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DISCLAIMER

This report was prepared as an account of work co-funded by an agency of the
Commomwealth of Kentucky, an agency of the United States Government and the
Tri-State Synfuels Company. Neither the Tri-State Synfuels Company, its owners
or their affiliates, the Commonwealth of Kentucky, any agency thereof, and the
United States Government, any agency thereof, nor any of their subcontractors
or employees, make any warranty, express or jmplied, or assumes any legal.
1iability or responsibility for the accuracy, completeness, or usefulness of
any information, apparatus, product, or process disclosed, or represents that
its use would not infringe privately-owned rights. References herein to any
specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise, does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the Tri-State Synfuels Company, any
of its owners or their affiliates, Tri-State Synfuels Company's subcontractors,
the Commonwealth of Kentucky or any agency thereof, and the United States
Government or any agency thereof. The views and opinions of authors expressed
herein do not necessarily state or reflect those of the Tri-State Synfuels
Company, any of its owners or their affiliates, Tri-State Synfuels Company's
subcontractors, the Commonwealth of Kentucky or any agency thereof, and the
United States Government or anmy agency thereof.
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KENTUCKY COAL TESTS
IN A COMMERCIAL LURGI GASIFIER

Dr. J. E. {Mickey) Jones, Jr.
Commissioner, Bureau of
Energy Research and Development
Kentucky Department of Energy
Lexington, Kentucky 40578
United States of America

and

Or. Anton Roeger, 1II
Technical Manager
Synfuels Division

Texas Eastern Corporation

Houston, Texas 77252

United States of America

A commercial scale gasification test on Kentucky 9 c¢oal was conducted
in & Lurgi Mark IV dry-bottom gasifier at the Sasol One Plant between July and
November 1981. The test was conducted to confirm the operability of the Lurgi
process on Western Kentucky coal, and to confirm and modify, if necessary, the
preliminary design basis for the Tri-State Synfuels Project. Other aspects of
the overall program with Kentucky 9 coa? included c¢oal selection,
characterization and shipping, gasification by-product characterization,
wastewater treatability and long term stockpile tests.

1.0 INTROBUCTION

1.1 Tri-State Synfuels Project

Tri=-5tate Svnfueis Company, a partmership of Texas Eastern
Corporation and Texas Gas Transmission Corporation affiliates, proposes to
produce liquid transportation fuels and substitute natural gas from coal using
the indirect Tiquefaction approach (Reference 1). The project is sited in
Henderson County, Kentucky and will, if built, use commercially proven dry-
bottom Lurgi gasification to produce the synthesis gas for subsequent 1iquid
fuels production.

The Lurgi gasifier has beem used in mumerous applications on a2
variety of coals around the world. The IT1inois Basin coals selected for the
nlant had swelling and caking properties in the upper range of those that had
been used as Lurgi feedstocks. Therefore, it was deewed prudent to perform a
full scale test on the size and type of gasifier planned for the wultibillion
dollar plant. The subject of this paper is the full scale test program that
was undertaken at the Sasol One facility in Sasolburg, Republic of South
Africa, to demonstrate the operability of the Lurgi process on the design coal
and to generate the necessary design data.

r—
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The Tri-State Project, as originally conceived, would have been a
very clTose repiicate of Sasol Twe which is based on Lurgi Mark IV gasification
In the Tri-State project, however, methane
would have been co-produced instead of reformed as in the Sasot plants for
additional syngas. The plant would have produced 56,000 -barrels of crude oil

and Fischer-Tropsch synthesis.

equivalent per day.

The configuration of the project was the logical result of a
corporate strateqy of pursuing a synfuels project based upon technology which
was proven and operating on a large commercial scale. The only existing coal-
based synthetic transportation fuel facilities operating on a world scale are
Tocatad in Sas=olburg and in Secunda, Republic of South Africa. Recent reviews
of the status and technology of the Sasol plants are provided in References 2

and 3.

The approach of using commercial technology instead of emerging
technology was pursued in order to facilitate project financing and reduce

overall project risks. The economic impact associated with the somewhat Tower
efficiency of the so-called first generation technology was beiieved to be more

than overcome by several factors:

1. The ability to build plants more quickly by replicating as
closely as possible the Sasol Two Plant.

2. The availability of wmore favorable interest rates due t Tower

risk factors.

3. The ability to start-up sooner and achieve full production mmre

rapidiy.

4. The ability to achieve higher on-stream and productien factors
because of extensive operating experience and maintenance

procedures.

A preliminary engineering and feasibility study had been complieted by

Texas Eastern in April 1980 and the philosophy of achieving early production
with minimal risks appeared to be consistent with the Energy Security Act.
Therefore, the project responded to the first round of U.5. Deparitment of
Energy solicitations for alternative energy projects and was awarded 2
Cooperative Agreement contract for a work program totaling 543.5 million.

A mid-western location had been determined to be advantageous for 2
Fischer-Tropsch type plant because of the quantity and diversity of chemicals
produced and the need to be near existing traditional fuel wmrkets. After an
extensive site screening process, a site was selected in Henderson County,

Kentucky, on the Ohio River.

The site was attractive in that it was one of few

available of the size required and under limited ownership, on the river, and
in close proximity to coal reserves and gas and liquid pipelines.

In January 1982, the project was altered with a change of synthesis

technology, product slate, and plant size.

The Fischer-Tropsch synthesis was

replaced with 2 wethanol synthesis and MTG process which converts the alcohol
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to gasoline. The product slate was greatly simplified from a Targe numbher of
chemicals, 1iquid fuels and substitute <atural gas to gasoline and substitute
natural gas. The plant size was lowered to 15,000 barrels of <rude ofl
equivalent per calendar day which required 8,165 tons of coal.

The fundamental reason for reduction in project size was to reduce
capital expenditures to a level which was more financible within the Synthetic
Fuels Corporation constraints and more Tikely to attract additional partners.
It was aiso found that a substitute natural gas and MTG product slate appeared
more profitable than the Fischer-Tropsch product slate with its associated
chemical production at least under the Tri-State product price assumptior for
the Kentucky area. The use of Lurgi gasification remains as the basis for
for the project, thus the need for and value of the coal test were not affected
by the project changes that have occurred.

1.2 Feasibility Study

Texas Eastern commissioned Sasol {Proprietary) Limited in late 1979
to conduct a six-month feasibility study on the conversion of I11incis Basin
coal to liquid transportation fuels and pipeline quality gas using the
commercially proven Lurgi gasification and Sasol Synthol processes. Fluor
Engineers and Constructors, Inc. and Lurgi Kohle und Mineraloeltechnik GmbH
participated in setting the study criteria. The study, compieted in
April 1980, showed that Lurgi gasification of I11inois Basin coal was
technically feasible and commercially viable, and that the plant could be
operated in an environmentally acceptable manner. The feasibility study formed
the basis of the proposal to the U. S. Depariment of Energy for a cooperative
agreement work program.

The coal chosen for the feasibility study was I11inois 6 which had
been tested at Westfield, Scotland in the American Gas Association - Office of
Coal Research Program in 1973-74. The product slate was 56,000 barrels of
crude 6il egquivalent per calendar day from 28,600 tons of coal. The overall
thermal efficiency of the plant was about 48%Z.

The transportation grade fuels and substitute natural gas would not
only have been fully interchangeable with conventional fuels and compatible
with fuel supply systems but could have been used in an envirommentally sound
manner. The gasoline, which met the projected octane requirements of the late
1980's, contained no lead and was free of sulfur amd nitrogen compounds, so
that no adverse impacts would have been created in end use.

1.3 Cooperative Agreement

Tri-State Synfuels Company entered into the Cooperative Agreement
{No. DE-FCO5-810R20807) with the U. 5. Department of Energy in February 1981,
The work program, initiated on February 6, 1981, included the commercial scale
ceal test, camplete process engineering and design, site specific cost
estimates, securing all necessary environmental permits, obtaining feedstock
purchase and major product sales commitments, finalization of the economic




evaluation, and development and impiementation of a financial plan including
support from the Synthetic Fuels Corporation. The plan called for a comnitment
to begin construction in early 1983 with plant start-up scheduled for 1987.
The change in project scope in early 1982, resulted in a schedule delay of one

year.

Due to subsequent changes in the econowmic and political environment
for synthetic fuels, Tri-State Synfuels could not justify maintaining the level
of expenditures required to continue with the Cooperative Agreement work
program and elected to terminate the agreement in April 1982. The work
accomplished during the program has been reviewed in a series of reports issued
in June 1982.

The Cooperative Agreement work program on the commercial scale coal
test is reported in References 4 and 5. This paper is based on that work. A
suppTemental program developed to survey I11inois Basin c¢pals as part of the
supply and design effort is reported in References 6 and 7.
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2.0 OVERALL TEST PROGRAM

2.1 Background and Dbjectives

The commercial scale coal gasification test was conducted at the
Sasol One Plant in Sasolburg between July and November 1981, on Kemtucky 9
coal. The test was successfully conducted ¢n a world scale Lurgi Mark IV dry-
bottom gasifier, modified with a distributor-stirrer to overcome the medium to
strongly swelling and caking tendencies characteristic of I11inois Basin
coals. '

Previous large scale experience with this type of coal in a Lurgi
dry-bottom gasifier was gained at Dorsten, Germany and at the Westfield Plant
of the British Gas Corporation in 1973-74 during trials conducted for the
American Gas Association and Office of Coal Research of the U.S. Department of
Interior (References 8 and S5}. The loads achieved during the Westfield tests
were 1imited by the contral valve supplying superheated steam to the gasifier.
Nonetheless, the 111inois Basin and Pittsburgh 8 coals were processed
successfully during the planned 48-hour trials.

Tri-State Synfuels is one of the very few projects in the United
States that has had an opportunity to test a specific feed coal in a large
scale commercial operation. Exhibit 1 summarizes the tests of U.S. coals at
Lurgi coal gasification plants in Westfield and Sasolburg. A wide range of
coal types representing most of the U.S. coal regions has been tested on 2
commercial scale. A recent Lurgi paper {Reference 10) provides an overview of
coal testing in commercial and developmert gasifiers including tests with
Kentucky 9 coal.

In 1974, ANG Coal Gasification Company tested North Dakota ligrite at
Sasolburg. These data were used to set the design of the Great Plains
GasiTication Associates Project, now under construction near Beulah, North
Dakota. Other tests have been conducted by Carter 0il, Panhandle Eastern
‘Pipeline and Phillips Coal. '

The Kentucky 9 test was conducted in order to confirm the operability
of the Lurgi process with Western Kentucky coal and the preliminary design
basis for the Tri-State Synfuels Project used by Lurgi and Sasol in the
preparation of the feasibility study. The test plan was structured to optimize
design parameters of both the gasification and associated plants and their
component units. Each type of cocal has its own particular characteristics
requiring specific adaptations to plant and equipment, and modifications and
design base ranges derived from Lurgi laboratory test work can best be narrowed
down by an actual gasification run on the specific coal.

The information resulting from the overall test program was used in
provide a firm design basis for material and heat balances and equipment sizes
and costs for the coal handling and storage, gasification, stripped gas liquor
cleanup, syngas preparation, and steam generation sections. The individual
gasifier load determined in this test set the number of gasifiers required to
produce the desired syngas rate.
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2.2 MWork Scope

The overall scope of the work of Tri-State Synfuels and Kentucky
Department of Enerqy for the coal test program was to:

o Select an I11inois Basin coal to be used for the commercial scale

gasification test and for the design and environmental criteria
hases.

Characterize the design coal by determining:

- Physical and chemical properties of the coarse and fine
fractions.

- Size consist since there is a likelihood of excess fines.

- Rate at which fines are generated in handling.

- Utilization of Fines for combustion.

Conduct a commercial scale coal gasification test on the Lurgi
Mark IV gasifier, modified with a distributor-stirrer, to:

- Confirm the operability of IT1inois Basin coal.

- Confirm and modify, if necessary, the preliminary design basis
used by Sasol and Lurgi in preparation of the April 1980
feasibility study.

- Optimize design parameters of coal preparation, gasification
and associated units.

Conduct a smalil scale cooling tower test to examine the
feasibility of direct use of stripped gas liquor from the test
coal as cooling water makeup. If feasible, raw water intake would
be reduced, the cooling system could be used as a biotreatment
facility and chemical additives might be eliminated.

Characterize export samples of various liquids and solids from the
coal gasification test to:

-~ Develop environmental design information and support permits
especially in areas of wastewater treatment and ash disposal.

- Support market development efforts, especially of crude
phenols. '

- Develop engineering design data for naphtha hydrotreating and
:eregsote/creso'l upgrading, possibly leading to pilot piant
sts.
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0 Conduct a wastewater treatability stu-dy on the stripped gas liquor
from the I[11inois Basin coal to: i

- Optimize envirormental parameters on biclogical treatment with
emphasis on organic removal, post filtration using multimedia
filters, and effluent polishing with activated carbon.

- Dbtain data to support permwit applications.

o Conduct long term tests on a compacted stockpile of the test and
- design coal to:

- Determine weathering effects on quality and gasification
characteristics.

- Determine leaching effects on quality and run-off compositions
to establish design criteria on water collection systems.

- Demonstrate stockpile construction that prevents spontaneous
ignition.

2.3 Participants’ Roles

The orqanizations and individuals associated with all phases of the
coal test program number into the hundreds. Appreciation is expressed to those
many organizations and individuals whose cooperation and expertise contributed
to the execution of the program.

The commercial scale gasification test was conducted by the
Technology Transfer group of Sasol Technology (Proprietary) Limited with
assistance by key operating personnel from Sasol One and Sasol Three plants. !

The gasification test was witnessed by Lurgi, Kentucky Department of
Energy and Tri-State personnel at 211 times. Llurgi acted in an advisory role
to Sasol and Tri-State during the test and provided the process design heat and
material balances developed from the test program results. 1

The coal sampling and analytical testing activities during the
selection, collection and shipment, fines utilization and stockpile programs
were planned and supervised by Paul Weir Company, assisted by Commercial
Tasting & Engineering Co. and Mclachlan & Lazar (Pty) Ltd.

The test coal was wmined by Peabody Coal Company under contract to the
Tennessee Valley Authority, owner of the mine.

Transportation services were provided by the Overland Coal Conveyor
Company, American Commercial Barge Line Company, Ugland Shipping Company and
South African Railways and Harbours.
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Texas Gas Transmission coordinated the stockpile program including
meteorotogical observations, sampling and testing schedule and Teaching tests.
Texas Gas Transmission also provided design recommendations on coal
preparation. -

Texas Eastern provided management, coordination and technical
gujdance and assistance throughout the overall program.

Major funding for the test was provided by the Kentucky Department of
Energy. Under Memorancum of Agreement No. 3687 between the Tri-State Project
and the Commonwealth of Kentucky, support was provided in the areas of:

1. Option for the plant site
2. Research A
3. Financial assistance for the coal test at Sasol

The Kentucky Depariment of Energy obtained an option far $1.3 million
from the American Electric Pawer Company for their approximatelv 7,000-acre
sites in Henderson County in August 1981. Research support has been provided by
the Institute for Mining and Minerals Research, the Kentucky Department of
crergy research contractar, in the areas of ceoal analysis, materials testing,
and analysis of samples taken during the gasification test.

The Kentucky Department of Energy was authorized by its Energy
Research Bozrd to pay up to $4 million to carry out the ful) scale coal test at
Sasol. The State was granted access to certain test data and allowed to have
observers present during the coal test.

The State's primary objective in sponsoring the tests was to directiy
support the Tri-State project. A secondary objective was to prove tore broadly
the operability of the well-proven Lurgi commercial pressurized gasification
process on Kentucky coal. This would expand the technology options open to
industries considering synfuels project opportunities in Kentucky. The tests
also provide a basis of comparison for improvements in advanced generation
gasifiers, thus assisting the department in evaluating future support of
gasification research and technology development.

2.4 Cost

The total cost of the overall coal test program including the expense
of on-site observers and management of the program, was approximately $4.0
million as shown in Exhibit 2.

The Kentucky Department of Energy is paying approximately $3.5
million which includes all costs except Tri-State's on-site observers and
management. Over half of the overall test program was the cost of producing
and transporting the coal. Other costs included the gasification test,
technical support, observation, management, and sampling and testing.
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The sampling and testing program was conducted during the coal
shipment, the Sasolburg test and Kentucky stockpile test and was far more
comprehensive than those during any other test of a U. S. coal. Included in
the sampling costs were supervision of collection, loading and {inspection;
storage; and anmalytical testwork.
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3.0 TEST AND DESIGN COAL

3.1 Selection

In 1980, a preliminary collection of I11inois Basin coal quality data
was developed to support the selection of coals for potential supply to the
Tri-State Synfuels Plant and full scale commercial testing at Sasolburg.
Exhibit 3 identifies the counties in the region with reserves ard operating
mines for which coal muality data were availabie. Information was provided by
potential suppliers, the Kentucky Center for Energy Research and The
Pennsylvania State University. Coal quality information was also developed by
collecting and analyzing several run-of-mine samples. The coal quality data
were used as a guide to identify representative candidate mines for the supply
of the test coal. The candidate mines are located on Exhibit 4 and are mostly
within 50 miles of the plant site.

In December 1980, the 1ist of potential source mines for the 22,000
short ton sample of raw coal for the test was narrowed to three. The candidate
coals were from the Kentucky 9 seam and were mined by the conventional,
underground method. The mines were Camp 1, Ken and Providence.

The three candidate mines were again sampled in December 1980 and

representative splits of the run-of-mine samples were flown to Lurgi and Sasol
for examination. '

Lurgi and Sasol indicated that both Camp 1 and Ken mine samples would
qualify as suitable gasifier feed coals. Lurgi and Sasol regarded the
Providence sample as a strongly swelling coal which should only be considered
as a suitable feed coal for subsequent plants. Lurgi advised against using
Providence coal as a feedstock for the initial plant. The Lurgi criteria
incTuded proximate analysis, carbonization assay, ash melting behavior,
reactivity, free swelling and caking number tests.

Since the three coals were technically suited for gasification, the
final selection of the Camp 1 mine for the test shipment resulted from the
following considerations:

o Geographical proximity to the plant site, since a substantial
portion of the coal feedstock would come from mearby Kentucky 9
reserves which are considered similar to the test coal.

o Ability to 1imit fines content to about 35% in the run-of-mine
coal to compensate for atteition of Coarse coal during rehandling
operations in transport to Sasolburg. The conveyor belt operation
at Camp 1 loadout would aliow a selection period of one hour for
the rejection of fine slugs before loading the barges.

o Logistics which avoided rail or small barge movement to the Ohijo
River to mimimize rehandling and attendant fines generation.
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3.2 Source

The test coal came from Tennessee Valley Authority's reserve which
underlies the former Breckinridge Camp in Union County, Kentucky. The Peabody
Coal Company operates, under contract, two mines on that reserve -- Camp 1 and
2 mines. The test coal was taken from the Camp 1 mime which is Peabody's third
Jargest (1.77 million tons in 1980} mine in Kentucky. The coal is deep-mined
using conventional techniques from the Number 9 seam which has a thickness in
that area of approximately 60 inches and is approximately 400 feet deep. Coal
is brought to the surface by both conveyors and shuttle cars. The coal was
processed through a rotary brasker to a nominal 2-inch top size an¢ transported
by convevor approximately nine miles to the barge loading facility on the Ohio
River.

3.3 Characteristics

The test coal selected was from the Kentucky Number 9 seam which is
the most abundant in the region surrounding the plant site and which has
characteristics representative of the majority of coals within the region.
Those characteristics of the test coal such as heating values, free swelling
index, caking mmber, sulfur content, ash fusion temperatures and other key
parameters insofar as gasification are ccncerned were generally mid-range for
coals within the I11inois Basin.

Exhibit 5 1ists the test coal characteristics. The classification by
rank of the test coal is in the high volatile bituminous B arcup. The coal has
a moderate free swelling index (FSI), typically 3 1/2 to 4 1/2, and a medium
caking number {Damm) in the range of 12 to 23. The FSI (AS™M D 720) refers to
the volume increase of a coal on free expansion during heating and may be used
as an indication of the caking characteristic of the coal when burned as a
fuel. The caking power refers to the wetting and binding tendency towards an
added component. The nature of these ¢haracteristics required modifications to
be made to the standard Mark IV gasifier and start-up procedures as discussed
in Section 4.4.

: Additional work on sampling and testing of run-of-mine IT1inois Basin
coals has besn conducted [References 6 and 7) under a different program to:

o Identify and rank other coals suitable for Lurgi gasification 1o
supplement the data from Cawp 1 being used as the design basis.

o Establish an estimate of the size consist and quality ranges to be
expected.

o Establish a sensitivity range for the Lurgi design for Camp 1 coal
to develop maximwm heat and flow rates to specify equipment
requirements.

o Establish environmental design criteria in the areas of wastewater
treatment and solids disposal.

o Provide technical guidance to assess reserves potentially
available for the project.
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Ten mines representative of future coal production sources were
examined. The mines represented a mix of underground -- both continuous and
conventional mining -~ and strip mining. The two predominant seams in
I11inois, Indiana and Kentucky were- sompled. The technical data on these
run-of-mine coals were judged to be representative of the coai to be mined from
potentially available reserves by the various operators.

3.4 Coliection and Shipment

Once the decision was made to utilize the Camp 1 coal as the test and
design coal, meetings were held to review and firm up the tentative collection
and shipment schedule and responsibilities. Several key dates had 1o be
accomnodated. First, it was necessary to collect and load the coal before the
mine collection belt would be shutdown to make 2 changeover W 2 newly
tnstalled wash plant. Second, it appeared that a tight schedule would be
needed to avoid having the bulk carrier in the Jower Mississippi incuv
excessive demurrage. Third, there might be severe cold weather which could
have delayed barge traffic on the Chio River system. As it turned out, coid
weather was never a factor. Through the cooperation of all parties,
collection and shipment were carried out in a timely fashion.

Extensive efforts were taken to ensure quality control in shipping at
every step along the way since the objective was to limit the size degradation,
as measured by an increase in the minus 1/4-inch fines fraction. To accomplish
the cesired control, Tri-State Synfuels supervised the transfer oporations,
sampled freauently and paid additional funds to lower the coal clamshells to
the coal surface during unloading to limit breakage. Since the gasification
step was believed capable of handling some fines, and the cushioning effect of
fine coal would limit the attrition rate, run-of-mine (2 inch x 0) coal was
shipped as opposed to sized coal (2 inch x 1/4 inch).

The collection of Camp 1 coal at the mire in Morganfield, Kentucky
{Exhibit 6} and shipment of the sample to Sasolburg occurred February through
April, 1981. The work involved inspection, sampling, preparation and
analytical test work on coal guality and size for the mine, barge, ship and
train transfer points. These locations were Morganfieid and Uniontown,
Kentucky: Darrow, Louisiana; and Port Elizabeth and Sasolburg, Republic of
South Africa.

The samples were taken not only to ensure quality control at every
step during the shipment but to obtain fines generation data during rehandling
and to establish a chemical and physical characterization of the ceal for
testing and design purposes. These points will be discussed in Sampling and
Testing, Section 5.0.

Selection and ioading at Uniontown, Kentucky - Camp 1 Toading
comnenced February 23 at the Uniontown dock on the Uhio River and took place
over a three-day pericd. Direct feed from the mine storage was used to enable

selection from the nine-mile conveyor belt and to allow low loading rates (1300
tons per hour) to limit breakage.
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Loading was completed February 25 and the barge tow left for the
900-mije trip to Darrow, louwisiana. On the 15-barge tow, 22,558 tons of Z inch
x 0 raw coal were loaded at an average fines content of 37.2% based on on-site
screening.

Transloading at Darrow, Louisiana - The tow arrived at Darrow
milepost 175 on the Mississippl River (Exhibit 7) on March 2 where the barges
were socured and inspected daily until barge-top sampling commenced March 17.
Sampling took place over two days.

The M.S. Bonita's holds were inspected for cleanliness just prior to
transloading which commenced on March 19 in mid stream at wilepost 180. Two .
barge-mounted cranes with 16-cubic yard clamshells were used to transioad the
coal Trom both sides of the ship. Each clamshell was lowered to the top of the
pile in the ship's holds s0 as to 1imit breakage.

The loading was completed on March 20 and the bulk carrier left
Darrow carly the next morning for the Gulf of Mexico and South Africa
(Exhibit 8}.

0ffloading at Port Elizabeth, South Africa - After the 8600-mile
voyage, the M.5. Bonita arrived in the Port Elizabeth harbor {Exhibit 9) on
April 14 and berthed Tater that day. Harbor facilfities at Port Elizabeth were
not designed for high-rate unlsading of loose bulk coal. Offloading commenced
on April 15. Up to six small clamshells on shore cranes were used for loading
the coal on side- dump rail cars of 35-metric ton capacity. Two or three
tracks were used simultaneously. The overall unloading took 10 days including
the Easter holiday. A total of 587 rail rars was irspected, loaded, sampled
and weighed before dispatch in 34-car trains t Sasolburg. Seventeen trains
were dispatched over the 10-day period.

Unloading at Sasolburg, South Africa - Each *rain arrived at

- Sasolburg Tailhead after a two-day trip covering about 800 kilometers. The

side-dump rail cars were unloaded by front-end loaders into dump trucks which
transported the coal ebout two kiloeters to the Sigma mine stockpile for
storage until the gasification tests started in July.

In conclusion, an extensive detailed collection and shipment program
was carried out to obtain technical knowledge on the handling and chemical and
physical characteristics of typical Western Kentucky c¢oal to support supply and
design criteria for the Tri-State Synfuels Project.
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4.0 GASTFICATION TEST

4.1 Objectives and Plans

The specific objectives of the test on the Lurgi Mark IV gasifier,
modified with a distributor-stirrer, were to: =

o Confirm gasifiability of medium swelling and medium caking
Kentucky 2 coal.

o Confirm actual consumption and production parameters.

o Determine optimum combination and range of gasification
variables.

o Confirm maximum load conditions and identify load restrictions.
o Determine effect of fines in coal feed on gasification process.

0 Determine physical and chemical properties of products and
by-products.

o Evaluate effect of tar injection on gasifier performance and
products and by-products yield, and est2blish maximum tar
injection rate.

0 Obtain environmental design criteria data to factlitate permit
acquisition.

o Obtafn samples of process intermediates, products and by-producis
for export to U.S, for in-depth analysis for envirormental,
marketing and design purposes.

The information resulting from the test was raquired to provide a
firm basis for the material and heat balances for all units from gasification
through syngas ¢leanup, and ts set the number of gasifiers for the project.

The original gasification test program schedule as planned is shown
in Exiiibit 10. The start-up was plamned on Sigma -~ a non-caking coal -- to be
follomed by mechanical checkout and optimization run on the test coal.

The optimization run is reguired to: (1) set the proper steam-to-
oxygen ratic to avoid excessively large clinkers and {2) set the optimum gas
outlet tewperature in conjunction with optimm distributor-stirrer revolutions

and torque measurements, as well as ash temperatures and grate revolutions
required. )

The mass and heat balance was planned for 2 inch x 1/4 inch {50

eillimeter x 6 miilimeter) dry-screened coal over a 48-hour period at
reasonable loads.
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The high joad test was to feed 2 inch x 1/4 inch dry-screened coal
with a step-wise increase in undersize material, in effect, simulating a
run-of-mine coal. The final high load test was to be conducted with 2 inch x
1/8 inch (50 millimeter 2 3 millimeter) wet-screened coal.

A cooling tower test was also planned to examine the feasibility of
using stripped gas liquor generated from Kentucky 9 coal for cooling purposes
by determining the: (1} extent of corrosion and fouling, (2) degree of
passivation on carbon steel, (3] extent of biological activity and control, if
needed, and (4) effect of such a cooling tower on the environment.

4.2 Test Facility Description

The Sasol One Plant has a total of 17 Lurgi gasifiers from
generations built in the 1950's and 1960's up to the three prototype Lurgi
Mark IV gasifiers installed in the late 1970's and a Mark V gasifier
commissioned in 1980. The Lurgi #ark IV unit is the standard size gasifier now
installed at Sasol Two and Three Plants. A total of 80 Mark IV's is installed
at these two plants. .

A simplified block flow diagram of the Sasol One Plant is shown in
Exhibit 11. The plant produces transportation fuels, medium Btu gas for
industry, and chemicals via Lurgi gasification and Fischer-Tropsch synthesis.
The heavily outlined process blocks around the gasification section of the
plant indicate the portion of the plant which was dedicated to the Tri-State
tesi. The test unit consisted of one complete Lurai train. The synthesis gas
produced during the test was wixed with the gas produced from the normal
commercial operation prior to the acid gas removal unit. This test represents
the first time Kentucky coal has been converted to liquid hydrocarbon
transportation fuels on & commercial basis.

Sasol removed from commercial service one of the three Mark IV
gasifiers in June 1981 for installation of a distributor-stirrer of Lurgi
design. This modification allows gasification of swelling and caking coals
such as the Kentucky 9 coal, a representative coal from the I1Tinois Basin.

The Kentucky 9 coal was stored without compacting at Sigma mine from
late April until the tests started in July. The coal was continuously observed
for possible ignition. The coal did not exhibit dangerous temperature levels
which would indicate excessive heat build ups. After the September phase of
tha coal test, the remaining stockpile was relocated and compacted prior to the
Hovember tests to prevent the likelihood of spontaneous ignition.

A simplified diagram of the coal handiing and preparation facility
that was used for the test is shown in Exhibit 12. When the gasifier tests
were ready to start, the coal was toaded onto dump trucks by front-end loader
and transported to the concrete siab inside the plant and next to the loading
bin at the screening plant. The screening plant s capable of dry or wet
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screening at several sizes. The plant was set up to prepare 2 inch x 1/4 inch
{50 millimeter x 6 millmeter) coai For gasification and the Tines were sent to
the ash dumping area. Initial tests were done with dry screening, but, after
the material balance test, al1 screening was done wet. During the high load
tests, another screen was added to remove material greater tham 2 inches

(50 millimeters) in size.

The gasificatfon test unit consisted of one complete Lurgi train from
gasification through cooling and gas liquor separation. The gasifier for the
Tri-State test was equipped with additional instrumentation to provide data
required to do heat and material balances. Sufficient gas liquor was collected
and stored and processed batchwise through the phenol recovery and ammonia

removal units to provide gas Tiquor for feed to the test cooling tower over a
three-month period. )

4.3 Lurgi Process Descriotion

The Lurgi process takes a coarse coal feed and produces a’ synthesis
gas containing hydrogen, carbon monoxide, methane and some carbon dioxide.

In the original feasibility study for the Tri-State Synfueis Project
conducted in 1980, synthesfs gas was used in the Fischer-Tropsch synthesis to
produce liquid hydrocarbons which were then refined to trangportation fuels.
In the revised version, the synthesis gas is used to produce methanol which
subsequently is converted to Tiquid hydrocarbons in the gasoline-boiling

range.

The wurgi Mark IV gasifier is shown in Exhibit 13. For a coal with
swelling and caking properties, such as the Camp 1 coal, the gasifier is
equipped with a coal distributor-stirrer.

The screened coarse coal from the battery limits is transnorted to
the bunker on top of the gasifiers and a coal level maintained to provide for
shutdown and hlockages at the screenfng plant. The coal s charged via coal
Tock feeding chutes to each gasifier by an automatically operated coal lock,
which transfers the coal from the atmospheric bunker to the pressure. reactor.
The coal moves downward and is gasified by the upflowing gasification agent
which is a steam and oxygen mixture. Ash formed in the gasifier accumulates at
the bottom of the gasifier and is removed by a rotating grate and discharged to
an ash lock and further to an ash handling system.

The typical Lurgi process flow scheme with several auxiliary
processes is shown in Exhibit 14,

The hot crude gas leaving the gasifier is first washed and scrubbed
with recycle gas 1iquor from the waste heat exchanger. Further cooling takes
place in the waste heat exchanger which uses the heat to produce low pressure
steam. More gas Tiquor and heavy tars are condensed.
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Gas from the waste heat exchanger is further cooled in a series of
heat exchangers. In the first cooling step, heat is recovered and normaily
preheats boiler feedwater. An air and a water cooler are added as second and
third cooling steps.

The crude gas now enters the Rectisol unit at a temperature of about
100°F. Rectisol, a gas purification process, uses cold methanol to remove
suifur compounds and carbon dioxide as well as naphtha and hydrogen cyanide.
The unit consists of absorption and regeneration steps. The gas Teaving the
Rectisol unit can be fed as synthesis gas to several downstream orocesses
depending on tne desired products.

) Condensed gas 1iquor from the waste heat exchanger and from the
various cooling steps s transferred to the gas liquor separation unit. This
unit separates tar and oil (if produced) from the Tiquor streams. Separation
of these components is accomplished by physical wethods based on differences in
their densities.

. The dust-containing tar is re¢ycled back to the gasifiers where it is
gasified. Injection water to the scrubber is taken from the gas liguor surge
tank.

After a final filtering, the gas liquor is routed to the Phenosoivan
unit to recover phenols from the gas liquor. This is accomplished by a solvent
extraction process using di-isopropylether in a series of mixer-settler type
extraction units.

The tar-oil-phengl-free water is further processed to recover the
ammonia. Afterwards, the effluent is finally sent to 2 wastewater management
unit for biological treatment.

4.4 Review

The Kentucky ccal tests were carried out during three different time
periods at Sasol in 198l. The first phase of testing {August 1-8) was
interrupted by plant production requirements. The second test phase
(September 14-2G) was terminated to allow for equipment modifications. The
third phase (November 14-17) was carried out through completion of the test on
modiTied equipment.

The first group of the Tri-State team arrived at Sasolburg on
July 22. The test plan and operaticnal and safety procedures were reviewed and
finalized with Sasol and Lurgi. The coal handling equipment and gasification
train that were used for test purposes were inspected by the project team and
the separation of that system from the rest of the production system was
verified. VYalves and gates which were used to isolate the systems had been
labeled and chained or locked in place by Sasol to prevent accidental
contamination.
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The distributor-stirrer, which was fabricated in South Africa to a
proprietary Lurgi design, was installed just prior to the arrival of the
Tri-State team. Although similarly designed distributor-stirrers had been
successfully used in the Lurgl gasifiers at Westfield, Scotland and Dorste:,
Germany, the device installed for the test was significantly larger than
previous distributor-stirrers.

The modification to the standard Mark IV gasifier means the addition
of a coal! distributor in the tos of the gasifier to, besides other purposes,
allow room for swelling of the coal, and below this distributor, a stirrer to
prevent agglomeration or caking of the coal as it is heated throuah the plastic
range in a zone below the distributer. The distributor-stirrer, which was the
firet used in a Mark IV gasifier, is water conled. The arms rotate in the zone
which moves char from below upwards into the caking zone to combine leaning
{reduction of caking index) with agitation (Reference 3).

The distributor-stirrer was first tested in a cold pressurized wmode
hefore the initial operation on Sigma coal. A few days operation on Sigma coal
were required to workout minor mechanical and electrical problems, develop
operational precedures, and line out the cperation. For all subsequent cold
start-ups during the test, Sigma coal was used initially followed by
introduction of the Kentucky coal.

Commercial operation would require similar procedures using either a
coke or non-caking coal for start-up of an empty gasifier. The start-up
pracedure requires a gasifier full of coal at ambient temperature to he heated
to operating temperatures, i.e., through the plastic range. If this procedure
ic done on a gasifier filled with caking coal, it will resuTt in caking of all
coal in the gasifier.

Phase 1 - Kentucky coal, dry-screened at 6 millimeters as measured at
the screening plant, was first introduced into the test gesifier on August 1.
The operating narzmeters including steam and oxygen rates, gas outlet
wemperatures, distributor-stirrer speeds, ash temperature and arate speeds were
determined during an optimization run. The steam-to-oxygen ratic was optimized
at the Towest value such that the ash did not contain excessively large
clinkers and the gasifier operated with stability.

After 13 hours of the optimization run, the gasifer tripped out due
to high gas outlet temperature. It was shutdown for inspection, emptied and
the contents placed on the ground in the order removed, thereby giving an
easily examinable profile of the gasifier bed from top (coal) to bottom (ash).
Ho large agglomerated coal Yumps were present, which indicated that the
distributor-stirrer was operating as expected and preventing coal particles
from caking together. It was also realized that the gas outlet temperature and
ash bed could be lowered because there was no ¢anger of the caking zone
extending below the reach of the stirrer. Saso! reported that these factors
made operation of the gasifier on the test coal much simpler than anticipated.
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The unit was restarted on Sigma coal, followed by introduction of
Kentucky coal. After 13 hours steady run on the Kentucky test coal, the mass
balance test began on August 5 and centinued over a 50-hour period. The crude
gas production during the mass balance was waintained at approximately 34,200
normal cubic meters per hour with a coal throughput of 19.1 metric tons per
hour (dry basis). At those rates, the high pressure steam consumption was 34.6
metric fons per hour, and the oxyver consumption was 5,793 normal cubic meters
per hour on a 100% purity basis. The total steam consumption rate, which
includes jacket water and desuperheater water, was the same as projected in the
feasibility study. The oxygen rate was about 8% lower than the feasibility
study value. The ash was described by Sascel as being medium Coarse and easy to
handle.

The other mass balance operating and fiow parameters are presented in
Exhibit 15. The crude gas composition and tar anc gas 1liquor characteristics
are given in Exhibits 16 and 17, respectively. The hydrogen content of the gas
was higher and the carbon monoxide was lower than projected thus the
hydrogen-to-carbon monoxide ratio was higher than the feasibility study ratio
{which was based on data for I11inois & coal) and no shift unit is required.
The methane content was essentially the same as projected for the feasibility
study.

The simplitied corrected mass and enerqgy balances determined by Sasol
are given in Exhibit 18. The source of these technical data is "Coal
Gasification Test for Tri-State Synfuels Company: Summary," 1981, prepared by
Sasol Technology (Proprietary) Limited. The eneray balance around the gasifer
indicates that approximately 81% of the coal energy input appears in the raw
gas and by-products.

Tar injection was pianmed for the mass balance test but all attempts
during the pre-mass balance period to draw fairly dust-free tar from the
primary tar separator bottom failed. A1l tar was completely mixed with dust
{coal and char fines). The lower-than-anticipated tar production observed and
higher—than-normal dust carryover rates made tar injection impossible. It was
agreed that the mass balance would be rum without tar injection.

During tite mass balance run, dust carrvover was still high. It was
determined that it would be impossible to increase the load above that used
during the mass balance test for the high load test and alsc perform tar
injection without reducing the fines In the feedstock ceal. The dry-screened
coal contained an average 5.6% Tines of less than 6 millimeters in size. It
was also realized that the maximum gasifier load would probably be limited by
the amount of dust that the system would handle. In a commercial operation,
a1l dust would be carried over and end up in the dusty tar and would have to be
reinjected into the gasifier.

The reguired reduction in fines was achieved by wet screening the
coal and meducing the undersize [(minus & millimeters) coal to less than 3%. The
effects of wet-screened coal were immediately noticeablie and 10 hours following
that change clear tar was obtained, tar injection was started, and the gasifier
Toad was increased stepwise while monitoring dust carryover. In this run and
all subsequent runs, successful tar injection was acnieved.
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After 18 hours of oseration, & commercially acceptable gas rate had
been reached hut then the unit started showing siqns of bad clinkering and was
shut down and inspected. The ciinkering was primarily due to a Jow
steam-to-oxygen ratio. 1In addition, lumps of heavy, hard material, consisting
of hoth nyritic coal and rock were found in the gasifier and were suspected to
have contributed to the clinkering since they require a somewhal higher
steam~to-oxygen ratio compared with the ratio determfned so far. The test team
aareed to control that material, which occurred in laroe pieces, by top
screening at 50 millimeters to rejoct the oversize. The clinkers were removed
from the gasifier, but, before high load testing could be resumed, the gasifier
had to be placed back into normal operation with Sigma coal due to production
priorities.

During the test period between August 1 and August 8, 4,500 metri¢
tons of Kentucky coal were processed, of which 2,160 metric tons were rejected
as undersize at the screen house and 2,340 metric tons were fed to the
gasifier. ‘

The following objectives had been achieved in the first phase:

1. The operability of the dry-bottom Lurgi gasification process on
medium swelling and medium caking ccal was confirmed and
demonstrated.

2. A steady-state opératTon and the predetermined throughput
condition was maintained as planned over a 50-hour period at set
load allowing material and enerqy balances to be developed.

3. The percentage of fines in the fead coal that could be handled by
the system was determined.

4. Samples of process and product streams were taken for
envirpnmental and market studfes.

Phase 2 - The second phase of the test begam on September 14 with the
primary obJective of determining the maximum gasifier Toad and the secondary
objective of demonstrating closed-loop tar reinjection. The feed coal was wet
screened to a 50-millimeter x 6-millimeter size and tar injection was emplioyed
during the test. A variety of changes in operating parameters was attempted to
detarmine the maximum load. When the previocusly established maximum gas
production rates were increased very rapidly, however, blockages in the gas
1iguor and tar handling system occurred due to excessive dust carryover
consisting predominately of coal particles typically about B-miTlimeter size.

It proved impossible to sustain loads significantly greater than
thofe achieved during Phase 1 of the test. Although Toads up to 60,000 normal
cubic meters per hour were achieved, the maximm load sustainable was
determined to be 47,000 normal cubic meters per hour. At this gas load,
recycled tar injection was maintained for a 15-hour pariod proving that dust
carryover was controTlable with a wet-screened coal containing an average of
less than 3% fines. Further, it was determined that the tar was gasified
almost entirely.




- During the approximately 100 hours of operation over the six-day
period ending September 20, 4,900 metric tons of coal were processed through
the screening aperation, of which 2,558 metric tons were fed to the gasifier.
The September test confirmed the major operating parameters observed during the
first test and further demonstrated that the gasifier and distributor-stirrer
can be operated smoothly and reliably.

During this series of runs, other feed size options were considered
in an attempt to gasify a wider size consist. The wet-screened 50-millimeter x
3-millimeter size consist planned as part of the test was not attempted because
the dust carried over contained particles of 3-millimeter size and sTightly
larger. This was on coal screened at € millimeters with very little material
of 3-millimeter size, indicating that particles as large as 3 millimeters would
be carried over. Screening at 3 millimeters would therefore have been
impractical.

At the conclusion of the second test phase, several modifications
were proposed which were believed to offer the potential for operation at
higher loads. These included modification to the distributor-stirrer and
increases 1n the tar injection rate capability. In October and early November,
these modifications were completed.

Phase 3 - The third phase tests were begun on November 14 using the
same proceduves as in previous runs. It was established that dust carryover
was not significantly reduced by the modified distributor-stirrer. During 37
hours of testing, it was determined that the maximm practical lead, in the
range of 45,000 to 48,000 normal cubic meters per hour, was Vimited by dust
carryover verifying the findings of the previous test phase. The upper limit
for dusty tar injection was reconfirmed.

During the final test phase, 3,100 metric tons of coal were processed
through the screening plant, of which only 1,025 metric tons were suitable for
gasifier feed. This is indicative of the attrition of the coal that resulted
from moving and compacting the test coal stockpile following the second test
period to prevent spontaneous ignition.

The team agreed that within the constraints of the test program all
possibie attempts had been made to achieve higher loads. It was therefore
agreed that the test program had been completed and the test series was
terminated.
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5.0 SAMPLING AND TESTING

5.1 Shipping and $torage

The sampling and testing plan was set up to ensurz quality control of
the sample durina collection and shipment, obtain data to predict fines
generation with rehandling, and thoroughly characterize the properties of the
coal for the Tri-State design basis -- not only the coarse coal for
gasification but the fine coz] for steam and power generation.

The program {Exhibit 19) utilized the following Tive methods to
sampie the cocal:

Conveyor belt - mechanical

Barge top - manual

Stratified railcar - manual

Front-end Toader - manual

Stockpile - manual posthole digger or power auger

cLoa0QQ

Sampling at the Mine - The immediate objective was to 1imit the fines
in the run-of-mine coal Deing loaded to 35% so as to maximize the coarse
content of the coal for test purposes at Sasolburg. It was decided to ship
run-of-mine coal rather than screened coal because the gasification plan
required some fine coal and the cushioning effect of fines would limit further
attrition of coarse coal during handling.

The transport of the coal over the length of the nine-mile overland
belt afforded opportunity for jdentifing an excessively fines-rich portion and
rejecting it to the dock stockpile. The appearance of a periodic fines-rich
portion of the coal resulted from the cyclic behavior of the doughnut {storage)
discharge at the mine since it was filled and emptied on three different
occasiors. Overall, a coal with a fines content of 37.2% was Toaded based on
an-site screening.

The gross sample, representative of the 22,500 short tons, was taken
at the mine mechanical sampling system by collecting, in the 69 minutes of
;oad'ing time per barge, eleven primary increments of 350 pounds for each of 15

arges. :

Three of these eleven increments were taken for the gross size
analysis sample, One of these increments was manuaily screened over a 1/4=-inch
round hole screen to obtain a preliminary estimate for quality control of the
fines being loaded, then recombined for use as part of the gross sample for
size analysis. The increments from rejected sampling units were anaiyzed
separately and not as part of the gross samples.

After the size analysis, the recombined three ‘increments from all
barge samples were further prepared to provide coal samples for laboratory
analysis by Lurgi, Sasol, Commercial Testing & Engineering, University of
Kentucky - Institute for Mining and Minerals Research, and The Pennsylvania
State University -~ College of Earth and Mineral Sciences, Coal Research
Section. The analytical scope of work included the items shown in Exhibit 20.
The analytical program involived complete sieve and physical/chemical
characterization of the total sample and coarse and fine fractions, including

ASTM and RCRA leaching tests. The coal was drv-screened at 1/&4-inch round hole

size to simulate gasifier feed quality and boiler feed quality.
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Subsamples of the remaining eight increments collected for each barge
were prepared by the Camp 1 three-stage mechanical sampling system. Composite
samples for each five-barge sampling unit were prepared for analysis by
combining, in order loaded, the subsamples from each of the barges retained for
testing in South Africa.

Sampling at Transloading - Sampling of the three strings of Five
harges at Darrow, Louisiana, was conducted to determine the size consist and
coal characteristics and compare them with data at the mine sampling Jocation.

The method employed in the barge-top sampling meets or exceeds the
specifications called for in the following standards for the collection of a
gross sample of coal from barges: IS0 1988 Part 6.3.3, ASTM working document
en manual collection (Committee 0D-5 on Coal Sampling) and ASTM D.2234
Part 7.1.5.2. :

Eight different parallel or zigzag sampling patterns, each consisting
of 27 increments, were used and were assigned at random by computer to each
barge. Three increments were taken arbitrarily from each barge for an on-site
screening at 1/4-inch round hola and then recombined with the other 24 to form
the barge sample which was composited on a string (5-barge} basis.

The proximate analyses of the string samples from both the mine and
transloading sampling programs compared very well. Overall, a moisture gain of
ocne percent was observed during the transportation.

Sampling at Rail Car Loading - Sampling of the rail cars was
conducted during offloading of the bulk carrier at Port Elizabeth, Republic of
South Africa, to again determine any changes fn properties and size
degradation.

The sampling plan was based on stratified samplinmg of rail cars.
Each side-dump rail car had a nominal capacity of 35 metric tons while each
train of 34 cars could transport about 1200 metric tons. Typically, one train
could be loaded per 8-hour shift and two tracks would keep the process going
smoothly.

With only 2-shift exceptions, the partial samples were representative
in terms of the minimum number of increments required by IS0 1988-1975(E) Part
3.2.2. Imitially, three increments were taken from one of two diagonals across
each rail car -- two for the size sample and one for the amalytical sample.
However, the original plan was modified after one shift by reducing the size
increment from 2 to 1 and increasina the number of samplers from 2 to 4.

In total, 587 rail cars were sampled, 15 individual shift composites
were mechanically sieved for size, and four partial samples were composited
from the shifts for size analysis and guality in the South African laboratory.

The analytical test results on samples obtained during the loading
operation at Uniontown and transloading at Darrow were comparaed with the rail
car results at Port Elizabeth. The gross calorific value on a moisture,
ash-free basis for the Port Elizabeth sample was 4% greater than the two sample
analyses at the U.5. locations. This difference could be due to differences in
sample preparation technique at the laboratories.

3zl



W dma g L P ¥ pem mere o pen

FLET

L T EL

T CaH -

~ Standard coal analysis parameters were compared by the two
laboratories on a split of each of the four rail car partial samples taken at
Port Elizabeth. The moisture content as measured in the U.S. was lower
probably due to drying out of the sample during a several month time lapse.
The gross calorific value of the South African anzlyzed sample on a dry-coal
basis appeared to be higher than the U.5. reported value by 4%.. On 3 moisture,
ash-free basis, the difference was very small - less than 1%, probably due to
differences in the calarimeters.

Sampling at Sasolburg - Due 1o manpower Timitations and the
overlapping programs between Port £lizabeth and Sasolburg, it was decided not
to conduct an extensive sampling program at Sasolburg. Sasol conducted limited
sampling at the railhead. At the Sigma mine stockpile, Sasol collected samples
for size consist and quality. Tri-State used Sasol's size consist data for the
fines generation study. |

Fines Generation - A fines profile was developed from the size
consist data at each location (Exhibit 21) from the Camp 1 mine to the Sigma .
mine stockpile. The objective was to determine the effect of rehandling on
fines generation. This information is useful as a guide in estimating coal
degradation to be expected during transportation and in-plant handling and
hence in establishing run-of-mine size requirements to meet coarse coal
requirements for gasification.

During the loading operation, the objective was to accept no more
than 35.0% weight fines on a cumulative basis from tne mine. To facilitate a
fast response time, on-site screening at 1/4-inch round hole was employed. The
fines content loaded was 37.2% weight (on-site screening) versus 35.6% weight
based on average of each barge string composite sample. The average values
showed a high degree of correlation.

The screen analysis for the composite sample at each location was fit
statisticalily %o smooth out variations in the observed data. For example, a 5%
increase in fines content was noticed between the mine {35.6%) and Darrow
transloading {40.3%) yet at the rail car sampling at Port Elizabeth, the fines
content (39.9%) dropped slightly and did not change at the Sigma mine stockpile
(39.8%). The screen analyses taken during the rail car unloading were rejected
as non-representative since they were based on only three reported samples.

The smoothing equation was based on a log-lpg modification of the
Gaudin-Schuhmann plot of size distribution versus cumulative weight percentage
passing a given screen size. The measure of fines generation was set as the
increase in cumulative weight percentage passing the 1/4-inch round hole
screern.,

Six stages of handling were assumed for the entire shipment and
were dependent on the degree of severity of treatment at or between each
location. For the shipment, the overall fines inrcreased from 37.6% to 40.5% or
0.5% for each stage of handling. The extent of size degradation over the
4-month period was less thun anticipated.
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5.2 Gasification Test

During the gasification test, various samples were taken by each of
the three major participants: Sasol, Lurgi, and the Tri-State team (including
Kentucky Department of Enerqy). The specific samples tzken by the Tri-State
team during the 50-hour mass balance test are listed in Exhibit 22. Each group
was responsible for taking the group's own samples. Tri-State team members
either took samples or supervised the sampling.

The Tri-State samples, most of which ranged from 1 1iter o 10
galions in size, were subsequently cplit for analysis by various lTaboratories
under conitract to the gproject and for amalysis by the Kentucky Department of
Eanergy laboratory. These samples were taken for further testing for
envirormental, engineering and market purposes. Tri-State aiso exported 2000
gallons of stripped gas liquor for wastewater treatabiiity tests and 200
gallons of tar and crude phenol for possible testing.

Sasol was responsible for all of the gaseous samples taken, as well
as the routine operating samples and an array of samples taken as part of the
test program. Lurgi, Sasol, and Tri-State took duplicate samples of many of
the soiid and liguid streams azround the test gasifier including: raw and feed
coal, ash, stripped gas liquor, tar, and crude phenols.

The Kentucky Cepartwent of Enerqy has been involved with chlorine
corrosion problems at synthetic fuel plants and requested and was granted
permission by Sasol to install material test coupon racks in tha gasification
system and test cooling tower loop during the tests. Sasol has not experienced
significant corrosion in their system, which is primarily of wild steel
construction, in over twenty-five years of operation. However, the test coal
was significantly higher in chlorine than the Sasol fTeedstock.

Five coupon racks were instalied, each cortaining four different
alloys. Three of these were installed in the gasifier, the raw gas scrubber,
and the tar separation vessel. The remaining two racks were installed in the
coolirg tower test Toop — one in the cool water reserveir and one in the hot
water reservoir. Sasol also installed test probes and coupon racks in the
gasification system and the cooling system. Wo significant corrosion rates
were observed in the Kentucky Department of Energy test racks in the
gasification system. However, significant rates were observed in the test
cooling system and it was subsequently decided that such a system would not be
incorpcrated in the Tri-State plant design. lurgi has made the recommendation
that the gasifiers but not the downstream equipment be clad against chlorine
attack.
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5.3 Kentucky Stockpile

A stockpile was built at Uniontown, Kentucky by compacting a 200-ton
run-of-mine sample representative of the Camp 1 coal shipped to Sasolburg.

The coal sampling conducted over a one-year pericd employed a
posthole digger or power auger. The samples were taken every one 10 iwo months
{9 samples in total) at pre-selected random grid Tocations on the 15-foot x
15-foot top surface. The pile was compacted in one-foot intervals to a height
of 5 feet. The stockpile was instrumented fer thermocouples for measuring
inlernal temperatures. A meteorological station was set up at the stockpile to

ther selected data on temperature, rainfall and wind speed and direction.
he coal samples were analyzed for size consist and physical and chemical
properties.

The coel leaching tests were carried out in a static jeaching bed
constructed with a 32-gallon plastic garbage can packed with about 200 pounds
of coal. The leachate was routed to 2 collection container for compositing and
analysis. Another can was set up as 2 blank to collect rainfall for
measurement and quality determination.

The tests conducted on the compacted stockpile resulted in the
following wmajor observations: :

o No spontaneous combustion occurred in the pile as evidenced by a
maximum internal temperature of 97°F in July.

o mo serious oxidation occurred, except on the surface, due to
successful compacting during the construction.

o Coal characteristic properties, such as gross calorific value,
moisture, oxygen, caking and grindability indices, tended to be
within the allowable limits of reproducibility. Moisture and
oxygen contents appeared to increase and the gross calorific value
and caking indices appeared to decreass, as expected, but the
changes may not be statistically sianificant. No significant
oxidation was observed by the Gieseler Plastometer test, a
sensitive indication of oxidation, or by the free swelling index,
a Tess sensitive indicator of oxidation.

o A slight oxidation of the coal was reported by Lurgi based on the
following tendencies:

- Decrease in gasification reactivity from 0.029 to 0.020
-~ Decrease in caking ifdex from 19 to 13
- Decrease in volume increase in pressure coke from 15 to 3
The majority of the observed decreases in characteristic values
occurred during the first tiree to $ix months. Lurgi reported no
change in the free swelling index through the entire year
program.

o No significant size degradation occurred due to weathering. The

observed degradation from 35% fines to 47% fines was due to
compacting the coal during stockpile construction.
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6.0 DESIGN RECOMMENDATIONS

The results of these testing activities with Camp 1 coal were used to
confire or develop design criteria for the Tri-State Synfuels Project.

The design recommendations cover the followina categories: coal
selection, coal preparatien and handlina, gasification, stripped gas liquor
utilization, fines combustion and long term storage. Recommendations on
characterization of export samples and the wastewater treatability study will
be forthcoming as the experimentai work is completed.

6.1 Coal Selection

An examination of a broad range of I11inois Basin coals resulted in
selectior of Camp 1 for the design and test coal. The gasifiability of the
test coal was confirmed hy:

o Concluding from the Lurgi laboratory results that the Camp 1 coal
is a suitable feedstock for the Lurgi pressure gasification
process. Lurgi reported that the ash melting characteristics
under oxidizing conditions indicated a "short" ash which means
that the steam-to-oxygen ratio will have to be controlled
carefully. The reactivity of the coal is typical for the I1Tinois
Basin. The Fischer tar assay is tvpical, but the yield will be
Tower and the tar recycied will be gasified and not converted to
oil. The chiorine content is significantly higher than most
coals, and the gasifier, but not the downstream eauipment, must be
fitted with protective c¢ladding.

6.2 Coal Preparation and Handling

- The collection and shipment program provided the basis for the design
of the coal preparation units by:

o Developing conceptual coal preparation flow diagrams to limit
fines generation and yet reject rock and mine gob that will arrive !
with the coal. The Targe rock and hard materials have been
jdentiFied both at Camp 1 mine and Sasolburg locations and may
reguire more atiention if sent tn the gasifier. These diagrams
feature:

- A rotary breaker with a 3-inch (75-millimeter) opening at the
mine to reject large rock and shale pieces.

- A rotary breaker with a 2-inch (50-mitlimeter) opening at the
plant under Tri-State control to ensure rejeciion of rock and
hard material such as "sulfur balls.”

- A wet-screening operation at the plant to reject mine gob and

allow delivery of coal of rather constant gravity and fines
specifTications to the gasifier.
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0 Developing a formela to predict the effect of rehandling on Ffines
generation during coal transport and preparation. This
information is useful in estimating coal degradation to be
expected during transportation and in-plant handling and hence in
establishing run-of-mine requirements to meet coarse coal
requirements for gasification.

>

Developing design coal analysis for both coarse and fine fractions
based on the analytical and size sampies from the 15-barge
shipment. In addition to standard ASTM-type coal analyses, design
Fischer assay, trace elements, fluorine and wercury contents are
provided.

6.3 Gasification

The commercial scale test results, operating experience and
engineering judgments provided the basis for the design of the coal
gasification unit by:

¢ Confirming that wedium swelling and medium caking I11inois Basin
coals can be gasified in the Mark IV gasifier fitted with a
distributor-stirrer. For the test, a non-caking coal was used for
start-up from an empty gasifier.

o Anticipating that coke or non-caking coals must be used for
start-up of an empty gasifier since such a gasifier cannot be
started up from "empty"™ using a sweliing and caking coal.

o Confirmming that the design and performance of the
distributor-stirrer was satisfactory for IT11inois Basin type
coals.

o Demonstrating the meed for two additional gasifiers over the 36
predicted in the April 1980 feasibility study. The 45,000 normal
cubic meters per hour rate as recommended by Sasol at 26 bar
pressure corresponds to about 49,100 normal cubic meters per hour
in the Lurgi design when Tri-State's higher operating pressure of
31 bar is taken into account. Even with a gasifier availability
as jow as 80%, this would require 38 gasifiers. The design coal
throughput =ate per gasifier corresponds to 720 metric tons {790
short tons} as-received coal per day.

0 Determining that the Sasol test steam requirement of 2.66 tons per
ton dry, ash-free coal was the same as predicted for the
feasibility study. For design purposes, a steam requirement of
2.85 tons per ton dry, ash-free coal was seiected to have
sufficient flexibility in gasifying several different feed coals.
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Determining that the Sasol test oxygen {100% purity basis)
requirement of 0.52 ton per ton dry, ash-free coal was lower than
the oxygen requirement of 0.56 ton per ton used in the feasibility
study. For design purpuses, an oxygen requirenent of 0.56 ton per
ton dry, ash-free coal was selected to have sufficient flexibility
in gasifying several different feed coals.

Determining that the Lurgi design oxygen (100% purity basis)
requirement of 0.172 volume oxygen per volume dry crude gas from
the gasifier was practically the same as the Sasol test Tigure of
0.171 and &lso identical to the requirement for the feasibility
study.

Detarmining that coal feed size to the gasifier should be 2 inch x .
1/4 inch (50 millimeter x 6 millimeter) preferably with less than
3% fines because the throughput of the gastifier is limited by
fines carryover. However, smooth operation was achieved at an
average fines content of 2.6% with peaks as high as 5.4%.

Determining that the gasifier should be fed coal with a rather
constant specific gravity to minimize adjustments to steam flow.

Anticipating that use of wet screening is preferred over dry

screening in order to en<ure close control of undersize in S
gasifier feed and acceptability of wet coal during expected '
rainfall and snowfall periods. Equipment 4o dry screen coal with

close undersize control may be avajlable, aithough its

applicability for the project was not the purpose of the test.

Determining the ampunt of excess fines to be expected from
run-of-mine I11inois Basin coals, considering the ability of the
Lurgi gasifier to handie coal with a cutoff size of 1/2 inch

{6 millimeters) with several percent fines. Options to utilize
these excess fines have been examined but no final choice has been
made.

Determining that segregation of coal and generation of fines
should be minimized or avoided at every step from coal receipt
through gasification bunker by proper equipment design since the
process is sensitive to fines content on an average and peak
basis.

Determining that large, heavy particles in the coal feed must be
removed positively by breaking the coal in a Bradford-type breaker
with 2-inch {50-mi11limeter) openings. The heavy, hard lumps will
break very little due to their high mechanical stremgth in this
type of coal breaker and will be rejected entirely for all
practical purposes. Loss of good coal should be minimal as it
will readily break to 2-inch (50-millimeter) size.

Anticipating that recovery of the oversize, hard, heavy material

in the nominal 2 inch X O {50 miTlimeter x 0) coal s not

warranted due to its low carbonr content and its need for greater T
operating attenticn in the gasifier. :
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Anticipating that separate storage for each coal supply is
preferred over single combined storage. Intentional blending of
several supply coals to smooth out expected variations in certairn
gasification characteristics such as free sweiling and caking
indices and ash fusion temperatures is not recommended by Lurgi
because of the complexity of equipment, inability to predict
interaction of ash guality on fusion temperatures and additional
fines generation.

Determining that gasifiers should be c¢lad to protect against
corrosion from high chlorine content coa). The design coal has a
chlorine content of 0.12% weight compared with 0.06% weight
chlorine in the feasibility coal..

Confirming that dusty tar injection is feasible up to certain
1imits and all tar injected is gasified. For design purposes, the
net make of tar was piammed to be partially oxidized.

Determining that no creosote facilities are necessary since no oil
was produced directly from the test gasifier. There was no
hydrocarbon phase Tighter than water found in the separator though
this may be due to the routing of all condensates into one
separator under the conditions of the test. Any oil that may have
been produced could have been dissolved in the tar.

Determining that no shift unit is required to adjust the
hydrogen-to-carbon monoxide ratio of 2.57 in the crude gas to that
required for the input to the Fischer-Tropsch Synthol unit or
methanol unit. The feasibility study ratio was 2.26.

Determining the hydrogen sulfide removal and sulfur recovery units
mst handle about 50% more sulfur than planned for in the
feasibility study since the hydrogen sulfide content of the crude
gas is higher due to higher sulfur in the design coal.

Determining that an increase in frequency of ronitoring and
auality control measures is requived over the Sasolburg and
Secuinda measures due to coal characteristics.

6.4 Stripped Gas Liquor Utilization

The cooling tower test provided the basis for rejecting direct

utilization of stripped gas 1iquor for plant cooling purposes by:

o Demonstrating the occurrence of extensive corrosion in the test

equipment due to the high chlorine content of the coal and failure
of the biological system due to buildup of ammonium chloride which
exceeded the tolerance of the bacteria.

The method planned for handling of the gas liquor is comventional

activated sludge treatment, mixed wedia filtration, effluent polishing with
activated carbon, and pH control before discharge to large water sources.
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6.5 Fines Combustion

Laboratory examination of the fines provided the design criteria for
combustion and handling by:

o Determining Camp 1 raw fines or washed fines are suitable as a
potential fuel source in cyclone (wet bottom) and pulverized (dry
bottom) furnace boilers.

o Identifying:

- Hearby utilities with proper combustion equipment to handle
fines, e

- Several requirements for design of storage, handling and
transportation systems for fime coal to overcome problams with
retained moisture content.

6.€ Coal Storage

The tests conducted on the compacted stockpile at Uniontown provided
the basis for the design of long term storage by:

o Demonstrating that macrochanges in ASTM physical and chemical
properties due to weathering and leaching were minimal with the
exception of chioride losses as sodium c¢hloride. The chemical and
phvsical composition of the Camp 1 coal is estimated fTor design
purposes to remain unchanged with the exception of sodium
chloride.

o Demonstrating thzt leaching of salt and trace metals will occur
due to rafnwater leaching and provision should be made in the

design %o contain and treat the Teachate with the identified
composition.

o Demonstrating that macrochanges in the gasification
characteristics of reactivity, caking and pressure coke expansion
for the Camp 1 coal did not impact the test results at Sasolburg
because these characteristics showed no significant changes over
the corresponding ctockpile sampling and test periods.

However, in the esvent that freshly mined coal is fed to the
gasifier, severzl results would be expected:

-~ A lower oxygen consumption would result duwe to the higher
reactivity.

- A higher volume increase in {(more brittle) pressure coke would
be compensated by the higher caking index.
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o Demonstrating that compaction of the coal is successful in
preventing spontaneous ignition and should be adequate for
constructicn of a safe dead storage pile. However, additional
fines will be created which represent lost gasification feed.
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7.0 CONCLUSIONS

A thorough commercial testing program has been carried out to define
the technological aspects and set the coal-related technical and environmental
design criteria for the Tri-State Synfuels Project not only in the areas of
gasification but also selection, preparation and handling, stripped gas Tiquor
cleanup, fines combustion and long term storage. Further, a wide range of
other I1lingis Basin cuals has been characterized and ranked durinrg the
supplemental testing program which provides a good data base for the Tri-State
Synfuels Project needs.

The testing activities with Kentucky 9 coal confirmed that medium
sweliing and caking I11inois Basin coal can be successfully gasified in a Lurgi

‘Mark 1V gasifier, modified with a distributor-stirrer, at commercially

acceptable loads.

The tests demonstrated that the Lurgi gasifier requires
coarse-screened coal with no more than three percent fines. Since IMinois
Basin run-of-mine coals typically contain more fines than the Lurgi gasifier
can accept and the steam generation facilities require, an excess of fines will
exist and must be disposed of by other means.

Dusty tar recycle has been demonstrated and is an essential
requirement of the process.

The tests have confirmed that the design basis used by Lurgi is sound
and information has been obtained on which Lurgi would be able to provide
process guarantees for a plant to gasify Kentucky 9 and similar coal in
coarse-scresned form.
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