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INTRODUCTION 

Under the Clean Air Act, as  amended, the Environmental Protection I 
# 
1 
P 
I 

Agency i s  responsible f o r  es tab l i sh ing  Federal performance standards f o r  

new s ta t ionary  sources which contr ibute  s i g n i f i c a n t l y  t o  a i r  pol lut ion or 

cause or  contr ibute  t o  the endangerment of p u b l i c  health or welfare. 

Grain handling f a c i l i t i e s  have been included among those sources. 

The Office of Air Quality Planning and Standards es tab l i shes  performance 

standards from emission data  gathered from the bes t  demonstrated emission 

control systems. 

Measurement Branch perform source tests a t  f a c i l i t i e s  determined t o  be 

Source t e s t ing  firms under  cont rac t  t o  the Emission 

-~ 

i among those best control led.  

The barge unloading f a c i l i t y  a t  the Bunge Corporation grain elevator  

i n  Destrehan, Louisiana was tes ted  f o r  pa r t i cu la t e  and p a r t i c l e  s i z e .  Bat te l le  

Memorial I n s t i t u t e  conducted three pa r t i cu la t e  tests a t  the i n l e t  and outlet ,I 
I of the control system from October 29 t o  October 31, 1973. 

s i z e  tes ts  were r u n  a t  the ou t l e t .  

Two p a r t i c l e  

The control system i s  a Carter Day 144RJ96 f i l t e r .  I 
I 
1 
I 
1 
I 



DISCUSSION OF RESULTS 

Visual inspection of t e s t  f i l t e r s  from the  o u t l e t  pa r t i cu la t e  t e s t s  

showed some la rge  p a r t i c l e s ,  i nd ica t ive  of a bag f a i l u r e  in the control 

system. The bags were o ld ,  giving f u r t h e r  s u p p o r t  t o  t h i s  p o s s i b i l i t y .  

Also, the average grain loading a t  the o u t l e t  of 0.0261 gr/DSCF i s  higher 

than expected. Emission r a t e s  averaged 8.40 lbs/hr.  

I n l e t  emission r a t e s  averaged 1,956 lb s /h r .  However, a percent 

i sokine t ic  of 19.5 for  Run #1 may have caused the r e s u l t  f o r  Run #1 t o  be 

higher than the actual value. The low i sok ine t i c s  were caused by an 

i n a b i l i t y  t o  pull the required sample r a t e .  A l a r g e r  nozzle than normally d 
required was used because the h i g h  g r a i n  loading plugged u p  smaller nozzles. 

On Runs #2 and # 3 ,  the plugging problem d i d  not occur, and the smaller nozzle 

was used. 

In the p a r t i c l e  s i z e  t e s t s ,  the f i l t e r  was n o t  weighed, eliminating 

one s i z e  cut .  

value reported i s  estimated from Run #2. 

The probe and cyclone r i n s e  i n  R u n  #1 was destroyed, so t h e  



1 2 3 Average 
-~ 

10-30-73 10-30-73 10-31-73 Date 
volume of Gas Sampled - DSCFa 
percent t,loi sture by V O ~  ume 
Average Stack Temperature - O F  66.9 69.4 72.1 

Stack Volumetric Flow Rate - ACFM' 

45.97 72.68 146.93 
0.9 1 .o 0.9 

.. 'Stack Volumetric Flow Rate - DSCF;I. ..3?,,68? 37,985 39,101 38,257 b 
. . . . .  

38 234".'":;.?.'38 957'1 ,,,. ' ' . 40,539 ,: , ,39,?44 . . ,  
.~ 

19.5 
.; . I  

. .  . . . . . .  
percent Isokinetic 

particulates - probe, cyclone* 
and f i l t e r  catch 

mg 
gr/DSCF 
grf ACF 
l b / h r  

Particulates - t o t a l  catch 

mg 
gr/DSCF 
grf ACF 
l b / h r  

7,364.0 
2.47 
2.43 
797 

7,371.5 
2.47 
2.43 
798 

Percent impinger catch 0.1 
i 
i 

92.4 90.7 

1 

40,148.0 65,483.0 
8.51 6.86 
8.29 6.62 
2,770 2,300 

. . . . .  . . . . .  . . .  . . .  
40,152.5 -85,486.5 
8.51 6.86 
8.29 6.62 
2,770 2,300 

0.0 0.0 

a Dry standard cubic 

I Dry standard cubic 

E 
f ee t  a t  70aF, 29.92 i n .  Hg. 

f ee t  per minute a t  70°F, 29.92 i n .  Ho. 

37,665 .O 
5.95 I- 5.78 . 

a 1,956 

e 
37,670.2 
5.95 

I 5.78 
1,956 

1 0.0 



Run Number 1 

Date 10-30-73 
Volume o f  Gas SamFled - Nm 3 ( a )  1.30 
Percent Moisture by Volume 0.9 
Average Stack Temperature - O C  

Stack Volumetric Flow Rate - Nm 3 / m i n .  (b )  
Stack Volumetric Flow Rate - m /min .  

19.4 
1067 

1083 
- 

3 .  

Percent Isokinet ic  , 19.5 

P a r t i c u l a t e s  - probe, cyclone, 
and f i l t e r  catch 

7,364.0 
5,645 
5,561 
361 

P a r t i c u l a t e s  - t o t a l  catch 

mg 7,371.5 
mg/Nm3 5,651 
mg G3 5,566 
k g l h r  362 

'Percent impinger catch 0.1 

2 3 Average 

10-30-73 10-31-73 
2.06 4.16 
1 .o 0.9 
20.8 22.3 
1076 1107 1083 

1103 1148 1111 
92.4 90.7 

40,148.0 65,483.0 37,665.0 
19,466 15,706 13,606 
18,970 15,140 13,224 
1,256 1,043 887 

40,152.5 65,486.5 37,670.2 
19,469 15,707 13,609 
18,972 15,141 13,226 
1,256 1,043 887 

- 

a Dry normal cubic  meter a t  21.1°C, 76Gmm Hg. 

Dry normal cubic  meters per minute a t  21.loC, 76hm Hg. 

Actual cubic meters p e r  minute 

0.0 0.0 0.0 



1 2 3 

10-30-73 10-30-73 10-31-73 
84.00 92.53 95.04 

Average 

p e r c e n t  I s o k i n e t i c  .' , ' 

I pe rcen t  impinger ca tch  

I 

115.5 

0.0212 
0.0211 

6.56 

117.0 

0.0214 

0.0214 

6.65 

1.3 

,./' 
604.5 
0.0340 

0.0329 

11.01 

L. 

207.0 

0.0344 

0.0333 

11.15 

135.0 151.7 

0.0219 0.0257 

0.0209 0.0250 . 

.. 
0.0223 0.0261 

0.0213 0.0253 

7.40 8.40 

1.2 1.8 

3 
1 
I, 
I 
I 
I 
I 
I 
1' 
I 
0 
B 
I 
I 
I 

1.4 

I 
J 
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1 2 3 Average 
Run Number 

Date 
Volume o f  Gas Sampled - Nm 
Percent Moisture by Volume 
Average Stack Temperature - O C  

Stack Volumetric Flow Rate - Nm /min: 
Stack Volumetric Flow Rate - m /mln.  

10- 30-73 10-30-73 10-31-73 I 

3 ( a )  2.38 2.62 2.69 
0.8 0.5 1.1 
20.4 29.3 29.2 

. . . .  1069 . :,. ..: 1997, . . 1063 
3 .'..'. (C) 1025 1104 1148 1092 

97.0 

(b). 1024 .. .. ' 
3 

-. 

. .  
98.7 

..< . . 
93.5 98.7 

. , .  , . Percent I sok ine t i c  . .  . . ' 3 ,  

P a r t i c u l a t e s  - probe, cyclone, 
and f i l t e r  catch 

115.5 604.5 

P a r t i c u l a t e s  - t o t a l  catch 

mg 
mg/Nm3 

-3 mg/m 
k g / h r  

48.5 77.9 
48.4 75.3 
2.98 5.00 

,117.0 207.0 
49.1 78.8 
49.0 76.3 
3.02 5.06 

1 . 3  1.2 'Percent impinger catch 

a Dry normal cubic  meter a t  21.l0C, 760mm Hg. 

Dry normal cubic meters per  minute a t  21.l0C, 766nm Hg. 

Actual cubic meters per  minute 

135.0 
50.1 
47.8 
3.30 

137.5 
51 .O 
48.7 
3.36 

1 .8  

58.8 
57.2 
3.76 / I  

I 

I 
' I  153.8 

59.6 
58.0 
3.81 

1.4 



p a r t i c l e  Si ze Results 

Run 1 - 
Charac ter i s t ic  
Diameter, On 

Probe & cyclone 22,450 

1 3.14 1,480 

Stage m sl 

2 1.63 190 

3 1.10 21 0 

4 0.57 120 

5 0.33 - 70 

TOTAL 2,070 - 

Run 2 - 
Probe & cyclone 44,900 

1 3.14 1,260 

2 

3 

1 .63 

1.10 

90 

30 

4 0.57 40 

20 5 0.33 

TOTAL 1,440 

- 

Weight 
Percent 

71.5 

9.2 

10.1 

5.8 

3.4 

87.5 

6.3 

2.1 

2.8 

1 .4  

Cumulative Weight 
Percent,  <Dn 

28.5 

19.3 

9.2 

3.4 

12.6 

6.3 

4.2 

1 .4  



I 
a n c h o r e d  i n  groups along t h e  r i v e r  near the  Bunge g r a i n  e l e v a t o r .  A 

Barges f u l l  o f  g r a i n  are brought  down t h e  M i s s i s s i p p i  R i v e r  from 

The barges a r e  "staged" o r  Minnesota, I l l i n o i s ,  Iowa, Missour i ,  e t c .  

arge i s  brought i n t o  the  e l e v a t o r s '  r e c e i v i n g  " s l i p "  accord ing t o  i t s  P 
l o c a t i o n  i n  the  s tag ing  area and the  a v a i l a b l e  s torage space i n  the e leva to r  

#for the  p a r t i c u l a r  g r a i n  i n  the  barge. The covers a r e  removed from the  barge 

c g r o u p  o f  f o u r  bucket  e leva to rs  which are  lowered i n t o  the  barge and l i f t  the  

and the  "marine l e g "  i s  lowered i n t o  the  f r o n t  end. The "marine leg"  i s  a 

The l e g  burrows i t s  way t o  t h e  bottom o f  the barge. S tee l  guards 

I p r o t e c t  the  buckets by ho ld ing  them about one- foot  above the  bottom. 

The barge i s  p u l l e d  forward s low ly  t o  feed t h e  g r a i n  i n t o  t h e  l e g .  

about 1 /4  of the  g r a i n  has been removed, a f ron t -end loader  i s  lowered i n t o  

8 the  barge t o  scrape the  remaining g r a i n  i n t o  the  l e g .  Th is  process generates 

A f te r  I 

a s i g n i f i c a n t  amount o f  f u g i t i v e  dust .  I 
When the  barge i s  about 3/4 empty, the Longshore men beg in  rep lac ing  

I the  covers. A f t e r  the  marine l e g  has removed a l l  t h e  g r a i n  i t  can, i t  i s  

l i f t e d  o u t  o f  the  barge and a pneumatic s u c t i o n  system removes the  l a s t  

p o r t i o n  o f  g ra in .  The f ron t -end loader  i s  l i f t e d  o u t  o f  the barge and the 
I 
,I, remaining covers are replaced. 



The buckets o t  tne  rnar i i i r  i c y  ,- -..- a' ..' 

which cont inuous ly  feeds i t  onto a conveyor b e l t .  

t r a n s f e r  t h e  g r a i n  t o  t h e  f i n a l  conveyor which c a r r i e s  i t  from the  levee 

t o  the  e l e v a t o r .  

system ducts,  r a i s e  and lower severa l  fee t  i n  and o u t  o f  t h e  barge. The 

l e g  i s  e n t i r e l y  enclosed except f o r  the  bottom f i v e  f e e t  where the g r a i n  

en ters .  

presurvey i n  March, 1973. 

the  back where the empty buckets emerge from t h e  enclosure.  

a c t  as the  blades o f  a f a n  which suck dus t  and a i r  from the  surge b i n .  

Two s h o r t  conveyors 

The l e g  and the  two s h o r t  conveyors p lus  the  c o n t r o l  

Metal  p la tes  covered po r t i ons  o f  t h i s  area a t  t h e  t ime o f  the  

The pr imary p o i n t  o f  emission from the l e g  i s  a t  

The buckets 

The c o n t r o l  system asp i ra tes  dus t  f rom t h e  f r o n t  and back o f  the  leg,  

the  surge b in ,  and the  conveyor t r a n s f e r  po in ts .  The b e l t  conveyors 

a re  covered t o  p r o t e c t  t h e  g r a i n  f rom the wind and weather. 

Equipment Tested 

Car te r  Day 144RJ96 f i l t e r  

19 oz Dacron f e l t  bags 
A / C  r a t i o  13/1 

39000 cfm 
6" AP water  gauge 

n 

1 
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PROCESS OPERATION 

Three p a r t i c u l a t e  emission t e s t  runs were conducted i n  accordance 

w i t h  EPA Method 5 a t  the  f i l t e r  i n l e t  and o u t l e t .  P a r t i c l e  s i z e  c l a s s i -  

f i c a t i o n  t e s t s  were conducted w i t h  a Br inks  Impactor a t  the  f i l t e r  i n l e t  

and o u t l e t ,  a lso.  

Test Run #1 was conducted on October 30, 1973 between 11:14 a.m. and 

2:53 p.m. 

unloaded dur ing  t h e  t e s t .  

Two complete barges and a p o r t i o n  o f  t h e  t h i r d  barge were 

The l e g  operated about 45 minutes i n  each barge. 

V i s i b l e  emissions o f  f u g i t i v e  dus t  f rom t h e  barge were read cont inuously  

from 11:16 a.m. t o  12:15 p.m. w h i l e  # 2  y e l l o w  soybeans w i t h  1.0 percent  

f o r e i g n  mat te r  were unloaded. V i s i b l e  emissions o f  0 t o  10 percent  opac i t y  

were read du r ing  t h e  f i r s t  16 minutes when t h e  l e g  operated i n  the  barge alone. 

V i s i b l e  emissions o f  5 percent  t o  20 percent  opac i t y  were read w h i l e  t h e  l e g  

and f ron t -end  loader  operated i n  the barge. 

opac i ty  were read du r ing  a pe r iod  when t h e  f i l t e r  was n o t  operat ing.  

V i s i b l e  emissions o f  100 percent  

No v i s i b l e  emissions were seen coming f r o m  the f i l t e r  exhaust which 

was observed cont inuous ly  between 1:OO p.m. and 2:45 p.m. 

The s t a r t  o f  t h e  second t e s t  run  was delayed due t o  a breakdown i n  the  

e l e v a t o r ' s  conveying and d i s t r i b u t i o n  sys tern. 



Test Run #2 was conducted on October 30, 1973 between 5:40 p.m. and 

9:03 p.m. 

unloaded d u r i n g  the t e s t .  

only a r t i f i c i a l  l i g h t  i l luminated the  s i t e .  

Two complete barges and a portion of  the  t h i r d  barge were 

No v i s i b l e  emission readings were made s ince  

Mr. Pfaf f ,  noted t h a t  la rge  beeswing type p a r t i c l e s  were being 

caught by the sampler a t  the f i l t e r  o u t l e t ,  ind ica t ing  a torn  o r  loose 

bag in  the f i l t e r .  

be completed ea r ly  on the 31s t ,  i t  was decided t o  proceed with the t e s t  

schedule. 

Since i t  was an t ic ipa ted  t h a t  the th i rd  t e s t  run could 

Test Run #3 was conducted on October 31, 1973 between 10:20 a.m. and 

1:46 p.m. Two complete barges and a portion of the  t h i r d  barge were 

unloaded during the t e s t .  

Visible emissions of f u g i t i v e  d u s t  from the barge were read continuously 

from 10:29 a.m. t o  11:15 a.m. while yellow corn w i t h  4.7 percent foreign 

material was unloaded. 

in  v i s i b l e  emissions of 10 percent t o  100 percent opacity throughout the  t e s t .  

The f i l t e r  o u t l e t  was observed between 11:40 and 12:37 p.m.  Under d i r e c t  s u n -  

l i g h t ,  emissions of 5 percent opacity could be seen, however, no emissions were 

v i s i b l e  under the d i f f u s e  l i g h t  when clouds blocked the  sun. Visible  emissions 

from the barge were observed again from 1:30 p.m. t o  1:46 p.m. when the t e s t  

was completed. 

during t h i s  period and emissions o f  10 percent t o  40 percent opacity were 

observed. 

Strong westerly winds blew across the area resu l t ing  

Yellow soybeans w i t h  0.7 percent foreign material  were unloaded 

The wind was s t rong a t  t h i s  time, a lso.  



_ .  LOCATION OF SAMPLING POINTS 

Distance to nearest upstream disturbance: 
Type of disturbance: Bend 

Distance to nearest downstream disturbance: 7 feet 
Type of disturbance: Bend 

Diameter of duct: '40 inches 
Number of traverse points: 24 

19 feet 

Figure 2. Inlet to Baghouse 
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Distance t o  nearest. I J ~ ~ C ,  . _  . . 

Type of  disturbance: Bend 

Distance t o  nearest  downstream dis turbance:  6.5 f e e t  
Type o f  d is turbance:  

Diameter o f  duct :  40 inches 
Number o f  t rave rse  po in ts :  12 

End o f  duct  

A ! Figure  3. O u t l e t  t o  Baghouse 



SAMPLING AND ANALYTICAL PROCEDURES 

pa r t i cu la t e  samples were taken and analyzed according to  Method 5 

of the August 17 ,  1971, Federal Regis ter .  

was not heated in  Run #2 and the l a s t  half  o f  Run # l .  

T h e  probe in  the o u t l e t  t r a i n  

p a r t i c l e  s i z e  samples were taken w i t h  a Brinks Model B Cascade 

Irnoactor. Detai ls  a r e  i n  the Appendix. 
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3 .  Volume o f  d r y  gas sampled a t  s tandard cond i t i onsa ,  DSCF 
I 

1 68 P 17.7 x V, (P,, +J) 
(Tm + 460) 

17.7 ~ 8 7 . 6 2  
- 13.6 - - 13'6 = 83.95OSCF 

( 96.7+400 - V 
% t d  

c 
I . . .  

. . . . . . . . . .  . . .  . . . . . . . .  ... . . . . . . .  . . . . . . . . . . . . .  i . .  . , ~  . . . . . . . .  . .  . . .  . .  :"  ,,, :.... . . .  > . . b  *.. :., . .  

2.  Volume of water  vapor a t  s tandard cond i t i onsb ,  SCF 
. .  . .  :. 

I. = 0.0474 x Vw = 0.0474 x 14.9 = 0.71 SCF . Vwgas 

3.  Percent  mo is tu re  i n  s tack  gas 

100 x v 

s t d  

'ass - - 100 x 0.71 = o.84 

I 
E "m + v w  83.95 + 0.71 . % M  = 

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

1 
1 

100 - % M - 100 - 0.84 = 0.992 
100 

- - 
Md - 100 

I 5. Molecu-l?r we igh t  o f  d r y  s tack  gas 

'EllrJd = (%C02 x -100 44)  + (:Lo2 x -) 100 32 + ( X O  + %:I2) x "1; 100 

44 32 28 
(0.0 x -) + (21.0 x m) + (79.Ox 100 = 28.84 100 



-- . 
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. .  - .  6. Molecular weicht of  wet s tack gas 
. . . . .  . . .  . . .  .. . . .  
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i Kg 18'(1 - O . ' W  . .  I),- 28.75 I.l\fd x Hd + 18 (l - "'d) = 
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. . .  7. Stack gas 'velocity a t  stack condi'tions, 'fpm'' . . . . . .  . .  

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

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

. . . . . . .  = 5128.8 X Cp x . . A Ps x ., (Ts + 460) . .  , .  . .  -..vs . . , 

. .  
. . . .  . .  
. . .  

. .  
. .  .. 

~. . . . .  ,= 41.48. '. fpm ... . .  . .  
" 5128.8 x 0.85 x 27.98 

. .  . . . . .  . . . .  
. . '  

. .  . .  . .  
. -. 

.8. Stack gas v b l u m i r i c  flow r a t e  a t  stendard conditicnsd, DSCFi! 
, .  . .  . . .  . . .  _ .  . , .  . . .  .... .~ . .  

' . . 0.123 x V, x X;x !ld*X p s =  . o*123..x4148 1257 0'.992 30.08 36,,89 'DSCFP: - (' 68.8, +460) . .  - 
-.A 

T + 4EL) 
(. c, 

? Qs - 
. . .  . . .  . .  . .  

' 

. .  . . .  . .  

. -  
, .  

. .  L. 
* -  
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9.  Stack gas v o l u ~ e t r i c  floi! r a t e  a t  stack conditions, K F k !  

. .  

. .  
. -  . .  
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.. . . .  . . , 
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.. . .  
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. .  
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. . . .  . . . .  

. .  
. .  
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10. Percent i sokinc t ic  
. .  

. .  

. .  

. .  
. .  . .  . .  

. . .  . .  ..-. 1,032 x (Ts + 4 C O )  x . .  
'Imstd - - 1,022 x '(68.8; 6 6 0 1 ~  83.95 . = 93.1 

2 4148 X 120 X 30.08 x 0.992x 6.182 f €1 = 
V, x Tt x P, x Vd x (Dn) 
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. .  3 2 .  p a r t i c u l a t e  - t o t a l ,  . .  gr/DSCF ...7 . . . .  . 

117.0 = 0.0215 Sr/DSCF 
= 0.0154 x - 83.95 mt - 0.0154 X 

"std 'ao 

I 
I 
I 

3 4 .  p a r t i c u l a t e  - t o t a l  a t  s t ack  conditions, gr/ACF 

17.7 x Cao x P, x Md - :I 17.7 xO.0215X30.08X 0.992 = o.0215 or/ACF 
( 68.8 + 460) I 

- - - (Ts + 460) 

-15. p a r t i c u l a t e  - probe, cyclone, and f i l t e r ,  I b / h r  

. -  

I '  

., i 
I 

I 

!I 
1 

I 

! 
, ' I  



16. P a r t i c u l a t e  - t o t a l ,  lbt!hr 

= 0.00957 x Cao x Os O.OC857 X0.0215 x 36,189 = 6.671b/hr 
. . . . . . . . . . . .  . . . . .  . . .  . . .  . .  , . .: . . . . . . . . .  .... . . . . . . .  . . . . . . . . . .  . .  ........ . .  I 'ax I 

. . .  

a Dry standard cubic  f e e t  a t  7OoF, 29.02 i n .  Hg. 

Standard cond i t ions  a t  7OoF, 2 9 . 9  i n .  Hg. 

' J A P ~  x (Ts + 4GO) i s  determined by averaging t h e  souare  roo t  o f  t he  
product o f  the v e l o c i t y  head ( A P s )  and the abso lu te  
s t a c k  temperature  from each sampling p o i n t .  

Dry s tandard  cubic f e e t  per  minute a t  70"F, 29.92 i n .  Hg. 
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ACTUAL STACK FLOWRATE ACFM 38234. 38957. ,40539. 39244. 
PERCENT I S O K I N E T I C  

: I  
PARTICULATE WT-.PARTIAL MG 7364.00 40148.00 65483.00 . 37664;99.. 
PARTICULATE WT-TOTAL MG 7371.50 40152.50 65486.50 37670.16 
PFRC TMPINGER CATCH 0.1 0.0 0.0 0.0 8 ,  

19.5 92.4 90.7 67.6 
I :  

I 
I 

I i! 

DESCRIPTION 

DATE OF RUN 

I n l e t  

UNITS 

STACK AREA FT2 
NFT TIME OF RUN M I N  - 
BAROMETRIC PRESSURE IN.HG 
AVG O R I F I C E  PRES DROP IN.HZ0 
VOL DRY GAS-METER COliD DCF 
AVG GAS METER TEMP 
VOL DRY GAS-STD COND DSCF 
TOTAL H20 COLLECTED ML 
VOL H20 VAPOR-STD COND SCF 

OEG. F 

PERCENT EIOISTURE BY VOL 
MOLE FRACTION DRY GAS 
MOLECULAR WT-DRY STK GAS 
MOLECULAR WT-STK GAS 

1 

10-30-73 

8.726 
60.0 
30.01 
1.700 
46.99 
85.5 
45.97 
8.8 
0.42 
0.9 
0.991 
28.84 
28.74 

2 

10-31-73 

8.726 
60.0 
29.85 
4.490 
71.99 
69.4 
72.68 
14.9 
0.71 
1 .o 
0,990 
28.84 
28.74 

3 

10-31-73 

A v e r a g e  

8.726 
120.0 
29.65 
4.660 
148.29 
76.1 
146.93 
26.8 
1.27 
0.9 
0.991 
28.84 
28.75 

AVG STACK TEMPERATURE DEG. F 66.9 69.4 72.1 

. - . . - -. .. - . . - - . . -. . . - . . 
PART. LOAD-PTL, STD CN 
PART. LOAD-TTL. STD CN 
PART. LOAD-PTL; STK CN 
PART. LOAD-TTL, STK CN 
PARTIC EMIS-PARTIAL 
PARTIC EEIIS-TOTAL 

GR/DSCF 
GR/DSCF 
GR/ACF 
GR/ACF 
LB/HR 
LB/HR 

2.46680 
2.46932 
2.42997 
2.43245 
796.81 
797.62 

8.50661 
8.50757 
8.28965 
8.29058 
2769.66 
2769.97 

6.86339 
6.86376 
6.61620 
6.61 655 
2300.31 
2300.43 

5.94560 
5.94688 
5.77861 
5.77986 
1955.59 
1956.01 

1 I )  



DESCRIPTION 

DATE OF RUN 10-30-73 10-31-73 

STACK AREA 
NET TIME OF RUN 
BAROMETRIC PRESSURE 
AVG ORIFICE PRES DROP 

AVG GAS METER TEMP 
VOL DRY GAS-METER COND 

VOL DRY GAS-STD COND 

1.880 2.010 
93.72 96.89 
77.9 78.0 11 

TOTAL H20 COLLECTED 

PERCENT MOISTURE BY VOL 
VOL H20 VAPOR-STD COND 

Outlet 

UNITS 

FT2 
MIN 
IN.HG 
IN.H20 
DCF 
DEG.F 
DSCF 
ML 
SCF 

MOLE FRACTION DRY GAS 
MOLECULAR WT-DRY STK GAS 
MOLECULAR WT-STK GAS 
AVG STACK TEMPERATURE DEG. F 
STACK PRESSURE, ABSOLUTE IN.HG 
AVG STACK GAS VELOCITY FPS 
STK FLOWRATE, DRY, STD CN OSCFM 
ACTUAL STACK FLOWRATE ACFM 
PERCENT ISOKINETIC 
PARTICULATE WT-PARTIAt 
PARTICULATE WT-TOTAL 

PART. LOAD-PTL, STD CN 
PART. LOAD-TTL, STD CN 
PART. LOAD-PTL. STK CN 

PERC IMPINGER CATCH 

PART. LOAD-TTL; STK CN 
PARTIC EMIS-PARTIAL 
PARTIC EMIS-TOTAL 

MG 
MG 

GR/DSCF 
GR/DSCF 
GR/ACF 
GR/ACF 
LB/HR 
LB/HR 

1 

10-30-73 

8,726 
120.0 
30.01 
1.680 
87.62 
96.7 
84.00 
14.9 
0.71 
0.8 
0.992 
28.04 
28.75 
68.8 
30.08 
69.132 
36160. 

9.5 
0.45 
0.5 
0.995 
28.84 
28.79 

29.92 
74 * 494 
37752. 

-84.8 

36196. 39004. 
93.5 98.7 

2- 04.50 
117.00 115*50 A 0 7 . 0 0  
1.3 1.2 
0.02118 0.03403 
0.02145 0.03445 
0.02114 0.03292 
0.02142 0.03333 ~~ ~ ~.~~~ 

6.56 11.01 
6.65 11.15 

~ .~ 

21.9 
1.04 
1.1' 
0.989 
28.84 
28.72 

29.72 
84.6- . .  

77.415 73.680 
38751. 37554. 
40533. 38578. 
98.7 97.0 
135.00 151.67 
137.50 153.83 
1.8 1.4 
0.02188 0.02570 
0.02228 0.02606 
0.02090 0,02499 
0.02129 0.02534 
7.27 8.28 
7.40 8.40 
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DESCRIPTION 

DATE OF RUN 

STACK AREA 
NET TIME OF RUN 
BAROMETRIC PRESSURE 
AVG ORIFICE PRES DROP 

AVG GAS METER TEMP 
VOL DRY GAS-METER CN 

VOL DRY GAS-STD COND 
T O i A L  H20 COLLECTED 

PERCENT MOISTURE BY VOL 
VOL H20 VAPOR-STD COND 

MOLE FRACTION DRY GAS 
MOLECULAR WT-DRY STK GAS 
MOLECULAR WT-STK GAS 
AVG STACK TEMPERATURE 
STACK PRESSURE. ABSOLUTE 
AVG STACK GAS-~ELOCITY 
STK FLOWRATE, DRY, STD CN 
ACTUAL STACK FLOWRATE 
PERCENT ISOKINETIC  
PARTICULATE WT-PARTIAL 
PART I CULATE WT-TOTAL 
PERCE IMPINGER CATCH 
PART. LOAD-PTL, STD CN 
PART. LOAD-TTL, STD CN 
PART. LOAD-PTL, STK CN 
PART. LOAD-TTL. STK CN 
PARTIC -EMIS-PARTIAL 
PARTIC EMIS-TOTAL 

. . . .  i 
.~. .~ 

... . . -  
In le t  

. .  
.... i 

i . . . .  -. - ... - . .  
.. . 2  ....... .I . 3 A v e r a g e  .. -. . - UNITS 1 

10-30-73 . 10-30-73 10-31-73 
.... 

. -  - 
M2 
M I N  
MM . HG 
MM , H20 
DM3 
DEG.C 
ONM3 
ML 
NM3 

DEG. C 
MM . HG 
M/S 
DNM3/M 
AM3/M 

MG 
MG 

MG/NM3 
MG/NM3 
MG/AM3 
MG/AM3 
KG/HR 
KG/HR 

0.811 0-.811. - '  0.811 
60.0 60.0 - 120.0 
762.25 
43.180 - 114.046 118.364 

758.19 -.- 753.11 
~ ~~ 

1.33 2.04 4.20 
29.7 20.8 24.5 
1.30 2 . W  . - 4.16 

. . .  1~4.9. .. ..L .26.8 ..... -_ .- o.02~..-'. - . 
0.04 
0.9 

8.8 
0.01 
0.9 ~- . ;- . . 

0.991 0. 990:. .. :. ....... 0. 991 
28.84 .. .. 
28.74 ' '  - 28.74 28.75 

.... 28.84 ~ .... ~ . .  28.84.. 

19.4 - -20.8.' .:-- 2 2 . 3  
751.59 . ~ ~~ 747.52' .. -7.. . 742.44 
22.258 ' . .- . 1067. .. 1076.. -.*- -1107. - 

22.~679 _.-. 23.600 

7371.50 401 52.50' " -  65486.50 
0.1 0.0 '.' 0.0 
5544.98 T9466.34 i5706.02 
5650.73 . , .  19468.52. . - 15706.86 
5560.70 18969.85 15140.36 
5566.36 18971 ..97- 15141.17 
361 .43 1256.32 1043.42 
361.80 1.256.46 1043.48 

22.845 
1083. 
1111. 
67.6 
37664.99 
37670.16 
0.0 
13605.78 
13608.70 
13223.63 
13226.50 
887.06 
887.25 

I 

. .  
I .. 

. . .  
.- - . 

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

~ 

.. - -  - .  
. .  

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

. .. . . . . . . . .  ... . ,  ... . . .  .. , 
. -  

. .  ~ 

.- . . . . . .  
1; .~ 

. .  . . .  .... .- . . . .  -. . . . . .  . . .  .. . .  . .  .. 
. .  
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97.0 
151.67 
153.83 
1.4 
58.80 
59.64 

I 

DESCRIPTION 

DATE OF RUN 

UNITS 1 

10-30-73 

2 
I 

3 Average 

10-31 - 73 10-30- 73 

STACK AREA M2 0.811 

BAROMETRIC PRESSURE MM. HG 762.25 
AVG ORIFICE PRES DROP MM.H20 42.672 
VOL DRY GAS-METER CN DM3 2.48 
AVG GAS METER TEMP DEG.C ' 35.9 
VOL DRY GAS-STD COND DNM3 2.38 
TOTAL H20 COLLECTED ML 14.9 

NET TIME OF RUN MIN 120.0 
0.811 
120.0 
758.19 
47.752 
2.65 
25.5 

0.811 
120.0 
753.11 
51.054 ' 

2 .74 
65.6 

2.62 
9.5 
0.01 

2.69 
21.9 
0.03 
1.1 
0.989 

._..._ . . ~ ~  
VOL H20 VAPOR-STD COND NM3 0.02 
PERCENT MOISTURE BY VOL 0.8 0.5 

0.995 MOLE FRACTION DRY GAS 0.992 . 
MOLECULAR WT-DRY STK GAS 28.84 
MOLECULAR WT-STK GAS 28.75 '_ 

AVG STACK TEMPERATURE DEG. C 20.4 

28.84 28.84 
28.79 
29.3 
759.97 

28.72 
29.2 
754.89 
23.596 22.458 

STACK PRESSURE, ABSOLUTE MM. HG 764.03 
AVG STACK GAS VELOCITY MIS 21.071 
STK FLOWRATE. DRY, STD CN DNM3/M 1024. 

22.706 
1069. 

98.7 
604.50 
207.00 
1.2 
77.88 
78.83 
75.34 

11 04.; 
1097. . 

98.7 
135.00 
137.50 

-1 148.. -ACTUAL STACK FLOWRATE AM3/M 1025. . - 
PERCENT ISOKINETIC 93.5 
PARTICULATE WT-PARTIAL MG 115.50 
PARTICULATE WT-TOTAL MG 117.00 
PERCE IMPINGER CATCH 1.3 1.8 

50.06 
50.99 

. - . ._ - . . . . 
PART. LOAD-PTL, STD CN MG/NM3 48.46 
PART. LOAD-TTL. STD CN MG/NM3 49.09 

47.83 PART. LOAD-PTL: STK CN MGlAM3 48.38 
76.26 
5.00 
5.06 

48.72 
3.30 
3.36 

~~ 

PART. LOAD-TTL; STK CN MGjAM3 49.01 
PARTIC EMIS-PARTIAL KG/HR 2.98 
PARTIC EMIS-TOTAL KG/HR 3.02 

. 
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APPENDIX B 

Complete P a r t i c l e  Size Resul t s  
and  Sample Calcu la t ions  

i '  
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lld = mole f r a c t i o n  of d r y  gas  

a i d  = mole weight  of d r y  s t a c k  gas  

= CO 

= 0 + 21.8 (0 .32 )  + 78.2 (0.28) 

= 28.87 

(0.44) + O2 ( . 3 2 )  + N2 + CO (0 .28 )  
2 

Mw = mole weight  of s t a c k  gas  

= lmd x Md + 18  (1 - Md) 

= 28.87 (1.0) + 18  (1 - 1) 
= 28.87 

V = s t a c k  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 ,  fps  
s 

= 7 2 * 4  9 I 29.24 ( 7 0  (28 .87 )  + 460) 

= 77 fps 



I 

I; 

s t a t e s  t h a t  from t h e  proDe Se1ecr:Lull c i i a l L ,  I ~ L L L U  L LILIVE u c A L u  .-~--- -, 
a nozz le  diameter  must be s e l e c t e d  which w i l l  g i v e  t h e  c a l c u l a t e d  i s o -  
k i n e t i c  sampling v e l o c i t y  (77 f p s )  a t  0.1 t O  0.15 C f m .  The 2-mm nozz le  
was t h e  only  s e l e c t i o n  a v a i l a b l e .  
i n  o r d e r  t o  ma in ta in  77 f p s  a t  t h e  nozz le .  
nozz le ,  paragraph 5 of  page 4 r e q u i r e s  t h a t ,  from t h e  c a l i b r a t i o n  curve  
f o r  "Brinks >lode1 B Cascade Impactor" 
AP ( i n .  H ) which w i l l  g i v e  the s e l e c t e d  f low ra te  of 0.155 cfm. 
p o l a t i o n  of t h e  curve  shows approximate ly  1 7  i n .  Hg !!p was necessary  t o  
o b t a i n  0.155 cfm. Sampling was accomplished u s i n g  t h e s e  v a l u e s  and t h e  
fo l lowing  c a l c u l a t i o n s ,  based on a r e p r i n t  supp l i ed  by Monsento Enviro- 
Chem, were used t o  de te rmine  t h e  c h a r a c t e r i s t i c  d iameter  under t h e  e x i s t i n g  
sampling condi t ion .  

It was necessa ry  t o  ma in ta in  0.155 cfm 
A f t e r  s e l e c t i n g  t h e  2 nun 

.Figure 2 ,  you are  t o  determine t h e  
Extra-  g 

~ 

! 

C a l c u l a t i o n s  for  S t a g e  1 C h a r a c t e r i s t i c  Diameter 

I 

-1 I ^ . . I  2 2.05 x l oo  u . D ~  P, 

L x ~ O - ~ ) '  , 2 .05x108 ( 1 . 8 1 ~ 1 0 - ~ )  (0. 2 4 9 ) 3  (1 .03)  
70 (0.98) 

2 -28.14 x 792 x 5.88 x 10 

0.344 x 10-1 
+ 

68.6 1.18 
- - 

= - 0.08 -I- 2.93 

Dpc = 2.85 u 

It was assumed t h a t  t h e  s i z e  d i s t r i b u t i o n  for  each  s t a g e  would be  p ropor t iona l  
t o  t h e  e x i s t i n g  c a l c u l a t e d  s i z e s  supp l i ed  i n  Tab le  I1 of t h e  r e p r i n t ;  there- 
f o r e  t h e  c h a r a c t e r i s t i c  d i ame te r  f o r  s t a g e  1 w a s  computed us ing  t h e  supp l i ed  
equa t ion  and t h e  fo l lowing  c a l c u l a t i o n s  were made t o  determine c h a r a c t e r i s t i c -  
d i ame te r s  ' for  remaining s t ages .  

I 
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I .  
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APPENDIX A 

Complete Par t icu la te  Results 
and Sample Calculations 
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Sample Calculations 

Run 1 - Outlet  

I .  .volume of dry gas sampled a t  standard condi t ionsa,  DSCF 

17.7 ~ 8 7 . 6 2  1.68 
13.6 E = 83.95DSCF 13.6 

P 
17.7 x V, (Pb +m) 

(Tn + 460) ( 96.7+460 - - V 

. . .  .: . . 

% t d  
. . . . . . . .  .....< . . . . . . . . . . . . . . . . . . .  

.,,? :.. '9*. . . . . . . . . .  i . .  . . .  

2.  Volume of water vapor a t  s tsndard condi t ionsb ,  SCF 

. . .  . -  . .  
. . . .  

. .  .: 
. .  

. .  . .  . . . .  , .  . . . .  

= 0.0474 x V, = 0.0474 x 14.9 = 0.71 SCF . ''gas 

3.  Percent moisture i n  s t ack  gas 

4 .  Idole f r a c t i o n  of dry  gas 

100 - % M 100 - 0.84 = 0.992 - 
100 

- - - Md 100 

. 
. . .  .... 

~, ,~ 

5. Moleculzr weight o f  dry stack gas 

32 28 44 (0.0 x m) + (21.0 x m) + 09.0 x 100 E 28.84 

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

. . .  

.. . : - \ .  .. . .  

.~ 

. . . .  . . . .  . . . .  . . .  . . .  . . . . . . . .  
~. . . . . . .  

. .  ~. . . .  
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, .  
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11. P a r t i c u l a t e  - probe, cyclone, and f i l t e r ,  gr/OSCF 

115.5 - 0.0212 9r/OSCF I 
= 0.0154 x & = 0.0154 x 83.95 I 

I . . . .  
. . .  . . . . . .  

._.. , . . . . . .  ...j. . ~..,. :., . . , . ' .  . 

'an 
: .%td , .  . . .  , 
, :'.. 

. .  L , ,  . . 

. . . .  . . .  . .  3 2 .  P a r t i c u l a t e  - t o t a l ,  . .  v / O S C F  .T . 

X - 17.7 x can x '"d 5 - - 17*7 0.0212x30.08 ( 68.8 t 460) 0.992 =o.0212 9 r / ~ , ~ F '  
(Ts t 460) 

- 'at 

.. 
. . ,  . ?  

-./ 1 4 .  P a r t i c u l a t e  - t o t a l  a t  s t ack  condi t ions,  gr/ACF 

17.7 x Cao x Ps x M - d ,  = 0.0215 4.* g,r/S/PCF 
(Ts + 460) 

17.7 x0.0215X30.08X 0.992 
( 68.8 + 460) - 

'a, 

.15. P a r t i c u l a t e  - probe, cyclone, and f i l t e r ,  lb /h r  

= 0.00857 x C a n  X @, 0.00~57 xO.O21&36,189 = 6.57 lb /hr  
'a" 

\ 

.. - 



16. Pa r t i cu la t e  - t o t a l ,  l b / h r  

O.OOe57 x Ca, x Os = O.OC857 X0.0215 x 36,189 = 6.671b/hr 
. .  . . .  .... . . . . . . .  . . .  . . . .  . -  . . . , .  :,,. : . . . ,  :.., . : . , . . . .  ~ . .  , I  i - , . 

'ax 

. .. 

. 

a Dry standard cubic f e e t  a t  70°F, 29.P2 i n .  Hg. 

Standard condi t ions a t  70"F, 29.02 i n .  Hg 

J A P ~  x (Ts + 460) i s  determined by averaging the  square root  o f  the  
product of the ve loc i ty  head ( A P s )  and the absolute 
s tack  temperature from each sampling point .  

Dry'standard cubic feet  per minute a t  70"F, 29.92 i n .  Hg. 
- 

. .  
. .. 

., . .,:. , .~ . .  

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

. .  
- .  . .  



Inlet 

DESCRIPTION 

DATE OF RUN 

UNITS 1 2 3 Average 

STACK AREA FJ2 
MI N NET TIME OF RUN BAROMETRIC PRESSURE IN.HG 

AVG ORIFICE PRES DROP IN.H20 
Vnl- DRY GAS-METER CON0 DCF - .-- - 
AVG GAS METER TEMP VOL DRY GAS-STD COND DSCF 
TOTAL H20 COLLECTED 
VOL H20 VAPOR-STD COND SCF 
PERCENT MOISTURE BY VOL 
MOLE FRACTION DRY GAS 

AVG STACK TEMPERATURE DEG. F 
STACK PRESSURE, ABSOLUTE IN.HG 
AVG STACK GAS VELOCITY FPS 
STK FLOWRATE, DRY, STD CN DSCFM 
ACTUAL STACK FLOWRATE ACFM 
PERCENT ISOKINETIC 

PERC IMPINGER CATCH 
PART. LOAD-PTL, STD CN GR/DSCF GR/DSCF 

DEG. F 

ML 

MOLECULAR WT-DRY STK GAS 
MOLECULAR WT-STK GAS 

PARTICULATE WT-PARTIAL MG 
PARTICULATE WT-TOTAL MG 

PART. LOAD-TTL, STO CN 

10-30-73 10-31-73 10-31-73 

. . .. . . . - . 
PART. LOAD-PTL; STK CN GR~ACF 
PART. LOAD-TTL, STK tN GR/ACF PARTIC EM1 S- PARTIAL LB/HR 

LB/HR ... 
PARTIC EMIS-TOTAL 

8.726 
60.0 
30.01 
1.700 
46.99 
85.5 
45.97 
8.8 
0.42 
0.9 
0.991 
28.84 
28.74 
66.9 
29.59 
73.024 
37684. 
38234. 
19.5 
7364.00 
7371.50 
0.1 
2.46680 
2.46932 
2.42997 
2.43245 
796.81 
797.62 

8.726 
60.0 
29.85 
4.490 
71.99 
69.4 
72.68 
14.9 
0.71 
1 .o 
0.990 
28.84 
28.74 
69.4 
29.43 
74.405 
37985. 
38957. 
92.4 
401 48.00 
40152.50 
0.0 
8.50661 
8.50757 
8.28965 
8.29058 
2769.66 
2769.97 

8.726 
120.0 
29.65 
4.660 
148.29 
76.1 
146.93 
26.8 
1.27 
0.9 
0.991 

28.75 
72.1 
29.23 
77.427 
39101. 
40539. 
90.7 
65483.00 
65486.50 
0.0 
6.86339 
6.86376 
6.61 620 
6.61655 
2300.31 
2300.43 

28.84 

74.952 
38257. 
39244. 
67.6 
37664.99 
,37670.16 
0.0 . 
5.94560 
5.94688 
5.77861 
5.77986 

*1956.01 
4955=.59 

. .  
. .  



P a r t i c u l a t e  Summary i n  

'I O u t l e t  

DESCRIPTION UNITS I 
DATE OF RUN 

I 
I 

STACK AREA FT2 
NET TIME OF RUN M I  N 
BAROMETRIC PRESSURE IN.HG 
~ . _  ._ ~. .  ~ 

AVG ORIF ICE PRES DROP IN.H20 

AVG GAS METER TEMP DEG.F 
VOL DRY GAS-METER COND DCF 

VOL DRY GAS-STD COND DSCF 
TOTAL HZO COLLECTED ML 
VOL H20 VAPOR-STO CON0 SCF 1 PERCENT MOISTURE BY VOL - 
MOLE FRACTION DRY GAS 

I 
I 
I 
I 
I 

MOLECULAR WT-DRY STK GAS 
MOLECULAR WT-STK GAS 
AVG STACK TEMPERATURE DEG. F 
STACK PRESSURE, ABSOLUTE IN.HG 
AVG STACK GAS VELOCITY FPS 
STK FLOWRATE, DRY, STD CN DSCFM 
ACTUAL STACK FLOWRATE ACFM 
PERCENT ISOKINETIC  

PARTICULATE WT-TOTAL MG 
PERC IMPINGER CATCH 

PARTICULATE WT-PARTIAL MG 

PART. LOAD-PTL, STD CN GR/DSCF 
PART. LOAD-TTL, STD CN GR/DSCF 
PART. LOAD-PTL. STK CN GR/ACF 
PART. LOAD-TTL; STK CN GR/ACF 

~ PARTIC EMIS-PARTIAL LB/HR 
PARTIC EMIS-TOTAL LB/HR 

I 
. .  . .  ,I ' . 

. -  .. . .  
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P a r t i c u l a t e  Summary I n  M e t r i c  U n i t s  
-. __ I n l e t  

DESCRIPTION UNITS 

DATE OF RUN 

STACK AREA 
NET TIME OF RUN 
BAROMETRIC PRESSURE 

VOL DRY GAS-STO COND 
TOTAL H20 COLLECTED ~. 

VOL H20 VAPOR-STD COND 
PERCENT MOISTURE BY VOL 
MOLE FRACTION DRY GAS 
MOLECULAR WT-DRY STK GAS 
MOLECULAR WT-STK GAS 
AVG STACK TEMPERATURE 
STACK PRESSURE, ABSOLUTE 
AVG STACK GAS VELOCITY 
STK FLOWRATE. DRY. STD CN 
ACTUAL STACK-FLOW~AATE- 
PERCENT ISOKINETIC 
PARTICULATE WT- PART I AL 

M2 
M I N  
MM . HG 
MM.H20 
DM3 
DEG.C 
DNM3 
ML 
NM3 

DEG . C 
MM. HG 
M/S 
DNM3/M 
AM3/M 

MG . .- 
PARTICULATE WT-TOTAL MI: . ." 
PERCE IMPINGER CATCH 
PART. LOAD-PTL, STD CN MG/NM3 
PART. LOAD-TTL, STD CN MGjNM3 
PART. LOAD-PTL. STK CN MI:/dM? . .-, ... .- 
PART. LOAD-TTLI STK CN MG/AM3 
PARTIC EMIS-PARTIAL KG/HR 
PART1 C EM I S-TOTAL KG/HR 

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

. . . . . . .  __ ... - .. 
.. .2 ....... :: . 3 . . .  .. - 1 

10-30-73 ' 10-30-73 10-31-73 
. .  .. 

.~ - 
0.811 o .s l i .  0.811 

762.25 758.19 - - -  753.11 
60.0 60.0 -' 120.0 

43.180 - .  114.046. ' 118..364 
1.33 2.04 4.20 
29.7 20.8 24.5 
1.30 2 . 0 L  . - 4.16 

. . 1 4 . 9 ~  . . .  .: .26.a 
0.04 

.- .1 .i - . o.9 
-. 8.8 . -- - o.02.~..-' 

0.01 
0.9 
0.991 0.990. . . .  ..o. 991 
28.84 .. -- . 28.84 . __. . ~ . .  28.84. 
28.74 . 28.74 28.75 
19.4 .. ' . -20.8 :-- '22.3 
751.59 747.52- 742.44 ~ ~ . . .  .... 
22.258 

.-I 083.. ..... ..i. .:.. ;-1-u)3 ...... ~=--- .I 148. 

22:.679 .!- I( . 23.600 
.. 1067. .. 1076. ...... -1107. 

. .  92.4- '~  _.... 19.5 
.7364.00 40148:OO , '  -65483.00 
7371.50 - 401 52.50. . 65486.50 
0.1 0.0 '.' 0.0 
5644.98 1946q.34 15706.02 
5650.73 . . . . . . .  .. 19468:.52-. :.---i.5706.86 
5560.70 18969 .85 15140.36 
5566.36 

. . .  . . . . . . . .  . . .  .. . . . . .  __  ... . . . . . . . .  .... . -  . . .  i -  . . . . . . . . .  .- 
. . .  .......... . .. . . . . .  - .. - -~ ....... . . .  . .  

- - . .  ... -. ~ ' .  . . - .  
. . .  . . . . .  . . . . . .  - . .  

. . .  
. . . .  , >  . . . .  . -  . .  . . :  

~. . . .  . . .  . -  . .  . i . . . . . . . .  - > - - . - > , . ~ - - . -  . . .  . . . . . . . . . . . . .  ... . .  -.- ". .... i i  ....... . .  
. .  

Average 

. . .  

22.845 
1083 .-. 
1.kll. '.. 
67.6 ..: 
37664.99 
37670.1 6 
0.0 
13605 .m 
i x 3 i a . 7 0  

887.06 
887.25 

13223.63 
1 3226.50 

. . .  

. .  -. . 

.. 
. . .  ~ 

.. 

. ,  ~. . . .  

. . .  . .  

. . . . .  
. . . . . .  . . . .  . : 

. .  

. . .  
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Par t icu la te  Summary i n  Metric Units 

DESCRIPTION. UNITS 

DATE OF RUN 

STACK AREA 
NET TIME OF RUN 
BAROMETRIC PRESSURE 
AVG ORIF ICE PRES DROP 

AVG GAS METER TEMP 
VOL DRY GAS-METER CN 

MOLE FRACTION DRY GAS 
MOLECULAR WT-DRY STK GAS 
MOLECULAR WT-STK GAS 
AVG STACK TEMPERATURE 
STACK PRESSURE. ABSOLUTE 

~ . . 

AVG STACK GAS VELOCITY 
STK FLOWRATE, DRY, STD CN 

.ACTUAL STACK FLOWRATE 
PERCENT ISOKINETIC  
PARTICULATE WT-PARTIAL 
PARTICULATE WT-TOTAL 
PERCE IMPINGER CATCH 
PART. LOAD-PTL, STD CN 
PART. LOAD-TTL, STO CN 
PART. LOAD-PTL, STK CN 
PART. LOAD-TTL, STK CN 
PARTIC EMIS-PARTIAL 
PART1 C EM IS-TOTAL 

M2 
M I N  
MM . HG 
MM.H20 
DM3 
DEG.C 
DNM3 
ML 
NM3 

DEG.C 
MM. HG 
M I S  
DNM3/M 
AM3lM 

MG 
MG 

MG/NM3 
MG/NM3 
MG/AM3 
MG/AM3 
KG/HR 
KG/HR 

Outlet  

. . . . .  . . .  . .  

. . . . . .  
I . .  9 . .  . . .  . . . . .  . I .  - 

. . . .  . . . . .  . . . . . . . .  . .  . . .  . .  ...~.. . . . . .  ... . . .  . ........... . .  . .  - ..l.l 
1. ;.;..:. ' ' , . 

. . .  . .  .... .: . . . . . . . . . . .  . . .  . . . . . .  . .  

. , . .  

1 

10-30-73 

0.811 
120.0 
762.25 
42.672 
2.48 
35.9 
2.38 
14.9 
0.02 
0.8 
0.992 
28.84 
28.75 ' 

20.4 
764.03 
21.071 
1024. 
1025. .... 

93.5 
115.50 
117.00 
1 .3  
48.46 
49.09 
48.38 
49.01 

.2.98 
3.02 

... 
. .  

. . . . .  

. .  ... 

. .  . -  

. . .  

2 ' 3  Average 

10-30-73 10-31-73 

0.811 0.811. 
120.0 120.0 
758.19 753.11 
47.752 .51.054 
2.65 2.74 
25.5 65.6 ~~ -~ . 
2.62 2.69 
9.5 21.9 
0.01 0.03 
0.5 1.1 
0.995 0.989 
28.84 28.84 
28.. 79 28.72 
29.3 '29.2 
759.97 754.89 
22.706 23.596 22.458 
1069. 1097. . 1063. 
1 104.; -1 148. 1092. 
98.7 98.7 't' 9 7 . 0 '  
604.50 135.00 151,67 
207 .OO 137.50 . 153.83 
1.2 1.8 1.4 
77.88 50.06 58.80 
78.83 50.99 .' 542.64 
75.34 47.83 @-57.19 
76.26 48.72 58.00 
5.00 3.30 3.76 
5.06 3.36 3.81 

. 

'. . . . ,  
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APPENDIX B 

Complete P a r t i c l e  Size Results 
and Sample Calculations 
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Md = mole f r a c t i o n  of d r y  gas  

= 1  - - 100 - % M - - 100 - 0 
100 100 

MWd = mole weight of d r y  s t a c k  gas  

= C02 (0.44)  + O2 ( .32 )  + N2 + CO ( 0 . 2 8 )  

= 0 + 21.8 (0 .32 )  + 78.2 (0 .28)  

= 28.87 

MW = mole weight of s t a c k  gas  

= MWd x Md + 18 (1 - Md) 

= 28.87 (1.0) + 1 8  (1 - 1) 
= 28.87 

V = s t a c k  gas  v e l o c i t y  a t  s t a c k  cond i t ions ,  f p s  
S 

1.80 70  + 460 = 72 .4  4- 29.24 (28 .87)  

= 77 f p s  

I 

- .: 
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I 

-_ 

From page 4 of t h e  BrinbBFIS-11 Sampler-Sampling I n s t r u c t i o n s ,  paragraph 4 
s t a t e s  t h a t  from t h e  probe s e l e c t i o n  c h a r t ,  which I have l abe led  F igure  1, 
a nozzle  diameter  must be s e l e c t e d  which w i l l  g ive  t h e  c a l c u l a t e d  i so -  
k i n e t i c  sampling v e l o c i t y  ( 7 7  f p s )  a t  0.1 t o  0.15 cfm. 
w a s  t h e  only s e l e c t i o n  a v a i l a b l e .  
i n  order  t o  ma in ta in  77 f p s  a t  t h e  nozzle .  A f t e r  s e l e c t i n g  t h e  2 nun 
nozzle ,  paragraph 5 of  page 4 r e q u i r e s  t h a t ,  from t h e  c a l i b r a t i o n  curve  
f o r  "Brinks XoCel B Cascade Impactor" .Figure 2 ,  you a r e  t o  determine t h e  
Ap ( i n .  Hg) which w i l l  g i v e  t h e  s e l e c t e d  flow rate of 0.155 cfm. 
p o l a t i o n  of t h e  curve  shows approximately 1 7  i n .  Hg 2p was necessary  t o  
o b t a i n  0.155 cfm. Sampling w a s  accomplished u s i n g  t h e s e  v a l u e s  and t h e  
fol lowing c a l c u l a t i o n s ,  based on a r e p r i n t  supp l i ed  by Monsanto Enviro- 
Chen, were used t o  determine t h e  c h a r a c t e r i s t i c  d iameter  under t h e  e x i s t i n g  
sampling condi t ion .  

The 2 - m  nozz le  
It was necessa ry  t o  main ta in  0,155 cfm 

Extra-  

C a l c u l a t i o n s  f o r  S tage  1 C h a r a c t e r i s t i c  Diameter 

234 II 2 + DcJ  P2 
2.05 x loo 

Pp"oP0 
Dpc = 

= -15.3 ( l . 8 1 ~ 1 0 - ~ )  2 . 0 5 ~ 1 0 ~  ( l . & l ~ l O - ~ )  (0.249)3(1 .03) 
.18x10 - 3  70 (0.98) , 

% 

2 - - -28.14 x l o q 4  5.88 x 10 
0.344 x 10-1 68.6 

= - 0.08 + 2.93 

Dpc = 2.85 !2 

It was assumed t h a t  t h e  s i z e  d i s t r i b u t i o n  f o r  each s t a g e  would be  p ropor t iona l  
t o  t h e  e x i s t i n g  c a l c u l a t e d  s i z e s  suppl ied  i n  Tab le  I1 o f  t h e  r e p r i n t ;  t he re -  
f o r e  t h e  c h a r a c t e r i s t i c  d i ame te r  f o r  s t a g e  1 w a s  computed u s i n g  the supp l i ed  
equat ion  and t h e  fo l lowing  c a l c u l a t i o n s  were made t o  determine c h a r a c t e r i s t i c -  
d iameters  f o r  remaining s t a g e s .  
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Proportioning Table I1 

If Dpc from Table I1 = 3 .14  for Jet 

0.91 x 1.10 for Jet .F3 = 1.00 !A 

0.91 x 0.57 for Jet #4 = 0.52 p 

0.91 x 0.33 for Jet #5 = 0.30 C 

* Ratio of characteristic diameter calculated for Stage 1 to 
characteristic diameter for Stage 1 from Table I1 of reprint. 



NONENCL4TURE 

IDC = 0*249 cm 
P = 29.3Gf29.92 = 0.98 atm 

lo 

3 
p = 1 gmfcm (assumed) 

-4 3 I = 1 .81  x 10 gmfcm 

P 
I 

1 Ts = average stack-gas temperature, F 

Aps = average pressure head, inches H 0 I 2 

I s  
= average stack pressure, inches Hg 

pc = characteristic particle diameter for impactor stage, micron 

I 
1 
I 
I 
I 
I _. 
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Equivalent Particle Diameter, microns 
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. .  

. .- . . .  ” _  . . - ..~.. 
. . ~ .jyw I 

. . .  - . -  , . . # 1 _ _  ’ .  . ... ., 
. .~ .. .. , . . .  - .,_ . 

. .  . . ._ . -  . .  

!’ 

! 



. .  . .  

.... 

. . :  
. .. --- . - ,. ' ........ .J , t. , I  *< 

- .  . 

.. 

APPENDIX c 
Field Data 
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NOIAOGRAPH DATA 

PLANT fl u#?/c-e 
),L ,/ : ,P .-^ -. 

DATE 
, ,  

SAMPLING LOCATION ,’- ’ / - A  

CALIBRATED PRESSURE DIFFERENTIAL ACROSS 
ORIFICE, in. H20 AH@ 17:; 
AVERAGE METER TEMPERATURE (AMBIENT +2O0F),’F Tmavg. ‘i7n 

1 PERCENT MOISTUCE IN GAS STREAJ BY YOLK;€ Bwo % 

Pm 30. o/ BAROblETRlC PRESSURE AT OIETER, in. Hg 

STATIC PRESSURE IN STACK, in. Hg 

(Pm+0.073 x STACK GAUGE PRESSURE in in. HzO) 

RATIO OF STATIC PRESSURE TO METER PRESSURE 1. p’,Pm I / , O D  

I T%a. I 7: AVERAGE STACK TEMPERATURE. O F  

AVERAGE VELOCITY HEAD, in. H20 I APaw. I 1. 67 
MAXIItIUlrl VELOCITY HEAD, in.  H20 1 APmax. I ?;a 
- ~ ~~ 

‘7 I’ 

C FACTOR f ; u  

@ I t 0  
12-35- 
, L , 3  

CALCULATED NOZZLE DIAItlETER. in. 

ACTUAL NOZZLE DIAMETER, in. 

REFERENCE Ap, in. H20 

EPA (Dud 234 
4/7 2 
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NOMOGRAPH DATA 

CALIBRATED PRESSURE DIFFERENTIAL ACROSS 
ORIFICE, in. H20 

PERCENT hiSISTtii7E lli GAS STREKu'd BY VGLtiitiE 

Prn 2s. as BARO:I!ETRlC PRESSURE AT METER, in. Hg 

STATIC PRESSURE IN STACK, in. Hg 

(Prn+0.073 x STACK GAUGE PRESSURE in in. H20) 

6.?? 
RATIO OF STATIC PRESSURE TO METER PRESSURE ps/pn -&6- 

TSavg. 7 o * AVERAGE STACK TEiJPERATURE, O F  

AVERAGE VELOCITY HEAD, in. H20 Apavg. I 00 
h1AXI:;IU:Il VELOCITY HEAD, in. H20 

I q+ C FACTOR 

CALCULATED fiOZZLE OIA::.ETER. in. 
- .  

.f 00 
ACTUAL IiOZZLE OIA:;ETER, io. ' _  -. . - .. - . 102 .- 

REFERENCE Ap,  in. H20 ' I # &  ,, - ' 

. 

. .  .~ . .  .~ . .  

EPA io",) 234 
4[12 

. . - .  

.. 



TRAVERSE POINT LOCATION FOR CIRCULAR O U C ? T  

PLANT A 
DATE 

INSIDE OF FAR WALL TO 

INSIDE OF NEAR WALL TO 

SAMPLING LOCATldN - 
I 

f-/4 //21 OUTSIDE OF NIPPLE, (DISTANCE A) 
/ I  

OUTSIDE OF NIPPLE, (DISTANCE E) 
STACK I.D., (DISTANCE A .  DISTANCE 

[P '/Z 
q p  u E) 

NEAREST UPSTREAM DISTURBANCE 17 !w 
NEAREST DOWNSTREAM DISTU&4NCE / S & t  
CALCULATOR 4 . L*+&. 

i / 
e .  

SAM~LING LOCATION 

I 

I 1 i 
I 
I 
! 

I 



:I 
I 
I 
I 
I 

CA 'p ,7 
PLANT k~- -  c i i  . 

LOCATION I & 'LET 
STACK 1.0. 4 0 
BAROMETRIC PRESSURE, in. Hg 
STACK GAUGE PRESSURE, in. H ~ D  -  IT 
OPERATORS I.o.?,x bbz 9 , C L . W b T  

DATE i@ /Z"? 1-23 

+qbl A;& 
TRAVERSE V E L O C I N  STACK 

NUMBER bp,), in.H2D (TJ, O F  

POINT HEAD TEMPERATURE 

I, kA' b9 I 

3 I .4c 

SCHEMATIC OF TRAVERSE P ~ I N T  {AYOUT 

TRAVERSE VELOCITY STACK 
POINT HEAD TEMPERATURE 
NUMBER 

'I 
I' 

' Z  _. 
-.: 

-1 AVERAGE 



TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS 

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

OUTSIDE OF NIPPLE, (DISTANCE B) 
STACK LO., (DISTANCE A - DISTANCE B) 

TRAVERSE POINT LOCATION 7 
COLUMNS 2 AND 3 FROM OUTSIDE OF NIPPLE ,l 



STACK 1.0. 
BAROMETRIC PRESSURE, in. Hg I STACK GAUGE PRESSURE, in. I ,e $0 f 

1 TRAVERSE VELOCITY STACK 
POINT HEAD TEMPERATURE 

NUMBER kip,) ,  in.$O (T,), "F 

11 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I I #  L- 5- 

I I 

7t 

SCHEMATIC OF TRAVERSE F ~ O I N ~ L A Y O U T  

TRAVERSE 
POINT 

VELOCITY STACK 
HEAD TEMPERATURE 

3 

AVERAGE I 

,. 
. .  

.. ,.' :'. 

I I 

AVERAGE , I '/. gL&* 
EPA (Dud 233 

4/12 
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ANALYTICAL DATA 

PLANT&- COhlMENTS: 

DATE /O - Tb' - 7.3 
SAMPLING LOCATION / d  I C 1 
SAMPLETYPE , P A  r 7 
RUN NUMBER 

SAMPLE BOX NUMBER 

- 

CLEAN-UP MAN&+ 

FRONT HALF LABOF TORY 

i 

I 
'. t 
' I  

ES .TS 

BACK HALF 

IMPINGER CONTENTS AN0 WATER WASH OF 
.. IMPINGERS, CONNECTORS, AN0 BACK 

HALF OF FILTER HOLDER 

ACETONE WASH OF IMPINGERS, CONNECTORS. 
AN0 BACK HALF OF FILTER HOLDER 

Mol STU R E 

IMPINGERS 

, 1. 

,?3&A'Q mL 
-..: 

FRONT HALF SUBTOTAL 
. .  

C O N T A l N E R ~ ~ ~  ,A mg 

L O  mg 

CONTAINERA&- 414 'mg 

ETHER-CHLOROFORM 
EXTRACTION 

/ 

I 
BACKHALFSUBTOTAL . 3~ mg 

I TOTAL WEIGHT 
1 

. I  

. I  

FINAL VOLUME k ml 
INITIAL VOLUME L ml 
NET VOLUME b ml 

SILICA GEL . .. 
FINAL WEIGHT g . .  g 

TOTALMOiSTURE $ J . .c 
g INITIAL WEIGHT 4 7 ST * g . g 

NETWEIGHT 8.8 g I 9; 

. .  EPA (Our) 231 . .  

4/12 
.. . .. . . . . .. _._-_ i- -. ~ ~ 



ANALYTICAL DATA 

P L A N T J E  
DATE / O  - 3 0 - 7 3  
SAMPLING LOCATION 047&?- / 
SAMPLE TYPE f i  m td I 
RUN NUMBER - 
SAMPLEkOXNUfiiBER ?k 1 

CLEAN-UP *'AN- 

FRONT HALF 

ACETONE WASH OF NOZZLE, PROBE, CYCLONE (BYPASS), 

FILTER NUMBER D ,  '360 5- 0- 3 3 3 1  

FLASK, FRONT HALF OF FILTER HOLDER 

BACK HALF 

MPINGER CONTENTS AN0 WATER WASH OF 
IMPINGERS, CONNECTORS, AN0 BACK 
HALF OF FILTER HOLDER 

ACETONE WASH OF IMPINGERS, CONNECTORS, 
AND BACK HALF OF FILTER HOLDER 

MOISTURE 

COMMENTS 

.. 

.* 

LABORATORY RESULTS 

CONTAINER 8 % ~  mg 

FRONT HALF SUBTOTAL .I/ 5-27 mz 
-, 

L*g mg 
f&;. 

CONTAINER d3 -''v 
O# 0 

ETHER-CHLOROFORId 
mg EXTRACTION 

. 
mg CONTAINER 0, * 

BACK HALF SUBTOTAL . / o r  mg 

TOTAL WEIGHT / J7*& mg 

MPINGERS 
.FINALVOLUME 2 0  2 ml  
INITIAL VOLUMF 9 U 0 ml  
NETVOLUME 2 ml 

SILICA GEL . .. 
8 
g E 

E g; 

FINAL WEIGHT b7- 9 g 
INITIAL WEIGHT e7 c. 0 g 
NETWEIGHT 12. 7 g TOTAL MOISTURE / '1- 9 . 

. .  EPA (Our) 231 
. 0-12 

-.- ---A __ _ .  . .. 
. . . . . . . ..._ _. . . . . .. . . . 



ANALYTICAL DATA 

.- i 
: 

i 
c 

PLANT 8 COMMENTS: 

DATE 1 0  - 30-  73 
SAMPLING LOCATION / N L  c & z  
SAMPLE TYPE 

RUN NUMBER 

SAMPLE BOX NUMBER 

- 

CLEAN-UP MAN vLI-uA7- 

FRONT HALF LABORATORY RESULTS 

ACETONE WASH OF NOZZLE, PROBE, CYCLONE (BYPASS). CONTAINER k46 3620 0 2 % ~  

FLASK, FRONT HALF OF FILTER HOLDER 

CONTAINER 5 - 7  3 - 402 -19 7 9 4 L . O m g  FILTER NUMBER 2. 6 733- 

F R O N T  H A L F  S U B T O T A L  Y o / + P ~ / Q  me 

BACK H A L F  
CO~A~NER-LSLIY‘~ 3. 6 mg 

5J mg 
ETHER-CHLOROFORlrl 

IMPINGER CONTENTS AN0 WATER WASH OF 
IMPINGERS, CONNECTORS, AND BACK 
HALF OF FILTER HOLDER EXTRACTION 

1 .  Q*Q ‘ m g  
ACETONE WASH OF IMPINGERS, CONNECTORS. CONTAINER 

BACK H A L F  S U B T O T A L  . 4r mg 
AND BACK HALF OF FILTER HOLDER 

T O T A L  WEIGHT + / ~ J + c  mg 1 
MOISTURE 

IMPINGERS 
FINAL VOLUE 2 0 6 m i  

d INITIALVOLUME A’ 4 0 ml 
NET VOLUME d ml 

!i 
I 

SILICA GEL 
FINAL WEIGHT g g g 
INITIAL WEIGHT g 
NETWEIGHT A g g E 

g 
TOTAL hlOlSTURE I + +  9 h 

- . .  
. .  

EPA (Dur) 231 
4/12 

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



.- 

. .. 
9 j r  

SILICA GEL 
E 
E 

TOTAL MOISTURE e 
FINAL WEIGHT %E E 
INITIAL WEIGHT -- g E 
NETWEIGHT -E . . E E; 

-$n  e2 

. .  
EPA(0ur) 231 7 

. .  . .  
. .. ~ . .. 

4n2 
._ - ,, . ,. . ...... . . . . _. . . . : -.  I-- ---- - - . ~  ----- i-- 

ANALYTICAL DATA * 

I 

PLANT .8 U N d ;  e 

SAMPLING LOCATION 0 0 ;pdc 2-8 

RUN NUMBER 2-,8 

CLEAN-UP MAN F d  

DATE / O - - J Q - 7 >  

SAMPLE TYPE 

SAMPLE BOX NUMBER 

FRONT HALF 

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

BACK HALF 

IMPINGER CONTENTS AN0 WATER WASH OF 
IMPINGERS, CONNECTORS, AN0 BACK 
HALF OF FILTER HOLDER 

ACETONE WASH OF IMPINGERS, CONNECTORS, 
ANOBACKHALFOFFILTERHOLOER 

MOISTURE 

COMMENTS: 

LABORATORY RESULTS 

CONTAINER /3-) TST d , ~  mg 

CONTAINER -ua2 --N2 ~ f - 5  mg 

2 0  +.is me 
. . ,  FRONT HALF SUBTOTAL . ?  

CONTAINER / 6 3  -F+ - Z t O  mg 
*?- 

* b . . b  mg 
ETHER.CHLOROFORIi1 

EXTRACTION 

1 5 5  6 , 5 -  'mg 
CONTAINER 

BACK HALF SUBTOTAL . 2 s  mg - 

'&Lo 9 . 0  mg 11- 
I i  

TOTAL WEIGHT 
I 
1 

. .  

I 
I 

. .  

IMPINGERS 
FINAL VOLUME 
INITIAL VOLUME 
NET VOLUME --P ml 



1 
I: 
r 

I\ 

! '  ANALYTICAL DATA 

PLANT 8 u rM 9 
DATE / e  -3'3/-73 
SAMPLING LOCATION ;N L e l  3- A 

,434- ff 
# 

SAMPLE TYPE 

RUN NUMBER 

SAMPLE BOX NUtABER 

CLEAN-UP MAN&- 

- 

COMMENTS: 

.- 
c 

FRONT HALF 

BACK HALF 

MPINGER CONTENTS AN0 WATER WASH OF 
IMPINGERS, CONNECTORS, AND BACK 
HALF OF FILTER HOLDER 

ACETONE WASH OF IUPINGERS, CONNECTORS, 
ANDBACKHALFOF FILTERHOLDER 

MOISTURE 

MPINGERS 
FINALVOLUME 21 0 ml 
INITIAL VOLUhlE - m l  
NET VOLUME 16 ml 

LABORATORY RESULTS 

CONTAINER .- fl . boZTir/,mmg 

FRONT HALF SUBTOTAL ' 5 g C 8 3 , ~  mg 
I 

-.: 

! 

! 

mg 
/ f l - l . s " r  3. 0 

?* 
CONTAINER 

? @ b . O  mg 
ETHER-CHLOROFORIil 

EXTRACTION 

LDU 0, r 'mg 
CONTAINER- - -  

5.5 mg - BACK HALF SUBTOTAL . 
I TOTAL WEIGHT ~ < S L B / , . ~  

SILICA GEL 
FINAL WEIGHT y9/,g g g B I 

b 
TOTALMOISTURE 2 6 - g 8 

NETWEIGHT / b 8 g  8 - a  
INITIAL WEIGHT ? T z  * g 



.. 
I PLANT.- 

Y 

SAMPLING LOCATION 6' ~ ~ 7 4 ~ 7  
SAMPLE TYPE 

DATE / 0 - 3 /  -75 

3 -8 

RUN NUMBER 3- 4 
SAMPLE BOX NUMBER 

CLEAN4P MAIj 

FRONT HALF 

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

FILTER NUMBER 0,3 459 ,y>c+t? 

-0,+3 0 c.. ?- 
n45 0 . 0 1  53 

BACK HALF 

IMPINGER CONTENTS AN0 WATER WASH OF 
IMPINGERs, CONNECTORS, AND BACK 
HALF OF FILTER HOLDER 

ACETONE YlASH OF IIJPINGERS. CONNECTORS, 
AND EACK HALF OF FILTER HOLDER 

MOISTURE 

'Kg 

2 Ai- mg 

Q,. 0 CONTAINER / b  5 
BACK HALF SUBTOTAL . 

/37.5 TOTAL WEIGHT 

. .  IMPlNGERS 
FINALVOLUME l o  ml 
INITIAL VOLUME , k k  rnl 
NET VOLUME rnl 

SILICAGEL 
FINAL WEIGHT --9 g g - g  

C INITIAL WEIGHT y76.B g - g - TOTAL hlOlSTURE -? / ? 
NETWEIGHT -&%& g -g -'; 

. . .  

. EPAmul) 231 pLt4 
. .  . 

-.- - .. - 
. . .  

. . . . . .  . - _.._ - ...-- .- ---i -- 4/12 - .. . . . .. . .. . . . . .. . . . .. 
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. .  

,Process Data 

KST 
RUN NO. 

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

BARGE G R A I ~  % % bUHtlGN 
WEIGHT MOISTURE MATERIAL 

. . . . . . . .  . . . . .  . .  1 b/bu 

1 Bunge 33 SB 55.0 13.2 1.0 I 

Maury 15 SB 55.5 13.3 3.3 
Bunge 6 Corn 55.0 13.2 4.2 471 95 3,115,000 

. . .  

AVE 2.878.000. 

FM 49 SB 57.0 12.5 0.9 50563 3,263,000 
'Mary T 13 Corn 55.5 13.1 4.5 50540 3.3U0,OOO 
AGS 511 Corn 57.5 14.3 3.6 52678 3,304,000 

I 

.I 
2 

-'I . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

' j  . ?  

AVE 3,289,000 ! 

4.7 50400 3,050,000 
49031 .;,,. 2,551,000 

FM 22 SB 57.5 12.8 0.7 50785 2,368,000 

3 CW 64 Corn 57.5 13.1 

Bii 
Bunge 31 Corn 55.5 12.7 3.8 

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

AV E 2,656,000 

. .  . .  . ,  . .  . .  

. .  

.:. . . .  . .  . . .  . ,  . . . .  . .  . .  . .  . .  . .  . .  
. . .  . . .  . .  

. . . .  . . . .  
. .  - .  . . :  . .  . .  

. .  
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EMS-11 SAMPLER - SAMPLING INSTRVCTIONS 

SCOPE 

These i n s t r u c t i o n s  a r e  in tended  t o  g ive  a stt.-J-by-step 

procedure f o r  determining the  p a r t i c l e  s i z e  d i s t r i b u t i o n  

of a l i q u i d  mist o r  s o l i d  load ing  i n  e gas  f lowing 

through a duct .  Because c,f the  s p e c i f i c  n a t u r e  of a 

g iven  p rocess ,  some changes of t h e  prccedures  g iven  may 

be necessary .  However, t he  e s s e n t i a l  f e a t u r e s  of t h e  

method should be r e t z i n e d  i f  r e l i a b l e  r e s u l t s  a r e  t o  be 

obt  a ined  . 

EQUIPMENT 

A )  For sampling 

1) BNS-11 sampler 

2 )  One (1) s e t  of probe t i p s  

3 )  Sanple probe f o r  e n t e r i n g  gas st ream 

4 )  vacuum source  (vacuum pump o r  e j e c t o r )  

5) Stopwatch 

6 )  Heating t a p e  110 V 3 f t .  long  

7) B o t t l e s  to c o l l e c t  cyclone samples (4. 02. French 

square  ) 

8) Mercury f o r  manometer 

9) Two (2) wash b o t t l e s ,  one w i t h ‘ d i s t i l l e d  H20 and 

one w i t h  ace tone  or  methanol 

. >  

-.! 
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BIG--11 SA: :PLER - SiU.IPLIMG INSTRUCTIONS 
Page 2 

j: 
i 

10) Rubber tub lng  t o  connect  BMS-10 t o  vacuum source  

and sanFle  probe 

11 

12 

) A source  of 110 V e l e c t r i c a l  power must be provided  

a t  the  s m p l i n g  l o c a t i o n  

I )  S u i t a b l e  p l a t fo rms  must be provided  a t  t h e  sampling 

l o c a t i o n  f o r  p l a c i n g  t h e  BIG-10 a long  s i d e  t h e  

sarrp1i:;g p o r t  and f o r  working sapce f o r  t h e  o p e r a t o r  

(NOTE: See a t t a c h e d  drawing f o r  type  of p1s t fom.s  

u s u a l l y  r equ i r ed )  

B) For  a n a l y s i s  
, 

' ?  The a n a l y t i c a l  equipment and chemical  r equ i r ed  w i l l  
/ 

vary  cons iderably  depending on the  corngosition of 

t h e  c o l l e c t e d  material .  The equipment end chemicals  i 
;/ ~ 

i 
l 
~ 

I 

given  below a r e  f o r  t y p i c a l  acid m i s t .  

I 
I 

1) 1,000 ML beaker 

2 )  250 ML beak!. 7 

3 )  Glass C Y  stainless  s t e e l  s t i r r i n g  rod (1/16 inch  

.. 

dia. by 6 inches long)  
I 
! 4) N/10 NAOH ~ 

5) N / 1 0 0  NAOH 

6 )  Phenolphtha le in  i n d i c a t o r  s o l u t l o n  

7) N/100 H c l  o r  &SO+ 

8) 50 ML Bure t  

' i  

I .~ . 
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B I G - 1 1  S S P L E R  - SAMPLING INSTRUCTICNS 
Page 3 

9 )  Four p l a c e  e n p l y t i c a l  balance ( i f  any 
g rav ime t r i c  work i s  t o  be done) 

PREL1Hi:::EIRY CALCUIATIONSY 

A n  important  c o n s i d e r a t i o n  i n  sanpnpling f o r  a e r o s o l s  i n  

gases  is t o  w i t h d r a w  the  gas s z z p l e  a t  t h e  same v e l o c i t y  

PS e x i s t s  i n  t h e  duct  a t  t h e  c o l l e c t i o n  p o i n t  ( i s o k i n e t i c  

sar.plin&). T h i s ,  i n  t h e o r y .  r e q u i r e s  measuring t h e  gar 

v e l o c i t y  i n  t h e  duct  a t  t h e  s a z p l i n g  p o i n t  end running 

many sarnples t o  traT7erse t h e  d w t .  

'1 

_ .  The sanp l lng  c o n d i t i o n s  d e t e m i n e d  by t h e  method desc r ibed  

below a l low a f a i r l y  a c c u r a t e  d e t e n i n a t i o n  of t h e  amount 

of p a r t i c l e s  less  t h a t  7u and an  estimate of t h e  amount ofq7. +' 

p a r t i c l e s  g r e a t e r  t h a n  7u .  

b., .> 

1) The flow of gas  a t  t h e  sample p o i n t  must be determined 

a long  wi th  t h e  g a s  t empera ture  and p r e s s u r e .  .-.- -I___ 

2) The a c t u e l  CFM is c a l c u l a t e d  as follows: - . j  - 

32 Bar. P r e s s  Z Pd 

1. ----.-. 
ACFM -'r. -' SCF'M X (46; q b  1 Td) (29.92 

- L A  .... 

3 )  C a l c u l a t e  the  gas v e l o c i t y  a t  the  sample p o i n t .  /k/,.?C , 
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BMS-11 SAMPLER - SAMPLIh'G INSTRUCTIOIIS 
Page 4 

<.?,I. ;,.. .-- 

4 )  From t h e  probe se lec tLon c h a r t ,  s e l e c t  a p r o b e , t h a t  
' 1  

..,*-, w i l l  g ive  a sampling rate (F,) between 0 .1  - 0.15 CFM. A ; J * L - : , ~ :  

{., ..'..6. .A > ._ 2 ,  
~ 

L:, ?-,-:- L . - L  

5) Using t h e  c a l i b r a t i o n  curve f o r  Brink Model B Cascade 

Impactor suppl ied  w i t h  t h e  BMS-11, s e l e c t  APc corzesponding 

! 
t o  (Fs). 

6 )  Es t imate  o r i f i c e  AP (Apes) undar sampling cond i t ions .  
.. - 

BMS-11 SAI4PLING PROCEDURES 
, 

.. 

1) Ready t h e  sampling equipment by f i l l i n g  t h e  manometer on 

t h e  l e f t  ( f low manometer) w i t h  Hg, and the  manometer oms*$he 

r i g h t  w i t h  H20 o r  Hg depending on t h e  amount of p re s su re  i n  

t h e  duc t .  (NOTE: If t h e  manometers should have been f i l l e d  

p r i o r  t o  sh ipping ,  t h e  clamps on t h e  rubber  tub ing  leading  

t o  each manometer should b. 

2. 

opened a t  t h i s  t ime . )  

2 )  Turn t h e  sampler around and i n s e r t  t h e  g l a s s  cyclone ( i f  no t  

a l r e a d y  i n s t a l l e d  i n  sampler) i n  ?.ts p rope r  p l a c e  on t h e  

l e f t  s i d e  of t he  sampler. 

3) Pack t h e  s m a l l ' g l a s s  f i l t e r  tube  wi th  #BOO Pyrex brand 
., 
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g l a s s  wool. 

f i n n l y  as p o s s i b l e  by hand t o  a depth of two inches .  

The f i l t e r  tube should be packed as 

4 )  Place  t h e  smzll packed f i l t e r  tube  ups ide  down on t h e  

rubber s toppe r  at bottom of ' impactor .  

5) I n s e r t  t h e  L ipac to r  and packed f i l t e r  i n t o  i t s  p rope r  

p l a c e  on t h e  r igh t -hand sid.:! of t h e  sampler.  

6 )  Connect the  cyclone and t h e  t o p  h o r i z o n t a l  n i p p l e  of 

t h e  impactor w i t h  a s h o r t  p i e c e  of neoprene tub ing .  
~. 

. ?  

- i  . I .  

7) Two p i e c e s  of neoprene tub ing  a r e  extending through 

t h e  c e n t e r  pane l  of t h e  sampler. Connect t h e  t o p  p i e c e  
;?- 

*:? 
t o  t h e  v e r t .  n i p p l e  extending down from t h e  t o p  of 

impactor,  and connect  t h e  bottom p iece  of t ub ing  t o  t h e  

v e r t .  n i p p l e  exteyiding up f.-oz: t h e  boitom of impactor.  
.. 

8) The s h o r t  p i e c e  of tub ing  extending down from t h e  

c o n t r o l  va lve  should be connected t o  t h e  small packed 

f i l t e r  tube.  

.. 
..  . . . - .  

. .  , .  
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9 )  Put a 24 rubber  s t o p g e r  on to  t h e  b o t t o a  of cyc lone  

and p l a c e  a 4 0 . .  b o t t l e  on to  t h e  rubber  s t o p p e r .  

10) Make s u r e  t h e t  a l l  of t h e  connec t lons  t h a t  have been 

made ere t i g h t  and p l a c e  t h e  i n s u l a t e d  cove r  on t h e  

beck. of sampler.  

11) Assemble probe t o  t h e  p rope r  l e n g t h  u s i n g  p r e v i o u s l y  

s e l e c t e d  probe t i p .  A l l  j o i n t s  i n  t h e  probe should 

h e  s e a l e d  w i t h  t e f l o n  t a p e  and t h e  d i r e c t i o n  of probe 

t i 2  marked on t h e  o u t l e t  of probe assembly. 
. y  

.. . . .I 

12) A s h o r t  p i e c e  of rubber tub ing  should be p laced  on 

t h e  o u t l e t  end of t h e  probe a n d  t h e n  s e a l e d  of f  w i t h  s 
1*'j 

a t u b i n g  c l a q p  p l a c e d  i n  t h e  c e n t e r  of t h e  r u b b e r  t u b i n g .  

13) Place  vacwm so';rce as c l o s e  t o  the  sampling t a b l e  as 

i s  necessa ry  t o  connect a vacuum hose from the sm.p le r  

t o  t h e  vacuun source .  

.14) Connect, the  e l e c t r i c a l  cord  from t h e  sampler t o  a 115V 

o u t l e t .  

-, 

. .  
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15) Meascre t h e  tempera ture  of gases  t o  be sz9pled and 

record it on d a t a  sheet. 

1 6 )  With t h e  tub ing  clarnp c losed  on t h e  probe ,  i n s e r t  t h e  

probe i n t o  t he  duc t  w i t h  t h e  probe t i p  p c i n t i n g  down 

s t r e m  w i t h  t h e  gas flo-tr. 

17) Place t h e  blower swi tch  i n  t h e  on p o s i t i o n  ( i n d i c a t o r  

l i g h t  on) and t h e n  t u r n  on t h e  h e a t e r  switch ( i n d i c a t o r  

l i g h t  on) .  

18) The t e z g e r a t u r e  a t  blower inlet should be a d j u s t e d  t o  ~ 

' 

-.. 5 t o  10OF above s t ack  gas tempera ture .  T h i s  can be 

done by r o t a t i n g  t h e  thermoswitch d i a l  c o u n t e r  c lockwise 

t o  r a i s e  t h e  t e n p e r a t u r e  and clockwise t o  lower t h e  %y 
temperature .  

,.' 

1s)) Check t h e  c m t r o l  va lve  i n  sampler and make siire it i s  

c losed .  Connect t h e  rubber  vacuum t.:bing from t h e  vacuum 

source  t o  t h e  metal n i p p l e  p r o t r u d i n g  from t h e  s i d e  of t h e  

sampler. Turn on vacuum source .  (NOTE: If vacuum i s  

tu rned  on w i t h  c o n t r o l  vain open the  H 2 0  o r  Hg manometer 

may blow.) 



_ .  - . .  
. .  

I ... - . .  
. .  

. . .  
. .  . .  . .. 

I .  . . 
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20) A f t e r  s m p l e r  has heated cy t o  t he  p rope r  tern?, t u r n  

t h e  probe u n t i l  t h e  probe t i p  i s  f a c i n g  i n t o  t h e  gas  

stream. 

p laced  on t h e  probe o u t l e t . )  

( T h i s  can be done by us ing  t h e  mark p r e v i o u s l y  

21)  Connect t h e  rcbber  tub ing  of t h e  proL- t o  t h e  g l a s s  

cyclone p ro t rud ing  from t h e  s i d e  of sampler.  

22 )  With t h e  probe t u b i n g  c l m p  closed, "very slowly" 

open t h e  s a x p l e r  c o n t r o l  va lve .  D r a w  5 t o  6 inches  

H20 vacuum on system as i n d i c a t e d  on t n e  H20 manometer. , . .  . .  .. . *  
C l o w  the  c o n t r o l  va lve .  The vacum should drop o f f  -.: 

very  s lowly s i n c e  t h e  gases  i n s i d e  t he  sampler are 

being hea ted .  Ii t h e  vacuum drops o f f  r a p i d l y ,  l e a k s  ?- 

are p r e s e n t  and must be e l i m i n a t e d  before  proceeding  
*=.' 

w i t h  t he  sampling. Repeat S t ep  22 u n t i l  t he  l e a k  has 

been found. 

23) Open probe tub ing  clamp "slowly" t o  bleed o f f  vacuum. 

(NOTE: If probe c l a m p . i s  l e f t  c losed  while  t h e  sampler 

i s  h e a t i n g  up when connected t o  the  p robe ,  the H20 w i l l  

blow. ) 
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24)  Plug e l e c t r i c a l  h e a t i n g  t a p e  i n t o  a u x i l i a r y  Ou t l e t  

on s a n p l e r  and l o o s e l y  wrap it around t h e  o u t l e t  of p robe ,  

rubber  tub ing  and i n l e t  of cy '  Lone. 

2 5 )  Turn on a u x i l i a r y  o u t l e t  swi tch  ( i n d i c a t o r  l i g h t  o n ) ,  

and g ive  a few minutes  t o  heat up. 

26) Recheck t h e  d i r e c t i o n  of t h e  probe t i p  and t h e  sampling 

box tempera ture .  I f  both a r e  OK, open t h e  cor r t ro l  

va lve ,  s tart  s topwatch ,  and a d j u s t  the  Hg manometer t o  

t h e  predetermined va lue  (Apes) and check s t a t i c  , 

pres su re  (Ps) (H20 manomecer). -.: 
? 

?* 2 7 )  Monitor and record  i n l e t  and o u t l e t  t empera tures ,  *" 
s t a t i c  p r e s s u r e  and f low r a t e  dur ing  sampling. 

28) A t  t h e  end of des i red  samplins  t ime,  c l o s e  c o n t x l  

valve.  

23) Disconnect vacuum, t u r n  of f  heaters and blower. 

30) Close probe tubing clamp and unwrap the  h e a t e r  t ape .  

. .  

. .  . .  
. .  . ,. 

? -  

. . . . .  . .  
.~ 

. -  . .  . .  

. .  . 
. .  , .  
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ou t s ide  washings i n t o  t h e  open probe t i p .  S e t  probe 

a s i d e  wi th  probe t i p  po in t ing  up. 

33) Remcve back of szn2ler ;  and us ing  a p l a s t i c  squeeze 

b o t t l e ,  wash cyc lone  w i t h  d i s t i l l e d  Ha0 through t h e  
! 

1 
i 
i 

, i i n l e t ,  t r y i n g  t o  g e t  a s w i r l i n g  a c t i o n  of t h e  H 2 0  
.. .' I 

which w i l l  wash t h e  walls of the cyclone as w e l l  as *. 

the  c e n t e r .  (Use about  3 oz. of H20.) 

?* =e 
34) Remove b o t t l e  con ta in ing  washings.  cap and p l a c e  i n  

p l a s t i c  bag. 

35) Wash t h e  inside of t h e  probe w i t h  d i s t i l l e d  H20 and 

catch t h e  washings i n  a 4 oz. b o t t l e .  Cap and s t o r e  

t h e  b o t t l e  i n t h e  p l a s t i c  bag w i t h  t h e  cyc lone  b o t t l e .  

3 6 )  Disconnect a l l  tub ing  from t h e  impactor  and remove it 

' from the sampler.  

. .  .- .. . , ..is . . -  :. . ., 

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

. .  . .  .. 
.~ .  

. -  . .  
.-  

. .. . 
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37) Remove t h e  sm.?,13 glass t h i n b l e  and s t o r e  it i n  t h e  

p l a s t i c  bag w i t h  the  two washinG b o t t l e s .  

38) Unscrew t h e  t o p  s e c t i o n  of impactor  ( s e c t i o n  marked i n )  

and s e t  aside.  

39) Unscrew t1.e s e c t i o n  merkzd one (1) and thoroughly  

wash t h e  i n s i d e  w i t h  d i s t i l l e d  H20. Let  t h e  washings 

run through the  o r i f i c e  i n  t h e  b o t t o n  and d r a i n  i n t o  

a widemouthed jar. Turn the  s e c t i o n  on i t s  s i d e  and 

wash the  area below t h e  o r i f i c e  making s u r e  a l l  washings 

a r e  caught i n  the  widemouthed jar .  , 
, 

_. 

4 0 )  With tweezers  ve ry  c a r e f u l l y  remove t h e  c o l l e c t i o n  cup 
?* 

t h a t  i s  l o c a t e d  i n  t h e  t o p  of S e c t i o n  $2. &: 

t o p  and bottom of t h e  cup i n t o  the wider.outhed ja r  t h a t  

s e c t i o n  (1) was washed i n t o .  

Wash t h e  

4 1 )  Remove S e c t i o n  #? and wash t h e  i n s i d e  ( i n c l u d i n g  s p r i n g )  

and b o t t m  wi th  d i s t i l l e d  H20 i n t o  a new widemouthed 

ja r .  

t h e  same procedure  f o r  each s t a g e .  

Renove the  cup from Stage 3 and wash i t .  Follow 

I 
1- 
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42 )  A f t e r  a l l  s t a g e s  have been washed, pu t  s m p l e s  a s ide  

ana reassemble t h e  impactor.  Make sure t h e  cups a r e  

r i d i n g  f r e e  on t h e i r  r e s n e c t i v e  s p r i n g  and t h a t  each 

s t a g e  i s  i n  i t s  p rope r  p l a c e .  
'i 

4 3 )  P lace  t h e  imFac to r  i n t o  t h e  s a n p l e r  ani: Yonnect a l l  

t ub ing  t o  t h e  p rope r  p l a c e .  

4 4 )  Put a new srnall packed gless th imble  on to  t h e  

impactor and connect  the  p r o p e r  p i e c e  of t ub ing .  
? 

-.. 

45) Put a .)en 4 oz. b o t t l e  on t h e  cyclone and p l a c e  the  

i n s u l a t e d  back on t h e  s a n p l e r .  ,I. 

&-: 

46) Sampler i s  now ready  f o r  nex t  sample. 

. .  
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CALClLATIOM OF ACTU.4L GAS FLOV AFTSX SA..!PLING 

1) Using t h e  e c t u a l  neas.Jred p r e s s u r e  drop a c r c s s  t h e  

impactor,  t h e  gas temp, s t a t i c  p r e s s u r e ,  and t i m e ,  

t h e  a c t u a l  gas flow can be c a l c u l a t e d  as follows. 

3 )  Using t h e  c a l i b r a t i o n  curve f o r  t n c  Brink Model B Cascade 

Impactor,  s e l e c t  t h e  CFM corrssponding t o  Ape. 

4 )  To f i n d  t h e  t o t a l  CFM drawn throush  t h e  impac%or, simply 

m u l t i p l y  the  t o t a l  saTple time, t imes  CFM. ? 

ANALYTICAL PROCEDURE (WET CXEMSTRY) 

D i f f e r e n t  c h e n i c a l  ana lyses  are required depending on t h e  

n a t u r e  of t h e  dus t  o r  mist c o l l e c t e d .  An exarnple procedure 

f o r  HZS04 m i s t  is suggested as fol lows.  

1) Pour t h e  probe and cyclone washings i n t o  t h e  500 ML beaker  

and add f o u r  o r  f i v e  drops of phenolpholein i n d i c a t o r .  

2) T i t r a t e  w i t h  s t anda rd ized  NaOH. A low N Na OH (.01 to 0.1 N 

NaOH)  should be used f irst  and i f  c e c e s s a r y  t h i n  a stronger 
. .  

-. - *  N NaOH should be  used as requi red .  

. .  . . .  - .  

. .  
~. 
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3 )  Record t h e  t i t e r  and n o m z l i t y  on t h c  sample s h e e t .  

4 )  Using t h e  s t a i n l e s s  s t e e l  rod ( tha t  has been washed w i t h  

d i s t i l l e d  H20), push g l a r s  woo l  f r o a  f i l t e r  tube  i n t o  

a 500 ML beaker.  

5) Wash t h e  i n s i a e  of t h e  f i l t e r  tube  i!.to t h e  500 ML bt-aker. 

Be c a r e f u l  no t  t o  wash t h e  ou t s ide  of f i l t e r  t u b e .  

6) Add s u f f i c i e n t  H20 t o  t h e  glass wool u n t i l  a s l u r r y  i s  

formed. . 

7) Add f o u r  o r  f i v e  drops phenolphtha le in  and t i t r a t e  t o  

t h e  glass wool and H20 wlth a s u i t a b l e  N .  NAOH. Be su re  .- n;.. 
t o  s t i r  t h e  mix tu re  w e l l  t o  i n s u r e  t h a t  a l l  t h e  a c i d  has 

been leached  f rm the  g l a s s  wool. 

8) The impactor cup washings can e i t h e r  be analyzed whi le  i n  t h e  

widemouthed jar  o r  t h e y  can be t r a n s f e r r e d  t o  a beaker.  

I n  e i t h e r  c a s e ,  add f o u r  or f i v e  d :sps  of pheno lph tha le in  

t o  each sample and t i t r a t e  w i t h  a s o i t a b l e  N .  NAOH. 

(Record a l l  t i t e r s  on sample s h e e t . )  

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

. .  , , . _ . .  .. .' . 
. . .. . . . .. . . . . .. . .  . 

, .  
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9) Convert t h e  t i t e r s  of eech s t a g e  t o  t o t a l  n@ H2SC4.  

To 6: .J i?r,etrically ana lyze  most s o l i d  m a t e r i a l ,  t h e  i n d i v i d u e l  

samples must be d r i e d  i n  some menner. The fo l lowing  procedure 

ascunes t h a t  t h e  c o l l e c t e d  m a t e r i a l  w i l l  no t  be vapor ized  

while  dry ing .  

1) Before t h e  assembly of t h e  impector, thoroughly  dry  t h e  - , 

_. impactor cups and pack g l a s s  wool thimble i n  a ho t  a i r  

oven, and d e s i c c a t e  u n t i l  coo l .  

2 )  Tare each cup and packed glass w o o l  thimble w i t h  a good 

f o u r  balance and p l a c e  t h e  cups i n s i d e  the impactor ,  

and t h e  th imble  on t h e  impactor.  

3) A f t e r  t h e  sample has been c o l l e c t e d ,  r e t u r n  t h e  impactor  

t o  t h e  l a b  and ve ry  c c r e f u l l y  renove t h e  cups w i t h  a 

small s e t  of tweezers .  

until dry  and  t hen  d e s i c c a t e  them u n t i l  cool. 

Place each cup in a ho t  a i r  oven 

.. 

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

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

. .  
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4 )  Weigh each cup aga in  and s u b t r a c t  t h e  t a r e  weight .  The 

r e s u l t  is the  t o t a l  mg material c o l l e c t e d  on each cup. 

5) Wash t h e  cyclone and probe wi th  a s u i t a b l e  washi!-.g l i q .  

and pu t  t h e  washings i n  a t a r e d  evapora t ion  d i s h .  

6 )  P lace  t h e  d i s h  and washings on a steam b a t h  and 

evapora t e  t h e  l i q .  

7) Remo-Je t h e  d i s h  from steam ba th  a n d  p l a c e  i t  i n  a l;ot 

a i r  oven u n t i l  thoroughly dry.  + , 

-. 
8) Des icca te  t h e  J r i e d  d i s h  u n t i l  c o o l ,  and then  weigh 

i t .  Sub t rac t  t h e  t a r e  weight from the  g r o s s  weight t o  

determine t h e  amount of c o l l e c t e d  material. 

,*’ 
-7 

9 )  The packed g l a r s  n o c l  thimble can e i t h e r  be d r i e d  and 

des i cca t ed  t o  de t e rn ine  t h e  weight o r  m2teYial c o l l e c t e d  

or t h e  m a t e r i a l  may be leached frm, t h e  g l a s s  wool, i f  

it i s  s c l u a b l e  i n  t h e  washing l i q .  (The p rope r  method 

of l each ing  t h e  glass wool i s  as fo l lows . )  

. . . .  
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e)  Place t h e  f i l t e r  on a smell s u c t i o n  f l a s k  and 

p u l l  100 hE,  of washing l i q .  th rough t h e  g l a s s  woo l .  

b) fi tpeat s t e p  a s e v e r & l  tirnes us ing  t h e  o r i g i n a l  

100 MLS of washing l i q .  

c )  Wash t h e  g l a s s  wool s e v e r a l  more . t imes  us ing  a 

f r e s h  washing s o l u t i o n  each t ime,  

d )  Wash t h e  g l a s s  riool enough t o  i n s u r e  t h a t  a l l  t n e  

m a t e r i a l  has been leached o u t ,  bu t  a t  t h e  sane time- 

a t tempt  t o  keep t h e  t o t a l  wasiiing liq. at  a minimum 

due t o  t h e  evcqora t ion  ar,d d ry ing  of t h e  sample. 

-.. 

10) If t h e  leaching  method was used ,  evapora te  t h e  sarrple 

on a steam bath,  and dry it i n  a h o t  a i r  oven. 

u n t i l  coo l  and weigh. 

Des icca te  

DETERMINATION 02 CUMMTLATIVE 5 Dr~c 

1) Determine the mg of m a t e r i a l  c o l l e c t e d  on each s t a g e  of 

t h e  i m p - t o r .  

. .  . ..  . . .  



- 
l’.-9 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
.I 
I 

, 

CALCUi5.TION OF ACTUAL GAS F L O W  SAMPLING 
Page 6 

! 

2 )  I n  re ference  t o  t h e  t o t a l  sample c o l l e c t ” - I n  t h e  

Impactor,  f i n d  t h e  $ c o l l e c t e d  on each s t e g e .  

3 )  S t a r t i n g  w l t h  S ta&e #5, a c c m u l a t e  each s t a g e  t o  a r r i v e  

a t  t h c  ccmulat ive $ smal le r  t han  %.. 

DETER?fIlIATICX OF mg PER ACF 

1) T o t a l  t h e  mg of sanple  In  t h e  impactor and glass wool 

f i l t e r  and d iv ide  by t h e  actual .sarnple  gas  f low t o  

determine t h e  rng/ACF 7 u. , 
. %  . . ‘ I  

-.: 

2 )  Divide t h e  ma; of sanple  c o l l e c t e d  In t h e  probe and 

cyclone by t h e  a c t u a l  sample gas  flow. t o  determine t h e  ;,A 

mg/ACF > 7 u. 
+q 

! 

. . . .  . . . .  



APPENDIX G 

Test Log 

Tuesday, October 30, 1973 

8:40 a.m. Test crew arr ived a t  plant .  Equipment problems 
causing delay. 

11 :20 S tar ted  Run  #1 i n l e t  and o u t l e t  pa r t i cu la t e .  

12:oo Outlet  probe heater  smoking. Turned o f f .  

12:04 p.m. Unloading stopped. Stopped t e s t .  Nozzle plugged 
a t  i n l e t  a t  s t a r t  o f  t e s t .  
nozzle. 

Switched t o  l a rge r  

12:34 

12:46 

12:51 

12:52 

1:02 

1:03 

2: 20 

2:23 

2:47 

5:51 

6:44 

7:05 

7:08 

7:49 

8:19 

Restarted i n l e t .  

Restarted out le t .  

Stopped. 

Restarted i n l e t  

Finished in le t .  .. 

Restarted o u t l e t .  

Stopped ou t l e t .  

Restarted. 

Finished o u t l e t .  
and did n o t  r e s t a r t  on time because o f  plant  problems. 

S ta r ted  Run #2 o u t l e t .  

. 

2. 
&.Y 

Plant  shut down t o  change barges 

Stopped t o  change barges. 

S ta r ted  Run #2 i n l e t .  

Restarted Run #2 o u t l e t .  

Stopped t o  change barges. 

Restarted. 



Tuesday (Con't .)  

8:45 p.m. 

9:03 Out le t  Run #2 f in i shed .  

9:15 Le f t  plant .  

I n l e t  Run #2 f in i shed .  

Wednesday, October 31 , 1973 

9:00 a.m. Arrived a t  p l a n t .  

10:25 S t a r t e d  Run #3 i n l e t .  

10:35 Star ted  Run #3 o u t l e t .  

11 :05 Stopped o u t l e t .  

11 :X  

11:38 Restarted o u t l e t  and i n l e t .  

12:35 p.m. 

Stopped inlet  t o  change f i l t e r  and cyclone. 

. ,  
Finished Run #3 i n l e t .  

.. 
12:42 Stopped o u t l e t .  _.: 

1:17 Restarted.  

1:45 Finished Run #3 o u t l e t .  9 *:.. 



APPENDIX H 

Test  P a r t i c i p a n t s  

B a t t e l l e  Memorial I n s t i t u t e  

Paul Webb - Test Team Leader 

John Faught - Chemist 

Harry Leonard - Technician 

Ron Clark  - Technician 

Ben Furness - Technician 

Car l  Turner - Technician 

Environmental P ro tec t i on  Agency 

Roger Pfaff - P r o j e c t  Test O f f i c e r  

Ken Woodard - P r o j e c t  Engineer 

. .  . .  
.... . . . . . .  . .  . . . .  _.. . .  

. . . . . .  
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APPENDIX H 

Test Par t ic ipants  

Bat te l le  Memorial I n s t i t u t e  

Paul Webb - Test Team Leader 

John Faught - Chemist 

Harry Leonard - Technician 

Ron Clark - Technician 

Ben Furness - Technician 

Carl Turner - Technician 

Environmental Protection A 

Roger Pfaff - Project Test  Officer 

Ken Woodard - Project Engineer 

.- 

. .  f 




