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Coating-grade c lays  are those w i t h  a l l  p a r t i c l e s  smal ler  than 15 pm 

(6 x ~ O - ~  in.)  and a t  l e a s t  70 percent o f  t h e  p a r t i c l e s  less  than 2 pm 

(8 X ~ O - ~  in.) .  
smal ler  than 1 pm (4 X ~ O - ~  in . )  i n  s ize.  

coa t ing  c l a y  c u r r e n t l y  being produced approach t h e  range o f  100 percent 

minus 2 pm (8 X ~ O - ~  in.).82 
3.2.10.4 Calc in ing. Because k a o l i n  cons is ts  p r i m a r i l y  o f  t h e  

mineral  k a o l i n i t e ,  i t  i s  considered t o  be a f i r e  c lay.  Low-temperature 

c a l c i n i n g  produces a k a o l i n  used f o r  f i l l e r .  

produces a k a o l i n  f o r  use i n  the r e f r a c t o r y  indus t ry .  

( F i r e  c lay)  discusses k a o l i n  use as a r e f r a c t o r y  mater ia l .  

hear th  furnaces are t h e  most common type o f  c a l c i n e r ;  however, f l a s h  and 

r o t a r y  c a l c i n e r s  are al.so used. M u l t i p l e  hear th  furnaces r e q u i r e  less  

space and maintenance than f l a s h  c a l c i n e r s  al though they have a longer 
s t a r t u p  time. 

3.2.11 L ightweight  Aggregate 

3.2.11.1 Background. The l i g h t w e i g h t  aggregate (LWA) i n d u s t r y  

encompasses t h e  processing o f  c l a y - l i k e  m a t e r i a l s  i n t o  a low-densi ty 

product. L ightweight aggregate i s  produced by c a l c i n i n g  c lay ,  shale, o r  
s la te .  

b l o a t i n g  proper t ies  when heated. 

temperatures o f  about 1000°C (18OO0F), they become p l a s t i c  and begin t o  

f low l i k e  a viscous f l u i d . g 0  As t h e  p l a s t i c  s t a t e  i s  achieved, carbona- 

ceous compounds i n  t h e  mater ia l  form gas bubbles, t h e  mater ia l  begins t o  

expand, and t h e  gas bubbles are t rapped i n  t h e  viscous p l a s t i c  mater ia l .  
The mater ia l  i s  then cooled i n  t h e  expanded c o n d i t i o n  t o  form a porous, 

s o l i d  LWA. Subst i tu tes  f o r  t h e  more common raw mater ia ls  i n  t h e  produc- 

t i o n  o f  LWA products are na tura l  pumice and b l a s t  furnace slag. 

L ightweight  aggregate i s  used p r i n c i p a l l y  f o r  t h e  manufacture o f  
s t r u c t u r a l  concrete products such as concrete blocks and prest ressed 

s t r u c t u r a l  u n i t s .  Concrete made w i t h  LWA has about t h e  same s t rength  
and approximately two- th i rds t h e  weight  o f  concrete made w i t h  na tura l  

aggregate. Other p roper t ies  o f  concrete made w i t h  LWA, such as f i r e  

res is tance and thermal and accoust ica l  i n s u l a t i n g  q u a l i t i e s ,  make i t  

These c lays  a lso  have 50 percent  o r  more o f  t h e  p a r t i c l e s  

The extremely f i n e  grades o f  

High-temperature c a l c i n i n g  

Sect ion 3.2.6 
M u l t i p l e  

The raw mater ia ls  used t o  produce LWA a r e  chosen f o r  t h e i r  

When these mater ia ls  are heated t o  
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des i rab le  as a b u i l d i n g  mater ia l .  

f o r  more dense, n a t u r a l l y  occurr ing aggregate (grani te ,  1 imestone) and 
i s  used by companies t h a t  f u r t h e r  process the  mater ia l  i n t o  o ther  products. 

Other app l i ca t i ons  o f  LWA inc lude accous t ica l  p l a s t e r ,  r o o f i n g  granules, 

running tracks.g1 The end uses o f  LWA i n  1980 were: 
(65 percent), s t r u c t u r a l  concrete (25 percent) ,  highway su r fac ing  

(6.5 perce'nt), and other  uses (3.5 percent) .92 Fine, medium, and 'coarse 

grades o f  LWA are ava i lab le ,  ranging i n  diameter from dus t  t o  3.8 cm 

(1.5 in . ) .  Seven companies produce approximately 50 percent  o f  t he  LWA 

processed i n  the Uni ted States. 

shipped beyond approximately a 480-km (300-mi) rad ius  o f  t he  p roduc t i on ,  

f a c i l i t y .  

aggregates are scarce. 

The U.S. Bureau o f  Mines (BOM) categor izes the  raw mate r ia l s  used 

t o  produce LWA as c lays and stone. 

c lay ,  f i r e  c lay ,  benton i te ,  f u l l e r ' s  ear th ,  and common c l a y  and shale. 

Approximately 11 percent o f  the  c lays  mined i n  the  U.S. i n  1980 were 

used f o r  the product ion o f  LWA.91 Crushed s l a t e  i s  the  on ly  stone used 
 in^ twA  proa auction: - Approximately-u. US percen t -~o t  t he  c r u s h e C s t o n e - - ~ ~  

mined i n  the  U.S. i n  1980 was used f o r  t he  p r o d u c t i o n ' o f  LWA.91 L igh t -  

weight aggregate was produced a t  34 p l a n t s  i n  24 States i n  1981. The 
BOM est imated t h a t  consumption o f  c l a y  and shale used i n  the  product ion 

of LWA was 4.4 x106 Mg (4.9 x106 tons) i n  1981, compared t o  2.15 xlOs Mg 

(2.4 x105 tons) o f  s l a t e  and 7.3 x105 Mg (8.0 x105 tons) o f  slag.g1 

used by approximately 88 percent (30 o f  34) o f  the  operat ing p l a n t s  i n  

the Uni ted States. The remaining 12 percent  o f  the  operat ing p l a n t s  use 

the  t r a v e l  ing-gra te  method, o r  process n a t u r a l l y  occur r ing  LWA. Because 
of the  energy i n tens i ve  nature o f  the  t r a v e l i n g - g r a t e  process, no f u t u r e  

growth i n  the use o f  t h i s  process fo r  LWA produc t ion  i s  an t ic ipa ted .  

L igh twe igh t  aggregate i s  a s u b s t i t u t e  

higk;zj ;;rfacfng, fn:i?ating f i l l s ,  h r . . & < . - s e l + m n  c 4 c u I  ,,re applicatian;, and 

concrete b lock  

Typ ica l l y .  LWA cannot be economical ly 

Local demand f o r  LWA may be grea ter  i n  areas where na tura l  
. .  

Clays are c l a s s i f i e d  as kao l in ,  b a l l  

Two methods are used t o  produce LWA. The r o t a r y  k i l n  method i s  

3.2.11.2 Process Descr ip t ion.  . 
3.2.11.2.1 General. The operat ions invo lved i n  producing LWA are 

F igure 3-27 shows 

quarry ing o r  mining, crushing and screening, c a l c i n i n g  o r  s i n t e r i n g ,  

product coo l ing ,  and mater ia ls  handl ing and storage. 
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a diagram o f  a t y p i c a l  LWA plant,. Raw mate r ia l  i s  usua l l y  s t r ip-mined 

from open f i e l d s  by ea r th  movers. 

m i l l s ,  or pugmi l l s  are used t o  reduce t h e  s i z e  o f  the  raw mate r ia l ,  

which i s  then passed through screens. Any overs ize ma te r ia l  t h a t  does 

no t  pass ihroiigh the screens i n i t i a i i y  may be returned t o  the  crushers 

' f o r  secondary crushing. 

minus 3.8 cm C1.5 i n . ]  i n  diameter) i s  t r a n s f e r r e d  by conveyor b e l t s  t o  

feed hoppers f o r  charging. t o  the  ca l c ine r .  

3.2.11.2.2 Rotary ca lc iners .  Rotary ca l c ine rs  are f i r e d  from the  

discharge end w i th  f u e l  o i l ,  na tu ra l  gas, o r  coal. As the  cos t  o f  f u e l  

o i l  and na tu ra l  gas increases, t he  t r e n d  i s  toward the  use o f  pu l ve r i zed  
coal .  The burner used t o  f i r e  t h e  c a l c i n e r  i s  i n s t a l l e d  i n  the center  o f  

a f i x e d  o r  movable c a l c i n e r  hood. 
normal ly f ue led  by na tu ra l  gas. 

to 1,000 tons) per  day per c a l ~ i n e r . ~ ~  

t y p i c a l l y  have two o r  th ree  r o t a r y  ca lc iners .  

ca l c ine rs  s ta tes  t h a t  the  smal lest  r o t a r y  c a l c i n e r  considered t o  be eco- 

nomical for  LWA product ion i n  the U.S. i s  one t h a t  produces 450 Mg 
(500 t o n s r p e r  aay a r i& tha t= i s  approximately 3.4 m-(ll ft) i n   diameter^ 
and 50 m (175 ft) long.93 

Normal feed s izes range .from 2.4 mm (8 mesh) t o  33 mm (1.5 i n . ) .90  

When the  c lay ,  shale, o r  s l a t e  i s  not c l o s e l y  screened, segregat ion o f  

the var ious s i ze  chunks o f  raw mate r ia l  occurs as the  c a l c i n e r  ro ta tes .  
This segregat ion o f  p a r t i c l e s  i s  avoided by some c a l c i n e r  operators who 

screen the feed mater ia l  so t h a t  a narrow range o f  p a r t i c l e  s izes i s  fed  

t o  the ~ a l c i n e r . ~ ~  The f i n e s  are ca l c ined  by d i r e c t  s o l i d - t o - s o l i d  heat 
t rans fe r  from the c a l c i n e r  wa l l s ,  and the  l a r g e r  (coarser)  p a r t i c l e s  are 

ca lc ined by so l id- to-gas heat t r a n s f e r  from the  h o t  gas. 
s i ze  p a r t i c l e s  are p ro tec ted  from the  heat by the  l aye rs  o f  f i n e  and 

coarse p a r t i c l e s  and may not be completely calc ined. 
3.2.12 Magnesium Compounds 

' 3.2.12.1 Background. Natura l  b r i n e  so lu t ions ,  such as sea, lake,  

and wel lwaters are the  pr imary source o f  domest ica l ly  produced magnesium 

compounds. Magnesium compounds are a l s o  produced from na tu ra l  magnesite 

Cone crushers, jaw crushers, hammer-. 

Mater ia l  passing through the  screens (about 

The p i l o t  f lame o f  t he  burner i s  

Rotary c a l c i n e r  product ion capac i t i es  range from 230 t o  910 Mg (250 
Lightweight  aggregate p l a n t s  

One manufacturer o f  r o t a r y  

- ~ .. . _- - 

The intermediate- 
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per iod  from 1978 through 1983. Recovery i n  t h e  automotive and housing 

i n d u s t r y  helped t o  boost k a o l i n  sa les i n  t h e  l a s t  h a l f  o f  1983 b u t  t h e  
main source o f  improvement came from t h e  paper indust ry .  

cant  new expansions were i n i t i a t e d  i n  1983. Capi ta l  investment Was 

concentrated i n  s t reaml in ing  e x i s t i n g  operations, r a t h e r  than i n  

b u i l d i n g  new p lants .  

from t h e  1982 p r i c e  o f  $85.33/bQ ($77.42/ton). 

decreased 8 percent i n  1982 t o  1.18 x106 Mg (1.30 x l 0 6  tons) valued 

a t  $147 m i l l i o n ,  compared t o  a value o f  $156 m i l l i o n  i n  1981. 
inc lud ing  ca lc ined m a t e r i a l  was exported t o  68 count r ies .  The major 

r e c i p i e n t s  were Japan (34  percent) ,  Canada ( 1 5  percent) ,  the Netherlands 

(14  percent) ,  I t a l y  ( 8  percent) ,  and Mexico (5  percent) .  

valued a t  $800,000. The Uni ted Kingdom suppl ied about 94 percent and 

Canada suppl ied about 6 percent. 
increase from a 1982 base a t  an annual r a t e  o f  2 t o  4 percent through 

1990. 

NJ s i g n i f i -  

The average p r i c e  i n  1983 was $87.91/bQ ($79.76/ton), up s l i g h t l y  

Exports o f  kao l in ,  as repor ted by the U.S. Department o f  Commerce, 

Kaolin. 

Imports o f  k a o l i n  decreased 31 percent i n  1982 t o  8,500 Hg (9,400 tons) 

The demand f o r  k a o l i n  i s  expected t o  

9.1.2.6 v. Lightweight aggregate (LWA) i s  
produced by s i n t e r i n g  e i t h e r  f l y a s h  o r  c l a y l i k e  m a t e r i a l s  (i.e., c lay ,  

shale. o r  s l a t e )  t o  produce an expanded and r e l a t i v e l y  low-densi ty 

product. 

gravel ,  o r  stone. Other uses a r e  r o o f i n g  granules, acous t ica l  p las te r ,  

i n s u l a t i n g  fil I s ,  and landscaping mater ia ls .  Subs t i tu tes  f o r  t h e  

more canmn raw m a t e r i a l s  ( c l a y ,  shale, and s l a t e )  i n  t h e  product ion o f  

LWA are p e r l i t e ,  v e r m i c u l i t e ,  na tura l  punice, and b l a s t  furnace slag. 

6-year per iod 1978 through 1983 was 4.6 x106 Mg (5.0 x106 tons).  

i n g  t h i s  t i m e  product ion g e n e r a l l y  decl ined. 

LWA decreased 18 percent i n  1982 t o  3.6 x106 Mg (4.0 x106 tons)  valued 

a t  $25 m i l l i o n ,  compared wi th 4.4 x106 Mg (4.9 x106 tons)  valued a t  $31 
m i l l i o n  i n  1981. 1 0  

Lightweight aggregate i s  used i n  concrete i n  place o f  sand, 

Average annual product ion o f  l i g h t w e i g h t  aggregate dur ing  t h e  

Dur- 
[bmestic product ion o f  
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There i s  no impor t  o r  expor t  o f  LWA because o f  t h e  h igh  transpor-  

t a t i o n  cost.  

p r o f i t a b l y  beyond approximately a 485-km ( 3 0 0 n i l e )  rad ius  o f  a p lant .  
Alm, most count r ies  have l o c a l  deposi ts  o f  c lays  and/or shales t h a t  
a r e  adequate f o r  manufacturing s t r u c t u r a l  c l a y  products, cement c l i n k e r ,  

and LWA, and thus they have no need t o  i m p o r t  such m a t e r i a l s .  

mining/quarry ing s i t e s  loca ted  near t h e  p lan t .  

s o l d  t o  companies t h a t  f u r t h e r  process t h e  aggregate i n t o  o ther  products, 

t h e r e f o r e  most p lan ts  are no t  v e r t i c a l l y  in tegra ted  operations. b l y  
one company ( S o l i t e  Corporation) i s  known t o  use i t s  aggregate i n  t h e  

product ion o f  end products. Other companies may do so t o  a lesser  

extent.  

I n  1978, t h e  predominant end use o f  LWA according t o  t h e  U.S. 

The next  major  use was i n  s t r u c t u r a l  concrete, 

Nei ther the raw m a t e r i a l s  nor  t h e  products can be shipped 

A t y p i c a l  LWA product ion f a c i l i t y  ob ta ins  raw m a t e r i a l  f r o m  
The LWA produced i s  

Bureau o f  Mines was concrete b lock  products, u t i l i z i n g  over 60 percent 

of  LWA product ion.  

fol lowed by highway sur fac ing.  

The LWA i n d u s t r y  faces vary ing  degrees o f  compet i t ion from several 
- 1 . 1 1  **\.-.., ,#,-,"" "'3 .-",,.7C, "L.c,"II JU.IIU UIIU LJ, a l e , ,  L I " > l , ~ "  ,LUlle, 

pumice, and to a l e s s e r  degree p e r l i t e  and vermicu l i te .  Some o f  these 
a r e  c loser  s u b s t i t u t e s  than others,  depending on t h e  end product 

app l i ca t ion .  Thus, LWA, crushed stone, pumice, per1 i t e  and t h e  others 

a r e  no t  p e r f e c t  s u b s t i t u t e s  competing "head-to-head" w i t h  each o ther  i n  

every app l i ca t ion .  But, t o  vary ing degrees, t h e r e  are s u b s t i t u t e s  
a v a i l a b l e  f o r  LWA, and these must be considered i n  any economic analy- 

s i s .  

as i n  b r idge deckings and h i g h - r i s e  bu i ld ings ,  1 igh twe igh t  aggregate 

has a s i g n i f i c a n t  compet i tve advantage. 

- ~- r . . l . . r* iC . .*^-  i --,.. Ad-.. __--*-..-A:-- ---A - - A  - - -  -. - -  - L . A  - A _ - -  ~ . _  

For example, i n  end uses h e r e  he igh t  savings a r e  important,  such 

Capacity expansions a t  e x i s t i n g  p lan ts ,  c o n s t r u c t i o n  o f  new 

p l a n t s  and merger a c t i v i t y  a l l  slowed dur ing  1982. The cons t ruc t ion  

indus t ry ,  which i s  t h e  l a r g e s t  consumer o f  heavy c lay  products, has 

experienced a slow rebound i n  growth i n  recent years. 

9-14 



The demand f o r  LWA products i s  t i e d  d i r e c t l y  t o  t h e  a v a i l a b i l i t y  

and cost  o f  t r a n s p o r t a t i o n  and raw m a t e r i a l s  connected w i t h  t h e  b u i l d -  
i n g  and cons t ruc t ion  indus t r ies .  

together  w i t h  the a v a i l a b i l i t y  o f  s u b s t i t u t e  products, makes i t  d i f f i -  

c u l t  t o  forecast  growth i n  t h e  LWA i n d u s t r y .  

9.1.3 Diatomi te 
The major processed d i a t o m i t e  products are powders and aggre- 

gates o f  v a r i a b l e  s izes and grades t h a t  are uncalcined ( n a t u r a l ) ,  

s t ra ight -ca lc ined.  o r  f lux-ca lc ined.  A l l  domestic commercial d ia tomi te  
o r i g i n a t e s  i n  t h e  Western States, b u t  t h e  major markets are i n  t h e  

East. 
(50- lb)  bags, t r a n s p o r t a t i o n  costs  are a substant ia l  p o r t i o n  o f  t h e  

t o t a l  cost. 

fo l lowed by t h e  U.S.S.R. and France." 
i n  1982 t o  $108 m i l l i o n ,  compared wi th  $113 m i l l i o n  i n  1981. 

product ion increased i n  1983 t o  0.57 x106 Mg (0.63 x106 tons),  

compared t o  0.56 x106 Mg (0.61 x106 tons)  i n  1982. 

product ion dur ing t h e  6-year p e r i o d  from 1978 through 1983 was 0.60 

x106. Mg (0.66 x106 tons) .  

reaching $215/Mg ($195/ton) i n  1983.12 
Pr inc ipa l  uses o f  d i a t o m i t e  have n o t  changed over t h e  years w i t h  

t h e  m a j o r i t y  (68 percent) used i n  f i l t r a t i o n  media, and t h e  remaining 
32 percent used i n  i n d u s t r i a l  f i l l e r s ,  i n s u l a t i o n .  and o ther  uses. 

and 1982. 

(0.14 x106 tons),  compared w i t h  0.15 x106 Mg (0.16 x106 tons)  i n  

1981. The quant i t y  o f  d i a t o m i t e  exported i n  1982 represented 23 

percent o f  U.S. production, which has changed very l i t t l e  i n  recent 
years. Exports increased s l i g h t l y  i n  1983 t o  0.13 x106 Mg 

(0.15 x106 tons) .  

decl ined i n  1982 t o  229 Mg (252 tons) ,  canpared w i t h  349 Mg (385 tons)  

i n  1981. 

The f l u c t u a t i o n s  i n  these indus t r ies ,  

Because t h e  m a j o r i t y  o f  d i a t o m i t e  powders are packaged i n  23-kg 

The United States i s  t h e  wor ld 's  l a r g e s t  d ia tomi te  producer, 

Tota l  value o f  sales decl ined 
However, 

Average annual 

Pr ices increased dur ing t h i s  per iod,  

Exports of d ia tomi te  reached a peak i n  1980, and dec l ined i n  1981 

I n  1982, exports dec l ined 13 percent t o  0.13 x106 Mg 

Imports o f  d ia tomi te,  which are r e l a t i v e l y  small, 

9-15 



o u t l e t  o f  t h e  f a b r i c  f i l t e r  c o n t r o l l i n g  emissions from a spray dryer .  

The dryer  operated a t  83 percent o f  design capaci ty  dur ing  the t e s t s .  

The design a i r - t o - c l o t h  r a t i o  f o r  t h e  f a b r i c  f i l t e r  i s  3.8:1, and the 

design pressure drop across t h e  u n i t  i s  1.5 kPa (6  i n .  w.c.). 
r e p o r t  noted t h a t  i s o k i n e t i c  sampling r a t i o s  were 100 percent 210 percent. 
I n d i v i d u a l  i s o k i n e t i c  r a t i o s  were n o t  repor ted f o r  each run. 
upsets were noted i n  t h e  repor t .  

the system tested.  P a r t i c u l a t e  emission t e s t s  were conducted on a 

shaker-type f a b r i c  f i l t e r  c o n t r o l l i n g  emissions f r o m  a spray dryer .  

dryer  operated a t  104 percent o f  maximum capaci ty  dur ing  t h e  t e s t s  and 

was f i r e d  by na tura l  gas. Actual baghouse operat ing parameters were not 
reported. 

f low r a t e  o f  39.18 m3/s (83,000 acfm), a t o t a l  c l o t h  area o f  4,459 m* 
(48,000 f t2) ,  and an a i r - t o - c l o t h  r a t i o  o f  1 .7 : l .  
were noted i n  t h e  t e s t  repor t .  

C .  1.11 Lightweight  Aggregate 

system tested.  

and o u t l e t  o f  a medium-energy wet scrubber c o n t r o l l i n g  emissions from a 
r o t a r y  c a l c i n e r  a t  P l a n t  K1. Other t e s t s  included s u l f u r  d iox ide,  

n i t rogen oxide, and hydrocarbon emissions ( o u t l e t  on ly)  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  ( i n l e t  and. o u t l e t ) .  V i s i b l e  emission observat ions 

were made a t  t h e  scrubber stack, and f u g i t i v e  emission observat ions were 
made a t  t h e  c a l c i n e r  seals.  

The r o t a r y  c a l c i n e r  operated a t  83 percent o f  design capac i ty  

The 

No process 

C.1.10.4 P l a n t  J4-- Indust ry  Test. F igure C-18 i s  a schematic o f  

The 

Design parameters f o r  the f a b r i c  f i l t e r  inc lude an i n l e t  gas 

No process upsets 

C . l . l l . l  P lan t  K1--EPA Test. F igure C-20 i s  a schematic o f  the 

P a r t i c u l a t e  emission t e s t s  were conducted on t h e  i n l e t  

dur ing the t e s t s  and was f i r e d  by pu lver ized  coal. 
was present a t  t h e  t e s t  s i t e  t o  i n d i c a t e  water f l o w  r a t e  t o  t h e  wet 
scrubber o r  the i n l e t  and o u t l e t  gas f l o w  rates,  temperatures, o r  

pressure drop. The design pressure drop i s  1.5 kPa (6  i n .  w.c.).  The 

6-minute average o p a c i t i e s  a t  the scrubber stack ranged from 0 t o  
3.8 percent. A1 1 process f u g i t i v e  emission observations were zero 

percent opaci ty.  

system tested. 

No ins t rumentat ion 

No process upsets were reported. 
C.1.11.2 P l a n t  KZ--EPA Test. F igure C-20 i s  a schematic o f  t h e  

Emission t e s t s  were conducted on a r o t a r y  c a l c i n e r  a t  

C-13 



Plant  K2 t h a t  was c o n t r o l l e d  by a wet scrubber. 

dur ing the t e s t  was kept constant a t  83 percent o f  design capaci ty.  The 

c a l c i n e r  was f i r e d  w i t h  pu lver ized  coal .  No ins t rumentat ion was present 

a t  the p l a n t  t o  measure the scrubber pressure drop, i n l e t  and o u t l e t  gas 

The product ion r a t e  

::ow ?ri tes and temperatures, o r  l i q y i d  f l o w  r a t e s .  

P a r t i c u l a t e  and p a r t i c l e  s i z e  t e s t s  were conducted simultaneously 
a t  the.scrubber i n l e t  and o u t l e t  t e s t  loca t ions .  

p a r t i c u l a t e  t e s t s  a t  t h e  scrubber i n l e t  was voided due t o  an excessive 

p o s t - t e s t  leak  and loss  o f  sample dur ing  t h e  recovery phase. 

were n o t  inc luded i n  t h e  repor t .  The scrubber m i s t  e l i m i n a t o r  was no t  

func t iona l  d u r i n g  t e s t i n g ;  therefore,  o u t l e t  data are n o t  representat ive 

o f  normal scrubber performance and are n o t  included. 

Three p a r t i c l e  s i z e  d i s t r i b u t i o n  samples were c o l l e c t e d  a t  the 

scrubber i n l e t .  Tests f o r  s u l f u r  d iox ide  were conducted simultaneously 

a t  the scrubber i n l e t  and o u t l e t  t e s t  l o c a t i o n s ,  and t e s t s  f o r  n i t rogen 

d iox ide  and hydrocarbon contents i n  the scrubber exhaust gas were 

performed concurrent w i t h  the SO, t e s t s .  V i s i b l e  emission observations 

and SO, t e s t s  performed a t  the scrubber o u t l e t  are no t  representa t ive  

due t o  t h e  f a u l t y  m i s t  e l im ina tor .  

made a t  t h e  c a i c i n e r  feed i n i e t  ana at -cne c a i c i n e r  seais. ine h n i n u c e  

average o p a c i t i e s  a t  t h e  i n l e t  ranged from 6.3 t o  10.0 percent.  

opac i t ies  were 0 percent a t  the c a l c i n e r  seals. 

normally f o r  t h e  d u r a t i o n  o f  the t e s t s .  

The f i r s t  s e t  o f  

These data 

F u g i t i v e  emission observat ions were 
-. 

A l l  

The process operated 

C.1.11.3 P l a n t  K3--Industry Test. F igure  C-21 i s  a schematic o f  

the systems tes ted .  

o u t l e t s  o f  wet scrubbers c o n t r o l l i n g  emissions from two r o t a r y  c a l c i n e r s  

a t  P lan t  K3. 

capaci ty,  r e s p e c t i v e l y ,  and were f i r e d  by pu lver ized  coal .  The pressure 

drop across each o f  t h e  scrubbers was 3.5 kPa (14 i n .  w.c . ) .  Dur ing the 

t e s t s  on one c a l c i n e r ,  a m u l t i p l e  cyclone c o l l e c t o r  preceded the wet 

scrubber f o r  product  recovery. 

dur ing t h e  t e s t s  on t h e  o ther  c a l c i n e r .  

t i o n  were a lso  made a t  the m u l t i p l e  cyclone c o l l e c t o r  i n l e t .  

upsets were repor ted  i n  t h e  t e s t  repor ts .  

P a r t i c u l a t e  emission t e s t s  were conducted a t  t h e  

The c a l c i n e r s  operated a t  109 and 100 percent o f  design 

The cyclone c o l l e c t o r  was bypassed 

Measurements o f  SO, concentra- 

No process 
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C.1.11.4 Plant K4--Industry Test. Figure C-22 is a schematic of 
the system tested. 
outlet of a wet scrubber (gravity spray chamber) controlling emissions 
from a rotary calciner. 
during the tests and was fired by No. 2 fuel oil. Visible emission 
observations were made at the scrubber outlet after completion of the 
third particulate run and have not been tabulated. The design pressure 
drop for the wet scrubber is 0.5 kPa (2 in. w.c.). The pressure drop 
during the test was not reported. 
plant and all associated air pollution control equipment were operating 
normally. 

the system tested. 
inlet and outlet of a reverse-air fabric filter controlling emissions 
from a rdtary calciner. 
during the tests and was fueled by pulverized coal. Actual operating 
parameters for the fabric filter were not reported. Design parameters 
for the fabric filter include a total cloth area of 520 m2 (5,600 ftz), 
a pressure drop of 1.2 to 1.9 kPa (5 to 8 in. w.c.), and an air-to-cloth 
ratio o f  5:l. 

During Run No. 2, a malfunction of the coal mill caused a temporary 
shutdown of the system. 
other process upsets were noted in the test report. 

medium-energy impinjet wet scrubber controlling emissions from a rotary 
calciner. 
and was fired with pulverized coal. 
sulfur dioxide, nitrogen oxide, and hydrocarbon emissions, and trace 
metal content. 

Particulate emission tests were conducted at the 

The calciner operated at 92 percent o f  capacity 

During the period of testing, the 

C.1.11.5 Plant K5--Industry Test. Figure C-23 is a schematic of 
Particulate emission tests were conducted at the 

The calciner operated at maximum capacity 

Testing was resumed in about 2 minutes. No 

C.1.11.6 Plant K6--EPA Test. Emission tests were conducted on a 

The rotary calciner operated at. 100 percent o f  design capacity 
Tests included particulate emissions, 

Some problems occurred during hydrocarbon sampling due to the high 
moisture content of the scrubber exhaust gas. 
of continuous hydrocarbon monitoring data was obtained. 
concentrations varied from 140 to 220 ppm with an average concentration 
o f  175 ppm as methane. 
emission rate of 4.2 kg/h (9.3 lb/h). 

Subsequently, only 1 hour 
The hydrocarbon 

This average concentration corresponds to an 
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Visible emission observations were made a t  the scrubber exhaust 
s tack ,  and fugi t ive  emission observations were made a t  the calciner  

seals .  
ranged from 0 to  15 percent. 
0 percent opacity.  

The 6-minute average opacity measurements a t  the scrubber ou t l e t  
All fug i t ive  emission observations were 

No instrumentation was present a t  the t e s t  s i t e  t o  indicate  the 
*..- noter = 1 - . .  I 1~~ ~ t e ,  the i n i e t  and o u t l e t  gas flow r a t e s ,  or  pressure drop 

f o r  the wet scrubber. 
i s  2.5 kPa (10 in. w .c . ) .  Process operations were normal. 
C . 1 . 1 2  Magnesium Compounds 

the system tes ted .  
ou t l e t  of a reverse-air  fabr ic  f i l t e r  control l ing emissions from a 
multiple hearth furnace. 
(based on process feed r a t e s )  during the test and was f i r e d  by No. 6 
fuel o i l .  
personnel and t h a t  a l l  opacity readings were 0 percent. 
r a t i o  of the fabr ic  f i l t e r  during the t e s t s  was 1 . 4 : l .  
operations were normal. 

The design pressure d rop  across the wet scrubber 

C.1.12.1 Plant L1--Industry Test.  Figure C-24 i s  a schematic of 
Par t icu la te  emission t e s t s  were conducted a t  the 

The furnace operated a t  85 percent of capacity 

The report  notes tha t  opacity was observed by S ta te  t e s t ing  
The air- to-cloth 

Process 

C.1.12.2 Plant LZ--Industry Test.  Figure C-25 i s  a schematic of 
the  system tes ted .  
o u t l e t  o f   two E S P ’ s  in s e r i e s  control l ing emissions from a rotary 
ca lc iner .  
tes ts  and was f i r e d  by natural gas. 
area of the two ESP’s was 1 . 8  m 2  per m3/min (550 f t3 / l ,000  acfm) during 
the  t e s t s .  

Par t icu la te  emission t e s t s  wero mcc!zc+:c’~~;t:$:ig -~ 
~ 

~ ~~ 

The ca lc iner  operated a t  92 percent of capacity during the 
The combined spec i f i c  col lect ion 

No process upsets were noted in the  report. 
C.  1.12.3 Plant L3--Industry Test. Emission t e s t s  were conducted 

a t  the ou t l e t  o f  the  wet scrubber cont ro l l ing  emissions from a rotary 
calciner .  
During t h e  t e s t s ,  pressure drop across t h e  scrubber was 2.5 kPa (10 in. 
w . c . ) .  
and was f i r e d  by No. 6 fuel o i l .  
t e s t  report .  

conducted a t  the o u t l e t  o f  an ESP control l ing emissions from a rotary 

The scrubber was preceded by a product recovery cyclone. 

The ca lc iner  operated a t  95 percent o f  capacity during the t e s t s  
No process upsets were noted in  the 

C .  1.12.4 Plant L4--Industry Test. Par t icu la te  emission t e s t s  were 
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F igure  C-54. P a r t i c l e  s i z e  d i s t r i b u t i o n  data: 
r o t a r y  c a l c i n e r  scrubber i n l e t - - P l a n t  K1. 
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Figure C-56. Particle size distribution data: 
rotary calciner scrubber outlet (Run 5)--Plant K1. 
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TABLE C- 81. SUMMARY OF VISIBLE EMISSIONS--PLANT K 1  

Date 
Indus t r y  L ightweight  aggregate 
Process u n i t  Rotary c a l c i n e r  
Locat ion o f  discharge Scrubber o u t l e t  

Height o f  observat ion po in t ,  f t  
Height  o f  p o i n t  o f  discharge, f t  
Distance from observer t o  discharge p o i n t ,  f t  
D i r e c t i o n  o f  observer from discharge p o i n t  
Descr ip t ion  o f  background 
Descr ip t ion  o f  sky 

Wind d i r e c t i o n  
Wind v e l o c i t y ,  mph 
Color o f  plume 
Dura t ion  o f  observat ion,  min 
Per iod o f  observat ion 1035-1129 

1135-1153 
1159-1229 
1240-1310 
1316-1334 

Highest s i n g l e  reading, percent 
Highest 6-minute average, percent  

I C-159 



TABLE C- 82. SUMMARY OF V I S I B L E  EMISSIONS--PLANT K1 

Date 
I n d u s t r y  
Process u n i t  
iocaiian o f  discharge 

Height o f  observat ion p o i n t ,  f t  
Height o f  p o i n t  o f  discharge, ft 
Distance from observer t o  discharge p o i n t ,  f t  
D i r e c t i o n  o f  observer from discharge p o i n t  
Descr ip t ion  o f  background 
Descr ip t ion  o f  sky 

Wind d i r e c t i o n  
Wind v e l o c i t y ,  mph 
Color of plume 
Durat ion o f  observation, min 
Per iod o f  observat ion 

Highest s i n g l e  reading, percent 
Highest 6-minute average, percent 

7/15/81 
Lightweight  aggregate 

Rotary c a l c i n e r  
JCI " " " 6 1  " "c8et  C - - . . L . h r r  r r i i + l  

8 
150 
400 

E 
s kY 

Clear 

NE 
0- 3 

White 
84 

0900-0954. 
1000-1054 
1100-1142 

5 
3.8 



TABLE C-83. SUMMARY OF VISIBLE EMISSIONS--PLANT K 1  

Date 
I n d u s t r y  
Process u n i t  
Locat ion  o f  d ischarge 

Height  o f  observat ion po in t ,  f t  
He igh t  o f  p o i n t  o f  discharge, f t  
Distance from observer t o  discharge p o i n t ,  f t  
D i r e c t i o n  o f  observer from discharge p o i n t  
Desc r ip t i on  o f  background 
Desc r ip t i on  o f  sky 

Wind d i r e c t i o n  
Wind v e l o c i t y ,  mph 
Color  o f  plume 
Dura t ion  o f  observat ion,  min 
Per iod o f  observat ion 

Highest s i n g l e  reading, percent 
Highest  6-mi nute average, percent 

7/15/81 
L ightweight  aggregate 

Rotary c a l c i n e r  
Scrubber o u t l e t  

10 
150 
200 

SE 
s kY 

Scat tered 

5 
0-5 

White 
72, 

1355-1613 

5 
1.5 

'12 se ts  o f  6-minute observations were made du r ing  t h i s  per iod.  

2.0 
1.8 
1.6 

I 1.4 
-1.2 

E 1.0 r' 0.8 
0' 0.8 

0.4 
0.2 
0.0 

0 1 10 II 20 n lo Sk HLDBER 
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TABLE C-84. SUMMARY OF SULFUR D I O X I D E  EMISSIONS DATA--PLANT K1 
Industry:  L igh twe igh t  aggregate 

Process u n i t :  Rotary c a l c i n e r  
Locat ion o f  discharge: Scrubber i n l e t  and o u t l e t  

Mass 
Concen- emission 

Date, t r a t i o n ,  r a t e ,  Temp., 
T e s t  l o c a t i o n  1981 g/dsm3 (ppm) kg/h ( lb /h )  O C  (OF) 

Scrubber i n l e t a  

Run No. 1 
Run No. 2 
Average 

Run No. 3 
Run No. 4 
Average 

Run No. 5 
Run No. 6 
Average 

b 

-xu,, ;.io.. -1- - . 
Run No. 2 
Average 

Run No. 3 
Run No. 4 
Average 

Run No. 5 
Run No. 6 
Average 

Scrubber o u t l e t  

7/17 
7/17 
-- 
7/17 
7/17 
-- 
7/17 
7/17 
-- 

- .-- 
7 / 1 1  
7/17 
-- 
7/17 
7/17 
-- 
7/17 
7/17 
-- 

1.04 (390) 70.9 (156) 
1.76 (660) 120 (265) 
1.40 (525) 95.6 (211) 

1.67 (628) 114 (252) 
1.69 (635) 116 (255) 
1.68 (632) 115 (254) 

1.61 (603) 110 (242) 
1.69 (635) 116 (255) 
1.65 (619) 113 (248) 

f i . 3 9  ( iGj  ~ 24.5 (54j 
0.508 (191) 35.7 (78.6) 
0.429 (161) 30.1 (66.3) 

0.421 (158) 29.6 (65.2) 
0.469 (176) 32.9 (72.6) 
0.445 (167) 31.3 (68.9) 

0.317 (119) ’ 22.2 (48.9) 
0.218 (82) 15.2 (33.6) 
0.268 (101) 18.7 (41.3) 

6, 

;&- 

.I$ ’. 

~ .. , 
417 (782) 
417 (782) 
417 (982) 

i 
e*:. $$ 

417 (782) .,. . 

.:* 

. ,*.~ 
. ,”-- 

417 (782) 
417 (782) 

417 (782) 
417 (782) 
417 (782) 

. . .  

3 .‘ 

_- 
~ _I ti4 ii4-1) 

64 (147) 
64 (147) 

64 (147) 
64 (147) 
64 (147) 

64 (147) 
64 (147) 
64 (147) 

a Mass emission r a t e s  are based on the  average s tack  gas f l o w  r a t e  deter-  
mined du r ing  the  i n l e t  p a r t i c u l a t e  t e s t s  (19.234 dsm3/s [40,755 dscfm]. 

bMass emission r a t e s  are based on the  average s tack gas f l o w  r a t e  deter-  
mined dur ing  the  o u t l e t  p a r t i c u l a t e  t e s t s  (19.721 dsm3/s [41,788 dscfm]). 
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TABLE C-85. SUMMARY OF NITROGEN O X I D E  EMISSIONS DATA--PUNT ~1 
Indust ry :  L ightweight  aggregate 

Process u n i t :  Rotary c a l c i n e r  
Locat ion o f  discharge: Scrubber o u t l e t  

Date, Concentrat ion,  
Test l o c a t i o n  1981 g/dsm3 bpm) 

Mass 
emission r a t e ,  

kg/h ( lb/h) 

Scrubber o u t l e t a  

Sample No. 1 A  7/17 0.358 (187) 25.4 (56.1) 
SamDle No. 18 7/17 0.331 (173) 23.5 (51.8) 
Sample NO. IC 7/17 0.365 ( m j  26.0 (57.3) 
Sample No. 10 7/17 0.375 (196) 26.6 (58.7) 

f Average 0.357 (187) 25.4 (56.0) 

Sample No. 2A 7/17 0.346 (181) 24.6 (54.2) 
Sample No. 28 7/17 0.365 (191) 25.9 (57.2) 
Sample No. 2C 7/17 0.335 (175) 23.9 (52.6) 
Sample No. 20 7/17 0.377 (197) 26.8 (59.0) 
Average -- 0.356 (186) 25.3 (55.8) 

Sample No. 3A 7/17 0.337 (176) 
Sample No. 38 7/17 0.362 (189) 
Sample No. 3C 7/17 0.365 (191) 25.9 (57.2) 
Sample No. 30 7/17 0.350 (183) 24.8 (54.7) 

23.9 (52.8) 
25.7 (56.6) 

Average -- 0.354 (185) 25.1 (55.3) 

aMass emission ra tes  are based on t h e  average s tack  gas f l o w  r a t e  deter-  
mined dur ing  t h e  scrubber o u t l e t  p a r t i c u l a t e  t e s t s  (19.721 dsm3/s 
[41,788 dscfm]. 
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Figure C-57. Particle size distribution data: 
rotary calciner scrubber inlet--Plant K2. 
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TABLE C-88. SUMMARY OF PROCESS FUGITIVE EMISSIONS--PLANT K2 

Date 

Indus t r y  

Process u n i t  

Per iod o f  observat ion 

( 

Locat ion o f  discharge p o i n t  

Highest s ing le  reading, percent  

Highest 6-minute average, percenta 

125) 

2/23-25/82 

L igh twe igh t  aggregate 

Rotary c a l c i n e r  

(2/23) 12:34-15:41; 
(2/24) 14: 10-15: 46; 

0:53-11:05; 12:49-13:OO 

Calc iner  i n l e t  

10 

10 

a Six-minute averages taken dur ing  t e s t i n g  were a l l  0 percent  opac i ty  unless 
noted below. 
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TABLE C-89. SUMMARY OF SULFUR D I O X I D E  EMISSIONS DATA--PLANT K2 
Indust ry :  L ightweight  aggregate 

Process u n i t :  Rotary c a l c i n e r  
Locat ion o f  discharge: Scrubber i n l e t  

Mass 
Concen- emission 

j Date, t r a t i o n ,  r a t e ,  
Test l o c a t i o n  1982 g/dsm3 (ppm) kg/h ( lb /h)  

Scrubber i n l e t a  

Run No. 1 2/26 4.91 (1,862) 205 (452) 519 (968) 
Run No. 2 2/26 6.09 (2,314) 255 (562) 530 (988) 

Average -- 5.50 (2,088) 230 (507) 525 (978) 

Run No. 3 2/26 6.17 (2,342) 258 (569) 524 (977) 
Run No. 4 2/27 5.63 (2,135) 235 (519) 511 (954) 

Average -- 5.90 (2,239) 247 (544) 518 (966) 

Run No. 6 2/27 5.40 (2,052) 226 (499) 527 (981) 

Average -- 5.46 (2,074) 228 (504) 526 (980) 

Run No. 5 2/27 5.52 (2,095) 231 (509) 525 (979) i 
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TABLE C-90. SUMMARY OF NITROGEN O X I D E  EMISSIONS O A T A - - P ~ ~ , , , ~  K2 
Indust ry :  L ightweight  aggregate 

Process u n i t :  Rotary c a l c i n e r  
Locat ion o f  discharge: Scrubber o u t l e t  

Test l o c a t i o n  

Mass 
Date, Concentrat ion, emission ra te ,  
1982 g/dsm3 (ppm) kg/h ( lb /h)  

Scrubber o u t l e t a  

Sample No. 1 A  2/27 0.363 (189) 30.4 (67.1) 
Sample No. 18 2/27 0.468 (244) 39.3 (86.6) 

Sample No. 1D 2/27 0.439 (229) 36.8 (81.2) 
Average -- 0.417 (218) 35.0 (77.2) 

Sample No. 1C 2/27 0.399 (208) 33.5 (73.8) 

Sample No. 2A 2/27 0.396 (207) 
Sample No. 28 2/27 0.394 (206) 
SamDle No. 2C 2/27 0.575 (300) 

33.2 (73.3) 
33.0 (72.8) 
48.2 (106) 

Sample No. 20 2/27 0.386 (201) 32.3 (71.3) 
Average -- .0.392 (205) 36.7 (72.5) 

2/27 0.295 (154) 24.7 (54.5) Sample No. 3A 
Sample No. 38 2/27 0.411 (215) 34.5 (76.1) 
Sample No. 3C 2/27 0.380 (198) 31.9 (70.3) 
Sample No. 30 2/27 0.367 (192) 30.8 (67.8) 
Average _-  0.386 (202) 32.4 (71.4) 

b 

aMass emission ra tes  are based on t h e  average stack gas f l o w  r a t e  deter-  

b O u t l i e r  n o t  used i n  average. 

’ 

mined dur ing  t h e  scrubber o u t l e t  p a r t i c u l a t e  t e s t s  (23.321 dsm3/s 
[49,414 dscfm]. 
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TABLE C-94. SUMMARY OF SULFUR D I O X I D E  EMISSIONS D A T A - - ~ L A N T  K3 1, /1 
Indust ry :  L ightweight  aggregate 

Process u n i t :  Rotary c a l c i n e r  
Locat ion o f  discharge: M u l t i p l e  cyclone c o l l e c t o r  i n l e t  

~~ ~ 

Mass 
Concen- emi ss i on 

Date, t r a t i  on, r a t e ,  Temp., 
T e s t  l o c a t i o n  1979 g/dsm3 (ppm) kg/h ( lb /h)  'C (OF) 

M u l t i p l e  cyclone i n l e t  

Run No. 1 6/5 2.60 ( N / A ) ~  281 (619) ' 146 (295) 

Run No. . 2  6/5 2.71 (N/A) 171 (377) 164 (328) 

166 (330) Run No. 3 6/6 3.14 (N/A) 195 (429) 

Average -- 2.82 (N/A) 216 (475) 159 (318) 

aN/A = In fo rmat ion  n o t  ava i lab le .  
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Figure C-58. Particle s i z e  distribution data: 
rotary calciner scrubber outlet--Plant K6. 
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TABLE C-99. SUMMARY OF VISIBLE EMISSIONS--PLANT K6 

Date 
Industry 
Process u n i t  
Location of discharge 

Height of observation point ,  f t  
Height of point of discharge, f t  
Distance from observer t o  discharge poin t ,  f t  
Direction of observer from discharge point  
Description o f  background 
Description of sky 

Wind direct ion 
Wind velocity,  mph 
Color of plume 
Duration of observation, m i n  
Period of observation 

2/23/81 
Lightweight aggregate 

Rotary ca lc iner  
Scrubber o u t l e t  

Ground 
100 

200, 100 
E ,  SW 

Clear sky 
Clear 

sw 
10-15 
White 

1030-1709 84a 

15 Highest s ingle  reading, percent 

a14 s e t s  of 6-minute observations were made during th i s  period. 

Highest 6-minute average, percent 10.0 
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TA3LE C- 100. SUMMARY OF VISIBLE EMISSIONS--PLANT K6 

Date 
I n d u s t r y  
Process un i t  
iocat-;aii cf discharge 

Height  of observat ion p o i n t ,  f t  
Height  o f  p o i n t  o f  discharge, f t  
Distance from observer t o  discharge p o i n t ,  f t  
D i r e c t i o n  o f  observer from discharge p o i n t  
Descr ip t ion  o f  background 
Descr ip t ion  o f  sky 

Wind d i r e c t i o n  
Wind v e l o c i t y ,  mph 
Color o f  plume 
Dura t ion  o f  observation, min 
Per iod o f  observat ion 

Highest s i n g l e  reading, percent  
Highest 6-minute average, percent  

2/24/81 
L ightweight  aggregate 

Rotary c a l c i n e r  
Scrubber o u t l e t  

Ground 
100 

200, 100 
E, SW 

Clear sky 
Scattered, broken 

sw, s 
5 

White 

0912-1526 

15 
9.8 

a13 sets  o f  6-minute observat ions were made d u r i n g  t h i s  per iod.  

C-180 



TABLE C-101. SUMMARY OF SULFUR DIOXIDE EMISSIONS DATA--PLANT K6 
Indust ry :  L igh twe igh t  aggregate 

Process unit: Rotary c a l c i n e r  
Locat ion o f  discharge: Scrubber i n l e t  and o u t l e t  

Mass 
Concen- emission 

Oate, t r a t i o n ,  ra te ,  Temp., 
Test l o c a t i o n  1981 g/dsm3 (ppm) kg/h ( lb /h)  OC ( O F )  

Scrubber i n l e t  

Run No. 1 
Run No. 2 

Average 

Run No. 3 
Run No. 4 

Average 

Run No. 5 
Run No. 6 

Average 

Scrubber o u t l e t  

Run No. 1 
Run No. 2 

Average 

Run No. 3 
Run No. 4 

Average 

Run No. 5 
Run No. 6 

Average 

2/26 
2/26 
-- 

2/26 
2/26 
-- 
2/26 
2/26 
-- 

2/26 
2/26 
-- 

2/26 
2/26 
-- 

2/26 
2/26 
-- 

0.718 (273) 
0.753 (286) 

0.736 (280) 

0.785 (299) 
0.702 (267) 

0.744 (283) 

0.660,(251), 
0.231 (88) 
0.660 (251) 

0.481 (183) 
0.509 (194) 

0.495 (189) 

0.562 (214) 
0.485 (185) 
0.524 (200) 

0.489 (186) 
0.537 (204) 

0.513 (195) 

19.9 (43.9) 
19.8 (43.7) 

19.9 (43.8) 

24.3 (53.6) 
21.7 (48.0) 

23.0 (50.8) 

19.2,(42.2) 
6.7 (14.7)a. 

19.2 (42.2) 

17.4 (38.3) 
18.4 (40.5) 

17.9 (39.4) 

20.3 (44.8) 
17.5 (38.7) 

18.9 (41.8) 

17.7 (38.9) 
19.4 (42.8) 

18.6 (40.9) 

338 (640) 
338 (640) 

338 (640) 

338 (640) 
338 (640) 
338 (640) 

338 (640) 
338 (640) 

338 (640) 

77 (170) 
77 (170) 

77 (170) 

77 (170) 
77 (170) 

77 (170) 

77 (170) 
77 (170) 

77 (170) 

a Out l i e r - -no t  inc luded i n  averages. 
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TABLE C-102. SUMMARY OF NITROGEN O X I D E  EMISSIONS DATA--PLANT K6 
Indust ry : .  L igh twe igh t  aggregate 

Process u n i t :  Rotary c a l c i n e r  
Locat ion o f  discharge: Scrubber o u t l e t  

i !  
I '  

: j  i 

Test  l o c a t i o n  

3 
Mass 

Date. Concentrat ion.  emission r a t e ,  
1981. g/dsm3 (ppm) . kg/h ( lb /h)  

Scrubber o u t l e t  

Sample No. 1 A  
Sample No. 1 B  
Sample No. 1 C  
Sample No. 10 

Average 

Sample No. 2A 
Sample No. 28 
Sample No. 2C 
Sample No. 20 
Average 

Sample No. 3A 
Sample No. 38 
Sample No. 3C 

Average 

Sainp;e iiu. JU 

2/26 
2/26 
2/26 
2/26 
-- 
2/26 
2/26 
2/26 
2/26 

2/26 
2/26 
2/26 
n / n c  
L, L" 

0.282 (147) 
0.330 1172) 
0.325 ( i 7 o j  
0.266 (139) 
0.301 (157) 

0.268 (140) 
0.270 i i 4 i j  
0.289 (151) 
0.300 (157) 
0.282 (147) 

0.302 (158) 
0.231 (121) 
0.294 (153) 

10.2 (22.4) 
11 .9  (26.3) 
i i .8 i25.9j  

9.6 (21.2) 
10.9 (24.0) 

9.7 (21.4) 
9 .7  i z i . 5 j  

10.4 (23.0) 
10.8 (23.9) 
10.2 (22.5) 

10.9 (24.1) 
8.3 (18.4) 

10.6 (23.4) 
-- in A . 1 7 7  . si - .. 
10.1 (22.2) 

Mass emission r a t e  i n  kilograms per  hour (kg/h) and pounds per  hour 
( lb /h )  ca lcu la ted  us ing average measured f l o w  obtained from t h e  
p a r t i c u l a t e  t e s t s .  

a 

. 

: :  
I 
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TABLE C-103. SUMMARY OF TRACE METAL A N A L Y s I ~ - - ~ ~ ~ ~ ~  K6a 
(Composite samples per category. P P ~  Of impinger soiution tun,ess not 

Industry: Lightweight aggregate e d l  1 

Method 5 particulate catch 
Process unit: Rotary calciner 

Sample source: 

Final Scrubber 
Element Coal Clay product effluent 

Calcium 3.1% 0.65% 0.82% 320 

Magnesi um 0.384% 0.71% 0.79% 33 

Po tassi um 0.568% 0.53% 0.58% 10 
1 

Sodium 0.480% 0.40% 0.46% 62 

Si 1 icon 9.6% 28% 34% 12 

Barium 630 370 360 0.080 

Manganese 470 700 430 2.2 

A1 umi num 4.2% 6.6% 7.4% <O. 05 

Chrominum 46 62 70 <O.OOl 

Copper 100 19 24 <0.001 

Zinc 540 77 94 0.058 

Titanium 0.244% 0.38% 0.490% <O. 005 

Strontium 250 66 BO 1.1 

Vanadi um 73 92 110 0.008 

Lithium 7.5 40 52 0.18 

Yttrium 19 23 25 <0.002 

Iron 4.0% 3.2% 3.9% 0.040 

aElements not detected in samples: 
-- 

Phosphorus, Tungsten, Platinum, Boron, 
Mercury, Thallium, Molybdenum, Antimony, Gold, Tellurium, Nickel, 
Bismuth, Beryllium, Arsenic, Indium, Selenium, Silver, Lead, Cadmium, 
Cobalt, Tin, and Uranium. 
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