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ABSTRACT

This report summarizes the results of the Coke Oven Charging Emission
Control Test Program conducted at the P4 Battery of the Jones and
Laughlin Pittsburgh Works. The duration of the program was from April
1971 through May 1974, with actual field testing accomplished during the
period May 1973 through August 1973. The overall objectives of the test
program were; (1) to quantify the atmospheric pollutants resulting from
the charging operation in the coking process, (2) to provide a compara-
tive evaluation of a pellution abatement system (an improved design
larry car versus an existing larry car), and (3) to determine the
feasibility of a compliance monitoring system concept based upon optical
measurement, All objectives of the program were successfully accomplished,
and emission characteristics of the charging operation have been de—
fined in terms of both gaseous emissions and particulates released to
the atmosphere, Emissions were alsoc defined from leaking seals on the
pusher side doors of the oven. Several pertinent conclusions were also

developed relating to the technology of coke oven emissions measurement,

This report is submitted in fulfillment of Interagency Agreement Number
F192628-71-C-002 and Contract Number 68-02-0650, under the sponsorship
of the Control Systems Laboratory of the U. S. Environmental Protection

Agency.
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A

SECTION I
CONCLUSIONS

Measurements were successfully made defining the emission characteristics
of the coke oven charging operations for the P4 battery of The Jones and
Laughlin Pilttsburgh works. Both the old Wilputte and the production
prototype AISI/EPA larry car charging operations at this battery were
characterized in terms of gaseous emissions and particulates released to
the atmosphere. Both continuous monitoring and manual sampling techniques
were used in a speclally designed test program to obtain the required
information. Additionally, optical measurements were made to determine
the technical feasibility of a compliance monitoring system based on

optical measurements.
IDENTIFICATION OF COKE OVEN CHARGING EMISSIONS

Particulate mass emissions from the Wilputte Larry Car were defined from
10 charging operations. These mass emissions are reported in terms of
particulates released from combinations of six major emission points.
From the data on these emission points, a composite total mass emission
of 815 grams per charge was derived for the Wilputte car. Mass emissions
were also defined for the production prototype AISI/EPA larry car from
three major emission points from four separate charging operations. A
composite total mass emission figure of 120 grams per charge was derived

from the data from the four charging operations.

The major gaseous pollutants emitted during charging that were measured
are: total hydrocarbons, carbon dioxide, carbon monoxide, nitrogen oxides,

sulfur dioxide, hydrogen sulfide, methane, ammonia, phenol, cyanide.

Based on analysis of particulate samples collected from the charging
emissions, there is a possibility that carcinogenic materials may be
generally present in emissions released during coke oven charging. This
conclusion is based on the detectable presence of benzpyrene in the tar
portion of a large number of particulate samples. Although not all

chemical forms of benzpyrene have been identified as carcinogens,




benz(x)pyrene has been so labeled. In at least one large composite sample
of collected particulate material, analytical techniques have established
the presence of benz(x)pyrene and/or benz(e)pyrene and other known or
potential carcinogens. Based on the representative nature of the sample
involved, it is reasonable to assume that the same constituents will be
generally found in the tar fractions o other coke oven emissions. To
further chéracterize the quantities of materials involved, tar concentra-
tions in particulate samples were found to range from approximately 30Z

to 90%, with an average of 57%. Additionally, benzpyrene analysis of the
tar fractions showed concentrations ranging from 260 ppm to 18,000 ppm

(1 ppm is equivalent to 1 p gram benzpyrene/gram of tar).

An_elemental analysis was undertaken_to identify the trace .constituents.
of the coal charged and the resulting emissions. The intended emphasis
was the identification and quantification of hazardous elements, partic-
ularly heavy metals. The emissions analysis was performed on particulate
sizing equipment catches, and was limited by the sample size, as well as
available analytic techniques. These limitations resulted in a large
number of instances where constituent concentrations, if they did exist,
were below detectable limits. The emission constituent concentrationsl
which were successfully measured and reported are consistent with the
constituents identified in the elemental analysis of the charging coal.
Some of the more important elements identified in detectable concen-
trations in the emitted particulate material were Cu, Fe, Pb, and Zn.

Due to the variances in particulate sample sizes, it is not possible

to make a generalized statement concerning constituent concentrations

in the emissions. It should be pointed out, however, that no constituent
concentrations in excess of what can be reasonably explained by coal
constituents was identified in the particulate material. 1In order to
obtain more definitive information on particulate constituents, much

larger samples distributed as a functilon of particle size must be obtained
and analyzed. The particle size information 1s important in assessing
the results, since this property will determine whether the particles

fall or settle out quickly (i.e., particles >200 pu), or behave simllar to
a gas in the atmosphere (l.e., <3 p).




A particle size distribution was derived based upon a composite of
samples taken from emissions released by both the Wilputte and the
AISI/EPA cars. The size distribution found was characterized as a bi-
populate lognormal distribution; with a distinct grouping of the finer
particles containing 47%Z of the sample weight and a distinct grouping of
the larger particles containing 53% of the sample weight. The finer
particle size grouping was found to have a mass mean diameter of 8.5 p
and a standard deviation of 2,5 u; whereas the larger particle size
grouping was found to have a mass mean diameter of 235 p and a standard
deviation of 3.9 p. It was also conzluded that the tar portion of the
particulate sampling was derived primarily from the small diameter por-

tion of the particle size distribution.

As an additional baseline measurement, gaseous concentrations were deter-
mined for the longer term emissions from leaking seals on the pusher side
doors of the oven. Data was collected from four separate measurements

of leaking door emlssions. The ﬁrimary gaseous constituent found in
these emissions was total hydrocarboms, for which an average emission
value of .35 ACFM was found. This measured emission value for hydro-
carbons translated to an average value of 1.2 pounds of hydrocarbon
released over a 19 hour coking cycle per ton of coal charged to the oven.
This figure of 1.2 pounds of hydrocarbon per ton of coal coked is cobviously
for an oven with doors leaking at a constant maximum rate. Since the
majority of the doors do not leak at this rate, this emission rate

should not be construed as a normal level of emissions from all oven doors.
COMPARISON OF EMISSIONS FROM WILPUTTE AND AISI/EPA CHARGING SYSTEMS

It was determined that the average total particulate mass emission from
the Wilputte car was 815 grams per charge. The AISI/EPA car averaged
120 grams per charge, a reduction of approximately 85% from the average

particulate emission level measured from the Wilputte Larry car.

The major gases emitted during charging with the Wilputte Larry car con-
sisted of; total hydrocarbons (33.77 scf/charge), COy (29.4 scf/charge),
COo (17.49 scf/charge) and NOy (.11 scf/charge). Other gaseous constituents




that were found in the emissions included; S0 (maximum concentration
of 232 ppm), HpS (maximum concentration of 42 ppm), methane (maximum
concentration of 4 ppm), ammonia (maximum concentration of 130 ppm),
phenol (maximum concentration of 31 ppm) and cyanide (maximum concen-

tration of 16 ppm).

The gaseous emissions from the AISI/EPA larry car were measured for 10
separate charging operations and are compared to similar Wilputte
measurements below. The major gases emitted during charging with the
AISI/EPA larry car consisted of; total hydrocarbons (20.43 scf/charge),
an improvement of 40% over the Wilputte emissions, CO (6.28 scf/charge),
an improvement of 64%, CO, (3.82 scf/charge), an improvement of 87%, _
and N0, (.021 scf/charge), an improvement of 82% over Wilputte emissions.
Other gases found in these emissions included; SO2 (maximum concentration

of 25 ppm), and methane (maximum concentrztion of 1.8 ppm).

The percentage reductions of the various particulate and gaseous emission
constituents are not uniform primarily because of the variations in
emission reactions which occur during charging operations. Examples
might be the presence or absence of flame, variations in dilution prior
to sampling, and changes in volume flow causing similar changes in
reaction rates. It is felt, however, that a comparison based on total

mass emitted is reasonable and justified.

The elemental analysis of various particulate samples showed some degree
of uniformity in constituent concentrations. This would indicate that
the volume of trace elements emitted during a particular charge would be
directly related to total particulates emitted. Based on this premise,
it is reasonable to assume that reductions in particulate emissions from
the Wilputte to the AISI/EPA car connote like reductions in total volume

of trace elements (particularly heavy metals) emitted.

The primary carcinogenic materials, various types of benzpyrene, display
reasonably uniform concentrations in the tar fraction of particulate
samples. Therefore, it is reasonable to assume that an argument similar

to the above would be valid for the appraisal of reductions in total




volume of carcinogens emitted (i.e., reductions in carcinogens could

be considered equivalent to reductions in total tars).
TECHNOLOGY OF COKE OVEN EMISSIONS MEASUREMENT

Although a number of technical problems were encountered during coke
oven testing, an extensive effort was made to minimize these problems

and cobtain valid data.

Sixteen separate gaseous constituents Were measured by either manual
sampling methods or the continuous measurement instrumentation system
or both. Of these sixteen gases, eight gases were analyzed by both
manual methods and the continuous measurement system, and good agreement
was found between the methods for four of the major gases (CO, CO,,
total hydrocarbon, and 03). Comparisons between the measurement methods
for two of the gases (503 and st) showed significant discrepancies
which were identified as being due to chemical interferents giving a
"false high" reading from the continuous measurement systems. These
interferents (polycyclic organic materials were suspected) preclude
accurate measurement of SO, and H,5 with the best current method for
continuous monitoring of these constituents - ultraviolet absorption.
Additional testing must be performed to identify the nature of the
chemical species which interfere with this instrumentation technique
before the technique can be applied to the task of monitoring coke oven

emissions.

Manual sampling was used for certain components (particulates, CH4, NHj,
HCN, pyridine, and phenols) because the manual sampling method was the
best and/or only technique which could be applied. In other cases (CO,
COy, 502, HyS, total hydrocarbon, Hy and Op), manual sampling was used
as a supplementary method for comparison with the results of the con-
tinuous measurement instrumentation. For this latter group, good agree-
ment was found between results from manual sampling and the continuous
data, except for S50, and HyS as noted above. The manual sampling data
for these two constituents was judged to be the most valid ohtained

during the tests and is used in the comparison of emlssions. Two




conclusions were developed concerning the suitability of manual sampling
techniques applied to the measurement of coke oven emissions. First,
the manpower required to perform the sampling was substantial when com—
pared with that required for operation of the continuocus measurement
instrumentation system. Second, the time required to obtain analytical
results on the samples was considerable, and therefore, the results
could not be utilized for test-by-test modification of procedures (as

continuous measurement results were used).

Several problems were encountered in the implementation of an emission
measurement system. The first problem relates to the concept of iso-
kinetic sampling and the difficulty of applying this concept to a highly
variable emission source such as a larry car. The approach followed
was to sémple at a constant controlled rate close to the predicted
average stack velocity and to correct the collected mass based on the
actual measured velocities to a value that would have been obtained if
isokinetic sampling had been followed. To do this, it was necessary

to gather continuous data on the velocity and/or volume flow at the
sampling point. It was concluded that this was the best approach when
considered against the alternatives of continuously and manually
adjusted sampling rates (to match stack velocities), and systems which
automatically adjust sampling rates. Based on a review of the results

obtained this appears to be a valid and successful approach.

In the measurement of the emissions released in coke oven charging, all
emission points could not be measured during one charging sequence. The
approach followed was to sample at several of the emission points on
separate charges, and to combine these results intc a composite mass
representative of the total mass emissions of the charging operation.

This approach to the measurement of mass emission was the best method
within the time and economic constraints of the test program. After
review of the data, it was concluded that there was sufficient variability
in emissions from point-to-point and charge-to-charge, so as to preclude
single point testing as a means of determining the total mass released

during a single charge with any degree of accuracy.
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The initial test objectives called for the performance of three tests
per day. However, a.numher of factors encountered after the start of
scheduled testing made the accomplishmént of this goal impossible.
These factors included unscheduled equipment maintenance and repair,
problems in production '"non-interference" scheduling of ovens within
instrumentation accessibility limits, post-test instrumentation and
data acquisition system turn around delays, and unexpected severe

worker fatigue.

The high temperatures and open flame prevalent in the coke oven environ-
ment often caused extensive damage to warious system components necessi-
tating unscheduled repair or replacement. The unpredictable nature of
these occurrences also caused problems in replacement component avail-

ability.

The instruﬁent lines to the battery top were capable of reaching a block
of 20 consecutive ovens. However, during an eight hour shift, only one
pass would normally be made through the block, exclusively charging
either the odd or the even numbered ovens. Thils reduced by a factor of
1/2 the number of available ovens in the accessible block and spaced

the charges of interest approximately 45 minutes apart. It was often
found necessary to delay the scheduled charging of an oven within the
accessible block to allow the completion of test preparation. Such
scheduled disruptions could only be tolerated on a limited basis with-

out affecting normal production.

Assuming no obvious damage to oven top instrumentation, the necessity
remained to check the continuous monitoring instrumentation and data

acquisition system components for proper operation. In addition, con-
siderable time was required when manual sampling was scheduled to turn

around manual sampling equipment between consecutive tests.

Lastly, workers experienced an unusually high level of fatigue after a
test period, primarily attributed to the rapid work pace necessary to
limit production interference (tests were generally completed in less

than 20 minutes}), high ambient temperatures (100°+), and poor air quality.




The data which forms the basis for conclusions contained in this report
are judged to be consistent and repeatable in the context of test
requirements and the operational environment. This assessment is

founded on a careful examination of basic data element test averages

for volume flow, temperature, and measured constituent concentrations
including particle size distribution. TFor example, the average volume
flow values for a Wilputte stack emissions point show an average flow
rate of approximately 200 cubic feet per minute over 15 individual tests,
while the maximum and minimum average values for this same group of

tests are approximately 290 and 130 scfm, respectively. The temperatures
in the gas streams during these tests showed similar consistency with

an approximate average of.600° Rankine. —The-corresponding- maximum—-and— ——-
minimum temperature averages were approximately 550° and 2000° Rankine
(in the presence of flame). Although almost constant fluctuations were
observed in volume flow, the data obtained appears consistent with all

observations of the charging process.

Good agreement between the continuous monitoring system and data obtained
through manual sampling is evident with the exception of H,S5/S0, data.
The discrepancies noted here were several orders of magnitude and were
traced to chemical interferents. In addition, the concentrations

measured were consistent with similar data reported by other investigators.

A number of various techniques and equipments were used to obtain partic-
ulate size information. When the various sources of data are compared
using particle statistics criteria, good agreement 1s shown in support

of the composite particle size distribution reported here. It is felt,
however, that valuable information might be obtained through the addi-
tional refinement of particulate sampling techniques and devices, and

thorough analysis of the resulting data.
FEASIBILITY OF A COKE OVEN COMPLIANCE MONITORING SYSTEM

During the conduct of this test program, consideration was given to the
applicability of this measurement approach to compliance monitoring.

One factor which appears to transcend most other considerations is the
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unique design efforts required to implement this measurement approach.
Much of the time spent in preparing for the test operation was devoted
to tasks of fitting the measurement system to the particular battery

and larry car being tested (i.e., installation of sampling lines, signal
cable, facility modifications, field fitting of emission guides, etc.).
From this it was concluded that the measurement system and the concept
of using this system could not easily be applied to the task of emission
measurement of a larger population of coke ovens. Rather, the concept
is tailored for specific application to the particular battery and larry

car being tested.

The technical feasibility of a compliance monitoring system based upon
optical measurements was established, with qualifications. The optical
measurement system consisted of a fluorescent light bar source and a
35 mm sequence camera. Micro-densitometer readings of the film images
of the 1ight bar were then used to give a measure of the emissions of
the charging operation based on the light transmission chavacteristics

of the emission volume.

Light transmission or its inverse, opacity, can be mathematically related
to particulate material contained in the emission plume based on the
portion of source light an individual particle removes from the light
reaching the detector or camera. Determination of total mass emitted
using this approach depends on several assumptions. It is necessary to
assume that the majority of the particles are larger than 3 y in diameter
so as to avoid problems caused by Mie scattering. It must be assumed
that the particle size distribution is constant over time and that the
distribution can be described accurately by its geometric mass mean
radius value. In order to make the final total mass calculation, the
emission plume remains constant over short periods (5 seconds in this
calculation) such that total mass emitted can be related to vertical

plume rise.

Technical and economic constraints precluded a charge-by-charge com—
parison of the particulates measured by direct means, with estimates

of mass emission as determined by the optical measurement system.
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Instead, a comparison was made for six separate charging operations
(four Wilputte and two AISI/EPA), between the measured flow of gaseous
enigsions (scf/second at one second intervals) and the particulate

mass rate across the length of the light bar as calculated from micro-
densitometer readings using the appropriate algorithms (measured as
grams particulate/meter vertical distance at five second intervals).

In such a comparison, evidence of a correlation between optical
measurements and the mass loading in the emissicn plume would appear

as similarities in the trends of each measurement (i.e., comparison of
peaks, and increasing and decreasing trends of the curves). In general,

these trends and relationships were found, and are reviewed in detail

in the body of the report.

Although reasonable correlation was found, problems encountered in
accurately characterizing the particulate characteristics and the
variability of the slze distribution caused serious doubt concerning
the ability of the system to accurately and consistently measure total
mass emltted for compliance purposes. An alternative approcach was
develcped and discussed in the body of this report. This approach
involves the use of the basic system elements to implement a refinement
of Ringelmann technique accounting for duration and volume of an

emissions plume.
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SECTION II1
INTRODUCTION

The atmospheric envirommental problems associated with coke manufactur-
ing are a serious concern to the industry and to anyone in the near
vicinity of a coke plant. The American Iron and Steel Institute {AISI)
has made studies over a number of years addressing the envirommental
health problems associated with coke oven emissions. The results of
these early studies led most steel companies to initiate programs re-—
lated to control of coke oven emissions, One particular aspect of the
emissions control program was improved charging techniques - a subject
receiving increasing attention from AISI and the industry. As a result
of this common interest, AISI and Jones & Laughlin Steel Corporation
signed an agreement in March 1969 whereby J & L would manage the AISI
coke oven charging program. In June 1970, AISI signed an agreement with
the Air Pollution Control Qffice (later designated Office of Research
and Development) of the Environmental Protection Agency under which half

the cost of the program would be born by EPA,

The AISI coke oven charging program was to culminate in a prototype of
a new larry car that would result in smokeless charges and have an en-
vircnmentally controlled cab for the safety and comfort of the operator.
In order to determine the improvement in atmospheric emissions due to
the new prototype larry, EPA engaged the services of The MITRE Corpora-
tion in April 1971 to conduct a test and evaluation program. The over-
all objectives of the test program as agreed to by EPA and The MITRE

Corporation were as follows:

s quantify the atwmospheric pollutants resulting from the
charging operation in the coking process,

e provide a comparative evaluation of the pollution
abatement system (AISI/EPA larry car versus existing
Wilputte Larry Car),

e determine the feasibility of a compliance monitoring

system concept based upon optical measurements.
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By July 1971, construction of the new car was started on the south end
of the P4 battery at the J & L Pittsburgh Works. In December 1971, the

new car first operated under power.

During this period, effort under the MITRE contract consisted of the
design and fabrication of emission guides to fit around the drop sleeves
of each larry car so as to channel emissions that would be normally
vented to the atmosphere; the design and installation of a van mounted
continuous monitoring instrumentation system for monitoring these
emissions; the preparation of manual sampling and analytical specifica-
tions; and the design and fabrication of equipment for the optical

measurement program.

In September 1972, MITRE performed two -days of -preliminary-testing-at — _— __ _
J & L to determine the feasibility of using certain sensors and to

determine gross flow parameters. Additional preliminary tests were

performed in May 1973, and full tests on the oven began in June 1973

and concluded at the end of August. Data reduction and report produc-

tion efforts were then initiated in September of 1973 and were completed

with the submission of this final project report in March 1974.

As an adjunct to the test activities carried on at the J & L facility,
observations of two new charging cars with features gimilar to the J & L
car were scheduled at two other coking operations in March and April

of 1974. The purpose of these observations was to collect data on the
operation of these cars including production data, reliability data, and
a qualitative assessment of emissions from the charge through visual
observations. Observations were scheduled at the Weirton, West Virginia
and Granite City, Illinois plants of The National Steel Corporation.
However, due to operational problems and program schedules, observations

at Granite City were indefinitely postponed.

Observations carried out at the Weirton Steel Division of The National
Steel Corporation provided much additional information useful in any
assessment of improvements and new technology currently in use at
operating coke plants. The data cbtained during these observations has

been compiled and is published under separate cover.
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SECTION III
APPROACH

GENERAL

In order to compare the improvement in atmospheric emissions resulting
from the use of the new AISI larry car, the MITRE approach was to
channel all emissions from around the drop sleeves and Wilputte stacks
through ductwork of defined cross-sections for flow and particulate
measurement and gas quantification. These data were then integrated to
obtain a typical grain loading and gas mass flow during a charge by each
type larry car and, in turn, a measurable change due to the new design.
This section describes the Emissions Guides used for channeling emissions
from around the drop sleeves, the sensors and probes used on the oven,
and the instrument van where continuous gas analyses were performed and
where data were recorded. Manual gas and particulate samples were ob-

tained, and this sub-program is also described in this section.

A study was conducted to establish the feasibility of determining or
inferring the mass loading of particulate matter during a charge by
means of an optical (camera) system. This experiment is also described

in this section.

Finally, the test program, schedule, and operating procedures used in

the field measurement program are described.
CONTINUOUS MEASUREMENT SYSTEM

This system was designed to allow a continucus (one reading per second)
measurement of flow and selected gases. The various components required

to satisfy this requirement are described in this section.

Emissions Guides

These are structures that were designed and fabricated to fit around the
drop sleeves of the larry cars and channel the emissions that are usually
vented to the atmosphere. The guides for each larry car are different
because the configuration of the drop sleeves is different. In both

casesg, heavy emissions escape following normal charging when the drop
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sleeve is raised up from the charging port on the oven floor. Conse-
quently, the guides were designed so that moving parts would not leak

emissions and still resist the heat of the gases and any local flames,

Wilputte Larry Car Emissions Guides -~ The duct which contained the emis-

sions from the Wilputte car and provided a controlled measurement loca-
tion was configured in the form of an annulus extending from the oven
top upward around the drop sleeve assembly, The inner wall of the
annulus was sealed to the bottom of the drop sleeve by means of a flexi-
ble fire retardant skirting. The outer wall of the annulus was located .
7" outside the inner wall and extended from the top of the oven around

the drop sleeve assembly. The outer sleeve was sealed to the top of the

oven by the weight of the-guide resting on- its-lower edge. -As can be_ —

seen in Figure 1 and 2, the annulus is elliptical in shape and smaller

at the bottom than at the top, This configuration provided an expanding

volume in the vertical direction which allowed the hot emigsions to rise

and expand with minimal interference., Portions of the guide were blocked

off by deflectors, allowing measurements to be made in one well-defined
measurement duct. In order to provide a smooth emissions flow within

the measurement area, vortex breakers were placed inside the duct at an
appropriate distance from the sampling area. The breakers, in the form

of wide mesh screens, appeared to improve the flow characteristics in

the measurement ducts. The design of the guide was such that emission

suppression or inducement was minimized.

In addition to emissions from the vicinity of the drop sleeves, emissions
escaping from the three stacks on the Wilputte car were monitored.
Guides for these emissions were merely cylindrical "stovepipe" extensions

on the stacks.

AISI/EPA Larry Car Emissions Guide - This system consisted of two hoods

connected by a flexible flameproof section for each of the three drop .
sleeve assemblies (Figures 3 and 4). The inner hood was designed to
surround the drop sleeve and contain the emissions when the sleeve is

in the lowered position, The hood was sealed at the top to the center
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flange on the drop sleeve assembly and extended downward and completely
around the drop sleeve assembly to a point slightly above the oven

surface.

A flexible woven fabric was attached to the lower edge of the inner hood
and extended downward to contact the oven top along a line completely
surrounding the lowered drop sleeve. The flexible wall was held in con-
tact with the oven top by the weight of the angle iron fabric frame that
rested on the oven floor. The hood was designed to minimize the inter-
nal empty volume while still allowing the movement of contained emissions .
to a single measurement duct located at the top and forward side (away
from the lid lifting mechanism) of the inner hood. The measurement duct
extended some distance to obtain a smooth flow of emissions, thus pro-
viding a reglon in which accurate measurements could be made. The small
hood volume optimized the entrapment of emissions experienced during the
portion of the charging cycle when the drop sleeve is lowered. Vortex

breakers were placed at the beginning of the measurement duct.

At the completion of the charging cycle, the drop sleeves were raised
and the lid mechanisms replaced the charging port covers, During this
period, the outer hood, sitting on the oven surface and connected to the
inner hood by the lower end of the fabric wall, confined the emissions
and guided them upward teo the measurement duct on the inner hood. 1In
order to allow normal operation of the lid lifter mechanism, the rear
portion of the outer hood was left open from the lower edge of the inner
sleeve to the oven surface. The 1id lifter mechanism then passed through
this opening and replaced the charging port cover in the normal manner.
A partial seal of this opening was achieved by a flexible fabric skirt
attached to the back of the inner hood above the 1id l1ifting mechanism
and directly behind the 1id lifter magnet assembly. The inner portion
of the hood was balanced so as to allow the drop sleeve to be raised or

lowered while the hood was in place.
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SENSORS AND PROBES

Flow measurements and sampling require sensors and equipment located at
the emissions guides and stacks. Other hardware was required on the
oven to obtain the needed data. The mechanical, electrical, and elec=~

tronic equipment located on the oven is described below.

Metal plates were fabricated and permanently attached to the sides of
the ducts of the emissions guides, and the sensor heads were mounted on
these plates in such a fashion that they extended into the flow of
emissions from the ducts. This design allowed for all delicate sensors
and circuitry to be handled separately from the emissions guides for
ease of cleaning and maintaining, as well as for protection against
rough handling. Equipme;t_that was mounted on the ﬁi;t;;_cahéiszéd of:
pitot tubes for gas velocity determination, thermocouples for tempera-
ture determination, probes for collecting gaseous emissions, filter
bases for collecting particulates, and heaters for maintaining the
temperature of the gas and particulate probes. Photographs of the sen-

sor ducts are shown in Figures 5 and 6.

Sensors and sampling probes were connected to additional equipment
located off the oven floor in or near the small shed on the pipe bridge
opposite Oven 3-5 (see Figure 7). These connections were made through
wires and heated tubing that either transmitted electrical signals,
differential pressure, or gas samples, These wires and tubing were made
up into bundles, termed cables, and run from the emissions guides and

stacks via overhead booms and towers to the pipe bridge area.

Two booms were used in the testing area and were attached to the pipe
bridge shed: one closest to the coal bin supported cables for testing
the emissions guides of the Wilputte car and the one farthest from the
coal bin supported cables for testing either the Wilputte stacks or the

AISI/EPA emissions guides.

The small shed at the end of the pipe bridge cross-over main opposite
Oven 3-5 housed equipment required to convert temperature and pressure

probe outputs into electronic signals, and also served as the location
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Yeommon duct"

for combining gas samples from all measuring points into a
for manual sampling and further transmission to the instrument van. The
shed alsoc served as a central location for communications via citizen
band radio between the test director, instrument van, and the optics
balcony, and was also the power distribution point for the heated probes
and gas lines. The porch-like platform in front of the shed was th?

location from which the booms were manipulated.

Pressure transmitters were housed in a 24" w x 30" h x 18" metal box,
located adjacent to the shed. Control switches for activating the gas
and particulate control valves were also in this box. Temperature
transmitters were secured to a 19" wide instrument rack inside the shed.
The “common duct" manifold that combined gas flows was housed in a N

12" x 12" x 36" heated box, located in the shed.

A meteorology station located on the top of the shed had associated

electronic boxes in the instrumentation van.

Cables, wires, and heated tubing were placed in a cable trough located
across the top of the pipe bridge where they dropped down to ground

level to the instrumentation van at the base of the bridge tower.

Instrument Van

Gas collected at the sensor ducts and the output of the temperature and
pressure sensors was processed by electro-chemical-mechanical instru-
mentation and the results recorded for subsequent analysis. The pro-
cessing center was a 36' van filled with seven racks of electronic
equipment to perform these functions and was located at the base of the
pipe bridge tower as shown in Figure 7. Three specific functions were
performed in the van: gas analysis, determining physical properties in
the vicinity of the measurement points, and data recording. Instrumen-
tation used is briefly described here, and a more detailed description
can be found in the Test Plan, MITRE WP-10434 and in MIR 6566, "A Con-

tinuous Monitoring System for Coke Oven Emissions Due to Charging."
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Gas Analysis System

The continuous gas measurement system consists of a number of specific
gas analyzers of two basic types: raw gas analyzers which accept a gas
sample as it comes from’ the emissions guides, and conditioned gas
analyzers which require preconditioning in the form of gas drying and

cooling.

The gas sampling system draws a representative sample of emitted gas
from the emissions guide and the Wilputte stack {(when testing the
Wilputte Larry Car). The gases from the emissions guide probes and the
Wilputte stack probes are combined at the common duct in the pipe bridge
shed. All components in contact with the sample gas are held at ele~-

vated temperature to prevent condensation.

The common duct consists of a plenum containing a mixed representative
sample of emission from the selected sources, The gas sample for the
wet chemical analysis (manual sampling) equipment is extracted from this
plenum. The remaining gas flowing through the common duct 1s fed through

heated sample lines to the analyzers located in the instrumentation van.

Upon entering the instrumentation van, the gas flows through a heated
manifold, from which a sample is extracted for the raw gas analyzers.

The remaining gas flows through a refrigerated condenser where it is
cooled and condensables are removed. The dried, cooled gas is then
pumped under slightly positive pressure to the conditioned gas analyzers,
A pressure regulator and bypass was provided to minimize the gas transit

time. A schematic diagram of this system is shown in Figure 8.

Raw Gas Analvzers

A number of the gas analyzers operate on the gas sample under stack
conditions. The gaseous constituents monitored in this manner include:

so,, H,5, THC, NO, NO_ and H,O vapor. Each instrument incorporated an
2° 72 X

2
independently heated sample handling system for controlling the flow

through each analyzer.

The HZS analyzer is a dual gas instrument, manufactured by Peerless In-

strument Company and operated on the principal of ultraviolet absorption.
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The band selected for HZS has an 502

the analyzer was also measuring 802 on a continuous basis, a correction

interference factor, but since

circuit was employed which subtracted out the SO2 interference, provid-
ing a true output of HZS' The analyzer incorporates three ranges pro-
viding 3,000, 300, and 100 ppm by volume full-scale.

The THC (Total Hydrocarbons) analyzer operates on the flame ionization
principle whereby the gas sample is burned in an ionization chamber

using a mixture of zero air and pure H, as fuel, The combustion pro-

cess produces free ions, which are detzcted by an ion detector. The
detector produces a current whose magnitude is a function of the number
of ions reaching the collector; therefore, the detector current is a
function of the total hydrocarbon content of the gas sample. The
analyzer utilizes an input gas dilution system to eliminate interference

caused by the H2 present in the sample gas.
The analyzer for Nitrous Oxide is a chemiluminescent device. In the
reaction

N0+03+N02+hu, ey

light (A = .6-3u) is emitted when electreonically excited N02 molecules
revert to their ground state, and the intensity is proportional to the

NO concentration.

The analyzer for Nitric Oxide is similar to that for NO, but includes a
hot catalyst for the reduction of NO2 to NO. The resulting measurement
is NOx (NO + NOZ)' The quantity of NO is subtracted electronically,

from the NOx value, producing an output in terms of NO2 concentration.

The Water Vapor analyzer is a MSA Lira 200 HR Non-Dispersive Infra Red
{NDIR) instrument. It has a dual range configuration with 10% and 50% .

moisture full-scale ranges.

Conditioned Gas Analyzers

These gas analyzers are supplied with a cooled, dried sample gas stream,
A refrigerated condenser with a stainless steel condensation chamber is

employed to pump the dried gas through the analyzers., A dry gas sample
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handling system was employed for each analyzer, providing flow monitor-
ing, throttling control, and calibration gas insertion. Those gases

monitored are: HZ’ 02, CO, and C02.
The analyzer for Hydrogen is a Beckman 7C Thermal Conductivity Analyzer.

The analyzer for Oxygen is a Beckman Model 742, utilizing a polaro-

graphic oxygen sensor. '

The analyzer for Carbon Monoxide is a MSA dl1lA 202, non-dispersive in-
frared instrument. The instrument is a three-range device, operating

at 3%, .3%, and .03% by volume full scale.

The analyzer for Carbon Dioxide 1s a MSA LIRA 202 non-dispersive infra-
red instrument. The instrument 1s a four range device, operating at 10%,

3%, 1%, and .3% by volume full scale.

Physical Properties Measurement System

The physical properties of the gas effluent emitted at each source were
monitored, These properties include temperature, static pressure, and
differential pressure, and are used to compute the volume flow of the
emission and in processing the data to convert the gas measurements to

STP.

Temperature measurements were monitored by using Type K (Chromel-Alumel)
thermocouples in conjunction with Leeds and Northrup Model 1992 tempera-
ture transmitters in a temperature range of 0-2,200°F, The temperature

transmitter has a response of 1 millivolt/2°F,

The differentlal pressure measurements were made using a series of "'5"
Type pitot tubes, connected to CGS Datametrics Model 536 Barocel pres-
sure transducers. The range of differential pressure is 0-10.0" W. C.

with resolution of .0005" W. C.

Meterological parameters were monitored on a continuous basis, These
parameters include ambient temperature, humidity, baromeiric pressufe,

wind speed, and wind direction.
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Data Recording

The data produced by the gas analyzers and the physical property mea-
surement instruments were recorded, in IBM-360 compatible format, on

magnetic tape. GSelected parameters were recorded 1n analeg form on a
series of strip chart recorders. In addition, each parameter could be

monitored, independently, by a digital volt meter. '

The data acquisition system was manufactured by Data Graphics Corpora-
tion, to MITRE specifications. The system provides 70 analog input
channel capability, time of day clock, and manual data input. The
analog-to-digital converter provides am accuracy and resolution of .005%
of full scale and is capable of operating at a data rate of 200 con-

verslons/second.

Selected data parameters were graphically recorded on strip charts. The
recorders, manufactured by the MFE Corporation, are multi-channel
devices using rectilinear heat writing and providing 29 channels of

recording capability.
MANUAL SAMPLING

The sampling of gas and particulate by manual methods was done to com~
plement the continuous monitoring and optical portions of the program.
Samples were obtained at the same measurement points on the emissions
guides and Wilputte stacks as the emissions were channeled during nor-
mal charging and simultaneously with the continuous measurement tests.
A brief summary of this part of the test program follows below, with a
more detailed description found in MITRE WP-10179, "Manual Sampling and
Analytical Requifements for the Coke Oven Charging Emisgions Test
Program," 16 February 1973, and MTR-6288, "Manual Sampling System for
the Coke Oven Charging Emissions Test Program," December 1972.

Gas Sampling System

Gases drawn through the probes of the sensor duct and into the overhead
boom cables to the pipe bridge were mixed in the "Common Duct" manifold.
The probes, cables, and common duct were maintained at elevated temper-

atures to prevent condensation of hydrocarbons and other tars. The
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heated common duct manifold was used as the source for the manual gas
samples, and a heated tube extended from this common duct to a heated
box containing four Teflon bags. During the test of a normal charge,
the four bags were sequentially filled with the gases from the common
duct. The heated box containing the four bagged samples was removed to
the portable lab where each sample was preprocessed and partlially
analyzed on site to minimize the possibility of degradation of any con-

stituents. The preprocessing was as follows:

® Samples containing N2' H2, 02, Co, 002, and CH4 were trans-
ferred to glass contalners for later analysis,
- 50, was absorbed-using an impinger and -held.for_later .. __ __ ___ .

2
analysis.

NOx was analyzed on site.

THC was analyzed on site,

NH3 was absorbed by an impinger for later analysis.

HCN was absorbed by an impinger train for. later analysis.

HZS was absorbed by an impinger train for later analysis,

Specific hydrocarbons (pyridine and phenols) were placed in

trains for later amalysis.

Later analysis of the samples was performed in the Kansas City Labora-

tories of Midwest Research Institute by prescribed techniques.

Analytical Methods

In this'section, the analytical methods are described for the determina-

tion of gaseous concentrations in the manual sampling program.

CO, THC, Methamne - A Varian Aerograph Gas Chromatograph, Model 1420-10,
equipped with a 5 ml. gas sample loop and a.high sensitive thermal con-
ductivity detector, was used throughout for this work. These gas deter-
minations were made in the field lab due to the unstable nature of the
gases. The sample loop system was evacuated to as low a pressure possible
with a Welch Duo-Seal vacuum pump. For calculation purposes, this

Pressure drop was considered to be atmospheric pressure. The sampie was
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passed into the sample loop and the sample pressure measured. Using a
molecular sieve 5A column, the gases were separated under the instrument

conditions listed in Table 1.

02, N2, 002 and H2 - These gas concentrations were determined in the

identical method as just described, except that the analyses were per-

formed at the MRI laboratory in Kansas City at the completion of thg
field work.

H,S - ASTM D 2725-70, "Methylene Blue Method;" exceptions to method -

Neutral CdSO, solution (140 g/liter) used in place of zinc acetate ab-

4
sorbing solution,

NO_ - Federal Register Method 7 (Volume 37, Number 247), "Determination

of Nitrogen Oxide Emissions from Stationary Sources."

NH, - Analytical Chemistry 39, 971 (1967), "Catalyzed Berthelot Reaction.”

CN - ASTM D 2036-72, Method C. Colorimetric (chloramine-T/Pyridine-
Barbituric Acid).

Phenol - ASTM D 1783-70. Amincantipyrine-Ferricyanide Method.

SO2 - Federal Register Method 6 (Volume 36, Number 247), "Determination

of Sulfur Dioxide Emissions from Stationary Sources."

Pyridine - Gas Chromatographic Analysis. Instrument - MicroTek Gas
Chromatograph, Model 220, equipped with a flame ionization detector.
Column - 5% Theed on Chromasorb G, 80/100 Mesh, 9' x 1/4" Cu. Column
Temperature - Isothermal at B85°C, Carrier Gas - Nz. Carrier Gas Flow
Rate - 20 mi/min.

Particulate Sampling System

Particulate sampling was done at each emissions guide and Wilputte stack.
The sampling nozzles were located in the measurement ducts parallel to
the expected flow directions, Each nozzle was connected directly to a
heated cyclone and filter or an Andersen Sampler. This sampling system
further consisted of a modified EPA particulate-sampling train employing

quasi-isokinetic sampling.
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TABLE 1

GAS CHROMATOGRAPH PARAMETERS FOR MITRE GAS ANALYSES

Gas 02 N2 CO2
Column (a) (a) (a)
Column Temperature, °¢ 60 60 250
Detector Temperature, °c 195 195 195
Carrier Gas - ‘He = He = He
Carrier Gas Flow Rate, 100 100 100
ml/min -

Bridge Current, ma 200 200 200

{a) Molecular Sieve 54, 5 ft x 1/8 in., s.s.

(b} Molecular Sieve SA, 15 ft x 1/8 in. s.s.
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The samples were analyzed for mass loading, size distribution, and
elemental analysis. The welght of each sample was correlated with the
volume of the gas sampled from the streaﬁ to determine the anisckinetic
particulate concentration to which theoretical corrections were applied
to produce a calculated isbkinetic concentration. Samples, obtained
from the Andersen impactor and captured on the MITRE designed carrousel
sampler (see MITRE WP-1(0480), as well as those collected by the Brink
impactor, were used for size analysis. Methods used were aerodynamic
classification and optical microscopy. The particulate samples obtained

were analyzed for the following elements:

Al Cu Mo Se
As Fe Na Sn
Ba Ga Ni Sr
Be Ge P Ti
Ca Hg ' Pb T1
Cd K S v

Co Mg Si Zn
Cr Mn Sb U

Coal Sampling System

Coal Samples were obtained while testing both larry cars. Analyses per-
formed on these samples were size distribution, elemental, proximate,

and ultimate.
OPTICAL PROGRAM

One objective of the MITRE test program was to investigate the feasi-
bility of developing simple monitoring systems and techniques and to
define an inexpensive compliance monitoring system for evaluating emis-

sion sources with similar characteristics.

The proposed system of monitoring was to cause minimal interference with
the normal operation of this coke plant and was to be adaptable to various
plant configurations and conditions. Optical techniques have been
successfully applied in numerous situations involving a requirement to
monitor emissions to determine pollution and air quality. Because of

this previous use, because it did not interfere with coke production and
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would be adaptable, and because it could be operated in parallel with
the continuous monitoring system, an optical monitoring system was de-

signed to satisfy this requirement.

The three essential elements in any optical measuring system are:

e a source of radiant energy (the sun, light bulbs, lasers,
etc.) or a target which reflects radiant energy, }

e energy collection and focusing devices {(lenses, mirrors),

e energy detectors (the eye, photoelectric cells, photo-
graphic film, etc.) plus amplification, display, and re-

cording devices.

The basic type of light sourcé which best satisfied the system require-
ments is the flourescent tube. In order to achieve the desired vertical
width for the light source, a parabolic reflector was placed behind two
standard 1500 MA 96" parallel flourescent tubes which achieved desired
intensity as well. The tubes and reflector were housed in a "light bar"
which had a diffuser lens mounted in front of the unit to provide a
more uniform iight output. The bar was mounted 25 feet above the oven
flecor on the south end of the battery (see Figure ¢). The main section
extended across the entire width of the oven, and "wing sections" ex-

tended outward and downward.

The collecting, focusing, and detecting device selected is a modified

35 mm sequence camera capable of providing a frame rate of one frame per
second.. The camera was mounted on the first balcony of the coal in on
the oven and was equipped with a 200 mm lens such that the light bin
completely filled the field of view. The camera was also equipped with
a time-of-day clock which recorded time on each frame, Additionally,

a near-field light (18" flourescent lamp) was positioned in front of the

camera balcony for orienting the camera after each setup.

During operation of the optical system, sequential photographs were taken
of the light bar as the emissions plume from the larry car crossed the
path between the camera and the bar, Each frame of the film contains

an image of the large linear light source (light bar). In recording the
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image of the light bar, the film detected any diminishment of light bar
brightness caused by particulate or aerosol material in the light path.
This diminishment was recorded as a decrease in density of the light bar
image on the film. By prOperly'choosing the exposure values for the
film and accurately processing the exposed film, the amount of light
diminishment was determined using a micro-densitometer to analyze

image density changes of the individual frames,

Each frame contains three light bar segments as shown in Figure 10,

Each segment has two distinct areas. The bottom or black (this drawing
represents a negative film frame) area represents the surface of the

light source. The top or white area is a flat surface of the light bar

that was painted flat black to reduce any reflected light coming fra; -
this area. All three segments are identical in construction, The

light source image appears ~350u high on the film frame. The flat black

area appears 400y high and adjoins the lighted area directly above or

to the outside of it. Micro-densitometer analysis of both light and

dark areas of each of the three segments of the light source image can

be accomplished in the following manner.

The micro-densitometer was adjusted so as to have a 50 x 195u aperture.
A single scan was made across each area (lighted and black individually)
of each of the three light bar segments. During the scan, a specified
number of data points were recorded. A total of 539 data points evenly
spaced were taken across the lighted and the black areas of the longer
or horizontal bar section. The data obtained on each scan was placed on
magnetic tape in the form of a binary density scale reading for each
data point. Each scan sequence was further annotated on the magnetic
tape with header information including sequence number, test number,

type of frame and frame number information,

This brief summary of the optical program has been condensed from MITRE
WP-10149, "Design of an Optical Emissions Measurement System for Coke
Oven Monitoring,"” by R. W. Bee, December 14, 1972, and MTR 6596, "Optical

Emissions Measurement Program Development,'
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FIELD TEST PROGRAM

&

Scheduling the tests on the battery in a reasonable sequence required
coordination of many activities. First, the installation and site
modifications to the new AISI/EPA larry car had to be completed; second,
the procurement of critical equipment by EPA was required; third, the
development and verification of the instrumentation by MITRE was .
necessary; and, finally, the EPA/AISI commitment to be completed at an
early date was to be honored. A further requirement, to avoid inter-
fering with J & L coke production, was also incorporated into the
schedule. The system to measure the number of required parameters at
the number of required measurement points, verify the measurement, con-
vert the data to electrical signal and record these data for later pro-
cessing required a large amount of equipment and an extensive amount of
time for installation and checkout. Preliminary testing and data veri-
fication were also.required and field tests, preliminary analysis, and
dismantling had to be considered. These activities covered a five-to-
six month period, during which five to six weeks of field system tests
were conducted, The overall program schedule is shown graphically in
Figure 11, and the final summary of the tests actually performed is

provided in Table 2,

Only those ovens in the immediate vicinity of the pipe bridge and

within reach of the overhead cable booms were monitored during the tests.
Since an average time of approximately 15 minutes per oven was required
between chargings, 11 ovens in the vicinity of the pipe bridge were
normally charged during a four-hour period in any one daylight shift.
MITRE avcided interfering with the chargimg schedule, and advantage was
taken of the standard charging sequence and the normal shutdown at

shift changes and novn to establish a tentative test routing. Based on
this information, and experience on the battery, a Test Plan Qutline for

one day's activities was followed as shown in Figure 12.

Test Procedure

Various sampling techniques were employed during the time period when the

larry car charged coal into the oven. These techniques and systems,
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TABLE 2

SUMMARY OF COKE OVEN TESTS

MITRE MR1
Bate Kunber Numbcr Oven Time Polats Monltored Remarks
May 7 0a i-12 #2 Wilputte Guide Flow data only -~ no mag. tape
9 0B 3=13 #2 Wllputte Gulde Flow dutu only ~ no mug. tape
10 1 3-7 7:30 {2 Wilputte Guide Preliminary test for MRl - bad
fiame out A
30 1A 35 4145 82 Wilputre Stack Flow data only - no may. tape
31 1B 3-7 10:30 42 Wilputte Guide & Stack Flow data only ~ no mag. tape
June 18 -6 4:00 No test — beom cables shorted
19 2 WL 3-3 5:3¢ 3 Wilputte Guldes MRl activated manually - bent
boon
20 Larry car breakdown - no test
21 3 W2 3-8 1:0¢ #2 Wilputte Guide & Stack Diff. preas. pltot plugged
22 & Wl 3-3 11:15 #1 Wilputte Guide & Stack Viff. press. pitot plugged
25 5 Wi 3-6 5:00 #2 Wilputte Cuide & Stack
26 [ w5 3-10 12:00 #3 Wilputte Guide & Stack
27 3-11 2:00 J & L cancelled test
28 7 Wé 3-8 4:00 3 Wilputte Stacks
29 8- w? 3-8 — 12:00 3 Wilputte Stacks — —_— = -- - -
July 2 BA we 3-6 5:20 3 Wilputte Stacks No mag. tape = no gas sampled
3 9 we 3-10 12:00 3 Wilputte Stacks
4 10 W0 3-11 4:00 3 Wilputte Guides
5 11 Wil 3-8 4:00 3 Wilputte Guides Gas leaks
11 12 2-9 3:00 3 Wilputte Guides
12 13 3-15 10:00 #2 Wilputte Stack & Gulde
12 14 =6 4:20  #1 Wilputte Stack & Guide Guicde gas probe plugged
Aug. & L & 3-6 1:30 ¥1 & #2 AIST/EPA Guide
7 16 3-4 12:00 3 AISI/EPA Guides #2 probe & thermocouple data N.G.
8 17 -4 §2:00 3 AISI/EPA Guldes Early part of test not recorded
8 DL~1 2-27 2:30 Leaking Door
9 DL-2 2-27 11:00 Leaking Door
g 18 3-3 4:00 3 AISL/EPA Guides #3 sensor burned out
13 1% Kl 3-5 11:30 3 AISI/EPA Guides
13 DL-2 2-26 1:00 Leaking Door
1% 20 K2 3-4 11:30 3 AISI/EFA Guides
15 21 K3 3-3 12:00 3 AISI/EPA Guides Bad seal on #3 drop sleeve
15 22 3-1 4:00 #2 Wilputte Stack
16 DL~& DL-1 2423 2:00 Leaking Door
16 DL=4A DK=2 2-23 3:30  Leaking Door
16 23 w1z 3-12 4:00 #2 Wilputte Stack
17 14 K4 3-3 2:00 3 AISL/EPA Guiden Low flow - fans burned out
17 244 3-11 5:00 #2 Wilputte Stack MITRE Carrousel Particulate
Sampler
22 25 3-1 12:00 3 AISL/EPA Guides Bad fire on #3
22 26 3-9 3:00 #2 Wilputte Stack Poor gas data
22 264 3-13 5:00 #2 Wilputte Stack No gas data obtained
w2 2-23  12:30 42 AISI/EPA Guide '
3 28 3-4 3:00 #2 Wilputee Stack
23 28A 3-10 5:00 Coke Side Doer Particulate sample during push
24 283 1 9:00 Ascension Pipe Particulate filter
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the continuous gas sampling system, the manual gas sampling system, the
particulate sampling system, and the optical system are described in

this section.

Continuous Sampling

The MITRE Test Director obtained from J & L a list of ovens to be
charged during the test day. Based on this data, a schedule was pre-
pared which showed tentative times that the "MITRE dedicated" ovens
were to be charged. Based on this schedule, the step-by-step actilons

for the tests were scheduled.

Two hours prior to the test, all heaters and gas samplers were turned

on. One hour prior to the test, all other equipment was turned on.’

Gas sample analyzers were calibrated per manufacturer's instructions and
placed in a "standby" mode. Temperature and pressure sensors were

tested for response, and all flow lines were checked for pressure leaks.

Emissions guides for the Wilputte car were temporarily stored beside
the railing along the coke side of the battery near the oven to be
tested. The sensor ducts were made ready for the test and hung on the

boom. An aluminimum ladder was stored in a convenient location.

During installation of test equipment on the battery, the Wilputte larry
car was modified by installing the following equipment:

® Stack sensor modification rings

® Drop sleeve modification rings.

The AISI/EPA car required no modification.

Initial plans to test all stacks and emissions guides of the Wilputte
larry car at one time were reduced in scope due to the time required to
install equipment prior to charging, the time allowed by J & L for
testing the car, and the excess exposure of personnel to heat and smoke
during a prolonged period. This plan reduced to testing either the

three emissions guides, the three stacks, or one emissions guide and
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its corresponding stack. Testing the AISI/EPA car was done by monitor-
ing all three emissions guides at one time., The step-by-step procedure

for each of these three test situation is given below.

In testing with the Wilputte Emissions Guides, the larry car proceeded
to the coal bin in the usual fashion, was loaded with coal, and was
then disengaged, moved to the charging port and the drop sleeve was
lowered to the top of the oven. At this poiﬂt, the charging cycle was
halted, and two men installed the emissions guide on the pusher side
drop sleeve and then proceeded to install the center emissions guide and
the coke side emissions guide. A third man then detached the sensor
ducts from the boom and attached them to the emissions guides. After
coordinating the quenching sequence of the coke car, to assure that ex-
cess steam was not emitted during the charging, the Test Director com-
municated via citizen band radic with the camera operator, the manual
sampling crew chief, the boom operator, and the instrumentation van
operator; and when all parties were in a state of readiness, he or the
lead man on the oven floor commenced a ten pecint countdown to instruct
the larry man to start the charge. This countdown was broadcast to all
parties associated with the test so that the exact starting time for
the charge was known. The charging cycle was resumed at this point, and
the oven was charged in the usual fashion, The larry man reported to
the lead MITRE man on the oven floor when this charge was complete. This
completion time was relayed via radio to all test personnel. After all
coal had been deposited in the oven, the drop sleeve was raised for ap-
proximately one minute, after which time personnel removed all instru~
ment housings from the emissions guides, and the guide handlers removed
the guides sc that the larry could move far enough for the 1lid man to
replace the oven lids. The larry car was then released to continue its
normal charging duties, Emissions guides, sensor duéts, booms, and
cables were removed from the oven floor near the test area, so that
they would not interfere with the normal operation of the J & L personnel.
Instrument probes, wires, and tubes were visually inspected, and
emissions guides were examined. Any clogging, burning, or warping was
repaired by the boom man and guide handlers prior to the next test,
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Wilputte Stack Tesgts

For these tests, the larry car was again positicned over the charglng
ports, and the drop sleeve was lowered to the oven top. The charging
cycle was halted, and a ladder was railsed against the pusher side hopper.
The sensor duct was then removed from the boom, carried up the ladder,
and installed in the stack cap. The ladder was then moved to the center
hopper and the sensor duct installed in the stack cap. In a similar
fashion, the sensor duct was installed on the coke side stack cap. After
all the sensors were in place, the countdown was initiated and charging
proceeded as for the emissions puide tests. At the conclusion of the
charge, the larry car was backed off the oven enough to allow replacing
the 1ids. After the lids were replaced, ‘the ladder was used to climb
up on the larry to remove the sensor housings. After the larry had been
released, all equipment was inspected and repaired in preparation for

the next test,

The emissions guldes for the AISI/EPA larry car consists of two

parts: the rigid inner hood and flexible outer skirting., The inner
hood was installed while the car was stored at the south end of the
battery and the drop sleeve lowered to the floor. The outer hood was
placed around the charging ports of the oven to be tested while the
larry was off the floor, The larry car proceeded to the coal bin for
coal after the inner hood had been attached and the drop sleeve raised.
The car then proceeded to the oven to be tested, was positioned over the
ports, and was then placed in a standby mode while testing equipment

was attached. The outer flexible skirting was then attached to the inner
rigid hood. The sensor ducts were then inserted into the openings in
the inner hood and firmly attached so that raising and lowering the drop
sleeves would not cause them to disengage. The countdown and charging
then proceeded as for the previously described tests. 'At the comple-
tion of the charge, the larry car operator signaled the Test Director,
who broadcasted this information to all parties involved. The emissions
guides were constructed so as to remain in place while the 1lids were

automatically replaced. After replacement of the lids, the outer skirt
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was then removed, the larry car was returned to storage at the south

end of the battery, and the inner hoods were removed.

After the last test of the day, the emissions guides were stored at the
south end of the battery, well out of the way of normal activities, and

the booms were securely tied back.

Optical Measurements !

At the beginning.of each test day, initial setup of optical equipment
was necessary. This involved the transport of the camera and camera
control unit from its storage place in the office van to the balcony of
the coal bin. During inclement weather, installation of a protective
hood or shelter on the balcony was accomplished prior to movement of the
equipment. Also, prior to transport of the camera, film was placed in
the camera and camefa mechanical operation was checked. The first step
in initdlal assembly of the system was teo attach the camera body to the
camera mount on the balcony rail. HNext, the lens was mounted on the
camera and preliminary alignment of the camera was accomplished. Next,
the camera control unit was set up and connecting cables were installed.
‘The A.C. power supply for the camera and control was connected and power
applied to the system. The camera was then checked on manual pulse
operation and the presence of automatic exposure pulses was confirmed.
Next, the correlation data display was synchronized with the data acqui-
sition gsystem by using the manual set button of the display and the
intercommunications circuit to the van. After synchronization, the dis-
play was allowed to run continuously during the test day. Next, fine
alignment and focusing of the camera was accomplished. This step re-
quired the illumination of the light bar which normally remained on
night and day during a test week. The lens opening was set and the
camera frame rate switch and shutter speed adjustment checked for proper

settings.

The camera was then ready for the first test, The procedure described
above required 30 minutes and was started at least 45 minutes prior to
the expected test time to allow proper coordination and temperature

stabilization of all equipments involved. At this point, a written
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record of equipment configurations and settings was made for the test
record. When all equipment had been checked and configuration data re-
corded, a cloth cover was placed over the camera and lens to protect it

from particulates and molsture in the adir.

While the larry car was moving inte position for the charge, the camera
cover was removed, and a final visual check of the equipment was made.
1)

Ten to twelve exposures would be taken during this time to obtain a

clear background base reference for the test,

Camera operation was initiated at the conclusion of the countdown by
the Test Director. Exposure continued for five minutes or until only
four feet of film remained on the supply roll. At this point, the
camera was stopped to provide a section of unexposed film on which ex-

posure calibration could be performed.

After ﬁhe test, the connecfing wires to the camera weré-diécoﬂﬁedted:__ N
and the lens was removed and stored in its carrying case. The camera

was next removed from its mount and placed in its carrying case and
transported to the van dark rcom where the film was removed and placed

in a storage container along with one copy of the test configuration

data sheet. The container was then placed under refrigeration to await

shipment to the processor.

Next, the camera was inspected and cleaned, if necessary, in preparation
for the next test. When another test was contemplated for the day, a
fresh roll of film was threaded into the camera and the proper mechanical
operation checked. If it was the last test of the day, the camera was
placed in its storage container and left in the van until the next test
day. After the camera had been checked, cleaned, and stored in the van
after the last test, the camera control unit and associated components

were removed from the balcony and stored in the wvan.

Manual Gas Sampling

Prior to the test-charging operation, manual sampling personnel set up
the gaseous sampling system on the pipe bridge. The heated lines from

the sampling trains and common duct to the heated manifold were connected
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and preheated to operating temperature. All components of the system
(pumps, lines, connectors, solenoid valves, and heaters) were tested to

see that they were in operating condition.

Once pre-test activity was completed, the manifold line was connected to
the common duct. The sequential sampling system was then manually

turned on at the conclusion of the start countdown for charging. '

Once turned on, the sequential sampling system was manually controlled
by predetermined time intervals. The sequential sampling trains then
collected grab samples at selected intervals, When the charge was com-
plete, the manual sampling personnel stopped the sequential cycle as

the last grab sample bag was filled.

Particulate Sampling

Prior to the test, sampling nozzles and filter assemblies were mounted
on the sensor ducts. The impinger trains, pumps, and regulators were
mounted on the instrument carts and prepared for operation, and were set
up along the coke side of the battery near the oven to be charged. The
lines from the filter to the impingers were connected. All quick dis-
connect connectors were checked to see if they were in operating order.
The lines were checked for leaks and/or breaks, as well as preheating

to proper temperature.

As each emissions guide was brought into place and the sensor duct con-
nected, the manual sampling team brought the assigned instrument cart
up to the guide and connected the input heated lines of the impingers to
the filter assembly. This procedure was followed for each emissions

guide and was performed consecutively as the guides were set up.

After the test was completed, the lines between the impingers and the
valves were disconnected. At the same time the line between the filter
and impinger was disconnected from the sensor ducts. The instrument
carts were then moved to the coke side of the oven. Once the emissions
guides or stack sensors were removed, the filter, lines, and nozzles

were cleaned,
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SECTION IV
DATA HANDLING PROCEDURES

Data obtained during the field portion of the program were consolidated
at MITRE headquarters, where it was subjected to critical quality con-
trol, corrected for travel time delays, and analyzed by computer methods.
The results of the analyses were then presented in terms of pollutants
emitted from the two larry cars being tested. This section describes

the steps taken to develop these larry car emissions characteristics.
INPUT DATA

Test data were obtained from the Contimious Monitoring, Manual Sampling
and Optics Programs. With minor exceptions, all data required extensive
analysis at a location other than the test site before meaningful infor-
mation could be derived. The original data, in its various forms, is

discussed here.

Continuous Monitoring Data

The continuous monitoring data were obtained every second from the sen-~
sors during the tests and were recorded on magnetic tape and strip
charts. The data consisted of gas analysis, flow sensor output, meteor—
olcgical parameters and certain control and status information. To
utilize the magnetic taped data, a program was prepared for reading the
tape and printing the data in a form that could be read and evaluated.
In the output of this program, the units defining the data are in
voltage form. The print-out from this program was inspected to prove
that the basic data, as produced by the sensors, was recorded on the
tape accurately. The second-by-second variations in output voltages can
be observed on the print-out, and the absence of data becomes readily

apparent.,

An example of one of these print-out sheets is shown in Figure 13, which
shows data from Test 13, for the center Wilputte stack and guide. The
first line on the print-out is a data-time group [year, moutl, day, hour

(EST) and minute]. The second line consists of headings for the data
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columns further down the page., The time is in seconds to the second
decimal place, therefore, the first two digits are the only significant
ones for this analysis. The third line is also a heading line for the
columns, indicating channel number and voltage levels. The remaining
lines are data channel numbers and their respective voltage levels,
ranging from 0-1.638/volts, with the channel assignments as given in_
Table 3.

The channel assigmments given in Table 3 were made before experience
was gained on the oven and several significant field modifications were
performed. Of most signficance is the fact that a maximum of only three
measurement points were monitored at one -time-as opposed to-the-nine as-- -— - .
originally planned. Many temperature and pressure channels were, there-
fore, not used. A threshold system to start and stop gas flow was

found to be impractical and, therefore, those channels were also not
used. These channels continued to record on the data acquisition system,
but the values shown on the print-outs are noise recorded on the unused

channels, and were ignored in later work with the data.

Another source of continuous monitoring data was the strip charts. All
gas analyzer data and all flow related data {(pitot pressure and tempera-
ture) were recorded on strip charts as well as on magnetic tape. Exam-
ples of this data are given in Figures 14 and 15, which show outputs
from four gas analyzers and four channels of output data for AP and T
for Test 13, The print-outs described above were compared on a channel-
by-channel basis with the strip charts and corrections made to reconcile
any differences. In those cases where the data acquisition channel was
determined to be faulty, the data were then taken from the strip charts

and punched on IBM cards for insertion in the analyses program.

As a next step, the output of gas analyzers (located in the instrument
van) was correlated with the thermocouple and pitot tube output (located
on the oven floor). The time difference between these two readings is
due to the travel time of the gas to pass through the tubing to the
analyzers and the process time in the analyzers. (During the Field Test

Program, sample gases were inserted in the lines on the oven and the time
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TABLE 3

DATA ACQUISITION SYSTEM - CHANNEL ASSIGNMENT

Channel No, Constituent Channel No., Constituent

00 ’ H,0 26 St.P '

01 802 27 LP

02 HZS 28 T

03 NO 29 St.P

04 NOX 30 AP2

Qs THC 31 T.2

06 H2 32 St.P

07 O2 33 AP3

08 co 34 T3

09 co, 35 5t.P

10 Wind Speed 36 AP

11 Wind Direction 37 T

12 Relative Humidity 38 AP

13 Ambient Air Temp. 39 T

14 Barometric Pressure 40 AP

15 Volume Flow 41 ' AP

16 Threshold Sum 42 Té

17 " # 43 T

18 : " #2 44 AP

19 " #3 45 APY

20 " #a 46 T

21 " #5 ' 47 T

22 " #6 48 Manual Sampling
Control

23 " #7 49 Threshold Status

24 " 8 : 53 Gas Temp. Imnput
in Van

25 " #9
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GAS TEMPERATURE AND PRESSURE S5TRIP CHART DATA

33




at which the analyzer responded was noted. This was done for all gases

analyzed, and the delay varied from 16 to 30 seconds.)

After the specific "gas channels" had been time-shifted, the data were
then ready to be converted from voltages to engineering units. This was
done by applying the manufacturers calibration data (which was period-
ically checked at the site) and observed effects, adding the proper.
units and reformatting the print-out page intc groups of rows and print-
ing increments of 15 seconds on a page. The actual corrections and
calibration factors applied are not included in this report, but have
been published separately as MITRE Working Paper WP-10445, "Conversion

and Correction Factors for Coke Oven Emissions-Data/' -- — - - - - - — -

The resulting print-out for part of Test 13 is shown in Figure 16, Here
the columns are better separated and identified for the 15 seconds of
data. The first two columns along the left hand side are channel
identifying number and identifying constituent. The first ten rows are
either percent or parts per million of the indicated gas. The next
twelve rows (four used in Figure 16) are allocated for pitot tube pres-
sure and associated measurement duct temperatures in inches of water and
degrees Fahrenheit; actual channel assignment for each measurement point
is also given in MITRE WP-10445, "Conversion and Correction Factors for
Coke Oven Emissions Data." The next four lines (Ch. 10 through 14) are
meterological data: wind speed in miles per hour, wind direction in de-
grees from true north, ambient temperature in Fahrenheit and barometric
pressure in inches of mercury. Thresholds 1 and 2 (Ch. 17 and 18) were
not used. Channels 19 through 24 indicate points on the larry car that
were being monitored; Emissions Guide (EG) on the Pusher Side (P), Middle
(M) and Coke Side (C), and Stacks (ST) on the Pusher, Middle and Coke Sides

(P, M, ). Chamnnel 48 indicates when manual gas samples were being drawn,

The magnetic tape that produced this final print-out was then used as the
starting point for the final data analysis. A complete listing of the data
was sent to the Environmental Protection Agency, Office of Research and

Development, National Environmental Research Center, Control Systems

Laboratory.
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Manual Sampling Data

The manual samples of gas and particulate were obtained by Midwest Re-
search Institute (MRI) under separate contract to the Envirommental
Protection Agency. The samples were transported to MRI's laboratory in
Kansas City for final analysis, and the results were transmitted to
MITRE for incorporation in the overall data study of the coke oven emis-
sions. Particulate samples were also collected as part of the manual
sampling effort, and the analyses of these samples are also incorporated

in the overall study.

Gas Samples

Results of the gas analysis were in the form of tables. “Analytical re- —
sults for pyridine, 502, cyanide, phenol, NH3, NOx, and HZS are listed

on computer print-out charts. The results of the analysis for 02, N2,
Co, C02, CHA’ H2 and total hydrocarbons are listed on a hand-printed
table. These print-outs and tables are provided in Appendix C of this

report,

Particulate Samples

Samples obtained at the Emissions Guides and the Stacks by MRI were
analyzed at their laboratory. The data were reported in the form of
computer print-outs, copies of laboratory notebook sheets and hand

written mass loading tables. This data is included in Appendix B,

Particulate samples obtained by the MITRE carrousel sampler were analyzed
at the MITRE Washington operations facility. This sampler, analytical
procedures and a complete presentation of data has been published as
MITRE Working Paper WP-10480, "Direct Impaction Particulate Collecting
Carrousel.”" The form of these results is a series of tables and size

distribution curves, which are provided in Appendix E.

Coal. Samples

Proximate analyses were performed on the four coal samples obtained.
This work was done by Industrial Testing Laboratory of Kansss City under

subcontract to MRI. Their findings are reported as "Certificate of Coal
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Analysis", tables listing the constituents measured, and are enclosed

in Appendix B.

The ultimate analysis, elemental analysis and size determination were

presented as tables and are also enclosed in this appendix.

Optical Data

The record of light transmission from the light bar passing through‘the
emission plume to the detector (camera) was recorded on the photographic
film in the form of varying light bar image densities. The exposed film
was sent to a photographic processing laboratory where a sensitometric
exposure was placed on an unexposed portion of the film, and the film
was developed. The sensitometric exposure provides a basis for associat-
ing an observed light bar image optical density with a value of light
intensity producing the image exposure. Using the values thus obtained,
it is possible to determine the value of light obscuration. This infor-
mation was then used to estimate the mass loading values of the observed

emission plume,

The data on optical densities of the light bar images was provided in two
forms by the film processing facility. The microdensitometer electron-
ically digitized the measured optical density value for a specific point
(area of 50 by 200 microns) and placed this value in a binary number
format on a magnetic tape. The microdensitometer also simultaneously

produced a continuous strip chart record of measured optical density.

As stated previously, the data on the tape was contained in the form of
eight place binary numbers ranging from 0 to 255. One horizontal scan
across the light bar image produced 539 individual binary density

records corresponding to 539 points on the scanned image. A second pass
across the black surface area produced 539 more density records which
correspond directly with the light bar records for purposes of comparison
and mass loading calculations. A third scan containing 539 records was
made for some frames as a part of an experiment to investigate the Mie
scattering effect., This scan was across a short section of light source

having color filters placed on the diffusion lens to approximate
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monochromatic light. This unit was located on top of and at one end of

the primary light bar structure.

The data tape, generated on a manually controlled data logger, was read
as a binmary number by a standard nine-track computer tape drive, but

was not directly compatible with computational or display pertions of
the data processing program. Because of the format of the tape, records
to be processed were combined with header information obtained from‘the
hand-written tape log supplied with each raw data tape. The header in-
formation for each indiwvidual scan of 539 points consisted of a sequence
number, test number, clock time for frame, and type of frame. This in-

formation was combined on a separate program data input tape for further

processing.

A second data input consisted of two place tables in punch-card form.
These tables provided necessary correlation for conversion from density
values to relative exposure values (light intensity values, assuming a
constant exposure time) for a particulate processing run. The table was
generated by the processing laboratory using 21 density values obtained
from the sensitometric exposure wedge. A computer program fitted a
curve to these 21 points and produced the 300 evenly spaced (in light
intensity) values of optical density in the range of the sensitometric
exposure. A second table of 300 corresponding exposure values was cal-
culated by the program from the density informationm, The program used to
generate the exposure values is described in detail in MITRE Working Pa-

per 1045, "Correction and Conversion Factors from Coke Oven Emissions Data."

MATHEMATICAL TREATMENT OF DATA

The processes of converting the data that was described above into
meaningful terms such as pounds of pollutant emitted, mass loading, etc.,
are generally straightforward., An effort was made to perform these
functions with automatic data processing hardware, although this project
was a one-time effort and programming requirements are out of proportion
to the amount of data processed. This was intentional so that the
analytical routines developed for this project could be made available

to anyone with a future similar requirement,.
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Concentration and Volume Flow Variability

The pattern of emissions produced by a coke oven charging operation
differs radically from a source which could be monitored by standard
manual sampling techniques. As a result, real time information is re-
quired for data reduction procedures. For the brief period of time
during which the charging operation lasts, differential pressure (AP),
temperature (T), and constituent concentration vary erratically. Values

can change from 0 to .1" H,0 AP, 100° to 1000°F temperature, or zero to

2
full scale concentration in a matter of seconds. Figures 14 and 15 are
strip charts showing some typical fluctuations in AP and concentrations.
Figure 17 shows flow with respect to time and charging procedures for a

typical test.

These figures demonstrate the importance of a continuous monitoring sys-
tem for measuring the type of emission fluctuation that results from a
charging operation. It is obvious from Figure 17 that a manual measure-
ment would be too insensitive for the emission guide flows and too slow
for the rapid variations in the stack emissions to produce an accurate
volume of emissions. An example of the effects of using real time con-
centration values as opposed to an average concentration value for cal-
culating emission volume can be shown in Test 21 (see Appendix C for
data). A volume of THC from Test 21 was 33 scf as calculated using real
time values while the use of average concentrations and flow produced

19,2 scf (v40% error).

Vo@ume.Flow Parameters

A program to determine volume flow and velocity of coke oven emissions
was the first of the data reduction programs implemented. Both the
gaseous and particulate systems depend on velocity and volume flow for

final calculations of mass and/or volume.

The volume flow program uses the equation:

APi(t) [Ti(t) + 460] (29.92)

Fi(t) = (174) XpAi\/ Pi(t) . Gk (2)
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to determine the volume flow, Fi(t)’ at location i for a given test.
Constants and variables required in this equation are listed in Table 4.
Equation 2 was used to determine the in-stack real time volume flow
(CFM) at each emission point and these values were then stored for use

with the particulate sampling program.

A second real time volume flow adjusted to standard conditions (SCFM),
Fi'(t), (70°F @ 1 atm) was required for use with the continucus gas and

manual gas calculations where:

Fi(t) Pi(t) 530°R

1] = -
B [T,(t) + 460]°K 29.92" Hg ° (3

Then the total volume (CF) emitted at location i, ETi’ under stack con-

ditions is given by:

T
By = b At[F, (t)] (4)
t=t,

and under standard conditions (SCF):
T

ETi' =Y At[Fi'(t)] . (5)
t=t1

The real time volume flow in standard and stack conditions Fi'(t) and
Fi(t) was stored on magnetic tape, but the output format was in graphic

form only. The total volume values Ei and Ei', however, were both stored

and output numerically. The average temperature (F°):

Ti(t)/T (6)

was also computed and printed during this operation, as well as the high

and low temperatures.
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TABLE 4

VARIABLES USED IN VOLUME FLOW

xp = Pitot tube factor, a value from ,95 to .7
A = .69 ft2 for Wilputte Emissions Guide
i = .85 ft2 for Stacks and AISI/EPA Guides
7 _?i(t) = Static pressure - Channél 14 (inches Hg) ————— — — — —
Gk = Specific gravity of the gas relative to air
T = Total time of test, in most cases, will be
described by Channel 48 (in seconds)
t, = Start of test, Channel 48 will read on (1 volt)
AP, (t) = Differential pressure at time t and location i
i
(inches H20)
Ti(t) = Temperature at time t location i (F°)
At = Time interval (seconds)
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Coatinuous Gas Monltoring System Parameters

The gaseous concentrations are given for standard conditions and the
concentrations, Cj(t), of the gas constituents are assumed to include
Z H20 in total volume., Gases measured after drying (HZ’ 02, co, COZ:

channels 06 to 09, respectively) were corrected to wet gas concentra-

tions by:

(t)

100 - Cl(t)
100

Cj(t) = dery (7)

where, dery(t) = volume % in dry gas as measured by respective instru-

ments.

To determine the volume flow (SCFM) of each gas constituent, j, that is
measured in the stack under standard conditions (70°F, 1 atm) the

equation:
- n
Ej(t) = Cj(t) Z; Fi (t) , (8)

was used for a preliminary calculation., A corrected constituent

volume E,'(t) was calculated by:

A

n
Ej'(t) = Cj (t)’ﬁi Fi'(t)l . (9)

Cj'(t)'is a corrected concentration (% volume) of j to account for the

sampling of ambient air at points where Fi'(t) < FT and

C4(6) = ¥Cyy
1-v

(10)

cj (t) =
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where

L]
11}

A Concentration of j at ambient

_ Number of Locations: Fi(t) < FT

—
v

Number of Locations

FT is a constant which was determined after the first run of the volume

flow data was analyzed.

Equation 9 (correction for ambient dilution) was only used for channels:

SO2 -0 THC - 05
HZS - 02 co - 08
NO - 03 CO2 - 09
Nox = 04 - - - - - - - - " == - T T

Then the total volume (SCF) of constituent j measured directly was:

.
By = L at[E(D)] (11)

J -
t tl

and the total volume corrected for continuous sampling is

E' = )T: At[izj'(t)] . (12)

3 =
t=t,

The real time volume per unit time [ﬁj(t) and E '(t)] for each constituent

R

j was displayed in graphic form. The total volumes in correct and un-

corrected form (Ej' and E,) was listed numerically. The average concen-

3

trations Ci(t) and C,'(t) were computed by

i

T

Loc (et (13)
] t=tl 3

[o]]
]
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and

T
¢’ = X c(e) (14)

=t1

ing

and output numerically. Table 5 indicates the channel-to-variable

relation, and lists other variables necessary to complete the algorithm.

Data reduction of the manual gas data was similar to the continuous data.
Equations 8 through 12 were used, although the gas data were input on
IBM cards. The variable Cj(t) 1s a concentration measured for a sample

integrated over 30 to 60 seconds of test time.

Solutions to Equations 2 and 3 were output in a graphic form, and are
displayed in Appendix B. The total volume under stack conditions, ETi
(Equation 4), and the high, low, and average temperature for each loca-
tion i of each test are displayed in the same appendices, along with the

total volume emitted relative to standard conditions, E'Ti {Equation 5).

Data produced by Equations 8 through 19 were used in the continuous gas
analysis program. The resultant output of this program is provided in
Appendix C.

Concentration Calculation - The calculations for quantification of the

gas concentration are shown below. Briefly, the volume percent of each
gas was calculated, as follows: the volume of the unknown gas was cal-
culated from the instrument response in peak area or height and the re-
sponse ratio of the instrument per volume of each standard gas. The
volume of unknown gas was divided by the total volume of sample intro-
duced into the chromatograph after both were corrected teo atmospheric
pressure. The response ratios were calculated from at”least four dif-
ferept levels of each standard gas.

(1) Volume of standard gas calculated to atmospheric pressure =

Via = (5) (PS/Pa) (s), where
vsa = Volume of standard gas at atm. pressure;
5 = Gas sample loop volume;
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TABLE 5

VARIABLES FOR GAS ANALYSIS

Fi‘(t) —- from volume flow program (SCFM)
Cl(t) - % HZO - 00
Cz(t) - ppm 502 - 01
C3<t) T ppm HZS - -0?-
Ch(t) - ppm NO -~ 03

Cj(t) = CS(t) - ppm NOx - 04
Cﬁ(t) - ®THC - 05
C7(t) - % H2 - 06
Cg(t) - A4 02 - 07
Cg(t) - % CO - 08
Clo(t) - % CO2 - 09

Number of Fi’(t) < FT

NHumber of Locations Monitored

F E A constant to be determined after
volume flow data has been reduced
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PS = Standard pressure, mmHg;
Pa = Atmospheric pressure, mmHg;
§ = Volume % of gas in standard,

(2) Ratio of standard gas at atmospheric pressure per instru-
ment response unit =

R V_ /IRU , where
sa s

i

R Ratio, volume of standard gas per instrument

reponse unit;

IRUS= Instrument response units (either peak area or
height) for standard gas.

{(3) Volume of unknown gas at atmospheric pressure =

Vua = (R) (IRUU), where
Vua = Volume of unknown gas at atmospheric pressure;

IRUu= Instrument response units for unknown gas.

(4) Total sample volume at atmospheric pressure =

Vg = (5) (Pv/Pa)’ where
Vts = Total sample volume;
Pu = Pressure of sample, mmhg.

(5) Concentration of unknown gas, volume percent =

Volume percent of unknown = (Vua/VtS) 100.

Size Analyses - The primary methods used to determine a particle size

distribution consisted of a coﬁbination of Andersen size distribution

and optical sizing performed in samples taken from the MITRE Carrousel.

The Andersen samples were taken in the measurement ducts, At the comple-
tion of a test, the Andersen sampler was hand carried to the field labor-
atory and allowed to cool down to a stable temperature. The sampler was
then disassembled. The plates and rings were then weighed on site. The
sampler was cleaned and readied for the next test and the washings were

stored and labeled for later reference.
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ihe:data from the field weighings were later analyzed at the MRI Kansas
éity facilities. Standard computer programs were used by MRI to produce
;izé distribution information in ranges from about 20 p to .5 u and in-
?oré;tion on gross welght percent of the sample above and below these

Eou daries. The data are listed in Appendix C. They were then combined

i
i

iinal Andersen distribution was calculated assuming a 1 gm/cc density;

%nd reduced with MITRE data as described in another section. The orig-

|
{
|
fho ever, the final distribution given was calculated assuming a 1.2 gm/cc {
%den ity.
:Samples collected by the MITRE'Cafrouéel were analyzed by optical.tech-
niques. Representative slides were selected from each test and analyzed v
.for particle size distribution and number denslty. The microscope
;reticle was calibrated with 39um and 28im pollen. Particles were
fgrouped in one of seven size ranges using the calibrated reticle with- - - -

| the "Ferets diameter" method. The ranges are:

\
1 - 4.6 to 9.2 um 5= 73.6 to 147.2 um
”“”“"“"“"‘*‘““"“"“"““_"_7”“_9 27O I8 A T m T T T T TR S T4 RS T230 . T T T T T kT e
3 - 18,4 to 36.8 um 7 - 230 ym .

The particles were sized optically with a2 B & L microscope at 300, and
150 powers. The magnified samples were displayed and counted on a
closed circuit television system coupled optically to the microscope.
Through the use of a polaroid camera attachment, pictures were period-

ically taken.

A particle count of about 500 (termed a "batch")* was required at each of
the powers. Areas scanned (fields-of-view) were selected at random to

produce a representative sample, until the batch wis complefe. Each

* Lodge, J. P. Production of Controlled Test AtmospheresIn: Air Pro-
duction, Volume 1I, Stern, A. C. (ed.) New York and London, Academic
Press, 1968. p. 465-481 i
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slide to be analyzed was chosen such that a field-of-view had less than
200 particles** in the countable ranges for any given power, The areas
of field-of-view at 150 power and 300 power are 965 um2 and 241 umz,

respectively.

A patch counted in the 300 power range includes partiéles between 4.6 um
and 147.2 um (excluding ranges 6 and 7). The 150 power batches include
particles greater than 9.2 um (excludes range 1). To combine the results
for 300 power and 150 power batches sized for the same test, the number
of particies in the omitted ranges were calculated from the ratios of the
other batches. For example, the number of particles in range 1 of

batch 2 would be calculated as the ratio:

11 i2
N, = —/————— (15)

12 5
> N
g2 11

N,.»2 N
i=2

le % the number of particles in (unmeasured) range 1 of batch 2,

N

[

the number of particles in range 1 of batch 1,

11
NiZ £ the number of particles in range i of batch 2,
Nil Z the number of particles in range i of batch 1.

The number of fields-of-view completing a batch were counted and recorded
and the area calculated. The density of the slide was then calculated

as a ratio between the number of particles counted to area scanned., The
location of each field—of-vie; was recorded to the nearest tenth of a mm
using the movable stage position scale. All slides were labeled and

stored for later access.

** Silverman, L., Billings, C. E., First, M. W. Particle Size Analysis
in Industrial Hygiene. WNew York and London, Academic Press, 1971,
p. 106=107
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The theoretical collection efficlency of the microscope slides was in-
vestigated to determine system biases relative to particle size and

emission velocity.

The collection efficiency corrections were applied to the respective
size ranges. Though the optical sizing of the coke oven particles in-
cluded ranges from 4.6 um and larger, the data analyzed will include
the size ranges where the particles were larger than 18.4 um. Ranges 1
and 2 were excluded from final computations because:
a) it was found that the collection efficiency drops off
rapidly below 20 um;
b) the Andersen sampler adequately sized particles up to 20 um; and
c) it was difficult to ronfidently identify the smaller
particles due to foreign materials and grease anomalies

on the slides.

Each slide was also analyzed for particles larger than 1000 u with a ten
power magnifier. The number of particles larger than 1000 p was counted
on each slide and the density for particles >1000 u was calculated and

recorded.

All data obtained from optical sizing are presented in Appendix E which
includes:
a) Particulate counts for each test,
b) Particle density for each slide for particles larger than 18 yu,
¢) Particle density of particles larger than 1000 u,
d) Calculated percentage of particles versus size range,

e) Cumulative number and welght percents versus size range.

Secondary methods of size analyses are described in Appendices B and E,
The methods included:

Brink

Sieve and Sedegraph

Coulter counter

Optical of Andersen and cyclone cateles,
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Mags Loading - Due to oven constraints and the unique features of emis-

sions produced during a charging operation, particulate sampling was
done anisokinetically, where the sampling velocity was held constant,
independent of stack velocity. To bracket the error created by aniso-
kinetic sampling and determine theoretical isokinetic values, modified
procedures explained in detail in MTR-6288, "Manual Sampling System,

Coke Oven Emissions Test Program,' were used and are summarized here.

The theoretical isokinetic mass, EMi’ can be calculated by the algorithm:

Ai n
B = EI My Qgp = CWy) (16)
1=1
where

M1 = mass of sample collected at location i,
%Wl = the weight percent of total mass at a given range,
A1 = area of stack at duct i,
a, = area of sampling nozzle at duct i,
Qil = anisokinetic correction factor for particle size range 1

at location i from a given test,

The correction factor is found as a function of particle size, sampling

velocity and stack velocity and is calculated from:

<
Q; = :E: Q, (e)/T (17)
t=1

and

1
[l—ail(t)] VsiAi/Fi(t) + ay

Q,, (&) (o for F(e) # 0. (18)

1
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The inertial parameter dil(t) can be determined from:

where

and

si
F, (t)

24

Y1

1~ exp[—4.5/lil(t)]
ail(t) = 5.5 Ail(t) (19)
Ail(t) = (.SOB)Fi(t)Yll(Aig) (20)

]

A £ locati . .69 ft2 for Wilputte Emissions Guide
tea ob locatlon 1 g5 £+“ for stacks and ALSI/EPA Guide

Area of sampling nozzle

‘Weight percent of mass in size range 1 at location i

The values and ranges were calculated beforehand
from Andersen and Optical sizings and assumed con-
stants for all tests. Volume flow data are needed to
determine %Wil.

Total time of test measured by Channel 48

Sampling velocity to be computed for each sampling
location for each test

Volume flow at stack conditions computed and stored
during volume flow calculations. ft3/minute

Acceleration due to gravity. 980 cm/sacond2

Average free fall velocity of particles in size
range 1 (in cm/second)

Ideally, when employing this sampling method in the stack velocity or

volume flow, Fi(A) should never go to zero., Correction factors for

Fi(t) = 0 are inadequate. However, the condition did exist on a number

of tests and was handled by setting Qil = 0 for small particle ranges

where Fi(t) = ( and Qil = 1 for the larger particle ranges. The

rationale behind this concept is simply small particles (those which act

as gases) remain in the stack after the flow has gone to zero and are
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sampled. Hence, they mistakenly add some amount of weight to the sample.
The larger particles fell out rapidly and similarly are not sampled. The
amount of mass produced by the large particles is correctly zero for

Fi(t) = 0 implying Qil(t) =1,

The particle mass distribution is described by 2wl where 1 =1, 2, ... 13
(number of size ranges). It is calculated as a function of anisokinetic
weight percents found for each test duct i and is found by:

ZW.. Q.
B S © e 3 (21)

11 13
2 Mg Qy
i=I

and the average weight percent is ranged over all tests, n, for range 1

is:
, n . e
. =E Mmoo (22)
i=1

These values for weight percent were calculated and used for aniso-
kinetic corrections, as well as to determine a representative mathe-

matical frequency distribution model.

Optical Monitoring System Parameters

Data analysis for the optical monitoring system was divided into three
phases. The first phase consisted of the necessary operations to con-
vert data in the form of a photographic image to information about the
source light transmission characteristics of discrete areas of the emis-
sion plume. The second phase included the calculation of mass loading
estimations from the transmission values for discrete areas and the com-
bination of these’estimations to provide mass loading data across the
entire light source image at some instant In time, The third phase in-
volved the estimation of total mass emitted over time by multiplying

the instantaneous mass loading estimations by the velocity at which the
emission plume is passing upward across the light source. The calcula-

tions and quantities involved in each phase will be discussed below.
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Quantitative data was obtained from the photographic record through the
use of a microdensitometer having a digitized output. The machine mea-
sured the optical density of discrete areas on the scurce film image and
produced a record on magnetic tape in the form of an eight-place binary
number. The 256 integral values possible in an eight-place binary num-
ber are uniformly distributed between two bounding optical density

values aé part of the initial adjustment of the microdensitometer, The
bounding values for the optical density range were selected so that the
lower value fell below the observed optical density for the photographic
image of the black portion of the light source in the absence of emis-
gions. The upper bound of optical density was chosen so that it was above
the maximum observed photographic image density of the lighted portion of
fhe light source in the absence of emissions. Further, the photographic
film was processed so that a close to linear relationship existed be- . ..
tween light source image optical density values and the log exposure

values which produced them.

The relationship between the exposure values was established for each
film roll through a 2l-step density versus exposure tablet placed on
each roll prior to processing. Each step associated a relative exposure
value with a resulting optical density. From the 21 tablet steps se-
quentially spaced at .15 log exposure units apart, a vendor-supplied
computer program fitted a cubic curve of density versus exposure values.
The program then continued to assign individual relative exposure values
to each of the binary density values between 0 and 255 as represented on

the magnetic tape.

The output values of this program were provided in the form of a punch
card deck and the magnetic tape. The exposure values were positioned in
the table matrix so that their sequential position number (address) cor-
responded to the binary number value associated with that particular
density. Thus, using the binary value as an address in the matrix, the

relative exposure value was found as the numerical contents of that

address.
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Transmittance "T" is defined as f/fo, where f and fo are the values for
light intensity incident upon the system detector in the presence and
absence of a plume, respectively. The relative exposure values are a

product of light intensity and time:

EV = Meter Candle Seconds.

iIn this system, distance in meters, which determine apparent intensity
and exposure time in seconds, was held constant. Thus, a change in EV
can be considered to be a change in luminance (candles) caused by a

change in plume transmission characteristies.

In order to facilitate the calculation of "T" from exposure values, a
lower exposure value associated with zero source light was established.
The density readings of the black area in the absence of emissions was
taken to represent this value. This condition existed on the designated
"base frame'" of each test, There were, however, slight differences in
individual density values in the scan record of this area. These could
be caused by machine inconsistenciles, anomalies in the photographic
films, or small quantities of emission somewhere along the line of sight
causing a plume-air light return. In order to obtain a representative
zero value, all measured densities across the unobscured black portion

of the bar were averaged as follows:
P

o

b ..
0 1i
D° = P (23)

where DO1i was the binary density number for a point; and P was the

total number of points scanned across the black area on the base frame.

This value was established for each roll of film or test run., This den-
sity value is assumed to be the image density value of the light source

if transmission were to go to zero and there were no other scattered

light, which appeared to come from the 1light source position on the frame.
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This density value was then located in the density versus exposure table
and a corresponding exposure value was determined. This exposure value
was then substituted in the equation for determination of the reciprocal

of transmittance:
£ - £

R . (24)
a b

where fob is always the exposure value corresponding to 50, foa is the
exposure value corresponding to the unencumbered point density of the

light source and fa and fb are equal to the exposure values correspond-
ing to the point image demsity of adjacent light source and hlack areas

respectively, in the presence of the emission plume.

The exposure values foZ’ fa’ and fb were obtained by using the binary
optical density value of each record on the magnetic_tape as an address’
in the exposure value matrix table. The contents of that address is the
corresponding relative exposure value for direct substitution in the

formula above.

As the reciprocal of transmittance was found for each point in the scan,
the natural log of that value was determined and added to an accumula-
tion. When transmission calculations on all the 539 points in a frame
scan were completed, the contents of the log 1/T accumulator was multi-

plied by the constants representing particulate characteristics.

The equation for the calculation of the mass emission rate for each film

data frame is:

P
f (1) -£ .1
M = §—¢KALZ 1n ;A i oB i) (25)
T=k ally) - £5(1p)

where ¢ represents the mass density of the particles, K is defined as the
specific particulate volume divided by the light extinction coefficient
ratio and AL is the lateral dimension of a small area of the light

source (termed a point) which is represented by each of the measured
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density values (539) across the light source. The values of 1/T were
calculated for each of the measured density points across the light

source and summed as 1n{l/T) as described above.

The values of ¢ direcfly determines the calculated mass volume from par-
ticulate volume determined by the opacity,measurement, If the particles
collected were made up of a single material-or compound, the value of ¢
would be simply the mass density of that single material. The particle
population collected on the coke oven was not, however, composed of a
single material. An analysis of particulate samples collected in particle
sizing equipment shows that several different materials were present in
the population. There is, however, a-predominance of two materials.
They are carbon (as it occurs in coal) and heavy hydrocarbons or coal
tars. A further analysis shows that the .larger particles are composed
mostly of carbon with some tar causing considerable particle agglomera-
tion. The smaller particle size ranges, on the other hand, are composed
primarily of tar globules which are probably condensed from the existing
gas as it reaches the ambient air. The particulate size distribution
from the particle sizing equipment further explains the apportionment

of the material between the two ranges. The combined weight of the
stages shows that 53.4% of the total average sample mass is contalned
between 9.4 u and 1000 u, while 46.6% is contained in the ranges 6.4 p
and below. Using this information, a representative particle mass den-
sity value was estimated. The value used in mass rate calculations for
the optical system is 1.2 gm/cm3. It is quite simple, however, to de-
termine mass rates for other assumed values of density since this factor

is purely multiplicative in the mass rate equation.

The determination of an appropriate value for the constant K is compli-
cated by the complex particle material makeup and the distribution of
particle size, The value of K is mathematically evaluated using the

equation:

17




ln2 r/r

f 2 exp = | — 3 dr
4 ry o 21n Og )
Kk = 4 - (26)
3 ¥ In r/r " 1
f rQ_(d,m) exp - *———'—'—'g—z dr
ry E 2In” o

in which r is the radius of a particle, rgn is the simple geometric mass
mean radius and og the standard deviation of a lognormal particle size
distribution, and QE is the extinction coefficieht assigned or calcu-—
lated for size distribution. It was shown by Conner and Hodkinson* and
Pilat and Ensor** that QE can reasonably be set equal to 2 for large
particles (larger than 2-4 1) without serious error in calculations.
This approach cannot, however, be used for small particles since their
QE value is much more strongly influenced by their material makeup,
their complex index of refraction, and the wavelength of the light source

which they attenuate.

Measurements and analysis of the particle size distribution have shown
that the size frequency curve is bi-populate in nature. It has also been
demonstrated through graphic and chi-square tests that each half of the

combined curve generally fits a lognormal distributiom.

The upper portion of the combined curve representing the larger particles
has a geometric mass mean radius of ~100 u. This portion of the parti-
cle population can be expected to have a value of QE approximately equal
to two. The lower portion of the combined curve, however, has a geo-
metric mass mean radius of .85 p. With this mean radius, it is improper

to assign a value of z for QE of these particles.

* Conner, W. D., Hodkinson, J. R. Optical Properties and Visual Effects
of Smoke Stack Plumes. U, 5. Department of Health, Education, and
Welfare, Cincinnati, Ohio. Publication #PB 174-705. 1967.

*% Ensor, D, S., Pilat, M., J. Calculation of Smoke PlumeOpacity from
Particulate Air Pollutant Properties. Journal of Air Pollutant Con-
trol Asscociation. Volume 21, Number 8, August 1971.
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In order to develop 8 K value for the total particle population, K was
determined for each of the two particulate mean values and the observed
variance about that mean., The upper portion around 100 p was assumed to
be made up primarily of carbon with an index of refraction of 1.96-0.66 i.
The lower portion of the population was assumed to be primarily coal tar
with an estimated value for the complex %ndex of refraction of

1.54 - 1..9x10-4 i. The values of K found for each half were combined

using the particle number distribution as a weighing factor.

Particle number distribution showed 4% of the total particles to be in
the upper distribution, while 46% was contained in the lower pertion.
The K value for the upper portion was found to be 28, while the lower K
value was estimated to be .22, The combining of these two values using
the associated population percent as a weighing factor yields a combined

value of 1.33 for K. This value was used in the mass rate calculations.
Since this factor is purely multiplicative, mass rate for other K values

can be easily estimated.

The last constant, AL, is the lateral width of a single sample point.
The microdensitometer was set up to take 539 equal width samples across

the 48' light source. The equation for AL is therefore:

L 4
AL = 2B xéggas L7 3 Y (27)

This 1s the value for AL used in the mass rate calculations across the
horizontal bar. The same AL can be used for rate calculations involving

the vertical "wing" 1light sources.

In order to calculate a total mass emitted over any period of time dur-
ing a charge, the instantaneous value of mass emission rate is multiplied
by the plume vertical velocity or plume rise velocity. In the original
system concept, the value or values for plume velocity was to be deter~
mined using motion pictures of the actual plumes., This approach was
modified slightly to utilize the system sequence camera instead of a

motion picture camera.
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In order to measure the vertical progress of the plume, an illustrated
scale was constructed and placed on one of the equipment towers approxi-
mately 30 feet above the top of the oven. The bar consisted of ten

small light bulbs spaced one foot apart. As viewed from the coal bin
balcony, the scale started about one foot below the light bar and ex-
tended upward about nine feet above it. This scale was used to calibrate
the visible vertical area included in each frame which extended about

30 feet above the image of the bar.

In order to prevent special distortion, emission plumes were chosen
which were rising near vertically (not being blown by wind) in the
vicinity of the illuminated scale (about the same distance from the
camera). An additional consideration in the selection of emission
periods was the visibility of the illuminated scale during at least some
portion of the period recorded on film. It was not necessary that the
bar be visible the entire ﬁériod since onlg_two or three frames ﬁer

period were required to calibrate the viewing screen.

The technique used in photographing the plume involved observing the
emisgions until a vertically rising plume developed with a number of
distinguishable featuressuch as puffs. The sequence camera was then
operated at either one or five frames per second for some period of time -
usually from 30 seconds to cone minute. The record of_the vertical motion

was thus made at known time intervals.

The resulting film was processed and viewed using a standard 35mm pro-
jector and a square grid as a viewing screen. The projector was adjusted
with respect to the screen until the distance between two adjacent bulbs
on the scale image correspond to some convenient number of viewing screen
grid dimensions. This allowed a direct estimation of the vertical rise

distance of some observed feature on the plume.

A total of 60 observations were made on five different charges. The arith-
metic mean value was calculated for those observations. This value was
6.63 feet/second free rise velocity for the plume in the vicinity of the
light source. A one o value for the population was also calculated. These

values were used for mass emission calculations in the optical program.
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SECTION V
RESULTS

This portion of the document summarizes the final results of the data
analyses. A comparison is provided of gaseous emissions released by the
AISI/EPA car and Wilputte car along with a comparison of paseous emissions

that were measured by both the continuous and manual sampling systems.

The results of the particulate analyses are provided in two parts. First,
particle size information is given for a number of sizing methods used
during the program. An overall frequency size distribution is also deter-
mined. Following this, a comparison is given between the total particu-
late mass emitted during a charging operation of the AISI/EPA car to that
emitted by the Wilputte car.

The optical monitoring resulte are also presented. The results are
evaluated and compared to the in-stack measurement system results. The
feasibility of this systeﬁ for general use in source monitoring is also

discussed.

COMPARISON OF CONTINUOUS MEASUREMENT AND MANUAL GAS SAMPLING METHODS

The continuous monitoring system was used to obtain gas measurements on
27 charging operations, 25 of which produced useful data. The manual
sampling system was in operation on 16 of the 27 tests, and data from 10

of the tests were analyzed.

Table 6.1lists the constituents measured by the continuous and manual
sampling systems. The data from manual and contilnuous gas analyses is
presented in Appendices B and C, respectively. Of the 16 gasés, eight
gases were analyzed by both the continuous and manual systems, In the
presentation of results, either the continuous or manual values were used,
based on the comparison of the systems as described below. The results
for both manual and continuous analyses are shown in Tables 7 through 14.
In these tables, the columns labeled "Interval Average" refer to average
values calculated over the ﬁeriod during which manual gas sawpling was

taking place. Under the "MITRE Values" heading, the "Interval Average"
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TABLE 6

CONSTITUENTS MEASURED BY THE CONTINUOUS AND
MANUAL SAMPLING SYSTEMS

Constituent Continuous Manual
co X X
CO2 X X
S0 X X

st X X
THC X X
CH4 X
NO X
NOx X X
N2 X
NH3 X
H20 X
HCN X
H2 X X
02 X X
pyridine X
phenols X
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values ére an average of five second averages (see Appendix C, page C-~123)
during the manual sampling period. "Test Average" values are averages of
five second averages over the total test period. Under the "MRI Values"
heading, the '"Interval Average" is a simple average of the measured con-
centrations in the sample bags. Thus, only the "interval" values are
comparable, whereas the "test' value represents an average over a longer

period of time.

Also ineluded in these tables are values of detectable limits for indiwvid-
uval samples. This value Is a function of sample size and is included to
indicate that concentrations of the particular constituent below this
level may have been present, but would not have been detected by the
analytical techmiques ﬁtilized. Thus, this value does not indicate the

absolute absence or verified presence of the constituent.

In general, good agreement was observed between manual and continuous
data for CO, COZ’ THC, and 02.

aystems were producing results that agreed within the constraints of the

For these four gases, it was felt both

system, Generally, large disagreement for these gases on specific tests
could be traced to some specific problem occurring during the test. Good
comparisons were also found between the results of each test and the
general qualitative descriptions of the emissions recorded on the veice
tapes. The emission volumes determined for each of these gases were cal-
culated using the continuous results. This was done because more con-
tinuous measurements were performed than manual, and hence, offered a

large statistical sample.

The continuous S50, and HZS data when compared with the manual data were

found to be orderi of magnitude higher. As a2 result, a number of labora-
tory tests were performed. These tests established the fact that certain
aromatic hydrocarbons, probably present in coke oven emissions (especially
phenol), interfere with the UV bands used to measure HZS and SOZ; (215 m
and 280 mp, respectively). Therefore, even with the constraint of a
smaller statistieal sample, it was necessary to use the manual results to

determine the typical SO2 and HZS emission volumes per charge.
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Similarly, interference problems, as well as calibration problems, for

the H2

continuous data, and it was concluded that manual data should be used for

analyzer resulted in considerable disagreement between manual and

any computation requiring hydrogen.

Comparison of NOx data shows values for cg;tain tests in agreement, while
others differ by as much as an order of magnitude. The data from both
systems were compared to qualitative descriptions of each test, and it
was determined that there were inconsistencies in the manual sampling re-
sults. As a result, it was concluded that the continuous measurements

would be used for NOx.

In summary, of the eight gases measured by both systems, the continuous
results were used in the data reduction procedures for CO, C02, THC, 02,

and NOx; and the manual data were used for HZS’ 302 and HZ'

COMPARISON OF GASEQUS EMISSIONS FOR WILPUTTE AND AISI/EPA CAR

During the field measurement program, it was not possible to monitor all
emission poilnts simultaneously. Therefore, the estimate of total gaseous
emizsions released by the car was prepared using aggregate data on mea-
sured gaseous concentrations from the series of individual tests. The
average volume flow for each emission point was calculated for each test
and summed to determine the average total volume flow of gases emitted
during a charge. These values were multiplied by the average concentra-
tion of the individual gases and by the test times to calculate the
volume of gaseous constituents emitted per charge. All volume calcula-
tions are based on average test times of 2,61 minutes and 3.48 minutes
for the AISI/EPA and Wilputte car, respectively. A charge or test is
defined as the period of time beginning when the larry car starts to un-—
load its coal and ending when the lids are replaced by the automatic 1id
lifters {for the AISI/EPA car) or 15 seconds after all the coal is dumped
(for the Wilputte car). Since the Wilputte car had to move away from the
ports before the lids were replaced, and since monitoring could be per-
formed only when the car was in place, the Wilputte test time was extended
to allow for the emissions that would normally occur before the lidman

replaced the lids. Fifteen seconds was considered the very minimum time
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in which a man could replace the lids and only under the very best con-
ditions. Table 15 lists the average volumes for gases monitored by the
continuous measurement system for the Wilputte car and Table 16 lists
them for the AISI/EPA car. The measured and corrected values represent
flows and volumes calculated using measured and corrected (Equation 10)
concentrations, respectively. The measured value can be interpreted in
most cases as a lower limit value, while the corrected would indicate
the upper limit of the-emission levels. It can be assumed that the
volume of emission escaping through the measurement points would lie in
a range somewhere between the measured and corrected values. Hence,
the closer the measured value is to the corrected value, the more confi-
dence can be placed in the results. When the measured value is very
close to the corrected value, this is an indication that the error

caused by dilution of the sample with ambient air was minimized.

During testing of the AISI/EPA car, a combination of conditions caused
number 3 drop sleeve during Test 21 fail to seal, The emission guide
surrounding the drop sleeve presented detection of the faulty seal

until the charge had begun. Hence, no alternative measures could be
taken to correct this condition, Therefore, this test was not considered
a fair representation of normal ATSI/EPA emissions, and Table 17 lists
AISI/EPA volumes excluding Test 21 values from the averages. The re-
sults are presented with and without Test 21 included, so as to give a
representation of average emissions under poor conditions and under a
more typical set of conditions which might require a reasonable amount

of care ﬁo obtain.

Table 18 is based on corrected values and compares the Wilputte car to
the AISI/EPA car for NOX, NO, COZ’ CO and THC. As noted on Table 18,
the volume of NOX, NO, 002, CO and THC was shown to decrease signifi-
cantly with the new car. Emission reduction ranged from 14 to 99%, with
the greatest reduction being in NO emissions. The smallest reduction of
these five constituents was still very significant, THC average emission
volume for the new car averaged between 14% and 40% less than the other

car.
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TABLE 15

EMISSION VOLUMES FOR WILPUTTE CHARGING

Average Volume Emitted/Charge (8CF)
Constituent
Measured Corrected
NOx 1107 L1144
NO .0783 .0802
CO2 29.00 29.36
_ Cco 16.94 - 17.49
THC 33.28 33.77
TABLE 16

EMISSION VOLUMES FOR AISI/EPA CHARGING INCLUDING TEST 21

Average Volume Emitted/Charge (SCF)

Constituent
Measured Corrected
NOx 0456 0492
NO .0059 .0061
CO2 4,05 4,71
co 8,18 9.04
THC 26 .69 29 .12
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TABLE 17

EMISSION VOLUMES FOR AISI/EPA CHARGING EXCLUDING TEST 21

Average Volume Emitted/Charge (SCF)
Constituent
Measured Corrected

NOx .0169 0211
NO .0008 0011
002 3.08 3.83
Co 5. 30 6. 28
THC 17.09 20,43

TABLE 18

PERCENT REDUCTION OF GASEQUS EMISSIONS

(Wilputte Volume-AISI/EPA Volume)/Wilputte Volume x 100
Constituent
% Reduction %Z Reduction w/o Test 21
NOx 56 .8 81.6
NO 92.4 98.6
CO2 83.9 86,9
Cco 48,3 64,1
THC 13.7 39.5
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Table 19 lists the average, maximum and minimum concentration for all
the gaseous pollutants measured. The first five constituents were
measured by the continuous monitoring system., The remaining seven con-
stituents were measured by the manual sampling system. It should be
noted that the averages of gases measured by the manual sampling system
was based on 10 tests for the Wilputte car and three tests for the
AISI/EPA, while the continuous system was operational on 18 Wilputte
tests and 10 AISI/EPA tests.

Data for S50,, H,8 CH4, NH3, phenol, CN and pyridine are presented in

s ’
Appendix C.2 Foi a substantial number of tests, measurement of these
seven constituents produced concentrations below the detectable limit.
It was felt, due to the small number of tests on which these consti-
tuents were measured and the large number of times they were below de-
tectable limits, that no calculation of volume would be truly repre-
sentative of theilr emissions. Instead, the comparison of cars was made
on a measured concentration basis. Table 19 shows that the maximum
concentration measured, excluding Test 21, was larger for the Wilputte
car in every case. When Test 21 is involved in the comparison, the
concentrations were reduced for the AISI/EPA car in every case except

for the constituents of HZS and CH4.

In general, gaseous emissions from the AISI/EPA car. were significantly
reduced between 147 and 997% for NOX, NO, 002, CO and THC, while for the
other seven pollutants measured, a qualitative evaluation indicates

reductions of better than 15% in all cases,
RESULTS OF PARTICLE SIZE ANALYSES

Along with the obvious health reasons for interest in the size distri-
bution of coke oven particulate matter, its characterization is re-
quired to predict the physical behavior of particles relative to aero-

dynamics and optical characteristics.

96




afeaore

ou pue (7aq)

*pajndmod 3aq prnod

SITWIT 3Tqe3I0933p MOT3q 21am $3I§91 Jo 1aqunu 231eT ¥

- ..

¥

TZ4 3S9L YITM

TZ# 3S2L INOUITM

Vdd/1S1V

JLINdTIM

1ag Tad 1ad Tag ¥ Taq 1ad ¥ | (udd) aurpradg
1ag 8%°¢ 1ag 1ag ¥ 1ag ¢*91 x (mdd) N2
1ad TLLT 1ag 1ag. ¥ 1ag T°T¢ * (mdd) Tousyg
1ad LE°TT Tag 1ad ¥ 1ad 9°0€T ¥ (udd) Epy
10° 6L°L 10° LL'T €s* T0* €Y z9° % "wo
Tad AN 1ad 1ag ¥ glet:s (A ¥ (mddy g%y
g €08y 1ad 4762 * 1ag 4% * (mdd) Cog
0°0 VAR E 0°0 T 65" 0°0 86°¢T 9°1 (%) JHI
0°0 £6°2 0°0 T4 TZ* 0°0 9L°¢€ 69° (%) 00
0°0 S°1 0°0 ST I1* 0°0 1°8 19 ) ‘oo
0°0 872§ 0°0 £'02 €T 0°0 9€¢ 9°GT (udd) on
0°0 61¢ 00 z oL 96 0°0 v8Y 6°8€ (mdd) *on
WNWEUTK WOWEXER UMWTAT WnNUEXey 23eIaAy INOTUT WNUIXey 28elsaAy INANITISNOD

6T d19VL

(QDINSVAK) SNOILVEINIONOD INANLILSNOD

97




The particle size distribution determined is also required for use with
anisokinetic mass loading and volume flow data to produce a set of
calculated isokinetic mass values, and with optical data (opacity mea-

surements) to calculate theoretical mass emissions.

Iﬁ the calculation of theoretical isokinetic mass data from anisokinetic
mass values, the size distribution of the sample is a critical factor.
Anisokinetic sampling will result in correct particulate concentrations
if the particles are aerodynamically small. For most conditions,
particles <5 u may be considered as small particles. The mass of large
particles (those which move independently to gas stream) will produce
the correct concentration values if sample volume calculations are made
using stack velocity instead of sampling velocity. For the ‘average — -
particle density of coke coven emissions, particles <200 y can be con-
sidered large particles which move independent of the gas stream, How-
ever, for particles between 5 and 200 p, anisokinetic sampling can pro-
duce results far different from isokinetic sampling. Hence, to approxi-
mate isokinetic results, corrections are required and are partly depen-

dent on the particle size distribution. The relations and calculations

are discussed in the Analytical Methods section of this report.

A particle number distribution is also required to relate absorption and
scattering effects measured by the optical measurement system to the

mass of particulate matter in the plume,

Five methods of particle analysis were used during this test program:

Method Range Measured Number of Tests*
Anderson 200 v L B 1¢
Brink % 3p oA L3y 2
Sieve & Sedegraph 325 megh to .6p 2
Coulter w100y to 1y 1
Optical 500 to 4p 9
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Though data from all the methods were compared and considered, the
Andersen data and optical analysis data of samples taken by the MITRE
Carrousel were the primary methods used for development of the particle
distribution. The following paragraphs explain the rationale for this

decision, as well as discuss the methods-and sample handling techniques.

Both the Andersen and the Brink samplers use aerodynamic sizing methods.
The sample is simultanecusly collected and sized. Weighing of the col-
lection stages ig performed within a few hours of the tests, and no
redispersion of the sample is needed, The Andersen sampler was used on
a total of ten tests (all were performed in the stacks or guides). Due
to underloading or overloading or anomalies in stack velocities, five
of the teats produced suspected data and were not used in the final
compilation of the data. The Brink sampler'was used a number of times,
producing data from six tests. Three of the six tests concerned sam-
ples taken from emission plumes 20 feet above the car; two were of leak-
ing door tests and only one test concerned sampling from the emission
guvides. The emission guides and stack areas are of most importance,

since the mass loading samples were taken from these areas.

Sieve, sedegraph, Coulter and some optical analyses were performed on
samples redispersed after various forms of collection. It is intuitively
felt that dissolving the particulate matter could seriously alter the
particle size distribution by reducing aggregation and flocecing, and

hence produce biased results.

This number indicates the total number of both '"good" and suspect
samples taken at emission guides and stacks, Test of leaking doors

of free plumes, etc., are not listed here.
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A number of the optical sizings were performed on samples collected on
field constructed equipment (MITRE Carrousel) specially designed to col-
lect the particles and retain them in a form that could be directly used
for optical size analyses. The resulting optical size distribution was
used to develop a weight distribution and combined with the Andersen

results to produce a typical particle size distribution.

Data from the Andersen and MITRE Carrousel optical analyses are listed
respectively in Appendices B and E. The Andersen sampler was used on
ten tests. Only five of the ten were acceptable for determining a dis-
tribution function. Table 20 lists all ten tests, location of samplers
and reasons why certain tests were suspect _and, hence, not included in
the average. The values of the remaining "good" tests were combined
with the optical results and corrections applied to the anisokinetic
distribution to determine an average calculated isokinetic distribution
gshown in Table 21., The cumulative distribution of Table 21 is plotted
in Figure 18. Inspection of the figure implies that the distribution
could fit a bi-populate lognormal distribution. To check this, the distri-
bution was broken into two separate distributions - one between Range 1
and Range 7 (containing "46.6% of sample by wt.) and the other Range 8

to Range 12 (containing 53.4% of sample by wt.). These were then nor-
malized (Table 21 ) and plotted on log probit paper (figures 19 and 20),

As expected, a straight line can be drawn through the data points im-
plying that both curves can be approximated by log-normal distributions,
The lower range curve has a mass mean diameter of about 8.5 um and a

sigma of about 2.5, whereas the larger range curve has a mass mean
diameter around 235 ym and a sigma of about 3.9. The overall mass fre-

quency distribution can be described by,
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TABLE 20

ANDERSEN ANALYSIS

Test Number

and Location Status and Reason
1 -1 Test was acceptable.
8 -2 Test was acceptable.

Test was suspect due to stage over-
8A - 3 loading (the 2/3 stage had more
than 120 mg on it).

9 -1 Test was suspect, load on stage
was very light (<.2 mg) and emis-
sion velocity was zero during much
of the test making calculation of
theoretical correction factors

difficult.

10 - 6 . Test was acceptable, loading was
light.

i1 -5 Test was acceptable, loading was
lighter than ideal.

23 - 2 Test was acceptable, one stage
suffered minor overloading.

20 - K2 Test was acceptable.

21 - K3 Test was suspect, stages were
over-loaded (as much as 590 mg).

24 - K1 Test was suspect, stages under-—

loaded (some as light as .02 mg).
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£(D)

WlfL(D) + Wqu(D)

W lnz(D/u )
N S exp - | ———2- (28)
D 2w lno 2 1lng
1 1
2
W, 1n (D/uz)
+ exp -\ 54—
D 27 1n02 2 lno'2

where it is assumed fL(D) iz independent of fu(D)

£(D) = mass frequency distribution of bi-populate lognormal e
fl(D)= mass frequency distribution lower lognormal curve
fu(D)= mass frequency distribution of upper lognormal curves
D = diameter of range

Wl = weight % of lognormal portion of bi-populate centered
about .85 u (46.6%)

WZ = weight % of lognormal portion of bi-populate centered
about .235 u (53.4%)

M, = mean of lower curve (.85 u)

M, = mean of upper curve (235 u)

g = sigma of lower mode, 2.5

02 = sigma of upper mode, 3.9

This distribution function would seem to give the best possible general
description of the coke oven charging particulate emissions based on the
collected data. However, it should be noted that this distribution is
based on an average density of 1.2 gm/ml. Though the measured distribu-
tion fits the bi-populate lognormal form reasonably well, it is based on
only five tests which cannot be considered the most ideal statistical

example. Therefore, the bi-populate lognormal frequency distribution 1s not
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presented as the absolute particle distribution, but rather as a simpli-
fied mathematical model to be used as a representation of coke oven

charging particulate distribution,

Appendix E gives the particle distributions from Brink samplers for
emission guide, boom, and leaking door tests. Due to the limited range
of the Brink sampler, the data concerns only the lower lognormal portion
of the bi-populate distribution and, hence, can only be compared against
this portion of the curve. Furthermore, only Brink Test #4 can be used
as a comparison because it was the only test performed at the emission
points of the charging operation. Figure 21 is a plot of the cumulative
weighted percent of Test 4. Assuming a lognormal distribution, a straight
line drawn through the points produce a mean of about 1.2 p and a sigma
of 2.2, This is in good agreement with the calculated lower distribu-
tion of a mean V.85 y and sigma 2,5, In addition, the Brink data are
all based on an assumed density of .8 gm/ml and the Andersen data are
based on 1.2 gm/ml. Equating the densities of both methods would tend

to bring them intoe closer agreement.

The Coulter counter produced a volume mean of V27 p. The sample was
taken By scraping particulate matter off a 1/4" wire screen which had

been exposed to the emission plume of the Wilputte stack,

Optical analyses were performed on portions of the samples removed from
the cyclone and Andersen sampler, These samples were suspended in ben-
zene when removed from the sampler and were later suspended in isopropyl
alecohol just prior to sizing. The number mean diameter was found to be

between 5.5 and 3 um or around 30 ym mass mean diameter.

The sieve and sedegraph analyses were performed on particulate matter

trapped in the case of the MITRE Carrousel Sampler (not on the collection
slides of the sampler). The size distribution of these samples was found

to be bi-populate, Seventy percent of the sample mass was greater than 43 um
(325 mesh by sieve) and 30 percent less than 3 u with a mean of about 1.3 u
for the portion of the sample less than 3 ;. The sedegraph analysis was

performed using water as the medium, This is in fair agreement with the
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Andersen, Brink, and MITRE Carrousel analysis.
STATISTICAL EVALUATION OF SIZE DISTRIBUTION DATA

The arithmetic averages for the acceptable tests including anisokinetic
and calculated isokinetic values are gshown in Table 22, Chi-gquare (xz)
tests were performed on both anisokinetic and theoretical isokinetic
averages against the respective values for individual tests. As shown
in the table, the theoretical isokinetic values produced equal or lower
xz values, hence, higher confidence levels., All x2 tests on the cor-
rected data pass the goodness of fit test while only two of the aniso-
kinetic tests pass the test. To pass the xz test implies only that
there is no reason to doubt the distribution fits by the hypothetical

distribution,

The bi-populate lognormal distribution was determined from the values of the
arithmetic average of all the corrected isckinetic values and passes

the x2 goodness of fit test.* However, the data do suggest the distri-
bution varies between guide and stack. The distributions from the

emission guide tend to shift the mean of the lower mode toward a lower

mean and higher standard deviation, while the stacks tend to the other
extreme. Though these differences were noted, there was statistically
insufficient data to produce separate distribution for the guides and
stacks. Theréfore, the bi-populate distribution previously described was

used to approximate particulate emissions in all cases.
COMPARISON OF PARTICULATE EMISSIONS FROM WILPUTTE AND AISI/EPA CAR

A number of analyses were performed on the particulate mass samples. The
primary analyses (for mass emitted) was performed on all samples and cor-
rections (Equation 16) for errors due to anisokinetic sampling were ap-

plied. Secondary investigations include analyses for:

*
Herdan, G. H., Smith, M, L., Hardwick, W. H., Conner, P. Small Par-

ticle Statistiecs. London, Butterworths, 1960. p. 122-125
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%Z tar content
benzpyrene content
density

elemental

The major objectives of the secondary analysis were to develop baseline
data on coke oven emissions with emphasis on the detection of potentially
hazardous substances such as carcinogens and heavy metals, and an assess-
ment of the state of the art in techniques for making such measurements
and determinations. This analysis 1s necessary in any assessment of the
importance and potential effects of coke oven emissions. These analyses

were performed on only a portion of the total number of samples.

MASS EMISSIONS

The average calculated isokinetic mass emitted by the Wilputte car was
814.7 gm per charge, while the like value for the AISI/EPA car was 120

gm per charge. This is a reduction of about 85.2% from Wilputte to
AISI/EPA emissions. These calculated isokinetic mass values were obtained

by applying a theoretical correction process to the anisckinetic data.

All particulate samples were collected under anisokinetic conditions.
Tables 23 and 24 present this particulate emissions data for the Wilputte
and AISI/EPA car, respectively. The values in these tables were calcu-

lated by the following.equation which assumes isckinetic conditions:

Ai
e S T (29)
i
where EMj; = total mass emitted at location I during the charge,

Ay = area of measurement duct,
Uy = area of sampling nozzle,

M; = mass of sample collected at location I.

The tables show the average mass emission assumlng isokinetic conditions
to be 808.9 gm/charge for the Wilputte car and 245.5 gm/charge for the
AISI/EPA car. Theseresults are incorrect, however, since isokinetic con-

ditions did not exist.
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A theoretical approximation of isokinetic mass values may, however, be
obtained by applying Equation 16 to the anisokinetic data. Tables 25
and 26 present the calculated isckinetic values of mass emitted for the
AISI/EPA and Wilputte cars, respectively, and from the basis for the
85.2% reduction figure.

A fallure of the number 3 drop sleeve to seal during Test 21 may have
been caused by a cocked emission guide. However, detection and hence,
resealing of the drop sleeve was prevented by the emission gulde. There-
fore, Location 3 on Test 21 for the AISI/EPA car was omitted from all

the average mass emission calculation. The magnitude of the mass, mea-
sured at 21-3, is another indzcation that it is not representétive of a
normal charge. It is almost two orders of magnitude higher than the

next largest mass value for the AISI/EPA car.

Out of the 10 tests performed on the AISI/EPA car, no charge other than

Test 21 demonstrated emissions of this magnitude.

The accuracy of the calculated isokinetic values in Tables 25 and 26

is difficult to assess. However, a comparison of the anisokinetic mass
value to the calculated isokinetic values can be used to give an evalua-
tion of the relative errors induced by anisokinetic sampling. 1t can be
assumed that if the calculated value is close to the measured value, the
error is minimized and the mass is representative of the emissions. As 1
the difference between the calculated mass and measured mass increases,
the values become less reliable. But they are still quite useful, for
the difference between the values is a measure of the direction and mag-
nitude of the error due to anisokinetic sampling. For example, in

Test 10, Guide 1, the anisokinetic value was 41.7 gm; the isokinetic
value was 42.9 gm; the masses are very close. One might, therefore,
assume sampling was near isckinetic and if the sampling velocity
(193.4/min) and the average stack velocity (204.3 ft/min) are considered,

it is obvious conditions are near isokinetic.
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Conversely, there is a large difference between sampling velocity
(470.5 ft/min) and stack velocity (209.9 ft/min) for Test 7, Stack 1. As

expected, there is a large difference between the mass values (~41.6%).

If this rationale is extended by comparing the anisokinetic and isokinetic
values for average mass/charge, the Wilputte anisokinetic and isokinetic
averages differ by less than 1%, while the AISI/EPA values differ by

about 50%. This would imply the Wilputte data offers a somewhat higher
confidence level than the AILSI/EPA.

However, the 50% difference found with the AISI/EPA data is still rela-
tively good, considering the sampling problems encountered with coke
oven charging emission monitoring. The data indicates the constant
sampling velocity method employed at the coke oven is more precise than

originally expected.
SUPPLEMENTARY ANALYSES

Supplemental analysis was performed on'particulate material collected
from coke oven emission streams as well as prepared coal prior to oven
charging. The intent was to establish the quality and quanﬁity of

trace constituents in the material and access the technique for these
determinations. The body of data presented below represents the results
of this analysis. The difficulties or limitations épplicable to each

area are discussed.

Tar roughly defined as the particle fraction soluable in benzene was
found to be a major constituent of the collected material. The average
tar concentration for a particulate sample was 57.1%7. No separation
was made between the Wilputte and AISI/EPA emissions due to the small

number of samples analyzed for tar.

Tar analysis was performed on 20 samples which were primarily Andersen
catches. In most cases, the analysis was done on the entire sample
collected excluding impinger catches. However, a few samples were
separated into parts (i.e., in Test 21-3). The Andersen plates were
done separately from probe tip and the Andersen front. Table 27 lists

the test number and % Tar as measured in the entire sample,
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Test Number

7
8
8A
9
10
11
19
21

Average

TABLE 27

TAR CONCENTRATIONS

Location

1

118

Tar Percentage

29,2

56.1

25.9

75.0

86.2



Polycyclic organic matter present in coke oven emissions will be found
chiefly in the ﬁarticulate fraction which has been defined as tar.
Several of the more widely accepted carcinogens are species of benz-
pyrene. In order to establish and characterize the presence of this
general group, Benzpyrene Analysis was performed on the tar portien of
a group of samples. These tests indicate that benzpyrene is present in
amounts ranging from 18,000 ppm to less than 260 ppm. (lppm equivalent

to 1 p gram benzpyrene/gram of tar).

Sample sizes and lack of available analytical techniques precluded a

more detailed examination of these samples. The data obtained is presented
in Table 28 and gives the benzpyrene content for samples analyzed prior

to and including the filter. A few analyses were performed on the impinger
catches and are presented in Appendix B, but all measurements of impinger
tests were below the detectable limits. The maximum concentration was
18,000 ppm found on the Andersen plates of Test 21-3. The Andersen front
and probe tip also produced measurable values. The results indicate the
general presence in the emissions of a species containing widely accepted
carcinogenic substances in relatively heavy concentrations. Further con-

clusions are impossible because of the limited data.

An elemental analysis was undertaken to identify the trace constituents
of the cocal charged and the resulting emissions. The intended emphasis
was the identification and quantification of hazardous elements, partic-
ularly heavy metals. The emissions analysis was performed on particulate
sizing equipment catches, and was thus limited by the sample size, as
well as available analytic techniques. These limitations resulted in a
large number of instances where constituent concentrations, 1f they did
exist, were below detectable limits. The emission constituent concentra-
tions which were successfully measured and are reported in Table 29 are
consistent with the constituents identified in the elemental analysis

of the charging coal. The sample numbers can be cross-referenced with

Table 30 to determine the portion of the sample that was analyzed.
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Some of the more important elements identified in detectable concen-
trations in the emitted particulate material were Cu, Fe, Pb, and Zn.

Due to the variances in particulaté sample sizes, it is not possible

to make a generalized statement concerning constituent concentrations

in the emissions. It should be pointed out, however, that no constituent
concentrations in excess of what can be reasonably explained by coal
constituents also reported in Table 29, was identified in the particulate
material. 1In order to obtailn more definitive information on particulate
constituents, much larger samples distributed as a function of particle
size must be obtained and analyzed. The particle size information is
important in assessing the results, since this property will determine
whether the particles fall or settle out quickly (i.e., particles >200p),

or behave similar to a gas in the atmosphere (i.e., <3 pn).

Further coal analysis was performed as support for the particulate
analysis. Table 30 reports the ultimate and proximate analyses of the
coal as received and dry. The size analysis is listed in Appendix B.
One hundred percent of all four samples passed the 1" round sieve size
and always less than 6% of the sample passed the number 200 square

sleve size. The average size was between square #8 and square #30 sieve

size.

The density of the particulate matter was investigated at the MITRE lab
where float tests indicated the specific gravity of the solid portion
of the sample ranged between 1.6 and .9 relative to water. Generally,
better than 50% of the solid particles were greater than 1.3. The tar
portion of the sample was assumed to have a specific gravity similar to
that of coal tar between 1 and .85. To simplify calculations using
density throughout this document, 1.2 g/ml was used as the approximate
density. This is probably on the high side of the average. However,
there was not enough data concerning the density of the tar portion of

the sample to justify any other wvalue.

As a part of the supporting analyses, a sample of the collected particu-
late was provided by EPA to the Columbus Laboratories of Battelle. The

sample consisted of a number of black granules, and a loaded 5 cm
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diameter filter. Several of the granules were placed in a probe tube
and inserted into the MS9 mass spectrometer. Eight high-resolution mass
spectra were obtained starting at 60°C znd terminating at 350°C. The
gpectra were dominated by hydrocarbon fragments and a strong phthalate
ester peak at mass 149.024. This latter peak was thought to be attri-

butable to a contaminant from the plastic bottle top of the container,

No evidence of carcinogens was found in this analysis. However, ions
with mass 228.094 (C18H12) and 252.094 (CZOH12

peaks correspond t¢ the molecular ions for benzphenanthrenes and benz-

) were detected. These

(a)pyrene, or their structural isomers. It is, of course, impossible _
to determine from high resolution spectra whether the carcinogens are
actually present or whether the peaks are due to their noncarcinogenic
isomers. Detailed chromatographic studies would be required to confirm
the presence or absence of the carcinogenic PNA's. Unfortunately, ex-
traction of the few remaining black granules with methylene chloride
yielded insufficient soluble material to permit gas chromatographic—mass

spectrometric analysis.

The sample filter was Soxhlet extracted with methylene chloride for 30
hours, and the extract concentrated to approximately 0.25 ml. A portion
of this extract was injected into a MS9 probe sample tube, and the sam-
ple was thermally volatilized. Six high resolution mass spectra were
obtained, starting at a probe temperature of 60°c and terminating at
BOOOC, Despite repetition of these high resolution runs, the exceedingly
complex mixture and high number of compounds present precluded detection
of the most important reference calibration peaks. Consequently, no

useful high resolution data was obtained from this sample.

The filter extract was subsequently subjected to gas chromatographic-
mass spectrometric analysis, using both OV-17 and Dexil 300 columns, in
an attempt to detect OSHA carcinogens and carcinogenic polynuclear
aromatic hydrocarbons, respectively. The total mass chromatogram, ob-
tained using 0OV-17 (150 to 2800, programmed at 6° min_l), exhibits a
large number of quite well resolved peaks. In only one instance was

there a possibility of the presence of a carcinogen, benzidine. Three
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lower polynuclear hydrocarbon, anthracene, pyrene, and fluoranthene,

were readily identified from their mass spectra and chromatographic data.

In order to examine the possibility of the loaded filter extract containing
known polynuclear aromatic hydrocarbon carcinogens, gas chromatographic-
chemical ionization mass spectrometry was carried out using a 10-foot

2-1/2 percent Dexil 300 at 26000, programmed at 1% minwl to SOQOC. The
combination of mass spectra and chromatographic data clearly indicated

the presence of benz(c) phenanthrene (potent carcinogen), benz(a)
anthracene (carcinogen), a benzfluoranthene isomer (possible carcinogen),

a benzfluoranthrene isomer (possible carcinogen), benz(a)pyrene (potent

carcinogen) and/or benz(e) pyrene, and cholanthrene (carcinogen).
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OPTICAL SYSTEM PROGRAM RESULTS

The primary objective of the optical measurement program is to determine
the feasibility of a compliance monitoring system for charging emissions
based on the technique of plume optical transmittance measurements. This
assessment of feasibility is logically divided into three areas; tech-
nical feasibility, Implementation feasibility, and operational feasibility.
The technical feasibility of the optical system concerns the demonstrated
ability to measure plume transmittance with conventional light sources
and photographic recording techniques. The basic measurement concept

has been established under laboratory conditions by several other in-
vestigators. MITRE's optical measurement program extended this work to
under field condiiions fur pulidisperse
emission plumes with high dynamic characteristics. The second area,
implementation feasibility, concerns the availability and practicality

of equipment and materials needed to implement and operate the system in
the environment of an operational coke oven. The feasibility of this
approach for other extended emission sources should be investigated
independently, however, the coke oven environment is sufficiently severe
and demanding so as to provide a basis for a valid implementation feasi-
bility test. The last area, operational feasibility, concerns the cost
of fabricating, installing and operating a number of such systems on
typical coke ovens, where operating costs cover the upkeep and maintenance
of the equipment, as well as the cost of film densitometry and data
analysis. Other factors to be included in a feasibility assessment are
the accuracy and dependability of the system, how information from this
system might be used in a compliance system, and what equipment config-

urations might be applicable for such a system.

Technical Feasibility

In order to provide a theoretical background for the proposed measurement,
the basic theory of particle and light interaction had to be shown to be
compatible with the expected polydisperse characteristics of the coke
oven emissions. Such a compatibility can be shown mathematically and

was developed in the preliminary optical system report, MTR-6546. In
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addition to the basic transmission measurement theory, a theoretical
technique for the detection of non-source light interference (plume air-
light) was developed and explained. The theory showed how the system
could be self-compensating for long term variations in light source

conditions and ambient lighting conditions.

The objective of most optically oriented systems has been to estimate
mass loading value by dealing with a known volume of intervening space
between light source and detector. The intent of this system is to es-
timate total mass emitted. With such an intent, the geometry of the
system is relaxed and variability in size of the emission plume is
diminished in importance. The theory of this system has been to estimate
the mass in a cross—sectional area in the path of the light source. 1In
order to produce an estimation of total mass emitted, a measurement of
the vertical rise speed of the plume must be made. The mass rate indi-
cated on a single photographic frame multiplied by the rise velocity was
shown theoretically to be a reasonable estimation of total mass emitted
over time, The characteristics of plume dynamics for the charging cycle
were studied and reasonableness of plume consistency over a pericd of a
few seconds established. In addition, it was found that a characteristic
velocity for plume rise rather than a continucusly measured value did

not seriously affect the validity of the measurement system,

A study of photographic material characteristics was conducted to
establish the availability of a suitable film for the proposed measure-
ments. The study showed that the material having the widest exposure
range and longest linear portion of the exposure curve was one of the
most common photographic films, This fact simplified the selection of
film for use in this system. The choice of film was then considered in
the determination of the required intensity for the system light source.
This investigation showed that there were several common light sources

available which could produce the required intenmsity.

A limitation basic to the proposed system configuration was the probable
undependability of mass calculations in situations where the transmission

fell below 10%Z. This is because in such a situation, multiple scattering
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has an increased likelihood of occurrence. A lower limiting value for
transmittance was selected after consideration of the distance between
the light source and detection, the acceptance angle of the detector,
and the expected nature of the emissions, Based on this limitation,

the system will calculate a maximum mass value for the point correspond~
ing to the lower limit and indicate that the calculated value is 2 the

actual mass rate.

It is now felt at the conclusion of our test period that all theoretical
aspects of the system have proved to be feasible within the constraints
expressed at the outset of the project. Some questions have arisen
stemming from the highly variable nature both in size Endﬁcampositidnrof
the particulate as to the ability of developing average characteristics.,
However, such a limitation would have equal impact on other mass measure-
ment approaches and is not considered a detriment unique to this optical

system concept.

Implementation Feasibility

During the selection, fabrication, and assembly of system components,
one criteria which was stressed was off-the-shelf availability. The
major components of this system meet this criteria. The selection of
components also considered the adaptability of components to other loca-
tions or enviromments, This objective was accomplished to a lesser

degree,

The test system utilized a standard sequence camera which was modified
to provide a secondary exposure of a digital clock. This system proved
to be a virtually trouble free recording device. Although the camera
was not run in an unattended wmede, its performance was such that the
feasibility of unattended operation was established to a great extent.
All tests performed on the camera to establish its reliability yielded
positive results. Specifically, the test for accuracy and repeatability
of shutter timing shows a repeatability of better than 4% of the marked
values at 1/1000 and 1/50 second speeds. On continuous rurs of 12 and
24 hours at one frame per second exposure rate, no malfunctions occurred

in the camera system. Modification which might be desirable to increase
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the film capacity of the camera should not affect the basic reliability
and operability of the unit.

For extended periods of operation (one month) camera equipment would
require a minimum of a '"'dust proof'" housing with a suitable transparent
window which can be cleaned regularly without optical damage. Such an
enclosure could be constructed using a NEMA water tight box with a hard
plate glass window installed., A cleaning and maintenance routine
gsimilar to those used for pen-type pressure and temperature recording
instruments in use in the oven enviromment should be sufficient for

reliable operation,

The camera was operated using an AC power supply ddfing the field test
period. The basic camera, however, was designed to operate from a

12 volt DC power source, such as a battery. The camera was tested in
the lsboratory using a 12 volt battery and found to operate in essen-
tially the same manner with no detectable degradation in performance.
Such a capability provides operational flexibility needed in situations
where temporary operation in a remote or difficult to reach location is

required.

Additional details of tests performed on the camera system can be found

in Appendix C of this report.

The camera control used in the test configuration was somewhat more com-
plex than would be required for an operaticnal system. This complexity
was the result of control flexibility needed in performing the tests.
The test, however, demonstrated the feasibility of the control concept.
Specifically, a control circuit based on a clock locked to the AC line
provides a satisfactory time base for the system.\ This clock consists
of integrated circuit counting modules which drive both the digital dis-
play recorded on each film frame and exposure control. A fixed exposure

rate (one frame per one or five seconds) would be wired into the system. .

During the test period, occasional electrical noise would cause the clock
counter to advance, The enviromment of the coke oven contains much high

power electrical equipment which can generate electrical spikes on the
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AC power line. For this reason, additional attention should be given to
the power supply of the control unit to eliminate this interference.
This problem is not, however, considered serious and should be. relatively

easy to solve.

The camera control unit is designed to operate from either 110 volt AC
commercial power or 12 volt DC power. In the DC operational mode, the
camera exposure rate is continuously adjustable using an RC circuit.

The digital display then becomes a counter operating on the frequency of
the exposure pulse. Should a realtime clock display be desired on DC
operation, a time standard oscillator operating at radio frequency must
be added. Such an oscillator would providé a standard with accuracy of
betier ihau %5 seconds in 24 hours. All other functions of the control

remain the same.

The system light source is the one component which must be considered
"custom made" for the specific observation site. The unit fabricated
for this test utilized all off-the-shelf electrical lighting components
with the exception of the reflector surface. The intent of the special
reflector was to obtain maximum apparent source width with uniform light
output across this width. The parabolic reflector proved to be very
efficient in the achievement of this objective. Densitometry traces
across the width of test frames showed excellent uniformity. It was
originally expected that a 10 inch width might be required to provide
for densitometry aligmment error. Experience has shown, however, that
the densitometry trace can accurately follow an image of a source having
a width of less than 200 u. For this reason, it is felt that the special
reflector could be replaced by 4 or 5 parallel fluorescent tubes, each

having a diameter of 1-1/2 inches.

The stroboscopic effect of fluorescent tubes was discussed in the docu-
ment containing initial design considerations. It was decided that the
simplest method to eliminate this problem was to use a shutter speed that
would capture one complete cycle of light source supply current. Test
exposures using this method showed minimal variation in image density

less than 5% exposure change for the overall system. It is felt, however,
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that this might be improved by using a DC supply voltage for the fluor-
escent tubes. Discussions with tube manufacturers indicate that such
operation is possible and can be implemented with few changes. These
consist primarily of isolating a filament supply source and provision
for periodic polarity reversal to prevent breakdown of the tube through
the plating effects present in DC operation. It should also be noted
that the light output of the unit would be increased for a given supply
voltage and any shutter speed could then be used without stroboscopic

related problems.

The system light source is physically the largest system component. In
addition to this fact, its configuration is affected more by the physical
details of the observation site than any other unit. The light source
for the test system was designed and fabricated to provide maximum
flexibility both at the test location and for possible reuse at some
other site. Even with this in mind, major structural components would
probably require considerable modification for reuse., It is difficult

to imagine a suitable ''portable" unit which would be designed for quick
assembly and disassembly, It is expected, therefore, that each site to
be observed would require a unit designed for that location and per-

manently installed on suitable support structures.

All other details of the light source configuration are considered
feasible and desirable and would be recommended for inclusion in speci-

fications for new units.

The environment of a coke oven is quite severe on all types of equipment.
The pervasive heat, corrosive gases, and dust/grit, act upon all equip-
ment in the area. It was necessary to select or develop system com-—
ponents which could function continuously in this environment. During
the course of the tests, no significant problems were encountered in
maintaining the various system components selected for system implemen-
tation., The system light source was left in place and is still operating

as a lighting facility for the P4 battery.
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The densitometry analysis of film from this system was the area where

the most difficulty in performance wés encountered. It is well within
the capability of standard densitometers to measure density with the
required accuracy for small image areas, There are also many machines
which produce a computer compatible magnetic tape output. The primary
difficulty with such machines is that they are not normally used to
selectively scan a small portion of the image area, but rather to scan
the complete area and allow computer processing to locate and recon-
struct the area of interest, Although such an appreoach might be appli-
cable to our system data, It was decided that the necessary computer
programming for image recognition was excessive in terms of the desired
test results. A rather specialized machipe with the ability to provide
usual image aligmment, selectability of small scanning areas and computer
compatible magnetic tape output was selected for film analysis. The
resolution, accuracy, and stability of the machine were somewhat greater
than would be required for our analysis. As a result of its unique
features and versatility, the machine availability was less than desirable
and the operational cost higher than expected. Film analysis using this
machine and assoclated operational practices is not considered to be

feasible for any large scale operation of the system.

Film processing and calibration is an important phase of system operations.
Although the actual processing of the film is not complex, very few
service facilities were found which would guarantee the control necessary
in the processing operation., This is explained by the fact that such
control is not normally necessary in processing for standard image
photography and the amount of processing which we projected for the con-
duct of the test was not sufficient to persuade a supplier to change his
operations to accommodate our needs. It was determined, however, that
the facility providing densitometry analysis could provide the required
processing on a custom basis. They were also equipped to provide the
sensitometric exposure calibration. It was decided that total film
analysis servicg at one location was more desirable than a possible re-

duction in film processing costs.
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Although not feasible for large scale implementation under the cost
structure applied during this test period, the basic processing tech-
niques are considered feasible, It is reasconable to assume that given
some amount of assured business, a service organization would be willing
to establish a facility where the required processing could be done on

a routine basis,

Operational Feasibility

The operaticnal feasibility of this system for coke oven monitoring is
difficult to assess for two reasons. First, the standards for emission
compliance are not accurately defined or generally expressed in direct
quantitative terms. Second, there are few, if any, alternative systems

against which to compare the technique on a cost and operability basis.

The camera equipment required for such a system is available as an
off-the-shelf item. The cost of this type of equipment ranges from
$1500 to $8000 per unit, The primary difference in the various units is
the level of versatility and ruggedness. The less expensive units pro-
vide acceptable performance and are suggested for system implementation.
Since it is feasible to use one type of camera for a wide variety of
site configurations, the modification required to place the secondary
exposure of the digital clock display on the frame might be offered as

a standard option on that type. The cost and availability of the equip-
ment discussed above is considered reasonable and feasiblé for such a

system,

The camera control system was a custom designed unit but could be greatly
simplified when a routine is established for system operation. Reliability
of the system is such that no change in the basic components is necessary.
An improvement in line noise interference is needed but this should not
affect the complexity, reliability or cost of the unit. It is estimated
that a control suitable for system operation could be constructed in
quantities of 10 or more for under $300. Because of the limited quantity,
they would be produced by a custom or small run fabrication facility.

The basic concept and design is considered practical and feasible for
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system application with a per-unit cost of up to $500. If the cost
should exceed this figure, it might be advisable to utilize a commer-
cially available digital clock and display and an electromechanical ex-

posure control,

The physical arrangement of the light source for the system is highly .
dependent on the characteristics of the monitoring site. The suéport

structure for the source must be designed to allow normal cperation of

the coking plant. This involves minimization of interference to the

oven top so as to provide the access necessary in the maintenance and

operation of the battery. The structure must. span the battery and.ex- -

tend over each end by several feet. The side sections must extend down-

ward as close as possible to the oven surface., The support structure can

be expected to represent at least half of the total light source cost.

The test activity showed that fluorescent lamps of the "very high output"
type provide suitable light sources for this system. Placing four such
bulbs side by side should provide sultable source width and eliminate

the need for the rear reflecting surface, If these lights are operated
from an A,C. source, the required case, lens, electrical components and
fabrication are estimated to cost $250 per 8 foot section. To cperate
these lamps on D.C. current would add approximately $50 per 8 foot sec-
tion to the cost. The costs would be the same for the side or "wing"

sections of the source.

In general, coke ovens runs 45 to 55 feet wide. The light source should
be placed above the larry car height which runs between 15 and 20 feet.

With these assumptions, the typical installation would consist of 10 to

12 eight foot light sections. The total cost including a supporting

structure, is estimated at between $3500 and $6000,

The light source should require a minimum of maintenance which can be
performed by regular plant electrical maintenance personnel., Assuming a
continuing requirement for emission surveillance and compliance monitor-
ing and the costs of continuous equipment or trained personnel for

visual observation, the cost of the light source and supporting structure

is considered economically feasible. This assessment also takes into
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account the direct operating cost of electricity supplied to the unit.

Processing of the film from this system must now be accomplished on a
"custom' basis., The processing cost currently runs 29 cents per foot
of film processed. At approximately 750 frames of data per 100 foot of
film, the processing cost would be apprciimately 3.9 cents per data
frame. At an exposure rate of one frame per second for approximately
2.5 minutes needed to charge a coke oven, 150 frames of data would be
taken, The processing cost per average charge observed would then be

approximately $5.85.

If some volume of business could be guaranteed to a service organization,
the cost could probably be reduced from 20% to 40%. However, the current
cost of 3.9 cents per frame is not considered prohibitive for a system
which would operate only during charges or during periods of high emission

detected by some secondary system,

Densitometry analysis of the film output from the measurement system pre-
sents the greatest problem in current system operational feasibility.
Because of the unique nature of the scanning requirement, the use of a
highly flexible and sophisticated microdensitometer is required. As a
result, the cost of analysis is high and the response time for this
service is relatively slow because of the large demand for the instrument
in question to perform other work. The standard rate set by the par-
ticulate supplier used in the test program is $30 per hour for the in-
strument and $16 per hour for the instrument operater. The machine must
be set up for the particular scanning job which requires 15 to 30

minutes. This time is charged as cperating time at the regular rate.

At these rates, the data frames scanned during the course of the tests
cost between $10 per frame including all test frames, calibration,
special uniformity checks and set up, or $15 per frame counting only

test data frames scanned as production runs,

The use of a microdensitometer can only be considered feasible if the
machine can be dedicated to this particular type of film analysis. This

would allow the machiné to be modified to facilitate quick and accurate
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mounting of the system film size, It would also eliminate the "set up"
cperation since it is reasonable.to assume that‘film from different ob-
servation sites would be very simiiar in terms of light source image
size and density range. The utilization of such a machine would also
lower the required skills of the operator. Since the machine could be
made automatic once a scan is initlated, the operator would only be re-
quired to initially position the film in the machine and monitor the
operation for obvious malfunctions., Output from the machine would be

placed in computer compatible form on magnetic tape,.

A machine capable of performing the required analysis is estimated to
cost between $5,000 and $8,000. The machine éOuia'bro%ably scan oﬂe
conpiete frame of data in three to five minutes, If film was taken or
analyzed at one frame every five seconds, the typical coke oven charging
operation extending over three minutes would invelve 36 frames. The
optimal amalysis time of the data frames would then be about two hours,
To completely cover all oven charges on one battery during a typical
eight hour shift (40 charges), the scanning time would be about 80 hours
of machine time. Such coverage and analysis is not considered operation-
ally feasible. Both time and money are considered to be excessive for
such coverage. Should complete surveillance be considered necessary, a
comparison would have to be made between this system and other systems
with similar capabilities with particular emphasis placed on the data re-

trieval aspects of system operation.

If one hypothesizes the use of analysis by exception, the system analysis
feasibility is greatly enhanced. As an example, if the camera is only
activated during periods of excessive visable emissions, the amount of
analysis required could be greatly reduced. The analysis load could be
still further reduced if some specific number of film frames were to be
established as a basis for non-compliance [i.e., visible emissions in
three consecutive frames (15 second period) exceeding some set levell,
Then analysis could be reduced to 20 to 30 minutes machine time for any

charge during which violation is suspected.
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The job of initial emission detection could be accomplished by several
long path transmissometers crisscrossing the oven surface above the
level of the larry car top. When one or more of these units detected
some lower level of opacity, they would cause activation of the camera
unit which in turn would take some predetermined number of data frames.
This record could be correlated with over activities through the opera-

tion time logs.

Under the above assumptions, the use of a microdensitometer is considered

feasible for use in data acquisition in the optical monitoring system.

Data processing of the densitometer output is a fairly straightforward
task. The algorithm involves simple arithmetic an& a relatively small
amount of core memory is required to execute the program. The input to
the program can be totally on tape and the output can be a single line
giving the mass rate for a particular frame or a more detailed report
displaying the quantities involved for each scanned point across the
bar, During the course of the test data analysis, the latter option was
chosen to allow a more detailed examination of the data and the results
of the computaticms, Although helpful in gaining an understanding and
confidence in system operation, the additional printed information is

not necessary to the operational output of the system.

Computer compatible data (in a form which can be directly input to the
computer) is feasible and indeed necessary to the efficient operation of
any such system. The amount of raw data obtained from this system would
be unmahageable in printed or strip chart form for any operational ex-

tension of the concept.

System Accuracy

Because of the multiple steps involved in system operation, opportunity
for error is increased substantially over any single step measurement.
In addition, some assumptions must be made to allow the application of
this technique to a practical situation. The most important assumption
is that the size of the emission particles can be accurately represented

by some size distribution and that that distribution remains relatively

137




constant over the test period and to a lesser extent constant from one

test to another.

Based on the information originally available on particulate sizing for
coke oven emissions, a much larger particle size was anticipated. Under
varying size distributions for larger particles, the effective light
removal capabilities of a particle remain essentially constant at a
value equal to about two times its cross-sectional area. For small
particles, however, the effective light removal capability of a given
particle varies between one and four as a function of particle material,

wavelength of source light,. and size of particle.- .—

Coke oven emissions were found to be very dynamic in nature. The
quantity of emissions varied widely over the total charging period, be-
tween source points in the charging system, and between the old and new
charging cars. In addition, the visual characteristics of the emission
varied widely from a puffy black smoke generally associated with visible
flames around the car, to thick brown or mustard colored plumes which
appeared to be the raw gases driven off the coal with little or no com-
bustion taking place. Any investigation as to how each type of emission
behaved in terms of optical system considerations was beyond the scope
of this investigation. A further complication in the measurement process
was the bi-populate nature of the particle size distribution, This fact
negated the simple analysis of a single distribution and the establish-

ment of a single mean diameter value to use in volume calculations.

In order to facilitate measurement calculations, the two distributions
were considered separately. Through analysis of the particulate material,
it was determined that the larger particles were made up primarily of
carbon or coal particles, while the smaller particles were composed
primarily of tar. Using this information, curves of K values versus
particle size were selected for these materials, and the geometric mass
mean radius of each separate distribution established. The representative
value for K was determined from the curves using the mean radius. The

two values were combined to produce a single value for computation by

weighing each value as a function of the particle sample mass distribution.
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The above discussion is included as an example of how difficult the
accurate determination of particle size distributions can be, and what
assumptions must be made if the distribution is found not to fit some
standard form such as a single normal or lognormal curve, In additiomn,
if the particle size tends toward values below 10 p in diameter, the mass
values calculated for assuming one mean diameter can vary by a factor of
four with very small changes in the particle distribution and thus

in the actual effective mean diameter.

Actual experilence with some particular source or type of source can
greatly improve the accuracy of the system through increased knowledge of
the typical optical properties of the emission. The system could only
approach 100% accuracy if the emissions were all of the same material
with similar optical properties (surface conditions) and all particles
were of the same size., With minimal knowledge of the particulate
characteristics, only order-of-magnitude accuracy can be expected for
total mass measyrements. However, relative measurements performed on
some small source which exhibits reasonably constant particle character-
istics (either observed or measured) can be expected to have an accuracy
factor on the order of 2-5. It is this range of accuracy which appears

reasonable for measurements made with the experimental system.

To make the operation of this system feasible, two other assumptions must
be made which are multiplicative in terms of mass measurement errors.

The basic assumptions are that a representative value can be determined
for particle density and emission rise velocity, and that these values
once determined, remain relatively constant. In both situatioms, 1t 1is
difficult to conceive of a case where the selected value for either
quantity would introduce an error greater than 25% and indeed, the error

actually experienced would probably be <10Z,

Analysis of particle samples show that the primary comnstituents are tars
and carbon or coal. The densities have ranged between ~.9 Gm/cm3 and

1.4 Gm/cm3. The apportionment between the two materials has shown reason-
able consistency. Based on these observations, a representative density

of 1,2 Gm/cm3 was established. 1In the presence of very low emissions, we
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would expect the material make-up to tend towards a predominance of tar
and the selected value would tend té be.higﬁ. If emisslons were par-
ticularly heavy indicating considerable combustion and turbulence in
the oven, the emissions would probably tend toward carbon and the

selected value would tend to be low.

The selected value for emission rise velocity was based on a large num-—
ber of photographic observations of plume behavior. Few inconsistenciles
in behavior were rated., This is probably because the position of the
plume, when observed by the system, 1s removed from the larry car stacks
and hopper structure, and its behavior is primarily determined by ambient

air conditions which remain relatively constant.

The exception to this is when a relatively strong crosswind is blowing.

The plume in this situation can have a horizontal velocity 2 the vertical
velocity. In such a situation, the plume will probably pass across cone

of the light source vertical wing using units rather than the horizontal
light source. In such situations, it might be necessary to make some

wind measurements to obtain a reliable value for emission veloclty pass
the vertical bar units. In any case, the representative vertical veloeity,
when applied to the horizontal bar under minimal wind conditions, should

cause minimal error in system measurements.

A second area of system error apart from the necessary quantitative assump-
tions, is the inability of the system to see or detect all emissions
occurring on the oven battery during charging. This deficlency is a
result of the geometry of a feasible system installation on a typical

coke oven. In Figure 22 the field of view of the camera with respect to
the light bar and the oven surface is shown. As the field of view nar-
rowe toward the camera, additional portions of the oven surface and space
above that surface are excluded from detection by the system, The drawing
shows what are considered ideal locations in terms of image size and de-
tection locations. The camera could be moved further away from the

gource to provide an enlarged field of view, but this would have the
effect of increasing the differences in plume beﬁavior caused by the vari-

ations in distance from emission source for different positions on the
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oven. It would also tend to decrease the photographic image size which
in turn makes densitometry more difficult. The light source might be
increased in size, but this quickly approaches the practical limitations
of available support for the structure. Additional cameras could be
added, but the costs of implementation and operation would be increased

proportionately.

It also appears possible, based on test experience, that light emissions
occurring around the base of the car could become so diffused before
rising to a detectable point above the car that the system would have

considerable difficulty distinguishing them from heavy background or

ambient,

In general, the conclusion must be drawn that this monitoring concept in
configurations similar to the experimental system cannot be expected to
provide 1004 coverage or positive detection of any light emissions.
Change to the system configuration can be made, but this would result in

substantial increases in both cost of experiment and operation.

System Configuration, Operation, and Data Analysis

The configuration of system components in the implementation of this
measurement concept does not provide a large latitude of possibilities.
The detector (camera) must be positioned on one side of the emission
plume and a light source must be positioned on the opposite side. The
use of a reflector in place of the light source considerably complicates
the system implementation, as well as data interpretation, and is not
felt to be a practical alternative, As we stated previously, some second-
ary system for initial emission detection should be considered. This
would allow the optical system to operate on an exception basis rather
than centinuously or on every charging sequence. Such a system might in-
clude relatively simple transmissometers operating over long paths over
the oven top. These paths might use a single reflector at one end in
order to minimize the number of units required. A simple path configur-

ation is shown in Figure 23.
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The system operating in this mode could function unattended for periods
of days or weeks, assuming an 80% or greater compliance record and large
capacity film magazines. The primary attention need by the system would
be the occasional cleaning of the light source and camera/associated
optics, the changing of film magazines, and checks of data clocks and

secondary detection system operatiom.

In comparison to a Ringelmann assessment of emissions, the experimental
optical system can provide additional data with higher quality. As ap-
plied to coke oven observations, the Ringelmann technique cannot account
for the quantity or size of the emission plume. This is important in
determining the total emission because of the wide variation in point
source characteristiecs on and around the larry car, The coke stacks

for instance, release large quantities of dense opaque emissions while
small leaks around the drop sleeve may release equally dense emissions,
but of a much lower volume. The situation where a large number of small
leaks release a large quantity of diffused emissions as contrasted to a
small dense emission from a stack is also not adequately differentiated.
As understood for current compliance monitoring, the Ringelmann observer
would time the period over which he observed a certain copacity, not noting
the quantity (plume size) of emission at that opacity. This could
obviously give a distorted picture of the actual emission volume in
comparison to observations made on other charges. The optical system
should be able to provide information that more truly reflects the
actual_quantity of emission and allows a better basis for comparison of
this quantity between individual charging activities. The system has
also been shown to adjust for conditions beyond the control of the

Ringelmann observer, such as light conditions and color of the emission. .

As previously stated, the optical system, although not providing a highly
accurate value of absolute mass emitted, should provide a reliable basis
for relative mass measurements within the system., If, however, the
quantitative aspects of mass measurement are not sufficiently accurate

or reliable for use in a compliance system, the basic transmission (the

reciprocal of opacity) measurement capability of the system provides an
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improvement over Ringelmann in terms of accounting for emission volume.
By dividing up the light source into many point sources, the system makes
the equivalent of many instantaneous Ringelmann assessments over a wide
area with the advantage that wvariables, such as emission celor or

ambient lighting, have been eliminated or compensated for.

An example can be given to demonstrate this capability. Assume a light
source whose photographic image can be divided into 500 equal sections
for purposes of density measurement. If the bar is 50 feet long, then
each of the 500 spots would represent a .1 foot wide area of the light
source. Supﬁose that transmission values were determined for each of

the 500 points along the bar, and that corresponding Ringelmani numbers
were assigned to each of the points., These numbers could then be summed
to provide a composite value (referred to here as a Ringelmann "Quotient™
- RQ} which would take into account the size or extent of the emission
plume or condition. A perfectly clear bar would produce a sum of zero,.

' Assuming a Ringelmann 1 condi-

corresponding to a Ringelmann of "'zero.’'
tion across the entire bar; the sum would be 500, If a Ringelmann 2 con-
dition exited across the bar, the sum would be 1000. The other Ringelmann
sums would be proporticnal for constant Ringelmann numbers. The system
upper cut-off limit at 90% opacity would yield a Ringelmann sum of 2000,

which would also be obtained for an 80% opacity condition.

Since conditions can be expected to vary from point to point on the bar,
the Ringelmann sum would be expected to vary as a function of emission
quantity between 0 and 2000, Since a value for one photographic frame re-
presents an instantaneous rate, the sum values for several frames might
be totaled and divided by the number of frames to provide a rate average
over time. As an example of how a Ringelmann Quotient would work for
actual data, two optical system data frames of contrasting emission con-
ditions along with their assigned Ringelmann Quotient (RQ) and calculated
mass emission rates are presented in Figure 24, Additionally, the values
used to compute the RQ from transmission data are presented in Table

31. For the test system, 539 spot transmission measurements were made

yielding a possible maximum RQ value of 2156. This value would
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RQ = 6%4 MASS RATE = 14.41508-/m.

{h "

RQ = 1415 MUt 1A 55 RATE = 31.469 | 8 /a.

FIGURE 24
EMISSION CONDITIONS AND CALCULATED RQ VALUES
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TABLE 31

CONVERSION OF TRANSMISSION VALUES

TO RINGELMANN VALUES

Corresponding Ringelmann

% Transmission % Opacity 1/T Value Assigned
100 0 1 i
0
90 10 1.11 1
80 20 1.25 1
70 30 1.43
60 40 1.66 2
50 50 2.00 -
40 60 2.50 3
30 70 3.33
20 80 5.00 4
10 90 10.00 -
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correspond to a Ringelmann condition 4 measured at all 539 points along
the light source. The test system cannot, however, reach this absolute
value since about 30 points fall on gaps in the light source and are
assigned 0 mass values. It is easy, however, to see the difference be-
tween the two RQ values in comparison to the emission conditions
pictured. It can be seen that such a technique might offer an improved
capability in assessing the amount of emissions actually released to the

air during a charging operation,

Data Processing Output

The basic output of the data anmalysis for the optical monitoring system
is a total mass rate value per unit vertical height of the emission
piume, This value is in turn made up of 539 individual mass rate values
calculated for corresponding spots along the length of the light source,
In an operational situation, the only number of interest is the mass rate
associated with a particular frame, For purposes of system performance
assessment, however, additional information was included on the data
analysis print-out for the selected tests. Figure 25 presents one page

of a typical amalysis print out.

The header information contains frame identification consisting of test
number and frame time in hours, minutes, and seconds. The base and scan
numbers used in "housekeeping' refer to the base frame number on the
data tape and the scan number performed against that particular base.
Each of the seven line groups on a page present data from fifteen con-
secutive points in the left to right scan of the light source. A total
of six pages are required to present the 539 points from one complete
scan of the light bar. A seven space column associated with a single
point contains the base exposure value (no emission) for that point on
the light scurce labeled "BASE L"., The base exposure value for the
corresponding spot on the black portion of the bar is ohtained by
averaging black area readings over some specific number of points at
the end of the light source and designating this average as a constant
to be used in all calculations involving that base frame. Tiais value

is presented as part of the header information and is labeled "ZERO PAL",
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meaning a value for zero plume air light.

Exposure value informatiom for the point obtained in the scan of that
particular data frame is labeled "DATA D" for the value of the black
area and "DATA L" for the value of the lighted area. The three exposure
values plus the value for "ZERO PAL" are used to calculate a reciprocal
value for transmittance which is printed and labeled "1/T". The value
labeled (ILN(1/T)" is the natural log of the 1/T value and is presented
as an interim quantity to be saved for possible re-run of the data. The
quantity labeled "EL MASS" is the calculated mass rate in grams per
meter vertical plume size for that particular point. This vaiue is ob-
tained using constants whose wvalues are assigned and listed 'at the start
ol each data reduction run, In order to obtain a total mass rate for a
complete frame, "EL MASS" values for each of the 539 points are summed.
This value is presented on the last page assoclated with the particular
scan as "TOTAL FRAME MASS RATE." The last line of each group summarizes
special situations which may occur on a particular frame. An abbreviated
explanation of the "FLAGS" is presented as part of the header informa-
tion for each page. The "*" gsignifies a point at which the value for
"BASE L" falls below some pre-set value. This situation occurs for
points faliling on the gaps between bulbs of the light source and is
generally 5-8 points long. In general, no mass rate 1s calculated for

these points and the value of "EL MASS" is set to zero.

The "+" denotes a situation in which the frame plume-air light value,
"DATA D", is high when compared to a corresponding base light value
(BASE L). This situation can logically occur under two different con-
ditions. The first occurs when a gap value for "BASE L" is compared to
a slightly high value of "DATA D", caused by light smoke over the black
area. The second occurs when very heavy smoke of a bright or highly
reflective color occurs and the smoke image density appears brighter
than the light source in the base frame. Few situations of the latter
type were detected and in general, indicated that the light source re-
mained dominant for most conditions of plume air light. A "$" signifies

that a value for "DATA L" was found to be larger than a corresponding
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value for "BASE L." This occurs in the presence of heavy emissions where
the light source is still visible, giving rise to an addition of plume
air light to the apparent light source brightness. It may also occur to
a lesser degree in a no emission situation due to system inaccuracies.

To differentiate, the difference between the two values is compared to a
threshold value, If it is less than that value, a "¢" flapg is raised

and the computation continues. If it occurred during a high emission con-
dition, the calculation will force the value of "EL MASS" to its maximum
value. If it occurred during a light or no emission situvation, the cal-
culations will generally produce a zero or very low value for "EL MASS."
If the difference is greater than the threshold value, a "§" is printed
and the calculation continues. This situation, when valid, usually
occurs 1in a high emission condition and the calculation will generally
enter a high value for "EL MASS.'" The situation "¢" can also occur at gaps
in the light source and is handled in the same way. The "#" flag sig-
nifies that a comparison between "DATA L" and "DATA D" values showed the
dark area to be brighter than the light area. Again, this situation
occurs in conditions of very heavy emissions and if the difference is
small, is probably caused by system inaccuracies. To check, the dif-
ference is compared to a threshold value, TIf it is less, the maximum
value is set for "EL MASS." 1If it is greater than the difference thresh-
old value, a "?" flag is entered and the "EL MASS" value is set to zero
since no valid calculation can be made under these conditions. The "Z"
flag indicates that the calculated tramsmission has dropped below 10%.

In this situation, the maximum value of "EL MASS" is entered for that
spot. The exposure and transmission data is retained for examination.
The last flag, "@", signifies that a "BASE L" value is below the "ZERO
PAL" value and can only occur in a light source gap (already signified

by "*" flag) or in an invalid measurement. In the presence of this flag,

a zero value for "EL MASS" is entered,

Using the flag summary at the end of a frame scan, a quick assessment
of possible processing problems can be made and a judgement formed as
to the quality and potential validity of the results. Printed below the

flag summary are data shift values. This shift is performed on the data
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frame if its start point does not coincide with that of the base frame.
The alignment is based on the position of the gaps in the base and data
frames and in general, require little or no shifts. The total print-
out provides a convenient method for scanning individual data frames

for areas of interest such as observed areas of high or low transmission
or suspected interferences. In short, it.provides a valuable tool in

the understanding and assessment of optical system performance.

Test Data

During the course of the overall test program, 21 tests were photographed
by the optical system which were also observed using the continuous
monitoring system. In addition to the 21 tests in—common, a number of
other charges were photographed using the optical system to provide test
data for that system., The original intent at the outset of testing was
to process and analyze all optical system output for comparison with the
continuous monitoring results. This became impractical in the light of
higher than expected processing and analysis costs and unexpected but
necessary alterations in the original test schedule, As a result, the
selection of a sub-set of optical film was made and analysis accomplished
prior to the processing and analysis of the continuous monitoring system

data.

The original test concept involved monitoring all emission source points
simultaneously (six points on the Wilputte car and three points on the
AISI/E?A car). The combination of volume flow from all points on a test
would have provided a reasonably good second—by-second picture of visible
emission volume against which the optical system data could be compared.
Problems encountered during the course of testing precluded the measure-
ment of all points on the Wilputte car simultaneocusly and made necessary
the use of aspirating fans on the three AISI/EPA car test points with the
result that the absolute volume flow was a function of the fans rather

than the volume of emission.

An alternative selection of tests where all three stacks on the Wilputte
car were monitored for volume flow or all three guides of the AISI/EPA

car were monitored for gas concentrations was made. The rationale was
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that during the charging period for the Wilputte car, a high percentage
of the total emissions escaped through the stack. Also, that on the
AISI/EPA car, the concentrations of selected emission comstituents such
as total hydrocarbons could be used as an indicator of visible emissions
volume at that instant in time. A further selection of specific frames
was made by visual observation of the test film to include periods of
highly contrasting emissions (high versus low volume visible) and
transients. The results of this comparison are presented in the follow-

ing material.

Presented in Figures 20 throﬁgh 30 are graphs of actual volume flow, in
cubic feet per second, combined for all three stacks on the Wilputte
larry car or measured concentrations in Z total hydrocarbons for the
three combined guides on the AISI/EPA car. The second trace on each graph
presents calculated mass emission rates as measured by the optical moni-
toring system. These values expressed in grams per meter vertical plume
size, are plotted on the same time base to show event correlation. After
inspection of the film, and comparison of photographed events with the
data acquisition system record, it was obvious that some loss in syn-
chronization between the optical system clock and data acquisition sys-
tem had occurred. This was probably caused by noise pulses causing the
optical system clock fo jump ahead in time a few seconds. The events
displayed were graphed using the time displayed by the clock rather than
arbitrarily correcting this time, In gemeral, however, it appears from
several observations that in the absence of wind, events in the Wilputte
stacks are seen by the optical system with about a five second delay

and events in the AISI/EPA guides are seen by the optical system with

a five to ten second delay.

Also, since the continuous monitoring system volume flow measurements
are taken in a confined stack on a one second basis, abrupt changes in
flow can be detected and represented in a very precise fashion. The
optical system, however, detects the emission after it has had an oppor-
tunity to diffuse and, in general, become more spread out over both

time and space. The analysis interval for the optics system was selected

153




at five seconds as opposed to the one second frame rate so abrupt changes
cannot be detected with the same resolution as the volume flow measure-
ment system. Association of event records displaced by an abnormally
long period in time according to the two clock values, will be noted in
the text discussing that test. Also, trend arrows showing the smoke
conditions before, after, and between optical data points are included
on the graphs. These were placed on the basis of visual observations

of the subject data frames and are not intended to be quantitative, but

instead to aid in the correlation of the two sets of results.

Shown in Figure 26 is data obtained during Test 7. The trace of volume
flow represents a typical example of conditions during a Wilputte car
test, The optical system data is divided into two parts, each of which
cover an observed transient condition during the charge. The large
volume flow peak occurring just after the start of observations was de-
tected as a less abrupt peak in mass rate by the optical system with some
time delay. Visual inspection of the optical system film showed a smoke
condition correéponding to approximately the next to last calculated
point of the first trace persisting until the first part of the second
optical system trace. In the second trace, the actual shape of the volume
flow curve was more closely matched by the optical system results. This
is probably because the changes in trend of volume flow were less abrupt
and of a more consistent nature. It is also interesting to note the
optical system saturation point ("optical-system maximum value'") with re-
gpect to the measurements displayed here. Roughly speaking, a 10% trans-
migsion or 90% opacity condition covering the complete length of the bar
would correspond to a mass rate of 53 grams/meter, allowing for the gaps
between bulbs in the light source and not including the "wing'" 1ight
source units. One can easily see that the smoke densities typically ex-
perienced during a Wilputte car charge could approach or exceed the
measurement capability of the optical system. In such cases, the rate
would have to be expressed as 53 grams/meter or greater. It would ap-
pear, however, that this condition would lie well outside any standard

for visible emissions which might be established, The volume flow data
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available from the continuous monitoring system ends with an increasing
flow rate. This trend is also observed in the optical system data as
an almost totally obscured light source after the last measured point,
This condition corresponds to the maximum measureable value for the

optical system.
%)

Presented in Figure 27 is data obtained during Test 9. Again, the
optical data is divided into two sections covering obvious transient
flow conditions. During the first part of this test, a strong cross
wind caused a large portion of the emission to pass undetected below the
light source. The data frames displayed in Figure 24 are from Test 9
and show the efféﬁts of theiwind coﬁditions? .The-éfrow éhgwn-oa-the
second data point indicates that the measured value was much lower than
the actual emission because of the cross wind condition. During the
second portion of the optical data trace, the wind subsided allowing a
truer measure of the actual emission condition. Lower peak values were
recorded because of the wind condition and the resulting emission dis-
persion, The flow characteristics are similar to Test 7 showing an
initial abrupt high flow rate, decreasing toward the middle of the test
and then building up again toward the end.

Figure 28 shows data collected during Test 17. This test was performed

on the AISI/EPA car and shows total hydrocarbon concentrations rather

than volume flow data plotted against optical system data points. The

optical data is divided into three parts on this test., The first and

the lasf parts have been identified as quench steam interference using

the photographic film record and voice tape commentary. The center op-

tical system trace shows the detection of the heavy emission flow near ]
the center point of the test. The peak values are much lower than those

noted for the Wilputte tests because of the lower quantity of emission ‘
and the fact that the smoke source is at the oven surface under the car.

As a result, the emission has been diffused to a greater extent by the

time it rises to the light source detection area. The trend of the data

recorded by the optical system closely follows the density of emission as

\
indicated by the concentration of total hydrocarbons. The values

S
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detected are well below the saturation point for the optical system,

Figure 29 presents data taken during Test 20. During the first part

of this test, a large quantity of emissions escaped through an open
"chuck door" and ascension pipe cap. This smoke rose past the light
source and in preliminary selection of optical data to be analyzed was
mistaken as emissions from the drop sleeve area. The optical data frames
selected showed a rapid rise in density during the first part of the
trace followed by a rapid decrease in density during the second part of
the optical data trace. This condition correlates with a slight increase
in recorded THC concentration, but since the emission occurred through
unmonitored points, was not recorded directly by thé continuous monitor-
ing system. The primary emission around the drop sleeve occurred later
in the test but was of fairly low volume. The sequence of events and

the source of emissions was determined by examination of the optical sys-
tem film data. The data is presented to show the ability of the optical
system to track rapidly changing emission conditions but also points out
a deficiency in the system in that it has no way of differentiating be-
tween emission sources, Emissions originating from an ascension pipe or
oven door will appear as part of the total emission detected if they pass
between thie light source and the camera. It might be necessary to
develop some rather arbitrary rules to cover this situation since it may
not always be possible to identify the exact source of the detected

emission.

Figure 30 presents data obtained during Test 25 performed on the AISI/
EPA car. During the first part of this test, an unusually heavy emission
release occurred around the drop sleeve area. This event was easily
identified on the optical system film record, but the optical system
digital clock time associated with the event was approximately one
minute later than the data acquisition time., The only reasonable explan-
ation was a missetting of the optical system.déta clock in the minute
position. A rather remote possibility exists that a line noise pulse
caused the optical system clock to jump ahead one minute as opposed to

one second. A check of the two observed emission periods on the optical
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data films show good agreement in spacing when compared to the continuous
monitoring system record. The steam conaition also detected by the op-
tical system was identified as occurring about one minute before the

test providing a further basis for a time adjustment. Assuming that the
second portion of the optical trace should be associated with the first
peak in THC concentration and that the third portion of the trace should
be associated with the high THC concentration peak, good agreement is
observed in the data comparison., The third portion of the optical sys- O
tem trace does not exhibit as high a value as might be expected from the
THC trace, but examination of the data film showed only a highly diffused
emission condition existing in the area of the light source at that time.
It is possible, however, that a mild wind condition at that time might
havé blown the bulk of the diffused emission out of the camera view., It
is difficult to identify sharp emission pe;ks in ; diffused smoke condi-
tion, but the general concentration conditions are indicated by a number

of frames selected over an extended period of time.

Several conclusions can be drawn based on the optical data completely
analyzed and the large amount of optical data film manually examined.
First, the system is capable of detecting trends in total emissions using
opacity measurements. Second, the mass concentrations appear reasonable
in light of the data available for-comparisgﬁ. Third, the system has
obvious limitations in measuring very heavy emission concentrations or
very high concentrations which are highly dispersed or which may be blown
laterally beneath the light source and thus pass undetected. In con-
trast, the minimal interference caused to plant operations and the sys-

tem potential for unattended operation offer-positive reasons for con-

sideration of this concept for application to compliance monitoring.

v
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ABSTRACT

The larry car, developéd Jointly by the American Iron and Steel
Institute and the Environmental Protection Agency, was tested at the
Jones and Laughlin Pittsburgh Works by The MITRE Corporation during
the Spring and Summer of 1973. The pufpose of these tests was to
demonstrate the improvement in atmospheric conditions that can be ob-
tained while charging a slot type coke oven, New larry cars having
both similar a;d contrasting features are currently in cperation on
other slot type coke ovens, and theilr effectiveness should logically
belassessed as an adjunct to the J & L car evaluation process, This
report describes the procedures used to gather comparative operational
information at the Weirton Steel Corporation, Division of Natiomal
Steel Corporation, Brown's Island Coking Plant, where two charging
cars; similar in several wéys to the J & L car, are in produFtion

operation,
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1.0 CONCLUSIONS

Information Qas gathered on the design and operation of the new.
charging cars operating on the Brown's Island battery of the Weirton
Steel Division, Nétional Steel Corporation. A comparative analysis
with the AISI/EPA charging car demonstration of the ability to re-
dUCE'emigsions due to charging was then performed, A direct com-
parison was made in areas where the similarities between the Weirton
cars and ALSI/EPA car designs are strong. ‘In areas where contrasting
features or procedures were obsérved, assessment of their success
relative to design intent and EPA objectives is reported,

fhe strong similarities between the two designs are: basic
automation of the coke oven top side actiﬁities, specifically control
of the damper, steam and ascension pipe caps; ascension pipe cleaning,
and lid removal-replacement; improved operator enviromment; jmproved
coal handling systems to control coal flow and contain emissions, An
integral part of the improvements 1in emissions containment is the im-
proved drop sleeve-to-oven port seals and aspiration of the ovcnsltol
the collection main during charging. Thesé features are considercd
part of the charging system.

Both systemsAappea; to have had reasénably good success'in‘auto—
mation of the oven controls. Although the Weirton car has a somewhat
nore complex set of functioné (dual collection mains); both cars per-
formed required functions with only an'oscasional malfunction, usually
caused by misalignment of the actuating or control arms. Both cars

had 1lid 1lifting mechanisms which adequately performed the required
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functions. Both cars experienced similar .problems with the 1id lift-
ihg electromégnets and their associated wiring. The re-lidding cycle -
for the Weirton car was a few seconds slower than the AISI/EPA car,

but this appears to be a function of the contrel system adjustment

4 T} Y TR L ST g P e g

rather than a basic difference in the design capability. The ascen-

T

sion pipe cleaning device on the Welrton car appears to work quite

e

well. There is still, however, an occasional need to manually clean

the ascension pipe goosenecks. The original design of the cleaner

for the AISI/EPA car was unsuccessful, reportedly because of align-

ment problems. We have not observed the operation of the replacement

vL
#’-

unit so we cannot comment on its operation, We understand, however,

that its design is similar to the Weirton unit. If so, similar

results should be expected.

Both cars have had reasonable success in the improvement of
operator enviromment, This comment is not based on quantitative data,
but rather on conversations with several operators and "in the cab"

observations. There were, however, some comments at both locations

to the effect that the cab placement and configuration makes direct
' observation of the car operation and oven conditions difficult, if
not impossible. Such restrictions of view may represent a safety
as well as an operational problem.

The two cars employ contrasting approacheé to coal flow control.
The Weirton car uses a screw feed transfer conveyor, while the

AISI/EPA car depends on gravity to feed the coal directly from the




hopper down through the drop sleeve into the oven. The screw feed
arrangement controls coal flow by stopping or starting the screw
transfer unit. The gravity feed is controlled by a butterfly valve
in the drop sleeve assembly. We understand thatrscrew or turntable
feed is generally recognizéd as providing better coal flow control,
but that coal hopper clearance restriction on some batteries way pre-—
vent the consideration of these designs. for retrofit or replacgment
cars.. This was a major consideration in the choice of the.gravity
'feed system fpr the AISI/EPA demonstration_car. A detailed analysis
of system performance is somewhat beyond the scope of this paper, but
observations to date would tend to substantiate the superiority of
the screw and possibly the turntable feeds overlgravity feed. It does
appear that correction of certain proven design problems, such as
drop sleeve packing and side wall angle may substantially improve the

performance of the AISI/EPA gravity feed car.

Eoth the AISI/EPA and Weirtom cars represent subétantial'improve—
ments in emission control compared to older cars observed, While the
AISI/EPA car seems more capable of sealing the emissions during the
charge, it is less consistent in overall emission control than the
Weirton car. The relief (coking) stacks on the Weirton car appear to
be the source of 502 of more of its emissions, especiélly near the
end of the charge. The AISI/EPA car;\on the other hand, seems more
able to reduce emissions during this period, assuming that the drop

sleeves have properly seated in the ports. The Weirton car drop

e - W

E
3
E
;
k




sleeve seal usually exhibits some leakage, but the rate (i.e., the
seal) is fairly consistent. The AISI/EPA car seal exhibits a more .
"very good" or "very bad" tendency, perhaps because of its welght and
fesistance to movement sometimes necessary to seal alignment. It was
concluded, however,-that both the AISI/EPA and Weirton charging car
drop sleeve-to-oven port éeals represent considerable improvement
over older types of drop sleeves in the areas of both cocal spillage
reductions and emission containment.

Containment of the emissions during the charging process at
both J & L and Weirton is heavily dependent upon the reducticn ﬁf
oven pressure through steam aspiration. The o?iginal concept for
improvemeht of aspiration at J & L involvea the replacement of steam
ejectors and the raising of steam pressure supplied to the ejectors
to 175 pounds. Marginal improvements were obtained using the higher
pressure and the potential problem of increased coal carry over was
recognized., Experimentation showed that a reasonable compromise could
be achieved by running approximately 120 pounds pressure to the new
ejecto;s. It has been reported that further improvements have been
accomplished through the installation of jumper pipes between existing
"smoke holes." This has the effect of.connecting two oven aspirating
systems in parallel and supplying an off take passage at both ends
of the oven as 1n a dual collecﬁion main system., Substantial improve-

ments in oven aspiration have been repotrted.




The double collection main system at Weirton has performed well
under most charging conditions. Improvement has been attempted by
raising steam pressure to the ejectors, but coal carry over problems
were experienced causing some pressure reduction., The system is now
operating at an accebtable level and generally holds the oven close
to neutral du;ing charging. A major portion of emissiéns for both
cars occurs after the drop sleeves have been raised for re-lidding
apd are thus beyond the control of the car itself. The elimination
of these emissions will depend primarily on oven aspiration, leveling
procedures, and to a much lesser extent, the details of how the coal
was placed in the oven.

We reéognize the impossibility of generalization as to production
rates for all battery conditions, much less ﬁroduction rates for othér
batteries, but Investipation and observations indicate that a rate of

.40 to 45 ovens per_8 hour shift from a single set of functional ma-
chines would represent a reasonable production goal. On batteries
where operating units must be shared, this rate may be substantially
altered. Such sharing is praticed at J & L, but 'is not currently
practiced at Weirton. Observations and assoclated discussions of the
Weirton and AISI/EPA car indicate that the weirton car has never been
and is not expected to be pacing unit of the battery under present
operating practices. This conclusioen is consistent with the average
observed ChargingAtime of five minutes for the Weirton car, The

AISI/EPA car has displayed a tendency to be the pacing factor,
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particularly when opefations are running behind the normal production
schedule. This statement is consistent with observed charging times
rangihg from 7 to 10 miﬁutes. The situation might be affected sub-
stantially, however, by changes in operating practice, such as the
adoption of stage charging (i.e., the cars might be more closely
matched),

Both cars provide flexibility in their opreation through the use
of independent/step controls for each function. This flexibility
allows the adoption of modifted procedures, such as stage charging or
the circumvention of problem areas when mechanical or electrical prob-
lems occur.: Judging from discussions with maintenance and operating
personnel,.the Weirton car has undergone more extensive additions
and modifications to the control system than the AISI/EPA car. The-
changes, most of whicﬁ have been initiated by the 1o§al supervisgory
and maintenance personnel, have for the most part proved to be useful
in both maintenance and operation under conditions of malfunction,

The training of operators to run the Weirton car has not pre-
sented a problem in terms of production rates or lost production.

The new operators go through a break-in period during thch time they
work in parallel with an experienced operator. The operators we spoke
to did not e#press any problems in learning the operation of the new

h ]
cars.
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Based on discussions and observations, the Weirton car has few
problems in the area of operability/dependability. With the excep-
tion of the two instances reported here, involving some damage by
fire, no lost oven production was attributable to the Weirton charge-
ing cars. During the observations, one car operated 24 hours.a day
fof_five straighf days without any malfunctions which caused produc-—
tion delays or loss of production. We feel that much of this record
can be attributed to the mechanical arrangement of the Weirton car.
Eleﬁents of the hydraulic and electrical system are positioned away
from the drop éleeve, open charging port and potential flame and
ﬁeat. We also féel that the relatively light weight of the drop
sleeve assembly contributes to the lack of mechanical/hydraulic
problems. An additional factor which we feel has a significant im-
pact is a thorough understanding of car operation aﬁd control by
individual operators. This certainly reduces the incidence of equip-
ment damage caused by improper or negligent operation.

Equipment ﬁalfunctions will inevitably occur, but their iImpact
can be magnified by delays in remedial actions. An jmportant factor
which tends to reduce the time required for resolution of maintenance
problems is the centralization of responsibility for.initiation and
control of necessary work. At Weirton, the electrical départment is
totally responsible for all equipment malntenance work except for the
heaviest mechanical work that may require special assistance. All

necessary trades are included in the make up of electrical department




personnel. When outside help is required, they operate under the
centralized direction of the electrical department. These factors
improve coordination, reduce worker availability delays and generally
exéedite required repairs. |

One finél polnt should be made to help place the comparison of
the two cars in perspective., That is, that the AILSI/EPA car repre-
sents the retrofit of a new car to an older oven (P4 battery is
nearing 20 years of age), while the Weirton car is a new car designed
for and placed on an entirely new battery. Many of the problems
experienced by the AISI/EPA car caﬁ be traced to battery equipment
wear and misalignment problems. The difficulty experienced in pre-
dicting relative position changes caused by oven expansion, wear,
and modifications, tend to indicate that equipment intended for
retrofit should be designed to provide the maximum tolerance to
"misalignmént" practical, and consistent with emission control, and
that new equipment should be given similar consideration in order to

minimize maintenance and operating problems as it ages,
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2,0 INTRODUCTION

The larry car, developed jointly by the American Iron and Steel
Institute and the Envirommental Protection Agency, was tested at the
Jones énd Laughlin Pittsburgh Works by The MITRE Corporation during
the Spring and Summer of 1973. The purpose of this testing was to
demonstrate the improvement in atmospheric conditions that can be ob-
tained while charging a slot type coke oven. New larry cars having
both similar and contrasting features are currently in operation on
other slot type coke ovens, and their effectiveness should logically
be assessed as an adjunct to the J & L (AISI/EPA) car evaluation pro-
cess. This report describes the procedures used to gather comparative
operational information at the Weirton Steel Corporation, Division of
National Steel Corporation, Brown's Island Coking Plant, where Ewo
charging cars, similarlto the AISI/EPA car, are in production operation,

MITRE observed these two charging cars in production operation
in March and April of 1974 using obserQers familiar with the coke
oven environment and the operation of thelAISI/EPA car during the
original test period. This report presents three general subject
areas for which information was obtained. The first area concerms a
description of the Weirton coking system, including oven configura-
tion, larry car operation, and the éoke oven charging procedures in
general., The second érea involves the éctual observation of the two
Brown's Island larry cars during the coal charging operatioﬂ, which

involved recording of emission characteristics and electro-mechanical




performance. The last area discussed 1is a brief work history of the
two larry cars obtained through interviews with coke plant personnel

responsible for the operation of the iarry cars.

10

:
!
f
|
i
;




3.0 SYSTEM DESCRIPTION

3.1 Historical Background

One of the newest slot type coking facilities in the United
States is located at the Weirton Steel Division of National Steel
Corporation in Weirton, West Virginia. The battery, comprised of 87
ovens, is located on Brown's Island ‘in the Ohio River adjacent to the
main plant facility. At this time, the ovens and their associated
bf—product recovery facility are the primary activities on the island.

Work on the construction of the Brown's.Island facility was
started in August 1970. The oven was brought to a poiﬁt where con-
struction of the charging cars could commence in August of 1972. The
oven first produced coke on May 31 of 1973 having experienced some
delay caused by a gas explosion during initial firing of the faeility.
The ovens were considered to be in regular production operation at
that time and have been operating continually since that time.

The break-in period of the facility is defined as the time from
the first production of coke until the establishment of routine
operational and maintenance procedures with the associated substantial
reduction of production delays caused by nonfamiliarity with the new
equipment and procedures. Based on discussions with sﬁpervisory
operating personnel, reasonably smoothsoperation of the charging car
was achieved in December of 1973. Although occasional proBlems arise

which cannot be immediately resolved, supervisory maintenance

11
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" The hopper car is unloaded through bottom gates into stationary re-

personnel séy they now feel confident in thelr ability to understand .
the machine operation, and to solve problems in a timely manner as

they occur.

TEWTTCIE . T, W

3.2 Oven Description

The Brown's Island facility employs some of the most recent coke
oven technology, inclﬁding an enclosed pushing and quenching capa-
bility. The pushed coke 1s received by a closed refractory-lined

hopper car which‘is connected via ducts to a car mounted scrubber.

fractory lined hoppers beneath the track. These hoppers in turn

feed the hot coke to the enclosed quench units, The resulting gases

T T [ T T A e 3T T T T R

are cleaned prior to release to the atmosphere.

The ovens are of the tall (20 feet} configuration and utilize a
double collection main”by—product recovery system. Each oven charge
contains approximately 70,000 pounds of coal. The oven 1is charged ,
tﬁrdugh four ports spaced unequally across the width of the oven. j

The port design features a tépered oven top scat contoured to \ '

A
accept and seal the lower portion of the larry car drop sleeve (boot) /,//
and a matching lid which useg a "sharp edge" seal especially suited
for "setting" by rotation by the car mounted automatic 1lid lifter
mechanism. The cast iron 1id has a sealing edge diameter of ~19-3/4

inches and the oven port has a minimum diameter of ~17-3/4 lrches.
»

This diameter extends downward through the brickwork for a distance

of approximately 1 to 1-1/2 feet wheré the passage fans .out 1atcrally ’
to a width of 3 to 5 feet at the oven inner roof. /
12
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During the oven charging cycle, aspiration of the ovens is ac-
complished using steam ejectors. The ejectors located in the collection
main side of tﬁe ascension pipe bend are of standard configuration.
They are cufrently cperated at 100 pounds pressure and approximately
400°F+ steam.

During recent periods of operation at higher pressures, problems
were encountered in the by-product primary cqolerrspiral heat ex-
changers. The excessive coai carry over caused fouling of the liguor
sidg of the spiral heat exchanger. In addition, this problem was
aggravated by the cooling unit water having a high iron content
which in turn caused excessive scale to be deposited on the water side
of the spiral hea; exchangers. The two problems combined to produce
high by-product input temperatures that came very close to causing
facility shutdown. The improvement of cooling water quality and the
reduction of aspirator steam pressure are credited with the current
solution to this problem.

During discussions of thé carry over problem with Weirton perscnnel,
they voted some continuation of excessive coal carry over build ups
in the liquor traps and on damper valves. As a result, they found it
necessary to initiate more frequent trap clean outs. Although J & L
operating personnel reported no problems with by product cooling units,
they also reported é.requirement to clean the traps at more frequent
intervals as compared to operation witﬁ Yower ejector steam pressures.

A possible explanation for the differences in operating experiences

13
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between the two sites 1is that the Weirton ceal preparation‘process
produces a higher proporation of fines than the J & L process. This )
could allow a higher preparation of cool dust to pass the trap and
potentially foul the cooler units. This situation is being investiga-
ted.and appropriate action will be taken.

The seal Bf the ascension pipe caps is an area in which p?oblems
are frequently encountered. The design of the cap is similar to the

charging port design in that a sharp edge seal is employed. The cap

is allowed to "float" with respect to the hinge mechanism to provide

a self-centering seating action. Considerable leakage around caps
was observed immediately after a charge, with many continuing to
leak for several hours into the coklng cycle.

It appéars that the relatively short "leak path" around the

"sharp edge" seal is not readily plugged by the self-sealing action

of condensing and hardening tars and carbon build-up. An investiga~
tion of the problém is currently under way by Koppers and two new cap
configurations are undergoing tests on operating ovens. A solution
to the problem is important, since observation indicates that the cap
-leaks account for a substantial portion of the ambient background
enissions (conditions between charéing operationg). Also, cap leaks
occurring during chafging and aspiration diminish the vacuum capacity
avallable at the charging ports. Althéugh probably not sufficient to
make the difference between a negative and positive port condition,
the lost capacity would allow emissions to the atmosphere which would
otherwise be contalned by the recovery system.

14




3.3 Charging Car Description

The two charging cars operating on the Brown's Island Battery
utilize some of the most significaﬁt improvements in modern coke oven
.technology; The cars are of the basic screw feed design, but several
features have been added to improve car operation and the conditions
in which the machine operators work. These features are discussed in
the following section.

The charging car coal handiing system (Figufe 1) for each of the
four charging sleeves is comprised of a car mounted hopper, a screw
type conveyor fed by gravity from the hopper, a "slide plate" valve,
a'drop-boot", and a-device for mechanically removing and replacing
the charging port lids. The significant difference between this coal
handling systém and the system used on the AISI/EPA car (Figure 2)
is the use of the screw conveyor to control the coal flow as opposed
to an oscillating "butterfly" valve in the lower portion of the "drop
sleeve" on the AISI/EPAAcar.

The coal is gravity fed from the main hopper to the screw con-
veyor which can be stopped or started using separate controls in the
control cab. The slide valve at the drop sleeve end of the screw

conveyor is not used to control the primary coal flow. Its primary

function is to seal the drop sleeve after the charge and also to pre-
vent coal tailings from the conveyof tube from falling on the oven
surface or the 1lid lifting mechanism. This arrangement provides a
positive coal feed through the screw to a point above the slide plates.
From this podint, the coal drops loosely through the open slide plate,

through the drop sleeve assembly and into the open charging port, 1In
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contrast, the coal in the AISI/EPA car is fed by gravity to the drop

sleeve assembly. The flow of coal is controlled by the butterfly
valve in the lower portion of the sleeve which oscillates back and
forth to allow the coal to feed past it into the open charging port.

The AISI/EPA car is designed to maintain some coal on top of the

S o AA heiastiets AU b et Rty ot Ml ot i

butterfly valve to improve the sealing function of the drop sleeve
after the charge. The intent of both systems 1s to scal the lower
portion of each drop sleeve after the hopper has emptied until the
re-lidding sequence can be initiated.

The Number 2 and Number 3 sleeves on the Weirton car are equipped

with relief stacks connected to the system at the drop sleeve end of
the screw conveyor above the slide plate valve., The other two sleeves
{(Number 1 and 4) also have attachment points for similar stacks but

these are blocked off by cover plates installed at the time of car

fabrication., During the latter portion of the charge when Number 3

and Number 2 hoppers have emptied, the stacks vent emissions caused

2w L

by oven back pressure until slide plate valve closure is initiated.
If emissions caused'by oven back pressure are present on sleeves 1l or
4, and the slide valve is not closed, the emissions are vented through
the screw conveyor and up through the empty hopper. Closure of.the

slide plate valves effectively stops emission venting through both

‘the stacks and the empty hoppers.
.

The 1id lifting mechanism on the Weirton car utilizes an electro-

magnet to secure the port 1id to the lifting mechanism. The lifting

18




and lateral motion is supplied by a combination of hydraulic piston
cylinders., When the 1id is replaced after a charge, the lifter
mechanism rotates the 1id in its oven-top seat to improve thé 1lid

seal, This rotating actien is supplied by a hydraulic rotary actuator.

The 1id 1ifting mechanism is mounted on a wheeled carriage along
with fhe drop sleeve assembly. The drop sleeve or "boot" is fairly
light in weight: It is composed of two interlocking sections with a
self-aligning inner seal ring. ‘The horizontal movement of the car-
riage places either the drop sleeve or the 1id lifter over the charg-
ing port on which the car is spotted. The complete carriage unit
moves beneath and is independent of the slide plate valve. The action
of each sleeve carriage can be controlled independently or they can
be operated as part of the automatic master charge sequence.

The horizontal carriage motion is controlled by a cylinder lo-
cated at the extreme end of the track assembly. The vertical lifting
motion for both the drop sleeve and 1lid lifter are supplied by a
cylinder located on the back end of the moveable carriage. Because
the same lift cylinder is used for ‘the 1id lifter and the dfop Sleeve,
they move up and down in unison regérdless of which is in-current
functionallﬁse. - The 1lid rotating motion is supplied by an actuator
forming a part of the vertically mo#eable portion of the lid lifting
unit. It is located behind the lid magnet and is connected to it by
two operating rods. The arrangement desgribed maintains maximum
separation of system hydraulic components from the area directly above

an open charging port.

19
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The major difference between these functional systems on the .

Weirton car and the AISI/EPA car 1s the separation of the drop sleeve

wor T

assembly from the moveable carriage. On the AISI/EPA car, the drop
sleeve is raised to allow the lid lifter mechanism to move horizon-

tally under it. The lifter mechanism is lowered to secure and 1ift

the cap. It .is then retracted to allow the drop sleeve to be lowered
for the charge. No horizontal movement of the drop sleeve is necessary
during the sequence. The drop sleeve is quite heavy on the AISI/EPA
car. Added to this is the weight of the coal being gravity fed into
the top of it. This wedght is utilized to achieve seat alignment and
seal ingegrity in the oven top port during the charging operation.
The separate hydraulic cylinder used to raise the drop sleeve assembly
is loéated on a heavy frame aiong the upper side of the slesve
assembly.

The Weirton car i; designed to minimize the requirements for
oven top workers. The 1lid 1lifting and re-lidding mechanism performs
one of the functions normally handled by these personnel., A second
function, the control of the cdllecting main damper and the steam
ejectors, is accomplished through the use of operating arms attached
to hydraulic rotary actuators mounted on the car. Eight such arms
are used, four on either side of the car to operate the pusher and
coke side ascension pipe controls. The arms operate in pairs, one to

.

open the damper and one to close it; one to open the ascension pipe

caps and one to close them and simultaneously turn on the ejector

steaﬁ. The steam can alsc be turned off by the proper operation of

20




the arms. All arms operate on controls of the oven on which'the car
is spotted. All control functions can be performed on this oven
wilthout moving the car.

The chore of ascension pipe cleaning (normally handled by the
car operator) is perforﬁed by two car mounted mechanical cleaning
devices controlled from within the cab., The units rotate outward from
the car to contact the edge of the open aécension'pipe. An interlock
prevents the completion of the operation unless the caps are open and
the frame of the device is properly seated on the edge of the open
pipe. When seated, the device extends a shaft into the open pipe.” A
serrated scraper known as a "cookie cutter" mounted on the end of the
~shaft cleans the sides of the ascension pipe bend. At the end of the
outward stroke, the scraper is automatically retracted and raised
back to the ;tored position on the car. The complete cleaning system
is operated hydraulically.

The functions of ascension pipe control and cleaning are achileved
in a similar manner on the AISI/EPA car. A few operational differences
are, however, worthy of mention. The AISI/EPA car employs a single'
operating arm to control £he functions on the oven to be charged. A
second operating arm is positioned so as to control the 1id and dam-
per on an oven to be charged in the next sequénce. The car mounted
ascension pipe cleaner is positiconed to operate on the same oven.,

| The ascension pipe cleaner on ﬁhé\AISI/EPA car was originally de-

signed to employ a rotary flail-type cleaner, however, recent changes
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in design have modified this concept. It is understood that a scrap-
ing action similar to the Weilrton device will be utilized on the new
system. |

The original design of the Weirton cars did not call for vibra-
tors on the hopper units to assist in coal flow. After experiencing
some occasloms where wet ceal clung to the hopper side, the decision
was made to install and test electro-mechanical hopper visbrators on
the car. Two such units were attached to the sides of hoppers 2 and
3. A manual control switch for the two vibrators was installed on
the control panel in the cab. The switch is- connected in such a way
as to allow vibrator operation only during a charging sequence.

During the normal operation of the car (as observed during the

two week period), the vibrators were not used.- On two occasilens in
which the car capabilipies were being demonstrated to new operators,
the vibrators were turned on for a short period. Operating personnel
report fhét the vibrators are needed only during the most severe "wet
coal" conditions ana are generélly capable of clearing the hoppers
with only a short burst of operation. We were £old that no plans had
been made to install vibrators on all the hoppers at this time.

The occasional use of vibrators on the Weirton car is in contrast
to the programmed use of vibrators on the AISI/EPA.car. The vibrators
are automatically controlled as part of the AISI/EPA car charging se-

S
quence and operate for a set period of time. Controls on the cab

panel do, however, allow the operator to turn off the vibrators.
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The control of the Weirton car during a charging operaﬁion is
accoﬁplished through fhe use of electro—mechanical timers and relay
logic circuitry. Solid state circuitry is utilized only in the trac-
tion drive motor proportional control units, In addition to the
normal relay logic circuitry, a number of circuits which bypass certain
logic interlock strings ﬁave been added. These bypasses which have
limited access and are not used in normal operation, provide an
emergency capability to clear the car functions and allow it to move
or be moved along the top of the battery. It is also possible using
certain types of these bypasses to manually operate some of the car
functions should a malfunction occur in the normal control logic. It
was reported that this bypass capability has been responsible for
maintaining production in several instances wﬁep malfunctions occurred
and the spare car was not immediateiy availabie for relief operation.
Opefation of the car using these circuilts generaliy requires a second
operator in the car equipment room and close coordination between
the cab operator and the bypass operator.

No method is provided on the Weirton car for the indication of
coal level in the hoppers or coal flow in the system. The initiation
of an automatic charge cycle starts timing devices which open the
slide valves and sequentiallylstart the conveyor screws., The screws
continue in operation uﬁtil the timed sequence runs out or the car
operator judges that the hoppers are.empty. The operator uses several
observations to aid him in this decision. They include elapsed time

from the start of the charge, observed activity around each drop
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sleeve, tﬁe position of the leveler bar, flow of smoke from the 2 and

3 sleeve stacks, and the observed drop in screw motor current when

the hoppers go empty. The operator can also leave the cab and visually
check the coal level in the hoppers through ports cut in the éide of
~each hopper. This, however, .1s seldom necessary.

The lack of level sensing deviées is in contrast to the multi-
point level sensing system used on the AISI/EPA car, The charging con-
trol system senses the "20% remaining“ level signal and interrupts

_the coal flow at this time to start the leveling sequence. Coal flow
is started again when the pusher operator confirms the start of
leveling. The lower level sensor ("hopper empty") is responsible for
stopping the coal flow to insure the presence of a coal plug above
the butterfly valve.

. The last-feature of note is the improvement of the.operating cab
environment, The cab is closed and ﬁas observed to be generally free
from charging emissions during relative;y heavy smoke conditions. An
air conditioning unit in the céb seems to be quite effective. In
addition to this unit, a second unit has been added to the cars elec~
trical equipment room to hold its temperature at a. lower level, The
operators seemed quite pleased with the conditions compared to those

“

generally associated with the operation of a larry car.
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4.0 CHARGING OPERATION

4.1 Coking Cycle

As 1in most plants, the coking time is a function of several
variables including product demand, coal characteristics, manpower
availability and raw material availability. During the two weeks of
obsefvation,.the coking time had been raised to 23.5 hours because of
shﬁrtages of delivered coal, fhe longer cycle decreased the plant
production rate, and thus the number of charging operations performed
in a shift.

The operating pace had been slowed to 30 ovens per 8 hour shift.
We were told that a rule of thumb for a normal production rate change
is to add or drop 1 over per 8 hour shift. Their normal production
pace utilizes between a 17 and 18 hour coking cycle. To this date,’
the Brown's Island Battery has reached and maintained a maximum of
39 ovens per shift. TIt.ls expected to be able to maintain a maximum
production schedule somewhat above this rate.

4.2 Charging Sequence

After the larry car fills its hoppgr; at the coal bin, it then
proceeds to the oven that is scheduled to charge (A-1 in this example).
A sequential numbering system is used in which the 87 oven batteries
are divided into three equal sections; A, B and C. Figure 3 presents
a small portion of Section A to clarify the discussion.df the charg-
ing sequence, while Table 1 displays a portion of the Weirton charg-
ing and dampering sequence. The first operation the larry car opera-
tor performs is to spot the larry car over the oven to be charged.

‘He accomplishes this by aligning pointers on the larry car with the
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TABLE 1

- DISPLAY OF WEIRTON CHARGING AND DAMPERING SEQUENCE

Charge Half-Damper Remove Lids Damper
A=1 A-2 A=3 A-5
B-1 B-2  B-3 B-5
c-1 c-2 c-3 C-5
A-3 A-4 A-5 A-7

‘B-3 B=4 B=5 B-7
Cc-3 C-4 C-5 c-7
A-5 A-6 A-7 A-9
B~5 B-6 B-7 B-9
C-5 C-6 Cc-7 c-9
A-7 A-8 A-9 A-11
B-7 B-8 B-9 B~11
Cc-7 C-8 c-9 C-11
A-9 A~10 A=-11 A-13
B-9 B-10 B-11 B-13
c-9 c-10 C-11 C-13
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oven flue caps two ovens behind. Once this is done, the aperator

activates the automatic gooseneck cleaner buttons, and the necks of

the ascension pipes are purged automatically. The larry coperator is

now ready to charge, and waits for

the go ahead signal from the pusher

car. Upon receiving the signal, the operator activates the actuator

arm which closes the ascension pipe caps and turns the collecting

main steam on simultaneously. When these tasks are complete, the

operator presses the master charge button which Initiates the actual

charge. The larry car now operates automatically until the end

of the charge, at which time the lid return cycle is initiated by

. the automatic timers, or by the operator, depending on the selected

mode of operation., After the charge is over, the operator backs

up and half dampers oven A-2 to stop cross flow acreoss the oven

caused by unequal pressures in the collecting mains. Next the

operator removes the lids from the
undergo a decarbonization cycle of
operator then backs up to the next
dampers it, while also opening the

week of March 24-29, the lids were

oven being pushed, A~3, which will
approximately 40 minutes. The
oven to be pushed, A-5, and full
ascension pipe caps. During the

left on the charging perts during

‘decarbonization in order to build up a layer of carbon at the top of

the oven. Because of this, lids had to be removed just prier to the

gooseneck cleaning step in the ordinary charging sequence. As a re-

sult of a 1lid lifter malfunction, an indicator lamp signaled that a
L]

lid had been removed when it had not. The operator, thinking he had

a clear port, initiated the charge

into a closed port., This caused

considerable coal spillage on the oven top before the condition was
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detected and the feed stopped. This problem had reportedly odcurred

several times on the night shift. No problem was discovered in the i
lid liftgf mechanism, but in order to insure proper removal of the . ;
lids, the larry car operator would come off his spot following the

lid lifter operation, to visﬁally check lid removal. The car was then
resﬁotted and the charge was performed in the normal fashion. This
practice added-several secoqu to the nofmal time required for a

charge, but the larry car was generally ahead of the other elements

of the operation,

4,3 Leveling Procedure . : .

I‘i

After the larry car.has charged the oven with about 80% of its
coal, the leveling sequence begins. The pusher car receives a signal
in the form of aloud buzz from the larry car. This buzz is activated
by a timer in the master charge button electronic coﬁtrol circuiltry.
Leveling is then initiated in the pusher éar by pushing the automatic
leveling sequence button, All leveling from this point in tiﬁe is
automated. The leveling is performed with the coal flowing from the
number 2 drop sleeve. This was a very consistent leveling practice
at Weirton, and no deviations from this scheme were observed.

There has been a problem at the Brown's Island Battery involving
coal spillage during the leveling procedure. During the earlier
operation of the Brown's Island Battery, the leveler bar had been in-
serted into the oven considérably earli?r in the charge, and was
leveling for some longer period of time.. The Weirton personnel ob-
served excessivelamounts of coal spillage during this time, and as

a result, the leveling sequence was altered. A shorter leveling
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perlod was iﬁitia;ed and the coal spillage was decreased because of to
the lower number of leveler bar strokes, each of which drags some -
coal out of the chuck door. This represents a trade-off of changing
of the leveling time to prevent coal spillage against the fact that

waiting a longer period of time to level causes the open gas passage

to both ascension pipes to be reduced.

The?e having been two alternative coal spillage reduction methods
proposed at Weirton. The first was the use of air hoses to blow the
coal wedged between the leveler bar baffles loose to keep the leveler
bar operating at peak efficiency through each leveling stroke. Heat
seemed to be a problem as far as hose maintenance was concerped, and
tﬁe idea was abgndoned. " Another proposed salution was the use of a
chain to drag along the top of the leveler bar to knock the coal
loose between the leveler bar baffles.in its reverse stroke,

4,4 Collecting Mains

The Brown's Island Battery utilizes a double off-take collecting
main system to service each four charging port oven. The coke.side
and pusher side collecting mains are interconnected by two overhead
cross—over pipes that span the oven approximately at one third and
two thirds of the oven's distance lengthwise.

The standard pressure and temperature at which the mains operate
are 11 mm and 72°, respectively. These are variable controls and are
increased and decreased as the coke plant superintendent deems nece=

ssary during different coking schedules and special situations.
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4,5 Coal Description

The Brown's Island Battery is equipped with its own separate coal
preparation plant which is divorced from the mainland coal preparation

plant. The coal is currently sized at 72% passing an 1/8 inch screen.
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5.0 CHARGING OBSERVATIONS

5.1 Repofting_Procedures

.Direct observations of the larry car performance in production
operation weré made by personnel familiar with details of the charg-
ing operation and the coke oven enviromment. In order to make the
observations simple and efficient, no instrumentation was employed to-
measure emission quantities. The observation scheme relied instead
upon thé judgement of the observer to assess the relative quantities
of observed emissions froﬁ some pre~defined points on the larry cér.
The observer characterized the emissions from each designated poinﬁ
as either a blank box (none observed), L {(light flow), M (medium flow),
or H (heavy flow). The basis for this judgement was developed by ‘
watching several typical charges by the car and moderating the obser-
vations based on recaléulations of emissions flows on the J & L cars,
including the AISI/EPA car. In addition to the flow informatioﬁ re-
corded,‘other observations sﬁch'as the general color of emlssion, the
presence of flame at a point, and the dynamic flow characteristics
(puffy, increasing, decreasing, changing to) were also noted.

The points designated for observation were the areas around and
immediately above each drop sleeve (boot) seal, the four hopper tops;
and the stacks attached to'the number 2 and 3 sleeves. It is esti-
mateq that these points account fo; at least 90% of the emissions.
through‘the car during a chargiﬁé operation, All of these points are

visible from a point on the oven surface approximately 50 feet in
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front of the car. The observer remained at this approximate position
throughout the charging operation under observation., From this point,
it is generally possible to differentiate emissions from sources

other than the car and to judge.the flow characteristics.

During the charging operation, a record was made of observations
at 15 second intervals. This iﬁterval was found to provide a reason-
ably accurate account of the charging conditions., This interval was
too short to allow the observer to record information directly on the
form, so a portable tape fecorder was used to record the observer's
verbal commentary. This technique allowed the inclusion of sufficient
detail and added coﬁmentary to provide a basis for completion of the
observation form, - The qompleted forms are included as Appendix I of
this report;

A hand-held stop watch was used by the observer to provide
timing information on the various segments of the chargling operation.
An overall time for just the charging ope;étion {coal flow start to
last lid on) was obtained for each of the observed charges, In addi;
tion, other segﬁénts and combinations of segments were thnéd to pro-
vide a comprehensive picture of the cars' operational pace. The total
operation during the week of March 11-15,was on a reduced production
schedule, therefore, steps involving operator initiated operations may

not have been performed in the shortest practical time,
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During the‘period of the observations, the general weather con-
ditions remained relatively constant. INp faiﬁ was experienced and
the temperature ranged from the 50's up to the 70's.  Due in part to
theAlocation.of the oven (unshielded by adjacent structure on an
island in ;he_middle of a river), a constant breeze was present,
ranging from a.light 2=4 mph to continuous 15-18 ﬁph wind. This wind.
was. responsible for the rapid dispersal of emissions as they rose from

the top of the oven or car stacks,

" 5.2 Summary of Performance Observations

_The basic impressioﬂ obtained from the observations is that the
1érry car is very consistent in its operation. For example, the ob-
served charging times for 57 operations was between 1 minute,

30 seconds and 1 minute, 50 seconds with an average time of 1 minute,
39 and 2/10 seconds. Most of the observed spread in time can be ac-
cgunted for by variations in the start of the operator initiated re-
lidding cyecle. A secoﬁd example is thé occurrence ofla small pufflof
emissions from number 2 stack during the first 10 seconds of the
charging-operation.

Examination of the reporting forms shows that the first 30
seconds of the cha?ge is fairly free from emissions except for this
puff. Certainly this is due in part to the mechaniéal timer controel,
but the overall consistency of chargé quality (emission level) cannot
be achieved unless all goes smoothly, such as ccal flow, leveling,

re~lidding and oven control operation. The dependabililty was further
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attested to by the fact that the 1lid man spent much of his time riding
in the larry car cab. When a malfunction. did occur, such as a lid not
seating properly, he cameldown, quickly fixed the problem and returned
to the cab; Discussions with the car operators confirmed the fact
that little trouble has been encountered with coal flow. They also
related a feeliﬁg of overall dependability, with some commenting that
this car was more complicated fhan the other cars they had operated
but that it worked well "in spite of this." In general, the mechan-
ical problems obsérved were minor in nature and were handled by the
car operator and lid man on duty at the time.

The spottiﬁg of the car on an oven is accomplished by aligning
a car mounted pointer with flue caps set in the oven top. This is
done by sighting down through a window on either side of the control
cab. The system appears to provide the needed accuracy and it is-
simple to use. The.only cbserved problem with the system was the
visibility of the pointer and cap during certain light conditions.
Late in the afternoon, the sunlight would strike the surface of the
cab window in such a way as to obscure the spotting pointer and cap.
The conaition was similar on both sides of the car, It appears that
the problem could be eliminated by shading the lower windows in an
appropriate manner.

The drop sleeve units appear to h;ve little problem in seating
properly in the open charging ports, The lower portioﬁ of the unit

can be canted considerably before a reascnable seal is lost.
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Mig-spotting of the car can, hoﬁever, cause a visible gap in the
boot—to—oven.seal. This seemed to occur primarily when the car was
being reSpotEed after a check to imsure that all lids had been re-
moved. No explanation was obvious since the same spotting facilities

are used for both the initial and re-—spotting operations.

The ascension pipe cleaners worked well during the period of obser-

vation. No malfunctions were observed and their cléaning ability

~ appeared adequate., It was reported that on two occasions the scraper,

| or "cooky cutter,” had fallen off the eﬁd of the ram into the collec-~
tion main. In order to prevent this, a steel cable has been fastened
around the scraper and ‘to the ram shaft., The reported production
delay caused by a malfunction of the cleaner involved the premature
extension of tﬁe ram as the wit was swung down to the operating
position. This was traéed to ‘a sticking interlock switch in the logic
circuit, The event has not been repeated,.and no remedial action is
felt to be necessary.

The 1id lifters performed well during observation. The only
problen involved two occasions in which two separate unlts failed to
remove lids. On an 6ccasion, the unit was recycled and operated pro-
-perly on the second try. On the otﬁer.occasion, the 1lid was removed
by the iid man without a second try by the lifter. ' On both occasicns,
the lifters worked githout further sproblems on succeeding charges.

We were told that occasionally the 1lid detector interlock sgitch does

not actuate when in contact with the 1id, and the magnet does not
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energize, We were told that on one occasion, the magnet picked up a

flue cap cover instead of the port cover, The cap defector interlock
was made, and a charge was attempted with ‘the 1id in place. fhis re-
sulted in a considerable coal spill before the coal could be stopped.

No serious problems in unit operation were observed or reﬁorted
but it was noted that the electrical connections for this unit show
rapid deterioration and are reported to be difficult to keep in good
repair. Né prbbleﬁs-were observed in the unit hydraulie systeﬁ, but
it wa; reported that flexible elbows and couplings in the system had
shown some ;endengy to leak prematurely. A more durable replacement
for these units is being sought, |

It seemed that the rotating action of the lifter is slow in com-
parison to the operation of the AISI/EPA car. The time between a rota-
tion in one direction aﬁd a reverse rotation is long. This caused no
observed ﬁroblems but a "ready to travel' car condition might be

achieved a few seconds earlier if the delay could be shortened,

The car mounted actuators which control steam, ascension pipe
cap closure, and damper action, performed with only minor malfunctions
during the periods of observation. On several occasions, the 1lid
failed to travel over center when closure was attempted.. Recycle of
the system did not solve the problem_and the cap was closed manually
by the lid man. On two occasions, the \actuator arms became jammed
in the control levers and had to be freed manually using a long pr&

bar. We were told that the control levers are occasionally bent
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causing misalignment of the arms. It was reported that this problem
is solved by occasionally checking.the levers and re-aligning them
using a sledge hammer and wooden wedges. No serious delays have been
reported as a result of control misalignment.

The screw conveyor and slide plate valve functioned normally dur-
ing the observ;tion period. No malfunction in their mechanical oper-
ation was observed, lhowever, a coal plug did oceur ouce on number 4
drop sleeve. It .was reported that the coal had plugged in the charg-
ing port and caused a packing action back through the system. It took
about 5 to 10 minutes to clean the plug_in the port and complete the
charge. During a discussion foilowing the incident, operating énd
superviéory personnel did not feel that any car assoéiated malfunction
had causea the problem. It was suspected that the bossibility of late
leveler bar entry had caused or contributed to the problem.

During observed activities, attempts were made at timely closure
of the slide valves based on an observed drop in screw feed motor
operating current. The slight drop in current proved hard to detect
and coordination of the activity was difficult to accomplish. The re-
sults of the trial runs‘did, however,'indicate the vglue of timely
valve closure by the observed reduction in emissions through the stacks.
It appears that a valid and perhaps easier-to-implement apprecach would
be the monitoring of coal flow in Qpé gleeﬁe just above the slide
valve., When the détector indicates the énd of flow, the valve can be

closed immediately and the screw stopped. The sensor might be
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arranged to mechanically operate a switch which would provide a sig-
nal or initiate closure of the slide plate valves automatically.

The electro-mechanical vibrators were not used in connection with
normal Eharging during the observation periods. They were turned on
twice to demonstrate their use to new car operators and they were
turned on once as a demonstration for the observer, Conversation with
car operators and supervisory operating personnel indigate that the
vibrators are dependable in their operation and effective in removing
coal clinging to the sides of the hoppers.

5.3 Functional Operating Times

As a part of observation activity, various segments of the charg-
ing cycle were timed to determine the cars' current operating pace.
This sectién presents the results of this activity. |

During each charge for which an observation record was made, a
time for the charge was taken. The total charging time as observed
by MITRE was defined as the time period between the initiation of the
coal screw feed and‘the completion of the lid replacement cycle. This
"total charging time" was recorded for 57 individual charges, and the
average was found to be 1 minute and 39.2 seconds. The maximum charg-
ing time observed was 1 minute, 50 seconds, while the minimum was
found to be 1 minute, 30 seconds., The occurrence of the.coal plug on
-number 4 sleeve appears in this average &s the time elapsed to the
first re-lidding. No time was recorded for the clearancé of the port

and the completion of the charge to the number 4 port.

39 N

,i
1
F




In addition to the standard time taken for each observed charge,
segments of .the total charging operétion were timed. A summary of
these times appears in Table 2. The terms 'return to travel” and
"ready to travel" refer to a condition in which the car is moving or
read& to move to some other location on the oven.

Based on tae cycle time from car spotting to travel to the coal
bin of 3 minutes, 30 seconds, and the hopper filling time of 1 minute;-
an 8 minute complete cycle time does not seem unreasonable. The 39
oven per 8 hour shift pace that has been maintained on occasion in
the past, represents an average cycle time of 12.3 minutes. It ap-
pears, however, that the pacing prodﬁction system may be the coke side
door machine which haé a planned operating cycle time of a little

over 10 minutes.

5.4 Particulate Sample Collection

As a part.of the observations of oven charging activities, a num-
ber of.particulate samples were taken around the number 2 and 3 drop
sleeves and in the free emission plume around the bottom of the
charging car. The device used to obtain these samples was designed
and constructed by MITRE to perform this specific sampling task., A
description of the device and test‘results is céntaiged in‘this section.

During the course of festing at the J & L facility, copsiderable
difficulty was encountered in obtaininé a particulate sample which
could provide meaningful data on the physical characteristics of the

emitted material, These problems gave rise to the development by
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TABLE 2

OBSERVED OPERATION TIMES

Approximate Time To Fill The Hoppers In the Coal Bin
Ascension Pipe Cleaning Cycle

Lid Removal/Complete Cycle

Lid Lifting Cycle/Timed From The Sleeve Raise Until
The Lid Was Replaced

Lid Lifter Oscillation And Return To Travel Ready
Status : :

Slide Valve Closed To Lid Lifter Ready
Drop Sleeves Down To Ready Travel
Lids On, Half And Full Damper To Ready Travel

Spotting Of Car For Charge Through Half And Full
Damper Cycle To Coal Bin
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1 Minute
30 Seconds

16 Seconds
8 Seconds

9 Seconds
32 Seconds
2 Minutes, 10 Secconds

53 Seconds

3 Minutes, 30 Seconds
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MITRE of a direct impaction particulatg collection device dubbed the
MITRE Carrousel., The device was c;nfigurEd to pass glass microscope
slides through the enission duct opening., The slides, one surface of
which was coated with silicon grqase; collected particle samples for
direct viewing and analysis under an optical microscope. Detgils pf
this device and its operation are reported in MITRE WP-10480 and the
coke oven testing program final report.

A similar approach was selected for use in collecting particle
samples during the observations at Weirton. The two major differences
were that sample flow through the sampling device was controlled by a
fan and the smaller material not deposited on the greased microscope
slide was collected on a filter element through which the entire
sample flow passed. A simplified schematic of the device is shown in

o
Figure 4, and Figure 5 pictures the device in simulated use.

The intent of the device is to draw a representative sample
through the first orifice in the sampling h;ad at a velocity approxi-
mating the concentrated emission plume velocity in free air. .The
value of this velocity was selected based on in-duct and free space
velocity measurements made during the che oven tesgs_aF_J_& L and
was nominally 10 ft/sec. The st?eam from this orifice is directly
perpendicular against the greased sufface of the microscope slide
shown in Figure 6, The slide is held in ¢lips in a chamber in such a

way that the sample flow can pass around all four edges, The sample.

flow continues through an exit orifice at the rear of the chamber and
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. FIGURE 6
SAMPLING HEAD

FIGURE 7
ORIFICE ASSEMBLY FOR SAMPLE FLOW MEASUREMENT
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into a filter element holder. The filter element which restricts
particle passage down to approximétely .7 p is pre-~weighed to allow
measurement of the deposited material. From the filter, the air flow
passes into a 1-1/2 inch tubular paséage which serves two functions;

a héndle extension, and a housing for an orifice flow meter (Figure 7).
The flow mete; provides a facility for measuring sample volume flow
and thus the capability for determining sample velocity at points of
interest in the system. In order to adjust the flow through the
sampling system, a controllable bypass circuit is provided, as shown
in Figure 8.

The following is a brief description of the samples collected
based on visual observations of the greased slides, the filter ele-
ments, and the loose particulate catches. No detailed analysis of
' these elements has been undertaken at this time, but this brief
summary will indicate the success of the sampling technique and
equipﬁent.

The material deposited on the slides was fairly uniform in size
characteristics. An area of one of the greased slides is shown in
Figure 9. The deposits, as expected, are conceptra;gd in gbout a
3/4" circle corresponding to the inlet orifice position and size.
Some of the larger particles are located on the periphery of the slide
indicating some reentrainment or "pérficle bouﬁce." Many of the

larger particles did not adhere to the slide and were caught in the

filter element. This would seem to indicate that although they
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FIGURE 9
TYPICAL AREA OF GREASED SLIDE, CHARGE TO OVEN C-22 ON 3/13
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impacted on the slide, their larger size and aerodynamic resistance
caused them to be dislodged and blswn off the greased surface.

One of the cleanest éharges observed was made while the particu-
late sampler was in use., This was a.charge to Oven 5-13, at approxi-
mately 11:25 a.m. on 3/26/74. Examination of the slide showed a
very light deposit of uniformly distributed particles. Few extrémely )
large particles were found on the slide or on the filter holder.

There was a minimal amount of loose material found in the system.
One point of interest is the brownish color of the filter element as
opposed to the black color'of sample filters from other tests. The
filter element pictured in Figure 9 had the lowest sample weight
for filter deposits recordea for the seven tests.

Two of the filter elements exhibited a shiny black surface
characteristic and fairly heavy sample weights, The surface of the
filters as shown in Figur? 10 appears to have been wiped with a rather
thick liquid. The deposiés show a pool like characteristic which
produces the shin} surface, This is in contrast to the surface of
the other four samples, xaﬁple in Figure 11 , which show a large
number of distinguishable paxticles. The only obvious differences
between the two groups obf charges was that.there was considerably
more visible fire on the two teéts on which the filters with the
shiny surfaces were obtained. The sémpler was not operated in the
direct fiaﬁe buf the/ heat may have had a polishing or melt/flow effect

on the filters or it may have changed the characteristics of particu-

" late material emitted.
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TYPICAL FILTER ELEMENT AREA, CHARGE TO OVEN B-13 ON 3/26/74 5
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FIGURE 11

TYPICAL FILTER ELEMENT AREA, CHARGE TO OVEN C-24 ON 3/15/74
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TYPICAL FILTER ELEMENT AREA, CHARGE TO OVEN A-11 ON 3/26/74
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No further analysis of the samples is planned at this time, but
they will be preserved should there be further interest in Iinformation g
which they may provide.

5.5 Gas Constituent and Concentration Measurements

During the week of 3/11/74 to 3/15/74, gas constituent and concen-

tration data were obtained for a select group of pollutants. The

pollutants measured were as follows:

Pollutant Detector-Tube Concentration Range
NO2 _ : 0.1-50 P?M
co 10-3000 PPM
co _ .001-.1%
CO2 .O}-lOZ
HZS : 1-800 PPM

The gas measurement was performed with an MSA unlversal tester using
MSA detector tubes.

The gases were measured in the plume surrounding the drop sleeve
during the charging operation, and also on the oven top during
ambient conditions when a charge was not taking place near the
measurement area,

The gas concentrations that were obtained proved to be incon=
sistent, which in turn made it difficubt to draw any meaningful con-

clusions from them. The reasons for this difficulty were the wind

conditions that prevailed at the oven top at Brown's Island coupled
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with the relatively low order of emissions to be measured. These
con&itions.contributed te a highly dispersed and rapidly dissipated
emission condition, | )
lThese emission plume chéracteristics were in contrast to the
emission plumes at Jones and Laughlin Pittsburgh Works, where the

emission plumes were less dispersed and slower to - dissipate. The

concentrations that were obtalned are as follows:

Welrton Steel

Ambient Air Data - Oven Top

N02 - No Respouse

HZS - No Response
h co - .002%

co - 10 pPM

Plume Data - Drop Sleeve During 3/11/74 Charge

NO2 — No Response
CO2 - . No Response
H,5 - 25 PPM _ , - o

co - .01%
co ~ 50 PPM
co - 75 PPM

HS =~ 5 PPM
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Plume Data - Drop Sleeve During 3/12/74 Charge

HZS -

NO2 ~

CO2 -

co -

o -

Plume Data - Drop Sleeve During 3/13/74 Charge

. NO -

2

co -

Ambient Air Data - 3/11/74 (Battery Top)

NO2 -

'HZS -

co, -

co -

COo -

.07%
.001-.1 - .002%
' 10-3000 PPM - 10 PPM -

No Response’

—— ML L ;WP

.1 PPM

.08%

. 005%

125 PPM

e A TRy P T = - R i iy

.4 PPM

.3%

= T T

10 PPM
100 PPM

L02%

No Response

e REE T W ee—

No Response
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Plume Data -

Plume DPata -~

Plume ﬁéta -

3/11/74

NO2 ~ Around Drop Sleefe

CO2 -~ Around Drop Sleeve

HZS - Ardﬁnd-Drop Sleeve
CO - Around Drop Sleeve

CO - Around Drop Sleeve
) Oven B-24

H,S - Around Drop Sleeve
Oven C-24
3/12/74

H,S - Around Drop Sleeve
Oven C-22

NO, - Around Drop Sleeve
Oven A-24

002 - Around Drop Sleeve
Oven B-24

CO - Around Drop Sleeve
Oven C-24

CO - Around Drop Sleeve
Oven A-20 '
3/13/74

NO, - Around Drop Sleeve
Oven B-28

CO2 ~ Around Drop Sleeve
Oven C-28

H,.S ~ Around Drop Sleeve’

2 Oven A-1

C0 - Around Drop Sieeve
Oven B-1

€O - Around Drop Sleeve
Oven C-1

54

No ‘Response
No Response
25 PPM

50 PPM

75 PPM

5. PPM

No Response

- .1 PPM

.08% S
.005%

125 PPM

10 PPM
100 PPM

.02%




After careful examination of the data presented here, it was
decided that no meaningfu; conclusions could be drawn regarding emis—
slons proauced during the charging operation. The ambient data does,
however, provide some quantitative.information of possible use on
oven top conditions. Any dpplication of this data should,.however,

take into account its short comings in quantity -and the highly variable

conditions.
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6.0 LARRY CAR WORK HISTORY
6,) Work and Maintenance Schedules

In digcussions with supervisdry personnel, we were told that no
formalized arrangement for rotation of the oven equipment has been
established., The philosophy whicﬂ prevails 1s to let the shift
foréman select the eqﬁipment to be used. This usgally means the con-
tinual uée of-one car until either a malfunction occurs or the car is
placed in standby to be checked by the motor inspector.

The motor inspector will generally notify the foreman the day
before he intends to check the car. The foreman can then set the car
out at the beginning of the shift during which the car is to be in-
spected. The actual time of inspection during the shift is based on

the inspector's work load. In conversations with the "greasers," we

were told that they normally grease the car on a daily basis while
it is in operation. This is usually accomplished during periods when

the car is 1in the coal bin being filled, The daily greasing is con-

fined to 36 hand fittings and operation of the central lubrication system,

In addition, the greasers try to qatch each car out of service
at least once a week to check all machinery requiring lubrication.
This complete check requires from 1-1/2 to 2 hours and includes such
items as the checking, cleaning, énd lusricatiné—of seml-exposed
gearing and other hard to reach rotating machinery. - The hydraulic
;ystéms ;re also checked at this time.

One fact which allows Flexibility in scheduling is that the
electrical department is responsible for alllmaintenance and repair
work on oven machinery. They have the capability within their shop
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to handle all but the heaviest meéhanicél repair jobs. It is their
responsibility to coordinate work on those jobs for which they require
assistance. .This seems to provide brompt attention to problems as
they arige and centralizes the responsibility for their resolutions.
This arrangement ié in contrast to the situation which existed at

J & L in which the fofeman or car supervisor was responsiﬁle for co-
qrdination of the various craft shops needed for a repair job, such

as millwrights, rﬁggers, electrical, line and wire, pipe fitters, etc.
The crafts in tu?n would then schedule work priorities based on
miniﬁization of production disruption, In some instances, this cauéed
delays when oﬂe craft was nét available and other work could nqt pro-

ceed until their segment of the job was complete,.

6,2 Siénificant Events

As alpart of the observation.activity, a compilation of signifi-
" cant events such as breakdowns causing loss of production, was under-
taken. ~We were told that mo formalized reporting system on specific
events is established, but that information of this ﬁype could be
obtained from operating supervisors based on their personal recollec-
tions and notes. This approach was pursued through informal talks
with these individuals.

The conversations disclosed.only two occasions during which pro-
duction was lost because of larry car problems. The first occasidn
invdlved the loss of 4 to € hours of préﬁuction when one of the cars
became immobilized over an open port.. This resulted in aamage to

drop sleeve hydraulic systems and one ascension pipe cleaner and
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associated control system. Analysis of the event indicated that the-
following sequence of events may have occurred.

1. At‘the end of a chafge, the operator observed an unusually
heavy concentration of flame from around one drop sleeve.

2. He reacted in a proper manner by attempting to move the car

away from the flaming port. In his attempt to clear the car for

motion, the operator accidentally pushed the ascension pipe cleaner

" actuating button. The cleaner extended and became wedged between

ascension‘pipes as the car moved.

3. The operator stopped the car when he realized what had hép—
pened, but its prox%mity to the open flahing port causéd considerable
damage before the 1id could be replaced.

Some portion of the cleaner assembly ﬁad to beé cut away before
the car could be moved off the oven. In addition, the second car was :
undergoing maintenance at that time and was nét ready for immediatel
service. Work necéssary to get the standby car into service was
rushed to completion and production was resumed with certain functions
being operated manually in the bypass mode.

The car which had burned was repéired to a point where it could
perform production charging in approximately 8 to 10 hours. Several
of its functions would‘have had to be ;peratedﬁin éﬁensypass mode
and the damaged ascension piPE'ﬁleaner was inoperable.

The second event occurred when an interlock switch on the aséen—
sion pipe cleaner failea causing the ram to be extended prematurely.

The extended ram contacted the overhead trolly track as the unit swung

down to the operating position. Power was lost and a portion of the
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"ot rails" was badly damaged, It required approximately 1/2 hour to
resolve the problem and resume production, The standby car could not
operate until the hot rail was cleared.

6.3 Operator Performance

The larry car operator performance at Weirton seemed to be of a : r
highly consistent level. This can be attributed to the fact that the
Brown's Island Battery is highly automated, and the larry car opera-

tors' performance is limited to the task of driving and spotting the

larry car, and operating the charging/aspirating mechanisms with the

aid of automated control circuitry. The fact that the car is

automated leaves relatively few decisions to the individual discretion
of the driver, since he follows a predescribed charging scheme for-
matted. by the oven superintendent,

6.4 Future Modifications

As far as MITRE could ascertain from its experiences on the oven
and conversations with battery pérsonnel, the Brown's Island Battery
is being modified in every area that seems to need furtherldesign and
planning. At the present time, attention is being given to three
specific areas; leaking ascension pipe caps, level sensing in the
cha;ging car hoppers, and iIncreased aspiration in the collecting main
system. |

Experimentation is currently taking place coﬁcerning the ascen~
sion pipe caps in order to discover new methods of reducing the emis-
sions that occur immediately after the charging operation. Various
materials an& seating configurations ar; being implemen;ed experi~

mentally on the oven, and are being observed during normal operating

conditions so as to determine the advantages and disadvantages of each.
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The Brown's Island.Battery is also working on a method for
sensing the coal-level in the larry car coal hopper. The reason for
this is to signal the larry car operator when all coal has been dis-
charged through the drop sleeve into the oveﬁ. Prior to this, the ' o
iarry car operator had been using hi; own judgement as to the empti-
ness of the hoppex, or alloﬁing the automatic charging cycle to

initiate slide valve closure. As a result, the slide plate valve is

left open for an undetermined amount of time after the coal discharge
is complete. It is this undetermined period of time that allows
charging emissions to escapé to the atmosphere via the open slide
plate and coking stack. The Brown's Island persomnmnel feel that a
reduction in charging emissions would be accomplished if the slide -
plates were closed immediately following the emptying of coal, and as
a resulf, are éresently devoting attention to this problem. Ddfing
the week of March 24th, the electrical department was experimenting
with a current sensing device attached to the drive mﬁtor of the screw
that feeds coal to the drop sleeve during the charging oﬁe;ation;
Theoretically, when the screw feed cylinder of, the larry car is free
of coal, the operéting load of the motor, which is normally 15-20 amps
during the coal feeding sequence, is decreased by 2-4 amps.. This
reduction could be sensed by the current sensing device. This drbp
in the current load could then be usgd as a sigﬁalyformtth;arry car
operator to close the slide plate valve, thus.closiné the charging
emission escape route.

Experiments are also under way coﬁcerning oven aspiration and.
steam ejectof operation.. Different ascension pipe plumbing configur-
ations are being considered andAtried experimentally on the oven

during normal charging conditions.
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APPENDIX I

LARRY CAR OBSERVATION LOGS
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"LARRY CAR OBSERVATION LOG -

3117174
COMPANY: National Steel DATE:
PLaNT: W ' ‘ TivMe: _3:40
BATTERY: Brown's Island oven: _C722
PUSHER SI0E CENTER CENTER COKE 51D€
i ‘ 2 3 4
DHQP HOPPER/ ORGP HOFPPER/ DRQP DROP
HOFFER SLEEVE STACK SLEEVE STACK SLEEVE HOFPER SLEEVE
CHARGE
15 SEC. L L]
30 SEC. MF MF MF
asSEC. ! L¥ LF -
TMIN. L F
1 MIN. 15 SEC. MS+F F M F
1 MIN, 30 SEC. M5 MS F
1 MIN, 45 SEC.
2 MIN.
2 MIN. 15 SEC.
2 MIN. 30 SEC.
2 MIN. 45 SEC.
3 MIN.
END OF CHARGE -
LID REPLACED
T .
ng:II(-SING 1 f = INCREASING $ DECREASING P CHANGING TO
TIME :50 - § = STACK HP = MOPPER F = FIRE
L" = LIGHT FLOW M = MEDIUM FLOW H = HEAVY FLOW
8L = BLACK ¥ = YELLOW P = PUFFY
WEATHER: MANUAL GAS
01l Concentration of CO.
Reading Taken at #2
Drop Sleave
.
REMARKS:
NITRE /4
- - ]
MOF 2495 12/73 . OBSEAVER
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LARAY CAR OBSERVATION LOG

comeany: _National Steel oare: 311774

PLANT: Weirton Steel Time: 3°
pATTERY: _Brown's Island oven: A-24
PUSHER SIDE CENTER CENTER COKE SIDE
1 2 3 4

vomen | orgh | teiv | omor | remew | _omr | vomen | coiel,
CHARGE
15 SEC. SPP MBL F+MBL
30 SEC. L FL
45 SEC. L L
1MIN, F F
1 MIN, 15 SEC. LP# LS M
1 MIN. 30 SEC.
1 MIN. 45 SEC.
2 MIN. )
2 MIN. 15 SEC. -
2 MIN. 30 SEC.
2MIN. S5 SEC. |
3 MIN.
END OF CHARGE !
LID REPLAGED -
:ﬁ:;lémc 1:35 4 - ncreasing ¥  oEecreasiNg —F CHANGING TO
TIME S = STACK . HP » HOPPER F = FIRE

L ~ LIGHT FLOW M - MEDIUMFLOW = H = HEAVY FLOW
BL ~ BLACK Y = YELLOW P = PUFFY
WEATHER: MANUAL GAS 25 PPM of H.,S at #2 . .
: Drop Bleeve

REMARKS:

MITRE | 5

MCF 2495 12/73 OBSERVER
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"LARRY CAR OBSERVATION LOG

National Steel '
COMPANY: DATE: 3711774
PLANT: Weirton Steel ' : Time: _4:10
1t
pATTERY: ___Drown's Island oven: _B-24
PUSHER SIDE CENTER CENTER COKE SIDE
1 2 3 4
DROP - HOFPER/ DROP HOFPER/ DRAOP DROP
HOPPER SLEEVE STACK SLEEVE STACK SLEEVE HOPPER SLEEVE
CHARGE
15 SEC. C P LY LF
30 SEC. L LF LF
45 SEC. ’ LF¥ LFP
L-+M LS F L+SF" F
1MIN.
1 MIN. 15 SEC.
1 MIN. 30 SEC.
1 MIN. 45 SEC.
2MIN.
Z MIN. 15 SEC,
2 MIN. 30 SEC.
2 MiN. 45 SECT -
3 MIN.
END OF CHARGE :
LID AEPLACED
ToTaL 4 ASIN 4  becreaswe
CHARGING 1:132 : = INCREASING ~# CHANGING TQ
TIME § = STACK . HP = HOPPER . F = FIRE
L = LIGHT FLOW M = MEDIUM FLOW H = HEAVY FLOW
BL = BLACK Y = YELLOW P = PUFFY
75 PPM of CO at #2
WEATHER: MANUAL GAS
- Drop Sleeve
.
REMARKS:

MCF 2495 12/13 i OBSERVER




COMPANY:

National Steel

peaNT: Weirton Steel

pATTERY: _Brown's Island

CHARGE
15 SEC.
30 SEC.
45 SEC. -
A1 MIN,
1MIN. 15 SEC.
1 MIN, 30 SEC.
1 MIN. 45 SEC.
2 MIN.
2 MIN. 15 SEC.
2 MIN. 30 SEC.
2 MIN. 45 SEC.
3.MIN.
END OF CHARGE

LiQ REPLACED

TOoTvAL
CHARGING
TIME

"LARRY CAR OBSERVATION LOG

DATE:
TIME:
> OVEN:

3/12/74

2:10

B-20

PUSHER SIDE

CENTE

R

CENTER

COKE SIDE

2

3

4

HOPPER

DRAOP
SLEEVE

HOPPER/
STACK

DROP
SLEEVE

HOPPER/
STACK

OROP
SLEEVE

HOPPER

DROP.
SLEEVE

L¥

LF

P (B

LS

e

1:35

weaTHER: DIy _Bulb 46 BH 70%

= [INCREASING
STACK

3|-m—b
]

= BLACK

Strong North Wind

REMARKS:

= LIGHT FLOW'

MANUAL GAS

DECREASING
HOPPER
MEDIUM FLOW
YELLOW

=& CHANGING TO
F = FIRE
H = HEAVY FLOW
P = PUFFY

MITRE
I

MCF 2495 12/73

&7

774
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"LARRY CAR OBSERVATION LOG

COMP-ANV: National Steel . DAT‘E: 3/12/74

PLANT: Welrton Steel TIME:

BATTERY: Brown's Island “oven: _C—20

PUSHER SIDE CENTER CENTEH . COKE SIDE

1 2 3 4

OROP HOPPERY ODROP HOPPER/ ORAOP HOPFER DRO?P

HOPPER SLEEVE STACK SLEEVE STACK SLEEVE SLEEVE

CHARGE

5 SEC. My MF
M

vy

30 SEC.

45 SEC, L LF¥+ Ft

1MIN. ; M5

1 MIN. 15 SEC. FS i FS

1T MIN. 30 SEC.

1MIN. 45 SEC.

ZMIN.

2 MIN, 15 SEC, -
2 MIN. 20 SEC.

2 MIN. 45 SEC.

I MIN.

END GF CHARGE

LID REPLACED

TOTAL .
CHARGING 1:38
TIME

INCREASING ¢  DECREASING —% CHANGING TO
= STACK HP = HOPPER F = FIRE

= LIGHT FLOW M = MEDIUM FLOW M = HEAVY FLOW
- BLACK v - YELLOW P = PUFFY

Erw—p
v

WEATHER: ; MANUAL GAS

REMARKS: _____MITRE partigulate Lesh rug.

MITRE
- =~ -~ -]

MCF 2495 12/73 OBSERVER
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LARRY CAR OBSERVATION LOG

company: _Natiopal Stee? oATE: _ 3/12/74
PLANT: _Weirton Steel T TimE: 2135
BATTERY: Brown's Island oven: __A-22
PUSHER SHYE CENTER CENTER COKE SIDE
2 3 4
trage HOFPPE R/ DROFP HOPPER/ DROP DROP
PPER
HO [|LEEVE STACK SLEEVE STACK SLEEVE HOPPER SLEEVE
CHARGE SP
15 SEC. M M+LF
30 SEC. M LF
45 SEC. M IP
1 MIN. M1 MF F
1 MIN. 15 SEC. MS MS
1 MIN. 30 SEC. F F F
1 MIN. 45 SEC.
2 MIN.
ZWIN. 15 SEC,
2 MIN. 30 SEC.
2 MIN. 45 SEC. -
MmN,
END OF CHARGE
LID REPLACED
ToTAL .
CHARGING 1:44 i f = INCREASING + DECREASING —$ CHANGING TO
TIME $ ~ STACK HP = HOPPER F = FIRE
L = LIGHT FLOW M = MEDIUM FLOW H = HEAVY FLOW
BL = BLACK Y = YELLOW P = PUFFY
WEATHER: MANUAL GAS
REMARKS:
st ]
L= ’
MITRE
MCF 2495 12/73 OBSERVER
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COMPANY:

National Steel

FLANT:

Weirton Steel

BATTERY:

CHARGE

15 SEC.

30 SEC.

45 SEC.

1 MIN,

1 MIN. 15 SEC.
1 MIN, 30 SEC.
1 MIN. 45 SEC.
2 MIN.

2 MIN. 15 SEC.
2 MIN. 30 SEC.
2 MiN. 45 SEC.
3MIN.

END OF CHARGE

LID REPLACED

TOTAL
CHARGING
TFIME

WEATHER:

Brown's Island

"LARARY CAR OBSERVATION LOG

pave: 3/12/74

TIME:
OVEN:!

2:47

PUSHER SIDE

CENTER

CENTER

COKE SIDE

2 .

3

&

HOPPER

DROP
SLEEVE

HOPPER/
STACK

OROP
SLEEVE

HOPPE R/
STACK

DROP
SLEEVE

HOPPER

DROP
SLEEVE

SP

LoMP

L+MF

FP

LFP

LFP

LFP

LFP

F+

LtF+

L$Ft ~

MS

r

1:35

e

INCREASING
STACK
LIGHT FLOW
BLACK

¥  DECREASING

HP =
M=
Y =

MANUAL GAS

HOPPER
MECHUM FLOW
YELLOW

sz

CHANGING TO
FIRE

HEAVY FLOW
PUFFY

REMARKS:

MITRE

MCF 2495 12/73
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COMPANY: National Steel

Weirton Steel

PLANT:

paTTERY: _Brown's Island

CHARGE

15 SEC.

30 SEC.

45 SEC. |
TMIN.

1 MIN. 15 SEC.
1 MIN. 30 SEC.
T MiN. 45 SEC.
2 MIN.

2 MIN. 18 SEC.
2 MIN. 30 SEC.
2 MIN. 45 SEC.
3 MIN.

END OF CHARGE

LID REPLACED

TOTAL
CHARGING
TIME

WEATHER:

"LARRY CAR OBSERVATION LOG

DATE:
TIME:
OVEN:

3/12/74

2:58

c-22

PUSHER SIDE

CENTER

CENYER

COKE SIDE

2

3

4

HOPPER OROPR

SLEEVE ~

HOFPER/ DROP
STACK "SLEEVE

HOPFER? i DROP
STACK SLEEVE

DROP |

HOPPER SLEEVE

SP

MF

LF

~

;52:

MS+HP

MS+HP

1:34

f = [NCREASING
§ = STACK
L = LIGHT FLOW .
BL = BLACK

REMARKS:

MANUAL GAS

DECREASING
HOPPER
MEDIUM FLOW
YELLOW

<z 3%+
1 ]

“—# CHANGING TO
F = FIRE"
H = HEAVY FLOW
P = PUFFY

MITRE

MCF 2495 12/73
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'LARRY CAR OBSERVATION LOG

3712774
3:10
A-24

National Steel
Welrton Steel .

Brown's Island

DATE:
TIME:
OVEN:

COMPANY:
PLANY:
BATTERY:

PUSHER SIDE CENTER CENTER COKE 5IDE

1 2 3 4

HCPPER

DROP
SLEEVE

HOPPER/
STACK

DROQP
SLEEVE

HOPPER/
STACK

DROP
SLEEVE

HOPPER oAoe

SLEEVE
—

CHARGE

15 SEC.

30 SEC.

45 SEC.

1 MIN.

1 MIN. 15 SEC,

1 MIN. 30 S5EC.

1 MIN, 45 SEC.

2 MIN.

2 MIN. 15 SEC. -
2 MIN. 30 SEC.

2MIN. 45 SEC.

I MIN,

END OF CHARGE

LID REPLACED
TOTAL
CHARGING
TIME

DECREASING
HOPPER
MEDIUM FLOW
YELLOW

CHANGING TO
FIRE

HEAVY FLOW
PUFFY

= INCREASING v

STACK HP =
= LIGHT FLOW M -
= BLACK v -

1:30

Ev—m—b
[ ]

.1 PPM Reading
#2 Drop Sleeve

MANUAL GAS NO; On . -

WEATHER:

Routine of larry -operator seems v . the
spot he half-d un

REMARKS:

—

OS8SSERVER

MITRE

MCF 2495 12/73
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"LARRY CAR OBSERVATION LOG

COMPANY: National Steel pate: _ 3/12/74
PLANT: Weirton Steel N TIME: 3:28
BATTERY: Brown's Is land . OVEN: B~-24
PUSHER SI10E CENTER CENTER COKE SIDE
1 2 3 4
| HOPPER ScEGvE orack sggg:e srack | | sreewE HOFPER SLEEVE -
CHARGE LSP
15 SEC. LF? M F
30 SEC. ] M ' F
a5SEC. F L F
1 MEN. N
1 MIN. 15 SEC. ’ Sp F MS F
1 MIN, 30 SEC. .
1 MIN, 45 SEC.
2MIN, ~
2 MINL 15 SEC.
2 MIN, 30 SEC.
2MIN, 45 SEC.
3_MIN.
END OF CHARGE
LID REPLACED !
ESI:Z,NG 1:32 f =~ INCREASING + DECREASING —» CHANGING TO
TIME i} § = STACK HP = HOPPER F = FIRE -
L = LIGHT FLOW . M = MEDIUM FLOW H = HEAVY FLOW
BL =« BLACK ¥ = YELLOW P = PUFEY
WEATHER: i MANUAL GAS

+

REMARKS: Half damper after .charge, then unlid, then full damper. Vibratorsg were
used as a demonstration for new larry operator.

st ]

MCF Zans v2/73 OBSEAVER
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company: __National Steel . DATE: 3/12/74‘
PLANT: Heittc'm Steel TIME: 3:38
gATTERY: _ Brown's Is;and oven: C-~24
PUSHER SIDE CENTER CENTER COKE SIDE
1 2 3 5
DACP HOFPER/ OROP HOPPER/ OROP DROP
HOPFER SLEEVE STACK SLEEVE STACK SLEEVE HOPPER SLEEVE
CHARGE SP
15 SEC. M MFP
30 SEC. LFP LFP
45 SEC. LFP LFF .
— L+FP L{TP
1 MIN. 15 SEC. LS L L8
1 MIN. 30 SEC. MS MS
1 MIN. 45 SEC.
2MIN.
2 MIN, 15 SEC.
2 MIN, 30 SEC,
2 MIN. &5 SEC.
3MIN.
END OF CHARGE :
LID REPLACED
ToTAL Ly ASI ¢ ECREASING
CHARGING 1:43 ) INCREASING PECREASING —4 CHANGING TO
TIME S = STACK HP = HOPPER F = FIRE
L = LIGHT FLOW M = MEDIUM FLOW H = HEAVY FLOW
BL = BLACK ¥ = YELLOW P = PUFFY
WEATHER: MANUAL GAS L005% CO at #2 Drop Sleeve

"LARRY CAR OBSERVATION LOG

REMARKS: Regular sequence after charge.

The overall charge looked very good,

with very light smoke from the stacks.

MCF 2495 12/73

74
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L

OBSERVER




LARRY CAR OBSERVATION LOG

company: __National Steel . DATE: 3/12/74
PLANT: . Welrton Steel TIME: 3359
sarreny: Brown’s Island . ovEn: A-26
PUSHER SIDE CENTER . CENTER COKE SIDE
i 2 3 4
voreen | 07 | NPRee™ | oorcve | beweer | oror | voreen | ORS
CHARGE LSP
15 SEC. LF LF
30 SEC. LFt LF+
43SEC. LIF LtF
1 MIN. H MS ' L HP P
1 MIN. 15 SEC.
1 MIN. 30 SEC.
1 MIN. 45 SEC.
2 MIN.
2 MIN. 15 SEC. -
2 MIN. 30 SEC.
2 MIN, 45 SEC. )
AMIN.
END OF CHARGE !
LID REPLACED .
TOTAL ) '
CHARGING 1:35 f = INCREASING * DECREASING CHANGING TO
TIME - S = STACK HP « HOPPER F = FiRE
L = LIGHT FLOW M = MEDIUM FLOW H = HEAVY FLOW
BL = BLACK ¥ = YELLOW P = PUFFY
WEATHER: MANUAL GAS 125 PPM CO at {2 Drop Sleeve_

REMARKS: Normal sequence after charge. End of charge looked cleaner than usual.

_ o Wy B
MTTRE A5

MCF 2495 12/72 - OBSERAVER
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COMPANY:

PLANT: _ Welrton Steel

BATTERY: . Brown's Island

CHARGE
15 SEC,

30 SEC.

45 SEC. -

1 MIN.

1 MiIN. 15 SEC.

1 MIN. 30 SEC.

1 MIN. 45 SEC.

2 MIN.

2 MIN. 15 SEC.

2 MIN. 30 5EC.

2 MIN. 45 SEC.
3.MIN.

END OF CHARGE

LiD REFLACED

TOTAL
CHARGING
TiME

WEATHER:

"LARRY CAR OBSERVATION LOG

National Stee =
a 1 . oare. 312174
Time: 9332
oven: __ ©-26
PUSHER SIDE CENTER CENTER COKE $I10E
1 2 3 4
DROP HOPPER/ DROP HOPPER/ DRAOF DROP -
HOPPER SLEEVE STACK SLEEVE STACK SLEEVE HOPPER SLEEVE
L LFP
LFP LFP
L+ L+
LF LF
MS
1:40 f- INCREASING 4 DECREASING — CHANGING TO
- § « STACK HP = HOPPER F = FIRE
L = LIGHT FLOW ° M = MEDIUM FLOW H = HEAVY FLOW
BL = BLACK Y = YELLOW P = PUFEY

MANUAL GAS

REMARKS: __Long wait before charge. Electrical Department looked over the bottom of
the car but did nothing.

NITRE
e —

MCF 2495 12/73

7

‘OBSERVER
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"LARRY CAR OBSERVATION LOG

company: National Steal pate: 3713774
pLany: _ Weirton Steel — . Times 5302
L} * .
BATTERY: . Brown's Islaod OVEN: c-1
PUSHER RiNe CENTER CENTER X COKE SIDE
1 2 3 4
ER DROP HOPPER/ DROP HOPPER/ oOROP DROP
HOPP RERVE STACK SLEEVE STACK SLEEVE HOPPER SLEEVE
CMARGE sp
15 SEC. L L
30 SEC. L LF
45 SEC. LFP LFP
1 MIN. L+ L+FP
1 MIN, 15 SEC. MH FLaM MS M MS
1 MIN. 30 SEC.
1 MIN. 45 SEC.
2 MIN. ’
2 MIN. 15 SEC.
2 MIN. 30 SEC. ”
2 MiN. 45 SEC,
3 MiN.
END OF CHARGE
LID REPLACED :
TOTAL ’ . ]
CHARGING 1:40 4 . incReasing + DECREASING —& CHANGING TO
TIME " § = STACK HP = HOPPER F = FIRE
L = LIGHT FLOW M = MEDIUM FLOW H = HEAVY FLOW
BL = BLACK ¥ = YELLOW P = PUFFY
WEATHER: : MANUAL Gas  +02% €O at #2 Drop Sleeve

REMARKS; 4310 complete cycle

MITRE o - ,/;ZZ( _

MCF 2495 12/73 OBSEAVER
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'LARRY CAR OBSERVATION LOG

company:  Daticnal Steel oavE: _ 3/15/74
PLANT: Weirt?n Steel . Time: __10:25
garTeay. _Brown's Island oven: _%-20
PUSHER SIDE CENTER CENTER COKE SIDE
1 2 3 4
DRAOP HOPFER/ CROP HOPPER/ DROP DROP
HOFPER sieeve | svack SLEEVE STACK SLEEVE HarPER SLEEVE
CHARGE MF M
15 sec. Mt Mt
20 SEC. F B MF L
46 SEC. . M H MF L
— M M M M MAF L
1MIN. 15 SEC. ¥ My L Hi F L
1 MIN. 30 SEC,
1 MIN. 45 SEC.
2 MIN.
2 MIN. 15 SEC.
2 MIN, 30 SEC.
2 MIN. 45 SEC.
aMIN.
END OF CHARGE
LID REPLACED i i
TOTAL f $ -
CHARGING 1:45 = INCREASING DECREASING —# CHANGING TO
TIME - § = STACK HP = HOPPER F = FIRE
L = LIGHT FLOW' M = MEDIUMFLOW H = HEAVY FLOW
BL = BLACK Y = YELLOW P = PUFFY
WEATHER: MANUAL GAS
REMARKS: An ascension pipe 1id did not come down, and as a result, the smoke at the

drop sleeves was worse than usual,

Smoke from stacks stopped guicker than

usual. Car was run in the manuval mode.

MITRE

MCF 2485 12/73
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LARRY CAR OBSERVATION LOG

company: _National Steel oate: _ 3/13/74
pLANT: _Welrton Steel TIME: 10:55
T =
BATTERY; _ Brown's Islaund OVEN: c-20
PUSHER SIDE CENTER CENTER COKE SIDE
1 2 3 [
DROP HOPPERS DROP HOPPER/ DROP DROP
HOPPER SLEEVE STAGK SLEEVE STACK SLEEVE HOPPLR SLEEVE
CHARGE SE
15 SEC. L4} M¥
30 SEC. ™ M+F
45 SEC. FMy M{F
- M ™ LF4
1MIN. 15 SEC. M HF+ LF
1 MIN. 30 SEC. SMt MF
t Min. 45 SEC.
2MiN.
2 MIN. 15 SEC.
2 MIN. 30 SEC, "
2MIN. 45 BEC.
3MIN.
END OF CHARGE
LID REPLACED
!
TotaL i . .
CHARGING 1:43 t - increasinvg ¢  DEcReasing —# CHANGING TO
TIME . § =~ STACKX HP = HOPPER F » FIRE
L = LIGHT FLOW M = MEDIUM FLOW H = HEAVY FLOW
BL ~ BLACK ¥ =~ YELLOW PUFFY
WEATHER: - MANDAL GAS
REMARKS: .

MITRE
[ - . " ]

MCF 2405 12/713
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"LARRY CAR OBSERVATION LOG

company: Dational Steel DATE: 3/15/74
PLANT: Weut?n Steel i TIME: 11:15
parTeny; _brown’'s Island OVEN: A-22
FUSHER SIDE CENTER CENTER COKE SIDE
1 2 3 4
DROP HOQPPER/ DROP HOFPER/ DROP DRrROP -
HOFFER SLEEVE STAECK SLEEVE sTack | sieeve HOPFER SLEEVE
CHARGE MP
15 SEC. MB HB
30 SEC. Mt Mt L
45 SEC. M+ Mt L
1 MIN. M+ Mt L+
1 MIN. 15 SEC. M M+ SH M
1 MIN. 30 SEC. L+ SM HY L
1 MiN. 45 SEC.
ZMIN.
2 MIN. 15 SEC.
2 MIN, 30 SEC. v
2 MIN. 45 SEC. i
1
{
3MIN. I
END OF CHARGE l
LID REPLACED i .
TOTAL . 4 { + . SING
CHARGING 1:42 = INCREASING DECREASIN —> CHANGING TO .
TIME - S = STACK HP = HOPPER F = FIRE
L = LIGHT FLOW M = MEDIUM FLOW H = HEAYY FLOW
BL = BLACK Y = YELLOW P = PUFFY
WEATHER: MANUAL GAS
1
!
REMARKS: :
|
i
v oy )
L ' . )
MITRE |
MCF 2495 12/73 : OBSERVER
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'LARRY CAR OBSERVATION LOG

company: _National Steel oate: 3715774
PLANT: _ Welrton. Steel . —— 11:30
BaTTERY; _ Brown's Island OVER: B~22
FPUSHER SIDE CENTER CENTER COXKE SIDE
1 2 3 4
voreen | one, | TOTew | oroh | foreew | oror | wowen | jorer
CHARGE MF ME LF
15 SEC. L LT F
30 SEC. LFP LP
45 SEC. | Ft " F4
T MIN. L L L M Ft' LFP
1 MIN, 15 SEC. L+ L Mt My HF . FL+
1 MIN. 30 SEC. '
1 MIN. 45 SEC.
2MIN.
2MIN. 15 SEC.
2 MIN. 30 SEC.
2ZMIN. 48 SEC, .
IMIN, w
£ND OF CHARGE
LiD REPLACED : '
gg:::.-mc 1:47 f = INCREASING ‘ D.ECFIEASING — CHAN(?ING TU
TIME . 8 = STACK HP = HOPPER F = FIRE
L = LIGHT FLOW - M = MEDIUM FLOW H = HEAVY FLOW
BL = BLACK ¥ = YELLOW P = PUFEY
WEATHER:

MANUAL GAS

REMARKS: MITRE particulate test run. Heavy fire on Number 3 Drop Sleew‘s

MITRE
[ -~ "]

7

MCF 2495 12/73 O8SERVER
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LARRY CAR OBSERVATION LOG

_ company: _National Steel oaves 3415774
pLAnT: _ Weirton Steel . TIME: 11:40
]
paTTERY: __Brown's Island OVEN: C-22
PUSHER SIDE CENTER CENTER COKE SIDE
1 2 3 4
DROGP HOPPER/ OROP HOPPER/ DROP DRAOP-
HOPFER SLEEVE STACK SLEEVE STACK SLEEVE HOPPER SLEEVE
CHARGE MP
15 SEC. MB MBF
30 SEC. MtH MF F
45 SEC. | M LF
1 MmN, L Ft' F
1 MIN. 15 SEC. L M M M M FL
1 MIN. 30 SEC. L M F M
1 MiN. 45 SEC.
2 MIN.
2 MIN. 15 SEC.
2 MIN. 30 SEC.
2 MiIN. 45 SEC,
3 MIN, -
END OF CHARGE
LiD REPLACED :
TOTAL f ‘ .
CHARGING 1:37 = INCREASING DECREASING —F CHANGING TO
TIME . § = STACK HP « HOPPEH F = FIRE
L = LIGHT FLOW ° M = MEDIUMFLOW H = HEAVY FLOW
BL = BLACK ¥ = YELLOW P = PUFFY
WEATHER: MANUAL GAS
.
REMARXS:
MEE—— -
MITRE
MCF 2495 12/73 OBSERVER
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"LARRY CAR OBSERVATION LOG

company: _ National Steel pate: _ 3415/74
pLanT: _ Welrton Steel TIME: 11:52
L] —
gaTtery: _ brown's Island oven: _ h—24
PUSHER SIDE CENTER CENTER COKE SIDE
1 2 3 4
4 DROP HOPPER/ DROP HOPPER/ DROP DROP
HOPPER SLEEVE STACK SLEEVE STACK SLEEVE HOPPER SLEEVE
CHARGE SMP
15 SEC. FLB
30 SEC. MB FL
45 SEC. P L LFP
- M+ M3 F P
1 MIN. 15 SEC. L LS FL MS Lt
"1 MIN. 30 SEC. MF
1 MIN. 45 SEC.
2 MIN.
2 MIN. 15 SEC.
2 MiN. 30 SEC.
2 MIN. 46 SEC.
IMIN.
END OF CHARGE T
LID REPLACED
TOTAL . i
CHARGING 1:38 ? INCREASING + DECREASING —# CHANGING TO
TIME . S = STACK HP = HOPPER . F = FIRE '
L = LIGHT FLOW M = MEDIUM FLOW H = HEAVY FLOW
BL = BLACK ¥ = YELLOW P = PUFFY
WEATHER: MANUAL GAS
REMARKS:
‘ 2
M
MITRE ;
FEEETR
MCF 2495 12473 OBSERVER
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"LARRY CAR OBSERVATION LOG

company: __National Steel pate: _ 3415/74
pLANT: _ Weirton Steel . TIME: 12:10
satTERY: . Brown's Island oven: _ B-24
PUSHER SIDE CENTER CENTER COKE SIDE
1 2 3 4
DAROP HOPPER/ ODROP HOPPER/ DROP DROP
HOPFER SLEEVE STACK SLEEVE STACK SLEEVE HOFPER SLEEVE
CHARGE LsSP
15 sEC. F M M+
30 SEC. H
45 SEC. _ M HY
1 MIN. M+ M+
1 MIN. 15 SEC. SMt M SMt . M L
1 MiIN. 30 SEC. SM¥ SM
1 MIN. 45 SEC.
2 MIN.
2 MIN. 15 SEC.
2 MIN. 30 SEC.
2 MIN. 45 5EC.
IMIN.
END OF CHARGE
LID REPLACED !
JoTAL -
CHARGING 1:38 i f = INCREASING + DECREASING —» CHANGING TO
TIME s = STACK HP = HOPPER F = FRE
L = LIGHT FLOW M = MEDIIM FLOW H = HEAVY FLOW
BL = BLACK ¥ = YELLOW P = PUFFY
WEATHER: MANUAL GAS
REMARKS:
D
N ===
MITRE M
FEEZAERCE———
MCF 2495 12/73 ¢ QBSERVER
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LARAY CAR OBSERVATION LOG :

company: National Steel . pate: 3715774
pLanT: __Welrton Steel . romg: _12:21
v .
parreay; . Brown's Island oven: _C—2h
PUSHER SIDE CENTER CENTER COKE SIDE
1 2 3 4
OROP HOPPER/ OROP HOPPER/ OROP DROP
HOPPER SLEEVE AT ACK SLEEVE STACK SLEEVE HorPER SLEEVE
CHARGE . Ry
15 SEC. . MF Mp
30 SEC. MF MFE
&5 SEC. LF LF
1MIN. Mt M MtHP MF L
TMIN. 16 SEC. L i H E P L
1 MIN. 30 SEC. )
1 MIN. 45 SEC.
2 MIN. .
2 MIN. 15 SEC.
2 MIN. 30 SEC.
2 MIN. 45 SEC.
3 MIN.
END OF CHARGE !
LIl REPLACED
TOTAL f. + -
CHARGING 1:38 | = INCREAS!NG DECREASING —» CHANGING TO
TIME . 8 = SYACK . HF = HOPPER F = FIRE
t = LIGHT FLOW M = MEDIUM FLOW H = HEAVY FLOW
BL = HLACK ¥ = YELLOW P = PUFFY
WEATHER: MANUAL GAS )

REMARKS: MITRE Particulate. Test Run

- N . - A
MITRE M
MCF 249% 12/73 ] -7 OASERVER
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COMPANY:

National Steel

PLANT:

Weirton Steel

BATTERY:

Brown's Island

CHARGE

15 SEC.

30 SEC.

45 SEC.

1 MIN.

1 MIN. 15 SEC.
1 MIN. 30 SEC.
1 MIN. 45 SEC.
ZMIN.

2 MIN. 15 SEC,
2 MIN. 30 SEC.
2 MIN. 45 SEC,
3MIN. .
END OF CHARGE

LID REPLACED

TOTAL
CHARGING
TIME

WEATHER:

"LARRY CAR OBSERVATION LOG

pare; _3/15/74

12:39

v TIME:
OVEN:

A=26

- PUSHER SIDE

COKE SIDE

CENTER CENTER

2 3 4

DROP

HOPPER SLEEVE

DROP
SLEEVE

HOPPER/
STACK

OROP
SLEEVE

HOPPER/
STACK

OROP

FPPER
SLEEVE HO

SP

Ht

I“EE::E_L:.

SM 1.

= 5 O R

SM

DECREASING
HOPPER
MEDIUM FLOW
YELLOW

CHANGING 70
FIRE

HEAVY cLOW
PUFFY

= {NCREASING *
STACK
= LIGHT FLOW - M =
= BLACK Y =

F =
H=
[

]
Fro=-p
L ]

MANUAL GAS

REMARKS:

=2

MITRE
e - ]

MCF 2495 12/73

5% -

GHBSERVER
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"LARRY CAR OBSERVATION LOG

REMARKS: Patching door jam.

company; _National Steel- DAT-E: 3/15/74
PLANT: _ Heirton Steel iME: 12:54
patTERy: Brown's Island oven: B=26
PUSHER SIDE CENTER CENTER COKE SIDE
1 2 3 4
rorren | ocemt | mere | et | roreew | omer | vomen | o
CHARGE LSP
15 SEC. F M LF
. 30SEC, FP M LF
45 SEC, Mt F
1 MIN. F FP
1 MIN. 15 SEC. MS MS4 HP P
1 MIN. 20 S5EC. M+ F M ¥
1 MIN. 45 SEC. '
2 MIN.
2 MIN. 15 SEC-
2 MIN. 30 SEC. i
2 MIN. 45 SEC.
3MIN.
END OF CHARGE
LID REPLACED N
:S::ch 1:40 i 4 - increasING + DECREASING — CHANGING TG
TIME § = STACK HP = HOPPER F = FIRE
L = LIGHT FLOW M = MEDIUM FLOW H = HEAVY FLOW
8L = BLACK Y = YELLOW P = PUEFFY
WEATHER: MANUAL GAS

o ]

MITRE

MCF 2495 12/73

T R O e T
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"LARRY CAR OBSERVATION LOG

COMPANY: National Steel DAT‘E: 3/15/74
Welrton Steel 1:
PLANT: . Time: 1336
BATTERY: __Brown's Island oven: _C=26
PUSHER SIDE CENTER CENTER COKE SIDE
1 2 3 4
DROP HOPPER/ DAOP HOPPE RS [=1.TaY g DRAOP
HOPFER SLEEVE STACK SLEEVE STACK SLEEVE HOFPPER SLEEVE
CHARGE LSP
15 SEC. L MF
20 56C. LPF 1.PF
45 SEC, L LF
1 M,
1 MIN. 15 SEC. F 15 L M+5
1 MiN. 30 SEC. L
1 MIN. 45 SEC.
2 MIN.
2 MIN. 15 SEC. .
’
2 MIN, 30 SEC.
2 MIN. 45 SEC.
IMIN,
’ B
END OF CHARGE
t
LID REPLACED
TOTAL 4 NG ! - \
CHARGING 1:37 INCREAS DECREASING ~$ CHANGING TQ
. TIME - § = STACK HP = HOPPER F = FIRE
. L = LIGHT FLOW M = MEDIUM FLOW H = HEAVY FLOW
BL = BLACK Y = YELLOW P = PUFFY
WEATHER: MANUAL GAS .

REMARKS: very clean charge. Good coordination demonstrated between larry car and
Leveling bar went in on signal from larry car.

OBSERVER

pusher car.

MITRE

MCF 2495 12/73




COMPANY: Hational Steel

PLANT: Welrton Steel

BATTERY: Brown’s Yalangd

CHARGE

15 SEC.

30 SEC.

&5 SEC.
1MIN.

1 MIN. 15 SEC.
1 MIN, 30 SEC.
1 MIN. 45 SEC.
2ZMIN,

2 MIN. 15 SEC.
2 MIN. 30 SEC.
2 MIN. 45 SEC.
amin.

END OF CHARGE

LID REPLACED

TOTAL
CHARGING
TIME

WEATHER:

"LARRY CAR OBSERVATION LOG

DATE:
TIME:
OVEN:

3/13/74

1:52

A-28

PUSHER $I1DE

CENTER'

CENTER

LOKE SI1DE

3

4

HOPPER DROP

SLEEVE

HOPPERA/
STACK

DROP
SLEEVE

HOPPER/
STACK

DROP
SLEEVE

HOPPER

DROP
SLEEVE

L+

o NN

33 -

v -
v

INCREASING
= STACK
= LIGHT FLOW

BL = BLACK

REMARKS: . Very good gharge -

¥  DEcReasivg
HP = HOPPER

M o= MEQIUM FLOW

Y = YELLOW

MANUAL GAS

“— CHANGING TO
F = FIRE

H = HEAVY FLOW
P = PUFFY

MITRE

MCF 2495 12/13
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"LARRY CAR OBSERVATION LOG

company: _National Steel pave: _3/26/74
PLANT: Weirton Steel 4 TIME: 9:58
BATTERY: _ Brown's Island oven: _B-9%
PUSHER SIDE CENTER CENTER COKE SIDE
1 2 3 4
DROP HOPPER/ DROP HCPPER/ DROP DROP
HOPPER SLEEVE STACK SLEEVE STACK SLEEVE HOPFER SLEEVE
CHARGE L3P L¥P
15 SEC. LFP LF+
30 SEC. LE+
45 SEC:
T MIN.
1 MIN. 15 SEC. M F MSMHP M3 F F
1 MIN. 30 SEC.
1 MIN. 45 SEC.
2 MIN,
2 MIN, 15 SEC, -
2 MIN. 30 SEC.
2 MIN, 45 SEC.
IMIN,
END OF CHARGE '
LD REPLACED
TOTAL .
CHARGING 1:40 ? = INCREASING * DECREASING —# CHANGING TO
TIME - S = STACK HP = HOPPER F = FIRE
L = LIGHT FLOW M = MEDIUM FLOW H = HEAVY FLOW
BL = BLACK Y = YELLOW P = PUFFY
WEATHER: .MANUAL GAS )
REMARKS: _Falrly clean charge, Very little smoke during middle of charge. Hopper
gmoke, .
i o ]
e
MITRE
L -

MCF 2495 12/73
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COMPANY:

National Steel

PLANT: _Helxton Steel

BATTERY:

Brown's Island

CHARGE
15 SEC.

30 SEC.

45 SEC.

1 MIN. _

T MIN. 15 SEC.

1 MIN. 30 $EC.

1 MiN. 45 SEC.
2MIN.

2 MIN. 15 SEC,

2 MIN. 30 SEC,
2MIN. 45 SEC.
IMIN.

END OF CHARGE

LD REPLACED

TOTAL
- CHARGING
TIME

WEATHER:

'LARRY CAR OBSERVATION LOG

DATE:
TIME:
OVEN:

3/26/74

10:08

-2

PUSHER SIDE

CENTER

CENTER

COKE SIDE

2.

3

4

DROP

HOPPER SLEEVE

HOPPER/ DROP
S5TACK

SLEEVE

HOPPER/ DROP

STACK

SLEEVE

HOPPER

DROF
SLEEVE

LSP

LFE

LtFP
Lt

o B R

i d

Ft

1:40

]
rrn-p
1

INCREASING
STACK '
LIGHT FLOW
BLACK

<T 5%

MANUAL GAS

DECHEASING
HOPPER
MEDIUM FLOW

YELLOW

+

T ITm

CHANGING TO
FIRE

HEAVY FLOW
PUFFY

REMARKS: End of charge was. very clean, with very little smoke around drop

. sleeves., Stack smoke was uynysually light,

=53,

MITRE

MCF 2495 12/73

1
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"LARRY CAR OBSERVATION LOG

National Steel

COMPANY: pATE: _3/26/74
pLanT: _Welrton Stgel v ime; _10:23
BATYERY:; _Brown's Ysland oven: A1l
PUSHER SIDE CENTER CENTER COKE SI0E
1 2 3 ' [
orrem | PRV | crack | | sitewe | crack” | sieewe | MOPPER | PEORe
CHARGE HSP
15 SEC. MF MF
30 sEC. M4FP M4FP
45 SEC. MF MF -
1 MIN. LF+ LF+
1 MIN. 15 SEC. F MS+4 F MS+ F
1 MIN. 30 SEC. L LHP LHP
1 MIN. 45 SEC.
2 MIN,
2 MIN, 15 SEC. :
2 MIN. 30 SEC. )
2 MIN. 45 SEC.
IMIN.
END OF CHARGE
LID REPLACED '
;31‘:;:«9 1:40 $ - increasinG +  DECREASING — CHANGING TO
- TIME § = STACK HP = HOPPER F = FIRE
L = LIGHT FLOW M = MEDIUM FLOW H = HEAVY FLOW
BL - BLACK ¥ = YELLOW P = PUFFY
WEATHER: MANUAL GAS

REMARKS: MITRE particulate test run, End of charge had more smoke than usual,

MITRE

MCF 2495 12/73
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'LARRY CAR OBSERVATION LOG

company: _ National Steel vate: . 3/26/74
PLANT: _ Welrton Steel ) Tinag: _10:45
8ATTERY: _Brown's Island oven: _B=11
PUSHER SIDE CENTER CENTER COKE SIDE
1 2 3 4
OROP HOFFERS DROP HOPPER/ DROP DROP
HOPPER SLEEVE STACK SLEEVE STACK SLEEVE HOPPER SLEGVE
CHARGE LSP
15 SEC. LFP FP
30SEC. LFP LFP
45 sEC. FP FE-
1 MIN.
1 MIN. 15 SEC, ¥ MS F MS F F
1 MiIN. 30 SEC.
1 MIN, 45 SEC.
2 MIN.
2 MIN. 15 SEC,
2 MIN. 30 SEC.
2 MIN, 45 SEC. :
3 MIN.
END OF CHARGE
LID REPLACED
TOTA .
CHAR:.:EING 1:40 f = INCREASING ‘ DECREASING - CHANGING TO
TIME S = STACK HF = HOPPER F = FIRE
L = LIGHT FLOW M = MEDIUM FLOW H = HEAVY FLOW
BL = BLACK ¥ = YELLOW F = PUFFY
WEATHER: MANUAL GAS
REMARKS: Lid lifter on Number 4 drop sleeve did not operate, the 1id was removed
doegn't work. Relidding operation was normal, :
- g
[LT4 = =
MITRE
L ]

MCF 2495 12773
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COMPANY: _Natilonal Steal

'LARRY CAR OBSERVATION LOG

pate: _3/26/74
PLANT: Welrton Steel ’ TIME: 10:54
BATTERY: _ Brown's Island oven: G711
PUSHER SIDE CENTER CENTER COXE SI0E
i 2 3 4
DROP HOPPER/ OROP HOPPERY DRAOP OROP
HOPPER SLEEVE STACK SLEEVE STACK SLEEVE HOFPER SLEEVE
CHARGE MSP
15 SEC. L+FP L+FP
30 SEC. LFP LFP
45 SEC. .
1MIN. LFP LFP
1 MIN, 15 SEC, LHP F LHPMS MS F
1 MIN, 30 SEC.
1MIN. 45 SEC.
ZMIN,
2 MiN. 15 SEC.
2 MIN. 30 SEC.
2 MIN. 45 SEC.
MmN
ENE OF CHARGE T
LID REPLACED
TOTAL - .
CHARGING ® NOtd al - ? = INCREASING + DECREASING —# CHANGING TO
“TIME ecorde § = STACK HP = HOPPER F = FIRE
L = LIGHT FLOW M = MEDIUM FLOW H = HEAVY FLOW
BL = BLACK ¥ = YELLOW F = PUFFY
WEATHER: MANUAL GAS
REMARKS: _Takes approximately 15-20 seconds to move off hal

re-spot.

Smoke was heavier than usual on wpumber two stack,

MITRE

MCF 2495 12/73
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'LARRY CAR OBSERVATION LOG

company: _Natjonal Steel " ‘ pare: _3/26/74

pLANT: _ Weirton Steel Time: _11:07

BATTERY: Brown's Island . OVEN: A=-13

PUSHER SIDE CENTER CENTER COKE SIDE

i 2 3 4

DROP HOFPER/ DROP HOPPER/ oRoP HOPPER OROP
SLEEVE STACK SLEEVE STACK SLEEVE SLEEVE
"

HOPPEA

CHARGE . HSE
15 SEC. . FP . MFP FP

3

30 SEC.

45 SEC. MF
- F - MS F MS

oy |

1 MIN. 15 SEC. F

T MIN. 30 SEC.

1 MIN. 45 SEC.

2 MIN.

2 MIN. 15 SEC.

2 MIN. 30 SEC.

2 MIN. 45 SEC.

3 MIN.

END QF CHARGE

LD REFLACED
TOTAL
CHARGING 1:38
TIME

INCREASING ¥+  oEcreasing ~§ CHANGING TO
= STACK ) HP = HOPPES . F = FIRE

= LIGHT FLOW M = MEDIUM FLOW H = HEAVY FLOW
~ BLACK Y = YELLOW P = PUFFY

El-m-b
'

WEATHER: " MANUAL GAS

REMARKS: Lid operation satdsfactory, larry car appeared to be mis-spotted

A A
 iom o /4

MCF 2495 12/73 DBSERAVER
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COMPANY: National Steel

PLANT: _ Welrton Steel

BATTERY: _ Brown's Island

CHARGE
15 SEC.

30 SEC.

45 SEC.

1 MIN.

1 MIN. 15 SEC.

1 MIN. 30 SEC.

1 MIN. 45 SEC.
2MIN.

2 MIN. 15 SEC.

2 MIN. 30 SEC.

2 MIN, 45 SEC.
IMIN.

END OF CHARGE

LID REPLACED

TOTAL
. CHARGING
TIME

WEATHER:

"LARRY CAR OBSERVATION LOG

® DATE: 3/26/74
TIME: 11:20
oven: _B-l3
PUSHER SIDE CENTER CENTER COKE SiDE
1 2 3 4
DROP HOPPER/ DROP HOPPER/ DROP COROP
HOPFER SLEEVE STACK SLEEVE STACK SLEEVE HOPPER SLEEVE
MSP
MF MF
! -LFP LFP
L+F+ L+F+.)
MS+ M M3+
r .
'
4 |- 4 - ncreasing ¥  DEcREAsING- —F CHANGING TO
1: § = STACK HP = HOPPER F * FIRE
L = LIGHT FLOW M = MEDIUM FLOW H = HEAVY FLOW
BL = BLACK ¥ = YELLOW P = PUFFY
MANUAL GAS

REMARKS:_ MITRE particulate test run.

Charge looked .fair].y clean, Light flow from

gstacks, Number two drop sleeve seemed to hold a negative pressure for
most of the charge, )

MITRE,
EEYED——

MCF 2495 12/73
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'LARRY CAR OBSERVATION LOG

company: _National Steel . oaTe: _3/26/74
PLANT: _ Weirton Steel Time: _11:33
BATTERY: Brown's Island. ] oven: _0-13

PUSHER SIDE CENTER CENTER COKE SIDE

1 2 3 - 4

DROP HOPPER/ bAoP HOPFER/ DROP " oRoP
HOPPER SLEEVE ETACK SLEEVE STACK SLEEVE HOFPPE SLEEVE

CHARGE LSP

15 SEC. : ) : M M

30 SEC. M M
assgg. LFP LFP.
1 MIN, ] HYP

1MIN, 15 SEC. MS MS

1MIN, 30 SEC.

1MIN. 45 SEC.

2ZMIN. : X

2 MIN. 15 SEC.

2 MIN, 30 SEC. -

2 MIN, 45 SEC.

3IMIN.

END OF CHARGE

LID REPLACED

TOTAL
CHARGING 1:45 -
T TIME |

= INCREASING + DECREASING =~ CHANGING TO
STACK - HP = HOPPER . F = FIRE,

= LIGHT FLOW M = MEDIUM FLOW H = HEAVY FLOW
= BLACK ¥ = YELLOW P = PUFFY

Pro—p
»

WEATHER: MANUAL GAS

REMARKS: Lid lifter operatdon satisfactory, but larrjw man _checked lids. Car re-
spotted poorly, drop sieeves misaligned., Poor seal on number_ one drop
sleeve appeared to have caused poor suction on numher one and two po

e T 752

MCF 2495 12/73 X OBSERVER
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"LARRY CAR OBSERVATION LOG

company: Hational Steel ) pate: _3/26/74
pLanT: _ Weirton Steel . rime: 11253
sarreny: _Brown's Island oven: =15
PUSHER SIDE CENTER CENTER COKE SIDE
1 2 3 4
ORGP HOPFER/ DROP HOPPER/ DROP OROP
HOPFER SLEEVE STACK SLEEVE STACK SLEEVE HOPPER SLEEVE
CHARGE MSP
15 SEC. MF ME ME MF
30 SEC. E MFE MF FP
45 SEC. - M M_-
1 MIN. LE LE LE
1 MIN. 15 SEC. F MS F F
1 MIN, 30 SEC.
1 MIN, 45 SEC.
2 MIN.
2 MIN. 15 SEC.
2 MIN. 30 5EC,
2 MEN. 45 SEC.
3_MlN.
END OF CHARGE
"
LiD REPLACED
ToTal - )
CHARGING 1:40 ? = INCREASING * DECRCEASING - CHANGING TO
TIME . § = STACK ) HP = HOPPER F = FIRE
L = LIGHT FLOW M = MEDIUMFLDW H = HEAVY FLOW
BL = BLACK ¥ = YELLOW P = PUFFY
WEATHER: MANUAL GAS

REMARKS: Ascension pipe 1id did not come down in the automatic cycle, closed

manually by 1id man, This caused a dela LY | 4

leaked badly around all sleeves,

NTTRE . 75/

MCF 2495 32/73 * OBSERVER
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National Steel

LARRY CAR OBSERVATION LOG

COMPANY: oate: _3/26/74
PLANT: Welrton Steel TIME: 1:24
BATTERY: _Brown's Islard N oven: _A=19
PUSHER sabg CENTER CENTER COKE SIDE
i 2 3 4
[s).7e13 HOPPE R/ DROP HGPPER/ CROP DROP |
A -
HOPPE SLCEVE STACK SLEEVE STACK SLEEVE HOPPER SLEEVE
CHARGE MS
15 SEC. LFP L¥P
30 SEC. L+FP L+FP
45 SEC. -
1N, LiFP L{FP
1 MIN. 15 SEC. L LAF MiF . '
1 MiN. 30 SEC.
1 MIN. 45 SEC.
2 MIN,
2 MIN. 15 5EC-
2 MiN, 30 SEC.
2 MIN. 45 SEC.
3 MIN,
END OF CHARGE
LID. REPLACED
TOTAL L
CHARGING 1:38 f = INCREASING + DECREASING — CHANGING TO
TIME - § = STACK HP = HOPPER F ~ FIRE’
L = LIGHT FLOW ° M = MEDIUM FLOW H = HEAVY FLOW
BL * BLACK Y = VELLOW P = PUFFY
WEATHER: MANUAL GAS
REMARKS:
s R
L ;
MITRE
- — ]
MCF 2495 12/73 OBSERVER




"LARRY CAR OBSERVATION LOG

WEATHER:

cOMPANY: _ National Steel . DATE: .3/25/74
PLANT: _Weirton Steel Time: 1239
"BaTrERy: __Brown's Island oven: _B=19
PUSHER SIDE CENTER CENTER COKE SI0E
1 2 3 4
HOPPER sLeEvE erack sEve STACK sietve HOPPER SLEEVE
CHARGE LPS
15 sec. LtF LAF F
30 SEC, LF LF
45 SEC. F LF LF F
1 MIN. MS F M3 F
1 MIN. 15 SEC.
1 MIN. 30 SEC.
1 MIN. 45 SEC.
2 MIN.
2 MIN. 15 SEC.
2 MIN. 30 SEC,
2 MIN, 45 SEC.
3MIN.
END OF CHARGE L
LID REPLACED
;g:::mc 1:40 i $ - incReasing ‘ DECREASING —# CHANGING TO
- TIME § = STACK HP = HOPPER F = FIRE
L = LIGHT FLOW M = MEDIUM FLOW H = HEAVY FLOW
BL = BLACK ¥ = YELLOW P = PUFFY
MANUAL GAS

REMARKS: Larry car appeared to be misaligned on the charging ports. A lot of smoke

and fire at the beginning of the charge.

Drop sleeves were tilted.

Number

two and number four lids were cocked and burning,

MITRE

MCF 2495 12773
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'LARRY CAR OBSERVATION LOG

REMARKS: Number one and four drop sleeves had heavy smoke.

comprany: _National Steel paTE: _3/26/74
rLanT: _Welrton Steel TImE: _Li54
BATTERY: BIDH"H‘ s Island OVEN: c-19
PUSHER SIDE CENTER CENTERA COKE SIDE
1 2 3 4
ful-Teld HQPPER/ OROP HOPPE R/ pROP DROP
HOPPER SLEEVE STACK SLEEVE $TACK SLEEVE noeren SLEEVE
CHARGE MSF
15 5eC, MAF - MtE MiF
30 SEC. F MF MF
45 SEC, L+F LiF -
T AN Ft Fi Ft
1 MW S SEC. M LF LF H
1 #4414, 70 SEC. . F E
1 MIN. &5 SEC.
2 MM,
2 MIN. 1% SEC.
2 MIN. 30 SEC,
2 MIN. 4% SEC,
3NN, .
T
END OF CHARGE
LID REPLACED
TOTAL . .
© CHARGING 1:43 R f = INCREASING ‘v DECREASING CHANGING TO
‘TIME § = STACK HP = HOPPER . FIRE
L = LIGHT FLOW M = MEDI{UM FLOW HEAVY FLOW
BL = BLACK Y YELLOW PUFFY
WEATHER: MANUAL GAS

Car _was spotted gkay.

MCF Zavs 12/73
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COMPANY:

BATTERY: . Brown's iIsland

CHARGE

15 SEC.

30 SEC.

45 SEC.

1 MIN.

1 MIN. 15 5EC.
1 MIN. 30 SEC.

1 MIN. 45 SEC.
2 MiN.

2 MIN. 15 SEC.
2 MIN. 30 SEC.
2 MIN. 45 SEC, .
3 MIN.

END OF CHARGE

LID REPLACED

TOTAL
CHARGING
TIME

WEATHER:

LARRY CAR OBSERVATION LOG

National Steel pate: _3/26/74
pLant: __Welrton Steel . Time: _2:18
oven: _A-21
PUSHER SI0E CENTER CENTER COKE SIDE
1 2 3 &
DROP HOPPER/ OROP HOPPER/ ORGP DROP
HOPPER SLEEVE STACK SLEEVE STACK SUEEVE HOPPER SLEEVE
HSP HP HP
F+ FP FP
FP MF MF
LF LF .
MS F M3 F F
'
4 - Increasing ¥  OECREASING —b CHANGING TO
1:38 - $ = STACK HP = HOPRER F = FIRE
L = LIGHT FLOW M = MEDIUM FLOW - H = HEAVY FLOW
BL = BLACK Y = YELLOW P = PUFFY
MANUAL GAS

REMARKS: MITRE particulate test rum,

Operation was ahead of schedule and larry

car was detained in coal bin,

MITRE,
= ]

MCF 2495 12/73
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"LARRY CAR OBSERVATION LOG

compAany: . National Stee]l
PLANT: _Weirton Steel

BATTERY: _ Brown's Island

* TIME:

pare: _3/26/74

3:09

oven: _A=23

PUSHER SIDE

CENTER

CENYER COKE $IDE

2

3 4

BROP

HOPPER SLEEVE

HOPPER/
STACK

DROF
SLEEVE

DAOP
SLEEVE

HOFPPER/
STACK

DRGP

SLEEVE HOPFER

CHARGE

HPP

15 SEC. _ ME

30 SEC. MF

MF
MF

MF
MF

45 SEC, . : MyFP

MiP

MiP

1MIN. M

-MS

MS ¥

1MIN. 15 SEC.

1 MIN. 30 SEC.

1 MIN. 45 SEC.

2 MIN.

2 MIN. 15 SEC.

2 MIN. 30 SEC.

2 AN, 45 SEC.

3 MIN.

END OF CHARGE

LID BEPLACED

TOTAL

CHARGING
TIME

1:40

WEATHER:

m
L R

INCREASING
STACK
LIGHT FLOW
BLACK

v

HP =
M =
Y »

DECAEASING
HOPPER

MEDIUM FLOW

YELLOW

~# CHANGING TO
F = FIRE

H = HEAVY FLOW
P = PUFFY

MANUAL GAS

REMARKS: _Heavy smoke at start of charge, car appeared to be properly spotted,

More smoke fyom drop sleeves than usual,

MVUTRE
Ty

MCF 2495 12/73

103

77

OCASERVER




'LARRY CAR OBSERVATION LOG

company: _ National Steel DATE: 3/26/74
PLANT: Weirton Steel N TIME: 3:20
BATTERY: _Brown's Island aven: _B-23
PUSHER SIDE CENTER CENTER COKE SIDE
1 2 3 4
CROP HOPPER/ DROP HOPPER/ DRACP DROP
HOPPER SLEEVE STACK SLEEVE STACK SLEEVE HOPPER SLEEVE
.
CHARGE LPS
15 SEC. MFP+ MF MFP
30 SEC. LtF L+F
45 SEC. : FP FP
1 MIN. LFP LIP
1 MIN. 15 SEC. MS F MS F F
1 MiR. 30 SEC,
1 MIN. 45 SEC.
2 MIN.
Z MiN, 15 SEC.
2 MIN. 30 SEC. )
2 MIN, 45 SEC. '
3MIN.
END OF CHARGE
LID REPLACED !
TOTAL .
CHARGING 1:41 f = INCREASING + DECREASING — CHANGING TO
TIME . § = STACK HP = HOPPER F » FIRE
L = LIGHT FLOW. M = MEDIUM FLOW H = HEAVY FLOW
BL = BLACK ¥ = YELLOW P = PUFFY
WEATHER: MANUAL GAS

REMARKS: _Larry operator is. still checking to make sure lids are off. Car

appears to be off spot, sleeveg are tilted,

MITRE

MCF 2495 12/72 OBSERVER
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"LARRY CAR OBSERVATION LOG

company: National Steel oate: 3126474
pLANT: _Weirton Steel Time: 3333
BAYTERY: Brown's Island oven: _C-23
PUSHER SIDE CENTER CENTER COKE SIDE
1 2 3 [
DROP HOPPER/ DROP HOPPER/ DROP DROP
HOPPER SLEEVE STACK SLEEVE STACK StEEve HOPPER ELEEVE
CHARGE M5P
15 SEC. MFP MFP
30 SEC. MF MF
45 SEC. :
1MIN. F+
1 MIN, 15 SEC. LP MS
1 MIN. 30 SEC.
1 MIN. 48 SEC.
2 MIN.
2 MIN. 15 SEC.
2 MIN, 30 SEC. .
2 MIN. 45 SEC. .
3MIN.
END OF CHARGE :
LID AEPLACED
TOTAL . - .
CHARGING 1142 - $ - ncreasing + DECREASING —p CHANGING TO
TIME 8§ = STACK _HP = HOPPER . F = FIRE
L = LIGHT FLOW M = MEDIUM FLOW H o= HEAVY FLOW
BL = BLACK ¥ = YELLOW P = PUFFY
WEATHER: MANUAL GAS

REMARKS: Good negative aspiration observed om number two and number three drop sleeves,

fire was being drawn in,

Drop sleeve alignment appears to _be better the

first time they are lowered rather than the second time,

MITRE
[~ "

MCF 2495 12/73
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National Steel

COMPANY:

PLANT: _Heirton Steel

BATTERY:

Brown's Island

CHARGE
15 SEC.

30 SEC.

45 SEC.

1MIN,

1 MIN. 15 SEC.

1 MIN. 30 SEC.

1 MIN. 45 SEC.

2 MIN.

2 MIN. 15 SEC.

2 MIN. 30 SEC.

2 MIN. 48 SEC.

3 MIN.

END OF CHARGE

LID REPLACED

TOTAL
CHARGING
TIME

WEATHER:

'LARRY CAR OBSERVATION LOG

DATE:
TIME:
OVEN:

3/26/74

4:02

A-25

PUSHER SIDE

CENTER

CENTER

COKE SIDE

2

3

4

DROP

HOPPER SLEEVE

HOPPER/
S5TACK

DROP
SLEEVE

DROP
SLEEVE

HOPPER/
STACK

DROP

HOPPER SLEEVE

T e T - T o O -

e L I I L

el M | M

P P M

Not
. Recorded

= INCREASING
STACK
= LIGHT FLOW
= BLACK

MANUAL GAS

¥  DECREASING
HOPFER
MEDIUM FLOW
YELLOW

+

CHANGING TO
FIRE

HEAVY FLOW
PUFFY

-
]

REMARKS: First charge of new shift, suction appeared to be malfunctioning, although

the 1lid man disagreed,

Much more fire than usual in the drop sleevea.

]

MI'TRE

OBSERVER

L)
MCF 2495 12/72
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"LARRY CAR OBSERVATION LOG

company: __National Steel pate: _3/26/74

pLanT: _Welrton Steel » Time: G319

aATTERY: __Btown's Island oven: _B-~25

PUSHER SIDE CENTER CENTER COKE SIDE

1 2 3 4

HOPPER/
STACK

DROP
SLEEVE

OAQP
SLEEVE

HOPPER/
STACK

DAOP
SLEEVE

DROP

SLEEVE HOFPER

HOPPER

CHARGE

15 SEC. MFP

30 SEC. L+FP L{FP

L{FP
45 SEC.

T MIN, Fy Et

1 MIN. 15 SEC. LS MS

T MIN. 30 SEC.

1 MIN. 45 SEC,

2 MIN,

2 MIN. 15 SEC.

2 MiN. 30 SEC. -

2 MIN. 45 SEC.

3 MIN.

END QF CHARGE

LID REPLACED

TOTAL

. CHARGING
TIME

WEATHER:

= INCREASING
STACK
= LIGHT FLOW
=~ BLACK

-]
F o -
[l

REMARKS: _G2od_charge.

MITRE

MCF 2495 12/73

¢  DEcReasing

HP =
M =
¥ =

MANUAL GAS

HOPPER
MEDIUM FLLOW
YELLOW

=¥ CHANGING TO
F = FIRE-
H = HEAVY FLOW
¥ = PUFFY

pord
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"LARRY CAR OBSERVATION LOG

company: National Steel pate: _3/26/74
PLANT: _Weirton Steel r TIME: 434
BATTERY: _Brown's Island oven: _£-25
PUSHER SIDE CENTER CENTER COKE SIDE
1 2 3 4
OROP HOPPER/ DROP HOPPE R/ DROF oRoP
HOPPER SLEEVE STACK ‘SLEEVE STACK SLEEVE HOPPER SLEEVE
CHARGE MSP
15 SEC. FP FP F+
30 SEC. Ft LFP LFP
45 SEC. Ft F+
1MIN. F
t MIN. 15 SEC. MP
1MIN. 30 SEC. L F L F
1 MIN. 45 SEC.
2MIN.
2 MiN. 15 SEC.
2 MIN. 30 SEC.
2 MIN. 45 SEC.
3MIN.
END OF CHARGE _
LID REPLACED
TOTAL .
CHARGING 1:39 ) f = INCREASING + DECREASING —{* CHANGING TO
TIME S = STACK HP = HOPPER F = FIRE
L = LIGHT FLOW M = MEDIUM FLOW H = HEAVY FLOW
BL = BLACK ¥ = YELLOW P = PUFFY
WEATHER: MANUAL GAS
REMARKS:
P |
Ll = ——
MITRE S
- -}
MCF 2495 12/73 OBSERVER
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National Steel

COMPANY:
PLANT: _Welrton Steel v Time: _3:34
eaTrery: _Brown's Island oven: _A=25
PUSHEH SIDE CENTER CENTER COKE SIOE
2 3 4
HOPPER sceeve STACK SLEEwe crack Js_:_é(ze HOPPER SLEEVE

CHARGE MSP
15 SEC. LEE LFP
30 SEC. 1.+FP LiFP
a5 SEC. FP FP .
1MIN. M F F
1 MIN. 15 SEC. Hp MS MS
1 MIN. 30 SEC.
1 MIN. 45 SEC,
2 M,
2 MIN. 15 SEC.
2 MiN. 30 SEC.
2 WIN, 45 SEC.
3MIN.
END OF CHARGE ;
LID REPLACED |

Zglzléms 1:40 4 - increasinG ¢  oecreasic ~—» CHANGING TO

TIME - § = STACK WP = HOPPER F ~ FIRE

: L = LIGHT FLOW M = MEDIUM FLOW H = HEAVY FLOW

BL = BLACK Y = YELLOW P = PUFFY

WEATHER: MANUAL GAS

"LARRY CAR OBSERVATION LOG

DATE: 3!27/74

REMARKS: Coke side ascension pipe 1id failed to close, Lid man closed it manually.

MITRE

MCF 2495 12/73
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“LARRY CAR OBSERVATION LOG d
company: _National Steel oave: _3/27/74
PLANT: _Weirton Steel . TiME: _3143
BatTERY: __Brown's IYsland ‘ ovewn: _B=25
PUSHER SIDE CENTER CENTER COKE SIDE
1 2 3 [
vormen | onh | o | omor | pemew | ster | woreen | ore
. CHARGE MSP Mt
" 15 SEC. i M MFP. MFP
30 SEC. MFP MFP MFP
458sC. | Et MIFP MiP
1MIN. LEP LFP LFP
1 MiIN. 15 SEC. MS Ms : L
1 MIN. 30 SEC. FP FP
1t MIN. 45 SEC. '
2MIN.
2 MIN. 15 SEC. : . .
2 MIN. 30 SEC. ’
2 MiIN. 45 SEC. :
3 MIN,
END OF CHARGE
LID REPLACED ! -
:g::;ma 1:42 f = [INCREASING * DECREASING —# CHANGING TO
TIME . § = STACK HP = HOPPER . F = FIRE
L » LIGHTFLOW - M = MEDIUM FLOW H = HEAVY FLOW
BL = BLACK ¥ = YELLOW P = PUFEY
WEATHER: MANUAL GAS .

REMaRKS: More smoke than usual at the beginning of the charge. Smoke especially
heavy on drop sleeves one, two, and thre a L
toward the end,

— |

MCF 2495 12/73 ) OBSERVER
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company: _-Bational Steel

pianT: __Welrton Steel

paTTERY: _ Brown's Island

CHARGE
15 SEC.
30 sEC.
45 SEC.

. VMINL
1MiN, 15 SEC.
1MIN. 30 SEC.
1MIN. 45 SEC.
2MIN.
2auM. 15 SEC.
2 MIN. 30 SEC.
2 MIN. 45 SEC,
IMIN,
END OF CHARGE

LID.REPLACED

TOTAL
CHARGING
TIME

WEATHER:

"LARRY CAR OBSERVATICN 1.0G

oate: _ 3/27/74
r TiME: - 4306
oven: __C=25
‘PUSHER StDE "CENTER CENTER COKE SIDE
2 3 4
DROP HOPPER/ DROP HOPPER/ DRoOP DROP
HOPPER SLEEVE STACK SLEEVE STACK SLEEVE HOFPER SLEEVE
MSP
MF MF L
L L+FP Li¥P
LF LF-
M F F
F
|
4
L]
4
\. T
1141 $ - incrEasing ¥  DECREASING —» CHANGING TO
§ = STACK HP = HOPPER F = FIRE
L = LIGHMT FLOW M = MEDIUM FLOW H = HEAVY FLOW
BL = BLACK Y = YELLOW P = PUFFY
MANUAL GAS

REMARKS: It appeared that all hoppers and stacks puffed back at the end of the charge.

e

‘MiTRE

L
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PLANT:

BATTERY:

CHARGE
15 SEC. .
30 SEC.
45 SEC.

1 MIN,

1 MIN. 15 SEC.
1MIN. 30 SEC.

1 MIN. 45 SEC.

2 MIN.

2 MIN. 15 SEC.
2 MIN. 30 SEC.

2 MIN. 45 SEC.

3 MIN.

END OF CHARGE

LID REPLACED

TOTAL
.CHARGING
TIME

'LARRY CAR OBSERVATION LOG

company: _National Stee) paTe: __3/28/74
Weirton Steel ' TiME: 2334
Brown's Island oven: _ A-27
PUSHER SIDE CENTER CENTER COKE SI0E
1 2 3 4
DRAGQP HOPPER/ DROP HOFPE A/ DROP ORGP
HOPPES SLEEVE STACK SLEEVE STACK SLEEVE HQPPER SLEEVE
MSP
L+ L
MF LF
L¥P LFP
F LF LF
MS M8
I ]
1:38 . / T = INCREASING + DECREASING = CHANGING TO
I 5 = STACK HP = HOPPER F = FIRE,
L = LIGHT FLOW M = MEDIUM FLOW H = HEAVY FLOW
BL = BLACK Y = YELLOW P = PUFFY

WEATHER:

MANUAL GAS _

] .
REMARKS: Sleeve up to lid’at eight seconds. FEight to nine seconds to rotate.

‘ 7
NITTRE Iy Y%

MCF 2495 12/72 . ’ ) OBSERVER
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