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1.0 INTRODUCTION

Scott Environmental Services, a division of Scott Environmental
Technology, Inc. conducted a testing program at Bethlehem Steel Cor-
poration, Bethlehem, Pennsylvania to determine benzene emissions from
six sources in the coke byproduct recovery plant. The work was per-

. formed for the United States Environmental Protection Agency, Emissions
Measurement Branch, under Contract No. 68-02-2813, Work Assignment 48.
Data collected from this plant and six others are being used for the
development of a possible National Emission Standard for Hazardous

Air Pollutants for benzene.

Sampling was conducted at Bethlehem Steel from July 7th to
24th, 1980. Integrated air samples and liquid samples for benzene
analysis were collected from the following processes: Denver
flotation unit, haphthalene melt pit, naphthalene drying tank,
cooling tower - direct water final cooler, light oil condenser vent, and

the tar decanter from #5 battery.

U$| Scott Environmental Technology Inc.
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2.0 SUMMARY OF RESULTS

Benzene Emission Rate

Process

1b/hr. kg/hr.
Cooling Tower 73.4 33.3
Tar Decanter 2.6 1.2
Light 0il Condenser Vent 28.8 13.1
Naphthalene Drying Tank 0.04% 0.02%*
Denver Float Units 28.2 12.8
Naphthalene Melt Pit 19.8* 9,0%

*Not a continuous process.

| Scott Environmental Technology Inc.
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3.0 RESULTS AND DISCUSSIONS
3.1 COOLING TOWER

The cooling tower circulates the hot water from the direct water
final coolers after the naphthalene is removed via the Denver float units.
The tower is about 36 feet high and has four 13-foot diameter fans on top
for pulling air counte?current to the falling water. Benzene which is
contained in the final cooler water is in part released as a vapor as it
passes downward through the cooling tower. This benzene is picked up as
a contaminant in the final cooler spray towers.

The three tests run on the cooling tower were fairly consistent,
ranging from 66 to 79 1b/hr., with an average result of 73.4 1lb/hr. The
stack velocities for each run reported in Table 3-1 are an average of the
velocities measured across the 24-point traverse. The velocities measured
were generally lower near the stack wall and in the center over the hub of
the fan, as would be expected. Field data (showing the measured velocities)
can be found in Appendix B.

All stack flow rates were corrected to the average conditions at
which the benzene concentrations were measured in the Tedlar bags; assumed
to be saturated at 68°F and 29.92 inches Hg (2 1/2 % moisture). Example
calculations are shown in Appendix A.

Liquid samples were collected from the hot and cold‘wells. Average
benzene concentrations were 6.8 ppm and 3.5 ppm respectively., The hot and
cold well temperatures were 86°F and 82°F, indicating that the cooling tower

was not really cooling the water significantly, and as noted on page 6-1,

03| scott Environmental Technology Inc
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COOLING TOWER DATA SUMMARY

TABLE 3-1

Process: Cooling Tower-direct water final cooler Stack Diameter: 13 feet (1 of 4 stacks)
2
Plant: Bethlehem Steel, Bethlehem, PA Stack Area: 133 ft.
Flowrate Flowrate Benzene Benzene
Stack Barometric Stack Stack Standard Concen~ Emission
Run Sample gemp. Pressure Velocity Conditions Conditions tration Rate
No. Date Period F (in. Hg) (ft/min.) (ACFM) (SCFM) (ppm) (1b/hr)
N 1 Fan 4 Fans
1 7/10/80 1034-1140 84 29.58 870 115,000 109,000 12.56 16.6 66.2
2 7/10/80 1150-1255 84 29.58 . 905 120,000 114,000 14.38 19.9 79.5
3 7/10/80 1417-1520 83 29.56 - 860 114,000 108,000 14.27 18.6 74,5
Ave.
73.4
Standard conditions: Saturated at 68°F, .92 in Hg.
LIQUID SAMPLE DATA S RY Benzene Concentration
(OF) (ppm by weight)
Sample Location Date Time Sample Temp.
o}
Hot Well 7/10/80 15: 40 86 F 7.1) sverage 6.8
6.4)
o o
Cold Well 7/10/80 15:45 82°F g-;; Average 3.5

08CT SO LS6T

Z-¢ 2%eq



SET 1957 05 1280 Page 3-3

was due to the malfunction of a faulty level control. Past plant operating
experience shows that an average temperature reduction from 86°F to 76°F is
experienced during the summer months and from 62°F to 48°F during the

winter months.

$| Scott Environmental Technology Inc.
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3.2 TAR DECANTER

The. tar decanter collects tar and flushing liquor from the #5
battery and from the priﬁary coolers., It is allowed to settle and the
flushing liquor is decanted off the top while the tar is drained from the
bottom. The decanter is vented to the-atmosphere, and is a potential
benzene emission source.

The average result for the tar decanter emissions is 2.6 1lb/hr.,
with a range of 1.4 to 3.7 1b/hr. Velocities measured were quite consistent
over all three runs but the concentration of benzene differed considerably,
as shown in Table 3;2. The large differences between sample runs is
probably due to fluctuations or changes in the process feed streams, as
the samples were not all collected on the same day.

Liquid samples were collected at three locations: The surface
liquid in the decanter, the inlet to the decanter from the coke gas cross-
over main from the #5 battery, and the inlet to the decanter from the
primary cooler. Average benzene concentrations in the liquid samples were:
In the surface samples - 1.6 ppm, in the crossover main samples - 4.9 ppm,
and in the primary cooler samples - 16.4 ppm in the light fraction (flushing

liquor) and 1810 ppm in the heavy fraction (tar).

4| Scott Environmental Technology Inc.
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Process: Tar Decanter - #5 battery

Plant: Bethlehem Steel, Bethlehem, PA

TABLE 3-2
TAR DECANTER DATA SUMMARY
Stack Diameter: 10-1/8"

Stack Area: 0.559 ft.

2

Flowrate Flowrate Benzene Benzene
' Stack Barometric Stack Stack Standard Concen— Emission
Run Sample Tgmp. Pressure Velocity Conditions Conditions tration Rate
No. Date Period (F) (in.Hg) (ft/min.) (ACFM) (SCFM) (ppm) (1b/hr)
1 7/8/80  1453-1523 158 29.53 500 280 170 1447.2 2.9
2 7/9/80 1020-1121 161 29.71 490 275 160 717.8 1.4
3 7/9/80  1530-1600 163 29.67 490 280 150 1975.0 3.6
Standard Conditions: 68°F, 29,92 inches Hg. Ave.
2.6
LIQUID SAMPLE DATA
o Benzene Conc.
Sample Location Date Time Sample Temp. ( F) (ppm by Weight)
Flushing liquor on surface 7/8/80 1525 176 5.6
7/8/80 1600 180 4.2 Ave. 4.9
Flushing liquor inlet from coke
gas crossover main 7/9/80 1415 N.A. 1.6
Inlet to decanter from primary cooler
Heavy fraction (tar) 7/9/80 1545 140 i;gg Ave. 1810
Light fraction (liquor) 7/9/80 1545 140 16.4 Ave. 16.4

16.3

08CT S0 LS6T L3S
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3.3 LIGHT OIL CONDENSER VENT

Benzene in the wash oil is ;emoved by heating the wash
0il and condensing out the benzene. Noncondensibles in the wash
0il, possibly including some benzene, are vented to the atmosphere.
For this reason the light oil condenser vent was considered a
potential benzene emission source.

The average of the three good runs on the light oil
condenser vent (Run 3 was voided) was 28.8 1b/hr., as shown in
Table 3-3. Although the flow rate was very low, the benzene con-
centration was approximately 10% so the mass emission rates wéere

comparable to higher flow sources.

{3{ Scott Environmental Technology Inc.




:“g:
=
]
g
3
z
§
R

TABLE 3-3

LIGHT OIL CONDENSER VENT DATA SUMMARY

Process: Light 0il Condenser Vent

Plant: Bethlehem Steel, Bethlehem, PA
Flowrate
Stack Barometric Stack Stack

Run Sample Tgmp. Pressure Velocity Conditions
No. Date Period (F) (in. Hg) (ft/min.) (ACFM)

1 7/11/80 1015-1045 95 29,51 120 24

2 7/11/80 1056-1126 96 29.51 130 25

3 7/11/80 1212-1242 109 29.51 120 23

4 7/11/80 1600-1630 104 29.49 120 24

*Run 3 not included in calculations due to sampling system leak.

Standard Conditions: Saturated at 680F, 29.92 in. Hg.

NOTE: No liquid samples were taken at this source.

Stack Diameter: 6"

Stack Area: 0.20 ft.
Flowrate Benzene Benzene
Standard Concen- Emission
Conditions tration Rate
(SCFM) (ppm) (1b/hr.)
23 91,900 25.3
23 109,800 31.1
21 53,300 *
22 110,500 29.9
Ave.
28.8

08CT SO LS6T LIS
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3.4 NAPHTHALENE DRYING TANK

The drying tank collects the mélted naphthalene after
the melt process, and steam is applied to the tank to drive off any
water present in the naphthalene. This is a batch procéss and ruﬁs
for approximately 12 to 14 hours, during which time benzene is |
emitted along with the steam, through the open process vents on the
tank. |

Testing the naphthalene drying tank involved a special test
modification using impingers which is described in detail in Section
6.4. The test method was given a trial run on July 18, and the
resulting total emission rate (stack plus vent) was 1.57 1b/hr. A
series of 8 tests were run on July 22 over a 15-hour period, and the
average for these runs was 0.04 lb/hr. The results of the 8 tests
varied widely since the drying cycle is a batch process. As expected,
the emissions dropped off as the cycle progressed and the water was
driven off the naphthalene, and emissions increased when the tank
temperature increased, as seen in Table 3-4. Vent "A" refers to the
process vent stack, and "B" is the large opening in the tank for steam
lines, which was tested as a vent.

The benzene emissions from the drying tank vary widely from
day to day depending on how long the naphthalene was heated in the
melt pit prior to transferral to the drying tank. Ideally the melt
process and the drying tank should be sampled on the same day to de-
termine benzene emissions from the naphthalene handling processes as

a whole.

3| Scott Environmental Technology Inc.




_ TABLE 3-4
NAPHTHALENE DRYING TANK DATA SUMMARY

Process: Naphthalene Drying Tank Stack Diameter: A: 6" B: 22"

Plant: Bethlehem Steel, Bethlehem, PA Stack Area: A 0.196 ft2 B: 1.6 ft.

Barometric Pressure: 29.5 in. Hg.

=
]
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Stack Stack Standard Benzene Benzene
Stack Velocity v Flowratg Flowrate Concen- Emission
Run Test Temp. (fpm) (ACFM) (SCFM) ‘tration Rate
No. Date Period (F) . A B A B Total Total “(ppm) (1b/hr.)
T 7/18/80 1353-1423 206 630 350 120 560 680 71 1824 1.57
1 7/22/80 1337-1410 209 850 610 170 980 1150 106 168.60 0.217
2 7/22/80 1610-1640 210 730 110 140 170 310 3 428.11 0.016
3 7/22/80 1813-1843 202 690 * 140 * 140 18 32.34 0.007
4 7/22/80 2130-2200 195 590 * 110 * 110 27 16.09 0.005
5 7/23/80 2415-2445 192 540 * 110 * 110 27 40.78 0.013
) 7/23/80 0220-0300 190 590 * 120 * 120 34 45.40 0.019
7 7/23/80 0255-0320 210 780- 100 150 250 400 14 218.16 0.037
8 7/23/80 0404-0455 199 660 * 130 * 130 22 117.05 0.032
Ave. 0.043

Standard Conditions: Saturated at 680F, 29.92 in. Hg.
NOTE: No liquid samples were collected at this source.

*# No flow detected with anemometer.

0821 SO LS6T LES
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3.5 DENVER FLOTATION UNITS

The Denver units skim naphthalene from the surface of the
hot water collected from the final coolers. The skimming is accom-
plished by blades rotating on a shaft that spans the length of the
flotation tank. The system is comprised of four adjacent units, three
of which are in operation at any given time. This is a constant
operation and constitutes a potential benzene emission source because
the impure naphthalene is contaminated with benzene and the Denver
units are agitated and at temperatures above ambient level.

The results of the tests of the Denver float units are
presented in Table 3-5. The tracer gas sampling strategy and sampler
.locations for each test are detailed in Section 6.5. Each test
consisted of two runs, with the second run designed to estimate the
contribution of the unit adjacent to the test unit (#2) to the
total being measured from the test unit (#1). This became irrelevant
in tests 2 and 3 because unit 2 was not in operation.

In tests 2 and 3 the data from sampler 3 was rejected
because the sampler was inadvertently located adjacent to a "hot
spot" benzene emission point in the naphthalene melt pit.

In each test the benzene/isobutane ratio is lower for the
center sampler than the outer samplers. This would be expected
because the tracer discharge manifold was not long enough to cover
the entire tank axis. Thus, the center portion of the tank shows a

higher relative isobutane concentration.

3| Scott Environmental Technology Inc.
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TABLE 3-5

DENVER FLOAT UNITS

Test 1, Run 1 Denver Units Operating: 1, 2, 3
Tracer on Tank #1 Date: 7/8/80
Isobutane release rate - 1,39 1b/hr Test Start: 11:24
Conc. of Conc. of

Sample Benzene Isobutane Mass to Mass 1b/hr kg/hr
Loc. (ppm) (ppm) Ratio Q/ick_ F* Benzene Benzene

1 3.51 0.50 9.38 0.739 9.60 4.36

2 8.61 1.72 6.73 0.789 7.35 3.34

3 14,51 2.02 9.66 0.665 8.91 4,05

Avg. 8.62 Avg. 3.92

Test 1, Run 2

Tracer on Tank #2 Date: 7/8/80
Isobutane. release rate - 1.25 1b/hr Test Start: 12:09
1 3,03 0.15
2 7.69 0.40
3 16,61 1.13
Test 2, Run 1 Denver Units Operating: l,_}, 4
Tracer on Tank #1 Date: 7/15/80
Isobutane release rate - 1,27 1b/hr Test Start: 10:30
1 5.16 1.02 6.80 1.00 8.64 . 3.93
2 5.42 1.09 6.68 1.00 8.48 3.85
3 18.96 1.16 21.94%% 1.00 27.86%% 12.66%*

Avg. 8.56 Avg. 3.89
Test 2, Run 2

Tracer ou Tank #2 ) Date: 7/15/80
Isobutane release rate - 1,25 Test Start: 11:19
1 4,42 0.20
2 5.68 0.48
3 18.45 2.40

* Fraction from Tank #1.

** Data rejected, interference from another source.

' Scott Environmental Technology Inc.
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Table 3=5
(Continued)
Test 3, Run 1 Denver Units Operating: 1, 3, &4
Tracer on Tank #2 ) Date: 7/15/80
"Isobutane release rate - 1.28 1b/hr Test Start: 13:30
Conc. of Conc. of
Sample Benzene Isobutane Mass to Mass 1b/hr kg/hr
Loc. (ppm) (ppm) Ratio ¢/;g¢_ F* Benzene Benzene
1 7.13 0.22
2 8.39 0.50
3 14.00 1.97
Test 3, Run 2 .
Tracer on Tank 1 Date: 7/15/80
Isobutane release rate 1,28 1b/hr Test Start: 14:00
1 6.64 0.95 9.45 1.00 12.10 5.5
2 7.16 1.26 7.66 1.00 9.80 4.45
3 13.67 1.24 14.83% 1.00 18.98%*%  8,63%*

Avg. 10.95 Avg. 4.98

* Fraction from Tank #1.
** Data rejected, interference from another source.

(| Scott Environmental Technology Inc.
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The benzene emission rates for a typical Denver Float Unit
tank were determined to be 8.6, 8.6 and 11.0 pounds per hour. While
statistical determination of confidence limits is not possible, the
relative good agreement of data points and the small estimated error
due to the assumptions made in the calculations lead to the judgment
that the emission rates are within one pound per hour of the true rate
at each process/ambient condition tested. The total emissions from the
Denver unit with three tanks in operation would be 26, 26 and 33 pounds
per hour.

Test 3 was performed on the same day as Test 2 and_under the
same experimental conditions except that the ambient temperature was
approximately SOF higher in Test 3. A comparison of corresponding
Test 2 and Test 3 data (2-1 to 3-2 and 2-2 to 3-1) shows that the
isobutane tracer concentration changed very little from test to test.
Yet, the benzene is clearly higher at Sampling Locations 1 and 2 in
each case. This indicates that the higher emission rates in Test 3

can be attributable to the higher ambient temperature.

4| Scott Environmental Technology Inc
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3.6 NAPHTHALENE MELT PIT

The melt pit collects the naphthalene slurry that was skimmed
off in the Denver units, and once a day steam is applied to melt the
naphthalene to facilitate pumping into a drainage tank. Benzene con-
tained in the naphthalene cake is released when the steam is applied
to the melt pit.

Tﬂe results of the four tracer gas tests on the naphthalene
melt pit during melt operations are shown in Table 3-6. For each test
the first half~hour run was conducted while the cake was still melting.
The second run was made after ammonium Sulfate salt had been added to
Fhe melt and prior to its being pumped to the drying tank. There are
considerable test to test differences in benzene emission rates.

It is believed‘that the differences are real, and that they are the
result of variations in the process step timing, the portion of the
process cycle sampled and ambient conditions.

A test was performed on 7/17/80 after the melt was com-
pleted and the pit was beginning to refill. The results of this test
are presented in Table 3-7. This test serves as the basis for estimates
of emissions from the pit at times othér than when the melt was in
progress. This test was planned to assess the contribution of the
Denver float unit to the melt pit emissions measured during the melt
cycle. However, it became apparent that the melt pit made a substantial
contribution to the benzene found in this test. On 7/22/80, three sets
of grab air samples were collected over the melt pit at ground level.

The results are as follows.

Y| Scott Environmental Technology Inc.
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Date: 7/15/80
Tracer Test #1, Run #1
Test Start - 8:00 a.m.

} Page 3-15

TABLE 3-6

NAPHTHALENE MELT PIT

Conc. of Conc. of
Sample Benzene Isobutane
Loc. (ppm) (ppm)
1 11.48 0.713
2 17.54 1.02
3 16.58 0.93
Upwind 0.71 ND

Date: 7/15/80

Isobutane Emission Rate: 1.16 1b/hr

. 0.53 kg/hr
Weather Conditions: Wind SSW 0-5 mph
Temp 75°F
Mass to Mass 1b/hr kg/hr

Ratio ¢/ic, Benzene . Benzene

21.66 25.13 11.42
23.06 26,75 12.16
23.97 27.81 12.64

Avg. 26.56 Avg, 12,07

Isobutane Emission Rate: 1.16 lg/hr

Tracer Test #1, Run #2 0.53 kg/hr
Test Start - 8:35 a.m. Weather Conditions: Wind SSW 0-5 mph
' Temp 75°F
1 9.45 0.977 13.01 15.10 6.86
2 13.48 1.32 13.75 15.95 7.25
3 14.90 1.49 13.45 15.60 7.09
Upwind 1.03 ND
Avg. 15.55 Avg. 7.07
Date: 7/16/80 Isobutane Emission Rate: 1.28 1b/hr
Tracer Test #2, Run #1 0.58 kg/hr
Test Start: 7:30 a.m. Weather Conditions: Wind SSW
Temp 75°F
1 14,99 1.25 16.16 20.86 9.40
2 15.18 1.52 13.41 17.16 7.80
3 10.22 0.754 18.24 23.35 10.61
Upwind 1.02 ND
Avg. 20.46 Avg. 9.30
. Date: 7/16/80 Isobutane Fmission Rate: 1.31 1b/hr
* Tracer Test #2, Run #2 0.60 kg/hr
Test Start - 8:09 a.m. Weather Conditions: Wind SSW
Temp 75°F
1 11.35 1.54 9.93 11.22 5.10
2 5.48 2.12 3.47 4,55 2.07
3 8.87 1.39 8.57 11.23 5.10
Upwind 0.77 ND -

* Run voided due to leak in flowmeter.

Scott Environmental Technology Inc.
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TABLE 3-6
(Continued)

Date: 7/17/80
Tracer Test #3, Run #1 Isobutane Emission Rate: 1.26 1b/hr,

Test Start - 7:15 a.m. : 0.57 kg/hr
Weather Conditions: Wind - Variable
Temp. 75°F
Conc. of Conc. of
Sample Benzene Isobutane Mass to Mass 1b/hr kg/hr
Loc. (ppm) (ppm) Ratio ¢/ic, =~ Benzene  Benzene
1 6.56 0.80 11.03 13.90 6.32
2 6.86 1.41 6.54 8.24 3.75
3 6.80 1.78 5.14 6.48 2.95
Upwind 0.49 ND -

' Avg. 9.54 Avg. 4.34

Date: 7/17/80

Tracer Test #3, Run #2 Isobutane Emission Rate: 1.24 1lb/hr

an 0.56 kg/hr
Test Start 8:18 a.m. Weather Conditions: Wind -~ Variable
, Temp. 75°F
1 5.28 0.261 27.18 33.70 15.32
2 5.61 0.430 17.64 21.87 9.94
3 6.16 0.421 19.71 24.44 11.11

Upwind 0.61 ND
Avg. 26.67 Avg.12,12

Date: 7/18/80
Tracer Test #4, Run #1
Test Start - 7:36 a.m.

Isobutane Emission Rate: 1.29 1b/hr
0.59 kg/hr
Weather Conditions: Wind N, Steady

1 18.60 3.31 7.56 9.75 T 4,43

2 19.68 6.84 3.87 4,99 2.67

3 19.44 4,79 5.46 7.04 3.20
Upwind 1.83 0.087 -

Avg, 7.26 Avg. 3.43

Date: 7/18/80
Tracer Test #4, Run #2
Test Start — 8:30 a.m.

Isobutane Emission Rate: 1.29 1b/hr
0.59 kg/hr
Weather Conditions: Wind N, Steady

1 4.41 2.57 2.31 2.98 1.35

2 5.70 3.99 1.92 2.48 1.13

3 6.18 4,50 1.85 2.39 1.09
Upwind 2.83 ND -

Avg. 2,62 Avg. 1.19

. }| Scott Environmental Technology Inc
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TABLE 3~7

BACKGROUND FOR NAPHTHALENE MELT PIT

Date: -7/17/80 . Denver Units Operating - 1, 2, 3
Tracer Test #1, Run #1 : Isobutane Emission Rate: ‘1.28 1b/hr
Test Start - 11:22 a.m. . 0.58 kg/hr
' Weather Conditions: Wind SSW, 0-5 mph
X : Temp 80°F
Conc. of Conc. of
Sample Benzene . Isobutane Mass to Mass 1b/hr kg/hr
Loc. . (ppm) (ppm) Ratio Q/ic:__ Benzene Benzene
1 14.65 - 3.01 6.55 8.38 “3.81
2 15.21 3.89 5.25 6.72 3.05
3 9.71 2,04 6.42 6.94 3.15
Upwind 0.56 ND -
. Avg. 7.35 Avg. 3.34
Date: 7/17/80 Denver Units Operating - 1, 2, 3
Tracer Test #1, Run #2 Isobutane Emission Rate: 1.28 1b/hr
Test Start - 11:55 a.m. 0.58 kg/hr
Weather Conditions: Wind SSW, 0-5 mph
Temp 80°F
1 13.49 1.52. 11,93 15.27 6.94
2 15.82 3.54 6.01 7.69 3.50
3 13.43 3.75 4.82 6.17 2.80
Upwind 0.25 ND -

Avg. 9.71 Avg. 4,41

Scott Environmental Technology Inc.
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BENZENE OVER MELT PIT AT GROUND LEVEL
Grab Samples Collected 7/22/80

Time Benzene Concentration (ppm)
Edge of Pit Middle of Pit

1330 46 27

1800 67 36

2300 116 : T 42

It can be seen that the benzene concentration was higher
at the edge of the pit, which was above the point where incoming
slurry splashed into the pit, than at the eenter of the pit. 1In
addition, the concentrations increased with time as the pit filled.

The contribution of the Denver unit to the samples
collected during the melt tests was estimated to be negligible be-
cause the plume rise from the hegted pit caused the emissions from
the Denver unit to rise well above the samplers. TFurthermore, the top
of the Denver unit from which point the Denver unit's emissions emanated
was approximately six. feet above ground level (top of melt pit).

Thus, it is quite unlikely that the Denver unit emissions could reach
the samplers during the tests on the melt pit when the melt was in
progress.

The following engineering estimates of overall daily naphthalene
melt pit emissions are based on all of the data collected. The benzene
emission rate from the melt pit is highest during the time when the
naphthalene cake is being melted. The emission rate during this half
hour period is from 20 to 30 pounds per hour. During the following

half hour the emissions decrease to the 10 to 20 pounds per hour range.

C$| Scott Environmental Technology Inc.
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The emissions continue to decrease over the period that the melted
naphthalene remains in the pit and the benzene content in the mix
becomes depleted. Once the melt has been transferred to the drying
tank and filling of the pit with slurry from the Denver units resumes,
benzene emissions begin at the rate of three to six pounds per hour.
As filling continues and the liquid level in the pit rises, the
emission rate increases to the order of 10 pounds per hour or more
until the next melt is started. These emission rates can easily

vary by a factor of 2 or 3 from day to day. The temperature of the
material in the pit is the primary variable which affects the benzene

rate at any given time.

3| Scott Environmental Technology Inc.
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4,0 PROCESS DESCRIPTION AND OPERATION
4,1 PROCESS DESCRIPTION

The by-product fecovery operations for tar and flushing liquor at
Bethlehem Steel Corporation, Bethlehem, Pennsylvania are two separate systems;
Batteries 2, 3, and A as well as a separéte system for Battery 5. These gas
streams combine before entering the ammonia saturator. Batteries 2 and 3
have 102 ovens each and weére constructed in 1941-43 using a Koppers-Becker
design., Battery A has 80 McKee-Otto ovens that began operation in 1976.
Batteries 2 and 3 produce a heavy tar because the hot top of the oven causes
cracking of the carbén compounds in the coke oven gas. The specific gravity
of the heavy tar is in the range of 1.25. Battery 5 has 80 Koppers ovens
with horizontal flues that were constructed in 1953. Battery 5 produces
light tar with a specific gravity of approximately 1.19.

The processes used at the Bethlehem plant for coke oven gas
recovery are primary cooling, tar decanting, exhausting, tar electrostatic
precipitation, ammonia still and saturator, final cooling, light oil s¢rubbing
and rectifying, and Sulfiban desulfurization with Claus recovery. A process
flow diagram of the gas and liquid streams is depicted in Figure 4-1.

The gas leaving the ovens is collected in the collecting mains
where it is sprayed with flushing liquor. The gas and flushing liquor leave
the battery area and are transported from the collecting main through cross-
over mains into the suction main and into the by-product recovery area. The
gas and liquor initially separate at the downcomer where the flushing liquor
falls out and the gaé continues to the primary coolers. The flushing liquor

from Batteries 2 and 3 enters an interceptor pit before being pumped to the

(3| scott Environmental Technology Inc.
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tar decanter because ground elevations will not allow for gravity flow. The
interceptor pit removes some sludge which is stored in a dumpster before
disposal. The detention time in the interceptor pit is very short with a
flow rate of 189 1/s (3000 gpm). The flushing liquor from Battery A does
not enter this pit, but flows by gravity to the tar decanter.

As previously stated the tar and flushing liquor operations are
two separate, but similar systems. This discussidn will address Fhe operations
for Batteries 2, 3 and A because the plant tour surveyed this system. The
gas stream from Battery 5 joins the gas stream from Batteries 2, 3 and A
before the ammonia saturator. Excess flushing liquor from both systems are
steam stripped in the same ammonia still.

The dirty flushing liquor enters the two parallel tar decanters
where it is sepérated into liquor, tar, and sludge. Liquor-from the over-
flow pit is also separated in the tar decanters. The flushing liquor flows
by gravity to a surge tank before returning to the spray system on the
collecting mains., Excess flushing liquor from the surge tank is treated
with lime before stripping in the ammonia still., The flushing liquor
ammonia concentration is approximately 3000 mg/1l bgfore the still. The
ammonia rich vapors exit at the top of the ammonia still and combine with
the main gas stream before the ammonia saturator. The ammonia concentration
in the effluent from the ammonia still is 1.2 mg/l before entering the
aeration basins. In the future the plant will increase the ammonia concen-
tration to approximately 40 mg/l to enhance the biological wastewater

treatment process,

U$| Scott Environmental Technology Inc.
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The tar layer from the tar decanter is pumped to tar storage. The
water content of the tar is approximately 10-12% from the tar decanter and
3-47 after tar storage. The water content of the tar from the tar decanter
could increase to approximately 35% when charging problems occur. The tar
in storage is heated to 9A°C for several days before shipping. Heavy tar
from Batteries 2, 3, and A is produced at a rate of 181.7 cubic meters
(48,000 gallons) per day. Light tar from Battery 5 is produced at a rate
of 45.4 cubic meters (12,000 gallons) per day. The siudge layer from the
tar decanter is pulverized in a ball mill before storage and disposal.

The gas stream enters four parallel primary coolers at 77°C where
it is sprayed with circulating liquor. During the visit two old primary
coolers were not operating due to reactivation. The circulating liquor is
cooled by indirect coolers before recirculating in the primary coolers.
Excess circulating liquor and tars are drained to the overflow sump from
the old primary coolers. The excess liquor from the new primary coolers
goes directly to the decanters. The gas leaves the primary coolers at
approximately 44°C.

The gas stream enters the exhausters where the prime motive
power for the system is supplied. The gas then enters four parallel tar
electrostatic precipitators where additional tar is removed from the gas
and drained to the overflow pit (drain pit).

The gas from the tar electrostatic precipitators is combined with
the gas stream from Battery 5 and the vapors from the ammonia still before
entering the ammonia saturator. The ammonia saturator is an Otto design

that sprays 2% sulfuric acid through the gas as it rises in the saturator

3| Scott Environmental Technology Inc.
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column. The system produces 65.3 metric tons (72 tons) of ammonium sulfate
per day. Béfore the ammonia still was installed the plant produced 54.4
metric tons (60 tons) of ammonium sulfate per day.

The.gas leaving the ammonia saturator is approximately 55-60°C
before entering the final coolers. The final coolers are arranged in three
parallel rows with two rows having two coolers each in series and one row
having one cooler. There is normally one cooler in each row in service at
any given time. The final coolers circulate water which is indirectly
cooled before respray. The naphthalene/water slurry from the bottom of
the final coolers is conveyed to a Denver flotation unit'via an open trough.
In the Denver unit the naphthalene slurry is floated and scraped from the
surface and then drained to a melting pit. The naphthaleng slurry is
heated in the melting pit before pumping to the draining tank. From the
draining tank the naphthaléne goes to a drying tank and then to a shipping
tank. The water from the Denver flotation is pumped to the atmospheric
cooling tower for the final coolers. All operations are vented to the
atmosphere.

The gas leaves the final coolers and enters the light o0il scrubbers
at 18°C in the winter but rises as high as 32°C in the summer. The wash
0il scrubbers are arranged in three parallel rows with two rows having four
scrubbers each in series and one row having two scrubbers in series. 1In the
light oil scrubbers the wash oil flows are countercurrent to the gas stream
and remove the light oil from the gas stream. The benzolyzed wash oil is
then stripped of the light oil in the wash o0il still. The debenzolyzed wash

0il from the wash 0il still is indirectly cooled in the wash oil chillers

3| Scott Environmental Technology Inc
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before the wash oil decanter, In the wash oil decanter entrained water is
periodically separated from the wash oil and flows by gravity to the Gale
0il sump (see Figure 4-2). The wash oil from the wash oil decanter is then
returned to the light oil scrubbers for reuse.

The light o0il vapors from the wash 0il still enter a rectifier
which fractionates the light o0il into primary and secondary oil. The
separation between primary and secondary oil occurs at 140°C (284°F). The
crude secondary oil is the BTX fraction of the light oil and is shipped to
the Sparrows Point plant operated by Bethlehem Steel Corporation for further
refining. The primary oil is the heavy fraction of the light oil and is
burned with bunker oil throughout the plant. The plant in the past has
refined the secondary crude oil, but in the fall of 1977 the unit was moth-
balled. The refining operations produced a caustic and acid sludge at 3.8
cubic meters (10,000 gallons) per day each and cost for the ultimate
disposal of these sludges made the refining operation economically impractical.

The Gale o0il sump receives waste stream inputs from the final
cooler, wash oil still, wash oil chiller, wash oil decanter, rectifier,
primary light oil storage, secondary light oil storage, desulfurization
blow&own or condensate, and miscellaneous runoffs. The Gale oil sump
separates the wastewaters into oil and water layers. In the future the
water layer will be pumped to the influent to the aeration basins. The
oil layer is pumped to a tank car. If the Gale oil sump receives excessive
inputs the overflow flows to quench.

The gas stream from the light oil scrubbers then enters the

Sulfiban desulfurization process. The gas stream initially enters two

3| Scott Environmental Technology Inc.
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packed contact columns for absorption of the sulfur and the»"sweet" coke
oven gas exits the top of the contact columns for reuse. The absorbing
solution is 15% monoethanolamine (MEA) in water. The rich MEA is stripped
in the still column to lean MEA which is returned to the contactor columns.
In the still column the aﬁid gases exit the top and are passed through a.
heat exchanger before entering the cyanide destructor. :Some of the con-
densate or reflux from the still column condenser and heat exchanger are
pumped to the Gale o0il sump. The acid gases enter the cyanide reactor at
approximately 149°C (300°F) aﬁd the cyanide is destroyed by heating to
approximately 233°C (450°F) with the aid of bauxite and activated alumina
.catalyst bed. The acid gases leaving the cyanide reactor are then processed
in a Claus sulfur recovery system which produces elemental sulfur and
incinerates the tail gas.

The sweet coke oven gas after the contactor columns is held at
25 inches of water by a system that supplies natural gas at 23 inches of
water and flares at 27 inches of water. The coke oven gas is used at the
coke ovens and at other places within the steel mill. The heat value of
the gas is approximately 530 Btu pér cubic foot.
4,2 PROCESS OPERATING PARAMETERS

During the two-week test period, the plant average coke production
rate was 3,900 tons‘per day. This resulted in generation, on the average,
of 78 x lO6 cubic feet of raw coke gas per day. Thus, we can state that
the plant was operating at about 757 capacity. This capacity factor was

discussed with Bethlehem personnel. While it was acknowledged that some

C}| Scott Environmental Technology Inc.



SET 1957 05 1280 Page 4-9

variations result from the longer coking cycles, there is no reason to
believe that the benzene emissions, per ton of coke produced, would be
significantly different from when the plant is at full capacity.

Other process operating data are presented in Table 4-1.

Scott Environmental Technology Inc.
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July
Date

10
11

14
15
16
17

July

Date

2,409
2,410
2,413
2,415
2,384

2,411
2,390
2,383
2,380

Coke-Oven
Gas (MSCF)

PROCESS DATA, BETHLEHEM STEEL CORP., BETHLEHEM, PA
Weeks of July 7 and 14, 1980

TABLE 4-1

Oven Flue Temperatures (Avg., °F)

Batt. A

80,170
78,630
77,070
80,840
77,170

77,820
78,200
73,820
74,600

2

2,256
2,260
2,247
2,235
2,234

2,250
2,240
2,233
2,232

3

2,230
2,220
2,238
2,236
2,199

2,272
2,234
2,236
2,221

Tar
(GPD)

60,093
66,896
31,365
42,911
45,338

37,403
47,900

45,200

44,263

5

2,262
2,252
2,240
2,240
2,251

2,269
2,256
2,263
2,246

Light 0il
(GPD)

26,500
10,500
17,700
12,500
15,100

11,000
10,000
10, 000
9,000

710
745

Coke Production (TPD)
Batt

. 5

725

720
740

704
657
688
707

Primary 0il

(GPD)

1,
1,

1,
2,

1,
1,
1,
3,

032
000
766
400
500

100
000
000
500

Total Breeze
3,995 101
4,098 101
3,828 101
4,074 101
3,928 101
3,974 182
3,718 151
3,567 151
3,887 151
Naphthalene
(GPD)
600
500
700
900
800
1,200
700
500
800
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5.0 FIELD SAMPLING AND ANALYSIS METHODOLOGCY

5.1 DETERMINATION OF BENZENE FROM STATIONARY SOURCES:.
EPA METHOD 110 AND MODITFICATIONS

EPA Method 110 consists of drawing a time~-integrated stack gas
sample through a probe into a Tedlar* sample bag, which is enclosed in a
leak-free drum, by use of a pump hooked to the drum outlet which slowly
evacuates the drum, causing the bag to £ill. A copy of the method is
included in Appendix D.

The method was modified by Scott because as it staﬁds the
method doesn’'t account for moisture in the sample stream, and is only
designed to measure benzene concentration, not mass emission rate. The
following modifications were made to all tests done using Method 110:

1. To obtain mass emission rates, velocity and temperature
readings were taken at the top of the stack at 5 minute intervals during
the 30-minute sampling runs. This information was used to calculate flow-
rate, which was used in conjunction with the benzene concentration to
yield the mass emission rate. Velocity readings were made using a vane
anemometer with direct electronic readout.

2. A personnel sampling pump was substituted for the pump,
néedle valve, and flowmeter of the method. The'personnel pumps have
built-in flowmeters and rate adjustment screws and have the further
advantage of being intrinsically safe, as required in many areas of

the coke plant.

* Mention of trade names or specific products does not constitute endorsement
by the U.S. Environmental Protection Agency.

Scott Environmental Technology Inc.
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3. Swagelok fittings were used in place of quick-connects.

4. Rather than disc#rding Teflon sample lines after each set
of samples, they were washed witp propylene carbonate and/or acetone and
flushed with nitrogen before reuse.

5. An orifice and magnehelic gauge were inserted in thg sampling
line before the Tedlar bag to indicate that air flow was reaching the
bag.

6. A water knockout tfap was inserted between the probe and
magnehelic gauge to collect any condensate in the sample line.

7. The following cleanup procedures were foilowed:

If any condensate was collected in the trap or sample line, it
was measured and saved for analysis. The prcbe, line and trap were then
washed with propylene carbeonate, which was alsc saved for analysis. Any

~ benzene found in these washes and water catches was added tc the total found
in the sample bag to determine mass emission rates.

Bag volumes were measqred whenever water was collected in the
trap by emptying the bag through a dry gas meter after the sample was
analyzed. The volume of water collected in the trap was then converted
to an equivalent air volume and was added to the volume in the bag to
determine the percent moisture in the sample stream.

After the probe, line and trap washes were completed, the lines
were washed with acetone to temove the propylene carbonate film and flushed
with nitrogen to dry.. -

Figure 5~1 shows the modified Method 110 setup.

Scott Environmental Technology Inc
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FIGURE 5-1
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5.2 TRACER TESTING S

The tracer gasvmethod is a préctical bfocedure for quéntifying
mass emissions of volatile organics from sources which are essentially
opeﬁ to the atmosphere without disturbing flow, dispersion patterns or
the source operation. This method utilizes the release of a tracer gas
directly over the source of interest; the tracer gas will then follow the
same dispersion patterns as the emissions from the source. The mass of
tracer released over the sampling period is known and the mass to mass
ratio of benzene to the tracer gas in the sample is determined by gas
chromatography. The emission rate of benzene can be calculated with this
information. '

This method is based on the principle that* the chosen tracer gas
will model the dispersion of benzene from the source. The tracer gas
chosen for this project was isobutane because it was not present in the
sources to be tested and it could readily be separated from other source
trace components by the same column used for benzene. In addition, isc-
butane is.a non-toxic gas that can readily be dispensed from a pressurized
cylinder at a uniform measured rate.

When this method was used tripiicate tests were performed. Each
test consisted of two 1/2 hour runs. For each run clean and backgrounded ten-
liter Tedlar bags were used. Integrated samples were collected using
Emission Measurements, Inc. Air Quality Sampler II systems., The AQS II
samplers are self-contained units capable of collecting one or more inte-
grated samples at a preset rate. For tracer tests the sampling rate used

was ten liters per hour.

5.3 SAMPLE HANDLING

After being collected the gas samples were immediately transported
to the gas chromatograph and analvzed. The elépsed time between sample
collection and analysis never exceeded one hour. To verify that there was
no sample degradation in samples of this type some of the samples were
retained for 24 hours and reanalyzed. The loss of benzene and isobutane

observed was typically less than 57%.

Scott Envirenmental Technclogy Inc.
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5.4 FIELD ANALYSIS

All gas samples collected were analyzed using a Shimadzu GC Mini 1
gas chromatograph equipped with dual flame inoization detectors, dual
electrometers, heated sample loop and a backflush system., Figure 5-2 shows
a schematic of the backflush apparatus. The backflush system is composed
of ten port sequence reversal valve and two columns, a scrubber column for
retaining. high molecular weight compounds and an analytical column. When
the system is.in the inject mode the scrubber column and the analytical
coiuﬁn are coﬁhected in series allowing sample components éo move from the
precoiumn to fhe analytical column. In the backflush mode the columns are
disconnected from each other and become two separate systems each with its
own carrier gas source., This arrangement allows the separation and
measurement of low molecular weight compounds while the scrubber column
is being backflushed of ﬁeavier sample éomponents. Backflush times for
different mixtures of sample components must be predetermined to insure that
the compdund(s) of interest are transferred to the analytical column before’
backflushing is started.

Samples for chromatographic analysis were drawn into a 20 cc glass
syringe then introduced to the sample loop inlet. The samples once in the
sample loop were allowed to come to atmospheric pressure by waiting 15
seconds prior to the injection. When only benzene was of interest the

following chromatographic conditions were maintained:

Column Temperature (isothermal) - 100°C
Injector and Detector Temperature - 200°C
5 ml Sample Loop, Temperature - 50°C
Carrier Gas Flow Rate - 32 cc/min
Hydrogen Flow Rate -~ 40 cc/min.
. Air Flow Rate ~ 240 cc/min.
Analysis Time - 5 min.
Detector — Flame Ionization

Scott Environmental Technelogy inc
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The columns used for field analysis were:

A - Scrubber Column

10% FFAP on Supelcoport 80/100
1/8" x 1 m Stainless Steel

B - Analytical column

20% SP-2100, 0.1% Carbowax 1500
100/120 Supelcoport
1/8" x 10' Stainless Steel

When samples from tracer tests were analyzed the chromeatographic

conditions were changed to provide adequate separation of the isobutane

tracer from the other light components of the sample. The temperature

program used for this analysis was:

1)

2)
3)
4)
5)
6)

7)
8)

9)

Start at room temperature with external cooling fan
on and oven door open.

Inject @ 0.0 min.

Turn external cooling fan off @ 1.0 min.

Backflush @ 1.3 min.

Isobutane elutes @ 2.3 min.

Close oven door @ 3.0 min. with oven temperature
set at 100°C.

Benzene elutes @ 7.0 min.

After the elution of benzene, cpen the oven door and
turn on the cooling fan. The next injection can be
made after 2 minutes of cooling:

When the tracer gas is used analysis time will be

approximately 10 minutes.

The columns and flow rates were the same as foer: isothermal,

Scott Envircnmental Technciogy Inc.
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6.0 FIELD SAMPLING PROCEDURES

6.1 COOLING TOWER-DIRECT WATER FINAL COOLER

The cooling tower was sampled on July 10, 1980. The tower

has four 13-foot diameter fans on top as shown in Figure 6-1.
Sampling was conducted at only one fan and the results were multi-
plied by four to obtain mass emission rates from the whole cooling
tower. This approach is expected to yield accurate emissions data
without the necessity of testing at all four fans, because the fans
were operating under identical conditions.

Air sampling was conducted following EPA Method 110 using a
24-point sampling and velocity traverse across two diameters of the
fan shroud to obtain an integrated sample. At two minutes per point,
each of the three sampling runs lasted 48 minutes.

Triplicate liquia samples were dipped from the hot and cold
wells with temperatures of 300C and 27.80C respectively (86°F and
82°F). At the time of sampling, the cold well was mixing back into the
hot well at one location due to a faulty level control. Liquid samples

were dipped from points well clear of the mixing area. The plant

indicated that average normal operating temperatures for summer are

86°F and 76°F.

3| Scott Environmental Technology Inc.
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FIGURE 6-1
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6.2 TAR DECANTER

Three half-hour Method 110 tests were conducted on the tar
decanter from the #5 battery on July 8th and 9th, 1980. The tar
decanter is shown in Figure 6~2. Problems were encountered with naph-
thalene plugging the sample line. The decanter was the first source
we tested using Method 110, and at the beginning several tests were
run in which the sample line clogged without our knowledge resulting
in no sample collection.

At this point we spent considerable time revising the method
for application to this project. The quipment was modified to include
an orifice and magnehelic gauge in the sample line to register flow
into the bag and a water knockout trap in the line before the orifice
to prevent moisture from entering the bag. Clean-up procedures were as
described in Section 5.1.

From here on, all tests referred to as Method 110 include
these revisions.

The tar decanter receives tar and flushing liquor from the
coke gas crossover main from the #5 battery and also from the primary
cooler. A total of five liquid samples were collected as follows:

Two Qere dipped from a hatchway on top of the decanter at the outlet
end, one was collected from the gas crossover main, and two were

taken from the primary cooler outlet.

C${ Scott Environmental Technology Inc.
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FIGURE 6-2
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6.3 LIGHT OIL CONDENSER VENT

Four half-hour EPA Method 110 tests were conducted on the
light oil condenser vent on July 11, 1980. The results of the analysis
showed the benzene concentration in the third sample to be about half
that found in the first two, indicating a possible leak in the system.
Upon inspection of the sample line, the leak was found to be caused
by an improperly seated gasket in the water knockout trap, and the
third run was voided. A foprth test was run, and the analytical
results were consistent with those of the first two runs.

The top of the existing stack had a 1/2 inch steam injection
pipe running into the top, as shown in Figure 6-3. A stack extension
was constructed from a section of steel stovepipe that extended the-
top of the stack past the steam pipe so we could accurately
measure flow rate with a vane anemometer.

The plant maintenance crew provided scaffolding for access
to the testing site.

No liquid samples were collected at this source.

C}| Scott Environmental Technology Inc.
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FIGURE 6-3
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6.4 NAPHTHALENE DRYING TANK

The naphthalene drying tank preseﬁted several new problems
in sampling strategy. The tank is shown in Figure 6-4 as Draining
Tank #2. There is a large opening in the center of the tank with
steam lines running in, in.addition to a tall 6-inch diameter vent
stack located at the endlof the tank. More emissions come from
the large opening than from the vent, and an attempt was made to
cover the opening with plywood and fiberglass packing, but due to the
pipes in the opening this was not very successful in stopping leaks.
It was decided to construct a sheet metal collar around the opening,
with slots to fit around the steam lines, and treat it as a vent
stack. Method 110 samples were collected from the tall vent stack .
and velocity readings were taken at both the stack and the big vent
opening. The assumption was made that the concentration of benzene
is the same at the big vent opening as it is in the stack. Mass
emission rates were therefore determined using the benzene concen-
t;ation in the stack sample with the flow rates from the stack and
the vent opening.

The second major problem encountered was naphthalene plugging
the sample line and probe. The line plugged so fast there was no use
in cleaning the line periodically. The solution was to bubble the
sample stream through propylene carbonate to knock out naphthalene,
using a large diameter glass elbow as a probe. A bucket containing

three impingers was hooked on top of the stack. The first two

'} Scott Environmental Technology Inc.
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FIGURE 6-4
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impingers contained 100 ml of propylene carbonate and the third was
empty. A Teflon sample line connected the impinger train to the
sampling drum and the glass elbow used for the probe was connected
directly to the first impinger (See Figure 6-5).

Clganup consisted of saving the impinger catches and washes
in addition to the sample line and water trap washes. The sample
volume contained in the Tedlar bag was measured after the sample was
analyzed by emptying the bag through a dry gas meter.

A test run was done on the drying tank on July 18 to verify
the success of the new procedures. The bag sample collected was
analyzed but the propylene carbonate catch was not, as it was juét a
trial run. Results of the bag analysis are included with the data
in Table 3~4 for purposes of comparison. Naphthalene from the melt
pit is pumped into a draining tank after the melt each ﬁorning, and
the tank is steam heated from about 1:00 p.m. until about 4:00 a.m.
when a night shift operator shuts it off. Benzene emissions are not
expected to be constant over the heating cycle, so in order to measure
accurately the emissions from the tank it must be tested over the
entire heating cycle. We collected eight half-hour Method 110 tests
modifiedlas described at about two hour intervals during the cycle

on the night of July 22, 1980.

$| Scott Environmental Technology Inc.
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FIGURE 6-5
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6.5 DENVER FLOAT UNITS

The Denver float unit presented a complex problem to the use
of a tracer gas for quantifying the unit's benzene mass emissions.
First, there are 4 separate Denver float tanks, of which 3 were
normally in use during these tests. The particular tank which was out
of service varied from day to day. Second, the naphthalene melt pit
was immediately adjacent to the Denver float tanks on one of the
sides that was physically accessible for downwind sampling. While the
emission rate from the melt pit was low, compared to the Denver float
tanks, some "hot spot" points contributed to ‘the downwind samples.
For ex;mple, the point at which the Denver float overflow trough
serving Units 1 and 2 empties its contents into the melt pit was
shown to be a "hot spot" for benzene in subsequent grab samples.
Figure 6-6 shows the processes and flow directions for the entire
naphthalene handling operation. Figure 6~7 shows specifically the
Denver f}oat units and the positions of the samplers for the Denver
unit tests.

The sampling strategy used was believed to be the best
means of arriving at reasonably accurate emission rates without unduly
elaborate and costly sampling procedures. The simultaneous use of a
different tracer gas at each tank and tests utilizing different
tracer gas release configurations would probably have resulted in better
confidence in the emission rates during a particular test period.

However, the emission rate varies from day to day due to variations in

3| Scott Environmental Technology Inc.
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FIGURE 6-6

.
ORYIN
TANK

Hor
AaLe.
Lﬂ_‘
5

|
Y3
DRAIR G
TANK
il

SHIFRING TANK

=2

T

CEAIRING
TARK

(DURING MELT)

UNDERFLOW

|
PRAINRZ
TARK

X1

A
15’3

44

l
|
L

TANK

)
MecT BT
g

(44

panveR FLOTATION

4 (_“-_._ ,‘
I

Q m SERIES OF OFERATION : DENVER
FLOTATION _UNJT-TO-SHIPPING TANK

fgéﬂmr ine.




SET 1957 05 1280

Page 6-13

Downwind
Samplers

FIGURE 6-7

Upwind
Sampler

Walkway

®

Unit
21’ #1

Unit
#2

Unit
#3

Unit
#4

Underflow to
Hot Well

=

To Drainage

— tank

Melt Pit

qir—*-ilr S

__J (Duringmelt)

= -

24’

2

e

To Drainage Tank

y Wind

///’ Direction

Scott

Environmental
Technology
nc.

DENVER FLOTATION UNITS




SET 1957 05 1280 Page 6-14

both process and ambient conditions. Thus, it was not cost effective
to perform very elaborate test procedures.

The approach used in the Denver float unit tests was to measure
the emissions from a single tank. The tracer gas was dispersed onto
the surface of this tank with the gas discharge probe iocated along the
center longitudinal point; there will be contributions of benzene from
the other two Denver tanks then in use. The relative contribution from
the second tank was estimated by releasing the tracer onto the surface
of the second tank in a test immediately following the first tank test

without changing the position of the samplers. The relative contribu-

tion of the two tanks to each sampling location is proportional to the
relative amounts of tracer found at that location. There are two
assﬁmptions inherent to this conclusion. First, the benzene emission
rates from the two tanks are equal. This should be true because the
temperature, feed material and size were the same for the two tanks.
Second, the diffusion patterns were the same in the two tests. This
was demonstrated by comparing the benzene concentrations in each
sampler for the two tests.

The sampler locations for Test 1 are shown in Figure 6-7.
The isobutane tracer concentrations from the two tests were normalized
for differences in isobutane release rate and differences in dispersion.
Thé normalized values weré'then used to calculate the fraction of the
benzene due to emissions from Tank 1. The contribution from Tank 3
was not determined. Because of the additional spacing between Tanks

2 and 3, the contribution ratio of Tank 3 to Tank 2 would be less than

3| Scott Environmental Technology Inc.
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that of Tank 2 to Tank 1. It is believed that Tank 3 contributed
less than 5% of the total found in the samples. The calculations
shown in Appendix A assume a negligible contribution from Tank 3.
The upwind background from distant sources was also assumed to be
negligible. The trace benzene concentrations found in the upwind
sampler were primarily due to the Denver uﬁit tank emissions swirling
during wind shifts. No source was immediately upwind of the Denver
unit, and grab samples verified the absence of benzene in the back-
ground air mass.

In Tests 2 and 3, the test procedure was the same as in
Test 1. However, during Tests 2 and 3, Tank 2 was out of. service and
thus did not contribute to the benzene found. In Tests 2-2 and 3-1
the tracer gas should have been dispersed over Tank 3 rather than
Tank 2 which was out of service. Unfortunately, this was not recog-
nized because this newly developed procedure had not been used before
under these circumstances. Tests 2-2 and 3-1 serve as replicates for
the benzene concentrations found in Tests 2-1 and 3-2, respectively.

All of the benzene found in Tests 2 and 3 is attributable to
Tank 1, since Tank 2 had no emissions, and it is assumed that the

Tank 3 contribution to the samplers was negligible as in Test 1.

5| Scott Environmental Technology Inc.
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6.6 NAPHTHALENE MELT PIT

The naphthalene melt pit is diagrammed in Figure 6-8. The
melt pit is 24 feet long, 6 feet wide and approximately 8 feet below
graae. Generally there is one melt cycle per day at the beginning of
the first shift. During the melting operation, which lasts approxi-
mately one hour or until all the naphthalene is melted, massive
emissions of steam and naphthalene are released from the melt pit.
These emissions were sufficiently large that small variations in wind
speed.and direction would not interfere with plume dispersion and the
collection of representative samples.

The sampling strategy was to position samplers downwind from
the melting process at a distance that would prevent samplers from
becoming clogged with naphthalene. Three samplers were placed approxi-
mately 10 feet from the edge of the melt pit and were 5 feet apart, an
upwind sampler was also positioned approximately 10 feet from the
source. At these sampling locations it was assumed that there was no
contribution from the Denver float units because the mass and velocity
of the plume rising from the melt pit would essentially block emissions
from that source from reaching the sampling locations. The gas dis-
persion bar was positioned on the ‘grating which.covered the melt pit
approximately 5 feet above the surface of the naphthalene slurry. It
is preferable to disperse the tracer at the liquid level of the source

but in this case proper safety procedures precluded that arrangement.

Scott Environmental Technology Inc.
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FIGURE 6-8
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The sampling strategy used was believed to be the best means
of arriving at reasonably acc;rate emission rates without unduly
elaborate and costly sampling procedures. The simultaneous use of a
different tracer gas at the melt pit and on the Denver float units‘
and tests utilizing different tracer gas release configurations would
probably have resulted in better confidence in the emission rates
during a particular test period. However, the emission rate varies
from day to day due to variations in both process and ambient conditions.
This, it was not cost effective to perform very elaborate test procedures.

Between Runs 1 and 2 of Test 2, the dry gas meter was dropped
and a leak developed at the rotameter at the exit of the gas meter.

This was not detected until after Run 2. As a result, a portion of the
tracer gas was released to the air near Sampler 2 instead of through

the dispersion probe. Thus, the benzene emission results for Samplers

1 and 3 are somewhat high and that for Sampler 2 is too low. 1In
addition,.the leak was after the dry gas meter, so the metered release
rate of isobutane was not the rate at which isobutane left the dis-
persion probe. For these reasons, Test 2, Run 2 was not valid. The
results were included in Table 3-6 for comparison of the benzene concen-
trations measured, which are valid.

Four tests were run on consecutive days. During the first
three tests, the wind was from the S to SW and the sampler location
was as shown in Figure 6—-8. During Test 4, the wind direction was

from the north. For this reason sampler positioning for this test-was

03| scott Environmental Technology Inc.
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different than for the first three tests. The samplers were positioned
two feet from the melt pit between the melt pit and the Denver units
and approximately five feet from the dispersion bar.

After Test 3, a test was performed to measure the emissions
present at the sampling locations when a melt cycle was not in progress.
The tracer apparatus and saﬁplers were set up as they were for Tests
1, 2 and 3 on the melt pit. During this test the wind was light but
steady over the Denver units. The benzene found in these samples
could come from the filling melt pit, the feed troughs and from the
Denver units. It was believed that the results of this test could be
helpful in interpreting the data optained ag the same locations during

the melt cycle.

3| Scott Environmental Technology Inc.
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7.0 LABORATORY SAMPLE ANALYSIS

Two types of liquid sampleé were collected: process liquids, and
sample line and water trap catches and washes., All liquid saﬁples were
stored in amber glass bottles and returned to Scott's Plumsteadville laboratory
for analysis.
7.1 SAMPLE PREPARATION

Depending upon the complexity of the sample, one of the following
sample preparation procedures was followed prior to the '"purge and trap"
procedure and analysis.

Samples Containing Immiscible Liquid Phases

Using a clinical centrifuge (International Equipment Company,
Massachusetts) immiscible liquid phases were separated and each phase was
analyzed separately for benzene.

Samples Containing Solid and Immiscible Liquid Phases

Samples containing solids of higher density than the liquid phasé
were separated by centrifuge or by simple decantation of the liquid. The
different phases in the liquid fraction were then further separated by
centrifuging. Solid and liquid phases were analyzed separately.

Samples Containing Finely Crystalline Solid Suspension

.In analyzing these samples the stoppered sample jars were shaken
for at least half an hour for homogenizing the solution. The uniform
distribution of suspended fine crystalline solid particles was tested by
determining the percentage of dry solid in several aliquots of the homoge-

nized mixture. A weighed amount of the mixture was analyzed for benzene.

Scotr Environmental Technclogy inc
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Sampling Svystem Washings

All washings were clgar solutions having only one liquid phase.
The total weight of the liquid phase was determined using'a balance correct
to'tO.l 7. The total weight of each washing wzs more ghan 25 grams, so an
error of 0.1 g in weighing the méss will contribute an, error of only 0.47
to the final analytical data. ‘A Qeiéﬁed aliquot of the washing was analyzed
for benzene by following the "purge and trap" and aralysis procedures out-
lined in the followiﬁg sections, and using this analysis-data the weight
of benzene ﬁresent in the total mass of washing was calculated.

7.2 PURGE AND TRAP PROCEDURE FOR EXTRACTION OF BENZENE FROM LIQUID PRASE
TO GASEQUS PHASE

An accurately weighed quantity of the sample to be analyzed was
diluted with 20-25 ml of propylene carbonate in a specially designed glass
purging apparatus which was kept immérsed in a thermostatted water bath
maintained at 78°C. Benzene free nitrogen gas was.bubbled through the
pronylene carbonate solution in the purging apparatus at the raté of
0.2 - 0.3 liters/minute, and collected in leak free Tedlar bags. Under
these experiment&l conditions, 1 1/2 - 2 hours were sufficient to purge
off all the benzene from the liquid phase to the gaseous phase. The total
vqlume of ﬁitrogen gas used to purge the sample was accurately measured
by a calibrated dry gas meter. A diagram of the purge and trap set-up is
shown in Figure 7-1.

Propylene carbonate was found to be an ideal diluting solvent
for the extraction of benzene from all types of liquid samples containing
viscous tar, pitch, light and heavy oil and insocluble particulates. It
was chosen for its high boiling point, low density, and good solvating

capacity,

Scott Environmental Technelogy Inc.
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7.3 (%AS CHROMATOGRAPH

A Perkin-Elmer 900 gas chromatograpp was used for the analysis
of the purge bags. A 10 ft. by 1/8 inchAstainless steel column packed with
20% SP-2100/0.17% Carbowax 1500 on 80/120 mesh Supelcoport was used for the
an;lysis. This column gave complete resolution of the benzene peak from
other components present in the purge bags. The 'peak height' method was
utilized to calculate the concentration df benzene in the purge bags
analyzed. The Perkin-Elmer 900 used for analysis 'was nﬁt equipped with
a backflushing unit. Gas chromatograph conditions were as follows:

GC column temperature: 70°C isothermal

Detector temperature: 190°C

5 ml loop at a temperature of 120°C

Carrier gas flow rate: 30 cc/min He

Hydrogen flow rate: 45 cc/min

Oxygen flow rate: 400 cc/min

Detector: TFlame Ionization Detector (FID)

In addition to benzene, the purge bags contained other volatile
hydrocarbons present in the liquid samples such as toluene and naphthalene.
Because this chromatograph was not equipped with a backflush, it was
necessary to elute all heavy organics from the column by heating the column
to 150°C after every two injections for one hour with the carrier gas on.
After cooling the column to 70°C the absence of any organic in the célumn
which might overlap the benzene peak in the next analysis was checked. When
the column was found to be satisfactorily clean, the next analysis was

continued under the conditions previously described.

Scott Ervironmental Technciogy Inc.



" SET 1957 05 1280 Page 8-1

8.0 QUALITY CONTROL AND QUALITY ASSURANCE

The following sections will address quality control and quality
assurance procedures for the field analysis of benzene in air samples and

the laboratory analysis of process liquids.

8.1 FIELD ANALYSIS PROCEDURES ' .

All samples were analyzed in duplicate and as a rule peak heights
were reproducea to within 5%. For some very higﬁ concentration samples
(percent range) it was necessary to make gilutions for anmalysis. When this
was done a fresh dilution was prepared for each injection and peak heights
were reproduced to within 10%Z. To verify that the system was retaining no
benzene, frequent injections of the standard and nitrogen were maae. In all
cases the result was satisfactory.

The Tedlar bags that were reused for sampling were flushed three
times with nitrogen and allowed to sit overnight after being filled to
approximately three quarters of their capacity. They were analyzed for
benzene content the following day. The background concentrations of the
bags were recorded and varied from Q0 to 10 ppm benzene. Care was taken to
use sample bags whose background concentration was very low compared to the
expected concentratioq of the source.

The accuracy and liﬁearity of the gas chromatographic techniques
used in this program were tested through the use of EPA Audit Samples. Two
standards, a 122.5 ppm and 6.11 ppm benzene were used to analyze the audit

cylinders.

}| Scott Environmental Technclogy Inc.
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8.2 PROCEDURLES FOR ANALYSIS OF PROCESS LIQUIDS

Scott's benzené standards, checked against EPA Audit Standards,
were used as reference standards throughout this prcgram. The accuracy and
linearity of thé gas chromatographic technique for benzene analysis was
‘teéted through the use of EPA Audit Standards wﬁich were available to Scott.
Gas chromatographic analysis of the samples and .standard were performed
under identical conditions to assure the accuracy of.the analytical data
generated,

Each batch of propylene carbonate which was used as the diluting
solvent in the purge and trap technique was.analyzed for benzene content by
subjecting 25 ml of propylene carﬁonate to the purge and trap procedure
followed by gas chromatographic analysis of the trapped gas under identical
conditions as described in Section 5.2. All batches of analytical grade
propylene carbonate were foﬁnd to be free from benzene.

Every day before the analysis of samples the purging apparatus and
trapping bags were tested for absence of benzene. Whenever tbe whole system
was found to be free from benzene to the lowest detectable limit of the
instrument, the samples were analyzed using the purging apparatus and the
trapping gas sampling bags.

Generally an accurately weighed mass of each sample was subjecteﬁ
to purge and trap procedure only once and the trapped gas sample was repeat-
edly analyzed by GC until the analytical data of consecutive GC analyses varied

by +0.5% or less.

Scott Environmantal Tachrclogy Inc



Page 8-3
SET 1957 05 1280

For randomly seiected samples, the whole analytical procedure was
repeated with a different weighed mass of the source sample;to,chéck the
yalidity and accuracy of the analytical methodology. The éﬁalytical data
fof:Aiff;;éﬁt rﬁng'were found'noénto vary by more than 57%.

A By pprging the sample with nitrogen under the experimental con-
ditions as utilized by Scott, the recovery of benzene from the sample was

' ' quantitative and this has been verified by analyzing a standard benzene

'solution in propylene carbonate containing tar and pitch.

Scott Envircnmental Technciogy Inc.
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APPENDIX A

SAMPLE CALCULATIONS

Tracer Gas Calculations

Example: Naphthalene melt pit, Test 1, Run 1
Concentration of Benzene: 11.48 ppm

Isobutane release rate: 1.16 1b/hr

Calculation of mass to mass ratios:
Benzene 11.48 ppm x 78 g/mole = 895.44

Isobutane 0.713 ppm x 58 g/mole = 41.35

895.44

4135 X 1.16 1b/hr = 25.12 1b/hr benzene

Page A-2

Flow Rate at Standard Conditions (saturated at 68°F, 29.92 inches Hg)

Example: Naphthalene drying tank, Run 1

A. Correction for temperature and pressure:

528°R

Pbar (in. Hg)

Flow Rate (STP) Flow Rate (source) =

1150 cfm x

528 29.5

Flow Rate (STP)

B. Correction for moisture

Impinger and water trap catch volume: 76cc

209 + 460 X 29.92

T(°F) + 460 * 29.92

= 895

Tedlar bag volume(gas sample): 0.474 ££3 = 13.42 1

Gaseous volume of collected water, standard conditions:

76 cc x 1 gm . 1 mole < 24,15 1
18 gm mole

= 101.97 1

3| scott Environmental Technology Inc.
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Percent moisture:

'101.97 B v
101.97 + 13.42 88.4 7

Flow Rate corrected for moisture:

Flow Rate (dry) Flow Rate (STP) x (100 - % Moisture)/100

895 x (100 - 88.4)/100

104 cfm

1

Flow Rate (saturated at 68°F) Flow Rate (dry) x 1.025

104 cfm x 1.025

106 cfm

3. Correcting Benzene Concentration for Benzene Found in Water Trap Catch

Example: Naphthalene dyring tank, Run 1
Mg benzene in catch: 1.42 mg
Tedlar bag volume (gas sample): 0.474 ft3 = 13.42 1

Measured benzene concentration: 135.96 ppm
A. Mg benzene in collected gas sample:

135.96 78 g 1 mole

106 x 13.42 1 x mole *94.15 1 5.89 mg
B. Total mass of benzene (air + liquid)
5.89 + 1.42 = 7.31 mg
C. Corrected benzene concentration:
6
0.00731 g x —=.mole . 28.151 0 168.60 ppm

78 g mole  13.42 1

5| Scott Environmental Technology Inc.
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4, Calculation of Benzene Mass Emission Rate

Example: Naphthalene drying tank, Run 1
Flow Rate (standard conditions) = 106 cfm
Benzene concentration = 168.60 ppm

locft3 L 28.321  omin 168.60 78g lmole _11b
“min £13 hr = 106 mole = 24,15 1 © 454 g

0.22 1g/hr

'$| Scott Environmental Technology Inc.
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SCOTT ENVIRONMENTAL TECHNOLOGY, INC.
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AMBIENT TEMPERATURE:~~ §F9 °/—

BAROMETRIC PRESSURE: o §. 5 €

TEDLAR BAG NUMBER: /

. Can
EELECE TIME STACK TEMP « GAS VELOCITY . PUMP FLOWRATE
S VL gy 24 °F 450 —Q/min /oS Ko
ol 2 34 F F50 [ S
3 4 FYp 1000 S
4 6 . ZA 1100 L5
4 41 v %3 (00O [ 5
@ gl ~ 44 250 (.
I3 A g0 ‘T o0 -@g/mir\‘ .S Yo
X [ 4 <3 400 ’
v ol + B3 F 00 L5~
S g €1 33 105 (0
3 2 e (200
7 1] %3 CSo [.S” /([Lm,
7 . :
3 24 Z4H 700 fHwy (5
B 26 |~ F 950 LS
1§ 1% g4 11 co 1.5
(G 20 g3 (250 [.5
177 A 33 1150 .5
4 34 %3 300 (.S
Y ¥ AT 500 Hiny .S Uom
7 ﬂ;% 73 700 L5 "'
L1 4 G4 1260 Y
1\ |48 g4 | 250 .S
101 4% 54 1380 .S
191 4 fg < [ L 704 l, 5.
&% |

|4y W'.



Page B-5
PROJECT 1906 BENZENE/BaP PRESURVEY

SAMPLE DATA

Plant ’6677\ g‘l[‘ B-'ef/‘l‘e /‘éﬂ’(Process COO [/‘mfiiﬁwe,;f C/Cd C  Date 7'//0/8)3

Sample No. CT 440{'(’()@// / Time Sampled 75‘ 40

—_—

Sample Type:@ Alr ot wedl % cold well
Sample Temperature S/C; OE (')/[Ow))\% mFfo ea (/1 OHM

Ambient Temperature 7 % o/:

Description of Sampling Location: | M{L&Lce NLAN T /€7L A’%
Denver vt

Sample No. C —[/ H0+ («./8 // 2\ Time Sampled /5‘4[0

Sample Type: Liquid Air

. [~
Sample Temperature gé ’C

4
Ambient Temperature 7 L( F

Description of Sampling Location: A

+ —
Sample No. L{OO( (Wl {( :H/(ﬁ g\ Time Sampled R L7/ >

Sample Type: Air

Sample Temperature g ‘;2 0 P
Ambient Temperature ﬂ é’ ® F

From co\cl. @16” 3 £low W
b otgrn o’{ COO/W\% fewer wto
cold well

Description of Sampling Location:

{E‘ Scott Environmental Technology Inc.




FROJECT NUMBER _I1144 [esT Numscr O/ DRY L'CLECULAR WEIGHT DETERMINATION BY _____
’ . SANPLING TINE (24-hr CLOCK)
Page B-6  saPLING LOCATION

D 1 2. Sf g : n
PLANT Ecﬂ\féﬁfm 5?'@@/ ) b@#t /é/flem rA SRIPLE TYPE (BAG, INTECRATED, CONTINUGUS)
DATE 7 0 ANALYTICAL KETHOD
/ /Q/ A% AUBIENT TENPERATURE :
WAEPLING LOCATION Cc’o//nc\g Tow e v U , : ; p—
il\MPLE TYPE _Method. /10 ons et | e | | e | e | e | e
UN NUMBER / " ]ee ‘ |
. — QT isACTUAL 0y
‘(})PERATORS CG T(,U/ =G ; &gﬁr‘gs‘cm
\MBIENT TEMFERATURE l¢G.er s xcruat co
: READIEG 513US ACTUAL
gapoueTER [
‘ - :Plz iNTT 18 109 vinUS
) 'LRCYL’AL CO FEADING)
rYRITE ANALYSIS :
co 0 TRAVERSE POINT LOCATION & VELOCITY DATA BY
2 2 —_— TRAVEIZE| A<FRACTION | 6=AxI.D.  |C=B+NIFPLE | vELOSITY STACK
. POINT | OF I.0. 10= HIPPLE= HEAD TELPERATURE]
phveard: l"/# Gpghinkg0 | (T, °F
1 2.1 3.8
- 2 G.77 [l.25"
—_— 3 H.g [ ‘g
4 7.7 197 G#
— S 1250 [ 3 (.7
. . ¢ | 25.¢ |45’
FIELD DATA 7 L oL
MOISTURE s 75.6
9 5.3
e 0 | g3
933
12 .
.satial Meter Reading o AlE (?
14
al Meter Reading 15
16
17
smetric Pressure 18
) 19
eter Temp. In 20
21
Out 22
23
% DIAGRAM OF STACK, PORTS, & TRAVERSE
otameter Setting 25 POINTS (indicate direction of flow)
26

INSIDE DIMENSIONS.OF SAMPLE PLANE

acer Volume Final : T 13 _g-{/

STACK GAUGE PRESSURE in. H20

'NEAREST UPSTREAM DISTUREANCE (O
NEAREST DOHNSTREAM DISTURBANCE]

»n
~

(g
@

~
o

w
o

er Volume Initial

bl
e

[
~N

at Volume

b
w

w
&~

PROCESS & CONTROL EQUIPMENT
DESCRIPTION

[
wn

perator

A
Lo

w
-

10
3

FOMMENTS.
|

o
o

&
o

&
I

ol
~i

L
w

o~
-~

&~
wv

o
-

&
~

48

. . _J AVERAGE {S:} SCOTT ENVIRONMENTAL TECHNOLOGY, INC




Page B-7 RUN
SCOTT ENVIRONMENTAL TECHNOLOGY, INC.
PROJECT 1922 METHOD 110 DATA SHEET
PLANT: Bethlc¢hen Steel Tethlofe DATE: 7/ 5/ g0
PROCESS: Vo [Decanter— &S baﬁc.v),' AMBIENT TEMPERATURE:
PROCESS NOTES: BAROMETRIC PRESSURE:__ A 7. S 3
0% TD Stack TEDLAR BAG NUMBER:
: ' can L/
TIME STACK TEMP GAS VELOCLTY PUMP FLOWRATE
14:5 3 70 °C 480 ffmn| int <57TF 5530 |
F&|  70.5°C SHO Ltfmin] 1.8 Con  SE00.¥
_lo 10 ‘. 540 ftfmin YAPL S
lg o0 ¢C 4[710 H’/"m‘h
~O oec 490 Hlmm (X Lpm
25 67°C Yo Lrimin K S84
30 ©9°C GLE e [ 3 Kow 5706

'r‘}’;" 2

S~



Page B-8

RUN Q\

SCOTT ENVIRONMENTAL TECHNOLOGY, INC.

e
PROJECT 1922 METHOD 110 DATA SHEET
pLANT: Beth\ehe e Otee!  Bethle bheym DATE: 7/@/8()
PROCESS: Toov de gtunter, 5 bette vy AMBIENT TEMPERATURE: <~ U °F

4 /

PROCESS NOTES: BAROMETRIC PRESSURE: 2 T.5 3

TEDLAR BAG NUMBER: |

Can# ]
TIME STACK TEMP GAS VELOCITY PUMP FLOWRATE
© éq *C Ll'?O chf/fhfn i tia | S7o1
<

0.5 °C 490 Cmin| (g fpn 37223

A’ﬁan& T)OVM{D P{{)(G}((;cl ———

- pectiel  36G/[39
[0 70H4°C | HZ0 bpnin | 13 2o

(S “10.5°C 480 Chfimm
A0 .2 °C 470 H/mi,m (ttf,ﬁiom 363573
A5 2f.0°C. Y90_FF/rmu /‘/;V//’f? S YLy
30 Jo.4 °c. So0 fefus 4 3¢97.(
VO (D

§ampie (er C/O?‘;ﬁéc/’ hp ‘)4!?\;/)/6.. (.’0//‘@(7%([




6. 0%

1. 59

Run 3

Page B-9
SCOTT ENVIRONMENTAL TECHNOLOGY, INC. Ao
PROJECT 1922 METHOD 110 DATA SHEET
prant:_Dethlehen Steel, Bothlehem  pate:_ 1(glso
PROCESS: Tav- decapter €< batfen/  AMBIENT TEMPERATURE:
PROCESS NOTES: - BAROMETRIC PRESSURE: 9 ,S73
TEDLAR BAG NUMBER: 5
Can # 3
TIME STACK TEMP GAS VELOCITY PUMP_FLOWRATE
O T0.9°%C 4o Hinon (30w 397/
S To.°C 430 .2 37165~
[© 0.1 43O [ 2 373S.7
/S, 70.2 S¢o A Ly bkl o
20 0,0 HEO [ S lpm  376%0
Al 70.0 450 ’ 37732
30 70.0 500 37804
YerD

Sdample [me_Clo:

%ﬂ@‘{ e Sample collected




Page B-10
PROJECT 1906 BENZENE/BaP PRESURVEY

t

SAMPLE DATA

. 85
Plant gCH’] \Q['%'Vk g\’- 8-@,%\{“\(’,[0'\ Process T/Qr CjeCﬂh'}Lfr’-D“ﬁer\/ Date 7/@/?0

TD / Time Sampled {6" ”2 §

Sample No.

Sample Type: @ Air LVEU{A’ /z R-@F LJZ /Obd Jf'@f
‘ - ot decanxler—

——

Sample Temperature %O ; C

Ambient 'Temperature

Description of Sampling Location: DI‘ ?F ﬂj ‘Q{D"w\ l/\a.{-(i/; (,dax/% on H P
o tar decanter— ot outlef end

Sample No. TD 1 Time Sampled /C’ .00

Sample Type: @ Air , .
: - SKMW\UQ pumv /d,u/\%x/oa

0
Sample Temperature 8; C

Ambient Temperature _ ﬁ//(,LS [LLM,? ['(\?7) oor

Description of Sampling Locationm: C//V]Q//Q/Q&l /J\/LWN /’\9(«(;(: [L(/u(u«& aj’_

ootlelr esd o;/ olicanter

Sample No. " Time Sampled

Sample Type: Liquid Air

Sample Temperature

Ambient Temperature

Description of Sampling Location:

{S:} Scott Environmental Technology Inc.
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Page B-11

RUN &

SCOTT ENVIRONMENTAL TECHNOLOGY, INC.

PROJECT 1922

pravt: Bethlehem Stee Bethleheon

METHOD 110 DATA SHEET,.

DATE:

pROCESS: 1oy decascde =TS badle ny

PROCESS NOTES:

T 6 sl velne |

/ﬁ/w.

AMBIENT TEMPERATURE: ~ G0°F
BAROMETRIC PRESSURE:
TEDLAR BAG NUMBER: |

197/

C&nﬁl

TIME . STACK TEMP GAS VELOCITY PUMP FLOWRATE
o | " I59°F H20 Hlmin] 158 Lowe 37917 9\
5 [ F 400 /i 3¢ (4.F
shiet ol o B dua o ling blockaoe
[0 [(o'F 4Z0 Ll 2 Lop.
O(’g MJQ\ laaasn o D\c,ﬁd,@ Ao T//L O{Z\'L(/—\ "fTZUO) *).1"/ :
15 |3 F $10 L o 2 Lpp 285¢ !
A0 420 Fluin ' 2865
25 o HE0 Clman] 2 Jg.. 3879
Do W3 T %00 510 Ylmn| 2 2pi, 3?‘1‘/




i5:%

w00

Page B-12
SCOTT ENVIRONMENTAL TECHNOLOGY, INC.

PROJECT 1922 METHOD 110 DATA SHEET

prant: Betile hem Steel, Bethlthe ne DATE 7/7/57“0

RuA 3

PROCESS: Tav Delanter - F5 Joa‘fTeH/ AMBIENT TEMPERATURE: ~ G5
PROCESS NOTES: ’ BAROMETRIC PRESSURE: X 9.C 77
6L TD Slacl ' TEDLAR BAG NUMBER: ___
i fack e
TIME STACK TEMP GAS VELOCITY PUMP_FLOWRATE
0 723.% " C 500 colme | D Ao 3594 .
S 72.5°% S10 4 i | & Xpm 39¢0%
0 73 ¢ | HGp Gl QLo 3927
5 23 °C HGo S+fmin | Aone 3930
20 15°%C | HF0 Ctfpin |2 2o 3949
N5 03.( °C 470 Ctfmn| A Lpm  BTCR

200 13.4 420 frlma ;w:m,,_ 3915

walln  ecoholosodz 3wl

i

S,f/v\\,; ’ .//Q /' ,Z/#‘ &3 2 j

(e



Page B-13
PROJECT 1906 BENZENE/BaP PRESURVEY

i

SAMPLE DATA

Plant [7767%.8'/70( , @Q"{[\/(KLM Process ﬁb‘p/p[ﬁ/tfff;#f{éa%/ Date 7/?/096

Sample No. ‘]/D «5/ Time Sampled /5”; %S_

Sample Type: @ Air F/oSA /‘/L? //"fUOV 00‘7&/\?"/
\-/ . | . .

Sample Temperature ! L/O C : \’C?"U m ‘Flf?k‘/)’\ii /}/ ¢od /10 Kj

- o
Ambient Temperature v 7 S F

Description of Sampling Location:

’ ‘ . —
Sample No. 7/D (0 Time Sampled /D g é/b
Sample Type: @ Air
A R 4 Same
Sample Temperature , L{O C

o -
Ambient Temperature ~ 95 ~

Description of Sampling Location:

Sample No. ' Time Sampled

Sample Type: Liquid Air

Sample Temperature

Ambient Temperature

Description of Sampling Location:

{S} Scott Environmental Technology Inc.



Page B-14 ' Run

SCOTT ENVIRONMENTAL TECHNOLOGY, INC.

PROJECT 1922 METHOD 110 DATA SHEET

PLANT: _Bethle o Steel Bethfehen DATE: " 1/1/g0

PROCESS: Lyt ol Condersger vent AMBIENT TEMPERATURE:
PROCESS NOTES: BAROMETRIC PRESSURE: 7.5 )
" IO veql TEDLAR BAG NUMBER: &3
Lan ¥ 33
TIME STACK TEMP GAS VELOCITY i PUMP_FLOWRATE
L) 9 °F (10 2 Lo ¢c449
5 15 130_tHfmen | 2 CY2z
1D 94 (20 1.8 Vpon b4ddy
5 94 120 1§ Lo ctéel
20 94 ' |20 2.0 .Q'Dlm. ¢Y 50
35 74 3D 2O 649%
30 ‘/"71 ER A0 6S IS

~\,L+’3/ Q\’/j g&w\?\g o\,



Page B-14

Ruw 2

SCOTT ENVIRONMENTAL TECHNOLOGY, INC.

PROJECT 1922

PLANT: vﬁ-@‘H\ lehem Stoel

METHOD 110 DATA SHEET

_ Betplehem

PROCESS: Lf%w’coi/ Condensei-vent”

PROCESS NOTES:

DATE:_ 7/ /50

AMBIENT TEMPERATURE:
BAROMETRIC PRESSURE: X 7.5/
TEDLAR BAG NUMBER:__ | Q

C&n:&’]
TIME STACK TEMP GAS VELOCITY PUMP FLOWRATE

0:5e O 795 °F 130 £lmin A Lo 65/
5 15 (A0 2 lom S3Y

16 q6 | 4o A LSSl

5. & [H0 D S5 10

a0l 96 loo 2 6537
25 17 150 o, bL0s”
20 a4 110 b2z

12 L

6&«1\@\@, \/0\-



rage pb-15 KU/\) 3
SCOTT ENVIRONMENTAL TECHNOLOGY, INC.
PROJECT 1922 METHOD 110 DATA SHEET
PLANT: 6QJ<(/1 lebevn Qfee() 5@%/(}&% DATE: 7/// /&0 4
PROCESS: Li;}e(ﬁ’m/ cordeheeryent AMBIENT TEMPERATURE: _
PROCESS NOTES: BAROMETRIC PRESSURE: A 7.5/
TEDLAR BAG NUMBER:  /
. Coan # lf
TIME _ STACK TEMP GAS VELOCITY PUMP_FLOWRATE
@ 9 [0H°E [{o tfmin 2 Lo m CLAS
5 [05° [00 2 ¢ L1413
{0 |67 | 30 X ¢oE |
15 [0 & 130 X Lo, 6678
&0 [0 Ry 2 677 ¢
as 13 (30 2 67/3
30 A .\ 00 | 673/

Sample 74 4>



Page B-16 ) | ?{7///,/ %‘#

SCOTT ENVIRONMENTAL TECHNOLOGY, INC.

PROJECT 1922 METHOD 110 DATA SHEET

pLant:_Bedhlohem Steel Fethlohoy — pate: 7////5?/7

- PROCESS: L,‘?’, Wt oil_cendenser vent AMBIENT TEMPERATURE: /V%"S""F

PROCESS NOTES: BAROMETRIC PRESSURE: 2 9. 49
vV cr\; Ufth\/ - Rm(momef@r‘ TEDLAR BAG NUMBER: B

veadmgs ane aflected hyimd  can* 4

. TIME STACK TEMP GAS VELOCITY PUMP FLOWRATE

16:00 0 jod °F IS0 L fmin] X pam _ 6740
5 los™ (30 fifmpn] 2 Lo £715%
{0 [0S (20 2 Lpo 672787
£l oS 130 | 2 Ao 6796
201 /o5 [/O X 6] L
24 [0S~ /D6 X CpP>3
30 o °“F . 1R0f/min ALk

S@mp(@ (/(:)/'_ [R5 o



Page B-17 -
SCOTT ENVIRONMENTAL TECHNOLOGY, INC.

PROJECT 1922 METHOD 110 DATA SHEET

~ = o, 'i; ? o ] o !
rravt: B N Udom DATE: / g0
proCESS: fugphtaf g i i AMBIENT TEMPERATURE:  ho'

PROCESS NOTES: ' * BAROMETRIC PRESSURE: ,
TEDLAR BAG NUMBER: < oS
, S€acl u%rvf’_#r\'m e
TIME | STACK TEMP __GAS _VELOCITY PUMP FLOWRATE-
(53, C 190°F 50 €Eom
s 2 04°H] T~ zo0 .
[0 Y Q}O:L fLﬁﬁ%%E?#é§£;7
4 09 |~350
¢ € 209 ’ 350 fpn
15 |9 209
e 209 1A ¢ (r‘&ow\ '.
{27 hv@ ) be’@& u(,(,ﬁ,(:&j ;o 00 #J p_l[ja,q/LLv\J&
N s

6)\/\,«/(;2/ G Qé[—/ $9% |

Iy
\~ﬁ}\ &

=\



»

SN T
SV L e gt e s

W s oy ot sy -
Madaul sy oeald D

g Foel ‘)'7'[1 (/ 0y

K lﬂﬂ m

] /!

FEEN o -1
— P o= Ty

[y T
/ { ¢ Lae § L

PLANT: 5 aerh! GaTE: S
PROCESS!_{\, 4 ru; (} \44\, j_L_,__ﬁ stpriv. cwene oEe JOTF
C - GUETRIC PEEISUS
PROCESS NOTES: g_(b w sha pted ack BAR( PRESSUZ
e TEDLAR BAG NUIBER: [
M Stack 2 SHNL a
{3y t S AR IVERAR
TIME STAC S N 5 VELOC(TY MWQ; —
(237 2 O 926/55 “F ggc’ #L-'r\ é(d)'% %O )?ﬁc (ﬂn\
5 17°C (G, f5c. SO

(D

q9°C ./

(eSc,ff/O 780

15

¢c IL)C 266 |

56

2.0

79 [
L o

'Fr’“bc qULI with CW\CXC;

iﬂ“ brie {(§

28

19

4‘70 Y2 n/ ’1)0

20

14

TEST— =

F=F5 ??”C “‘7@ YY) C—-am
5‘ .
o i > Lo gpm
s 99
20 Mmmojbt J%D Géﬂ‘?ﬁlj
) 97 AU . 318 (| prn,
20 AYG.cco %
93 w/min =740 Conn

3,28 F+lmeler

!



Page B-18

SCOTT ENVIRONMENTAL TECHNOLOGY, INC. -

PROJECT 3327,

PLANT BCH{*Z E\& 5-7-..',%7\.’ LR Eﬂ 1 i/ €, jmuf

PROCESS: N eplflgle v dnyimia
AephThale, L dryimg

WETHOD 110 T&ATA SUHERT

DATE:

el e, ,,l' >
i, -0 0

PROCESS NOTES:"

&t 5

foa L

_AMBIENT TEMPERATURY:
BAROMETRIC PRESSURE:
TYOLAR BAG NUMBER:

GAS’VELOCITY | .

PUMP FLOWRATE

TIME "~ 3TACK TEMP - v
13 ¢ G5°C 28 ton
(24 9¥ ‘
20, 24 °C ne tow cau ke
15| 9Z°c meagno [ —
30 e Leocs Yhan (2 Lpm
on stacd d - ~ 100 o
LN &F GFAE A
7730 (0 T °C | 50 Gn o dedectable /ow
I 91 °C ! leoks | [ reflt
20 9/ °C | g Stecomm
30 9 °c. | A4A.d6 Dz \./Hﬂe fo no L/ g/

24%. SO s

0.90 /Zosec

—
—

/rg'c‘hy4gibx_

= $90 £pm




: PROJEQT 1922

- PLANT:

Page B- 19

5COT™ 7°F TROINMELTAT

JOLO&Y, INC.

AN .
METHOD 110 DATA SHEET

PROCESS: .

-~ PROCESS NOTEB:

- DATE:

| - AMBIENT TEMPERATURE:
BAROMETRIC PRESSURE:

TEDLAR BAG NUMBER:

TIME | _ STACK TEMP s VELOCITY PUMP FLOWRATE _
w0l FgeC | ASD.1H9 ne 'eHdﬂr&%ém
444, ‘:LD/
014 m/%<ec,=;\.4°r€ Mm,ﬁ T Conk.
[0 8((]‘ °C 250.Aco’ — | | — | |
30 I 250.000 | ' .
OO0 M TO%&(;"’JQ( VV\‘/I'M? no=57Q6 eﬂ"’
pa | sl
KUN { )
- 25 1.5%0
7ol @9°C | 25l.e0t
0.810/350c £ 178 [ = S5 Lom
51 g3°C no ke clefle Mm»
gl st Sto 2 d l)dé{'(x,; Ny Yo :
b/ackctcgé ‘N LS“[‘ ok Cagen
A0 T °C h
Do~ 30 B7°C 252 300
: 252.000
p.a00[20sec. = (B0 mfnin. = S9) Com .
Avnbnjoad +eam
« T




Page B-20 '

gon 7
SCOTT ENVIRONMENTAL TECHNOLOGY, INC.
PROJECT 1922 METHOD 110 DATA SHEET
pLANT:.{,’?(’.‘H’ll@..II\CWL Ql”éd (} 5@7% /6[1£0m DATE: 7/2 ?/8’0
PROCESS: I\Ja O[I/\’H/‘@(L’I/LD X,"/\‘/("ﬂ)’? }Qh_é_ AMBIENT TEMPERATURE:
PROCESS NOTET:S: 40 oim on gt J~/;30 BAROMETRIC PRESSURE:
TEDLAR BAG NUMBER:
e V4 O/ D ) e e T T —
, TIME STACK TI}IMP GAS VELOCITY PUMP FLOWRATE
se 75 ‘C | Gbo fom | . N Y
w5193 9536002 |, 032 /B (2 %é/m// S
s o QU0E ' 195 Y5 -2 ol Y0 s Intese
o AW49¢ 7,V 0.7 4 YD L
[0 371° A 355 21€=2553 < 051575000 |
‘ | 3 | @o&/"? o, ’w_«}\
20 99 °¢-. A5G- §50 ~25C.r00 = 0.75C) 3 ec
. . qu/f‘:x % m/@!— )
25 77 c (€a /ﬂ Sy /m w /w/m_ =7
il 1 L AN -)
.,r’ v 7 Boagl #8
ASST O 149 °c’ )55 348-357,(¢0 |
- V124G [ Fo e * IS8TIC— 259 Y0n € [mu
7. 2 .w%m@)%)/s / ém/&,@bzﬁz
' D 1O (o
W 0,(/1/\,& (°/€ZO\< ; l‘f"jv _
ke gt Sk 46 sz 19 imis
5"0@@@?—% -
259.5% -25% 700 E L. 13w 30 mem = [ 20, o finir| )
Q42 L) | i —
N————— T




+,

PROJECT 1922

SCOTT ENVIRONMENTAL TECHNOLOGY, INC.

pLanT: e le e

Page B-21

METHOD 110 DATA SHEET

e 7/ 24/5C

AMBIENT TEMPERATURE: ~

' [
PROCEss:qugvfdhmjﬁﬁv (&(\%Fnﬂl
% PROCESS NOTES: U

BAROMETRIC PRESSURE:
TEDLAR BAG NUMBER: \_9-

Zin

)

TIME STACK TEMP GAS VELOCITY PUMP FLOWRATE e
.o & 2ol A\ -260.100 = [,D?Lo/%ﬁsec £ 2-./@@/14“-;
1S Lo -
H.25 0 a4 °C no_dedecleple Howen
NS e ve st
20 1L °C _
20 LB - 6l 200

0.7 Qj/%llwxfﬂ = [7- 5 ij VH{OM?% ) B

51 G




Page B-22

@Q,‘HwU\ﬂmu /QX“Q SQHM‘”’\ -
N M(AHM/M cﬁmamﬁ y v

Koo i 168 F 0% ml = Tl L collected

5% \ . VO\OVAZ/ z 0%7% LC+5

Ko 2 |
230 15 v 7o - 173 LKM/Z/CL/

5@3 3 welzoqee 0 T

Yvn 3

25+ Ixpwd T 43wl codly hof

D
~f~

\
6)
0
N



PROJECT 1922

pLANT: Bethlehey, Stoe [ - Fethleh2im 24

Page B-23
SCOTT ENVIRONMENTAL TECHNOLOGY, INC.

TRACER GAS DATA SHEET

PROCESS: [bpwer Fletatioh 1 auk

PROCESS NOTES:

Thwe vnts wchrn%- Un* nearesTt

Ccch'mb towey s c{cwv\(’k/‘?)

Sampler Number

Distance from Scurce

Sampling Rate
Pump Numbers

Tedlar bag numbers

Start Time

Stop Time

ISOBUTANE RELEAST:

paTE: Jvly D 170

TEST |

Kow |

WIND SPEED:
WIND DIRECTION:
AMBIENT TEMPERATURE:

Lrght § van able_

75 °F

BAROMETRIC PRESSURE:” ) .55
Weothavt mostly cleu A)\/

Gas Temperature

Gas Pressure

DOWNWIND . UPWIND
1 - > L
Q& [A {4 |24+ 10 &+
' [o_iph (¢ lph ¢ ek || 10 (ph
¢ 3 | 3 <
|3 04 2 g
il.24 (124} 124 /. 28]
[1:54 I 5Y Il sy 1 11.5%

TIME

{ETERED VOLUME

TIME METERED VOLUME

W24 e 17 3.5 30
3 73.973
.l 14 . (27D
2 4, “4ia
3 14, 764
10 74, 19%
[N 15. 385
i 75. 577
A 15. 8 T0o
[ 76. (%56
A0 76-4%9
23 76, 140
4 17. 027
24, 77. 331
A% WA A

[1:54 30 7. 890

l&¢36ﬂ9 C%z/gofjim

T 0. (453 (lm
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SCOTT ENVIRONMENTAL TECHNOLOGY, INC.

PROJECT 1922 TRACER GAS DATA SHEET

prant: Bethlofom Ste, 0 ) B el b vaze:_ 7/ glg0
PROCESS: _Lonver Floot Unit WIND SPEED:
PROCESS NOTES: WIND DIRECTION:

AMBIENT TEMPERATURE: -~ $C °F

BAROMETRIC PRESSURE: 29, S5

fc\r\‘i\/ cl 09'47/

v DOWNWIND UPWIND
Sampler Number ( 2 3 9‘
Distance from Source : [0 Lf’ 2 {4+ N Jof+
Sampling Rate /D )Zﬂl'\ Jo -Qﬂx - lO /Z}"L\ #(_D ,/(pl'\
Pump Numbers G S) 3 % l :
Tedlar bag numbers ’ 4 . R 3 3 L/‘ A 93
Start Time 1209 |09 ‘ 2.4 /2. 10
Stop Time |23 12390 . 1239 1j3:40o
ISOBUTANE RELEAS!:: Gas Temperature Gas Pressure
TIME METERED VOLUME TIME METERED VOLUME
209 0 F0. 025 '

A\ g0 .31

o %0, S99,

6 50, TR0

5 gl. 189

[0 gl . 447

(A 5l 735

|4 3.0 14

LG 32. A%

(% . 575

.0 2. D5Sb

22 %3.13%

25 %3.557

Al %3.700

14 23,970,

3 Yolie N1

Y. 22 €47 30mm = 0, VHIT chn

1,050 = o,1949¢ chn
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SCOTT ENVIRO{JMEN'}Zi‘bT;C;I:OLOGY, INC. TEST
RON. ¢/
PROJECT 1922 TRACER CAS DATA SHEET
PLANT: Dethieheim S*(Q\)-BQ'H\RL\QHL DATE: 7/(7/8’0
PROCESS: Denver Floa = Un it WIND SPEED:
PROCESS NOTES: ‘ WIND DIRECTION:
LihiYs !)3/4 oPem#;«% * AMBIENT TEMPERATURE: <~ %0 “F
. /(mce? e 6n L ni"" ‘ BAROETRIC PRESSURE: R EY
. DOWNWIND UPWIND
Sampler Number | 7 \ 3 4
Distance from Source A {0 +r — ‘
Sampling Rate [§ Aph — . .
Pump Numbers 3 3 3
Tedlar bag numbers . G 1 T i
.Start Time 10.26 [0:30 (030 /0. 30
Stop Time | |
ISOBUTANE RELEAS::: Gas Temperature Gas Pressure
TIME METERED VCLUME TIME METERED VOLUME
050 0 o7, XS0 K3
2 l0B. 125
4
G ([04. G5 Y
g | lc3.170
lo (09.[g0 .=}
(2 [09. 445
(4 (01.771lo
- 16 N0 97%
/g [lo. 24
20 LO.5 |4 B
22
24 M. 04
26 ,' '
29 Hi.56¢9
S0 WB30 .3
- N=1oS T @@gx/m
XN
2
%2 2.43 Lg/gom = 003206 el 0. |4 05 [P

n v
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SCOTT ENVIRONMENTAL TECHNOLOGY, INC. '

R UN HF_
PROJECT 1922 TRACER GAS DATA SHEET '
prant:_beth(ehem S'fﬂe//\,ﬁ’eﬁ,/&/zem o 7/15g0
PROCESS: Denvery Elput Vn, TS WIND SPEED :reseiie= \.‘cm*al;/e,5 brezz,y

PROCESS NOTES: [z éL / WIND DIRECTION: vaoa"(\/h South
Units J5)~_:__ ofem 7@ - AMBIENT TEMPERATURE: v 0 'F

) - ey BAROMETRIC PRESSURE:___ 9. 75—
Tracer /ﬂ«L 6 Un H‘_»Q\ .
DOWNWIND UPWIND

Sampler Number \ Z 3 L
Distance from Source - ~ {0 E- 1> , .
Sampling Rate (D zpl\ +7 ' . .
Pump Numbers G 3 l 3 '
Tedlar bag numbers e . || ' | 2 [ 3
Start Time. Coyna | KK :19 ()9
Stop Time I 49 149 /.49 . li1: 49
ISOBUTANE RELEAS!: Gas Temperature Gas Pressure .
TIME METERED VOLUME TIME ' "METERED VOLUME
g O - iy ,490
Z Y 657
4 . 945
G| U5 [BS~
g 5. 447
(o |15 To4 530
(2 ns-9¢9  °
4 G 22T
[k 6. 496
1] [l 76D
20 17025 .3
22| 117 .25]
24 7. 55¢
16 119.%1 6
1.3 8,073
>0 - [(F.B330 4%

3.9% /300102 €. 03 Lofmin overt| |
. x l.os9g - D‘% %57'@*3/)\'\;'\1"
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SCOTT ENVIRONMENTAL TECHNOLOGY, INC.

Kin |

TRACER GAS DATA SHEET

pLanT: Sethlchen Steel | Beth leAth.

PROCESS: L'énvey Fle or{”Umrh”

PROCESS NOTES:

Yya e on UMH’ &

Units [ ER 4 of)ero\m%

DATE: 7/‘5_/30

WIND SPEED:

WIND DIRECTION: voushle So vt

AMBIENT TEMPERATURE: ~ ¥ § °F

BAROMETRIC PRESSURE:

DOWNWIND : UPWIND
Sampler Number ( ‘ Z 3 G-
Distance from Source ~ 0 ()' —7
Sampling Rate [o £ p h —+> .
Pump Numbers : b 3 3
Tedlar bag numbers t4 ' (5 /G /-7
Start Time [ 30
Stop Time

ISOBUTANE RELEAS:::

Gas Temperature

Gas Pressure

TIME METERED VOLUME TIME METERED VOLUME
3.0 © 111,060
2 119. 32 &
4 19.6%3
G .44
g [20./ 2]
[0 (AD. 392
7 (0. €67
[4 120. 940|
[b [l 305]
[3 Al 46%
70 (2. 735
17 (21,997
24 1222621
26 12.2. 532
29 122,905
20 33.07]

A0 30min =, 1337 b
x I.Dsfi

< 0. {L+ ’(3 E}W/hm;v\

e e e s
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SCOTT ENVIRONMENTAL TECHNOLOGY, INC.

TEST 3
RUN R

TRACER GAS DATA SHEET

prant:_peThlels S‘feé,\l Eéﬁalef\wﬁf :

PROCESS: Denvey Eloat- Unit

PROCESS NOTES: TmLer 0h Un“{/‘

DATE: 7/{5’/§0

WIND SPEED:

WIND DIRECTION: mo<t(y South

AMBIENT TEMPERATURE: (/‘/ 8S°F
Vnits ( ]3 )Lf ) Fe m‘h‘ﬂcg BAROMETRIC PRESSURE:
DOWNWIND UPWIND
Sampler Number { 2 > 6/
Distance from Source (0 £ 4+
Sampling Rate [0 ¥ 'p[\ +—> .
Pum? Numbers , )
Tedlar bag numbers 14 14 20 A /
.Start Time 14ioq| :
Stop Time 301
ISOBUTANE RELEAS:: Gas Temperature Gas Pressure
TIME METERED VOLUME TIME METERED VOLUME
1400 O | 2. 700
2 12 6. 749
4 [27. X4
G AT H 9
z | 12 16>
0] 137 11155.C7f5£z,
12 --
|4 |23.5.
1 b 179 .33
|4 |34, |c©
70 |.u33g 122.36%.
12 [9.640
5 129 .9 12|
16 120.] %38
14 |30. 440
30| [%0.77 42

4,042 5 (3omin = 5. 1367 (17]mun
X059 = 0. 1427 &%
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PROJECT 1906 BENZENE/BaP PRESURVEY

Plant 8€ﬂ1 /€/Lem S%, 5&4%21'&?53' Ue.m,\v/ E’/Oa;?['&"lﬂ[' iDate ﬂ/}/ f/ /7570 _

Sketch of Process:

Include dimensions and flow directions.

hro e ]

r e
)

wWinD

Process Description:

@ Scott Environmental Technology Inc.
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PROJECT 1906 BENZENE/BaP PRESURVEY

Plant DEth \Qf\mg-k %?f% (({Lw\_Process Denver Ploot U'M;{' Date 7/8/?()

Sketch of Process:
Include dimensions and flow directions.

\ " TeoveH 7

Process Description:

ﬁ&&mmMmmmmkmﬂ%wm
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PROJECT 1906 BENZENE/BaP PRESURVEY GZ o~

‘Plant Reth Srpe (- S 0hsu  Process Depver Hamf-Unit™  Date _7 /(S /%0

Sketch of Process:

Include dimensions and flow directions.

Process Description:

VwWh¥s 1)3)M$4 Wovb%

{0} scott Environmental Technology inc
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PROJECT 1906 BENZENE/BaP PRESURVEY

[ ._..A__.....s A .M. P- L AE- - D-A—T.A .

Plant QCH\ §7L€'Q/ g-@ﬂ . Process p{n V¢ y~ Ul\ I“;L Date ?//5‘/?(5

Sample No. TFD\/‘Z](L\ V\(’)d' 1o DU\WJ/UHIT Time Sampled 1050

Sample Type: ( Liqui Alr

o
Sample Temperature 33 C

Doving mw e d_

20°C

Ambient Temperature

open {
Description of Sampling Location: -TII’O Vb“ m T roJri

' Vn it

nerxt fo Benver

Sample No. [Jenver {/ n;“' S‘e(,ﬁﬂh #/ Time Sampled 10 5‘7_
Sample Type:A@ Air

(-4
Sample Temperature 3(9 C

0
Ambient Temperature 30 C

Description of Sampling Locationm:

A ' % o
Sample No. @’{WVWV Uh\:‘\/ Sf(ftl On z Time Sampled [0 .S 5

Sample Type: \Liquid Air

o
Sample Temperature 35 C ' 4@0- A h o 0F€ )’OL"/'7

> 4 : .
Ambient Temperature ~ %O c M thLQ ‘{

: : g @M\U)jll/
Description of Sampling Lecation: :

ﬁ:; Scott Environmental Technology Inc.
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SCOTT ENVIRONMENTAL TECHNOLOGY, INC. ' AR ) Run/.

"PROJECT 1922 TRACER GAS DATA SHEET

pLavt:_fodhle s o §+cet Bethlehew.. - vare:__7/15/§0

PROCESS: _AMMM,L et - wIND SPEED: - S SW

PROCESS NOTES: WIND DIRECTION:

W\QH 6+M+e9 7 go“‘”f (‘Sf-eam ) AMBIENT TEMPERATURE:

Sta foc/ BAROMETRIC PRESSURE:
| — DOWNWIND _[_uevinp
Sampler Number 4 | Z EX ﬁL
Distance from Source lO \C‘(' 0 L"" /O ‘F-l' /47[7Z
Sampling Rate /0 fﬁ@ /0 /a/% /0 /ﬂA ' Jﬁ /ZWA
Pump Numbers ' _&4 3 3 , 3 -/
Tedlar bag numbers A 7 3 4
Start Time - 4 00 g, 6 Y00 :
Stop Time ‘
ISOBUTANE RELEAS.:: Gas Temperature : a '
TIME METERED VOLUME " TIME ) METERED VOLUME
800 . N €9. 100 I ] '
2 9. 045 | Cale //te@/ns fo_medt
o4 .36 - ' :
0 T0. @29 , ‘
8 9. €90 cake ~%ipmelted
" 1C (LIS .ws really star e fo stoam
12 4 1¢ cale ShIl Ja_pelted
|\ ‘
L 9. 23¢ looks [tully welted
< 1 92 196 _ | ’ |
20 q3. Lé 45_ 21 Cﬂ\W&e Shum TLovcr{'ﬂ pyuimp [7[
12 94. 99 I :
2.4 13, 947 drom [ weak -
26 | 93, 200 oo puCh sHam o see o7
1% 3.4 - !
30 q3. 4 A

244 # [30min = 128 Hfmm

ovevall
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SCOTT ENVIRONMENTAL TECHNOLOGY, INC.

TRACER GAS DATA SHEET

PLANT: © ethlehen Ol Bl o -

process:_Naplithalene e [+

PROCESS NOTES:
me - o

< .00

Salt I1n B30

* DATE:

7/

TEST | RUN

($|g0

X

WIND SPEED:

WIND DIRECTION:

AMBIENT TEMPERATURE:

. BAROMETRIC PRESSURE:

DOWNWIND UPWIND
Sampler Number l T : 2 L‘l
Distance from Source @ Q é' ‘[‘l’ é ‘[4‘ é-{—\’f '
Sampling Rate Jo Lo | o Lph [0 Lph || 10 Apl,
Pump Numbers . L{ i s 3 ' /{l ' - '-,
Tedlar bag numbers 1 3 '3‘{ 0"'{’ 3
Start Time -
Stop Time
ISOBUTANE RELEASE: Gas Temperature G : '
TIME METERED VOLUME TIME METERED VOLUME
3% 0 Q5. 000 - §?
2 25.2 5
¢ | 95.523% fn much stnm 0 see melFpif
6 | 95.790 | ’
-9 96 .0570 A3l elume SYCU“\/{\VA’ v
[0 16 . 30% ! A
2 | 1. 560 plummﬂkrowc\
4l q6. 2] - -
L4 Q7. 0072 vlyme e azounl |
19 ? 1.3 [( L6 (CJh#s Mf{/uop( fo ﬂuw'[):y;/
10 47.569 -~ '
- 72 92.8 27
14 78,095 ,
26 18. 3 65 Cah:#,g net- e/m,/\/m foo [L"(/W"AOVV.&-
2% _78. (30 .\? Y |
20 1%8.% 40

3990 «Cf/?ow

04129 £¥[min overall



SCOTT ENVIRONMENTAL TECHNOLOGY, INC.

PROJECT 1922

Page

B-35

TRACER GAS DATA SHEET

TEST 200

Rups | 72

- ISOBUTANE RELEAS:::

malin &vopp,uQ ,VN;W

Gas Temperature

Lo |

. , ‘ . ;
pLant: Géralahg,, Stool- Bedl o hoim. pate: . 7/ i €0
PROCESS: f/n0  hlene i te a0k " WIND SPEED: ,
PROCESS NOTES: ' | WIND DIRECTION:_ S - S
lmmrw g_ w / 28 ' AMBIENT TEMPERATURE: -~ /$ °F
L duwpe (, &5 04  BAROMETRIC PRESSURE:  2-9. % F
Yy o'TE,~ /j'\ elg i wld DA unove nl ot pluie Sane F >
- DOWNWIND UPWIND
| Sampler Number f- ' pa = =
Distance from Source ”f.!O'LF S
Sampling Rate 'fo .‘Zg7/L B -
Pump Numbers | A I 5 5 4
Tedlar bag numbers ) g 13 22 b7 ) 23 7 4 s
Start Time “ 1.2 [594 [7.30 (%09 |2 =0 | 5109 7.30] $169
Stop Time . | B ' | '

A’(rwv’ / /. 0“‘7.

l
£t

TIME METERED VOLUME -+ . TIME METERED VOLUME
.30 ) {3 w3 o8 0 137,057
' 2 (32,013 7 37, 2/7’
Y 129 2273 Ak 137.0.0%
) 122./89 I3 137, RB51
g [32. % 34% & [38. (47
T i | W 133.70) i LI3S 133.435|
(2 (334467 2 129,705
v 132 735 [4 138,975
. - it 139, 749
191 134263 i€ [32.5 %
0] 132 134 82 RN 13977%¢|
lol 134 799 22 [45. 05
5 i [ 35060 v |40, 325
2 135,227 [50.(210
14 | _135.59 AY [40.920
’AO Yy o 35.%55 A0 i )45
Bdood 50w P op 1 3H2 8595 (13 T = 0. {365 B men
XSS T g L S NS 2 el T4 L
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SCOTT ENVIRONMENTAL

TEST 3
runs | &2

TECHNOLOGY, INC.

TRACER GAS DATA SHEET

pLANT: 3ethle hem gﬁ’e[ Bethlehom

"PROCESS: NAfh‘I'I\aftme mé. 1+ ?H’

PROCESS NOTES:

DenveY Un As 2, 3/

i 0P€ mﬁ‘v‘s

NOTE: varn ey, W rnd not S+e“d7/

DATE: '7/ / 7/ 0

WIND SPEED: \Varrabl e

WIND DIRECTION: Vayable
AMBIENT TEMPERATURE: ~~ 75 °F
BAROMETRIC PRESSURE: 29.S)

DOWNWIND UPWIND
Sampler Number ‘ 2 - 3 - 4
Distance from Source "’%L" % 'F’*’ 3 f'* )O-\(\"F
Samplidg Rate /O Pph (0 Aph o Zpk || [0 Apk
Pump Numbers o G 3 2 S S 5 g
Tedlar bag numbers = > 3 /0 5 34 6 /8
.Start Time
Stop Time
wino wRow & Merer Y=/ 057
ISOBUTANE RELEAS!:: Gas Temperature Gas Pressure '
TIME METERED VOLUME {2 TIME £+ 2  METERED VOLUME
15 0 156,30 218 O | /6065  imdagn
2 155,567 ' 2 | 140320 e
Y (S5. B 23 4 | j660.513 !
b s . 09 6. | 16o0.842 "
g | 1S 6. 352 & | rGlilob "
[0 1§6. 8715 lo /372 - "
(2 [sB 139 2 | L6l e3¢ "
¥ 157. 407 SKalio] 14 | 16l.gq0 bad
16 i$7. 630 7T (6 | 162.149 e
(% 157 . 948 18 | 162.4) bad
29 158, 2/ 20 | 162675
27 | S8, 470 22| 12932 ”
4 24| | 3200 qoocl '
6 26 ] 163,459  “pad
29 15%.94¢% 2%| b3 7927 6K
30 c 159, B5% 20| 163950 j‘oocl
3.95% ff50mimz 139 3.90 4 [30mn = 0.130

x 10592 0. /317 H7hn

X1.051=.0,1376 [f’/m‘n
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SCOTT ENVIRONMENTAL TECHNOLOGY, INC.

eunNs | 42~
PROJECT 1922 TRACER GAS DATA SHEET
PLANT: Bothiclom Seofl " . ot 7[18[ g0 '
process: N apirdhakone pad S - wmw seeep_ & JL £ cfeady
PROCESS NOTES: | WIND DIRECTION: A/ R
me I+ started ~ 7.28 AMBIENT TEMPERATURE:
Denver ynits L2,3 v © BAROMETRIC PRESSURE:
Salt+ AUmPgd o~ 130 .
DOWNWIND — UPWIND
Sampler Number A 2 ‘ 3 . 4 ~
Distanée from Source Q\ Q i 1 L+ 2 ‘F‘?"’ A5 167‘-
Sampling Rate - 10 0gh o Lol |. [0 Lh |l _ [OApk
Pump Numbers ' : '
Tedlar bag numbers Cf /'7[ ((O L 'Of - l—l ‘ 31{ A3 22
.Start Time o 30 | 630 | 7.3 1530 7:3¢ |8:30 {77:36| £:30
Stop Time ‘ ] E ‘ ‘ .
,Isgggmg RELEASUSIE*J?E?RSEg o N ' HETERED VOLUME ],
1360 [ . %00 £330 0O [£3. /00 {5
2 - | . 1$2. 373 |
4 ‘ 176.332 Wind i _182.639
(p | svenm , 176. 607 iweroocf G [ 3L, J0¥
g | v 176.876] |whle g | - 183. 175
lol.ize 197040 | [+owme  to |34 IB3.847
12 [77.4031 | 12 1%3.70R
4 1172.66381 | (4 _/83.98%
[C [77. 950 - ) _184.20%
K [7%. 23] (g 184,590
201 .13 | 72513 | 70 | .3 i 84. %17
22 wind shifts S 7z ‘ !35’.08“[
24 1749.06 24 18535
20| (79.329 | 20 _185.¢7 |
12 lwnd N 71959 2% |8S. 890
S0l . . [39.95% 30l 19653
gamg(ers ane  befween inedtect ¢ Penver vnits o _
4055 6% [3oma = 0. 135 £3[pin 4,053 (43 [3omns 0.735 ¢t
LT 0,143 Lofpin T 0 x 1059 = 0. 143 lmen

1'/. *
K . "él".

[ 3 XN
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SCOTT ENVIRONMENTAL TECHNOLOGY INC

TRACER cAs: DATA SHEET o

H7/60

s &M&mmSmc &%hkmw»

"".PROCESS Backmm»() Qr»/ r)'u/e(‘ m‘/’

‘ '-’PROCESS NOTES
rrﬁce( W\ﬂff/\'f

Uenver onits L3 ope/mﬁ
lmeH' p/+ JUS‘{'SM\@ 6 /

'l'Sampler Number fﬁ 4»""

TADistance from Source

"'Sampling Rate;:" o

'S;'Pump~Numbers Lo

"xf'Tedlar bag numbers fﬂ“w

S --,’Scarc Time ;

. H wl
”.”_\Stop Time ‘f'T '“:: S -

.._\(O‘& . mdj—pd'

DATE g

TEST’J

KUNS { c("

WIND SPEED - - tﬂ_/c

- WIND. DIRECTION: SM 53{/\/ oc Sw/"‘ﬂ’

AMBIENT TEMPERATURE Y y
HBAROMETRIC PRESSURE

Jr‘T/L?L

/f”‘{/

i T T

' DOWNWIND

g Q' l‘_'.‘i .‘: :"l

7oLy |

el

g

Ko

143

AL

T2

o Lf4 ‘”(?;‘“Nhi

5

;3.-:.-.
fied

A ze]

TIME =

METERED VOLUME .

' TIME

: Denverun s

B”““aﬂ ”Gﬁfe“:mu%cwng§ﬁ+”

" ISOBUTANE RELEASs . Gas Temperature .-"

" METERED VOLUME ] .-

Gl

<o Q 300

3707

(706,900 . =

[70.977).

E;Fiébmm- xal ﬁ>Cl&¢b

57 042\

190514

Q
L
R
S|

? 16T RS2

7737

~ 0],

;e7ég3~‘

gw@ﬁMBf

K _—.\

1&7 8‘3’7

-z.r.sf' [7 2 OS’D
- (712.3 7.

| — ‘:.

.72,§7§’f75}

AN

/@g 4u" |

3. 8;29

163; 6‘70

a0l

16%.9 37

:‘13

—PE-?“HS‘_

73638

'7t¢4'

169 4?4

260

169,763,

4,177

Fiiv.iia

~H.Rt'._.;u2:$' N

170.0 3.

;‘Jﬁ‘ H47

.170E30o7:‘-

174 ‘709

| . ".'50""?‘ S

\: QXQJL% HLA T-;;fﬁ-
.: ,;&YYQ ~ Lfvntﬂ | f'_~; S

L,l 00©£+ (%W 60.133 -
KIOG"‘If=O¢/Lf.11CF/n¢h

v———\

‘( 00‘1 ﬁ+ /mm |

) /SSQ,

5146@3
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SCOTT ENVIRONMENTAL TECHNOLOGY, INC.

PROJECT 1922 | . TRACER GAS DATA SHEET | |

A S o VolpD
PLANT: Bethiehon Sheel, Bedhlehen, oate: - 7/it[So |
PROCESS:_¢nyor vnit / n_f,-'od{‘- me !t WIND SPEED: L

PROCESS NOTES: " WIND DIRECTION:. S - SV
Backqrovnd (g mmelt pit dacta. . AMBIENT TEMPERATURE:__~~ ¥O ¢~

Vrums Cz}—\_"-’“‘e Manrfeid on - BAROMETRIC PRESSURE:___ 14 S F
F;"\-ﬁ‘fdng & g ‘k\ #‘0 v e e ; '

Univs 234 0 D2 ity DOWNWIND . UPWIND A
Sampler Number { ‘?L 3 - ﬁf
Distance from Source w8 (:‘f’ S A 3\(:7‘ /o ﬁ?‘
Sampling Rate 0 Lph -7 .

Pump Numbers : 65 . . . 5?
 Tedlar bag numbers | 2- 7 4 Tl 15 | (@ Qo
_ Start Time ) 028 | 11 .0R (781 fiog | 02 o || 029 Ni:o%
Stop Time A N . . . :
Melt Prtisemphy at 0 Airer = .06
ISOBUTANE RELEASH: Gas Temperature - Gas Pressure “IE 0 @y st LW
TIME METERED VOLUME __ L3 " TIME 4 METERED - VOLUNE
018 0 B 141.%50 e O | . j47.¥50
2 | . - ' 2 147.735
¢ 142,370 4 8031
G (22, LT7) | b | . 148 310
¢ 75’2.‘747‘ 7 L 148, 98
po ] 37 (43.2]9 0 _
/7 149495~ 2 | (149, 11,7
i 43,702 Y, |49 447
iy \4400%] SRS 1o 4714
(€] 44,292 ‘Z (49992
20 | 39 |44 557 10 __150. 270
zz (44 . 940 2% -
74 \ 4513 | 14 IS0. RIS
74 L 2.4 N N ..
(A0 - ldg 7149 . % | 15 H g0
30 | 4 G6.0l4| |~ 2C (51,763

: — '
ZDWWV\(’, ('ef iS [‘CC’U ’}‘ﬂ [ (),’/)\q W{-M\g"
Mel™ pit- s —/1 ra A5 2nal

~4



A Page B-40
PROJECT 1906 BENZENE/BaP PRESURVEY

Process mo [+ oy~
. v ' ]

Plant- BC‘H\ le L\Q’V\» :

Sketch of Process:

Include dimensions-and flow directionms.

WINO

Process Description:

. $1 Scott Environmental Technology Inc.

[V Y
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APPENDIX C

LABORATORY DATA SHEETS

} Scott Environmental Technology ir
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’ ‘\g; s N .&;';',‘,.;) !

% L 092 = o X CHROMA, - - .C' ANALYSIS LOG R AN
09 ¢ o - T oo S T

v s ¢ 03

Project No, i /: S ' Date RS Analyst T\

]

R

) Peak Concentration s
Time Sample Identification Height/Area Factor Concentration Comments

[

O feoese Do T | SR | 1 [ A= A
A | . o | -

Ve o ' . Cbleg~ ¥ 7| 6206 _ [ -n

.- =G A |24 - 2L -
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Page D-1
APPENDIX D -
TRACER GAS METHOD DEVELOPMENT

'D.1 Tracer Gas Selection

The'inifial consideration when using the tracer gas method
is the choice of a suitable éas. There are several criterié ﬁsed in
the selection: First, the tracer gas must not be present in tﬁe atmos-
phere at the sampling location. Second, the tracer gas must be separable
from other components in the background,ét the sampling location and
quantifiable on the same GC column without interfering with the elution
of the éompound(s) of primary interest. The tracer gas should also be
readiiy available, transportable; economically feasible, and safe for
the given usage situation.

For the determination of benzene emissions at secondary by-
products plants, isobutane is the recommended tracer gas. The second
choice for a tracer gas is a halogenated ﬁydrocarbon. At secondary by-
products plant; the Hyﬁrocarbons in the background atmosphere are almost
exclusively emissions from the coking operation and neither isobutane
nor halogenated hydrocarbons are present to any significant degree.
Isobutane was chosen over a halogenated hydrocarbon on the basis of
chromatographic elution characteristics. Isobutane elutes well befére
the benzene peak thus eliminating any interference when using a tempera-
ture program for the chromatographic analysis.

The separation of isobutane from mixtures containing concen-
trations of hydrocarbons typical of secondary by-products plants Qas
verified by spiking samples éollected at different sources in a secondary

by-products plant with various concentrations of isobutane and performing

$| Scott Environmental Technology Inc.
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a temperature program of chromacogfaphic analysis to achieve the desired
degree of separation. In all cases the desired separation was achieved.

D-2 Dispersion Apparatus

The apparatus for the dispersion of tracer consists of a
cyiinder of.the tracer gas connected to a dry gas metef, a rotameter and a
dispersion tube. All necessar& connecting lines are Teflon.

Two different dispersion tube configurations were tested, both
were constructed from 1/4" 0.D. stainless steel tubing. The first tube
tested was 8' long with the tracer source connected to one end of the tube.
The tube contained holes every lé" which were progressively larger moviﬁg
away from the gas source. The hole size ranged from 0.062" to 0.031".

The second tube was 8' long in two &' sections which are connected via a
T-joint to each other and to the tracer gas source. This dispersion tube

has 0.041" holes every 19" and the ends are capped.

’ ’
PRESSURE ¢ 8 >
GRAVGE c x — = ey
D) <
PISFERSION
ROTOMETE R ’K TUBE

V4" TEFLON LINE

(D

T ISOBUTANE

DRY GAS METER

Of the two types of dispersion tubes tested the latter described
was more efficient for the dispersion of the tracer. This judgement was made

by visual inspection of the holes in each tube while isobutane was flowing at

3| Scott Environmental Technology inc.
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0.1 CPM. At chis.rate isobutaﬁe can be seen as it leaves the dispersion
tube and differences in the relative volume leaving each hole are visually
discernible. The first configur#tibn had all gas coming out of the first
2 @oles, whereés the second configuration had uniform.emissions from each
orifice. |

Benzene was also released in two ways; by evaporation and
a heated bubbler. Both methods proved adequate for experimental determina-
tions. When evaporation was used to release benzene, a stainless steel
pan 16" x 24" x 1/2" was employed to contain the benzene. During an
experimental determination benzene was added to the pan in 50 cc aliquots
at intervals frequént enough to maintain a constant surface area of benzene.
This was done in order to.keep the emission of benzene at a constant rate.
However, this evaporation method proved unsatisfactory on.days when the wind
speed exceeded 15-20 MPH due to the changing evaporation rate resulting
from gusting wind. A more steady emission of benzene was achieved by
using a heated bubbler. The bubbler system consisted of a 500 cc
impinger of the Greenburg-Smith design wrapped with a heat tape. The
impinger was kept at a constant temperature below the boiling point of
benzene, A rubber diaphragm pump was used to push atmospheric air through

a bubbler. Flow was regulated with a rotameter.

Scott Environmental Techndlogy Inc.
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It .was necessary to ada more benzene during an experimental
run, because the emission rate drops substantially 1if the benzene level
drops too low in the impinger. The-frequency of addition and the quantity
of benzene per addition are dependent on the emission rate being used:
For our determinations it was necessary to add 50 cc of benzene at intervals
of approximately 10 minutes.

D-3 Experimental Determinations

An experiment consists of the release of a known amount of
isobutane and benzene simultaneously. Samples are collected along a 30°

arc, 25 feet downwind from the source of the emissions.

OOWNWIN O
COLLECTORS
30'5’7

EMISSIpN) SOURCE™

VPNIND Qon.LE,CFOR

Initially samples were grab samples collected in'clean one
liter glass gas flasks. Later samples were integrated over a 1/2 hour
" period and collected in élean 10-liter Tedlar bags via Emission Measure-
ments Air Quality Sampler with a flow rate of 10 LPH.

In initial determinations, portions of actual presurvey

samples containing 627 benzene were released in an effort to simulate

‘ Scott Environmental Technology Inc.
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the'type of sample which would be encounﬁered in the field. Various amounts
of the sample mixture from 0.20 to 10 cc were released and samples were
collected downwind in l-liter gas flasks. When these saﬁples were analyzed
the amount of benzene detected was very small, approximately 20 ppb. From
this it was apparent that it would be necessary. to release significantly
more benzene in orderlto produce the necessary concentration at the
sampling location so that quantative mass to mass ratios could be calculated.

Because of the necessity of releasing more benzene and avoiding
the foul odor which the high concentration benzene field samples possessed,
it was decided that pure benzene be used for all>subsequent determinations.

For the next series 6f experiments evaporation as previously
.described was used to release benzene. This series of experiments produced
results accurate to withiﬁ 10% of the theoretical mass to mass ratios
with a minimum benzene emission of 0.54 1lb/hr fof the series. These

- experiments were performed on days when the wind speed was iight (5 -10
MPH) and the wind direction was steady (See Table D-1).

The next expefiment was designed to test the variations which
might be introduced when the wind speed and direction were less than favoraBle;
On the day selected the wind speed was 20-25 MPH and the direction was 180°
variable due to a changing weather system. The rate of evaporation ofAthe
benzene Qas noticeably affected by the conditions as were the dispersion
patterns of the emissions. Erratic results were produced by the meteorological
stress on key experimental variables. Calculated mass to mass ratios differed
from the theoretical value from 157 to as much as 567, demonstrating tﬁe
effect of high and variable winds on the technique. In order to reduce

stress on the experiment the benzene bubbler as described was used to provide

3| Scott Environmental Technology Inc.
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a steady source of benzene emission at a rate that would be independent
of meteorological conditionsu On the day chosen to use the bubbler system.
the wind speed was 15-20 MPH and the direction was steady. Favorable re-
splts were obtained despite the relatively strong wind demonstrating that the
tracer technique is valid invwinds up-to 20 MPH depending on the sampling
location (see Table D-1).
D-4 Summary

When using the tracer gas method it is necessary to verify
that the tracer gas is detectable at the sampling location of choice
as the method is somewhat dependent upon meteorologiéal conditiéns.
The method works best when the wind speed is light to moderate, 5-15 MPH,
and the wind direction is steady. When the wind-speed exceeds approximately
20 MPH or if there is no wind and/or the wind direction is too variable,
dispersiﬁn patterns condusive t; accurate sampling are disturbed and
quanﬁitative mass to mass felationships are difficult to establish.
The upper limit of stress with respect to meteorblogical condiﬁions can
be examined by the spread of mass to mass ratios for each individual
sample for a given sampling run. If the calculgted ratios are inconsistent:
or the deviation between each calculated ratio and their mean is greater
than 20%; it would be necessary to seek an explanatioﬁ based on process
variations or meteorological conditions or to void the sampling run and

possibly suspend sampling until conditons are more favorable.

D-5 Field Sampling Strategy
The program for a sampling run will generally involve the
collection of triplicate downwind samples and a single point upwind sample.

Actual sampler locations will be determined by the gas chromatograph on

'$| Scott Environmental Technology Inc.
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"site. Grab samples will be collec;ed-in glass'flasks and anélyzed to
determine the benzene concencration in the vicinity of the source to be
tested. This informétion will be correlated with wind speed and direction
to choose the exact sampler locations. In the ideai case downwind
samplers will be equidistant from the source and aloﬂg approximately a
30° arc.

Two sets of samples‘will be integrated over separate one-
half hour periods and together constitute a single test. Samples
will be collected by Environmental Measurements AQS II sampling system
into clean 10-liter Tedlar bags. Tedlar bags to be reused for sampling
will be flushed three times with nitrogen and allowed to sit overnight
three quarters full. Prior to théir next use each will bé-analyzed for
benzene content.

fhe tracer gas dispersion apparatus will be positioned over
thé source to be tested aé near as possible to the actual eﬁissions.
Ideally the dispersion tube or support member will span the source of the

emissions at its center.

' §{ Scott Environmental Technology Inc.



TABLE D-~1

EXPERIMENTAL DATA

U ASoouyay. fewuawiuonnug 103 [{XY

Release Benzene
Rate Release Wind Wind Theoretical ¢/ic4 ¢/ic4 ¢/ic4
g/min Method Sample Type Speed Direction T«b/ic4 #1 ##2 {#3 Average
¢ 0.027

Evaporation Grab 0-5 MPH Steady 0.005 *NO NO NO -
ic& 5.26
¢ 0.993

Evaporation Grab 0-5 MPH Steady 0.120 *NO NO NO —
ica 8.27 ) ‘
$4.05 g 1 0-5 MPE 0.59 0.64 0.64 0.65  0.64
1c4 7.16 vaporation Grab -5 MPH Steady . ‘ . . . 0. 5
¢ 9.40
ica 6.38 Evaporation Integrated 5-10 MPH Steady 1.47 1.57 1.43 --- 1.50
¢ 10.85 '
ic4 13.59 Evaporation Integrated - 20-25 MPH Variable 0.80 1.29 1.82 0.94 1.35
¢ 9.40
ic. B.25 Bubbler Integrated 15-20 MPH Steady 1.14 1.40 1.93 1.02 1.18

; 8 ,
$6.33 g 0.97 6 0.96 6
ic, 6.48 ubbler Integrated 0-5 HPH Steady 0.91 ). 0.9 . 0.9
$6.48  ipt  0.86 0.89 0.8
fc, 6.48 ubbler Integrated 0-5 MPH Steady 1.00 0.91 0.8 . .89
q '

¢ - Benzene

icA - Isobutane

* No behzene, only 1isobutane detected.

g-a 28egq
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FIELD AUDIT REPORT
PART A - To be f111ed out by organ1zat1on supply unit cylvnders (RTI)

1. Organization supplyxng audxt sample(s) and shipping address

Research Triangle Inst1tute, Post Office Box. 12194, Research Tr1ang]e Park, NC
277G

2. Audit superv1sor, organization, and phone number (EMB Techn1ca1
' Manager)
Dan Bivens, EPA

3. Sh1pp1ng instrictions - Name ‘Address, Attention

Scott Env1ronmenta1 Techno1ogy

Post Office Box D-T11

Plumsteadville, PA 18929 "ATTN:  Bob Denyszyn’
4. Guaranteed erriva1Adate'for cylinders 6/10/80
5. Planned shipping date for cylinders 6/10/80

6. Details on audit cylinders for ‘last analysis

Low Conc. High Conc.

a. Date of last apalysis 5/30/80" 5/30/80

b. Cylinder number | ~ B-1372 ' B-921
c. Cy1indet.pressure, PSI 1750 | 1500

TR

d. Audit ges(es)/belahcezgas *».  Benzéne/N, Benzene/N,

e. Audit gas(es) ppm "7.93 154.4

f. Cylinder construction Steel . Steel




PART B - To be filled out by audit supervisor

2.

.30

ﬂqoua«; V[/,AT

Page E-2

Location of audlt G'Qf;\]pl\[m; ng-

Name of individual audit and organization Tonn [Seonsie [!,’ Scofl.

“Emvirgn srenlal chf‘-

.
-

Audlt results . e

a. Cylinder number

b. Cylinder pressure befo}e
audit, psi

c. Cylinder pressure after
audit, psi

d. Audit date and measured
concentration, ppm

Date
‘Analysis #1 7/ J/ >

-Analysis #2 7/
Analysis #3 - 7-' -

e. RTI concentration, ppm
(Part A, 6d)

Low Conc. High Conc..

ﬁﬂ 5-92

}750 1500

-~ ?- - 1400
S L Ty S
4T AL

“7,745 = 34,2

7.6 32 [E L




f. Audit accuracy* o : ~ Page E-3

- ‘Analysis #1 - B -1 4.9
Analysis £2 - —3%.3 | =/7.7 8
—o 0 JAnalysis 3 B =2 —/3.05

‘Measured Coric. - RTI Conc. "

RTI Conc. x 100

. .
Percent accurawy =

."d. Problems detected (if an,} (,,ﬂ" ,5 7{«/( i s "j/ZA'

- . / BV N c . el ~. :
VPRt el VL n"/--’,—' - ﬁ, = 7 Z/ fﬂ;z'rz" / Bl SO 7/ 4“/1
~7 . 7 - ; >

/.7(_1, /"[J'i. '; -;;-"-‘;-.Ej,',' T ,'-,- /::‘4 /Q - ,.1.’,'_ I (“,(,#.- c,— “

/'/nof nn»-f/ —;,.4/ ("u //ﬁ/r"n /ﬂ %/mps on 7//,4/9/)
7’44 rese, /7*<‘ afc- &7 mo g

L
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SCOTT ENVIRONMENTAL TECHNOLOGY INC.
Plumsteadville, Pennsylvania 18949

INTERDE?ARTMENTAL MEMORANDUM

—qor o E - DATE: TuL\/ \% /\"'0"
FROM: - -P-K.eo _ SUBJECT: A‘t«ahxw o-ﬁ iAmi—x-\-
_ 'yl
i 5
ReTEeT j (|22
N A aalean "Q‘YC"!M

G—a—s Do k. 2¢ Conc, B W09 Thw .

3R AasS C,aa)&,c;b{' C@Ae.- oo\ dY% 8 ??—W‘

g M A'Q‘WQ/\ cu’\—..{u\ Y Osseg anvv + {1 ‘P—pws
&'@c@-l\_a:\ A8 - e X 1~L-\—$ '

® — 1228 TP~ )

(» —p &% ¥ -
O o™ . s A .
(s —P \B>6- Y% TP Ay
(& —% \35.q  PPW™
(= —% \23. PEW

(& — 23.§ TP

\L 5 2 T

~ . A,
(e —P ‘35 FF
(o) —P 7 ol
i i ) /A//—f]

\—-—‘ . .
t 2 “
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APPENDIX, F

PROJECT PARTICIPANTS

Scott Environmental Technology inc. -
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APPENDIX F
PROJECT PARTICIPANTS
The following people participated in some phase of the sampling

program at Bethlehem Steel.

From Scott Environmental Technology, Inc.:_
Tom Bernstiel, Chemist
Jack Carney, Chemist
P. K. Chattopadhyay, Chemist
Dan FitzGerald, Manager, Eastern Operations
Kevin Gordon, Technician
Carolyn Graham, Chemical Engineer
Scott Henderson, Environmental Scientist
Lou Reckner, Vice President & General M?nager

Joe Wilson, Senior Technician

From Research Triangle Institute:
Ralph Roberson

Dave Marsland

From U. S. Environmental Protection Agency
Lee Beck

Dan Bivins

Q3| Scott Environmental Technology Inc.
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() AU continuove monitoring systems
used in accordamee with this suction are
to complete a minimum of one cyele of
operation (sampling. analyzing, and data
recording) fur each successive 15-minute
period.

(¢} Owners or operators of all
continuous monitoring svstems installed
in accordance with this subpart shall
check the zero and span drilt at lcast
once daily in cccordance with the -
method prescribed by the manufacturer
of such systems uniess the manufacturer
of such systems recommends
adjustments at shorter intervals, in
which case such recommendations shall
be followed. The daily span check is to
be conducted with reference gas
containing a concentration of benzene
determined to be aquivalent to the
emission limit for that source based on
the emission tests required by § 61.94.

(h) The calibration is to be done with
either—

(1) A calibration mixture prepared
from the liquids and gases specified in
Section 5.2.1 and 5.2.2 of Test Method
110 and in accordance with Section 7.1
of Test Method 110 or

(2) A calibration gas cylinder
standard containing the appropriate
concentration of benzene, The gas
composition of the calibration gus
cvlinder standard is to have been
certified by the manufacturer. The
manufacturer nust have recom
maximum shelf iife for each cyvlinder so
gds standards wiil a0t be used if their
concentration has changed greater than
=+5 percent from the certified value, The
data of gas cylinder preparation.
certified benzene concentration. and
recomenended maximum sheif life must
have been affixed io the cylinder before
shipmeant from the manufacturer o the
buver. I a gus chromatograph is used as
the continuous monitoring system, these
gas mixtures may be used directly to
prepare a chromatograph calibration
curve as described in Section 7.2 of Test
Method 110 for certification of cylinder
standards and for establishment and
verification of calibration standards.

(i} After receipt and consideration of
writlen application, the Administrator
may approve us2 of an alternative or
equivaient continucus monitoring
svstem, alternative monitoring
procedures. or aiternative monitoring
requirements.

(Sec. 114, Clean Air Act as amended [42
U.S.C. 7414f)

§61.96 Recordkeeping requirements.

{a) The owner or operator of each
source to which this subpart applies
shail maintaid Gaily records of the
mornitoring information specified in
§ 61.95{a).

mended a.

{L) Records are to bz retained at the
source and made available for
inspaction by the Administrator for a
minimum of 2 years.

{Sec. 114. Clean Air Act as amended {42
U.S.C. 7414]) _
Appendix B—Test Methods

Method 110. Determination of Benzene From

* Stationary Sources

Petformance of this method should not be
attrmpted by perscns unfamiliar with the
operation of'a gas chromatoaraph, nor by

“those who are unfamilar with source
sampling, because kzowledge bevond the
acope of this presentation is required. Care
must be exercised to prevent exposure of
sampling personne! to benzene, a
carcinogen.

1. Applicability and Prinicole

1.1 Applicability. This method applies to
the measurement of benzene in stack gases
from pracesses as specified in the
regulations. The method does not remove
benzene contained in particulate matter.

1.2 Principle. An integrated bag sample of
stack gas containing benzene and cther
organics is subjected to gas chromatographic
(GC) analysis, using a flame ionization
detector (FID).

‘2. Range and Sensitivity

The range of this method is 0.1 to 70 ppm.
The upper limit may be extended by
extending the calibration range or by diluting
the sample. .

3. Interferences

Tha chromatograph columns and the
corresponding cperating parameatess herein
described normally provide an adequate
resolution of bernzene; however, resolution
interferences may be encountered on some
sources. Therefore, the chromatograph
onerater shall select the column and
operating parameters best suited to his
particular analysis problem. subiject to the
approval of the Administrator. Approval is
automatic provided a2t the tester produces
confirming data through an adequate
supplemental analytical technique. such as
analvsis with a different column or GC/mass
spectroscopy. and has the data available for
review by the Admunistrator.

4. Apparatus

4.1 Sampling (see Figure 110-1). Tha
sampling train consists ¢f the following
components:

4.1.1 Probe. Stainless steel, Pyrex * glass.
or Tefion tubing {as stack temperature
permits), equipped with a glass wool plug to
remove particulate matter.

4.1.2 Sample Lines. Teflon, 6.4 mm outside
diameter, of sufficient lenath to connect
probic to bag. Use a new unused piece for
each series of bug samples that constitutes an
emission test and discard upon completion of
the test.

4.1.3 Quick Conaects. Stainless steel,
male (2} and female (2). with bull chiecks (one

* Mantion.of trade names or specific products
does ot constitute endorserent by the U.S.
Environmeatal Protection Adercy.

pair without] located as shown in fizure 110-

4.1.4 Tedlar or aluminized Mylar bags, 100
L capacity, to contain sample.

4.1.5 'Bagz Contuiners. Rimd leakproof
containers fur sample bags with covering to -
protect contents from sunlizht,

4.1.86 Needle Valve. To adjust sample flow
rate.

4.1.7 Pump. Leak-free with minimum of 2
L/min capacity. ’

4.1.8 Charcoal Tube. To prevent
admission of benzene and other organics to
the atmosphere in the vicinity of sumplers.,

4.1.9 Fiow Meter. For observing sample
flow rate: capable of measuring a flow range
from 0.10 to L/min.

4.1.10 Connecting Tubing. Teflon. 6.4 mm
outside diameter, to assemble sampling train
{Figure 110~1.) ’

4.2 Sample Recovery. Teflon tubing, 6.4
mm outside diumeter, is required to connect
chromatograph sample loop for samgle
recovery. Use a new unused piece for each
series of bay sunples thai constitutes an
emission test and discard upon conclusion of
analysis of those bags.

4.3 Analysis. The [o!lowing equipment is
needed:

4.3.1 Gas Chromatograpgh. With FID,
potentiometric strip chart recerder and 1.0 to
2.0 mL sampling loop in auvtomatic sample
valve. The chromatographic svstem shall be
capable of preducing a resnonse to 0.1ppm
benzene thutis at least as great as the
average noise ievel. {Response is measurad
from the average velue of ihe base line to the
maximum of the wavelorm, while standard
operating cenditions are in use.)

BiLLING COOE 656u-01-M
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© STACK WALL
FILTER
{GLASS WOOL)
TEFLON
PROBE SAMPLE LINE
VACUUM LINE
F e P MALE

CONNECTS
FEMALE

TEDLAR OR ’
ALUMINIZED

MYLAR BAG \

RIGID LEAK-PRQOF
CONTAINER

Figure 110_~1. Integrated-bag sampling train. (Mention of trade names or speci

BILLING CODE 6560-01-C
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4.3.2 Chromatographic Columsrs. Columns
as listed below. The analyst may use other
columns provided that the precisicn and
accuracy of the anaivsis of benzene
standards are not unpaired and he has
avarlable for review information conjirming
that there is adequate resolution of the
benzene peak. (Adequate resolution is
defined as an area overlap of not more than
10 percent of the benzene peak by an
interferent peak. Calculation of arca overlap
is explained in Appendix E. Supplement A:
“Determination of Adequate
Chromatographic Peuk Resolution.”)

4.3.21 Column A: Benzene in the Presence
of Aliphatics. Stainless steel, 2.44 m by 3.2
mm, containing 10 percent 1,2.3-tris (2-
cvanoethoxy) propane {TCEP) on 80/100
Chromosorb P AW.

4.3.2.2 Column B: Benzene With
Separation of the lsomers of Xylene.
Stainless steel. 1.83 m by 3.2 mm. containing 5
percent SP 1,200/1.75 percent Bentone 34 on
160/120 Suplecoport.

4.3.3 Flow Meters (2). Rotameter type, 100
mL/min capacity.

434 Gas Regulators. For required gas
cylinders. -

4.3.5 Thermometer. Accurate to 1° C, to
measure temperature of heated sample loop
at time of sample injection.

4.3.6 Barometer. Accurate to 5 mmHg, to
measure atmospheric pressure around gas
chromatograph during sample analysis.

4.3.7 Pump. Leak-free, with minimum of
100 mL/min capacity.

4.3.8 Recorder. Strip chart type, optionally
equipped with either disc or electronic
integrator.

4.3.9 Planimeter. Cptional, in place of disc
or electronic integrator, on recorder, to
measure chromatograph peak arsas.

4.4 Calitiration. Soctions 4.4.2 through
4.4.5 are for the optional procedure in Section
4.4,

4.4.1 Tubing Teflon, 6.4 mm outside
diameter, soparale pieces marked for each

_calibration consentration.

4.4.2 Tedlaror Aluminized Mylar Bags. 50
L capacity. with valve: separate bag marked
for each calibration concentration.

4.4.3 Syringes. 1.0 pL and 10 L. gas lwhh
mc.n"du.\hy calibrated to dispense liquid
banzene.

4.44 Dry Gas Meter, With Temperature
and Pressure CGeuges. Accurate to =2
percent. to meter nitrogen in preparation of
standard gas mixwures, calibrated at the flow
rate used to prepare standards.

44.5 Mideet Impinger/Hot Plate
Assembly. To vaporize benzene.

5. Reagents

Use only reagents that are of
ckromatographic grade.

5.1 Analysis. The following are needed
for analysis:

5.1.1 Helium or Nitrogen. Zero grade, for
chromatograph carrier gus.

51.2 Hydrogen. Zero grade.

5.1.3 Oxygen or Air. Zero grade, as
required by the Jetector.
5.2 Cal'bm('on Use onc of the following

521 B ADR

Certified by the manufacturer to contuin a

9 .\101 Percent Purc

minimum of 99 Mol percent benzene: for use
in the preparation of stundard gas mixtures
as described in Section 7.1,

5.2.2 Nitrogen. Zero grade, for preparation
of standard gas mixtures as described in
Section 7.1,

5.2.3 Cylinder Standards (3). Gas mixture
stundards (50, 10. and 3 ppm benzene in
nitrogen cyiinders). The tester may use
cvlinder standards to directly prepare a
chromatograph calibmtion curve as
described in Section 7.2.2, if the following
conditions are met: (a} The manufacturer
certifies the gas composition with an
accuracy of +3 percent or better (see Section
5.2.3.1). {b) The manufacturer recommends a
maximum shelf life over which the gas
concentration does not change by greater
than *5 percent from the certified value. (c)
The manufacturer affixes the date of gas
cylinder preparation, certified benzene
concentration, and recommended maximum
shelf life to the cylinder before shipment to
the buyer.

5.2.3.1 Cylinder Standards Certification.
The manufactuarer shall certify the
concentration of benzene in nitrogen in each
cylinder by (a) directly analyzing each
cylinder and (b) calibrating his analytical
procedure on the day of cylinder analysis. To
calibrate his analytical procedure, the
manufacturer shall use, as a minimum, a
three-point calibration curve. [t is
recommended that the manufacturer maintain
(1) a high-concentration calibration standard
(between 50 and 100 ppm} to prepare his
calibration curve by an appropriate dilution
technique: and (2} a low-concentration
calibration starndard (betweer 5 and 10 ppm)
to verify the diiution technique used. If the
difference between the apparem
concentration read from the calibfation curve
and the true concentration assigned to the
luw-concenlralion standard exceeds 5
pereent of the true conceatration, the
manufac‘urer shall determine the source of
error and correct it, then repeat the three-
point calibration.

5.2.3.2 Verification of Manufacturer’s
Culibration Standards. Before using, the
manufacturer shall verify each calibration
standard by (a) compering it to gas mixtures
prepared {with 99 Mol percent benzene} in
accordance with the procedure described in
Section 7.1 or by (b} having it analyzed by the
National Bureau of Slu"mdards The agreement
between the initially determined
conceniration value and the verification
concentration value must be within %5
percent. The manufacturer must reverify all
calibration standards on a time interval
consistent with the sheif life of the cylinder
standards sold.

5.2.4 Audit Cylinder Standards (2). Cas
mixture standards with concentrations
known only to the person supervising the
analysis of samples. The audit cylinder
standards shall be identically prepared as
those in Section 5.2.3 (benzene in nitrogen
cylinders). The concentrations of the audit
cylinder should be: one lovr-concentration
cylinder in the range of 5 to 20 ppm benzene
and one hich-concentration cylinder in the
range of 100 to 300 ppm benzene. When
avaiizble, the tester may obtain audit
cylinders by contacting: U.S. Environmental

Protection Agency, Environmental Monitoring
and Support Laboratory, Quality Assurance
Branch (MD =77). research Triangle Park.
North Carolina 27711, If audit cyviinders are
not available at the Environmental Protection
Agency, the tesler must secure an uhz.rn:mve
source.

6. Prgcedure

6.1 Sampling. Assemble the sample train
as shown in Figure 110-1. Perform a bag teak
check according to Section 7.3.2. Juin the
quick connects as illustrated, and determine
that all connections between the bag and the
probe are tight. Place the end of the probe at
the centroid of the stack, and start the pump
with the ncedle valve adijusted to yield a flow

-that will more than half {ill the bag in the

specified sample period. After allowing
sufficient time to purge the line several times,
connect the vacuum line to the bag and
evacuate the bag until the rotameter indicates
no flow. At all times, direct the gas exiting
the rotameter away from sampling personnel.
At the end of the sample period, shut off the
pump. disconnect the sample line frum the
bag. and disconnect the vacuum line from the
bag container. Protect the bag container from
sunlight.

6.2 Sample Storage. Keep the sample bags
out of direct sunlight. Perform the analysis
within 4 days of sample collection.

6.3 Sample Recovery. With a new piece of
Teflon tubing identified for that bag, connect
a bag inlet \al\e to the gas chromatograpn
sample valve. Switch the valve to receive gas
from the bag through the sample loop.
Arrange the equipment 30 the sample gus
passes {rom the sample valve to a 100-mL/
min rotameter wilh ticw contrei valve
followed by a charcoal tube and a 1-in.
pressure gauge. The tester may maintain the
sample flow either by a vacuum pump or
container pressurizalion if the coliection bag
reinains .o the righd conteiner. Afler sample
loop purging is ceased. always allow the
pressure gauge to return to zero before
activating the gas sampling valve.

6.4 Analysis. Set the column temperuture
to 80° C (176" F} for column A or 753° C {1677
F) for column B, and the detector temiperature
to 225° C {437° F). When optimum hvdrogen
and oxygen flow rates have been dctermined,
verify and mzintain these flow rates during
all chromatograph operations. Using zero
helium or nitrogen as the carrier gas,
establish a flow rate in the range consistent

with the manufacturer's requirements for

satisfactory detector operation. A flow rate of
approximately 20 mL/min shtould preduce
adequate separations, Gbserve the base line
periodically and determine (nat the noise
level has stabilized and that base-line drift
has ceased. Purge the sample luop for 30 sec
at the rate of 100 mL/min, then activate the
sample valve. Record the injection time (the
position of the pen on the chart at the tinie of
sample injection). the sample number, the
sample laop temperature, the column
temperarture, carrier gas flow rate, chart
speed, and the attenuator setting. From the
chart, note the peak having the retention time
corresponding to benzene, as determined in
Seclion 7.2.1. Measure the benzene peak arca.
A by use of a disc integrator, electronic
integrator, or a-planimeter. Record A, and
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T SYRINGE

. : SEPTUM
NITROGEN CYLINDER

MIDGET IMPINGER -

BOILING =
WATER -
BATH -

a / HOT PLATE
DRY GAS METER

=)

TEDLAR BAG
CAPACITY
50 LITERS

Figure 110-2. Preparation of benzene standard; {optional).

BILLING SODE 6560-01-C
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the retenticn time. Repeat the injection at
least two times or unti] two consccutive
values for the total avea of the benzene peak
do not vary more than 5 percent. Use the
average value of these two total areas to
compule the bag conientration.

6.5 Determination of Bag Water Vapor
Content. Measure the ambient lemperature
and barometric pressure near the bag. From a
water saturation vapor pressure table,
determine und record the water vapor
content of the bag as a decimal figure.
{Assume the relative humidity to be 100
percent unless a lesser value is known.}

7. Prezaration of Standard Gas Mixtures,
Calibration, and Quality Assurence

7.1 Preparation of Benzene Standard Gas
Mixtures. (Optional procedure—dclete if
cylinder standards are ysed.) Assemble the
apparatus shown in Iigure 110-2. Evacuate a
50-L Tedlar or aluminized Mylar bag that has
passed a leak check {described in Section
7.3.2) and meter in about 50 L of nitrogen.
Measure the barometric pressure, the relative
pressure at the dry gas meter, and the
temperature at the ¢ry zas meter. While the
bag is filling, use the 10uL syringe to inject
10uL of 99+ percent benzene through the
septum on top of the impinger. This gives a
concentration of approximalely 50 ppm of
benzene. In a like manner, use the other
syringe to prepare diiutions having
approximately 10 ppm and 5 ppm benzene
concentrations. To calculate the specific
concentrations, refer to Section 8.2, These gas
mixture standards may be used for 7 days
fremn the date of preparation, after which time
preparation of new gas mixtures is required. ||
{Caution: If the new yas mixture standard is a
lower concentration than the previous gas
mixture standard, contamination may be a
problem when a bag is reused.)

7.2 Calibration.

7.2.2 Determination of Benzene Retention
Time. {This section csn be performed .
simultaneously with Section 7.2.2.) Establish
chromatogzraph conditions identical with
those in Section 6.4, above. Determine proper
attenuaztor positien. Flush the sampling loop
with zero helium or nitrogen and activate the
sample valve. Record the injection time, the
sample loop temperaiure, the column
temperature. the carrier gas flow rate, the
chart speed, and the attenuator setting.
Record peaks and detector responses that
occur in the absence of benzene. Maintain
conditions. with the equipment plumbing
arranged identically to Section 6.3, and ilush
the samp!ie loop fur 30 sec at the rate of 100
mL/min with one ol the benzene calibratioa.

- mixtures. Then aclivate the sample valve.

Record the injection time. Select the peak
that corresponds to benzene. Measure the
distance on the chart from the injection lime-
to the time at which the peak maximum
occurs. This distance divided by the chart
speed is defined as the benzene peak
retention time. Since it is quite likely that
there will be other organics present in the
sample, it is very important that positive
identification of the benzene peuk be made.

BRLING CODE 8560-01-M
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Questien.
- 7.22 Preparation of Chromatograph
Calibration Curve. Make a gas
chromatorraphic moasurement of cach
standard gas mixture (described in Section
s.230r7.1. 1) w w¢ conditions identical with
those listed in Sections 6.3 and 6.4. Flush the
sampling loep for 36 see al the rate ol ml/
min with one of the standard gas mixtures
and activate the sampe valve. Record C,, the
concentration of benzene injected. the
atlenuator sctling, chart speed, peak area,
sampie loop temperature, column
temperature, carrier gas flow rate, and
retention time. Record the laboratory
pressure. Colculate A thie peak area
multiplied by the attenuator setting. Repeat
until two consecutive injection areas are
within 5 percent, then plot the average of
those two values versus C.. When the cther
standard gas mixtures have been similarly
analyzed and plotted, draw a straight line
through the points derived by the least
squares method. Perform calibration daily, or
before and Jfier each set of bag samples,
whichever is more irequent.

7.3 Quality Assurance.

7.3.1 Analysis Audit. Inmediately after
the preparation of the calibration curve and
before the sample analyses, perform the

analvsis audit described in Appendix E,
Supplement B: “Procedure for Field Auditing
GC Analysis.”

7.3.2 Bag Leak Checls. While
performance of this scehon is required after
bag use, itis also advised that it be
performead before bag uza. After each use,
make sure a bag did not develop leaks by
connecling 8 water manometer and
pressurizing the bagto 5 to 10em H,O0 (2to 4
in, H.0). Allew to stand for 10 min. Any
displacement in the water manometer
indicates a leuk. Also, check the rigid
container lor leuks in this manner. (Note: an

alternative leak check method is to pressurize -

the bagtoSto 10 cm H.Oor 2 to 4 in. H.O
and ailow to stand cvernizht. A deflated bag
indicates a leak.) For rzch sample bag in its
rigid container, place a rotameter in line
between the bag and the pump inlet,
Evacuate the bag. Filure of the rotameter to
register zero flow when the bag appears to be
empty indicates a leak.

8 Calculations

8.1 Optional Benzene Standards
Concentrations. Calculate each benzene
standard concentration (C. in ppm) prepared
in accordance with Section 7.1 as follows:

B(0.2706)(10%)

C =
¢ v v 283 _m
m T T80
m
BT -
. = 7009 g Ymp (110-1)
m m
where:
B . = Volume of benzene injected, microliters.
Vo = (Gas volume measured by dry gas meter, liters.
Y =  Dry gas meter calibration factor, dimensioniess.
P:n = Absclute pressure of the dry gas meter, mmHg.
Tm = Absolute temperature of the dry gas meter, °K.
0.27C6 = Ideal gas volume of benzene at 293° K and 760 amHg L/mlL.
103 = Conversion factor [(ppm)(mL)/ptL].

8.2 Benzene Sample Concentrations.
select the value of C that corresponds to

scribed in Section 7.2.2 above,

From the calibration curve de-

A:' Calculate the concentration of benzene in the sample (C in ppm) as
follows:
T 3t i N - (110-2)
ir wb
where:
Cs = Concentration of benzene in the sample, ppm.
Cc = Concentration of benzene indicated by the gas chrematograph,
ppm. ) .
Pr =  Reference préssure, the barometric pressure recorded during
calibration, mmHg. ) )
_T{ = Sample loop temperature at the time of analysis, °K.
Pi = Barometric pressure at time of analysis, mmdg.
Te = Reference temperature, the sample loop tempersture recorded
A during calibration, °K,
S =

wh Water vapor content of the bag sample, volume fraction.
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Appendix C

Sunpiement A—Determination of Adequate
Chromatographic Peak Resolution

In this method of dealing with resoultion,
the extent to which one chromatographic
peak overlaps another is deiermined.

For convenience, consider the range of the
elution curve of each compound as running
from — 20 to +2¢-. This range is used in other
resolution criteria, and it contains 95.45
percent of the area of a normal curve. Il two
peaks are separated by a known distance. b,
one can determine the fraction of the area of
one curve that lies within the range of the
other. The extent to which the clution curve
of a contaminant compound overlaps the
curve of a compound that is under analysis is
found by integrating the contaminant curve
over limits b—20, to b+20,, where o, is
the standard deviation ot the sampie curve.

There are several ways this calculation can
be simplified. Overlap can be determined for
curves of unit area; then actual areas can be
introduced. The desired integration can be
resolved into two integrals of the normal
distribution function for which there are
convenient calcualtion programs and tables.
An example would be Program 15 in Texas

. Instruments Program Manual ST1, 1975.

Texas Instruments, Inc., Dallas, Texas 75222,
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Tha follcwing calculation steps are required:”

1. 2(7s = ts/,,‘Z In 2
2 9 = t/R7TN?
3ox o= (b-Zus)/oc
3o = (br2o)/a,
5. Q) . L e ? o
r
"1
R
6. Qxy . 1 e”? o
Vet J
*2
7. IO = Q(xl) = Q(xz)
8. A, = TAJA
8.  Percentage overlap = A, * 100
where

“s = Th2 area of the sample peak of interest determined by elec-

tronic integration, or by the formula AS = hsts'

A = The area of the contaminant peak, determined in the same

L)

nanner as AS.

L = The distance on the chromatographic chart that separates the
maxima of the twe peaks.

H = The peak height of the sampie compound of interest, measured
frem the average valua of the baseline to the maximum of the
curve. <

t z The width of the sample peak of interest at 1/2 of peak
height.

t s The width of the contaminant peak at 1/2 of peak haight.

g, = The standard cdeviation of the sample compound of interest
elution curve,

'oc = Tte standard deviation of the contaminant eluticn curve.

Q(nl) = fhe intagral of the norma) distribution function from Xy to

infinity.

Q{x,) = Tne integral) of the norma) distribution function fron %z 1o

« .,

pe}

infinity.
I, = Tre cverlap intagral,
':o = The area overlan fraction.

r3st instances, Q<) is very smal) and may be neglected.

I judaing the suitability of alternate gas
chromategraphic columns, or the effects of
aitering chromatographse conditions, one can
employ the arca overlap as the resolution
paramater with a specilic maximum

‘permissible value. .

The use of Caussian functions to describe
Lhromatographic elution crirves is
widespread. However, some elution curves
are highly asymmetric. [n those ¢ases where
the sumple peak is followed by a '
contaiminant that has a leading edae that
rises sharply but the curve then tails off, it
may be possible to define an effective width
for t. as “twice the distance from the leading
edye to a perpendicular line through the
maxim of the contaminant curve, measured
along a perpendicular bisection of that line,”

Supplement B—Procedure for Field Auditing
GC Analysis

Responsibilities of audit supervisor and
analyst at the source sampling site include
the following:

A, Check that audit cylinders are stored in
a safe location both befcre and after the audit
to prevent vandalism of snme.

B. At the beginning and conclusioun of the
audit, record each cvlinder number and
cylinder pressure. Never anulyze an audit
cylinder when the pressure drops below 200
psi.

C. During the audit, the analystis to
perform a minimum of two consecutive
anaiyses of each audit cylinder gas. The audit
must be conducted to coincive with the
analysis of source test sumipies. Normaldly, it
wili be ennducted immedinialy olter the GC
colibration and prior to the sample anaisses,

D. At the end of audit annlvses, the audit
supervisor requests the calculated
concentritions from the anatvst and then
compaires the resuits with the actual audit
concentrations. If each measured
concentration agrees with the respective
actual concentration within +10 ercent, ke
then directs the analyst to bezin the analysis

“of source sampies. Audit surervisor judement
and/or supervisory policy determine course
of action with aareement is not within =10
percent. Where a consistent bius in excess of
10 percent is found, it m.av be possible to
proceed with the sample anaulyses, with a
corrective factor to be applivi to the results
at a later time. However, every attempt
should be mude to locate the cause of the
discragancy. as it may be misieading. The
audit supervisor is to record each cylinder
number, cyvlinder pressure {at the end of the
mudit), and all caleuinted concentrations. The
individual being audited nwist not under any
circumstance be told the actual andit
concentrations until the citleulated
concentrations have been submitted to the
audit supervisor.
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