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Particulate Emission? 

The particulate matter emission limit specified for KSI-2 in 
the permit is 1.824 Iblhr. The results of the KSI-2 
particulate testing were as follows: 

Particulate 
into Scrubber 

Rate 

5.38 Iblhr 
4.86 lblhr 
5.01 lblhr 

5.35 lblhr 

_ _ _ _ _ _ _ _ _ _ _ _ _  

- -___------  

Particulate 
Em i s s i on s 

Rate ----------- 
1.95 lblhr 
1.45 Iblhr 
1.55 Iblhr 

1.65 lblhr 
-____----_- 

The particulate matter emission limit specified for KSI-3 in 
the permit is 1.824 Iblhr. The results of the KSI-3 
particulate testing were as follows: 

Particulate 
into Scrubber 

Rate Test --_-__------- 
1 
2 
3 

Avg 
_ _ _  

6.34 Iblhr 
5.33 lb/hr 
4.87 Iblhr 

5.51 Iblhr 
--___------ 

Particulate 
Em i s s i on s 

Rate 

1.34 lblhr 
1.42 lblhr 
1.29 Iblhr 

1.35 lblhr 

----_-----_ 

--___----__ 

FormaldehYde EmLssLoEs 
The formaldehyde emission limit specified for KSI-2 and KSI-3 
in the permit is 0.007 lblhr. however, a footnote in the 
permit indicates that this limit may be subject to change 
pending the test results. The results of the KSI-2 
formaldehyde testing were as follows: 

KS 1-2 Forma 1 d ehyde 
into Scrubber 

Rate ___--___----- 
0.066 Iblhr 
0.071 lblhr 
0.064 lblhr 

0,067 lblhr 
_-___-- - - -  

Formaldehyde 
Em i s s i on s 

Rate 

0 . 0 2 9  lblhr 
0.039 Iblhr 
0.030 lblhr 

0.033 Ib/hr 

---___-_-_-- 

____--_--__ 



The results of the KSI-3 formaldehyde testing were a s  
follows: 

KSI-3 

Test 

Formaldehyde 
into Scrubber 

Rate - - - -_________  
0.071 lblhr 
0.057 lblhr 
0.067 lblhr 

0.065 Iblhr 
_ _ _ _ _ _ _ _ _ _  

Formaldehyde 
Em i s s i on s 

Rate 

0.035 lblhr 
0.026 lblhr 
0.034 lblhr 

0.032 lblhr 

------___--- 

- -______-- -  

AGStG Acid Emlssi!2ns 

The acetic acid emission limit specified for KSI-2 and KSI-3 
in the permit is 0.303 Ib/hr. The results of the KSI-2 
acetic acid testing were as follows: 

KS 1-2  Acetic Acid 
into Scrubber 

Rate I e s t  _ _ _ _ _ - _ _ _ _ _ _ _  
.267 lblhr 
,256 lblhr 
.250 lblhr 

,258 lblhr 
_ _ _ - _ _ _ _ _ _  

Acetic Acid 
Em i s s i on s 

Rate - _ _ _ _ _ _ _ _ _ _ _  
.193 lblhr 
.161 lblhr 
.119 lblhr 

.158 lblhr 
_ _ _ _ _ _ _ - - _ _  

The results of the KSI-3 acetic acid testing were as follows: 

KSI-3 Acetic Acid 
into Scrubber 

Rate Test ____-___----- 
1 
2 
3 _ _ _  

Avg 

, 2 1 4  lblhr 
.222 Ib/hr 
.202 Iblhr 

.213 lblhr 
_ _ - _ _ _ _ _ _ _  

Acetic Acid 
Emissions 

Rate -__________-  
,136 lblhr 
,139 lblhr 
.129 lblhr 

,135 Iblhr 
-----_-__-_ 



Organic -___ Compounds --_ ---_- 
The permit for KSI-2 and KS1-3 specifies that organic 
compound emissions be controlled by at least 85 % Organic 
compounds include acetic acid, formaldehyde, and the other 
unidentified organic compounds which were quantifled as 
acetaldehyde. The results of the KSI-2 organic compound 
testing were as follows: 

KSI-2 TOTAL 
into Scrubber 

Rate Test _ _ _ _ _ _ _ _ _ _ _ _ _  
1 3.66 Iblhr 
2 4.17 Iblhr 
3 4.42 lblhr 

Avg 4.08 Iblhr 
_ _ _  _------_--- 

ORGANIC COUPOUNDS 
Emi ss i ons Cont ro 1 

-------_-_-- Rate E l f l G i S E G Y  

0.72 lblhr 80 % 
0.59 Iblhr 86 X 
0.56 lblhr 87 % 

0.62 lblhr 84 % 

__ - -____-__  - -___ 

The results of the KSI-3 organic compound testing were as 
follows: 

KSI-3 TOTAL 
into Scrubber 

Rate Z E Z L  -__-__-_-_--- 
1 2.34 lblhr 
2 3.30 lblhr 
3 2.66 lblhr 

Avg 2.77 lblhr 
--- ----------- 

ORGANIC COUPOUNDS 
Em i s s i on s Control 

--_---_____- Rate EffiSiEEGY 

0.57 Iblhr 76 96 
0.66 lblhr BO 9: 
0.65 Iblhr 75 % 

0.63 lblhr 77 % 
--_------_- ----- 

VLslblE EmLrsl2ns 

The permit for KSI-2 and KSI-3 specifies that the visible 
emissions not exceed 20 % opacity. The highest six minute 
average opacity for each smokehouse stack was as shown below: 

STACK 

KSI-2 
KSI-3 

__--- E x r n  
10.0 % 
10.2 % 



1 . 0  GENERAL 

On September 19 8 20, 1991, Environmental Technology 8 
Engineering Corp personnel performed stack emissions testing 
on the KSI-2 and KSI-3 continuous smokehouse operatlons at 
the Hillshire Farm 8 Kahn's facility located in New London, 
Wisconsin. The purpose of the testing was to demonstrate 
compliance with the emission limits outlined in the DNR 
permit No. 89-RV-006. 

Both smokehouses were in full operation throughout the 
testing; product was run through the smokehouses continuously 
during the testing. Five smoke generators were in operation 
on each house; four running chips at 2 0 . 4  lblhr and one 
running "wundersmoke" sawdust at 22 Iblhr. thus a total wood 
rate of 103.6 lb/hr. 

The field tests, corresponding laboratory analysis, and 
report preparation were performed by ETE personnel; Lowell 
Huenink was the test team leader. 

The following sections of this report document the activities 
and results of the test program. The report presents all of 
the relevant data collected. Discussions on the interpre- 
tation of the data are provided where appropriate. The 
results, however, have been presented in the SUMMARY section 
at the beginning of this report for those readers not wishing 
to be burdened by the details. 



P 

2 . 0  REeULT8 

Emission concentrations and exhaust flow rates were measured 
during the test efforts. Exhaust flow rates were measured in 
accordance with EPA Methods 1 through 4 using a pitot tube 
and inclined manometer. Concentrations of compounds in the 
exhaust gas stream were measured using a combination of 
standard EPA methods and Wisconsin DNR recommended methods as 
indicated below. The emission rates were then calculated as 
a product of the emission concentrations and exhaust flow 
rates. 

2.1 Particulate Emissions 

Isokinetic sampling for particulate matter was performed in 
accordance with the procedures outlined in EPA Method 5 - 
"Determination of Particulate Emissions from Stationary 
Sources" found in 40 C F R .  Part 60, Appendix A. A brief 
summary of this method is included in Section 3.1 of this 
report The tests were performed in horizontal duct between 
Lhe smokehouse and the scrubber and also in the final 
discharge stack, above the mist eliminator. The results of 
the testing to determine particulate matter emissions are 
shown in Tables 2-1 through 2-12. These results include both 
filterable and condensible ("back-half") particulate matter. 

The results of the particulate matter tests showed the 
emissions to be within the permit limit of 1.824 lblhr and 
are summarized below: 

KSI-2: Particulate 
into Scrubber 

Rate Tesl ---_____----- 
1 
2 
3 _ _ _  

Avg 

KSI-3: 

rest 
1 
2 
3 --- 

A v 9  

5.38 lblhr 
4.86 lblhr 
5.81 lblhr 

5.35 lblhr 
--_-------- 

Particulate 
into Scrubber 

Rate 

6.34 lblhr 
5.33 lblhr 
4.87 lblhr 

5.51 lblhr 

_________---- 

___---__---  

Particulate 
Emissions 

Rate _--___--_-- 
1.95 Iblhr 
1.45 lblhr 
1.55 lblhr 

1.65 lblhr 
- -___--____ 

Particulate 
Emi s s ions 

Rate ---__--_-_- 
1.34 lblhr 
1.42 lblhr 
1.29 lblhr 

1.35 lblhr 



.. 
H I L L S H I R E  K S I  2 I N  TEST 1 TABLE 2-1 9-20-91 

BAROMETRIC PRESSURE, i n  Hg = 29.300 
T I P  DIAMETER, i n  -2450 
STACK AREA, sq f t  = 1.918 
SAMPLING T I M E  PER POINT,  m i n  = 4.00 
NUMBER O F  POINTS = 16 
GAS METER VOLUME, a c f  = 40.72 
WATER COLLECTED, ~ i l  = 99.00 
PARTICULATE COLLECTED, grams = 0.2887 
coz = 0.20 (12 = 10.40 co = 0.00 NZ = 

SAMPLING STACK P I  TOT O R  I F I CE 
PO I NT TEMP DEL P METER 

deg F inches inches 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 

130 
132 
132 
130 
130 
130 
130 
130 
130 
130 
132 
132 
130 
132 
132 
130 

0.540 
0.570 
0.470 
0.370 
0.500 
0.540 
0.460 
0.340 
0.620 
0.650 
0.490 
0.350 
0.580 
0.640 
0.420 
0.350 

0.63 
0.66 
0.54 
0.43 
0.58 
0.63 
0.53 
0.40 
0.70 
0.75 
0.57 
0.41 
0.67 
0.73 
0.49 
0.41 

AVG VALUES 131 0.571 

GAS METER 
OUTLET T 

deg F 

97 
99 
99 
01 
05 
09 
10 
12 
17 

118 
119 
120 
121 
1 22 
123 
125 

112 

TOTAL GAS WITHDRAWN, s c f  = 46.31 
DRY G A S  WITHDRAWN, scf  = 41.65 
WATER VAPOR WITHDRAWN, sc f  = 4.66 
PERCENT WATER VAPOR = 10.06 

STANDARD DRY FLOW RATE, Scfm = 5,930.57 
PARTICULATE CONCENTRATION, g r a i n s / d s c f  = 0.1069 
PARTICULATE EMISSIONS,  Ib/l000 l b  w e t  gas = 0.168 

PERCENT OF I S O K I N E T I C  SAMPLING = 97.83 

ACTUAL WET FLOW RATE, a c f m  = 7,571.83 

PARTICULATE E M I S S I O N  RATE, Ib/hr = 5.38 

79.40 

GAS 
VELOCITY 

f P S  

45.48 
46.81 
42.50 
37.65 
43.76 
45.48 
41.98 
36.09 
48.73 
49.90 
43.40 
36.68 
47.13 
49.60 
40.18 
36.61 

43.25 



L H I L L S H I  RE K S I  2 I N  TEST 2 TAELE 2-2 9-20-91 

RAROMETRIC PRESSURE, in Hg = 29.300 
T I P  DIAMETER, in .2450 
STACh AREA, sq f t  = 2.918 
SAMPLING T IME PER POINT,  main = 4.00 
NUMBER OF POINTS = 16 
GAS METER VOLUME, acf = 40.11 
WATER COLLECTED, nil = 97.00 
PARTICULATE COLLECTED, grams = 
CO2 = 0.20 = -30.40 

SAMPLING STACK P I TOT 
PO I NT TEMP DEL P 

deg F inches 

1 

3 
4 
5 
6 
7 

9 
10 
1 1  
12 
13 
14 
15 
16 

AVG VAL 

?, - 

a 

130 0.550 
132 0.550 
132 0.510 
130 0.360 
130 0.630 
130 0.600 
130 0.520 
130 0.380 
130 0.640 
130 0.660 
130 0.550 
130 0.400 
130 0.480 
130 0.540 
130 0.460 
130 0.320 

IES 130 

0.2568 
CC) = 0.00 N 2  = 79.40 

O R 1  F I CE 
METER 
inches 

0.64 
0.64 
0.59 
0.42 
0.72 
0.69 
0.60 
0.44 
0.73 
0.76 
0.64 
0.47 
0.56 
0.63 
0.53 
0.37 

0.589 

GAS METER 
OUTLET T 

deg F 

126 
125 
127 
128 
129 
1.29 
130 
130 
132 
132 
133 
133 
135 
137 
136 
139 

131 

TOTAL GAS WITHDRAWN, scf = 45.70 
DRY GAS WITHDRAWN, scf = 41.13 
WATER VAPOR WITHDRAWN, scf = 4.57 
PERCENT WATER VAPOR = 9.99 

STANDARD DRY FLOW RATE, scfm = 6,036.77 
PARTICULATE CONCENTRATION, grains/dscf = 0.0963 
PARTICULATE EMISSIONS,  Ib/l000 l b  wet gas = 0.167 
PARTICULATE EMISSICIN RATE, l b / h r  = 4.66 
PERCENT O F  I S O K I N E T I C  SAMPLING = 94.90 

ACTUAL WET FLOW RATE, acfni  = 7,694. a6 

GAS 
VELOCITY 

f P 5  

45.89 
45.97 
44.27 
37.13 
49.12 
47.93 
44.62 

49.51 
50.27 
45.89 
39.14 

45.47 
41.97 
35.01 

43.95 

38.15 

42. a7 



.. 

HILLSHIRE KSI 2 I N  TEST 3 TABLE 2-3 9-20-91 

EAROMETRIC PRESSURE, i n  Hg = 29.300 
T I P  DIAMETER, i n  .2450 
STACK AREA, sq f t  = 2.918 
SAMPLING T I M E  PER POINT,  min = 4.00 
NUMBER OF POINTS = 16 
GAS METER VOLUME, a c f  = 39.88 
WATER COLLECTED, mi1 = 109.00 
PARTICULATE COLLECTED, grants = 0.3085 
C O 2  = 0.20 02 = 20.40 co = 0.00 N 2  = 

SAMPLING STACK P I  TOT O R  I F  I CE 
PO I NT TEMP DEL P METER 

deg F i n c h e s  i n c h e s  

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 

130 
130 
130 
130 
130 
135 
135 
135 
135 
135 
135 
130 
135 
135 
135 
135 

0.500 
0.550 
0.480 
0.360 
0.580 
0.630 
0.550 
0.380 
0.600 
0.630 
0.540 
0.340 
0.520 
0.580 
0.540 
0.370 

0.58 
0.63 
0.56 
0.42 
0.67 
0.72 
0.63 
0.44 
0.69 
0.72 

0.40 
0.60 
0.67 
0.62 
0.43 

m. 6 2  

AUG VALUES 133 0.588 

GAS METER 
OUTLET T 

deg F 

130 
131 
131 
132 
133 
134 
135 
136 
138 
138 
138 
138 
139 
139 
140 
140 

136 

TOTAL GAS WITHDRAWN, sc f  = 46.04 
DRY GAS WITHDRAWN, scf  = 40.91 
WATER VAPOR WITHDRAWN, s c f  = 5.13 
PERCENT WATER VAPOR = 11.14 
ACTUAL WET FLOW RATE, a c f m  = 7,735.50 
STANDARD DRY FLOW RATE, scfm = 5,961.84 
PARTICULATE CONCENTRATION, g r a i n s / d s c f  = 0.1144 
PARTICULATE EMISSIONS,  lb/l000 l b  w e t  gas  = 0.20 
PARTICULATE E M I S S I O N  RATE, l b / h r  = 5.81 
PERCENT OF I S U K I N E T I C  SAMPLING = 95.57 

79.40 

GAS 
VEL 1:) C I T Y 

f PS 

43.86 
46.00 
42.97 
37.21 
47.24 
49.44 
46.19 
38.40 
48.25 
49.44 
45.77 
36.17 
44.91 
47.43 
45.77 
37.89 

44.18 



H~LLSHIRE K S I  2 OUT TEST 1 TABLE 2-4 9-20-91 

BAROMETRIC PRESSURE, i n  Hq = 29.300 
T I P  DIAMETER, in .2500 
STACK AREA, sq f t  = 3.141 
SAMPLING T I M E  PER POINT.  min = 2.50 
NUMEER OF P O I N T S  = 24 
GAS METER VOLUME, acf  = 41.40 
WATER COLLECTED, nil = 106.00 
PARTICULATE COLLECTED, grams = 0.0950 
CI:Q = 0.20 (12 = 20.40  CI:] = 0 . 0 0  N2 = 79.40 

SAMPLING STACK P I  TOT O R  I F  I C E  
P O I N T  TEMP DEL P METER 

d e g  F i n c h e s  i n c h e s  

10 
1 1  
12 
13 
14 
15 
16  
17 
18 
19 
20 
" 1  
22 
23 
24 

125 
125 
130 
130 
125 
130 
130 
130 
130 
125 
125 
125 
125 
130 
130 
125 
130 
130 
125 
115 
130 
130 
125 
125 

0.480 
0 .540 
0.600 
0.600 
0 .600 
0 .580 
0.580 
0.600 
0 .540 
0 .380 
0 .300 
0 .200 
0 .200 
0 .340 
0.540 
0.640 
0.640 
0 .640 
0 .500 
0 .580 
0 .540 
0 .440 
0.300 
0 .280 

.36  

.55 

.70 

.70 

.70 

.65 

.65 

.70 

. 5 5  
1.08  
0 .06  
0 .82  
0 .82  
0 .98  
1.55 
1.05 
1 . 8 5  
1.85 
1.65 
1.65 
1.55 
1 .  25 
0 .06  
0 .02  

AVG VALUES 1 za 1.417 

GAS METER 
OUTLET T 

d e g  F 

41  
42 
42 
42 
43 
43 
44  
45 
46  
47 
48 
48 
5 2  
54 
5 5  
5 6  
57 
50 
59  
6 0  
60  

6 2  
63 

51 

62 

TOTAL GAS WITHDRAWN, sc f  = 45.67 
DRY GAS WITHDRAWN, scf  = 40.60 
WATER VAPOR WITHDRAWN, sc f  = 4.99 

.PERCENT WATER VAPOR = 10.93 
ACTUAL WET FLOW RATE. acfm = 0 ,  107.45 

~ 

STANDARD DRY FLOW RATE, s c f m  = 6,350.97 
PARTICULATE CONCENTRAT ION,  gra i n s / d s c f  = 0.0360 
PARTICULATE EMISSIONS,  l b / 1 0 0 0  l b  w e t  g a s  = 0.063 
PARTICULATE EM1SSII:IN RATE, l b / h r  = 
PERCENT OF I S O K I N E T I C  SAMPLING = 98.37 

1 . 9 5  

GAS 
VELOCITY 

f PS 

42.60 
45.27 
47.92 
47.92 
47.72 
47.11 
47.11 
47.92 
45.46 
37.97 
33.74 
32.60 
32.60 
36.07 
45.46 
49.28 
49.49 
49.49 
46.91 
46.91 
45.46 
41.04 
33.74 
32.60 

43.02 



H I L L S H I R E  KSI 2 CrUT TEST 2 TARLE 2-5 9-20-91 

BAROMETRIC PRESSURE, i n  Hg = 29.300 
T I P  DIAMETER, i n  .2500 
STACK AREA, 5q f t  = 3.141 
SAMPLING T I M E  PER POINT,  m i n  = 2.50 
NUMBER OF POINTS = 24 
GAS METER VOLUME, acf  = 40.48 
WATER COLLECTED, m l  = 105.00 
PARTICULATE COLLECTED, grams = 0.0700 
ccr2 = 0.20 0 2  = 20.40 CCI = 0.00 N2 = 79.40 

SAMPLING STACK P I  TCIT O R  I F  I CE 
POINT TEMP DEL P METER 

d e g  F i n c h e s  inches 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
1 .-* 
13 
14 
15 
16 
17 
16 
19 
20 
21 

23 
24 

- 

_ _  
I . . . .  i- 

125 
125 
130 
130 
130 
125 
125 
130 
130 
130 
125 
125 
125 
130 
130 
130 
130 
130 
130 
130 
130 
130 
130 
130 

0.480 
0.580 
0.620 
0.620 
0.620 
0.600 
0.600 
0.600 
0.520 
0. 400 
0.320 
0.280 
0.280 
0.340 
0.520 
0.640 
0.640 
0.620 
0.600 
0.580 
0.500 
0.440 
0.300 
8.260 

1.34 
1.65 
1.70 
1.70 
I .  78 
1.70 
1.70 
1.70 
1.50 
1.15 
0.92 
0.82 
0.82 
0.98 
1.50 
1.85 
1.05 
1.70 
1.70 
1.65 
1.45 
1.25 
0.86 
0.74 

AVG VALUES 129 1.428 

GAS METER 
OUTLET T 

deg F 

60 
60 
60 
6 1  
62 
62 
6 2  
62 
62 
62 
63 
64 
69 
70 
71 
71 
7 2  
73 
73 
74 
75 
75 
76 
77 

67 

TOTAL GAS WITHDRAWN, scf  = 44.79 

WATER VAPOR WITHDRAWN, sc f  = 4.94 
PERCENT WATER VAPOR = 11.03 

-DRY GAS WITHDRAWN, scf = 39.85 

-ACTUAL WET FLOW RATE. acfm = 8.140.21 
~ 

STANDARD DRY FLOW RATE, scfm = 6,350.28 
PART I CULATE CONCENTRAT ION, gra 1 n s /  dscf = 0.027 1 
PARTICULATE EMISSIONS,  Ib/lB0B lb w e t  g a s  = 0.047 
PARTICULATE E M I S S I O N  RATE, l b / h r  = 1.45 
PERCENT OF I S O K I N E T I C  SAMPLING = 96.26 

GAS 
VEL 0 C I TY 

f P 5  

42. 49 
46.92 
40.72 
48.72 
48.72 
47.72 
47.72 
47.93 
44.62 
39.13 
34.85 
32.60 
32.6d 
36.08 
44.62 
49.50 
49.50 
48.72 
47.93 
47.12 
43.75 
41.04 
33.89 
31.55 

43.19 



H~I LLSH I RE KSI 2 OUT TEST 3 TABLE 2-6 9-20-91 

BAROMETRIC PRESSURE, i n  Hg = 29.300 
T I P  DIAMETER, i n  .2500 
STACK AREA, sq f t  = 3.141 
SAMPLING T I M E  PER PCIINT, min = 2.50 
NUMBER CIF POINTS = L '-'4 
GAS METER VClLUME, a c f  = 40.60 
WATER COLLECTED, f111 = 110.00 
PARTICULATE COLLECTED, grams = 
co2 = 0.20 02 = 20.40 

SAMPLING 
PO I NT 

1 
2 
3 
4 
5 
6 
7 
0 
9 
10 
1 1  
11 
13 
14 
15 
16 
17 
18 
19 
20 
21 
LL 
23 
24 

~ 

* ?  

AVG VALUES 

STACh P I  TOT 
TEMP DEL P 
d e g  F inches 

125 0.280 
115 0.360 
130 0.540 
130 0.620 

130 0.640 
130 0.580 
130 0.540 
1 3  0.540 
130 0.440 
125 0.300 
1-5 0.280 
130 0.460 
130 0.380 
130 0.600 
125 0.620 
130 0.620 
130 0.600 
130 0.600 
130 0.500 
130 0.540 
130 0.400 
125 0.300 
130 0. "80 

129 

130 m. 640 

0.0755 
co = 0.00 N 2  = 79.40 

0 R I F I CE 
METER 

i n c h e s  

0.82 
0.96 
1.55 
1.78 
1.85 
1.85 
1.65 
1.55 
1 . 5 5  
1.32 
0.86 
0.82 
1.32 
1.65 
1.70 
1.78 
1.78 

1.70 
1.65 
1.55 
1.15 
0.86 
0.82 

1.426 

1.7m 

GAS METER 
OUTLET T 

deg F 

68 
69 
70 
70 
70 
71 
7 .-, 
72 
73 
73 
73 
74 
77 
78 
78 
78 
79 
79 
79 
79 
79 
79 
80 
80 

75 

L 

TClTAL GAS WITHDRAWN, 5 c f  = 45.18 

WATER VAPOR WITHDRAWN, s c f  = 5.18 
PERCENT WATER VAPOR = 11.46 
-ACTUAL WET FLOW RATE, a c f m  = 8,081.40 
STANDARD DRY F L O W  RATE, s c f n i  = 6,281.82 
PARTICULATE CONCENTRATION, g r a i n s / d s c f  = 0.0291 
PARTICULATE EMISSIONS,  l b / 1 0 0 0  l b  w e t  gas = 0.051 

PERCENT O F  I S O K I N E T I C  SAMPLING = 97.01. 

.DRY GAS WITHDRAWN, S C F  = 40.00 

PARTICULATE E M I S S I O N  RATE, l b / h r  = 1 . 5 5  

GAS 
VELOCITY 

f PS 

32.63 
37.00 
45.51 
48.76 
49.54 
49.54 
47.16 
45.51 
45.31 
42.00 
33.78 
32.63 
42.00 
38.17 
47.97 
48.55 
48.76 
47.97 
47.97 
47.16 
45.51 
39.17 
33.70 
32.77 

42. 80 



L. 

H I  L L S H I  RE K S I  3 I N  TEST 1 TAELE 2-7 9-19-91 

RAROMETRIC PRESSURE, in Hg = 29.300 
T I P  DIAMETER, in .2500 
STACK AREA, sq f t  = 2.918 
SAMPLING T I M E  PER POINT,  min = 4.00 
NUMBER OF POINTS = 16 
GAS METER VOLUME, a c f  = 39.92 
WATER COLLECTED, m a l  = 154.00 
PART I CULATE COLLECTED, g r  am5 = 0.3707 
co2 = 0.20 I : I ~  = 20.40 co = 0.00 N 2  = 79.40 

SAMPLING STACK P I  TOT 0 R I F I CE GAS METER GAS 
PO I NT TEMP DEL P METER OUTLET T VEL 0 C I TY 

deg F i n c h e s  i n c h e s  deg F f P 5  

1 

3 
4 
5 
6 
7 
8 
9 
10 
1 1  
1" 
13 
14 
15 
16 

.:. 
i 

130 
134 
140 
140 
140 
140 
140 
140 
140 
140 
140 
140 
140 
140 
140 
140 

0.350 
0.370 
0.280 
0.220 
0.380 
0.400 
0.350 
0.240 
0.520 
0.480 
0.400 
0.300 
0.590 
0.710 
0.630 
0.380 

0.45 
0.47 
0.36 
0.28 
0.48 
0.51 
0.45 
0.31 
0.63 
0.60 
0.51 
0.38 
0.73 
0.88 
0.79 
0.48 

93 
93 
95 
96 
99 
101 
103 
105 
109 
1 1 1  
1 1 1  
114 
119 
120 
121 

37.18 
38.16 
33.37 
29.58 
38.87 
39.80 
37.30 
30.89 
45.47 
43.69 
39.88 
34.54 
48.43 
53.13 
50.05 
38.87 

A V G  VALUES 139 0.519 107 39.96 

TOTAL GAS WITHDRAWN, s c f  = 48.05 
DRY GAS WITHDRAWN, s c f  = 40.80 
WATER VAPOR WITHDRAWN, s c f  = 7.25 
PERCENT WATER VAPOR = 15.08 
A C T U A L  WET FLClW RATE, a c f r n  = 6,995.46 
STANDARD DRY FLOW RATE, scfm = 5,096.11 
PARTICULATE CONCENTRATION, grains/dscf = 0.1401 
PARTICULATE EMISSIONS,  lb/l000 l b  w e t  gas = 0.249 
PARTICULATE EMISSICIN RATE, l b / h r  = 6.34 
PERCENT OF I S O K I N E T I C  SAMPLING = 107.11 



H I  LLSHI  RE K S I  3 I N  TEST 2 TAHLE 2-8 9-19-91 

RAROMETRIC PRESSURE, i n  Hg = 29.300 
T I P  DIAMETER, i n  .2500 
STACK AREA, sq f t  = 2.918 
SAMPLING T I M E  PER POINT,  m i n  = 4.00 
NUMBER O F  POINTS = 16 
GAS METER VOLUME. a c f  = 38.68 
WATER COLLECTED, nnl = 15 1.00 
PARTICULATE COLLECTED, g r a m s  = 
co2 = 0.20 02 = 20.40 

SAMPLING STACK P I  TOT 
PO I NT TEMP DEL P 

deg F inches 

1 

3 
4 
5 
6 
7 
8 
9 
10 
1 1  
1" 
13 
14 
15 
16 

.i 
L 

140 
140 
140 
140 
140 
140 
140 
140 
140 
134 
132 
132 
134 
132 
132 
132 

AVG VALUES 137 

0.450 
0.380 
0.320 
0.220 
0.400 
0.430 
0.370 
0.230 
0.540 
0.550 
0.460 
0.270 
0.550 
0.760 
0.680 
0.380 

0.3032 
cn = 0.00 N2 = 

OR IF I CE 
METER 

i n c h e s  

0.57 
0.48 
0.41 
0. 20 
0.51 
0.54 
0.47 
0.29 
0.67 
0.68 
0.58 
0.34 
0.68 
0.74 
0.84 
0.48 

0.547 

GAS METER 
OUTLET T 

deg F 

119 
11R 
119 
12m 
120 
121 
122, 
123 
125 
126 
127 
128 
129 
129 
130 
130 

124 

TOTAL GAS WITHDRAWN, s c f  = 46.73 
DRY GAS WITHDRAWN, s c f  = 39.62 
WATER VAPOR WITHDRAWN, sc f  = 7.11 
PERCENT WATER VAPOR = 15.21 

STANDARD DRY FLOW RATE, scfni = 5,241.36 
PARTICULATE CONCENTRATION, g r a i n s l d s c f  = 0.1181 
PARTICULATE EMISSIONS,  lb/l000 l b  w e t  gas = 0.203 

ACTUAL WET FLOW RATE, a c f m  = 7,175.03 

PARTICULATE E M I S S I O N  RATE, 1 b / h r  = 5.33 
.PERCENT OF ISOtc ' INETIC  SAMPLING = 101.12 

79.40 

GAS 
VELClCITY 

f P S  

42.32 
38.89 
35.68 
29.59 
39.90 
41.36 
38.37 
30.25 
46.35 
46.55 
42.50 
32.56 
46.55 
54.62 
51.67 
38.63 

40.99 



,. 

H I L L S H I  RE K S I  3 I N  TEST 3 TARLE 2-9 9-19-91 

BAROMETRIC PRESSURE, i n  Hg = 29.300 
T I P  DIAMETER, in .2500 
STACK AREA, sq f t  = 2.918 
SAMPLING T I M E  PER POINT,  min = 4.00 
NUMBER O F  POINTS = 16 
GAS METER VOLUME, a c f  = 38.52 
WATER COLLECTED, m l  = 168.00 

coz = 0.20 1112 = 20. 40 
PARTICULATE COLLECTED, grams = 

SAMPLING STACK P I TOT 
POINT TEMP DEL. P 

deg F inches 

1 

3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 

-7 * 

137 
138 
140 
140 
140 
140 
140 
140 
134 
134 
134 
134 
134 
134 
134 
134 

AVG VALUES 137 

0.380 
0.420 
0.330 
0.210 
0.450 
0.420 
0.320 
0.240 
0.550 
0.520 
0.430 
0.2990 
0.570 
0.740 
0.670 
0.380 

0.2789 
CO = 0. 00 N2 = 79.40 

O R  I F  I C E  
METER 

i n c h e s  

0.48 
0.53 
0.42 
0.27 
0.57 
0.53 
0.41 
0.31 
0.69 
0.65 
0.54 
0.37 
0.71 
0.91 
0.83 
0.48 

0.544 

GAS METER 
OUTLET T 

deg F 

128 

131 
132 
132 , 
134 
134 
135 
136 

131 

TOTAL GAS WITHDRAWN, 5 c f  = 47.39 
DRY GAS WITHDRAWN, scf  = 39.48 
WATER VAPOR WITHDRAWN, s c f  = 7.91 
PERCENT WATER VAPOR = 16.69 
ACTUAL WET FLOW RATE, acfm = 7,163.83 
STANDARD DRY FLOW RATE, scfm = 5,142.12 
PARTICULATE CONCENTRATION, grains/dscf = 0.1090 
PARTICULATE EMISSIONS,  lb/l000 I b  w e t  g a s  = 0.187 

PERCENT O F  I S O K I N E T I C  SAMPLING = 102.72 
PARTICULATE E M I S S I O N  RATE, 1 b / h r  = 4.87 

GAS 
VELOCITY 

f PS 

38.90 
40.93 
36.34 
28. 99 
42.44 
41.00 
35.79 
31.00 
46.69 
45.39 
41.28 
33.90 
47.53 
54.15 
51.53 
38. E1 

40.92 



.H ILLSHIRE K S I  3 OUT TEST i TABLE 2-10 9-19-91 

BAROMETRIC PRESSURE, in Hg = 29.300 
T I P  DIAMETER, in .2500 
STACK AREA, sq f t  = 3.141 
SAMPLING T I M E  PER POINT,  m i n  = 2.50 
NUMP.ER OF POINTS = 24 
GAS METER VI:lLUME, acf = 35.52 
WATER COLLECTED, m i l  = 135.00 
PARTICULATE COLLECTED, grams = 
co2 = 0.20 1 - 1 . 7  .- = 20.40 

SAMPLING 
PO I NT 

1 

3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

23 
24 

., .q 
L i  

AVG VALUES 

STACK P I  TOT 
TEMP DEL P 
deg F inches 

130 0.340 
135 0.380 
135 0.390 
135 0.420 
140 0.450 
135 0.450 
1'35 0.470 
135 0.420 
135 0.340 
140 0.320 
135 0.300 
135 0.300 
135 0.350 
135 0.400 
135 0.420 
135 0.450 
135 0.470 
135 0.470 
140 0.450 
135 0.380 
135 0.320 
135 0.320 
135 0.320 
135 0.300 

135 

0.0657 
CO = 0.00 N2 = 79.40 

OR I F  I C E  GAS METER 
METER OUTLET T 

i n c hes deg F 

0.92 45 
1.02 46 
1.05 47 
1.14 48 
1.20 49 
1.20 50 

50 1 .:,.7 

1.10 51 
0.90 52 
0.84 53 
0.78 54 
0.78 5 4  
0.92 58 
1.05 59 
1.10 59 
1. 15 60 
1.22 60 
1.22 62 
1.15 63 
1.00 64 
0.84 64 
0.04 65 
0.84 65 
0.78 65 

1.011 56 

. -- 

TOTAL GAS WITHDRAWN, scf = 41.24 

WATER VAPOR WITHDRAWN, scf  = 6.35 
PERCENT WATER VAPClR = 15.41 

.ACTUAL WET FLOW RATE,  acfn i  = 7,305.51 
STANDARD DRY FLOW RATE, scfm = 5,363.55 
PARTICULATE CONCENTRATION, grains/dscf = 0.0291 
PARTICULATE EMISSIONS,  l b / l 0 0 0  I b  w e t  gas = 0.050 

PERCENT OF ISCr t i INETIC  SAMPLING = 99.89 

.DRY GAS WITHDRAWN, 5cf = 34.88 

PARTICULATE EMIS5If:rN RATE, l b / h r  = 1.34 

GAS 
VELOC I T V  

f P 5  

36.39 
38.64 
39.14 
40.62 
42.22 
42.05 
42.97 
40.62 
36.55 
35.60 
34.33 
34.33 
37.08 
39.64 
40.62 
42.05 
42.97 
42.97 
42-22 
38.64 
35.46 
35.46 
35.44 
34.33 

30.76 



HI LLSHI RE KSI 3 OUT TEST 2 TABLE 2-11 9-19-91 

EAROMETRIC PRESSURE, i n  Hg = 29.300 
T I P  DIAMETER, i n  .2500 
STACK AREA, sq f t  = 3.141 
SAMPLING TIME PER POINT, n l i n  = 2.50  
NUMEER OF POINTS = 24 
GAS METER VOLUME, acf = 35.00  
WATER COLLECTED, m a l  = 141 ~ 00 
PARTICULATE COLLECTED, g r a m s  = 0.0699 
co2 = 0.20  0 2  = 20.40 ct:, = 0 .00  

SAMPLING 
PO I NT 

1 

3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12 
13 
14 
15 
16 
17 
18  
19 
20 
21 

23 
'> 4 

'7 - 

r., 7, 
L i  

L 

AVG VALUES 

STACK 
TEMP 
deg F 

135 
135 
135 
140 
135 
135 
135 
135 

, 135 
135 
135 
135 
135 
135 
140 
135 
135 
135 
135 
135 
135 
135 
135 
135 

135 

PITOT 
DEL P 
i n c h e s  

0.360 
0.360 
0.410 
0.460 
0.470 
0.470 
0 .450 
0.400 
0 .350  
0.300 
0 .300 
0.280 
0 .320 
0 .340 
0 .360 
0 .400  
0 .440 
0 .460  
0.440 
0 .400 
0 .360  
0 .340 
0 .300 
0.300 

O R  I F I C E  
METER 

i n c h e s  

0.94  
0 . 9 4  
1.16 
1 . 2 0  
1 7r.7 
1 . 2 2  
1.16 
1.05 
0 .92  
0 .78  
0 . 7 8  
0 .74  
0 .84  
0 .90  
0 .94  
1 .05  
1 .15  
1 .20  
1 . 1 5  
1.05 
0 .94  
0 .90  
0 .78  
0 . 7 0  

0.991 

. &- 

N 2  = 7 9 . 4 0  

GAS METER 
OUTLET T 

dey F 

5 0  
51 
5 1  
52 

53  
53 
54  
5 5  
55 
55 
55 
58 
5 9  
60  
60  
60  
60  
60  
61 

r .-, 
3 L  

6 2  
6 '7 L 

62 
6 2  

57 

TOTAL GAS WITHDRAWN, s c f  = 41.01 
DRY GAS WITHDRAWN, s c f  = 34.37 

* WATER VAPOR WITHDRAWN, s c f  = 6 .64  
PERCENT WATER VAPOR = 16.10 
ACTUAL WET FLOW RATE, acfm = 7 ,252 .03  

PART1 CULATE CONCENTRAT ION, gr a i n s / d s c f  = 0.031 4 
PARTICULATE EMISSIONS, l b / 1 0 0 0  l b  w e t  g a s  = 0.053 

PERCENT OF I S O K I N E T I C  SAMPLING = 100.08 

STANDARD DRY FLOW RATE, scfm = 5,275.57  

PARTICULATE EMISSION RATE, l b / h r  = 1 .42  

GAS 
VELOCITY 

f PS 

37.67 
37.67 
40.20 
42.75 

43.04 
42.11 
39.70 
37.14 
34.38 
34 .38  
3 3 . -- .?'? 

35.51 
36.60 
37.82 
39.70 
41.64 
42.58 
41.64 
39 .70  
37.67 
36 .60  
34.38 
34.38 

30.48 

43.04 



- H I  L L S H I  RE KSI 3 W T  TEST 3 TABLE 2-12 9-19-91 

BAROMETRIC PRESSURE, i n  H g  = 29.300 
T I P  DIAMETER, i n  .2500 
STACK AREA, sq f t  = 3. 141 
SAMPLING T I M E  PER POINT,  nlin = 2.50 
NUMBER OF POINTS = 24 
GAS METER VOLUME. a c f  = 34.72 
WATER COLLECTED, ml = 148.00 

coL7 = 0.20 0-3 = 20.40 
PARTICULATE COLLECTED, grams = 

SAMPLING 
POINT 

I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

23 
24 

.:,.7 -- 

AVG VALUES 

STACK 
TEMP 
deg F 

135 
135 
135 
140 
135 
135 
135 
140 
135 
135 
135 
135 
135 
135 
135 
140 
135 
135 
135 
135 
135 
135 
135 
135 

136 

P I  TIZIT 
DEL P 
i n c h e s  

0.330 
0.350 
0.370 
0.400 

0.460 
0.430 
0.400 
0.370 
0.320 

0.300 
0.350 
0.360 

0.460 
0.470 
0.480 
0.440 
0.400 
0.360 
0.340 
0.300 
0.280 

m. 440 

0.300 

m. 400 

0.0637 
co = 0.m NZ = 79.40 

CIA I F  I CE GAS METER 
METER OUTLET T 

i n c h e s  deg F 

0.86 52 
0.92 53 
m. 98 54 
1.05 54 
1.15 54 
1.20 54 
1.12 55 
1.05 56 
0.98 57 
0.04 58 
m. 78 59 
0.78 59 
0.92 61 
0.94 62 

1. 20 62 
63 1. - 2  

1.25 64 
1. 15 64 
1.05 65 
0.94 65 
0.88 65 
0.78 65 
0.74 65 

1. m5 62 

.-,.- 

0.993 60 

TOTAL GAS WITHDRAWN, s c f  = 41.08 
DRY GAS WITHDRAWN, s c f  = 34.11 
WATER VAPOR WITHDRAWN, s c f  = 6.97 
PERCENT WATER VAPOR = 16.96 

STANDARD DRY FLOW RATE, scfm = 5,246. E2 
PARTICULATE CONCENTRATION, grains/dscf = 0.0188 
PARTICULATE EMISSIONS,  lb/l000 lb w e t  gas = 0.049 

PERCENT OF I S O h I N E T I C  SAMPLING = 99.85 

ACTUAL WET FLOW RATE, a c f m  = 7, ' 82 .82  

PARTICULATE E M I S S I O N  RATE, l b / h r  = 1.29 

GAS 
VELClCI TY 

f P S  

36.12 
37.20 
38.25 
39.93 
41.71 
42.64 
41.23 
39.93 
38.25 
35.57 
34.44 
34.44 
37.20 
37.73 
39.77 
42.82 
43.11 
43.56 
41.71 
39.77 
37.73 
36.66 
34.44 
33.27 

38.64 



I 1 

2 2 Formaldehyde Emissions 

Testing to determine the formaldehyde emissions was performed 
using the sampling and analytical procedures of NIOSH Method 
3500. A further description of the method is included in 
Section 3.2. 

The formaldehyde emission limit specified for KSI-2 and KSI-3 
in the permit 1 5  0.007 Ib/hr. however, a footnote in the 
permit indicates that this limit may be subject to change 
pending the test results. The results of the formaldehyde 
testing were as follows: 

KSI-2 

KSI-3 

Formaldehyde 
into Scrubber 

Rate _ _ _ _ _ _ _ _ _ _ _ _ _  
0.066 lblhr 
0.071 lblhr 
0.064 lblhr 

0.067 Iblhr 

Formaldehyde 
into Scrubber 

Rate __--___-----_ 
0.071 lblhr 
0.057 lblhr 
0.067 Iblhr 

0.065 Iblhr 
----__---- 

Formaldehyde 
Em i s s i on s 

Rate 

0.029 lblhr 
0.039 I b / h r  
0 . 0 3 0  Iblhr 

0.033 lblhr 

-__-_____--_ 

_ _ - _ _ _ _ _ _ _ _  

Forma I d eh yd e 
Emissions 

Rate 

0.035 Iblhr 
0.026 lb/hr 
0.034 lblhr 

------------ 

0.032 lblhr 

2.3 Acetic Acid Emissions 

Testing to determine the acetic acid emissions was performed 
using the sampling and analytical procedures outlined in EPA 
Method 18, direct interface wlth the gas chromatograph. A 
further description of the method 1 s  included in Section 3.3. 



The acetic acid emission limit specified for KSI-2 and KSI-3 
in the permit is 0.303 Iblhr. The test results are 
summarized below: 

KS1-2: Acetic Acid Acetic Acid 
lnto Scrubber Emissions 

Rate - -____-_____ Rate TESL - - - -_____-___ 
1 
2 
3 

--_ 
Avg 

KSI-3: 

Test 

1 
2 
3 

Avg 
-__  

.267 lblhr 
,256 Iblhr 
,250 Iblhr 

,258 Iblhr 
- - - - - - - - - - 

Acetic Acid 
into Scrubber 

Rate - - - -____--___ 
,214 lblhr 
,222 lblhr 
.202 lblhr 

. 2 1 3  Iblhr 
_ - _ _ _ _ - _ _ _  

.193 lblhr 
,161 lblhr 
.119 lblhr 

.158 lblhr 
- _ _ _ _ _ _ _ _ _ _  

Acetic Acid 
Em i s s i on s 

Rate . - - - - - - _ _ - - _ 
.136 lblhr 
.139 lblhr 
.129 Ib/hr 

,135 lblhr 

2.4 Organic Compound Emissions 

The testing was performed using an on-site gas chromatograph 
as outlined in EPA Method 18 - "Measurement of Gaseous 
Organic Compound Emissions by Gas Chromatography." A 
description of the method is given in Section 3 . 3 .  

The permit for KSI-2 and KSI-3 specifies that organic 
compound emissions be controlled by at least 8 5  %.  Organic 
compounds include acetic acid. formaldehyde, and the other 
unidentified organic compounds which were quantified as 
acetaldehyde. The results of the testing were as follows: 

KSI-2 TOTAL ORGANIC COHPOUNDS 
into Scrubber Emissions Control 

T E A  ----___------ Rate - - --- Rate - - -- - - - E f f i G i E K Y  

1 3.66 lblhr 0.72 lblhr 80 % 
2 4.17 lblhr 0.59 lblhr 86 % 
3 4 . 4 2  Iblhr 0.56 Iblhr 87 % - - -_______-  _ _ _ _ _ _ _ _ _ _ _  ----_ _ _ _  

Avg 4.08 lblhr 0.62 lblhr 85 % 



KSI-3 TOTAL ORGANIC COMPOUNDS 
into Scrubber Emissions Control 

Test ------__----- -_--________ Rate ELLiciEKY Rate 

1 2.34 lblhr 0.57 Iblhr 76 % 
2 3.30 lblhr 0.66 lblhr 80 x 
3 2.66 lblhr 0.65 lblhr 75 x 

A"g 2.77 lblhr 0.63 Iblhr 77 % 

_ - -_______-  - - -__ --- -------_--- 

2.5 Visible Emissions 

The visible emissions from each of the smokehouse stacks was 
observed in accordance with the procedures outlined in EPA 
Method 9 The permit for KSI-2 and KSI-3 specifies that the 
visible emissions not exceed 20 % opaclty. The highest six 
minute average opacity f o r  each smokehouse stack was as shown 
below: 

MAXIMUM 6 MINUTE 
OPAC 1 TY STACE - - - - _- - 

KS 1 - 2  
KSI-3 

10.0 % 
10.2 % 



3.0 METHODS OF TESTINQ 

3.1 Particulate Emissions 

The equipment used to sample was the Western Precipitation 
Division of the Joy Manufacturing Company Emission Parameter 
Analyzer. Samples were collected and analyzed in accordance 
with E P A  Method 5 ( 4 0  CFR. Part 6 0 ,  Appendix A ) .  

The sampling train consisted of a stainless steel probe tip. 
a heated probe, a heated glass cyclone and flask, and a 
heated filter holder with a tared filter. A series of four 
impingers followed in an ice bath. The first was a modified 
Greenburg-Smith impinger with 100 ml of distilled water; the 
second was a Greenburg-Smith impinger with 100 ml of 
distilled water; the third was a modified Greenburg-Smith 
impinger dry; the fourth was also a modified Greenburg-Smith 
impinger containing a tared quantity of Silica Gel. The gas 
then passed through a vacuum pump, calibrated dry gas meter, 
and a calibrated orifice. A schematic drawing of the 
sampling train is included as Figure 3-1. 

The temperatures of the stack gas stream, as well as 
strategic locations within the sampling devices, were 
monitored by RTDs and read directly from a gauge on the 
control unit. 

The initial gas stream velocity was obtained from a 
preliminary traverse using an "S" type pitot tube. The 
initial moisture was estimated from previous tests of similar 
processes. This data, along with the stack temperature. was 
used to set a nomograph s o  that rapid calculations of 
isokinetic sampling conditions could be made during the test. 

The principle of t h e  method was to collect a representative 
sample of the exhaust gas stream. This was done by adjusting 
the sample collection velocity to match the exhaust g a s  
stream velocity at the point of collection. The velocity at 
the point of collection was measured with an " S "  type pitot 
tube attached to the probe and the collection velocity was 
matched to the stack gas velocity by adjusting the flow as 
indicated by the calibrated orifice. 

To determine the molecular weight of the stack gas, 
integrated samples were collected from the stack and analyzed 
on-site with an Orsat analyzer for percentage C02. 0 2 .  and 
N 2 .  



At the completion of the test, the probe tip and probe were 
washed with acetone which was placed in a tared beaker and 
evaporated to dryness at room temperature. The filter and 
beaker were then desiccated to the tared humidity conditions 
and weighed. The impinger contents were measured and weighed 
for determination of the actual moisture content of the 
exhaust gas stream. The first three impingers. as well as 
the probe and glassware following the filter, were then 
rinsed with acetone which was placed in a tared beaker and 
evaporated to dryness at room temperature. The impinger 
water was subjected to organic compound extraction using 
1,1.2-trichloro-1.2.2-trifluoroethane. The extract was 
evaporated in tared beakers at room temperature. Following 
the organic compound extraction, a 188 milliliter aliquot of 
the remaining water was evaporated to dryness in a tared 
beaker at 2 2 0  F. 

The combined weight of the filter catch, the probe and tip 
washing residue and the three beaker residues from the "back- 
half" analysis for condensible particulate matter (acetone 
rinse, organic compound extract, and impinger water residue 
corrected to account for the aliquot size) were used to 
determine the emission rates. 

A computer was used to calculate the stack velocities, 
emission concentrations, emission rates and volumetric flow 
rates using the field and laboratory data. 

3 . 2  Formaldehyde Emissions 

Samples for formaldehyde were obtained using NIOSH Method 
3500 as recommended by the Wisconsin DNR for toxic air 
emissions sampling. 

The sampling train consisted of a glass probe connected to 
midget impingers by tygon tubing; a s e r i e s  of three midget 
impingers were placed i n  an ice bath. The first two 
impingers each contained 1 5  milliliters (ml) of absorbing 
solution (1% sodium bisulfite). and the third was dry to 
serve as a trap for carry-over of any liquid. The gas then 
passed through a silica gel tube to trap all water vapor 
prior to the sampling pump and dry gas meter. A schematic of 
the sampling train is included as Figure 3-2. 

The principle of the method was to collect a representative 
sample of the exhaust gas stream by placing the probe at a 
single point in the duct and sampling for a 68 minute period 
at a nominal sampling rate of 1 liter per minute. The 
testing was coordinated with the particulate emissions test 
runs. At the completion of each test, a leak check was 
performed. 



3 . 3  Acetic Acid and Total Organic Compound Emissions 

Sampling for organic compounds was performed in accordance 
with EPA Method 18 - "Measurement of Gaseous Organic Compound 
Emissions by Gas Chromatography." 

Samples were drawn from the exhaust gas stream using a glass 
syringe. with volume of one cubic centimeter (cc). Samples 
taken from the stack were injected directly into the heated 
injection port of an Analytical Instruments Corporation ( A I D )  
Model 511 portable GC. The GC conditions were as follows: 

Column 
Temperature 
Carrier Gas 

DC 200 
106 C 
Nitrogen at 20 cclmin 

Recorded chromatograms were obtained using a Hewlett Packard 
Model 3389A integrator. 

Standard concentrations of acetaldehyde and acetic acid were 
prepared by injecting a known quantity of each solvent into a 
1 liter flask which was gently heated (hot water bath) to 
assure complete vapor,ization; after heating. the standard was 
allowed to return to standard temperature conditions. 

A 1 cc sample of the calibration standard was injected into 
the GC and the concentrations of the exhaust gas stream were 
then determined by comparing the response of the standards to 
the response to the exhaust duct samples. Retention tlme 
was used to identify the acetic acid and the GC response to 
the acetic acid standard was used to quantify the acetic acid 
in the exhaust gas stream The acetaldehyde standard was 
then used to quantify the remaining compounds seen on the 
chromatogram, that is. the area under all of the peaks except 
acetic acid were totaled and then compared to a standard 
concentration of acetaldehyde. 

The compound concentrations were then used in conjunction 
with the exhaust gas flow rates to determine both the acetic 
acid and total organic compound emission rates in units of 
pounds per hour (Iblhr). 

3 . 4  Visible Emissions 

The visible emissions from each of the smokehouse stacks was 
observed in accordance with the procedures outlined in EPA 
Method 9. 
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4 . 0  CALIBRATION DATA 

The probe tips. pitot tube, d r y  gas meter, and orifices were 
calibrated prior to the particulate and particle sizing 
testing according to procedures outlined in the Maintenance, 

- Eqgipzgn_t as published by the EPA. The values obtained were: 
CaLLbLatlnn. snd OQeLatLnn e1 I s&l"c t l c  snnLce-samelLes 

Probe tip diameters d = 0 . 2 5 0 "  

Orifice coeff. dH@ = 1.77 
Pitot tube coeff. cp = 0 . 8 5  

The dry gas meter presently installed in the control box is 
a temperature compensating meter. The correction factor for 
the dry gas meter is represented by: 

Gama = 1 . 0 0 2  + ((Td - 7 0 )  x ,00012) 

where: Td = Dry Gas Meter Temperature 

The dry gas meter used for the formaldehyde testing was not 
temperature compensated; therefore, all of the sample volumes 
were corrected for temperature to 6 8  F. The coefficient 
of this meter was 1.020. 

The most recent calibrations were performed August 5 ,  1991. 



APPENDIX A 

SAMPLE CALCULATIONS 

- - - - - - - - - 



.. 
SAMPLE CALCULATION 

. BAROMETRIC PRESSURE, An Hg (Pb) = 29.200 
STACK PRESSURE, in Hg (Pb + Pgl13.6) = 29.178 
TIP DIAMETER, in (An PI*D^2/576) = .2458 
STACK AREA, sq ft (A) 18.560 
SAMPLING TIME PER POINT, min = 2.50 
NUMBER OF POINTS = 24 
GAS M€JXR VOLUME, acf (Vm) 66.06 
WATER COLLECTED, ml (Vf - Vi) = 86.00 
PARTICULATE COLLECTED, grams (Mn) = 0.0755 
C02 = 0.60 0 2  = 21.00 co = 0.00 N2 = 78.40 
Wl3 MOLECULAR WEIGHT, lblmole (Ms) 28.45 

SAMPLING STACK PI TOT OR I F I C E  GAS METER 
PO I NT TEMP DEL P DEL H OUTLET T 

deg F inches inches deg F 

1 
2 
3 
4 
5 
6 
7 
8 
9 
18 
1 1  
1 2  
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

110 
110 
110 
110 
110 
110 
118 
110 
110 

110 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 

i i a  

1.450 
1.350 
1.350 
1.380 
1.250 
1.250 
1.050 
1.000 
1.000 
1.650 
0.950 
0.950 
1.300 
1.250 
1.200 
1.200 
1.150 
1.150 
1.858 
1.150 
1.000 
1.100 
1.050 
8.900 

4.05 
3.75 
3.75 
3.70 
3.60 
3.60 
2 , 9 5  
2.85 
2.85 
2.95 
2.75 
2.75 
3.70 
3.60 
3.40 
3.40 
3.30 
3.30 
2.95 
3.30 
2.85 
3.15 
2.95 
2.55 

32 
32 
32 
3 2  
32 
32 
32 
32 
34 
34 
38 
38 
42 
42 
42 
42 
44 
46 
48 
48 
50 
50 
50 
50 

GAS 
VELOC I TY 

f p s  

72.51 
69.97 
69.97 
68.66 
67.33 
67.33 
61.71 
60.22 
60.22 
61.71 
58.69 
58.95 
68.96 
67.62 
66.26 
66.26 
64.86 
64.86 
61.98 
64.86 
60.48 
63.43 
61.98 
57.38 

AVG VALUE5 1 1 3  3.250 40 64.42 

TOTAL GAS WITHDRAWN, scf 69.39 
DRY GAS WITHDRAWN, scf (Vmstd) = 65.35 

. WATER VAPOR WITHDRAWN, scf (Vwstd) = 4.05 
PERCENT WATER VAPOR (%H20) = 5.83 
ACTUAL WFT FLOW RATE. acfm = 40,819.39 

PARTICULATE CONCENTRATION. grainsldscf (Cs) = 8.018 
PARTICULATE EMISSION RATE, lblhr (ER) = 5.325 
PARTICULATE EMISSIONS. lbl1000 lb (EC) = 0.633 
PERCENT OF ISOKINETIC SAMPLING ( 1 )  = 101.67 

- STANDARD DRY FLOW RATE. scfm ( Q s )  = 34.558.69 



1 .  DRY MOLECULAR WEIGHT (Md) Ibllb-mole 

Hd = .44+% C02 + .32*%02 + .282+%N2 + .28+%CO 

2. WATER VAPOR PERCENT ( X H Z O )  

Vw std = 0.04707+(Vf - Vi) 

where: Vw std = standard cubic feet of water vapor 
Vf = Final volume of impingers, ml 
vi = Initial volume of imprngers, ml 

%Ha0 Vw std + 100/(Vm std + Vw std) 

where Vm std = standard cubic feet of gas sampled 

3 .  WFT MOLECULAR WEIGHT ( M s )  lbllb-mole 

Ms = Md*(l - %H20/100) + 18*%H20/100 

4. STACK PRESSURE (PSI in. Hg 

Ps = Pb + Pgl13.6 

where: P b  = barometric pressure (uncorrected). in. Hg 
Pg = stack gauge pressure, in. H20 
13.6 = specific gravity of mercury (Hg) 

5 .  AVERAGE S T A C K  V E L O C I T Y  ( V s )  feet per second 

V s  = Kp+Cp* (DELP) Tsavg/(Ps*Ms) 

where: Kp = 85.49 unit converslon 
Cp = 0.85, pitot tube calibration factor 
DELP = square root of velocity head, ln. H20 
Tsavg = average stack temperature, deg R (460+F) 
Ps = stack pressure 
Hs = wet molecular weight 

6. S T A C K  GAS FLOW R4lX ( (3s )  std cubic feet per mlnute 

0 s  = 60*(l - XH20 

where: A = stack 
528 = std 
29.92 = s 

100)*VsrA*(528+Ps/Tsavg/29.92) 

area, ft2 
temperature, deg R 
d pressure, in. Hg 



7. DRY GAS VOLUME (Vm std) std cubic feet 

Vm std = GAMA*(Vm-(AL-.82)t)*(Pb+DELH/13.6)/29.92 

where: GAMA = dry gas meter calibration factor 
Vm volume of dry gas metered, cubic feet 
AL = post test leak rate, cubic feet per minute 
t = total time of test, minutes 
DELH = average orifice pressure drop, in.H20 

8. PARTICULATE CONCEWlTATION (Cs) grainsldry std cubic foot 

Cs = Mn W 15.43lVm std 

where: Mn = particulate captured, grams 
15.43 = grains per gram 

9. MISSION RATE (ER) pounds per hour 

PMRA = Mn*Aw681(t*An*453.6) AREA METHOD lblhr 

PMRC = Cs*Qs*68/(15.43w453.6) CONC. METHOD lblhr 

ER = (PMRA + PMRC)/2 

where: An area of sampling nozzle, square feet 

18. EMISSION CONCENTRATION (EC) Ib/lBBB Ib exhaust gas 

EC = ER 386788 * (l-%H20/188)l(~s~68*Hs) 

where: 386788 = cubic feet per Ib mole 1 8 8 8  

11. ISOKINETIC SAMPLING PERCENTAGE ( I )  % 

I = PMRA/PMRC 



sANPrE EALfPLATLPYS 
for 

Single Point (non-isokinetic) Sampling 

1 ,  DRY GAS SAUPLE VOLUUE (Vm m3, std). std cubic meters 

Vm m 3 ,  std = G A H A + ( V m ) . ( P b ) / 2 9 . 9 2 r 5 2 8 1 T m a v g * B . B 2 8 3 2  

where: GAMA = dry gas meter calibration factor 
Vm = volume of dry gas metered. cubic feet 
Tmavg = average meter temperature, deg R (468+F) 
528 = std temperature, deg R 
0.02832 = cubic meters per cubic foot factor 

2 .  EMISSION CONC§NTRATION (EC). milligrams per 6td cubic meter 

EC = (mg-mgb)/(Vm m3. std) 

where: mg = milligrams of compound found In sample, 
determined from comparison to a generated 
standard curve 

mgb = milligrams of compound found in "blank" 
sampling media 

3 .  MISSION RATE (EFt). pounds per hour 

ER = E C + ( Q s ) * B . 8 2 6 3 2 * 6 8 . ( 1 / 4 5 3 6 ~ ~ )  

where: a s  = stack gas flow rate. std cubic feet per minute 
6 8  = minutes per hour factor 
11453688 = pound per milligrams factor 

13010 WEST BLUEMOUNO ROAD ELM GROVE. WISCONSIN 63122 . TFI FP 
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F I E L D  8 LABORATORY DATA SHEETS 
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LABORATORY DATA SHEET 
PAHTICULATZ & WATER COLLECTED 

JOB N A ~  d t / > h ,  DATE OF TEST 4 - h  .9/ 
J O B  N O .  TEST ENGINEER /M 3-d 

R U N  N O .  / STACK I S /  z ,j 
SAMPLE BOX FILTER / g T !  WASH BOTTLZ - 
BEAKERS1 FH Ace 13 BH T r i c h l  7 BH Ace ' 9  BH H20 

WATEA COLLECTED 
I rnDiuer  No. F i n a l  W t .  - E I n i t i a l  W t .  - g C o l l e c t e d  - g 

I /c;zI 2L A 
I_ 9 1 3g /cJ[) - A 
7 3 -  n 

5iL Lt-c G Q b  LIW b 
WATER TOTAL 99 

5 

I PARTICULATE TOTAL 0.2047 



LABORATORY DATA SHEET 
PAHTICUiAT3 & WATER COLLECTED 

JOB NAME H: 115 /, / y  DATE OF TEST o - z o  y /  

J O B  N O .  TEST ENGINEEi? J”3-I-/ 

R U N  N O .  7- STACK L j i  T/ I .J 

I 

2 

FILTER ILJ7 Zr WASH BOTTLZ - / 
SAMPLE BOX 3, 

BEAKERS1 FH Ace 1 ;  BH T r i c h l  A BH Ace /C. BH H2O 

WATEA COLLECTED 
ImDiwer No. Final W t .  - g I n i t i a l  W t .  - 4 C o l l e c t e d  - g 

I Gq /G 0 L7 I 
A IW Ini,-- 

PARTICUIATE COLLECTED 

b l a n k  r‘inal A t .  Tare b u t .  Collected - jz 
F i l t e r  0.91 7 3  L L a L l i i  0- I245 
FH Wash O-Om? 45 <5Z& %.5%7 L 0- 3217 

FILTERABLE TOTAL 0 -  1Sl.t 

E x t r a c t  68 t?-/Ld- b8 . 0 . o Y S O  

Acetone O.ouO3 941 LJ lt 2 - %Q&L 0 -  oz-% 

CONDENSIBLE TOTAL 0 [OS+ 

-- 

Water 0 o@L A!&!& I / /  L, 5 k‘l‘l - C) -- - 032b- 



LABORATORY DATA SHEET 
PARTICUUTC & WATER COLLECTED 

J O B  NAME Afl5A,* DATE OF TEST 0 - 2 0 .  Y j 

JOB N O .  TEST ENGINEER dJl-/  
I 

R U N  N O .  3 STACK b?Sf 7 / J  

2_ 

SAMPLE BOX FILTER 14 7 7  WASH BOTTLZ 
BEAKERSI FH Ace ,7 BH T r i c h l  ? BH Ace / U  BH H20 

- WATEFf COLLZCTED 
I n i t i a l  W t .  - g C o l l e c t e d  - g I m D i n g e r  &. Final W t .  - 6 

I r 7 i 7  /a 7’1 
-2- If4 AL- A 
7 2- 0 -2L- 

5 I c 6 t’c 6 90 GB7 8 
WATER TOTAL io 9 

PA RTI CU LATE C 0 LLECTED 

blank Final fit. T a r e  b u t .  Collected - .e 
0 *go 2 7  0. I L L L  F i l t e r  -cl&l - 

4f.%G 9./ -3 JG 7 0 O l 7 0  

FILTERABLE TOTAL 0. I 
FH Wash 0 W q  

72. u 5  0 71 1723  0.  O S Z  

93 3363 2WLQiLL 6 D 3 0 0  

E x t r a c t  0. -2 
Acetone 0 -5 
Water 0c;Co z /oy 7978 ,09 77 oo (3Cr l )  - 0.0831 -- -- 

CONDENSIBLE TOTAL 0-1 6 5 3  



WBORATOHY DATA SHEET 
PAHTICULATL & WATER COLLECTED 

DATE OF TEST L .  70 y I 

TEST ENCINEEA W,-O 

JOB NAME dt / / 5 i .  -? 

J O B  N O .  

k s /  Zo.,/ 
-- 

RUN N O .  / STACK 

SAMPLE BOX 1 FILTER 
BEAKERS1 FH Ace 1 BH T r i c h l  L- BH Ace 2 BH H 2 0  A 

; L / b f J  WASH BOTTLE 

WATER COLLECTED 
F i n a l  W t .  - g I n i t i a l  W t .  - g C o l l e c t e d  - 6 Impinjxer &. 

I IbL ) c.0 BL 
2 I lG 2 L -  16 
7 3 -  0 3 

5 I c L t z  6BL b 7 7  5 

WATER TOTAL 106 

PARTICULATE COLLECTED 

b l a n k  S i n a l  d t .  Tare b u t .  C o l l e c t e d  - p 

0- 8 2% 0 k5041 i). o ld9  F i l t e r  

FH Wash 0 L-kYl? %L!&!f 4'6; 60 j.3 0 oz7q 
FILTERABLE TOTAL 0 0468  

PARTICULATE TOTAL 



LABORATORY DATA SHEET 
PAHTICUir\TZ & WATER COLLECTED 

J O B  NAlUE I 5 ,m! DATE OF TEST 6-b-?'  
J O B  N O .  TEST ENGINEEi3 w'lj 9 

R U N  N O .  z STACK b 5 j  2 -)Jt 

BEAKERSI FH Ace 5Z BH T r i c h l  9 BH Ace L/ BH H20 -& 
SAMPLE BOX 7 FILTER I 4 L q  WASH BOTTX - 

- WATEil COLLZCTED 
Impinger &. F i n a l  W t .  - g I n i t i a l  W t .  - g C o l l e c t e d  - g 

39 G 3 3  A - 
5 1 L G f /  

WATER TOTAL l o  5 

PARTICULATE COLLECTED 

blank r'inal dt. Tare b u t .  C o l l e c t e d  - g 

F i l t e r  o-blqq t3 7 5 3 9  0. 0 2 4  0 

FILTERABLE TOTAL 0 . 0 2  $ 5  
FH Wash 0 om? 10 2- 6 061 / O L  59h.5 D07< 

PARTICULATE TOTAL 007 00 



UBOPATORY DATA SHEET 
PARTICULATA & WATER COLLECTED 

JOB NAIMLE h! 1 ~ ~ 1 , ~ ~  RATE OF TEST L - z o - V /  

JOB N O .  T E T  ENGINEER JJn 

R U N  NO. 3 STACK &,SI c? pc, 

- 

SAMPLE BOX 3 FILTER ,470 WASH BOTTU -.- 
BEAKERS1 FH Ace 5 BH T r i c h l  A BH Ace 6) BH H20 - 
WATE2 COLLECTED 
ImDiwer &. F i n a l  W t .  - g I n i t i a l  W t .  - e; C o l l e c t e d  - g 

I 180 -00 Bo 
1 I 2 2  I oo--- Zz-  

7 3 0 - 3 - 
S l L  G€c 650 LJq s' 5 

WATER TOTAL Ilo 
PA RTI CU U T E  COLLECTED 

b l a n k  
F i l t e r  

FH Wash O-oodl 

E x t r a c t  p . 6  
Acetone 0. om3 

Water 0. C O C L  

FILTERABLE TOTAL o-oq I C ,  

PARTICULATE TOTAL 0- 07 <s 



I 

U B O F W T O H Y  DATA SHEET 
PAHTICU-iATZ & WATER COLLECTED 

JOB NAME A f/s 1 1,ry DATE OF TEST 6 - 1 9 -  7 1  

JOB N O .  TEST ENCINEEA r?Jd 

R U N  N O .  I STACK k5 /  .: 1 I: 

/ 

SAMPLE BOX FILTER 142 z WASH B0TTI.d 
BEAKERS1 FH Ace 1 BH T r i c h l  BH Ace 7 BH H20 - 4 

WATEA COLLZCTED 
Imuinger No. W t .  - In i t i a l  W t .  - 4 C o l l e c t e d  - 4 

I Z‘.rl) /a, / 00 

i-iL c 7 14 -L ‘i>o_-- 

PARTICUIATE COLLECTED 

S i n a l  d t .  T a r e  b u t .  C o l l e c t e d  - E blank 
F i l t e r  LLuLkL 0.807 7 6. I3S.t 

FH Wash 0 - 7  9l-03$7 (?& 6 0 5 7  0 03t7 

FILTERABLE TOTAL c .  Ib73 

PARTICULATE TOTAL y L 3  99 
e+ fd ar, 



LABOIUTOHY DATA SHEET 
PAHTICUiATZ & WATER COLLECTED 

J O B  NAME A ,  /I, 1K-f DATE OF TEST L - / 7  - v /  

R U N  N O .  2 STACK L-51 .7 7 ,J 

J O B  N O .  TEST ENGINFER .M ~-r/  

SAMPLE BOX < FILTER /q tls’ WASH BOTTLZ - 
BEAKERSi FH Ace BH T r i c h l  I /  BH Ace -f BH H20 

WATEA COLLZCTED 
Irnpiwer &. Final W t .  - g I n i t i a l  W t .  - g C o l l e c t e d  - g 

I 21 5 2- I (  5 

L 2- D - L 
z1> -- 2. 1-20 1 {lo 

> I C  LF‘L G7.9 L7B \Z 

WATER TOTAL 151 

PARTICULATE COLLECTED 

3inal N t .  T a r e  b u t .  C o l l e c t e d  - g blank 
F i l t e r  0- 9027 0 P o Y 7  0 0430 

0. ozlr’l / I  PH Wash 0 Woq /o-? 6 Z ~ f  /o  L’. s 7k.L 
FILTERABLE TOTAL 0.1 I q ?  

PARTICULATE TOTAL G 9 - 3 2  



UBORATORY DATA SHEET 
PARTICUWTS & WATER COLLECTED 

J O B  WE A), f/>\v.T. DATE OF TEST 6 -/’i-’i / 

J O B  N O .  TEST ENCINEEd Jd  / 

RUN N O .  3 STACK IC51 3 d 

d SAMPLE BOX ,, FILTER l Y Z 6  WASH BOTTE 

BEAKERS1 FH Ace 2 BH T r i c h l  BH Ace 6 ,  BH H20 A 
WATEA COLUCTED 
Irnuiwer No. F i n a l  W t .  - g I n i t i a l  W t .  - g C o l l e c t e d  - g 

119 21 9 1 cr,: 1 I 
2 

3 

127 / 0.4 27 

6 8,L LLq / p  
4 0 - - + 

> IL  I ,  F C  

WATER TOTAL 

PA RTI CU U T E  COLLECTED 

blank 
F i l t e r  

FH Wash o . m ?  

E x t r a c t  o.iO6 

A c e t o n e  0--3 
Water 0- -2 



WBOMTORY DATA SHEET 
PARTICUWTd & WATER COLLECTED 

R U N  N O .  I STACK ,k G /  3 d r J  

WASH B O T T E  SAMPLE BOX 1 FILTER 1q G.l 
BEAKERS1 FH Ace 7 BH T r i c h l  /O BH Ace 2 BH H20 /B 
WATEA COLECTED 
Irnuinger No. Final W t .  - g 1- C o l l e c t e d  - 6 

PARTI CU IA TE COLLECTED 

blank F ina l  dt. T a r e  b u t .  C o l l e c t e d  - g 

0 t?iG 0 7977 (>. 0 I S  I 

0. ol I 7  
FILTERABLE TOTAL 0. D ZGf3 

F i l t e r  

FH Wash 0 O W ?  93'8031 9.3 f 9 b C  

PARTI CULATE TOTAL c obs7 
3z 7 i-. 

- -  (I--+ 1 
- 3.21 

lo0 



WBOMTORY DATA SHEET 
PAHTICULATZ & WATER COLLECTED 

2 
JOB NAIILE /In r k h , - t  DATE OF TEST 6-15 - y t  

J O B  N O .  TEST ENGINEER w3-!? 

k.51 7 0.) 1 R U N  N O .  7' STACK 

SAMPLE BOX 2- FILTER I q ( < , %  WASH BOTTLZ 
BEAKERS1 FH Ace BH T r i c h l  BH Ace / r ,  BH H20 - 
WATER COLLZCTED 
ImDi rge r  No. Final W t .  - E I n i t i a l  W t .  - g C o l l e c t e d  - g 

I48 L c o  76 
2 Y 7 /OD-- ZY 
2.- 0 - "r 

5lL 6 W - L  637 1,3q < 

I 

WATER TOTAL (4 1 

PA RTI CU U T E  COLLECTED 

Final d t .  Tare b u t .  C o l l e c t e d  - g blank 
17 *,-7lL[/2 

0-Oaq I 
F i l t e r  

FH Wash 0 fl 
FILTERABLE TOTAL O . G Z 5 7  

PARTICULATE TOTAL C.ObC1 7 



WBOPATOHY DATA SHEET 
PAHTICUWTZ & WATER COLLECTED 

J O B  NAIkIE A U > / A  DATE OF TEST L-l?-yl 

J O B  N O .  TEST ENGINEEII LJ30 
7 

R U N  N O .  3 STACK 2 5{ < , , j  
7 

SAMPLE BOX 3 F1 LTER - WASH BOTTLZ 
BEAKERS1 FH Ace BH T r i c h l  12- BH Ace - f Z- BH H20 

WATEA COLLECTED 
Impiwer No. F i n a l  W t .  - g I n i t i a l  W t .  - g C o l l e c t e d  - g 

1 208 / a  I& 

d- 0 4 
~ / U d  -- z 131 

7 
3 

5 l c  6 C L  GJ4? & \ 5 
WATER TOTAL 17% 

PA RTI CU LATE COLLECTED 

b l a n k  r’inal d t .  T a r e  b u t .  C o l l e c t e d  - g 
F i l t e r  LLtkiL 0 6 d I  (3 .  0- In 
FH Wash O - m ?  /oz. z-7-iz / d ? - Z , / ? .  oorzl 

P I  LTERABLE TOTAL 0 . 0 3  7,1 

E x t r a c t  0 , d W q  68 - b H  t3 GPG516 ( l w \ L ?  

Water - C z u &  m223.4 /fly 7(?90 (3 4.i) - -  Q .Oc7’=i 4 -- 
Ace tone 0 .m3 l05.~/LfC /LE--+ s3 0.00 g 4  

CONDENSIBLE TOTAL 0 0 3 i o  

PARTICULATE TOTAL c?Qoc37 
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l L *  0n0vc. 1 1 1 .  mala2 - 1414178C219 I 
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