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o u t l e t  o f  an i m p i n j e t  wet scrubber c o n t r o l l i n g  emissions from a f l u i d  
bed dryer a t  P lan t  12. 
dur ing the  t e s t s  and was f i r e d  by propane gas. The scrubber operated 

w i t h  a water f low r a t e  o f  approximately 5.68 U m i n  (150 gpm). 

pressure drop f o r  the  scrubber measured 0.8 kPa (3 in.w.c.). 

operat ing o r  process d i f f i c u l t i e s  were ind ica ted  i n  the t e s t  repor t .  

conducted a t  the o u t l e t  o f  a v e n t u r i  scrubber c o n t r o l l i n g  emissions from 

a f l u i d  bed dryer  a t  P l a n t  13. The dryer  operated a t  maximum c a b c i t y  
dur ing the t e s t s  and was f i r e d  by No. 2 f u e l  o i l .  

parameters f o r  the scrubber were n o t  reported. 
wet scrubber inc lude a gas f low r a t e  o f  9.12 m3/s (19,300 acfm), l i q u i d  
f l o w  r a t e  o f  341 Q/min (90 gpm), and a gas pressure drop across the 
t h r o a t  o f  4.38 kPa (1.75 in.  w.c.). 
noted i n  the t e s t  repor t .  

the p l a n t  tested. 

a wet scrubber c o n t r o l l i n g  emissions from a f l u i d  bed dryer/cooler u n i t  

a t  P lant  14. The scrubber was preceded by t w i n  cyclones. 

operated a t  103 percent o f  design capaci ty  dur ing  the  tes ts  and was 
f i r e d  by na tura l  gas. A summary o f  v i s i b l e  emission observations i n  the  
t e s t  repor t  ind ica ted  t h a t  the 6-minute average opac i ty  ranged f r o m  5 t o  

10 percent. 

C.1.10 Kaol in  

The dryer  operated a t  91  percent o f  capaci ty 

The 

No 

C. 1.9.3 P lan t  13--1ndustry Test. P a r t i c u l a t e  emission t e s t s  were 

Actual operat ing 
Design parameters o f  the 

No operat ing o r  process upsets were 

C.1.9.4 P l a n t  I4- - Indust ry  Test. Figure C-15 i s  a schematic o f  
P a r t i c u l a t e  emissions were conducted a t  the o u t l e t  o f  

The dryer 

No equipment operat ing problems were noted. 

C.l .10.1 P lan t  J1--EPA Tests. Figures C-16 and C-17 are schematics 
o f  the  systems tested. 

c o n t r o l l i n g  a m u l t i p l e  hear th furnace and the i n l e t  and o u t l e t  t o  the 
f a b r i c  f i l t e r  c o n t r o l l i n g  a f l a s h  c a l c i n e r  were tes ted  a t  P l a n t  J1. 
P a r t i c l e  s i ze  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  a l l  t e s t  s i t e s  

except the o u t l e t  o f  the scrubber. 

no t  poss ib le  a t  t h i s  l o c a t i o n  because o f  the la rge  quant i t y  o f  water 

d rop le ts  i n  the  exhaust gases. 
a t  the  exhaust stacks o f  the scrubber and f a b r i c  f i l t e r ,  and f u g i t i v e  

emission observations were made a t  the  product discharge p o i n t  o f  the 

f l a s h  ca lc iner .  

The i n l e t  and o u t l e t  o f  the  ventur i  scrubber 

P a r t i c l e  s ize  determinations were 

V i s i b l e  emission observations were made 

The product feed and discharge p o i n t s  o f  the  m u l t i p l e  



hear th furnace were t o t a l l y  enclosed; there fore ,  process f u g i t i v e  
emissions were no t  monitored a t  these loca t ions .  

115 percent and 82 percent o f  design capaci ty ,  respec t ive ly ,  dur ing  the 

t e s t s  and were f i r e d  by na tu ra l  gas. A l l  process cond i t ions  were normal 

dur ing  the t e s t i n g  except t h a t  t he  m u l t i p l e  hear th furnace was shut down 
f o r  a pe r iod  o f  8 minutes dur ing  Run No. 2 due t o  problems w i t h  the 

product  screw conveyor. Tes t ing  was d iscont inued f o r  t h i s  period. 

t he  f a b r i c  f i l t e r  dur ing  Run No. 1 f o r  t h e  f l a s h  ca l c ine r .  
were found t o  be loose. 
and 3. Six-minute average opac i t i es  f o r  Run No. 1 were 0 t o  0.6 percent. 
The opac i ty  du r ing  a l l  o ther  runs was 0 percent. 

V i s i b l e  emission observations f o r  t he  m u l t i p l e  hear th  furnace 

scrubber were a l l  0 percent. Process f u g i t i v e  emission observations o f  

the f l a s h  c a l c i n e r  i n l e t  r e s u l t e d  i n  6-minute average opac i t i es  o f  0.8 
t o  8.9 percent. 

The m u l t i p l e  hear th furnace and f l a s h  c a l c i n e r  operated a t  

Excessive v i s i b l e  emissions were noted from the exhaust s tack  o f  
Two bags 

Th is  problem was cor rec ted  f o r  Run Nos. 2 

C.1.10.2 P lan t  JL-- Indust ry  Tests. F igures C-18 and C-19 are 

schematics o f  t he  two systems tested. P a r t i c u l a t e  emission t e s t s  were 

conducted a t  t h e  o u t l e t  o f  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 from a spray d rye r  and a t  t h e  o u t l e t  o f  a wet scrubber 

c o n t r o l l i n g  emissions from a m u l t i p l e  hear th furnace a t  P lan t  52. 

spray dryer  operated a t  81 percent o f  capaci ty ,  and t h e  m u l t i p l e  hear th 

furnace operated a t  110 percent o f  capac i ty  du r ing  t h e  tes ts .  

was f i r e d  by na tu ra l  gas. 

The 

Each un i t  

Actual opera t ing  parameters f o r  t h e  two con t ro l  devices were no t  

reported. 

o f  1,699 m3/min (60,000 acfm), pressure drop of 0.25 kPa (1 in.  w.c.), 
t o t a l  c l o t h  area of-2,997 m2 (32,256 ft2), and a i r - t o - c l o t h  r a t i o  o f -  

2.7:l. 

5.71 m3/s (12,100 acfm), pressure drop across the  e n t i r e  system o f  4.5 
t o  5.3 kPa (18 t o  2 1  in .  w.c.), and l i q u i d  f l o w  r a t e  o f  511 2/min 

(135 gpm). No process upsets were noted i n  t h e  t e s t  repor t .  

t he  system tested. 

Design parameters f o r  t he  f a b r i c  f i l t e r  inc lude gas f l ow  r a t e  

- 

Design parameters f o r  the wet scrubber inc lude gas f l o w  r a t e  o f  

C.1.10.3 Plant  J3--Industry Test. F igure  C-18 i s  a schematic o f  

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

c- 12 



design pressure drop across the u n i t  i s  1 .5  kPa (6 i n .  w.c.). The 

h~ '&port  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 _+lo percent. 

C.1.10.4 P lan t  J4-- Industry Test. F igure C-18 i s  a schematic o f  

.c 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 from a spray dryer. 

.;:dryer operated a t  104 percent o f  maximum capaci ty  dur ing the  t e s t s  and 

. reported. 

The 

'.,; was f i r e d  by na tura l  gas. Actual baghouse operat ing parameters were no t  

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

yie f low r a t e  of 39.18 m3/s (83,000 acfm), a t o t a l  c l o t h  area of 4,459 m2 
O.'? (48,000 ft*), 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  the  t e s t  repor t .  

?!'I C. 1.11 Lightweight Aggregate 

No process upsets 

C . l . l l . l  P lant  K1--EPA Test. Figure C-'20 i s  a schematic o f  the 

' . K. . I .  ; . .?7 and o u t l e t  of a medium-energy wet scrubber c o n t r o l l i n g  emissions from a 

ro ta ry  c a l c i n e r  a t  P lan t  K1. 
n i t rogen oxide, and hydrocarbon emissions ( o u t l e t  only)  and p a r t i c l e  

s ize  d i s t r i b u t i o n  ( i n l e t  and ou t le t ) .  V i s i b l e  emission observations 

were made a t  the scrubber stack, and f u g i t i v e  emission observations were 
made a t  the  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 capaci ty 
dur ing the t e s t s  and was f i r e d  by pu lve r i zed  coal. 

was present a t  the  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  the  wet 
scrubber or, the i n l e t  and o u t l e t  gas f l o w  ra tes ,  temperatures, o r  

pressure drop. The design pressure drop i s  1.5 kPa (6 in .  w.c.). 
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. A l l  process f u g i t i v e  emission observations' were zero 

percent opaci ty.  

system tested. 

Other t e s t s  inc luded s u l f u r  dioxide, I .  
I .  -. . . 

. , , e ;  
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> .  . 

.' I /  
;, .>,  . . .  

_ .  
., . 

.. No instrumentat ion 
, -  

The 
.I 

. .  

. .  
No process upsets were reported. 

C.1.11.2 P lan t  K2--EPA Test. F igure C-20 i s  a schematic o f  the  

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  
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Figure C-51. Particle size distribution data: 
multiple hearth furnace scrubber inlet--Plant J1. 
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Figure C-52. Particle sire distribution data: 
flash calciner baghouse inlet--Plant J1. 
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Figure C-53. Particle size distribution data: 
flash calciner baghouse outlet--Plant J1. 
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i, 

operations; no p l a n t  upsets were encountered dur ing  the  t e s t  runs. 
ca lc iners ,  which were f i r e d  w i t h  No. 6 f u e l  o i l ,  operated a t  105 t o  
117 percent  o f  design process rates.  Two o f  t h e  ESP's had s p e c i f i c  

c o l l e c t i o n  areas (SCA) o f  0.5 m2 pe r  m3/min (147 f t 2  per  1,000 acfm), 

and the  o ther  two had SCA's o f  1.1 m2 per  m3/min (344 ft2 per  1,000 acfm). 

Add i t iona l  operat ing parameters and the  schematic o f  t he  system tes ted  

are g iven i n  t h e  Conf ident ia l  Addendum t o  t h i s  document. 
C.1.2 B a l l  Clay 

system tested. 

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

dur ing  t h e  t e s t  and was f i r e d  by na tu ra l  gas. 

were blended dur ing  the  t e s t .  Actual opera t ing  parameters f o r  t he  
f a b r i c  f i l t e r  inc lude an a i r - t o - c l o t h  r a t i o  o f  4 .5 : l  and a pressure drop 

o f  1.0 kPa (4.0 i n .  w.c.). No p l a n t  upsets were noted i n  the  t e s t  

repor t .  

C.1.3 Bentoni te  

The 

C.1.2.1 P lan t  E l - - Indus t ry  Test. F igure C - 1  i s  a schematic o f  the 

The v ib ra t i ng -g ra te  d ryer  was c o n t r o l l e d  by a p u l s e - j e t  

The dryer  operated a t  81 percent  o f  design capac i ty  

Two types o f  b a l l  c l a y  

C.1.3.1 P lan t  C1--EPA Test. F igure C-2 i s  a schematic o f  t he  

system tested. 
by a f a b r i c  f i l t e r  preceded by a product  recovery cyclone. 

performed a t  t he  cyclone i n l e t  and the  baghouse o u t l e t .  

mass 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  data were c o l l e c t e d  a t  bo th  loca t ions  

simultaneously. 

t e s t s  and was f i r e d  w i t h  pu lver ized  coal .  
grades o f  benton i te  was processed du r ing  the  emission tes ts .  

Some f l u c t u a t i o n  i n  the dryer  f i r e  box temperature was observed 

throughout t e s t i n g  o f  t h e  dryer .  The f l u c t u a t i o n s  are normal and a re  
caused by v a r i a t i o n s  i n  the  feed mois ture content and amount o f  f i n e s  i n  
the coal .  The coal  feed r a t e  was adjusted when t h e  f i r e  box temperature 
dropped below 820°C (1500°F). 

system. The actual  operat ing a i r - t o - c l o t h  r a t i o  f o r  t he  reverse-a i r  
f a b r i c  f i l t e r  was 0.9:l. 
were noted dur ing  the  tes t i ng .  

The d i r e c t - f i r e d  r o t a r y  d ryer  a t  P lan t  C 1  was c o n t r o l l e d  
Tes t ing  was 

P a r t i c u l a t e  

The dryer  operated a t  96 percent o f  capaci ty  dur ing  the  

The normal b lend o f  f o u r  

Add i t iona l  a i r  was added t o  t h e  baghouse by a baghouse heat ing 

No abnormal i t ies  i n  f a b r i c  f i l t e r  operat ion 

The 6-minute average opac i ty  data taken 

c-2 
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a t  the  bagnouse exhaust s tack dur ing  the  t e s t s  ranged from 0 t o  
8.3 percent. 

c o n t r o l l e d  by an ESP and operated a t  96 percent  o f  capac i ty  dur ing  the  
p a r t i c u l a t e  emission t e s t s  conducted a t  t he  ESP o u t l e t .  The spec i f i c  

c o l l e c t i o n  area f o r  t he  ESP was 2.97 m2 per  m3/min (904 ft2 per  1,000 acfm). 
Because the  i s o k i n e t i c  sampling r a t e  f o r  Run No. 1 d i d  no t  conform t o  

EPA requirements, a f o u r t h  run  was performed. Data from Run No. 1 were 

no t  inc luded i n  the  t e s t  repor t .  

noted. 

C.1.4 Diatomi te 

conducted a t  t he  o u t l e t  o f  a 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 lan t  D1. 
exhaust gases, was pneumatical ly conveyed through cyclones and a i r  
separators t o  the  k i l n .  

and secondary combustion a i r .  
104 percent o f  design capaci ty  du r ing  the  tes ts .  
problems were noted i n  the  t e s t  repo r t .  A schematic o f  t he  system 

tes ted  i s  presented i n  the Conf ident ia l  Addendum t o  t h i s  document. 

C.1.5 Feldspar 

C.1.5.1 P lan t  E l - - Indus t ry  Test. P a r t i c u l a t e  emission t e s t s  were 

conducted a t  t he  o u t l e t  o f  a wet scrubber c o n t r o l l i n g  a r o t a r y  d ryer  a t  

P lan t  E l .  
and was f i r e d  by No. 2 f u e l  o i l .  

wet scrubber was 2.5 kPa (10 i n .  w.c.). 
were ind ica ted  i n  t h e  t e s t  repor t .  

C.1.3.2 P lan t  C3--Industry Test. The r o t a r y  d ryer  a t  P lan t  C3 was 

No equipment operat ing problems were 

C. 1.4.1 P lan t  D1--Industry Test. P a r t i c u l a t e  emission t e s t s  were 

Feed mate r ia l ,  which was preheated by k i l n  

Product c o o l i n g  a i r  was used t o  preheat primary 

The c a l c i n e r  operated between 89 and 

No equipment operat ing 

The dryer  operated a t  90 percent  o f  capaci ty  dur ing  the  t e s t s  

No equipment operat ing problems 

Figure C-3 i s  a schematic o f  the 

The operat ing pressure drop f o r  t he  

C.1.5.2 P lan t  EZ--Industry Test. 

system tested.  

scrubber. 

used f o r  product recovery. 
a t  the scrubber o u t l e t .  The dryer ,  f i r e d  by No. 2 f u e l  o i l ,  operated a t  

100 percent o f  capaci ty  dur ing  t h e  t e s t .  
f o r  the scrubber dur ing  the t e s t  i s  g iven  i n  the  Conf ident ia l  Addendum 

t o  t h i s  document. No unusual cond i t ions  were noted dur ing  sampling 

The r o t a r y  d ryer  a t  P lan t  E2 was c o n t r o l l e d  by a wet 
A m u l t i p l e  cyc1.one c o l l e c t o r  preceding the  wet scrubber was 

P a r t i c u l a t e  emission t e s t i n g  was conducted 

The operat ing pressure drop 
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Figure C-31. Particle s ize  distribution data: 
rotary dryer--Plant C1. 

C-61 

!' 

, 



ale UI 

m w -  
L 4  L 
a l a  
> L U I  

mv, 01 

-2 

cr 
0 z 
c 
E 
a 

rn 

d z 
c 
CT 
a 

m cu 

0 z 
c a a 

m 
4 
m 
O 

n 

m u  e 
I I : w c o w  
I 1  . e m  

h r l o r l c o w c u  c o w 0  . m r l  =; rlourl 
ul 

e- . 
n 

rlohloeco 
\ OW e e 
c o w m  . c rw . 
ri 
rl 

4 c 
W 
U *-’ L 

c al 
al Q 

m u  
W L C  - 
4 a l \  c 

n n n  

w m  .Norlo 

c o o  

co m m m o Y) o 
rl ul hl- co* 

z 2  
Url 

e o *  
00 uo0 u U 

n e -  
O d N O O O  
rloulrlrlcu 
00 * .oo . .OF4 . .  
00 U O O  

U U 

U U 

. .rlN . . 
00 uoo 

U i 

C-65 

c, 
In 
al 
!- I 

al 
L 
al .I 
3 
m 
4 
U 
m 

.^ 
ln 
4 
E 
.r 

.C 
7 d 
W L  
- 0  n n  
m a l  
3 L  
0 -+J 
- ln  
m a l  
4 c 

.r al . 
cc 
44 
3 c  
*-’ o c  
cal  

5 
rl .r 

.C 

.r 

m 
d*-‘ z o  c c 
aal 
E L  

al 
L 3  
0 
brl 

0 .  
‘r 0 4z 
L e  
3 

U C T  

4 L  
alo cu- 

0 4  

--O 
I 

m 

,r 

z m  
l n m  



visible emissions, particle size distributions, sulfur dioxide and 
nitrogen oxide emissions, and trace metal content. 
were 0 percent opacity from the scrubber stack. Process fugitive 
emission observations were not made because both the calciner feed inlet 
and product outlet were totally enclosed with no visible leaks. 

tests and was fired by pulverized coal. 
during testing was 1,514 a h i n  (400 gpm), and the pressure drop was 
approximately 4.5 kPa (18 in. w.c.). 
scrubber during the test series are presented in the Confidential 
Addendum to this document. 

outlet because of moisture in the flue gas. At the West induced draft 
(1.D.) fan inlet location (scrubber inlet), particle sizing Run Nos. 7B 
and 96 were not tabulated in the results due to an extremely low catch 
(underloaded) and extremely large catch (overloaded), respectively. 
process upsets were reported. 
C.1.7 Fuller's Earth 

All VE observations 

The rotary calciner operated at 98 percent of capacity during all 
The scrubber flow rate measured 

Other operating parameters of the 

Particle size distribution tests were not conducted at the scrubber 

No 

C.1.7.1 Plant G1--Industry Test. Figure C-7 is a schematic o f  the 
system tested. 
of the wet scrubber controlling emissions from the rotary dryer at 
Plant G1. 
and was fired with natural gas. The pressure drop of the scrubber was 
2.5 kPa (10 in. w.c.) During the initial 14 minutes o f  Run No. 1, the 
make-up water to the scrubber was shut off. 
readings and particulate emission rates resulted from this malfunction. 
For this reason, data from Run No. 1 are not included in the test summary 
averages. 
report. 
C.1.8 Gypsum 

C.1.8.1 Plant H1--EPA Tests. Figures C-8 and C-9 are schematics 
of the systems tested. 
fabric filters controlling emissions from a continuous kettle calciner 
and from a rotary dryer at Plant H1. 

Particulate emission tests were performed at the outlet 

During the test, the dryer operated at 102 percent of capacity 

High stack temperature 

No process operating problems were recorded in the test 

Particulate emission tests were performed on 

The calciner operated at full 
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