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1.0 SUMMARY

The process enginearing detailed design and construction have been completed for a coal
processing demonstration plant whose products will have a significantly greater value than that
of the plant feed. The plant is designed to process 1000 ton/day of subbituminous Power River
Basin (PRB) low-sulfur coal feed and to produce two products, a solid fuel and a liquid fuel.
The solid product, Process Derived Fuel (PDF), is a stable, low-sulfur, high-Btu fuel similar
in composition and handling properties to bituminous coal. The liquid product, Coal Derived
Liquid (CDL), is a heavy, low-sulfur, liquid fuel similar in properties to heavy industrial fuel
oil.

Since this is a demonstration plant, operating flexibility was a major factor in the process design.
Environmental concerns, automation, and safety practices were also given a very high priority.

2.0 INTRODUCTION

This Public Design Report describes the 1000 ton per day ENCOAL mild coal gasification
demonstration plant now in operation at the Buckskin Mine near Gillette, Wyoming. The project
is being cost-shared by the U.S. Department of Energy (DOE), under the Clean Coal
Technology Program administered by the Morgantown Energy Technology Center under
Cooperative Agreement number DE-FC21-90MC27339.

The objective of the project is to demonstrate that the proprietary Liquids From Coal (LFC)
technology can reliably and economically convert low Btu PRB coal into a superior, high-Btu
solid fuel (PDF), and an environmentally attractive low-sulfur liquid fuel (CDL). The Project’s
plans also call for the production of sufficient quantities of PDF and CDL to permit utility
companies to carry out full scale burn tests.

While some process as well as mechanical design was done in 1988, the continuous design effort
was started in July, 1990. Civil construction was started in October, 1990; mechanical erection
began in May, 1991. Virtually all of the planned design work was completed by July 1991.
Most major construction was complete by April, 1992 followed by plant testing and
commissioning. Plant operation began in late May, 1992. This report covers both the detailed
design and initial construction aspects of the Project.

3.0 PROJECT BACKGROUND

ENCOAL'’s parent company, Shell Mining Company (SMC), began working on upgrading low
rank coal in the early 1970°s. In 1986 SMC held discussions with SGI International (SGD, a
technology company located in La Jolla, California, to learn of their LFC technology. The LFC
technology is a mild pyrolysis process which converts coal into a solid fuel and a liquid fuel.
The PDF is a stable, low-moisture, low-sulfur material comparable to bituminous coal except
it is more reactive during combustion. The CDL is similar in properties to low-sulfur heavy
industrial fuel oil.



Using coal from the Buckskin Mine as a feed stock, SMC and SGI ran a series of pilot plant

tests beginning in 1987 in SGI's small scale pilot plant unit located near Pittsburgh, PA. The
tests concentrated on various aspects of the LFC process, such as drying and pyrolyzing of coal,
solids carry over, liquid collection and process variables. In addition, PDF and CDL were
produced for laboratory testing. Several different flow schemes and process modifications were
evaluated during these tests. For instance, the unit was upgraded from a 50 1b per hour batch
process to a 200 1b per hour semi-continuous process. The experimental studies were extended
into 1988 with the following results:

(1) Semi-continuous operation was achieved

(2) To the extent possible, process variables were evaluated

(3) Acceptable mass balances were calculated

(4) Sufficient quantities of products were produced for characteristic analysis and process
evaluation

Extensive product testing was conducted at Shell Development Company’s Westhollow Research
Center in Houston, Texas. PDF was subjected to a month-long, around-the-clock test burn in
a laboratory combustion facility. The results showed that the PDF was a very stable product
with very desirable combustion properties. The composition of CDL was analyzed for over 200
compounds. The usual tests to characterize the properties of fuel oils were also run on the
CDL. These laboratory results, as well as further discussions with potential customers, led SMC
to believe that the LFC technology held significant promise to be technologically and
commercially sound. In January, 1988, SMC solicited proposals from five major engineering
companies and ultimately selected The M. W. Kellogg Company (Kellogg) to (1) perform a
thorough investigation of the process, (2) design a nominal 1000 ton/day plant, and (3) prepare
a cost estimate.

To guide the design team, SMC developed the following objectives for the demonstration plant:
(1) Provide products for commercial scale test burns
(2) Obtain data for the design of future commercial plants

(3) Demonstrate plant and process performance

(4) Provide capital and operating costs data
(5) Support future LFC technology licensing efforts

Given these objectives, a project team was assembled and charged with the responsibility of
designing the facilities. The team developed a set of guidelines to aid the design:

(1) Keep scale-up from the SGI pilot plant reasonable.

(2) Use currently available commercial equipment as much as possible.

(3) Keep the process simple, postpone the refinement of CDL.

(4) Match the products to existing markets.

(5) Minimize all releases to the environment.

Although SMC was pleased with the results of the LFC technology evaluation, product analysis,
and market forecast for the sale of the products, the total cost of the project represented a
sizeable undertaking. In 1989, SMC decided to seek funding support from the DOE under the
Clean Coal Technology Program. ENCOAL Corporation, a wholly-owned subsidiary of SMC,

was formed for the purposes of entering into a Cooperative Agreement with the DOE and of
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designing and constructing the 1000 ton per day demonstration plant. The Cooperative
Agreement with the DOE was signed on September 17, 1990. Figure 3.1 shows the Project
Master Schedule developed by ENCOAL and accepted by the DOE for completion of design

(Phase I) and construction (Phase II) of the demonstration plant facilities. This Project schedule
was moderately aggressive and required the use of fast-tracking methods, that is the overlap of
design and construction. It was felt at the time that there was some room for improvement if
changes in the design could be kept to a minimum and equipment deliveries promised by vendors
were met. Neither of these improvements occurred and it took the full effort of all Project team
members to maintain the original schedule.

The Buckskin Mine of Triton Coal Company, another wholly-owned subsidiary of SMC, was
chosen as the host location for the plant. This large PRB surface mine is located in northeastern
Wyoming as shown on Figure 3.2. Selected in part because Triton is a sister company, the
Buckskin Mine had an available site, existing roads, railroad, coal storage and handling
facilities, utilities and infrastructure sufficient to support both the mine and ENCOAL. In
addition, Triton could supply the raw coal for processing. Figure 3.3 shows the site layout for
the existing Buckskin Mine facilities and the new ENCOAL Project facilities.

The site is surrounded by active coal mining operations and property that will be mined in the
next few years. Geologically, the plant area is an ancient ocean bottom environment that is
extremely variable due to its proximity to the burn zone at the subsurface outcrop of the major
coal seam. Competent rock is rare and deep in most of the plant site area, and soil bearing
conditions vary from poor to 2000 pounds per square foot. Under the actual plant site itself was
an exception, however, and the preliminary geotechnical work showed that a spread foundation
was acceptable for the PDF plant and screening building structures. All other structures
required concrete caissons of various depths. Geographically, the plant site is at approximately
4100 feet elevation and is subject to cold weather extremes. Although not located in a highly
active tectonic region, the plant site is subjected daily to nearby blasting activities in the mine.
All of these conditions were evaluated in the plant design and appropriate equipment ratings,
civil designs and winterization were included.

The home office engineering and design group at Kellogg completed their work in July, 1991.
All remaining engineering, which mostly involved review and approval of field changes, was
done by ENCOAL and Kellogg Construction Inc.(KCI) on-site engineers. Field engineering was
more extensive on this Project because the home office engineering team was demobilized before
developing a totally complete design. However, this decision proved to be cost effective,
especially considering the impact on the Project Master Schedule if the field construction was
delayed. With the design completed and construction in the final stages, commissioning and
plant startup began in the 2nd quarter of 1992. Full integrated operation was achieved at near
design conditions for 24 continuous hours on June 17, 1992.

4.0 OVERVIEW OF PROCESS

The LFC process is a mild gasification or pyrolysis process which involves heating of coal under
carefully controlled conditions to produce gaseous compounds. Figure 4.1 shows a simplified
flow diagram of ENCOAL’s application of the LEC technology.

3
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Run-of-mine coal is conveyed from the Buckskin Mine to a storage silo. The coal from this silo
is screened to remove oversize and undersize materials. The specification coal feed, 2" x 1/8"
size, passes throngh 2 GAMMA-METRICS coal analyzer which mezsures the moisture, ash,

carbon, hydrogen, sulfur, and other contents of the feed coal. The coal is then fed into a
perforated rotary grate dryer where it is heated by a hot gas stream. The residence time of the
coal and temperature of the inlet gas have been selected to reduce the moisture content of the
coal without initiating chemical changes. The solid bulk temperature is controlled so that no
significant amount of methane, carbon monoxide or carbon dioxide is released from the coal.

The solids from the dryer are then transferred to the pyrolyzer where the temperature of the
dried coal is raised to about 1000°F by a hot recycled gas stream. The rate of heating of the
solids i.e., the inlet temperature and flow rate of the hot recycled gas stream, is carefully
controlled because it determines the properties of the solid and liquid products. In the pyrolyzer,
a chemical reaction occurs which results in the release of volatile gaseous materials from the
coal. Solids exiting the pyrolyzer are quickly quenched to stop the pyrolysis reaction. They are
then cooled and transferred to the PDF storage silo. Since the solids have no surface moisture
and, therefore, are likely to be dusty, a dust suppressant called MK is added as they leave the
PDF product silo as final product.

The gas produced in the pyrolyzer is sent through a cyclone for removal of particulates. It is
then sent to a quench tower to stop any secondary reaction and to condense the desired liquids.
Only CDL is condensed in this step; the condensation of water is avoided. The gas stream
leaving the quench tower may contain some CDL in the form of a fine mist. In order to recover
the liquid mist, three electrostatic precipitators (ESP’s) operating in parallel were installed. The
finished CDL product is pumped from the bottom of the quench tower to storage.

The residual gas from the electrostatic precipitators is divided into three streams. Most of it is
recycled directly to the pyrolyzer. Some is burned in the pyrolyzer combustor and then mixed
with the recycled gas to provide heat for the mild gasification reaction. The remainder of the
gas is burned in the dryer combustor, which converts sulfur compounds to sulfur oxides (SO,)
and hydrocarbons to carbon oxides (CO,). Nitrogen oxide (NO,) and carbon monoxide (CO)
emissions are controlled by appropriate design of the combustor. The hot flue gas from the
dryer combustor is blended with the recycled gas from the dryer to provide heat for drying.

The off-gas from the dryer first passes through a cyclone to remove the entrained particulates.
It is then divided into two streams. Most of it is recycled directly to the dryer while the
remainder is treated with sodium carbonate solution in a two-stage scrubber system. By
spraying the off-gas with sodium carbonate solution, the first stage scrubber captures the fine
particulates that escape the dryer cyclone, and the second stage scrubber removes most of the
sulfur oxides from the gas stream by converting it into sodium sulfite. The sulfite is then
oxidized into sodium sulfate. The treated gas is vented to the atmosphere through a stack while
the spent solution is sent into a non-discharging pond for evaporation.
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5.0 OVERVIEW OF DESIGN CONSIDERATIONS

Early in the design phase of the Project, ENCOAL and Kellogg developed a document called
the "Design Basis" which contained the underlying premises for the design of the PDF plant and
associated facilities. Site specific information such as elevation, climate, wind and snow
conditions, rainfall and tectonic activity was listed. The industry standards to be used in the
design and the governing industry codes that must be followed were identified. It was
determined that the Project would fall under the jurisdiction of the Mine Safety And Health
Administration (MSHA) due to its location on the Buckskin Mine property. This carried a
special set of requirements for design, especially in the areas of coal drying, lifting and hoisting,
electrical classifications and personnel safety protection.

Other areas covered by the Design Basis were the nominal capacity of the plant, namely 1000
tons feed coal per day and the over-design margin for given conditions. In general, a margin
of 15% over the nominal design for individual pieces of equipment was the guideline, but this
margin was defined so that it would not be additive. A "Process Release” document was also
produced based on the description in Section 4. The Process Release contained the detailed heat
and material balance for all individual process streams.

About halfway through the detailed design effort at Kellogg, after sufficient work had been done
to describe the facilities, a Hazards of Operations (HazOps) review was performed. A group
of experts was assembled from the design team and from external sources at Kellogg and Shell.
The group produced a report with recommendations for design modifications, training provisions
and operating procedures. The HazOps recommendations were followed carefully, and the
design modifications were implemented.

5.1 CIVIL DESIGN

The category called civil design on the ENCOAL Project includes the site preparation, drainage,
ponds, foundations and structures as well as the architectural features of the buildings. Since
the ENCOAL Project is located on an active mine site, the civil design had to be coordinated
with the mine, especially the drainage and ponds. Run-off from the mine passes through the
PDF plant site in several places and had to be handled. Wastewater and run-off collection ponds
were combined for the mine and new facilities wherever possible. At the same time as the
ENCOAL Project was in construction, the mine installed a major expansion project, further
emphasizing the need for close coordination of the Project designs. Detailed plot plans are
shown in Figures 5.1 through 5.7.

The Civil Engineering group developed a set of guidelines for their designs. Some of the
highlights were:
(1) Use a safety factor of four for structural design.
(2) In the absence of local building codes for the site, use standard industrial codes.
(3) Enclose and heat all buildings due to the weather factor.
(4) Design for wind load of 100 mph and snow load of 30 psf.
(5) A ventilation system must cool the PDF building in hot weather and exhaust noxious
gases in emergencies.
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(6) Design all drainage structures for the 100 year, 24 hour event.
(7) Use bolted connections for all field erected joints with specially designed torque
limiting bolts.

During the 1988 preliminary design studies by Kellogg, a conceptual layout of the PDF plant
structure was developed. One of the first tasks for the Civil Engineering group after re-
activating the project in 1990, was to re-evaluate and finalize the PDF plant structure. This was

essential for design of the foundation, an early item on the Project Master Schedule for
construction. Being an engineered structure, the steel had to be detailed and ordered early in
the schedule also. The review of the PDF structure was completed expediently and resulted in
significant reductions of floor space and stecl. The revised planning drawings of the structures
for the PDF building and screening building elevation views are shown in Figures 5.8 through
5.12. Figures 5.13 through 5.17 show the final floor plans for the PDF structure and screening
building.

MSHA requires that a coal dryer be separated from other coal handling facilities by 100 feet or
more or, if enclosed in a common building, the dryer must be separated by walls that will
prevent a deflagration from entering other parts of the building. Special venting requirements
also affect the dryer off-gas ductwork and cyclone inlet and outlet ductwork. Here, explosion
doors are required for pressure relief and a process gas relief valve is required for both pressure
relief and over-temperature of the dryer loop. ENCOAL chose to keep all PDF facilities in one
building and thus zoned the building to meet the MSHA requirements. Zone 1 was unclassified
and included the plant building up to the underside of the 6™ floor. Zone 2 was the designation
for the 6" through 9* floors which contained the dryer. The headhouse at the top of the plant
where coal enters was classified electrically and so became Zone 3, which had to be pressurized
and sealed mechanically from both Zones 1 and 2. The previous figures show the floor layouts
in each of these zones.

5.2 MECHANICAL DEéIGN

Pressure vessels, valves, piping, tanks and rotating equipment fall under the category of
mechanical design. For the ENCOAL facility, with its near atmospheric conditions, pressure
was not a major problem. Other than utilities and fluid pumping systems, all pressures in the
LFC process are measured in inches of water, both positive and negative. The main process
vessels were specified for two pounds of pressure and one pound vacuum. Consequently, none
of the process vessels were specified to be ASME Code stamped since this does not apply at
these low pressures. However, it was specified that all vessels would be built in accordance
with ASME code requirements. The exceptions to this standard were the utility boiler and the
liquid nitrogen storage equipment which required full ASME Code certification.

It was recognized from the outset that the PDF plant would go through a lot of start-up and shut-
down cycles. Elevated temperatures dictated that provisions be made for expansion and
contraction, so spring cans and expansion joints were incorporated into support for vessels, large
diameter piping (ductwork) and certain equipment. Piping larger than 30" was isometrically
detailed by Kellogg’s design group and furnished prefabricated to the field erection contractor.
All of this large diameter pipe and ductwork was custom built from plate. Smaller diameter
piping was specified to American Petroleum Institute (API) or American National Steel Institute
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1. FOR BUILOING SPECIFICATION SEE SPECLFICATION MABCA SP—€483-K-04,
2. FOR BUILOIMG LOCATION SEE ORAWING KO, 30-02.
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(ANSI) standards. Piping smaller than 3" was furnished by the erection contractor and was field
routed. All valves were supplied by Kellogg using their Vendor Quality Management approach
where the design is done jointly with the vendor representatives in Kellogg’s engineering office.

The presence of high temperatures and dusty, corrosive fluids in much of the gas and liquid
piping was a given. Carbon steel was selected as the base material for all piping systems, with
refractory lining systems for temperatures over 600°F. A protective coating between the
refractory and steel was applied. Over 1000°F, a dual refractory liner consisting of formed
panels and then gunned refractory was used. Otherwise, a single layer of gunned refractory was
specified, this layer being hardened where high dust loading was predicted for erosion protection
and modified for acid resistance where corrosion was also predicted.

Control of corrosion and erosion where refractory was not specified was also a concern. Vessels
and piping where acid condensation could take place were lined with Hasteloy C-22 or fabricated
from Incoloy alloys. This included all of the dryer off gas ductwork, cyclones and blower
housing. High corrosion rates were not expected in other areas of the plant. Prior to the

cyclones in the dryer and pyrolyzer loops, high dust loadings were expected, but these areas
were protected by hardened refractory. Therefore the balance of the plant piping and vessels
were simply given a 1/8" corrosion/erosion allowance. Most of the time the actual wall
thickness was governed by structural requirements, which made the wall thickness 3/8" plus the
corrosion allowance.

In many industrial plants where availability is essential, the major equipment is spared by
installation of redundant parallel units, each of which can handle full plant throughput. In the
ENCOAL Project, being a demonstration plant, it was decided to spare only equipment in
streams essential for process control. This minimized the capital cost and reduced the risks on
the Project. As a result, only three critical pumps were spared with in-line, ready to run standby
units. Based on the high reliability of the major equipment, this decision was not expected to
have a significant impact on future plant availability.

All rotating equipment was specified to comply with current MSHA standards for 8 hour noise
exposure and to be gas tight. Not every manufacturer was able to meet the noise standard, but
collectively, the PDF building was held within acceptable limits. Even though gas tight
equipment was specified, an ambient air monitoring system was added to the PDF building to
detect SO,, H,S, CH, and CO. The monitoring system was interlocked with the building
ventilation system and a plant evacuation alarm.

5.3 ELECTRICAL AND INSTRUMENTATION DESIGN

Classification of the various plant facilities for the electrical design was one of the first
engineering activities. Review of the National Electrical Code (NEC) and MSHA regulations
resulted in the following area classifications:

Class 1, Division 1, Group D and F:

PDF building headhouse; enclosed area under coal and PDF silos; enclosed
trenches
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Class 2, Division 2, Group D and F:
Screening building; within 10 feet of conveyors, silo openings and trench covers
Unclassified:
Remainder of PDF building; remote buildings; electrical rooms

These classifications along with the zoning of the PDF building as described in Section 5.1 for
pressure containment of the coal dryer, were reviewed with the MSHA Division office in Denver
to get their input and concurrence. Following these discussions, the classifications were
disseminated to all design groups. Also issued were the 4160 volt and 480 volt one-line
diagrams (Figures 5.18 - 5.21) for all of the demonstration facilities based on the equipment
listed in the process release. Spare conduit, wiring, switchgear locations, and junction box
capacity were built into the design to allow for future additions and deletions.

Also early in the design phase, standards were defined for the motors, switchgear, variable
frequency drives and the control system. All motors greater than 5 horsepower were furnished
by Kellogg rather than equipment vendors, and were specified to be mill and chemical duty and
energy efficient with a service factor of 1.15. Switchgear was specified to meet MSHA'’s
requirement for bypassing and testing on line on a monthly basis. Solid state variable frequency
drives were specified where required with local/remote control and programmable ramping. For
the control system, it was decided to use an Allen Bradley Programmable Logic Controller
(PLC) based system with the Control View operator interface rather than a main frame based
distributive control system. This decision saved a considerable amount of money in hardware
and programming time and did not sacrifice anything in quality, flexibility or data gathering
capability.

Being a first-of-its-kind demonstration plant, a lot of extra instrumentation and sample stations
were included in the facilities design. One of the key elements of the LFC Technology as
developed by SGI is closed loop control and optimization of the plant operation via sophisticated
computer programs. Called Level 0, this ultimate control system requires reliable, accurate
information from field instruments. State of the art sensors for pressure, temperature, flow
rates, density, pH and level were used throughout the plant. Two areas of concern were gas
flow measurement in the dirty, hot, corrosive process gas streams and the reliable detection of

critical levels. Hot wire anemometers were selected for the severe gas flow applications.
Mechanical level detectors were installed on the dryer and pyrolyzer outlets and nuclear devices
were specified for all other critical level measurement applications. Feed coal composition and
product qualities are also required by the Level O control system. The only proven instrument
that could provide the instantaneous analyses needed for closed loop control was the
GAMMA-METRICS nuclear coal analyzer. Two of these analyzers were installed in the plant,
one on the raw coal inlet and one on the PDF outlet.

The Level O control system was designed to reside on a remote VAX computer and gather
information through a modem. It was a given that the demonstration plant would not start up
using Level 0. Instead Level O would be put on line to "learn" by gathering data from the 132
field monitoring points, making predictions for plant operating parameters and comparing its
predictions to the actual operating conditions. The Level O system would then be calibrated
during the first two years plant operation and eventually be put into on-line plant control service
once it had demonstrated reliability and accuracy.
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One of the recommendations of the HazOps study group was to develop emergency shut-down
(ESD) procedures. This was done as part of the initial electrical and instrumentation design.
Safe, orderly ESD being paramount, the requirements for instrument air capacity, nitrogen
capacity and standby power were determined. A battery operated uninterruptable power supply
(UPS) was installed to provide backup power to the control computers and certain other
electrically operated safety devices. In addition, for longer term outages, a standby generator
was installed to maintain power to the UPS system, nitrogen vaporizer, emergency lighting,
standby glycol circulation pump and control room.

6.0 MAJOR EQUIPMENT FUNCTIONS AND DESCRIPTIONS

The following sections discuss each of the major equipment items or groups according to
function in the overall process. For a more complete major equipment list, refer to Appendix A,

Table A.1, which contains a cross reference of the equipment names and the number
designation.

6.1 FEED COAL SYSTEM

Coal is conveyed from the Buckskin Mine into a 3000 ton storage silo (Figure 6.1). A variable
speed vibrating feeder (Figure 6.2) loads coal automatically from the silo onto a conveyor which
continuously transfers the coal to a triple deck coal screen (Figure 6.3). The triple deck screen
divides the feed coal into undersized (less than 1/8"), sized (1/8 in. to 2 in.), and oversized
(greater than 2 in.) materials. Undersized coal is returned to Triton via truck or conveyor. Coal
greater than 2 in. is fed into a crusher (Figure 6.4) to reduce its size. OQutfall from the crusher
is combined with the sized coal from the screen and is transferred to a 7 ton dryer coal feed
hopper by an "S" belt, a flexible wall, ribbed vertical lifting conveyor. A general arrangement
drawing for the coal handling equipment in the next three sections is shown in Figure 6.5.

6.2 COAL DRYER AND CYCLONE

The coal dryer (Figures 6.6 and 6.7) is a Salem Furnace Company shallow bed rotary grate type
dryer with a grate diameter of 30 ft. 9 in. The grate is perforated for gas flow and has a
circular opening in the center for discharging coal. Several types of dryers were considered in
the early stages of equipment selection; the choice was highly influenced by the desire to
minimize particle size degradation during coal handling. The coal enters the dryer at the outer
edge of the grate through the inlet chute. The distance between the discharge of the inlet chute
and the grate establishes the coal bed depth. As the grate rotates, stationary rabbles (Figure
6.8), which act like plows, move the coal toward the center of the grate. The coal then falls
through the center opening into a duct (soaking pit) which deposits the coal on the pyrolyzer
grate situated below the dryer.
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Triple Deck Coal Screen

Figure 6.3

Coal Crusher

Figure 6.4
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Sketch of the Dryer Internals
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Figure 6.8  Dryer Rabbles Arrangement

As the coal particles move across the grate in a spiral path, they are in direct contact with a hot
gas stream that flows upward through the perforated rotating grate. The hot gas stream is a
mixture of hot flue gas from the dryer combustor and recycled gas from the dryer. The inlet
gas flow rate and temperature to the dryer are the two major control variables which affect the
drying process. )

Since the perforated grate of the dryer is rotating while the shell of the dryer is stationary, a
sand seal was installed between the outer edge of the grate and the shell of the dryer to prevent
the hot gas from bypassing the grate through the clearance between the grate and shell.
Furthermore, since the rotating structure of the grate extends outside the enclosure vessel, water
seals are installed between the external moving and stationary members to contain the gas within
the dryer.

The hot gas that flows through the perforated grate removes the moisture from the coal through
convective heat transfer. The gas flow rate through the coal bed is not sufficiently high to
fluidize the coal. However, some coal fines are entrained. The vapor stream leaving the dryer
flows through a cyclone to remove most of the entrained particulates. In the cyclone
(Figures 6.9 and 6.10), the dust-laden gas enters a cylindrical chamber tangentially and leaves
the vessel through a central opening. The coal fine particles tend to move toward the wall of
the cyclone by the virtue of their inertia. Coal particles from the cyclone are collected into a
hopper. The collected fines are dropped from the hopper into a screw conveyor/cooler
(Figure 6.11) where they are cooled to ambient temperature by indirect heat-exchange with
cooling water. The cooled fines are then mixed with water and transferred to the PDF cooler
sump.
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Figure 6.11 Coal Fine Screw Conveyor/Cooler

A motor operated valve is located in the soaking pit which allows dried coal to drop from the
dryer into the pyrolyzer. This valve can be closed to isolate one vessel from the other. When
operating, a standing leg of solids provides a vapor seal between the two vessels.

6.3 COAL PYROLYZER AND CYCLONE

The pyrolyzer (Figure 6.12) is also manufactured by Salem Furnace Company. Dried coal drops
from the dryer into the pyrolyzer through the soaking pit. The design of the pyrolyzer is similar
to the dryer. The mechanisms by which coal is moved through the pyrolyzer and heated by a
stream of hot gas are essentially the same as those described for the dryer in section 6.2. The
grate is perforated for gas flow and has a diameter of 25 ft. 5 in. Solids are discharged from

the pyrolyzer through a circular opening in the center of the grate into a quench table situated
below the pyrolyzer.

The gas leaving the top of the pyrolyzer flows through the pyrolyzer cyclone to remove
entrained coal particulates. The pyrolyzer cyclone operates by the same principle as the dryer
cyclone. The coal particulates that are captured by the cyclone are collected into a surge bin
where they are mixed with water to form a slurry. The slurry is pumped to a floor sump for
treatment as described in section 9.2.

A motor operated valve is located in the soaking pit which allows coal to drop from the
pyrolyzer into the quench table. The valve can be closed to isolate one vessel from the other.
A standing leg of solids provides the vapor seal between the pyrolyzer and the quench table
when this valve is opened. '
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6.4 QUENCH TABLE

Hot pyrolyzed coal particles drop from the pyrolyzer central discharge chute onto the outer edge
of the rotating deck of the Salem quench table (Figure 6.13). The rotating deck is lined with
refractory and has a circular opening in the center for discharging solids. This rotating deck is
not perforated, thus being-different from those in the dryer and pyrolyzer. As the table rotates,
stationary rabbles transfer the pyrolyzed coal from the perimeter to a central outlet chute. As
the pyrolyzed coal particles move across the table in a serial path, they are quickly quenched by
spraying water on them to stop the pyrolysis reaction. The steam that is generated by quenching
the solids is sent to a condenser (Figure 6.14) where it is condensed by cold glycol/water
solution. The condensed water is recycled back to the quench table.

6.5 PDF COOLER

The quenched pyrolyzed coal is dropped from the quench table discharge chute through a rotary
valve into the PDF cooler where it is cooled to ambient temperature. The cooler (Figure 6.15)
is a rotating cylindrical vessel which measures 11 ft. in diameter and 50 ft. in length and is
manufactured by the Rennenberg Division of Heyl and Patterson. A general arrangement
drawing for this vessel is shown in Figure 6.16. The vessel is oriented horizontally with a slight
incline angle. Internally, the vessel contains 120 cooling coils which run the length of the
vessel. The coils are 3 1/2 in. in diameter with cooling water flowing through them. Thus, the
pyrolyzed coal is cooled indirectly in this vessel. The solids enter the end of the cooler, which
has a slight vertical lift, tumble over the cooling tubes, and flow out the opposite end.
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Figure 6.13 Salem Quench Table
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Figure 6.15 PDF Cooler

6.6 PDF PRODUCT SYSTEM

The cooled solids, now PDF, drop from the PDF cooler onto an "S" belt which is a flexible
wall, ribbed vertical lifting conveyor and has the same design as the coal feed "S" belt. The
PDF is conveyed to a GAMMA-METRIC coal analyzer (Figure 6.17) which measures its
moisture, ash, carbon, hydrogen, nitrogen, sulfur and Btu contents. After the PDF passes
through the analyzer, it is dropped into the PDF storage silo. When the PDF storage silo is to
be emptied, a mass flow feeder transfers the PDF from the silo into a dust suppressant applicator
in which a dust suppressant known as MK is applied to the surface of the PDF.

6.7 QUENCH TOWER

The quench tower (Figures 6.18 and 6.19) is a typical packed-bed column which condenses the
organics in the off-gas from the pyrolyzer cyclone by bringing the gas into direct countercurrent
contact with a liquid (CDL) stream. A general arrangement drawing of the quench tower is
shown in Figure 6.20. The vessel is 12.5 ft. in diameter and 80.5 ft. in height. Internal vapor
and liquid reflux distributors are provided to achieve cross-sectionally uniform vapor and liquid
flows. The column contains a bed of Glitsch Grid packing which provides ample surface area
for vapor/liquid contact. Cooled condensed organic liquid (CDL) is circulated by a pump to the
top of the column while the off-gas enters the column from the bottom. By direct contact, heat
is removed from the off-gas by the CDL and desirable organics condense in liquid form. The
hot CDL is then pumped from the bottom of the column through a shell and tube heat-exchanger
where it is cooled by a 50/50 glycol water solution as described in Section 7.4. Most of the
cooled CDL is recirculated to the top of the quench tower as reflux; a small portion is sent to
storage. The temperature and flow rate of the reflux are controlled to give the desired exit
temperature for the gas stream leaving the top of the tower.
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6.8 ELECTROSTATIC PRECIPITATORS

The gas stream leaving the quench tower may contain some CDL in the form of a fine mist.
It was predicted that between 25 to 50% of the CDL condensed in the quench tower could be
smaller than 2 microns drop size. In order to recover the mist as liquid, three Lodge Cottrell
electrostatic precipitators (ESP) operating in parallel were installed. Figure 6.21 shows a
general arrangement of the ESP’s. Each vessel is 13.5 ft. in diameter, 24 ft. 4 in. in height,
and contains nearly 300 electrodes (Figure 6.22). In each tube is a wire electrode (Figure 6.23);
the liquid particles are charged by an electric field and move to the surface of the tube where
they are collected. This is achieved by maintaining a high electrical potential between the
electrode and the tube. Liquid collected in the tubes runs down the tube wall and is collected
in the open bottom section of the ESP. From each of the 3 ESP’s, the liquid flows by gravity
into a collection line that transports it to the bottom of the quench tower where it combines with
the rest of the CDL. :

6.9 COAL DERIVED LIQUID (CDL) HANDLING SYSTEM

The net liquid product from the LFC process is taken as a slip stream from the reflux being
returned to the top of the quench tower. As the CDL flows to storage (Figure 6.24), it is
analyzed for immiscible water content by a BS&W monitor. If the water content is greater than
1 percent by volume, the CDL is considered to be off-specification (off-spec) and is
automatically diverted to an off-spec CDL storage tank. Off-spec CDL can be pumped back to
the quench tower for reprocessing. If the CDL meets specification, it flows into the CDL
product storage tank.

CDL can be loaded to tank car or tank truck from the storage tank through a CDL loading pump
and meter (Figure 6.25).
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Figure 6.22 Top Portion of the Electrostatic Precipitator
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Figure 6.24 CDL Storage Tanks

1101
Wy ; )

T

e
A4 %Y ]

&

T
Figure 6.25 CDL Meter

PR -

.

Ty

51



6.10 DRYER BLOWER

Recirculation of hot gases in the dryer loop is provided by a large blower (Figure 6.26).
Recycled gas flows from the dryer cyclone to the suction of the blower. The gas is then pushed
by the blower, mixed with the hot flue gas from the dryer combustor, and moved into the dryer
under the grate to provide heat for the drying process. The dryer blower is a high-volume, low-
head fan driven by a 1000 HP, 1200 RPM electric motor. The motor is connected to the blower
through a variable speed fluid-coupling. Gas flow demands are met by adjusting the settings on
the variable speed coupling. The maximum head differential that the blower will develop is
about 23 in. of H,0 pressure. The height of the blower shell is 16 ft. and the suction and
discharge ducts are 8 ft. in diameter.

6.11 PYROLYZER BLOWER

A 600 HP blower moves the pyrolyzer off-gas from the ESP’s to the combustors and to
recirculation in the pyrolyzer loop. The shell of the pyrolyzer blower (Figure 6.27) is 12 ft. 3
in. in height and a 1780 RPM motor drives the blower. Gas flow control is achieved by
adjusting an inlet damper located at the blower suction. The maximum differential head that the
blower will develop is about 31 in. of H,O pressure. The suction and discharge ducts are 4 ft.
in diameter.
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Figure 6.27 Pyrolyzer Recirculation Blower

6.12 COMBUSTORS

The dryer and pyrolyzer combustors (Figure 6.28) are gas fired heaters which supply the heat
required for drying and pyrolyzing the coal. A general arrangement drawing typical of both

combustors is shown in Figure 6.29 and Figure 6.30 shows the internals. Recycled gas from the

discharge of the pyrolyzer blower, which contains non-condensible hydrocarbons, is the primary
fuel for each combustor. Due to the low Btu value of the recycled gas (50-70 Btu/SCF), natural
gas is burned as supplemental fuel. Each combustor is equipped with a forced draft air blower
(Figure 6.31) which supplies air for combustion and takes suction from the atmosphere. Each
blower is driven directly by a 100 HP motor.

The combustors contain a natural gas fired pilot burner for the ignition of the flame within the
combustor. Each combustor is equipped with natural gas burners which can deliver a maximum
of 17 MM Btu per hour. The primary fuel burners are ring type which contain clusters of
nozzles. The burner management system for each combustor is controlled by individual
programmable logic control (PLC) systems. The PLC monitors a number of variables and

controls the natural gas and air so that the on-gas temperatures to the dryer and pyrolyzer are
maintained.

6.13 PURGE GAS TREATMENT

In order to meet environmental standards, the purge gas being discharged to the atmosphere by

the LFC process must be treated. The off-gas from the process, containing mostly water vapor,
nitrogen, carbon dioxide and small amounts of sulfur oxides, (Table 6.1) is vented to a
desulfurization unit (Figure 6.32) which consists of a wet gas scrubber and a horizontal
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Figure 6.28 Combustors

scrubber. The gas is treated with sodium carbonate solution which converts the sulfur oxides
to sodium sulfite. In the wet gas scrubber, dual atomization nozzles disperse the sodium
carbonate solution into fine particles with compressed air and spray it into the purge gas stream
to reduce the entrained particulates and sulfur oxides. The horizontal scrubber further reduces
sulfur oxides in the purge gas as it flows horizontally through spray curtains of sodium carbonate
solution. The gas then passes through mist eliminators just prior to leaving the horizontal
scrubber to capture any entrained treating solution in the form of fine mist. (Figure 6.33)

Table 6.1 Purge Gas Composition

COMPOSITION WT. % UNTREATED WT. % TREATED
CcoO 0.03 0.03
CO, 14.10 14.01

N, 46.74 46.60
H,0 37.93 38.64
SO, 0.50 0.02
NO, 0.02 0.02

0, 0.41 0.68
Solids 0.27 ~0.00

The spent treating solution is discharged to an evaporation pond (Figure 6.34) where the sodium
sulfite will oxidize into sodium sulfate. At the end of the Project life, the sodium sulfate, dried

by evaporation, is encapsulated in a clay lined pod, covered with top soil and reclaimed.
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Figure 6.31 Combustion Air Blowers
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6.14 DUST SCRUBBERS

When raw coal is conveyed from the feed coal silo, through the screening facilities, to the dryer
feed hopper, coal dust is generated as the coal is loaded onto or discharged from a conveyor.
In order to control the emission of dust, two dust scrubbers (Figures 6.35 and 6.36), one at the
bottom of the feed coal silo and the other at the screening building, were installed. The dust
scrubbers are used to collect coal fines at various transfer points i.e., the discharge of coal from
or onto a conveyor. The dust scrubber, with the aid of a blower, pulls a suction at each transfer
point. As the dust laden air stream passes through the scrubber, dual atomization nozzles
disperse water into a fine mist with compressed air and spray it into the air stream. The air
stream then flows through chevron separators to remove the coal dust and water, and the clean
air is discharged to the atmosphere.

During startup and shutdown conditions, there are times when the facilities are not operating at
design conditions, and dried, underpyrolyzed coal (off-spec PDF) is produced. The transfer of

off-spec PDF to the PDF storage silo can be dusty. Therefore, two additional dust scrubbers
were installed. They are used to collect coal fines at various transfer points where PDF is
conveyed, e.g. from the PDF cooler to the PDF storage silo, and from the storage silo to
conveyors.
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Figure 6.35 Dust Scrubber at Screening Facilities

Figure 6.36 Dust Scrubber at Coal Feed silo
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