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1.0 INTRODUCTION

Scott Envirommental 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 Envirommental 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 frém the following processes: Denver
flotation unit, naphthalene melt pit, naphthalene drying tank,
cooling tower - direct water final cooler, light oil condenser vent, and

the tar decanter from #5 battery.

' 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.

3| 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 30 feet high and has four 13-foot diameter fans on top
for pulling air countercurrent 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 1lb/hr., with an average result of 73.4 1b/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,

"}/ Scott Environmental Technology Inc.
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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.
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3.2 TAR DECANTER

The tar decanter collects tar and flushing liquor from the #5
battery and from the primary 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 vénted to the atmosphere, and is a potential
benzene emission source.

The average result for the tar decanter emissions is 2.6 1b/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).

3| Scott Environmental Technology Inc.
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3.3 LIGHT OIL CONDENSER VENT

Benzene in the wash oil is removed 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 rafes were

comparable to higher flow sources.
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3.4 NAPHTHALENE DRYING TANK

The drying tank collects the melted 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 process and runs
for approximately 12 to 14 hours, during which time benzene 1is
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 1lb/hr. A
series of 8 tests were run on July 22 over a l5-hour period, and the
averagé 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 vafy 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.
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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.




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 ¢/ic#_ 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 1lb/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: 1, 3, 4
Tracer on Tank #1 Date: 7/15/80
Isobutane release rate - 1.27 1b/hr Test Start: 10:30
1 5.16 1.902 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 Awvg, 3.89
Test 2, Run 2

Tracer on 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.

Q3| 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 ¢/i54_ 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 Ave. 4.98

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

3| 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 Locatioms 1 and 2 in
each case. This indicates that the higher emission rates in Test 3

can be attributable to the higher ambient temperature.

3| 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.

The 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
the melt aﬁd 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 other 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.

3| Scott Ervironmental Technology Inc.
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TABLE 3-6

NAPHTHALENE MELT PIT

Date: 7/15/80 Isobutane Fmission Rate: 1.16 1b/hr
Tracer Test #1, Run #1 : 0.53 kg/hr
Test Start - 8:00 a.m. Weather Conditions: Wind SSW 0-5 mph
‘ Temp 75°F
Conc. of Conc. of
Sample Benzene Isobutane Mass to Mass 1b/hr kg/hr
Loc. - (ppm) (ppm) Ratio ¢/ic4_ Benzene Benzene
1 11.48 0.713 21.66 25,13 11.42
2 17.54 1.02 23.06 26.75 12,16
3 16.58 0.93 23.97 | 27.81 12,64
Upwind 0.71 ND -
' . Avg. 26.56 Avg, 12.07
Date: 7/15/80 Isobutane Fmission Rate: 1.16 lg/hr
Tracer Test #1,” Run #2 © o 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 Emission 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 3.87 1.39 8.57 11.23 5.10
Upwind 0.77 ND —

Avg. 9.00* Avg. 4.09%

% Run voided due to leak in flowmeter.

ﬂ:} Scott Environmental Technology Inc.
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Date: 7/17/80
Tracer Test #3, Run #1

Page 3-16

TABLE 3-6
(Continued)

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 ¢/1q4_ 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 Isobutane Emission Rate: 1.24 1b/hr
Tracer Test #3, Run #2
Test Start - 8:18 a.m 0.56 kg/hr
- e 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 Isobutane Emission Rate: 1,29 1b/hr
Tracer Test #4, Run #1 0.59 kg/hr
Test Start - 7:36 a.m. Weather Conditions: Wind N, Steady
1 18.60 3.31 7.56 9.75 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 Isobutane Emission Rate: 1.29 1b/hr
Tracer Test #4, Run #2
Test Start - 8:30 a.m 0.59 kg/hr
‘ R 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 -

| 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
: Temp 80°F
Conc, of Conc. of
Sample Benzene Isobutane Mass to Mass 1b/hr kg/hr
Loc. (ppm) (ppm) Ratio ¢/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 1lb/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 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 center of the pit. 1In
addition, the concentrations increased with time as the pit filled.

The contribution oE the Denver unit td the samples
collected during the melt tests was estimated to be negligible be-
cause the plume rise from the heated pit caused the emissions from
the Denver unit to rise well above the samplers. Furthermore, 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.

3| 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 recovery operations for tar and flushing liquor at
Bethlehem Steel Corporation, Bethlehem, Pennsylvania are two separate systems;
Batteries 2, 3, and A as weil as a separate system for Battery 5. These gas
streams combine before entering the ammonia saturator. Batteries 2 and 3
have 102 ovens each and were 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 carbon 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, finmal cooling, light oil scrubbing
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 gas continues to the primary coolers. The flushing liquor

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

' Scott Environmental Technology inc.
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FIGURE 4-1 BETHLEHEM STEEL CORPORATION, BETHLEHEM, PA
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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 discussion will address the 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 separated into liquor, tar, and sludge. Liquorrfrom 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/l before 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,

ﬁ} 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
3-4% after tar storage. The water content of the tar from the tar decanter
could increase to approximately 357 when charging problems occur. The tar
in storage is heated to 94°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 sludge 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 circuléting 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

'} Scott Environmental Technology Inc.
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column. The system produces 65.3 metric tons (72 tons) of ammonium sulfate
per day. Before 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 naphthalene slurry is
heated in the melting pit before pumping to the draining tank. From the
draining tank the naphthalene 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 oil 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. In the
light o0il 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 0il in the wash oil still. The debenzolyzed wash

0il from the wash o0il still is indirectly cooled in the wash oil chillers

| 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 o0il and flows by gravity to the Gale
0il sump (see Figure 4-2). The wash oil from the wash o0il decanter is then
returned to the light oil scrubbers for reuse.

The light oil vapors from the wash o0il still enter a rectifier
which fractionates the light oil into primary and secondary oil. The
separation between primary and secondary o0il 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 o0il 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 ecoﬁomically impractical.

The Gale oil sump receives waste stream inputs from the final
cooler, wash oil still, wash o0il chiller, wash oil decanter, rectifier,
primary light oil storage, secondary light oil storage, desulfurization
blowdown 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
0il 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

0%/ 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 acid 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) and 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 per 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 75% capacity. This capacity factor was

discussed with Bethlehem personnel. While it was acknowledged that some

"}| Scott Environmental Technology Inc.
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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.

3| Scott Environmental Technology Inc.
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5.0 FIELD SAMPLING AND ANALYSIS METHODOLOGY

5.1 DETEPMINATION OF BENZENE FROM STATIONARY SCURCES:
EPA METHOD 110 AND MODIFICATIONS

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 fill. A copy of the method is
included in Appendix D.

The method was modified by Scott because as it stands 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,
needle 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 Ervironmental Technology Inc.
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3. Swagelok fittings were used in place of quick-connects.

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

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

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

7. The following cleanup procedures were followed:

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 analyzis. 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 measured 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.

{:S:}I Scott Environmental fechnoicgy inc
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FIGURE 5-1
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5.2 TRACER TESTING N

The tracer gas method is a practical ﬁtocedure 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 cf
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 triplicate 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 elapsed 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 Technciogy 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 fla@e 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 connected in series allowing sample components to move from the
precoiumn to the amalytical 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 éeparation and
measurement of low molecular weight compounds while the scrubber column
is being backflushed of heavier sample components., Backflush times for
different mixtures of sample components must be predetermined to insure that
the compound{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 ml1 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

‘{S} Scott Environmental Technclogy inc
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The columns used for field analysis were:

A - Scrubber Column

10% FFAP on Supelcoport 30/100
1/8" x 1 m Stainless Steel

B - Analytical column

207% SP-2100, 0.1% Carbowax 1500
100/120 Supelcoport
1/8" x 10' Stainless Steel

When samples from tracer tests were analyzed the chromatographic

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 cpoling:

When the tracer gas is used analysis time will be

approximately 10 minutes.

The columns and flow rates were the same as for isothermal.

Scott Envircnmental Technclogy Inc.
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6.0 TFIELD 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 liquid samples were dipped from the hot and cold
wells with temperatures of 3OOC and 27.80C respectively (86OF and
820F). 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.

"}| 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 t?is project. The equipment 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 were 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.

3| 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 o0il 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 fourth test was run, and the analytical
results were consistent with those of the first two rums.

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.

CH| scott Environmental Technology Inc.
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FIGURE 6-3
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6.4 NAPHTHALENE DRYING TANK

The naphthalene drying tank presented 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 end of 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 arbund 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-
tration 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

3| Scott Environmental Technology Inc.
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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 comnected
directly to the first impinger (See Figure 6-5).

Cleanup 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 just 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 morning, 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
modified as 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 exémple,>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 float 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

'} Scott Environmental Technology Inc.
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FIGURE 6-6
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FIGURE 6~7
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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 located 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
assumptions inherent to this conclusion. First, the benzene emission
rates from the two tanks are equal. This shoula 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 iscbutane tracer concentrations from the two tests were normalized
for differences in isobutane release rate and differences in dispersion.
The normalized values were 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

5| 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 unit 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 reblicates 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.

' 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
grade. 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 locafions. 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.

3| 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 accurate 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. In
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

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, é test was performed to measure the emissions
present at the sampling locations when a melt cycle was not in progress.
The tracer apparatus and samplers 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 obtained at the same locations during

the melt cycle.

S| Scott Environmental Technology inc.
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7.0 LABORATORY SAMPLE.ANALYSIS

Two types of liquid samples were collected: process liquids, and
sample line and water trap catches and washes. All liquid samples were
stored in amber glass bottles and returned to Scott's Plumsteadville laboratory
for analysis,
7.1 SAaMPLE 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 separsted and each phase was
analyzed separately for benzene.

Samples Containing Solid and Immiscible Liquid Phases

Samples containing solids of higher density than the liquid phase
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 amourt of the mixture was analyzed for benzene.

Scott Environmental Technclogy inc
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Sampling Svstem Washings

All washings were clear solutions having only one liquid phase.
The total weight of the liquid phase was determined using'a balance correct
to £0.1 g. The total weight of each washing wes more than 25 grams, so an
error of 0.1 g in weighing the mass will contribute an error of only 0.47
to the final analytical data. A weighed aliquot of the washing was apalyzed
for benzene by following the '"purge and trép" and analysis procedures out-
lined in the following sections, and using this analysis data the weight
of benzene present in the total mass of washing was calculated.

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

An accurately weighed quantity of the sample to be analyzed was
diluted with 20-25 ml of propylenc 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
pronvlene 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 experimental conditions, 1 1/2 - 2 hours were sufficient to purge
off all the benzene from the liquid phase to the gaseous phase. The total
volume of nitrogen 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 insoluble particulates., It
was chosen for its high boiling point, low density, and good solvating

capacity.

Scott Environmental Technclogy Inc.
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7.3 CGAS CHROMATOGRAPH

A Perkin-Elmer 900 gas chromatograph was used for the analysis
of the purge bags. A 10 ft. by 1/8 inch stainless steel column packed with
207 SP-2100/0.1% Carbowax 1500 on 80/120 mesh Supelcoport was used for the
anélysis. 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 of benzene in the purge bzgs
analyzed. The Perkin-Elmer 900 used for analysis was not equipped with
a backflushing unit. Gas chromatograph conditions were as follows:

GC column temperature: 70°C isothermal

Detector temperature: 190°C

5 m1 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: Flame 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 frcm 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
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8.0 QUALITY CONTROL AND QUALITY ASSURANCE

The following sections will address quality contrcl 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 reproduced to within 5%. For some very high concentration samples
(percent range) it was necessary to make dilutions for analysis. When this
was done a fresh dilution was prepared for each injection and peak heights
were reproduced to within 10%. To verify that the system was retaining no
benzene, frequent injections of the standard and nitrogen were made. 1In 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 0 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 linearity 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 6.1]1 ppm benzene were used to analyze the audit

cylinders.

Scott Environmental Technclogy inc.
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8.2 PROCEDURES FOR ANALYSIS OF PROCESS LIQUIDS

Scott's benzene standards, checked against EPA Audit Standards,
were used as reference standards throughout this prcgram. The accuracy and
linearity of the gas chromatographic technique for benzene analysis was
tegted through the use of EPA Audit Standards which 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 carbonate to the purge and trap procedure

2

followed bv gas chromatographic amalysis of the trapped gas under identical
conditions as described in Section 5.2. All batches of analytical grade
propylene carbonate were found to be free from benzene.

Every day before the anmalysis of samples the purging apparatus and
trapping bags were tested for absence of benzene. Whenever the 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 Envirenmiantal Tachrclogy Inc
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For randomly selected samples, the whole analytical procedure was
repeated with a different weighed mass of the source sample'toAcheck the
validity and accuracy of the analytical methodology. The aﬁalytical data
for diffé;eht runé were found'not.to vary by more than 57%.

By purging 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

41,35 ¥ 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

Flow Rate (STP)

Pbar(in. Hg)

Flow Rate (source) =

il

Flow Rate (STP)

1150 cfm x

528 29.5

B. Correction for moisture

Impinger and water trap catch volume: 76cc

Tedlar bag volume(gas sample): 0,474 £t3

209 + 460 * 29.972

T(°F) + 460 ~ 29.92

= 895

13.42 1

Gaseous volume of collected water, standard conditions:

1l gm 1 mole 24,15 1

76 cc x 18 gm % mole

= 101.97 1

| Scott Environmental Technology Inc.
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Percent moisture:

101.97

101.97 + 13.42 88.4 %

Flow Rate corrected for moisture:

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

895 x (100 - 88.4)/100

104 cfm

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

104 cfm x 1.025

il

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 1l mole _
—G}Er—-x 13.42 1 x ole X 24.15 1 5.89 mg
B. Total mass of benzene (air + liquid)

5.89 + 1.42 = 7.31 mg

C. Corrected benzene concentration:

1 mole  24.15 1 _ 100
78 g mole 13.42 1

0.00731 g x = 168.60 ppm

TS| Scott Environmental Technology Inc.
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Calculation of Benzene Mass Emission Rate

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

3

Page A-4

106ft x 28.32 1 x 60gnin x 168.60 78 g x 1 mole 1 1b
min £e3 hr 106 mole ~ 24,15 1 * 454 g

Scott Environmental Technology Inc.

0.22 1g/hr
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APPENDIX B

FIELD DATA SHEETS

{S:} Scott Environmental Technoiogy Inc.
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N ! SCOTT ENVIRONMENTAL TECHNOLOGY, INC. [{V/U /
- PROJECT 1922 METHOD 110 DATA SHEET
- PLANT: Dethlehem gi’f’@ ?e{ Qf\em, DATE: 7//0/80
PROCESS: Locling foy: G dno"ﬁ C AMBIENT TEMPERATURE: 30 '
— T PROCESS NOTES: N BAROMETRIC PRESSURE: 9~CI~§<5
Fan d TEDLAR BAG NUMBER: []
WI)C,,N’[‘ Can #|
) TIME STACK TEMP GAS VELOCITY PUMP FLOWRATE
I 3¢ O 34 ‘E | vico £+ 1S Jpa §74%.S
T 7 X %3 °F 200 Ls ' 5757
3 LS FRAE 5e0 S7¢ 6
- 4 A ‘3 ‘F (voo Ltlmin 5775
5 3 Z A {2 00 s 515
- & | o 83 450 S {mun 5793
| A YR g4 é oo filuus [ (s SE02_
_ U 4] X5 150 Al /5 5% |
[C | & 3 [ 5O .5 S A6
g E TS [ CO | .5 58529
-4 2C TS [(00O = 083%
7 LA K F H4op ‘ SIH 7
3 WO 23 750 Hlmn| | S /m 855
-4 Ab L3 T \1oo 1S 5 56S
5 |23 g4 [{00 [ S %5 1Y
e 3¢ qd 12 60 SEE 2
7 27 i 1100 Y SR 90
R 24 gd °F 350 Lol 5R 99
/-~
I YA <Y £00 [ 5Cpm S 908
- 1 2% T4 4 oD ' 5717
gl 40 3 Y | /56 /. 5 $13
- 7| 42 T 4 ] 250 £13 46
1.0 4d B Y 200 Hmy [ s S943
- 19 4 XS v Goso 595 2
43 | §$76¢ s
feroin g £ U’J/

I 244 L <




Page B-3 KU/\) 2‘
SCOTT EN_VIRONMENTAL TECHNOLOGY, INC.
PROJECT 1922 METHOD 110 DATA SHEET .
oo Bebhlehew Steel Bethlehen. —oaree_ 7//0/50
PROCESS: d¢eliya fotcey ' c/cmcc AMBIENT TEMPERATURE: & 3 =
#  PROCESS NOTES: v . BAROMETRIC PRESSURE: 5 5%
Niam. VS TEDLAR BAG NUMBER: & O
N o T Cen #F 3
—~ TIME STACK TEMP GAS VELOCITY PUMP FLOWRATE
( fuse o g5 °F | ~ ¢5¢ ftfmin .S Opm 5765
7 a F 5 Hpo £ i L5 g4
g ¥ =y (@O (L5
4 G Z9 1050
5 3 34 13 00 [, s”
- Tl 9 4 350 $ifp
| A 1 yoXia 6 OO Q*/vmm /. s Lom,
(" (4 3S P00 ’
1o [ 45 10570 [ S Yom
qQ g 5 |2 00 '
9 lo %S 1300 (.5
% 27 <L 50 .S
Y %Y 7100
\4 ¢ T (060 LS
|5 13 <4 100 '
[ 20| - _F3 | 3004 .5 fom.
17 291 - %3 L] 50 1.s”
\F 241~ B Hoo
24 [P 35 500 ffpul 1.5 Con
23 | 3D 34 CI‘ 00 “
22 40 g5 1100
2\ 43 55 13, 50 .5 Cpom
2.0 Hy g5 [ B8O
41 _del . B 500 [ 5
44 C NP n-wf' 2. ;‘Lé 7 *f;‘" '
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Ko R

SCOTT ENVIRONMENTAL TECHNOLOGY, INC.

PROJECT 1922 METHOD 110 DATA SHEET

DATE: 7//0/??0

AMBTENT TEMPERATURE:~ §§6 ‘f—
BAROMETRIC PRESSURE: o . 5 &
TEDLAR BAG NUMBER: /

f\ Bgﬂ'i[(Q[\ebm
CJCL’{C‘

PLANT: g%lt\(ehem Stee
PROCESS: (celinag fowér
PROCESS NOTES:

12 Fh diameTer

N Can #/
" TIME STACK TEMP « GAS VELOCITY . PUMP FLOWRATE
(Mt o 34 °F 150 Lifmin /.S }&m
1 2 Y4 " F F5C [
3 H F4H°r 1000 1S
- 4 B TA 1100 LS
5 491 v %3 (00O [ 5
-G ol ~ €4 250 5
1R 21 g0 °F [o0 b .S Lpn,
K 4l g3 400 ’
v o]l + 83 400 .5
™9 1€ 1 33 | 050
s 0] v K Y [00
- 221 % 3 CSo [« /(,Om
7 | :
- B3 w24 ] - Y 0 g 15
i 261~ FY "150 ’ 1.5
5281 - g4 1lcp .5
[V A L3 (250 (.5
177 A g3 1150 .S
4] 34 %2 300 (.5
PR LAF 500 Hlniy L. S Uon
=577 —;% 73 700 L5
17 %"f 1260 .5
-\ 49 g4 | RS0 L S~
201 4% 54 1350 LS
_ 19 itgg K Y WASKe! l. §

= om;rlc"» v,

VAdY [P
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PROJECT 1906 BENZENE/BaP PRESURVEY

SAMPLE DATA

Plant 6€'ﬂ\ g% B——@‘f/‘u[{ /lé/lf( Process CCC' f/‘h?'l,fower’ C/cu’?CC Date 7‘//0/%I

Sample No. CT AOTL(/UQ// / Time Sampled )5_‘¢ 6(0

Sample Type:@ Air l’\lﬂL M/{;aj g CD/({ (,{,%/Z/

——_—

Sample Temperature gc— OF . @(own\% Mo 2a (/1 OHM

Ambient Temperature 7 ‘f o}:

Description 'of Sampling Location: W M{,’Lﬁbéé L AL I /€7L 'L*%
Denver vinit

Sample No. C T/ HC”{( (f(/_/é’ // ;\ Time Sampled /6—4[0

Sample Type: Liquid Air

Sample Temperature gé /C

0 -
Ambient Temperature 7 H F

Description of Sampling Locatiom: G Mg -

| 3 . .
Sample No. CCO{ W (( :H/() Q\ Time Sampled > L7, >

Sample Type: Air

> o1
Sample Temperature ? ¢ F

*
Ambient Temperature ﬁ é‘ F

Description of Sampling Location: L‘/Om C ol CI (e ” J -C | ow (TYW,
b oo 5{ coolime fewer o
col & well

A

{S:} Scott Environmental Technology Inc




FrRogECT N IMRER VM2 2 TEST NUMBER @ [ DRY HCLECULAR WEIGHT DETERIIMATION BY ___

- , SANPLING TiE (28hr CLOCK)
- Pa B-6  smipm
’ , } A ge LING LOCATION _
PLANT Bc‘rhleh £in Steel ,Be+/» /Q/lem FA SRUPLE TYPE (BAG, INTEGRATED, CONTINUOUS) —
iz AYALYTICAL KETHOD

,_.DAT; 7/ le/ B¢ AUBIZHT TEXPERATURE

SARPLING LOCATION Ceoling e w e v o l' RUN t 2 ! werce

¥ N r

_SRMPLE TYPE _Method 4/0 L N O R e I Ll

AUN NUMBER ) -

02:NET 1S ACTUAL 0y

OP ERATORS C G . T(/U F C—/ P ?5!-&;!:::]!1‘!.‘1';:5 ACTUAL
s va 1 €0, heddie
AMBIENT TEMPERATURE ;l;{ng.;rﬂs‘A%z.achc:L
gf\ROMETER l‘o, REACINGQ
Mainarisies viags

oy

“YRITE ANALYSIS
€0, 0

2 —_—

FIELD DATA
MOISTURE

R 1

aitial Meter Reading

.

nal Meter Reading

LiCTLAL CO FEACINGY

TRAVERSE PQOINT LOCATION & VELQCITY DATA

BY

A=FRACTION | G=AxI.D. C=B+HIFPLE

oF I.0. Ip= !L/F/' HIPPLE=

YELOCITY
NEAD
Gpg ), in M0

TRAVIESE
POINT
HYLER

STACK

TELTERATURE

(%), °F

35~

Y O
d=

jL.2s"

g7

aF=

QI GI}

3 ("

9

457

!

Wi wf sl
W \
MY

Lo

oA N e~

[
o

o

¢ als
Lefa o fu R o [N

fofs
L Joks

-
w

—
z-

—
w

““rometric Pressure

eter Temp. In

—

Cut

-
o

-
~

=
w

-
£l

[N
o

[
-

~
~

Qtameter Setting

ater Volume Final

ter Volume Initial

~
W

~
-~

~
v

DIAGRAM OF STACK, PORTS, & TRAYERSE
POINTS (indicate direction of tlow)

»
L3

»
~

N
o«

INSIDE DIMENSIONS.OF SAMPLE PLANE

[3 4+

»
o

w
(=]

<>t Volume

Jerator

w
P

L
~

w
w

w
&

[
w

~ COMMENTS

ke

[
o

w
~

(¥
o

“
4

&»
o

&~
-

N

2
|

>
w

&~
Ll

STACK GAUGE PRESSURE in. H20

NEAREST UPSTREAM DISTURBANCE C:>
NEAREST DOWNSTREAM DISTURBANCE 3}

PROCESS & CONTROL EQUIPMENT
DESCRIPTION

&~
w

&
-]

»
~

48 |

AVERAGE

SCOTT ENVIRONMENTAL TECHNOLOGY, INC

]
2]
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Run

SCOTT ENVIRONMENTAL TECHNOLOGY, INC.

PROJECT 1922

PLANT: D<thi€he,n Steel . Gettlahc o

DATE:

. METHOD 110 DATA SHEET

(850

PROCESS: v (¢ cantev— ¥$ baMeiry  AMBIENT TEMPERATURE:
PROCESS NOTES: , BAROMETRIC PRESSURE: 4 7. S 3
Liu 1T Stack TEDLAR BAG NUMBER:
log" b © “ek can ¥ L‘/
TINE STACK TEMP GAS VELOCITY PUMP_FLOWRATE
14:5 3 70 °C 480 ffoun| int sFFEF 5530 |
& | 10.5°C 540 Celmon] V3 Con.  SE00.F
[© 10 ¢ 540 Hfmin SGC 45
1S Jo°cC LYo Ffncn
~O o H90 ¥hin (K Lpm
25 7°C 6o Crlmin i 684
30 6q°C FEC i (3 kon 5706
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ReA
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SCOTT ENVIRONMENTAL TECHNOLOGY, INC.

PROJECT 1922 METHOD 110 DATA SHEET

7/¢/56
~ Y=

PLANT: «g@rh \ehe m Skee | .Bethle £\€Vf\
PROCESS: oo degrunter, ™5 putte ry

DATE:
AMBIENT TEMPERATURE:

PROCESS NOTES: BAROMETRIC PRESSURE: £ 7.5 3
TEDLAR BAG NUMBER: |
Can# ]
TIME STACK TEMP GAS VELOCITY PUMP_FLOWRATE
O &C] > C L]‘%O L‘}/lh[n r‘m"+7cL!‘ S‘7@/,(,3
s 0.5 C T90 fHnin| % (po 57223
Ty Dl M{)fq ce — ’
eitel  3G/[39
[0 70,4°C Y80 Llmin | 1.3 2o
|s 70.5°C 440 Ctfmm| |
A0 702 °C 470 Hjmi (o 3(573
25 .0°C Y499 Fr)rmmd [ { 7w Y Pty
3¢ Jo.4 °¢C 300 fefus, 3¢97

VO (D

f}an{pie (e ¢leh

e d - e sfzm/ﬁ/c Co //fn%cl
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SCOTT ENVIRONMENTAL TECHNOLOGY, INC. NSO
PROJECT 1922 METHOD 110 DATA SHEET
pLanT: Dothle fewn Steel, Koihle e v DATE: _ ] {9(%’0
PROCESS: Tav decaptfer , &< batte ny/ AMBIENT TEMPERATURE:
PROCESS NOTES: : ’ BAROMETRIC PRESSURE: 24,53
TEDLAR BAG NUMBER: >
Can # 3
TIME STACK TEMP GAS VELOCITY PUMP_FLOWRATE
o T0.9°C  H(o Hfww (3 %o 3697/
S 70 430 . 37(b. S
[O 10 4 %O [ 22 3735. 7
IS 70,3 S 00 A L,  Belle
20 0.0 HF0O [.R Rpm 37640
a5 70.0 1 %0 ’ 37732
3 70.0 500 37814
YerD

54 mJo(e (¢

([03'};{}@5(7 . LmSclm‘o\_P COH&CH({

Run D
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PROJECT 1906 BENZENE/BaP PRESURVEY

SAMPLE DATA

. H5
Plant gﬁﬂq \{{’\& m St g(ﬂﬂd\f/ﬂ Process |GQr CjeCﬁH /'Lpf’l?“.ﬁ—eh( Date 7/@/?0

1D |

Sample No. ’ D

Sample Type: @ Air L;BU.QL o ;l.p-{-» JD-Q /OMJ "}'@f
’ of decactir—

Time Sampled {5_' 2 g

———

Sample Temperature CE{O C

Amhient ‘Temperature

Description of Sampling Location: Dl ?F (‘,cﬂ ‘\Q)/O’)/V\ l’\a f‘C/\ W on 2 P
ot t‘ar decante r— ot ouret end

Sample No. ___ | DX Time Sampled (G 0O

Sample Type: @ Air ,
) SKWMV\LJL Ié\ﬁ\xw /d,u/L/ab({

o
Sample Temperature 81 C

Ambient Temperature g/flglu,ﬂ\ﬁ ['{\‘Z) Vo

Description of Sampling Locationm: C‘é\/f/ﬂ/éjg /[JL‘% //kq/ﬁc ZL(A,@J/& ajL

ootlet epd QLZ c.(itcawmﬁe/r“

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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RUN &

SCOTT ENVIRONMENTAL TECHNOLOGY, INC.

PROJECT 1922

METHOD 110 DATA SHEET

prant: Bethlehem Stee| Bethlehen DATE :

pROCESS: &y decarder="—5 batlery

PROCESS NOTES:

X ‘40(’“'* 'C+3 Savw"ll.c- \/M

7 [4/40

AMBIENT TEMPERATURE: ~ Go°f

BAROMETRIC PRESSURE: 1. 9.7/

TEDLAR BAG NUMBER: |

JeUBT s C&n#l
TIME . STACK TEMP GAS VELOCITY PUMP FLOWRATE
0 159 °F 40 Llmn] 158 done 3771 A
5 [ F 400 S 3% 4.9
ﬁf\w\‘ 6,[/, oA LB vnin i 2 Lina blockaoe
[0 [0 F HZ0 rlmin A Lo,
o7 2 o T2 Inaall p fin catcl g el du
15 1p3°F 10 Colmen | 2 Lo 385G
20 420 F/in ' 2565
a5 AN HE0 Celman| 2 (g, 3579
20 (WA T43%°0 510 “wn| 2 Lpre, 2894
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SCOTT ENVIRONMENTAL TECHNOLOGY, INC.

METHOD 110 DATA SHEET

—~

RUA

Pmrzﬁﬁﬂ‘%ﬂm gfee(, F@'ﬁ‘/@ﬁem DATE: 7/7/?0 '
PROCESS: Tav Delanter - F5H badftery AMBIENT TEMPERATURE: ~ G °IC
PRCCESS NOTES: ' BAROMETRIC PRESSURE: 2R 7.C 7/
6 «%— " I0 Stack TEDLAR BAG NUMBER: L(
cantt o
TIME STACK TEMP GAS VELOCITY PUMP FLOWRATE
0 72.% °C 500 evlmin | Ao 2594
Y 1.5 % 510 Lt fnu. a')ftpw\ 390¢%
0 73 °c oo Etlne | Lon 3922
(5 13 °C Heo C4lmin 12 Lpn 3730
20 ke H30 Ltlpin 12 Zpn 3949
15 030 °C 470 Colun|A Lpm 316
20 134 420 Ltime| 2 /l’m 3915
wa i cobols 4o T2 I3k
Snoind, Slt, g, 532 L

fHe
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PROJECT 1906 BENZENE/BaP PRESURVEY

SAMPLE DATA

Plant {;g‘H],ngP ( ) Qﬁ/\j( KCM Process r{\arn/?fﬁ/(fﬁ;#?{éﬂ %jﬁ/ Date 7/7/?6

Sample No. :7/[> é;’ Time Sampled /ﬁ§/> ﬁ<§—‘

Sample Type: @ Air F/C/.S/l /‘/L? //7%"0// 0()‘7[/("/
o < :

Sample Temperature ! L/O C '(:;"0 e /C’Vf M /}/ il /f’ /’}'

- &2
Ambient Temperature A/'ﬁ é; F:

Description of Sampling Location:

Sample No. 7/[> 47 Time Sampled /'b ¢ élb
Sample Type: Air
» S AL

A
Sample Temperature I L¥(; C: !

o —
Ambient Temperature 14/’€7ér’ Yt
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.
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SCOTT ENVIRONMENTAL TECHNOLOGY, INC.
PROJECT 1922 METHOD 110 DATA SHEET
PLANT: _Bedtnle o Stecl Sefh (e hen paTE:__1/1(/S0
PROCESS: Lt oil Conderges vent AMBIENT TFMPERATURE:
PROCESS NOTES: BAROMETRIC PRESSURE: X.7..5 )
G IO veqT TEDLAR BAG NUMBER: &3
“Clwy ¥ 3
TIME STACK TEMP GAS VELOCITY { PUMP_FLOWRATE
€.1s o 9C¢ °F 11O A Lpm c449
5 5 130 Hfmin | 2 C a2z
1D 14 (30 .8 Ypon bddy
s 99 (g0 1.$ Lo c4 &l
R0 94 120 2.0 Jpin ¢4 50
a5 T4 13D 20 649
30 C/”4/ ER 4.0 6515

\,4 5/ Q'\’ﬁ g&\w\f)\é ol

/
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Page B-~14 Ry A :2
SCOTT ENVIRONMENTAL TECHNOLOGY, INC.
PROJECT 1922 METHOD 110 DATA SHEET
prant: bethlehom Sipel . Bethlehem DATE:_ 7/1/50
PROCESS: |14t o7l Cot14€;1€€r‘V“QNxf/ AMBIENT TEMPERATURE:
PROCESS NOTES: BAROMETRIC PRESSURE: X 7.5/
TEDLAR BAG NUMBER: |
Con¥ | '
TIME STACK_TEMP GAS VELOCITY PUMP_FLOWRATE
pse O 75 °F 120 Cofminl A Apm 5/
5 15 (A0 L lom S3Y
O 96 | 9o A tss|
5. & [H0 D ¢5 10
A0 1% oo 2 5 %7
25 97 152 o, LLoS”
20 14 1o b 22
12

60\«“@\8 \JIQL' .
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SCOTT ENVIRONMENTAL TECHNOLOGY, INC.
PROJECT 1922 - METHOD 110 DATA SHEET
prant: Oetly lefieon Gfeel, B@ﬁ?/@/ﬂ’w oare: 7/ /50
procEss: Lig(A 01 [ Copdeneeryent AMBIENT TEMPERATURE: _
PROCESS NOT}:ZTS: BAROMETRIC PRESSURE: A 7.5/
TEDLAR BAG NUMBER:  /
, Can # Kf
TDME STACK TEMP GAS VELOCITY PUMP_FLOWRATE
SR (0E 1f0 Cifmin | 2 Cp, et
5 [e5° (00 A ¢ L£43
{0 |67 | B L Cob |
15 [0 |30 2 Lon, 6L78
e 10 S 4 717¢
as (3 |30 2 /3
30 G 10O a 673/

Samake =X | q 15(13
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SCOTT ENVIRONMENTAL TECHNOLOGY, INC.

PROJECT 1922 METHOD .110 DATA SHEET

PLANT: el fo héwm S%ae/}b-)e% lphoyp  DATE: 7////<?/7
PROCESS: [ig ht ofl _cCondesszr vent AMBIENT TEMPERATURE: VTS “F
PROCESS NOTES: BAROMETRIC PRESSURE: 2 9. %49

Very wrth\/ - Rnemomefer  TEDLAR BAG NUMBER:__ B

Ceadrgs are affected byeomd can* 4

_“‘TIME STACK TEMP GAS VELOCITY PUMP FLOWRATE
16100 O jold “F 156 Lrfmin] X _lpm 6 7%0
hi (oS [30 Q;/m/‘z—} e, "(-;‘310\, €75%
BT, [0S (20 2 Lo 67787
5l les |30 2 Lo 6796
oy - JogT [/O 2 6S) L
25 [0S~ /DO = oP>2
30 loz *F | - 120H/mn 2_lph

goc//hplf el [0X9F 3
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s \\‘ - —— 7 ‘,\/2 \,'j a
pran: Doy ! 2.7,
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SCOTT ENVIRONMENTAL TECHNOLOGY, INC.

METHOD 110 DATA SHEET

U/{\C LA

70

PROCESS: [\fa;?fd%,(‘mm g,’k *ué (a4 H;«LL{
PROCESS NOTES: d

DATE:__
AMBIENT TEMPERATURE: Rt
BAROMETRIC PRESSURE:

TEDLAR BAG NUMBER: AN
SEacr (< \,’\61«7’,-/—. 'CY o e
TIME STACK TEMP " GAS VELOCITY PUMP._FLOWRATE-
(153, C [90°F 5% €on
5. Z ’)\ OL}LO/C / o~ ré O(/
i U Al LlrE=rae
s ) N — L
47 Nc9 ~ 350
¢ € Qe 350 gpr'v\
15 (9 v 09 _
HE -}\Oa] 1A (& -{—PW
(2—7 ol Ly &b ¢ CLLC& J i XCO n\_! o U,
A :
¢ (2 (/’f‘t%;cz
- rwee ¢ qef- $92 1
"
A\
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e G ey oy
PRSP LV A S RN S L I

4o

PLANT: ’:V ht!b ( ! 1 '4{h"ﬁ‘,HL ATE: :f! ;mg,‘\ A
PROCESS: \' | ; Wy A ‘4” ik SABILTL : 7C (/Z’,-. o
PROCESS MOTES: ( _((, " )L’ (T{C{ W L BARGI!L "L To TrEssUe o . L
L TEDLAR BAG NUUBER: N
e CArgr | Stack ChL. R ANy, LV L
TIME STECT EAP GAS VELOCITY _PEMEF Lowierec™ o
D7 Ol 208 F | 55C Lm | 660,388, %50 Jcelop,
5" 17 C SOAGE TN (,:4'(’
¥, qq € 1./ Cse ‘f/O T80
15 T4 / G YEC T6c
20 'frvbc Oﬁquc( W(ﬂ\ cordii La-fﬁ Lr e | /u
24 949 670,42 NATI)
20 q9
FEST = | chc_% 4+ =
F=F5 o| 994 wie,) 'So \C-PM
5
0| 49 (o Gpm -
1§ 99
20 %du;mmzyniIEA 750 Cﬂégé%§iui7
5 19 1UF . 318 (| Polh
30 14G.coo S
Q.3(§m/mih = 740 Lon

2,28/ Frlpmmeles

(L

M
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SCOTT ENVIRONMENTAL TECHNOLOGY, INC.

PROJECT ius,,

PL.ANT: Biifiex{\fgr~%“\',yﬁd/ulf~ C{lk.f

PROCESS: Aepiile

I e
HUETHCU 118 ZaTA [ERAONON

DATE:

r “’,"
E N R

fer, o N/‘\Lg
” T ra

PROCESS NOTES:

NS

bos 1

AMBIENT TEMPERATUR::
BAROMETRIC PRESSURE:
YYOLAR BAG NUMBER:

TIME STACK TEMP GAS”VELOCITY o PUMP FLOWRATE
¢3¢ @5°C 720 Lo
v T F=tan
2| 7g j
20, 2¢ °C no 4o Can ko
fl‘ﬁ// C7 e C e ¢ QJJZL~—
30 Z1eYe. X ocs Ythau |2 wcyom
th;m\ §;f1LL, ad ~7:(QC)' F?kyl
LN OF RA T4
150 T/ °c ] 5§90 Gn ny detectable ¥/ou/
/¢ 91 °C " Jeoks [re/lt
30 9’ | A0 Do | N\t fo no L g/
24%. 5O se¢ |
0.90 /305€c|= 1.¢C mfpin
= S90 o
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- PLANT:

5C0T°

FILOJECT 1922

Page B-19

AFTTWOIMED TAT

TSP

§OLOsY, INC.

METHOD 110 DATA SHEET

PROCESS: _

PROCESS NOTES:

DATE:

AMBIENT TEMPERATURE:
BAROMETRIC PRESSURE:

TEDLAR BAG NUMBER:

TIME __STACK TEMP | = GAS VELOCITY ____PUMP FLOWRATE
o0 FgeC | A0 149 ne efeawrﬁa%ému
. 44, %LDI/ A
0149 Im[odec = 1498 mlmgn = LM.’.—p
(O g9 °C 25D, 9co’ -
30 I8 250000 __ " _ |
R0 M ADsic, = (Z m/gm; p\{:g‘?CZé@'
A J -~
fi: (///\/ <\£:>
‘ 25 1.590
20 0 29 °C. 251,000
o.510/F0c & T3 [wm = 557 Com
5 %9 © C- ne hkecie Lﬂm
il test St i d bfré\ciw oo o
blec kcu;,é [ [s+ Muro Q0N
A0 s oC . v 9
P 50 BT7°C 52 100
: 252.000
p.q00[20se = [BC mnin, = 591 Com
Avidlprd e i
. T




e

Page B-20

RN 7
SCOTT ENVIRONMENTAL TECHNOLOGY, INC.
PROJECT 1922 METHOD 110 DATA SHEET
pLaNT: 50l heye Cree ( gethleheon DATE: 71/2 @/6’0
PROCESS: [Va phdira (e s A?»’y,)u lank AMBIENT TEMPERATURE:
PROCESS NOT;:S: 40 i dp (,gf' J'V/.,'gz) BAROMETRIC PRESSURE:
TEDLAR BAG NUMBER: '
A 4 O / D R
TIME STACK T“EMP GAS VELOCITY PUMP FLOWRATE
50 75 °C | &bo fom | g
251 Y 953000 L2 m/Bece €0 26 Ym i, Cf{i
_ 5 SR 155 14y~ SH Y00 = tetsnis
Y AL a0 " p 7Y a’/ﬁgn e SV
0 99° A 35GE=25530= _ £.915 ”/fo-eg,
' (o 0")‘/’.—‘? 3Cum fins,
a0 99 °¢ 45§50 —25¢. /o‘o =0 7§o'"7,>0< ec.
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SCOTT ENVIRONMENTAL TECHNOLOGY, INC. 13&44/2;’
PROJECT 1922 METHOD 110 DATA SHEET
%
‘ D 7/§ ,
PLANT: %&W\\&\\‘ZW\ DATE: /] & { 4
[ ) ¢ b
, PROCESS:NJnm\\KVVlRQWV A\ ra, AMBIENT TEMPERATURE:
o I 1 7
-, PROCESS NOTES: J BAROMETRIC PFESSHRE:

TEDLAR BAG NUMBER: \ 3

TIME STACK TEMP ‘ GAS VELOCITY PUMP FLOWRATE P
o 8 2\ \QY -200.100 = Laﬁg/@sar{;flgﬁﬁwg;
1S bom -

15 o A4 °C e delecfetly Howien

N 73°C pe g

20 1L°C -

. J "‘;‘ - vr

40 2L -6l 200 - =

= 00?11/{'71”\!7\ ;[i_%lﬁl M /jm;n )
5 AL Com _
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5% \ Vc‘\ume/ = ‘_O__ﬂi‘f‘[/j
Lo 2
7 ”
230 13 ¢+ o E 2173 L G /v”vC‘/tL(/
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Lvn 3

L5 + );\ODMJ = 1473 pd Lﬁ/{(uﬂ/
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SCOTT ENVIRONMENTAL TECHNOLOGY, INC.

PROJECT 1922 TRACER GAS DATA SHEET

i i - D) - ~
prant: Bethicheun Stoe (- Bethlobem ) pate: Toiy S 1750
WIND SPEED: Light § vaveable
WIND DIRECTION:

PROCESS: pwer Flefation 1ol

PROCESS NOTES:

7 Theee vnts werk g - Unit wearest AMBIENT TEMPERATURE: /4 °‘F
Cwm% Fewey 15 dew V\(&/:Q BAROMETRIC PRESSURE: J .55
} Weetbher: mestly ¢ lcu (0»/
DOWNWIND UPWIND
Sampler Number 1 ! > i
Distance from Source LQQ‘ (A (4 |2+ 10 &+
Sampling Rate "o (pin [C '[PL\ /'t ‘)V" L (TF[\
Pupp Numbers G 3 ‘ 3 ﬁ{
Tedlar bag numbers 13 OL/[ 3 Cf
Start Time il 24 ‘ {{. 2.4+ .24 []. 28
Stop Time [L:54 10 5H Il.5Y V). 8%
ISOBUTANE RELEAS: Gas Temperature Gas Pressure
TIME METERED VOLUME TIME METERED VOLUME
W4 e 2 3,530
3 75%.173
8l 24 . [AD
G 4. “ia
% 74, 704
10 74, 19%
[ 15 . %85
i+ 75. 577
[6 15. 8 7o
% | 76.15C
Ao 76419
23 16, 140 |
A 17. 037
2L, 77. 321
2% AN AR
154 30 7. 590

L\Lg(yo gf;/%OWafu n "/ 0. 1453 cfim
X105 = o, (539 C@h\
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SCOTT ENVIRONMENTAL TECHNOLOGY, INC.

PROJECT 1922 TRACER GAS DATA SHEET

prant: Beth|ehoim She. 0 | B@%L(L/Lum DATE: - 7/5/ O
PROCESS:_Denyve - Fl Ooﬂ[ Unit WIND SPEED:
PROCESS NOTES: WIND DIRECTION:
AMBIENT TEMPERATURE: ~~ $C °F
BAROMETRIC PRESSURE: < 1.55

T?c\rﬂ\/ cl cudy

DOWNWIND UPWIND
Sampler Number ( Q 3 9‘ .
Distance from Source . [ C 1[:-}' 2 {+ (X 4+ lof+
Sampling Rate [0 z‘zﬂi\ [0 vg[’/« ’O /gf"\ A_(_D /(PL\
Pump Numbers © 3 3 58
Tedlar bag numbers f")‘ R 3 > L/ 2 9\
Start Time 1209 13,01 ‘ /2. ¢ /2. 10
Stop~ Time 12239 239 0 R34 {1340
ISOBUTANE RELEAS': Gas Temperature Gas Pressure
TIME METERED VOLUME TIME METERED VOLUME
0 F0. 025
Al 0 . 3]y
o Fo. S99
6 F0, BRC
5 $l. 158%
0 5/ . 447
(3 Sl 725
ks X3, 013
LG 32 AT
(% T . 575
20 FR_. TSk
A3 3. 13%
25 $3,.557
Al $3.7¢0C¢
14 8.5.97 3,
30 YL B

L(zz/%wﬁ C{"b/gokwlwa = 0. \L‘('“ CCm

“1.050 = 0,199 cha
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SCOTT ENVIRO:MENizieTEC;I:IOLOGY, INC. TEST 2
ROMN ¢
PROJECT 1922 TRACER GAS DATA SHEET
PLANT: bethieheim %Q\)BGK‘CL\ el DATE: 7/(5-/6’0
PROCESS: Denver Floa & Unt WIND SPEED:
PROCESS NOTES: WIND DIRECTION:
Lhiys ',)7’/4 OF{?M%""% AMBIENT TEMPERATURE: ' S0 'F
racer e &R L tw]'{‘ j BAROMETRIC PRESSURE: R 175
DOWNWIND . TPWIND
Sampler Number ] 7 3 4
Distance from Source (0 Ly — ‘
Sampling Rate ([ /pL\ R . L
Pump Numbers 3 3 3
Tedlar bag numbers é 1 Ny ?
.Start Time [0.38 [0.30 (030 /0. 30
Stop Time - ' 7 |
ISOBUTANE RELEAS..: Gas Temperature Gas Pressure
TIME METERED VCLUME TIME METERED VOLUME
030 0 (07,50 &2
2 0B, 125
4
2 [04. 654
g | g, 170e
lo (09, [0 133
(2 [09. 445
(4 (0c49.771o0
=~ /6 N09.97%
(% [lo. 24
20 LO.5 |4 (B
22
24 | \W(.04/
26
29 Hi.5 69
301 WS 30 .\
=105 @ 5 K oo
VX b .
1< 2 244 Lﬁ/gomm = DJBZ,(D everng 0y Og-w

\v\ L
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SCOTT ENVIRONMENTAL TECHNOLOGY, INC.

RUN
PROJECT 1922 TRACER GAS DATA SHEET
PLANT: Dethlehem S T‘ae/ 5(’7‘11/&/76/”1 : DATE: 7//.7/?0
PROCESS:_Denvey Slpat Uy, 1.5 WIND SPEED ==swme==®  vUayuble, byezzy

PROCESS NOTES: {L L WIND DIRECTION: mnostly Sputh
Units 5 Ofem ﬁ AMBIENT TEMPERATURE: v S0 [

BAROMETRIC PRESSURE: L9 7S
TW&rMQm«mmFa\

DOWNWIND UPWIND
Sampler Number \ 2 3 L
Distance from Source ~ (0 H- 1
Sampling Rate (D fpl\ + ., o
Pump Numbers (& 1 3 ' 3
Tedlar bag numbers o | | 2 [ 3
Start Time \' 19 | e N9 Nk
Stop Time 149 149 //L/? _ ":4q
ISOBUTANE RELEAS': Gas Temperature Gas Pressure
TIME HMETERED VOLUME TIME METERED VOLUME
W q O My, 460
Z 4. 6S7
4 Y. 9345
G US| BS—
g 5. 447
[0 LS. Tod 30
(2 %769
14 UG 22T
3% 6. Y96
M 16 760
20 17025 .32
22| L7.257
24 7. 55¢
L6 9.9 6
1.3 l®.0773
0 - [[F. B30 4%
j

3.93 C+3/'50vh}(\: ¢. 173 \C-\'a/m[r\ OVem” ‘
x Losg - .13 %7-C.1(j/]§\1~v
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Page B-27

TEST 3

SCOTT ENVIRONMENTAL TECHNOLOGY, INC.

K|

TRACER GAS DATA SHEET

piant: Bethlewen Steel Beth [ehem

PROCESS: Lenvey Fleol Unds

—

PROCESS NOTES: Jyacec on” Upit P

Units (J?>)

Sampler Number

Distance from Source

Sampling Rate

Pump Numbers
Tedlar bag numbers
Start Time

Stop Time

ISOBUTANE RELEAS:::

DATE:  J /‘5—/5?0

WIND SPEED:

WIND DIRECTION: veushby SouvtA

4 OFE FZW% AMBIENT TEMPERATURE: ~ RS °F
BAROMETRIC PRESSURE:
DOWNWIND THVTID
1 2 3 p
v o {4 1
1o Lph —=> —
b > 3
[4 (5 A /7
)

Gas Temperature

Gas Pressure

TIME | METERED VOLUME " TIME METERED VOLUME
[3:0 0o 119,060
2 119. 3R &
Y 19.6 %83
G [\1.8494
3 [20./ 2]
[0 [20. 392
[ 0. &7
|4 120. 940
| & [Al,205]
[3 L2, 4%
20 [l . 735
27 121,997
24 (222021
20 122.573
7% 1L2.%05
20 132,07,

Aol 4*;7/%0rnin -

o 1337 Lo

2 05T < 0, (G e

—
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rravt: Bethlehgy Sheo |, E@‘Hf;leﬁcm .

Page B-28
SCOTT ENVIRONMENTAL TECHNOLOGY, INC.

TRACER GAS DATA SHEET

— 7 N
PROCESS: Denver Float- UniT

PROCESS NOTES: Tiycor op (Jnid |

DATE:
WIND SPEED:
WIND DIRECTION: most{y Soo+h

7//5’/€0

TEST 3

RuN R

AMBIENT TEMPERATURE: ~ 8 S °F
Units (,3 s P m*"ﬂcg 'BAROMETRIC PRESSURE:
DOWNWIND UPWIND
Sampler Number ( 2 > 6/
Distance from Source Ao £ -+
Sampling Rate {0 12F7/L T L
Pump Numbers ‘
Tedlar bag numbers 14 14 20 2 /
.Start Time 1400 :
Stop Time )4130'
ISOBUTANE RELEAS!: Gas Temperature Gas Pressure
TIME METERED VOLUME TIME METERED VOLUME

\H:00 O | 26,700

2 136 999

4 [47.214

G A7.4 99

Z | 120 TCA~

/0] 43 12D, 03p

|2 '

[4 [28.5.

[ 1298.93

|8 44, Je©

70 |33g 121. 202

1L [29.640

Ut A7 712

10 120.] 84

14 [30. 40

3Q [30.77 42

4042 8 (B0min = 0. 1347 (15

X (o S-ﬁ -

0+ 1427 &2 i

.




Page B-29 ( UnN |
PROJECT 1906 BENZENE/BaP PRESURVEY

Plant Bet) Jehon S}Celn,, 567%%51-0‘:?55 Denw;r E/C’aﬂz_0‘7/k7L Date 7?/[\/ @/7?0

Sketch of Process:
Include dimensions and flow directions.

o vgla ﬁ]

I
@)

]
| “\ 1
1 \ ]
T \K )
958 %
P! !
| | .
| k ]\4
wWinD
-
Process Description:
. &

{:S:} Scott Environmental Technology inc ’
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PROJECT 1906 BENZENE/BaP PRESURVEY

Plant Deth \Qf\mg-k 8@% [{(&QE/LProcess Denver Floot Uhﬂ\ll' Date ‘7/(?/?0

Sketch of Process:

» Include dimensions and flow directions.

o 4

 Telove i

wWiIND

Process Description:

{3}} Scott Environmental Technology Inc.
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PROJECT 1906 BENZENE/BaP PRESURVEY BN

Plant EQ‘H\ Stee [~ gﬂﬁl/ﬂw Process Uehw:!/ P[mf(/'n/'f' Date 7//5_/60

Sketch of Process:

s Include dimensions and flow directionms.

Process Description:

Uywike ] ) 3%) Q/Ml . 4 2 OY&&W\?S

{X} Scott Environmentai Technology Inc.
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PROJECT 1906 BENZENE/BaP PRESURVEY

S ~~~SAMPLE DATA:"

Plant &\H\ 6716‘9/ g—@ﬂ . Process p{n ver Unid Date ?//5\/32(5

Sample No. me;([f\ ne>_d' o Dehw/ v n/T‘ Time Sampled 10:50

DUYI"V\% *;TW {~€§+—

Sample Type: @ Air

o
Sample Temperature. 33 C

20 °C

Ambient Temperature

Y~ Do niresr
Description of Sampling Location: Tro VGL‘ n i o n d h (’,)C—l-

Vn i+

Sample No. Jenwver (/)n;‘{' g\ﬁ(,.‘(’\/oh #/ Time Sampled 10 5‘1
Sample Type: @ Air

e
Sample Temperature 3 Co C

o
Ambient Temperature %O C .
. X

Description of Sampling Location: }

A& L
Sample No. D“‘W\/V‘(/V Uh\q/ 6‘5(,’{’\ Oh Z Time Sampled [0 .5 5

Sample Type: @ Air

Sample Temperature 5 § C 4@0 i 2 n o+ g P{ )’OL%\@
. ° %
Ambient Temperature %O C M{/ {’7\(}'\2 %

: _ 6@4"«?@/
Description of Sampling Lecation:

{& Scott Environmental Technology Inc

v
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SCOTT ENVIRONMEN%i%?T%E%%OLOGY, me. T RuN
PROJECT 1922 TRACER GAS DATA SHEET
prant: Bethle bowm Sheel Bethlehew.. — pate: 7//5/50
PROCESS : /U@/,%,f.um e WIND SPEED: S SW
PROCESS NOTES: WIND DIRECTION:
vee |+ 64—M‘+e9 ’7:5’0 G (sﬁem AMBIENT TEMPERATURE:
Stavtel ) BAROMETRIC PRESSURE:
DOWNWIND UPWIND
Sampler Number ! 2 EX L]L
Distance from Source [0 u [0 \C-,L /0 F.}« /6 £
Sampling Rate "o 2 0k (0 _Lph ) APk
Pump Numbers K# ’ 3 ' . 3 ’ g 7
Tedlar bag numbers 5 7z 3 L7L X
Start Time q.00 g.0% 9 o0
Stop Time
IS%?EEANE RELEASUﬁESES@fiﬁgaiiéure casPrasapre METERED VOLUME
%00 N <9. 100
2 99. 045 fa&eﬁ%mxfow%éb
H4 Q0.3 6 ' :
b 90. © 29 |
3 90, K90 coke ~ 5 el ted _
" 10 q(. 15 .8 e ally stay pre 2 _steam
12 ql. 4 1¢ cale shif /A e [Fed
|+
L q1.93¢% (oo ks Hully me(fed
1€ 72190 { .
20 q3. 445 .o Chanaed Jum L over 9 gvmplf
11 92. 099 ’ -
24 9, 249 dwwm | weak
26 93, 200 Fo0 peuch Sam t2 set oF
1% q 3.%3 - !
30 q3. * g N

344 & /30 win = 128 Hmi

ovevall
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X

0
v [0

SCOTT ENVIRONMENTAL TECHNOLOGY, INC. TEsT | Run
PROJECT 1922 TRACER GAS DATA SHEET
PLANT: © ehleheyn  Sfeel Bethds hasn DATE: 7 / (S /g0
PROCESS: Nap|Thalene 1we [+ WIND SPEED:
PROCESS NOTES: g .00 WIND DIRECTION:
el o~ - AMBIENT TEMPERATURE:
Jalrin .30 BAROMETRIC PRESSURE:
DOWNWIND UPWIND
Sampler Number l (L % L{
Distance from Source Q L-F A 7[-}» é ~[‘; é 1C+
Sampling Rate /0 v(pA : /0 Lph /0 /ZD/L [0 /(DA
Pump Numbers LL i R 3 ' X 1 ’ J
Tedlar bag numbers ) 3 Y 0"+ 3
Start Time ‘ -
Stop Time
ISOBUTANE RELEASY: Gas Temperature '
TIME METERED VOLUME TIME METERED VOLUME
9.3 0O 39,000 §°
2 5.2 65
¢ 25.52% Ho muclh stm Yo see me o
o 95.7 90 L
% 96 . 057 A3l olume sharaf A v
[0 16 . 30% ‘ ’ ‘
(2 26.5G0 plume en & puwd
14 1. 21 ‘ ¥
Yy QL0072 Pywme & gyound
1% ? 1. 3 f< W26 ('an43 sw;'ﬁAfa( o [)Uwré#[
1o 97.569 ’
- 12 12.8 37
24 73.09% ‘
26 15. 3 é§ can?* nef- 1/:"'/\4? foo CL’*{/é/"AO'
2% 25. (230 .\ J
30 1%8.8 30

3.990 g{’g/g()mm

0.V29 £¥|min overall
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SCOTT ENVIRONMENTAL TECHNOLOGY, INC. ‘rE;S[' 2
;’{’.W(_ / &n‘z_
PROJECT 1922 TRACER GAS DATA SHEET
N . . f
Ry 2 < S o B B : T/
PLANT: ¢ A/2 sy, Dtiw ~ 2= 7 heia. DATE: 7 e ¥
PROCESS: [ /o avne  n! 7 2™ WIND SPEED: _
PROCESS NOTES: . WIND DIRECTION: S - SV
RS L P ' AMBIENT TEMPERATURE: -~ /> "~
N ' t —~. 4 N ’ —_— e
Cole dumpzd 80T BAROMETRIC PRESSURE: 2 -/ &/
ol E Ravre s T T G N VT = ARV A S S
DOWNWIND S UPWIND
Sampler Number 1 i = =
. ~ [ -
Distance from Source SRS T .
Sampling Rate ' '/o @4{//\ - L
Pump Numbers ‘ ‘o 3 ‘ — i
Tedlar bag numbers q ' A 27z 7 3| 7 — s
Start Time 120 |54 |7.30 (Kc9 | 0 B0 [0l 7. 20| S00]
Stop Time
=2
W&nh &pruk ﬁCWMMH ﬂyﬁr'{ \/:/O&T
- ISOBUTANE RELEAS!': Gas Temperature Gas Pressure e 057
TIME METERED VOLUME I : TIME £ METERED VOLUME
= o , T T2 N - 2
. 2t [ [ 3 w3 4505 2 P37 ,05%¢
gl f 3-2'i/3 1 /‘3’7 2’/:5/-'
] .- it ) - /
) v ) Zé?‘_ a1 lf§‘/‘éktj§?
P AN - 17 KBS
< [32. 43¢ < 138 (57
RN B Lk BTl A5 [RZ.435
12 32457 2 129,705
B (32,725 i 127, 4TS
‘J !J '?;C) 7 /‘/'(7.
5 3L 263 < Fas5i¢
R Y ) 2al &7 EIRES 139 79
T 134 754 12 LRRres
o [ 35 960 2 0, 2205
at 26 20 o Yoot
S 138,23 e 0.2
oh) 129 591 75 "W Q<D
L0y of 35.%55 > )
LR Wnnm = L 4 L as [,.. ';," [IZIENE o EX e S U]
A i"‘ [ - Ly '.',,‘ 1_ ;)‘ o \ - i : o f =~ -~ < —’-L' N
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Page B-36

~ SCOTT ENVIRONMENTAL TECHNOLOGY, INC.

TRACER GAS DATA SHEET

prant:_Zerhlehem Stee| Bethlehom *

process: Nashthalene

'
PROCESS NOTES:

’DO\VCV/UV\IUTS 2—’3/4 0P€m+rk3

TEST 3
eunNsS | €2
DATE: 7/ / 7/30
WIND SPEED: Variabl e

WIND DIRECTION: Vay able
AMBIENT TEMPERATURE: ~~/ 75 °F

MOTE: vacnivg, wind wet s+ead7/ BAROMETRIC PRESSURE: 29, S)
DOWNWIND UPWIND
Sampler Number ( | P ;3 . éz
Distance from Source ’V%‘C“[’ %@“ < ("{‘ )O-f+
Sampling Rate /0 ’OF’“ (O ’ZPI" lo fPl\ [0 '()PL
Pump Numbers 6 G 3 B 3 3 5 g
Tedlar bag numbers 2 8 3 /AO S— 391 é /g
-Start Time
Stop Time
win o wRon & Mejer Y=/ 059
IS??EIEANE RELEASUHETGEaszDT eﬁgfﬁéure It 2 gas_&%sgm £+ 37  METERED VOLUME
105 0 156,30 3% O | 16005 . iwnd qu
2 155,567 ' 2 | (40320 e
i (S5, B 2T 4 [60.5718 3
b IS¢, 69 6 | 1o 842 "
z | 1S 6. 352 g | +Gliog "
jo 1C6. 75 o /372 -
(z |s% 39 (z | 16/ 63F "
1 157 407 St i | 16/.890  bad
l6 iS7. 680 ¥ 6 | 162149 OK
/¥ |S7 . 948 18 | 1620/ bad
20 | 5g. 2iv 20 [ 2. 675 &
2 [$%. 470 22| 102932 !
4 29 | &3.200 qoocl
26 26 163.459 pad
29 15%. 998 2% | b3 727 oK
30 ' 159, 5% 2ol L63.950 ﬁ'ooi

3.95% £/30mnz 139
0.1317 7

x Lvsq=
L2

B.Clo ‘(’4—;/30»\»«“ > 0.130
XLoST=0,1376 [7‘7/”"
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SCOTT ENVIRONMENTAL TECHNOLOGY, INC.

TEST Y
QUNS | &2

TRACER GAS DATA SHEET

PLANT: Bedlilliaym Sleo L

PROCESS: ) apll
1

PROCESS

MW\Q&

NOTES:

me - started ~ 7:28

~ WIND SPEED:

7(18[£0

& JL ¢ Leady
WIND DIRECTION: M S ¢
AMBIENT TEMPERATURE:
BAROMETRIC PRESSURE:

DATE:

Denver units Hh2,3 v

f;¢2‘47 ciovuf>g d ~8.:30

DOWNWIND UPWIND
Sampler Number \ 2 3 - 4
Distance from Source Q\ s 71 L+ 2 £+ 25
Sampling Rate 10 f¢h (o deh | [0 Lk “/O/(’(,DA
Pump Numbers - ‘
Tedlar bag numbers C{ ,'7[ l . ’Of l'l SL/ : 23 22
.Start Time 120 1%:30 | 7.3 530 | 7.3¢ |§.30 ||7:50| &30
Stop Time ]
TSOBUTANE RELEASH: Gas Temperature ‘
TIME METERED VOLUME TIME METERED VOLUME o
1360 [71S .g00 £.30 0 [§2. /00 %
2 * 2 [$2. 373
4 1 76.332 Wind 4 182.639
G lsreom, 176,607 [qod G [ 82, J0Y
g | v 176.976| lwhle § | [83.175
ol .34 (77 4] time, 10 |.134 183 8447
12 [77.403 12 |3, 70K
4 17.663 (4 /183.98%
(G 77 950 /G | 84. 26%
(€ [7%. 231 g |§4.540D
20| .31 172513 20 |.;1___184.817
12 wind shifts S 22 (85,084
24 [74.062 24 19535
2, 174.329 26 185. 62
1@ | wmd N 1719 5924, 2% |1€S. K90
30 51 9.95% 36 [96.153

§am?(€r5 ae behween M‘i‘?(‘f‘ g Demn

4.05_5-@1/30@ = 0 I35 *Q\'g/mm

x (.

051 = oy IL{'B @'”{min

ver un/tS )
4.053 C\B/BDMM: 0.735 Ff\%’""\
v 1059 = 0. 43 e
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Page B-38
'SCOTT ENVIRONMENTAL

i TRACER GAS. DATA SHEET

‘PLANT Bﬁ’f\lehém Sf’evbl SM\M\Mw

" PROCESS: Bankzmmo(’ Erv rrquL m+

7PRDCESS NOTES

T’mce( mﬂwu(o(é/ o mLU-p(‘f'
Denver pnits ol 23 apemﬁ

Vhﬂ/\L p/+ JUS+54‘Cbr<}7\}:9 -/o Q/

p ' : ' - DOWNWIND
“Sampler Number o '
'Dis;ance from Source A

- Sampiing Rate .

'v;:Pump Numbérs '

"1A Tedlar bag numbers - =

_ fStart Time . -

:_ Stop Time

T TME

ISOBUTANE RELEAS:::

Gas Temperature

TECENOLOGY, INC. TE%T’ ] |
Zu/v at cf 2
7/H/3d-
WI-ND SPEED:. . /, 1h+ S Cﬂfg/l"’
~ WIND. DIRECTION: Sf&u&L 55(/\/, ot gw/‘/'ﬂ-
AMBIENT TEMPERATURE ' )
| .BAROMETRIC PRESSURE:

.AUPWIND R

“.j _

__i)j ; ;3_‘ e

EE

i,

oo e

(3

5T A3} AR

A}
I /,Zlq", R /1 2&9 L

':H ’LZ'

— /uq~~*

Barrf,(s ou'd "/G @f

METERED VOLUME

U\o/n\,e/r‘(/m'/‘

METERED VOLUME ] .

T o G

 w¢&3oo”

o ‘TIME

/3.’07"; . [’70700 .

(70.977)

i

0 .
2
4 Stean on tocload i
e 1208514 |

167352

~g'»»~-w 777

67623 F

lo | 155 [72.650

< _.1_&7 BT |

12.317

'*/@g*qu“

— — .
A4 173,575 |
03.829

[c8. 670 |

168.937

13, (03

ﬂﬁﬁ%ﬁ;

7 3438 |

169, 494

[73.99F

169,763

4197

70,0 3o.

74447

74 709

‘,170*30ff’?

0006 B - 6.133
X105 ?{-Q_"“{/&‘C‘L%ﬂiﬁ

B ‘l‘"oo‘i @? 3 =0 /33Q
o &fﬁﬁ/w;uwfé
o }_Tffff‘*f?s__
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SCOTT ENVIRONMENTAL TECHNOLOGY, INC.

PROJECT 1922 TRACER GAS DATA SHEET
2 . - — g > - -
PLANT: Bothivhe. Seel | Bedh 2. : DATE: 7l / <0
12N / A .
PROCESS: 'onivov vt onapkds . me 17 WIND SPEED:
1

PROCESS NOTES: | WIND DIRECTION: = - S 4V
Baciqround o omeltp + data. gprEnt TEMPERATURE:_ Y YO
Dwms G aw nanfeid oo BAROMETRIC PRESSURE: ___1 4.5}
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APPENDIX D
TRACER GAS METHOD DEVELOPMENT

'D.l Tfacef‘cas Selection

The initial consideration when using the tracer gas method
is the choice of a suitable gas. There are several criteria used in
the seléétion: First, the tracer gas must not be present in the atmos-
phere at the sampling location. Second, the tracer gas must be separable
from other components in the background at the sampling location and
quantifiable on the same GC column without interfering with the elution
of the compound(s) of primary interest. The tracer gas should also be
readily 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 hydrocarbonm. At secondary by-
products plant; the Hy&rocarbons in the background atmosphere are almost
exclusively emissions from the coking operation and neither isobutane
nor halogenated hydrocarbons are present to any gsignificant 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 temperaF
ture program for the chromatographic analysis.

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

by-products plant with various concentrations of isobutane and performing
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a temperature program of chromatogfaphic analysis to achieve the desired
degree of separation. 1In 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 meter, a rotameter and a
dispersion tube. All necessary 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 19" which were progressively larger moving
away from the gas source. The hole size ranged from 0.062" to 0.031".

The second tube was 8' long in two 4' 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 >
GAVGE — r . . : — o
“") PISFERSION
ROTOMETER 1 TUBE

V%" TEFLON LINE

=~
e

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
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0.1 CFM. At this rate isobutane can be seen as it leaves the dispersion
rube and differences in the relative volume leaving each hole are visually
discernible. The first configuration had all gas coming out of the first
2 holes, whereas 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 Qas 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 frequent 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.
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It was necessary to add more benzene during an experimental
run, because the emission rate drops substantially if 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.

OOoOWNWINO
COLLECTORS
25’ 25" 25
.
30'5’7

EMisSIoN SpURLE

VPNIND COLLECTOR,

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 clean 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 encountered 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 samples 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 order to 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 of experiments evaporation as previously
described was used to release benzene. This series of experiments produced
results accurate to within 10% of the theoretical mass to mass ratios
with a minimum benzene emission of 0.54 lb/hr for the series. These

- experiments were performed on days when the wind speed was light (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 of.the
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 15% to as much as 56%, demonstrating the
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
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a steady source of benzene emission at a rate that would be independent

of meteorological conditions. 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 in winds 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 1s somewhat dependent upon meteorological conditions.
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,
dispersion patterns condusive to accurate sampling are disturbed and
quantitative mass to mass relationships are difficult to establish.
The upper limit of stress with respect to meteorological condiﬁions can
be examined by the spread of mass to mass ratios for each individual
sample for a given sampling run. If the calcul;ted ratios are inconsistent
or the deviation between each calculated ratio and their mean is greater
than 20%; it would be necessary to seek an explanation based on process
variations or meteorological conditions or to void the sampling run énd
rossibly 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

3| Scott Environmental Technology inc.
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site. Crab samples will:-be collected in glass flasks and analyzed to
determine the benzene concentration in the vicinity of the source to be
tested. This information will be correlated with wind speed and direction
to choose the exact sampler locations. In the ideal case downwind
samplers will be equidistant from the source and along approximately a
30° arc.

Two sets of samples will be integrated over separate one-
half hour periods and together comstitute 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 their next use each will be analyzed for
benzene content.

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

emissions at its center.
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| FIELD AUDIT REPORT |
PART A - To be filled out by organization supply unit cylinaers (RTI)

----- ) 1. Organization supp1y1ng audit sample(s) and shipping address

Research Triangle Inst1tute Post 0ffice Box. 12194, Research Tr1ang1e Park, NC
277C;

2. Audit superVISor, organization, and phone number (EMB Technical
' Manager) - .
- Dan Bivens, EPA

-

3. Sh1pp1ng 1nstruc;1ons - Name, Address Attention

- Scott Env1ronmenta1 TechnoTogy

Post Office Box D-11

sy

Plumsteadville, PA 18949 "ATTN: Bob Denyszyn’
_ 4. Guaranteed arrival date 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 analysis 5/30/80" 5/30/80

- b. Cylinder number - B-1372 'B-921
¢. Cylinder pressure, PSI _ 1750 1500

d. Audit gés(g;)/ba]ahcg?gas Benzéne/N, Benzene/N,,

i

- _ e. Audit gas(es) ppm '7.93 154.4

f. Cylinder construction Steel ' Steel
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PART B - To be filled out by audit supervisor
1. Organic chemical manufacturing process Coke Oven By—predvct
ﬂecovcm,} Plaal ' ' - s

2. location of audit Befhlph(mfpw

3. Name of individual audit and brganizatidn lﬂﬁﬁmﬂ
~Emvirnnpponlal Teeh- = P -
4. Audit results e :

D = o Low Conc. High Conc.
a. Cylinder number B-1372 ’5-‘92]

b. Cylinder pressure before 1750 /500
audit, psi

c. Cylinder pressure after O 2-- - 1400
audit, psi

d. Audit date and measured :
concentration, ppm :

malysis 1 __7/ 2 _z4e 1 ey

Analysis #2 7/ T i REea

Analysis 3 < O 776 132
e. RTI concentration, ppm R s I i

(Part A, 6d)



f. Audit accuracy* Page E-3

Analysis #1 - 2.4+ ~14.972
Analysis £2 -2.3 =/2.93
\Analysis.§3 : =2 - —=/3.08
*Per‘cent acc‘urau.: - Moasured %r{céo;CRTI Conc. x 190 .

°g. Problems detected (if an,} _ Sea 77 /S #’/r f a0, ,,j,/,,'

s - Koo £ RS/ Seiire ,,‘,.\' 7'/%
— . > =

I Lo T, Coin ST ,o <°,(,,7‘e vy
/-/,,/;7 4,»-1/. —»,-4/ ("\/ //ﬂ A /0 f-/mp< aon 7//ﬁ/ﬁﬂ
TA“ ISy, ’7“' o e Ve ll/' : ' -

.
L
|
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SCOTT ENVIRONMENTAL TECHNOLOGY, INC.
Plumsteadville, Pennsylvania 18949
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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 Berﬁstiel, 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 Manager

Joe Wilson, Senior Technician

From Research Triangle Imstitute:
Ralph Roberson

Dave Marsland

From U. S. Environmental Protection Agency
Lee Beck

Dan Bivins

'$| Scott Environmental Technology Inc
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EPA METHOD 110
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(0) Al continuons menitaring systoms
used in accordanes with this suction are
to complete a minimum of ana cyrie of
operation (sampiing. anaiyzing, and data
recording) fur eich successive 15-minute
period.

(2) Owarers or cperators of all
continuous moaitoring systems installed
in accordunce with this subpart shall
check the zero and span drift at least
once daily in zooordance with the
method prescribed by the manufacturer
of such systems unless the manufacturer
of such systems recommends
adjustments at shorter intervals, in
which case such recommendations shall
be followed. Thodaily span check is to
be conducted with reference sas
containing a concentration of benzene
determined to be equivalent 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 Methed
110 and in accordance with Section 7.1
of Test Method 110: or

(2} A calibration gas cylinder
standard containing the appropriate
concentration of tenzene. The gas
composition of the calibration gus
cylinder standard is to have been
certified by the manufacturer. The
manufacturer t have recommended a
raximum shell idfe for each ovling
ans standards wiii 1ot be used | taelr
concentration has changed greater than
+5 percent from the certified value. The
data of gas cylinder preparation.
certified henzene concentration. and
recommenced maximum shead iite nust
kave been affixed o the cviinder before
shinment from tha manufacturer lo the
vver, [f a gos chromatograph is used as
he continuous monitaring system, these

mixtures may be used directly to

W

~ o

s
epare a chromatograph calibration
curve as described in Section 7.2 of Test
Method 110 for certification of cviinder
standards and for establishment and
vetification of calibration standards.

(i) After receipt and consideration of
written application. the Administrator
may approve us2 of an alternative or
gquivaient continucus monitering
sysiem, allernative monitoring
procedures. or aiternative raonitoring
requirements.

a
v
i

=3 6ua

(Sec. 114, Clean Air Act as amendad {42
U.S.C 7414|)

§61.96 Recordkeeping requirements.

{a) The owner or operator of each
source to which this subpart applies
shail maintaia Gaily records of lhe
monitoring information specitied in
§ 61.95{a).

(G} Records are to Yo retained at the
source and made available for
inspaction by the Admimstrator for a
minimum of 2 years.

{Sec. 114, Clean Air Act as amended [42
U.S.C. T414})

Appendix B—Test Methods

\ethod 110. Determination of Benzene From
Stationary Sources

Performance of this method should not be
attempted by persoas unfamiiiar with the
operation of a gas chromatozraph, nor by
those who are unfamilur with source
sampling, hecause kzowledue beyond the
scope of this presentation is required. Care
must be exercised to prevenc exposure of
sampling personne! to benzene, a
carcinogen.

1. Applicabilitv and Prinicole
1.1 Applicability. This method applies to

the measurement of benzene in stacx gases

frem processes gs specified in the
regulations. The methad does not remove
henzene contained in particulate matter.

1.2 Principle. An integrated bag sample of
stack gas containing berzene and other
oraanics is subjected to gas caromatographic
(GC) analysis, using a flame ionization
detector (FID).

2. Range and Sensilivity
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

The chromatograph columns and the
corresponsing cperaling paramatoss hersin
described normally provide an adeguate
resolution of benzene; however, resolution
interfcrences may be encountered on some
sources. Therefore, the chromatograph

operating parameters best suited to his
particular analysis nroblem. subject to the
approval of the Administratorn, Approval s
autematic provided (nat the tester produces
confirming data taro.ch an adequate
supplemental anulytical technique. such as
analysis with a differeat column or GC/mass
spectroscopy. and has the data available for
review by the Admunistrator.

4. Apparatus

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

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

4.1.2 Sample Lines. Tetlon, 6.4 mm outside
diameter, of sufiicient iencih to connect
prob:e to bag. Use a n2w unused plece for
each series of baa samples that constitutes an
emission test aad discard upon completion of
the test.

4.1.3 Quick Conaects. Stainless stoel,
male (2] and female {2), with ball checks (one

* Montion of trade names or specific product
does 1 ot constitute endorseent by the US.
Favironmental Protecting A jercy.

pair withant) Incated as shown (o finer 110-
1.

414 Tedlar or aluminized Mylar bags. 100
L capaaity, to contuin saraple,

4.1.5 ‘Buz Containers. Rixd teakproof
containers fur sample bags with covering to
protect contents from siniitht,

41.8 Needle Valve. To adjust sample flow
rate.

417 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 atmosphare in the vicinity of samplers.

4.1.9 Fiuw Meter. For observing sample
flow rate; capable of measuring a fiow range
from 0.10 to L/min.

4.1.10 Connecting Tubing. Teflon, 6.4 mm
outside diameter, tg assemble samplinj train
(Figure 110~-1.}

4.2 Sample Recovery. Teflon tubing. 6.4
mm outside diumeter. is requized to connect
chromatoaraph sumple loop foc samole
recovery. Use a new unused picce for each
series of Lag sumples thai coasiitutes ua
emission test and discard upon conclusion of
analysis of those bays.

4.3  Analysis. The {ollowing equipment is
needed:

4.3.1 Gas Chromatograpgh. With FID,
potentiometric strip chart recorder and 1.0 to
2.0 mL sampling loop in wutontatic samnle
valve. The chromatographic sysiem shull be
capable of producing a response to 0.1pom
benzene thatis at least as great as the
average noise invel. [Revponse is measarad
from the average value of the base line to the
maximum of the wave orm, whilz standard
operating conditions .ure in use.}

BILLING CCOE 656u-91-M
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FILTER /
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TEFLON
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/.% PROBE SAMPLE LINE
- VACUUM LINE

NEEDLE
VALVE
: J o
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[H:
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auick / FLOW METER
CONNECTS -
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CHARCOAL TUBE

TEDLAR OR j
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RIGID LEAK-PROOF
CONTAINER

Figure 110-1. Integrated-bag sampling train. (Mention of trade names or specific products
does not constitute endorsement by the Environmental Protection Agency.)
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43.2 Chromatoaraphic Columns. Columns
s hsted below. The analyst may use other
columns provided that the precisicn and
accuracy of the analvsis of benzane
staadards are not unpiired and he has
available for review information conirming
\kat there is adequate resolution of the
benzene peak. (Adequate reselution is
defined as an area overlap of not more than
10 percent of the benzene peak by an
interferent peak. Calculation of area overlap
is explained in Appendix E. Supplement Az
“Determination of Adequate
Chromatographic Peok Resolution.”)

4321 Column A: Denzene 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

43.2.2 Column B: Benzene With
Separation of the Isomers 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 arourd gas
chromatograph during sample analvsis.

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

33.8 Recorder. Strip chart type. optionally
equipped with either disc or gizcironic
integrator. )

439 Planimeter. Optional, in place of disc
or electronic integrator, on recorder, to
measure chromatograph peak arzas.

4.4 Calil:ration. Scctions 4.4.2 through
4.4.5 are for the optional procedure in Section
£de

441 Tubing Teflon, 6.4 mm outside
diameter, soparate pieces marked for euch
calibration consentration.

442 Tedlar or Aluminized Mylar Bags. 50
L capacity, with valve: separate buag marked
for each calibration concentration. .

443 Svrinzes. 10 uL and 19 gL, gus tight,
individualiy calibrated to dispense liquid
bsnzene.

444 Dry Gas Meter, With Temperature
and Pressure Gauges. Accurate to =2
percent, to meler nitrogen in preparation of
standard gas mixwres, calibrated at the flow
rate used 1o preoare standards.

14.5 Midast Impinger/Hot Plate
Assembly. To vaporize benzene.

5. Reagents

Use only reagents that are of
chromatographic arade.

5.1 Analysis. The following are needed
for analysis:

51.1 Helium or Nitrogen. Zero grade, for
chromatograph carrier gas.

5.1.2 Hydrogen. Zero grade.

5.1.3 Oxygen or Air. Zero grade, as
required by the detector.
5.2 Calibraticn. Use one of the following
options: either 121 ead 5.2.2, 0r 5.2.3,

221 Boozeaw 89 Mol Percent Pure.
Certified by the manufacturer to containa

13

minimum of 96 Mol percent benzene: for use
in the preparation of standard gas mixtures
as described in Section 7.1,

5.2.2 Nitrogen. Zero grade, for preparation
of standard gas mixtuies as described in
Sectien 7.1,

5.2.3 Cylinder Standards (3). GCas mixture
standards (30, 10. and 3 ppm benzene in
nitrogen cylinders). The tester may use
cylinder standards to directly prepare a
chromatograph calibration 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 =3 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 manufacturer 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
manuiacturer shall use, as a minimum, a
three-paint calibration curve. It is
recommended that the manufacturer maintain
{1} a high-concentratioa calibration standard
{between 30 and 100 ppm} to prepare his
calibration curve by an appropriate dilution
technigue: and {2} a low-conceatraiion
calibration standard {between 5 and 10 ppm)
to verify the diiution tecnnique used. If the
difference betwveen the apparent
concentration read from the calibration curve
and the true concentration assizned to the
low-concentration standard exceeds 5
percont of the (rue concentration, the
manufacturer shall determine the source of
error and correct it, then repeat the three-
point caiibration,

5.2.3.2 Verification of Manufacturer's
Calibration Standards. Before using, the
manufacturer shall verify each calibration
standard by {a} comparing it to qas mixtures
prepared (with 99 Mol percent benzene] in
accordance with the precedure described in
Section 7.1 or by {b) having it analyzed by the
National Bureau of Standards. The agreement
between the initially determined -
concentration value and the verification
concentration value must be within x5
percent. The manufacturer must reverify ail
calibration standards oa a time interval
consistent with the sheif life of the cylinder
standards sold.

5.2.4 Audit Cylinder Standards (2). Gas
mixture standards with concentrations
kuown only ta the person supervising the
aralysis of samples. The audil cylinder
standards shall be ideatically prepared as
those in Section 5.2.3 (beazene in nitrogen
cylinders). The concentratinns of the audit
cylinder should be: one low-cencentration
cylinder in tha range of 5 to L7 ppm benzene
and one hizh-concentration couinder in the
range of 100 to 3L0 ppm benzeue, When
availzble, the tester may ootain audit
cylinders by contucting: U.S. Em ironmental

Protection Agency, Environmental Monitoring
and Suppurt Laboratary, Quility Assurance
Branch (MD =77). research Triangle Park.
North Carolina 27711, If audit cviinders are
not available at the Envirenmeatal Protection
Agency, the tester must secuce an alternative
source.

6. Procedure

6.1 Sampling. Assemble the sample train
as shown in Figure 110-1. Perform a bag leak
check according to Section 7.3.2. Join 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 needle valve adjusted to yield a flow
that will more than half fill 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 snmple 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 coilection.

6.3 Sample Recovery. With a new piece of
Teflon tubing identified for that bag, connect
a bag inlet valve to the gas chromatograph
sample valve. Switch the valve to receive gas
from the bag through the sample loop.
Arranze the equipment 59 the sample gus
passes {rom the sample valve to 2 160-mb/
min rotameter with Licw contrei valve
followed by 2 chareoal tube and a 1-n.
pressure gauge. The tester may mainiain the
sample flow either by a vucuum pump or
container pressurization if the coliection bug
reiaing .a the figid conteiner. Ader sumple
loop purging is ceased, always allow the

ressure gauge to return to zero before
activating the gas sampling valve.

6.4 Analysis. Set the column tempcerature
to 80° C (176" F) for column A or 75° C {1677
F) for column B, and the detector temiperature
to 225° C {437° F). When optimum hydrogen
and oxygen flow rates have been determined,
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 should preduce
adequate separations. Observe the base iine
periodically and determine lRat the noise
level has stabilizod and that base-line Jrift
has ceased. Purge the sample loop fur 80 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 tune of
sample injectiun). the sample number, the
sample loop temperature, the colum
temperature. carrier 3as flow rate, chart
speed, and the attenuator setting. From the
chart. note the pexk having the retention tune
corresponding to bienzene, as determined in
Seclion 7.2.1. Measure the benzene peax atii
An. by use of a disc integrarer, electronic
integrator, or a planimeter. Record Ay and
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Figure 110-2. Preparation of benzene standards {optional).
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the retenticn time, Reneat the iniection at
feast two times or untl lwo consecutive
values for the total arca of the benzene peak
do not vary mose than 5 percent. Use the
average value of these two total areas to
compute the bag censentration.

6.5 Determination of Bag Water Vapor
Content. Measure the ambient temperature
and batometric pressure near lhe bug. From a
water saturalion vapor pressure tuble,
determine and recerd the water vapor
conlent of the bag as a decimal figure.
{Assume the relative hemidity to be 100
percent unless a lesser value is known.)

1

»  Pregaration of S:ondard Gas Mixtures,
Calibretion. and Qiality Assurance

7.1 Dreparaticn of Benzene Standard Gas
Mixtures. {Optional procedure—delete if
cylinder standards are ysed.) Assemble the
apparatus shown in Fisure 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 nitregen.
Measure the barometric pressure, the relative
pressure at the diy gas meter, and the
temperature at the dry gns meter. While the
bag is filling, use the 10uL syringe to inject
10uL of 99+ percent henzene through the
septum on top of the impinzer. This gives a
concentration of approximately 50 ppm of
benzene. In a like manner. use the other
syringe to prepare ciiutions naving
approximately 10 ppm and 5 ppm benzene
concentrations. To calculate the specific
concentrations, refer to Section 8.2, These gas
mixture standards rmav be used for 7 days
Arein the dale of preparation, after which time
preparation of new Zas mixtures is reguired. |
(Caution: Lf the new yas mixture siandard is a
lower copcenlration than the previous gas
mixture stundard, conlamination may be a
preblem when a bag is reused.) .

7.2 Calibration.

721 Determination of Benzene Retention
Time. {This section can be performed
simultaneously with Section 7.2.2.} Establish
chromatograph conditions identical with
those in Section 6.4, above. Determine proper
attenuator position. 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 selting.
Record peaks and detector responses that
occur in the abeence of benzene. Maintain
conditiors. with the equipment plumbing
arranged identically to Section 6.3, and lush
the sampie loop for 30 sec at the rate of 100
mL/min with onc of the benzene calibration
mixtures. Then activate the sample valve.
Record the injection time. Select the peak
that corresponds to benzene. Measure the
distance un the chart from the injection time
to the time at which the peak muximum
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 peak be made.

BILLING CODE €560-G1-M -
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7.2.2 Preparatisn of Chromatoeraph
Calibration ve. Make a gas
chromatosrarhic measurement of cach
standard zus nunture (described in Soction
5.2.3 0r7.1.1) us conditions identical with
those listed in Sectons 6.3 and 6.4. Fiush the
sampling loep for 30 sce al the rate of mlL/
min with one of (re st.ndard gas mixtures
and activate the sumpe valve. Recard C,, the
concentration of benzene injected. the
atlenualor seitine, charl speed, peak area,
sampie loon temperature, column
temperaiure, carrier 2as flow rate, and
retention time. Record the luboratory
pressure, Celouiate A, the peak area
multiplied by the attenuastor setting. Repeat
until two consecutive injection areas are
within 5 percent, then plot the average of
those two values versus C.. When the other
standard gas mixtures have been similarly
analyzed and plotied. draw a straizht line
through the noints derived by the least
squares mecthad. Perform calibration daily, or
befure and uiter each set of bag samples,
whichever is more frequent.

7.3 Quaiily Assurance.

7.3.1 Analysis Audit. Immediately after
the preparaticn of the calibration curve and
before the sample analyses, perform the

Supplement B: “Procedere for Field Auditing
GC Analyus.
7.3.2 BazLeak Checle While
performance of this svotian is required after
bag usga, it is also advised thal it be
performed helore Lag us~. After each use,
make sure a bag did not develop leaks by
connecling 8 wiiter manomeler and
pressurizing the bag to 510 10 cm H,O (210 4
in. HLOJL Alicw to stand for 10 min. Any
displacement in the water manometer
indicates a leuk. Also, check the rigid
container for leaks in this manner. [Note: an

alternative leak check mothod is lo pressurize -

the bazto Sto 10 em H.O or 2 to 4 in. H.O
and ailow to stand overnivht. A deflated bag
indicates a leak.} For ench sample bag in its
riaid container, place a rotumeter in line
between the bag and the pump inlet.
Evacuate the bag. Fiilure of the rotameter to
register zero flow when the bag appears to be
empty indicates a leak.

8 Cualculations

8.1 Optional Benzene Standards
Concentrations. Calculate each benzene
standard concentration [C, in ppm) prepared
in accordance with Section 7.1 as {ollows:

B(0.2706)(10°)

e v oy 23 _n
m Tm 759
BT .

Cc = 70L9 T Ym - (119-1)
whare: »

B =  Volume of benzene inject;d, microliters.

Vm = Gas volume measured by dry gas meter, liters.

Y = Ory gas meter calibration factor, dimensionless.

Pm = Absolute pressure of the dry gas meter, mmHg.

Tm = Absolute temperature of the dry gas meter, °K.
0.27¢6 = ldeal gas volume of benzene at 293° K ard 750 mmHg L/aL.

103 = Conversion factor [(ppm){mL)/uL].

8.2 Benzene Sample Concentrations.

From the calibration curve de-

scribed in Section 7.2.2 above, select the value of Cc that corresponds %o

A
follows:
Cs = ccPrTi .
‘ilr u-swb]
where:
Cs =
Cc =
ppm.
Pr =
calibration, mmHg.
. Ti =
p =

= Calculate the concentration of benzene in the sample (CS in ppm) as

(110-2)

Concentration of benzene in the sample, ppm.
Concentration of benzene indicated by the gis chromatograph,

Reference pressure, the barcmetric pressure recerced during

Sample loop temperature at the time of analysis, °K.

i Barometric pressyre at time of analysis, mmHg,

during calibration, °K.

Reference temperature, the sample !o_cp terrerature recorded

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

(5]

(4]

Sunplement A—~Determination of Adequate
Chromatographic Peak Resolution

In this method of dealing with resoultion,
the extent 1o which one chromatographic
peak overlaps ancther is determined.

For convenience, consider the range of the
elution curve cf each compound as running
from -20 to +20. This range is used in other
resolution criteria, and it contains 95.45
percent of the area of a normal curve. If two
pecks are separated bv 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 elution 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 sample 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 narmal
distribution function for which there are
convenient calcualtion programs and tables.
An example would be Frogram 15 in Texas
Instruments Program Manual ST1. 1975,
Texas Instruments, Inc., Dallas, Texas 75222,
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b+la t 2
\ . < X
e e S gt o= 71,— e 2 dx
s o vent
b-2s b-20
$ 3
a.

T> follcwing calculation steps are required: *

1 2, = ¢ /TTn2
¢ u = t/a2Tn2
3 x = (b-Zus)/oc
3. x, = (bfZJS)/uC
-2
-2
5. Qxp) o L e dx
Jan
*1
£ xz
6. Qx,) 1 “ T g
o
*2
7. lo " Q(‘l) - Q(‘(Z)
3 AQ = !DAC/AS
9.  Percentage overlap = Ao x 100
whers?

L
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A = Th2 area of the sample peak of interest determined by elec-
=ht .
s’s

tronic integration,

A = The area of the contaminant peak, determinsza in the same
(S
Tanter as AS.
L o= The distance on the chromatographic chart that saparates the

maxima of th2 twe peaks.

H = The peak height
fren the aversge value of the taseline to the maximun of the

curve,

or by the fermula A5

t = The w.dth of tha sample peak of interest at 1/2 of peak

of the sampie ccmpound of interest, measured

height,
L.oo= Tha wiath of the contaminant peak at 1/2 of seak haight.
'n; = The standard deviation of the sample compound of interest
elution curve
g Tre stardard deviation of the contaminant eluticn curve.
C(‘L) = Tha irtegral of the normal distribution function from L3 to
infinity.
Gix,) = The dategral of the normal distribution function from X, to
) infinity.
[) = Tha sverlap intagral.
A Tre area gverlapn fraction.

715t instances, Qf <)

is vary small and may be

negle

(‘n

o
@&

-

[n fucdsing the suitahtity of alternate gas

rhmm earaphic columus, or the effects of
drering chrenutoyrap. ¢ conditions, one ¢an

smploy the area overlap as the resolulion

r: nrmotor with a specilic maximum

pormissible value.

The use of Caussian Pinctions to describe
chromatographic elution curves is
wiiespread. However, some elution curves
are highly asymmetric. In those cases where
the sumgle peak is follenod bya
contaiminant that has a lesding edan that
rises sharply but the curve then taiis off, it
may be possible to define an effeciive width
for t. as “twice the distance from the leading
edge to a perpendicular lin through the
maxim of the contaminant curve. measured
along a perpendicular bisection of that lne.”

Supplement B—Procedure for Field Auditing
GC Analysis

Responsibilities of audit supervisor and
an:iyst 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 same.

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

C. During the audit. the snnlyst is to
perform a minimum of two consecutive
auaiyses of each audit cylinder gas. The audit
must be co 1ductcd to coincive with the
analysis of sourae test sum U'cs Normally, it
wili b eonet: xr'"a immaediaialy ofter the GC
calibration and prior to the sumple anatcses.

D. At the end of audit analvses. the audit
supervisor requests the caleuiated
concenirdtions rrom e analvst and then
compires the resuils with the actual audit
concentrations. If each measared
concentration agrees with tiie respective
actnal concentration within %10 peraent, he
then directs the analvst to bezin the aMh sig
“of source samples. Andit sorervisor judzment
and/ur sepervisary policy doetermine course
of action with asreement is nnt within =10
percent. Where a consicient Lias in excess of
10 percent is found, it muy be possivie to
proceed with the sample anulvses, with a
corrective factor to be anolicd to the results
at a later ime. Hawever, vvery attemnt
shoulu l,(, made to locate the cause of the
diserapaney, us it may be uisieading. ihe
audit supervisor is to record 2och cvlv"uor

number, cyiinder pressure {ut the end of the
awdit), and ali caleelated conceatrations. The
individual beine sudited rist not under any
circumstance be told the actial acdit
concentrations until the calonlsted
concentrations have been subnmitted to the
audit supurvisor.
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