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FOREWARD

Two firms prepared this réport under contract
to the U.S. Environmental Protection Agency, therefore,
it is presented in two sections. Section 1 was
prepared by Clayton Environmental Consultants, Inc.,
Southfield, Michigan and includes testing results
for particulate, sulfate, benzene, continuous CO
monitoring and 02, CO, CO2, as well as visible
emission data for the battery stack exhaust,
Section II was prepared by TRW Energy Systems Group,
Durham, N.C. and contains benzo(a)pyrene (B(a)P)
sampling data only, and immediately follows Appendix

H of the Clayton report.
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1.0 INTRODUCTION

The U.S. Environmental Protection Agency (EPA)
retained Clayton Environmental Consultants, Inc. to
determine various gaseous and particulate emissions
on the C-battery at Granite City Steel, Division of
National Steel, in Granite City, Illinois. Sampling
was conducted at the inlet and outlet of a United-
McGill dry electrostatic precipitator (ESP) which
cleans the C-battery underfire flue waste gas. The
results of this study will be used in research and
development efforts for supporting New Source
Performance Standards for coke oven battery stacks in
the iron and steel industry, This study was commis-
sioned as EMB Project No. 79-CKO-18, Contract No.
68-02-2817, Work Assignment 17,

The testing program included the following:

(1) triplicate samples from the ESP inlet and
outlet for particulate and sulfate analyses;

(2) integrated bag samples from the inlet for
benzene and Orsat analyses;

(3) continuous carbon monoxide monitoring at
the inlet during the particulate runs (by
EPA-Method 10, NDIR analyzer); and,

(4) wvisible emission recordings for the duration
of each particulate sample run, read at the

battery stack exhaust,




Auxiliary data included exhaust gas temperatures
and flowrates as determined from the traverses,
Figure 1.1 presents a plan view of the process/
control system layout as tested. A list of the proj-

ect participants is included as Appendix A,
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2.0 SUMMARY AND DISCUSSION OF RESULTS

Particulate weights, -by fraction, are presented
in Table 2,1. Comparing the weight gain of the same
fraction for the different runs can be misleading since
stack flowrates, sampled gas volumes and possible
differences in process operations should also be
considered when comparing different runs.

Tables 2.2 and 2,3 present the filterable and
total concentrations and emission rates for particulate
and sulfate, respectively, Total particulate concentra-
tions were determined by weighing the impinger contents
and water and acetone rinses after evaporation, and
did not include an ether/chloroform extraction,

Concentrations are expressed as grains per dry
standard cubic foot (gr/dscf) and milligrams per dry
standard cubic meter (mg/dscm). Emission rates are ex-
pressed as pounds per hour (lb/hr) and kilograms per hour
(kg/hr). Stack gas flowrates in dry standard cubic feet
per minute (dscfm) and temperature (F) are also presented.
Table 2.4 presents sulfate as a percent of particulate
based on the filterable and total emission rates. No
averaged data for Run 3 at the inlet were included in
the discussion because an undetermined amount of the
front acetone wash was spilled when the sample bottle

was accidentally broken in the field.
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PARTICULATE RESULTS

InleE

Filterable particulate concentrations at the
inlet (Table 2.2) were 0.403 and 0.162 gr/dscft
(923 and 371 mg/dscm), respectively and averaged
0.283 gr/dscf (647 mg/dscm). Total particulate
concentrations were 0.479 and 0.173 gr/dscf (1100
and 398 mg/dscm, respectively) and averaged 0.326
gr/dscf (749 mg/dscm).

Filterable particulate emission rates were 141
and 55.2 1b/hr (63.8 and 25.1 kg/hr), respectively,
and averaged 98.1 1lb/hr (44.5 kg/hr). Total particu-
late emission rates were 167 and 59.1 1lb/hr (75.9 and
26.8 kg/hr), respectively, averaging 113 1b/hr (51.4
kg/hr).

Outlet

Concentrations of filterable particulate at the
outlet (Table 2.2) ranged from 0.105 to 0.370 gr/dscf
(240 to 847 mg/dscm) and averaged 0.213 gr/dscf (487
mg/dscm), Concentrations of total particulate ranged
from 0.107 to 0,601 gr/dscf (246 to 1370 mg/dscm)
and averaged 0,292 gr/dscf (668 mg/dscm).

Emission rates for filterable particulate ranged
from 42,0 to 155 1b/hr (19.1 to 70.4 kg/hr) and aver-

aged 88.8 1b/hr (40.3 kg/hr). Total particulate emis-
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sion rates ranged from 43.1 to 252 1b/hr (19.6 to

114 kg/hr) and averaged 122 1b/hr (55.4 kg/hr).

SULFATE RESULTS

InlgE

Filterable concentrations of sulfate at the inlet
(Table 2.3) were 0.015 and 0.055 gr/dscf (35.2
and 126 mg/dscm, respectively) and averaged 0,035
gr/dscf (80.6 mg/dscm)., Total sulfate concentrations

were 0,045 and 0.062 (102 and 141 mg/dscm), respectively,

‘averaging 0.054 gr/dscf (122 mg/dscm).

Filterable sulfate emission rates were 5.36 and
18,7 1b/hr (2.43 and 8,50 kg/hr, respectively) and
averaged 12,0 1b/hr (5.47 kg/hr). Total sulfate
emission rates were 15,6 and 21.0 1b/hr (7.07 and 9.54
kg/hr), respectively, and averaged 18.3 1b/hr (8.31
kg/hr),

Sulfates as a percent (by emission rate) of filter-
able particulate (Table 2.4) were 3.8 and 33.9 percent
and averaged 18,9 percent, Sulfates as a percent
of total particulate were 9.3 and 35.5 percent and
averaged 22,4 percent.

Aliquots of inlet Sample Nos. 1 and 2 liquid
fractions were analyzed for sulfate, whereas Sample No,
3 at the inlet and all outlet samples were analyzed
from dried residue remaining following the particulate

determination, The percentage sulfate retained was
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much lower for Sample No., 1 (inlet and outlet) than
Sample Nos. 2 and 3., despite the different analytical
methods used for the determinations at each location.
Therefore, the reason for this difference may 1lie in
the process itself,

Qutlet

Filterable concentrations of sulfate at
the outlet (Table 2,3) ranged from 0.010 to 0.061
gr/dscf (22.4 to 141 mg/dscm) and averaged 0,033
gr/dscf (74.8 mg/dscm). Total sulfate concentrations
ranged from 0,016 to 0.062 gr/dscf (36.5 to 143 mg/dscm)
and averaged 0,035 gr/dscf (80.7 mg/dscm).

Filterable sulfate emission rates ranged from
4,10 to 26,1 1b/hr (1.86 to 11.8 kg/hr) and averaged
13.6 1b/hr (6.17 kg/hr). Total sulfate emission rates
ranged from 6.68 to 26.4 1lb/hr (3.03 to 12.0 kg/hr)
and averaged 14.7 1b/hr (6.67 kg/hr).

Sulfates as a percent (by emission rate) of filter-

able particulate at the outlet (Table 2.4) ranged from

2.6 to 37.6 percent and averaged 21.9 percent. Sulfates
as a percent of total particulate ranged from 2.7 to

36,7 percent and averaged 21,6 percent.

REMOVAL EFFICIENCY

The removal efficiencies for the filterable portion
of both particulate and sulfate are presented in Table
2,5, The filterable particulate efficiencies were

-9,9 and -25.9 percent and averaged -17.9-percent,

- 11 -
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while filterable sulfate efficiencies were 23.5 and

-39.6 percent and averaged -8.,1 percent.

In view of the unusual efficiency results, several
checks of all data were made including all calibrations,
field procedures, sampling methods and calculations,

It may be noted that the average percent isokinecity

at the inlet and outlet were 100,0 and 101.2, respec-
tively., Transfer procedures were all performed in a
dust-free area. All sample log-in and analytical
procedures were also reviewed, which indicated no
inconsistancies. Calculations were reviewed by several
persons, again indicating consistent results, Further-
more, a TRW test group sampled the same locations
simultaneoudy for benzene(a)pyrene (B(a)P). Results
from the TRW rumns corroborated with the Clayton results.
It is highly unlikely that two source sampling firms
working independently of each other would achieve similar
results if sampling techniques were in error.

In light of these quality assurance reviews, the
test results appear to be valid. It is difficult to
draw conclusions with respect to the performance of the
ESP based on the data obtained, except that the ESP
removal efficiency of battery stack particulate is poor,

However, several observations are presented.

- 13 =~
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The project was initially plagued with repeated
power failures, as evidenced by the disruptions in
sampling time, making correlations between CO data,
opacities, and stack temperatures sometimes impossible
for Run No, 1. These problems are noted in Appendix
B-6. All oven activity that occurred during each test
is also detailed in Appendix 3B-5.

When correlating the process operating data
with Figures 2.1, 2.2, and 2.3 on pages 16, 17, and
18, respectively, which illustrates all reversal
and charging activity times during each run, several
observations can be made.

The field databin Appendix B-1 shows that ﬁhen
an inlet filter would become suddenly blinded (plugged
or clogged), a charge had generally preceded this event
by several minutes, This may indicate poor conditions
of some oven walls in this battery. There were several

distinct temperature drops noted at the outlet sampling

points which were located closed to the stack wall (outer

points are cooler than the inner points). The largest

temperature drop generally appears on the last (bottom)

point of the vertical port. At this point, the temperature

is influenced by the cooler stack wall and also, the
convection of the hot stack gases which tend to rise

to the top of the horizontal duct.




The data reflect an average 2l-percent increase
in the outlet flowrate over the inlet flowrate (dscfm),
which indicates possible air inleakage between the two
sampling locations. This leak could be a possible source
of particulate material being introduced into the ESP
system downstream of the inlet sampling location.
However, this leakage is not likely to contribute
to higher grain loadings at the outlet since ambient
particulate concentrations would have to be significantly
higher than those found in the inlet gas. Another
possible explanation for the higher outlet loadings
is reentrainment of particulate within the ESP itself.
VISIBLE EMISSION AND CARBON MONOXIDE RESULTS

Visible emissions from the coke oven battery
stack were recorded for the duration of each particu-
late run, except Run 1, when wvisible emissions were
abbreviated due to darkness, The observations were
performed in accordance with EPA Method 9 by a
qualified visible emission observer. A graphic

summary of one minute average opacity readings is

presented in Figures 2.1, 2,2, and 2.3 for the three
test runs, respectively. Additional visible emission
data is included in Appendix B-4, Carbon monoxide
(CO) was monitored continuously during each of the

particulate runs. Linear recordings were averaged
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over one minute intervals and the results also
presented graphically in Figures 2.1, 2,2, and 2.3,
In addition to the above data, inlet and outlet stack
temperatures and charge and reversal cycles are also
presented on these graphs. Appendix E-2 presents 1-
minute averages of CO concentration.

In each test the rise and fall in CO concentra-
tions is generally preceded within a few minutes
by a corresponding rise or fall in stack opacity.
Since CO was monitored continuously and opacity was
read every 15-seconds, some fluctuations in CO
may not be correlated directly with opacity fluctua-
tions, However, a general trend seems to be apparent.
On Run 3, pump problems in the CO train were encountered
from 1235 to 1335, which invalidates the CO data for
this time period. Data for this period was not
displayed in Figure 2.3,
BENZENE RESULTS

Results of the benzene analyses are presented
in Table 2.6, Following the completion of Run 2,
the bag sample collected had developed a leak and
the sample was voided, Benzene concentrations were
0.11 and 0.16 ppm and averaged 0.14 ppm. Emission
rates were 0.05 and 0.08 1b/hr (0.03 and 0.04 kg/hr),
respectively, and averaged 0.07 1b/hr (0.04 kg/hr).
These results showed a high reproducibility although

they were lower than had been anticipated.

- 19 -
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TABLE 2,6,

BENZENE CONCENTRATIONS AND EMISSION RATES

Sampling Sample Sample Concentration Emission Rate
Location Number Date
Ppm 1b/hr kg/hr
1 7/26/79 0.11 0.05 0.03
Battery . a
c 2 7/27/79 — — _—
Inlet
3 7/28/79 0.16 0.08 0.04
Average 0.14 0.07 0.04

a Inadequate sample collected for

Run 2, therefore no data reported.



Exhaust Gas Composition

Table 2,7 presents the results of the exhaust
gas composition and moisture content analyses.
Carbon dioxide, oxygen, and carbon monoxide concentra-
tions averaged 3.6, 13.8, and 0.3-percent, respectively,
over the three sample runs. The Orsat CO concentration

confirms the low continuous CO wvalues.
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3.0 PROCESS DESCRIPTION AND OPERATION
(supplied by Midwest Research Institute)

As part of the work being conducted for the
development of national emission standards for air
pollutants emitted from coke oven battery stacks,
emission tests are being performed on various well-
controlled sources. Such tests were conducted on
Battery C at National Steel Corporation's Granite
City, Illinois facility because an electrostatic
precipitator (ESP) had recently been installed and
began operating in March 1979. With all three of the
parallel ESP modules on-line, the Granite City Steel
ESP has the highest specific collection area of any
ESP applied to coke oven battery stack emissions.
Therefore, the ESP serving Battery C at Granite City,
Illinois, was selected for these emission tests,

There are three coke oven batteries at Granite
City Steel's integrated steel plant, designated as
Batteries A,B, and C. Only Batteries B and C are
operating. Battery A was torn down and is presently

being completely rebuilt with 18 additional ovens.

Future plans include rebuilding Battery B with four 1less

ovens which is tentatively scheduled for June 1980.

After both reconstructed batteries are on-line, Battery

C will be shutdown and rebuilt with 14 less ovens.




Battery C is a 6l-oven Koppers-Becker gun-flue
battery, underfired with undesulfurized coke oven gas
supplied by the by-product plant, During the period
covering the emission tests, 36 coke ovens were
operating on a coking period of 17.5 hr with two ovens
(Nos, 155 and 163) on an extended coking cycle. The
other 25 ovens (Nos. 123-126, 131, 132, 144, 146, 147,
154, 157, 161, 162, 174-177, 181, and 193) were bricked-
up or out of service.

The C Battery started operating in 1961 and was
rehabilitated in 1976, This cold end-flue rehabilitation
included gun flue, crossover flue and end flue repairs,
Plant design and operational data for Battery C are
presented in Table 3,1, Maintenance techniques used
on Battery C were spray patching, cleaning steam aspira-
tors and stand pipes, and brushing gun-flue nozzles.

A hand-held slurry spraying gun is used to patch
the end flues and door jambs of the ovens, The spray
patching occurs after an oven has been pushed and before
the doors are replaced on the oven. This procedure
is employed more frequently to the coke side of the oven
than to the pusher side because more wear occurs on
that side.

An oxygen lance is used to decarbonize the steam
aspirators and coke oven standpipes. This procedure

will either burn the carbon deposits or just knock them



TABLE 3,1. PLANT DESIGN AND OPERATION REGCORD

Date

Plant Name Granite City Steel -
Plant Location Granite City, IL,

Battery No. C

Name of Plant Contact _Dr. John Manda

Type of Ovens and Designer Gun Flue, Koppers-Becker

Date Built _ 1961

Date of Last Relabilitation 1976

Type of Last Rehabilitation End flue, Crossover Flue, and gun flue repairs

Number of Ovens Total 61 In Service 36
Size of Ovens Height _13' y Width __ 17" s Length 40'

Type of coke produced Blast furnace coke
Normal coking time (hr) 20

Coal charged per oven (tons) 16.6
Reversal period (min) 30

Nozzle decarbonization method _Air aspirated through open carbon caps
Is flue gas recirculated? no

Type of fuel gas coke oven Heating value _450 Btu/scf
Is fuel gas desulfurized? - _no
Note use of stage charging, preheated coal, &tc. stage charging is
used
Stack height and top diameter 261' 4" Ht. 10' diam,

Test. locatlon (stack or waste heat canal) inlet & outlet ESP(provide sxetch)

.

Control method used _electrostatic precipitator

Fuel gas analysis (1978 avg.) Coal analysis (April 1979)
Component Vol.% . Component Vol.%

COy 3.6 Ash 6.76

I1l. 1.3 S 1.25

8] 1.6 H.O ’ 9,53

C% 9,1 V% 25 47

H 53.0

Cﬁ& 19.3

NZ' 12.1

HZS




off, The other maintenance procedure uses a wire
brush on a 20-foot long rod which fits inside the
gun-flue nozzles and cleans any carbon build-up
on the nozzle which may restrict fuel gas flow.

The new ESP on Battery C stack began operating
in March 1979, The ESP was built by United McGill
using a point-to-plane design. The ESP is divided
into three units operating in parallel, Each unit
has four separate sets of electrical fields, numbered
1, 2, 3, and 4. For each unit two electrical controls
serve fields 1 and 3 together and fields 2 and 4
together.

The ESP installed on Battery C was designed for
a total gas flow rate of 2,600 actual cubic meters per
minute (92,000 acfm). It has three parallel modules
and the design gas velocity, with two modules on-line,
was 0.88 m/sec (2.9 ft/sec). Each module has a
collection area of 2,550 mZ (27,440 f£t2) and all three
modules together have a collection area of 7,650 m?
(82,320 £t?), Therefore, the design specific collection
area, with all three modules in service, was 2,942 mz/l,ooo
acm/min (895 £ft2/1,000 acfm).

In June 1979 United McGill made minor adjustments
to all three units to prevent reentrainment during the
cleaning mode, Instead of cleaning fields 1 and 2

together, United McGill staggered the fields being rapped.



This new arrangement of rapping fields 1 and 3 and
fields 2 and 4 maintains a collecting field in operation
at all times during the cleaning mode. A United McGill
field engineer was present during the testing to
- monitor the performance of the ESP, However, no
ad justments were made to the ESP while sampling
activities were being conducted.
During each test day, process operating data were
obtained at approximately l-~hour intervals. The time
— that each oven was pushed and charged was recorded
whenever possible. All process operating logs and
charts are included in Appendix B-5%., The Battery C
oven push and charge log sheets and ESP log sheets
are also presented in Appendix B-5,.
Granite City Steel's personnel, who provided
assistance during the testing were Dr., Manda, Mr. Hoffman,
- Mr. Piatt and Mr. Siebenberger. Mr. MacDonald from

United McGill monitored the ESP performance.

qNote: Process operating data and copies of operating
charts have not been included, since National
Steel has claimed them to be confidential.

.
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4,0 TLOCATION OF SAMPLING POINTS
Inlet

The ESP inlet sampling location was a 59.4-inch
(150.1-cm) I.D, duct from the battery-C waste heat
flue, located approximately 50 feet (15.2 meters)
above ground, and 10 feet (3.0 meters) upstream of
a 90-degree bend, which provided adequate upstream/
downstream distances to disturbances. The duct was
accessed through two three-inch ports located at a
90-degree separation about the stack circumference.

Each traverse {two) consisted of 12
points. Velocity pressures and temperatures were
measured at each of the 24 sampling points. Figure
4,1 is a diagram of the inlet sampling location
showing each of the traverse points and their
respective distances from the duct wall,

The inlet sampling site was located very close
to the battery and coke oven quench car, exposing
sampling personnel to major hazards, i.e., heat,
smoke, and flames. To minimize these hazards, a

sheet steel platform with three walls was erected

at the inlet duct, along with an insulation pad

on the platform floor., Additionally, a steel catwalk

connecting the precipitator outlet site to the
inlet location was constructed, This allowed the
sampling crew a quick evacuation of the inlet area,

and also permitted a safe location for the sampling

equipment,
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Qutlet

At the ESP oulet sampling location, two three-
inch ports were used to gain access to the 59.5-~inch
(151.1-cm) I.D. duct which extends horizontally from
the ESP to the battery stack, The port located at
the top of the duct did not provide sufficient verti-
cal clearance to maneuver the probe. Thus, an addi-
tional port was installed at the bottom of the duct,
Scaffolding was used to gain access to this port
location. Each traverse (two) consisted of 20 points.
Velocity pressures and temperatures were measured at
each of the 40 sampling points, Figure 4,2 is a
diagram of the outlet sampling location showing each
of the traverse points and their respective distances

from the duct wall,

- 30 -
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5.0 SAMPLING AND ANALYTICAL PROCEDURES

Triplicate two-hour particulate samples were
extracted isokinetically and simultaneously at
both inlet and outlet locations of the ESP,
Twenty-four points were sampled at the inlet
location for five minutes per point while forty
points were sampled at the outlet location for
three minutes per point, During each run, the
probe, Pitot tube, and thermocouple assembly were
moved to each sampling point, the velocity pressure
and temperatures of the exhaust gas were measured,
and isokinetic sampling flowrates were adjusted
accordingly using an orifice-type meter to indicate
instantanegous flowrates,

Proper nozzle alignment with the flue-gas
stream was maintained throughout the test at both
testing locations without difficulty. The bottom
port at the outlet sampling location required a
special vertical support system which was construc-
ted by Clayton Environmental Consultants, Inc. The
impinger assembly was moved as required at the outlet
location to gain access to the bottom port, All field

data sheets are included in Appendix B.




The sampling train was checked for leaks before
and after each sample run in accordance with the
requirement that the initial leak rate shall not
exceed 0,02 ¢fm at 15-inches of mercury wvacuum,

The final leak rate shall not exceed 0.02 cfm at
the greatest vacuum occurring during>the test,

A modified EPA Method 5 sampling train was used
at both locations (Figure 5.1). The sampling train
consisted of a sharp, tapered, stainless steel sam- .
Ipling nozzle; an unheated glass probe assembly (Method
5 modification); flexible unheated Teflon<E tubing
(Method 5 modification) leading to a heated cyclone
assembly (Method 5 modification) including a 110-mm
glass-fiber filter; two Greenburg-Smith‘impingers,
the first modified, the second standard, each contain-
ing 100-ml of distilled water; an empty modified
Greenburg-Smith impinger; a modified Greenburg-Smith
impinger containing approximately 300-grams of silica
gel; a leakless pump with vacuum gauge; a calibrated
dry gas meter equipped with bimetallic inlet and outlet
thermometers; and, a calibrated orifice-type flowmeter
that was connected to a 0-to-10-inch range inclined
(water gauge) manometer,

For the first half of Run 1 at the inlet and the

entire first run at the outlet, the cyclone was not
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used. Due to the unusual resinous character of the
particulate in the exhaust gas, which caused the
filters to blind (plug or clog), difficulty in
maintaining the sampling rate was experienced.

It was decided by the Clayton project leader and the
EPA Technical Manager that modifying the train by
adding a cyclone upstream of the filter would prevent
this situation., An unheated probe and Teflon<E flex-
line was used because of the extremely hot stack

gas (740F inlet and ?20F outlet),

The impinger train was immersed in an ice bath
to maintain the temperature in the last impinger at
70F or less. All of the sampling train glassware was
connected by ground glass joints, sealed with stop-
cock grease, and clamped to prevent leakage. A
calibrated S-type Pitot tube was connected to the
sampling probe and velocity pressures were read on
the inclined manometer. An iron-constantan (I/C)
thermocouple, attached to the Pitot-probe assembly,
was connected to a calibrated pyrometer. During
the course of testing, the average filter and cyclone
temperature was kept at 250 + 25F.

Following the leak check at the end of each
120-minute test period, the sampling trains were

transferred to a sheltered clean-up area, Any conden-
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sate in the cyclone and impingers was measured and

volume increases recorded., The solutions were then

Placed in separate glass sample bottles and sealed with
TefloJE-lined caps. The silica gel was weighéd to
determine the weight gain. Only acetone was used for
rinses of the probe, nozzle, and Teflon‘E flex-line
on approval of the EPA Technical Manager because
water had no observable effect on the accumulation of
the unusual particulate matter. An undetermined
amount of sample was lost in the field on Run 3 of the
inlet when a front-half acetone rinse sample bottle
was accidentally broken,

All rinsings were collected in glass sample
bottles with Tefloﬁa-lined caps. Initial probe
rinses appeared deep black in color. The particu-
late collected on the filters at both locations had a
black, oily appearance throughout the testing program.
The impinger assembly was thoroughly rinsed with water,
and these water rinsings were placed in the impinger
solution bottles. Following the water wash of the
impingers, the entire impinger assembly was then
rinsed with acetone, The impinger catch at the out-
let location for Run 2 had a cloudy, milky appearance
and the impinger catch for Run 3 attained an amber
appearance, Run 1 at the outlet and all runs at the

inlet displayed no unusual colors in the impinger




catch, Benzene and methylene chloride rinses were

required on the probe, nozzle, Teflon® flex-line,

cyclone and front-half of the filter assembly for

Run 3 at the oﬁtlet. Acetone rinses had failed to

totally clean the assembly.

Thus, at the end of each run, the following

-ﬁour-fractions had been collected from both the

inlet and outlet for particulate and sulfate

analyses:

(1)

(2)
(3)

(4)

acetone rinsings of the nozzle, probe,
Teflon<E tubing, cyclone and front-half

of the glass-filter holder. For Rumn 3,
at the outlet only, methylene chloride
and benzene rinses were performed in
addition to the acetone on these same
components;

110-mm glass~-fiber filter;

impinger contents and water rinsings of
the back-half of the filter holder,
impingers, and connecting glassware; and,
acetone rinsings of the back-half of the
filter holder, impingers, and the connect-

ing glassware.



s

In the laboratory, the liquid fractions were
measured volumetrically and these fractions were
then placed in beakers. The water fractions were
evaporated to residue at 105C and the particulate
weight determined (ether/chloroform extractions were
not performed on impinger water). The acetone,
methylene chloride, and benzene fractions were
evaporated at room temperature and weighed until
constant., Filters were desiccated at room temperature
for 24-hours and weighed, with at least 6-hours
of desiccation time between weighings, until constant,
All weight determinations ware performed on an analyt-

ical balance having a sensitivity of 0.1 milligrams.

Sulfates were determined from the residues of
each liquid fraction., These residues were brought
up to 100-ml with 80-percent isopropanol, and a
30-ml aliquot was taken from gach. Due to inter-
ferences from the residues of Fraction 3 from Run 1
at the inlet and Fraction 1 from Run 2 at the inlet,
a 5-ml aliquot from the original sample was taken
and brought up to 25-ml with 100-percent isopropanol,
The filters were also combined with 80-percent
isopropanol,

Each of these samples was adjusted with perchloric
acid to a pH of between 2,5 and 4,0, Three to five

drops of thorin indicator were then added and the

- 38 -




solution titrated with standardized barium perchlorate,
The results are reported as sulfuric acid (including
sulfur trioxide), and as percent of the filterable and

total emission rates,

Carbon Monoxide Sampling

A sample of flue-gas was drawn through a stainless
steel probe, Teflon(E tubing, and then through a
particulate and condensate trap containing a glass
wool plug, to a 3-way valve, This valve was used to
divide the gas sample into two streams; one for the
continuous analysis of carbon monoxide and one to
provide an integrated bag sample for the determinations
of benzene content (by GC analysis) and exhaust gas
composifion (by the OQOrsat method).

The gas stream used for carbon monoxide monitoring
was then passed through two modified Greenburg-Smith
impingers, the first containing approximately 250-
grams of silica gel and the second containing approx-

imately 500-grams of Ascaritégl for moisture and carbon

dioxide removal, respectively., Finally, a leak-free
diaphragm pump forced the sample through a needle wvalve

to a rotameter and the Beckman, Model 865 NDIR analyzer.

At the sample interface, a flowrate of approximately

1.5 scfh with a delivery pressure of 10 psig was maintained
for the duration of the continuous sampling. An analog
strip chart recorder was used to record all instrument

outputs. This sampling system is depicted in Figure 5.2.
-39 .
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The daily calibration sequence included passing
a certified standard zero gas (dry nitrogen) and a
certified standard span gas concentration (9900 ppm
carbon monoxide in nitrogen) through the analyzer.
The instrument output was calibrated for the antici-
pated range of 0-10,000 ppm carbon monoxide by adjust-
ment of the zero and gain settings to the appropriate
signal, as indicated on a calibration curve, The
instrument, which operates by the Luft principle as
specified by Reference Method 10, was equipped with
a 4-position wvalve to:allow introduction of sample
gas or any of the required standard calibration gases,
as depicted in Figure 5.2.

The measured CO concentrations were determined
by adjusting the recorded strip chart values with
the factory calibration curve for the 16-mm cell,
which was adjusted to the standard gas concentrations
used in the field. The data was then reduced to one-
minute intervals.

Integrated Bag Sampling (Benzene and Orsat)

An integrated bag sample was withdrawn from the
ESP inlet duct simultaneously with each particulate
sampling run utilizing the train depicted in Figure
5.3 (described previously under Carbon Monoxide
Sampling)., An evacuated saran® bag, especially

treated to reduce permeability, with a volume



of 96-1liters was placed inside an insulated steel

drum, The drum was then gradually evacuated,

filling the Saran@)bag at a controlled flowrate, using
a rotameter and valve assembly,as shown in Figure 5.3.
When the bag was filled, it was removed and transferred
to a field laboratory for immediate gas chromatographic
(GC) analysis for benzene content and later, Orsat
analysis for gaseous composition.

The method used for the determination of benzene
concentrations is in accordance with EPA Method 110,
"Determination of Benzene from Stationary Sources',
delineated in Appendix F-1l, Gas chromatographic
field analyses were performed utilizing an Analytical
Instrument Development (AID) Model 511, portable gas
chromatograph with a flame ionization detector and a
6' x 1/8" stainless steel column packed with 1.75-
percent Bentone and 5-percent SP1200 on 100/120 mesh
Supelcoport. The following operating conditions were
maintained for all analyses: 85C oven, 105C detector,
99C gas sampling loop with 1-ml capacity, and 15-ml/min
zero nitrogen carrier gas. The samples were analyzed
for benzene on the same day they were collected., Peak
areas were measured using a compensating polar plani-
meter. The sample chromatograms had three apparent

peaks, which were completely resolved.
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Following the GC analyses, each integrated bag
sample was analyzed by the Orsat method for carbon
dioxide, oxygen, and carbon monoxide concentrations,
as specified in EPA Method 3. These results were
used to calculate the molecular weight and the percent
excess air of the process gas.

Visible Emissions

Visible emissions from the C battery stack
exhaust were recorded for the duration of each
sample run., The observations were performed in
accordance with EPA Method 9 by a qualified wvisible
emissions observer. A summary of the visible emission

data is presented in Appendix B-4,
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APPENDIX B-1

PARTICULATE TEST DATA SHEETS
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REGULATING AUTHQRITY: (J)5EPA Nozzle (Dia-in): (Avg):
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Record all Data Every ;i Minutes Rate) Final: _<0,08 CFM at < "Hg
. i fi L S 1
Trav- Time Velocitvls Dry Gas Meter ;?zésﬁﬁz Filter I;:f ?ﬁlzg
yi{Stack T (°F) . Box 3
e?se Sam- Pressure| Temp |Volume .mp- D1ff?r- Gas |Static
Point pling Clock ("H,0) (°F) (ft3) ential Temp | Temp j Pressure
No. imin) <& 4 7 [ralet] oytleq (H20) (°F) | (°F)| ("Hg)
v ; =
12| 0 (2048 | 1.5 |\s |Z12H8 o | | 2,05 . o
| 5 N f 4 770 |vwe | 76|70 | 224 | 20 |5 | O
\w@pfb /o %zgi} —7;41\?91J7§? stOHx gSES'Qﬁ%w’ ig§23~
. ———mvw-\_/ LT~ av i en S N /\jﬂ/\g———/v,\,v N e — -
7 /S /.3 72,)'3“ >8%56 |0 |20 2. ) | T3 &S| 2
Blo| |13 |mo | sr.c |98 |90 2./ | 2= i
(71 g | 73 355 | .0 Loz |22 | 2/
¢ | 30 2.3 Ioge| 273 (9o |20 | 2.07 | 290 |es” | 2
S| 25 /.3 795 | 4or3 |96 |90 |2.03 | 235 |7 | Z—
L f | 40 | | 2B | Teo |05t ljoz | F0 [ R4T | 235 (20| 2
| x| 2 [V (950 433 Lo |9 | 97 | 245 || 2
\ (| 53 /0 |qeolan ! re 2% | 163 2_
\ | wo 420.657 —
> ’Qﬁ/'fs'%c; 3. | 00| 5t |F0. | 0. | T8 o
90| 70
- ~—7 7 7
s Al AR ‘
C/B AVERAGE (TOTAL) N4, EV 3\6)@ q‘\?) \.o\(\
A '

Revised 11-78 Clayton Environmental Consultants, Inc.
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SAMPLING TRAIN DATA

S\

Tm
A= 843—% ‘%’;

SOURCE DESIGNATION:

COMPANY : Y ‘\'e G.b.k
U A4

D1 Qe T

~REGULATING AUTHORITY: EPA” Nozzle(Dia-in): (avg) : .2 49
DATE: 1-27-79 Pitot Tube No. 40, Corr.Factor: 4,923
TEST NUMBER: P-Q Meter Box No. R-&,Corr.Factor: J p)/

~—~Field Person(s): fRMk.TVm Meter Isokinetic Factor: {lod
Filter Number: ! ﬂ*‘qc!'f)? Assumed Moisture (%): 13.1\ 9o
Barometric Pressure ('"Hg): D4, 14 Condensate Volume (ml):

—Stack Static Pressure ("H20): - 3.0 Silica Gel Weight Gain(g):

Stack Iimensions: 59, A Actual Moisture (%):

Clayton Environmental Consultants, Inc.

Recors a1l Dare bvery G Mebmae " Rere} Tinals | “BOTLOR 2 Apne
rear-|Time —retociey |seack —2my0as Meter  1PTIESE) Riteer| tan: | rar
poine |54 | crocx[FEagsure| Temp |Volupe | TOnE C) Differ.) Dox cas |stacic
~ oo Fein) z 4 | In}et Q_szflet ("H20) (°F) | (°F)| ("ug)
G2 | 0 lmor | 4.2 |8 123 26[RE TS | .99 &
Tl 1.4 (2955 e | P8 | 207 |20 |2 ]| D
47w L4 | 17°] 31,0 |96 |90 | 206 0
P 1D | o | 245 0 |70 | 207 |ae [t | O
gl R [y | | 388 |1 G | 20l |48 Jen | ©
125 [i2 || A g0 |90 | 1fL [25%5 |¢T ] o
N . [7 170 45 18 [ 199 [2s0 Jeg | ©
5| »> ]4 1514304 | 116 | G0 2./ Q.
4 40 [ 40 Al (1, | oo [94_ 3
S L L2 o] 9% 10 |y |29 7
2 | 50 [2 | 7o5] &3 |iRe iz |03 250 66 | Q
T Q9I5| r2n | coa 12018 |1 <) q
| GO\ 407 146929
=
st
L AVERAGE (TOTAL) ( )| .
RSeTsed 11278



COMPANY:
SOURCE DESIGNATION:
REGULATING AUTHORITY:

DATE:

TEST NUMBER:

Field Person(
Filter Number

SAMPLING TRAIN DATA

Cwpmies iy STeee

TNCET

Z)

2/12702%

P—z

6

JZﬂHZ T/,

Pitot Tube No,
Meter Box No.

Nozzle(Dia-in):

27

4 ,Corr.Factor:_/ 0/(,

(avg): 0.24°

;Corr,Factor: 0,2@5

Meter Tsokinetic Factor:

A-1-0% /=

Barometric Pressure ('"Hg): {26'74

Assumed Moisture (%):
Condensate Volume (ml):

Silica Gel Weight Gain(g): __LB;S_'M

o4
13 1%
o0& 4139 - 20

Stack Static Pressure ("H20): -3,0
Stack Dimensions: $5.4" Actual Moisture (%):
Ambient Temperature (°F): Q& Leak} Initial: Hp¢7 CFM at /Z "Hg
Record all Data Every " Minutes Rate) Final: _ 9.0/ CFM at /S "Hg
me rifice Last |Samplin
Trav. Ti Velocity|stack Dry GasTMeter° ;;essure Filter Impf Tgiéi
€*S€) sam- Pressure| Temp |Volume emp. (°F) |Differ- Box Gas |Static
Point pling Clock ("H,0) (°F) (ft3) ential Timp Temp | Pressure
No. (min) - 2 InEFt,QPtlet ("H20) (°F) | (°F)| ("Hg)
G o [ 5107) .90 [705 Heasve| 99 | 95 | 4147|290 9
/2 | 5 |\ D | LB A5 4987200 /S
1ol s ] ad |06 M7 0 | M| LS N
NI et g e B =~ = = ——
e | 50, | (P b IR 9 194 A4t 295 | T0 | ©
/B o 9.3 |70 vy |98 |99 /.93 o
10 | 1% 7.2 | 700| e3lptl9e |7.79 |245 |70 | O
9 |20 /L | 5| &40 ljo |98 287 |25S |61 O
& |1< /.2 | 28| 818 |4 |reo | )88 o
7 %0 [ 7225 Q1.6 |y lrwo |4 70 2SO0 |6/ | O
G | 25 [ 70| 95.2 )20 | /02 | 2.00 O =
£ 140 |y | AT o~ 776 /5"
et 4207|1622\ | Ye-|amage 110 Lt £ebelg | 02 | |
3yb 6 GO REYLA 2 i At 208 | O
4 145 1.l 720 | 894 |02 | o2 | 172
3 |40 012 |10 | ne | | | 122
2 |95 0N® |0 w0 et ez | P O
40 {1143 5i3.24 M}M <0.01 2%
avnl J v
AVERAGE (TOTAL) lﬁ)n, (,ﬂ‘x”)\\%) '\‘0'\\? Q\\;}\ \\%\X
i ot SO clotrr 4P T, B eve. SO «T THAT
¥ Hoded oA | thon had b mrove U =2 W7 e soRY 45T
Revised 11-78 ' Clayton Environmental Consultants, Inc.
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Company:

SAMPLING TRAIN DATA

Ton H
2.26 =

Date:

Test Number:
Field Person:
Filter Number:

ﬁW"ﬂf iy STEC(

Source Designation:

2/18779

,9-

/?mz TVm

A-139-01
Barometric Pressure ("Hg): Z%- é)
Stack Static Pressure ("H,0): -"3),0'7’7'

Stack Dimensions:

574

Plume Appearance:

Filter Heater Setting:
Probe Heater Setting:

Nozzle Number: sDia. (in.): 0.249
Pitot Tube No. ﬁCorr.Factor: Q,Zzg

Meter Box No. 4 ‘,Corr.Factor:‘[ ZW@Z

Meter Isokinetic Factor:
Assumed Moisture(%Z): /3

Condensate Volume(ml):

-

—

Ambient Temperature(°F): GF) silica Gel Weight Gain(g):
Record all Data Every s Minutes Lea Rate <@/ CFM at __ )35 "Hg
E;"‘S‘;' Time  Nelocity|stack| DIy Gas Meter I?rrelsfslucreeFiBlotxerI:x:'.:Sa';nrpaliinng
rotnt T L crocn Cnsty | GRS | ey [eme O [Tt | iy fass ] stacte
;m':(min) ”5 i Inl;etoufg_%m (C°F) ("Hg)
12 | o |38 22 |7« |s8557 85 |5 265 o
K /F 7% 1.2 |90 |86 | 2.1/ | 20185 O
/0 | /0 [E 730 | 2.2 |95 |86 | 2.079 |z60 |25 ©

9 |5 (4 | 755 257 o0l |z.s0 |zi0|87] o

8 |z2c (-2 | 0695 29.4 |/03|90 | 170 |zso|82| O
7 |28 [/ |02 | 328 6|92 | 174 |z80|82] O

G | 2© (27 |5 | %S |po |95 | 188 | 2ssise] O

5 | 35 /.2 | 730 40.3 |0 |95 | /.86 |z40|82) o

4 |40 [l |0 | ] 0|97 | 169 |20 |82] ©

5 45 /2 1750 | 477 0198 | 183 |z05189] ©
7 |50 12 1695\ srs |pzlwo| 2.09 | zg0lgz| 2z

| |53 | A7 [/ 705 | 853 |\ yslwe |1.76 | ;50182 =2

60 | o 559249
Joahelack %WCW
0,012 |/ 1974y
AVERAGE (TOTAL) e )
Ps 1195, 9h6 725 Clayton Environmental Consultants, Inc.";,‘ )

——TY .

i'”ﬂ?




- AP
% , : SAMPLING TRAIN DATA

P

Company: &RAWATG Ci7VP_STee ¢
source Designation; Rurr spar ¢ j/\/LEr

Date: 7/28/79 Filter Heater Setting:

Test Number: ﬂ"b Probe Heater Setting:

Field Person: KmMEL TV Nozzle Number: ,Dia. (in.): O.249
Filter Number: S A-159-02 Pitot Tube No.ﬁ_O,Corr.Factor:

Barometric Pressure (YHg): 29-[5 Meter Box No. ﬁ ,Corr.Factor:
stack Static Pressure ("H,0): -3 .0 Meter Isokinetic Factor:

stack Dimensions: 57,4" Assumed Moisture (Z):

Plume Appearance: Condensate Volume(ml): §p + 244 3

Ambient Temperature(°F): QO Silica Gel Weight Gain(g‘)yz 3%53 :
Recoxrd all Data Every < Minutes Leak Rate WOQ/.;? CFM at /- "He

Orifice LLast|Sampli
Terrasve-— Time Velocity|Stack Dry Gas Meter Pres_sureFiBlotxerImp.S 'If‘nrpailnng
Pointsamp— Prﬁssure Tsmp Volume Temp (°F) Diff’er- Temp Gas| Static
No. ling|Clock| ("H50) (°F) (ft:3) ential (°F) Temp{Pressure
(min) : Inletfoutlet (l}lzto) (°F) ("Hg) I

WS | 0 s | e | 45| 55946390 |90 | 165 (290 |®B| Z
3 .2 || ese |95 |92 | 2.03 | 245 > |
/0 4 | 708l 469 |78 |92 | 2./9 |225 (85| T |
/3’ /> y/>3 20,9 |02 |92 | 2.02 295179 | 72 '
20 5, Lg%0| 78 |,es|ler | 170 | 29082 2 |

o5 || 14| 750 s78emdes o |17 |50 242

20 g0l 1./ | P 5o |wo 00| 106 “or !

23
Ay
SN W R g e N (@ oIS R

F2] X eS| ys.] |2/l LGes 235 (8L o4 I
40 | /1.7 |702| &4 |po|w2 |/ 6 |250|82] o
45 N s Vel 5.0 e lpor| /75 |2#s 82| o« |
so| - |og5 | 725| %8 |8 |ro#| )30 |2S° |83 »
ss | 1073 | 735 o3 |ugles |45 I
2y,  1003:335 |
|
B
- P v, /
AVERAGE (TOTAL)  |o-" ("'_{\\“‘C\))I\Q‘X\{/) iX(qiv \\O“,\’ I

Clayton Environmental Consultants, Inc.
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COMPANY:

SAMPLING TRAIN DATA

Oranche 0ok Sdo 0

o

Am -

3&77

SOURCE DESIGNATION: __ U Qule¥ A& </
~REGULATING AUTHORITY: s, EPfR Nozzle(Dia-in): J}?wm“g),mg

DATE: 1-3 -39 Pitot Tube No, sCorr.Factor: ¢.%¥27

TEST NUMBER: fF—1 AAZdZ!/L Meter Box No. EJ\_,Corr.Factor:_()._‘ii
~Field Person(s): UL 4C4HS rv Meter Tsokinetic Factor: i1 9

Filter Number: A-199-01p Assumed Moisture (%): q Ao

Barometric Pressure ("Hg): é)q, L% Condensate Volume (ml):
~Stack Static Pressure ("H20): — .5 Silica Gel Weight Gain(g):

Stack Dimensions: 59.5 D Actual Moisture (%) :

Ambient Temperature (°F): K5 Leak) Initjal: CFM at "Hg
"Record all Data Every Minutes Rate 'FinaI: CFM at 7 "Hg
‘JTraV- fime . Dry Gas Meter ;?:ﬁitfz Filter ?::t S?&ﬁﬁf

Perse Sam- gié:::iz %iiif Volume Temp. (°F) |Dpiffer- ?ox Gas' Static

oint Clock| /n ° 3 ntial em m ess
Fram prans | eroeif )| GRS [P ] eniat | Temp | ooy pecrn
Dezol © 5171 | 57| 92011288 | o0 | 289 £LA0

o9 3 530 | [ 2o |40 lgaocioljoal 1es | 3.8 | 22 150 | 22
18] 6 11522 | 20 |¢yolld3.ys9/a%| /0D | 3 a0 | 2.0

o3| 9 11536] (eS| gqel9ante 13l ron | 3.0 |azs |70 | 2o
TVELLl 12 (539 [ (Yo 92945 (F| 0 | 30y 2.0

51 /T Ws3a LY 14v BR300 s02 |2 | 320 | 25t 2o
V- IR 15351 15 |G do Gacamne |13 | 2.5¢ 2.0
V3R] 11538 [0 5 | 6Yo Geps8sd on | sy | O 97— Z.0

E&¢222P; ZQ%Zthgﬂgcﬂf 93? [€R. ,,ﬁz/ //ﬂ;;/, ;Lé?B

a2y by | 1Y 1635174005l (1a] (0 4] AL, 8.0
27 sBo| [ Y |e259y5003,,8 ) 104 | 206 S0

|52 1553 )il | 25|9Y5455T (K o4 | 3.06 |Q30 |7a|§ s
L8133 Usse| [ 6 1435494923550 jod | 3,094 2724 3,5

B 56 s 5 Nsasio |

D30 ol | [ ¢ |62R|Yeisolo% |10a [3.0% /80 |74 |D.5
78139 1@ | [ 557|635 95114 |1 |29

el dalicial v lessigsaordie] of ] 290 g.s
I "' AVERAGE (TOTAL) ( )]104 ezl 44 o

Revised 11-78

Clayton Environmental Consultants, Inc.
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COMPANY:

.

SAMPLING TRAIN DATA

SOURCE DESIGNATION: o UL A S P
REGULATING AUTHORITY: WU.5S. /A4 Nozzle(Dia-in):py) 0. 208 Dayi(AvE) :Usdg§
DATE: 7—(—;,@/7‘% Pitot Tube No.Q| ,Corr.Factor:
TEST NUMBER: P-1 ,ﬂb >£Z q' Meter Box No.p-j ,Corr.Factor:
Field Person(s): 71/%@/L§ Meter TIsokinetic Factor: /LD
Filter Number: A L1499 -06 Assumed Moisture (%): L
Barometric Pressure ("Hg): ?ﬁ,ﬁ;g Condensate Volume (ml): N
Stack Static Pressure ("H20): 2.9 Silica Gel Weight Gain(g):
Stack Dimensions: 59, 541D Actual Moisture (%):
Ambient Temperature (°F): <gﬁr’ Leak) Initial: & of CFM at "Hg
Record all Data Hvery 2 Minutes Rate ) Final: CFM at "Hg

Y ¢ /“{M%

Tinle Orifice Last |Sampling

Trav- Velocity|Stack Dry Gas Metei Pressure| Filter)Imp,| Train
ere Sam- Pressure} Temp |[Volume jemp.( F) Differ- Box Gas Static
Point pling Clock ("HZO) (°F) (ft3) ential Temp | Temp |Pressure
Nor Ttain) | fintet| outied ("u20) | CF) | °F)| ("He)
. /] J i T
/- 81 ous) lers | | H | 43 PIs? | 120 10y | 2 %0 |o90 |24 |R.S
vl 48 el | L H | ¢2519h2F0 e ) od | 27 8.8

s g jeax| . > |¢20]96559)00 164 | 2:33 | 230 |7f] 8.0

A s ligas| 12 |L]8[esaeol ar] (oY | 25 8.5

= . ! .
s liLag| 0 35 U3s19209 )21 | josT] 174 |2so |29 2.5
Lo W3l 173.28%
AVERAGE (TOTAL) ( )|a200 }05% 51\

Revised

11

-78

Clavton Environmental Consultants, Inc.
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COMPANY :

SAMPLING TRAIN DATA

rande CZ Sloof

SOURCE DESIGNATION: ’f{aﬁ@f;zgsﬁ
~REGULATING AUTHORITY: S. FFAA Nozzle(Dia-1in) 024709 » n3(Ave): 234
T Sy racrar otar sox Mo GIET corr. Tacens
~¥ield Person(s): _ 192 gAMq Meter TIsokinetic Factor: (a9
Filter Number: A-199-0G Assumed Moisture (%): q’ 7
Barometric Pressure ("Hg): 27 ¢% Condensate Volume (ml): '
“Stack Static Pressure ("H20): L 2.5 Silica Gel Weight Gain(g):
Stack Dimensions: 59, 5 7T Actual Moisture (%):
et et very | Kets} A — T
| lecor Z/(a; &V Z:a/-j:r%f__i__ Minutes g
Point | 52m~ | 010 [Pressure | Temp |volyne | Temp. C°F) PLifer- | Memp |S23 |staric
L No. ‘E;iﬁ% ("H20) ;.:o);f%)a (Fe5) |Inlet] outley ("H20) (°F) _(°;u)) ,\("H:;e
M= U60_Doss| p.ax |brTarnSallgr [9C | 1.90 | 230 |27 Ds
L 263 s jy Ly  |420|7725F568 |5 | 204 2.9
lee3leelapas] 102 420 978320 ) | &7 | 44> | 230 |6R| 2.5~
4169 1ol | 135 4209695 |28 | 2.5/ Zs |
sl 72 2] | Y ¢ do 1983351002 |85 | 2,59 3. 57
o 25 PR 1 [ asl95998 pl 8 2] h o |2so s 12w
e 2Y 121051 a7 | 630]|%%.6¢q 2518¢ | & F6 2 ST
- 8|8 (1228 4 | 63571919149 3|S6 | .59 2S5
N34 3| (45 6351999019 2 |50 | 269 257
M0 F PTG LS | 633 GRAEIIE 186 | 295 | 270 l7e | 2
L- 1170 {23 [,55| 62569%¢0l53 8¢ | 250 26 S~
T3 12200 1.5 | 635 imandgH 8L | 295 s
L=l 96 128(9] (| €40 S0t /00 |B7 | 2.59 J.o
£= 14199 12332 [.{ 635002 3% loa|9¥ | 2.9% S5~
A 18R |25 [P 1632 llojopoo|loq |89 | 3.7 RS
£ 1081223 | [ 6 | gzolsscosior|Te | 2o 9.5~
e MieF |3 1.35 | 62065902190 | 348 | 250 |70
L AVERAGE (TOTAL) ' '-)f’)‘\f’)O % 00,9
Revised 11-78 ‘?;’ Cla'y>ton Environmental -Corisultantsg' Inc. *




SAMPLING TRAIN DATA

. v

COMPANY:
SOURCE DESIGNATION: oA A £ES P
REGULATING AUTHORITY: (. S, % Nozzle(Dia-1in): 243 245 oy4(Avg):_Q¥3
DATE: ?7/9-(,/’}(? : Pitot Tube No. .J.!,Corr.Factor:
TEST NUMBER: - 1{% Qzﬁﬁé Meter Box No.fe) ,Corr.Factor:
Field Person(s): 'ﬂP GCws Meter TIsokinetic Factor: /67
Filter Number: 4— a9 -06 Assumed Moisture (%): A «
Barometric Pressure ('"Hg): 2%, 6% Condensate Volume (ml): JAQ | 1% (-2
Stack Static Pressure ('"H20): /-Q,S/' Silica Gel Weight Gain(g): Ei3=§
Stack Dimensions: 59 s I Actual Moisture (%): B
Ambient Temperature (°F): ;Lg Leak) Initial: CFM at "Hg
Record all Data Every L Minutes Rate) Final: H O/2 CFM at [Os"Hg
Ti Orifice Last |Sampling
Trav- ~oe Dry Gas Meter Pressure| Filter) Imp,| Train
Velocity|Stack T (°F) Box .
e¥se Sam- Pressure| Temp |Volume . €mPp. Differ- Gas |Static
Point pling Clock ("H,0) (°F) (ft3) ential Temp Temp | Pressure
No. ¢} 2 lInlet] Outlet ("H20) (°F) (°F) ("Hg)
(min) _
p-pl el 12234 [ 35 |63 llosw (109 2/ 3.4¥ | 250 |20 7.0
dify 41025 |8 S loasasliie |9/ 3. 39 7.
H=20 y FH0l | b20 S0 11 | 92 | .05 |
(205545 1023324
foeBEy
v - v V4 ]
AVERAGE (TOTAL X N a
aomsn) |l v 0 0u949.3] 29

Revised 11-78

r

Clayton Environmental Consultants, Inc.
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COMPANY:

SOURCE DESIGNATION

SAMPLING TRAIN DATA

MLL? fTS/O

~REGULATING AUTHORITY : U.C, T Nozzle(Dia-1n): ¢y ¢ (avg): 248
DATE : /22725 Pitot Tube No.Q| ,Corr.Factor:Je$F]
WTEST NUMBER: P—). A5 /ﬂ7 ¥ ‘Meter Box No._g;L,Corr.Factor:%
o Assumed Notstare (hos —&RT—
Barometric Pressure ("Hg): 2G >4 _ Condensate Volume (ml): GIrt3 A
TStack Static Pressure ("H20): —2. 5 Silica Gel Weight Gain(g): 32,5
Stack Dimensions: G 5 Actual Moisture (%): ,
“Record ail bate Fvery BT GrmEie Rate} Fingis | QT et S
T ' v 4"’153"?& £ Last | Sampli
Point | 58m= | o1 oo [Pressure | Temp |volupe | Teme: C°F) PLffer-| Dox |Gas |stacic
o Eii:% | (@ O (e |Inlet| Outley ("H20) CF) | (o5 ("Snge
Hol 0 173291 1,2 |Lastompadr |97 |2¢4 | 29D (S0 <20
H-2 ,B Blo | |l |60 |0334w| 9 ?? 27 Q. ol
AHD O 33| LB | z0p3538Y 94 (90 (22 £2.9
#-4] ¢ Lsie| 4 |90 HSH a9 |0 |20 A
4812 herg | LY eas1gisig 77 90| 9,49 42 ¢
Gl 19 Y321 (.S | ESsPBaasTIcn] @0 | 9.8) 43,0
#e A S 5ST L5 | €25 TS/ foylzy | 292 1060 |70 |ea0
B A Ry [\ R | 630|yssasiios] 92 | 2.9 22.0
9124 133/ | & | €30|S2950)/06 | 72 |R 83 2.0
“HoJol 711339 [ A | 630185 ool ox 73 | 5.22 |25 65 Ta. ©
# U130 )33 ) P~| e30[58.000 )10 | 7¢ | 2 53 2. O
-2l 8311390\ | 65 | eoeDovs\ye 195 | 3. /2 2.0
L33 1343] [,so | 5163985109 | 99 | 2.8% 250 |65]9. 0
A 371396| [ |635)i6.360],08 | 95| Ras 2.0
s &lzya] ) . (35T 6lolloe | 95 | 3 00| ¢ 2.0
o] 451753 135 | (5072 520/00 | 55 | ZuS ] 2o |
(7t B1/35ST (0] ¢z0|35.5%|06] 95 | 20, 2.5
AVERAGE (TOTAL) ( )
11  Clavton Emirénmental Consultants, Inc.

Revised

-78




) . SAMPLING TRAIN DATA

COMPANY : W Czk_SZ:{
SOURCE DESIGNATION: Ao 7 ES/

REGULATING AUTHORITY: 178 60# Nozzle(Dia-in): (Avg):ayy
DATE: 2722 /(3= Pitot Tube No.22/ ,Corr,Factor:
TEST NUMBER: fl- /l? 3w5(“/ Meter Box No. sCorr,Factor:
Field Person(s): 7L 6—1‘7_3 Meter TIsokinetic Factor: e 4
Filter Number: A—-1G59-0 2 Assumed Moisture (%): g
Barometric Pressure ("Hg): 29, ?L/ Condensate Volume (ml): 7‘%9,2:;/7_97
Stack Static Pressure ("H20): - 2.5 Silica Gel Weight Gain(g): 352,1 '
Stack Dimensions: S9.¢ 7D Actual Moisture (%):
Ambient Temperature (°F): 7S Leak) Initial: /Qpel CFM at (™ "Hg
Record all Data Every Minutes Rate) Final: =~~~ CFM at __ "Hg
: 7 /z
Time : Orifice Last |Sampling
Trav- Velocity|stack Dry Gas Meter Pressure| Filter|Imp,| Train
erse Y Temp. (°F) |Differ- Box Gas |Static
Poi ¢ | Sam- Pressure| Temp |[Volume : - T 1
oin pling Clock ("H,0) (°F) (ft3) ential ?mP Temp | Pressure
No. lInlet| outleq ("H20) (°F) } (°F)| ("Hg)
(min)
' 1 ’ } - N
8| 81 |i3s8| (25 |63 [ PB.3sSlloc | 94 |3 29 | 2YS |66 |2-8
- .
gl sdli40)| e |£3c|30m 03| 74 | Spa 2.0
{ l I’
tacl e mod| [ |Ca18.9300103 | Ty | 308 2.0
Lo | (40 $7A85
'“‘
AVERAGE (TOTAL) ( )

\\kVised 11-78 Hes, Clayton Environmental Consultants, Inc.
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SAMPLING TRAIN DATA

" COMPANY: M (/pz(: Sl Wc{:ﬁjjﬂe‘&

SOURCE DESIGNATION: 0, Tl 4o £5 P

~REGULATING AUTHORITY: U, s LA Nozzle(Dia-in): (Avg): > Y¥§
DATE: 7%5&}#}? Pitot Tube No.&g s Corr,Factor:
TEST NUMBER: /-2 25 2 44 Meter Box No. Mei,Corr.Factor:
~Field Person(s): T\ld GRS Meter TIsokinetic Factor: /7. 29
Filter Number: d—199-02 Assumed Moisture (%): @
Barometric Pressure ('Hg): 9. > Condensate Volume (ml): 95292 :{/7{}
"Stack Static Pressure ("H20): - R Silica Gel Weight Gain(g): 32,9
Stack Dimensions: 5 9. S—t(’Z,’) Actual Moisture (%):
Ambient Temperature (°F): ;Fs“ Leak Initial:*iléﬂ>2§CFM at "Hg
"Record all Data Every 3 Minutes Rate) Final: _____ CFM at —__ "Hg
o gk
7/
Time Orifice Last | Sampling
‘[Trav- . Dry Gas Meter Pressure| Filter|Imp,| Train
Velocity|Stack T (°F) Box .
ere Sam- Pressure| Temp |{Volume . &mP- Differ- ° Gas |Static
Point pling Clock ("H 0) (°F) (ft3) ential Tsmp TemP Pressure
No. finin 2 [Inlet] outled ("H20) CE) 1 ¢F)] ("He)

- 1160 |isoq |d|boe|sz85/| 95|85 | 2.L) [ 2as]80] 2.0
V2262 (510 [ C|p2519p.435T57 | & | 298
I PANE 93,282 Judr etk 2o )
1_1/_&%1540 L& |620|9232] 06 | 957 3,97 73
U=t 6T Usye] ) s 162519609 59 | 94 | 224 | 250 |eol s
W-5|22 56| [ & 1625198309259 | 2.90 | 2.5

V-b) FssH9 /,L? 62010535175 | 98 | 6% | 290 |59 | 2.5
Ve 73552l )Y | a0\ iptiss[ 96| 9571 2.7 2.3
¥-3|8 [ 1559 /,7 625 1pb- 940 98| B | A3 2,57
-3 /58] 103 (625 1p2. 9050 | $C | 2 4f| 340 |4 | 3.5
Woa0l82 ljeot| 4 o5 |6as]iia,zs0] 00| SG | 2035 28
V-1]90 | oot ] 1,65 | Caslit 490! or 3L | 292 3.0
W-12 93 l1eoF| (¢ | 6251112375 (0] 57 o2 | 2% |ecl|3.0],
=131 96 1610 | [.55 ¢ 25]1/20.524 jo3 QR | 2. 92 -

ly-r1199 lteiz] | ¢ S

Y-Sl lleie] [ 45 casliae. ol |99 | 2.2€ ,.
Wil 1051550 |45 62s123.93] 94| 90 | 26e| 228 |20l

AVERAGE (TOTAL) ( )

3
=
6 351123.330] 03] 3% | 2,83 13
3
1
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¢ ok SAMPLING TRAIN DATA

COMPANY : W C . STl

SOURCE DESIGNATION: ] ottt s S7
REGULATING AUTHORITY: /(.S FA4 Nozzle(Dia-in): (Avg): 248
DATE: 2722/39 . Pitot Tube No. 3 ,Corr.Factor:
TEST NUMBER: L= Wl QQKW' Meter Box No.gsC (,Corr.Factor:
Field Person(s): ﬂ/ é/hs Meter TIsokinetic Factor: /o F7
Filter Number: ﬁL—l€?-oal Assumed Moisture (%): TS = f
Barometric Pressure ('"Hg): ol A Condensate Volume (ml): ;32+3=-27 7/ I¢
Stack Static Pressure ("H20): - 2.5 Silica Gel Weight Gain(g): .33;2
Stack Dimensions: S, TID Actual Moisture (%):
Ambient Temperature (°F): P35 Leak) Initial:<opp2g5 CFM at /5 "Hg
Record all Data Every 2 Minutes Rate) Final: £0 0oaSCFM at _gp "Hg
M@{ﬁm}r‘—
Ti Orifice Last | Sampli
Trav- me Velocity|Stack Dry Gas Meter Presslure Filter Im}S). TLP]:;.IE
rse Temp. (°F) |Differ- Box Gas [Static
e ‘Sam- Pressure| Temp |Volume emp t
Point Clock| /n 0 3 ential Temp | Temp ] Pressurel
pling ("H,0) (°F) | (ft7) o
No. |inlet] outieq ("H20) (°F) | (°F)| ("Hg)
(min)
'y /—— s}
Va8 ins711.35 |620|/3/535185| 8Y | 2.5/ So
J-18] 11l {700 Lo |Grolpulius|S2 |89 | 2R¢| 245770 d.0
V(g (1% 1303] |25 | 575Y%.7%|92 |89 | PO 3.0
o] | F| (700 B,78 |H425|i137430l9y | 8Y | [ 2.5~
120 (709 1#]. 603

. . . , v v
AVERAGE (TOTAL) _,‘».;0,9 (:«-x",,'}!)% AR ﬁ)\\\f N

Revised 11-78 Clayton Environmental Consultants, Inc. )
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T COMPANY

SOURCE DESIGNATION: V7 G A ;)
_REGULATING AUTHORITY : 1. < EPA Nozzle(Dia-1in): (Avg): 2yg
Pz 7ao

DATE :

SAMPLING TRAIN DATA

-

TEST NUMBER:
-Fleld Person(s):

Z- 3 ﬂg T K
7?1,0 s’ %

Pitot Tube No, 2f ,Corr,Factor:
Meter Box No,

sCorr,Factor:

Meter Tsokinetic Factor: 2L 27

Filter Number: «4‘*199-(74 Assumed Moisture (%): Q
Barometric Pressure ("Hg): ;)9,425’ Condensate Volume (ml): ’
~8tack Static Pressure ("H20): —_,3 Silica Gel Weight Gain(g):
Stack Dimensions: S9. 87 7D Actual Moisture (%):
Ambient Temperature (°F): 2> Leak) Initial: _Apf¢. CFM at /S "Hg
“Record all Data Every Minutes Rate}'Final: <« 0.0025 CFM at 3 '"Hg

\ il /&/’ Aebeghos o folond

Time r as Meter Orifice Last Sampling
”1T::Z; Velocity|Stack 2y 8 T:;;:(°F) ﬁ;f;;“re F;iier émP Szri?n
! point | S2m- ock Prﬁssure Tsmp Volume . . on ;:‘ Tem :: r:;;;;
L No. ‘E,ﬁfff o (203 | °F) (fts)_Inlet Outled ("1{'2:0)1 (°FI)> 'I(‘°F§<P("Hg)
P=Ll° Daspl |5 |620lsagalio)| /20] 257 | 250 | 57 l2no
(Al 5 11233] [aC5635 uguzolloY]| 10| 3,5 | £2.0
W-3] & 1/23C (46 |(25 ISLIST iR 1 )oa | 308 | 23 lgo leao
VoL 9 1539 & 14a5hsvamlid 1, 5| 2.90 42,0
WS ava| )8 |easTliggsolie | oy | 287 £2.0
V-] |5 (345 [4$ |630 ls9.8a5 )10, L 109 | 238 £2.0
V=213 [aqB] [¢s L2 )LALISY G L0 | 378 £2. 0
V-3 2 RSE[] (5 (630 [frs S0l /i & 05| 2.88 £2.0
2= 1 2F sy ).o5 1630 |/493%0| (18] Jos| 2,90 | 2¢n |52 2.0
Wagl 2% [as2] (25| 6251 1s1 g 4] 243 <2.0
Welll 30 1geo | (o8 | 635 73.7%0 48 | j02| 292 A2.0
VI 3311303 55625 iz 50|19 | j03 | 3.0a £3.0
W13 3¢ 1/306] 1 551625159119 (107 | 302 | 2¢o |30 | oo
V-4 3910509 J5 |6257)183,550]19 07| 29, - 2 o
voIS] YA liagal (o5 |6asysssio|1i8 02| 2.92 X
Ll 45 1izi5) | [6251i88,4651)09 |/08 | 2.33 L0
VIZ 4R B8] (o 162519051120 rog | 223 | 2¢o 128 |<a.0
L AVERAGE (TOTAL) ( ) - \,\w‘g: \‘{‘\c*"\. |
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SAMPLING TRAIN DATA

COMPANY: ity Cte Tocl (prende cto, MU,
SOURCE DESIGNATION: . (ML L FS
REGULATING AUTHORITY: /.S £/4 Nozzle(Dia-in): (Avg): 248
DATE: ?‘/}3/%‘7 _ Pitot Tube No. 2( ,Corr,.Factor:
TEST NUMBER: p‘3 ﬂ‘/}'f }ﬂ[)/}f Meter Box No.fe( ,Corr.Factor:
Field Person(s): TI9P 6MS Meter Tsokinetic Factor: 1659
Filter Number: /?*/?7“197 Assumed Moisture (%): A )
Barometric Pressure ("Hg): 21%4]55/ Condensate Volume (ml):
Stack Static Pressure ('"H20): — 2.5 Silica Gel Weight Gain(g):
Stack Dimensions: 59 s Actual Moisture (%):
Ambient Temperature (°F): Lo Leak) Initial: ©,p7( CFM at _ /5 "Hg
Record all ;ﬁt Ev ;y 2 Minutes Rate | Final: «@.og) CFM at _7 '"Hg
Via)
Ti Orifice Last |Sampling
Trav- e Veloci Dry Gas Meter Pressure| Filter| Imp,| Train
rse elocity]Stack Temp. (°F) |[Diff Box |Gas |Static
er -Sam- Pressure| Temp |Volume : : er- S i
Point pling Clock ("H 0) (°F) (ft3) ) ential Temp Temp Pressure
Mo« Ttmin) 2 |Inlet] Outlet ("H20) (°F) | (°F)| ("Hg)
V-13] 81 11221 | [ S |6a57a39951120] 108 | 26T3 2.0
V-1 €4liz2y] (1 (625968251121 | 108 | 28 | 255 | 7€ | 220
V-0l §A132H Lo | S840l i2l] /o7 | Qo3 <20
(011330 20}, 939
AVERAGE (TOTAL) ( )
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T COMPANY:

DATE:

SAMPLING TRAIN DATA

TEST NUMBER:

Fleld Person(s):

(2o o ool
SOURCE DESIGNATION: DTl 7o &S~
_REGULATING AUTHORITY: U. S ELH Nozzle(Dia-in): (avg): 2¢¥
?/}8/9—? : Pitot Tube No.,py ,Corr.Factor:
£-3 ﬁj 3({//? ¢ Meter Box No.J ( ,Corr.Factor:
I/ 8,‘15 Meter Tsokinetic Factor: [P
Number: 4199 09 Assumed Moisture (%): T

Filter

Revised

11-78

Barometric Pressure ("Hg): 2945 Condensate Volume (ml):
~Stack Static Pressure ("H20): -~ 2.5 Silica Gel Weight Gain(g):

Stack Dimensions: 5.5 '"7D Actual Moisture (%):
e e Y B LY e cas T G
lpray.|  Time Ve toctey|seack | il Cas Meter Pressure| Filter|yan: Saé“ﬂ{’ﬁ
Poine | S0 | ooy [Pigesure| Temp [Volype | Tomn. C'F) Ipisfer-| Box |Gas |stacte
- Ne. ?iiﬁ? ( Hzo?/ ) (:;s) _|Inlet) outled ("H20 (°F) (°F§ ("Hg)
#1168 11615 | EBE5 | 50 | 96| 7¢ gﬁ» 24| 8¢ | 220
NS AV AN 20120102199 | 2, 14 29

fo 3 LG1I6AI] [ Y Jboe 20235105 |98 | 2e% | 295 | 5y 2.0
L 6T 1063¢ ] (Y5 |625m 05502 | 98 | 2. 8O <20
H#=51F21/622] [ S 1622 3a8¢i)i0 | 97 | 338 | 235|p0]<2.0
b-Cl 7S 163 | [,35|625RI5220 1102 joo 240 £2.0
M- DB 1La3] [ 2 |as i9sos| ydliof | 2.c/ AR 0
H-813( |/636] |, 2514201200234 | 0 o 242 42,0

H-9124 /637 [as~ 40?0,293572:: /151 /03| 2.43 {297 |22 |43.0
W10 22yl Lo |6aolRksiiiz |0y ] gy | £2. 0

F-11190 YeusT| |4 |625 |Raqasdy 7 |ro=—] 3 22 42.0
T4 J¥ 9% e ?;0 L3 14251232.069 po2l0s | Q50 | 275 | 8¢|s3,0
1o13 D | 03] ) 25" IC o523 750] 109 | 106 | 3,4y £2.0

(8 9] (34 [ |25 R374e0| 113 |70 ¢ | 2 32 =20
Leaaslioal 2191 15 [6as avpessi i o7 1272 | 250 [oe 2.

t-16) 05 ga0ff &35 Rya0l 19 | jog | 3,72 2.8
Y- 108112351165 (63545330 12/ | 103 3,93 2.0
Lk AVERAGE (TOTAL) ( )

Clavton Environmental Consultants, Inc.




COMPANY:

SAMPLING TRAIN DATA

(s <Pl

DATE:

TEST NUMBER:

Filter Number:

SOURCE DESIGNATION: Ot o Es A
REGULATING AUTHORITY: A-S. EPA Nozzle (Dia-in): (Avg): QUE
?‘/28/’}7 Pitot Tube No.p{ ,Corr,Factor:
£L-3 2N ‘w/d?)\f Meter Box Nogge | ,Corr,Factor:
Field Person(s): TP G ~S Meter Isokinetic Factor: (G239
/%-—|q67—oq Assumed Moisture (%): Q
Barometric Pressure ('"Hg): Y, L s Condensate Volume (ml):

+
(g): J9.5

Stack Static Pressure ('"H20): ~2.45 Silica Gel Weight Gain
Stack Dimensions: 59 $7D Actual Moisture (%):
Ambient Temperature (°F): /&Déf - ) Leak) Initial: CZalﬁ CFM at _J £ "Hg
Record all Data Every 4 Minutes Rate§ Final: _ @.po3 CFM at _& S'Hg
Orifi Last |S i
Trav- Time . Dry Gas Meter P;:;;ﬁiz Filter I:S. ?¥§T§
Velocity|Stack T oF B p .
€rsel sam- Pressure| Temp |Volume emp. (°F) |Differ- o%x }Gas |Static
Point Clock| ,n ° 3 ential Temp | Temp)}Pressure
pling ("H,0) (°F) | (£t7) °
No. (min) |Inlet| Outled ("H20) (°F) [ (°F)| ("Hg)
— I . W] puang T4
H-8l 101 (1728 (4 |65 |a¥839511a3 | o9 | 279 | D3| B2 1420
-1 Wil (03 |Gas 5lsip 29| (10 | 255 2.0
Hovill? (734 |.U 1590 hst.solad| yr | R34 |25 | 25| 20
[20 |/ 737 D5 2327
v v . <
-\,vﬁ AVERAGE (TOTAL) 0 1 qz} ( (\\\\\(‘.0\3 \\\’_\‘\\} r\x)\}\ N ‘) :\;,- “
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APPENDIX B-2

SAMPLING SUMMARY DATA
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APPENDIX B-4

SUMMARY OF VISIBLE EMISSIONS




SUMMARY OF VIS
Run

-.Date: 7/26/79
Type of Discharge: Exhaust stack
Height of Point of Discharge:159 f¢

IBLE EMISSIONS
1

Type of Plant: Coke plant
Location of Discharge:Battery C

Description of Sky: Mostly cloudy

Wind Direction: Southwest Wind Velocity: 0-5 mph
“Color of Plume: Black Detached Plume: No
Observer's Name: D. Opthoff Duration of Observation: » hrs, 31 min,
Distance from Observer to Discharge Point: 200 ft
~Direction of Observer from Discharge Point: South
Height of Observation Point: Ground Level
Description of Background: Mostly cloudy sky
S UMMARY OF A VERAGE OPACITY
B Time Opacit Time Opacit
Set £ 3 Set £ 4
Number [Start End Sum Average {[Number [Start End Sum Average
1 1515 1520 190 8 21 2020 2025 570 24
2 1521 1526 190 8 22 2026 2031 550 23
. 3 1527 1532 105 7 23 2032 2037 540 23
4 1533 1538 135 6 24 2038 2043 465 19
5 1539 1544 155 7 25 2044 2049 585 24
6 1545 1550 140 6 26 2050 2055 450 20
™ 7 1551 1556 140 6 27
8 1557 1600 | 110 6 28
9 1606 1611 | 135 6 29
—~ 10 1612 1617 | 110 > 30
11 1618 1623 20 1 31
12 1624 1629 85 4 32
4 13 1630 1635 | 135 6 33
14 16 36 1641 95 > 34
15 1642 1647 | 145 6 35
16 1648 1653 115 5 36
= 17 1654 1659 100 6 37
18 1700 1702 80 7 38
19 2008 2013 350 15 39
- 20 2014 2019 330 14 40
~Sketch Showing How Opacity Varied With Time:
-5
ARVA
las /<
510
e “"‘\
: s v —
0 1 2 3
Time, hours




SUMMARY OF VISIBLE EMISSIONS

Run 2
Date: 7/27/79 Type of Plant: Coke plant
Type of Discharge: Exhaust stack Location of Discharge: Battery C
Height of Point of Discharge: 150 ft Description of Sky: Overcast
Wind Direction: _ Southwest Wind Velocity: _0-5 mph
Color of Plume: Black ) Detached Plume: No
Observer's Name: D,Opthoff Duration of Observation: 2 hrs, 45 min,
Distance from Observer to Discharge Point: 200 ft
Direction of Observer from Discharge Point: South

Height of Observation Point: Ground Level

Description of Background: Grey Sky

S UMMARY =~ OF A VERAGE OPACITY
Set Time Opacity Set Time Opacity
Number {Start End Sum Average |Number |Start End Sum Average

1 1305 1310 235 10 21 1620 1625 140 6
2 1311 1316 260 11 22 16 26 1631 100 4
3 1317 1322 340 19 23 1632 1637 70 3
4 1323 1328 495 21 24 1638 1643 100 4
5 1329 1334 360 19 25 1644 1649 65 3
6 1335 1340 350 16 26 1650 1655 100 4
7 1341 1346 190 8 27 1656 1701 170 7
8 1347 1352 130 5 28 1702 1707 175 7
9 1353 1358 155 7 29 1708 1713 260 11
10 1359 1404 140 6 30

11 1405 1408 70 4 31

12 1507 1512 140 6 32

13 1513 1515 70 7 33

14 1538 1543 200 8 34

15 1544 | 1549 125 5 35

16 1550 1555 135 6 36

17 1556 1601 120 5 37

18 1602 1607 120 5 38

19 1608 1613 120 5 39

20 1614 1619 175 7 40

Sketch Showing How Opacity Varied With Time:

25
20 /\\
<15 //
z = ’
> 10 /
3
2— 5 b //\/ /\\ //
) ~ ) \/\/
0 1 2 3

Time, hours
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~Date:

Type of Discharge:

SUMMARY OF VISIBLE EMISSIONS
Run 3

7/28/79

Exhaust stack

Height of Point of Discharge:
North-Northeast
Mostly Sunny

..Wind Direction:
Color of Plume:
Obsexrver's Name:

D, Opthoff

Type of Plant:

Location of Discharge:

Co

ke plant

Description of Sky:
Wind Velocity:

Detached Plume:
Duration of Observation:

Distance from Observer to Discharge Point:
""Direction of Observer from Discharge Point:

Height of Observation Point: 10 ft.

Description of Background:

o

300 ft.,

Battery C

Mostly Sunny

5-10 mph

No

2 hrs, 34 min.

Southwest

Mostly sunny to partly cloudy sky

S UMMARY OF AVERAGE OPACTITY
Set Time Opacity Set Time Opacity
Number |Start End Sum Average |Number }Start End Sum Average

1 1225 {1230 270 12 21 1705 |1710 185 15

2 1231 |[1236 145 6 22 1711 {1716 170 7

— 3 1237 | 1242 250 10 23 | 1717 |1722 255 12

4 1243 |1248 250 14 24 1723 |1728 330 16

5 1249 |1254 190 9 25 1729 |1734- 350 15

B 6 1255 {1300 240 10 26 1735 1738 305 19
| 7 1301 {1306 145 6 27
8 1307 |1312 105 4 28
9 1313 |1318 375 16 29
~- 10 1319 1324 120 5 30
11 1325 {1330 150 6 31
12 1611 | 1616 125 8 32
— 13 1617 1622 130 6 33
14 1623 |1628 190 11 34
15 1629 |1634 370 15 35
- 16 1635 [1640 180 13 36
17 1641 |1646 360 15 37
18 1647 |1652 185 8 38
19 1653 |1658 160 11 39
-1 20 1659 |1704 375 16 40

~Sketch Showing How Opacity Varied With Time:

Time,

hours
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APPENDIX B-5

PROCESS DATA*

* Note: Process operating data and copies of operating
charts have not been included in this Appendix,
since National Steel has claimed them to be
confidential,.
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Plant Name QGreide C"’IT

Page / of l

Roas
~ea L

Location Grawide C;"/l// Tl

Battery No. C_
COKE OVEN BATTERY LOG SHEET
Oven Pushing Data Oven Charzineg Data
Oven Time Push Oven ime g? Comments
No. Pushead Greenness™ No. \h%*e—l—ed-
14 | 428 P s 184 | 4122 Pw| B Soplomy SA 3R
116 | 440 4 194 | 4429
N26 | 457 5 W6 45
f1s] 513 < \36 513
1¥%6-1 ¢ 5 )S¢ 524
41 |~%J0 N¥. 41 |~%:24
17V | 830 4 17) 5:38 | Nt Chig
12| %29 S 81| ®:s8
13 | 949 S n% |+7:00
T Al (< .
33 | 1ol 1PR] 13% | U0T3 o0 13% Ca,-ia;
145 | o2t & 43 | Jo 34 “
NEINTSSE 5/ 1045 M\ Sﬂuf‘wsflkd
%3

o
w

Coke Greenness Rating:
5 - denotes very green coke pushed.

4

. ﬂ
v 97— A):_\ '?’A»Q-«km “\}"ﬁ‘-\

1 - denotes coke is not green;
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TEST NO. 2

July 27, 1979
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COKE OVEN BATTERY LOG SHEET

Location
Battery No.

P

Page _|_ of _l_

Date 7/?.‘7 /73
Plant Name G;Yu~14c.c:(47 j;*e,JZ
Gvewite C.'l-;, W=V

C

=7

e

Oven Pushing Data

Oven Charging Data

s ] | e | | Q| e

12} Jo & B 12\ ~ Jzopm | Sdd 11 ¥
— 141 1720 DM 4 14-| ~ |35

il 201 < 171 207
- )9 2.07 g 1 94 220

113 bR o R 13 SN FPocd Mage
/33 |~ 400 N.X 133 418"

142 | 413 4 143 449
bk 155| 449 g3 | 455 | 458 | iots ke oo

Pt 23| 458 3 (73 | 50FI”

- (82 so5 éSQ, Yo STz 1T

[,

Cx-ag ko
Scrvdchia

Coke Greenness Rating: 1

5 - denotes very green coke pushed.

- denotes coke is not green;
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1) . Let N
E u‘sp wnflwatee ise

[~ Paa
&, (L Pws

Hold periods

/[I’Mf/

112 % > \(9."-“ Y > ’%o

VM (gv|1e) 5 %0

o\ P2o Py 2 [ 1s

o) P [ V1|0, [P |

r
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Time test started
Time test ended

Units

-
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TEST NO. 3

July 28, 1979




e

e

v

s

wape

B3

COKE OVEN BATTERY LOG SHEET

Date J /2,9

Plant Name

Gl Cuy s K
T/,

Location & tomaide i 4?. ,
Battery No. C

Oven Pushine Data

Oven Charging Data

Oven Time Push Oven Time Comments

No, Pushed Greenness” No. Leveled

1s” | RR o V83 oo b | F Gt :Zito;?’si]"hi b-
(35 (2.23 5 s 12.271 (3o Sl g&&m
145 | %43 z 135 12:42
B R S 2~ 3 1 45 |, v4-

185 | J.)3 ) %3 155 \ 27 36 TP A | Bows mubs hS-

Comel L 4!
| ‘

|67 94'lo 4 J ]é7 4.24 nd 2 - Jarks 4P
V82| 422 s~ 187 4,34

\W\2 | 4' 20 S R 4.4 3 E s horge AuldELPd Lt
47| 152 N, 142 [~ 80 1S 7| Chackef Flues oo VT

L ous +F

$:35 L. O S

nep (1

Coke Greenness Rating: 1

- denotes coke is not green;
5 - denotes very green coke pushed,
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ESP OPERATING DATA

2/t

Date

Plant personnel

Time test started
Time test ended

Hold periods

ELP Ywit 3

F 24

F 43

b

Wb e |3 e

\A |F° |70 5 |72

2w B 1V |g e

WF|g |22 |5 |50

v |70]17|5 |30
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N
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o\ 32 e ko (15 |19
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Time
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APPENDIX B-6

PROJECT DELAYS
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o

TABLE B-6.1. . PROJECT DELAYS

Sample 1979 Time ” Delay
Number Date Interval
1 7/26 1541-1547 Lost power
1552-1601 Lost power
1630-2015 Port change and coordination
2018-2034 Lost power
2043-2047 Filter change - Inlet
2132 Lost power
2 7/27 1409-1507 Port change and coordination
1513-1540 Filter change - Inlet
1612-1654 Filter change - Inlet
3 7/28 1330-1615 Port change and cooerdination
1645-1710 Filter change - Inlet

Power problems
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APPENDIX C

SULFATE WEIGHT BY FRACTION
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APPENDIX D

BENZENE DATA
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e

PREFACE TO CONTINUOUS CO RECORD

The carbon monoxide concentration recorded
continuously as an analog response on the chart
paper was averaged over one minute intervals
and hand written directly above the continuous
line as the percent by volume of CO in nitrogen.
This initially is only a meter reading or recorder
deflection rather than an actual concentration
and must be referred to the calibration curve
for the nonlinear response of the detector, found
following the chart pages. This results in a
percent of carbon monoxide in nitrogen by volume

10
concentration of CO in parts per million (ppm)

which when multiplied by 104 {106] yields the

by volume.
Additionally the time base is hand written

directly below the zero concentration line,
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APPENDIX E-1

CARBON MONOXIDE FIELD DATA
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APPENDIX E-2

SUMMARIES OF CARBON MONOXIDE DATA
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TABLE E-2.1. SUMMARY OF ONE-MINUTE CO READINGS
RUN 1
July 26, 1979

3 Time %? Time %f
1517 0.11 16 06 0.10
- 1518 0.10 1607 0.09
1519 0.10 1608 0.09
1520 0.10 1609 0.09
- 1521 0.09 1610 0.09
1522 0.12 1611 0.09
1523 0.20 1612 0.09
¢¢¢¢¢¢ 1524 0.22 1613 0.09
1525 0.22 1614 0.08
1526 0.22 1615 thru 1628
1527 0.22 Power off
- 1528 0.22 1629 0.10
1529 0.22 1630 0.11
1530 0.22 1631 0.11
— 1531 0.22 1632 0.11
1532 0.22 1633 thru 1645
1533 0.20 Power off
_ 1534 0.20 1646 0.15
1535 0.19 1647 0.16
1536 0.19 16 48 0.16
1537 0.20 1649 0.14
- 1538 0.21 1650 0.11
1539 0.22 1651 0.11
1540 0.20 1652 0.15
- 1541 thru 1545 1653 0.16
Power off 1654 0.17
1546 0.16 1655 0.17
1547 0.16 1656 0.16
”””” 1548 0.13 1657 0.15
1549 0.13 1658 0.15
1550 0.15 1659 0.16
- 1551 0.15 1700 0.17
1552 0.15 1701 0.17
1553 0.15 End first half of Run 1
- 1554 0.14
1555 0.14 2008 0.17
1556 0.14 2009 0.17
1557 0.13 2010 0.18
- 1558 thru 1601 2011 0.17
Power off 2012 0.16
1602 0.11 2013 0.16
- 1603 0.10 2014 0.17
1604 0.10 2015 0.16

1605 0.10 2016 0.16

e




TABLE E-2.1, SUMMARY OF ONE-MINUTE CO READINGS (CONTINUED)
RUN 1
July 26, 1979

Time %? Time %?

2017 0.16 2101 0.17
2018 0.16 2102 0.18
2019 0.13 2103 0.18
2020 . 0.15 2104 0.18
2021 0.25 2105 0.21
2022 0.26 2106 0.19
2023 0.26 2107 0.15
2024 0.27 2108 0.14
2025 0.29 2109 0.11
2026 0.32 2110 0.08
2027 0.29 2111 0.05
2028 0.25 2112 0.12
2029 0.22 2113 0.13
2030 0.22 2114 0.13
2031 0.24 2115 0.12
2032 0.24 2116 0.12
2033 0.25 2117 0.12
2034 0.26 2118 0.12
2035 0.26 2119 0.11
2036 0.23 2120 0.10
2037 ‘ 0.20 2121 0.14
2038 0.20 2122 0.17
2039 0.20 2123 0.18
2040 0.20 2124 0.18
2041 0.18 2125 0.18
2042 0.18 2126 . 0.18
2043 0.19 2127 0.18
2044 0.19

2045 0.18

2046 0.18

2047 0.19

2048 0.23

2049 0.20

2050 0.18

2051 0.23

2052 0.23

2053 0.23

2054 0.22

2055 0.21

2056 0.19

2057 0.18

2058 0.18

2059 0.17

2100 0.15
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TABLE E-2.,2,

SUMMARY OF ONE-MINUTE CO READINGS

RUN 2
July 27,

. CO
Time 7
1304 0.07
1305 0.07
1306 0.08
1307 0.11
1308 0.12
1309 0.13
1310 0.12
1311 0.10
1312 0.05
1313 0.03
1314 0.03
1315 0.04
1316 0.04
1317 0.04
1318 0.05
1319 0.09
1320 0.09
1321 0.08
1322 0.08
1323 0.10
1324 0.11
1325 0.11
1326 0.11
1327 0.12
1328 0.14
1329 0.15
1330 0.15
1331 0.17
1332 0.19
1333 0.19
1334 0.18
1335 0.17
1336 0.16
1337 0.16
1338 0.15
1339 0.15
1340 0.14
1341 0.14
1342 0.13
1343 0,12
1344 0.12
1345 0.12
1346 0.13

1979

. CoO
Time 7
1347 0.08
1348 0.12
1349 0.11
1350 0.11
1351 0.11
1352 0.12
1353 0.13
1354 0.13
1355 0.13
1356 0.13
1357 0.13
1358 0.13
1359 0.13
1400 0.13
1401 0.14
1402 0.14
1403 0.11
1404 0.09
1405 0.08
1406 0.08
1407 0.08
1408 0.08
1409 0.09
End first half of Run 2
1507 0.13
1508 0.14
1509 0.14
1510 0.14
1511 0.14
1512 0.14
1513 0.14
1514 0.14
1515 0.13
1516 0.13
1517 0.13
1518 0.10
1519 0.20
1520 0.23
1521 0.23
1522 0.23
1523 0.23
1524 0.23




TABLE E-2.2. SUMMARY OF ONE-MINUTE CO READINGS (CONTINUED)
RUN 2
July 27, 1979

Time %f Time %f

1525 0.24 1607 0.15
1526 0.24 1608 0.15
1527 0.24 1609 0.14
1528 0.24 1610 0.14
1529 0.23 1611 0.13
1530 0.23 1612 0.12
1531 0.23 1613 0.12
1532 0.23 1614 0.12
1533 0.22 1615 0.12
1534 0.22 1616 0.15
1535 0.22 1617 0.16
1536 0.21 1618 0.10
1537 0.20 1619 0.19
1538 0.20 1620 0.19
1539 0.19 1621 0.17
1540 0.19 1622 0.14
1541 0.19 1623 0.13
1542 0.19 1624 0.14
1543 0.19 1625 0.14
1544 0.18 1626 0.12
1545 0.18 ' 1627 0.11
1546 0.18 1628 0.11
1547 0.17 1629 0.11
1548 0.12 1630 0.11
1549 0.24 1631 0.11
1550 0.24 1632 0.11
1551 0.23 1633 0.11
1552 0.23 1634 0.10
1553 0.22 1635 0.10
1554 0.21 1636 0.10
1555 0.20 1637 0.10
1556 0.20 1638 0.09
1557 0.18 1639 0.09
1558 0.18 1640 0.09
1559 0.17 1641 0.09
1600 0.17 1642 0.08
1601 0.17 1643 0.08
1602 0.16 1644 0.08
1603 0.15 1645 0.08
1604 0.15 1646 0.07
1605 0.15 1647 0.07

1606 0.15 1648 0.06
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TABLE E-2,2,

SUMMARY OF ONE-MINUTE CO READINGS (CONTINUED)

RUN 2
July 27,

1979

. (0]
Time 9
1649 0.17
1650 0.18
1651 0.19
1652 0.20
1653 0.20
1654 0.18
1655 0.17
1656 0.16
1657 0.16
1658 0.15
1659 0.15
1700 0.17
1701 0.23
1702 0.22
1703 0.19
1704 0.18
1705 0.16
1706 0.15
1707 0.16
1708 0.22
1709 0.20
1710 0.21
1711 0.24
1712 0.20




TABLE E-2.3. SUMMARY OF ONE-MINUTE CO READINGS
RUN 3
July 28, 1979

Time co Time co
% %

1224 ' 0.28 1638 0.22
1225 0.28 1639 0.22
1226 0,28 1640 0.21
1227 0.28 1641 0.20
1228 0.28 1642 0.20
1229 0.28 1643 0.19
1230 0.27 1644 0.19
1231 0.27 : 1645 0.18
1232 0.26 1646 0.18
1233 0.22 1647 0.18
1234 0.18 16438 0.13
1235 - to end of 1st half of 1649 0.16
Run 3 pump did not operate 1650 0.18
properly 1651 0.17

1652 0.17
1611 0.14 1653 0.17
1612 0.14 1654 0.16
1613 0.14 1655 0.16
1614 0.14 1656 0.18
1615 0.12 1657 0.18
1616 0.10 1658 0.20
1617 0.08 1659 0.22
1618 0.07 1700 0.24
1619 0.14 1701 0.26
1620 0.20 1702 0.27
1621 0.20 1703 0.28
1622 0.17 1704 0.31
1623 0.15 1705 0.33
1624 0.15 1706 0.33
1625 0.18 1707 0.33
1626 0.19 1708 0.32
1627 0.19 1709 0.32
1628 0.18 1710 0.33
1629 0.17 1711 0.33
1630 0.17 1712 0.30
1631 0.17 1713 0.27
1632 0.17 1714 0.23
1633 0.18 1715 0.21
1634 0.18 1716 0.20
1635 0.18 1717 0.18
1636 0.18 1718 0.15

1637 0.20 1719 0.15
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TABLE E-2,3,.

SUMMARY OF ONE-MINUTE CO READINGS (CONTINUED)

RUN 3
July 28,

1979

.. CcO
Time 7
17ZQ 0.24
1721 0.27
1722 0.29
1723 0.29
1724 0.29
1725 0.29
1726 0.27
1727 0.26
1728 0. 26
1729 0.25
1730 0.25
1731 0.25
1732 0.24
1733 0.23
1734 0.22
1735 0.21
1736 0.20
1737 0.20
1738 0.21
1739 0.22




-

Py

-

APPENDIX F

DETAILED SUMMARY OF SAMPLING
AND ANALYTICAL PROCEDURES

F-1, Determination of Benzene from
Stationary Sources -~ Method 110

F-2. Determination of Carbon Monoxide
Emissions from Stationary Sources
Method 10
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DETERMINATION OF BENZENE FROM
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11 0CT 26 1979

METHOD-}-~  DETERMINATICON OF BENZEHE

S ———————

FROM STATIOHARY SOURCES

INTRODUCTION

Performance of this method should not be azttempted

by persons unfamiliar with the operaticn of a gas
chromatograph, nor by those who are unfamiliar with
source sampling, as there are many details that are
bayond the scope of this presentation. Care must

be exercised to pravent exposure of sampling personnel
to benzene, a carcinogen.

1. Principle and Applicability

1.1- Principle. An integrated bag sample of stack gas containing
benzere and other orgaﬁics is subjected to gas chromatographic (ch
vsis, using a flame jonization detector (FID).
1.2 App?icabilify. The method is applicable to the measurament of
benzene in stack gases only from specified procasses. It is not applicable
whers the benzene is contained in particulate matter.

2. PRange &nd Sensitivity

The procedure described herein is eppiicable to the neasuremesnt of
benzere in tha 0.1 to 70 ppm range. The upper limit may be extended by
extending the calibration range or by dilution of tho samanle.

3. Interferences

The chromatograph coiumns and the corresponding operating parameters
o ’ o }

[La
=

3

herein described have been represented as being useful for producing an

adequate resclution of benzene. However, resolution interferenc

(4]

S may
be encounteied on some sources. Also, the chromatograph operator may
know of a column that will produce a superior resolution of benzene

without reducing the response to benzene as spacified in Section 4.3.1.



In any event, the chromatograph operator shall select a column
which is best suited to his particular analysis problaem, subject to the
approval of the Adninistrator. Such approval shall be considered
automatic provided @hat confiriming data produced through a demonstrably
adequate supplemental analytical technique, such es analysis with a
different column or G.C./mass spactroscopy, is available for review by
the Administrator.

4. Apparatus

4.1 Sanmpling (see Figure 111-1).

£ 1.1 Probe. Stajn1ess steel, Pyrex1 glass, or Teflon tubing
aécording to stack temperature, each equipped with a glass wool plug to
remove particulate matter. '

£.1.2 Sample Line. Teflon, 6.4 mm'oﬁtside diameter, of sufficient
length to connect probe to bag. A new unused piece is emp]oyéd for each
scribs of bag samples that constitutes an emission test.

4.1.3 Male (2) and female (2) stainless stéel quick connects, with
ball checks (one pafr without) 1ocatéd as. shown in Figure 111-1.-

4.],4. feanr or aluminized ﬁy]ar bags, 100 liter capacity. To
contain sample. |

4.1.5 Rigid leakproof containers for 4.1.4, with covering to
protect contents from sunlight.

4.1.6 HNeedle Valve. To adjust sample flow rate.

4.1.7 Pump--Leak-free. WMinimum capacity 2 liters per minute.

'4ention of trade names or specific products does not constitute
endorsement by the Environmental Protection Agency.



4.1.8 Charcoal Tube. To prevent admission of benzeme and otheor
organics to the atmosphere in the vicfnity of samplers.

4.1.9 Flow lleter. For observing sanmple flow rate; capable of
peasuring a flow range from 0.10 to 1.00 liters per minute.

4.1.10 Connecting Tubing. Teflon, 6.4 mm outsida diameter, to
assemble sample train.(Figure 111-1).

4.2 Sample Recovery.

4.2.17 Tubing. Teflon, 6.4 mm outside diameter, to connect bag to
gas chromatograph sample loop. A new unused piece is ewployed for each
series of bag samples that constitutes ean emission test, and is to be
discarded upon conclusion of analysis of these bags.

4.3 Arnalysis.

4.3.1 Gas Chromatograph. With FID, potenticmetric strip chart
reéorder and 1.0 to 2.0 m1 sampling loop in automatic sample valve. The
chromatographic system shall be capable of prodecing a response to .1
prm benzene that is at least as gireat as the average noise level.
(Respnnse is measured frem the average value oi the baseline to the
maximum of the waveform, while standard operating conditions are in
use. ) |

4.3.2 Chromatographic Columns. Columns other than those listed
below can be used, provided that the precision and accuracy of the
analysis of benzene standards are not impaired. Information confirming
that adequate resolution of the benzene peak is accomplished should be
available. Adequate resolution is definad as an area overlap of not
more than 10 percent aof the benzene peak. Calculation of areca averlap
is explained in Appendix E, Supplement A: "Determination 6f Adequate

Chromgtographic Peak Resolution.”



4.3.2.1 Column A: Bonzene in the Preseace of Aliphatics. Stainless
Steel, 2.44 n x 3.2 ma, containing 10 pesrcent 1, 2, 3,tris (2-cyancethoxy)
propane (TCEP) on 80/100 Chromosorb P Al.

4.3.2.2 Column B: Benzena With Separation of the Isomers of
Xylene. Stainless steel, 1.83 m x 3.2 mm, containing 5 percent SP
1200/1.75 percent Bentone 34 on 100/120 Supelcoport.

£.3.3 Flow Meters (2). Rotameter type, 0 to 100 ml/min capacity.

4.3.4 Gas Regulators. For reguired gas cylinders.

£.3.5 Thermometer. Accurate to one degree centigrade, to measure
temparature of heated sample Toop at tiﬁe of sample injzction.

4.3.6 Barometer. Accurate to 5 mm ilg, to measure atmospheric
pressure around gas chromatograph during sample analysis.
.3.7 Pump--Leak-free. Minimum capacity 100 ml/min.

4.3.8 Recorder., Strip chart type, optionally equipped with disc
integrator or eTect}onic‘integrator. . |

£.3.9 Planimeter. Optional, in place of disc or electronic

integrator, Tor 4.3.8 to measure chromatograph peak areas.

4.4 Calibration. ‘4.4.2 through 4.4.6 are for section 7.1 which is
optional. ‘

1.4.1  Tubing. Teffon, 6.4 nm outside diamzter, separate pieces
marked for each calibration concentration.

4.4.2 Tedlar or Aluminized Myler Bags. 50-1liter capacity, with
valve; separate bag marked for each calibration concentration.

4.4.3 Syringe. 1.0 ul, gas tight, individually calibrated, to
d%spense Tiquid banzene.

4.4.4 Syringe. 10 ymal, gas tight, individually calibrated, to

dispense liquid benzenre.
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4.4.5 Dry Gas Meter, With Temperature and Pressure Gauges.

Accurate to +2 percenlt, to meter nitrogen in preparation of standard

gas mixtures, calibrated at the flowrate used to prepare standards.
4.4.6 Midget Impinger/Hot Plate Assembly. To vaperize baznzenz,
5. Reagents
It is necessary that all reagents be of chromategraphic grade.
5.1 Analysis. |
5.1.1 Helium Gas or Nitrogen Gas. Zero grade, for chromatographic
carrier gas.
5.1.2 Hydrogen Gas. Zero grade.

5.1.3 Oxygen Gas cr Air as Reguived by the Detecter. Zero grade.

5.2 Calibration. Use one of the following options: either

(8}

2.1
and 5.2.2, or 5.2.3.

5.2.1 Benzere, 99 Mol percent pure benzene certified by the

5.2.2 HNitrogen Cas. Zero grade, for preparation of standard gas
mixtures es describad in Section 7.1.
5.2.3 Cylinder Standards (3). Gas mixture standards (50, 10, and

5 ppia benzenz in nitrogen cylinders) for which the gas composition has

been certified with an accuracy of 43 percent or bettier by the menufactur

n

r.
The manufacturer must have recommended a maximum shelf 1ife for each
cylinder so that the concentration does not change by greatcr than 15
percent from the certified value. The date of gas cylinder preparztion,

certified benzene concentration and recommended maxinum shelf life must

have been affixed to the cylindar before shipment from the gas manufacturer



1o the buyer. These gés mixture standards may be directly used to
prepare a chromatograph calibration curve as described in Section 7.2.2.

5.2.3.1 Cylinder Standards Certification. The concentration of
benzena in nitrogen in each cylinder must have been certified by the
manufacturer by a dircect analysis of each cylinder using an ana1ytica1.
procedure that the manufacturer had calibrated on the day of cylinder
analysis. The calibration of the analytical procedure shall, as a
minfmum, have utilized a threepoint calibration curve. It is recommanded
tha! the manufacturer maintain two calibration standards and use these
standards in the following way: (1) a high concentration standard
(bétween'50 and 100 ppm) for preparation of a calibration curve by an
appropriate dilution technique; (2) a low concentration standard (betviean
5 and 10 ppm) for verifiéation of the dilution technique used. If the
difference between the apparent concentration read from the calibration
curve and the true concentration essignad to the Tow concentreticn
standard exceaeds 5 percent of the true concentration, deteriaine the source
of error and correct it, then repeat the three-point calibration.

5.2.3.2 Establishment and Verifida@ion of Calibration Standards.
The concentratéon of cach calibration standard must have bean established
by the manufacturer using reliable procedures. Additionally, each
calibration standard must have been verified by the manufacturer by one
of the following procedures, and the agreement betwezen the initially
determined concentration value and the verification concentration value
must be within 15 percent: (1) verification value deteritined by com-
parison with a gas mixture prepared in accordance with the procedure
describad in Section 7.1.1 and using §9 Mol percent benzene, or (2)

verification velue obtained by having the calibration standard analyzed



e

by the Mational Bureau of Standards. A1l calibration standards must be
reverified on a time interval consistent with the shelf Tife of the
cylinder standards sold.

5.2.4 Audit Cylinder Standards (2). Gas mixture standards identi-

“cal in preparation to those in Section 5.2.3 (benzen2 in nitrogen

cylinders), except the concentrations are only known to the person
supervising the analysis of sémp]es. The concentrations of the audit
cylinders should be: one low concentration cylinder in the range of 5
to 20 ppm benzene, and one high concentration cylinder in the range of
100 to 300 pna benzene. When availabie, audit cylinders may be obtained
by contacting: EPA, Environmeﬁta] Honitoring and Support Laboratory,
Quality Assurance Branch (MD-77), Research Triangle Park, HNorth Carolina
27711. 1f audit cyiinders are not available at EPA, an'altern&te source
nust be secured.

6. Procedure

6.1 Sampling. Assemble the sample train as in Figure 111-1.
parforin a bag leak check according to Section 7.3.2. Join the quick
connects as illustrated, and determine that «11 connactions betwizen 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 of 6.5 Tpm. -After a period of time sufficient to purge the line

~several times has elapsed, connect the vacuun line to the bag and

evacuate the bag until the rotameter indicates no flow. At all times,
direct the gxs exiting the rotameter away from sampling personnel. Then
feposition the sample and vacuum Tines and bagin the actual sampling,
keeping the rate constant. At the end of the semple period, shut off

the pump, disconnect the sample line from the bag, and disconnect the



vacuum line from the bag container. ‘Protect the bag container from
sunlight.

6.2 Sample Storaga. Sample bags must be kept oul of direct sunlight.
Analysis must b2 perFormad within 4 aays of sample collection.

6.3 Sample Recovery. With a new piece of Teflon tubing identified
for that bag, connect a bag inlet vaTve to the gas chromatograph sample
valva. Switch the valve to receive gas from the bag through'the sample
loop. Arrange the equipment so the samnle gas passes from the sample
valve to a 0-100 i1 /min rotameter with flow control valve followed by a
charcoal tube and a O—i inch w.qg. pressure'gauge. Sample flow may be
mrintained either by a vacuum pump oY container_pressurization if the
collection bag-rdmains in the rigid container. After sample loop purging
is ceased, allow the pressure gauge to return to zero before activating
the gas sampling valve.

6.4 Analysis. Set the column temperature to 80°C for columa A or
75°C for column B, and the detector temparature to 225°C. \lhen optimun
hydrogen and oxygen flow rates have been determined, verify and maintain
these flow rates during 511 chromatograph operations. Using zero helium
or nitrogen as the carrier gas, establish a flow rate in the range
cdnsistent with *he manufacturer's requirements for satisfactory detector
operation. A flow rate of approximately 20 ml/min should produce adequate
separations. Observe the base line periodically and determine that the
noise level hes stabilized and that base line drift has ceased. Purge
“the sample loop for thirty seconds at the rate of 160 ml/min, then
éctivate the szmple vaive. Record the fnjection time (the position of
tha pen on the chert at the time of sample injaction), the sample numbder,

the sample loop temperature, the column temperature, carvier gas flow



rate, chart speed and the attenuator setiing. Record the laboratory
pressure. From the chart, note the peak having the retenlion time
corresponding to benzenz, as determinad in Section 7.2.1. Measure the
benzene peak area, Am’ by use of a disc integratOf, electronic integrator,
or a planimeter. Record Am and the retention time. Repeat the injection
at Jeast two times or until tuc consecutive values for the total area of
the beﬁzene peak do not vary more than 5 percent. The average value for
these two total areas will be used to compute the bag concentration.

6.5 Measure the ambient temperature and baroimetric pressure near
the bag. From a water saturation vapor pressure table, determine and
record the water vapor content of the bag as e decimal figure. {hssume
the relative humidity to b2 100 percent unless a lesser value is krown.)

7. Standards, Calibration and Quality Assurance

7.1 Standards.

7.1.1  Preparation of Benzenc Stanﬂérd Cas Hixtu$es. (Cptional--
delete 1if cy]inder'standqrds are used.) Assemble the apparatus shown in
Figure 111-2.  Evacuate a 50-1iter Tedlar or aluminized Hylar bag that
has passed a leak check (describad in Section 7.3.2) and meter in about
50 liters of nitrogen. ileasure the barometric pressure, the relative
pressure at the dry gas meter, and the temperature at the dry gas meter.
While the bag is filling use the 10 ul syringe to inject 10 451 of 99 +
percent benzene'through the septum on top of the impinger. This gives a
concentration of approximately 50 ppm of benzene. In a like manner, use
the otﬁer syrfﬁte to prepare diTutions having approximately 10 and 5 ppm
Benzene concentrations. To calculate the specific concentrations, refer

to section 8.1. These gas mixture standards may be used for seven days
g 5



from the date of preparation, after which time preparation of new gas
mixtures is required. (Caution: Contamination may be a problem when a
bag is reused if the new gas mixture standard is a lower concentration
than the previous gas mixture standard.}

7.2 Ca]ibratiﬁn.

7.2.1 Determination of Benzene Retention Time. This section can be
performed simultaneously with Section 7.2.2. Establish chromatograph
conditions identical with those in section 6.3, above. Determine proper
attenuator position. Flush the sampling loop with zero ha2lium or
nitrogen and activate the samp]e valve. Record the injection time, the
ﬂamp]e Toop tcnpgxaturg, the column temperature, the carrier gas flow
rate, the chart sp2ed and the attenuator sett ing. Record peaks and
detector responses that occur in the absence of benzene. Maintain con-
ditions, with the equipment plumbing arranged identically to section
6.3, and flush the sample loop for 30 seconds at the rate of 100 nl/ain
with one of the benzene ca]]brat1on nvxgures and activate the sasple
vé1ve. Record the injection time. Select the peak thal corresponds to
benzene. Measure the distance on the chart from the injection time to
the time at which the peak maximum occurs. Tﬁis distance divided by the
chart speed, is definad as the benzene peak retention tima. Since it is
quite likely that there will be other organics present in the sample, it
is very important that positive jdentification of the benzene pesak be
made.

7.2.2 Preparation of Chromatograph Calibration Curve. Make a qcas

chramatographic measurement of each standard gas mixture {described in

Section 5.2.3 or 7.1.1) using conditions identical with those listed in
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Secticens 6.3 and 6.4 . Flush the sew2¥ing loop foir 30 seconds at the
rate of 100 ml/min with one of the standard gas mixtures and activate
the sample valve. Record CC, the concentratfon of benzene injected, the
attenuator setting, chart speed, peak area, sawple loop temperature,
column temperature, carrier gas flow rate, and retention time. Pecord
the laboratory pressure. Ca];u1ate AC, the peak arca multiplied by the
attenuator setting. PRepeat until two consecutive injection areas are
within 5 percent, then plot the average of those two values vs Cc“
When the other standard gas mixtures have been similarly analyzed and
p]otted, draw a straight line through the points. Perform calibration
daily, or before and after each set of bag.samp?es, whichever is more
frequent.

7.3 Quality Assurarnce.

7.3.1 Analysis Audit. Immediately after the preparation of the

calibration curve and prior to the sampie anzlyses, perf&rm the analysis
audit describad in Appendix £, Supplement B: “"Procedurs for Field

diting GC'Ana]ysis."

[a

Au
7.3.2 Bag Leak Checks. Whiie performance of this section is
required subsequent to bag use,'it is also advised thet it be perfofmed
prior to bag use. After each use, make sure a bag did not develop leaks
as follows: to Teak check, connect a water manomater and pressurize the
bag to 5-10 cm HZO (2-4 in. HZO)' AMlow to stand for 10 minutes. Any
displacement in the water mancmater indicates a leak. Also, check the

rigid container for leaks in this manner. (HNote: an alternative leak



chack mathod is to pressurize the bag to 5-10 cm H

allow to stand overnight. A deflated bag indicates a leak.) For ecach

20 or 2-4

in. H?

0 and

sample bag in its rigid container, place a rotemeter in line between the

bag and the pump inlet. Evacuate the bag.

register zero flow when the bag appears to be empty indicate
g P py

&. Calculations

8.1 Optional Benzene Standards Concentrations. Calcul

benzene standard concentration prepared in accordance with S

as follows:

(@]

. .8737
78.11

1

24055+

10°

ul

b BT 103 yg pomole  24.055 v
H : mg 78.11 pg pq mole

s a leak.

ate each

Failure of the rotameter to

ection 7.1.1

6
, 10
Vm Y 1

S

ul 293
1

!

\l‘ -
&

B (270.5)

293 _m
18 Y 76

(@)

Benzene standard concentration in ppm.

Humber of ul of benzene injected.

Equation

cas volume measured by dry gas meter in liters.

Dry gas meter calibration factor.

Absolute pressure of the dry gas meter, mm Hg.
Kbsolute temperature of the dry gas meter, °A.
Density of benzene at 293°A.

Molecular weight of benzene.

Idea1 gas at 293°A, 760 mm Hg.

Conversion factor, ppn.

111-1 .
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8.2 ELCenrene Sample Corcentrations. Frowm the calibralion curve

described in Section 7.2.2 above, select the value of Cc that corresponds

to ﬂc. Calculate CS as follows:

c Prf_
c = 5 Equation 111-2
s ‘i r (]—wa)

where:

Syp = The water vapor content of the bag sample, as analyzed.

CS . = The concentration of benzene in the sample in Dpn.
Cc = The concentration of benzene indicated by the gas

chromatograph, in ppam.
Pr = The reference pressure, the tabocratory pressure vecorded

cduring calibration, mn Hy.

o]
Hi

The sample Toop temperature on the absoluie scale at tha
time of analysis, °A.

Pi = Thz Taboratory pressure at time of analysis, mm Hg.

T = The referonce temperature, the samale o
recorded during calibration, °A.

S. Reference

1. Feairheiler, V. R.; Kemmaer, A. M. bWarner, B. J.; and Dougias,

D. Q. "Heasuremeni of Gaseous Organic Compound Emissicns by Gas Chro-
matography,” EPA Contract No. 68-02-140%, Task 33 and 68-02-2818, lork
Aﬁﬁignﬂent 3. Jan., 1978. |

2. Knoll, Joseph E.; Penny, Wade H.; Hidgett, M.Rodney. "The Use
of Tedlar Bags to Contéin Gascoﬁs Senzene Samples at Source-level
Concentrations.” Environmental Fonitoring Series, EPA-600/4-78-057,
Environmental Protection Agency, Rescarcii Triangle Park, Horth

Carolina. October, 1978.



3. Bulletins 743A, 746C, and 740D, “Separation of Hydroucarbons®
1974, Supelco, Inc.. Bellefonte, Pennsylvania 16823.
4, Volume 10, KNo. 1 "Currcnt Peaks,” 1977. Carle Instruments,
Inc., Fullerton, California 92631.

Y

{
[ > % \b\ / L/ e '-\-:*/ -
- NAY £y - e AL ~
C_eprnrads 2 YA D el
J—L-\:/\s«;s___ -.



Stack Wall

(Class Wool)

X

Teflon
Probe Sanrzle Line

| £ No
b : Checks -
- 1 ecks Checks ! ///,//
—— .,D A @J

!/f,@//’“” WY

K
.

or //12~A i
Aluminizedi\___
‘Mylax I

Bag'

e e

Rigid Leak~-Proof
Container

Figure 111-1. Integrated-bag sampling train. (Mention
of trade names or.-specific products does not con-~
stitute endorsement by the Eavirormental Protec—
tion Agency.)

Vacuum Line

¢ O : Hezdle Valve
e Ball “[p / :

Py ey ey

r%:z:-~¢»

)

by

§
pivies o

N A&

/i.

Flow teter

Charcoal Tube




Syringe

Nitrogen Cylincer ! Septum

YT f"} -
(;;E? }ﬁ‘—”k/////’ e Midget Impinger
£ A

. A .

Boiling
Vater
Bath

Tedlar Bag

Capacity
50 Liters

Figure 111-2. Preparation of Benzene Standaords.
8 I
o (optional)



e,

-

SUPPLEMENT A

DETERMINATION OF ADEQUATE CHROMATOGRAPHIC PEAK RESOLUTION

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

For convenience, consider the range of the elution curve of
each compound as running from -205 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 peaks are separated'by a known
distance, b, one can determine the fraction of the area of one
curve that lies within the range of the other. The extent to which
the elution curve of a contaminant compounds overlaps the curve
of a compound that is under analysis is found by integrating the
contaminant curve over the limits b-ZGS to b+205, where o is the
standard deviation of the sample curve.

There are several ways this calculation can be simplified.
Overlap can be determined for curves of unit area and then actual
areas can be introduced. The desired integration can be resolved
into two integrals of the normal distribution function for which
there are convenient calculation programs and tables. An example
vould be Program 15 in Texas Instruments Program Manual ST1, 1975,

Texas Instruments Inc., Dallas, Texas 75222, -

+ 2 ~
" : L - 2 ) X2
e %% dt = 2 g4x . A e 2 4y
N2
b-2crs 5+20$
[+




The following calculation steps are required:*

1. 20’s
2. O

3. x1

4. X

5. Q(x,)
6 Q(Xz)
7. I0

8. Ao

= tS/JZ In 2
= tC/2/2 In 2
= (b-ZGS)/oC
= (b+2c:s)/cc
= %
= L e 2 dx
2%
X
i
2
=— e dx
Ven
X2

Q%) - Qlx,).

IOAC/AS

9. % overlap = Ao X 100

* (Note:

2

In most instances, Q(xz) is very small and may be neglected.)



tesicier

Q(x,)

= The area of the sample peak of interest determined

by electronic integration, or by the formula AS = hsts.

The area of the contaminant peak, determined in the
same manner as As' '

The distance on the chromatographic chart that
separates the maxima of the two peaks.

The peak height of the sample compound of interest,
measured from the average value of the baseline to
the maximum of the curve.

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

The width of the contaminant peak at 1/2 of peak
height.

The standard deviation of the sample compound of
interest elution curve.

The standard deviation of the contaminant elution

curve.

= The integral of the normal distribution function from

X1 to infinity.

= The integral of the normal distribution function from

Xo to infinity.
The overlap integral.

The area overlap fraction
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In judging the suitability of alternate gas chromatographic
columns, or the effects of altering chromatographic conditions,
one can employ the area overlap as the resolution parameter with
a specific maximum permissible value.

The use of Gaussian functions to describe chromatographic
elution curves is widespread. Hﬁwever, some elution curves are
highly asymetric. In those cases where the sample peak is
followed by a contaminant that has a leading edge that rises
sharply but the curve theh tails off, it may be possible to
define an effective width for tc as "twice the distance from the
Teading edge to a perpendicular line through the maxim of the
contaminant curve, measured along a perpendicular bisection of

that line."
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SUPPLEMENT B
PROCEDURE FOR FIELD AUDITING GC ANALYSIS

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

A.- Check that audit cylinders are stored in a safe_location
both before and after the audit to prevent vandalism of same.

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

C. During the audit, the analyst is to perform a minimum
of two consecutive analyses of each audit cylinder gas. The audit
must be conducted to coincide with the analysis of source test
samnles. Normally, it will be conducted immediately after the GC
calibration and prior to the sample analyses.

D. At the end of the audit analyses, the audit supervisor
requests the calculated concentrations from the analyst, and then
compares the results with the actual audit concentrations. If each
measured concentration agrees with the respective actual concentra-
tion within + 10 percent, he then directs the analyst to begin the
analysis of source samples. Audit superQisor Judgment and/or
supervisory policy determines course of action when agreement is
not within + 10 percent. Where a consistent bias in excess of
10 percent is found, it may be possible to proceed with the sample
analyses, with a corrective factor to be applied to the results
at a later time. However, every attempt should be made to locate

the cause of the discrepancy, as it may be misleading. The audit




2
supervisor is to record each cylinder number, cylinder pressure
(at the end of the audit) and all calculated concentrations. The
individual being audited must not under any circumstance be told
the actual audit concentrations until the calculated concentrations

have been submitted to the audit supervisor.
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FIELD AUDIT REPORT

PART A - To be filled out by organization supplying audit

cylinders

Organization supplying audit sample(s) and shipping address

Audit supervisor, organization, and phone number

Shipping instructions - Name, Address, Attention

Guaranteed arrival date for cylinders

Planned shipping date for cylinders

Details on audit cylinders from last analysis
Low Conc.

a. Date of last analysis

High Conc.

b. Cylinder number

c. Cylinder pressure, PSI

d. Audit gas(es)/balance gas

e. Audit gas(es) ppm

f. Cylinder construction




PART B - To be filled out by audit supervisor

*

1.

Process sampled

Location of audit

Name of individual audited

Audit date

Audit results

Low Conc.
Cylinder

Cylinder number

Cylinder pressure before

audit, psi

Cylinder pressurz-after

audit, psi

Measured concentration, ppm
Injection #1*

Injection #2*

Average *

Actual audit concentration, ppm

(Part A, 6e)

High Conc.
Cylinder

Results of two consecutive injections which meet the sample
analysis criteria of the test method.



G

Audit accuracy*
Low Conc. Cylinder

High Conc. Cylinder

* Percent accuracy =

Problems detected (if any)

Measured Conc. - Actual Conc. x 100

Actual Conc.




aise

APPENDIX F-2

DETERMINATION OF CARBON MONOXIDE EMISSIONS

FROM STATIONARY SOURCES

METHOD 10
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FEDERAL REGULATIONS

- -
ATETHOD 10—DETERMINATION OF CARBON MON-
OXIDE EXISSIONS FROM STATIONARY SOURCES

1. Principle and Applicability.

1.1 Principle. An integrated or continuous
g£35 sample is extracted from a sampling point
snd analyzed for carbon monoxide (CO) con-
tent using a Luft-type nondispersive infra-
red analyzer (NDIR) or equivalent

1.2 Applicadbility. This method ls appit-
cable for the determination of ¢aron mon-
oxide emissions from stationacy sources ounly
when speclfied by the test precaduves for
dztermining compliance with lew source
pecformance standards. Tbe t2at procedure
will indicate whethor & tonhkiuuots; or an
integrated sampla Is fo be uscl,

2. Range and sextar yivis.
. 2.1 Pange. G e 200 ne.,

2.2 Sensitivizy Niriooar Jd2lectalie con-
centration i Z& poun fur A 2 S 1,00¢ ppm
span.

3. Interfercnces. &hy svisigncs uaving a
strong absorpase ol ensryy wlll
interfere to sote €xtend. vy ule, dise-
criminatioa ratloa for waier (&
bon dioxide (CC,) =are 3.5 o
T ppm CO and 18 perzexnt 175,
CO, respectively, for dsvices mecruriag in tha
1,500 to 3,000 ppm range. Foz L2002 Meas«
uring in the 0 to 100 ppm ranye, intasference
ratics can be as high as 3.8 pecusrt H,O per
25 ppm €O and ifi Larcent CG, per 56 ppm
CO. The use of silica gel and sxcarite traps
will alleviate the major luterferance prol-
lex:s. The measured pas volume must be
corrzcted if these traps are used. )

. 4T
e

4. Precision and accurecy.

4.1 Precision. The precision of most NDIR
anal:zess is approximately +2 percent of
EPAD. .

4% Accuracy. The accuracy of most NDIR
analyzars is approximately —+5 percent of
span efter calibration.

5. Apparctus.

5.1 Contiruous sample (Figure 10-1).

5.1.1 Probe. Stalnless steel or sheathed
Pyrezx ! glass, equipped with a filter to remove
pariiculate matter.

5.1.2 Awr-cooled condenser or equivalent.
To remove nny excess moisture.

$.2 Imtegruted sample (Figure 10-2).

5.2.1 Frobe. Stainless steel or sheathed

FreR glass, equipped with a filter to remove
particulxte matter.

5.2.2 Air-cooled condenser or equivalent,
To remove any excess moisture.

52.3 Vealve. Needle valve, or equivalent, to
to adjust fow rate.

5.2.4 Pump. Leak-free dlaphragm type, or
equivalent, tO transport gas.

5.2.5 Rcte meter. Rotameter, or equlvalent,
to measure a flow range from O to 1.0 liter
per min. (0.035 c¢fm).

5.2.6 Flerible bag. Tedlar, or equlvalent,
with & capacity of 60 to 90 liters (2 to 3 ft7),
leas-test the bag In the laboratory before
uslng by evacuating bag with a pump fol-
lowed by a dry gas meter. When evacuation
is complete, there should be no flow through
toe meter,

AIN-COOLED CONDENSIN
PRODE

TO ANALYZER

]

FPRIZA(GRALS woOL)
™ye

Figre - Cominvony sampling Ualn,

[ 3.1
By Leb
[ L] d

Figud 10-2. lateyated gas-sampiing Uain.

5.2.7 Pitot tube. Type 8, or equivalent, at-
{ached to the probe so that the sampling
rate can be regulated proportional to the
stack gas velocity when velocity is varying
with the time or a sample traverse is coa-
ducted.

5.3 Analysis (Figure 10-3).

1Mention of trade names or specific prod-
ucts dces not constitute endorsement by the
Environmental Protectlion Agency.

5.3.1 Carbon monozride analyzer. Nondisper=-
sive infrared spectrometer, or equivalent.
This instrument should be demonsirated,
preferably by the manufacturer, to meet or
exceed manufacturer's specifications and
those described in this method.

53.2 Drying tube. To contain approxi-
mately 200 g of silica gel.

3.3 Calibration gas. Refer to paragraph
6.1,
$3.4 Filter. As recommended by NDIR
manufacturer.

'5.3.5 CO, removal tube. To contain approxi=’

mately 500 g of ascarite.

5.3.6 Ice water bath. For ascarite and sllica
gel tubes.

5.3.7 Vcalve. Needle valve, or equivalent, to
gdjust flow rate

5.3.8 Rate meter. Rotameter or equivalent
to reasure gas flow rate of 0 to 1.0 liter per
min. (0.035 cfm) through NDIR.

5.3.9 Recorder (optional). To provide per-
manent record of NDIR readings.

6. Reagents.

[EE N

Bix

Figus 103, Analytical equipret,

Environment Reporter

6.1 Calibration gases. Known concentration
©of CO In nitrogen (N,) for instrument span,
prepurified grade of N, for zero, and two addi-
tional concentrations corresponding approxi-
mately to 60 percent and 30 percent span. The
span concentration shall not exceed 1.6 times
the applicable source performance stanuard.
The calibration gases shall be certified by
the manufacturer to be within -+2 percent
©of the specified concentration,

8.2 Silica gel. Indicating type, 6 to 16 mesh,
dried at 175* C (347+ P) for 2 hours.

6.3 Ascarite. Commercially available.

7. Procedure.

7.1 Sampling.

7.1.1 Continuous sempling. Set ur the
equipment as shown in Figure 10~1 making
sure all connections are leak free. Place the
probe in the stack at a sampling point and-
purge the sampling line. Connect the ana-
Jyzer and begin drawing sample into the
analyzer. Allow 5 minutes for the system
to stabilize, then record the analyzer read-
ing as required by the test procedure. (See
1 7.2 and 8). CO: content of the gas may be
determined by using the Method 3 inte-
grated sample procedure (36 FR 24886), or
by weighing the mscarite CO, removal tube
and computing CO, concentration from the
gas volume sampled and the weight pain
of the tube,

7.1.2 Integraled sampling. Evacuste the
flexible bag. Set up the equipment as shown
in Figure 10-2 with the bag disconnected.
Place the probe in the stack and purge the
sampling line, Connect the bag, making sure
that all connections are leak free. Sample ot
& rate proportional to the stack velocity.

CO, content of the gas may be determined
by using the Method 3 integrated sample
procedures (36 FR 243886), or by weighing
the ascarite CO, removal tube and comput~
ing CO, concentration from the gas volume
sampled and the weight gain of the tube,

7.2 CO Anealysis. Assemble the apparatus as
shown in Figure 10-3, calibrate the instru-
ment, and perform other required operations
as described in paragraph 8. Purge analyzer
with N, prior to introduction of each sample,
Direct the sample stream through the instru-
ment for the test period, recording the read-
ings. Check the zero and span again after the
test to assure that any drift or malfunction
13 detected. Record the sample data on Table
10-1.

8. Calibration. Assemble the apparatus ace

.cording to Figure 10-3. Generelly an instru=-

ment requires a warm-up period before sta-
bility is obtained. Follow the manufacturer's
Instructions for specific procedure, Allow 8
mintmum time of one hour for warm-up.
During this time check the sample condi-
tioning spparatus, 1.e, filter, condenser, dry-
ing tube, and CO, removal tube, to ensure
that each component is In good operating
condition. Zero and calibrate the instrument
according to the manufacturer's procedures
using, respectively, nitrcgen and the calibra.
tion gases. :

[Appendix A, Msthod 10] 100
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Tasre 10-1-~—Field data

Location

Test

Date -

Operator

Comments:

Clock time Rotameter setting, liters per minute

(cudic Jeet per minute)

9. Calculation—Concentration of carbon monozide. Calculate the concentration of carbon

monoxide in the stack using equation 10-1.

Ceo,per= C‘-‘Ounm(l —Fecoy) equation 10-1

where:

Cco =concentration of CO in stack, ppm by volume (dry basis).

stack

CconR':cotx’l::ir;)tration of CO measured by NDIR analyzér, ppm by volume (dry

Fco,=volume fraction of CO; in sample, Le., percent CO; from Orsat analysly
divided by 100. i :
[39 FR 13776, April 17, 1974}
Analyzer Instructl
10.1 McElroy, Frank, The Intertech NDIR-CO 'Appl!yances Co., Tezmr'?zﬁ:ci?rg{
Analyzer, FPresented at 11th Methods vision, Pittsburgh, Pa.
Conference on Alr Pollution, University 10.4 Models 215A, 315A, and 415A Infrared
of Callfornia, Berkeley, Calif., April 1, Analyzers, Beckman Instruments, Inc.,
1970, . Beckman Instructions 1635-B, Fuller-
10.2 Jacobs, M. B, et al., Continuous Deter- ton, Calif., October 1967.
mination of Carbon Monoxide and Hy- 10.5 Continuous CO Monitoring System,
drecarbons in Air by a Modided Infra- Model A5611, Intertech Corp., Princewon
red Analyzer, J. Alr Pollution Control N ’
Associatlon, 9(2):110-114, Auzust 1959, 10.6 UNOR Infrared Gas Analyzers, Bendix
103 MSA LIRA Infrared Gas and Liquid Corp., Ronceverte, West Virginia,.

10. Bidliography.

ADDENDA
A. Pcrformance Specifications for NDIR Carbon Monozide Analyzers.

Rauge (MUNIMUM) oo ameeeeeem 0-1000ppm.

output (minimum)
Minimum detectable sensitivity ...
Rise time, 90 percent (maximum)
Fall time, 90 percent (maximum)
Zero drift (maximum)
Span drift (maximum)
Precision (minlmum)
Noise (maximum).-.

0-10mV.

20 ppm.

30 seconds.

30 seconds.

10% in 8 hours.
10% in 8 hours.

=+ 25 of full scale.

..................... + 1% of full scale.

Linearity (maximum deviation) .oceeeoaaoo 29 of full scale.
Interference rejection ratiommmoeaea oo CO,~1000 to 1, H.0—500 to 1.

B. Defnitions of Performance Specifica-
tions. .

Range-—The minimum and maximum
measurement limits.

Output—Electrical signal which is propor-
tional to the measurement; intended for con-
rection to readout or data processing devices.
Usually expressed as millivolts or milliamps
full scale at a glven impedance.

Full scale—The maximum measuring limit
for a given range.

Minimum detectable sensitivity—The
smallest amount of Input concentration that
can be detected as the concentration ap-
proaches zero.

Accuracy—The degrece of agreement be-
tween a measured value and the trus value;
usually expresséd as -~ percent of full scale.

Time to 90 percent response—The time in-
tarval from a step change in the input con-
centration et the instrument inlet to a8 read-
tnz of 90 percent of the ultimate recorded
concentration.

Rise Time (90 percent)-~—The interval be-
tween initial response thine and time to 90

percent response after a step increase in the
inlet concentration.

Fgll Time (90 percent)—The interval be-
tween Initial response time and time to 90
percent response after a step decrease In the
inlet concentration.

-Zero Drift—The change in.instrument out-
put over a stated time period, usually 24
hours, of unadjusted continuous operation
when the input coacentration Is zero; usually
expressed as percent full scale.

Span Drift—The change in Instrument out-
put over & stated time perfod, usually 24
hours, of unadjusted continuous operation
when the input concentration is a stated
upscale value; usually expressed as percent
full scale.

Precision—The degree of agreement be-
tween repeated measurements of the same
concentration, expressad as the average de-
viation of the single results from the mean.

Noise—Spontaneous deviations from a
mean gutput not caused by input concen-
tration changes, .

Linearity—The maeaximum deviation be-
tween an actual instrument reading and the
reading predicted by a straight line drawn
between upper and lower calibration points,

METHOD 11-—DETERMINATION OF HYDROGEN
SULFIDE CONTENT OF FUEL GAS STREAMS IN
PETROLEUM REFINERIES -

1. Principle end applicabilily. 1.1 Princi-
ple. Hydrogen sulfide (H.S) is collected from
a source in a series of midget impingers and
absorbed in pH 3.0 cadmium sulfate (CdSQ.)
solution to form cadmium sulfide (CdS).
The latter compound is then measured iodo-
metrically. An impinger containing hydro-
gen peroxide is included to remove SO, as
an interfering species. This method is a revi-
sion of the H.S method originally published
in the Feperar ReGISTZR, Volume 39, No. 47,
dated Friday, March 8, 1974,

1.2 Applicebilily. This method is applica-
ble for the determinaticn of the hydrogen
sulfide content of fuel gas streams at petro-
leum refineries.

2. Range and sensitivity. The lower limit
of detection is approximately 8 mg/m* (6

{Appendix A, Mathod 11}
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EXAMPLE CALCULATIONS




Nomenclature

Ag

Ce

Qam

Qm

SWe

SIJt

L]

n

1l

i}

il

n

Stack area, inches?

Front half (probe & filter) particulate concentration,
gr /DSCF

Pitot tube correction factor, dimensionless
Total particulate concentration, gr/DSCF

Front half (probe & filter) particulate concentration,
mg/DSm3

Total particulate concentration, mg/DSm3
Sampling nozzle diameter, inches

Emission rate of front half particﬁlate, 1b/hr
Emission rate of total particulate, 1b/hr
Emission rate of front half particulate, kg/hr
Emission rate of total particulate, kg/hr

Mole fraction of dry gas, g/g-mole

Molecular weight of wet stack gas

Molecular weight of dry stack gas

Barometric pressure, inches mercury

Average orifice pressure drop, inches water
Absolute stack gas pressure, inches mercury

Static pressure of stack gas, inches mercury

Actual stack gas flowrate at stack conditions, acfm

Actual stack gas flowrate at stack conditions, Am3/min
Dry stack gas flowrate at standarxd conditiéns, DSm3/min
Dry stack gas flowrate at standard conditions, DSCFM
Front half sample weight, mg

Total sample weight, mg

Average meter temperature, °F




T = Stack temperature, °F

T¢ = Net time of test, minutes

Vo = Volume of dry gas at meter conditions, £t3

Vmstd = Volume of dry gas at standard conditions, DSCF

Ve = Stack gas velocity at stack conditions, fpm

Ve = Total condensate collected in sampling train, ml
v“gas = Volume of water vapor at standard conditions, SCF
APS = Velocity pressure, inches water

%E = Percent removal efficiency; dimensionless

%I = Percent of isokinetic variation, dimensionless

M = Percent moisture, dimensionless

Calculation of Particulate Emissions

The dry volume of sampled gas corrected to standard condi-
tions of 20°C and 760 mm Hg (29.92 in. Hg) is calculated as fol-

lows:
Pm
Vm - 17.65 = Vm * Pb +(’ffjf)
T 4+ 460
m

std

The dry stack gas flowrate corrected to standard conditions is

calculated using the following set of equations sequentially:

= 0.0471 * V
ngas 0 7 w
100 * V
%M = “gas
: \ + V
Mstd Veoas
100 - %M
Mg 100
uwg = (%C0, % 44/100) + (%0, * 32/100) + [(%CO + %N,)*28/10(]



o

MW = (MW, * Mg) + 18(1 - M,)
Ps = Pb + Pst
v = 5120,8 * C * JAP % + 460 *
s P 1/ s (Ts 4 ) 1/ Ps * MW
_0.1225 * V % A % M_ % P
Qs = s s d s
Ts + 460

Stack gas flowrate may be expressed metrically as dry normal

cubic meters per minute (DNm3/min), in terms of actual cubic
feet per minute (ACFM), and metrically as actual cubic meters per

minute (Am3/min) with use of the following equations:

Qm = Qs * 0,02832 '
Qa = 0.05667 * Qs * (Tg + 460)

Ps* Md
Qam = Qa * 0,02832,

The equation employed to determine percent of isokinetic
variation 1is:

1032 * (T, + 460) * V
S ) Mgtd

%I 5
*Tt A‘PS -.:Md 3 (Dn)

To determine the concentration of particulate matter in
grains per dry standard cubic foot (gr/DSCF), one of the fol~

lowing equations is used:

' swf
Cf = 0.01543 % —nu--"— and
\'
Mstd
SWt
C¢ = 0.01543 *
\'
mstd




When metric units are desired, the concentration is calcu-

lated in milligrams per dry standard cubic meter (mg/DSm3) as fol-

lows:
CMf SWf and
(0'02832)(Vmstd)
SW
cM = t .
t (0.02832) (Vv ) .
Mstd

Front half particulate concentrations are obtained by summing the
weight of particulate matter collected on the filter and all por-
tions of the train preceding it. Total particulate concentration
includes, in addition, any particulate matter collected in the

impingers.

The emission rate of particulate matter can be calculated
from the filterable or total particulate concentration using one

of the following equations:

ER; = 0.00857 * Cg * Qg  and

*

0.00857

ER; Cy * Qs -
For metric units,

ERM; = (1.70 * 1070) % cMg * Qg  and

ERM, = (1.70 * 107%) = anp = o5 .

Once the emission rate at the inlet and the outlet has been
calculated the percent removal efficiency can be calculated using
the following equation:

ERinlet - ERoutlet

ER

%E =

inlet



P

Wi

o

e

To avoid rounding errors it is preferable to carry out the calcu-

lation of concentration and emission rate in one operation.

Concentrations and emission rates for sulfuric acid including

sulfur trioxide were determined utilizing the same formulae as

for particulate using the weights in milligrams as determined in

the laboratory.

Example Calculation

Using the data from Run 1 at the inlet, the sample volume

is calculated using the formula on page 2,

Given:
Vm = 92,705
' = 29,
Pb 9.68
Pm = 1.97 in Hs0
T = 98,4
m
then:
VmStd = 87.39 dscf

Percent moisture in the stack during the test is then

determined from the measured condensate volume,

Given:
Vw = 279,1 ml
Then:
Vigas = 13.15
%M = 13,1
Md = 0,869

Using the data from the Orsat analyses conducted during

this run, the molecular weight of the stsck gas can be determined.




Given:

%C0g9 = 3.7

%09 = 16.0

%COo = 0.6

%Ng = 79.7
then:

MW4 = 29,23

MW = 27.76

The flowrate in dry standard cubic feet can then be

calculated using the formulae on page 3.

Given:
Pst = -0.221 in Hy0
Cp = 0.823
VOPs * (Tg + 460) = 38.66
Ag = 2771 in2
Tg = 756.3
Then:
Py = 29.46
Vs = 5697
Qs = 40700
Qm = 1150
Q, = 109600
Q,q = 3100



.

Utilizing the sampled volume and the flowrate,

the percent of isokinetic wvariation can be calculated.

Given:
Te = 120 min
Dpb = 0.249 in
Then:
%ZI = 101.1

Given the analytical data, the concentrations
and emission rates may then be calculated for both
particulate and sulfate.

Given for particulate:

SWe = 2283.2 mg
SW, = 2714.6 mg
Then:

Ce = 0,403 gr/dsct

Cs = 0,479 gr/dscf

CM, = 923 mg/dscm

CM, = 1100 mg/dscm

ERe = 141 1b/hr

ERt = 167 1b/hr
ERM; = 63.8 kg/hr
ERM, = 75.9 kg/hr

Given similarily for sulfates:

SWf

SWe

87

253

mg

mg




Then:

Cg = 0,015 gr/dscf
c, = 0.045 gr/dscf
CM; = 35.2 mg/dscm
CMt = 102 mg/dscm
ER, = 5.36 1b/hr
ER, = 15.6 1b/hr
ERM, = 2.44 kg/hr
ERM, = 7.06 kg/hr

Given the filterable outlet emission rate for
the simultaneous particulate test, the percent removal

efficiency can be calculated,

Given:

ERf outlet = 155
Then:

E = 9.9

Given similarly for sulfate:
ER, outlet = 4,10 1b/hr
Then:

%E = 23,5

-8 -
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0.02 0. 0. 0. 0. 0.
. 0.04 0.4 0. [T+ 0. 5D 0./% = 0. §30
0.06 0.1. " | o. 0. 0. 0.
1 0.08 0.119 0.164 0. 41> 0. /S% o. §20
6.10 0. 0. 0. c. 0..
0.12 0.;:p 0. (< 0. 0./54 0. 327
0.16 0. 0. 0. 0. 0.
0.20 0. 0. 0. 0. 0.
(_ 0.30 0. 0. 0. 0. 0.
0.50 G. 0. 0. 0. 0.
0.70 0. 0. 0. 0. 0.
0.80 0. 0. 0. 0. 0.
0.90 ===
0.g9l Ll i1
0.85— ittt
0.87}—Liifils
0.861— - 1%
o.ssf{~i~--i——-
o.sargg
0.83-:---=) 11
0.82—
P R SR A
0.80 o P I I 00T HISS Dobid e o N B
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1.0 PRESENTATION OF B(a)P PROCEDURES AND DATA

The B(a)P train is a modified Method 5 train, having
an adsorbent trap placed between the heated filter box and
the impingers. The adsorbent trap is water-cooled to 127F
and as a result, condensation will take place in the trap
prior to the impingers. For this reason, the moisture content
determined from the impinger water and silica gel is not
accurate since all the water collected in the train is not
measured. For B(a)P data reduction, the moisture content
from the Clayton particulate train was used for the B(a)P

trains.
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