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NOTICE

This document is a preliminary draft. It has not been formally
released by the U.S. Environmental Protection Agency and should
not at this stage be construed to represent Agency policy. It is
being circulated for comments on its technical merit and policy
implications.
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DISCLAIMER

This report was submitted in partial fulfillment of Contract No.
68-02-4462, Task 203 by JACA Corporation under the sponsorship of
the U.S. Environmental Protection Agency. The contents of this
report are reproduced herein as received from the contractor.

Any mention of process control techniques or patented products
does not constitute endorsement by the author or the U.S.
Environmental Protection Agency. Inclusion of a test report in
this document does not indicate acceptance of the test or testing
method by the author or the U.S. Environmental Protection Agency.
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ABSTRACT

Under several EPA contracts, JACA Corp. has collected emission
test reports for iron and steel operations. Under this EPA work
assignment, JACA reviewed in-house test reports and developed
emission factors for iron and steel operations for pollutants
that are not included in the 1986 update of Section 7.5 (Iron and
Steel Production) and Section 7.2 (Coke Manufacturing) of AP-42.
Specifically, the following operations were addressed:
Sintering-windbox, basic oxygen furnaces, electric arc furnaces,
argon oxygen decarburization, steel teeming, coke pushing, coke
oven gas desulfurization, and combustion stacks.

The development of the emission factors are discussed in this
document. The revised AP-42 sections are contained in
appendices.
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SECTION 1
OVERVIEW
INTRODUCTION

The Emission Factor Methodologies Section (EFMS) of the
Emission Inventory Branch (EIB) has respon51b111ty for developing
and maintaining the document Compilation of Air Pollutan
Emission Factors, AP-42, which is a basic source of emission
factors used in preparatlon of State Implementation Plans (SIPs),
economic analyses, review of Prevention of Slgnlflcant
Deterioration (PSD) applications, New Source Review permit
applications and other Federal, State and local agency
assessments of air pollution sources. Emission factors are one
primary tool used to determine source contribution to pollutant
levels within a specific geographic areaz Therefore, they affect
source control and permit decisions as well as SIP emission
inventory development covering several source types.

Under several EPA contracts, JACA Corp. has collected
emission test reports for iron and steel operations. Under this
EPA work a551gnment JACA reviewed in-house test reports and
developed emission factors for iron and steel operations for
pollutants that are not included in the 1986 update of Section
7.5 (Iron and Steel Production) and Section 7.2 (Coke
Manufacturing) of AP-42. Specifically, the following operations
and pollutants were addressed:

o Sintering-windbox: sulfur dioxide (SO,) and nitrogen
oxides (NO,)

o Basic oxygen furnace (BOF): SO, and NO,
o Electric arc furnace (EAF): SO, and NO,
o Argon oxygen decarburization (AOD): particulate matter

(PM), particle size distribution, and lead (Pb)

o Steel teeming: particle size distribution

o Coke pushing: SO,

-0 ~ Coke-oven gas (COG) -desulfurization: - SO, and sulfur
compounds (hydrogen sulfide, carbonyl sulfide, and

carbon disulfide)

o Combustion stack: Pollutants to be specified at a
later date.

The development of the emission factors for each operation
and pollutant are discussed in the remaining sections of this
document. Appendix A contains the revised AP-42 Section 7.5,



document. Appendix A contains the revised AP-42 Section 7.5,
and Appendix B contains the revised AP-42 Section 7.2. Apendix C
contains copies of key pages of the test reports that are
discussed in this document.

EMISSION FACTOR RATING SYSTEM

The emission factors are based on data from several sources.
A rating system is used to convey the reliability and accuracy of
the data from an individual test report as well as the emission
factor that is subsequently developed from the test data.® The
rating system for data from an individual report is as follows:

A - Tests performed by a sound methodology and reported in
_enough detail for adequate validation. These tests are
not necessarily EPA reference -method tests, although
such reference methods are certainly to be used as a

guide.

B - Tests that are performed by a generally sound
methodology but lack enough detail for adequate
validation.

C - Tests that are based on an untested or new methodology
or that lack a significant amount of background data.

D - Tests that are based on a generally unacceptable method
but may provide an order-of-magnitude value for the
source.

The rating system for the emission factor is as follows:

A - Excellent. Developed only from A-rated test data taken
from many randomly chosen facilities in the industry
population. The source category is specific enough to
minimize variability within the source category population.
A source category is generally a single process.

B - Above average. Developed only from A-rated test data
from a reasonable number of facilities. Although no
specific bias is evident, it is not clear if the facilities
tested represent a random sample of the industries. As in
the A rating, the source category is specific enough to

-. minimize variability within the-source ctategory population.

C - Average. Developed only from A- and B-rated test data
from a reasonable number of facilities. Although no
specific bias is evident, it is not clear if the facilities
tested represent a random sample of the industry. As in the
A rating, the source category is specific enough to minimize
variability within the source category population.



D - Below average. The emission factor was developed only
from A- and B-rated test data from a small number of
facilities, and there may be reason to suspect that these
facilities do not represent a random sample of the industry.
There also may be evidence of variability within the source
category population. Limitations on the use of the emission
factor are footnoted in the emission factor table.

E - Poor. The emission factor was developed from C- and D-
rated test data, and there may be reason to suspect that the
facilities tested do not represent a random sample of the
industry. There also may be evidence of variability within
the source category population. Limitations on the use of
these factors are always footnoted.

Both of these standard rating systems are used throughout
this document. =
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SECTION 7

COKE PUSHING

SUMMARY

An emission factor for SO, is included for coke oven pushing
in the revised AP-42 Section 7.2. The following is a summary of
the emission factor:

Emiésion factor
Suggested emission kg/Mg (1b/ton) coal

Type of operation factor rating charged
Coke pushing, D . S0,:0.043 (0.086)
uncontrolled =

(includes non-
pushing periods)

The SO, emission factor is based on a single B-rated test
and, therefore, a D emission factor rating is proposed. Table
7-1 provides a summary of the test data.

SULFUR DIOXIDE DATA

The single SO, test is summarized in this section.

Test 24: Bethlehem Steel Corp./Burns Harbor, IN!

During March 1975, Clayton Environmental conducted testing
of coke side emissions on the Battery 1 shed. The testing was
conducted under contract to EPA to quantify the nature and extent
of emissions. The authors noted that the continuous average
estimated shed capture efficiency was 85 percent.

SO, emissions were measured using Method 8. The
measurements were made on a continuous basis. An emission factor
was calculated as follows:

Emission rate = 12.6 1lb/hr (average)

Coke production rate = 35 ton/charge (average) wet coal feed

Average number of pushes = 4.9 push/hr (average during

sampling period). Assume average number of charges/hr
is equal to the average number of pushes/hr.

Capture efficiency of hood = 85 percent or 15 percent
escaping capture

Emission factor:
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12.6 1b hr x charge 1
hr 4.9 charges 35 ton coal 0.85

0.086 1lb/ton coal (0.043 kg/Mg coal)

A B rating is proposed for the test data. This is a very
comprehensive test series, however, all of the supporting data
sheets are contained in appendices which are not included with
the test report.
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SECTION 8

COKE OVEN GAS DESULFURIZATION

SUMMARY

Emission factors for SO, and sulfur compounds (carbon
disulfide, hydrogen sulfide, and carbonyl sulfide) have been
included in revised AP-42 Section 7.2. The emission factors are
summarized below and on Table 8-1:

Emission factor
kg/1,000 m® COG

: Suggested emission  (1b/1,000 ft* COG)
Type of operation factor rating - as SO,
COG desulfurization )
incinerator E SO, 0.74 (0.046)
Scrubber (contactor)
inlet E Sulfur Compounds:

15.8 (0.98)

Scrubber (contactor)
outlet E Sulfur Compounds:
0.48 (0.030)

The suggested emission factor rating for all source
categories is E because the emission factors are based on C-
rated test reports. There was a general lack of process data or
plant description in the test reports.

Sulfur recovery from coke oven gas (COG), is done by wet
oxidation or absorption stripping processes. There are
approximately eight major types of commercially available
processes.! All of the available test reports have poorly
documented or non-existent sections on process information or
facility descriptions. Because of the variety of commercial
processes involved, the number of possible sampling sites,

" possible ‘configuration differences, and the E emission factor

rating, the COG desulfurization emission factors are presented as
a footnote on AP-42 Table 7.2-1.

SULFUR DIOXIDE DATA
SO, data is available from three facilities. The tests were

conducted at incinerator stacks. The test data is summarized in
this section.

Test 25: Allied Chemical/Ashland, KY?
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In January 1979, York Research Corp. conducted testing of
the Sulfiban process for the Claus plant tail gas incinerator
stack. The Sulfiban process consists of scrubbing raw COG and
Springer gas (SPG) from the ammonia concentration section with
monoethanolamine (MEA) solution. The desulfurized COG is
returned to plant's users or sold. Acid gas regenerated from the
MEA solution flows to the Claus plant where elemental sulfur is
produced. Tail gas from the Claus plant is incinerated.

Eighteen S0, samples of the Claus plant incinerator stack
were collected using Method 6. The results are reported in
pounds of SO,/million cubic feet of COG (1lb SO,/MM ft} COG). The
average of the 18 test runs is 49.74 1lb SO,/MM ft® COG.
Normalizing this to 1b/1,000 ft® COG yields 0.050 lb S0,/1,000 ft?
COG or 0.80 kg S0,/1,000 m® COG.

A C rating is proposed for the tesf&, This rating was
selected for several reasons: 1) the process is not well
documented and 2) there were errors in the sample calculations
for SO,

Test 26: Republic Steel/Cleveland, OH’

In 1981, BCM conducted testing on the Sulfiban COG
desulfurization system serving No. 1 Coke Plant Batteries 1, 2,
3, and 4. The testing program included sampling at the
incinerator stack using EPA Method 8. Fourteen test runs were
conducted. Results are reported in hydrogen sulfide (H,S) gr/100
dscf COG.

The average of the tests is 12.1 H,S gr/100 dscf COG. To
express this as an S0, equivalent, complete oxidation of H,S to
S0, was assumed. Using this assumption, 1 1b of H,S is equivalent
to 1.88 1b of SO,. Converting the test results from gr/100 dscf
of COG as H,S to 1b/1,000 dscf COG as SO,:

12.81 gr as H,S 1b
X
100 dscf 7,000 gr

% 10 % 1.88 1b SO, equivalent
10 1 1lb H,S

= 0.034 1b/1,000 £t3 COG as SO, (0.55 kg/1,000 m3)

The report contains field data sheets, calculations,
descriptions of test methods but lacks a description of the
process that was tested. An appendix reports that testing shall
be conducted under maximum loading conditions, but there is no
statement in the report that testing was done under maximum



conditions. A C rating is proposed for this test report because
of the lack of process information.

Test 27: Shenango Inc./Neville Island,pa*

BCM conducted SO, tests at the incinerator stack at the
desulfurization plant on June 12 and 13, 1980. The purpose of
the tests was to determine if the desulfurization unit was
meeting the manufacturer's specifications and local air pollution
regulations. Twelve SO, samples were collected using Method s.

Results are reported in gr/100 dscf of COG as H,S. The
results were expressed as an S50, equivalent using the procedure
described under Test 26. The average results are 20.38 gr/100
dscf as H,S. The emission factor was calculated as follows:

20.38 gr as H,S < 1b x 10 x 1.88 lb SO, equivalent
100 dscf 7,000 gr 10 11b H,S

= 0.055 1b/1,000 £t3 COG (0.88 kg/1,000 m?) as SO,

The test report includes original data sheets and
calibration sheets. However, there is no description of the plant
or operations. A C rating is proposed.

SULFUR COMPOUNDS DATA

Data is available from three facilities for testing of H,S,
carbonyl sulfide (COS), and carbon disulfide (Cs;) at several
points within the COG desulfurization plant. For purposes of
consistency, the H,S, COS, and CS, data were expressed as SO,
equivalents and summed to yield total sulfur compounds as SO,
equivalents.

Test 28: Allied Chemical/Ashland, KY?

Tests for H,S, COS, and CS, were conducted during Test 25 at
the point where the desulfurized COG line exits the Sulfiban
process. The tests were conducted using gas chromatography with
flame photometric detection. The method described in the report
appears to be similar to EPA Method 15. The results are reported
in pounds of equivalent SO, per million cubic feet of CoG
produced for H,S, COS, and CS,. The S0, equivalent results were
summed for each of the 18 test runs. The average total sulfur
compounds (H,S, COS, and CS,) expressed as an SO, equivalent is
25.96 1b/MM ft’ COG. To express the results in the units
selected for the emission factor, the results were divided by
1,000. Therefore, the total sulfur emission factor is 0.026
1b/1,000 ft* COG (0.42 kg/1,000 m® COG) as SO, equivalent.



There is a wide range in the results for the tests - 7.76 to
133.43 1b/MM ft® COG as SO, (total sulfur compounds) - with no
explanation provided by the authors. The largest range is among
the H,S results which range from 0.04 to 118.9 1lb/MM ft® as So,.

A C rating is proposed for the test data because the report
lacks a description of the process and because there is no
explanation regarding the wide range of results.

Test 29: Republic Steel/Cleveland, OH’

The Test 26 sampling program also included testing for H,S,
COS and Cs, at the scrubber (contractor) inlet and outlet.
Fourteen tests were conducted at the outlet site and 13 at the
inlet site.

H,S was sampled using a modified version of Method 11. The
method was modified to accommodate the higher concentrations of
H,S that are present in COG. COS and CS, were sampled using an
absorbing alcoholic potassium hyroxide solution.

Test results are reported in H,S gr/100 dscf of COG. The
average for the contactor inlet and outlet are 280 and 7.2 H,S
gr/100 dscf of COG, respectively. Converting to SO, equivalents
and emission factor units:

Contactor inlet -

280 gr as H,S x 1b % 10 1.88 1b SO, equivalent
100 dscf 7,000 gr 10 1 1b H,S equivalent

= 0.75 1b/1,000 £t COG (12.02 kg/1,000 m?) as SO,

Contactor outlet -

7.2 gr as H,S 1b < 10 1.88 1lb SO, equivalent
- 100 dscf-coG ° 7,000 gr 10 "1 1b H,5 equivalent

= 0.019 1b/1,000 £t COG (0.30 kg/1,000 m?) as SO,

A C rating is proposed for the data because of the lack of
process description in the test report and because a standard
method (Method 15) was not used for the COS and CS, tests.

Test 30: Shenango, Inc./Neville Island, PA*



Test 27 also included testing for coOs, CS,, and H,S at the
scrubber inlet and outlet. A total of 12 samples were taken at
each location. A modified version of Method 11 was used to
accomodate the higher concentrations of H,S that are found in
COG. COS and CS, were sampled using absorption in alcoholic
potassium hydroxide.

Results are reported in gr/100 dscf as H,S for H,S and
organic sulfur (COS and CS,). The H,S and organic sulfur results
expressed as H,S equivalents were summed. The average total
sulfur inlet and outlet values are 451.94 and 16.36 gr/100 dscf
as H,S. Converting to emission factors:

Inlet -

451.94 gr as H,S 1b < 10 1: 88 1b SO, equivalent
100 dscf CoG 7,000 gr 10 1 1b H,S equivalent

=1.21 1b/1,000 ft* COG (19.40 kg/1,000 m3) as SO, equivalent

Outlet -
16.36 gr as H,S ib x 10 1.88 1b SO, equivalent
100 dscf COG 7,000 gr 10 1 1b H,S equivalent

= 0.044 1b/1,000 £t* COG (0.71 kg/1,000 m?) as SO, equivalent

A C rating is proposed for the test data because of the lack
of process description in the test report and because a standard
method (Method 15) was not used for determining CS, and COS
emissions.
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7.2 COKE MANUFACTURING
7.2.1 Process Description

Metallurgical coke is manufactured by destructive
distillation of coal in a byproduct coke oven battery. The
distillation, termed "coking", is accomplished in a series of
ovens in the absence of oxygen. Volatile compounds are driven
from the coal, collected from each oven, and processed in an
adjacent plant for recovery of combustible gases and other coal
byproducts. Virtually all metallurgical coke is produced by this
process, termed the "byproduct" method. Metallurgical coke is
used in blast furnaces for production of iron.

Coke is produced in narrow, slot type ovens constructed of
silica brick. A coke oven battery may have a series of 10 to 100
individual ovens, with a heating flue between each oven pair.
Ovens are charged with pulverized coal, through ports in the oven
top, by a larry car traveling on tracks along the top of each
battery. After charging, the ports are sealed, and the coking
process begins. Combustion of gases in burners in the flues
between the ovens provides heat for the process. Coke oven gas
from the byproduct recovery plant is the common fuel for
underfiring the ovens at most plants, but blast furnace gas and,
infrequently, natural gas may also be used.

After a coking time typically between 12 and 20 hours,
almost all volatile matter is driven from the coal mass, and the
coke is formed. Maximum temperature at the center of the coke
mass is usually 1100 to 1150°C (2000 to 2100°F).

After coking, machinery located on tracks on each side of
the battery removes the vertical door on each end of an oven, and
a long ram pushes the coke from the oven into a rail quench car,
whence it goes to a quench tower, where several thousand gallons
of water are sprayed onto the coke mass to cool it. The car then
discharges the coke onto a wharf along the battery for further
cooling and drainage of water. From here, coke is screened and
sent to the blast furnace or to storage in outdoor piles.

After the coke is pushed from an oven, the doors are cleaned
and repositioned, and the oven is then ready to receive another
charge of coal. Figure 7.2-1 is a diagram of a typical byproduct
coke process.

_ During the coking cycle, volatile matter driven from the
coal mass is collected by offtakes located at one or both.ends of
the oven. A common collector main transports the gases from each
oven to the byproduct recovery plant. Here, coke oven gas is
separated, cleaned and returned to heat the ovens. Only 40
percent of recovered coke oven gas is required for underfiring,
and the remainder is used throughout the steel plant. Other coal
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Figure 7.2-1. The major steps in the carbonization of coal
with the byproduct process.



byproducts also are recovered in the byproduct plant for reuse,
sale or disposal.

7.2.2 Emissions and Controls

Particulate, volatile organic compounds, carbon monoxide and
other emissions originate from several byproduct coking
operations: (1) coal preparation, (2) coal preheating (if used),
(3) charging coal into ovens incandescent with heat, (4) oven
leakage during the coking period, (5) pushing the coke out of the
ovens, (6) quenching the hot coke and (7) underfire combustion
stacks. Gaseous emissions collected from the ovens during the
coking process in the byproduct plant are subjected to various
operations for separating ammonia, coke oven gas, tar, phenol,
light o0il (benzene, toluene, Xylene) and pyridine. These unit
operations are potential sources of volatile organic compound
emissions.

Coal preparation consists of pulverizing, screening,
blending of several coal types, and adding oil or water for bulk
density control. Particulate emissions are sometimes controlled
by evacuated or unevacuated enclosures. A few domestic plants
heat coal to about 260°C (500°F) before charging, using a flash
drying column heated by combustion of coke oven or natural gas.
The air stream that conveys the coal through the drying column
usually is passed through conventional wet scrubbers for
particulate removal before discharge to the atmosphere.

Oven charging can produce emissions of particulate matter
and volatile organic compounds from coal decomposition. The
stage, or sequential, charging techniques used on virtually all
batteries draw most charging emissions into the battery collector
main and on to the byproduct plant. During the coking cycle,
volatile organic emissions from the thermal distillation process
occasionally leak to the atmosphere through poorly sealed doors,
charge lids and offtake caps, and through cracks which may
develop in oven brickwork, the offtakes and collector mains.

Door leaks are controlled by diligent door cleaning and
maintenance, rebuilding of doors, and in some plants, by manual
application of lute (seal) material. Charge 1id and offtake
leaks are controlled by an effective patching and luting program.

Pushing coke into the quench car is another major source of
particulate emissions, and if the coke mass is not fully coked,
also of volatile organic compounds and combustion products. Most
batteries use pushing emission controls such as hooded, mobile
scrubber cars; shed enclosures evacuated to a gas cleaning
device; or traveling hoods with a fixed duct leading to a
stationary gas cleaner. The quench tower activity emits
particulate from the coke mass, and dissolved solids from the
quench water may become entrained in the steam plume rising from
the tower. Trace organic compounds also may be present.



The gas combustion in the battery flues produces emissions
through the underfire or combustion stack. If coke oven gas is
not desulfurized, sulfur oxide emissions accompany the
particulate and combustion emissions. If oven wall brickwork is
damaged, coal fines and coking decomposition products from a
recently charged oven may leak into the waste combustion gases.

Figure 7.2-2 portrays major air pollution sources from - typical
coke oven battery.

TYPES OF AIR POLLUTION EMISSIONS
FROM COKE OVEN BATTERIES

@ Pushing emissions

@ Charging emissions

@ Door emissions

@ Topside emissions

() Battery underfire emissions
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Associated with the byproduct coke production are open
source fugitive dust operations from material handling. These
operations consist of unloading, storing, grinding and sizing of
coal; and screening, crushing, storing and loading of coke.
Fugitive emissions may also result from vehicles traveling on
paved and unpaved surfaces. The emission factors available for
coking operations for total particulate, sulfur dioxide, carbon
monoxide, volatile organic compounds, nitrogen oxides and ammonia
are given in Table 7.2-1. Table 7.2-2 gives available size-
specific emission factors. Figures 7.2-3 through 7.2-13 present
emission factor data by particle size. Extensive information on
the data used to develop the particulate emission factors can be
found in References 1 and 21.

i

“



TABLE 7.2-2. SIZE SPECIFIC EMISSION FACTORS FOR COKE MANUFACTURING

Particulate , Cumulative Cumulative
enission Particle mass % mass enission Reference
factor size £ stated factors source
Process rating (um) size kg/Mg lb/ton  number
Coal preheating D 0.5 44 0.8 1.5 6
Uncontrolled 1.0 48.5 0.8 1.7
2.0 55 1.0 1.9
2.5 9.5 1.0 2.1
5.0 79.5 1.4 2.8
10.0 97.5 1.7 3.4
15.0 99.9 1.7 3.5
100 1.7 3.5
controlled D 0.5 78 0.10 0.20 6
with venturi 1.0 80 0.10 0.20
scrubber 2.0 83 0.10 0.21
2.5 84 0.11 0.21
5.0 88 0.11 0.22
10.0 94 0.12 0.24
15.0 96.5 0.12 0.24
100 0.12 0.25
Coal charging E 0.5 13.5 0.001 0.002 7
Sequential- 1.0 25.2 0.002 0.004
or stage 2.0 33.6 0.003 0.005
2.5 39.1 0.003 0.006
5.0 45.8 0.004 0.007
10.0 48.9 0.004 0.008
15.0 49.0 0.004 0.008
100 0.008 0.016
Coke pushing D 0.5 3.1 0.02 0.04 8-13
Uncontrolled 1.0 7.7 0.04 0.09
2.0 14.8 0.09 0.17
2.5 16.7 0.10 0.19
5.0 26.6 0.15 0.30
10.0 - 43.3 0.25 0.50
15.0 50.0 0.29 0.58
100 0.58 1.15
Controlled D 035 24 0.02 - 0.04 8,10
with Venturi 1.0 47 0.04 0.08
scrubber 2.0 66.5 0.06 0.12
2.5 73.5 0.07 0.13
5.0 75 0.07 0.13
10.0 87 0.08 . 0.16
15.0 92 0.08 0.17
100 0.09" 0.18
Mobile D 1.0 28.0 0.010 0.020 14
scrubber car 2.0 29.5 0.011 0.021
2.5 30.0 0.011 0.022
5.0 30.0 0.011 0.022
10.0 32.0 0.012 0.024
15.0 35.0 0.013 0.023
100 0.036 0.072
(Continued)
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TABLE 7.2-2. (CONTINUED)

Particulate : Cumulative Cunulative
emission Particle mass $ mass emission Reference
factor size < stated factors source
Process rating (un) size kg /Mg lb/ton  number

Quenching D 1.0 13.8 0.36 0.72 15
Uncontrolled 2.5 19.3 0.51 1.01
(dirty water) 5.0 21.4 0.56 1.12
10.0 22.8 0.60 1.19
15.0 26.4 0.69 1.38
100 2.62 5.24

Uncontrolled B 1.0 4.0 0.02 0.05 15
(clean water) 2.5 11.1 0.06 0.13
5.0 19.1 0.11 0.22
10.0 30.1 0.17 0.34
15.0 37.4 0.21 0.42
100 0.57 1.13

With baffles D 1.0 8.5 0.06 0.11 15
(dirty water) 2.5 20.4 0.13 0.27
5.0 24.8 0.16 0.32
10.0 32.3 0.21 0.42
15.0 49.8 0.32 0.65
100 0.65 1.30

wWith baffles D 1.0 1.2 0.003 0.006 15
(clean water) 2.5 6.0 0.02 0.03
5.0 7.0 0.02 0.04
10.0 9.8 0.03 0.05
15.0 15.1 0.04 0.08
100 . 0.27 0.54

Combustion stack D 1.0 77.4 0.18 0.36 16-18

Uncontrolled 2.0 85.7 0.20 0.40
2.5 93.5 0.22 0.44
5.0 95.8 0.22 0.45
10.0 85.9 0.22 0.45
15.0 96 0.22 0.45
100 0.23 0.47
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Figure 7.2-3. Coal preheating (uncontrolled).
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Figure 7.2-4. Coal preheating (controlled with scrubber).
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Figure 7.2-5. Coal charging (sequential) average of 2 tests.
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Figure 7.2-6. ‘Pushing (uncontrolled) average of 6 sites.
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Figure 7.2-7. Pushing (controlled with scrubber) average of 2 sites.
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Figure 7.2-9. Quenching (uncontrolled) dirty water >5,000 mg/L TDS.
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Figure 7.2-10. Quenching (uncontrolled) clean water <1,500 mg/L TDS.
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Figure 7.2-11. Quenching (controlled with baffles) dirty water >5,000 mg/L TDS.

7.2-19



TOTAL PARTICULATE =0.54 ibs PARTICULATE
EMISSION RATE "~7 “ton COAL CHARGED

99.990

99.930
99.90
99.801

99.50}
991
98}

95

90+

STATED SIZE

80
70
60
SO
40}
30

20}

ton COAL CHARGED

0.108

0054
027

CUMULATIVE PERCENT < STATED S\ZE

2F 0.011
«0.005

CUMULATIVE Ibs. PARTICULATE <

0.5
0.2

0.5} 3
0.1 | '

oo . llllljl L , lllllll 1 L1 1 1 1]

10~ 10° 0! 102

PARTICLE DIAMETER, micrometers

Figure 7.2-12. Quenching (controlled with baffles) clean water <1,500 mg/L TI
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Figure 7.2-13. Combustion stacks (uncontrolled) average of 3 sites.
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1.0 INTRODUCTION
The U.S. Environmental Protection Agency commissioned Clayton
Environmental COnsultantst Inc, (Task 10, Contract No. 68-02-1408)
to quantify the nature and extent of particulate and gaseous emis-
sions typically emanating from the coke side of Coke Battery No. 1
at the Burns Harbor plant of Bethlehem Steel Corporation in
Chesterton, Indiana. This information was obtfined to help provide
a basis for: o
l. Development of EPA policy on cqye-aide coke battery emis-
"sions and their control; B

2., Assessment of the adequacy of State Implementation Plans
to achieve Primary Air Quality Standards in areas contig-
uous to coke plants; and

3. Assessment of the adequacy of control devices being pro-

posed for abatement of such emissions.

Measurem;nt of the normally fugitive coke-side emissions was
facilitated at Burns Harbor by the existence of a permanent, 400~
foot long, canopy-type hood, commonly termed "coke-side shed,"
that semi-enclosed the coke side of Battery No. 1.

The following two major coﬁponents comprised the coke-side
emissions released into the shed:

1. Coke-pushing operation emissions resulting from:

a. Coke pushing — an intermittent source eqiaaiqn lasting
about 15 to 45 seconds and occurring on ;n irregular
basis with an average interval between pushes of 13
minutes;

b. Quench car merment-—'an intermittent source emission
emanating from the coke in the quench car and lasting
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about 13 to 45 seconds, from the end of
a coke-over’ push until the quench car exits
from the shed; and
2. Leaking coke-side doors emissions; in the aggregate,
the 82 coke-side doors of Battery No. 1 released emis-
sions at a fairly cbnofﬁnt rate.
These two emission components-Q-eapecitlly the pushing operation —
caused the emissions conveyed through the shed exhaust duct to vary
widely with respect to particulate conégntrltion, opacity, chemical
composition, temperature, and particle size as a function of time.
Since the shed was installed to capture and transport all of
the coke-side emissions to a retrofitted control device (not in-
stalled at the time of this ptd&y), the original testing protocol
specified emission tests only in the (induced draft) duct that
exhausted the shed. During the tests, however, visibly-significant
quantities of particulate emissions were observed leaking from the
shed, indicating that the shed's capture and transport efficiency
vas less than 100 percent. Therefore, the scope of the project.
was expanded to provide an estimate of the magnitude of'these leaks.
Finally, to be fully responsive to the needs and objectives
of this test»p:ogrln, & large number of additional, expected(l’Z)
air contaminants were measured during this study as shown in _
Table 1.0~1. The rationale and purposes for sampling each of these
materials are given in Table 1.0-2, '
The field sampling portion of the study was perfo;med on March
3-7, 1975, after some initial range-finding determinations were
made on February 24, 1975. The range-finding determinations

included exhaust gas flowrate, moisture content, gas composition
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- 15 <

Using these data, pushing operations were found,
¥
on an average basis, to account for 76 percent of the over-
all coke-side particulate emissions, while 24 percent were

attributable to non-pushing operations.

Shed Particulate Capture Efficfency

Because significant visible fugitive emissions were ob-

served escaping from the shed during the study, and in order

for EPA to evaluate the cost-effectiveness of the shed concept,

it was necessary to evaluate the particulate capture efficiency

of the shed.,

2.2.1 Evaluation of Shed Capture Efficiency

The efficiﬁncy of the shed in capturing and exhaust-'
ing coke-side emissions from pushing (based upon particulate
emission measurements) was found to be approximately 85
percent. Thus, on a "continuous" basis, an average of 15

percent of th? particulate emissions escaped from the shed.

2.2.2 'Poséible Caugses of Leakage

Several potential causes for the existence of fugi-
tive particulate emissions have been suggested. These
include the following:

1. fhe overall magnitude of the shed's holding
volume appeared to be too small relative to the
magnitude of the emissions, and the effective
exhaust rate of the shed may have been too low;

2, It is poasiblg that "ghort circuiting" of the

outside air to the exhaust duct occurred; and

3. The shape, size, and location of the holding
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TABLE 3,2,.2-1

COMPARISd& OF KEY PROCESS PARAMETERS
(BATTERY NO. 1)

Burns Harbor Plant
Bethlehem Steel Corporation
Chesterton, Indiana
March 3-7, 1975

] T {me Period
Parameter s::;;::&___ 002::§:gu. S;S?T?;E
al 'ry:ilclal* Particulate| All .ry:,_lclu*
ata Data : Sampling |[Data Data
T T e T I I b i
R e Tl D e
i el e IRERN IRRRE S Bl
DRt I I il et M
) Rl e B e e
el I e
mEn s er | oo | s 1) 0
Average BTU/1b Coal | 1162 | 1160 1160 1166| 1166
ion Rate Gsern | asehatw | 000 | —

* Typical data is all data other than that for which five (4.5
+ 10%Z) or more consecutive net coking times were outside of
the range of 17-1/4 to 18-1/2 hours, i.e., 1035 to 1110 min-
utes. ’ .

*% Information requested but not received,

Clayton Environmental Consultants, Inc.
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TABLE 5,5

SUMMARY OF AVERAGE'EMISSION RATES OF "OTHER" EMISSIONS

Burns Harbor Plant
Bethlehem Steel Corporation
Chesterton, Indiana
March 3-7, 1975

Average Emission Rate
- 1bs/hr kgs/hr
| Acetylene 0.4-0,5* 0.2*
Ammonia _, 0.34-0.44 0.16=-0,20
Benzene VS | 1.9
| Benzene Homologues (as CgHg) <1.?7 <0.77
Benzo(at+e)Pyrene 0.9-1,2 0.4-0.5-
Beta-Naphthylamine <0.35 <0.16
Carbon Monoxide 6.9% 3.2%
Soluble Chloride 4.6 2.1
Chrysene-+ Triphenylene + 1,2-

Benzanthracene (as Chrysene) 0.8-1.3 0.4-0.6
Complex Soluble Cyanide 0,03 0.01
Insoluble Cyanide 0.01 0.004-0.005
Simple Soluble Cyanide 0.03 0.01
Cyclohexane Insolubles 203 92
Cyclohexane Solubles 291 132
Ethylene & Homologues (as C2Hgz) 147 * 67 *
Fluoranthene 0.7-1.2 0.3-0.6
Total Light Hydrocarbons (as CH,) 131 * 60*
Hydrogen Sulfide 0.93 0.42
Methane & Homologues (as CHy) 5.8% 2.7%
Nitrate + Nitrite (as NO3J) 0.33-0.40 0.15-0.18
Total Insoluble Phenolics (as

CgH50H) <0.06 <0.03
Total Soluble Phenolics (as

CgHs50H) 0.89 0.40
Pyrene <0.86 <0.39
Pyridine _ <0.15 <0.07
Insoluble Sulfate - <0.13 <0.05
Total Sulfate 15.7 7.2
Total Sulfite. - 6.2 2.8
Sulfur Dioxide 12,6 5.7
Sulfuric Acid Mist (as S03) 2.2 1.0

* Emissions measured during peak periods. These data have been
converted to typical operations; i.e., 4.5 pushes/hour. All
other samples were taken on a continuous basis.
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1.0 INTRODUCTION

1.1 Test Purpose

The purpose of the test pProgram was to determine regulatory

compliance of sulfur emissions from the Sulfiban Process. The
equivalegt sulfur dioxide emission rates are defined as pounds
of sulfur dioxide emitted per million cubic feet of coke oven

gas (COG) produced to correspond to the units used by the
regulatory agencies.

1.2 Test Location, Type of Process

The Sulfiban Process is located at Alli;d Chemical Corporation's,
Semet Solvay Division, Ashland Coke Plant, Ashland, Kentucky.

The two test locations were the desulfurized coke oven gas (sweet
coke oven gas - SCOG) line exit the Sulfiban Process and the
Claus Plant tail gas incinerator stack.

The basic process consists of scrubbing Raw Coke Oven Gas and
Springer Gas (SPG) from the Ammonia concentration section with
4@ monoethanolamine (MEA) solution. The desulfurized (or sweet
COG) gas is then returned to plant users or sold. Acid gas
regenerated frbm‘the MEA solution flows to the Claus Plant where
elemental sulfur is produced. Tail gas from the Claus Sulfur
plant is then incinerated. |

1.3 Test Dates

The comprehensive test effort was conducted from January 10, 1979
throﬁgh January 13, 1979.

1.4 Pollutants Tested

Over the seventy-two hour test period (continuous) York Research
Corporation (YRC) obtained eighteen (18) samples from the SCOG
'ldcation for analysis of H,S, CO0s, Cs, and s0,. Simuitaneously
eighteen (18) samples of the tail gas incinerator stack from - _
the Claus pléqt were analyzed for 802 using EPA !Method 6.
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1.5 Observers w
Officials from the Commonwealth of Kentucky, Department for

Natural Resources and Environmental Protection, vai51on of

Air Pollution (KDAPC) were on-site to witness the test program.
Messrs. John Jayne, Dan Gray, and Gerald H. Slucher, Environ-
mental Spec1allst witnessed the sampling and analytical procedures
employed by YRC during the January 10, 1979 through January 13,
1979 test period.
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4.3.2 Sulfur Dioxide (SOZ)

After sampling and%purging according to EPA Method 6,

-the impingers (excluding the bubbler) and collecting tubes
were rinsed with deionized distilled water and transferred
to a labeled polyethylehe bottle. The content? were
transferred to a volumetric flask and diluted to volume
with distilled, deionized water. A suitable aliquot was
transferred to an erlenmeyer flask containing isopropanol
and thorin indicator. The solution was titrated with
standardized 0.0100 N barium chloride to a pink endpoint.
The analyses were performed in tf&plicate each time.

‘The total milligrams of 802 was then calculated and utilized
to determine the concentration of 802 on a dry basis
corrected to standard conditions.

4.3.3 Molecular Weight of Desulfurized COG

According to EPA Method 3, a gas sample:representative
over each test was extracted from the source.

analysis (by Orsat) of the gas according to EPA Method 3
applies méinly to fossil fuel combustion process, therefore a
gas chromatographic profile was performed each testing
day. Briefly, a 0.1 cc sample was injected by means of

a heated gas sampling valve/loop system into gas chroma-
tographs employing thermal conductivity and flame ioniza-
tion detectors. Thermal conductivity detection was used
to determine percent levels of Hy, 02, Nz, co, CH4 and
CO2 by comparison to known certified gaseous standards.
Flame ionization detection was utilized to determine parts
per million (ppm) levels of Bénzene, Toluene and Xylene
isomers. From these analyses, and the moisture determined
by EPA Method 4, the SCOG molecular weight was determined.

4.3.4 sulfur Gas Analysis of Desulfurized Coke Oven Gas (SCOG)
After sampling, the heated grab samples were analyzed for
hydrogen sulfide (His), carbonyl sulfide (COS), sulfur
dioxide (802) and carbon disulfide (CSZ) using gas chroma-

' REPRODUCED F..G"
BEST AVAILABLE CC



tography flame' pho%:ometric détectibn. The grab sample
was pressurized with mercury and injected via a 1.0 cc
heated sample loop/gas sampling valve system into the
anélytical column and detector for separation -and
quantification. Known standards of HZS, cos, ?.S()2 and
Csz- were used for comparative purposes and the con-
centrations (ppm) were calculated.

REFPRODUCED FIEOI4
REST AVAILABLE COi



L1°89 €T°06 B0°6E T18°S9 9L°EY 60°LL

SE'YS TIEL 6TI°PT BT°6Y EI°EC ¥6'2T

e
sl

N @® 600

¥6°8° 6E°TT 6L°6  OT°'TT 08°S
18°r 62°G 90°S  I¥'S oLy
Y0°0 ¥0°0 90°0 90°0 Y0°0

f!

9T . ST 1

*paonpoad seb ueAC 90D JO 3097 OFQND UOFTTIW xed Zog jueteatnbe Jo epunod uy saw s3jun

mt—

60°0
8s°8
s
¥0°0

£

00°0S 9¥°Z¥ €2°99 98°ZL LS°SSZ 00°9S BT°ZF ZT0°SL LI°SS T0°09T SS°OL €6°98

spumodun)
angins [may,

€T°Tr 06°LT PP°6Y 10°9S 6°S0Z L6°9¥ €Z°0C €8°8S ¥F°SE 6¥°9Z 68°LY 28°CC o00v/vay S0s /et

(9 povpor v 4q)
WOVILS YOLVENIZNI SVO ‘[I\T,

60°0  60°0  60°0 60°0 60°0 60°0 60°0 60°0 60°0 60°0 60°0 Zc°T
S6'C  ZO°LT 'B9°TT OS°TI SS°9 95°% 9T°S LP°G 09°CT ¥6°8 626 €6°C
LL°E TI'L B6'Y  ZT°S SIS ME'Y 99°9 65°9 00°9 65°S 05°S  6I°V
¥0°0 $O'0  ¥0°0 1070 V0'O’ BS°LE ¥O°0 YO'0 $U'O OG'TY BL'L  LL'EE
.aqnhanp< Aydeabojwuoany) sen £g)

- - - BODS = = = = e e e o

T I ot 6 8 L 9 § ¥y ¢ r 1

UoRROU]
Zug
%o
500
st

uoy3eDo]

.Jz I8OYL

TIv: t1e30N

NOVLS UOLVUINIONI SV9O ‘IIVL ANV D0DS
AUVHWHAS NOISSIWE 3AIX0Ia undins
. S~I °"ON ATuvVL

REFRODUCED FROM
BEST AVAILABLE COf



Y ' Section 8

Reference 3

EVALUATION
OF THE DESULFURIZATION FACILITY
AT THE
CLEVELAND PLANT
OF ‘
REPUBLIC STEEL CORPORATION
CLEVELAND OHIO

BCM PROJECT NO. 00-4178-13
SEPTEMBER, 1981

PREPARED BY

RICHARD G. BEER
MANAGER, AIR QUALITY

Betz-Converse-MurdocheInc.
5777 Baum Boulevard
Pittsburgh, Pennsylvania 15206

REPRODUCED FROM
BEST AVAILABLE COPY



1.0° EXECUTIVE SUMMARY

Republic Steel Corporation ret?ined Betz+Converse.Murdoch<Inc. (BCM) to

_ conduct an evaluation of its Cleveland works Sulfabin desulfurization
facility. The Sulfabin system was installed by Black, Sivalls & Bryson,
Incorporated (BS & B) of Houston, Texas. The evaluation consisted of 14 test
runs. The result of these tests, which are summarized in Table 1, indicate
"thet the highest emission rate was 34 grains HpS/100 dscf COG.

2.0 SCOPE AND OBJECTIVES

The scope of the project was outlined in BCM Proposal No. 18-8249-06 which is
contained in Appendix A. The objective of the program was to sample four
locations simultaneously every four hours for a 48-hour sampling period in
order to determine emissions as HpS in grains/100 dscf of coke oven gas
(COG). The four locations and their respective-sample parameters were:

Contactor Inlet (sour gas) - H»S, COS J‘CSZ

Contactor Outlet (sweet gas) - HoS, COS + CSo

Tail Gas Stream - H2S, S02

,Incinerator Stack - 503
3.0 PROCEDURES

The field sampling program and wet chemistry on-site analyses were performed
for a 56-hour sampling period for a total of fourteen (14) complete tests.

The testing program began at 0100 hours on September 22, 1981 and was ended at
0500 hours on September 24, 1981. - :

A11 stack samples were taken at the lower test location but, due to low flows
at this location, flow data was taken at the top platform for better

accuracy. Flows at the top platform were taken once a day with pilot traverse
checks run at the lower location after each test to insure that stack flows
had not changed substantially. Stack flows from the upper test location were
used in all calculations.

3.1 Field Work

A1l test and analytical procedures and field data sheets are contained in
Appendix .B.
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3.2 Calculations

Example calculations and¥ield calculations are contained in Appendix C.
Republic Steet and BS & B provided flow calculations for the contactor
and tail gas locations.

3.3 Calibration
Field equipment calibrations are contained in Appendix D..

4.0 SUMMARY OF RESULTS

Gaseous concentrations at each sampling location were first analyzed directly
as either H,S, SOz, or C0S-CSp, and then converted to concentrations as

H.S because the régulations are based on grains of H25/100 dscf COG.
Therefore, the flow differential between each location and the sour gas or COG
flow had to be accounted for in the calculations. Table 1 summarizes flows
and grain loadings for each sample location. B :

Fourteen (14) test runs were made between 0100 hours on September 22 and 0500
hours on September 24, 1981. As Table 1 indicates, all test runs achieved a
total grain loading in the stack and contactor outlet of less than 35 grains .
H2S/100 dscf COG. The contactor outlet emissions ranged from 2 to 20 grains
H25/100 dscf COG. The total grain loading of stack and contactor outlet
ranged from 7 to 34 grains Hp5/100 dscf COG.
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REPUBLIC STEEL - DESULFURIZTION TEST PROCEDURES
1.0 EXECUTIVE SUMMARY v

" Republic Steel Corporation retained Betz-Converse-MurdocheInc. (BCM) to
conduct an evaluation of its Sulfabin desulfurization facility at its
Cleveland Works. Four locations will be sampled simultaneously every four (4)
hours for a forty-eight (48) hour sampling period in order to determine
emissions as HoS in grains/100 dscf and removal efficiencies, where
applicable. The four locations and their respective sampling parameters are:

. Contactor Inlet (sour gas) - HpS, COS + csz;

. Contactor Outlet (sweet gas) - H2S, COS + CSa.

. Tail Gas Stream - HpS, SO02.

. Incinerator Stack - SOp. _
The sampling and analytical methods to be used at each location are as follows:
Contactor Inlet (sour gas) - HpS, COS and CSz Sampling

Sampling Method

A Sampling train with five (5) impingers is used (Figure 1):

First impinger contains 100 milliliters (ml) of 0.1 N, HpSO4 and a

few drops of methyl orange indicator to collect ammonia present in the
gas stream. The first impinger removes ammonia which interferes with the
HoS analysis results. .

Second and third impingers contain 150 milliliters (m1) each of Cd(OH);
for HpS collection. It should be noted that the Cd(OH)» used here is
approximately eight times as concentrated as recommemded in EPA Method
Eleven (11) to accommodate the higher concentrations of HpS present in
the coke oven gas (COG). By increasing the concentration, a larger
sample volume can be collected and the sampling period can be extended.

Fourth impinger contains 100 m%lIiliters (m1) of alcoholic potassium
hydroxide solution for COS and CS» collection, according to the
following equations:

C0S + KOE¢ ---- KS - CO - OE
CSp + KOEg --=- KS - CS - OEg

Fifth impinger contains approximately 200 grams of Silica gel for capturing
the moisture. o '

REPRODUCED FROM
BEST AVAILABLE COF"-{“



"REPUBLIC STEEL | -3- ~ August, 1981

Laboratory Analysis ¥

HaS:

The contents of impingers two and three are transferred to a one (1)
1iter volumetric flask that {s then brought to volume with distilled
water. A 50 milliliters (ml) aliquot is placed in a stoppered flask
containing an excess of acidified iodine solution (0.1 N 1odine and 10%
hydrochloric acid). The sample is allowed to sit for thirty (30) minutes
until the reaction is completed. Four (4) milliliters (ml) of stabilized
starch solution is added and the sample is titrated with 0.1 N sodium
thiosulfate to the endpoint, the disappearance of any blue color.

C0S and CSp: 2

The content of fourth impinger is transferred into a 500 mill{liter (ml)
Erlenmeyer flask, using 80 milliliters (ml1) of distilled water to wash
out the absorber. The solution 1s cooled to less than 59C. Two to
three drops of phenolphthalein are added and the solution is slowly
neutralized with glacial acetic acid, using three drops in excess after
the disappearance of the red color of the indicator. The xanthates are
?hus converted to reactive xanthic acids which are readily oxidized by
odine.

The acidic solution is nitrated in the flask with 0.1 N iodine solution,
keeping the temperature below 5°C. Three to five milliliters (m1) of

. soluble starch solution are employed as an indicator and the endpoint is
taken upon the-first appearance of the blue color.

.Eauations for Calculations

HoS:

1. Vmgeq = (528) (Vp) (Pogr) / (29.82) (Tp)

2. [ ) - ) R s -[ivp ) - () ()] B (26.3) (ve)
Chigs = (Va) (Vg g) |
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1.0

2.0

INTRODUCTION

In order to reduce the coke plant sulfur emissfons, Sﬁenango
Incorporated has installed a desulfurization process.

BCM was retained to determine if the desulfurizatfon unit was
meeting manufacture specifications and Allegheny County emission limits.
SCOPE_AND OBJECTIVES

The scope of the project was ori;3n311y defined in BCM proposal
number 18-8206-06, a copy of which appears in Appendix A of this
report. In summary, sampling and analysis were performed to determine
the following para@eters. )

2. Hydrogen Sulfide (H,S) - gr/100 DSCF
b. Sulfur Dioxide (SOZ) - gr/100 DSCF

c.  Carbon Disulfide (CS,) - gr/100 DSCF
d. Carbonyl Sulfide (COS) - gr/100 DSCF
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3.0

3.1

3.2

PROCEDURES

A description of the various procedures utilized during the project

is outlined below. %

Field Sampling

Field sampling and wet chemistry analysis was accomplished during

June 12 and 13, 1980. BCM personnel involved in the project were:

Paul Turina - Scientist-.
Douglas Seely - Scientist
Kévin Hylton - Sciéﬁtist
Daniel Petrovay - Technicfian
Plant coordination between Shenango and BCM was provided by:
J. R. Zwikl - Director of Environmental ControI.

The following methods were embioyed during the sampling program:

a. Gaseous hydrogen sulfide was collected as per Method Eleven of the
Federal Register, Volume 36, Number 247, December 23, 1971, appro-
priately amended. ]

b. Gaseous sulfur dioxide samples were collected as per Method Six of
the Federal Register, Volume 36, Number 247, December 23, 1971,
appropriately amended. |

c. Gaseous carbonyl sulfide and carbon disulfide were sampled yia
absorption in alcoholic potassium hydroxide. |
A1l sampling methodologies are fully described in Appendix B, pages

B-1 through B-2. |

-

Equipment Calibration

In accordance with accepted procedures published by the U.S.

Environmental Protection Agency, gas chromatograph, volume metering

squipmant, and tonjirilurs measuring eguinment supplied by BCM had been
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calibrated before usey in the project. Calibration data are listed in
Appendix F, pages F-1 through F-4.

W
w

Analytical Procedures

A1l samples generated during the sampling program were immediately
analyzed in the Shenango Laboratory at Neville Island by BCM personnel.
The following is a brief outline of the procedhres. Complete methodol-
ogies are listed in Appendix C of this report, pages C-1 through C-4.
1. Gaseous hydrogen sulfide was detegﬁined by absorptfion in acidified

fodine and back-titrated with sodfum thiosulfate.

2. Gaseous sulfur dioxide samples were analyzed by titration with
barium chloride.
3. Gaseous carbonyl su]fide-énd carbon disulfide were analyzed by
titration with fodine.
3.4 Calculations

Wet chemistry calculations were performed in the field to provide
Shenango with immediate preliminary data. The ca1cu1aiions were checked
afterwards to assure accuracy.

Raw data generated from the sampling program was combined with the
laboratory results and developed through the equatfons for each method-
ology. These equations are listed in Appendix C, pages C-3 through C-4.

4.0 RESULTS | |
4.1 Wet Chemistry Results

The following Tables I, II, III and IV summarize the wet chemistry

" results. Results are expressed in terms of Coke Oven Gas.
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N TABLE I

Hydrogen Sulfide (HS)
(gr/100 DSCF)

Dzte Run No. Time Scrubber Inlet Scrubber Outlet Tail Gas
6-12-80 1 0700 431.68 10.44 - 1.63
2 0900 56.60 - 7.08 5.31
3 1100 427.86 | 7.3 3.60,
4 1300 445,32 % 12.92 10.16
5 1500 434,92 10.54 5.53
6 1700 455.87 6.52 311
6-13-80 7 0700 440.84 8.7 7.42
8 0900  478.54 19.46 2.38
9 1100 424.36 12.24° 1.43
10 1300 424.75 13.02- 1.94 -
11 1500 425.99 7.93. No Sample
12 1700 438.33 11.03 2.09
4
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N TABLE 11

Organic Sulfur (COS + gsz)
(gr/100 DSCF as H2S

Date Run No. JTime Scrubber Inlet  Scrubber Qutlet
6-12-80 1 0700 13.61 6.00
2 - 0900 . 14,23 4.84
3 1100 14.63 5.27
4 1300 5 9.61 6.32
5 1500 '20.93 7.44
6 1700 15.50 5.15
6-13-80 7 0700 8.01 6.12
8 0900 9.03 4.57
9 1100 8.87 5.37
10 1300 7.67 6.28
11 1500 7.711 5.10
12 1700 8.49 6.09
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Date

6-12-80

6-13-80

Run No.

W 00 ~N OO0 o & W N =

— s
N = O

» TABLE III

" Sulfur Dioxide (502)
(gr/100 DSCF as HzS)

Time _
0700
0900
1100
1300
1500
1700
0700
0900
1100
1300
1500
1700

Tail Gas

1.52
0.07
0.06
1,12
0.41
0.29
0.31
3.92
15.53
0.51
No Sample
0.95

Stack_
21.47
15.38
18.34
18.55
10.66

9.86

4.77
24.90
35.83
38.75
18.87
27.19
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TABLE 1V

¥
Total Emfssion Concentration
(gr/100 DSCF as HgS)

Scrubber Outlet Stack
Date Run No. Time HoS Organic Sulfur S02 Total
6-12-80 1 0700 10.44° 6.00 21.47 37.91
2 0900 7.08 4.84 15.38 27.30
3 1100 7.37 5.72 18.34 31.43
4 1300 12.92 & 6.32 18.55  37.79
5 1500 10.54 7.44 10.66 28.64
6 1700 6.52 5.15 9.86 21.53
6-13-80 7 0700 8.77 6.12 4.77 19.66
8 0300 19.46 4.57 24.90 48.93
9 1100 12.24 5.37 35.83 53.44
10 1300 13.02 6.28 38.75 58.05
11 1500 7.93 5.10 18.87 31.90

12 1700 11.03 6.09 27.19 44.31

Average Emissions Day 1 (6-12-80)  30.77 gr/100 DSCF
_Average Emissions Day 2 (6-13-80) 42.72 gr/100 DSCF
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