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STATEMENT OF CONFIDENTIALITY 

All data pertaining to temperature, moisture and actual flow 
rates of the inlets tested have been deemed confidential by the 
F.M.C. Corporation. Due to this fact, these data have been 
deleted from the final report and put under separate cover. 
Pending determination 'by E.P.A. of the confidentiality of these 
data, they have been submitted as described to us for official 
entry into our confidential files. 
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1 . 0  INTRODUCTION 

York Research Corpora t ion  ( Y R C )  under c o n t r a c t  #68-02-2819 

w a s  r e q u e s t e d  by t h e  United S t a t e s '  Environmental  P r o t e c t i o n  
Agency (USEPA) t o  perform an emiss ion  tes t  program a t  a 

Sodium Carbonate manufactur ing p l a n t .  The t es t  program was 

conducted a t  t h e  F.M.C. Corpora t ion  p l a n t ,  l o c a t e d  i n  Green  

R ive r ,  Wyoming. Sampling was performed from May 1 4 ,  1 9 7 9  t o  
May 1 9 ,  1 9 7 9 .  

The sampling l o c a t i o n s  inc luded :  

0 Mono-5 I n l e t  
o Mono-5 O u t l e t  
0 NS-6 Dryer I n l e t  

NS-6 Dryer O u t l e t  

0 NS-3 C a l c i n e r  I n l e t  
NS-3 C a l c i n e r  O u t l e t  

F igu res  1-1 t o  1 -3  show t h e  sampling l o c a t i o n s  i n  t h e  p r o c e s s .  

Samples w e r e  c o l l e c t e d  for  so l i ' d  p a r t i c u l a t e ,  o r g a n i c s  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  a t  each t e s t  l o c a t i o n .  The ob jec -  

t i v e  of t h e  t es t  program was t o  de te rmine  t h e  emiss ion  l e v e l s  

o f  c o n t r o l l e d  sodium ca rbona te  i n d u s t r y .  

The t e s t  t e a m  c o n s i s t e d  o f  t h e  fo l lowing  i n d i v i d u a l s :  

Name 

Dennis P .  Holzschuh 

Roger A. K n i s k e r n  
W i l l i a m  J.  Cesareo 
John Breger  
Ke i th  Synnes tvedt  

A l b e r t  B u r t o n  
L a u r i e  Behr 

Joseph K u n t z  
B r u c e  Wuebber 

- A f f i l i a t i o n  

USEPA 

Y RC 

Y RC 

Y RC 

Y RC 

Y RC 

Y RC 

Y RC 

Y RC 

T i t l e  

Techn ica l  Manager 
Project  Manager 

T e s t  Engineer  

T e s t  Engineer  
T e s t  Technic ian  

T e s t  Technic ian  

T e s t  Technic ian  
Chemical Technic ian  

T e s t  Technic ian  



c 
I 
I 
I 
1 
1 
1 
1 
I 
I 
I 
I 
I 
I 
I 
I 1 
1 

, I  
1 

- 2 -  

A 



11 
I 
I 
1 
'I 
'I 
'I 
1 
I 
Il 
I 
I 
t 
1 
I 
I 
1 
I 
I 

- 3 -  

\ 

I 

N 
I 

rl 

H 
5 3 



1 
1 
11 
6 
11 
I 

I 1 
1 
I' 
I 
I 
I 
1 
I 
I 
I 
1 



I 
I 
I 
I 
1 
1 
I 
t 
I 
0 
it 
II 
I 
I 
I 
I 
I 
I 
1 

- 5 -  

2 .0  SUMMARY AND DISCUSSION O F  TEST RESULTS 

T a b l e s  2 - 1  t h r o u g h  2-18 a n d  F igures  2 - 1  t h r o u g h  2-10 summar ize  

t h e  r e s u l t s  o f  t h e  e m i s s i o n  t e s t  p rogram.  T h e s e  t ab les  p r e s e n t  

t h e  r e s u l t s  o f  tests f o r .  t h e  f o l l o w i n g  parameters: 

0 P a r t i c u l a t e  

e P a r t i c l e  S i z e  D i s t r i b u t i o n  
e V i s i b l e  E m i s s i o n s  
o O r g a n i c s  

Sample  a n a l y s i s  f o r  a l l  parameters were p e r f o r m e d  a t  YRC lab- 

o ra to r i e s  i n  S t a m f o r d ,  C o n n e c t i c u t  o r  Denver,  C o l o r a d o  w i t h  

t h e  e x c e p t i o n  of o r g a n i c s .  A portable gas c h r o m a t o g r a p h  w i t h  

a flame i o n i z a t i o n  detector w a s  se t  up a t  the t e s t  s i t e  fo r  

a n a l y s i s  of o r g a n i c  s a m p l e s .  The  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  e a c h  of the three i n l e t  t es t  l o c a t i o n s  were e x t r e m e l y  h i g h .  

T h i s  c o n t r i b u t e d  t o  n o z z l e ,  f i l t e r ,  p r o b e  and p i t o t  tube p l u g -  

g i n g .  A l l  p i t o t  r e a d i n g s  were t a k e n  a f t e r  e a c h  l i n e  w a s  p u r g e d  

w i t h  a i r .  

The  f o l l o w i n g  t a b l e  d e t a i l s  the i s o k i n e t i c  r a t i o  r e s u l t s  o f  t h e  

p a r t i c u l a t e  tes ts  c o n d u c t e d  a t  e a c h  l o c a t i o n .  

T e s t  No. 1 2 3 

Mono-5 I n l e t  
Mono-5 O u t l e t  
NS-6 I n l e t  
NS-6 O u t l e t  

NS-3 I n l e t  
NS-3 O u t l e t  

~ ~~~ 

97.6  97 .9  111.1 

107.6  1 0 7 . 8  1 0 8 . 4  

72.6 6 8 . 8  76.2 

99 .2  99 .9  9 4 . 9  

7 8 . 1  9 3 . 2  104 .4  

94.9 1 0 3 . 3  1 0 8 . 3  
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S e v e r a l  i n l e t  tests f a i l e d  t o  neet the i s o k i n e t i c  requi rement  

(100?10%) of t h e  r e f e r e n c e  method. 

A n i s o k i n e t i c  c o n d i t i o n s  can f a l l  i n t o  two c a t e g o r i e s :  

o The v e l o c i t y  i n  t h e  nozz le  g r e a t e r  t han  t h e  v e l o c i t y  

i n  t h e  s t a c k  ( V n  > Vs) 

i n  t h e  s t a c k  ( V n  < Vs) 

0 The v e l o c i t y  i n  the nozz le  less than  t h e  v e l o c i t y  

I n  t h e  c a s e  o f  Vn > Vs t h e  measured c o n c e n t r a t i o n  o f  p a r t i c u -  
l a t e  i s  less than  t h e  a c t u a l  c o n c e n t r a t i o n  i n  t h e  s t a c k  gas .  

T h i s  i s  due t o  t h e  i n e r t i a l  p r o p e r t i e s  o f  t h e  l a r g e r  p a r t i c l e s  - 
they tend  t o  p a s s  the nozz le  w h i l e  t h e  gas and t h e  smaller par -  
t i c les  a r e  drawn i n t o  t h e  n o z z l e .  A s  a r e s u l t ,  fewer p a r t i c l e s  
a r e  c o l l e c t e d  p e r  u n i t  volume. Conversely,  i n  t h e  case o f  

t h e  measured c o n c e n t r a t i o n  o f  p a r t i c u l a t e  i s  g r e a t e r  'n < vs 
than  t h e  a c t u a l  c o n c e n t r a t i o n  i n  t h e  s t a c k  gas .  This  i s  a g a i n  

due to the i n e r t i a l  p r o p e r t i e s  o f  t h e  smaller p a r t i c l e s  - they 
t end  to p a s s  t h e  nozz le  w h i l e  t h e  l a r g e r  p a r t i c l e s  are drawn 

i n t o  t h e  nozz le .  A s  a r e s u l t ,  more p a r t i c l e s  a r e  c o l l e c t e d  pe r  
u n i t  volume. This  be ing  t h e  c a s e ,  i t  i s  impor t an t  t o  sample 

i s o k i n e t i c a l l y  i n  streams where t h e r e  a r e  predominant ly  l a r g e  

p a r t i c l e .  

C o r r e c t i o n  f a c t o r s  f o r  a n i s o k i n e t i c  sampling are shown i n  E x h i b i t  

A.  The fo l lowing  tables d e t a i l  the t e s t  r e s u l t s  c o r r e c t e d  f o r  

a n i s o k i n e t i c  sampling. 
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E x h i b i t  A 

Appendix C 

Errors due to .hisokinetic Sampling 

Failure to withdraw a sample from a now- 
ing stream at the same velocity as that which 
exists locally in the stream will result in non- 
representative sampling. If the sampling rate 
is much higher than the local stream velocity. 
a Greater fraction of smaller rather than larger 
panicles will be drawn into the probe. If sam- 
pling is much lower than the stream velocity. 
large panicles will be impacted into the col- 
lecting probe. 

Although theoretical and experimental data 
are  available. a comprehensive stud? of these 
errors has not been made. The data is almost 
entirely empirical and reflects different tech- 
niques using different panicles. The influence 
of probe shape and site has yet to  be fully eval- 
uated. 

In  Table C 1  the  errom due to  anisokineric 
sampling rates are given. which represent data 
composited from several workers' experi- 
ments.' 

Panicles used in the studies yielding the 
data shown were coal dusr. dibutyl phthalate. 
and fungus spores. all oi  which are  relativeIy 
low density materials. ranging from 1.3 for 
coal dust to about 1 or somewhat less for :he 
spores. Since panicle density will materially 
increase the inertial effects. the sampling error  
could be considerably larger than the tabled 
values for a given panicle size. The 1351 column 

e .. 

'GREEN. H. L.: LANE. W. R. P a n i c u h t .  Cloudr: 
Dusts;. Smokrr. ond Mists. London: E. and F. N. Soon. 
Lid. 1964. 2nd ed. p 272. 

Table C1 

Ratio of Observed to .Actual Concentration of Particles when Sampled 
a t  Various Fractions and .Multiples of Isokineiic Flow 



II ! 

i ! I  
I, 

s i 3 . :  . A P P E S D I S  - a -  

O f  the table jhojrj  the linit of the concentra. 
tion ratio for v e p  larze or decse panicles. If  
the sampiine probe inlet ve!ocity is only Si)  
percent of the duct velocity 2nd all large lor 
densei panicles in the projected area oi the 
pr.obe inlet are  impacted into the orobe. [wict. 
as many will be collected as should have heen. 
Similarly. should the sampling probe inlet 
velocity be twice the duct velocity and the 

panicle inertia be such that only those parti- 
cles approachine in the proiecred 3rea of the 
prohe are col1ec:ed. then the obse3ed  con- 
centration would be one-hali the actual con. 
centration. 

I t  must be remembered that particles Pen. 
ernted hv most natural processes vary widely 
in size. and the sampling e r r x  will he !he com- 
posite effect of ail panicle sizes present. 

. .  

39 
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Mono-5 

T e s t  No. 1 2 3 

I n l e t  P a r t i c u l a t e  
C o n c e n t r a t i o n  (gr/SCFD) 

Measured 
Cor rec t ion  F a c t o r  
A c t u a l  

O u t l e t  P a r t i c u l a t e  
Concen t r a t ion  (gr/SCFD) 

72 .84011  109 .49157  114 .86092  
1 . 0 0  1 . 0 0  0 . 8 9 2 3  

72 .84011  109 .49157  128 .72455  

M e  as  ure d 0 . 0 9 3 5 3  0 .12157 0 .11740 
C o r r e c t i o n  Factor 1 . 0 0  1 . 0 0  1 . 0 0  
A c t u a l  0 . 0 9 3 5 3  0 .12157  0 .11740 

S c r u b b e r  E f f i c i e n c y  ( % ) 

B a s e d  on Measured  9 9 . 8 7  99.89 99.90 
Based on A c t u a l  9 9 . 8 7  99.89 9 9 . 9 1  

hS-6 

T e s t  No. 1 2 3 

I n l e t  P a r t i c u l a t e  
Concent ra t ion  (gr/SCFD) 

Measured  39 .65347 1 9 . 2 8 1 8 1  18 .26509  
Correct ion F a c t o r  1 .3984  1 .4676 1 .3408  
A c t u a l  28 .35631  1 3 . 1 3 8 3 3  1 3 . 6 2 2 5 3  

O u t l e t  P a r t i c u l a t e  
C o n c e n t r a t i o n  (gr/SCFD) 

Measured  
C o r r e c t i o n  F a c t o r  
A c t u a l  

0 .04935  0 .01703  0 . 0 0 6 5 5  
1 . 0 0  1 . 0 0  1 . 0 0  
0 .04935  0 .01703 0 .00655  

S c r u b b e r  E f f i c i e n c y  ( %  ) 

B a s e d  on Measured 9 9 . 8 8  9 9 . 9 1  99 .96  
Based o n  A c t u a l  9 9 . 8 3  99 .87  99 .95  
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NS-3 

T e s t  N o .  1 2 3 

I n l e t  P a r t i c u l a t e  
Concent ra t ion  (gr/SCFD) 

Measured 
Cor rec t ion  Fac to r  
Actual  

O u t l e t  P a r t i c u l a t e  
Concent ra t ion  (gr/SCFD) 

Measured 
C o r r e c t i o n  F a c t o r  
Actua l  

Scrubber  E f f i c i e n c y  ( % )  

Based on Measured 
Based on Actua l  

1 0 3 . 5 6 8 9  
1 . 3 1 0 4  

79.0 3610 

0 .09322 
1 . 0 0  
0 .09322 

9 9 . 9 1  
9 9 . 8 8  

94.32048 77.54809 

94 .32048 77.54809 
1.00 1.00 

0.12319 0 .08193  
1 . 0 0  1 . 0 0  
0.12319 0 . 0 8 1 9 3  

9 9 . 8 7  99 .89  
9 9 . 8 7  99 .89  

T h e  c o r r e c t i o n  f a c t o r  w a s  a p p l i e d  a s  fo l lows :  

C 
Ca Fc  = - 

where 

Fc = c o r r e c t i o n  f a c t o r  
C = measured c o n c e n t r a t i o n  

C a  = a c t u a l  c o n c e n t r a t i o n  

t h e  re fore 
C ca = - Fc 

The c o r r e c t i o n  f a c t o r  f o r  t h e  i n l e t  c o n c e n t r a t i o n s  w a s  for 
l a r g e  p a r t i c l e s  s i n c e  t h e  Bahco a n a l y s i s  showed approximate ly  

50% of the p a r t i c l e s  a t  each l o c a t i o n  t o  be g r e a t e r  t han  4 4  
microns. 
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C o r r e c t i n g  f o r  a n i s o k i n e t i c  sampling i n c r e a s e d  the scrubber  

e f f i c i e n c y  f o r  t e s t  3 a t  Mono-5 by 0 . 0 3 % ,  decreased  t h e  

scrubber  e f f i c i e n c y  a t  NS-6 by a n  average  o f  0 . 0 3 3  % ,  and 
decreased  t h e  s c rubbe r  e f f i c i e n c y  f o r  t e s t  1 a t  NS-3 by 0 . 0 3 % .  

Pa r t i c l e  s i z e  t e s t s  were performed us ing  an Andersen cascade 

impactor a t  each tes t  l o c a t i o n  excep t  t h e  NS-6 d r y e r  o u t l e t .  

No sample was c o l l e c t e d  a t  t h e  NS-6 d r y e r  o u t l e t  due t o  t h e  

h igh  mois ture  c o n t e n t  o f  t h e  g a s  stream. S u f f i c i e n t  sample 
was c o l l e c t e d  a t  t h e  i n l e t  such t h a t  an  a l i q u o t  from each  t e s t  
w a s  taken and composited f o r  a s i e v e  and Bahco p a r t i c l e  s i z e  
a n a l y s i s .  

a n a l y s i s  on any o u t l e t  f i l t e r s  because of t h e  small amount of 
p a r t i c u l a t e .  Any s c r a p i n g  of t h e  f i l t e r  would b i a s  t h e  p a r t i -  

c l e  s i z e  by i n t r o d u c i n g  f i b e r g l a s s  m a t e r i a l  i n t o  t h e  sample, 

a l s o  any e x t r a c t i o n  o f  t h e  f i l t e r  by use of s o l v e n t s  such a s  
water would d i s s o l v e  t h e  p a r t i c u l a t e  matter and t h e  subsequent  

c r y s t a l l i z a t i o n  would n o t  be r e p r e s e n t a t i v e  of a c t u a l  tes t  
c o n d i t i o n s  . 

I t  i s  n o t  f e a s i b l e  t o  conduct  a par t ic le  s i z e  
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TABLE 2 . 1  

Summary of Removal E f f i c i e n c y  

T e s t  No. T e s t  Loca t ion  Removal E f f i c i e n c y ( % )  

1 

2 
3 

Mono-5 

Mono-5 
Mono-5 

9 9 . 8 7  

9 9 . 8 8  

99 .90  

1 

2 

3 

NS-6 Dryer 
NS-6 Dryer 

NS-6 Dryer 

9 9 . 9 8  

9 9 . 9 1  

9 9 . 9 6  

1 
2 

3 

NS- 3 C a l c i n e r  
NS-3 C a l c i n e r  

N S -  3 C a l c i n e r  

99.90 

99.86 

99 .86  
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TABLE 2-2 

Sumrr,ary of  f m i s s i o n  T e s t  R e s u l t s  
Mono-5 i n l e t  

(Engl i sh  U n i t s )  

Test  No. 1 2 3 Average 

General  Data 
Cate 
T i m e  
i s o k i n e t i c  R a t i o ( $ )  

Gas Data 
Veloc i ty  (f>s) 
Flow (SCFMD) 

Temperature ( F) 
Xois ture  ( % )  

0 

P a r t i c u l a t e  E m i s  

Cr/SCFD 

Lb/iiour 

n - 

5/15/79  5 /15 /79  5 /17 /79  -- 
0 9 2 5  1 3 4 5  0 8 1 0  -- 
9 7 . 6  97 .9  111.1 1 0 2 . 2  

* 

7 2 . 8 4 0 1 1  1 0 9 . 4 9 1 5 7  1 1 4 . 8 6 0 9 2  9 9 . 0 6 4 2 0  

39 5 1 7 . 3 6  4 8 6 2 4 . 0 6  4 4 0 1 0 . 3 6  4 4 0 5 0 . 5 9  

Organics 
PPm 9 1 7  2 5 8 7  -- 1 7 5 2  
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T X L E  2-3 

Summary of Emission T e s t  R e s u l t s  
Mono-; I n l e t  

( N e t r i c  U n i t s )  

?est X o .  1 2 3 Aver age 

General Data 
Date 5 / 1 5  5 /  15  5/17 -- 
T i m e  0925 1345 0810 -- 
i s o k i n e t i c  a a t i o ( % )  97.6 97.9 111.1 102.2 

* Gas Daca 
Veloci ty  (mps) 
Flow (dnm /rnin) 
Terperaxure ( O C )  

Moisture ( % )  

3 

P a r t i c u l a t e  Emissions 

166685.7 250558.09 262843.19 226696.33 ?Ig/nm 

i(q/hr 17925.07 22055.88 19963.10 19981.35 

3 

I 
I 
il 

\ 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
I 
I 
I 
I 
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~~ 
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TABLE 2-4 

Summary of Emission T e s t  R e s u l t s  
Mono-5 O u t l e t  

( E n g l i s h  U n i t s )  

~ 

T e s t  No. 

~ 

1 2 3 

~~ ~ 

Average 

General Data 
Date 5 / 1 5 / 7 9  

T i m e  0 9  30  

I s o k i n e t i c  R a t i o  ( % )  1 0 7 . 6  

Gas Data 

Ve loc i ty  ( f p s )  

Flow ( SCFMD) 
Temperature ( O F )  

Moisture  ( % )  

8 5 . 8 8 9  

4 7 3 0 8 .  

1 5 2 . 5  

3 2 . 8  

P a r t i c u l a t e  Emissions 

Gr/SCFD 0.09 3 5 3  

Lb/Hour 3 7 . 9 3  

Organics  

PPm 1 5 4  

5 / 1 5 / 7 9  

1 3 3 7  

1 0 7 . 8  

8 7 . 2 2 8  

4 4 3 4 3 .  

1 6 8 . 8  

36.4 

0 . 1 2 1 5 7  

4 6 . 2 1  

2 6 1  

5 / 1 7 /  7 9  

0800  

1 0 8 . 4  

8 7 . 1 0 3  

4 3 7 0 7 .  

1 5 0 . 0  

3 8 . 6  

0 . 1 1 7 4 0  

4 3 . 9 8  

-- 
-- 

1 0 7 . 9  

8 6 . 7 4 0  

4 5 1 1 9 .  

1 5 7 . 1  

3 6 . 0  

0 . 1 1 0 8 3  

4 2 . 7 1  

207 .5  
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TABLE 2 - 5  

Summary of Emission T e s t  R e s u l t s  
Mono-5 O u t l e t  

(Metric U n i t s )  

T e s t  N o .  1 2 3 Average 

General  Data 
Date 
T i m e  

5 / 1 5  5 / 1 5  5 / 1 7  -- 
0 9  30 1 3 3 7  0 8 0 0  -- 

4 1 0 7 . 9  I s o k i n e t i c  R a t i o  ( % )  1 0 7 . 6  1 0 7 . 8  i o 8  

Gas Data 
Ve loc i ty  (mps) 2 6 . 1 7 9  2 6 . 5 8 7  2 6 . 5  9 2 6 . 4 3 8  

Flow (dnm /min)  
Temperature (OC) 66 .9  7 6 . 0  6 5 . 6  6 9 . 5  

Moisture ( % )  32 .8  36 .4  3 8 . 6  3 6 . 0  

1 3 4 0  1 2 5 6  1 2 3 8  1 2 7 8  3 

P a r t i c u l a t e  Emissions 
Mg/nm3 2 1 4 . 0 3  2 7 8 . 2 0  2 6 8 . 6 7  2 5 3 . 6 3  

Kq/Hour 1 7 . 2 0  2 0 . 9 6  1 9 . 9 5  1 9 . 3 7  
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TABLE 2-6 

Summary of  Z m i s s i o n  T e s t  R e s u l t s  
NS-6 Dryer I n l e t  

(Cnq l i sh  U n i t s )  

T e s t  N o .  1 2 3 Average 

Genera l  Data 

Date 5/18/79 5/18/79 5/18/79 -- 
T i m e  0835 1220 15 30 -- 
I s o k i n e t i c  i l a t i o  ( % )  72.6 68.8 76.2 72.5 

Gas Data 

Ve loc i ty  ( f p s )  

Temperature ( O F )  

Moisture  ( 9 ) 

F low (SCFMD) 

* 

P a r t i c u l a t e  Emiss ions  

Gr/SCFD 39.65347 19.28181 18.26509 25.73346 
16479.10 Lb/Hour 26082.05 11853.49 11501.76 

O r  qan i  cs 

PP" 25 88 -- 56.5 
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T.?GLE 2-7 

Summa-y of Errission Tes t  R e s u l t s  
NS-6 Dryer I n l e t  

(Met r ic  U n i t s )  

T e s t  30. 1 2 3 Average 

Genera1 Data 
Date 
T i m e  
I s o k i n e t i c  Rat io  ( 7 5 )  

Gas Data 
Velocit j j  (mps) 
Flow (enn /min) 
Temperature ( O C )  

Xois ture  (4) 

3 

5/18 

0 8 3 5  

72.6 

5 / 1 8  

1 2 2 0  

6 8 . 8  

5 / 1 3  

1 5 3 0  

7 6 . 2  

-- 
7 2 . 5  

P a r t i c u l a  te Emiss ions  
Mg/nm 9 0 7 4 2 . 1 3  4 4 1 2 4 . 0 7  4 1 7 9 7 . 4 3  5 8 8 8 7 . 3 8  3 

i(q/30Ur 1 1 8 3 0 . 8 2  5 3 7 6 . 7 4  5 2 1 7 . 2 0  7 4 7 4 . 9 2  

* 
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TABLE 2-8 

Summary of Emission T e s t  R e s u l t s  

NS-6 Dryer O u t l e t  

( E n g l i s h  U n i t s )  

T e s t  N o .  1 2 3 Average 

General  Data 
Date 5/18/ 79 5/18/79 5/18/79 -- 
T i m e  0 8 4 1  1 2 2 0  1 5 2 0  -- 
I s o k i n e t i c  Rat io  ( % )  9 9 . 2  99 .9  9 4 . 9  9 8 . 0  

Gas Data 

Ve loc i ty  ( f p s )  67 .157  64.228 6 2 . 7 5 4  6 4 . 7 1 3  
Flow (SCFMD) 43330.  419 87 .  43323 .  42880 .  

1 6 5 . 0  1 6 8 . 6  1 4 2 . 1  1 5 8 . 6  Temperature ( F) 

Moisture  ( % )  3 1 . 3  30.0 29 .2  30 .2  

0 

P a r t i c u l a t e  Emissions 

Gr/SCFD 0 .049  35 0 .01703  0 . 0 0 6 5 5  

Lb/Hour 1 8 . 3 3  6 . 1 3  2 . 4 3  

0.02431 

8 .96  

Organics  

P P m  1 0  3 72 -- 87.5  
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TABLE 2-9 

Summary of  E m i s s i o n  T e s t  R e s u l t s  
NS-6 Dryer O u t l e t  

(Metric Un i t s )  

T e s t  N o .  1 2 3 Average 

Genera l  Data 

Date 
T i m e  

I s o k i n e t i c  R a t i o  ( % )  

Gas Data 

Veloc i ty  (mps) 

Flow (dnm /min) 

Temperature ( C) 
Moisture  ( % )  

3 

0 

5/18 5/18 
0841 1220 

99.2 99.9 

5/18 
1520 
94.9 

20.470 19.577 19.127 
1227. 1189. 1227. 
73.9 75.9 61.2 

31.3 30.0 29.2 

P a r t i c u l a t e  Emissions 
Mg/nm3 112.93 
Kg/Hour 8.31 

38..97 14.99 
2.78 1.10 

-- 
98.0 

19.725 
1214. 
70.3 
30.2 

55.63 
4.07 
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TABLE 2-10 

I 
I 

I 
1 
I 

I 

Summary of  Zmission T e s t  R e s u l t s  
NS-3 Calc iner  I n l e t  

(Cnql ish Un i t s )  

Tes t  N o .  1 2 3 Average 

General Data 
Date 5 / 1 9 / 7 9  5 / 1 9 / 7 9  5 / 1 9 / 7 9  

Time 1 0 1 5  1 4  30 1710  

I s o k i n e t i c  Rat io  ( % )  7 8 . 1  9 3 . 2  1 0 4 . 4  

Gas Data 
Veloc i ty  ( f p s )  

Flow (SCFI.u)) 
Temperature ( P)  

Moisture ( % )  

0 

P a r t i c u l a t e  Emissions 
Gr/SCFD 1 0 3 . 5 6 8 9  9 4 . 3 2 0 4 8  77 .54809  

Lb/Hour 9 3 5 7 7 . 3 3  8 3 3 1 1 . 7 7  5 7 8 9 7 . 5 2  

Oraanics 

ppm 4 7  1 7 8  2 2 2  

* 

9 1 . 8 1 2 5 2  

7 8 2 6 2 . 2 0  

1 4 9  

I 
I 
I 
I 
I 
I 

* to -pge -iii- St&uzn=nt of Confidentiality 
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TA3LZ 2 - 1 1  

Summary of Zmission Tes t  Res.alts 
NS-3 Ca lc ine r  I n l e t  

( X e t r i c  U n i t s )  

T e s t  Xo. - 1 2 3 Average 

General Data 
Date 5/19 5/19 5/19 -- 
T i m e  1015 1 4  30 1710 -- 
I s o k i n e t i c  R a t i o  ( % )  7 8 . 1  9 3 . 2  1 0 4 . 4  91 .9  

Gas Data 
Veloci ty  (mps) 
Flow (dnm /min) 
Tempera tue  ( C )  

Yoisture  ( % I  

3 

0 

P a r t i c u l a t e  Zmissions 

Mg/nrn3 237004.9 215840.91 177459 .33  210101.75 

r.g/aour 42446.68 37790 .21  26262.31  35499.73 
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TABLE 2-12 

Summary o f  E m i s s i o n  T e s t  R e s u l t s  
NS-3 C a l c i n e r  O u t l e t  

( E n g l i s h  Uni t s ) .  

T e s t  N o .  1 2 3 A v e r a g e  

G e n e r a l  Data 
D a t e  5/19/79 
T i m e  1014 

I s o k i n e t i c  Ra t io  ( % )  94.9 

Gas Data 

V e l o c i t y  ( f p s )  82.721 
Flow ( SCFMD) 85421. 

400.8 Temperature ( F) 
M o i s t u r e  ( % )  30.4 

0 

P a r t i c u l a t e  E m i s s i o n s  
Gr/SCFD 0.09322 
Lb/Hour 68.25 

Organics  

PPm 361 

5/19/79 5/19/79 
1420 1710 

103.3 108.3 

82.004 78.364 
84751. 76372. 
400.9 401.1 
30.4 34.3 

0.12319 0.08193 0 
89.49 53.63 

314 -- 

-- 
-- 

102.2 

81.030 
82181. 
401.0 
31.7 

,09944 
70.46 

337.5 
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TABLE 2-13 

Summary of  E m i s s i o n  T e s t  R e s u l t s  

NS-3 C a l c i n e r  O u t l e t  

(Metric U n i t s )  

T e s t  N o .  1 2 3 Average 

General Data 

Date 5/19 

T i m e  1014 

I s o k i n e t i c  Ra t io  ( % I  94.9 

Gas Data 

Ve loc i ty  ( m p s )  
Flow (dnm /min) 
Temperature ( C )  

Moisture  ( % )  

3 

0 

2 5 . 2 1 3  

2419.  

204 .9  

30 .4  

5/19 

1 4 2 0  

1 0 3 . 3  

24 .995  

2400.  

205 .0  

30.4 

5/19 

1710  

1 0 8 . 3  

23.885 

2163 .  

2 0 5 . 1  

3 4 . 3  

-- 
1 0 2 . 2  

24.689 

2327.  

205  .O 
31 .7  

P a r t i c u l a t e  Emissions 

Mg/nm3 2 1 3 . 3 1  281.90 1 8 7 . 4 8  227 .56  

Kg/Hour 30 .96  40 .59  2 4 . 3 3  31 .96  
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TABLE 2 - 1 4  

Summary of  Opaci ty  Observa t ions  

Mono-5 

1 3 4 0  - 1 4 4 0  

5 / 1 5 / 7 9  

S i x  Minute I n t e r v a l  Average Opaci ty  ( % )  

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

5 0  

40 

45  

5 0  

45  

40  

40 

4 0  

3 8  

38  
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TABLE 2-15 

of Opaci ty  Observa t ions  

NS-6 

1 2 0 3  - 1 3 0 3  

5/19/79 

S i x  Minute I n t e r v a l  ' Average Opaci ty  ( % )  

1 6 
2 7 

3 7 

4 7 

5 9 

6 8 

7 8 

8 1 0  
9 8 

1 0  7 
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. TABLE 2-16 

of Opaci ty  Obse rva t ions  
NS-6 

1410 - 1510 
5 / 1 8 / 7 9  

S i x  Minute I n t e r v a l  Average Opaci ty  ( % I  

1 10 
2 8 
3 7 

4 9 

5 6 

6 9 

7 1 0  

8 8 

9 7 

1 0  8 
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TABLE 2-17  

Summary of  Opaci ty  Observa t ions  
NS-3 Dryer 

1 5 3 2  - 1 6 3 2  

5 / 1 9 / 7 9  

S i x  Minute I n t e r v a l  Average Opaci ty  ( % )  

1 
2 

3 

4 

5 

6 

7 

8 

9 

1 0  

1 3  

1 2  

13 
1 7  

1 6  

2 4  

1 7  

1 0  

9 

1 3  
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TABLE 2-18 

Summary of  Opaci ty  Observa t ions  

NS-3 Dryer 

0 9 4 5  - 1 0 4 5  

5 / 1 9 / 7 9  

S i x  Minute I n t e r v a l  Average Opaci ty  ( % I  

1 12 
2 1 3  

3 1 4  

4 1 4  

5 1 3  

6 1 4  

7 1 2  
8 11 
9 12 
10 12 
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PARTICLE S I Z E  D I S T R I B U T I O N  
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PARTICLE S IZE D I S T R I B U T I O N  

100.0 

n o 0  

sno 

5 no 

70.0 

400 

300 

20.0 

IM 
0.0 

n.0 
7.0 v) 
t 

s.0 0 

I 

a 
5 . 0  g 
4.0 - 
3.0 W 

N 

cn 
- 

2.0 2 
0 
I- 

4 

- 
a 
a 

1.0 
0.9 
0.e 

0.7 

0.6 

0.9 

0 .a 

0.3 

0.8 

0.1 

CUMULATIVE PER CENT BY WEIGHT LESS THAN(Dp) 



I -32 -  

PARTICLE S I Z E  D I S T R I B U T I O N  I 
1 
IE 

1 
I 
1 
J 

1 
I 
I 
I 
I 
I 

CUMULATIVE PER CENT B Y  WEIGHT LESS THAN(Dp) ! 

100.0 

e ao 

oao 

5ao 

*on 

10.0 

Jon 

90.0 

100 
9.0 E 
8.0 0 
7.0 v) z 
6.0 0 

K 

E 
z 

0 . 0  2 
4.0 - 
3.0 w 

N 

v) 
- 

I- 
K a a 

1.0 
0.9 
0.8 

0.7 

0.6 

0.3 

01 

0.3 

0.0 

0.1 



II 
I 
1 
I 
I 
I 
! 
I 
I 
I 
I 
1 
1 
1 
I1 
I 
i 
I 
1 

-33-  

PARTICLE S I Z E  D I S T R I B U T I O N  

100.0 

B0.G 

70.0 

800 

500 

4 OD 

300 

ZRO 

100 
9.0 = 
8.0 0 
?.O v) 

2 
(1.0 0 

a 
3.0 g 

z 
2 

4,O - 
3.0 W 

N 

v) 
- 

2.0 5 
0 
c 

P 

- 
a 

1.0 
0.9 
0 .8  

O.? 

0.6 

03 

0.4 

0.5 

0.2 

0.1 

CUMULATIVE PER CENT B Y  WEIGHT LESS THAN(Dp) 



-34 -  

PARTICLE S I Z E  D I S T R I B U T I O N  

100.0 

8 0.0 

70.0 

oao 

5 ao 

40D 

30D 

20.0 

I ao 
9.0 

8.0 0 

a 

7.0 u) 
2 

(1.0 0 

5 
z 

3.0 w 
N 

UJ 

5 .0  

4.0 - 
- 

e.0 

0 
t 
U 

- 
a 
n 

1.0 
0.0 
0.8 

0.7 

0.6 

0.a 

0 .e 

0.3 

0.t  

0.1 

CUMULATIVE PER CENT B Y  WEIGHT LESS THAN(Dp) 



I 
- 3 5 -  

PARTICLE S I Z E  D I S T R I B U T I O N  I 
I 
I 
1 
I 
I 
I 
I 
1 
i 
I 
I 
I 
I 
I 
I 

CUMULATIVE PER CENT B Y  WEIGHT LESS THAN(Dp) ) I  

00.0 

sa0 
70.0 

OR0 

500 

4on 

30D 

20.0 

I ao 
0.0 

7.0 In z 
0.0 0 

a 
8 . 0  2 

5 
z 

8.0 0 

4.0 - 
3.0 w 

N 

In 
- 

2.0 2 
0 
c 
- 
a a a 

1.0 
0.9 
0.0 

0.7 

0.8 

0,s 

0 4 

0.3 

0.2 

0.1 

I 



~ 

I 
I I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
t 
I 
i 
I 
I 
I 

-36- 

PARTICLE S I Z E  D l S T R l  B U T I O N  

Andersen P a r t i c l e  S i z e  D i s t r i b u t i o n  

FMC Corpora t ion  
NS-3 O u t l e t  

F igu re  2-7 

0. I 

CUMULATIVE PER CENT B Y  WEIGHT LESS THAN(Dp) 

100.0 

8 a0 
70.0 

tlao 

500 

40D 

300 

20.0 

1 0 9  
9.0 

8.0 a 

a 

7.0 v) 
2 

6.0 0 

5 
5 . 0  

4.0 

3.0 W 
N - 
v) 

2.0 W 
J 
0 
t- 

.4 

- 
a 
n 

1.0 
0.0 
0.1 
0.1 

0.6 

0.5 

0 4  

0.3 

0.9. 

0.1 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
,I 
I 
I 
I 
I 
I 
I 
I 

0.1 

- 3 7 -  

PARTICLE S I Z E  D I S T R I B U T I O N  

100.0 

n 00 

10.0 

MQO 

500 

40D 

300 

20.0 

I QO 
0.0 'ii 
8.0 0 

a 

7.0 v) z 
6.0 0 

1 
5 . 0  2 
4.0 

3.0 W 
N - 
v) 

2.0 w 
-I 
0 
I- 
K 

- 
a a 

1.0 
0.9 
0.8 

0.7 

0.6 

0.5 

0.4 

0.3 

CUMULATIVE PER CENT B Y  WEIGHT LESS THAN(Dp) 



PARTICLE S I Z E  D I S T R I B U T I O N  I 
I 
I 

I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

CUMULATIVE PER CENT B Y  WEIGHT LESS THAN(Dp) I 

100.0 

sa0 
10.0 

ea0 

500 

400 

200 

I ao 
0.0 
8.0 2 
7.0 Ul 

2 
8.0 0 

a 
5 . 0  2 
I 
z 4.0 - 

3.0 W 
N 

v) 
- 

L 

a 
a 
P 

1.0 
0.9 
0.8 

O.? 

0.8 

0.5 

0.4 

0.3 

0.8 

0.1 

I 



I 

I 
I 
I 

I 

- 3 9 -  

PARTICLE S I Z E  D I S T R I B U T I O N  

100.0 

8 00 

10.0 

8QO 

5ao 

40Q 

300 

20.0 

I 
I 
I 
I 
I 
I 

CUMULATIVE PER CENT B Y  WEIGHT L E S S  THAN(Dp) 

I 

I QO 
0.0 

8.0 0 
?,O In 

2 
6.0 0 

K 

5 
5 . 0  2 
4.0 - 
3.0 W 

N 

In 
2.0 w 

J 
0 

- 

- 
c a a a 

1.0 
0.9 
0.8 

0 .? 

0.6 

0.5 

0.4 

0 . 3  

0.2 

0.1 



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

- 4 0 -  

3 . 1  T e s t  P o r t  L o c a t i o n s  a n d  S a m p l i n g  P o i n t  D e t e r m i n a t i o n  

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

l i n e s  o u t l i n e d  i n  EPA Method 1 (Sample  and  V e l o c i t y  

T r a v e r s e s  f o r  S t a t i o n a r y  S o u r c e s )  . 

The s a m p l i n g  po r t s  a t  t h e  Mono-5 C a l c i n e r  I n l e t  a re  
loca ted  i n  t h e  d u c t w o r k  b e t w e e n  t h e  c a l c i n e r  o u t l e t  and  

t h e  c y c l o n e  i n l e t  ( F i g u r e  4 - 1 ) .  The d u c t  i s  4 . 0 3  f e e t  

by  7.22 f e e t  a t  t h i s  l o c a t i o n .  F o u r  s a m p l i n g  por t s  a r e  

l o c a t e d  o n  t h e  bottom of t h e  d u c t .  Method 1 r e q u i r e s  a 

48 p o i n t  t r a v e r s e  b u t  d u e  t o  the e x t r e m e l y  h i g h  g r a i n  

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

o f  the n o z z l e ,  2 4  p o i n t s  were s a m p l e d  a t  t w o  m i n u t e s  e a c h ,  

r e s u l t i n g  i n  a t o t a l  tes t  t i m e  o f  48 m i n u t e s .  

The s a m p l i n g  p o r t s  a t  the Mono-5 C a l c i n e r  O u t l e t  are  lo- 
c a t e d  i n  t h e  s t a c k  w h i c h  v e n t s  t h e  e x h a u s t  gases f rom 

t h e  s c r u b b e r  t o  t h e  a t m o s p h e r e .  Two sample ports  are i n -  
s t a l l e d  90° a p a r t .  

l o c a t i o n  ( F i g u r e  4 - 2 )  a n d  1 2  t r a v e r s e  p o i n t s  were sampled  a t  

5 m i n u t e s  e a c h  r e s u l t i n g  i n  a t o t a l  t e s t  t i m e  o f  6 0  m i n u t e s .  

-The s t a c k  d i a m e t e r  i s  6 0  i n c h e s  a t  this 

S a m p l i n g  ports  a t  t h e  NS-6 D r y e r  C y c l o n e  I n l e t  are  l o c a t e d  

i n  the duc twork  b e t w e e n  t h e  d r y e r  o u t l e t  a n d  t h e  c y c l o n e  

i n l e t .  The d u c t  d i m e n s i o n s  a re  9 .104  f e e t  by 4.76  feet  
( F i g u r e  4 - 3 ) .  S i x  s a m p l i n g  po r t s  are  l o c a t e d  i n  t h e  bottom 
o f  t h e  d u c t .  O r i g i n a l l y ,  a l l  s i x  p o r t s  were t o  be s a m p l e d ,  

b u t  d u e  to  o b s t r u c t i o n s  i n s i d e  o n e  d u c t  a n d  o b s t r u c t i o n s  

b y  p e r m a n e n t  s c a f f o l d i n g ,  o n l y  f o u r  po r t s  c o u l d  b e  u t i l i z e d .  

A g a i n ,  b e c a u s e  o f  t h e  e x t r e m e l y  h i g h  g r a i n  l o a d i n g ,  2 4  

p o i n t s  were s a m p l e d  a t  two m i n u t e s  e a c h  r e s u l t i n g  i n  a 
t o t a l  t e s t  t i m e  o f  48 m i n u t e s .  
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I U U ,J U U U - 
SA'LING POINT 
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The sampling p o r t s  a t  t h e  NS-6 Dryer Scrubber O u t l e t  
a r e  l o c a t e d  i n  t h e  s t a c k  which v e n t s  t h e  exhaus t  gases  

from t h e  sc rubbe r  t o  t h e  atmosphere.  The two sampling 

p o r t s  a r e  i n s t a l l e d ( 9 0 "  a p a r t ) a t  which t h e  d iameter  i s  
7 7  i nches .  S i x  t r a v e r s e  p o i n t s  were sampled i n  each 

p o r t  f o r  f i v e  minutes  each  r e s u l t i n g  i n  a tes t  t i m e  o f  

6 0  minutes ( F i g u r e  4-4). 

The sampling p o r t s  a t  t h e  NS-3 C a l c i n e r  Cyclone I n l e t  

a r e  l o c a t e d  i n  t h e  ductwork b e t w e e n  t h e  c a l c i n e r  o u t l e t  
and t h e  cyclone i n l e t s .  Four sampling p o r t s  are  l o c a t e d  
on t h e  s i d e  o f  t h e  d u c t .  The dimensions a t  t h i s  l o c a t i o n  

a r e  8 . 0 3 2  f e e t  by 8.115 f e e t .  T h i r t y  sampling p o i n t s  
were used due t o  t h e  h i g h  g r a i n  load ing  and sampled two 
minutes each f o r  a t o t a l  t es t  t i m e  o f  s i x t y  minutes  

( F i g u r e  4-5). 

The sampling p o r t s  of  t h e  NS-3 C a l c i n e r  Dryer O u t l e t  are  
l o c a t e d  90° a p a r t  i n  t h e  s tack  which v e n t s  t h e  e x h a u s t  

g a s e s  from t h e  p r e c i p i t a t o r  t o  t h e  atmosphere.  The s t a c k  
dimensions a t  t h i s  l o c a t i o n  i s  9 6  i nches  I D .  Fo r ty -e igh t  
sampling p o i n t s  were used and each  p o i n t  was sampled f o r  

two minutes ,  r e s u l t i n g  i n  a t e s t  t i m e  of n i n e t y - s i x  minutes  
( F i g u r e  4-6). 

3 . 2  G a s  Veloci ty  

The gas  v e l o c i t y  a t  each l o c a t i o n  was determined i n  ac- 

cordance w i t h  g u i d e l i n e s  o u t l i n e d  i n  EPA Method 2 (Deter- 
mina t ion  o f  S t a c k  Gas V e l o c i t y  and Volumetr ic  Flow R a t e ) .  

A p r e c a l i b r a t e d  type "SI' p i t o t  tube and thermocouple were 
r i g i d l y  a t t a c h e d  t o  each  sampling probe.  The v e l o c i t y  

p r e s s u r e  was measured on an i n c l i n e d  manometer, and t h e  

tempera ture  on a pyrometer .  Readings were reco rded  a t  

each t r a v e r s e  p o i n t .  
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FIGURE 4-6 
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3 . 3  Gas Composition 

The gas  composi t ion was determined i n  accordance w i t h  

g u i d e l i n e s  o u t l i n e d  i n  EPA Method 3 (Gas Ana lys i s  f o r  

Carbon Dioxide,  Oxygen, E x c e s s  A i r  and Dry Molecular 
Weight ) .  S i n c e  t h e r e  is no combustion involved  i n  t h e  

p r o c e s s ,  t h e  g a s  composi t ion a t  each t e s t  l o c a t i o n  was 

assumed t o  be a i r .  A check was made w i t h  a F y r i t e  a n a l y z e r  

f o r  carbon d iox ide  and oxygen c o n t e n t .  

3 . 4  P a r t i c u l a t e  

The p a r t i c u l a t e  c o n c e n t r a t i o n s  were determined i n  ac- 

cordance w i t h  g u i d e l i n e s  o u t l i n e d  i n  EPA Method 5 (Deter- 
mina t ion  of P a r t i c u l a t e  Emissions from S t a t i o n a r y  Sources)  . 

The sampling t r a i n  c o n s i s t e d  o f  a nozz le ,  s t a i n l e s s  s tee l  
probe,  hea t ed  sample box which- con ta ined  t h e  f i l t e r ,  

impingers ,  vacuum pump, d r y  gas  meter and c a l i b r a t e d  o r i -  
f i c e  ( F i g u r e  4 - 7 ) .  The n o z z l e  was r i g i d l y  connected t o  

t h e  probe and t h e  probe c o n s i s t e d  o f  5/8 i n c h  O . D .  t ub ing  

which was wrapped wi th  h e a t e r  t a p e  t o  p r e v e n t  condensa t ion .  

Attached t o  t h e  probe was an  "S" t ype  p i t o t  tube  and thermo- 
couple  used f o r  moni tor ing  t h e  v e l o c i t y  p r e s s u r e  and 

tempera ture .  The probe and h e a t e r  box w e r e  a t t a c h e d  to  
t h e  impinger t r a i n  by means o f  a f l e x i b l e  sample l i n e .  

The impinger t r a i n  c o n s i s t e d  o f  f i v e  Greenburg-Smith i m -  
p i n g e r s  connected i n  series. The f i r s t  impinger was 
modif ied by r e p l a c i n g  t h e  impinger  t i p  w i t h  a b lank  stem. 
T h i s  impinger was i n i t i a l l y  f i l l e d  w i t h  1 0 0  m i l l i l i t e r s  o f  

d i s t i l l e d  wa te r .  The second impinger was a s t a n d a r d  

Greenburg-Smith impinger c o n t a i n i n g  1 0 0  mi l l i l i t e rs  of d i s -  
t i l l e d  wa te r .  The t h i r d  and f o u r t h  impingers  were i d e n t i -  

ca l  t o  t h e  f i r s t  and were l e f t  d ry  w h i l e  t h e  f i f t h  con- 
t a i n e d  300 grams o f  i n d i c a t i n g  type  s i l i c a  g e l .  
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From t h e  f i f t h  impinger t h e  e f f l u e n t  s t r eam flowed 

through a check  v a l v e ,  f l e x i b l e  rubber  vacuum tub ing ,  
a vacuum gauge, a need le  va lve ,  a l e a k l e s s  vacuum pump 
and a dry gas  meter .  

A c a l i b r a t e d  o r i f i c e  completed t h e  t r a i n  and was used 

t o  measure i n s t a n t a n e o u s  flow r a t e s .  The dua l  manometer 

a c r o s s  t h e  c a l i b r a t e d  o r i f i c e  w a s  an i n c l i n e d  v e r t i c a l  

type graduated  i n  hundre ths  of an inch  o f  water from 

0 t o  1 . 0  i n c h  and i n  t e n t h s  from 1 t o  1 0  i nches .  

During the  t es t  t h e  f o l l o w i n g  d a t a  was recorded  a t  each  
t r a v e r s e  p o i n t :  

0 

0 

e 

0 

0 

0 

Trave r se  p o i n t  

Sampling t i m e  
C l o c k  t i m e  
G a s  meter r e a d i n g  ( c f )  

Ve loc i ty  p r e s s u r e  ( i n .  H20) 

O r i f i c e  p r e s s u r e  drop  ( i n .  H20) 
S t a c k  tempera ture  (OF) 
Dry gas  meter t empera tu re  - i n l e t  and o u t l e t  ( F) 

Pump vacuum ( i n .  Hg) 

Sample box t empera tu re  ( F) 
Impinger t empera tu re  (OF) 

0 

0 

The r e l a t i o n s h i p  o f  AP r e a d i n g  w i t h  t h e  AH r ead ing  i s  a 

f u n c t i o n  o f  t h e  fo l lowing  v a r i a b l e s :  

O r i f i c e  c a l i b r a t i o n  f a c t o r  

Gas meter t empera tu re  

Moisture  c o n t e n t  o f  f l u e  gas  
R a t i o  of f l u e  gas  p r e s s u r e  t o  ba romet r i c  p r e s s u r e  

S t a c k  tempera ture  

m Sampling nozz le  d i ame te r  

A nomograph w a s  used t o  c o r r e l a t e  a l l  t h e  above v a r i a b l e s  
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such t h a t  a d i r e c t  r e l a t i o n s h i p  between AP and AH was 

determined by t h e  sampler and i s o k i n e t i c  c o n d i t i o n s  

could be main ta ined .  

A t  t h e  complet ion of t h e  t e s t  t h e  samples were recovered 

i n  t h e  fo l lowing  manner:  

Conta iner  tl - T h e  f i l t e r  was removed from t h e  f i l t e r  
h o l d e r  and p laced  i n  i t s  o r i g i n a l  con- 
t a i n e r  and s e a l e d .  

Conta iner  t 2  - T h e  n o z z l e ,  probe,  cyc lone  bypass and 
f r o n t  h a l f  f i l t e r  h o l d e r  were r i n s e d  

w i t h  ace tone .  T h e  ace tone  w a s  p l aced  i n  
a g l a s s  jar  and s e a l e d .  

Conta iner  C3 - The s i l i c a  g e l  w a s  r e t u r n e d  t o  i t s  o r i -  
g i n a l  c o n t a i n e r  and s e a l e d .  

3.5 Organics 
A gaseous sample w a s  withdrawn from the source  using a 
hea ted ,  g l a s s  l i n e d  s t a i n l e s s  steel  probe. Samples were 
drawn i n t o  a prepurged ,  evacua ted ,  hea t ed  ( t o  above t h e  
dew p o i n t  of t h e  sample g a s )  250 m l  g l a s s  g rab  f l a s k  
u n t i l  a p o s i t i v e  p r e s s u r e  was ob ta ined  i n  t h e  f l a s k .  The 
sample was i n j e c t e d  i n t o  a n  AID model 6 2 1  p o r t a b l e  Gas 

Chromatograph (GC) d i r e c t l y  f r o m  t h e  hea ted  g r a b  f l a s k  

us ing  t h e  p o s i t i v e  p r e s s u r e  ob ta ined  wh i l e  sampling t o  
f i l l  t h e  sample loop  of t h e  G . C .  Two i n j e c t i o n s  p e r  

f l a s k  were made t o  de te rmine  t h e  r e p r o d u c i b i l i t y  of t h e  

sample. 

The samples were analyzed f o r  T o t a l  Hydrocarbons, :such as 
methane, by us ing  a lcc gas  sample loop and a flame i o n i -  

z a t i o n  d e t e c t o r .  The column tempera ture  w a s  1 2 5  C. The 

G.C.  w a s  s t a n d a r d i z e d  employing a range of c e r t i f i e d  ana- 

lyzed  methane s t a n d a r d s  prepared  i n  helium. 

0 
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C a l c u l a t i o n s  : 

SF = t h e  S e n s i t i v i t y  F a c t o r  

- ppm s t a n d a r d  - 
Peak h t (mm)  x ( a t t e n u a t i o n  x range)  

ppm t o t a l  Hydrocarbons = SF X peak h t ( m m )  of 

X ( a t t e n u a t i o n  X 

sample 

range)  

3 .  6 P a r t i c l e  S i z e  D i s t r i b u t i o n  

The 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  

us ing  an  Andersen Cascade Impactor .  T h e  impactor  c o n s i s t s  

o f  m u l t i p l e  s t a g e s  which co l l ec t  d i f f e r e n t  p a r t i c l e  s i z e s  

( F i g u r e  4 - 8 ) .  Each s t a g e  c o n s i s t s  of an  o r i f i c e  of a 
s p e c i f i c  d iameter  above a c o l l e c t i o n  p l a t e .  The o r i f i c e  

s i z e s  of each  s t a g e  a r e  d i f f e r e n t  and a r e  a r ranged  i n  des- 
cending o r d e r ,  t h e  l a r g e s t  be ing  s t a g e  1. The sampling 

system w a s  s e t  up as shown i n  F igure  4-9 .  The s t a c k  con- 
d i t i o n s  w e r e  determined and the sample was e x t r a c t e d  i s o -  

k i n e t i c a l l y .  

A s  the sample f lows through each o r i f i c e ,  and i s  d e f l e c t e d  
o f f  a g l a s s  f i b e r  s u b s t r a t e  f i l t e r  p laced  on t h e  c o l l e c t i o n  

p l a t e ,  p a r t i c l e s  o f  a s p e c i f i c  s i z e  become impacted on t h e  

s u b s t r a t e  w h i l e  t h e  remaining p a r t i c l e s  e n t r a i n e d  i n  t h e  

gas stream proceed t o  t h e  nex t  c o l l e c t i o n  s t a g e .  T h e  range 

of p a r t i c l e  s i z e s  r e t a i n e d  on t h e  substrate v a r i e s  ac-  

co rd ing  t o  the v e l o c i t y  o f  t h e  gas  (as  determined by t h e  
sampling r a t e  and o r i f i c e  d i a m e t e r ) ,  t h e  gas  v i s c o s i t y  and 

t h e  p a r t i c l e  d e n s i t y .  S i n c e  t h e  o r i f i c e s  a r e  a r ranged  i n  

descending d i ame te r s ,  t h e  gas  v e l o c i t y  i n c r e a s e s  and t h e  

p a r t i c l e  s i z e  c o l l e c t e d  on each  s t a g e  d e c r e a s e s .  

During t h e  sampling a cyc lone  p r e s e p a r a t o r  was used t o  pre-  

c u t  p a r t i c l e s  above 1 0  microns and avoid ove r load ing  t h e  

c o l l e c t i o n  s u b s t r a t e s .  A t  t h e  complet ion of each t e s t  the 
c o n t e n t s  of t h e  p r e s e p a r a t o r  and a n  a c e t o n e  wash were 
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p laced  i n  a sample b o t t l e .  The g l a s s  f i b e r  s u b s t r a t e  

f i l t e r s  were r e t u r n e d  t o  their o r i g i n a l  c o n t a i n e r s  and 
s e a l e d .  

3 . 7  V i s i b l e  Emissions 

The v i s i b l e  emis s ions  were determined i n  accordance w i t h  

g u i d e l i n e s  o u t l i n e d  i n  EPA Method 9 (V i sua l  Determinat ion 

of t h e  Opacity o f  Emissions from S t a t i o n a r y  S o u r c e s ) .  

4 . 0  ANALYTICAL PROCEDURES 

4 . 1  P a r t i c u l a t e  

Each sample from t h e  p a r t i c u l a t e  t e s t  was ana lyzed  i n  
t h e  fo l lowing  manner: 

Conta iner  #l - The f i l t e r  was removed from i t s  s e a l e d  

c o n t a i n e r  and p l aced  on a t a r e d  watch 
g l a s s .  The f i l t e r  and watch g l a s s  w e r e  
d e s s i c a t e d  w i t h  anhydrous CaS04 and 

weighed t o  a c o n s t a n t  weight .  The we igh t  
was r eco rded  t o  the n e a r e s t  0 . 0 1  mg. 

Conta iner  # 2  - The acetone washings were t r a n s f e r r e d  t o  

a t a r e d  beaker .  The acetone was then 
evapora ted  a t  ambient tempera ture  and 

p r e s s u r e ,  d e s s i c a t e d  and weighed to a 

c o n s t a n t  we igh t .  The weight  was recorded  

t o  t h e  n e a r e s t  0 . 0 1  mg 

Conta iner  # 3  - The s i l i c a  g e l  w a s  weighed t o  t h e  n e a r e s t  

0 . 1  gram on a beam ba lance .  

4 . 2  Pa r t i c l e  S i z e  D i s t r i b u t i o n  

The f i b e r g l a s s  s u b s t r a t e  f i l t e r s  were d e s s i c a t e d  and 

weighed t o  a c o n s t a n t  weight .  The n e t  we igh t  g a i n  w a s  re- 
corded t o  the  n e a r e s t  0 . 0 1  mg. 

The ace tone  r i n s e  o f  t h e  cyc lone  p r e s e p a r a t o r  was t r a n s -  

f e r r e d  t o  a t a r e d  beaker .  The beaker was hea ted  t o  a 
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t empera ture  w e l l  below t h e  b o i l i n g  p o i n t  u n t i l  the wa te r  
was evapora ted .  The beaker  was then  d e s s i c a t e d  and 

weighed t o  a c o n s t a n t  weight .  The n e t  w e i g h t  g a i n  was 

recorded  t o  t h e  n e a r e s t  0 . 0 1  mg. 

Bahco a n a l y s i s  was a l s o  performed on c e r t a i n  l o c a t i o n s  

due t o  the high mois ture  c o n t e n t  r e s t r i c t i n g  a p p l i c a b i l i t y  

of the Andersen Impactor .  
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