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SUMMARY OF TEST RESULTS 

Tables S-1 through S-12 summarize the results of the sulfuric 
acid mist emission test program conducted on the Plate Forming 
Room at ESB, Incorporated in hllentown, Pennsylvania. Sulfuric 
acid mist, sulfur trioxide, and sulfur dioxide concentrations 
were measured at the inlet and outlet of a scrubber through 
which the fumes from the plate forming were vented. Tests were 
conducted during the forming cycle (1:OO PM to 5:OO AM); with 
and without a soapy foam covering the vats to reduce emissions. 

The values designated as SO3 represent sulfuric acid mist plus . 
sulfur trioxide and the values presented as SO2 represent only 
sulfur dioxide. Figures S-2 and 5-3 summarize the with foam 
and without foam test data. The data points on all the graphs 
are the SO3 concentration levels plotted at the time representing 
the midpoint of that particular test. The plots are the best fit 
lines derived by linear regression analysis.' Figures S-4 through 
S-6 present the data from each day separately. Tables S - 2  through 
S-6 present the data from each test day. The various problems 
encountered during the testing of this process are discussed in 
the text. Additional test data are provided in the computer data 
printouts in Appendix A .  
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TABLE s-1  

TEST LOG 

OUTLET INLET 

TEST NO.  /TIME TEST NO./TIME 

T e s t  Day 1 1/1330-2305 1 /1930-2320 

4/18, 19 /77  2/0005-0505 2/0100-0427 

With Foam 

T e s t  Day 2 

4/20/77 

With Foam 

3/2119-2313 

4/0100-0315 

5 /0420-0522 

3 /2105-2255 

4 /0055-0240 

5/0A05-0450 

6 /1325-1550 

7 /1800-2125 

T e s t  Day 3 6 /1311-1506 

4/20,21/77 7 /1615-1804 

Without  Foam 8/1839-2023 

9/2100-2244 

10 /2310-0110 8 /2230-0155 

11 /0150-0445 9 /0230-0500 

T e s t  Day 4 12 /0130-0450 10 /0170-0455 

4/22/77 

With Foam 

V 
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TABLE S-2. DAY 1 - WITH FOAM 
INLET 

Test No. 1* 2 

Time 1930-2305  0005-0505 

ACFM 
ACMM 
SCFhD 
DNCMM 

SO3 P P ~  
SO3 lb/hr 
SO3 mg/cu.m 

SO2 mg/cu.m 
SO2 PPm 

OUTLET 
Test NO. 
Time 

ACFM 
ACMM 
SCFMD 
DNCMM 

s o 3  PPm 
SO3 lb/hr 
SO3 mg/cu.m 

s o 2  PPm 
SO2 mg/cu.m 

3094.0  

8 7 . 5 6  

2883 .0  

81 .59  

1 . 9 7  

0.070 

6 .56  

0.12 

0 .32  

2996.0  

84 .79  

2 7 7 5 . 0  

78 .53  

1 6 . 5 7  

0 .57  

5 5 . 2 1  

0.066 

0.18 

1* 2 

1 9  30-2 3 2 0  0100-0427 

4 0 1 4 . 0  

113 .60  

3794  .O 

1 0 7  - 3 7  

0.17 

0 .0080 

0.57 

0.010 
0 .026  

3418.0  

96.73 

3269.0  

9 2 . 5 1  

0.26 

0 . 0 1 1  

0.87 

0.0 

0.0 

* Questionable results 

x i i  
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TABLE S-3. DAY 2 - WITH FOAM 

I N L E T  

Test N o .  3 4 5 
Time 2119-2313 0100-0315 0420-0522 

- 

ACFM 

ACME1 

SCFMD 

DNCMM 

SO3 ppm 
SO3 lb/hr  
SO3 mg/cu.m 

SO2 mg/cu.m 
SO2 Ppm 

3250.0 
91.98 

2938.0 
83.15 
16.01 
0.58 
53.34 

0.0 

0.0 

3078.0 
87.11 

2784.0 
78.79 
22.86 
0.79 

76.17 
0.49 
1.31 

3293.0 
93.19 

2969.0 
84.02 
32'.86 
1.21 

109.49 
0.55 
1.47 

OUTLET 

Test NO. 3 4 5 
Time 2105-2255 0055-0240 0405-0450 

ACFM 

ACMM 

SCFMD 

D N C M  

SO3 ppm 
SO3 lb /hr  

SO3 mg/cu.m 
SO2 ppm 
SO2 mg/cu.m 

3290.0 
93.11 

3079.0 
87.14 
0.09 
0.0034 
0.30 
0.0 
0.0 

3409.0 
96.47 

3241.0 
91.72 
0.66 
0.027 
2.20 
0.0 
0.0 

3521.0 
99.64 

3338.0 
94.47 
1.57 
0.065 
5.23 
0.0 
0.0 
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TABLE 5-4.  DAY 3 - WITHOUT FOAM 

I N L E T  

T e s t  N o .  

T i m e  

ACFM 

ACME1 

SCFMD 

DNCMM 

SO3 ppm 
SO3 l b /h r  

SO3 mg/cu.m 

SO2 mg/cu.m 
s o 2  PPm 

OUTLET 

Test N o .  

T i m e  

ACFM 

ACMM 

SCFMD 

DNCMM 

SO3 P P ~  
SO3 lb /hr  

SO3 mg/cu.m 

s o 2  PPm 
s o 2  mg/cu.m 

6 

1311-1506  

3273 .0  

92 .63  

3005 .0  

85 .04  

6 .55  

0.24 

21.82 

0.54 

1 . 4 4  

6 

1325-1550  

3585.0 

101.46  

3390.0  

95 .94  

0.19 

0.0080 

0.63 

0 .073  

0.19 

7 

1615-1804  

2885.0 

81.65 

2641.0 

74 .74  

4.03 

0.13 

1 3 . 4 3  

0.17 

0.45 

7 

1 8 0 0 - 2 1 2 5  

3800.0 

107.54 

3595.0 

101 .74  

0.18 

0 .0080 

0.60 

0.050 

0.13 

8 

1839-2023  

3126.0 

8 8 . 4 1  

2861 .0  

80.97 

16.4 

0.58 

54.64 

0.034 

0 . 0 9 1  

xiv 
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TABLE S-5. DAY 3 - WITHOUT FOAM (CONT.) 

I N L E T  

Test NO. 
T i m e  

ACFN 

ACMM 
SCFMD 

DNCMM 

SO3 P P ~  
SO3 lb/hr  

SO3 mg/cu.m 

SO2 ppm 
. SO2 mg/cu.m 

OUTLET 

Test NO. 
T i m e  

ACFN 

ACMM 

SCFMD 

DNCMM 

SO3 pPm 
SO3 lb/hr 

SO3 mg/cu.m 

SO2 mg/cu.m 
s o 2  PPm 

9 

2100-2244 

3032.0 

8 5 . 8 1  

2775.0 

78.53 

1 6 . 4  

0 .56  

54 .64  

0 .0  

0.0 

8 

2230-0155 

3468 .0  

98 .14  

3 2 8 6 . 0  

92 .99  

0 .41  

0 .017 

1 .37  

0.0 

0.0 

xv 

1 0  

2310-0110 

3105.0 

87 .87  

2837 .0  

80.29 

2 6 . 1  

0.92 

86 .96  

0.0 

0 . 0  

9 

0230-0500 

3342.0  

94.58 

3158.0  

89.37 

0.48 

0.19 

1 .60  

0.0 

0.0 

11 

0150-0445 

2957.0  

83.68 

2697.0  

76.33 

19 .57  

0.66 

65 .21  

0 .0  

0.0 

, 
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TABLE 5-6. DAY 4 - WITH FOAM 

I N L E T  

Test N O .  

Time 

ACFM 

ACMM 

SCFMD 

DNCtQI 

SO3 P P ~  
S O 3  lb /hr  

SO3 mg/cu.m 

SO2 mg/cu.m 
s o 2  PPm 

OUTLET 

Test N o .  

Time 
ACFM 

ACMM 

SCFMD 

DNCMM 

so3 PPm 
S O 3  lb /hr  
S O 3  mg/cu.m 

SO2 mg/cu.m 
s o 2  PPm 

1 2  
0130-0450 

3067.0 
86.80 

2744.0 
77.66 

7.33 
0.25 

24.42 

0 .0  

0 . 0  

1 0  

0120-0455 
3114.0 

88.13 . 
2905.0 

8 2 . 2 1  

0 .27  
0.0097 
0 .90  
0 . 0  

0 . 0  

xvi 
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1 . 0  INTRODUCTION 

York Research Corporation was contracted by the Emissions Measure- 
ment Branch of the Environmental Protection Agency to perform a 
source emission survey on a lead acid battery plate forming room 
at ESB, Incorporated, located in Allentown, Pennsylvania. The 
objective of the test program was to measure the concentrations 
of H2S04 mist vented to the atmosphere from the forming room. 

The forming room operates between approximately 1300 hours and 
0500 hours on a five day per week schedule. The battery plates 
are immersed in a sulfuric acid solution and an electrical current 
is applied. The process releases hydrogen bubbles through the 
solution, causing the emission of H2S04 mist. 

Emissions are controlled by two techniques: 

0 Covering the vats with a soapy foam to contain the mist. 
0 Venting the room through a scrubber to the atmosphere. 

Tests were conducted during the week of April 18, 1977. The in- 
let and outlet of the scrubber were tested simultaneously during 
the forming cycle (with and without foam applied). 

Those present during the test program were: 

Lee Beck 

Daniel Bivins 

3onathan Gardner 
John Gale 
Richard Keith 
William Cesareo 
Louis Millspaugh 
Michael Ziskin 
James Cassermere 
Stephen Wahlig 
Stephen Creaturo 

U . S .  EPA Emissions Standards and 
Engineering Division 
U . S .  EPA Emissions Standards and 
Engineering Division 
York Research Corporation 
York Research Corporation 
York Research Corporation 
York Research Corporation 
York Research Corporation 
York Research Corporation 
York Research Corporation 
York Research Corporation 
York Research Corporation 

2.0 TECHNICAL APPROACH 

2.1 Test Locations 

The inlet sampling ports were located in a horizontal section 
of ductuork connecting the forming room to the scrubber (Figure 
2-1). TWO ports ( 9 0 0  apart) were installed approximately 2 
diameters upstream from the scrubber. The inside diameter of 
this duct measured 20% inches. Ten points were sampled per 
port resulting in a total of 20 separate points. The sampling 
time for each point varied as the test duration was changed. 

1 
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The outlet sampling ports were located in the stack (ID 20% 
inches) approximately two diameters from the exit. The two 
ports were 900 apart. Ten points were sampled per port 
simultaneously with the inlet test location. 

2.2 EPA Method 8 

Sulfuric acid mist, sulfur trioxide and sulfur dioxide con- 
centrations were measured in accordance with EPA Method B1. 
This method requires isokinetic sampling of the gas stream 
in order to collect a representative sample of sulfuric 
acid mist. 

The sampling train consisted of a glass-lined heated probe, 
four Greenburg Smith impingers immersed in an ice bath, and 
a Pyrex glass filter holder. An umbilical cord connected 
the probe and impingers to the control console. The control 
console contained a vacuum pump, dry gas meter, calibrated 
orifice, and dual manometers. A Type "S" pitot tube and 
thermocouple were attached to the probe to provide gas stream 
pressure differential and temperatures at each point. 
Velocity pressure ( L P) and the pressure drop across the 
orifice [ .b H) were observed from the dual manometer as 
inches of water. 

Isokinetic sampling was maintained by the use of a nomograph 
which correlated velocity pressure ( rl P), and orifice pressure 
drop ( c H). 

The front half of the train (probe, first impinger, and 
filter) removed sulfuric acid mist and sulfur trioxide from 
the gas sample. The first impinger (which was a Greenburg- 
Smith design) contained 100 ml of 80% isopropanol. Mist which 
was not collected in the isopropanol was trapped by the filter. 
At completion of the test, the isopropanol (with filter and 
wash of the front half) was placed in a glass sample jar for 
subsequent analysis. This sample was designated as the.SO3 
sample. 

The back half of the train consisted of the second and third 
impingers. 
dioxide from the gas sample. The contents of the two impingers, 
plus washes, were designated as the SO2 sample. 

The samples were analyzed at the test location titrametrically 
utilizing barium perchlorate. The percent moisture content in 
the sampled stream was determined by means of a separate moisture 
train because Method 8 proved unsuitable for measurement of 
moisture content. 

Two moisture tests were performed at each location, and the 
results averaged. 

Each contained 100 ml o f  3% H202 to absorb sulfur 

Federal Register, Voo. 40; 36 FR 24876, Dec. 23, 1971 
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Gas analysis was determined in accordance with EPA Method 3. 
An integrated gas sample was collected in a flexible Tedlar 
bag and analyzed with an Orsat Analyzer. The gas composition 
was found to be characteristic of ambient air. 

3.0 DISCUSSION OF RESULTS 

Various problems were encountered during the testing: some of 
which may affect the test results. 

Upon completion of the first test run, it was apparent that most of 
the isopropanol had evaporated from the first impinger; leaving only 
10-20 ml. A similar problem had been observed in previous testing, 
however to a lesser degree (only 10-20 ml had been lost). It was 
decided that the increased amount of isopropanol loss was due to 
the abnormally long test duration of four hours as compared with 
the usual one or two hour tests. The response to the evaporation 
difficulties was to add isopropanol whenever the level was in 
danger of exposing the impinger tip. Considering this circumstance, 
the results from Te'st No. 1 should be viewed with suspicion. 

Another' testing difficulty which resulted in a deviation from the 
prescribed method was related to the ambient .concentrations of 
sulfuric acid mist. The forming rooms at ESB are located inside 
the general plant buildi.ng.:. Acid mist5i.ea.king out of the , . 
various cracks and holes in the room under test, and out of the 
two other forming rooms in the building resulted in high ambient 
concentrations of acid mist which caused discomfort to the test 
engineers even when respirators were worn. When three test 
engineers on the first night shift (uhen the ambient concentrations 
were the worst) produced disturbing medical symptoms, it was de- 
cided to modify the inlet test procedure so that the test engineers 
would not have to remain in the high ambient concentrations of 
sulfuric acid mist. To accomplish this, the sample train was 
placed at a point of average velocity and operated for the desig- 
nated test time, recording test data only at the beginning and end 
of the test. This allowed the engineers to stay in an uncontamin- 
ated area during the test period. The even gas flow conditions at 
the inlet permitted representative samples to be obtained with this 
modification, although the volumetric flow rates from these tests 
(8-12) should not be considered as accurate as those measured with 
a full traverse. 

The concentrations of S03,measured, ranged from a maximum of 33 
ppm at the inlet to a minimum of 0.1 ppm at the outlet.. Method 
8 was designed to measure higher concentrations, therefore, by 
extending the test duration (4 hours on the outlet) to obtain a 
larger sample volume, it was possible to measure very low SO3 
concentrations with this method. 

. .  

5 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
i 
I 
I 

Prepared by: 

Reviewed by : 

Approved by: 

Ro&r A. Kniskern 
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Test No 
Date 

DZTAILED TEST DATA - INLET 

" I L 

4/18/77 4/18/77 

Barometric Pressure 30 .12  3 0 . 1 2  

Absolute Stack Pressure 30.07  30 .07  

Stack Area ( s a  ft) 2.24 2 .24  

Net time of run(nin) 275 .0  275.0 

Percent Isokinetic 76.0 109.9  

Gas Data 
Average' Velocity (FPS) 2 3 . 0 2  22 .29  

Average Temp. (OF) 96.6 100.1 
Actual Flow Rate (acfm) 3094  .O 2 9 9 6  .O 
Standard Dry Flow Rate (scfmd) 2883 .0  , 2775.0 

Molecular Weight - Dry 28.84 28 .84  

Moiecular Weight 28.55 28 .55  

Mole Fraction - Dry 0.97 0 .97  

Gas Analysis(Dry Percent Basis) 

Carbon Dioxide 0.0 0.0 
Oxygen 20.9 20.9 

Nitrogen 7 9 . 1  7 9 . 1  

Moisture 2.6 2.6 

Sam?ie Collection Data 

Voluiie Dry Gas - Actual 98.06  1 3 4 . 4 4  

Volume Dry Gas - Standard 93.47  130 .09  

Average Gas Meter Temp. 100.6 92.2 

Average Orifice Pressure Drop 0.73 0.70 

8 

3 4 

4 /18 /77  4 /19 /77  

30 .12  30 .33  

3 0 . 1 1  30 .32  

2.24 2 .24  

100.0 105 .0  

92.2 108 .7  

24 .18  22.90 

114 .5  1 1 8  .I 
3250 .0  3078.0  

2938 .0  2784  .O 
28 .84  28.84 

28.55 28.55 

0.97 0.97 

0.0 

2 0 . 9  

7 9 . 1  

2.6 

44.02  

42 .00  

100.1 
0 .76  

0 .0  

20.9 

7 9 . 1  

2.6 

50 .77  

49 .31  

94.0 

0.72 
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Test  N O .  

Date 

DETAILED TZST DATA - INLET 

5 6 7 8 

4/19/77 4/20/77 4 /20 /77  4 /20 /77  i 
Barometric ? ressure  3 0 . 3 3  3 0 . 4 3  30 .43  30.43 

Absolute Stack Pressure  3 0 . 3 2  30.38 30.39 30 .39  

Stack Azea (sa  f t )  2.24  2.24 2 .24  2 .24  

N e t  t ime of run(min) 41.0 1 0 0 . 0  100.0 100 .0  

Percent  I s o k i n e t i c  1 1 2 . 4 '  107.2  101 .9  1 0 1 . 5  

Gas Data 

Average Veloc i ty  (FPS) 2 4 . 5 0  24 .35  23 .76  23.26 

Average Temp. ( O F )  1 2 0 . 0  , 110.5  1 1 2 . 5  112 .5  

Actua l  F low Rate (acfm) 3 2 9 3 . 0  3273.0  2 8 8 5 . 0  3126.0  

Standard Dry Flow Rate (scfmd) 2969.0  3005.0  2641 .0  .2861.0 

Molecular Weight - Dry 28 .84  28.84 28 .84  28.84 

Molecular Weight 28.55 28.55 2 8 . 5 5  28.55 

Mole f r a c t i o n  - Dry 0.97 0 .97  0.97 0.97 

Gas Analysis(Dry Percent  B a s i s )  

Carbon Dioxide 0 . 0  0 . 0  0 . 0  0 . 0  
Oxygen 20 .90  20.90 20.9 20 .9  

Nitrogen 7 9 . 1  7 9 . 1  7 9 . 1  7 9 . 1  

Moisture 2.6  2.6 2 .6  2.6 

Sample Col lec t ion  Data 

Volume Dry G a s  - Actual 21.69 51 .51  71 .88  70.07 

Volume Dry Gas - Standard 2 1 . 2 2  49.97 69 .04  67.27 

Average Gas Meter Temp.. 90.2 96.7 1 0 3 . 5  103 .6  

Average O r i f i c e  Pressure  Drop 0 . 8 1  0 .82  1 . 7 4  1.67 

9 
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DETAILED TEST DI-TA - INLET 

Test No. 9 

Date 4/20 /77  

Sarometric Pressure 3 0 . 4 3  

Absolute Stack Pressure 30 .37  

Stack Area (sq ft) 2.24 

Net time of run(min) 1 0 4 . 0  

Percent Isokinetic 1 1 3 . 0  

Gas Data 

Average Velocity (FPS) 22.56 

Average Temp. (OF) 110.0 
Actual ?low Rate (acfm) 3032 .0  
Standard Dry Flow Rate (scfmd) 2775 .0  

Molecular Weight - Dry 3 0 . 7 1  

Molecular Weight 30.33  

Mole Fraction - Dry 0.97 

Gas Zinalysis (Dry Percent Easis) 

Carbon Dioxide 
Oxygen 
Nitrogen 
Moisture 

Sample Collection Data 

Volume Dry Gas - Actual 
Volume Dry Gas - Stanc2ard 
Average Gas Meter Temp. 
Average Orifice Pressure Drop 

0.0 

20.9 

7 9 . 1  

2.6 

78.6  

75 .49  

1 0 3 . 0  

1 . 6 8  

1 0  

4/20/77 

30 .43  

30 .37  

2.24 

120 .0  

99.24 

23.10 

112 .0  

3105 .0  

2837.0  

3 0 . 7 1  

30.33 

0.97 

0.0 

20.9 

7 9 . 1  

2.6 

8 1 . 7 1  

78.23 

105 .0  

1 . 7 8  

11 1 2  

4 /20 /77  4/22/77 

3 0 . 3 1  

30.30 

2.24 

1 7 0 . 0  

92 .03  

22 .00  

1 0 1 . 7  

2957 .0  

2697.0 

3 0 . 7 1  

30.33 

0.97 

0.0 

2 0 . 9  

7 9 . 1  

2.6 

3 0 . 3 1  

3 0 . 3 0  

2.24 

200.0 

110.1 

22 .82  

126.6 

3067.0  

2744.0 

3 0 . 7 1  

30.33 

0.97 

0 .0  

20.9 

7 9 . 1  

2.6 

1 0 2 . 4 3 5  143.87  

97.88 , 1 3 8 . 4 4  

1 0 1 . 7  99.8 

1 . 5 9  1 . 7 1  

10 



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

Test NO. 

Date 

DETAILED TCST DATA - OUTLET 

1 2 3 4 

4 /18 /77  4 /19 /77  ' 4 / 1 9 / 7 7  4 /20 /77  

Sarometric Pressure 30.12 30 .33  3 0  .'33 30 .43  

Absolute Stack Pressure 30 .12  30 .32  30 .32  30 .42  

Stack Area (sq ft) 2.24 2 .24  2.24 2.24 

Net time of run(min) 200 .0  230 .0  100.0 1 0 0 . 0  

Percent Isokinetic 94.0 109.8  1 1 3 . 9  108.2  

Gas. Data 

Average Velocity ( F P S )  29.87 25.43 24.48 .25.36 
Average Temp. (OF) 95.6 92.7 1 0 5 . 0  98.0 
Actual F l o w  Rate (acfm) 4014 .0  3418 .0  3290.0  3409 .0  
Standard Dry ? l o w  Rate (scfmd) 3 7 9 4 . 0  3269.0  3079.0  3241 .0  
Molecular Weight - Dry 28.84 28.84 28.84 28.84 
Molecular Weight 28.67 28.67 28.67 28.67 
Mole Fraction - Dry 0.99 0 .99  0.99 0 .99  

Gas Analysis(Dry Percent Basis) 

Carbon Dioxide 
Oxygen 
Nitrogen 
Moisture 

Sample Collection Data 

Volume Dry Gas - Actual 
Volunie Dry Gas - Standard 
Average Gas Meter Temp. 
Average Orifice Pressure Drop 

0.0 

20.9 

7 9 . 1  

1 .5  

1 7 2 . 0 7  

165 .27  

98.9 

2.62 

0.0 0 . 0  

20 .9  .. 20 .9  

7 9 . 1  7 9 . 1  

1 .5  1 .5  

192 .38  82.67 

191 .25  81 .23  

83.5 89 .6  

2.44 2.20 

0.0 

20 .9  

7 9 . 1  

1 . 5  

82.26 

81 .27  

88.3 

2 . 1  
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T e s t  No. 

Date 

DZTAILED TCST DATA - OUTLET 

5 6 

4 /20 /77  4/20/77 

Barometr ic  Pressure  30.42  30 .43  

hbsolute  Stack ?ressure 3 0 . 4 1  30 .42  

Stack Area (sq f t )  2.24  2 .24  

N e t  t i m e  of run(min)  42.0  2 0 0 . 0  

Percent  I s o k i n e t i c  104 .4  101.3  

Gas Data 

Averaqe V e l o c i t y  (F?S) 26.20 26.68 

Average Temp. (07) 99.4 100.9  

A c t u a l  F low Rate (acfm) 3 5 2 1 . 0  3585.0  

Standar6 Dry F low R a t e  (scfma) 3338.0  3390 .0  

Nolecular Weight - Dry 28.84 28 .84  

Molecular Weight 28 .67  28.67 

Mole Frac t ion  - Dry 0.99 0.99 

Gas Analysis(Dxy Percent  B a s i s )  

Carbon Dioxide 0 . 0  0 . 0  
Oxygen 2 0 . 9  20.9 

Nitrogen 7 9 . 1  7 9 . 1  
No is tur e 1.5 1 . 5  

Sample Col lec t ion  Data 

V o l u i i e  Dry Gas - A c t u a l  34 .12  1 6 4 . 9 9  

V o l u m e  Dry Gas - Stantiard 3 3 . 9 1  1 5 9 . 2 1  

Average Gas Meter Temp. 84.9  ' 1 0 1 . 6  

Average O r i f i c e  P r e s s u r e  Drop 2 .24  2.32 

1 2  

7 8 

4 /20 /77  4 /20 /77  

30.43 30 .43  

30.42 30 .42  

2 .24  2.24 

200 .0  200.0 

1 0 2 . 6  102 .7  

28 .27  25 .80  

1 0 0 . 6  99 .7  

3800.0  3468 .0  

3595 .0  3286.0 

28 .84  28.84 

28.67 28 .67  

0.99 0.99 

0.0 0.0 

2 0 . 9  20.9 

7 9 . 1  7 9 . 1  

1 .5  1 .5  

172.93  1 5 7 . 1 7  

1 7 1  ; 02 1 5 6 . 3 9  

88.4 84.5 

2.6 2.17 
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DETAILED TEST DATA - OUTLET 

T e s t  so.  
Date 

Barometric P r e s s u r e  

A b s o l u t e  S t a c k  P r e s s u r e  

S t a c k  Area (sq f t )  
N e t  t i m e  of r u n ( m i n )  
Percent  I s o k i n e t i c  

9 

7/20/77 

30 .43  

30 .42  

2.24 

1 4 5 . 0  

1 0 4 . 9  

Gas Da ta  

Average V e l o c i t y  (FPS)  24 .87  

Average Temp. (01) 9 9 . 1  

A c t u a l  Flow R a t e  (acfm)  3342 .0  

S t a n d a r d  Dry F l o w  Rate ( sc fmd)  3158.0  

Molecular Weight  - Dry 28. a4  

Mole F r a c t i o n  - Dry 0.99 

Mol e c u l  ar  We i g h t 26.67 

Gas A n a l y s i s  (Dry P e r c e n t  B a s i s )  

Carbon D i o x i d e  0 . 0  
Oxygen 20.9 

N i t r o g e n  7 9 . 1  

Moisture 1.5  

Sample C o l l e c t i o n  Data 

Volme Dry Gas - Actua l  112 .87  

Volune Dry Gas - S t a n d a r d  1 1 1 . 3 4  

Average  Gas Meter Temp. 86.8  

Average O r i f i c e  P r e s s u r e  Drop 2 . 0 5  

1 3  

1 0  

7 /21 /77  

3 0 . 3 1  

.30.30 

2.24 

2 0 0 . 0  

1 0 3 . 5  

23.17 

1 0 6 . 7  

3114.0  

2905 .0  

28 .84  

28.67 

0.99 

0.0 

20.9 

7 9 . 1  

1.5 

142 .46  

1 3 9 . 3 4  

9 1 . 1  

1.73 
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DUCT A R E A  : 2 . 2  4S0. FT . PITOT T!i?E FACTO?: 0.310 

S'i'A? c. 900.97r) 
A I 5 . 0  903.440 (7. I 8 0  0 .170  C 0 .  78. 0.252 
I 10.0 905.943 0 .  I 8 0  I). 779 33. 7 3 .  0.252 
2 15.0 908.460 8.173 0.730 9 5 .  81. 9.252 
2 20 .0  910.943 0. I 39  0.770 101. 8 3 .  0.252 

3 30.0 315.9653 0. 180 3. 770 108. 8 7 .  0.252 

4 4 0 . Q Y 2 1 . 2 4 3  0 .203  Q.860 I l l .  91. 0.252 

3 2 5 . 0  913.5850 0 .190  O . R I 0  135. 85. Q.252 

d 3 5 . ~  Y I K . ~ ~  0.18') 0.770 109. w. 0.252 

4 4 5 . 0  s i 3 . a s n  
5 5c.  0 Y2,. 34Q 
0 55.0 928.0')O 
6 60.0 331.223 
7 65 .0  933.769 
7 70.0 Y 3 ~ . 2 5 9  
3 75. r, 93::. 9,oc 

9 35.0 9'1d. 238' 
9 YG. 0 ,??6.4.5,r! 

8 80.3 y 4 1 . 5 : ~  

0. 120 0.77r) 
0 .  150 3.770 
C. I 7  0 .739 
3. I71 0 .  7.30 
0 .  I80 0. 770 
9. I l r )  30.73Q 
0 . 2 0 3  0.,360 
c . 2 0 0  r).?/i0 
(7. 173 3 .730  
0. 15;? 0 .550  

12. Y 2 .  0 .252  
13. 9 3 .  0.252 
14.  9C. 0.252 
14. 95.  0.252 
15. 95. 0 . 2 5 2  
15. 95. 0.252 
Id.  4'6. 0.252 
15. 91. 0 . 2 5 2  
15. 93. 0.252 
17. 0 7 .  ? . E 2  

9 . 7 7 3  Ih7. 9 . j .  0.252 
3.?lC? I?;?. 9s.  0 . 2 5 2  

'9.310 l?9. 95. 0.252 
7 .770  130. l i j .  0.252 
. '? . - , I$  Y!J. 9.252 
7.770 119. ?5. 0.252 
3. 779 I I O .  76. Z.252 
0.50 I I I .  07. 0.252 
7.615 i l r , .  9 7 .  3.2572 
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5.0  
I O .  0 
15.Q 
20.0  
25 .0  
30 .0  
35. c! 
d0 .3  
45. 0 
5rj. 0 
55 .0  
69.0 
65.0 
7 0. n 
7 5 . 0  
an. 0 
6.3. c. 
90.3 
95.0 

I 30. r) 
135.0 
I I '3. r; 
115.0 
I2U. Q 
125.0 
130.0 
135.0 
I 4 n* ,? 
j 65 .P  
l5G.9 
155.0 
160.0 
I 5 5 . '? 
1 7 5. (1 
I 15.. 3 
13"." 
135.0 
195. n 
I". C' 
i(?! .. c 

. -  

- ._. ~ 

0 .2  I9 
0.2113 
0 . 2 O!) 
0 . 2  10 
0.2 I;? 
0.2 13 
0.2 I3 
0 . 2 1 2  
0 . 2 1 2  
0.2lCl 
0.200 
0 .200  
Q. IYO 
r, . I 5'0 
0.160 
0. I 7? 
5 . 1 4 0  
'2. I 50 
?. I a3 
0. I G  
13.207 
0 . 2 I?? 
0.200 
0.2 1') 
'2.209 
O .2 017 
r, . I CT) 
0. 171 
c.149 
0 . 1 4? 
r,. I m 
3. 15-1 
:i. 1517 
5.157 
3. 15.3 
,, . I 5CJ 
;, . I h'! 
r.. 169 
r . I 6,') 
':, . I :j.? 

n 

,. 

0 . 3 2 0  94. 
9.790 99. 
9 . 2 2 0  1'02. 
?.,320 102. 
a. 5:23 102. 
').?20 102. 
Q.820 133. 
0 .520  133. 
0. '320 l?3. 
0.79:: 1113. 
,7.7?!! 103. 
0.7110 103. 
9.7511 Ir)3. 
2.540 I". 
,3.6%0 132. 
9.500 101. 
<3.690 l n l .  

0.7Y3 194. 
0 .700  9 7 .  
'2.7213 YY.  
D.790 107. 
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5 30.0 174.620 0 .  190 0.750 -. 
/ 35.0 177. 180 0.20.3 ~3.700 

94.  91. 0 .252 
98. 91. 9.252 
00. 1'2. 0.252 
Or).  S3. 0.252 
91. 93.  0.252 
32. 73. 0.252 
0,s. 94. 0.252 
09. 93. 0 . 2 5 2  

9 45.9 lk32.33:1 C.200 . ,?. 799 1117. Y 5 .  0.252 

STA? 50. 0 184. 737 
13 5 0 . 0  184.770 O . I Y 0  5.750 I1 1 .  9 4 .  0.252 

F, I 551.0 137.039 0.33~3 Q.900 134 .  94, 3.252 
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Ecl 
2 
3 
4 

b 
7 
8 
9 
13 
I?. 
I 
2 

4 
5 
4 

8 
9 
13 

c 

3 

'2 
d 

7 
I 

2 0 . 0  22S.71(7 0 . 2 1 0  3 .320 
25.G 229.32C: 0 . 2 1 0  9 . 5 2 0  
30.0 23 I .Y5? 0 .229 0. 5360 
3 5 . 0  234.670 0.210 9 . 8 2 0  
40.0 236.819 0 . 1 5 0  0 .500 
45 .C  238 .969  0.143 0.560 
50.0 24Q.600 0.133 0 . 5 2 0  
3 5 . 0  2 4 3 . 1 7 0  0. 1 a0 0. 7 2 0  
60.0 245.713 0 . 2 0 3  0 .790 
45 .0  245.250 0.203 3 . 7 9 0  
7 0 . 0  250..96G 0 .210  9.320 
75.0  253 .390  0.200 0.790 
eO.0 255.94', 0 . 2 0 0  0.790 
85.0 25.3.440 ? . I 9 0  0 .750  104. 
90 .0  260.930 0.190 0.753 104. 
3 5 . 0  263.250 11.161 0 .540  106. 

100.0 265.370 G.130 ,3.'520 106. 
105.0 267 .733  0.169 3.540 108. 
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87. 

96. 
30. 
02. 
04.  
0 7 .  
00.  
0 a . 
08. 
84. 
91. 
92. 
00. 
02 .  
04. 

as. 
80. 0.252 
90. 0 .252 
132. 0 .252 
84 .  0 .252 
85. 0 . 2 5 2  
86. 0.252 

89. g.252 
93. 0 .252 
93. 3 .252 
86. 0.252 
86. 0.252 
86. 0.252 
88. 0.252 
89. 0.252 
90 .  0 .252 
91. 0 .252 
01. 0.252 
92 .  0 .252 
92. 0 .252 
93. (1.252 

83. 3.252 
15. 
15. 
15. 
2n. 
2Q. 
2 ,:I . 
2?. 
29. 
21. 
29. 
29. 
22. 
2 ,? . 
2 i3. 

ST AC K 
v EL 
(FPS) 

22.353 
22.558 
22 .739 
24 .593 
24.5'35 
25.1'1 
24.5 5-13 
20.776 
29  .? 72 
19.342 

..I 
I,, I - 
-_ 

02.2 
0 9 . 7  
0 7 . 9  
'94 . 3 
36.4 
OL. 5 
1'3. I 
32 .3  
06 .3  
34.  I 

22 .451  115.4 
24 .304 107.3 
24 .904  107.5 
2 4 . 5 ~ 0  1 ~ 6 . 3  
24 .394  . 105.3 
24.994 135.3 
23.-:??4 105.3 
23.414 105.4 
21.551 l0!j .2 
19.426 103.7 
21.551 112. I 
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Y O R K  RESEARCH CORPORATION J O B  N U M B E R :  847.9-34 
ONE RESEARCH DRIVE, STAMFORD, C.(lNNECTICUT 06906 

CLIENT.: EPA TEST NUMBER.Z 5 INLE 
PLANT LOCAT I O N :  ALL ENTO WN , PA DATE: APR19.37 
.UNIT TEST.ED: SCRUBBER TEST COND: FOAM 
DUCT N U M B E R :  INLET - .. B A R .  PRESS-IN HG-: 30.33 
DUCT AREA.: 2.24SO. FT . PITOT TUBE FACTOR: 0 .  770 
DUCT LOCATION: INLET TIME TEST STARTED: 0420 
FILTER NUMBERS: X X X  

SAMPLE ELAP SAMPLE PITOT ORIFICE METERTEMP NO2 
POINT TIM 

(MIN - 
STAR 0. 
A I  3.0 
2 6 .0  
3 9 . 0  
4 . I  2.0 
5 ' -15.0 
6 18.0 
7 21.0 
8 2 4 . 0  

~~ ~ 

VOLUME RDG RDG (DEG.F) DIA 
(DCFI ( INH20) ( INH20)  IN OUT ( I N )  

275.860 
277.420 0.210 0.820 80. 

280.590 0.230 0 .900  89. 
282.170 0.220 0.860 92. 
283.740 0.220 0 . 0 6 0  95. 

27a..9ao 0.210 0.820 82. 

285.280 0.210 0.820 98.  
286.770 0 .190  0.750 99. 
288 .190  O..IXI 0.680 99. 

9 27 .0  289.690 0.190 0.750 100. 
10 30.0 29.1.160 0.190 0 .750  .100. 
B1 33.0 292.730 0.200 0.790 98. 
2 36 .0  294.340 0.220 0.060 100. 

4 4 1 . 0  297.550 0.220 0 .860 .  103. 
3 39.0 295.560 0 .220  0.860 1 0 1 .  
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82. 0.252 
83. 0.252 
83. 0 .252  
84. 0 .252  
84. 0.252 
84. 0.252 
85. 0.252 
85. 0.252 
86. 0.252 
86. 0.252 
87. 0.252 
86. 0.252 
86. 0.252 
88. 0.252 

STACK 
TEMP 
(DF) 

,120. 
. I  20. 
120. 
120. 
120. 
120. 
120. 
120. 
20. 
20. 
20. 
20. 
20. 
20. 

STACK % I  
VEL -- 

( F P S )  -- 

24.689 ,108.9 
24.689 108.6 
25.838 106.5 
25.270 106.4 
25.270 105.5 
24.689 105.6 
23.484 ,107.2 
22.214 108.0 
23.484 107.7 
23.484 105.6 
24.094 110.0 
25.270 107.5 
25.270 81 .4  
25.270 198.4 



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

0. 316. 127 
5 . G  318.640 

10.0 321. 13' 
15.0 323.760 
20 .0  326.329 
25 .0  329.0?G 
30 .0  331.5?? 

0.200 
0.200 
0.220 
(2.237 
0 .22 r )  
0.221) 
0. 200 
0.200 
0.180 
r\. I60 

?. 221 
c .2  I O  
0 .2  I ?  
0 .239 
n.23,3 
0.230 
9 . 2  I ?  
0 . 2 1 0  
r . 2 2 7  
9.197 

7 9 .  
flu. 
96. 

I ?O. 
105. 
l,?9. 
1 I I. 
113. 
113. 
113. 

u 3 .  
95.  

102. 
105. 
I 0 ,? . 
I In. 
112. 
112. 
112. 
113. 

OiJT ( T U )  

77. 0.252 
77. 0.252 
79. 7.252 
31. 0.252 
63. 0.252 
s5.  0.252 
67. c . 2 5 2  
EF. 0 .252  
? I .  0.252 
'93.  0.252 

92 .  il.252 
92. 0.252 
5 2 .  0.252 
9'. 0.252 
?2. 7.252 
93. 87.252 
93. 0.252 
7 3 .  0.252 
? 4 .  0.252 
.*a. "1.252 

<>,' 

<, ,' 

STl<.!CK 
TE'!' r 
( S F )  

1Q5. 
lQ3.  
105. 
I 05. 
105. 
I I?. 
I I -,. 
I I? .  
I I I. 
I In. 

I I -'. 
I I I .  
1 I S .  
113. 
1113. 

113. 
I l i .  
115. 
115. 
I I >'. 

1 9  . 



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

Y OR K 25 S E A4 CH COR PO 9A T I Ob! J O R  h!ll;.i!3ER: 8479-34 
ObJ2 9 €5 EA RCH DR I V E, STA).!FO? 9, C O  EIVECT I CllT 069 06 

C L I  EYTS EP.4 TEST P l U i l E 9 :  7 I',!LE 
P L A  !%IT L (IC AT I c )  14 : A LL E?i TOPI?! , PA DATE: APr!20..77 
U:!IT TESTED: SCF!!JP9t'R TEST CO!!D: F!)Ahl _._---- DUCT !!UbBER :- IF!LET 5A.P. PDESS-I?! HG: 30 .43  
DUCT APE.4: 20.24S3. FT. PITOT TUEE FP.CTO?: 0. 77!7 
D U C i  LOCATIOII : I:.ILET __----- TIi.C,E TEST STA2TEi): 1615 
FILTEP ?!li;.iE.E9S: XXX 

STb.!? 0. 376.052 
A I  5 . 0  379.38C 0 .170  
2 10.0 382 .920  0..170 
3 15.0 306.322 0.180 
4 20.0 380.Al)tl 0.189 
5 25 .0  393.409 0.100 
6 3 0 . 0  397.030 0 . 2 1 0  
7 35.0 "0.639 0 . 2 1 0  
3 40.0 404.569 0.219 
Y 45.0 407.9?!: 0.180 

.500 

.500 

.530 

.?83 

.680 . a 3 0  

. 8 3 0  

.930 

. 5 w  

87. 
9 7. 
05. 
09. 
13. 
13. 
14. 
15. 
15. 

10 5 0 . 0  111.169 0.163 1.410 115. 
STAD 5 0 . 0  41 I .  169 
31 55 .0  415.10c! 0 .259  2. 109 191. 
2 6C.0 419.30r) Q . 2 5 3  2. IC?? 106. 
3 65 .0  4 2 3 . 4 3 1  0 . 2 6 3  2.290 113. 
4 7f.i. 0 426.840 0 .220  I . 9 0 0  1 17. 
5 75.0 43.9.3:::J G.223 I:XX 117. 
6 CC.0 .?34.2:33:7 Q.227 1.390 117. 
i 3 5 . 0  437. 0. I t30 I .  380 I 17. - 
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6Y. 0 . 3 0 8  
90.  0.308 
91. 0.308 

9 3 .  0.308 
9 5 .  9 .303  
95 .  0 .308 
9 7 .  0.308 
97. 0.398 
97. 0.308 

07. 0.%9 
97.  0.393 
$7. C.308 
93. 0.30E 
93. 9.33R 
93. 0. 3np 
qc;. g.3013 
c y .  0.398 
C Y .  0.308 
90. 0.3QR 

92. 3 . 3 ~  

I l Q .  21.997 
11'3. 21 .9Y7 
110. 22..535 
119. 22.535 
113. 23.255 
I l? .  24.449 
113. 24.449 
I I 3 .  21.1. 555 

I ? .  22.535 
lr). 21 .3d3 

1 I). 25.576 
15. 2,5.732 
15. 27 .323  

15. 25. 133 
1'5. 25. 1.33 

15. 25.1S3 
115. 22.734 
I I .i. 22. 3c4 
113. 22.7l?L! 
115. 22.794 

% I  -- 
-_ 

101 .9 
107.3 
YY . 4 

191.3 
101.5 
93.5  
91.2  

135.2 
06.3 
Y? . 0 
97.5 

I 0 -4. . I 
10G.3 
8.;. 5 
4'2.5 

191.9 
191.5 
19?.7 
I !?9. Y 

S Y .  3 



I 
I 
I 
I 
I 
I 

! I  
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

0. 459.003 
5 . 0  462.549 

19.0 446.100 
15.0 469.642 
2G.0 473. I00  
25.0 476.633 
3D.O 480.353 
35.0  45:. 79s 

5c.n 493.374 
59.0 4 Y 3 . 3 7 4  
55 .9  :!97.69? 
60 .0  5G0. w 3  
cs5.3 5 0 4 . 3 m  
70.9 537.950 
I 3  . !..! 3 I I . 42 Q -_ - - 

0. I50 
3. I 9 0  
0. I 30  
9. 1 Yr) 
0. I99 
0.199 
0. 189 
0. 1613 
0.190 
2.192 

I .  580 
1.530 
I .55o 
I . . la0 
I .  ,580 
I .  630 
I .  590 
l . 4 l Q  
I. t j R 9  
I .  580 

93. 95. 0.308 
90. 95. 0.308 

107. 95. 0.308 
I 1  I .  9' J .  0.3r::: 
I l l .  95. 0.3ne 
I I I .  93. 3.398 
113. 04. Ci.30n 
113. 9'. 0.3Qii 
I 13. 96. 0.3!1:: 
114. 07. a.3f?e 

q .200  1.730 196. 97. 9.3?'3 
0 .2  10 I .  330 119. G7. 2.302 
0.2 I O  1.330 I I I .  97. 9 . 3 C 8  
0.210 1.230 113. 9 7 .  0.398 
7.20? 1.739 114. 97 .  9.30F: 

21 



~ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

():IT 

ST,'..? 0. Y 5. 5 I 5 

2 212.3 i l l . 5 7 ! ?  0.279 2.?00 100. 
3 25.0 115.97? n.237 2 . 5 0 1  110. 
3 39.9 121.90'3 G.230 2.'330 115. 
4 3 5 . 0  125.27C 0.290 2.2CC 117. 
4 sc.0 129 .320  0.200 2.293 116. 
5 45.2 133.350 0.220 2.400 115. - 
3 30.0 i36.63C 9.200 2.2nn l i , 5 .  ? 2 .  3.3!?8 
6 55.c. IG I . c i3C  0.259 2.300 115. Y 2 .  3.39;: 
c; 60.0 l ~ ! 5 . 7 2 0  0 .25r I  2.301? 113. 92. 0 .303  . ,  

7 6 5 . 0  l & 9 . , 3 Y C 1  0 .25Q 2 .300  117. 
7 79 .0  153.9YC; 0 . 2 5 3  2.3?9  114. 

?2. 0.39s 
92. 0. 3:1n 

i: ., 75 .0  158. 123 0.250 2.317!? 112. 92. 9.3C4 
;j Os.? I 6 2 . 2 3 n  0 . 2 5 9  2.300 113. 91. 3.302 
9 ~35. ci i,;,ci.37? 0 .350  2.300 i 13 .  99. 0.3');: 
9 90.q 170.533 9.25 '7  2.303 113. 

:: i -- 

6 7 . 3  
5; . 2 
7 1 . 5  

. -, . I  I .  
21.2 
S T .  7 



-~ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I, 
I 

A 1  
I 
2 
2 
3 
3 
4 
4 
5 
5 
6 
6 
7 
7 
8 
6 
9 
9 
13 
10 
I I  
I 1  
12 

.. 

5 . 0  
10.0 
15.0 
20 .0  
2 5 . 0  
3(?. 0 
35.3 
42.0 
45.0 
5 0 . 0  
55 .0  
60.0 

3 2 . 3 1 0  
06.750 
90.7'30 
94.930 
Y 8.84') 

102.343 
~130 .639  
I I O .  120 
I 13.740 
I1  7 .329  
I 2  I . 3 s c  
125.410 

0.240 
0 . 2 4 0  
c.  220 
0.225 
0 . 2 0 0  
0 . 2  19 

0. 175 
0.180 
0.130 
0 .210  
0 .2  10 

0. 180 

2 . 5 5 0  
2.550 
2.300 
2 .350 
2 .100  
2.200 
1 .  YO0 
I . 3 5 0  
I .  9 0 0  
I .goo 
2.200 
2.200 

6 9 .  
91. 
92 .  
9 2 .  
? I .  
91. 

9:?. 
99 .  
98. 
92.  
Y3. 

9 8 .  

65.0  12Y.450 0 . 2 2 9  2 .300  94. 
70.0 133.540 0 . 2 2 0  2.3C0 94. 
7 5 . e  l37.SSO 2 . 2 4 0  2 . 5 5 0  97.  
80.9 142.230 0.240 2 . 5 5 0  9 8 .  
8 5 . 0  146.613 0.250 2 .700  30. 
90.0 159 .830  0 .255 2 .750  99. 
95 .0  155.380 0 . 2 4 9  2.550 I Q O .  

i0n.o 1 5 9 . 7 9 1  0.245 2 . . w o  190. 
105.0  163.390 0 .270  2.300 91. 
110.0 167.,530 0.22'2 2.300 Y O .  
115.0 171.650 0.190 2 . 0 5 0  9 7 .  
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OUT ( I \ , ! )  

70. 0 . m  
73 .  0 . 3 0 0  
P.1. 0.303 
70. ij.3?8 
71. G.30.3 
72. 0.308 

72. 0 . 3 0 8  
72.  0 .308  
72. 0. soa 
72.  0 . 3 0 0  
72. 0.303 
72. 3 . 3 0 s  
72.  6.308 
73. '3.308 

7 3 .  0 .308  
73. 0.308 

74. 6.338 

73. 0.308 
73. 0.308 

-, 

72. 0.308 

72. ! ? . m a  

74. 0 . 3 0 8  

72. 0 . 3 0 8  

STACK 
\I EL 

(F?:; 1 

25. 1 .!!E 
25.  142 
25 .957  
25.272 
23. '327 
24.4 1.5 
- 32.6C4 
22.283 
22.5% 
22.  j r ) J  
24 .134  
24. 375 
24.877 
24. '377 
25.?.?3 
26 .977  
2$5 . :i I 5  
L '7'5.224 
26.354 
26 .324  
27.714 
25 . 9 no 
2.3. 3 1 7  



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

i?. it30 
0. 173 
0 . I 7') 
0.239 
0 .260 
C .273  
0.260 
c . 2 3 0  
0.300 
0.300 

9.2 1') 
0.191) 
0. I a3 
0 . 1 7 0  

I .300 
I . t:00 
I .  300 
2.4,?3 
2.703 
2. 350 
2.700 
2 .953  
3.150 
3.150 

2 . 2 m  
2.300 
1.650 
I .  300 

78 .  
9 5 .  

100. 
102. 
102. 
I :2. 
IC3 .  
I ci3. 
I". 
103. 

33. 
109. 
191. 
101. 

75 r; .jer, Y. 133 0 . 1 7 1  i.,390 l?2 .  
20.0 373.13r. G. 170 1.300 101. 
85.C 577 .239  G.179 1.37Z 192. 

. \, 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I I 
I 

~I 

i J :  

2 0 .  (? 6 I 9. 3Jc: 
2 5 . 9  622 .329  
30.0 :>2c;. 8 I I? 

35. C 030.320 
f i r O . o  5 3 4 . 3 i C  
45.0  53,?.8l2 
50. 0 513.5'15 
50.0 ,543.939 

$3. 2 4r? 2. 2 '10 
0.220 2 .059 
0.209 1.859 
0. 180 1.55'3 
0. I30 I .650 
0 . 2 2 1  2. ?5!? 
G.2iiQ 2.420 
0.2S0 2.400 
0 . 2 7 0  2.500 
0.260 2.400 

79. 
83. 

l e i .  
101. 
l!31. 
101. 
102. 
1c2. 
101. 
102. 

00.0 652.45C 0.  I O 0  I .  75i) 100. 
65.0 556.4'93 3. 100 1.559 102. 
7G.9 560.51n 0. I C 9  1.553 1.22. 

0. 199 i . 7 5 3  102. 
9 .190  1.75') 102. 
C.2513 2.209 192.  
c . 2 9 n  2..559 102. 
0.20') 2.,:JSrl 10.3. 
0.30:7 2 . 7 3 0  131. 

25 

r- , ,-. ?, 
3 ! .A. .\ 

'/ zL 
( ? ? $ )  

-, ^ I  

r l ? .  I C!j 
25.314 
23 .359  
22.52.5 
22. 525 
25.714 
27. 193 
27. lS'3 
27.711 
27 .193  

23. 353 
.. 2 3  . L ' - ?  7 I '  

22.5 2 5  
22. i 2 5  
23.2,.;5 
23.2 2.6 
27. 193 
Z5.719 
2 i ' *713  
29.2 13 



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

YORK RESEARCH COR PO RATION JOB N U M B E R :  8479-34 
ONE R.ESEARCH DRIVE, STAMFORD, CONNECTICUT 06.906 

CLIENT: EPA 
PLANT LOCATION.: ALLENTOWN.PA 

. - UNIT TESTED: SCRUBBER 
DUCT NUMBER : 0.UTLFT 
DUCT AREA: 2.2450. FT. 

_z DUCT LOCATION.: OUTLFT -- - 
FILTER NUMBERS: X X X  

SAMPLE ELAP SAMPLE PITOT ORIFICE 
POINT TIME VOLUME RDG R E  - (MINI I (DCF) ( I ? i H 2 0 ) (  I N H 2 0 )  

STAR 0. 694.830 
A 4  3.0 697.170 0.180.  1.650 
5 6.0 699.270 0.190 1.750 
6 
7 

9 
IO 
STAR 
B 4  
5 
6 
7 

9 
IO 

a 

a 

9;O 701..910 
. l2 .0  704.710 
~ 5 . 0  707.380 
. ia .o  710.030 

21 .0  .712.820 
24.0 7 1 4 . 8 8 0  

21 .0  712.750 

2 7 . 0  716.960 
30..0 719.160 
33;O 721.570 
36.0 724.060 
39 .0  726.530 
42 .0  729.020 

0.250 
0.290 
0 .300  
0.300 
0 .3  IO 

0 .  1 ao 
0.180 
0.2 10 
0.240 
0.260 
0.250 
0.260 

TEST N U M B E R :  5 OUTL 
DATE: APR20,77 
TFST COND: FOAM - - . . - . 

B A R .  PRESS-IN HG: 30.42 
PITOT T U B E  FACTOQ: 0. 780 
TIME TEST STARTED: 0405 

METERTEMP N.OZ 
(DEG.F) DIA 

IN OUT - ( IN)  

2.200 9 7 .  74. 0.308 
2.400 99. 75. 0.308 

26 

STACK STACK % I  
TEMP V E L  - 
(DF) ( F P S )  -- 

98. 22.630 1 1 5 . 7  

98. 26.669 1 0 9 . 7  
98. 28.724 107.7 

98. 23.250 100.6 

100. 29.267 100.9 
100. 29.267 100. I 
100. 2.9.751 101. 1 

,100. 22.670 101.4 
,100. 22.670 101.9 
100. 24.487 99 .8  
100. 26.177 102.1 
100. 27.246 101. 1 

.loo. 26.717 102. I 

.loo. 27.246 101.0 



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

0. 43 .555  
5 . r  47 .220  

5 I . 33.2  1 0. 0 
15.0 55 .4y3  
20. 0 59. d,Z;O 
25.0  63 .375  

35.13 70.939 
4 0 . 0  74.693 
45.0 7 2 . 4 3 3  

30.0 67 .250  

50 .  0 82.2983 
35.9 26.909 
60. c 89. ;:%D 
65.0 94.(390 
70.0  Sd .  130 
7 5 . 0  102.23"1 ~~ 

30.c 106.430 
35. 0 I IO. 625 

0.25? 
0.250 
0 . 2 4 0  
0. 2 3 0  
9.22') 
0. 220 
c! . 20n  
3 .203  
0 .219  
a. 2 13 
0.2 19 
0 .2  10 
G.25n 
9.259 
0 . 2 5 1  
0. 259 
C.260 
C.270  
0.27'3 
2.2i;o 

0 . 2 5 3  
0 . 2 5 0  
0 .2  I 9  
s.213 

2.300 

2.200 
2. I 3 0  
2.050 
2.750 
I. ,350 
I. 850 
I .950 
I .950 
1.350 
I. 952 
2.309 

2 .303 
2.39c1 
2. '1QO 
2 .500  
2.301) 
2. .5co 

2 .300  
2.303 
I . ,950 
I .95Q 

2.302 

2.300 

4' 
Y ' l .  

104. 
103. 
1119. 
112. 
I IO. 
I I I .  
110. 
I l l .  
112. 
I 13. 
I1!7. 
112. 
I i 3 .  
I 13. 
114. 
l i 4 .  
113. 
114. 
I i 4 .  

196. 
I 10. 
l i ? .  
112. 

0.250 1.550 i l5 .  
0.2c0 I .  :?50 113. 
!?.I97 1.756 11.3. 
?,.I$)? 1.750 112. 
9.20:) 1.i35r: I 1  i .  
0.2 i o  I .95c) 113. 
9.29') 2. 550 I i I .  
C.300 2 . 7 5 3  i 1 1 .  



1 
I 
I 
I' 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Y O R K  RESEARCH CORPORATION J O B  NUMBER: 8479-34 
ONE RESEARCH DRIVE, STAMFORD, CONNECTICUT 06906 

CLIENT: EPA TEST NUMBER-: 7 O U E  
PLAKT L(XATION* ALLENTOWN,PA DATEJ APR20,.77 
UNIT TESTED: SCRUBBER TEST CONDJ WO FOAM 

DUCT A R E A 4  2.24SQ.m. PITOT TUBE FACTOR: 0.780 
DUCT L(1CATIONJ O U I L E T  ------ TIME TEST STARTED: 180.0 
FILTER NUMBERS: XXX 

Dl!€T NUMBERJ OUTLEI - ---- ._ BAR. PRESS-IN HG: -30.43 

SAMPLE ELAP SMPLE PITOT ORIFICE METERTEMP NOZ STACK STACK %I 
POINT TIME VOLUME R D G  RDG (DEG-F)  D I A  TEMP V E L  -- - ( M I N I .  (DCF.) . ( INH20)( INH20)  IN OUT ( I N )  lDF) ( F P S )  -- 
STAR 
A I  
1 
2 
2 
3 
3 
4 
4 
5 
5 
6 
6 
7 
7 
8 

9 
9 
IO 
IO 
STA R 
B 1. 
I .  
2 
2 
3 
3 
A 
A 
5 
5 
6 
6 
7 
.7 
8 
8 
9 
9 
IO 

a 

0. 14.732 
5.0 18.880 

19.0 23.210 
15.0 27.300 
20.0 31.370 
25.0 35.315 
30.0 39.250 
35.0 43.030 
40.0 46.730 
45.Q 50.480 
50.0 54.300 
55.0 58.410 
60.0 62.990 
65;O 6?.340 
70.0 .7 1.72.0 
75.0 76.10Q 
80.8 80.490 

90.0 89.950 
95.0 94.790 

IOD.0 99.699 
.l00.0 .100.3.70 
.195.0 104.490 
1-10.0 108.670 
I 1  5.0 I12..750 
120.0 1 16.750 
125.0 .120.610 
130.0 124.470 
135.0 128.310 
144.0 132..140 
145.0 136.000 
,150.0 139.'820 
155.0 144..410 
16.0.0 149.110 
145.0 153.'880 
170.0 158.640 
17.5.0 163.550 

185.0 173.320 
19.0. 0 1.78. 1 I O  
1.95. 0 183 .~90  

85.0 n5:130 

.18o.o 168.430 

0.250 
Q.-260 
0.250 
.O'. 250 
0 C2 30 
0.230 

. o  .2.10 
0.200 
9.2.LO 
0.220 

0.280 

0.290 
0.290 
6.'290. 
0 .'. 330 
0.340 
0.370 
0 .' 3.70 

0.260 
0.260 
Q.'250 
0.240 
0:220 
0.230 
0.220 
0.220 
0.230 
0.2 30 
0.340 
0.'350 
0.360 
0 ..360 
0..380 
0.360 

, 0..310. 
. .O. 340 

O.'3AO 

0.280 

0.280 

2.300 84. 
2.4W .97. 
2.300 105. 
2.366 105. 
2.100 105. 
2.100 104. 
1.958 102. 
1.850 . I  00. 
I .950 100. 
2.050 99.' 
2.688 102.. 
2.600 a 102. 
2.600 103. 
2.650 104. 
2.650 104. 
2.658 JQA. 
3. 100 102. 
3.200 101. 
3.4€l)8 103. 
3.400 103. 

2.480 86. 
2.400 96. 
2.300 97. 
2.200 97. 
2.050 95. 
2. ID0 93. 
2.050 92. 
2.050 90. 
2.100 99. 
2..100 90. 
3.150 90. 
3.200 92. 
3.300 94. 
3.300 94. 
3.500 95. 
3.300 95. 
3. 100 96. 

3.100 102. 
3. loo 97. 

75. 0.388 

80. 0.'308 
80.  0.308 
82. 0.308 

95. 0.308 
82.  0.308 
82. 0.308 

82. 0.308 
82.  a.308 

n. 0.308 

a. 0.3138 

82. 0.308: 

13. 0.38a 
82. o.3oaZ 
82. 8.308 
82. 8.388 
82. 0.388 
82. 0.308 
82. 0.308 
82. 0.308 

78. 0.308 
79. 0 . 3 8  
78. 0.300 
78. 0.308 
78. 0.308 
77. 0.308 
75. 0.308. 
75. 0.308 
75. 0.308 

75. 0.308 
.74. 0.308 
75. 0.300 

75. 0.308 
75. 0.308 
74. 0.308 . 
75. 0.108 
75. 0.308 

75. 0.308 

74. 0.308 

102, 
102. 
102. 
102. 
103. 
183. 
183. 
103. 
le2. 
182. 

.I 00. 
1 QO. 
102. 
102. 
182. 
100. 
102. 
101. 
101. 
101. 

I Q l .  
101. 

,101. 
-101. 
. I  00. 
100. 
100. 

.I 00. 
100. 
100. 

.I 00. 
100. 
98. 
9 8. 
9 8. 
98. 
98. 
98. 
98. 

26.763 
27.293 
26.763 
26.763 
25.6.93 
-25.693 . 

24.5% 
23.959 
24.529 

.25.. 1.06 
28.273 
28.273 
28.323 
28.825 
28.825 
28.. 773 
30.748 
31.183 
32 -5 30 
32 ..5 30 

27.265. 
2.7.2 69 
24.739 
26. I 9.9 
25.061 
25.624 
25.061 
25.061 
25.624 
25.624 
31 . I 55 
31.610 
32.001 
32.001 
32 ..878 
32.001 
31.099 
31 .OW 
31.099 

-104.7 
-1.05.7 
180.8 
100.3 
101.2 
101.0 
100.5 
102.2 
10.1 .D 
100.6 

.I 00.3 
102.0 
161.3 
100.2 

-1 00.2 
100.2 
99.8 

102.1 
98.2 
99.4  

101.4 
101.8 
101.4 

J O l . 4  
102.3 
100.3 
102.3 
102.2 
100.8 
99.7 
98.8 
99.6 
99.3 
99. I 
99.4 

101.5 
104.6 
102.2 
107.9 28  
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YORK RESEARCH CORPORATI O N  J O B  NUMBER; 8479-34 
ONE RESEARCH DRIVE, STAMFORD, CONNECTICUT 06906 

CLIENT; EPA TEST NUMBER: 8 OUTL 
PUNT LOCATION2 ALLENTOWN,PA DATE2 APR20,.77 
UNIT TESTED.: SCRUBBER TEST COND: W / O  FOAM 

BAR.  PRESS-IN HG: 30.43 
PITOT TUBE FACTOR: 0.780 
TIME TEST STARTED: 2230 

-- 
DUCT NUMBER: OUTLET - -_ 
DUCT A R E A :  2.2450. FT. 

FILTER NUMBERS: XXX --\_ 
DUCT UKATIONI WTLET -- 
SAMPLE ELAP SAMPLE 
POINT .TIME YOLUME 

STAR 
A I  
I 
2 
2 
3 
3 
4 
4 
5 
5 
6 
6 
7 
7 
8 
8 
9 
9 
IO 
IO 
STAR 
Bl 
I 
2 

0. 
5.0 

10.0 
. I  5.0 
20.0 
25.0 
30.0 
35.0 
40.0 
45.0 
50. 0 
55.0 
BO. 0 
65.0 
70.0 
75.0 
80.0 
85..0 
90.0 
95.0 

.1.00.0 
IQO. 0 
105.0 
110.0 
115.0 

15.100 
l9.'980 
22.710 
26.390 
30..1 00 
33.600 
345.960 

43.800 
47.270 

54.740 
58.060 
Q2.780 
66.920 
71.120 
76.770 
79.620 

40.380 

5 o ; n o  

83.690 
87.820 
9 I .970 
9 I .,970 
95.21 0 
99.090 

.I 04. 1 1  0 
2 ,120.0 .107.850 
3 125.0 . I  11.330 
3 130.n 1 ~ 4 . 2 7 0  
4 .  
4 
5 
5 
6 
6 
7 .  
7 
8 
8 
9 
.9 

135.0 I 1  7.890 .~ . 

14DIO 121.560 
145.0 L25.3.00 
150.0 128. 1.90 
155.0 132.550 
140.0 137. 180 
165.0 142.110 
1.70.0 146i340 
175.0 .150.910 
180.0 155.530 
185.0 160. I I O  
190.0 165.130 

PITOT ORIFICE METERTEMP NOZ 
RDG RDG - (I1EG.F) DIA 

(INH20)( I N H 2 0 )  IN OUT . (IN) 

0.2 IO 
9.2.10 
0.200 
0.200 
0.180 

. 0.180. 
0.170 
0. I 80.. 
0. 1 9.0 
-0. 1.90 
0.250 
0.250 
0 . 2 a  
0.240 
0.260 
.0.260 
0;240 
0.240 
0.250 
0.750 

0:2 IO 
0.210 
0.;200 
0.200 
-0.1 ao. 
O..I 80 
0.1 70 
0. 1.70 
.0..1.90 
0,190 
0.29.0 
0.3 IO 
0.'320 
0.320 
0.320 
.O. 330 
0.31.0 
0.310 

2. DO0 
1.950 
I .  850 
1.050 
1.450 
I .650 
I .  600 
I .  650 
I .  750 
1.750 
2.300. 
2.300 
2.25.0 
2.250 
2.400 
2.400 
2.250 
2.250 
2.300 
2.300. 

65.: 
ao. 
88. 
90. 
92. 
93. 
94. 
92.. 
92 .  
93. 
93 c 
95. 
98. 
98. 
9& 
98. 
9 8. 
9 8. 
98. 

1 00. 

2.200 88. 
2.209 98. 
2.100 98. 
1.850 99. 
1.650 .97. 
1.650 95. 
1.800 92. 
1.8QO 92. 
2.000 95. 
2.000 95. 
3.050 94. 
2.900 102. 
2.950 ,103. 
2.950 102. 
2.950 102.- 
3.050 101. 
2.900 1.0.1. 
2.980 -1.02. 

65. 0.300 
65. 0.308 
67. 0.308 
68. 0.308 
70. 0.308 
70. 0.308 
32. 0.308 
72. 0.308 
73. 0.308 

73. 0.308 
72. 0.308 
75. 0.308 
35. 0.308 
75. 0.308 
75. 0.308 
.75. 0.308 

74. 0.308 

73. 0.308 

75. 0.308 

75. 0.308 

72. 0.300 
75. 0.308 
7'5. 0.308 
74. 0.308 
74. 0.308 

73. 0.308 

73. 0.308 
73. 0.308 

74. 0.308 
75. 0.308 
76. 0.308 
36.  0.308 
75. 0.308 

75. 0.308 

74. 0.308 

73. 0.308 

72. 0.308 

75. o . ' m  

STACK 
TEMP 
(DF) 

100. 
100. 
100. 

. I  00. 
102. 
102. 
102. 
102. 
101. 
.101. 
.I 00. 
- 1.00. 
100. 

.I 00. 
.I 00. 
100. 
100. 
100. 

.I 00. 
100. 

100. 
.I 00. 
100. 
100. 

.loo. 
.I 00. 

. 100. 
. I  00. 
.I 00. 
100. 
-100. 

98. 
98. 

, -98- 
98. 
.9 7. 
97. 

98. 

STACK 
V E L  

(FPS 1 

24.485 
24.485 
23.895 
23.895 
22.709 
22.709 
22.069 
22.709 
23.3 I 1  
23.3 I 1  
26.715 
26.7 I5 
26. I76 
26. I76 
27.244 
27.244 
26.176 
26. I76 
26.715 
44.272 

24.485 

23. a95 

24.485 
23.895 

22.669 
22.669 
22.030 
22.030 
23.290 
23.290 
28. .713 
29.696 
30.171 
30.171 
30.171 
30.639 
29.669 
29.669 

% I  - - 
137.7 
75.9 

103.9 
104.5 

.103.6 
99.4 

103.8 
-101. I 

99.7 
.I 00.4 
99.3 

103.0 
99.5 

105.0 
102.4 
137.8 
72.3 

103.3 
102.8 
59.5 

88.9 
1.05.2 
139.5 
103.9 
102.0 
86.3 

109.8 
111.3 
10.7. 1 
82.7 

,101.5 
,103. 1 
107.8 
.92.5 
100.0 
99.7 

101.9 
111-5 

~~ -. -. 

.IO 195.0 168.810 .0..150 1.600 ,100. 88. 0.308 97. 20.638 l16.'.0 29 
IO 200.0 172.275 .0.150 1.600 .loo. . -  8 9 7. 3fl.638 109.2 
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Y O R K  RESEARCH CORPORATION J O B  NUMBER: 8479-34 
ONE RESEARCH DRIVE, STAMFORD, CI1NNECTICU.T 06906 

CLIENT.: EPA TEST NUMBER: 9 OUTL 
PLANT LOCATION: ALLENTCIWN ,PA DATE: APR2l ,77  
UNIT TESTED.: SCRUBBER TEST .CON0 : W / O  FOAM 

oucr AREA-S 2.24SQ. FT . -- - PITOT TUBE FACTOR: 0.780 
DUCT NUMBER.: (1UTLE.T 

FILTER NUMBERS: XXX 

- BAR. PRESS-IN HG: 30.31 

TIME TEST STARTEDJ 0225 

.___ 

--_ - DUCT LOCATIONJ (lUTL€T -_. \ 

SAMPLE ELAP SAMPLE 5 PITOT ORIFICE METERTEMP NOZ 
POINT .TLME YOLUME RDG R E  (0EG.F) DIA - . ( M I N S  (DCF) (INH2O)(INH2O) IN OUT ( I N )  

STAR 9. 82.575 
A I  
1 
2 
2 
3 
3 
4 
4 
5 
5 
6 
6 
7 
7 

8 
9 
9 
I O  
IO 
B I  
I 
2 
2 
3 
3 
4 
4 
5 

a 

5.0 86.630 
10.0 .90.310 
.15.0 93.630 
20.0 97.780 

30.0 105.470 
35.0 109.640 
4.0.0 113.450 
45.0 117.440 
5QO 121.390 

25.0 101.750 

~ .. 

55;O 125.390 
60.0 129.380 
65.0 133.350 
.70.0 137.4 I O  
.75.0 141.470 
80.0 145,650 
85.0 149.870 
90.0 154.060 
95.0 158.990 

100.0 162.070 
105.0 166.740 
1 1.0.0 170.580 
1.15.0 174.240 
120.0 177.860 
125.0 181.430 

.130.0 184.890 
135.0 188.350 
14.0.0 191.790 
145.0 195,440 

0.2 10 
0.2 IO 

0.220 
0.190 
0.190 
0.130 
0.11 80 
.O; 190 
0..1 80 
0.250 
0.2.40 
0.250 
0.250 
0.’260 
0.2.70 
0.270 
0.270 
0.240 
.O .2 40 
0.230. 
0.230 
0.200 
0.200 
0.J 90 
0: 1 80 
.o. 1 en 
0. 180 
0.2 10 

,0.220 

. 2.200 85. 
2.200 92- 
2.300 95. 
2.300 98. 

2.000 -1  00. 
1.550 99. 
1.650 100. 
1.750 100. 

. 1.659 99. 
2.300 98. 
2.200 98. 
2.300 99. 
2.300 99. 
2.400 99. 

2.500 100. 
2.500 100. 
2.200 I 1  00. 
2.200 99. 
2.100 89. 

.2..JOO 96. 
1.850 -97. 
1.850 95.. 
1.750 94. 
1.650 94. 
1.650 93. 
1.650 92. 

2.000 100. 

2.500 100. 

1.950 92. 

30 

75. 0,308 
73. 0.308 
74. 0.300 
74. 0.308 
36. 0.308 
76. 0.308 

78. 0.308 
78. 0.308 
78. 0.308 
78. 0.308 
3%. 0.308. 
78. 0.308 
78. 0.308 
78. 0.308 
78. 0.308 
79. 0.308 
39. 0.308 
79. 0.308 
79. 0.308 
76. 0.308 
73. 0.308 

77. 0.308 
77. 0.308 
77. 0.308 
77. 0.308 
77. 0.308 
76. 0.308 

n. 0.308 

77. 0.308 

STACK 
TEMP 
LDF) 

9.5. 
.I 00. 
.loo. 
.loo. 
100. 
too. 
100. 

.I 00. 
104. 

.I 04. 
105. 
105. 
104. 
102. 
99. 
99. 
88. 
82. 
95. 
99. 
99. 
99. 
99. 
99. 
99 
99. 

-1 00. 
. I  00. 
.I 00. 

STACK %I 

(FPS) - - V E L  

24.422 110.6 
24.532 ,100.3 
25.J.09 88. I 
25.109 109.9 
23.334 112.6 
23.334 -1.05.5 
22.072 124.9 
22.712 110.7 
23.417 113.3 
22.793 115.3 
26.885 99.4 
26.342 .101.2 
26.862 98.8 
26.814 100.3 
27.272 98.4 
27.7.91 99.3 
27.517 99.2 
27.366 97.9 
26.108 10.1.0 
26.202 100.2 
25.650 .121.5 
25.650 
23..9 19 
23.9 1.9 
23.313 
22..692 
22.712 
22.712 
24.532 

99.2 
01.2 
00.3 
01.6 
01.1 
01.3 
00.8 
99.2 
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YORK RESEARCH CORPORATION JOB NUMBER: 8479-34 
ONE RESEhRCH D R I V E ,  STAMFORQ, CONNECTICUT 06906 

CLIENT3 EPA 
PLANT LOCATIOW ALLENTOWN ,PA 
.UNIT TESTED3 SCRUBBER 

. DUCT. NUMBERJ O U n E T  - __ 
DUCT  AREA^ -224sa.m. 

TEST NUMBERJ IO OUT 
DATE: APR2 1 -377 
TEST .COND: k 0 A M  
BAR. PRESS-.IN HGJ 30.31 
PIf0T.TUBE F A C T O R S  0.780 

DUCT U1CATIC)N: OUTLET . TIME TEST. STARTED I 0 12.0 
FILTER N U M B E R S  XXX 

SAMPLE R A P  SAMPLE I PITOT ORIFICE METERTEMP NO2 
POINT . TLME VOLUME RDG RDG - (D€G.F) .DIA 

STAR 
B l  
I 
2 
2 
3 
3 
4 
4 ,  
5 
5 
6 
6 
7 
7 .  
8 
8 
9 
9 
IO 

0. 416.835 
5.0 421.290 

10.0 425. 140 
15.0 428.720 
2.0.0 432.480 
25.0 436.040 
30.0 439.520 

40.0 446.320 
45.0 44.9.720 
50.0 453.010 
55.0 456.220 
60.0 460.670 
65.0 464.560 

35.0 472.370 

85.0 480.120 
90.0 484.080 
95.0 488.110 

35.0 442.980 

70.0 468.430 

80.0 476.280 

0.230 
0.220 
0. I90 
0.200 
0.200 
0.J 80 
0.180 
0. I60 
0.170 
0.160 
0.220 
0.220 
0.220 
0; 220 
0.230 

~ 2..100 76. 
2.050 100. 
1.750 102. 
1.850 .loo. 
1.850 100. 
1.650 100. 
1.650 100. 
1.500 10.1. 
1.600 99. 
1.500 99. 
2.050 98. 
2.050 98. 
2.05CL .90. 
2.050 .I 00; 

’- 2. ID0 .loo. 
0.230 . 2..lOO ,100. 
0.220 2.050 ,100. 
0.220 2.050 100. 
0.240 2.200 ,100. 

IO 100.0 492.110 0.240 2.200.lOO. 
STAR .lOO.O 492.140 
A I  105.0 495-900 0.200 1.880 90. 
I 
2 
2 
3 
3 
4 
4 
5 
5 
6 
6 
7 
3 

8 
9 
9 
IO 
IO 

a 

110.0 50 .320  
115.0 503.330 
12.0.0 506.61 0 
125.0 509.950 

,130.0 513. I80 
135.0 516.480 
140.0 51.9.090 
145.0 523.00.0 
150.0 526.330 
155.0 529.650 
.160.0 532.930 
165.0 536.310 
130.0 540.010 
175.0 543. I90 
100.0 546.660 
185.0 55.0.120 
190.0 553.710 
1.95.0 556.420 
200.0 559.320 

0.200 
0.’200 
0. I50 
0 ..I 50 
0.150 
0. I50 
0.150 
0. I60 . 
O..I 60 
0.1 80 

0.1.70 
0. I70 
O J 9 0  
0.-I 80 
0.180 
O..l a0 
0. loo 
0..120 

0.  iao 

1.880 100. 
1.880.100. 
1.400 ,100. 
1.400 100. 
1.400 105. 
1.400 102. 
1.490 102. 
1.500 .102. 
1.500 102. 
1.650 102. 
1.650 103. 
I .  600 . I  00. 
I .  600 . I  00. 
1.750 100. 
1.650 ,100. 
1.650 100. 
1.650 ,100. 
0.860 . I  00. 
i..iao 98. 

31 

OUT I IN.) 

33. 0.308 

80. 0.308 

81. 0.308 
82. 0.308 
82. 0.308 

84. 0.308 
83. 0.300 
03. 0.308 
83. 0.308 
83. 0.308 

82. 0.308 
82. 0.308 
82. 0.308 
82.  0;308 
02. 0.308 
80. 0.308 

38. 0.308 

80. 0.308 

82. 0.308 

82. 0.308 

82. 0.308 

85. 0.308 
88. 0.308 
80. 0.308. 
05. 0.308 
85. 0.308 
85. 0.300 

86. 0.308 

84. 0.308 
8 4 .  0.300 
84. 0.308 
84.  0.308 
04. 0.308 
04. 0.308 

84. 0.308 
84. 0.308 

83. 0.308 

85. 0.308 

85. 0.30a 

84. 0.308 

STACK STACK 
TEMP VEL 
dDF) (FPS)  

,100. 25.671 
1.1 0. 
1 IO. 
I IO. 
I IO. 
1 IO. 
1 IO. 
1.1 0,. 
1 I O .  
108. 

.I 08. 
.I 00. 
.I 00. 
100. 
100. 
100. 

. I  00. 

.LOO. 
100. 
100. 

.I 00. 
I IO. 
110. 
1 IO. 
I IO. 
1 IO. 
1 IO. 
1 I O .  
120. 
115. 
IIZ 
115. 
115. 
120. 
100. 

.I 00. 
. I  00. 
101. 
101. 
102. 

25.330 
23.540 
24.151 
24..151 
22.912 
22.9 12 
21.602 
22.266 
21.564 
25.286 
25. I07 
25. I07 
25.107 
25.671 
25.671 
25. IO7 
25. 107 
26.223 
26.223 

23.939 
24. 151 
24.151 
20.916 
20.916 
20.9 16 
20.9 I6 
20.916 
21.790 
21.696 
23.012 
23.012 
22.364 
22.461 
23.332 
22.710 

22.730 
16.942 
18.576 

22.710 

% I  

17.8 
02.2 

.I 0.1 .8 
104.5 
98.8 

.I 01 .‘7 
.I 01.1 
103.4 
102. I 
101.7 
84.8 

116.8 
102. I 

101.1 
100.3 
.loo. 7 
103.8 
101.2 
100.6 

1.04.3 
122.5 
83.3 

104.4 
107.0 
1.02.6 
105. I 
83. I 

121.6 
103. I 
97.0 

J O I . 9  
112.0 

100.3 
1.00.0 
103.9 
105.0 
I 02.9 

Jai .5 

95.8 

89.5 
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P~RTICU~TE.CALCU~TIO~S 

The fo l lowing  a r e  t h e  b a s i c  e q u a t i o n s  used i n  c a l c u l a t i n g  t h e  d a t a  
a s  found i n  t h e  f i n a l  summary. 

1. Volume o f  dry  gas sampled a t  s t anda rd  c o c d i t i o n s  - 7 0 ” F ,  29.92“ Hg, 
f t . 3  

2 .  Volume o f  wa te r  vapor a t  7 0 ° F  and 2 9 . 9 2 ”  Hg, f t . 3  

V = 0 . 0 4 7 4  x Vw Wga s 

I 

3. % Moisture i n  s t a c k  gas  

1 0 0  x vw 
gas  % M =  

‘mstd ’ “w gas  

4. Nole f r a c t i o n  of dzy gas 

- 7 .  S tack  v e l o c i t y  a t  s t a c k  c o c d i t i o n s ,  ZIJS  

8 1  
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8. S tack  gas  f l o w  r a t e ,  s t a c k  c o n d i t i o n s ,  ACFN 

QA = 60 x V s  x A, 

9 .  S t ack  gas f l o w  r a t e ,  s tandard  c o n d i t i o n s ,  SCFW 

1062.6 x Vs x A s  x Q x Ps 
(Ts + 460) Qs = 

1 0 .  Percent  i s o k i n e t i c  

17.24 x (Ts + 460) x Vmstd 
76 I = 

V s  X T t  X Ps X xd X (Dn)? 

11. D r y  p a r t i c u l a t e  concen t r a t ion  - Gr/SCFD 

X f  C = 0.01543 x - 
'mstd 

12 .  Dry p a r t i c u l a t e  emiss ions  - l b h r  

E = 0.008572 x C x Q s  

13.  P a r t i c u l a t e  emissions by a c t u a l  h e a t  i n p u t  - L h h N B t u  

14. 16 Excess a i r  a t  samplinz p o i n t  

1 6 .  Fc Fac tor  

- - 321 103 t.;c Fc 
GCV 

8 2  
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i a  

19 
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Emissions 

Emissions 

F F a c t o r  (LbhlMBtu) 

EF 7 20.9-% 02 
CF ( 20’9 ) 

Fc F a c t o r  (LbhDlBtu)  

P ro ra t ed  Emissions 

E =  P 
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PARTICUIATE CALCULATION KEY 

= Stack  a r e a  (ft') 

= Dry p a r t i c u l a t e  concen t r a t ion  - Gr/SCFD 

= Percent  by volume (dry b a s i s )  i n  f l u e  gas  

= P i t o t  t ube  c o r r e c t i o n  f a c t o r  

= Sample nozz le  d iameter  ( in . )  

= D r y  p a r t i c u l a t e  emissions - l b h r  

= Percent  excess  a i r  

= Emissions by F Fac to r  - Lb/?PlBtu 

= Emissions by Fc Fac to r  - Lb/?liiBtu 

= Emissions by a c t u a l  h e a t  i n p u t  - Lb/$PiBtu 

= Average normal emission r a t e  (non-soot blow) 

= Prora ted  emission r a t e  

= Emission r a t e  d u r i n g  soo t  blow 

= F Fac to r  (SCFD/?!XBtu) 

= Fc Fac to r  

= Gross c a l o r i c  va lue  o f  f u e l  f i r e d  ( B t d l b )  

= Percent  by weight o f  f u e l  f i r e d  

= Sampling i s o k i n e t i c s  

= ?e rcen t  moi s tu re  by volume i n  s t a c k  gas  

= Piole f r a c t i o n  of d r y  gas  

= Front  h a l f  sample weight (mil l igrams)  

= Molecular weight  of  s t a c k  gas  

= Piolecular weight  o f  d r y  s t ack  gas  

= Sarometr ic  ? r e s s u r e  ("Xg) 

= Average o r i f i c e  ?ressur% d r o ?  (''H2O) 

= Stack p r e s s u r e  ("Hg ahso lu te )  

8 4  
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'mstd 

VS 

V W  

',gas 

= Veloc i ty  p r e s s u r e  ('"20) 

= Stack  gas  f low r a t e ,  s t a c k  c o n d i t i o n s  - dCFM 

= Stack  gas  f low r a t e ,  s t anda rd  c o n d i t i o n s  - SCFYD 

= Time u n i t  i n  ope ra t ion  p e r  day (hours) 

= Average meter  tempera ture  (OF) 

= Stack  tempera ture  ('F) 

= T i m e  u n i t  blows s o o t  p e r  day (hours) 

= T e s t  time (minutes) 

= Volume o f  gas sampled a t  meter  c o n d i t i o n s  - f t 3  

= Volume o f  d r y  gas  sampled a t  s tandard  c o n d i t i o n s  
f t 3  

= Stack  gas  v e l o c i t y  a t  s t a c k  c o n d i t i o n s  - f p s  

= M i l l i l i t e r s  of  wa te r  condensed i n  impingers  

= Volume o f  w a t e r  vapor  a t  70°F and 29.92' '  Hg, f t 3  

I 
I 
1 8 5  



r 
I 
1 
1 
I 
1 
1 
1 
I 
I 

. I  
1 
I 
1 
1 
I 
I 
I 
1 
1 

GASEOUS E>!ISSIONS CALCUWTIO??S 

GEiNEML EOUATIONS 

A .  P a r t s  Per M i l l i o n  ( u m )  b v  Volume Drv: 

(48.15) (mgcomp) (T, + 4 60) 

(m) ('Id (Pm1 PPm = 

ppm B X 34 E.4 = ppm measured x T o t a l  A i r  2 meas 'd .  Ed) ( 
(To ta l  A i r  @ - X 56 EA) 

Where: T o t a l  A i r  = 100 + EA (For 0 2 ,  e q u i v a l e n t  Excess A i r  Used) 

B .  Pounds Per  Hour (Lb.&r .] : 

(7.467 x 10-6) ("EcomD) (CIS) (T, + 460) 
Lb . /Hr .  = - 

Cvml (Pm) 

Where: mgcomp = weight  o f  component sampled (mg) 
Tin = Temperature of ?!eter ( O F )  
mi = Molecular weight  of Component 
Vm = Pletered g a s  volume (ACF) 
Pm = Meter p r e s s u r e  ( i n .  Hg a b s o l u t e )  
QS = S t a c k  gas  f low (SCRID) 

SPECIFIC EOUATIONS 

S 0 2 ,  S u l f u r  Dioxide ( P I W 6 4 . 1 )  F-, F luo r ide  (?W=19.0) 

(. 7512) (mg SO>) (T, + 460) (2 .534)  (ma F-) (T, + '460) 
(Pm) Cvm) PPm = (Pm) V m l  PPm = 

SO3, S u l f u r  T r i o x i d e  (?Pj=80.1) C 1 - ,  Chlor ide  (>fi+33.5) 

(.6011) (mg  S O 3 )  (T, + 4 5 C )  
(Pml (Vm) 

(1.356) (r13 Cl-) (T, + 460) 

? e m  = (Pm) W m l  
ppm = 

Ho, Nercurv (NiJ=200.6) H C L ,  Hvdrogen Chlor ide  (W=3 6.51 

( .  2400) (mg Hg) (T, + U 60) ( 1 . 3 1 9 )  (rng HCL) (T, + 4615) 
ppm = PPm = 

(Pm) P m l  (em) ( v m )  

. 
(1.047) (mg X 0 2 )  (T, - U 6 8 )  

p p n  = F d e n o t e s  f l a s k  
(Pi-Pf) ( ' 7 ~ ~  CF) i deno tes  i n i t i a l  

a 6  




