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SECTION 1 

INTRODUCTION 

Emissions from Boiler No. 7 at the Boston Edison Company's Mystic 
River Station, Everett, Massachusetts, were tested September 30 - 
October 2 ,  1981 by Monsanto Research Corporation (MRC). Figure 1 
shows the location of the plant. This work was performed for the 
Emissions Measurement Branch of the US Environmental Protection 
Agency (EPA) under Contract No. 68-02-3547, Work Assignment No. 2 

The boiler tested is a 1.9 x lo6 kg/hr (4.2 x 106 lb/hr) capacity 
oil-fired utility boiler. It is equipped with two 45 kV electro- 
static precipitators (ESP). Figure 2 is a schematic diagram of 
the installation showing the locations sampled. 

The purpose of the sampling program was to determine the effect of 
raising the temperature of the filter and probe on an EPA Method 5 
train from 120°C (248'F) to 16OOC (320'F) and of baking the filter 
at 16OoC (320OF) on the amounts of particulate, sulfate, and sul- 
furic acid emissions measured downstream..of the electrostatic pre- 
cipitator. Method 5 testing with the filter and probe at 160 f 14OC 
(320 * 25'F) and baked at a temperature of 160 f ll°C (320 f 20'F) 
will be referred to as Method 5B testing. 

Although the objective of this contract (No. 68-02-3547, work 
assignment No. 2 )  is to provide technical support data for 
industrial boilers, the utility boiler sampled at Boston Edison 
Company was deemed satisfactory to meet these objectives. 

1 
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SECTION 2 

SUMMARY OF RESULTS 

DESCRIPTION OF MONITORING 

Table 1 summarizes the monitoring that was performed at the Boston 
Edison plant. It consisted of three simultaneous runs of Methods 5 
and 5B at the stack, downstream of the two ESP, and Method 5 at the 
inlet ducts, prior to the two ESP. A special dual-probe stack test 
system was used for sampling by Methods 5 and 5B simultaneously 
through the stack sample ports. Sample volumes of at least 1.7 dry 
standard m3 (60 dry standard ft3) were taken during the stack samp- 
ling. The boiler was running under normal, steady-state conditions 
(i.e., continuous soot blowing, at least 80% of full capacity) 
during the emission testing. 

The oil burned was considered to be representative of normal feed. 
The Boston Edison Company provided analyses of tie No. 6 fuel o i l  
burned. 

The filxers and~~aried a~cetone washes of the Method ~5 and ~ 5 B  runs--- 
were weighed, baked, and weighed again; this process was repeated 
until the sample weight did not change more than 4 mg between suc- 
cessive weighings. They were then analyzed for sulfuric acid 
and sulfates. 

Methods 1 through 4 were used during a11 Method 5 sampling runs as 
in typical compliance monitoring. In addition, the plume opacity 
was measured during all tests by EPA Method 9. 

TEST RESULTS 

The particulate, sulfuric acid, and sulfate emissions measured by 
EPA Methods 5 and 5B are summarized in Tables 2 and 3 (particulate 
emissions represent all emissions measured by weighing the Methods 
5 and 5B samples and include sulfates and sulfuric acid). Table 2 
shows the percent reduction in particulate mass that was caused by 
baking the samples. As Table 2 shows, the weight of the Method 5 
samples after baking was 62% to 80% of the weight before baking. 
The weight of the Method 5B samples after baking was 67% to 81% 
of the weight before baking. Table 3 shows the percents of the 
Method 5 concentrations represented by the Method 5B concentrations 
measured simultaneously at the same location. Particulate concen- 
trations measured by Method 5B were 29% to 88% of the Method 5 

4 

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



I 
I 
I 

I I  l- 

1; 



0 -  m i -  

? ?  
m m  
m e  

9'9 
m m  o e  

9? 
m m  
0.- 

m -  n m  
n0 *in 4 -  P N  
m * 1  - -  0 0  0 0  

0 c  o c  0 0  00 
9' 9 9  9 9  9 9  

m' m.4 in- ul- 

0' 0' 0 -  0 -  
00 0 0  0 0  

. , . . . . . . 
4 6  - 4  *c 2 2  

e- F.0. L ? N  mi- 
O F  i -m  - -  F r n  0 0  .zz 0- * e  CYI 'I c o  0 0  N W  00 G O  

c.9 9 9  9 9  9 9  19 39 9 9  9 9  
00 0 0  0 0  0 0  0 0  00 0 0  00 

- 
m 
0 
n 
e 

' 
0 

0 
r( 

N 

6 

Ni- 
* I O  

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



7 I 
I 



p a r t i c u l a t e  concen t r a t ions  
unbaked samples, Method 5 B  

a f t e r  bo th  samples were baked. For t h e  
concen t r a t ions  were 47%. t o  64%. of  t h e  

Method 5 concen t r a t ions .  
on the Method 5B samples were 33% t o  88% o f  the baked Method 5 
samples. S u l f a t e  concen t r a t ions  measured on t h e  Method 5B samples 
were 47% t o  68% of  t h e  baked Method 5 samples. These resu l t s  a r e  
based on baking t o  a c o n s t a n t  weight ( i . e . ,  weight loss l e s s  t han  
1 0  mg). Between 1 and 3 bakings a t  16OOC (320'F) were requi red  
t o  achieve cons t an t  weight.  

Computer p r i n t o u t s  o f  t h e  p a r t i c u l a t e  emission r a t e s  a r e  provided 
i n  Appendix B.  

The d i f f e r e n c e s  between Method 5 and 5 B  emissions a r e  summarized 
i n  T a b l e  4 ( u s i n g  t h e  baked methods 5 and 5B f i l t e r s ) .  This table 
a l s o  summarizes what pe rcen t  of t h e  d i f f e r e n c e s  between Method 5 
and 5B p a r t i c u l a t e  e m i s s i o n s  (baked) can be  accounted f o r  by d i f -  
f e r ences  i n  t h e  amounts o f  s u l f u r i c  a c i d  (and s u l f u r i c  a c i d  and 
s u l f a t e s  combined) measured on t h e  baked samples c o l l e c t e d  by 
Method 5 versus  5B. Approximately 3% t o  47% o f  t h e  amount of d i f -  
fe rence  i n  Method 5 versus 5B p a r t i c u l a t e  emissions a r e  accounted 
f o r  by t h e  amounts o f  measured s u l f u r i c  a c i d  emissions.  S u l f u r i c  
a c i d  and s u l f a t e s  combined account f o r  27% t o  137% o f  t h e  d i f f e r -  
ence i n  Method 5 ve r sus  5 B  p a r t i c u l a t e  emissions.  

Resu l t s  f o r  p a r t i c u l a t e  analyses  a t  the  i n l e t s  n o r t h  and south  a r e  
shown i n  Tables 5 and 6 .  The weight o f  t h e  Method 5 p a r t i c u l a t e  
samples~~ a f t e r  bakl-ng was 90% t o  92% o f  the weight b e f o r e  ~~~ ~~ baking ~~~ ~ 

f o r  i n l e t  no r th  and 89% t o  95% f o r - i n l e t  south .  

T a b l e  7 summarizes the dura t ion  o f  the Method 5 and 5B sampling, 
t h e  sample volumes, the s t a c k  tempera tures ,  the s t ack  flow r a t e s ,  
t h e  water  con ten t ,  and the s t a t i c  p r e s s u r e  of t h e  f l u e  gas .  D i f -  
f e r ences  i n  t h e  s t a c k  temperature ,  f low r a t e ,  and water con ten t  
a s soc ia t ed  wi th  the Method 5 and SB o u t l e t  samples a r e  an i n d i c a t o r  
of the p r e c i s i o n  of t h e  r e s u l t s .  

T a b l e  8 summarizes t h e  f l u e  gas carbon d ioxide ,  carbon monoxide, 
oxygen, and n i t rogen  concent ra t ions  i n  i n t e g r a t e d  Method 3 sam- 
p l e s  taken  a t  the exhaus t  of t h e  t r a i n s  used t o  c o l l e c t  Method 5 
and 5B samples. These values  were used t o  c a l c u l a t e  ng/J,  
lb/106 Btu, and r e s u l t s  a t  12% CO, i n  T a b l e s  2 and 3 .  Due t o  
problems encountered w i t h  Method 3 sample bag c o l l e c t i o n  a t  the 
back end of t h e  Method 5 t r a i n  a t  b o t h  i n l e t s  and t h e  subsequent 
ORSAT a n a l y s i s ,  molecular  weights,  and O,, N, ,  and CO, concentra- 
t i o n s  f o r  t h e  in le t s  were assumed t o  be equal  t o  the out le t -con-  
c e n t r a t i o n s  f o r  each run  (see T a b l e  8 ) .  S ince  r e l a t i v e l y  l i t t l e  
ambient a i r  i s  in t roduced  i n t o  t h e  d u c t  system due t o  t h e  p o s i t i v e  
p r e s s u r e - o f  t h e  duc t s  and ESP, t h e . s t a c k  concen t r a t ions  f o r  M . W . ,  
0 2 ,  N z ,  and CO, r e p r e s e n t  approximate concen t r a t ions  a t  t h e  i n l e t  
duc t s .  Concentrat ions f o r  run  3 were averaged from runs  1 and 2 
because a l e a k  i n  t h e  sample bags contaminated the samples making 
t h e  ORSAT a n a l y s i s  i n v a l i d .  

S u l f u r i c  a c i d  concen t r a t ions  measured 
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Fuel o i l  samples and a n a l y t i c a l  
Edison Company and a r e  shown i n  

T a b l e s  l o a ,  l ob ,  and 1Oc show a 

r e s u l t s  were obtained from Boston 
Table 9. 

summary of t h e  plume opac i ty  obser- 
v a t i o n s .  Average o p a c i t i e s  between 0 . 6  and 11.4 were observed 
du r ing  a l l  t h r e e  runs .  Due t o  poor weather cond i t ions  opac i ty  
o b s e n a t i o n s  dur ing  run 3 were d i f f i c u l t .  Plume opac i ty  d a t a  
sheets a r e  i n  Appendix A - 1 .  

T a b l e  11 summarizes t h e  r e s u l t s  o f  t h e  baking o f  the p a r t i c u l a t e  
samples. The f i l t e r s  and acetone washes were weighed, baked a t  
1 6 O O C  (320'F) t o  c o n s t a n t  weight, and baked aga in  a t  176'C (350'F) 
t o  c o n s t a n t  weight.  Baking t o  a c o n s t a n t  weight i s  a less Llan 
1 0  mg weight loss  between bakings. Between 1 and 3 bakes were 
r equ i r ed  f o r  each sample a t  1 6 0 ° C  t o  achieve a cons t an t  weight 
and only  1 bake w a s  r equ i r ed  a t  1 7 6 ' C .  The baking procedure i s  
desc r ibed  i n  more d e t a i l  i n  Sec t ion  5. Appendix D-2 g ives  a 
d e t a i l e d  breakdown of the weights a f t e r  each baking. Values 
from Table 11 befo re  baking and baking a t  1 6 O O C  w e r e  used t o  
determine emissions r a t e s  i n  T a b l e s  2-6. 

Appendix D-5 con ta ins  a summary of in format ion  on t h e  p r e c i s i o n  
and accuracy o f  t h e  s u l f a t e ,  and s u l f u r i c  a c i d  a n a l y s i s .  S ix  
q u a l i t y  c o n t r o l  samples of s u l f u r i c  acid were prepared from 0.2 N 
s u l f u r i c  ac id  and analyzed with t h e  s t a c k  samples. The measured 
amounts o f  s u l f u r i c  a c i d  were between 77% and 107% of t h e  " t r u e "  
va lues .  The r e s u l t s  of t h e  a n a l y s i s  o f  two EPA s u l f a t e  q u a l i t y  
c o n t r o l  samples showed a 102% t o  143% recovery o f  s u l f a t e .  A 
b lank  f i l t e r  w a s -  a l s o  analyzed a s  ~a q u a l i t y  c o n t r o l  sample; 
2.85 mg o f  s u l f a t e  was measured on t h i s  f i l t e r .  The lowest  amount 
o f  s u l f a t e  observed on a s t ack  sample w a s  8.8 m g .  I n  a d d i t i o n ,  
EPA Method 6 round-robin SOx v i a l s  were used a s  QC/QA check on 
t i t r a t i o n s .  Resu l t s  showed an 100.0% average recovery on 18 
samples. 

Appendix D-2 con ta ins  information on the p r e c i s i o n  and accuracy o f  
p a r t i c u l a t e  a n a l y s i s .  The f i l t e r  and acetone wash f o r  each sample 
were analyzed us ing  the procedure o u t l i n e d  i n  Sec t ion  5 .  Every 
sample was weighed t o  a cons t an t  weight ( i . e . ,  a less than  1 0  mg 
weight loss between success ive  weighings) .  However, the a c t u a l  
maximum va lue  c o n s t a n t  weight was 3.6 mg and the average f o r  a l l  
weighings was f 0 . 6  mg. I n  a d d i t i o n ,  b lank  f i l ters  and acetone 
washes were analyzed a s  a QC/QA check. 
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TAI~LE loa. SUMMARY OF METHOD 9 PLUME OPACITY OBSERVATIONS AT 
BOSTON EDISON COMPANY BOILER NO. 7 IN EVERETT, 
MASSACHUSETTS (September 30, 1981) 

Date: 4-31-61 
r y p e  of Discharge: Stack 
Height of Point of Discharge; 
Wind Direction: Ny 
c o l o r  of Plume: Brovn to bluish white 
Observer Name: Vasudcv 8 .  Kulkarni 
Distance from Observer to Discharge 
Point: 2.500 ft - 4.000 f t  

Sampling Time: 1 10:25 - 10:49 
2 11:Ol - 12:Ol 
3 12:lO - 13:lO 
4 13:15 - 14:15 
5 16:OO - 17:OO 
6 17:03 - 17:26 

500 ft 

Type of Plant: Utility Boiler 
Location of Discharge: 
Description of S k y :  Partly cloudy 
Wind Velocity: 15-20 mph 
Location of Observation: 
Duration of Observation: 287 m i n  total 
Direction of Observer from Discharge Point: NE 
Height of Observation Point: 

Electroststic Precipitator Exhaust 

After plume h p t  

Ground level 

Summary of average opacity 
Number of blanks 

indicatins 
Set Time Opacity unreadable 

number Start End Sum Average due to clouds 
b 1 
2 
3 
4 -  
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

1”25 
10:31 
10:37 
10:43 
11:Ol 
11 : 07 
11:13 
11: 19 
11:25 
11:31 
11:37 
11:43 
11:49 
11: 55 
12:lO 
12:16 
12:22 
12:28 
12:34 
12:40 
12:46 
12 : 52 
12 : 58 
12 : 04 

1 
-I 
-1 
i 
i 
1 
1 
1 

19:30 100 6.3 8 -I 
10:36 
10:42 
10:48 
11: 06 
11:12 
11:18 
11:24 
11:30 
11:36 
11:42 
11:48 
11:54 
12 : 00 
12:15 
12:21 
12 : 27 
12:33 
12:39 
12:45 
12:51 
12 : 57 
13:03 
13 : 09 

35 5.8 - - - - 
~ 

200 8.3 
165 6.9 
185 7.7 
150 6.5 
120 5.7 
180 7.8 
200 8.7 
125 7.8 
60 5.5 
60 4.6 
190 13.6 
185 8.4 
195 11.5 

50 8.3 
115 6.8 
225 9.4 
280 11.7 
135 6.1 
180 9.0 
190 10.6 

16 

18 
24 
24 
0 
0 
0 
1 
3 
1 
1 
8 
13 
11 
10 
2 
7 
18 

7 
0 
0 
2 
4 
6 

(continued) 

1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
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TABLE 10a (continued). 

- -  - 
I 

- 

Summary of average opacity 
Number of blanks 

indicating 
Set Time Opacity unreadable 

number Start End Sum Average due to clouds 

25 13:15 
26 13:21 
27 13:27 
28 13 : 33 
29 13:39 
30 13.:45 
31 13:51 
32 13 : 57 
33 14 : 03 
34 14 : 09 
35 16 : 00 
36 16 : 06 
37 16 : 12 
38 16 : 18 
39 16 : 24 
40 16:30 
41 16:36 

16:42 
16:48 
16 : 54 44 

45 17 : 03 
46 17 : 09 
47 17:15 
48 17:21 

3 

13:20 
13:26 
13 : 32 
13:38 
13:44 
13 : 50 
13 : 56 
14 : 02 
14 : 08 
14:14 
16 : 05 
16:11 
16 : 17 
16:23 
16:29 
16:35 
16:41 
16:47 
16:53 
16:59 
17 : 08 
17 : 14 
17:20 
17:26 

155 6.5 
155 7.0 
180 7.5 
235 10.2 
235 9.8 
165 7.2 
240 10.4 
205 8.5 
150 7.1 
115 5.5 
175 9.7 
40 6.7 
25 6.3 
85 10.6 
35 4.4 

155 9.7 
50 12.5 
50 6.3 

200 8.3 
220 9.2 
395 16.5 
125 9.6 
35 5 

- - 

0 
2 
0 
1 
0 
1 
1 
0 
3 
3 
6 

18 
20 
16 
16 
24 
8 
20 
16 
0 
0 
0 
11 
17 

Average all sets except 3,4, and 40: 8.3 

a 

bTest started. 
‘Test ended. 

Total observation time includes periods when no opacity 
readings could be obtained because of transient conditions. 

E 
G 
4 n. 
0 
I- 

C 
p: 
Y 
0 



TABLE lob. SUMMARY OF METHOD 9 PLUME OPACITY OBSERVATIONS AT 
BOSTON EDISON COMPANY BOILER NO. 7 IN EVERETT, 
MASSACHUSETTS (October 1, 1981). 

Date: 10-1-81 
Type of Lischarge: Stack 
Height of Point of Discharge: 
wind Direction: W 
color of Plum: Bluish white 
Observer Name: Vasudev 8. Kulkarni 
~istance from Observer to Discharge 

Sampling Time: I 1 1 ; 1 5  - 1 2 : 1 5  
2 13:30 - 1 2 : 4 5  
3 1 3 : 1 5  - 14:15 
4 14:30 - 15:16 
5 15:30 - 16:30 

500 ft 

Point: 2,500 I t  

'type of Plant: Utility Boiler 
Location of Discharge: 
Description of Sky: Overcast 
Wind Velocity: 5-10 mph 
Location of Observation: Varied 
Duration of observation: 
Direction of Observer from Discharge Point: SW 
Height of Observation Point: 

ElectrOstatiC Precipitator Exhaust 

166 min total' 

Ground l eve l  

Summary of average opacity 
Number of blanks 

indicating 
Set Time Opacity unreadable 

nurrber Start End Sum Average due to clouds 

1 
2 
3 

6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

11115 
11: 21 
11:27 

11:39 
11:45 

111-33 

11:51 
11:57 
12 : 03 
12 : 09 
12:30 
12:36 
12:42 
13 : 15 
13 : 21 
13:27 
13:33 
13:39 
13:45 
13 : 51 
13:57 
14 : 03 
14:09 
14:30 

11:20 
11:26 
11:32 
11:38 
11:44 
11: 50 
11:56 
12 : 02 
12 : 08 
12 : 14 
12:35 
12:41 
12:45 
13:20 
13:26 
13:32 
13:38 
13:44 
13:50 
13 : 56 
13 : 02 
13 : 08 
14 : 14 
14:35 

155 6.5 
130 5.9 
50 8.3 
95 4.0 
55 2.3 
95 5.9 
40 5.0 
120 5.0 
185 7.7 
75 5.0 
60 6.7 
145 6.0 
40 4.0 
30 5.0 
115 4.8 
65 7.2 
230 9.6 
25 5 . 0  
110 4.6 
100 4.2 
140 9.3 
140 7.0 
170 8.5 
55 2.3 

18 

0 
2 
18 
0 
0 
8 

16 
0 
0 
0 
15 
0 
14 
18 
0 
15 
0 
19 
0 
0 
9 
4 
4 
0 

- 
(continued) 
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TABLE 10b (continued) 
~~ 

Summary of average opacity 
Number of blanks ~ ~~ 

indicating 
Set Time opacity unreadable 
number Start End Sum Average due to clouds 

25' 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

39 
40 
41 

3a 

14:36 
14 : 42 
14:48 
14 : 54 
15:OO 
15:06 
15:12 
15:30 
15:36 
15:42 
15:48 
15:54 
16 : 00 
16:06 
16:12 
16:18 
16 : 24 

14: 41 
14:47 
14: 53 
14:59 
15:05 
15:ll 
15:16 
15:35 
15:41 
15:47 
15:53 
15:59 
16:05 
16:11 
16: 17 
16:23 
16:29 

20 0.8 
25 1.0 
0 0 
15 0.6 
85 3.5 
5 0.5 

30 1.9 
55 2.3 
90 3.8 
35 1.5 
40 1.7 
95 4.0 
40 3.6 
155 7.0 
130 5.4 
95 4.0 
90 3.8 

0 
0 
0 
0 
0 
14 
8 
0 
0 
0 
0 
0 

13 
2 
0 
0 
0 

Average all sets : 4.5 

%tal observation time includes periods when no opacity 

bTest started. 
CTest ended. 

readings could be obtained because of transient conditions. 

TIME. hours 
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TABLE 1Oc. SUMMARY OF METHOD 9 PLUME OPACITY OBSERVATIONS AT 

BOSTON EDISON COMPANY BOILER NO. 7 IN EVERETT, 
MASSACHUSETTS (October 2 ,  1981). 

Date: 10-2-61 
r y p c  of Discharge: Stack 
Height of Point of Discharge: 
Wind Direction: SU 
color of Plwne: N o t  specified 
Observer Name: Vasudrv B. Kulkami 
Distance from Observer to Discharge 

Sampling Time: 1 11:lO - 12:lO 
2 12:15 - 1:lS 

500 ft 

point: 700 ft - 1,000 ft 

~ y p c  of Plant: Utility Boiler 
Location of Discharqe: 
Description of Sky: Overcast 
Wind velocity: 5 mph 
Location of Observation: Varied 
Duration of Observation: 
Direction of Observer from Discharge Point: NW 
Height of Observation Point: 

Electrostatic Precipitator Exhaust 

120 min total' 

Ground level 

summary of averaqe opacity 
Number of blanks 

indicating 
Set Time opacity unreadable 

number Start End Sum Average due to clouds 
C -b 1o:oo ll:0OC - - 

1 11:lO 11:15 0 0.0 
2 11:16 11:21 - - 
3 11:22 11:27 - - 
4 11:28 11:33 - - 

~~ ~ 

5 11:34 11:39 - - 
6 11:40 11:45 - - 
7 11:46 11:51 - - 
8 11:52 11:57 - - 

24 
0 
24 
24 
24 
24 
24 
24 

gd 12:15 12:20 0 0.0 0 
10 12:21 12:26 10 0.7 10 
11 12:27 12:32 35 1.5 0 
12 12:33 -=12:38 

~ ~ - = ~ o  ~ 0.0- =~ 0 
13 12:39 12:44 50 2.1 0 
~~ 

14 12:45 12:50 35 1.5 
15 12:51 12:56 25 1.0 
16 12:57 13:02 10 0.4 
17 13:03 13:08 0 0.0 
18 13~09 13:14 0 0.0 

Average all sets except 2-8: 0.7 

0 
0 
0 
8 
6 

'%otal observation time includes periods when no Opacity 

bTest started. 
'Readings between 1O:OO and 11:lO were not possible due 

%est ended. 

readings could be obtained because of transient conditions. 

to overcast conditions. 

2 30r I 

I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 

TIME, hours 

2 0  
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TABLE 11. RESULTS OF BAKING AT 16OOC 
176'C ON PARTICULATE MASSES 

Weight a f t e r  Weight a f t e r  
Run Sample Before baking baking atc1600C, baking atd176'C, 

number number weight,  mg mg mq 

1 0s 203.3 57.8 
OL 388.1 76.8 
IN 449.2 404.5 
IS 381.0 343.9 

2 OH 113.6 
OL 287.9 
IN 600.6 
IS 640.5 

3 OH 107.5 
OL 202.1 
IN 639.5 
IS 571.8 

21.0 
90.3 

552.3 
572.6 

35.1 
76.6 

582.3 
539.9 

53.5 
76.4 

399.7 
341.3 

18.0 

547.0 
563.2 

33.1 
73.7 

580.0 
532.2 

87.7 

%slues f o r  t o t a l  sample ( f i l t e r  p l u s  acetone wash). 

bOH = O u t l e t  high (Method 5B); OL = o u t l e t  low (Method 5); 

'Required between 1 and 3 bakes t o  achieve cons t an t  weight. 
dRequired only 1 bake to achieve c o n s t a n t  weight. 

All samples 
weighed t o  a cons t an t  weight. 

IN = i n l e t  nor th ;  IS = i n l e t  south.  
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SECTION 3 

PROCESS DESCRIPTION AND MONITORING 
(supplied by Radian Corporation) 

This chapter presents a generalized description of the boiler and 
electrostatic precipitator processes. B o t h  processes are dis- 
cussed individually in the following two subsections. Process 
descriptions include flow diagrams and descriptions, equipment 
design data, typical operating conditions and performance data. 

The process data collected during runs one, two and three are 
tabulated and any process upsets or abnormalities that occured 
during the testing period are discussed. In addition, general 
comments on the process operation are included. 

PROCESS DESCRIPTION 

Boiler System Description 

The Boston Edison Company's Unit Seven is a 585 megawatt utility 
boiler/generator system that supplies-electrical power to a cen- 
tral grid system. The unit seven boiler fires a high sulfur, high 
vanadium residual oil and is typically based loaded at or near 
560 megawatts. 

Designed by Combustion Engineering, Unit Seven is a controlled 
circulation, tangentially fired utility boiler (cyclone type). In 
the tangential firing system, the furnace itself constitutes the 
burner. Fuel and air are introduced to the furnace through four 
wired box assemblies, located in the furnace corners. The fuel 
and air streams from the windbox nozzles are directed to a firing 
circle in the center of the furnace. The rotative and cyclonic 
action that is characteristic of this type of firing is most ef- 
fective in turbulently mixing the burning fuel in a constantly 
changing air and gas atmosphere. The air and fuel streams are 
vertically adjustable by means of movable nozzle tips. This 
tilting allows adjustments for maximum combustion efficiency to 
be made. 

Six levels of oil guns are used. The second elevation guns fire 
Steam atomized light oil to light and bring the unit up to tempera- 
ture and pressure. The other five elevations of guns fire steam 
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atomized heavy oil to carry unit load. Four overfire air regis- 
ters are used to admit secondary air into the furnace as a means 
of controlling NOx emissions. 
in the 20 percent open position. 

Figure 3 shows a generalized flow diagram of the unit seven 
boiler system. Combustion air is preheated to 450°F and intro- 
duced into the boiler, with the fuel, through one of 4 windbox 
assemblies. Combustion air is supplied by two forced draft fans 
having a combined horse power of 2090 (shaft horse power). Com- 
bustion flue gases exit the furnace and enter the economizer where 
incoming boiler feedwater is preheated. The feed water flow is 
upward through the economizer, that is, counter current to the 
flue gas flow. The flue gas leaves the economizer at 590°F and 
the flow is split into north and south side flows. 
flow supplies combustion air preheat energy for combustion air 
preheater one while the north side supplies combustion air pre- 
heater two. After exiting the combustion air preheaters, each flue 
gas stream passes through a 2490 horsepower (shaft horsepower) in- 
duced draft fan before entering the electrostatic precipitator 
(ESP). The ESP, described in the next section, treats the north 
and south side flue gas streams independently. Fly ash from the 
ESP hoppers is reinjected on a continuous basis. Reinjection is 
used to burn residual carbon in the fly ash and to increase the 
mass percent of vanadium in the fly ash. Fly ash is sold to a 
concern that extracts the vanadium and uses it as an alloy. 

The Unit Seven boiler is designed to produce superheated steam at 
a temperature and pressure of 1005'F and 2440 psig, respectively. 
The design excess air value is three percent. However, during 
testing the excess air values ranged between 6.0 and 7.5 percent. 
The watch engineer indicated that an excess air value of about 6 
percent and a carbon monoxide concentration of less than 50 parts 
per million indicate the most efficient combustion conditions. 

Electrostatic Precipitator Description 

After the flue gas exits both combustion air preheaters one and 
two, each side passes through an I.D. fan and then enters a Buell 
modular electrostatic precipitator (model BA1.4X44K44-8.2P). The 
precipitator is a split flow unit, with flue gas from preheater 
one entering the south side and flue gas from preheater two enter- 
ing the north side. 
tions each, with 4 modules per section. This yields a total of 
eight modules per side. 
bank of 10 three phase transformer/rectifier panels. Panel A sup- 
plies DC current to module 1, panel B supplies module 2 and so on. 
After leaving the precipitator, flue gases from both sides are 
combined and exhausted to a common stack. Pressure drop through 
the unit does not exceed 3 inch w.g. 

These registers are normally set 

The south side 

Both the north and south sides have two sec- 

Current is supplied to each side by a 

23 



i o  Stack 

C o M a u m o S  

PREHEATEX I1  t 
Forced 
Oraft 
Fan 

Figure 3. Unit seven boiler process flow diagram. 
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The precipitator uses a straight wire emitter electrode and flat 
plate collecting electrode configuration. 
length is 168960 ft. and total collecting plate area is 253,440 ft2. 
At full load, (580 MW, 1,910,000 acfm) this plate area yields a 
specific collection area (SCA) of 133 ft2/1000 acfm (design SCA). 

Electrode cleaning is done on a continuous cycle using a combined 
rapper/vibrating cleaning system. Buell impact rappers are used 
for cleaning the collecting plate electrodes and Buell vibrators 
are used for cleaning the emitting wire electrodes. Rapping and 
vibrating systems are controlled independently and can be adjusted 
in intensity and frequency. The maximum collecting plate area 
rapped at any instant is 2700 ft2 or 1.1 percent of the total 
plate area. 

Particulate emission compliance tests (Method 5) have been conducted 
by Boston Edison Company that demonstrate a particulate removal 
efficiency of between 85 and 93 percent. These tests were conducted 
near full load with the boiler firing a 1 percent sulfur residual 
fuel oil. 

Total emitting wire 

PROCESS MONITORING 

Boiler and Precipitator Process Data Monitoring of Plant Processes 
During Testing 

The boiler and precipitator processes were monitored during testing 
for the following reasons: 

1. To insure that the boiler was operating near capacity and at a 

2. To insure that the boiler was operating within normal 

3. To insure that all precipitator modules were operating normally; 

4. To record process data used in determining emission rates; 

5. To record process data used as a qualitative guideline to 

Eight boiler process parameters were monitored during testing. 
These parameters are listed here with a description of the loca- 
tion at which the measurements were made. 

1. Steam production rate - ( l o 3  lb/hr) 

2. Steam temperature - average superheater outlet temperature (OF) 
3. Steam pressure - average superheater outlet pressure (psig) 

relatively steady state; 

tolerances; 

(pounds emitted/MM Btu) 

document normal boiler and ESP operation. 
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I 
4. F lue  gas  oxygen - measured on a d r y  b a s i s  a f t e r  t h e  economizer I 

I 
a t  t h e  n o r t h  and sou th  s i d e s  ( p e r c e n t )  

5. Flue gas temperature  - measured a t  no r th  and south  s i d e s  a f t e r  
t h e  economizer ( O F )  

6 .  Combustion a i r  temperature  - measured a f t e r  p rehea te r s  one 
( s o u t h )  and two ( n o r t h )  (OF)  I 

I 
I 
I 
I 
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7. Opacity - measured a t  nor th  and sou th  s i d e s  a f t e r  t h e  economizer 
( p e r c e n t )  

8.  Fuel o i l  flow - ( g p m )  

Three p r e c i p i t a t o r  process  parameters were monitored dur ing  test-  
ing .  These inc lude :  primary vo l t age  ( v o l t s ) ,  primary c u r r e n t  
(amps-a .c . ) ,  and p r e c i p i t a t o r  c u r r e n t  (amps d . c . ) .  

Process Data 

Table 12 l i s t s  a l l  b o i l e r  process  d a t a  while T a b l e s  13, 14,  and 
15 l i s t  a l l  p r e c i p i t a t o r  da t a  f o r  runs one, two and t h r e e ,  r e -  
s p e c t i v e l y .  
i n g  i s  presented  i n  t h e  next  subsec t ion .  

Discussion of Process  Data 

A d i s c u s s i o n  of t he  p rocess  ope ra t ions  dur ing  t e s t -  

In  gene ra l ,  t h e  b o i l e r  maintained s t e a d y  s t a t e  ope ra t ion  throughout 
t h e  t e s t i n g p e r i o d .  In  add i t ion ,  b o i l e r  load  remained r e l a t i v e l y  
c o n s t a n t  w i th in  a range of 590 t o  595 megawatts. There were no 
major p rocess  upse t s  dur ing  runs one, two o r  t h r e e .  

P r i o r  t o  the s t a r t  o f  each t e s t ,  Boston Edison personal  measured 
the f l u e  gas  carbon monoxide con ten t  and pe rcen t  excess  a i r .  This  
was used a s  an i n d i c a t o r  of e f f i c i e n t  combustion and s t eady  s t a t e  
ope ra t ions .  For each t e s t ,  t h e s e  i n d i c a t o r s  were ve ry  c l o s e  t o  
t h e  va lues  normally used by Boston Edison t o  achieve e f f i c i e n t  
combustion (6% excess  a i r ,  (50 ppm C O ) .  Excess a i r  va lues  ranged 
from 6 . 0  t o  7.5% and carbon monoxide concen t r a t ions  ranged from 
t r a c e  t o  90 ppm. 

Table 12  shows a 95.2 p e r c e n t  south  s i d e  opac i ty  va lue  occuring 
a t  11:46. This  i s  a f a l s e  reading  i n  t h a t  the opac i ty  meter l i g h t  
burned o u t  j u s t  p r i o r  t o  11:46. 

During run two, t h e  nozz le  tilt angle  was changed i n  a e f f o r t  t o  
i n c r e a s e  combustion e f f i c i e n c y .  Adjustment occured between 1:OO 
and 1:30, dur ing  which t ime t h e  f l u e  gas  oxygen dropped from 2 .16  
( s o u t h )  and 2 .19  ( n o r t h ) ,  t o  1.84 ( s o u t h )  and 1.65 ( n o r t h ) .  There 
was no s i g n i f i c a n t  change i n  opac i ty  as a r e s u l t  of the nozzle  
tilt angle  adjustment.  
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Tables 13, 14, and 15 indicate the electrostatic precipitator 
was operating normally and that all modules remained in service 
throughout the testing period. Intermittant sparkover occured 
in the first module (ESP inlet) of both the north and south sides 
(module one corresponds to panels A1 and A2 for both sides). 
Boston Edison personal indicated this spark-over was a normal 
condition. Approximately 80 percent of all precipitated particles 
are collected in module one and as a result the high increases the 
opportunity for spark over to occur. 
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SECTION 4 

LOCATION O F  SAMPLING POINTS 

Emissions t o  t h e  atmosphere from B o i l e r  No. 7 were measured i n  
t h e  smoke s t a c k .  I n l e t  duc ts  t o  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 s ,  
7A south  and 7B n o r t h ,  were a l s o  sampled ( s e e  Figure 2 ) .  

CONTROL SYSTEM INLET 

Twelve, 1 0  c m  ( 4  i n . )  I D  sampling p o r t s  were l o c a t e d  on t h e  two 
i d e n t i c a l ,  6 . 1  m ( 2 0  f t )  long (1 .4  d iameters )  and approximately 
6.4 m by 3 .4  m ( 2 1  f t  by 11 f t )  i n l e t  d u c t s .  Two s e t s  of t u r n i n g  
vanes were l o c a t e d  0.8 m (2 .5  f t )  (0 .17 d iameters )  upstream of 
t h e  p o r t s  and 2.3 m ( 7 . 5  f t )  ( 0 . 5  d i ame te r s )  downstream of t h e  
p o r t s  (see Figure 4 ) .  

A 36 p o i n t  t r a v e r s e  was used a t  bo th  i n l e t  d u c t s ,  6 p o r t s  and 6 
p o i n t s  p e r  p o r t  ( s e e  Figure 5 ) .  Due t o  the s h o r t  d i s t a n c e  f rom 
t h e  t u r n i n g  vanes t o  t h e  sampling p o r t s ,  c r i t e r i a  f o r  EPA Method 1 
could n o t  be met, however based on the pre l iminary  v e l o c i t y  t r a -  
verse t h e  36 p o i n t  t r a v e r s e  used  was t h e  b e s t  a l t e r n a t i v e  t o  ob- 
t a i n  accep tab le  measurements. Two photographs of t h e  i n l e t  p o r t s  
a r e  shown i n  Figure 6 .  

CONTROL SYSTEM EXHAUST (OUTLET) 

Four, 3 i n .  I D  p o r t s  were loca ted  on a 152 m (500 f t )  long ,  6 .5  m 
( 2 1 . 3  f t )  diameter  smokestack, 41 m (135 f t )  ( 6 . 3  d i ame te r s )  from 
t h e  f l u e  gas  i n l e t  and 75 m (245 f t )  (11.5 d i ame te r s )  from t h e  
s t a c k  o u t l e t  (See Figure 7 ) .  The s i t e  met a l l  c r i t e r i a  f o r  an 
acceptab le  measurement s i t e  f o r  p a r t i c u l a t e  t r a v e r s e s  under EPA 
Methods 1 and 5 procedures .  

A 24 p o i n t  t r a v e r s e  was used a t  th is  l o c a t i o n ,  w i t h  s i x  p o i n t s  
be ing  sampled a t  each p o r t  a s  shown i n  Figure 8.  A two s t a c k  con- 
f i g u r a t i o n  i s  used a t  t h e  s i te ;  an i n n e r  masonry s t a c k  (21 .3  f t  
d iameter )  f o r  f l u e  gas  surrounded by a second conc re t e  s t a c k .  A 
3 - f t  wide p la t form i n  the 6 f t  space between t h e  two s t a c k s ,  was 
a v a i l a b l e  a t  t h e  sampling p o r t s .  The p o r t s  were 1 . 2  m ( 4  f t )  
above the platform.  A s p e c i a l  dual-probe wi th  hea ted  f l e x i b l e  
tub ing  was used f o r  sampling Methods 5 and 5B simultaneously a t  
the s t a c k  sampling p o r t s .  

I 
I 
I 
I 
I 
I 
I 
I 
.I 
1 
I 
.. I 
I 
I 
I 

32 



f / /  TURNING VANES 

NRNING $- 

$. 
N R N I N C  VANES 

(47) 
TURNING VANES 

(9) 

I 
131" 

Figure 4 .  Exhaust gas flow conf igu ra t ion  f o r  7 A  south  
i n l e t  d u c t  a t  Boston Edison. ( r e f .  Buel l  
drawing provided by Boston Edison Company). 
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Figure 5.  I n l e t  duc t  sampling f o r  7A sou th  and 7B nor th  
a t  Boston Edison Company Mystic River S t a t i o n .  
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Figure 7. Stack and sample port heights 

+ 

at Boston Edison. 

TRAVERSE DISTANCE FROM 
POINT NO. IMIDE WALL 

A 5.1" 

C R.7' 
D 44.6" 
E b3.0" 
F m.I" 

STACK I D  * 252" 

n 1 6 . 9 '  

Figure 8 .  Traverse point locations for Boiler No. 7 
stack at Boston Edison. 
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SECTION 5 

SAMPLING AND ANALYTICAL PROCEDURES 

SUMMARY 

The sampling and analysis methods used at each site are shown in 
Table 1. Three simultaneous runs of Methods 5 and 5B sampling 
occured at the stack downstream of all air pollution control 
equipment and Method 5 sampling occured at both inlet ducts. A 
special dual-probe stack test system was used for simultaneous 
sampling of Methods 5 and 5B through the stack ports. The flue 
gas velocity, temperature, flow rate, oxygen content, and carbon 
dioxide content were measured by EPA Methods 1-4 during all test 
sampling runs of each location (outlet, inlet north, inlet south). 
Integrated Method 3 samples were taken from the exhaust of the 
Method 5 trains. In addition, EPA Method 9 ,  plume opacity, was 
observed. 

The Method 5 and 5B samples (filters and dried probe washes) were 
weighed, baked at 16OOC (32OOF) for 3 hours and weighed, and then 
baked again at 176OC (35OOF) and weighed, prior to sulfuric acid 
and sulfate analysis. The sulfuric acid and sulfates analyses 
used procedures supplied to MRC by EPA on 10 October 1980. 

SAMPLING 

Heated glass-lined probes and Reeve Angel Type 934 AH filters were 
used f o r  the Method 5 and 5B stack testing. The filter tempera- 
tures were monitored using thermocouples installed in the oven. A 
special dual-probe stack test system was used for stack testing by 
Methods 5 and 5B simultaneously through the same individual stack 
ports. Flexible teflon-lined heated probe lines were used to con- 
nect the probes to the filters. Figure 9 is a schematic diagram 
of the dual-probe system. The nozzle centers of the Method 5 and 
5B trains were approximately 3.8 cm (1.5 in.) apart in this system. 
Stainless steel probes and Reeve Angel Type 9 3 4  AH filters were 
used at the inlets for Method 5 sampling. 

Method 5 and 5B stack sample volumes of at least 60 cubic feet 
were taken. Method 5 inlet sample volumes of at least 5 0  cubic 
feet were taken, when possible. The probes, nozzles, and filter 
holders were rinsed with acetone. When Methods 5 and 5B were 
used, Methods 1 through 4 were also used, as in compliance 
monitoring. 
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Figure 9. Dual-probe sampling train. 
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SAMPLE ANALYSES 

EPA provided the gene ra l  methods t o  b e  used f o r  p a r t i c u l a t e s ,  
s u l f u r i c  a c i d  and s u l f a t e  a n a l y s i s  on t h e  Method 5 and 5B samples 
a t  a meeting on 1 0  October 1980. Gary McAlister c l a r i f i e d  t h e s e  
procedures  on 24 October 1980, and f u r t h e r  refinement o f  t h e  pro- 
cedures occurred dur ing  t h e  a n a l y s i s  o f  samples c o l l e c t e d  dur ing  
previous  emission t e s t i n g  under this work assignment. The pro- 
cedures used a r e  summarized i n  Appendix C .  

A f t e r  the probe washes and f i l t e r s  were d r i e d  and weighed ( u s i n g  
s t anda rd  Method 5 p rocedures ) ,  t h e  Method 5 and 5B samples were 
baked a t  an average temperature o f  160 f l l ° C  (320  f 20°F) f o r  3 
hours t o  a c o n s t a n t  weight ( i . e . ,  a less than  10 mg weight l o s s  
between consecut ive  bak ings ) .  Between 1 and 3 bakings f o r  each 
sample w e r e  r equ i r ed  a t  1 6 0 ' C  t o  achieve cons t an t  weight. A f t e r  
t h e  1 6 O o C  baking,  a l l  samples were baked a t  1 7 6 O C  (350'F) t o  a 
c o n s t a n t  weight.  Only 1 bake was r e q u i r e d  a t  176OC t o  achieve 
t h e  c o n s t a n t  weight. A s  a q u a l i t y  c o n t r o l  s t e p ,  a f t e r  each baking, 
t h e  sample was weighed t o  cons t an t  weight (1.e.. a l e s s  t han  4 mg 
weight change between consecut ive weighings) .  This  p a r t i c u l a t e  
a n a l y s i s  procedure i s  shown i n  d e t a i l  i n  Appendix C .  Room temper- 
a t u r e  isopropanol  was added t o  each sample. The samples soaked 
f o r  a t  l e a s t  1 2  hours ,  then t h e  f i l t e r  i n  isopropanol was u l t r a -  
s o n i c a l l y  e x t r a c t e d  f o r  30 minutes. The e x t r a c t s  were f i l t e r e d  
and analyzed f o r  s u l f u r i c  a c i d  us ing  t h e  barium-thorin t i t r a t i o n .  
This  i sopropanol  e x t r a c t i o n  and a n a l y s i s  procedure was performed 
twice on every  sample. Those p o r t i o n s  of t h e  e x t r a c t s  t h a t  w e r e  
n o t  t i t r a t e d  w i l l  be b o t t l e d  and r e t a i n e d .  

A f t e r  t h e  s u l f u r i c  a c i d  e x t r a c t i o n  w i t h  isopropanol ,  water  was 
added t o  the f i l t e rs  and s o l i d  r e s i d u e s .  A f t e r  t hey  soaked f o r  
a t  l e a s t  12  hours ,  t h e y  were u l t r a s o n i c a l l y  e x t r a c t e d  f o r  30 m i n -  
u t e s .  The e x t r a c t s  were f i l t e r e d ,  passed through a Rexyn-101 
i o n  exchange column, and analyzed f o r  s u l f a t e s  (us ing  barium- 
t h o r i n  t i t r a t i o n ) .  The water e x t r a c t i o n  and s u l f a t e  a n a l y s i s  
procedure was performed twice on every  sample, and t h e  u n t i t r a t e d  
water e x t r a c t s  were b o t t l e d  and r e t a i n e d .  

Af t e r  a l l  e x t r a c t i o n s ,  the f i l t e r s  and s o l i d  r e s idues  were d r i e d  
and saved under d r y  n i t rogen  i n  a r e f r i g e r a t o r ,  along w i t h  t h e  
u n t i t r a t e d  e x t r a c t s .  These samples w i l l  be saved f o r  no more 
than  6 months. 

Blank f i l t e r s  and r e s i d u e  from the evapora t ion  of c l e a n  acetone 
were analyzed when t h e  s t a c k  samples were analyzed, a long wi th  
s t anda rds  and q u a l i t y  assurance a u d i t  samples of s u l f a t e  and 
s u l f u r i c  a c i d .  
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OIL SAMPLING AND ANALYSES 

Fuel oil samples and analytical results were obtained from Boston 
Edison Company and are shown in Table 9. 

SAMPLE HANDLING 

Filter contents were transferred into closed clean containers. 
Sampling equipment (i.e., probe and tip) was brushed and rinsed 
with acetone and the rinse collected in a bottle. This occured 
at sampling location or at the MRC sampling truck located near 
the stack. Access to the samples was limited by storing them in 
a locked truck, except when being handled by authorized individ- 
uals. The samples were shipped in the truck to the MRC Dayton 
Laboratory for analysis. Records of the chain of custody of the 
samples were maintained and are shown in Appendix D-6. 

DATA REDUCTION 

MRC's computer and programmable calculators were used to reduce the 
analytical and field data to determine results. The 'IF" values used 
to determine ng/joule (lb/106 Btu) emissions were taken from the 
boiler emission regulations in 40 CFR 60.45(f)(4)(ii). 

Appendix A contains copies of all raw field sampling data sheets 
and coding sheets for data processing. 

Appendix B contains complete computer printouts of the results of 
the sampling. 

Appendix C contains the detailed analytical methods used. 

Appendix D contains sample analysis data and a summary of the 
results of the quality control and assurance procedures. 

Appendix E identifies the people performing the sampling, analysis, 
and data reduction. 

QUALITY ASSURANCE 

MRC's usual quality assurance procedures were applied to the 
stack testing by EPA Methods 1 through 5B. These included all 
of the applicable procedures specified in the Federal Register 
for Methods 1 through 5 and the procedures specified in the EPA 
Guidelines for the Development of Quality Assurance Proqrams for 
these methods. 

MRC's Quality Control and Quality Assurance supervisor prepared 
quality assurance audit samples simulating the anticipated sul- 
furic acid and sulfate content of boiler stack samples. The con- 
tent of the audit samples were known only to her and the chemists 
preparing the audit samples, not to the chemists performing the 
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a n a l y s i s .  MRC analyzed blank f i l t e r s ,  samples of acetone, s tand-  
a r d s ,  and q u a l i t y  assurance a u d i t  samples when t h e  s t a c k  samples 
a r e  analyzed. 

The accuracy of t h e  d a t a  used i n  computerized d a t a  process ing  
w i l l  be checked by comparing t h e  p r i n t o u t  of t h e  d a t a  used t o  
c a l c u l a t e  r e s u l t s  wi th  t h e  raw f i e l d  d a t a  used t o  code t h e  com- 
p u t e r  i n p u t .  
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APPENDIX A 

FIELD SAMPLING DATA SHEETS AND COMPUTER CODING FORMS 

A-1 Field Sampling Data Sheets. . . . . . . . . . . . . .  A-2 

R u n 1  . . . . . . . . . . . . . . . . . . . . . . . .  A-9 
Preliminary Data. . . . . . . . . . . . . . . . . . .  A-3 
R u n 2 . .  . . . . . . . . . . . . . . . . . . . . . .  A-46 
R u n 3 . .  . . . . . . . . . . . . . . . . . . . . . .  A-76 

A-2 Computer Input Sheets . . . . . . . . . . . . . . . .  A-106 
A-3 Post-Test Meter and Orifice System Calibration Sheets A-112 

A- 1 



SECTION A-1 

FIELD SAMPLING DATA SHEETS 
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\ I  TRAVERSE P O I N T  LOCATION FOR CIRCULAR DUCTS,- 
/ - 

DATE P-39-Q/ 
SAMPLING LOCATION l c < A + b  4 
INSIDE OF FAR WALL TO 

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

OUTSIDE OF NIPPLE, (DISTANCE B) 
STACK 1.0.. (DISTANCE A .  DISTANCE 8) 
NEAREST UPSTREAM DISTURBANCE 

- 253'' a ' ' 

EPA (Our) 232 
4/72 __ - .  



TRAVERSE POINT LOCATIONS FOR RECTANGULAR DUCTS 

PLANT 

DATE 

S A M P L I N G  LOCATION 

INSIDE STACK D I M E N S I O N S  X 

INSIDE Of NEAR WALL T O  

/lrr54.k 7? iver PZG . /c/r 

I 7 " 

NEAREST UPSTREAM DISTURBANCE w- 7.5 
NEAREST D O W N S T R E A M  DISTURBANCE .+ 2.s' 
NUMBER O F  TRAVERSE POINTS  ARRAY 
CALCULATOR a , r i e  

DUTSIOE OF NIPPLE. (Distance 81 
EOUIVALENT STACK 1.0. 3 0 5 i C &  

x .&hz 

L 

ILLUSTRATE 
PORT LOCATIONS 

A N D  
STACK D I M E N S I O N S  

I I N C R E M E N T  

O I M E N S I D N S  131" 

245'' -1 
\ \  1 II I 

SUM O F  DISTANCES A+B 

DISTANCE 



RULES AND REGULATIONS 
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41763 

I '  Figure 2.5. Velocity traverse data. 
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E T H O D  2 II 
1 
I 

Area of s t a c k  ( f t ' )  - A .  3 r b  4-1' I 
I 
0 
I 

?:tot tube coefflclent. t y p e  S I c p  m 0.7b 

T c r p e r a t u r e  (ave-age)  of s t a c k  ( O F )  T S -  3 Y g ' F  
#.I? Average  o r  square r o o t  or ve1oc:ty neaa (in H,o):/: - <= - 1, 2 d 

&bso:x'.e preasure of  s t a c k  gaa in Hg . Ps.. a 9 .  $6 

F c r c e n t  moisture . a ~ i ~  
note PS - Barcmetric p r e s s u r e  (in Hp)-(static pressure  (in H20)/13.6) - 

. ) l . C ' 7  +. - 18  //3. L 

Pclccular weight of a t a e k  gas - (lba/lb mole) I MS 37.99  

1 VS - s t a c k  gas velocity ( f . p . 3 . )  

A-8 

;I 
'I 
'I 



I 
I 
I 
I 
I 

I 

I- 

Outlet (OH) 
Outlet IOL 
Inlet 
Inlet 

Plume 

noith 
south 

Opacity 

RUN 1 

Nomograph Data 
Field Data 
Clean-up Data 
Dry Molecular Weight Data / I  Isokinetic Calculations 

A- 9 



''?;?7 A 4  ' 

(1 h w .'L 
110M06RAPH DATA (HP-65) 

I !  
I " .  

PLANT LL,, USED ON RUN NO.:  

SAMPLING LOCATION C % " C c d  

DATE 9 - > q - % J  CALCULATOR :5h $U 

.b=kcJl.Cui + OL+.eDt-l OUTPUT 1 
INSTRUCTIONS I N P U T  DATA/UNITS KEYS OATA/UNIT STEP 



12 M 



. .. .-- 



I 
I 
I 4  

1 
I: 
I 
I 
1.- 
c: 

t 
c 

I 

- 
- 



CLEAN-UP DATA 
. 

P l a n t  5 4- €cQcs- Comments: 

S a r n p l i n i  L o r a t i o n  ~ a l f \ v k  
S a m p l e  T y p e  EQA-5 13 
Run Number 

Date qldqlyi  

\ - 0 \t 

IMFINGERS 

#1 u 2  .y3 Y 4  u 5  

F i n a l  V o l .  _ i s &  ml /J-L ml le ml m l  m i  

Net V o l .  / 4 ( s  ml J-’ ml /@ ml ml m l  

- I n i t l a i  v o i .  J O G  m i  \ b o  r’ ,A. ml ml m l  

T o t a l  Net Volume i n  I m p i n g e r s  J L L  ml 

SILICA GEL ’ 

F i n a l  W e i g h t  g 2 b Z 3  g g 
I n i t i a l  Weigh t  -- g 229.2 g g 

Net Weight g 3u B g 

T o t a l  Net Weight In Silica Gel . zy / )  g 

T o t a l  Moisture 3G/. / g 

A-14 

MRC 7/73 

I 
I 
I 
I 
I 
I 
I 
I 
I 

.. I 
I 
I 
I 
.I 
I 
1 
I 



I 
I 
I 
! 
I 
I 
I* 
I- 
I 

0 

Q 

I- 
I- 
I- 
I ~- 

1- 
I- 
L- 
1.- 
1 ... 

9 

a 
0, 

< 

I 
\ 

E 
2 
I; 

L 

> 
* 
I 

i 

Q 

0 



ISOKINETIC CALCULATION 

MOISTURE 

Net volume o f  l i qu id  co l lec ted  
in impingers and  s i l i c a  gel 

Net volume of g a s  t h r o u g h  dry 
gas meter a t  meter conditions 

Barometric Pressure - absolute 

Average a b s o l u t e  meter tem- 

Moisture, proportion by volume = Bws 

perature  ( O F  + 4 6 0 )  

M O L E C U L A R  W E I G H T  

Percent 0, by volume dry basis 

co I‘ 

co, ‘ I  

N2 = 100 - (0, + co* to1  = 100 - ( + 

Md = 0 . 4 4  ( CO, 

Md = 0.44  ( 12. 5 
5 . r c  

Percent N 2  by volume d r y  basts 

Dry molecular weight = Md 

+ 0.32 ( 02 ) 

+ 0.32 ( 5, 0 ) 

L c 0 

A-16 

1 /80 

. ~ ~ _ _  i 

+ 
+ 

= v, s / 3 & .  3 i  c u . f t .  

D 29, bc/ in.Hg ’bar 

= N2 

0.28 

0.28 

% 

I 
I 
I 
I 
I 
I 
I 
I 
‘I 

I 
I 
I 
I 
I 
I 
I 
I 
I 



2. I I SOKINETIC CALCULATION (Contl nued) 

11 
I 
I 
I 
I 
I 

VELOCITY 

P i t o t  Tube c o e f f i c i e n t ,  type s = cp = " 7 6  
Average Absolute Stack Temp. ( O F  t 460) = Ts = 773 O R  

/,35 ( i n .  H20) \ Average o f  t he  square r o o t  O f  AP =6 = 

Absolute pressure o f  s tack Pbar f & * 49.s'f ln.Hg 
= ps 

Stack gas v e l o c i t y  = V, 

I S O K I N E T I C  PERCENT 

Average pressure drop across o r l f l c e  = AH = J. 13 in.H20 t L 

I 
I* 

I - 
I: 
I.- 
I .  ._ 1/60 I 

To ta l  sampling t lme  - e  - - a90 - min. 

= 1 . ~ ~ 7  .IO-' sq.ft. 

I b . \ \ b  i n .  
a dn Diameter o f  nozz le  

Area o f  noz le  = A 

A = 54.54 x 10- 

I = percent  I s o k i n e t l c  

2 
4 2 ( O . I X b )  (dn ) = 54.54 x 10- 

( v, 1 
(1.667) ( TS ) [,.00267 (VL  ) + X F j  (Pba,. + 

1 ( "S 1 ( ps ( A 1 
, + q  ( e  I =  

( I 3 b.31) 
(1.667) ( 743 ) 0.00267 (301.1) + 1- c &$it 

( ) Y O )  ( XY.31  ) ( a s s - )  
I =  

I =  

*-I7 9-t.BL x 
- 





. .  

I 

.. 

I 
L .  

I 
I, . .  

I 



f 

b 

i q l  
I 
I 
I 
I 
I 
I 

I 



CLEAN-UP DATA 

Plant C o m m n t s  : 
Date 
Sampling Location 
Sample Type E 3 
Run Number 1-0 L 
Sample Box Number 

- - 

Clean-up Man 

Total Net Volume in Impingers 3** ml 

SILICA GEL 

Final Weight g 2 7 J . f  g g 
Initial Weight = g  22.9.2 g g - 
Net Weight g I r a . 6  g 8 

Total Net ‘Weight In Silica Gel YA. 6 8 

Total Moisture 3 y 2 . 6  g 

.... A-21 

mc 7 / 7 3  



MOISTURE 

Net volume o f  l i qu id  col lected 
in implngers and  s i l i c a  gel 

N e t  volume of gas  t h r o u g h  dry 
gas meter a t  meter conditions 

Barometric Pressure - absolute 

Average absolute meter tem- 
perature  ( O F  + 460) 

I 
- IC- 4. .g4 g c u . f t .  = vnl 

= 29. ? in.Hg 'bar 

A-22 

1/60 



2 .  I ISOKINETIC CALCULATION (Continued) 

MOLECULAR WE I GHT (Continued 1 
Stack gas molecular weight M, 

I 
I 
I 

I 

= (M, 11 - ( B w s ) l  + 18 (Bws) 29.0'9 
- - "S 

( ) [1 - (,07)1 + 18 t.07) 
MS 3C.69 , t i  I l * L l  

VELOCITY I Pitot Tube coefficlent, type S = cp = d 7 6  

Average Absolute Stack Temp. ( O F  + 460) = T, = 79'3 O R  

Average of the square root of A p  =6 = /, 3fi (in.HzO)k I Absolute pressure of stack Pbar f & p, I 29. f~~ in.Hg 

ISOKINETIC PERCENT 

Average pressure drop across orifice = AH = in.HzO 

Total sampling tlme - e  E a r c  __ min. 

I o.aoy  in. Diameter of nozzle 

Area o f  nozle = A 

A = 54.54 x 10- 

I = percent Isoklnetic 

dn 
I: 
I. 
I> 

1. 
!j 

I, 1/80 , 3 2 9 c  - 1  i 

4 2 lr (dL.20Y 1 I J.23 x/p-" sq.ft. 2 

(dn ) = 54.54 x 10- 

( v, 1 
(1.667) ( T, ) .00267 (VLc ) + 1 7  Pbar + 

1 ( 1 ( ( A \\ .tL 
"5 ps 1 -1. .qq 3' 

( e  I. I =  

(25.'qt I s4 '-;--111 3.6 
(1.667) ( 7 9 3  ) 0.00267 (JyAb) + (j 

( 3 9 0  ( &(all 1 ( 2$.5'1 1 (a  J 7 
I =  

7 q . q I  5 
A-23 

, Y  I =  
- r y  



I 
2 - 
3 

1 

- 
4 

Run c a r d  

I n i t i a l  i r e  p r o g r a m  
E n t e r  a v e r a g e  T, ( m e t e r  
temp. O F  + 4 6 0 )  I f  m e t e r  
t e m o .  unknown. u s e  a m b i -  - -  
e n t  + 2 O 0 f  
E n t e r  
( B a r o m E v r i C  p r e s s u r e  a t  
m e t e r )  
E n t e r  P ( s t a t i c  p r e s s u r e  
i n  s t a c t )  [ P  i .073 x 
s t a c k  gauge p v e s s u r e  I n  
i n .  i i z t ]  
E n t e r  a v e r a g e  
( s t a c k  tempera::re + 4 6 0 )  - 

7 
- 

8 

9 

1 0  

11 

- 

E n t e r  B m S  
( m o l e  f r a c t i o n  o f  H20 
v a p o r  i n  gas s t r e a m )  
E n t e r  MD 
( m o l e c u l a r  w e i g h t  o f  d r y  
gas 1 
E n t e r  C 
( t y p e  '*!" p i  t o t  t u b e  c o -  
e f f i c i e n t )  
E n t e r  a v e r a g e  A,, l ,45 
H i g h e s t  A ( 1 

I n i t i a 1 i t e " 8 " 

1 2  

1 3  

E n t e r  a c t u a l  Dn 
E n t e r  A H  
( C a l i b r a  e d  p r e s s u r e  d l f -  
f e r e n t i a l  a c r o s s  o r i f l c e )  

1 4 
! 

E n t e r  a c t u a l  A 
P, I E n t e r  a c t u a l  A 

1 4 2  P, 

1 4 3  E n t e r  a c t u a l  A A-24 p3 

OUTPUT -I 
DATAIUNIT~ 

I A  

F r a c  t i on 
O f  HzO 

29. 5- mol  e 
I 

R/ s - 76 - 

1 
0.00  

5 4 0  '1 

Fract iok 

o f  stack '1 
l b s / l b  mol - 

i 
s A H 1  I 
.81 f a c t  

AH 

AH 

I n .  HZ)  



. _  

b TI  

n 
a z 
n 
S 
CL 



-I 

I 
I ! 
- 



I 
I 
I 
I 
1 
1 
I 

I 
I __ 

I 
I 
I 
r .. 

. . -- .. . 



CLEAN-UP DATA 

Plant 

Sample Type -g:;-5 
Run Number 1 
Sample Box Number 
Clean-up Man ~O-~~~esfJo;’ 
IMFINGERS 

u1 u 2  13  U 4  U 5  

T o t a l  Net Volume in Implngers @ 5 ml 
SILICA GEL 

Final Weight 2 2 3 7 g  8 g 
Initial Weight 200 g g 8 
Net Weight 2 3 . 7 g  g g 

Total Net Weight In S i l i c a  Gel 23.7 g 

Total Moisture 10 @,?g 

Filter Nurnber(s 

14220 54- L? . 

I 
I 

I 
I 
1 
I 
I 
I 

A-28 

mc 7 / 7 3  



I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I. 
I 

cl. 
P 
n' 

N e 
m 

E 
Z i  - .  
4 n. 
W 



MOISTURE 

Net volume of liquid collected 

Net volume o f  gas through dry 

Barometric Pressure - absolute 

in impingers and silica gel = Vlc = /0@,7 m l  

gas meter at meter conditions 'm I 4967 CU.ft. 

= 'bar D 
2 '?5c in. Hg 

Average absolute meter tem- 

Moisture, proportion by volume = Bws 

"m 'bar BWS 373.63 ( 1 

perature ( O F  + 460) 

1 - - 
1 +  

( ) (  
~ Tm "1 c 

= T, 

MOLECULAR WEIGHT 
n 

.I 
I 
I 
I 
I 
I 
I 
I 

Percent 0; by volume dry basis 

" co " 

" to*  " 



I SOKINETIC CALCULATION (Conti wed)  2 .  

I 
I 

! 
! 
4 
3 

I 
I 

MOLECULAR WEIGHT (Continued) 

Stack gas molecular weight M, 

3 1 . i J  k 
VELOCITY 

P i t o t  Tube coeff icfent .  type S 

5 2 Y.9 0 

= c ,  = O 1 7 b  
r 

= T, D &&zit5 ./ O R  @3' Average Absolute Stack Temp. ( O F  + 460) 
j . 2 1  ( in .H,O) k Average of the square root  O f  Ap =fi = 

Absolute pressure of stack Pbar f & = p, 9 sc,c &-- In.Hg 

Stack g a s  veloci ty  = V, 

v S = (85.48) ( cp 1p-j [.. 3 
I 

ISOKINETIC PERCENT 

Average pressure d r o p  across o r i f i c e  = A H  = '  ] < I @  in.H20 

= 90 min. Total sampling time = e  

9 O, a04 i n .  Diameter of nozzle 

Area of nozle = A 

A = 54.54 x 10- 

- 

a dn 

4 2 I 2.21 sq.ft.  4 ( ,aor 2 

(dn  ) = 54.54 x 10- 

I = Dercent Isokinet ic  



1 MOHOSRAPH DATA (HP-65) 

USED ON RUN NO.: 1 
CALCULATOR: 5 

x.5 PLANT 6 0 s  rod €PISOd 
DATE S -?Q -SI 

OUTPUT I 
D A T A / U N I T h  

SAUPLING LOCATION ItVLEf ,5ar*TH 

INSTRUCTIONS INPUT DATAIUNITS K E Y S  S T E P  

- I 1 

2 

- Run c a r d  

I n i t i a l i z e  p r o g r a m  
E n t e r  a v e r a g e  Tm ( m e t e r  
temp. O F  + 4 6 0 )  
temp. unknown, u s e  a m b i -  
e n t  + 20°F 
E n t e r  
( B a r o n E V r i c  p r e s s u r e  a t  
m e t e r )  
E n t e r  P ( s t a t i c  p r e s s u r e  
i n  s t a c t )  [ P  i .073  x 
s t a c k  gauge p p e s s u r e  i n  
i n .  h ' 2 O j  . 

E n t e r  a v e r a g e  
( s t a c k  t e m p e r a i 8 r e  + 4 6 0 )  
E n t e r  BmS 
( m o l e  f r a c t i o n  o f  H20 
v a p o r  t n  gas  s t r e a m )  
E n t e r  MD 
( m o l e c u l a r  w e i g h t  o f  d r y  

I f  m e t e r  

~ 

g a s )  

- 
A Q.00 1 

5r 0 'I O R  546 3 

- 
4 R 1  S 

I n .  Hg 
30 .61  3 o . d  'I 5 

- 
6 0.0q s I T 1  ~ 

-Frat t i c  

2 9 . 2 4  1 I 0.?4 Dry 7 

a l b s / l b  29.5 m o l e  

~ 

molecular 
o f  stack .;I 
l b s / l b  M: 

E n t e r  C 
( t y p e  I*!'' p i t o t  t u b e  C O -  7 9 0 . y 0 1  

Dn theo. O.,'. 
(nozzle d i  
i n  t n c h e r l b  

.I7 - 

\.\ 5 I n .  H 2 0  

- 

e f f i c i e n t )  
E n t e r  a v e r a g e  A,, 

10 1 
r 

H i g h e s t  A ( 

1 1  

1 2  

- I n  i t i  a 1 i z e  " B "  

E n t e r  a c t u a l  0, 

K f a c t i  I 13 
E n t e r  A H  
( C a l i b r a t e d  p r e s s u r e  d i f -  
f e r e n t i a l  a c r o s s  o r i f l c e )  
E n t e r  a c t u a l  A 

E n t e r  a c t u a l  A 

E n t e r  a c t u a l  A 

P l  

p2  

P 3  A-32 
. -  

E 

~ 



I _. 

.. 

I 
U 0 

m S 

n 
\1. 
0 

_. . .. . .- - . .  





~ 

I 
I 

I 

I- 
3 
0 
>- 

c z 
4, 

2 
- 
W 
VI 
PI 
w > 
4 
PI c 

c 



CLEAN-UP DATA 

Plant Comments : 

Date 912 PIS1 
Sampling &ation L ~ l e t  
Sample Type Ef'A-5 
Run  Number /-I 5 
Sample Box Number 
clean-up Man 

IMP INGERS 

# I  # 2  w3 84 85 

ml ml ml ml 
ml m l  .I.* 

ml m l  ml ml 

Final Vol. 233 ml 
Initial vel. 3~ ml *mi 
Net Vol. 

Total Net Volume in Impingers r n l  

-1 

~ 

~ ~ 
J) m1 ~ 

SILICA GEL ' 

Final Weight g L35.9 g - 

Initial Weight e g A29.L g g 
Net Weight g 6.7 g g 

Total Net Weight in S i l i c a  Gel 6.7 g 

Total Moisture 3 2 7  g 

Filter Nurnber(s1 j?22054'-33 

A-36 

MRC 7/73 

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



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I- - 

t 
I' 
I I 
I- 
I- 
I-- - 

I. __ 

c 
3 -2 

c 

c 
i 

i 

! 
I : 
I 
! 

I 

I 

1 

i 
t 

I 
P 

i 
i 
c 
4 

I : 

j 

1 

! 

i 
i 

i 

! 

t 

I 
I 

I 

i : 
! 

i 
I 

! 
I 
I 

I 

I 
> 

I 
! 
i 

! 
i 

! 

I 
I 

I 

- 
8 
c c c 

6 + 
J 
d 

4 
'z 

Q 

Y 



MOISTURE 

Net volume of l i qu id  col lected 
in  impingers and s l l i c a  gel 

Net volume o f  gas t h r o u g h  dry 
gas meter a t  meter conditions 

Barometric Pressure - absolute 

Average absolute meter tem- 

Moisture, proportion by volume = Bws 

pera ture  ( O F  + 4 6 0 )  

1 
Bws - 373.63  ( "m I (  'bar 1 

1 +  ~ ( Tm ) (  "1 c 1 

1 = 
3 7 3 . 6 3  (>> , /A  ) ( J1 q.75 1 

( G 3 /  I ( 39,7 
1 +  I 

MOLECULAR WEIGHT 

Percent O2 by volume d r y  basis 

" co " 

" to2 " 

39.7 ml = "lc 

I 2 2 - 1 1  cu . f t .  "m 

'bar = 2?.95 i n .Hg  

= T, = 53) OR 

N, = 100 - (0, t COz + CO) 100 - ( t + I  9 

Percent N, by volume dry basis  = N2 = & b3.b '% 

Dry molecular weight  = Md 

Md = 0 . 4 4  ( C02 ) + 0.32 ( 02 ) + 0.28 ( N2 + CO 
Md = 0 . 4 4  ( 5 ,c ) + 0.32 ( / * L , ,  ) + 0.28 ( q&,/ + 0 e 

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

1 /80 



ISOKINETIC CALCULATION (Contlnued) 2. 

I 
I 
I 
I 
I 
I 
I 
*I 
I 
I 
I - 

I 
I 
I 
I 
I 
I 
1- 

MOLECULAR UE IGHT (Continued) 

Stack gas molecular  we lgh t  Ms 

MS (Md [1 - (Ews)] + 18 (Bws) 34. a i  
= (a [l - 0795)l + 18 (072;) MS 

P i t o t  Tube c o e f f i c i e n t .  t y p e  S = cp = .I6 

=-3ex- 
' 

VELOCITY 

Average Absolute Stack Temp. ( O F  + 460) = T, 0 9.34 O R  

Average o f  t h e  square r o o t  o f  Ap = Jbp = I,oG ( i n .  H20) 4 

Absolute pressure of  s tack Pbar f fi Ps = W . ~ l  In.Hg 
w 

Stack gas v e l o c i t y  

V, = (85.48) ( Cp 

v S  = (85.48) (,76 

I S O K I N E T I C  PERCENT 

= vs 

in.H,O 

mln. 

2 5  Average pressure drop across o r i f i c e  = AH = 

- Tota l  sampling t ime  0 8  I 87. 5 
Diameter o f  nozz le  dn = , f 3 Y  i n .  

Area o f  n o z l e  = A 

A = 54.54 x 10- 4 (dn 2 ) = 54.54 x 10- 4 (  ) *  = I, 03?xid-y s q . f t .  

I = percent  I s o k i n e t i c  

1/80 



Monsa nto VISIBLE EMISSION OBSERVATION FORM 

I 
I 

>. I 
I 
I 
I 
I 
... I 
-- I - 

I 
I 
I 
I 
I 
I 

EMlSSlON POINT I 

.i 

..' 



I 
I 
I 
!! 
I _. 

I 
t - 
I - 

I _- 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Monsan to VISIBLE EMISSION OBSERVATION FORM 

a 
5 c 
*r 



I 
Monsa n to  

VISIBLE EMISSION OBSERVATION FORM 



VISIBLE EMISSION OBSERVATION FORM 

c -  T l T L E  

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

1 
I I -  

I ,-I 

I Y 

I - 

e 

D A T E  

C? 
3- 
, r  

f 7  

-- 7 
< '; 

~ .. - 
9 3  

Y i  
-._ 

I '. 
90'; 

<: 
c19 

b ?  
b2 

f' 

5 7  

iit 
* 

a !  

10 
-3% 

7 6  

7 s  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

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

. . . . . . . . . . . . . . . .  Si 
7 7  
y.. 

..5 
I T  
;I 

A V E e b G E  OPACITY F O R  
COR *,G*EST P E R I O O  

E M I S S I O N  POINT % W E R E  

R A N G E  OF OPACITY R E A D I N G S  



Monsanto VISIBLE EMISSION OBSERVATION FORM 



I Monsanto VISIBLE EMISSION OBSERVATION FORM 



\ 
Outlet (OH) (5B) 

Inlet north (IN)’ 
Inlet south (IS) 

Plume Opacity 

CUtlPt (CL) (5) 

I 
I 
I 

I 
I 

RUN 2 

Field Data 
Clean-up Data 
Dry Molecular Weight Data 
Isokinetic Calculations 

~~ ~ 

A-46 
- . .  

I 

I 

I 
I 
I 
I 



~- 

I 
I 
I 
E 
I 
I 
I 
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CLEAN-UP DATA 

.77ofq,/ Comments: 

Date / e / / / &  / 
Sampling Location 
Sample Type 
Run Number J-o/f 
Sample Box Number 
c 1 e an- up Man -7 k FJs/flr;tD2uS /h’AEfls 

IMFINGERS 

u1 u 2  13 #I, I5 

Final Vol .  341 ml ml ml ml ml 
Initial vel. 200 ml %ml - ml ml m l  
Net Vol. / !fL ml ml ml ml ml 

Total Net Volume In Impingers / t /L ml 

SILICA GEL - 
g g g 

14-6’- 3 
Final Weight w .  
Initial Weight -* g g g 

Net Weight g 8 g 

Total Net Weight In Silica Gel L/B. 3 g 

Total Moisture /5L7,3 g 

Fi lter Number( s) 206d 77-32 

A-49 

mc 7/73 
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I SOKI NETIC CALCULATION 

Plant  -ST or3 e5sL)d 

Date 10- 1-0 I R u n  U a - m  
Initials T W  Loca t ion  0 L4-t UT 

MOISTURE 

ml i n  impingers a n d  s i l i c a  gel = Vlc ( ? U t 3  - N e t  volume o f  l i qu id  co l lec ted  * 

Net volume o f  gas t h r o u g h  dry . c7,cr 5 3  c u . f t .  
E "m 

Barometric Pressure - absolute  a 'bar * 2q, 88 in.Hg 

gas meter a t  meter conditions 

Average absolute meter tem- 
perature  ( O F  + 4 6 0 )  

Moisture, proport ion by volume = Bws 
1 - 

BWS 3 7 3 . 6 3  ( "m 'bar 1 l +  
( Tm "1 c 

T, - - s 39 " R  

- - 0' 119 I 

MOLECULAR WEIGHT 

Percent O 2  by volume 
I, 

" co " 

" c02 " 

N2 = 100 - (02 + CO2 

Percent N, by volume 

Dry molecular weight 

Md = 0 . 4 4  ( COz 

5 0 . 4 4  ( l \ L 3  ) 'd 

o( = co* - - 1 1 4 3  b 

dry  bas ls  = N2 8-2, b x 

= Md 

t 0.32 ( 02 ) + 0.28 ( Nz + 

t 0.32 ( b'l ) + 0.28 ( $26 + 0 

a0,OS Md 

A-53 

1 /80 
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~ 

I SOKI  NETIC CALCULATION (Contl nued) 2. I 

VELOCITY 

= cp c &-I 6 P i t o t  Tube c o e f f i c i e n t ,  t y p e  s 
Average Abso lu te  S tack  Temp. ( O F  + 460)  = T, = 8x1 O R  .I 

+ Average o f  t h e  square r o o t  Of  AP =6 = 1 , 3 5 0 7  (in.H,O) 

* aCi,-l c - in.Hg -1 Abso lu te  p ressure  of s t a c k  Pbar * +g = ps 
Stack gas v e l o c i t y  

V s  = ( 8 5 . 4 8 )  ( Cp 

~ 

= ( 8 5 . 4 8 )  ( .74 
v S  

ISOKINETIC PERCENT 

= vs .-I 
I 

Average pressure  drop across  o r f f i c e  = AH = rl(5 in.H20 

To ta l  sampling t i m e  = e  - - IZO - min. 1 
in- I Diameter o f  n o z z l e  dn I 0. 186 

Area o f  n o z l e  = A 
1,897 X l 6 - v  sq.ft. 

2 

A = 54.54 x 10- (dn 2 ) 54.54 X 10 -' (.[E+ 4 

.I 
I 
I 
I 1/80 
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CLEAN-UP DATA 

IMPINCERS 

H1 H 2  13  8 4  15  

F l n a l  Vol .  231 m 1  / 2 L ( m 1  a y . l m 1  m l  m l  
I n i t i a l  vel. ,/'30 m l  /OO m l  Q I - m l  m l  m l  

m l  94 ml ; ml ml Net V o l .  

T o t a l  Net Volume i n  I m p i n g e r s  1'5-4: ml 

1 31 

- 
SILICA GEL 

F i n a l  W e i g h t  244.6 g g 
I n i t i a l  Weight  2cC g g g 
Net Weigh t  4 % C  g g g 

+49.6 
T o t a l  Net W e i g h t  I n  S i l i c a  G e l  & e = = k + g  

T o t a l  M o i s t u r e  20'5, 6 g 

F i  1 t e r  Number ( s 1 9 O b  6 9  7-2 / 

A-55 
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ISOKINETIC CALCULATION 

Run # 7 - O f -  Date 10-1 - 0  / 
Loca t ion  O O T /  E T  I n i t i a l s  

MO I STURI 

Net volume o f  l i q u i d  c o l l e c t e d  
i n  implngers and s i l i c a  ge l  = " l c  . 2 C S . A  - m l  

I 92~5F. cu. ft. = "In gas meter a t  meter c o n d i t i o n s  
Net volume o f  gas through d r y  

Barometr ic Pressure - abso lu te  

Average absolute meter tem- 

Mo is tu re ,  p r o p o r t i o n  by volume = Bw, 

0 2 9 E R  in.Hg 
a 'bar 

p e r a t u r e  ( O F  + 460) = T, 5 542.4~ Q R  

MOLECULAR WEIGHT 

0, 
c c  I *, 

0 4 

Percent O2 by volume d r y  bas is  = o2 = 

= co E 
" co " 

I 9  
I' c02 " = co2 - - 1l,3 x 

Percent N, by volume d r y  bas i s  = N2 8 2, It % 

N, = 100 - (02 + CO2 + CO) e 100 - ((I 1 1  +I\3+ 0 

Dry mo lecu la r  weight  = Md 

Md = 0.44 ( C02 ) + 0.32 ( 02 ) + 0.28 ( Nz co 
Hd = 0 .44  ( \\,3 ) + 0.32 ( &,[ ) + 0.28 ( + 0 ) 

A-56 
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2 .  I I SOKI NETIC CALCULATION ( a n t 1  nued) 

MOLECULAR UE I GHT (Cont 1 nued) 

Stack gas molecular  welght  H, 
I 
I 
I 

VELOCITY 

= cp I Ut 7b P i t o t  Tube c o e f f i c i e n t .  t y p e  s 
( O F  + 460) Average Absolute Stack Temp. = T, I 5 a1 O R  

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

I' 
E 
i' 1/00 

r, I Average o f  t he  square r o o t  Of  AP *6 = L39.J 7 (in.HzO) 

Absolute pressure of s tack  Pbar * +g pS D aLy.7 S- in.Hg 

Stack gas v e l o c i t y  = V s  

Vs (85.48) ( Cp )VWj [.. ] 
v S  (85.48) (Ot7b p z z z l  [l.i"17 - - I tC,Li7 FPS 

I S O K I N E T I C  PERCENT 

* AH = Its0 in.HzO 

mln. 

Average pressure drop across o r l f i c e  

T o t a l  sampling t ime  - e  lu) - - - 
Diameter o f  nozz le  a dn I 01 2 0 4  i n .  

Area o f  n o z l e  = A 

A = 54.54 x 10- 

I = percent  I s o k l n e t l c  

4 Z 4 (,uq )' = 2<270 Xfb- 'sq. f t .  
(dn ) = 54.54 x 10- 

( v, 1 

( e  1 ( "* 1 ( ps 1 

S q r  ( tu  ( k m 7  ( a7.79 (em 1 c -v 

(1.667) ( TS ) k . 0 0 2 6 7  (VL ) + T j  t b a r  + '*')] 
I[ I =  ( A 1 

(1.667) (kZ( 1 (szt(*b) @'Ob+ w)] 1 5 8  0.00267 (2US;b) + 7 
I =  

I O U ,  1 I A-57 I =  
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I 
I 
I 

10H06RAPH DATA (HP-65) 

USED ON RUN N O . :  2-1 4 
CALCULATOR: /p 

p. 

PLANT 61,7$43l~ 6drCo'" 
DATE / ' l / / /p/  
SAHPLING ' L O C A T I O N s ' r l e f -  f l c7v f  ' 

OUTPUT I 
STEP INSTRUCTIONS I N P U T  DATA/UHITS KEYS DATA/UNITS 

t i c  pressure a t  
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CLEAN-UP DATA 

Sampling Location Ln( 
Sample Type 
Run Number 

SILICA GEL 

Final Weight 2 4 %  g g g 
Initial Weight 13s. 0 g g g 
Net Weight z43 g g g 

Total Net Weight in Silica Gel 2989 g 

Total Moisture /bS,9 g 

Filter Number(s) 17 - 2  2 @ ?  "I 

11 
I 

A-68 

MRC 1 / 7 3  



I ISOKINETIC CALCULATION 

I ml i n  impingers and  s l l i c a  gel Vlc IbS.c1 - Net volume o f  l i q u i d  co l lec ted  * 

7 2 .  356 cu . f t .  Net volume o f  g a s  t h r o u g h  dry 

Barometric Pressure - absolute  'bar 

= v, . g a s  meter a t  meter conditions 
I 2 9 , q o  i n . H g  I 

I Average absolute meter tem- 
perature  ( O F  + 460) 

Moisture, proportion by volume = BWs I 
I - - 

BWS 373.63 ( "m 'bar 1 1 +  
( Tm ) (  "1 c 1 

= T, = 516 O R  

MOLECULAR W E I G H T  
01 L.' 

I 
I = o2 I 

0 Percent O2 by volume dry bas is  

It. 
= co* - / % - 

" c02 " 

+ I  / N, = 100 - (02 t CO2 + CO)  = 100 - ( + 

Percent N 2  by volume dry basls a N2 

Dry molecular weight = Md 

Md = 0.44 ( C O Z  ) + 0.32 ( 02 ) + 0.28 ( N2 + CO 
! 
I 
I 
I 1/80 

Md = 0.44 ( ) + 0.32 ( ) + 0.28 ( + ) - 3 b . c  
m 

Md 

._ 
A-69 



I 
. .. - 

ISOKINETIC CALCULATION (Continued) 2. I 
MOLECULAR WE I GHT (Cont 1 nued) -I 

I = (M, - (BWs)1 + 18 (BWs) F f F m  

I 
O R  I 

Stack gas molecular weight Hs e’ WL 1 HS 

MS 
= (  ) [ l - (  ) 1 + 1 8 (  = 

VELOCITY 

P i t o t  Tube c o e f f i c i e n t ,  t y p e  S = cp I 0.76 

Average Absolute Stack Temp. ( O F  + 460) = T, 3 0 3 7  
Js Average o f  t h e  square r o o t  o f  Ap =6 = 11141 (in.HzO) 

Absolute pressure o f  s t a c k  Pbar f * P, 9 3 0 , O O  tn.Hg 1 
Stack gas v e l o c i t y  

v, = (85.48)  ( cp 

v s  = (85.48)  (0.7C 
~I ~ 

I S O K I N E T I C  PERCENT 
-. Average pressure drop across o r l f l c e  * AH ’ 2.a)Y in.HZO 

To ta l  sampling t ime  = e  - q o  - . mln. I - 

in. I I 0,240 
a dn Diameter o f  nozz le  

Area o f  n o z l e  = A 

A = 54.54 x 10- I = 3 ,  I Y  2 7 r d ’ s q . f t .  
2 

-4 (0.24 1 4 2 
(dn ) = 54.54 x 10 



Monsanto 
VISIBLE EMISSION OBSERVATION FORM 



1 VISIBLE EMISSION OBSERVATION FORM 

Monsanto 

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

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

FOm MIGHEST PER8OD 

MINIMUM U I X l M U M  

EMISSION P O I N T  



VISIBLE EMISSION OBSERVATION FORM 

9/81 



Monsanto VISIBLE EMISSION OBSERVATION FORM 
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' I  

-J. 
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EMISSION POlWT 
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VISIBLE EMISSION OBSERVATION FORM 

EMISSION POINT 

9/81 
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I 
I 
I 
1 

O u t l e t  (OH)  (5B) 
O u t l e t  (a) ( 5 )  

I n l e t  n o r t h  ( I N )  
I n l e t  s o u t h  ( I S )  

Plume Opaci ty  
~ ~ ~ ~ 

~ 

RUN 3 

( F i e l d  Data 
Clean-up D 2 t 2  
Dry Molecular WeighfData  
I s o k i n e t i c  C a l c u l a t i o n s  

~ ~ 
~~ ~~~~ 

~~ ~ 
~~~~~~ I ~~ 
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CLEAN-UP DATA 

Date l o / l / 8 /  
Sampling Location d.41 ; R  0 
Sample Type 
Run Number 3 - ‘’ 
Sample Box Number I 

clean-up Man 

IMFINGERS 
#l # 2  u 3  u 4  u 5  

m l  ml 
m l  m l  
ml ml 

Final V o l .  i =-1 mlc 138 m l  / o ~ -  m l  

Initial vel. / 0 0  ml /O 0 m l  0 ml 
ml J& m l  /CY ml Net V o l .  

Total Net Volume in Impingers /-to5 m l  

22- 

SILICA GEL 

Final Weight . I  

Initial Weight d33.b r3 g 
Net Weight 1 L J  g g g 

Total Net Weight in Silica Gel / b . y  g 

Total Moisture lol.5 g 

A-79 

mc 7/73 
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MOISTURE 

Net volume o f  liquid collected 
in impingers and silica gel 

Net volume o f  gas through dry 
gas meter at meter conditions 

Barometric Pressure - absolute 
Average absolute meter tem- 

Moisture, proportion by volume BWs 

BWS 373.63 ( % 'bat- 1 

perature ( O F  + 460) 

1 - - 
1 +  

( Tm ( v1 c 1 

MOLECULAR WEIGHT 

Percent 0, by volume dry basis 

co 

t o 2  I '  

+ ' 1  9 N, = 100 - (0, + CO, + CO) = 100 - ( t 

Percent N, by volume dry basis = N2 = 82. b % 

Dry molecular weight = Md 

Md = 0.44 ( C O 2  ) + 0.32 ( 02 ) + 0.28 ( N2 + co 

U 

1 I80 



2 .  I I SOKINETIC CALCULATION (Cant 1 wed) 

+ 2 . 0 7  

I 
O R  I 

I 
I 

a b  , b i  
VELOCITY 

P i t o t  Tube c o e f f i c i e n t ,  t y p e  s = cp L 6 # 7 L  
= Ts 0 t ' D . 6 3  Average Absolute Stack Temp. ( O F  + 460) 

1. 3 s  ( in.H20) r, 
Average o f  t h e  square r o o t  O f  AP =6 = 

Absolute pressure of  s t a c k  Pbar f ps m 39. 35 in.Hg 

Stack gas  v e l o c i t y  = V, 
24 .f$ - !-< 

I S U  

I S O K I N E T I C  PERCENT 

Average pressure drop across o r i f l c e  

T o t a l  sampling t fme 

Diameter o f  n o z z l e  

~ I 
i . /v 7 in.Hz0 

min. I 
= AH = 

= e  - / a  G - - 

I 9 0.1% b = 
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CLEAN-UP DATA 

Plant Bstan H ~ g a  Comments : 
Date lo / /  /$ I 
Sampling Location Duf lqf 
Sample Type €PA -5 
R u n  Number 3-0L 
Sample Box Number 
Clean-up Man b + k ~ ,  - / T k !  1%- 

' I  

IMT INGERS 

u1 u 2  . #3 # 4  w5 

Final Vol. fl.3 ml 120 ml 2 ml ml ml 
Initial vel. / O O  ml ml 0 ml ml ml 
Net Vol. / 5 3  ml ZP ml 2 ml ml ml 

Total Net Volume In Impingers 1 7 7  ml 

SILICA GEL 

Final Welght 246 Q g  g g 

Net Weight IbT g g 

Inltlal Weight 2 2 6 . 7  g g g 

Total Net Weight In Slllca Gel 

Total Moisture 

A-as 

mc 7/73 



.. . .- 

ISOKINETIC CALCULATION --I 

MOISTURE 

Net volume o f  l i q u i d  c o l l e c t e d  
i n  impingers and s i l i c a  ge l  

.I = E ; ~ . / u  cu.ft. 
N e t  volume o f  gas through d r y  

Barometr ic  Pressure - abso lu te  'bar 3 37, in.Hg 

gas meter a t  meter c o n d i t i o n s  
E 'm 

Average abso lu te  meter tern- 

Mo is tu re ,  p r o p o r t i o n  by  volume Bws 

p e r a t u r e  ( O F  + 460) 

1 

MOLECULAR WEIGHT 

Percent  0; by volume d r y  bas is  

co It 

" c02 " 

I 

I 
I 

+ coz  + CO) = 100 - ( t C< N2 100 - (02 
5 Nz = % Percent  N2 by volume d r y  bas l s  

Dry molecu la r  we igh t  = Md 

Md = 0.44 ( C02 ) t 0.32 ( O2 ) + 0.28 ( Nz + co 
I 

Md = 0.44 ( / / . 8 S  ) + 0.32 ( g , x y  ) + 0.28 ( 62.b + 0.0 ) 

D 3Q. 118 'd 

.I 



2 .  I SOKINETIC CALCULATION (Conti nued 1 

3 
I 
I 
I 
I 
I 
I 
1 

MOLECULAR WEIGHT (Continued) 

Stack gas molecular weight M, 

VELOCITY 
Pitot Tube coefficient, type s = cp = 0,7d 

= 1, I tao. ( ,3 O R  

r, 

in.Hg 

Average Absolute Stack Temp. ( O F  + 460) 
Average of the square root Of AP = G  = 1 .  35 (in.H,O) 

Absolute pressure of stack Pbar f & 
Stack gas velocity = vs 

a 9. 3.5- - = 
ps 

3I..cq - !-P 
S5.b 

1 
t 
1. 
! 
! 
1. 
1 
1. 1/80 

ISOKINETIC PERCENT 
Average pressure drop across orifice = AH = ' 1, 57 in.HzO 

Total sampling time 

Diameter of nozzle 



n 
S e 
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CLEAN-UP DATA 

Plant 'h, F, aim- 
Date 61 9 ] 6 \  

Sampling d c a t i o n  ~ f i \ f , k  
Sample Type E W - 5  
Run Number 3 ,J$ 
Sample Box Number 
clean-up Man 

IMPINGERS 

1 3  U 4  1 5  

ml /1/28m1 ml m l  ml 

ml ml 
m l  ml 

Final Vol. 
Initial vel. 1 0 0  ml / O O  ml 0 ml 

t gml S ml Net Vol. 

Total Net Volume in Impingers / ~13 m l  

89 m1 

SILICA GEL 

Final Weight ,213' 7 g g 
Initial Weight 2209: g g 

g g 14- ag Net Weight 

Total Net Weight In Silica Gel 

~ 3 . 3  Total Moisture 

A-91 

MRC 7/73 
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1 5 -  

I 
1 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I __ 

I 
I 

I 

I SOKI N E T I C  CALCULATION 

MOISTURE 

Net volume o f  l i q u i d  c o l l e c t e d  
i n  impingers and s i l i c a  ge l  

Net volume o f  gas th rough d r y  
gas meter a t  meter cond i t i ons  

Barometr ic Pressure - abso lu te  

Average abso lu te  meter tem- 

Mois ture,  p r o p o r t i o n  by volume = Bws 

p e r a t u r e  ( O F  + 460)  

1 - 
BWS 373.63 ( vm 'bar 1 

1 +  
( 'm "1 c 1 

MOLECULAR WEIGHT 

Percent O2 by volume d r y  bas i s  

" co " 

" co, ' I  

= 5- l , 2  1.5- c u . f t .  = % 
in.Hg 

* 'bar 

4 

N, = 100 - ( 0 2  + CO2 + CO) = 100 - ( t + I  Q 

0 N2 5 82,  c j  x Percent N, by volume d r y  bas i s  

Dry molecu la r  we igh t  = Md 

Md = 0.44 ( C02 ) + 0.32 ( 0 2  ) + 0.28 ( N 2  + CO 



ISOKI NETIC CALCULATION (Continued) 2 .  I 
MOLECULAR WEIGHT (Continued) 

I 
I l g l q q  ( in.H20) + 

= 3 0.0 2 - In.Hg I 
I 
I 

V E L O C I T Y  
P i t o t  Tube c o e f f l c i e n t .  t y p e  S = cp = 0 :7c 

= T, D g .!IS'. s g  O R  Average Absolute Stack Temp. (OF + 460) 

Average o f  t h e  square r o o t  O f  Ap =6 = 

Stack gas v e l o c i t y  = V, , I .  b 

v, = (85.48) ( cp 

Absolute pressure o f  s t a c k  Pbar f & - ps 
a?.sr t . z a  

I 
I 

in- I 
I 

I S O K I N E T I C  PERCENT 

= A H  = / , s a 9  in.H20 Average pressure drop across o r l f l c e  

T o t a l  sampling t ime  = e  - - 9c __ mln. 

Diameter o f  nozz le  a d ,  =soy . -* 
Area o f  n o z l e  = A 

A = 54.54 x 10- 

m 
.&a&% U , d Y  s q . f t .  

2 
2 -b  ( .9&Y 1 4 

(dn ) = 54.54 x 10 
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I 
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! 
I 
I 
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CLEAN-UP DATA 

Plant 7%5- Comments: A L L -  +t m d h  

Sampling Location ~ 7 t  -- 
Sample Type l3-A - 5  
Run Number 3 -  I S  

Date /Q/ l  / P I  Lwf&ft "p. 

3 y g  
Sample Box Number 
clean-up Man 

1 
I 
I 

IMPINGERS 

#1 u 2  w3 w4 w5 

ml m l  m l  m l  
m l  ml 

m l  m l  ml ml 

Final V o l .  355 ml 
Initial vel. 2.9 ml s m 1  e m 1  

+ -  

Net V o l .  I Sam1 - 
I Y Y  ml * Total Net Volume In Impingers 

SILICA GEL 

Final Weight 2g4, D g g g 
Initial Weight 3 l 7 . l  g g g 
Net Weight 2 0 . 8  g g g 

g 
1 l. 8 

Total Net Weight In Silica Gel 

Total Moisture I % ( , %  g 

A-97 

mc 7/73 
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U c 
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1 /80 

ISOKINETIC CALCULATION 

MOISTURE 

Net volume of l i q u i d  c o l l e c t e d  I / u s  - m l  

Net volume o f  gas through d r y  

Barometr ic Pressure - absolute 

i n  impingers and s i l i c a  ge l  - " l c  

= v, 6 , / v  a c u . f t .  . 
0 2 S,b . c  in.Hg 

g a s  meter a t  meter c o n d i t i o n s  

* 'bar 

Average absolute meter tem- 

Mois ture,  p r o p o r t i o n  by volume Bws 

p e r a t u r e  ( O F  + 460) 

I - - 
B W S  373.63 ( "m 'bar f 

1 +  
( Tm "1 c 1 

MOLECULAR WEIGHT 9 

= o2 = s, s y  % 

= co = 0,Q" % 

Percent O2 by volume d r y  bas is  

" co " 

% 
9 

" coz " = co2 - - I I  1 %  

N, 100 - (02 .t CO2 .t CO) - 100 - ( + + )  9 

= N2 = ra.60 % Percent N2 by volume d r y  basts  

Dry molecular  weight  = Md 

Md = 0.44 ( COz ) + 0.32 ( 02 ) + 0.28 ( N2 + co 
M~ = 0.44 ( 1 1 . 5 ~  ) + 0.32 ( s.sr ) + 0.28 ( sL.6  'J3:V3 + o 

)(x 
S . k {  1.77 L so. 13 

'd 

1 -\L+ 



ISOKINETIC CALCULATION (Continued) 2. I 
MOLECULAR UEIGHT (Continued) 

Stack gas molecular weight H, 

VELOCITY 

Pitot Tube coefflcient. type S 
t C . 7 L  I 

= c, 

I 
I 
I 

Average Absolute Stack Temp. ( O F  + 460) = T, = K Y G .  aa O R  

% = r'dp = 1 -  1 y L  (in.H20) Average of the square root Of A p  

Absolute pressure o f  stack Pbar f '&g P, E 3 9 .  76 - 1n.Hg 
3, L9 Stack gas velocity = V, 

3,I.cy * 1 c r  

ISOKINETIC PERCENT 

Average pressure drop across orifice 

Total sampling tlme 

Diameter of nozzle 

Area of nozle = A 
4 2 

A = 54.54 x 10- (I-,, 
I = percent Isoklnetic 

-Y  3 , i v a  
2 

(c " , lYO)  .h$-& )c/o sq.ft. = 54.54 x 10- 

1/80 
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A 

I 
I 

- 
0 . 0 0  I 

- 
WOWOGRAPH DATA (HP-65) 

USED ON RUN NO.: 3-TS 
PLANT 
DATE 
SAMPLING LOCATION 

CALCULATOR: 

1 

2 

4 

Run c a r d  

I n i t i a l i z e  p r o g r a m  
E n t e r  a v e r a g e  T, ( m e t e r  
temp. OF + 4 6 0 )  I f  m e t e r  
temp. unknown, u s e  a m b i -  
e n t  + 2OoF 
E n t e r  
(Barom!vr ic  p r e s s u r e  a t  
m e t e r )  
E n t e r  P ( s t a t i c  p r e s s u r e  
i n  s t a c z )  L P  i .e73 x ~ 

s t a c k  gauge p v e s s u r e  i n  ~. I I n .  H 2 0 l  
E n t e r  a v e r a g e  T, 

0 

7 

a 

( s t a c k  t e m p e r a t i r e  + 4 6 0 )  
E n t e r  B,, 
( m o l e  f r a c t i o n  o f  H20 
v a p o r  i n  gas  s t r e a m )  
E n t e r  HD 
( m o l e c u l a r  w e i g h t  o f  d r y  
g a s )  
E n t e r  C I 9 I l t v D e  "!" D i t o t  t u b e  c o -  

R / S  

R /  S 

R/S 

B 

R I S  

R /  S 

E 

E 

ml ecul a r  w t  
o f  stack gas 
l b s / l b  mole 

Dn theo. 
(nozz le d i a .  
i n  inches) 

- 
- 

K f a c t o r  

A H 1  
n. H 7 0  

I n .  H 2 0  
AH 

I n i t i  a 1 i r e  

E n t e r  a c t u a l  D, 

" B "  

lo 

. _ .  
e f f i c i e n t )  
E n t e r  a v e r a g e  A 

H i g h e s t  A -  ( 1 
P 

I 1 4 1  I E n t e r  a c t u a l  A 
P, 

13  

I 1 4 2  I E n t e r  a c t u a l  A 
p ,  

.. 
E n t e r  AH 
( C a l i b r a f e d  p r e s s u r e  d i f -  
f e r e n t i a l  a c r o s s  o r l f l c e )  

1 4 3  E n t e r  a c t u a l  A 
P 3  A-101 

E 

OUTPUT 
INPUT OATA/UNITS K E Y S  OATAIUNITS 

A H  
I n .  H20  

O R  T m  

T m / P m  

p S  

F r a c t i o n  
, 10 o f  Fraction H20 I I Dry 

l b s / l b  a 9  m o l  e 

r 7 6  - 

2Ya I n  

I, Y l  In. H,O 

L 

! 



I IOMOSRAPH DATA (HP-65) 

PLANT &35TCh' EpEOd USED ON RUN 
(0 -2 -PI CALCULATOR: DATE 

STEP INSTRUCTIONS 

Run c a r d  

I n i t i a l i z e  p r o g r a m  
E n t e r  a v e r a g e  1, ( m e t e r  
temp.  O F  + 4 6 0 )  I f  m e t e r  
temp. unknown, u s e  a m b i -  
e n t ' +  2OoF 
E n t e r  
(Barom!!ric p r e s s u r e  a t  
m e t e r )  
E n t e r  P ( s t a t i c  p r e s s u r e  
i n  s tacf ! )  [ P  i , 0 7 3  x 
s t a c k  aauae p p e s s u r e  i n  - .  
i n .  t i 2 6 1  
E n t e r  a v e r a g e  T, 
( s t a c k  t e m p e r a t u r e  + 460)  
C n t e r  Ems 
( m o l e  f r a c t i o n  o f  HzO 
i a p o r  i n  gas  s t r e a m )  
E n t e r  M O  
( m o l e c u l a r  w e i g h t  o f  d r y  
g a s )  
E n t e r  C 
( t y p e  "!" p i t o t  t u b e  c o -  
e f f i c i e n t )  
E n t e r  a v e r a g e  A n  

r 
H i g h e s t  A, ( 7,50 

I n  i t i  a 1 i ze " B "  

OUTPUT I 
D A T A I U N I T S .  

1 
0 .00  1 

0.09 P S / T  I 
Fract ion 

27.9 Q P 1 
molecular w t  
o f  stack '1 
l b s / l b  mol . 

- 
oL40 Dry 

(nozzle d i  
i n  inches 

a c r o s s  o r i f i c e  

. _  



1 
L 1 
! 
I 
I 
I 
I 
I 
I 
I 
I - 

I - 

I 
I 
I L_ 

I i 
I 
I 
I - 

VISIBLE EMISSION OBSERVATION FORM Monsa n to 

EMISSION P O l N T  

M A X I M U M  

9/81 



Monsanto VISIBLE EMISSION OBSERVATION FORM 

I EMlSSlON P O I N T  

19 59 

30 60 

- 
NuM0EP OF R E A D I N G S  a 0 O V t  A V E R A G E O P A C I T Y  F O R  

FOR M(IGH(EST P E R I O D  
.iWZrnF 

I 
R A N G E  OF D P A C l T I  R E A D I N G S  1 . - 

I M l N l M U M  M A X l M V M  I 

9/81 

I 
I 
I 
I 
I 
I 
I 
I 
- I 
I - 

I 
I .- 

I 
I 
I 
I 
I 
I 
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I 
I 
I 
I 
I 
I 
I 
I 
, -  I 
I 
I I 
! 
-c I 
I 
I - 

- I 
I -. 

I >... 

I - 

VISIBLE EMISSION OBSERVATION FORM Monsanto 

1 :  

a ;  

I :  

$ 7  

1:  

3; 

T 
1 ;  

r 

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

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

: r  
;> 
; -7 

EMISSION POINT 

I I I 

9/81 



SECTION A-2 

COMPUTER INPUT SHEETS 

A-106 

I 

I 

I 
I 
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I 
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I 
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I 
I - 

I 
I 
I 



c 
0 3 Y, 

I 

I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
i 
i 
.3 
f I 

J 

-. 

- 

=I 
J 
t 

-1 h 

-I 
- 



I 

S 
0 

- 

I 
I. . 

". 

Jl 

c 

0. z 

I 12 4 - 



I 
I 
I 

n, l L ' c -  

i 

3 CP 
O L  
Th, 
5 5  

A-110 

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



"3 

A - 1 1 1  

J I . 0  
37. L/ 

I Y S .  
l Y 1 .  



SECTION A-3 

POST-TEST METER AND ORIFICE SYSTEM CALIBRATION SHEETS 

I 
I 
I 
I 
I 
I 
I 
I 

A-112 

I 
I 
I 
I 
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9 1 :  
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0 -  

+ -  
3 s 
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I 
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I 
I. 
I 
I 
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I 
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I .,a 

I L& 

I .~ 

e w 
E 
v) 
>I 
VI 

ez a 
.c1 
al 

al 
C 

:: 
YI 
4 

2 
0 

m 
0 
U 

2 
4 
E 
N 

^. 
I. 

T 
I 

0 
0 -  
9 1 3  > + -  
3 

E - 
I 

I1 

.- 



"c % 

- 
>3 - -  

% 'I 

a 
71 > - 

d ( /  

z z 
El 
C 
VI + 
U 
m 
a " a .n 

2 
Q 

m 
m 
a 
U 

C 
4 
6 
N 

2 
e 
z 

El 

U 

El 
4 

U 
8 

Y 
Pl#i . 

.. 
x .. m > 

N 

7 
I 
0 
I D -  
- 3  > + -  
E 3 - 
U 

II 

e, 
I a 

11 

.- 



APPENDIX B 

PRINTOUTS OF SAMPLING RESULTS 

Particulatea . . . . . . . . . . . . . . . . . . . . . . .  B-2 
Sulfuric Acid . . . . . . . . . . . . . . . . . . . . . .  B-23 
Sulfate. . . . . . . . . . . . . . . . . . . . . . . . . .  B-28 

I 
I 
I 

aInlet data for each run and location is presented only in 
particulate results section. 

B-1 



PARTICULATE 

~ 

B-2 

I 
I 

I 

I 

I 
I 

I 
I 
I 
I 



-_._ - -____ 

1 4  OCTOBER 1 9 8 1  

I 
R O S T P t I  E O I S O N  UYSTIC 
PARTICULATE DATA BEFORE BAKING -- I 

. .  . . .  
- .. ~ .... - . . . . . . . .  ~___ 

-._._._I_ . . . . . . . . . .  - 

0.890 79 .0  7 8 . 0  3 7 1 . 0  1 . 1 0 0  
0.810 80.0 78.0  3 7 1 . 0  1 . 0 0 0  I n c a n  a, n T P  n Y0.0 n a g 0  

- 
._ - ~ ~ _ _  __. .......... - ........... - 1.' L B- 3 

. . . . .  ___. ...... 
. . . . . . . . .  ~.~ I, .- 

~ 



14 OCTORER 1981  

P A R T I C U L I T E  0 4 T A  BEFORE B A K I N G  

_- 
BOSTCN E D I S O b  M?STIC 

I 
.I 
.-I 

.. PPI .I 
I 

--- . .  .... - 
........... __ . . . .  ... .. - ....... . .  

. . . . . . . . . . . . . .  ... __ 
INPUT D A T A  FOR RUN 2-IN 
_______I-_--------______ 

- ._ _ _  . .JT .... SO.II-DB . 2 9 . 9 5  ... vm -70.930 --.-LA 3 0 1 . 6  - 
........ ................ . .. __ 

.......... _-.---Ll-----6(2-82,6-a 

DN 0.20‘4 UF 6 0 0 . 6 0  m i  0 . 0 0  os 202 .0  
... 

.. 0.952 - d P  4.760-.--- __ 
. - . . . . . . . .  __ -- . . . .  _- 

.- ............ __ ___ ... . 
... . .. _ _  

. . .  

. . .  

...... 

r.,nn n: n 7 2 . 0  

2 . 0 0 0  75 .0  72 .0  372.0  2 .300  
1 . 5 0 0  78 .0  72 .0  375.0  1 .700 
i .unn a 7  n 77.11 3--- 

I 3 7 8 . 0 ~ -  0- - . __ 

_-- - 

I 1 . 2 0 0  8 3 . 0  73 .0  377.0 1 . Y O O  

i .,nn --- 1.200 1 . 0 0 0  8‘4.0 73 .0  376 .0  
tnnn . . 

.. - . . . . . . . . . . . . .  - .  I 
I 

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

- 
B-4 

-. 
...... . . . I . . . . . . . .  

_-.__ 



19 OCTOBER 1981 

P A R T I C U L A T E  D A T A  BEFORE BAU I 

* *.-- - - - 7 -  --I ..--- 
0.310 59.0 62.0 358.0 0 360 
0.270 59.0 62.0 372.0 0.320 

1.200 78.0 72.0 379.0 1.400 
1.000 81.0 72.0 379.0 1.200 
t = n n  n u - n  77.n 779.17 1.u- 

! 
............ 

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

.I 
1 

. . . . . . . . . . . .  ._ .. - . 
.. - . . 1 



. . . .  

14 OCTOBER 1981  

BOSTON EOISON MYSTIC 
PAHTICULATE D A T A  BEFORE BAKING 

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

INPUT DATA FOR RUN 1-1s .I 

4 - n a D - r n . n U  -373.0 I 
0.420 7 4 . 0  7 5 . 0  3 7 3 . 0  2 . 2 0 0  
0 , 3 8 0  7 3 . 0  7 5 . 0  372 .0  2 . 0 0 0  

7 3  n 75.0 -I 

0 . 1 9 0  
0 . 2 9 0  

6 9 . 0  
6 9 . 0  

6 6 . 0  
66.0 

376 .0  
376 .0  

1 . 0 0 0  
1 . 5 0 0  I 

..... -. ..... .._.- I ....... __ _______ ................ 
. . . . . . .  - 



... 1 l‘, OCTOBER 1981 

V N  0.2bO IlF 640 .50  I lT 0.00 DS 202.0  
- - s a  ,360- __ 

. - -  
1.700 57.0 54 .0  379.0 1.000 

.7--v.n ~ a o , o u o o  - 
. I 2 a O J - . o c . 4 . 0  381.0 __ -2. I00 

2.300 58.0 56.0 376.0 1.900 
2.300 58.0 56.0 379.0 1,400 

._ > .xnn  c s . n  5b.n BE- n 7 - Imp__- -_  
I 

.- I . 
~~ ~ ~ ___ 

__ 



1 4  OCTOBER 1981 

BOSTON EOISON MYSTIC 
P A R T I C U L A T E  04TA BEFORE B h K I N G  I 

I 
........... - 

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

.- 
INPUT D A T A  FOR RUN 3-1s _______---------________ 

.. . . .  . .  

rl, 5 5 -1 
-I 

. .  .- I S  - 9 0 , o  O B  2 9 . 6 5  nn . - m . i ~ o  .-----n 381.8 

- - .. .- r m 3 u  Y - 8 2 - 4 r o -  
. . . .  . .-___ - ... . . .  

ON 0 .2U0  MF 571.80 UT 0.00 os 202.0 

. - - ........ PI! ..1,500 - - C P L . 7 6 0 - -  
- ..................... - .. -- 

I . -- - - %. *--- .-- -- Y m -  

2.200 56.0 56.0 374  s 0 1.400 
2 .300  59.0 76 .0  373.0 1.500 

~ , s o o r n . o - ~ . n - 7 s . o  .-L.600 
.. -. . 2.500 6 3 . 0  -58 .0  376.0 .~, 600 ... I 

I 
. . .  ...... -LZOO.-L~.O-~.~- - - -373  0 2.400.- 
.- ..... - . . - ~ ~ z o n . n ~ s . n  - 3 7 2 , 0 r - ~ n o  

3 . 4 0 0  63.0 61.0 381.0 2.200 
3.400 64.0 61.0 389.0 2.200 

....... - - 2 - 8 0 0 ~ 0 - & ~ - 8 6 . D L 8 0 0  
.... .. ~ - - - 2 , 3 0 0 - - - 6 9 . 0 - - ~ - - - ~ 1 . 0  390.0 2 . 5 0 0  _ _ _ ~ _  

. - --.-A 2 G 0 7 n ,  o c 2 . n  . .389 .a 4 M  - 

I 1.850 70.0 64 .0  381.0 1.200 
2 . 2 0 0  71.0  64 .0  380.0 1.400 
7.3M 77.n 6 U . O  m 3 - o  1 . Y O 0  



14 OCTOGER 1 9 8 1  

E@STON E O I S O N  U Y S T I C  
P D R T I C U L D T E  O D T k  BEFORE B D U I N G  

- I- 
- -I - ..... -. . .  - - ..... 

4 A .  90  . P R O & R D M L A L C U A S J l U  
. . .  . .  ~ .......... _ _  __ 

.- -. 

DPPR D E S C R I P T I O N  ( 6 8  OEG F l  U N I T S  1 - I N  2-IN 3-IN 1-1s . 2 - 1 s  3-1s ...................... _ _ _ _ _  
T T  OURDTION OF . R U N .  - d l N U T E S - - . 9 0 . 0  30.0 - - . -90 .0 . . - -875- - .  . .  90.0 ....... 90r0-- 
P P  BDRORETRIC PRESSUKE ...... IN .HG 2 9 . 9 5  ..... 2 9 . 9 5  ...... 2 9 . 9 5  .... 29.95 ... 29.90  . - 2 9 . 6 5  ... 

&I 
~~ 

.OCLr . . . .  . A V G  O R I F I C E  ~ R E S S . D R O P ; N u ; o ~ ~ 1 0 9 1 - 2 6 O - i . 2 8 7 a , 2 3 1 - ~ . 2 u O  .. 2 . 1 5 3 -  
VOL O R 1  GDSfHETER C O N I  OCF 49.890 50 .930  51 .220  22 .120  72 .360  68 .140  
PVG GDS UETEK T L M P  DES F 8 1 . 3  7 2 . 7  70.2 7 0 . 9  5 6 . 2  6 4 . 7  

Y~.B~~.ZI.--.~&Z~A,~U- .1~.39 68.32- 
.I :; 

UYSTO .--VOL m y  SDS..ISTDLIBO-I-.-LISLF 
TOTAL H20 COLLECTED . - 4 L p - - . - 1 0 8 . 7  1 0 1 . 6  ........ 123.8.29.7-.. 1 6 8 . 9  . 181.8-  
V l l L  H 2 C  V D P O R t S T D  C O N I  .._-SCF.. -5 .120- . -4 .785~ - j e 8 3 1 - - A . 8 7 O . - -  ~ ~ 7 . 9 5 5  .. 3 .563-  

.. ~ P ~ ~ 1 T ~ ~ ~ - 9 ~ K C l l T . H O I S ~ u R ~ . B r . v n l 9 . ~ 9 ~ . 6 2 . ~ 0 , 2 2 ~ E 2 ~ 9 . 6 6  .--_11.14- 
1 :tG 

M@ MOLE F R A C T I O N  ORY GDS 0 .905  0.914 0 . 8 9 8  0 .922  0 . 9 0 3  0.889 
PERCENT C 0 2  1 2 . 4  11.3 1 1 . 8  12.4 1 1 . 3  11.8 

4 2  ..---PPTRCEPJT n7 u t c . i s + 5 A r n - - s . i  -.--.AS- 

..... niio -.--UOL -UT 0 F - I ) R Y - l j A L -  3 0 , Z L O .  1 1 0  .I '02- -30.1 - - J O + 1 -  
..... - N 2  PERCENT N 2  - 8 2 . 6 . d 2 . 6 ~ - ~  0 2 . b L 2 . 6  ~ . .B2 .6  A2.6 - 

J l O L . - Y T  9 F - J I A C K . U -  2 9 1 D d . 0 p 2 8 , 9 . . 3 9 . 2  2 8 , 9 . - I n - B -  '' 
OELP DVG STACK V E L O C I T Y  HEDD I N  H20 1 .396  1 . 4 6 1  1 . 4 9 3  1 . 2 0 1 .  1.343 1.389 -. 

P I T O T  C O E F F I C I E N T  0.760 0 .760  0 .760  0 . 7 6 0  0.760 0 .760  " 

" T G  c __ J S  -.----STACK J I H P E R D T U K T  - 3 U d Y 3 .  A 3 b * / ! b - - 3 7 9 . . 4 0 + -  
...... PE: .... STACK PRESSURE 4 S T A ~ I U ~ h l 2 l 2 O ~ 4 ; .  9 5 - - 9 , 9 5 ~  _9 ,95- - - -1 .50  --1,50 -.-.L.50 - .... 

..9s . . .  S U C K  .PRESSURE. I D E S ) ~ ~ N ~ G - ~ - - J O . 0 2 ~ . 0 2 - . . J O . O 2 . - .  J 0 . D 6 ~ J O r 0 1 ~  ..... 2 9 . 7 6 -  . 
STDCK DIDMETER I N C H E S  202 .00  202 .00  202.00 202 .00  202 .00  202 .00  - 33: . . d V G  S T D C K - L A S  Y ~ ~ l l ~ n 4 3 3 ~ 5 0 2 . Y 5 5 2 + . V O 3 6 - 9 3 7 9 r  -.YY96,- - 

AS STDCK ARED SO I N  32047.Y 32047.4 32047.4 32047 .4  32047.4 32047.U * 
- 0 s  -- ~ T D C K  .. f l O Y - B T ~ ~ l D J n c y L b ~ 9 & - 8 Y 3 0 0 , ~ 7 8 7 9 8 .  -- 5 2 8 6 8 9 , 5 5 7 5 4 7 .  .. ..-55783&- 

. . . .  STACK..FLOY R T l A C I U A L ) - C F U . . ~ 9 7 4 1 8 6 .  -.1001952.-1013108..-8982Y7.._974515. .10006Y3.- 
PkOBC -1IP.. O I A M E T C H  L Y M S - 2 - 2 0 4 - - A , 2 0 4  --.--0120Y--9.110 --0.240 - . . - - 9 + 2 Y O -  ' - 

Y Y , B S q . - . B 1 0 2 . 5 - _ 1 0 5 . 4 A  

l : i t !  _ 9 A R I I W ~ I ~ F B P L I ~ D S f f ~ ~ 1 Y 1 6 0 , 1 B 2 ~ 1 9 2 2 ~ ~ 2 6 6 ~ n , 1 3 2 6  -4.I289- 

UF P D R T I C U L D T E  (FRONT)  MG 449 .20  6 0 0 . 6 0  6 3 9 . 5 0  381 .00  6 4 0 . 5 0  571 .80  
P D R T I C U L A T E  f T O T D L I  MG 0.00 0.00 0 .00  0.00 0.00  0.00 

; . @ . . i b O .  . P A R T ~ C U L D T E . ~ . T D . T ~ . . ~ R / O S C F ~ D , O O O O ~ , O O O O  - 0. 0 0 0 0 0 ~ 0 0 0 0  0.0000 .. .D.OOOO.- 
.... ..CAT. ..... P D R T I C U L D T E  _ I F R O N I ~ ~ ~ - I ; R / A ~ F ~ O . O 8 1 6 . ~ . 9 r l O 6 0 ~ . l 0 9 Y ~ 4 ~ 1 5 6 1 . 4 , 0 7 5 6  ..... 0.0716 - 

- K D U  . - - 9 A R T I C U L A T L _ I  J O I d U L a r F O .  O C O D ~ O . 0 0 0 0 ~ D . ~ O O O O ~ D O M . ~ ,  00 OD _ 9 . 0 0 0 0 -  
P D R T I C U L A T E  (FRONT1 L B I H R  683 .715  913 .552  953 .597  1206 .288  6 3 3 . 5 8 3  616,184 
P D R T I C U L A T E  ( T O T A L )  LBIHR 0.000 0.000 0.000 0.000 0.000 0.000 

~ 

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

r 

-- 

-I . _  



I 
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14 OCTOBER 1981 

BOSTON E D I S O N  N Y S T I C  
P A R T I C U L A T E  D A T A  BEFORE B A K I N G  __ .- - 2 a  -90 . P R [ I G R A t l l A U U ' n N  

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

1-IN 2-IN 3-IN 1-1s 2-1s 3-1s .\Ball D E S C R I P T I O N  120 DEG t l  UNITS 

- d U Q I I A R I K L U  n T F  L Z I T A l  1 c / a r p  n J I o D n ~ n o n n R * D o l ) n . O , n n o n ~ o o o o _ o . n n o O -  
caw P A R T I C U L A T E  ( F R O N T 1  K6/HR 310,133 Y14.381 932.552 541.172 287.393 279.501 

P A R T I C U L P T E  (TOTAL) K G I H R  0.000 0.000 0.000 0.000 0.000 0.000 1 C A X  

B-10 I 
I 



4 . . . . .  PM -lr800p---ZP ~--O.?bO-..-..-.-~--.- 
- _ _ _ _ _ ,  . . . . . . . . . . . . . . . . . . . . . . .  . 

-- 

I -I-- 
-I- 

................ .- - .. __.- _____ . . . . .  
DELH --.---mi --JU2 2 s  ---OELP ~ 

1 * 220 7 5 . 0  78.0 361 .0  1.900 
1 . 2 2 0  79 .0  77 .0  361 .0  1 . 9 0 0  

- - 0 2 0  a 1  n 3 ~ - 3 6 1 ~ 0 . ~ 3 0 0  
... - -1 .120  -81.4 L ? . O . I - - - .  ..361.0 ...----.-1, 8 0 0  

-.=I r -.- .--.. - ..... ____ 
--- 

... ._ 
. . . . . . . . . . .  . - - 2 . 0 6 0 - - - d O . O T b . O ~  -.J61.0 --2,700-.----- - -----t.l20 nn n 7k"l.d &800--- 

1 . 1 0 0  n2 .0  75.0 361 .0  1.750 

. .- 0.82O-Lo -76 .0 .  - 3 5 7 - 0  L 2 . 0 0  
o , ~ z o - a ~ , o s 8 . n - - - - - ~ . ~ o n  : 

1.280 7 1 . 0  7 7 . 0  360 .0  2.000 
1.280 8 0 . 0  7 6 . 0  3 6 0 . 0  2 .050  

_ _ _ _ ~  . _ _ - ~ . 2 8 0 a ~ n r r . o  - J 6 0 . 0 1 - 0 0 0  
-1.280 a3.n 77 a = . 6 0 1 0 ~ n n  o 

~ - . 2 8 0 n l r - . n - . - -  -7.0.- ~ 6 o . o . - - ~ n o o  
7 7 . 0  3 6 0 . n U l O  

1 .220  8 6 . 0  77.0 360 .0  1.950 
1 . 2 2 0  86.0 '17.0 360 .0  1 . 9 5 0  

I .. 

1 . 0 6 0  94 .0  8 6 . 0  357.0 1.700 
.1.000 93.0 8 6 . 0  356 .0  1 .600  

1 .300  87 .0  83 .0  360 0 2.050 
1 .280  89.0 8 3 . 0  359.0 2.000 

. ....... J . Z B O ~ ~ ( . ~ ~ . ~ - ~ S ~ . O . ~ O O O  

1 .300  8"0 81 .0  3 6 0 . 0  2.050 
1 .120  8 4 . 0  81.0 359.0 1.800 

.--.-4r820- R 0 . 0 U 5 8 . 0 ~ , 2 3 0 0  .. .- -. - 
._ 9 . 8 2 0 - 0 - 4 ~ 5 8 . n  a 0 0  -_ 

.. , - 7 " "  r,, n nu a qcn.n 7 .- 
' - ................. ..--..----?-L2BO a z . n  n7.o --- 

n 7 - U Q - U  

I 
1 . . . .  

1 1 "  
I 

- - 1 . 2 2 0 - 4 5 r 0 b U  . ~ 5 9 . 0 i . 9 5 n - _ _ _  

n 1 . n  3 5 9 L D L -  
. n~ n 

.... 
.. 

E-11 
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10 14 O C T O B E R  1981  

BOSTC,N EOlSON RYSTIC 
PARTICULATE OATA BEFORE BAKING 

-- 

I .... ... ........ - 
. .  

.......... 

W" 0 ,  n 
1 .260  77 .0  7 7 . 0  363 .0  2 . 0 0 0  
1 . 2 0 0  8 1 . 0  77 .0  3 6 3 . 0  1 . 9 0 0  
9 .  $An 111 n 77 n t S L , n Q O - I  

B-12 
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14 OCTOBER 1981 

B O S T O N  EDISON M Y S T I C  
PARTiCULATE DATA BEFORE B A K I N G  

............ - .. 
. . ___-__ 

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

INPUT DATA FOR RUN 3-DH ........................ 
L.-- 
T1 
I 

-. ..... ____ 
.... ....... J.7 -22 U.B 2 9.  YB --JU . _ 6 8 . 0 7 9 ~ - - V U . 1 0 1 . 5  . 

. . .  -___ -. .. .... __.._______ .- 
7 1 . a  n2 5.s U R Z . C D _ s s  _ -  - 

DN 0.186 UF 1 0 7 . 5 0  nT 0.00 DS 255.0 
.......... 

......... S M  - . l . a M r P d . ? & O ~ - - . .  
. . __ - 

__-- 

. . . . . .  

...... _- 
.................... ~ _ _  ____ ............... 
................. 4 E L H  A M . 3  .-LP .I __"  -- ....... --I ---r - 

1 . 7 6 0  74.n 7 6 . 0  3 6 1 . 0  2 . 0 0 0  . .- . ~ . ~  . . ~  
1.200 7 6 . 0  7 6 . 0  3 6 1  0 1 . 7 0 0  

........... 2 2 M  -261.0 1.900 7 ,  n 7 6  n 
n -I . . . . . . . . .  2 , 2 0 0  75 .0  -~ ~ 3 6 1 . 0  - - - 1 . 9 0 0  ~~ 

. . . . . . . . . . .  - - - ~ . 5 7 0  ~ - 4 2 ~ 5 . 0  4 6 i a . r .  70 n- __ ........ -A290 a n  n o - L n r . z n  
1 . 2 6 0  7 6 . 0  7 4 . 0  3 6 1  0 2.000 
1,200 8 2 . 0  7 4 . 0  3 6 1 . 0  1 . 9 0 0  

... -l-2ao a x  n 7s n 3 6 U  - 1 , g n e  
. ............. 2.260-3d 75.0 - - J 6 0 1 0 . . - ~ z I O O 0  1 

t 
. . . . . . .  . 1-50 0 . L O  7 G . L 6 0 ~ 0 - d 9 0 0  

n. n 7s n .......... -0-020 '1579-n 
1.260 7 7 . 0  7 7 . 0  362  s 0 2 . 0 0 0  
1.260 77.0 7 7 . 0  3 6 3 . 0  2 .000  

I 

....... .......... - - -. .. 
............. 4 r  ._ - 

B-13 



i r  OCTOBER 1981 

BOSTON E D I S O N  N Y S T I C  
PARTICULATE DATA B E F O R E  R A K I N G  

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

--_. ___ -___ 

I 

, I 
......... I 

I 
nLL n 1' 

I' 

1 
I 

1 

. -_ - 
INPUT D A T A  FOR R U N  I-OL --__-___-__--__-----____ 

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

n2 s n I --.YM 164 .300  -VU--3Y2.6 -- 
.. . .... 

3.1 .>u.n.---------pB 2 9 . 6 9 .  
......... -- 

- T n 7 * - u  n2-az.6-- 

ON 0.2044 NF 388 .10  RT 0 . 0 0  DS 255.0 

. . . . . . .  PN - i , n o o . r ~ - _ _ 0 . . 7 6 0  
. . . . . . . . . . . . . .  ___.__ -~ 

......... .- 

~ .- ........... - ... ........ - .. 
. ....... - .. a C L H  . A N 1  -- JM2 -Is .----DELP 

- - - E  -.__ - - ~  ---e ..... 
1 e 6 5 0  7 9 . 0  82 .0  361 .0  1.900 
1 . 6 5 0  8 2 . 0  81.0 3 6 1 . 0  1.900 

. ~ .  L~~D-LO - & ~ - 3 6 i . n  L 900 

.......... -1- 560 8 - 6 i . n i . a o o  

. . - . . L l i o n  - ~ n . . n o - n - - ~ 5 9 , 0 ~ 0 0 .  

. -  . 1 . 5 6 O ~ L 6 . 0  -81.0 - 3 6 1 . 0  .J,POO-.-- 
. . . . . . . .  1 . w ~  --~-LO 2 o . n -  361.0 3 . 7 0 0  -- 

1 . 5 2 0  8 9 . 0  8 0 . 0  361 .0  1.750 
1 . 5 2 0  9 0 . 0  P O . 0  3 6 0 . 0  1 . 7 5 0  . 

- l r Y D O -  -.91.0.---00..0~_-_559.0 L . 6 0 0  __ 
2 5  7-0 3 0 0 

. . . . . .  L 1 2 0 L 3 ~ & ~ 5 8 ~ 0 ~ M  

360 .0  2.030 

. .  1.120- 90*0 A0.0. 

7 A . n  I~ 
- 

1 . 7 2 0  7 8 . 0  7 9 . 0  3 6 0  I 0 2.000 
1 .770  79.0 78 .0  - -- 7 . ~ 2 ~ ~  ~ ~~~~~~~~~~ 0 1  n 

......... - . . 7 ~ 0 n t n - - - a . o  .. - 3 6 0 . 0 . - 1 . n o o  
1.320- a n - 4 8 . n  __ ~ - J ~ O . O ~ . O O O  

- .. -. - - t z z n - ~ n . n  - 3 6 0  . n - 3 . n o o  
1 . 6 9 0  8 3 . 0  78 .0  3 6 0 . 0  1.950 
1 . 6 9 0  84.0  7 8 . 0  360 .0  1 . 9 5 0  

.~ y n - - - - - . n u . n a - n u s o  
.. ~ - 6 o o . ~ u . n - ~  713. o J60.0.---l-850 

. . . . . .  ... i . 17n  . a 3 . 0 - 7 n . o  JSB.O.L,JSO 
- ' - 2 . n n - - o  1 . s n n  

t m  96.n A Y - 0  

1 . 7 2 0  85.0 83.0 3 5 9 . 0  2.000 
1.720 9 0 . 0  84.0 359.0 2 . 0 0 0  

T 5 e 0 d M  

D-nno - ~, 
~ ~~~ ~~ 6ni 

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

....... --.----.3zn - n y . n s 7 + n  3 5 9 . 0  2.000 -- 
......... _ - - - d . 7 2 0 L 7 A  ~ 5 . n -  . - _ J 5 8 . 0 . ~ - - . 2 . 0 0 0  

._ 7 ~ 7 9 0  q&.n a b - n J 5 % L - 2 . 0  0 0 
1 . 6 5 0  9 9 . 0  e 6 . 0  358 .0  1 .900  
1 . 6 5 0  9 9 . 0  87 .0  358.0 1 . 9 0 0  
3 .CEIO r n n  n - A 7 - l l  T5A.n 1 .qno 

I 
I 

I 

1.600 1 0 0 . 0  88.0  358 .0  1 . 8 5 0  
3 .480  101.0 8 8 . 0  357 .0  1.700 

1 . 7 7 0  84.0  8 6 . 0  3 6 0 . 0  2.050 
2.050 1 . 7 7 0  87.0 8 5 . 0  3 6 0 . 0  

.~ 1 .ann 7 n r . n  89-11 -5fi.n 1.6.00 

41 n a L c  2 . 0 0 0  I . . .  2 i 2 0  3 5 9 . ~  
. 1.720 a8,n 8 4.0 ---_.35 9 4 0 2.000 - - 

._ ......... 
-c 1 -7,n n u  n 3 5 e u 2 . M -  & L o  

1.770 84.0 8 3 . 0  3 6 0 . 0  2 .050  
1 . 7 7 0  8 3 . 0  8 2 . 0  3 6 0 . 0  2 .050  
r . f ~ n  4'1 n 81 - 0  -59-n- 

._ 1 . 6 9 n  n5.n n L n  3 ~ 9 ~ 0  1.950-- 

.. 

1 .,," n,. n a n  -5n.n  1 . -no -I - - 1 , 5 2 0 - , . o ~ n . n 3 5 9 . . 0  1 .750  
. .  1 . 1 2 0 - ~ n - ~ i , o -  3 5 8 . 0 ~ 3 n o  

B 14 
~~ 



- -  -_  _ _ _  .. - z  . - 
1.820 7 9 . 0  81.0 360 .0  2 .100  -I- 1 . 7 7 0  8 1 . 0  8 0 . 0  361 .0  2 . 0 5 0  

1 .720  7 7 . 0  7 6 . 0  363.0 2.000 
1.650 83.0 7 6 . 0  363.0 1 . 9 0 0  

L 5 6 1 1 - - - a & O A O  368.0 A.800 - 

# 5  n 7 c  - 1 1 ~ 6 3 . n n o n  
A & S D d * Q  A n  2 6 1 . 0 L . 9 0 0  -_ __-__ 1 

r . r , n  B L  " 7 7 . 0  s . g . n ~ - ~ o  
1 .650  7 7 . 0  7 7 . 0  361 .0  1 . 9 5 0  1 1.650  8 1 . 0  7 7 . 0  361 e 0 1 . 9 0 0  

B- 15 
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-- I 

l U  O C T O B E R  1981 

BOSTON EDISON VYSTIC 
PARTICULATE DATA BEFORE BAKING 

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

__ ......... - .... 
.- 

INPUT DATA FDR RUN 3-OL _________-______--______ 
... 

. .  TT. 120.0 4 8 2 9 r Y 8  WN A 2 . 1 8 9  .. Y Y  . 94 .9  ...... 
. . ................ 

. . .  
__ 

- - . 1 1 0 2 . 1 1 - L 3  9 - 6  N 2 A L L - D . n  

0.00 OS 255 .0  O N  0.20')  NF 202.10 MT 

PM .-l.ROO - - C P . L . 3 & 0  ~~ 

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

.. . - 

- 
- - .- .- 

.. - _- . -- 

- -- 
__ -. -. -. . ....... ..... ___ ..... - _ _  -___ 

. -. .. ... 5 5 . L E L P .  

1 .720  7 7 . 0  77 .0  3 6 2 . 0  2 .000  

7 4  n - - - d - a z n n % n  'i5B-2.D- 
1 . 7 2 0  81.0 78 .0  360.0 2.000 
1 . 7 2 0  66.0 78.0 361 0 2 .000  I 

..... I ...- 
. . .  .... ____ ............... 
................ -- 

B-16 
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14 OCTOBER 1981 

ECISTOtv EOISON M Y S T I C  
P A f i T l C U L L T C  O A T 4  BEFORE R h K I N G  

... 1 P A  -90 . P P . O G R A ~ . I P L W L A . L J O N  
__ .___- 

&IRC!R n E S C R I P T I O N  ( 6 8  OEG F l  UNITS 1-OH 2-OH 3 - O H  1-OL 2-OL 3-OL 

~ ~ ~~ ~~~ ~ 

T T  n U R A T l O N  OF RUN . ~ 1 N u T E S . d 4 0 . 0  120.0 120.0 -..240.0 120.0 . ~-.-~.120.0 
Fir EAROKETRIC PRESSURE--.----IN.HG ._ 2 9 . 6 9  .. - 2 9 . 8 8  . .-.29.48 2 9 . 6 9  -- - 2 9 . 8 8 - . - - . 2 9 . Y E  

. . D?Lh . AVG O R l F . l C ~ ~ P R C S S D R O P r h 1 . 1 1 2 O . ~ l S 6 ~ ~ ~ 9 ~ ~ ~ 1 4 7 ~ 8 Y ~ ~ 5 8 Y ~ ~ ~ - _ 1 ~ 5 7 ~  
VGL G Q Y  G a S l K E T E R  C O N I  OCF 1 3 6 . 3 1 0  6 7 . 9 5 3  6 8 . 0 7 9  16Y.300 82 .158  82 .18% 

T P. AVG G A S  METER TLMP O E G  F 82.8 7 8 . 4  7 8 . 4  8 4 . 7  7 9 . 8  80.5 ~. - .. . -.. ... YXSTO.. -.VOL ~ R Y 4 A S . ~ S Y D ~ n C r c 2 ~ 6 . 2 5 . L 5 . 9 8 . ~ 8 . L n O , S 8 7 9 , 4 ~  
Y;. T O T A L  )I20 COLLEClEO--WL 2 0 1 . 1 - - . J 9 0 . 3  1 8 1 . 5  3 4 2 . 6  ~ .... 205.6 94 .5  
v i ti VCL H2C VAPOR 1STD L O N J J F  J Y . 1 8 2  - 8 . 9 6 3  . 8 . 5 4 9  - ~ L 6 . 1 3 6  -~ 9.684...~~--.4,47C 

_. .l.cI!iX PL~LIJT.~OISTURC-BY Vnl P, T n 8 U J  Y ' 1 9 - 2 3 - 3  0.73 - 2 . 3 :  
f l ?  W@LE F R P C T I U N  D R Y  GAS 0 . 9 0 3  0.882 0.8A5 0 .908  0 . 8 9 3  0 .947  
t n i P E 6 C C V T  c02 1 2 . 4  1 1 . 3  1 1 . 0  1 2 . 4  1 1 . 3  l1.E 

nz---.-PCRCEILLIu. 5.n L . 1  6 5 J k * l / . f  
---82.6------82.6 . - 2 2 . 6  J.6 ---82.6 - ----82. f 

:I- -.- K7 .. . .  -----PEKCCfIT &2 

- ~.F.E:y 9 9 , D - - . - 2 8 & L . l 9 - l - - - - z k 8 J , ?  ~. 
A V G  S T A C K  V E L O C I T Y  HEAD IN 1120 1 . 8 2 9  1 . 8 3 3  1 . 8 1 9  1 . 8 3 2  1 . 8 3 3  1.615 
P I T O T  C O E F F I C I E N T  0 . 7 6 0  0 .760  0 . 7 6 0  0 .760  0 .760  0 . 7 6 (  

S S ---SIASK.-I&"JL!U I W F G .  S A  9. -61- - 2 6  1.-5%.'l6L J L  - _ _ _  P:; .. -.->JACK PRESSURE I S J A ~ l ~ ~ _ W 2 0 ~ . 8 0 . ~ z l r 8 0 - - - - r l ~ 8 0  -1 .80-lr80 .-lr8t 
. . . P S  ..- STPCK.PRESSURE 1 d B S ) - ~ I N _ H G ~ - 2 9 , 5 6 9 9 . 7 5 - . 1 9 . 3 5 - - 2 9 . 5 6  - 4 9 . 1 5 - - - - 2 9 . 3 '  

STOCK DIhUETER INCHES 255 .00  255.00 255.00 255.00  255 .00  255.01 
STACK AREA SO I N  5 1 0 7 0 . 5  51070 .5  5 1 0 7 0 . 5  51070 .5  51070 .5  51070.1 

_ ~ ~ O F ~ I C K I L O Y E S ~ ~ ~ ~ ~ 4 2 ~ . 1 0 U ~ 9 1 , - - 1 0 2 8 7 4 6 . ~ 0 5 7 9 ~ 8 ~ - _ 1 0 4 @ 0 8 B ~  --IO86149 2 
- . OP --.-..-STACK .fLOU R T l . h C I U A U ~ C F S 4 ~ 8 2 3 9 1 2 . - - 1 8 3 3 1 1 4 . - . 1 8 3 4 5 2 4 . - ~ 2 3 9 1 U , - 1 8 2 9 2 1 6 r  ---1811208. 1.1.. .ON . P R O R E - - Y l P  . D I A M ~ L E R ~ S ~ . ~ 6 - - - - 4 ~ 6 4 - 1 8 6 ~ ~ O U . ~ , 2 0 ~ - - - - - 4 . 2 0 '  - . - 9 t U c L B C E P I J _ I S O K l O I T ~  7 r qn L 1 " -  1 1 O L E  -55 .I 9% I 

KF F P R T I C U L A T E  IFRONTI MG 203 .30  113 .60  1 0 7 . 5 0  388 .10  287 .90  202 .1 '  
P A P T I C U L P T E  1 T O T A L I  MG 0.00 0.00 0.00 0.00 0.00 0 . 0  

YS -p ns * VLSY ACKLAS .Y u n ~ x v ~ r r 3 . - - 5 1 6 9 , 4  7 3 - 2 4 3  . r i s 8 . - - ~ i a ? -  

A S  

. - C m d A R S I C l l L A T U  l O I A l W A C F L - - o .  O O M 2 r O O O D 2 -  OD05 O - M P O - . J L D O D O J Q  
C n Y  P A R T I C U L A T E  (FRONT1 L B l H R  213 .982  2 3 3 . 0 7 1  2 2 1 . 2 1 3  341 .505  494 ,237  364.71  I c a x  P A H T I C U L A T E  (TOTaL)  L B l H R  0.000 0.000 0.000 0.000 O.ODD 0.00 

I B- 17 
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~ p t i f i  D E S C R I P T I O N  120 DEG C) U N I T S  1 -OH 2 - O H  3-OH 1.0L 2 - O L  3 - .  
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I 

I 
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I 
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i 

1 
1 
1 
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1 
1 
1 

J 
0 

m 

W z 
X Z  
a 0  
m -  c 
u e  
Y J  

u - 3  
- u u  r m J  
y 1 4  
> a u  - r e  

m a s  
O. z o a  
- o m  

V I Y O  
a r e o  
Y o a r  
m Y d D  
0 3  e z u o  
u 0 - O .  
0 -  

m u a  
O. = e &  
N O D Y  

- 

I 
I 

-I 
0 

N 

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

-I 

3 - 

I 
0 

N 

. . . 
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O n  
C .  
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SULFURIC ACID 
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APPENDIX C 

ANALYTICAL METHODS FOR SULNRIC ACID, SULFATE, AND 
PARTICULATE DETERMINATIONS 
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ANALYTICAL METHODS FOR SULFURIC 
AND SULFATE DETERMINATIONS 

EXTRACTION PROCEDURE 

Place the filters in 75-mL test tubes and add 

ACID 

50 mL of 100% iso- 
propanol. Add 50 mL of isopropanol directly to the 250 mL beaker 
containing the dried residue from the evaporation of the sampling 
train front half rinses. Allow the solutions to sit at least 12 
hours. Sonify for 30 minutes. Filter each extract through a 
glass fiber filter, using a vacuum filter apparatus. Wash the 
filters with isopropanol while filtering. Transfer the filtrates 
to 100 mL volumetric flasks and dilute to volume with isopropanol. 
Repeat the extraction two more times with isopropanol on each 
sample and again dilute the extracts to volume. 

Extract the samples 3 times with deionized-distilled in place of 
the isopropanol using the above procedure including the 12 hour 
soaking period. - ~- 
Analyze the isopropanol extracts for sulfuric acid and the water 
extracts for sulfate by barium-thorin titration. 

Transfer the particulate samples to closed containers and refrig- 
erate under dry nitrogen. Bottle the untitrated extracts and 
save in a refrigerator. 

SULFURIC ACID ANALYSIS 

Pipet 25 mL (or a suitable aliquot) of the diluted isopropanol 
extract into an Erlenmeyer flask and add 3-5  drops of the barium- 
thorin indicator. Titrate the sample with a standardized solu- 
tion of barium perchlorate until the color of the solution 
changes from organe to pink. Calculate the mg of sulfuric acid 
dehydrate in the sample using the following equation: 

67nVtVs 
mg H2SOr*2H20 = ,, " a 
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where n = normality of Ba ( C I O r )  2 titrant ('LO.01N) 
v = volume of titrant 
v = volume of filtrate 
v = volume of filtrate titrated. 

t 
S 

a 
The Ba(C10u,)2 was standardized against 0.02N H2SOu purchased from 
Fisher Scientific Company. 

SULFATE ANALYSIS 

Pass the deionized-distilled water extract through a Rexyn-101 ion 
exchange column. Pipet 2 5  mL or a suitable aliquot of the diluted 
deionized-distilled water extract into a flask. Add 80 mL isopro- 
panol to bring the concentration to at least 80%. Add 3-5 drops 
barium-thorin indicator, and titrate the sample to the endpoint 
as indicated by the color change from orange to pink. Calculate 
the mg of sulfate in the sample using the following equation: 

48n V+Vs 

'a 
mg of SOL, = 

where n = normality of Ba(C10u)2 titrant (2.0.01N) 
V+ = volume of titrant 
Vs = volume of filtrate 
Va = volume of filtrate (extract) titrated 
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A. 

B. 

PROCEDURES FOR PREPARATION OF SULFURIC ACID 
QUALITY ASSURANCE SAMPLES 

Equipment 

1. S i x  ( 6 )  s h e e t s  o f  f i l t e r  paper  (Reeve Angel 934 AH, 
11 c m  diameter  g l a s s  micro f i b r e  f i l t e r s ) .  

2. S i x  (6) beakers  ( n i t r i c  a c i d  prewashed). 

3 .  Three ( 3 )  175-mL screw c a p  t e s t  tubes  ( n i t r i c  a c i d  
pre-washed). 

4. Three (3)  g l a s s  p e t r i  d i s h e s  ( n i t r i c  a c i d  pre-washed) . 
Procedure 

1. p lace  one  s h e e t  of  f i l t e r  paper i n  each of  3 p e t r i  
d i shes .  

2 .  Roll  3 s h e e t s  of  f i l t e r  paper  i n t o  t ubes  and i n s e r t  
i n t o  each of  3 t e s t  tubes.  

3a. Label t h e  p e t r i  d i shes  QC5F, QC6F, QC7F. 
b.  Label K h e  rest  tubes  9C8F, QC9F, QC10F. 
c .  Label t h e  beakers  QC5B, QC6B, QC7B, QC8B, QC9B, QClOB. 

4 .  P i p e t  s u l f u r i c  acid-onto t h e  f i l t e r  paper and i n t o  
t h e  beakers according t o  t h e  fol lowing c h a r t :  

S u l f u r i c  a c i d  
Sample No. 0.02N 1 . 0  N 

@C 5F 4.0 mL 
QC6F 
QC7F 
QCBF 4.0 mL 
QC9F 
QClOF 

QC5B 10.0 
QC 6B 
QC7B 4.0 
QC8B 10.0 
QCSB 
QClOB 4.0 

e-4 

0.75 mL 
0.50 mL 

0.75 mL 
0.50 mL 

0.50 

0.50 
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Sa. QCSF, QC6F and QC7F are baked at 16O0C for 3 hours, 
extracted, then analyzed for sulfuric acid in the 
same manner as the field samples. 

manner as the acetone probe washes, baked at 16OOC 
for 3 hours, extracted, then analyzed for sulfuric 
acid in the same manner as the field samples. 

then analyzed for sulfuric acid in the same manner 
as the field samples. 

b. QCSB, QC6B, and QC7B are evaporated in the same 

C. QCBF, QC9F, QClOF, QCBB, QCSB, QClOB are extracted, 

(Do I not bake at 16OOC). 

6 .  Calculations 

Mg H2SQr*2H20 = Normality x mL x 67 

where 67 is the equivalent weight of H2SQr*2H20. 

The theoretical values based on the above calculation 
are as follows: 

QC5F = 5.36 mq QC5B = 13.4 mg 
QC6F = 50.2 mg QC6B = 33.5 mg 
QC7F = 33.5 mg QC7B = 5.36 mg 
QC8F = 5.36 mq QCBB = 13.4.mg 
QC9F = 50.2 mg QC9B = 33.5 mg 
QClOF = 33.5 mq QClOB = 5.36 mg 

c-5 



particulate Analysis 

The attached page (Figure C--, shows the particulate analytical 
scheme used in the Boston Edison project per discussion with EPA, 
Gary McAlister on 10/14/81. Appendix E-2 has a breakdown of which 
samples were subject to the respective bakings and their resultant 
weights. All samples were subject to the 1st bake; about 80% 
required the 2nd bake; only 1 sample required the 3rd bake; 20% 
required the 4th bake; and no sample required the 5th bake. 

Note that after each baking all samples were weighed to a constant 
weight (i.e., a less than 4 mg weight loss between consecutive 
weighings). 
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Figure C-1. Particulate analytical scheme (filters and 
acetone washes) (recommended by EPA on 
10/14/81 Ciscussion). 
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RESULTS OF STACK SAMPLE ANALYSIS 
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