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I. INTRODUCTION 

Under t h e  C l e a n  A i r  A c t ,  as amended, t h e  Envi ronmenta l  

P r o t e c t i o n  Agency is charged  w i t h  t h e  e s t a b l i s h m e n t  of  

performance s t a n d a r d s  f o r  new i n s t a l l a t i o n s  o r  m o d i f i c a t i o n s  

of e x i s t i n g  . i n s t a l l a t i o n s  i n  s t a t i o n a r y  source .  c a t e g o r i e s  

which may c o n t r i b u t e  s i g n i f i c a n t l y  t o  a i r  p o l l u t i o n .  A 

performance s t a n d a r d  is a s t a n d a r d  f o r  emis s ions  of a i r  

p o l l u t a n t s  which r e f l e c t s  t h e  performance of t h e  best  

emiss ion  r e d u c t i o n  sys t ems  t h a t  have  been a d e q u a t e l y  

demonst ra ted  ( t a k i n g  i n t o  a c c o u n t  economic c o n s i d e r a t i o n s ) .  

T e s t s  Per formed 

A series of tests were conducted  a t  t h e  e l e m e n t a l  phos- 

phorus p l a n t  of  Monsanto Chemical  Company i n  Soda S p r i n g s ,  

Idaho d u r i n g  Oc tobe r  5 - 11, 1972 .  

SO2 c o n c e n t r a t i o n s  b e f o r e  and af ter  t h e  v e n t u r i  s c r u b b e r  

s e r v i n g  t h e  s l a g  t a p p i n g  o p e r a t i o n  of t h e  No. 8 e lec t r ic  

f u r n a c e  were measured.  S t a c k  gas ve loc i t ies ,  t e m p e r a t u r e s ,  

mo i s tu re  c o n t e n t ,  and m o l e c u l a r  w e i g h t s  were also de te rmined  

where a p p l i c a b l e .  S e p a r a t e  sets of t h r e e  r u n s  were made for  

f l u o r i d e  and P205 d e t e r m i n a t i o n s .  However, each  sample w a s  

l a t e r  ana lyzed  by  EPA f o r  b o t h  f l u o r i d e  and P205, r e s u l t i n g  

i n  s i x  d e t e r m i n a t i o n s  f o r  e a c h  compound a t  each  sampl ing  

s i te .  

F l u o r i d e ,  P205,  SO3 and 
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T a b l e  1 summarizes  t h e  test  l o c a t i o n s ,  d a t e s ,  and o t h e r  

p e r t i n e n t  i n f o r m a t i o n  p e r t a i n i n g  t o  t h i s  t e s t  series. 

I 

E 

A l l  samples  were a n a l y z e d  by EPA. 

Sampl ing  S i t e s  

S t a c k  gases from t h e  f u r n a c e  s l a g  t a p p i n g  o p e r a t i o n  

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

shown i n  F i g u r e  1 a t  p o i n t s  D and E ,  r e s p e c t i v e l y .  

water samples were t a k e n  a t  a t a p  i n  t h e  r e c y c l e  l i n e  a f e w  

feet  ups t r eam of t h e  s c r u b b e r  r e c y c l e  pump, as shown i n  

F i g u r e  1. 

Scrubbe r  

- 2 -  
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T a b l e s  11, 1 2 ,  and 13 summarize t h e  a v e r a g e  emission 

r e s u l t s  f o r  t h e  f l u o r i d e ,  P205,  and S O X , t e s t s ,  r e s p e c t i v e l y .  

T a b l e s  1 4  and 1 5  summarize t h e  f l u o r i d e  and P205 c o n t e n t  of  

the s c r u b b e r  w a t e r  and process m a t e r i a l s .  

F l u o r i d e  T e s t s  

The f i r s t  Greenburg-Smith impinger  p lugged  w i t h  p a r t i -  

c u l a t e  m a t t e r  after f ive  m i n u t e s  i n t o  t h e  f i rs t  f l u o r i d e  t e s t :  

- 5 -  

11. SUMMARY OF RESULTS -I 

F l u o r i d e ,  P 0 , and SOx e m i s s i o n  d a t a  and a s s o c i a t e d  
2 5  

s t a c k  g a s  f low p a r a m e t e r s  are p r e s e n t e d  i n  T a b l e s  2 t h r o u g h  

1 0 .  

i n  t h e  append ices  of t h i s  report .  

pounds per hour  are d u r i n g  t a p p i n g  o n l y ,  n o t  c o n t i n u o u s  

c l o c k  t i m e .  

Complete sampl ing  d a t a  and c a l c u l a t i o n s  are p r e s e n t e d  

Emiss ions  r e p o r t e d  i n  

The a v e r a g e  i n t e r v a l  be tween t h e  s l a g  taps  d u r i n g  t h e  

n i n e  i n l e t - o u t l e t  tests was twen ty  ( 2 0 )  m i n u t e s ,  w h i l e  t h e  

ave rage  s l a g  t a p  d u r a t i o n  w a s  t e n  (10) m i n u t e s ,  i . e . ,  s l a g  

t a p p i n g  o c c u r r e d  f o r  an  average of twenty  m i n u t e s  per hour .  

S i n c e  t h e r e  were t h r e e  s e p a r a t e  s l a g - t a p  h o l e s  w i t h  s e p a r a t e  

hoods and a s p i r a t i o n  d u c t s ,  as i l l u s t r a t e d  i n  

wide  . v a r i a t i o n  o c c u r r e d  i n  t h e  e m i s s i o n  d a t a ,  

t h e  v i s i b l e  e m i s s i o n  o b s e r v a t i o n s  made d u r i n g  

tests. 

F i g u r e  1, a 

as w e l l  as 

some o f  t h e  

F 
. . . . . .. . . . . 

.! 
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TABLE 2: SUNMARY OF EMISSION DATA 
MONSANTO - SODA SPRINGS, I D A H O  
NO. 8 FURNACE INLZT AND OUTLET 

RUN NO. 1 - FLUORIDES 

Date 

Volume-of G a s  Sampled - DSCFa 
P e r c e n t  Noisture by Volume 
Average S t a c k  Tempera tu re  - OF 
S t a c k  Vo lumet r i c  Flow R a t e  - DSCFM 
S t a c k  V o l u m e t r i c  Flow R a t e  - ACFMC 

P e r c e n t  I s o k i n e t i c  
P e r c e n t  Excess A i r  

P e r c e n t  C a p a c i t y  
Feed R a t e  - t o n / h r  

b . .. . 

F l o u r i d e s  

mg 
gr/DSCF 
gr/ACF 

d 
l b / h r  
l b / t o n  f e e d  

e f f i c i e n c y ,  %e 

' 2 ' 5  
mg 
gr/DSCF - 

gr/ACF 
l b / h r  
l b / t o n  f e e d  

e f f i c i e n c y ,  %e 

- 

INLET 

10-5-72 
37.638 
.99 
125 
19,825 
27,340 
104.6 
-- 
-- 
-- 

OUTLET 

10-5-72 
24.699 

2.09 
84 
20,295 
26,208 
73.5 
-- 
-- 
-- 

33.74 3.38 
.01383 .00211 

.00163 -01002 
2.350 .367 

-- -- 
84.4 

509.50 15.90 
,20890 .00993 
.15141 .00769 
35.499 1.728 -- -- 

95.1 

a Dry s t a n d a r d  c u b i c  f e e t  a t  70°F, 29.92 i n .  Hg. 
Dry s t a n d a r d  c u b i c  f e e t  p e r  m i n u t e  a t  7 0 ° F ,  29.92 i n .  Hg. 

A c t u a l  c u b i c  f e e t  p e r  m i n u t e  
Emiss ion  r a t e  d u r i n g  t a p p i n g  

C 

e Based on emission rate,  l b / h r .  
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TABLE 3 : 
MOI4SANTO - SODA SPRIPIGS, IDA110 
NO.  8 FURNACE INLET AND OUTLET 

SUMMARY OF EMISSION DATA 

RUN NO. 2 - FLUORIDES 

INLET - 
10-5-72 Date 

V o l u m e  of Gas Sampled - DSCFa 38.107 
_ _  

.5u 

125 
21,032 
28,867 
103.9 

P e r c e n t  Moisture by Volume 
Average S t a c k  Tempera ture  - OF 

S t a c k  Vo lumet r i c  FloW Rate  - DSCFM 
C S t a c k  Vo lumet r i c  Flow Ra te  - ACFM 

P e r c e n t  I s o k i n e t i c  

. . .  b 

, 

-- ' P e r c e n t  Excess  A i r  

P e r c e n t  Capac i ty  
Feed Ra te  - tOn/llr 

F l o u r i d e s  

mg 
gr/DSCF 
gr/ACF 
l b / h r  
l b / t o n  f e e d  
e f f i c i e n c y ,  %e 

'2'5 - 
mg 
gr/DSCF 
gr/ACF 

l b / h r  
l b / t o n  f e e d  
e f f i c i e n c y ,  %e 

42.73 
.01730 
.01260 . 
3.119 
-- 

96.4 

OUTLET -- 
1 0  - 5-7 2 

26.854 
3.03 
83 
21,134 
27,480 
76.8 

448. SO 
.18163 
.13230 
32.744 
-- 

96.4 

1.070 
.00061 
.00047 
.111 

11.20 
.00643 
.00494 
1.165 

$: 
a Dry s t a n d a r d  c u b i c  f e e t  a t  7 0 ° F ,  29.92 i n .  Hg. 

I .f. 
I. 

Dry s t a n d a r d  c u b i c  f e e t  p e r  m i n u t e  a t  70°F ,  29.92 i n .  Hg. 

A c t u a l  c u b i c  f e e t  p e r  m i n u t e  
E m i s s i o n  rate d u r i n g  t a p p i n g  

e Based on e m i s s i o n  r a t e ,  l b / h r .  

.. 
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TABLE 4 : 
XONSANTO - SODA SPRINGS, IDAHO 
NO. 8 FURNACE INLET AND OUTLET 

SUMMARY’ OF EMISSION DATA 

RUN NO. 3 - FLUORIDES 

INLET - 
Date 10-6-72 

Volume o f  G a s  Sampled - DSCFa 36.409 
P e r c e n t  Moisture by  Volume 0.00 

1 4 7  
18 ,794  
26,599 
108 .4  

Average S t a c k  Tempera tu re  - OF 
S tack  Volumetr ic  Flow R a t e  - DSCFMb 
S t a c k  Volumetric Flow Rate - ACFMC 

. . .  

P e r c e n t  I s o k i n e t i c  

P e r c e n t  Excess  A i r  

P e r c e n t  C a p a c i t y  
Feed Rate  - t o n / h r  

F l o u r i d e s  

mg 
gr/DSCF 
gr/ACF 
l b / h r d  
l b / t o n  f e e d  

e f f i c i e n c y ,  %e 

’2’5 
m g  
gr/DSCF 
gr/ACF 
lb /h rd  

l j / t o n  feed 

e f f i c i e n c y ,  %e 

- 

OUTLET 

10-6-72 

32.569 

0 . 0 0  

1 7  
21,328 
26,547 
77 .8  

13 .32  1 . 5 0  
.00564 .00084 
.00399 .00067 

.go9 .154 
-- -- 

83 .1  

174.00 12.60 
.07375 .00707 
.05213 .00568 

11.880 1.295 -- -- 
89.1 

a Dry s t a n d a r d  cub ic  f e e t  a t  70°F,  29.92 i n .  Hg. 
Dry s t a n d a r d  c u b i c  f e e t  per m i n u t e  a t  7OoF, 2 9 . 9 2 . i n .  Hg. 
A c t u a l  c u b i c  f e e t  per m i n u t e  
Emiss ion  ra te  d u r i n g  tapping  

e Based  on e m i s s i o n  ra te ,  l b / h r .  

- 8 -  
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TABLE 5: SUMMARY OF EMISSION DATA 
MONSANTO - SODA SPRINGS, IDAHO 
NO. 8 FURNACE INLET AND OUTLET 

RUN NO. 1 - P205 

Date 
Volume of Gas Sampled - DSCFa 

INLET 

10-9-72 
32.689 

P e r c e n t  Mois tu re  by Volume 0.43 

Average ... . S t a c k  Tempera ture  - OF 137 
S t a c k  V o l u m e t r i c  Flow R a t e  -. DSCFM 
S t a c k  V o l u m e t r i c  Flow R a t e  - ACFMC 
P e r c e n t  I s o k i n e t i c  103.8 

18 ,197  
25,444 

b 

P e r c e n t  Excess  A i r  

P e r c e n t  C a p a c i t y  
Feed #Rate - t o n / h r  -- 

y 5  

mg 
gr/DSCF 
gr/ACF 
l b / h r  

l b / t o n  feed 
e f f i c i ency ,  %e 

F l u o r i d e s  

mg 
gr/DSCF 
gr/ACF 

l b / h r  
l b / t o n  f e e d  
P e r c e n t  impinger  c a t c h  
e f f i c i e n c y ,  %e 

226.0 
. l o67  
.0748 
16.640 
-- 

92.8 

17.69 
.00835 

.00585 

1.302 

a Dry s t a n d a r d  c u b i c  feet  a t  70°F,  29.92 i n .  Hg. 

Dry s t a n d a r d  c u b i c  f ee t  per m i n u t e  a t  7OoF, 29.92.,in./Hg. 
A c t u a l  c u b i c  f e e t  per m i n u t e  
Emiss ion  r a t e  du r ing  tapping  

C 

e Based on emission r a t e ,  lb /hr .  

- 9 -  

OUTLET 

10-9-72 
33.550 

1 . 9 0  

75 
20,045 

25,360 
101.1.  
-- 
-- 
-- 

15.2 
.00699 
.00552 

1.201 
-- 

.860 

.00039 

.00031 

io67 
-- 
-- 
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TABLE 6: SUMMARY OF EMISSION DATA 
MONSANTO - SODA SPRINGS, I D A H O  
NO. 8 FURNACE INLET AND OUTLET 

RUN NO. 2 - P205 

Date  
Volume of Gas Sampled - DSCFa 
P e r c e n t  M o i s t u r e  by Volume 
Average S t a c k  Tempera tu re  - OF 
S t a c k  Vo lumet r i c  Flow R a t e  - DSCFM 
S t a c k  Vo lumet r i c  Flow Rate - ACFMC 

P e r c e n t  I s o k i n e t i c  
P e r c e n t  Excess  A i r  

P e r c e n t  C a p a c i t y  
Feed Ra te  - t o n / h r  

b 
. . .  

p205 
mg 
gr/DSCF 
gr/ACF 
l b / h r  

l b / t o n  f e e d  
e f f i c i e n c y ,  %e 

F l u o r i d e s  

m g  
gr/DSCF 

gr/ACF 
l b / h r  
l b / t o n  feed 
P e r c e n t  impin er c a t c h  
e f f i c i e n c y ,  % 

8 

INLET 

10-9-72 
30.204 
1.27 
106  
15 ,246  
20,372 
118 .3  
-- 
-- 
-- 

OUTLET 

10-9-72 
32.770 
4 .01  
8 3  
19,559 
25,657 
101.2 
-- 
-- 
-- 

274.20 32.10 

.14010 .01511 

. l o 4 7 8  - .01148 

18.308 2.534 
-- -- 

86.2 

97 .46  7.29 
.04979 .00343 
.03724 .00261 

6.507 .575 
-- -- 
-- -- 

91.2 

a Dry s t a n d a r d  c u b i c  feet  a t  70°F,  29.92 i n .  Hg. 
Dry s t a n d a r d  c u b i c  f e e t  p e r  m i n u t e  a t  70°F, 2 9 . 9 2 . i n .  

A c t u a l  c u b i c  fee t  per m i n u t e  
Emission ra te  d u r i n g  t a p p i n g  

e Based on e m i s s i o n  r a t e ,  l b /h r .  

- 10 - 
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TABLE 7 :  SUMMARY OF EMISSION DATA 
MONSANTO - SODA SPRINGS, IDAHO 
NO. 8 FURNACE INLET AND OUTLET 

RUN NO. 3 - P205 

Date 

Volume of  Gas Sampled - DSCFa 
P e r c e n t  Mois tu re  by  Volume 
Average S t a c k  Tempera ture  - OF 
S t a c k  Vo lumet r i c  Flow R a t e  - DSCFM 
S t a c k  Vo lumet r i c  Flow Rate - ACFMC 

P e r c e n t  I s o k i n e t i c  
P e r c e n t  Excess  A i r  

P e r c e n t  C a p a c i t y  

Feed R a t e  - t o n / h r  

b 
. .  

8 

y 5  

mg 
gr/DSCF 
gr/ACF 
l b / h r d  
l b / t o n  f e e d  
e f f i c i e n c y ,  %e 
F l u o r i d e s  

mg 
gr/DSCF 
gr/ACF 

l b / h r  
l b / t o n  f e e d  
P e r c e n t  impinger  c a t c h  
e f f i c i e n c y ,  %e 

INLET 

10-10-72 
29.668 
.86 - 

1 4 9  
18,089 
25,939 
103.8 
-- 

OUTLET 

10-10-72 
34.650 

3.09 
82 
20,005 
25,996 
104.7 
-- 
-- 
-- 

231.4 1 7 . 9  

.12036 .00797 

.08394 - .00613 
18.662 1.367 
-- -- 

92.7 

30.7 2.35 
.01596 .00104 
.01113 .00080 
2.475 -179 
-- -- 
-- -- 

92.8 

a Dry s t a n d a r d  c u b i c  f e e t  a t  70°F,  29.92 i n .  H g .  

Dry s t a n d a r d  c u b i c  f e e t  per m i n u t e  a t  7OoF, 2 9 . 9 2 - ' i n .  Hg. 
A c t u a l  c u b i c  f e e t  per m i n u t e  
Emiss ion  r a t e ,  d u r i n g  t a p p i n g  

e Based on e m i s s i o n  ra te ,  lb /h r .  
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TABLE 8 :  SUWL?+RY OF EMISSION DATA 
MONSANTO - SODA S P R I N G S ,  IDAIIO 
NO. 8 FURNACE INLET AND OUTLET 

RUN NO. 1 - SOx 

INLET 
Date 10-10-72 

Volume of Gas Sampled - DSCFa 
P e r c e n t  M o i s t u r e  by Volume 2.42 
Average S t a c k  Tempera ture  - OF 1 4 3  

S L a c k V o l u m e t r i c  Flow Ra te  - DSCFMb 
S t a c k  Volumetric Flow Ra te  - ACFMC 
P e r c e n t  I s o k i n e t i c  106 .4  

31.752 

1 7 , 8 1 1  

25 ,691  

P e r c e n t  Excess  A i r  

P e r c e n t  Opac i ty  
-- Feed Rate - t o n / h r  

- s03 

mg 
gr/DSCF 

l b / h r  d 

PPm 
l b / t o n  of f e e d  

f e f f i c i e n c y ,  % 

gr/ACF 

- s02 

mg 
gr/DSCF 

gr/aCF 
l b / h r  

PPm 
l b / t o n  of f e e d  
e f f i c i e n c y  I %e 

352.50 
.17132 
.11872 

26.155 
1 2 5  
-- 

99.0 

60.20 
.02925 
.02027 
4.5 

2 5  -- 
- 

Dry s t a n d a r d  c u b i c  f e e t  a t  7O0FI 29.92 i n .  Hg. 

Dry s t a n d a r d  c u b i c  f e e t  p e r  m i n u t e  a t  7OoF, 29.92 i n .  

a 

OUTLET 
10-10-72 

34.812 
1.75 
80 
19 ,955  
25 ,445  

105.4 
-- 
-- 
-- 

3.600 

.00159 

.a0125 

.27. 
1.2 
-- 

e 
e 

e 
e 
e 
-- 

A c t u a l  c u b i c  f e e t  p e r  minute  
Emiss ion  r a t e  Lur ing  t a p p i n g .  

SO2 c o n c e n t r a t i o n  u n a v a i l a b l e  - no r e p r o d u c i b l e  value c o u l d  
be o b t a i n e d  due  t o  interferences.  

C 

... 

. e  

,f Based on emission r a t e ,  l b / h r .  - 12 - 
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TABLE 9: SUMMARY OF EMISSION DATA 
MONSANTO - SODA S P R I N G S ,  IDA110 
NO. a FURNACE INLET AND OUTLET 

RUN NO. 2 - Sox 

Date 
Volume of Gas Sampled - DSCFa 

P e r c e n t  Mois tu re  by Volume 
Average S t a c k  Tempera ture  - OF 

.;Lack Volumetr ic  Flow Ra te  - DSCFM 

S t a c k  Vo lumet r i c  Flow R a t e  - ACFMC 
P e r c e n t  I s o k i n e t i c  
P e r c e n t  Excess A i r  

b 

Percent  Opaci ty  I Feed R a t e  - t o n / h r  

s03 I. - 
mg 
gr/DSCF I 
gr/ACF 
l b / h r  

PPm 
lb./ ton of f e e d  I e f f i c i e n c y ,  %e 

INLET 
10-10-72 
33.453 
3.76 
144 
18,587 

27,258 
107.5 
-- 
-- 
-- 

OUTLET 
10-10-72 
34.558 

3.15 
79 
19,519 

25,190 
107.0 

. .  108.50 7.80 

.05005 .0034a 

.03415 .00270 

8.0 .58 
36 2.5 

-- -- 
92.8 

- 36.40 
s02 

37.80 
.01743 .01625 

.01260 

mg 
gr/DSCF 
gr/ACF .01189 

l b / h r  

I 
I 

2.8 2.7 

15 14 
-- , .  PPm -- 

:: l b / t o n  of f e e d  1 :,<. e f f i c i e n c y ,  %e 

_.I 

a Dry s t a n d a r d  c u b i c  f e e t  a t  7 0 ° F ,  29.92 i n .  Hg. 
Dry s t a n d a r d  c u b i c  f e e t  p e r  minu te  a t  70°F,  29.92 i n .  Hg. 

A c t u a l  c u b i c  f e e t  p e r  m i n u t e  

I. 
I Emission r a t e  ciuring t a p p i n g  . .  

I 
. .  . 

.:E g.- e Bas'ed on e m i s s i o n  ra te ,  l b / h r  . 

- 13 - 
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TABLE 10: 
MONSANTO - SODA SPRINGS, IDA110 
NO. 8 FURiVACE INLET AND OUTLET 

SUMMARY OF EMISSION DATA 

RUN NO. 3 - SOx 

Date 
Volume of Gas Sampled - DSCF 
Percent Moisture by Volume 
Average Stack Temperature - O F  

;,ack-Volumetric Flow Rate - DSCFM 
Stack Volumetric Flow Rate - ACFMC 
P er,c en t I sok in et i c 
Percent Excess Air 
Percent Opacity 
Feed Rate - ton/hr 

a 

b 

s03 

mg 
- 
gr/DSCF 
gr/ACF 
lb/hr 

P?m 
lb/ton of feed 
efficiency, %e 

s02 - 
mg 
gr/DSCF 

PPm 
lb/ton of feed 
efficiency, %e 

INLET 
10-11-72 
2 8 . 0 0 1  

2 . 8 6  

1 1 6  

19 ,324 

26,763 

1 0 2 . 4  

OUTLET - 
10- 11- 7 2 
3 0  .E96 

2 . 9 2  

8 3  

18 ,825  

24 ,385 

1 0 8 . 4  
-- 
-- 
-- 

1 5 0 . 0 0  10 .50  

. 0 8 2 6 7  .00524  

.05970  .00404 

13 .7  .85 
6 0  3 . 8  

-- -- 

96 .60  6 0 . 2 0 .  

. 05324  .03006  

.03844  .02319 
8.8 4.9 

4 6  26 
-- -c 

a Dry standard cubic feet at 70°F ,  2 9 . 9 2  in. Hg. 
Dry standard cubic feet per minute at 7OoF, 29 .92  in. Hg, 
Actual cubic feet per minute 
Emission rate during tapping 

.e Based or+ emission rate, lb/hr 
- 14 - 
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TABLE 11. AVERAGE EMISSION RESULTS FOR 

1- 3 
FLUORIDE TESTS 

Date 
Volume of Gas Sampled - DSCFa 
Percent Moisture by Volume 
Average Stack Temperature - OF 
Stack Volumetric Flow Rate - DSCFMb 
Stack Volumetric Flow Rate - ACFM' 
Percent Isokinetic 
Percent Excess Air 
Percent Capacity 
Feed Rate - ton/hr 

INLET 
--- 

--- 
1 3 2  

19 ,884  

27,602 
--- 

N.A. 
N.A. 
N .A. 

OUTLET 

--- 
81 

20,919 

26 ,745 

N.A. 
N.A. 
N.A. 

Flourides 

mg 
gr/DSCF 
gr/ACF 
lb/hrd 
lb/ton feed 
efficiency, %e 

'2'5 
w 
gr/DSCF 
gr/ACF 
lb/hrd 
lb/ton feed 
efficiency, %e 

- 

.01226 .00119 

.00887  .00092  

2.1 . 2 1  

90 .o 

. 0 0 7 8 1  

.00610 

.15476 

.11195 

26 .708 1.396 

94.8 

Dry standard cubic feet at 70°F ,  29 .92  in. Hg. ., 
a 

Dry standard cubic feet per minute at 70°F, 29 .92  in. Hg. 
Actual cubic feet per minute 
Emission rate during tapping 
Based on average emission rate, Ib/hr. e 

. .  - 15 - 
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TABLE 12.  AVERAGE EMISSION RESULTS FOR 
P 0 TESTS 

5 i - 3  

Date 
Volume of Gas Sampled - DSCFa 
P e r c e n t  Mois ture  by Volume 
Average S t a c k  Tempera tu re  - OF 
S t a c k  V o l u m e t r i c  Flow R a t e  - DSCFMb 
S t a c k  Vo lumet r i c  Flow R a t e  - ACFMC 

P e r c e n t  I s o k i n e t i c  
P e r c e n t  Excess  Air 

P e r c e n t  C a p a c i t y  

Feed R a t e  - t o n / h r  

'2'5 

gr/DSCF 
gr/ACF 

d 
l b / h r  

l b / t o n  f e e d  
e f f i c i e n c y ,  %e 
F l u o r i  des 

mg 
gr/DSCF 
gr/ACF 

d 
l b / h r  

- 
mg 

: l b / t o n  f e e d  
,.j . e f f i c i e n c y ,  %e 
/.. ' *. 
1 

.,. 

--- 
1 3 1  

17 ,177  
23.,918 

--- 
N.A. 

N.A. 

N.A. 

--- 
.12239 

.08784 

17 .87  
--- . 

90.4 

--- 
.02470 
.01807 

3.43 
--- 

92.0 

OUTLET 
--- 
--- 
--- 

80 

1 9 , 8 7 0  
25 ,671  

--- 
N.A.  

N.A. 

N.A. 

.01002 

.00771 

1.70 ' 

--- 
.00162 
.00124 
.274 

--- 

~ 

Dry s t a n d a r d  cub ic  feet  a t  70°F,  29.92 i n .  H g .  

Dry s t a n d a r d  c u b i c  f e e t  p e r  m i n u t e  a t  70°F, 29.92 i n .  
A c t u a l  cubic  f e e t  per m i n u t e  
Emiss ion  ra te  d u r i n g  t app ing  

a 

@ e Based on average emission ra te ,  l b / h r  
.) - 16 - 
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TABLE 13. AVERAGE EMISSION RESULTS FOR 
S O  TESTS 

xl- 3 

Date 

Volume of  Gas Sampled - DSCFa 

Percent  Moisture by Volume 
Average S t a c k  Tempera tu re  - OF 
S t a c k  Volumetr ic  Flow R a t e  - DSCFMb 
S t a c k  Volumetric Flow R a t e  - ACFMC 
P e r c e n t  I s o k i n e t i c  
P e r c e n t  Excess  A i r  

P e r c e n t  Opac i ty  

Feed Ra te  - t o n / h r  

- s03 

mg 
gr/DSCF 

qr/ACF 
d 

l b / h r  

PPm 
l b / t o n  of f e e d  
e f f i c i e n c y ,  %e 

s02 - 
m9 
gr/DSCF 
gr/ACF 

d 
l b / h r  

PPm 
l b / t o n  of  f e e d  
e f f i c i e n c y  , %e 

134 
18,574 
26,571 
N.A. 

N.A.  

N.A. 

N.A. 

OUTLET --- 

81 
19,433 
25,007 
N.A. 

N.A. 

N.A. 

N.A. 

--- --- 
.lo135 .00344 
.07086 .00266 

15.95 .567 
74 2.5 

--- --- 
.96.6 

--- --- 
.03331 .02316 
.02353 .01790 

5.4 3.8 

28.7 20.0 
--- --- 

29.6 

. -  

Dry s t a n d a r d  c u b i c  f e e t  a t  70°F, 29.92 i n .  H q .  
Dry s t a n d a r d  c u b i c  f e e t  p e r  m i n u t e  a t  70°F ,  29.92 i n .  H q ,  

a 

.' A c t u a l  c u b i c  f e e t  per  m i n u t e  
8:- 

Y e 
E m i s s i o n  rate d u r i n g  t a p p i n g  
Based on ave rage  emission r a t e ,  */hr 
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c o n s e q u e n t l y ,  t h e  Greenburg-Smith impinger  was r e p l a c e d  w i t h  

a mod i f i ed  s t r a i g h t  t i p  i m p i n g e r ,  which a l l e v i a t e d  t h i s  

p l u g g i n g  f o r  t h e  res t  of t h e  tes t .  

impinger  was used  t h r o u g h o u t  t h e  remain ing  e i g h t  tes ts  a t  

t h e  i n l e t  s i t e .  

The mod i f i ed  t i p  f irst  

P a r t i c u l a t e  c o n c e n t r a t i o n  a t  t h e  i n l e t  s i t e  w a s  obse rved  

t o  vaxy wide ly  t h r o u g h o u t  t h e  n i n e  tes ts .  

The p e r c e n t  i s o k i n e t i c  v a l u e s  for  t h e  s c r u b b e r  o u t l e t  

f l u o r i d e  tests were low, a v e r a g i n g  76.03%, because  t h e  m o i s t u r e  

had  been assumed t o  be a p p r o x i m a t e l y  20%, when i t  was a c t u a l l y  

less t h a n  2 p e r c e n t .  

A f e r r o p h o s  t a p  o c c u r r e d  for  1 2  minu tes  d u r i n g  t h e  t h i r d  

T h i s  tap y i e l d e d  v i s i b l e  e m i s s i o n s  which were f l u o r i d e  t e s t .  

s imi la r  t o  t h e  o r d i n a r y  s l a g  t a p s '  v i s i b l e  e m i s s i o n s .  

The rest of the f l u o r i d e  tests were r u n  w i t h o u t  i n c i d e n t .  

The a v e r a g e  i n l e t  f l u o r i d e  e m i s s i o n  ra te  was 2 . 1  l b s / h r  and 

t h e  o u t l e t  w a s  . 2 1  l b / h r .  The s c r u b b e r  ' t h e r e f o r e  removed 

90 .0% of t h e  f l u o r i d e s  on t h e  ave rage .  

O p a c i t y  r e a d i n g s  of v i s ib l e  e m i s s i o n s  r e c o r d e d  d u r i n g  t h e  

t h r e e  f l u o r i d e  tests are i n c l u d e d  i n  Appendix A ,  F i e l d  Data. 

The i n d i v i d u a l  a v e r a g e  - w e i g h t e d  o p a c i t i e s  f o r  t h e s e  t h r e e  

- 20 - 



tes t  p e r i o d s  were: T e s t  1: 1 4 . 1 % ;  T e s t  2: 1 4 . 9 % ;  T e s t  3: 

1 2 . 0 % ;  t h e  a v e r a g e  o p a c i t y  f o r  t h e  t h r e e  t es t s  was 13 .7%.  

E205 T e s t s  

The r e l a t i v e l y  l o w  P205 and f l u o r i d e  c o n c e n t r a t i o n s  i n  

T e s t  1 (when compared w i t h  t h e  o t h e r  P205 tests)  conf i rmed 

t h e  f o l l o w i n g  o b s e r v a t i o n s  made d u r i n g  t h e  f i r s t  P205 test:  

1. Opac i ty  of  t h e  scrubber o u t l e t  s t a c k  e x h a u s t  w a s  c o n s i d e r a b l y  

less t h a n  t h a t  obse rved  f o r  t h e  t h r e e  p r e v i o u s  f l u o r i d e  tests;  

2 .  Dus t  c o n c e n t r a t i o n  w a s  a b o u t  25% o f  t h a t  obse rved  d u r i n g  

t h e  o t h e r  tes ts ,  as e v i d e n c e d  by t h e  l a c k  of a p p r e c i a b l e  

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

o b s e r v a t i o n  of t h e  i n l e t  g a s  stream. 

A f e r r o p h o s  t a p  o c c u r r e d  f o r  1 8  m i n u t e s  d u r i n g  P205 

T e s t  N o .  2. T h i s  t a p  y i e l d e d  v i s i b l e  e m i s s i o n s  which were 

similar t o  t h e  o r d i n a r y  s l a g  t a p s '  v i s i b l e  e m i s s i o n s .  

The t h i r d  P205 t es t  w a s  r u n  w i t h o u t  i n c i d e n t .  The ave rage  

P. 0 e m i s s i o n  ra te  f o r  t h e  t h r e e  tests was 17.9 l b / h r  a t  t h e  

i n l e t  and 1 . 7  l b / h r  a t  t h e  o u t l e t ,  y i e l d i n g  an  a v e r a g e  s c r u b b e r  

e f f i c i e n c y  of  90 .4%.  

2 5  

S O  Tests 

S O x  tes ts  were made w i t h  a s i n g l e  t r a v e r s e  t h r o u g h  one 

$: 
.* -X 
::. 

p o r t ,  a t  b o t h  t h e  i n l e t  and o u t l e t ,  as s p a c e  r e s t r i c t i o n s  

- 2 1  - 



p r e c l u d e d  t r a v e r s i n g  th rough  b o t h  p o r t s  w i t h  a r i g i d  probe. 

A l l  tests were made unde r  a p p a r e n t l y  o r d i n a r y  c o n d i t i o n s .  

Average c o n c e n t r a t i o n s  fo r  S O  

. s c r u b b e r  were 7 4  and 2 . 6  ppm r e s p e c t i v e l y .  

c o n c e n t r a t i o n s  were 2 9  and 20 ppm a t  t h e  i n l e t  and o u t l e t  

r e s p e c t i v e l y .  

b e f o r e  and a f t e r  t h e  
3 

The SO2 a v e r a g e  

- 22 - 



111. PROCESS DESCRIPTION 

E lemen ta l  phosphorus  i s  produced  from phospha te  rock  by 

r e d u c t i o n  i n  an e l e c t r i c  arc f u r n a c e .  T y p i c a l  o r e s  c o n t a i n  

10-13% phosphorus so t h a t  a b o u t  10  t o n s  of rock  must  be 

p r o c e s s e d  p e r  t o n  of phosphorus  produced.  C o n s i d e r a b l e  

q u a n t i t i e s  of  coke ,  s i l i c a ,  and r e c y c l e d  m a t e r i a l s  are f e d  t o  

t h e  f u r n a c e s  w i t h  t h e  b e n e f i c i a t e d  o r e .  

l 
P r i o r  t o  b e i n g  f e d  t o  t h e  f u r n a c e ,  t h e  rock i s  agglomera ted  

and hea t -hardened  i n  a k i l n .  The p a r t i a l l y  f u s e d  p r o d u c t  i s  

coo led  and c r u s h e d  t o  a s p e c i f i e d  s i z e  before b e i n g  f e d  t o  

t h e  f u r n a c e  as shown i n  Figure 1. 

Phosphate  f e e d  i s  c a r e f u l l y  p r o p o r t i o n e d  w i t h  s i l i c a  and 

c o k e . b e f o r e  b e i n g  t ransferred t o  f e e d  b i n s  d i r e c t l y  above t h e  

f u r n a c e .  

down i n t o  t h e  f u r n a c e  as the f u r n a c e  f e e d  i s  consumed. 

The f e e d  mixture t h e n  moves by g r a v i t y  f rom t h e  b i n s  

The r e a c t i o n  w i t h i n  t h e  f u r n a c e  i s  approximated by t h e  

f o l l o w i n g  e q u a t i o n :  

2 C a 3  ( P 0 4 ) 2  + 10 C + 6 S i 0 2  (2300-27000E) P4 + 1 0  C + 6 C a S i 0 3  

E lemen ta l  phosphorous  and carbon monoxide leave t h e  

f u r n a c e  as g a s e s .  Dust i s  removed from t h e  stream by an 

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  and t h e  phosphorous  vapor  i s  l a t e r  

condensed o u t  i n  d i r e c t F c o n t a c t  water condense r s .  Waste CO 

gas is used  a s  a f u e l  i n  t h e  k i l n  o p e r a t i o n .  

- 23 - 
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The mol ten  p r o c e s s  by -p roduc t s  and some coke must be 

p e r i o d i c a l l y  removed from t h e  f u r n a c e  by t a p p i n g .  

molten m a t e r i a l  s e p a r a t e s  i n t o  two l a y e r s  i n s i d e  t h e  f u r n a c e .  

The l i g h t e r  t o p  l a y e r  i s  a s l a g  from t h e  o r e  m a t e r i a l .  

s l a g  has no  economic v a l u e  e x c e p t  as an a g g r e g a t e .  

t a p p e d  a l t e r n a t e l y  from two t a p h o l e s  a t  15-minute  i n t e r v a l s .  

The s l a g  r u n s  o u t  i n t o  w a t e r - f i l l e d  p i t s  beh ind  t h e  f u r n a c e  

b u i l d i n g .  

T h i s  

T h i s  

I t  i s  

I 

The h e a v i e r  bottom l a y e r  i s  about  t w i c e  t h e  d e n s i t y  of  

t h e  s l a g ,  and i s  l a r g e l y  a phosphorous - i ron  m i x t u r e  known as 

f e r r o p h o s .  T h i s  metal by-product  i s  tapped  from t h e  f u r n a c e  

t w i c e  each day. The f e r r o p n o s  i s  poured  i n t o  ch i l l s  and 

t h e n  s h i p p e d  t o  a nearby  p l a n t  f o r  vanadium r e c o v e r y .  

The t a p p i n g  of s l a g  and f e r r o p h o s  r e s u l t s  i n  t h e  e v o l u t i o n  

of s i g n i f i c a n t  amounts of fumes, most of which are P205 

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

The No. 8 f u r n a c e  a t  Monsanto ' s  Soda S p r i n g s ,  Idaho  

p l a n t  h a s  been p a r t i a l l y  c o n t r o l l e d  s i n c e  1 9 7 1  by a t a p h o l e -  

hooding  sys t em v e n t e d  t o  a s c r u b b e r .  

Each of t h e  three t a p h o l e s  is hooded by a comple t e ly  

e n c l o s e d  box. Each box is r e f r a c t o r y  l i n e d  w i t h  o u t s i d e  

d imens ions  of 8 '  x 6 '  x 7 ' .  The r e f r a c t o r y  l i n i n g  i s  n e c e s s a r y  

- 2 4  - 
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t o  p r e v e n t  warp ing  of t h e  m e t a l  s h e l l  from t h e  i n t e n s e  heat. 

T h e r e  are access p o r t s  and d o o r s  or, t h e  hoods which are 

u s u a l l y  k e p t  c l o s e d .  However, even when t h e  door s  are open,  

fume p ickup  i s  v e r y  e f f ec t ive  w i t h i n  t h e  hooded area. There  

is no hooding  o v e r  t h e  slag r u n n e r s  o r  a t  t h e  c h i l l  l i n e  o r  

metal w e l l .  

A t h r e e - f o o t  d i a m e t e r  d u c t  d i r e c t s  t h e  fumes from each  

hopd t o  t h e  c o n t r o l  d e v i c e .  Each  d u c t  h a s  i n t e r i o r  w a t e r  

s p r a y s  f o r  c o o l i n g  pu rposes  and dampers t o  c o n t r o l  d r a f t  on 

each  hood. U s u a l l y ,  t w o  d u c t s  a r e  open and one is c l o s e d .  

The i n t a k e  v e l o c i t y  a c r o s s  t h e  access p o r t s  i s  approx ima te ly  

700 f e e t  p e r  minu te .  

The t h r e e  d u c t s  j o i n  and l e a d  t o  a h i g h  p r e s s u r e - d r o p  

v e n t u r i  s c r u b b e r .  Water i s  s p r a y e d  from n o z z l e s  on each  s i d e  

of t h e  t h r o a t  a t  370-420 gpm, depending on t h e  amount of 

water b e i n g  s p r a y e d  i n t o  t h e  ductwork p r i o r  t o  t h e  s c r u b b e r .  

The p r e s s u r e  d r o p  a c r o s s  t h e  s c r u b b e r  i s  m a i n t a i n e d  a t  48-52 

i n c h e s  of water. From t h e  s c r u b b e r  t h e  e x h a u s t  stream e n t e r s  

a c y c l o n i c  s e p a r a t o r .  The removed water i s  r e c i r c u l a t e d  

from t h e  bot tom of t h e  s e p a r a t o r  back t o  t h e  v e n t u r i  t h r o a t .  

Make-up w a t e r  i s  added a t  a r a t e  of 30-40 g a l l o n s  p e r  minute .  

From t h e  s e p a r a t o r ,  t h e  c l e a n e d  gas  i s  e x h a u s t e d  th rough  an 

induced  d r a f t  f a n  t o  a 1 7 5 '  f i b e r g l a s s  s t a c k  t o  t h e  atmosphere.  

- 25 - 
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I V .  LOCATION OF SAMPLING POINTS 

F i g u r e  2 shows t h e  s a m p l i n g  p o r t s  and t h e  number of 

sampl ing  p o i n t s  a t  t h e  i n l e t  and o u t l e t  s i t e s  used t o  d e t e r m i n e  

t h e  e m i s s i o n s  from t h e  s l a g  t a p p i n g  p r o c e s s .  The i n l e t  s i t e  

was l o c a t e d  i n  a 35 .5- inch  round h o r i z o n t a l  d u c t ,  and samples 

h e r e  were collected a t  48 p o i n t s  ( 2 4  a l o n g  each  d i a m e t e r )  of 

a v e r t i c a l  and a h o r i z o n t a l  p o r t .  T h i s  i n l e t  p o r t  l o c a t i o n  

( F i g u r e s  1 and 2 )  does n o t  conform t o  r e q u i r e m e n t s  of t h e  

F e d e r a l  Reg i s t e r ' ,  which s p e c i f i e s  a minimum sampl ing  d i s t a n c e  

from o b s t r u c t i o n s  of two (2 )  d u c t  d i a m e t e r s  and one -ha l f  (1 /2 )  

d u c t  d i a m e t e r  ups t r eam and downstream of t h e  sampling p o r t  

r e s p e c t i v e l y .  The s i t e  w a s  n o n e t h e l e s s  u sed  because  it w a s  

t h e  o n l y  a v a i l a b l e  l o c a t i o n  f o r  sampl ing .  As shown, o u t l e t  

samples  were e x t r a c t e d  a t  1 2  p o i n t s  ( 6  a l o n g  each  d i a m e t e r )  

f rom two p o r t s  i n  a 36-inch round v e r t i c a l  s t a c k  4 8 '  above 

t h e  s l a g  t a p  scrubber e x h a u s t  f a n .  

F e d e r a l  R e g i s t e r ,  Vol. 3 6 ,  No. 2 4 7 ,  December 23,  1 9 7 1  1 s  .:h 
4:- 
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V.  SAMPLING PROCEDURES 

A l l  s ampl ing  p r o c e d u r e s  were s e l e c t e d  by EPA p r i o r  to 

f i e l d  sampl ing .  A l l  a n a l y s i s  of  c o l l e c t e d  samples  were a l s o  

per formed by EPA. F i e l d  d a t a  sheets were s u b m i t t e d  t o  EPA 

a t  t h e  tes t  s i te .  

V e l o c i t y  and Gas Tempera ture  

A l l  g a s  v e l o c i t i e s  w e r e  measured w i t h  a t y p e  S p i t o t  

tube and i n c l i n e d  d r a f t  g a g e .  

measured a t  each  sampl ing  p o i n t  across t h e  s t a c k  d i a m e t e r  t o  

de t e rmine  an ave rage  v a l u e  a c c o r d i n g  t o  p r o c e d u r e s  d e s c r i b e d  

i n  t h e  F e d e r a l  Reg i s t e r ’  - Method 1. 

measured by l o n g  s t e m  d i a l  thermometers .  

I n  a l l  cases v e l o c i t i e s  were 

Temperatures  were 

Molecular  Weight 

An i n t e g r a t e d  sample of t h e  stack gases was c o l l e c t e d  

d u r i n g  e a c h  run  by pumping gas i n t o  a Mylar  p l a s t i c  bag  a t  t h e  

r a t e  of approx ima te ly  0 . 5  l i t e r  p e r  minu te .  T h i s  bag sample 

w a s  t h e n  ana lyzed  w i t h  an O r s a t  a p p a r a t u s  f o r  C02 and O2 as 

d e s c r i b e d  i n  t h e  F e d e r a l  Regis ter ,  December 23 ,  1 9 7 1 ,  i n  
I Method 3 .  

F l u o r i d e s  

The basic t r a i n  f o r  t o t a l  f l u o r i d e  samples ,  as shown i n  

F i g u r e  3 ,  c o n s i s t e d  of t h r e e  s t a n d a r d  Greenburg-Smith impingers  

F e d e r a l  Regis ter ,  Vol.  3 6 ,  N o .  247, December 23,  1971. 
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a 
c o n t a i n i n g  250 m l  each  of 2 .5% sodium hydrox ide  , one empty 

s t r a i g h t  t i p  i m p i n g e r ,  a 3 "  o r  4 "  unheated  Whatman #1 p a p e r  

f i l t e r ,  and an impinge r  c o n t a i n i n g  approx ima te ly  200  grams of  

a c c u r a t e l y  weighed s i l i c a  g e l .  The impinge r s  were c o n t a i n e d  

i n  an i c e - w a t e r  b a t h .  A s t a i n l e s s  s t e e l  n o z z l e  and g l a s s  

l i n e d  probe  were used  i n  a l l  cases. A f lex ib le  T e f l o n  c o n n e c t o r  

( 5 '  l o n g )  w a s  u sed  a t  b o t h  t e s t  s i tes  t o  connec t  t h e  p robe  t o  

t h e  f irst  i m p i n g e r ,  a s  space l i m i t a t i o n s  p r e c l u d e d  t h e  u s e  of  

a r i g i d  t r a i n  c o n f i g u r a t i o n .  

A f t e r  s a m p l i n g , . t h e  e n t i r e  t r a i n  was r i n s e d  w i t h  d i s t i l l e d  

water and combined w i t h  t h e  imp inge r  c o n t e n t s  and t h e  f i l t e r  

i n t o  a s i n g l e  c o n t a i n e r .  An a c e t o n e  r i n s e  of a l l  components 

was 

emF 

p l a c e d  i n  a second c o n t a i n e r .  

P O  -2-5 
A sampl ing  t r a i n  i d e n t i c a l  t o  t h a t  u sed  f o r  f l u o r i d e s  w a s  

oyed f o r  t h e  c o l l e c t i o n  of  P205 e x c e p t  t h a t  o n l y  1 0 0  m l  

of 2.5% sodium h y d r o x i d e  w a s  u s e d  i n  the f i r s t  t h r e e  imp inge r s  

Sample r e c o v e r y  was i d e n t i c a l  t o  the  f l u o r i d e  p r o c e d u r e .  

S O  and SO3 -2 

Method 8 as d e s c r i b e d  i n  the F e d e r a l  Reg i s t e r '  was used  

t o  measure s u l f u r  o x i d e s  as  shown i n  F i g u r e  4 .  A r i g i d  t r a i n  

Though a 10% NaOH s o l u t i o n  w a s  o r i g i n a l l y  p l a n n e d ,  t h i s  was 
changed t o  2 .5% b a s e d  on t es t s  conducted  a t  a n o t h e r  p l a n t  
d u r i n g  t h e  p r e v i o u s  week. 

a 

1 ) F e d e r a l  R e g i s t e r ,  Vol .  36, N o .  247, December 23, 1 9 7 1 .  
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I 
w i t h  h e a t e d  glass l i n e d  p r o b e  w a s  employed a t  b o t h  t h e  i n l e t  

and o u t l e t  of t h e  v e n t u r i  s c r u b b e r .  

I 

I n  a l l  c a s e s  sampl ing  w a s  conducted  under  i s o k i n e t i c  

c o n d i t i o n s  by c o n t i n u a l l y  m o n i t o r i n g  t h e  v e l o c i t y  w i t h  a p i t o t  

t u b e  and a d j u s t i n g  t h e  sampl ing  ra te  a c c o r d i n g l y .  

t a p p i n g  and sampl ing  s t o p p e d  i n  t h e  middle  of a t r a v e r s e ,  t h a t  

t r a v e r s e  p o i n t  w a s  comple ted  a t  t h e  s ta r t  of  t h e  n e x t  s l a g  t a p  

b e f o r e  go ing  t o  t h e  n e x t  t r a v e r s e  p o i n t .  

When s l a g  

Sample r ecove ry  c o n s i s t e d  of r i n s i n g  t h e  probe w i t h  

d i s t i l l e d  water and a d d i n g  t h e  washings  t o  the f i r s t  impinger  

a l o n g  w i t h  t h e  f i l t e r .  

af ter  t h e  f i l t e r  were poured  i n t o  a n o t h e r  c o n t a i n e r  and r i n s e d  

w i t h  d i s t i l l e d  w a t e r .  

The c o n t e n t s  of t h e  t w o  imp inge r s  

- 3 3  - 



I 

I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

APPENDIX A 

TEST RESULTS 

EXAMPLE CALCULATIONS 
WITH 

.. . 

y: 
.I . .  .... 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I .  
I 

I 

Ir 

TABLE A-1  
FLUORIDES - RUN 1 

Run NO. 

T e s t  Date 

Sampling Time, 24 h o u r  c l o c k  

Sampl ing  L o c a t i o n  

D Sampl ing  N o z z l e  Diameter, i n .  

Net Time of T e s t ,  I d i n .  

Baroni f t r ic  P r e s s u r e ,  i n .  119 

Avcrage O r i f i c e  P r e s s u r e  

n 

t 

'b 

'r 

Absolute  

m P 
. Drop, i n .  lI20 

Volume of Dry G a s  Sampled a t  m V 
iqeter C o n d i t i o n s ,  DCF 

Average G a s  I.leter T e m p e r a t u r e ,  
O F  

m T 

VoIumc of Ui-y G a s  Sampled a t  
s t d  S t a n d a r d  C o n d i t i o n s a ,  DSCF m V 

T o t a l  11.0 C o l l e c t e d  i n  I m p i n -  
W 2 

V 
g e r s  and  S i l i c a  G e l ,  m l  

ga s  at S t a n d a r d '  C o n d i t i o n s b ,  SCF 
Vo1.ume of Illatcr Vapor C o l l c c t e d  

W 
V 

% 1.1 % Xois ture  i n  S t a c k  G a s ,  b y  
Volume 

Mole F r a c t i o n  of Dry G a s  % 

% O2 

S C 0 2  Volume % Dry 

Volume % Dry 

% CO Volume % D r y  

% P I 2  - Volume % D r y  

% EA P e r c e n t  E x c e s s  A i r  

M o l e c u l a r  Weight  of S t a c k  G a s ,  
Dry B a s i s  I'Iwd 

1 FLUORIDES 

10/5/7 2 

1010 

INLET 

.1875 
65  

24.30 

1.13 

45 .061  

57 .0  

37.638 

7.9 

.374 

.99 

.990 

0 . 0  

20.2 

0.0 

79.8 

- 
28 .81  

1 FLUORIDES 

10/5/72 

1010 

OUTLET 

.1890 

60 

24.30 

.58 

31.051 

82 .5  

24.699 

11.1 

.526 

2.09 

.979 

0 . 0  

21 .1  

0 .0  

78.9 

- 
28.84 
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TABLE A-1  
(Cont inued)  

Run N o .  

MW 

cP 

Ts 

N 
P '  

Pst 

ps 

"s 

As 

0 s  

Qa 

% I  

% O  

TC 

mf 

"t 

'.: IC 

$: .Can 

'a0 

.. 

.1 . .  

,& & 
t:.r 

Mo lecu la r  Weight of S t a c k  
Gas, Met B a s i s  

P i t o t  Tube  C o e f f i c i e n t  

Average S t a c k  Tempera ture ,  

N e t  Sampling P o i n t s  

S t a t i c  P r e s s u r e  of S t a c k  
G a s ,  i n . H 2 0  

S t a c k  G a s  P r e s s u r e ,  i n .  Hg 
Absolute 

S t a c k  Gas V e l o c i t y  a t  S t a c k  
C o n d i t i o n s ,  f p s -  

S t a c k  Area, 

Dry S t a c k  Gas V o l u m e t r i c  Flow R a t e  
a t  S t a n d a r d  C o n d i t i o n s ,  c ,  

OF 

, .  . .  DSCFM 

S t a c k  G a s  Vo lumet r i c  Flow ' R a t e  
a t  S t a c k  C o n d i t i o n s ,  ACFM 

P e r c e n t  I s o k i n e t i c  

P e r c e n t  O p a c i t y  

U n i t  P r o d u c t i o n  R a t e  

P a r t i c u l a t e  - P r o b e ,  Cyclone ,  
and F i l t e r ,  mg 

F l u o r i d e  - T o t a l  mq 
P205 - T o t a l  mg. 

% Impinger  Ca tch  

P a r t i c u l a t e  - P r o b e ,  Cyclone ,  
'and F i l t e r ,  gr/SCF 

F l u o r i d e  - T o t a l ,  qr/SCF 
p205 - T o t a l ,  gr/SCF 

. .  . 
... 

28.70 

- 8 5  

125  

49 

-1.70 

24.. 1 7  

66 .3  

2 6 .873  f t .  

19 ,825  

27,340 

33.74 
509.5 

W A  

.01383 

.20890 

28.62 

.85 

8 4  

1 2  

. o o  

24.30 

61 .8  

2 7 .068  f t .  

20,295 

26,208 

73.5 

1 4 . 1  

N /A 

.00211 

.00993 
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TABLE A - 1  
(Cont inued)  

Run N o .  

N/A P a r t i c u l a t e  - P r o b e ,  Cyclone,  
and F i l t e r ,  gr/ACF 

P a r t i c u l a t e  - T o t a l ,  gr/ACF N/A N/A 'au 

N/A p a r t i c u l a t e  - P r o b e ,  Cyc lone ,  
and F i l t e r ,  l b / h r .  

'aw 

d 
F l u o r i d e  - T.O.tal, l b  h r .  - T o t a l ,  l b / h r  '2'5 

d C 
ax 

2.350 .367 
35.499 1.728 

P t f  P a r t i c u l a t e  - Probe ,  Cyclone  N/A N/A 
and F i l t e r ,  l b / t o n  ' .. 

P a r t i c u l a t e  - T o t a l ,  l b / t o n  N/A N/A Ptt . .  

... 

: ,  

a Dry s t a n d a r d  cub ic  f e e t  a t  7 0 "  F, 29.92 i n .  Hg. ?:.. 
.: 
c. 

S t a n d a r d  c o n d i t i o n s  a t  70°F,  29.92 i n .  Hg. 

Dry s t a n d a r d  cubic  feet  per m i n u t e  a t  70°F, 20.92 i n .  IIg. C 

Emiss ion  ra te  d u r i n g  t app ing  only  
4 
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TABLE A-2 
FLUORIDES - RUN 2 

Run X o .  2 FLUORIDES 2 FLUORIDES 

T e s t  Date 10/5/72 10/5/7 2 

Sampling Time,  24 h o u r  c l o c k  1741  1741  

Sampling-  L o c a t i o n  INLET OUTLET 

D n Sampl ing  N o z z l e  D i a m e t e r ,  i n .  .1875 .1890 

'rt N e t  Time of T e s t ,  Plin. 62 .5  60.0 

Baroii1ctrj.c P r e s s u r e ,  i n .  fig 
A b s o l u t e  Pb 

'rn 

"rn 

T m  

Avcrage O r i f i c e  P r e s s u r e  
Drop, i n .  Ii20 

Meter C o n d i t i o n s  , DCF 
Volume of Dry Gas Sampled a t  

Average Gas Meter T e m p e r a t u r e ,  
O F 

Volumc of D r y  Gas Sampled a t  m 
V 

s t d  S t a n d a r d  C o n d i t i o n s a ,  DSCF 

T o t a l  1 1 . 0  C o l l e c t e d  i n  Impin-  2 g e r s  and S i l i c a  G e l ,  m l  

g a s  a t  S t a n d a r d  C o n d i t i o n s b ,  SCF 

vW 

vW 
Volume o f  Water  Vapor C o l l e c t e d  

s p.1 % M o i s t u r e  i n  S t a c k  G a s ,  b y  
Volume 

Nole F r a c t i o n  of Dry Gas )'d 

% C 0 2  Volume % Dry 

% O2 Volume % Dry 

% CO Volume % Dry 

Volume % Dry 

% E A  P e r c e n t  Excess  A i r  

NWd 

'b N 2  

Molecular Weight  of S t a c k  Gas, 
Dry B a s i s  

24.30 

1.27 

45.956 

6 1  

38.107 

4.0 

.190 

.50  

,. 995 

0.0 

2 1 . 1  

0 :o 

78..9 

- 
.-.,' 

28.84 

24.30 

. 6 3  

34.253 

90.5 

26.854 

17.7 

.E39 

3.03 

r 

.970 

0.0 

20.7 

0.0 .. - 

7 9 . 3  

- .. . 

28.83 

I' 
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Run No. 

TABLE A-2 
(Con t inued)  

Mw 

C 
P 

Ts 

N P '  

P S t  

ps 

" S  

AS 

Q S  

Qa 

% I  

% O  

TC 

mf 

t m 

I IC 

*. /. . ."an 

'ao 

,I . .  

Molecular Weight  of S t a c k  
G a s ,  Wet B a s i s  

P i t o t  Tube C o e f f i c i e n t  

Average S t a c k  Tempera tu re ,  
OF 

N e t  Sampling P o i n t s  

S t a t i c  P r e s s u r e  of S t a c k  
Gas, i n .  H20 

S t a c k  G a s  P r e s s u r e ,  i n .  H g  
A b s o l u t e  

S tac 'k  G a s  V e l o c i t y  a t  S t a c k  
C o n d i t i o n s ,  fps 

S t a c k  Area,  

Dry S t a c k  Gas V o l u m e t r i c  Flow R a t e  
a t  S t a n d a r d  C o n d i t i o n s ,  c ,  
DSCFM 

S t a c k  G a s  Volumetr ic  Plow Rate 
a t  S t a c k  C o n d i t i o n s ,  ACFM 

P e r c e n t  I s o k i n e t i c  

P e r c e n t  Opaci ty  

U n i t  P r o d u c t i o n  R a t e  

P a r t i c u l a t e  - P r o b e ,  C y c l o n e ,  
and F i l t e r ,  m g  

F l u o r i d e  - T o t a l  m g  
P205 - T o t a l  m g .  

% Impinge r  C a t c h  

P a r t i c u l a t e  - P r o b e ,  Cyc lone ,  
and F i l t e r ,  'gr/SCF 

F l u o r i d e  - T o t a l ,  gr/SCF 
- T o t a l ,  gr/SCF '2'5 

. .  . 

. .  . .. 

28.79 

.85  

1 2 5  

50 

-1.70 

24.17 

70.0 

2 
6 .873  f t .  

21,032 

28,867 

103.9 

N/A 

N/A 

N/A 

42.73 
448.50 

N/A 

N/A 

.01730 

.18163 

28.50 

.85 

83 

1 2  

. o o  

24.30 
, 

64.8 

2 7.068 f t .  

2 1  , 134 

27,480 

76.8 

14.9 

N/A 

N/A 

1 .07 
11.20 

N/A 

N/A 

.00061 

.00643 
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TABLE A-2 
(Cont inued  ) 

Run N O .  

'at P a r t i c u l a t e  - Probe ,  Cyclone ,  N/A N/A 

au P a r t i c u l a t e  - T o t a l ,  gr/ACF N/A N/A 

and F i l t e r ,  gr/ACF 

N/A N/A 
'aw P a r t i c u l a t e  - Probe ,  Cyclone ,  

and F i l t e r ,  l b / h r .  
d 

F l u o r i d e  - Tota l ,  l v h r .  3.119 .111 
- T o t a l ,  l b / h r  32.744 1 . 1 6 5  

'ax 

P t f  P a r t i c u l a t e  - Probe ,  Cyclone  N/A N/A 

'2'5 

and F i l t e r ,  l b / t o n  

, 
Ptt ' P a r t i c u l a t e  - T o t a l ,  l b / t o n  N/A N/A 

.. . 
I .  "; a Dry s t a n d a r d  c u b i c  f e e t  a t  70' F ,  29.92 i n .  Hg. 
.- 
. ... 

Standa rd  c o n d i t i o n s  a t  7OoF, 29.92 i n .  Hg. 

Dry s t a n d a r d  c u b i c  f e e t  p e r  m i n u t e  a t  70°F,  20.92 i n .  Hg. 

Emiss ion  rate d u r i n g  t a p p i n g  o n l y  

C 

3 
.:E g;- 
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TABLE A-3 
FLUORIDES - RUN 3 

Run NO. ; .  
T e s t  Date 

Sampling Time,  2 4  h o u r  c l o c k  

Sampling - L o c a t i o n  

D 

. .  

Sampl ing  Nozz le  D i a m e t e r ,  i n .  

N e t  Time of T e s t ,  i d i n .  

Baronletr1.c P r e s s u r e ,  i n .  Ilg . 

n 

Tt 

pb 

'm 

"m 

" m 

vm 

vw 

vw 

A b s o l u t e  

Average O r i f i c e  P r e s s u r e  

Volume of Dry Gas Sampled 

, ~ r o p ,  i n .  H20 

a t  
i4e ter  C o n d i t i o n s ,  DCF 

Average Gas Meter T e m p e r a t u r e ,  
OF 

V o l u m e  of D r y  Gas Sanlpled a t  

T o t a l  1I2O C o l l e c t e d  i n  I m p i n -  

Volume of Water Vapor C o l l e c t e d  

s t d  S t a n d a r d  C o n d i t i o n s a ,  DSCF 

g e r s  and S i l i c a  Gel, m l  

g a s  a t  S t a n d a r d '  C o n d i t i o n s b ,  SCF 

% I.1 si I.ioisture i n  S t a c k  Gas, by 
V o l u m e  

Mole F r a c t i o n  .of Dry G a s  h'd 

% 02 

% co2 Volume % D r y  

Volume 2 Dry 

% co Volume % Dry 

2 El2 Volume 8 Dry 

% EA P e r c e n t  Excess  A i r  

M o l e c u l a r  Weight  of S t a c k  Gas, 
Dry B a s i s  blwd 

3 FLUORIDES 3 FLUORIDES 

10/6/72 10/6/72 

7 

OUTLET 

. .1890 

INLET 

.1875 

64.0 60 

24.35 24.35 

1 . 0 2  . 6 1  

43.009 32.569 

51 .5  52.5 

36.409 32.569 

. o  0.000 

0 .ooo  

0.00 0.00 

1.000 - 1 . 0 0 0  

0 . 0  0 . 0  

21.0 21.6 

0.0 0.0 

79.0 78.4 - t- 

28.84 28.86 
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TABLE A-3 
(Cont inued)  

Run NO. 

M4 Molecu la r  Weight  of  S t a c k  
G a s  , Wet B a s i s  

P i t o t  Tube C o e f f i c i e n t  

Average S t a c k  Tempera tu re ,  
cP 

Ts OF 

N N e t  Sampl ing  P o i n t s  

S t a t i c  P r e s s u r e  of S t a c k  
G a s ,  i n .  H 0 

S t a c k  G a s  P r e s s u r e ,  i n .  H g  
Absolute 

S t a c k  Gas Veloc i ty  a t  S t a c k  
C o n d i t i o n s ,  fp s  

S t a c k  A r e a ,  

P 

Pst 

pS 

vS 

AS 

2 

0 Dry S t a c k  Gas V o l u m e t r i c  Flow Rate .- s C a t  S t a n d a r d  C o n d i t i o n s ,  
DSCPM 

Qa 

% I  

% O  

TC 

mf 

t rn 

.. IC' 

:: Can 

'a0 

! I  

$: 
.? 

..A 

. .  

... 
Stack  Gas V o l u m e t r i c  Flow R a t e  
a t  S t a c k  C o n d i t i o n s ,  ACFM 

P e r c e n t  I s o k i n e t i c  

P e r c e n t  O p a c i t y  

U n i t  P r o d u c t i o n  Rate 

P a r t i c u l a t e  - P r o b e ,  Cyclone ,  
and F i l t e r ,  mg 

F l u o r i d e  - T o t a l  m g  
- T o t a l  mg. '2'5 

% Impinge r  C a t c h  

P a r t i c u l a t e  - P r o b e ,  Cyc lone ,  
and  F i l t e r ,  gr/SCF 

F l u o r i d e  - T o t a l ,  gr/SCF 
P205 - T o t a l ,  gr/SCF 

28.84 

.85 

147 

49 

-1.70 

24'.22 

64.5 
\ 

2 6.873 f t .  

18.794 

26,599 

108 .4  

N/A 

N/A 

N/A 

13.32 
174.0 

N/A 

N/A 

-00564 
.07375 

28.86 

.85 

77 

1 2  

.oo  

24.35 ' 

62.6 

2 7.068 f t .  

21,328 

26,541 

77.8, 

N/A 

12.0 

N/A 

1.50 
12.60 

N/A 

N/A 

. oooa4  

.00707 



Run No. 

'at 

au 

'aw 

'ax 

P t f  

Ptt 
4 

TABLE A-3 
(Cont inued)  

P a r t i c u l a t e  - Probe, Cyc lone ,  
and  F i l t e r ,  qr/ACF 

P a r t i c u l a t e  - T o t a l ,  qr/ACP 

P a r t i c u l a t e  - P r o b e ,  Cyclone ,  
and F i l t e r ,  l b / h r .  

F l u o r i d e  - T.o.ta1, l b / h r .  

'2'5 

P a r t i c u l a t e  - P r o b e ,  Cyclone  
and F i l t e r ,  l b / t o n  

d 

- T o t a l ,  l b / h r d  

P a r t i c u l a t e  - T o t a l l  l b / t o n  
. . .  

N/A N /A 

N/A N /?. 

N/A N /A 

.9  09 .154 
1 1 . 8 8 0  1.295 

, ,  

a Dry s t a n d a r d  c u b i c  fee t  a t  70' F ,  29.92 i n .  Hq. 

.. .. 
S t a n d a r d  c o n d i t i o n s  a t  70°F1 29.92 i n .  Hq. 

Dry s t a n d a r d  c u b i c  f e e t  per m i n u t e  a t  70°F1 20.92 i n ;  Hg. 

. 

IE; !! 
Y 



TABLE A-4 - RUN 1 '2'5 

Run  X o .  

T e s t  Date 

Sanipliny Time, 24 h o u r  Clock 

Sampling L o c a t i o n  

Sampling N O Z Z ~ ~  Diameter, i n .  

N e t  'rime of T e s t ,  k i in .  

Baromct~: ic  l 'ressure, i n .  Ily . 

Dn 

t 

'b 

'm 

'm 

t&b s o 1 u t  e 

Average O r i f i c e  P r e s s u r e  

Volume of Dry Gas Sampled a t  

Drop,  i n .  li20 

i4eter C o n d i t i o n s ,  DCF 

Average Gas Meter T e m p e r a t u r e ,  
OF " m 

V Volumc of Dry Gas Sampled a t  
m s t d  S t a n d a r d  Cond i t ions" ,  DSCF 

T o t a l  11.0 C o l l e c t e d  i n  Impin-  2 g e r s  and S i l i c a  G e l ,  m l  

g a s  at S t a n d a r d .  C o n d i t i o n s b ,  SCF 

vw 

vw Volume of  Water  Vapor C o l l e c t e d  

% 1.1 % Xois tu re  i n  S t a c k  G a s ,  by 
Volume  

I'ld 

% co2 Volume % Dry 

V o l u m e  % Dry 

% CO V o l u m e  % Dry 

Plolc F r a c t i o n  of Dry G a s  

% 0 2  

EA p e r c e n t  Excess  A i r  

Molecu la r  Weiglit of S t a c k  Gas, 
Dry  Bas is  I bIwd 

'2'5 

10/9/72 

1140 

INLET 

.187 5 

62.0 

24.33 

.92 

39 .491  

62 .5  

32.689 

3.0 

.142 

0 . 4 3  

.996 

0 .0  

2 1 . 1  

0 . 0  

78 .9  

- 

28.84 

'2'5 

10/9/72 

1136 

OUTLET 

. .1890 

60.0 

24.33 

.98  

42.386 

86  

33.550 

13 .1  

.649 

1.90 

, 9 8 1  

0 . 0  

21 .1  

0 .o 

78.9 

- 
_-, 

28.84 



TABLE A-4 
( c o n t i n u e d )  

Run No. 

Mw 

C P 

TS 

NP 

Pst  

P S  

"S 

AS 

Q s  

Qa 

% I  

% O  

Tc 

mf 

t 

I.. 

m 

Molecu la r  Weight  of S t a c k  
G a s ,  Wet B a s i s  

P i t o t  Tube C o e f f i c i e n t  

Average S t a c k  Tempera tu re ,  

N e t  Sampling P o ' i n t s  

S t a t i c  P r e s s u r e  of S t a c k  
G a s ,  i n .  H20 

S t a c k  Gas P r e s s u r e ,  i n .  Hg 
Absolute 

S t a c k  Gas V e l o c i t y  a t  S t a c k  
C o n d i t i o n s ,  f p s  

S t a c k  A r e a ,  % 

Dry S t a c k  Gas Vo lumet r i c  Flow R a t e  c .  a t  S t a n d a r d  c o n d i t i o n s ,  . .  

DS.CFM 

S t a c k  Gas Volumetr ic  Flow R a t e  
a t  s t a c k  C o n d i t i o n s ,  ACFM 

p e r c e n t  I s o k i n e t i c  

P e r c e n t  O p a c i t y  

U n i t  p r o d u c t i o n  R a t e  

p a r t i c u l a t e  - P r o b e ,  Cyc lone ,  
and F i l t e r ,  mg 

F l u o r i d e  - T o t a l  mg 
- T o t a l  m g .  '2'5 

% Impinger  C a t c h  

OF 

. .  

c; 

P a r t i c u l a t e  - P r o b e ,  Cyc lone ,  
and F i l t e r ,  gr/SCF 'an 

.< cao F l u o r i d e  - T o t a l ,  g r / S C F  - T o t a l ,  gr/SCF 
'2'5 

28.80 

.85 

137 

49 

-1.70 

24.20 

61.7 

2 6.873 ft .  

18,197 

25,444 

17.63 
226.0. 

N /A 

.00835 

.lo669 

28.64 

.85 

75 

12 

.oo 

24.33 

59.8 

2 
7.068 f t -  

20,045 

25,360 

1 0 1 . 1  

N/A 

N/A 

N/A 

.86 
15.20 

N/A 

.00039 
1 00699 

I 



TABLE A- 4 
(Cont inued)  

F l u o r i d e  - T o t a l ,  
P205 - T o t a l ,  l b / h r  

t 
1 
IN 
I' 
I 
I 
f 
8 
I 
1' 
I 
I 

'ax 

\ 

1.302 
16.640 

.067 
1 . .2 !xi.: 

? I  

Dry s t a n d a r d  c u b i c  f e e t  a t  70° F ,  29.92 i n .  Yg. 

S t a n d a r d  c o n d i t i o n s  a t  70°F, 29.92 i n .  Hg. 

:: . a  

.' 

I C  Dry s t a n d a r d  c u b i c  f e e t  per m i n u t e  a t  70°F,  20.92 i n .  Hg. 

Emiss ion  ra te  d u r i n g  t a p p i n g  o n l y  
} .$ 

.:g *:: 
I 
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Run 90. 

TABLE A-5 - RUN 2 '2'5 

Test Date 

Sampling 'rime, 2 4  h o u r  c l o c k  

Sampling . L o c a t i o n  

Sarnpliny ~ o z z l e  Diameter, i n .  

N e t  'rime of T e s t ,  k l i n .  

Ba ron ic t r i c  P r e s s u r e ,  i n .  Ilg - 

Dn 

t 

'b . & s o l u t e  

Avcrage O r i f i c e  P r e s s u r e  
Drop, i n .  H20 

ideter C o n d i t i o n s ,  DCF 

prn 

Yolume of v r y  Gas Sampled a t  m 

" m 

"In 

V 

\ 

Average Gas ivieter T e m p e r a t u r e ,  
OF 

Volumc of Dry Gas Sampled a t  
s t d  S t a n d a r d  C o n d i t i o n s a ,  DSCF 

T o t a l  l i 2 0  C o l l e c t e d  i n  I m p i n -  

Vo lume  of \ ~ a t c r  v a p o r  C o l l e c t e d  

g e r s  and S i l i c a  G e l ,  ml 

g a s  a t  S t a n d a r d  C o n d i t i o n s b ,  SCF vw 

W 
V 

% M % M o i s t u r e  i n  S t a c k  Gas ,  b y  
Volume 

Nole F r a c t i o n  of Dry Gas 

% C 0 2  Volume % Dry 

Volume % Dry 

8 CO V o l u n i e  k Dry 
% O2 

% N2 - Volume % Dry 

% E A  P e r c e n t  Excess  Air 

M o l e c u l a r  Weight  of S t a c k  Gas, 
Dry B a s i s  Fwd 

'2'5 

10/9/72 

2100  

INLET 

.187 5 

60.0 

24.33 

.81 

36.430 

61.5 

30.204 

8 .2  

.389  

1.27 

.987 

0 . 0  

21.1 

0.0  

78.9 

- 
...I 

28.85 

'2'5 

10/9//2 

2 1 0 5  

OUTLET 

.1890 

60.0 

24.33 

rl 

1 . 0 3  

44.200 

1 2 3 . 5  

32.770 

28.9 

1.370 

4.01 

.960 

0 .0 .  

2 1  ..8 

0.0  

78.2 

- 
2 8 . 8 7  



TABLE A-5 
(Con t inued)  

Run NO. 

M w  

C 
P 

TS 

I< 
P '  

Pst 

ps 

" S  

AS 

Q S  

Qa 

% I  

% O  

TC 

mf 

mt 

IC 

'an 

'a0 

Molecu la r  Weight  of S t a c k  
Gas, Net B a s i s  

P i t o t  Tube C o e f f i c i e n t  

Average S t a c k  Temperature, 
OF 

N e t  Sampl ing  P o i n t s  

S t a t i c  P r e s s u r e  of S t a c k  
G a s ,  i n .  H 0 

S t a c k  G a s  P r e s s u r e ,  i n .  H g  
A b s o l u t e  

S t a c k  G a s  V e l o c i t y  a t  S t a c k  
Cond i t ions ,  fp s  

S t a c k  Area,  

Dry S t a c k  G a s  V o l u m e t r i c  Flow Rate  
a t  S t a n d a r d  C o n d i t i o n s ,  
DSCFM 

2 

C 

S t a c k  G a s  Volumetric Flow R a t e  
a t  S t a c k  C o n d i t i o n s ,  ACFM 

P e r c e n t  I s o k i n e t i c  

P e r c e n t  o p a c i t y  

U n i t  P r o d u c t i o n  R a t e  

P a r t i c u l a t e  - P r o b e ,  Cyc lone ,  
and F i l t e r ,  m g  

F l u o r i d e  - T o t a l  mg 
- T o t a l  mg. '2'5 

% Impinge r  Catch 

P a r t i c u l a t e  - Probe ,  Cyc lone ,  
and F i l t e r ,  gr/SCF 

F l u o r i d e  - T o t a l ,  gr/SCF 
P 2 0 5  - T o t a l ,  gr/SCF 

28.43 28.71 '  

.85 .85  

106  83 

48 1 2  

-1.70 . o o  

24'.20 

49; 4 

2 6.873 f t .  

15 ,246  

20,372 

118 .3  

N/A 

N/A 

N/A 

97.46 
274.20 

N/A 

N/A 

.04979 
.14010 

24.33 

60.5 

2 7.068 f t .  

19,559 

25,657 

7.29 
32.10 

N/A 

N/A 

.00343 
.0151.1 
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l 
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c 
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I 
I 
I 

TABLE A-5 
( c o n t i n u e d )  

Run No. 

p a r t i c u l a t e  - P r o b e ,  CYcloner N/A N/A 
'at and F i l t e r , '  gr/ACF . .  

au p a r t i c u l a t e  - T o t a l ,  gr/ACF 

N/A N /A 'aw p a r t i c u l a t e  - P r o b e ,  Cycloner  
and F i l t e r ,  l b / h r -  

.575 F l u o r i d e  - T.ota1, l)a/hr. 18.308 2.534 
'2'5 

6.507 d 

- T o t a l ,  l b /h r  'ax 

Ptt 
p a r t i c u l a t e  - T o t a l ,  l b / tOn  

.. . . ... . _ .  

a Dry s t a n d a r d  c u b i c  f ee t  a t  70'  F I  29.92 i n .  Hg. 

S t a n d a r d  c o n d i t i o n s  a t  70°F1 29.92 i n .  Hg. 

Dry s t a n d a r d  c u b i c  f e e t  per m i n u t e  a t  7OoF, 20.92 i n ,  Hg. I' 
Emiss ion  ra te  d u r i n g  t a p p i n g  o n l y  d 1. .:g .& 

kl- 
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TABLE A-6 
P205 - RUN 3 

Run So. 

T e s t  Date 

S m p l i n y  T i m e ,  2 4  h o u r  c l o c k  

Sampl ing  L o c a t i o n  

Sampl ing .  Nozz le  Diameter, i n  

N e t  Time of T e s t , .  k l i n .  

Baron1etrj.c Pressure, i n .  11g 

Dn 

t 

'b 

'm 

'rn 

Trn 

V V o l u m c  of U r - y  Gas Saniplecl at I 

h b s o l u t e  

Average O r i f i c e  P r e s s u r e  
Drop ,  i n .  1i20 

i4eter C o n d i t i o n s ,  DCF 
Volume of Dry Gas Sampled a t  

- 
Average Gas Meter T e m p e r a t u r e ,  
O F  

% t d  S t a n d a r d  C o n d i t i o n s a ,  DSCF 

T o t a l  11 0 C o l l e c t e d  i n  Impin-  2 g e r s  and S i l i c a  G e l ,  m l  

Volume of Water Vapor C o l l e c t e d  
a t  S t a n d a r d .  C o n d i t i o n s b ,  SCF 

40 biois ture  i n  S t a c k  Gas ,  b y  
Volume 

Mole F r a c t i o n  of Dry Gas 

V o l u m e  P. Dry 

V o l u m e  % Dry 

V o l u m e  % Dry 

Volume % Dry 

P e r c e n t  Excess  A i r  

Mol .ecular  Weight of S t a c k  Gas, 
Vry Bas i s  

3 ':P 2O 

10/10/72 

INLET 

.1875 

56.6 

2 4 . 3 1  

.89 

35.805 

61.0 

29.668 

5.4 

-256 

.86 

.991  

0.0,  

2 1 . 1  

0 . o... 

78.9 

.- . -  
.. 

2 8 . 8 5  

'2'5 

10/10/7 2 

OUTLET 

.1890 

60.0 

24.30 

1 .08  

44.137 

90.5 

34 .650  

23.3 

1 .104  

3.09 

.969 

0 .0  

21.8 

0.0. 

78.2 

- 

28.87 
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TABLE A-6 
(Con t inued)  

Run N o .  

Mw 

C 
P 

Ts 

N 
P .  

Pst  

ps 

AS 

Qs 

Qa 

% I  

% O  

TC.  

mf 

mt 

'. 'an 

'' 'ao 

$: 
.? 

... 

.* 
4E 4:: 

Molecu la r  Weight  o f  S t a c k  
Gas, Wet B a s i s  

P i t o t  Tube C o e f f i c i e n t  

Average S t a c k  Tempera tu re ,  
O F  

N e t  Sampling P o i n t s  

S t a t i c  P r e s s u r e  of  S t a c k  
G a s ,  i n .  

S t a c k  G a s  P r e s s u r e ,  i n ,  H g  
A b s o l u t e  

H2° 

S t a c k  Gas V e l o c i t y  a t  S t a c k  
C o n d i t i o n s ,  fps: 

S t a c k  A r e a ,  

Dry S t a c k  G a s  Volumetr ic  Flow Rate  
a t  S t a n d a r d  C o n d i t i o n s ,  C 
DSCFM 

S t a c k  G a s  Volumetric Flow R a t e  
a t  S t a c k  C o n d i t i o n s ,  ACFM 

P e r c e n t  I s o k i n e t i c  

P e r c e n t  O 2 a c i t y  

U n i t  P r o d u c t i o n  R a t e  

P a r t i c u l a t e  - P r o b e ,  C y c l o n e ,  
and F i l t e r ,  mg 

F l u o r i d e  - T o t a l  mg 
P205 - T o t a l  mg. 

% Impinge r  C a t c h  

P a r t i c u l a t e  - P r o b e ,  Cyc lone ,  
.and F i l t e r ,  gr/SCF 

F l u o r i d e  - T o t a l ,  gr/SCF 
P205 - Tota l ,  gr/SCF 

28.75 28.54 

.85  .85 

1 4  9 82 

4 5  1 2  

-1.70 .oo  

24.18 24.30 

62.9 61 .3  

2 7.068 f t .  2 6.873 f t .  

18 ,089  20,005 

25,939 25,996 

103..8 104.7 

N/A N/A 

30.70 
231.40 

2.35 
17.90 

,01596 
i12036 

.00104 

.00797 



TABLE A-6 
(Cont inued)  

Run N o .  

1 
P a r t i c u l a t e  - P r o b e ,  Cyc lone ,  N/A N/A 
and F i l t e r ,  qr/ACF 

P a r t i c u l a t e  - T o t a l ,  gr/ACF N/A 11 /A 

I ‘at 

I ‘au 

I ‘aw P a r t i c u l a t e  - P r o b e ,  Cyc lone ,  N/A N/A 
and F i l t e r ,  l b / h r .  

d F l u o r i d e  - T.ota1, 1 h r .  

’2’5 
‘ax - T o t a l ,  l b / h r  ‘d I 
P t f  P a r t i c u l a t e  - P r o b e ,  Cyclone  

and F i l t e r ,  l b / t b n  

I 
I 
1 
I 

2.475 .179 
1 a ..6 6 2 1.367 

N/A 

I , .  
/.. a Dry s t a n d a r d  cubic  f e e t  a t  70° F ,  29.92 i n .  Hg. I I:.. :. 

...:. 
S t a n d a r d  c o n d i t i o n s  a t  70°F,  29.92 i n .  Hq. 

Dry s t a n d a r d  c u b i c  f e e t  p e r  m i n u t e  a t  70°F,  20.92 i n ,  Hg. C 

d 
Emiss ion  r a t e  d u r i n g  t a p p i n g  o n l y  I ... .& 

rr- 



I 
I Run No. 

TABLE A-7 
S02/S03 - RUN 1 

1 so, 1 so, 

10/10/72 10/10/72 T e s t  Date 

Sampling Time, 2 4  h o u r  clock 1800 1800 

Sampling L o c a t i o n  INLET OUTLET 

D Sampl iny  Nozzle D i a m e t e r ,  i n .  .1875 ..1890 

N e t  Time of T e s t ,  Min. 
n . .  

I 
I '  ' 60 60 

Tt 
B a r o m e t r i c  P r e s s u r e ,  i n .  Iig 24.30 

A b s o l u t e  'b 

I";/ 
Pm Average O r i f i c e  P r e s s u r e  

1 
I Drop,  i n .  H20 

.93  

24.30 

1.02 

Yolume of Dry Gas Sampled a t  38.184 43.627 
illeter C o n d i t i o n s ,  UCF 'm 

Tm 

/ 

Average Gas Meter T e m p e r a t u r e ,  59 81.5 

I 
I 
I 
I '  
I. 
I 

OF 

V Volume of Dry Gas Sam?led a t  31.752 34.812 
m s t d  S t a n d a r d  C o n d i t i o n s a ,  DSCF 

T o t a l  H20 C o l l e c t e d  i n  I n p i n -  16 .6  1 3 . 1  

Volume of Water  Vapor C o l l e c t e d  .787 .621  

g e r s  and S i l i c a  Gel, m l  

gas  a t  S t a n d a r d  C o n d i t i o n s b ,  SCF 

vw 

vw 

% M  40 M o i s t u r e  i n  S t a c k  Gas, by  2.42 1 .75  
V o l u m e  

Mole F r a c t i o n  of Dry Gas .976 .983 
Mcl 
% C 0 2  Volume % ,  Dry 

V o l u m e  % Dry 

% , C O .  Volume i Dry 

% 0 2 .  

I ..' I .  

. .  

9 : '  ' % N - Volume Z Dry 2 
!! 

% EA P e r c e n t  Excess A i r  

- 
ORSAT ANALYSIS 

NOT RUN 

FOR THIS 

TEST 

- 
- 

PlW cl M o l e c u l a r  Weight  of S t a c k  Gas, 28.83 
Dry B a s i s  

I 

28.84 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I -  
I 
I r  
I 

? 

& .e 

Run N o .  

TABLE A-7 
(Con t inued)  

MW 

C 
P 

Ts 

N 
9 

Ps t  

pS 

vs 

AS 

Q s  

Qa 

% I  

%O 

TC 

mf 

mt 

I C  

'an 

'a0 

Molecu la r  Weight  of S t a c k  
Gas, W e t  B a s i s  

P i t o t  Tube C o e f f i c i e n t  

Average S t a c k  Tempera tu re ,  
OF 

N e t  Sampling P o i n t s  

S t a t i c  P r e s s u r e  of S t a c k  
Gas, i n .  H20 

S t a c k  Gas P r e s s u r e ,  i n .  Hg 
A b s o l u t e  

S t a c k  G a s  V e l o c i t y  a t  S tack  
C o n d i t i o n s ,  f p s  

S t a c k  Area,  f t  

Dry S t a c k  Gas V o l u m e t r i c  F l o z  
Rate a t  S t a n d a r d  C o n d i t i o n s ,  
DSCFM 

2 '  

S t a c k  Gas V o l u m e t r i c  F l o w  R a t e  
a t  S t a c k  C o n d i t i o n s ,  ACFM 

P e r c e n t  I s o k i n e t i c  

P e r c e n t  Opac i ty .  

U n i t  P r o d u c t i o n  Rate 

P a r t i c u l a t e  - P r o b e ,  Cyc lone ,  
and F i l t e r ,  mq 

. s o 3  - T o t a l ,  mq 

S O 2  - T o t a l ,  my 

% Impinger  C a t c h  

P a r t i c u l a t e  - P r o b e ,  Cyc lone ,  
a n d '  F i l t e r ,  gr/SCF 

so3 - T o t a l ,  gr/SCF 

SO? - T o t a l ,  gr/SCF 

I 

28.51 

.85  

143  

24 

-1.70 

24.17 

62 .3  

6.873 f t 2  

1 7 , 8 1 1  

25 ,691  

N/A 

352.5 

60.2 

N/A 

.17132 

.02925 

28.65 

.85  

80 

6 

. 7 1  

24.36 

60.0 

7 .068 '  f t 2  

19 ,955  

25,445 

.00159 

L a b  Data Not 
Avai lab le  
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I 
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TABLE A-7 
(Continued) 

Run N O .  

'at 

'au 

' a w  

d 
'ax s03 d 

P a r t i c u l a t e  - P r o b e ,  Cyclone ,  
and F i l t e r ,  gr/ACF 

P a r t i c u l a t e  - T o t a l ,  gr/ACF 

P a r t i c u l a t e  - P r o b e ,  Cyclone ,  
and F i l t e r ,  l b /h r .  

- T o t a l ,  l b / h r .  
SO2 - T o t a l ,  l b / h r .  

P a r t i c u l a t e  - P r o b e ,  C y c l o n e  
and F i l t e r ,  l b / t o n  P t f  

P a r t i c u l a t e  - T o t a l ,  l b / t o n  Ptt 

~ 

N/A 

N/A 

N/A 

26.155 

4 . 4 6 6  

N/A 

N/A 

.272 
Lab Data Not 

Avai 1 ab l e  

N/A 

a D r y  s t a n d a r d  c u b i c  f e e t  a t  70°F,  20.92 i n .  H g .  

._ S t a n d a r d  c o n d i t i o n s  a t  70°F,  20.92 i n .  H g .  

Dry s t a n d a r d  c u b i c  f ee t  p e r  m i n u t e  a t  7OoF, 20.92 i n .  H g .  

d 
.+ Emiss ion  r a t e s  d u r i n g  t a p p i n g  only ..g 

g;- 



i 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I- 
I’ 
I 
I 
I -  
I 

t 

Run N O .  

T e s t  Date 

Sampling T i m e ,  24 h o u r  c l o c k  

S a i p l i n g .  L o c a t i o n  

D 

. ,  

Sampl ing  Nozzle Diamete r ,  i n .  

Net T i m e  o f  T e s t ,  I4 in .  . 

B a r o m e t r i c  P r e s s u r e ,  i n . ,  !ig 

n . .  

‘Ft 

pb . A b s o l u t e  

Average O r i f i c e  P r e s s u r e  
Drop, . i n .  !I2O 

i4eter C o n d i t i p n s ,  DCF 

pm 

“m 

Tm 

Volume of Dry Gas Sampled a t  

Average Gas Meter T e m p e r a t u r e ,  
O F  

V Volume of Dry Gas Sample2 a t  
m s t d  S t a n d a r d  C o n d i t i o n s a ,  DSCF 

Total H 0 C o l l e c t e d  i n  I n p i n -  

Volume of  Water  Vapor C o l l e c t e d  

2 g e r s  and S i l i c a  G e l ,  m l  

g a s  a t  S t a n d a r d  - C o n d i t i o n s S ,  SCF 

vW 

vW 

% M  40 N o i s t u r e  i n  S t a c k  Gas ,  by 
V o l u m e  

Mole F r a c t i o n  of Dry Gas Md 
8 C 0 2  Volume % Dry 

0 2 .  Volume % Dry 

I 

TABLE A-8 
S02/S03 - RUN 2 

2 sq( 2 sox 

10/10/72 10/10/72 

2205 

INLET 

.1875 

60  

24.30 

1 .02  

40.296 

60 

2205 

OUTLET 

.1890 

60 

24.30 

1.00 

42.670 

73 .5  

33.453 34.558 

27.6 23.7 

1 .308  1 . 1 2 3  

3.76 . 3 .15  

.962 ,969  

ORSAT mxysrs 
NOT RUN 

FOR THIS % CO Volume 8 Dry 

Volume % Dry 
% N2 

TEST-’, - 
% E A  P e r c e n t  E x c e s s  A i r  

PNd M o l e c u l a r  N e i y h t  of S t a c k  Gas, 28.83 
Dry Bas i s  

28.84 
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1 
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. .  

I .  

Run N O .  

MW 

cP 

TS 

N 
p. 

s t  

pS 

vs 

AS 

Qs 

Qa 

% I  

%O 

*C 

mf 

mt 

C 
I 

'an 

.::: cao 
9: 
.-. 

,* *: -% 

TABLE A-8 
(Cont inued)  

Molecular  Weight of S t a c k  
Gas; W e t  B a s i s  

P i t o t  Tube  C o e f f i c i e n t  

Average S t a c k  Tempera ture ,  
O F .  

N e t  Sampling P o i n t s  

S t a t i c  P res su re  of S t a c k  
Gas,  i n .  H o 
S t a c k  Gas P r e s s u r e ,  i n .  Hg 
A b s o l u t e  

S t a c k  Gas V e l o c i t y  a t  S t a c k  
C o n d i t i o n s ,  f p s  

2 

2 

Dry S t a c k  G a s  Vo lumet r i c  FlOE 
R a t e  a t  S t a n d a r d  C o n d i t i o n s , ,  
DSCFM 

S t a c k  Gas Volumet r i c  Flow R a t e  
a t  S t a c k  C o n d i t i o n s ,  ACFM 

P e r c e n t  I s o k i n e t i c  

P e r c e n t  Opac i ty .  

U n i t  P r o d u c t i o n  Rate 

P a r t i c u l a t e  - P r o b e ,  Cyclone ,  
and F j l t e r ,  mg 

SO3 - T o t a l ,  mg 

SO2 - Tota l ,  m g  

% Impinger  Ca tch  

P a r t i c u l a t e  - P r o b e ,  Cyc lone ,  
and F i l t e r ,  gr/SCF 

So3 - T o t a l ,  gr/SCF 

SO? - T o t a l ,  gr/SCF 

1 S t a c k  A r e a ,  f t  
\ 

. .  

28.42 

. 8 5  

1 4 4  

2 4  

-1 .70  

24.17 

6 6 . 1  

6.873 

18,587 

27,258 

108.5  

37 .8  

N/A 

N/A 

.05005 

.01743 

28.50 

. 8 5  

79  

6 

.83 

2 4 . 3 6  

59.4 

7 . 0 6 8 '  

19,519 

25,190 

1 0 7 . 0  

N /A 

N /A 

N/A 

7.8 

36.4 

N/A 

N/A 

.00348 

. 0 1 6 2 5  



- 

I TABLE A-8 
(Cont inued)  

Run N O .  

'at 

'au 

a w  

p a r t i c u l a t e  - P r o b e ,  Cyc lone ,  N/A 
and F i l t e r  ,' gr/ACF 

p a r t i c u l a t e  - T o t a l ,  gr /ArF N/A 

p a r t i c u l a t e  - P r o b e ,  Cyc lone ,  N/A 
.and F i l t e r ,  l b / h r .  

I 
I , '  

I 
I 

I Ptt 

7,974 
2.778 

d 

d 
- T o t a l ,  l b /h r - .  
- T o t a l ,  l b / h r .  

C a.3 s03 
. ' so2 

P a r t i c u l a t e  - P r o b e ,  Cyc lone  N/A I P t f  and F i l t e r ,  l b / t o n  ' . 

P a r t i c u l a t e  - T o t a l ,  l b / t o n  N/A 

\ 

I 
I .  
I 
I 
1 . :  

I .  

.i- 
a Dry s t a n d a r d  c u b i c  f e e t  a t  7OoF, 20.92 i n .  Hg. 

.582 

2.719 

N/A 

S t a n d a r d  c o n d i t i o n s  a t  70°F,  20.92 i n .  Hg. 

Dry s t a n d a r d  c u b i c  f e e t  per m i n u t e  a t  70°F,  20.92 i n .  H g .  

Emission r a t e  d u r i n g  t a p p i n g  o n l y  

I 

I $5 ' 
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TABLE 'A-9 
6O2/.So3 - RUN 3 . .  

Run No. 

T e s t  Date  

Sampling T i m e ,  2 4  h o u r  c l o c k  

Sampl ing  Location 

D Sampl ing  N O Z Z ~ ~  D i a m e t e r ,  i n .  ' 

Net Time of , T e s t ,  Min. 

. ~ a r o m c t r i c  P r e s s u r e ,  i n .  lig .' 

n . .  

Tt 

Absolute  'b 

'm 

'm 

Average O r i f i c e  P res su re  
Drop,  i n .  H20 

Volume o f  Dry Gas Sampled a t  
, ' i&ter  C o n d i t i o n s . ,  DCF 

Average Gas Pleter - T e m p e r a t u r e ,  
"m OF 

Volume of Dry Gas Sampled a t  
s t d  S t a n d a r d  C o n d i t i o n s a ,  DSCF 

T o t a l  H20 C o l l e c t e d  i n  Impin-  
g e r s  and S i l i c a  Gel, m l  vW 

Volume of  Water  Vapor C o l l e c t e d  
a t  S t a n d a r d  C o n d i t i o n s S ,  SCF 

% b i o i s t u r e  i n  S t a c k  G a s ,  b y  
Volume 

Mole F r a c t i o n  of Dry Gas 

Volume % Dry 

Volume % Dry 

Volume % Dry 

- Volume % Dry 

P e r c e n t  Excess Air 

Molecu la r  Weight  of S t a c k  G a s ,  
Dry Bas i s  

X 
3 so 

10/11 /72  

0 7 5 4  

INLET 

. 1875  

50.7 

24.30 

1.00 

3 3 . 4 7 1  

5 6  

2 8 . 0 0 1  

1 7 . 4  

3 sox 

1 0 / 1 1 / 7 2  

0 7 5 4  

OUTLET 

. 1 8 9 0  

54.9 

24 .30  

. 9 2  

37 .943  

70.5, 

30 .896 

1 9 . 6  

.825  . 9 2 9  

2.92 2 .86  

. 9 7 1  . 9 7 1  

ORSAT ANALYSIS 

NOT RUN 

DURING THIS 

TEST ' 

_. 
28.83 28.84 
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Mh' 

C 
P 

TS 

N 
P. 

Pst 

ps 

vs 

As 

Qs  

Q a  

% I  

%O 

TC 

"f 

t m 

IC 

'an 

TABLE A-9 
(Continued)  

Run No. 

Molecular  Weight of S t a c k  
Gas, W e t  B a s i s  

P i t o t  Tube C o e f f i c i e n t  

Average S t a c k  Tempera tu re ,  
O F  

N e t  sampl ing  P o i n t s .  

S t a t i c ,  P r e s s u r e  of S t a c k  
Gas,  i n .  n2,0 

S t a c k  Gas P r e s s u r e ,  i n .  Hg 
A b s o l u t e  

S t a c k  Gas V e l o c i t y  a t  S t a c k  
C o n d i t i o n s ,  fps 

S t a c k  Area, 

Dry S t a c k  Gas Vo lumet r i c  F l o ~  
R a t e  a t  S t a n d a r d  C o n d i t i o n s ,  
DSCFM 

S t a c k  G a s  Vo lumet r i c  Flow R a t e  
a t  S t a c k  C o n d i t i o n s ,  ACFM 

P e r  c e n t  I s o k i n e t  i c  

P e r c e n t  Opac i ty .  

u n i t  P r o d u c t i o n  Rate 

P a r t i c u l a t e  - P r o b e ,  Cyclone ,  
and F i l t e r ,  mg 

SO3 - T o t a l ,  mg 

SO2 - T o t a l ,  mg 

% Impinger  Ca tch  

P a r t i c u l a t e  - P r o b e ,  Cyclone ,  
and F i l t e r ,  gr/S'CF 

SO3 - T o t a l ,  gr/SCF 

SO; - T o t a l ,  gr/SCF 

28.52 

.85 

116 

22 

-1.70 

24.17 

64.9 

6.873 

19,324 

26,763 

102.4 

N/A 

N/A 

N/A 

150.0 
96.6 

N/A 

N/A 

,08267 

.05324 

28.52 

.85 

83 

6 

.83 

24.36 

57.5 

7.068' 

18,825 

24,385 

108.4 

10.5 
60 .2  

,00524 

.03006 
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TABLE A-9 
(Con t inued]  

Run N O .  

‘at 

‘au 

a w  

p a r t i c u l a t e  - P r o b e ,  Cyc lone ,  N/A N/A 

p a r t i c u l a t e  - T o t a l ,  gr/ACF N/A N /A 

p a r t i c u l a t e  - P r o b e ,  Cyc lone ,  N/A N/A 

and F i l t e r ,  gr/ACF 

and F i l t e r ,  l b / h r .  

so3 - T o t a l ,  l b / h r .  
so2 - T o t a l ,  l b / h r .  

and F i l t e r ,  l b / t o n  

.E46 1 3 . 6 9 3  d 
‘ax d 8.818 4 . 8 5 1  

p a r t i c u l a t e  - P r o b e ,  c y c l o n e  N /A N/A P t f  

3: 
.I . .  
... a Dry s t a n d a r d  c u b i c  f e e t  a t  7 0 ° F ,  2 0 . 9 2  i n .  Hg. 

. ..* S t a n d a r d  c o n d i t i o n s  a t  7ODF, 

Dry s t a n d a r d  cubic  fee t  per m i n u t e  a t  70°F,  20.92 i n .  H g .  

Emiss ion  rate d u r i n g  t a p p i n g  o n l y .  

20.92 i n .  Hg. 

. *  d --.& 4;- 




