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PURPOSE 

This atmospheric emission evaluation report is an account of our findings 
from stack gas samples taken from the exhaust gases of Attrition and Haamer 
Grinders at Mayflower Farms in Portland, Oregon. The evaluation was 
conducted at the request of the U.S. Environmental Protection Agency, 
Office of Air Programs, Emission Testing Branch under Contract No. 68-02-0236 
for the purpose of generating background.information to esablish emission 
regulations on Grain and Feed Milling plants. . EPA and Hi-Vol sampling trains 
were used simultaneously for comparison of measured emission. 

SrnMARY 

. . . . . . . . . .  . . . .  
The three stack gas samples collected were found to have concentrations..of 
0.0068, 0.0022, and 0.0023 grains per standard cubic foot from the EPA 
sampling train and 0.0036, 0.0022, and 0.0012 grains per standard cubic foot 
from the Hi-Vol sampling train. An additional Hi-Vol sample taken during 
limited alfalfa pellet milling was found to have a concentration of O,.Ok63 
grains per standard cubic foot. 
70"F., 1 atmosphere pressure and dry. 
evaluations were recorded at 7.8, 4.0,  9.9 and 6 . 3  tons per hour for 
Runs 1, 2 ,  4 and 5 respectively. Emissions calculated on the basis of pounds 
per ton of production are 0.040,  0.010 and 0.015 for Runs 1, 4 and 5 
respectively with the EPA.train and 0.020, 0.101, 0.010 and 0.009 for 
Runs 1, 2, 4 and 5 respectively with the Hi-Vol train. 

I 

The standard cubic foot is reportd,?at 
Plant production rates during the 

Wesley D. Snowden, P.E. 
.Nanager, Environmental Services 



DISCUSSION OF RESULTS 

Run #1 included s imultaneous samples wi th  t h e  EPA t r a i n  and t h e  Hi-Vol t r a i n .  
Run #2 was taken wi th  t h e  Hi-Vol only.  P r o j e c t i o n s  based on Runs 1, 4 and 5 
on what the EPA t r a i n  would have recorded f o r  Run 112 i n d i c a t e  t h a t  t h e  emission 
concent ra t ion  could be  a s  h igh  a s  0 .03  g r a i n s  p e r  s tandard  cub ic  f o o t .  The 
atmospheric emissions dur ing  Run 11.2 were not iceably  g r e a t e r  when t h e  p l a n t  
was m i l l i n g  a l f a l f a  p e l l e t s .  
15 minutes i n t o  a d e s i r e d  108 minute r u n  s o  r u n  #3 sample w a s  d i scarded .  
numbers 4 and 5 included s imultaneous EPA and Hi-Vol samples.  

The two t r a i n s  were opera ted  wi th  ?lo% i s o k i n e t i c .  
no t  cons ider  t h e  changes i n  o r i f i c e  p re s su re  d e f l e c t i o n  due t o  t h e  presence 
of moisture .  The a c t u a l  cub ic  f e e t  pass ing  through t h e  Hi-Vol f i l t e r  was 
determined by assuming dry a i r  passed through t h e  o r i f i c e  a t  60'F. and t h e n '  
a d j u s t i n g  f o r  temperature  changes. Hi-VoL s t anda rd  cub ic  feet pe r  minute 
dry w a s  c a l c u l a t e d  a t  s t anda rd  temperature  and p res su re ,  exc luding  water vapor.  

The average a c t u a l  flow r a t e  f o r  Runs 1, 2, 4 and 5 was 5507 acfm. The square  
footage  of dacron f e l t  f a b r i c  was 792 square  f e e t  so t h e  a i r  t o  c l o t h  r a t i o  
was 6.95. 

Product ion r a t e s  dur ing  sampling were determined t o  be: 
of Oats and 1 2  tons  of Ba r l ey / l08  min. (7 .8  tons/hour.);  Run # 2  - T . 2  tons 
A l f a l f a  p e l l e t s / l 0 6  minutes ( 4 . 0  tons  pe r  hour) ;  Run #4 - 6 tons  of Oats , . .  
9 tons  of Corn, and 2 tons  of Ba r l ey / l03  minutes (9.9 tons  pe r  hour) ;  and 
Run i'l5 - 7 tons  o f  Corn, 5 tons of Wheat, 6 tons  of Oats ,  1 ton of Bar ley /  
180 minutes (6.3 tons  pe r  hour) .  

?* 

The atmospheric emissions measured wi th  t h e  EPA t r a i n  pe r  Method 115 of  t h e  
Federa l  Reg i s t e r ,  Vol. 36, No. 247 averaged 0.0036 g r a i n s  pe r  s t anda rd  
cubic  f o o t  and 0.0023 g r a i n s  per  s t anda rd  cubic  f o o t  w i th  t h e  Hi-Vol t r a i n  
(See Table I) .  
emissions approximately 60% higher  than t h e  Hi-Vol sampling t r a i n  and Run 62 
Hi-Vol emissions were 7 times h ighe r  than  t h e  average when t h e  p l a n t  was m i l l i n g  
a l f a l f a  p e l l e t s .  
water  evapora t ion  p o r t i o n s  i n  t h e  t o t a l  p a r t i c u l a t e  of t h e  EPA t r a i n  inc reases  
emissions on . the average of 2 4 % .  

Run 1/3 was terminated when product ion  was c u r t a i l e d  
Rdn 

T h e  Hi-Vol technique  d i d  

Run 111 - 2, , tpns" 

a??. 

Note i n  Table  I t h a t  t h e  EPA t r a i n  p e r  Method 5 r epor t ed  

The i n c l u s i o n  of condenser water  hydrocarbon e x t r a c t i o n  and 

. .  . . .  
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PROCEDURE 

This  a tmospheric  emission eva lua t ion  was conducted s imul taneous ly  w i t h  
two sets of sampling equipment. The primary set of equipment was 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) and t h e  comparison 
s e t  of sampling equipment was designed by Oregon S t a t e  Un ive r s i ty  r e f e r e d  t o  
a s  t h e  Hi-Vol procedure.  The EPA equipment and procedures  used on t h i s  
eva lua t ion  a r e  d e t a i l e d  i n  the Federa l  Reg i s t e r ,  V o l .  36,  No. 2 4 7 ,  Llethod 5 . 
and t h e  Hi-Vol equipment and procedures used on t h i s  eva lua t ion  a r e  p a r t i a l l y  
descr ibed  i n  "A High Volume Stack Sampler", Eoubel, R .W. ,  A i r  P o l l u t i o n  Control  
Assoc ia t ion  J o u r n a l ,  December 1 9 7 1 ,  Vol. 21, No. 1 2 ,  pp. 783-787. 

, The EPA sampling t r a i n  was s t a r t e d  f i r s t  because a longer  sampling t ime was 
e s t a b l i s h e d  f o r  i t s  use .  The Hi-Vol sampling t r a i n  was s t a r t e d  wi th in  15  
minutes and  loca t ed  i n  t h e  sampling p o r t  90" away from t h e  EPA t r a i n .  The' 
EPA t r a i n  was operated from 2 t o  3 hours on each sample and t h e  Hi-Vol t r a i n  
was opera ted  f o r  18 minutes on each sample. 

The two sampling p o r t s  spaced 90" a p a r t  were loca ted  s i x  d iameters  above t h e  
l a s t  o b s t r u c t i o n  ( fan  o u t l e t )  and 2 diameters  below t h e  s t a c k  o u t l e t .  The EPA 
t r a i n  c o l l e c t e d  i t s  sample from two 18 po in t  t r a v e r s e s  (36 poi.nts t o t a l )  and 
t h e  Hi-Vol t r a i n  c o l l e c t e d  i ts  sample from one s i x  p o i n t  t r a v e r s e  ( l i m i t e d  
number because sample t i m e  was ' sho r t  and v e l o c i t y  readings  were not  , . . ~  .as . . . . . . .  .' 

. . . .  a c c u r a t e  a s  wi th  the  EPA i n c l i n e d  manometer). . : 
.. _. ... ', . 

The s t a c k  gas v e l o c i t y  WAS c a l c u l a t e d  from v e l o c i t y  readings  taken dur ing  
sampling. Pre l iminary  s t a c k  temperature ,  p re s su re  and v e l o c i t y  readings  
were taken t o  s i z e  t h e  sampling nozzle  on t h e  EPA t r a i n .  With moisture  
conten t  of 3% determined by w e t  bulb-dry bulb technique ,  an EPA-desipednomograph 
d e t a i l e d  i n  t h e  "Spec i f i ca t ions  f o r  I n c i n e r a t o r  Tes t ing  a t  Federa l  F a c i l i t i e s "  
was used t o  s e l e c t  a 1 / 4 "  diameter  nozz le .  The Hi-Vol nozz le  s e l e c t e d  from 
a group of 4 graphs was a 1.875 inch  d iameter .  The fou r  nozzle  and o r i f i c e  
d e f l e c t i o n  s e l e c t i o n  graphs a r e  enclosed i n  t h e  back of t h i s  r e p o r t .  Combustion 
products  and/or  chemicals 'were not p re sen t  i n  t h e  exhaust  gases  so  t h e  
dry weight of the  exhaus t ' gases  was assumed t o  be t h a t  of a i r .  

I s o k i n e t i c  v e l o c i t i e s  were maintained on t h e  Hi-Vol t r a i n  by e s t a b l i s h i n g  a 
"C" 

d e f l e c t i o n s . '  Maximum and minimum p i t o t  tube readings  were used i n  t h e  
4 c a l i b r a t e d  Hi-Vol manufacturer graphs t o  determine maximum and minimum 
o r i f i c e  readings .  
which e s t a b l i s h e d  t h e  swive l  po in t  between v e l o c i t y  t o  o r i f i c e  readings .  
Rapid adjustment of t h e  r a t e  meter reading  was p o s s i b l e  u t i l i z i n g  t h e  
nomograph. 

f a c t o r  on t h e  EPA-designed nomograph by t r i a l  p i t o t  and o r i f i c e  

The two readings c rossed  t h e  "C" f a c t o r  l i n e  a t  one p l ace  

. .  
. .  . .  . .  . -  

. .  Schematics of t h e  EPA designed and  Hi-Vol s t a c k  gas sampling t r a i n s  used on 
t h i s  eva lua t ion  p r o j e c t  a r e  enclosed i n  t h i s  r e p o r t .  Both t . ra ins  were - 

': ' ; - ' - c a l i b r a t e d  p r i o r  t o  use on . t h i s  p ro jec t . ' : ,The  "S" t ype  p i t o t  tube  used on .. . : - . : - i  ..':... 
~. . - .  . . . . .  - .- :- , ;  , . . . .  . . .  . t h i s  p r o j e c t  was c a l i b r a t e d  and~'found t o  be 0.83.~ . . . . . . . . .  . . . .  . .  . . . . . . . . . . . .  . . .  . . . .  . . . .  .~ , ~. ,_. I .  .. . . . . . . . . .  . .  . I  . . . . . . . . .  . .  - .  I 
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Clean-up of t h e  EPA t r a i n  was performed by ca re fu l l j l  removing t h e  f i l t e r  
and p l ac ing  i t  i n  a con ta ine r  marked "Run X ,  Container A". 
ace tone  and brushes were used t o  c l ean  t h e  nozz le ,  g l a s s  probe and 
p r e f i l t e r  connect ions.  
"Run X, Container  8". 
(glassware)  was weighed i n  t h e i r  r e s p e c t i v e  con ta ine r s  t o  t h e  n e a r e s t  
0.1 gram. 
t h e  bubbler  and 100 m i l l i l i t e r s  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  added w i t h  t h e  wa te r  weight ga in  of t h e  s i l i c a  g e l  
c o n s t i t u t e d  t h e  amount oT water  c o l l e c t e d  dur ing  t h e  run. The s i l i c a  
g e l  was weighed i n  a bubbler  be fo re  and a f t e r  t h e  run .  
glassware and a water r i n s e  of t h e  g lassware  were placed i n  a con ta ine r  
marked "Run X ,  Container C". 
a l l  p o s t - f i l t e r  glassware (not  i nc lud ing  t h e  s i l i c a  g e l  con ta ine r )  was 
performed and placed i n  a con ta ine r  marked "Run X, Container  D". 

Reagent grade 

The acetone wash was placed i n  a conta iner  marked 
The  volume of water  i n  t h e  impinger and bubblers  

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

The  water from t h e  

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

Analysis  of t h e  samples i n  each con ta ine r  was performed according t o  t h e  
fol lowing:  

Run X ,  Container  A - Transfer  t h e  f i l t e r  and any loose p a r t i c u l a t e  from 
t h e  sample  con ta ine r  t o  a t a r e d  g l a s s  weighing d i s h  and d e s i c c a t e  
f o r  24 hours  i n  a d e s i c c a t o r  or c o n s t a n t  humidity chamber conta in ing  
a s a t u r a t e d  s o l u t i o n  of calcium c h l o r i d e  or i t s  equ iva len t .  
t o  'd cons tan 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  mil l igram. 

Weigh 

Run X, Container  B - Measure t h e  volume t n  t.he neates t  0.1. m i l - l i l i t e r .  
Transfer  acetone washings from c o n t a i n e r  i n t o  a t a r e d  beaker  and,..,; .I 
evapora te  t o  dryness  a t  ambient temperature  and p res su re .  
f o r  24 hours  and weigh t o  a cons t an t  weight.  Report t h e  r e s u l t  t o  tlie- 
n e a r e s t  0.1 mil l igram. 

Des icca te  

Run X, Container  C - Measure t h e  volume t o  t h e  n e a r e s t  0.1  milliliter.^*. 
Ex t rac t  o rgan ic  p a r t i c u l a t e  from t h e  water s o l u t i o n  wi th  t h r e e  25 g 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 t h y l  ether.  
Combine t h e  e t h e r  and chloroform e x t r a c t s  and t r a n s f e r  t o  a ta red  beaker .  
Evaporate u n t i l  no so lven t  remains a t  about  70°F. 
by blowing a i r  t h a t  has been f i l t e r e d  through a c t i v a t e d  charcoa l  over  
t h e  sample. 
t h e  r e s u l t s  t o  the  n e a r e s t  0 . 1  mi l l ig ram.  Af te 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  resu l t s  t o  t h e  nea res t  
0.1 mil l igram. 

This  can be accomplished 

Report  Des icca te  f o r  24 hours  and weigh t o  a cons tan t  weight.  

Run X, Container D - Neasure the  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 rans fe r  t h e  acetone washings t o  a t a r e d  beaker  and evapora te  t o  dryness  
a t  a m b i e n t  temperature and pressure .  Des icca te  f o r  24 hours  and weigh 
t o  a cons tan t  weight.  Report t h e  r e s u l t s  t o  t h e  n e a r e s t  0.1 mil l igram. 

Blanks were taken on t h e  acetonc,  e t h e r ,  chloroform, and deionized water 
and sub t r ac t ed  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 Sa fe ty  Appliance 1106-BH. h e a t  t r e a t e d  g l a s s  

The f i l t e r  paper used 
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CLEAN-UP A I D  ANALYSIS 

Clean-up of t h e  Hi-Vol sampling t r a i n  was performed by f i r s t  c a r e f u l l y  
removing t h e  8" x 10" f i l t e r ,  f o l d i n g  c o l l e c t i o n  s i d e  i n  and p l ac ing  i t  
i n  i t s  t a r e d  6-1/2" x 9-1/2" manila envelope. An ace tone  r i n s e  and 
brushing  was performed on t h e  f r o n t  h a l f  of t h e  f i l t e r  ho lde r ,  probe and 
nozz le  and placed i n  a wa te r - t i gh t ly  s e a l e d ,  t e f l o n  l i n e r  g l a s s  jar  f o r  
shipment t o  t h e  l abora to ry .  

i 

1 

Analys is  of each sample was performed according t o  t h e  fo l lowing  I 
procedure: 

F i l t e r  - Desicca te  t h e  sample f i l t e r  and b lanks  i n  t h e i r  t a r e d  envelope t o  
dryness  f o r  a t  least 24 hours .  Weigh t h e  f i l t e r s  i n  t h e i r  mani la  envelope 
t o  a cons t an 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 ig ram.  

Acetone Rinse - 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 rans fe r  
ace tone  washings from con ta ine r  i n t o  a t a r e d  beaker and evapora te  t o  dryness  
a t  ambient temperature  and pressure .  Des icca te  f o r  24 hours  and weight t o  
a cons t an t  weight .  Report t h e  r e s u l t  t o  t h e  n e a r e s t  0 .1  m i l l i g r a m .  

Blanks were taken on t h e  acetone and a propor t ion  of weight  based on sample . 
volume was sub t r ac t ed  from t h e  sample weights .  The f i l t e r  paper  used wi th  
t h e  Hi-Vol t r a i n  was a Mine Safe ty  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. 
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TABLE 1 

PARTICULATE CONCENTPATION AND PIW. CALCULATION TEILYINOLOGY 

D r y  gas meter volume @ metcr temperature  and p r e s s u r e ,  dry - acf  

Dry gas meter p re s su re  (recorded a s  i n l e t  d e f l e c t i o n  accross  o e f i c c  
n e t e r )  - "Ng 
D r y  gas meter temperature (average of i n l e t  and o u t l e t )  

Standard atmospheric {ressure (29.92" Hg) 

Standard Temperature (520 or 530" R) 

Volume of water  c o l l e c t e d  (expressed as  vapor a t  s t anda rd  temperature  
and p res su re )  - s c f  

% wate r ,  c a l c u l a t e d  from amount t h e  t r a i n  c o l l e c t e d  i n  impinzer: 
bubb le r s ,  and on 

Mole f r a c t i o n  of 

Molecular weight 

Molecular weight 

Molecular weight 

s i l i c a  g e l  

dry gas 

of dry s t a c k  gas - l b / l b  mole 

of wet s t a c k  gas - l b / l b  mole 

of a i r  - l h / l b  mole . . .  .. 
..?.? . . . . . . .  

. -. , 

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 gas d e n s i t y  

S tack  p res su re  ( s t a t i c  + barometr ic )  - "Hg 
r'. 

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  tube 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 ack  condi t ions  - f p s  

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

Average s t a c k  tempera ture-  

Stack flow r a t e  a t  s tandard  condi 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  nozz le  du r ing  sampling - f p s  

= 2 i s o k i n e t i c  (2 10% d e s i r a b l e )  

= P a r t i c u l a t e  concent ra t ion  - g r a i n s l s c f  

'- X CO 2 by vo'lume ' i n  s t ack  ( 1 2  i n a i c a t e  s no X C02 c o r r e c t i o n  i s  t o  

.-. ... _ .  . . .  
. . .  . . . . .  . . . .  ~. 

. _.__ , . .  

.~ . . .  ~. . . .  . .  . .  . .  be made). . ' , . . .  
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Page 2 
TABLE 1 

C 

PMRp 

P m ~ ~  

C' 

PT 

PMRAVG 

AS 

*n 

-vH 

V%TD 

CP 

PARTICULATE CONCENTRATlUN AND PMR CALCULATION TERMINOLOGY 

= P a r t i c u l a t e  concent ra t ion  co r rec t ed  t o  12% C02 

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

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

= Average p o l l u t a n t  mass r a t e  - l b / h r  

= P a r t i c u l a t e  concent ra t ion  co r rec t ed  f o r  non- i sok ine t i c  sampling 

i condi t ion  -g ra ins / sc f  
I 

= 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 Stack - FT2 

= k e a  o f  Nozzle - FT2 

= Veloci ty  head readings  f o r  p i t o t  tube  - inches  wa te r  

= Standardized gas t h a t  passed through t h e  sampling t r a i n  - 
cubic  f e e t ,  70' F., 1 atmosphere p re s su re ,  and dry.  

= Veloci ty  c o r r e c t i c n .  c o e f f i c i e n t  f o r  type p i t o t  tube  - diqer&onless 
0.83 t o  0.87 for " S "  type  p i t o t  tube normally- and 1 .0  fo? "P'".' 

.. 1. type p i t o t  tube.  '. , 

. - .  .. 

. , .  . -  . .  
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2.  

3 .  

4 .  

5. 

6. 

7. 

8. 

9 .  

10. 

11. 

1 2 .  

13. 

1 4 .  

V o L ~ ~ ~  

M 

MF 

4 4  

CD 

CS 

K 

vo 

Qo 

Qo s 

'n 

I 

CO 

-c . 

PAl<TICUI.ATE CONCENTRATI0;I & PMK CALCULATIONS 

. .  

(100) (V( 
r 

100 - M 

, ( 1 4 0 0 )  
P ~ A V G  18. c '  = 
QOSN 

- - 
100 

* PSTD = 29 .92"  Hg. 
= (14,) (MF) + 18 (1-MF) 

= 28.95 LB/LB MOLE we3 
* 

V '  
= (100) 2 

vo 

= e (0.0154) 
STD 

E c , .  (12%) . .  

. .  N . .  
.. . . _  

,_ . .i - . . . .  . 
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H20 AGSOrdlED BY S I Z I C A  GEL, rr.1 

TOTAL 1120 COLLECTED, ml 

V,OL. OF H20 V N O R  @ 70" F. AKD 1 AlX. 
C.0474 x TOTAL 1120 

MOISTURE I N  STACK GAS, ;L 

' MljLE Fi?X7101< OF DYf GAS 

MOLECULAR WT. OF STAC" GAS 

Z h1OISTURE I N  STACK GAS .= 160 x VOL. 1120 VAI'OR 
SOL. ljlU GAS + VSL. VET GAS 

i -t----- .. 
I 
I 

.. 

>:OLE FRACTION OF DRY G"S = 103.-X N O I S T n E  I N  STACK GAS 
10 0 

MOLECULAR NT. OF STACK GAS = AVG. DRY IiOL. !<T. OF GAS x NOLE FMCTION + 
18 x (l-mm F ~ ~ ~ C T I O S )  

.. . 
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VALENTIIIK, FISIER & TO!.ILINSON 
. VELOCITY TRAVERSE DATA SIIEET 

I 
DIST. FRO14 STACK TS ( O R )  STACK PRESS. VH X TS 
REF. PT. 

p ,  2:s 7, / A  

-7 3 in50 
<& .' 

( "Hg ) 
TATION 

I / O,,CO"ir 

I 
-- . 

I /.7./z I I I I I I ! 
1 ,q, 3-* -x 

*"P" type pitot tube velocity read from velocity tebles at stack temperature 
and vel. head values using the following equation (Ref. Western Precipitation '1 ' .  Bulletin wP50): 

. .. .. . V = 2.9(1/VHxTS)a~g. 
TS = Absolute Stack Temperature, O R  

VH = Velocity Head, in.1120 
V = Point Velocitv (fDS1 
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11. 

111. 

I V  . 

V. 

VI. 

R I N S E  S BRUSHING O F  NOZZLE,  PROBE AND GLASSWARE BEFORE 
F I L T E R .  

FINAL 6 8&@ 6 ( m g )  - TARE 6 ,$o //, 2 ( m e )  

-BLANK (( 3 , 0 / @ - m g / m l )  ( 3@6 ml) = 49 m g )  

F I L T E R  CATCH ,'j&f$'/&&'&dfS7&Z (Media ,Type)  

.FINAL / . 5 - K @  ( m p )  - TARE / 9.6 ,@ (mg)  

HYDROCARBON OBTAINED BY ETHER-CHLOROFOE.1 ESTRACTION ON 
WATER I N  I P P I N G E R  AND BUBBLERS.  

FINAL 5??5-.3,0 ( m g )  - TARE 5 zd 5 2. d 
-BLANK ( 0 - 9  mg) 

(me) 

P A R T I C U L A T E  FROX EVAFORATION O F  4 4.0 (ml) WATER 
I N  IXE'INGER AND BUB3LERS FOLLOWING EXTRACTION - 

F I N A L E . 5  7dd%s-(mg) - TARE 76d.5 9 (4 
-BLANK (( (3 , o c ~ ; (  m g / m I )  ( 44@ m l  initial 

= / 7 .  0 m g .  

- - 0.0 m g .  
. . . . . .  . . . .  
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H20 ABSOP.BED RY SILICA GEL, m l  

TOTAL 1120 COLLZCTED, ml 

VOL. OY H20 VAPOR 6 7G" F. A" 1 AE4. = 
0.047ft s TOTAL H2O 

MOISTURE I N  STACK GAS, % 

)!OLE F3ACTIO;q O F  DKS GAS 

MOLECULAR WT. OF STACK GAS 

t- 
-. . .  .. I 
I 

MOLE FRACTIOii OF DRY GAS = loo-% MOISTURE I N  STACK GAS 
100 

MOLECULAR .W, OF .STACK G!S = AVG. DRY NOL. UT. OF GAS S MOLE FRACTION t 
18 s (1-HOLE FfiACTION) 

. . .  -. . . .. . .  
.. . . .  
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VALENTINE. FISIIER 6 TO!II,INSON I '  - . - ~  

LAUORATORY ANL\LY S I S  AND TOTAL PARTICULATE SIIEET 







1120 ADSORJIED DY SILICA G E L ,  ml 

EIOISTURE IN STACK G A S ,  % 

MOLE FLKTION 01.' DX? GAS 

HOLECULAR WT. OF STACK GAS 

X MOISTUX I N  STA.CK CAS 100 S VOL. H?O V'AFOX 
VOi.. DRY G A S  f VOL. WET GAS 

MOLE FRACTION OF DRY GAS = 100-% ?/OWl!RE I S  STACK CAS 
100 



VALENTINE, FISHni & TOHLINSOEI 

I 24HFi 

a-, y .. 

I 

'I 7 __ +-=- 
A... 22- 3 

& 

VH 

"H20 

w 1.h PI h 
! 



VALENTINE, FiAiEh & TOMLINSOll 

!I 
'i 
I 
i 
I 
4 
1 
I 

-. 

I 
I 

I I 
I @  

. .  ..... ...... ..- _-... .... i . .  .., - .  ........... . .  
L_. 

......... . .  ____ - . . . . .  - .. t 

........ 
.... 
.. 

i -_ i I - .  .,-. ... ___  , . . .  i 
. .  -- 

. - .. .. - 
.. . I .  .. .,.- - . . - ._ - -- I 

i i - ;  

. .  



VALENTINE, FI3Hm eL TOYiLII.ISON 

, HI-VOL PARTICULATE DATA SHFm 
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