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1 . 0  INTRODUCTION 

York Research Corpora t ion  (YRC) under contract 68-02-2819 w a s  
reques ted  by t h e  United S t a t e s  Environmental P ro tec t ion  Agency 
(USEPA) t o  perform an e m i s s i o n  t e s t  program a t  a sodium carbonate 

manufacturing p l a n t .  The tes t  program w a s  conducted a t  t h e  
Texasgulf Corporat ion l o c a t e d  i n  Granger, Wyoming. Sampling 
w a s  performed f r o m  May 21, 1 9 7 9  t o  May 24, 1 9 7 9 .  The sampling 
loca t ions  inc luded:  

0 Product  Dryer I n l e t  
0 Product  Dryer O u t l e t  

0 Trona C a l c i n e r  Inlet  
0 Trona Calciner  O u t l e t  

F igures  1-1 and 1-2 show t h e  sampling l o c a t i o n s  i n  t h e  process .  
Samples w e r e  c o l l e c t e d  for  s o l i d  p a r t i c u l a t e  organics ,  s u l f u r  
d iox ide  and parcicle s i z e  d i s t r i b u t i o n .  The o b j e c t i v e  of  t h e  
t es t  program w a s  t o  determine t h e  emission leve ls  of c o n t r o l l e d  
sodium carbonate product ion  f a c i l i t i e s  t o  suppor t  planned source 
emission s t a n d a r d s  i n  t h e  sodium carbonate  i n d u s t r y .  

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

N a m e  - 
Dennis Holzschuh 
Roger A. Kniskern 
W i l l i a m  J. Cesareo 
John Breger 
Kei th  Synnestvedt  
A l b e r t  Burton 
Laur i e  Behr 
Joseph K u n t z  
Bruce Wuebber 

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

USEPA 
Y RC 

Y RC 

YRC 

Y RC 

Y RC 

Y RC 

YRC 

Y RC 

T i t l e  

Technica l  Manager 
P r o j e c t  Manager 
Project Director 
T e s t  Engineer 
T e s t  Technician 
T e s t  Technician 
T e s t  Technician 
Chemical Technician 
T e s t  Technician 

2 . 0  SUMMARY AND DISCUSSION OF TEST RESULTS 

Tables  2-1  through 2-19 and F igu res  2-1  through 2-4 summarize 
t h e  resul ts  of  t h e  emission tes t  program. These t a b l e s  present 
t h e  r e s u l t s  o f  t es t s  f o r  t h e  fo l lowing  parameters :  
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0 P a r t i c u l a t e  
0 P a r t i c l e  S i z e  D i s t r ibu t ion  
0 V i s i b l e  Emissions 
0 O r g a n i c s  
0 S u l f u r  Dioxide 

Sample a n a l y s i s  f o r  a l l  parameters w e r e  performed a t  YRC lab- 
orator ies  i n  Stamford, Connect icut  o r  Denver, Colorado wi th  t h e  
except ion of o rgan ic s .  
flame i o n i z a t i o n  d e t e c t o r  w a s  se t  up a t  t h e  tes t  s i te  f o r  
a n a l y s i s  of o rgan ic  samples. 

A p o r t a b l e  gas  chromatograph wi th  a 

The fol lowing t a b l e  d e t a i l s  t h e  i s o k i n e t i c  r a t i o  r e s u l t s  of t h e  
p a r t i c u l a t e  t e s t s  conducted a t  t h e  product  d r y e r .  

T e s t  N o .  1 2 3 
~~ - ~ ~ 

Scrubber I n l e t  146.5% 1 4 9 . 1 %  1 2 0 . 9 %  
Scrubber O u t l e t  111.0% 9 4 . 2 %  115.8% 

~~ 

Only o u t l e t  t e s t  2 meets t h e  i s o k i n e t i c  requirement (100 - + 10%) 
of t h e  reference method. 

I n  t h e  ma jo r i ty  of sampling s i t u a t i o n s  encountered,  t h e  s t a c k  
gas moisture  can be es t imated  wi th  an  adequate degree of conf i -  
dence so t h a t  i s o k i n e t i c  sampling can be e a s i l y  achieved. This 
i s  t h e  case when t h e  moisture  con ten t  of t h e  gas  stream i s  less 
than  30 p e r c e n t  by volume and is r e l a t i v e l y  cons t an t .  However, 
i n  t h o s e  cases where t h e  moisture  con ten t  is g r e a t e r  than  30 
percent ,  o r  when t h e  moisture con ten t  v a r i e s  s i g n i f i c a n t l y ,  
such as i s  the  case f o r  t h e  product  d rye r ,  a s i n g l e  average 
value i s  u s u a l l y  inadequate.  Sinck t h e  moisture  con ten t  i s  n o t  
a l i n e a r  variable i n  t h e  i s o k i n e t i c  equat ion ,  t h e  e s t ima t ion  
error t h a t  is t o l e r a b l e  decreases  as t h e  abso lu te  va lue  of t h e  
moisture  con ten t  increases o r  v a r i e s .  
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The moi s tu re  c o n t e n t  of t h e  f l u e  gas a t  this product d r y e r  
sampling locat ion varied from 51.1% t o  6 1 . 1 %  a t  t h e  i n l e t  t es t  
loca t ion  and from 31.7% t o  52.3% a t  t he  o u t l e t  te5t l o c a t i o n .  
These var ia t ions i n  moi s tu re  content w e r e  t he  cause of the  
a n i s o k i n e t i c  sampling condi t ions a t  the  sampling l o c a t i o n s .  

The a n i s o k i n e t i c  c o n d i t i o n s  a t  each  tes t  loca t ion  w e r e  such t h a t  
t h e  v e l o c i t y  i n  t h e  nozz le  w a s  greater  than  the  v e l o c i t y  i n  t h e  
s t a c k  (Vn > Vs). Under such c o n d i t i o n s  the measured concentra- 
t i o n  of par t icu la te  i s  less t h a n  the  a c t u a l  concentrat ion i n  t he  

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  of t h e  l a r g e r  
par t ic les  - t h e y  tend t o  pass t h e  nozz le  wh i l e  the gas and the 
smaller par t ic les  are drawn i n t o  t h e  nozzle .  As a r e s u l t ,  fewer 
par t ic les  are c o l l e c t e d  per u n i t  volume. Th i s  be ing  t h e  case, 
it i s  important t o  sample i s o k i n e t i c a l l y  i n  streams where there 
are predominately large par t ic les .  

Correction factors for  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  table d e t a i l i n g  t h e  t es t  results is  
corrected fo r  a n i s o k i n e t i c  sampling. 

T e s t  No. 1 2 3 

Inle't P a r t i c u l a t e  Concent ra t ion  (gr/SCFD) 
Measured 32.25525 29.98808 33.62483 
Cor rec t ion  F a c t o r  0.6875 0.6745 0.8246 
Actua l  46.91673 44.45972 40.77714 

O u t l e t  P a r t i c u l a t e  Concent ra t ion  (gr/SCFD) 
Measured 0.03761 0.04252 0.03789 
Cor rec t ion  F a c t o r  0.99 1 .0000  0.99 
A c t u a l  0.03780 0.04252 0.03827 

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

Based on Measured 99.88 99.86 99.89 
Based on Actual 99.92 99.90 99.91 
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EXHIBIT A 

Appendix C 

Errors due to Anisokinetic Sampling 

Failure to withdraw a sample from a flow- 
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 l q e r  
panicles will be drawn intb the probe. If jam- 
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 study of these 
errors has not been made. The data is almost 
entirely empirical and reflects different tech- 
niques usinq different panicles. The influence 
of probe shape and s u e  has yet to be fully eval- 
uated. 

In Table C1 the errom due to anisokinetic 
sampling rates are given, which represent data 
cornposited from several workers' experi- 
ments.' 

Particles used in the studies yielding the 
data shown were coal dust  dibutyl phthalate. 
and fungus s p o m .  all of which are relatively 
low density materials. ranging fmm 1.3 for 
coal dust to about 1 or somewhat less for the 
spores. Since panicfe density will materially 
increase the inerrial effects. :he sampling error 
could be considerabiy larger than. the tabied 
values for a given paniclesize. The last column 

- 

- 
'GREEN. ?I. L.: LANE. 5%'. R. Pwrislrhse Cbudt: 

Dwu. Smokn. a d  Jfutr. London: E. and F. N. Swn. 
Ltd. 1%. 2nd ab p 2i2. 

4 
Table C 1 

Ratio of Observed to Actual Concentration of Particles when Sampled 
at Various Fractions and Multiples of Isokinetic Flow 

i.01 
!.'!O 
!.I10 
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APPENDIX 

of the table show5 the limit of the concentra- 
tion ratio for very large o r  dense panicles. If 
the sarnplinq probe inlet ve!ocity is only 50 
percent of the duct velocity and all large lor 
dense) panicles in the projected area of the 
probe inlet are impacted into the probe. twice 
as many will be collected as should have been. 
Similarly. should the sampling probe inlet 
velocity be twice the duct velocity and the 

-7-  
N13.1 

particle inertia be such that only those parti- 
cles approaching in the projected area of the 
probe are collected. then the observed con- 
centration would be onehalf the actual con- 
centration. 

It must be remembered chat particles gem 
enred by most natural processes vary widely 
in size. and the sampling e rmr  will be the corn- 
posite effect of all particle sizes present. 

-_ 
_- 

.F 

--\ 

. .... ,. .-. 

39 



The c o r r e c t i o n  

Fc 

where: FC = 

c =  
Ca = 

f a c t o r  was a p p l i e d  a s  fol lows:  

C 
Ca 

= -  

Correc t ion  Fac tor  
Measured Concentrat ion 
Actual  Concentrat ion 

" 
L t h e r e f o r e :  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  concen t r a t ions  was f o r  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 t h a t  83% of t h e  par- 
t ic les  were g r e a t e r  than 6 3 p .  The c o r r e c t i o n  f a c t o r  f o r  t h e  
o u t l e t  concen t r a t ion  was f o r  dp = 41.1 a s  only small p a r t i c l e s  
a r e  expected t o  be p re sen t .  

A s  shown by t h e  a n a l y s i s ,  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 
inc reased  t h e  scrubber  e f f i c i e n c y  by 0 . 0 3 4 % .  

The scheduled test program w a s  n o t  completed a t  t h e  t r o n a  d rye r  
due t o  two major upse t s .  These u p s e t s  occur red  due t o  b l a s t i n g  
i n  t h e  adjacent c a l c i n e r  and a chemical s p i l l  which made it i m -  
poss ib l e  t o  remain i n  t h e  a r e a  o f . t h e  i n l e t  test  l o c a t i o n .  
Hence, t h e  second i n l e t  p a r t i c u l a t e  t es t  was abor t ed  and t h e  
remainder of  t h e  test  program abor t ed  when a major breakdown i n  
a conveyor gearbox occurred.  The only  tests n o t  completed were 
two i n l e t  s u l f u r  d ioxide  tests and t h e  o u t l e t  p a r t i c l e  s i z e  
d i s t r i b u t i o n  tests. 

- _  

P a r t i c l e  s i z e  d i s t r i b u t i o n  tests w e r e  t o  be conducted a t  each 
test  l o c a t i o n .  However, due t o  t h e  high moisture  a t  t h e  product 
d rye r  t e s t  l o c a t i o n s  it w a s  imposs ib le  t o  o b t a i n  a r ep resen ta -  
t i v e  sample. The moisture  d i s so lved  t h e  m a t e r i a l  as it was 
c o l l e c t e d  on t h e  s u b s t r a t e s .  S u f f i c i e n t  sample w a s  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 es t  was 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 .  I t  

i s  n o t  f e a s i b l e  t o  conduct a p a r t i c l e  s i z e  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  smal l  amount of p a r t i c u l a t e .  
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Any sc rap ing  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 -  
ducing 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 extrac- 
t i o n  of 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  mat te r  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  t es t  condi t ions .  

The s u l f u r  d ioxide  t es t  r e s u l t s  from t h e  t r o n a  d rye r  were a t  
t h e  lower l i m i t  of d e t e c t i o n  of t h e  a n a l y t i c a l  method. Since 
t h e r e  is  no process  data a v a i l a b l e  a material balance  cannot 
be performed t o  v e r i f y  t h e s e  r e s u l t s .  
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TABLE 2- 6 

SUMMARY O F  OPACITY OBSERVATIONS 
PRODUCT DRYER 

1515-1614 
5-21-79 

E 
I 
1 

I 
I 
1! 

S i x  .Minute In te rva l  A v e r a g e  O p a c i t y  ( % )  

1 0 

2 0 

3 0 

4 0 

5 0 

6 0 

7 0 

8 0 

9 0 

10 0 
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TABLE 2- 7 

SUMMARY OF OPACITY OBSERVATIONS 
PRODUCT DRYER 

1615-1715 
5-21-79 

S i x  Minute Interval  A v e r a g e  Opacity ( % )  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

._ . . .  

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 
1.. I 

... . _ .  

.... 
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TABLE 2-8 

O F  OPACITY OBSERVATIONS 
PRODUCT DRYER 

0 9 0 0 - 1 0 0 0  
5 -22-79 

S i x  Minute Interval  Average Opacity ( % )  

1 0 

2 0 

3 0 

4 

5 

0 

0 

9 0 

10 0 
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TABLE 2 - 9  

SUMMARY O F  O P A C I W  OBSERVATIONS 
PRODUCT DRYER 

1000-1100  
5 - 2 2 - 7 9  

Six  -Minute Interval  
~~~ 

A v e r a g e  O p a c i t y  ( % )  

1 0 

2 0 

3 0 

4 0 

5 0 

6 0 

7 0 

8 0 

9 0 

10 0 

__ -. . -. - 
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TABLE 2- 10 

OF OPACITY OBSERVATIONS 
TRONA DRYER 
li 18 -12 18 
5[23/79 

S i x  Minute Interval A v e r a g e  Opacity ( % )  

3 .  

2 .. 

3 

2 '  

5 0 

6 2 

7 

8 

0 

2 

9 1 -  

10 2 

I 
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TABLE 2-11 

SUMMARY O F  OPACITY OBSERVATIONS 
T % X A  DRYER 
1218-1248 
5/23/79 

Six Minute Interval  A v e r a g e  O p a c i t y  ( % )  

1 3 '  

2 2 -  

3 2 



TABLE 2-12 

SUMMARY OF OPACITY OBSERVATIONS 
TRONA DRYER 
1612-1712 
5/23/79 

S i x  Minute In t e rva l  A v e r a g e  Opacity ( % )  

i 2 

2 3 -  

I 
I 

3 1 

4 0 

5 0 

6 0 

7 2 

8 ' 1 -  

9 1 

10 1 

I 

I 



-I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

-22- 

TABLE 2 - 1 3  

SUMMARY OF OPACITY OBSERVATIONS 
..-'TRONA DRYER .. 

1 7  12 - 1 8  12 
5/23/79 

~~ 

S i x  Minute  Interval Average Opacity ( % I  

1 0 

2 0 

3 0 

4 0 

5 0 

6 0 

7 0 

8 0 

9 0 

10 - 
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TABLE 2-14 

SUMMARY O F  OPACITY OBSERVATIONS 
T.90NA DRYER 
0815-0915 
5-24-79 

Six Minute Interval  A v e r a g e  Opacity ( % )  

1 0 

2 0 

3 0 

4 0 

5 0 

6 0 

7 0 

8 0 

9 0 

1 0  0 
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TABLE 2-15 

SUMMARY OF OPACITY OBSERVATIONS 
TRONA DRYER 
0915-1015 
5-24-79 

Six Minute Interval Average Opacity ( % I  

1 0 

2 0 

3 0 

4 0 

5 0 

6 0 

7 0 

8 0 

9 0 

10 0 
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3.0 SAMPLING METHOPS 

3.1 T e s t  P o r t  Loca t ions  and Sampling P o i n t  Determination 

The l o c a t i o n  o f  t h e  t es t  p o r t s  and sampling p o i n t s  a t  each 
locat ion w a s  determined i n  accordance wi th  g u i d e l i n e s  out -  
l i n e d  i n  EPA Method 1 (Sample and Veloc i ty  Traverses f o r  
S t a t i o n a r y  Sources) .  

The sampling ports a t  t h e  Product  Dryer Scrubber  I n l e t  
are l o c a t e d  i n  t h e  s t r a i g h t  run  of  duc t  immediately f o l -  
lowing t h e  t r a n s i t i o n  a t  t h e  o u t l e t  of t h e  product  d rye r .  
The dimension o f  the duc t  a t  t h i s  l o c a t i o n  i s  48 inches  
i n  &diameter. Two p o r t s  are i n s t a l l e d  90° t o  each o t h e r .  O r -  

i g i n a l l y  2 4  t r a v e r s e  p o i n t s  were t o  be sampled i n  each p o r t ,  
b u t  due t o  extremely h igh  g r a i n  loading ,  t e n  p o i n t s  were 
sampled f o r  t h r e e  minu tes  each  r e s u l t i n g  i n  a t o t a l  t es t  
t i m e  of s i x t y  minutes.  (F igure  4-1) 

The sampling p o r t s  a t  t h e  Product  Dryer Scrubber O u t l e t  
are l o c a t e d  i n  t h e  s t a c k  which vents  t h e  exhaus t  gases  
from t h e  scrubber.to t h e  atmosphere.  Two sampling p o r t s  
are l o c a t e d  900 i n t e r v a l s  around t h e  s t ack .  The s t a c k  
diameter a t  t h i s  l o c a t i o n  is 5 1  inches ; s ix  traverse 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 test  t i m e  o f  60 minutes.  (F igure  4 - 2 ) .  

The Trona Dryer Cyclone I n l e t  p o r t s  are loca ted  i n  t h e  duct-  
work between the fan  and the cyclone i n l e t  and t h e  duct  
dimensions'  a t  t h i s  l o c a t i o n  are 1 2 . 2 1  f e e t  by 5 .04  f e e t .  
E ight  p o r t s  were u t i l i z e d  and fou r  p o i n t s  sampled a t  t w o  
minutes each  were used because o f  t h e  h igh  g r a i n  loading .  
The r e s u l t i n g  t es t  t i m e  w a s  64 minutes.  (F igure  4 - 3 ) .  

The sampling p o r t s  a t  t h e  Trona Dryer Electrostat ic  P re -  
c i p i t a t o r  O u t l e t  are l o c a t e d  i n  t h e  s t ack  t h a t  ven t s  t h e  
exhaus t  gases  from t h e  p r e c i p i t a t o r  to  t h e  atmosphere. Four 
sampling p o r t s  were i n s t a l l e d  a t  90° a p a r t  around t h e  s t a c k ,  

whose d iameter  measures 1 1 4  inches .  A t o t a l  Of 1 2  t r a v e r s e  
points were sampled for  8 minutes  each r e s u l t i n g  i n  a t e s t  

t i m e  of 96 minutes .  (F igure  4 - 4 )  
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3 . 2  Gas Velocity 

The gas velocity at each location was determined in accor- 
dance with guidelines outlined in EPA Method 2 (Determination 
of Stack Gas Velocity and Volumetric Flow Rate). A precali- 
brated type "S" pitot tube and thermocouple were rigidly 
attached to each sampling probe. The velocity pressure was 
measured on an inclined manometer, and the temperature on a 
pyrometer. 

3 . 3  Gas Composition 

The gas composition was determined in accordance with guide- 
lines outlined in EPA Method 3 (Gas Analysis for Carbon 
Dioxide, Oxygen, Excess Air and Dry Molecular Weight). Since 
there is no combustion involved at the product dryer, the gas 
composition was assumed to be air. A check was made with Fyrite 
analyzer for carbon dioxide and oxygen content. 

Since the trona dryer is fired with coal, combustion does take 
place and the gas composition is not air. The carbon dioxide 
and oxygen content of the flue gas was measured with a Fyrite 
analyzer at several points in the duct. The final values are 
an average of the readings taken at each point. 

3 . 4  Particulate 

The particulate concentrations were determined in accordance 
with guidelines outlined in EPA Method 5 (Determination of 
Particulate Emissions from Stationary Sources). 

The sampling train consisted of a nozzle, stainless steel 
probe, heated sample box that contained the filter, impingers, 
vacuum pump, dry gas meter and calibrated orifice (Figure 
4 - 5 ) .  The nozzle was rigidly connected to the probe. The 
probe consisted of 5 / 8 "  O.D. tubing which is wrapped with 
heater tape and attached to one end is a ground balljoint. 
Attached to the probe were an " S "  type pitot tube and 
thermocouple used for monitoring the velocity pressure and 
temperature. The probe and heater box were attached to the 
impinger train by means of a flexible sample line. 

Readings were recorded at each traverse point. 
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SAMPLING POINT 

I. 
2 
3 
4 
5 
6 
7 
8 
9 
10 

1 3  
1 4  
1 5  
1 6  

1 9  
2 0  
2 1  
2 2  
2 3  
2 4  

. -- - 

DISTANCE FROM STACK WALL ( I N C H E S )  

1.00  
1 . 5 4  
2 
3 
5 
6 
7 
9 
11 
1 3  
15 
19 
2 8  
3 2  
3 4  
3 6  

40 
4 1 .  

38 

6 4  
7 9  
0 4  
3 4  
7 3  
3 1  
0 4  
0 6  
50 
1 0  
9 0  
5 0  
9 4  
9 6  
6 9  
2 7  
66  

4 2 . 9 6  
4 4 . 2 1  
4 5 . 3 6  
4 6 . 4 6  
47 .00  

PRODUCT DRYER SC2USBER I N L E T  SAXPSIXG 
POINT LOCATION 

FIGURE 4 ~ 1 . *  
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SAIGLING POINT 

1 

2 

2 

DISTlWCE FROM STACK WALL ( I N C H E S )  

2 . 2 4  

1 . 4 5  

15.10 

PRODUCT DRYER SCRUBBER OUTLET SAL'VSLING POINT 
LOCAT I O N S  

FIGURE 4-Z1 
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. 

U U U 1 - 1  U U U U 

Samplinq Po in t  

1 

- 1 2 . 2 1 '  

5 . 0 4 '  

Distance From S t a c k  W a l l  (inches) 

5 . 0 4  

1 5 . 1 2  
2 5 . 2 0  

3 5 . 2 8  

4 5 . 5 6  
5 5 . 6 4  

TRONA DRYER CYCLONE I N L E T  SAMPLING P O I N T  LOCATIONS 

ORIGINAL FIGURE - NOT USED F b R  TEST)  

F IGURE .-4-3 

\. 
\ 
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1 1  A" , 

S a m p l i n g .  P o i n t  

1 
., 
L 

Distance From S t a c k  W a l l  ( inches)  

5.02 
16.64 
3 3 . 7 4  1 

TRONA DRYSR ELECTROSTATIC PWCITITATOR OUTLET SM4PLING 

POINT LOCATION 

F I G U R E  4-4. 

__ . .. . - 
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The impinger t r a i n  c o n s i s t e d  of  f i v e  Greenburg-Smith i m -  
p ingers  connected i n  series. The f i r s t  impinger was modi- 
f i e d  by r e p l a c i n g  t h e  impinger t i p  wi th  a blank s t e m .  This  
impinger was i n i t i a l l y  f i l l e d  wi th  1 0 0  m i l l i l i t e r s  of d i s -  
t i l l e d  water .  The second impinger w a s  a s tandard  Green- 
burg-Smith impinger c o n t a i n i n g  100  m i l l i l i t e r s  of d i s t i l l e d  
water. The t h i r d  and f o u r t h  impingers were i d e n t i c a l  t o  
t h e  f i r s t  and were l e f t  d ry  while  t h e  f i f t h  conta ined  300 
grams of  i n d i c a t i n g  type s i l i ca  g e l .  

The remainder of t h e  t r a i n  c o n s i s t e d  of a check va lve ,  
vacuum gauge, d r y  gas  meter and c a l i b r a t e d  o r i f i c e .  

From t h e  f i f t h  impinger,  t h e  e f f l u e n t  stream flowed through 
a check va lve ,  f l e x i b l e  rubber  vacuum t u b i n g ,  a vacuum 
gauge, a needle  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 ins ta r - taneous  flow r a t e s .  The dua l  manometer ac ross  
t h e  c a l i b r a t e d ' o r i f i c e  was an i n c l i n e d  ver t ic le  type  gradu- 
a t e d  i n  hundredths o f  an inch  of  water from 0 t o  1 inches  
and i n  t e n t h s  from 1 t o  1 0  inches.  

During t h e  t e s t  t h e  fo l lowing  d a t a  was recorded a t  each 
t r a v e r s e  p o i n t :  

e 

e 

Traverse  P o i n t  
Sampling T i m e  
Clock T i m e  

G a s  Meter Reading ( c f )  
Veloci ty  P res su re  ( i n  H20) 
Ori f i ce  Pressure  Drop ( i n .  H20) 
Stack Temperature ( O F )  

Dry G a s  Meter Temperature - I n l e t  and O u t l e t  (OF)  

Pump Vacuum ( i n .  Hg) 
Sample Box Temperature (OF)  

Impinger Temperature (OF) 
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The r e l a t i o n s h i p  o f  AP r ead ing  wi th  t h e  AH reading  i s  a 
func t ion  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  Fac tor  
a G a s  Meter Temperature 

Moisture Content  of  F lue  G a s  

Ra t io  of F lue  Gas P res su re  t o  Barometric Pressure  
0 Stack  Temperature 

Sampling Nozzle  Diameter 

A nomograph w a s  used t o  correlate a l l  t h e  above v a r i a b l e s  
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 AE' and AH w a s  de- 
termined by t h e  sampler and i s o k i n e t i c  cond i t ions  could 
be maintained.  

, 

A t  t h e  completion o f  t h e  t es t ,  t h e  samples were recovered 
i n  t h e  fo l lowing  manner: 

Conta iner  #1: The f i l t e r  w a s  removed from t h e  f i l t e r  
ho lde r  and p laced  i n  its o r i g i n a l  con- 
t a i n e r  and s e a l e d .  . 

Conta iner  #2 :  The nozz le ,  p robe ,  cyclone bypass and 
f r o n t  h a l f  f i l t e r  ho lder  were r i n s e d  
wi th  ace tone .  The ace tone  w a s  p laced i n  
a g l a s s  j a r  and s e a l e d .  
The s i l i ca  g e l  was'returned t o  i t s  o r i -  
g i n a l  c o n t a i n e r  and sea l ed .  

. 
Conta iner  # 3 :  

3.5 Organics  

A gaseous sample w a s  withdrawn from t h e  source  us ing  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, evacuated ,  hea ted  ( t o  above t h e  
d e w  p o i n t  of t h e  sample gas )  250 m l  g l a s s  grab  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  w a s  ob ta ined  i n  t h e  f l a s k .  The sample 
w a s  i n j e c t e d  i n t o  an A I D  model 6 2 1  p o r t a b l e  G a s  Chromato- 
graph (GC) d i r e c t l y  from t h e  hea ted  grab  f l a s k  us ing  t h e  
p o s i t i v e  p re s su re  obta ined  whi le  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  pe r  f l a s k  were made t o  

- . . . . . .. 
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determine the reproducability of the sample. 

The samples were analyzed for Total Hydrocarbons as methane 
using a 1 cc gas sample loop and a flame ionization detec- 
tor. The column temperature was 125OC. The G.C. was 
standardized employing a range of certified analyzed 
methane standards prepared in helium. Comparison of peak 
heights of the sample gas with those of the standards 
gave the following results: 

Calculations 

ppm Standard SF = The Sensitivity Factor = 
peak ht(mm) x (attenuation x range) 

ppm total Hydrocarbons 

3.6 Sulfur Dioxide 

Sulfur oxide emissions 
EPA Method 6 .  A glass 
to the sample train by 

- - SF x peak ht (mm) of sample x 
(attenuation x range) 

were determined in accordance with 
lined heated probe was attached 
means of a three way stopcock tee. 

The sample train consisted of a midget bubbler containing 
15 ml of 80% isopropanol, a blank impinger to catch carry- 
over, two midget impingers each with 15 ml of 3% hydrogen 
peroxide and a fifth blank impinger for carryover.from the 
two previous. A dry gas meter was used to meter the sample 
volume and a roto-meter monitored the sample rate. The 
sample was taken over a 2 0  minute period at a rate of 0.1 
CFM. After sampling, the train, (Figure 4 - 6 ) ,  was purged 
with activated charcoal filtered ambient air for 20 minutes 

3 . 7  Particle Size Distribution 

The particle size distribution samples were collected using 
an Andersen Cascade Impactor. The impactor consists of 
multiple stages which coilect different particle sizes 
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(F igure  4 - 7 ) .  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 spec i -  
f i c  diameter  above a c o l l e c t i o n  plate .  The o r i f i c e  s izes  
of each s t a g e  a r e  d i f f e r e n t  and are ar ranged  i n  descending 

o r d e r ,  t h e  l a r g e s t  being s t a g e  1. The sampling system was 
set  up as shown i n  Figure 4-8 .  The s t a c k  cond i t ions  w e r e  
determined and t h e  sample w a s  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  t he  sample flows 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  placed on t h e  c o l l e c -  
t i o n  p l a t e ,  par t ic les  of  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  whi le  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  s t ream proceed t o  t h e  nex t  c o l l e c t i o n  s t age .  
The 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  s u b s t r a t e  varies 
according t o  t h e  v e l o c i t y  o f  t h e  gas  ( a s  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 ince  t h e  o r i f i c e s  a r e  arranged i n  
descending d iameters ,  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  decreases .  

During t h e  sampling a cyclone p r e s e p a r a t o r  was used t o  
p r e c u t  p a r t i c l e s  above 1 0  microns and avoid overloading 
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  completion of each t e s t  
t h e  c o n t e n t s  o f  t h e  p r e s e p a r a t o r  and an acetone wash were 
placed i n  a sample b o t t l e .  
f i l t e r s  were r e tu rned  t o  t h e i r  o r i g i n a l  con ta ine r s  and 
s e a l e d .  

The g l a s s  f i b e r  s u b s t r a t e  

3 .8 V i s i b l e  Emissions 

The v i s i b l e  emissions were determined i n  accordance with 
g u i d e l i n e s  o u t l i n e d  i n  EPA Method 9 (Visual  
o f  t h e  Opacity of Emissions from S t a t i o n a r y  

Determination 
Sources ) .  
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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 es t  was analyzed 
i n  the fol lowing manner: 

Container #1: The f i l t e r  w a s  removed from i t s  s e a l e d  
c o n t a i n e r  and placed 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  were 
d e s s i c a t e d  wi th  anhydrous C a s 0 4  and 
weighed t o  a cons t an t  weight. The weight 
w a s  recorded t o  t h e  n e a r e s t  0 . 0 1  mg. 

Container # 2 :  The acetone washings w e r e  t r a n s f e r r e d  t o  
a t a r e d  beaker.  The acetone w a s  then evap- 
o r a t e d  a t  ambient temperature and pressure,  
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 weight w a s  recorded t o  t h e  n e a r e s t  0 . 0 1  mg. 

Container #3 :  The s i l i ca  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 balance.  

4.2 S u l f u r  Dioxide 

The con ten t s  o f  t h e  f i r s t  two impingers along with washes 
were d i sca rded  and t h e  c o n t e n t s  of  t h e  l a s t  t h r e e  iinpingers 
a long wi th  washes were saved f o r  a n a l y s i s  f o r  S02. The 
s u l f u r  oxide samples w e r e  analyzed t i t r i m e t r i c a l l y  us ing  
barium pe rch lo ra t e .  Ca lcu la t ions  f o r  s u l f u r  ox ide  emissions 
appear i n  t h e  Appendix. 

4.3 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 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  w e r e  d e s s i c a t e d  and weighed 
t o  a cons t an t  weight.  The ne t  weight ga in  w a s  recorded to 
t h e  nearest  0 . 0 1  mg. 

The acetone r in se  of t h e  cyclone p resepa ra to r  w a s  t r a n s -  
f e r r e d  t o  a t a r e d  beaker .  The beaker was heated t o  a t e m -  
p e r a t u r e  w e l l  below t h e  b o i l i n g  po in t  u n t i l  t h e  water  was 
evaporated.  The beaker  was then d e s s i c a t e d  and weighed 
t o  a cons t an t  weight. The n e t  weight ga in  w a s  recorded t o  
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t h e  nea res t  0 . 0 1  mg. 
on t h e  i n l e t  samples 
s t r i c t i n g  use of the  

Bahco ana lys i s  was a l s o  performed 
due t o  t h e  high moisture conten t  re- 
Andersen Impactor, 
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