s 5S-3S' 5s-4s 58-55 %-IC 

Percent 0: Cut 3, ' 12 2 8 50 

xx- XVXL' iSTE , , I  

B a r i u m  t t t . t  

C a l c i u m  

Chlorine 

6.5/1 14/2 10/2 3.31'0.4 t 

2/0.4 2/0.8 

Iron 4.2/0.5 4.6/9.3 3.6/0.4' r. 

\!anqanese 

?o:assiu;l 

t ' t  t ' t  t 

2.6/0.3 5.5/:1.5 2.4/,1.3 9.W1.5 

10 % 10 , , ,  Si l i con  

( s u l f u r )  (3.11'0.7) ( C 3 )  (a. e / i .  5 I (2.110.7) 

z inc  ,t t 

Tantalum t t 

Total  Elements' 

5x l fa tes .  3-0 sol' 

23 ' 34 16 ' 15 ' 2.0 

c 1.2 2.3 7.0 2.4 
L 

( s u l f u r ;  from .%I)* ( t )  (t) (t) (2.3) (t) 

t 23. 7.0 

4 
t t t 2 

, Nitrate (:izO sol) 
. .  . 

, .  
(7.0) 

Tota l  Carbon' IO 30 
(Vo la t i l e  Caebonl' ' ' (15.6) ( 7 . 4 )  (t) 

( 3) (6.5) ( e )  ( t )  

53 

1 
. .  (Carbonates) 

65 18 45 11 
' .  

47 35 82 ' 55 89 

100% 100% . ' 1001 100% 100% 
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I ,  

2 .  Chenicdl 'Com=osition--Table 4-15 Ilsts t h e  r e s u l t s  from the  chemical ' 

ana lys i s  of the  p a r t i c u l a t e  f r a c t i o n . f o r  t e s t s  discussed in t h i s  sec t ion .  

Carbon was f o u d  t o  be mst abundant followed by potassium, calcium, i ron 

and carbonates.  

I 

3. Emission Factors--Based on t h i s  tesc alone,  the P o l l G w i n g  Emission 

f ac to r s  can be ca lcu la ted  a t  4 . 3 %  CO 2 and 16.69 02. 
, I  

0.15 grams TSP/Ory SCF ExMus.; Gas 

20 x lb TSP/Ory, SCF 'Exhaust G d S  ' 

0'. 3 grams TSP/Dry SCF Exhaust Gas 

7 15 TSP/hr  of opsrat ion 

30 Ton T s r / y r  of opera t ion  

1 lb TS?/:on of 2:y mod 'waste 

0 . 5  ' l b  TS?,'TOn of s tored  wood v a s t s  ( w e t )  

0'. 7 15 TSP/Ton of sceam produced. ' 

. * 

'I . 
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e :  SACS Train.With Impinger 

I .  

l l .1  

0 SASS Train Without Impinqir 

, .  

~ i g u r a  4-15. P a r t i c l e  s i z e  dLstr ibut ion f G r  wood w a s t e  boi ler  ( T e s t  0 5 ) .  

' ,  
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4 . 2 . 4  U t i l i t y  Boi le rs  

A.  

, ,  

Boiler bescr ipt ion--  
, 

1. Boilcr 1--The f i r s c  u t i l i t y  boi ler  tested w a s  an opposed face- f i red  

B6W s u p e r c r i t i c n l  430 MW steam Senerator  w i t h  32 ;as and r e s idua l  o i l  burners .  

The unit opebates a t  a s u p e r c r i t i c a l  p ressure  of  approxi.=tely 35CO psi;; Lh.e 

f i rs t  -dater ?ass is through a divisi .on w a i l  which divides  the  furnace in 

hal!. T h e  f aecda te r  pumps con t ro i  &?e steam pressure. The ? i r inq  race is 

adjus ted  t o  mpintain a 1OOO'p superheat  temperature. 

temperature a t  1OOO'F i s  accomplished by f l u e  gas  p r o p r t i o n a l  dampers, reheat  

spray. and hopper f l s e  j& r ec i r cu la t ion .  Pull load for t i i s  u n i t  i s  430 .W 

u.2 L?e cu r ren t  mininL3 load is  180 MW. 

The con t ro l  o f  reheat  

_.  2 .  5 o i i e r  2--:52 secon5 b~'5:icf boilar,tes?.ed w d 3  a f3ce- :~rs2,  53Lmre i  

& a f t .  130 .%i stddm generator  w i : h  16 gas k?d r e s idua i  o i l  burners. 

.anit 9psKatas a: a. SuFerc r i t i ca l  pressur,e of 3;proxiTately 1200 psi; and the  

f i r s t  w a f O r  pass is . thrmrgh a d iv i s ion  w a l l  which divides  the  furnace i n t o  

halves. The feedwater punps con t ro l  t he  steam pressure  and the  f i r i n g  :lee 

is Idjusced t o  maintain a l O O O O F  superheat  temperature. The m n t r o l  c f  re- 

heaz teqera ture ,  ac LO'IO°F LS accompashed' by t l u e  5as propor t iona l  darrpers, 

reheat spray. and hopper flue gas recirc; l la t ion.  Full load f o r  t h i s  u n i t  is 

135 XW and &%e c u r r e n t  minirnun load i s  80 .W. 

8.  Paq icu la t e  T e s t  Set-up-- 

The 
, 

, I  

, ,  
. .  

, ,  

c 

-_ Tm sampling t r a i n s  were used simultaneopsly for  each of the par t icu-  ._ 

l ?ce  tests ?erfo.ned on 3 u : i l i t j r  b o i l e r s  i n  o rde r  t o  have redundant tests 

for 'accuracy,  determination. 

tests to  d e t e r s i n e  prec is ion .  These three tests were performed on a c lean  ' 

bo i l e r .  

a f t e r  2ie boiler had Seen operat ing f o r  a period QP ti- long enough to  be 

considered a dirty b o i l e r  (>I2 weeks) . 

, ' T e s t s  11, 12, and 13 were plbnned as i d e n t i c a l  

T e s t  23 w a s  run a t  the  same condi t ion  and on t he  same boiler but  

T e s t  2 4  was conducted on a d i r t y  b o i l e r  
' .under low load condi t ions .  Tests 32 and 33 were performed d t  high load and 

. . 



. .  . 

.I . '* d i r t f  boi1e.r condi t ion;  repea ts  of  Tes t  23. However, fo r  Tes t  32 che Cdo 

sampling trains were run with equal 9-10 volumes. 1 This required over 

13 hours of samgling time for. thh smal le r  Joy t r a i n .  

performed on the  second b o i l e r  a t  high and l o w  load, respec t ive ly .  

following coqa.rL8ons ,can be made. 

' 

T e s t 9  21 and 22 were 

The  

Hiqh load v s  low load Boiler  I 
High v s  low load Boi le r  2 
Boi ier  1 vs Boiler  2 
Clean aoiler v s  Dirty Boiler 
Repeats: Tes-3 11, 1 2  and 13;  Tes ts  23, 32, and 33 
Joy vs SASS for each t e s t  

.' . 1. Boiler  1--The sampling s t a t i o n s  f o r  aol ler  1 were located on t h e  

v 4 : Z i i l l  >--- ;  -a 3p. .5: t!'e s Z e e l - l i > e l ,  rel?.forz?l.  Ca?.C:?t+ st.l=k & C X Z  ZZ 

above qraund l e v a l ,  .urd about 12 f t  above the  l aca t ion  where the  gases e - t e r  

the s tack (see Figure '-16). The i n t e r n a l  diameter of , the  s tack 'was 279". 

Because of  tk.e lk-ge Z i m e t e r  of  the stack, a ve loc i ty  t raverse  was not 

p o s s i j l e .  VelOciC./ was measured up t o  50" i n t o  the s tack from t h e  .north and 

from the e a s t .  

zalcul3Zio:is becimse a complete ve loc i ty  p r o f i l e  was n u t  obtained. 

4-16 

sample loca t ion ,  average s tack ve loc i ty ,  f t / s ec .  dur ing  t h e  tes t ,  nozzle 

However, t h e  s tack flow r a t e  w a s  dat.arm+ned from f u e l  combustion 

Table 
1 ,  

l ists  the  s t ack  flow r a t e  f o r  each tes t  and sample t r a i n  along with . I  \ *  
, I  

diameter, s tack temFerature. s ta t ic  pressure  of the  s tack.  and b o i l e r  load. . .  - .  
I 

, :' 
, .  

2. The.sampling s t a t i o n  €or Rol le r  2 was located on the  ' lover  of t w o  

, I  12' x 12' hor izonta l  duc ts  l i ad inq  to  t h e  base of the  concrete  s tack ( see  

F;gure 4-16) . '  T h i s  s t a t i o n  wa,s a b o u t  50' above. ground l e v e l  and on t !e  
s t r a i q h t  sec t ion  of the  duc t  &ut  40 it downstream from the  neares t  bend 

and about 15 tt from where the f l o w  e n t e r s  t h e  concrete  &tack. 

l a rge  diameter of the  s tack ,  a ve loc i ty  t r ave r se  w a s  not  possible. Veloci ty '  I 

was measured up to  50" i n t o  the s tack from the  west on t!ie lower of the tvo  

ducts.  

ca l cu la t ions  because a complete ve loc i ty  p r o f i l e  w a s  not  obtained. 

p a r t i c u l a t e  test seL-up data a r e  a l s o  given in T a b l e  4-16. 

I >  

, .  

. >  
I, Because of the .  

'i 

However, the  s tack flow r a t e  was d e t s m i n e d  . from ' t ue l  combustion 

The 

3 , I  

' ,, 
/;kl , ,  
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C. T e s t  Results-- 

The r e s u l t s  of the  e i g h t  v a l i d  tes ts  f o r  Boi le r  #1 and f o r  Boiler #2 

(Tes t s  11-13, 2 1 ,  22, 24, 32, 3 3 )  discussed  i n  t h i s  s ec t ion  are l i s ted  i n  

T a b l e  4-1. Elemental compositi'on, sulfate, n i t r a t e ,  and car ton ana lys i s  

were determined for a l l  f r ac t ions  of  p a r t j  c u l a t e  catches which contained 

weight i n  excess oL -20 mq. The d e t a i l s  f o r  these procedures a r e  discussed 

i n  Sect ion 3 . 2 . 2 .  TabLes 4-17,  t o  ?-a< l i s t  the  r e su l t2  f rom-these 

analyses'. A fuel  ana lys i s  f o r  each t e s t  is presented i n  Table 4-25. Using 

the  r e s u l t s  o'f t h e  p a r t i c u l a t e  and f u e l  analyses  d mterial br lance o f  

elements was made, these  *re l i s t e d  i n  T a b l e s  4-26 to  4-33. Part ic le  

sits d i s t r i b u t i o n  cueves for  each t e s t  are given in Figures 4-17 t o  4..25 

3. Discussion 05 9esul ts--  

I. Pa::izie s i z e  ? I s t r i > u t i o n - - P i ~ ~ = e c  4-17 t o  4-25 a r e  p l o t s  of' 

p a r t i c l e  size (urn) vs accumulated we$g:lt percent ,  t h e  l a t te r  p l o t t e d  03 a 

p robab i l i r f  scs1.2 as  explained i n  Sec t iqn  3.2.7 B. Two Sets of curves are 

.presenzed fx each t e s t ,  one including t h e  inpinger  ca tch ,  and the  otCa: 

5:ithout ic. The EPA Method 5 .(Ref. 4-61 does not  include the. impinge:: 

csr_:zh- mweve;. t he  local agency (SCAQMC) does include the  inpinger  c.i:Ch. 

Also consiQering t h e  l a rge  aamunt of material co l l ec t ed  i n  the  impinget, i t  

would s e n  that  t h e  e f f e c t s  of pseJdo-part iculates  would be 'sinall. 

t h e  impinger ea tch ,was  bel ieved to  be proper ly  included i n  the  me3surenents 

J f  t h e  suspended p a r t i c u l a t e s  from u t i l i t y  b o i l e r s  foz, p a r t i c l e  size d i s -  

t r i bu t ion .  The breakdown cf the  p a r t i c l e  size d i s t r i b u t i o n  taken from I 

F i g u r e s  4-17 , t o  4-25, 

' 

Therefore ,  

I .  

, 
including t h e  impinger ca tch ,  is as follows: 
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TAB= 4-17. C E . C A L  COM?OSITiON OF PXRl'iC :.:ATE SXqtES 

IN PTRCNT FQR UTILITY BOILERS (TEST 11 

SASS 
Impinges SASS 

( inorganic)  F i l t e r  
SXQG k 11s-ic 11s-55 

?ERCEXT OF CUT 

xw ANALYSIS 

, Barium 

Calcium 

Cobalt 

ircn 

Xickel 

?otassiUm . ' 

' (Sul fur)  

Titanium 

Vanadium 

53 19 

t 

12/:.6 

t 

, 

t 4.9,'9.06 

t 10 .6 /1 .1  
, 

t 

(3.3/5) 

t 
I .  

(12/41) 

. I  

2.L/0.3 

TCTAL ' 2 . 2  2 1  
, .  

15 35  SulPatJs, h 0 sol)' '. 

( s u l - ~ u r ,  fmm SO:) ' 
2 

( 4 . 9 )  (1i .a)  
Nitrate ( H ~ O  SOU' 

Total Carbon' 8 . 8  5.9 
( v o l a t i l e  Carbon) ( 7 . 7 )  

i c a r h n a t e s )  I -- 1 

TOTAL ANALYZED 26 68 ', 

' B A W W C E ,  7,4 32 

1003 1000 

t 
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. 
4 

T A B U  4-19. C H M C X L  COMPOSITION OF PARTICULATE SAMPLES 

IN PERCENT FOR UTILITY aoIuffi (TEST 13). 

SASS SASS JOY 
31, !!I Impinger SASS 

, Cyclone ( inorganic)  F i l t e r  ( inorganic)  
Impinger 

- SAMPLE # 135-35 13s-IC 135-55 13J-IC ., 
’ DI - 

lERCENT OF CUT 7 2  

Calziiim , t 

X i G  XUXLYSIS 

Chromium 

8 ,  i ‘Iron 

. N i c ! i + l  

Potassic.?, 

(Sulfur) 

’ Va2?adium 

Zinc 

,TOTAL ’ 
Sulfates ,  x20 sol‘ 

I f y  

(Sul fur ,  from SO4) 
2 : l i t ra t s  (H-0 sol) 

Total Carbon’ 
4 .  

t 

t 

t 

’ 21 

(6.9) 

t 

28 

( V o l a t i l e  Carbon) ‘ ( 2 3 )  
(Carbonarcs) 

TOTAL XUALLYZELI 49 

a u x z  S l  

. Test 13s inva l id  

4-65 m, 5806-783 
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TABLE 4-20. CHLYICXL COMPOSITION OF PARTICUWTE SAXPUS 

3 ?%CENT FOR UTILITY B O E E R S  (TEST 21)  . . 
I SASS , ,  

SASS Impinger 
F i l t e r  ( inorganic )  
215-55 21s-IC , 

h 
SAAWLE t 

'a. PERCE:?? OF CUT 11 53 

LW XUXL'fSIS 

i 

I' 

t '  
, .  

i ron  u0.2 

N i c k e l  1.4/0.2 

, .  Selenium 

, (Su l fur )  

Vanadium t 

TOTALL 1.4 t 

s u l f a t e s ,  I I ~ O  sol2 5 5  . ' 31 - 
(Su l fur ,  fton SO;I' (18.31 (10.41 

t t 2 Nitra te  (H20 sol1 

Total  carbon'. 3 . 1  9 '. - 
l v o ~ a ~ i l e  carbon] ' ' ( 6 ) .  ' 

(Carbonates) ' 

4-66 ' .  

. .  
. .  

' I  



T-LE 4-21.  (ItlEKTuU. C D ~ S I T I G N  OF S'AZl'XCLILATE SAHpLpS 
* I N  FERCENT 

FOR E S T  22 .  

, .  
SASS 

F i l t e r  
22s-55 

WT. PWCEXT OF CVT 

XRF L U Y S I S  

' Iron 

N i c k s 1  

( S U I  furl 

Vmadium 

' 10 

3.5/0.4 I 

4.a/o.s 

(.?7/10) 

1.3/0.2 

mAL' 10 
S u l f a t e s ;  H o sol' 67 

2 
, (Sul fur ,  fmm S G ~ I '  (221 
Nitrace ( H 2 G ' s o l l  2 t 

, 7 . 5  I Total CarSon 

( V o l a t i l e  Carbon1 

(caxbonates) I 

. .  a4 
I .  

TOTAL ANRLYZED 

B W C E  16 

100% 
' .  

I 

. (  

2 

1 

4 

5 

1 1  

. T e s t  2 2 5  i c v a l i d  . 3. 
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TMLE 4-22. CBEHICXL COWOSITION OF PA.STICVLATE SAMPLES 

IN PEXENT FOR TEST 24 

SASS JOY 
SASS Impinqer Impinqer 

F i l t e r  (inorganic) (inorqanic) 
245-53 24s-IC 24J-IC 

5pT. PERCCEIIT OF C=P 

mF L'aL.YSIS 

Barium, 

Calcim. 

Chromium 

I r on  

k A <  

S i c k e l  

( s i i f u r )  

Vanadium 

Zinc 

14 72 54 

t 

t t 

t 

2 . ? / 2 . 3  2 .5 /0 .3  t 

t 

6.610.  a t 

, (26/10i (22/7) (30/10i 

t 

t 

4-68 
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TRGLE J2C3. C S . Y I C A L  C O ~ ~ S I T I O ~  OF ?r\RTICUWTE SAYPLES 9, 
A , '  , N PF.SCE.rr FOR TEST 32 

SASS I 
Impinge r JOY 

:ii?organic) F i l t e :  ' ,  
. ,  

SLW'L # 12s-IC 12J-jS , 

*.. PLKE:IT 52 CU? 

?-eF ANALYSIS 

6 6  16 I .!" 

Barium 

Calcium 

Chromium 

i o b a l t  

::2n 

Lea* 

!I i cke 1 

Selenium 

( S u l f u r )  

Vdi-LadiU 

Zinc  

mAL' 

S u l f a t e s ,  H ~ O  sol' 

s i t r a t e  ( H ~ O  sol!* , 

Total carbon: 

(Sul fur ,  from so-)' 
4, 

(volatile c a r b n ) , '  

(Carbonates) 

TOTAL AVALYZEO 

BALANCE 

t 

t 

24 

( 7 . 9 )  

10 

, (9) 

, 4 2  ' 

58 

100% 

t - L 

1 0 . 4  

59 

( 2 0 )  

t 

77 

21 

loo* 
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W L Z ,  4-24. CIZWycU. CO.MPOSI'I'I@:r OF PARTICULATE SAXPLES 

IN PERCENT FOR TEST 33 

. 
- ~ ~~~ ~~~ ~ ~~~~~ 

. Joy 
SASS Impinqer . 

F i l t e r  ( ir iryan'ic)  4 
SAMPLE rt 335-55 33s-IC I 

'WT. PERCENT OF CUT 14 ' 31 , .  

Barium t 

Calcium 10/3 

Cobalt t 

N i c k e l  6.3/0.7 , ' t  

Selenium , I  t 

, I  

t . ,  Vanadium 

Zinc 

TUTAL' 

S u l f a t e s ,  ti20 so l '  

Nitrate ( H ~ O  sol) * 
Total Carbon' 

(Sulfur ,  from SO:) + 

(Volatile Carbon) ' 
(Carbonates) .I 

TOTAL RNALYZED 

BALANCE 

t 

79' 

2i 

100% 

t 

2 

23 

(7.8) 

20 

(20) 

45 

55 

100% 

. .  
,' , .. 

I' 
L 
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TABLE 4-25. FUEL AXALYSIS RESULTS OF UTILITY BOILER #6 FUEL OIL 

86.86 

12.51 

0.20 

0.012 

0.12 -- 
-- 

:3.;:> 

13,LiO 

0.41 

1.9 

19 

8 . 3  

1 3  

5 . 5  

1.2 

0 .43  

0.11 

0.051 

2.5 

0.11 

0.41 

0.11 

4.067 

0.14 

9.055 

O.Wl4 

1 . 5  

0.18 

0.11 

86.611 86 .50  

11.59 11.61 

0.10 0.19 

0.0li 0.011 

0.12 0.11 - _- 
-- -- 

1.8.  1.1 

14 11 

11 I1 
I 3  1 5  

4 .4  1 4.8 

1 . 8  1 . 2  

1.1' 0.61 

0.57 0.41 

0.016 0.010 

3.6 1.8 

0.18 0.11 

0 .85  0.70 

0.26 ' 0.35 

0.11 0.11 

0.17 0.15 

0.71 0.091 

0.WU 0.0011 

1.0 1.1 

0.11 0.11 
0.11 0.11 - - 

86.14 86.09 86.19 

1 2 . 7 1  12.61 12.93 

0 .21  J.20 0 .21  

0.011 0.011 0.014 

0.16 0.70 0 .05  

0.13 0.21 0.19 

0 . 1 1  0.16 0 .15  

86.15 , 86.11 

11.97 11.02 

0.12 0.12 

0.009 0.001 

0.2 , 0.05 

0.11 0.24 

0 . 1 5  0.16 

9 . 0  8.2 

10 I5 
I1 ' 9.8 

9.1 8.6 

4 . 5  3.6 

1.0 , 1 . 2  

3 .5  6.1 

0.42 ' 0 . 4 2  

0.011 <0.008 

4 . 1  1.8 
0.11 0.16 

0.58 0.41 

0.16 0.19 

0.15 0.19 

0.065 , O . O M  

0.11' 0.08 

O.W?l , O.Wl4 

0.57 0.11 

0.41 0.41 

' 0.075 0.073 

0.011 0.014 

1.91 ' 1.78 1.00 

1.14 4.13 1.00 

9.3 1 4 . 4  11.43 

4.79 5.11 , 5.66 
3.79 1.00 1.00 

2.0 3.1: 1.29 

0.86 1.89 1.i) 
' 0 .86  1.11 1 .14  

0.01 ' 0.01 0.01 

1.79 i.u 1.37, 

0.08 0.11 0.11 
0.19 0.54, 0.17, 

0.S8 1.08 ' 1.57 

0.07 0.06 0.05 

0.11 0.14 0.14 

0.14 o,.i7 ', 0.10 

. t  t t 

0.11. 0.41 0.10 

0 . U  0.47 0.59 ' 

0.10 , 0.09 9.09 

0.11 0.11 0.06 

WE 5806-783 
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. -. 
.. 

3 . lb  

o.sa  
1.16 

1 . 4 s  

3.31 

O A 1  

0.01 

0.01 

0 01 

, 0.c1 

0.0s 

1.94 

4 .19  -- 
0.10 -- 
0.01 

0 . c  

'J .01  

0.08 

0.01 

0.01 

0.01 

0.JI 

0.01 

0.01 

0.01 

0.L: 

0.31 

0.01 

0.01 

0.01 

1.11 

0.01 

1.11 -_ 
1.25 

1.1 - 
0.01 

0.01 
0.01 

0.14 0. I 8  

0.66 0.17 

1.29 1.49 

1 . b 6  1.70 

0.01 0.01 

3.c1 3.31 

0 . 2 2  0.01 

0.01 0.01 

0.01 ' 0.a: 

b.01 0.31  

O.C,4 0.0s 

0.04 0.05 

, /  

0.01 0.01 

0 .01  0.01 

0.07 0.06 

¶ .55  16.57) 

0.31 0.J1 

6.1 1.13 

1 

1.95 ' 1 .17  

0.01 , 10.01) 

0.01 0.31 

0.01 0.01 

0.01 0.01 

0.01 0.01, 

0.01 0.01 
TO-1 14.11 

1.1 I L I ~ I '  
a 

n p  6l.01 

0.01 

1.3s 

1.98 

0.31 ' 

O.?? 
1 .0s  , 
0.86 

0.01 

>.I- .  

0. I?  

c. 11 
0.1s 

0.06 

0.06 

0.0002 

,0.10, 

0.M 

0.19 

0.01 

0.04 

481.1 

t 



'%,hi 

1 . 2  

" _ d l  

1.. 

1 . 1  

1-11 

c 
I ,  

,.* 

5 . 3  

.., ' . 
I '  

' 0.0.  

m u  
n* 

J.17 

3 . 1 7  

0.37 

1 1 1 . 3 1 '  

m . m  

.. 1 

- 
ht.1 11.6 

n. ... a 

1 Cornpars t o t a l  column u;th fuel anakfsis c o l m  

2 Sot inc luded in s u . . a t i o n  

4-73 rn 5x6-783 

. .  
. .  



.I 

TABLE 4-28. HASS,&VLYCE FOR TEST 13 

- 
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E S T  4-29.  MASS B U C F .  EYJR TEST 21 

r - 
l U . 1  AnoIyl l l  ' 1  

r I . C C I a n  SASS r i i w  , w s  1Fp;nq.r 5- TOL.1 
Ashi) 512% 

Lo.lnr , 

a rractron ll* 71. 84% 100% 
U"," Ib/hr lblhr ' lblhr lb/hr -. 

, Mmn :r).oos 
U * . L S  0.003 , 0 . 0 0 3  0.003 ' 

vuI.di- 0.01 0.01 0.01 C . 4 0  

I-" , s.03 0 .08  0.11 0.13 1 .45  

uick.1 0 .05  0 .01  0.07 0.08 , ' 0.85 

Xsqnes:u, 0 . 2 6  

U l C I U p  0.003 0.003 0.003 0.56 

5OdiiiD , .  , 1.13; 

5111cuh. 0.12 

, . u q a n - , a  0 . 0 1  0.02 0 .02  0.01 

A 1 ~ 1 n 1 .  0.M 

0.03 B.rIum ' , . ,  , 

, b a d  0.001 ' 0.001 '3.001 0.04 , 

TI" , , '  0.01 
k l y t d - n u l  . 0.01  ' 0.01 0 . 0 2  

Si1v.r I ,  0.0001 

Zinc 0 . 0 0 3  0.01  0.011 ' 3.03 0.15 

C0pp.Z 0.01  , 0.01 ' 0 . 0 1  0.005 

T I c y l i ( l D  0 . 0 3  

C O h l r .  0.w3 0 .01  0.013 0 . 0 3  0.01 

Chroaum 0 .01  0 .01  0 .02  0.006 ' 

5CrO"LLum 0.003 0 . 0 2  0.013 0 . 0 3  * 0.01 
?oOU..,Y. 0.001 , , 0.01 0.011 0.03 

S.l .".l  0.001 0.08 0.083 0.1 

U.Lr.L. , 0.01 0.03 o.o* ' 0.05 , . 
mc.1 c.rb0n 0 .  M 1.97 .1:11 1.69 

MI. car-" , -- 1.11 1.11 11.55) 
C.C8OILlC. -. -- 

S u l f u r  0.11 4.16 4.37 15:1711 1.7,1,  
, 

J"lf .L1 1.81 6,81 8.681 10.11 

, .  

n r d n .  0 .01  , 0.u2 0 . 0 1  

Z l r e o l l l ~  0.01 0 . 0 1  0 .01  - .. 3 
T O U 1  13.5 

TSP 19.8 . ,  

1 compare total  column witn fuel analysis column 
2 Not included in sunmLation 
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TABLE 4-30. MASS BALANCE FOR TEST 2 2  8 

v . 43.174 l b h  fu.1 f l - i  5.18 lbfnr p .dcu lacO 
c r w  ash; 10.1  lbfnr par t i cdata  from U S S  

rw1 Annr1y*r, 
1 

Fr.Cfl*D U S S  Pllcar s- , TOZ.1 
' t h a s t i o n  IOI 10% 1008 Ash-0.011I 

u l u u  Lbmr lzrv l b h r  lbhr 

Wren 0.001 

ArU.VL1c 0 . W l  0.001 0 . 0 2 ,  

vanadium 0 . 0 1  0.01 0.19 0.10. 

Iron 0.07 0 .07  0.69 0.98 

YICk.1 0.10 0.10 0.98 0 . 4 1  

i l l C l U  0 .29  

?:.qnr*ium 5.13 

0.67 Sodium 

silicon. 0.06 

mqlll... 0.002 0.002 0.01 J.005 

, .  

'Aluminum 0.02 

Lcad 0 . 0 0 2 ,  0.0"l 0 .02  0.01 

B a C 1 w  I 0.01 . . ,  

n n,,c TI" 

mpmr 0.001 

Si l - r  O.OW1 

i .  Zinc  0.002,  0 .001 0 .02  0.09 

I .  
F T i t . n i U B  0.01 

Cob.lt 0.001 0 .002  c:o2 ., 0.01 

S u l f u r  0.56 0.56 15.491' 86 

, .  

strontium ' , 0.005 

S d u i i u m  0.002 0 .002  0 .01  

Sulf.C. 1.18 1.18 1 5 . 5 1  

niczat. , 0.0004 

m u l  c u b  0.15 0.11 1 1 . 4 3  ' ' 

VOl. C u b a  - 
ca*ruc. - 

0.0004 , 0.004 
2 

, .  

, .  . .  - 
, I  . .  mu1 17.6 

, TSP 20 .1  ' 

I 

Y 1 Cmpare t o t a l  column with f u e l  ana lys i s  column . 
2 Not included i n  swnnation 
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TABLE 4-31. mss BALANCE mR TEST 24 

0.W6 

0.m. 

a.ma 

0.016' 

0.001 

1.11 
_ '  

0.01 0.016 

0 .  009 

0 .01  0.010 

0 .01  0 . 0 ,  

0.01 . 0.31  

0.01 0.01 

u.0, c.01 

0.01 , 

' a.wa 
0.04 

0.- a. 57 

0.09 1.52  0.11 

0.66 1.64 0.0. 0.05 

0 . 1 3  , 0.18 0.11 0 . 6 6  

I a.19 

0.30 

0.0.  0.02 0.q.  0.05 

0.08 . , 
, I  0.01 , 0 .06  

0.0. 0.10 ' 0.0. ' 0.05 , 
0 . 0 )  0.05 

0 . 0 ,  

0.01 O.OL1 0.0. 0.o) 
a.oi  c . m 1  

0.0, o . i r  0 .0 ,  0 . 0 )  
0.01 

0 . w  a m  0.s5 

, 0.26 0.01  , 3 . 0 .  0.01 

0.01 0.02 

0.01 

11.1512 Irn I I . ?  u7.mi 

0.0, 0.0. 0.05 

11.97 L1.1 15.11 

2 

- 
7.71 

, 5.27 11.u1 

10.131 

2 
5.71 

- 0.09 

, ¶mu1 I , . .  

n? 59.i 

1 
2 N o t  included i n  summation 

Comparetotal c o l ' m  with fuel a n a l y s i s  column 

I 

I .  

4-77 KVB 5806-783 
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TABLE 4-32. MAjS BALANCE FOR TEST 32 

I .  
Boron, 

Vanadium 0.09 0.09 0.1 
I r a  0 .  b l  0.09 O . %  0.6s 

XI&*: 0,lL 0.:3 3 . 3 4  , ,>.% 

J.13 J.73 ' 3.32 :.I: .... -..s 

?uqn.,.m 

Sodiu. 

.I 

C 

. sr:.colu 

Pun*.n.s. C L 

AI-nun 

B.r%m C L I C  

u.d c ,  C C 

* l Y t d O " U M  C L C 

c0pp.2 c 

s 1 1 n r  

' T l n  

t = 

' Z i r i s  , C t C ' C  

T I  tam Y 

C O M I C ,  ' c ,  C c ,  
Ch-um 0.11 0.11 0.13 
Scronrim 

C.WU9 C C t '  

,OIlMIY 0.13 0.13 , 0.1s 
su1e.t. . , ' ',15.2 S.b 10 .5  24.0 , 

t C t , 

1 
S U l t U  9.6 I 1 . 3  11:9 (13.91 

, N i u a u  11. 3 13.3 I S . 5  

t 3 . 4  -- 1I.S , .  
mcll camon 11.5 

T o u I  Is 
ns' 84.s , ' ,  

0 . 0 0 3  

2 .G9  

1 . 3 1  

2 . 7 3  

1.:4 

0 . 9 7  

2:13 

0 . 4 6  

0 .01  

o .a i  
0 .  I 
0.13 

0.94 

0 . 0 0 5  

"."1 

0.OWS 

0 .  L3 

0.015 

0.11 
0 . 0 3  

0.017 

a64 

1 Compare t o t a l  colunm vi-_h fuel analys is  c o l m  
2 NOG i n c h d e d  i n  summation 

8 .  

4-;a KVB 5806-733 

n . 
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TABLE 4 - 3 3 .  UASS BALWCE FOR TEST 33 

~ ~~~ 

MfJ" . 4.001 

vulbi.ua 0.01 0.01 o . 0 ~  i , 1 . 1  

YICk.1 0.1 0.87 e.91 1.11' ' 1.7 

A I S . N S  0.01 0.0. 0.01 

4. I 
. I  

I C M  0 . 1  .49 1.19 1 . 5 1  

c*:c,,a 3.39 :.a 1.11 i . 4 4  1 . J  

.*din., 1 1 0  1.1 

i o d l u m  , , .  1 . 1  

i4oqM.s. , O.Ob 0.06 0 . d 8  0 . 0 4  

AI-"- 1.7 ' 

' 8.11"m 0.06 0.09 0.15 0.19' 0 .  I 

b a d  5.06 0.01 , ' 0.07 'J.09 I 0 .  I 

T i n  . .  0 . G )  , 

c0pp.r 0.W 0.06 ' , 0 . 0 8  0.01 

Sll ico".  , #  2.6 

.wlrMenun 0.06 0.06 0.08 0.006 

3,lv.r 0.0006 

Z."S 0. I 0 . 0 5 ,  , 0.15 , 0.19 0 .05  ' 

Tic.nim I. , , ,  

C & l t  0.06 0.01' 0.08 ' 0.1 0.1 

,' 3 C C O " L l i P  ' , 0.01 0.01 0.01 0.01 

0.01 

CnlOLLU 0.1 O.,Ol , 0 . 0 ,  0 .05  

S u l f u r  10 4 .1  . i4.a Ile.d6r 410 

1- 0.06 0.06 0.01 . ,  

suie.c. 14.54 8.14 11.68 m.04 

I(LC..C. U.61 1.17 I ' '10.0 ' 1 5 . u  

mu1 c a m  1 2 . 4 1  - 11.47 :5.M 

vel. C.lbon 11.47 - 11.41 !lI :R6l'z 
C I I D O ~ L .  - -- 

I .  

C a u I m  b . 0 4  0.06 0.01 

S. l ." lY 0 .07 ,  0 . 0 7  , 0.09 

mu: 1 5 . 5  

R P  %.,e ' ' -.- I 

1 Cccqaze. :=tal  col-3nn with fuel a n a l y s i s  colunm 
2 Not: included i n  srmrmation 
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Figure 4 - i 7 .  Parz ic l e  s i z e  d i s t r i b u t i o n  for i t t i l i t y  
S o i l e n  , ( T e s t  1 1 ) .  . .  

Y 
c 

- 



:>-, ~ 3 .  Sanplinq T r a i n  ui:h mpinqer  

0 JOY ~ f g .  sam2linq. t r a i h  Without Impinqer 

e SASS Train iid Gpinqer  

0 sass t r a i n  :ii*L?out :mphgcr 
, ,  

Figure 448. ? a r t i c l e  3 i ze  d i s t r i b u t i o n  for u t i l i t y  b o i l e r s  
( tes t  12). 

I 
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8 

6,  
5 '  
4 

3 

4 
= 2  

- .. 
.. - ., 
;I 0.3 

, z  S . 6  
7 ,  

5 3 . 3  
0.4 

' d . 3  

c . 2  

- 

, o . i ,  

, 

50 . - 1 1 1 1 1  I I 1 1 1 1 1  I I  
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/ .  - 
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' I  

., . 

Joy Xf,q .  Sampling T r a i n  ili'h Inpinqer I >XZ: X O c h L m  

.Pique 4-19 .  Particle size distr*ut ion tor util it .{'joilerq ( T e s t  1 3 )  i 

4-82 KTE 5806-733 
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. . . . .  
. 

I. 

I 

JOY nfq.  S&npli.75 Train ~ i r h  Inpinqer 

0 J& Mfq. sampling Train without Impinqer 

SASS Train With Impinyer ' 

0 SASS Train wi>hout impinqer 

. 'i 

F i g u r e  4-20. P a r t i c l e  s i z e  d i s t r i b u t i o n  for u t i l i c f  
b o i l e r s  , ( T e s t  211. 

I .  

. 



... - 
N 
>l 
- 

I ,  

QSAS; Train ;<i:i Impinqer 

O S X S S  T r a i n  Xi:P.out Inpinqee  
, ,  

, 

F i g u r e  4-21. Particle s i z e  3 i s t r i h t i o n  :or u t i l i t y  b o l l e r a  
( r e s t  221:  

, , '  

c . 
I. 

' 4-d4 

. I  

. .  . .  

. . .  ... 

c 
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0.1 

L 

I I I I I I  I I I I I I I I I  I I I I  J I  I 1  

10 
8 I I I I I I  I I I I I I I I I  I I I I  . I 1  I 

5 1 '  
4 L  

- - 2  3 t 1 

WEIGHT, PERCENT LESS T" STATED SIZE 

m J o y  Wg. Sampliny Tiain With Xmpinqer 

[3 JOY xfq. sampling Train irithout rmg. 

Curve not 
because of insuf -  
f i c i e n t  c a t c h  i n  
1;m cyclone 

\ 
I 

. .  

Figure 4 -22 .  ? a r t i c l e  s i z e  d i s t r i b u t i o n  tor  u t i l i t y  boilers ( T e s t  23\. 

I (  
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3 JJY 359. SaTpl ing  r r a i 2  wiL7 imnpinger 

0 Joy Mfq. Sampling Tri in  Without Impinqer 

,e SASS Train With Lnpinqer ' ' 

, 0 SASS Train Without Impihger 

_. 

1 . I  

I '  , 

Figure 4-23. P a k i c l e  s i z e  d i s t r i b u t i o n  t o r  
u t i l i t y  boilers ( T e s t  2 4 ) .  

, .  r 

. 
c 

4-36 KVB 5306-733 
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wEIGHT, PERCOJT LESS T" STATED SIZE 

a Joy Yfg. S m p l i n q  T r a i n  With  inpinger 

, , 0 Joy Mf3. ,Sampling Train without Impinyer 

.'SASS Train With Impinger' 

0 SASS Train without Impingar 

. .  
Figure 4-24. P a r t i c l e  s ize  d i s t r i b u t i o n  

for u t i l i t y  b o i l e r s  ( T e s t  32) 

j , '  ' 4-87 KVB 5806-783 
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10 

8 

6 

5 
4 

3 

2, 
4, 
il 
N - 
'111 

.. 

.' 

v . 

WEIGhT', PERCENT LESS THAN STATED SIZE 

I 

J a y  X?S. S m ; ? i &  Train wiL3 Impinqer 

0 JOY Yfq. Sam?linq Train Without Imphqer 

SASS .Train With Impinqer , I  

' 0 SeSS 'Train Without Trnpinqer 
, .  

, .  
c 

. .  

f i p r e  4-25. Particle size d i s t r i b u t i o n  for 
u t i l i t y  b o i l e r s  (Test  3 3 ) .  . 

c 
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'I il 

T e s t  No. 

11s 
llJ 

12s 

1 2 J  

LIJ 

23J 

24s 

2,'J 

32s 

, 125 

135 

I I J  

21s 

2 1 5  

Weight Percent o f  Par t ic les* 

'1oYm 10-3Um 3 - l m  <l l lm  

3 2 1 94 

9 3 3 ,  85 

2 3 5 90 

9 1 3 a 5  

2 0 .  C 38 

a A .  1 , 90 

' 5  2 . 5  ' 3 . 5  I94 

2 0.5 6 . 5  97 

1 1 1 , 95 

0 . 1 5 . 9  1 96 , , 

4 , J  5 8 7  
, I  

8 1 1 90 

0.3 0.1 . .  1 98 

0.9 0.4 0 . 7  98 

22s 

Yean., 

0.1 0.9 4 35 

4 1 2 91 

. .  , , '  

For two oE the  tests ( 1 3 J .  2 3 5 ) .  the amount of matter co l l ec t ed  i n  the  middle 

cyclone w a s  'so m:l t h a t  rhen p l o t t e d  on the s i z e  d i s t r i b u t i o n  c u m e  i: would 

appear  to  g ive  a v e r t i - a 1  l i ne .  

were not  drawn. 

Curje t o  outs ide  the  r d g e  oE 1-10 m. 

and when pro jec t ions  are, made t!!e error i ? ,  doing so i s  g rea t ly  increased. 

For t h i s  reason the  l i n e  Lor these  tM tests . 

Care must be :&en when pr0;ect ing the s i z e  d i s t r i b u t i o n  

This  is  outs ide  the  range of the Lata 

Taken  from F i q u r s  4-26 

, I ,  

4-89 



Figure 1-26 is &e p a r t i c l e  s ize  d i s t r i b u t i o n  range determined f o r  t h e @  

u t i l i t y  b o i l e r  tes,ts. 

d i s t r i b u t i c n  range with the *pinger ca t ch ,  and the  area betwean the  dashed 

l i n e s  is  without t h e  impinge+ catch.  The mean p a r t i c l e  s i z e  including the  

bqinge;  ca tch  (i.e' .  p ~ t i c i e  s i z e  a i  the. jOa a o i n t )  

Tk? area between the s o l i d  lines i s  the  p a r t i c l e l s i z e  

is  l i . 5 ; ~  than @.,l PI. 

3 . .  P i r t i c u l a t e  ma'ss b a l a x e  (element; i n  ash  vs.  e i e m e r g  i n  pa r t i cu la t a '  

catch)--The nass of each element i n  the  a sh  of tho fue l ,  gci.lg into the atmo- 

sphere as p a r t i c u l a t e s  (.second law of thermody&x ics) . Tab,.:- 4-26 l i s 3  the  

:esul ts  of  the  f u e l  a n a l y s i s  f o r  each of  t h e  fue l s  burned f o r  c,ach u t i l i t y  

b o i l 2 r  :ar:icuiara z e s t .  

ci7e fxcl analysis, the toilowin5 equacicn was used: 

__. 

~s calcul-ce tk-2 nass r.>te c i  sac5 e lenant  cram 

IN ( e k m m t  % / l o o )  x (asn%/100: x (lb/h- of f u e l  burned) = Lb/h.T ot Glenent 

Chemical :3ozpos i .- t i on  

, T a l e s  4-17 t o  4-24 present  t h e  chea ica l  com;diition f o r  t he  Various 
uti;iiy L - : .  - -  c --..- I.. ^.?i _ _ _ _  ilviAsL .,. ___.. r.6- e!?= 2rLca-ry cons t i t uen t s  of tfre ;a  i t i c u l a t e  

matter was found to  be s u l f a t e s  ranging, from 20 t o  50% by weight. 

de t eDined  by L3€ should be 1/3 of the  percent  a f  t he  s u l f a t e s  determined by 

wet chemistry. Tha table shows i u l f u r  based on the s u l f a t e  analysis  and on the  

.W analys is .  The agreement is f a i r ,  some'timeri t h e  XRF value i s  higher  and 

o the r  t imes ,che  s u l f a t e  .!al,ue i s  h igner .  

dete.nL?ed b;r accura te  wet ch?i3::=, techniques. The X3.F method fsr s u l f u  is 

o n l y  a?uroxinate because s u l f n r  is on the 1 ~ r  l i m i t  o f  t h e  W' sens i t i v i ty ' .  

t h e  n e x t  l a r g e s t  cons t i t uen t  is to t a l  carSon averaging app.roximately 101 

slt??o-igh valses vary f r o m  1 t o  85%. The val,xes report4d ire. the .average  of 

two decerminations and seve ra l  appazent o the r s  were retested add confirmed. 

The s u l f u r  

The s u l f a t e  value is the more reliable 

The c t h e r  e lenents  l e t e c t e d  L? xa ;u rab le  q u a n t i t i e s  are i ron.  n i c k e l ,  I 

ar,d w a l e s s e r  axteril: ca!.cium.' 

fowd:  . barium, coba l t ,  s ~ . l e n ; m ,  potassium, titanium, vanadium. and z inc .  

Traces  o i  the following mtals were also 
I 
c 

KVE iis06-m c 4-90 
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Figure 4-26., s u m  of p a r t i c l e  s i z e  d i s t r i b u t i o n  for u t i i i t y  b o i l e r s  
(15 tests) 
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?he resdts  cE t h i s  za lcu la t ion  Z x  each elament :.re l i s t e l  i n  :he l e f t  

column i n  Table '4-26 to Table 4-31 fo r  each t e s t .  To calculaca L?e mass 

' r a t e  oE each elemontal € r o d  t h e  chemical a n a l y s i s  of the p a r t i c u l a t e  catches 

the following equation vas used: 

% t r a c t i o n  
) x ( p a r t i c u l a t e  emission 1Whr) (element % 

100 100 

i 

' .  5-32 

. 
* 

L5,IY.m -' m d  

1.1. 

&.n 
&.n 
1.36 
7.,7 

1.u 

I.01 

1.m , 

1.35 ..,, . 
1.m 
1.1. 

1.Y 

1.3. 

1.n 

1.U 
1.10 

1.W 
.I . I 

. .  
I I 



.. .- 

* .1 

%e averaqe emissisn f a c t o r  f o r  L\ese tes ts  is 2.77 U / ~ O O O  gal. 

<?is value is about half emission f a c t o r  L?at :?e SCXQMD uses  i n  , t h e  

EIS system. 

lou sulfur  10.25il r e * p i a t i o n  has t e e n  in e f f e c t .  Figure 4-27 plots t he  

e k s s i o n  f ac to r  w 'Euel, sulfur conte.?ts. P a r t i c u l a t e  emission da ta  from 

severa l  sources have Seen obtained t o  qenerate  L\is ? lot .  "he rela'iortshi? 

from A?-42 (Ref. 4 - 7 ,  top l inel ' ,which u e s  only cfle frmn: L.i:f of  Lh.e pr t i -  

cu ia t e  za:ch (does not  include i.npL?c:er cazch] s e e m  t o  be 5iqh c s q a r e d  -0 

t h o  obtained da ta .  The r e l a t ionsh ip  glven by SCApW ( R e f .  4-31 which is for  

t'le ~ ~ 2 1  c h t c h  ( i q i n q e r  catch i.?cluded) seems co r rec t  fpr  hi,qh s u l f u r  f l e l .  

but  seems too h i q h  for laver s u l f u r  .f-ieis. The re:ationship given by Goldstein 

%-.i <:?.czi I? .=<.  4-11 seeas :o f i r  ' ~ T T  of  =he iifi ?rese?.'.ed here.  '&..at 

;j _ ^ l  a7: ._.^_ _-.. 5~zz:r 52: t>* 1 . 2 5 1  s'i1<.;r 5-51? ?+.e aver,;= 3 5  ::.* i j  

~ , 3 , ' X . U . t e s t s  .;as 2.77  15/I!lW q3L a.?d ~ ? . e  a.rera;e oi six o the r  ? ~ r c i z L a : e  

--a-a 23s 2 .  3 :j/:XQ ;ai. ' The missim f ac ro r  is 3;iqgested 'a 'be 1.0 lJ / iJOd , 

Eowever. 

Phis is because E:E system has not been updated s ince  the  neu , 

I .  

.- 

- ~ _ - _  
, ;ai. 
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4 . 2 . 5  In t e rna l  comkffisuon En.jines 

IIV, 8 A. ' Process Description-- 

, The i n t e r n a l  combustion engines, for this sbddy. are i n  qeneral ,  l a rge .  
ii 
, I  heaby-dut-j. qeneral  u t i l i t y  rec iproca t ing  en;ines. T h e s e  are general ly  used 

ea generate  e l e c t r i c  F w e r ,  ta  pump gas or o t h e r  flcids,  or to compress ai:  

, 5 3 :  a x m n z i c  ? a c h h e r ( .  

, 1. The funcrion t i€  Ghe I C  engine i n  T e s t  7, is to  >& fluids.' TILS is 

The f u e l  w a s  digested gas from d cli=ax. gas t.Jeic4. rec i2roca t ing  engine. 

d 'WdStB 3 i 3 9 3 d l  OperatlO7..  

, 9, 

c)r 

2 .  The f,&?ction of the I C  enuine i n  'est 15 i s  t o  g e n e r a t e . e l e c r r i c  
, .  = ~ ~ ~ : ,  -.. ~ ..-- . _.._a -.- .. n?, z'+-zoc?.ir;e3, diesrl-t_s?$.2 !Z%l a?.;--= 3's za?::fa:- 

- , . - - J  _C ' sy ELec::c >lo:ive 2 i v i s i a n .  Ganaral Xotors ; x?orar ian .  ' 
, ,  

. 
3. ? a r r i c u l r t a  T e s t  Set-cp-- 

1. TPSZ 7 ,  :C szqine wit?. d i g e s t e r  gas fuel--Tdo Sdmpll?: t r a i c s  were , 

,xacl sLnultL-.5ously at t he  sa.= locatiort on the e,-clnust duct of t he  IF 

engine. This sa.qLin9 s t a t ron  w a s  on t h e  v e r t i c a l  s ec t ion  of r'ie duct  'L5-?,'3" 

diamereil leading t o  t h e  a tmsphere .  a t  least  s i x  duct 'd iameters  from t h e  

neares t  bend. Tbe ve lac i ty  prof i le  i n  t h i s  duct  is  l i s t e d  i n  Table 4-34 

T h e  pd r t iC i ld re  sample, w a s  taken through a 9/16" nozzle for t he  l a rqe r  s ~ S  

t r a i n  a t  'Ie1oci-y Point 6 dnd throuq:i a 5/16" nozzle for t h e  smaller' Jay 

t : d b  dk ?Olnt 7.  

2. T e s t  15 ,  I C  engine vie., t 2  d i e s e l  f u e l - a n l y  t'ie sa i l le r  ;oy t r x n  

'/as used t o  sdmple 9ar;iculates :ram : h i s  source. me s d u p l i n q  s r a t i o n  w a s  

Locatrd on t h e  M r t i c r l  sec t ion  of -he 'dvc t  (18-1/4" diameter1 

Juffler ( 5 e e  ?iqum 4-2a). The ve loc i ty  F r o f i l e  in  the  d l r t  is l i s z e d  i n  

T a b l e  4-35. 

'Iel?ci-.f .Points 1, I ,  and 1 for SO minutes each. 

C.  ? 3 r t i c u l a t e  ?est xesul ts - -  

l r ad ing  to G.e 

?he p r z i c d a c e  sauple was taken ,throuqh a 1 / 4 "  nozzle a t  

me r e s u l t s  of the t e s t s  ( T e s t  7 and Tes t  151 discussed i n  t h i s  sec- 
Zion are' lisrs? i n  'iajle 4 - i .  Elemental composition. s u l f a r e .  n lz race ,  a n d .  

', 4-95 W E  5806-783 
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T U L E  4-54., VEiCCITY P W F I X  FOR 1NTE:tVAL COMBUSTICN ENGINE 

(TEST 7 ) '  ' 
" - 

p l a t  

9/16" n o x l  

~ 

Velocity Drs tmce  from 
end of duct a i n t  8 ft/sec ?olnt Y f t / S P C  

1 48.4 5 , , i6 .9  0.3" . .  

1 . 3 "  , 2  4,7. 7. 6 59. J 

61.2 . .  2.6" R 5 8 . 1  ' ,  R 

' 3.9" 3 59.3 7 60.6 

4 5 8 . 7  '8 ' 60.0 4.8" 

Average:. 56.0 ft/sec 

285 X F M  ' ,  
' ,  



TABLE 4-35. VEILCITY ?IIoFiLE iOP. IC, fNGi!IE 

LE= 15) 

. 

,.I . 

Distance fr3.o 
internal wall 

~ 

0.6" 

2.0 

:.7 

6.0 

9.4 

,12.7 

15.1 

16.8 

1a. i  
.. . 

. -. 

..C' 

1 ' 137 8 97 

2 134 9 61 

3 142 10 72 

4 131 , 11 ' 77 

' R  102 E 93 

5 102 13 43 

6 Ll8 14 104 

7 134 1s 111 

8 137 , 16 116 ' 

Averaqe: loa f t / s e c  

5508 SC.? 

.- , .  

4-38 KVB 5806-783 
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carSon m3lys is  were de ters rned  for  all t l a c t i o n s  of F c i c u i a t e  catches 

vhic? .contained weights i n  excess of 100 nq. T h e  derails tor  tfiese pro- 

c d u r e s ,  are discuss+. i n  Section 3.2.2. Tables 4 - 3 6  and 4-37 l is t  Lie 

r e s d t s  from t!ese ana lyses .  

3. Discussion o f  R e S a l C s - -  

'i 
,A 

d ' 

i. ? a ~ - i c i e  5::e Cistrihutisn-;?igure. 4-29 is a ?:,: s a r . i c l e  ji:r 

( 2 ~ )  7 s .  dC=\rTXldtad srelght Zercent, :?e 1d::er plocced on 1 probabi l -cy 

sca l a  as e-iained i n  Sect ion 3 . 2 . 3  a. 
incladinq :?e ispinge: catch,  and r!e or!er i,Toring it. Considering the 

W' cuzves ara p:esented, oae 
~ 

' ,  
::o:e  at :::e s i z e  of  p a r - i z l e  a:?ears :a be snwller far.:: ensices 59xni.:; 

j i g e s t e r  Gas than for IC engines usinq 1(2 d i e s e l  f u e l .  

2 : '  C>eXica: z % F s i t i c n - - T 3 t l e s  4-36 an2 4-37  ;ist :he r s s s ~ t 3  frzn ' 

:!e chenrcal  a;al/s!ls d f  t he  p a r t i c u l a t e  f r a c t i o n  far eac! of ,th0 t e s t s  

a2scussed i n  t h i s  sec t ion .  ?or Pes t  7 ,  sulfates and c a h o n  are m s t  abundant, 

followed iy ch'orine. The f u e l  m a l y s i s  of Ghe diesel  o i l  used  for T ~ s :  15 

is l i s t e d  in  T&le 4-40. For T e s t  15, s u l f a t e s  and carbon are mst  

a i * ~ i d ~ i t  falla,ied i-! c a l c i m  on the f i l t P r .  

3. Emissions and emission factors--€m.issicns and emission facLors can 

be Lisred with se.ieral d i f f e r e n t  un i t s .  . The following lists some of these 

emissi3ns and fac tors .  

. %  

m s806-7a3 , 
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, .  . .  ,' . .  

Fuel--Digester Gas Fuel--1(2 Diesel  O i l  

u n i t s  ' . T e s t  75 Test  75 T e s t  155 

qr/DSC? ' 0.04 , 0.02 ' 0.03 

T/yr 0.4 0.2 4.5 

IUXr 0.09 0.04 - L . 4  

Lb/?"MBtu 0.C6 0.03  0 . 1 
l b / ' l O W  Sal buzzed -- -- 
lW1000 ga.1 Surne& ( R e f .  i) -- -- 
Ib/LGilL1on f t  11.5 5 -- 

8 

I 13 
' 3 '  

' ,  1 
, .  4 . 2 . 6  m l a n 3  C e - ~ n z  !'+iuficturiz , ,  

'?- ?rac?ss >es:ri::iar~ ( 2 2 2 .  4-L: z s  :-i2) --?>rf1~?.7L! :?:e:: -a:2!3=?2:2 

XCDL?CS f>c  *ol;z 3 i t  or' t i e  ':~T.M,: ?r>&ccran i n  :>.e cT.icac iza:Ji'. I:.* 

70:s LSL? IC. raw iatarrals to zbie :enert '"a:? be ? i v : ? e d  i n to .  foilr bas lc  

cocponer.ts: l ine  (:alcireousl, s i lFza  ! i L i i c e o u s ) ,  a l u c u x  ( a r g i l l a c e o u s ) ,  

ar.2 i.;or. (Fer=-farous) .  Apprsxrsate:y 320C pocnds of d-q r a w  mterials  a r e  

, , ,  

L a - . . : - a >  - _  __I ;:cd~:e s:.i carI j f  :e:eic. .x;:ra,xi:ate!y 3 5 +  'of the  z w  ,?.a<er:31 

veiyht  i s  remved as carbin dioxide m d  wa:er v&or. 

32,  :ie r a w  nazer ia ls  uncer-io, s e w r a r e  c-shing a f t e r  cSe qcar=/inS operacion, 

and irhe:i needed for processizg,  a r e  proportioned. ground, and blended using 

-ne 5-7 ;recess. 

As'?hovn i n  F i q u r e  4- 

. ,  , 
In  t>e d q  >:>cess, t h e  misl*;re content of t h e  raw material. i s  

reCucel to , less  t b n  1\ aiL5er before  or during ti?@ 7r inen .q  operat ion.  The 

dr ied  za:eria:s a r e  t h e h  p:,,ezize< i n t 0 . a  >cw?er m t  fed direc:?y i b  a 

rotarf k i l i .  Us i a l l y ,  t h 3  k i l n  is a long, ho r i zon ta l ;  s teel  cy l inder  wiL5 , , 

a refraCtOrl br ick  lining. 

about,  t he . long i tud ina1  axis. T??e gulver ized rzw m h t e f i a l s ' a r e  fed ' into :he 

upper 2nd and t r a v e l  slowly to  t:ie lowar end. The kilris  are f i r ? d  from the  

lower end so t h a t  t h e  h o t  jases pi.zs IIFdar5 and t h o u g h  the  1u.1 material. 

D r l i T . q ,  Jecarbonatinq, and ca lc in ing  a r e  accomplished as t!ie m t e r i a l  t r a v e l s  

through a heated k i b ,  , f inal l . j  burning tp i nc ip i en t  fusion and fominq  :he 

clirLez. The c l i r -ke r  i s  cuole3. x i x e d  w i t h  about 5% qypsum by weiqht , ,anG 

graund t o  =!e f i n a l  p,rgdcct f i n e m s s .  >,e zeuent i s  f h ~  s tored  for  : r tsr  

packaging' and sh-pmenc. 

. .  f i e  k i l n s  are ' s i i g h t l y  inc l ined  and r o t a t e  

' 

* . 

cahr. 4-31 . . 'KVE 5%6-783 f 
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SASS SASS ' JOY 
P i  l trr  Impinger Impinger 

SAwrLE 0 975-5s 15-1: 7 J - I C  

2 

2 

7 . 2  

< 2  

( 5 . 2 )  
- - 

13.5 

I 6.3 

(2 .1 )  

a .4  

92 72 

t t 

( 7 . 3 )  ( 2 2 )  

t 

4 3  43 

( 1 4 . 5 )  (16) 

f 

t , '  I 4 . 1  

22 20 

2 8  65 12 

72 35 , .28 

loo+ 100% ' l C O \  

c 

1 

1 

1 

I '  

1 1  

4-151 . .  



. .  . .  , , I '  

~ ~~ 

12. j 2 5 . 4  11.3 

Chlorine 

Iron 

- i  

* ( S u l f u r ,  from SO.) 

2 
x i t r a t e  ( H  0 sol)' 

- 1 2 . 7 )  , ' 

i 

( 7 !  

Tota l  CarSon' 5 . 3 4  t 1.14 

' t  
( V o h t i l e  carbonf -. 
(Carbonates) I ,  

T M X  .W?L?ZED 

I .  

(1.0) - 
19' 3 21 

S 
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:3'/ Mi?. id.71?11;13 Train With Impinqer (Test 721 

0 j a y  sfy. sanblinq Train without Impinqer ( T e s t  75) 

0 SASS Trajn With Impinaer ( i 9 S t  751 

0 SASS Train Xitibout Inpinqer ( T e s t  751 

' ' A;.Y X f q .  Sampling Train v i t h  Izipinqar ( T e s t  1%) 

*; I 

, , ,  

AJoy Xfq. Sdmplinq Train without 1mpir.qer (Test 1%) , 

I )  P l p r e  4-29,. P a r t i C h  S i z e  d i s t r i b u t i o n  tor IC eng ines  (Tes t  0 7 )  

KVB 5806-783 
4 - l b 3  ' 'N 
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-. -- - .-a 4-38. RESULTS OF FUU RNXLYSES 

EZXL TYPE do. 2 DIESEL 
(FOR TEST 15) . 

sampis 

Carbo?. P 86 .23  
- - 

Hydrogen, 0 " 13.28  

Nitrogen, % O.Oi7 

Sulfur ,  3 0 . 4 1  

Ash, % <u .oo i  , 

o q p n ,  % 0.3fi 
Heat of Cambustion: 

cross SCU/lS 19,670 

N e t  a t u / u  18,560 I 

S?ark Sour=& .Qss Spectroqrazhic Anaiysis  u'? the Ash 

UT\ - 
- 2  
+ & I 1  . i 7 . j  

Boron 0 . 2 3  

S i l i c o n  9.7 

i 

t 

Manganese , 0 . 6 8  

Iron 17.0, 

.Maqnesium 7 . 9  

I Lead 3 . 4  

Aluminum 2 . 4  

Copper 0 .79  

Zinc 7 . 1  ' 

, caicium 0.Y4 

Nickel  ' 0 . 4 1  

T i t a n i w  , 0 . 6 4  

. .  

' ', 

Cobalt 0.32 ' '  8. 
I ,  . 

ChromiA 0.086 

, .  ' ,  PI0 5806-783 ' +. 
I , #  

I .  4-134 , 
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>?:'-a 12-3'2 3-::m < 1-3 

a , '  32 40 20 
I .  

-._- .%.-- 3 .  3as ::red 

.._ 



. 
'* 

I .  

1 11.1 , 41.5 

41.1 
J 3 1 . 6  ,4.15 
3 ' 30.1 19 .7  
P 11.1 17.8 

19.1 , 

J 3 . 2  
c . 7  

11 36 .8  41 .0  

I4 34.1 41.2 
u 11.1 41.3 

, a  ?I. 1. 18.4  
39.0 
39.1 
'39.C 

6'  

1 11.1 4 1 . 1  14-1/8 

a i  I , . 11.6 . '  
11-1/8 

'2 
5a-112 

9 1 - l i I  6 - 
:19-5/3 7 -- 

8 -_ . .. -.' 
U 11.6 46. a 

11 Y . 8  u . 4  

6 - ,  
31-3/~ 

24-1/8 , 

71 

, 1 3  

50- v2 
. 33-112 l b .  P 

109-5/0, I1 ' - 
12 1 ' P  -- -- 

A-r.9. , u.8 rvSu 4 0 . a  rt/.= 

KVB 5806-793 4-107 
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lOUm 33n 
C-clone C-clone F i l t e r  
95-2s 95-35 9'3s-55 

23.7 

2 1 / 3  

t 

1.2/c. 1 

1.4/D.3 

I 1. 2:'? . 3; 

3u 

1.26 

('3.42 I 

t 

16 

(3.221 

(3.79) , 

41 

53 

1.323 

36.5 

22/3 16.1/3 

' e ,  
t f 

1.5/9. 3 2 . 4 / 3 . 4  
.. . , -  ._.., ..;; 

t 

:3 .. 
I. 

1.63 4.i7 

( 3 . 5 6 )  (1.42) 

t t 

19 

12.66) 

(3.101 

45 23 
55 77 

100 \ 120% 

a 
I 

I '  . 

I 

' :  

4-138 
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I -  

- .  
'i . 

3 

,' _- 

.. 
$1 

2 5  20 2 2  , ' 2  25, 

1.32 , 3.3 3.2 io  6.; 

(tl , (1.25) 11.061 123) (2.11 

10 3.9 11.4 4.1 4 . 7  

(4 )  (4.11 ( 4 . 7 )  3 . 3  

(6 .3 )  ( 7 . 4 )  13.5) ( 4 . 4 )  

17 14 37 BO 36 

63 66 63 20 64 

100% ' 130% 100 3 l o o t  100s 

t C .- 3.2 . 

c 

: 
I 

1 

, '  1 

3 

I 1  

m' 58C6-393 

/' I .  
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The man p a r t i z l e  s ize ,  including the  inpinper .  for T e s t  i a  1 s  1 5 D  and 23i;m'  

f o r  'Pes: ?: i.moring the  impinge: catch it is  2 7 m  f o r  50th res;". 3 e s a  re- 

s u l t s  are siauldr t o  oeber sire d i s t r b u t i o n  data avai laSle  i n  t h e  l i t e r a t u r e  

(Ref. 4-11 and 4-14]. 

2.  Chemical CommSFtiC:. Tabies 4-40 and.4-41 1 L s t  t h e  res,;l:s fzsm 
t he  chemical ana iys i s  o f  the p a z t i i u i a t e  f r a c t i o n  for eacn o f  <ye t e s t s  

d i s c s s e d  ,Ln this seci ion.  C a i c l . x  is the amst ?zedoz~z .~ - . :  s ~ e c i e s .  as on2 

vcul? expect. Carbon is second m s t  abundant. 

t r o m  Gbe uncombusted f u e l .  

for zoai  f i r i n g  Lbk? x t u r a l  gas f i r i n g .  Sui face  is t h i r d  mst  abundant k-d 

:ends to concentrate  i n  G+te Lmpingers. XS azqec ted ,  s u l f a t e  concen:ra=ion 

Its o r i g i n  i s  mst l i k e l y  

The concencration of car5on is  s l i g h t l y  more 

- .  . .  
15 nL;.-.er 5s: 23.3; f i r +  :*..an qas z::i:.;, 22 := :.i;:.e: a _ _ _  - . * ' C . .  .: :3:.zs:: 2 5  

5 9  :,:el. ? i i t za tes  a l s o  tend t o  end '12 i n  t : t ~  13pi . lger .  iron dE2 j o : s s i ~ ~  

in th2 rlnge O f  1% O f  t h e  C J t d i  pdZZiCUhZaS. A 1 1  55'.2r eh!IeI l tS ?Asted 

'der5 det.ecte? in  t r a c s  kwilrts. 

3. Sn i i s i cns  and anis.s:an factors--Lnist;ions azd e n i g s i o n  f a c t o r s  c a  

The following l is ts  some of ches-. be l i s z e d  ' r i c h  severs?. d i f f a r o n t  uni-s. 

e n i s s ~ o r s  k?d f a c t o r s  k--tsed on q o s e  t w o  '.ests alone.  
. 

T e s t ' 9  (gas1 , T e s t  19 (coal)  

q r , O i C ?  0.0056 0.0099 

T P f r  22 48 

Lbf i r  5.9 12.5 .  

13/ton produced 0 . 2 1  0 . 4 3 '  

:b /51  2 r c d x e d  41.041 0.034 

4 . 2 . 1  Calcinat ion of cyosun 
. .  

*sum is a mineral t h a t  occurs i n  large depos i t s  throughout the 

I t  i s  hydrate2 caiciirm l iu l fa te ,  V i G t  t h e  formula CrS04.2H 0. , 'When world. 

heated s l i g h t l y .  the  foliowing reac t ion  occurs: 
2 

C a s 0  ' 2 H  0 - .:SO Sls + ?-i/i S20(g1; 3 - +19,700 c a l .  4 ' 2  4 c 

KVE ,sao6-;a3 
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3 .e  best  locar ion  fo r  t5.e surr; l ing of par t i ,=ula te  w a s  at tSe 5aqho-e 

exi:. 5-.:c,::qh a 3" res: :ar: Located La t he  stack 3 :t above t2e ecof ( see  ' 

P:q.:r? 4-32)  . 
X 3ne-inc3 zozz le  w a s '  used t o  3 a p l a  t..e p a r i i c u l a t e  laden gases from Veloc iw 

? o i n t  3 . ,  The .yM cbjec t ive  was t o  sample ong complete batch. However, I'ue t o  

i s i n o r  'di:i:c:lvf of e lec t r ica l  poder consumption for ,e?e samplinq t i a i n  the 

tail e?d o f  one ba::h .md the f r o n t  end of t ! e  next  batch vere  aamp,lec! co 

a;prox;m-e one c o w l e r e  3 a t c h  cine. 

c -. ?est Results-- I 

?>.e ve loc i ty  p r i f i l e  i n  =\e s t a c k  is  l i s t e d  i n  Table 4-42 

I .  

, 

. 
' , T3e'resul:; of r5is t e s t  (Test  0 6 5 )  discxssed in t h i s  s ec t ion  h're 

l r s t e d  ia Ta5I.e 1-1. u j o r  e?er.ental c o r p s i t i o n ,  su1fa:s. n i t r a t e  and 
, .  

1, 

' 4-112 
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, , 

3isrance 
From End 
of 73:- 

6-3/3 

9-3.18 , 

, 13-1/4 

13-1/3 

26 

33-1/2 

38-7/a , , 

42-5/9 

45-5/3 

Average 

.. , 

' le loci t'f 
h ' s e c  

14.1 

18.6 

17.2 

ia.6 

13.6 

17.2 , , 

15.7 

1 4 . 1  

1 4 . 1  

1 6 . 4  

'? 

Y z 



. 
I. 

carbon a n a l y s i s  'were A t e r s l n e d  for  all f rac t rona  of  p a r t i c u l a t e  ca tches  

which contained weishts i n  excess of 100 mg. The d e t a i l s .  f o r  these  procedures 

are discussed i n  Sect ion 3.2.2. T a b l e  4-43 l ists  the r e s u l t s  from *ese 

a i r  ly ses . 
3. Discussion of Res,ults-- 

1. ?Jl:trc:e ,:=.E ~ i s t = ~ 5 , ~ t ~ = ~ . - - ~ : ~ ~ : r  ' -33  : 5  d 2:oe of ?a.-r'.:l& 
~ 

s i z e  ('9) vs. acc3&+ated weight percent ,  the,  latter ?.Lotzed on a probab i l i t y  

s ca l e  as r v i a i r . e d  i.. Sect ion 3,.2.3 8 .  

?.ncluding LL.e I q i n q e r  cacch, and the  oG!er ignoring it. Considering tSe 

r m a i l  anom: i13t by , w t . )  of material collected in t he  i sp inger .  it would 

s j n m  t 3 t  eke e f f e c t s  of ?seudo > a r t i c u l a t e s  would be  present .  ?berefore .  

T W O  M s w e r s  are p r d s e n t d .  one 

_. . - -. - . . ._l_ . - :3:z?. *.a; 5a:i.:..2-l :J >e ;:,:z::y :.cy L. lC? .2?e . l  i.l ::e :.e!ts',:e- . .  
7en-s  of  Z5e ius?ended parti :ulat ,es.  

L i s t r i k u t i s n  r.05 i?c:-dizq :?.e ~ r . ? i n g e r  = a e = i ,  taken  f r s m  ?igxe 4 - 3 3 ,  

The bredtlown of, che p a r t i c l e  s i z e  

1s dS follows: 
, I  . ,  

The p a r t i c l e  s i z e  d i s t r i b u t i o n  curve.  Figure 4-33,  i nd ica t e s  that  t?e man 

pa---ic?e si-e is 3 . 0 ~ m .  

hea l th  effec-a! 

This sire of pa t , i= l e  has the  g rea t e s t  p o t e n t i a l  

' 2 .  CLenical CoFposltior--Table 4- a3 lists the  r e s u l t s  from the chemical 

a?a lys i s  of ,L!P p a r t i c u l a t e  f ract ions. ,  

spec ies  present  along with ca1ci.m. x d  s e e s  to be evenly  d i s t r i b u t e d  over the , 

en-ire  q i z e  ran5e. This  is as expected. ;ypw is calcium s u l f a t e .  Iron 

was also focnd i n  each f r ac t ion  i n  concentrat ions of ar0ur.d 0.3-1.2\. A l l  

,ocher e l e m n t s  have l o w  concenrrat ions,  '0.1; or .less. 

i n  the  cyclone ca tches  and not i n  t..e , imp inpr  or f i l t e r  Catches. 

carbon faund in  C?e i.xpiz4e: catch 0 4 % )  seem t o  be 'dron3, because Z.L.are is 

Sul fa t e s  a r e  the  mst ?redominan: 

Carbonates &.re f0w.d 

T,he volati le 
, .  

no n l a t i l e  carSon de tec ted  in  ths f i r s t  and second cyclones and on t h e  f i l t e r  

catches: W e  be,lieve that pssible m t h y l  chloroform ,froin the  o r g m i c  

ex t rac t ion  of  t i e  impinger v a t e r  m y  have contaminated t h i s  f r ac t ion .  

4-115 KV3 5806-783 
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TABLE 4-43. CHEXCAL CO.XFOSITION , 

8 m PERCENT mR cmsm WINATOR 

lOum 3bm I 12m 
* 

, .  C y c l o n e  C y c l o n e  F i l t e r  1mpir .qer  C y c l o n e  * 
SXYPLE + 065-25 65-35 65-25 6S-IC 62-35 

ZERCdT OF CiT 40 36 2 1 0 . 5  5 . 7  

X L c  X . L Y , i I S  

C a l c i u m  10.0 8.8 , 15.0 5.9 1s 

Chlorine t 

t 

- - 
(1.51 

1J 

62 

(201 

t 

1.6; 

t 

74 

26 

l O Q %  

t 

t 

- - 
1a .6 )  

3.7 

57 

I191 
, .  

t 

t 

t 

5 7  

43 

100% 

1.25 

- 
1221 

15 

12 

14.12) 

1.15 

2s 
72 

100% 

. 

t t 

t t 
c - - - 

11-3) (301, 

- 15 

4 1  6 1  

I131 (:!I1 

t t 

38 t 

i 351 (0.04! 

t 

86 76 

14 24 

150% loo\ 

Y . 

' *> 
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WEIGHT,' PERCENT LESS TIAN STATED SIZZ 

JOY ~ f r j .  ianp;i=c ~ r a i : 7  with  inpinqer 

0 JOY h fq .  Samplinj Train W i t ! . x t  &pinger 

, . .  ' ' SASS Train With 'Impinqer 

0 SAiS Train Without Impinqer 

F.qure 4-33. '  P a r t i c i e  s i z e  d i s t r :  
qypswn ( T e s t  06) 

i t i o n  for  ca 
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3. Emissions and en : s jons  factors--:%i?n n f a c t o r s  cdn be  Listed with 

s e v b r a l  d i f f e r e n t  units. 

f a c t o r s  based on this test aione:  

The fol lowing l is ts  sone 3f  these  emissions and 

0.056 gr/DSCF 

9 . 4  T/yr ' 

2 . 2  lb/hr 

c.2 lb / ton  produced 

4 . 2 . 8  Brick Mar,ufactcrinq--Clay- Grinding 2rocess  I 

A Process  Descr ip t ion  [Ref. 4-16)- -  

T h e  Iranufacture o f  br ick  and r e l a t e d  products such as c l ay  p ipe ,  

p o t t e r y ,  and some types  o f  refractor , ,  b r ick  involves  t h e  mining, gr indrng ,  

sc reening .  m d  blending of t h e  raw m a t e r i a l s ,  ana t h &  f o m i n q .  c u t f i r q  or 

shaping, dry ing  o r  cur ing ,  and f i r i n g  of  t he  f i n a l  product .  ' 

Surface  c l a y s  and s h a l e s  are mined i n  open p i t s ;  most f i n e  c l ays  are 

found unaerground. . After  mining, t h e  materia1,is crushed to rerobe s tones  

and s t i r red before  i t  passes  onto sc i eens  that. are  used to  segrey'ite t h e  

p a r t i c l e s  by size. , 
, 

' The b a s i c  flow diagram ,of a b r i ck  Mnufac tur ing  process  i s  
, .  

shown i n  Figure 4-34. 

8 .  Par t icu la te  Test set-up-- 

TF.e heav ie s t  Tra in  loading o f  p a r t i c u l a t e  from br ick  manufacture 

comes from the  c l a y  gr inding  and sc reen ing  procass .  F.>r t h i s  reason KVB 

t e s t e d  t h e . q r i n d i n g  opera t ion .  

by t h e  g r ind ing  and screening  ope ra t ions  which are c o n t r o l l e d ' b y  a' baqhouse 

(see Figure 4 -35) .  

The major f rac t . ion  o f  p a r t i c l e s  is generated 
, I  

To ,eva lua te  t h e  e f f i c i e n c y  of t h e  bag'nouse, t he  i n l e t  and e x i t  duc t  

'were sampled for p a r t i c u l a t e .  

sample t h e  e x i t  duc t  and me smaller Joy sam?ling t r a i n  was used to  sample 

t h e  i n l e t  duct .  

The, larqer SASS sampling t r d i n  was used t o  

H o w e v e r ,  due to  t h e  geometry of  ?e ' i n l e t  duc ts  o f . t h e ,  

47118 KVB 58.06-783 
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SASS 

3;- 2s 35-2s 

. ^  
JOY 

i o u  ?,c:one ..~m ;'!clone 

- t 

J.35/11. ? 1.3/0.2 

2 . .l/.C. 2 2.9/3.3 
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r 

I ,. , 

tior:ever. L7 =%is case t i e  nass of matter w i n g  I n t o  tSe  bashouse 
, I  

53s 2-u 0 r ~ ; i . n ~ :  ='e cjrLiding opera t ion  and t!!e screening operation. ,The 

j r a i n  loading from =!e j r i n d e r  was z a s u r e d ,  b u t  t h e  gra in  l o a a n g  f r o m  f 3 e  

screening  opera t ion  was not .  

sixilar to %!e loading for t h e  qr inder .  n u s  the e:fi:iency of the  aa5house 

I t  w a s  assumed tsat  tSe  grain loadingywas 

, 
ca: -,-+aced. - . . I  

ii3cL.Li3l - ? . ~ 0 6 ~ ~ / 1 ~ ~ . h 3 1 1  x :x\ 
= .39.d\ 

:he fac-0: 1 =am3 f r a m  tSe f lm sp; i t - - l / I  of r5e to t a l  f l o w  is f r o m  t h e  

---..LE-C. 
, 

. C r . . . A  

?ei:ent of P a r t i c l e s  
.LO'S , 13-3;m 3-l;n < 1Jl 

I n l e t  (Test 95) 98.6 o.as ' C . 1  0.15 

g u t l e t  (Test 35) 44  4 4 48 
I .  

e q i a r n e d  64 :ollws r e f e r r i n g  to L5e ske tch  beLou. 

cor.ce?tltal . ? a r t i = l e  s i z e  d i s t r i j u t i o n  for  the i n l e t  and o u t l e t  of L!e 

TSe sketctl 3:mws a 

. 

baghouse (99.83 of L i e  ? a r t i c u l a t e  matter is removed) The i n l e t  

4-124 



WEIGHT, PERCENT LESS THAN 'STATED 'SIZE 

I i n l e t .  to baghouse 
Joy Yfs. S m ~ l m q  T r a i n  With  Imsinqer  

Joy Yfg. Samplinq 'Wain Without Impinqer . ,  

Out le t  to  baqhouse i SASS Train 'With Impinqer 

0 SASS Train Withollt Impinqer 

. .  

3 

F 

Fiw- 4-36. P a r t i c l e  s i z e  d i s t r i b u t i o n  for  b r i c k  grinding 
process ( T e s t  061 

KVB 5806-703 

4-125 



i 

.. 

'I' 

d i s t r i b u t i o n  shows 3b.6 \  of the  par t ic les  witn s i z e  .10lia. The baghouse 

r e m v e s  nea r ly  a i l  t h e  ma te r i a l  t h a t  is > 1 0 D  and a much lesser  a.m,unt of t2.e 

very f i n e  materials, . S l U r n .  

a t t r i b u t e d  to ,"sneakage"  which is material t h a c  leaks  around t h e  bag p o i n t s  

o r  through small h o l e s  i n  the bags,  etc. The ne-t r e s u l t  i s ' a n  apparent  

b i m d a l  d i s t r i b u t i o n .  

Some of the coarse mter ia l  i n  the o u t l e t  c a n . b e  

- 

. 

(no t  to  scale) 
I ,  

i, . 

Y 

s 

I . .  

I .  
, .  

The me- p a r t i c l e  s ize  of . t h e  p a r t i c u l a t e  material  e n t e r i n g  the  

bayhouse i s  g r e a t e r  than 10pm. and t h e  mean particle s i z e  e x i t i n g  t h e  bag-. 

house is &ut  2um. 
61 
L 

V )  
. ,  
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3. CLecical C?nposition--Table 4-15 lists t h e  r e s u l t s  f ron  ,the 

chemical ana lys i s  of the  p r t i c u l a t e  f r a c t i o n  for  each of t h e  tes ts  discussed 

i n  t h i s  s ec t ion  ( in le t -Tes t  8 J . and  ou t l e t -Tes t  8 5 ) .  Si l i con  is t h e  rmst 

predominant species. 

order .  A l l  x..er aieclents de:acred were i n  low concentrat ions 

, I r o n ,  t i t a n i u n ,  calciurn, and carbonates, are 'next  i n  

4. ,ss:i.n n-. ' and %-xsz ion  f~ctors--?-~iss~:on and mis,s;on f a c t o r s  can b e  

l i s t e l  wi:? seve:d A f f e r e n t  mi t s .  T h e  f o l L c w r n g  lists some of these 

aniss ions and factors. 

Ou t l e t  ( T e s t  8S1 I n l e t  (Tes t  8.i) 

' g:/Dsc? 1.169 , O . O f l 6 J  , 

T P f r  26.6  ' 0 . 4  

L;,'?.: ' 21.5, , 0.35: .. 
, .  

i>/:on i r o d u c e d  0.7 0.01 

I .  

4-127 
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JL2.9 Glass Yeelzing FIL-r.ace 

So&-line g l a s s  is p r o d x e d  i n  l a rge ,  d i r ec t - f a red .  con t inwcs  melting - 
frunaces, and otfier q p e s  of g l a s s  dre' melted i n  snall batch f u n a c e s  haviag 

capac i t i e s  ranging from onkl  a few pounds to seve ra l  tons  per day. 

po l lu t ion  from 5 x 1 1  batch furnaces is minor. but rhe product ion of  soda-line * 
A i r  , ,  . 

3 l a s s  c x a t d s  ?roDli.~?s o f  a i r  j o l l s t a o n  conzrol. 

A .  Descr i j t i5n ' -  [aef .  ~ - 1 7 )  -- , I  

+ complete process flow diagram for t h e  continuous production of  

soda-lixe ?lass i s  .;>.own ii F i g u r e  4-17. S i l i c a  sand. c a r k n a t e s .  culler (Sro- 

ken g l a s s ) ,  and o r i e r  raw materials are t r ans fe r r ed  from r a i l r o a d  hopper C L ~ I  

1.-4 :.r-c:ks zo szcrise Sins and o t?er  raw n a r c r i a l s  are receive ! pre-packaged. 

.:.$se :.~zs::als 1:4 'w:z?.:zz.c f r o 3  yL.e s t c r z g e  5i7.s. wei;>.:dd, ar.2 5lsr.de2 12 

a aixe:. The n i x e d  h z c h  is S?en conveyed t o  tae batch charged to the s i d e  

3 F  -c., _ _ _  - f l : r . x e .  

. . .  , -. 

?do bas;: conf;qusations are used i n  designing continuods, reger.era: 

* -_,_ i ..C. =..- _ _ _ _ _  aces--er.it ~ r t ,  Fi;;re 4-38 ' and side ? o m ,  Sisures  '4-39 and 

.La. In L*.e side'posf f u n a c e  (t;?e of furnace t e s t e d  i n  T e s t  2 0 )  tile 

f l a r e  .?asses 1.1 ~ P P  cii:ec?im i z i o s s  . t k e  r z l t s z .  for  15-2C rL?=.-tes. t'cec t::e 

flow is reversed during the n e x t . t i m  cycle. , The s i d e  port design is 

c o m n l y  used i n  larje furnaces W i G '  melter areas i n  excess of  503 square f s e t . ,  ' 

In t'e end p o r t  c o n f i , y r a t i o n  (type o f .  furnace ' t es ted  i n  Tes t  28 and 

15) t h e  flames t r a v e l  i n  a hcr i zon ta l  U--shaped path acrGss the  sur face  o f  t he  

g l a s s  within the  melter. ,Fuel and a i r  are mixed a t  t he  port and i g n i t e  i n  

Cie furnace and dischar3e through a second p o r t  ad jacent  to  t h e  f i r s t  on the  

same end w a l l  o f  t h e  furnace. 

e.xtensive1.I i n  smalier furnaces with melter areas from 50 t o  300 square f e e t ,  

i t  has  a l s o  been used i n  furnaces with melter arras.up to  e00 square f e e t .  

,While t h e  end port design has been used 

, .  

4-128 

tNB 5806 



n . 

Figure 4-37. Flow diagram for  soda-lime 

glass manufacture (Ref .  4'17). 
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F i g G r e  4-40. Glass m e l t i n g  fdrnacs ( s i& par\..) 
w i . A  ESP. S imi ldr  to T e s t  20 
furnace. 

, .  
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I 
0 .  Part iculate  T e s t  S e t u p -  

, ,  1. G9t r20, f l i n t  g l a s s  melting furnace vith M e l e c t r o s t a t i c  

?recizirator--Tdo sanpling t r a i n s  were used s h l t a n e o u s l y  t o  sJripln t h e  

i n l e t  and e x l t  of  the ESP. The i n l e t  s t a t i o n  vas  located on L9e hor izonta l  

2xuct ( 5 3 - > / :  i n c h  dia.n.:rcl leading to  t!je ES? (see Fi~ . : r e  4-41). rdo 

2-1/3 inch didmete: t es t  parts vere  provided a t  i k a s t  s i x  duct  diameters 

from %e nea res t  Send or obs t ruc t ion .  

ir! t h e  i n l e t  O?;zC a: 3. z t a t i c  pressure o f  -5.2"H20 and 5JO'F. Due to  t he  

s d l  <idcater of the pak t  openings. t h e  ve loc i ty  poin ts  for dis tances  grea tor  

t h n  36-1/2 inches i n t o  L t e  s t ack  were not  able to  be measured. 

t i c u l a t e  sarzple vas taken .L\rough a 5/16" blamter n o z z l e  a*. Velocity Point  Y17. , , 

Table 4 .  48 , l is ts  t h e  v e l o c i q  p r o f i l e  

The par-  

^. .ad s&?piicg a o r t s  for , tSe ES? e x i t  vere  loca ted  on L..e v g r t i c a i  sec t ion  

of t he  s tack  l e a i i n g  t o  t,he a'anosphere, a p g r o x h a t e l y  80 f t  abo7.e ground l eve l .  

T a b l e  4-47 :ists t h e  velocicf p r o f i l e  in the e x i t  s tack.  The p a r t i c u l a t e  

sk71ple 'was c.Jken Lk,roueh a 3 / 4 "  nozzle a t  Velocity Point  #la. 
, )  

2 .  Test.628 and rest  "35, f l i n t  g l a s s  mcltinq Eurnace having no par t icu-  

-Thr:se t w o  tests vere  done on the same g l a s s  melting 

furnace operat ing a t  approximately the same condi t ions ,  and at the same 
pos i t i on  on the  s t ack  a t  about 60 E t  above ground l e v e l  on the"s t r a igh t  sec- 

t i on  leading t o  the atmosphere. 

T e s t  626 resulted i n  M Qata for the  small Joy ' s anp l ing . t r a in .  , Both Sass  

ail JOY sampli.ig trains were run simultineously for T e s t  835. 

p r o f i l e  for both tk,ese tests are listed i n  T a b l e  4-48; 

( T e s t  28 and T e s t  35) a 'nozzle diameter of 7/3 inch was used a t  ve loc i ty  

poin t  Y12, and a nozzle diameter of 7/16 inch'was used for t h e  Joy t r a i n  on 

T e s t  R35 a t  ve loc i ty  p o i n t  #3:  

C. Tes t  Results-  

An acc iden ta l ly  nelted vacuum l i n e  during 

The ve loc i ty  

For $oL9 SASS tests 

. .  

The results of t h e  three tests discussed in this sec t ion  a r e ' l i s t e d  

i n  T a b l e  4-1.' 

analfsis were de ters ined  for a l l  f r ac t ions  of p a r t i c u l a t e  catches which 

contained weights i n  excess of 100 mg. 

discussed i n  Sect ion 3.2.2. Tables 4-49, 4-50, and 4-51 l i s t  the  ' 

results from t h i s  ana lys i s  f o r  T e s t s  20 ,  2 8 .  and 35 respec t ive ly .  

Elemental composition, su l fa te . ,  n i t r a t e ,  and carbon 

The details  for these  procedures are 

4-133 
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Glass 
Furnace 

I a l e t  Scacion r ,  To 
N Atnosphere 
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- 

. . 

u c l e t  
i d t i o n  
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/ '  

F i g u r e  4-41. F l o w  diagram for glass furnace with ESP control. 
41 
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.r 
L) 

i1-1/2" 

15-3/8" 

,21 - 
28-3/8 

, '  36-1/2 

Y 

77.8 

5 77.8 

6. 76.7 

. i l  ' 76.2 

7 '  75.6 

- . 4  

I 
TMLE 1 ' ,  

S t a t i c  Press'xe - - 5 .  

Temperature - SJO'F 

-East 
2" H20 

53-1/3" 
I n l e t  Guct 

\ 
2-1/2" diameter 
2" deep 

Distance from Velocity 

End of P o r t  Point  B 1 , ft/sec t 
1 ' I 68.0 3-1/8" I 

' 5-5/3" 

8-3/80. 

2 74.5. 

3 7,5.6 I 
Point  W 

~~ 

i3 

14 

15 

16 

17 

18 

12 

19 

Average 76.3 f t / s e c  

71436 acfm 

f t/sec 

69.8 

73.9 

74.5 

77.8 

77.8 

78.9 

79.4 

86.0 

,-. 
\ KVB 5,806-783 
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DIS-. rrom 
cnd or Port 

5 - v n  
9-1/4 

1 3 - v a  

17-118 

13-YZ  

31-518 

43 

54-1/8 

6 7 - U l  

' . 68-118 

n-i:n 
1&3/4 

no- in  

. . .  . .  

vel* 
,Point r v s u  

. 1  14.8 

a 16.9 
3 31.9 

4 i 16.9 

5 j 11:9 

6 ' 11.9 

R 1 40.8 

7 40.8 

8 39.9 

9 31.9 

10 38.9 

u 31.9 

U Y .8 

TWLZ 4-47. VELOCITY PROFILE (kST820S)  

. 

AV.W.J 

v 
Pomnc 

13 
14 I 

15 

16 

11 

18 

R 
19 

a0 

a i  
11 

23 

14 

1 r w s r  

rc /su  

38.9 

31 .1  

39.9. 

39.9 

19.9 

18.9 

3.9 

38.9 

38.9 

38.9 6 

31 .9  

31.9 

35.9 



I. 
.. 

TABLE 4-48. V W C I T Y  PFOFILE FOR CLASS MELTING NRNACE 

(TEST 28 6 351 

c 
i 

i 0 Y  sm;rlulq jornc 7/16" nozzle 

0 .5  

ll.9 

, .  18.9 

27.5 ' 

16.1 

4 1 . 1  

46.5 

49.9 - 

- 

4 1 % 1  

41.6 

45 .6  11 

6 50.1 14 

47.2 1 5  

0 44.0 16 

- 
L 

, L t / l m c  

17.6 

17.6 

17.6 

18.5 

4 0 . 4 .  

41 .1  

44.0 

4!:6 

44.8 

- 

KVB 5806-783 
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TABLE 4-49. C E X I C W .  COMPOSITION OF PXRTICUWTE SLWLES I N  PERCENT 

WR TEST 20 - 
I n l e t  Impinqer Catch 

lum Cyclone Filter Outlet I n l e t  

SAWLE B 205-45 205-55 205-IC 20J-IC 

P W S E X T  OF TOTAL CATCH 

Xw ANALYSIS 
' I  

, ' Arsenic 

Calcium 

Chmmiurc 

Coba'.r:, 

Iron , 
Lead 

, Potassium 

Selenium 
, 

,. (SUlfLK ) ,  

Tin 

TOTAL' 

. s u l f a t e s ,  H ~ O  sol2 

Nitra te  ( H ~ O  sol)' 

Total Carbon' 

( su l fur .  from sol)* 

(Vol i t i le  Carbon) 

(Carbonates) ' 
mu ANALYZED 

BALANCE 

24.3 

t 

2. 8/0 .4 

t 

t 

2.W0.5 

( 24/7 ) 

t 

5 

, I  

60.91 

(20.3) 

13 

(9). 

79 

21 

loo* 

57.0  

t 

t 

t . '  
2.3/1 

t 

( 30/10 1 , ,  
' 4 .610 .6  

7 

53.83 

(18) 

2.46 

82 

18 

100% 

91.2 11.5 

t 

c 

t 

. ,  

4.6/0.5 

( 10/3 ) 

5 

,2i.36 

(7.1) 

t 

12 

(12) 

37 

63 

loo* 

3.6/0.4 

( 15/4 ) 

- 
4 

43.25 

(14.4) 

17 

(12)  

64 

3E 
100% 

, ~~ 

t 

1 

a 

1 
4 

5 . .  

( 1  

.$ ' . 

I 
L 
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TAHLE 4-55 .  CHEMICAL COMPOSITION OF PAKPICUKATE SAMPLES I N  PERCD4T 

(TEST 28) 

L 
I 

Fi l ter  I m p i n g e r  
s m x  d 285-5s' 2 8 s - I C  

P E R C N T  OF CUT 

XRF PNALYSIS 

?.rseniz 

;dcium 

Chromium 

I r o n  

Laad 

Molybienum 

Nickel  

Potassium 

Selenium 

(Sulfur)' 

7 3 . 2 4  16.26 

2 . W 3 . 3  

t 

t t 

t 

t 

t 

t 

2 .0 /0 .3  

3 . 8 / 0 . 4  

(;€/lo) (20,'7) 

TOTAL' 3 4 

Sul . fates ,  H 2 O sol2 60 29 

(sulfar, f r o m  SO:)* , (20)  (9 .55 )  

Nitrate ( H 2 0  s o l ) '  , 

Total  'Carbon'  29 

( v o l a t i l e  Carbon) ' ' (29)  

TOTAL ANALYZED 63 60 

BALANCE 37 40 

1009 1009 

I 



I 

TABLE 4-51. CHEMICAL COMFWSITION OF PAmICUWTE SAMPLES 
I 

I N  PERCENT (TEST 351, 

Joy I 

1 w  JOY 3 o y  - SASS SASS 
C y c l o n e  F i l t e r  I m p i n g e r  f i l t e r  Tmpinger  

S A i i L E  # 35J-4s  355-55 35J-IC ' 35s-5s  3%-IC 

, PERC,LW OF CLT 35.93  2 5 . 3 1  25.40 6 5 .  a 2  1 4 . 6 9  

XRF IUiALYSIS 

Xrs ' en ic  

Calc ium 

2.110.3 1.9:0.3 3 . 7 / 0 . 5  , / / l . 4 / 0 . 2  t 

1 . w 0 . 2  t . , t '  t 

Chromium t t t t 

Iron 

Le35 

N i c k e l  

?o:assiun ' . 
S e l e n i u m  ' 

( s u l f u r ) .  

I 

z i x  

TOTAL 
' S u l f a t e s ,  H ~ O  SOL* 

= 
(sulfur; f+An so4) 

' Nitrate (H23 sol) 

T o t a i  Carbon 

(Vo la t i l e  CarSon) 

t 
, 
t t 

2 . 9 / 1  3 . 7 / 0 . 6  t 

.3.5/0.5 

( 2 1 / 8 )  , (27/10! (14 /4 )  . , b  

5 6 8 

6 2  ' , 6 7  22  

(20.801, (22 .19)  ' (7 .48)  

t ND 
31 

i 2 8 )  

t .  

t 

t 

3.1/0.6 ' t 

6.7/0.7 

( w a )  (13 /4 )  

t 

6 8 

5 9  34 

( 1 9 . 5 1 )  ( 1 1 . 2 3 )  

2 2  

( 2 0 )  

a 

.. 
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I I. 

D. Discussion of  Resalts--, *t 

1. E l e c t r o s t a t i c  o r e c i o i t a t o r  -Using t h e  s o l i d  weight d a t a  

(does no t  include impinger ca tch)  I from both s a p l i n g  t r a i n s  for the i n l e t  

and ex i t  rr tne  ESP, the ,e f f ic iency  was ca lcu la t ed  t o  be 98.2a. If &e t o t a l  

catch is  u e d  t h e  e f f ic iency  is  83%. .The added weight i n  the  'impingers may 

be due t o  pseudo paz t i cu la t e s  (i.e. gases t h a t  r e a c t  t o  form p a r t i c l e s  

so3 + ~~0 - K2So4).  

e f f i c i e n t  as ::le cont ro l  equipment reported here. ' 

? 

. /  

Baghous3s and scrubbers a re  a l s o  &vai lab le  and a r e  

2 .  PaiTicle  s i ze  distlr ibution--Figures 4-42 and 4-43 are a p l o t  cf  

p a r t i c l e  s i z e  (uml  v s  a c c u u l a t e d  weight percent ,  the l a t t e r  p l o t t e d  on a 

probabi l i ty  s ca l e  a s  explained i n  Sect ion 3:2.3 8 .  llro answers a.re presented.  

pr.3 i;nclc?i;ng :?.e k p i n q e r  caC.ci, b ~ d ,  t i e  ot;?er ignoring i c .  Considerinq t h e  

large am=.: o f , r i a t e r i a l  c o l l e c t & l  on t h e  f i l t e r ,  it would seen t h a t  Zseudo 

p a c i c u l a t e s  were pr-sent.' Therefore,  t h e  knpinser catch w a s  bel ieved t o  be 

properriy not  included i n  tSe measurements of the  suspended p a s t i c u l a t a s  from 

glass furnaces :or p a r t i c l e  size d i s t r i b u t i o n .  

s i z e  d i s t r i h u t i o n ,  not i n c l d i i g  <,e inpin- jer  c a t c h , ,  i s  ' a s  follows: 

The break-down of th; p a r t i c l e  

- 
I .  

I , I  

Percent  of P a r t i c l e s  -, 

I ,  > 1 0 p m  1 0 - 3 p  3 - 1 ~  C l W  

Controlled (Test 20s) 1 4  13 25 5 8  

Uncontrolled ( T e s t  Z O J I  .7 . 5  .1.8 ' , 90 

(Test  3 5 S ) ,  6 3 '  4 87 

" , .8 1 ~ 6  ' 97 I ( T e s t  2 F 3  .6 

(Tes t .  35Jl  2.5 2 2 .5  , 93 
, ,  

Fiqu-e 4-43 ,is t.he s i z e  d i s t r i b u t i o n  p l o t  fo r  T e s t  28  a i d  T e s t  35. Note 

thar  the uncontrolled emissions'from these tlwD q1as.s furnaces have a mean 
p a r t i c l e  s i z e  of l e s s  t h n  0 . 1  9 m  and t h a t  t h e  controLled emissions with 

ESP have a ?ear! par - i c l e  diameter of about 1 urn. , 
., 

, 
, .  
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WEIGIFP, kEKEXT,LESS THAN STATED SIZE 

a Joy Mfg. S a m p l i ? g  T r a i n  Hit5 I m p i n g e r  

0 JOY xfq. s q p l i n q  Train Without I m p i n q e r  

SAS'S T r a i n  w i t h  I m p i n g e r  

0 SASS T r a i n  Wit5out Impinqar 
, .  

Y . 

Figure 4-42. P a r t i c l e  s ire  d i s t r i b u t i o n  for glass furnace ( T e s t  2 0 ) .  

.( 
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WEIGHT, PERCENT LESS THAN STATED SIZE 

Joy Mfq. 'Sampling Train With Impinqer 

0 JOY Mfq. sampling Train Without 'Impinqer 

SASS Train With Impinqer 

0 SASS Train without Impinqer 

, 

Figure 4-43. Particle s i z e  d i s t r i b u t i o n  for  g l a s s  furnace. (Tests  28 6 35) 

KVB 5806-783 
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C o n t r d i e d  
Units Tect 20s 

gr/CSCZ .0062 

T / y r  8.0 

lb /hr  1.83 

lb/MMBtu .I .02 

l b / ton  g l a s s  melted .14 

l b /h r*  --- 

- 

3. ' Chemical composition--Tables '4-4.3, 4-50, and 4-51 l ist  the 

r e s u l t s  from t h e  chemical a n a l y s i s  of  t h e  p a r t i c u l l t e  f r a c t i o n  f o r  each o f  t h e  

tests discussed in t h i s  s e c t i o n .  

pres-nt  and seem t o  be evenly d i s t r i b u t e d  o v e r  t h e  e n t & r e  s i z e  range. 

t h a t  the sulfate concen t r a t ion  i s  about  halved for t h e  c o n t r o l l e d  p a r t i c u l a t e s .  

N i t r a t e s  seem to appear more s t rong ly  ;n t h e  i p i n g e r  ca t ches .  

.. 
S u l f a t e s  are.tiie most predomimnt. s p e c i e s  ' . 

N0,t.e 

Uncontrolled 
Test 205 Tes t  285 Tes t  35s T e s t  355 

.0264, I .0612 .0594 .04 69 

37 30.2 25.5 27.8 

8.59 7.19 '6.06 6.62 

.ll .19 ,. 1 9  .20 

.67 1.56 1 . 3 1  1.43 

9.26: 10.35 I 9.96 ' 9.96 

. .  

x. = a + o . o ~ ~ G ( s ~ ) ~ . -  0.329 x2 - 4.412 x3 - 
I 

5 
0.9379 X4 - 0.635 (X5)2 + 6.170 X 

(Ref. 4-17) 

vhere 

X1 = p a r t i c u l a t e  emissions, lb /hr  

X =.p rocess  w t ,  l b h r - f t  mel ter  

X3 = w t  f r a c t i o n  of c u l l e t  i n  charge 

X4 = checker volume, f t  . / f t  

X5 = melter area, f t  / l o0  

2 
2 

3 2  melter 
2 

' a = cons tan t  involving t w o  n c n q u a l i t a t i v e  independent f a c t o r s  

' '  r e l a t i n g  t h e  type of  furnace (side port or end part) and 

type  o f  f u e l  (U.S. Grade 5 f u e l  or n a t u r a l  gas!. 

a ='-0.493 end portl-U.S'. Grade 5 f a e l  o i l  

a ,=, -0.623 s i d e  p o r t - 4 . S .  .Grade 5 '  f u e l  q i l  

a = -1.286 end 'port-natural  gas 

a = -1:415 s i d e  port--natural  gas. '  

' 

, ,  ' ,  
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4 . 2 . 1 9  Fiber  Glass roo1 Han,Jfacturinq 

I , A. Process Description-- 

Class f i b e r  products are manufacmred by melting var ious  r a w  materials 

t o  form g i a s s  (predomimntly bo ros i l i da t e )  , drawing t h e  molten g l a s s  i n t o  

f i b e r s ,  and coat ing G5e f i b e r s  with an organic  mater ia l .  The t w o  bas i c  t y p e s ,  

of fib: g l a s s  products ,  t e x t i l e  and uool, are manufactc-ed by d i f f e r e n t  

p:ocesses. 

- 

A r e i c a l  flow diagram f o r  w o o l  prcducts  i s  shorn i r , F i g u r e  4-44. 

In  t h e  m u f a c t u r e  of mol products ,  which are qenczal ' 7  used i n  t h e  

:onsCruction in&astry a s  i n s u l c t i o n ! ,  c e i l i n g  panels ,  et:. ,. g l a s s  marble is 
fed & r e c t l y  in to  the  €orning l i n e .  ,Th'e' marb:es are melted w i t \  n a tu ra l  gas 

a t  ? 2 5 : ' ? .  75s l i rG i2  g l a s s  passes  throxgh fi-e holes ,  which produces 1/64" 

f ibers .  These f i b e r s  are conve:teif to wool as tt.ey. pass r.hraugh ::ign 

velocizy gas j e t s .  

surface.  i h e  o r p x i c  binder i s  sprayed on to  t h e  h o t  f i b e r s  a s  they f a i l  from 
the  f o m i n g  2evice. h e  f i b e r s  are c o l l e c t e d  3i-i a mving.  f l a t  c o l l e c t i n g  

s - r f x e  and , t ranspor ted  through a cur ing  oven 

r o  600'F (200' ' to  llj°C) where the  b inder  sets. Depending upon t h e  product. 

t he  wooi nay a l s o  be compressed a s  a p a r t  of t h i s  Operation. 

p a r t i h i t e  emissions f r o m  the' fiSer g l a s s  wedl manufacturing processcs  are 
f r o m  the  forming l i n e  and curing oven. 

8 .  Part iculate  Tes t  .Set-up-- 

, , .  
A secondary brouer directs  C.e wood through t h e  c o l l e c t i n g  

, a t  a temperature of 400OF 

,The major 

. .  

Two sampling trains were used simultaneously t o  sample one of two 

4%!aust ducts  Erom t h e  forming l i ne .  

l i s t e d  i n  T a b l e  4-52. 

meyen. 

to  t h e  average ve loc i ty .  

The ve loc i ty  p r o f i l e  i n  t h i s  duct  is 

Note that  the velocities across ' t he  s t ack  were vefl  

Two -&locity po in t s  w%re chosen for sampling which had values  similar 
I .  

ve loc i ty  p o i n t  9 was used for t h e  smaller Joy t r a i n  

' with a 5/16" nozzle 'and vefoci ty  p o i n t  14. was us& f o r  t he  'larger SASS t r a i n  

with a 11/16" nozzle. 

4-145 K V 2  5806-783 
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./ 

50.5 

4s. 6 

46.7 

, 43.'5 

TABLE 4-52. VELOCITY PPOFRE mR FIBER (;LASS MRNUFACTURING 

. (TEST 38) 

21  

22 

23 

24 

. 
c 

64 

8 

22 

36 

50 

64 ' 

Joy sample point 
5/16" nozzle 

sample p o i n t  
11/16" nozzle 

Temperature: 1 6 O O F  

S t a t i c  Pressure: ' + 0 . 5 j * ' ~ ~ , ,  

5 50.5 

, .  

6 57.2 

7 53.9 

8 51.2 

9 .  43.5 

, 10 47.7 

Distjnce 
,... :.::. 

?oint d f t / s ec  

2 2  ' 60.'3 

3 . .  55.6. 

53.9 

38.2 

31.9 

25 

Va lac it y 
Point i )  

11 

12. 

13  

14 

15 

li. 

17 

18 

19  

20 

Average: 40.9 ft/sec 

7O',019, SCFM 

ft/sec , , ,  - 
7,5 

7.5 

17.1 

27.0 , , 

23.4 

r; 
KVB 5806-783 
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C. T e s t  Results-- 

The resLt.4 of t h e  t i  tests (38s and 3 8 J )  discussed i n  t h i s  s ec t ion  

are l i s t e d  i n  T a b l e  4-1. . E l e m n t a l  compositior., s u l f a t e .  n i t r a t a ,  ' 

and carbon a m l y s i s  were determined for ELL f r a c t i o n s  of particulate catches 

which contain.22 *eights  i n  excess of 100 m g .  The d.?tails  for these proce- 

duces a r e  discussed i n  Sect ion 3.2.2.  Tdble 4-53 1is:s L?e r e s u l t s  from 

r?is ana lys i s .  
, .  

'D . Discussion of Results-- 

1. P a r t i c l e  s i z e  dis:ribution--Figure 4-45 is  a p l o t  of p a r t i c l e  s i z e  

(am) M accunulated wei5k.l percent ,  the  l a t t e r  p l o t t e d  on a p robab i l i t y  s c a l e  

as  e-lained i n  Sect ion 4 .2 .3  B. 

21.1Si25 tie i79in5er ca tch ,  and the o the r  icjnorinq it. Considering t i e  la rge  

amou't of  mater ia l  co l i ec t ed  i n  tiie impinger ca tch ,  it would seem t h t  t h e  

e f f a c t s  0; pseudo' *articulates would no t  be  s i g n i f i c a n t .  

ixpinger  catch was bel ieved t o  be properly included i n  t h e  measurements of  

the  suspend-.d p a ~ i c u l a t e s  from f i b e r  g l a s s  forming l i n e s .  The breakdown 

of tke  p a r t i c l e  sire d i s t r i b u t i o n  inc iuding  t h e  inpinqer  ca tch  is as follows: 

Two sets o f  curves a r e  presented,  one i n -  

Therefore,  the 

--_-_-- r-LL.5..- of P a z i c l e s  

T e s t  A 'Greater than l o p  10-3m 3 - 1 ~ m  Less than l l i m  
38s 0.6 0 . 2  0.2 98.9 

3" 0.: 0.2 0.4 90.2 , 

80th sampling t r a i n s  gave very s imi l a r  s i z e  d i s t r i b u t i o n  cumes which had a 

man size of less t h ~  O . l V m .  However, during the  t e s t  a t  t h i s  g l a s s  f i b e r  

forming l i n e ,  l a r g e r  p a r t i c l e s  (1/2 - 1" diameter d i scs )  were occasional ly  

observed.. I t  appeared t h a t  these p a r t i c l e s  had been, f o m d  by agglomeration 

on &e wall  of the duct  and had t%?n broken loose. 

,? 

I .  ' ,  

2. Chemical composition of the  p a r t i c u l a t e  wt te r - -?able  4-53 presents  

t i e  chemical a n a l y s i s  o f  the  p a r t i c u l a t e  f r a c t i o n  for each of  t h e  tests 
discussed kr t h i s  s e c a o n .  

abundant Species.  followed by ch lor ine ,  n i t r a t e s ,  and s u l f a t e s .  Most of t h e  

ele.mnts tended to be f a i r l y  evenly d i s t r i b u t e d  over the  size range except 

f o r  ch lor ine  and potassium. 

. I  

Carbon i n  the  form of v o l a t i l e  carbon i s  t h e  m'st 

Chlorine'  tended t o  concentrate i n  t h e  i q i n g e r s ;  

. KVB 5806-783 4-148 4, 
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v 
TABLE 4-53. CHEbJCAL COMPOSITION OF PARTICULATE SAMPES 

, I N  PERCENT FOR FIBER GLASS WCOL M4t.UFACTURING (TEST 381 
~ ~~~ 

SASS SASS JOY 
F i l t e r  I m p i n g e r  Impinger 

SAMPLE W , .  38s-5s 3BS-IC 3aJ-IC 

PEFSENT OF CUT 

XRF A N x . L Y S I ~  , 

12 86 76 

C h i b r i n e  2 . 5 / 0 . 5  25/8  7.8/2 

Iron 

PU tdss i w  

t 

3 .9 /1  

TOTAL' 
.I . 

S u l f a t e s ,  H ~ O  solz 

Nitrate (HZO solj' 

( S u l f u r ,  'from SO:)' 

T o t a l  Carbon' , .  

( V o l a t i l e  Carbon1  ' 
I Ca r b o n a  tes I 

TOTAL ANALYZZD 

3 

BALANCE 

7 

t 

.( t l  

t 

15 

22 

7 8  

100% 

25 8: 
I t  t 

( t l  t 

t t 

2 1  4 6  

( 2 3 1  , (421 

46 ' 5 4  

54 4 6  

100% 100% 

c 

I 

2 

3 

4 

3 

0 

G.7 , .  ' .  
KVB 5806-783 4-149 , , ', 
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WEIGHT, PERCENT LESS THAN STATED SIZE 

Joy Hfg. S h p l i n g  Train W,:h Impinger 

0 Joy H f q .  Sampling Train Without Impinger 

SASS Train With Impinger 

0' SASS Train Without, Impinger 

I 

, '  

F i g u r e  4-45. P a r t i c l e  s i ze  d i s t r i b u t i o n  for fiber glass 

manufacturing ( T e s t  38) , I ,  

. .  
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potassium endei  up m s t l y  on the f i l t e r .  The low carbon value on L3e !;ASS 

f i l t e t  and L!e absence of Lolat i le  c a r b n  CM b e , a t t r i b u t e d  to  the face  that  

Lhe' f i l t e r  is  he ld  i n  a POOOF oven which bakes o f f  the v o l a t i l e  portierr of  

the carbon. 

3. h i s s i o n  and emission factors--Emission and emission f ac to r s  can be 

, l i s t e d  wich seve ra l  d i f f e renz  units. 

emissions and fac tors .  

The fo l loy ing  l i s t s  some o f  these  ' 

Units , ,  I T e s t  #38S ' ' T e s t  d 3 8 3  Average 

gr/DSCF 0.0170 0.0136 0.0153 
- 

T/yr 84.0 67.2 75.b; 

h / r s n  ?rs2Sxe& 32.0 25.5 28.3 

ton produced 5 7 . 6  

1 b A r  19.2 15.4 17.3 

lb/uncontrol led 

?er A?-42 (Ref. 4-33) 

4.2.11 Asphalt Roofing . m u f a c t u r e  

A. Process Description (Ref. 4-19);- 

The manufacture o f  a spha l t  roof ing  fe l ts  and s h i n q l s s  inva lves  

s a t u r a t i n g  f i b e r  media with a spha l t  by means 05  dipping and,'or spraying.  

Although it i s  not  always done a t  the same s i te ,  prepara t ion  o f  t he  a spha l t  

s a tu ran t  i s  an i n t e g r a l  p a r t  of the  operat ion.  Th i s  prepara t ion ,  ca l l ed  

"blowing," cons i s t s  of ox id iz ing  the  a spha l t  b y  t ubb l ing  a i r  through the  l i q u i d  

a spha l t  f o r  8 t o  16 hours. 

tank or spray area. 

high-pressure sprays,  o r  both. 

The sa tu ran t  is t h e n ' t r a n s w r t e d  to  the sa tu ra t ion  

The sa tu ra t ion  of the f e l t s  i s  accoq: t ished by dipping, '  

The f i n a l  f e l t s  are  made i 2  var ious weights: 
2 

' 15, 30, and 5 5  b u d s  per  100 square f e e t  ( 0 . 6 2 ,  1,. 5 ,  a,: ' 2 . 7  kg/m ) . 
Regardless of ths weight o f  t he  f i n a l  product, t h e  a a t e r i a l  d i s t r i b u t i o n  

is aiproximately 40% dry f e l t  and 69% aspha l t  s a tu ran t .  
, 

Figure 4-46' is a schelllatic drawing of the production Line for 

manufacturing a spha l t  sh ing le s  S i d l a r  t o  t h e  a spha l t  roofing t e s t e d  i n  this 

study. The l l la jOr  sources  of p a r t i c u l a t e  emissions frOm,aSQhalt roof ing  
, .  

' ,  

4-151 m seos-isj ' 

. '  , 



, To Atmosphere 

Sknpling s t a t i o n  

0- 
C ?an 
roll 

' I  

Control dev ice  
c ~ r . : i z ~ ~ o ~ s  4 g l a s s  f i S e r  f i l t e r  

Dirty 
r o l l  

Granules 
Vent applicator 

Asphalt Saturator 

r - To 
1 1 1  1 -products 

Coater 

, .  

Dip s e c t i o n  , 
' .. 

make-up, 

Figure 4-46. Schematic for manufacturing asphalt  
s h i n g l e s ,  mineral-surfaced rolls and 
smooth rolls ( T e s t  2s)'. 
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I. p l a n t s , a r e  t h e  a spha l t  blowing operat ions and t h e  f e l t  s a t u r a t i o n .  'The 

f e l t  s a t u r a t o r  was t t e  p d r t  05 the  opera t ion  t e s t e d  i n  t h i s  s tudy.  The form 

of & a r t i c u l a t e  was m s t l y  a spha l t  mist .  .' 
* ,  B. Par t i cu la t e  Tes t  Set-up-- 

u 

The loca t ion  of the  p y t i c u l a t e  sampling w a s  a t  t h e  er.d of t h e  duct 

from :?e contro!.' device : r adhq  t o  the atrrosp!rere ( see  Figure 4-461. 

veloc i ty  p r o f i l e  i n  Lhe duct a t  t h i s  a a c t i < , . ? ' i s  1is:ed in Table 4-54. 

The 

B o t h  sampling &aj..,s were used ne= t h e  same po in t  t o  ob ta in  m r e  

precise  da ta  (dupl ica te  t e s t s ) .  The l a r g e r  ( 4  SCFH) SASS t r a i n  was run 

w i t h  a 5/8" nozzle a t  Velocity Poin t  4 and the  small (1 SCFH) Joy t r a i n  was 

rlrn a t  5/16'' nozzle a t  ve loc i tv  p o h t  5. 

o f  1/31/79.  . ,  

C. Tes t  Results-- 

The test  was done i n  t h e  w r n i n g  

The r e s u l t s  of the two t e s t s  (255 and 2551 discussed i n ' t h i s  

sec t ion  a r e  i i s t e d '  i n  Tabla 4-1. 

n i t r a t e ,  and carbon analyses  were decermined for a l l  f rac t ion5  of  p a r t i c u l a t e  

catches which contained weights i n  excess of 100 mg. 'The d e t a i l s  for  these  ' 

Elemental composition. s u i f a t e .  

. I  

' p rocedures 'a re  discussed i n  Sect ion 3.2.2: Table  4-55 lists t h e  r e s u l t s  

from t h i s  ana lys i s .  

* I  U. Discussion of Results-- 

1. P a r t i c l e  s i ze  dis t r ibut ion--Figure 4-47 is  a p l o t  of p a r t i c l e  s i z e  

(Urn) v s .  accumulated we'iqht percent ;  the  l a t t e r  p l o t t e d , o n  a p robab i l i t y  

s ca l e  a s  explained i n  Sect ion 3.2.3 8 .  'Itro s e t s  of curves a r e  presented,, one 

including the impinger ca tch ,  and the  o the r  ignoring i t .  Considering t h e  

la rge  &o&t of mater ia l  co l l ec t ed  i n  the  impinger, it would seem t'rat 

this f r a c t i o n  should be properly included in t h e  nmasurementa of t h e  suspen- 

ded pa r t i cu la t e s .  The matter i n  t h e  impinger is m s t l y  organics .  These are 

aerosols  and solvents that were condensed i n  the impingers. Also because of 

the  very small weight percent  of matter captured i n  t h e  cyclones of  the 

small 1 CFH Joy t r a i n ,  it is bel ieved t h a t  t h i s , s i z e  d i s t r i b u t i o n  da ta  fo; 

the  Joy t r a i n  is n o t  + accura te  a s  the,  SASS t r a i n .  

?article s i z e  d i s t r i b u t i o n  f o r  the  SASS test  i s  as follows: 

The breakdown of t h e  

4-153 ' 58C6-743 
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TABLE 4-54. VELOCITY PROFXU FOR ASPKALT RCOFING (TEST'25) 

Distance from 
Edge of S t a c k  

1.3" , ' 

5 -9" 

10.5- 

16.3" , 

24.6" 

36 .O' 

47.4" 

55 .7-  

61.5" 

66 .1"  

.70.0" 

. 

- 
.. VeLocity Velocity velocity Velocity 

P o i n t  # ft./sec Point  W ft/sec , 
, I  

1 31.5 , , .u 2 6 . 3  ' 

2 ' 41.1 12 , 4 4 . 3  

' ,  , 3 38.6 1 3 ,  41 .6  

37 .3  14 ' . 35.5 

5 35.2 15, , 33.0 
8 '  

4 

R 33.78 R, 33.0 

6 35.2 16 34.5. 

7 , 37.9  ' 17 36.6' 
, ,  

, .  

. 8  ' 39.2 18 40: 5 , 

9 42 .2  19 42.3, 

10 44.0 io 39.8 

' Average: 37:O I t  
1 

45521. SCFM 
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TABLE 4-55. CKEMICXL C O ~ S I T I O N  

IN PERCENT FOR ASPHALT W F I N G  MANLF.4Cl'URE 

(TEST 2 5 )  - 
' , Impinger 

SAMPLE R 25s-IC 
.. 

PERCENT OF CUT 13 
(water residue o n l y )  

XRF ANALYSIS 

Calcium 3 . 4 / 0 . 7  

Ch1ori.-.e 12/3 

Chromim t 
C0ba.l L 1 .8 /0 .3  

Iron 2.1/0.3 

t Manganese 

Nickel. , .  t 

. I  

Potassium t 

seiknium t 

( SUl f u r )  ' ' (20/7) 

Zinc t 
I , '  

. .  
TOTAL' 22 

I ,  
S u l f a t e s ,  H ~ O  sol' 23 

Nitrate (H20 sol)' 

Total Carbon' 24 

(Sul fur ,  f r o m  SO:)' ( 7 )  

( v o l a t i l e  carbon) (23)  
(Carbonates) ' I 

TOTAL ANALYZED 69 

BALANCE 3 1  

' l 0 O i  
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WEICHT, PERCENT LESS THAN STATEB SIZE 

,, fl Joy Mfq. Sampling Train With Impinqer 

fl Joy Mfg. Sampling 'Trair. Without Impinqer 

S ~ S S  Train With ~mpinber , 

0 SASS Train without Impinge'r . 

. 

, .  . 

Fiqure 4-47. Particie size d i s t r i b u t i o n  for aspha l t  roof ing  
nvlnufacturing ( T e s t  2 5 ) .  
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.t 

Percent  0: Partrcles  

Greater than low L e s s  than llim 

91 * Wath lmpinger 2.3 2.8 4 

LSSS =pinger 18 40 31 11 

F r o m  Figure 4-47 

and Qua v i thou t  the impinger. 

che m a n  p a r t i c l e  s i ze  is 0.01um including the  impinger 

An appropr ia te  reminder here  is  t h a t  t h e  SCAQMD includes the  

condensible material. However, tt is  bel ieved t h a t  condensible material 

of t h i s  t p e  should not  be  used t o  de t enn i i e  t h e  s i ze  d i s t r i b u t i o n  o f  

- s o l i d  p d r t l c l e s .  

2 .  Chmica l  ; o G a j l t i s n  oE ?a---:ca---Table 4-55 l i s t s  t h e  r e s u l t s  

from the ;hemica1 ana lys i s  of the  impinge: f r a c t i o n  f o r  the  SASS t r a i n .  

Vnfortunately, th i i  w a s  the ' ,only f r ac t ion  n i t t i  a l a rye  enough sample f o r  

chemical ana lys i s .  The organic  f r ac t ion  (85%) of  t h e  impinger ca t ch  (which 

i s  8 5 . 4 b ' o f  the t o t a l  ca tch)  w a s  no t  analyzed f o r  major chemical composition 

because it was bel ieved t o  b e ' m s t l y  v o l a t i l e  carbon. I t  w a s  ' n o t  poss ib le  t o  

alial:,ze t h i s  f r a c t i o n ,  u e t h y l  chlorpform e x t r a c t ,  for  chemical composition 

because of  t he  t a r r y  na ture  of the  sample (see Sect ion 3.2.26) : 

of the impinger ca tch  t h a t  was analyzed, v o l a t i l e  carbon w a s  the most abundant 

spec ies .  Su l f a t e s  were next  abundant followed' by calcium and i r o n .  All 

other '  e lements ,de tec ted  were i n  small a u n t s  ( < l . O % ) .  

, ,  

. 
I 

. 
3f t h e  15% 

3. Emissions and emission factors--Emissions and emission f a c t o r s  can 

be l i s ted  with seve ra l  d i f f e r e n t  un i t s .  The following lists some of these 

emissions and f ac to r s .  

T e s t  25s T e s t  2 5 5  Units  - 
Tr/DSCF 0:0075 0.0078 

T/yr 10.4 10.5 

lb/hr  ' , 2.94 ' . .. 2.98 

l.b/ton of  
f e l t  produced 0.28 0.28 
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4.2.12 Asphalti; Concrete Batch P lan ts  

A. I Process Descripcion (Ref. 4-20 6 4-21)--. 

P l a n t s  produce finis!!ed, a s p h a l t i c  concrete throuqh e i t h e r  batch or 

continupus aggregate mixing operat ions.  

concrete  requi re  d i f f e r e n t  aqgregace s i z e  d i s t r i b u t i o n s ,  so t h a t  t h e  raw . 
aggregates a r e  crushed and screened a t  t!!e qua r r i e s .  The coarse aggregate 

,usual ly  c o n s i s t s  of crushed i tone and g r i v e l .  buc w a s t e  macarials,  such as 

Dif fe ren t  appl ica t ions  of  a s p h a l t i c  . 
- ,  

s l a g  from steel m i l l s  or crushed g l ~ s ; ,  can be used as raw material. 1 .  

As processing for either 'type cl' >perat ion b a t c h  or cO1;tinw'us) 

begins,  che aggregate is lia.aled €Lorn  the :storage p i l e s  and placed i n  ''*e 

a??ropr ia te  hoppers of  t!!e cold-fee3 u n i t .  The mater ial  is metered from +he 

h o s p r s  onro a :anveyor b e l t  an2 is t:ansporteZ i 2 t o  a gas or o i l - f i r e d  rota?] 

dryer.  ., , 

As it l eaves ' t he  dryer ,  t h e  ho t  ma te r i a l  drops i n t o  a 53ucket e levator '  

and is t r ans fe r r ed  t o  a s e t  of v ib ra t ing  scraens where it is c l a s s i f i s d  by 

size inca a s ' m y  as  four  d i f f e r e n t  qra3ss. 

mixing o p e r a t i m .  , 
A t  t h i s  loin:  it 'en te rs  the 

In a batch. p l a n t ,  which was the type t e s t e d  i n  c h i s  pro5ram. th,.: 

c l a s s i f i e d  aggregate drops i n t o  one o f  t h e  four  la rge  bins .  Af te r  a l l  t h e  

material is weighed out ,  t h e  s ized  aq7regates ,are dropped i n t o  a nixer and 

uixed dry f o r  about 30 seconds. ' The a s p h a l t ,  whie .  is a s o l i d  a t  a&ient  

temperatures,  is  pumped from heated s torage  tanks. we+Jhe:l, and then i n j e c t e d  

i n t o  the  mixer. The not ,  mixed batch is then dropped i?.:o a t ruck and hauled 

to  t h e  job  si te.  Figure 4-48 i l l u s t r a t e s  a batch p l a n t  similar t o ' t h e  one 

t e s t e d  and i n d x a t e s  thg  loca t ion  of p a r t i c u l a t e  sources  i n  tne operat ion.  

There a r e  many sources  of fug i t ive  p a r t i c u i a t e  emissions as s h m  in the 

sketch. 

,character ized. .  as were t h e  pa re i a l ly  cont ro l led  emissions en te r ing  the 

baghouse. ' 

In t h i s  program t h e  ducted emissions cont ro l led  by a baghouse.were 

4-158 KVB 5806-783 
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8. P a r t i c u l a t e  Tes t  Set-up-- 

, N o  trains were used s i m l t 3 n e o c s l y  t o  d-le t h e  inlet  and o u t l e t  ' '  

c f  the  baghose .  The i n l e t  s t .a t ion was located on the,  v e r t i c a l  duct  

approximately 12 f t  ahead of  the  bend e n t e r i n g  the baghouse., 

p r o f i i e  of  the  i n l e +  duct w a s  taken through the three,  3" didme2er p o r t s  

provided. 

a r e  l i s t e d  in T a b l o  4-56. 

Th.3 ve loc i ty  

The ve loc i ty  p r o f i l e  i n  ,the i n l e t  and e x i t  ducts of ihe baghLuse 

The o u t l e t  sample s t a t i o n  w a s  l oca t ed  on the  ho r i zon ta l  s e c t i o n  of 

t h e  duct about e i g h t  f t  upstream of the  fan.  

of the  crew, t h e  v e l c c i t i e s  were r i ; t  :=!:en through t h e  v e r t i c a l  por t .  

f o r e  Velocity P o i n t s  10 through 15 were oDtained by swinging the  p i t o t  tube.  

A 7,'lO" no?:le 516s used. a t  veloc i ty  Po in t  % 3  on t h e  o u t l e t  duct k 7 C  a 5/16'' 

nozzle was used a t  Point 4 3  of  the i n l e t  duct .  

C. Par t ic ' l la te  Test  Results-- 

I n  t h e  i n t e r e s t  of the  safe ty  

The?,>- 

The res .d t3  of  t5e two t e s t s  ( T e s t  295 a?d 295) discussed ,n ' t h i s  

{sec t ion  a r e  l i s t e d  i n  Table 4-1. Elemental c o z p s i t i o n ,  s u l f a t e ,  : l i t r a t e .  

a-nd'carcon analys is  were determined for a l l  f rac t ions  or' particulac.  z 3 r r h e ~  

which contained weights Fn excess of 100 mg. 

a r e  discussed in Sec,tion 3.2.i. 

s i d s  of the  baghouse, the  cyclones and f i l t e r  in the small sampling t r a i n  had 

f i l l e d  to total  capacity and caused a p re s su re  drop during sampling which 

resu l ted  i n  stopping the sampling. 
' 

D., ' Discussion of  Test  Results-- 

The d e t a i l s  f o r  t h s e  procedures 

Due to che very heavy loading on t h e  i n l e t  

1. Efficiency of  the  bagho-lse--Using t h e  s o l i d  catch da ta  (i.e. without 

t h e  impinger catch)  from both simpling t r a i n s  f o r  the  i n l e t  and ex i t ,  the  

bdgh0YSe e f f i c i e n c y  w a s  ca l cu la t ed  to b e  99.95%. 

t h e  e f f i c i e n c y  would be 99.92%. ' 

' 
using t h e  total  catch, 

2. Par t ic le  s i z e  distribution--Figurn 4-49 is a p l o t  o f  p a r t i c l e  size 

(Ln) w accumulated weight percent,  t h e  l a t t e r  p l o t t e d  on a p robab i l i t y  sca le  
, .  

' as explained i n  Section ?.2.3 B. TM sets o f ' c u r v e s  a r e  presentrd,  one 

incl.uding the impinger catch,  t h e  o t h e r  ignoring it. Considering the  la rge  

amaunt of mater ia l  Zollected upstream of  the  f i l t e r ,  it would seem t h a t  the  

160 lcvB 5866-783 
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TABLE 4-56. VE~XITY PFOFILE--ASP&T BATCH PLANT (TEST 29) 

.. 
Distance from Velocity ' Vllocity 
End of Port Point # f t / sec  , 

8" 

20" 

22" 

44" 

8" 

20" 

3 2 "  

44" 

8" 

20" 

32" 

44" 

1 

2 

3 

4 

5 

6 

7 

' 8  

' 9  

. 10' 

ii 
12 , '  

30.2 

30.: 

34 .1  

37.2 

31.9 

36.7 

38.2 

41.8 

37.'2 

3 4 . 1  

, 28.9 

28.3 

Average: 34.1 f t / sec  

75337 scf 

-1. 
1/16'' I 

W 

t 
t- 5'. --- 

0 " l l . X  Of s.qno".. 

r.w.r.tur.: 1m.r , 
S U C l C  sr...u..: -11-wp 

, ,  

Distance from Velocity ' velocity 
End of Port Point # .ft/sbc 

5" 1 

9-3/8" 2 

14-5/8" '3 

22-'3/8" 4 

33" a 
43-5/80, 5 

55-5/8" 7 .  

61" 8 '  

37" l o  
35" 11' 

34" 12 

34" 13 

35" 14 

< 1-3/8'* 6 

' 68.8  , ' 

76.3 

85.3 

85.3 

95.4 

95.4 

85.3 

85.3 ' 

81.0  

95.4 , 

81.0 

89.5 

85.. 3 

73.9 

, ,  

37" 15  68.8 

Average: 84.6 ft/sec 

75354 scf 
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WEIGHT, PERCMT IPSS THAN STATED SIZE , 

. 'a Joy Mfq. Sampling Train With Impinqer 

0 Joy Mfg. Sampling Train Without Impinger 

a SASS 'Train With Impinqer 

0 SASS Train Eithout Impinge? 
, .  

Figure 4-49., Particle s ize  d t r i b u t i o n  for a s p h a l t i c  concrete 
bdtch p l a n t  ( T e s t  29) 

KVB 5806-783 
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e f f e c t s  of pseudo particulates world t r  i n s i g n i f i c a n i .  Therefore. the 

impinqer catch w a s  bel ieved tS be properly included i n  the  measuxements of 

As a resclt o f  

the ' f i l l i n g ' o f  t h e  cyclones i n  the  :ay t r a i n ,  a p a r t i c l e  s ize  d i s t r i b u t i o n  

curve could dot  be  made. It is eszimated from v i sua l  examinations t h a t  

t!!e mean p a r t i c l e  s i z e  for  t h + i n l e t  is g r e a t e r  L5an 100um. 

of  =!e p a r t i c l e  s i z e  d i s t r i s u t i o n  f o r  t h e  baghouse o u t l e t  including the 

, 

, the ,suspenZed p a r t i c u l a t e s  f &  a s p h a l t i c  concre te  p l an t s .  

, .  
The breakbwn 

'impi:ger is  as follows: 
I ,  

Percent  ,of Particles 

Greater than low 10-3~m 3-1Um , L e s s  than lYm 
T e s t  295 60 6 ' 4  30 

-i ... e =e&? p a r t i c l e  sire for &:e ba5Louse o u f l e t  i s  approxi.r.ately 5O:m. 

Xlchough <:e Liagnouse has a high e f f i c i ency  some of  the  coarser  p a r t i c l e s  

s t i l l  penetra ' te,  n o  doubt due t o  small le&s i n  and ardund t h e  baqs. 

3. Chemical composition of  par t iculates--Table  4-57 .lists the  . r e s u l t s "  

f ron  the  c:?emica'l ana lys i s  of  the p a r t i c u l a t e  f r a c t i o n ' f o r  the  tes ts  d is -  

, cussed i n  t5is sec t ion .  Although s i l i c o n  is  n o t  de tec ted  w i t h  X F S  (see 

Sect ion 3.2.2 8 ) .  it is clear t h a t  s i l i c o n  is t h e  mst ahundant element i n  

, t h e s e  samples. , The qdna lyzed  por t ion  of T a b l e  4-57' is pr imar i ly  Si02 and 

o h e r  'compounds of s i l i c o n .  

4. Emissions and 'emission factors--'Enissions and emission f a c t o r s  can 

be l i s t e d  with seve ra l  d i f f e r e n t  Fits. , 'The following lists some o f  these  

e s i s s ions  and f a c t o r s  f o r  these  t e s t s :  

', Contro l led  Uncontrolled 

. 8  Unies ' Tes t  295 T e s t  295 

gr/DSCF 0.00776 ii. 485 

l b / h r  4.34 5777.5 

lb/ton produced 0.02 34 

lb/ ton produced ( R e f .  4-22) 0 .1  , , '  , 4 5  

' T h e  1.56 2079.9 
' ', 

' kVB 5806-783 I '  . , '  , 4-163 



TABLE 4-57. CHEMICAL CUMXISITION OF PAKI'ICUWTP, SAMPLES 

IN PERCEEi? FUR ASPLXLT BATCH PLANTS (TEST 29) 

lam , lOum 
Cyc1or.e F i l t e r  Cyclone 

sx'(pr..Z # 295-25 299-5s 29J-2s 

wT. 2LFENT OF C'VT 62 3 . 6  54 

w XV?.LYSIS 

Arsenic , t  

Sarium t 

Calcium 1 .4 /0 .3  10/3 1 .9 /0 .1  

ChrJmium - t 

I r o n  I 3.6/0.5 110.1 '4.3/0.5 

t I 

- 
Pocassiua 1.5/0.5 1.5/0.? 

S i l v e r  t ,  

(sn>.fur) ( < E )  I (<4) , ( < I )  
, ,  

Titanium t t t 

T3TpxL' 

' Sulfates, H.0 sol' 

(sulfur, from soqD)' 
Nitra te  ( R ~ O   sol^' , 

Total Carbon' 

(Volatile Carbon) ' 
(carbonates) ' 

TOTAL AtVXYZEE 

, B i w N c E  

8 .  11 8 

2 

( t  1 
t 

t 

( t )  
10 11 8 

90  89 92 

100s loa\ l a m  

. 

. 
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,. FOXD AND AGRICULTURAL 

4.2.13 Rice Drying Process 

A. ~ r o ~ e s s  Descrip'tion-- 
P 

Rice d r f ing  is a seasonal  process L5at must be performed as soon as 
T h e ' r i c e  must be taken to  1-29 nu i s tu re  content,  t.Le r a w  rice is harvested. 

:o ?reserve it u n t i l  it is  consum=d. 

through the  dryer. 

w a l l  cy l ind r i ca l  c o l m s  which are constructed of screen. 

moves dosm between L!e screen w a l l s  as w a r n  a i r  ("-12O'F) pass6s from the , '  

center  of  the  colim through the  rice t o  a l a rge  surrounding bui ld ing .  

Thin bui ld ing  has s i x  l a rge .  screen-covered, c i r c u l a r  openings which Vent 

-1.2 ai= 5acX :3 :>.e amcsGt.-.r*. 

which r o t a t e  over  t he  i n t e r i o r  o f  the screen to  remove chaff build-up. 

F i q u r e  4-50 shows the ' f l ow of  rice 

The r a w  rice is conveyed t o  t h e  top  of  hollow. double- 

The r i c e  slowly 

- _  Y-. ozeninqs ar2 eqL;li??e? wi:h VLIC.ZL? u;l?.ls 

The raw rice h a s  18-20% mistare i n i t i a l l y .  If  it is d r i e d  t o o  f a s t  

zhe r ice w i l l  crack,. Therefore. a f t e r  each pass  througl. the dryer ,  t h e  r ice 

is s:ored. m t i l  i t  reaches an equi l ibr ium tehpera ture  and moisture content .  

The cy& i s  repeated u n t i l  the rice reaches 1-24 moisture. 

8 .  , Part iculate  T e s t  Set-up-- 

XS shown i n  Figure 4-51, eazh of the s i x  vent sc reens  has  the  

following fea tures :  

1. 

2.  A 1" w i d e  band 124"  d i a E t R r  is used f o r  support. 

3. 

4: 

A n  area 18" i n  diameter a t  t h e  c e n t e r  i s  solid shee t  metal. 

Sixteen 1" w i d e  ban& used €or support  are evenly spaced over 
t h e  circle to  form p i e  shaped sec t ions .  

There is a l a rge  support ing screen  wi th  %l" &le space and 
5/16" wire. 

Taking t he  fea tures  i n t o  considerat ion,  t h e  flow area for each of &e 
2, 

anemmeter on each o f  , the 32 sec t ions  of r3e screen  as shown i n  Figure 4-51 

for  each of the  s i x  screens. 

scZBens w a s  c a l c d a t e d  to be 118.4 f t  . The,ve loqi ty  was measured by 
I ,  

" 

.One other problem complicated t h e  ca l zu la t ion .  

4-165' RVB 5806-783 
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Center wi th  no flow 

15 pie  seccions 2 5.13 f t  

16 t rapezoid sec t ions  3 3.81 f t  , 

Sub- t o  ta l  

16 strips 1" wide x 64" long 

1 s t r ip  125" diameter 

b q e  ' screen 1" sci2ar-d i5/16" width 
" 2  2 wire)  a t  16.1 i n  / f t ,  

Total area f o r  flaw f o r  each. sc reen  

2 '  

2 

. .  

- 1.76 it2 

= a 2 . 1  f t 2  - 61.0 ft2 
2 

2 

2 

- 143.1 f t  - -7.1 f t  - -2 .7  tt 

2 - -14.9, f t  - 118.4 r tZ  

F i p r e  4-51. Schematic of. screen sections f o r  rice d rye r  ( T e s t  4) 
. , .  

' ,  

4-167 ' m 5806-783 
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P a r t  of  the  screens had become clogged vi" chaff .  

es t imate  of the unclogged area w a s  made. Thus to  o b t a i n  the flow, i n  CFM, 

from the  screens,  the product of seasued velocity X unclogged a rea  (total 

a rea  X est imated f r a c t i o n  unclogged) w a s  summed for each of the 32 s e c t i o n s  

of t h e  s i x  screens.  

For each sec t ion  an 

The t o t a l  flow from t h e  screens was ca lcu la t ed  t o  be ;28,T100 SCFM. 

The sample poin t  w a s  ctosen where the flow w a s  11 f t / sec .  A 1" nozzle w a s  

used w i t h  the  l a r g e r  SASS train and a l)2" nozzle w w  used w i t h  t h e  smaller  

Joy t r a i n .  

C. T e s t  Results-- 

. ,  

The r e s u l t s  J f  the  t e s t s  (Tes t  4s and 4J) discussed i n  t h i s  sect ior .  

a r e  l i s t e d  i?. Table 4-1. v;rjor e1ernen:a.l c o n p s i t i o n ,  s u l f a t e ,  c i t r a t e  

an3  carbon a n a l p i s  weze determined f o r  a l l  f r a c t i o n s  of p a r t i c u l a t e  ca tches  

which contained weight i n  excess of lo? 39. 

a r e  +cussed i n . S e c t i o n  3.2.2. Table 4-58 

analys is .  

D -  , Discussion of Results-- 

,The d e t a i l s  f o r  these Frocedures 

l i s ts  the r e s u l t s  from t h i s  

. . ,  

.1. P a r t i c l e  s i z e  distribution:-Figure 4-52 is  a p l o t  of p a r t i c l e  s i z e  

(urn) vs. accumulated weight percent ,  the  l a t t e r  p l o t t e d  on a probab i l i t y  scaLe 

a s  explained i n  Sect ion 3.2.3 B. Two answers are presented, one including 

the inpinger  catch, and the  o the r  ignoring it. 

the e x i t  a i r ,  it would seen  t h a t  t te effects of  pseudo p a r t i c u l a t e s  would no t  

be prec-nt.  Therefore,  t h e  impingar ca tch  was bel ieved t o  be properly 

included i n  .the ieasurements of the  suspended pa r t i cu la t e s .  

of t h e . p a r t i c l e  s i z e . d i s t z i b u t i o n  i r . z L 2 n g  the iupinger  catches is a s  

follows: 

, .  
Considering t h e  na ture  of, 

The breakdown 

. . . . . . . . . . .  P e r c e n t  of .  P a r t i c l e s  

. . . . . . . . . . . . . .  . . . . . . . . . .  , .  . . . . . . . . . .  
< l u m  - - - 10-3Ym ' 3-1p .'LOum -- . 46 12 1.2 30 

T e s t  &I 89 2 2 8 
.................... . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  

4-168 
WE 5806-783 

I 

. . 

. 
i 



, , I .  

v 
.. 

w 

WEIGHT, PERCENT LESS THAN STATED SIZE 

fl Joy H f q .  Samplinq Train 'With Impinqer 

0 Joy'Mfg. Sampling Train Without Impinger 

@ SASS Train Kith Impinqer 

0 SASS Train  Without Impinqer 

Figure 4-52 .  P a r t i c l e  s i z e  d i s t r i b u t i o n  ( T e s t  4 ) .  

KVB 5806-783 
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which of t h e  results a r e  mre  correct. .For develaping emission p r o f i l e s ,  ! 
6 ,  

7 the tw d i s r r i b u t i o n s  inc luding  t h e  impinger were averaged. 

ana iys i s  of  t h e  p a r t i c d a t e  f r a c t i o n  f o r  the tests (45  and 45) hiscussed  i n  
t h i s  sect ion. ,  S i i i c o n  is the mst abundant element,uost l i k e l y  i n  the  form ' f 

2. Chemical cornposition--Table 4-58 lists t h e  r e s u l t s  from t h e  chemical 

, .  

of S i O z  from t h e  f i e l d  dus t  (approximately 70%, Si02! .  

i s  no t  as accura t ?  a s  fo r  o t h e r  elements (see Section 3.2.2 81. 

xRF a n a l y s i s  f o r  s i l i c o n  

I ,  

3. Emissions and emission factors--Emissions and emission f a c t o r s  can be  

l i s t e d  w i t h  s e v e r a l  d i f f e r e n t  units. 

emissions and f a c t o r s .  

The fol lowing lists Some O f  t hese  

T e s t  4s 

gr/DSCF '3 ' 1935 

T/YK - 5  

l b / ton  produced 0.1 

Ibhr  15.33 

Ib/ton produced (Ref. 4-22) 0.3 

' Tes t  5~ 1 

0.0154 

5.8 

16.5 

0.16 

0.3 

4-170 KVB 5806-783 
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TABLE 4-58. CKLYICXL COMP3SITION OF PARTICULATE SAMPLES 

IN PERCENT FOR RICE DRYER (TEST 4) - 
Joy sws - 

low lOUD 3um 
Cyclone Cyclone Cyclone Impi..ger 

S W L F .  I) 04J-2s 045-25 045-35 04s-IC 
- 

WT. PERCENT 'OF. CLT , 

X.3€ XYALYSIS 

Calcium , 

Chlcriiie 

chromium J 

Iron 

.anqanese J 

s i c k e l  I/ 

Po tas  si,- 

S i l i c o n  

( S U L f I K )  

VanaCitllr ' 

' ,  i 

I 

'zinc , , 

TOTAL' 
Sulfatea ,  K ~ O  sol2 

= 
(sulfur, from so4) ' 

Nitrate  ( H ~ O  sol)'  

Total  ~ a r i ~ n '  

(Vo la t i l e  Carbon) , 

(carbonates) ' 
TUTAL ANALYZED 

BA~WCE ' 

74 

t 

t 

t 

t 

t 

' t  

t 

10 

4 

t 

( t l  

11 

(11) 

14 

86' 

56 11 

t 1.1 

t 

t t 

t 3.7 

t t 

t t 

t 3.4 

12 ' ' 

( < l o )  
t 

, ' 4  10 

t' t .  

(t) , it) 
t' 

' 14 31 

(13! (29)  

t 

18 4 1  

82 5 9 .  

100% ' 100% 100% 

9 

1 . 3  

5 . 2  

t 

5 . 1  

t 

C 

t 

, I  

(7 .7)  

f 

14  

1 3  

( 4) 

t 
21 

(21) 

46 

5 4  

iooe 



4.2.14 Carob Roas t inp  

A. Process Description-- 
1 

Carob roas t ing  is a process very s i m i l a r  t o  coffee roast ing.  Carob,' 

which is  imported in  t h e  form of pods. must be cleaned, roasted,  mil led,  

and packaged before being sold.  

Figure 4-53). 

i n t o  a 'current of  a i r .  

uous roas te r .  During the roast ing,  misture is  driven o f f ,  the pcds s w e l l ,  

and chemical changes take place t h a t  give t t e  roasted pods t h e i r  c o l o r  and 

f lavur .  when the pods have reached a c e r t a i n  color ,  they are quenched, cooled. 

and s t o r e d  u n t i l  they are 'ground i n  preparat ion f o r  making carob ca id ies .  

a. P a r t i c u l a t e  T e s t  Set-up-- 

.In a t y p i c a l  carob roas t ing  ope ra t ion  (see  

the  pods a r e  f reed  of  d u s t  and chaff by dropping the  pods 

?he clrane.4 pods a r e  %ten sen t '  t o  a bat.ch or =ont!.n- 

DUE t o  high temperatures encountered i n  sanpl ina t h e  s tack  gases from 

t h e  a f t e r  burner,  there  a r e  no p a r t i c u l a t e  da ta  f o r  the  o u t l e t  of  t h e  a f t e r .  

burner., The smaller  sample t r a i n  was used to.sample the exhaust gas f-mm %?e 

r o a s t e r  t o  the a f t d r  b m e r .  

' 

The ve loc i ty  p r o f i l e  i n  Lhis duct is l i s t e d  i n  

Tabls 4-59. A 5/16" nozzle w a s  used. a t  Velocity Point  83. I - _ ~ ~ _  c. resic &SLLits-- 

The results of the test discussed i n  t h i s  s ec t ion  a r e  l i s t&  i n  

T a b l e  

were determined.for  a l l  f r a c t i o m  of  p a r t i c u l a t e  catches which contained 

weiyhts i n  excess of  100 w. The d e t a i l s  for these  pmcedures . a re  discussed 

i n  Sect ion i.2.2. Table 4-60 lists t h e  results from t h i s  ana lys i s .  

Elemental composition, sulfate. n i t r a t e ,  and carbon a n a l y s i s  

D. Discussion of  Results-- . .  

1. P a r t i c l e  s i z e  distrlbution--Figure --56 i s  a plu; of p a r t i c l e  size 
(!mi) W. accumulated weight percent,  t h e  la t ter  p l o t t e d  on a probabi l icy scale 

a s  explained i n  Sect ion 3.2.3 E. Two zurves are ,  presented,, one including.  

, t h e  impinger catch,  and the  o ther  ignoring it. Considering t h e  nature of t k e  , 

process,  the material captured i n  t h e  h p i n g e r  is  mostly COIIdeMibleS from the 

I .  4-172 I(v8 5806-783 , 
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TABLE 4-59. VELOCITY PROFILE-<AROB I(OAST1NC (TEST 37) , 

Distance from Velocity 
Edge of Duct Point # 

0.4- 1 

1.25 2 

2 . 3  3 

,3.a 4 

6 , ,  R .  
8 

9.7 

5 

6 
10.7 7 

11.6. a 

, .  

5 

tt/sec Point W 

40.6 9 

, 38.9 10 

39.5 11 

'38.3 12 ' 

.38.9 i? 

40.6 $3 

41.7 14 

41.7 15 

41.7 16 
, I  

P 10 11 12 R ' 13 1 4  15 1, 

* ,  12" '-- 

Temperature: 96'i 

Static :resjure: -1.3" H20 

T .  I 
s 

'I 

tt/sec 

40.6 

38.9 

, '  35.8 

38.9 

38.9 

39.5 

38.9 

40.6 

41.7 
\ 
I '  

.a 1773 SCFH . 
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L .. d i s t i l l a t i o n  2 . a t  is occurr ing  during t h e  m a s t i n g .  Therzfore. t h e  impinger 

:it& w a s  h?i ,eved to  Se j ro$e r ly  not  included i n  t h e  -3surm.ents o f  t h e  I 

s u p n 3 e d  ?au+ cu la t e s .  The breakdown o f  t!e particle s ize  d i s t r i b u t i o n  8 
I w i t 5  and wit! io . : t  including the  &pinger  cptch is as follcvS: . . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . .  , . . . . . . . . . . .  IC4 

mZ 

Percent of Par t ic les  . ,  
<~cm.'. ' . ' , ' , ' . ' . '  . . ' - >lJLZl - 10-3'a - 3-lum -. +: .... . . . . .  ;E 

0.5 , 0.5 2 . .  .. n 1 r.i.0 c : 
%::!I 35 1.0 1.9 60 .................... 

However, due t o  t h e  small amount of material co l l ec t ed  i n  t h e  th&e ' . ' ' ' ' . ' ' ' 

? 7 
. . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . . . .  . . . . . . . . . .  I 

v.? one ' ~ n  cyclones, i t  is f e l t  t h a t  this d i s t r i b u t i o n  may n o t  be reGresen- 

t a i i v e  and, a l s o  d u  to the  high opera t ing  ttmperat.ure o f  t h e  sampling t r a i n  

oven '(40O0fI, t h e  sample may have been chemically chanced OK cooked i n  the  

- .  . _-  . " ~  F>ls .doLl;i - ,:sa acc~n" :  fos =he 13r;e .wel.q+.c rn  :>.e i 'q iz ;a :  za:s!I. 

2 .  Chc2ical eomgosition--?aS:e 4-5'7 l is ts  the,  r e s u l t s  from t!ie 
-&=-'-a? _ _  ~ r i l . ? j i s  ,of ~ 5 e  ? a r t i c u l a t e  f r ac t ion .  f o r  t he  t e s t  discussed i n  t h i s  

seszion. Car>on w a s  Zound t o  be the  mst abundant elemen-1. All Otfier 

ele-tenta?i '3etec:ed were i n  cvncentrat ions of less tnan one percent .  

3 .  E;l;ssicns an2 emission f a c t o r s - - m s s i o n s  a?$ eais ' s ion f a c t o r s  Can 

he l i s t e d  v i t h  seve ra l  d i f e r e n t  units. The following lists som O f  these  

m i s s i o n s  an? fac tors .  

gr/DSCP 

Uncontrolled 

' 0.0711 

2 .0  .................... 
2 . 0  .................... 
6 .0  , 

. . . . . . . . . .  I C 4  

mZ 

. . . . . . . . . .  ' T / y r  

LS/hr +: m =  
lb/ ton produce3 

lb / ton  producea (Ref. 251 
. .  . . . .  

7 6 ................... . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  
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T ~ I E  4-60. CLIEXCAL COMPOSITION OF PRRTINUTE SAWLES " 

IN PERCZNT FOR CIU(OB ROASTING OPERATION (TEST 371 

JOY JOY 
l O u m  Cyclone , I q i n g e r  

SXWLE * 3 7 J - 2 s  ' 37.7-ZC 

WT. PERCENT OF CUT 3 6  4b 

L9.F AV,UxLYSE 

Calcium t 
, I  , .  

Iron t 

P o t a s s o m  t 

(sulfur) (<4 )  (<21 

2 

( t  I. 
t 

t , ,  . .  t 

34 2 4  

( 2 2 )  1 ' . .  (,331 

36 24 

64 76 

loo\ 100%. 

. 

i 

. /  : 



C 

t 

""1 0 . 2  

1 I 1 I l l .  

I 

0.1 1, I ' I I  I I ; , , I  
0.01 0.1 0 .5  1 2 5 IO 20 30 4 0 5 0 t  

I 

' ,  1 u 
;a 80 90 95 98 99 99.8 93.99 

WEIGHT, PEFCENT LESS T k V  STATED SIZE 

Joy X f 3 .  Sampling Train Wi* i m p i n g e ?  

 JOY xfq. sampling T r a i n  Without Impinger 
, ,  

I 

, ' f i g u r e  4-54. Par t i c l e  s ize  &stribbution to r  carob roast ing 
operation ( T e s t  37)  

' 5 '  

loIB 5806-783 ' , ' 
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=TAL FABRICATION 

4.2.15 S t e e l  Heat h e a t i n p  ' 

A. Process Descr ipt ion (Ref. 4-26) -- 
' Heat t r e a t i n g  involves  t.!e c a r e f u l l y  con t ro l l ed  hea t ing  and cool ing 

of s o l i d  metals and a l l o y s  for e f f e c t i n g  c e r t a i n  desired changes i n  t h e i r  

physical  p rope r t i e s .  

hnd nonferrous metals are fundamentally similar. 

harde.iing, quenching, anneal ing,  tempering, normalizing fe r rous  metals. and 

r e f in ing  gra in  o f  non-ferrous ratals. A l s o  included i n  the  category of 

hea t  t r e a t i n g  are the var ious  rathods of case hardening steels by carbur iz ing ,  

cyaniding, n i t r i d i n g ,  € l a m  hardening, induct ion hardening, ca rSon i t r id ing  and 

s i l ixni : i? .g .  

In  genera l ,  Gir.  met.!ods used to hea t  t r ea t  both EerrouS 
These methods include 

' 'F igure  4-55 shows the  type o f  hea t  t r e a t i n g  equipment t e s t ed  i n  

G!is srudw. The s tee l  t o  be t r e a t e d  is dipped i n t o  a tank of l i q u i d  s a l t  a t  

1620'F u n t i l  hea t  treatmeit i 3  complete,. 

dried i n  a n a t c r a l  gas  €lane. .Par t iculate  emissions from t!is type o f  hea t  

' t redter  =re  " ~ t c l y  ca~used hy mnlr.en salt spray. 

B. P a r t i &  Ite T e s t  Set-up-- 

Then it is quenched i n  water, and 

, ,  

'I*ro sampling t r a i n s  vere  used iimultaneously to  sample the  i n l e t  and 
, 

e x i t  of t h e  baghouse as'shown i n  Figure 4-55. T a b l e  4-61 lists the 

ve loc i ty  p r o f i l e  i n  t'e i n l e t  ?nd o u t l e t  duct .  A 3/8" nozzle vas used a t  

Velocity Point # 3  wit!! t h e  smdller (Joy1 sample t r a i n  on t he  i n l q t  duct  and 

a 3/16" nozzle vas used a t  Vekcicy '  Poin t  43 vi.%! t!e l a rge r  (SASS1 ;apple 

. t r a in  on the rectrnqular (42"x57") o u t l e t  duct .  . D u e  to one sec t ion  o f  t h e  

Saghouse being 'open t o  t he  atmosphere during the t e s t ,  1 higher  flow vas  

observed tor the o u t l e i  than for the inlet  duc t . .  

c. Tes t  ReSulto-- . ,  

The r e s u l t s  of the  tests discussed i n  t h i s  s ec t ion  are l i s t e d  i n  Table  

Elemental composition,' s u l f a t e ,  n i t r a t e ,  and carbon ana lys i s  

ve re  de tec l ined  f o r  a11 t ract io  s of  p a r t i c u l a t e  ,catches which contained 

weights i n  excess of 100 fog. The d e t a i i s  f o r  Glese procedures are discussed 

i n  sec t ion  3.2.2. , .  

4-178 ' KVB 5806-783 
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TABLE 4-61. VELOCX? FROFIE-STEL dLAT TXXTING (TEST 14) , 
SMpl. pOmc 

BNT 9/16. norrlo 

Distklce 
f m m  end 
of port 

4" 

4-3/8 

13-5 /8  

21-1/4 

32 

42-3/4 

50-3/8 

55-5/8 

60 

1 1 Distance Velocity 

Point f:/ Point Et/ 1 f r o m  end 
11 CJC ' # sec o: port 

1 22.0 ' 9 21.2 9 

2 "2.7 10 21.2 23-1/4 

' 3 22.0 11 22.0 37-1/2 

4 2.11 12 21.2 ' 51-3/4 

K ' 23.7 R , 22.9 9 

5 '  21.2 13 21.2 ' 23-1/4 

6, 22.9 14 22.9 37-1/2 

7 21.2 ' 15 21.2 . 51-3/4 

8 21.2 16 19.3 9 

, 

, I  

Velocity 

Feint ft/ 
ii sec 

1 6=.5 

2 59.2 

3 63.2 

4 80.0 

' 5  64.7 

6 52.5 

' 7  56.5 

- 

.. I 

8 . 70.2 , 

? 61.6 

10 55.3 

11 . 56.2 

I 12 ' 58.3 , 

Average: 51.8 ft/ssC 

45791 S E N  

i 
I. 

.. 
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D. Discussion o f ,  Results-- 
c 

', 1. Baqhoust! e f f i c i e n c y - T h e  e f f i c i e n c y  o f  a con t ro l  device i s  def ined  a s  

v 

e f f i c i e n c y  = [(mass o u t  I mass in) /mass  i n ]  x,100% 

using t h e  emission mass rate i n  l b h r  f o r  i n l e ' t  and o u t l e t ,  

e f f i c i e n c y  = I(lO.5 - 1.1)710.51 x 100% = 90% 

2 .  P a r t i c l e  s i z e  d is t r ibu t ion- -Figure  4;56 is a p l o t  o'f p a r t i c l e  s i z e  

. (urn) vs accumulated weight percent ,  t h e  la t ter  p l o t t e d  on a p r o b a b i l i t y  scale  

as explained i n  Sec t ion  3.2.3 8 .  ,Two sets of  curves  are presented ,  one 

including the  impinqer ca tch  and t h e  o t h e r  ignor ing  it. ' Considering tht 

almst a l l  L5e p a r t i c u l a t e  material i s  caused from salt  sp l a sh ,  i t  is be l ieved  

t h a t  t h e  lmpinger ca t ch  should be inc luded  in  the measurements of t h e  suspended 

p a r t i c u l a t e s  f o r  s i z e  d i s t r i b u t i o n .  ,The  breakdown of  t he  p a r c i c l e  s i z e  d i s t r i -  

but ion inc luding  the  inp inqer  ca t ch  is as  follows: 

Percent  of ?ar t ic les  

w=lm<1Um 
, .  

T e s t  145 i n l e t  4 8 14 74 

Tes t  14s o u t l e t  5 4 7, I 10 76 

The m a n  particle s ize  based on t h e  curves  i n  Figure 4-56 is a 0 . 1 5 ~  

for the  i n l e t  and about J.25um f o r  t h e  o u t l e t .  These a r e  e s s e n t i a l l y  t h e  

same values ,  cons ider ing  t h e  accuracy of t h e  data. 

particle s i z e  should be  h igher  for a baghouse i n l e t  than t h e  o u t l e t .  

mean par t ic le  size is the  sare, as  in  this case. it miqht i n d i c a t e  t h a t  t h e r e  

w a s  a Sag leak which might also exp la in  t h e  r e l a t i v e l y  l o w  c o l l e c t i o n  

, 

Norwi ly  the  mean 

I f  

, . e f f i c i ency  (901) f o r  a baghouse. 

3 .  Chemical Composit*--Table 4-62 lists t h e  ' r e s u l t s  from t h e  chemical 

ana lys i s  o f  t h e  p a r t i c u l a t e  f ract ion f o r  each of  t h e  tes ts  discussed i n  t h i s  

s ec t ion .  P? would D e  expected, c h l o r i n e  is t h e  most abundant element i n  each 

p a r t i c u l a t e  f r ac t ion .  Potassium. s u i f u r ;  zarbon. and barium are next  abun- , 

' 

dant .  5,alfates concent ra t ion  dominated t h e  impinger ca tch .  I ron ,  n i c k e l ,  

molybdenum and manganese seemed a l i t t l e  high i n  t h e  impinqer catch. Th i s  

m3 5,;:6-763 , 
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I n l e t  
?oy Mfg. Sampling Train With Impinger 

\ 0 JOY Mfg. sampling Train Without xmpinger 

SASS Train with Impinger 1 Autle, 

, I  

\ 0 SASS Train Without 'Impinger 

Figure 4-56. P a r t i c h ' s i z e  d i s t r i b u t i o n  f o r  steel heat  
t r e a t i n g  operat ion  (Test  14) 
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TXBLZ 4-52. CHLYICAL CO.YPCSITION OF PARTICUTE SAYPLES 

IN PERCENT mR STEEL HUT TREATING (TEST 14) 

I n l e t  Outlet  

low 3ym 14um 
Cfclone Cyclone Cyclone Impinqer 

SXVPLE 4 14J-25 145-35 145-45 145-IC 

'n. PERCENT OF CUT 

L?J X V X L Y S I 5  

Barium 

C a l c i u m  

C>Jorine 

Chromim 

Cobalt 

I Z O I  
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, .  x01j+2en2n 
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Potassiupl 

( su l fur )  

TOTAL 

S u l f a t e s ,  H ~ O ,  sol' 
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2 
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collld be  E L G ~  s t a i n l e s s  steel  contamination.. caused from s u l f k i c  ac id  and 

h y d r g h l o r i c  ac id  

p a r t i c l e s .  Nitrates in smaller s i z e s  shoved up maiidy i n  t h e  impinger ca tch .  

attack. , ,Pot.issium and barium tended t o  favor  t h e  l a r g e r  
. 

I '  5 
4. Emissions and emission factors--Emissiow and emission f a c t o r s  can 

be l i s t e d  w i L 5  s e v e r a l  d i f f e r e n t  units. h e  following lists som o f ,  these  

emissions m d  fac tors .  

Units 

gr/DSCF 

T / y r  ' ,  

1S/ton brocessed 

LShr 

T e s t  1 4 5  ( in le t1  T e s t  14S(ou t l e t )  

0.0593 0.0028 

21.6 2 . 2  

10.58 1.1 
0.14 0.01 

. . ' ,  
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4.2.16 G r a s i v e  Blas t inq  

A. Process Description (Ref. 4-17) -- 
Abrasive b l a s t  c leaning is t h e  opera t ion  of cleaning or preparing a 

sur face  by fo rc ib ly  propel l ing  a s t rev o f  abras ive  mater ia l  aga ins t '  the  

surface.  

abrasive mater ia l  used, ( 2 )  the  metiod of p rope l l ing  t h e  abras ive ,  and ' , 

( 3 )  the equipmelit u;ed t o  cont ro l  t h e  abrasive stream or move the a r t i c l e s  

being c i a m e d  i n t o  the abrasive stream. 

B l a s t  c leaning operat ions may be c l a s s i f i e d  according to:  (1) -the - 

, The o l d e s t  acd most widely used device t o  confine and con t ro l  t h e  

which cons i s t s  of an enclosure w i t h  b l a s t  is Lie b l a s t i n g  r d c m  (Figure 

the  operafor ins ide  manipulating the b l a s t  from a hose. 

:.ap.? wide ly ' i n  t h a i r  cons t rus t ion .  Cn? popular desiqn is the  a1:-steel. pre- 

fabr ica ted  r o o m  w i t h  floor gra t ing  and a completcly automatic abras ive  re- 

covery system. These systems usual ly  use spec ia l ized  o r  o the r  abrasLves 

such a s  carbide and walnut s h e l l s  and o f t en  have monorail conveyors, r a i l  
ca r s ,  3r ro t a t ing  , t ab les  t o  a i d  Gie opera tor  i n  handling t h e  ob jec t s ,  which 

4 - 5 7 )  
/ a  

I ,  Blas'-:.ng rooms 

, 

' a r e  usual ly  l a rge  and Feavy. Figure 4-57 shows the b las t ing , room se tup  

tes ted  on t h i s  program. 

metal being b las ted  was hea t  t rea ted  s t a i n l e s s  s t e e l .  ' 

8.  .Pa r t i cu la t e  Tes t  Set-up-- 

T h e ' g r i t  used was aluminum oxide ( A 1  ' 0 ) and the  2 3  

1 -  

,. , 
Two sampling ' t r a i n s  were used simultaneously co sample t h e  in lo - t  

and o u t l e t  o f  Lie baghouse. 

duct .  ( 3 6 "  diameter) approximately f i v e  f t .  from t h e  baghouse. 

o u t l e t  s taz ion  (35" 'I 39") was .located about 3 f t .  aboye t h e  blower. 

veloci ty  p r o f i l e  i n  both i n l e t  and o u t l e t .  ducts  a r e  l i s t e d ' i n  Table 

The . la rger  sarqle train w a s  used on. t h e  o u t l e t  duct  a t ' v e i o c i t y  po in t  #7 

w i t h  a 5/'3': n6zzlk. and t h e  smaller sample t r a i n  was used on th'e ' i n l ec  duct  

me i n l e t  s t a t i o n  was located on t'he hor izonta l  

m e  rectangular  

The 

4-53 

, 

, ,  a t  veloci ty  po in t  # 3  with a 5/16" nozzle.  , ,  

. .  - 
C. Tes: Resul t s - -  

The resul ts  of the  t e s t s  (Test  34J,and 3 4 s )  ?iscussed i n  t h i s  s e c t i o n  

a r e  l i s t e d  i n '  T a b l e  4 - ' l .  E l e m e n e d l  cordposition, s u l f a t e ,  n i t r a t e ,  and car- 
bo2 analys is  were determined for a l l  f r s c t i o n s  of p a r t i c u l a t e  catches which 

contained weights i n  excess of 100 mg. The d e t a i l s  f o r ' t i e s c  procedures a re .  

discussed i n  Sect ion 3.2.2.  Table 4-64  l is ts  the  r e s u l t s  of Llis analys is .  

' 

, 
, .  

. ,  
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, .  . , I' 

F '  

Distance f rom 
Edge of ~ U C :  

(inches1 

1-1/9 

1-?/4 

7 

11 

l a  
24-1/2 

: 29 

' 32-1/4 

34-'7/8 

*" 
' V  

' v e l o c i t y  Distance fro&. ' ' 

Edge of D x t  P o i n t  P o i z t  
, ,  

';e l o c  i q  

Pointd :t/sec ( i n m e s )  b f t / s e c  d f t / s e c  

1 23.0 4-318 ' 1  35.4 9 24.: 

2 25.8 13-1/8 2 35.4 10 15.9 

4 27.4 30-5/8 4 6 6 . 9  12 I 6 3 . 5  

R 27.4 J-3/8 5 20.1 13 6 . 7  

'5 28 .2  13-1/8 6 ' 1 6 . 4  14  14.9 

6 ' 28.0 21-7/8 . , 7 31.5 15 14.3 

3 ?6.6 21-7/8 3 4U.J 11 2 0 . 1  

_1 30-5/8 8 6 5 . 5  16 0 29.7 

8 26 .6  , ,  

k 

TABLE 4-63. VEWCITY PK3FII.E FOR ABRASIVE BUSTING (TEST 33) 

N 

Average: 27 .1  f t / s e c  
1 1 6 X  S C Z I  

Average:' 29.6 f t / s e c  
16509 SCF:I , . 

Y 

1 
-? . 4-187 
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TABLE 4-64. CH&YIcxL COMPOSITION OF PARTItLWTE SWLES 

IN PERCENT FUR ABRASIVE BLASTING (Test 34) ' 
. 

1CM 3Lrm 1W 
Cyclone Cyclone Cyclone 

SXWLE * 345-25 343-33 343-43 # 

W. P E a c I T  OF CUT 

.mF X V ? L Y S I S  

97 1.3 0.09 
. ,  

8t 

(0.1 

' 18/2 

t '  

t 

,(<)I 
, .  

2.3/0.3 

t 

22 

t 

' ( t )  

' t  

22 ' 

78 

1 c m  

t 

(0.1 

15/2 

t 

t .  

t 

20 

a0 

13O\ 



1. 
a 

0. Discussion o f  Results-- 

t 

c 

1. Eaqhouse efficiency--Csing the  mass 1 lb/t ,r)  f o r  bc i n l e t  , ,  

and o u t l e t  t o  Ek.e:!>aghouse, t h e  e f f i c i e n c y  was ca lcu la t -d  t o  be 99.9% from 

t h e  qu? . t ion :  effic:ency = [ ( n a s i  o u t  - mass ~ n ) / m a s s  Fn i x lC10-.. 

2 .  P r r t i c l e  SLze d i s t r ibu t ion- -Figure  4-58 i,s a p l o t  of  p a r t i c l e  s i z e  
( L m )  

as expi. led i n  Sec t ion  3.2.38. 

t h e  i z p i n s e r  c a t c h ,  and the  ocher ignor ing  i t .  

dccimulated weight ?ercent .  t h e  l a t t e r  p l o t t e d  on a p r o b a b i l i t y  s c a l e  

Tvo sets of c u v e s . d r e  presented ,  one inc luding  

Considering tha t , r . ea r iy  all 

1 3  .) .ne +: t icuhte  material in  the duc t s  are alrrninum oxide ( A 1 - 0  ) , it would, ' 

<e:- t+.+ r?f.>c-..: sf.csr-20 pat t ic -Lares  .a,ouiri no: be ?resZ?.c. ~hereforr, , 

t he  inp inqer  ca tch  was bel ieved to  be proper ly  included i n  t h e  measurements cf 

. -..e i s - s ~ ? n ? e ?  pdrt:zulates. The brrak'own o f  t h e  ?a:ti=lr size ;l:.stribation 

in i lud i -q  t h e  inp inqer  ca tch  is as f o l l o w s :  
. .  

Percent  o f  ? a r t i c l e s  

10-3;m I a -- . .10vm 

Tes t  3.J ( i c l e t )  33 3 . 5  1 . 7  1.2 

' T e a t  345 (o f i t l e t )  14 6 6 75 

TLe mean p a r t i c l e  s i re  f o r  t h e  i n l e t  is "luOurn and t h e  mean s i z e  f o r  t he  

o u t l e t  is 0 . 6 ~ m .  

3. C5.emical composition--Table '4-64 lists t h e  r e s u l t s  from t h e  chemical 

apal.>sis o f  the paracu. ;a te  f r a c t i o n  for t h e  tes ts  discussed i n  t h i s  s e c t i o n .  
.." -... 5 ?rtirnatel:i, t h e  m o s t  d b u d a n t  spec ie s ,  aluminum oxide A 1 2 0 3 ,  was not  

ab:e t o  be de ' tBcted. ty  XRF ana lys i s .  

was s i v i f i c a n c  i n  quanti?/ ( 15-184) 

s u i f u r  was detec ' ted.  ' The ti:aniun is a t t z i b u t e d  to reSi?ual  materials from 

p a r t s  beinq g r i t  b l a s t ed  in  c5dt f a c i l i t y  previous1.y. 

I ron  ( i r o n . o x i d e )  found i n  t h e  cyclones 

Approximately 2%. t i t an ium and z 3 \  

' ,  
I .  

I ,  ' ,  m 5806-783 
I .  
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WEIGHT, PERCENT LESS THAN STATED SIZF 

a' Joy M f q .  S a a p l l n g  Train With impinger 

0 Joy  Mf3. Sampling Train Withbut Impinqer , 

SASS Train With Impinqer 

0 SASS Tra in  without  Impinqer 
Outlet . , I ,  , , .  

'Figure 4-58. Par t i c l e  s i z e  d i s t r i b u t i o n  for abrasive biasing 

(Tes t  34! . 

KVB 5806-783 -, 
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, 

I 
4. Emissbns and cwission tactors--Zaissions and emission fac tors  CM 

be listed.wi:? severa l  d i f f c r e n t  u n i t s .  The :allowing lists some of these 

faijsions ar.d facrJr;. 

T c s t  345 y e s t  34s 
lunconcrollri) Jcontrol ledl  

1.922 0.0009 

9 9 . 1  0 . 0 7  
191.2 3.125 z 

rn 
1530 1.04 9 

!Fm 53C6-733 4-'131 



4.2.11 A 1  ,mi num FomL-r ( .?eve rbe rat3 r r  F'Jnace I 

'A. P r a e s i  Descripcion-- I 

. - 

, Secondary aPyninum o p e r a d o n s  invulve making l ightweight  metal a l l o y s  - 
,# for i n d u s r r i a l  ca s t ings  and- ingots. .  Copper. 'magnesirrm. and s i l i c o n  are the  

mst c o m n  alloyincj cons:ituents. A l u m i n u m  a l l o y s  f o r  cas t ings  a re  melted 

i n  'maal l  c r x - l s  furnaces  charcjed by Land with i i q s  and fouz3darf r e m r n s .  

i a r g e r  melting operar ions  use open-heart3 r e v e r t e r a t o r i  f u r n a c e s  wi th  the 3me 

type of naterials but  by sechanica l  senas .  

sweating furnaces to treat d i r t y )  sc rap  in preparat ion Por smelting. 

Small opera t ions  sometimas use 

, ,  
. I  

Reverberator i  f -xnaces ,  as s b m  i n  Figure 4-59. of 20-SO ton holding 

cazacit.1 b:e c c m n .  ?suall:/ cne hea t  is jroduced i n  a 2J-ho~- per izd ;  however. 

- -  . - -  -:.e :he ~ e =  k a t  ir. . i i f E = r e n z  ~ i o ; ~  vari3s ~ : C Q  fcur ?ou=s :., as,:.cz5 a i  . -  

hours. 

na te r ia l i  charsed,  nethod oi .charging, s i z e  and .des i jn  of the  f u n a c e ,  kea- 

input ,  and f lux ing ,  r e f i l i n g ,  and a l loy i3g  procedures a l l  have some i n f h e n c e  

or. :+.e tihe ,:e~:ire< t o  complete 'a heat .  

a l l oy ing  Ligrech2rits ars added to  a d j u s t  t h e  comr;osition t o  ' required spec i f i ca t ions .  

Large q u a n t i t i r i  of  fl*uxek are added when scrap of sml1 , s i ze  and l o w  grade i s  

melted. 

scrap  c k g e d  f a r  t h e  o i d e r  type fllrnaces (Ref. 4-28]. 

c/pe o f  h r n a c e  tes ted here  very l i t t l e  f lux  i s   sed. 

nace tested on th is ,program is shown i n  Figure 4-59. 

f a r '  ca s t ing  b i l l e t  f o r  extrudinq. 

Premixed gas  and a i r  e n t e r  t he  furnace and produce a l?ng ro t a t ing  flame which , , 

m e l t s  t he  charged material. 

, the s t ack  by n a t u r a l  d r a f t .  

This  v,Fe of furzace  is commonly u s e d  t o  melt a v a r i e r i  ,of , ~ c r o p .  The 

After  t he  charge is  complerely =ei. ted,  

The f lux  i n  sme  cases may amount t o  a s  much as  30t of  , the  *,eight of  

.. . However, ' fo r  tile newer 
_-. ?he reverberatory fu r -  

It  vas producing aluninun 

The furnace ha< no emission con t ro l s .  

. .  

The combustion products (s tack.  gas)  are drawn up 

P a r t  way up the  s t ack  is  an opening which a l lows  
. . .  

I .  

a i r t o ' b e  pul led  in  t h e  gases. 

Also i n  t h i s  open section is an air  dtmper which &duces t h e  n a t u r a l  d r a f t  

forces  and Lhus help bold t h e  hea t  i n  t h e  furnace. 

This p a r t i a l l y  k w l s  t h e  1,500 O F  s t ack  gas. 
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I 

s. P a r t i c u l a t e  T e s t  Setup- 

,.I c 

n o  sampling t -aus  vere used s imi l taneous ly  t o  sample the  s t ack  gases  

a t  t he  sama l o c a t i l n  to ob ta in  M accuracy assessment of the two t r a i n s  and to  
h a v e . m r e  reliable data. 

(air  d i l u t i o n )  s ec t ion  of  the s t ack  j u s t  belov the  a i r  dampar as shown in 
Figure 4-j9. ' A 1-1/4" nozzle vas used wi th  the  l a rge r  WSS t r a i n  and a 

3/4" nozzle w a s  used w i t h  the smaller Joy t r a i n .  

s tack  f o r  'high f i r i n g  and f o r  low r i r i n g  i s  k i t e d  in T a b l e  5 - 6 5 .  

scad ta be some turbulence i n  t h i s  reqion.  

loca t ion  for the  test. 

c o l l i n q a i r  en te r ing  t h e  s t a c k . .  'The a i r  w e r  vxs no t  used during this test 
ceca-s? it wcl;ll 5ave ~:oduced a nore severe turbulence problem. 

s - 
The loca t ion  of t h e  t e s t  s t a t i o n  w a s  on t he  open 

, .  

, 

The ve loc i ty  p r o f i l e  i n  the  
I . I  

There 

Hwevrr ,  th i l  was the  OAly possible 

The turbulence w a s  caused from ' the riow of d i l u t i o n  

C. T e s t  Results-- 

:he results of tSe tes:s ( ' Iasc 19s and 133) Cisccssed in t h i s  section. 

are l i s t e d  i n  T a b l e  4-1.. Major elemental  composition, s u l f a t e ,  n i t r a t e ,  and 

COntd&nT;d '.eiqhts in excess of 100 mg.' 

discusred ir. 3ect ian  3.2.2. Table 4-66 lists t . e  r e s u l t s  from these  analyses .  

D. n i w u s s i o u  of R e s u l t s - -  

I carSon a .mlysis  were deternined f o r  a11 f r ac t ions  of p a r t i c u l a t e  ca tches  which 

The d e t a i l s  f o r  these  p-ocehures are 
. . .  

. .  

1. ?a r t i c l e  s i ze  distribiti.on--Figure 5-65 is a p l o t  of  p a r t i c l e  'sire b r n )  
versus  accumulated ve ight  2ercent .  the l a t t e r  plotted on a p r & a l Y i l i t y  scale a s  , 

explained i n  Sect ion ,3.2.3.8. 

the  impinger c-tch and t h e  o ther  ignoring it. 

material co l l ec t ed  vas  in L?e impinger, i t ' v o u l d  seem that the effect  of pseudo, 

pa r t i cda te s  quid be s m a l l .  

, .  
Tvo sezs of curves are presented,  one , inciudinq 

Considering that -ut ha l f  t i e  

Therefore ,  the impinger catch vas  bel ieved t o  b e '  

' properiy included in  the measurements of t h e  suspended p a r t i c u l a t e s  for p a r t i c ' l e  

size d i s t r i b u t i o n .  

the impinger cat:h, is is io l lovs :  

The breakdown .of the p a r t i c l e  size d i s t r i b u t i o n ,  including 
, .  

, , 
, I  

Percent  of  ?ar t ic les  - 
> l o  Um 10-3 Um 3-1 Um a urn. 

Tes t  10s ' 5  4 5 86 

Tes t  155 9 . 5  3 2 86 b 
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L o w  F i r i n g  
Ft/ScC .(LO92 O F 1  

srrp1. P O l " C  
SASS: 1 .25 -  
Joy: 0.75-  
! fOZ*l .  

40- I .  

, _  . SLaC1c PI.ssur.: 0.JJ- n.,J 0" 
4 + i' 

Veloc i tv  ; + : a x e  .?:ox I ,  

High F ir ing  Zdge of Duct 
( i n c h e s )  Poiat # ,Ft /Sec (i456 OF) 

13 1 '  25.'3 12.16 
, , 23 

3 32.6 19.75 33, 
43 
13 5 20.8 13.60 
23 ' 6. 22.1 -7.81 

7 29.8 0 
8 26.9, 18.04 

35 
43 
13 9 17.9 14.59 

21.3 -26.08 ' 
13.3 -18.38 

23 10 
33 11 
a3 12 18.8 0 

23 I 

2 '  29.8 a.63 

4 3 7 , 7  0 

13.00 , 13 1J  19.7 
14 20.0 16.70 

33 
' 1c ' 13.3 25.50 
17 16.6 22.30 

43 
13 

18 ', , 12.0 18.38, 
0 21.05 

23 
19 

43 20 0 21.05 
33 

15 ' 0  ,21.80 

Average: 18.9 8.34 

3518 SCM 2207 SCFM 
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TABLE 4 6 6 .  CHEHICAL COHPOSITION OF PARTICULRTE SAMPLES 

IN PEFCEN?' FOR A L ~ ~  FOUNDRY 

' SASS SA55 

. . 
Tmpinger , Filter 

SiWpLE B 10s-IC 10s-5s - 
WT. PERChT OF c(JT 38 " 23 ,P 
.w X\ l i \L IS IS  

Ca IC ium, 3/1 2.6 

Chlorine ' ' 1u.1 
Ch-omium t 

, .  , 

Copper 

iron , 

"anganese 

Nickel , 

Potassium 

(SUl'fl l ')  

Zinc 

TOTAL 

juifates, x2a 501' 

xizrate (H o sol)' 
~ 0 - l  carton' 

- 
(sulfur, from SO;)' 

2 

(volatile Carbon) ' 
(Carbogates) ' 

T'XAL rLVAiYZED 

BALWCE 

6/.7 

t 

t 

t 

( 6 / 2 )  

t 

23 

l? 

(5.6) 
t 

13 

I13 

53 

47 

100% 

6.2 

t 

t 

lo 
90 

'.OO% 

4-:96 m 5336-733 

. 

I .  
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- .  



. 
n 

Y 

WEIGHT, PERCENT LESS THAN STATED SIZE 

Jgy Xfg. Sarpling Train With  Impinger 

a Joy X f g .  .Sampling Train Without Impinge> 

8, S A X  Train. With Impinger 
' ' 

I .  0 SASS Train Without Impinger 

Figure 4-60. P a r t i c l e  size d i s t r i b u t i o n  fo r  aluninum 

, ,  foundry ( T e s t  10) 'j ' .  

' .  

8 ,  
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The mean p a r t i c l e  s i z e  is <.1 p f o r  aluminum melting furnaces .  

t h e  highly i r r e g u l a r  flow cond i t ions  measured i n  t h e  duct  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  measurement w i t h  the  two d i f f e r e n t  t r a i n s  were s u r p r i s i n g l y  s i m i l a r .  

I n  s p i t e  o f '  

1 2. Chermcal  composition--Table 4 - 6 6 , ' l i s t s  t h e  r e s u l t s  from t h e  chemical 

a n a l y s i s  of  t h e  p a r t i c u l a t e  f r a c t i o n  for each of  t h e  tests discu-esed i n  t h i s  

s e c t i o n .  S u l f a t e s  concentrat ion is much higher  i n  'the impinger than on t h e  

f i l t e r .  Carbon, i r o n ,  ana ch lo r ine  were higher  in the  impinqer than on the  

f i l t e r .  

' 

3 .  m i s s i o n s  and emission factors--Emissions and emission f a c t o r s  caq be 

The following lists some of  these  emis- listed r:i.th s e v e r a l  d i f f e r e n t '  u n i t s .  

s i o m  ahh f a c t o r s :  

Uncontrolled Emission 
(New type s u r f a c s )  T e s t  10s T e s t  1 O J  

gr/DSCF ' 0.0026 0.0021 

T / y r  0 .17  0.14 

lb/hr  . 0.072 C.358 

&/ton ' 0.02 0.02 . .  
(Old type sur face)  ' 

i j , ' ton (,a&. 4-23) 4.30 4 . 3 0  
I 

The new type of  furnace is a method o f , c o n t r o l  (process and equipment improve- 

ments).  The data shows a 999 r educ t ion  of emissions with t h e  new,furnace.  rhe 

emission f a c t o r  used f o r  t h e  inventory was taken from AP-42 because near ly  a l l  

of t h e  furnaces  i n  t h e  Basin were of  t h e  o i d e t  type. 

, 4.2.18 S t e e l  Production-Sinter P l a n t  

A .  Process Description-- , .  

The s i n t e r  ope ra t ion  is on ly  a ' s m a l l  p a r t . ( a b o u t  5% of t h e  emission) . 
! X f f .  4-30) shows t h e  bas ic  

' 

of t h e  t o t a l  product ion of  steel. 

flow diagram of i r o n  and s t e e l  processes .  

a t  t h e  same l o c a t i o n  or done s e p a r a t e l y  a t  d i f f e r e n t  loca t ions .  

Figure,4-61 

Eqch of these, ope ra t ions  can be done 

4-198, 
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a 

7- FLUE GAS 

SECONDAI:'? 
CLERNER 

PRI>IARY 
CLEAHER 

CYCLONE 

IRON ORE 

' I -  

COAL "&-/) OPERATION .COKE 

LIMESTONE 

W f A i  
STEEL 

-1 

SLAG I , ,  

+-b HEARTH 

t STEEL ' 
FUhHACES 

BASIC 4-p 

, Figure 4-61. Basic f l o w  diagram of i r o n  and s tee l  processes. 
(P) tenotes a major source of particulate emissions. 
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, .  

S i n t e r  is  an agglomerate made from small :..e5 of iron-bearing 

I? che s i n t e r i n g  

the fom of 

materials fused or f r i t t e d  together  a t  high' temper.  , . ? .  

process this high tempbrature is achieved by burning' c a r t - .  

r i n e l y  crushed coke in the sintering-lrachine feed mix. . . <an be added i i '  

t h e  feed mix t o  e l imina te  f l u  charging p a r t i a l l y  or conp-,. ,y i n  c. i 

q J e n t  ironmaking operat ions.  The f 1 c d b i L i t y  of the  Brocess + - i t s  : m v c  

sion of a v a r i e t y , s f  mater ia l s ,  inc ludiag  na tura l ly  f i n e  o r e s )  o r e  f izeq  

screening opera t iqns ,  f l u e  dus t ,  and ore concentrates;  and o a e r  iron-be. 

mater ia l s  of very s&ll p a r t i c l e  s i z e  i n t o  a granular .  r e l a t i v e l y  coarse  z--n 

well su i t ed  f o r  L!e b l a s t  furnace: 

ir. F iqx r r  4-62 (Ref. 4-31). A t r a v e l i n g  g r a t e  conveys a be?. of o r e  f i n e s ,  

or o the r  f i n e l y  divided iron-bearing mater ia l ,  in t imately mixes wit!? aps:oxi- ' 

>lately 5% OF a f i n e l y  divided coke. Near the.head or feed end of  tne  g r a t a ,  

the  bed i s  ign i t ed  on t..e sur face  by gas  burners,  and a5 t h e  mixture moves 

along t h e  t r a v e l i n g  g r a t e ,  a i r  i s  pul led  down through the rnixr.ure t o  burn the  

f u e l  by downdraft combustion. 

boxes toward L!e discharge ,cad of the s t rand , ,  the combustion f r o n t  in the bed 

moves 2rogrsssively dcwnwasd. This  c r e a t e s  s u f f i c i e n t  hea t  and ternseracure 

(1313-1480 Y, 2400-2700 OF) t o  s i n t e r  t h e  f i n e  o r e  p a r t i c l e s  together  i n t o  

Porous. coherent lumps. 

csns/day can be constructed.  

capaci ty  of 5000 tons/day. 

A continuous s i n t e r i n g  process is shown 

As the  g r a t e  moves continudusly over the  wind 

S in te r  p l an t s  ,with prgduction capaci ty  of about 20,000 

The u n i t  t ep ted  on t h i s  program had production 

' a.  ? a r t i c u l a t e  Tes t  Set-up-- 

Two sampling t r a i n s  were used simultaneously t o  sample t h e  i n l e t  and 

exit of the baghouse IS shown i n  Figure 4-62. The i n l e t .  s t a t i o n  x'as loca ted  

on the  hor izonta i  underground section of t h e  duct  leading t o  the haghcuse. A '  

sec t ion  6" wide and 4 '  iong w a s  provided t o  szmple the f l u e  gases.  

4-67 lists t h e  ve loc i ty  p r o f i l e  i n  t h e  i n l e t  and o u t l e t  ducts.  . The o u t l e t  

duct  w a s  on t h e  v e r t i c a l  sec t ion  leading down t o  t h e  fan. 

was taken a t  ve loc i ty  po in t  6 ( T a b l e  4-671 with a 1/4" nozzle and t h e  o u t l e t  

sample was taken a: v e l o c i t y ' p i n t  R wit!! a, 1/2" nozzle. 

flow is atout. 80% of the o u t l e t  flow. 

T a b l e  
, ,  

The i n l e t  sample 

Note that t h e  i n l e t  

4-20,o PIE 5806-783 
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A - Additives 1. 
C - Coke f i n e s  2 .  
L 0 Limestone, Flakes 3 .  

A = 'Re?.irn Ci-as 5 .  
6 .  
7 .  
8 .  
9 .  

. ,  10. 
11. 
12. 
;3 .  

0 = Cre f i n e s  4.: 

Raw-material screens  
i(aw-materia1 storage hogpsrs 
R o d  a i l 1  to reduce s i z e  of coke 
LiTestSne crusher 
9ra crl istsr  
.*Xing drum 
Raw-sinter aixer 
Rerolling drlrm 
Burner hood 
S in ter  screening (hot)  
S i n t e r ' c c o l e r  
S in ter  screening .(cold1 
aagtouoe 

?i.iure 4-62. Continuous iron ore s inrer ing  process. 
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, .  

- The reason 'for this was t h a t  anocher s i n t e r i n g  p l an t  which L ~ u . '  iy 

1 feeds i n t o  the  baghouse was d o h  f o r  r epa i r .  ' The duct  from that other p l a n t  

w a s  Jisconnezted from =\e baghouse and tho  opening i n  the bag.house w a l l  w a s  

only p a r t i a l l y  closed. 

w z t i r l l y  open.duct. 

c. T e s t  Results-- , 

Therefore same f r e s h  a i r  w a s  d r a m  M through the b 

The r e s u l t s  of tne  tes ts  ( T e s t  2% and 'Tes t  2 6 s )  d-scussed i n  t h i s  

section a r e ' l i s t e d  i n  Table 4-1. Elemental composition, s u l f a t e ,  n i t r a t e ,  ' . 
and carSar,analysis were d e t e m i n r d  for a l l  f r a c t i o n s  of p a r t i c u l a t e  ca tches  

which c o n t a r 4  waiqhts i n  excess of 100 mg. The de ta ' i l s  t o r  L\ese Frocedures 

a re  discussed i n  Sect ion 3.2.2. 

- zLi=. -3sL27.  :f ?.25*2:zs--  

T b l e  4-63 l i s t s  t h e , r e s u l t s  f r c n  L?,.iese analyses .  

-. 
?. 9aSiocse ef . fx i?~ .c . . . - -The  ca l cu la t ed  effi=ler.c:r :;r t h e  0aqi.ouse basad 

I 'on C-.e z o r a l ' ~ a r = i c ~ u l a r a  ca'cci. is  7 2 . 5 t .  Xeqldctinq t>.e i . .~ inqer  catch o r  

SOL\ crsizs  t h e  e f f i c i e n c y  i s  97.8%. The EPA Method 5 iqnores the  i.?izqer 

z.~r:k t?.e:?fsre the  Li;?.*r acfici?r.cy wo.a?d a-c' r. - y -- .*hereas :>.e SCAz!42 

;zc~cdes :?.e ~ y i n g e t  ca tzn  kid t h i s  nethod xc-ld h d i c a t e  t2e lower vaiue f3r 

e f f i - iency .  

4 ,  . .  

2 .  P i r t i c l e  5i:e discr i5urim--Pi ,nre  4-63 ' is b p l o t  cf ?a r t i c l e  s i z e  

(;m) vs.  accmulaced weight ?e:-ent, the latter piotced on d ,-robabil,i 'y 'scalr 

as ex;?a'-led i n  sec t ion  3.2.18. ' P a  sets of curves a r e  ?resented.  one includ- 

~ n g  :?.e h p i n c e r  cza:ch, and the otf.er 1 3 n c r i n g . i r .  Consider izq :'.e lar3e amount '  

c5a:er:al sal leczed ir: c h ~  i=;inqers. i: would seen :hdf ~ s e z d o  ?articula:es , 

' .doul3 zo t  s iq r . i f i zanuy  add co i i e  -ccal weight. T?.erefore, t ke  n p i n g e r  catch 

was bel ieved to 5e groperly inc lude i  in  t h e  n e a s u r k e n t s  of t he  suspended 

' oar- iculates  f r s m  s i n t e r  F l an t s  f o r  p a r t i z l e  s i z e  d i3 t r ibur ion .  :?.e Sreak- 

Am of :he >a---icle size Cis-,-ibution, no t  including t h e  impinger ca t -h ,  is 

Peece,nt of Par t ic les  , a s  f31&ws: . .  
19-3 m 3-1 m <!'m >lo rn  

Test 25.7 i n l e t  
Test  263 o u t l e t  Q 6 1.0 1.0 9: 

7 1.2 1.4 ' 9'5 

The mean ;a r t ic le  s i z e  for t he  i n l e t  as v e l 1  aa t he  o u t l e t  i s  less L\an 0.,1 JS. 

. .  
. .  
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,' WEIGHT. PERCENT LESS THXN STATED SIZE 

' m Joy H f q .  S m p l i n q  Train With impinqer 

, 0 Joy XC3. Sampling' Train Without Impinqer 

'0 SASS Train With Impinqer 

0 SASS Train Without Impinqer 
7utlet f 

Figure 3-63. P a r t i c l e  s i z e  d i s t r i b u t i o n  €or s i n t e r  p l a n t  (Tes t  2 6 )  

T' 
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3. &sal composition--Table 4-68' lists t h e  r e s u l t s  from the  chemical 

a n a l y s i s  of t h e  p a r t i c u l a t e  f r a c t i o n  f o r  each of t h e  tests discussed i n  t h i s  

s ec t ion .  

i n  l a r g e  concent ra t ion .  5-30% i n  a11 size f r a c t i o n s  and had t h e  l a r g e s t  concen- ' 

t r a t i o n  on t h e  f i l t e r s .  

. 
S u l f a t e s  a r e  most abundant i n  t h e  impingers. Chlor ine was de tec ted  . 

Calcium w a s  found p r & r i l y  i n  t h e  f i rs tmcyclone.  - 
This  i n d i c a t e s  t h a t  t h e  calcium i4 concent ra ted  i n  l a r g e  p a r t i c l e s .  Lead - 4' 
tends t o  concent ra te  i n  t h e  0.5 LM size range. 

p a r t i c l e s .  >10 '+. Potassium seens t o  fol low the  p a t t e r n  of ch lor ine .  

Possibly the  compound is w1. I 

I ron  is i n  t h e  form of  l a r g e r  

4. Emissions and emission factors--Emissions and emission f a c t o r s  can be 

The following 1 i s t s . s m e  of these  emis- listed w i t h  s e v e r a 1 , d i f f e r e n t  u n i t s .  , .  

s i o n s  and f a c t o r s .  

U n i t s  

' qr/DSCF 

Uncontrolled 
T e s t  26.7 

0 .205  

Control led 
Test  26s 

0.'0459 
, ,  

T / y r  709 195 

lb /h r  170.4 46.82 

&/ton produced 3 .4 '  1.0, 

lb/ ton produce+-rV-42 iRef. 41341 22 0.67 ' , ,  

4.2.19 S t e e l  Prodkction--Open Hearth Furnace 

A -  Process Descr ipt ion ( R e f .  4-35 and 4-16) 
, I  

, ,  , ,  I 

, '  , In  t h e  open hear th  process ,  a mixture of  s c rap  i ron ,  steel and p i g  

i ron  is melted i n  a shallow rec tangular  bas in ,  or "hearth,"  f o r  which  var ious  

Liquid qaseous f u e l s  provide the hea t .  

(see Figure 4-64). 

, 

Impur i t ies  are removed i n  a s l a g  

Emissions from open .?earths c o n s i s t  of p a r t i c u l a t e s  and small & p t s  , 
, I  

of  f l u o r i d e s  when f l&r ide-&rr ing  ore, f l u o r s p a r ,  'is used i n  the charge. 

p a r t i c u l a t e s  are conposed pr imar i ly  of  i r o n  oxides , .wi th  a l a rge  po r t ion  

i n  t h e  5 t o  5 micrometer s i z e  range. 

i nc reases  cpnsiderably when oxygen lanc ing  is used. 

The 
I 

The q u a n t i t y , o f  d u s t  i n  t h e  Off-gaS 

The devices  m o s t ' c o m n l y  used to c o n t r o l  the i ron  oxide and f luo r ide  . 
,.I 

p a r t i c u l a t e s  are e l e c t r o s t a t i c  p r e c i p i t a t o r s  which e f f e c t i v e l y  remove 
8 ,  

. .  
I., , ,  
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. ,  
8 .  P a r t i c u l a t e  T e s t  Se t -up -  

9 

' Tvo sampling a h s  were used simultaneously t o  san!ple t h e  i n l e t  +nd 
- 4 

' o u t l e t  of '-he jelectroq a t i c  p rec ip i t a to r .  The i n l e t  s t a t i o n  vas located on 
I 

L3e v e r t i c a l  du:t l.eadi?g upward t o  t h e  ESP. 

on t he  verti:al duct  leading Gown t o  t he  fan.  The ve loc i ty  p r o f i l e s  in t he  

i n l e t  and outle: duc t s  are l i s t e d  in T a b l e  4-69. Veloci ty  po in t s  8 and 16 

an t55e i n l e t  xere  noc &le t o  be aea3l;red due :a the geometry of t he  aor t  and 

? i t o t  'Dltie. 

nozzle w a s  used a t  v e l o c i t y  poin t  a on t h e  o u t l e t .  

C.  Par t icu la te  T e s f  Results-- 

The o u t l e t  s t a t i o n  wqs located 

X 1/2" nozzle vas used' a t  v e l o c i t y  po in t  1 2  on the  i n l e t  and a 9/i6" 

, .  

The r e s u l t s  of t h e  t m  tes ts  ( T e s t s  16s and 365) di$cussed i n  %!is 
' 

. .  <*.:::or a r e  L i i z C i -  i- :>;I-. 4-73 7. -L=...eP.Za>' -- ;orgosi:iar.. 3;-:,:3, ni-.rs-.., 

3r.2 carbon a?.a>;sis were de:arnined, for ,  a l l  f r ac t ions  of part icJLaze ca-.ch.as 

which conzained w e i T h t s  i:. excess of 103 mg. The d e t a i l s  for :.L.ese zrocedures 

are discussed i n  Seczioc 3.2.2. Table 4-72 lists the  resqlts from these  analyses .  

5. Discussion of  T e s t  ResuJts-- 
, I  

. . ,  

1. E:?ctr=stacic =reci?ica:=r efficiencL--The c,alcula:ed e f f i c i ency ,  f o r  

the  EST based on :he t o t a l  p a r t i c u l a t e  c a t c h  i s  a?.2%. 

:atch on b o t i  t r a i q s  the  e f f i c i ency  i s  90.3%. The EPA Yetkod 5 iynores the  

h p i n q e r  cazch; therefore .  the higher  e f f i c i e n c y  would apply. whereas. the  

XAQW inc ludes  the  i sp ingar  catch method and ind ica t e s  t he  lover  value for 

t he  e f f ic iency .  

Neglecting the  irnpinger 

2. P a r t i c l e  s i z e  dis:r>ucion--Fi+re 4-65 i s  a p l o t  of p a r t i c l a  size 

!:p), vs. accukulated weight aercent ,  t he  la t ter  p lo t t ed  on a probabi l i ty  scale 

as explainea L? Sect ion  3.2:3B. TVo sets  of cL?es & 'p resen ted .  .or.+ includ- 

ing :he impinger 'catch,  and t5e  other ignor ing  it. Considering the  l a r q s  

amount of material co l l ec t ed  i n  the  impinger, it w u l d  sei!  t h a t ,  ,the e f f e c t s  

ot p e u d o  p a r t i c u l a t e s  would Sa i n s i p i f i c a n t .  

was 3el ieved to be properk/ included i n  . t he  measurements of the suspended 

p&-ticulates from open hear th  s tee l  Traducing furnaces. The breakdown of :he 

, .  

Therefore, the impinger ca t ch  

5-238 
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TABLE 4-69. VEXCITY PROFILE FOR OPEN XARTH FURNACE (TEST 37) 
. ,  

.. --*-.%.*-== - _ - _ i _ i j ,  

f I 
42,' 

1 

Inlot 

,,I 15 

19 I 2 

OUt1.t 

I1 

E 

I ,  

Cistance 
from erx! 

D+stdnce 
from end Veloci ty  . v e l o c i t y  

of po r t ,  Po in t  Po in t  of port Po in t  P o i n t  
(inc+.es) ft/.sec. o fc/sec.  ( i nches )  'I f t / s e c  t f t / s e c .  

5-5/8 1 27.3 9 25.3, 4-3/8 1 5.5.3 9 50.5 ' 

1a-7:a . 2 27.3 10 25.3 7..3/8 2 59.7 10 63.8 

16-1/8 3 28.3 11 25.3 12-1/4 ' 3 61.8 11 69.6 

21-3/8 ' 4  24.3 12 23.1 , 16-1./2 , 4 63.8 12 69.6 

26-548 ' 5 23.1 13 23 ..l 24 R 63.8 R 67.1 

31-7/8 15 , 24.3 14  14.6 3 1- 5 / 8  5 63.8 13  22.5 

37-1/8 7 23.1 ' 1 5  14.6 36-3/1 6 63.8 14 22.5 

43-3/8 0 20.7 16 14.6 40-5/8 7 63.8 15 22.5 

Averaqe: 22.'&8 f t / s ec .  Average: 54.2 ft/sec. 
21,539 SCFM 18,584 SCFM 

4-209 
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WEIGHT, PERCENT LESS THAN STATED SIZE 

JOY Mfg. Sampling Train With Impjnger 1 I n l e t  0 Joy Mfg. Sampling Train Without Impinger 

Out le t ,  t , @ ' S A S S  Train With Impinger 
, ,  0 SASS Train Wi.thout Impinger 

Figure 4-65. Particle s i ze  d i s t r i b u t i o n  for open hearth furnace 
( T e s t  36) 

' 1  , 
c . 

I .  

4-210 
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p a r t i c l e  s i z e  d i s r r i b u t i o n  fo r  %!e inout  and o u t l e t  t o  the OSP inc luding  the 
n 

e h p i n y e r  caLch is  as, follows: 
Percent of ?articles 

' >l@m 10-3 m 3-Urn C l W  
I 

T e s t  36.l ( inlet)  8.0 , 5.0 4 83.0 
'h T e s t  36s ( o u t l e t )  2.2 3.8 7 -  87.5 ' - 

The s e a n  ?article s i z e  for the ESP is <0.1 m f o r  the  i n l e t  ar.d o u t l e t .  

aqr+es with XI-42  as mentioned above i n  the  Process Descr ipt ion.  

T h i s  

3 .  C h e d c a l  composi t im of particulates--Ta!=le lists the results 

.from t h e  chemical ana lys i s  of  t he  p a r t i c u l a t e  f r a c t i o n  f o r  t he  tes ts  discussed 

,L? this sect ion.  Su l f a t e s  were found to  be most abundant i n  each s i z e  cut .  
I 

. .  
. I  

Car!xn was de tec ted  in Lh.e high concentrat ions i n  the  impinger f r ac t ions .  

Iron, Fozassisr,. and z i n c  we:+ a l s o  tour..' t o  ]la'.? s i q n i t i c ~ z t  quanzi-ies 

in each s i z e  f r ac t ion .  , # ,  

4. %issims a.?2 emission f3ccor;--Pnissions and. emission f a c t o r s  can be 

l i s t e d  with seve ra l  d i f f e r e n t  un i t s .  The following l i s t s  some of these  

emissicns and fnc tors  for  these tests: 

, .  
, .  

Control led , Uncontrolled 
U n i t s  T e s t  21% ? T e s t  263 

qr/DSCF 0.0366 0.206 

22. i 141.4 

35.1 
T/yr 

Ib/hr 5.53 

&/ton pnduced  0.67 4.2 

U l t o n  produced (Ref ., 4 - 3 7 ) .  ,o. 35 1724 

, .  ,. , 

, ,  

' ,  

KVB 5806-783 
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TABLE 4-70. CMIIICAL CONPOSITION OF PARTICUIATE SAMPLES 

I N  PEIlCEXT FOR TEST 36  - 
I 

u s 5  Joy JOY 
1- UISS u s 5  lorn ILn Joy JOY 

Cyc1on. h 1 L . I  1Ppl"q.r cys1on. cyc1on. T l 1 t . Z  Inping.c 
165-45 165-55 365-IC 161-25 I(rl-4S 161-5s 161-IC 

4 
26 19 9.6 9.7 15 

c 1.2/0.5 

1.1/0.2 1.2/0.1 

5 t 

15/2 11/2 

c C 

1.0/0/2 c 

c 

4 . 5 , ;  i . 3 i l  

127/:>1 I l O / : O l  

L c 

1112 a . w i  
25 11 

i a  4 1  

112.91 111.91 

C L 

21 

i z i . a z r  

01 72 

16 29 

1908 1008 

44 

c 

2 . 1 / O . b  

C 

8 . W  

C 

; .2,'3.2 

l l B i 6 1  

11 

I9  

1 1 2 . a  

t 

1 3  

121) 

74 

26 

I006 

12 

2.2io.4 

L 

C 

10/1 

t 

1.110.2 
c 

1.i. 1.6 

(251101 

L 

9.0/1 

24 

1.2 

112.8) 

c .  

66 

,I5 

loo* 

7 2  7 0 .  77  

28 30 2 1  

l O C \  1008 1008 
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4 .2 .70  Boric Acid Production 

Process Descr ipt ion (Ref. 4-38)-- 

s u l f u r i c  ac id  is  reacted with borax t o  produce bor i c  ac id  and Glauber '1 
S a l t ,  (hydrated sodium s u l f a t e ,  Na SO '.lo H201 .  

on a vacuum f i l t e r .  The bor ic  acid cake is red isso lved ,  f i l c e r e d ,  c r y s t a l i z e d ,  

centri'u5ad. dr ied ,  and screened: ,  

except for an add i t iona l  s t e p  of conversion t o  sodium s u l f a t e .  

a flow diagram of t h e  process. 

8.  P a r t i c u l a t e  T e s t  Setup-- 

These products are then separated 2 4  - 
The Glauber salt follows a similar circuit '  

Figure 4-66 is 

T d o  &?ling ta izs  were used s inul ianeous ly  t o  s&iple the  i n l e t  &:2 

o u t l a t  of t he  baghouse whLch con t ro l s  the  dus-. load f rsn the  bo r i c  acid d q e e i .  

The i n l e t  s ta- ion qas  located on t he  v e r t i c a l  sec t ion  of the  r sc tanqular  duct  

leading t o  the  baqhouse. The dry train w a s  used on t h i s  s t a t i o n  which w a s  a t  

least  e i g h t  f e e t  from t he  nea res t  bend or obs t ruc t ion .  

located on t>e hor izonta l  s ec t ion  of t he  duct .  about f ive  f e e t  ahead of t h e  

blower and 15 f e e t  from t h e  o ld  baghouse. AS shown in Figure' 4-66, L?b  flow 

from t he  dryers  w a s  s p i t  into two p a r t s  which went. to t w o  baqhouses operat inq 

i? p a r a l i e l .  

the  SASS t r a i n .  

the  o u t l e t  duc t  from t h e  o l d e r  baghouse is l i s t e d  i n  T a b l e  4-71. I f  it w a s  

assuned t h a t  t h e  volumetric flow through both baghouses were the  same, then 

t h e  t o t a l  flow from the baqhouses would be 22,000 SCFX. This would compare 

17,500 SCFN for t he  i n l e t  and 22,000 SCFN f o r  the o u t l e t .  This  d i f f e rence  is  

due t o  leaks because t h e  s y s t m  is under negat ive pressure. 

C. T e s t  Results-- 

The o u t l e t  s t a t i o n  w a s  ' 

The o u t l e t  f r o w t h e  o lde r  of t h e  t w o  baghouses, w a s  t e s t e d  with 

The ,ve loc i ty  p r o f i l e  i n  t h e  inlet duct t o  both units and in 
, 

. ,  

The r e s u l t s  of the  tests ( T e s t  17s and T a s t  i 7 J )  ,d i scussed  ' in  this 

sec t ion  are l i s t e d  i n  T a b l e  4-1. 

and carban ana lys i s ,  were dete&ined f o r  a U  f r a c t i o n s  of  p a r t i c u l a t e  ca tches  

which contained weights i n  excess of 100 mg. The d e t a i l s  f o r  these  PtOCedUeS 

are discussed i n  Sect ion 3.2.2. Table4-72 l ists  the  r e s u l t s  firom t h i s  maly-  

sis. 

Elemental 'composition, s u l f a t e ,  n i t r a t e  

h'jg 5906-7C3 ' , 
4-213 
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2:5:A?c* ?Z?. >ls-.&-.ze E T r n  
I d  3f 3 ' : ~ :  

13-3/4 4 4 . 5  13 

3c 

' 13-1/4 4 38 .9  6 

13-3/.1 5 38 .1 ,  . 19 

, .  

3 3  ' .  6 37 .3  30 

19-3,': , 3 :4. 7 ' :a 
7 ,  23.1 i 

3 3 '  3 38.9 30 

T M Z  4-71. F_LocITY PRJFILE FOR BORIC X I 3  P L W T  (TEST 17) 

~ ' ve lOCl - .Y  

?oi-: :Go. I ?:!set - 30.1 

2 32.3 

3 3J.b 

4 32.3 

5 31 .2  

6 3 3 . 3  

1 2 3 . 3  

a 34.a 

9 31.2 

I ,  

5/8" Nozzle 

, . . .  
. -  



. 

*l Inpinqer loa 
inlet O u t l e t  Inlet cllt1rt 
I::-:.: 17S-IC 1::-'5 : : c - 2 4  

29 

t 

2 

38 ' 

i.?S\ 

a4 

t 

t 

t 

t 

t 

t 

t 

a . 5  

3 . 3  

4 

96 

, 1 2 0 3  

6 , ,  11 

t 

L - - - 
t 1 . 3  

t 2 . 2 . :  

t ' t  

1.43 2 . : 2  

t ,  

, 2  6 

' 38 34 

l 0 C I  lCC3 

t I, 
, 4-216 , m sao6-3a3 

.c 
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3. Discussion of ?,esults-- 

1. Baqhouse r f f i c i e n c p - U s i n g  the  t o t a l  weight data ( inc luding  the  i sp inqe r  ' 

cctch) from both s m p l x i g t r a L a 3  f o r  t he  inlet  and e x i t  t o  ( t h e  bdghOuSe, and 

assuniinq t.bt the  i n l e t  stream was equal ly  d iv ided  between the  two baqhouses 

(:ne baghouse was t e s t e d ) ,  t h e  e f f i c i ency  was ca lcu la t ed  t o  be 98.7%. 

the so l id 'weiqhts  ( f ranc ha l f  of sampling t a i n  as used by EPA Ztethod No. 51 aze 

use=, =\e? :he e f t i c i e n c y  i s  ca lcu la ted  to be 99.69 . 

if only '* 

2 .  ? a r t i c l e  size -'iscributic..--PLqure 4-67 1s a p l o t  o f  p a r t i c l e  s i z e  

I .  , ~ m )  

scale as e x p h m e d  in  Sect ion 3 . 2 . 3 8 .  mo sets of curves a r e  presented,  one 

i?clrrdinq t h e  mpinqer  catch and the  o the r  i rnorinq it. Considering the  la rge  

L1c127: 9: n ~ c = : i a l  calliccei i n  :'+.e in?incjer, i t  woui3 seen that  t5.e e f f e x  of 

s i a c t o  pa:c:;,Jiatas was msicjnifican:. Thzrzfore , t k e  i i p inqe r  ca tch  was te- 

l:e.;eC ea be ?rosc:?y inzluded i n  the  seasuremen's of the  scspnnded parz ioulaces ,  

f 3 r  s i z e  3is:rih::on. inclu:'-L+,q the  iapinqar ca tch .  as follows: 

versus accunulated 'weight percen:, t h e  l a t t e r  p l o t t e d  on a probab i l i t y  
: 

P Z ? . c E T  O F  ?A.WICIZS - 
> ? O L n  10-3cm 3 - l ~ m  <lLa 

Cnconcrolled' (:est 1721 13 0 .1  0 ' 84 

Contro l iad  ( T e s t  17s) 10 0.s 0.5 ' 89 

3 e  nean p a t i c l e  s i z e  f3r p a r t i c l e s  i n  the  i n l e t  and o u t l e t  duc ts  of t!!e 

of  <+,e baghouse is  <0.1-m including C?e iapinqer  caz:i-.. 
is not include2 

:s > L . : ' s .  

3 .  

If G!e &pinger ca tch  

.(?.PA =et?~odl.  G h n  *.e sean pa r t , i c l e  For the i n l e t  and o u t i s t  

._ 

rhemical -mrasi?ion--?able  4-72 lists the  r e s u l t s  t r a m  t!e chcrmcal 
mdl?sis >f !he p r z i z u l a c e  f r ac t ion  f3r each of t h e  tes ts  discussed in  t h i s  

seczisn. 

not de'eced by ;uF. 

m i n i 7  su l f a t e s .  

2 . e  ~ s t  abmdanr s2ecies  is oG5er - bor i c  acid.  Boris ac id ,  i t ~ o ' ~ ,  is 

The three per-ent of t h e  e l emen t s ' t ha t  were de tec ted  dre  

, ,  
4. Sr.issicn and m i s s i o n  f ac t c r s - -3 i s s iYn  and emissibn f ac to r s  C M  be l i s t e d  

c wich severa l  2 i f fe rer . t  8mi:s. 

emission factors: 
The :ollsw:ng l ist3 scme o? these emissians a-.d .* 

K'JB 5806-783 
, .  ' 4-217 . .  . 
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P a r t i c l e  s i r e  5 i s t r i b u t i o n  for bor ic  ac id  ? lan t .  
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I ,  , ,  

- 
,Control led. Uncontrolled 

U n i t s  T e s t  l i s  T e s t  175 

qr/DSCF , 0.0237 0.61G5 

T / y r  ' 9.74 387.0 

lbfir 2.23 88.7 

1S/T 0.21 8.3 
, ,  

4.2.21 CSemical Zer t i l i re r  ?:ants 

A. Process Descr ipt ion 

Raw material i s  weighed. placed i n  a Solding hopper, c r s h e d  Lz a 

k - a e r  qi:L, :is? xixed -3 ) r * s i e 3  i h z 3  7 r r ~ u L e s .  ?Le f e r t i l i z e r  is tier. 
: - . . * a  >., f r,:3zL7,; <:.-:--..-a -Ir- _ _ * _ _  < r i a -  r-.i z2alei- 'L.2 a L3izr:x r3:3:x.3 2:". -.- ... 2 

C '  .mished'  p r c 2 x t  43 r A e n  a C , t h i s  ?oi.?t and tie sna1Le.i jradu-t is  returned tz 

:he inc:ized x x e r s .  :>.e i o u r d s  .>f >artixia:es  ar: '&e c j c l sne  exits ::on t?.e 

Crier,  an6 t he  second jag  Souse e x i t  from the  c o o l e r ,  and the  f i rs t  baghouse 

e x i t  from the  weighing hopser. 

the dr ie r  was. t e s t e d  c h i s  stud/ .  See FiqxJre 4-68'. 

, 

The inlet and e x i t  of t h e  second baghouse fron 

a. 7artixlla:e T e x  S.e?q-- 

Pa sampling trains w e r e  

' $xLt of  tSe aaghouse. The h l e t  

f (17 i2c.L. Clmter) 1sadLzg t o  the  

before the  baghouse vd.at least 

use& siriultaneously t o  s,&ple the  i n l e t  and 

s t a t i o n  w a s  loca ted  on t h e  bori:onta:. duct 

bag?.oi;se. -is s a t i o n  was abccr e igSt  f e e t  

*our duct  diameters  t o  the  neares t  bend. 

4 .  

Tabie 

4-73 Lists tSe velocley F r o f i l e  i:: :ie :::let a d  o u t l e t  d ,xcs .  

s t d t i c n  was located on t he  v e r t i c a l  . sect ion o f  t h e  duct leading t o  the  ataus?here 

of a t  least s i x  duct  2iameters frm the neares t  bend or obstruct ion.  

t ic . :a te  sample was taken through a 7/16 incb,r.oszle on t he  i n l e t  duc t  using t he  

:cy -rain and t.L-augh a .5/3 inch nozzle on t he  o u t l e t  duct  ,using t he  SXSS train. 

c. Test  ?.esu:-.s-- 

The outlet 

The par- 

I 

, .  

I .  

me resuits of t h e  t e s t  ( T e s t .  19.J and T e s t  195) discussed i n ' t h i s  sec- 

tion a r e  l i s ted  in T a b l e  4-1. E l e m e n t a l  composition, s u l f a t e ,  n i t r a t e ,  and 

carbon ana lys i s  were d.?aternined f?r all f r ac t ions  of  p a r t i c u l a t e  catches which 

contained weights L n  excess of 103 mg. The d e t a i l s  for these  procedures a r e '  

dihcussed i n  Section 3.2.2. T a b l e  '4-14 lists' t n e ' r e s u l t s  from this ana lys is .  

5, 

, , '  

.' , 
, ,  
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Distance From 
End of Port 

3 

5 

8 

12-1/2 , 
1 7  

20 

L 

Velocity 
Point :lo. ft/sec 

1 43.4 

2 40.2 

3 38.6 

i.3 37.2 

4 ' 37.2 

5 37.2 

T U L E  4 - 7 3 .  VEXCITY PROFILE FOR CHLXXC''. FERTILIZER (TEST 19), 

2" P O P .  -N 

P 

2" ?$:: 
3" 3:amezd: 

21" ' 17" - 
T-nperat'sre - 86 "F 
::l:Lc ?res&e - -5.16" H '3 2 

3istaflce From Velocity 

4.5 22.4 

16.5 22.4 

Averaqe' 23.0 ft/sec 

' 2021 S L m  

Average 38.6 ft/sec 

, .  4758 SCFY, 

KVB 5806-783 , 
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TABLE 4-74 CMMICXL CUMPOSITION OF PAQTICULATE 

SAKPLES I N  PERCENT 

FQR ChEMICAL F R T I L I Z E R  P- a 

-pingers 

Y' 
, ,  I n l e t  Outlet low-Cyclone 

S&WLE Y 19J'IC 19s-IC 19J-25 

WT. PERCENT OF CtT 1 

XRF XURLYSIS , 

C a l C i r n  t 

ca lo r ine  4.5/1 

CDSal t 

I ron  , 

Totasslum , t 

a. c 

( s u l f u r )  

Zinc , 

TOTAL' , 

, ' (2.1/0.8 

6 
. .  

s u l f a t e s ,  H o solz 5.0 - 
b 2 = 

4 
i S u l 5 r  ifrom 5G i j  !?.5'!  , 

t 2 S i t r a t e  (HZO sol)  

Tota l  Carbon '  34 ' 

. (vo la t i le  carbon) ' 31 

(Carbonates] ' _ _  
TOTAL ' ILVALY ZED 45 

&U?.XCE 55'  

1008 ' 

92 

t 

11/3 

13 

2.9 

( l i O !  

1.0 

11.3 

10.7 

t. 
27 

73 

100% 

99 

2.2/0.4 

5/2 

t 

5.2/1 

(8.1/3) 

t 

37 

8.1 

(2.7) 

t 

10.3 

9.2 

t 

55 

45 

100% 

4-222 KVB 5806-7C3 
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I .  

D. Discussion of Resuits-- 

I. 
catch) from both sampling t r a i n s  f o r  L!e i n l e t  and o u t l e t  t o  the baghouse, t h e  

e f f i c i ency  w a s  ca lcu la ted  t o  be 99.1%. 

%house efficiency--Using the t o t a l  weight da t a ,  ( includes impinger 

2 .  Par t ic le  s i z c  distribution--Figure,4-69 is a p l o t  of  ?ar t ic le  s i z e  
( s m )  versus accumulated weiyht ?ercent .  t he  l a t t e r  B1.otte.i on 3 prob*ilie, 

scale 3s explained i n  Sectiotl, 3 . 2 . 3 8 .  

incl.L.li.Lr 'cite impinger catch, and the o the r  ignorinq it. 

~ of L!e gas stream, it would seem t h a t  the material cu l l ec t ed  i n  t h e  impinger ' 

would be a t t r i b u t e d  t o  very f ine  p a r t i c l e s  and not  t o  pseudo p a r t i c u l a t t s .  

fore .  t he  impinger catch was bel ieved t o  be properly included i n  the  measure- 

ze?.ts c i  the i .x:er.2ei g a r c i c u i i t e s  f rcn chenica l  f t r= i l : .=e r  9lan-s 5-r p a r t i c l e  

s i z e  c i i i x i b u t i s n .  The breakdohm of rhe par; ic l= s i z e  d i s t r ibu txon ,  including 

tiie i i p inge r  ca tzh ,  is a s  follows:. 

Two secs of c u n e s  are presenced, one 

Considering the n a t u e  
' 

There- 
1 1  

. I  

- PERCCNT OF PARTICES - 
>10'~m 10-3.a 3-lliI.1 < l ' l m '  

, Baghouse I n l e t  [Test  1 9 ~ )  : ' 9a.6 0 .2  0 1.2 ' , ' 

Jaqhouse Ou t l e t  ( T e s t  195) 4.0 - 1.0 1.0 94.0 

Uncontrolled (Ref. 4-39 4-40) 95 3.0 , 1.0, 1.0 

The mean p a r t i c l e  s ize  f o r  t he  particle.: e n t e r i n g t h e  baghousevas g r e a t e r  than 

1Cm and the  mean s i z e  leaving L3e baghouseuas less than 0.1pn. 

t h a t  the Saghoue  is v e q  e f f i c i e n t  for removing l a r g e  p a r t i c l e s .  

This shows 

_ .  
3 .  Chemical ComTsition--Table 4-74 lists t>e r e s u l t s  frqm t h e  chemical 

ana lys i s  of the . p a r t i c u l a t t  f r a c t i o n  f o r  each of  t k e  tests discussed i n  t h i s  

sect ion.  Ureau i d  Phosporus w e r e  p r imar i ly  the  most abundant, although not  

detected by X F . .  , Sul fa t e s  and carbon were next in. ajundance, followed by potas- 

sium and chlor ine:  

. ,  

I 

. ,  

4. EmiP.,Lons and emission f a i - - E m i s s i o n s  and emission f a c t o r s  chn be  - 
l i s t e d  wich seve ra l  d i f f e r e n t  un i t s .  

'and emission f ac to r s :  

The following lists some of  these  emissions 

I .  
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0.01 . 0.1 0.5 1 2 5 io 20 30 40 5060 70 a0 90 

WEIGHT, PERCENT LESS'TWAt-4 STATE3 SIZE 

Joy Mfg. S&.pling Train With Impinger 

0 JOY Mfg. Sampling Train Without Ispinqer 

.(p SASS Train With Ikpinger 

0 SASS Train With0,ut Impinger 

. .  

, 

, .  

Figure 4-69. Particle s ize  dzstrrbutirn for  chemical f e r t i l i z e r  
p lants .  (Test 19) i 

, .  
I .  
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4.2.22 

A. 

usually 

- Units Zont ro l led  Dncmtro l led  - 
. 'SCF 0.0028 , 0.72 

0.1 12 .2  

L. . 0,. 11 12.6 
. ,  

L, ' t on  produced 0.02 2.0 

lb / ton  pmduced (Ref.J-37) '0 .4  80.0 

Pain t  Spray Booths - Automobile 

Process Description 

In spraying opera t ions ,  a coat ing from a supply tank is forced, 

by compressed a i r ,  through a "gun" which is  used t o  d i r e c t  t he  coat ing 

as a s?ray =?on t.;e a r t i c l e  t3 be coated. 

condlcced i n  a .booth  or enclosure vented by a fan t o  p ro tec t  t h e  hea l th  and 

sa fe ty  of  Ghe s p r q  gun o p e r x o r  by ensuring t h a t  e b i o s i v e  and tox ic  concen- 

t r a t i o n  l e v s l s  of  solvent  vapors & not  develop. ' ' 

:4ar.y, spraying o p e r a t i a m  d r z  

Figure 4-70 shows a t y p i c a l  t.lpe of  b n i n t  spray booth commonly ussd., 

0. P a r t i c u l a t e  Tes t  Setup 

1. ' T e s t  27 - w a t c  .base enamels-- 'ho simpling t r a i n s  ,were used s b u l t a n -  

eously on t h e  same s t ack  t o  sample one of s ix  s t a c k s  exhausting the  pa in t  spray 

booth from an automotive assenbly p lan t .  ' The sampling s t a t i o n  w a s  located 3 n  

the  ver t ica l  sec t ion  o f  G!e s t ack  d t  least  e i g h t  duc t  diameters from the nea res t  

bend or obstru- t ion.  The ve loc i ty  p r o f i l e  i n f t h e  duc t  is l i s t e d  i n  T a b l e  4-75.. 

Also l i s t e d  i n  T a b l e  4-75, is the average flow, SCFM, f o r  each of  t h e ' s i x  s tack  

exhausting the spray booth. 

95,000' SCFH. 

Point R and a 5/16 inch  nozzle w a s  used with  the smaller Joy  t r a i n ,  a l s o  at 

Velocity Point  R. 

. .  , 

, 

The to t a l  flow f o r  t h e  spray booth exhaust is 

A 5/e i i c h  nozzle w a s  used v i t h  the l a r g e r  S h S  ' t r a ' in  a t  Yelocity 

2. Tes t  31. - o i l  base enamel-- Two sampling t r a i n s  were used s inul taneously 

on t h e  same s t ack  t o  sample one of  four s t acks  exhausting the.  p a i n t  spray booth 

from the  automotive assembly p lan t .  

v e r t i c a l  s ec t ion  of  t h e  s tack  a t  least  four d u c t  diameters from the. neares t  

bend 'or  obs t ruc t ion .  

The 'sampling s t a t i o n  was,locatRd on t h e  

, .  
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saray I 

Contiol Device 
S e l f  induced water 

spray 

F i g u r e  4-73. Automotive spray booth. 
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TABLE 4-75. VELOCITY PWFILE FOR SPRAY BCOTH, TEST 27 (WATER BASE) 

Sampie P o i f i t  f 
SASS 5/8 i 
Nozzle 

I 2 Nozzle 

Tomperature - 67 "F Stock NO. 1 
5 t a t i c  Pressure - CO.1" H 0 One o f  S i x  Stacks 

2 

Distance From , Veloc i ty  S t x k  Average 
Edqe of Duct Point No. f t / s e c  NO. f t / s e c  Flow 3CFM 

2.1 1 23.2 1 25.3 15215 

10.15 2 302 5 2 20.0 11805 

zi. 5 R 29.4 3 33.5 19920 - 32.25 > 24.9 4 25.'1 , 14925 

40.3 4 20.8 5 27.9 16570' 

Stack N o .  1 Average 25.3 f c / sec  5 26.4 15975 , 
'Total , ,  95000 15215 SCFM . ,  

. 91400 OSCF/min 

4-227 ?IvB 5806-783 



TABLE 4-76. VELOCITY,PROFIL.E FOR PAINT SPRAY E&UST, TEST 3 1  (OIL BASE) 

- 
12 5 S i  li '2" Nozzle 

61" 

Ten?erat;L--. - :J ' 7  Stack 30.  1 o t  f o u r  stac!ka 
szazi: ?zds5.'L:e ,- ..l).?': 3 - 

2-  

I .  , 

Distance  From Veloc i ty  
E3qe of D u c t  P o i n t  ?lo. f t / s e c  Point N O .  Et/sec 

6" ' .  1, 52.0 11 52.6 

l e  2 5i.o , 12 46 .4  ' 

30 3 ! 54.9 ' 1 3  , 43.7 

4 2  4 48.0 14 43.0 

5 4  5 49.6 , '  15 42.3  

6" 6 55.5 ' ' 16 60.8 

18 7 50.8 17 40.6 

30 8 48.4 18 42.3 

42 3 42.3 19 4o.a 

10 41.5 20 49.0 I .  54 

Average 48.5 Wsec 
79,992 SCFX 

Stack' No. Flow 

1 80,000 

i 69,000 

3 ' . 42 ,200 .  

49,000'  4 

I 

, I ,  

,, 

Averhge 240,200 SCFX/235,4CO D i C F Y  - .- 
KVB 5806-783 4-128 
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. ' .'* 

, 
,, . 
_ ,  

The ve loc i ty  p r o f i l e  in t h e  duc t  is list6 i n  Table 4-76. Also l i s t e d  8 in Table 4-76 is the  average flow, SCY, f o r  each of the  four s tacks  .exhausting 

A' 1 t h e  spray booth. The t o t a l  flow f o r  t h e  spray booth exhaust is 240,000 SCFM. 

1/2 inch nozzle was used with t h e ' l a r g e r  SASS t r a i n  a t  ve loc i ty  p i n t  NO. B 

and a 1/4 inch nozzle ilas used with t h e  smaller Joy t r a i n ,  a l s o  a t  Velocity 

Point  NO. 8. 
, .  

C. T e s t  Results 

The r e s u l t s  of the ,  t e s t s  (Test  'ZIS, 275. 3l5, 315) discussed in t n i s  

sec t ion  are l i s t e d  i n  Tabie 4-1. Elemental compositaon, s u l f a t e ,  n i t r a t e  

and ca rbon ,ana lys i s  were h te rmined  for a l l  f r a c t i o n  of p a r t i c u l a t e  catches 

which contained weights i n  excess of 100 mg. The d e t a i l s  f o r  these  procedures 

a r e  discu;sed i n  Section 3.2.2. T a b i ~ .  4-77 l i s ts  the r e s u l t s  from t h i s  analy- 

sis. 

f a i l e d  t o  y ie ld  s u f f i c i e n t :  sample, f o r  chemica!. analysis .  

Because of t h e  small  p a r t i c l e  loading i n  the  exhaust stream, .both tes,ts 

See Section 

D. ' Discussion of  'Results ' ' 

, - 

/ / .  
I 

1. P a r t i c l e  s i z e  d i s t r ibu t ion - -  Fibure 4-71, and 4-72 a r e  p l o t s  of p a r t i c l e  . 
s i z e  

b i l i t y  sca la  as explained in Section 3.2.38. 

for each test, one including t h e  impingeq ca t ch  and t h e  o t h e r  i g n o r i n g , f t .  

Considering t h a t ' a b o u t  50% of t h e  material was i n  t h e  impinger catches,  it 

would seem t h a t  i t  should be counted , i n  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 .  

However, mst of *-he ma te r i a l  is from c,ondensed solvent.  

by t h e  la rge  f r a c t i o n  of organic matter, between 2% and S O \ ,  found i n  t h e  

impinger. 

included i n  t h e  measuxements of the  suspended p a r t i c u l a t e s  from p a i n t  spray 

d i s t r i b u t i o n  taken from F i v e  4-71 and, 4-72, not  including the  impinger ca t ch ,  

is as fol lows:  ' 

versus accumulated weight percent;  t h e  l a t t e r  b l o t t e d  on a proba- 

Two s e t s  of curves a r e  preseqted 

, 

T h i s  is  indicated 

Therefore, t h e  impinqer catch.was believed t o  be properly not 

' booths f o r  p a r t i c l e  s i z e  d i s t r i b u t i o n .  The b reakdon '  of t h e  p a r t i c l e  size 

?I 

' ,  
, 4-229 
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WEIGHT. PERCENT LESS THAN STATED SIZE 

joy  Hfg. Sampling Train With Impinger 

0 Joy Mfg. Sampling Train Without Tmpinaer , #  

8 SASS T r a i n '  With Impinger , .  

0 SASS Train Without Impinger 

Figure 4-71. Particle s i z e  d i s t r i b u t i o n  for spray booth ( T e s t  2 7 ) .  (Water Base) 
m 

, .  

I ,  

'p 

, ,  
KVB 5906-783 ' .  
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I .  

t l  ' , 

A 

WEIGHT, PERCENT LESS "AN STATED SIZE 

', PJ JOY :4fq. Sar?ling Train with IniGinger 

0 JOY xfq. samp~inq Train Without Impinqer 

@ s ~ s s ' T r a i n  With Impinger 
. .  

' 0 SASS Train Without Impinqer ' ', 

. F i g m e  4-72. ' P a r t i c l d  s i t e  aistriS;tion €or spray booth h e i t  3 1 ) .  (Oil Bas.el 

I' 

I 
I .  

, I  
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. I  . 

' ,  PWCENT OF PAR!XCUS - 
> l o p  10-3Um ' 3-1um <1Um 

T e s t  2 7 5  60 8 8 2 4  

rdst 2 7 5  1 6 21  7 2  

T e s t  31s 2 2  13  1 5  50 

Average , 22 16 ' 17  4 5  

Test  31J 5 23 36 36 
I .  

- 
The %an p a r t i c l e  s i z e  is about P J ~ .  

U n i t s '  T e s t  2 7 5  (!as) T e s t  2756.19) 

gr/DSCF 20037 .0033 

T/yr 5. a 5.1 , .  

Lbhr 2 .9  2 .6  

__. . 
2.  Chemical cosaosition-- T a b l e  4'-77 l is ts  the  r e s u l t s  from t he  chemical 

. ana lys i s  of Lie , -a r t icu la te  f r a x i o n .  :or each of the  t a s t s  d i scu ised  ir. :?tis 

sec t ion .  

was .the 10 Lm cyclone c u t  on T e s t  273. 

for cazbon a n a b p i s .  

t i tanium and i ron  were next. It is  bel ieved t h a t  about 50 t o  60% of the  

m;rterial ii c - r b ~ n  

However, t he  only sample 'with s u f f i c i e n t  mass f o r  chemical ana iys i s  

Even t h i s  sample had i n s u f f i c i e n t  mass 

O f  t he  elements defected,  sulfur w a s  most abundant: 

r n s t  of t he  remaining is oxygen. 

3. Zmissions and emission :actors-- Fmissions and emission f a c t o r s  can be 

' l i s t e d  with s e v e r a l  d i f f e r e n t , u n i t s .  

s ions  'and f a c t o r s  based on tne t o t a l  flow from the  sum'of the s t a c k s  i n  each 

test. 

The following lists some of these  emis- 

re.& 31%-i) T e s t  315 10s) 

'6.9 7.8 

5.0 5.7 

.0025 .ooze 

. .  

i 

' . *  
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TASLE 4-77. C€E..CAL OJHPOS?TION OF PARTICULATE SAMPLES 

IN PERCENT 
FOR PAINT SPRAY BOOTHS 

l obn  - cyclone (Water Base1 , 
SXWLE !4 27s-2s 

*WT. PERCENT OF CUT 

)(Rp ANALYSIS 

CalCiULII 

Iron 

;Sulfur) 

Tita.?l'm 

TOTAL' 

s u l f a t e s  ( H ~ O  sol)' 

Nitrate ( H ~ O  sol)' 

Total carbon' 

- 
( sul fur  (from SO-)' 

4 

(volat i le  Carbon) ' 
(carbonates) ' - 

TOTAL ANALYZED 

aAtRNCE 

22 
, '  . 

t 

t 

(<4 )  

2.7/0.3 

, 4 .  

1.88  

t 

, t  
-- P Y J t  Enough . -- Sample for Analysis  
-- 
6 

94 

loo\ 
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A. Prxess Description-- 

1. ' Sandinq operat ion (Test 30)-- Figure 4-73 is  a schematic drawing df *e 

slnding opera t ion ' s  p a r t i c u l a t e  c o n t r o l  systsm tes ted .  Sawdust is  picked UE in ' 

t h e  hooded sec t ion  over the b e l t  sander where the  veiieer sec t ion  i s  being srnded. 

The sawdust is t ransported from the  h o d  t o  a cyclone which'removes .!.argr p , r -  

t icles.  <.en t o  a Saghouse which removes the f i n e r  p a r t i c l e s  t o  pzevent t h m  from 

e n t e r i n g .  the atmosohere. 

2 .  '+sawing operation (Test 39)-- Fiqxre 4-74 shows the flow of sawdust 

from a t y p i c a l  re!, operation. The sawhust generated from the rapping plank 

is 2neueiatically cor.veyed to  a cyclone where t h e  wood p a r t i c l e s  a r e  co l l ec t ed  

and t h s  air returned t o  the atmosphere. 

. I  

3. 2 a r t i c u l a t o  Test  Sat-?-- 
I 

1. 

T r a i n )  w e r e  used,simultaneously t o  sanJle the i n l e t  and e x i t  of the  cyclone 

baghouse. 

the  i n l a t .  

Ecet fran +eathe baghouse i n l e t .  

e.'e top of t i e  8uct leading t o  the atmosphere. 

of these l i s t e d  i n  Table 4-78. 

determined using an anemometer because of *-he low ve loc i ty  ' d i s t r i b u t e d  over 

both exits. 

Sanding operation--Three sampling t r a i n s  '(Method 5, Joy Train and SASS 

The i n l e t  s t a t i o n  t o  the cyclone was located about e i g h t  feet from 

The cyclone o u t i e t p a g h o u s e  i n l e t ,  s t a t i o n  was located about three 

The b?ghonSa onrlet StaTiori vcs locate4 l t  

The ve loc i ty  p r o f i l e s  of each 

The ve loc i ty  h t h e  baghouse ex i t  w a s  

2.  @.saw dpecations--';llo sampling t r a i n s  (Joy Train and SASS Train) were 

simultaneously t o  sample the i n l e t  a n d , e x i t  of the  cyclone. The inlet s t a t i o n  , 

w a s  located on the  horizontal  duct about n i n e  Leetfromthe i n l e t  t o , t h e  cyclone. 

The o u t l e t  s t a t i o n  !as located on t o p ' o f  tie cyclone a t  its exit .  

in the c a n t e r ,  o f ,  t h e  Cyclone Out le t  is l i s t e d  if. T a b l e  '4-79. Note t h a t  the  

v e l o c i t y  Fn' t h e  c t n t e r  of t!!e cyclone o u t l e t  is negative ( i . e . ,  the flow is 

reversed) and the ve loc i ty  a t  the. edges is the highest.  'Chis is normal f o r  

cyclones. 

. ,  

The ve loc i ty  

c. Test Pasalts-- 
I .  

The r e s u l t s  of 'the t e s t s  (Tests 30s. 30J. 30 No. 5 ,  j 3 S .  hnd 395) d i s -  

cussed in t h i s  sec t ion  a r e  listed in T a b l e  4-1. 

s u l f a t e ,  n i t r a t e ,  and 'carbon ana lys i s  wre determined for all f r a c t i o n s  of 

Major elemental CJlRposition 
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TABLE 4-78. VELOCITY PWFILE FOR WOOD SANDING O?E.RATION (TEST 30) 

Cyclone I n l e t  

Distance 
From Veloci ty  
Edge Toint f t /  ' 

of Duct No. sec 

0.4" 1 61.4 

1.4" 2 63.2 

2:5" 3 70.2 

4.5" 4 76.3 

6.5" R 79.2 

9.0" 5 73.3 

i0.5" ' 6 67.0 

11.6" 7 6 3 . 5  

Cyclone O u t l e t  
Baghoue I n l e t  

Baghouse O u t l e t '  
One of 'R*o 

Distance 
FfOm Veloci t v  - 
Edge P r ix t ,  E t /  

of Duct N o .  sec 

5/8" 1 ' 38.0 

2-1/4 2 30.1 

4-3/8 2 31.6 

7-1Y2 R 33.6 

10-1/2 4 5 2 . 5  

12-3/4 5 51.7 

14-3/8 6 45.6 

, 5/8 7 27.7 

12.5" 8 , 56.8 , 2-1/4 8 36.8 

Average 70.0 4-3/8 9 36.8 

4384 SCFM 7-1/2 R 33.6 

10-1/2 10  23.,3 , 

12-3/4 11 ' . 2 4 . 2  

14-3/8 1 2  3 2 . 9  

Average 58.6 
, 

4180 SCFX 

Distacce 
F rm Veloci tv  , , 
Edga Point  f t /  

of  Duct No. sec 
I ,  0.1" , 1 , i 5  

3.0" 2 15 

6-1/8" 3 15 

10.5" R 15 

14.88" 4 15 

18.0" 5 15 

20.0" 6 15 

0.9" i ' 1 5  

3 0" 8 15 

6-1/8" 3 15 

10-5" ' R 15 

14.88' 10 15 ,, 

18.0" 11 '15 

20.0" ' 1 2  '15 

Average 15.. 

, 4206 SCFM 
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'TASLE 4-79. VELOCITY PROFILE FOR WOOD ,J.ESAW OPERATION (TEST 39) . 

, .  . ,  
i 

'! . _  Cyclone I n l e t  

1s: 5 4 76.0 

71.8 'Average 

6703 S C M  

I '  

- .I-. . ' 

Temperavdre - &a O F  

s t n c i c  Pressdie  - rO .2"  3 0 2 

Distance From Velocity 
Edge o f  Duct Point  N o .  f t / s e c  

1.5  1 66.6 

4 . 2 5  2 6 9 . 9  

a. 5 R 69 .9  

12.75 3 73 .0  

Cyclone Outlet 

4 

R 

I +- 42".-b 

Temperature - 68 O F  

S t a t i c  Pressure - 0.1'' f120 

. 

Distance F r m  Velocity 
Edge of D u c t  Point  NO. f t / s e c  .. 

1 . 4  1 53.7 

4 . 4  2 ' 4 2 . 1  

8.0 , 3  1 3 . 3  

, 12.5 4 '  0 

21.0 . R  . -23.2 

28.5 5 . o  
33.8 6 13.; 3 

37.6 7 44.2 

4 1 . 4 .  ' a 70.4  

Av,erage 26.2 
. 

6546 SCFX ' 



gk- t icu la te  catches which contained weights i n  excess of  100 ntq. The d e t a i l s  

' for these procedures are discussed i n  Sec t ion  3.2.2. T a b l e  4-80 lists tne  
results from this a n a l y s i s  for T e s t s  30 and 39. 

D. Discussion of Results e i -  
. -  

1. 

a. Sanding oper. t t ion 

Eff ic iency of p a r t i c u l a t e  coht ro l  equipment 

Usin5 the s o l i d  weight da t a  (does no t  include impinger ca tch)  from 

both i n l e t  and o u t l e t  o f  t3e cyclone acd i n l e t  and a u t l e t  to  t h e  baghouse', 

the  e f f ic iency  w a s  ca lcu la ted  t o  be 98.4% f o r  t h e  cyclone and 96.3% f o r  t h e  

baghouse. Ttlerefore, fie o v e r a l l  e f f i c i ency  of t n e  system is  99.94%. Using 

the t o t a l  catch including the impinger ca tch  t h e  e f f i c i ency  i s  98.2% f o r  the 

c:/clme. 36.93Esr the  Sagbogse and for o v e r a l l  efficier.::, 0 5  39.33. 

8 ,  i I 

I ,  
. /  

b. Resaw operat ion , , 

Using the  so1i.J weight da t a ,  t h e  e f f i c i ency  of the cyclone was calcu- 

l a t ed  t o  be 99.2%. and using the  t o t a l  ca tch  the  e f f i c i ency  i.3 99.1%. 

2. P a r t i c l e  s i z e  distrib1:t ion 

Figures 4-75 bnd 4-76 a r e  p l o t s  of p a r t i c l e  s i z e  ( U r n )  ve.'sus 

accumulated weight 'percent ,  the  l a t t e r  p l o t t e d  on a p robab i l i t y  scale as 
explained in Section 3.2.38. 

thr impinger ca tch  and t h e  o the r  ignoring it. Considering the  nature  of the  

$as stream, it would seem t h a t  the e t r e c t s  of pseudo p a r t i c u l a t e s  would be 

present .  

i n  the  measurements of the  suspended particu1a:es. The breakdrwn oE the  

p a r t i c l e  s ize  d i s t r i b u t i o n ,  including the  iinpinqrr ca tch)  is as f n l l o w s :  

mo sets of curves are presented,  one including 

Therefore, t h e  inpinger catch w a s  bel ieved t o  be properly included 
! 

, PERCENT OF PARTICLES 
C 

I 

Sanding: , . 

' Test 30s (aaghouse o u t l e t )  a 3 3 a6 

' Test  30J Daqhouse i n l e t  
(cyclone o u t l e t  42 10 12 36 

Tes t ' 30  No. 5 (cyclone h l e t )  87 13 

Resaw: 
i. i 

T e s t  39s (Cyclone ou t l e t ;  60 11 ' 9  ' 20 . 

0.7 0.3 
! 

Test 395 (cyclonL i n l e t )  99 0.3 

4-239 RVB 5806-783 . .  
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TABLE 4-80. CHEPIICAL &KWSJ.TIO~J OF PARTICULATE SAMPLES , , 

I N  FERCENT 

FOR W 3 C  PRocESSING 

=ASS JJY 
1 0 m  l0um Xethod 5 ' 

Cyclone Cyclone Cyclone 
SAWLE # 395-25 39J-2s 30-5-25 

. 

. 

WT. PERCENT OF CUT 

XRF ANALYSIS 

5 5  68 87 

Calcium t , t  t 

( S u l f u r )  (<2) (53)' (<2) 

' 'TOTAL' t t t 

Su l fa tes ,  (x20 sol) t - - 

Total carbon' 61 42 , 

- - (t) , - c  (Sulfur (from so4) 
- ,  2 Nitrate  !H o sat!  t '  t 2 

, .  41 I 

( v o l a t i l e  'Carbon) ise! (39) ' ' . (35 )  

t (Carbonates) - - 
TOTAL ANALYZED 61 42 41 

BRLWCE 39 58 , 59 

loo%, 100% 100% 
, .  

. ,  
4-549 , .  KVB 5806-783 
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! 6 .Joy Xfg.  Smpl ing  Train Witn Impinge? 

0 Joy M:q. Sampling Train Without' Impinger 

e SASS Train :;ith. Impingee 

0 SASS Train Without Impinge? 

. I  

I 
Figure 4-75,  P a r t i c l e  gize d i s t r i b u t i o n  for  wood 

sanding operatior.  ( T e s t  3 0 ) .  I 

4-241 KVB 58067783 



WEIGHT, PERCENT LESS TWAN STATE0 SIZE 

JOY Mfg. Sam?ling Train Wifh Impinger 

Joy Mfg. Sampling Train Without Impinger 

SASS Train With Impinger 

0 SASS Train Without Impinger 

, Figure 4-76. P a r t i c l e  s i ze  d i s t r i b u t i o n  for wood , 

Resawing operation ( T e s t  39). 

K V B  5806-783 4-242 
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. 

d 

Figure 4-76 is the s i ze  d i s t r i b u t i o n  p l o t  for t he  resaw operat ion.  

The p a r t i k l e  s ize  f o r  uncontrol led wood ope ra t i cns  is 85 t o  

f o r  t h a t  cont ro l led  with cyclone is 20 t o  36% C l w ,  ahd baghhba  con t ro l  is 

Note: 

9% > l O u m ,  md 34 
86a <1w. I 

, ,  

3. Chemical somoosition-- T a b i e  4-80 lists the  r e s u l t s  from the chemical -. 
' analys is  .of the  p a r t i c u l a t e  f r ac t ion  for each of  the  t e s t s  discussed in  ' t h i s  

sect ion.  

s imi la r .  

t i l e  carbon. The 

small amount o f  d e t e c t e d . i s  a t t r i b u t e d  t o  the chelrucal bound s u l f u r  i n  the  wood. 

The ches i ca l  composition f o r  both resaw and sanding 'operat ions is  very 

l\s expected the  most abundant spec ie s  i s  carbon in  t h e  form of vola- 

A few o t h e r  elements were de t ec t ed  i n  t r a c e  q u a n i t i t i e s  only. 

4. E m i s s i J n s  and emission f.ictors-- m i s s i o n s  and emission f a c t o r s  c& 

3d LisCzd ,wi:?. ioveral  d i z f e r e n t  uni-5. The following l ists  some of these  

emissions a d  fac tors .  ' 

~~~ ~ ~~~ 

Oncontrolled Cyclone Control led Baghouse ContrJ l led 
. .  

Cnits:  30-5 ' 395 305 39s 305 

gr/DSCF 0.931 0.366 0.0168 0.003 0.002 

r/yr 36.5 21.0 0.6 0.2 0.1 

lb/hr 35.1 20.0 0.6 0.2 0. Od 

lb/hr(Ref. -- -- ' 0.2/30 0.03/24 9.2/30 
' 4-42) 

i )  

' I  
i 

I 
. I  

4.2.24 Refinery Process Heaters. 

a. Process Deszr iot ion (Ref .  4-43) 

Refinery o i l  hea t e r s  usua l ly  are l i k e l y  t o  be  f i r e d  wi th  a v a r i e t y  of 

r e f ine ry  by-product f u e l s ,  bo tbgaseous  and l i q u i d .  

cy l ind r i ca l  r e f ine ry  hea te r  similar t o  that tested f o r  p a r t i c u l a t e s  i n  t h i s  

study i s  shown in  Figure 4-77. 

w a s  fue led  with na tu ra l  gas. 

A t yp ica l  v e r t i c a l ,  

, The un i t  tested w a s  used f o r  heat ing and 

KVE 5806-783 
, #  4-243 
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Sampling 
Location 

-1 I , ,  

Figure 4-77. 

. .  

Gas 

A vertical c y l i n d r i c a l  ref inery hca'ter. (Ref .  4-43) 
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8 .  ?articulate T e s t  Setup-- 
' /  

Due to  the a c c e s s a b i l i t y  of t h e  tes t  s t a t i o n ,  on ly  the  l a r g e r  SASS 

The sampling s t a t i o n  w a s  loca ted  o n ' t h e  t r a i n  w a s  used a t  this t e s t  site. 

v e r t i c a l  sec t ion  o f  the exhaust s t ack  a b u t  f i v e  f e e t  above the  prehea t  a i r  

section.' , 
c a w a l k  which vas about 70 Eoet above ground l eve l .  ?he ve loc i ty  p r o f i l e  

i n  the  s tack  a t  t h i s  loca t ion  is l i s t e d  i n  ?able 4-81. 

sample was taken a t  Veloci ty  Poin t  2 with a 1-1/4 inch  nozzle. The f u e l  

f o r  t he  process hea ter  w a s  na tu ra l  gas.  

The sampiin,- 71' w a s  approximately e i g h t  f e e t  above t h e  steel  

The p a r t i n ' l a t e  

~ 

C. Tes t  Results-  

T?.e r e s u l t s  of the :est ( T e s t  4 0 s )  discussild i n  t$ iss  3 x r i o n  a r e  I .  

l i s t e d  i n  T a b l e  4-1. Elemental compcsition, s u l f a t e ,  n i t ra te ,  awi carban 

ar.alysia ;&ere de tern ixed  for  a l l  f r a c t i o n  oL >art iculate  c;itches which con- 

ta ined  weights i n  excess of  100 mg. ! ,The de ta i l s  f o r  these  procedures are  
I 

discussed i n  Sect ion 3.2.2. , T a b l e  4-82 lists t h e  results from t h i s  ana lys i s .  ' !  

.! 
D. Disiussion of  Results-- ', , I  

1. P a r t i c l e  s i z e  distribution- Figurs  4-78 i s  a p l o t  of p a r t i c l e  s i ze  
('WI versus accumulated weight percent ,  t h e  l a t t e r  p lo t t ed  on a p m b a g l i t y  

scale a i  explained in Sect ion 3.2.3B. Two curves are presented,  o r e  +eluding . ,  

t he  impinger ca tch ,  and the  o t h e r  ignoring it. Considering t h e  l a r q e ' a w u n t  

O f  material (over 80\1 collected i n  the impinges it would seem tha t  t h e  e f f e c t ,  I 

i , Of pseudo p a r t i c u l a t e s  would be in s ign i f i can t .  Therefore, t he  impinger catch I., 

~ 

, I  

w a s  bel ieved t o  be properly included in t h e  meas.urements of t h e  suspended , 
I 

p a r t i c u l a t e s  from re f ine ry  process ' hea t e r s ;  'The breakdown of t h e  p a r t i c l e  .s ize  
, .  

d i s t r i b u t i o n  taken from Figure 4-78, including the  im?inger ca tch ,  is as 

' f d l l w s :  " - 

PERCENT OF PARTICLES 

- 
, '  , 

'1- 13-3um 3 - 1 ~  <1Ua 

Tes t  405 4.5 2 1.5 91 

, .  , .  ' ,  
, I  I .  

8 ,  
? 

KVB 58661783 
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' TABLE 4-81. V E I D C I N  PROFILE FOR PROCESS WEk-TR (TEST 40s) 

I 

Temperature - 460 O F  

s ta t i c  Prsssixe - -0.95" x2G 

Distance From Velocity 
End of Port Point NO. ft/sec 

4-5/8 & 1  16.5 

10-7/8 2 12.7 

17-1/4 , I  12.7 

25-5/8 4 10:4 

37-5/8 5 10.4' 

' 53-1/2 R ' 7.4 

. 69-3/8 6 7.4 

81-1/? 7 16.5 

.8 16.5 83-3/4 

96-1/8 9 16.5 

102-1/4 ' 10 15.2 

, .  

, '  
Average 13.4 ft/ser. 

, 18900 SCFM 

4-216 
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XEIGHT,  PERCENT LESS THAN STATED SIZE 

Joy M € b .  Sampling Train With Impinger 

0 Joy Mfg. Campling Train Without  Impinqer 

SASS Train With  Impinqer 

0 SASS Train Without Impinger 

, 
.i 9 

r 

Pigure 4-78.  Particle s i z e  d i s t r i t ,u? ion  EQK re f inery  
process  I eater W e s t  4 0 ) .  

KVB 5806-781 
.4-247 
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-' 1 , . .  . . .  

2.  Chemical composition-- Table  4-82 l is ts  the  r e s u l t s  from the  chemical 

a n a l y s i s  of the  par - t icu la te  f r acc ion  f o r  the t e s t  d iscussed  i n  t h i s  s ec t ion .  

The only  f r a c t i o n  wi th  enougt. sample for chemical a n a l y s i s  was t h e  impinger 

ca tch .  

next  and 3:: ot'ler elements are i n  trace (<lo) amounts. 

S u l f a t e s  are moat abundakt i n  ch i3  shnple . '  Carbon and calcium are I - 

3. Emissions and en iss ion  €ac tors - -  Enissions and emissicn factors can - 
be l i s t ed  w i t h  s e v e r a l  d i f f e r e n t  u n i t s .  The following lists some nf t hese  

emissions and f a c t o r s :  

T e s t  405 

qr/DSCF 0.00424 

T k r  2 .6  

I b/hr 0.53 

:b/MMBtu ' 0.0066 , . 
lb/Mii l ion f t  Burned 
,L,..<..;-- a-3 n _. 

(Ref. 4-44) 

9.0 3 

- - A  
G" *Y, ' -AL*"u L L  D C L I L L S U  

, .  

.. , , .  
4.2.25 C a t a l y t i c  Crackinq 

' A. Process Descr ip t ion  (Ref. 4-45)-- 

In t h e  cracking opera t ion ,  l a r g e  molecules are decomposed by hea t ,  

? r e s ju re ,  and c a t a l y s i s  i n t o  sma1:er. lower-boiling molecules. Simultaneously, 

some ,of t h e  . m l e c u l e s  combine (polymerize) tc  form l a r g e r  m, lecules .  

of c racking  are gaseous hydrocarbons, gaso l ine ,  gas o i l ,  fue l  o i l ,  and coke. 

Products  
' 

I .  

In  f l u i d i z e d  bed catalytic cracker, f i n e l y  powdered c a t a l y s t  is 
l i f t 2 d  i n t o ,  ':he ' reac tor  by the  incoming heated o i l  charge.  which vaporizes  

upon contirot wi th  t h e  hot  ca ta lys t . ,  ' Spen t  c a t q l y s t  s e t t l e s  o u t  i n  t h e  

r e a c t o r ,  i 5  d r a m  o f f  a t  a con t ro l l ed  r a t e ,  purged with ste+m, and l i f t e d  by 

an a i r  stream i n t o  t h e  regenera tor  where t h e  deposi ted coke, is burned c f f .  

' 

? a r t i c u l a t e  emission 'from t h e s e  u n i t s  are  i n  the  combustion gas re  

?&d from :a ta lys t  f i n e s  t h a t  may be discharged b y  ven t s  on t h e  Cata lys t  

KVB 5806-783 4-248 
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T-LE 4-82. CHEZLiCAL COMPOSITION OF PRaTICUUTE SA.YPLES I N  "ERCENT 
FOR REFIXZRY PROCESS EATERS ' 

(Natural Gas Fuel) , , 

SngS Impinqer 
SAMPLE w 40s-IC 

WT. PLQCENT OF CLT 

' XRF ANALYSIS 

Calcium 

Ckcomium 

Cobalt 

' I r o n  

Nickel 

Selenium 

( S u l f u r )  

' '  Zinc 

s u l f a t e s ,  'H' O sol' 
TOTAL' 

2 
(sulfur. from so4ir 

, ,  Nitrate ( H ~ O  sol)' 

mtal ~ a r - n ]  

( v o l a t i l e  Carton) 

(Carbonates) 

TOTAL ANALYZED , . 
0ALANm 

81 , '  

5.2/1 

t 

t 

t 

i 
t 

(20/71 

t 

9 

47 . 

16 , 
t 

7 ,  
( 7 )  
- 

62 

38 

l O C \  



handling system on t ha  FCC Units. 

e r a t o r s  c o n s i s t  of cyclones and e l e c t r o s t a t i c  p r e c i p i t a t o r s  -Q remove parti- 

c u l a t e s  and energy-recovery combustors to reduce carbon monoxide amissions.,' 

The l a t t e r  process,  c a l l e d  a C, b o i l e r ,  recovers  the  hea t  of combustion of 

che CO t o  produce refinery process steam. 

sampled for fine p a r t i c u l a t e s  on this pr0,3ram. 

8 .  P a r t i c u l a t e  Test  Setup 

Csntzol measures commonly used on Feqen- 

I 

The exhaust of a CO h i l e r  was 

The'only ava i l ab le  sampling ports were 1o:ated dovnstream or t h e  co 
boiler. 

tapered s tack  a t  a d i m e t e r  of 96 in .  

of the  r.x!!aust gas . in le t  t o  t h e  ESP s tack  and 30 f t .  below the  s tack  e x i s t .  

The ve loc i ty  p r o f i l e  i n  the s t ack  i.s l i s t e d  i n  T a b l e  4-83. The p a r t i c u l a t e  

sample vas  taken a t  tzaverse poin t  four w i t h  a one inch nozzle.  

C. Test  Results 

The sampling s t a t i o n  was 1ocate.d h, a v e r t i c a l  sec t ion  of: t h e  

The sac@ins p o r t  w a s  30 fz. domstream 

?he resu l t s  of the test (Tes t  415) discussed in  t h i s  sec t ion  a r e  

l i s t e d  i n  Table 4-1. Elemental composition, s u l f a t e ,  n i t r a t e ,  and carbon 

'ma:ysis 'were determin-d for a l l  f r a c t i o n s  of p a r t i c u l a t e  ca tches  whizh 

contained weights i n  cxcess of 100 mq. 

discussed i n  Section 3.2.2. T a b l e  4-84 l ists  ths r e s u l t s  from t h i s  ana lys i s .  

The deta ' ls  for these  procedures a r e '  

D. Discussion of Redl t s -  

... 
. -  I .. 1. P a r t i c l e  s i z e  d is t r ibu t ion-+fqure  4-79 is a p l o t  of p a r t i c l e  Size 

(Um) versus accmula ted  wciqht pe,rsent ,  the  l a t t e r  p lo t t ed  on a p robab i l i t y  

s ca l e  as  explained in Section 3 . 2 . 3  B. 
inclu'dina the  impinqer ca tch ,  and t h e  o the r  ignoring it. 

Tyz .."1Ives a r e  presented,  one 
. ,  

Considering that 

'about  2 5 %  of  tne  t o t a l  catch was in the impinqer'and the nature o f  t h e . f l u e  

gases ,  i t  would seem t h a t  the e f f e c t  of pseudo p a r t i c u l a t e s  was present .  

Therefore,  t h e  b p i n q e r  catch.was believed to  be properly not  included i n  

, t h e  measurements of the  suspended p a r t i c u l a t e s  frm M b o i l e r s  - FCC units 

fo r  p a r t i c l e  s i z e  dis t . r ibut ionl  The breakdobk of the  p a r t i c i e  sire d i s -  , 

t r i b u t i o n  taken from Fiqure 4-79, n o t  includinq the Fmpinqer ca tch ,  is 

a s  roiiowt.  

., 
4-250 ' ' KVE 5806-783 , 
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TABLE 4-83. VELOCITY PWFILE ZOR e0 a0iiEa E X E X S T  (=ST 415) ' 

Tr?Iaerarr;ra - 5 6 5  O F  

Stat i c  P r e s s w e  - + ~ . j "  H20 , I  

, ,  

Distance From V e l o c i t y  - 
Edqe of Port P o i n t  No. , f t / s e c  Point No. f t / s e c  

:0-1/8 1 13.5 ' 11 21.8 

l5-7/8 2 13.5 12 29.9 

21-7,'s. 3 11.0 13 27.9 

29-3/4 ' 4  ' 27.0 14 24.4 

41 5 27.0 ' 1 5  25.6' 

56 ' R  28.0 R , 27.9 

71 6 27.0 16 25.6 

82-1/4 7 22.0 17 18.9 

90-1/8 , 8 .  22.0 18 15.5 ' 

96-1/8 9 11.0 19 13.4 

101-7/8, 10 11.0 20 '10.9 

Averaqe 20.4 f t / s e c  

313?9 SCFX 

4-251 XVB 5806-783 
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TABLE 4-84. ' m c x L  COMPOSITIION OF PARTICULATE 

SAMYLES IN PERCENT 

FOR CU BOILER - FCC UNIT 
lO!m Cyclow 1 lm Cyclone , F i l t e r  Inpinqer 

$&LE rt 41s-25 ' ' 41s-4s . , 41s-SS 41S-IC 

WT. PERCENT OF G T  25 4:3 1.7 24 ' 

XRJ? ANALYSIS 

Lanthanum t t t 

C e s i u m  ' 1 . w o . 2  1.1/0.2 1.610.4 

Arsenic ' t 

P a s e o Z p i m  , t  t 
, .  . .  

Nmdi.mium t t t 

Calcium 1516 

Iron t 1.v0.2 1.3/0.3 t 

Silicon 20 20 

(Sulfur) ( 8 )  ( 3) ' ( 8)  1917 ' 
t i. 'ZLaniUm 

_ .  . L 

TOTAL' ' 24 24 20 t '  
I 

S u l f a t e s ,  H ~ O  sol2 6.8 1.6 5 . 1  54.4 

(sulfur ' ( f r o m  so;)' (2.2) , t  (1.7) . (15.01 

Nitrate (€i20 ,mi) ' 
mval Carbon' 4.59 

(volatile Carbon) ' (3.41) 

(carbonates) 

TOT= ANALYZED 3 1  , , '  26 ' 25 59 
69 74 75 41, 
loo* loo* LOO* loo* , .  

. . BALANCE 

I cor V d V .  .h .. vr, I I. 
a m r  (I... n t Y 1 

or Ch.. .1-c p n r n t  and 'I I. Zk. 

4-252 
W E  5806-783 
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WEIGHT, PERCENT UES THAN STATED SIZE 

SAS5 Train'Wi,th Impinqer ' ' ' 

0 SASS, Train without Irnpinqer , .  

Figure. 4-79. Particle s i z e  d i s t r i b u t i o n  for CO b o i l e r  - FCC Uni t .  

(Test  41; ' .  
m. 

, ,  

. .  
4-253 KVB 5806-783 
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PERCENT ,OF PRRTICLES 

> l O u m  10-3Um 3-1m <l'Jm 

T e s t  415 63 15 9 '  16 .- 
The mean , o t i c l e  s ize ,  wt h c l u d i n g  t h e  h p i n g e r  ca tch ,  was about 

30w. If t h e  im?inger catch is included, t he  mear. sirs was about 1lfl.. 

' , 2 .  Chemical comwsition--Table' 4-84 'lists the resu l t s '  from the  ' 
chemical ana lys i s  of t he  p a r t i c L l a t e  f r a c t i o n  for each of  bhe tests d i s -  

cussed i n  t h i s  s ec t ion .  S u l f a t e s  doninated i n  the  impinqrr catch and w a s  

about t e n  f o l d  less i n  the  o t h e r  f r a c t i o n  of t he  p a r t i c u i s t e  catch.  

S i l i c o n  w a s '  high: 20% i n  t h e  cyclone catches,  C a l c i u m  was the 'most  abudazr.  

, element on t h e  f ' i l t e r .  Scme unusual elements (lanthanum, cerium, p,raseudymium, 

, neod.(mika) were de tec ted  i n  concentrat ions betyeen 0.5 to  one perL.ent :or 

' t h e  s o l i d . f r a c t i o n  2f G3e catch.  
. .  

3 .  E n i s s i b r . ~  and emission :actor~--Emissions and ernisslon factor:;  car '  

1 ,  be' l i s ted  Clith seve ra l  d i f f e r e n t  un'.ts. The following c h a r t  lists sone 

of thesd emissions c&d f x t o r s :  . ,  

UnItS Tes t  41s 

gF/DSCF 0.,055 

62.33 

, lbm 14.84 
, 

T/W 

l b / l O O O  bbls 

l b / l O O O  bbls 
' f r e s h  f e e d .  32' . 

f r e s h  feed , , .  

(Ref. 4-45) ' ,  45 

. 
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4 . 2 . 2 6  .Alfalfa Ce*:.dration 
.i 

An a l f a l f a  dehydrating p l an t ,p roduces  an aninal eed from a l f a l f a .  8 
(Ref. 4-46] The dehydration and gr inding  of  a l f a l a  that  produces a l f a l f a  

meal i s  a dusty opera t ion  most,colmnonly carried out i n  rural  areas. : I  
' 9  

W e t ,  chopped a l f a l f a  is fed i n t o  a ' i rec t - f i red  rotary drie:. The 

dr ied  z l f a l f a  particles are conveyea to a primary cyclone and sometimes a 
seccnearf cyn1or.e i n  series t o  s e t t l e  o u t  t hz  product from a i r  'flow and 

products of  ccmbustion. 

gu icment ,  which i s  usual ly  a hanunex m i l l .  

in k? air-meal separa tor  and is ei+Aer conveyed d i r e c t l y  to  bagging or s t o r i g e ,  

or blended with o the r  ingredients .  

The s e t t l e d , m t e r i a : .  i s  discharged to  the  gr inding  

The'ground mater ia i  is  c o l h c t e d  
1 

5ocrzes sf &:st emissions aze t:?e srimar:, :yclone, t h e  g r inde r s ,  ar.2 

1 . 
. .  

I 

L 

I 

i 

:>.e ai:-r,eal se;arator. Over311 3 ~ s t  losses  3aL.e x e n  repor.:.=? as  high a s  

7% '(Ref.  4-47) ,  z u t  average lo s ses  a r e  around 3% oy weight of che meal produced 

(Re?. 4 -48) .  The  use of a baghoxe  as a secondary c o l l e c t i o n  system can : 
grea t ly  reduce m i s s i o n s .  

for  s eve ra l  montiis during the  P h a s e  I1 t es t  pzogram. 

were canceller: due t o  equigment f a i l u r e .  

section are those taken by the  Imperial CoJnty A i r  Po l lu t ion  Control o f f i ce .  

'The r e s u l t s  of the tes^.s are listed i n  Tabla 4-85. The EPA Method #5 w a s  

osed' to ob ta in  TSP d a t a  and an Anaersen j apac to r  was used t o  determine the  

p a r t i c l e  s ize  d i s t r i b u t i o n .  !+re 4-83 

accumulated weight percent ,  the : l i t e r  plotted on a p robab i l i t y  scale as 

explained i n  Sect ion 3 . 2 : 3  8 .  

%ken from Figure 4-80 which does not inc lude  t h e  impinger ca tch ,  is  as  

re a t t ezp ted  t o  conduct a l f a l f a  aehydrator tes ts  

Several scheduled tests 

Therefore  the  d a t a  presented i n  t h i s  

is, a p l o t  of particle s ize  (pm) vs 

The breakdown o f  t h e  p a r t i c l e  s i z e  ' d i s t r ibu t ion  

foliows. 

Percent  of P a r t i c l e  

' l f a l f a  - Dehyd-ation . ,  >low io-3~n.  . 3 - i ~  <1W 

T e S t  1 68 6 6 '  20 

T e s t  2 75 ,6 4 14' 
The mean p d t i c l e  s i z e  is &ut 6 w .  
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TA3L.E 4-85. ALFALPA DEHYDRATION TEST RESULTS 

Measured Emissions 

Test NO. 

Date of Test 

Duration of Test, minutes 

Pmcess Weight Rate. lbs/hr 

Gas Flow ?.ate, SCFM {DRY) 

Staik Gas Temp., OF 

CO % by'vol. 

, I  , ,  

2 
o2 % by Wl.. 

I .  

CO 0 by vol. 

H20 ,i by vo1. 
, ' Particulate Concentration, gr/scf 

Particulate Weight, p's/hr 
. .  

. 

. 
A 

11-18-76 

60 

20,000 

9908 

195 

1 

20 

0 

20 

0.11 

9:02 

2. 
11-18-76 

60 

20,000 

9616 

183 

1 
20 

0 

17 

0.11 

9.78 

Average 

60 I 

20,000 

9762 

184 

1 

20 

0 

18.5 

0.11 

9.4 

' *  
, .  
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0 S i S S  Train Without irnpinger - 7 c s Z  1 

0 JOY xfg. sampling Train without Impinqer - T o s t . 2  
, I  

Figure 4-80. Particle size d i s y i b u t i o n  for  a l f a l f a  dehydration. 

. .  
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I ,  4.2.27 Cotton Ginninq Operations 

The primary funct ion of a cotton g i n  is to  take rav seed co t ton  and, . .  , .  
separate thn seed and the  l i n t .  , A  l a r g e  amount of t r a s h  is found i n  the  seed 

cot ton ,  and it aust also be removed. The problem of  c o l l e c t i n g  and disposing 

of  g i n  t r a s h  is tuo-fold. 

heavier  t r a s h  such as burrs, s t i c k s ;  steps, leaves,  sand, and d i r t .  The 

second problem cons i s ' t s  of c o l l e c t i n q  t!!e f i n e r  dus t ,  mall l e a f  p k t i c l e s ,  

and f l y  l i n t  L h t  are discharged from the  l i n t  after t h e  f i b e r s  are,removed 

f r o m  t h e  seed. From 1 ton (0.907 MT) of  seed cot ton ,  a p p r o x h t 5 l y  one 

500-Fund 1226-kilogram) b a l d  of co t ton  can be made. (Ref. 4-60) 

i 

The f i r s t  problem c o n s i s t s  o f  co l l ec t inq  the  coarse, 

KIie attempted to ccnduct co t ton  g in  t e s t s  f o r  s eve ra l  months d i r i n g  t h e  

Phase. 11 t e s t  ?roqram. Several ' schrduled tests were cance l led  due t o  equignent 

f a i l u r e .  Therefore thr da ta  presented i n  c h i s  s ec t ion  are those t a k m  by ZPA - 
. .  

Region 9: ' , I  

Several sources of p a r t i c u l a t e  were sampled on t he  same g i n  by the  

EPR. The r e s u l t s  of these tes ts  a r e  presented in T a b l e  4-86. 

. I  

. .  , .  

. .  
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4 . 3  PWTXCUWTE CONTROL EQUIPMENT EFFICIENCIES 

,'Eleven simultaii ious cests were done using t h e  e a r  sxss t r a i n  on 

the  contco l  equipment ' ex i t  and the smaller t r a i n  on thb i n l e t ,  to evalua te  

L52 a f f i c i ency  of the cont ra1  equipment. Eight  of  these  were haghousos, Pdo 

were electrostatic p r e - i p i t a t o r s ,  and one w a s  a cyclone. The p::'ientage 

e f f i c i e n c y  for each of  these  'was calzula-ed from t h e  Pollowinq q u a t i o n :  

, i '  I 

< 

- 

I. 

x 100, L n  - "tout e f f i c i e n c y  - -- 
Wtin  

T a b l e  4-87 numnarizes the  ePfic:lency of  t he  con t ro l  equipment tested by KVB 

i n  this study. Tda values  are l i s t e d  f o r  the s f f i c i ency ,  one of  which inc ludes  

the weight from impinqer ca tch  i n  t h e  c a l c u l a t i o n  CSCAQMO method) ,. and the 

other whizh iqr.cres it (EPA, method). 

An i n t e r e s i i n g  way t o  eva lua te  e f f i c i e n c y  i s  to determine t h e  , 
e f f i c i ency  as a funct ion .of p a r t i c l e  s i z e .  Usir.3 the p a r t i c l e  s i z e  d i s i r i b u t i o n  

cumes and the  g ra in  loading fo r  t h e  i n l e t  and o u t l e t  ,for each t e s t  w i t h  con t ro l  

e q u i p m e x .  the e f f i c i ency  can be ca l cu la t ed  a t  each particle s i z e  Prom t h e  

following equation: . .  . 
ef f ic iency  , ( s i z e )  [ ( w t  i n )  ( 0  of p a r t i c l e  between s ize  A and B) - ( v t  o u t )  

(% of  p a r t i c l e  between s i z e  A and 811 x 100 

( w t  i n )  ( a  of par t ic le .becween Size  A and 8 )  

The r e s u l t s  of  t h i s  ca l cu la t ion  f o r  each of t h e  control equipment tests, dre 
l i s t e d  i n  Table  4-$8. Fiqure 4-81 is  a p l o t  of  the  e f f i c i ency  v s  p a r t i c l e  

s i z e  f o r  baghouses. 

T h i s  is i n  agreement w i t h  t h e  l i t e ra ture  (Ref: 4-49 to  4-52) .  

Note tha t  t he  e f f i c i e n c y  increases as  the s i z e  increases .  

Figure 4 4 2  

i S  a p l o t  of  the e f f i c i ency  v s  particle s i ze  f o r  ESP and a cyclone. The . ,  

e f f i c i ency  0: t he  cyclone decreases  as, particle s ize  increase 
4-58 ) .  

(Ref. 4-59 ) .  

(Ref. 4-53 t o  
The e f f i c i ency  of ESP'S goes thzor;gh a'minimum between 0.1 and Zpm 

/ 

L 

c 
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TABU 4-a7. CONTROL kOuf?.mm EFFICIENCY 

1 .  

, .  . .  

Eff i c i ency  

Impinqer 1mpir.qer 

Included Not' Included 

' ,  

. .  Control C3ZC5 Catch 
?recess ?:?e 'I ype . :s*t i . . 

30 ' Wood Sandinq 

29 Asphalt Batch 

34 Abrasive a h s t i n g  I 

26 I Sintering 

19 I Chemical F e r t i l i z e r  

17 Boric'  Acid 

14 Steel Heat Treating 

I 

8, Brick Grinding 

20 .Glass X f q .  

36 Steel  &en Beartn F U ~ .  

39 W&d Resawinq 

Baghouse 
" 

I 

I 

I 

n 

" 

ESP 

'! 

Cyclone 

86.9 

99.9 

95.9 

77.6 

99.6 

96.1 

95.2 

'99.5 

83.0 

82.2 

99.1 

96.3 

99.9 

99.9 

97.8 

99.1' 

98.7 

9c. 0 
, .  

99.8 

98.2 

90.3 

99.2 ' 

. .  



TABLE 4-88. SIZE EFFICIENCY 'GVCUWTION RESLTTS , ,  

.. . 
_ .  . ;, 

-. 

_. . 

-- .--._I-- 

P.rc.nt or P.nic1.s -1 

C o n v l l  Indu8Ui.l 
Test lo-nlm 3-1um 1-0.lum .qrmscI Np. n5m 

19J In n.1 0:) 0 . 3  0.:- C y S l O r U  'uood h..W 

19s 0°C 10 . 9  11.1 0.00317 

el':ici.ncy 32.7 74 66.8 

3W ' 4  12 20 0.0168 Baghow.' ""q S.ndra9 

Ilticiancy 90.2 96.7 95.4, 

2w 18 Id 26 11.483 ' iyqhouy As?halt Vcch 
29s 5 4 7 0.00776 

e:Llci.ncy 9 9 3 8  99.98 99.98 

2 42 3.5 1.7 1.6 1.922 Uqhour. Steel S a d -  

30s , 1 3 7 O.SC22 

P l a n t  

b l a s t i n g  34s 6 ,  6 I2 , 0.00088 

Effr:im:y 99.92 99.3 99.7' 
zw 1 1 '  2 3.215 , Baqisou*. 51.=.. ?lb-,.c , , 

26s 1.2 1.4 3 0.3459 

ef f ic iency  71.1 68.6 66.1 

2w 0.4 0 .5  1.; 0.9164 ESP GI.'. xf9. 

20s G.6 I ' , I  0.006i7 

EfLxIency 74.6 66.1 82.2 

0.01 0.1  0.7114 Uqho- Ch.miisa1 
n r t i L z e r  

I'u ' ' 0.2 

I - 2 G.EG2S ,-e -,- 
Iftici .np( 98 60.8 96.1 

L7J 1 .  0.01' 1 ' 0.6101 U.ghau. BOru k l d  
nr9. 175 0.5 0.1 1 0.0237 

m r i E i - C y  98.1 94.1 % . i a ,  
IU 7 10 10 0.0193 mqhou). , sc.d mat 

-r..tinq 
14s 8 14 41 0.00183 , 
LiLisi.np( 94.15 91.1 91.1 

(u 9.85 0.3 0.14 1.169 &.gbU.. B.ICk NIJ. 

Bs 4 4 ' 8  

crrici.=y (97 .4  92.7 98.1 
36.3 1 4 ,  ' 11 ' 0.106 U P  S c n I  0P.n 

zrriei- 77.1 , en.9 a.1 

0.00641 
, I  

, ,  

mu+h rm. .16S 3.8 7 13  0.0366 

. .  

C 

I .  
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.*. 

, o  

-0 T e s t ,  3 0  

T e s t  2 9  

-- 0 T e 3 t  26 

--,-n T e s t  19 

-A T e s t  17 

m - 0  T e s t  14 

-0  T e s t  8 

I ,  

I 

4 6 
SIZE, Um 

2 

F i g u r e  3-81, ~aghaiisa s i z e  i n c l u d e s  Impinqer . 
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SIZE, urn 

I 

/ 

5 T e s t  39  Cyclon€ 

I T e s t  36 3SP 

3 T e s t  20 ESP 

I 
e 

F i w s  4-82. Cyclone and e l e c t r o s t a t i c  , p r e c i p i t a t o r  e f f i c i e n c y  c w e .  
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4-1 

4-2 

4-3 

4-4 

4-3 

, 4-6 

4-7 

4- a 

4-9 

4-10 

4-11 

4-12 
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SECTION 5 . 0  

PARTICULATE WISSION CONTROL TECHNOLOGY 

INTROODUCTIOII , 

The removal of p a r t i c u l a t e  r a t t e r  from gas streams t o  reduce emissions 

t a  environmentally acceptable l eve l s  can be accomplished i n  a wide va r i e ty  of 

w a y s .  

and includes suggested a reas  of app l i ca t ions  as wel l  as e s ' t h t e s  of t h e i r  

gerfJr?;ransc m d  costs .  

T h i s  sect ion descr ibes  var ious rnes of p a r t i c u l a t e  coiLtrol equipment 

The se lec t ion  of t h e  most appropr ia te  p a r t i c d a t e  cont ro l  device i s  
u s u a l l y  based on the s i z e  of the p a r t i c u l a t e  mctter which must be removed 

from t h e  gas  strem. 

from a p a r t i c l ?  s i z e  s tandpoint ,  r e l a t i v e  t o  p a r t i c l e  s i z e ,  for the  following . 
types o f  p a r t i c u l a t e  cont ro l  devices:  

. S e t t l i n g  Chambers 

. .%mentum Separators 

. Cyclones 

. Spray' Towers 

Figure 5-1 i l l u s t r a t e s . t h e  normal a reas  of 3ppliCatiOn 

, .  

. ' Tray a d  Packed Towers 
, 

. Venturi Scrubber 

. , Fabric  F i l c e r s '  , 

. E l e c t r o s t a t i c  P r e c i p i t a t o r s  

Table 5-1, is a general ized r a t i n g  of >ese devices for various appl ica t ions  

i n  the opinion of t h e  authors .  

An analys is  of Figure 5-1 i n d i c a t e s  t h a t  successful  cont ro l  of 

v i r t u a l l y  a l l  p a r t k u l a t e  emissions can be achieved by se l ec t ing  the  

appropriate  emission cont ro l  device. 

I t  is important t o  note t h a t  accura te  information renarding the s i z e  

d i s t r i b u t i o n ,  g ra in  'lcading, physical  p rope r t i e s  and 'removal requirements i s  

e s s e n t i a l  t o  s e l e c t h g  the proper con t ro l  device.  

5-1 I , W E  5806-783 
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T h i s  sec t ion  has been prepared as a ,qu ide  t o  introduce users t o  

var ious types of  con t ro l  devices,  t o  a i d  i. understanding t h e i r  c a p a b i l i t i e s  

and t o  se rve  a s  a general  reference regarding their appl icat ion.  

There are many var iab les  like dispcsal methcds, po ten t i a l ,  f o r  recycle ,  

and v r r i a b i l i t y  of  p a r t i c u l a t e  c h a r a c t e r i s t i c s  t o  name bu t  a fev ,  which 

inf luence the  s e l e c t i o n  of p a r t i c u l a t e  removal devices t h a t  a r e  beyond the 

scope of t h i s  , report .  users must cons ider  each appl ica t ion  on,  an ind iv ldua l  

, bas i s  in order  t o  s e l e c t  the  most appropr ia te  p a r t i c u l a t e  cont ro l  device. 

5.1 .XlZ:i@DS OF COWXOL . 

5.1.1 S e t t l i n q  Chanbers and Xonentum Separators  

, A. S e t t l i n g  Chambers-- 

1. Setc l ing  chambers represent  the s implest  device ava i l ab le  for, 
, ,  

par - i cu la t e  co l lec t ion .  

ve loc i ty  region i n  the gas hnd l i r . 7  system where g rav i t iona l  ' forces  cause 

l a rge r  pL-t ic les  t o  s e t t l e  .out f r m  the  moving gas stream.' 

They normally include nothing more than a low 

I n  these  deGices g rav i t a t iona l  fc rges  a r e  sometimes augniented by 

c i r e c t i n g  'Ae  gas s t r e m ' t o  impart a downward momentum t o  the p a r t i c l e s  t o  

i spmve  P a r t i c u l a t e  co l lec t ion .  Figure 5-2 i l l u s t r a t e s  a t y p i c a l ' s e t t l i n g  

chamber. 

2 .  S e t t l i n g  chambers r e l y  on g r a v i t a t i o n a l  forces  f o r  particulate 

separat ion.  Since these forces  are proport ional  t o  t h e  ve ight  of the  

? a r t i c l e .  l a rge r  high dens i ty  p a r t i c l e s  w i l l  be acted on by t h e ' l a r g e  

Separating forces.  The major force i n h i b i t i n g  c o l l e c t i m  is aerodynamics 

drag. 

and i ts  ve loc i ty  r e l a t i v e  ' t o  the gas stream. 
p a r t i c l e s  which are, r ead i ly  col lected, .  mozc p a r t i c l e s  q u i c k l y  a t t a i n  terminal 

V e l O C i t Y  in t h e  s e t t l i n g  chamber. 

g r a v i t a t i o n a l  forces  a r e , j u s t  balanced by. che drag forces.  

ve loc i ty  which  determines whether a p a r t i c l e  w i l l  be col lected.  

p a r t i c l e  fa l l s  quickly enough while i n  the s e t t l i n g  chamber to reach the 

hopper before  it reaches the chamber o u t l e t  it w i l l  h co l l ec t ed ,  i f  it does 

not ,  it w i l l  ?ass  through the chamber uncollected.  

T : ~ S  torco ii proport ional  to  the c ross  sec t iona l  a rea  of the p a r t i c l e  . .  
w i t h  the  exception of l a rge  

T h i i  ve loc i ty  is  reached when the 

I t  is t%s 

I f  the  

5-4 1oIB 5806-783. 
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In t!mory p a r t i c l e s  as s d l  as 5 microns, the  s i z e  where suspension 

by arovniar. motion takes  on , s ign i2 icu lce ,  could ba co l l ec t ed  in S e t t l i n g  

chaabers. 

t i o n  i n  settling chamber s i z e s  t o  p a r t i c l e s  +OW 80' microns. 

tlowever, economic and space cons idera t ions  lieit e f f i c i e n t  cq l lec-  

3. Other f a c t o r s  which a l s o  inf luence  separat ion,  in s e t t l i n g  chambers 

include chamber dimensions, gas dens i ty  and gas v iscos i ty .  

The mst inpartant fac to r s  a r e  gas  ve loc i ty  an& chamber dimensions 

s ince these can be se l ec t ed  f o r  a given appl ica t ion  whereas a l l  of the o t h e r s  

are  e s s e n t i a l l y  f ixed .  

F i g u r e  5-3 i l l u s t r a t e s  t & i c a l  s e t t l i n g  chan+er co l l ec t ion  e f f i c i ency  

and s iovs  ' the  e f f e c t  of p a r t i c l e  dcns i ty  3n co l lec t ion .  

.' Xajntaining a u n i f o m  ve loc i ty  is c r i t i c a l  t o  achieving good co l iec-  

' tic.1 e f f i c i ency  s ince eddies  or areas  of hiqh ve loc i ty  cause poor s e t t l i n g  

and r e s u l t  in unnecessary carryover of p a r t i c l e s .  

In addi t ion ,  o v e r a l l  and l o c a l  v e l o c i t i e s  must be mainta..ned below 

the, reentrainment ve loc i ty  for t h e  p a r t i c u l x  dus t  being co l l ec t ed  Co Prevent 

gickup from' t h e  hopper. 

p a r t i c l e  s i z e  and dens i ty  a s  well as  t h e  tendency of co l l ec t ad  p a r t i c i o s  io 

agglomerate. 

The reeatzai?Gen: ve loc i ty  'is a funccion of  the  

4. The main problems associated w i t h  t h e  operat ion of S e t t l i n g  chambers 

are sa in ta in ing ,uni form gas  ve loc i ty  and z.voiding plugging i n  t h e  hoppers. 

The f i r s t  problem can be v i r t c a l l y , e l i n i n a t e d  by prJper  s e t t l i n g  chamber teSign 

:oupLed w i t h  good upstream m d  dobTstreun d i c t  layouts.  ' 

can be con t ro l l ed  by designing hoppers wi-A adequate s lope,  adding in su la t ion  

and heat  t r a c i n g  t o  p r e e n t  concansation and adding hopper v i b r a t o r s  to aid 

i d d i s c h a r g i n g  co l l ec t ed  dus t .  -.-re agglomeration and br idging are severe, ' 

&a hopper should be discSarged continuously.  

B. .%mentum Separators  I 

The second problem 

. .  , ,  

1. Separators  r e ly ing  so le ly  on mmentum i n  which the gas ' s t ream impinges 

on +e surface of  a c o l l e c t o r  operate  ac;substant, ially higher e f f i c i e n c i e s  

t:bn s e t t l h g  chambers. 

p r inc ip le :  one is i l l u s t r a t e d  i n  Figure 5-4. 

There a r c  numerous confi .prat ior .s  usiqq this 

, .  ' ,  5-6 lore 5606-763 
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2. In mmentum sepa)a'tors p a r t i c l e s  which are ca r r i ed  along by the gas  

stream a r e  separated when the gas stream is forced t o  make sharp change in 

di rec t ion .  Factors  which cont ro l  separa t ion  are: (1) the weight ~d s i z e  

of the p a r t i c l e s .  !2) veloc i ty  of the p a r t i c l e s , ,  ( 3 )  geometry of the  separa tor ,  

( 4 )  gas dens i ty  and ve loc i ty ,  and ( 5 )  the drag forces  ac t ing  on t!!e p a r t i c l e s  

a s  the gas 5tream ahrupt ly  changes d i r ec t ion .  

r e l a t i v e l y  high dens i ty  ; l r t i c l e s  favor segara t lon ,  small lower densi ty  

p a r t i c l e s  which tend t o  follow changes in gas flow pa t t e rns  are not  r ead i ly  

co l lec ted .  

3.  

High gas v e l o c i t i e s  and 

Collect ion i n  mmcr.rum separa tors  is cont ro l led  by p a r t i c l e  s i r e  ind 

, dens i ty ,  the geometry of the separa t ing  device and gas dens i ty  and v iscos i ty .  

Figure 3-5 i l l u s t r a t e s  t y p i c a l  m m e n t u  separa tors  sol l e k i o n  

e f f i c i ency  as a function of p a r t i c l e  s i ze .  
, I  

, 
4. I n  momentum sepa ra t c r s  high v e l o c i t i e s  can cause excessive vear i f  the 

dus t  is abrasive and reentrainment can occur i f  d u s t  removal is' not adequate. 

T$e same' precautions out l ined above should be taken t o  avoid >lugging 

problems - 
5.1.2 Cyclones 

A. 

forces  t o  separate  p a r t i c l e s  from gas streams. 

, I  

, I  - 
Cyclones or cen t r i fuga l  separa tors  a r e  devices which use cen t r i fuga l  

A l l  cyclones cons i s t  of a clevice to  induce a spinning m t i o n  t o  the 

gas, and a means of KemDving the  p a r t i c l e s  s ep l r a t ed  from t!!e gas stream. 

One,of t3e most c o m n  conf igura t ions  is the reverse  flow cyclone 

i l i u s t r a t e d  in Figure 5-6. ,, 

cyclone tangent ia l ly  is spun through veveral revoiut ions a s  it riowr dovn 

the ou te r  wal l  of t h h a  cyclone where the d u s t  1s sepsrated before reversing 

its rim path and t r ave l ing  up the center or  the  cyclone and o u t  the top. 

"The dus t  which vas .spbn out  to the wal l ,  drops t o  the bottom of the cyclone 

In this configurat ion gas  uhich e n t e r s  the 

where it is withdrawn. 
I 
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The c e n t r i f u g a l  forces  c rea t ed  by s p e i n g  Che gas +ream i n  cyclones 

s e t t l i n g  
-, 8 .  

c 
, I  

I 
are o f t en  many t-b g r e a t e r  than the g r a v i t a t i o n a l  forces  a c t i i g  

chambeis, therefore .  cyclones can sepa ra t e  smaller  p a r t i c l e s  tian s e t t l i n g  

chambers in much smaller sized equipment. There is a substantial pricp in 

the form of  pressure  drop which m;st be paid fo r  i n  the improvement i n  p a r t i c l e  

co l l ec t ion .  

e f f i c i e n t  o p e r a t i m .  

.' 

, ' 

m s t  cyciones requi re  a pressure  drop of 1 t o  5 in  V.C. f o r  

The c e n t r i f u g a l  force a c t i n g  on a pa r t i c ' l a  :Ur the  g a s ,  stream is 
i proport ional  t o ' t h e  squxe of t h e  ' ve loc i ty  of  t h e  spinning gas and inversely 

proport ional  t o  the d i a m t e r  o f  the  cyclone. , 

', ' As i n  the  other types of c o l l e c t o r s ,  aerodynamic d rag  forces  ac t ing  

1, , 

' on the  p a r t i z l a s  counteract  L h q  sepa ra t ing  fo rces  and limit col lec t ion .  

c. 'An examination of Equation (1) h o v e  revea ls  t h a t  h i g h  v e l o c i t i e s  

and small 'diametzrs increase . s epa ra t ing  forces  thereby improvi?.? p a r t i c l e  
. .  i 

! 
co l l ec t ion .  , . 8  

Hi$h e f f i c i ency  c o l l e c t o r s  ope ra t e  a t  high v e l o c i t i e s  and t h e i  i l x e  

higher p r e n s u e  drops. 

mounted in a common h o u s i q .  

?:ley inciu le a m u l t i p l i c i t y  of  smll diameter cyclones 

As in o the r  co l lc - tors ,  p a r t i c l e s  whic3 exh ib i t  Io& aercdynamic'dxag 

r e l a t i v e  t o  t h e i r  s i z e  are col lec ted  more eas i ly .  

Fiqure 5-7 illustrates c o l l e c t i o n  e f f i c i ency  for a t y p i c a l  multi- 

cyclone opera t ing  a t  a p p r o x h t e l y  2-3 i n  V.C. pressure drop. ds ind ica ted  

in Figure 9-7. p a r t i c l e s  as wall as 5 microns in diamstar CM be co l l ec t ed  

efficiently in this typa of cyclone. 

The problems m b s t  o f ten  a s soc ia t ed  v i t h  cyclones are erosion and 

reentrainment of dus t  due t o  high ve!ociriss A d  plugying or tha 'hoppers 

where co l l ec t ed  d'ist accumulates. 

, ,  

' I  

. I  The same precautions t o  ovarcow p lugqhg ,  

4 
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abrasion assoc ia ted  with hiqh ve loc ic i e s  and abras ive  dus: can be overcome 

by employing wear r e s i s t a n t  materials and by using a preco'lector t o  reuwve 

coarse p a r t i c l e s  upstream from the cyclones. 

5.1.3 W e t  Scrubbers- 

W e t  scrubbers can be  d iv ided  i n t a  two bas i c  carrgories: '  those 

designed f o r  gas a b s o r p i o n  and those les iqned for  pa r t i cu la t a  rcm&al. 

co.ivenient as tkese ca tegor ies  n igh t  b e ,  they do n o t  adequately dep ic t  ac tua l  

scrubber behavior s ince  a l l  scrubbers  r emve  sone p a r t i c u l a t e  mat ter  while 

As 

, simultane?usly absorbing cons t i t uen t s  from the gas 's t ream. When gas absorption 

is the  primary ob.jective,  chemical reaqents  are o f t en  added t o  the scrubbi ig  

l iquor .  

A.  Spray Towers-- 

, Spray ,tower3 a r e  t h e  s i n p l e s t  t f l e  of wet scrubber;  t h e i r  primary 

Since these scrubbers operace funct ion is coarse pa r t i cu la t e  co l l ec t ion .  

a t  r e l a t i v e l y  low gas v e l o c i t i e s ,  some p a r t i c u l a t e  s e t t l i n g  w i l i  occur. 

addit , ion,  in  m i y  scrhbers t h e r e  is a s u f f i c i e n t  d i f f a r snce  i n  ve loc i ty  

brfueer. gas and scrubbin5 l iqcor d rop le t s  t o  zo l l ec t  some p a r t i c l e s  ,by 

i n t e rcep t ion  and i n e r t i a l  impaction.. F ina l ly ,  even submicron p a r t i c l e s  uhich 

uuve *ut in the gas stream v i a  Brownian d i f f u s j . x  a r e  co l l ec t ed  when they 

concact d rop le t s  of scrubbing l iquor .  

, In  

. . 1. A t yp ica l  spray cower,as  i l l u s t r a t e d  in Figure  5-8 includes a gas 

i n l e t  a rea  where the wet-dry t0we.r occurs ,  a quenching :one where gas cool ing 

kegins.  the main gas-scmhber 1ir-o: contact i7g zone, t he '  l iquor  spray 

manifold or d i f o l d s  and a' mist  el iminat ion zone. 
i 
! 
! 

i'. 
! 

. . ,  Cas c o n t a k i n g  dus t  p a r t i c l e s  e n t e r s  the bottom port ion of t5e 

scrubbar where it makes Contact wi r .  scrubbing l iquor  coning from the  spray 

nozzles. The gas then passes t h o u g h  the mist  e l imina tor  on t o  t h e  gas oG;tlet. 
, I  

.These concepts are  discussed in'wre d e t a i l  i n  Section 5 . 1 . 3 ( C I  Venturi 
Scrubbers. , '  ! 

b 

, .  
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The use of. spray nozzles with appropr ia te  manifolds i s  the  most  

common methcd o f  c r e a t i n q  d rop le t s  of scrubbing l i quor  in spray  towers. The . 
I 

s e l ec t ion  of  spray nozzles  is cr i t ica l  to successful 'operasion.  The scrubbi iq  

liquor must be uniformly d i s t r k u t e d  throughout the  s c n b b e r  and t!ie d rop le t s  

which are amduced must 'be  la rge  enouqh f a r  q r a v i t a t i o n a l  forces  t o  prevent c 

aerodynamic drag  fo rces  from car ry ing  -.hem along with the gas. 

Since a l l  spray nozzles yroduce a range of d i f f e r e n t  s ized d r o p l e t s ,  

t he re  are abfays some small d rop le t s  uhich w i l l  be svept along w i t h  the gas 

s t t e a .  ' It is  usua l ly  necessary to' prevent these d rop le t s  from ledvinq the  

sc-ubber, t he re fo re ,  a mist, elimi=.ator i s  required. 

There are ~ 7 . y  :);e5 of &st el i -+natxs  used i n  s p r q  trders. ::e 

mst =om-':' t p e s  use t h e  j r inc ipLes  of m m e n t w  se;lara:ion 3esc rbe i  earliar. 
PLqure 5-3 i l l s t r a t e s  ,a tpi:al  Chevron ?.e* n i i r s t  e:%zatx. Once :>e =is: , ,  

&splecs are co l l ec t ed  i n  t h e  M s +  alisinacor. they coalesce ana &op of f  rhs 

.lower edqes i.. dzople ts  la rqe  enouqh t3 fall down through t!!e qas'szream. 

2. Inves t iga t ions  of pa t t i cx lace  co l lec t ior .  i n  s p r q  t zuers ' i i as  sitom 

t h a t  r,'.ere is an optimum drople t  si:e t x  co l l ec t inq  ?articles from gas 

j=re&y.s .*is inei--isi iGacrrjn i-.<< i7<:ai;co;ijn. :>:asc in-;2s:i7at;sns hz.;= 

also shown that t b s  drop le t  s i z e  is e s s e n t i a l i y  independent of  the size of 
t:he dcst ?articles to be co i lec ted .  

in gases  similar to air %?e optisurn drop le t  is approximately 300 'mitrons 

Li d imte r .  ' ,  ' 

For .L-aple t s  conposed Sa ia ly  of  water 

~n ~ C O  a ic ran  uate=,'rap:& +.as a :ernha1 veLacic:( in cqe a i r  of  

apprcximdtel'l 10 f t / sec .  

*oplet s i z e  of 800 microns ?rJduce s u b s t a n t i a l  n m b c r s  ot.smal1or d r o p l e t s ,  

t.herefore a saximum veloc i ty  of 4 t a . 5  f t / s e c  is usual ly  selected.  

Xowever, spray nozzles designed t o  Traduce a mean 

The use 

of l d r ? e r , d r ? p l e t s  pccnits i&her 3as valocities, but thd loss in c o l l e c ~ i o n  I 

e f f i c i ency ,  a t  least above 13 a icrons ,  can be o f f s e t  by increasLr.q scrbber 

liquor flow races. 

L 
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Figure 5-9. Chevron, :.(pa d s t  alir&na.tor (Xunters Corp.) . 

I 
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_. 
, 3 .  The main f a c t o r s  which a f fec t  L?.e p a r t i c u l a t e  c o l l e c t i o n  e f f i c i e n c y  

of :;pray towers are  particle size d i s t r i b u t  , steer liquor drop le t  size 

d i s t r i a t i o i  and scnrbber liquor t o  gas  ratid. 
theoretical collection e f f i c i ency  of d i r ' f c e n t  s i zed  ;.r".icies for r i n q l e  

drop1e:s f a l i i n g  Lkcough air. 

presented. 

* Figure 5-10 i l l u s t r a t e s  the 
I 

i v v e s  f o r  BOO kid 2000 micron d rop le t s  a:e - 

. 

The o v e r a l l  collect,on e f f i c i e n c y  i n . a  spray tower ,is e s s e n t i a l l y  

%!e aggregate cf :he co l l ec t ion  of  each of  the droplets .  Since t h i s  is so, 

increas ing  the  number of k d p l e t s  r e l a t i v e  to the gas vslunm treated w i l l  

increase c!!e o v e r a l l  co l lec t ion .  Figure 5-11 i l l u s t r a t e s  the  e f f e c t  of 

h c r e a s i n g  : i q i d  r a t e s  on p a r t i c u l a t e  r m o v a i  in a typical spray tower. 

4. ??.e x s c  :om.on t:qes of ?r,bl?zs ~ s s o c i a t n d  +e3 sprsy towers arc 
dzoplet =a:ryover, w e t - d - q  lLne solids buildup and corrosion, ' ,and spray 

nozzle er3sim and ?lvgging. - 
Droplet carryover can be con t ro l l ed  by t h e  ?roper s a l e c t i s n  of 

, .  
s c r a b e r  :as v e l o c i r i ,  s?rF( no-zles and m i s t  el iminator .  Se l ec t ing  t3e . , , 

Srzper' 3as ve:sci:y and spriy  nozTle w i l l  minimize t h e  dmount of droplqcs 

F u r r e d  .upbfa=3 by the  qas stredm and proper  selsction o f  the  m i s t  e l imina tor  

. d i l l  r esu lc  ii a vip-:aally C-Tplet-free, gas s:redm leavinq the spray tower. I 

Ail scnbbcrs handiinq hct gas s t r e v  have a CoImron pYtentid1 SOLcce 

of  ?r36:?a'91. in  the =ea where c..e hoot gas f i rs t  contacts t h e , s c n J b i n q  
1 .  .,.ic;;or. 

The ?r3blems in t h i s  L-P~ are almst q i v e r s a l l y  assoc ia ted  v iL i  

LTddequa'te r r r r q a t i o n  or :he scrdter  s h e l l  i n  t h i s  area causing a l t e r n a t e  

'w3::hq and' Crying and rssul t i r iq  LT a c c u c u k t i o n  of p a r t i c u l a t e  mtC.eK and 

:orroaian of tne 3crubbsr s k ~ .  ' U-L~ supplemanta1 spray nozzlas t o  
Lrcigace :!is area and the se l ec t ion  of adeq~iata  -Aterials ut cons:ruction , ,  

will pisvenc d z f f i c d t i e s .  

' 

, .  

. .  

. I  

In mst spray covers scrJbbmq l iquor  is recirc-dal-.ed. This o f t en  

re.rulcs i n  the  r ec i r cu la t ion  o f  w b s t a n t i a l  quantities of s o l i d s  through t h e  ? 

s ? r q  norrles. If L!e ?w-icles are large or tend to aqqlomerate. spray 

norz las  =an become'pluqyed. 

5- ia IO sa06-7~3 , 
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'd The se l ec t ion  of nozzles with s u f f i c i e n t l y  l a ige  o r i f i c e s  t o  avoid 

plugging is usual ly  no t  poss ib l e  due to t h e  f a c t  t h a t  l x s c  nozzles produce 

la rge  drops which may no t  produce adequate p a r t i c u l a t e  c o l l e c t i o n  or gas  

cooling. 

i n s t a l l e d  i n  t k e  scrubber liwor r e c i r c u l a t i o n  loop or a8 p r e c o l l e c t o t  t o  

remve Liese p a r t i c l e s  must b e  L w t a l l e d  upstream of the s c n b b e r .  

' 

In  t h i s  s i t ud t ion ,  some type of coarse  screening device &st be 

The p r e s e x e  o f  s o l i d s  i n  the r ec i r cu la t ed  l iquor  causes anot>er  

?r?blem, i . e . ,  erosion o f  the  nozzles. In t i m e  t h i s  r e s u l t s  i n  enlarged 

nozzles, o r i f i c e s  and l a r g e r  l i quor  d r o p l e t s  which cause scrubber p e r f o m c e  

to  de t e r io ra t e .  Using i m p i n g e n t  or s w i r l  type spray nozzles mile of an 

abrasion and corrosion r e s i s t a n t  mater ia l  w i l l  usual ly  r e s u l t  i n  a SP t iS -  ' 

- z3--,=.. _ _  , serv ize  lifs. %wsver, '#*hare =xcessivaly +tr3si;.e soii3 a== ?rdsent ,  

noszlas skouid 3e ~a:a:ed a: 13u ?rdss'Jre draps (15 ?sig na:iLm31 'even if 

::here is s o m e  s c n b b e r  e f f i c i ancy  penal ty  t o  minimize downtime and c o s t s  f o r  

eeplacement of  'worn noz:ies. ,, 

, '  

, ,  3. Tray and Packed Towers-- . ,  

T h i s  c l a s s  of e q u i p e n t  includes towers ririth a qas / l iqu id  contaccing ' 
t . ,  

sedium vhich is  continuous, i .e. ,  ?ackinq or is comprised of d i s c r e t e  :on- 

tac t inq  u n i t s ,  i.,e., t rays .  

This equipment is usual ly  d e s i p e d  f o r  g a d l i q u i d  mass t r ans fe r .  In 

general  tiese desiqrr. operate a t  r e l a t i v e l y  high gas v e l o c i t i e s  and a r e  

' r e s i s t a n t  t o  plugging. 

I. 'The d i f f e r e n t  ? y e s  of t r ay  and packed tower scrubbers slsed suczess- 

f u l l y  f ; r 'par t ic ,u la te  remva.1 a re :  (1) the f l o a t i n g  bed scrubber ( a  packed 

deyice) ,  ( 2 )  impingent p l a t e ,  (3) valve t r a y ,  and ( 4 )  s ieve  t r a y  scrubbers.  

The f loa t ing  bed scrubber i l lci trated i n  Figure 5-12 uses a bed of  

Lightweight spheres re ta ined  between two g r i d s  for p a r t i c u l a t e  COlleCtiOn. 

T h i s  bed i s  suspended,Sy L ie ' qas  f lov  and p a r t i c u l a t e  coblectiori  occurs v i a  

i n e r t i a l  impaction, i n t e rcep t ion ,  momentum separa tors ,  g rav i ty  aud diff3xsion.  

ScrAbing i iquor  which  is sprayed in coarse  d rop le t s  uniformly across  t h e  top  

of :he susjendsd spheres to i r r i g a t e  t i e  bed washes out  the  co l l ec t ed  s o l i d s  

thereby avoiding ?lirqqLaq i n  t h e  Sed. 

, '  
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J This type of  scrubber normally opera tes  a t  h u t  7 inches W.C. 

pressure drop and has been, used success fu l ly  i n  f l y  ash  and other appl ica-  

t ions.  

' Impingement, valve and s i eve  t r a y  towers i l l u s t r a t e d  in Figure 5-13 

a l l  r e l y  on $he c rea t ion  of hiqh ve loc i ty  j e t s  i n  the  openings of t h e  t r a y s  

t o  ?remote p a r t i c u l a t e  co l l ec t ion .  Each t r a y  o p e r a t e s ' a t  3 p- - s sue  3rop 

of approxLa te ly  2 i n c h e s  w.c.; they a re  o f t en  used m groups of  t w o  or more 
t o  increase o v e r a l l  c3 l l ec t ion  e f f i c i ency .  The h jd rau l i c  design of t hese  

devices  is  c r i t i ca l  to minimize the  p o s s i b i l i t y  of  plugging. 

i r r i q a t i o n  of  t he  p l a t e s  i s  essent ia l .  

Adequate 

1. Xn essence,  a l l  o f  t h e  packed and t r a y  towers used for  p a r t i c u l a t e  

- ~ l l e c t i o n  eel:) 2ri:ariLy 0:. i>.$r-.1al iz?a=:ix ~ 7 2  ~=:erze?:ion -i3.:=? azs 

des'crrjed i n  Saction 5.1.3Ic) for ; a r t i c u l a t e  co l lec t ion .  Sowever, o ther  

.nec+&?isrns =;re s i q x i f i c a n t  cont r ibu t ions  t o  o v e r a l l  ? a r t i c u l a t e  removal. 

Diffusion cont r ibu tes  subs t an t i a l ly  to  co l l ec t ion  of p a r t i c l e s  less than 

0.5 nicrons i n  d i L i e t r r  a.?d condensation e f f e c t s ,  uhich increase  the  a c t u a l  

s i z e  of  p a r t i c l e s  g r ioc  t o  c o l l e c t i o n ,  ase o f t e n  

i n  r i e s e  scrubbing ?recesses. 

in: (1) t!!e,wthc+ .xsed to c rea t e  b o p l e t s  of scrubbing l i quor ,  ( 2 )  the  

r e l a t i v e  velocit'f between these d r o p l e t s  and t?.e dus t  p a r t i c l e s  i n  sa3 
stream, and ( 3 )  the  means employed t o  handle so ' l ids  in  t he  scrubbing l iquor  

t o  p e v e n t  plugqi.?q or excetssive wear. 

. .  - 

, 
I 

very imprtarrt f a c t o r s  

The  d i f f e rences  arnonq tiase schujSe:s ' l i e  I 

Since t h e r e  are many rypes of packed and t r a y  scrubber,s, f u r t h e r  

d e t a i l s  regard ins  t h e i r  p r i n c i g l z s  o:.operation are beyond the  sc3pe of t h i 3 '  

survey. 

3. 'Since these  scrubbers  ere designed p r i k r i l y  on the h a s i s  of collec- 

t i o n  by i n e r t i a l  impaction. t h e i r  performance 'is cont ro l led  by the  gas  

velocir-f thrduqh the  various spaces, holes, ,  s l o t s ,  et:. in  the  scrubber. As 

d general  rule',  t h e  higner the gas v e l o c i t i e s ,  the  hiqhsr ' the pre'ssure drop 

and the  higher  t!?e ove ra l l  co l l ec t ion  e f f i c i ency .  

5-2 3 .  kVE 5806-783 



4. Ln addi t ion  to  the  types of  problems out l ined  in Section 5.1.3(A) ( 4 )  
c 

above on spray towers. these scmbbari, w i t 5  '-ha excepcion of t h e  f loa t ing  

bed device,  'must contend with the problem of so l id s  s e t t l i n g  in poorly 

ag i t a t ed  areas o n ' t h e  t r ays .  

p recol lec tor  w i l l  s u b s t x i t i a l l y  reduce the l t k e l i h o d  o€ Fe t t l i ng  problem 

dua to l a rge  p a r t i c l e s . '  The & a y s  must be leveld and l iqwr d i s t r i b u t i o n  

sub= Lt. designad and 'cont ro l led  to r a i n t a m  adequiiely hi%?. liquor ve1oci:ies 

over t!e e n t i r e  t r a y  wit!! and without gas flow. 

&are again the use of a screening device or a 
c 

, ,  

, '  

C. ven tu r i  Scrubbers-- I 

1. This category of scnrbbers i n c l u l e s  a vide varie-.j, of devices  which 

a r e  o f t en  used :o absor5 gaseous p o l l s t a n t s  and cool gas stream in ,addition 

:o rsnovmg p a r t i c u l t t e  mttdr. 

7.k mjor components,of a ventur i  s c r b k e r  include a v e n t u r i  w i t h  a 

converqinr; s e c t i m ,  a hiya ve loc i ty  t h r c a t  and a diverging sec t ion ,  a means of 

introducing scrubbing l:.quor i n t o  t h e  t h r o a t  &-ea and a device (usually. a 

:yclonic n ~ 5 t  aLxninator) t o  c o l l e c t  t h h s  drop le t s  of scrubbing :iqv,or xid 

L? F r w e  5-14. 

A ven tu r i  t h r o a t  c ross  sec t iona l  a r e a  is u s u a l l y  ad jus tab le  t o  com- 

pensate f o r  gas flow var i a t ions  or changes in  p a r t i c l e  sire d i s t r i b u t i o n .  

T h i s  is necessary s ince  a ventur i  relies almost mtalljr o n  gas  stream pressure 

drop f3r atomization of scrubbing l iquor  and t h e  pressure drop' is dependent , 

upon ?a5 ve loc i ty  in  C,e t ; uca t .  
I (  

2. Lqer t ia l  impaction 1s the predominant mechanism, f o r  p a r t i c u l a t e  

co l l ec t ion  i n  venturi scrub be:^. 

In t h i s  mschanism co l l ec t ion  occurs  when dust p a r t i c l e s  vhich a r m  

ca r r i ed  along by the  gas stream inpact  on a drople t  of'scrubbhg liquor. 
This impact occurs when t h e  dust  p a r t i c l e s ,  because of their m s s ,  have too 

auch  x o m a n t m  to  foLlow tm gas stream as it diverges  t o  flow around the ' 

drop le t s  a f  rci.+bing liwor. Figure 5-15 , i l l u s t r a t e s  the p a t h  of the d u s t  ' .  
p a r t i c l e s  and t h e  gas arounZ a d rop la t  of scrubbing liquor. 

, .  , '  

, .  

. 
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+ Gas Outlet  

Gas I n l e t  , 

-~ 
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X i s :  
Zliminator 

r, 

crubbinq Liquor Outlet 

'. 
'Fiyura 5-14. Venturi scrubber and mist aliminatok (Rssaarch'-Cottrell)  . 
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The co l l ec t ion  e f f i c i e n c y  of a ven tu r i  scrubber for a given s ized  

p a r t i c l e  i s  o f t en  e s t i m t e d  by g a =del  w i t h  tne Pollowing ?om: 

12) 1/2  E f f i c A n c y  - I - exp t-icwc) (Y) 

wtiere .Y is d system re l a t ed  p a r m e t e r  

L i G  is &\e scrubbing 1iquor- to-gas . r i : io  i n  ga l lons  , 
per 100 AC? of gas 

where C is the Cunningham correc t ion  f a c t o r  

' , Dj is the  g a r t i c i e  densit'( 

d 1s t h e  aarticls  dimecer 

V is the throat ve loc i ty  

> ' is *As gas v i scos i ty  

P , I  

is t h e  scrubbinq liquor d r o p l e t  diameter 
. . .  

DL 

The ove ra l l  e f f i c i e x y  is e s t L x t e d  by sunming up tha, e f f i c i e n c i e s  

€or each p a r t i c l e  s i z e  in the i n l e t  p a r t i c l e  s i z e  d i s t r i b u t u x .  

The normal r m g e  of l iquid-to-gas r a t i o s  i s  2 t3 15 ga l lons  per  

1000 ACF; t h roa t  v e l o c i t i e s  dre genera l ly  200 t o  400 k t  p e r  second. 

3. The f ac to r s  that e f f e c t  p a r t i c u l a t e  co!.lection e f f i c i ency  i n  ventur i  

, ' scrubbers include liquid-to-gas r a t i o .  ven tu r i  t h r o a t  ve loc i ty ,  p a r t i c i e  s ize  
d i s t r i b u t i o n  'and parti:le dens i ty .  

In g e n e r a ,  increasing the l iqdd- to -gas  r a t i o  increases  co l l ec t ion  

e f f ic iency  up t o  r a t i o s  or 10 t o  12. 

increases .  s.orm#hat ' a s  this. ratio is increased.  

m v e r .  t h e  ven tu r i  pressure drop . .  

, ,  

Gar veloc i ty  in' the ven tu r i  t h r o a t  is t h e . w s t  imprtant f a c t o r  

influencing co l l ec t ion  effrciency.  

a t  s u f t i c i e n t l y  high th roa t  ve loc i t i e s .  

submicron p a r t i c l e s  comes.at  a high p r i c e  s ince  the  pressure drop dnci therefore  

the power requirement increases  a s  t h e  square of the  qas veloci ty .  

Even submicron p a r t i c l e s  can be co l lec ted  

Hdvever, t h i s  a b i l i t y  to c o l l e c t  
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'The efi-i' ;I p a r t i c l e  s ize  d i s t r i b u t i o n  on perfonnance i s  simply 
/-, 

I , this: e f f i c i e n t  collection of small p a r t i c l e s  rewres  high t h r o a t  v e l o c i t i e s .  

If there are substantial aerxlnts o f  submicron ma te r i a l  vhicn m u s t  'be co l l ec t ed ,  

v e r y  high  t h r o a t  ve loc i t ies -  are requi red  and pressure  drops v e l i  over 50 in. 
V.C. may be require&. 

?artl.culaee below 0.4 t o  0.5 micrma is genera l ly  not economical if the  

renoval e f f i c i e n c i e s  requized for  :.iese small p a r t i c l e s  are above 9CO. 

The a?pr ica t ion  of  ventur i  scrabers to rerove 

The dens i ty  o f  t he  particles,  ' i .e . ,  the ef t ' ec t  02 dens i ty  or the 

aerodynamic behavior of  t he  pa r t i c l e ' s  has a s i g n i f i c a n t  e f f e c t  on c o l l e c t i o n  

e f f i c i ency .  High d e n s i t y ,  so l id  p q t i c k e s  are r e l a t i v e l y  easy to  c o l l e c t  

while lov dens i ty  or f l u f f y  p a r t i c l e s  l i k e  soot require very nigh t h r o a t  

1 

, ' v e ~ o c i t i ; . ~  for ef f ic i -n- .  c o l l e c t i o n .  
, I .  

The c o l l e c t i o n  e f f i c i ency .  for b o t h  moderate and high 6nerg-y ven tu r i  
I .  I sccubbzrs i s  i l l u s t r a t e d  in Figure 5-L'>. 

c 

4. Phe main problems associate 'd  w i t h  ven tu r i  scrubbers  include e ros ion  

i:i :he v m e u r i  rhroa t  and d i f f u s e r ,  ?lugqt;lg of the scrubbing l iquor  supply 
, ,  - . ~ n e r  end carryover  fto6 t h e  nist e . l iz ina ts r .  

' Since the throat v e l o c i t y  i n  d ven tu r i  'scrubber is seve ra l  hundrec! 
' fee t  per second and scrubbi5g l i quor s  o i t e n  conta in  abras ive  SoliCs; eros'ion 

13 a c o m n  problem. In app l i ca t ions  where very high pressure drops are 

r e w i r e d ,  the throat and d ' i f fuse r  are o f t e n  l i ned  v i t h  a highly abras ion  

.resistant naterial l i k e  a l d n a  or s i l i c o n  carbide. In  addi t ion ,  coarse 
p a r t i c l e s  can be removed from t h e  sccu5ber liquor p r i o r  t> recircu1,r t ing i e  

t o  t h e  v y e u r i  throat to reduce e ros ion .  

of plugging t h e  s,cru!+er l i p o r  s u p f l y ' l i n e r .  

of 'the scrubber liquor belov 10 to 15% 'and maintaining u n i f o p  l i n e  velocities 

W i l l  also' help t o  avoid pluqqipq'proble&. 

This.  w i l l  a l s o  reduce t h e  possibi ' l i ty  

Maintaining the  s o l i d s  content  

P rope r  desiqn of the  mist e l imina tor  downstream from t he  ven tu r i  

scrubber i s  essc ,n t ia l  t o  achieving high p a r t i c u l a t e  co l l ec t ioh , e f f i c i ency .  

the small drop le t s  of scrubbing liquor from the  ven tu r i  are n o t  completely 

rewved in t h 3  mist  'eliminatcr, &acceptable p a r t i c u l a t e  emissions w i l l  occur 

because ttinse d r o p l e t s  conta in  t h e  p a r t i c u l a t e  mbtter co l l ec t ed  in the 

ventur i .  

If 

' .  

, ,  
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e venturi Pressure SO in. Y.C. 
0 venturi Pr5ssure 12 in. u.c. 
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PARTICLE SIZE, HICRONS 

Piqure 5-16. Typical k n t d i  scrubber particuiate collection efficiency 
(Research-Cottrell) . 
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. . . ,  

Since thare are many d i f f e r e n t  e s t  e l imina tors  used, a d e t a i l e d  

d iscuss ion  is beyond L.e scope of t h i s  repor t .  However, a cyclonic  mist  

e l inunator  is t!!e m s t ~ ' C o ~ n  urod' i n  combination with ven tu r i  scrubbers. 

In these  mist  e l imina to r s  good performance ck? be assured by using conser- 

va t ive  s- in  v e l o c i t i a s  I70 f t / s e c  max.1 or conservat ive s p i n  he ight ,  

s u p e r f i k i a l  gas veioc iJ ies  under 9 ft /sec and adequate sample l e v s i  c o n u 3 l s  

t o  ?:event scrhber li-uor from r i s i r .9  int3 L?e gas i x l s t .  

5.1.4 s r i z  f i l i e z s  
, 
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Clean Gas 

? i w e  5-17.  ?.rpicai ?ulse jet fabric Cilrer (Resear-h-Cottrel:) 

- Bags 

. .  

I 



F e l t  f a b r i c s  are general ly  used when co l l ec t ion  occurs on the ou t r ide  

Si?ce ihe pressure or;:side the  bag is g r e a t e r  t.hm that ins ide  in of the Sag. 

t h i s  made of opera t ion ,  a su~port  is necessary t o  prevent +e bag frnn 

col lapsing.   as rates b e t w e n  5 and 15 cfm/ft are  MKUUL for ou t s ide  2 

c o l l e c t i o n  appl ica t ions  ., . ,  

rcarixm gas temperatures a r e  gene ra l ly  l imi ted  t o  375 OF due to the  

=Ges 0 5  fel: paxe r i a l s  avai.lakde. 

b t v e e n  in s ide  and ou t s ide  co l l ec t ion  a f f e c t s  housing and. hopimr design as 

w e l l  as tfle nrtM chosen f o r  cleaning. . U e c W c a l  shaking is suitable for 

e i t h e r  i n s ide  o r  outs ide  co l lec t ion .  Reverse a i r  c leaning,  wh6re a part  of 
the clean ars is recycled b.dbk-ds through t h e  bags,  is uied for ins ide  

a l l e c c i m .  Puise j e t  cleaning,  wheze a b u r s t  of high pressure c lean  gas is, 

sen t  t>=ouqt: t h e  bags is used f o r  ou ts ide  co l l ec t ion .  Cleaning cyc les  a r e  

i n i t i a t e d  a s  nee<ed t o  s a i i t a i n  the  pressure  drop across  , the bags a t  an 

acceptable  l eve l ,  us<ally i n  the range of 2 t o  6 i n .  Y.C. 

of c leaniyg cyc les  :heips t o  maximize bag l i fe .  

sn add'irion t o  the above, t h e  choice 
' 

. .  

This &nimization 

. .  
' The d,ust dislodged from %!e bags, during L!e cleaning cycle  c o l l e c t s  

ix 3 3.c;pr &fore r e m v a i  .via a r a t a r y  valve screw conveyor or o the r  s u i i a i l e  

device.  

a. The se l ec t ion  of the  jest f a b r i c  f i l t e r  medium for a given appl i -a t ian  

is qoverned by t!!e t-ratuie of L!e gas' stream and the nature of  the  dus t .  

Exotic aaterials l i k e  metal or ceramic cloth which can operate,  a t  

zemperacxes above 555  h? u e  groh+bitively expensive; 

of p r a c t i c a l i t y  f ab r i c  f i l t e r s  ham an upper temperature limit of 550 '?. 

It is impor-ant t o . n o t e  +.ut gas temperaturea above 550 OF do no t  

Therefore as a mdtter 

b u t m a c i c a l i y  2rccludp uae of fabric fi : ters.  

Sslov %!is t empera3 re 'by  haat  exchange, evaporat ive cool ing or diluv.ion with 

x x i  a ir .  a f b j r i c  L i l t e r  can ta used. 

If tha gas 'stream can ta cooled 
. .  

3 '. 
' , ' 3 8  ociier aa jor  . factor  iqf1uenci.q f ab r i c  se iec t ion  i s  the abrasive 

;ualAties csL :ha dus:. 

I '  

b' 

. 
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. .  

C e L s h L n  wterials which are hard and have sharp &?gular shapes tend 

to produce rap id  w e a r  e f ' t h e , f a b r i c .  

lovering f i l t r a t i o n  races  and s i n i x i z i n g  t!!e number of c leaning  cycle?. 

is also *=ant to  remember %!at coarse d u s t s  tend to be unre abras ive  than 

Cine ones. The se l ec t ion  of c l o t h  is  usually l e f t  t o  tne  , suppl ie r  as is the 

f i l t r a t i o n  rate. 

with %?e :.or?i f a b r i c  k-.d 

This  tendency can be minimized by ' 

It 

The, mmufacturer s e l t c t i o n  CM be chec:<ed by comparrng i: 

:a:_e used i n  s i x l a :  a p p l r z a t i m s .  fii::a5m , .  
I 

T a b l e  5-2 lists couwn f a b r i c s  and sow of  t h e i r  Falevan: c.hara;cer- 

ist ics.  m y  of these f a b r i c s  can be k n i t t e d  into seamless bags. This  

ellmirlates le&inq bnd breakage which o f t en  occurs along L!e long seam i n  

the Sag. 

i. Fabric f i i c t r s  art bas:zaLly s i z q L t  I r v r : ~ ~  .i?.iz?. t a k e  advar.x;e 

of  a n ~ . . t r  of  p~:z:z.fiaz% :oi:hczion T.=C~X.LSXS. 

the gas f ~ o A  through the  f ab r i c  f i l t e r  =:ism hy one  or mor3 .of the  

f o l k w i n g  mechanisms: 

- 
~ i r t i z l e s  3:e remvx? 33 . .  

1. I n e r t i a l  impaction 

2: Diff.xsion to  the  surface of %? obs tac l e  becausk of Brou.iian' 

Direct in t e rcep t iqn  &cause of f i n i t e  p a r t i c l e  s i ze '  

, dif5asjon ' 

3. 

,4., Sedimentation 

9. E l e c t r o s t a t i c  phenomena 

5 .  Parmeters t h a t  are isportant i n  f a b r i c  f i i z r a t i o n  system design 

,inclirde air- to-cloth r a t i o  and Tresslrre * ~ p .  

iiscussed b r i e f l y  below. 
Each of  these  f a c t o r s  is 

A major f a c t o r  in tt.e desiqn and opera t ion  of 6 f a b r i c  f i l t e r ,  , ,  

, .  
t he  a i r - to-c lo th  (R'CI r a t i o  is *.e r a t i o  of t he  q m t i t ' ]  of gas en te r ing  

the f i l t e r  (cfml to,L!s sur face  area of tbe &ic ( f t ' l .  

<-arefore e-ressed a3 cfzdft .  or s o m e t i v s  a;so as i i 1 t e r i . q  velcci:] 

( f V m i n 1 .  ,'L? general ,  a lovar r a t i o ' i s  used for f i l t e r i n g  of gases  containing 

mdll p a r t i c l e s  or p a r t i c l e s  t h a t . m y  oL!&ise t-a d i f f i c u l t  t o  capture .  

Select ion of  L!e r a t i o  i s  general ly  based on i ndus t ry  prac t ice .  or the  recw- 

s n d a t i o n  of th9 f i l t b r  manufacturer. 

7 ,  
The r a t i p  is 

2 

, I  
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Presriurti \-rr$ in a Eabric f i l t e r  is caused by t i l e  combined resistances 

o f  t he  f a b r i c  and L\s accumulared d u s t  l ayer .  

alone is a f f ec t ed  by t he  typa of c l o t h  and the  weave; it v a r i e s  d i r e c t l y  with 

?he air .Elow.  The permeabi l i ty  o f  var ious f a b r i c s  t o  c lean  a i r  is  usua l ly  

spec i f i ed  by t he  manufdcturer as the  air  flow rate (cfm) through 1 f t  

f a b r i c  vh,zn the  pressure d i f f e r e n t i a l  is 0.5 Li. H 0 i n  accordmce with the  

h e r l c a n  Socirry for T e s c b g  ar.d F c e r i t l r .  (ASTX).  A: n o m 1  f i l r e r i n g  

v e i o c i t i e s  %\e res i s t ance  of the clean f a b r i c  is usual ly  less than 10 percent  

of  t h e  t o t a l  res i s tance .  The spaces between the  f i b e r s  are u s u a l l y ' l a r g e r  

than t h e  pk- t ic les  t h a t  are co l lec ted .  Thus the  e f f i c i ency  and the  pressure  

drop of 3 new f i l t e r  are i r i t i a l l y  low. After  a coat ing of p a r t i c l e s  i s  

fomed on t he  sur face ,  t he  co l l zc t ion  e f f i c i e n c y  improves an2 the  pressure 

dr=? also ir.cr*ases. 

cycles,  co l l ec t ion  e f f i c i e k y  renains high because the  acc&clated dus t  is 

not e n t i r e l y  r?zu,:ed.. 

The r e s i s t ance  of t he  fai+ic 

2 of 

2 

t-->. ar'zer t h s  firs; zlea.-.ing a& s ~ k s y ; e - . r  zie~-.; .;nq 

I ,  

The prgssure drop through the  accumulated dus t  l aye r  has been found 

Re'sistanc'e a l s o  

Haximull pressure drop on dx i s t ing  

t3 h e  d i r e c r i y  pr?aor t iona l  to t h e  ' t h i c h e s s  of  t h e  l ayer .  

iicreases with decreasing p a r t i c i e  size.  

ut i i ic . )  f a b r i c  f i l t e r s  is 5 t3 6 in. W.C. 

, I  

P a r t i c g a t e  co l l ec t ion  in  f a b r i c  f i l t e r s  even for submicron p a r t i c l e s  

is very good. 

varietl ,  of  p a r t i c l e s .  Figure 5-19 i l l2strates f a b r i c  Eilter collection 

e f f i c i ency  a s  a funct ion a f  p a r c i c l e  s i z e .  

-. I .  , 'Var ious  cleaning aet>.ods are used t o  remove colle 'cted dus t  from 

' f abr ic  f i l t e r s  t o  maintain as nominal pressure  drop of 2 t o  6 in. W.C. 

Xechanical shaking o r  reversed a i r  f lov  are genera i ly  used to  force  t h e  

co l l ec t ed  dus t  o f f  t he  clcch. 

overall e f f i c i e n c i e s  w e l l  over '99a  are .wssible f o r  a wide 

!%my mechanical shaking mthods are i n  use. High-frequency a g i t a t i o n  

can be very e f fecr i - re ,  es;ecial>( ,with depos i t s  'of  mediun t o  la rqe  ?articles 

adhering r a t h e r  loosely. I n  sr:ch cases, high f i l t e r i n g  v e l o c i t i e s  can be 

used and higher pressure drops CM be t o l e r a t e d  wit!\out'danger of bl inding 

(blocking o r  c izqqinq) .  t i e  c lo th .  
. .  
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Figure 5-18. Fabric filter particulate collection eiiic?ency (Rei. 5-41. . 
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..' In an alternative cleaning mithod, an in t e rmi t t en t  pulse  j e t  of high- . .. . 

pressure  air  (100 p s i )  i s  d i r ec t ed  dxmward tnto' the  bag to renove the  

co l i ec t ed  dust. 

bu t  tiise systems m a y . r e w r e  a grea te r  q u a n t i t y  o f  c l e m i n g  air. 

fabrics are used in  conjunction r r t h  the  pulse- je t  c leaning m-bci. A 

q u a l i t a t i v e  conpk-iion of cleaning methods is qiven in  ?able 5-3.  

I 

I n  some designs the  air is introduced a t  lower pressures;  
: i .  Fel ted  

/' 

. 9. '.., 

X n o m 1  cleaning cyc le  1s act;;ated by a pressurs  r r k s d u c e r  near  

t he  i n l e t  t o  the induced-draft P.m vhen tSe pressure  drop across  the  bags 

exceeds abouC 4 in. W.C.  

individual sets of cleaning cofitrols, permi ts  continuous operat ion and 

p a r t i c u l a t e  remqval. 

?he &e of compartments, i .e . ,  groups of bags w i t h  
, .  

. .  

--_ 
( ,  , 

1. ?he 3ai ir.:et dmper t o  tiie CorpartTent  c :~ses ,  sb.uttinq o f f  t he  
f l o w  of " L i r t y "  f lue  gas t o  t h i s  compartment. 

2 .  T h e  co l lapse  d.w;er opens, allowinq a reverse  f l o w  o t  "clean" 
f lue  g a s ' f t o n  :Se o u t l e t  f l u e  to be pulled thro-qh .:Se ttqs, 
p a r t i a l l y  co l laps ing  and t hus  c leaning  the  Sags. ' - I 

3. The co l lapse  damper c loses .  

4. The 'gas i n l e t  damper opens, r e t u n i n g  the  conpartirent to  the 
f i l t e r i n g  =.de. 

So that no s i rdi j le  por t ion  of t h e  t o t a l  f ab r i c  w i l l  be o u t  of service 

?or cleaning a t  any given rime, the  ti= required for c leaning  should be 1 

'sm+l f r ac t ion  of the t i m e  required for d u s t  deaosi t ion.  

equipment, tpr ?xaq;e, a c o m n  Cleanir.g-to-filtration t i m a  r a t i o  is  0.1 

With shake clean:.ng 

' or less. with a ra t io  of 0.1, 10 'percent  of  the comparwents i n  tSe baghoure 
, ,  

are  out  of service a t  all, times during operaeion: 

of c leaning should bs designed to  minimire this r a t i o .  

Therefore, L!e frequency 
, .'7 

. ,  
.a 
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F. The n o r j a l  p roblem assoc ia tzd  with f a h i c  f i l t e r s  i n c k d e  poor 

cont ro l  of gas  temperat---e resulting in  overheated bags vl-ich f a i l  premat;rely. 

impingent o f  coarse p a r t i c l e s  on t!!e bags which causes per fora t ion ,  kddequa te  

clearance between bags which results i n  excessive w e a r  a t  contac t  po in t s ,  

id. 

. 
.I - ,  

2 4 .  
, condensation on bags during s t a r t u p ,  or oFerat ion which r e s u l t s  i n  a s t i c k y  

. .  
C d X 6  whicn cannot be removed from Lye bags. 

??e se l ec t ion  of a f a b r i c  which is chenicPL1y ar tacsed  by coni t i t i l -  

e n t s  in the gas or i n  t h e ' p a r t i c l e s ,  excessive pressure during the  c l ran ing  

cycle  which can cause ti;e Sags to tear 'or  b u r s t ,  and cleaning the  bags too 

frequent ly  vhich s u b s t a n t i a l l y  reduces bag l i f e .  

, 

In additior.  to the above, t he  problems of handling the  dus t  c c l l e c t e d  

i n  the  5o;pe:s nust >e considered. 

5.1. j E l e c t r o s t a t i c  Procioi  t a  tors 
. .  

A. 

reliable and economical devices  ava i l ab le  for p a r t i c u l a t e  removal. , These 

E i e c t r o s t a t i c  p r e c i p i t a t o r s  ( S S F s )  are  one of the  s inp le s t , '  nost 

, .  
devices  operate  a t ' ve ry . low pressure drops and requi re  minim1 armunts of 

p a w e r  f o r  ch~*rging, rapping and dus t  removal. 
I .  . . .  

. ,  

A t y p i c a l  1sP incorporates  an electrode arrangement cons i s t ing  of  
. I  

' p o s i t i v e  grounded c o l l e c t i n g  plates and th in  sec t ion  negative discSarge 

wires spaced approximately 5-6 , inches  apar t .  A high voltrrse (approximately 

30 &) Dc charge is imposed on the 'neya t ive  element and an e lec t r ica l  f i e l d  

is set up Setween the  t w o  e lec t rodes .  T h e  d u s t  p a r t i c l e s  pass  betveen t h e  

elements and are charged and. t ransported t o  %!e e lec t rode  of  oppoj i te  

poIar i ty .  Per iodica l ly ,  t he  p rec ip i t a t ed  material must be removed from 

dis lodge the dus t .  

Figure 5-20 gives,  an idea  of t he  arrangement of a tyyical f u l l  s ize  
p rec ip i t a to r .  

. .  ' the electrodes; t h i s  i s  accomplished by v i b r a t i n g  or rapping the  p l a t e  to  
F i g u r e  5-19 show the  basic comporints involved m d  

. I  

_. 

Y 
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P i q u a  5-19. Typical preclpit~cion process (courtesy of Research-Cottrell) . 
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I '  ...- 

8 .  ' His to r i ca l ly ,  p r x i p i f a t o r  s i z i n g  ha3,been bajed on use 05 the 

Deutsch equat.ian where b, 
I 

A 
Efficiency - 1 - exp (- yw) '  , ( 4 )  

- 
e - Base of N a t u r a l  1aqari';hms 

A - Collectinq Ele.t+xcde Area . (square f e e t )  

V - Gas F l o w  U t e  (cubic  ?eet/second) 

w = Migration f e?oc i ty  (feet/ iecond')  

The desiqne: must ' solve fJr "A*'. 

- 

The p a r a n k e r  "w",  migrat ion v e l o c i q ,  

is  der ived  from an equation which t akes  i n t o  account the e lec t r ica l  f i e l d  

s t r eng th  ac the  c o l l e c t k i q ' s u r f a c e  and t h e  discharge electrode, p a r t i c l e  s i r e  

3f t he  l u s t ,  an3 gas v iscos i ty .  Bas ica l ly ,  s s lec t ior .  of t d e  value ref:ects 

the e.verzrse' of  t he  designer  and :be company's a q e r i e n c n  i n  the  ?>': A c u l a r  

appl ica t ion .  In essen ie ,  the' following three  .values have been thc considersd 

of pr inary  inportance i n  si2ir.q a, p rec ip i t a to r :  

Face V e i o c i q  - exprsssed i n  f e e t  p e r  second ( the  speed a+ which the  qas 

t r a v e l s  t h n u q h  the  p rec ip i ca to r )  . 
bcx. 

, ' 

This determines the  f r o n t a l  area D f  the  

b 

Yiqratllon 'le1ocit.L - e k r e s s e d  i n  cm/secc:cd or  Eeet/second. 

speed a t  which t h e  dus t  p a r t i c l e  t r a v e l s  toward :he p l a t e  under the  mt luence  

of t h e ' e l e c t r i c a l  f i e l d .  

based on experience. 

Xs3ecf h t i o  

(A u n i t  w i th ' 30  foo t  hiqh f i e l d s  and 3s f e e t  of  treatment has an dspeqt 

ra t io  of  1.2). 

considered necessary. ' .  

C. There a r e ' m y  fac to r s  which a f f e c t  ESP' e f f i c i ency .  The following 

are the  more important. ones: gas d i . s t r ibu t ian ,  rapping electrical  sec t iona l i -  

za t ion ,  qas  sneakaqe, d w t  removal and the  s t ,+oi l i ty  o f  t he  hiqh vol tage 

sytem. 

This  is the  
, .  

, 
A s  mantioned, s e l ec t ion 'o f  t h i s  va!.& has been' 

, 
t ke  rat12 J ' t h e  langth .  or the'0recip;:itor to its L e i q h t .  

I .  For hiqh (99+\! pf f i c i ency ,  h m i n L  aspect ratio of 1 is 

I .  

8 .  

I .  
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Gas Disrr3u:rzn - Cs-eL.11 a::en:ion aus: be qiven :o :he f l u e  arrmge-n: 

conveying gases  t o  &?d from :?.e p r e c i p i t a t o r  a s  well as :a :he des isn  of t k e  

transi:ions. 
, ,  I 

:bff.l?.g will downgrade :he p ' e r f o m c e  of a unit ' a s  e i f e c t i v e l y  

. .  

. _  

. . I  
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jt*b;lir:r of Yioh Volcaae S!stem - ?he e f f i c i ency  bf a p r e c i p i t a t o r  is a 

'Lrect Fmct ion  of =?e ?awe: input., my condi t ion whlch a f f e c t s  pwer input  

b a s i c  des ign  of the  p rec ip i za to r .  Proper adversely should ba avoided i n  

alignment and s t a b i i i t y  of the  h qh vol tage  system is es sen t i a l .  

- * 
t 

Todays hiqh e f f i c i ency  ESPs are very e f f e c t i v e  collection deyicE.3 for  

fize p a r t x l e s .  Figure 5-21  I l l u s t r a t e s  r n i c a l  s o l i e c t i o n  e f f i c i e n c y  as a 

h n c t i o n  of >ar t ic le  s i ze .  8 .  

5. :;appers--. 
, .  

b' 

Removal 'of p a r t i c d a t e  matter co l l ec t ed  on thm p l a t e s  ir. ESPs is I 

ac:omplished by rappmy the  p i a t e s  to dislodge the  dus t .  The' vires can also 

Ze clsr-.ed i n  t h i s  r a r n e r .  

' There aze t h r e e  ryp?s cf rapping devices in  g.neral  use today: 

drop f lamers,  nzqnrri; o r  F i e m a t i c  inpu i se  rappers ,  and e l e c t r x r a g z e t i c .  
vi --raters. L. L q u i i e  rappers  are used m s c  o f t e n  on the  c o l i e c t i c g  e l sczrodes  

z p t i x z e  ?erfoma?ce. Charging electrodes a re  m s t  o f t e n  cleaned w i L i  , I  

or p l a t e s  because t k e  f requenr j  .and i n t e n s i r y  of rapping can be adjusted ,EO 

, .  . . .  v i t r a t o r s .  

?Late rappznq is performed i n  e i t h e r  of  t w o  rades ,  i.e.. i n  i i n e  

 LIE^ the p l a t e  or acrobs t h e  p l a t e . '  ~ n ' g e n e r a i ,  rapping across  t5.9 ?laze 

s r d u c e s  higher  l e v e l s  of acce le ra t ions  i n  the  p i a t e s  f3r a given er.erw 
input  and r e s u i t s  i n  mre L3orarigh c leaning  of  t he  p l a t e s .  The i n t e r l a 1  , 

b - u e e n  rappiig operat-ons AS also an importan- f a c t u r  L? Z S 1  ?erfxz&?ce. 

+-r??rng x o  3:te.l r e s u l r s  21 'Lineceszar.! ree~.=rai?.menz a7.d a decrs? ' iz 

?&- t ix i a t e  , zo l i ec t ion  e f f i c i ency ,  .while over'y long rapping cyc les  resui: 

~n t h e  auzidup' of excessively t:u:k h{ers of i n su la t ing  dus t  which 'also 

reduces gar:iculace =ai:ecrron. 
. .  

.. 
The o p o c m  rspding 'cycla, i n  a 4 i T n  ESP i n s t a l l a t i o n  must be 

, .  
esta5iLshed for 5 x 5  f i + l d  L? :he pcsc>.?r:acor; fize ' t . x i n q  after ;tar--.p 

is  a h s t  always required t a  maunize  p a r t i c u l a t e  , c o l l s c t i o n '  e f f i c i e n q .  ' 
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iLTJre 5-21.  ESP collection efficiency (?.esearch-Cottrell). 
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- .here a r e  seve ra l  pr:blems --hat CM arise which w i l l  s u b s t a n t i a l l y  E. 

:educe ESP parfonwace.  

firel jarni?q e q u i m n t ;  ' 

G a s  'lobufm - A p r e c i p i t a t o r  is a vulumetric device. Any increase i n  boiler 

?J The following a re  L5e uusc common encounrered ul& 

h a d  w h c h  r e s u l t s  i n  excs is ive  flow throuqh ='Le ?recipizat , r  ,wili cause a ' I C' 

loss 0: e f i i c i e n q .  

face veiocicy and a.7 e f f i z i ency  af 398 w r L 1  d r o p  r~ 96.j* if the z.e 

fcr examqie; a precip;atator desi.;ned ?>r 3 keet/iecond 

ve loc i ty  increases  t o  4 ,:eat/secocd (3.33% increase i? l oad ) .  ' ,  

TemFeratuxe - .I chanqe i n  o p e r a t b q  temperature may also have an e f f e c t  on 

p r e c i p i t a t o r  e f f i c i ency .  ?he r e s i ; t i v i t y  0 5  f l y  ash ( a b i l i t y  of t h e  dus t  , '  

? a r t i c l e  to be 3arc ;ed)  va r i e s  q rea r ly  i n  t h e  temperarue  ranqe 200-400 O F .  

:;norin5 -.'.e aff ,ects  af . : ryerac .us  on yas vo1,me t h e  b p a c z  of t m F " r 3 t z r e  

on e f f i c i ency  wodld >e (asscrizq 359 quazm:ae az'325 O F ) :  

200 O F '  99.9+9 

325  'F 93% 

400 O F  99.5% 

- >  ;-.;;re 5 - 2 2  is a Yflical '  f l y  ash t e m p r a t u r e  vs.' r e s i s t i v i t y  c p e .  aearF?q 

LT A i d  Lhat a s  r e s i s t i v i t y  increases  e f f i c i e n q  decredses it can be seen' 

t h a t  t he re  is bene f i t  t o ' b e . d e r i v e d  in o p r a t i n q  below or above t h e  300- 

35OOF Level. 

- f u e l  - Any s i g n i f i c a n t  chanqe i n  the  type of f u e l  beinq f ixed w i l l  hava an 

e f f e c t  on t h e  performance of a p r e c i p i t a t o n  For example, a change from a 

24  s . L l F 1 L r  bic~minous  coal to 3 0.5% s u l f u r  subbituminous western coal  car. 

r e s u l t  in a des ign , e f f i c i ency  of  99.5b dropping t o  90% (or less). I t  has, 

also been demonstrated t h a t .  o the r  ,che&cal  cons t i t uen t s  (such a s  s e a m  

o x i d e l ' i n  t h e  ash  can have an a f f e c t  on performance by reducing bulk 

r e s i s t i r i t y .  

50 the  r iel '  a s  r e l a t ed  t o  its impacf on p rec ip i t a to r '  performance. 

ana lys i s  should be submitted t o  t h e  manufactursr, i f  it is ava i l ab le  and 

the r r n i t  designed f o r  t h e  worst expected fue l .  

I t  is, therefore ,  advisable  that adequate a t t e n t i o n  be paid 

Ash' 

' I  , 



'i 

_- 
. ,  

I I I I I 

200  2 50 300 350 400 450  500 

TEMP Of 

F i g u r e  5-22. Y'ical f l y  ash tqmperature vs. ,res:stipity curve. 
(Research-Cottrell) ' 
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I - l t  7ba i : rnp  - Ths e f f e c t  of increased dus t  load&$ is somewhat obvious. 
*J 

S i c e  a p r e c i p i t a t o r  is designed t o  rem- a c e r t a i n  peken tage  by ve ight  I 
of the  en te r ing  material. a l i  t h ings  being equal, an Licrease of 50\ a t  the  

i n l e t  w i l l  result in L5e.saue increase  a t  t h e  ( iut le t .  Therefore,  i f  a ' f u e l  

change b v o l v e s  ki. increase  in  percentage ash one c y  expect a carrespanding 
.I 

increase a t  t h e  o u t l e t  with g r e a t e r  opac i ty  r e su l t i ng .  

car>oor; - v a r i a t x n s  i n  T'iri-.,?~ p r a c t i z e  or coa l  pu lver iza t ion  wh?.ch a f fec . t  cse 
kiuantity of tombustzxe  mater ia l s  i n  che f l y  ash a l s o  have an impact on 

p r e c i 2 i t a t o r  p e r f a m c e .  

? r a c i p i t a t o r ,  but  lose  r h r i r  charge quickly and u e  r ead i ly  reentrained.  

on ly  i:. the  carbon ? a r t i c l e  very conductive,  it is l a rge  and l i g h t  compared 

ca cke .xhr 'konsz i -cenr i  3&2ng ' ~ p  fly as>.. ?recipi:azors a n  sto:;e: f i r e d  

:o i l r r s ,  where  z o m u a r i b l s  x n t r r z  m y  b e . 2 5  t a  581 percenz, a r e  mr? 

zonservat iveiy s ized  and employ lower face ve loc i ty  than a P.C. f i r e d  mi t  

f i r i n g  :he 3me fue l .  

Carbonaceous mater ia l s  a r e  r ead i ly  ct:arqed i n  a , , 

Not 

- 

. .  
_. 

,. -".. 

?he  a3ove a re '  t h e  m j o r  va r i ab le s  vhich izppdct p r e c i p i t a t o r  perfor-  

a x e  and should be considered i f  a de te r io ra t ion  i n  performance i s  t o  be 

worded. 
. 

,5.2 COS? CF I X R T I C , i ? E  C0NTIu)L 

The c o s t  of , ) a r t i cu la t e  c o n t r o l  equipment is  gover;ied pr imari ly  by 

t h e  vol,me of gas L'O be t r ea t ed ,  t h e  size d r s t r i b u t i o n  of the  p a r t i c l e s . t o  

be removed. and t i e  c v e r a l l  r e m v a l ' e f f i c i e n c y  required.  

In addi=ion, the  chemical and physical  c h a r a c t e r i s t i c s  of the gas 

stredm and the particJlate Jlatter may requi re  spec ia l  design f ea tu res  and 

use of spec ia l  corrosion.  abrasion, or . tempera turs  resistant materisls. 

-&ere appl icablo the  necess i ty  for considering these extraordinary 

.measures w i l l  be note.? end t h e i r  impact on system cost vi11 be indicated.  

h e  p a r t i c l e  size indicated on t5e following cos t  curves is the  size 
Exceptions to this a r e  noted <?at is ca l i ec t ed  a t  the  90% e f f i c i e n c y  level. 

on f3e f iqure .  
. 
W' 
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, .  . 
e The i n s t a l l e d  c o s t s  used in t!!is r e p o r t  are the  c o s t s  that 3n omer 

uauld pay to a $ont rac tor  t o  i ~ s t a l l  that  p i ece  of equipment and a l l  t f i i c a l  

a k i l i a r y  equipment r.ecessar( f o r  a t-ey ready t o  operare  ins ta l la t ior . .  

These costs include the  e+ipment purchase p r i c e  and the c o n t r a c t o r ' s . f e e s  

for des iqnmg,  supervis ing,  a d  l n s t a l l i n g  the  'equi?nen:. 3 u t  these a:e not 

=ie 2o:al coscs to :ie owner. In  addir ion to  t i e se ' d i r ec :  coscs * r e  such 

~ndirecr costs  as t h e  engineering and anageoen: tine necessary t o  recoFnrze 

:he problem; f ind  a l t e r n a t i v e  so lu t ions ;  select equipment and concrac:or; 

sugervise constmc:i?n aqd in tegrac ion  with t h e  plant :  company l o s t  

reve.-.ues for t he  t b e  the p l a n t  is inopera t ive  while the aquipment is  being 

k r s t a l l ed ;  changes elsewhere in t he  p l a n t  due to  the new con t ro l  equipment; 

and the  company's general  and adminis t ra t ive  expenses Ibookkceping, accounting, 

, ,. ' 1 

... 

:*cal, e-.:..! 3jiscL3-"T' _ _ _  ..: .. _ _ _ _  -i t?.nss ax>2rdi-ure;.  TF.ase i::d~:zz: i z e ~ s  :a? .ad2 
I 

3% to  LOO\ add i t iona l  cost to the  owncr. 

5.2.1 C3si 3as:s 

I .  

-- 
E a c h  of t!!e f i v e  =;or :a+ego:ies o f  p a r t i c u l a t e  r e m v a l  equipment h a s  , I  

a ?ar:ic.ilar set  of f ac to r s  .dhikk d i c z t t e  p e t f o m x e  c a p a b i l i t i e s  and cos t .  

i h e  Eacto.:s for each category are descr ibed 'below. 

on a paYticular  iase si:ed mdu:e and a base p a r t i c u l a t e  loading. 

0: scalsup m d  va r i a t ions  i n  p a r t i c l e  loading on costs a re ,def ined  €or each 

c3tegor:r of aquipment. 

' .  
The cost f i c t o r s  a r e  based 

The e f f e z i a  ,' 

The c o s t  f i gu res  are based on equipment and lahoe p r i c e s  esca la ted  t o  

? 1979 b a s i s  k?d inclu*.e, where appl icable ,  equipment. s u p p r t s ,  accBss ladders  

' and p l a t f o m s ,  i n su la t ion ,  i n s t r m e n t a r i o n ,  pa in t ing ,  wiring, l i gh t ing ,  piping,  

foundations and interconnect ing ductwork, and appropriate  o n s i t e  waste handling 

w i p m e n t .  

from equipment o f fe r ings  and estimates prepared by Research-Cottrell.  dur ing 

1977' and 1978. 

Wasts d i sposa l  costs are not  included. The cost da ta  were der ived 

, , ,  

There a re  many va r i ab le s  which a f fec t  the  i n s t a l l e d  c o s t  of these 

t-es of systems:' 

c?im$tic condi t ions,  weather pa t t e rns ,  local  construct ion code requirements, 

These include €ac tors  such as l abor  rates, product iv i ty ,  , 

, .  
*Research-Cottrel l ,  90ur.d aroos, N J  is t he  country's l a r g e s t  manufacturer of 

emission con t ro l  equipment. 
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f r e i g h t  and s i t e  condi t ions.  

f i gu res  i n  the following sec t ions  i n  an attempt t o  def ine  the a f f e c t  o f  

these . types  o f . v a r i a b l e s  ,on i n s t a l l e d  costs. 

The range of t!!e c o s t  da t a  presented i n , t h e  

' 

5.2.2 c o s t .  Data 

A. ' S e t t l i r g  C h a m b e r  and 'rpmentum Separators-- 

F a c t g r s  Oictacinq CJSZ: Figure 5-,23 

1. G a S . V O l ~  

z.,' P a A i c l e  S ize  ; i s t r&ut ion  

Sas i c  S ize  Xodule - 100,000 ACFM 

Basic Particulate Loaaing ' -  5 qr p e r  SCP 

Scaleu2: Cos: Y (Actual Gas Flow/100,090 ACSX) 

' 

0 .6  

0.1 . .  
' Par t i cu la t e  Loading Variation-: Cost x (Actual Loadinq,'S gr pe r  5CF) 

The f@llowinq example i l l u s t r a t e s  t h e  use of  the  c o s t  C U N e S .  

S e t t l i n g  Chamber: 

G a s  Volume: 250.000 RCFM 
Pa r t i cu la t e  Loading: 8 qr/Sc? 
Parz ic le  . S i r e  t o  be Coliected: 40 microns and l a r g e r  

Basic System Cost for ,40 micron' P a r t i c l e s  from Figure 5-23: 527,000/39.000 

Gas Volume Xul t ip l i e r :  

Pa r t i cu la t e  Loadfng Multiplie-: 

(250,0.00/100,000)0~6 - 1.73 

(~.o/s.o)O.~ - 1 . ~ 5  

Actual Sys tem Cost: 1.05 x 1.73 X' (SZ7,0GO/S39,000~ - $49,00O/S71,000 

-L - se l ec t ion ,  a: a f i n a l  azti ial  system cos t  f ron  t h e  =bo-Je ranqe requi res  that 

, a judgment be made on th: bas i s  of  the  s i t e  s p e c i f i c  f ac to r s  k i t e d  above. 

Note 1. Since s e t t l i n g  c h d e r s  and n u s e n t u n  separa tors  are r v e , l y  
used as primary c o l l e c t i o n  devices ,  the c o s t  d a t a  for t h i s  
category of p a r t i c u l a t e  c o l l e c t i o n  equipment is  based on 
t h e i r  incremental cost assuming t h a t . o n s i t e  waste handling 
equipment has 3een included in the cost for the pr- , 
co l l ec t ion  devlce. 

of 5 of the bases ,  e.g., 20,000 - 500,000 ACFM. 
' Note 2.. Scal ing of sire'  and loading should n a t  exceed 'a f a c t o r  . 
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100 
90 
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70 

60 
2 
5 50 

3 
40 1 - 

. .  
30 5 " 

10 

K T  i I I I I 4 
Yase Year  1978 
Basic S i z e  100,000 ACFX 
Basic Loading 5 gr/SCF 

' ' See t e x t  for s c a l i n g  equations.  

\ \ \  ' " I 

20 30 40 50 , ' ' ' 60 7 0  ao '  
PA+ICLE SIZE, XICRONS 

F A ~ U Z S  5-23. S e t t l i n g  chamber and momentum separator c o s t  data. 
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8. Cyclones-- ( F i q u r e  5-24) 

Factors Dictat ing Cost:  

1. Gas volume 
2 .  , Par-ticie sire ci .s t r iSut ion 

3. Abrasion ?aquirenencs 

Basic S i z e  .Xodule: 1'30,000 A C X  

Basic Pa r - i cu la t e  Loading: 5 , q r  SCF 

Scaleup: Cost x ( A c t u a l  Gas Flow/100.000) 

, 

0.9 

P a r t i c u l a t e  Loading Variat ion:  

0.1 Cost x (Actual I..aadrr.g/5 Sr per  SCF) 

Xxas ion  Factor :  ,?or abrasive,  mater ia l s  use higher end of cost 
range. 

.Xatrrials of Construction: Carbon S tee l  

:lomina.l pressure drop: 3 I.W.C. 

Xote 1. 

, I  

Scal ing of  size,a?id loading should not exce+r? a f ac to r  of 
5 of t h e  t a s e s ,  e . g . ,  20G.000 - 500,%u ACFM , 

In cases where cyclones are used as th8 p r b a y  c o l l e c t i o n  
device,  the  uQper range on Figure 5-24' shculd be used and 
the following scaleup equation used: 

- ScaleuD: C o s t  x (Actual C i s  Flow/100,000) 

Nota 2. 

0 .75  

. .. 

'I 

b' ' 
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tono 
900 
800 
70U 

600 

500 

400 

300 

203 

100 
30 

70 

60 

50 

ao 

- I I I I .  I 

3 B a s x  S i z e  100,COO ACFX 
Basic Loading 5 gr/SCF 
S e e  t e x t  for s c a l i n g  
equations.  - 

- 
I 

Cost a s  Prrmary 
C o l l e c t i o n  Device 

1 

'i: 
I I I 

0 10 , 20 30 4 0  50 60 

P f f i J C L E  SIZE, MICRONS 

, ' Fiqure 5-24 .  Cic lone  and n u l t i - c y c l o n e  c o s t  d a t a . '  
,, 
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C. Wet Sceubber-- 

1- Spray, Tray. and Packed Tove1's i rx luding  a c x i l i w  
Figure 5-25. 

- 
Factors  0ic:z.ring Cost: 

1. G a s  Volume 

2 .  Liquor-to-gas r a t i o  

- 

Basic S ize  Modille: i:OO,O?O ACF!4 

Bai ic  P a n i c u l a t e  Lcadidg: 5 gr/SCF 

Basic Liquor-ro-gas r a t i o :  30 g a l .  ,per 1,000 ACF 

, I  

, .  Scaleup: COS+, X '(Actual Gas ? l 0 W / 1 ~ 0 . 3 0 0 ~ ~ ~ ~  

P a r t i c u l a t e  Loading Variat ion:  ' 

, ' Cos t ' x  (Actual Laadinq/S gr SCF) 0.15 

, .  

LiqJor-to-qas %ti0  Variaticn: . -  
C o s t  x [ (Actual  L/G)/30 gal.  per  1.000 Am] 0 . 2 5  

' Materials  of Construction: 316 LSS ( s t a i n l e s s  steel) 

?lorninal, Pressure @roc: 

Spray Towers:  2 to  4 1.W.C. 

TFaY ,and Packed Towers: 8 to, 12 T.w.c.. , 

Note: Scal ing OP s ize  and 1oadling;siwuid not exceed a f a c t o r  
of 5 of ,Uie bases ,  e.q., 20,000 - 500,000 ACEM 
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I Ease Yea: 1978 
la'sic size> ~ O O , ~ ~ C O  ACFX 
J a s i s  Loading 5 qr/SCF 
See t e x t  €0: s c a l i n q '  equations.  

spray Towers 

I 

Tray and Packed Tovers 

I '  I I I I I - . 4 0 8 LO 12 , 

PARTICLE SIZE, MICRONS ' 

Figure 5 - 2 5 .  Wet 'scrubber,spray. tray and packed tower cost data.  

, ,  ' .  
I .  
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2.' Venturi Scrubbers including a u x i l i a r y  eqcipment, F igure  5-26 

Factors Dic ta t ing  Cost: 

1. Gas volume 

Basic Size .Yodule: 100,000 ACFH 

, adsic Particulate Lcadmq: 5 gr per  SCF 

Basic 1.iquor-to-qas ratio: 6 ga l .  pe r  l i000  ACP 

Scaleue: 

Pa r t i cu la t e  Loadinq Variat ion:  

0.6 Cost Y '  (Actual Gas Fiav/100,000) 

C . ' l S  . .  Cost x (xc;ual Loadinq/j qr per XI1 

Liquor-TO-qas h t i o  Vari Acion:  

0.: 
, I  c o s t  x [ (Actual  L/G)/6 gal. per  l,OO? ACF) 

Xatar ia i s  of Construction: 316 LSS ! s t a in l e s s  steel1 

Nominal P res swe  Drop . I  

, .  

Lov.Efficiency: .8-10 1.W.C. f o r  c j l l e c t i o n  of p a r t i c l e s  s tove  ?. urn 
Medim:Efficiency: 

High Eff ic iency:  50 I.W.C. for co i l ac t ion  3f p a r t i c l e s  below O,.S, ' l rn  

,Note: 

25 1.w.c.  or co l l ec t ion  or p a r t i c l e s  between 0.5 
and 1 um 

Scaling of s i z e  and loadinq shoulci not exceed a f ac to r  ot'5 
of the bases,  e.q. ,  20,OOC - 500,000 ACFX 
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Base Year 1978 
Basic S ize  100,000 XCFX 

- .. Basic Loading 5 gr/SCF - 
\ See t e x t  foe scaling - 
\ e q , a t i o n s .  - - - 

- - 
- . - 

I I I I I I 1 1 1  I I I 1 ~ 1 1 1 1  

, Figure 5-26. Venturi scrubber cost data. 
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D. Fabric  Filters-((Piqure 5 - 2 7 )  

Factors  Dictat ing Cos t :  

1. Gas Volume 

2. Gas Temperature 

3. Se lec t ion  of A/C r a t i o  

Basic Size  Nod-ah: '100,ooo ACFM 

Basic P a r t i c u l a t e  Loading: 5 gr/SCF 

Basic Gas Temperature: 350 'F 

aasic Gross X/C Ratio: 2 f t  /nun P t  

. .  

, .  

3 .  2 '  

Scale'ug: 

P a r t i c u l a t e  Loading Variation: 

Cost x :(Actual G a s  Flow/1OO,OOO ACFMI0." 

0.1 Cost x (Actual Loading/S g r  SCF) 

3 

(, , 

b 

I .  
G a s  Te&erature Variation: 0.95 x c o s t  + 0.05 x cost 

iRelativu Cost of Fabric/2.3)* 

, Y9 ' 3  . 2 2 f t  / run  f t  - dross A/C Ratio variation: c o i t  I;( 
A c t u a l  A/C r a t i o ,  

Ha te r i a l s  of  Construction: CarSon steel 

Nominal Pressure Drop: 4-6 T.W.C. 

N o t e :  Scal ing of size and load shouid not exceed a f a c t o r  of 
, 5 of t h e  bases ,  e.g., 20,000 - 500,000 ~ r n  

.See Table  5-1 in  Sect ion 5.1.4(8) for r e l a t i v e  f ab r i c  cost data .  
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Base Year 1978 
Basic s i ze  ,100,000 ACFH 
Basic  Loading 5 gr/SCF 
See t e x t  for s c a l i n g  
equations.  
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. ,  

I , '  
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1 I --- -:--- " . G  0 . 8  1 . 0  

0.1 G.2 0 . 4  0 

Fiqure.5-27. Fabric t i l ter  c o s t  data.  NOTE: 99+% o v e r a l l  c o l -  
" l e c t i o n  e f f i c i e n c y .  

, , ,  . .  
, .  
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E. E l a c t m s t a t i c  Prec ip i ta tors - (F igure  5-28) 

Factors  O ic t a t inq  Cost: 
' 

1. cas VOlVme , 

2. P a r t i c u l a t a  Loading 

3 .  P a r t i c u l a t e  Res i s t iv i ty  

Basic P a r t i c u l a t e  Loading: 5 gr/SCF 

Basic P a r t i c u l a t e  Res i s t iv i ty :  up t o  10 ohm-cm 9 

0.9 
Scalecg: C c s t  x (Actual Gas Fiow/iOO,OOO ACF!.!) 

P a r t i c u l a t e  Loading Var ia t ion :  

0.1 
Cost x ( A c t u a l  Laading;S g r  SCF) 

P a r t i c u l a t e  ? .es i s t iv i ty  v a r i a t i o n :  

cost y (pctuai ~ e s i ? t i v i t y ; i ~ ~  et=-=; 0.15 

Note: Scal ing or  s i ze  and loading should not  exceed a f a c t o r  of 5 
of t h e  bases ,  e.g., 20,000 - 500,000 AC?M 
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LO I I I I  I I I, I I I I  I 1 - 1  

.a 
0 
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' 3  5 

I Base Y c a ~  1978 
Basic s i z e  1OC.000 ACFH 
.Sasic Loading 5 qr/SCF 
See text for ssaling 
equations 

2 

0.4 

SXALLEST PARTICLE SIZE TO a~ c o w m n ,  MICRONS 

Figure 5-28. Electrostatic precipitator Cast data. NOTE: 99% overall col- 
lection efficiency. , 
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