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SECTION I 
INTRODUCTION 

Under t h e  Clean A i r  Act of 1970, t h e  Environmental  P r o t e c t i o n  
Agency is g iven  t h e  r e s p o n s i b i l i t y  o f  e s t a b l i s h i n g  performance 
s t a n d a r d s  f o r  new i n s t a l l a t i o n s  or m o d i f i c a t i o n s  t o  e x i s t i n g  
i n s t a l l a t i o n s  i n  s t a t i o n a r y  s o u r c e  c a t e g o r i e s .  As a c o n t r a c t o r ,  
Monsanto Research Corpora t ion  ( M R C ) ,  under  t h e  Environmental  
P r o t e c t i o n  Agency's " F i e l d  Sampling o f  Atmospheric Emissions" 
Program, was asked t o  p r o v i d e  emis s ion  data  from t h e  Woodville 
L ime  and Chemical Company o f  Woodville,  Ohio. 

The f i e l d  t es t  work was d i r e c t e d  by C l y d e  E .  R i l e y ,  F i e l d  
T e s t i n g  S e c t i o n ,  Emission Measurement Branch. The sampling 
was performed by Monsanto Research Corpora t ion  w i t h  Darrell  L. 
Harris as Team Leader. 

T h i s  r e p o r t  t a b u l a t e s  t he  d a t a  c o l l e c t e d  a t  t.he No. 1 lime k i l n  
of t h e  Woodville Lime Company d u r i n g  t h e  sampling program of  
August 6 ,  7, and 8, 1.974. Th i s  k i l n  is equipped w i t h  a B u e l l  
e l e c t r o s t a t i c  p r e c i p i t a t o r  t o  c o n t r o l  p a r t i c u l a t e  emis s ions .  
The feed f o r  t h e  k i l n  is a d o l o m i t i c  s t o n e ,  q u a r r i e d  a t  the 
s i t e ,  and s i z e d  a t  one i n c h  t o  two-and  one-fourth i n c h e s .  Feed 
ra te  is approximate ly  700 t o n s  p e r  day and product  ra te  is 
approximateZy--.350 t o n s  p e r  day .  
mix ture  o f  n a t u r a l  gas and a number 6 f u e l  oil, and no pre- .  
h e a t e r  is used. 
s t o r a g e  and no  c r u s h i n g  is performed. 

The k i l n  is f&ed w i t h  a 

-- . .. . 
The p roduc t  is c o o l e d  i n  a N e i m s  c o o l e r  b e f o r e  



.- 

Sampling was performed a t  the o u t l e t  of t h e  e l e c t r o s t a t i c  pre-  
c i p i t a t o r .  The o u t l e t  was measured for p a r t i c u l a t e  concentra-  
t i o n s  acco rd ing  t o  procedures  d e s c r i b e d  i n  t h e  F e d e r a l  R e g i s t e r '  
Method 5 ,  "Determinat ion of  P a r t i c u l a t e  Emissions from S t a t i o n a r y  
Sources  ." Method' 1, "Sample and V e l o c i t y  T r a v e r s e s .  f o r  S t a t i o n -  
a r y  Sources";  Method 2, "Determinat ion of  S t a c k  -Gas Ve loc i ty  ' . 
and Volumetr ic  Flow Rate- (Type S P i t o t  Tube)"; and Method 3, 
"Gas A n a l y s i s  .fo.r Carbon Diox ide ,  Excess  A i r  and D r y  Molecular  
Weight" are o t h e r  procedures  t h a t  were r e q u i r e d  f o r  the  Method 5 
tes ts .  Other  t e s t s  t h a t  were ,per formed were a comb.ination of 
Method 8 and Method 6 ,  "Determina t ion  of S u l f u r  Dioxide Emissions 
from S t a t i o n a r y  Sources"; Method 7, "Determinat ion of  Ni t rogen  

Determinat ion of t h e  Opaci ty  o f  Emissions from S t a t i o n a r y  

F e d e r a l  Register. '  

'' 'Ox ide  Emissions from S t a t i o n a r y  Sources";  and Method 9, "Visua l  

,Sources . "  A l l  of t h e  above methods a r e  d e s c r i b e d  i n  t h e  

No m o d i f i c a t i o n s  were necessa ry  t o  p r e p a r e  t h e  k l l n  s t a c k  f o r  
sampling. Sampling performed p r e v i o u s l y  by a n o t h e r  c o n t r a c t o r  
r e q u i r e d  an e x t e n s i o n  of the s t a c k  and t h e  e r e c t i o n  of s c a f f o l d -  
i n g  f o r  placement o f  the  sampling d e v i c e s .  These m o d i f i c a t i o n s  
were unchanged for t h i s  program (see EMB r e p o r t  74-LIM-3A). 

The f o l l o w i n g  s e c t i o n s  of t h i s  r e p o r t  i n c l u d e :  (1) summary 
of r e s u l t s , ' . ( 2 )  d e s c r i p t i o n  of t h e  p rocess ,  (3) l o c a t i o n  o f  
sampling p o i n t s  and t r laverse  data, ( 4 )  p r o c e s s  o p e r a t i n g  condi- 

. t i o n s ,  and ' ( 5 )  sampling and a n a l y t i c a l  p rocedures .  Appendices 
i n c l u d e  a l l  f i e l d  d a t a  from t h i s  sampl ing  p r o j e c t . '  P rocess  
p roduc t ion  rates are n o t  i n c l u d e d  i n  t h i s  r e p o r t  b u t  w i l l  be  

a v a i l a b l e  i n  : a . . fu tu re  publ ica t ion . .  
- 

' Fede ra l  R e g i s t e r ,  -Vol. 36, Ne. .-159., August l7, 1971. 
2 F e d e r a l  R e g i s t e r ,  Vol. 36, No. 247 ,  December 23, 1971. 

- 
2 



SECTION I1 
SUMMARY O F  RESULTS 

Data on p a r t i c u l a t e  emis s ions  from the  l ime k i l n  a r e  summarized 
i n  Tables  1 and 2 .  Emissions of  f i l t e r a b l e  p a r t i c u l a t e ,  as 
measured by the probe and f i l t e r  c a t c h ,  averaged 7.43 pounds 
p e r  hour  ( l b / h r )  a t  a c o n c e n t r a t i o n  of  0.0303 g r a i n s  p e r  d r y  
s t a n d a r d  c u b i c  f o o t  ( g r a i n s / d s c f ) .  T o t a l  p a r t i c u l a t e  emis s ions  
averaged 1 2 . 2  pounds p e r  hour  a t  a c o n c e n t r a t i o n  o f  0 .0500 
g r a i n s / d s c f .  Emiss ions  from t h e  f i r s t  t e s t  (P -1 )  were obvious ly  
much h i g h e r  t h a n  t h e  o t h e r  two r u n s .  While t h e  r e a s o n  f o r  
t h i s  d i f f e r e n c e  is n o t  a p p a r e n t ,  i t  can probably be a t t r i b u t e d  
t o  v a r i a t i o n s  i n  p r o c e s s  o p e r a t i o n s  and t o  problems encountered  
w i t h  c o n t r o l  equipment o p e r a t i n g  pa rame te r s ,  d e s c r i b e d  i n  
S e c t i o n  I V Y  "Process  Opera t ion ."  I n  a d d i t i o n ,  it shou ld  be  

p o i n t e d  o u t  t h a t  t h i s  i n c r e a s e  i n  emis s ions  is concur ren t  w i t h  

t h e  v i s i b l e  emis s ion  data- 

Data on t h e  ox ides  o f  n i t r o g e n  emiss ions  are summarized i n  
Table 3. These d a t a  show an  ave rage  NO2 c o n c e n t r a t i o n  o f  
279 ppm by volume and a n  hour ly  emis s ion  rate of  55.5 pounds 
p e r  hour .  

'Data on s u l f u r  d i o x i d e  emis s ions  are summarized i n  Table  4.  
These d a t a  shon a n  ave rage  SO2 ' concen t r a t ion  o c 1 5 . 3  ppm by 
volume and an h o u r l y  emis s ion  r a t e  o f  4.21 pounds p e r  hour .  

_- - 
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T a b l e  3 
SUMMARY OF NOx RESULTS 

- Date - R u  Time 
8-6-74 N - 1 A  1540 
8-6-74 N-1B 1630 
8-6-74 . N - l C  1820 
8-6-74 N-1D 1920 
N - 1  Average -- 

8-7-74 N - 2 A  1200 
8-7-74 N-2B 1 2 4 0  
8-7-74 N-2C 1415 
8-7-74 N-2D 1510 
N-2 Average -- 

8-8-74 N-3A 1045 
8-8-74 N-3B 1130 
8-8-74 N-3C 1230 
8-8-74 N-3D . 1335 
N-3 Average -- 

N - 1 ,  N-2, and -- 
N - 3  Average 

ppma 
174 
226 
202 
200 
201 

341 
355 
436 
320 
363 

253 
276 
292 
276 
27 4 

279 

lb/DSCF 
x 10-5 

2.06 
2.68 
2.39 
2.37 
2.38 

4 . 0 4  
4 . 2 1  
5.16 
3.78 
4,28 

2 -99  
3 -27  
3.45 
3- 27 
3.24 

3-30  

g r a m s / N m ’  

0.330 
0.430 
0.383 
0.380 
0.382 

0.648 
0.675 
0.827 
0.606 
0.686 

0.479 
0.524 

0.553 
0.524 
0.519 . 

0 - 529 

l b / h r b  

35.8 
46:6.  
41.6 
41.2 
41.3 

67.2 
70.0 
85.8 
62.8 
7 i .  4 

49.4 
54.1 
57.0 

53.7 

.. 55.5 

5 4 . 1  

.’ a P a r t s  p.er m i l l i o n ,  by volume . .  - .. 

bBased on vo lumet r i c  f low rate from co r re spond ing  Method 5 -- - run (DSCFM) 

b 
K d h r  

16.3 
2 1 . 2  
18.9 
18.7 

.18 .  8 

30.5 
31.8 
39.0 
28.5 
32.4 

2 2 . 4  
24.6 

25.9 
24.6 
2 4 . 4  

25 .2  

6 .. 



Table  4 
SUMMARY OF SO2 RESULTS 

Run # 
Date 
Volume o f  gas  sampled ( d s c f )  

Run Time (min)  
SO2 Concen t ra t ion  

( N m ’ )  

(ppm, by volume) 
( l b / d s c f  x 
( mg/Nm ’ 1 

(lb/hr) 
(Kg/hr) 

SO2 Emission Ratea 

s-1 
8-6-74 
146.8 

4.157 
187 

6.08 
1.01 

16.1 

1.70 
0.772 

s- 2 s- 3 
8-7-74 8-8-74 
96.14 73.84 
2.723 2.091 

180 16 4 

26.6 13.1 
4.38 2.17 

7 0 . 2  34.8 

7.35 3.59 
3:34 1.63 

Average 

105.59 
2.980 

177 

15.3 

40.4 
2.52 

4.21 
1.91 

aBased on v e l o c i t y  t a k e n  from cor re spond ing  Method 5 run  

- . .  - .  .. 

-- . , . . 

7 
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V i s u a l  emis s ions  measurements were reco rded . f rom t h e - N o .  1 
k i l n  s t a c k  plume independen t ly  by two MRC p e r s o n n e l  d u r i n g  
each p a r t i c u l a t e  t e s t .  Data f o r  t h e s e  o p a c i t y  measurements 
a r e  summarized i n  Table  5. The average  o p a c i t y  f o r  a l l  tes ts  
w a s ' l e s s  t h a n  f i 6 e  (5) p e r c e n t .  P e r i o d s ' o f  h igh  emiss ions ,  
however, d i d  occur  d u r i n g  c e r t a i n  s e q u e n t i a l  minute i n t e r v a l s  
f o r  t h e  first tes t ,  du r ing  which o p a c i t y  l e v e l s  exceeded t h e  
5 p e r c e n t  normal range .  T h i s  normal range  v a l u e  of  5 p e r c e n t  
o p a c i t y  o r  l e s s  was cons ide red  t y p i c a l  o f  t h e  Woodville c o n t r o l  
d e v i c e  as w e l l  as o t h e r  w e l l - c o n t r o l l e d  . l ime-producing opera-  
t i o n s .  . -  

Samples o f  t h e  l imes tone  feed m a t e r i a l  in t h e  s t o r a g e  silo, 
t h e  k i l n  p roduc t ,  f u e l  oil, and t h e  d u s t  r ecove red  by t h e  
e l e c t r o s t a t i c  p r e c i p i t a t o r  (ESP) were c o l l e c t e d  n e a r  the  
beg inn ing  and end of  each  of t h e  sampl ing  r u n s .  A composite 
was p r e p a r e d  of t he  .feed material and f u e l  oil on which analy-  
.sis f o r  t h e  t o t a l  s u l f u r  c o n t e n t  w a s  performed a l o n g  w i t h  t h e  
i n d i v i d u a l  samples  of  p r o d u c t  and ESP d u s t .  
are p r e s e n t e d  I n  T a b l e  6 .  

These r e s u l t s  

A d d i t i o n a l  d e t a i l e d  r e s u l t s  o f  t h e  tes t  program a r e  p r e s e n t e d  
in S e c t i o n  V, "Sampling and A n a l y t i c a l  Procedures ."  

- . .. . 
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Tab le  6 
TOTAL SULFUR CONTENT OF SILO FEED, FUEL OIL,  

PRODUCT AND ESP DUST 

- Date Sample No. 

8-6- 7 4 S- 74-00 1-78 8 
791  
792  

79 3 
795 
796 

. .  
-. 

8-7-74 s-74-011-836, 

839 
840 

- 8 4 1  
8 4'3 
844  

Material 

Silo Feed 
F u e l  O i l a  
K i l n  Product  
K i l n  Product  
ESP n u s t  
ESP Dust 

S i l o  Feed 
Fuel .  O i l a  
K i l n  Product  
K i l n  Product  
ESP Dust 
ESP D u s t  

% S u l f u r  Found 

0.028, 0.028 

1 .52  

0.081, 0 .099 

0.098, 0 .108  

0.572, 0 .707 

0.527, 0.650 

0.034, 0.036 

1 . 3 6  
0.40, 0.30 

0.11, 0 .11  

0.76, 0.87 

0.70, 0.74 

0.028 

1.52 

0.097 

0.614 

0.035 
1.36 
0.23 

0 .77  

0-8-74 S-74-001-073 S i l o  Feed 0.053, 0.048 0 . 0 5 1  

876 F u e l  O i l a  1.37 1- 37 
877 K i l n  Product  0.071, 0 .077 0 . 1 1  
870 K i l n  P roduc t  0.149, 0 .148 

880 ESP D u s t  0.733, 0.672 0.71 
8 8 1  ESP Dust 0.688, 0 .732  

a The f u e l  o i l  samples were also ana lyzed  , f o r  t h e  Btu c o n t e n t  w i t h  
t he  f o l l o w i n g  r e s u l t s :  - 

S- 7 4- 0 D 1-7 9.1 18236  Btu / lb  
S-7 4-001- 8 39 18343  'Btu/ lb  
S-74-001-876 1846'4" n t u / l b  



SECTION 111. 

PROCESS DESCRIPTION 

Limestone c o n s i s t i n g  p r i m a r i l y  o f  ca lc ium c a r b o n a t e  o r  combi- 
n a t i o n s  o f  ca lc ium and magnesium c a r b o n a t e  w i t h  v a r y i n g  amounts 
of i m p u r i t i e s  i s  q u a r r i e d  a t  t h e  Woodville P l a n t .  The  lime- 
s t o n e  is  c a l c i n e d  o r  burned t o  form lime, commonly d i v i d e d  
i n t o  two bas ic  products--quickl ime and hydrated l ime. Ca lc i -  
n a t i o n  e x p e l s  carbon d i o x i d e  from t h e  raw l imes tone ,  l e a v i n g  
ca l c ium ox ide  ( q u i c k l i m e ) .  With t h e  a d d i t i o n  of water, ca lc ium 
hydroxide  ( h y d r a t e d  lime) i s  formed. 

The b a s i c  p r o c e s s e s  i n  p r o d u c t i o n  are: (1) q u a r r y i n g  t h e  

l i m e s t o n e  raw material, (2) p r e p a r i n g  t h e  l i m e s t o n e  f o r  k i l n s  
by c r u s h i n g  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  p r o c e s s i n g  t h e  q u i c k l i m e  f u r t h e r  by  a d d i t i o n a l  
c r u s h i n g  and s i z i n g  fo l lowed  by h y d r a t i o n .  The m a j o r i t y  of  
l ime i s  produced i n  r o t a r y  k i l n s  which can be f i r e d  by c o a l ,  
o i l ,  or gas. Rotary  k i l n s  have t h e  advantage  of produc ing  
h i g h  p r o d u c t i o n  p e r  manhour and a more uniform p roduc t .  They 
do, however, r e q u i r e  h ighe r  c a p i t a l  i nves tmen t  and u n i t  f u e l  
c o s t s  t h a n  most v e r t i c a l  k i l n s .  

The Woodville L i m e  and Chemical p l a n t  has  two r o t a r y  k i l n s  
each equipped  w i t h  a B u e l l  e l e c t r o s t a t i c  p r e c f p i t a t o r .  The 
k i l n s  are  a lmost  i d e n t i c a l .  The feed f o r  b o t h  i s  a d o l o m i t i c  
s t o n e ,  q u a r r i e d  on t h e  s i t e - a n d  fed i n  s izes  r a n g i n g  f rom^ 
1 i n c h  t o  2-1/4 i n c h e s  a t  a ra te  of abou t  700 t o n s  p e r  day. 

c 
I 

. .  . ...~ . . 



.. . 

There  i s  no p r e h e a t e r .  Normally t h e  k i l n  i s  f u e l e d  w i t h  a .  
mixture-  o f  95 p e r c e n t  Number 6 f u e l  oil and 5 p e r c e n t  n a t u r a l  
gas. Both k i l n s  have two heat t r a n s f e r  s e c t i o n s ,  each  20 
feet  long. The p roduc t ,  about  350 t o n s  p e r  d a y ,  is cooled  i n  
a N e i m s  c o o l e r  b b f o r e  s t o r a g e .  There i s  no p roduc t  c rush ing ,  
b u t  u n d e r s i z e  m a t e r i a l  i s  s e p a r a t e d  and r e t u r n e d  t o  t h e  k i l n .  
The m a j o r i t y  o f  t h e  p roduc t  is used i n  t h e  s t e e l  i n d u s t r y ,  
most ly  in b a s i c  oxygen f u r n a c e s .  None of the  p r o d u c t  i s  
hydra ted .  

The e l e c t r o s t a t i c  p r e c i p i t a t o r  on k i l n  Number 1 was p u t  i n  
o p e r a t i o n  i n  J u l y . 1 9 7 1 .  I n  t h i s  k i l n  t h e  main  p r o c e s s  f a n  i s  
l o c a t e d  b e f o r e . t h e  ESP, w i t h  a cyc lone  b e f o r e  the f a n  t o  reduce 
f an  blade e r o s i o n .  The p r e c i p i t a t o r  on k i l n  Number 2 was p u t  
in '  o p e r a t i o n  i n  December 1973. The main p r o c e s s  f a n  i s  af te r  
t h e  ESP, and t h e r e  is no cyc lone .  

. .  

I n  both  sys tems t h e  i n l e t  gas t o  t h e  p r e c i p i t a t o r s  is cooled  
t o  about  600°F w i t h  a combinat ion o f  wa te r  i n j e c t i o n  and/or  
temper ing  a i r .  Each p r e c i p i t a t o r  h a s  28,800 squa re  f e e t  o f  
c o l l e c t i n g  s u r f a c e  area, which i n c l u d e s  one c e l l  and two 
f i e l d s .  Design gas v e l o c i t y  i s  1 . 5  f e e t  p e r  second and t r e a t -  
ment t ime i s  10.0 seconds.  The p l a n t  manager r e p o r t e d  t h a t  
a n  ear l ie r  emiss ion  t e s t  showed e x i t  l oad ings  of less t h a n  
0.005 g r a i n s  p e r  d r y  s t a n d a r d  c u b i c  f o o t .  

A t  p r e s e n t  t he  d u s t  c o l l e c t e d  from t h e  p r e c i p i t a t o r s  i s  dis- 

posed of  i n  t h e  q u a r r y .  I t  i s  expec ted  t h a t  i n  t h e  f u t u r e  
t he  d u s t  w i l l  b e  g r a n u l a t e d  and used a s  a component of  d r y  
mix  fe r t i l i zers  t h a t  are b lended  i n  a n o t h e r  p a r t  of t h e  
complex. 

. 
-- - 
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A t  t h e  t i m e  of t h e  i n i t i a l  p l a n t  i n s p e c t i o n  (Februa ry  8, 
1974), t h e  p r e c i p i t a t o r s  were working s a t i s f a c t o r i l y  and had 
been very  w e l l  main ta ined .  The p l a n t  i s  r e p r e s e n t a t i v e  of 
modern d e s i g n .  R a w  materials and p r o d u c t s  are t y p i c a l  of  
t h o s e  i n  the I n d u s t r y .  

i 

i 
1 
I 
D 
II 
I 
E 
P .  r i  

. .  
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SECTION I V  
LOCATION OF SAMPLING POINTS 

F igure  1 shows t h e  sampling p o r t s  used i n  t h e  Number 1 l ime 
k i l n  e x i t  s t a c k .  The sampl ing  p o r t s  were l o c a t e d  i n  a 63.5- 
i n c h  i n s i d e  diameter v e r t i c a i  s tack,  4 f e e t  ( 0 . 7 5  d i a m e t e r )  
from t h e  s t a c k  e x i t ,  and 12 feet  (2.26 d i a m e t e r s )  from t h e  
n e a r e s t  upstream d i s t u r b a n c e .  
requi rements  o f  Methods 1 and 5 o f  t h e  F e d e r a l  R e g i s t e r ,  
Vol. 36, No. 247, i t  was n e c e s s a r y  t o  use an  e x i s t i n g  s t a c k  
e x t e n s i o n  t h a t  had been l e f t  on t h e  ESP exhaus t  o u t l e t  from 
a p reced ing  tes t  program.. F o r t y - e i g h t  t r a v e r s e  p o i n t s  (24  
a l o n g  each  of two p e r p e n d i c u l a r  d i a m e t e r s )  were used as 
d e s c r i b e d  i n ' t h e  F e d e r a l  Register,  Method 1'. The s t a c k  was 
found t o  be s l i g h t l y  e l l i p t i c a l  a t  t h i s  l o c a t i o n ,  measuring 
62-3/11 i n c h e s  on t h e  eas t -wes t  d i a m e t e r  and 63-I/2 i n c h e s  on 
t h e  nor th-south  d i ame te r .  The larger d iame te r  was used for 
c a l c u l a t i o n  of t he  s t a c k ' a r e a ,  

I n  o r d e r  t o  meet ' t h e  sampling 

T e s t  Methods 1, 2, 3, 5 and 7 were performed a t  the  s e t  o f  
90' p o r t s  on t h e  s ta .ck 146  i n c h e s  from t h e  o u t l e t  of t h e  ESP 
and 48 i n c h e s  from t he  a tmosphe r i c  o u t l e t  of the s t a c k .  

s i t e  w e r e . u s e d  for some of  t he  g a s . s a m p l i n g .  Modif ied Method 
6 tests were-conducted  .. ... , a t  t h e  west p o r t  l o c a t e 3  53 i n c h e s  
from t h e  ESP o u t l e t '  and 141 i n c h e s  from t h e  s t a c k  o u t l e t .  
Sampling was done a t  a s i n g W p o i n t  on t h e  west  p o r t  t r a v e r s e  
a t  a probe  i n s e r t i o n  dep th  of 33 i n c h e s .  

. A d d i t i o n a l  sampling p o i n t s  i n  t h e  e x i s t i n g  s t a c k  a t  a lower 

1 4  
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F i g u r e  3 .  P a r t i c u l a t e  t e s t  t r a v e r s e  c r o s s  s e c t i o n  - 
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SECTION V 
PROCESS OPERATION AND TEST CONDITIONS 

From prev1ou.s p l a n t  v i s i t s  and d i s c u s s i o n s  w i t h  p l a n t  per -  
sonne l ,  i t  was found t h a t  t h e  two e l e c t r o s t a t i c  p r e c i p i t a t o r s  
o p e r a t e  under normal c o n d i t i o n s  w i t h  e s s e n t i a l l y  no v i s i b l e  
emis s ions .  P l a n t  o p e r a t i o n s  appeared  t o  be normal for t h e  

. ' Number 1 k i l n  and e l e c t r o s t a t i c  p r e c i p i t a t o r  on t h e  morning 
of August .6 ,  1974, w i t h  v i s i b l e  em'ission o p a c i t y  r e a d i n g s  i n  
t h e  range  of 0 t o  5 p e r c e n t .  

. .  

However, s e v e r a l  problems developed d u r i n g  t h e  f irst  day of 
t e s t i n g .  A t  8:lO a . m .  t h e  p l a n t  manager informed t h e  P r o j e c t  
O f f i c e r  t h a t  a f a n  shutdown was schedu led  on t h e  Number 1 
k i l n .  The f a n  is l o c a t e d  on t h e  i n l e t  t o  t h e  ESP and has t o  
be c l eaned  of adhe r ing  d u s t  m a t e r i a l  on a r o u t i n e  basis.  
The shut-down was schedu led  for 8:30 a.m. and lasted for only 
t e n  minutes .  

.The first s e r i e s  of t e s t s  was s t a r t e d  a t  .3:25 p.m. A probe 
t i p  e.xchange w a s . n e c e s s a r y  a t  4:15 p .m. ,due  t o  s u b i s o k i n e t i c  
sampling c o n d i t i o n s  caused by a low' o r i f i c e  p r e s s u r e  c a l i b r a -  
t i o n  f a c t o r .  A s  t e s t i n g  -p rogres sed ,  t h e  o p a c i t y  r e a d e r s  
r e p o r t e d  a n  I n c r e a s i n g  number of 5 p e r c e n t . r e a d i n g s ,  w i t h  

o c c a s i o n a l  - !'puffs" ... . as h igh  as 10 p e r c e n t .  Ob'servations of 
t h e  plume were d i f f i c u l t  because  of t h e  cloudy o v e r c a s t  sky 
background .as well as t h e  e x c e s s i v e  f u g i t i v e  d u s t  emiss ions  
c r e a t e d  by t r u c k s  l o a d i n g  and 'un loading  ESP d u s t  and qua r ry  

I 

I 
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. 

rock  i n  t h e  v i c i n i t y  of  e i t h e r  t he  ESP u n i t . o r  t h e  observ- 
ers. 

The oil feed ra te  t o  t h e  k i l n  had t o  be s u b s t a n t i a l l y  i n c r e a s e d  
a t  2:30 p.m; t o  m a i n t a i n  t h e  d e s i r e d  k i l n  t empera tu re .  T h i s  
c o n d i t i o n  was caused by a n o t h e r  k i l n  s t a r t i n g  up which reduced 

' t h e , n a t u r a l  gas p r e s s u r e  on t h e  main feed l i n e .  The  t es t  was 
completed .at 7:OO p.m. 

Near t h e  end o f  the  t e s t ,  t h e  ESP i n l e t  t empera tu re  i n c r e a s e d  
t o  710°F a t  which time ( 6 : O O  p.m.)., i t  was n o t i c e d  tha t  t h e  
s t a c k  o p a c i t y  was c l e a r i n g  up. M r .  Judd,. t h e  p l a n t  chemis t ,  
was asked if they  cou ld  ma in ta in  t h e  i n l e t  t empera tu re  between 
700°F and 710°F f o r  the second t e s t ,  which would s t a r t ' t h e  
f o l l o w i n g  morning. 

Upon a r r i v a l  a t  t h e  p l a n t  t h e  f o l l o w i n g  morning, t h e  s t a c k  
o p a c i t y  was observed t o  be  a t  0 p e r c e n t .  The p r o c e s s  
o p e r a t o r  s t a t e d  t h a t  t he  ESP i n l e t  t empera tu re  had n o t  
dropped below 70O0F f o r  the  l a s t  1 6  hours .  

'The  second t e s t  was s t a r t e d  on August 7 a t  11:44 a.m. The 
m a j o r i t y  o f '  v i s i b l e  emis s ions  were r e c o r d e d  t o  be 0 p e r c e n t  
o p a c i t y  H l t h  minor p e r i o d s  of  5 p e r c e n t  opac i ty .  through t h i s  
t e s t ' s e q u e n c e .  
were encountered .  The t e s t  was completed at '  3:22 p.m. 

The t h i r d  t e s t  was conducted d u r i n g  the  f o l l o w i n g  morning 
(August 8, 1974)  s t a r t i n g  a t  10:27 a.m. 
r e a d i n g  a t .  -. Q ... p e r c e n t  . o p a c i t y  and t h e  p rocess  %as o p e r a t i n g  
a t  a normal p r . o d u c t i o n . r a t e .  The v i s i b l e  emis s ion  r e a d e r s  
r e p o r t e d  t h a t  t hey  were obse rv ing  a lower pe rcen tage  q f . 5  
p e r c e n t  readings compared w i t h  t h e  second tes t : .  S h o r t  p u f f s  

During t h e  ' t e s t ,  no  sampling o r  p r o c e s s  problems 

The s t a c k  plume was 

20 
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of 5 p e r c e n t  were t h e  only r e a d i n g s  observed d u r i n g  t h i s  

t e s t i n g  sequence.  

The k i l n  f e e d  r a t e  was c a l c u l a t e d  by  m u l t i p l y i n g  a convers ion  
f a c t o r  times t h e ' t o t a l  i n d i c a t e d  tonnage r eco rded  from the  
c o n t r o l  room s t o n e  t o t a l i z e r  meter .  These data a r e  n o t  
a v a i l a b l e  a t  t h i s  t i m e  b u t  w i l l  b e  s u p p l i e d  i n  a f u t u r e  
p u b l i c a t i o n .  Opera t ing  v a r i a b l e s  f o r  t h e  three t e s t  runs  a r e  
summarized i n  T a b l e  7. A d d i t i o n a l  d e t a i l e d  i n f o r m a t i o n  per -  
t a i n i n g  t o  t h e  p r o c e s s  o p e r a t i o n  d u r i n g  t h e  t e s t i n g  p e r i o d s  
i s  p r e s e n t e d  i n  Appendix F. 

The Woodville Lime and Chemical p l a n t  is very r e p r e s e n t a t i v e  
of modern d e s i g n  and o p e r a t i o n ,  and has  a t y p i c a l  raw material 
and p roduc t .  During t h e  e n t i r e  t e s t  program conducted between 
August 6, 1974, and August 8, 1974, t h e  p r o c e s s  and e l e c t r o -  
s t a t i c  p r e c i p i t a t o r  were o p e r a t i n g  a t  a normal p roduc t ion  
r a t e  f o r  which t h e  f a c i l i t y  was des igned .  I t  i s  t h e r e f o r e  
recommended t h a t  t h e  r e s u l t s  of t h e  emiss ion  tes ts  conducted 
a t  t h i s  i n s t a l l a t i o n  be  used i n  t h e  development of s t a n d a r d s  
of performance f o r  t h e  l ime p roduc ing  i n d u s t r y .  



Date 
P a r t  

Tab le  7 
SUMMARY OF OPERATING VARIABLES 

8-6-74 8-7-74 
: u l a t e  ?st no. 

S tone  f e e d  ra te  ( t o n / h r l a  
Oil ra te  ( g a l / h r )  
F i r i n g  zone temp (OF) 
Mid-kiln temp (OF) 
Kiln feed end temp (OF) 
Before ESP temp (OF) 
S t a c k  temp (OF) 

P- 1 
- 

29 4 
.2649 
1 3 5 2  
1 0 2 5  

70.2. 
6 6 3  

ELECTROSTATIC PRECIPITATOR DATA 

IrA" F i e  I d  
Pr imary c u r r e n t  (amps) 74 
Primary v o l t a g e  ( v o l t s )  2 5 1  
P r e c i p i t a t o r  c u r r e n t  (amps) . 45  

P-2 
- 

3 1 1  
2662 
1 3 7 3  
1031 

7 1 1  
6 7 3  

6 8  
257 
.39  

"B" F i e  I d  
P r i m a r y  c u r r e n t  (amps) 72 7 0  
Primary v o l t a g e  (volts) 238  248 
P r e c i p i t a t o r  c u r r e n t  (amps) . 4 4  . 4 4  

8-8-74 
P- 3 

316 
2600 
1 3 6 0  

- 

1 0 2 3  
712 
669 

69  
256 
.40 

7 0  
245 
. 4 4  

aObtained by m u l t i p l y i n g  i n d i c a t e d  meter tonnage by a con- 
v e r s i o n  f a c t o r  . 
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SECTION V I  
SAMPLING AND ANALYTICAL' PROCEDURES 

. b, 
..' - , .> . .  

1; . . . . .  . ... . i l  The o u t l e t  gases  of t h e  E l e c t r o s t a t i c  p r e c i p i t a t o r  a t  th.e-y.l. I, . . > '  ,. 

for p a r t i c u l a t e  emiss ions ,  : s u l f u r  d i o x i d e ,  and n i t r o g e n  .. . 

. . I  

Woodville Lime and Chemical Company lime k i l n  were sampled ' ;  -;;:. 

ox ides  c o n c e n t r a t i o n s .  Runs of t h e  p a r t i c u l a t e  s e r i e s  were 
i d e n t i f i e d  by a number p r e f i x e d  by "P" fo l lowed .by  t h e  number, 
of t h e  s e r i e s .  
an "S" or "N",  . r e spec t ive ly . .  

. ,, , * .  . .  
. .  

*.. 
.I 

e I, 

SO2 and N O x  r u n  numbers were preceded  w i t h  

Sampling procedures  were d e s i g n a t e d  b y  EPA. Analyses of 
c o l l e c t e d  samples were performed by Monsanto. 
p r e s e n t s  d e t a i l e d  sampling and a n a l y t i c a l  p rocedures . .  

Appendix J 

V e l o c i t y  and Gas Temperature 

Gas v e l o c i t i e s  were measured w i t h  a c a l i b r a t e d  type  S p i t o t  
t u b e  and i n c l i n e d  d r a f t  gage.,! V e l o c i t i e s  were'measured at  
each  sampling p o i n t  a c r o s s  t h e .  s t a c k  d i ame te r  t o  de te rmine  an 
average  v a l u e  acco rd ing  t o  p rocedures  d e s c r i b e d  i n  t h e  
F e d e r a l  R e g i s t e r ' ,  .Method 2.  ' Temperatures  were measured wi th  
t h e  use of a thermocouple.  

f - . .  - ... . 

I 
! 

I 
' F e d e r a l  R e g i s t e r ,  .Vol. '  36, -. No ... 247, December 23, 1971. . 

23 



Molecular Weight 

A 4-hour i n t e g r a t e d  sample of t h e  s t a c k  gases  was c o l l e c t e d  
d u r i n g  each p a r t i c u l a t e  t es t  by pumping t h e  gas i n t o  a T e d l a r  
p l a s t i c  bag a t  t h e  r a t e  o f  approximate ly  0 . 0 0 5  cfm. The 
sampling t r a i n  was assembled as shown i n  F igu re  4 .  T h i s  bag 

sample was then  ana lyzed  w i t h  a n  Orsat a n a l y z e r  f o r  CO2, 02, 
and CO as d e s c r i b e d  i n  the F e d e r a l  R e g i s t e r ,  Method 3. 

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

Concen t r a t ions  o f  p a r t i c u l a t e  matter i n  s t a c k  gases' were 
measured by  Method 5 as d e s c r i b e d  i n  t h e  F e d e r a l  R e g i s t e r . '  
A r i g i d  t r a i n  c o n s i s t i n g  o f  a h e a t e d  g l a s s - l i n e d  probe, a 
3-inch d i ame te r  g l a s s - f i b e r  f i l t e r ,  and  a series o f  Greenburg- 
Smi th  impingers  was used f o r  p a r t i c u l a t e  sampling,  as shown i n  
F i g u r e  5. 

Sampling was conducted under i s o k i n e t i c  c o n d i t i o n s  by moni- 
t o r i n g  s t a c k - g a s ' v e l o c i t y  w i t h  a p i t o t  tube  and a d j u s t i n g  
t h e  sampling ra te  accord ing ly .  

The three p a r t i . c u l a t e  runs  were performed on three s u c c e s s i v e  
days.  A l l . r u n s  used two 24-point t r a v e r s e s ,  f o r  a t o t a l  o f  
48 p o i n t s ,  and each p o l n t  was sampled 4. min f o r  a t o t a l  run 
time of  192' min. On t h e  f i rs t  r u n  (P-11, a .374 i n c h  nozz le  
was used t o  s t a r t  t h e  run .  
t r a v e r s e ,  , i t  became obviou's t h a t .  t h e  flow r a t e  would n o t  be  

s u f f i c i e n t  t o  ma in ta in  an i s o k i n e t i c  rate w i t h  the .374 i n c h  
n o z z l e  thrdughout  t h e  run .  
change. 

A k t h e  e l e v e n t h  p o i n t  of  t h e  f i rs t  

. 
P r e p a r a t i o n ,  was made' f o r  a nozz le  

Between the 1 3 t h  a n d ' l 4 t h  p o i n t s  . (52 min i n t o  ' t h e  
-... . .. - . , . .  

' Fede ra l  Register, Vol .  36, No. 159, August 17, 1971. 
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During Run P-1, at approximate ly  150 minutes  i n t o  t h e  r u n ,  
the  AH r e a d i n g  dropped below i t s  set  p o i n t  and t h e  vacuum 
i n c r e a s e d  i n d i c a t i n g  a p l u g  i n  t h e  system. It  became impossi-  
b l e  t o  c o n t r o l  t h e  flow rate a t  a s u f f i c i e n t l y  h i g h  l e v e l ,  
so  t h e  r u n  was s topped .  An i n s p e c t i o n  of t h e  equipment 
r e v e a l e d  no  n o t i c a b l e  p lug ,  b u t  i t  was s u s p e c t e d  t h a t  t h e  
u m b i l i c a l  t u b i n g  had become kinked.  The r u n  was re-started, 
and no a d d i t i o n a l  f low s toppage  occurred .  

r u n )  t h e  sampl ing  was s topped ,  and a 0 . 2 4 4  i n c h  nozz le  was 
i n s t a l l e d  f o r  the remainder  of t h e  run.  

T h i s  n o z z l e  change caused no problem i n  t h e  c a l c u l a t i o n  of 
p a r t i c u l a t e  g r a i n  loading;  however, c a l c u l a t i o n  of t h e  i sok ine -  
t i c  p e r c e n t a g e  was more d i f f i c u l t .  C a l c u l a t i o n  was accomplished 
by t r e a t i n g  t h e  two parts o f  t h e  run  as separage runs  and 
t a k i n g  a weighted  average  t o  de t e rmine  t h e  f i n a l  pe rcen tage  
by t h e  f o l l o w i n g  method: 

where : 
IO = o v e r a l l  i s o k i n e t i c  p e r c e n t a g e  
11 = i s o k i n e t i c  p e r c e n t a g e  w i t h  f i rs t  nozz le  
I2 = i s o k i n e t i c  p e r c e n t a g e  w i t h  2nd n o z z l e  
P1 = number of f irst  n o z z l e  p o i n t s  
P2 = number of second n o z z l e  p o i n t s  

Samples from t h e  Method 5 sampl ing  t r a i n s  were recovered  as 
o u t l i n e d  in t he  August 17 ,  1971 ,  F e d e r a l  Register.  
of the  f i l t e r ,  a l l  sample exposed s u r f a c e s  were washed w i t h  

d i s t i l l e d  water o r  r e a g e n t  -grade a c e t o n e  as s p e c i f i e d .  A l l  
sample b o t t l e s  f o r  l i q u i d  samples were ob ta ined  from Wheaton 

A f t e r  removal 



. . ~- .. ---- . . . . . .. . . -  ~ .. . .  

S c i e n t i f i c ,  Catalogue No. 219630. Each of  t h e s e  b o t t l e s ,  
excep t  t h o s e  used f o r  c o l l e c t i n g ' S 0 2  samples,  was ac id -  
soaked w i t h  1:l "0s f o r  one day ,  r i n s e d  w i t h ' . d i s t i l l e d  

water, and soaked w i t h  d i s t i l l e d  w a t e r  f o r  one '  day. 
I 

The p a r t i c u l a t e  sample was recove red  by r i n s i n g  t h e  nozz le ,  
probe,  cyc lone  by-pass, and f r o n t  h a l f  o f  t h e  f i l t e r  h o l d e r  
tw ice  w i t h  ace ' tone i n t o  a g l a s s  c o n t a i n e r .  The I n s i d e  wal l s  
of  t h e  probe  were brushed  wh i l e  r i n s i n g .  The back h a l f  of t h e  
f i l t e r  h o l d e r , - i m p i n g e r s ;  and connec t ing  t u b e s  were r i n s e d  

. t w i c e  w i t h  d i s t i l l e d  w a t e r  and t h e  washings p l a c e d  i n  a g l a s s  ' 

c o n t a i n e r  w i t h  t h e  impinger  c o n t e n t s .  These components were 
. ' t h e n  double- r insed  w i t h  a c e t o n e  i n t o  a n o t h e r  g l a s s  c o n t a i n e r .  

The f i l t e r  was p l a c e d  i n  a s e p a r a t e  c o n t a f n e r .  Blank samples 
o f  water and a c e t o n e  were a l s o  t a k e n .  

.... 

A n a l y t i c a l  p rocedures  f o r  the  Method 5 samples fo l low t h e  
F e d e r a l  R e g i s t e r  g u i d e l i n e s ,  w i t h  one excep t ion .  Con ta ine r  
Number 3 as i n d i c a t e d  i n  t h e  method c o n t a i n s  w a t e r  from t h e  
impingers  and washing of t h e  g l a s sware  of  t h e  t r a i n .  The 
s o l u t i o n  was e x t r a c t e d  w i t h  ch loroform and e t h e r ,  and t h e n  
t h e  e x t r a c t e d  p o r t i o n  was d r i e d  t o  c o n s t a n t  weight ,  a s  s p e c i -  
f i e d .  I n  a d d i t i o n ,  t h e  water r ema in ing  a f t e r  e x t r a c t i o n  was 
evapora t ed  t o  d ryness  a t  212'F t o  c o n s t a n t  weight .  Both 
we igh t s  were i n c l u d e d  i n  t h e  t o t a l  mass of p a r t i c u l a t e .  
Sample weights f rom ' the  Method 5 samplers  were r e p o r t e d  as 
" f r o n t  ha l f "  (probe  washings and f i l t e r  c o l l e c t i o n  w e i g h t s )  
and " t o t a l "  ( f r o n t  ha l f  p l u s  wa te r ,  ch loroform-e ther  e x t r a c t  
and impinger  a c e t o n e  washing w e i g h t s ) .  Sample residues were 
s e n t  t o  EPA f o r  t r a c e  m e t a l  a n a l y s i s .  

. 
-- . ... . 



Ni t rogen  ox ides  were c o l l e c t e d  i n  evacuated  2 - l i t e r  f lasks  
c o n t a i n i n g  25 ml.of  a d i l u t e  s u l f u r i c  a c i d h y d r o g e n  pe rox ide  
abso rb ing  s o l u t i o n .  The sampling, and a n a l y t i c a l  p rocedure  
was d e s c r i b e d  i n  Method 7 of t h e  F e d e r a l  R e g i s t e r . '  The 
sampling t r a i n  was assembled as shown i n  F i g u r e  6 .  Four 
n i t r o g e n  ox ide  samples  were - c o l l e c t e d  a t  e q u a l  i n t ' e r v a l s  d u r i n g  
each o f  t h e  p a r t i c u l a t e  runs .  Each sample was c , o l l e c t e d  u s i n g  
a 2-foot g l a s s - l i n e d  probe a t  the upper  p o r t  l o c a t i o n s .  Each 
f l a sk  was evacua ted  and  p r e s s u r e  t e s t e d  f o r  one minute,  and 
t h e  i n i t i a l  f l a sk  t empera tu re ,  p r e s s u r e ,  and b a r o m e t r i c  p r e s s u r e  
r e c o r d e d . .  The sampling p robe  was i n s e r t e d  i n t o  t h e  s t a c k  
and heated, and t h e  sample f l a s k  conneqted. The +way s topcock '  
was t u r n e d  t o  t h e  "purge" p o s i t i o n  and s t a c k  gas' drawn through 
t h e  sys tem w i t h  a . r u b b e r  squeeze  bu lb  t o  check f o r  condensa- 
t i o n  i n  t h e  probe  l i n e .  The 3-way. s topcock  was then  t u r n e d  
t o  t he  sample p o s i t i o n  f o r  15 t o  30 seconds.  The f l a sk  v a l v e  
was t h e n  c l o s e d  and d i sconnec ted  from the '  probe'. ' The c o n t e n t s  
were shaken f o r  a t  l e a s t  5 minutes .  

... 

The f lasks  were a-llowed t o  s e t  T o r  a t  l e a s t  16 hours .  They 
were t h e n  shaken f o r  a t  least  2 minutes ,  t h e  f i n a l  p r e s s u r e ,  
t empera tu re ,  a n d . b a r o m e t r i c  p r e s s u r e  were t a k e n ,  and t h e  sample 
was t r a n s f e r r e d  t o .  a s t o r a g e  b o t t l e .  

. .  The. samples  were ana lyzed  u s i n g  ' t h e  P h e n o l d i s u l f o n i c  a c i d ,  
pho tomet r i c  a n a l y s i s  d e s c r i b e d  i n  t h e  above mentioned F e d e r a l  
Register. ' .  . T a b l e  3 g i v e s  t h e  c a l c u l a t e d  amoui t s  of n i t r o g e n  
ox ides  g iven  as N O 2  i n  bo th  p a r t s  p e r  m i l l i o n  and mass p e r  . u n i t  

' F e d e r a l  R e g i s t e r ,  Vol. . . 3 6 ,  No. 247, December 23, 1971.  

, -  ... , 

__ . ... -. . 

29 



Li 
E 
I 
f 
I c 
E 
P 
B 
I 
0 
f 
1 
f 
B 
I e c 
4; 

! 
i 

1 
i 
i 
! 

i 

! 

i 

! 
.I 
! 
1 
! 
i 
'1 
i 
I 

I 
! 

EVACUATION S Y S T E M  

purge 

@ evacuate 

Q sample 

flark pump 

. 

foam encasement 
'.- .'& 

SAMPLING 

heated Pyrex probe 
/ 

squeeze bulb 
I glarrwoal 
j filter 

I 
i 

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

. ... _. . 

F i g u r e  6 .  Ni t rogen  o x i d e  sampl ing  equipment 
. .  

30 

. .  . . 



volume. Mass p e r  u n i t  t ime f i g u r e s  were c a l c u l a t e d  us ing  t h e  

vo lumet r i c  flow rate from t h e  co r re spond ing  Method 5 run p i t o t  
t r a v e r s e .  

S u l f u r  d i o x i d e  sampling procedures  fol lowed t h o s e  d e s c r i b e d  
i n  Method 6.  However, due t o  t h e  low expec ted  c o n c e n t r a t i o n s ,  
t h e  Method 8 sampling t r a i n  shown dn  F i g u r e  7 was used. The 
f i r s t  impinger  con ta ined  150 m l  of 80 p e r c e n t  i s o p r o p a n o l ;  
t he  second and t h i r d  impingers  con ta ined  1 0 0  m l  each o f  3 
p e r c e n t  hydrogen pe rox ide /wa te r  s o l u t i o n .  
t i o n  runs  were performed s imul t aneous ly  w i t h  e a c h  Method 5 
run  on t h e  t h r e e  days  and a r e  of  the same g e n e r a l  d u r a t i o n .  
The first r u n  (S-1) w a s  conducted u s i n g  a flow ra te  of 
approximately 1 acfm and t h e  second and t h i r d  r u n s  (S-2 and 

. S - 3 )  us ing  a ra te  of approximately 0 .5  acfm a t  meter  condi- 
t i o n s .  On t h e  las t  r u n  (S-31, a t  t h e  1 6 4 t h  minute ,  t h e  d i a l  

. s h a f t  of t h e  d r y  gas meter  broke,  and t h e  run  was s topped  and 
cons ide red  t o  b e ' c o m p l e t e  a t  t h i s  p o i n t .  F o r  a l l  t h r e e  r u n s ,  
t h e  s o l u t i o n  I n  t h e  f i r s t  impinger  was r e p l a c e d  w i t h  f r e s h  
s o l u t i o n  d u r i n g  p o r t  swi t ch ing .  A l s o  d u r i n g  t h e s e  s h u t  downs, 
t h e  s i l i c a  ge l  was changed, i f  necessa ry .  After sampling,  
ambient a i r  was passed through t h e  t r a i n  f o r  1 0 ' t o  15 minutes .  
The i sop ropano l  s o l u t i o n  was d i s c a r d e d ,  and. t h e  peroxide  
s o l u t i o n  r i n s e d  i n t o  a glass c o n t a i n e r .  Samples c o l l e c t e d  
from the  s u l f u r  d i o x i d e  modi f ied  Method 6 runs  were analyzed 
by t h e  barium p e r c h l o r a t e  t i t r a t i o n  u s i n g  t h o r i n  i n d i c a t o r  
as o u t l i n e d  i n  t he  December 23, 1971, F e d e r a l  R e g i s t e r .  

Table 4 g i v e s  t h e  summary of r e s u l t s  of t h e  S O z . t e s t i n g .  
SO2 emiss ion  rates are based on t h e  v e l o c i t y  determined d u r i n g  
t h e  Method.,5 run  of t h e  same sampl ing  p e r i o d .  

The SO2 determina- 
... 

. .  - . .. .. , . .  
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V i s  i b l e  Emi  s s i ons 

V i s i b l e  emis s ions  were de te rmined  acco rd ing  t o  p rocedures  
p r e s e n t e d  i n  Method 9. Two o b s e r v e r s  were employed t o  r e c o r d  
s imul taneous  v i s i b l e  emis s ion  data d u r i n g  the  p a r t i c u l a t e  
t e s t i n g .  The o b s e r v e r s  s t a r t e d  r e c o r d i n g  r e a d i n g s  j u s t  p r i o r  
t o  t h e  s t a r t  of t h e  Method 5 run  and ended j u s t  a f t e r  t h e  
Method 5 run  s topped .  Readings were a l s o  d i s c o n t i n u e d  d u r i n g  
shut-down p e r i o d s  for p o r t  changing,  e t c .  

Readings were d i f f i c u l t  t o  de t e rmine  a t  times due t o  t r u c k s  
l o a d i n g  and unloading  ESP..dust and qua r ry  rock  i n  t h e  v i c i n i t y  
of e i the r  t h e  ESP u n i t  or t h e  o b s e r v e r ,  and the  l i g h t - c o l o r e d  
plume a g a i n s t  an o v e r c a s t  and p a r t l y  cloudy sky caused poor  
d i s t i n c t i o n .  I n  a d d i t i o n ,  d u r i n g  t h e  f irst  r u n  c e r t a i n  ESP 
r a p p e r s  se t  up a v i s i b l e  emis s ion  c o n d i t i o n ,  " p u f f s , "  t h a t  r e a d  
approximate ly  5 t o  1 0  p e r c e n t  o p a c i t y  f.or abou t  2 t o  3 seconds 
every  r a p p i n g  c y c l e .  Readings were t aken  and r eco rded  every  
15 seconds .  The summary of these r e a d i n g s  is p r e s e n t e d  i n  

.Table  5. 

T o t a l  S u l f u r  Ana lys i s  

Samples of t h e  l imes tone  f e e d  material i n  t h e  s t o r a g e  s i l o ,  
t h e  k i l n  p roduc t ,  t h e  f u e l  o i l .  and t h e  d u s t . c o l l e c t e d  by t h e  
e l e c t r o s t a t i c  p r e c i p i t a t o r  (ESP) were c o l l e c t e d  n e a r  t h e  be- 

g i n n i n g  and end of each sampling run .  A composi te  was prepared  
of t h e  f e e d  material and f u e l  o i l  on which a n a l y s i s  o f  t h e  t o t a l  
s u l f u r  c o n t e n k w a s  performed a l o n g  w i t h  t h e  i n d l v i d u a l ' s a m p l e s  
of p roduc t r and  ESP d u s t .  The . s u l f u r  c o n t e n t  of t h e  f u e l  o i l  
was ana lyzed  by , t h e  P a r r  bomb c a l o r i m e t e r  method. 

. 
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A major  problem was encoun te red  i n  t h e  a n a l y s i s  of  t h e  s u l f u r  
c o n t e n t  of t h e  l i m e s t o n e  (silo f e e d ) ,  k i l n  p r o d u c t ,  and ESP 
d u s t .  I t  w a s  s u g g e s t e d  by EPA t h a t  t h e  materials be ana lyzed  
by t h e  Parr bomb method (ASTM D271-46). The materials would 
n o t  i g n i t e  u s i n g  the  s t a n d a r d  method, and benzo ic  a c i d  was 
added as a combust ib le  material  as sugges t ed  in t h e  a l t e r n a t e  
method. The procedure  i s  b a s i c a l l y  a g r a v i m e t r i c  t echn ique  
i n  which t h e  s u l f u r  I s  c o n v e r t e d  t o  s u l f a t e  and p r e c i p i t a t e d  
as BaSO+, a whi te  material .  However, t h e  p r e c i p i t a t e  was 
brown, i n d i c a t i n g  t h e  fo rma t ion  of F e ( O H ) 3  which c o p r e c i p i t a t e d  
and t h u s  lead t o  a p p a r e n t l y  high s u l f u r  v a l u e s .  An a l t e r n a t e  
procedure  s p e c i f i c  f o r  l i m e s t o n e  and l ime a n a l y s i s  (ASTM C-25-72) 
was suggested t o  EPA. T h i s  N a 2 C O 3  f u s i o n  method was used t o  
o b t a i n  the  s u l f u r  c o n t e n t  o f  the  l i m e  and l i m e s t o n e  samples. 

F u e l  oil samples were ana lyzed  for s u l f u r  c o n t e n t  by u s i n g  
S tanda rd  Method o f  T e s t  f o r  S u l f u r  i n  pe t ro l eum Produc t s  by 

t h e  Bomb Method, D129-64. The complete  s u l f u r  r e s u l t s  for 
these samples can be found i n  T a b l e  6. 

. 
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COMPLETE PARTICULATE RESULTS 
AND SAMPLE CALCULATIONS 
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T a b l e  A - 1  
ISOKINETIC CALCULATION FOR FIRST ( a )  A N D  

SECOND ( b )  PARTS OF RUN P-1 WITH TWO 

' -DIFFERENT NOZZLE SIZES ' 

TT 

DELH 
VM 
TM 

.. VFlSTO 
v M 
VWG 
PCNTM 
MD 
cn2 
0 2  ... . 
N2 

M W 
OELP 
T S  
PM 
PS 
vs 
DS 
AS .. .  
QS 
Q A  

MWU 

D 1.1 
-.-PC?.!. :. 

LJUIIATION OF HUI.1 
BAHOMETHIC PHESSLIHC 
A V G  O H I F I C E  P R t S S  DROP 
V O L  DRY GPSIMEIER CON) 
A V G  GAS METER. TEMP 
V O L  DRY G.AS I S 7 0  LOND) 
TOTAL H20 COLLECTED 
V O L  H20 VAPORISTD CONI 

PIOLE FRACTION DRY GAS 
PEHCENT C02 
PEECEI.lT 0 2  
PERCENT N 2  

NOL WT OF STACti GAS 
A V G  STPCK VELOCITY HEAD 
S T A C K T E MPE t< A T U  R E 
STACK PRESSUREISTATIC) 
STACK PRESSURE (ABS)  
A V G  STACK GAS VELOCITY 
STACK PIAMETER 
STACK A R E A '  
STACK. FLOW RT(GI<Y S l D )  
STACK FLOW RTIACTUALI  
PROBE, T I P  UIAME.TLH 
PEHCLNT ISOKINCTIC '  

w R c r i T  MOISTLJ I~E  BY VOL 

r,uL W T  OF DRY G A S  

U N I T S  P-1A ----- 
M I  N u l  ES 
I N  HG 
I N  H20 
1)CF 
IITti F 
DSCF 
ML 
S C F  

I N  H20 
DEG F 
I N  H20 
I N  Hb 
FPM 
I F.1 C t I  E S 
SQ I N  
DSCFM 
A C F M  
INCHES 

52.0 
29.69 
2.740 

44.572 
66.3 

43.17 
96.3 

4.565 
9.56 

0.904 
19.0 

8.7 
72.3 
31.4 
30.1 

0.334 
567, 

29.67 
-0.30 

2 6 Y 1 .  

3166.9 
27375. 
59177. 

0.374 
87 5 

65.5n 

P - 1 8  

190.0 
29.69 
0.7'59 

65.329 
87.3 

62.85 
141.1 
6.688 

9.62 
0.904 

19.0 
0.7 

72.3 
31.4 
30.1 

0.413 
627. 

29.67 
3074. 

3166.9 
29552. 
67601. 

102.9 

-0.30 

63.511 

n.294 

Weighted Average C a l c u l a t i o n  
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Y 
B 
Y 
ii c 
D 
P 
1' 
P 
1 
f 
ti 
E 
E 
i c e 
i 
I 

. .  

ARRR ---- 
. - 

TT 
f'U 
DELH. 
vn 
TM 
VrlSTD 
vu 

, VUG 
PCNTM 

-?ID 
c 02 

. .  02 .. . 
N2 
MWD 
MU 
DELP 
T S  
PM 
PS 

.. vs . 
DS 
AS 
OS 
Q A  . 
Uf4 

.. P C T I  
PlF 

.- .MT 
CAN 

. cllo 
CAT 
C A l l  
CAW 
C A X  

DESCRIPTION ----------- 

Table A-2 

PARTICULATE EMISSION DATA 

FURATION OF RllN 
BAROMETRIC PRESSIJRF 
A V G  O H I F I C E  PRESS DROP 
VOL @RY GAS(F1ETER CON) 
A V G  GAS MElEH TEMP 
V O L  DRY GAS I S T O  CON01 
'TOTAL t i20 COLLECTED 
VOL H20 VAPORISTI7 CON) 
PERCNT MOISTUH€ BY V O L  
MOLE FRACTION OHY GAS 
PEHCt:NT C02 
PERCENT 0 2  
PERCENT Eli! 
MOL b!T OF: DHY GAS 
M O L  UT OF STACK GPS 
A V G  STACK VELOCITY HE'AD 
S T A C  K T E MP E H A .I c' I (  E 
STACK PI(ES5UKC ( S T A T I C  1 
STACK PRESSURE ( A P S )  
A V G  STPCK GAS V C L O C I T Y  
STACK DIAMETER . .  

STACK AREA 

STACK FLOW R l ( A C T U A L 1  
PRORE 1 I P  DIAVCTFY 
PER CENT I SOK I FIE T I C 
PARTICULATE (FRONT) 
PARTICULATE I TOTAL 1 
PARTICULATE IFRUNT) 
PARTICL'LATE l T O T I \ L l  
PAHTICULATE I F H U N T )  
PARUCULATE ( T O T A L )  
PARTICULATE (FROhlT)  
PAKTICULATE (1OTAL)  

STACK FLOW R T ( C R Y  .sTD) 

.. . .. . 
. .  - ... 

I U N I T S  P- 1 ----- 
-MI N u l  ES 
I N  HG 
I N  H20 
D C F  
DEG F 
DSCF * 

ML 
SCF 

I N  H20 
DE6 F 

I N  HG 
F PM 
INCHLS 
SQ 1.N 
DSCFM 
A C F M  
INCHES 

PIG 
MG 
GR/DSCF 
C R / @ S C F  
G R / A C F  
GR/RCF 
LR/I iR 
LR/HR 

IN ~ 2 0  

192.0 
29.69 
1.290 

109.901 
87.0 

105.92 
237.5 

11.257 
9.61 

0.904 
19.0 

8.7 
72.3 
31.4 
30.1 

0.391 
611. 

-0 .30  
29.67 
2971. 
63.50 

3166.9 
20986. 
65320. * 

* 
422.9 
667.9 

0.061s 
0.09T1 
0.0273 
0.01130 
15.273 
244.118 

s 

See Table A-1 f o r  c a l c u l a t i o n  of these d a t a .  - -  - 

P-2 

192.0 
2 9  67 
1.72') 

134.028 
94.8 

120.16 
335.0 

15.917 
11 - 0 5  
0 . 8 9 0  

23.0 
6.1 

71.9 
31.8 
30.2 

0.390 
661. 

-0.30 
29.65 
3024. 
63.50 

3166.9 
27704. 
66488. 

104.5 
119.1 
253.3 

n. 3 0 5  

0.0143 
0.03ou 
o.Ooh0 
0.0127 

3.398 
7.226 

P-3 

I 

192.0 
29.61 
1.529 

128.360 
108.4 

118.80 
3.03.8 

14.900 
10.81 
0 rn 892 

21.0 
7.0 

72.0 
31.6 
30.2 

0.301 
655. 

-0  30 
29.59 
2990 
63.50 

3166.9 
27559. 
65754. 

0.305 
97.4 

117.3 
173.5 

0.0152 
0 0225 
0.0069 
0.0094 

3.591 
5.312 - 
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Example: Run 

1. Volume of 

Table  A - 3  
PARTICULATE CALCULATIONS 

No. P-3 (See T a b l e  A - 1  for d a t a )  
I 
I 

d r y  gas sampled at  s t a n d a r d  c o n d i t i o n s  ( d s c f a )  

DELH ) 17.7  x VM ( P B  + 13.6 
(TM + 460) VMSTD = 

-17 .7  x 128.360 x (29 .61  + -) 1 .53  
- 13. - 

108.4 + 460 

. = 118.80 d s c f  

b 2. Volume of water vapor a t  s t a n d a r d  c o n d i t i o n s  ( s c f  

VWG = 0.0474 x VW 
= 0 . 0 4 7 4  x 303.8 
= 1 4 . 4 0 0  s c f  

3. P e r c e n t  m o i s t u r e  i n  s t a c k  gas  

100 x 1 4 . 4 0 0 .  
PCNTM = 118.80 + 14.400 

= 10.81 

4. Mole f r a c t i o n  of d r y  gas , 

100 - PCNTM 
MD = , 100 

- 100 - 1 o . m  - 
100 
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T a b l e  A-3 (Continued)  
PARTICULATE CALCULATIONS 

5. Molecular  we igh t  of d r y  s t a c k  gas 

MWD = (%COz x 0 . 4 4 )  + (%Oz x 0.32) + [ ( % C )  + %Nz) X 0.281 

= (21 .0  x 0 . 4 4 )  + (7 .0  x 0.32)  + [ ( O  + 72.0) x 0.281 

= 31.6 

6. Molecular weight  of wet s t a c k  gas 

MW = MWD x MD + 1 8  (1 - MD) 
= 31.6 x 0.892 + 18 (1 - 0.892) 
= 30.2 

7. ' Stack  gas v e l o c i t y  a t  s t a c k  c o n d i t i o n s  (fpmc) 

r i = n  1 

1% 

where n = t h e  number o f  d a t a ' p o i n t s  

= 4360 x 20.50 x 29.59 30 .2  
= 2990 fpm 

8. S t a c k  gas vo lumet r i c  f low rate  a t  s tandard  c o n d i t i o n s  
( ds c f m d )  

QS = 0.123 x vs x AS x MD x PS 
TS + 460 . 

- - 6.1'23 x 2990 x 3166.9 x 0.892 x 29.59 
655 + 460 .. _ .  

= 27,559 dscfm 

39 



Tab le  A-3 (Cont inued)  
PARTICULATE CALCULATIONS 

9 .  S t a c k  g a s  vo lumet r i c  flow r a t e  a t  s t a c k  c o n d i t i o n s  ( a c m e )  

0.05645 x QS (TS + 460) 
PS x MD QA = 

- - 0.05645 x 27559 x (655 + 460) 
29.59 x 0.892 

= 65,754 acfm 

10.  Area of nozzle (sq f t )  

AN = 54.54 x ~ O - ' ( D N ) ~  

= 5.07 x io - '  sq f t  
= 54.54 x 10-4(0.305)2 

11. P e r c e n t  I s o k i n e t i c  

12. P a r t i c u l a t e - p r o b e ,  cyc lone ,  and f i l t e r  ( g r / d s c f )  

MF 
VMSTD CAN = 0.0154 x 

117.3 = 0.0154 x . 
= a,.. 0152 g r / d s c f  

40 



Table A- 3 (Continued) 
PARTICULATE CALCULATIONS 

13. Particulatertotal (gr/dscf) 

MT CAO = 0.0154 x VMSTD 

= 0.0154 x mo 173.5 

= 0.0225 gr/dscf 

14. Particulate-probe, cyclone, and filter at stack condi- P tions (gr/acf) 

17.7 x CAN x PS x MD 
(TS + 460) CAT = 

= 17.7 x 0.0152 x 29.59 x 0.892 

= 0.0064 gr/acf 

# c 
# 
li 
1 
B 
1- 
c 

(655 + 460) 

15. Particulate-total at stack conditions (gr/acf) 

17.7 x CAO x PS x MD 
(TS) + 460) 

17.7 x 0.0225 x 29.59 x 0.892 

CAW = 

- - 
= 0.0094 gr/acf 

(655 + 460) 

16. Particulate-probe, cyclone and filter (lb/hr) 

CAW = 0.00857 x CAN x QS 
= 0.00857 x 0.0152 x 27559 
= 3.591 lb/hr 

I 
B 
I .  

17. Particulate-total (lblbrl- 

CAX = 0.00857 x CAO x QS 
= 0.00857 x 0.0225 x 27559 
= 5.312 lb /hr  
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Y - Tab le  A-3  (Cont inued)  
PARTICULATE CALCULATIONS 

aDry s t a n d a r d  c u b i c  fee t  @ 7O0F, 29 .92 . in .  Hg 

bStandard  c u b i c  feet  @ 7O0F, 29.92. i n .  Hg 

‘Feet p e r  minute  @ s t a c k  c o n d i t i o n s ;  n = number of  d a t a  p o i n t s  

dDry s t a n d a r d  c u b i c  feet  p e r  m i n u t e  8 7O0F, 29.92 in. Hg 

eActua l  c u b i c  f ee t  p e r  minute  @ s t a c k  c o n d i t i o n s  

I 
I . .  
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A P P E N D I X  B 

COMPLETE NOx. R E S U L T S  

AND SAMPLE CALCULATIONS 
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C 
f 
f 
E 
I 
c 
8 
B 
P 
1 
c 
P 
P 
P 
# 
i 
B 
i' 
C' 

Tab le. B-2 
METHOD 7 - NO, CALCULATIONS 

:'Plant Woodville Lime and Chemical Company 1 1 Date 8-6-74 

Test w0.  N-IA Example Calculation 
I 

= VF = 2071 

Initial absolute pressure o f  flask (in Hg) PI = 2.69 

I 
; Volume of flask and valve (ml) 

L Final absolute pressure of flask (in Hg) D pp 29.11 

i Initial temperature of flask (OF) = TI = 87 
i F i n a l  temperature of flask (OF) = TF = 68 

t b s s  of  NO^ as  NO^ in gas sample (rg) M = 604.7 
I! 
i 
I.' 

I 
Volume of sample at standard' conditions, dry basls(m1) = VS 

ml 29.11 2.69 1820 VS - 17.71 x ( 2071 - 2 5 ) ( 6 H  t 4 6 0  - 67 t 4 6 0 )  i 
i ! 

j .  
Concentration of NO, as NO2 (dry basis) (lbs/scf) = C i 

M 
' C 6.2 x 10-5 X(E) 

t .  

604.7 j E c = 6 . 2 ' ~  10-5 x ( lu20 i 
. . .~ . - . .__ . .. - . . . . . . . 

2.059 x lbsl 
I - scf  

. . -. .. .~ . . .  , 

. . . - .  . 
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APPENDIX C 

COMPLETE SO2 RESULTS. 

AND SAMPLE CALCULATIONS 

. 
1- . .., . . .  



E e 
1 
Y 
I 
I 
U 
P r 
P 
li B e 
U 
1 
f 
P 
i 
i 

Barometric Pressure Absolute (in Hg) BP - 
Average Meter Temperature ( O R )  

Absolute (OF + 460) Tm 
Volume Through Dry Gas Meter (CF) Vm 
Volume of Ba(C104)2 to Titrate Sample (ml) Vt = 
Volume of Ba(C10,,)2 to Titrate Blank (ml) 
Normality of Ea(ClOt,)* solution (g-eq/l) 
Total Volume of Solution (ml) vs = 
Volume of Aliquot (ml) va 
Volume of Gas at Standard Conditions (SCF) - Vg 

v$ : 

29.6 9 

Concentration of SO2 (lbs/SCF) dry basis = C 

Velocity of Stack Gas (Actual)(FPS) 
I Moisture in Stack Gas 
Area of Stack (ft2) 
Absolute Stack Temperature (OR) 
Absolute Stack Pressure (in Hg) 

SOz Flow Rate (lbdhr) D1 S 

47 



METHOD 6 
- SO2 CALCULATION 

Plant /d/d/u, / '  c -  /,me- Date 8- 7-7Y 
Location d4JU, //p &/, > Run# s- 2 
Barometric Pressure Absolute (in H g )  BP = 
Average Meter Temperature ( O R )  

Absolute (OF + 460) Tm 
Volume Through Dry Cas Meter (CP) Vm E 
Volume of Ba(C104)2 to Titrate Sample (ml) Vt = 
Volume of Ba(C104)2 to Titrate Blank (ml) vb 
Normality of Ba(C10b)2 Solution (g-eq/l) N =  
Total Volume of Solution (ml) vs = 
Volume of Aliquot (ml) . Va 
Volume of Cas at Standard Conditions (SCF) - Vg 
Concentration of SO2 (IbdSCF) dry basis - C 

- 6  
C -  d38 X / h  lbs/SCF 

Velocity of Stack Cas (Actual)(FPS) v u  5 8 - 4  
I Moisture in Stack Qas M -  //. /7r 
Absolute Stack Temperature (OR) 
Absolute Stack Pressure (in Hg) P8 9 d 9 . L . C  

Area of Stack (ftZ) . A =  L J . 0  
Ts = N// 

SO2 Flow Rate (lbs/hr) - S 

. .  . . .  
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E 
l 
E 
I 
E 
1 
1 
I 
P 
c 
E 
I 
1 
f 
I 
f 
i 
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METHOD 6 
- SO2 CALCULATION 

Date f-P-7f 
Run# 5- 3 

Plant JKiL, / , f l y  

Location d d o ~ ,  / /p  K / ; ~  I 
I -  

Barometric Pressure Absolute (in Hg) 
Average Meter Temperature ( O R )  

Volume Through Dry Gas Meter (CF) 
Volume of Ba(ClO,,)2 to Titrate Sample (ml) 
Volume of Ba(C109)~ to Titrate Blank (ml) 
Normality of Ba(C104)2 Solution (g-eq/l) 
Total Volume of Solution ( m l )  
Volume of Aliquot ( m l )  
Volume of Gas at Standard Conditions (SCF) 

Absolute (OF + 460) 

I 

Vg - 17.71 - 17.71 P 73 &4/ J-56 

Concentration of SO2 (lbs/SCP) dry basis - C 

c -  2,/7 , A /# 4 lbs/SCF 

v -  y? 8 
M =  / A <  8/ 

Velocity of Stack Gas (Actual)(FPS) 
i Moisture in Stack Oas 
Area of Stack (ft2) 
Absolute Stack Temperature ( O R )  
Absolute Stack Pressure (in Hg) ps - 
SO? Flow Rate (lbs/hr) = S 

-- . ... . . .  
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APPENDIX E 

FIELD TEST DATA SHEETS 
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TRAVERSE POINT LOCATI ... FOR C l R C l L \ R  DUCTS 

PLANT L i  

S M L I N C  DhTE - LOCATION m- d ~ a ~ ~ f $ ~ ,  ' So' ' 

INSIDE OF FAR WALL TO 

INSIDE OF NEAR WALL TO 
OUTSIDE OF NIPPLE, (DISTANCE A) 

OUTSIDE OF NIPPLE, (DISTANCE B) 
V ~ C K  ID.;(DISTANCE A .  DISTANCE e) ' 6.3 7 
WEAREIT UPITREAM DISTURBANCE t 4 C "  

CALCULATOR- - n SCIIEMATIC OF YMPLING LOCATION 
4b-* 

117 



NOMOGRAPH DATA 

-- . ... . 
EPA (DUO M 

4/72 
.. . . . . . . - .. .. . . . 

11 8 



J 
3 
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CLEAN-UP DATA 

Plant L ~ ~ o P o ; L / K  Comments : 
Date 8-6 .7c/ 
Sampling Location € 9 ’ o o i r 6 l  
Sample Type € f g - 5  
Run Number / - P  
Sample Box Number /e 
clean-up Man 7MMLrn.d 

IMPINGERS 

11 1 2  13 14 1 5  

Final V O ~ .  48’ ml ml ml ml ml 
Initial Vol. -?or’ ml ml ml ml ml 
Net Vol. z o o  ml ml ml ml ml 

Total Net Volume in Impingers Zoo ml 

Final Weight d 3 z + 4 g  3/( g g 

3o’ g 3 6 0  g g 

Net Weight 22.5 g /5 g g 

Total Net Weight in silica Gel 3Z5 g 

P L I C A  GEL 

Initial Weight 

Total Molsture z3i!g g 

Filter Number(s1 3.1-5 

122 
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CLEAN-UP DATA 

t 
Plant ~ b o o w u 6  L/&f? Comments : 
Date g-L:74 
Sampl.ing Location 69’ OUTLET 
Sample Type 8 
Rur Number A i 6  9-f 

f 
; 

. .  

Sample B o x  Number 2. 
Clean-up Man ‘7~ff~mJd 

Final vel. ~ 0 . r  ml 3P4 ml m l  ml 117. ml 
Initial V O ~ .  /on.n  ml ml ml ml io@ m l  

ml 17 m l  Net Vol. -W*Y ml T r n ~  ml 

Total Ir’et Volume in Impingers 1Pf.s m l  

.. 1. 
” 

SILICA GEL 

g Final Weight , .? IF), 5 g 33-7. r 

Initial Weight .3 PQ,P g J O O . , ~ ,  g S 
Net Weight 5 I, 5 s, s7- -r g S 

Total Net Weight in Silica Gel \ 0 9  .o g 

Total Moisture a!?,s g 

Filter Number(6) 2 - q  

- . .  .. . .. . . 

i 
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CALIBRATED PRESSURE DIFFERENTIAL ACROSS 
ORIFICE, in. H20 

,. . . 

AH@ 

NOMOGRAPHDATA 

PW(T Woodville, Ohio 

DATE - 7-7q 

2 - L  & P - 2  
SAMPLING LOCATION -A 

AVERAGE METER TEMPERATURE (AMBIEKT+~oO.oF 

PERCENT MOISTURE IN GAS STREAM BY VOLUME 

BAROMETRIC PRESSURE AT METER, in. HE 

Tmss. 

b 0  

Pm 

RATIO OF STATIC PRESSURE TO METER PREWRE 

AVERAGE STACq TEMPERATURE, "F 

AVERAGE VELOCITY HEAD, in. $0 

MAXIMUM VELOCITY HEAD, in. H20 

STATIC PRESSURE IN STACK, in. Hg 

(Pm20.073 x STACK GAUGE PRESSURE in in. HzO) 

P 
'&I 

T%g. 

APavI. 

% a x .  . 
8- 8- 'C FACTOR 

8-5- 

/b 

2 4-4 7 

,-3 
4 

CALCULATED NOZZLE DIAMETER. in. 

/ 

a00 

,305' 

.lqz , ( / z  
ACTUAL NOZZLE DIAMETER, in. 

REFERENCE Ap. in.420 

.. . .. . 

.~.. . . . . 

€PA (DUO M 
4/12, -.. 
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CLEAN-UP DATA 

Plant U&.&&Q, Comment s : 
Date g / > / 7 - 4 '  
Sampling Location WSU 
Sample Type p a A &  
Run Number P -a 
Sample Box Number MR e - %  
clean-up Man P v . C 1 L c L ,  

IMPINGERS 

Y1 # 2  b.3 b.u b.5 7 .  

Final Vol. 359 ml I S e  ml 4 ml ml ml 
Initial vol. LOO ml I O 0  ml 0 ml ml ml 
Net V O ~ .  &s+ ml 4 0  ml 1 ml ml ml 

Total Net Volume in Impingers 29% ml 

337-8 SILICA GEL 

Final Weight g g g 
Initial Weight 300 - cJ g g g 

Net Weight 37- 8 g g g 

Total Net Weight In Silica Gel g 

Total Moisture g 

Fllter Number(s1 3 a  - I 
. ... 

. 
. . . . 

MRC 7/73 
-. . . . .- ______ 

. .  
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Date %-7-7$ 
Sampling Location E-SP~LLZ 
SampAe Type EPA-8 
Run Number 2-2 . 
Sample Box Number 
clean-up Man -~I-\\N--L , S t L \ \ t c s s e r  

A #4 8 5  
IMPINGERS s9peo?@ 

81 #2 1 3  

Final Vol. 2 5 2 m l  3 2 0  ml ml ml ml 
Initial V O ~ .  300 ml 200 ml ml ml ml 
Net Vol. 452- ml 1x0 ml ml ml ml 

Total Net Volume in Impingers 171 ' ml 

SILICA GEL 

Final Weight 3 5 0 . 5  g . .  g g 
Initial Weight 300 g g g 
Net Weight . 56.5 g g g 

Total Net Weight in Silica Gel 50.5 g 

Total Moisture a Z Z 5  g 

. .  . . . . .  , 

-- . ,.. . 

MRC 7/73 
--. . 

. - . . 
-- 
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CLEAN-UP DATA 

- 
P l a n t  w&iLL L Comments : 

Date r / k / 7 4  

Sample Type 3t-L ,&Q & 

Sample Box Number 

Sampling L o c a t i o n  K;4*, ESPSTt-,R 

Run Number p - 3  
hn L e  

Clean-up Man ~ L - L  66- 

- 
I 

IMPINGERS 

ui # 2  u3 #4 # 5  

F i n a l  Vol .  '3at ml \&a ml b m l  ml m l  
ml ml ml I n i t i a l  Vol .  1m ml foS m l  

Net Vol.  a84m1 + a m 1  b ml ml m l  

To ta l  Net Volume i n  Impingc'rs a7a- ml 

SILICA GEL 

F i n a l  Weight 3-21 ,% g g g 
I n i t i a l  Wejght 300 B g g 
Net Weight 31#d g g g 

T o t a l  Net Weight i n  S i l i c a  G e l  3/,v 

T o t a l  M o i s t u r e  3 0 3 , G  g 

F i l t e r  Number(s) '32Q.5- . 

MRC. .. .. 7/73 . 
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CLEAN-UP DATA 

F i n a l  Vol.  q 7  ml 320 ml m l  m l  150 m l  
I n i t i a l  V O ~ .  /C'' ml ZOO m l  m l  ml f 6 0  m l  
Net Vol. -3 m l  I Z O  ml m l  ml 30 r n l  

T o t a l  Net Volume i n  Impingers /L/ 7. ' m l  

SILICA GEL 

F i n a l  Weight 3q5. g g g 

Net Weight 4 5  g g g 
I n i t i a l  Weight -?@ g g g 

T o t a l  'Net Weight. i n  S i l i c a  G e l '  

T o t a l  Moisture / 9 2  g 

F i l t e r  Number(s1 3 2  -29 . 

. -  
MRC 7/73 
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APPENDIX F 

PROCESS OPERATION FIELD DATA SHEETS 
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X O i l  t o  % Gas p 7 p - p q 7  

Primary Current  7 y  
1 Primary Voltage v o l t s  lzss 1150 I 25-c l a w  

P r e c i p i t a t o r  Current  amps c.43 1,4-c 
ESP "6" F i e l d  

- I  

I 
- .  ?+ 
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APPENDIX G 

SAMPLE IDENTIFICATION LOG 

. .  . .  
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SKVLE IDEMIFICATIOH LOG 
[ 
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SIUVLE IOENTIFICATIOII LOG 
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ANALYTICAL DATA 

& , p  L-16 ' CO8WENTS: 

J 
PLMT 

/" / e - 5 i p f d d  
DATE 2?/L /7 q 

M P L E  TYPE E P 4  'C 
RUN NUMBER 7 -  / 

' SMPLING LOCATION , 

SAWPLE BOX NUMBER 

CLEAN-UP @EN xJE& 
ANALYST 

FRONTHALF . '  . UBORATORY RESULTS 

a 6%. A- me ACETONF WRSH OF NOZZLE, PROBE. CYCLONE (BYPAIS). W N T A I N E R S -  77g 
FLASK, FRONT HALF OF FILTER HOLDER 

3 a -3; 15-6 ~ ~ ~ ~ C ~ ~ T A ~ N E R J ~ - ~ ~ , - ~ , ~  D6.4 m 
cry2 7% Grd. 

FILTER NUMBER 

FRONT HALF SUBTOTAL 492.9' 

BACK HALF 

ETHERJ3iLOROFORM 
WPINGER CONTENTS AND WATER WASH OF 

IMPINCERS. CONNECTORS, AN0 BACK 
HALF OF F lLTUI  HOLDER U(TRACTl0N 574/-60/- /d 7. B DE 

ACETONE WASH OF IMPINGERS, CONNECTORS, CONTAlNER&o/-~79 7P. 7 me 

aN9 AND BACK HALF OF FILTER HOLDER 
BACKHALFSUBTOTAL 
TOTAL WElGHT 6 / 9 9  q 

-MOISTURE 

MPINGERS 
FINALVOLUME 9C.o mI . 
INITIAL VOLUME-& ml 
NETVOLUME j Z e e d  . . .  SILICAGEL . 
FINALWEIGHT a- I XI I 

I 
TOTAL MOISTURE I' .? 7 5- .I 

INITIAL WEIGHT ,d I 
NET WEIGHT 3 2 . 1  ' .  t ' 

159 



ANALYTICAL DATA 

I: 
DATE b/7/?4 
IM~PL~NG LocATiow/ & S P  d& I 

LPB -5 
- 

SAMPLE TYPE 

RUN NUMBER 

SAMPLE BOX NUMBE 

- 

FRONT HALF UBORATORY RESULTS 

ACETONE WASH OF NOZZLE, PROBE. CYCLONE (BYPASS). CONTAINER 7%OOf-XV7 J3.7 4 
FLASK. FAONT MALF OF FILTER HOLOER 

FILTER NUMBER 33-1 CONTAINER 574/- Qd- sc/L &*./ sp 

FRONT HALF SUBTOTAL nl 

BACK HALF 

IMPINGER CONTENTS AND WATER WASH OF C O N T A l N E R S - 8 Y 9  A X  2- m i  
IMPINCERS, CONNECTORS, AN0 BACK ETHER~CHLOROFORM 
HALF OF FILTER HOLOER EXTRACTIONS 7$'-&9pW~7 \5-LZ m i  

ACETONE WASH OF IMPINGERS. CONNECTORS, ~NTAINER&-~ ~t 27.2 m i  

BACK HALF SUBTOTAL /3%2 m i  

TOTAL WEIGHT dJ.33 uq 

AND BACK HALF OF FILTER HOLOER 

_MOISTURE 

MPINGERS 
FINAL VOLUME &ml 
INITIAL VOLUME-&%!- nl 
WETVOLUME z d  

SILICA GEL 
FINAL WEIGHT 1 
INITIAL lFlCHT a 1 
NET WEIGHT d I 

EPA mUrl a1 
4112 - 

. 
1 '  1 

. .  . ~- .. 
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ANALYTICAL DATA 

PLANT m 
DATE Y hI74 
SMPLING LOCATION ' 4 W g 2  
W L E  TYPE A 
RUNNUMBER p-3 
SAMPLE BOX num 

FRONT HALF LABORATORY RESULTS 

ACETONE WASH OF NOZZLE, PROBE. CYCLONE (BYPW. WNTAINEW~S 4/zs m# 

FILTER NUMBER d<<d ~ / ~ ~ ~ C O N T A I N E R 5 7 1 / . 6 0 ~ ~ 1  d?,S m i  

FLASK. FRONT HALF OF FILTER HOLDER 

A ./JlS,. 64 

FRONT HALF SUBTOTAL //z3 m( 

BACK HALF 
IBPINGER CONTENTS AND WATER WRSH OF C O m A i N E R b a  4 3'3.2 m i  

/L 8 Ql 
IMPINGERS. CONNECTORS, AN0 BACK ETYER.CHLOROFORM 
HALF OF FILTER HOLDER EXTRACTION J7$U0/-fSdp 

ACETONE WASH OF INPINCERP. CONNECTORS. 
ANOBACWHALFOFFILTERHOLDER 

CONTAINERSM & 2 ng 

BACK HALF SUBTOTAL -ik* a o( 

TOTAL WEIGHT /YJ,s- m i  

JAOISTURE 

MPINCERS 
FINALVOLUME &QI /fJ 6 

NETVOLUME 5'& b 
INITIAL VOLUME-& ml 3 

161. 
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SULFUR CONTENT ANALYSIS 
I 

UEAT OF WUBUSTIOU DATA SHEET 
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HUT OF UlHBUSTION DATA SHEET I . . .  

i Corrected Temverature RISCI 

iinal Temp. '1 3.195- 

Fired + Sec. 

- Radiation Rate*: 

Initial  ate (rl) - , 030 + ..5 * .a06 'C 
Prelin. H h Y L C .  per M i " .  
Ri.e 

correet1ons for Total mu: 

, .  .. ... . . . ... . . . . . . .... . wui+.. .. . Pi.. 
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Final  Rate (I.$ - .8D> + - . & M y  *C 
Final Minutes nin. 

. . Cq"iV. .U.. . . . .. .. . . . . 
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Determinat ion of P a r t i c u l a t e  Emissions 

The fo l lowing  method was used i n  t h i s  t es t  program. Sampling 
procedures  fol lowed those  d e s c r i b e d  i n  t h e  F e d e r a l  R e g i s t e r . '  

Sampling Apparatus 

The p a r t i c u l a t e  sampling t r a i n  used i n  t h e s e  tests m e t  de s ign  
s p e c i f i c a t i o n s  e s t a b l i s h e d  by  t h e  F e d e r a l  EPA and was assembled 
by MRC personnel .  I t  c o n s i s t e d  o f :  

Nozzle - s t a i n l e s s  s tee l  (316)  w i t h  sha rp ,  t a p e r e d  
l e a d i n g  edge and a c c u r a t e l y  measured round opening 
Probe - Pyrex g l a s s  w i t h  a h e a t i n g  system capable  o f  
ma in ta in ing  a minimum gas  tempera ture  of 250°F a t  t h e  
e x i t  end d u r i n g  sampling 
P i t o t  Tube - c a l i b r a t e d  type  S a t t a c h e d  t o  probe t o  
monitor s t a c k  gas v e l o c i t y  
F i l t e r  Holder - Pyrex glass w l t h  h e a t i n g  system capab le  
o f  main ta in ing  minimum tempera ture  o f  225OF 
D r a f t  Gage - a n  i n c l i n e d  manometer made by Dwyer w i t h  
a r e a d a b i l i t y  of  0 . 0 1  i n c h e s  H20 i n  t h e  0-1 inch  range 
was used 
Impingers - f o u r  impingers  connected I n  s e r i e s  wi th  
g l a s s  b a l l  j o i n t s .  The f i r s t ,  t h i r d ,  and f o u r t h  
impingers  were of t h e  Greenburg-Smith des ign ,  modif ied 
by r e p l a c i n g  t h e  t i p  w i t h  a 1 / 2  i nch  I . D .  g l a s s  t u b e  
ex tend ing  t o  1 / 2  i nch  from t h e  bottom o f  t h e  f l a s k .  
The second impinger  was o f  t h e  Greenburg-Smith des ign  
wi th  a s t a n d a r d  t i p .  
Thermometer - Type K (chromel/alumel) thermocouples 
wi th  a D i g i t e c  Model 590 d i g i t a l  thermometer ( r ange  
Of -310O t o  2500OF) . 

' Fede ra l  R e g i s t e r ,  V o l .  36, No. 247, P a r t  11, December 23, 1971. 

. .  __ . ,.. . 
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Mete r ing  System - vacuum gauge ,  l e a k - f r e e  pump, thermo- 
couDles  Capable o f  measur ing  t e m p e r a t u r e  t o  w i t h i n  
5OF; d ry  pas meter w i t h  2% a c c u r a c y ,  and  r e l a t e d  equ lp -  
ment t o  m a i n t a i n  a n  i s o k i n e t i c  s a m p l i n g  r a t e  and  t o  
d e t e r m i n e  sample volume. The d r y  gas meter is by 
Rockwell  and t h e  f i b e r  vane  pump i s  by Gast. 
Baromete r ' -  Bourden t u b e  t y p e  t o  measure  a t m o s p h e r i c  
p r e s s u r e s  t o  kO.1 i n c h e s  Hg 

Sampl ing  P r o c e d u r e  

After s e l e c t i n g  t h e  s a m p l i n g  s i t e  and  t h e  minimum number o f  
t raverse  p o i n t s ,  t h e  s t a c k  p r e s s u r e ,  t e m p e r a t u r e ,  m o i s t u r e ,  
and  r a n g e  o f  v e l o c i t y  head  was measured a c c o r d i n g  t o  p r o c e d u r e s  
d e s c r i b e d  i n  Method 1 of t h e  F e d e r a l  Register (December 23, 1971)., 

Approximate ly  200  grams o f  s i l i c a  ge l  were weighed i n  a s e a l e d  
i m p i n g e r  p r i o r  t o  e a c h  t es t .  Glass f i b e r  f i l t e rs*  ( 3 "  d i a m e t e r )  
were d e s i c c a t e d  for a t  least  24 h o u r s  and  weighed t o  t h e  nearest 
0 . 1  mi l l ig ram on an a n a l y t i c a l  b a l a n c e .  One hundred  m l  o f  
d i s t i l l e d  water was p l a c e d  I n  e a c h  o f  t h e  f i rs t  two i m p i n g e r s ,  
t h e  t h i r d  i m p i n g e r  was I n i t i a l l y  empty,  and t h e  i m p i n g e r  c o n t a i n -  
i n g  t h e  s i l i c a  ge l  was p l a c e d  n e x t  I n  s e r i e s .  The t r a i n  was 
set  up w i t h o u t  t h e  p r o b e  as shown In F i g u r e  J-1. The s a m p l i n g  
t r a i n  was leak checked  a t  t h e  s a m p l i n g  s i t e  b y  p l u g g i n g  t h e  
I n l e t  t o  t h e  f i l t e r  h o l d e r  and  p u l l i n g  a t  least a 15- inch  Hg 
vacuum. Leakage ra tes  o f  less t h a n  0.02 cfrn a t  a vacuum o f  1 5  
I n .  H g  were r e c o r d e d  i n  a l l  cases. The p r o b e  assembly  was 
t h e n  a t t a c h e d ,  and  c r u s h e d  i c e  p l a c e d  a round  t h e  l m p i n g e r s .  
More i c e  was added d u r i n g  t h e  r u n  t o  keep  t h e  t e m p e r a t u r e  of 
t h e  gases l e a v i n g  t h e  l a s t  i m p i n g e r  a t  a p p r o x i m a t e l y  TOOF. 

s 

* MSA 1106 BH o r  e q u i v a l e n t - .  
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During sampling, s t a c k  gas and  sampling t r a i n  d a t a  were recorded  
a t  each sampling p o i n t  and when s i g n i f i c a n t  changes i n  s t a c k  

- flow c o n d i t i o n s  occurred .  I s o k i n e t i c  sampling r a t e s  were s e t  
throughout  t h e  sampling p e r i o d  w i t h  t h e  a i d  of  a nomograph. 

Sample Recovery Procedure 

The sampling t r a i n  was moved c a r e f u l l y  from t h e  t es t  s i t e  t o  
t h e  c l e a n  up a r e a .  Samples of  t h e  ace tone  and water  used i n  
t h e  sample recovery  were taken  f o r  use as b lanks .  The sample 
f r a c t i o n s  were recovered  as fo l lows:  

Conta iner  No. 1 - t h e  f i l t e r  was removed-from i t s  h o l d e r  
and p l aced  i n  a p e t r i  d i s h  and s e a l e d .  
Conta iner  No. 2 - Loose p a r t i c ' u l a t e  and ace tone  washings 
from a l l  sample-exposed s u r f a c e s  p r i o r  t o ' t h e  f i l t e r  were 
p l aced  i n  a g l a s s  j a r  and s e a l e d .  P a r t i c u l a t e  was removed 
from t h e  probe wi th  t h e  a i d  of a brush and ace tone  r i n s -  
i n g .  
Conta iner  No. 3 - The conden.sate from t h e  f i r s t  t h r e e  
Greenburg-Smith impingers was measured w i t h i n  2 1  m l  and 
p l a c e d . i n t o  a glass jar .  Water r i n s i n g s  ,from t h e  back 
h a l f  o f .  t h e  f i l t e r  ho lde r ,  a l l  connec tors ,  and. t h e  f i r s t  
t h r e e  Greenburg-Smith impingers  were p l aced  i n  t h i s  con- 
t a i n e r  and t h e  c o n t a i n e r  s e a l e d .  
Conta iner  No; 4 - Acetone r i n s i n g s  from t h e  back h a l f  o f .  
t h e  f i l t e r  ho lde r ,  suppor t ,  a l l  connec tors ,  and t h e  f i rs t  
t h r e e  Greenburg-Smith impingers  were p l aced  i n  t h i s  con- 
ta iner  and s e a l e d .  
Conta iner  No. 5.- A minimum of 300 m l  of acetone was 
taken  f o r  t h e  p lank  a n a l y s i s .  
Conta iner  No. 6 - A minimum of  300 m l  of d i s t i l l e d  water 
was taken  f o r  a b lank .  ... . 

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

The s i l i c a l g e l .  from t h e  four ' th impi,nger- w a s  w'ei.ghed and re- 
. .  . .. . .  . 

. ' .corded: The use.d s i l i c a . g e 1  . .  was d i sca rded ;  ' . ' '  . 
.. . . . .  
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2. 

Method 5 - MRC Clean Up Procedure 

Probe Clean Up 

Remove any material from t h e  o u t s i d e  of t h e  probe and 
n o z z l e  t h a t  may contaminate  t h e  sample by f a l l i n g  o r  b 

washed i n t o  t h e  sample b o t t l e .  Remove t h e  nozz le  and. 
r i n s e  t h e  i n s i d e  w i t h  a c e t o n e  i n t o  t h e  f r o n t  1/2 ace tone  
sample b o t t l e .  Brush t h e  i n s i d e  w i t h  a c l e a n  t e s t  t ube  
b rush  wh i l e  f l u s h i n g  w i t h  a c e t o n e  i n t o  t h e  sample b o t t l e - .  
Wash t h e  b rush  w i t h  ace tone  i n t o  t h e  b o t t l e .  Rinse  t h e  
i n s i d e  of t h e  nozz le  a f i n a l  t ime w i t h  ace tone .  

E l e v a t e  one end ( t h e  n o z z l e  end)  o f  t h e  probe and r i n s e  
through w i t h  ace tone  i n t o  t h e  f r o n t  1/2 sample b o t t l e  while  
s lowly  r o t a t i n g  through 720O. Run a c l e a n  probe b rush  
through t h e  probe whi le  f l u s h i n g  w i t h  ace tone  and s lowly  
r o t a t i n g  the  b r u s h .  When t h e  brush  is exposed on t h e  down 
stream end of  t h e  probe,  r i n s e  i t  i n t o  t h e  sample b o t t l e  
w i t h  ace tone .  Do no t  p u l l  t h e  b rush  back through t h e  probe.  
Repeat t h e  b r u s h i n g  s t e p .  Rlnse  t h e  probe a f i n a l  t ime 

by f l u s h i n g  w i t h  ace tone  w h i l e  r o t a t i n g  i t  360O. Wash the 
f u n n e l  i n t o  the  sample b o t t l e .  Observe t h e  probe i n s i d e  
and repeat t h e  c l e a n  up procedure  if sample p a r t i c l e s  are 
obvious.  

- _  

Cyclone and  F i l t e r  Clean U p  

Remove t h e  cyc lone  and connec t ing  g l a s sware .  Rinse t h e  
cyc lone  w i t h  ace tone  in . to . . t he .  c o l l e c t i o n  f l a s k  and pour  
i n t o  t h e  f r o n t  1/2 sample b o t t l e .  Repeat u n t i l  a l l . l o o s e  
material i s  c o l l e c t e d .  If sample material adhe res  t o  t h e  

- . _  .. . .. . , 

- . 
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i n s i d e  s u r f a c e s ,  a small t e s t  tube  brush  can be used t o  
f r e e  i t ,  and i t  shou ld  be r i n s e d  i n t o  t h e  sample b o t t l e .  
I f  a b rush  o r  s p a t u l a  i s  used t o  c l e a n  t h e  cyc lone  and c a t c h  
b o t t l e ,  i t  must be c leaned  i n t o  t h e  sample b o t t l e .  All 
connec t ing  g lassware  between t h e  cyclone system and f i l t e r  
must be t r e a t e d  i n  t h e  same manner, i . e . ,  f l u s h i n g  and/or  
b r u s h i n g  t h e  sample exposed s u r f a c e s  i n t o  t h e  sample con- 
t a i n e r  w i th  ace tone  u n t i l  no sample m a t e r i a l  is v i s i b l e .  

The f i l t e r  assembly must be d isassembled  i n  a d u s t - f r e e  
area. The f i l t e r  membrane shou ld  be' loosened  from t h e  

s i l i c o n  r u b b e r  g a s k e t  by r u n n i n g  a k n i f e  b l a d e  o r  s p a t u l a  
between them b e i n g  c a r e f u l  n o t  t o  s c r a p e ' o r  loosen  p a r t i c l e s  
of glass from t h e  glass fr i t .  L i f t  t h e  f i l t e r ,  u s i n g  a 
s p a t u l a ,  and. p l a c e  i n t o  i t s  s t o r a g e  c o n t a i n e r .  C a r e f u l l y  
s c r a p e  a l l  p a r t i c l e s  . o f  f i l t e r  m a t e r i a l  from bo th  mating 
s u r f a c e s  ( i .e . ,  t h e  s i l i c o n  r u b b e r  g a s k e t  and t h e  f r o n t -  
h a l f  g l a s s  h o l d e r )  and p l a c e  them i n  t h e  s t o r a g e  c o n t a i n e r .  . 

Rinse  and brush  t h e  f r o n t - h a l f  g l a s s  h o l d e r ' s  sample exposed 
s u r f a c e s  i n t o  t h e  sample b o t t l e  w i th  ace.tone.  
wash o r  r i n s e  t h e  f r i t .  Wash b r u s h e s ,  s p a t u l a s  and f u n n e l s  
i n t o  t h e  sample and s t o r e .  

Dp n o t  

- 

3. Back 1 / 2  Clean Up 

Rinse t h e  back h a l f  f i l t e r  h o l d e r ,  connec t ing  g l a s s  t o  t h e  
f i rs t  impinger ,  and impinger  "U" bends w i t h  d i s t i l l e d  wa te r  
i n t o  t h e  back h a l f  wa te r  wash sample b o t t l e  by f i l l i n g  or. 
f l u sh in 'g  tw ice .  Remove each  of  t h e  . f i r s t - t h r e e  impingers  
and pour  t h e  c o n t e n t  i n t o  .a g radua ted  c y l i n d e r  f o r  measure- 
ment. T r a n s f e r  t h e s e  c o n t e n t s  i n t o  t h e  sample b o t t l e .  
Wash each of t h e  t h r e e  imp inge r s  two times by s q u i r t i n g  
about  1'00 m l  of d i s t i l l e d  water i n t o  each ,  cove r ing  t h e  

.. . . . ,. , 
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i n l e t  and o u t l e t  openings w i t h  c l ean  caps o r  c l ean  f i n g e r s ,  
and shaking  t o  cause  t h e  wash wa te r  t o  con tac t  a l l  of t h e  

i n s i d e  s u r f a c e s .  
b o t t l e  and r i n s e  t h e  graduated  c y l i n d e r  and funne l  i n t o  
sample b o t t l i  w i t h  d i s t i l l e d  water. 

Pour t h i s  wash water  i n t o  t h e  sample 

S e a l  t h e  b o t t l e  and 
. s t o r e .  

Rinse t h e  back ha l f  f i l t e r  h o l d e r ,  t h e  f i l t e r  t.o impinger  
connectors ;  and t h e  impinger "U" bends w i t h  ace tone  i n t o  
t h e  back h a l f  ace tone  wash sample b o t t l e  by  f i l l i n g  o r  f lu sh -  
i n g  two t imes .  Wash each of t h e  t h r e e  impingers  two t imes  
by  adding about 100 m l  of ace tone  and shaking as w i t h  t h e  

water wash. T r a n s f e r  t h e s e  w a s h i n g s  t o  t h e  sample b o t t l e .  
Rinse t h e  graduated  c y l i n d e r  used t o  measure t h e  water '  and 
t h e  funne l  w i t h  ace tone  i n t o  t h e  sample b o t t l e .  Cap t h e  
b o t t l e . a n d  s t o r e .  

i, 
f e .. . 
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A n a l y t i c a l  Procedures  F 

The fo l lowing  procedures  were used and fo l low t h e  methods 
desc r ibed  i n  t h e ,  F e d e r a l  R e g i s t e r ' :  

t 

I 
I 

Conta iner  No. 1 - t h e  f i l t e r  and a n y  l o o s e  p a r t i c u l a t e  
m a t t e r  from t h i s  sample c o n t a i n e r  were p laced  i n t o  a 
t a r e d  glass weighing d i s h ,  d e s i c c a t e d  t o  a c o n s t a n t  weight ,  
and weighed t o  t h e  n e a r e s t  0 . 1  m g .  
Container  No. 2 - t h e  ace tone  washings were t r a n s f e r r e d  
t o  a t a r e d  beaker  and evapora ted  t o  d r y n e s s  a t  ambient 
tempera ture  and p r e s s u r e ,  d e s i c c a t e d  t o  a c o n s t a n t  
weight,  and weighed t o  t h e  n e a r e s t  0 . 1  m g .  
Conta iner  No. 3 - organ ic  matter from the  impinger s o l u t i o n  
was e x t r a c t e d  w i t h  t h r e e  25 m l  p o r t i o n s  each of  e t h y l  
e t h e r  and chloroform. The e x t r a c t s  were combined i n t o  a 
t a r e d  beaker ,  and evapora ted  u n t i l  no s o l v e n t  remained a t  
about  T O O F .  The sample was then  d e s i c c a t e d  t o  a con- 
s t a n t  weight and weighed t o  t h e  n e a r e s t  0 . 1  mg. The re -  
maining wa te r  was evapora ted  by b o i l i n g  i n  a t a r e d  beaker ,  
and t h e  r e s i d u e  weighed. 
Conta iner  No. 4 - t he  ace tone  washings from t h e  back h a l f  
of  t h e  f i l t e r  h o l d e r ,  connec tors ,  and f i rs t  t h r e e  Green- 
burg-Smith impingers  were t r a n s f e r r e d  t o  a t a r e d  beaker ,  
evapora ted  t o  dryness  a t  ambient tempera ture  and p r e s s u r e ,  
d e s i c c a t e d  t o  a c o n s t a n t  weight ,  and weighed t o  t h e  
n e a r e s t  0 . 1  mg. 
Conta iner  No. 5 - t h e  ace tone  blank was t r a n s f e r r e d  t o  a 

' t a r e d  beaker ,  and evapora ted  t o  dryness  a t  ambient tem- 
p e r a t u r e  and p r e s s u r e .  The b lank  was then  d e s i c c a t e d  t o  
a c o n s t a n t  weight and weighed t o  t h e  n e a r e s t  0 . 1  mg. 
Conta iner  No. 6 - t h e  wa te r  blank was evaporated by b o i l -  
i n g  i n  a t a r e d  beaker ,  d e s i c c a t e d  t o  a c o n s t a n t  weight ,  
and weighed t o  t h e  n e a r e s t  0 . 1  mg. Blank c o r r e c t i o n s  were 
made i n  p r o p o r t i o n  t o  t h e  amount of r eagen t  used. 

- . .  - . .. .. , 
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Determinat ion of Nitrogen Oxides i n  S tack  Gas: 
Pheno ld i su l fon ic  Acid Method 

I n t r o d u c t i o n  
. <  

The fo l lowing  method was used t o  determine t o t a l  ox ides  of 
n i t r o g e n .  Samples were c o l l e c t e d  i n  evacuated f lasks  conta in-  
i n g  a d i l u t e  s u l f u r i c  acid-hydrogen peroxide  absorb ing  so lu-  
t i o n ,  and t h e  n i t r o g e n  ox ides ,  except  n i t r o u s  ox ides ,  were 
measured spec t ropho tomet r i ca l ly  a t  410 nm. 

Reagents 

The fo l lowing  r e a g e n t s  were used i n  t h i s  sampling program 
( a l l  chemicals  were ACS a n a l y t i c a l - r e a g e n t  g rade ) :  

Water - d i s t i l l e d ,  de ionized  w a t e r  
Hydrogen peroxide ( 3 % )  - 10 m l  of 30%,H202 was d i l u t e d  
t o  100 m l  i n  a 1 0 0  m l  vo lumetr ic  f l a s k  w i t h  water .  
Absorbing r eagen t  - 2 . 8  m l  of concen t r a t ed  HzSOt, was 
d i l u t e d  t o  one l i t e r  w i t h  d i s t i l l e d  water .  A f t e r  mixing 
w e l l ,  6 m l  o f  3% hydrogen peroxide  was added. The so lu-  

Sodium hydroxide (1 N )  - 40 gm of N a O H  were d i s s o l v e d  I n  
d i s t i l l e d  water and d i l u t e d  t o  one l i t e r .  
Ammonium hydroxide ( c o n c e n t r a t e d )  
S u l f u r i c  a c i d  (fuming) - 15-18% S o 3  

- Pheno ld i su l fon ic  a c i d  s o l u t i o n  - 25  grams o f  pure  whi te  
phenol  were d i s s o l v e d  i n  150 ml of concen t r a t ed  HzS04 on 
a steam b a t h .  After t h e  s o l u t i o n  cgoled ,  75 ml fuming 
s u l f u r i c  a c i d  were added. I t  was then  hea ted  t o  100°C 
f o r  two hours .  The r eagen t  was s t o r e d  i n  a dark  s toppered  
r e a g e n t  b o t t l e .  

t i o n  I s  prepared  f r e s h  every two o r  t h r e e  days.  I 

Potassium n i t r a t e  s o l u t i o n  ( s t a n d a r d )  - 0.5495 grams of  
K N O J  were d i s s o l v e d  i n . o n e  l i t e r  of water  i n  a volum'etric 
f l a sk .  One hundred m l  of t h i s  s o l u t i o n  were d i l u t e d  t o  
one l i t e r  i n  a volumetr ic  f l a s k .  One m l  of  t h e  f i n a l  
s o l u t i o n  was e q u i v a l e n t  t o  0.025 mg NOz. 
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il . Sampl ing  ' .  Appara tus  

F l a s k s  - t w o - l i t e r ,  Py rex ,  round-bottom f lasks  were encased  
i n  a s i m p l e  c o n t a i n e r  w i t h  a s l e e v e  and  accompanying 
s t o p c o c k  v a l v e  as shown i n  F i g u r e  J-2.  ! 

!i 
Vacuum s y s t e m  - t h e  vacuum sys t em c o n s i s t e d  of  a vacuum 
pump, c a p a b l e ' o f  p r o d u c i n g  a vacuum of 3 i n c h e s  Hg 
a b s o l u t e  p r e s s u r e ,  connec ted  t o  a 0-30" H g  gauge.  
Thermometer - d i a l  thermometer ,  r ange  25 t o  125OF, 5- inch 
stem. I 
Probe  - Pyrex  g l a s s ,  h e a t e d ,  w i t h  a f i l t e r  t o  remove 
p a r t i c u l a t e  matter.  
S p e c t r o p h o t o m e t e r  - a Bausch & Lomb S p e c t r o n i c  70, c a p a b l e  
of measu r ing  o p t i c a l  d e n s i t y  a t  410 nm i n  0 .5  i n c h  abso r -  
bance  c e l l s  was used.  

Sampl ing  P r o c  e d u r x  

Twenty-f ive m l  o f . a b s o r b i n g  s o l u t i o n  were p i p e t t e d  i n t o  a sample 
f l a s k .  The f l a s k  v a l v e  s t o p p e r  was i n s e r t e d ' i n t o  t h e  f lask  w i t h  
t h e  v a l v e  i n  t h e  " c l o s e d "  p o s i t i o n .  The sampl ing  t r a i n  was 
assembled  as shown i n  F i g u r e  5-2; Each sample  was c o l l e c t e d  
u s i n g  a 2-fo'ot g l a s s - l i n e d  p r o b e  a t  t h e  uppe r  p o r t  l o c a t i o n s .  
Each f l a s k  was e v a c u a t e d  and  p r e s s u r e  t e s t e d  f o r  'one. minu te ,  
and  t h e . i n i t i a 1  f l a s k  t e m p e r a t u r e ,  p r e s s u r e ,  and b a r o m e t r i c  

' p r e s s u r e  were . r e c o r d e d .  The s a m p l i n g  p r o b e  was i n s e r t e d  i n t o  
t h e  s t a c k  and h e a t e d ,  a n d . t h e  sample  f l a sk  connec ted .  The 3- 
way s t o p c o c k  was ' t u r n e d  t o  t h e  "purge"  p o s i t i o n ,  and s t a c k  gas 
was drawn t h r o u g h  t h e  sys t em w i t h  a r u b b e r  s q u e e z e  b u l b  t o  check I 

f.or c o n d e n s a t i o n  i n  t h e  p r o b e  l i n e .  The 3-way s t o p c o c k  was t h e n  
t u r n e d  t o  t h e  sample  p o s i t i o n  f o r  .15 t o  30 seconds .  The f l a s k  

va lve  was t h e n  c l o s e d  and d i s c o n n e c t e d  from t h _ e . p r o b e .  The con- 
t e n t s  were s h a k e n  for  a t  least  5 m i n u t e s .  

: 

. , . . , . .  
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Sample Recovery 

The f l a s k s  were a l l o w e d  t o  s e t  for a t  leas t  16  h o u r s .  They  

were t h e n  shaken  f o r  a t  l eas t  2 m i n u t e s ,  the  f i n a l  p r e s s u r e ,  
t e m p e r a t u r e ,  and  b a r o m e t r i c  p r e s s u r e  were  t a k e n ,  and  t h e  sample 
was t r a n s f e r r e d  t o  a s t o r a g e  b o t t l e  u s i n g  a smal l  amount of 
water wash. The s o l u t i o n  was t h e n  t reated w i t h  sodium hydrox- 
i d e  (1 N) u n t i l  a pH of  9 t o  1 2  was reached. 

~ 

A n a l y s i s  

The sample  was e v a p o r a t e d  t o  d r y n e s s  on a s t e a m  b a t h  and  t h e n  
c o o l e d .  Two m l  of p h e n o l d i s u l f o n i c  acid s o l u t i o n  were added 
t o  t h e  d r i e d  r e s i d u e  and  t r i t u r a t e d  t h o r o u g h l y  w i t h  a glass r o d .  
One m l  of water and  4 d r o p s  o f  c o n c e n t r a t e d  s u l f u r i c  a c i d  were 
t h e n  added .  The s o l u t i o n  was h e a t e d  on a steam b a t h  f o r  t h r e e  
m i n u t e s  w i t h  o c c a s i o n a l  s t i r r i n g .  After c o o l i n g ,  20 m l  of water 
were added  and  mixed w e l l  by s t i r r i n g .  C o n c e n t r a t e d  ammonium 
h y d r o x i d e  was added d ropwise  w i t h  c o n s t a n t  s t i r r i n g  u n t i l  
a l k a l i n e  t o  l i t m u s  p a p e r .  The s o l u t i o n  was t r a n s f e r r e d  t o  a n  
a p p r o p r i a t e  v o l u m e t r i c  f l a s k  and  t h e  b e a k e r  washed t h r e e  times 
w i t h  4 t o  5 m l  p o r t i o n s  of water. The s o l u t i o n  was d i l u t e d  t o  
t h e  mark and  mixed t h o r o u g h l y .  The a b s o r b a n c e  of e a c h  sample  
was measured a t  410 nm u s i n g  t h e  b l a n k  s o l u t i o n  as a z e r o .  
A h a l f - i n c h  a b s o r b a n c e  c e l l  was used .  

C a l i b r a t i o n  Pr 'ocedures  

F l a s k  volume - t h e  f l a s k  and f l a sk  v a l v d w e r e  assembled  
and  f i l l e d  w i t h  water t o  t h e  s t o p c o c k .  The volume of 
water was measured  t o  51 m l .  The flasks were numbered 
and t h e  volume r e c o r d e a  on e a c h .  
S p e c t r o p h o t o m e t e r  - a l i q u o t s  o f  0.0, 1 . 0 ,  2 .0 ,  3.0, and  4.0 
m l  n i t r a t e  s o l u t i o n  ( s t a n d a r d )  were added  t o  a se r i e s  of 
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b e a k e r s ,  and  25 m l  of a b s o r b i n g  s o l u t i o n  added t o  e a c h .  
Sodium h y d r o x i d e  (1 N) was added d ropwise  u n t i l  a l k a l i n e  
t o  l i t m u s  p a p e r  ( a b o u t  25  t o  35 d r o p s ) .  These  s o l u t i o n s  
were t r e a t e d  e x a c t l y  l i k e  t h e  samples  by e v a p o r a t i n g ,  
a d d i n g  r e a g e n t s ,  and  t h e y  were t h e n  t r a n s f e r r e d  t o  100  m l  
v o l u m e t r i c  f l a s k s  and t h e  a b s o r b a n c e  read a t  410 nm. 
The c a l i b r a t i o n  c u r v e  was checked  p r i o r  t o  e a c h  set  of 
samples .  

... 

. .  .. . .. . 

. .  
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Dete rmina t ion  of  S u l f u r  Dioxide  Emiss ions  i n  S t a c k  Gases 

T h i s  method was used  t o  measure s u l f u r  d i o x i d e  i n  s t a c k  g a s e s  
and f o l l o w s  Method 6 of t h e  F e d e r a l  R e g i s t e r ? ,  w i t h  m o d i f i c a t i o n s  
as n o t e d  below. 

! 

i 
Sampling Appara tus  

Nozzle  - s ta in less  s t e e l  (316) w i t h  s h a r p ,  t a p e r e d  lead- 
i n g  edge.  
Probe - Pyrex g l a s s  w i t h  a h e a t i n g  s y s t e m  c a p a b l e  of 
m a i n t a i n i n g  a minimum g a s  t e m p e r a t u r e  of 225OF a t  t h e  e x i t  
end  d u r i n g  sampl ing  and p r e v e n t  c o n d e n s a t i o n  from occur r -  
i n g .  
P i t o t  t u b e  - t y p e  S, a t t a c h e d  t o  p robe  t o  mon i to r  s t a c k  
g a s  v e l o c i t y  
F i l t e r  h o l d e r  - Pyrex g l a s s  
Impingers  - f o u r  as shown i n  F i g u r e  5-3. The f i rs t  and  
t h i r d  are of t h e  Greenburg-Smith d e s i g n  w i t h  s t a n d a r d  
t i p .  The second and f o u r t h  were mod i f i ed  by r e p l a c i n g  
t h e  s t a n d a r d  t i p  w i t h  a 1/2- inch I D  g l a s s  t u b e  e x t e n d i n g  
t o  w i t h i n  one-ha l f  i n c h  of t h e  bot tom of t h e  imp inge r  
f l a s k .  
Me te r ing  s y s t e m  - vacuum gauge, leak-free pump, thermo- 
c o u p l e s  c a p a b l e  of  measur ing  t e m p e r a t u r e  t o  w i t h i n  5OF, 
d ry  gas  meter w i t h  2% a c c u r a c y ,  and r e l a t e d  equipment ,  
t o  m a i n t a i n  a n  i s o k i n e t i c  s ampl ing  rate and  t o  d e t e r -  
mine sample volume. 
Barometer  - Bourden t u b e  t y p e  t o  measure a t m o s p h e r i c  
p r e s s u r e  t o  iO.1 i n c h e s  Hg. 

Sampling Reagents 

F i l t e r s  - g l a s s  f i b e r ,  MSA t y p e  1106 BH 81- e q u i v a l e n t  of 

S i l i c a  Gel - i n d i c a t i n g  . t y p e ,  . . - . 6-16 mesh. 
. .: Water - d e i o n i z e d ,  d i s t i i l e d . .  

.. . a s u i t a b l e .  s i z e  t o  f i t  i n  t h e  f i l t e r h o l d e r .  

. .  

. ' . ' F e d e r a l  Reg1ster;Vol. 36, No. 247,  December 23, 1971. 
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I s o p r o p a n o l ,  80% - mix 800 m l  o f  i s o p r o p a n o l  w i t h  200 m l  
o f  d e i o n i z e d ,  d i s t i l l e d  water. 
Hydrogen p e r o x i d e ,  3% - d i l u t e . 1 0 0  ml of  30% hydrogen per -  
o x i d e  t o  1 l i t e r  w i t h  d e i o n i z e d ,  d i s t i l l e d  water. 

A n a l y t i c a l  Reagen t s  

Water - d e i o n i z e d ,  d i s t i l l e d  
I s o p r o p a n o l  
T h o r i n  i n d i c a t o r  - l-(O-arsonophenylaz0)-2-naphthol-3, 
6 - d i s u l f o n i c  a c i d ,  d i sod ium s a l t .  D i s s o l v e  0 .20  gram i n  - 
100 m l  d i s t i l l e d  water. 
B a r i u m  c h l o r i d e  (0 .0200  NA - d i s s o l v e  2 . 4 4 3 1  grams o f  ba r ium 
c h l o r i d e  (BaC1,) in 200 m l  d i s t i l l e d  water and d i l u t e  t o  
1 l i t e r  w i t h  i s o p r o p a n o l .  S t a n d a r d i z e  w i t h  s u l f u r i c  a c i d .  
S u l f u r i c  a c i d  s t a n d a r d  ( 0 . 0 2  N )  - s t a n d a r d i z e  t o  kO.0002 N 
a aa ins t  0 . 0 1  N NaOH which h a s  D r e v i o u s l v  b e e n - s t a n d a r d -  
i i e d  aga ins t  p r imary  s t a n d a r d  potass ium" a c i d  p h t h a l a t e .  

Sampl ing  P r o c e d u r e  

One s a m p l i n g  p o i n t  o f  average v e l o c i t y  was chosen  which was 
33 i n c h e s  from t h e  i n n e r  wall o f  t h e  s t a c k .  The t r a i n  was 
assembled  as f o l l o w s :  
impinger ,  100 m l  of 3% hydrogen  p e r o x i d e  i n  b o t h  t h e  second  and  
t h i r d  i m p i n g e r s ,  and  a b o u t  200 grams o f  weighed s i l i c a  g e l  i n  
t h e  f o u r t h  imp inge r .  A p o r t i o n  of t h e  r e a g e n t s  were r e t a i n e d  
f o r  use  as a b l a n k .  The t r a i n  was as sembled  w i t h o u t  t h e  p r o b e  
and was l e a k  checked  a t  t h e  s a m p l i n g  s i t e  by p l u g g i n g  t h e  i n l e t  
of t h e  f i rs t  i m p i n g e r  and  p u l l i n g  a 15- inch  H g  vacuum. 
l e a k a g e  rate n o t  i n  e x c e s s  of 0 . 0 2 ' c f m  a t . a  vacuum of 1 5  i n c h e s  
H g  was r e c o r d e d  i n  a l l  c a s e s .  The p r o b e  was t h e n  a t t a c h e d  and 
t h e  \ r o b e  hea tSng  s y s t e m  turn.ed on..' The p r o b e  h e a t e r  s e t t i n g  
was a d j u s t e d  d u r i n g  sampl ing- . to . .p revent  any v i s i b l e  condensa- 
t i o n .  
was added d u r i n g  t h e  r u n  t o  keep  the t e m p e r a t u r e  o f  t h e  gases 
l e a v i n g  t h e  l a s t  i m p i n g e r  t o  70°F o r  less. 

150 m l  of  80% i s o p r o p a n o l  i n  t h e  f i r s t  

A 

. .  . . . . .  . 

C r u s h e d i i c e  was p l a c e d  a round  t h e  i m p i n g e r s  and more i c e  
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For each run,  t h e  d a t a  were recorded a t  s t a r t u p ,  on comple- 
t i o n  of t h e  t e s t ,  and a t  12-minute i n t e r v a l s .  Sampling was begun 
by p o s i t i o n i n g  the  probe a t  t h e  sample p o i n t .  The pump was then  
s t a r t e d  and sampling proceeded a t  a r a t e  o f  approximately 0 .8  
cfm f o r  e s s e n t i a l l y  t h e  same t i m e  p e r i o d  a s  t h e  Method 5 sam- 
p l i n g .  

A t  t h e  completion of t h e  t es t ,  t h e  probe was removed from t h e  
s t a c k  and t h e  t r a i n  was purged for 10-15 m i n u t e s  by drawing 
ambient a i r  through t h e  system. 

The Method 6 samples were c o l l e c t e d  us ing  t h e  Method 8 t r a i n  
modified for each r u n  as fol lows:  

Run S-1 - t h i s  r u n  used a s t a n d a r d  Method 8 t r a i n  wi th  a 
f i l t e r  between No. 1 and No. 2 impingers and no h e a t  
a p p l i e d  i n  t h e  oven. 
Run S-2 - t h i s  run used t h e  Method 8 t r a i n  w i t h  an add i t ion -  
a l  f i l t e r  between t h e  probe and f i r s t  impinger.  The added 
f i l t e r  was not  hea ted .  
Ru,n S-3 - t h i s  run used t h e  same t r a i n  a s  Run S-2 b u t  t h e  
a d d i t i o n a l  f i l t e r  was hea ted  t o  approximately 260OF. 
Samples of  t h e  probe washing, i s o p r o p o l  s o l u t i o n  i n  t h e  
f i r s t  impinger,  f i rs t  impinger wash, and f i l t e r s  were 
c o l l e c t e d  and forwarded t o  EPA f o r  f u r t h e r  a n a l y s i s .  

Sample Recoverx 

The s o l u t i o n s  from t h e  second and t h i r d  impingers were t r ans -  
ferred t o  a Wheaton b o t t l e .  These impingers  and t h e i r  connect- 
i n g  glassware were r i n s e d  w i t h  de ion ized  d i s t i l l e d  water  which 
was added t o  t h e  same c o n t a i n e r .  . 
A n a l y t i c a l  Procedures -- - 

The volume of t h e  sample was recorded .  A 1 0  m l  a l i q u o t  of 
sample was p i p p e t t e d  i n t o  a 100  m l  Erlenmeyer f l a s k .  For ty  m l  



of i sop ropano l  and 2-4 drops of t h o r i n . i n d i c a t o r  were added. 
The sample was then  t i t r a t e d  w i t h  ba r ium c h l o r i d e  t o  -a p ink  end 

, .  p o i n t .  Each t i t r a t i o n  was r e p e a t e d  w i t h . a  second a l i q u o t  o f  
sample. The b lanks  were t i t r a t e d  i n  t h e  same manner as t h e  
samples. 

P 
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I 
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V i s u a l  Determinat ion o f  t h e  Opacity of  
Emissions f o r  S t a t i o n a r y  Sources 

This  method was used t o  measure v i s u a l  emissions f o r  s t a c k  gases  
and fo l lows  Meth6d 9 of  t h e  F e d e r a l  R e g i s t e r . '  

A p p l i c a b i l i t y  - T h i s  method is  a p p l i c a b l e  f o r  t h e  determina- 
t i o n  of t h e  o p a c i t y  of emiss ions  from s t a t i o n a r y  sources .  

Procedures  - The obse rve r  q u a l i f i e d  i n  accordance w i t h  t h i s  
method s h a l l  u se  t h e  fo l lowing  procedures  f o r  ' v i s u a l l y  d e t e r -  
mining t h e  opac i ty  of emiss ions .  

P o s i t i o n  - The q u a l i f i e d  obse rve r  s h a l l  s t a n d  a t  a d i s t a n c e  
s u f f i c i e n t  t o  provide  a c l e a r  view of  t h e  s t a c k  emiss ions  
w i t h  t h e  sun o r i e n t e d ' i n  t h e  quadran t  t o  h i s  back. Consis- 
t e n t  w i t h  ma in ta in ing  t h e  above requirement ,  t h e  obse rve r  
s h a l l ,  as much as p o s s i b l e ,  s t a n d  a t  a p o s i t i o n  such t h a t  h i s  
l i n e  of  v i s i o n  is approximately pe rpend icu la r  t o  t h e  plume 
d i r e c t i o n ;  and when observ ing  o p a c i t y  of emiss ions  from rec-  
t a n g u l a r  openings w i t h  length-to-width dimensional  r a t i o s  
g r e a t e r  than  2:1, h i s  p o s i t i o n  should  de approximately 
p e r p e n d i c u l a r  t o  t h e  longer  dimension. 

F i e l d  r eco rds  - The obse rve r  s h a l l  r eco rd  t h e  name of t h e  

p l a n t ,  s t a c k  l o c a t i o n ,  type f a c f l i t y ,  obse rve r ' s '  name and 
a f f i l i a t i o n ,  and t h e  d a t e  on a f i e l d  d a t a  s h e e t .  The t ime, 
estimated d i s t a n c e  t o  t h e  s t a c k ,  approximate wind. d i r e c t i o n ,  
e s t i m a t e d  .wind speed, d e s c r i p t i o n  of t h e  s k y  cond i t ion  
(p re sence  a n d . c o l o r  .of c louds ) ,  and plume baccground a r e  r e -  
corded on a f i e l d  data s h e e t  at  t h e  t ime opac i ty  r e a d i n g s  are 

, i n i t i a t e d  and completed. . .  

'Federa l  R e k i s t e r ,  Vol. 36, No. 2 4 7 ,  'December 23, 1971. 
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Observa t ions  - Opacity obse rva t ions  s h a l l  be made a t  the  
p o i n t  of g r e a t e s t  opac i ty  i n  t h a t  p o r t i o n  of t h e  plume where 
condensed water  vapor  is n o t  p r e s e n t .  The obse rve r  s h a l l  

n o t  look cont inuous ly  a t  t h e  plume, bu t  i n s t e a d  s h a l l  observe 
t h e  plume momentarily a t  15-second i n t e r v a l s .  

Recording obse rva t ions  - Opacity o b s e r v a t i o n s  s h a l l  be re -  
corded t o  t h e  n e a r e s t  5% a t  15-second i n t e r v a l s  on an obser-  
v a t i o n a l  r e c o r d  s h e e t .  Each momentary o b s e r v a t i o n  recorded  
s h a l l  r e p r e s e n t  t h e  opac i ty  of  emiss ions  f o r  t h a t  15-second 
time pe r iod .  

Data Reduction - The data have been reduced by  summing t h e  num- 
b e r  of l i k e  readings taken  d u r i n g  any run  p e r i o d  and calcu-  
l a t i n g  t h e  percentage  o f  r ead ings  a t  0, 5, 10,  15,  and >20% 
l e v e l s .  T h i s  c a l c u l a t i o n  is made by  o b t a i n i n g  t h e  f r a c t i o n a l  
p a r t  o f  t he  t o t a l  r ead ings  a t  each l e v e l  (number of  r ead ings  
a t  t h i s  l e v e l / t o t a l  number of r e a d i n g s )  and making t h i s  va lue  
a percentage  by m u l t i p l y i n g  by  100.  

I 

I 

I 
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D e t e r m i n a t i o n  of T o t a l  S u l f u r  i n  Mater ia l .  Samples 

The s o l i d  samples  c o l l e c t e d  a t  the  s i t e  were a n a l y z e d  f o r  
t o t a l  s u l f u r  c o n t e n t .  The f u e l  oil samples  were a n a l y z e d  by 
t h e  P a r r  oxygen bomb c a l o r i m e t e r  t o  p r o v i d e  b o t h  t h e  B t u  
c o n t e n t  and  t h e  p e r c e n t  s u l f u r  by g r a v i m e t r i c  a n a l y s i s .  

The EPA s u g g e s t e d  t ha t  t h e  method f o r  t h e  a n a l y s i s  of t h e  
s u l f u r  c o n t e n t  o f  t h e  silo feed, k i l n  p r o d u c t ,  and ESP d u s t  
was t h e  sodium p e r o x i d e  bomb p r o c e d u r e  as o u t l i n e d  i n  Parr 
Manual No. 1 2 1  and  based on  t h e  ASTM D 271-46. Due t o  t h e  

n a t u r e  o f  t h e  materials, i t  was n e c e s s a r y  t o  add b e n z o i c  a c i d  
i n  o r d e r  t o  get t he  material  t o  b u r n .  I n  t h i s  method, 
p o t a s s i u m  p e r c h l o r a t e ,  t h e  sample, b e n z o i c  a c i d  and sodium 
p e r o x i d e  are  p l a c e d  i n  t h e  bomb and  t h e  m i x t u r e  i g n i t e d .  After 
i g n i t i o n  t h e  m i x t u r e  i s  washed i n t o  h o t  water, n e u t r a l i z e d  
w i t h  . h y d r o c h l o r i c  a c i d ,  f i l t e r e d ,  bromine w a t e r  added, b o i l e d  
t o  e x p e l 1  e x c e s s  bromine,  n e u t r a l i z e d  and  t h e  s u l f a t e  formed 
p r e c i p i t a t e d  w i t h  ba r ium c h l o r i d e .  Four  samples were t r ea t ed  
as d e s c r i b e d  i n  t h e  method. The p r e c i p i t a t e  formed, i n s t e a d  
of b e i n g  t h e  e x p e c t e d  wh i t e  BaSOs, was brown i n  c o l o r  i n d i -  
c a t i n g  t h a t  F e ( O H ) S  had c o - p r e c i p i t a t e d  w i t h  t h e  BaSO,,. I t  
was n o t  e s t a b l i s h e d  if t h e  i r o n  was from t h e  sample  o r  from 
the  bomb. I n  a d d i t i o n  t o  t h i s  p roblem,  i t  was found t h a t  f o r  
s e v e r a l  s amples  t h e  i g n i t i o n  d i d  n o t  take p l a c e  smooth ly .  

A l t e r n a t i v e  p r o c e d u r e s  were i n v e s t i g a t e d  and a f t e r  r e v i e w  o f  
these  methods,  i t  was s u g g e s t e d  t o  EPA t h a t  ASTM C-25-72 
would be p r e f e r r a b l e .  T h i s  ASTM p r o c e d u r e  c o n t a i n s  a method 
f o r  s u l f u r  i n  l i m e s t o n e  and  l ime. I n  b r i e f ,  t h e  method i s  
based on a sodium c a r b o n a t e  f u s i o n  and  g r a v i m e t r i c  s u l f u r  
d e t e r m i n a t i o n  u s i n g  a d j u s t m e n t  o f  t h e  pH o f  t h e  s o l u t i o n  t o  

. 
_- . 

. . . - . . . - - .. ._ . . - - .. . . .  



e l i m i n a t e  F C ? ( O H ) ~  p r e c i p i t a t i o n .  I n  a d d i t i o n  t o  t h e  samples 
o b t a i n e d  from t h e  p l a n t ,  s e v e r a l  s t a n d a r d s  w i t h  known amounts 
of sodium s u l f a t e  i n  c a l c i u m  c a r b o n a t e  o r  c a l c i u m  o x i d e  were 
a l s o  a n a l y z e d  as a check  on t h e  a n a l y t i c a l  method. 

T h e . r e s u l t s  of t he  a n a l y s i s  of these  s t a n d a r d s  are as f o l l o w s :  

Na2S04 . C a C O ,  % Sulfur % ' S u l f u r  
.( R )  C a O  (E) (P) i n  Sample Found % Recovery- 

0.03982 1,00367 - 0.862 0.862 100 
0.04443 - 1.02216 0.940 0.912 97 
0.03483 - 1.10619 0.689 0.622 90 

These r e s u l t s  i n d i c a t e  t h a t  t h e  method g i v e s  v a l u e s  w i t h i n  
90% of t h e  t r u e  v a l u e .  

. .  .. . 
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Two a d d i t i o n a l  t e s t  series were performed a t  t h e  Woodville 
Lime and Chemical Company. The f irst  t e s t  was conducted on 
May 21, 1974, and i s  d i s c u s s e d  in-EPA Report No. 74-LIM-3A. 
The second t e s t  s e r i e s  was conducted du r ing  t h e  week of 

J u l y  7, 1974, a n d . i s  p r e s e n t e d  i n  E P A ’ s  Report  No. ,?4-LIM-3B. 
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