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ABSTRACT 

The objective of this study was to develop particulate emission. 
factors based on cutoff size for inhalable particles for the cement 
industry. After a review of available information characterizing partic- 
ulate emissions from cement plants, the data were summarized and rated in 
terms of reliability. Size specific emission factors were developed from 
these data for the major processes used in the manufacture of cement. A 
detailed process description was presented with emphasis on factors 
affecting the generation of emissions. Areplacement for Sections 8.6 
(Portland Cement Manufacturing) of EPA report AP-42, A Compilation of Air 
Pollutant Emissions Factors, was prepared, containing the size specific 
emi~sion factors developed during this program. 
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SECTION 1.0 

INTRODUCTION 

The U.S. Environmental. P ro tec t i on  Agency (.EPA) i s  i n  t h e  process o f  

rev iewing t h e  p e r t i n e n t  techn ica l  c r i t e r i a  and data bases t o  determine 

whether a rev i sed  Nat ional  Ambient A i r  Q u a l i t y  Standard (NAAQS) f o r  par- 

t i c u l a t e  mat te r  based on p a r t i c l e  s i z e  i s  warranted. Upon adopt ion o f  such 

a standard, the  Clean A i r  Act  requ i res  t h a t  each s t a t e  develop and submit 

S ta te  Implementation Plan ( S I P )  r e v i s i o n s  which o u t l i n e  how they w i l l  a t -  

t a i n  and main ta in  t h e  standard. Any r e v i s i o n s  t o  the  S I P  would necess i ta te  

t h e  c o l l e c t i o n  and use o f  i n fo rma t ion  r e l a t e d  t o  s i ze -se lec t i ve  p a r t i c u l a t e  

emissions from new and e x i s t i n g  sources. 

Since 1972 t h e  document e n t i t l e d  "Compilat ion o f  A i r  P o l l u t a n t  Emission 

Factors" (AP-42) has been publ ished by t h e  EPA. Th is  document conta ins a 

compendium o f  emission f a c t o r  r e p o r t s  f o r  t h e  most s i g n i f i c a n t  emission 

source categories. Supplements t o  AP-42 have been publ ished b o t h  f o r  new 

source categor ies and f o r  updat ing e x i s t i n g  emission f a c t o r s  as more i n f o r -  

mation about sources and t h e  con t ro l  o f  emissions has become ava i l ab le .  Up 
t o  t h i s  p o i n t ,  however, l i t t l e  i n fo rma t ion  has been prov ided i n  AP-42 w i t h  

regard t o  p a r t i c l e  s i z e  c h a r a c t e r i s t i c s  o f  p a r t i c u l a t e  emissions. To ad- 

dress the  requirement f o r  s i z e - s p e c i f i c  emission f a c t o r s ,  t h e  EPA i s  con- 
! 
i duc t ing  research t o  charac ter ize  emissions i n  the  i nha lab le  p a r t i c u l a t e  

I ( IP) s i z e  range f o r  a v a r i e t y  o f  i n d u s t r i a l  sources. 
I 

! 

Th is  r e p o r t  conta ins the  e x i s t i n g  p a r t i c u l a t e  emission f a c t o r  data 

base f o r  p o r t l a n d  cement p lan ts ,  evaluates t h e  a v a i l a b l e  data, and prov ides 

a rev i sed  AP-42 Sect ion (8.6) f o r  t h i s  indus t ry .  Inc luded i n  t h e  rev ised 



Sect ion  8.6 are the  b e s t  a v a i l a b l e  p a r t i c u l a t e  emission f a c t o r s  f o r  p o r t -  

l a n d  cement p lan ts .  

Th is  r e p o r t  i s  organized by sec t i on  as fo l lows:  

Sec t ion  2.0 - I n d u s t r y  Descr ip t ion .  

Sec t ion  3.0 - General Data Review and Analys is  Procedures 

Sec t ion  4.0 - P a r t i c u l a t e  Emission Fac tor  Development 

Sec t ion  5.0 - Proposed AP-42 Sec t ion  8.6 

The references a re  l i s t e d  a t  t h e  end o f  each sect ion.  



SECTION 2.0 

INDUSTRY DESCRIPTION 

2 .1  INTRODUCTION AND INDUSTRY OVERVIEW 

Hydrau l ic  cement i s  t h e  basic  b i n d i n g  agent i n  concrete and masonry 

cons t ruc t ion .  There are  several types o f  cement i n  use: p o r t l a n d  cement; 

por t land-pozzolan cement; h igh  alumina cement; spec ia l  o r  co r ros ion - res i s t i ng  

cements and mortars; expansive h y d r a u l i c  cement; masonry cement; and s l a g  

cements.* 

Roughly 95% o f  the  cement produced i n  t h e  Un i ted  States i s  p o r t l a n d  

cement.l Por t land cement i s  manufactured by t h e  h igh  temperature burn ing  

o f  calcareous ma te r ia l  (e.g., l imestone, oys te r  she l ls ) ,  a rg i l l aceous  mate- 

r i a l  (e.g., c lay) ,  s i l i c e o u s  ma te r ia l  (e.g., sand, shale), and f e r r i f e r o u s  

ma te r ia l s  t o  produce c l i n k e r .  According t o  ASTM S p e c i f i c a t i o n  C 219-84, 

p o r t l a n d  cement i s  "a hyd rau l i c  cement produced by p u l v e r i z i n g  p o r t l a n d  ce- 

ment c l i n k e r  and u s u a l l y  conta in ing  calc ium su l fa te . "  

There are  f i v e  bas ic  types o f  p o r t l a n d  cement. Type I, which i s  pro- 

duced i n  t h e  l a r g e s t  q u a n t i t i e s ,  i s  used i n  general cons t ruc t ion .  Type I 1  

i s  formulated f o r  moderate heat -o f -hydra t ion  and moderate s u l f a t e - r e s i s t i n g  

app l i ca t i ons .  Type I11 i s  h igh-ear ly -s t rength  (HES) cement. Type I V  cement 

has a  15 t o  35% lower heat o f  hyd ra t i on  than o ther  types and has no t  been 

produced i n  t h e  Un i ted  States f o r  about 20 years. F i n a l l y ,  Type V i s  h i g h l y  

' s u l f a t e - r e s i s t a n t .  l 

* None Produced s ince 1972.' 



A i r - e n t r a i n i n g  agents (e.g., res inous mater ia ls )  can be added t o  p o r t -  

land cements i n  minute quan t i t i es .  Ai r -entra inment  increases t h e  res is tance 

o f  hardened concrete t o  sca l i ng  caused by a l t e r n a t e  f r e e z i n g  and thawing and 

t h e  use o f  de - i c i ng  s a l t s .  A i r  e n t r a i n i n g  cements are  c l a s s i f i e d  as Type I A ,  

I I A ,  e tc .  l 

According t o  t h e  U.S. Bureau o f  Mines, 70.9 m i l l i o n  me t r i c  tons (77.9 

m i  11 i o n  s h o r t  tons)  o f  p o r t l a n d  and masonary cement were produced i n  1984. 

The 1984 shipments o f  t h e  var ious types o f  p o r t l a n d  cement a re  shown i n  

Table 2.1.2 It can be seen t h a t  Types I and I 1  are  by f a r  the  most commonly 

used. Special  cements such as pozzolan, h i g h  alumina, co r ros ion - res i s t i ng ,  

and c o n t r o l l e d  cements a r e  manufactured i n  r e l a t i v e l y  small amounts. 

TABLE 2-1. 1984 PORTLAND CEMENT SHIPMENTS FROM PLANTS I N  THE U.S.2 

~ u a n t i  t y a  
l o 3  M e t r i c  

Type l o 3  Short tons tons (Mg) 

General use and moderate heat 
(Types I and 11) 70,648 64,290 

H igh-ear ly -s t rength  (Type 111) 2,505 2,280 
S u l f a t e - r e s i s t i n g  (Type V) 479 436 
O i l  w e l l  2,273 2,068 
White 278 253 
Por t land s l a g  and p o r t l a n d  pozzolan 808 735 
Expansive 50 46 
Miscellaneous 839 763 

To ta l  o r  averageC 77,881 70,872 

a Inc ludes Puerto Rico. 

Inc ludes waterproof,  low-heat (Type I V ) ,  and regu la ted  f a s t - s e t t i n g  
cement. 

C Data may no t  add t o  t o t a l s  shown due t o  independent rounding. 



Vir tua l ly  a l l  port land cement i s  used , in  concrete  f o r  cons t ruc t ion .  

Producers of ready-mix concre te  a r e  t h e  primary customers and t h e  remainder 

i s  purchased by concrete  products manufacturers,  highway con t rac to r s ,  bui 1 d- 

ing ma te r i a l s  dea le r s  and government agencies .  Table 2-2 l i s t s  t hese  cus- 

tomers and t h e i r  r e l a t i v e  share  of t o t a l  cement consumption. 

TABLE 2-2. 1984 CEMENT USE BY CUSTOMERCATEGORY2 

Percent of 
Customer t o t a l  purchases 

Ready mixed concrete  producers 
Concrete products manufacturers 
Building material  dea le r s  
Highway con t rac to r s  
All o the r s  

Source: U.S. Bureau of Mines, Minerals Yearbook 1984, Vol. I ,  U.S. 
Government P r in t ing  Off ice ,  Washington, 0. C. , 1985. 

During 1982, t h e r e  were 147 por t land  cement p l a n t s  opera t ing  i n  t h e  

United  state^.^ However, a number of  t hese  p l an t s  have now been shu t  down 

and thus  t h i s  f i g u r e  may not  r ep resen t  t h e  indus t ry  a t  t h e  present  time. 

The geographical d i s t r i b u t i o n  of t h e  various p l an t s  i n  opera t ing  during 1982 

a r e  shown i n  Figure 2-1 with t h e  exac t  l oca t ion ,  type of process ,  and pro- 

duct ion capaci ty  l i s t e d  i n  Table 2-3.3 As shown by Table 2-3, both wet and 

dry processes a r e . u t i l i z e d  f o r  producing por t land  cement nationwide. 

According t o  t h e  U.S. Bureau of Mines (BOM), a combination of coal and 

na tura l  gas was t h e  type of fue l  most used by U.S. p l a n t s  i n  1984 t o  produce 

cement  linker.^ The amount of c l i n k e r  produced i n  1984, by fue l  type,  i s  

shown i n  Table 2-4 using BOM s t a t i s t i c s . 2  





TABLE 2-3. PORTLAND CEMENT PRODUCERS ( u s A ) ~ '  

,.. Loca t ion  
Map rndex 

NO. 
State (F iaure 2-1) C i  t v  P l a n t  Wet Ory tons tons . .  - 
Alabama 1 Birmingham A l l i e d  Products X 360 327 

2 Calera Blue C i r c l e  Cement X 686 622 
3 Oemopol i s C i t a d e l  Cement X 750 680 

. . .  4 Leeds Lehigh Por t land  X 463 420 
Cement 

5 Ragland Nat iona l  Cement X 800 726 
6 Theodore I d e a l  Basic  Ind.  X 1,500 1.361 

Arizona 7 Clarkdale Phoenix Cement Co. X 542 492 
8 R i l l i t o  C a l i f o r n i a  Por t land  X 1,700 1,542 

Cement 

Arkansas 9 Foreman Arkansas Cement X 850 771 
10 Okay I d e a l  Basic Ind.  X 395 358 

Ca l r fo rn ia  11 Col t o n  C a l i f o r n i a  Por t land  X 1.080 980 
Cement 

12 Davenport Lone S ta r  Ind. X 755 703 
13 Lebec General Por t land  X 610 553 
14 Lucerne Va l ley  Kaiser  Cement Corp. X X 1,015 1,500 

920 1,361 
15 Mojave C a l i f o r n i a  Por t land  X 1.300 1.179 

Cement 
16 Mono l i th  M o n o l i t h  Por t land  . X 500 454 

Cement 
17 Oro Grande R ivers ide  Cement X 1,149 1.042 
18 Permanente Kaiser  Cement Corp. X 1.600 1.451 
19 Redding Genstar Cement b Lime X . 600 544 

. . 20 R ivers ide  R ive rs ide  Cement X 838 760 
2 1  San Andreas Genstar Cement b Lime X 630 . 571 
22 V i c t o r v i l l e  Southwestern Por t -  X X 1.203 1,091 

land  Cement 

t o l o r a d o  23 Florence Idea l  Basic Ind.  X 885 803 
24 F o r t  C o l l i n s  I d e a l  Basic Ind. X 460 . 417 
25 Lyons Southwestern X 470 426 

Por t land  Cement 

! p l o r i d a  26 B r o o k s v i l l e  F l o r i d a  Min ing 6 X 1.200 1.088 
i . M a t e r i a l s  

27 Hia leah Lone S ta r  Ind.  X 1.200 1,088 
28 Miami General Por t land  X 1,200 1,088 
28A Miami Rinker  M a t e r i a l s  X 580 526 
29 Palmetto Nat. Por t land  Cement NA NA - -  Gr ind ing  on ly  -- 

o f  F l o r i d a  
30 Tampa General Por t land  X 660 599 

Eeorgra 3 1  A t lan ta  Blue C i r c l e  Cement X 630 571 
32 C l i n c h f i e l d  Medusa Cement X X 790 717 

Rawar I 33 Ewa Beach Oahu Cypress Hawaiian Cement X 280 254 
34 Waianae, Oahu Kaiser  Cement X 320 290 

(Continued) 



TABLE 2-3. (cont inued) 

Loca t ion  
Map index 

No. 
S ta te  (F iaure  2-1) C i  t v  P l a n t  

Type of Product ion ca a c i t  
process ~FXF+Z& 

Wet Orv tons tons . - 

Idaho 35 Inkom Oregon P o r t l a n d  Cement X 210 191 

n l i n o i s  36 Olxon Lone S ta r  Inc .  X 600 544 
37 J O P P ~  Missour i  P o r t l a n d  X 1.314 1,192 

38 La S a l l e  I l l i n o i s  Cement Co. X 400 363 
39 Ogelsby Lone S ta r  Ind .  X 510 463 

l n d i a n a  40 Greencast le Lone S ta r  Ind .  X 752 68? 
4 1  Logansport L o u i s v i l l e  Cement X 460 417 
42 Mi t che l  1 Lehigh P o r t l a n d  Cement X 725 658 
43 Speed L o u i s v i l l e  Cement X 1,260 1,143 

lowa . 44 Davenport Davenport Cement X 850 771 
45 Oes Moines Monarch Cement X . 300 272 
46 Mason C i t y  Lehigh P o r t l a n d  Cement X 750 680 
46A Mason C i t y  Northwestern States X 1.150 1.043 

P o r t l a n d  Cement 

Kansas 47 Bonner Springs Lone S ta r  Ind .  X 451 409 
48 Chanute Ash Grove Cement X 516 468 
49 Freedonia General P o r t l a n d  Inc.  X 407 369 
50 Humboldt Monarch Cement X 600 544 
5 1  Independence Lehigh Por t land  X 380 345 

Rentuc ky 52 Kosmosdale Kosmos Cement X 670 608 

Lou is iana  53 New Orleans Lone Star  I n d .  X 750 680 

ha i ne 54 Thomaston M a r t i n  M a r i e t t a  X 480 435 
Cement 

hary land 55 Hagerstown Lone S ta r  Ind.  X 475 431 
56 Lime K i l n  Coplay Cement X 1,100 . 998 
57 Union Br idge  Lehigh P o r t l a n d  X 950 862 

Cement 
. . 

Michigan 58 Alpena Nat iona l  Gypsum X 2,450 2,222 
59 Char levoix  Medusa Cement X 1,300 1,179 
60 D e t r o i t  Peerless Cement X 600 544 
6 1  Dundee Oundee Cement X 1,050 952 
62 E s s e x v i l l e  Aetna Cement NA NA -- Gr ind ing  o n l y  - -  
63 Wyandotte Wyandotte Cement NA NA -- Gr ind ing  o n l y  -- 

M i s s i s s i p p i  64 A r t e s i a  Texas Ind. X 480 435 

Missour i  65 Cape Girardeau Lone Star  I n d .  X 1,000 907 
66 C l a r k s v i l l e  Oundee Cement X 1.400 1.270 
67 Festus River  Cement X 1,200 1.088 
68 Hannibal Cont inenta l  Cement X 600 544 
69 Independence Missour i  P o r t l a n d  X 564 512 

Montana 70 Montana C i t y  Kaiser  Cement Corp. X 320 290 
7 1  T r i d e n t  I d e a l  Basic Inc.  X 330 299 

(Continued) 



TABLE 2-3. (cont inued) 

Locat ion 
Hap index 

NO. 
State (Figure 2-1) C i  t v  P l a n t  

Type o f  Product ion capac i t y  
process 10) s h o r t  10' m e t r i c  

Wet Orv tons tons 

Nebraska 72 L o u i s v i l l e  Ash Grove Cement Co. X 
73 Super ior  I d e a l  Basic  Inc.  X 

Nevada 74 Fern ley Nevada Cement Co. X 400 363 

New Mexico 75 T i  j e ras  I d e a l  Basic  Ind. X 505 458 

New York 76 C a t s k i l l  Lone Star  Ind. X 580 526 
77 Cementon Lehigh Por t land  X 550 499 

Cement 
78 Glens F a l l s  Glens F a l l s  Por t -  X 450 408 

l a n d  Cement 
79 Howes Cave Glens F a l l s  Por t -  NA NA -- Gr ind ing  o n l y  -- 

l a n d  Cement 
80 Ravena A t l a n t i c  Cement- ' X 1.500 1.361 

Nor th  Caro l ina 8 1  Cast le  Hayne I d e a l  Basic Ind. X 550 4 9'5 

Ohlo 82 Fa i rborn  Southwestern Por t -  X X 728 660 
l a n d  Cement 

83 Middlebranch .SUE Cement X 300 272 
84 Pauld ing General p o r t l a n d  X 554 503 
85 Super ior  Lone Star  Ind.  X 275 249 
86 Sylvania SHE Cement X 280. 254 
87 Zanesvi l  l e  SHE Cement X 600 726 

Oklahoma 88 Ada I d e a l  Basic  Ind. X 610 553 
89 Pryor  Lone Star  Ind.  X 725 658 
90 Tulsa Blue C i r c l e  Cement X 630 571 

Oregon 9 1  Durkee Oregon Por t land  Cement X 500 454 
92 Lake Oswego Oregon Por t land  Cement X 418 379 

Penn!ylvania 93 Bath Keystone Por t land  X 600 544 
Cement 

94 Cementon General P o r t l a n d  X 790 717 
95 Egypt Coplay Cement NA MA - -  Gr ind ing  o n l y  -- 
96 E v a n s v i l l e  Na t iona l  Gypsum X 875 794 
97 Nazareth Coplay Cement Co. X 1,000 907 
97A Nazareth Lonestar Ind. X 658 ---- 597 
98 Northampton M a r t i n  M a r i e t t a  X Shut down ---- 

Cement 
99 P i t t s b u r g h  Lonestar Ind.  X 420 

100 
381 

Stockertown Hercules Cement X 700 635 
101  Wampum Medusa Cement X 715 
102 

649 
West W i n f i e l d  Penn-West Cement Co. X 370 

103 
336 

York Lehigh Por t land  X 136 123 
Cement 

(Continued) 



TABLE 2-3. (continued) 

. . Locat ion 
Hap index 

NO. 
State (Figure 2-1) C i t y  P lan t  

T w e  o f  P;oduction cayac i ty ,  
process 10 short  10 metrrc 

Wet Ory tons tons 

South Carol ina 104 H a r l e y v i l l e  Giant  Por t land  X 855 776 
Cement 

104A H a r l e y v i l l e  G i f f o r d - H i l l  6 Co. X 564 512 
105 H o l l y  H i l l  Sontee Por t land  X 1,550 1.406 

Cement 

South Dakota 106 Rapid C i t y  South Dakota Cement X X 1,200 1.088 

Tennessee 107 Chatanooga Signal Mountain X 477 433 
Cement 

108 Kingsport  D i x i e  Cement X 330 299 
109 Knoxv i l le  Idea l  Basic Ind. X 550 499 
110 Richard City D i x i e  Cement Co. X 200 181 

'Texas 111 Amar i l lo  Southwestern Port- X 218 198 
land Cement 

112 Buda Texas Cement X 470 426 
113 Corpus C h r i s t i  Centex Cement X 300 272 
114 Dal las General Por t land  X 472 428 
115 E l  Paso Southwestern Port -  X 260 236 

land Cement 
116 F o r t  .Worth General Por t land  X 731 663 
117 Houston Gul f  Coast Por t land  X 1,000 907 

Cement 
117A Houston Lone Star Ind. X 750 680 
118 Hunter Texas Ind. X 750 680 
119 Hid lo th i an  G i  f f o r d - H i l l  Cement X 846 767 
119A Hid lo th i an  Texas Ind. X 1.200 1,088 
120 New Braunfels General Por t land X 925 839 
121 Oddessa Southwestern Port -  X 553 502 

l and  Cement 
122 Orange River  Cement NA NA -- Gr inding only - -  
123 San Antonio Alamo Cement X 400 363 
123A San Antonio Alamo Cement X 750 680 
1238 San Antonio Cap i to l  Cement Oiv. X 338 307 
123C San Antonio Kaiser Cement X 490 444 
124 Sweetwater Lone Star  Ind .  X 545 494 
125 Waco Lehigh Por t land  X X 420 381 

Cement 

Utah 126 Leamington Southwestern X 650 590 
Port land Cement 

127 Morgan Idea l  Basic Ind. X 350 318 
128 S a l t  Lake C i t y  Lone Star  Ind .  X 420 381 

V i r g i n i a  129 Roanoke Lone Star  Ind. X 1.200 1.088 

Washington 130 Bellingham Columbia Cement X 425 
131 

386 
Metal ine F a l l s  Lehigh Por t land  X 215 195 

Cement 
132 Seat t le  Ideal  Basic Ind. X 490 444 

(Continued) 



TABLE 2-3. (continued) 

f . Location 
Map index 

No. 
State  (F iaure 2-11 Ci t v  P lant  Wet Dry tons tons 

Washi ngton 132A S e a t t l e  Oregon Portland X 752 682 
Cement 

West V i r g i n i a  133 Martinsburg Capi tol  Cement X 935 848 

Wiscons~n 134 Milwaukee S t .  Mary 's  Wisconsin N A MA -- Grinding only - 
Cement 

135 Superior Nat ional  Gypsum NA NA -- Grinding only - 
Gyomlng 136 Laramie Monol i th  Port land X 485 440 

a ~~~i~ data taken from References 3 and 4 with updated informat-ion provided by 
industry personnel i n  1985. 





2.2 RAW MATERIAL 

Raw materials must provide, in suitable form and proportions, compounds 

containing lime, silica, alumina, and iron. Natural argillaceous deposits 

such as clay, shale, and slate, supply both silica and alumina. Natural de- 

posits of limestone or marl (a calcareous clay) can occasionally supply all 

three basic ingredients at the correct proportion for the manufacture of 

"natural cement". Usually, however,. it is necessary to combine raw materi- 

als to produce the desired mix.' As a general rule, approximately 1.7 to 

1.8 tons of dry raw materials are required to produce one ton of cement."* 

Table 2-5 lists, the types and relative quantities of different raw materials 

used to achieve the proper blend of mineral components for the industry as a 
whoie.2 

As Table 2-5 shows, the calcareous component, particularly limestone, 

is. the largest constituent in cement. Limestone and clay are abundant all 

over the world. Limestone is generally quarried at or near the cement plant 

since the low value-to-weight ratio results in high transportation costs. 

Underwater deposits of materials are excavated by barge-mounted dredging. 

Material is pumped or loaded onto barges and moved by tugboats to cement 

plants. Although a few limestone and gypsum deposits are mined underground 

by room-and-pillar methods, most raw materials for the cement industry are 

quarried using surface mining methods. 

2.3 PROCESS DESCRIPTION 

There are basically two commercial cement manufacturing processes: 

the wet process and the dry process. The wet process involves the grinding 

of raw materials with water to form a slurry containing 30 to 40% moisture. 

The slurry is blended, as required, and subsequently fed to the kiln.  he 
dry process, on the other hand, does not introduce water during grinding 

and the raw materials are fed to the kiln in the form of a powder. 

Until recently, the wet process had advantages over the dry process due 

to ease of handling and blending of raw materials as well as yielding higher 



TABLE 2-5. RAW MATERIALS USED I N  PORTLAND CEMENT (1984)2 

Quan t i t ya  
103 m e t r i c  Percent o f  

Type o f  raw m a t e r i a l  103 s h o r t  tons  tons  ( M ~ )  t o t a l  

Calcareous: 
Limestone 78,484 71,420 85.4 
Cement rock  ( i n c l u d i n g  27,010 24,579 

mar l )  
Oys te rshe l l  1,103 1,004 

A rg i  1 laceous: 
Clay 
Shale 
Other 

S i l i ceous :  
Sand 1,958 
Sandstone and qua r t z  696 

Ferrous: 
I r o n  ore, p y r i t e s ,  1,232 

m i l l s c a l e ,  and o t h e r  
m a t e r i a l  

Other: 
Gypsum and anhyd r i t e  3,967 
B l a s t  furnace s l a g  27 
F l y  ash 8 4 1  
Miscel laneous o the r  296 

To ta l  124,793 113,561 100.0 

Source: U.S. Bureau o f  Mines, Minera ls  Yearbook 1984, U.S. Govenment 
P r i n t i n g  O f f i c e ,  Washington, D.C., 1985. 

a 
1 s h o r t  t o n  = 2,000 l b .  
1 m e t r i c  t o n  = l o 6  g (Mg). 



qua1 i t y  c l i n k e r .  However, improvements i n  d ry  b lend ing  and ma te r i a i  han- 

d l i n g  techniques, i n  combinat ion w i t h  lower energy con'sumption used i n  t h e  

d r y  process, has served t o  minimize t h e  advantages o f  t he  wet process over 

t he  d r y  process. Most new p l a n t s  o r  p roduc t ion  l i n e s  have tu rned t o  d r y  

processes i n  view o f  i nc reas ing  energy cos ts  and favorable s h i f t s  i n  d r y  

process technology. 

Cement manufactur ing invo lves  f o u r  bas i c  processing stages: qua r r y ing  

and crushing; m ix ing  and g r i nd ing ;  bu rn ing  and coo l i ng ;  and f i n i s h  g r i nd ing ,  

packaging, and shipping. General f l o w  diagrams f o r  bo th  d r y  and wet pro-  

cesses, a re  shown i n  F igures 2-2 and 2-3, respec t ive ly . '  Each process ing  

stage i s  b r i e f l y  descr ibed i n  t h e  f o l l o w i n g  subsections. 

As w i t h  most f a c i l i t i e s  i n  t h e  minera l  products i ndus t r y ,  cement p l a n t s  

have two major ca tegor ies  o f  p a r t i c u l a t e  emissions: those which a re  vented 

t o  t h e  atmosphere through some t ype  o f  s tack,  vent, o r  p ipe  (ducted sources); 

and those which are emi t ted  d i r e c t l y  froin t he  source t o  t he  ambient a i r  

( f u g i t i v e  sources) w i thou t  such equipment. Ducted emissions a re  u s u a l l y  

t ranspor ted  by an i n d u s t r i a l  v e n t i l a t i o n  system w i t h  one o r  more fans o r  a i r  

movers and em i t t ed  t o  t h e  atmosphere through a stack. F u g i t i v e  sources, on 

the  o the r  hand, can e i t h e r  be process sources, which e n t a i l  some form o f  

phys ica l  o r  chemical change i n  t h e  m a t e r i a l  be ing processed ( i . e . ,  crushers, 

screens, etc . ) ,  o r  open dus t  sources where no such change has taken p l a c e  

( i .e . ,  roads, s torage p i l e s ,  e tc . ) .  The above d e f i n i t i o n s  w i l l  be used 

throughout t he  remainder o f  t h i s  d iscussion.  

2.3.1 Quar ry ing  and Crushing 

Cement p roduc t ion  begins w i t h  e x t r a c t i o n  o f  t he  raw ma te r i a l s ,  gene ra l l y  

from a quarry  a t  o r  near t he  cement p l a n t .  The raw m a t e r i a l  i s  comprised o f  

some combinat ion o f  l imestone, cement.rock, mar l ,  shale, c l a y ,  sand, and 

i r o n  ore. Most depos i ts  a re  worked i n  open qua r r i es  having face he igh ts  

ranging from 9 t o  60 m (30 t o  200 f t )  w i t h  overburden depths between 15 t o  

30 m (50 t o  100 ft).5 







Rock i s  u i u a l l y t r a n s p o r t e d  by t r u c k  t b  a crushing p l a n t  e i t h e r ' a t  the 

quarry o r  t h e  cement p l a n t .  The pr imary crusher  reduces rock  from a maximum 

o f  1.5 m (5 f t )  i n  diameter t o  about 13 cm (5 in . )  i n  diameter. A f u r t h e r  

reduc t i on  i n  s i z e  t o  about 1.3 cm (1/2 i n . )  diameter i s  e f fec ted ,  i f  re-  

qu i red ,  us ing  t h e  secondary crusher. T h i s  ma te r i a l  i s  then t ranspor ted  by 

b e l t  conveyors and e leva to rs  and s to red  i n  s tock p i l e s  o r  s i l o s  p r i o r  t o  

m ix ing  w i t h  o ther  s to red raw ma te r ia l s  such as c lay ,  s i l i c a ,  alumina, o r  

i r o n  ore. 

S i g n i f i c a n t  amounts o f  f u g i t i v e  dus t  a re  generated du r ing  d r i l l  ing ,  

b l a s t i n g  , 1 oadi ng, crushing,  screening , mate r i  a1 s t ranspor t ,  s t o c k p i l i n g  

( i n c l u d i n g  wind eros ion)  and rec la iming.  Also inc luded are  t h e  f u g i t i v e  

emissions associated w i t h  overburden removal, storage, handl ing,  and de- 

posal .  Paved/unpaved roads associated w i t h  t h e  quar ry ing  ope ra t i  on usual 1 y 

account f o r  most o f  the  open dust  source emissions. 

2.3.2 M ix ing  and Gr ind ing  

The p repa ra t i on  o f  raw ma te r ia l s  f o r  t h e  k i l n  invo lves  dry ing ,  pro- 

p o r t i o n i n g ,  g r i n d i n g  and b lend ing  o f  t h e  va r ious  raw mater ia ls .  Due t o  the  

v a r i a t i o n s  i n  t h e  chemical composit ions o f  these raw mater ia ls ,  no s i n g l e  

formula f o r  cement manufacture can be appl ied.  

Th is  stage o f  t h e  cement manufactur ing process d i f f e r s  depending on 

whether t h e  d r y  process o r  wet process i s  used. I n  t h e  d r y  process, t h e  

f r e e  moisture content  o f  t h e  crushed .raw m a t e r i a l s  i s  genera l l y  reduced t o  

l ess  than 1% before o r  du r ing  gr ind ing .  D i rec t - con tac t  r o t a r y  d ryers  1.8 

t o  2.4 m (6 t o  8 ft) i n  diameter and 1.8 t o  46 m (6 t o  150 ft) long are  

used i n  t h e  i ndus t r y ,  a l though t h e  t r e n d  i n  new p l a n t s  i s  f o r  simultaneous 

d r y i n g  and gr ind ing .  Heat f o r  e i t h e r  process may be der ived from k i l n  

gases, c l i n k e r  coo ler  exhaust, o r  d i r e c t l y  f i r e d  fue l s .  F igure  2-2 shows a 

n a t u r a l  gas - f i r ed  furnace p r o v i d i n g  h o t  process a i r  i n  a system w i t h  a ro -  

t a t i n g  raw m i l l  which mixes and g r i nds  t h e  var ious  raw mater ia1s . l  

The d r i e d  ma te r ia l s  a re  ground t o  f i n a l  product  f ineness (70 t o  90% 

< 74 I J ~ )  i n  one o r  more stages. P re l im ina ry  o r  f i r s t  stage g r i n d i n g  may 

2-16 



u t i l i z e  a  c y l i n d r i c a l  ba l l  m i l l ,  rod m i l l ,  o r  r i n g - r o l l e r  mil l . '  The 

second- o r  f i n a l - s t a g e  u n i t  i s  usual ly  a  ba l l  mi 11 o r  a  "tube" mi 11, which 

i s  a b a l l  mi l l  with a  higher  length-to-diameter  r a t i o .  Most of t h e  more 

recent  i n s t a l l a t i o n s  fol low the  secondary o r  t e r t i a r y  crushing opera t ion  

with s ing le - s t age  grinding using a  r o l l e r  mi l l .  

Dry-process gr inding u n i t s  a r e  usual ly  operated i n  a  c losed  c i r c u i t  

with a i r  s epa ra to r s  t h a t  s p l i t  t h e  mi l l  output  i n t o  coarse  and f i n e  f rac-  

t i o n s .  The coarse  f r a c t i o n  i s  re turned  t o  t h e  mill  f o r  f u r t h e r  gr inding ,  

and t h e  f i n e  f r a c t i o n  becomes f i n i s h e d  raw-mix (raw meal). Various types  of 

closed c i r c u i t s  have been used, with u n i t s  i n  p a r a l l e l ,  o r  s e r i e s ,  o r  com- 

b ina t ion  t h e r e o f ,  but  t h e  bas i c  purpose i s  t o  minimize objec t ionable  over- 

s i z e  and develop a  product f ineness  b e s t  s u i t e d  f o r  e f f e c t i v e  combination i n  

t h e  k i ln .  This f i n e l y  ground mater ia l  i s  conveyed e i t h e r  pneumatically o r  

by mechanical means t o  blending, homogenizi ng, and/or s to rage  si 10s from 

which i t  i s  withdrawn a s  k i l n  feed.  

Wet-process gr inding uses' b a l l  mi 11 s' o r  compartment mil 1s  t h a t  a r e  

e s s e n t i a l l y  t h e  same a s  those  used i n  t h e  dry process except f o r  feeding 

and d ischarge  arrangements. Water i s  added t o  t h e  mil l  with t h e  crushed 

feed t o  form a s l u r r y .  Where c l ay  i s  used a s  a  raw m a t e r i a l ,  i t  i s  gen- 

e r a l l y  added i n  suspension a s  a  s l i p .  Grinding may be done i n  one o r  two 

s tages .  In some p l a n t s ,  m i l l s  a r e  c losed  c i r c u i t e d  with cyclones o r  screens 

t h a t  produce a  f i n a l ,  more viscous,  s l u r r y  t h a t  does not  r equ i re   thickener^.^ 
The var ious  crushed ma te r i a l s  may be proportioned ahead of gr inding ,  a s  i n  

t h e  dry process,  o r  each major component may be ground i n t o  sepa ra t e  s l u r -  

r i e s  t h a t  a r e  then proportioned and blended. Finished s l u r r y  fed  t o  k i l n s  

may conta in  30 t o  40% water ,  o r  i t  may be f u r t h e r  de-watered i n  vacuum 

f i l t e r s  and fed  t o  t h e  k i l n  as  a  "cake" containing about 20% water;  t h i s  i s  

r e f e r r e d  t o  a s  t h e  "semi-wet" p r o c e s ~ . ~  

The major sources of ducted emissions during mixing and gr inding  a r e  

ro t a ry  dryers  and t h e  gr inding  mi l l  c i r c u i t s .  The hot  gases passing through 

ro t a ry  dryers  w i l l  e n t r a i n  dus t  from t h e  limestone, s h a l e ,  o r  o the r  ma te r i a l s  



be ing  dr ied .  The concent ra t ion  o f  dus t  i n  t h e  e x i t  gases i s  r e l a t e d ' t o  the  

v e l o c i t y  o f  t h e  gases, t h e  quan t i t y ,  and s i z e  o f  t h e  f i n e  p a r t i c l e s ,  and 

t h e i r  degree o f  d i spe rs ion  i n  t h e  gas stream. A heavier  dus t  concent ra t ion  

may be expected i n  d ryers  u t i l i z i n g  k i l n  e x i t  gases (waste-heat dryers)  be- 

cause o f  t h e  dus t  car ry -over  from t h e  k i l n s .  Emissions from r o t a r y  d ryers  

a l s o  i nc lude  combust ion-related p o l l u t a n t s  such as s u l f u r  d iox ide  (SOz) ,  

.n i t rogen oxides (NO,), carbon monoxide (CO) , and v o l a t i l e  organic compounds 

(VOC). 

The most common d ry  g r i n d i n g  c i r c u i t s ,  whether they use b a l l  m i l l s ,  

compartment m i l l s ,  o r  v e r t i c a l  u n i t s ,  a re  vented from m i l l  d ischarge p o i n t s  

t o  p rov ide  some a i r  sweep through t h e  m i l l s  t o  prevent  m i l l  dus t i ng  du r ing  

gr ind ing .  I n  the  normal c losed c i r c u i t s ,  vents may a l s o  be connected t o  

m i l l  d ischarge e levators ,  conveyors, and a i r  separators t o  main ta in  the  en- 

t i r e  system under negat ive  pressure. The h e a v i l y  dust- laden a i r  from these 

vents i s  conducted t o  a dus t  c o l l e c t o r .  I n  t h e  case o f  "d ry - i n - the -m i l l "  

combination d r y i n g  and g r i n d i n g  c i r c u i t s ,  t h e  f i n a l  vent  from t h e  d r y i n g  

o r  c l o s e d - c i r c u i t  separator  o r  .cyclone, which inc ludes combust ion-related 

gaseous p o l l u t a n t s  as w e l l  as p a r t i c u l a t e  mat ter ,  would be t r e a t e d  s i m i l a r l y .  

Condensed water vapor i s  a l so  present  i n  t h e  exhaust from d r y  process raw 

m i l l  c i r c u i t s  which produces a v i s i b l e ,  opaque plume. 

F u g i t i v e  emissions du r ing  mix ing  and g r i n d i n g  i nc lude  t h e  dus t  gener- 

a ted  du r ing  ma te r ia l s  handl ing,  t r a n s f e r  ( b e l t  t r a n s f e r  p o i n t s ,  a i r s l i d e s ,  

e leva tors ,  etc . ) ,  and storage (enclosed) operat ions.  F igures 2-2 and 2-3 

i n d i c a t e  t h e  var ious  f u g i t i v e  emission p o i n t s  i n  t h e  process f low.  

2.3.3 Burning o r  C l i n k e r  Product ion 

2.3.3.1 Rotary K i l n - -  

Blended and ground raw ma te r ia l s  a re  f e d  t o  a r o t a r y  k i l n .  Rotary k i l n s  

are  most commonly used i n  bo th  t h e  wet and d r y  manufactur ing processes. K i l n  

l e n g t h  can be 30 t o  230 m (90 t o  750 ft) w i t h  diameters o f  2 t o  8 m (6 t o  25 

ft).1'4 The k i l n  i s  erected ho r i zo 'n ta l l y  w i t h  a gen t l e  slope o f  3 . 1  t o  6.3% 

and r o t a t e s  along i t s  l o n g i t u d i n a l  ax is .5  



<� he k i l n  feed, commonly r e f e r r e d  t o  as " s l u r r y "  f o r  wet-process k i l n s  

o r  "raw meal" f o r  dry-process k i l n s ,  i s  f ed  i n t o  t h e  upper end o f  the  k i l n .  

As t h e  feed f lows s lowly  toward the  lower end, i t  i s  exposed t o  increas ing  

temperatures. Dur ing passage through the  k i l n  (1 t o  4 hr); the  raw mater i -  

a l s  a re  heated, d r i ed ,  ca lc ined,  and f i n a l l y  heated t o  a p o i n t  o f  i n c i p i e n t  

f u s i o n  a t  about 1430° t o  1480°C (2600' t o  2700°F) a t  which p o i n t  a new min- 

e r a l o g i c a l  substance c a l l e d  c l i n k e r  i s  produced. A t  t h e  lower end o f  the  

k i l n ,  t h e  combustion o f  coal ,  f u e l  o i l ,  o r  gas must produce a process tem- 

pera ture  o f  1590' t o  1930°C (2900° t o  3500°F). The combustion gases pass 

though t h e  k i l n  counter t o  the  f l o w  o f  m a t e r i a l ,  and leave t h e  k i l n  along 

w i t h  carbon d iox ide  (C02) d r i ven  o f f  du r ing  ca l c ina t i on .  

Two bas ic  types o f  wet-process k i l n s  are  i n  u s e i n  t h e  Un i ted  States. 

Around 1930, s h o r t  wet-process k i l n s  were i n s t a l  l e d  w i t h  waste-heat b o i l e r s  

s i m i l a r  t o  t h e  waste-heat b o i l e r s  i n  t h e  s h o r t  d ry  k i l n s .  Shor t l y  there-  

a f t e r ,  the  cons t ruc t i on  o f  sho r t  wet-process k i l n s  y i e l d e d  t o  t h e  b u i l d i n g  

o f  long wet-process k i l n s  w i t h  i n t e r n a l  cha in  preheaters. A l l  o f  the  newer 

wet-process k i l n s  u t i l i z e  a cha in  system t o  heat and convey the  feed.* The 

system cons is ts  o f  a l a r g e  number o f  chains suspended i n  t h e  d ry ing  zone o f  

t h e  k i l n  and arranged so t h a t ,  i n  a d d i t i o n  t o  l i f t i n g  t h e  s l u r r y  i n t o  the  

pa th  o f  the  ho t  gases, they a l s o  convey t h e  raw ma te r ia l  t o  t h e  burn ing 

zone. The s l u r r y  on the  l a r g e  exposed sur face o f  t h e  chains i s  thus i n  

i n t i m a t e  contac t  w i t h  t h e  combustion g a s e ~ . ~  

As the  ho t  waste gases pass through t h e  k i l n  e x i t ,  they  are  sometimes 

u t i l i z e d  t o  preheat t h e  k i l n  feed. These preheat systems can a f f e c t  the  

q u a n t i t y  o f  emissions re leased from t h e  k i l n .  The g r a t e  preheat  (a lso  re- 

f e r r e d  t o  as t h e  Lepol; semi-wet; o r  semi-dry) method uses a double-pass (o r  

more) system whereby t h e  gaseous e f f l u e n t s  pass coun te rcu r ren t l y  through 

mois t  (12% water) nodules produced i n  a pan p e l l e t i z e r .  The f i r s t  pass 

a f t e r  e x i t i n g  t h e  k i l n  i s  t o  preheat  and p a r t i a l l y  c a l c i n e  the  mix and the  

second t o  d r y  t h e  mix. The suspension preheater system i s  used on dry- 

process k i l n s ,  whereby t h e  d ry  mix i s  preheated (and p a r t i a l l y  ca lc ined)  by 

* Chain systems have a l so  been i n s t a l l e d  i n  some long,  d r y  process k i l n s  

w i t h  a few using t r e f o i l s  o r  crosses f o r  heat exchange purposes. 



d i r e c t  contac t  w i t h  waste gases i n  a  mulFistage cyclone-suspension process. 

The waste gases pass through one o r  more cylones (normal ly four )  though 

which t h e  mix passes countercur ren t ly .  

The l a r g e s t  s i n g l e  source o f  ducted emissions i n  p o r t l a n d  cement p l a n t s  

i s  t h e  r o t a r y  k i l n .  Po l l u tan ts  generated i n  t h e  k i l n  c o n s i s t  o f  p a r t i c u l a t e  

mat te r  as w e l l  as some combust ion-related gases such as SO,, NOx, CO, and 

VOC. Emissions o f  p a r t i c u l a t e  mat ter  from r o t a r y  k i l n s  can be reduced by 

u t i l i z i n g  a  l a r g e r  k i l n  diameter ( a t  t h e  same feed and f i r i n g  r a t e )  which 

lowers t h e  gas v e l o c i t y  and thus entrainment o f  dus t  i n  t h e  e f f l u e n t  gas 

stream.* M o d i f i c a t i o n  o f  a  r o t a r y  k i l n  o r  the  a d d i t i o n  o f  a  suspension pre- 

heater  t h a t  uses cyclones o r  moveable g r a t e  preheaters are a l s o  p a r t i a l l y  

e f f e c t i v e  i n  c o n t r o l l i n g  the  dust  generated i n  the k i l n .  Add i t i ona l  c o n t r o l  

equipment i s  normal ly  used f o r  s a t i s f a c t o r y  c o l l e c t i o n  o f  k i l n  dus t  p r i o r  t o  

discharge t o  t h e  atmosphere. 1 
Gaseous emissions from the  combustion o f  f u e l  i n  the  k i l n  a re  u s u a l l y  

n o t  s u f f i c i e n t  t o  necess i ta te  the  a d d i t i o n  o f  equipment t o  c o n t r o l  such emis- 

sions. Most o f  t h e  s u l f u r  d iox ide  formed from t h e  s u l f u r  i n  the  f u e l  i s  

recovered as i t  combines w i t h  t h e  a l k a l i e s  and a l s o  w i t h  t h e  l ime  when the  

a l k a l i  fume i s  low. N i t rogen oxides can form a t  k i l n  temperatuers o f  1430 

t o  1650°C (2600' t o  3000°F), and are  o f  concern. Combustion m o d i f i c a t i o n  

t o  reduce NOx emissions from cement k i l n s  have been s tud ied  by t h e  EPA.6 

Odor i ferous hydrogen s u l f i d e  and p o l y s u l f i d e s  may a l s o  be produced i n  t h e  

d r y i n g  o f  the  s l u r r y  o r  i n  the  d r y i n g  o f  t h e  dry-process raw ma te r ia l  when 

t h e  l a t t e r  i s  composed o f  marl ,  sea s h e l l s ,  shale, c l ay ,  o r  o the r  s u l f u r -  

con ta in ing  ma te r ia l .  

The g rea tes t  problem w i t h  f u g i t i v e  emissions associated w i t h  r o t a r y  

k i l n s  invo lves  the  d isposal  o f  t h e  dus t  c o l l e c t e d  i n  t h e  a i r  p o l l u t i o n  c o n t r o l  

* I f  any t ype  o f  suspension preheater  o r  f l a s h  c a l c i n e r  i s  r e t r o f i t t e d  

t o  an e x i s t i n g  k i l n ,  t h e  l e n g t h  i s  genera l l y  reduced t o  achieve t h e  

proper  thermal p r o f i l e  and r e t e n t i o n  t ime. 



system. The most des i rab le  method f o r  d isposing o f  t h e  c o l l e c t e d  dust  i s  

t o  r e t u r n  i t t o  the  k i l n .  The a l k a l i  content  o f  the  cement product,  how- 

ever,  must o f t e n  be l e s s  than 0.6% by weight ( ca l cu la ted  as sodium oxide). 

Where the  a1 k a l i  content  o f  the  raw ma te r ia l  (e.g., c l ay )  going i n t o  the  

k i l n  i s  h igh,  r e c y c l i n g  of k i l n  dus t  may n o t  be possib le.  P r a c t i c a l  methods 

o f  r e t u r n i n g  dus t  t o  t h e  k i l n  are: 

1. D i r e c t  dus t  r e t u r n  t o  k i l n  f e e d - p r i o r  t o  k i l n  e n t r y  by mix ing d r y  

dus t  and k i l n  feed ( e i t h e r  wet o r  dry). 

2. D i r e c t  dus t  r e t u r n  t o  t h e  k i l n  p a r a l l e l  t o  t h e  k i l n  feed ( e i t h e r  

wet o r  dry). 

3. I n s u f f l a t i o n ,  which i s  t h e  r e t u r n  o f  d ry  dus t  i n t o  the  burn ing  

zone e i t h e r  through t h e  f u e l  p i p e  (as i s  f requen t l y  the  case i n  

coal f i r e d  k i l n s  on u n i t  coal pu l ve r i ze rs )  o r  by a  separate p ipe  

p a r a l l e l  t o  t h e  burner.  Here the  dus t  en te r i ng  the  burn ing zone 

s i n t e r s  i n t o  small g ra ins  o f  c l i n k e r  and i s  discharged w i t h  t h e  

c l i n k e r  t o  the  cooler .  I n  t h i s  process, t h e  c o l l e c t e d  dust  i s  

u s u a l l y  pumped d r y  from t h e  c o l l e c t i n g  u n i t  a t  the  feed end t o  

t h e  burner f l o o r  and i n t o  t h e  burn ing zone through the  k i l n  hood. 

There i s  no s i n g l e  s a t i s f a c t o r y  method o f  r e t u r n i n g  a l l  o f  the  c o l l e c t e d  

dus t  t o  t h e  k i l n ;  as a  r e s u l t ,  t o  c o n t r o l  a l k a l i e s  o r  improve k i l n  opera- 

t i o n ,  a t  l e a s t  p a r t  o f  t h e  dus t  must be disposed i n  o the r  ways. 

K i l n  dus t  has been, o r  can be, used i n  a  number o f  d i f f e r e n t  ways, i n -  

c luding:  ' 

L a n d f i l l  and s o i l  stabilizer/neutralizer/fertilizer. 

- Sub-base f o r  roads. 

Dumped i n t o  s t r i p  mines t o  n e u t r a l i z e  a c i d  mine drainage. 



F i l l e r s  f o r  bituminous paving ma te r i a l s  and a s p h a l t i c  roofi'ng ma- 

t e r i a l s .  

- Neutra l ize  a c i d i c  waters of bogs, l akes ,  and streams (as  appro- 

p r i a t e ) .  

- Neutra l ize  c e r t a i n  i n d u s t r i a l  wastes  such as  spent  p i c k l e  l i q u o r ,  

l e a t h e r  tanning waste .  and cot ton  seed del i n t i n g  waste.  

- Waste s ludge s t a b i l i z a t i o n .  

- S u b s t i t u t e  f o r  lime i n  wastewater t reatment  systems. 

Absorption of SO, from s tack  gas i n  wet scrubber  s l u r r i e s .  

Replacement of soda i n  green g l a s s .  

Disposal of  d u s t ,  unless  i t  can be s o l d  a s  a s u b s t i t u t e  f o r  o t h e r  mate- 

r i a l s  such a s  those  l i s t e d  above, p re sen t s  problems with f u g i t i v e  emissions. 

Since t h e  c o l l e c t e d  dus t  may range from a few hundred pounds per  hour t o  

many t o n s ,  d isposa l  r equ i re s  a waste a rea  and a means of moving dus t  from 

t h e  c o l l e c t o r  t o  t h e  waste a rea .  The c o l l e c t e d  d u s t  may be mixed with water 

and pumped t o  waste ponds i n  a manner s i m i l a r  t o  f l y  ash disposal  commonly 

p rac t i ced  i n  power genera t ing  s t a t i o n s  o r  p e l l e t i z e d  p r i o r  t o  disposal  using 

pan o r  drum p e l l e t i z e r s .  I t  may a l s o  be pumped dry o r  hauled by truck t o  

worked-out quarry a reas  where r a i n  and weather conc re t e  t h e  disposal  p i l e  

i n t o  a mono1 i t h i c  mass. Where t rucks  a r e  used, usua l ly  t h e  dus t  i s  dampened 

i n  a pug screw a s  i t  i s  discharged i n t o  t h e  t ruck.  An enclosed system has 

a l s o  been uSed f o r  t r u c k  loading with t h e  d isp laced  a i r  vented through a 

dus t  c o l l e c t o r .  

Fugi t ive  emissions can a l s o  be generated during t r a n s p o r t  and handling 

of t h e  dus t  from t h e  c o l l e c t o r  hopper, t r u c k  loading and unloading ope ra t ions ,  ( 

t r u c k  t r a f f i c  across  paved and unpaved roads,  a s  well a s  wind eros ion  from 

t h e  bed of open t rucks  during t r a n s p o r t  and from t h e  disposal  s i t e  i t s e l f .  . ( 



2.3.3.2 C l i nke r  Coolers-- 

As the  c l i n k e r  i s  discharged from t h e  lower end o f  t h e  k i l n ,  it passes 

through a c l i n k e r  coo ler  t h a t  serves t h e  dual purpose o f  reducing t h e  tem- 

pera ture  o f  the  c l i n k e r  before i t i s  s to red and recover ing t h e  sens ib le  heat 

f o r  reuse i n s i d e  the k i l n  as preheated pr imary o r  secondary combustion a i r  

as w e l l  as t e r t i a r y  a i r  f o r  combustion i n  t h e  p reca l c ine r .  P lanetary,  v i -  

b r a t i n g ,  o r  g ra te  type air-quenching coo lers  are used t o  pe rm i t  a b l a s t  of 

c o o l i n g  a i r  t o  pass e i t h e r  through o r  over a moving bed o r  stream o f  ho t  

c l i n k e r .  The cooled c l i n k e r  i s  then conveyed by drag chains, v i b r a t i n g  

troughs, o r  conveyor b e l t s  t o  storage. 

L i k e  t h e  k i l n ,  t h e  c l i n k e r  coo le r  can be a s i g n i f i c a n t  source o f  ducted 

emissions.. ~ f f l u e n t  gas from gra te  coo lers ,  which conta ins  p a r t i c u l a t e ,  i s  

vented through a separate dus t  c o l l e c t i o n  device. F u g i t i v e  emissions asso- 

c i a t e d  w i t h  c l i n k e r  coo lers  are generated by ma te r ia l s  handl ing,  t ranspor t ,  

and storage operat ions which i nc lude  s tockp i  1 i n g  and recovery o f  c l i n k e r  

from open p i l e s  w i t h  t h e  associated wind eros ion losses (Figures 2-2 and 

2-3). The storage o f  c l i n k e r  i n  enclosed s i l o s  o r  p a r t i a l l y  enclosed b u i l d -  

ings o r  h a l l s  f o r  convenience i n  hand l ing  and f o r  weather p r o t e c t i o n  (and, 

i n d i r e c t l y ,  f o r  t h e  c o n t r o l  o f  f u g i t i v e  dus t  emissions) has become more 

p reva len t  i n  newer p lan ts .  

2.3.4 F i n i s h  Gr inding,  Packaging, and Shipping 

I n  t h e  f i n a l  stage o f  cement manufacture, c l i n k e r  i s  ground i n t o  ce- 

ment. In te rground w i t h  t h e  c l i n k e r  i s  a small amount o f  gypsum (normal ly 

3 t o  6%), which regu la tes  t h e  s e t t i n g  t ime o f  t h e  cement when i t  i s  mixed 

w i t h  water and aggregate to.make mortar  o r  concrete. 

Various g r i n d i n g  c i r c u i t s  a re  i n  use. The system may be two stage, 

w i t h  p r e l i m i n a r y  and secondary m i l l s ,  o r  t h e  e n t i r e  process may be performed 

i n  a s i n g l e  compartment m i l l .  B a l l  m i l l s  o r  tube m i l l s  normal ly  are used. 

Crushers may be used ahead o f  t h e  b a l l  o r  tube m i l l s .  The g r i n d i n g  system 

may be open c i r c u i t ,  b u t  most o f  t h e  m i l l s  are c losed -c i r cu i t ed  w i t h  a i r  

separators. The f i n a l  product  has a f ineness o f  about 90% less  than.44 pm 

(minus 325 mesh).s 



The finished cement is transported by pneumatic pumps, mechanical 
t 

' screws, or belt conveyors, to silos for storage until it is shipped. Some 

portland cement is packaged in 44-kg (96-lb) bags; however, most cement is 

transported in trucks, hopper cars,' barges, and ships. 

As with raw grinding, the major source of ducted emissions are the 

finish mills circuits. Clinker is ground in the same type of mills as used 

for the raw materials. The discharge from these mills is elevated to an 

air separator in closed-circuit grinding. -Cement with the proper fineness 

is sent to storage, and the oversize is sent back to the mill for regrind- 

ing. The circuit is cooled by air passing through the mill and separator 

and finally into a dust collector. 

Cement-material handling (such as pneumatic conveying of finished mate- 

rial, bagging, and bulk loading) is a potentially significant source of fu- 

gitive emissions. However, the high salvage value of the escaping material 

makes dust collection an economic necessity. Normally, material transfer 

points are completely enclosed and vented through dust.collectors for prod- 

uct recovery. In-plant paved roads can also be a significant source of 

fugitive emission due to spillage of material during truck loading opera- 

tions. Table 2-7 provides a summary of the air pollutant sources typically 

found in cement plants. 

2.4 CONTROL TECHNOLOGY 

2.4.1 Ducted and Process Fugitive Sources 

2.4.1.1 Rotary Kilns-- 

Kiln dust is separated from exhaust gases using one or a combination 

of the following types of equipment: cyclone separators; electrostatic pre- 

cipitators (ESPs); baghouse collectors; and settling chambers. A number of 



Source 
Type of process Emission source c l a s s i f i c a t i o n  Po l lu tan tsC 

Quarry Operations 

Crushing Operations 

D r i l l i n g  

B las t i ng  

Loading of broken rock 

Transport ing o r  conveying 
( t o  cement p l a n t )  

Overburden disposal 

Unloading rock from quarry 

Crushing 

Screening 

Conveying ( t o  and from OD 
storage) 

Storage and rec la iming OD 
( i . e . ,  s t ockp i l i ng )  

Preparation of Raw Mater ia ls  Dry ing operations 0 

Conveying and feeding 00 
( t o  dryers and g r i nd ing  
c i r c u i t )  

,\ 
K i l n  Operation 

Gr inding ofdraw 
mater ia ls  

Conveying o f  ground PF/OD 
mater ia l  (dry process) 

Feeding raw mater ia l  t o  PF 
k i l n ( s )  - dry process 

Gases exhausted from 
k i l n ( s )  

Cl inker  Cooling Excess a i r  exhausted 0 
c l i n k e r  cooler(s)  

Conveying c l i n k e r  from 00 
cooler(s)  t o  f i n i sh -  
g r ind ing  m i l l ( s )  o r  
storage 

C l inker  s to rage/s tockp i l ing  OD 

PM, SO2 , NOx. CO, VOC 

PM 

PM, SO,, NOx, CO, VOC 

PM, 50, , NOx, CO, VOC 

F in ish  Grinding, Packaging. & Recovery and conveying OD PM 
Shipping o f  c l i n k e r  from s t o r -  

age t o  f i n i sh -g r i nd ing  
m i l l ( s )  (Continued) 
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TABLE 2-7. (continued) 

Type o f  process 
Source 

Emission source c l a s s i f i c a t i o n  

Waste Dust Handling and 
Disposal 

F i n i sh  g r ind ing  o f  c l i n -  D 
ker ,  gypsum, and add- 
t i v e s  

A i r  c l a s s i f i c a t i o n  o f  PF/OD 
f i n i shed  product and 
conveying t o  storage 

Storage s i l o ( s )  D 

Bulk load ing  operations OD PM 

Hand1 ing, t r uck  loading/  OD 
unloading 

Miscellaoeous Operations Paved and unpaved roads OD PM 

Wind erosion from stocki OD 
p i l e  and exposed areas 

a Taken from Reference 1. C. PM - Pa r t i cu l a te  Matter 
SO, - Su l fu r  Diox ide 

OD - Open Dust Source NO - Ni t rogen Oxides 
PF - Process Fug i t i ve  Source ~6 - Carbon Monoxide 
D - Ducted Source VOC - V o l a t i l e  Organic Compounds 

Combustion-related po l l u t an t s  f o r  combination dry ing/gr inding.  



good references are available which describe the theory, operation and ap- 

plicabili ty of the control devices listed above and thus such will not be 

discussed here. 6 y 7  

As of 1975, the most widely used particulate collection system for 

rotary cement kilns consisted of cyclones followed by an electrostatic pre- 

cipitator. The distribution of the various types of dust collection equip- 

ment used in the 101 cement plants surveyed by Southern Research Institute 

in 1975 is shown in Table 2-8.' Since this survey was conducted over 

11 years ago, the data shown in Table 2-8 probably does not represent cur- 

rent industry practice. 

The effectiveness of the control devices listed in Table 2-8 is depen- 

dent on the characteristics of the gas stream and the particulate matter-- 

specifically the size of the particles, the moisture content of the gas, 

the resistivity of the dust, and the concentration and composition of the 

dust. Mechanical collectors are not effective on submicrometer particles 

and, therefore, are used only as a precleaner to a fabric filter or ESP. 
As stated p.reviously, the dust collected by these precleaners can be re- 

cycled to the kiln when its chemical composition does not significantly 

alter that of the final product. 

As stated above, no external equipment is generally used in the cement 

industry for the control of gaseous pollutants. However, due to the a1 ka- 

line nature of the particles, some SO, removal can be achieved in the kiln 

and dust collection equipment. Various combustion modifications have been 

attempted for the control of NOx in cement kilns but have been generally 

unsuccessful. 

2.4.1.2 Clinker Coolers-- 

The clinker cooler is another major air pollution source in cement 

plants. Dust collected from this source is returned to the process (usually 

clinker storage) rather than wasted. The types of air pollution control 

equipment used to handle clinker cooler off-gas include: settling chambers; 

cyclones; granular bed filters; baghouse collectors; and electrostatic pre- 

cipitators. 



TABLE 2-8. DISTRIBUTION OF KILN DUST COLLECTION SYSTEMS 
I N  WET AND DRY PROCESS CEMENT PLANTS' 

Type o f  process . . 
and 

number o f  pl antsa 

Ki ln-Dust  C o l l e c t i o n  System 

S ing le  dus t  c o l l e c t o r  
Cyclones 
P r e c i p i t a t o r s  
Baghouses 
Wet scrubbers 
S e t t l i n g  chamber 

Combinations o f  Dust Co l l ec to rs  

Wet - 

P r e c i p i t a t o r s  and wet scrubbers b 1 
Cyclones and wet scrubbers 1 
Cyclones and p r e c i p i t a t o r s  14 
Cyclones and baghouses 4 
Cyclones, baghouses, and p r e c i p i t a t o r s  2 
Baghouses and p r e c i p i t a t o r s b  1 
Baghouses and wet scrubbers 0 

Source: Davis, T. A., and D. B. Hooks. Disposal and 
U t i l i z a t i o n  o f  Waste K i l n  Dust from Cement 
Indus t ry ,  EPA-670/2-75-043, U. S. Environmental 
P ro tec t i on  Agency, C inc inna t i ,  Ohio, 1975. 

a Data are extremely dated and probably do n o t  represent  
c u r r e n t  i n d u s t r y  p rac t i ce .  

It i s  doubt fu l  whether any wet scrubbers are  p resen t l y  
be ing  used i n  opera t ing  cement p lan ts .  



2.4.1.3 Other Ducted and Process Fugitive Sources-- 

There a re  o t h e r  ducted and process f u g i t i v e  sources w i t h i n  cement 

p lan ts .  These sources were l i s t e d  p r e v i o u s l y  i n  Table 2-7. Capture and 

c o l l e c t i o n  systems us ing  baghouse c o l l e c t o r s  appear t o ' b e  most f r e q u e n t l y  

app l i ed  t o  c o n t r o l  dus t  emissions from these var ious  sources a l though wet 

suppression ( w i t h  water, sur fac tan ts ,  foam, etc.) has been used success- 

f u l l y  on crushing, screening, and m a t e r i a l s  hand1 i n g  operat ions.  

2.4.2 Open Dust Sources 

As s t a t e d  above, t he re  are a number o f  open dus t  sources associated 

w i t h  cement p l a n t s  inc lud ing :  d r i l l  i ng ;  b l a s t i n g ;  m a t e r i a l s  storage, han- 

d l  i ng, and t r a n s f e r  operat ions;  t r u c k  l o a d - i d l o a d - o u t ;  c l i n k e r  and raw 

ma te r i a l  storage p i l e s ;  veh i cu la r  t r a f f i c  on paved and unpaved roads; and 

wind erosion. F u g i t i v e  emissions from m a t e r i a l s  handl ing, storage, l oad ing  

and unloading operat ions can be reduced by a v a r i e t y  o f  d i f f e r e n t  c o n t r o l  

technqieus. These inc lude:  enclosures and hoods ducted t o  dus t  c o l l e c -  

t o r s ;  wet dus t  suppression us ing  water,  foam, o r  chemicals; process modi- 

f i c a t i o n s ,  improved housekeeping, and combinations o f  these and o the r  

con t ro l s .  P l a n t  roads can be paved, watered, t r e a t e d  w i t h  chemicals, o r  

swept r e g u l a r l y  t o  minimize dus t  reentrainment.  References 7 and 8 p rov ide  

guidance as t o  t h e  var ious  techniques app l i cab le  t o  such sources.' 



-. 

REFERENCES FOR SECTION 2.0 

1. R. F. Smith, e t  a l ,  Mul t imedia Assessment and Environmental Research 

Needs o f  the  Cement I ndus t r y ,  EPA-600/2'79-111 (NTIS PB 299 210), U. S. 

Environmental P r o t e c t i o n  Agency, C inc inna t i ,  OH, May 1979. 

2. U.S. Bureau o f  Mines, Minera ls  Yearbook 1984, Volume I, Metals and 

Minera ls ,  U. S. Government P r i n t i n g  O f f i ce ,  Washington, 0. C. , 1985. 

3. Po r t l and  Cement P lan ts ,  P i t  and Quar ry  Pub l ica t ions ,  Inc . ,  Chicago, I L ,  
1982. 

4. Muelberg, P. E., and B. P. Shepherd, I n d u s t r i a l  Process P r o f i l e s  f o r  
Environmental Use, Chapter 21, The Cement I ndus t r y ,  EPA-600/2-77-023u 

(NTIS PB 2 8 1  488), U.S. Environmental P ro tec t i on  Agency, C inc inna t i ,  

OH, February 1977. 

5. T. E. K r e i c h e l t ,  e t  a l ,  Atmospheric Emissions from t h e  Manufacture o f  
Po r t l and  Cement, Report No. 999-AP-17 (NTIS PB 190 236), U.S. Depart- 

ment o f  Health, Education, and Welfare, Pub l i c  Hea l th  Service, 

C inc inna t i ,  Ohio, 1967. 

6. c o n t r o l  Techniques f o r  P a r t i c u l a t e  Emissions from S ta t i ona ry  Sources- 

Volume 1, EPA-450/3-81-005a (NTIS PB 83-127479), U. S. Environmental 
P ro tec t i on  Agency, Research T r i a n g l e  Park, NC, September 1982. 

7. Contro l  Techniques f o r  P a r t i c u l a t e  Emissions from S ta t i ona ry  Sources- 

Volume 2, EPA-450/3-81-005b (NTIS PB 83-127480), U. S. Environmental 

P r o t e c t i o n  Agency, Research T r i a n g l e  Park, NC, September 1982. 

8. S. C. Hunter, e t  a l ,  App l i ca t i on  o f  Combustion Mod i f i ca t i ons  t o  Indus- 
t r i a l  Combustion Equipment, EPA-600/7-79-015a (NTIS PB 294 214), U.S. 

Environmental P ro tec t i on  Agency, Research T r i a n g l e  Park, NC, January 
1979. 



SECTION 3.0 

GENERAL DATA REVIEW AND ANALYSIS PROCEDURES , 

3.1 LITERATURE SEARCH AND SCREENING 

The first step of this investigation was an extensive search of the 

available 1 iterature relating to the particulate emissions associated with 

portland cement plants. This search included: data collected under the 

inhalabl e particulate (IP) emission characterization program; information 

contained in the computerized Fine Particle Emission Inventory System 

(FPEIS); source test reports and background documents for Section 8.6 of 

AP-42 located in the files of the EPA's Office of Air Quality Planning and 

Standards (OAQPS) ; source test reports received industry; and MRI1s own 

files (Kansas City and North Carolina). The search was thorough but not 

exhaustive. It is expected that certain additional information may also 

exist, but limitations in funding precluded further searching. 

To reduce the large amount of 1 iterature collected to a final group of 

references pertinent to this report, the following general criteria were 

used: 

1. Source testing must be a part of the referenced study. Some re- 

ports reiterate information from previous studies and thus were 

not considered. 

2. The document must constitute the original source of test data. For 

example, a technical paper was not included if the original study 

was already contained in a previous document. If the exact source 

of the data could not be determined, the document was eliminated. 



A f i n a l  s e t  of reference ma te r ia l s  was compiled a f t e r  a  thorough re-  

view o f  t h e  p e r t i n e n t  repor ts ,  documents, and in fo rmat ion  according t o  the  

c r i t e r i a  s t a t e d  above. Th is  s e t  o f  documents was f u r t h e r  analyzed t o  d e r i v e  

candidate emission f a c t o r s  f o r  p a r t i c u l a t e  matter based on t o t a l  mass and 

p a r t i c l e  s ize.  

3.2 EMISSION DATA QUALITY RATING SYSTEM 

As p a r t  o f  MRI's ana lys is  o f  the  a v a i l a b l e  data; t h e  f i n a l  s e t  o f  

reference documents were evaluated as t o  t h e  q u a n t i t y  and q u a l i t y  o f  t h e  

in fo rmat ion  conta ined i n  them. The f o l l o w i n g  data were always excluded 

from considerat ion.  l 

1. Test  se r i es  averages repor ted  i n  u n i t s  t h a t  cannot be converted 

t o  t h e  se lec ted  r e p o r t i n g  un i t s .  

2. Test  se r i es  represent ing  incompat ib le t e s t  methods. 

3. Test  se r i es  o f  c o n t r o l l e d  emissions f o r  which t h e  c o n t r o l  device 

i s  n o t  spec i f ied .  . 

4. Test  se r i es  i n  which the  source process i s  n o t  c l e a r l y  i d e n t i f i e d  

and described. 

5. Test  se r i es  i n  which it i s  n o t  c l e a r  whether t h e  emissions mea- 

sured were c o n t r o l l e d  or  uncont ro l led .  

I f  the re  was no reason t o  exclude a  p a r t i c u l a r  data set ,  each was as- 

signed a r a t i n g  as t o  i t s  q u a l i t y .  The r a t i n g  system used was t h a t  speci- 

f i e d  by t h e  OAQPS f o r  t h e  prepaimation o f  AP-42 Sect i0ns . l  The data were 

r a t e d  as fo l lows:  



A - Multiple  t e s t s  performed on the same source using sound methodol- 

ogy and reported i n  enough d e t a i l  f o r  adequate va l ida t ion .  These 

t e s t s  do not  necessa r i ly  have t o  conform t o  t h e  methodology spe- 

c i f i e d  i n  e i t h e r  t h e  IP protocol  documents, o r  by €PA re ference  

t e s t  methods, although such were c e r t a i n l y  used a s  a guide. 

B - Tests  t h a t  a r e  performed by a genera l ly  sound methodology but  

lack  enough d e t a i l  f o r  adequate va l ida t ion .  ' 

C - Tes t s  t h a t  a r e  based on an untested o r  new methodology o r  t h a t  

lack  a s i g n i f i c a n t  amount of background da ta .  

D - -  Tests  t h a t  a r e  based on a genera l ly  unacceptable method but  may 

provide an order-of-magnitude value f o r  t h e  source. 

The fol lowing c r i t e r i a  were used t o  eva lua te  source t e s t  r epor t s  f o r  

sound methodology and adequate d e t a i l :  

1. Source operat ion.  The manner i n  which t h e  source was operated i s  

well documented i n  t h e  r epor t .  The source was opera t ing  within 

t y p i c a l  parameters during t h e  t e s t .  

- 2 .  Sampling procedures. The sampling procedures conformed t o  a gen- 

e r a l l y  accepted methodology. I f  ac tua l  procedures devia ted  from 

accepted methods, t h e  dev ia t ions  a r e  well documented. When this 

occurred,  an eva lua t ion  was made of how such a l t e r n a t i v e  proce- 

dures could inf luence  t h e  t e s t  r e s u l t s .  

3. Sampling and process da ta .  Adequate sampling and process da t a  

a r e  documented i n  t h e  repor t .  Many v a r i a t i o n s  can occur without 

warning during t e s t i n g  and sometimes without  being noticed. Such 

v a r i a t i o n s  can induce wide devia t ions  i n  sampling r e s u l t s .  I f  a 

l a r g e  spread between t e s t  r e s u l t s  cannot be explained by informa- 

t i o n  contained i n  t h e  t e s t  r e p o r t ,  t h e  da ta  a r e  suspect  and were 

given a lower r a t ing .  



4. Analys is  and ca l cu la t i ons .  The t e s t  repo r t s  conta in  o r i g i n a l  raw 

data sheets. The nomenclature and equations used were compared 

t o  those s p e c i f i e d  by EPA ( i f  any) t o  e s t a b l i s h  equivalency. The 

depth o f  review o f  the  c a l c u l a t i o n s  was d i c t a t e d  by t h e  rev iewer ' s  

conf idence i n  t h e  a b i l i t y  and conscient iousness o f  the  t e s t e r ,  

which i n  t u r n  was based on f a c t o r s  such as consistency o f  r e s u l t s  

and completeness o f  o ther  areas o f  t h e  t e s t  repo r t .  

As a  general r u l e ,  t e s t s  conducted s t r i c t l y  f o r  the  purpose o f  devel-  

oping new source performance standards f o r  a  p a r t i c u l a r  source category 

were no t  r a t e d  h igher  than B. This i s  due t o  the  f a c t  t h a t  these t e s t s  

represent  f a c i l i t i e s  which are considered as e s p e c i a l l y  wel l -mainta ined,  

operated and c o n t r o l l e d  p l a n t s  and thus may n o t  be t r u l y  rep resen ta t i ve  o f  

the  i n d u s t r y  as a  whole. 

3.3 PARTICLE SIZE DETERMINATION 

There i s  no one method which i s  u n i v e r s a l l y  accepted f o r  t h e  determina- 

t i o n  o f  p a r t i c l e  size. A  number o f  d i f f e r e n t  techniques can be used which 

measure t h e  s i z e  o f  p a r t i c l e s  according t o  t h e i r  bas ic  phys ica l  p rope r t i es .  

Since the re  i s  no "standard" method f o r  p a r t i c l e  s i z e  ana lys is ,  a  c e r t a i n  

degree o f  sub jec t i ve  eva lua t i on  was used t o  determine i f  a  t e s t  se r i es  was 

performed us ing  a  sound methodology f o r  p a r t i c l e  s i z i ng .  The f o l l o w i n g  i s  

a  b r i e f  exp lanat ion  o f  how p a r t i c l e  s i z e  i s  de f ined and t h e  var ious methods 

a v a i l a b l e  f o r  p a r t i c l e  s i z e  measurement. 

3.3.1 P a r t i c l e  Size D e f i n i t i o n s  

Examination o f  p a r t i c l e s  w i t h  t h e  a i d  o f  an o p t i c a l  o r  e l e c t r o n  micro- 

scope invo lves  t h e  phys i ca l  measurement o f  a  l i n e a r  dimension o f  a  p a r t i c l e .  

The measured " p a r t i c l e  size' '  i s  r e l a t e d  t o  the  p a r t i c l e  per imeter  o r  t o  t h e  . 

p a r t i c l e  p r o j e c t e d  area diameter. P a r t i c l e  s i z e  measurement i n  t h i s  manner 

does n o t  account f o r  v a r i a t i o n  i n  p a r t i c l e  dens i ty  o r  shape.2 



All laws describing the properties of aerosols can be expressed most 

simply for particles of spherical shape. To accommodate nonspherical par- 

ticles it is customary to define a "coefficient of sphericity" which is the 
ratio of the surface area of a sphere with the same volume as the given 

particle to the surface area of the particle.* An estimate of particle 

volume can be obtained from microscopic sizing, and by assuming a density, 

one can obtain an estimate of particle weight. 

Because of large variations in particle density and the aggregated na- 

ture of atmospheric particles, it is useful to define other quantities as a 

measure of particle size based on their aerodynamic behavior. The Stoke's 

diameter is defined as the diameter of a sphere having the same settling 

velocity a s  the particle and a density equal to that of the bulk material 

from which the particle was formed, or:3 

where: 

D = Stoke's diameter (cm) 
S 

VS = terminal settling velocity of a particle in free fall (cm/sec) 

q = viscosity of the fluid (gm/cm-sec) 

g = gravitational constant (980.665 cm/sec2) 

p = density of the particle (gm/cm3) 

C(DS) = Cunningham's slip correction factor for spherical particles 
of diameter D (dimensionless) s 

with: 

A = cr + p exp(-y Ds/2A) 



a = empirical constant (dimensionless) 1.23 - 1.246 
f~ = empirical constant (dimensionless) 2 0.41 - 0.45 
y = empirical constant (dimensionless) = 0.88 - 1.08 
A = mean free path of the fluid at stated conditions (cm) 

2 A. (q/qO) (T/T0)0'5 (Po/P) . (3-4) 

A = mean free path at reference conditions (cm) 
q0 = gas viscosity- at stated conditions (gm/cm-sec) 

= gas viscosity at reference conditions (gm/cm.sec) 
qo - T - absolute temperature (OK) 
T =' reference temperature = 296.16OK 
PO = absolute pressure (kPa) 
P = reference pressure = 101.3 kPa 
R? = Reynold1 s number (dimensionless) 

For'particles greater than a few microns iri diameter, a less rigorous 

form of Equation 3-1 can be used with reasonable accuracy according to the 

relation~hip:~'~ 

where: 

p, g, DS, and q are as defined above; and 

p ' .=  density of air at the appropriate temperature and pressure 
(gm/cm3) 

Since dispersion and condensation aerosols are usually formed from many 

materials of different densities, it i s m o r e  useful to define another param- 

eter called the aerodynamic diameter, which is the diameter of a sphere having 

the same settling velocity as the particle and a density equal to 1 g / ~ m ~ . * ' ~  

The classical aerodynamic diameter differs from the Stoke's diameter only 

by virtue of difference in density, assumed equal to unity, and the slip 

correction factor, which, by convention, is calculated for the aerodynamic 

equivalent diameter. From Equation 3-1: 



where DAe = "c lass i ca l1 '  aerodynamic equ iva len t  diameter (cm), w i t h  q ,  
VS, g, C as p r e v i o u s l y  de f i ned  i n  Equation 3-1. 

Equations r e q u i r e d  f o r  i n te rconve rs ion  between Stoke 's  and aerodynamic 

diameters are presented i n  Table 3-1.3 

TABLE 3-1. EQUATIONS USED FOR PARTICLE SIZE CONVERSIONS3 

convers ion equationa 
Diameter d e f i n i t i o n  Stoke 's  C lass i ca l  aerodynamic 

(given) diameter (OS) equ i va len t  diameter (DAe) 

S toke 's  diameter 

C lass i ca l  
aerodynamic C(DAe) 1/2 
diameter (DAe) s = DAe [pC(Ds)] 1.0 

a Notat ion:  D = Stoke 's  diameter (vm) 
D' = C lass i ca l  aerodynamic equ i va len t  diameter (vm) 
pAe = P a r t i c l e  d e n s i t y  (g/cmJ) 
C(DS), C(OAe), = S l i p  c o r r e c t i o n  f a c t o r s  (dimensionless)-- 

see Equations 2, 3, and 4. 

3.3.2 P a r t i c l e  Size Measurement 

As s t a t e d  p r e v i o u s l y  above, p a r t i c l e  s i z e  i s  determined by measuring 

c e r t a i n  phys ica l  p r o p e r t i e s  o f  the p a r t i c u l a t e  be ing  analyzed, such as i t s  

i n e r t i a l ,  1 i g h t  s c a t t e r i n g ,  sedimentat ion, d i f f u s i o n a l  , and e l e c t r i c a l  

c h a r a c t e r i s t i c s .  The s i z e  d i s t r i b u t i o n  o f  an aerosol can be determined . 



e i t h e r  d i r e c t l y  a t  t h e  source ( i . e .  , s tack  o r  vent) .or i n d i r e c t l y  b y  t h e  
I 

c o l l e c t i o n  o f  a b u l k  sample o f  the  ma te r ia l  f o r  subsequent ana lys is  i n  t h e  

labora tory .  I n  e i t h e r  case, t h e  instrument(s) u t i l i z e d  t o  make such a de- 

t e rm ina t i on  can be manual o r  automated depending on t h e  i n d i v i d u a l  technique. 

The f i v e  bas ic  methods f o r  t h e  d i r e c t  measurement o f  p a r t i c l e  s i z e  are: 

1. Aerodynamic separators (cascade impactors, cyclones, e l u t r i a t o r s ,  

e tc .  ) 

2. L i g h t - s c a t t e r i n g  o p t i c a l  p a r t i c l e  counters 

3. E l e c t r i c a l  mobi l  i t y  analyzers 

4. Condensation n u c l e i  counters 

5. D i f f u s i o n  b a t t e r i e s  

A1 1 o f  the  above are e x t r a c t i v e  methods, w i t h  t h e  except ion o f  c e r t a i n  aero- 

dynamic separators. 

I n d i r e c t  methods f o r  the  de terminat ion  o f  p a r t i c l e  s i z e  inc lude:  

1. Siev ing  (wet, dry,  sonic) 

2. Sedimentation 

3. Cen t r i f uga t i on  ( i n e r t i a l  separat ion)  

4. Microscopy ( o p t i c a l  and e lec t ron )  

5. Others (acoust ic ,  thermal, spectrothermal emission) 



Table 3-2 provides a guide as to the various methods for the determina- 

tion of particle size based on certain physical properties of the particu- 

late and notes the size range in which each is generally a p p l i ~ a b l e . ~  

In most respects instruments that fractionate an aerosol on the basis 

of the aerodynamic properties of its components probably give the best 

practical assessment of size. Once flow conditions have been selected for 

the device, the terminal settling velocities of the particles collected in 

each stage or part of the instrument can be determined, even though particle 

specific gravity and shape factor are ~ n k n o w n . ~  Unless the particle shapes 

are extremely irregular, the details of precise geometric form can be by- 

passed and the likelihood of the particle's capture by a dust-collecting 

system can still be determined.' Because the correct assessment of particle 

size properties is essential for the development of appropriate emission 

factors, an assessment by aerodynamic techniques was emphasized in review- 

ing and rating the individual data sets for sound methodology. 

Examples of aerodynamic particle sizing instruments are centrifuges, 

cyclones, cascade impactors, and el utriators. Each of these instruments 

employs the unique relationship between a particle's diameter and mobility 

in gas or air to collect and classify the particles by size. For pollution 
studies, cyclones and impactors (primarily the latter) are more useful be- 

cause they are rugged and compact enough for in situ sampling. In situ sam- -- -- 
pling is generally preferred because the measured size distribution may be 

distorted if a probe is used for sample extraction. In the following two 

subsections, methods of using impactors and cyclones are discussed. 

3.3.2.1 Cascade Impactors-- 

Cascade impactors used for the determination of particle size in pro- 

cess streams consist of a series of plates or stages containing either small 

holes or slits with the size of the openings decreasing from one plate to 

the next. In each stage of an impactor, the gas stream passes through the 

orifice or slit to form a jet that is directed toward an impaction plate. 

For each stage there is a characteristic particle diameter that has a 50% 



TABLE 3-2. GUIDE TO PARTICLE SIZE MEASUREMENT6 

Method 

Diameter o f  
a p p l i c a b i l i t y  

(vm) 

O p t i c a l  
L i g h t  imaging 
E lec t ron  imaging 
L i g h t  scanning 
E lec t ron  scanning 
D i r e c t  photography 
Laser holography 

S iev ing  2+ 

L i g h t  s c a t t e r i n g  
R igh t  angle 
Forward 

- P o l a r i z a t i o n  
With condensation 
Laser scan 

E l e c t r i c a l  
Current  a l t e r a t i o n  0.5+ 
I o n  count ing, u n i t  charge 0.01-0.1 
I o n  count ing, corona charging 0.015-1.2 

Impact ion 0.5+ 

Cen t r i f uga t i on  D.1+ 

D i f f u s i o n  b a t t e r y  0.001-0.5 

Acoust ica l  
O r i f i c e  passage 15+ 
Sinusoidal  v i b r a t i o n  1+ 

Thermal 0.1-1 

Spectrothermal emission 0.1+ 



probability of impaction. This characteristic diameter is called the cut- 

point (D5,,) of the stage. typic ally,^ commercial instruments have six to 

eight impaction stages with a back-up filter to collect those particles 

which are either too small to be collected by the last stage or which are 

reentrained off the various impaction surfaces by the moving gas stream.' 

T h e  particle collection efficiency of a particular impactor jet-plate 

combination is determined by properties of the aerosol such as the particle 

shape and density, but the viscosity of the gas, and by the design of the 

impactor.stage. There is also a slight dependence on the type of collec- 

tion surface used (glass fiber, grease, metal, etc.). Reentrainment, or 

particle bounce, is a significant problem with cascade impactors especially 

in the case of high particulate loadings. This problem can be partially 

solved by using a preseparation device ahead of the impactor to reduce the 

overall loading of coarse particles. 

3.3.2.2 Cyclone Separators-- 

Traditionally, cyclones have been used as a preseparator ahead of a 

cascade impactor to remove the larger particles. These cyclones are of the 

standard reverse-flow design whereby the aerosol sample enters the cyclone 

through a tangential inlet and forms a vortex flow pattern. Particles move 

outward toward the cyclone wall with a velocity that is determined by the 

geometry and flow rate in the cyclone and by their size. Large particles 

reach the wall and are collected. 

A series of cyclones with progressively decreasing cut-points can be 

used also instead of impactors to obtain particle size distributions. The 

advantages are that larger samples are acquired, particle bounce is not a 

problem, and no substrates are required. Also, longer sampling times are 

possible with cyclones, which can be an advantage at very dusty streams, 

but.a disadvantage at relatively clean, streams. One such series cyclone 
system was developed by an EPA contractor specifically for the IP program. 



3.4 PARTICLE SIZE DATA:ANALYSIS METHODOLOGY 
I 

The particulate emission information contained in the various primary 

reference documents was reduced to a common format, using a family of computer 

programs developed especially for this purpose (as shown in Table 3-3). 

These programs are fundamentally BASIC translations of the FORTRAN program 

SPLIN2 developed by Southern Research Institute. * The particular version 

translated is one that MRI modified earlier to operate utilizing as few as 

three data points. Additional changes were made to produce emission fac- 

tors as functions of the aerodynamic particle diameter. 

As mentioned above, SPLINZ is the central portion of the program which 

uses the so-called "spline" fits. Spline fits - result in cumulative mass. 

size distributions very similar to those which would be drawn using a French 

curve and fully logarithmic graph paper. In effect, the logarithm of cumu- 

lative mass is plotted as a function of the logarithm of the particle size, 

and a smooth curve with a continuous, nonnegative derivative is drawn. 

' The process by which this smooth cumulative distribution is constructed 

involves passing an interpolation parabola through three measured data points 

at a time. The parabola is then used to interpolate additional points be- 

tween measured values. When the set of interpolated points are added to 

the original set of data, a more satisfactory fit is obtained than would be 

the case using only the measured data. 

The primary addition to the spline fitting procedure is the determina- 

tion of size-specific emission factors once the size distribution is obtained 

by a spline fit. The user is prompted to input process and emission rate 

data. The program determines a total particulate emission factor by: 



TABLE 3-3. COMPARISON OF COMPUTER PROGRAMS 

Fitted size JSKPRG JSKRAW JSKLOG 
j distribution Spl i ne Spl i ne Log-normal 

Input requirements: 
particle size data Largest particle diam- Largest particle Completed log- 

eter; cumulative diameter; incre- normal size 
mass fractions; mental mass frac- distribution 
particle density tions; particle 

density 

process data Process and emis- Process and emis- Process and emis- 
sion rates sion rates sion rates 

. -  or - - or - - or - 
emission factor emission factor emission factor . 

Output: 

\,\ 

-------------- Size-specific emission factors ------------- 
(English and metric units) 

for selected aerodynamic particle 
diameters 



where: ETp = t o t a l  p a r t i c u l a t e  emission f a c t o r  ( lb / ton)  

e~~ 
= t o t a l  p a r t i c u l a t e  emission r a t e  ( l b /h r )  

R = process weight r a t e  ( tons o f  cement produced/hr) 

Emission f a c t o r s  f o r  each p a r t i c l e  s i z e  range are  then obta ined by m u l t i p l y -  

i n g  ETp b y  t h e  mass f r a c t i o n  associated w i t h  t h a t  range. The programs 

au tomat i ca l l y  conver t  t h e  s i z e - s p e c i f i c  emission f a c t o r s  obta ined from 

Eng l ish  u n i t s  ( l b / t on )  t o  the  appropr ia te  m e t r i c  u n i t s  (kg/metr ic ton),  

which are  tabu la ted  as a p a r t  o f  t h e  ou tpu t  format (1 kg/metric t o n  = 

1 kg/106 g = 1 kg/Mg). As an a d d i t i o n a l  f unc t i on ,  each program has t h e  

c a p a b i l i t y  o f  conver t ing  from Stoke's diameter t o  aerodynamic diameter 

us ing  t h e  appropr ia te  dens i t y  c o r r e c t i o n  (Table 3-1). 

Most o f  t h e  programs a l so  r e q u i r e  t h a t  a l a r g e s t  p a r t i c l e  diameter be 

prov ided t o  complete the s i z e  d i s t r i b u t i o n .  A maximum s i z e  o f  200 pmA (aero- 

dynamic diameter) was ,assumed unless o the r  data were ava i lab le .  Th is  value 

was se lec ted  s ince t h i s  i s  the  l a r g e s t  p a r t i c l e  s i z e  which might be expected 

based on t h e ' l i m i t e d  da ta  contained i n  t h e  l i t e r a t u r e .  A complete l i s t i n g  

o f  each program i s  prov ided i n  Appendix A of Volume I with sample outputs 

shown in Figures 3-1 to 3-3. 

Due t o  t h e  nature o f  the  s p l i n e  f i t  r o u t i n e ,  a la rge-sca le  ext rapola-  

t i o n  ( i .e. ,  o rder  o f  magnitude) o f  t h e  da ta  can r e s u l t  i n  a negat ive slope 

o f  t h e  cumulat ive s i z e  d i s t r i b u t i o n  curve. I n  such cases, JSKLOG was used 

i n  i t s  place. I n  JSKLOG, the data i n p u t  t o  t h e  program have already been 

f i t t e d  t o  a standard log-normal d i s t r i b u t i o n  u t i l i z i n g  a separate 

w r i t t e n  f o r  t h e  Texas Instruments Model 59 (TI-59) programmable c a l c u l a t o r .  

Th is  program was used whenever a s p l i n e  f i t  was determined n o t  s u i t a b l e  t o  

adequately represent  the  d i s t r i b u t i o n  i n  t h e  smal le r  p a r t i c l e  s i z e  ranges. 



f ! '  I EXAMPLE QIITF'U'T OF " ,.JSKPF:G" 

. I  D k T k :  PROCESS WEIGHT SATE = 100 TONS F'RQD./HR 
TOTAL PAHTICLILATE E n I s s z n N  S ~ T E  = 100 LWHR 
P A R T I C L E  DE?4SITY = 2 . 4 4  G/CC 

REAS!JRED S I Z E  1 l I S ' ~ F : I B U T I O N  

(.:LI~( ue) cun. z .::: CUT 

OLfTF'l!I I:l&TA: T P  E M I S S I O N  FACTOR = 1 L B i T  .5 t;;C/YT) 

E M I S S I O N  FACTOR 
CUT (u&) cun. z i CUT ( LB/T ) < KG/MT 

Figure 3-1. Example ou tput  o f  "JSKPRG." 



I .  EAT&: PROCESS WEIGHT RATE = 100 TONS F'AOD. /HF: 
TOTAL PARTICUI-ATE EHISSION RATE = 100 LBI'HF: 
PARTICLE DENSITY = 2.44 G/CC 

r;i:kS!!S:ED PAF:TICLE S I Z E  DIS.~RIHUTION 

CUT ( u n , )  KPW :/. < CUT CUM. % < CUT 

f:li!TPi.!T DkTk: TP EMISSION FACTOR = 1 LH/T I .5 KG/MT.I 

EMISSION FACTOF: 
' CUT I u n ~ A )  CUM, % q: CUT ( LB /T  ) ( KG/MT ) 

K(.{:I (!F TEST SERIES 

Figure 3-2. .Example ou tpu t  o f  "JSKRAW." 



SPLIN? PROGRAM - 02/22/82 U ?  

(ES'I; I[,; EXAMPLE OUTPUT OF "JSKLOG" 

3: i.liji!T J.IATA : PROCESS WEIGHT RATE = 1 0 0  TONS PHOD./HF: 
TOTAL PARTICULATE EMISSION RATE = 100 LB/'YC 
PARTICLE DENSITY = 2.44 G/CC 

rilZASURED SIZE t l I5 'TRIkUTION 

Ci: T! u n ,  ) CUP\, % .:: CUT 

OUTPUT DkTk: TP EHISSION FACTCF: = 1 . LB/T ( -3 K G / M T )  

EMISSION FACTOR 
CUT I urt,CI ) CUE, i .::: CUT ( LB /T  ) I KG/MT ) 

. 625 1.788 .01788 8.94E-03 
i 2.377 ,02374 .011895 
1.25 2.732 ,02732 ,01365 
? "  - e .J 4 .254  ,04254 ,02127 
F 
J 6 .747  .,.06747 ,033735 
1 0  10.9 ,109 ,0545 
IS 14.57 . I 4 5 7  ,07285 
29 17.96 ,1796 0598 

T H I S  I:!h:Ti4 SET WAS F I T  TO A LOG-NORHAL SIZE DISTRIBUTION 

Figure 3-3. Example output o f  "JSKLOG." 



3.5 EMISSION FACTOR QUALITY RATING SYSTEM 

The q u a l i t y  o f  t h e  emission fac to rs  developed from ana lys is  o f  the  

t e s t  data was r a t e d  u t i l i z i n g  the f o l l o w i n g  general c r i t e r i a :  

A - Exce l len t :  Developed on ly  from A-rated t e s t  data taken from 

many randomly chosen f a c i l i t i e s  i n  t h e  i n d u s t r y  populat ion.  The 

source category* i s  s p e c i f i c  enough t o  minimize v a r i a b i l i t y  w i t h i n  

t h e  source category populat ion.  

- 0 - Above average: Developed on l y  from A-rated t e s t  data from a 

reasonable number o f  f a c i l i t i e s .  Although no s p e c i f i c  b ias  i s  

ev ident ,  it ' is n o t  c l e a r  i f  the  f a c i l i t i e s  tes ted  represent  a 

random sample o f  the i ndus t r i es .  As i n  t h e  A-rat ing,  the  source 

category i s  s p e c i f i c  enough t o  minimize v a r i a b i l i t y  w i t h i n  t h e  

source category populat ion. 

- C - Average; Developed only  from A- and 0-rated t e s t  da ta  from a 

reasonable number o f  f a c i l i t i e s .  Although no s p e c i f i c  b ias  i s  

ev ident ,  i t  i s  n o t  c l e a r  i f  the  f a c i l i t i e s  tes ted  represent  a 

random sample o f  the  i ndus t r y .  As i n  t h e  A-rat ing,  the  source 

category i s  s p e c i f i c  enough t o  minimize v a r i a b i l i t y  w i t h i n  the  

source ca tego rypopu la t i on .  

- D - Below average: The emission f a c t o r  was developed on ly  from 

A- and 0- ra ted  t e s t - d a t a  from a small number o f  f a c i l i t i e s ,  and 

the re  i s  reason t o  suspect t h a t  these f a c i l i t i e s  do n o t  represent  

a random sample o f  the  indus t ry .  There a l so  may be evidence o f  

v a r i a b i l i t y  w i t h i n  the  source category populat ion.  L i m i t a t i o n s  

on t h e  use o f  t h e  emission f a c t o r  a r e  foo tno ted i n  t h e  emission 

f a c t o r  t ab le .  

* Source category: A category i n  t h e  emission f a c t o r  t a b l e  f o r  which an 

emission f a c t o r  has been ca l cu la ted  (genera l l y  a s i n g l e  process). 



- E - Poor:  he emission factor:was developed from C- and &rated 
test data, and there is reason to suspect that the facilities 

tested do not represent a random sample of the industry. There 

also may be evidence of variability within the source category 

population. Limitations on the use of these factors are always 

footnoted. 

The use of the above criteria is somewhat subjective depending to a large 

extent on the individual reviewer. Details of how each candidate emission 

factor was rated are provided in each section of this report. 
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SECTION 4.0 

PARTICULATE EMISSION FACTOR DEVELOPMENT 

This sec t ion  describes the  t e s t  da ta  and methodology used t o  develop 

p a r t i c u l a t e  emission f a c t o r s  f o r  t h e  cement i ndus t r y .  

4 .1  REVIEW OF SPECIFIC DATA SETS 

A t o t a l  o f  55 reference documents were c o l l e c t e d  and reviewed du r ing  

t h e  1  i t e r a t u r e  search conducted a s  p a r t  o f  t h i s  study. These documents 

are l i s t e d  a t  t h e  end o f  t h i s  sec t i on  a long w i t h  an i n d i c a t i o n  as t o  whether 

the  document conta ins p a r t i c l e  s i z e  data. 

The o r i g i n a l  group o f  55 documents were reduced t o  a  f i n a l  s e t  o f  p r i -  

mary references u t i l i z i n g  t h e  c r i t e r i a  o u t l i n e d  i n  Sect ion 3.0 o f  t h i s  re-  

p o r t .  For those re ference documents no t  used, the  f o l l o w i n g  summarizes the 

reason(s) f o r  t h e i r  r e j e c t i o n :  

Reference No. Cause(s) f o r  Re jec t ion  

No t e s t  method spec i f i ed .  
No t e s t  method o r  p l a n t s  spec i f ied ;  ranges o f  
emission r a t e s  only.  
No t e s t  method spec i f ied .  
No t e s t  method o r  f u e l  type spec i f ied .  
No t e s t  method spec i f i ed ;  l i t t l e  documentation; 
data f o r  a l l  k i l n s  combined. 
Not o r i g i n a l  source o f  t e s t  data. 
Not o r i g i n a l  source o f  t e s t  data. 
Not  o r i g i n a l  source o f  t e s t  data. 
K i l n  dus t  d isposal  study -- no emissions data. 
Not o r i g i n a l  source o f  t e s t  data. 
Not o r i g i n a l  source o f  t e s t  data. 



Reference No. Cause(s) f o r  Reject ion 

Not o r ig ina l  source of t e s t  da t a .  
SO,/NO d a t a  only - no p a r t i c u l a t e  t e s t s .  
Type o? process and fue l  not  spec i f i ed .  
Type of process not spec i f i ed .  
Type of process not  spec i f i ed .  
Type of cont ro l  device not  spec i f i ed .  
Process desc r ip t ion  only - no t e s t  da t a  (used 
a s  re ference  f o r  review of o t h e r  t e s t  repor ts ) .  
Data de le ted  due t o  nonconsis tent  combination 
of control  devices.  
Sources t e s t e d  not spec i f i ed .  
Type of process not  c l e a r l y  s p e c i f i e d  (probably 
wet process) .  

The fol lowing i s  a discussion of t h e  d a t a  contained i n  each of t h e  p r i -  

mary references  used t o  develop candidate  emission f a c t o r s ,  according t o  

r e fe rence  number and da te  of publ ica t ion .  I n i t i a l l y ,  a l l  emission f a c t o r  

c a l c u l a t i o n s  were performed i n  terms of weight of p o l l u t a n t  per weight of 

cement produced. La te r ,  t h e  emission f a c t o r s  developed were converted t o  

.weight  of p o l l u t a n t  pe r  weight of c l i n k e r  f o r  those  sources producing o r  

processing t h i s  p a r t i c u l a r  mater ial  ( i  . e . ,  k i l n s  and coolers ) .  

4 .1 .1  References 10  through 17 (1971) 

References 10  through 17 a r e  source t e s t s  of nine d i f f e r e n t  cement 

p l a n t s  conducted by €PA con t rac to r s .  The purpose of t h e s e  t e s t s  was t o  

ga the r  emissions da ta  on well con t ro l l ed  p l a n t s  t o  develop New Source Per- 

formance Standards (NSPS) f o r  t h e  cement indus t ry .  All of t h e  t e s t s  were 

performed using EPA re ference  t e s t  methods with sampling conducted a t  t h e  

o u t l e t  of  some t y p e  of d u s t  c o l l e c t o r .  Emission f a c t o r s  were presented i n  

each r e p o r t  i n  terms of pounds of  p a r t i c u l a t e  matter  pe r  t on  of feed mate- 

r i a l .  A summary of  t h e  da ta  contained i n  References 10 through 1 7  i s  shown 

i n  Table 4-1. 

Upon review of References 10  through 17 ,  i t  was detirmined t h a t  t h e  

sampling protocol  used and t e s t  r e s u l t s  obtained were f a i r l y  well documented 

i n  each r epor t .  I t  was noted, however, t h a t  very l i t t l e  process opera t ing  



TABLE 4-1. SUHHARV OF NSPS DATA COLLECTEO BY EPA 

Contro l led emissiog 
Refa EPA repor t  Process No., o f  fac to r  measurement Controa 
No. No. P lan t  name/location type Sources Tested t e s t s  ( lb / ton  of feed) uat ingC device Comments 

10 71-MM-01 Haule Indus t r ies  
Hia l iah,  FL 

17 71-MH-02 Ideal  Cement Co. 
T i jeras.  NM 

11 71-MH-03 ldea l  Cement Co. 
Seatt le. WA 

12 71-W4-04 ldea l  Cement Co. 
Cast le Hayne. NC 

13 71-IN-05 Dragon Cement Co. 
Northampton. PA 

Wet Cl inker  Cooler Stack 
NO. 1 

Cas-f i red Rotary K i l n  
Stack No. 1 

Ory No. 2 F i n i s h  B a l l  H i l l  

No. 2 F i n i s h  B a l l  Mi11 
A i r  Separator 

No. 2 F i n i s h  B a l l  H i l l  
Feed-O-Wt 

No. 2 Raw B a l l  H i l l  

No. 2 Raw B a l l  M i l l  
A i r  Separator 

No. 2 Raw B a l l  H i l l  
Feed-O-Wt 

Wet Cl inker  Cooler 

Gas-f l red Rotary K i l n  

Wet No. 1 F i n i s h  B a l l  H i l l  
A i r  Separator Stacks 
AhB 

Nb. 1 F i n i s h  B a l l  M i l l  
and Elevator  

Dry No. 1 and No. 2 Coal- 
f i r e d  Rotary K i lns  

ESP 

ESP 

BH 

BH 

BH 

BH 

EH 

BH 

BH 

ESP 

EH 

BH 

H u l t i -  
c lone 
and BH 

Frequent 
Upsets 

Bad sam- 
p l i n g  
loca t ion  

Combined 
emissions 
from both 
a i r  sepa- 
r a t o r s  

Hor izonta l  
duct; prob- 
lems w i t h  
p a r t i c u l a t e  s e t t l e d  i n  

duct 

(continued) 



TABLE 4-1. (continued) 

Contro l led emissionb 
Refa EPA repor t  Process No. o f  fac to r  measurement ControJ 
No. No. P lant  name/location type Sources Tested tes ts  Ob/ ton  o f  feed) uat ingC device Comnents 

14 71-W4-06 Idea l  Cement Co. Wet No. 2 Cl inker  Cooler 3 0.0253. 0.0448. 0.0305 B BH 
Houston. TX 

No. 2 F i n i s h  M i l l  3 0.0152. 0.0201. 0.0120 B BH l n c l ~ ~ d e s  '. 
Gr ind ing System both m i l l  

and a i r  
separators 

15 71-HH-07 Giant Por t land Cement Wet No. 4 Gas-fired.Rotary 1 0.536 
H a r l e y v i l l e ,  SC K i l n  

No. 4 O i l - f i r e d  Rotary 1 0.513 
K i l n  

B BH Pressure 
BH; 6 
stacks each 
tested 
once 

B BH Pressure 
BH; 6 
stacks each 
tested 
once 

16 71-W4-15 Oregon Por t land Cement Wet No. 4 Gas-fired Rotary 3 0.247, 0.309, 0.261 B BH 
Lake Oswego. OR K i l n  

18 74-STN-1 Arizona Por t land Cement Dry Primary Limestone 4 0.00079, 0.00091, B BH 
R i l l i t o ,  A2 . Crusher 0.00093. 0.00139 

Primary Limestone 4 0.00018. 0.00023. B BH 
Screen 0.00022. 0.00026 

No. 2 Limestone Over- 3 0.00002. 0.00003. B 811 
land Conveyor Transfer 
S ta t ion  

Secondary Limestone 3 0.00017, 0.00034. B BH 
Screen and Crushing 0.00041 
Plant  

a References l i s t e d  a t  the end o f  Sect ion 4. 

Based on f ron t -ha l f  o f  EPR Reference Method 5 sampling t r a i n .  1 lb / ton  = 0.5 kg/Mg 

C 
A l l  O f  these data were co l lec ted  t o  support a NSPS and are therefore representat ive o f  the b e t t e r  c o n t r o l l e d  p lan ts  b u t  no t  necessar i ly  
of the  e n t i r e  industry. 

BH = baghouse; ESP = 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  



data  were c o l l e c t e d  f o r  ' the dates and t imes du r i ng  which t e s t i n g  took  place. 

For t h i s  reason and t h e  f a c t  t h a t  these p a r t i c u l a r  f a c i l i t i e s  represent  w e l l  

c o n t r o l l e d ,  operated, and mainta ined p l a n t s  (as s p e c i f i e d  by NSPS), a r a t i n g  

o f  B was.genera l ly  assigned t o  t h e  data. For c e r t a i n  t e s t s ,  where problems 

w i t h  e i t h e r  t h e  opera t ion  o f  t he  process o r  i n  t h e  c o l l e c t i o n  o f  t h e  samples 

was mentioned, a r a t i n g  o f  C was assigned t o  t he  da ta  (see Table 4-1). 

Copies o f  p e r t i n e n t  sec t ions  o f  each t e s t  r e p o r t  a r e  inc luded i n  Appendix A. 

4.1.2 Reference 18 (1974) 

Reference 18  i s  a r e p o r t  o f  source t e s t s  conducted by an EPA con t rac to r  

a t  a cement p l a n t  l oca ted  i n  Arizona. The purpose o f  these t e s t s  was t o  

p rov ide  background da ta  f o r  the-  development o f  an NSPS f o r  stone crushing. 

I n d i v i d u a l  sources t e s t e d  i n  t h i s  s tudy included: a p r imary  crusher;  a 

pr imary screen; a conveyor t r a n s f e r  p o i n t ;  and a secondary c rush ing  and 

screening p l a n t .  

The t o t a l  mass emissions from each source t e s t e d  were determined a t  

t h e  o u t l e t  o f  a baghouse c o l l e c t o r  u t i l i z i n g  EPA Method 5. Four runs were 

conducted a t  each t e s t  l o c a t i o n  w i t h  emission f a c t o r s  ca l cu la ted  based on 

t h e  t o t a l  amount o f  feed  ma te r i a l .  A summary o f  t h e  t e s t  da ta  presented i n  

Reference 18  has a l s o  been shown i n  Table 4-1.' For reasons s i m i l a r  t o  those 

presented above f o r  References 10  through 17, a r a t i n g  o f  B was l i k e w i s e  

assigned t o  t h e  ~ e t h o d  5 da ta  conta ined i n  Reference 18. Appropr ia te sec- 

t i o n s  o f  t he  t e s t  r e p o r t  are conta ined i n  Appendix A. 

E i g h t  p a r t i c l e  s i z e  t e s t s  o f  t h e  uncon t ro l l ed  emissions from t h e  p r i -  

mary crusher were a l s o  conducted w i t h  f i v e  a d d i t i o n a l  t e s t s  being performed 

on the  emissions from the  pr imary  screen. I n  bo th  cases t h e  measurements 

were made upstream o f  a baghouse c o l l e c t o r .  No de termina t ion  o f  t o t a l  mass 

emissions were conducted a t  these sampling l oca t i ons .  The s i z e  d i s t r i b u t i o n  

o f  t he  particulite emi t ted  from each source was made us ing  a B r i n k  Model B 

cascade impactor w i t h  cyclone p r e c o l l e c t o r .  Since no Method 5 t e s t s  were 

conducted a t  t he  same l o c a t i o n s  as t h e  B r i n k  t e s t s ,  t h e  data conta ined i n  

Reference 18  cou ld  no t  be used i n  t h e  development o f  s i z e - s p e c i f i c  emission 

fac to rs .  



4.1.3 Reference 20 (1976) 

Reference 20 i s  a s tudy conducted by an EPA c o n t r a c t o r  t o  determine 

t h e  performance c h a r a c t e r i s t i c s  o f  t h ree  i n d u s t r i a l  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  (ESPs). One o f  t h e  f a c i l i t i e s  t e s t e d  i n  t h i s  program was a wet pro- 

cess cement k i l n  f i r e d  w i t h  a combinat ion o f  coa l  and coke oven gas. Tests 

were conducted a t  t h e  i n l e t  and o u t l e t  o f  t h e  p r e c i p i t a t o r  which represented 

t h e  u n c o n t r o l l e d  and c o n t r o l l e d  emissions f rom t h e  k i l n .  Un fo r tuna te l y ,  no 

process da ta  were c o l l e c t e d  du r i ng  t e s t i n g  based on an agreement w i t h  p l a n t  

management. Since t h e  purpose o f  t h e  s tudy was t o  evaluate t he  performance 

o f  t he  ESP and n o t  t o  cha rac te r i ze  t h e  source, t h e  l a c k  o f  process da ta  d i d  

n o t  c rea te  a ser ious  problem f o r  t h e  c o n t r a c t o r  per fo rming  t h e  study. 

Tes t i ng  a t  t h e  i n l e t  was conducted us ing  a B r i n k  Model BMS-11 cascade 

. impactor f i t t e d  w i t h  a cyclone p r e c o l l e c t o r .  The B r i n k  impactor i s  essen- 

t i a l l y  a f i n e  p a r t i c l e  sampler and i s  gene ra l l y  n o t  w e l l  s u i t e d  t o  uncon- 

t r o l l e d  sources w i t h  a subs tan t i a l  popu la t i on  o f  l a r g e  p a r t i c l e s .  A de ter -  

m ina t i on  o f  t o t a l  mass load ing  a t  t he  ESP i n l e t  was n o t  performed du r i ng  t h e  

program. A t  t he  o u t l e t  o f  t he  ESP, t o t a l  mass emissions were determined 

us ing  EPA Reference Method 5 w i t h  an Andersen Mark I11 cascade impactor used 

f o r  determin ing p a r t i c l e  s i ze .  

The da ta  c o l l e c t e d  i n  t h i s  study were no t  presented i n  any s i g n i f i c a n t  

d e t a i l  i n  Reference 20. However, these da ta  were entered i n  t h e  EADS-FPEIS 

da ta  base (Test  Ser ies No. 80) from which a p r i n t o u t  was obtained. Since no 

v e r i f i c a t i o n  o f  t h e  EADS data cou ld  be made, t h e  values repo r ted  were ac- 

cepted a t  face value. I t  was learned from conversat ions w i t h  t h e  c o n t r a c t o r  

t h a t  t h e  t e s t  r e s u l t s  obta ined du r i ng  t h e  s tudy were entered d i r e c t l y  i n t o  

EADS under a separate e f f o r t  w i t h  t h e  raw da ta  never a c t u a l l y  appearing i n  a 

pub1 ished repo r t .  30 

Based on a rev iew o f  Reference 20 and telephone conversat ions w i t h  t h e  

con t rac to r ,  i t  was determined t h a t  t h e  p a r t i c l e  s i z e  da ta  c o l l e c t e d  a t  t h e  

o u t l e t  o f  t h e  ESP were i n v a l i d . 5 6  These t e s t s  were i n v a l i d a t e d  due t o  t h e  

format ion o f  a r t i f a c t s  on the f i b e r g l a s s  subs t ra tes  used i n  t h e  Andersen 



impactor during sampling, which created abnormally high loadings to b'e mea- 

sured. For this reason, none of the outlet data for these tests are pre- 

sented in this report or used in the development of candidate emission fac- 

tors. A summary of the test results collected at the inlet to the ESP is 

provided in Table 4-2. 

The information contained in Reference 20 and in the €ADS printout 

were determined to be of fairly good quality. However, the conspicuous 

lack of documentation definitely lowered the overall rating which could be 

assigned to the data using the criteria established by OAQPS. Based on the 

factors stated above, a rating of C was given to the data contained in Ref- 

erence 20 and the associated €ADS printout. Copies of. pertinent sections 

of Reference 20 and the €ADS. printout are also included in ~ p ~ e n d i x  A. 

4.1.4 Reference 21 (1976) 

Reference 21 is a study conducted by an EPA contractor to determine 

the fractional efficiency characteristics of a gravel bed filter (Rexnord) 

controlling the emissions from a clinker.cooler. Testing was conducted at 

both the inlet and outlet of the gravel bed using a number of different 

particle sizing instruments. Due to the nature of the source and its as- 

sociated emissions, only the data collected by in situ sampling using 

cascade impactors'are of interest in the development of size-specific emis- 

sion factors. 

During the sampling.program, testing was conducted over a several day 

period in both August and November of 1975. In the August test series, both 

total mass emissions and particle size distributions were determined at the 

inlet and outlet of the gravel bed filter. In November, only the inlet and 

outlet particle size distribution was characterized. 

The total mass emissions from the clinker cooler were measured at the 

inlet to the gravel bed and in the stack using EPA Reference Method 5. 

During the August tests, the inlet particle size distribution was deter- 

mined using both a Brink and an Andersen cascade impactor with only an 



TABLE 4-2. SWRY OF PARTICLE SIZE DATA FOR REFERENCE 20.-  ESP  INLET^ 
Data Rating: C 

Test 2-1 b 
r e s t  2-zb Test 3-1 b 

Test 3-2 b Test ~ - 3 ~  
Cum. 

d 
. Cum. Cum. C m .  Cum. 

Impactor Cut loading Cut loading Cut loading Cut loading Cut 1 oad i ng 
stage (mg/dncm) ( p m ~ ) ~  (mg/dncm) ( p m ~ ) ~  (mg/dncm) (pm~)' (mg/dncm) ( p d l C  (mg/dncm) 

F i l t e r  
Stage 7 
Stage 6 
Stage 5 
Stage 4 
Stage 3 
Stage 2 
Stage 1 
Cyclone 
Tota l  catche 

0 .13  
0 .25  
0 .68  
0 .97  
1 .86  
2 .70  
4 .59  
8 .11 

> 11.49 
Tota l  

0 . 1 3  
0 .25  
0 .68 
0 .97  
1 .86  
2 .70 
4 .59  
8 . 1 1  

> 11.49 
Tota l  

0 .12  
0 .24  
0 .64  
0 . 9 1  
1 . 7 5  
2.54 
4 . 3 2  
7 .62 

> 10.80 
Tota l  

0 .13  
0 .26 
0.67 
0 .95 
1 . 8 3  
2 .65 
4 .50  
7 .93  

> 11.23 
. Total 

0 .10  
0 .24 
0 .65  
0 .91  
1 .76 
2.55 
4 . 3 3  
7 .65 

> 10.83 
Tota l  

Test 3-4 b Test 4-1  b Test 4-2 b Test 4-3 b Test 4-4 b 

Cum. Cum. Cum. Cum. Cum. 
Impactor Cut loading Cut loading Cut loading Cut loading Cut loading 
stage ( p m ~ ) ~  (mgldncm) ( p m ~ ) ~  (mgldncm) (pmNC (mgldncm) ( p W C  (mg/dncm) (pmNC (mgldncm) 

F i l t e r  0 . 1 3  0 .00 0 .12  0 .00  0 . 1 3  ' 0 .00  0 . 1 3  0 .00  0 .13  0 .00 
Stage 7 0 .26  607 0 .24  617 0 .25  423 0 . 2 5  723 0 . 2 5  359 
Stage 6 0 .68  978 0 .64  850 0 . 6 9  685 0 .65 1.150 0 .69 539 
Stage 5 0 . 9 6  1.630 0 . 9 1  1,200 0 .97  922 0 .92  1.500 0 . 9 8  967 
Stage 4 1 .84  2.580 1 .75  1,470 1.87 1.380 1 .76 1,980 1 . 8 8  2,020 
Stage 3 2 .67 3.350 2.54 1.920 2 .70 1.930 2 .55  2 ,700 2 .72 .3 .240 
Stage 2 4 .54  6.060 4 .32  2.390 4 .59  3.170 4 .34  ' 5.730 4 .62  4.200 
Stage 1 8 .00  10.900 7 .63  2.860 8 . 1 1  ' 7.420 7.67 10,100 8 .15 10.200 
Cyclone > 11.33 13.100 > 1 0 . 8 2  3.080 > 11.48 10,000 >' 10.87 16,100 > 11.54 10.500 
Tota l  catche Tota l  39.205 Tota l  14,387 Tota l  25.930 Tota l  39,983 Tota l  32.025 

a 
Data taken from FPEIS Test Series 80 ,  pages 20, 23, 37, 40.  43. 46, 63. 66, 69. and 72 (Appendix C). Measurements made on a 
wet process, coal/coke oven gas f i r e d  k i l n  upstream of the  ESP using a Br ink  Model BMS-11 cascade impactor w i t h  cyclone precol- 
l ec to r .  No data ava i lab le  fo r  t o t a l  mass emissions ( i .e..  Method 5) .  No process data avai lable. 

Ind icates t e s t  I D  No. and sample No. included i n  FPEIS p r in tou t .  For example: Test I0  No. 2.  Sample No. 1 = Test 2-1. 

Aerodynamic diameter. 

Cum. loading = cumulative mass loading less than o r  equal t o  s tated s ize  faken from FPEIS p r i n t o u t  i n  mi l l igrams per dry  normal 
cubic meter (dncm). 

Tota l  loading co l lec ted  i n  cyclone and impactor stages. Sum of i n d i v i d u a l  loadings i n  column. 



Andersen u n i t  used a t  the  o u t l e t .  I n  November, t h e  B r ink  impactor was 

e l im ina ted from t h e  program. 

A t o t a l  o f  17 t e s t s  were conducted a t  t h e  i n l e t  t o  t h e  gravel  bed f i l -  

t e r  us ing the  Andersen impactor and e i g h t  t e s t s  w i t h  the  Br ink.  A t  the  out-  

l e t ,  a  t o t a l  o f  24 t e s t s  were conducted us ing the  Andersen impactor. The 

data obta ined from these t e s t s  are summarized i n  Tables 4-3 through 4-7 f o r  

bo th  t h e  August and November tes ts .  

The main purpose o f  t h e  study descr ibed i n  Reference 2 1  was t o  evaluate 

t h e  e f f i c i e n c y  o f  t h e  c o n t r o l  device no t  t o  charac ter ize  t h e  emissions from 

t h e  source. For  t h i s  reason, t h e  process data inc luded i n  t h e  r e p o r t  were 

a t  bes t  minimal. I n  add i t i on ,  t h e  cyc lone p r e c o l l e c t o r s  used i n  con junc t ion  

w i t h  the  B r ink  o r  Andersen impactor were e i t h e r  no t  c a l i b r a t e d  o r  otherwise 

had an undef ined c u t - p o i n t  a t  t h e  t ime  o f  t es t i ng .  Also, as s t a t e d  above, 

the  use o f  a  B r i n k  impactor i s  not  the  bes t  choice f o r  t e s t i n g  o f  uncon- 

t r o l l e d  sources. For t h i s  reason t h e  B r i n k  impactor data were.e l iminated 

from cons idera t ion  i n  the  development o f  candidate emission fac to rs .  

It was a l s o  mentioned i n  t h e  r e p o r t  t h a t  a  problem w i t h  p a r t i c l e  bounce 

had been observed w i t h  t h e  impactor samples c o l l e c t e d  as evidenced by the  un- 

usua l l y  h igh  loadings on t h e  backup f i l t e r s .  This problem i s  no t  uncommon 

w i t h  these types o f  t e s t s ,  b u t  can d e f i n i t e l y  b ias  the  r e s u l t s  obtained. For 

the  above reasons, a  r a t i n g  o f  C was assigned t o  the  data i n  Reference 21. A  

copy o f  appropr ia te  po r t i ons  o f  the  r e p o r t  have been inc luded i n  Appendix A. 

4.1.5 Reference 24 (1977) 

Reference 24 i s  an in-house compliance t e s t  performed on a  c o a l - f i r e d ,  

wet process cement k i l n  equipped w i t h  an ESP. Emissions t e s t s  f o r  t o t a l  

p a r t i c u l a t e  were conducted both  upstream and downstream o f  t h e  ESP u t i l i z i n g  

EPA Method 5 p ro toco l .  Twelve t e s t  runs were performed o f  t h e  uncont ro l led  

emissions from the  k i l n  w i t h  an a d d i t i o n a l  s i x  runs conducted o f  t h e  con- 

t r o l l e d  e f f l u e n t .  



TABLE 4-3. S W R Y  OF PARTICLE SIZE DATA FOR REFERENCE 21 - UNCONTROLLED CLINKER COOLER 
(BRINK IMPACTOR - AUGUST TESTS)' 

Data Rating: C 

Tota l  mass Mass loading by p a r t i c l e  s i ze  range (mg/~liM')~ 
loadingb > 17f18 12.6-17.8 7.2-12.6 4.3-7.2 3.0-4.3 1.6-3.0 1.14-1.6 0.67-1.14 < 0.67 

Date Time (mg/DNR) V W  ~d i ~ w  voJI v d  P ~ R  P A  )rmA 

Average t o t a l  mass 

-? emission f a c t o r  (kg/Hg) 4 . 4 ~ ~  
w 
0 

a P a r t i c l e  s i z e  data taken from Table A-4, page 37 of Reference 2 1  ( ~ ~ ~ e n d i x A ) .  Tota l  mass emissions data taken from Table 2, page 7 of 
same repor t .  Measurements taken a t  i n l e t  t o  gravel bed f i l t e r .  Oata no t  used i n  the development o f  candidate emission factors. 

Sun of mass loadings i n  the  various p a r t i c l e  s i ze  ranges contained i n  the  fo l low ing  ca lmns.  

Aerodynamic diameter. 

Cut-point o f  cyclone questionable. 

e 
Ar i thmet ic  mean ca lcu la ted  from Method 5 Runs 2-5 and process data contained i n  Appendix 8 o f  repor t  (see ca lcu la t ions  i n  Appendix B) 
Kilograms o f  p o l l u t a n t  per  Ug ( lo8  g) of cement produced. 

. . 



TABLE 4-4. SUHIV\RY OF PARTICLE SIZE DATA FOR REFERENSE 21  - UNCONTROLLED CLINKER COOLER 
(ANOERSEN IMPACTOR DATA - AUGUST TESTS) 

Oata Rating: C 

Total mass Mass loading by p a r t i c l e  s i ze  range ( ~ ~ / O N M J ) ~  

loading > 4 . 4 0  3.1-4.7 1.4-3.1 0.87-1.4 0.63-0.87 ( 0 . 6 3 ~  
Date .Start (mg/OHn') P d  P d  P d  . lrd P d  l r d  

Average t o t a l  mass 
emission fac to r  (kg/mg) 

a 
P a r t i c l e  s ize data taken from Table A-1, page 34 of Reference 21  (Appendix A). Total  mass emis- 
sions data taken from Table 2, page 7 o f  same report. Ikasurements taken a t  i n l e t  t o  gravel bed . f i l t e r .  

Sum of mass loading values i n  the various p a r t i c l e  size ranges contained i n  the fo l lowing columns. 

Aerodynamic diameter. 

Includes cyclone catch and f i r s t  two impactor stages. 

May be dominated by oversize par t ic les .  

I n v a l i d  data - nozzle not  pointed d i r e c t l y  i n t o  flow. 

Ar i thmet ic mean ca lcu la ted from Method 5 .  Runs 2-5 and process data contained i n  AppendixB o f  re- 
p o r t  (see ca lcu la t ions i n  AppendixB). Kilograms o f  po l l u tan t  per Mg ( lo8 g) of cement produced. 



TABLE 4-5. SUMMARY OF PARTICLE SIZE DATA FOR REFERENCE~EI - UNCONTROLLED CLINKER COOLER 
(ANOERSEN IMPACTOR DATA - NOVEMBER TESTS) 

Data Rating: C ,  

To ta l  mass Mass load ing  by p a r t i c l e  s i z e  range ( ~ ~ / o N M ~ ) ~  

load ing  > 4.40 3.1-4.7 1.4-3.1 0.87-1.4. 0.63-0.87 < 0 . 6 3 ~  
Date S t a r t  (mg/DNM3 IJmA IJmA v ~ A  IJmA IJmA IJmA 

a P a r t i c l e  s i z e  data taken from Table A-1,  page 34 o f  Reference 2 1  (Appendix A ) .  Measurements taken 
a t  i n l e t  t o  gravel  bed f i l t e r .  

b 
Sum o f  mass load ing  values i n  t h e  var ious  p a r t i c l e  s i z e  ranges conta ined i n  t h e  f o l l o w i n g  columns. 

Aerodynamic diameter. 

Inc ludes cyclone ca tch  and f i r s t  two impactor stages. 

e May be dominated by overs ize  p a r t i c l e s .  

I n v a l i d  data - nozzle n o t  po in ted  d i r e c t l y  i n t o  f low.  



TABLE 4-6. SUHHARV OF PARTICLE SIZE DATA FOR REFERENCE 21 - CLINKER COOLER CONTROLLED BY 
GRAVEL BED FILTER (AUGUST TEST SERIES)~  

Data Rating: C 

D i l u t i o n  ~ o t a l  mass Mass loading by p a r t i c l e  s i ze  range (mg/ONI13) d 

S t a r t  co r rec t ign  loading , 14.3 10.1-14.3 6.2-10.1 4.4-6.2 2.9-4.4 1.35-2.9 0.82-1.35 0.58-0.82 < 0.58 
Date time fac to r  (mg/ONM3 )C vmA vmA vmA vmA vmA vmA vmA vmA vmA 

8/25 1440 1.32 24.95 2.89 2.77 2.57 2.90 4.83 4.41 2.13 0.96 1.49 
6/25 1440 1.32 14.74 2.79 2.74 0.45 0.90 1.76 3.07 1.56 0.15 1.32 
8/26 1119 1.22 24.39 2.39 1.57 2.19 3 . 5 5 ,  5.97 4.21 3.36 0.94 0.21 
8/26 1124 1.34 28.86 3.81 2.24 3.06 4.47 6.45 5.46 2.33 0.71 0.33 
8/26 1515 , 1.34 46.32 9.09 2.34 2.86 4.75 7.64 6.09 2.38 0.97 10.2 
8/26 1515 1.34 36.81 8.87 2.54 3.42 3.90 6.21 6.14 3.11 1.52 1.10 
8/27 1100 1.34 43.73 12.0 3.31 3.14 4.37 7.80 ' 7.16 3.48 1.54 0.93. 
8/27 1150 1.34 43.21 7.98 5.30 3.93 5.21 6.31 7.50 4.14 1.41 1.43 
8/27 1515 1.42 37.80 7.40 2.83 2.89 4.02 5.56 7.43 4.36 1.77 1.54 
8/27 1515 1.42 39.74 11.4 2.26 2.48 3.12 7.11 6.99 4.01 1.47 0.90 
8/28 1045 1.31 31.62 7.16 2.22 2.20 3.17 6.23 5.17 2.71 1.15 1.61 
8/28 1045 1.31 31.31 7.74 1.97 2.25 4.35 4.40 5.35 2.58 0.88 1.79 
8/28 1415 1.47 37.19 7.72 2.14 2.60 3.25 5.26 5.57 3.00 1.92 5.73 
8/28 1415 1.47 35.04 5.69 2.96 2.26 3.68 4.88 6.67 2.70 1.53 4.67 
8/29 1000 1.27 38.69 10.2 2.13 3.11 4.14 5.77 5.13 2.53 1.70 3.98 

? 8/29 1000 1.27 31.30 5.79 1.60 1.76 3.05 6.27 5.21 2.57 1.23 3.82 
8/29 1400 1.41 16.85 2.69 1.51 1.17 1.15 1.55 3.93 2.30 1.28 1.27 
8/29 1400 1.41 30.83 6.92 1.68 2.56 3.35 5.19 6.10 3.07 0.93 1.03 

Average t o t a l  mass 
emission f a c t o r  (kg/Mg) , 0. 14ze 

a P a r t i c l e  s i z e  data taken from Table A-2, page 35 of Reference 2 1  ( ~ p p e n d i x A ) .  Tota l  mass data taken from Table 3. page 8 of same report.  
Measurements taken a t  o u t l e t  of gravel bed f i l t e r  u t i l i z i n g  an Andersen impactor. 

Because o f  the d i l u t i o n  t h a t  r e s u l t s  from the add l t i on  of the backwash a i r ,  the r e s u l t s  from the o u t l e t  impactors must be adjusted t o  conpen- 
sate f o r  the d i f ference i n  i n l e t  and o u t l e t  gas flows before cocnparisons among the various operat ing condi t ions can be made and before frac- 
t i o n a l  c o l l e c t i o n  e f f i c ienc ies  can be calculated. The cor rec t ion  factor  by which the measured o u t l e t  concentrations must be m u l t i p l i e d  i n  . 
order t a  e f f e c t  t h i s  adjustment are given f o r  each impactor run  i n  the tab le.  

c 
Sum of mass loadings i n  the various p a r t i c l e  s i ze  ranges contained i n  the fo l lowing columns. 

Aerodynamic diameter. 

Ar i thmet ic  mean calcu lated from Method 5 Runs 2-5 and process data contained i n  Appendix B o f  repor t  (see ca lcu la t ions  i n  Appendix B). 
Kilograms o f  p o l l u t a n t  per  Mg (10%) o f  cement produced. 



TABLE 4-7. SUHMARY OF PARTICLE SIZE DATA FOR REFERENC! 2 1  - CLINKER COOLER CONTROLLED BY 
GRAVEL BED FILTER (NOVEHBER TEST SERIES) 

Oata Rating: C 

D i l u t i o n  Tota l  mass Mass loading by p a r t i c l e  s i z e  range (mg/DNR) d 

co r rec t ion  loading > 13.9 9.8-13.9 6.0-9.8 4.2-6.0 2.8-4.2 1.3-2.8 0.79-1.3 0.57-0.79 < 0.57 
Date S t a r t  Durat ion f a c t o r  ( ~ ~ / O N M ~ ) ~  u ~ A  IJd UnA u d  urall unA u d  UmA lmA 

11/3 1545 120 1.35 24.05 0.69 0.43 0.40 0.43 8.01 9.45 2.56 0.96 1.15 
11/3 1545 . 120 1.35 28.74 18.4 0.71 0.64 0.61 1.08 3.80 2.21 0.66 0.63 
11/4 1130 240 1.39 8.17 0.23 0.13 0.19 0.18 0.64 2.63 2.58 1.02 0.57 
11/4 1130 240 1.39 8.20 0.00 0.14 0.16, 0.34 0.92 3.36 2.22 0.68 0.38 
11/5 0945 240 1.32 11.88 0.99 0.49 0.51 0.61 1.16 3.78 2.51 0.86 0.97 
11/5 0945 240 1.32 6.90 1.35 0.45 . 0.38 0.56 0.20 0.65 1.16 1.03 1.12 

a 
P a r t i c l e  s i z e  data taken from Table A-3. page 36 o f  Reference 2 1  (Appendix A). No t o t a l  mass data ava i lab le  f o r  November tests .  Hea- 
Surements taken a t  o u t l e t  of gravel bed f i l t e r  us ing an Andersen impactor. 

Because o f  the d i l u t i o n  t h a t  r e s u l t s  from the add i t i on  o f  the  backwash a i r .  the r e s u l t s  from the  o u t l e t  impactors must be adjusted t o  

5; compensate f o r  the d i f ference i n  i n l e t  and o u t l e t  gas f lows before comparisons among the various operat ing condi t ions can be made and 

w before f rac t iona l  c o l l e c t i o n  e f f i c i e n c i e s  can be calculated. The cor rec t ion  f a c t o r  by which the measured o u t l e t  concentrat ions must be 
P m u l t i p l i e d  i n  order t o  e f f e c t  t h i s  adjustment are given f o r  each impactor run i n  the tab le.  

C Sum o f  mass loadings i n  the various p a r t i c l e  s i z e  ranges contained i n  fo l l ow ing  columns. 

Aerodynamic diameter. 

e 
I n v a l i d  data - nozzle scraped p o r t  on entry. 



. Resul ts  o f  these t e s t s  showed an average uncon t ro l l ed  emirsion'  r a t e  

o f  -4.57 Mg/hr (5.03 tons/hr)  w i t h  normal i n s u f f l a t i o n  and '4.79 Mg/hr 

(5.27 tons/hr)  a t  e leva ted  i n s u f f  l a t i o n  rates.  For t h e  c o n t r o l  l e d  emis- 

sions, an average emission r a t e  o f  13.03 kg/hr (28.70 l b / h r )  was obta ined 

f o r  normal ope ra t i on  w i t h  a va lue o f  17.51 kg/hr (38.57 l b / h r )  obta ined 

a f t e r  upgrading t h e  ESP. Appropr ia te excerpts  from t h e  t e s t  r e p o r t  have 

been prov ided i n  Appendix A. 

A rev iew o f  Reference 24 showed t h e  da ta  t o  be o f  good q u a l i t y  b u t  

somewhat l a c k i n g  i n  documentation. A d e t a i l e d  d e s c r i p t i o n  o f  t he  process 

was no t  p rov ided which was a l so  t h e  case f o r  c a l i b r a t i o n  o f  t h e  t e s t  equip- 

ment. Given t h e  above f a c t o r s ,  a  r a t i n g  o f  B was assigned t o  'the t e s t  da ta  

conta ined i n  Reference 24. 

4.1.6 Reference 25 (1977) 

Reference 25 r e p o r t s  t he  r e s u l t s  o f  in-house compliance t e s t s  conducted 

on f o u r  c o a l - f i r e d ,  d ry  process cement k i l n s  equipped w i t h  a combination 

m u l t i c l o n e  and ESP. The e f f l u e n t  gases from K i l n  Nos. 2 and 3 a re  d i s -  

charged through t h e  n o r t h  s tack  w h i l e  K i l n  Nos. 4 and 5 u t i l i z e  t h e s o u t h  

s tack  f o r  t h i s  purpose. Three t e s t  runs f o r  t o t a l  p a r t i c u l a t e  were con- 

ducted on bo th  the  n o r t h  and south s tacks us ing  EPA Reference Method 5. 

The r e s u l t s  o f  t h e  above t e s t s  showed an average p l a n t  emission r a t e  o f  

10.6 kg/hr (23.4 l b /h r )  f o r  a l l  f o u r  k i l n s .  The c l i n k e r  p roduc t ion  r a t e  

du r i ng  these t e s t s  was 15 .1  Mg/hr (16.6 tons/hr) ,  14.3 Mg/hr (15.8 tons/hr),  

15.7 Mg/hr (17.3 tons/hr) ,  and 16.9 Mg/hr (18.6 tons/hr)  f o r  K i l n  Nos. 4, 5, 

2, and 3, respec t i ve l y .  App l i cab le  p o r t i o n s  o f  t h e  t e s t  r e p o r t  have been 

prov ided i n  Appendix A. 

It was found t h a t  t h e  t e s t  da ta  c o l l e c t e d  i n  t he  above,study were ob- 

t a i n e d  us ing  sound methodology and t h a t  adequate documentation was prov ided 

i n  t h e  r e p o r t .  However, s ince c a l i b r a t i o n  sheets f o r  t h e  t e s t  equipment 

were no t  inc luded,  a r a t i n g  o f  B was assigned t o  t he  da ta  conta ined i n  Ref- 

erence 25. 



4.1.7 Reference 26A/B (1979) 

Reference 26A/B i s  t h e  two volume r e p o r t  o f  a study conducted by an EPA 

con t rac to r  o f  t h e  ef fect iveness o f  var ious  combustion mod i f i ca t i ons  as a 

means o f  improving thermal e f f i c i e n c y  and c o n t r o l l i n g  emissions i n  indus- 

t r i a l  combustion equipment. The program provided f o r  t e s t s  on a t o t a l  o f  

22 d i f f e r e n t  i n d u s t r i a l  combustion devices, some o f  which inc luded ana lys is  

f o r  t r a c e  element and organic emissions. O f  t h e  22 devices tes ted ,  two were 

r o t a r y  cement k i  1 ns. 

The f i r s t  u n i t  t e s t e d  (Locat ion 3) was a d ry  process k i l n  f i r e d  w i t h  a 

combination o f  approximately 66% coke and t h e  remainder na tu ra l  gas. Test- 

i n g  f o r  bo th  t o t a l  mass emissions and p a r t i c l e  s i z e  d i s t r i b u t i o n  was con- 

ducted between t h e  m u l t i c l o n e  and baghouse. To ta l  mass emissions were 

determined us ing  EPA Reference Method 5 and p a r t i c l e  s i z e  w i t h  a B r i n k  

Model BMS-11 cascade impactor. One Method 5 run  (Test 3-2) and one B r i n k  

impactor t e s t  (Test 3-3) were conducted du r ing  the  program w i t h  no major 

sampling problems noted. A summary o f  t h e  r e s u l t s  obta ined f o r  t h e  Loca- 

t i o n  3 k i l n  i s  p rov ided i n  Table 4-8. 

The second u n i t  t e s t e d  (Locat ion 9) was a wet process k i l n  f i r e d  w i t h  

na tu ra l  gas and equipped w i t h  an ESP. Two se r ies  o f  t e s t s  were conducted 

on the  Locat ion 9 k i l n .  The f i r s t  s e r i e s  o f  t e s t s  were performed a t  t h e  

k i l n  o u t l e t  ( i n l e t  t o  ESP), and thus represent  an uncon t ro l l ed  f a c i l i t y .  

The sampling p o r t  used f o r  these t e s t s  was loca ted i n  one o f  two ducts 

j o i n i n g  t h e  k i l n  and ESP. Two Method 5 and two p a r t i c l e  s i z e  t e s t s  were 

conducted du r ing  t h e  f i r s t  t e s t  ser ies .  The f i r s t  Method 5 and impactor 

run  (Tests 9-lA&C) were representa t ive  o f  normal k i l n  opera t ion  w i t h  t h e  

o the r  two t e s t s  (Tests 9-2F&G) performed a t  reduced excess combustion a i r .  

Procedures and equipment i d e n t i c a l  t o  those described above f o r  t h e  Loca- 

t i o n  3 k i l n  were used i n  bo th  cases. A summary o f  t h e  r e s u l t s  o f  these 

t e s t s  i s  l i k e w i s e  shown i n  Table 4-8. 



TABLE 4-8. 5 W R Y  OF PARllCLE SIZE OATA FOR REFERENCE, 26 - LOCATIONS 1 MO 9 
(BRINK OATA) 

Test 3- lb  Test 9- lcC T.st 9-2Cd 
n d ~ s  CmuIativ. %sr Cmulat lve Mass c u u l a t i v a  

Impactor c o l l e ~ t l d  Cut-polnf percent co l l ec tad  Cut-po lq  percant c o I 1 1 ~ t l d  Cut-palnk percent 
stage (ag) (Op-wM) 5 stated r l z p  (.p) 5 statad r i l e  (.p) (Op-)u*) 5 stated 1iz. 

Type Of 
PIOECII 

O v  

Type o f  Cokl lnatural gar f 
r v c l  

wet 

Natural gar 

wet 

Natural gar 

Sampling Between ~ u l t t c l o n .  and baghousa O u t l l t  o f  k l l n  Ou t le t  o f  k i l n  
locat ion 

Total aarr ~ 4 . 6 "  - ' ~ 1 . 5 ~  61.2~ 
emir l ion 

factor 
(k9lng)g 

0.U qua l i t y  0 T ~ t a l  MIS = A Tota l  mass = A 
ra t i ng  P a r t i c l e  size = 1nval idk. l*" 

PtrtlCI. s i ze  = ln ra l l dk ' "  

a  article s ize rrarur-ntr ud. " i tn  a 8r lnk  1lod.1 8115-11 Raw dat. taka" f m  pager 43 and 40 o f  Refennce 268 f o r  Tar t  3-2 
Cascade i q a c t o r  w i th  cyclone p r rco l l ec to r .  (Ipp.ndlxA). 

Oat. f r m  pages 50 and 53 sf ~.f.nnca 268 (&p.ndirA). R r  data taken f r o .  page 423 o f  ~ . f e n n c l  260 and Table 4-20. 
puyr 84 af  Rchrtnc. 26A fo r  Test 9-IA (&p.ndirA). 

Oat. taken frc* Pagar 433 acd 436 of Reference 268 
(AppendirA). j Rw data taken r m  page 426 o f  Referenca 268 and Table 4-20. 

pagl 84 o f  Ref.r.nce 26A f o r  Tast 9-2F (QpendlxA). 
Data taken f r a  pages 438 and U1 of Refenoc. 268 
(A#prndixA). 14ac to r  p1upp.d. 

A~proximately 6 Q  coke and 33X natura l  gar. ' Arsund barcd on FPElS Test 5erl.s Nor. 00157 and 00158. 

Kll0gra.s of part lculal .  matter per Rq (10. g) o f  C-nt pro- llot used i n  eml$slon factor d.r.lbp.nt 
dwed assu ing  5% ( e i g h t )  o f  rlypsum added t o  c l l n k e r  f o r  
p m l w t i o n  o f  f inishad cement (I.. c a l c u l r t l ~ n r  i n  Appen- 
dices B amC). 



The second se r i es  o f  t e s t s  a t  t he  Locat ion 9 k i l n  (Tests 9-3 t o  9-6) 

were conducted a t  bo th  t h e  i n l e t  and o u t l e t  o f  the ESP us ing  the  EPA's Source 

Assessment Sampling System (SASS) t r a i n  and a mod i f i ed  Level I /Leve l  I1 as- 

sessment f o r  t r a c e  elements and organics. The SASS t r a i n  cons i s t s  o f  a 

se r i es  o f  cyclones w i t h  nominal cu t -po in t s  o f  10, 3, and 1 pmA, respec t i ve l y .  

The r e s u l t s  o f  t he  t e s t s  us ing  t h e  SASS t r a i n  a r e  shown i n  Table 4-9. 

There were a number o f  problems noted w i t h  t h e  da ta  i n  Reference 26 

f o r  t h e  t e s t s  conducted a t  Locat ion  9. The f i r s t  major problem invo l ved  

t h e  p lugg ing  o f  t he  B r i n k  impactor du r i ng  Tests 9-1C and 9-2G and o f  t h e  

SASS t r a i n  du r i ng  Tests 9-3 and 9-4. Th i s  p lugg ing  occurred as a r e s u l t  o f  

t h e  ext remely h i g h  load ings  encountered a t  t h e  k i l n  o u t l e t  which r e s u l t e d  

i n  t e rm ina t i on  o f  each t e s t .  Since t h e  SASS t r a i n  was 'a lso r e l i e d  upon f o r  

determin ing t o t a l  mass emissions, these r e s u l t s  are,  l i kew ise ,  i n v a l i d  f o r  

Tests 9-3 and 9-4. I n  add i t i on ,  d u r i n g  Tes t  9-1C the  k i l n  was exper ienc ing 

an upset cond i t i on .  For t h e  reasons s ta ted ,  t he  da ta  from Tests 9-lC, 9-2G, 

9-3, and 9-4 were determined t o  be quest ionable and thus n o t  used i n  t h e  de- 

velopment o f  candidate emission fac to rs .  

The remainder of t h e ' t e s t  da ta  conta ined i n  Reference 26 were found t o  

be o f  gene ra l l y  good q u a l i t y  w i t h  adequate documentation. The o n l y  major 

problem found was the  f a c t  t h a t  o n l y  one t e s t  was performed f o r  t o t a l  mass 

and p a r t i c l e  s i z e  on t h e  Locat ion 3 k i l n .  For t h i s  reason a r a t i n g  o f  B was 

assigned t o  Tes t  3-2 and 3-3 and a r a t i n g  o f  A t o  t h e  remainder o f  t he  usable 

da ta  i n  Reference 26. Copies o f  app rop r i a te  sec t ions  o f  t he  two r e p o r t s  are 

p rov ided i n  Appendix A .  

4.1.8 Reference 27 (1979) 

Reference 27 i s  a s tudy o f  t h e  f i n e  p a r t i c l e  emissions from a v a r i e t y  

o f  source ca tegor ies  i n  t he  South Coast A i r  Basin (Cos Angeles) o f  C a l i f o r n i a  

as conducted by  a c o n t r a c t o r  t o  t h e  C a l i f o r n i a  A i r  Resources Board (CARB). 

Two of t h e  t e s t s  inc luded i n  t h i s  s tudy were o f  t h e  emissions from a d r y  

process cement k i l n  c o n t r o l l e d  by a baghouse dust  c o l l e c t o r .  



TABLE 4-9. SUMMARY OF PARTICLE SIZE DATA FOR REFERENCE 26 - LOCATION 9 (SASS  DATA)^ 

To ta l  mass 
emission f a g t o r  

Test Sampl i ng (kg/Mg) Percent by weight i n  s ta ted  p a r t i c l e  s i z e  rangeC Data 
No. l o c a t i o n  C l i nke r  Cement > 10 pmA 10-3 ymA 3-1 i m ~  1-0.3 pmA r a t i n g  

9-3e ESP i n l e t  42.90 40.86 31.81 36.88 24.60 6.71 I n v a l i d  

9-4e .ESP i n l e t  38.27 36.45 32.53 35.84 23.39 8.24 I n v a l i d  

9- 5 ESP o u t l e t  0.133 0.127 3.50 0 66.14 30.37 A 

J: 9-6 ESP o u t l e t  0.157 0.150 1.54 N A ~  72.74 25.72 A 
w w 

a Measurements taken on a wet process cement k i l n  bo th  upstream and downstream o f  an e l e c t r o s t a t i c  pre- 
c i p i t a t o r  (ESP) us ing  the  EPA Source Assessment Sampling System (SASS). 

Kilograms o f  p a r t i c u l a t e  mat te r  per  me t r i c  t o n  (kg/Mg) o f  c l i n k e r  o r  cement produced assuming 5% by 
weight o f  gypsum i n  f i n i s h e d  cement. Oata taken from Table 4-21, page 92, o f  Reference 26A (see calcu- 
l a t i o n s  i n  Appendices B and C). 

Aerodynamic diameter. P a r t i c l e  s i z e  data taken from Tables F-2, F-8, and F-14 on pages 452, 458, and 
464 o f  Reference 26A and data sheet on page 469 o f  Reference 268 (see ca l cu la t i ons  i n  Appendix B). 

Inc ludes probe and nozzle. 

e 
1 pmA cyclone plugged thus te rm ina t i ng  t e s t  run  per  d iscussion on p. 9 1  o f  Reference 26A 
(Appendix A). Oata n o t  used i n  t h e  development o f  candidate emission fac to rs .  

No sample co l lec ted .  



During t h e  sampling program, t e s t s  were r u n  a t  t h e  o u t l e t  of t h e  bag- 
I 

house while  t h e  k i l n  was f i r i n g  coal and while  f i r i n g  na tura l  gas. One t e s t  

was performed f o r  each type  of f u e l .  The s i z e  d i s t r i b u t i o n  of t h e  pa r t i cu -  

l a t e  emanating from t h e  k i l n  baghouse was determined using a SASS-train. 

The da ta  obtained from t h e  CARE s tudy were entered i n t o  t h e  EADS-FPEIS 

system from which a p r i n t o u t  was obtained. A summary of t h e  da ta  contained 

i n  Reference 27 i s  provided i n  Table 4-10 with a copy of t h e  p e r t i n e n t  sec- 

t i o n s  of t h e  d r a f t  r epor t  included i n  Appendix A .  Upon checking w i t h  t h e  

con t rac to r  i t  was learned t h a t  t h e  d a t a  f o r  Tes t  Runs 9 and 18 were not  

changed i n  t h e  f i n a l  r e p o r t  from t h a t  included i n  t h e  d r a f t  a s  shown i n  

Appendix A. 

From an a n a l y s i s  of Reference 27, i t  was determined t h a t  t h e  p a r t i c l e  

s i z e  measurements were made using sound methodology, and t h e  document does 

conta in  adequate information f o r  va l ida t ion .  However, s ince  only one t e s t  

was conducted f o r  each type  of f u e l ,  a r a t i n g  of  B was assigned t o  t h e  da ta .  

4 .1.9 Reference 30 (1979) 

Reference 30 i s  t h e  r epor t  of  a source t e s t  conducted on t h r e e  coal-  

f i r e d ,  dry process cement k i l n s  equipped with suspension preheaters  and bag- 

house dus t  c o l l e c t o r s .  The k i ln  baghouses were operated under a p o s i t i v e  

pressure  with t h e  e f f l u e n t  gases vented t o  t h e  atmosphere through a roof 

monitor i n s t ead  of a s tack(s) .  

Since t h e  above baghouses were not  equipped with a s t a c k ,  s tandard 

source t e s t i n g  procedures were not used. Ins t ead ,  high volume-type a i r  sam- 

p l e r s  were i n s t a l l e d  i n  t h r e e  of t h e  s i x  c e l l s  of each baghouse t o  measure 

t h e  p a r t i c u l a t e  emission r a t e  from t h e  k i ln s .  A t o t a l  of t h r e e  t e s t s  were 

conducted on Baghouse Nos. 1 and 3 with two t e s t s  conducted on Baghouse 

No. 2. The r e s u l t s  of t hese  t e s t s  a r e  summarized below: 



TABLE 4-10. SUMMARY OF PARTICLE SIZE 1ATA FOR REFERENCE 27 - DRY PROCESS KILN CONTROLLED 
BY A BAGHOUSE COLLECTOR 

Data Rating: B 

Tota l  mass 
emission f a c t o r  Percent by weight i n  s ta ted  p a r t i c l e  s i z e  rangeC 

KVB t e s t  No. Type .of f u e l  1 b/ ton kg/Mg > 10 pmA . 10-3 pmA 3 -1  pmA < 1 pmA 

J: 
N 9 Natura l  gas 0.21 0.11 8 
w 

18 Pulver ized coal 0.43 0.22 8 

a Reference 27 (Appendix A). Measurements made using a SASS t r a i n  downstream o f  the  baghouse. Both t e s t s  
on the  same d ry  process k i l n  f i r i n g  two d i f f e r e n t  types o f  f u e l .  One t e s t  per  f u e l  type. 

Data taken from p. 4-113 o f  r e p o r t  (Appendix A). Assumed t o  be ca l cu la ted  based on cement n o t  c l i n k e r  
p roduct ion  ra te .  1 l b / s h o r t  t o n  = 0.5 kg/Mg. 

C Aerodynamic p a r t i c l e  diameter. Data taken from p. 4-108 o f  r e p o r t  (Appendix A). Assumed t o  be ca l cu la ted  
based on cement no t  c l i n k e r  p roduct ion  ra te .  



To ta l  
P a r t i c u l a t e  

Baghouse/ Run Emission Rate K i  1 n Feedrate 
K i l n  No. - No. 1 b/hr  kg/hr tons/hr  Mg/hr - 

Appl icab le  p o r t i o n s  o f  t h e  t e s t  r e p o r t  a re  prov ided i n  ~ p p e n d i x  A. 

It was determined from an eva lua t i on  o f  t h e  i n fo rma t ion  contained i n  

Reference 30 t h a t  t h e  measurements were conducted us ing a genera l l y  sound 

a l though nonstandard methodology. I n  a d d i t i o n ,  c e r t a i n  problems were noted 

w i t h  c a l i b r a t i o n  o f  the  sampling equipment used. Based on these f a c t o r s ,  a 

r a t i n g  o f  C was .assigned t o  the data conta ined i n  Reference 30. 

4.1.10 Reference 3 1  (1979) 

Reference 3 1  i s  an i n t e r n a l  r e p o r t  o f  source t e s t s  conducted on f o u r  

c o a l - f i r e d ,  d ry  process k i l n s  loca ted a t  a p l a n t  i n  V i r g i n i a .  Three o f  t h e  

k i l n s  (Nos. 1, 3, and 4) were equipped w i t h  a coo l ing /cond i t ion ing  tower, 

m u l t i p l e  cyclone dus t  c o l l e c t o r ,  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  connected 

i n  ser ies .  The f i f t h  k i l n  (No. 5) was equipped w i t h  a Lepol preheater/  

p e l l e t i z e r  and double chamber ESP. 

A minimum o f  s i x  ' t e s t  runs were conducted on each k i l n  s tack  u t i l i z i n g  

EPA Method 5. For t h e  No. 5 k i l n ,  t e s t i n g  was performed b o t h w i t h  and w i th -  

ou t  f l u e  gas be ing  bypassed t o  a raw g r i n d i n g  m i l l  c i r c u i t ( s ) .  Resul ts  o f  

these t e s t s  a re  summarized below: 



; Tnta l  
I P a r t i c u l a t e  Average C l i nke r  

K i l n  Stack Emission Rate Product ion Rate 
No.* 1 b/hr  kg/hr tons/hr Mg/hr 

* 5a = No gas bypass; 5b = Gas bypassed t o  one raw 
m i l l ;  5c = Gas bypassed t o  two raw m i l l s .  

I n l e t  t e s t s  were a l so  conducted du r ing  the  sampling program on the  K i l n  

No. 5 ESP, b u t  t h e  data were de le ted  from cons idera t ion  due t o  l a c k  o f  ade- 

quate documentation. Appropr iate excerpts from t h e  t e s t  r e p o r t  have been 

inc luded i n  Appendix A. 

Upon review o f  the  s tack  data contained i n  Reference 31, i t  was deter-  

mined t h a t  t h e  t e s t s  were conducted us ing a genera l l y  sound methodology. 

  ow ever, some o f  t h e  raw data  sheets f o r  t h e  No. 5 k i l n  t e s t s  were found t o  

be miss ing from t h e  repor t .  Also, no c a l i b r a t i o n  data were inc luded f o r  the  

s tack  t e s t i n g  equipment. Based on these de f i c i enc ies ,  a r a t i n g  o f  B was 

assigned t o  these data. 

4.1.11 Reference 32 (1980) 

Reference 32 i s  a source t e s t  conducted o f  the e f f l u e n t  from a gravel  

bed f i l t e r  c o n t r o l l i n g  the  emissions from th ree  grate- type c l i n k e r  coolers. 

~ h r e e  EPA Method 5 t e s t s  were performed du r ing  the  study. Results o f  these 

t e s t s  were 6.72 kg/hr (14.8 l 'b/hr),  6.17 kg/hr (13.6 l b /h r ) ,  and 5.86 kg/hr 

(12.9 lb /h r ) ,  r espec t i ve l y ,  f o r  an average. c l i n k e r  feedra te  o f  76.0 Mg/hr 

(83.8 tons/hr).  App l icab le  po r t i ons  o f  t h e  t e s t  r e p o r t  a re  prov ided i n  

Appendix A. 



It was determined t h a t  the  data conta ined i n  Reference 32 were o f  good 

q u a l i t y  and t h e  t e s t s  were we l l  documented. Therefore, a r a t i n g  o f  A was 

assigned t o  t h e  r e s u l t s  o f  t h e  above t e s t s .  

4.1.12 Reference 33 (1980) 

Reference 33 i s  a companion study t o  t h a t  described i n  Reference 32 

above. Three EPA Method 5 t e s t s  were performed o f  t h e  emissions from a 

c o a l - f i r e d ,  d r y  process k i l n  equipped w i t h  cyclones and baghouse dus t  c o l -  

l e c t o r .  Resul ts  o f  these t e s t s  i n d i c a t e d  c o n t r o l l e d  emission r a t e s  o f  3.1, 

3.0, and 2.8 kg/hr (6.9, 6.6, and 6 .1  l b /h r ) ,  r espec t i ve l y ,  a t  an average 

c l i n k e r  p roduct ion  r a t e  o f  30.0 Mg/hr (33.1 tons/hr).  Excerpts from 'the 

t e s t  r e p o r t  a re  prov ided i n  Appendix A. 

Upon eva lua t i on  o f  t h e  i n fo rma t ion  contained i n  Reference 33, i t  was 

determined t h a t  t h e  t e s t  p ro toco l  was sound and adequate documentation was 

provided. Using t h e  c r i t e r i a  developed by OAQPS, a r a t i n g  o f  A was assigned 

t o  t h e  t e s t  da ta  inc luded i n  Reference 33. 

4.1.13 Reference 36 (1980) 

Reference 36 i s  t h e  r e p o r t  o f  a source t e s t  conducted o f  the  c o n t r o l l e d  . 

emissions from a c l i n k e r  coo ler  equipped w i t h  a baghouse. Three t e s t s  were 

performed o f  t h e  emissions from t h e  coo le r  baghouse us ing  EPA Method 5. 

Results o f  these t e s t s  i n d i c a t e d  an average p a r t i c u l a t e  emission r a t e  o f  

0.0499 kg/Mg o f  feed (0.0997 l b / t o n  o f  feed). Appropr iate p o r t i o n s  o f  t h e  

t e s t  r e p o r t  a r e  inc luded i n  Appendix A. 

It was determined from a review o f  Reference 36 t h a t  the  t e s t s  were 

probably performed us ing  a sound techn ica l  approach. However, a thorough 

eva lua t ion  cou ld  n o t  be performed due t o  t h e  l a c k  o f  adequate documentation 

w i t h  regard t o  t h e  process tested,  throughput ra tes ,  c a l i b r a t i o n  o f  t h e  

t e s t  equipment, e tc .  Also, i t  was i n f e r r e d  from in fo rma t ion  conta ined i n  

the  r e p o r t  t h a t  EPA Method S p r o t o c o l  was used, a l though t h i s  f a c t  was never 

c l e a r l y  s ta ted .  For t h e  above reasons, a r a t i n g  o f  D was assigned t o  t h e  

t e s t  data inc luded i n  Reference 36. 



4.1.14 Reference.. 39 (1981) 

Reference 39 prov ides t h e  r e s u l t s  o f  source t e s t s  performed on two 

coa l - f i r ed ,  wet process k i l n s  equipped w i t h  ESPs. Three EPA ~ e t h o d  5 t e s t s  

were conducted on each ESP s tack  f o r  a t o t a l  o f  s i x  t e s t  runs. Resul ts  of 

these t e s t s  showed an average p a r t i c u l a t e  emission r a t e  o f  8.322 kg/hr 

(18.33 l b /h r )  and 7.90 kg/hr (17.4 l b / h r )  f o r  K i l n  Nos. 1 and 2, respec- 

t i v e l y .  Excerpts from the  t e s t  r e p o r t  are shown i n  Appendix A. 

I t  was determined t h a t  the  t e s t s  repor ted  i n  Reference 39 were gen- 

e r a l l y  o f  good q u a l i t y .  However, documentation o f  process data on c l i n k e r  

product ion (o r  an appropr ia te  convers ion f a c t o r  t o  c a l c u l a t e  such) was lack-  

ing .  ~ s s u m ~ t i o n s  had t'o be made, t he re fo re ,  t o  ca l cu la te  appropr ia te  emis- 

s ion  fac to rs  from t h e  a v a i l a b l e  data. For t h e  above reason, a r a t i n g  o f  C 

was assigned t o  the  t e s t  data i n  Reference 39. 

4.1.15 Reference 40 (1981) 

Reference 40 i s  the  r e p o r t  o f  a source t e s t  conducted'at a cement p l a n t  

loca ted  i n  Kansas. Tes t ing  was performed on a t o t a l  o f  f o u r  c o a l - f i r e d ,  

wet process k i l n s .  Three o f  the  k i l n s  were c o n t r o l l e d  by a common ESP (No. 2 

stack) w i t h  the  f o u r t h  k i l n  being equipped w i t h  a separate ESP (No. 4 stack). 

E igh t  t e s t  runs were conducted on t h e  No. 4 s tack w i t h  an add i t i ona l  

16 runs performed on the  No. 2 s tack  us ing  EPA Method 5. I n l e t  samples were 

a l so  c o l l e c t e d  upstream o f  the  No. 4 p r e c i p i t a t o r  us ing ASTM Power Test  

Code 27. F i n a l l y ,  s i x  Method 5 t e s t s  were performed o f  t h e  emissions from 

t h e  Nos. 1 and 4 c l i n k e r  coo le r  stack. These data were deleted, however, 
\ .  since no c o n t r o l  device was spec i f ied .  Results o f  t h e  k i l n  t e s t s  performed 

du r ing  the  study are  summarized below: 

Averaoe To ta l  
particulate- mi ss ion  Rate 

Test  Locat ion ( l b /h r )  (kg/hr) 

No. 4 ESP i n l e t  2,202 999.7 
No. 4 stack 23.4 10.6 
No. 2 s tack 25.2 11.4 



I t v a s  determined t h a t  the  data conta ined i n  Reference 40 were o f  rea- - 

sonably good q u a l i t y  b u t  su f fe red  from a l a c k  o f  adequate documentation. 

Also, no raw t e s t  da ta  were inc luded i n  t h e  r e p o r t  which prevented va l i da -  

t i o n  o f  t h e  sampling r e s u l t s .  A r a t i n g  o f  C was, t he re fo re ,  assigned t o  the  

t e s t  da ta  i n  Reference 40. 

4.1.16 Reference 42 (1983) 

Reference 42 i s  a study conducted under t h e  I P  program o f  the  emissions 

from a d r y  process cement k i l n  equipped w i t h  suspension preheater  and bag- 

house c o l l e c t o r  (10-cel l ) .  The k i l n  was f i r e d  w i t h  s o l i d  f u e l  cons i s t i ng  

o f  a combinat ion o f  coal and coke. This  p a r t i c u l a r  k i l n  i s  somewhat unique 

i n  t h a t  t h e  f l u e  gas temperature t o  t h e  main baghouse (10-ce l l )  i s  c o n t r o l l e d  

w i t h  a by-pass system conta in ing  water  sprays and i t s  own separate 3 - c e l l  

baghouse c o l l e c t o r .  E f f l u e n t  gas from t h e  by-pass system i s  vented t o  t h e  

atmosphere through a common stack w i t h  t h e  main p a r t i c u l a t e  c o n t r o l  device. 

Tes t i ng  was conducted o n l y  a t  t h e  i n l e t  t o  the  main (10-ce l l )  baghouse and 

i n  t h e  stack.  A separate v e l o c i t y  t rave rse  was performed i n  the  i n l e t  duc t  

o f  t h e  by-pass system baghouse such t h a t  t h e  t o t a l  uncon t ro l l ed  emissions 

from t h e  k i l n  cou ld  be ca lcu la ted .  

The general sampling pro toco l  used i n  t h i s  s tudy was t h a t  developed 

f o r  t h e  I P  program. A t  the  i n l e t ,  t h e  t o t a l  uncon t ro l l ed  emissions from 

t h e  process were determined u t i l i z i n g  EPA Method 5. 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  was obta ined from samples c o l l e c t e d  by an Andersen High Capacity 

Stack Sampler (HCSS) equipped w i t h  a S i e r r a  Instruments 15-pmA preseparator.  

Two Method 5 and f o u r  p a r t i c l e  s i z e  t e s t s  were conducted a t  each o f  f o u r  

sampling quadrants f o r  a t o t a l  o f  8 and 16, respect ive ly .  

A t  t h e  o u t l e t  o f  t h e  baghouse, t h e  t o t a l  mass emissions ( con t ro l l ed ) '  

from t h e  k i l n  were determined u t i l i z i n g  proposed EPA Method 17, w i t h  two 

t e s t s  being conducted a t  each o f  f o u r  sampling quadrants. 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  was l i k e w i s e  obta ined us ing  an Andersen Mark I11 cascade 

impactor and S i e r r a  Instruments 15 pmA preseparator .  A t o t a l  o f  e i g h t  



1 
I t o t a l  mass and e i g h t  P a r t i c l e  s i z e  t e s t s  were performed a t  t h e  baghouse 
I 

o u t l e t .  

Tables 4-11 and 4-12 prov ide  a summary o f  the r e s u l t s  o f  t h i s  study 

w i t h  app l i cab le  p o r t i o n s  o f  t h e  document inc luded i n  Appendix A. Since t h e  

t e s t s  i n  Reference 42 were conducted according t o  t h e  p ro toco l  developed 

f o r  t h e  I P  program and are w e l l  documented, a r a t i n g  o f  A was assigned t o  

the  data. 

4.1.17 Reference 43 (1983) 

Reference 43 i s  t h e  r e p o r t  o f  a compliance t e s t  conducted a t  a cement 

p l a n t  loca ted  i n  Iowa. Tests were conducted o f  t h e  c o n t r o l l e d  emissions 

from a c o a l - f i r e d ,  d ry  process k i l n  equipped w i t h  an ESP and baghouse con- 

nected i n  p a r a l l e l .  Add i t iona l  t e s t s  were a l so  performed o f  t h e  t o t a l  emis- 

sions from a c l i n k e r  coo ler  equipped w i t h  a baghouse dus t  c o l l e c t o r .  Be- 

cause t h e  emissions from t h e  k i l n  were c o n t r o l l e d  by - both  an ESP and a 

baghouse, coupled w i t h  the  f a c t  t h a t  t h e  t e s t  l oca t i ons  were no t  c l e a r l y  de- 

f ined,  t h e  data from the  k i l n . t e s t s  were determined t o  be unsu i tab le  f o r  the  

development o f  cons i s ten t  emission fac to rs .  Thus, these data  were de le ted  

from f u r t h e r  cons idera t ion .  

For t h e  c l i n k e r  coo ler ,  t h ree  t e s t  runs were performed o f  t h e  t o t a l  

mass emissions from ' the  baghouse us ing  EPA Method 5. Resul ts  o f  these t e s t s  

were 1.2, 0.45, and 0.45 kg/hr (2.7, 1.0, and 1.0 lb /h r ) ,  respect ive ly .  

Appropriate p o r t i o n s  o f  the t e s t  r e p o r t  have been inc luded i n  Appendix A. 

. I t was determined t h a t  the  t e s t s  repor ted  i n  Reference 43 were conducted 

us ing sound methodology and t h a t  adequate documentation was provided. There- 

fo re ,  a r a t i n g  o f  A was assigned t o  t h e  t e s t  data. 

4.1.18 References 44 and 45 (1983) 

Reference 44 prov ides the  r e s u l t s  o f  an annual coqpl iance t e s t  conducted 

on a c o a l - f i r e d ,  d ry  process k i l n  equipped w i t h  a suspension preheater / f lash  



TMLE 4-11. S W R V  OF PARTICLE SIZE OATA FOR REFERENCE 12 - 19. 5 KIM BlWWSE INLET' 

s ize 15 pm Cyclone Staq. 1 Stape 2 Cyclon. F i l t e v  
run Rarr 0.0 s ize Cw. _t Wars 0.. siz. CU. X Mass 0.0 s ize CU. % Mass OSO s iza Cum. x nass 0%. s lza 

number (ng)b p a c  thand (mg)b ( w ) ~  thand ( I ~ J ) ~  (pm)' thand (.glb m c  thand (wlb (pa)' 

~cpvoaucea fro. ~ a b ~ .  3-2, pap. 40 ef t e s t  repor t  (~ppendixp;).  k a r u r a n t l  ta ten rt i n l e t  or the NO. 5 preno.t.r baghaul* using an Ander1.n 
HCSS w i t h  15 p d  cyclone pmleparator. Dry proc.sr k i l n .  

mg = net  weight i n  a i l l i g r p r .  

E f f e ~ t l v .  cut-point of  cyclone o r  i w a c t o r  stage i n  m i c r r r r t a n  (m) aero6ynuic d i u t e r .  



TABLE 4-12. SUMMARY OF PARTICLE SIZE DATA FOR REFERENCE 42 - NO. 5 KILN BAGHOUSE  OUTLET^ 

Oata Rating: A 

15 pa Cyclone Stage 0 Stage 1 Stage 2 Staqe 3 
P a r t i c l e  050 Cum. X O50 Cum. X 050 cum. % 050 Cum. 4 o?,, cum. X 

s ize  Massb , sizec lessd Massb s izec lessd Massb sizec lessd Massb size, lessd Massb sizec lessd 
run No. (mg) (pm) than (m9) ( ~ m )  than (mg) (pm) than (mg) (urn) than (mg) (pm) than 

I 
N Stage 4 Staqe 5 Stage 6 Stage 7 F i l t e r  
W P a r t i c l e  O50 Cum. % 050 . Cum. % O!0 Cum. % O50 Cum. % 

s ize  Massb sizec lessd Massb s izec lessd Massb sizec lessd Massb sizec lessd Massb O50 sizec 
run No. (mg) (urn) . than (mg) (pm) than (mg) (pm) than (mg) P than (mg) ( ~ m )  

a 
Reproduced from Table 3-4,  page 55 of t e s t  r epo r t  (Appendix A). ' Samples co l lec ted  from comon stack of bo th  preheater and by-pass 
baghouses using an Andersen Mark 111 cascade impactor w i t h  15 pmA cyclone preseparator. Ory process k i l n .  

mg = ne t  weight i n  mi l l igrams 

C E f fec t i ve  cu t -o f f  po in t  of cyclone o r  impactor stage i n  micrometers (pm) aerodynamic diameter. 

Cumulative percent less than o r  equal t o  s ta ted  s ize.  



, c a l c i n e r  and baghouse dus t  c o l l e c t o r .  Other sources tes ted  were an unspeci- 

f i e d  crusher equipped w i t h  a baghouse and F u l l e r  grate- type c l i n k e r  coo le r  

a l s o  equipped w i t h  a baghouse. Since no process d e s c r i p t i o n  was prov ided i n  

t h e  t e s t  r e p o r t  i t s e l f ,  a  techn ica l  paper (Reference 45) was used t o  de r i ve  

t h i s  in fo rmat ion .  

Dur ing sampling, t h r e e  t e s t  runs were performed o f  t h e  emissions from 

each o f  t h e  above baghouses us ing EPA Reference Method 5 ( i n c l u d i n g  impinger 

catch).  Since t h e  type o f  crusher and ma te r ia l  be ing  processed was n o t  

spec i f i ed ,  these p a r t i c u l a r  data were de le ted  from considerat ion.  Other- 

wise, t h e  r e s u l t s  o f  t h e  t e s t s  i n d i c a t e d  an average t o t a l  mass emission r a t e  

o f  0.04 kg/Mg (0.07 lb / ton)  and 0.02 kg/Mg (0.04 lb / ton)  f o r  t h e  k i l n  and 

coo ler ,  respec t i ve l y .  Appl icable p o r t i o n s - o f  t h e  t e s t  r e p o r t  have been i n - '  

c luded i n  Appendix A. 

Based on a rev iew o f  t h e  i n fo rma t ion  conta ined i n  Reference 44, i t was 

determined t h a t  the  t e s t s  were conducted us ing  standard EPA pro toco l  w i t h  

t h e  except ion t h a t  t h e  impinger ca tch  was used t o  c a l c u l a t e  the  emission 

ra tes .  - I n  add i t i on ,  c e r t a i n  o f  t h e  k i l n  t e s t s  showed negative ne t  f i l t e r  

weights obta ined du r ing  g rav ime t r i c  analyses. The above fac to rs ,  coupled 

w i t h  t h e  f a c t  t h a t  adequate process data ( o r  desc r ip t i on )  was n o t  inc luded 

i n  t h e  t e s t  r e p o r t ,  r e s u l t e d  i n  a r a t i n g  o f  C be ing  assigned t o  t h e  t e s t  

da ta  conta ined i n  Reference 44; 

4.1.19 Reference 46 (1983) 

Another reference used i n  t h e  development o f  candidate emission f a c t o r s  

i s  a study conducted under the I P  program o f  a wet process cement k i l n  

equipped w i t h  an ESP. The k i l n  was f i r e d  w i t h  pu l ve r i zed  coal  w i t h  preheat 

supp l ied  by a grate- type c l i n k e r  'cooler.  A c e r t a i n  p o r t i o n  o f  t h e  dus t  c o l -  

l e c t e d  i n  t h e  f i r s t  two f i e l d s  o f  the  ESP i s  i n s u f f l a t e d  back t o  the  k i l n  

f o r  reprocessing. Tes t ing  was conducted a t  bo th  t h e  i n l e t  and o u t l e t  o f  t h e  

p r e c i p i t a t o r  t o  cha rac te r i ze  t h e  uncon t ro l l ed  and c o n t r o l  l e d  emi ssions from 

t h e  process. I 



L ike  Reference 42 above, the  general sampl i n g  p ro toco l  used i n '  th i ' s  

study was t h a t  developed f o r  t h e  I P  program.s8 A t  t h e  i n l e t ,  t h e  t o t a l  

uncont ro l led  emissions from t h e  process were determined u t i l i z i n g  EPA 

Method 5. 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  was obta ined from samples c o l -  

l e c t e d  by an Andersen High Capacity Stack Sampler equipped w i t h  a S i e r r a  

Instruments 15-pmA preseparator.  Two Method 5 and f o u r  p a r t i c l e  s i z e  t e s t s  

were conducted a t .  each o f  f o u r  sampling quadrants f o r  a t o t a l  o f  e i g h t  and . ' 

16 t e s t  runs, respec t i ve l y .  

A t  t h e  o u t l e t  o f  t h e  ESP, t h e  t o t a l  mass emissions ( con t ro l l ed )  from 

t h e  k i l n  were determined u t i l i z i n g  proposed EPA Method 17, w i t h  two t e s t s  

being conducted a t  each o f  f o u r  sampling quadrants. 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  was obta ined us ing an Andersen Mark I11 cascade impactor and S i e r r a  

Instruments 15-pmA preseparator.  A t o t a l  o f  e i g h t  t e s t s  were performed f o r  

bo th  t o t a l  mass and p a r t i c l e  s i z e  a t  the  o u t l e t  o f  t h e  ESP du r ing  t h e  sam- 

p l i n g  program. 

The on l y  problem noted w i t h  t h e  above study were d i f f i c u l t i e s  i n  sample 

c o l l e c t i o n  caused by a l a y e r  o f  dus t  which had deposited i~ the bottom o f  

the  ductwork a t  the  i n l e t  t o  t h e  ESP. To prevent  contaminat ion o f  the  sam- 

p l i n g  probe du r ing  e n t r y  and withdrawal from the  duct,  a s t e e l  sleeve was 

i nse r ted  through t h e  t e s t  po r t s .  However, the  dust  depos i t  i n h i b i t e d  t h e  

accurate measurement o f  gas v e l o c i t y  a t  t h i s  sampling l oca t i on .  To accommo- 

date t h e  p o r t i o n  o f  t h e  duc t  con ta in ing  t h e  dus t  l aye r ,  t h e  sampling p o i n t s  

were moved f a r t h e r  i n t o  t h e  unobstructed p a r t  o f  t h e  duc t  where t e s t i n g  was 

f i n a l l y  conducted. It i s  n o t  known e x a c t l y  how these var ious f a c t o r s  i n f l u -  

enced the  t e s t  r e s u l t s ,  b u t  i t  i s  suspected t h a t  t h e  da ta  does con ta in  a 

p o s i t i v e  b i a s  which i s  r e f l e c t e d  i n  t h e  unusual ly  h igh  uncon t ro l l ed  emission 

f a c t o r  obta ined f o r  t o t a l  p a r t i c u l a t e  emissions. 

Tables 4-13 and 4-14 prov ide  a summary o f  the  r e s u l t s  o f  t h i s  study 

w i t h  app l i cab le  p o r t i o n s  o f  the  document inc luded i n  Appendix C. Since the  

t e s t s  i n  Reference 46 were conducted according t o  the  p ro toco l  developed 

f o r  t h e  I P  poogram and are  w e l l  documented, a r a t i n g  o f  A was assigned t o  

the  o u t l e t  data and a r a t i n g  o f  B t o  t h e  i n l e t  data inc luded i n  t h e  t e s t  

repo r t .  
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4.1.20 Reference 48 (1983) 

Reference 48 is a source emissions survey conducted at a plant located 

in Texas. Testing was conducted on two coal-fired cement kilns equipped 

with a baghouse dust collector(s). Additional tests were also performed on 

a clinker cooler with the emissions controlled by a gravel bed filter. 

Since the type of cement manufacturing process was not specified in the re- 

port, the kiln data could not be used in the development of candidate emis- 

sion factors. Therefore, only the data from the clinker cooler will be 

addressed. 

Three tests were conducted of the total particulate emissions from the 

clinker cooler stack using €PA Method 5. Results of the tests showed emis- 

sion rates of 3.5, 3.0, and 1.7 kg/hr (7.7, 6.6, and 3.8 lb/hr) for the 

three runs, respectively. ~ortions of the test report have been included 

in Appendix A f o r  reference purposes. 

Upon review of the cooler test data contained in Reference 48, it was 

determined that the sampling methodology was sound. However, documentation 

regarding the process and its operation during testing was somewhat lacking. 

Therefore, a rating of B was assigned to the cooler emissions data in Ref- 
erence 48. 

4.1.21 Reference 50 (1984) 

Reference 50 is the report of another annual compliance test of the 

same plant and sources described in Reference 44 above. Again, only the 

emissions data from the kiln and cooler were found to be appropriate for 

the development of candidate emission factors. 

As with the previous study, three EPA Method 5 tests were conducted on 

each source which included the impinger catch. Results of these tests showed 

an average controlled emission rate of 0.02 kg/Mg (0.04 lb/ton) for the kiln 

a n d  0.0040 kg/Mg (0.0079 lb/ton) for the clinker cooler. Excerpts from the 
test report are provided in Appendix A. 



The above t e s t s  were conducted by the  same con t rac to r  and w i t h  symi la r  

documentation t o  t h a t  found i n  Reference 44 above. However, i n  t h i s  case, 

no negat ive f i l t e r  weights were repor ted.  Thus, a r a t i n g  o f  B was assigned 

t o  t h e  t e s t  data contained i n  Reference 50. 

4.1.22 Reference 5 1  (1984) 

Reference 5 1  r e p o r t s  t h e  r e s u l t s  o f  compliance t e s t s  conducted o f  t h e  

emissions from a Loesche (raw g r ind ing )  m i l l ,  g rate- type c l i n k e r  coo le r ,  

and c o a l - f i r e d ,  d ry  process cement k i l n  a t  a p l a n t  loca ted  i n  Alabama. The 

emissions from the  m i l l  and k i l n  were c o n t r o l l e d  by a common ESP ( k i l n  o f f -  

gas cou ld  be rou ted  through the  m i l l  t o  the  ESP o r  t h e  m i l  1 cou ld  be by- 

passed). The coo le r  was equipped w i t h  a combination cyclone and gravel  bed 

f i l t e r  f o r  t h e  c o n t r o l  o f  p a r t i c u l a t e  emissions. Due t o  c e r t a i n  discrepan- 

c i e s  found i n  the  t e s t  data f o r  t h e  k i l n  w i t h  ( " m i l l  on") and w i thou t  the  

m i l l  i n  opera t ion  ( " m i l l  o f f " ) ,  on l y  t h e  " m i l l  o f f "  t e s t s  performed on the  

"main stack" were used t o  determine t h e  emissions from t h e  k i l n  i t s e l f .  

A t o t a l  o f  f o u r  t e s t s  were conducted on the  main k i l n  s tack  w i t h  an 

add i t i ona l  t h ree  t e s t s  performed o f  t h e  c o n t r o l l e d  emissions from t h e  c l i n k e r  

cooler .  A l l  t e s t s  were run  us ing standard EPA Method 5 pro toco l .  Results 

of these t e s t s  a re  summarized below: 

To ta l  
P a r t i c u l a t e  

Run Sampl i ng 
No. - Locat ion 

2 Main stack* 
3 Main stack* 
4 Main stack* 
5 Main stack* 

8 Cooler s tack 
9 Cooler s tack 

10 Cooler s tack 

Emission Rate 
kg/hr l b / h r  

" Loesche m i l l  o f f .  



Copies of appropr i a t e  por t ions  of  t h e  t e s t  r e p o r t  a r e  included i n  ~'ppen- 

d ix  A. 

I t  was determined from a thorough review of Reference 5 1 t h a t  c e r t a i n  

po r t ions  of t h e  r e p o r t  were missing. This  made c a l c u l a t i o n  of app l i cab le  

emission f a c t o r s  from t h e  da ta  much more d i f f i c u l t  bu t  not  impossible.  How- 

eve r ,  from t h e  information t h a t  was a v a i l a b l e ,  a l l  i nd ica t ions  a r e  t h a t  t h e  

t e s t s  were sound and adequately documented. ' For these  reasons,  a r a t i n g  of 

B was assigned t o  t h e  t e s t  r e s u l t s  included i n  Reference 51. 

4.1.23 Reference 52 (1984) 

This  r e fe rence  document i s  t h e  r e p o r t  of a p a r t i c u l a t e  compliance t e s t  

conducted of t h e  emissions from a -  coa l - f i  r ed ,  wet .process ki 1 n equipped with 

an ESP. Three t e s t s  were performed of t h e  emissions from t h e  k i l n  down- 

stream of t h e  ESP using EPA Method 5 pro tocol .  Resul t s  of t h e s e  t e s t s  i nd i -  

ca ted  an average t o t a l  mass emission r a t e  of 4 . 4  kg/hr (9.7 lb /hr )  f o r  t h e  

th-ree runs. Appropriate por t ions  of t h e  t e s t  r epor t  can be found i n  Appen- 

d i x  A. 

I t  was determined from t h e  information contained i n  Reference 52 t h a t  

sound t echn ica l  methodology was used and t h e  t e s t  da t a  were adequately docu- 

mented. However, . the major problem noted was t h e  f a c t  t h a t  t h e  k i ln  feed- 

r a t e  was expressed i n  terms of ga l lons  pe r  minute without  a conversion fac-  

t o r  t o  mass per  u n i t  time. Assumptions had t o  be made, t h e r e f o r e ,  i n  t h e  

emission f a c t o r  c a l c u l a t i o n s  based on t h e  r a t ed  d a i l y  production r a t e  f o r  

t h e  k i ln .  For t h i s  reason,  a r a t i n g  of  C was assigned t o  t h e  t e s t  r e s u l t s  

provided i n  Reference 52. 

4.1.24 Reference 53 (1985) 

Reference 53 r epor t s  t h e  r e s u l t s  of t h e  1985 annual compliance t e s t s  

conducted by t h e  same con t rac to r ,  on t h e  same sources ,  a t  t h e  same p l a n t  a s  

t h a t  discussed above f o r  References 44 and 50. As with t h e  o the r  t e s t s ,  EPA 

Method 5 protocol  (with impinger ca t ch )  was used t o  sample t h e  emissions 

from t h e  k i l n ,  c rushe r ,  and c l i n k e r  coo le r  baghouses. Resul ts  of t h e s e  

4-36 
I ! 



t e s t s  i n d i c a t e d  con t ro l l ed .  emission ra tes  o f  0 .01  kg/Mg (0.02 lb / ton)  and 

0.00995 kg/Mg (0.0199 lb / ton)  f o r  t h e  k i l n  and c l i n k e r  coo ler ,  respec t i ve l y .  

Excerpts from t h e  t e s t  r e p o r t  a re  shown i n  Appendix A. 

As was t h e  case f o r  the  o the r  two reference documents discussed p r e v i -  

ously,  the  t e s t s  repor ted  i n  Reference 53 were f o u n d - t o  be genera l l y  sound 

b u t  w i t h  some d e f i c i e n c i e s  w i t h  regard t o  documentation o f  the  processes 

tes ted  and t h e i r  opera t ion  dur ing  t h e  study period. For these reasons, a  

r a t i n g  o f  B  was assigned t o  t h e  t e s t  data. 

4.1.25 Reference 54 (1985) 

The f i n a l  reference document used t o  develop candidate p a r t i c u l a t e  

emission f a c t o r s  f o r  the  cement i n d u s t r y  i s  a  compliance t e s t  o f  a  coal -  

f i r e d ,  wet process k i l n  equipped w i t h  an ESP. Three EPA Method 5  t e s t s  were 

conducted on the   sta stack which r e s u l t e d  i n  an average emission r a t e  of 

9.03 kg/hr (19.90 l b /h r ) .  Appropr iate p o r t i o n s  o f  t h e  t e s t  r e p o r t  a re  

inc luded i n  Appendix A.  

Upon rev iew o f  the  i n fo rma t ion  conta ined i n  Reference 54, i t  was de- 

termined t h a t  t h e  t e s t s  were performed us ing  sound methodology and were 

reasonably we l l  documented. However, l i k e  many repo r t s  o f  t h i s  type, docu- 

mentat ion o f  t h e  process and i t s  opera t ion  du r ing  t e s t i n g  was minimal. For 

t h i s  reason, 'a r a t i n g  o f  D was assigned t o  t h e  data prov ided i n  Reference 54. 

4.2 RESULTS OF DATA ANALYSIS 

4.2.1 To ta l  Mass Emissions Data 

Both uncon t ro l l ed  and c o n t r o l l e d  p a r t i c u l a t e  emission f a c t o r s  were 

determined from the  data contained i n  each o f  the reference documents de- 

scr ibed above. I n  the  case o f  uncon t ro l l ed  emissions, on l y  References 21, 

24, 26, 40, 42, and 46 contained use fu l  data. For References 21, 24, 26, 

and 40, t h e  emission f a c t o r s  were determined from t h e  raw t e s t  data by hand 

ca l cu la t i on .  A copy o f  these c a l c u l a t i o n s  and any assumptions made are 



shown i n  Appendix B. For t h e  sake o f  consistency, a1 1  c a l c u l a t i o n s  'were . 
performed i n  terms o f  cement produced. 

Wi th  regard t o  References 42 and 46,  appropr ia te  uncon t ro l l ed  emission 

f a c t o r s  were ex t rac ted  d i r e c t l y  from t h e  t e s t  repo r t s  ( a f t e r  conversion t o  

m e t r i c  un i ts ) .  A  summary o f  the a v a i l a b l e  uncon t ro l l ed  emission f a c t o r s  f o r  

t o t a l  p a r t i c u l a t e  ma t te r  as determined from the  var ious  reference documents 

i s  shown i n  Table 4-15. 

For c o n t r o l l e d  processes, a  procedure s i m i l a r  t o  t h a t  descr ibed above 

f o r  determin ing uncon t ro l l ed  emission f a c t o r s  was used. References 10 

through 18, 21, 24, 25, 26A/B, 27, 30, 31, 32, 33, 36, 39,  40, -42, 43, 

44/45, 46, 48, 50, 51, 52, 53, and 54 conta ined use fu l  data. Except f o r  

References 27, 42, and 46, the  c o n t r o l l e d  emission f a c t o r s  were ca l cu la ted  

by  hand from e i t h e r  emission f a c t o r s  expressed i n  terms o the r  than mass o f  

p o l l u t a n t  p e r  m e t r i c  t o n  o f  cement produced o r  from t h e  raw t e s t  data. 

These c a l c u l a t i o n s  are shown i n  Appendix c f o r  c o n t r o l l e d  cement k i l n s  and 

Appendix D f o r  o the r  c o n t r o l l e d  emission sources. A complete summary o f  a l l  

a v a i l a b l e  c o n t r o l l e d  emission f a c t o r s  f o r  t o t a l  p a r t i c u l a t e  mat te r  i s  shown 

i n  Table 4-16 i n  terms o f  mass o f  p a r t i c u l a t e  mat te r  per  mass o f  cement o r  

c l i n k e r  produced. A l l  hand c a l c u l a t i o n s  were v e r i f i e d  by a  second ana lys t  

f o r  q u a l i t y  assurance purposes. 

4.2.2 P a r t i c l e  Size Data 

Each of the  spec i f i c  data se ts  descr ibed above were processed through 

t h e  appropr ia te  computer program (described' i n  Sect ion 3.0) t o  o b t a i n  bo th  

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  and s i z e - s p e c i f i c  emission f a c t o r s  (where 

ava i l ab le )  f o r  se lec ted  p a r t i c l e  diameters. Copies o f  the  i n d i v i d u a l  com- 

pu te r  p r i n t o u t s  have been inc luded i n  Appendix E w i t h  the  r e s u l t s  o f  t h e  

computer analyses summarized i n  Tables 4-17 through 4-25 i n  terms o f  cement 

produced. Any c a l c u l a t i o n s  needed t o  conver t  t h e  raw data t o  t h e  proper  

format f o r  i n p u t  t o  t h e  computer were conducted manually and are  a l so  i n -  

c l  uded i n  Appendix E. 



TABLE 4-15. SUMMARY OF UNCONTROLLED TOTAL PARTICULATE EMISSION FACTORS FOR 
CEMENT PLANTS 

Average t o t a l  p a r t i c ~ l a t e  

Ref. Raw data a emission f a c t o r  

Source type Fuel type No. t a b l e  Nos. kg/Mg cement kg/Mg c l i n k e r C  

Wet process k i l n s  Gas 26A/B 4-8 60 63 

Dry process k i l n  Coal/coke 42 4-22 130e 140 

C l i nke r  coo ler  - 21  4-3 and 4-4 4.4 4.6 

a Table number(s) from which t h e  o r i g i n a l  emission f a c t o r  was reproduced. 

Tota l  mass emission f a c t o r  ca l cu la ted  i n  terms o f  e i t h e r  kg o f  p o l l u t a n t  p e r  
Mg o f  cement o r  c l i n k e r  produced. Rounded t o  two s i g n i f i c a n t  f i gu res .  

.' Calculated from t h e  emission f a c t d r s  i n  prev ious column assuming 5% ( w t . )  gypsum 
i n  f i n i s h e d  cement. / 

Emission f a c t o r s  der ived by.hand c a l c u l a t i o n  from t h e  raw t e s t  data (see Appen- 
d i x  B). For Reference 24, the  raw data  were taken from Tables I 1  and 111, 
pages 5  and 6  o f  the t e s t  repor t .  For  Reference 40, the  raw data was taken from 
Tables T-1-A and T-4, pages 16 and 20 o f  t h e  t e s t  repor t .  

I n d i v i d u a l  emission f a c t o r s  inc luded i n  average cons is ts  o f  the  a r i t h m e t i c  mean 
of four  separate t e s t  runs ( i .e . ,  one run/quadrant a t  f o u r  quadrants) making up 
a  s i n g l e  t e s t .  
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TABLE 4-17. CALCULATED PARTICLE SIZE DISTRIBUTIONS FOR REFERENCE 20 - ESP INLET" 

Data Rating: C 

Cumulative mass X equal Mass loading equal t o  o r  lees than 
t o  o r  less  than stated size stated s ize (mg/dncm) 

Test 2.5 5.0 10.0 15.0 20.0 2.5 10.0 15.0 20.0 
I 0  NO. lrd lrd Ird lrd lrd lrd lrd Ird 

a 
Data taken d i r e c t l y  from FPEIS Test Series '80, pages 17, 34. and 60. Wet process kiln. 

See footnote i n  Table 4-2. 

Aerodynamic diameter. Calculated from mass loadings on impactor stages o r  i n  cyclone shown i n  fo l lowing 
columns. 

From Table 4-2.. mg/dncm = mi l l igrams o f  pa r t i cu ld te  matter per dry normal cubic meter o f  f l u e  gas. No 
process data ava i lab le  w i t h  which t o  ca lcu la te  emission factors. 



TABLE 4-18. CALCULATE0 PARTICLg SIZE OISTRl8UTIONS AND UNCONTRDLLEO EMlSSION FACTORS 
FOR REFERENCE 21 

Data b t i o a :  C 

C~ rm~ la t i ve  amirr ion factor  
Cmula t i ve  mass % e "a1 t o  07 less than stated size k /H 

d 

eoual to 07 less than stated sizeC - 0- . 6 6 1  

Type of Test Test 2. 5.0 1 . 0  15.0 20.0 2.5 ' 5.0 10.0 15.0 20.0 m i s s i o n  
i l lpactor date 1 0 ~ 0 . ~  Pi p d p pmA p d  pmA p d  p d  factore 

Ar i $hmt i c  mean 0.54 1.5 8.6 21  34, 0.024 0.064 0.38 0.94 1.5 
( X I  

Geoaetric mean 
(ip) 

Standard &via- 
t l o n  ( 0 )  

Standard geometric 1.5 1.4 1.2 1.1 1.1 1 . 5 ,  1.4 1.2 1.1 1.1 
d."ilti0" ( 0  ) 

9 

a ~ r o a  cmputer p r in tau ts  included i n  Appendix E. Br ink i q a c t o r  data not  used. 

Ueasurtd a t  i n l e t  o f  a gravel bed f i l t e r  (Rexnord) used t o  contro l  r a i r r i o n s  from a c l i n k s r  cooler. 

Kilograms of par t i cu la te  m t t e r  PC!. Ug (106 g) of  cement produced. Reduced to twv s i gn i f i can t  f igurer  

F m  Table 4-3.  

No kkthod 5 data avai lable f o r  there tests. Cumulative miss lo r !  factors calculated fro. p a r t i c l e  r i l e  data (AppcndixE) 
ass~ming a t o t a l  mars emission factor of 4 . 4 2  kg/)lO as detemlned dur ing the Augu$t t e s t  series (see Table 4-4). 



TABLE 4-19. CALCULATED PARTICLg SIZE OlSlRlBUllONS PJQ CONlEWLlEO EMISSION FACTORS 
FOR REFERENCE 21 

C u v l a t l r e  n l s s l o n  r a r t o r  
C ~ ~ u l a t f v e  mars X equal l p  equal t o  or less U a n  stated s l l r  ( k p l ~ g ) ~  
or less I M n  sCaCed rtzt l a l a 1  mass 

lest 10. .O 2.5 5.0 10.0 15.0 20.0 cm i r l l o  
l e s t  date I 0   NO.^ is pl*O 2 2 ppll\ W Inl p ppll\ factov g 

k a l U I C d  a t  Out le t  o f  a gravel bed f i l t e r  ( R c ~ m r d l  vrcd l o  con t ro l  a i r s i o n s  r r a  a c l l n k c r  cooler 

bcrodynamic d i a r t e r .  

K l logrars  of pa r t l cu la tc  matter per Mg (10. g) of  cement produced. Reduced t o  tm i l g n l f i c a n t  f l g u r r r  

' froa Table 4-6. 

No Methad 5 data avai lab le  fo r  there tests. C u u l a t l v c  cmisslan factors calculated !;or p a r t i c l e  I l z r  data ( I p g m d i x E l  
r l s lm lng  a t o t a l  u s 5  n l s s i o n  factor  o f  0.142 kg& as d e t e n l m d  during the Aupvrt t e s t  series (see l a b l t  4-6). 

9 lm s ign i f i can t  rigurrs. 



TABLE 4-20. CALCULATED PARJICLE SIZE OlSTRIBUTIONS AND EMISSION FACTORS FOR 
REFERENCE 26 

Cumulative emission factor 
equal t o  or  less  than stated size (kg/nq) C 

Cumulative mass X equal Total 
t o  o r  less than stated s i r e  mass 

Measurerent 2.5 .5.0 10.0 15.0 20.0 2.5 5.0 10.0 15.0 20.0 emission Oata 
I D  No. locat ion PM NmA vmA vmA P ~ A  N id NmA NmA fac to r  r a t i n g  

3-3d Mult ic lone 3.82 14.3 24.3 31.2 37.7 4.76 17.8 30.2 38.9 47.0 125~ B 

P o u t l e t  
b 
UI 9-5e ESP ou t le t  67.1 82.8 92.7 96.0 97.5 0.0852 0.105 0.118 0.122 0.124 0 .127~  A 

9-be 62.8 83.4 94.7 97.7 98.8 0.0942 0.125 0.142 0.147 0.148 0 . 1 5 0 ~  A 

a 
From computer pr in touts  included i n  Appendix E. Rounded t o  three s ign i f i can t  f igures. 

Aerodynamic diameter. 

Kilograms o f  pa r t i cu la te  matter per Mg (10% g) of cement produced. . . 

Test conducted w i th  Br ink impactor. Dry process k i l n .  

Test conducted w i th  SASS t ra in .  Data fit t o  log-normal d i s t r i b u t i o n  i n  place o f  SPLINE routine. Wet process k i l n .  , 

Fram Table 4-8. Rounded t o  three s ign i f i can t  f igures. 

From .Table 4-9. 





TABLE 4-21. CALCULATE0 PARTICLg SIZE DISTRIBUTIONS AND CONTROLLED EMISSION FACTORS 
FOR REFERENCE 27 

Data Rating: B 

Cumulative emission f a c t o r  - 
Cumulative mass % equal tob  equal t o  o r  l ess  than s ta ted  s i z e  (kg/Mg) C 

t o  o r  l ess  than s t a t e d  s i z e  To ta l  mass 
2.5 5.0 10.0 15.0 20.0 2.5 5.0 10.0 15.0 20.0 emission 

J: I D  No. Type o f  f u e l  pmA pmA pmA pmA pmA ~ l m A  IJmA vmA ~lmA P A  fac to rU  
P 
'rn - 

9 Natura l  gas , 52.4 75.0 91.7 97.9 100 0.058 0.083.' 0.10 0.11 0.11 0.11 

18 Coal 6 2 . 3 '  79.4 91.9 96.9 99.0 0.14 0.18 0.20 0.21 0.22 0.22 

a From computer p r i n t o u t s  i n  Appendix E. Emissions from a d r y  process cement k i l n  measured a t  t h e  o u t l e t  o f  
a baghouse c o l l e c t o r .  

Aerodynamic diameter. . 

Kilograms o f  p a r t i c u l a t e  mat te r  per  Mg ( l o 6  g) of cement produced. Rounded t o  two s i g n i f i c a n t  f i gu res .  

' From Table 4-10. 



TlslE 4-23. ULCUUTEO 01155101( FACTORS FOR REFERENCE 42 - 1O. 5 KILN 0 W W S E  OUTLET. 

Oata Ratinq: A 

Tota l  USI Total mass Cvm~la t l ve  emission f a c t o n  equal t o  or less than stated s ize 
d 

P a r t i c l e  s i t e  emission n t a b  Production rateC emission factord 2.5 p d  10.0 uoJI 15.0 ~4 

run number 1 lb/hr) ( k d h r )  ( t o n l h r )  ( I lalhr) ( I b l t on )  ( k g l m )  ( Ib l t on )  (LglIlg) ( Ib l ton)  (kglMg) ( Ib l t on )  (kg/%) 

0-1-1 26 12 33 30 0.79 0.40 0.27 0.14 0.60 0.30 0.62 0 .31  
0-2-1 25 11 35 32 0.71 0.36 0.22 0.11 0.54 0.21 0 . Y  0.27 
0-3-1 26 12 36 33 0.72 0.36 0.13 0.065 0. 35 0.18 0.36 0.18 
0-4-1 , 25 11 35 32 0.71 0.36 0.30 0.15 0.60 0.30 0.62 0.31 

Average 26 12 35 33 0.74 0.37 0.23 0 . U  0.52 0.26 0.54 0.27 

Total average 30 14 34 31  0.W 0.44 0.30 0.15 0.69 0.35 0.72 0.36 

' Reproduced f r m  Table 3-5, page 56 of t a s t  repor t  (Appendlr A). Partlcl. sir. t e s t  data obtained w i t h  an Andersen Mark 111 i w c u r  w i t h  
15 pm pres*parator. Ory pmcess k i l n .  

Total mass emission ?at. data o b u i m d  "4th an EPA Mthod  17 t ra in .  T o U l  urr a i l l i e n  vat. f m  10-ce l l  ( u i n )  baghour* and >-ce l l  (by-pass) 
btghoura, povMs per hour ( I b l h r )  or kilograms per hour,(kp/hr). 

Short tons (2.000 ib )  of cemant pmduc.d per hour or M (10. g) o f  cemnt produced mr hour. 

pounds o f  pa r t i cu la te  u t t e r  per shor t  t o n  (2,000 i b )  o f  c a n t  p m p u c d  or t i l q r a m s  or p a r t i c u l a t e  u t t e r  per IC) (10. g) o f  cemnt  prodwed. 
Aerodynmic disaster. 



TABLE 4-24. CALCULATED EMISSION FACTORS FOR REFERENCE 46 - KILN NO. 2 ELECTROSTATIC PRECIPITATOR  INLET^ 
Data Ratinq: 8 

To ta l  mass To ta l  mass Cumulat ive emission fac to rs  equal t o  a r  less  than s t a t e d  s i z e  
d 

P a r t i c l e  s i z e  emission r a t e  Product ion r a t e C  emission f a c t o r  2.5 pmA 10.0 pmA 15.0 vmA 
run  No. ( Ib /h r )  (kg/hr) ( ton/hr)  (Mg/hr) ( Ib / ton)  (kg/Mg) ( Ib / ton )  (kg/Mg) ( Ib / ton )  (kg/Hg) , ( lb / ton)  (kg/Mg) 

ESP-1-1-1 52.000 24.000 35 32 1.500 750 30 15 120 60 180 90 
ESP-1-2-1 57,000 26,000 35 32 1.600 800 32 16 110 55 220 110 
ESP-1-3-1 21,000 9.500 35 32 590 300 24 12 77 39 110 55 
ESP-1-4-1 24,000 11,000 35 32 690 350 14  7.0 55 28 83 42 

Average 38,000 17,000 . 35 32 1.100 550 25 13 90 45 150 75 

.-.. . - - ~  . - . - ~  ... .- . . -. .. . . 
ESP-1-4-2 24,000 11,000 35 32 690 350 14 7.0 55 27 76 38 

P Average 38.000 17.000 35 32 1,100 550 22 11 80 40 130 65 

Average 50.000 23, 

To ta l  average 44.000 20.000 35 32 1,200 600 20 10 85 43 150 75 

a Reproduced from Table 3-3, page 34 of t e s t  r e p o r t  (AppendixA). P a r t i c l e  s i z e  t e s t  data obta ined w i t h  an Andersen HCSS impactor w i t h  
15 pm preseparator.  Wet process k i l n .  

Tota l  mass emission r a t e  obta ined w i t h  an EPA Method 5 t r a i n ;  pounds per  hour ( I b / h r )  o r  k i lograms p e r  hour (kg/hr).  

Short tons (2.000 l b )  of cement produced per  hour o r  Wg (10' g) of cement produced p e r  hour. 

Pounds of p a r t i c u l a t e  mat ter  p e r  shor t  ton (2.000 l b )  of cement produced o r  k i lograms o f  p a r t i c u l a t e  mat te r  per  Mg ( l o 6  g) of cement 
produced. 



TABLE 4-25. CALCUUTED EMISSION FACTORS FOR REFERENCE 46 - KILN NO. 2 ELECTROSTATIC PRECIPITATOR  OUTLET^ 
Data Rating: A 

T o t a l  mass T o t a l  mass Cumulative emission f a c t o r s  equal t o  o r  less than s ta ted  s i z e  d 

P a r t i c l e  s i z e  emission r a t e  . Product ion r a t e C  emission f a c t o r  2.5 pmA 10.0 pmA 15.0 pmA 

r u n  No. ( l b l h r )  ( kg lh r )  ( t o n l h r )  (Mg/hr) ( l b l t o n )  (kg/Mg) ( l b l t o n )  (kg/Mg) ( l b l t o n )  (kg/Mg) ( l b l t o n )  (kg/Mg) 

ESP-0-1 -1 (~ )  3 .2 1 . 5  34 3 1  0.094 0.047 0.077 0.039 0.084 0.042 0.088 0.044 
ESP-O-2-l(8) 2 . 1  0.95 34 3 1  0.062 0.031 0.051 0.026 0.058 0.029 0.059 0.030 
ESP-0-3-1 5.4 2.5 35 32 0.15 0.075 0.11 0.055 0.12 0.060 0.15 0.075 
ESP-O-4- le  5.0 2.3 35 32 0.14 0.070 0.003 0.0015 0.006 0.003 0.011 0.0055 

Average 3.6 1.6 34 3 1  0.10 0.050 0.079 0.040 0.087 0.044 0.099 0.050 

ESP-0-1-2 8.5 3.9 35 32 0.24 0.12 0.082 0.041 0.13 0.065 0.16 0.080 
ESP-0-2-2(b) 9.6 4.4 34 3 1  0.28 0.14 0.20 0.10 0.24 0.12 0.24 0.12 
ESP-0-2-3 2.8 1.3 35 32 0.08 0.04 0.018 0.009 0.045 0.023 0.048 0.024 
ESP-0-4-2 2.3 1.0 34 3 1  0.068 0.034 0.028 0.014 0.041 0.021 0.049 0.025 

Average 5.8 2.6 34 3 1  0.17 0.085 0.082 0.041 0.11 0.055 0.12 0.060 
5$ - 

Tota l  average 4.7 2 .1  34 3 1  0.14 , 0.070 0.080 0.040 0.098 0.049 0.11 0.056 

a Reproduced from Table 3-5, page 42 o f  t e s t  r e p o r t  ( ~ p p e n d i x  A). P a r t i c l e  s i z e  t e s t  data ob ta ined  w i t h  an Andersen Mark 111 impactor 
w i t h  15 pm preseparator .  Wet process k i l n .  

To ta l  mass emission r a t e  data obta ined w i t h  an EPA Method 17 t r a i n ;  pounds p e r  hour ( I b / h r )  o r  k i lograms p e r  hour (kg lh r ) .  

Shor t  tons (2.000 l b )  o f  cement produced p e r  hour o r  Mg (10' g) o f  cepent produced p e r  hour. The p roduc t ion  r a t e  presented corresponds 
t o  the  same date on which the  t o t a l  mass emission r a t e  was determined. This date may n o t  n e c e s s a r i l y  be t h e  same as the  corresponding 
p a r t i c l e  s i z e  run  i n  t h a t  quadrant. 

~ o i i n d s  o f  p a r t i c u l a t e  m a t t e r  p e r  s h o r t  t o n  (2.000 l b )  p f  cement produced o r  ki lograms o f  p a r t i c u l a t e  m a t t e r  p e r  Mg ( l oe  g) of cement 
produced. 

e 
Not used i n  c a l c u l a t i o n s  o r  averages due t o  suspect stage loading. 



A number o f  no ta t i ons  should be made regard ing  the  p a r t i c l e  s i z e  da ta  

shown i n  Tables 4-17 through 4-25. F i r s t ,  on l y  data f o r   articles l a r g e r  

than 2.5 pm (aerodynamic diameter) have been repor ted  even though t h e  s p l i n e  

equat ion was asked t o  p r e d i c t  va lues below t h a t  s i ze  range. Th is  pa,r t icu-  

l a r  lower c u t - o f f  was se lec ted  s ince  t h i s  i s  t he  smal les t  p a r t i c l e  diameter 

s p e c i f i e d  by t h e  EPA. I n  a d d i t i o n ,  t h e  s i z e - s p e c i f i c  emission f a c t o r s  c a l -  

cu la ted  from t h e  t e s t  da ta  have a l s o  been repor ted  i n  each t a b l e  even though 

they  may n o t  a c t u a l l y  be used i n  t h e  development of t he  candidate emission 

f a c t o r s  f o r  t he  process (see Sec t ion  4.3 below). I n  those cases where t h e  

emission f a c t o r s  were n o t  used, t h e  values have been inc luded o n l y  f o r  t h e  

sake o f  in fo rmat ion .  

  not her n o t i o n  which should be made i s  i n  regard t o  t he  data conta ined 

i n  Tables 4-17, 4-22, 4-23, 4-24, and 4-25 f o r  References 20, 42, and 46, 

respec t i ve l y .  Since the  t e s t  r e s u l t s  have a l ready been analyzed by . t h e  

SPLINE r o u t i n e  e i t h e r  through the  PADRE p o r t i o n  o f  t he  EADS sof tware o r  as 

p a r t  o f  t he  study i t s e l f ,  no f u r t h e r  da ta  analyses were conducted. I n  t h e  

case o f  Reference 20, t he  cumulat ive mass loadings have been reproduced from 

the  EADS p r i n t o u t  and t h e  associated cumulat ive percentages back-ca lcu la ted  

by hand based on these data. For References 42 and 46, t h e  s i z e - s p e c i f i c  

emission f a c t o r s  presented i n  each r e p o r t  have been reproduced from t h e  t e s t  

repo r t s  i n  Tables 4-22 through 4-25. 

4.3 DEVELOPMENT OF CANDIDATE EMISSION FACTORS 

4.3.1 To ta l  Mass -Emissions 

The most i d e a l  s i t u a t i o n  f o r  t h e  development o f  candidate emission 

f a c t o r s  would be t o  have a l a r g e  number o f  A-rated data se ts  from which t o  

de r i ve  such. As shown by the  above d iscussion,  such da ta  were no t  a v a i l a b l e  

f o r . t h e  purpose o f  t h i s  study. I n  t h e  case o f  uncon t ro l l ed  r o t a r y  k i l n s ,  

da ta  from o n l y  f o u r  t e s t  se r i es  ( represent ing  two types o f  f u e l )  f o r  wet 

process k i l n s  and one t e s t  se r i es  f o r  d r y  process u n i t s  were found du r i ng  

t h e  1 i t e r a t u r e  search ( i n  a d d i t i o n  t o  t h a t  a l ready conta ined i n  t he  o r i g i n a l  

data base used t o  develop the  e x i s t i n g  AP-42 emission fac to rs ) .  I t  was f e l t  



t h a t  these data  d i d  n o t  s i g n i f i c a n t l y  improve .the e x i s t i n g  data base, and 

thus no change i s  proposed f o r  those f a c t o r s  a l ready.presented i n  Table 8.6-1 

(page 8.6-3) o f  AP-42 f o r  uncon t ro l l ed  k i l n s .  

For uncon t ro l l ed  c l i n k e r  coolers,  t h e  c u r r e n t  vers ion  o f  Sect ion 8.6 

o f  AP-42 does no t  con ta in  a  s p e c i f i c  emission f a c t o r .  As s ta ted  above, M R I  

found o n l y  one r e p o r t  which q u a n t i f i e s  t h e  uncon t ro l l ed  emissions from 

c l i n k e r  coolers. I n  t h i s  instance, i t  was f e l t  t h a t  t h e  a d d i t i o n  o f  an un- 

c o n t r o l l e d  emission f a c t o r  f o r  c l i n k e r  coo le rs  was j u s t i f i e d .  This  f a c t o r  

was developed simply by t a k i n g  an a r i t h m e t i c  mean o f  t h e  data from the  f o u r  

Method 5 t e s t s  conducted on the  c l i n k e r  c o o l e r  described i n  Reference 21. 

I n  the  case o f  c o n t r o l l e d  emissions, t h e  data base developed du r ing  

t h e  program i s  somewhat more extensive. Not  a l l  o f  these data are  o f  t h e  

h ighes t  q u a l i t y ,  however, w i t h  some sources having or i ly  one. se r i es  o f  t e s t s  

from which t o  develop an appropr ia te  emission fac to r .  Con t ro l l ed  emission 

f a c t o r s  were de r i ved  f o r :  wet and d ry  process k i l n s ;  c l i n k e r  coolers;  p r i -  

mary l imestone crushers and screens; secondary l imestone crushers and 

screens; l imestone conveyor t r a n s f e r ;  raw m i l l  system; and f i n i s h  m i l l  sys- 

tem. These f a c t o r s  were developed by t a k i n g  an a r i t h m e t i c  mean o f  a l l  

a v a i l a b l e  A- and B-rated data se ts  . f o r  each s p e c i f i c  c o n t r o l  device, as 

shown p rev ious l y  i n  Table 4-16. The f a c t o r s  thus obta ined are be ing  pro7 

posed f o r  i n c l u s i o n  i n  AP-42. A summary o f  a l l  candidate uncon t ro l l ed  and.  . 

c o n t r o l l e d  emission f a c t o r s  f o r  cement p l a n t s  accord ing t o  type o f  process 

and c o n t r o l  equipment a re  shown i n  Table 4-26. 

4.3.2 S ize-Spec i f i c  Emissions 

As mentioned above, on l y  l i m i t e d  p a r t i c l e  s i z e  data were c o l l e c t e d  dur- 

i n g  t h e  l i t e r a t u r e  search f o r  cement p l a n t s  c o n s i s t i n g  o f  a  t o t a l  o f  ni,ne 

t e s t  ser ies .  I n  the  case o f  uncon t ro l l ed  k i l n s ,  one A-rated (Reference 46) 

and one C-rated t e s t  se r i es  (Reference 20) were conta ined i n  the  in fo rmat ion  

gathered f o r  wet process k i l n s  w i t h  one a d d i t i o n a l  A-rated t e s t  se r i es  (Ref- 

erence 42) obta ined f o r  d ry  process u n i t s .  For  c o n t r o l l e d  k i l n s ,  two A-rated 

t e s t s  (References 26 and 46) were inc luded i n  the  data base f o r  wet process 



TABLE 4-26. SUMMARY OF CANDIDATE EMISSION FACTORS FOR 
TOTAL PARTICULATE MATTER 

Candidate t o t a l  p a r t i p l a t e  Emission 
Contro l  emission f a c t o r  Sunmary f a c t o r  

Type o f  source technologya kg/Hg c l i n k e r  kg/Mg cement t a b l e  NO.' r a t i n a  

Wet process k i l n  

Dry process k i l n  

C l i n k e r  coo le r  

Primary l imestone d 

crusher 

d Primary l imestone 
screen 

Secondary l imestone 
screen and crusher  

Conveyor t r a n s f e r  d 

Raw m i l l  systemdse 

. f F i n i s h  m i l l  system 

Baghouse 
ESP 

M u l t i c l o n e  
H u l t i c l o n e  + ESP 
Baghouse 

Uncontro l led 
Gravel bed f i l t e r  
ESP 
Baghouse 

Baghouse 

Baghouse 

Baghouse 

Baghouse 

Baghouse 

Baghouse 

a ESP = 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 .  

Emission f a c t o r  proposed f o r  i n c l u s i o n  i n t o  AP-42 i n  k i lograms o f  p a r t i c u l a t e  mat te r  per  m e t r i c  t o n  
(Mg = l o 6  g) of cement o r  c l i n k e r  produced. Two s i g n i f i c a n t  f i gu res .  NA = Not app l i cab le .  

Table i n  t h i s  r e p o r t  from which the  emission f a c t o r  was taken. 

Emission f a c t o r  expressed i n  mass o f  p o l l u t a n t  p e r  mass o f  raw mate r ia l  processed. 

Includes m i l l ,  a i r  separator,  and weigh feeder. 

Includes m i l l ,  a i r  separator(s),  and one o r  more m a t e r i a l  t r a n s f e r  operat ions. 



k i l n s  w i t h  ESPs, a s  we1 1  as two a d d i t i o n a l  A-rated t e s t s  (~e ferences '  27 and . 
' 

42) f o r  d ry  process u n i t s  w i t h  baghouses. F i n a l l y ,  on l y  one C-rated t e s t  o f  

t h e  same c l i n k e r  coo le r  (Reference 21) i s  inc luded i n  t h e  da ta  base repre- 

sent ing  bo th  t h e  uncon t ro l l ed  emissions from t h e  process, as we l l  as emis- 

s ions  c o n t r o l  u t i l i z i n g  a  gravel  bed f i l t e r .  

According t o  the  OAQPS gu ide l ines ,  A- and B-rated data should n o t  be 

combined w i t h  C- o r  D-rated data t o  develop emission f a c t o r s  f o r  a  p a r t i c u -  

l a r  source. However, i n  the  case o f  uncon t ro l l ed  wet process k i l n s ,  i t  

was found necessary t o  combine B-rated data  w i t h  C-rated data  i n  o rder  t o .  

improve t h e  o v e r a l l  q u a l i t y  o f  t h e  emission f a c t o r .  Th is  was deemed ap- 

p r o p r i a t e  s ince i t  was f e l t  t h a t  t h e  dnc lus ion  o f  t h e  C data would s ig -  

n i f i c a n t l y  enhance t h e  o v e r a l l  a p p l i c a b i l i t y  o f  t h e  emission f a c t o r  t o  a  

g rea te r  number o f  f a c i l i t i e s  and would n o t  'decrease the  o v e r a l l  r a t i n g  o f  

t h e  emission f a c t o r  obtained. 

To de r i ve  each emission f a c t o r ,  the  i n fo rma t ion  contained i n  Tables 4-17 I 

through 4-25 was tabu la ted  according t o  t h e  type o f  process and c o n t r o l  

equipment, and the  a r i t h m e t i c  mean and standard d e v i a t i o n  ca lcu la ted ,  wher- I 

ever poss ib le ,  f o r  each p a r t i c l e  s i z e  increment. The a r i t h m e t i c  mean was I 

ca l cu la ted  from the  data i n  each column according t o  t h e  r e l a t i o n s h i p :  
I 

- 
where: x = a r i t h m e t i c  mean 

n  = number o f  measurements 

xi = i n d i v i d u a l  measurements 

The standard d e v i a t i o n  was ca l cu la ted  according t o  the  r e l a t i o n s h i p :  

a = (2 )  

where: o = standard dev ia t i on  w i t h  xi and n  as de f ined as Equation (1) 



The geometric mean and standard d e v i a t i o n  were a l so  ca lcu la ted ,  w i t h  

t h e  standard geometric d e v i a t i o n  be ing  i n d i c a t i v e  o f  t h e  o v e r a l l  var iance 

i n  the  data. The geometric mean was ca l cu la ted  from the  data i n  each column 

according t o  t h e  re la t i onsh ip :  

- 
where: x  = geometric mean w i t h  xi and n  as de f ined i n  Equation (1) 

9 
The standard geometric d e v i a t i o n  was ca l cu la ted  according t o  t h e  r e l a t i o n s h i p :  

where: a = standard geometric d e v i a t i o n  w i t h  xi and n  as de f ined i n  
Equation (1) 

Rather than u t i l i z i n g  the  emission f a c t o r s  a c t u a l l y  der ived from each 

study, t h e  candidate emission f a c t o r  f o r  each s i z e  increment was obta ined 

by app ly 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  from t h e  var ious data se ts  t o  

e i t h e r  the  e x i s t i n g  uncon t ro l l ed  AP-42 emission f a c t o r  ( a f t e r  conversion t o  

weight o f  p o l l u t a n t / u n i t  weight o f  c l i n k e r  ins tead o f  cement produced) o r  t o  

those emission f a c t o r s  der ived du r ing  t h i s  study (Table 4-26). Th is  approach 

was used t o  take  advantage o f  t h e  genera l l y  more extensive data base which 

e x i s t s  f o r  t o t a l  p a r t i c u l a t e  emissions. It was f e l t  t h a t  t h e  emission fac-  

t o r s  produced by t h i s  technique would be more representa t ive  o f  t h e  t o t a l  

indus t ry .  The r e s u l t s  o f  t h e  above ana lys i s  are shown i n  Table 4-27 through 

4-31. 

I n  the  case o f  uncon t ro l l ed  c l i n k e r  coo lers ,  t h e  above s t a t i s t i c s  have 

been inc luded i n  Table 4-18. The reader i s  d i r e c t e d  t o  t h a t  t a b l e  f o r  t h e  

candidate emission f a c t o r s  f o r  uncon t ro l l ed  coolers.  A summary o f  the  can- 

d ida te  emission f a c t o r s  f o r  cement k i l n s  and c l i n k e r  coo lers  a re  shown i n  

Tables 4-32 and 4-33, respec t i ve l y ,  and g r a p h i c a l l y  i n  F igures 4-1  and 4-2. 



TlsLE 4-27. CWDlOATE SIZE-SPECIFIC MISSION FACTORS FOR UMONTROLLED WET PROCESS CMENT KILNS 

Emission Factor Ratlnq: 0  

Total 
s-Y mass 

Oat. data C ~ ~ ~ l a t l w e  "IS X of equal t o  mission Cm1. t i r l  liss1.n factor q u a l d t .  or 
R e f  q u a l i t y  t a b l e  Tes t10  01 1.1s than statad sizeb factorc  less than stated size ( kg /4 )  
No. r a t l n g  No. NO. 2 . 5 v d  5.0& 10.0wmA 15.OvmA 20.0wmA (kg/Hg) 5  5 . 0 v d  1 0 . 0 ~ 4  1 5 . 0 v d  20.0rmA 

~ a o r t r i c  mean (; j 5.5 19 20 30 54 6.6 23 24 36 65 
Standard d a r l a t i o ~  ( 0 )  3.9 2.2 12 18 17 4.5 2.5 14 2 1  19 
Standard g.or t r ic  dev ia t ion (oO) 2.3 1.1 2.1 1.9 1.4 2.3 1.1 2.0 1.8 1.4 

A e W n u i c  diameter. Pelr.nUg.s reduced lo two r l p n i f i c m t  f l p u n s .  

Bared on a t o t a l  u s r  n i r r i o n  fac to r  o f  114.0 kg o f  pa r t i cu la ta  u t t e r  Per r t r i c  ton (m) o f  c a n t  p m d u c d  per Table 8.6-1, pap 8.6-3 of AP-42 
and c m v r r t e d  t o  u l r  a t  po l l u tan t  per "IS o f  c l i nke r  assu ing  U gfprm i n  f i n l l h d  c-nt. 

Calculated using the t o t a l  u r s  a ( l s i o n  factor  $ha i n  previous c o l u n .  Rmsults rounded t o  tr. r i g n l f i c a n t  f i p u n s ,  

Average of  four tests .  Pt l rentag.~ b a ~ k - ~ a I c ~ I . t . d  110. m i s s i o n  factors o r i g i n a l l y  presented i n  t e s t  rwrt. 



TABLE 4-28. CANOIOATE SIZE-SPECIFIC EMISSION FACTORS FOR UNCONTROLLED ORY PROCESS CEMENT KILNS 

Emission Factor  Ratinq: O 

Cumulative emission f a c t o r  
Cumulative mass X equal go equal t o  o r  less thas 

Ref. Data q u a l i t y  Summary data Test I 0  o r  less  than s ta ted  s i z e  To ta l  mass emission s ta ted  s i z e  (kq/Mq) 

No. r a t i n g  t a b l e   NO.^ No. 2.5 vmA 10.0 pmA 15.0 pmA f a c t o r  ( k g / ~ g ) ~  2.5 pmA 10.0 pmA 15.0 pmA 

42 A 4-22 I-le 19 40 42 128.1 24 5 1  54 

? A r i t h m e t i c  mean ( i )  18 42 44 ~n 23 54 57 
u Geometric mean ( x  ) 18 42 44 23 53 56 

Standard dev iat ioR (o) 2.7 3.9 - 3.0 3.6 4.2 
Standard geometric d e v i a t i o n  (ao) 1.2 1.1 1.1 1.2 1.1 1.1 - 
a Table i n  t h i s  r e p o r t  from which reduced data were taken. 

Aerodynamic diameter. 

c Based on a t o t a l  mass emission f a c t o r  o f  122.0 kg o f  p a r t i c u l a t e  mat te r  p e r  m e t r i c  t o n  (Mg) o f  cement produced per  Table 8.6-1. .- page 8.6-3 o f  AP-42 and converted t o  mass of p o l l u t a n t  p e r  mass o f  c l i n k e r  assuming 5% gypsum i n  f i n i s h e d  cement. 

Calcu lated us ing  the  t o t a l  mass emission fac to r  shown i n  prev ious column. Rounded t o  two s i g n i f i c a n t  f igures.  

Average o f  four  tes ts .  Percentages back-calcu lated from emission f a c t o r s  o r i g i n a l l y  presented i n  t e s t  repor t .  



TIBLE 4 -a .  w t o l o r r r  SIZE-SPECIFIC a I s s r o n  FACTORS FOR YET P ~ E S S  KILNS 
CONTROLLED 81 ELECTROSTATIC PREClPlTlTORS 

Eal r r ion Factor Rat iw:  0 

T"t.1 

Sumnary mass 
Oata data Cuavlat irs mars X equal tfl enisr ign C ~ u l a t i v ~  ~ i s s l o n  f l c tov  

Ref. q u a l i t y  tab le Test I 0  or 1.11 than stated r i l e  factor  equal t o  or 1.s~ than stated s ize ( k q / ~ q ) ~  
No. r a t i n g  No. No. 2.5 d 5.0 & 10.0 pa 15.0 r d  20.0 rd (kg1Mg) T.5 ma 5.0 mmR 10.0 mA 15.0 W 20.0 d 

z Art-t ic r a n  (i) 64 83 85 91 98 0.25 0.32 0.33 0.16 0.39 
t . o r t r i c  man (x  1 63 83 IU 90 98 0.25 0.32 0.33 0.35 0.38 
s t a ~ a d  ~.VI.HOR ( 0 )  13 0.42 14 13 0.92 - 0.013 0.0 0.047 0 . W  0.0 
Standard geontric d.rlrtion (a ) 1.2 1.0 1.2 1.2 1.0 - 1.2 1.0 1.2 1.1 1.0 

g 

a Table i n  t h i s  repor t  fro. wbich reducad data wr. taken. 

AermtVnmic d1amt.r. Percantages rounded  to.^ s ign i f i can t  f i g u r ~ s .  

Expnssed i n  kg of pa r t i cu la te  vttrr pr r t r i c  ton (M) o f  c l i nke r  producd par Tabla 4-26 o f  t h i s  n p o r t .  

Ca1~ulat.d using the t o o l  u r r  n i r r i o n  factor rMrn i n  pnv ious  co lun.  Roundd t o  t*o r i p n l f i c . n t  f i w r a t .  

@ Arangm o f  four tast r .  Percentages back-calculated f- n l s r i o n - f a c t o r s  o r i g i o . i l y  presented In t e s t  report. 



TABLE 4-10. CANDIDATE SIZE-SPECIFIC EMISSION FACTORS FOR DRY PROCESS CEMENT 
' rnns CONTROLLEO BY WUSE COLLECTORS 

Emission Factor Ratinq: 0 

Total 
5-Y "lS 

Data data Cunulative u r r  X equal tn emi l r i en  C ~ l a L i v ~  ~ . i s s l o n  factor 
Ref. qua l i t y  table Test I D  o r  1.3~ than stated size factor equal t o  or less than stated size t I 

NO. rdtlw No. NO. 2.5 pmA 5.0 irmA 10.0 i r d  15.0 11.A 20.0 PN\ (k9/Hql 1.5 p d  5.0 pm4 10.0 vm4 15.0 pp T i . 0  11.1 

"erodynalc d l -Ur .  P.lrentageI rounded to  tro s ign i f i can t  f l gumr .  

b p m s s d  I n  kq of pa r t i cu la te  u t t e r  par  r t r i c  ton (MI o f  c l l n t e r  produced per Table 4-26 of t h i s  r.port. 

Ca1~uIat .d  using U* t o t a l  mars a l s s i o n  factor shDm i n  p l r v iou r  calm. Roundad t o  tro s ign i f i can t  f i g u m r .  

* Fuel 3 n.tural 9.1 (re. Table 4-21]. . 
Fuel = p u l r e r i z d  coal (ran Table 4-21). 

Ararage of four tests. Pelrcntagel back-calculated frca " l r r l o n  f a c t o n  o r i g i n a l l y  pms.nt.d I n  t e s t  report.  
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TABLE 4-32. SUWARY OF CANDIDATE SIZE-SPECIFIC EMlSSlON FACTORS FOR CEMENT KILNS 

Emission Factor  Ratinq: 0 

Cumulative mars X equal t o  o r  less than s ta ted  s izea 
Baghouse Cumulative e.isrion factor  equal t o  o r  less than s ta ted  r i l e  b 

Uncontro l led Dry COI l e c t o r  OV Baghouse c o l l e c t o r  Uncontro l led 
P a r t i c l e  Wet Ory process Vet process e t  r y  process r i t g  Wet Proccfs 

s i z e  process procees k i l n  w i t h  k i l n  w l t h  process procees Wet rocerr  n u l t i c l o n e  w i t h  ESP ,~;t proce;; l~;v pr0ce;sg 
( p d )  k i n  k i l n  mul t ic lonae ESP 1,. & m I,,. kgmg l b l t o n  kg,, b t o n  M g . t o n  kg, 

Tota l  MSS emission fac to r  240 120 256 128 260 130h 0.78 0.3gh 1.1 0 . 5 7 ~  0.32 0 . 1 6 ~  

a Aerodynamic diameter. LII percentages rounded t o  two s i g n i f i c a n t  f i g u r e r .  ~ r w  ~ a b ~ s  4-20. ~ . i r r i o n  fac to rs  converted t o  kg o f  p a r t i c u l a t e  
matter per metr ic  ton (Wg) of c l i n k e r  produced. 

Rounded t o  two s i g n i f i c a n t  f i gu re r .  U n i t  weight o f  p a r t i c u l a t e  ma t te r  per 
u n i t  weight o f  c l i n k e r  produced. ' ESP = c l e c t r a r t a t i c  p r a c i p i t a t o r .  From Table 4-29. 

From Table 4r27. 9 F r w  Table ,I-30 

From Table 4-28. o m  T a b  4-26. Two s i g n i f i c a n t  f i gu res  



TABLE 4-33. SUMMARY OF CANDIDATE EMISSIOM FACTORS FOR CLINKER COOLERS 

Emission Factor  Rat ing: E 

Cumulative emiss ion f a c t o r  eqpal 
Cumulative mass % equal tfl t o  o r  l e s s  than s t a t e d  s i z e  

P a r t i c l e  o r  l e s s  than s t a t e d  s i z e  Gravel 
s i zea  Gravel bad ~ n c o n t r o l  lede bed f i  l t e r d  

Uncont ro l led  f i l t e r  kg/Mg l b / t o n  kg/Mg l b / t o n  

To ta l  mass 
emission 
f a c t o r  

a Aerodynamic diameter.  

' Rounded t o  two s i g n i f i c a n t  f i gu res .  From Tables 4-18 and 4-31. 

U n i t  weight  o f  p o l l u t a n t  pe r  u n i t  we igh t  o f  c l i n k e r  produced. Rounded 
t o  two s i g n i f i c a n t  f i gu res .  

From Table 4-31. 

Converted from u n i t  we igh t  o f  p o l l u t a n t  pe r  u n i t  we igh t  o f  cement ( from 
Table 4-18) t o  weight /weight  o f  c l i n k e r  produced assuming 5% gypsum i n  
f i n i s h e d  cement. 
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Figure 4-1. Size spec i f i c  emission factors f o r  cement k i lns .  
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Figure 4-2. Size spec i f i c  emission fac to rs  f o r  c l i n k e r  coolers. 



4.4 EMISSION FACTOR QUALITY RATING 

The q u a l i t y  o f  the  average emission f a c t o r s  conta ined i n  Tables 4-27 

through 4-31 were r a t e d  u t i l i z i n g  t h e  general c r i t e r i a  es tab l ished by OAQPS 

as o u t l i n e d  i n  Sect ion 3.0. I n  t h e  case o f  uncon t ro l l ed  wet process k i l n s ,  

i t  was found necessary t o  apply some lower q u a l i t y  p a r t i c l e  s i z e  data t o  a  

0-rated emission fac to r .  Because o f  t h i s  l a r g e  d i f f e r e n c e  i n  data q u a l i t y ,  

it became d i f f i c u l t  t o  asce r ta in  what t h e  o v e r a l l  r a t i n g  o f  the r e s u l t a n t  

emission f a c t o r  should be. General ly,  a  B-rated emission f a c t o r  should no t  

be combined w i t h  C o r  D p a r t i c l e  s i z e  data. For t h i s  reason, a  c e r t a i n  

amount o f  engineering judgment was employed t o  r a t e  the  q u a l i t y  o f  the  emis- 

s ion  f a c t o r s  obtained. Even though t h e  p a r t i c l e  s i z e  data were sometimes 

on l y  marg ina l l y  acceptable, they were app l i ed  t o  a  h igh  q u a l i t y  emission 

fac tor .  It would be expected, t he re fo re ,  t h a t  something b e t t e r  than an 

order-of-magnitude est imate would be prov ided by such a  procedure. For 

t h i s  reason, i t  was determined t h a t  a  minimum o f  D would be t h e  most appro- 

p r i a t e  f o r  t h e  r e s u l t i n g  emission f a c t o r s  where l a r g e  d i f f e rences  i n  data 

qua1 i t y  ex is ted.  

For the  remainder o f  t h e  candidate emission f a c t o r s  developed i n  t h i s  

study f o r  cement k i l n s ,  genera l l y  h igh  q u a l i t y  p a r t i c l e  s i z e  data were ap- 

p l i e d  t o  a  lower q u a l i t y  t o t a l  p a r t i c u l a t e  emission f a c t o r .  Also, the  ex: 

i s t i n g  data base 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  was found t o  be extremely 

l i m i t e d  i n  most cases. Therefore, a  r a t i n g  o f  D was assigned t o  t h e  re-  

s u l t a n t  s i z e - s p e c i f i c  f a c t o r s  f o r  cement k i l n s .  I n  t h e  case o f  c l i n k e r  

coolers,  f o r  which t h e  o r i g i n a l  p a r t i c l e  s i z e  data were r a t e d  C, a  r a t i n g  

of E  was assigned t o  t h e  s i z e - s p e c i f i c  emission f a c t o r s  u t i l i z i n g  t h e  c r i -  

t e r i a  developed by the  OAQPS. 
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8.6 PORTLAND CEMENT MANUFACTURING 

8.6.1 Process ~ e s c r i ~ t i o n l - 3  

Por t land  cement manufacture accounts f o r  about 95 percent  of t h e  cement 
product ion i n  t h e  United S ta t e s .  The more than  30 raw m a t e r i a l s  used t o  make 
cement may be  d iv ided  i n t o  fou r  b a s i c  components: l i n e  ( ca l ca reous ) ,  s i l i c a  
( s i l i c e o u s ) ,  alumlna ( a r g i l l a c e o u s ) ,  and i r o n  ( f e r r i f e r o u s ) .  Approximately 
1575 kilograms (3500 pounds) of d ry  raw m a t e r i a l s  a r e  required t o  produce 1 
me t r i c  t o n  (2200 pounds of cement). Between 45 and 65 percent  of raw ma te r i a l  
weight i s  removed a s  carbon d ioxide  and water  vapor. As shown i n  Figure  8.6-1. 
t h e  raw m a t e r i a l s  unde rgosepa ra t e  crushing a f t e r  t h e  q u a r r y i n g o p e r a t i o n ,  and, 
when needed f o r  processing. a r e  proport ioned,  ground and blended by e i t h e r  a 
d ry  o r  wet process.  One b a r r e l  of cement weighs 171 kilograms (376 pounds). 

I n  t h e  dry process,  moisture content  of t h e  raw ma te r i a l  is reduced t o  l e s s  
than  1 percen t ,  e i t h e r  be fo re  o r  du r ing  gr inding .  The d r i e d  m a t e r i a l s  a r e  then  
pulverized and fed  d i r e c t l y  i n t o  a r o t a r y  k i ln .  The k i l n  is  a long s t e e l  c y l i ~  
d e r  with a r e f r a c t o r y  b r i ck  l i n i n g .  It is  s l i g h t l y  i n c l i n e d ,  r o t a t i n g  about 
t h e  long i tud ina l  ax is .  The pulverized r av  m a t e r i a l s  a r e  fed  i n t o  t h e  upper end, 
t r ave l ing  slowly t o  t h e  lower end. Ki lns  a r e  f i r e d  from t h e  lower end, so t h a t  
t h e  r i s i n g  hot  g a s e s ' p a s s  through t h e  raw mater ia l .  D r y i n g ,  decarbonating and 
ca l c in ing  a r e  accomplished a s  t h e  ma te r i a l  t r a v e l s  through t h e  heated k i l n  and 
f i n a l l y b u r n s  t o  i n c i p i e n t  fus ion  and forms t h e  c l inke r .  The c l i n k e r  is cooled, 
mixed wi th  about  5 ve igh t  percent  gypsum and ground t o  t h e  des i r ed  f ineness .  
The product,  cement, i s  then  s to red  f o r  l a t e r  packaging and shipment. 

With t h e  w e t  p rocess ,  a s l u r r y  i s  made by adding water  t o  t h e  i n i t i a l  
g r ind ing  operat ion.  Proport ioning may t a k e  p l ace  before  o r  a f t e r  t h e  gr inding  
s t ep .  Af t e r  t h e  m a t e r i a l s  a r e  mixed, excess  'water is removed and f i n a l  ad jus t -  
ments are made t o  o b t a i n  a des i r ed  composition. This f i n a l  homogeneous mixture 
i s  fed t o  t h e  k i l n s  a s  a s l u r r y  of 30 t o  40 percent moisture o r  a s  a wet f i l -  
t r a t e  of about 20 percent  moisture. The burning, cool ing,  a d d i t i o n  of gypsum, 
and s t o r a g e  a r e  then c a r r i e d  out ,  a s  i n  t h e  dry process.  

The t rend  i n  t h e  Por t land  cement i n d u s t r y  i s  toward t h e  use  of t h e  dry 
process of c l i n k e r  production. Eighty percent  of t h e  k i l n s  b u i l t  s i n c e  1971 
u s e  t h e  dry process,  compared t o  46 percent  of e a r l i e r  k i ln s .  Dry process k i l n s  
t h a t  have become sub jec t  t o  new source  performance s t anda rds  (NSPS) s i n c e  1979 
commonly a r e  e i t h e r  p rehea te r  o r  p r e h e a t e r l p r e c a l c i n e r  systems. Both systems 
a l low t h e  s e n s i b l e  hea t  i n  k i l n  exhast  gases  t o  hea t ,  and p a r t i a l l y  t o  ca l c ine .  
t h e  raw feed be fo re  it  e n t e r s  t h e  kl ln.  

Addit ion of a preheater  t o  a d ry  process k i l n  permits  use  of a k i l n  one 
ha l f  t o  two t h i r d s  s h o r t e r  than those  without  a preheater ,  because heat  t r a n s f e r  
t o  t h e  d ry  feed is more e f f i c i e n t  i n  a p rehea te r  than  i n  t h e  preheat ing zone of 
t h e  k i ln .4  Also, because of t h e  increased  hea t  t r a n s f e r  e f f i c i e n c y ,  a prehea ter  
k i l n  system requ i re s  l e s s  energy than e i t h e r  a wet k i l n  o r  a dry k i l n  without a 
p rehea te r  t o  achieve t h e  same amount of ca l c ina t ion .  Wet raw feed (of 20 t o  40 
Percent moisture)  r equ i re s  a longer  res idence  time f o r  preheat ing,  which is 
b e s t  provided i n  t h e  k i l n  i t s e l f .  Therefore,  wet process p l an t s  do not use  
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prehea te r  systems. A dry process k i l n  wi th  a prehea ter  system can use 50 
percent  l e s s  f u e l  than  a wet process k i ln .  

8.6.2 Emissions And ~ o n t r o l s l - 2 p 5  

P a r t i c u l a t e  ma t t e r  i s  t h e  primary emission i n  t h e  manufacture of Por t land  
cement. Emissions a l s o  inc lude  t h e  normal combustion products of t h e  f u e l  used 
f o r  hea t  i n  t h e  k i l n  and i n  drying ope ra t ions ,  inc luding  oxides of n i t rogen and 
s m a l l  amounts of oxides of su l fu r .  

Sources of dus t  a t  cement p l a n t s  a r e  1)  quarrying and crushing,  2) raw 
ma te r i a l  s t o r a g e ,  3) gr inding  and blending (dry  process o n l y ) ,  4) c l i n k e r  pro- 
duc t ion  and cooling,  5 )  f i n i s h  gr inding ,  and 6) packaging. The l a r g e s t  s i n g l e  
poin t  of emissions i s  t h e  k i l n ,  which may be  considered t o  have t h r e e  u n i t s ,  
t h e  feed system, t h e  f u e l  f i r i n g  system, and t h e  c l i n k e r  cooling and handling 
system. The most d e s i r a b l e  method of d ispos ing  of t h e  dus t  c o l l e c t e d  by a n  
emissions con t ro l  system is i n j e c t i o n  i n t o  t h e  k i l n  burning zone f o r  i n c l u s i o n  
i n  t h e  c l inke r .  I f  t h e  a l k a l i  content  of t h e  raw m a t e r i a l s  i s  too high,  how- 
ever ,  some of t h e  d u s t  is discarded o r  t r e a t e d  be fo re  i t s  r e t u r n  t o  t h e  k i ln .  
The maximum a l k a l i  content  of dus t  t h a t  can b e  recycled i s  0.6 percent (calcu- 
l a t e d  a s  sodium oxide).  Additional sources of dus t  emissions a r e  quarrying. 
raw m a t e r i a l  and c l i n k e r  s to rage  p i l e s ,  conveyors, s t o r a g e  s i l o s ,  loading1 
unloading f a c i l i t i e s ,  and paved/unpaved roads. 

The complicat ions of k i l n  burning and t h e  l a r g e  volrnnes of ma te r i a l  handled 
have l e d  t o  t h e  use  of many cont ro l  systems f o r  dus t  co l l ec t ion .  The cement 
i n d u s t r y  gene ra l ly  uses mechanical c o l l e c t o r s ,  e l e c t r i c  p r e c i p i t a t o r s ,  f a b r i c  
f i l t e r  (baghouse) c o l l e c t o r s ,  o r  combinations of t hese  t o  con t ro l  emissions. 

To avoid excess ive  a l k a l i  and s u l f u r  bui ldup i n  t h e  raw feed ,  some systems 
have an a l k a l i  bypass exhaust gas system added between t h e  k i l n  and t h e  preheat- 
er. Some of t h e  k i l n  exhaust gases a r e  ducted t o  t h e  a l k a l i  bypass before  t h e  

. prehea te r ,  thus  reducing t h e  a l k a l i  f r a c t i o n  passing through t h e  feed. Par t icu-  
l a t e  emissions from t h e  bypass a r e  c o l l e c t e d  by a s e p a r a t e  con t ro l  device.  

Tables 8.6-1 through 8.6-4 g i v e  emission f a c t o r s  f o r  cement manufacturing, 
inc luding  f a c t o r s  based on p a r t i c l e  s i ze .  S i z e  d i s t r i b u t i o n s  f o r  p a r t i c u l a t e  
emissions from con t ro l l ed  and uncontrol led k i l n s a n d  c l i n k e r  coolers  a r e  a l s o  
shown i n  Figures 8.6-2 and 8.6-3. . ,  

S u l f u r  d ioxide  (SO2) may come from s u l f u r  compounds i n  t h e  ores  and i n  t h e  
f u e l  combusted. The s u l f u r  content  of both  w i l l  vary from plant  t o  p l an t  and 
from region  t o  region. Information on t h e  e f f i c a c y  of p a r t i c u l a t e  con t ro l  
devices  on SO2 emissions from cement k i l n s  i s  inconclusive.  This is because of 

I 
v a r i a b i l i t y  of f a c t o r s  such a s  feed  s u l f u r  con ten t ,  temperature, moisture,  and 
feed  chemical composition. Control ex ten t  w i l l  vary,  of course,  according t o  
t h e  a l k a l i  and s u l f u r  content  of t h e  raw m a t e r i a l s  and fuel.6 

Nitrogen oxides  (NOx) a r e  a l s o  formed dur ing  f u e l  combustion i n  r o t a r y  
cement k i ln s .  The N 4 ,  emissions r e s u l t  from t h e  oxida t ion  of n i t rogen i n  t h e  
f u e l  ( f u e l  N4,) a s  well  a s  i n  incoming combustion a i r  (thermal N4,) .  The quan- 
t i t y  of N 4 ,  formed depends on the  type of f u e l ,  i t s  n i t rogen content ,  combustion 
temperature,  e tc .  Like S q ,  a c e r t a i n  p o r t i o n  of t h e  N 4 ,  r e a c t s  with the  alka- 
l i n e  cement and thus i s  removed from t h e  g a s  stream. 
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EMISSION FACTOR RATING: E 

. Sul fur  d iox ldec  Nitrogen 
Process   articulate^ Mineral Cam 01 1 Coal oxldea Lead 

k g / n g l b l l ~ n  nourced c a b u a t i o n  combustion cambustlon kg/@ l b l t o n  kg/& l b l t o n  
kg/@ l b l t o n  Lgl@ l b l t o n  kg/@ l b l t o n  kg /& l b l t o n  

Dry process  k i l n  128 256 5.4 10.8 . N g  Nen 2.25 4 .  3.6s 7.2s 1.4 2.8 0.06 0.12 

Yet proceam'ki ln  120 240 5.4 10.8 Neg Neg 2.25 4 . 4  3.6s 7.2s 1.4 2.8 0.05 0.10 

C l i n k e r  c w l e ~  4.6 9.2 - - - - - - - - - - - - 
Dryer.. g r i n d e r a ,  etc.I 

Uet process  16.0 32.0 HA HA NA HA NA NA HA NA NA NA 0.01 0.02 
Dry procca. 48.0 96.0 NA NA N A N A  NA NA NA NA NA NA 0.02 0.04 

- 
a ~ e f e r e n c e m  1-2. Expressed i n  t e n s  of u n i t s  of c l i n k e r  produced, a s s m i n g  5 1  g y p s m  I n  f l n l s h e d  cement. 
Ineludea f u e l  c a b u a t i o n  miaaionm. which ahould not b e  c a l c u l a t e d  separa te ly .  Neg - negl ig ib le .  
S - X a u l f u r  i n  f u e l .  Dash - no da ta .  HA - not  mpplicable. 

b ~ m l a s l o n  F a c t o r  Patlng: B 
CFactora  account f o r  reactions wi th  mlkal ine d u s t ,  wi th  no con t ro la .  Cme t e a t  aerie.  f o r  g a s  and oil  

f i r e d  wet process  kiln.. w i t h  l i m i t e d  d a t a ,  auggcata t h a t  21-451 of  S q  can be removed by r e a c t i o n s  
w i t h  t h e  a l k a l i n e  f i l t e r  cake. i f  baghouaes are used. I 

d ~ t a m  s u l f u r  i n  r a u  .a ter ia la .  which varic.  u l t h  t h e l r  eourcea. Factors  account f o r  same res idua l  
s u l f u r .  because of L t m  s I k a l l n i t y  and a f f i n i t y  f o r  S q .  

eReference 8. b i a a l o n  Fac tor  Rating: D. 
f ~ ~ p r e a a e d  i n  t e n s  of unltm of cement produced; 



TABLE 8.6-2. CONTROLLED PARTICULATE EMISSION FACTORS FOR 
CEMENT MANUFACTURING~ 

TYPe Control P a r t i c u l a t e  ~ m i s s i o o  
of technology kg/Mg l b l t o n  . Fac to r  
source  c l i n k e r  . c l inke r .  Rating 

Wet k i l n  Baghouse 
ESP 

~ r y  process k i l n  Mult iclone 130b 260b D 
Multicyclone 

+ ESP 0.34 0.68 C 
Baghouse 0.16 0.32 B 

Clinker  coo le r  Gravel bed 
f i l t e r  0.16 0.32 C 

ESP 0.048 - 0.096 D 
Baghouse 0.010 0 ..O 20 C 

Primary l imestone 
c r u s h e s  Baghouse '0.00051 0.0010 D 

Primary l imes tone  
screenc Baghouse 0.00011 0.00022 D 

Secondary l imes tone  
sc reen  and crusherC Baghouse 0.00016 0.00032 D 

Conveyor t r ans f  erC Baghouse . 0.000020 0.000040 D 

Raw m i l l  systemcsd Baghouse 0.034 0.068 D 

F in i sh  m i l l  systeme Baghouse 0.017 0.034 C 

aReference 8. Expressed a s  kg particulate/?@ ( l b  p a r t i c u l a t e / t o n )  of c l i n k e r  
produced, except a s  noted. ESP - 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 .  

b ~ a s e d  on a s i n g l e  t e s t  of a dry process k i l n  f i r e d  wi th  a combination of 
coke and na tura l  gas.  Not gene ra l ly  a p p l i c a b l e  t o  a broad cross  s e c t i o n  
of t h e  cement indus t ry .  

CExpressed a s  mass of pol lutant /mass of raw m a t e r i a l  processed. 
d ~ n c l u d e s  m i l l ,  a i r  s e p a r a t o r  and weigh feeder .  
e Inc ludes  m i l l ,  a i r  s epa ra to r ( s )  and one o r  more ma te r i a l  t r a n s f e r  operat ions.  

Expressed i n  terms of u n i t s  of cement produced. 
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TABLE 8.6-3. SIZE SPECIFIC PARTICULATE FMISSION FACTORS FOR CEMENT K I L N S ~  

EMISSION FACTOR RATING: D 

P.rttc1. Cuul.tl.. ...s 1 < .(.led .I.& Cuul . t l r .  -l..lom factor< . t a t 4  .I.aC 
.1.I - - 
(u) U ~ c o ~ t r o I I d  Dry Y.L labow. u ~ ~ 0 . t  ro l l ed  Dry )roc... Y.t ~~ocI.. - 6.llhou.a 

Yet Dry pco~es. proc... Yet Dry Y.t Dry r l t b  r l t h  Yet D V  
proc... procemm k l I m  r l r b  k l l s  r l c h  proce.. proce.. Proc... PcDc... l t l  ESP 

k l l n  k 1 I n  u 1 t l c l o n . d  ESP k l l n  k110 4 1 ~  l b l t o o  41% l b l t o n  b14 I b l t o n h g l M  l b l r o n  d??k 



Uncontrolled Wet Rocess Kiln 
Uncontrolled Dry Roceu Kiln 
Dry Roceu Kiln with Fvculticlom 
Wet Roceu Kiln with ESP 
Dry Rocess Kiln with Baghouse 

0.1 1 I I  I I I  I t 1  I 

1 .o 10 100 
Aerodynamic Particle Diomqter ( pmA ) 

Figure  8.6-2. Size  s p e c i f i c  emission f a c t o r s  f o r  cement k i l n s .  
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L 1 I I I I I I I (  I  I  I 1  I l l <  - - - - 
1 1 Uncontrolled Coolen 

- - 
2 Coolen with Grovel Bed Filter - 8 - - - 

- - 

- - - - - - - - - - - - - - - - - 
- - 

- - - - - - - - - - - - - - - - 
- - 
, I I I I I I I I I  I I I r I I I L  

Aerodynamic Particle Diameter ( p m A )  

Figure 8.6-3. Size specific emission factors for clinker coolers. 
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TABLE 8.6-4. SIZE SPECIFIC EMISSION FACTORS FOR 
CLINKER COOLERSa 

EMISSION FACTOR RATING:, E 

I p a r t i c l e  Cumulative maas Z Cumulative emiss ion . fac to r  I 
s i z g  < s t a t e d  s i z e c  < s t a t e d  a i d  

(Um) Uncontrol led  Gravel bed f i l t e r  Uncontrolled Gravel bed f i l t e r  
I r ~ / n g  l b / t o n  kg/& l b l t o n  

I T o t d  mass emission f a c t o r  4.6e 9.Ze 0 . 1 6 ~  0 . 3 2 ~  I 
J L 

auefe rence  8. 
b ~ e r o d y n d c  diameter  
cgounded t o  two s i g n i f i c a n t  f igures .  
d u n i t  weighc of p o l l u t a n t / u n i t  weight of c l i n k e r  

produced. Rounded to, two s i g n i f i c a n t  f igures .  
"From Table  8.6-1. 
f~ ro l .  Tab le  8.6-2. 
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APPENDIX A 

EXCERPTS FROM REFERENCE DOCUMENTS USED I N  THE DEVELOPMENT 
OF PARTICULATE EMISSION FACTORS 



Excerpts from 

REFERENCE 10 (SECTION 4.0) 

Emissions from Wet Process Cement K i l n  and C l i nke r  Cooler a t  Maule 
ndust r ies ,  H ia lea  or ida ,  e s t  No. - - . S. Environ- 

L n t a l  P r o t e c t i o n  :;e::y, Rese::~hTTriangle7:a~!,0N'~,UMar~h 1972. 



TABLE I 

RESULTS FOR CLINKER COOLER STACK NO. 1 

Rufi Number - 
Date 

percent Excess Air 

Percent Isokinetic ..: 

StackFlow Rate - sCFM* dry . ' 

. 4  
Stack Flow Rate - ACFM wet 

volume of Dry Gas Sampled - SCFf 

Feed Rate - tonslhr 

Particulates 7 

Probe, cyclone. 8 Fi l ter  Catch 

mg 

0.0282 0.0203 c 0.0263 .- gr/SCF* dry u 

0.0229 0.01 66 w \ 

gr/CF @ Stack Conditions 0.0214 "l 
3 

m + 
m 
0 

Total Catch 

m9 
. . 

gr/SCFtdry 

gr/CF @ Stack Conditions 

1 bs/ ton: feed 

% Impinger Catch 

*70°F, 29.92" Hg 6 
NA - Not Applicable I 

A-3 



TABLE I1 

RESULTS FOR KILN STACK NO. 1 

Run Number 

Date 

Percent Excess Air 

percent Isokinet ic  

Stack Flow,Rate - SCFW dry 55.031 54,413 52.01 8 

Stack Flow Rate . . - ACFM wet 126.208 122.704 ' 118,324 

Volume of Dry Gas Sampled - SCF* 48.84 47.49 46.17 

Feed Rate - torislhr 
. . . . 

" par t icu la tes  - probe, Cyclone, & F i l t e r  Catch I * 
172 272 488 7 w "q n m 

. 0.0542.; 0.0882 0.163 + gr/SCF* d r y  .- c 

grlCF @ Stack Conditions 0.0236 0.0391 0.0715 , w 
V1 

25.53 41.08 72.51 a 1 bs/hr 
C, a 

0.634 1.019 1.799 2 . lbs/ton feed 

Total Catch 

. mg 189 321 51 8 

gr/SCF* dry : 0.0596 0.104' 0.173 

gr/CF @ Stack conditions 0.0260 0.0461 0.0759 
. . . . 

1 bs/ hr  28.07 48.54 76.99 0 

lbsl ton feed 0.696 . 1.204 1.910. 

% Impinger Catch 9.0 15.3 5.8 
. . 



Excerpts from 

REFERENCE 17 (SECTION 4.0) 

Emissions from Dry Process Raw Mill and Finish Mill Systems at Ideal 
tement Company Tijeras, New Mexico, ETB Test No. 11 MM 02 - - , U.S. En- 
vironmental ~rAtection Agency, Research Triangle Park, NC, Aprll 
1972. 



Table 4 

SUI<t?tlRY OF PARTICULATE DATA FOR 1.10. 2 FII.!ISH t,IILL 

Run Number 1 (TRIAL) 

Date 3-2-71 - 
Percent Excess Air 

Percent Isokinetic 105.0 

Stack Flow Rate - SCFM* dry ' 4886 

Stack Flow Rate - ACFM wet I 6406 

Volume of Dry Gas sampled - SCF* 36.62 

Feed Rate - tonslhr Not t.!easured 

Particulates 

Probe, Cyclone, 6 Filter Catch 

mg 39.7 
grISCF* dry 0.0167 

gr/CF @ Stack Conditions 0.01 27 - 
. .  0.203 

m 
lbslhr. 0.693 0.208 n 

bslton feed -- 0.00601 0.00601 

Total Catch 

mg 74.6 51 .O ' ' 51.2 
gr/SCF* dry 0.0314 0.00677 0.OG698 

gr/CF @ Stack Conditions 0.0239 0.00520 0.00536 
lbslhr 1.31 0.305 0.304 
lbslton feed -- 0 .OOP82 O.CC879 

. . 
% Impinger Catch 46.8 32.0 31 .6 



Table 5 

Run Number 

Date 

Percent Excess Air 

Percent Isokinetic 

Stack Flow Rate - SCFM* dry 
Stack Flow Rate - ACFM wet 
Volume of Dry Gas Sampled - SCF* 
Feed Rate - tonslhr 

. . Particulates 

Probe, Cyclone, 6 Filter Catch 

23.6 21.8 - mg I 
0 

~~IscF* dry 0.00465 0.00454 a 

gr/CF @ Stack Conditions 0.00344 0.00333 'z 
m 
I- 

lbslhr. 0.569 0.538 = 
0.0173 lbslton feed: 0.0164 u 

al 
"l 
a 

Total Catch 

mg 

gr/SCF* dry 

gr/CF @ Stack Conditions 

lbslhr 

lbslton feed 

% Impinger Catch 



Table 6 : I 
I 

SUjT::ARY OF PP.8TiCULkTE DATA FOR NO. 2 FIIIISH I.1ILL FEED-0-!..'EIGHT. 

Run Number 

Date 

Percent Excess Air 

Percent Isokinetic 

Stack Flow Rate - SCFM* dry 
Stack Flow Rate - ACFM wet 
Volume of Dry Gas Sampled - SCF* 
Feed Rate - tonslhr 

Particulates 

Probe, Cyclone, 6 Filter Catch 
20.. 1 18.8 

mg 
0.00294 - 

0.00308 I gr/SCF* dry Q 

. gr/CF @ Stack Conditions : 0.00253 0.00240 - a, 

0.265 n 0.273 m -1bslhr. + 
0.00922 0.06953 c lbslton feed .- 

-a w 
m 
3 Total Catch 
m 

33.7 31 -1 +J 
mg m 

0 

grISCF* dry 0.00517 0.00487 
gr/CF @ Stack Conditions 0.00425 O.CO398 
lbslhr 0.463 0.434 
lbslton feed 0.0161 0.0151 
X Impinger Catch 40.4 39.5 



Table 1 
.. .. 

SUKPARY OF PARTICULATE DATA FOR EIO. 2 I?.A? i41LL 

Run Number 1 2 

Date 3-9-71 3-10-71 - - 
Percent  Excess A i r  

Percent  I s o k i n e t i c  109.6 108.2 
Stack Flow Rate - SCFM* dry 31 77 3210 
Stack Flow Rate - ACFM wet 4684 4708 
Volume of Dry Gas Sampled - SCF* 84.47 79.33 

Feed Rate - t o n s i h r  53.1 57.2 

P a r t i c u l a t e s  

Probe, Cyclone, & F i l t e r  Catch 
172.5 197.1 I mg 

0.0334 0.0383 - 
gr/SCF* dry e I 

. . 
gr/CF @ Stack Conditions 0.0213 0.0261 a - 

0.855 1.049 n 
l b s l h r .  m + 
l b s l t o n  feed 0.01 61 0.01E3 .- s 

u 
a 
"l 

T o t a l  Catch a 
m 

mg 2Cl .l 213 -8 C, m 
n 

gr/SCF* dry 0.0367 0.C115 
gr/CF @ Stack Conditions 0.0248 ' 0.0283 . . 

I b s l h r  0.998 1 . I40 
l b s / t o n  feed  0.0188 0.01 99 

. . 
X Impinger Catch 14.2 7.9 



I 
Table 2 

SUItE.$RY (3F PARTICULATE DATA FO?. 110. 2 RAb!- PILL A I R '  SEPARATOR 

Run Kumber 

Date 

Percent Excess Air 

Percent Isokinetic 

Stack Flow Rate' - SCFM* dry 
Stack Flow Rate - ACFM wet 
Volume of Dry Gas Sampled - SCF* 
Feed Rate - tonslhr 

Particulates 

Probe, Cyclone. & Filter Catch 
151 .O 108.2 

mg 
0.0199 

- 
0.0278 I grISCF* dry e 

' 0.0183 0.0131 w gr/CF @ Stack Conditions - n 
2.332: ': 1.644 m lbslhr . 

Lbslton feed 

C 

0.0376 0.0265 SF E 

. u z 
a 

Total Catch m 
42 

mg 163.7 121.2 m 
0 

grISCF* dry 0.0302 0.0224 
gr/CF @ Stack Conditions 0.0198 0.0147 
lbslhr 2.528 1 ;a36 
lbslton feed 0.0407 0.0296 
X Impinger Catch 7.8 10.7 



Table 3 

SU!.ll.Li\RY OF PARTICliLATE DATA FOR 110. 2 RA\j WILL FEED-0-\,:EIGHT 

Run Number 

Date 

Percent Excess Air 

Percent Isokinetic 

Stack Flow Rate - SCFM* dry 
Stack Flow Rate - ACFM wet 
Volume of Dry Gas Sampled - SCF* 
Feed Rate - tonslhr 

Particulates 

Probe, Cyclone, 6 Filter Catch 
99.7 . 69.5 

mg 
0.0172 0.0117 7 

I 
gr/SCF* dry Q 

.0.0135 0.00914 a 
gr/CF @ Stack Conditions F 

1.418 ' 0.959 n 
m 
I- 

0.0226 0.01 - 53 .- E - 
x 

Total Catch 

mg 

grISCF* dry 

gr/CF @ Stack Conditions 

lbslhr 

lbslton feed 

X Impinger Catch 



Excerpts f rom 

REFERENCE 11 (SECTION 4.0)  

Emissions from Wet Process Cement K i l n  and C l i n k e r  Cooler a t  I d e a l  
cement Company, Seat t le ;  Washington, e s t  No. - - . . 
Enui ronmental P r o t e c t i o n  Agency, R e ~ e : ~ ~ ~ T r i a n g l e ~ : a ! ! , ~ ~ ~  ,'Mirth 
1972. 



TABLE 1 

Run number 1 2 

Percent Excess A i r  N A N A 

Percent l sok ine t l c  105.7 105.3 

Stack Flow  ate-SCFM* dry 95,699 94,971 

Stack Flow Rate-ACFM wet 108,307 105,121 

Volume o f  Dry Gas Sampled 
SCF* 105.39 104.21 

1 Feed Rate - tons/hr 103.4 102.8 

Part iculates 

Probe, Cyclone, & F i l t e r  Catch 

gr/SCF* dry 0.0513 0.0571 0.0698 - 
I 

lit 
gr/CF @Stack Conditions 0.0453 0.0516 0.0628 a 

7 

I C 
I lbs/ ton feed 0.406 0.452 0.536 .v 

u 
w - 2 

Total Catch 

mg 

gr/SCF* dry 0.0547 0.0592 0.071 2 

gr/CF @Stack Conditions 0.0483 0.0534 0.0641 

lbs/ ton feed 0.433 0.468 0.547' 

% Impinger Catch 6.22 3.49 2.03 

* 70'~. 29.92" Hg 
NA--Not Applicable. 



-- 
TABLE 2 

S W R Y  OF PARTICULATE DATA FOR KILN STACK 

Run Number 

Date 

Percent Excess A i r  

Percent I sok ine t l c  93.5 89.9 

Stack Flow Rate - SCFM dry 107,179 
h 103.085 

Stack Flow Rate - ACFM wet 286.431 288,505 

Volume o f  Dry Gas Sampled - SCF* 
. . 

39.69 36.68 

Feed Rate - tons/hr 101.7 101.7 

Part iculates 

Probe. Cyclone, & F i l t e r  Catch 

mg 241 253.5 

~ ~ / s c F *  dry  0.0935 0.1064 

gr/CF @Stack Conditions 0.0350 0.0380 

Total Catch 

"'9 

&/SCF* dry 

gr/CF @Stack Conditions 

lbs /h r  

lbs/ ton feed 

X Implng'er Catch 



Excerpts f r o m  

REFERENCE 12 (SECTION 4.0) 



Su?':-'fl"V OF P:IIITICUI.P,TE DATILKOJ r;l_ - -L ..--. - -----. - 
I.1ILL A I R  SEPARATOZ ST- 

Run llumhcr 1 2 3 
Oate ' . 4-13-71 4-14-71 . . . 4-14-71 

- - Percent Excess Pir - 
. Percent Isokinetic 96.9 100.8 97.4 

Stack Flow Rate - SCFl.!* dry 14,478 14.876 14.453 

Stack Flow Rate - ACFM wet 17,554 17,636 16,677 
Volume of Dry Gas sampled - SCF* 56.931 60.857 54.777 
Feed Rate - tons/hr 30.0 28.6 30.1 

Particulates 
Probe. Cyclone, I Filter Catch 

"9 11.8 22.9 21.4 
gr/SCF* dry 0.00319 0.00579 0.00602 - 

I 
0 

gr/CF O Rack Conditlons 0.00263 0.00488 0.00521 - a 

Total Catch 

mg 
gr/SCF* dry 

gr/CF @ Stack. Conditions 0.00537 0.00725 0.00871 
1 bs/hr 0.796 1.086 1.243 
lbs/ton feed 0.0265 0.0380 0.0413 
X Imninger catch 51 .O 32.6 . 40.2 



OF DATA FOR NO. 1 I MILL A I R  - 
Run Number 

.Date 

Percent Excess Air 
Percent I sok ine t l c  

Stack Flow Rate - SCFV dry  

Stack Flow Rate - ACFti wet 

Vo1ur.e o f  Dry GJS Sampled - S C F ~  

Feed Rate - tons/hr 

Par t icu la tes 

Probe, Cyclone, L F i l t e r  Catch 

mg 31.2 23.9 24.2 
gr/SCF* dry 0 ;00647 O.CO476 . 0.00496 

'- 

I 
ct 

gr/CF @ Stack Condittons 0.00561 O.OC4C9 O.CO431 . - w 
n 

l bs lh r .  0.643 0.467 , 0.493 I- m 

l b s l t o n  feed 0.0214 0 . 0 l u  0.01G4 1 .- E 
- .. TI w 

"l 

Tota l  Catch 3 

m 

m9 68.8 39.3 38.9 
+ 
m 
P 

gr/SCF* d r y  0.0122 0.00783 0.00708 

gr/CF @ Stack Condttfons 0.0106 0.00673 0 .GO693 

1 bs/hr 7 -217 0.781 0.797 

lbs / ton  feed 0.0106 0.0273 0.0265 

X Impinger Catch 46.9 39.2 37.8 



l a b l c  3 
SUi!:;li?Y -- OF P5ET;Tl~U_L.fi~.-QJIL\~E~? -Had- 

I?.ICL~G~~?~?FI! and DUST COLI.ECTPq -.--.---------.-- 

Run llumber 

Date . . 

. , .Percent Excess' A i r  

Percent Isokinet ic  

Stack Flow Rate - SCFt,!* dry 

Stack Florr Rate - ACF!q wet . 
Volume o f  Dry Gas Sampled - sCF* 

Feed Rate - tonslhr 

Part iculates 

Probe Cyclone, L F!lter Catch __L 

m'l 35.5 33.7 34.9 
gr/SCF* dry 0.00840 0.00793 0 .GCC67 
gr1CF 3 Stack Conditions 0.00719 0.00681 0.0@736 
lbs lhr .  0.421 0.408 0.424 

I lbs/ton feed 0.0135 0.0133 0.0134 

Total Catch 

'"9 54.2 54.6 56.0 
gr/SCF* dry 0.0128 0.0128 0.0139 

gr1CF P Stack Conditions 0.0110 0.0110 0.0118 
I bs/br 0.638 0.669 0.682 
lbs l ton  feed 0.0205 0.0218 0.0215 
: Inpin9er Catch 34.5 38.3 37.7 



Excerpts from 

REFERENCE 13 (SECTION 4.0) 

Emissions from Dry Process Cement Ki1.n a t  Dragon Cement Company, 
Northhampton, Pennsylvania, t l B  Test  No. 71-MM-05, U.S. Environ- 
mental P ro tec t i on  Agency, Research T r iang le  Park, NC, March 1972. 



.. .. . . . . 
TABLE 1 

. . . SWRY OF PARTICULATE DATA FOR KILN STACK . . : 
Run Number . . 

. . .  . . . . 
1 '  ' 2 . . .  3 . .  . 

. .  . . . .. 
. . 

Oate . . . ' 4-29-71 . ' 4-29-71 4-30-71' 
Percent Excess A i r  . . 322 ' 322 ':. 466 

. . 
Percent Isokinet ic  , -:. . .  . " . -': 95.3 . .. ' . . . .  . .. . , . 95.4 . ' 95.4 . ,  

. .  .. 
Stack Flow Rate - SCFW .,. dry . . . : 51,187. 50,643 . . . . .  

50.013 . 

Stack Flow Rate - ACFH'wt 
. . . .  .... . .... 

',T .69,470 
. - .- : 69.169 . 

- .  
69.269 . . 

. .  . .  
Volume o f  Dry bas Sampled ' 89.75 : - .- . . ' ' 88.92';: . .. 87.79 

. . 
Feed Rate '- tons/hr ' ', : . . . , . 44.03 . :. 45.75 42.93 

. . 
. . . . . . . . . 

. . 

Partlculates 
Probe. Cyclone, 6 F l l  t e r  Catch 

. .  mg . ., . . 
55.6 . . 34.2 - 34.6 

gr/SCF+ d y  ' . ... - - ;, 0 I009~4 . . 0.00592 0.00607 -2 I 

gr/CF. B stack Conditions 0.00702 0.00433 0.00438. * 
al 

1 b;/hr. 4.146 2. 532 - 2.601 n . m  
lbs/ton feed 0.0942 0.0553 C.0606 ( + 

E 
.F 

. . u 
-Total Catch 

w 
'0 

. . . . . . 9 

' mg 118.5 106.7 100.1 m 
C, 

gr/SCFe dry . .  0.0203 . 0.0185 0.0176 

gr/CF C stack Conditfons - .  0.0150 0.0135 0.0127 
1 bs/hr 8.907 8.002 7.502 

1 bs/ton 'feed 0.202 ' . 0.175 : 0.175 
Z Inplnger Catch 53.1. . . . . 67:9 65.4 



Excerpts from 

REFERENCE 1 4  (SECTION 4.0) 

Emissions from Wet Process C l i n k e r  Cooler and F i n i s h  M i l l  Systems a t  
I d e a l  Cement Company, Houston, Texas, ETB Test No. 7 1  MM 06 U S - - , . 
Environmental P ro tec t i on  Agency, Research T r iang le  Park, NC, March 
1972. 



TABLE I 

S W R Y  OF RESULTS FOR CLINFFR COOLER 
. . 

; ~ n  Nu.slbcr 

P a t o  

percent EXCCSS Air . 
Percent Isokiaetic 

Stack F l w  Fate - SCFI.? dry 
Stack i l a r  Rs:e - ACFn a c t  
Volume o f  Dry Cas Sanplcd - 'SCF 
Fced Rate ; tonslhr ' . 

P ~ r t i c u l a t s s  . 
Probe, Cyclone, 2 F i l t e r  Catch 

W 11.8 20.5 14.2 
grISCF* dry . . 0.00180 0.00335 0.00228 - . 
gr/CF 9 Steck Conditions 0.00i47 0.00266 0.00160 . 

1b:;hr. 1.561 2.812 a 1.941 = 
I 1bsi:on feed 0.0253 0.0448 0 d  - m 

C - - .- 
T o t a l  Catch 

n 
a 
.4 
3 

mg 26.3 38.1 23.3 . * 
ar/SCF* dry 0.00401 0.00623 . 0.00373. g 

$r/CF O Stack Cnfiditicns 0.00328 0.00494 0.00296 

1 bslhr .3.538 5.323 3.269 

lbs l ton fccd 0.0572 0.0849 0.0513 

Z Impin?cr Catch 55.1 46.2 39.1 

' 70°F. 29.02" i lg 
I(A - Hot Applicable 



Run Number 

Date 

SUMMARY OF RESULTS FOR FItlISH IIILL GRIHDI~~G SYSTEM . . 

percent Exccss Ajr N A N A ' NA 
p~;cent ~ sok inc f i c  109.0 102.9 98.9 
Stzck F lm~ R t c  - SCFI? 21y 26,360 26,252 26,244 

Stecl; Flol-I Rate - P.CFI.1 wet 35,185 35,679 35,780 
. . 

\'nlme of Dry (;as Sa;:plc.d - SCF 140.35 131.99 126.82 

Fced Rate - tonslhr 34.6 33.9 37.2 

particulates . . . . - - .  
Prnbe, Cyclone, & Ff l te r  Catch 

- 

mg . . . . 22.0 . 26.9 17.1 

gr/SCF* dry 0.00241 0.00314 0.00208 f 
0.00181 . .. 'U.00231 0 

gr/CF B S t x k  Conditions 0.00152 a 
7 

1 bslhr. 0.527 0 ;683 0.446 + 
. 0.0152 0.0201 0 . 0 d  C 

c 
. -  

Total  Catch - 
mg 32.9 37.8 

cr/SCF* Cry 0.00361 0.00441 
gr/CF @ Stack Conditions 0.00270 0.00324 

1 bslhr 0.791 -. 0.971 
. 1 bs/ton ferG 0.0229 0.0287 

Inpingcr Catch 33.1 28.8 

* 700'~.  23.92" Hg 

NA - Not Applicable 



Excerpts f rom 

REFERENCE 15 (SECTION 4.0) 

Emissions from Wet Process Cement K i l n  a t  G ian t  Po r t l and  Cement, 
H a r l e y v i l l e ,  South Caro l ina,  ETB Tes t  No. 7 1  - MM - 07 , U.S. Envi-  
ronmental P r o t e c t i o n  Agency, Research T r i a n g l e  Park, N C ,  1972. 



. . . . . . 

TABLE I 
~ m z r y  of ~oabfned Partfculate Emissions 

. 

Kiln fuel  . .  . 

. . ~ a t u r a i  Gas 
' Vo1ur.e -of Gas .Sanpled - C S C F ~  488.76 

41.43 Percent l.!oisture by Vol u n e  
Avercge Stczl: Tm?sretu~-c - "F 429. 

Stzck Volcrctric Flcv: Rztc - DSCF;.! 
b 48,132 .. 

~:a;u. ~o lucc t l - i c  F;~II' pate - ACF; .~~  137,500 

Percent Isokicetic .96.8 
Percent Excess A i r  24.90 

Percent Opacity 5-25 
Feed Rate - ton/hr 40.33 

Par?icu!a":es - yoke, cyclcne, 
and i i l . te r  catch- 

No. 6 Fuel O i l  

' 464.54 
- 

36.98 
. 420. 
56,282 - 
146,754 
90.2 " 

-26.48 
5-25 
40 .OO 

Pzr",ir!:lat~s - t c t s l  cat??. ' 



Excerpts from 

REFERENCE 16 (SECTION 4.0) 

Emissions from Wet Process Cement K i l n  a t  Oregon Por t land Cement 
'Company, Lake Oswego, Oregon, ETB Test  No. 71-MM-15, U.S. Envi- 
ronmental P r o t e c t i o n  Agency, Research T r iang le  Park, NC, March 
1972. 



TABLE I 
SUM!.V\RY. OF PARTICULATE TESTING 

9 Run Number A . 5 
10-7 ,lo-8-71 10-8-71 10-8-71 

Date 
33.0 34.3 34.3 

Percent Excess Air 

Percent I s o k i n e t i c  106.7 101.2 101.6 

Stack Flow Rate - SCFM* dry 46,976 54,699 55,577 

Stack Flow Rate - ACFM wet 120.135 133,718 135,988 

Volume of Dry Gas Sampled - SCF* 73.449 78.702 80.246 

Feed Rate - t o n s l h r  52.1 57.0 58.0 

P a r t i c u l a t e s  

Probe, Cyclone. & F i l t e r  Catch 
152.6 192.9 165.4 

mg 
0.0319 0.0377 0.0317 . 

gr/SCF* dry F 
. .. I 

0.0125 0.0154 0.0129 a 
! gr/CF @ Stack Condit ions 

17.67 
w 

12.87 15.12 
l b s l h r .  m 

f pea 
0.247 0.309 0.261 1 ,+ 

s 
.F 

Tota l  Catch 

mg 

gr/SCF* dry 

grlCF @ Stack Conditions 

l b s l h r  

l b s l t o n  feed 

X Impinger Catch 



Excerpts from 

REFERENCE 18 (SECTION 4 . 0 )  

A i r  P o l l u t i o n  Emission ~ e s t ,  Ar izona Por t l and  Cement, R i l l i t o ,  Arizona, 
A P r o j e c t  Report 14-STN - 1 , U. S. Environmental P ro tec t i on  Agency, 

Research T r iang le  Park, NC, June 1974. 



' TABLE 2 
N W R Y  OF TEST RESULTS 

PRIMRY CRUSHER 
Run b lmter  1 2 3 4 

Date 

volume o f  Gas sampled - OSCF' 

Percent l. loisture by Volune 

Average Stack T e p e r a t u r e  - *F 
Stack V o l u r e t r i c  flat, Rate - OscFXb 

. Stack  Volumetrtc Flow Rate - ACF~. :~  

Percent I s o k i n e t i c  

Percent Excess A i r  

Percent Opact t y  

Feed, Rate - t o n l h r  

Per t i cu la tes  - ?Pate. 
and m t e r  catch 

P e r t t c u i a t ~ s  - t o t a l  catch 

mg 
gr/DSCF 

gr1ACF 

l b l h r  

1 b l t o n  feed 

Percent inp inger  catch 9 . 0  e 15.5 13.4 

a Dry standard cubic f e e t  a t  70.F. 29.92 i n .  fig. 

Dry standard cubic feet  per rntnute a t  7fl'F. 29.92 i n .  H!. 

Actual c u t i c  fec: per  n tnu te  
Calculated by averaging the concentrat ion and area r a t i o  r e s u l t s  

Impinger water erroneous!y discarded 



TABLE 3 
SUPNARY OF TEST RESULTS 

PRIMRY SCREEN 
Run i:=ker 

Date 

Volure o f  Gas Sampled - OSCF' 

Percent i:ois:ure by Volute 
Avercse Stack T a p e r a w r e  -- *F 
s:ack Volunetr ic  f lcr  Rate - OSCFA~ 

Stack Vo?umetric Flow Rate - ACFI.:~ 
Percent I sok ine t i c  

Percent Excess A i r  

Percezt Opacity 

Feed Rate - t on lh r  

P t r t i c ~ ! l c t e s  - ?rate.  
and m t e r  c r t c h  

~- 
P ~ r t l c u i a t e s  - t o t a l  catch' Y 

cz 
3 

Percent impingtr  catch 8 .4  e 19.8 29.3 

a Ory stcndcrd cubic f e e t  a t  70°F. 29.92 i n .  Hg. 

Dry standard cubic f e e t  per minute a t  7C.F. 29.92 i n .  Hg. 

Pctual cubic fee: per n fnu te  

Calculated by averaging the concentration and area r a t i o  reku l ts  

Inpinger water ermneausly discarded 



TABLE 4 
SUf.IMARY OF TEST RESULTS 

PRIKARY TRANSFER CONVEYOR 

Run l;uater 

Date 
Voluce of Gas Sampled - O S C F ~  

Percent !!oisture by Volume 
AversSe Stack Temperature - O F  

Stack V o l u ~ e t r i c  Flovt Rate - DSCFi.1 
b 

Stack Volumetric Flow Rate - A C F I ~ ~  

Percent Isoklnet ic  

Percent Excess Air 

Percent Opacity 

Feed Rat: - ton/hr 

Par t icula tes  - probe; 
and i n t e r  catch - 

Eg 16.83 23.54 31.14 4 
gr/DSCF 0.00095 0.00162 0.00207 5 
gr/ACF 0.00078 0.00134 0.00171 

15/hr 0.02 0.03 0.04 .- = 
0.00002 0.00003 0.00004 1 v 

0 '  
0) 
ul 
a 

P ~ r ? i c u l a t e s  - t o t a l  catch in 
+ 
m 
0 

Eg d 27.59 38.93 

gr/OSCF d 0.00190 0.00259 
I .  gr/AtF d 0.001 56 0.00214 

I' lb/hr d 0.03 0.04 

lb/ton fesd d 0.00003 ' 0.00005 

Percent inpinger catch d 14.7 20.0 

a Cry standard cubic f e e t  a t  70°F. 29.92 i n .  Hg. 
i Dry standard cubic f e e t  per minute a t  7C°F. 20.92 in .  Ha. 

Actual cubic f e e t  per minute 

hpinger  water erroneously discarded 



Run I l u n h r  

TABLE 5 
SUE!IIARY OF TEST RESULTS 

SECONDARY SCREEN AN0 CRUSHER 

Date 

Volume o f  Gas Sampled - O S C F ~  

Percent f:oisture by Volume 

Average Stack Tecperature - OF 

Stack V o l u r e t r i c  Flca:t Rate - 0SCFi.I 
b 

Stack Volumetr ic Flow Rate - ACFR' 

Percent I sok i ne t f c  

percent Excess A i r  

Percent Opacity 

Feed Rate - ton/hr  

Per t i cu la tss  - probe. 
and f T t e r  catch 

~g 4.69 8.44 10.44 ;. 
gr/t\SCF e 

0.00036 0.00075 0.00074 a 

gr/?:CF - 
0.00031 0.00065 0.00065 

1 b/hr  0.03 0.06 0.06 2 
E 

b1:on feed - 
0.00017 0.00034 0.00041 L -, 

Par t i cu la tes  - t o t a l  catch 3 
s 
m 

Percent i r p i n g e r  ca tch .  23.4 31 .I d 

a Dry standard cubic f e e t  a t  70 '~;  29.92 i n .  Hg. 

Dry standard cubic f e e t  per minute a t  70°F. 2q.92 i n .  Ha. 

Actual cubic fee: per minute 



Excerpts  from 

REFERENCE 20 (SECTION 4.0) 

N icho ls ,  G. B., and J. D. McCain, 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  
Measurements on Three 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 ,  EPA 600/2 I 5  - - - 

S PB 248 220). U.S. Environmental P r o t e c t i o n  Agency, washington, 
0. C. , October 1975. 
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FPtIS TEST SERIES NO: 00080 STRERH NO: 01 TEST ID NO: 2 SAHPLE NO: 02 
SERIES FORH C7 

PARTICLE SIZE TABLE--------- 

STRGE * 1 2 3 4 5 6 7 B 9 
~~~~~~~~ - _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  ~~~~~~~~ ___-____ _ _ _ _ _ _ _ _  __----__ __- -____ -------- 

DSO(HICR0NS) 11.49 8.11 4.59 1.70 1.86 97 68 .?5 13 
UICROGRAMS/DNCH/STAGE 2.17Et06 4.73Et05 4.15Et05 5.02Et05 3.64EtOS 2.61EtOS 2.4lEt05 2.02EtO5 3.44Et05 
NUHRER/nNCH/STAGE 4.1OEtlO 3.4SEtll 1.34Et12 8.4SEtl2 2.3BEt13 7.91Et13 3.3OEt14 2.12Et15 4.31Et16 . - 

CUH. XHASS<DSO 
rlln. -/DNCH<[I50 2.75Et06 2.33Et06 1.91Et06 1.41EtOb 1.05Et06 7.87EtOS 5.46E105 3.44Et05 0.00~t00 

3.39Et01 9.65Et00 6.10 to0 3.52Et00 2 .2  . 4  . - . i -  - GEOU D50 
D H / ~ L O G ~ - ( U G / ~ N ~ I ~ )  2.31EtOb 2.80Et06 1.68;tOb 2.1BEt06 2 2  3 t S t  ::;1Et06 

DN-LOGD/(NUHBER/DNH3) 4.36Et10 2.28Etl2 5.43Et12 3.67Et13 1.47Et14 2.80Et14 ?.14EtlS 4.87EtlS 1.52Et17 

Data used i n  Table  4 - 2 .  



F P E I S  TEST SERIES NO: 0 0 0 8 0  STRELM NO: 0 1  TEST I D  NO: 3 SRMPLE NO: 0 1  
SERIES FORM C7 

PLUTICLE S I Z E  TABLE--------- 

STAGE t 1 2 3 4 5 6 7 8 9 -------- -------- -------- -------- -------_ -__-__-- --_----_ ---_-___ 
~ O ( l i 1 C R U N S )  10.80 7.62 4.32 2.54 1.75 9 1 64 4 1 2  

MICROGHAMS/DNCH/STAGE 2 . 4 7 E t 0 7  7.89Et06 3 . 1 7 E t 0 6  2 . 1 8 E t 0 6  1 .26Et06  1.03EtOJ 6 .61Et05  3.07Et05 2 . 9 7 E t 0 5  
NUHHEH/t!NCM/STAGE 5 . 1 2 E t l l  7 .76Et12  1 . 2 3 E t 1 3  4 . 4 1 E l 1 3  9 . 8 8 E t l 3  3 . 7 6 E t l 4  1 .09Et15  3.7SEt15 4.46Et16 
CUW. %HASS<OSO 
CUH. llICROGRAMS/DNCM<DSO 1 . 6 8 E t 0 7  8 . 9 0 ~ t 0 6  5 . 7 3 E t 0 6  3 ~ 5 5 E t 0 6  Z 1 2 9 E t 0 6  1.26Et06 6 . 0 4 U O S  . 9 7 F t 0 5  0- 
GEDH 050  3 .28EtO l  9 . 0 7 E t 0 0  5 . 7 4 E t 0 0  3 .31Et00  2.11EtOO 1.26E100 7.63E-01 3.92E-01 1.70E-01 
DM/DLOGD-(UG/DNH3) 2 . 5 6 E t 0 7  5 . 2 1 E t 0 7  1 .29Et07  9 . 4 5 E t 0 6  7 . 7 9 E t 0 6  3 . 6 3 E t 0 6  4.32EtO6 7 .21Et05  9 .87Et05  
DN-LOGt!/(NUMBEU/DNM3) 5 . 3 O E t l l  5 . 1 3 E t l 3  5 . 0 0 E t 1 3  1 .91Et14  6 . 1 0 E f l 4  1 . 3 3 E t 1 5  7 . 1 5 E t l S  8.79Et15 1 . 4 8 E t 1 7  

Data used i n  Table 4-2. 



FPEIS TEST SERIES NO: 00080 sTREnn NO: 01 TEST I n  NO: 3 snnPLE NO: 02 
SERIES FORM C7 

FARTICLE SIZE TABLE--------- 

STAGE * 1 2 3 4 5 6 7 8 9 

- - 

cum. n ~ c ~ o o ~ n n s / n ~ c n t n s o  9.33~to6 5.a9~tob 3.08~t06 2.41~to6 I . ~ ~ E ~ O A  7 . 4 8 ~ t ~ s  4. 
GEOH a50 3.35EtOl 9.44Et00 5.97Et00 3.45Et00 2.20Et00 1.32EtOO 7.98E-01 4.17E-01 1.84E-01 

Data used i n  Table 4-2. 



I FPEIS TEST SERIES NO: 00080 STREAM NO: 01 TEST In NO: 3 ' SAMPLE NO: 03 
SERIES FORH C7 

I PARTICLE SIZE TABLE--------- 

STAGE t 1 2 3 4 5 6 7 8 9 -------- -------- -------- -------- -------- -------- -------- -------- -------- 
050(tIICRONS> 10.63 7.65 4.33 2.55 1.76 .65 .24 .10 91 
HICROGRAHS/ONCH/STAOE 4.16Et07 3.48Et06 2.17Et06 3.40Et06 1.06Et06 l.lOEt06 6.86Et05 3.93EtOJ 6.93Et05 
uUnHER/I~NCnlSTRGE 8.59Etll 3.39Etl2 8.7SEtl2 6.81EtlJ 8.19Et13 3.99Etl4 l.llEt15 4.69Et15 1.37Et17 
cum. zn~sscoso 
tun. nrcnoc~ans/nucn<nso 1.31Et07 9.60EtO6 7.33Et06 3.93Et06 2.87Et06 1.77Et06 1.09Et06 6.93Et05 0.- 
GEOH I150 3.29Et01 9.10Et00 5.76Et00 3.32EtOO 2.12Et00 1.27Et00 7.69E-01 3.95E-01 1.55E-01 
Dn/DLOGD-(UG/DNH3) 4.31Et07 2.31Et07 9.18Et06 1.48Et07 6.SBEt06 3.81Et06 4.69Et06 9.OBEt05 1.82Et06 
ON-LOGD/(NUHBER/DNnJ) 8.9OEtll 2.25Et.13 3.S4Etl3 2.96Et14 5.09Et14 1.39Et15 7.58Et15 l.OBEt16 3.60Et17 

Data used in Table 4-2. 



FPEIS TEST SERIES NO: 0 0 0 8 0  STREAH NO: 0 1  TEST I D  NO: 3 SAMFLE NO: 0 4  

I PARTICLE SIZE TABLE--------- 

SERIES FORM C7 

nSO(HICR0NS) 11.33 8.00 4.54 2 .  A7 1.84 .96 68 .?6 .13 
I HlCROGRRHS/nNCH/STAGE 3 . 2 0 E t 0 7  2.15Et06 4.86Et06 2 .71Et06  7.67EtO5 9 . 4 4 E t 0 5  6 .57Et05  3.71Et05 6 .07Et05  

i NUUBERlIkNCHlSTbGE 6 . 1 7 E t l l  1 . 8 3 E t 1 2  1 . 6 3 E t 1 3  4.72Et13 5 . 1 7 E t 1 3  2 . 9 5 E t l 4  9 . 1 5 E t l 4  3 .67Et15  7 . 1 8 E t l A  
cum. z n n s s c n s o  - ~ ~ - -  ~~ 

CUM. t+ICROGRAHS/DNCH<nJO 1 .31Et07  1 . 0 9 E t 0 7  6 . 0 6 E t 0 6  3 .35Et06  2.5BE106 1 .63Et06  9.7BEt05 6.07Et05.  0 . 0 0 ~ t 0 0 '  

! tlH/nLOGD-(UG/UNM3) 3 .39Et07  1.42Et07 I . 9 8 E t 0 7  1.18Ef07 4.74Et06 3.34EtOb 4.JPEt06 8.89Et05 2 .02Et06  
@N-LOGDI(NUHBER/DN~31 6 . 5 3 E t l l  1 . 2 l E t 1 3  6 . 6 3 E t l 3  2 .OSEt l4  3.2OEt14 1 .05Et15  A . 1 1 E t l S  8 .78Et15  2 .38Et17  

Data used in Table 4-2. 



F P E I S  TEST SERIES  NO: 0 0 0 8 0  'STREAM NO: 0 1  TEST I D  NO: 4 SAMPLE NO: 0 1  
SERIES  FORH C 7  

I PARTICLE S I Z E  TABLE--------- 

STRGE ) 1 2 3 4 5 6 7 8 9 -------- -------- -------- -------- -------- -------- -------- -------- -------- 

Data used in Table  4 - 2 .  



FPEIS TEST SERIES NO: 0 0 0 8 0  STREAM NO: 0 1  TEST I n  NO: 4 EAMPLE NO: 0 1  
SERIES FORM C7 

PARTICLE S I Z E  TABLE--------- 

STAGE * 1 2 3 4 9 6 7 8 9 -------- -------- -------- -------- -------- -------- -------- -------- -------- 

- - - -  - -  

CUM. ~ I C R O G R A ~ S / ~ N C ~ < ~ ~ O  1 .00Et07  7 . W O b  J . 1 7 E t 0 6  1.93EtO6 1 . 3 8 E t O b  9- .4?XC+-F+OO 
GEOH OZ0 -- 3 . 3 9 E t 0 1  9 . 6 5 E t 0 0  6 . 1 0 E t 0 0  3 .52Et00  ? .?5Et00  1.35EtOO 8.19E-01 4.15E-01 1.80E-01 
DH/DLOGU-(UGIDNH3) 2 . 8 8 E t 0 7  1 . 7 3 E t 0 7  1 .71Et07  5 . 3 B E t 0 6  3 . 4 5 E t 0 6  1.60EtOb 1.60E106 J . 9 4 E t 0 5  1 . 4 9 E t 0 6  
DN-LOGO/(NUMRER/nNM3) 5 . 4 5 E t l 1  1 .40Et13  5 .56Et13  9 . 0 6 E t 1 3  2 .23Et14  4 .82Et14  3 .15Et15  6 . 0 9 E t 1 5  1 . 8 7 E t 1 7  

Data used in Table 4-2.  



FPElS TEST SERIES NO: 00080  STREAM NO: 0 1  TEST I @  NO: 4 SAMPLE NO: 0 3  SERIES FORM C7 

PARTICLE SIZE TABLE--------- 
~. 

10.87 7.67 q.34. 7 .55  1.76 92  6 5  95 L L  
MICROGKAUS/DNCH/STAGE 5 .03Et07  6.02EtO6 4 .37Et06  3.03EtO5 7.23Et05 4.78Et05 3.51EtOS 4.25Et05 7 . 2 3 E t 0 5  
NUiiBER/CnNCH/STAOE 1 . 0 3 E t l I  5 . 8 1 E t 1 2  1 . 6 7 E t 1 3  b .05Et13  5 . 5 9 E t 1 3  1 .70Et14  5 . 5 8 E t l 4  4 .77Et15  9 . 0 6 E t l b  
cun. z n A s s c a s o  
C u l l .  I4ICROGRAMS/@NCM<@SO 1 . 6 1 E t 0 7  1 . 0 1 E t 0 7  5.73EtO6 2.7OEtOA 1 . 9 8 E t 0 6  1 . 5 0 E t 0 6  1.15E106 7 . 2 3 W 5  O . O e E f P e  

-CRIR US0 3 . 3 0 E t 0 1  9 . 1 3 E t 0 0  5.77Et00 3 .33Et00  2 . 1 2 E t 0 0  1 .27Et00  7.73E-01 4.03E-01 1.80E-01 
DH/DLOGD- (UO/@NH3) 5 . 2 2 E t 0 7  3.98Et07 1 .77Et07  1 .31Et07  4.49EtOA I .70EtOA ? .33Et06  1.02EtOA 2 .55Et06  
ItN-LOG@/(NUHBER/DNI43) 1 . 0 7 E t l 2  3 . 8 4 E t 1 3  6 . 7 6 E t 1 3  2.62Et14 3 . 4 7 E t 1 4  6.05Et14 3 .70Et15  1 .15Et16  3 .19Et17  

Data used in Table 4-2. 



FPEIS TEST SERIES NO: 0 0 0 8 0  STREAM NO: 0 1  TEST I n  NO: 4  SAHFLE NO: 0 "  
SERIES FORK C7 

PARTICLE SIZE TARLE--------- 

STAGE * 1  2 3 .  4 5  6  7  8  9  -------- -------- -------- -------- -------- -------- -------- -------- 
05O!HICRONS) 11.54 8 . 1 5  4.62 2.72 1  .e9  .98 .69 -5 13  

E 4.57Et07  3 .68Et05  5.95EtOA 9 .67Et05  1.22Et06 1 .05Et05  4.2DEt05 1.80Et05 3.59EtOS 
NUHXER/ONCM/STAGE 8 . 7 6 E t 1 1  2 . 9 6 E t l l  1 .89Et13  1 . 5 9 E t 1 3  7 . 7 5 E t l 3  3.OBEt14 5 . 6 S E t l 4  1.85Et15 4 . 5 0 E t l 5  
cum. znass<:nso . . 
CUU. -.[do I < I= :.24Et06 1 . 0 5 E t 0 7  l e O 2 E t 0 7  4  .-OEt06 1 2.02Et06  9 . 6 7 E t 0 5  5.39Et05 3.59E405 OtOOEtOO 
GEOH 050 3 . 4 0 E t 0 1  9.ZOEtOO 5 .14Et00  3 .54Et00  2 .26Et00  1 .36Et00  8.22E-01 4.15E-01 1.80E-01 
I IK/ I ILOGD-(UG/DN~~) 4 .9BEt07  2.44EtO6 2 .41Et07  4 .20Et06  7 . 6 1 E t 0 6  2 . 7 1 E t 0 6  2 . 8 1 E t 0 6  4.OeEt05 1.25EtO6 
ClN-LOGI4/(NUHBER/DNK3) 9 . 3 5 E t I l  1 .95Et12  7 . J 7 E i I 3  5 . 9 3 E t l 3  4 .83Et14  1 .09Et15  3 .71Et15  4 .19Et15  1.58E117 

Data used in Table  4-2. 



Excerpts from 

REFERENCE 21  (SECTION 4.0) 

McCain, J. D., Eva lua t ion  o f  Rexnord Gravel Bed F i l t e r ,  EPA-600/ 
2-76-164 (NTIS S i o n  Agency, 
Research T r iang le  Park, NC, June 1976. 







e r r n a r  rr r o r  r o r r r r  o m r r  
0 1:?1r'"" 2" 3ff????' ??<? .... ? r r 1 1 r o a r 4  a r e  r r r r r o r r  -4 -0  " 4 4 dd . ~~ . . 

3 9 a r r 7 CIonr..n.rn - 0 1  noor rnrn  0 - 0 .  
yO'?'"ro' 22. ??..????f 1 7 7 4  5 .  A n;;r&d;;o -40 o r o o o o r n  - n o r  

2 n 
a .  

4 2 s  - nr- rl a rc -  
ura-ndonr n r r  r o a r - r m r  r n n .  . . . . . . . . . . . . . . . . . . . . . . .  n 

f ' 3 1 =z:=-=r== === = z = = m = = f  z==:  2 ; :  ; 
w ?! - 

x 1 ,  
4 0 - - - '  a - i C rdndcnrdd r r o  r-d-0n-n 00-9 

a r - r n n r r o  m r n  r r r e r n o o  - n o .  

P 
r r o o m ~ n o r d  r a n  rrrr-rrn r r o n  
A o n rnrn  non *r r - n n r r  nnnr 





. . . ... . ... 
C encoca  0-a 0 ? O I m I L O  o m 0  m . . . . . . . . . .  
r aoooo- -a v 

r 
r y -*z..a 0.- 7 , ?? .2?? ??f  2 
C 00-001 1-0 
f 

* 
r, 

"L* Lac L. 3 ?5??f? f t l  & * aaraa- r-a : 
L. . - L. . mom- .m o r 0  a 
r r r r m c -  714 & 
A A m a  r 
a 

a - 7 . d.ra-0 o r 0  r 
r 00-oar  qrr 1 . . . . . . .  ? o-ooao a- L. 

L 
a 

7 ? m a o r a r  -0- - 
r - - - a r m  2:: r ....... " 000000 7 a 
r 



0onnnoO0 
- 0 - 0 1 1 0 0  4 o c o * r - o r  ......... 
* * C C I I I L  3 nnnnnnnn 
\ \ \ \ \ x i \  2 - r r - - - - r  





Excerpts from 

REFERENCE 24 (SECTION 4.0) 

Hurst ,  W. W. , P a r t i c u l a t e  Emissions Test ing,  Greencast le P lan t ,  
Lone S ta r  I n d u s t r i e s ,  Houston, TX, J u l y  1977. 



TABLE I 

GREENCASTLE STACK EMISSIONS SURVEY 

PARTICULATE MISSION RATE 

1977 

Exhaust Gas Particulate Emission Rate 
Run No. Data (1977) Temp. Volume Grains lbs SCF lbs Ton - O F  A C ~  - SCF or: orytx hr: 
Namal - Operation; 

Oneration Following Preci~itttor,Upqrzdinp: 

These data mentioned i n  Section 4.1.5 and_ysed for calculations'in Appendix E. 



Extaus t  Gas Dust Load 
. . 

I n s u t f l a t i o n  Prec lp .  R e c i p .  Prccip .  P rcc ip .  P ree ip .  
. RBta i n p u t  Outpct  , , I n p u t  Our?uC. E f f i c i e n c y  

Run Xo. T l  Hr  A m  - A C 3  T1P.r TIHr  -- -- Z 

Xormal I n s u f f l a t i o n  Rare: 

Elevated I n s u f f l a t i o n  e: 

IS. 16 12 231.800 214,900 5.10 .007 99.8 

17. 18 12 224,100 215,100 4.99 .0?1 99.6 

19. 20 ; 12 228.100 216,400 -..- c -7 .C25 '39.5 

Ave. 

These data  mentioned i n  Sect ion 4.1.5 and used f o r  ca lcu la t ions  i n  Appendix 0. 



TABLE I11 

GREESCASTLE EKlSSION SUZVEY 

PROCESS RATES, CCNSIZPTION krlD PRODUCTIOX 

Type of F u e l  Rate  Kiln I Slurry Run No. Date (1977) 
T/Hr Feed Water 

1 5 - 8  Coal 18.5 135 31 .'1 

3 5 - 9  Coal 18.0 135 33.3 

5 5 - 10 Coal 17.5 135 33.3 

7 5 - 12 . Coal. 18.0 135 33.3 

9. 10 5 - 19 Coal 16.5 125 33.1 

11, 12 5 - 20 Coal 16.0 125 33.1 

13, 14 5 - 2 1  Coal 15.75 125 33.5 

15, .16  5 - 22 Coal 16.0 125 33.1 

17,  18 S - 23 Coal 16.0 125 33.4 

19, 20 5 - 24 Coal 16.5 125 33.1 

Ave. 16.4 126 33.2 

21 6 - 20 Coal 18.75 138 33.2 

23 6 - 21 Coal 18.75 138 33.2 

25 6 - 22 Coal 19.50 138 33.3 , 

Ave. 19.00 138 
33.2 1 

Data used f o r  c a l c u l a t i o n s  i n  Appendices D and E. 

Clinker  
Produced 

T/Hr 

8 1 

7 9 

79 

79.7 

77 

74 

7s  

76 

76 

75 

77 

75.7 

88 

8 7 

88 

'87.7 

Dust 
Disposed 
T/Hr 



Excerpts from 

REFERENCE 25 (SECTION 4.0) 

Hurst ,  W. W., P a r t i c u l a t e  Emissions Test ing,  Nazareth P lan t ,  
Lone S t a r  I n d u s t r i e s ,  Houston, TX, January 1978. 



NAZARETH, PENNA PLANT 

CONSOLIDATED SUNMARY - PARTICUWTE EMISSIONS 
PERIOD OF OClDBER 6 t h r u  OClDBER 15, 1977 

'IFST PARTICULATE EMISSION 'turn KILN FEED RATE OOXL RATE VOW TENP ISOKINETIC 
LOCATION lbs/llr. gr/SCF _T/H T/H ACFM Deg.F. 

Rohs Impinaer T o t a l  . T o t a l  
A 

Catch Catch Catch Catch 

NORTH STACK 
T o t a l  / Avg 

No. 2 Klln 
No. 3 Kiln 

? 
VI 

" SOUTH STACK 6,8 
Tota l  / Avg 8.6 15.4 0.019 55.8 6.5 165,300 373 95.8 

No. 4 Klln 
No. 5 Kiln 

W. W. Hurat 1/13/78 

~ h e s e ' d a t a  mentioned i n  Sect ion 4.1.6 and used f o r  ca l cu la t ions  i n  Appendix E. 



TABLE 2 

NAZARETH STACK EMISSION SERVEY 

PROCESS RATES, CONSUMPTION AND PRODUCTION 

1977 

Precip.& 
Coal . K i l n  C l i n k e r  Mult ic lone 

Dust 

Run No. Date No. T/Br - - - 

--- 
--- 
0.2 

0.2 

PUT5  10-15 4 --- 
--- 

.. 

p u 1 0  10-10 2 --- 
--- 

P u l l  10-11 2 . 2.0 

1 .o 
p u 1 2  10-12 2 2.2 

1.1 

. , 

These d a t a  ment ioned i n  S e c t i o n  4.1.6 and used f o r  c a l c u l a t i o n s  i n  Appendix E. 

*Coal Mill Feed Mois tu re  (Ave. ) f o r  PA/6,7,15 was 5.0% 
I t  II 11  11  11 f o r  PA/10,11,12 was 7.0% 

A-58 



Excerpts from 

REFERENCE 26A (SECTION 4.0) 

Hunter, S. C. ,. e t  a l . ,  A p p l i c a t i o n  o f  Combustion M o d i f i c a t i o n s  t o  
I n d u s t r i a l  Comb- Equipment, EPA - 600/7 - 19 - 0 l3qmIn%r- 

.S. Environmental P r o t e c t i o n  Agency, Research T r i a n g l e  Park, 
a 1979. 





-Natural Gas Rate - S t r i p  char ts  on the main gas l i n e  to the  
f a c i l i t y  msasw3 the  t o t a l  natural  qas dcmand. Aside from 
s i v e r a l  space heaters,  t h i s  demand represents the natural  gas 
f l w  to the kiln. (These space heaters were not in service 
during the t e s t  period.) The na tu ia l  qas flow is manuaily 
s e t  by theopera to r  based p r iua r i ly  on his visual  obsenration 
of c l inker  brightness and qua l i ty  (e.9.. s i ze ,  adhorance to 
the  k i l n  wall. etc.) i n  the burning zone. .a such, the  
operator is  manually compensatinp fo r  changes in feed ra te ,  
feed m i s t u r e  content, otc. 

Table 4-21 presents the  t r ace  s p e c i e  -1e train data  and process 

The f o l l w i n g  sections discuss each t es t .  . The total par t icula te  

wigh t  f o r  Tests 9-3 and 9-4 (upstream) of 7307 and 5548 ng/J, respectively, 

ore scmewhat lower than the Method 5 r e s u l t  of 9000-9800 ng/J. 

Precipi ta tor  I n l e t  Test Condib30ns- 

Test 9-3 was to be terminated vhen t w  f i l t e r s  had been wluweC. 

After 75 minutes elapsed t i m e .  thc vacuum innup i n i e t  pressure l i m i t ,  76 kPa 

(22.5 in. EgVac) had been reach&. An examFMefon'of the 1 trm cyclone cup 

revealed t h a t  it, and not the f i l t e r ,  had plugged the  system.' The t e s t  was 

t c m h t e d  based on this condition. The l a rges t  nozzle s i z e  available 

(19.1 mn, 3/4 inch) was not large  enough t o  produce the  nominal cyclone flow 

rate due t o  the  re la t ive ly  low gas velocity. 

Control m m  data f o r  this t e s t  a r e  s h m  i n  Figure 4-23 and indi:ate 

a 2.9\ increase in k i l n  discharge temperature over the t e s t  pori* (75 n t h . ) .  

Combustion a i r  preheat is accomplished by passing the  afr through the hot 

clinker discharged trw the kiln. Thus, combustion air texqerature 'entering 

C b  ki ln  w i l l  increase a s  the c l inker  temperature ,increases. and vice versa. 

is b o n e  out  by the observed 2.1% increase in combustion alr 

temperature. ; 

Test 9-4, a repeat  of Test  '9-3. was a lso  terminated a t  75 minutes 

'lapsed time by a plugged 1 cvclone. The qas moisturn C Q & X I $  fo r  this 

was s i q n i f i c a ~ t l y  higher than the previous day's t e s t  (44.7r Versus 
' 4 .3* ) .  =his e f f e c t  caused a m r e  mar:;ed departure from isokinet ic  sampling 

(119.3% versus 96.8%). 



TABLE 4-21. TPAQE SPECIES AND OX?NICS SUPLING CONDITlONS 
LccF.TION 9 - m A R Y  aPlENT KsI,N 

h.. u.. . -.r 
U.C. Cu 
or). hd, L. 
Uum hd. li6 o 1101 101 











E x c e r p t s  from 

REFERENCE 26B (SECTION 4.0)  

Hunter ,  S. C . ,  e t  a l . ,  A p p l i c a t i o n  o f  Combustion M o d i f i c a t i o n s  t o  
I n d u s t r i a l  Combustion Equipment: Data Supplement A, EPA-60017-79-015b 
(NTIS PB 2938881, U. S. Environmental  P r o t e c t i o n  Agency, Research 
T r i a n g l e  Park ,  NC, February  1979. 



xcN!ION NO. 3 
FOOM DATA SlreET 

54- 76 DAm 
/$:If S T  NO. 3 - 2  d TXm 

Water 
.parameter - unit6 Legend read in^ neter  NO. 

1. Coke Rate tons/hr 'Coal U i l l  H3-K2-BSl 5. 7 
Feed R a t e '  

2. cyclone 'pemprinq 
A i r  Temp. .P 

3. coal n i l 1  Outlet 
Temp. 

4. Coal M i l 1  Lnlet 
Temp. 

.5.  coal Will Motor A=P 

6. coal W i l l  I n l e t  
pressurr, 

7.  coal Will Outlat 
PreS~Cca .- 

7 8. W n i l l p m  
T O  a 

U In le t  Dampar - 
/3@ m 

U - 9. Pan Amps 

I 3  8 

10. ran Damper Position 85-2-D01-PQSR .- 
u 

t 83-202R 1.1 + J-4 a 11. Kiln Exit o2 "7 

20 a 
12. Wn Feader speed RPM m 

77 c1 
RPH m 11. xiln spe8.d o 

14. Wsx. xiln Shell 
'Tame. .p . , 5 80 

15. Cooler Undergrab 
Ait 'Eenp? 

16. Cooler undergrata 
Air Pressure 6 " 

17. Material Temp . H3-2-TSM 36f 0 
7 )  18. Gss Puel Rate SCFB 

I 
(700P) 

19. Clinker Ra te  &ns/hr *clinker HZ-~-BSI-INT 53 
Belt Scale 1 , J Int' I 

if 20. Feed Rata tons/hr .[From Operator) 

z I - ~AGHOLJS& ~ ~ 8 7  T E H P .  550 



wcr t. I oil (A) I -8 (BI I 0.1 (CPI - I  

r t..t/lo4 .tll I *.a 



h a t  RO. 3 

IBVMTOR DATA - 



TABLe 2 (continued) 

symbol 

b on a cup of the total sample collected c y~ L 

I 
Stage 2 y2 

C/. 4 f 
3 y3 

4 y4 5. L3 
5 y5 3.3 / 2.40  
6 '6 

Piltar y7 
Total 100.00* 

*Any discrepancy due to rounding off should be buried 
ia the largest y cumulative b d e r  than D 

F 

=2 
. 3 ~ 2  

=3 
/2-09 
6.V C m 

=4 
I 
u 

=s Lzc rl a 

'6 & % w 
C 
rl 

a 
a 
m 
1 

m 
4J 
m 
n 



~rnxcw=*~ayy -  h a t  a . ~  

h.t ID. Q-I mt. 8 4 -  w IWum &I/ E&r/ / r ~ l f  PIPI. L - 
I 

mitm. I N.l 4%LGh. M L?& % 

pimt heor. ?a .Be l u m d A c  mmamav, Pby 29 99 in. ilg 

mt. Liquid cbUoct.d, v l  /3U w articaUt., nII /dB(? 4 I pl 

Velocity 8.d. A? -04 Stack Zq., TI 760 1 it.clr Azua, & #C ft2 

-& mi-. m ZP? tc' ot .a  -1.. PIS -46 i~ 02, w2b r:e l 
(bificm P-u. mi.. 8 ~6.2 ivg Sta& Gu up. Drwi*, 0. L 0 3  a.d. 

-1. tin, 8 13- rLa w ~ u l m  Wen, h .Spa- in; 

1. sample c u  Mlm Hd - 0.0334 -8- + W . 6 )  . arr 
2. *.tar vapor wd .) 0.0474 vb d./6~ 

r. m ~ t l m  ~at.nt w - 4. WW. 1 + q. 2) ,. 9365 r.~. 

4. cbnsmuation a. C - 0.0154 m?&maM J39YI  
4 b. c - 2.205 x 10 bWVmd ~ 8 5 3  rxr'# ~brn 

o. C - tp. Ib x 16.018 x 10' Pr-/='= 

5. &a. 8- Rmas. O. - P- x 13.6 + P.p 4o/ .4A in. w aba. 

6. 6- Cu Bp.d Vs 174 Fa //99.24 rr/un 
530 ; p. 7. s u e  ~u nw a. pn - q. 6 x a8 x 37/re -lun 

Blt. 7O.F 
b. Qul - 4. 7b x (1. - 4. 3) ?UQ/R ~ u n / d ~ ~ l  

I a r n m u r ~  1 - q . m x L a x 6 0  a ~ x d  &/he 

9. XO2 Kutor w2f - ~ ( ~ 0 . 9  - ma*) /&>I S.D. 

10. W a a i a  1. s -  q. (b.x&?z. 0 %S4Sb - ra/mspl 
,a- d".f 

b . s - l l p . ~ c x m x ~ . # x l ~  1 0 q k f , m & d  . . . 
u. r x.ddo.tic _ 14077 x + Oraw) /&. 7P b 

. e x v . x 0 . x m 2  

w 
90,w r e  tx ? - v ~ o ~  se0 

h bC 1b0s-110~ joUl6s 

Oil 

92.2 

0.002475 

P* 

97.4 

0.002346 - 

cD.l 

98.2. 

0.002636 



4- /u 
U 

s. m. stack Pnu. Ps - Pyx x 13.6 + ? ~ 3  a. r .b.. - 
m 
U 

6. 8- ~u spwa vs - 174 PS ~j-e /377.98 f t W a  c 
S O  

.? 
7. SuckC..nor 8. QN-m. 6 X h X r . a 7  43076.9 Whb -0 

s~t. a 70.r w 
a. q.a - m. 1. x a. - 19. 1) 23860. I oarhin "7 

a 

r n - ~ . m = . o . ( b x 6 0  A43#.mJ u/b+ m 
+-' 
m 

mat - ~ ( 2 0 . 9  - ma*) 0 
9. ao2 f-r 

10. E ~ i m m i o n  . .a -Lg.  Q x P e x m .  9  
p r f  &/ 

a. r - Eq. 4e. h.. O1. 9.1000 re)% 



h s e  NO. 7-/  
CASC4DE W A C r D R  DATA SHER 

gnri/ /u& 
-RUN NO. 9 - 1  m T I 0 l l  4 DATE f?- / / -  i'd 

IWAcl'oR uo. I ClCMlE m. / O m m R  R4f 

smIZ POINT L M T I C M  UPf /RH@ of / ( ' ~ 6 - ~ / . * : ~ ~ - ~ ~  

/ 
~ V B S T R * ~  QUTING - /v, 6, m n  w~ s f% klb/hr 

IUPACTQR ORTENTATI~ ' YE/ T I C .  m THXD U I P A C ~ R  . / ar a 
I 
U 

FLUE STATIC PRESSURE -6. L n 8 2 0 , ~ I n  2 / bL 4 W 

N O Z m  DIA. ‘i rma IXP- PRESNIIE DlPOD /'/ 7-0 R4D T D I E  13. 5-f % 
t- 

GAS ~ETER pm /?%55c~ m m   TI^ 13. 59 C 
d 

*- 5- 3 4 i 4 L .  
v 

GAS n e r e ~   ART /??fh'fE? mlWRON w 
c! 
Z 

7 a GASvaLDne B l m  RATE # / ER( 
, . m 

U 

~ I ~ T E W - T U R E  9 F  *r ~ ~ ~ ~ m 2 Y ; l / m & 9 .  ELR(IDITI ?rr l  m 
n 

.m w WOIZCULAR WT. . , ~ p l ~ .  ?/b .P, D&SITX ~/CC,YIECOS~- POISE . 

f h  @& GA J T&M,/I 30 % 

Unused Foil, q 

Correction 
for Blank',  g 

F i n a l  S a n p l a ,  g 

FILTER NO. S q l a  B l a n k  PUW. CONTAINER. 9 

EMSTY CQJTAINER, P 



T&E 2 (continued) 

Bymbol 

t oa a cup of + total sample rollected +& 
stage 2 YZ 

3 y3 

. - 
6 '6 

Piltar ' Y7 
Total 

*Any discrepancy due to rounding off should be buried 
in tha largest y cumulative smaller than D 



a S W E  D!PKSOR DATA - 

roil + bangle, O 

Unused Toil, O w, I 

(P 

0) - 
EorrectiOn . n 

m for ~ 1 . n L . e  O + 
c: - 
-0 
0).  
"7- 
a- 
m 
c1 rwu m - 0  0 m 
n 



TABLE 2 (Continued) 

4 on a cup of the total ample collected l ~ J t h ~ ~  
Stage 2 Y 2 .  . 

3 .y3 

4 y4 

5 y5 

6 '6 

F i l t e r  y7 
. . Total 

*Any discrepancy due to rounding off should be buried 
i n  the largest Y crmnrlative \ Brnaller than D 

PC 



Excerpts from 

REFERENCE 2 7  (SECTION 4 . 0 )  

Taback, H. J. , e t  a l .  , Fine P a r t i c l e  Emissions from S ta t i ona ry  and 
Miscel laneous Sources i n  t h e  South Coast A i r  Basin, KVB 5806-783- 
X a ~ T ~ o a r d ,  Sacramento, 
CA,  February 1979. 



Two t.Rs w u a  &ma on the  8me c-nt kib oparating a t  appm-t- 

ly the  s- m C i t l o n s .  and a t  the s- posit ion t h e  s u c k  &mutram of 

the  baghouse a t  .bout 100 f t  atavo gmmd leve l  cn t h e  s t r d q h t  section 

b.dLng to the . a sphare .  Natural pas WM usad M t h e  fuel  source fo r  the 

f l n t  test. Test  9. and -1 w a s  used f o r  t h e  secoad t e s t .  Test  18. h e  

velocity prof i les  & the smc* f o r  the  eK, t e s u  a re  U i t e d  i n  Table 4-41. 

Velocity poinu g r c a t a  than. 72 i n d e s  wo not  able ta be -Mured f o r  

Te.+ 9 and -locity pinu greater t h ~  l.21 inches nra not able to ba 

=Muad  even with the  p i t o t  tube &mion fo r  l e s t  18. wtm tha t  fo r  l e s t  

18, coal f i r iag ,  the man n l o c i t y  i n t h o  stack is s-hlthi*er than the  

qM f i r ed  Test 9. Thi. is a s  elpscted, considaxing the  addit ional  a i r  

needed to s t o k h i ~ m ~ u i ~ y  combuat t h e  ~oal to produce the  sar.0 Btu value 

M Mtural gas fo r  opeiating the process. t o r  both tssu t h e  SASS ~ u Q l f n g  

train w a s  used with a S/8' mule a t  Velocity Point (4. 

c- P a r t i d a t e  Test Results- 

The resul ts  of tha two tasu d i s w s e d  i n  t h i s  8 e c t i c n  a rc  l i s t e d  i n  
4-1. m j o r  clemcntal w w s i t i o n .  sulfa-, n i t r a t e  m d  carbon 

-1ysis -re d e t e d e d  f o r  a l l  k d m a  of p a r ~ i c u l a t e  catches which 

mntakud  weigh- in excess of 100 w. The b t a i t  for  these procedures 

a m  d i s w s s d  i n  Section 3.2.2. Tables. 4-42 and 4-43 Use the results 

f+ t h i s  M ~ Y I ~ .  

1. .Pa,icls s ize  diatrib~2ion-ti- 4-31 %8 a p lot  6f p.rcicla s i z e  

b.) n. rs-late3 weight parcsnt, t h e  l a t t e r  p lo t ted  oa a probability 

s&e u explained i n  section 3.2.3 8. Tuo n u m a  u e  p n u n t e d .  O M .  

i n s l k n g  the  i-inssr catch, and the  otber i p o r i o p  it. The s i r a  dfsu-u- 6 - 
Urn m e  for both t e N  ignorinp the  ixpinqer catch M idantical. Howaver, 4 
rbe the  *inper catch $8 included t h e  orrn .Ute to t h e  right: Qre so  m 

z 
f o r  the  cool f i r ing  than gas. h e  bnakdom of the  W c l e  riu d i su ibu-  rn 

C 

. t i o n  including +he Lmpingsr taken fmm Piqura 4-31 is W folZorsr C - - 
Percent of Pa r t i c l e s  

>lDym U)-3W 3-1- < l U m  

T e e  9, p la  f i rad  . 8 U 40 10 

h 8 t  10. c d  f i n d  8 24 34 34 

v 
OI 
m 
3 

m * 



The man  p a r t i c l e  s i ze ,  including the  impinger, f o r  Test  18 i s  15Um and 23pm' 

f o r  Test  ?; i ~ o r i n g  the  impinger catch it is 27pm f o r  both t e s t s .  These re- 

s u l t s  a r e  s imilar  t o  o ther  s i ze  d i s t r ibu t ion  data avai lable  i n  t h e  l i t e r a t u r e  

(Ref. 4-13 and 4-14). 

2. Chemical Composition--Tables 4-42 and 4-43 list the  r e su l t s  from 

t h e  chemical analysis  of the  pa r t i cu la t e  f rac t ion  f o r  each of t h e  t e s t s  

discussed i n  t h i s  section. Calcium is t h e  most predomhant species, as one 

w u l d  expect. Carbon is second uas t  abundant. Its or ig in  is =st l ike ly  

f r o m  the uncombusted fue l .  The concentration of carbon is s l i g h t l y  more 

f o r  coal f i r i n g  than na tura l  gas f i r i ng .  Su l f a t e  is t h i r d  uas t  abundant and 

tends t o  concentrate i n  t h e  iupingers. As expected, s u l f a t e  concentration 

is h i g h e r f o r  coal f i r i n g  than gas f i r i n g ,  due t o  higher su l fu r  content of 

t h e  fuel .  Ni t ra tes  a l s o  tend t o  end up in t h e  bp inge r .  I rm and potassium 

a r e  i n  the  range of 1% of t h e  total par t icu la tes .  Al l  other elements l i s t e d  

were detected i n  t race  axcxmts. 

3. Emissions and emission factors-Emissions and emission f ac to r s  can 

be l i s t e d  v i t h  several  d i f fe ren t  u n i t s .  The following lists s o n  of these . o - 
I emissions and factors  based on these 'two t e s t s  alone. e 
aJ 

Test 18 (coal) 
- 

Test 9 (gas) n 
m 

0.0056 0.0099 I- 
gr/DSCF c 

.- 
T/Y r 22 48 v 

12.5 ' 
w 

Ib/hr 5.9 U) z 

lb/tsn produced 0.21 0.43 .Q m 
m 

I b h b l  produced 0,.041 0.084 o 

4.2.7 Calcination of  Gypsum 

Cypsum is a mineral t h a t  occurs in  large deposits throughout t h e  

world. It 1s hydrated e a l c i m  su l f a t e ,  vith the fornrula c & o ~ ' ~ H ~ o .  When 

neated .lightly, the following react ion occurs: 



Excerpts from 

REFERENCE 30 (SECTION 4.0) 

Stack-Emissions Survey o f  Lone S t a r  I n d u s t r i e s ,  Inc . ,  Por t land 
Cement P lan t ,  Maryneal, Texas, F i l e  No. EA 795 - 09 , Ecology 
Aud i ts ,  Inc . ,  Dal las,  TX, September 1979. 



SUMMARY OF RESULTS 

Kiln Baghouse Number 1 

A-82 

EA 795-09 

L ECOLOGY AUDITS. INC. 



SUMMARY OF RESULTS 

Kiln Baghouse Number 2 

Data mentioned i n  Sect ion 4.1.9 and used f o r  c a l c u l a t i o n s  i n  Appendix E. 

Baghouse Particulate 
Concentration - gr/dscf 
Baghouse Particulate 
Emission - lbs/hr 
Kiln Feed Rate - Todhr 

I 

I 
EA 795-09 

\ ECOLOGY AUDITS. INC. 

0.03642 

2.67 

34.8 , 

0.00453 

3.29 

36.1 



I SUMMARY OF RESULTS 

Kiln Baghouse Number 3 

1 

I 
Data mentioned i n  Sect ion 4.1.9 and used f o r  ca l cu la t i ons  i n  Appendix E. 

Baghouse Particulate 
Concentration - gr/dscf 
Baghouse Particulate 
Emission - lbs/hr 
Kiln Feed Rate - Ton/hr 

I A-84 

EA 795-09 

9 ECOLOGY AUDITS. INC. . 

0.00840 

3.50 

40.1 

0.00824 

3.37 

40.7 

0.00782 

3.49 

41.0 

I 



Excerpts from 

REFERENCE 3 1  (SECTION 4.0)  

Hurst ,  W. W . ,  Gas Process Survey, Roanoke No. 5 K i l n  System, 
Lone S t a r  Cement, I n c .  , Cloverda le ,  VA, October 1979. 



W. J. Cavanaugh -2- November 1 ,  1979 

Results showed average conditions for each Kiln System as 
follows : 

Location Temp. Opacity 
Kiln Stack viir [ % Lear Sieg. - OBS 

D iFri 
26.4 

Postponed 
23.6 
28.9 

700 38.4 
1 r 0  20.3 

12.2 
I 

7 ~ 5 ; ~ s  
* No Gas Bypass 

** Gas Bypass to one Raw Mill 
***Gas Bypass to two Raw Mills 

Respectfully submitted, 

b 

o d . e J t u  . W. Burst, P. E. 

Data mentioned i n  Sect ion 4.1.R and used f o r  ca l cu lp t i ons  i n  Appendix E. 



ZbBLE 3 - 
RQANOKE W S S I O l P  SORVR 

PROCESS FATE. CONS-ION ANU PRODOCIION 

1979 

z 
N e l  Water Feed 

~ r m  Uln  mte xn mta 
Coal .a - 

Average (Kiln #I) 3 . 4  - 7.1 - 21.2 

Avsmga (Kiln 42) 

Average (Kiln i 3 , )  - 2.8 - 7.3 - 21.6 

Average (Kiln 45) - 9.4 - 5.7 105 

Oata used for calculations in Appendix E. 



Excerpts f rorn 

REFERENCE 32 (SECTION 4.0) 

Mease, M. J., Test  Report Stack Analys is  f o r  P a r t i c u l a t e  Emission, 
C l i n k e r  Coolers/Gravel Bed F i  1 t e r ,  Mease Engineering Associates, 
P o r t  Mat i lda ,  PA, March 1980. 



liwuu1'll 
Pryor, Olt l.ahomn 

1'uz.ticuluto Utiissio~la 
Grxvol. Bod Filtor. 
Pago Tlwoo 

EMISSION2 SUMNARY 

R u n  Run #2 Run #2 - 
Kiln Feed Rate, Tons/Hour 148.8 148.8 148.8 

Clinker Feed Rate, Tons/Hour 83.8 83.8 83.8 

Allowable Emission Rate,Lb./Hr. 
(EPA Regulations) 14.9 14.9 14.9 

Allowable Emission Rate,Lb./Hr. 117.7 117.7 ,117 3 
, ' (State of Oklahoma ~egulation) 

Actual Emission Rate, Lb./Hr. 
(Front Half of Train) 14.8 13.6 

Actual Emission Rate, Lb./Hr. 
(Entire Sampling Train) 1.5.2 14.8 13.9 

Particulate Concentration, 
GrainsISCF 
(Front Half of Train) 0.012 0.01 1 0.011 

Particulate Concentration, 
Grains/SCF 
(Entire Sampling Train) 0.012 0.012 0.012 

Particulate Concentration, 
Grains/ACF 
(Front Half of Train) 0.008 0.008 0.007 

.. 
Particulate Conc en.tration, 

Grains/ACF 
(Entire sampling Train) 0.009 0.008 0.008 

Data mentioned in Section 4.1.11 and used for calculations i n  Appendix F 



FOR 

REXNORD GRAVEL BED 

TOTAL K I L N  
K I L N  #1 K I L N  H2 K I L N  #3 FEED RATE 

Raw Feed Tons/Hr 40.2 40.9 51.9 133.0 

Coal Feed Tons/Hr - 4.5 5.1 - 6.2 - 15.8 
TOTAL FEED RATE 44.7 46.0 58.1 148.8 

Clinker Prod. Tons 25.3 25.8 32.7 83.8 

Cooler Feed Rate Okla. 

Allowable Emissions 

Clinker Cooler 

EPA 0.1 Lb/Ton kiln 

Feed with Coal 

Oklahoma Allowable 

Process Wt. Table 

clinker Production 83.8 Tons/Hr 

Production rates are during time of testing 11 a.m. to 6 p.m. 3/25, 1980. 

Representatives,present during time of test vere - GCA representing EPA. 

Dr. Joyce Sheedy. Oklahoma Air Control. Chris Rayner. Kaiser Engineers. 

Data mentioned i n  Sec t ion  4.1.11 and used f o r  c a l c u l a t i o n s  i n  Appendix F. 



Excerpts from 

REFERENCE 33 (SECTION 4.0) 

Source Emissions Survey o f  Oklahoma Cement Company, K i l n  No. 3 
Stack, Pryor,  Oklahoma, M u l l i n s  Environmental Tes t ing  Company, 
Addison, TX, March 1980. 



Particulates 

Probe, Cyclone G Fi l t er  Catch 

Total Catch 

, 

. + 

SUMMARY OF RESULTS 

Kiln Number 3 Stack 

' 29.92 "Hg, 68°F 
D a t a  mentioned i n  Sec t ion  4.1.12 and used f o r  c a l c u l a t i o n s  i n  Appendix E. 

A-92 80-38 
MULLINS ENVIRONMENTAL TESTING CO., INC. 

~ - 



33.1 clinker tons/hr 

PRODUCTION DATA FACTORS 

During Joy Baghouse Emission Test 

production Rates - For eight hours operation 11:OO a.m. - 7:00 p.m. 
(3-28-80) 

#3 Kiln 

- Raw Feeder Counts - 
419.1 I 8 = 52.5 tons raw per hour 

= 52.5 tons/hr x 0.63 = 

Coal Feeder Counts - 
- =  47'89 = 47'89 6.0 Tons coal/hr used 

8 

Total kiln feed rate 58.5 tons/hr 

Data used for calculations in Appendix E. 

A-93 
80-38 

MULLINS ENVIRONMENTAL TESTING CO., INC. 



Excerpts from 

REFERENCE 36 (SECTION 4.02 

Ar l i ng ton ,  W. D. , Compliance Stack Test,  Lone S ta r  F lo r i da ,  Inc .  , 
Report 276-S, Cooler No. 3, South F l o n d a  Environmental Services, 
I n c . ,  B e l l e  Glade, FL, J u l y  1980. 



DATE OF TEST 

PIISSICN RATE . (LBS./HR.) 11.68 20.81 - 18.46 16.98 

EMlSSIa RATE (LBS./Tm OF FEED) .0686 .I222 

.. ALLOWABLE EmSSION RATE ms.m .loo0 . .loo0 . .loo0 . ' .loo0 

Data mentioned i n  Sect ion 4.1.13 and used fo r  c a l c u l a t i o n s  i n  Appendix F. 



Excerpts from 

REFERENCE 39 (SECTION 4.0) 

M u l l i n s ,  0.  J. , Source Emissions Survey o f  Lone S t a r  I n d u s t r i e s ,  
I n c . ,  New Orleans,  Louisiana,  M u l l  i n s  Environmental T e s t i n g  
tompany, Addison, TX, November 1981. 



1 K i l n N o . 1  . K i l n  KO. 2 

S tack  Flow ACrn 

S t a c k  Flov DSCFH 

X l i o t a r  Vapor N o 1  

Allowable Emission Rare l b s l h r .  

~ l l o u a b l e  Emission R a t e ' l b s l h r  

. . 
P a r t i c u l a r e s  Front  Aalf 

GrainslCf  @Stack Condi t ions  

Emissions l b s l h r .  

Kiln Feed Rare 

. rmmonium l b s l h r  - ppm 

'3hlor ides  l b s l h r  - ppm 

Potassium l b s l h r  - ppm 

;odiua l b s l h r  - ppm 

0.~0085 

18.33 

94.0 (La.) 

, i u l f u r  Dioxide Emissions I b s l h r .  

U l o v e d  by Lou i s i ana  S t a t e  

S u l f u r  Dioxide Emissions by Tes t  l b s l h r .  

S u l f a t e  l b s l h r  - ppm 

0.0088 

17.4 

83 .O (EPA) 

325 - 340 

254.5 

Data mentioned i n  Sect ion 4.1.14 a'nd 

Pounds of NHj picked up i n  t h e  f i r s t  imp 
compounds w i t h  SO2 and C1. 

lbslhr 

1.51(4.74)* 

23.9 

2.02 

2.27 

16.3 

!d f o r  ca lcu l i  

cr had n1rez.c 

24.9 (EPA 

i o n s  i n  App d ix  E.  
I t 

ppm 

L.3(7.3)* 

25.0 

2.3 

5.0 

5.3 



Kiln Sumber 2 during emission resting Iqas 33.0 tons per hour. Coal is 

not considered part of the process *.eight under EPA Regulations. 

Identity of Emissions 

Emissions from the process are fine particulates and combustion gases. 
. . 

Coal is used as a source of fuel vhich contains some sulfur; consequently, 

the combustiongases are a mixture of water vapor, oxygen, carbon dioxide, 

and sulfur dioxide. The particulates are composed of calcined or semi- 

calcined aragonite and clay. 

Plant Operation 

Plant operations were normal except for a time when the induced draft 

fan cut out on Kiln Number 1. Emission testing was discontinued until 

the Kiln was back to normal operations. 

PRODUCTION DATA DURING TESTING 

Kiln 
Number 1 

Kiln 
Number 2 

Raw Feed 
(tons/hr) 

i .  

A1 lowable 
Coal Feed Total Feed Emissions 
(tons/hr) (tons/hr) (lbs/hr) 

Louisiana 
Regulation 

11.0 94.0 50.66 

EPA Regulation 
11.0 83.0 24.9 

L 

Kiln Number 1 Under State Regulations 

Kiln Number 2 Installed after 1971, therefore, 
must abide EPA Regulations. 

Data used for calculations in hhpendix:E. 

81-107 A-98 
. . ~ ~  ~ - -..*.. -e*-,.,- ,-,. 0.0- 



Excerpts from 

REFERENCE 40 (SECTION 4.0) 

Hurst,  W. W.,  Stack Emission Survey and P r e c i p i t a t o r  E f f i c i e n c y  Test- 
i n g  a t  Bonner Springs P lan t ,  Lone S ta r  I n d u s t r i e s ,  Inc . ,  Houston, l X ,  
November 1981. 



TABLE 1-1 

EONNER SPRINGS STACK W S S I O N  SURVEY 

PAFTICLILATE RfISSION RATE 1981 

-US1 GAS PARTICUWLTE MISSION R A E  
Run Test Temp. Volume Grains/ L~s./SCF-~ 

ACrn . D* x 10 NO. Loeation D.r. - - Lbs.IHr. ?an/Dav 

NO. 4 Stk. 
,, 

AVERAGE 771 66.500 0.0805 11.5 a 0.31 

NO. 2 Stk. 9-21 

9-21 

9-22 

9-22 

9-23 

9-23 

9-26 

9-26 

9-25 

9-25 

10-5 

10-5 

10-6 

10-6 

10-7 

10-7 

AVERAGE 688 105.700 0.1672 20.8 77.25 0.93 

"Average not including Runs 63 6 66 0.062 

Data mentioned i n  Section 4.1.15 and used for calculations in Appendix E. 



TABLE 1-1 (Continued) 

BONNEX SPRINGS STACK EMISSION SURVEY 

PARTICULATE EMISSION RATE 

EXRAUST GAS PARTICULATE NISSION RATE 
Run Test Temp. Volume Grains1 L~S./SCF-~ 

ACRI Dry X 10 No. Location 3 .E. - - Lbs.lHr. 

67 No. 4 Stk. 10-8 

68 NO. 4 Pprr.10-8 

7 3  No. 4 Stk. 10-9 

74 No. 4 Pptr.10-9 

77 No. 4 Stk. 10-22 

78 No. 4 Pptr.10-22 

83 No. 4 Stk. 10-23 

84 No. 4 Pptr.10-23 

AVERAGE - Stack 766 73.900 0.0451 6.4 14.0 0.17 

AVERAGE - Pptr. 765 83,000 6.67 953 . . 122021 26.6 

87 No. 1 1 -  638 47.200 0.0092' 1.31 3.0 .04 

88 6 4 11-2 638 52.300 0.0167 2.39 6.0 .07 

89 Cooler 1 -  63s 48,400 0.0024 0.34 0.8 .01 

go Stack 11-3 637 52,100 0.0039 0.55 114 .02 

91 " 4 6il 51.100 0.0027 0.39 0.9 .O1 

92 " i -  672 57.600 0.0034 0.48 1.3 .02 

Data used for ca lculat ions i n  Appendix D. 



TABLE T-4 

00- SPRMGS STACK MISSION SURVEY 

RATE PRODUCTION AND CONSUWTION 1981 

Fuel Used Raw Mix U ~ e d  
Dace System Under Coal h i s c u r e .  TonlBr. . Slurry CaC03 
1981 - r e s t  LbsIMn. I D m  noi rc  - I 
9-8 No. 4 Kiln  Stk. U 6  8.0 31.0 34.7 79.2 
9-9 146 6.1 31.0 35.0 79.2 
9-10 UO 8.0 31.4 34.5 79.3 
9-11 150 7.1 32.0 34.1 79.2 

9-21 No. 2 Kiln Stk. . 
Kiln 1-24 Rr. 83 7.4 17.86 34.1 80.3 
Kiln 2-24 H r .  88 7.4 17.17 34.1 80.3 
Kiln 3-0 Br. - - - - - 

9-22 Kiln 1-0 Br. - - - - -- 
Kiln 2-24 Hr. 84 5.8 16.72 34.5 80.4 
Kiln 3-0 Br. - - - - - 

9-23 Kiln 1-OHr.  -- -- - - -- 
Kiln 2-24 H r .  85 6.5 . 16.88 34.0 80.3 
Kiln 3-12 H r .  90 6.5 15.61 34.0 80.3 

9-24 Kiln 1-0 Br. -- . - 
Kiln 2-24 Br. 84 8.0 
Kiln 3-24 Br. 80 8.0 

9-25 Kiln 1-0 H r .  - - 
Kiln 2-24 H r .  84 7.8 
Kiln 3-24 H r .  77 7.8 

10-5 Kiln 1-24 Hr. 87 7.2 
Kiln 2-24 Br. 88 7.2 
Kiln 3-20.5 H r .  80 7.2 

10-6 Kiln 1-20 Br. 89 7.5 
~ i l p  2-24 nr. 87 7.5 
Kiln 3-23.75 H r .  84 7.5 

10-7 Kiln 1-18 Hr. 89 7.0 
Kiln 2-23 Hz. 82 7.0 
Kiln 3-24 Hr. 84 7.0 

- 
Clinker 
Produccc 
TonlHr. 

16.8 
16.9 
17.0 
17.4 

9.92 
9.54 -- 

- 
9.29 -- 

-- 
9.38 
8.67 

- 
9.54 
9.38 

- 
9.67 
9.62 

10.13 
9.83 
9.75 

10.10 
9.59 
9.56 

9.06 
9.52 
9.13 - 

Data used for calculations fn ~ p p e n d i x  E. 



TABLE T-.4 (Continued) 

. , 
Date 
1981 - 

System Under 
Test 

No. 4 Stack d 
Pptr. Input 

I, 

NO. 1 d 4 
Clinker Cooler 
Stack 

11 

,I 

. . 
BONNER SPRINGS STACK EMISSION SURVEY 

RATE PRODUCTION AND CONSUMPTION 1981 

fuel Used Rav Mix Used 
Coal Moisture Ton/Hr. Slurry CaC03 

LbslMin. X Dry Moist - X X 

Data used for calculations i n  Appendix D. 

Clinker 
Produce 
~onlHr . 

17.0 

16.1 
17.0 



Excerpts from 

REFERENCE 42 (SECTION 4.0) 

Hansen, M. D., and J. S. Kinsey, Characterization of Inhalable 
Particulate Matter Emissions from a Dry Process Cement Plant, 
Volumes I and 11. EPA-600/X-85-332a and 332b, U. S. Environmental 
Protection Agency, Research Triangle Park, NC, February 1983. 
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Lonnes, P., Results of the February 17 and 18, 1983, NSPS Particu- 
late Emission Compliance Test on the No. 8 Kiln at the Lehigh 
Portland Cement Plant In Mason C ~ t y ,  Iowa, Interpoll, Inc., glaine, 
1 



Data mentioned i n  Sec t ion  4.1.17 and used f o r  c a l c u l a t i o n s  i n  Appendix F  

Table 1. Summary of t h e  Resul t s  o f  t h e  February 17, 1983 P a r t i c u l a t e  Emission 
Compliance Test on the  No. 8  Kiln Cooler Stack 

Volumetric flow 
Actual (ACFM) 
Standard (DSCFM) 

Kiln feed r a t e  ( tons lh r )  
Gas Temperature (Deg-F) 
Moisture Content (% v/v)  
Gas Composition (% v/v,  dry)  

Carbon d ioxide  
Oxygen 
Nitrogen 

I s o k i n e t i c  v a r i a t i o n  (%) 
P a r t i c u l a t e  mass flow ( l b / h r )  
P a r t i c u l a t e  concent ra t ion  

Actual (gr/ACF) 
Standard (gr/DSCF). 

Run 1  Run 2 Run 3 - - 



p l a n t  1td&+4 F/6Ur ‘?El 1,ocntlon @SOU & r ~ , t #  
Source Type EDD(Eh ar~Mbu6E Rated Production.  /30 Pd f'&> 
 are 1 7 M  I i a e  /om- fl23 A C L U Z ~  ~ z o d u c c i o n ~  f  36.9 i 
Air  Flow Data Run No. f  

. .  . 
ncch.nic.1 ~ o l l ; c t o r :  ... 

: . ,  
rube  D i a n & t . r i n .  No. of Tubes-. Design 4 p . i ; .  d20  e Cas ~ c m ~ . l F .  

Observed Ap-in H 2 0 .  Design c f n l t u b e .  @ Observed Ap @ . - I  O F ,  
. . . O p e r a t i n g  V o l t s  . O p e r a t i n ~ h p s  ' . Fan Rsted H.P. 

. . . . .  
Llec t ro s t . t i c  P rec ip i t . t o r :  

Primary P r imary  Saconday S.condaiy s & r i  
F i e l d  Voltage , C u r r e n t  Vol tage  . ,. :-Curimnt. .. U t e  . . 
NO. .: ( v o l t s )  (amps) . (KV) .; (m)':. . ... ( i e r ' a i n . . )  .... . .  . . ,, . .  . . , . . , . . , . X .  .- - - - . . .  . .  . =. .; . . . -- 

. .  . . .. 
-2 

, . . . - - ... . .. . .- - ... - . . f z - - . . , ... . . - . .. . . -. E 
.- - - - . .- -..- 

. . L O  - - 0 - - - 
. . u 

Scrubber:  .. - 
3 
V 

Type . Ap (acres; e c r u b b e r )  i p .  H20 .  .= 
U 

Fan Rated H.P. O p c r a t i n p  V o l t s  O p e r a t i n g  Amps L 
0 - 

Liquid  C i r c u l a t i o n  Rate  gol fmin .  i Hake-up . Blovdovn 8Pm. 
0 

Scrubbing Water Change I n t e r v a l  . U ,a 
3 

S e t t l i n g  Tank c i e a n i n p  l n t c r v a l  " Q 
AJ 
1 1 1 .  

Baahourc: ?UCSE-I?~T P 

Pros ru re -Poa i r i vc  K . NO ~ o n p o r t m c n t a  4 . 
y e  i n  bt'. &Z . Clean c y c l e  u/4 n i n .  

Avg. Baglmusc dp-in 1t20. Ap Range - f/f '/ i n .  H 0  2 ' 

Fan: Raced I1.P. 5- . ~ l , c m r i n g  ~ o l t s  500 .' O p e r a t i n g  Amps-. 

-: 

Type A P  in .  n o 2 ' 
D i a n c t e r  

Fan R ~ t c d  1t.P.- . O p c r ~ t l n c  V o l t s  . Opera t i n8  Amps 

rerrpn R e s p u n s f b l e  for  Data :  

Sigmmture: 

T i t l ~ I P o a i c i o n :  

**"era6c. of  ope fa r ink  darn  taken d u r i n g  n c t v n l  t cnc  run  u n l c a s  otj,cru'.*c. 



., . . Gstw e(ry,z 4 (did  PIT 63 1.ocacion ,. .. . . 

Type Br0M605Z - -  Rated ~ r i d u c t l o n  730 p# (b? 
.-83 T i m e  nZO- /3sb - Actual ~ r o d u c t i o n j  . . /3  7.2. i . .. . . . .  . . . . . ... . . . . 

Run No. 2 - 

<: PULSE-JeT m 
Y 

e - ~ o , i r i v s  X . NO ~ompartmcnts . 2 
,:anin8 Cauf. & r4UL.e . . . Clean Cyc?c U/C) a i n .  
:l,ouse ~p - I# ' /  I i n  H ~ O .  dp b n ~ e  - 't/f't i n .  H20. 

aced 11.p.-<%-. ~ l ~ c r a t i n g  v o l t s  500 . I Operating ~ n p s / 8 .  

AP in. n o. 2 Diameter 

-cd 1 I . P .  O ~ c r ~ t I t ~ g  V U ~ C I  . Operatin8 Amps 

Pcrron Reapunslble lor Data: 

S l p ~ ~ ~ t ~ r e :  

r . l t l c / roa i t ion:  * I& tn.e4ui5e 

'' of o P c r a t l n ~  d.1.0 czkcn during nctunl t c s t  run unlcnm rcqtocsccd oc!lcrvlrc.  



. .  . 
plant ( f f d d  &car7 Cb I.ocntion /&50u & N , t 4  
Source.Type @ Rated Production 130 77'# (&D> 

oar; I7Fdg B3~i.s 1425- 6'56 ~ctu.1 productionJ /38. I - 1 
Air Flow Data Em No. 3 

Hech.nic.1 ~ o l l ~ c c o r :  

Tub. Diomccsr-in. No. of Tube.. Design A p . i n .  H20 @ Gas Temp.-T. 

e Observed Ap In 1120. Design cfmltube @ Observed Ap OF. 

T a n  Rated H.P. . Operating Volts . Operacing Amps 

. . ~~tctr~.t.tiC Precipitator: 

Primary Primary Secondary s;&nd;i7 Spark 
?leld Volt.gc Current Voltage firrent " Face Y 

::?a. , . " .: (volts) (ampa) (KV) (4 :',tper min.1. 5 . . .. . 0 

." 7 

Scrubber: a u - 
Type . Ap (.cross ecrubber) in.H20. 

Fan Rated H.P. Operating Volt. Operacing Amps . L  o 
b 

Liquid Circulation Rate m i  I Uoke-up . Blovdovn 8Pm. 
u 

Scrubbing Water Chsngc Interval . YI a 

Settling Tank Clenning lntcrval . m  
'1 
ij 

Bnuhousr: ~ S E - ~ W  

Pressure-Positive +&L-Hc .: No Comparrmcnts 4 . 
~ y p e  Cleaning b f .  & b e  . Clean Cycle U/# min. 

Avg. ~ a g l m u s c  dp -1.53 in H ~ O .  Ap Range - +If 'f in. 1120. 

F :  R a ~ e d  1I.P. 5- . O~scracing ~ o l t s  500 . ' Opcratinp ~ m p s - ( ( .  

m: 
Type AP in. H 0 Dinmcter 2 ' 
Fan Rated 1I.P.- . Oper~cing Volts . Opcr~ting b p s  

Person Recpunslble fo r  Data: - 
Slgt>ocure: 

TltlelPcaitlon: 

'Averages Of OPc?ating data token during octvnl Lcat run unlcns rcqucatcd otl~urvl~c. 



Excerpts from 

REFERENCE 44 (SECTION 4.0) 

S te iner ,  J., Mojave P lan t  ( K i l n ,  C l i nke r ,  and Crusher Baghouses) 
Annual Compliance Test,  Report PS-83-93/Project 5081 - 83 , Pape 
and S te ine r  Environmental Services, Bake rs f i e ld ,  CA, May 1983. 







Excerpts from 

REFERENCE 46 (SECTION 4.0) 

Hansen, M. D., et al., Characterization of Inhalable particulate Matter 
Emissions from a Wet Process Cement Plant, Volumes I, 11, and 111, EPA 
6001~-85-343a. 343b. and 343c, U. S. Environmental Protection Agency, 
Research Triangle Park, NC, July 1983. 



TADLE 3-2. KI1.N NO. 2 EI.ELTROSIAYIC PI<ECIPITATOR IN1.W--&NDERSEN IlCSS IHPACTOR 
U I Y l l  15 )Im PRESBPARA'IDR PAR'IICLE S l Z E  TEST SAMPLING DATA-- 

COIIUINEII PROIIUC'C ' r e s r  RESULTS 

...... . . . . . . . . . . . . . . . .  . . . . .  I >  I-.!:Y!!*!!%. .. - .  ?*G*: ! ?.!."<..>. .%,!!?!,S rm. i C S Y .  1 clY.  I ............. rlllrr c-. I 
L a,.. I ,  p I... 18.- n,.. .iza: la'=. tlrlr r ,  i .  I,.. H... u,. .I=- I... n... n.. SIZ. ......... 

.*a, *". 1.81. 0-1 ,I.."' l.,l (,-I ,,..an 1.1) I , a  1-11 11-1 ill." 1-11 11.1 . . . . . . . . . . .  . . .  . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . -  . . 

. 11,1111.1 15.51 9.5" 111.1 11.51 . I  1111.0 6.11 1 . 2 1  611.1 I Y 6  6 111.6 ' 1.96 
I - I  I .  05.8, IU.56 IUS.6 I I . r 1  1.15 1,061..1 6.61 1.11 116.1 I 0.111 2U2. l  I.*'> 
t5V-1-1-1 8 1 . 2  I5.15 I U . 8 1  111.1 11.51 8-10 L I U . 8  6.41 5.11 619.1 1.92 9 I b 1 . I  ' 1.92 
s -  11.112.1 11.11 1 1 2 L .  I.UI8.1 11.15 0 l.nO4.2 6.66 5.00 111.1 2.01 1.56 195 .1  ' 1.04 

E n t i r e  t a b l e  used i n  Table 4-13. 



TABLE 3-4. KILN NO. 2 ELECTROSTATIC PRECIPITATOR OUTLET--ANDERSEN MARK I11 IMPACTOR 
WITH 15 pm PRESEPA~ATOR PARTICLE SIZE TEST SAMPLING DATA--COMBINED 
PRODUCT TEST RESULTS 

.... ! . I Y ! ! .  ....... .'Sli!6e.4... .. SI~,~,!  I . . . . . . . . . . . . . . . . . .  K ?  . . . . . . . . . . . . . .  .?!ate..!. . . . . . .  
I ' r v l  i c l c  Coo.,. 7, l:a~m. % 1:um. 7. Ct8rb. 7, #:urn. % 

- ~ s i n :  I l a r s a  1Is0 S i p  l e s s ,  r l r s s  IlsU S i z e  l e s s  11.~1. Ilss S i z c  l e s s  1l;nsr Il5" S i z s  l e n s  t l i u s ~  IIIU Size I r s s  
- - - t n a u  Nn (mu) (11m) IIIAII' ("18) ~IIYI) tlminn ( 1 1 ) ~ )  (11110 l l n i u n  (mc) (IDI) l l ~ i ~  f.8) (loon) I l m i n ~ n  

....... -. ...................... .................. ...... ............ .- . . . . .  

.I 
C - .. ...... .-................ S l a p  4 ~ S l a p  5 S l s g c  6 Slngc 1 
a 12.mr l ic le  C ~ u a .  % CMII. .% Cmn.  1 C'lm. F i l t e r  ---- .............. 

s i LC t l a r s  nso s i c e  ICSS Has9 OS0 Size IPS= I l i ~ s s  nS0 S i z e  ' It..% Haas S i z e  I I l i ~ s s  ::i7.e 
rtau N G ~  ( m l t l  ( 1 ~ )  lltnss (1.1) (1") lI1n13 (mg) ((lm) Ilmsn (mR) (I~IO) ll8atb f m n l  (IN,,) 

l : l l m .  t lc.ss ,1,r,, = CI~.I I I~.~~VP pelC,.,,l I ,.SE 11 I.,, Sl.l,.,l s i z e .  

II 
Entire table used in Table 4- l4  

N c - 1  ius#:al i l l  i:n l t : l l l . l l  i ~ n s  (lo+. t o  ~ ~ ~ O S ~ ~ P C L  SIA#C lnilclillp. 



TABLE 3-3. KILN NO. 2 ELECTROSTATIC PRECIPITATOR INLET EHISSION FACTORS BASED ON TOTAL HASS 
AND IMPACTOR SIZE DISTRIBUTION--COHBINeD PKODUCT TEST RESULTS 

! T o t a l  mass Product ion T o t a l  mass R a t i o  o f  p a r t i c l e  Emission f a c t o r s  f o r  
P a r t i c l e . s i z e  e i s s i o n  r a t e  emiss ion s i z e  t r a i n  conc. 5 2.5 pmd 6 10.0 p n  S 15.0 pm 

run No. a r a t e g  ( l b ~ h r ) ~  ( t o n l h r )  f a c t o r  ( l b ~ t o n ) ~  t o  t o t a l  mass co'nc. ( I b l t o n )  ( l b l t o n )  ( l b l t o n )  

- ESP-1-1-1 
ESI'-1-2-1 
ESP-1-3-1 
ESP-1-4-1 

Average 

ESP-1-1-2 
ESP-(-2-2 
ESP-1-3-2 
ESP-1-4-2 

Average 

ESP-I-1-3(B) 
ESP-1-2-3 c. 

N ESP-1-3-3 
0 . ESP-1-4-3 

Average 

ESP-1-1-4 
ESP-1-2-4 
ESP-1-3-4 
ESP-1-4-4 

Avr rage 

T o t a l  average 

I 

I a 
I P a r t i c l e  s i z e  t e s t  d a t a  ob ta ined  wi th  an Andersen HCSS impactor wi th  15 pm p r e s e p a r a t o r .  

I T o t a l  mass e n ~ i s s i o n  r a t e  d a t a  ob ta ined  wiLb an EPA n r t h o i  5 t r a i n .  

C lB/hr  = Etaiss iot~ r a t e  polands p e r  hour.  

l b l t o n  = Pounds p e r  ton  o f  p roduc t .  
ENTIRE TABLE REPRODUCED I N  TABLE 4-24 



TABLE 3-5. KILN NO. 2 ELECTI(OS'rAT1C PRECIPITATOR OWLET EMlSSlON FACTORS 8ASk:O ON TOTAL MASS 
AND IMPACTOR SIZE DISTRIOWION--COMOlNED PRODUCT TEST RESULTS 

To ta l  mass Product ion T o t a l  mass Ra t i o  o f  p a r t i c l e  En~ i ss i on  fac to rs  f o r  
P a r t i c l e  s i z e  e i s s i o n  r a t e  emission s i z e  t r a i n  conc. 6 2.5 p; S 10.0 pz S 15.0 pz 

a r un  No. ra teg  ( ~ b / h r ) ~  ( t o n ~ h r ) ~  f ac to r  ( 1 b l t o 1 1 ) ~  t o  t o t a l  mass conc. ( l b l t o n )  ( l b l t o t ~ )  ( l b l t o n )  

ESP-0-I-l(C) 
ESP-0-2-1 (8) 
ESP-0-3-If 
ESP-0-4-1 

Average 

ESP-0-1-2 
ESP-0-2-2(8) 
ESP-0-3-2 
ESP-0-4-2 

Average 

T o t a l  average 

. . 
' - a  

P a r t i c l e  s i z e  t e s t  data obta ined wit11 an Andersen na r k  111 impactor w i t h  15 pm preseparator .  

T o t a l  mass emission r a t e  data obta ined w i t h  an EPA Method 17 t r a i n .  

C 
I b l h r  = Emission r a t e  pounds per  hour. 

The p roduc t ion  r a t e  ( t ons l h r )  presented corresponds t o  t he  same da te  t h e  t o t a l  mass emission r a t e  was determined 
from t he  mass t r a i n .  Th i s  da te  may no t  necessa r i l y  be the same daLe t he  corresponding I P  t r a i n  was san~pled i n  
i n  t h a t  quadrant. 

e l b l t o n  = Pounds per  t o n  of product.  

Not used i n  c a l c u l a t i o n s  o r  averages due t o  suspect stage load ing .  

ENTIRE TABLE REPRODUCED I N  TABLE 4-25. 



Excerpts f rom 

'REFERENCE 48 (SECTION 4.0) 

-Source Emissions Survey o f  Lehigh Po r t l and  Cement Company, 
exas Mu1 1 i n s  Environmental Tes t i ng  Company, Add 

*i983. 
I son, 



\ 

SUMMARY OF RESULTS 

Clinker Cooler Stack 

29.92 "Hg. 68'F (760 Hg, 2O0C) 

Data mentioned in Section .4.1.20 and used for calculations in Appendix-F. 

83-69 

Total Catch 



Data used for calculations in Appendix F. 

LEHIGH PORTLAND CEMENT COMPANY C.O. BOX )In 

*IC"WAY" 1- 

WACO. TEXAS 7.710 

'1% 771.1,,0 

August 8 ,  1983 . 

M r .  B i l l  M u l l i n s  
Mul l ins  T e s t i n g  
METCO 
Addison, Texas 

Dear S i r :  
Below, p l e a s e  f i n d  tes t  r e s u l t s  on s t a c k  t e s t i n g  t h a t  was 

performed on August  2  and 3 ,  1983. 

K i ln  6 Raw M a t e r i a l  Parameters  During K i l n  s t a c k  T e s t s  on 8-2-83 

T e s t  # 1 - - 2  - 3  - 
Feed Screw Revs. 1361 1364 1445 
Coal Usage 10.78 t o n s  10.78 'tons 10.6 Tons 
C l i n k e r  P r o d u c t i o n  53.5 t o n s  56 t o n s  59.4 Tons 
Dryer Feed Ra te  84 TPH 86 TPH 77 TPH 
#l I D  Fan I n l e t  Temp. 4 1 5  430 4 30 
#2 I D  Fan I n l e t  Temp. 450 . . 4 5 5  450 
% O 2  #1 K i l n  2.1% 1.8% 2.1% 
8 0  #2  K i l n  2.5% 2.1% 2  :4% 
~ i m 8  8:39-10:18 11:OO-12:41 13322 -15:OO 

While c o n d u c t i n g  t h e  t h r e e  k i l n  s t a c k  sampling tests both  
k i l n s  and t h e  t h r e e  d r y e r s  were o p e r a t i n g  under  normal p l a n t  p r a c t i c e s  
There were no  k i l n  u p s e t s  o r  d e l a y s .  

K i ln  Pa rame te r s  During C l i n k e r  Codler  ( G r a v e l  Bed)'  S t a c k  T e s t s  8/3/83 

T e s t  # 
Feed Screw Revs 
Coal Usage 
C l i n k e r  P roduc t  
Dryer Feed R a t e  
#I I D  Fan I n l e t  
8 2  I D  Fan I n l e t  
% O2 #1 K i l n  
% 0  #2  K i l n  
~ i m g  

i o n  

Temp 
Temp 

1 - 2  3  
880 793 m-7 
7.34 Tons 7.25 Tons 7.26 

136.2 Tons 36 Tons 36.8 ~ o n s l  --- --- --- 
498 502 500 
502 505 495 
2% 2.4% 3.2% 
3% 2.5% 2.8% 
9:05-10:13 l l :09-Not  rec. 13:15 - 1 4  

During t h e  f i rs t  two c l i n k e r  c o o l e r  ( g r a v e l  bed) s t a c k  sampling 
tests t h e r e  w e r e  no  unusua l  k i l n  u p s e t s  or d e l a y s .  Both k i l n s  were 
Opera t ing  under  normal c o n d i t i o n s .  While conduct ing t h e  t h i r d  t e s t ,  
a f t e r  4 p o i n t s  had been t a k e n ,  t h e  back wash f a n s  on t h e  g r a v e l  bed 
d u s t  c o l l e c t o r  s h o r t e d  o u t  and kicked o f f .  The sampling probe was 
p u l l e d  from t h e  s t a c k  a t  13:23 and an u p s e t  c o n d i t i o n  was c a l l e d .  
A f t e r  e v a l u a t i n g  t h e  problem-fhe d e c i s i o n  was made t o  conduct  t h e  

I remainder of t es t  3  w i thou t  t h e  back wash f ans .  A t  13:28 t h e  probe 
' was p l aced  back i n  t h e  s t a c k  and a l l  o p e r a t i n g  pa rame te r s  r e - se t .  

A-124 



Excerpts from 

REFERENCE 50 (SECTION 4.0) 

S te iner ,  J., Mojave P l a n t  ( K i l n ,  C l i nke r ,  and Crusher Bahouses) 
Annual Compliance Test ,  Report PS-84-249/Project 5233-84, Pape 
and S te ine r  Environmental Services, Bake rs f i e l d ,  CA, May 1984. 



SUMMARY OF SOURCE TEST RESULTS 

Company Ca l i fo rn la  Portland Cement Test Date 5/15/04 APCD No. 1003026A U n l t  No. K l l n  

For Kern County Use Only: 

F e d  Rates = 231. 236. 245 Tonslhour 

Data mentioned i n  Section 4.1.21 and used f o r  calculations i n  Appendix E. 



TABLE A-1. SUHMRY OF SOURCE EMISSION TEST DATA - 

K{ 1 n Baghouse O u t l e t  
UNIT TESTED: LOCATION: 

u 
x - 

3 
511 5/84 
2 4 5  TPH 

26.20 
26.11 
87.28 

2 
5/15/84 
236 TPH 

26.20 
26.11. 
87.28 
72 
47.0808 

63.4 
258.2 
199435 

Tes t  number 
Date 
Tes t  c o n d i t i o n '  

Barometric p ressu re  ( in .  Hg) 
s t a c k  p ressu re  ( In .  Hg) 
S tack  a rea  ( F t 2 )  
E lapsed sampl ing  t i m e  (min)  
volume gas sampled (dsc f )  
F f a c t o r  

GAS DATA 

Average gas v e l o c i t y  ( f p s )  
Average gas tempera ture  (OF) 
Gas f l o w r a t e  (dscfm) 
Gas a n a l y s i s  ( d r y  pe rcen t  b a s i s )  

EKISSIOI: COR:ENTRATION 

I F i l t e r a b l e  p a r t i c u l a t e  ( g r / d s c f )  / 2 0.0062 

' 
0.0GO 0.0.; 

T o t a l  p a r t i c u l a t e  ( g r l d s c f )  , 0 0 4  i 0.1165 0 .00 i3  0.0111 

T o t a l  s u l f a t e  ( g r l d s c f )  
1 0.0011 1 0.0011 0.0Oll i 0.0011 
; 0.20 i 0.20 ' 0.20 1 0.23 rn 

so3 ( p v )  1 67.79 ! 72.81 j 71.45 1 71 .35 C 0 

SO2 ( P P ~ )  ; 353.75 . 352.50 382.50 i 362.92 - 
NO, ( P P ~ )  I I a i I ! - 

3 

EKISSJON RATE i U 

! - 
m I F i l t e r a b l e  p a r t i c u l a t e  ( l b l h r )  4.88 10.53 7.00 i LJ 

T o t a l  p a r t i c u l a t e  ( l b l h r )  
! 8.71 7.46 j 11.06 , 7.61 i 

0 

j T o t a l  s u l f a t e  ( l b / h r )  i 1.88 ' 1.89 1 1 . 9 0  . 1.69 
j 0.50 0.44 1 0.58 j 0.51 m 

SO3 ( l b l h r )  u 
: I b3 . i 6  154.17 1154.80 m 502 ( I b l h r )  

150.91 , / 503.48 1 501.70 546.62 i 517.27 . 

Carbon d i o x i d e  

Average 1 
5/15/84 
231 TPH 

26.20 
26.11 
87.28 . 
72 
47.1355 

63.3 
259.0 
198625 

I LbIMt4atu-EE1SS1ON FACTOR 

F i l t e r a b l e   articulate 
T o t a l  ? a r t i c u l a t e  
T o t a l  s u l f a t e  
50 2 
NO, 

LblBbl-EMISSION FACTOR 

T o t a l  p a r t i c u l a t e  
T o t a l  s u l f a t e  

5 0 2 .  
NO, 

A 

18.50 18.80 

i 48.2880 

I 

I 

i 

18.38 

65.1 
258.0 
206805 

- 
m 
0 

63.9 
258.4 
201 621 

0.00 
6.35 1 5.53 

! ! 

Oxygen 
Carbon nonox ide  
Water 

10.45 
0.00 
6.49 



SUMMARY OF SOURCS'TEST RESULTS 

I \ Cl inker  Fecdrate was 250 tons/ltour on 5/17 and 181 

Data n~entioned i n  Section 4.1.21 and used i n  ca lculat ions i n  A?pendix F. 



TABLE A-3. SUMMARY OF SOURCE EnlSSlON TEST DATA 

aaghouse Out le t  
UNIT' TESTED: Cl i n t e r  t o o l  e r  LOCATION: 

Average 3 
511 8/84 
250 TPH 

26.38 
26.36 

106.14 
72 

2 
5/17/84 
250 TPH 

26.26 
26.25 

106.14 
72 

Test number 
 ate 
Test c o n d i t i o n  

Barometr ic pressure ( in.  MI 
Stack pressure ( i n .  Hg1 
Stack area ( ~ t ~ )  

". 
7 - = 
E 

c 
a 
C 
u 
5 - 
L A  

Z 
m 

1: - 
Sm 
U 

L 
O 
b 

1 
5/17/84 
250 TpH 

26.26 
26.25 

106.14 
72 1 62.1795 

31 .8 
234.4 
134259. . 

Elapsed sampling t ime (min) 
volume gas sampled ( d s c f l  
F f a c t o r  

GAS DATA 

Average gas v e l o c i t y  ( fps) 
Average gas temperature (OF) 
Gas f lowrare (dscfm) 

31 .2 
234.5 
131953 

63.9903 

32.7 
237.6 
137895 ' 

31 .9 
235.5 
134702 

m 
C) - 
0 

r o t a l  p a r t i c u l a t e  ( l b l h r )  , Tota l  su l fa te  ( I  b:hr) : so, ( l b l h r )  

I ' 0.0 0.0 
20.9 2 0 . 9  i 0.0 0.0 

0.66 1 0.88 i 
i ! ! 

Gas analys is  (d ry  percent bas is)  

502 ( I b l h r )  . 
i 

1 L ~ ~ M B ~ U - E M ~ S S I O N  FACTOR I 

F i l t e r a b l e  p a r t i c u l a t e  
Tota l  p a r t i c u l a t e  
Tota l  s u l f a t e  

502 
NO, 

LbfBbl-EMISSION FACTOR 

Tota l  p a r t i c u l a t e  
Tota l  su l fa te  
502 
NOx 

EMISSION COl4CENTRATION j o.0018 1 0.0014 i 0.0014 0.0015 
F i l t e r a b l e  p a r t i c u l a t e  ( g r l d s c f l  / 0.0018 j 0.0014 i 0.0019 j 0.0017 
Tota l  p a r t i c u l a t e  ( g r l d s c f l  ! I r o t a l  s u l f a t e  ( g r l d s c f l  

I 
: 

503 (ppml 6 j i 
SO2 ( P P ~ )  ! 

i ! ! > .  
NO, ( P P ~ I  i . . 

El:Isslon RATE I i 

0.0 Carbon d iox lde  20.9 
oxygen 
Carbon monoxide 0.38 
'dater 

I 

. . 

! 
j 



Excerpts from 

REFERENCE 51  (SECTION 4.0) 

Lehigh Por t land Cement Company, Leeds, Alabama, P a r t i c u l a t e  
'Compliance Test, CH,M H i l l ,  Montgomery, AL, October 1984. 



. PARTINLATE.'~~IISSION -DATA .CALCUUJIOX SIEEZ 
Y O N ~ D O U ~  orncg . . . ' . .  . . . . . .  
smsanuurmouousmrn . .  . - 
20Ue3*-21170 .  are q b ~ , w R u n #  2 

. . 

samiliip Location o l d .  

- . . . . . . - (0.0474)( 125. .w (0.0474) (g) - 6.i6 CU.~+: "wstd 

3. Calculate gas ssn;rle volume at stantard conditions-- 

Vmstd . (17.64) (lrm) (pb * 
Tm 

1.565 
V,,,,, - ( 1 7 . 6 4 j ( m )  (24.44,. ) - ( ) ( & a  - e c u . f t .  

5 2  % - 
4 .  Calculate percent moisture in as stream-- 

VWstd 6 . 8 ~  - 
'ws - "mstd + "wstd @ , 3 5 + b . ~ b  0,1307 - 13 

v, - 85.49 cp ' . 

2. Calculate volume of water vapor in pas sample-= 
.. mls Hz0 grams Hz0 - (0;0474) (condensate r silica gel) . 

5. Calculate stack car volumetric flow rate, dry basis. std. conditions-- 

-- 
%-ah v.. 5-73 .I 
c.O.cS,p,,,.~ 

.+-- ! i s 5  .,. 
y --e. IF .  s- , 
A " . . . ' ~ ~ . E . \ - ~ ~ ~  

-..NIw-C&Z-, 

6 Calculare grain loading-- 
grainslsdcf - (15.43) (.$rams)lVmsrd - (15.43) (->/(*5- C \ . Z ~ ?  

1.  Calculatc mass emission rate-- 

Data mntioned in Section 4 1 . 2 2  and used for calculationsfn Appendix E. 

"wstd - . . ... ~ . . 



PARTICULATE -Ef~IISSIO?I DATA-CALCULATION .SIIEET. 
. . .  MOMCOMEII* OfF'lCE . . 

CkCI1:O~ 
. . .  9 / / ~ / * .  Run I 3 

. . . - Sampling Location 
. . .  

. . . . . . . .  ; L~ESCPE (EIU O F F  . . .  . . .  . . . . .  . . . .  . . .  . . . . .  . . .  . . . . 

. - .-- 
r. .n&" ? . s .. 

Vs - 85.49 Cp 

V, - 85.49 (0x1 (m) 
v s  - .p,mLd. 119 ." 

y ,.LY-..U - IS. 0 

, - -6.0787.nl  
-- . --"wstd ...... -. ...... . . .  

'wsrd - (0.0674)( ! 1 %  + ' I T )  (0.0474) (133) - '6.30 cu.fr. 
3 .  Calculate gas sample volune at stanlird conditions-- - (17.64)(V,) (pb %) vnSrd 

Tm 
I &  

vmsrd - (17.64) (e) ( 24.94; *) - ( ) (c.~cJ,) - - M a c u . f t .  
:-3b - 

4. Calculate percent moisture in as srrcam-- 
"w . 3 . vmstdS:dvwsrd '44.51. 6.30 - 0,/2 - / 2  4- ) 

5. Calculate s n c k  gas volumcrric flow rate. dry basis, std. conditions-- 

6 Calculate grain loading-- 
yrainslsdcf - (15.49) (grams)lVmstd - (15.4j) (3~)1(@1- C.0-72 

1 .  Calculate mass emission rate-- 

.Data  used for calculations in Appendix E. . . 



- ~- 

-1.52 2. Calculate volume a;I. -"~'p.-*uc. - -..,- - m-, 1 

I CH~M 
I Z: HILL 

""St6 - (0.0674)( 133 + . l h < )  (0.0474) (H) - 6.74- cu.ft. 
3. Calculate gas sample volume at standard conditions-- 

aOIMITHYrDONDUDWSTRECT PI,,, LC%'&' 
YO"TCOMERY.ALAQAMA 36104 
~0$/834.2nm Date ?//@I& nun 4 9 

Sampllnp Location MPII\/, 

4. Calculate percent moisture in s stream-- 
vwstd 6 .fa 

'ws * "mstd "wsrd *,m' G . F C  0.137 - / 4 , 
5. ~ a l c u i a t e  stack pas volumetric flow rate, dry basis, std. conditions-- 

528 P 
Qstpd I 3600(1-Bw,lV,AS * &,;&I,% I3 - 3600 (1- . 14 ) ( Y % % ( F ~ )  ( ~ 2 8 / 1 ~ 0  ) (2q6G/29.921-- CU. ft . 
Qs tpd - 

6. Calculate grain loading-- 
grainslsdcf - (l5.43)(grams1lVmstd - (15.45)(=)/(4301- 0.0167 

1 .  Calculate ma,. emission rate-- 

lbslhr - (grainslstdcf) (Qstpd) (1.0) x 10.~1 
lbs/hr . ( h61113 I ( w ( l . 4 3  x - 

Data lrantfoned in Section 4.1.22 and used for calculations in An?endix E. - 



.rAnTlCUUTE ~IlSSIOY .. - DATA CALCULATlON SllEET . . . . . . .  . . . .  . 
I UOYICOYCII orncc 

1. Calculate -- .. -73-ol r,. SS I .. 
V, - 85.49 Cp 

V, - a5.49 (&)(m) .s&Z;~, ..&&&.n 

vs I .47,2(-6 fps 
.I,-' 0 ." 

14.0 
T4iu -Ww 2. calculate volume of water vapor Am-'- .~.%-4.~. .. m1s Hz0 ,,--mg&- 

VrStd - (0.04741 (condensate r silica ge 

I CH~M 
I ::HILL 

1. Calculate Stack pas velociq-- . -- 
,IT- .. -73-b r,. 5s # " -  

O g l  S W n H  YIWNUJCM STREET Plant Cft'l6rt 
YONTGOMElhALAOlMA SUO4 
Z O S / S ~ ~ - Z O ? O  Dote 9 /18/64 Run # 5 

Saapling Location m ~ l f i j :  

.. /mls %I70 . #rams %I-0 \ 
2. talculate volume Of water vapor in gas sample-- 

- 

3. Calculate nas sauylc volume at standard conditions-- 

4.  Ca!culate percent moisture in gas stream-- ' 

'wstd b.e3 
'ws 'txstd + "wstd A.X.IT 6 . 3 5  0.135- 14, - 

5. CalCUlate stack gas volmctric flow rare. dry basis. std. conditions-- 

6. Calculate grain loading-- 
prains/sdcf - (15.43) (prams)/Vmstd - (15.41) &/(&- 0.079 

I .  Calcularo mass emission rats-- 

Dath mentioned in Section 4.1.22 end used for calculations in ~ppendix E. 



- 3  xkpuaddvuk. suoklelhJle3 J O J .  pasn e l e a -  

1 



Data UsCd for calculations in Appendix E. 



. . . . . . . . .  . . . .  . . .  . . . :  . . 
. . . . . . . . . . . . . . . . . . .  

i . . .  . . . . . .  . . . . .  . . : . . .  - .  . . .  . . . .  . . . . . . .  . . .  . . . . :  1 1 . .,; . .  -1 . . .  1 

'- ' - :  . . I  1 



. . . . . . .  . . . . .  . . . . . .  ., . . . . . . .  . . .  ... . . . . .  . . . . . . .  , . . . . . . ~ " . . .  .' ... . . . . . . .  ._ i  

. . .  . . .  . . . .  5-..: ::-:=::; ,.-.--:-: =--- -..:.:; .z...-2, . .g.>i..iz&2L>.L . . . . . . .  . . ;, -. . . . .  7:: ! 
i . .  



*10NTCOUUIY OFFICE 

807 SOUTH YcWWDYGY STREET plant L = H I ~ H  
w o m ~ o M E R ~ . u ~ u u .  J6(O4 
XISIB)+Z~~  ate ?ht!M- nun I \ 

Saapling Location CLIUKE~ &ER 

/ 

I. Calculate' Stack g a s  velocity-- 

V, . 85.49 
. v, - .  

.,, ,-, .& ., 
a p d r u r - r u -  17 

2. calculate volume of water vapor 
mls H ~ o  

V - (0.G74) (condensate ? .... . .. - ... . . . ...... ~ . . . . , . , . . . . . .. . . - .... . 
/ vWstd - (0.0471)( 15 + . / Z )  (0.0473) (27) - cu.ft. 

3. Calculate gas sample volurc at sr~n&nrd conditions-- 

Vmstd - (17.64) (\',) (pb %) 
Ta 

J 9.L.14 .- ,. , ,-,A 

"nstd - 7 6 j  ( ~ 9 . 4 6 r  -. * m) - ( ) ( & 3  - - ? a c u . t r .  

4. Calculate aercent moisture in gas strean-- 
';s-.d 124 . 

/ 'ilsrd * "wstd ?.b.&*\(.zL3 r , f i 7 -  &,7 t 

5 .  Calculate stack gas volunctric flow rate. dry basis. std. csnditicns-- 

8 

6. Calculate grain loading-- 

prains/sdct - (15.Ij) (gnas)/Vnstd - (15.05) (f&9/f&?' .<.I12 

7 .  Calculate mass emission rate-- 

Data mentioned i n  S e i f i o n  4.1.22 and used i n  c a l c u i a t i o n s  i n  an&ndix F .  



' PARTICULiTE El.lISSI0.Y DATA CXLCUUT1O.V SIIEET 
U O W T O O U ~ ~  owicc 

001 S W T H u r O W w G H ~ R E C T  . Plant 1 
MEWTCOMFR~.ALABALU 36104 

Date 715 /8'f Run l %:q) 

Sampling Locarion C 1.dL' 

4 .  Calculate..percent moisture in gas stream-. 

1. Calcul*te - 
Vs - 85.49 Cp ' . 

Vs . 85.49 [ E l  (a) 
vs - 

5. Calculate stack pas volumetric flow rate, dry basis. std. conditions-- 

.sLm - . . 5 %  ' .. 
\ . s , , , . . U r d  

P 2 L .  5-Rs-~ 
..-J"Y 91. . . '0 u 

+ o ~ ~ - p - 1 3 . f  r 

6. Calculate grain loading-- 

prains1sd:f - (15.43)(prams)/Vmsrd . [15.43)(~)/[3.$7). - O . b z  

1 .  Calculate msks emission rate-- 

# 79, +?.+& 
2. Calculate volume of water vapor A.---m*.l'-*c 

mls Hz0 . ---.-- - (0.0174) (condensate 0. silica pc 
-.--.!-td -. ..: - . _  

Vwstd . (0.0474)( 10 +ij..r) (0:0474) (=I - '*!.\I CU.E~. 

3. Calculate .gas saaplc volume at standard conditions-- . .. 

lbslhr - (grainr/stdcf)(Qstpd) (1.45 % 10- ) 
b h r  - ( . ~ ? 5 ? f i  )[,[ 1.43 x 10.;)- 

3 1q1,471 

Data mentioned in Section 4.1.22 and used for calculations in Appendix F.  



PAnTICULATE E1~11SS10?1 DATA CALCULATICN a l l L t r  
. . . . . . . 

MMTCOWCRI orricr 
Plant 

3.104 
G",ir/ 

a t  .9/2.1/64 Run 8 3 
Sampling Location Cuw=.e LOLEE 

- -- - - -- . - - . -. . .. - - . ' ( o . 0 4 ( /  2 (0.0473) .(z)'i.,"-.f# ZS CU;ft.- 2- - .. ' 
3. Calc-late 9.5 sanplc voiumc at standard con6itions-- 

AH I' 

"mrtd - (17.64) (Vm) (pb * TjTb ) 
' Tm I 

'mstd . 7 . 4  j =I Q em- * ) - I- )(&I - %cu.fr. - 
23 7 

4. Calculate 3crcent moisture in gas stream-- 
V,,id 

m . 1.20 
?ms+d + "wsta 3 0~03bZ - 3.6 t 

5. Calculate stack pas volumetric flow rare. dry basis. std. conditions-- 

6. Calculate. grain loading-. 
prainslsdct - (15.4 3) fVnstd - (15.43) P ? ) I ( % - ~ ~  - 

7 .  Calculate mass emission rate-- 

Data mentioned i n  Sectifn 4.1.22 and used for calculat ions I n  Appendix F. 









Excerpts from 

REFERENCE 52 (SECTION 4.0) 

Baker, R. L., Compliance Test  Resul ts ,  P a r t i c u l a t e  and S u l f u r  Oxide 
Emissions Cementon K i l n ,  c engineering and Research D i v i -  
-erKl9&. 



SECTION 2.0 

SUKU!Y OF TEST RESLlLTS 

The r e s u l t s  of  t he  p a r t i c u i a t e  edss!on compliance t e s t  c o r d u c t d  on  

the k i l n  exhaus t  s t a c k  o f  Lehigh'a Cementon f a c i l i t y  i n  Cementon, New York, 

are presented i n  Table 2-1. This d a t a  r ep resen t s  the e d s s i o n  l e v e l  of  t h e  

k i l n  exhaust  s t a c k  wM1e f i r i n g  pulverlzcd c o a l  t o  produce approximately 

-1500 tons  per day  of  Po r t l a rd  &mcat. The app l i cab le  emissions l i m i t a t i o n  f o r  

this f a c i l i t y  is 0.05 g r a i n s  per  d r y  s b r d a r d  cub ic  foot.  

TABLE 2-1. PARTICmTE EKISSIONS RESLlLTS. 

- 

P a r t i c u l a t e  m i s s i o n s  
Date Tes t  No. Time Period ( h r )  GrDSCF* lb/hr"* 

11/9/84 LC Crimp 2 1316 - 1428 0.010 8.6 

11/9/04 LC Ccmp 3 1610 - 1722 0.013 12.0 

A E M L G E  0.011 

*S+andard con3i t ions  68.F ud 29.92 i n  IQ a t  s b c k  o w e n  l e v e l  

* * a a s d  on  s t a c k  ve loc i ty  method o f  anclys ' i r  

The emfssiona l e v e l s  i n  Table 2-1 were w m p u t d  throu3h KVB's Emission 

Data R d u c t i o n  Cbmputer program (See Appendix A ard  R) which i s  i n  accordance 

w i t !  the appropr ia te  F?A methods. The raw t e s t  d a t a  taken during each t e s t  

appears i n  Apperdix 8 .  

A r ep resen ta t ive  o f  the NYS DEC Region N was p re sen t  a t  t h e  tes t  S i t e  

durirq the  i n i t i a l  compliance t e s t i r q  day ard was f u l l y  m q n i z a n t  of the 

t e s t i q  procedures u s d .  f i e  r e s u l t 3  i n d i c a t e  t h a t  t h e  p a r t i c u l a t e  emission 

leve ls  f o r  t he  Cementon k i l n  are we l l  below t h e  0.05 GR/DSCF l i m i t .  The 

cOci.liance t e s t  f i l t e r s  a r e  being p r e s e r v d  a rd  a r e  ava i l ab le  f o r  inSpcCti0n 

by the NYS DD2 upan request .  

Data mentioned in Section 4.1.23 and used for calculations in Appendix E. 



Data used f o r  ca l cu la t i o ' n i  i n  Appendix E. 

KL'B, INC. 18006 ShYPARK 6LVD. I W I l 4 E ,  C.A. 92714 (714 )  250-6200 

* i f * * + * * +  PART1 CULATE ECII CSICNS DATA REDUCTIRJ PROGRAn f f r r + f * i *  

CMPCW - LEHlGH PDETLWiD CEHEtn 
L D W T I  CT4 - CEfiE!*TW NY 
UNIT(S) - KILN EXHAUST STACK 
TEST DCTE - 11-e-84 
TEST NO. - CCZPilAr4tE 1 
TEST SITE - STACK 

f + t * * f * f f f * i f i + * f  FUEL &iA iYSIS * + * f r r + . r f r f a f f * f f  

fC(MLf PCT BY Wl 
tAR6M.I 69.39 
HYDROGEN 4.73 
SULFUR 2.66 
OYYGM 5.81 
NiTHCGiN 1.24 
CEH 16.15 

H:GY WE47:NG VILUEiETU,'LE) 
EFA 'F FACTOR'(DSCF.mET?') 

CASETt DIOXIDE 
OXYGEfi 
CcEE5W HS4OXlDE 
NITROFEt4 
WATER 

KILN FEED(GR0 
TOTAL HE41 INPLn(KBTU/HR) 
FUEL FLDw(LB'HR) 
B4RDEETRlC PRESSLIRE(1N. HG) 
STACK GAS ETCiTlC PRESSCIN H2O) 
NUZZLE DImETER(lN) 0.376 
PITOT TUSE COEFFICIENT . " 0 .840 
DLlCT AREA AT SAYPLING PLA'dE(S0. fl) 122.7 
PR3PE LD46TH tn) 14.0 
PROEE N4TER:AL INCO1iEL 

.--..- - 

HOLECLlL6R WE1 G h l  DF(Y(0RSAT) 32.04 
HDLECULAR WEIGHT WEl(0RSAT) 2e.07 
PERCENT HO!STURE(XVISLlKED) 28.26 
AtFX A? WYFLING PLAYE EASE3 011: 

FUEL FLOW AND C4E?'ST1Ui CHEYISTRY 192765.2 
STACK VELDClM 237043.9 



D a t a  used fo r  ca l cu la t i ons  i n  P.ppendix E. 

we, INC. 18006 SKYPARK BLVD; IRVINE, c.A. 92714 (714)  250-6200 

* * + a * * * * *  PARTICULATE EKICSIOII'C DATA REDUCT1DI.I PHOtFiM *.+****** 
CO?(PA!EI - LE?:tH CEN CDNP3 
LO:ATION - CEt:EtliOt.( NY 
LNIT(S)  - KILN EXHAUST STACK 
TEST DQTE - 11-9-P4 
TEST NO. - CMYLIAtdCE 3 
TEST SITE - STACK 

*COAL* PCT BY W l  M3LEE/LB-FLIEL 
CAH5Ol4 70.68 5.BPO(-02) 
W~=CC.EN 4 .e?. o . e : . c r - ~ a  
SULFUR 2.40 7.500(-04) 
0:UGEN 5.53 1 .72E!-03) 
NlTRDGEN 1.30 4.643(-04) 
ASH 15.26 

El ELI HEATING WALLlE!ETU,'LB) 
EPA 'F FACTOC'(DSCF/NETU) 

rf*r*+*i++r+++r+ TEST Chi31TlU.(S rra*+?++*+**l**4* 

K I L N  FEEDCGW) 
TCTAL HEAT INPLT( KETU/HR) - - - ~ 

FUEL FLW(LB/HR) 32800.0 
BCRDI.'E?RIC PfiECSUPEilti. HG) 29.79 
STGCK MS STATIC PRESfClN H2O) -0.e0 
NOZ?LE DIAYETER(1N) 0.376 - ~ 

PITCT TVeE COEFFICIE'FT 
DUCT AREA AT SAYPLING PLAVE(S0. FT) 
PR3DE LP4C-TH t F l )  ~- -- - 

PRGEE WTERIAL INCDtiEL 

MDLECLIL4R WEIGKI DEY(CMPltiED) 31.58 
MLEC3LAE WEIGKI UET!COXElNED) 27.49 
MOLECLIMR WElGHT OR,'(OZSAT) 32.11 
MOLECULAR WE1 GHT WFI!ORWT) 27.87 
PEFCEt.7 M@I STLlREiNEaSUREO) 30.10 
ACFM AT SAYPLIt4G PUI iE  WEED ON: 

FUEL FLOW AtiIl t O n 9 L l S T l ~ i  CHEMISTRY leE154.5 
STACK VELOCITY 2430Ei.S 



Data used f o r  ca l cu la t i ons  i n  Appendix E. 
K'JB, INC. 1EC06 SK'YPARK ELVD. I W I N E ,  C.A. 92714 (714) 250-6200 

+ r + r t + + t +  PART1 CULATE EP4lSS10NS DkTA REDLlCTl[)r.I PROGRW *++***++* 

CEFA'<f - LEHIG3 PORTW40 CEMEtff 
L O : A T I ~ ~  - ~E:~EI.FON MY 
LI1iIT(S) - K I L N  LYHAUST STACK 
TES7 WTE - 11-9-84 
TEST NO. - COT.PL1AIdCE 2 
?EST SITE - STACK 

fCOaL+ PCT BY Ln HDLES'LB-FUEL 
CAREON 70.68 5.890(-02) 
HYDROGEN 4.F3 4.E30(-02) 
SULFUR 2.40 7.5001-05) 
OMGEN 5.53 1.728(-03) 
NITROGEN 1.30 , . 4.643(-04) 
ASH 19.26 

HIGH HEATING WLUE<ETU/LB) 
EPa 'F FaCTOR' (DSCF/METU) 

PC? BY VOLLME 
14.30 

7 .80 
0 .07  

48.03 
27. BO 

+ + + ~ f * + + f i i + r + r ~  TEST CDIiDITIU4S ++.+a+++++.++++++ 

K I L N  FEEO(GW) 
TOTAL HEhT ,TNPLIT(KBTU/HR) 
FUEL FLOWiLBHR) 
WROYETFtIC PRESSL'9E( IN., HG) 
ETACK W S  STATIC PRESSCIN H20) 
NOZ2LE D!A!IE?ER(IN) 0.3'6 
PITOT TUEE COFFFlClElff C.840 
DUCT AREA AT SARPLING PWIE(SQ. n) 122.7 
PROBE LEIdSTH (FI) 14.0 
PROEE MTERIAL  1NCOIdEL 

ROLECULAR WEIGHT DRI(CMElt4ED) 31 .OO 
ROLECUL4R UElGHT WWET(CWElNED) 27.12 
M3LECLfLAR WEIGHT DRY (ORS4T) 31.70 
MOLECULAR Lc'ElGHl W E T ( 0 E W )  27.62 
PEFtCDn HO!STURE<HEASURED) 29.80 
ACF? AT S4YPi!tdG PLANE WISED U4l 

FL'EL FLOJ AIdD CUIBUSTID?4 CHEMISTRY 175733.0 
STACK VELDClM 223463.0 



Excerpts f rom 

REFERENCE 53 (SECTION 4.0) 

S t e i n e r ,  J., Mojave P lan t  ( K i l n ,  Crusher, and C l i n k e r  Baghouses) 
Annual Compliance Test,  Report PS-85-469/Project 5451-85, Pape 
and S te ine r  Environmental Services, Bake rs f i e l d ,  C A ,  May 1985. 



S W R Y  OF SOURCE TEST RESULTS 

Scrubber Liquor  Analysis: Chlor ides -- S p e c i f i c  Gravi t y  -- 
For Kern County. Use Only: 

I Remarks CO (ppm. dry )  = 179.17, 181.00, 194.67; Average 104.95 
( l h / h r )  = 149.73. 150.56. 160.24; Average 153.51 Test  1. 2,  3 t-1 

I I 
I Data mentioned i n  Section 4.1.29 and used f o r  calculat ions in ,  Appendix E. 



SUMMARY OF SOURCE TEST RESULTS 

Company Test Date 05/15/85 APCD No. 100302711 U n i t  No. C l inker  

Po l l u tan ts  

Par t t cu la te  

Su l fa te  

502 

NO, as NO2 
(d ry )  

HC 

Removal 
I 

Scrubber L iquor Analysts: Chlor ides -- Spec i f i c  Grav i ty  -- 
For Kern County Use Only: 

1 

Emission Factor 
I b/MHBtu 

Emissions 

Rate 
l b / h r  I n l e t  

I n l e t  

Data mentioned i n  Sect ion 4.1.24 and used f o r  c a l c u l a t i o n  i n  ~ p p e n d i x  F. 
Remarks 

Ou t le t  

i;;;;; 
0.0199 

- L- i 

Test 1 132.70 TPH 
Test 2 130.92 TPH 
Test 3 136.68 TPH 

Mass Flow 
Rate 
l b / h r  

2.66 

- $:?i 
2.66 

Out le t  

Wet 

P P n ~  

Copcentrat ion 

g r l s c f  @ " '2 g r / sc f  

;;i;ij 
- 
0.0021 

@ 12% 
Cot 

Concentration 

@ 12% 
COZ 

Wet 

ppmv 



. .~ . .. . . . .. . .~ . . . .. . . - . . . . .  TEST - 59, 3 - . . : ... . 
. . . . 

LOCATION 

EMlSSIDN RATE DATA -- 6 8 ' ~  
. . . . . . . .  . . . .  

Standard Temperature, St = 68'~; 29.92 i n c h e s  Hg 
XEQ FF . . 

.XEQ RAT . . 

ENTER: R-17 VmBStd 
. . , - . 'R-26 Q, . . 

R-22 O2Z 

LAB DATA 

F r o n t  Ha l f  Wash (9) 

Mass F i l t e r  . . (9) 

Back Ha l f  Catch ( g )  

Tes t  1 Tes t  2  Test -Average - 
5% e5vo 4%.& YV 4 5 - 3 / 7 7  

/ 9 / 6 3 Z & p / L % 7 . 6 2  /Rf375%26 
9.95 m.0 9*75 

0.00 70 7 3. myq7 0. ry,h 8% 

O.Q7@7/ 0.mmfi 0 . m 7 7  

0. mas7 O.W/3V O.N)SI/A 
F r o n t  H a l f  

S u l f a t e  
(mg .H2SD4) .~ . . o,.yq -- .o-z - .. .. .~ 

Back H a l f  
S u l f a t e  (mg H2SQ4) /. 07 D, 57 /, 56 

- z H202 Catch (mg H2S04) 95-25' %, 99 

RESULTS 

F-Factor  1 
F f l t .  P a r t i c u l a t e  g r l d s c f  6 0.~?26 @.w/S 0. 

F i l t .  P a r t i c u l a t e  l b l h r  7 Y,'.ao 2,53 22';' s~ 
T o t a l  P a r t i c u l a t e  g r l d s c f  8 D,m% O,W20 D.w36= 
T o t a l  Particulate l b l h r  10  S5.3 3,27 S.Ed 5,OO 
T o i a l  S u l f a t e  g r l d s c f  11 0 . ~ 5  d . o c n s  o,COOc/ 
To ta l  S u l f a t e  l b l h r  13  o.e& 0, V< 0. €6 0 . 7 2  

SO3 PPm 14  0.2 0. / a 3  0- 2 

l b l h r  15 O.YB 0.36 0.70 0. ~6 

S02 PPm 16  /6.97 -/B. 3 V / 7 e H  

SO2 l b l h r  17 =,Y7 3% 92 W,57 33.91 
@3% 0, 1 8  27,7< x.97 2?.+'5 Hdl. 

SO2 1 b/MMBtu 

S  1 b/MMBtu 

F i l t .  P a r t i c u l a t e  Ib lHHBtu 

Data used f o r  c a l c u l a t i o n s  in,Appendix E. 



TEST 4 3, 3 
LOCATION CLhRer 

EMISSION RATE DATA -- 6 8 ' ~  

Standard Temperature,  S t  = 68 '~ ;  29.92 i n c h e s  Hg 
XEQ FF 

XEQ RAT - T e s t  2 T e s t  3 Average 

ENTER: R-17 VmSstd 45.O/B;l 66.9Bq W. 6 38/ 

R-26 Q, /29535.52 /%x@)jZ, m620.76 

R-22 02X at?. 4 20. 9 30.9 

LAB DATA 

F r o n t  H a l f  Wash ( g )  

Mass F i l t e r  ( 9 )  

Back H a l f  Ca tch  ( g )  

F r o n t  H a l f  
S u l f a t e  (mg H2S04) 

Back H a l f  
S u l f a t e  (mg H2SO4) 

H202 Catch (mg H2S04) 

RESULTS 

F - F a c t o r  1 
F i l t .  P a r t i c u l a t e  g r l d s c f  6 @.@,92c/ . . 3 G',CC?~ 

F i l t .  P a r t i c u l a t e  l b l h r  'a ~ 7 ~ 4 2  a,7/ 
T o t a l  P a r t i c u l a t e  g r l d s c f  8  0,@02V @,m2V - L f n ? J L a  
T o t a l  P a r t i c u l a t e  l b l h r  10 s,&b 2.62 3.7/ 2.46 
T o t a l  S u l f a t e  g r l d s c f  I1 

T o t a l  S u l f a t e  l b l h r  1 3  

s03 PPm 14 

S03 l b l h r  15 

s02 PPm 16 ' 

s02 l b l h r  17 

S02 @3% O2 1 8  

S02 1  bIMMBtu 
S  1 b1MMBtu 

Flit. P a r t i c u l a t e  lb/MMBtu 

Data used for calculations in Appendix F.. 



Excerpts from 

REFERENCE 54 (SECTION 4.0) 

Arlington, W. D., Lone Star Florida Holding, Inc., Stack Tests for 
Particulate, SO2, NOx, and Visible Emissions, Report 810-5, Kiln 
0. outh Florida Environmental Services, Inc., West Palm 

:L, August 1985. 



IV. SUKMARY OF RESULTS 
REPORT 810-5 

PARTICULATE 
= D I = = E l l i = = = E E = = I I = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = * = = = =  

Emission Rate Allouable Emission Rate 
Run 1Ds.lhr. lbs. Ihr. ................................................................ 
1 17.25 39.90 

' 2 19.97 39.90 
3. 22.47 39.90 ................................................................ 

Average . . 39.90 

. . . . - 

SULFUR DIOXIDE 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Emission Rate Allowable Emisison Rate 
lbs./hr. . . .  !?un Ibs. Ihr. ................................................................ 

1 380.86 398.82 
2 367.01 398.82 
3 393.62 398.82 ................................................................ 

Average 3e0.50 398.82 
= = E = E i S a 5 = = E = I P D L = I = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

OXIDES OF NITROGEN 
=I=D l . I P = E = = E = = = = = = = = = = = = = = = = : = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

Emission Rate Allowable Emission Rate 
Run lbs./hr. lbs./hr. ................................................................ 
1 '  548.53 586.95 
2 592.98 586.95 
3 601.61 586.95 ................................................................ 

Average 581.04 586.95 
- - - - - - - - - - - - - - - - - - - - - - = = = = = = - - - - - - - - - - - - - - - - - - - - - - - - - = - - -  . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  ---======i 

OPACITY 
. i = E E i E I = . I = = E = = = 5 = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = z = =  

Emission Rate Allowable Emissions ................................................................ 
0 0 < 200 

- - - - - - - - - - S S = E l . = = S = v = = = = = = = = = = = = = = = = = ~ = = = = = = = a = = = = = = = = = = = = = = = = =  - - - - - - - - - -  
- 4 -  

.Data mentioned i n  Sect ion 4.1.25 and used f o r  ca l cu la t i ons  i n  Appendix E. 




