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On August 2, 1996, Environmental Technology b Engineering 
Corporation personnel performed a stack emission test on the 
Northeast Asphalt, Inc. Control 63 asphalt plant located in 
Larsen, Wisconsin. The average of the three particulate 
tests show the emissions to be well below the limit of 0.039 
grains of particulate matter (front half only) per dry 
standard cubic foot (gr/dscf) as specified by the State of 
Wisconsin Department of Natural Resources (DNR) by permit. 
The numerical test results are summarized below: 

Test Emissi ons % of Allowable 

1 
2 
3 

AVG 

0.004 gr/dscf 10.3 % 
0.003 7 . 7  
0.003 7 . 7  

0.003 gr/dscf 0 . 5  % 
----- ---- 

The permit further limits the particulate emissions to be 
less than 0.3 pounds of total particulate per 1,000 pounds of 
exhaust gas. The measured emissions were also well below 
this limit as summarized below: 

Test Emissions % of Allowable 

1 
2 
3 

AVG 

0.011 lb/1000 lb 3 . 1  % 
0.011 3.7 
0.009 3.0 

0.010 lb/1000 Ib 3.4 % 
----- ---- 



In addition, the permit also required testing for 
formaldehyde emissions. The following table presents the 
numerical results: 

Test 

1 
2 
3 

AVG 

Additional 
emissions. 
results: 

Test 

testing 
The fo 

1 
2 
3 

AVG 

0.12 Ib/hr 
0.26 
0.44 

0.27 Ib/hr 
----- 

0.0003 lb/ton 
0.0006 
0.0011 

0.0007 lb/ton 
------ 

was performed to determine the benzene 
lowing table presents the numerical 

LB/HR LB/TON 

0.03 lb/hr 0.00007 1 b/ ton 
0.03 0.00006 
0.02 

0.03 Ib/hr 
----- 0.00005 

0.00006 
------ 

b/ton 



1.0 GENERAL 

On Friday, August 2 ,  1996, Environmental Technology and 
Engineering Corporation personnel performed a stack emission 
test on the Northeast Asphalt Control 63 drum mix asphalt 
plant located in Larsen, Wisconsin. The test was a provision 
of an Air Pollution Control Permit No. issued by the State of 
Wisconsin Department of Natural Resources (DNR). The DNR has 
established a particulate emission limit of the more 
restrictive of 0.039 grains (front half only) per dry 
standard cubic foot (gr/dscf) or 0.3 pounds (front and back 
half) per 1,000 pounds of exhaust gas. The purpose of this 
test was to demonstrate the compliance status of this plant 
with the particulate limits set by the DNR. In addition, the 
permit also required a test to determine the formaldehyde 
emissions. Additional tests were performed to establish 
plant specific emission factors for benzene. 

The plant tested was a drum mix asphalt plant equipped with a 
baghouse for particulate control. During the test period, 
the plant production rate was approximately 420 tons per 
hour. The mix was composed of approximately 2 0  percent 
recycled material and 80 % virgin material. The plant was 
fired with waste oil. The field tests, corresponding 
laboratory analysis and report preparation were coordinated 
by Bill Dick of ETE Corp. The test procedures, plant 
operating conditions, and stack opacity were witnessed by 
Cindy Pieper of the Wisconsin DNR. 

The following sections of this report document the activities 
and results of the test program. The report presents all of 
the relevant data collected and discussions on the 
interpretation of the data are provided where appropriate. 
The report, therefore, includes much necessary detail. The 
results, however, have been summarized in the SUMMARY section 
at the beginning of this report for those readers not wishing 
to be burdened by the details. 

0 



DIMENSICWS 5 2  x 6 9 . 5  i n  

1 8.1" 
2 26.1" 
3 a,. 4 "  
4 60 .8"  

PIGUBE 2-1 

5 
Ports 



2.0 RESULTS 

- 2.1 

Isokinetic sampling for particulate matter was performed in 
accordance with the procedures outlined-in EPA Method 17 - 
"Determination of Particulate Emissions from Stationary 
Sources" - as published in the Federal Reaisteg. A brief 
summary of this method is included in section 3.0 of this 
report. The tests were performed in the final discharge 
stack at the location shown in Figure 2-1. This same figure 
also depicts the location of the exact test points relative 
to the stack wall. The stack flow parameters recorded during 
testing and the weights of particulate collected were used to 
compute the emissions for each test of the three-test 
sequence. These data were then entered into a computer and 

Front Half Particulate Emissions 

printouts showing detailed results are included as-Tables 
2-1, 2-2, and 2-3. 

The results of each of the three individual tests show the 0 
emissions to be well below the limit of 0.039 grains of 
particulate matter per dry standard cubic foot (gr/dscf) as 
specified by the State of Wisconsin Department of Natural 
Resources (DNR). The numerical test results are summarized 
below: 

Test Emissions % of Allowable 

1 0.004 gr/dscf 10.3 % 

2 0.003 7.7 

3 

AVG 

0.003 7.7 

0.003 gr/dscf 8.5 % 
----- ---- 



NORMEASTASPHALT CONlRCXB3 LARspl Aua2.1888 TABLT 2-1 

TEST No. 1 
BAF(MIETRK:pREssuR€ 29.33 INHG 
np WALMER 0.305 IN 
STAUCWMENSONS 52 IN 69.5 IN 
sTAc)<AFw 25.097 m 0 SAMfUNGTlMEPERKXNT 3.0 MIN 
NUMBER OF IWINTS 20 
M E T E R W M E  33.63 Ff3 
prrcrrC0EFFlclEN-r 0.84 
M m O O r m a P r r  1.003 
P ~ I L A T E  COUECTED (FH) 0.0081 ORAMS 
WATERCOLLECTED 284 ML 
STATK:PFIESSUFE -0.29 INHX) 
ORSAT RESULTS 

" ( I  

co2 02 al N2 
9.W. 9.00% 0 . m o  82m 

FznM STACK. 
TEMP 
DEG F 

1 28) 
2 265 
3 270 
4 270 
5 270 
8 270 
7 272 
8 275 
9 

11 
0 10 

12 
13 
14 
15 
16 
17 

19 
ia 

20 

275 
275 
275 
280 
280 
280 
280 
285 
285 
286 
283 
285 

AVERAGE 276 

DRI STANDARD VOLUME 
-WATERVAPOR 
FLOWRATE 

DELTA 
P 

IN H20 

0.22 
0.23 
0.30 
0.34 
0.20 
0.28 
0.36 
0.40 
0.32 
0.25 
025 
0.30 
0.32 
0.30 
0.28 
0.25 
0.24 
0.28 
0.m 
0.25 

OWFlcE 
DELP 
IN H20 

0.88 
0.92 
120 
1.36 
0.80 
1.12 
1.44 
1.60 
1 28 
1.00 
1.00 
1 .20 
1.28 
120 
1.12 
1.00 
0.96 
1.12 
1.20 
1.00 

1.13 

33.20 SCF 

56852AcFM 
27950 D W  
47492 M W R  
0.004 GRloscF 
0.89 LBMR 
0.006 
97.9 

28.71 SCVOL 

M€i€R 
TEMP 
DE0 F 

70 
73 
75 ' 

76 
79 
a0 
81 
85 
87 
a9 
90 
91 
95 
97 
98 
99 
100 
101 
1oL 
103 

89 

VELoCrry 

3243 
33.27 
38.13 
40.5 
31.13 
38.84 
41.83 
44.18 
38.52 
34.93 
34.93 
38.39 
39.65 
38.28 
37.09 
35.1 6 
34.45 
3721 
=.!E? 
35.18 

37.09 



9 
10 
11 . .  

12 
13 
14 
15 
16 
17 
10 
19 
20 

AVERAGE 

290 
290 
290 
290 
292 
292 
292 
292 
290 
290 
291 
292 
290 
290 
290 
290 
290 
280 
290 
290 

291 

URSEN AUQ21BW TABLE 2-2 

2 
29.30 INHG 
0.305 IN 

52 IN 69.5 IN 
25.097 m 

3.0 MIN 
20 

33.38 m 
0.84 
1.003 
0.0070 GRAMS 

281 ML 
6.3 INH20 

CQ N2 
0.00% 8200% 

DELTA mRcE M E l E R  Moclly 

IN HX) IN H20 DEG F AFPS 
P DELP TEUP 

0.27 1.08 
0.30 1.20 
0.30 1.20 
0.28 1.12 
0.25 1 .00 
028 1.12 
0.30 1.20 
0.30 1.20 
0.25 1 .00 
0.28 1.12 
0.36 1.44 
0.40 1.60 
0.22 0.88 
0.34 1.38 
0.30 1.20 
0.30 1.20 
0.28 1.12 
0.30 1.20 
0.32 1 .28 
0.35 1.40 

DKYSTINDAFDVOWME 33.08 SCF 
PERCPCTWATERVAPOR 28.56 KVOL 
FLOWRATE 

PAFmcuLATE WNCMFRATION 0.003 G F m x F  
PARKxllATEEMlssIoN RATE 0.78 LBMR 
LB PARTAR 1m La GfG 0.005 
lSOKlNmCPERCENT 95.6 

1.20 

110 
111 
112 
113 
115 
117 
118 
119 
121 
121 
122 
122 
122 
123 
123 
123 
124 
125 
125 
125 

120 

38.87 
38.85 
38.65 
37.34 
35.33 
37.39 
38.70 

3628 
37.34 
4237 
44.69 
33.1 0 
41.15 
38.65 
38.85 
37.34 
a8.85 
39.92 
41.75 

3e.m 

38.52 



8 
9 . 10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

245 
255 
260 
270 
275 
280 
285 
285 
290 
295 
295 
292 
292 
292 
292 
290 
290 
292 
295 
292 

AvERhGE 283 

DfW STANDARD VOLUME 
ERENTWATERVAWR 
FLOW RATE 

ISOKlNmCPERCEKT 

3 
29.30 INHG 
0.305 IN 

52 IN 63.5 IN 
25.037 m 

3.0 MIN 
20 

34.24 F13 
0.84 
1.003 
0.0068 GRAMS 

259 ML 
-0.28 INHX) 

co 
0.00% 

D a T A  OWFEE 
P DELP 

IN HX) IN Hx) 

0.28 
0.28 
0.30 
0.30 
0.22 
0.30 
0.30 
0.28 
0.28 
0.25 
0.38 
0.40 
0.26 
0.30 
0.30 
0.25 
0.25 
0.30 
0.30 
0.35 

1.18 

33.87 SCF 
26.39 YoVOL 
E8725 ACFM 
29032DScFM 
49332 M3MR 
0.003 GRlDscx 
0.76 LB/HR 
0.005 
96.2 

1.12 
1.12 
1.20 
1 .20 
0.88 
1.20 
120 
1.12 
1.12 
1.00 
1.52 
1.60 
1 .w 
120 
1.20 
1.00 
1.00 
1 .a 
120 
1.40 

N2 
62.00% 

M m  
TEMP 
DEG F 

98 
99 
100 
100 
100 
101 
101 
101 
103 
104 
105 
106 
108 
lo9 
110 
111 
111 
112 
112 
112 

105 

VELOalY 

AFPS 

35.89 
38.15 
37.54 
37.80 
3248 
38.06 
38.19 
36.90 
37.02 
a6.10 
4327 
44.31 
35.72 
38.37 
38.37 
34.88 

38.37 
38.45 
4t .44 

34.98 

37.67 



Total Particulate Emissions 

The same sample collected for the front half particulate test 
was further subjected to a condensible particulate analysis 
in accordance with DNR procedures. A brief summary of this 
method is included in section 3.0 of this report. The total 
particulate collected were used to compute the emissions for 
each test of the three-test sequence. These data were then 
entered into a computer and printouts showing detailed 
results are..included as Tables 2-4, 2-5, and 2-6. 

The results demonstrate the particulate emissions to be well 
below the permit limit of 0.3 pounds of total particulate per 
1,000 pounds of exhaust gas. The measured emissions are 
summarized below: 

Test 

1 

missions % of Allowable 

0.011 lb/1000 lb 3.7 % 

2 0.011 3.7 

3 

AVG 

0.009 3.0 ---- ----- 
0.010 lb/1000 lb 3.4 % 

- 2.3 Formaldehvde Emissions 

The formaldehyde emissions were determined concurrently with 
the particulate testing using EPA Method 0011 (non- 
isokinetic). A brief description of the method is included 
in section 3.0 of this report. The numerical results are 
presented below: 

Test LB/HR LB/TON 

1 0.12 lb/hr 0.0003 lb/ton 

2 0.26 0.0006 

3 

AVC 

0.44 

0.27 lbfhr 
----- 0.0011 

0.0007 lbfton 
------ 

A summary of the field and lab data is included as Table 2-7. 



STACK DIMENSIONS 

SAMFUNGTlMEPERPOlNT 
, S T A C x m  

ORSATRESULTS ~ 

a&? 02 
9.0096 9.Wh 

Poim STACK, 
TEMP 
DEG F 

1 260 
2 265 
3 270 
4 270 
5 270 
6 270 
7 272 
8 275 
9 
10 
11 

a 
12 
13 
14 
15 
16 
17 
18 
19 
20 

275 
275 
275 
280 
280 
280 
280 
285 
285 
285 
283 
285 

AVERAGE 276 

D R I  STANDARD VOLUME 
PERCEMWATERVAPOR 
FLOWRATE 

1 
29.30 INHG 
0.305 IN 
52 IN 

a.097 m 
3.0 MIN 
20 
33.63 m 
0.84 
1 .ow 
0.0154 GRAMS 

284 ML 
4.29 INH20 

CO 
0 . W O  

69.5 IN 

N2 
82WA 

DELTA OFIIFKE: 
P DELP 

IN H 2 0  IN H X )  

0.22 
0.23 
0.30 
0.34 
0.20 
0.28 
0.36 
0.40 
0.32 
0.25 
0.25 
0.30 
0.32 
0.30 
0.28 
0.25 
0.24 
0.28 
0.m 
0.25 

1.13 

33.20 SCF 
28.71 %VOL 
55852 ACFM 
27950 DSCFM 
47492 M R  
0.007 GWDSCF 
1.70 W R  
0.01 1 
97.9 

0.88 
0.92 
1 .20 
1.36 
0.80 
1.12 
1.44 
1.60 
1.28 
1 .w 
1 .w 
1 .20 
1.28 
1.20 
1.12 
1 .00 
0.96 
1.12 
1po 
1 .00 

METER 
TEMP 
DEG F 

70 
13 
75 
76 
79 
80 
81 
8!5 
87 
89 
90 
91 
95 
97 
98 
99 
100 
101 
102 
103 

89 

VaOQTy 

AFPS 

3243 
33.27 
38.13 
40.59 
31.13 
38.84 
41.83 
44.18 
39.52 
34.93 
34.93 
38.39 
39.66 
38.39 
37.09 
35.1 6 
34.45 
3721 
50.5 
35.16 

37.09 



... 
STACK DIMENSIONS !Z IN 

I _ _  - 
STACKAREA 2J.m m 0 SAMFlJNGTlMEPERPOlNT 3.0 MIN 
NUMBER OF P O l m  20 

33.38 Fn 
0.84 
1.003 
0.0164 GRAMS 

281 ML 
4.3 INHX) 

W 
O.ooo/. 

69.5 IN 

POINT STACK DELTA OWFKE 
'TEMP' P DELP 
DEG F IN H M  IN H M  

1 290 
2 290 
3 290 
4 290 
5 292 
6 292 
7 292 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

292 
290 
290 
291 
292 
290 
290 
290 
290 
290 
2w 
290 
290 

0.27 1.08 
0.30 1.20 
0.30 1 .20 
0.28 1.12 
025 1 .oo 
0.28 1.12 
0.30 1.20 
0.30 
025 
0.28 
0.36 
0.40 
0.22 
0.34 
0.30 
0.30 
0.28 
0.30 
0.32 
0.35 

1 .20 
1.00 
1.12 
1.44 
1.60 
0.88 
1.38 
1.20 
1.20 
1.12 
1.20 
1.28 
1.40 

&v-EFLAGE 291 1.20 

DRY STANDARD VOLUME 33.08 SCF 
PERCEKT WATERVAWR 28.56 %VOL 
FLOWRATE 51998 ACFM 

28521 m 
48463 MWR 

PAFilEiJLATE CONCPClRATlON 0.008 GWDSCF 
PAmlcaAAlE EMIssloN AATE 1.83 LBMR 
LB PmpERlooo LB GAS 0.01 1 
ISOKINETICPERQM 95.6 

N2 
82.00% 

M€fER 
TEMP 
DEG F 

110 
111 
112 
113 
115 
117 
118 
11s 
121 
121 
122 
122 
122 
123 
123 
123 
124 
125 
125 
125 

120 

VELoCrry 

AFPS 

38.67 
38.85 
38.65 
37.34 
35.33 
37.39 
38.70 
38.70 
3528 
51.34 
4237 
44.69 
33.10 
41.15 
38.65 
38.65 
37.34 
38.86 
39.92 
41.75 

38.52 



NORTHEASTASPHALT CONTROL89 

TEST No. 
aARoMElRlcPREssuFE 

ST&X DIMENSIONS 
STACXAREA 
SAMPUNGTlME kA POINT 
NUMBER OF #IINTS 
M m R V O L U M E  

MmRCOEmClENT 
PARFKxllATEcouEcTED(lWl’M) 
WATERCOLLECTED 
STATlCPRESSURE 
ORUT FIESULTS 

n p w m  

FITOTCOE~C~ENT 

co2 02 
8.40% . 1 o . m  

mNT STACK 
TEMP 
DEG F 

6 

0 ;  
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

245 
255 
260 
270 
275 
280 
285 
285 
290 
295 
295 
292 
292 
292 
292 
290 
290 
292 
295 
292 

I\vERAGE 283 

DRf STANDARD VOLUME 
F€RENTWATERVAPOR 
FLOW RATE 

URSPI Am21998 TABLE 2 4  

3 
29.30 INHG 
0.305 IN 

52 IN 69.5 IN 
25.097 m 

3.0 MIN 
20 

34.24 F13 
0.84 
1.003 
0.0138 GRAMS 

258 ML 
-0.29 I N H M  

co K? 
O.ooo/. 62.0036 

DELTA ORlnCE 
P DELP 

IN H M  IN HX) 

0.28 

0.30 
0.30 
0.22 
0.30 
0.30 
0.28 
0.28 
0.25 
0.38 
0.40 
0.26 
0.30 
0.30 
0.25 
0.25 
0.30 
0.30 
0.35 

0.28 

1.18 

33.87 SCF 
26.39 x VOL 
56725 ACFM 
29032DScFM 
49332 M3MR 
0.006 GRlDSCF 
1.53 LBMR 
0.009 
98.2 

1.12 
1.12 
1.20 
1.20 
0.88 
1 .20 
1 .a 
1.12 
1.12 
1 .oo 
1.52 
1.60 
1.04 
1.20 
1.20 
1 .w 
1 .oo 
1.20 
1.20 
1.40 

M m R  
TEMP 
DEG F 

98 
99 
100 
loo 
100 
101 
101 
101 
103 
104 
105 
106 
108 
108 
110 
111 
111 
112 
112 
112 

105 

VELoCrry 

AFPS 

35.88 
38.15 
37.54 
37.80 
32.48 
38.06 
38.19 
36.90 
37.02 
95.10 
43.27 
44.31 
35.72 
38.37 
98.37 

’ 34.98 
34.98 
38.37 
38.45 
41.44 

37.67 



sampb M O b I  
No. Vd. 

fu 

63-1 2.10 

83-2 2.00 

63-3 220 

W S I M Q r d  
Temp Vd 
d a o F  

92 5721 

101 53.81 

w 58.83 

AVERAGE 

Form Fam 

ug mohn3 

6423 1.12 

128.8 2.40 

244.12 4.08 

254 

TABLE 2-7 

Fara, 
w 
Mm 
Oooo3 

0.0008 

0.0011 

0 . m  

i @  



' - 2 . 4  Benzene Emissions 

The benzene emissions were determined concurrently with the 
particulate testing using EPA Method 18. A brief description 
of the method is included in section 3.0 of this report. 
The numerical results are presented below: 

Test 

1 

LB/HR LB/TON 

0.03 lblhr 0.00007 lb/ton 

2 0.03 0.00006 

3 

AVG 

0.02 

0.03 lb/hr 
----- 0.00005 

0.00006 lb/ton 
------ 

A summary of the field and lab data is included as Table 2-8 .  

3 . 0  METHOD OF TEST 

- 3.1 Particulate Matter 

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 procedures outlined in 40 CFR 60 Appendix A, Method 17 - 
Determination of Particulate Emissions from Stationary 
Sources. 

The sampling train consisted of a stainless steel probe tip, 
an in-stack filter, a heated stainless steel lined probe, a 
glass cyclone and'flask, and a heated 125 millimeter Whatman 
934-AH fiberglass back-up 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 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. 



, 

NORMEAST ASPHALT Aug 2.1- 
CXNTROL63LARSEN 

BENZENE (Benz) 

TABLE 2-8 

SampleNo. Volume RowRate Benz Benz Benz M u d o n  Benz 
l i  m3mr ug mg/& lblhr ah l h  

63-1 13.79 47492 3.9 0.28 0.03 428 O.ooOo7 

63-2 11.79 48463 2.8 0.24 0.03 434 0.00006 

63-3 1 1.76 49332 2.1 0.17 0.02 399 O . w o o 5  

AVERAGE EMI5SIONS 0.02 0 . m  



Method t7 
(In-Stack Filter) . 

1 .  



The temperatures at 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 so that rapid calculations of 
isokinetic sampling conditions could be made. 

The principle of the method was to collect the sample 
representative of the exhaust by adjusting the sample 
collection velocity to match the exhaust gas 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, samples 
were drawn into an Orsat analyzer and analyzed for percentage 
C02, 0 2 ,  CO, and N2. 

At the completion of the test, the probe tip preceding the 
filter was 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 combined weight of the filter catch and the probe tip 
washing residue was used to determine the front half 
particulate emission rates. The condensible particulate was 
determined by analysis of the impinger contents in 
accordance with DNR procedures. 

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 

The sampling and analysis were performed using procedures 
outlined in EPA Method 0011. the method required by the. 
Wisconsin Department of Natural ,Resources for determining 
formaldehyde emissions. 

Sampling was performed by drawing a known quantity of stack 
exhaust through appropriate sampling media by means of a 
battery operated pump. The media consisted of a train of 
three midget impingers: the first two contained 10 ml of a 
DNPH solution and were followed by an empty impinger and 
a water trap. The impingers were set in an ice water bath to 
accommodate the temperature of the gas stream sampled. The 
sampling volumes were determined through the use of a 
calibrated dry gas meter. 

Following the sampling, the samples were sealed and returned 
to the lab for analysis. The samples were analyzed via 
HPLC methods as described by the EPA. A blank was handled in 
the field in a method identical to the samples and also 
submitted for analysis. 



- 3.3 Benzene 

Sampling for benzene 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 onto solid sorbent tubes (charcoal for 
benzene) using an SKC pump with a stroke counter to measure 
the sample volume. A minimum of two tubes were placed in 
series. At the completion of the tests the tubes were 
desorbed and analyzed by a gas chromatograph equipped with a 
flame ionization detector. 

Column 
Temperature 
Carrier Gas 

DC 200 
50 C 
Nitrogen at 20 cc/min 

Standard concentrations of the benzene were prepared by 
injecting a known quantity into a tube and then desorbing and 
analyzing the tube in the same manner as the samples. 

The concentrations of the exhaust gas stream were then 
determined by comparing the response of the standards to the 
response t o  the exhaust duct samples. Sample retention times 
and peak areas were used to quantify both the benzene 
emissions. 

The compound concentrations were then used in conjunction 
with the exhaust gas flow rates to determine organic compound 
emission rates in units of pounds per hour (lblhr). 



4 . 0  CALIBRATIONS 

The probe tip, pitot tube, dry gas meter, and orifice 
were calibrated prior to the test according to 
procedures outlined in the Maintenance, Calibration, 
Operation ef. Isokinetic Source-SamPlino EUUiDment as 
published by the EPA. The values obtained were: 

Probe tip diameter d = 0.305" 
Pitot tube coeff. ' Cp = 0 . 8 4  
Orifice coeff. W@ = 1.872 

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

Gama = 1.003 + (Td - 70) x .00012 

where: Td = Dry Gas Meter Temperature 

The most recent calibration was performed July 26, 1996. 
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UBORATOHY DATA S W T  
" PARZCUUTE & WATER COLLECTED 

J O B  NO. TEST ENGINEER LJSJ 

- 1  
i' @ fnrN .NO. I STACK >Ai L <."-;e 

SAMPLE BOX I FILTER 7 -  7-72. WASH BOTTLZ - 
BZAKERS: FH Ace lo BH T r i c h l  BH Ace I L  BH H20 4 

- WATER COLIZCTED 
I m D i n g e r  &. Final W t .  - g I n i t i a l  W t .  - g Collected - g 

I 

I Z 90 I O 0  I 8 0  

2 /*5 IO0 530 
7 3 7 0 - 

7 0  3 6Qd 4 :IC ,L i < 

WATER TOTAL z8 .I 

PARTICULATE TOTAL c! O / S J  



-n3".'uaI"..* -n-i. - .-__ 
PAX1pICUiATE & WAFER COLLECTED 

JOa NAME ~ + L I  Ltu* (&'+) DATE OF T B T  9-2-96 

J09 NO. TEST ENGINEEA pa0 

S N  .NO. z STACK %s'- o ow , 
WASH B O T T U  - - SAMPLE BOX 7- FILTER 7- 641 

BEA'KERS: Xi Ace - Ib BH Tr i ch l  .,J BH Ace 18 BH H20 5 
- WATEX COLLECTED 

Imbiwer &. F i n a l  W t .  - g I n i t i a l  W t .  - g Collected - 
167 0 7 .  

L L7 \ 00 1 

'L ! 53 I O 0  50 
3 53 0 - 53 - 

4 ,  i G c c b 4 O> b37 I I  
WATER TOTAL 2 0  I 

PARTICULATE COLLECTED 

blank Final  W t ,  Tare bit. C o l l e c t e d  - p: 

F i l t e r  / . 2 7 < 7  /. 229 .! . 0 .OOJX 

PARlPICUUTE TOTAL 0. 016q 



WBOUTOHY LUTA &&fir 
PARTICULATE & WATER COLLECTED 

JOB NAbE ?sD ICLI- ( & b ; )  DATE OF TEST 8 - Z - 9 b  

JOB NO. TEST ENGIiEEX M b  
c) RUN NO. 5 STACK . > c a L . c - ~ ~  

WASH BOTTLZ - 
BEAKERS: r" Ace 2 BH Trichl 3 BH Ace BH H20 c 
- WATm COLUCTED 

I m D i n g e r  &. Final W t .  - g I n i t i a l  W t .  - g Collected - 5 

- SAMPLE BOX 3 FILTER y- 6 4 2  

J z74 / O  0 I74 
2 Id7 /OO 47 

- 0 - 3 9 32 

5lL dt c 6z4 629 5 
WATER TOTAL 2C.s 

PAXTICULATE COLLECTED 

- b lank  ?ha1 N t .  T a r e  kit. C o l l e c t e d  - p: 

Filter 1 .  I-:' /. 1 / 9 0  0 . 0 0 3 2  

PARTICULATE TOTAL 0.0136 



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

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

. . . . . . . . . .  

...... 

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

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

.. 7' ... . .. - 

.- 

-. 

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

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

0 .  ... . ....... - 

. ......... g ........ a,? (..e .... .... 

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

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

_. . . . . . .  

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

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

.- . 

... 

....................... .... .. ....... - 
. ............... d-Jp.+ - 

.......... ~ I* - ._ 

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

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



DATA SUMMARY OF FORMALDEHYDE ANALYSIS 
Project #0896012 

Lab Id.: Client Id.: Total ug Q 
089601 2-1 63-1 68.51 
089601 2-2 63-2 
089601 2-3 6 3 3  
08960124 Blank 

. .  

. .  

. . ,  

. .  

:. , 

. .  

133.08 
248.40 

4.28 

. .  



APPENDIX B 
SAMPLE CALCULATIONS 



* I 

SAMPLE CALCULATION 

STACK PRESSURE, in Hq IPb + Pq/13.6) = 29.178 
* '  BAROMETRIC PRESSURE, in Hg (Pb) = 29.200 

TIP DIAMETER, in (An 1 PI*D^5/576) = .2450 
STACK AREA, sq ft ( A )  = 10.560 

@SAMPLING TIME PER POINT, min = 2.50 
NUMBER OF POINTS = 24 
GAS METER 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 
WET MOLECULAR WEIGHT, lb/mole (Ms) = 28.45 

SAMPLING 
POINT 

1 
2 
3 
4 
5 
6 
I 
8 
9 

10 
11 :: 
14 
15 
16 
11 
18 
19 
20 
21 
22 
23 
24 

AVG VALUES 

STACK 
TEMP 
deg F 

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

113 

PITOT 
DEL P 
inches 

1.450 
1.350 
1.350 
1.300- 
1.250 
1.250 
1.050 
1 * 000 
1.000 
1.050 
0.950 
0.950 
1.300 
1.250 
1.200 
1.200 
1.150 
1.150 
1.050 
1.150 
1.000 
1.100 
1.050 
0.900 

ORIFICE 
DEL H 
inches 

4.05 
3.75 
3.75 
3.70 
3.60 
3.60 
2.95 
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 

3.250 

N2 = 78.40 

GAS METER 
OUTLET T 
deg F 

32 
32 
32 
32 
32 
32 
32 
32 
34 
34 
38 
38 
42 
42 
42 
42 
44 
46 
48 
48 
50 
50 
.50 
50 

40 

GAS 
VELOCITY 

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 
6.3 . 43 
61.98 
57.38 

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 WET FLOW RATE, acfm = 40,819.39 
STANDARD DRY FLOW RATE, SCfm (QS) = 34,558.69 
PARTICULATE CONCENTRATION, grains/dscf (CS) = 0.018 
ARTICULATE EMISSION RATE, lb/hr (ER) = 5.325 
ARTICULATE EMISSIONS, lb/1000 lb (EC) :: 0.033 

OF ISOKINETIC SAMPLING (I) = 101.67 



SAMPLE CALCULATIONS 

1. DRY MOLECULAR WEIGHT (Md) lb/lb-mole 

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

2. WATER VAPOR PERCENT (%H20) 

Vw std = 0.04707*(Vf - Vi) 

where: Vu std = standard cubic feet of water vapor 
Vf = Final volume of impingers, ml 
Vi = Initial volume of impingers, ml 

%H20 = VU std * 100/(Vm std + Vu std) 

where Vm std = standard cubic feet of gas sampled 

3. WET MOLECULAR WEIGHT (Ms) Ib/lb-mole 

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

4. STACK PRESSURE (Ps) in. Hg 

Ps = Pb t Pg/13.6 

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

5. AVERAGE STACK VELOCITY (Vs)  feet per second 

vs = Kp*Cp* (DELP) Tsavg/(Ps*Ms) 

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

6. STACK GAS FLOW RATE (Qs) std cubic feet per minute 

Qs = 60*(1 - %H20/100)*Vs*A*(528*Ps/Tsavg/29.92) 
where: A = stack area, ft2 

5 2 8  = std temperature, deg R 
29.92 std pressure, in. Hg 



l o  

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

Vm std = GAMA*(Vm-(AL-.02)t)*(Pb+DELH/l3.6)/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.HZO 

8. PARTICULATE CONCENTRATION (CS) grains/dry std cubic foot 

Cs = Mn * 15.43/Vm std 
where: Mn = particulate captured, grams 

15.43 = grains per gram 

9. EMISSION RATE (ER) pounds per hour 

PMRA Mn*A*60/(t*An*453.6) AREA METHOD Ib/hr 

PMRC Cs*Qs*60/(15.43*453.6) CONC. METHOD Ib/hr 

ER = (PMRA + PMRC)/2 

where: An = area of sampling nozzle, square feet 

10. ZMISSION CONCENTRATION (EC) lb/1000 lb exhaust gas 

EC 2 ER * 386700 * (1-%H2O/lOO)/(Qs*6O*Ms) 
where: 386700 cubic feet per lb mole * 1000 

11. ISOKINETIC SAMPLING PERCENTAGE (I) % 

I = PMRAIPMRC 




