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1.0 INTRODUCTION
1.1 PURPOSE OF THIS REPORT

This is the first of a series of Technical Progress Reports to be issued
to the U.S. Department of Energy and other Funding Parties in accordance
with the requirements of the Cooperative Agreement for this project, (DOE
Instrument Number DE-FC22-90PC89661).

The Technical Progress Report is defined in Attachment 4 to the
Federal Reporting Requirements Checklist which forms part of the
Cooperative Agreement, as a summary of the work performed during a
specific reporting period, including the technical and scientific results
(both positive and negative) of that period. A draft Technical Progress
Report must be submitted to the DOE for review at the end of each quarter.

This report covers the period which commenced with the signing of
the Cooperative Agreement between TransAlta and the DOE on June 14 and
ended on September 30, 1990. However, a significant amount of conceptual
design, preliminary engineering and preparation for procurement of long-
lead equipment was carried out prior to the signing of the Cooperative
Agreement and on-site mobilization also commenced before that date. A
description of the pre-award activities has therefore been included in this
report to provide a complete and chronologically accurate record of the
development of the project to date.

1.2 SUMMARY OF REPORT CONTENTS

Section 1.0 is of a purely introductory nature. The purpose of the
report is defined and is followed by an outline of the report contents. The
development of the project is then generally discussed in terms of its
technological background, the applicability of the technology to retrofits of
existing plants, feasibility studies, the selection of a host site for
demonstration of the retrofit and the initiation of design and construction.
Progress to date in conceptual design, preliminary engineering,
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procurement, site mobilization, construction and installation is briefly
summarized.

Section 2.0 documents the work carried out prior to the signing of the
Cooperative Agreement. This included conceptual design, the development
of design criteria and preliminary engineering for installation of the
retrofit, preparation of environmental reports and permit applications,
identification of critical materials and equipment which required long-term
procurement, determination of interface requirements with the existing
plant, assessment of deficiencies in the existing equipment and remedial
measures required to correct them, preparation of the Demonstration Test
Plan and the commencement of site mobilization.

Section 3.0 addresses work performed subsequent to the signing of
the Cooperative Agreement during the period from June 15 to September 30,
1990. During this time, preliminary engineering, LNS Burner and boiler
engineering and design and procurement of major equipment continued
and on-site construction commenced. Most of the emphasis was on
inspection of the boiler/site and preparations for the Baseline Test. This test
would provide calibration of Unit No. 1 for later comparison with the
retrofit.

Section 4.0 summarizes technical work planned for the next
reporting period.

1.3 OVERVIEW OF THE PROJECT

The objective of this project is to demonstrate the LNS Burner as
retrofitted to the host cyclone boiler for effective low-cost control of NOx and
SOy emissions while firing a bituminous coal.

The LNS Burner employs a simple, innovative combustien process to
burn pulverized coal at high temperatures and in the process, provides
effective, low-cost control of sulfur dioxide (SO2) and nitrous oxides
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(NOgx)emissions. The coal ash contains a sulfur and is removed in the form
of molten slag and flyash.

Cyclone-fired boiler units are used for steam generation and
comprise 9% of the existing U.S. electrical power plants. They are typically
older units firing high-sulfur bituminous coals at very high temperatures
which results in very high NOx and SOx emissions. The addition of
conventional emission contrcl equipment, such as wet scrubbers, to these
older cyclone units in order to meet current and future environmental
regule tions i8 generally not economic. Further, the units are generally not
compatible with low sulfur coal switching for SO2 control or selective
catalytic reduction technologies for NOx control.

Because the LNS Burner operates at the same very high
temperatures as a typical cyclone boiler and produces a similar slag
product, it may offer a viable retrofit option for cyclone boiler emission
control. This was confirmed by the Cyclone Boiler Retrofit Feasibility Study
carried out by TransAlta, and an Operating Committee formed of cyclone
boiler owners in 1989. The study analyzed the population of existing cyclone
boilers in the United States to establish the characteristics of a generic
cyclone boiler. An existing utility cyclone boiler, which matched as closely
as possible the criteria for a 500 MW generic unit, was then selected for the
evaluation of the cost and performance study. It was concluded that the
LNS Burner retrofit would be a cost-eflective option for control of cyclone
boiler emissions. The Operating Comimittee strongly encouraged a retrofit
demonstration. Therefore, an LNS Burner demonstration proposal was
submitted to the DOE Round II CCT Program.

A full-scale demonstration of the LNS Burner retrofit was selected in
October, 1988 as part of the DOE's Clean Coal Technology Program
Round II. The Marion generating plant, which is located on the Lake of
Egypt near Marion, Ilinois and is operated by Southern llincis Power
Cooperative, (SIPC), was selected as the host site for this demonstration.
Unit No. 1, which has a cyclone boiler rated at 33 MW and is used for peak
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load conditions, was chosen for the LNS Burner retrofit. A side sectional
view of Marion Unit 1 prior to retrofit is shown in Figure 1.

A considerable amount of conceptual design work was carried out
prior to the signing of the Agreement. The project was underway by
October, 1989 with information for the Environmental Assessment.
Preliminary engineering commenced in January 1990, construction
mobilization started in May, 1990 and the Project Kick-off Meeting was held
on June 13, 1990. The Cooperative Agreement was signed on June 14, 1990
between DOE and TransAlta Resources Investment Corporation. |

For the reporting period, June to September, engineering work
continued on development of a thermal model and mechanical layout for
the LNS Burner, burner/boiler modelling and slag screen design. Design
and procurement for balance-of-plant foundations, structures, mechanical |
and electrical equipment, piping and instrumentation and controls
continued. Detail inspections were made of the boiler/site. Test
modifications were made to Unit 1 boiler in readiness for the retrofit. All
work relating to preparation for the Baseline Test was completed and the
Test Plan was issued for review and released for Baseline Testing.
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2.0 WORK DONE PRIOR TO SIGNING
COOPERATIVE AGREEMENT

2.1 ESTABLISHMENT OF DESIGN CRITERIA REQUIREMENTS

Significant technical work was accomplished before the signing of
the Cooperative Agreement. The proprietary report submitted to the
Cyclone Retrofit Feasibility Operation Committee entitled "Cyclone Boiler
Retrofit Feasibility Study with the Low NOx/SOx Burner, CYC20501P,

IssueA", dated April, 1989, served as the basis for TransAlta's work.

The design criteria and requirements presented in the feasibility
study were reviewed. The site specific requirements were updated, the
design fuel analysis was updated based on current coal used on site and
standards, such as NFPA 85F were reviewed and applied to the ongoing
fuel proprietary design task. The Marion Unit 1 operating requirements
were reviewed with the SIPC to incorporate all necessary design and
operating criteria and requirements into the Project.

The material balance used in the PON submission was updated to
use the Project design coal and to better reflect boiler and plant operating
conditions, boiler efficiencies were updated, the coal cyclone separator
efficiencies were updated and boiler zxcess air levels were reviewed. The
proprietary Process Flow Diagram was updated and stream flows were
revised as necessary. A non-proprietary flow schematic will be developed
in the next reporting period and will be issued to the Funding Parties.

The design coal was reviewed to determine a basis which reflects
normal variations. The design coal was determined from data obtained
from about 40 analyses taken from January 1989 through July 1989. The
design and feasibility coal ultimate analyses are compared in the table
below.
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[Component | Feasibility | Design Basis
Coal Coal
C, % 802 B
H, % 3.81 3.75
0, % ~ 547 6.27
N, % 0.98 1.35
5, % 3.18 32
Ash, % 17 15.73_
Moisture, % 9.2 10.7
CI, % 0.16 —
Total, % 100 100
HHAV, Btw/lb 10,864 10,553

The estimated retrofitted boiler efficiency data was not modified as
review of boiler performance and equipment performance is planned after
completion of the Baseline Test. The material balance will be updated if
necessary. The estimated retrofitted boiler efficiency of 88.05% using the
LNS Burner is not expected to change over that presented in the feasibility
study. The boiler efficiency comparison between the current cyclone boiler
and the estimated efficiency after the retrofit are shown in the table below.
The values for the major unit input and output streams are also indicated.

"Marion Unit 1 Oniginal Design | LNS Burner
Steam Flow, Ib/h 335,000 335,000
Coal Flow, o/ 37,000 38,074
 Limestone, lb/h 0 6,889
 Other Additive, 1b/hr ) 1341
Total Combustion Air, Ib/h 331,500 341,160
?_oﬂer Excess Air, % 16 16
Slag Collected, Ib/h 3,780 9,138
3% ollected, 2,440 2,245
ta y Ash Emissions &0 40
1b/h
Boiler Efficiency (net), % 88.45 88.05

Control philosophy and requirements were reviewed with all Project
Team Members, including cyclone boiler consultants and operators. Initial



0

CDOEZ21501N Issue C
Page 7

information as shown in the feasibility study on incorporating the LNS
Burner into Marion Unit 1 was reassessed. An initial review of existing
plant operating procedures and policies was started. The development of
process logic will be an ongoing task through the completion of
engineering.

Work was done in identifying outline dimensions of major
equipment. Space was at & premium for this retrofit. Design requirements
for not-to-exceed dimensions were established for key equipment items,
including the LNS Burner.

2.1.1 Fuel Preparation Building

The size and configuration of the fuel preparation building are
dictated to a large extent by space limitations at the site and the
requirements for interfaces with the coal, limestone and additive storage
and handling equipment. The building is located to the east of Unit No. 1
because it is required to be as close as possible to the Unit 1 boiler front and
sited so as to avoid obstruction of existing driveways and access to existing
plant maintenance bays. A general arrangement of the building structure
is shown in Figure 2.

Basic civil, structural and architectural design concepts for the
building and its foundations were developed from the relevant codes,
standards and other appropriate regulatory and reference documents. A
list of the principal design codes and standards used is given in Appendix
A.

Initially, the design criteria specified that the structure and
foundations would be designed in accordance with BOCA MNational Building
Code requirements for Seismic Zone 2, which is consistent with the design
of the existing plant. However, because of the close proximity of the site to
the location of the New Madrid fault, Southern Illinois Power Cooperative
subsequently requested that the design be upgraded to conform to Seismic
Zone 3 requirements. The increase in ground acceleration associated with
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;his design change has a significant impact on the design and construction
of the building. Details of these changes will be available in the next
reporting period.

The existing plant stair tower adjacent to the west side of the new fuel
preparation building has been used to provide personnel access to all floors
above ground level at minimal cost and space requirement. Equipment
access with monorails has been provided on the ground floor and at the
feeder and silo floors for installation, maintenance oy - :w*aval of
equipment. |

The Fuel Preparation uilding s fully eniclosed and wusulated to
provide weather protection {.+ . nid provide n safe operating
environment for operating T i enierivy volours were selected to
match the existing structuree s il pinnit ‘

2.1.2 Mechanical Systems and ir:ipanaind

Design critoria and process eaipn reijsirements were established for
all mechanical systems and facilitics ~wqguired Lo support the LNS Burner,
including the retrofit of existing plant equipment.

All new mechanical equipment required to support the LNS Burners
is located in the fuel preparation building, except for a new coal conveyor
which will receive coal from the existing plant coal feeders and transport it
through the Unit No. 1 boiler siding to the fuel preparation building. The
arrangement of equipment is shown in Figure 3 and 4, Partial Plan and
Section.

a)  Materials Storage

New silos will be provided for the storage of limestone (3118 f3)
and fuel additive (750 ft3) inside the fuel preparation building. These
new silos are sized for 45 hours and 73 hours of full load operation
respectively. The upper sections of the silos are cylindrical in shape
and fabricated from mild steel. The lower sections are conical with
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sides sloping at 70° to the horizontal to ensure the flow of wet
material and are fabricated from stainless steel to reduce friction and
prevent corrosion.

Bulk storage for four days supply of limestone and fuel additive
will be located approximately 100 feet south of the Unit No. 1 stack
and will be sited to avoid obstruction to plant maintenance and
laydown areas. This location was chosen to ensure that the silos
could be filled with materials from the bulk storage stockpile within a
maximum period of one hour.

The limestone bulk storage stockpile: will not be covered
because the graded limestone used by STPC at the plant is known to
flow freely in all weather condition. The fuel additive stockpile will be
covered with tarpaulins to prevent excessive absorption of rainwater.

Loading of materials from the stockpiles will be carried out by
the existing rubber tired loaders used at the plant.

Coal will be stored in the existing coal bunkers at the plant
because preliminary studies showed that a coal conveyor from the
existing plant storage would be less expensive than new bunkers and
feeders. It was also considered that maximum utilization of the
existing plant fuel feed would assist extrapolation of the retrofit
design to fit other existing plants.

b)  Materials Handling

The original design concept was based on the use of pulverized
limestone delivered directly to the new storage silos. A subsequent
design study confirmed a change to crushed limestone to take
advantage of its availability at the site, at a considerable saving in
cost ($6/ton versus $30/ton), where it is used for the Unit No. 4
scrubber. Additional loading equipment, including a bucket elevator
rated at 144 tons’hour and loading hopper of 240 ft3 capacity located at
grade level are required to handle this material.

L
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The existing SIPC coal handling system will be used, with the
addition of a covered, explosion-proof conveyor to intercept coal
downstream of the existing coal feeders and transport it to the fuel
preparation building. It was originally planned to use the existing
coal feeders without modification and a drag chain conveyor to
transfer coal from the existing feeders to the pulverizer. The drag
chain conveyor was later replaced by a Stock Equipment covered belt
type conveyor of 25 tons/hour capacity meeting NFPA-85F
requirements for explosion-proof design, which is expected to operate
more reliably with abrasive coals. Additional space requirements for
the new explosion-proof belt conveyor and the geometry of the
discharge chute at the pulverizer necessitated the raising and
rotation of the existing feeders in Unit No. 1 to fit the new
arrangement. The coal handling arrangement is shown in Figure 5.

Coal, limestone and additive will be fed to the "Atrita”
pulverizer where the materials will be thoroughly mixed and
pulverized to a grading of 70% passing a 200 size mesh. The
pulverizer is sized to handle the full design coal flow plus limestone
and additive of 23 tons/hour. At full load, the pulverizer has a
reserve capacity of 3 percent.

The existing coal bunkers and the new silos for limestone and
fuel additive will be fitted with air cannons to clear blockages in
material flow.

08 2V

2§~

s

Piping runs will follow the shortest and most direct routes to
minimize pressure drops in the system. All feeders, chutes and
piping from the pulverizer to the LNS Burner, including the cyclone
separator, will be designed for an internal pressure of 50 psig in
accordance with NFPA-85F requirements. The general layout of coal
piping from cyclones to burners is shown in Figures 6 and 7.
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Coal and fuel piping to the LNS Burners will be of wear-
resistant material, or will incorporate provision for rotation of the
pipe sections to equalize wear, and shall be sized to prevent settling of
the coal in the pipe.

Pipe materials for the LNS Burner and fuel systems will be
carbon steel. Materials for burner support auxiliary systems shall
match those of the existing plant systems.

d)  Fuel Qil System

The LNS Burner ignitor oil guns will be supplied from the
existing fuel oil system, but the system storage and pumping
capacities will be upgraded as necessary to accommodate the
increased ignitor fuel requirements.

. .
g ang &

»(-2-\4 & entiig BNG I 3 {0). f

he fuel preparation building shall be provided with a
ventilation system to maintain a bulk average temperature of 100°F
in summer with an outside design temperature of 90°F. It is
expected that ventilation will also be required even in winter due to
the high motor heat loads.

No building heating is provided due to the high equipment heat
loads during normal operation. Freeze protection will not be
required during shutdowns, since there are no fluid systems within
the building to freeze. The fire system is an air-charged dry pipe
system.

f Fire Protecti

Fire protection for the fuel preparation building will be
provided by a dry pipe riser system with hose racks on the ground
and feeder floors. All areas of the building will be accessible with a
75 foot fire hose and automatic filling of the system will be initiated by
opening any hose valve. Water will also be available from two yard
hydrants outside the building.
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The fire protection system will be designed in accordance with
BOCA requirements for Group F-1 Moderate Hazard Factory and
Industrial Use and the applicable NFPA codes.

g’ Instrument and Service Air
Instrument air requirements will be minimal and will be
supplied from the existing common instrument air system.

Service air will be supplied through the existing common
service air system. SIPC is upgrading the central plant system by
the installation of higher capacity centrifugal compressors and a
larger distribution header.

h)  DRust Collection

Dust collection for the limestone and fuel additive handling
system will be by means of a power operated bag filter installed on the
limestone silo which will draw dust-laden air from the entire system.
The filter will be self-cleaning and fines will be returned to the
limestone silo.

Dusting in the coal system will be controlled by the flow of low
pressure seal air through the coal conveyor to the pulverizer.

2.1.3 Electrical Systems

Design criteria were developed for the new 2.4 kW switchgear, 480
volt load center and motor control center, raceway and conduit, motors,
lighting, cable and the removal, dismantling or disconnection of existing
equipment. Applicable sections of Electrical Standards were used as design
requirements for the ¢lectrical equipment to be purchased, as listed in
Appendix A.

Load studies confirmed that the capacity of the existing Unit No. 1
auxiliary transformer is 3,750 kVA. The running load for Unit No. 1 was
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determined to be 3,450 kVA with a spare capacity of 300 kVA. Additional
load requirements for the retrofit equipment were calculated to be
approximately 600 kW which will need to be taken from the station 2.4 kVA
system. This will require the addition of new switchgear and a new 480 volt
load center. The existing load center will also need extensive modifications
because of retrofit requirements for new equipment loads.

The new switchgear will service the Unit No. 1 circulating pump,
which will be relocated from the existing Unit No. 1 bus. The new coal
pulverizer required for the LNS Burner retrofit will receive power from the
existing 2.4 kW power supply for Unit No. 1. Transient load studies will be
carried out at the detailed engineering stage to ensure that the system is
fully coordinated.

The existing motor control center at the front of the boiler will be
surveyed to determine which panel sections and equipment can be retained
or relocated. Those which cannot be relocated on the existing panel
sections will be removed and mounted on the new motor control center.
This will be placed adjacent to the existing motor control center to avoid
interference with the new LNS Burners.

2.1.4 Controls and Instrumentation

The control system and equipment will be designed in accordance
with industry I&C design codes and standards as listed in Appendix A.

~ Control systems will be provided for steady state operation of the
retrofitted unit in the main control room. The operator will also be
operating other units at the same time when not in the start-up or test
mode. Design criteria for start-up and testing will consider one dedicated
operator in the control room and one dedicated operator outside the control
room.
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System design will permit operation of the unit reduced loads with
either one or two burners. Actuator design will be pneumatic, signal
design will be electric and power supply will be AC.

The LNS Burner will require multiple control loops for burner
operation such as coal and air flow, burner temperature combustion
control, in addition to those required for the existing balance of plant
equipment. A status board will also be required, together with several
switches for operation of auxiliary equipment such as blowers and feeders
as there is not sufficient space for these items on the existing main control
panel,

The combustion control design criteria for the existing plant will be
used as the basis for establishing interface requirements between the LNS
Burner controls and balance of plant equipment. New transmitters will be
provide for main steam pressure and flow and forced draft fan pressure.

Existing plant equipment to be retained includes the forced fan
control drive (modified for constant pressure operation), feedwater controls,
cyclone air flow transmitters and local air devices. Secondary air shut-off
damper drives will be retained in place, but are not required for operation.

A signal will be provided from the burner control system to the
existing coal feeder control, but feedback will not be required. Coal feed
indication will be retained in the control room and all other existing plant
combustion control equipment will be disconnected from service and left in
place or removed for storage.

22 PROCESS DESIGN

Process design work consisted of updating the material and energy
balances to use design coal and to reassess the interface between the boiler,
pulverizer and LNS Burner. The pulverizer sweep air is used to dry and to
convey coal from the pulverizer to the coal separator cyclone. From the
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cyclone, this sweep air serves as final overfire air to the boiler. Work was
done on establishing the operating envelope of the pulverizer and assessing
the effects of the associated sweep air requirements on the boiler excess air
demand. A study indicated that a small 8-inch bypass line would allow
better flexibility in matching boiler excess air requirements to pulverizer
demand. Boiler excess air turndown is expected to be at levels as low as
14% instead of the normal 16%.

Differences between the feasibility process design and the current
design were minor and did not significantly impact the original basis
presented in the feasibility study.

23 LNS BURNER MECHANICAL DESIGN

Work was done in updating the feasibility design. Fundamental
information developed from the Heavy Oil Recovery project was
incorporated and used to reassess the design requirements for the LNS
Burners. Thermal design requirements, refractory selection and support,
coal inje-tor design issues, design requirements for the cooling annulus
and special features design and selection were incorporated from the
previous HOR work. Effort was focused on identifying an outer, not-to-
exceed, envelope which could be used by the other Project Team Members to
update plant general arrangement drawings, plan and elevation drawings
made of the boiler front and reassess early boiler modification feasibility
work. This work helped to identify and adapt to numerous constraints.

The LNS Burner for this retrofit is formed by two sections; the
existing cyclone furnace barrel with an extension of the end of the cyclone
furnace barrel. Due to the configuration of the cyclone furnaces for Marion
Unit 1, the end of the cyclone furnace is very close to the leve! of the main
turbine operating floor. The estimated diameter of the extended portion of
the LNS Burner interfered with the deck. Work was done in assessing the
impact of either decreasing the burner diameter, removing a portion of the
concrete floor, or inclining the extended portion to miss the floor. Studies
indicated that if the extended portion could be offset from the cyclone
furnace and tilted about 15 degrees, the interference could be eliminated.
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The general arrangement of the LNS Burner installation for this retrofit is
shown in Figure 8. See Section 3.2 for information on the status of current
LNS Burner design work.

Initial LNS Burner and boiler interfaces and the interaction of the
burner gases and overfire air within the boiler cross-section were
established. Further discussion on the boiler mixing will be presented later
in the report.

The slag screen is an integral portion o, the burner-boiler interface.
The screen is at the exit of the cyclone furnace and it is designed to capture
molten slag droplets from the exiting LNS Burner gases. The initial design
of the slag screen has been reviewed to better understand the interactions
between thermal design requirements, mechanical design requirements
and the desired process conditions. A further discussion of the slag screen
design will be done in the next rt porting period, as presented later in this
report.

24 SELECTION OF EQUIPMENT FOR SOLIDS FLOW SPLITTING

The pulverized coal, limestone and additive are pneumatically
conveyed from the bottom of the coal separator cyclone to the two LNS
Burners through two sets of flow splitters. The required split is one to
twelve, with six coal pipes to feed each of the two LNS Burners. Riley Stoker
uses a standard design "Riffle Box" which works well for them in other
installations. The riffle box splitter uses mechanical fingers to split the
incoming flow stream into two outlets. The standard riffle box design
cannot be easily modified to use more than two outlets, so a design was
developed which would take the flow from each riffle box and divide that
flow into six outlets. This splitter is based on designs used in the coal and
steel industries. The splitter chosen is orientated vertically with flow
entering the bottom and leaving from the top. This one-to-six splitter design
is similar to that successfully used for TransAlta's Heavy Oil Recovery test
facility, which has one to three split. The Merion splitter is placed in a long
vertical section of pipe designed to eliminate any non-uniform flow of solids.
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The flow enters through an expanding inlet where the velocity of the gas
and solids is reduced to ensure that the solids are uniformly distributed
over the internal cross-section. The outlet pipes are located in a contracting
cone to increase their velocity before they enter the coal conveying pipes to
reduce the contraction losses at the outlet. The split of the solids is expected
to be within the allowable limits of 10%.

2.5 PULVERIZER SYSTEM SELECTION

Selection of the pulverizer type required for the project evolved from
the project decision to meter and deliver process feedstock (coal, limestone,
and additive) directly to a common pulverizer for mixing and grinding,
rather than metering and mixing separately, previously pulverized
streams for delivery to the combustor.

To promote good product mixing, avoid any product segregation and
minimize the impact of different feed material physical characteristics on
grinding efficiency, a high speed impactor-type pulverizer was specified.
The "Atrita" pulverizer manufactured by Riley Stoker Corporaticn met the
ahove specifications and was selected for the project. A side section of the
pulverizer is shown in Figure 9.

The amount of pulverizer carrier air flow was dictated by the air
temperature level achievable from Marion Station #1 boiler's air heater and
amount of remaining moisture required in the pulverized product.
Because the required pulverizer carrier air flow exceeds that required for
coal delivery to the combustor, an indirect firing system was used in which
a high-efficiency cyclone separator removes all pulverizer carrier air
(which in turn becomes boiler overfire air) and collects pulverized product
for rotary valve injection into a separate metered air flow combustor coal
delivery stream. This latter circuit contains a booster transport blower,
two, two-way riffle distributors, two sets of tight shut-off valves (NFPA
requirement) and two, six-way fuel splitters.
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26 HOST SITE CHARACTERIZATION

The objectives of the host site characterization were to determine the
as found condition of the host unit, determine its capability to support pre-
modification testing, and to identify any key site considerations that would
need to be addressed in the design of the project. The as found condition of
the unit was determined through a detailed plant inspection. Site
considerations were identified during the preparation of project design
criteria. The following sections in 2.6 explain these items.

2.6.1 Boiler and Plant Conditions

Prior to pre-modification testing, Marion Unit 1 was reviewed for
operational readiness in the January to June, 1990 timeframe. Plant
equipment and records were reviewed to verify the completeness of the
Project Demonstration Program. The following specific areas were
reviewed:

a) Equipment operational capability to support pre-modification
testing requirements. .

b) Adequacy of Material Performance Plan.

c) Plant instrumentation operability to satisfy equipment
performance plan requirements.

d) Existing plant configuration for air quality instrument
installation.

The review of the plant included examination of the following
equipment and plant records:

J Boiler Pressure Part External Surfaces and Refractory

° Boiler Pressure Part Internal Surfaces
° Boiler Casing and Enclosures

o Draft Fans and Air Heater

° Air and Gas Ductwork

° Dust Collection System
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o Slag Systems

o Control Devices and Instrumentation

° Electrical 2100V Switchgear

o 480V Power

° Control Room Space

. Balance-of-Plant Systems, Service Air and Water Fire Systems
Steam, HVAC, Condensate

o New Equipment

. Traffic Patterns

o Review of Operational and Maintenance History

° Review of previous Bechtel study for SIPC regarding unit
availability improvements

2.6.2 Deficiencies and Remedial Measures Required

The operational readiness inspection for the project was completed in
the January to June, 1990 time frame. The major plant deficiencies noted
are summarized below, along with remedial measures required to bring
the unit operational capability up to standard.

ROLICT A ! : asi\png L.e8x88

This has been a continuous historical problem which has
resulted in severe bulging and deformation of the casing in a number
of areas. The flue gas leaks and subsequent casing damage due to
overheating were caused by failures in the refractory used to seal the
convection pass tangent waterwall tubes. The failure of the
refractory can result from improper instailation, unit cycling and/or
a combination of both. Refractory failure allows localized

overheating of the boiler casing and its ultimate failure.
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Known casing leaks had previously been repaired by SIPC
during the November - December 1988 unit outage. Additional boiler
casing, ducting and refractory inspection will be accomplished prior
to post-modification testing to determine the extent of modifications
required for long-term operation.
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b)  Chelate Cleaning

The boiler was acid (chelate) cleaned in December of 1988. This
was the first time tlie boiler had been acid cleaned since 1973. A few
tube leaks occurred as a result of the acid cleaning which would
indicate that some degree of waterside corrosion exists. All leaks
were repaired. No further remedial action is required at this time.

c)  Boiler Tubes

During the November-December 1988 overhaul outage, the
boiler furnace floor tubes were ultrasonically tested to determine wall
thickness. As a result of this activity and a visual inspection
throughout the boiler, a total of 31 furnace floor and 28 boiler roof
tubes were repaired. The furnace floor tube repairs were
necessitated because their wall thickness was determined to be less
than the ASME minimum allowed thickness. Nothing could be
found to indicate that an analysis was performed to determine if the
tube wastage was due to fireside abrasion/erosion/corrosion or water
side corrosion or both. The boiler was discovered to have been
operated for at least the last 15 years without installation of the lower
furnace section refractory as called for on the boiler erection
drawings. This would support the assumption that the majority of
tube metal wastage was the result of fireside
abrasion/erosion/corrosion.

All boiler tubes in the lower furnace area will be included in
the material monitoring program to be conducted before and after
operation of the retrofit in addition to selected tubes in the
superheater and convection pass generating tubes section.

d)  Air Preheater

In November 1988 a vendor representative made an inspection
of the regenerative air heater. The following performance related
problems and recommended corrective measures to be taken were
identified.
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o The cold end basket elements are in bad condition and should
be replaced.

J Four hot end axial seals are missing and should be replaced.

° All cold end radial seals are bad and should be replaced.

Prior to major replacement of air heater components, a pre-
baseline test was planned to determine the performance of the as
found air preheater and to ensure successful completion of the
Baseline Test. This test was subsequently completed as outlined in
Section 3.5. The air preheater will be inspezted in detail as part of the
Material Monitoring Inspection prior to the Demonstration Testing of
the project.

e) E] atic Precipi
The electrostatic precipitator (ESP) was not inspected during
the operational readiness inspection, but the ESP will be inspected
prior to pre-modification testing to photograph and document the as-
found condition as outlined in the Materials Performance Plan.

f)  Performance/Demonstrativa Test

Instrumentation

A purvey of the unit instrumentation was conducted and it was
determined that all instrumentation required for the demonstration
program, with the exception of stack monitoring instruments, is
available. All data is transmitted to benchboard quality indicating
and recording devices in the control room with the exception of coal
flow. Since the unit was not in service, it could not be determined if
the instrumentation was functional.

A field startup instrument engineer will be assigned to the
project prior to the pre-modification performance test to provide
technical direction and assist in the checkout, refurbishment, and
calibration of all unit instrumentation.
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The existing plant instrumentation which will require
checkout, refurbishment (if necessary) and calibration prior to
premodification testing has been identified.

g8)  Ductwork and Furna.. Access for Isokinetic Dust Sampling
and Gas Temperature Travorgses
All flue gas dust sample points required for the demonstration
program were available. Some, if not all, sampling piping
connections to the boiler casing were found to be in poor condition,
e.g., plugged, holes corroded through, and threaded ends rusted
away.

Sampling piping connections in poor condition will have to be
repaired or replaced. All gas sample point piping connection
replacement/repair will be included in a separate work package and
will be completed prior to pre-modification testing.

Access to the boiler furnace for furnace temperature probe(s)
traverses to obtain temperature profiles during the demonstration
program can be gained at two furnace elevations. One penetration,
which was included in the original boiler design, is located in a side
wall in the area of the cyclones and is currently capped. One or both
existing furnace inspection ports, which are located approximately
3/4 of the way up the front wall, can also be utilized.

The fabrication, supply and installation of a water cooled,
manually operated probe or probes, aspirating air devices and probe
supporting devices will be included in the project work scope.
Aspirating air and probe cooling water supplies will be provided.

h)  Stack Emissions Monitori

There is no Unit 1 stack access for emissions monitoring.

The required platform(s), platform access and stack
penetrations on and in the Unit 1 stack respectively will be

T I e w - e " N " [N v W ey W et
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engineered and installed. All auxiliary services required by the °

instrumentation, e.g., instrument air, power, cooling water, will
also be provided.

i)  Slag and Ash Sampling

The bottom ash system is common to all four Marion units.
Operation is manual with ash sluiced sequentially from all operating
units. Each slag tank is emptied approximately once per shift.
There is no reliable method to measure slag quantity at the slag tank.
Therefore, slag must be captured at the ash pond during the
performance tests to determine the quantity produced.

Operation of the flyash system is similar to the bottom ash
gystem, and quantities will be determined in the same manner.

Flyash samples, for chemical analysis, will be collected from
the Multi-Clone hoppers, and the precipitator hoppers, and mixed to
obtain a uniform sample.

A collection box will be designed and constructed for this
purpose. During a period of 1-2 hours the flyash, and then slag, will
be sluiced continuously and the quantity of each will be measured.

j) [urbine-Geners
Egquipment,
The No. 1 turbine-generator unit, which underwent a major
overhaul during March-April of 1986, has been highly reliable
throughout the life of the plant.

Historically, the unit auxiliary systems and equipment have
been reliable. The redundancy of equipment will provide maximum
assurance of reliability during the demonstration program.
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2.6.3 Site Considerations

The fuel preparation building housing the pulverizer and other fuel
treatment and transfer equipment shall be located as close as possible to the
boiler front. Existing access and driveways to plant maintenance bays shall
not be obstructed.

Bulk storage of limestone and fuel additive shall not obstruct existing
plant maintenance and laydown space. Material transfer during loading
the silos shall not take longer than 1 hour to prevent blockage of plant
roadways.

The Marion site Soils Report was reviewed to determine conceptual
foundation requirements of the fuel preparation building design.

Existing borings obtained from SIPC in the area of the new fuel
preparation building indicated that the natural soil would probably provide
suitable foundation bearing material. The actual conditions as they
actually existed were not known, particularly regarding backfill for
adjacent buildings and previous structures. It was assumed that, based on
verbal information received from SIPC, the area was returned to the
original condition after construction and demolition of the unloading
facility. This was confirmed prior to completion of the foundation.

Two new test (2) borings, each to a 30-foot depth, were drilled to
confirm the validity of the previous soils report data. The results confirmed
the previous Soils Report data.
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27 IDENTIFICATION OF LONG LEAD EQUIPMENT

Significant work was done in the identification of long-lead
equipment and materials. The Project schedule was updated early in 1990
and was used as a basis to carefully identify those items of equipment and
materials which had significantly long enough lead times as to require
commitment by TransAlta to procure these items prior to signing the
Cooperative Agreement. Each of the Project Team Members reviewed their
scope of supply and identified those items which required significant lead
times. Engineering and design work that was necessary to specify
equipment and materials was identified to DOE and requests were made to
start the process of obtaining this equipment.

Contracts were made by procurement departments to review the lead
times. Technical specifications were prepared and long-lead items were
submitted for formal, competitive bids from suppliers. Bid evaluations
were made in accordance with respective Project Team Member internal
company standards and were based on availability, technical specification
and price. After these items were reviewed, requests to commit to long-lead

items on long-lead procurement were submitted to, and approved by, the
DOE.

2.7.1 Pulverizer and Mechanical Equipment

The pulverizer was the first major piece of equipment to be acquired.
Riley Stoker identified its lead time as in excess of nine months as the
pulverizer has a number of specialized forgings. A specification was
written for this item. A letter was written to the DOE for approval to
commitment for this item. Approval was granted and fabrication was
started. Commitments for other items, such as the coal separator cyclone
andweigh belt feeders were also made in the Spring/Summer of 1990.
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2.7.2 Structural Steel

Structural steel was to be placed on order immediately after signing
of the Cooperative Agreement to meet the Project Schedule. The structural
steel engineering and drawings were completed sufficiently in the
reporting period to permit quotations to be solicited.

2.7.3 Electrical System Long Lead Items

Electrical equipment delivery lead times were dependent upon
placement of purchase orders shortly after the Cocperative Agreement is to
be signed. Conceptual engineering relating to motor control center and
switchgear requirements was accomplished prior to this to ensure
construction need dates are met in the Project Schedule.

A purchase order was placed to General Electric for a 2.4 kV
switchgear extension consisting of one switchgear cubicle fully compatible
with the General Electric equipment presently installed on Marion Unit 1.

The switchgear will service the No. 1 circulating water pump
currently powered from the Unit 1 switchgear. The existing Unit 1
switchgear will be used for the new coal pulverizer which is required for
the LNS Burner Retrofit. The re-arrangement of switchgear is required to
integrate the new plant loads with their appropriate unit switchgear.

It is also required to place a purchase order for one manuaily
operated 480V load center breaker and cubicle suitable for addition on to the
existing General Electric Load Center. The breaker will supply power to
electrical equipment required for the retrofit.

2.7.4 Pre-Modification Testing Requirements

Subcontract packages for stack modifications, air quality
instrumentation, and air quality equipment were completed due to delivery
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lead times in order to meet the pre-modification test requirements of the
Project Schedule.

28 REVIEW OF WORK SUPPORTING NEPA AND APPLICATION
FOR PERMITS

During pre-award meetings, the DOE pointed out that they required a
Draft Environmental Information Volume (EIV) and Environmental
Monitoring Plan Outline (EMPO) in order to complete their environmental
assessment of the cyclone boiler retrofit project. After approval, the EMPO
will be developed into the Environmental Monitoring Plan (EMP).

Preparation of the draft EIV began in January 1989. Background
information on existing environmental conditions in the site area was
collected from State agencies, (including the Air Pollution Control and
Water Pollution Control divisions of the Illinois Environmental Protection
Agency (IEPA), the Department of Conservation and the State Water
Survey), the U.S. Fish and Wildlife Service, Marion Chamber of Commerce
and Southern Illinois Power Cooperative (SIPC). Information on existing
operating conditions at Marion Power Station was also supplied by SIPC.
Technical data for the LNS Burner was reviewed and evaluated to assess
environmental impacts due to the LNS Burner project. The draft EIV,
which incorporated this information, was submitted to the DOE in April,
1989.

Comments on the draft EIV were received from the DOE in May,
1989, with a request for the inclusion of "before and after" comparisons of
discharges from the plant and additional information on the proprietary
additive and existing conditions at the site. This information was supplied
to the DOE in June, 1989.

The EMPO was prepared concurrently with the draft EIV.
Information developed for the draft EIV was used to assess which aspects
of the project should be monitored. The EMPO outlined the monitoring of
flue 718, wastewater and solid waste that would be necessary to
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characterize the environmental impacts of the project and support future
commercial use of the technology.

29 MOBILIZATION OF ON-SITE CONSTRUCTION

Construction forces mobilized on-site prior to signing the Cooperative
Agreement in order to establish services and construction equipment
necessary to perform construction activities relating to the Baseline Test in
accordance with the Milestone Schedule. These construction activities
consisted of modifications to the Marion Unit #1 Stack (access platforms for
test instrumentation), installation of Emissions Monitoring Equipment and
modification to the boiler and ductwork to provide the necessary test ports
for the Baseline Test. Purchase and rental of construction equipment and
services such as mobile crane, office trailers, site vehicles and welding '
machines and small tools and consumables was undertaken.

Site Operational Readiness Inspections were initiated to determine
maintenance requirements necessary to assure successful completion of
Baseline Testing (discussed in 2.7.2).

Several issues relating to site mobilization required special
consideration during site mobilization planning. Marion Unit 1 was
designed and constructed over thirty years ago to those codes and standards
in effect at the time. Plant retrofit and maintenance of the existing plant
will require construction activity that will address and implement old and
new standards. These criteria, combined with the present day physical
aspects of the plant and restoration requirements, were integrated into
detailed site planning activity. Key construction and start-up personnel
were assigned to engineering planning activities prior to mobilizing at the
site.

Criteria relating to demolition and storage of existing plant
equipment required for restoration were developed. All equipment which
has to be removed or dismantled will be stored for future reinstatement.
Equipment which is disconnected will be clearly tagged for future
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reconnection. An equipment list will be prepared and plant drawings
marked up to identify all such equipment.

All equipment, electrical connections and electrical cables
dismantled for the retrofit will be left in place with loose ends terminated
and tagged.

Safety and plant inspection methods were established for
implementation. Criteria for plant walkdowns and inspections were
developed in order to establish the as-built and operational status of
equipment. These conditions are necessary to avoid interferences during
construction and permit the most cost effective construction of the
retrofitted plant,

Construction laydown areas were established with the operating
utility so as not to interfere with plant operations and maintenance
activities ongoing at the site. Detailed planning required that areas where
foundation work was intended be investigated for all past construction
activity. Access requirements and preconstruction activities were
established.

The new Fuel Preparation Building as described in section 2.1.1 of
this report was to be located in an area that previously was occupied by a
storage building. Construction planning required that this be taken into
consideration and provisions made to assure old foundations would not
affect new construction. The lack of valid information from original
construction of the plant required that soil borings be made prior to design
of the building foundation.

2.10 DEMONSTRATION TEST PLAN

The Demonstration Test Plan was prepared to document the tests
required to meet the Project objectives of the Statement of Work in the
Program Management Plan. This document specifies the methods and
management of the data issuing from the Project. The Demonstration Test
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Plan identifies the sequence of activity and the data to be collected from the
Host Unit. Information will also be collected through a materials
monitoring program to assess the long-term durability, operability, and
reliability of the LNS Burner. This information will assist in determining
the commercial retrofit potential of the LNS Burner for utility cyclone
boilers.

Comments on the Demonstration Test Plan were received from DOE
in August 1990 and similar suggestions were received from EPRI and other
funding parties. Because the Baseline Test was scheduled for early
October, 1990, work concentrated on finalization of the test plan for the
Baseline Test, into which all comments on the Demonstration Test Plan
were incorporated. Specific test details and a test matrix were included and
the material monitoring specifications were completely rewritten to
incorporate suggestions for a material sampling procedure and to provide
for a material and sulfur balance. EPRI was kept informed of the test plan
development and the EPRI project manager assisted in its review.

The Demonstration Test Plan will be finalized when engineering
design has been completed.

The overall project objectives, as listed on page 1 of the Cooperative
Agreement, are to:

1. Construct a full scale retrofit of a utility cyclone boiler using
the technology.

2. Evaluate the long term durability, operability and reliability of
' the LNS Burner in a utility operating environment.

3. Demonstrate the LNS Burner's control of SO2 emissions
against a criterion of 70% or greater SOy when burning high
sulfur midwestern bituminous coals, with a project goal of

meeting New Source Performance Standards (NSPS) of 90%
SO9 reduction.
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Demonstrate the LNS Burner's control of NOx emissions with
a Project goal of NOx emissions less than 0.2 lb/MBtu (or

150 ppm) when burning high-sulfur midwestern bituminous
coals.

Demonstrate the LNS Burner's effect on cyclone boiler full load
heat rate.

As identified in Section 4.0 of the Statement of Work which forms

Attachment A to the Cooperative Agreement, the specific Project objectives
to be assessed during LNS Burner demonstration operation are:

2.10.1

Performance and reliability of all system components
Emissions control capabilities

Materials performance

Solid waste characteristics

Equipment Performance

Prior to the LNS Burner Retrofit installation, the plant will be

operated for a period necessary to complete pre-modification testing. Pre-
modification testing will measure the baseline performance parameters of
the existing as-built plant. The testing will include:

Boiler gross efficiency
Precipitator performance
Air heater performance

Pre.modification testing will be performed under steady state

conditions at 50, 75 and 100% load. The data gathered will provide the
baseline upon which the operation of the reconfigured plant will be
compared. Emissions monitoring equipment will be installed, checked out
and calibrated before pre-modification testing begins. Existing plant
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instrumentation, supplemented by test instrumentation, will be used to
obtain the required test parameter data.

The boiler performance test will be conducted ix: accordance with
ASME PTC 4.1 (abbreviated form). Precipitator and air heater performance
will be by correlation of test data with existing performance information.

The heat loss method for efficiency used for the boiler test considers
the following losses:

a) Heat loss due to dry gas

b) Heat loss due to moisture in the fuel

c) Heat loss due to H20 from combination of H9

d) Heat loss due to combustibles in the refuse (unburned carbon)

e) Heat loss due to radiation (the manufacturers predicted value
will be used provided the boiler insulation condition is
acceptable, and/or the value will be determined from the
ABMA radiation loss chart)

9] Heat loss due to sensible heat in slag

g) Heat loss due to moisture in air

h)  Unaccounted for losses

In calculating the boiler efficiency by the heat loss method, the flue
gas temperature leaving the air preheater, corrected for leakage, will be
utilized.

A laboratory will be utilized for the analysis of coal and flyash.
During the load tests, coal samples will be taken at the coal feeder inlet in
accordance with PTC 3.2, Test Code for Solid Fuels and the analysis
performed in accordance with ASTM D271. The sample(s) for ultimate
analysis taken will be composited and divided into two equal composite
samples. One sample will be analyzed by the testing laboratory and the
other will be retained as a duplicate until the final results of the test have
been reviewed and found acceptable. Separate samples will be obtained for
fuel moisture.
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Approximately one hour will be allowed to stabilize the unit at steady
state load conditions prior to obtaining test data. During the stabilization
period and for the duration of the load tests, the boiler continuous blowdown
will be valved out of service. Sootblowers will be operated just prior to the
stabilization and test period and will then remain idle until the completion
of the tests.

Flue gas stack monitoring consists of NOx, SOx, 02, and opacity and
will be monitored throughout the entire program. CO, COg, and O3
measurements taken from the boiler outlet will be used for performance
testing. 09, CO and CO2 determine carbon utilization and CO and 02
normalize SO2 and NO2.

Particulate samples will be taken at both the inlet and outlet of the
mechanical and electrostatic dust collection system to determine the effect
on the existing burner on dust collection system operation. The mechanical
and electrostatic precipitator hoppers will be emptied prior to testing and
bottom slag will be removed prior to the test. The data provides a baseline to
characterized existing plant performance.

Instruments will be calibrated to accuracy and repeatability
appropriate to the type of instrument and the intended application, in
accordance with good engineering and plant operating practices.
Calibration will be appropriate and consistent with the manufactured
quality and accuracy of each instrument.

Demonstration testing will be performed under steady state
conditions at minimum, intermediate, and rated load. The Demonstration
Test period will be 6 months of continuous operation. The units will be
operated at 1/2 to 3/4 full power for approximately 3 months and full power
for the remainder of the test. It will be operated at reduced load over each
weekend.
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The tests will measure the general performance of the retrofit plant
throughout the 6-month test and will include the determination of the
following specific performance tests:

a) Boiler gross efficiency
b) Precipitator performance
c) Air heater performance

The load tests will commence at approximately mid-point of the 6
month period utilizing the same test criteria as the Baseline Test.

The flue gas monitoring of the Environmental Monitoring Plan
(EMP) for the LNS Burner Demonstration Project includes stack
monitoring of NOx, SO2, 02 and opacity over the 6 month test period.
Particulate samples will be taken at both the inlet and outlet of the dust
removal system as outlined in performance testing to determine the effect of
the LNS Burner particulate operation.

The data gathered during the post-modification phase of the project
will be used to characterized operation of, and emissions from, the LNS
Burners as outlined in pre-modification testing. Particulate and SO2
emissions and opacity data will be used to confirm that Unit 1 is in
compliance with the State of Illinois emission limitations. Specific
operating data points will be at minimum, intermediate, and rated.

The emissions monitoring instruments used will be selected to meet
the performance specifications of the NSPS regulations. Reference data for
emissions will be monitored throughout the duration of the 6 montbh test
period and checked against performance test results.

Data acquisition during the conduct of plant performance testing as
well as during the demonstration phase of the program will be obtained
from new emissions monitoring instrumentation, and existing plant
instrumentation. These devices will be supplemented by portable test
instruments and a data acquisition system. Refer to Drawing Data
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Acquisition Measurement Drawing M74-BA01 Sheets 1 and 2, for listing of
plant parameters to be monitored, located in Appendix B.
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2.10.2 Materials Monitoring Program

The existing boiler, air heater and dust collection system component
materials as well as the retrofitted burner support system components and
materials such as cyclones and pulverizers will require inspection to
evaluate their behavior in the LNS Burner Combustion process.

Pre-Demonstration and Post Demonstration Monitoring will consist
of material inspection and the accumulation of baseline data concerning
the as-found condition of boiler pressure part, refractory, ductwork, the
dust collection system, and the air heater. The as-found material condition
and data will be compared to inspection data accumulated, from the same
areas, at the completion of the project demonstration phase. New
components and material specific to the LNS Burner will be inspected and
evaluated.

Areas of expected abrasion, erosion, and wear, will be documented
for post demonstration comparison and evaluation. Partial or complete
inspections may be made during a Phase III demonstration period
outage(s), should such an outage(s) occur and is of long enough duration to
permit inspection.

2.10.8 Waste Monitoring

Slag, flyash and sluice water streams from Unit 1 during the LNS
Demonstration testing will be analyzed at rated load. Samples of sisg and
flyash will be tested under EPA's EP Toxicity Test and for leachability of
common anions and cations. Sluice water, from both slag and flyash
transport systems, will be sampled to determine the effect of the modified
ash on parameters such as pH, total suspended solids and total dissolved
solids. The characteristics of the sluice water from the LNS Burner
Demonstration Project will be compared to the characteristics of the sluice
water from the baseline cyclone burner configuration. The results of the EP
Toxicity Test and leachability tests will be used to evaluate the alternatives
for handling and disposal of the slag and flash. Flyash and slag samples
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taken as outlined in post-modification performance tests will be analyzed
for conformance to requirements outlined in the Environmental Monitoring
Plan.

2.10.4 Emissions Control

Instrumentation for the Marion Unit #1 Emissions Monitoring
Program was purchased and installed. This equipment is required by
Technical Specifications of the Demonstration Program Plan for the
Baseline and Demonstration Performance Test. The instrumentation
consists of continuous monitoring devices for 09, CO2, NOx, SOy and
opacity. Installation of a stack platform, modifications to the stack for the
instrument probes, foundation work for the enclosed shelter housing the
instrumentation and all grounding and electrical work was completed.
The instrumentation was checked out and calibrated satisfactorily.

Addition of sampling ports and related sealing and aspirating air
systems to the Unit #1 boiler furnace walls and flue gas ducting were
completed to accommodate furnace ‘emperature and flue gas sampling
respectively required during perforniance testing. The modifications were
required to permit test probes to be inserted directly into the flue gas
streams and furnace streams to determine profiles for the Baseline test to
be compared with the retrofitted plant.
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3.0 TECHNICAL PROGRESS DURING CURRENT
REPORTING PERIOD

3.1 PROCESS DESIGN

The Process Flow Diagram was reviewed and some minor
corrections were made to reflect equipment or systems requirements. The
revised non-proprietary process flow diagram is shown in Figure 10.
Initial assessment of plant and LNS Burner operating requirements was
started. Meetings were held with Marion Unit 1 operators to understand
how the unit was operated, to identify startup and shutdown requirements,
to identify unit trips and to identify any known unit limitations which could
affect the operation of the retrofitted unit. Turndown of the plant was also
reviewed by Riley Stoker to identify limits to be placed on the pulverizer and
the coal transport system. Riley Stoker identified that the coal conveying
system turndown was limited to 80% of design to avoid any potential for
solids drop-out in the pneumatic conveying !ines. Other turndown limits
were also found, but none of them provided any significant impact to the
ongoing design efforts.

As part of the review of the operating requirements, initial startup
requirements from a cold start to turbine roll were evaluated. Sizing of the
LNS Burner startup oil guns was evaluated in context of the overall plant
startup requirements. Based on current design requirements, the unit will
be started on the LNS Burner oil guns and slowly be brought to temperature
and establishment of steam flow. The initial turbine roll at about 4 MW will
be on the oil guns. After the turbine stabilizes, coal will be started on the
LNS Burners to bring the load up within the 1 MW/m limitation of the
turbine.

The review of the unit and LNS Burner operating envelope will
continue and will provide significant input into the development of
operating procedures. These procedures will be issued in the Startup Plan.
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32 LNSBURNER DESIGN

Effort during the current reporting period was focused on the
development of a burner thermal model, continued development of a
mechanical layout and the continuing of burner-boiler flow modeling. The
LNS Burner for this retrofit is formed of two sections; the existing cyclone
furnace barrel and extension piece protruding from the end of the cyclone
furnace barrel. The existing cyclone furnace barrel will remain virtually
unchanged. The air ducts and other cyclone-furnace-related changes will
be removed. The cyclone furnace barrel will remain water-cooled. The new
LNS Burner extension piece will be added to the cyclone barrel consisting of
a refractory-lined section, about 16-feet long. This section is externally air-
cooled by incoming combustion air flowing through a one-inch thick cooling
air annulus from the cyclone end and ﬁowing up to the head end where it
enters into the LNS Burner. A schematic of the LNS Burner and its
interface with the boiler is shown in Figure 11. Coal with carrier air also
enters at the head end.

The thermal design, mechanical layout and burner-boiler flow
modeling will be discussed in the following sections.

3.2.1 LNS Burner Thermal Analysis

A thermal model using conventional finite-difference methodology
has been developed to evaluate thermal profiles and startup conditions. The
model uses a commercially available thermal analyzer program to solve the
finite difference equations and to determine the temperature distribution.
The model incorporates thermal convection and radiation from the hot gas
to the refractory hotface, conduction across and along the refractory
material, convection and radiation across the cooling gap, conduction
across and along the metal shells, conduction across the outer thermal
insulation, convection and radiation from the insulation to the environment
and energy transport along the cooling air flow channel. The model
handles different material properties, transport properties, process
conditions, and physical geometry variables, such as annulus thickness,
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refractory thickness, etc. The finite-difference model is currently being
hand checked and will be used initially to evaluate refractory thickness
requirements and to assess overall process considerations. Early results
from the model have shown that the previous selection of about 4-inches of
refractory material remains appropriate for the service.

3.2.2 Mechanical Design

The mechanical design activities for the LNS Burner were initially
started during the preparation of the feasibility study. These early efforts
determined overall length, diameter, refractory thickness and required
design features. This effort was continued incorporating design
refinements. The diameter and overall length have been finalized, the
refractory thickness has been selected and is being checked with the
thermal model. The design features are being selected; details, such as
thermocouple selection and placement, provisions for flame scanning,
observation ports, air manifold design and placement and structural
support are being finalized. The design of the coal injector pipes has been
finalized and incorporated into the mechanical layout. The fabrication
drawings have been started and the development of fabrication details is
underway. Fabrication material for the metal shells of the front end has
been selected; 310 stainless steel is the material of choice for the
demonstration test unit because of its higher tolerance to thermal upsets
and transients. The generic type of refractory material has been selected;
the specific brand will be finalized later.

3.2.3 Burner-Boiler Flow Modeling

Cyclone furnaces operate with high excess air and at high
temperature. The heat release during combustion is very high and as a
result the boiler volume is much smaller than would be found in a
conventional pc-fired system. The Marion Unit 1 boiler entrance has a
small cross-section; about 5-feet depth and about 20-feet in width.
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The LNS Burner's operation is fundamentally different than cyclone
furnaces. As a result, sulfur is captured and significant NOx reductions is
achieved. Because of the small boiler, flow modeling was found to be
necessary to establish the location of overfire air ports. Adequate mixing of
LNS Burner combustion products with overfire air must be accomplished
carefully within this small volume to ensure NOx emission goals can be
achieved. The development of a quasi three-dimensional model was started
to evaluate mixing of the overfire air introduced into the boiler region. The
model uses a commercially available program ("Fluent") to solve
continuity, mass, energy and chemical species equations for a given
geometry. The initial cases run so far have been concerned with checkout
of the model, understanding the relationship of some of the mixing
parameters, and the burner-boiler geometrical interactions. Temperature
field distributions, oxygen and carbon monoxide concentration fields are
being evaluated to determine relative mixing within the boiler cross-section
to assure gond combustion and temperature conditions at the boiler
superheat sections. Preliminary results will be provided in the next
reporting period.

3.2.4 Slag Screen Design

The slag screen uses principles developed during prior work to
remove slag droplets from hot LNS Burner gases exiting into the boiler
volume. The hot gas with entrained molten slag flows through the old
cyclone furnace barrel and impacts the slag screen at the boiler water wall.
The slag screen is composed of vertically staggered,refractory-covered,
water wall tubes. See Figure 12 for a schematic representation. The slag
screen functions by accelerating the combustion gas and entrained molten
slag droplets through a gap in the tubes.

Development of a thermal-hydraulic model has been started to
determine the slag screen design parameters. The model will use a
commercially available thermal analyzer program to solve finite difference
equations to evaluate the temperature flow field. The model predicts
thermal performance of the slag screcn by coupling the hot gas containing
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molten slag droplets to the slag screen by convection and radiation.
Hydraulic performance, separation efficiency, reentrainment velocity and
droplet generation velocity are also calculated by the model. Additional
work is planned for the next reporting period on the continued development
of this model.

33 BALANCE OF PLANT DESIGN

3.3.1 Architectural Design

Preliminary architectural sketches and layouts of the fuel
preparation building were prepared in accordance with the design criteria

- for use in defining the structural steel framework for the building.

Preliminary floor and roof drawings and elevations were produced
showing the locations of all doors and other openings and these were
progressively developed into detailed drawings for use in material
procurement and construction.

3.3.2 Civil and Structural Design

A preliminary structural steelwork arrangement was developed
from the preliminary architectural layouts and design parameters
established. These were progressively revised and updated as vendor
equipment information on dimensions and loadings became available.

Design and preparation of detailed drawings was carried out for the
structural steelwork and reinforced concrete foundations for the fuel
preparation building, structural steelwork and foundations for the bucket
elevator and the foundation for the continuous emissions monitoring
shelter.

Technical specifications and material requisitions were prepared
and issued. Bid evaluations and recommendations were made for award of
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purchase orders and contracts. Review of vendor drawings for compliance
with technical specifications is in progress.

At SIPC's request, the bucket elevator location changed from the east
to the south side of the new FPB to avoid impacting existing maintenance
and road accesses. This move also resulted in changes to the conveyor
system being used to transport the materials from the bucket elevator to the
limestone and additive silos. These changes impacted the structural
framing designs and details for the roof and floor plans and the foundation
concepts. Significant calculation and drawing revisions were required.
Subsequently, material and/or detailing changes were necessary.

During this period, the most significant rework occurred as a result
of a request from SIPC to upgrade the designs to conform with BOCA
Seismic Zone 3 Criteria due to the site's close proximity to the New Madrid
Fault. In accordance with the BOCA Code, all designs had originally been
performed for Seismic Zone 2 criteria. Incorporating this request resulted
in major calculation and drawing revisions and entailed significant
material and detailing changes.

Approximately 15 structural members required replacement with a
larger section, 9 addition structural members were added as a result of the
increased seismic forces, and approximately 60 dozen minor detailing
changes were required to columns, bracing, gusset plates and connection
details.

3.3.3 Electrical Design

Load studies were completed of electrical equipment in the Fuel
Preparation Building for sizing of the new motor control center and
incorporated in design and purchase specifications. This included line
drop calculations required for cable sizing. All results were within initial
project estimates.
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Load studies and voltage drop calculations were completed for the
stack monitoring equipment to finalize power center and cable sizing
requirements. Grounding, conduit and power and control routing and
connection drawings were issued for the equipment.

A review of the existing plant ground grid was completed and
determination made of details for expansion of the grid to the new fuel
preparation building.

Voltage drop calculations were completed for the feeder lines to the
circulating water pump and the new pulverizer. Field walkdowns were
completed for the routing of all tray and conduit in the existing buildings to
prevent interferences during construction and thereby optimize design and
minimize construction costs. Electrical cable tray was completed for all
portions of the fuel preparation and boiler buildings. Portions of cable tray
and conduit were routed in longer runs through some portions of the lower
levels of the boiler building to avoid interferences noted during the field
walkdowns.

Electrical single line schematics were developed for all retrofitted
electrical equipment. Layout of lighting in the fuel preparation building
was completed. Detailed conduit and cable routing were started in the fuel
preparation building.

A study was completed to determine the optimum configuration of
the existing plant motor control center to be relocated. The equipment
interferes with installation of the new burner and support equipment.
Results were that only a portion of the equipment must be dismantled and
relocated. The portions that would require relocation would have
minimum impact on the cost of construction. Design drawings were
issued reflecting the configuration change.

Studies were initiated and completed to determine the optimum

location of the receiving equipment of the digital control system. Field
devices feeding to the equipment originate in the new fuel preparation
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building and the existing boiler building. Space was available to locate
equipment only in the lower levels of the plant which would have required
long cable runs. From this study it was determined that plant space which
now functions as a storage and lunch room could be relocated at
considerably less expense to the lower levels and the new control equipment
placed in the space thus made available. Cable runs were thus
significantly reduced and access to the equipraent for test and operating
personnel greatly improved.

3.3.4 Layout and Piping Design

Equipment layout studies, including associated pipe layout
configuration, were completed. Flow diagrams were prepared for material
handling systems, and field walkdowns of existing pipe, equipment, and
structures were performed to plan out new piping layouts.

A general arrangement drawing was prepared to form a framework
for detailing pipe layout and fabrication drawings for both LNS Burner and
balance of plant systems.

LNS Burner system coal pipe drawings were reviewed for
compliance with the general arrangements and locations of LNS Burner
system pipe hangers established.

P&ID's were prepared for the balance of plant service system and
sketches prepared for resolving field pipe and equipment constructability
problems. Preparation of suggested field routings of balance of plant pipe
systems commenced in accordance with the general arrangement
drawings.

Updating to finalize the general arrangemernt drawings, piping
composites and equipment layout continued using current system piping
drawings and vendor information.
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8.3.6 Instrumentation and Controls

A detailed review of Marion Unit 1 control and instrumentation
drawings, plant equipment, and maintenance records was completed to
determine LNS Burner interface requirements for balance of plant design.
Information from the review was integrated into design of the new LNS
Burner combustion control system.

Detail design of the balance of plant control functions for the
feedwater controls, feedwater recirculation controls, steam desuperheater
controls, generator cooling controls, and other minor control loops and
design of instrumentation for the materials handling system was
completed.

Detailed design for control room layout and integration of the digital
control system equipment into a functional system was started and is in
progress. Instrumentation and control devices not required for LNS
Burner operation or which require modification were identified and
demoliticn requirements were determined.

Demolition requirements for the existing boiler front panel were
defined. All equipment that will be required for LNS Burner operation was
identified and design requirements for integration of this equipment into
the retrofit design were completed.

Maintenance and upgrade requirements for balance of plant local
instruments, actuators, auxiliary control devices and installation detail

requirements were established.

Field walkdowns were completed to determine maintenance
requirements for all balance of plant instruments.

Prepared Instrument Index (equipment list).
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Prepared technical requirements for instrument calibration valve
maintenance.

Power requirements for all control systems were determined.
3.3.6 Distributed Control System

Work continued during the current reporting period to finalize the

~ control philosophy. Piping and Instrument Drawings (P&IDs) were started
that updated the feasibility study design with the current design
requirements. Identification of process control requirements continued
during this period. The current beiler system is a 1960's vintage and
consists of pneumatic controls with some outdated electrical controls. The
new control requirements for the LNS Burner and auxiliary systems
greatly exceeded the limited capability of this old system. The panel space
on the main control panel is very limited as it serves the three existing 33
MW units. Because of space limitations, limited existing system
capabilities and the inability to either mai atain or upgrade the old
instrumentation, a replacement control system is required for the retrofit.
A new distributed control system (DCS) has been chosen that will use free-
standing control cabinets located away from the plant control room and will
use personal computers as control stations. The DCS will incorporate the
three control systems required for the retrofit which are combustion
controls and auxiliaries, burner flame safety controls, and data acquisition.

A microprocessor based distributed control system was selected for
the following reasons:

There were many common inputs which could be "shared" in a DCS,
but would require separate hard wiring to the three separate systems listed
above.

There was very limited space available in the control room, and
especially on the control board, for operator interface devices and start/stop
stations for new major equipment such as the pulverizer, fuel/air blower,
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feeders for limestone and additive. The distributed control system provided
two CRT based operator interface stations for all of the start/stop and
moldulating controls. These would fit the space available.

By utilization of the distributed nature of the control system, one
cabinet was located at the boiler front resulting in significant savings in
wiring costs. Four data highway cables 250 feet long are required rather
than hundreds of cables of that length.

One DCS cabinet was located where the previous control cabinet was
located utilizing existing wire trays and conduit. The third cabinet was
located in available space approximately 50 cable feet away. This avoided
the need to enlarge or build a new electrical equipment room.

The nature of a DCS is such that the cost of the system is determined
by the input/output count and the operator interface. Once these are
purchased "logic" is "free" as far as hardware costs are concerned. This
permits the flexibility to make significant changes in the control strategy
and implement control improvements as testing provides feedback on the
operatint characteristics of the process, i.e., as knowledge of the process is
gained, the control system can be modified without purchasing additional
hardware.

Another key feature of the DCS is the redundant controller approach
used in the combustion/boiler control and the burner control systems. In
the event of a controller failure, the unit will continue to run safely on
automatic control allowing the failed controller to be replaced at a
convenient time.
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38.3.7 Mechanical Design

Mechanical design requirements were com pleted for the major
components of the Materials Handling System. Piping and Instrument
drawings and technical requirements were completed for the bucket
elevator, coal limestone and additive storage, screw conveyor system and
other related support equipment.

A mechanical equipment list was prepared, equipment weights and
electrical loads for all mechanical equipment outlined on the equipment list
were determined, and operating requirements for fuel handling equipment
prepared. The equipment list is shown in Appendix C.

Fuel Preparation Building equipment heat loads and ventilation
requirements were determined. The large amount of heat released by
electric motors in the fuel preparation building (725 hp) required the use of
power ventilators. Roof ventilators were selected since they were self-
contained and reliable, and would more effectively remove the heat that
accumulates in the upper levels of the building than wall mounted fans.
Each ventilator is equipped with a local adjustable thermostat, and a
backdraft damper. Inlet air is admitted near grade level, below the feeder
floor, through weather louvers. Each will be provided with manual shutoff
dampers which will be manually close in winter as required to maintain
room temperature.

Engineering requirements for plant start-up were determined,
which indicated that a heat input of 30,000,000 BTU/HR is required for start-
up of the LNS Burners. This heat input will be provided by an oil
gun/ignitor mounted in the end of the LNS Burner. Each oil burner will be
sized for this capacity with 8/1 turndown capability. 150,000 gallons of oil is
available on site for all four units. No additional storage capacity will be
required. 400 gallons/hr x 24 hours or 9,600 gallons will be required for
startup. An air atomization system will be provided for the oil burners in
lieu of the existing plant mechanical atomization system.
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3.3.8 Technical Specifications

The technical specifications and material requisitions were prepared
and finalized from design criteria to satisfy project material, and services
requirements for construction and testing of the Cyclone Retrofit Project.
These documents together with project drawings constitv‘e the technical
requirements of bid and precurement packages for material and services
and are listed in Appendix D.

34 BOILER MODIFICATIONS
8.4.1 System Air Ducting Design and Modifications

To accommodate the LNS Burner's air entry requirements, while
eliminating the existing cyclone burner primary and secondary air duct
connections, the following modifications were made to the arrangeme. it of
new and existing ducts:

a) Removal of the cyclone's primary air duct, blockage and
sealing of the cyclone's secondary air entrance ducting and removal
of the entire section of existing 54" diameter secondary air ducting
downstream of the existing air flow measuring venturis.

b) Interconnection of the LNS Burner air ducting to the new
terminus of the 54" diameter secondary air ducting. Each duct
section was equipped with a control damper and mass air flow
measuring device.

For the over-fire air requirements, new furnace wall ports will be
designed and instailed in both front and rear walls. The design of these
ports will be confirmed with burner and boiler flow modelling as discussed
in Section 3.2.3.

From the air heater air side discharge, and FD fan discharge, new
hot air and tempering air ducting with control dampers were designed for



CDOEZ21501N Issue C
Page 51

both the Atrita pulverizer and transport blower inlet ducting. This inlet
ducting was equipped with a flow control damper and air flow measuring
device (a mass flow meter for the transport blower; a segmental orifice plate
for the less critical Atrita circuit). In this way, control of air flow and
temperature could be achieved in both flow circuits. Air ducting
arrangement is shown in Figures 13 and 14, and the previous Figure 5.

All ducting will be fabricated from 1/4" carbon steel plate and sized to
provide a nominal full load duct velocity of 60 ft/s, thereby achieving a
reasonable balance between duct size and system pressure drop.

The existing FD fan flow capability is sufficient for all air flow
circuits, however, the FD fan's developed head required a boost from the
pulverizer primary air fan for the boiler combustion air circuit and a boost
from a separately provided transport blower for the combustor air/fuel feed
circuit.

Modifications to the Unit 1 boiler furnace wails and flue gas ducting
were completed to accommodate furnace temperature and flue gas
sampling ports respectively required during performance testing. The
modifications were required to permit test probes to be inserted directly into
the flue gas streams and furnace streams to determine temperature and
gas analysis profiles for the Baseline Test to be compared with the
retrofitted plant.

8.5 BASELINE TEST PREPARATION

All work relating to Baseline test preparation was completed. The
Baseline Test Program was finalized after coordination with the DOE and
all Funding Parties. All technical specifications, drawings, and
procedures for the Baseline test were completed and finalized. This work
consisted of the following major documentation:

. Demonstration Program Test Data Acquisition Measurements
Drawing
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J Boiler Performance Test Specification
o Air Quality and Solid and Waste Water Monitoring
. Boiler Material Monitoring Specification
. Air Pre-Heater Material Monitoring Specification
. Dust Collection Material Monitoring Specification
° Slag Collection Procedure

The Demonstration Program Test Data Acquisition Measurement
Drawing outlines the specific data to be taken during the Baseline Test. All
data points and expected values of parameters to be measured including
responsibility for date collection are outlined. The content of the other
documents are described in the Work Done Prior to Signing of The
Cooperative Agreement section of this report.

The Boiler Performance Test, Air Quality and Solid Monitoring
Specifications were amended to include Material and Sulfur Balance
requirements. This required data to be gathered on the boiler system.
Major streams flows of coal, air, ash, and flue gas was measured to provide
calculation of a material balance. Slag quantities were measured by
weighing the material as it discharged from the plant to the collection
holding ponds.

The operational performance of the Air Preheater which is critical to
the LNS Burner and successful completion of the Baseline Test was tested
during normal operation of Marion Unit 1. The equipment performed as
designed. Surveys conducted during operation of the unit confirmed that
plant instrumentation was performing satisfactorily and that maintenance
completed in prior months should assure successful completion of the
Baseline Test.

Instrumentation for the Marion Unit 1 Emissions Monitoring
F'rogram was purchased and installed. This equipment is required by
Technical Specifications of the Demonstration Program Plan for the
Baseline and Demonstration Performance Test. The instrumentation
consists of continuous monitoring devices for 02, CO2, NOx, SCx ~nd
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opacity. Installation of a stack platform, modifications to the stack for the
instrument probes, foundation work for the enclosed shelter housing the
instrumentation and all grounding and electrical work was completed.
The instrumentation was checked out and calibrated satisfactorily

Operational readiness inspections as discussed in the previous
reporting period (Section 2.6.2) were completed to determine maintenance
requirements and assure availability of Marion Uni4 1 for Baseline Testing.
The inspections included the boiler and auxiliary systems and
instrumentation and control for the non-retrofitted Unit. Performance of
equipment vital to the successful completion of the test were corrected.
Equipment repairs required included repair of areas of boiler tubing and
flue gas duct, air preheater steam coil replacement, replacement of
blowdown tanks and other minor mechanical, electrical and
instrumentation maintenance. A program was initiated to determine the
longer term Marion Unit #1 Maintenance requirements to assue
availability for the six month Demonstration Program.

Detail procedures for the Baseline Test were completed and finalized.
This included procedures for the Boiler Performance Test, Emissions and
Wast Monitoring Program, Slag Catching Program and the Material
Monitoring Programs. The contract was awarded for the Emissions and
Waste Monitoring Programs. The program requires third party
monitoring of stack emissions and solid and water discharge.

Baseline testing, scheduled for July, 1990 was postponed until
October, 1990 pending funding approval for expenditures required during
testing.
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36 ENVIRONMENTAL SUPPORT

Fact finding comments on the draft EIV were received from the DOE
in June, 1989, regarding floodplains at the site and the status of existing
permits. These were responded to in July, 1989.

During a tour of the Marion Power Station by the DOE in July, 1989,
discussions were held relating to ash disposal, precipitator performance
and wetlands. Further comments were received from the DOE in August,
1989 and a detailed response was submitted in September, 1989.

The final EIV incorporating the results of the above discussions, was
submitted in October, 1989.

DOE accepted the EMPO in June, 1989 but requested that further
information on the disposition of the proprietary additive and more
complete monitoring of flue gas and wastewater be included in the EMP. A
response was sent to the DOE in August, 1989 to ensure that the EMP would
address these concerns and the EMP was prepared.

In late July, PETC submitted a draft Environmental Assessment for
the Project to DOE headquarters.

In September 1990, PETC and their consultant SAIC asked for
background information needed to prepare an assessment of long-term
impacts of LNS Burner operation if the burners were to be left in the unit
after the end of the demonstration including the impact on sluice water
pond life. Historical electrical production and coal consumption was
obtained for all four units, and forwarded to PETC to respond to the issue of
long-term impacts of the technology. A letter was issued to SAIC and PETC
stating that SIPC had long term plans for pneumatic transfer of flyash
from Unit 1 to the Unit 4 scrubber sluice system which would eliminate the
need for flyash sluice water for Unit 1 and extend the life of the ash pond.
As part of the monitoring program for the Baseline Test, which is
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scheduled for October, 1991, samples of raw sluice water and sluice water
from the flyash pond and bottomn ash pond will be collected and analyzed.

A permit was issued to Southern Illinois Power Cooperative (SIPC) to
construct emission and/or air pollution control equipment consisting of
installation of LNS Burners on Marion Unit #1 and the addition of
limestone and additive silos and other equipment as described on the
application. The permit required that an evaluation of impacts from ash
ponds from LNS Burner operation be submitted to the State of Illinois. This
was completed and forwarded.
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37 TECHNOLOGY TRANSFER

A paper entitled "Cyclone Retrofit Demonstration Program with
TransAlta's Low NOx/SOx Burner" will be presented at the Joint Power
Generation Conference in Boston, Massachusetts in October, 1990 by
William L. Fraser, President of TransAlta Technologies, Inc. and Dr.
Gerard G. Elia, Project Manager, U.S. Department of Energy. A copy of the
paper is attached as Appendix E to this report.

A similar paper will be presented by Keith Moore, Vice President of
TTI, at the French/American Natural Gas and Coal High Performance
Technologies Symposium in Chicago, Illinois in November, 1930. The
symposium is sponsored by the Gas Research Institute, the Institute of Gas
Technology, Southern Tllinois University Coal Research Center and the
French Trade Commission.
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40 WORK PLANNED FOR NEXT PERIOD

The following work is scheduled for execution during the next
reporting period from October 1, 1990 to December 31, 1990:

. Finalize the Demonstration Test Plan to include comments
and issue to funding parties

. Continue thermal analysis of LNS Burner and finalize design
and fabrication details and drawings

. Continue development of LNS Burner - Boiler flow model and
establish location of overfire air ports '

. Select and finalize design for solids flow splitting equipment

o Continue development of thermal-hydraulic model for the slag

screen and finalize slag screen design and fabrication details
o Carry out Baseline Test
o Prepare and submit Baseline Test Report

. Initiate preventative maintenance program

° Complete detailed design and construction of fuel preparation
building and structural steelwork for bucket elevator

» Install major equipment such as pulverizer, coal separator

cyclones, bucket elevator and feeders

o Detailed study of electrical loads

. Complete design and procurement of mxcrocomputer digital
based control system
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APPENDIX A
Design Codes and Standards



Appendix A
Design Codes and Standards

1. Civil, Structural and Architectural Design
a) BOCA National Building Code - 1987
b) American Institute of Steel Construction (AISC)

o Specification for the Design, Fabrication, and Erection of
Structural Steel for Buildings, 1978

* Code of Standard Practice for Steel Buildings and
Bridges, 1978

. Specification for Structural Joints Using ASTM A 325 or
A 490 Bolts, 1978

e Manual of Steel Construction, 8th Edition

c) American Welding Society (AWS), Structural Welding Code,
AWS D1.1-1988 |

d)  American Concrete Institute (ACI), Building Code
Requirements for Reinforced Concrete, ACI318-83

e) American Society for Testing and Materials (ASTM),
Applicable standards for the various construction materials
specified in the design document

f) American National Standards Institute (AN‘SI), Building Code

Requirements for Minimum Design Loads in Buildings and
Other Structures, ANSI A58.1 - 1982

g) American Iron and Steel Institute (AISI), Specification for the
Design of Cold-Formed Steel Structural Members, Parts 1 and
2, 1977

h) Occupational Safety and Health Administration (OPSHA),
Department of Labor Occupational Safety and Health
Standards, Title 29 - Labor, Part 1910

i) National Fire Protection Association (NFPA), NFPA 24 - 1981

b)) All applicable state and local codes and regulations

g L R L N L I T O R IO O R R I I A RV N EENERTE N T T ||w



k) Specification 19630-C-010, Reinforced Concrete Work, Latest
Revision

1) Specification 19630-C-011, Structural and Miscellaneous Steel
Work, Latest Revision

Mechanical Codes and Standards

a) American National Standards Institute, ANSI, B31.1, Power
Piping

b) National Fire Protection Association, NFPA 85F, Installation
and Operation of Pulverized Fuel Systems

c) Building Officials & Code Administrators, BOCA Building
Code, Article 10, Fire Protection '

Electrical Codes and Standards

Electrical Standards - (Applicable Sections of)

a) National Electrical Code - NFPA

b) National Electrical Manufacturers Assoc. - NEMA Standards
c) ICEA (Cable Construction & Coding)

d) Underwriters' Laboratories Testing Requirements

e) IEEE Testing Requirements

f) IES Lighting Standards

Control Systems

I & C Standards - (Applicable Sections of)

a) ISA S6.1 Instrumentation Symbols and Identification

b) ISA S51.1 Process Instrumentation Terminology

c) SAMA RC22-11 Functional Diagramming of Instrument and

d)

Control Systems
NFPA 85F National Fire Protection Assoc. Standard



APPENDIX B

Demonstration Program Test
Data Acquisition Measurements
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APPENDIX C

Equipment List

R EN K



- SRR S SIS IR A0 T

T P

i
i
1
3
|
m

S RRPY | P

veav eaa) (903 33 be OS5

gI9uInQ § ‘OUOTDAD ¥

(xs1dnp)

I11de 9 X 1

at1de 7 x 1

111  e37231¥

19p98j D13319WnioA

L-¥
S00-H
S00-KH
S00-H
$00-H
20C-K
20C-R
zoo-&

€o00-H

200-H

100-R

100-H

100-H

100-H
100-H

160-%

160-H

100-K

100-H
100-K

UyIIeR
:«Jhdz
uylzey
ujlzIeR
aqeM
qqoM

qqex

104

¥0015

¥501g

dynby JVR

oye}3ivd

‘oxyAug 3D

ko111

A2178

A1 1Y

djnrby #2015

Ao114

L

(A=11Y AQ pauBieve=gs)
(Q31VHILST=%)

1234o9g
1934o%g
1e3yoed
193ud9g
1e3ydeg
19yd9g
19340e3
1*yceg

vidy 130s g2
1 0O Ry
3 00 ¥e°y
33 "o yey
33 N0 Be°Y
Hdl ¥¥1
33 70 G¥Z
Hdi vel

(21/09/0%% - drd 1130}

103yoeg

qqey

Ae174

A9114

Ao11d

L3118

Aoty

Aa11d

Ao11Y

Ao1td

A91TH

£3114

Ae1 1y

3dC2S

»/1-ZoNey"
1-ue} H33 00%
0/9
ASQ HdL *'I-€Z°0
0/5
ABG HdL SL'¥-S5°0
ay/eq% 009°LY
(aye)
1y/qy 981°¥¢
{ave)
ay/qY §I'1L
(aye)
ay/G1 €60° LY
(179}
14/qr 981°%€
ay/2q7 009° LY
o/2
oaT1p HAL 6Z

1y/nigh 002

ONILVH

e

$19ANOY uOTIL[TIUFA

TYOUUBD ATE OTT® OATITPPE®

" N 0 ©

uouuwo 273 OIS §1

JOA@AUOD 840109

-y

Jeddoy FUIPEOY JOIWAI[P

J078ASS 20NO%Q

203001700 39GP O[12

eATEA 9388 I33I0ATP

{do a1w) sisduep IiT sis tengz

(4o 1ie) Seaf®a [ONF/TP0D

aepeey ATITPPT

aepes] euo3IRREi]

ea{ea Zepeej Aiziol [eng

Jeno(q 3I04sUSIY [OnF

20381ed98 SUOTD4AD

19337149 #0173

ichkeAucD pOVZ {(®OD

1oca

uouued 178 JI9Ying [EOD 3I89A IQOEV YOOl

souusd 279 Jenunq Twod 38ue $4O4V (003

00d
1001
S00H
1008
Z00E

1008
1002

sz A

&% A

Z00K

£GOR
YOOH

1003

€'¥i004

€°'veoosd

10083

100D

100H

g'viood

RON QI

1811 hzunmm:GM<<Pa<mz<mh

n
il
1w
1
ar
1®

iy
iy

ar

or

ar
ar

or

ar

o

TR

Lo ] -’ - - e




PPN LI, e ITIRe

hY
b ]
) ]
? ’ v
] 3
) . )
)
b 100-f vueidostaul {83udeg - 1 Jepsods2 YLBYD CYYE uad-¢
GOvE/00sE SV 100-f uwidousiauld [EXCELL: ] - 1 wajsAs Butuciyyuos ZGJ-
) x3w33 100-T uejdoataul 13U338 - H wai1sAs Buyao3lTUCY »ON/Z0S-
000f -153m 10C-T uejdostTALl 183Ud8 - 1 wa3sAs BuruO) TUOW uabAxO-
182-d0W3D 100-C ue jdosTAU] 1®3u>ag - 1 wa)sAs Gut 40} TUOW A3 t1oedo-
) 100-f vueldosiAul 1814328 - 1 s8310ys JuawdInba-
! 130 ButrasTsuad wis}sAS
3 BUTJ402 TUOW SUOTSTwwE snonuTIuoad - - 1 .
100-W Ampieg ARy - 1 Joutged [OAJUO2 VO T)BNQWO I~
i) 100-W ApyTogQ Amity - 1 jauiqes Iwbw sauUSNd- ,
. 100-H Aajreg ABytY - 1 JsutIqed 403 TUOwW-
100-W . Asyreg AayTy - 1 J83UT A0~
) 100-4 As|teg ALY - 1 Lluun_n\50uc«Ln| ,
100-W AsriTeg IS 38 ¢° - z uoriIT1s N IOM 2039.4800-m81A Jd-
100-W Aajvreg Aatty - 1 uEIlIeIs AO0m butsesuydua-
)
1,0 BurysTsuod
wei1sAs [0L3U0D paynNQrsIsetp - - 1
3 25401 201 '
BO[I8 BATITPPE/awT] 403 $00-1 ,2@138TX 183ud28 - - z 1suwd J03€31pUY (8281 cLys /€01-1171 - T
J
Z00-H aqam 1o3udsg - - \ {sued (0J43U0D JOJUAS[SE ISNDNQ TOHT Hi 1 '
) W3] ©) pas £00-3 cITEM 1®s3udsg - und 62 1 AOZ1/08% Cap3uad ‘QILISTR s0mud 1-dd dd 1 ,
SudOYT}des ¢ 106-3 SUPWITS jajysag - Y009 /HIT 1 AOBY 'I83USD josjuo3 4030w TOMN HN ¥
2
TOHN PB®; O3 »00-3 39 1a3ydeg - w00B/Hdt 1 ap3uBd PPOL AOBY LT3 L LR - DN 1 y
) 19 gMD) ®393018J O3 Z00-3 39 1eydeg - Y00Z1/HdL 1 20m8 AQOBZ ‘J8ne8JT - aN 1 .
b
'."'..
w Illllllllllllllllllllnlllllllllllll!lIlIIIIIIIQIII.IIIlIIIllllllillllIlllll&llllﬂﬂlllllbllllllllllllllllllﬂlllll L
SAYYHIE 23dS HLER 34035 dH ONILVY NUNO NO11d183530 gunnN a1 SAS 11N
b 1511 IN3WgIN03 WwI1Y10313 Y1 WSNYHL
] \ < . -
——— —— S - -
_— ——— _— — . I||i|ll|
N

o wen e

SRR

B e R
I f [ 1 S O A L A P
TR



aritiks

Y

e

qand> § 1eancy 1oUY

R CERE T T e -

100-K
3

0TD-R

911

Ae1Td
VLS|

1914094

/1 - 4
/1 A T4
dH 2 W3 cos'2! z

s(do a3u)

giedgep UOTICTTIUOA
910308y ITUN

fugj uoyT3IvITIUeA

c€ood
zoed
gy 160D

vo
Vo
¥o

[y

in oy

C o



APPENDIX D
Technical Specification List



Rocument I 22 e
MR
MR
MR
MR
MR
MR
MR
MR
"R
MK
MR
MR
MR
MR
MR
MR
MR
MR
MR
MR

MR

S

MR

19630-A-003

19630-A-003A

19630-A-151
19630-A-154
19630-C-~010
19630-C-011
19630-C-012
19630-E-003
19630-E-004
19630-E-005
19630-E-006
19630-E-007
19630-E-008
19630-E-009
19630-J-003
19630-J-004
19630-J-005
19630-J-007
19630-J-009
19630-M-002

19630-M-004
19630-M-005
19630-M-010
19630-M-0]2

TransAlta Project
Job No. 19630
Bechtel Number

Document Title
Fuel Preparation Building Doors
Fuel Preparation Building Doors
Roof Personnel Hatch
Aluminum Louvers
Reinforced Concrete Work
Structural and Miscellaneous Steel
Limestone and Fuel Additive Silos
Dry Type Distribution Power Center
480 Volt Load Center Breaker
480 Volit Bus Duct

- Electrical Bulk Commodities

480 V MCC Bus Tie Breaker
Electrical Grounding Materials
Stack Platform Lighting Material
Stack Monitoring Platform

Silo Level Indicators and Switches
Weld Pad Thermocouples

Tanks For Instrument Calibration
Instruments

Bucket Elevator, Loading Hopper,
Screw Conveyor

Silo Dust Collector
Martin Rig Blaster Air Cannon System
Roof Ventilator Fans

Elevator Hopper Winch

P A TR GRL L T TR W R T T I LA U4 IR U rﬂymuww QN w"”»" wm”m AT



P A TR TR TR

.G)

Document Type
SPC
SPC
SPC
SPC
SPC
SPC
SPC
SPC
SPC
SPC
SPC
SPC
SPC
SPC
SPC
SPC

SPC
SPC

sPC

TransAlta Project

Bechtel Number

19630-A-042
19630-A-081
19630-C-010
19630-C-011
19630-C-012
19630-C-1000
19630-£-001
19630-E-002
19630-J-001
19630-J-002
19630-J-003
19630-J-006
19630-M-002
19630-TSC-001
19630-7SC-002
19630-7SC-003

19630-TSC-003A
19630 TSC-004

19630-TSC-005

Job No. 19630

Docyment Title
Preformed Metal Siding
Single Ply Roofing
Reinforced Concrete Work
Structural and Misc. Steel
Limestone and Fuel Additive Silos
Subsurface Investigation & Lab. Testing
Motor Control Center
2.4kV Metal Clad Switchgear
Continuous Emissions Monitoring System
Data Logging System
Stack Monitoring Platform
Bucket Elevator Control Panel
Bucket Elevator
Environmental Monitoring Program
Instrument Calibration, Testing & Maint.

Boiler Materials for Monitoring
Inspection

Boiler Tube Materials Monitoring Inspect.

Electrostatic Precipitator Materials
Monitoring Sys.

Engineering/Technica1/Craft Personnel,
tc.



it

L

st 7

Document Type
WG

DWG

DWG
DG
DWG

DWG

DWG

DWG
DWG
DWG
DNG

DWG

DWG

DWG

DWG

DWG
DUG

DWG

v M e

e ikl e o T T R

TransAlta Project

Bechtel Number
19630-M74-BAO1

19630-M74-BA02

19630-SK-H-001
19630-SK-M-002
19630-SK-M-005

19630-A-001
19630-A-002

19630-A-003
19630-A-004
19630-A-005
19630-C-001

19630-C-002
19630-C-003
19630-C-004
19630-C-005

19630-C-009
19630-C-010

19630-C-011

Job No. 19630

Document Title

Demonstration Program Test Data
Acquisition Heasurements

Demonstration Program Test Data
Acquisition Measurements

Ground Floor Plans at El. 517'-0
Turbine Floor Plan E1. 540'-0

Partial Plans E1. 586°-3 5/16,
& Section A-A

Architectural Floor Plans E1. 517°-0%,
E1. 550°-0"

Architectural Roof Plan, Door
Schedule & Spec.

Architectural Elevations
Architectural Elevations
Architectural Details and Sections

Structural Steel Framing Plan
El. 576°-49/16"

Structural Steel Framing Plan
E1. 535°-9", Etc.

Structural Steel Framing Els.
@ Col. Lines 3 & 4

Struct. Steel Framing Els.
@ Col. Lines H1 & H2

Structural Steel Framing Elevs.
at Col. Lines J1 & J2

Misc. Steel Platforms and Detaiis

Fuel Preparation Building Reinforced
Concrete Pian

Continucus Emissions Monitoring System



TransAlta Project
Job No. 19630

Document Type  Bechtel Number Document Title
DWG 19630-C-012 Bucket Elevator Support Tower Plan, Sec.
& Details
DMG 19630-C-013 Bucket Elevator and Inlet Loading
Hopper Found.
DWG 19630-C-014 Structural Steel Framing Partial Plans
DMG 19630-C-015 Structural Steel Framing Partial Plans
DWG 19630-C-016 - Suppiemental Steel Framing Plan Views
DWG 19630-C-017 Supplemental Steel Framing Sections
and Details
DWG 19630-C-018 Supplemental Steel Framing Sections
and Details
OWG 19630-E-001 Motor Centrol Center Frame Spec.
DWG 19630-E-002 Modification Drawing Grounding Plan
E1. 517°0
G 19630-E-003 Modification Dwg. Plan E1. 526°0"
Cable Tray |
- DWG 19630-E-004 Modification Drawing 480V One-lLine
: - Diagram Unit 1
DWG 19630-E-005 Modification Drawing Main One-Line
. Diagram
DWG - 19630-£~010 Cable Tray Layout Turbine Floor
El. 540°-0" Unit 1
DHG 19630-E-020 Lighting General Notes and Details Unit 1
DWG 19630-E-021 Lighting Layout Fuel Prep Bldg. Unit 1
DWG ;9530—E-022 Lighting Layout Fuel Prep 8ldg. Unit 1
DMG 19630-POA-001 Ground Floor Plan @ E1. 517°-0",

F.p. @ EY. 526°0"
MG ’ 19630-P0A-002 Yurbine Floor Plan E1. 540°-0°



o . W

TransAlta Project
Job No. 19630

Document Type 1_Number Document Title
DMG 19630-POA-003 Feeder Floor Plan @ El. 550°-0"
@ E1. 555°-4°"
OWG 19630-POA-004 Floor Plan @ 568°-0"
DWG 19630-POA-005 Partial Plans E1. 568°-5 3/4°.
599°-5 13/16°
OWG 19630-POA-006  Fuel Preparation Building Section B-B
DWG 19630--POA-007 Fuel Preparation Building Section C-C
DWG 19630-P0A-008 Fuel Preparation Building Section D-D
DWG 19630-SK-E-011 Scope of Work Single Line
DWG 19630-5K-M-001 Ground Floor Plan @ Elv. 517°0" F1
. Plan @ Elv. 526°0"
DWG 19630-SK-M-002 Turbine Floor Plan @ Elv. 540°-0" Unit 1
DWG 19630-SK-M-003 Feeder Floor Plan @ Elv. 550°-0" &
Elv. 555’4" Unit 1
DHG 19630-SK-M-006 Fuel Preparation Building Section B-B
DWG 19630-SK-M-007 Fuel Preparation Building Section C-C
DWG 19630-SK~-M-008 Fuel Preparation Building Section D-D
DWG 19630-SKC-001 Limestone Silo

DWG 19630-SKC-002 Fuel Additive Silo
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Cyclone Retrofit Demonstration Program
with TransAlta's Low NOx/SOy Burner

By
Gerard G. Elia, Ph.D., P.E.
Project Manager, U.S. Department of Energy
and
William L. Fraser, P.E.

President, TransAlta Technologies, Inc.
at

1990 Joint Power Generation Conference

Boston, Mass. Oct. 21 - 25, 1990

The U.S. Department of Energy, under the Innovatve Clean Coal Technology Program, in con-
cert with TransAlta Technologies, Inc., a nonregulated subsidiary of TransAlta Resources
Investment Corporation and TransAlta Utilities, in Calgary, Alberta, Canada, will demonsirate
the retrofit and operation of the Low NOx/SOy (LNS) Burner on a 33-MW usility cyclone boiler
at Southern Illinois Power Co-operative in Marion, lllinois.

The LNS Burner has the potensial to control both SOy and NOx emissions from cyclone boilers
at a lower cost than any other known tecknology. The experience gained from this demonstra-
tion program is expected to prove the LNS Burner, thereby providing coal fired boilers a design
option for extended life with the ability to meet acid rain environmental legislation.

Introduction

Operating cyclone-design boilers comprise
about 26,000 megawatts (MW) of genera-
ting capacity in the United States. The typi-
cal cyclone boiler fires a high-sulfur bitumi-
nous coal at high temperature, which results
in high SO, and NOyx emissions. These
boilers are generally older mature units,
grandfathered with respect to emission con-
trol regulations. The net result is that this
relatively small fraction of coal-fired utility
generating capacity is responsible for a dis-
proportionate share of total utlity boiler
emissions.

The U.S. Congress is expected to pass new
environmental regulations tw control SO,
and NOy from all coal-fired boilers. But it
is not economical to fit conventional emis-
sion control equipment to the older cyclone
units. What is needed, if these units are to
be kept in service, is a low-cost rewrofit

option. The Low NOyx/SOx (LLNS) Burner
may be this option.

The LNS Burner's combustion process oper-
ates at very high temperatures similar to the
cyclone and produces a similar slag preduct.
Furthermore, the LNS Burner demonstrates
strong control of both SO; and NOy emis-
sions during the combusnon process. The
rewofit costs are in the range of one-half that
for wet scrubbers. Therefore, the LNS
Burner may offer a low-cost rewofit option
for utility cyclone boiler emission control
programs and likely extend the economic
life of cyclone units.

Clean Coal Demonstration Program

A full-scale demonstration of the LNS
Burner retrofit on a cyclone boiler will be
conducted under the auspices of the U.S.
Department of Energy (DOE) Clean Coal
Technology Program. The TransAlta
project—-Low NOy/SOy Burner Retrofit for
Utlity Cyclone Boilers-~was selected for



negodation under the second round solicita-
ton Program Opportunity Notice DE-PSO1-
88-FE-61530.

The dernonstration program is estimated to
cost $16.3 million with a 1992 target date
for completion. DOE will manage the pro-
ject from the Pittsburgh Energy Technology
Center (PETC) in Pittsburgh, Pennsylvania.
Participants include:

e  TransAlta Technologies, Inc.
(TransAlta Resources Investnent

Corporation)

e  Qlinois Coal Development Board,
through the State of Ilinvis Depart-
ment of Energy and Nawral Resources

. The National Rural Electric Co-
operative  Associadon (NRECA),
through its Cooperative Research
Committee. NRECA will be repre-
sented by Associated Electric Co-
operative, Inc., of Springfield,
Missouri.

e  The Electric Power Rescarch Institute,
Palo Alto, California.

° Baltimore Gas & Electric, Baltimore,
Maryland.

. Central Dlinois Public Service Com-
pany, Springfield, Ilinois.

The project will be conducted at Southern

lliinois Power Co-operative's Marion plant

on unit 1, a 33-MWe cyclone boiler.

The Clean Coal Technology Program is a
jointly funded effort between government
and industty to move the most promising
advanced coal-based energy technologies
from the R&D stage into the commercial
marketplace. The Clean Coal effort spon-
sars projects that are different from DOE's
traditional R&D programs. The R&D pro-
jects center on relatively long-range, high-
risk, high-payoff technologies in which
DOE provides most or all of the funding. In
contrast, the goal of Clean Coal projects is
the demonstration of the commercial feasi-

bility of the most promising advanced coal-
based technologies that have already
reached the proof-of-concept stage.

The Clean Coal projects are jointly funded
endeavors conducted as cooperative agree-
ments between the government and the pri-
vate sector in which: the industrial partici-
pant contributes at Jeast 50% of the total
cost of the project.

To date, DOE has selected 38 projects under
three separate competitive solicitations cov-
ering a variety of advanced coal-based tech-
nologies. = Two more solicitations are
planned, with the total program exceeding
$2.5 billion in federal procurement funds.
These demonstratons are chosen at a scale
large enough to generate appropriate data
from design, constructon, and operation
such that the private sector may judge the
commercial potential for the technologies.
The Clean Coal Technology Program
promises to provide information to the pub-
lic o demonstrate the technological effec-
tiveness, the commercial viability, and the
environmental safety of the advanced coal-
based systems. When the Clean Coal Tech-
nology Program is completed, the public
will have at its disposal a wide range of
technical, economic, and operatonal data 10
reduce the uncertaintes of deploying
thzse technologies in  commercial-scale
applications.

Cyclone Boiler Designs

Cyclone-fired boilers are used widely for
generating steam, primarily in large electric
power plants. Cyclone-fired boilers com-
prise only 9% of the total coal-fired steam
generating capacity in the United States.
However, as cyclone boilers are major
sources of NOy, they contribute nearly 20%
of total NOy emissions from all coal-fired
utility boilers. Three states, Llinois, Mis-
souri, and Indiana, account for nearly half of
the total cyclone steaming capacity and one-
third of the boilers.!



The cyclone furnace tends to maintain a sta-
ble flame over wide operating ranges. Once
the furnace is lit-off and reaches operating
temperature, a flame-out is unlikely. Flame
stability is maintained even at low excess
air. Units typically operate at a carbon loss
of less than 0.1% and can reject a major
fraction of the coal ash as a siag product up-
stream from the boiler. Consequently, com-
bustion efficiencies are very high, and the
amount of ash that must be handled by the
baghouse or electrostatic precipitator (ESP)
is only about 25% of thuat of pulverized coal
(PC) fired units.

Since most cyclone units were built before
emission regulations were promulgated, they
have been grandfathered with respect to
polludon control regulaton and very few
employ scrubbers for SO, control. Baseline
emissions from cyclone boilers are sum-
marized in Ref. 1. The emissions of SO re-
flect the sulfur in the coal being burned,
with the highest emissions from high-sulfur
bituminous-coal-fired units.

The cyclone generates high NOyx emissions.
The data indicate that at full load none of
the cyclone units was able 1o meet the U.S.
NSPS for NOy (for bituminous coal, 0.6
pound per million Btu (1b/MBtu]). In gen-
eral, the cyclone's average full-load NOy
emissions for  bituminous coal is
1.44 |b/MBuu.! An ESP is generally used to
control particulate emissions.

Project Host Site--Southern Illinvis Power
Co-operative

Southern Illinois Power Co-operative
(SIPC), located on the 2,300-acre Lake of
Egypt near Marion, Illinois, completed its
25" year of service in 1988. The Marion
plant is SIPC's only generating facility, with
a total installed capacity of 272 MW. The
plant includes units 1, 2, and 3, each a cy-

pplicability of NO Combu.mon
ifications to 1 Boilers
%gnmesé EPA Report Na EPA-600/7-77-

clone boiler rated at 33 MW. These units
were placed in service in 1963. Unit4, a
173MW cyclone boiler, was placed in ser-
vice in 1979. Unit 4 carries the system
baseload. Units 1, 2, and 3 are normally on
cold standby and are used during higher-
load winter and summer peak periods. The
33-MW unit 1 was selected for the remofit
demonstration.

Project Fuel~-Marion Station Coal

The coal currently being fired at SIPC is a
blend of high-sulfur (3.5%) bituminous Ili-
nois coal and mining waste material. Coal is
supplied from both surface and deep sha‘t
mines year round. The waste material is
commonly referred to as "carbon.” This
material is obtained from old miring opera-
tions. It was initally screenings and/or coal
washer rejects, which at that time were un-
profitable to market. In 1983, approxi-
mately 651,000 tons of fuel were delivered
at an average cost of $17.55 a ton.

Project Cycione Boiler~Marion Station
Unit 1

Unit 1 is a Babcock & Wilcox front-wall-
fired cyclone two-drum pressurized-fumace
rated at 33 MW similar to that shown in
Figure 1. The two cyclone burners, fired
with crushed coal, are rated at 200 MBtu/hr
each.

The horizontal cyclone burners on Marion
unit 1 are about 7 ft in diameter by 9.5 ft
long. The cyclone burner walls and reen-
trant throat are fabricated from water-cooled
tubes. The tubes are studded and coated
with refractory for protection from the high
heat fluxes in this region. Crushed coal is
introduced centrally through a burner along
with tertiary air and immediately swirled by
the incoming tangential primary air input at
the head end of the cyclone. Secondary air
is introduced downstream tangentally into
the cyclone barrel.



Combusdon occurs primarily along the
chamber wall zone in the mixture of slag
and coal. The slag formed flows down the
chamber wall and passes into the boiler
through a key slot that is located in the
lower porton of the cyclone boiler back
wall. The reentrant throat is designed to
minimize slag carryover in the gas stream
entering the boiler. Typical slag (bottom
ash) rejection rates are about 60%. Main-
taining high combustion temperatures is
critical to achieving proper slag flow.

The only emissions control criteria are for
SO, and particulates; no control require-
ments are currently imposed for NOyx. The
present 50, emissions are determined by
monitoring the maximum sulfur content in
the coal. Actual SO, and NOy emissions
from unit 1 are not now measured.

LNS Burner

The LLNS Bumer was conceived in 1979 as
the result of theoretical combustion work
done at Rockwell Internadonal. This theory
predicted that both the sulfur and the niwo-
gen compounds formed from buming coal
can be projected to be reduced to nearly zero
in the combustion step. A series of concept
verification tests followed by prototypical
burner tests have verified the underlying
theory of the LNS Burner. TransAlta
Resources Investment Corporation, a non-
regulated subsidiary of TransAlta Utlities
Corporation located in Calgary, Canada, ac-
quired the I.NS Bumner from Rockwell in
1986. TransAlta Technologies, Inc., has
now been formed to undertake the task of
comrmercializing the technology for the util-
ity industry.

Classed as a slagging combustor, the LNS
Bumer involves high-temperature fuel-rich
combustion for the control of both SO, and
NOx. High-sulfur bituminous coal, mixed
with limestone, is burned in a refractory-
lined air- and water-cooled chamber. Using
one-half of the total combustion air, the
burner creates a hot fuel-rich gas. During

combustdon, the fuel sulfur is caprured by
the calcium from the limestone and is re-
tained as a solid in the melted coal ash.
Nitrogen chemically bound in the coal is
converted to harmless molecular nitrogen.
All of these operations are carried out in the
burncr. No solids or other fuels need be in-
jected into the furnace, and no flue gas
scrubbing is necessary.

LNS Burner/Cycione Retrofit
Configuration

The schematic of Figure 2 shows those new
components required for the LNS Bumer
rewofit. Most of the major existing compo-
nents in the plant will continue to be used,
such as the coal bunkers and weigh-belt
feeders, the ID fan, and the cyclone boiler.
Generally, modifying the cyclone plant to fit
the LNS Bumner will require only:

° Modifying the cyclone furnace section
with the LNS Burner.

. Reworking the coal preparaton and
conveying system with a coal pulver-
izer in place of the coal crusher.

U Providing a silo and metering system
to add limestone or other additives to
the coal.

LNS Burner Application

In the LNS Burner/cyclone boiler retrofit
configuration shown in Figure 3, the LNS
Burner will modify the front of the existing
cyclone burner. Each LNS Burner is sized
for 200 MBw/hr, firing approximately
8 tons/hr of coal, the same as the existing
cyclones. The as-received coal is conveyed
from the existing bunkers and mixed with
limestone to provide a Ca/S ratio of 2:1.
These solids are then fed to the coal pulver-
izer. The pulverized coal and limestone are
then air conveyed to the LNS Burners.

The existng cyclone throat, consisting of
studded refractory-coated water-wall tubes,
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will be removed. To increase the slag re-
moval efficiency, a new slag screen assem-
bly of staggered tubes, vertically raversing
the opening, will be installed. The heat flux
on these tubes is expected to be the same as
that on the existing cyclone throat tubes. As
the slag droplets collect on the screen, the
slag drains to the slag tap located in the
boiler's insulated lower section. With the
high-efficiency LNS Burner slag screen in
place of the cyclone throat, an estimate of
the new ash load shows that even with the

increased quantity of ash, the fly ash load is

expected to be lower. The slag quantity for
disposal, however, will double.

The clean hot gas exiting the LNS Burner
will be bumed with final excess air in the
boiler to obtain full heat release from the
coal. It is in this step that care must be
taken to prevent the formation of new
thermal NOy.

LNS Burner Expected Performance

The LNS Burner/Cyclone Retrofit demon-
stration is expected to provide an SO, re-
duction of 70% (with 90% as an ultimate
goal) and very low NOy emissions (0.2
ib/MBtu). The thermal energy delivered to
the boiler by the two 200-MBtwhr LNS
Burners is adequate o  generate
335,000 Ib/hr of steam with superheat to
905°F at 875 psig.

It is expected that the boiler efficiency will
be nearly the same as before the rewofit,
only affected by the minor heat loss from
the increased quantty of slag. As a resuit,
the gross heat rate will show a small in-
crease. The estimated original and modified
boiler performance analysis is presented in
Table 1.

Cost Review

An assessment was made of the engineering,
procurement, and construction (EPC) and
the operation and maintenance (O&M) costs
on a selected 500-MW cyclone boiler. This

unit operated on a medium-sulfur coal.
Generally, most applicatdon studies indicate
that the LNS Burner's cost is a very minor
part of the total site-specific retrofit costs.
Modifications to the boiler and other auxil-
iary systems rmsult in the major rewofit
costs. For the 500-MW unit, the total
retrofit cost was $130/kW. The O&M cost
(primarily for limestone) was $6.5 million
per year. As a further comparison, an addi-
tional study was compiled from the Electric
Power Research Institute (EPRI) and DOE
publicadons to evaluate a wet limestone
scrubber and a selective catalytic reduction
(SCR) system for similar emissions control
performance. Tables 2 and 3 (assumptions
and references) summarize the results.

Also provided in Table 2 are the estimates
comparing the LNS Burner and other candi-
date technologies when applied to a new
plant. The EPC and O&M costs for a new
300-MW PC-fired plant built with conven-
donal low NOy burners and no SO, emis-
sions control are listed to provide the base
costs. The added costs for emissions control
technology and its operation are shown for
comparison. Note that these data represent
order-of-magnitude costs to evaluate various
alternatives. The data neither provide nor
are intended to be used to determine the ab-
solute cost of a specific technology. It is
clear, however, that the LNS Bumer
promises a low-cost option for emissions
control.

Conclusions

The key problem for the utility industry is
and has been to identify a cost-effecrive
emission conwtrol technique for coal-fired
boilers. There are many emission control
processes available, but for the older cy-
clone plants in particular, the remaining-life
economics limits the affordable options,
short of decornmissioning.

TransAlta's goal is to demonstrate the LNS
Bumer technology as a viable option for the



cyclone boiler as soon as possible. This ag-
gressive schedule must then continue with
larger-scale utility demonstrations, thereby
providing a proven, cost-cffective emissions
control opton in the face of pending envi-
ronmental legislation.
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Table 1. Estimated Boiler Performance

Steam flow (Ib/hr)
Coal Flow (Ib/hr)
Acditive (ib/hr)
Limestone
Other
Emissions at the stack (Ib/MBtu)
SO,
NOx
Particulates
Opacity (%)
Waste Disposal (Ib/hr)
Slag
Fly Ash
Stack Emissions
Ash tapped as slag (%)
Boiler efficiency (net)

335,000
37,000

0
0
5.85
1.35

0.1
<30

3760
2500
40
60
88.45

335,000
36,600

6350
1750

1.76

0.2

0.1
<30

9420
2320
40
80
88.05




Table 2. Technology Cost Comparisons?

Cyclone retrofit-500 MW piant

¢ Low NOy/SOy Bumer 90/80 130 6.5
° Waet scrubber with SCRd 90/80 320 33.2
New 300-MW PC plant (with low

NOy Burners) 0/50 1150 10.7
Addud cost for emissions control

* PC plant with scrubber 90/50 170 8.2
¢ PC plant with scrubber and SCR 90/80 320 18.2
®* Low NOy/SOy Bumer 90/80 5 2.7
* Fluidized bed with SCRd 90/80 175 17.5
* IGCCe 90/80 350 16.7

aThese data have been compiled and factored principaily from EPRiI and DOE publications. The data
represent order-of-magnitude costs that may be useful for comparisons of various aitematives but not for
absolute costs of the specific technology.

bEPC-engineering, procurement, construction.

“Order-of-magnitude costs adjusted to June 1588 doliars.

dSCR-selective catalytic reduction (required to achieve 80% NOy removal).
€1GCC~integrated gasification combined cycle
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Table 3. Assumptions and References Underiying Table 2

N -

7.

10.

i

Capital costs are not site specific. Economic life is taken to be 30 years.

Operating costs are based on EPRI data published in Refs. 2 and 8 and exclude fuel costs.

SCR Q&M costs include replacing the catalysis bed after 3 years at 2/3 the cost of the original

instaliation and include nominal costs for NH, at $400/MWeyear. SCR hazardous waste

disposal costs have been excluded. O&M costs aiso include (1) scrubber power consumption
at 2% gross power at $0.05/kW-hr and (2) IGCC oxygen power consumgtion at 11.5% gross
power at $0.05/kWehr.

New plant costs were obtained from Refs. 2 and 3. Costs for AFDC (imterest during con-

struction), start-up, inventory, and land costs were backed out of the data so that all costs

represented the basic EPC costs. EPRI costs were factored from 200-250 and 500 MW plants
to obtain costs for a 300-MW plant. December 1985 EPRI costs were escalated by 2% for

1986, 2% for 1987, and 1% for half of -1988.

Repowering costs are based on DOE information (Ref. 5). The 500-MW unit in the reference

has been factored and escalated in the same manner as used for new plant costs.

Retrofit costs are from estimates prepared for TransAlta's DOE clean coal proposal (Ref. 7) and

from data in Ret. 4 that have been factored and escalated.

EPRI data basis:

*  Pulverized coal (PC) steam cycle conditions are 2400 psig, 1000°F/1000°F. The steam
generator is rated at 2620 psig and 1005°F at the superheater outlet.

* Circulating fluidized bed (CFB) steam-cycle conditions are 1990 psig, 1000°F/1000°F. The
steam generators are rated at 2400 psig and 1000°F at the superheater outlet. The 300-
MWe CFB comprises two 150-MWe combined units, forming one plant.

* |GCC design and cost are based on a prototype full-haat-recovery process.

Low NOy/SOyx Bumer costs are assumed to be the same as conventional PC bumer costs.

Coal-buming applications use Eastern bituminous coal (3.5% sulfur by weight).

An SCR price of $150/kW for the PC and cyclone plants was obtained by escalating the high

range of the EPRI data (German currency rates) at 10%/year for 2 years. An SCR price of

$75/kW for the fluidized bed plant was obtained by similarly escalating the low range (less NOx
to be removed) of the EPRI data.

Flue gas desulfurization (FGD) costs are basad on Bechtel's CT-121 process and were

escalaied to presant doliars from Ret. 6.
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