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1 . 0  INTRODUCTION 

York Research Corpora t ion  ( Y R C ) ,  a t  the r e q u e s t  o f  t h e  Emission 
Measurement Branch of t h e  U. S. Environmental  P r o t e c t i o n  Agency 
(EPA), conducted s t a c k  t e s t i n g  a t  t h e  Adolph Coors Company, 
Golden, Colorado. 

The purpose o f  t h e  t a s k  w a s  twofold .  F i r s t ,  emiss ion  i n f o r -  
mation w a s  d e s i r e d  on a baghouse c o n t r o l  system f o r  a low 
s u l f u r  coal b o i l e r .  Secondly,  a comparison w a s  d e s i r e d  be- 
tween t h e  proposed i n - s t a c k  f i l t e r  sampling, Method 1 7 ;  and 
the ou t -o f - s t ack  f i l t e r  t r a i n ,  Method 5 ,  upon which emiss ion  
r e g u l a t i o n s  a r e  c u r r e n t l y  based.  The f a c i l i t y  selected f o r  
t h i s  t e s t i n g  i s  a c o a l  f i r e d  b o i l e r  equipped w i t h  a baghouse 
d u s t  c o n t r o l  system t o  remove the p a r t i c u l a t e  from a c o r n e r  
f i r e d  c o a l  burning b o i l e r .  

F i e l d  t e s t i n g  was performed June 6 ,  7 ,  and 8 ,  1 9 7 7 .  The 
p r o j e c t  w a s  coo rd ina ted  through t h e  fo l lowing  Coors personnel :  
IW. Mike Wallace,  Environmental  Engineer ;  M r .  Bob Lang, 
Manager of Engineer ing;  and M r .  Dennis Capps, Power P l a n t  
Manager. 

M r .  Dennis Holzschuh, Emission Measurement Branch (EMB),  
coo rd ina ted  and observed t h e  f i e l d  tes t  program. M r .  Reid 
I v e r s o n ,  I n d u s t r i a l  S t u d i e s  Branch (ISB), and M s .  Caro l  Specht  
( I S B )  o b t a i n e d  b o i l e r  o p e r a t i n g  d a t a  d u r i n g  t e s t i n g .  M r .  
Roger Johnson (YRC) d i r e c t e d  t h e  sampling a c t i v i t i e s .  The 
fo l lowing  York pe r sonne l  o b t a i n e d  t h e  f i e l d  d a t a :  

M r .  Paul  Wade -- T e s t  Engineer ,  Console Operator  

M r .  Louis C l a r k  -- Techn ica l  A s s i s t a n t ,  A s s i s t a n t  t o  
Console Opera to r  

M r .  Jim Olsen -- T e s t  Engineer ,  Opaci ty  Observer 

M r .  B i l l  Cesearo -- Techn ica l  A s s i s t a n t ,  Coal Sampling 
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Samples were a l s o  o b t a i n e d  by Coors  t e s t  pe r sonne l  th roughout  
t h e  sampling program. The Coors t e s t i n g  d i d  n o t  i n t e r f e r e  i n  
any way w i t h  t h e  purpose o f  t h i s  p r o j e c t .  The Coors tests 
were for  compliance purposes  of t h e  Adolph Coors Company. 

2 .0  SUMMARY OF RESULTS 

Table 2 -1  summarizes t h e  r e s u l t s  o f  t h e  p a r t i c u l a t e  tests and 
o p a c i t y  o b s e r v a t i o n s .  The " i n - s t a c k "  r e f e r s  t o  t h e  i n - s t a c k  
f i l t e r  as pe r  EPA Method 1 7 .  The " t o t a l "  refers t o  in - s t ack  
p l u s  ou t -o f - s t ack  f i l t e r  c a t c h  and probe wash. The out-of-  
s t a c k  weight  ga in  f l u c t u a t e d  from 2 . 1  t o  2 0 . 3  mil l igrams.  
The ;effect of t h i s  f l u c t u a t i o n  on t h e  r e s u l t a n t  emiss ion  r a t e  
was an  i n c r e a s e  o f  an  average  o f  0 . 0 0 4  lb/mBTU. T h i s  increase 
ranged from 0 . 0 0 0 7  t o  0 . 0 0 7 1  lb/mBTU o r  0 . 7  t o  7 . 1  p e r c e n t  of 
t h e  new s o u r c e  performance s t a n d a r d  o f  0 . 1  lb/mBTU. 

The emiss ion  ra tes  w e r e  c a l c u l a t e d  by "F" f a c t o r  computat ions.  
The integrated Orsat t r a i n  f o r  tes t  one developed a l e a k  which 
i n v a l i d a t e d  t h e  oxygen va lue  f o r  t e s t  one. The average  oxygen 
c o n t e n t  f o r  tests two and t h r e e  w a s  used f o r  t h i s  computat ion.  

Opaci ty  d a t a  w a s  o b t a i n e d  by a c e r t i f i e d  o p a c i t y  o b s e r v e r .  
No v i s i b l e  emis s ions  were recorded  a s  "N"  , and less than  5% 
o p a c i t y  w a s  r eco rded  as zero .  T h i s  d a t a  was averaged f o r  
s i x  minute  i n t e r v a l s  ( 2 4  o b s e r v a t i o n s ) ,  a n d  t h e  r e s u l t i n g  
d a t a  sets were averaged and r e p o r t e d  i n  Table  2-1.  With 
t h e  e x c e p t i o n  o f  o c c a s s i o n a l  r e a d i n g s  o f  lo%, a l l  r e a d i n g s  
were zero ( < 5 % )  o r  N. 

The p a r t i c u l a t e  samples were ana lyzed  by atomic a b s o r p t i o n  
spec t rophotometry .  Table  2-2 summarizes t h e  p e r c e n t  by weight  
of each of s i x  e lements  and s u l f a t e s  f o r  t h e  i n - s t a c k  and o u t -  
o f - s t a c k  samples.  For  t h e  e lements  ana lyzed ,  t h e  composi t ion 
of t h e  sample appea r s  s i m i l a r  w i t h  t h e  excep t ion  o f  magnesium, 
sodium, and s u l f a t e s .  The sodium f r a c t i o n  of t h e  ou t -o f - s t ack  
sample is c o n s i s t e n t l y  l a r g e r ,  and t h e  magnesium f r a c t i o n  o f  
t h e  in -s tack  sample is c o n s i s t e n t l y  l a r g e r .  The p e r c e n t  s u l f a t e  
c o n t e n t  of t h e  out -of -s tack  sample w a s  c o n s i s t e n t l y  l a r g e r  t h a n  
t h e  in - s t ack  sample.  

3 . 0  DESCRIPTION O F  PROCESS 

Process  parameters  were monitored by M r .  Reid Ive r son  and Ms. 
Caro l  Specht  of t h e  I n d u s t r i a l  S t u d i e s  Branch. This  data is . n o t  i nc luded  i n  t h i s  r e p o r t .  The p r o c e s s ,  i n  g e n e r a l ,  i s  a 

- -  p u l v e r i z e d  c o a l - f i r e d  b o i l e r  equipped wi th  a f a b r i c  f i l t e r  
r - -  d u s t  c o l l e c t o r .  F i g u r e  3-1 s c h e m a t i c a l l y  d e s c r i b e s  t h e  pro- 

cess. Coal i s  loaded i n t o  d u a l  hoppers  f o r  subsequent  

2 
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p u l v e r i z a t i o n  and t r a n s p o r t a t i o n  t o  the b u r n e r s .  The b o i l e r  
i s  t a n g e n t i a l l y  f i r e d  b o i l e r  w i t h  p u l v e r i z e d  coal  be ing  f e d  
i n t o  each of f o u r  b u r n e r s .  The rated c a p a c i t y  o f  t h e  b o i l e r  
is 250,000 pounds of steam p e r  hour .  

The tests w e r e  run  d u r i n g  normal b o i l e r  o p e r a t i o n s .  Soot 
blowing w a s  i n c o r p o r a t e d  i n t o  the t e s t i n g  c y c l e  d u r i n g  t e s t  
t h r e e .  

4 . 0  PROCEDURES 

The methodology f o r  this sampling program w a s  des igned  t o  
meet t h e  s p e c i f i c a t i o n s  i n  t h e  t a s k  o r d e r .  

4 . 1  Loca t ion  of Sampling Por t s  

P a r t i c u l a t e  samples were e x t r a c t e d  a t  t h e  o u t l e t  of 
t h e  fabr ic  f i l t e r  d u s t  c o l l e c t o r .  The l o c a t i o n  of t h e  
sampling p o r t s  a long  w i t h  the d i s t u r b a n c e s  upstream 
and downstream are d e s c r i b e d  i n  F igu re  4 . 1 - 1 .  The 
sampling l o c a t i o n  i s  4 . 6  diameters downstream from a 
bend i n  t h e  d u c t  (dimension "A" i n  EPA Method I), and 
1 . 6  d i a m e t e r s  upstream from a bend i n  t h e  d u c t  (dimension 
"B" i n  EPA Method 1) .  

4 . 2  Sampling Procedures  

4 . 2 . 1  P a r t i c u l a t e  

The p a r t i c u l a t e  emis s ions  w e r e  measured acco rd ing  
t o  proposed EPA Reference Method 1 7  modif ied t o  
i n c l u d e  an EPA Method 5 f i l t e r  c o n f i g u r a t i o n  a s  a 
backup f i l t e r .  I n  t h i s  method, a p r e l i m i n a r y  
v e l o c i t y  p r o f i l e  w a s  conducted so t h a t  a sampling 
nozz le  of an a p p r o p r i a t e  d i ame te r  could  be s e l e c t e d  
The sampling equipment w a s  Research Appliance 
Company's STAIZSAMPLR as d e s c r i b e d  s c h e m a t i c a l l y  
i n  F igu re  4 . 2 . 1 - 1 .  

,. 

The i n - s t a c k  f i l t e r  w a s  a g l a s s  f i b e r  f i l t e r  
fol lowed by a s t a i n l e s s  s t ee l  probe an2 backed up 
by a glass f i b e r  f i l t e r  i n  a hea ted  sample box. 
The gas  sample w a s  drawn i n  through t h e  n o z z l e ,  
p a r t i c u l a t e  was removed a t  t h e  i n - s t a c k  f i l t e r  
w i t h  t h e  gas  stream t h e n  pass ing  through t h e  h e a t e d  
sample probe t o  a h e a t e d  f i l t e r  box. The f i l t e r  

6 
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Figure 4.1-1 
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SIDE VIEW \ 
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o u t  o f  the s t a c k  was main ta ined  a t  a t empera tu re  
o f  3200F, +20°F, to  remove any remaining p a r t i c u l a t e  
matter from t h e  g a s  sample. The g a s  t h e n  flowed 
through an  ice-cooled  impinger t r a i n  and s i l i c a  
gel  which q u a n t i t a t i v e l y  removed a l l  water from 
t h e  gas stream. T h e  g a s  t h e n  flowed through a 
l e a k l e s s  pump, d r y  tes t  meter, and c a l i b r a t e d  
o r i f i ce .  The d r y  tes t  meter i n t e g r a t e d  t h e  t o t a l  
volume sampled w h i l e  t h e  o r i f i c e  p r e s s u r e  d i f f e r -  
e n t i a l  w a s  monitored and a d j u s t e d  t o  m a i n t a i n  
i s o k i n e t i c  sampling.  

A t  t h e  conc lus ion  o f  t h e  t e s t ,  t h e  sampling t r a i n  
w a s  l e a k  checked a t  t h e  nozz le  w i t h  a 1 5  i n c h  
mercury vacuum. The probe  and f i l t e r  assembly 
were c a r e f u l l y  removed to  t h e  sample r ecove ry  
area. The weight  g a i n  i n  t h e  f i r s t  t h r e e  impingers  
was measured, and t h e  c o n t e n t s  o f  t h e  impingers  
d i s c a r d e d .  The s i l i c a  g e l  w a s  weighed on  a t r i p l e  
beam ba lance  w i t h  t h e  weight  g a i n  recorded .  The 
f i l t e r  w a s  removed from t h e  in - s t ack  f i l t e r  h o l d e r ,  
p l aced  i n  a p e t r i  d i s h ,  s e a l e d  w i t h  p l a s t i c  t a p e ,  
and l a b e l e d .  A l l  loose p a r t i c u l a t e  matter and 
ace tone  washings p r i o r  t o  t h e  in - s t ack  f i l t e r  were 
c o l l e c t e d  and p l aced  i n  a g l a s s  sample b o t t l e  w i t h  
a Tef lon  l i n e r  i n  t h e  cap .  The ou t -o f - s t ack  f i l t e r  
w a s  also removed f r o m  t h e  h o l d e r ,  placed i n  a p e t r i  
d i s h ,  s e a l e d  w i t h  p l a s t i c  t a p e ,  and l a b e l e d .  A 
probe brush  and/or rubbe r  policeman was used t o  
remove p a r t i c u l a t e s  which adhered t o  t h e  w a l l s  of 
t h e  probe  and g l a s s w a r e .  The p a r t i c u l a t e  matter 
which w a s  c o l l e c t e d  a f t e r  t h e  in - s t ack  f i l t e r  w a s  
p l aced  i n  a s e p a r a t e  sample b o t t l e ,  s e a l e d  w i t h  
p l a s t i c  t a p e ,  labeled, and p laced  w i t h  t h e  o t h e r  
samples. 

Samples were l a b e l e d  w i t h  York t h r e e  p a r t  l a b e l s  
as w e l l  as l a b e l s  provided  by t h e  Emission Measure- 
ment Branch o f  t h e  EPA. C o a l  samples were ana lyzed  
and forwarded t o  t h e  Emission Measurement Branch. 
P a r t i c u l a t e  samples were analyzed g r a v i m e t r i c a l l y ,  
t h e n  analyzed by AA spec t rophotometry .  The AA 
procedure  consumes t h e  sample i n  t h e  a n a l y s i s .  

4 . 2 . 2  Labora tory  Ana lys i s  

I n  t h e  l a b o r a t o r y  t h e  f i l t e r  was t r a n s f e r r e d  f r o m  
t h e  sample c o n t a i n e r ,  d e s i c c a t e d  and d r i e d  t o  a 
c o n s t a n t  weight .  The ace tone  washings were t r a n s -  
f e r r e d  t o  a t a r e d  beake r ,  evaporated t o  d ryness  

9 
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d e s i c c a t e d  and d r i e d  t o  a c o n s t a n t  weight .  An 
ace tone  b l ank ,  o b t a i n e d  from t h e  wash c o n t a i n e r s  
d u r i n g  sample r ecove ry  i n  t h e  f i e l d ,  w a s  ana lyzed  
as t h e  ace tone  wash samples. 

A f t e r  t h e  g r a v i m e t r i c  d e t e r m i n a t i o n  had been made, 
t h e  p a r t i c u l a t e  matter w a s  d i g e s t e d  w i t h  hydro- 
c h l o r i c  acid and ana lyzed  by atomic a b s o r p t i o n  
spec t roscopy .  The i n - s t a c k  and ou t -o f - s t ack  
p a r t i c u l a t e  samples p l u s  a b lank  i n - s t a c k  and o u t -  
o f - s t ack  f i l t e r  and a n  ace tone  b lank  w e r e  ana lyzed  
f o r  sodium, potass ium,  magnesium, i r o n ,  t i t a n i u m ,  
and copper .  S u l f a t e s  w e r e  de te rmined  c o l o r i m e t r i c a l l y  

4 . 2 . 3  Trave r s ing  

A p r e l i m i n a r y  t r a v e r s e  o f  t h e  d u c t  f o r  v e l o c i t y  and 
t empera tu re  was conducted b e f o r e  p a r t i c u l a t e  sampling 
began. A d d i t i o n a l  t r a v e r s e s  of v e l o c i t y  and 
t empera tu re  were conducted d u r i n g  t h e  p a r t i c u l a t e  
sampling as r e q u i r e d  by t h e  EPA Reference Method 1 7 .  
Samples were e x t r a c t e d  from f o u r  ports  wi th  e i g h t  
p o i n t s  p e r  p o r t  f o r  a t o t a l  of 3 2  p o i n t s .  Sampling 
t i m e  w a s  f o u r  minutes  p e r  p o i n t  fo r  a t o t a l  sample 
t i m e  o f  1 2 8  minutes .  The Appendix c o n t a i n s  t h e  
f i e l d  d a t a .  

4 . 2 . 4  Molecular  Weight Determinat ion 

S tack  g a s  samples were withdrawn through a s t a i n -  
less s tee l  tube  a t t a c h e d  t o  t h e  p a r t i c u l a t e  sampling 
probe,  through a condensor ,  diaphragm pump, r o t a m e t e r ,  
and i n t o  a t e d l a r  bag.  An i n t e g r a t e d  sample ove r  
t h e  e n t i r e  t e s t  w a s  c o l l e c t e d  by a d j u s t i n g  t h e  
r o t a m e t e r  t o  e x t r a c t  a p r o p o r t i o n a l  volume o f  gas 
a t  each p o i n t  t e s t e d .  At t h e  conc lus ion  o f  t h e  
t e s t ,  t h r e e  Orsat d e t e r m i n a t i o n s  were run on each 
bag t o  de te rmine  t h e  carbon d i o x i d e  and oxygen 
c o n t e n t  of t h e  gas stream. The gas  a n a l y s i s  d a t a  
s h e e t s  are inc luded  i n  t h e  Appendix. 

4 . 2 . 5  Moisture  

Mois ture  was measured d u r i n g  each o f  t h e  p a r t i c u l a t e  
r u n s  acco rd ing  t o  t h e  EPA Reference Method 1 7 .  The 
p r e l i m i n a r y  moi s tu re  w a s  e s t i m a t e d .  The r e s u l t s  of 
each p a r t i c u l a t e  r u n  w a s  used f o r  subsequent  moi s tu re  
e s t i m a t e s .  

10 
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4 . 2 . 6  Opaci ty  

Opaci ty  w a s  r ead  acco rd ing  t o  EPA Reference Method 9 .  
M r .  James Olsen read t h e  o p a c i t y  d u r i n g  each run .  
Observa t ions  began a t  least  one h a l f  hour p r i o r  t o  
t h e  test  and cont inued  one h a l f  hour  a f t e r  each 
test .  M r .  Olsen w a s  r e c e r t i f i e d  on A p r i l  5 ,  1977, 
by t h e  Colorado Department o f  Heal th .  

4 . 2 . 7  Coal Sampling 

Pu lve r i zed  coal samples were o b t a i n e d  t e n  minutes  
b e f o r e  t h e  s t a r t  o f  t h e  tes t  run  and a t  h a l f  hour 
i n t e r v a l s  u n t i l  t h e  t e s t  run  was completed.  The 
i n d i v i d u a l  samples were combined t o  o b t a i n  a 
composi te  sample f o r  t h e c o a l  burned d u r i n g  t h e  
test .  A c o a l  sampling d e v i c e  provided  by Coors 
w a s  used  t o  col lect  t h e  samples o u t  of t w o  p o r t s  
on each o f  f o u r  p u l v e r i z e d  c o a l  streams. An 
u l t i m a t e  a n a l y s i s  w a s  conducted on t h e  c o a l  f o r  
mo i s tu re ,  a s h ,  s u l f u r ,  carbon,  hydrogen, oxygen, 
n i t r o g e n ,  and t h e  gross h e a t  v a l u e  for each t e s t  
run .  ASTM Method D3176-74 w a s  used f o r  t he  
u l t i m a t e  a n a l y s i s  of t h e  c o a l .  

4 . 3  C a l i b r a t i o n  

4.3.1 P i t o t  Tube 

The "S"-type p i t o t  t u b e  used f o r  t h e  t e s t  was 
c a l i b r a t e d  a g a i n s t  a s t a n d a r d  t y p e  p i t o t  t u b e  
i n  a wind t u n n e l  p r i o r  t o  t h e  tes t .  The c a l i b r a -  
t i o n  d a t a  is inc luded  i n  t h e  Appendix. 

4 .3 .2  P a r t i c u l a t e  Sampling Equipment 

The o r i f i c e  and d r y  t e s t  meter were c a l i b r a t e d  
p r i o r  t o  t h e  f i e l d  t e s t  w i t h  documentation a v a i l a b l e  
a t  t h e  t i m e  of t e s t i n g .  The d r y  t e s t  meter and 
o r i f i c e  c a l i b r a t i o n  data are inc luded  i n  t h e  
Appendix. 

4.3.3 Temperature Sensor 

The thermocouple used f o r  measuring t h e  s t a c k  
tempera ture  w a s  c a l i b r a t e d  i n  b o i l i n g  water and 
i n  t h e  ambient a i r  a g a i n s t  a l i q u i d  thermometer. 
The c a l i b r a t i o n  d a t a  a r e  inc luded  i n  t h e  Appendix. 

11 
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5.0 DISCUSSION O F  RESULTS 

Tables  5-1 and 5-2 summarize t h e  r e s u l t s  o f  i n - s t a c k  p a r t i c u l a t e  
tests i n  Eng l i sh  and Metric u n i t s  r e s p e c t i v e l y .  The " p a r t i a l "  
r e f e r s  t o  in - s t ack  f i l t e r  o n l y .  "To ta l "  refers t o  i n - s t a c k  
f i l t e r  p l u s  a c e t o n e  washes. Tab le  5-3 summarizes t h e  out -of -  
s t a c k  p l u s  i n - s t a c k  r e s u l t s .  Tab le  5-4 summarizes t h e  mass i n  
mi l l i g rams  per  sample of s i x  e lements  and s u l f a t e s .  Table  5-5 
summarizes t h e  u l t i m a t e  a n a l y s i s  of t h e  c o a l  samples .  

I n  g e n e r a l ,  t e s t i n g  went  smoothly w i t h  t h e  e x c e p t i o n  of a l e a k  
i n  t h e  i n t e g r a t e d  O r s a t  sample t r a i n  du r ing  t e s t  one .  The 
cause  of t h e  l e a k  w a s  determined and r e p a i r e d ,  and subsequent  
runs  proceeded w i t h o u t  d i f f i c u l t y .  T h e  average  o f  t es t  two 
and t e s t  t h r e e  w a s  used f o r  computa t iona l  purposes  whenever 
Orsat d a t a  w a s  needed. 

The t empera tu re  o f  t h e  out -of -s tack  f i l t e r  was main ta ined  a t  
3200F, +20°F, f o r  a l l  tes ts .  The tempera ture  w a s  monitored 
a t  a t empera tu re  w e l l  i n  a 90° elbow immediately fo l lowing  
t h e  f i l t e r  h o l d e r .  

V i s u a l l y ,  t h e  p a r t i c u l a t e  samples appeared ve ry  s i m i l a r .  
A n a l y t i c a l l y ,  t h e  r e s u l t s  p o i n t  o u t  a t e n f o l d  i n c r e a s e  of 
weight  on t h e  ou t -o f - s t ack  f i l t e r  from tes t  one t o  tes t  t w o .  
The ou t -o f - s t ack  f i l t e r  c a t c h  f o r  t e s t  t h r e e  i s  equa l  t o  t h e  
average  of t h e  f i r s t  two tests. There were no d e v i a t i o n s  from 
s t anda rd  sampling and sample recovery  procedures  t o  account  f o r  
t h i s  d i f f e r e n c e  o f  i n - s t a c k  v s .  ou t -o f - s t ack  p a r t i c u l a t e  con- 
c e n t r a t i o n s .  Soot  blowing o c c u r r e d  d u r i n g  t e s t  three for  t h e  
f i r s t  hour o f  t h e  t e s t .  T e s t  t h r e e  r e f l e c t s  a n  o v e r a l l  i n c r e a s e  
of p a r t i c u l a t e  sample weight  o f  abou t  25%. The emiss ion  r a t e  
f o r  t e s t  t h r e e  w a s  s t i l l  w e l l  below t h e  new source  performance 
s t anda rd  f o r  p a r t i c u l a t e  m a t e r i a l .  

The Appendix t o  t h i s  r e p o r t  c o n t a i n s  t h e  computa t iona l  formulas  
as w e l l  a s  t h e  c a l c u l a t i o n  forms f o r  non-computerized c a l c u l a -  
t i o n s .  P o i n t  i s o k i n e t i c s  were computed and a r e  inc luded  i n  
t h e  Appendix o f  t h i s  r e p o r t .  
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TABLE 5-3 

PARTICULATE RESULTS 
OUT-OF-STACK PLUS IN-STACK 

T e s t  Number 1 2 3 

I n - S t a c k  T o t a l  W t .  94 .6  7 0 . 2  1 1 0 . 1  

In-Stack + Out-of- 
S t a c k  T o t a l  W t .  96.7 9 0 . 5  1 2 2 . 1  

I n - S t a c k  + O u t - o f - S t a c k  R e s u l t s  

E n g l i s h :  

Grains/scfd 0 . 0 1 9 3 1  0.01774 0 .02470 

Grains/acf 0.00918 0 .00852  0.01178 

1 b/ h o u r  1 4 . 2 1  1 3 . 2 1  20 .60  

lb /mBTU 0.0336 0 .0316  0 .0428  

Metric: 

mg/nm3 44.18 40 .60  56 .51  

mg/arn3 21 .01  1 9 . 5 1  26.95 

kilogram/hour 6 . 4 5  5 .99  8 . 0 4  

k i l o g r a m / l O  
ca lo r i e  0 . 0 6 0 6  0 .0569  0 .0771  

15 

AVg . 
9 1 . 6 3  

1 0 3 . 1  

0 .0206 

0.00983 

1 6 . 0 1  

0.0360 

47.10 

22.49 

6 . 8 3  

0 .0649  
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TEST 
NO. %H - - 

1 4 . 3 2  

2 4 .69  

3 4 . 5 6  

TABLE 5 - 5  

COAL A N A L Y S I S  

COAL A N A L Y S I S ,  DRY B A S I S  

%N %ASH BTU/LBM - %O - - %S - %C - 

6 4 . 0 0  0 .57  1 . 4 6  1 7 . 8 9  1 1 . 7 6  1 1 , 0 5 8  

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

6 5 . 0 2  0 .47  1 . 4 5  20 .40  8 . 1 0  1 1 , 2 9 0  

1 7  
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P A R T I C U L A T E  CALCULATIONS 

D E F I N I T I O N S  OF TERMS 

V o l u m e  gas  meter, meter c o n d i t i o n s ,  d ry  ( F t .  3 )  

B a r o m e t r i c  pressure ( I N . H G )  

A v e r a g e  o r i f i ce  p res su re  d i f f e r e n t i a l  ( I N . H ~ O )  

A v e r a g e  m e t e r  t empera tu re  ( D e g .  F) 

volume of moi s tu re  co l lec ted  (ML) 

V e l o c i t y  head ( I N .  H20) 

Stack  P r e s s u r e  ( I N .  HG)  

P i t o t  tube coe f f i c i en t  from c a l i b r a t i o n  of p i t o t  tube 
( D i m e n s i o n l e s s )  

S t a c k  tempera ture  ( D e g .  F) 

C r o s s e c t i o n a l  area of s t a c k  (FT ) 

D i a m e t e r  of n o z z l e  ( I n c h e s )  

T i m e  of t e s t ,  ( M I N )  

Weight of probe;  c y c l o n e  and f i l t e r s  (MG) 

T o t a l  w e i g h t  (MG) 

2 
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PARTICULATE CALCULATIONS 

The f o l l o w i n g  a re  the b a s i c  e q u a t i o n s  u s e d . i n  c a l c u l a t i n g  
f i n a l  d a t a  a s  found i n  the  f i n a l  summary. 

1. 

2 .  

3 .  

4 .  

5 .  

6. 

Volume of d r y  
29.92" Hg, f t .  

a s  sampled a t  s t a n d a r d  c o n d i t i o n s  - 70"F, 5 

',std = 
L 

(T, + 460) 

Volume of w a t e r  vapor  a t  70°F and 29.92" Hg, F t . 3  

3 = 0.0474 x Vw = FT v w g a  S 

% M o i s t u r e  i n  s t a c k  gas  

',Std + ',gas 

Mole f r a c t i o n  o f  d r y  gas  

Average molecular weight o f  d r y  s t a c k  gas  

Molecular  weight o f  s tack gas  

M W = M W d  X M d  + 1 8  (1 -Md)  
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7 .  Stack v e l o c i t y  a t  s t a c k  condi t ions ,  fpm 

"S = 5 1 2 8 . 8 x P $ m  ( P , x M W  1 ), 'I2 = fpm 

8. 

9. 

10. 

11. 

1 2 .  

13. 

Stack g a s  volume a t  s tandard condi t ions ,  SCFM 

= scm 0.123 X VS X As X Md X P 
(Ts + 460) Qs = 

P a r t i c u l a t e  - probe, cyclone and f i l t e r ,  gr/SCF 

Can = 0.0154 x M f  
= gr/SC€ 

vrn s t d  

p a r t i c u l a t e  t o t a l ,  gr/SCF 

= gr/SCF 0.0154 x & - 
Cao - vm s t d  

P a r t i c u l a t e  - probe, cyclone and f i l t e r ,  gr/CF a t  s t ack  
condi t ions 

Md = gr/C€ 1 7 . 7  x Can X Ps - 
Cat - (Ts + 460) 

P a r t i c u l a t e  - t o t a l ,  gr/CF a t  s t a c k  condi t ions  

' 1 7 . 7  x Ca, X Ps X Md - = g / C F  
Cau - (Ts + 460) 
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14. P a r t i c u l a t e  - probe, cyclone and f i l t e r ,  lb /hr .  

Caw = 0.00857 x Can x Qs = lb/hr  

15.  P a r t i c u l a t e  - t o t a l ,  lb /hr .  

Cax - - 0.00857 x Ca, x Qs = lb/hr  
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EMISSION RATE CALCULATIONS 

1. Compute F, DSCF/~O~BTU; DSCM/106Calories 

- lo6 3.64%H + 1.53%C + 0.57%S + 0.14%N - 0.46%0 
GCV (English units) - 

(metric) = 1.123 x 10-4(~English units) 

where : 

H, C, S, N, and 0 are content by weight of hydrogen, 
carbon, sulfur, nitrogen, and oxygen; dry. 

GCV is the gross caloric value (BTU/lb) on a dry basis. 

2. Calculate emission rate, E 

20.9 
E = CF 20.9 - $02 

where: 

C = Pollutant concentration, lb/ft3 or mg/m3 

F = "F" factor computed in Step 1 

0 2  = Percent oxygen by volume 
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B . COMPUTER PRINTOUTS 
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.. 355. 
355. 
355. 

35 5 .. 355. 

355. 
. 3'55. , 

355. 

42.801 99.7 _ .  
38.937 108.5 ' - .  

-44.253 . I,Of.,ll .j 
44.961 . 9816:. . 
44.:9.61 100 .3 .  
47.021 99.0 

- 4 2 . 0 5 7 .  1 0 0 . 6 . -  

.4.2-801 . .  l O J - 8 '  . . . .  . ". 
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C. CALCULATION TABLES 
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D .  F I E L D  DATA 
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D.tc 6 17/77 Location 

Obacrver /;L Name ~ & , Q , H  ccn0- CdM?Q AE&J 
Address-., C,n - I 

ind - Speed-o-tc Directio 
rype of lnstallatio 

Yo Smoke Density 
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bbservation Point - c P C  tlspcc I I 0 
O N  

Height 1 -.-. Stack - Distance From 

Wind - Speed & I O  Direction 5 F 
- 

Type of Installation 3 h )  

4 / d  

6 h )  

5 Fuel L 61 l?F . ' f l  . -g 
Density Smoke Tabulation 0 

Qbservation began Ended-,,= pKy- , 
NO. Units X Equiv. No. 1 Units 

quiv. Units x 207, = 

27 ).j 
28 n 
29 0 
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Address  - -' 

ind -' Speed 0 - 17 Directio 

e of IristAlatio 

Density Smoke Tabulati 

70 Smoke Density 
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tack - Distance From- 

ind -. S p e e d d - \ a  Directio 

Units No. 4 
\ 

Units No. 4% 18 (1 

Units No. 5 19 r;] 

Units Equiv. Units 21  0 
20 

x 20% = Units  

15 1 30 
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D.h -6jb177. Location 

I Name Am, ,,%Q r-C< C6Mtt4?,rc? 
Observer 7- &A. 

/ - Address(dcbp fil. ,- 

e of kistallatio 

Density Smoke Tabulati 

'70 Smoke Density 
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0,xner  

A d d r e s s  

1 I 



Uni t s  Equiv. Units 

x 20% = 
23 Uni t s  

2 1  

28 

29 

Owner 
Manager 

A d d r e s s  



ES-045 i 

I 
I 

I 



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

< 

NOMOGRAPH DATA 
/ 

CALIBRATED PRESSURE DIFFERENTIAL ACROSS 
ORIFICE, in. H20  

AVERAGE METER TEMPERATURE&- 2OoF),'F 

PERCENT MOISTURE IN GAS STREAM BY VOLUME 
A 

BAROMETRIC PRESSURE A T  METER, in. Hg Y b 

STATIC PRESSURE IN STACK, in. Hg 

(PmkO.O~ x STACK GAUGE PRESSURE in in. H20) - 
RATIO O F  STATIC PRESSURE TO METER PRESSURE 

AVERAGE STACK TEMPERATURE, O F  

AVERAGE VELOCITY HEAD, in. H20 

MAXIMUM VELOCITY HEAD, i t  H20 
_. 

7 (0 .37 r r  \ I 07 \ ,m 
- 

C FACTOR 

CALCULATED NOZZLE DIAMETER, in. 

ACTUAL NOZZLE DIAMETER, in. 

REFERENCE L I P ,  in. H20 

avg. 

Pm -. 

I 
Savg. 

APavg. 

10% 

I .  / 3  
0. 3 
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E. LAB RESULTS 
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LABORATORY RESULTS 

Date Received 

Client/Plant 1 c 0 0  Kf- Date Reported 

Project NO. 7- 8 4 7 9 -  3 3  . .. 

No. Results (units) 
Sample Sample 

-.. .. 
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Environmental Consultants 

Mx. Roger Johnson 
York Research Corpora t ion  
7 1 0 0  Broadway 
Bui ld ing  3 A  
Denver, Colorado 8 0 2 2 1  

R e :  Analyses r e s u l t s  f o r  7-8479-33 

Dear Roger: 

On t h e  a t t a c h e d  s h e e t s  are copies  of 
samples r e c e i v e d  f o r  YRC Job  N o .  7-8 
s h e e t s  w i l l  be r e t a i n e d  i n  o u r  f i l e s  
have any q u e s t i o n s .  

J u l y  11, 1977 

l a b o r a t o r y  r e s u l t s  f o r  
79-33. The r a w  da  a 
f o r  r e f e r e n c e  i f  you 

As r e q u e s t e d ,  t h e  coal samples were forwarded t o  t h e  spec i -  
f i e d  EPA addres s .  

S i n c e r e l y ,  

&A 
Bob Kearton 

York Research Corporation 
One Research Drive. Stamford, Connecticut 06906 Telephone: (2031 325-1 371 - TWX: 710-474-3947 
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F. CALIBRATION DATA 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
, I  
I 
'I 

DRY GAS METER CALIBRATION 

DATE : 344- 7 7 

I I I I 1 
CFD TD Y Flow Rate CFW TW 

-10 CFM ' 2 . ,/DO, Y 
I I I I 

CFw (TD + 460) 
CFD (Tw + 460) Y =  

Tolerance Y = -99 - 1.01 Ideal 1.00 

Primary Standard: 

Rockwell Representative: /WK 
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P.iGE REPORT XO. 

Temper a t  ur e Sensor  

Job No. /1- 8479 - 33 

B o i l i n g  H20 

Ambient A i r  

S t a n d a r d  Temp. T e s t  Temp.  
(Thermometer) OF (Thermocouple 

333°C 

D i f f e r e n c e  
OF OF 

t7 

337 of= 

f 3 /  

\ 
C a l i b r a t i o n  checked b y  L 

YORK RESEARCH CORPOUTION DEXVER. COLORADO 
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Temperature Sensor 

Job No. 3- 8419 433 

Standard Temp. 
(Thermometer) OF 

a d  F 

305,L "f 

I-@\d°C 
384. "F 

Test Temp. 
(Thermocouple) OF 

Difference 
OF 

3-5 

+ /  

2.w 

Calibration checked 

YORK RESEARCH COXPOXATION DEX'VER, COLORADO 
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