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DISCLAIMER

This report was prepared by Bethlehem Steel Corporation pursuant to a cooperative
agreement funded partially by the U. S. Department of Energy, and neither Bethlehem
Steel nor any of its subcontractors nor the U. S. Department of Energy, nor any person
acting on behalf of either:

(a) Makes any warranty or representation, express or implied with respect to the
accuracy, completeness, or usefulness of the information contained in this report,
or that the use of any information, apparatus, method, or process disclosed in this
report may not infringe privately owned rights; or

(b) Assumes any liabilities with respect to the use of, or for damages resulting from
the use of any information, apparatus, method or process disclosed in this report.

Reference herein to any specific commercial product, process, or service by trade name,
Trademark, manufacturer, or otherwise does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the U. S, Department of Energy. The
views and opinions of authors expressed herein do not necessarily state or reflect those of
the U. S, Department of Energy.






ABSTRACT

Bethlehem Steel Corporation (BSC) requested financial assistance from the Department
of Energy (DOE), for the design, construction and operation of a 2,800-ton-per-day blast
furnace granulated coal injection (BFGCI) system for two existing iron-making blast
furnaces. The blast furnaces are located at BSC’s facilities in Bums Harbor, Indiana. The
demonstration project proposal was selected by the DOE and awarded to Bethlehem in
November 1990. The design of the project was completed in December 1993 and
construction was completed in January 1995. The equipment startup period continued to
November 1995 at which time the operating and testing program began. The blast
furnace test program with different injected coals was completed in December 1998.

This Final Report is designated as Yolume 2. Volume 1, as specified in the general
guidelines for project reporting, is the Public Design Report of March 1995 that is
referenced in the Bibliography, Section 10 of this report.

BFGCI technology involves injecting coal directly into an ironmaking blast furnace and
thereby reduces the need for coke on approximately a pound of coke for a pound of coal
basis. This demonstration project is a full-scale application of the commercial version of
the BFGCI system that is available to the integrated steel industry. The Burns Harbor

- BFGCI system demonstrated that:

® A coal preparation system can be used to inject granular coal as well as pulverized
coal. No other system has been utilized over this range of coal sizes.

e The costs for granular coal systems can be less than for pulverized systems.

The primary goal of the BFGCI and the Cooperative Agreement with the Department of
Energy was to demonstrate the advantages of using a granular coal injection facility
rather than a pulverized coal injection system. Secondary objectives were to determine

the effect of coal grind size and coal type on blast furnace performance.

The major conclusion based on three years of operational experience with the granulated
coal injection system is that granular coal works very well in a large blast furnace.

Specific conclusions from the blast furnace trials are:

1)  Granular coal performs as well as pulverized coal in large blast furnaces.

2) The energy consumption for granulating coal is significantly less than that required
for pulverizing coal. Specifically, 60% less energy is consumed in coal grinding when

producing granular sized coal, a significant economic benefit.

3) The blast furnace operation with low volatile coal is superior to an operation using
high volatile coal.
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GLOSSARY OF TERMS

Bosh — an area above the tuyeres

Burden - the solid mixture of iron ore, coke, and limestone that descends through the furnace
Coke replacement ratio — pounds of coke replaced per pound of coal injected

Granular Coal - powdered coal with10-30% passing through a 200-mesh screen

Hearth — bottom of furnace, where liquid metal and slag collect

Hot blast - heated air produced in the stoves and injected into the furnace

Permeability - a measure of the ability of the combustion gas to pass through the furnace burden
Productivity — net tons of hot metal produced(NTHM) per unit time, usually a day

Pulverized coal — powdered coal with 70-80% passing through a 200:mesh screen

Raceway — a channel around the bottom of the furnace created by the injected hot blast

Reducing gas — gas produced by the partial combustion of carbon in the furnace, primarily carbon
monoxide

Slag - solid residue remaining after the reduction of iron ore to iron; primarily calcium and
aluminum oxides plus other elements such as magnesium, sodium, potassium, etc.

Slag volume — a measure of the amount of slag produced, usually expressed in pounds per NTHM
Stack — truncated upright cone portion of the blast furnace

Taphole — openings below the tuyeres through which the molten iron and slag are removed from
the furnace

Tuyeres — openings through which the hot blast is injected into the furnace
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EXECUTIVE SUMMARY

Bethlehem Steel Corporation (BSC), of Bethlehem, Pennsylvania requested financial
assistance from the Department of Energy (DOE), for the design, construction and
operation of a 2,800-ton-per-day blast furnace granulated coal injection (BFGCI) system
for two existing iron-making blast furnaces. The blast furnaces retrofitted with BFGCI
each have the capacity of 7,000 net ton of hot metal (NTHM) per day. The blast furnaces
are located at BSC’s facilities in Burns Harbor, Indiana. The demonstration project
proposal was selected by the DOE and awarded to Bethlehem in November 1990. The
design of the project was completed in December 1993 and construction was completed
in January 1995. The equipment startup period continued to November 1995 at which
time the operating and testing program began. The blast furnace test program with
different coals was completed in December 1998. The total project cost was
$190,650,000, with DOE’s share being $31,260,000 or 16.4% of the total.

The principal purpose of a blast furnace is to smelt iron ores to produce pig iron that is
the primary ingredient in the production of steel. Other raw materials consumed in the
smelting process are coke, which is the primary fuel and reducing agent; limestone and
dolomite, which act to flux the earthy constituents in the iron-bearing' materials and coke
ash to form a slag; and hot air and oxygen, which are needed to support combustion of
the coke. Supplemental fuels such as fuel oil and natural gas have been used at the Burns
Harbor facility to replace some of the coke. The blast furnace produces a slag which is
skimmed from the molten pig iron. The slag contains most of the impurities from- the raw
materials. The slag can be utilized as an aggregate material in the manufacture of roadfill
or cement. Thus, the sulfur introduced by the direct injection of coal becomes a
constituent in a useful by-product.

BFGCI technology involves injecting coal directly into an ironmaking blast furnace and
thereby reduces the need for coke on approximately a pound of coke for a pound of coal
basis. Coke was replaced with direct coal injection up to about 280 pounds per NTHM.
The reducing environment of the blast furnace enables the capture of almost all the sulfur
by the slag and hot metal. The gases exiting the blast furnace are cleaned by cyclones
and wet scrubbers to remove particulates. The cleaned blast furnace gas is then used as a
fuel in other steel plant processes.

BSC is the signatory of the Cooperative Agreement, the owner and operator of the
demonstration facility and provided the site and blast furnaces to conduct the project. In
addition, the project team included ATSI, Inc. of Buffalo, New York; Simon Macawber,
Ltd., Doncaster, England; and British Steel Consultants Overseas Services, Inc., a -
marketing arm of British Steel. The BFGCI equipment was developed by British Steel
and Simon Macawber. Simon Macawber is currently known as Clyde Pneumatic.
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This demonstration project was a full-scale application of the of the BFGCI system that is
available to the integrated steel industry. The Burns Harbor BFGCI system demonstrated
that:

e A coal preparation system can be used to inject granular coal as well as pulverized
coal. No other system has been utilized over this range of coal sizes.

® The costs for granular coal systems can be less than for pulverized systems.

®  Granular coal is easier to handle in pneumatic conveying systems. Granular
coals are not as likely to stick to conveying pipes if moisture control is not
adequately maintained.

o The unique variable speed, positive displacement Simon-Macawber injectors
provide superior flow control and measurement compared to other coal injection
systems.

The main facilities that were installed and demonstrated included a coal storage area, a
coal reclaim facility, a drying and grinding facility, and a furnace injection system. The
drying and grinding facility was designed to produce coals ranging in size consist from
80% -200 mesh(pulverized coal) to 30% -200 mesh(granular coal).

In addition to displacing the natural gas, the injected fuel previously used at Burns
Harbor, the coal injected through the tuyeres displaced coke, which is the primary
reductant and fuel in the blast furnace. The Burns Harbor project generated operating
data and trial results that are applicable to the domestic integrated steel industry.

The primary goal of the Project and the Cooperative Agreement with the Department of
Energy was to demonstrate the advantages of using a granular coal injection facility
compared to a pulverized coal injection system. Secondary objectives were to determine
the effect of coal grind size and coal type on blast furnace performance.

The major conclusion based on three years of operational experience with the granulated
coal injection system is that granular coal works very well in a large blast furnace.

Specific conclusions from the four blast furnace trials, discussed in detail in the Technical
Performance section of this report, are as follows:

1}  Granular coal performs as well as pulverized coal in large blast furnaces.
2) The energy consumption for granulating coal is significantly less than that required
for pulverizing coal. Specifically, 60% less energy is consumed in coal grinding when

producing granular sized coal. This is a substantial economic benefit.

3) The blast furnace operation with low volatile coal is superior to the operation using
high volatile coal.
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4) Granular coal sizing is a key attribute for the successful use of low volatile injection
coal.

5) Low volatile coal replaces more coke in the blast furnace than an equal amount of
high volatile coal.

6) Higher ash content in the injected coal results in increased furnace coke rates, There
is a coke rate disadvantage of three pounds/NTHM for each one per cent increase of ash
at an injection rate of 260 pounds/NTHM. However, the higher ash coal had no adverse
effect on furnace permeability or productivity.

XV






1.0 INTRODUCTION

This final report describes the Blast Furnace Granular Coal Injection project that was
implemented at the Burns Harbor Plant of Bethlehem Steel Corporation. This
demonstration project was part of Round III of the DOE Clean Coal Technology (CCT)
Program. The project received cost sharing from the U.S. Department of Energy (DOE),
and is administrated by the Federal Energy Technology Center in accordance with the
DOE Cooperative Agreement No. DE-FC21-91MC27362.

This installation is the first in the United States to use British Steel technology that *
provides granular coal as a portion of the fuel requirements of a blast furnace. The
project demonstrated and assessed a broad range of technical and economic issues
associated with the use of coal for injection into blast furnaces. To achieve the program
objectives, the demonstration project was divided into the following three Phases:

PhaseI - Design
Phase [I - Construction
Phase III - Operation

Preliminary Design (Phase I) began in 1991 with detailed design commencing in 1993.
Construction at the Burns Harbor Plant (Phase II) began in August 1993 and was
completed at the end of 1994. The demonstration test program (Phase III) started in the
fourth quarter of 1995 and was completed in December 1998.

1.1  Overview of the Project

1.1.1  Background and History of the Project

It was recognized over a hundred years ago that injecting hydrocarbons through blast
furnace tuyeres would decrease coke requirements. Hydrocarbon injection does alter the
heat balance in the lower section of the furnace. The combustion of fuels, such as oil,
natural gas or coal that are injected through the tuyere, produce reducing gases with a
lower temperature than what is achieved by buming coke that has been preheated inside
the blast furnace to over 2000 degrees F. Additionally, when the injected fuel has a high
hydrogen to carbon atomic ratio, less heat is generated in the combustion of that fuel to
CO and H;. Natural gas has a hydrogen to carbon ratio of 4 to 1; the comparative values
for fuel oil and bituminous coal are 1.5 to 1 and 0.75 to 1, respectively.

The selection of coal in preference to other injectants is based on the fact that the
endothermic effect of coal on the high temperature heat supply to the lower part of the
furnace is the smailest of ali injected fueis. Coal injection into blast furnaces was the
carliest form of tuyere injection with experiments beginning in France between 1840 and
1845. Paddles or primitive screw feeders were used to introduce coal into the air blast
close to the tuyeres. The practice continued for several years. Besides some
unsuccessful attempts at pneumatic injection of coal between 1910 and 1920 and



experiments in the USSR in the early 1950’s, it was not until 1959 and the early 1960’s
that coal injection was successfully practiced. Trials at Buffalo in the USA, Louvroil in
France and Stanton in England proved that the technology was available for pneumatic
injection of coal, but the economics were such that oil and natural gas became the most
popular tuyere injectant fuel world-wide. The exceptions were at Armco Steel, now AK
Steel, in the USA and Shoudu Iron and Steel Company in China, where coal injection has
been practiced from the mid-1960’s until the present day.

The 1960 trials in the United Kingdom proved that the technology existed for pneumatic
injection of granular coal. The trials used coal with a size consist of 100% less than 1/8
inch (3.2mm) and approximately 11% less than 74 micron. This size coal is easier and
less expensive to produce, using a hammer mill, than is finer, pulverized coal with
equipment such as a ball or roller mill pulverizers. The trials also showed that granular
coal would flow well using pneumatic conveying techniques. Injection rates of up to 360
pounds per net ton of hot metal (NTHM) were achieved using a variety of coals. The coal
was found to reduce the need for coke on an equivalent weight basis. Coal injection was
discontinued, however, because of lower oil prices.

The facility installed by Bethlehem Steel Corporation (BSC) uses Blast Furnace
Granulated Coal Injection (BFGCI) technology developed jointly by British Steel and
Simon Macawber. The BFGCI technology was first used on British Steel’s Queen Mary
blast furnace at the Scunthorpe Works. Based on the Queen Mary performance, coal
injection was installed on Scunthorpe’s Queen Victoria, Queen Anne and Queen Bess
(operational standby) blast furnaces and on Blast Furnaces 1 and 2 at the Ravenscraig
Works. Queen Victoria’s system was brought on line in November 1984 and Queen
Anne’s in January 1985. The Ravenscraig systems were started up in 1988.

Although British Steel discontinued the operation of its Ravenscraig blast furnaces in
early 1993 in response to a contraction of the steel market, BFGCI is still employed on
Scunthorpe’s four blast furnaces.

1.1.2  Project Organization — Phase I and II

BSC is the owner and operator of the facility and the program manager as defined under
the Cooperative Agreement with the DOE. As the program manager, BSC placed a
turnkey contract with Fluor Daniel, Inc., Greenville, SC, for engineering, procurement,
construction, training, commissioning, and performance testing of the raw coal handling,
coal preparation and coal injection systems. Fluor Daniel placed a subcontract with
ATSI/Simon Macawber, Ambherst, NY, for the design and supply of equipment associated
with the injection system. Figure 1 shows a schematic organization chart for these two
phases of the project.

The injection facility provides for the storage and handling of dry, granular coal after it

facility technology involving the handling and control of the granular coal through the
injection facility is provided by a joint venture company, ATSI — Simon Macawber



(ATSUSM), in Amherst, NY. ATSI/SM has the license to market the technology in
North America. ATSI/SM obtained the license from Simon Macawber, United Kingdom,
who has the license to market the technology worldwide. The injection technology
includes the design of the injection facility components and supply of the proprietary
hardware from Simon Macawber, Doncaster, United Kingdom. ATSI/SM also furnished
training and startup services as part of their supply. Simon Macawber is now known as
Clyde Pneumatic.

BSC contracted with British Steel, PLC, for the supply of blast furnace operation know-
how and startup technical assistance. This included operational, maintenance and safety
instruction manuals, pre-startup training for BSC personnel at British Steel’s Scunthorpe
Works, facility start up services at the Burns Harbor Plant, and consulting services for a

two year period after commissioning.

1.1.3  Project Organization ~ Phase IIT

The organization for the testing and demonstration phase of the project is shown in
Figure 2. At this point in the project, the responsibility for the test work and results of the
project became the obligation of BSC. In particular, the operating personnel at the Burns
Harbor blast furnace, with support of many other disciplines, administered the test and
results portion of the project.

1.1.4  Project Description

The ironmaking biast furnace is at the heart of the integrated steelmaking operations.
This is where iron ore, limestone and coke are charged into a countercurrent shaft
reactor. These raw materials are put into the furnace at the top and descend to form a
molten pool of iron at the bottom of the furnace. Preheated air or hot blast enters the
furnace through a series of ports (tuyeres) around and near the base of the furnace.
Reduction of the descending ore occurs by the reaction with the rising hot reducing
gases that is produced when coke is burned at the tuyeres. The molten iron is
transported to the steelmaking area, purified and alloyed to steel to begin the process
that results in recognizable products such as automobiles, home appliances, bridges and
skyscrapers.

Bethlehem Steel Corporation operates two blast furnaces, C and D, as part of an
integrated flat-rolled facility at Bums Harbor, Indiana. The two furnaces are very
similar in size and construction. These furnaces have normally been operated at
production rates of 6600-7100 NTHM/day. Although both furnaces have low coke
consumption rates, the coke required for this production level exceeds the capacity of
the two coke oven batteries at the plant. With the cost of supplementing the home coke
supply projected to rise along with concerns about the availability and quality,
Bethlehem sought to improve the blast furnace operation while decreasing the
consumption of coke.



To reduce coke consumption, many fuels have been injected to the blast furnace through
the tuyeres. Tar, oil and natural gas have all been used at Burns Harbor to reduce the
coke requirement. The local economics of coke and the cost and availability of each
injectant has been the driving force for which fuel to use at any particular point in time.
Prior to 1995, Burns Harbor used natural gas as an injectant. Despite the simplicity of
operation, lack of large capital outlay and the good results from natural gas, blast
furnace operators realized the limitations of gas, the inevitable increase in price and a
concern on future availability.

Prior to the construction of the Granulated Coal Injection System at Burms Harbor, all
coal injection facilities in the United States were designed to provide pulverized coal.
Pulverized coal is defined as 70% - 80% of the injected product coal being -200 mesh.
Granulated coal is defined as the final ground coal size injected to the furnace as being:

100% is -4 mesh (Smm)
98% is -7 mesh (3mm)
<30% is -200 mesh

A major advantage of granulated versus pulverized coal is that less energy is required
for grinding. The granulated coal injection system is also easier to maintain, In
addition, the Burns Harbor system has the ability to produce either pulverized or
granulated coal, albeit at a reduced production level when preparing pulverized coal.
The flexibility of the equipment was important for the coal testing program.

The Bumms Harbor project has been conducted to generate data that is applicabie to the
entire domestic integrated steel industry. The project has demonstrated sustained
operation with a variety of coal types, sizes and chemistry, The operation with the
injected coal has been compared to the blast furnace operation with natural gas, the
previous tuyere injectant used at Burns Harbor. In addition, trials were completed
comparing the use of the same coal with granular and pulverized sizing.

1.1.5 Project Schedule

The project schedule is shown in Figure 3. A much more comprehensive and detailed
project management time line schedule showing engineering, procurement and
construction activities is available in the Public Design Report dated March 1995.

1.2 Demonstration Project Goals

The goals that were completed as part of the project are described in the following
sections.



1.2.1 Coal Particle Size

Operation of the BFGCI system was demonstrated for primarily granular sized coal. The
initial six month operation of the furnace with high volatile coal on C furnace showed the
operating characteristics of the blast furnace with granular coal. The trial schedule was
designed to show the advantages of granular coal which are reduced capital costs for
grinding facilities and reduced energy consumption for the grinding process. The direct
comparison of granular and pulverized coal sizing was completed in October and
November 1998,

1.2.2 Coal Chemistry and Type

The effect of coal chemistry, in particular, higher ash content, on blast furnace
performance was demonstrated and categorized. In addition, two coal types, high and
low volatile with granular sizing were directly compared.

1.2.3  Coal versus Natural Gas

The blast furnace process advantages of the use of granular coal compared to the
historical use of natural gas at Burns Harbor were also evaluated. This comparison is
discussed in section 5.1.3 and illustrated in Table 5.



2.0 TECHNOLOGY DESCRIPTION

The injection of cnal into the blast furnaces at Burns Harbor required the installation of
major new facilities and modifications to some existing facilities. The scope of this work
is categorized into the following areas — raw coal supply, raw coal reclamation, coal
preparation, coal injection, peripheral facilities and environmental control facilities. The
following description of the technology and the facilities is a summary of previous reports.
A detailed description of the facilities with appropriate engineering drawings is available
in the Public Design Report of March 1995. The facilities are shown schematically in
Figure 4.

2.1 Description of the Demonstrated Technology

The BFGCI technology was developed to use bituminous coals that are typically used by
the power generation industry. The preparation of the coal (grinding and drying) can be
done by a variety of commercially supplied mill systems that are also used by the power
generation industry. In fact, a very simple, low cost hammer mill would be sufficient to
produce the granular coal specification developed by British Steel. However, the need to
demonstrate both granular and pulverized coal sizes precluded a hammer mill from being
used for this facility.

A schematic of the Burns Harbor system is shown in Figure 5. The granular coal
injection technology (storing, metering and transporting the granular coal into the
furnace) was supplied by ATSISM. The granular technology includes the design of the
injection system, the product coal silos, weigh bins, distribution bins, injectors, injection
lines, injection lances and control system. The technology also includes the supply of
injectors, injection piping system components, and injection lances by Simon Macawber.

2.2 Description of the Demonstration Facilities

Each component of the coal injection system is reviewed in the following sections of this
report.

2.2.1 Raw Coal Supply

Raw coal is shipped from the coal mine to the Burns Harbor Plant by rail in unit trains of
100 cars. The coal is unloaded with an existing car dumper. As part of the coal injection
project, one existing conveyor was elevated to provide room for a diverter gate to reroute
coal to the coal injection facility. A new 60 inch wide conveyor was built to supply coal
to a 28,000 ton coal pile area to maintain a 10 — 14 day supply of coal.

2.2.2 Raw Coal Reclaim

A raw coal reclaim tunnel was built under the coal storage pile. The reclaim hoppers in
the tunnel feed a 36 inch wide reclaim conveyor. The 400 foot long conveyor transports



the coal at a rate of 400 tons per hour above ground to the south of the storage pile. The
coal is sent to a precrusher and then to the top of the coal preparation process building.

2.2.3 (Coal Preparation

Coal is transferred from the reclaim conveyor to a distribution conveyor that directs the
coal into one of two raw coal storage bins. Each bin holds 240 tons of coal. They are
totally enclosed with a vent filter on top.

From the bins, coal flows into a feeder that controls the flow to the Williams coal-
grinding mill. The mill is driven by a S00HP variable speed motor. The mill contains six
roller journals that rotate about a vertical axis against the inside diameter of the 90 inch
bowl ring. The faster the journal rotates the greater the crushing force against the bowl
ring. The coal particle size is largely controlled by the mill rotational speed. Heated air
from a natural gas fired burner is mixed with recycled air and sweeps the coal through the
mill-grinding chamber.

The coal and gas mixture pass through a cyclone separator where 95% of the coal fines
are separated from the gas. There are two Williams Patent Crusher grinding/drying mill
systems. Each system is designed to produce 30 tons per hour of pulverized coal or 60

- tons per hour of granular coal.

2.2.4 Coal Injection

The coal injection facility consists of four parallel in-line series of equipment, two for
each furnace. Each series of equipment begins with the screw feeder to the product coal
silo and ends with the coal injection lance at the blast furnace tuyere.

Coal from the two product coal screens is directed to four screw feeders that feed four
product coal silos. Each silo holds 180 tons of coal. This is sufficient to maintain coal
injection at 60 tons per hour for six hours. This system is designed as an oxygen
exclusion system. Coal flows by gravity to an enclosed distribution bin that serves as a
holding area for the individual two.ton batches. The distribution bin contains 14 conical
shaped pant legs each of which feeds an injector. The injector contains a lockhopper with
a screw feeder at the bottom. The screw feeder meters the coal from the injector vessel to
the injection line. At this point the coal is mixed with high pressure air and is carried
approximately 600 feet to an injection lance mounted on each of the 28 blow pipes on the
blast furnaces.

2.2.5 Process Building

The coal preparation system and injection plant system equipment is in a process building
located to the west of the blast furnaces. The building has a plot cross-section of 56 feet
x 76 feet and has two roof levels at 45 and 105 feet above grade.



2.2.6  Utilities Building

The utilities building houses all motor controls, electrical switchgear, injection air
compressors, HVAC, spare parts and the main control room.

2.2.7 Environmental Control Facilities

The facility complies with all of the State of Indiana environmental regulations. Also, a
project Environmental Assessment was approved by the DOE in May 1993. The Public
Design Report of March 1995 provides a complete description of the method and
facilities that provide environmental compliance.

2.3  Progess Flow Diagram

Figure 4, referred to previously, shows a general layout of the flow of coal from the
unloading point to the blast furnace. Figure 5 shows the application of the granulated
coal injection system and its relative place in the larger scheme of the entire blast furnace
complex. In addition, Table 1 shows the Facility Design Parameters for the entire
system. The capacity of each of the elements in the simplified process flow diagram is
noted in this table. Additional detailed stream data.of each element in the system with
appropriate mass flow rates are available in the Public Design Report in drawings
numbered 200/300-59J-01 and 100-250-00.



3.0 UPDATE OF THE PUBLIC DESIGN REPORT

There were no substantive changes made to the BFGCI equipment or to any of the other
material reported on and issued in the Public Design Report of March 1995.

40 DEMONSTRATION PROGRAM

The demonstration phase of the BFGCI system consisted of two process evaluations: the
operation of the coal grinding and delivery system to the blast furnace and the effect of
coal injection on the blast furnace. The startup and initial operation of the BFGCI system
was assessed during the first five months of operation as blast furnace operating practices
with the new equipment were developed. For the blast furnace process evaluation, four
trials were conducted during the three-year project demonstration phase.

4,1 Test Plans

The operation of the Blast Furnace Granulated Coal Injection System was reported in
monthly and guarterly blast furnace operating reports. In addition, any special blast
furnace operating parameters that were adjusted to accommodate coal injection were
discussed in the quarterly operating reports submitted to the DOE and reiterated in the
annual reports to DOE. Table 2 lists the topics and reference reports on the operational
experiences with the BFGCI. The environmental performance of the facility with
appropriate data was reported in quarterly reports beginning in 1996. Table 3 shows a
listing of the quarterly environmental reports that were submitted.

A meaningful analysis of blast furnace process changes that occur with a change of
injected coal type or sizing requires a base period from which comparisons can be made.
The requirements for an acceptable blast furnace trial are:
1. A steady state operation of the blast furnace with a minimum of day-to-day
variability. The length of the test pertod is flexible, however, the longer the trial
duration, the more definitive the results.

2. A base period that is reasonably close, chronologically, to the trial period.

3. A minimum of major furnace process changes during the trial, particularly with
the process variable that is being evaluated.

4.1.1 Blast Furnace Trials

There were four full blast furnace trials conducted with the BFGCI. Each trial was
designed and planned to address a project goal. Table 4 lists the four trials conducted
and reported on, the trial dates and the parameters that were demonstrated with the trial.



4.2 Operating Procedures

The coal injection facility is comprised of many elements. Each element is controlled by
process computers programmed for sate and reliable operation. In addition, the operation
of the injection facility is very much influenced by the operation of the blast furnace.

The process automation described below for the BFGCI is closely aligned with the
systems in place for the blast furnaces.

4.2.1 BFGCI Instrumentation and Data Acquisition

The control system for the Blast Furnace Granulated Coal Injection System is designed to
provide a steady, accurate and reliable supply of coal to the blast furnaces. The system
will permit: 1) raw coal supply (car dumper to coal pile) to be controlied from the
existing material handling system control station in the J-5 Junction House, 2) raw coal
reclaim and coal preparation to be controlled from the control room in the Utility
Building, and 3) coal injection rate to be controlled by the blast furnace operator in the
existing C and D furnace control rooms.

The automation is accomplished through the appropriate use of Level O devices
(instruments, transmitters, switches, etc.) that provide input and output for PLC’s

" (programmable logic controllers), Level 1 devices to control equipment functions, and
Level 1.5 devices-MMTI’s (man machine interfaces) to provide operator access to the
control system. -

All Level 0, Level 1 and Level 1.5 devices are interconnected through the use of hard
wires, data highways and fiber optics to provide an integrated control system. The
control system for coal supply, coal reclaim, coal preparation and coal injection is linked
to the Blast Furnace Level 2 control system to provide data for operation of the blast
furnaces and for data retrieval and archival purposes.

4,2.2 Blast Fumace Level II Process Control

The coal handling, coal preparation and coal injection Level 1 programmable logic
controller (PLC) transfer data to the blast furnace Level II process control system. The
Level 2 system performs calculations regarding the operation and performance of the
furnace based on the amount of injected coal. The Level II system is also used to
perform trending of the various functional data gathered by all the Level [ PLC's. The
Level II system sends data to the Bethlehem Steel Level III Regional Data Center for
archiving.

4.2.3 Critical Component Failure Analysis

The equipment used for this demonstration is commercially available and has been used
reliably on smaller furnaces at British Steel. There were no instances of critical
component failures during the operating period at Burns Harbor beginning in 1995 to the
present.
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50 TECHNICAL PERFORMANCE

The project goals were satisfied with the four primary trials that were completed on the
blast furnaces with the BFGCI system. The trials and the attributes demonstrated are
shown in Table 4 and are discussed in detail below. In addition to this discussion, a
compiete report with detailed information was published for each of the trials as listed in
Table 4.

5.1 Blast Furnace Granular Coal Injection — Results With Low Volatile Coal

5.1.1 Background

The granulated coal injection facility at the Burns Harbor Plant began operation in
January 1995. Coal injection began on D furnace in mid-December 1994, primarily to
test the coal grinding and preparation circuits. Significant operations began January 19,
1995 when coal was injected through four tuyeres at a total rate of 20 pounds/NTHM.
Coal injection was initiated on C furnace on February 9, 1995 using four tuyeres at an
overall rate of 25 pounds/NTHM. The remaining 24 tuyeres used natural gas injection at
the same time. These conditions were maintained throughout February and March.
Operating difficulties with the coal grinding and preparation system, typical of new
facility startup problems, required equipment changes and modifications. The first
complete month of operation with coal as the sole injectant on C furnace was June 1995.
On D furnace, complete coal injection began in April 1995. Since that time an
operational learning curve and the development of efficient operating practices with the
granulated coal facility were completed.

Sydney coal, a high volatile coal, was used on both furnaces for eight months. Six
different low volatile coal types were subsequently used on both furnaces for seven
months. The good operational experience with the low volatile coal resulted in a decision
to use low volatile Virginia Pocahontas coal as the standard for granulated coal injection
at Burns Harbor.

5.1.2 Blast Furnace Operations

The Burns Harbor C furnace operation during October 1996 meets the requirements for
an acceptable comparative base period. The operating results for this period were used as
the basis for the evaluation of future trials.

The October operation on C furnace was satisfactory in terms of furnace performance
parameters using coal injection. The injection facility supplied coal without interruption
for the entire month. The average rate of 264 pounds/NTHM varied from 246-278
pounds/NTHM on a daily basis. The furnace coke rate during the period averaged 661
pounds/NTHM.
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5.1.3 Furnace Operating Conditions

The C furnace was designated as the granulated coal test facility due, in large part, to the
physical improvements made to the furnace during the 1994 reline. The C furnace was
enlarged slightly and the refractory cooling system was upgraded to a high density plate
cooling configuration. The furnace stack region on C has closely spaced cooling plates
that are not on the D furnace. The high density cooling was specifically designed for the
rigors of high coal injection rates and to provide for increased production capability.

The essential operating characteristics for the base test during October 1996 are shown in
Table 5. These values comprise the operating base results necessary for comparison to
other trials.

The type of coal used and the size distribution for the trial is of primary consideration for
this period. The monthly average chemistry for the Virginia Pocahontas injection coal is
shown on Table 6. This coal is a low volatile type with high carbon and relatively low
ash content. These two characteristics should provide the highest coke replacement value
for the furnace process. The sulfur content of this coal is 0.78% and is considered to be
mid-range. Candidate coals that were evaluated for use ranged in sulfur content from
0.32% to 1.75%. The sulfur content and the impact on the furnace process are discussed
in more detail later. The sizing of the final granulated coal product is also important to
the blast furnace operators. Daily samples are taken on each furnace to determine the
size distribution of the coal sent to the furnace. Table 6 shows the average size
distribution of the coal injected on C furnace for October. Granular coal size for injection
purposes is defined as 100% of the product coal passing a 4 mesh (Smm) screen, 98% -7
mesh (3mm) and-10-30% as -200 mesh. In contrast, pulverized coal is defined as 70%-
80% of the product coal -200 mesh. The granular coal on C furnace for October was
14.6% -200 mesh.

The injected coal rate of 264 pounds/NTHM on C fumace during October is one of the
highest achieved since the startup of the coal facility. The reliability of the coal system
enabled the operators to reduce furnace coke to a low rate of 661 pounds/NTHM. The
low coke rate is not only good economically, it is an indicator of the efficiency of the
furnace operation with regard to displacing coke with injected coal.

Hot metal chemistry, particularly silicon and sulfur content, is another important
ironmaking parameter. The end user of the molten iron, the Steelmaking Department,
specifies the silicon and sulfur levels that are acceptable for their process. Low
variability around the average value is necessary to achieve these specifications. The
standard deviations of the silicon and sulfur content of the hot metal for October are
shown in Table 5 and indicate good process control.

Table 5 also shows a typical period of natural gas injection on the C furnace during
January 1995. Comparatively, significant operating changes occurred with the use of
injected coal versus natural gas. The wind volume on the furnace decreased significantly
with the use of coal. Oxygen enrichment also increased from 24.4% to 27.3% with coal.
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The amount of moisture added to the furnace in the form of steam increased most
significantly from 3.7 grains/scf of blast to 19.8 grains/scf. All of these operating
varigbles were changed by the furnace operating personnel to maintain adequate burden
material movement. These actions also increased the permeability of the furnace burden
column. Permeability is discussed in more detail later.

Also of significance in Table 5 is the adjustment made to the furnace slag chemistry to
accommodate the increased sulfur ioad from the injected coal. The sulfur content of the
slag increased from 0.85% with gas to 1.39% with coal. The slag volume was increased
in order to help with the additional sulfur input.

Blast furnace slag chemistry and volume are determining factors in the final sulfur
content in the hot metal. The blast furnace slag must be of such chemistry that it can
carry the suifur in the raw materials, including the sulfur contributed by the injected coal.
Table 7 shows the sulfur balance on C furnace during the month of October. Injected
coal is the second largest contributor of sulfur to the blast furnace process. The blast
furnace slag is the largest output for the sulfur.

The blast furnace also produces large quantities of gas. The gas exits the top of the
furnace, is cleaned and some is used as a fuel in the hot blast stoves. The excess gas is
consumed at the plant’s boiler house. Special testing during October by the Burns
Harbor Plant Environmental Department for the presence of sulfur in the gas showed an
average of 3.1 grains per 100 scf during the month. The amount of sulfur present in the
gas and the total gas production is shown on Table 7. The total furnace sulfur balance
shows reconciliation of the furnace sulfur input to output at 99.2%.

A measure of furnace stack conditions as well as the overall furnace operation is typically
known as permeability. Permeability is a function of the blast rate and the pressure drop
through the furnace. A general representation of the equation used for this purpose is:

Permeability = (Furnace Wind Rate)?/[(Furnace Blast Pressure)’-(Furnace Top
Prcssure)z]

The actual calculation requires the use of several constants for atmospheric condition
adjustment and the value arrived at is a pure number without units. It is used primarily
for operational comparative analysis. The larger the permeability value the better the
furnace burden movement and the better the reducing gas flows through the furnace
column. Figure 6 is a plot of the monthly permeability and the injected coal rates from
January through October 1996. The permeability decreased from January to February as
the injected coal rate was increased. Then the value increased monthly and declined
somewhat to a level of 1.19 for October. This indicates an acceptable overall operation
on the C furnace during the base test period.
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5.1.4 Furnace Thermal Conditions and Lining Wear

The C furnace is equipped with a Thermal Monitor System consisting of two
components: eight thermocouples embedded in the furnace refractory at each of four
furnace elevations and an extensive system of thermocouples in the discharge water of
the cooling system at five furmace elevations. The heat loss in the furnace is calculated
for various elevations in the furnace from the water system thermocouples.

In addition to the array of thermocouples, wear monitors have been placed in the
refractories of the furnace at various elevations and quadrants. These monitors give an
indication of the amount of refractory lining that is left in the furnace at the various
elevations.

The increased amount of injected coal does not seem to have caused an increase in the
ternperatures over the first ten months of 1996. The refractory temperatures for October
decreased at several elevations from some high values during January and February.

The refractory wear monitor readings from the beginning of the C furnace campaign
indicated that brick wear increased as coal injection rates increased. However, it is not
clear that this increased wear was due to coal injection. The refractory wear patterns of
previous furnace campaigns at the Burns Harbor Plant show that after twenty months of
service with coal injection, there is less refractory wear on C furnace than during the
three prévious furnace campaigns without coal injection. However, the previous
campaigns did not have the high density cooling configuration that was installed on the C
furnace for the current campaign.

5.1.5 Discussion

A major conclusion of the use of granular coal injection for the October base test as well
as the general furnace operational characteristics shown throughout 1996 is that granular
coal performs very well in large blast furnaces.

The quantity of furnace coke that is replaced by an injected fuel is an important aspect of
the overall value of the injectant on the blast furnace process. The replacement ratio is
also a very strong indication of the quality of the overall operation with coal as the
injectant. A detailed analysis of the furnace coke/granulated coal replacement value for
the C and D furnaces at the Burns Harbor Plant was conducted.

The replacement ratio for a blast furnace injected fuel is defined as the amount of furnace
coke that is replaced by one pound of the injectant. However, there are many furnace
operating factors, in addition to the injectant, that affect the coke rate. In order to
calculate a true replacement ratio for the injected coal, all other blast furnace operating
variables that result in coke rate changes must be accounted for. After accounting for
coke changes caused by variables other than the coal, the remaining coke difference is
attributed to the injected coal.
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To develop the replacement ratio, this evaluation compares monthly average furnace
operating results with an appropriate base period. Twenty-five months of data on both
furnaces which includes operating results through the second quarter of 1996 were used
for the regression analysis.

The adjusted furnace coke rate and the injected coal are plotted in Figure 7 along with the
best fit regression line. The slope of the best fit line shows that the coal/coke
replacement is 0.96. The C furnace value for October 1996 is shown separately. This
value correlates well with the overall regression. This is an excellent replacement ratio
and is significantly better than the 0.8-0.9 replacement reported by other injection
operations.

A second conclusion from this work is that the process can adequately handle the
increased sulfur loading from the injected coal. As shown in the sulfur balances, the blast
furnace slag can be adjusted to accommodate the increased sulfur input.

Thirdly, the unexpectedly large decrease in furnace permeability as a result of the use of
injected coal can be partially overcome by increasing the oxygen enrichment and raising
the moisture additions to the furnace.

5.2 Blast Furnace Granular Coal Injection — Results with Higher Ash Coal
5.2.1 Blast Furnace Opgratibns

Immediately prior to the high ash trial period the operation was characterized by high
production levels and a steady state for the major operating variables. During 1997, the
operation was run to achieve maximum fumace production rates. This is unlike most of
1996 when the primary focus was to maximize coal injection levels and achieve low
furnace coke rates.

The higher ash coal trial began on May 28, 1997 and concluded June 23, 1997, The trial
period was compared to two previous operating periods: a pre-trial period from May 1 -
May 27, 1997, and the October 1996 base period.

5.2.2 Trial Coal Selection

During the entire year of 1996, the injection coal used on both furnaces was the low
volatile, high carbon content Buchanan/Virginia Pocahontas. The coal is designated by
two names based on two different mine sites and the point of shipment to the plant.
However, both coals are from the same seam and are very similar chemically.

The typical analysis of Virginia Pocahontas in October 1996 and the Buchanan coal used
on the furnaces immediately prior to the trial period is shown in Table 8. For a trial that
would assess ash content only, it was important to use a coal that varies only in ash so
that there would be no confounding issues such as sulfur content or large differences in
volatile matter. To achieve this the coal supplier of the Buchanan coal suggested that ash
content could be increased at the mine site cleaning plant if one of the usual coal cleaning
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steps was eliminated. Trials were run at the mine and subsequent coal analysis confirmed
that the ash content could be increased with this method. The average analysis of the
four train trial coal is also shown on Table 8. The trial coal is 2.4% higher in ash than the
coal used for the October 1996 base and is 3.0% higher in ash than the coal used during
the furnace period immediately prior to the trial. As demonstrated on Table 8, the three
operating periods use coal that is significantly different only in ash content. Also shown
in Table 8 is the size distribution of the final injection product coal for the trial period.

5.2.3 C Furnace Operations

Table 9 shows the operating results for the high ash trial period on C furnace and the two
operating periods that are used to make the comparative analysis. Each of these periods is
operationally similar, the amount of injected coal used during each period is about the
same; the general blast conditions during the periods are comparable; the wind rates only
vary from 135,370 SCFM to 137,000 SCFM; the blast pressure, top pressure and
moisture additions are comparable.

5.4.4 General Trial Observations

There were several operating variables that were of concern and were-closely monitored
during the trial. Several of these parameters could have adversely affected furnace
performance with the use of the high ash coal. However, the trial period confirmed that
high coal ash, at the injection rate used, did not hinder furnace performance. This finding
is based on data in Table 9 that shows the following:

1. Furnace permeability was not changed and the higher ash loading in the raceway did
not have a deleterious effect,

2. Furnace blast pressure and wind volume were maintained at the base conditions
during the trial.

3. Furnace production rates were up as delay periods declined during the trial.

4. Hot metal silicon and sulfur content and variability were comparable during all three
periods

The primary change in the operation, as expected, was the increase in the blast furnace
slag volume. The 461 pounds/NTHM slag volume during the trial is significantly higher
than the 448 pounds/NTHM slag volume during the May 1 - May 27, 1997 period and the
424 pounds/NTHM during the October 1996 period. The general conclusion is that
higher ash content in the injected coal can be adjusted for by the furnace operators and
does not adversely affect overall furnace operations.
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5.2.5 Fumnace Coke Rate Results

The primary reason for this coal trial was to determine the coke rate penalty to the blast
furnace that results from the use of higher ash coal. In order to assess the comparative
furnace coke rate during a trial, all the blast furnace variables that the coke rate that are
different from the base must be adjusted by using coke correction factors. The only
variables that are not corrected or adjusted are those affecteded by the operating variable
that is being assessed. After all of the coke differences between the base period and the
trial period are accounted for, the remaining coke is attributed to the variable being
studied. Since the higher ash coal causes an increase in the furnace slag volume and
contributes to higher furnace coke usage, the coke was not adjusted for changes in the
slag volume,

Two comparisons, using the above logic, were made to validate and substantiate the
results of this trial. The higher ash trial results were compared to the period immediately
prior to the trial and the previously presented base period results from October 1996.

The results of the first comparison are shown in Table 10 where the high ash trial data
has been corrected to the May 1 - May 27, 1997 base period. The largest coke rate
adjustment necessary is for the difference in the injected coal amount-of seven pounds of
coke. The conclusion is that a three per cent increase in injected coal ash results in a nine
pound per NTHM increase in the furnace coke rate. This is the amount of coke carbon
needed to replace the carbon from the high ash coal without penalty.

The values from the second comparative period are shown in Table 11. As with the
previous analysis, only small adjustments are required to establish the overall corrected
coke rate. This comparison substantiates the first results. The 2.4 per cent increase in
coal ash from the October 1996 base period to the trial period results in a coke penalty of
eight pounds per NTHM.

The blast furnace sulfur balance for the trial period is shown in Table 12. There is good
closure for the sulfur input and output.

5.2.6 Furnace Thermal Conditions
The refractory temperatures at several elevations did not change significantly during this
time. Several elevations decreased slightly from higher values measured during February
and March 1997.
The thermal load values, expressed as the heat loss of the furnace in Btu/hr/ft2, were

practically unchanged during the trial as compared to the three previous months of
normal operation with the standard ash injected coal.
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5.2.7 Conclusions

This coal trial demonstrated some important blast furnace operating considerations when
using a high ash coal:

+ There is a coke rate disadvantage of three pounds per NTHM for each one per cent
increase of ash in the injection coal at an injection rate of 260 pounds per NTHM.

« Higher ash coal had no adverse affect on the furnace permeability.
* The prodﬁctivity of the furnace was unaffected by the three
percent increase in coal ash at the injection rate of 260 pounds

per NTHM.

« Hot metal quality was unaffected by the increased ash content
of the injection coal.

5.3 Blast Furnace Granular Coal Injection Resuits Using Pulverized and Granulated
High Volatile Coal

This section presents the results of two trials conducted using granulated and pulverized
high volatile coal from Colorado. The first trial was conducted to quantify the effect that
a high volatile western coal, Colorado Oxbow, has on the blast furnace operation and the
process economics compared to the eastern low volatile coal that is the current standard
at Burns Harbor. The high volatile western coal was pulverized for the second trial. The
pulverized trial period was compared to the granular period using the high volatile coal
and analyzed for blast furnace process differences.

The first trial, the comparison of high to lIow volatile coal, is an important aspect of the
demonstration project. This trial shows the role that coal chemistry, specifically carbon
and ash content, has on the blast furnace process. The objective of the second trial was to
determine if injected coal size, i.e., pulverized versus granulated, has an impact on biast
furnace performance. This comparison of pulverized versus granulated coal was an
important part of the demonstration project.

Table 13 shows the operating periods used on D furnace for the two trials. Operating
data from August 1998 were used as the base period to compare the furnace operation
using low volatile granular coal with the trial of granular high volatile coal conducted in
October 1998. The second trial was with pulverized Colorado coal. These trial results
were compared to those of the granulated Colorado coal trial. This trial was planned to
run the full month of November; however, extreme wear to the grinding mills during the
granular trial resulted in the inability of the mill to pulverize the coal. Consequently, the
first two weeks of November were used for emergency repairs. The pulverized coal tria)
began on November 13 and concluded on November 26 when the Colorado coal supply
was depleted.
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5.3.1 The D Furnace Operation

The planning for these trials and the procurement of the high volatile coal from Colorado
began during the spring of 1998. Five trainloads, approximately 40,000 tons, ot the coal
was ordered for delivery beginning in September. The trial period was to begin on C
furnace on October 1, 1998. However, operating difficulties, unrelated to coal injection,
began to plague C furnace. Several major outages on C furnace during late September
and extending throughout the trial period in October resulted in poor operating
conditions. It was also necessary to switch C furnace to natural gas from coal injection in
order to stabilize the fumace operation. The frequent delays and the use of natural gas
resulted in a lack of meaningful data with coal injection. Since the Colorado coal supply
was dwindling and the prospects of C furnace returning to a suitable operating standard
was unlikely, the trial was switched to D furnace. The first two comparison periods on D
furnace, complete monthly periods during August and October, proceeded as planned.
However, the pulverized, high volatile period which was also planned as a full month
trial during November had to be shortened. On November 1, when the coal-grinding mill
was adjusted to produce pulverized coal, the resulting coal did not meet the sizing
requirements. A close examination of the mills revealed that the high volatile coal used
during the previous month had severely worn the bull ring on both mills and pulverizing
was not possible. Emergency repairs for resurfacing the bullrings of both mills began

- immediately. Twelve days were required to repair and reset the mills to produce
pulverized coal. Fortunately, enough Colorado coal remained to conduct a fourteen-day
trial before the supply ran out on November 27.

5.3.2 General Trial Observations

The use of granular low volatile coal at Burns Harbor began during 1996 and resulted in
excellent operating performance. These operating results and a subsequent DOE trial
conducted in October, 1996 established a good benchmark on the use of granular low
volatile coal for injection in the blast furnace. The base operating period selected for this
trial, August 1998, reflects the advantages of the granular low volatile coal and is shown
in Table 13. The coke rate of 683 pounds/NTHM at a coal injection rate of 250
pounds/NTHM resulted in an overall low fuel rate of 935 pounds/NTHM and contributed
to the good production level of 7078 NTHM/day.

The blast furnace operation using granular, high volatile, western coal during October is
shown on Table 13. Compared to the base period, the coke rate is 115 pounds higher at
798 pounds/NTHM. Although the injected coal rate is about 60 pounds/NTHM lower at
190 pounds/NTHM, the increase in coke rate is not proportional to the injected coal
decrease. This comparison shows that the low volatile coal supports a lower furnace
coke rate than the high volatile coal.

The results of the blast furnace performance with pulverized high volatile coal are shown
as Trial 2 in Table 13. The coke rate, coal injection rate and the overall fuel rate are very
similar to the operation using granular high volatile coal. The injected coal rate is lower
during this period because the two coal grinding mills could only pulverize 183
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pounds/NTHM of coal. The comparison of the two trial periods shows similar results
and leads to the conclusion that the blast furnace process is unaffected by the injected
coal being granulated or pulverized.

5.3.3 Coal Chemistry and Sizing

The comparison of injected coal chemistry between the Buchanan and the high volatile,
Oxbow coal is shown on Table 14. The large difference in coke rate seen between the
aforementioned periods is attributable to the difference in carbon content of the two
coals. The Oxbow coal averages 73.2% carbon versus 86.3% for the Buchanan low
volatile coal. The increase in coke rate is also due to the higher ash content of the Oxbow
coal. Buchanan ash content is 5.23% compared to 11.20% for the Oxbow. The furnace
slag volume during the operating period with Buchanan is 430 pounds/NTHM. The
higher ash content of the Oxbow causes the slag volume to rise to 461 pounds/NTHM
during the first trial. A slag volume increase in the blast furnace results in an increase in
the coke rate.

Coal sizing was a concern and was closely monitored during each trial period.

Table 15 shows the injected coal sizing for each period as well as the raw coal sizing.
The raw coal sizing shown is the size fraction of the coal as measured-by the supplier at
the shipping site. The product coal sizing shown in the table is the size fraction of the
injection coal after grinding in the preparation mills. The granular sizing shown for the
low volatile, Buchanan and the high volatile, Oxbow coal is the monthly average of daily -
samples taken on D furnace during August and October. The values for the pulverized
sizing are the average of ten daily samples taken during the pulverized trial. The
pulverized coal only shows the minus 200 mesh fraction because, unlike the granular
size, the pulverized coal particles stick together and the measurement is made using a
device with only one screen. This equipment puts the entire sample under vacuum and
draws the portion of ceal that is -200 mesh through the screen. This method of analysis
was done on a daily basis to msure that the grinding mills were set properly. A more
accurate method of screen analysis, the wet screen method, is often used. The Burns
Harbor Plant laboratory is not equipped for this method; however, two samples were sent
to an independent laboratory for wet analysis. The average of the two samples is also
shown on Table 15. This method shows that the minus 200-mesh fraction of the injected
coal is 74%.

The raw coal sizing shown on Table 15 demonstrates a fundamental difference between
high volatile and low volatile coal. The low volatile coal arrives at the coal grinding
facility with 83% of the coal already sized at minus one-quarter inch. The grinding mills
require less energy to achieve the proper sizing for injection than for the high volatile
coal that is only 36% minus one-quarter inch. In addition, grinding the low volatile coal
with an HGI of 100 is much easter than grinding the Oxbow coal that has an HGI of 46 -
48.
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5.3.4 Furnace Coke Rate Results

The result of the first comparison of the base period to the granulated high volatile period
is shown in Table 16. The primary correction for the October period is the rather large
difference in the injected coal rate. A correction of one pound of injected coal replacing
one pound of coke is used for the difference in injection rate. Hot metal silicon content
did increase substantially during the granular trial period and a correction of 11 pounds is
used for this factor, After each factor in the analysis is accounted for, we are left with a
46 pound/NTHM higher coke rate in the high volatile trial period than during the low
volatile base period. The higher coke rate is attributed to the use of the high volatile coal.
This result is plausible because the Buchanan coal is 13% higher in carbon content than
the Oxbow coal. Since carbon is the primary fuel and reductant for the furnace, the
difference in fuel rates is understandable. In addition, the almost 6% higher ash content
of the western coal is a distinct coke disadvantage. The previously mentioned higher ash
coal trial documents a coke disadvantage of three pounds per NTHM for each one percent
increase in the ash content of the injected coal. Regardless of where and how each
furnace factor is applied, the overwhelming conclusion from this comparison is that the
low volatile coal provides a very substantial coke rate advantage to the blast furnace.

The coke comparison of the high volatile granular trial to the pulverized trial is shown in
Table 17. The operating periods are very similar and there were only small corrections
necessary. We included blast furnace slag volume in these corrections because the
injection coal type was the same for both periods. The largest corrections were for the
decrease in wind volume during the pulverized period and the increase in slag volume.
The wind decreased because the furnace permeability was lower. The three pound coke
difference for the pulverized trial period is within the plus or minus five-pound error limit
and strongly indicates that there is no-difference in the blast fumace operation with the
use of pulverized coal.

Table 18 shows the blast furnace sulfur balance results for both of the trials. The sulfur
content of all of the raw material inputs, as well as the material outputs, uses the monthly
average analysis. The sulfur content of the blast furnace gas is the average of three
samples that were taken for each period by Mostardi Platt. The balances are very good
for both trial periods.

5.3.5 Coal Grinding Energy Consumption

A significant consideration in adopting the British Steel granular coal injection
technology was the reduced grinding cost compared to pulverized coal. This is illustrated
in Figure 8 showing the combined energy consumption of both coal grinding mills per
ton of coal processed. Four points of interest are shown on the figure.

The first point, May 1998, is a period during which we attempted to pulverize low
volatile coal. During this month, pulverized coal was produced in the mill but severe line
plugging did not allow for an appropriate furnace process trial. This experience was
detailed in the quarterly status report for the period April-June 1998. The energy
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consumption in April increased from about 10 kWh/ton with granular coal to 14 kWh/ton
with pulverized coal.

The second point of note on figure 8, the grunular coal base pertod, is labeled as
“granular low vol.” The third point on the figure is from the high volatile granular
period. The increase from 7.5 kWh/ton for granular, low volatile coal to 19.6 kWh/ton
for granular, high volatile is very significant. These two points labeled with high volatile
coal are an added incentive for the use of low volatile coal at Burns Harbor. The last
point on Figure 8 shows the rise in energy consumption from the granular period in
October to the pulverized period during the last two weeks in November. The kWh/ton
increase from 19.6 to 31.4 is very significant in the overall cost of preparing the coal for
injection.

5.3.6 Conclusions

The primary goal of the Clean Coal Project and the Cooperative Agreement with the
United States Department of Energy was to demonstrate the advantages of using a
granular coal injection facility rather than a pulverized coal injection system. Secondary
objectives were to determine the effect of coal grind size and coal type on blast furnace
performance. This series of trials has clearly shown that granular coal can be used on a

" large blast furnace with good results. In addition, the furnace operation using low
volatile versus high volatile coal is, without doubt, a superior operation.

The energy consumption for pulverizing compared to granulating the same coal is
significantly higher. The high volatile coal required 31.4 kWh/ton to pulverize during
this trial and 19.6 kWh/ton to granulate. In addition, the operating data clearly shows that
the blast furnace process is unaffected by whether the coal is pulverized or granular at the
coal Injection rate of 183 pounds/NTHM.

Another conclusion based on the trial is that the low volatile coal replaces more coke than
the lower carbon content, high volatile coal. This result is very important to the Bums
Harbor Plant. Prior to coal injection the Plant had to purchase coke to supplement the
coke produced. Until the successful use of low volatile coal began and large reductions
in coke rate were accomplished, the blast furnace was still dependent on some outside
purchased coke. At a production rate of 14,000 NTHM/day for two furnaces, the blast
furnace operation is currently self-sufficient with the home coke supply. The successful
injection of low volatile coal closes a large portion of the coke supply/use gap.

We also believe, based on the unsuccessful attempt to inject pulverized, low volatile coal,
that it is not possible to inject low volatile coal unless it is in the granular size range.
Other blast furnace operators have tried to use low volatile coal in a pulverizing system
and have failed due to plugging in the coal delivery lines. This is, for the Burns Harbor
facility, an essential attribute of the granular system.
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6.0 ENVIRONMENTAL PERFORMANCE

The primary environmental concern of the Burns Harbor Plant with the implementation
of granulated coal injection at the blast furnace was that their compliance with
environmental regulations would not be adversely affected. The Burns Harbor Plant was
in compliance with all applicable environmental, health and safety regulations and
ordinances prior to the startup of the coal injection system. The operation of the full-
scale demonstration project has not had any measurable effect on the generation volumes
or compositions of any plant emissions or discharge limits. Since the startup of the
facility in January 1995 and after four years of operation, there are no potential issues of
environmental performance or compliance.

Several miles from Bethlehem Steel’s Burns Harbor Plant are the Indiana Dunes State
Park and the Indiana Dunes National Lakeshore. The State Park was established in 1926
followed by the establishment of the adjacent National Lakeshore in 1996. These
environmentally sensitive areas consist of large sand dunes at the edge of Lake Michigan,
behind which is an area of dunes whose plant cover has 1,445 native plant species
present. The variety of plant species is exceeded in the United States only by the Grand
Canyon and the Great Smokey Mountains National Parks. The Burns Harbor Plant as
well as the BFGCI project is designed to protect this ecologically significant area.

6.1 Monitoring of the BEGCI Facility

Environmental reports have been submitted each quarter since the startup of the coal
injection facility. These reports were prepared by the Environmental Safety and Health
Department at the Burns Harbor Plant and monitor the results of wastewater streams and
gaseous stream testing from the blast furnace. There have been no adverse effects on
either of these parameters during the operation of the facility. Table 3 lists each of the
reports that are available. In addition, the appendix of each of these reports contains the
results of the various testing done for each month in the quarter.

6.2 Environmental Monitoring for the Triai Periods
Results of environmental monitoring for each of the four coal trials is included in the
topical reports listed in Table 2. The appendix of each of these reports contains the
results of the environmental testing done during the trials,

6.3 Wastewater Monitoring Results:

In Indiana, the state issues all permits for environmental compliance. The state does this
with the authority of the Federal government and the application for the permit is based
on limitations approved by the appropriate Federal Agencies. There are permit
limitations for two sections of the Burns Harbor Division Closed Water System. There
are discharge permit limitations for Qutfall Monitoring Station 001 and another set of
effluent limitations for Monitoring Station 011. Figure 9 depicts the system. This system
is a Class D industrial wastewater treatment plant, classified in accordance with federal
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standards IAC 8-12; “Classification of Water and Wastewater Treatment Plants”. The
blast furnace and the granulated coal injection facility are one of several contributors to
the Burns Harbor Division System. Although there are many chemical compounds that
are restricted by the wastewater permits, the blast furnace aischarge to the system most
effects the amount of ammonia that enters the system. The daily maximum values
allowed for nitrogen as ammonia ranges from .60 to 1.27 mg/l at Outfall Monitoring
Station 001.

The Burns Harbor Plant’s blast furnace recycled wastewater system is equipped with
primary water treatment facilities including: flocculation/sedimentation clarifiers, pH
control equipment and a two-stage chlorination system. The two points of measurement
for reporting purposes are Monitoring Station 011 and Monitoring Station 001.
Ammonia and cyanide are analyzed for at these two locations. Table 19 shows an
example of the results at these two sample locations prior to coal injection and a typical
range of results during each of the blast furnace trial periods. The average value,
standard deviation, ranges of values within the samples and the number of samples that
comprise the average. During each of the trial periods, all monitoring at Outfall 001 and
Monitoring Station 011 was conducted in accordance with the Division’s permits. All of
the water system results since the startup of the coal injection system are within the
applicable limitations.

6.4 Gaseous Stream Testing Results:

The blast furnace produces large quantities of gas. This gas exits the top of the furnace
and is cleaned; some is used as a fuel in the hot blast stoves and the remainder is
consumed elsewhere in the Plant. The blast furnace gas was sampled during each of the
blast furnace trials with coal injection in order to conduct a sulfur balance analysis during
the trial periods. Table 20 shows the sulfur content of the blast furnace gas for each trial
period with injected coal and indicate that the use of injected coal on the blast furnaces do
not cause an increase in the sulfur content of the gas. The complete gas analyses are part
of the individual trial reports.
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7.0 ECONOMICS

This CCT I project was funded by Bethlehem and the DOE. Bethlehem Steel
Corporation is the owner of the project site and the owner/operator of the blast furnaces
served by the BFGCI. In addition, the coal injection complex is owned by Bethlehem.

The overall project cost summary is shown in Table 21. The estimated total project cost
was $190.65 million, of which 16.4% or $32 million was the DOE’s share. The amount
shown for the total project includes the design, construction and startup operating costs of
the entire system as described in Section 2.0, Technology Description, and with the
design capabilities shown in Table 1.

7.1 Project Capital Costs

The capital cost for the major equipment for one complete coal injection system at Burns
Harbor was $15,073,106. This was the cost for the as-purchased and as-constructed
system installed in 1990. The itemized costs, which include the installation, are listed in
Table 22. The costs shown in items 1, 2 and 3 include all equipment necessary for
receiving, storing, drying, grinding and sizing the coal to be injected. Items 4 — 6 show
the installed equipment costs for conveying and injecting the prepared and sized granular
coal into the furnace.

At Burns Harbor, one system feeds a single blast furnace that produces 7200 NTHM/day
with a maximum injected granular coal rate of 400 pounds per NTHM. The Plant
operates two of these identically sized units in order to provide granular coal to two blast
furnaces.

The costs shown in Table 22 are a reasonable representation of the capital cost necessary
to provide one complete coal injection system for one blast furnace with the capacities
listed above. These costs do not include the infrastructure construction that was
necessary to supply, service and operate the facilities and comply with internal Burns
Harbor Division construction standards. Those costs, which included buildings, utilities,
blast furnace improvements etc. and are site specific to the Burns Harbor Plant totaled an
additional $87 million.

7.2 Operating and Maintenance Costs

The operating and maintenance costs for the fully operational BFGCI at the Burns Harbor
Plant are shown in Table 23. The costs shown are actual operating costs from June 1999.
The Burns Harbor plant has used several different coals; the current coal is a low volatile
coal purchased in Virginia. The cost of coal delivered to Burmns Harbor has ranged from
$50.00/ton to $60.00/ton. The cost to granulate the coal at Burns Harbor includes $6.25
per ton in fixed operating costs and $3.56 per ton variable operating costs. The
breakdown of fixed and variable costs is shown in Table 23. In determining the total cost
of injecting coal into the furnace, this $9.81 per ton operating cost total must be added to
the $50-$60 per ton of coal delivered to the plant.
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7.3 Burns Harbor Plant Economic Analysis

The benefit of injecting coal at the Burns Harbor blast furnaces is based on two important
and very distinct factors. First, Burns Harbor could not produce :he amount of coke
required by the blast furnaces and had to purchase incremental coke to meet the demands.
Secondly, the blast furnaces were using natural gas as an injectant at rates up to 141
pounds/NTHM. The economic justification for the construction of the BFGCI was based
on the projected increase in costs for natural gas and for purchased coke.

Bethlehem Steel used their Primary Facilities Model to predict the cost savings for using
injected coal instead of natural gas. The model calculations are shown in Volume II of
the Demonstration Project Proposal, in the section titled Project Technical Description.
The basis for the calculations were predicted furnace operating results and various levels
in the cost of natural gas, injection coal and purchased coke.

The computer-generated calculations were updated to demonstrate the economics of coal
injection as it is used under Burns Harbor operating conditions. This was done by
comparing the January 1995 base period operating costs to those calculated for the coal
injection trial in October 1996. The operating data used for the model calculations and
comparisons are shown in Table 5. The results of the comparisons are shown in Figures
10 and 11. These computer model calculations account for all raw maternial and operating
variable costs that are in Table 5. The cost analyses shown in these figures compare the
coal injection operation using 260 Ibs/NTHM with that of natural gas at 140 Ibs/NTHM.
The results are presented as a function of the total cost of injected coal, which includes
delivered coal plus injection system operating cost, with natural gas as an essential
parameter. The cost savings per net ton of hot metal shown in Figures 10 and 11 are for
purchased coke costs of $130/net ton and $100/net ton respectively. The basis for the
cost savings is the replacement of natural gas with injected coal and a reduction of coke
consumption from 740 pounds/NTHM to 661 pounds/NTHM when using injected coal at
a rate of 264 pounds/NTHM. The illustration in Figure 10 shows the cost savings per ton
of iron under the operating conditions used. At a total coal cost of $60/ton and a natural
gas cost of $2.88/MMBHtu, the iron cost savings would be about $6.50 per ton of iron
produced. Since the two blast furnaces at Burns Harbor produce 5.2 million tons of iron
per year, the total annual savings under these conditions is about $34 million per year.

A simple rate of return can calculated for this project based on the above analysis. The
total capital cost of this project at Burns Harbor is the cost of equipment and
infrastructure improvements of $117 million. The annual operating cost saving is $34
million per year. Therefore, the payback is 3.44 years.

7.4 Generalized Economic Analysis

Capital justifications must conform to individual company guidelines and are usually
very specific to geographical considerations. However, it is possible to make some
general projections based on the Burns Harbor project. A generalized cost - benefit
analysis can be extrapolated from this data.
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One blast furnace can be equipped with a complete granular coal injection system at the
capacities discussed for $15 million. More or less capacity can be estimated using a
simple fractional method of the capacity of the equipment necessary compared to the
costs given. Of course, infrastructure cost necessary to support the coal preparation and
injection equipment can only be estimated by the specific company interested in granular
coal injection. The total capital cost required is the sum of these two costs.

The estimated cost savings that a blast furnace operation would achieve by using coal as
an injectant to replace natural gas and coke, with the coke costing $130 or $100 per ton,
is shown in Figures 10 and 11 respectively. These Figures are only applicable for a
facility that is purchasing coke and injecting natural gas.

It is beyond the scope of the Burns Harbor project to provide any further general analysis
or comparisons with other coal injection systems since this project generated only data
for a granular coal system. In addition, blast furnace operations are very different from
one to another, only the individual furnace operator could possibly estimate how much
coke could be replaced by injected coal at an individual steel plant. The overall blast
furnace process data presented and the capital costs shown can prov:dc a starting point
for individual estimations and comparisons.
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8.0 COMMERCIALIZATION POTENTIAL

The primary commercialization activities for the system being demonstrated are the
responsibility of Bethlehem Steel’s subcontractor for the granular equipment, ATSI, Inc.
Bethlehem’s responsibility has included making the demonstration project available for
observation, providing operating and engineering personnel for discussion with potential
customers, providing test data on the coals and process variables tested and participation
in the preparation and presentation of technical papers pertaining to the demonstration
program. :

The primary goal of the BFGCI and the Cooperative Agreement with the Department of
Energy is to demonstrate the advantages of a granular coal injection facility. This
includes sharing all of the results and operating data generated by this project with the
iron and steel industry in the United States.

The granular coal injection technology consists of the engineering knowledge and
experience to successfully design and manufacture the coal injection system for a specific
customer. The hardware itself consists of assemblies of commercially available
subsystems. Additional manufacturing capacity or capabilities are not requ1red to satisfy
the projected market demand.

The Bethlehem Steel demonstration project has been and continues to be an important
marketing factor for demonstrating the successful operation of granular coal injection.
One example was the blast furnace tour of the Bums Harbor facilities that occurred
during the Internattonal Iron and Steel Conference held in Chicago in the spring of 1999.
This tour enabled many domestic and overseas blast furnace operators to observe the
operation of the coal injection facility.

Bethlehem's granular coal injection facility was the first to operate in the United States.
The design of the project was completed in December 1993 and injection on the blast
furnaces began in November 1994. In August 1994, U.S. Steel Group entered an
agreement with ATSI and Clyde Pneumatic for the construction of a granular coal
injection unit for Blast Furnace #8 at the Fairfield Works in Alabama. That unit began -
operating in November 1995. The system is similar to Bethlehem’s except that U.S.
Steel did not build a separate coal grinding and preparation segment. By using granular
coal, their existing US Mining Concord Coal Preparation Plant required minimal changes
to accommodate the demand from the Fairfield Works for injection coal. Fairfield Works
is a single blast furnace operation producing about 6300 NTHM/day. The granular
injection equipment and instaliation cost at this facility was $20.2 million. An additional
$5.5 million was required to build a coal load out point at the Concord Preparation Plant.
The use of a granular coal injection facility by a second major integrated steel producer
demonstrates the successful application of this technology.
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8.1 Market Analysis and Size

An extensive market analysis was done and reported on in Volume III, Appendix B of the
Demonstration Project Proposal. That analysis and listing showed each potential user of
the technology in the United States based on blast furnace operations in 1988. Table 24
shows the current listing of blast furnaces in the United States and the type of injectant
being used. This listing shows that there are thirty five operating blast furnaces in the

U. 8. and that seventeen of them are already using some type of coal injection. Based on
this survey, there is a potentia] for eighteen blast furnaces to utilize a granulated coal
injection system.
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9.0 CONCLUSIONS

The coal injection rates for the two furnaces at Bethlehem's Burns Harbor Plant were
increased throughout the startup period during 1995. The coal injection rate reached 200
pounds/NTHM on C furnace in September and the rate on D furnace was around 150
pounds/NTHM by the end of 1995. The injection rate on C furnace reached 270
pounds/NTHM in mid 1996 while the rate on D furnace reached 200 pounds/NTHM.
During 1997 and 1998 the emphasis was to maintain these coal rates on each furnace and
steadily reduce the coke rates on each furnace. In addition, the majority of the furnace
trials were completed during these years.

The major conclusion based on three years of operational experience with the granulated
coal injection system is that granular coal works very well in large blast furnace.

The specific conclusions from the four blast furnace trials, previously discussed in detail
in the Technical Performance section of this report are:

1)  Granular coal performs as well as pulverized coal on large blast furnaces.

2) The energy consumption for granulating coal is significantly less than that required
for pulverizing coal. Specifically, 60% less energy is consumed in the coal grinding
facility when producing granular sized coal compared to pulverized coal.

3) The blast furnace operation with low volatile coal is superior to the operation using
high volatile coal.

4) Granular coal sizing is a requirement for the successful use of low volatile injection
coal.

5) Low volatile replaces more coke in the biast furnace than an equal amount of high
volatiie coal.

6) Higher ash content in the injected coal results in increased furnace coke rates. There
is a coke rate disadvantage of three pounds/NTHM for each one per cent increase of
ash at an injection rate of 260 pounds/NTHM. However, the higher ash coal had no
adverse effect on furnace permeability or productivity during the trial.
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TABLE 1

FACILITY DESIGN PARAMETERS

1. Raw Coal Delivery -~ 2300 Ton/Hour
2. Raw Coal Stockpile — 28,000 Tons
3. Raw Coal Reclaim — 400 Ton/Hour

4.  Coal Preparation
Two separate and identical mill systems, each system consisting of the following
components:
Raw Coal Silo ~ 240 Ton capacity
Dryer Mill System
Granular Capacity — 60 Ton/Hour (99.9% minus 4 mesh)
Pulverized Capacity - 30 Tor/Hour (70% -200 mesh)
Drying Capacity — 10.6% incoming surface moisture dried to max. 1.5%

5. Injection System
Two separate and identical system — one for each blast furnace consisting of the
following components:
Product Coal Storage Silo — 2 @180 Tons capacity each
Weigh Hopper — 2 @ 2 Tons capacity each
Distribution Bin — 2 , each feeding 14 injectors
Injectors — 28 per furnace, each with a rated capacity of 77 lbs/min and a
combined capacity of 431.2 Ibs dry coal/NTHM at a furnace
production level of 7200 THM/day at a coal density of 45 lbs/ ft*

6. Utilities
Injection Air Compressor — 2, each with a capacity to support an injection rate of
400 1bs on both furnaces simultaneously.
Other Ultilities — designed to support the simultaneous maximum level of
operation listed above.
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TABLE 2

BLAST FURNACE COAL INJECTION REFERENCE REPORTS

Blast Furnace Sulfur Balance Quarterly Status Report
for January — March 1996

The Injected Coal and Coke Replacement Values Quarterly Status Report
for April — June 1996

The Effect of Coal Injection on Blast Furnace Quarterly Status Report
Thermal Loads for July — September 1996
An Analysis of Coke Size and Blast Furnace Quarterl); Status Report
Operations for January — March 1997
Nut Coke Usage and Blast Furnace Performance Quarterly Status Report

for July — September 1997

The Co-injection of Natural Gas Quarterly Status Report

and Granular Coal for October — December 1997
Trial Attempts to Pulverize Quarterly Status Report

Low Volatile Coal for April - June 1998

Blast Furnace Operations with Quarterly Status Report
Higher Stability Coke for July — September 1998
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TABLE 3

BLAST FURNACE GRANULATED COAL INJECTION
ENVIRONMENTAL REPORTS

[a—y

. Quarterly Environmental Report for January — March 1996

. Quarterly Environmental Report for April — June 1996

2]

IV

. Quarterly Environmental Report for July -~ September 1996

i 2N

. Quarterly Environmental Report for October — December 1996

Lh

. Quarterly Environmental Report for January — March 1997

=23

. Quarterly Environmental Report for April — June 1997

~}

. Quarterly Environmental Report for July — September 1997

o0

. Quarterly Environmental Report for October — December 1997

0

. Quarterly Environmental Report for January — March 1998
10. Quarterly Environmental Report for April — June 1998

11. Quarterly Environmental Report for July — September 1998
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TABLE 4

BLAST FURNACE GRANULATED COAL INJECTION TRIAL

Trial Report Title

1. Trial I-
Blast Furnace Granular Coal
Injection — Results with Low
Volatile Coal

2, Trial 2-
Blast Furnace Granular Coal
Injection — Results with
Higher Ash Coal

3. Trials 3 and 4-
Blast Furnace Granular
Coal Injection Results
Using Pulverized and Granulated
High Volatile Coal

REPORTS

Attributes Demonstrated

A comparison of blast furnace operations
with granular coal and a base period
using natural gas injection

An analysis of the effect of coal chemistry,
specifically ash content, on the furnace coke
rate, permeability, productivity and quality

A comparison of the blast furnace operation
with high volatile granulated coal to the
operation using low volatile granulated coal.
Coke rates and energy consumption are
compared.

A comparison of blast furnace operations

with pulverized versus granuiated high volatile
coal. The energy advantage with granular coal
1s demonstrated.
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TABLE 5

BASE PERIOD EVALUATION
Burns Harbor C Furnace
Summary of Operations

OCTOBER 1996 JANUARY 1995

Production, NTHM/day 6943 7436
Delays, Min/day 71 25
Coke Rate, Ib/NTHM Rep. 661 740
Natural Gas Rate, Ibs/NTHM 0 141
Injected Coal Rate, Ibs/NTHM 264 0
Total Fuel Rate, Ibs/NTHM 925 ) 881
Burden %:
Sinter ‘ 35.9 32.3
Pellets 63.8 67.0
Misc. .3 7
BOF Slag, Ibs/NTHM 5 0
Blast Conditions:
Dry Air, SCFM 137,005 167,381
Blast Pressure, psig 388 389
Permeability 1.19 1.57
Oxygen in Wind, % 27.3 24.4
Temp, F 2067 2067
Moist., Grs/SCF 18.8 37
Flame Temp, F 3841 3620
Top Temp, F 226 263
Top Press, psig 16.9 16.1
Coke:
H20, % 5.0 4.8
Hot Metal %:
Silicon .50 44
Standard Dev, .128 .091
Sulfur .040 .043
Standard Dev. .014 012
Phos. 072 .070
Mn. .43 40
Temp., F 2734 2745
Slag %: ’
Sio2 36.54 38.02
Al203 9.63 8.82
Ca0 39.03 37.28
MgO 11.62 12.02
Mn 46 45
Suifur 1.39 0.85
B/A 1.10 1.05
B/S 1.39 1.30
Volume, ibs/NTHM 424 394
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TABLE 6

BURNS HARBOR C FURNACE COAL ANALYSIS AND SIZING
OCTOBER 1996 - COAL TEST BASE

Coal Virginia
Pocahontas
October 1996
Vol. Matter, % 18.00
C(%) 871
Of%h) 1.23
H2 (%) 42
N2(%) 1.21
Ci(%) 70
Ash, % 53
Total Mois.,% 6.6
Sulfur, % .78
GHV, BTUb (dry) 14974
HGI 100
Phos. {P205),% 005
Alkali, %
(Na20+K20) 156
5i02 (%) 2.20
Al203 (%) 1.25
Ca0 (%) 29
MgO (%) .08

C FURNACE PRODUCT COAL SIZING
OCTOBER 1996

MEAN % CUM % S.D. %
+4 Mesh 0 ) -
-4 Mesh  + 8 Mash 06 a6 02
-8Mesh  +16Mesh 37 4.3 0.5
-16 Mesh  +30 Mesh 10.6 14.9 1.1
-30 Mesh  +50 Mesh 16.0 30.8 0.6
-50 Mesh  +100 Mesh 26.8 57.7 4.6
-100 Mesh +200 Mash 21.7 85.4 4.2
-200 Mesh  +325 Mash 13.8 99.3 3.3
-325 Mesh 0.70 100.0 04
TOTAL 100.0
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TABLE 7

BURNS HARBOR C FURNACE SULFUR BALANCE
OCTOBER 1996 - COAL TEST BASE

SULFUR INPUT: October 1996 SULFUR OUTPUT:
Malterial; Material;
Fumace Coke, Sulfur Analysis 6% Blast Funace Slag, Sulfur Analysis
Tons Coke Used 71,085.0 Total Tons Produced
Tons Sulfur In 490.5 Tons Sulfur Qut
Injected Coal, Sulfur Analysis .78% Blast Furnace Iron, Sulfur Analysis
Tons Coal Used 28,409.0 Total Tons Preduced
Tons Sulfur in 221.6 Tons Sulfur Out
Sinter, Sulfur Analysis .02% Flue Dust,Sulfur Analysis
Tons Sinter Used 121,282.6 Total Tons Produced
Tons Sulfur in 24.3 Tons Sulfur Qut
Pellets,Sulfur Analysis 01% Filter Cake,Sulfur Analysis
Tons Pellets Used 215,306.5 Total Tons Produced
Tons SulfurIn 21.5 Tons Suifur Qut
Scrap,Sulfur Analysis 23% Top Gas, Sulfur Content
Tons Scrap Used 3,0881.7 Total Gas Produced, MMCF
Tons Sulfur In 9.2 Tons Sulfur Out
BOF Slag,Sulfur Analysis 07%
Tons BOF Used 530.2
Tons Suifur in 4
TOTAL TONS of SULFUR IN: 767.5 * TOTAL TONS of SULFUR QUT:

SULFUR OUT/SULFUR IN

38

October 1996

1.39%
45,626.6
634.2

.040%
2152200
86.1

450%
1,076.1
4.8

482%
2.570.60
12.4
3.1 Grs.!ido sct

108,246
239

7614

992



Coal

Volatile Matter, %

Sulfur, %

Ash, %

Ultimate Analysis, %
Carhon
Oxygen
Hydrogen
Nitrogen
Chlorine

Total Moisture, %

GHV, BTUAD (dry)

Ash Analysis, %
Si02
Al203

Ca0
MgO

+4 Mesh
-4 Mesh
-8 Mesh
-16 Mesh
-30 Mesh
-50 Mesh
-100 Mesh
-200 Mesh

-325 Mesh
TOTAL

INJECTION COAL ANALYSIS

TABLE 8

BURNS HARBOR HIGH ASH COAL TRIAL

Virginia
Pocahontas

October 1896

18.00
78
5.30

87.10
1.23
4.20
1.21
170
5.30

14974

41.50

23.58

7.36
1.69

+8 Mesh
+16 Mesh
+30 Mesh
+50 Mesh
+100 Mesh
+200 Mesh

+325 Mesh

MEAN %

3

74
15.1
270
34.0

13.8

100.0

6 Train Average Prior to Trial

C FURNACE PRODUCT COAL SIZING
May 28 - June 23, 1997

CUM %

39

Buchanan

19.79
.82
4.712

87.04
1.84
427
1.21
40
6.77

15086

32.39

22.76

10.10
2.05

0.3
2.1
9.5
248
51.8
85.8
99.2

100.0

25

15

3.1

34

3.0

High Ash Buchanan
4 Train Trial Average

18.75
75
7.70

84.32
2.24
3.88
1.12
120

6.46
14425
41.89
23.33

8.27
1.75

S.0. %



Production, NTHM/day
Delays, Min/day

Coke Rate, Ips/NTHM
Nat. Gas Rate, Ibs/NTHM
Inj. Coal Rate, Ibs/NTHM
Total Fuel Rate, ibs/NTHM

Burden %:
Sinter
Pellets
Misc.
BOF Siag, Ibs/NTHM

Blast Conditions:
Dry Air, SCFM
Blast Pressure, psig
Permeability
Oxygen in Wind, %
Temp, F
Moist., Grs/SCF
Flame Temp, F
Top Temp, F
Top Press, psig

Coke:
H20, %

Hot Metal, %:

Silicon
Standard Dev,

Sulfur
Standard Dev,

Phos.

Mn.

Temp., F

Slag, %:
Si02
AI2O3
Ca0
MgO
Mn
Sul
B/A
B/S
Volume, Ibs/NTHM

TABLE ¢

BURNS HARBOR C FURNACE

SUMMARY OF OPERATIONS
FOR HIGH ASH COAL TRIAL
HIGH ASH TEST LOW ASH BASE
May 28 - June 23, 1997 May 1 - May 27, 1997

7437 7207

23 55

674 673

5.0 0

262 269

940 942

349 27.0
64.9 72.8

2 2

0 53

135,370 135,683

38.3 38.2
1.23 1.26

28.6 285
2012 2046
20.7 20.4
3953 4002

199 195

16.6 17.0

5.0 49

49 51

097 118

035 040

012 015
073 069

46 42
2733 2741
36.21 36.08
9.91 9.43
39.40 38.86
11.32 12.03

45 42

1.40 145
1.10 112
140 1.41

461 448

40

PREVIOUS BASE
October 1806

6943
71

661
0
264
926

358
63.8
3
5

137,000
36.8
1.19
27.3
2067
19.8
3841
226
16.9

50

50
128
040
014
072
43
2734

36.54
9.63
39.03
11.62
46
1.39
1.10
1.39
424



TABLE 10

BURNS HARBOR C FURNACE
ADJUSTED COKE RATE COMPARISON
FOR HIGH ASH COAL TRIAL USING MAY 1997 AS A BASE PERIOD

BASE HIGH ASH TRIAL
Coke Correction Variables: 5/1/97 - 5/21197 5/28/97 - 6/23/97
Natural Gas, lbs/NTHM 0 5.0
Coke Correction, Ibs coke +6.0
Injected Coal, lbs/NTHM 269 262
Coke Correction, Ibs coke -7.0
Burden:
Pellets, % 728 64.9
Coke Correction, |bs coke +6.3
Sinter,% 27.0 349
Coke Correction, lbs coke . +6.3
Wind Volume, SCFM 135,683 135,370
Coke Correction, Ibs coke ) +3
Added Moisture, Grs./SCFM Wind 204 207
Coke Correction, |bs coke -9
Iron Silicon Content, % 51 49
Coke Corraction, 1bs coke +2.0
iron Sulfur Content, % 040 035
Coke Correction, lbs coke 2.5
fron Manganese Content, % 42 48
Coke Correction, |bs coke -1.0
Coke Ash, % 7.70 7150
Coke Correction, Ibs coke +4.0
Blast Temperaturs, F 2048 2012
Coke Correction, Ibs coke 5.1
TOTAL COKE CORRECTIONS: Ibs. coke BASE +8.4
Reported Furnace Coke Rate,Ibs/NTHM 673 674
Corrected Fumace Coke Rate,lbs/NTHM 682
Coke Rate Difference from the BASE + 9 Pounds of Coke/NTHM
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TABLE 11

BURNS HARBOR C FURNACE

ADJUSTED COKE RATE COMPARISON
FOR HIGH ASH COAL TRIAL USING OCTOBER 1996 AS A BASE PERIOD

Coke Correction Variables:

Natural Gas, Ibs/NTHM
Coke Correction, Ibs coke

Injected Coal, ths/NTHM
Coke Correction, 1bs coke

Burden:
Peliets, %
Coke Correction, Ibs coke

Sinter,%
Coke Corraction, |bs coke

Wind Volume, SCFM
Coke Correction, Ibs coke

Added Maisture, Grs./SCFM Wind
Coke Corraction, Ibs coke

Iron Sificon Content, %
Coke Correction, Ibs coke

{ron Sulfur Content, %
Coke Correclion, Ibs coke

Iron Manganese Content, %
Coke Correction, Ibs coke

Coke Ash, %
Coke Correction, bs coke

Blast Temperature, F
Coke Correction, fos coke

TOTAL COKE CORRECTIONS: Ibs. coke
Reperted Furnace Coke Rate, lbs/NTHM
Corrected Furnace Coke Rate,lbs/NTHM

Coke Rate Difference from the BASE

BASE

October 1996

0

264

63.8
35.9
137,000
19.8
50
040
43
7.70
2067

BASE

661

42

HIGH ASH TRIAL
5/28/97 - 6/23/87

5.0
+6.0

262
240

64.9
-8

34.9
-8

135,370
+1.7

20.7
2.6

49
+1.0

035
2.5

46
-8

1.50
+4.0

+ 8 Pounds of Coke/NTHM



TABLE 12

BURNS HARBOR C FURNACE SULFUR BALANCE
HIGH ASH COAL TRIAL

SULFUR INPUT: 5/28-6/23/97 SULFUR OUTPUT: 5/28-§/23/97

Material; Material;

Fumace Coke, Sulfur Analysis ~ .71% Blast Furnace Slag, Sulfur Anatysis 1.40%
Tons Coke Used 70,461 Total Tons Produced 46,284
Tons Suifur In 500.3 Tons Suffur Out 648.0

Injected Coal,Sulfur Analysis 5% Blast Fumnace Iron,Sulfur Analysis 035%
Tons Coal Used 26,272 Total Tons Produced 200,799
Tons Sulfur In 197.0 Tons Sutfur Qut 70.3

Sinter, Sutfur Analysis 02% Flue Dust,Sulfur Analysis 34%
Tons Sinter Used 111,485 Total Tons Produced 893
Tons Sulfur In 22.3 Tons Sulfur Qut 3.0

Pellets, Sulfur Analysis 01% Filter Cake,Sulfur Analysis .38%
Tons Pellets Used 206,998 Total Tons Produced . 2533
Tons SuMur In 207 Tons Suifur Out 96

Scrap,Sulfur Analysis 13% Top Gas, Suifur Content ' 2.5qrs/1008CF
Tons Scrap Used 2,183 . Total Gas Produced, MMCF 100,125

Tons Sulfur In 2.8 Tons Sulfur Out 17.9

TOTALTONS of SULFUR | 743.1 TOTAL TONS of SULFUR OUT: 748.8

SULFUR OUT/SULFUR IN 1.007
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Production, NTHM/day
Delays, Min/day

Coke Rate, I/NTHM Rep.
Natural Gas Rate, |bs/NTHM
Injected Coal Rate, Ibs/NTHM
Total Fuel Rate, ibs/NTHM

Burden %:
Sinter
Peliets
Misc.
BOF Slag, |bs/NTHM

Blast Conditions:
Dry Air, SCFM
Blast Pressure, psig
Permeability
Oxygen in Wind, %
Temp, F
Moist., Grs/SCF
Flame Temp, F
Top Temp, F
Top Press, psig

Coke:
H20, %
Chinese Coke, %

Hot Metal %:
Silicon
Standard Dev.
Sulfur

Standard Dev.

Phos.
Mn.
Temp., F

Slag %:
Si02
Al203
CaQ
MgO
Mn
Sulfur
B/A
B/S
Volume, lbs/NTHM

TRIALS WITH HIGH VOLATILE COAL

BASE
Buchanan Coal

Granular
AUGUST 1998

7078
48

683
2
250
935

30.8
69.0
2
10

149,599
376
1.43
255
2089
21.2
3836
263
18.7

4.7
14.5

49
104
041
.016
.058

37

26562

37.30
9.47
40.08
11.21
.36
1.45
1.10
1.38
430

TABLE 13

D FUR

44

NACE

TRIAL 1
Oxbow, Colorado Coal
Granular
OCTOBER 1998

6689
66

798
2
190
930

35.3
64.5
A
Q

150,096
38.0
1.42
253
2044
19.3
3870
216
17.0

5.1
12.3

.60
115
.036
012
.062

.40

2640

36.60
10.48
39.29
11.26
37
1.43
1.07
1.38
461

TRIAL 2
Oxbow, Colorado Coal
Pulverized
November 13-26,1998

6710
73

800
0
183
983

35.7
63.6
7
0

141,539
374
1.33
26.4
2080
22.8
3835
197
16.6

52
0

52
110
.035
014
061

.39

2686

36.20
10.50
38.82
11.72
37
1.33
1.08
1.40
504



TABLE 14

COAL CHEMISTRY COMPARISON OF LOW VOLATILE AND HIGH VOLATILE COAL

Coal

Vol. Matter, %

C(%)
0(%)
H2 (%)
N2(%)
Cl(%)

Ash, %
" Total Mois..%
Sulfur, %

GHY, BTU/b
HGI

Phos. (P205),%

Alkali, %
(Na20,K20)

Si02 (%)
A1203 (%)
Cal (%)
MaC (%)

Buchanan

18.00
86.3
2.18
4.15
1.20

16

5.23

6.45
.76

15,000
100

004

(.030, .09)

1.77
1.14
.63
.10

TRAIN #

Oxbow, Colorado

#1  ~ #? 73 #4 45
37.83 37.89 36.62 36.68 36.68
74.44 73.10 72.62 72.39 71.52
8.13 8.03 7.90 8.15 7.74
5.28 5.26 5.01 5.08 4.91
1.79 1.76 1.62 1.78 1.66

02 02 .01 01 .03
9.51 9.06 12.07 11.90 13.45

NA NA 5.79 5.47 6.46

.85 79 72 70 72

13,519 13493 12962 13,306 12,761

NA NA NA NA NA

.055 057 041 .064 050

AVERAGE
37.14
73.214
7.99
5.108
1.722
0.018
11.198
5.91
.76

13,208
46 - 48

.053

(.262,.087) (.262,.087) (.279,.129) (.361,.148) (.370,.159) (.265,.122)

5.16
2.28
.36
18

45

5.02
244
37
A7

5.68
1.98
31
.20

8.09
2.66
42
.24

8.13
2.92
.39
28

6.42
2.46
37
21



TABLE 15

RAW COAL AND PRODUCT COAL SIZING COMPARISON

Buchanan Coal Raw Coal Sizing

Screen Size % On % Cum
+2" 0.0 0.0
2x1-1/4" 0.6 0.6
1-1/4x1" 0.7 1.3
1x3/4" 1.7 3.0
3/4x1/2" 4.5 7.5
1/2x3/8" 1.5 9.0
3/8x1/4" 8.0 17.0
1/4x4M 2.0 19.0
4x8M 15.0 340
Bx16M 17.0 51.0
16x28M 18.0 67.0
28x48M 13.0 80.0
48x100M 11.0 91.0
100x200M 53 96.3
-200M 3.7 100.0

Buchanan Coal Product Coal Sizing
Granular Size

August 1998

Screen Size % On % Cum
+4M 0.0 0.0
-4x8M 0.2 0.2
-8x16M 2.0 2.2
-16x30M 8.1 10.3
-30x50M 15.3 25.6
-50x100M 28.4 54.0
-100x200M 326 B6.6
-200x325M 12.2 98.8

-325M 1.2 100.0

Granulated Coal: 100% -4 Mesh{5mm)
98% -7 Mesh(3mm)
< 30% -200 Mesh

Pulverized Coal: 65% -200 Mesh

45

Oxbow Coal Raw Coal Sizing

Screen Size % On % Cum
2" 0.0 0.0
1" 17.9 17.9
1/2" 25.1 43.0
1/4" 21.0 64.0
-1/4" 36.0 100.0

Oxbow Coal Product Coal Sizing
Granular Size

October 1998

Screen Size % On : % Cum

+4M 0.0 0.0
-4x8M 1.1 1.1

-8x16M ) 6.2 7.3
-16x30M 14.5 21.8
-30x50M 16.6 38.4
-50x100M 18.1 56.5
-100x200M 18.6 ’ 75.1
-200x325M 15.1 81.2

-325M 9.8 100.0

Oxbow Coal Product Coal Sizing
Pulverized Size

November 13-26
+ 50 Mesh - 200 Mesh
0.48% 66.10%

Oxbow Coal Product Coal Sizing
Pulverized Size
2 Sample Average (Wet Analysis)

Screen Size % Cum
+8M 0.00
-8x16M 0.03
-16x28M 0.18
-28x48M 0.56
-48x100M 7.07

-100x200M 26.24

-200x325M 49.40

-325M 100.00



TABLE 16

BURNS HARBOR D FURNACE ADJUSTED COKE RATE COMPARISON
GRANULAR LOW VOLATILE COAL COMPARED TO GRANULAR HIGH VOLATILE COAL
USING OCTOBER 1998 AS A BASE PERIOD

Buchanan Base Colorado Oxbow
AUGUST 1998 OCTOBER 1998

Coke Correction Variables: Granular GGranular
Natural Gas, Ibs/NTHM 2.0 2.0

Coke Correction, Ibs coke 0.0
Injected Coal, Ibs/NTHM 250 _ 190

Coke Correction, Ibs coke -60.0
Sinter, % , 30.6 35.0

Coke Correction, Ibs coke +3.5
Pellets, % 68.5 63.9

Coke Correction, Ibs coke +3.7
Wind Volume, SCFM 149,600 149,600

Coke Correction, Ibs coke - 0.0
Blast Temperature, F 2089 2045

-Coke Corraction, lbs coke <17
Added Moisture, Grs./SCFM Wind 21.2 19.5

Coke Correction, Ibs coke +5.8
Iron Silicon Content, % .49 .60

Cocke Correction, Ibs coke -11.0
Iron Sulfur Content, % 042 .037

Coke Correction, Ibs coke ' 2.5
Iron Manganese Content, % 37 40

Coke Correction, Ibs coke 0.7
Caoke Ash(includes Chinese Coke) 7.80 7.80

Coke Correction, Ibs coke 0.0
TOTAL CORRECTIONS: |bs coke BASE -68.9
Reported Furnace Coke Rats, Ibs/NTHM 683 798
Corrected Furnace Coke Rate, lbs/NTHM BASE 729
Coke Rate Difference from Base 46 Pounds of Coke/NTHM
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TABLE 17

BURNS HARBOR D FURNACE ADJUSTED COKE RATE COMPARISON
GRANULAR HIGH VOLATILE COAL COMPARED TO PULVERIZED HIGH VOLATILE COAL

Colorado Oxbow Colorado Oxbow
OCTOBER 1998 11/13-11/26/98
Ccke Correction Variables: Granular Pulverized
Natural Gas, Ibs/NTHM 2.0 0.0
Coke Correction, Ibs coke -2.4
Injected Coal, Ibs/NTHM 190 183
Coke Correction, Ibs coke -7.0
Sinter, % 35.0 35.7
Coke Correction, Ibs coke +0.6
Pellsts, % 63.9 63.6
Coke Correction, |bs coke +0.2
Wind Volume, SCFM 149,600 141,539
Coke Correction, Ibs coke +8.2
Blast Temperature, F 2045 2080
Coke Correction, Ibs coke ' +6.0
Added Moisture, Grs./SCFM Wind 19,5 22.8
Coke Corraction, Ibs coke «11.0
Iron Silicon Content, % .60 52
Coke Correction, Ibs coke +8.0
Iron Suifur Content, % .037 .035
Coke Correction, Ibs coke -1.0
tron Manganese Content, % .40 .39
Coke Correction, Ibs coke +0.3
Furnace Slag Volumne, Ibs/NTHM 461 504
Coke Correction, Ibs coke -8.6
Coke Ash(Inctudes Chinese Coke) 7.80 7.70
Coke Correction, Ibs coke +2.0
TOTAL CORRECTIONS: Ibs coke BASE -4.7
Reported Furnace Coke Rate, Ibs/NTHM 798 800
Corrected Furnace Coke Rate, lbs/NTHM BASE 795
Coke Rate Difference from Base -3
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SULFUR INPUT:
Matarial:

Furnace Coke, Sulfur Analysis
Tons Coke Used
Tons Sulfur In

Injected Coal, Sulfur Analysis
Tons Coal In
Tons Sulfur In

Sinter, Sulfur Analysis
Tons Sinter Used
Tons Sulfur In

Pellets, Sulfur Analysis
Tons Sinter Used
Tons Sulfur In

Scrap, Sulfur Analysis
Tons Scrap Used
Tons Sulfur In

TOTAL TONS OF SULFUR IN:

TABLE 18

BURNS HARBOR D FURNACE SULFUR BALANCE
GRANULAR HIGH VOLATILE COAL TRIAL

October 1998

0.72%
82830
596.4

0.76%
19804
150.5

0.02%
115786
23.2

0.01%
211703
21.2

0.13%
3546
4.6

795.9

SULFUR OUTPUT

Material:

Blast Furnace Slag, Sulfur Analysis
Tons Produced
Tons Suifur Qut

Blast Furnace Iron, Sulfur Analysis
Tons Produced
Tons Sulfur Qut

Fiue Dust, Sultur Analysis
Tons Produced
Tons Sultur Out

Filter Cake, Sulfur Analysis
Tons Produced
Tons Sulfur Qut

Top Gas, Sulfur Content
Gas Produced, MMCF
Tons Sulfur Out

TOTAL TONS OF SULFUR OUT:
SULFUR OUT/SULFUR IN:

October 1998

1.43%
47799
683.5

0.036%
207373
74.7

0.46%
1144
53

0.52%
2995
15.8

1.7 grs./1008CF
103,400
12.5

791.6
0.995

BURNS HARBOR D FURNACE SULFUR BALANCE
PULVERIZED HIGH VOLATILE COAL TRIAL

SULFUR INPUT:
Material:

Furnace Coke, Sulfur Analysis
Tons Coke Used
Tons Sulfur In

Injected Coal, Sulfur Analysis
Tons Coal In
Tons Sultur tn

Sinter, Sulfur Analysis
Tons Sinter Used
Tons Sulfur in

Pellets, Sulfur Analysis
Tons Sinter Used
Tons Sulfur In

Scrap, Sulfur Analysis
Tons Serap Used
Tons Sulfur In

TOTAL TONS OF SULFUR IN:

November 13-26,1938

0.72%
37565
270.5

0.76%
8595
65.3

0.02%
52835
10.6

0.01%
94255
9.4

0.13%
1070
1.4

357.2

49

SULFUR OUTPUT

Material:

Blast Furnace Slag, Sulfur Analysis
Tons Produced
Tons Sulfur Out

Blast Furnace Iron, Sulfur Analysis
Tons Produced
Tons Sulfur Qut

Fiue Dust, Sulfur Analysis
Tons Produced
Tons Sulfur Qut

Filter Cake, Sulfur Analysis
Tons Produced
Tons Sulfur Qut

Top Gas, Sulfur Content
Gas Produced, MMCF
Tons Sulfur Qut

TOTAL TONS OF SULFUR QUT:
SULFUR OUT/SULFUR IN:

November 13-26,1998

1.33%
23718
3155

0.035%
93938
328

0.55%
456
2.5

0.46%
1148
53

1.1 grs./1008CF
47,400
3.7

358.8
1.007
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TABLE 20

GASEOUS STREAM TESTING

Pariod Number of Samples Total Sulfur Gontent

{As grains/100 scf of top gas produced)

May 11 - 27 1994
Prior to Coal Injection 27 7.6 avg.
: 3.7-7.6 range

October 3, 9, 17, 25, 1996
Trial 1 : 7 3.1 avg.
Low Volatile Coal 2.1-3.8 range

June 12, 17, 18, 1997
Trial 2 9 3.2 avg.
Higher Ash Coal : 1.9- 5.3 range

October 23, 1998
Trial 3 3 1.7 avg.
Granular High Volatile Coal 1.5-2.0 range

November 13, 1998
Trial 4 3 1.1 avg.
Pulverized High Volatile Coal 0.8-1.3 range
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TABLE 21

GRANULAR COAL INJECTION PROJECT
ESTIMATED COST SUMMARY

$ Million
Phase I Design 5.19
Phase II Construction and Startup 133.85
Phase III Operation 51.61
Total Cost 190.65
Cost Sharing
DOE 31.26 (16.4%)
Bethlehem Steel

159.39 (83.6%)

190.65
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TABLE 22

BURNS HARBOR COAL PREPARATION & INJECTION
EQUIPMENT LIST FOR ONE BLAST FURNACE

Major Equipment Item

1. Coal Delivery
Receiving Hopper
Vibrating Feeder
Conveyor
Solenoid Valve Panel

2. Coal Preparation
Feed Hopper(for 3 Mills)
Mill Combustor, Cyclone &
Baghouse
Chain Conveyor

3. Variable Drive Grinding Mill

4. Convey to Inject Plants
S-M Denseveyer
5-M PD Pump

5. Injection Plant
Storage Silos
Silo-Reverse Jet Filters
Weigh Hoppers
W Hop 24” Rotary Valves
W Hop 18" Rotary Valves
Distribution Hopper
S-M Injectors
CH4/CO Analyzer-Moni
Load Cells
Inj. Var Spd Drives
Centrifugal Compressors
Air Dryer & Filter Pkg.
Air Receiver
Instr. Air Comp. Pkg.
Instr. Air Dryer Pkg.
Instr. Air Receiver
HVAC
PLC Hardware(Inj.Plt)
4160V Switchgear

6. Convey to BF
Injection Lances & Hoses
Lance Extractors
Blowpipes

Oty.

it

[\¥ ]

b
AR = — 1~ NN W R oo P b

28
4
28

Capacity

35 tons
260 TPH
260 TPH

750 tons
65TPH/Mill

260 TPFH

60 TPH

70 TPH
70 TPH

250 T/Silo
(MIN)

2.4 TPH/INJ

1000 HP EA
5000 SCFM EA
700 CU FT EA
320 SCFM EA
390 SCFM

400 GAL

TOTAL EQUIPMENT & INSTALLATION

53

Installed Cost

$75,768
16,825
283,400
36,799

8,492,000

1,815,000

77,060
114,060

533,931
77,924
56,468
78,430
48,778

224,115

1,311,744
75,394
34,408
70,131

655,924
70,866
46,615
50,108
14,122

3,896
4,554

402,270

51,480

220,616
33,902
95918

$15,073,106



TABLE 23

OPERATING AND MAINTENANCE COSTS FOR COAL INJECTION AT BURNS HARBOR

FIXED OPERATING AND MAINTENACE COSTS

1) Salaried Labor Cost: $ 0.17 / ton of injected coal
2) Hourly Labor Cost:  § 1.65/ ton of injected coal

3) Repair Costs: - $ 4.43 / ton of coal injected (includes parts at § 0.69 / ton of injected coal )

TOTAL FIXED = $6.25/ton of coal

VARIABLE OPERATING COSTS

UTILITIES:

1) Water: $ .09 / ton of injected coal
2} Electricity: $ 2.08/ ton of injected coal
3) Natural Gas: $ 0.43 / ton of injected coall
4} Nitrogen: $ 0.96 / ton of injected coal

TOTAL VARIABLE = $3.56/ton of coal
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Adjusted Coke Rate - Ibs/ton

FIGURE 7

BURNS HARBOR C & D BLAST FURNACES

Regression Analysis - Injected Coal vs Adjusted Coke Rate
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Cost Savings - $/Ton of Iron

FIGURE 10

Effect of Changes in Natural Gas and Coal Injection Costs on Cost Savings at
Burns Harbor with Purchased Coke Costing $130/Ton

$16.00

Granular Coal Injection = 260 Ibs/NTHM, Coke = 660 Ibs/NTHM
Natural Gas Injection = 140 Ibs/NTHM, Coke = 740 bs/NTHM

\ ) Purchased Coke = $130/Ton
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Cost Savings - $/Taon of Iron

FIGURE 11

Effect of Changes in Natural Gas and Coal Injection Costs on Cost Savings at
Burns Harbor with Purchased Coke "nsting $100/Ton

$14.00

Granular Goal Injestion = 250 lbs/NTHM, Goke = 660 (hs/NTHM
Natural Gas Injection = 140 Ibs/NTHM, Coke = 740 lbs/NTHM
Purchased Coke = $100/Ton
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