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PURPOSE 

Emissions samples were taken  on t h e  o u t l e t  duc t  a t  a l i m e  hydra tor  l oca t ed  a t  
Henderson, Nevada. The p l a n t  is owned and opera ted  by U.S. L i m e  which is a 
d i v i s i o n  of F l i n t k o t e  Co. 
purposes and was assumed t o  be  one of t h e  b e s t  c o n t r o l l e d  sources ,  i n  
connect ion w i t h  t h i s  type of i n d u s t r i a l  p rocess .  R e s u l t s  of t h e  tests are 
t o  be  used by t h e  EPA for e v a l u a t i n g  and s e t t i n g  Nation-wide s t anda rds  f o r  
t h i s  type  of i n d u s t r i a l  process .  

The p l a n t  used a baghouse for p a r t i c u l a t e  r educ t ion  

SUMMARY 

- 'me evaiuacion w a s  periormea on l i p r i i  231'24, 1974. 
f o r  t h e  four  samples were 0.0126, 0.0209, 0.0161, and 0.0186 f o r  t h e  
r e s p e c t i v e  runs.  
percent  moisture  f o r  t h e  fou r  runs  was 82.24%. The pe rcen t  i s o k i n e t i c  
f o r  t h e  four  r e s p e c t i v e  runs w a s  153%, 194%, 155%, and 140%. 

The s tandard  cubic  f o o t  is def ined  at  70°F., 1 atmosphere p r e s s u r e  and dry.  

me ouciec  g r a i n  ioaciings 

The g r a i n  load ing  was n o t  c o r r e c t e d  f o r  C02. The average 

VALENTINE, FISHER & TOMLINSON 
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.\ DISCUSSION OF RESULTS 

The sampling team a r r i v e d  on t h e  a f t e rnoon  c f  A p r i l  21,  1974 .  Due t o  
U . S .  L i m e ' s  e a r l y  shutdown time of  4 P.M., work w a s  no t  s t a r t e d  u n t i l  t h e  
morning of A p r i l  23, 1974 .  The sampling equipment was s e t u p  accord ing  t o  
EPA Method 5 Procedures and a w e t  and dry bulb tempera:ure was taken.  
'The approximate moisture  conten t  of t h e  s t a c k  gases  was determined by us ing  a 
high temperature psychrometr ic  c h a r t .  Th i s  mois ture  conten t  w a s  80%. 

f 

r 

A nomograph w a s  then  set  up u s i n g  t h e  c o l l e c t e d  da ta .  The s t anda rd  E?A 
nomograph for i s o k i n e t i c  sampling i s  based upon a m a x i m u m  moisture  conten t  
of 50%. 
a r r i v e  a t  an approximate "K" v a l u e  on t h e  nomograph. 
was taken t o  confirm t h e  mois ture  conten t  and i s o k i n e t i c  sampling rate. 
The moisture  conten t  agreed wi th  t h e  psychrometer ic  c h a r t ,  bu t  p re l imina ry  
c a k u l a t i o n s  showed t h e  precent  i s o k i n e t i c  w e l l  below 100%. T h i s  w 2 s  
a t t r i b u t e d  t o  t h e  high moi s tu re  con ten t  of t h e  s t a c k  gases .  During t h e  cext 
4 runs  t h e  air  flow rate through t h e  d ry  gas  meter was hand c a l c u l a t e d  f o r  
each po in t .  A t  t h e  completion of each t es t  t h e  i s o k i n e t i c  sampling r a t e  
w a s  c a l c u l a t e d  and adiustments  were made. A review of t h e  d a t a  summary shows 

Th i s  made i t  necessary t o  i n t e r p o l a t e  s e v e r a l  p a l u e s  i n  o rde r  t C  

A s h o r t  25-minute sample 

t h a t  t h e  i d e a l  100% ?-lo% i s o k i n e t i c  sampling rate was n o t  reached.  

The i s o k i n e t i c  sampling rates f o r  a l l  of t h e  f i v e  runs  were s u b s t a n t i a l l y  above 
lo&%. This  discrepancy can be accounted t o r b y  cons ider ing  two f a c t o r s .  -- 
The nomograph used- was- intended f o r  moi s tu re  cbn ten i s  f rom-O% t o  50%. 
made i t  necessary  t o  i n t e r p o l a t e  s e v e r a l  va lues  i n  o r d e r  to a r r i v e  a t  an 
approximate "K" v a l u e  on t h e  nomograpt:, as mentioned above. 
The second reason  can be reviewed on t h e  fol lowing graph. Curve No. 1 i s  
comparing t h e  percent  moisture  and t h e  pe rcen t  i s o k f n e t i c  f o r  t h e  f i r s t  test  
h; U.O. L , U I ~ .  ~ ' J I  i i i i r  run zhe I; vaiue was only  approximated and t h e  sample 
was run  t o  determine i s o k i n e t i c  va1ue.s and pe rcen t  moisture .  A s  can be  seen 
t h e  s lope  of t h e  curve i s  q u i t e  s t e e p  i n  t h e  a r e a  between 90% and 110% 
i s o k i n e t i c  which are t h e  a l lowab le  limits of EPA Elethod 5. If t h e  o r i g i n a l  
de te rmina t ion  of t h e  percent  mois ture  of t h e  s t a c k  gases  i s  i n  excess  of +- 3% 
of t h e  a c t u a l ,  t h e  percent  i s o k i n e t i c  w i l l  be beyond t h e  a l lowable  l i m i t s .  This  
compares wi th  a t o l e r a n c e  of 
of 5% mois ture  conten: (Curve No. 2 )  which i s  a more t y p i c a l  pe rcen t  moisture .  

To demonstrate  how t h e  high mois ture  con ten t  could have a f f e c t e d  over  i s o k i n e t i c  
values , .  the fol lowing cond i t ions  could apply.  I f  t h e  same nomograph s e t t i n g  
was used on Run No. 2 as on Run No. 1 t h e  percent  i s o k i n e t i c  f o r  Run No. 2 
would have been approximately 98% based upon t h e  mois ture  c o r r e c t i o n .  
t h e  same nomograph s e t t i n g  w a s  used on Run No. 3 t h e  pe rcen t  i s o k i n e t i c  
would have been approximately 160% i s o k i n e t i c .  
sampling s t a c k  gases  wi th  t h i s  high of moi s tu re  conten t  cont inuous 
monitor ing of t h e  pe rcen t  mois ture  w i t h  a w e t  bulb,  d ry  bu lb  and psychrometr ic  
chart .  i s  necessary and t h e  nomograph o r  equa t ions  should be  r e a d i l y  a v a i l a b l e  
to make ad jus tments  i n  t h e  sampling f low rate. 

This  

- .. . .. * , "  _ .  

11% mois tu re  f o r  s t a c k  gases  i n  t h e  v i c i n i t y  

,If 

'The conclus ion  is t h a t  when 

The e x i s t i n g  o u t l e t  duct  was modi f ied-wi th  a duc t  ex tens ion ,  (F igure  3 4  and 
sampling w a s  accomplished w i t h  t h i s  ex tens ion .  A t o t a l  of twelve u2) 
sampling p o i n t s  w e r e  selected,  t h r e e  (3)  t r a v e r s e s  wi th  4 p o i n t s  each, 
i n  t h e  square  s t ack .  Data r ead ings  were taken every two and one-half 
minutes w i t h  5 minutes per po in t  f o r  a t o t a l  of one hour ner  samvle. 
Due t o  t h e  extremely high moi s tu re  con ten t  of  t h e  flue gases  the  impinger 
s e c t i o n  of the s a m l i n p  t r a i n  would become completely f i l l e d  wi th  condensed 
w s  i n  approximately 30 minutes.  



DISCUSSION OF RESULTS 
PAGE TWO 

y e n  t h i s  occured t h e  samu l i n g  t r a i n  w a s  stopued aLt.he- b ackhslf of t h e  sampling 
t r a i n  (impingers) was completely removed and a new s e c t i o n  instaLLe. d. 
.25 pounds of ice w e r e  r equ i r ed  f o r  each one hour run ,  due t o  t h e  h igh  h e a t  contenL 
of t h e  n e a r l y  s a t u r a t e d  gases.  

CO, r ead ings  w e  e t a k  en dur ing  each run  wi th  a F y r i t e .  The maximum va lue  
which could a c c u r a t e l y  be read  w a s  20% C02. 
t o  be  r e a d  by v i s u a l l y  ex tending  t h e  scale and i n t e r p o l a t i n g  t h e  va lues .  Due 
t o  the extremely high mois ture  con ten t  a c o r r e c t i o n  was made f o r  t h e  mois ture  
added to t h e  f r y r i t e  s o l u t i o n ,  which could r e s u l t  i n  h igher  readings .  The 
F y r i t e  was zeroed and a C02 r ead ing  was taken. 
c o n c e n t r a t i o n , , t h e  %rite s o l u t i o n  was r e l e a s e d  and allowed t o  r e t u r n  t o  i t s  
n e u t r a l  l e v e l .  The d i f f e r e n c e  between t h e  o r i g i n a l  ze ro  and t h i s  f i n a l  n e u t r a l  
level w a s  deducted from t h e  C 0 2  r ead ing  and w a s  assumed to be t h e  f r a c t i o n  
added by t h e  water vapor. 
and i n  most ca ses  w a s  zero.  

The o u t l e t  g r a i n  loadings  were 0.0126, 0.0209, 0.0161 and 0.0186 g r a i n s  pe r  
s tandard  cub ic  f o o t  f o r  Runs 2 through 5 .  Run No. 2 has  a . s u b s t a n t i a l l y  
lower g r a i n  loading  than  t h e  o t h e r  t h r e e  runs.  This  can be accounted f o r  
because of two f a c t o r s .  Approximately 660 m l  of sample w a s  l o s t ,  thus  only 
1610 m l  of t h e  o r i g i n a l  2270 m l  w a s  analyzed. An approximate v a l u e  f o r  t h e  
p a r t i c u l a t e  l o s t  was c a l c u l a t e d  by determining t h e  concen t r a t ion  of t h e  
p a r t i c u l a t e  i n  t h e  remaining s o l u t i o n  and mul t ip ly ing  i t  times t h e  q u a n t i t y  
of s o l u t i o n  l o s t .  This  can b e  cons idered  only an approximation, as a review 
cf ..L. 2 _ _ 2  _ - _ _  _.__ 

C L I S  A ' L p A L L 6 " L  ."a=.:'.3s ;f ;:,e ctze;- YGGG ir,:k&t.%s thct ;:;e p&-ciLiik;e GcG 

n o t  evenly d i s t r i b u t e d  throughout  t h e  v a r i o u s  sample b o t t l e s .  The second 
p o i n t  i s  t h a t  no ace tone  wash of t h e  impingers  and bubb le r s  w a s  performed 
on this run. 

Approximately 

Any v a l u e  g r e a t e r  than t h i s  had 

A f t e r  r ead ing  t h e  CO2 

This  c o r r e c t i o n  quant icy  never  exceeded 1% CO2 
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PROCEDURE 

(PARTICULATE SAMPLING TRAIN) 

Stack  gas sampling equipment .designed by t h e  United S t a t e s  Environmental 
P r o t e c t i o n  Agency (EPA), O f f i c e  of A i r  Programs was used on t h i s  eva lua t ion .  
A schematic  of t h e  sampling equipment is included i n  t h i s  r e p o r t .  

Sampling was performed according t o  t h e  fo l lowing:  
Sampling p o r t s  were s e l e c t e d  and i n s t a l l e d .  The number of sampling p o i n t s  were 
d e t e r m i n e d  cons ide r ing  t h e  number of duc t  d iameters  between o b s t r u c t i o n s  i n  t h e  
duc t  up strem and down strean of t h e  sampling p o r t s .  S t ack  p res su re ,  temperature  
mois ture  con ten t  and m a x i m m  v e l o c i t y  head readings  were measurea. 
designed nomograph w a s  s e t  up u s i n g  t h i s  d a t a  and t h e  c o r r e c t  nozz le  diameter 
was s e l e c t e d  us ing  t h e  nomograph. 

The sampling t r a i n  was prepared a s  fo l lows :  
An impinger was f i l l e d  wi th  approximately 500 gram of s i l i c a  g e l  and weighed 
t o  t h e  n e a r e s t  0.1 gram. A f i l t e r  (MSA 1106-BH) w a s  l a b e l e d  and dess i ca t ed  
f o r  a t  least 24 hours  and weighed t o  t h e  n e a r e s t  0.5 mg. 100 mi l l ig rams of 
water was placed i n  t h e  f i r s t  and second impingers .  The t h i r d  impinger was 
l e f t  dry.  A l l  t h r e e  impingers were then weighed i n d i v i d u a l l y  t o  t h e  n e a r e s t  
0 .1  gram and recorded.  

A l e a k  t e s t ' w a s  preformed on t h e  assembled sampling t r a i n .  The l e a k  ra te  
d id  not  exceed 0.02 cft; a t  5 vacuum of 24 inches  Hg. The probe was heated 
s o  t h a t  t h e  ga's temperature  a t  the. probe o u t l e t  was approximately Z5U'F. 
f i l t e r  was heated t o  approximately 250'F. t o  avoid condensat ion of moisture  
on t h e  f i l t e r .  Crushed ice was placed around t h e  impingers  a t  t h e  beginning 
of t h e  test wi th  new i c e  being added a s . r e q u i r e d  t o  keep t h e  gases  l eav ing  
t h e  sampling t r a i n  below 70'F. 

The t r a i n  w a s  opera ted  as fo l lows:  
The Probe w a s  i n s e r t e d  i n t o  t h e  s t a c k  t o  t h e  f i r s t  t r a v e r s e  p o i n t  wi th  t h e  
nozz le  t i p  p o i n t i n g  d i r e c t l y  i n t o  t h e  g a s  stream. The pump was s t a r t e d  and 
immediately a d j u s t e d  t o  sample a t  i s o k i n e t i c  v e l o c i t i e s .  Equal time was spent  
a t  s e l e c t e d  p o i n t s  of equal  elemental a r e a s  of t h e  duc t  w i t h  t h e  p e r t i n e n t  
d a t a  being recorded from each t i m e  i n t e r v a l .  The EPA nomograph was used to 
main ta in  i s o k i n e t i c  sampling throughout  t h e  sampling pe r iod .  A t  t h e  conclus ion  
of t h e  run t h e  pump was turned o f f ,  t h e  probe was removed, and t h e  f i n a l  
r ead ings  were recorded.  

Clean up of t h e  sample t r a i n  and a n a l y s i s  of t h e  samples w a s  performed according 
t o  the ' enc losed  c l ean  up and a n a l y s i s  procedure.  

An EPA 

Tne 

i 
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PHICEDURI: (contiiiued)’ 

The weight of t h e  d u s t  p e r  volurne and  weight of d u s t  p e r  t ime were c a l c u l a t e d  
as follows: 

The Concentbation Hethod: 

The condent ra t ion  o f  d u s t  e n t e r i n g  t h e  sampling nozz le  is  c a l c u l a t e d  and 
then m u l t i p l i e d  by t h e  volumerr ic  flow r a t e  of t h e  s t a c k  gases  t o  
o b t a i n  t h e  P o l l u t a n t  Mass Rate (I’NR). 

Concentrat ion i n  Nozzle x Volumetric Flow Rate = P o l l u t a n t  Mass ‘Rate  
On Concentrat ion Bas i s .  

r 
! 

Assuring t h e  nozz le  v e l o c i t y  is  g r e a t e r  than t h e  average s t a c k  gas  v e l o c i t y  
(Vn g r e a t e r  t h a n  V o ) ,  t h e  c a l c u l a t e d  P o l l c t a n t  Mass Rate w i l l  b e  less  than 
t h e  t r u e  P o l l u t a n t  Mass Rate because t h e  h e a v i e r  d u s t  p a r t i c l e s  w i l l  l e a v e  
t h e i r  s t r e a m l i n e  and no t  e n t e r  t h e  n o z z l e .  I f  \In i s  less than  Vo then t h e  
c a l c u l a t e d  PMR w i l l  b e  g r e a t e r  than t h e  t r u e  PMR. 

... 
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CLEAN-W AND .4NALYSIS 

I 

c 

Clean-up of t h e  EPA t r a i n  was performed by c a r e f u l l y  removing t h e  i i l t e r  
and p l ac ing  i t  i n  a c o n t a i n e r  marked "Run X ,  Container  A". 
water and brushes  were used t o  c l e a n  t h e  nozz le ,  g l a s s  probe and 
p r e - f i l t e r  connec t ions .  
"Run X, Conta iner  B". The volume of water  j n  the impinger and bubblers  
(glassware)  w a s  weighed i n  t h e i r  r e s p e c t i v e  c o n t a i n e r s  t o  t h e  n e a r e s t  
0 . 1  gram. 
i n  t h e  bubb le r  and 100 m l .  of water i n  t h e  impinger were then  sub t r ac t ed  
and t h e  d i f f e r e n c e  sdded w i t h  t h e  water weight ga in  of t h e  s i l i c a  g e l .  
This  r ep resen ted  t h e  amount of water c o l l e c t e d  du r ing  t h e  run.  
from t h e  g lassware  and a wa te r  r i n s e  of t h e  g lassware  w a s  p laced i n  a con ta ine r  
marked "Run X, Container  C". 
p o s t - f i l t e r  g lassware  (not  i n c l u d i n g  t h e  s i l i c a  g e l  c o n t a i n e r )  w a s  
performed and placed i n  a c o n t a i n e r  marked "Run X, Conta iner  D". 

D i s t i l l e d  

The water wash w a s  placed i n  a c o n t a i n e r  marked 

The o r i g i n a l  weights  which included approximately 100 m l .  of water 

The water 

An ace tone  r i n s e  of  t h e  glassware and a l l  

Analys is  of t h e  samples i n  each c o n t a i n e r  w a s  performed accord ing  t o  t h e  
fol lowing:  

Run X, Conta iner  A - T r a n s f e r  t h e  f i l t e r  and any l o o s e  p a r t i c u l a t e  from 
t h e  sample c o n t a i n e r  t o  a t a r e d  g l a s s  weighing d i sh  and des i cca t ed  
for 24 hours  i n  a d e s i c c a t o r  o r  c o n s t a n t  humidity chamber con ta in ing  
a s a t u r a t e d  s o l u t i o n  of ca lc ium c h l o r i d e  or i ts  equ iva len t .  Weighed 
t o  a c o n s t a n t  weight and r e p o r t  t h e  r e s u l t s  t o  t h e  n e a r e s t  0.1 mi l l i . g rm.  

Run X ,  Conta iner  B - Measure t h e  volume t o  t h e  n e a r e s t  0.1 m i l l i l i t e r .  
T r a n s f e r  water washings from c o n t a i n e r  i n t o  a t a r e d  beaker  and 
evapora t e  t o  dryness  a t  ambient zemperature and p r e s s u r e .  Des icca te  
f o r  2 4  hours  and weigh t o  a c o n s t a n t  weight .  Report  t h e  r e s u l t  t o  the 
nearest 0.1 mi l l ig ram.  

Run X, Conta iner  C - Measure t h e  volume t o  t h e  n e a r e s t  0 .1  m i l l i l i t e r .  
E x t r a c t  o r g a n i c  p a r t i c u l a t e  from t h e  water  s o l u t i o n  w i t h  t h r e e  25 m i l l i l i t e r  
p o r t i o n s  of chloroform and t h r e e  2 5  m i l l i l i t e r  p o r t i o n s  of e thy l  e t h e r .  
Combine t h e  e t h e r  and ch loroform extracts and t r a n s f e r  t o  a t a r e d  beaker .  
Evaporate  u n t i l  no s o l v e n t  remains a t  about  70'F. This can be accomplished 
by blowing a i r  t h a t  has  been f i l t e r e d  throagh a c t i v a t e d  charcoa l  ove r  
t h e  sample. Des i cca t e  f o r  2 4  hours  and weigh t o  a c o n s t a n t  weight.  Report 
t h e  r e s u l t s  t o  t h e  nearest 0.1 mi l l ig ram.  A f t e r  t h e  e x t r a c t i o n ,  evapora te  
t h e  remaining water  t o  dryness  and r e p o r t  t h e  r e s u l t s  t o  t h e  n e a r e s t  
0.1 mi l l ig ram.  

Run X, Conta iner  D - Measure the volume t o  t h e  n e a r e s t  0 .1  mil l i l i ter .  
T r a n s f e r  t h e  ace tone  washings t o  a t a r e d  beaker  and evapora te  t o  dryness  
a t  ambient tempera ture  and p r e s s u r e .  Des i cca t e  f o r  2 4  hours  and weigh 
t o  a c o n s t a n t  weight.  Report  the  r e s u l t s  t o  the n e a r e s t  0.1 mi l l ig ram.  

Blanks w e r e  taken on t h e  de ion ized  water, e t h e r  a n d  chloroform and 
s u b t r a c t e d  from t h e  r e s p e c t i v e  sample volumes. 
w i t h  t h e  EPA t r a i n  was a Mine S a f e t y  Appliance 1106 BH, h e a t  t r e a t e d  g l a s s  
f i b e r  f i l t e r  mat. 

The f i l t e r  paper  used 

... 

L L  9 



The followiiig sample i d e n t i f i c a t i o n  numbers were ass igned  t o  samples 
co l l ec t ed  a t  U. S. Lime Company, Henderson, Nevada: 

RUN NO. ANALYSIS 

2 2A 
2B 
2c 

2D 

3 3A 
3B 
3c 

2cx 

4 

5 

3cx 
3 D  

4A 
4B 
4c 

4 D  

5A 
5B 
5c  

4cx 

5cx 
5D 

CLEAN-UP # 

1 3 A  
1 3 B  
1 3 C  

13D 

1 4 A  
1 4 B  
1 4 C  

1 4 D  

15A 
15B 
15C 

15D 

1GA 
1 6 B  
16C 

16D 

DESCRIPTION 

F i l t e r  
F ron t  Half Acetone Wash 
Back Half Water 
Ether-Chloroform Ex t rac t ion  
Back Half Acetone Wash 

F i l t e r  
F ron t  Half Acetone Wash 
Back Half Water 
Ether-Chloroform Ex t rac t ion  
Back Half Acecone Wash 

F i l t e r  
F ron t  Half Acetone Wash 
Back Half Water 
Ether-Chloroform Ex t rac t ion  
Back Half Acetone Wash 

F i l t e r  
F ron t  Half Acetone Wash 
Back H a l f  Water 
Ether-Chloroform Ex t rac t ion  
Back Half Acetone Wash 



PROCESS 
DESCRIPTION AND PROCESSS 

Limestone c o n s i s t s  p r imar i ly  of calcium carbonate  o r  combinations 
of celcium and magnesium carbonate  wi th  vary ing  amounts of impur i t i e s .  
L i m e  i s  ca lc ined  o r  burned form of l imes tone ,  commonly d iv ided  i n t o  
two b a s i c  products  - quickl ime and hydrated l i m e .  Ca lc ina t ion  expels  
carbon d ioxide  from t h e  raw l imes tone ,  l e a v i n g  calcium oxide  (quick l ime) .  
With t h e  a d d i t i o n  of water, calcium hydroxide (hydrated l ime)  is formed. 

I The b a s i c  processes  i n  product ion a r e  (1) quarry ing  t h e  l imes tone  
r a w  m a t e r i a l ,  (2) prepar ing  t h e  l imes tone  f o r  k i l n s  by c rushing  and 
s i z i n g ,  (3)  c a l c i n i n g  t h e  l imes tone ,  and (4) o p t i o n a l l y  process ing  t h e  
quickl ime f u r t h e r  by a d d i t i o n a l  c rush ing  and s i z i n g  and then  hydra t ion .  

The F l i n t k o t e  Company do lomi t i c  l i m e  p l a n t  a t  Henderson, Nevada, 
ope ra t e s  a p res su re  hydra t ion  u n i t  con t ro l ed  by a baghouse. 

To prevent  condensat ion of moisture  on t h e  bag f i l t e r s ,  t h e  o f fgases  
from t h e  hydra to r  are heated t o  between 300 and 350'F. by a gas burner  
b e f o r e  pas s ing  through t h e  baghouse. The p r e s s u r e  drop ac ross  t h e  bag- 
house ranged from 2.3 t o  4 . 1  i n  H20. The gas e x i t i n g  from t h e  baghouse 
con ta ins  approximately 79% 1120 and 15% CO2. This  gas e x i t s  through t h e  
fan exhaust d i r e c t l y  t o  t h e  atmosphere. A s u m a r y  of t h e  ope ra t ing  
v a r i a b l e s  is presented  i n  t h e  fo l lowing  Table.  Process  f eed  rates were 
n o t  ob ta ined  because t h e  isa?cinet&c-sampfiar was DQ.~SYCUSS€U~. 

For t hese  tests an ex tens ion  duct  w a s  added t o  a l low sampling according 
t o  EPA p resc r ibed  methods. Addi t ion  of t h i s  di lc t ing increased  back 
p res su re  on t h e  baghouse and r e s u l t e d  i n  condensat ion of water  vapor on 
t h e  f i l ters .  The exhaust  f a n  s h a f t  speed w a s  i nc reased  from t h e  normal 
rate of 1635 RPM t o  2060 WM t o  overcome t h e  condensat ion problem. 

r 
c 

Sampling performed cons i s t ed  of f o u r  one-hour p a r t i c u l a t e  samples. 
More ex tens ive  t e s t i n g  w a s  abankne-d~ wh.en. calculaf_i~o-ii~.ind.i.cat.e.d_t 
sampling could n o t  be  perform_ed-in-accordancc.withJl'A,-r.equ~r-~men~~J~r 
90 t o  11-0 percent.-isokin.e_tQc-flow. 
approximately 60% by volume, w a s  t h e  sou rce  of t h i s  d i f f i c u l t y .  Fu tu re  
a t t empt s  t o  sample t h i s  p l a n t  must b e  preceded by a r e v i s i o n  of EPA 
p a r t i c u l a t e  sampling procedures.  V i sua l  obse rva t ion  of t h e  r e s i d u a l  
plume i n d i c a t e s  t h a t  t h e  baghouse is doing a very  good j o b  of c o n t r o l l i n g  
p a r t i c u l a t e  emissions.  

A f i v e  minute c o l l e c t i o n  of hydra t e  caught i n  t h e  baghouse ind ica t ed  

The extremely h igh  moisture  con ten t ,  
~ -- 

' t h a t  it w a s  recover ing  approximately 100 pounds of l i m e  pe r  hour. 



SUMHfiRY OF PRESSURE IWDPATOR AND 
BAGHOUSE OPEPATING DATA 

DURING SAMPLING 

4 / 2 4 / 7 4  4 / 2 4 / 7 4  4 / 2 5 / 7 4  

1 1 3 ,  4 ,  .s 5 
I 

r 
i 

Date 

T e s t  No. 

Lime Feed Rate ( tons /h r )  

Water Feed Rate ( tons /h r )  

Hydrated Feed Rate ( t o n s l h r )  

Baghouse P res su re  Drop ( inches H20) 3.9-4.1 3.3-3.5 2.3-3.35 

Baghouse In le t  Temp. (OF) 318-356 324-347 305-351 



3 - 1 7  
7 5 .? 

1 1 - 3 0 6 6 3 ' 3  

... 
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COMPUTER PRINT-OUT OF ATMOSPHERIC EMISSION DATA 

D A T E  A PtIL 2 / 9 7 4  
/ 

I .  

VALENTINE, F I S H E R  a TOMLINSON 
I CONSULTING ,ENGINEERS 

JOB N A M E B A  @< i, / N F  

s u B J ECT.B~ 
.. P R E P A R E D  B Y  M / c / f / n / . - r  n/ C f+ P A G E  OF A P P R O V E D  - +,&J 2(Jn/ $2 . c  

c,. 1 "  

7 7 r. 

... 



C0:APUTZa P R I N T - O U T O F A T ~ a ~ S ? S ) E R I C  EMISS1O:I DATA 
\'ALENTlt.:i, FISHER & TOMLINSON ' CONSULTING ENGINEEKS I 

VOLm 
Pm 
T std 
Tm 

c - ~ G V H  
7 6 0  T S  

11*(;272:9 
VQL std 

VOE w 

M 

MF 
CLJ d 0.15 

7 5 0  
1 3 * 6 G 6 6 0 1  

3 - 1 6  
773 

1.1 : 4 P 5 4 9 ww ? G * l i 3 0 7 5  

Cd 
Psn 

2 - 1 6  
77: 

1;*C49:45 
c s  
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PARTICULATE COXCE;ITP&rION AND PXP. CALCULATIDN TE?.KIXOLOG\i 

= Dry gas meter volume @ aeter temperature  and p r e s s u r e ,  d r y  - ac f  

= Dry gas meter p r e s s u r e  ( recorded  a s  i n l e t  d e f l e c t i o n  accross  o r i f i c e  
meter )  - "tlg 

= Dry gas r.!eter t e m p e r a t u r e  (average of i n l e t  and o u t l e t )  

= Standard a tmospher ic  p r e s s u r e  (29.92" Hg) 

= Standard Temperature (520 o r  530' R) 

= Volume of water  c o l l e c t e d  (expressed a s  vapor a t  s t anda rd  t e n p e r a t u r e  
and p r e s s u r e )  - s c f  

= % xiater,  ca lcu la ted .  f r o n  amount t h e  t r a i n  c o l l e c t e d  i n  i E i n g e r ,  
' bubb le r s ,  and on s i l i c a  g e l  

= Mole f r a c t i o n  of d ry  gas  

= Molecular  weight  of  dry s t a c k  'gas - l b / l b  mole 

= Nclecu la r  weight  of  wet s t a c k  gas - l b / l b  mole 

= Molecular  weight  of  a i r  - I h / l b  Role 

= Veloc i ty  c o r r e c t i o n  c o e f f i c i e n t  f o r  gas d e n s i t y  

= Stack  p r e s s u r e  ( s t a t i c  +- bercmet r i c )  - "Hg 
= Veloc i ty  c o r r e c t i o n  c o e f f i c i e n t  f o r  s t a c k  p r e s s u r e  

= P i t o t  t ube  p r e s s u r e  d i f f e r e n t i a l  - "H20 

= Stack  v e l o c i t y  @ s t a c k  c o n d i t i o n s  - f p s  

= Stack  flow r a t e  a t  s t a c k  cond i t ions  - acfm 

= Averege s t a c k  t e n p e r a t u r e -  O R  

= Stack  flow r a t e  a t  s t a n d a r d  cond i t ions  - scfm 

= Time  over  which sample was c o l l e c t e d  - minutes 

= Veloc i ty  of gases  i n s i d e  n s z z l e  dur ing  sampling - f p s  

= % i s o k i n e t i c  (+ - 10% d e s i r a b l e )  

= P a r t i c u l a t e  c o n c m t r a t i o n  - Era ins / sc f  

= % C 0 2 b y  volume i n  s t a c k  (12 i n d i c a t e s n o  X C02 c o r r e c t i o n  Is t o  
b e  made) 



PARTICULATE CONCENTIUTIOX ANI PXR CALCULATION TEPZI1;IOLOGY 

c 

c 

PNRp 

PT 

AS 

An 

= P a r t i c u l a t e  concen t r a t ion  c o r r e c t e d  t o  12% CO2 

= P o l l u t a n t  mass r a t e  - "concen t r a t ion  method" - l b / h r  

= T o t a l  P a r t i c u l a t e  c o l l e c t e d  by sampling t r a i n  - mg 

= Area of  S tack  - ET2 

= Area of  Nozzle - FT2 

. VH = Veloc i ty  head r ead ings  f o r  p i t o t  t u b e  - inches  wa te r  

= Standard ized  gas  t h a t  passed through t h e  s a q l i n g  t r a i n  - 
c u b i c  fee:, 70' F. ,  1 atmosphere p r e s s u r e ,  2ild dry. 

V%TD 

CP = Veloc i ty  c o r r e c t i o n  c o e f f i c i e n t  for  ty?e T i t o t  t ube  - dimensionless  
0.83 t o  0.57 f o r  "S" typE p i t o t  t ube  no rna l ly  and 1.0 f o r  "P" 
t y p e  p i t o t  tube.  
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6. 
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11. 
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12. 

13. 

14. 

M 

14F 

'L 

CD 

CS 

ii 

VO 

Qo 

Qos 

vn 

I 

CO 

C 

- 100 - N - 
100 PXRAVG 

QosN c1400) 16. C' 

* PSTD 29.92" Hg. = (wD) (MF) + 18 (I-FIF) 

= 28.95 LB/LB M O L E  Wa * 

= 

'1 

2 0  
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AI'ALYT1CP.L DRTA 

FRONT HALF LABORkTCEY E Y U L T S  

Bp k C E T @ X E  YIkSt! OF NOZZLE, PROEE, CYCLONE (GYPASS), CONTAIHER 
FLASK, FRONT H k L F  O F  FILTER HOLDER 

/ ' 3 4 0 , 4  0 , L l  COKTAl t<ER n: F I L T E R  IlUliiEER 

BACK Hk!-F 
c INPNGEP, COIITEl!TS Alii) YlATER 6ASH O F  COItTkl l iER 

IMPIIIGERI, CONI:ECTORS, AND BACK ETHER-CHL0ROFOR:;I 
HALF OF F I L T E R  HOLDER EXTRACTION r E  

ACETONE WASH OF IifiPIIIGERS, COIINECTORS, CONTAINER 
AND BACK HALF OF FILTER HOLDER 

MOISTURE 

SILICA GEL 
FIKAI. YEIGHT E 

BACK HALF SUETOTkL 7 
I 

. TOTAL \!!EIGHT 4 



PRELIMINARY VELOCITY 'I KAVERSE 

TRAVERSE 
POINT 

NUhlCER 

\ 

.2 

-9 > 

c 

VELOCITY STACK 
HEAD TEMPERATURE 

b p S ) ,  in.1I20 n,), "F 

. i a  a 5 - i - C  

* 13 
I 14 

I 

- 

p 
d k 

S 
2 

y- 

SCHEMATIC OF TRAVERSE POINT LAYOLIT 

TRAVERSE VELOCITY STACK 
.POINT TEIAPERATCRE 

I I I 

I I I 

I __- I 
AVERAGE 

EPA (our) 233 
1/12 



L 

I 

CALIBRATED PRESSURE DIFFERENTIAL ACROSS 
ORIFICE, in. H20 

AVERAGE Ll iTER TELPERATURE (AttABlE!?T + 20"F),°F 

PEDCENT !.!!!$TllrfE I I J  5TRFAI:l RY L'fll ll;.lF 

BAROMETRIC PRESSURE AT IAETER. iil. Hg 

STATIC PRESSURE IE! STACK, in. Hg 
( . 3 L  .' 

(P,+0.073 x STACK GAUGE PRESSURE in in. H20) 
- L. . ,:. 

RATIO OF STATIC PRESSURE TO IJETER PRESSURE 

AVERAGE STACK TEIK'ERATURE, OF 

AVERAGE VELOCITY NEAO, in. tI2O 

MAXIMUM VELOCITY HEAD, in.  H20 
~~ ~ 

C FACTOR 

CALCULATED IIOZZLE OIAVETER. in. 

ACTUAL NOZZLE CIAhlETER, in. 

REFEREIICE Ap.  in. H20 

PS 

P 
S/P, 

T 
savg. 

" 

. d l  

EPA (Dur) 234 
4/12 
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ANALYTICAL DATA 

FROta!T HALF SURTOTAL i 9  . 7 ?  mg 

BACK HALF 
mg 1 7 .  ,- 

CONTAINER ' .' '.+ 
ETHER-CHLOROFORW 

IMPINGER CONTENTS A110 WATER WASH OF 
4s  me 

BACK HALF SUBTOTAL 7 ,3 L ne 

IMPIIIGEPS, CONNECTORS. AND BACK 
HALF OF FILTER HOLDER EXTRACTION - z m: 

ACETONE WASH OF II,lPINGERS, CONNECTORS, CONTAINER 

AND BACK HALF OF FILTER HOLDER 

2 7 ,  I4 m: TOTAL WEIGHT 

! Mol STU R E  



t; 
n 

2 8  



i 
VALEWINE,  F ISHER i TOMLINSON 

LAB0UTOP.Y ANALYSIS AND TOTAL PARTICULATE SHEET 

CLIENT &Fi>F, - d S .  L r n ~  DATE O F  ANALYSIS /%?A>' /-  7 

EVALUATION LOCATION \.! c-. r,,q F, RUN NO. 7- 

EVALUATION DATE q - t 3 - - ) L !  CLEAN-UP SET NO. 

I .  EVAPORATION OF !-a ( m l )  OF d t -7 ::. c. 
RINSE 6 BRUSHING OF NOZZLE, PROBE AND GLASSWARE BEFORE 
FILTER.  

FINAL X Z S S . ~  (mg) - TARE ~ Y X % I . S  (me)  

-BLANK (( O . O l l  m g / m l )  ( 1x0 ml) - 2-52 mg) = 9-32  m g .  

11. FILTER CATCH m s f i  l l O G  %I-\ (Media T y p e )  

FINAL ,371.7 (mg) ' -  TARE 3 L l . 7  (ms) E I O A ~  mg. 

111. HYDROCARBON OBTAINED BY ETHER-CHLOROF0F.M EXTRACTION ON 
WATER I N  IMPINGER AND BUBBLERS. 

FINAL -_I FOLLZ.  I (ma)  -'TARE ? ~ ~ ' 5 2 .  P: (w) 

I V .  PARTICULATE FROM EVAPORATION OF ' 1-7-7 0 ( m l )  WATER 

% 

5 . 3  

I N  IMPINGER AND BUBBLERS FOLLOWING EXTPACTION - 
l027?% , O  10 2 7 8 9 .  2 

F I N A L ? 7 4 ' ? 7 , . t  (mg) - T m  9 7 4 6 9 . 9  (mg) 4.9 - 
-BLANK(( c?.OZ\ m g / m l )  ( 72'7f) m l  i n i t i a l i t  4 
d /G,zs,:, m l  CONDENSED = €44.7 m l )  = 1 3 ~ q  mg) = ./.a(- mg. 

V. PARTICULATE FROM ( m l )  OF dC-EyLWE R I N S E  OF IMPINGER, 
BUBBLERS, AND CONNECTORS AFTER FILTER:  
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+ +  
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FRONT HALF 

ACETONE SIASH OF NOZZLE, PROBE, CYCLONE (BYPASS, 
FLASK, FRONT HALF OF FILTER HOLDER 

EACK HALF 

IIPINGER CONTENTS AND VlATER NASH OF 
IMPINGERS, COiMCTORS, AND BACK 
H A L F  OF FILTER HOLDER 

ACETONE SIASH OF IIdPINGERS, CONNECTORS, 
AND B A C K H A L F O F  FILTERHOLDER 

Y 

MOISTliRE 

. 2 L ! , 5 6 L E L  
IMPINGERS 

FINAL VOLUi.?E 
INITIAL VOLUltlE ml , , I ,  P Z , U C , i L  

NET VOLUME rnl c, ?, B c c 0  

LABORATORY R E W T S  

CONTfiINER 1 'f! / 3.4/ rng 

CONTAINER / q  11.2.- mg 

FROMTtlALFSUBTOTAL 25 . L / mg 

CONTAINER I4 c G . 1 5  & 
ETHER-CHLOROFORitl 

EXTRACTION 4. r mg 

CONTAINER ! 43 +? mg 

BACK HALF SUBTOTAL !5 ,4s ng 

I TOTAL WEIGHT +/*?s?-, r n g l  
I 



VALENTZNE, FISHER 6 TOIfLINS0:i 
LABORATCZY A U L Y  S I S  K i D  TOTAL FARTTCULATE S X E T  

3 
.-J . EVALUATION LOCATION (..<A. :.. ' , /<< < - .  RUN NO. - 

CLEAN-UP SET NO.  - EVALUATION DATE A. - -77.1- 7 L!. 

r .  ;.r. I. EVAPORATION OF I i ( m l )  OF ' J > + - ; I ?  

RINSE & BRUSHING OF NOZZLE, PROBE ANC GLASSWARE BEFORE 
FILTER.  

T I .  

111. 

I V  . 

V.  

L_ 

i 
i V I .  
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ANALYTICAL DATA 

FRONT HALF 
ACETONE WASH OF NOZZLE, PROBE. CYCLONE (BYPASS), 

FLASK, FRONT HALF OF FILTER HOLDER 

--- FILTER NiJhlBER 

BACK HALF 

I:;IPINGER CONTENTS AND WATER WASH OF 
IEfl?lNGER5, CONIIECTOS, ANU BACK 
HALF OF FILTER HOLDER 

ACETO?IE WASH OF IIIIPIIIGERS, COIINECTORS, 
AN0 BACK HALF OF FILTER HOLDER 

MOISTURE 

L. @F.' L 
IIPINGERS 

FINAL \'OLUPE ml 
INITIAL VOLUifiE ml ( * L ? . L * € T f i ~  

NET VOLUME ml 6 v .f),%' trL 

LABORATORY RESIILTS 
p \ /  

CONTAINER I sa 11'0 rg 

CONTAINER ' 5 e % *  7 ng 

I ng FRONT HALF SUBTOTAL 12 ,3 

CONTAINER ' c, 7*57 & 
ETHER-CHLOROFORN 7 

EXTRACTION I w 
w !ST- 5.7 -L CONTAINER 

BACK HALF SUBTOTAL /?,?$ ma 

TOTAL WEIGHT '3 )7 I z / rnz ci 



VALENTINE, FISHER & TOMLINSON 
LABOKAlORY ANALYSIS AND TOTAL PARTlCIILATE SHEET 

CLIENT t i 3 8  - Id.?,, ' - \VAG DATE OF ANALYSIS Phf49 - 3 
\ , .  RUN NO. 4 I 

EVALUATION LOCATION L A  5 11: /7 8 s 
EVALUATION DATE 4-24.74 CLEAN-UP SET NO. 

I. EVAPORATION OF 'LYO ( m l )  OF L3 F Te7f 
! 

i R INSE h BRUSHING OF NOZZLE, PROBE AND GLASSWARE BEFORE 
FILTER.  

- , / -  ? r 
FINAL 7 L 5 ' 7 < , , 9 ( m g )  - TARE ? & >  -3, -.+ (mg) 

-BLANK (( 1). CY\  m g / m l )  ( m l )  = 2. I mg) 5 3. I, lug. 

FINAL 571.1 (mg) - TARE 3L 3, b (mg) 5 T.7 m g .  

11. FILTER CATCH ?f., 3 4 \ 1 O& ?)!-.I (Media T y p e )  
- 

111. HYDROCARBON OBTAINED BY ETHER-CHLOROFORM EXTRACTION ON 
WATER I N  IMPINGER AND BUBBLERS. 

7 ZS!?. I 7% 3 l X . 7  6,Lt 
(mg) 5.1 - FINAL 77sY'i'. 7 (mg) - T-ARE 7 7 54Q. .;/ 

-RT.ANK ( 4. 2' mg> - - in .l Tu?. 
<?;a w 4  w, @) 

I V .  PARTICULATE FROM EVAPORATION OF '7 7 3 ( m l )  WATER' 

4.7- 
4.S 

I N  IMPINGER AND BUBBLERS FOLLOWING EXTKACTI0N.- ,a, a:;s,h I '3 3 ?,d ~ w 

4 4% GI. 5 FINAL ~ - ~ ~ ~ ~ , 1  (mg) - TARE (mg) - 
-BILANK(( @.":I m g / m l )  ( 1 %  ~ - 0  m l  i n i t i a l  

- 1s.i.1.4 m l  CONDENSED = l - ! : .~  m l )  = a 5 . z  3 m g )  = 7.57 mg. 

v .  . PARTICULATE FRObi I nz (d) OF C . L E ' ? W E  RINSE OF IMPINGER, 
BUBBLERS, AND CONNECTORS AFTER FILTER:  

ETHER-CHLOROFORM = 4, ?, mg.(FINAL mg - TARE m s )  

WATER = m d  m l  = o.@Z/ m g / m l .  FINAL mS. 
TARE mS. 

VFT/AP9 A 
1. 
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ANkL‘fTICAL DATA 

FRONT HALF 

ACETONE WASH OF NOZZLE, PROBE, CYCLONE (BIPASS), 
FLASK, FROHT HALF O i  FILTER HOLOER 

FILTER NUMBER . 3 d-!. ! 

BACK HALF 

ILlPINGER COITENTS AND VIATER \/ASH OF 
IMPINGERS, CONNECTORS, AN0 BACK 
H A L F  OF FILTER 9OLOER 

ACETONE WASH OF IMPINGERS, COilNECTORS. 
AND BACK HALF OF FILTER HOLDER 

IMPINGERS . cJ ‘ 
FINAL VOLU)I1E ml 3” O B -  co- 
INITIAL VOLUME m l  ,,.L P , , , r r c , -  
NET VOLUME ml G ~ . ~  e2L E L  

COIMENTS: 

LABOF(AT0RY RESULTS 

CONTAINER 1 Gs mg 

CONTAINER 16 a ? , I C  mg 

‘- 1 3  I -  7 7 mg FRONT HALF SUBTOTAL 

CONTAINER I L L  1 1 8  3J mg 

ETHER-CHLOROFORM 
EXTRACTION 

- .> , 6 3  mg CONTAINER ‘ &  
BACK HALF SUBTOTAL - v  I Î , I  G mg 

L*Y‘s  mg - 
- -  

/ 
mg 3 Y ,  L q  TOTAL WEIGHT 
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VALENTINE. FISHEX h TOMLINSON 
LABORATORY ANALYSIS AND TOTAL PARTICULATE SHEET 

CLIENT E ? a  3.. S c, DATE OF ANALYSIS qdj%q \-I 
EVALUATION LOCATION c A S, \It: ,T f- c, RUN NO. 
EVALUATION DATE 

5- 
4.14-74 CLEAN-UP SET NO. 

I. EVAPORATION OF 9 L (ni l )  OF 'JJ P T c ' e  

RINSE & BRUSHING OF NOZZLE, PROBE AND GLASSWARE BEFORE 
FILTER. 

IV . 

V. 

VI. 

PARTICULATE FROM EVAPORATION OF 97-4 (ml) WATER IN IMPINGER AND BUBBLERS FOLLOWING EXTRACTION - 
/o 4 307 2 7 /b  4/26,0 0 7.4 

1 %  Lq ml i n i t i a l  -BLANK (( 3.i321 mg/ml) ( 

PARTICULATE FROM 103 ( m l )  OF $)ACT+\ E RINSE OF IMPINGER, 
BUBBLERS, AND CONNECTORS AFTER FILTER: 

-BLANK C(o.OOCJmg/ml) ( 102 ml) = o.(& mg) c 5. O L  mg. 

TOTAL PARTICULATE = I + I1 + I11 + IV + V zTCd3 me. 
BLANKS 

mg . 
mg . 

FINAL 
ACETONE = mg I m~ = 0 , 3 . ~ 7  mg/ml TARE 

mg.(FINAL mg - TARE ms) 
ETHER-CHLOROFORM = 7 ,  ' p  

mg . 
VFTfAP9 A TARE mg . 

WATER = m d  m1 3 ~ 0  / mg/ml. FINAL 

4 3  
i 




