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.EXECUTIVE SUMMARY

New projects recently have been identified in cooperation with the Kazakstan Ministry of
Energy and Ministry ofEconomics. These are as follows:

Projects in 1992 were started by USAID in Kazakstan to:
* Increase the efficiency ofthe existing district heating (D.H.) system in Almaty
* Increase the health and safety ofcoal mining at Karaganda's underground mines
* Increase the efficiency of oil refineries (Chimkent Pavlodar, Atyrau)

National Energy Savings Plan
Heat and Power System Efficiency Improvements
Coal Cleaning Program
Regional Environmental Improvement Study

Task 1:
Task 2:
Task 3:
Task 4:

In 1992 the United States Agency for International Development (USAID) started sponsoring
general projects in the Energy and Environmental Sector ofthe five new republics formed after
the break-up ofthe Soviet Union in 1991. The purpose was to improve health and well-being, to
improve the efficiency ofthe existing fuel and energy base, and to assist in the establishment ofa
strong private sector.

A ten point project was funded by USAID to develop a preliminary flowscheme for a proposed
preparation plant to reduce the ash and sulfur content ofhigh-ash run-of-mine coal from one
selected area ofKazakstan. The first step in the project was to conduct a field trip to the two
main coal mining areas ofKazakstan-Ekibastuz and Karaganda-and identifY any short term
cost-effective improvements in coal mining and handling processes prior to taking samples for
further characterization. No improvements in the short term were identified. Therefore, samples
were taken from the two main coal mining areas under present mining conditions. The resulting
washability (coal cleaning potential) of the coals was the basis for choosing the Karaganda coal
as the proposed raw coal feed to the proposed preparation plant. It was established, though, that
the developed flowschemes would apply equally well to either of the coals with a slight
reduction in weight recovery because ofthe lower cleaning potentia] of the Ekibastuz sampled
coal.

The present report covers Task 3, Coal Cleaning Program, initiated in October of 1994, which
was awarded to Bums and Roe Enterprises, Inc., under USAID Delivery Order NO.9. The basis

.for this task is that large coal resources exist in northeast Kazakstan and coal represents the
major fuel for heat and electricity generation at present and in the foreseeable future. The coals
mined at Karaganda and Ekibastuz, the two main coal mining areas ofKazakstan, currently
contains up to 50-55% ash, whereas most boilers in Kazakstan are designed to fire a coal with an
ash content no greater than 36-38% at full name plate capacity. The results ofhandling and
firing the dirtier coals are large increases in handling and transportation costs, derating ofthe
boiler capacity, and increases in plant waste volumes.
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The necessary washabiIities (and associated analyses) ofthe two subject coal samples were
performed in the United States at a laboratory in the Pittsburgh, Penna. area. Four technical
visitors from Kazakstan-.representing the Ministry, coal mining/preparation, and coal
analysis/research-participated in the testing ofthe coals during September, 1995. In addition,
visits were made to research laboratories, preparation plants and a small-scale production facility
for a coal-water mixture material burned in a power plant.

Coal laboratory equipment was identified for installation at a site in Kazakstan to be selected by
the Ministry. Basically the equipment ranged from screens, the float-sink tanks and associated
tools, and a centrifuge to analyze fine-size coal. The required training for the equipment will be
minimal, except for the centrifuge which requires the development oftechnique by usage. These
basic skills are a standard part of the experience ofanalysts in Kazakstan and should represent no
major obstacle to the implementation ofthe equipment.

Five flowschemes ofvarying complexity ofequipment requirements were developed with an
associated wide range in capital and operating cost. The treatment ofhigh-ash raw coal feeds in
the 45-55% ash range for reduction to the 36-38% ash range was considered significant and
completely viable, at a range ofweight percent recovery ofclean coal product from 63.8% to
71.5% for the five tentative flowschemes. These five based on a total capital cost to build ranged
from $11.62M to $18.87M-·and a capital cost per clean coal product from $1.04 to $1.48. The
operating cost per clean coal produced ranged from $3.09 to $5.11.

The five tentative flowschemes were narrowed to the three that were considered most
representative ofeconomical and viable options for operation in the context of coal preparation
in Kazakstan. The rejection oftwo flowschemes-eircuits two and four from the original
five-was based on the more costly production of clean coal product and lack offlexibility in
treating high ash fines ofBaumjig circuits.

The three flowschemes chosen were: a heavy media vessel treating 150mm by 13mm raw coal
feed; a two circuit heavy media wash including a heavy media wash treating 150mm by 13mm
raw coal feed and a heavy media cyclone treating 13mm by 0.75mm raw coal feed; and a three
circuit wash (including a heavy media wash, a heavy media cyclone, and a spiral wash) treating
150mm by 0.I5mm raw coal feed.

Predicted weight percent recovery ofclean coal product for the three flowschemes varied from
67.0, 71.5, to 68.6% and total capital cost ofconstruction is $11.62M, 15.57M, and $18.87M
respectively. The estimated total cost ofproducing clean coal product-including raw coal cost,
capital cost, and operating cost on a clean coal ton basis-is $13.09, $13.40, and $14.80 per
clean coal ton.

The four visitors were given a three-day seminar covering general economics of coal
preparation, and the background and development of the three candidate flowschemes described
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above. The flowscheme chosen by the visitors from Kazakstan was the two circuit heavy media
wash (including a heavy media wash and a heavy media cyclone) treating 150mm by 0.75mm
raw coal feed.

A variation ofthe chosen flowscheme was decided upon that eliminated the dense medium
cyclone and used only the dense medium vessel treatment ofthe plus 4mm material. The minus
4mm material, therefore, will be sent uncleaned directly to the clean coal product resulting in an
overall clean coal product yield of70%. Though not included in the resultant flowscheme, the
4mm by 0.75mm (or even to 0.15mm) fraction ofthe raw coal feed is an appropriate size range
for treatment in spirals, which are becoming increasingly popular in neighboring coal producing
countries to Kazakstan.,

The chosen flowscheme was developed further to include all preliminary information necessary
for a hypothetical investment program to a lending institution. This included drawings covering
the process equipment and the quantity-quality ofall flowstreams~ tables listing the major pieces
ofequipment required for raw coal handling, the preparation plant, and refuse and clean coal
handling~ and documentation including appropriate technical, environmental, and economic and
financial assessments.

The capital cost (in U.S. dollars) ofthe 1,000 dry short tons per hour plant and associated
requirements was $14.57M. For a yearly operation of 5000 hours the production of clean coal at
a recovery of70.0% and an ash content of36.0% is 3.5M tons. The estimated total cost of
producing clean coal product per ton-including raw coal cost, capital cost at a 30% combined
interest and depreciation rate, and operating cost (each on a clean coal ton basis)-is $8.57,
$1.25, and $3.57 for a total of$13.39.

The developed flowscheme is capable ofprocessing both Borlinski and either of the Ekibastuz
raw coal feeds. A slight decrease in yield of clean coal for the Ekibastuz coals would be
obtained because of the difference in washability characteristics of the raw coal feeds in
comparison to the Borlinski raw coal feed.

The advantages in reducing Kazakstan run-of-mine raw coal ash from 45-55% to 36% by
processing in the proposed preparation plant are reduced costs in: coal transportation, storage
and handling~ pulverization; steam generation~ precipitator/baghouse operation~ flue gas
desulfurization~ and fly-ash and scrubber waste disposal. Another advantage is greater overall
thermal efficiency ofthe power station. An important cumulative environmental advantage is
that decreased amounts ofpollutants are discharged from the power plant.

A United States firm that is expert in the design ofcoal preparation plants was recommended, as
required in the Task. This firm is eEE, Inc. ofPittsburgh, Pennsylvania which performed the
process development for this Kazakstan project.

This final report covers each ofthe ten Subtasks in detail with all supporting information-such
as washability data and flow diagrams-given in the Appendix.
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INTRODUCTION

The break-up ofthe Soviet Union in 1991 resulted in the formation offive new republics in Central
Asia-Kazakstan, the Kyrgyz Republic, Uzbekistan, Turkmenistan, and Tajikstan. Of these five,
Kazakstan is by far the largest in area, population and resources. The energy resources include
proven large coal fields in Northeastern regions (Ekibastuz and Karaganda); major producing oil
fields (in the Western region); and additional as yet untapped, but potentially vast, oil and gas
resources.

Since its formation, the Republic has tried to improve its economic conditions by decreasing its
energy import, dependency, maintaining or increasing energy exports, reducing inefficiency by
moving towards an adjustment from centralized management to more private investment and
broadening its own manufacturing base.

In 1992 the USAID started the sponsoring of general projects in the Energy and Environmental
Sector of the five new republics to improve health and well-being, to improve the efficiency of the
existing fuel and energy base, and to assist in the establishment of a strong private sector.

In Kazakstan starting in 1992 the USAID has sponsored projects to:
* Increase the efficiency ofthe existing district heating (D.H.) system in Almaty
* Increase the health and safety of coal mining at Karaganda's underground mines
* Increase the efficiency ofoil refineries (Chimkent Pavlodar, Atyrau)

New projects have been identified in cooperation with the Kazakstan Ministry of Energy and
Ministry ofEconomics. These are as follows:

Task 1: National Energy Savings Plan
Task 2: Heat and Power System Efficiency Improvements
Task 3: Coal Cleaning Program
Task 4: Regional Environmental Improvement Study

The present report covers Task 3, Coal Cleaning Program. The basis for this task is that large coal
resources exist in northeast Kazakstan and coal represents the major fuel for heat and electricity
generation at present and in the foreseeable future. The coal mined at Karaganda and Ekibastuz, the
two main coal mining areas ofKazakstan, currently contains up to 50% ash, whereas most boilers
in Kazakstan are designed to fire a coal with an ash content no greater than 36% at full name plate
capacity. The results of handling and firing the dirtier coals are large increases in handling and
transportation costs, derating ofthe boiler capacity, and increases in plant waste volumes.

Coal cleaning at the mine can reduce ash and sulfur content, resulting in a higher heating value,
lower environmental emissions, and reduced maintenance and transportation costs. Judicious
modification ofmining operations may also reduce ash. Further, the potential exists to export coal
to other republics in the NIS.
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The objective ofthe present Task 3 on Coal Cleaning is to detennine optimum, state-of-the-art coal
cleaning and mining processes which are applicable to coals in Kazakstan considering ultimate coal
quality of36% ash, environmental quality, safety and favorable economics. Diverse coal cleaning
technologies are available and can be matched to coal characteristics, the clean coal product
specifications, and the economics ofthe situation.

Under contract to Bums and Roe Enterprises, Inc. the following companies performed the work
indicated: Burns and Roe Services Corp. was the main sub-contractor and managed the taking ofthe

.raw coal samples and the coordination ofthe performance ofthe other sub-contractors; CEE, Inc.
did the flowscheme development and associated engineering and economics; and Fluor Daniel •
Intercontinental, Inc. performed the analysis of cost-effective coal quality improvement
modifications to the coal mining and handling processes in Kazakstan.

•
APPROACH

The approach to the Task 3, Coal Cleaning, is composed often Subtasks as follows:

*

*

*
a

*

*

*

Subtask 1:

Subtask2:

Subtask 3:

Subtask 4:

Subtask 5:

Subtask 6:

Subtask 7:

Preliminary meetings will be held with the cognizant management and
technical personnel of the Kazakstan coal ministry and mining industry.
Coal mining and handling areas will be observed and prototype locations
will be identified for coal quality improvement.

Cost-effective coal quality improvement modifications to the coal mining
and handling processes will be recommended, as appropriate.

Coal samples will be obtained from the Ekibastuz and Karaganda coal
mining areas, and shipped to the United States (U.S.) for laboratory
analysis.

Tests will be performed at a U.S. laboratory and witnessed by technical
personnel from Kazakstan, and a specific coal will be selected as the site of
coal cleaning plant.

Analytical and laboratory equipment needs for the selected mine will be
identified and shipped for Kazakstan installation. Training as required will
be provided.

Five state-of-the-art coal cleaning flowschemes will be developed.

Three flowschemes will be selected from the five in Subtask 7.
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DISCUSSION

Each Subtask will be discussed in detail in the following sections with appropriate references made
to supporting information contained in the Appendix.
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*

*

*

Subtask 8: Professionals from Kazakstan will be briefed in the U.S. on the relative
performance of the three flowschemes and on the economics of coal
preparation in general. Selection of the optimum flowscheme will be made
by the designated Kazakstan authority.

Subtask 9: An investment program will be developed for the preliminary design and
construction of the selected flowscheme under Subtask 8.0. Additionally,
assistance will be provided in the selection of U.S. firms expert in the final
design and construction ofthe subject coal preparation plant.

Subtask 10: A final report will be prepared and a meeting in Kazakstan will be
conducted to present the results.

3
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1.0 FIELD TRlPS

The team of engineers for this Task 3, USAID project (Coal Cleaning) comprised two engineers
from Fluor Daniel Intercontinental, Inc., who handled the mining assessments, and one engineer
from Bums and Roe Services Corp., who handled the coal preparation aspects ofsampling and
plant assessments. On Friday, November 4, 1994 a meeting was held at the offices ofthe Ministry
ofEnergy and Coal to outline for them the purpose of the task. Appropriate coal
mining/preparation authorities in both Ekibastuz and Karaganda were to be contacted by the
Ministry in Almaty to authorize visits by the visiting team to the coal mining areas.

Prior to leaving Almaty for the coal mining areas a meeting was held with Evgenig Y. Ryaskov of
the Ministry ofEnergy and Coal. He presented a thorough review ofthe Karaganda area coal
mines and preparation plants. Reportedly the coal area covers about 30 by 60 Km (18 by 36
miles).

The mining activities in the Ekibastuz area were visited with the mine manager, Eivan G.
Antonenko, as our guide. He was quite open and friendly in discussing problems relating to the
need of spare parts, railroad cars, and other operating expenses. No preparation plant is presently
available for the processing ofEkibastuz area coal, even though the ash contents ofrun-of-mine
coal varies from 45 to 55%. A well-designed and operated blending system was used in Pit 2.
The blending facility is intended to produce a more uniform raw coal product and was reported to
us as the prototype offuture installations at Pits 1 and 3. Blending ofcoal from the Ekibastuz pits
is definitely a step in the right direction ofproducing a uniform feed-so needed for proper and
consistent operation ofa boiler-but certainly does not solve the problem ofhigh ash content in
the run-of-mine coal.

Another mine in the general Ekibastuz area is the Majkubon mine, which is about 80 Km south of
the three large open pit mining areas. The mine was classed as a lignite deposit, but from the
sample obtained from local Ministry personnel it appears to be closer to subbituminous as is found
in the Wyoming Powder River Basin of the U.S. :Mining authorities from Ekibastuz remarked
that a national park was near to the Majkubon mine which negated the prospect of a preparation
plant in the area.

A preliminary assessment ofthe potential need for a preparation plant in this region ruled out the
Majkubon mine-presently under development at a present production rate ofabout 4.5 million
metric tons/year (mt/yr) to an expansion rate of25 mtlyr-and clearly defined the Ekibastuz pits
as candidates for a preparation plant. The output ofthe Ekibastuz mines-as reported for
calendar year 1994-was 71 mt/yr, which is about 83% ofthe total coal production in Kazakstan
and cleaning ofat least a portion ofthis output would have a significant impact on reducing the
hauling ofhigh ash material to power plants with the attendant disposal and air pollution
problems, as well.
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The next visit was to the Karaganda coal mining area. A meeting was held with Igor G. Lurie,
head ofthe Production Association Karagandaugol, in which he described the major features of
the mines in the area. Two large open pit mines in the area-Borlinski and Kuuchek-were
considered as prime candidates for sampling and possible sites for a coal preparation plant. The
mines are at present production levels of3.0 mt/yr and 1.4 mt/yr, respectively.

It was concluded after the filed trips that the two main coal mining areas-Ekibastuz and
Karaganda-were clearly the areas ofchoice for samples for the subject Task 3, Coal Cleaning.
Because ofthe importance ofthe Borlinski mine in the Karaganda mining area to power
production, and the Ekibastuz mine in that area, these two mines were tentatively chosen as
candidates for sampling.

This section is intended to be only a synopsis of the field trips. A full account ofthe field trips is
given in a trip report in the Appendix. .

Reference: APPENDIX, Subtask 1.0 (Tab 1), pages following APP-3: Burns and Roe Services
Corp. Trip Report
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2.0 COST-EFFECTIVE ThIPROVEMENTS IN COAL MINING AND
HANDLING PROCESSES

2.1 RECOMMENDATIONS FOR ThfPROVEMENTS IN ACTIVITIES OF THE
EKIBASTUZ OPEN PIT MINING OPERATIONS

1. Implement a coal quality-based mine planning and production scheduling program for all
mining in the Ekibastuz basin. Initially, this effort will center around installation of computer
hardware and accompanying mine planning software, followed by training ofKazakstani mining
engineers and technicians in the use of the systems. Once training is complete, the building of a
comprehensive mining data base can begin. The data base should include all coal quality data
from all existing drill holes, including blast holes drilled ahead ofthe bucket wheel excavator
(BWE) as well as, the exploration and development holes drilled in prior years.

2. Fully examine the possible opportunities to reduce the rehandling ofwaste rock by
implementing waste backfilling as an integral part ofmining.

3. Assess the feasibility ofbuiIding a steel casting foundry in Kazakstan, the two manufacture
parts vital to the local industry, including both open pit and underground coal mining.

2.2 RECOMMENDATIONS FOR IMPROVEMENTS IN ACTIVITIES OF THE
KARAGANDA UNDERGROUND AND OPEN PIT MINING OPERATIONS

1. It is obvious that underground mines, such as the Kostenko mine, are suffering from a lack
of operating capital. The Kostenko mine is well managed but is suffering from the same general
problems associated with similar underground operations throughout the former Soviet Union.
For example, ground support methods using steel arches and cement lagging on variable centers
are effective. However, these methods are now considered outdated. When rock bolting was
mentioned, the manager stated that rock bolting was tried years ago with poor results, leading
planners to conclude that the technique was not appropriate for operations in Kazakstan. Rock
bolting has evolved a great deal since that experience and should be reconsidered in any new mine
development activities. Innovative thinking and mine planning and operations can enable local
underground coal mines to become more economically competitive with other European coal
producers.

2. The development of a local mine planning program is essential ifthe local coal industry is
to become a viable coal exporter in a competitive marketplace. An evaluation ofthe numerous
commercially available mine planning soft-ware packages should be initiated by a team
representing all ofthe various operating entities within the Kazakstani coal industry. It is very
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likely that there is not anyone program package which will fit the needs ofall the mines, and
this fact should not serve to slow progress toward more effective mine planning. Iftwo or three
packages fit the unique requirements for each ofthe mine types, the most appropriate should be
selected and the planing process should be initiated.

3. Based on a briefsearch for background data on the various local coal producing areas,
one can conclude that there is an enormous amount ofgeological, geotechnical and coal
treatment data available within the local governmental system. The data are held, however, in a
number of separate ministries, institutes, departments and agencies which do not adequately
communicate with each other. A program to collect, collate and catalogue this information
should be started. The information gathered would be helpful to all those involved with the
industry and could form a basis for future planning and assessment ofcoal cleaning alternatives.

2.3 SUMMARY

There is a possibility that coal quality-based mine planning could help improve the economics of
the underground and open pit mines that are expected to replace them. The implementation of

. such planning may be slow in coming, because the confidence ofthe operators in the new
methods will have to be established before they are implemented. No amount ofimmediate
revision to current mine plans for mining methodologies will produce a measurable improvement
in coal quality in the time frame ofthis USAID Delivery Order No.9, Task 3. It is critical that
changes be made in the Kazakstani coal industry to improve coal quality, but for something that
will have an impact within the foreseeable future, the answer lies in coal cleaning, which is
outside the mining side ofthe industry.

This section is intended as only a summary ofofthe subject trip report. The full text ofthe trip
report is given in the Appendix.

Reference: APPENDIX, Subtask 2.0 (Tab 2), pages following APP-4: Fluor Daniel
International, Inc. Trip Report
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3.0 SAMPLING

The trip findings to both the Ekibastuz and Karaganda coal mining areas were reported to Rolf
Manfred, a representative ofUSAID in Almaty, an employee ofIDEA, Inc. There was
concurrence that samples ofthe Ekibastuz and Borlinski mines would be sampled in fulfillment
ofthe requirements for samples to be analyzed in the United States.

Both the Ekibastuz and Borlinski mines shipped coal to power stations in the Almaty area.
Therefore, contacts were made with two appropriate power stations for sampling ofas-received
coal as it was being dumped from railroad cars.

The sampling ofBorIinski coal was made at the Poczovckaj Central Steam Power Station (plant
No.3 ofAlmaty) in the outskirts ofAlmaty, in November of 1994. The ChiefEngineer of the
power station, Alexsei F. Njuchev, was a very helpful guide through the plant. In addition, he
made special arrangements for us to witness the unloading oftraincars ofBorlinski raw coal, and
he and his men helped in the sampling procedure. About 135 Kg (300 lb) ofsample were taken
and shipped to the U.S. to the Geochemical Testing Laboratory in Somerset, Pennsylvania- a
small city in a coal mining area about 70 miles from Pittsburgh-for analysis.

An unexpected stoppage ofcoal shipments from Ekibastuzugol eliminated the plan of sampling
the coal at Power Plant NO.2 during November 1994. After months ofnegotiation two samples
from Ekibastuz were taken by local Ekibastuzugol personnel in May of 1995, and shipped to the
U.S. to the Geochemical Testing Laboratory in Somerset, Pennsylvania for analysis.

The two samples from Ekibastuz were from the Bogatyr 3-3 and Bogatyr 3-B pits.

3-1



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

4.0 LADORATORY TESTING

The raw coal samples from the Borlinski and Ekibastuz mines were analyzed for the following
parameters-and the complete data sets are given in the Appendix, Subtask 4.0 (Tab 4), in the
pages following APP-6.

1. Screen analysis
2. Fractional analysis (float/sink)
3. Each relative density fraction for each size fraction was analyzed for the following:

a. Weight
b. Ash
c. Total sulfur
d. Heating value (Btu/lb)
e. Forms ofsulfur (sulfate, pyrite, and organic)
f Volatile matter
g. Fixed carbon
h. Free swelling index (PSI)

A raw coal composite and a float 1.80 composite were analyzed for the following:
a. Proximate analysis (ash, volatile matter, and fixed carbon)
b. Ultimate analysis (hydrogen, carbon, nitrogen, total sulfur, oxygen by

difference, and ash)
c. Heating value (Btu/lb)
d. Free swelling index (PSI)
e. Hardgrove grindability index (HGI)
f. Ash fusion temperature (reducing and oxidizing atmosphere)
g. Mineral analysis of ash (major and minor elements)

Four professional visitors from Kazakstan were in attendance at the facilities ofGeochemical
Testing in Somerset, Pennsylvania during September, 1995 to witness the tests being performed
on the coal samples from Borlinski and Ekibastuz. In addition to witnessing the testing ofthe
coal samples from Kazakstan several visits were made to coal preparation plants and associated
laboratories, as follows: Technical visits to local universities, University ofPittsburgh and
Carnegie Mellon University; Homer City preparation plant; Custom Coals preparation plant, a
U.S. Department ofEnergy-funded facility for testing the proprietary process of fine-coal
processing; PBS Coal Co., surface mine and high-wall miner sites; the coal-water mixture
processing facility ofWashington Energy Processing; Warwick preparation plant with special
emphasis on the extra-wide dense-medium coarse coal vessel; an extensive tour ofthe
Consolidation Coal Co. research facility in Library, Penna.; and four days of seminars on the five
flowschemes and on coal economics to be discussed under Subtask 8.0. The full text of the
itinerary is given in the Appendix in the pages following APP-6.
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The visitors were:
* Fayaz Mamezhanov, Head ofCoal Department, MOEC, Almaty
* Leonid Dmitriev, President ofEkibastkomir, Ekibastuz
* Viktor Preis, Director, (Karaganda) Enrichment Plant, Karaganda
* Viktor P. Zelenski, Head ofeoal Processing and Washability Department,

Karaganda

Based on the washability data as performed at the facilities ofGeochemical Testing in
Somerset, Pennsylvania, the Borlinski coal was chosen as the coal ofchoice for the design of a
preparation plant. It should be noted that the washability of the Borlinski and Ekibastuz samples
are similar enough to make the proposed plant design applicable to either ofthe mine locations.
Further definition ofthis similarity between the coals will be discussed under Subtask 6.0.

Reference: APPENDIX, Subtask 4.0 (Tab 4), pages following APP-6: Itinerary ofVisitors from
Kazakstan and complete washability ofBorlinski and the two Ekibastuz samples.
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5.0 LABORATORY EQUIPMENT

The analytical and laboratory equipment needs for the selected mine were discussed with the
USAID office in Almaty, and with Viktor Zelenski of the Karaganda Research Institute while in
Karaganda in November, 1994. The equipment needs to accomplish the appropriate analyses
outlined in the following tabulation were reviewed in detail. Both analytical and laboratory
equipment were delineated. In subsequent months the final equipment list evolved as based
upon USAID approval to include the following as shown in Table I-with quantities in
parentheses.

Table 1. - Listing ofAnalytical and Laboratory Equipment

1. Bag, Coal Sample, Canvas (25) 2. Cartridge, Respirator, for Organic
Vapor (6)

3. Bag, PE (1000) 4. Centrifuge, Tabletop (I)

5. Balance, Top Loading (1) 6. Cover (I)

7. Bottle, Coal Sample (144) 8. Drawer, Sample Splitter, 3/4"
Opening (1)

9. Brush, Sieve Cleaning, Coarse Series (1) 10. Drawer, Sample Splitter, 3/4"
Opening (1)

II. Brush, Sieve Cleaning, Fine Series (1) 12. Float/Sink Apparatus, Large (3)

13. Float/Sink Apparatus, Small (3) 14. Sieve, 100 Mesh (1)

15. Funnel (4 liter) (3) 16. Sieve, 200 Mesh (1)

17. Glove, Solvex (3) 18. Sieve, 325 Mesh (I)

19. Goggles, Safety (1) 20. Sieve, 4 Mesh (I)

21. Hydrometer, 1.000-1.6000 range (3) 22. Sieve, 48 Mesh (1)

23. Hydrometer, 1.500-2.000 range (3) 24. Sieve, 60 Mesh (1)

25. Kit, Filtering (1) 26. Sieve, 60 Mesh (1)

27. Labels (500) 28. Sieve, 8 Mesh (1)

29. Oven, Air Drying (1) 30. Sieve, Shaker Ro-Tap (1)

31. Pan, Bottom (forRo-Tap) (1) 32. Splitter, Sample, 18-3/4" Openings (1)

33. Pan, Bottom, Brass (1) 34. Splitter, Sample, 24-3/8" Openings (1)

35. Paper, Filter (Box) 36. Stopper Puller, Float/Sink (2)

37. Pulverizer (1) 38. Strainer, Float/Sink, <28 Mesh (4)
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39. Respirator, Organic Vapor (I) 40. Tank, Float/Sink (3)

41. Rock, Mixing Jacks (1000) 42. Tray, Air Drying Oven (21)

43. Scale, 136.2 Kg Floor (1) 44. Wheel, Sample Mixing (14 bottles)

45. Sealer, Plastic Bag (1) Intentionally blank

The training in the operation ofthe equipment listed above is minimal and covers two
main procedures-float/sink in organic fluids rather than aqueous zinc chloride solutions, and
the operation ofthe centrifuge. The float/sink operation with organic fluids is actually much
simpler than with zinc chloride solutions because only oven-dry conditions are required to
remove residual organic fluid from float/sink coal fractions, in contrast to the tedious and time
consuming removal ofresidual zinc chloride solutions by rinsing the coal fractions in hot water,
and oftentimes overnite.

The operation ofthe centrifuge for the fractionization (float/sink) offine material is
essentially the float/sink operation at increased centrifugal force resulting in accelerated settling
ofotherwise difficult to separate particles. A systematic procedure for the float/sink operation
with the centrifuge is given in Table 2. The equipment and associated supplies required are
included in the listing above, except for the organic fluids. The fluids required-typically
perchloroethylene, stoddard solvent, and bromoform-ean be obtained from local suppliers in
Kazakstan.
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Table 2.
A Typical Centrifugal Float - Sink Procedure for Testing Fine Coal

1. DIy the appropriate number of40 gram samples of typically minus 28 to 100 mesh material in
a convection oven, which is set at 110 C, for 2 hours to achieve a moisture content ofessentially
0.0%. Then place the samples in a desiccator.

2. Place the required number of40-gram samples ofthe dried coal in enough empty 500-mI centrifuge
cups to make up the proper total starting sample weight.

3. Make a solution of 10 grams ofa surfactant (such as Aerosol OT-IOO) per 500 mI of the proper
organic heavy liquid mixture. Add 20 m1 ofthis solution to the coal in the cup (0.4 gram ofactual
Aerosol OT-I00)-without any organic liquid at this step in the procedure-to obtain a dosage of
10 Kg ofsurfactant per tonne ofcoal. MAKE SURE THE COAL IS WETTED.

4. Add at this step organic heavy liquid at the desired relative density of separation to reach in the
cup about the 350-m1 level to obtain about 5-10 percent solids.

5. Mix this sample with a manual stirrer for a proper conditioning time ofabout 30 seconds.

6. Wash the sample down into the cup using the heavy organic liquid set at the separating relative
density of separation to reach a level of400 m1 in the cup.

7. Ultrasonically condition the sample for about 2 minutes at a power setting of 100 amperes.

8. Centrifuge the sample for 35 minutes at 1500 rpm at room temperature to minimize relative density
fluctuations.

9. Allow the centrifuge to come to a stop WITHOUT BRAKING because braking disturbs the
separation.

10. The float products are removed. fIltered. dried. weighed and analyzed for such parameters as ash,
pyritic and total sulfur and heating value.

11. Filter the sink material, and then using organic fluid of the next higher gravity, repeat the procedure
from steps 4 through 10 until the full range of relative density separations are completed.

12. The results are tabulated and a washability report is prepared showing direct and cumulative data by
relative density intervals.
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6.0 PROCESS SCREENING

6.1 INTRODUCTION

The following report was prepared to fulfill Subtask 6 ofTask 3, Delivery Order 9 for USAID.

6.1.1 Objective

The objective ofthis Subtask is to define five (5) alternative flowschemes that are capable
ofproducing a clean coal product of36% ash from raw coals with ash contents varying from 46%
(Borlinski coal) to 47% (Ekibastuz No. 2-Bogatyr Pit No.3-B) to a maximum of 53%
(Ekibastuz No.I-Bogatyr Pit No. 3-3). For each flowscheme budgetary estimates of capital and
operating costs were prepared.

6.1.2 Criteria Confirmation

The first fundamental issue before alternative flowschemes could be designed was that of
the raw coal to use for the engineering exercise. A decision was made to use the Borlinski coal as
the base coal for process design. Based on Figure 11, given on page 6-23, there are only slight
differences in size analysis between the Borlinski and Ekibastuz-Bogatyr-3-3 raw coals at the
critical sizes of 13 and 4 mm, in the final process selected as discussed in Subtask 8.0. The final
process flowscheme makes an intermeditae separation at 13mm and a final separation at a nominal
4mm-4mm dry followed by a wet desliming at 3mm. Examination of lines "B" and "C" at 13mm
and 4mm show that there is only one percentage point difference at 13mm-66% for Borlinski
raw coal and 65% for Ekibastuz raw coal, and three percentage points difference at 4mm-80%
for Borlinski and 83% for Ekibastuz 3-3. (The second Ekibastuz sample-Bogatyr 3-B-was
similar in total ash to the Borlinski sample and was therefore not considered in the comparison
between the two coal sources.)

It is significant to note that the same equipment sizes are appropriate for the required
classification (sizing), washing, and dewatering operations in the final flowscherne utilizing either
the Borlinski or the Ekibastuz raw coals. Additionally, because the final flowscheme is capable of
producing a clean coal product ash as low as 31.4%, the higher ash content ofthe minus-6.33mm
material ofthe Ekibastuz coal-44% to 5ICYo-eompared to the ash content ofthe minus
6.33mm material ofthe Borlinski coal at 38%, does not affect the suitability ofthe process
flowscheme of choice. The only affect will be that the yield of clean coal product will be slightly
lower for the Ekibastuz feed-due to the higher raw coal feed ash-than for the Borlinski feed.

The second fundamental issue before alternative flowschemes could be designed was that
ofthe capacity ofthe flowschemes to be considered. The decision was made that an input
capacity of one thousand (1000) short tons per hour was appropriate in the context of current
industrial practice and available economics ofequipment and resultant flowschemes.

The full washability analyses for the two subject coals are given in the Appendix in the
pages following APP-5. Washability curves for the three samples are given in Figure 12, on page
6-24.
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6.2 PRESENTATION OF ALTERNATIVE FLO'VSCHEl\fES

6.2.1 Selection Rationale

CEEI selected the five alternative flowschemes based on the following principles:

•

•

•

The flowschemes should be varied, with fundamental differences in process technology
and applicability.

The simplest possible flowschemes also should be included to present the probable least
cost options.

The current state ofthe art flowscheme for washing ofthermal coals should be included to
allow the greatest flexibility in selection.

I
I-

6.2.2 Flowscbeme Listing

The five(5) flowschemes that are included in this Subtask 6.0 report are as listed below:

Flowscheme Characterization
Number

1 Dry screen at 13mm
Heavy media vessel treating 150 x 13mm raw coal feed

2 Dry screen at 13mm
Baum Jig treating 150 x 13mm raw coal feed

3 Dry screen at 4mm
Two circuit heavy media wash treating 150 x 4mm raw coal feed

4 Baum Jig wash
Treating 150mm x 0 raw coal with recovery to 0.15mm

5 Three circuit wash
Treating 150mm x 0 raw coal with recovery to 0.15mm

6.2.3 Block Diagrams

Block diagrams for each of the five flowschemes are shown in Figures 1 through 5 on the
following five pages.
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FIGURE 1

KAZAKSTAN PFOJECT - CONCEPTUAL FLOWSCHEME 1

DRY SCREEN AT 13 MM; HM VESSEL FOR TREATING 150 X 13 MM RAW COAL FEED
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FIGURE 2

KAZAKSTAN PROJECT - CONCEPTUAL FLOWSCHEME 2

DRY SCREEN AT 13 MM; BAUM JIG FOR TREATING 150 X 13 MM RAW COAL FEED
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FIGURE 3

KAZAKSTAN PROJECT - CONCEPTUAL FLOWSCHErvIE 3

DRY SCREEN AT 4 MM; 2 CIRCUIT HEAVY rvIEDIA WASH FOR TREATING 150 X 4 MM RAW COAL FEED
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FIGURE 4

KAZAKSTAN PROJECT - CONCEPTUAL FLOWSCHEME 4

BAUM nG WASH FOR TREATING 150 MM X 0 RAW COAL FEED Willi RECOVERY TO 0.15 M:M
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FIGURE 5

KAZAKSTAN PROJECT - CONCEPTUAL FLOWSCHEME 5

3 CIRCUIT HEAVY l\1EDIA WASH FOR TREATING 150 X 0 l\1M RAW COAL FEED WITH RECOVERY TO 0.15 l\1M:
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6.2.4 Description ofAlternative Flowschemes

A common feature to all five conceptual flowschemes is the run ofmine handling. The raw coal
will be screened at 150mm. The plus 150mm will be crushed to minus 150mm and rejoin the
natural minus 150mm as preparation facility feed.

6.2.4.1 Flowscheme 1Description

In flowscheme 1 the minus 150mm raw coal will be fed to inclined vibrating screens for a
dry separation at 13mm. The undersize will pass directly to product. The oversize plus
13mm, together with misplaced minus 13mm, will be wet deslimed at O.75mm on a
horizontal vibrating screen. The raw material plus O.75nun will be fed to a heavy medium
vessel for gravity separation. Very little ofthe misplaced minus 13rnm material in the
vessel feed is anticipated to be less than 8 nun. The clean coal float material will be fed to
double deck, horizontal medium recovery screens to remove adhering magnetite from the
separation medium. The drained and rinsed coal is passed to product. The reject material
from the heavy media separator will similarly be passed over a horizontal screen for
medium recovery. This will be a single deck unit. The drained and rinsed reject will be
directed to a bin for loading to trucks for transport back to the mine for disposal.

Any fines in the rinse water from the media recovery circuit will join the fines removed in
the deslime step at the static thickener. The water will be clarified for reuse in the process·
and the fines will be thickened and fed to a filter for final dewatering. The dewatered fines
will join the clean coal from the heavy medium separator and the dry fines to comprise the
total clean product. The clean coal dry yield value for this flowscheme at 36% dry ash is
approximately 67%.

6.2.4.2 Flowscheme 2 Description

With flowscheme 2 the minus 150mm raw coal will again be fed to inclined vibrating
screens for a dry separation at 13mm. The undersize will pass to product and the plus
13mm material along with some misplaced undersize will be fed to a Baum Jig. This will
be a two product jig producing a refuse and clean coal stream. Both the refuse and clean
coal will be dewatered and pass to the refuse system and clean coal product respectively.

The jig water will be clarified for re-use in the circuit and the thickened fines will be
dewatered in a filter and passed to product. The clean coal dry yield value for this
flowscheme at 36% dry ash is approximately 64%.

6.2.4.3 Flowscheme 3 Description

In flowscheme 3 the minus 150mm raw coal is again dry screened at 13mm. The
undersize from this operation is then further dry separated at 4mm. The minus 4 mm raw
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coal is sent to the clean coal product. The oversize streams from the two dry screening
operations are each wet screened in the preparation plant.

The minus 150mm raw coal is wet screened at13mm. This is historically called a "pre
wet" step ahead ofa heavy media separator. The misplaced minus 13mm material from
the dry screening operation at 13mm is removed here and joins the nominal 13mm x 4mm
material that was the oversize product ofthe dry separation at 4 mm. The 150mm x
13mm stream is processed in a heavy media separator. The clean coal and reject have the
adhering magnetite from the gravity washing operation removed on vibrating drain and
rinse screens and are passed to clean coal and refuse collecting belt conveyors
respectively. The wash water from the rinse pans will be further processed for magnetite
recovery and then fed to a static thickener for water clarification.

The nominal 13mm x 4mm will be fed to a desliming screen along with the undersize from
the prewet screen. Here a separation will be made at O.75mm. The minus O.75mm and
the bulk ofthe process water will pass to the water clarification system. The deslimed
13mm x O.75mm will be fed to a heavy medium cyclone circuit. Clean coal and refuse
from the heavy media cyclone circuit will have the adhering magnetite removed on sieve
bend/drain and rinse screen combinations. Vibrating basket centrifuges will dewater both
streams before they join the coarse coal and coarse refuse from the heavy media vessel
circuit on the collecting belt conveyors.

The rinse water from the medium recovery streams and centrifuge effluent will be further
processed to limit magnetite loss and then pass to the water clarification static thickener.

The static thickener overflow will be returned to the various circuits as process water and
the thickener fines will be filtered and included with the clean coal.

Thus the refuse from this facility consists of sink material from the heavy media separation
(150mm x 13mm) and sink material from the heavy media cyclone(s) (13mm x O.75mm).
Clean coal from this facility consists of four streams:

Raw, dry screened 4mm x 0
Concentrate from the heavy media separator (150mm x 13mm)
Concentrate from the heavy media cyclone(s) (13mm x O.75mm)
Filtered misplaced minus O.75mm from the static thickener

The combined clean coal stream should not require any thermal drying. The clean coal dry
yield value for this flowscheme at 36% dry ash is approximately 71.5%.

6.2.4.4 Flowscheme 4 Description

In flowscherne 4 the 150mm x 0 material is fed into Baum Jigs for washing. There is a



provision to bypass some ofthe raw coal directly to product to maximize yield if the plant
product is lower than 36% ash. The clean coal from the jigs will be dewatered in a
sequence ofvibrating screens, thickening cyclones and centrifuges (both vibrating basket
and scroll discharge type). The water and solid particles minus 0.15mm will pass to the
water clarification system. Jig refuse will be dewatered on vibrating screens. The water
and solids finer than 0.5mm will pass to the water clarification system.

The thickened solids from the water clarification system will be filtered and combined with
the refuse from the jig. The clarified water will be returned to the plant for reuse.

Since the clean coal from the plant has a maximum dry ash value of32.8%, 175TPH of
raw coal can be added to the clean coal product to raise the dry ash to 36%. This results
in an overall yield ofapproximately 64%.

6.2.4.5 Flowscheme 5 Description

With flowscheme 5 the 150mm x 0 material is fed to a wet screening step for separation at
13mm. As with flowscheme 4, there is a provision to feed some raw coal directly to
product in the event that the plant product is lower than 36% ash.

The 150mm x 13mm raw coal is processed in a heavy media separator. Two products
result from this step, a clean coal and a refuse. Both these products are passed over drain
and rinse screens for media recovery and then fed to their respective collecting conveyors.

The 13mm x 0 material from the wet screening at 13mm is fed, along with the water, to a
second screening station. Here a sieve bend and vibrating screen combination will effect a
separation at Imm. The 13mrn x Imm raw coal is fed to a heavy medium cyclone circuit.
Both the clean coal and refuse from the heavy media cyclones will have the adhering
media removed on sieve bend/drain and rinse screen combinations. Vibrating basket
centrifuges will dewater both material streams. The rinse water from the screen pans will
be further processed for magnetite recovery and go, along with the centrifuge effluents to
the classifying cyclone feed sump.

The Imrn x 0 raw coal, along with the media circuits' effluents will be fed to classifying
cyclones to make a separation at O.15mm. The Imrn x 0.15 will be fed to coal washing
spirals. Clean coal from the spirals will be dewatered with sieve bends and scroll
centrifuges; the spiral refuse will be dewatered with high frequency vibrating screens.

The 0.15mm x 0 material from the classifying cyclones and fine dewatering circuit
effluents will be collected in a static thickener. The clarified thickener overflow will be
returned to the plant as process water while the thickened solids will be filtered for
inclusion with the plant refuse.
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Total refuse from the plant is comprised offour(4) streams:
• 150mm x 13mm refuse from the heavy media separator circuit
• 13mm x lmm refuse from the heavy media cyclone circuit
• Imm x 0.15mm refuse from the spiral circuit, and
• O.15mm raw coal filter cake

The total clean coal facility can also be comprised offour(4) separate components. There
will always be:

• 150mm x 13mm clean coal from the heavy media separator circuit
• 13mm x Imm clean coal from the heavy media cyclone circuit
• Imm x 0.15mm clean coal from the spiral circuit

Additionally, there could be a component of raw coal, 150mm x 0, included with the plant
product to raise the ash. No thermal drying ofthe clean coal product is required.

Since the clean coal product from the plant has a maximum dry ash value of33.3%,
162TPH of raw coal can be added to the clean coal product to raise the dry ash to 36%.
This results in an overall yield ofapproximately 68.5%.

6.2.5 Confirmation ofApplicability of Flowschemes

To confirm the applicability ofthe five flowschemes, the performance ofeach process facility was
modeled over the full range ofits equipment's capability when fed raw coal with the Borlinski
washability. The modeling software used is proprietary to CEEI, the subcontractor to Bums and
Roe Services Corp. The software was originally developed in 1971 and has been reconfirmed and
updated since. The results ofthis performance modeling is shown in Figures 6 thru 10.

6.2.5.1 Flowscheme 1

Figure 6 demonstrates that flowscheme 1 is very pertinent for a target product ash of
36%. With the contribution to clean coal from washed coal increasing as the separating
gravity increases, the ash ofthe total combined clean coal (washed coarse and raw fines)
first decreases as the separation increases and then increases as the ash ofthe incremental
float material exceeds the raw coal ash. Since the lowest ash achieved for the combined
product is 35.2%, although this circuit works well with the Bolinski washability, there may
be times when higher ash fines would prevent this circuit achieving a combined 36% ash
product.

6.2.5.2 Flowscheme 2

Figure 7 demonstrates that flowscheme 2 is also appropriate for a 36% target product ash.
Again the composite clean coal ash initally drops as the coarse coal separating gravity
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increases and then increases with increased jig separating gravity. As with flowscheme 1,
a significant increase in the ash ofthe raw fines can prevent this flowscheme from
achieving a 36% ash composite product.

6.2.5.3 Flowscheme 3

Figure 8 shows a family ofcurves. Since there are two heavy media circuits, there are two
available variables to manipulate to achieve a product quality and affect yield. Each
individual CUlve demonstrates the ash/yield relationship for a particular setting ofthe
coarse heavy media separator circuit with the setting ofthe heavy medium cyclone being
varied to produce the curve. The family ofcurves are for different separating gravities in
the coarse heavy media separator. -

The family ofcurves demonstrate that achieving the 36% ash product quality is possible
with this circuit. They further demonstrate that lower ash products are available. This
assures the capability ofachieving product ash even with higher ash levels in the raw fines.

6.2.5.4 Flowscheme 4

Figure 9 shows the ash/yield for flowscheme 4. Since the curve is only for the washed
coal from the jig plant, the ash value range is limited to that which is the result of applying
the process circuitry to the Borlinski coal washability. At all practical plant settings the
clean coal ash is below 36%. Accordingly, some unwashed raw coal can be blended with
processing plant product to achieve the desired target product ash. Since all sizes of coal
are washed, this flowscheme will ~chieve the required quality even with varying feed ash
values in the fine sizes.

6.2.5.5 Flowscheme 5

Figure 10 shows a family ofcurves that demonstrate the ash yield relationship for various
settings ofseparating gravity for the two heavy media circuits in the flowscheme. The
spiral circuit setting is kept constant. As with flowscheme 4, the curves show the ash/yield
for the washed coal from the plant. This ash is always lower than 36% for all plant
settings. Thus, as with flowscheme 4, unwashed raw coal, 150mm x 0 can be added to the
plant product to achieve the target 36% ash. Again, since all sizes ofcoal are washed, the
ability to achieve the target product ash with higher levels ofash in the fine sizes ofthe
raw coal is assured.
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CEEINCORPORATED

FIGURE 6

DRY SCREEN AT 13 MM; HEAVY MEDIA VESSEL TREATING 150 X 13 MM RAW COAL FEED PLUS ADDITION OF
MINUS 13 MM RAW COAL

CONCEPTUAL FLOWSCHEME 1
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CEE INCORPORATED

FIGURE 7

DRY SCREEN AT 13 MM; BAUM JIG TREATING 150 X 13 MM RAW COAL FEED PLUS ADDITION OF MINUS 13
MMRAWCOAL

CONCEPTUAL FLOWSCHEME 2
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------------------CEE INCORPORATED

FIGURE 8

DRY SCREEN AT 4 MM; 2 CIRCUIT HM WASH FOR TREATING 150 X 4 MM RAW COAL FEED PLUS ADDITION
OF MINUS 4 MM RAW COAL
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CEE INCORPORATED

FIGURE 9

BAUM JIG WASH; TREATING 150 MM X 0 RAW COAL WITH RECOVERY TO 0.15 MM WITHOUT ADDITION OF
RAW COAL
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-------------------CEE INCORPORATED

FIGURE 10

THREE CIRCUIT WASH; TREATING 150 MM X 0 RAW COAL WITH RECOVERY TO 0.15 MM WITHOUT ADDITION
OF RAW COAL
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6.3 CAPITAL AND OPERATING COST ESTIMATES

For each ofthe flowschemes, capital and operating cost estimates have been developed. The
estimates are in United States dollars with their current value in the second quarter of 1995.

6.3.1 Capital Cost Estimates

The capital cost estimates for the five flowschemes are listed below:

Flowscheme Description Capital Cost Estimate, U.S.$

1 Dry Screen at 13mm 11,620,000
Heavy media vessel treating 150 x 13mm
raw coal feed

2 Dry screen at 13mm 11,570,000
Baum Jig treating 150 x 13mm raw coal feed

3 Dry screen at 4mm 15,270,000
Two circuit heavy media wash
treating 150 x 4mm raw coal feed

4 Baum Jig wash 18,470,000
Treating 150mm x 0 raw coal
with recovery to 0.15mm

5 Three circuit wash 18,870,000
Treating 150mm x 0 raw coal
with recovery to 0.15mm

The components ofthese costs by area, are shown in TABLE 1. The costs include all
engineering, equipment, materials, construction labor and equipment and project
management services to provide a complete facility. Mobile equipment for the raw coal,
clean coal and refuse areas is also included. Infrastructure costs for vehicle roads,
railroads, water and power are not included. Also not included are any costs for interest
during construction, contingency, or land purchase.
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TABLE 1 - CAPITAL COST ESTIMATES IN U.S.$

Flowscheme 1 2 3 4 5

Raw Coal 3,090,000 3,090,000 3,090,000 3,390,000 3,390,000

Dry Screen 750,000 750,000 750,000

Wet Screen 1,200,000

Coarse Wash 1,850,000 2,200,000 1,850,000 4,150,000 1,850,000

Fine Dry 1,500,000
Screening

Desliming 400,000 400,000 400,000

Intermediate 1,450,000 Inc1 in coarse 1,450,000
Washing washing

Intermediate 325,000 Inc1 in fine 325,000
Dewatering dewatering

Fine Inc1 in fine 625,000
Classification dewatering

Fine Washing Incl in coarse 500,000

Fine 750,000 750,000 900,000 3,300,000 1,500,000
Dewatering

Water 450,000 450,000 675,000 900,000 900,000
Clarification

Ultrafines 1,500,000 1,500,000
Dewatering

Refuse 2,350,000 2,350,000 2,350,000 2,750,000 2,750,000
Handling

Clean Coal 1,980,000 1,980,000 1,980,000 1,980,000 1,980,000
Handling

Clean Coal 500,000 500,000
Blending

TOTAL 11,620,000 11,570,000 15,270,000 18,470,000 18,870,000
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6.3.2 Operating Cost Estimates

The operating cost estimates are, like the capital cost estimates, in current United States
dollars. The costs are derived from actual costs for many presently operating U. S. plants of similar
tlowscheme. Although the facilities ofthe Newly Independent States are generally less automated
and more labor intensive than U.S. facilities, the overall reported costs from several N.1S. facilities
are comparable to U.S. costs. This is believed to be primarily due to substantially less expensive
labor. It is not known how the Kazakstanis may staff the facility. The operating costs, on a short,
raw ton basis are listed below:

Flow- Description Yield Operating Operating
scheme of Cost, Cost,
Number Clean US$/Ton US$/Ton

Coal, Raw Coal Clean
% Coal

1 Dry Screen at 13mm 67.0 $2.07 $3.09
Heavy media vessel treating 150 x 13mm raw
coal feed

2 Dry screen at 13mm 64.0 $1.98 $3.09
Baum Jig treating 150 x 13mm raw coal feed

3 Dry screen at 4mm 71.5 $2.67 $3.73
Two circuit heavy media wash
treating 150 x 4mm raw coal feed

4 Baum Jig wash 64.0 $3.21 $5.02
Treating 150mm x 0 raw coal
with recovery to 0.15mm

5 Three circuit wash 68.5 $3.50 $5.11
Treating 150mm x 0 raw coal
with recovery to 0.15mm

The components ofthese operating figures, by facility area, are shown in TABLE 2. These
components are shown by functional area. The costs include all operating, maintenance, and
supervisory labor; all operating consummables (power, magnetite, flocculants, fuel, etc.); all
maintenance supplies and tools; and refuse disposal. Not included are any capital charges, coal
royalties or freight charges outside the battery limits ofraw coal receiving, clean coal loading, and
refuse disposal.
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TABLE 2 ~ OPERATING COST ESTIMATES IN U.S.S/ RAW TON

Flowscheme 1 2 3 4 5

Raw Coal 0.50 0.50 0.50 0.55 0.55

Dry Screen 0.10 0.10 0.10

Wet Screen 0.05

Coarse 0.12 0.08 0.12 0.08 0.12
Washing

Fine Dry 0.10
Screening

Desliming 0.05 0.05 0.10

Intennediate 0.30 0.20 0.30
Washing

Intennediate 0.10 0.10 0.10
Dewatering

Fine 0.06 0.06
Classification

Fine Washing 0.10 0.10

Fine 0.10 0.10 0.15 0.12 0.12
- Dewatering

Water 0.10 0.10 0.15 0.25 0.25
Clarification

Ultrafines 0.40 0.40
Dewatering

Refuse 0.60 0.60 0.60 0.80 0.80
Handling

Clean Coal 0.50 0.50 0.50 0.50 0.50
Handling

Clean Coal 0.05 0.05
Blending

Total 2.07 1.98 2.67 3.21 3.50

6-21



6.4 SUMMARY

I
I

The following infonnation has been presented in this Subtask 6.0 report:

•• Descriptions offive(5) separate flowschemes that will produce a 36% ash product.

•

•

•

YieldlRecovery curves for each of the five(5) flowschemes. The plant perfonnance
predictions were calculated using the washability of the Borlinski mine.

Budgetary capital cost estimates for the five(5) fIowschemes

Budgetary operating cost estimates for the five(5) flowschemes
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FIGURE 12

Washability Analyses of Borlinski and Ekibastuz (Samples 1 and 2) Raw Coal
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7.0 ECONOMIC ANALYSIS

7.1 INTRODUCTION

The following report was prepared to fulfill Subtask 7 ofTask 3, Delivery Order 9 for USAID.

7.1.1 Objective

,
The objective ofthis report is to determine the three best flowschemes for producing a
36% ash product from the five presented in the Subtask 6 report. To make the
determination, environmental, economic and engineering assessments will be performed.
The applicability of selective mining and potential production ofexport products will be
examined.

7.2 REVIEW OF THE FIVE FLOWSCHEMES

7.2.1 Flowscheme Listing

The five (5) flowschemes that will be evaluated in this report were delineated in the
Subtask 6 report. They are listed below:

Flowscheme Characterization
Number

1 Dry screen at 13mm
Heavy media vessel treating 150 x 13mm raw coal feed

2 Dry screen at 13mm
Baum Jig treating 150 x 13mm raw coal feed

3 Dry screen at 4mm
Two circuit heavy media wash treating 150 x 4mm raw coal feed

4 Baum Jig wash
Treating 150mm x 0 raw coal with recovery to O.15mm

5 Three circuit wash
Treating 150mm x 0 raw coal with recovery to 0.15mm

7.2.2 Block Diagrams

Block diagrams for each ofthe five flowschemes are shown in Figures 1 through 5 on the
following five pages.
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FIGURE 1

KAZAKSTAN PROJECT - CONCEPTUAL FLOWSCHEME 1

DRY SCREEN AT 13 MM; HM VESSEL FOR TREATING 150 X 13 MM RAW COAL FEED
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FIGURE 2

KAZAKSTAN PROJECT - CONCEPTUAL FLOWSCHEME 2

DRY SCREEN AT 13 MM; BAUM TIG FOR TREATING 150 X 13 MM RAW COAL FEED
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FIGURE 3

KAZAKSTAN PROJECT ~ CONCEPTUAL FLOWSCREME 3

DRY SCREEN AT 4 MM; 2 CIRCUIT REAVY MEDIA WASH FOR TREATING 150 X 4 MM RAW COAL FEED
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FIGURE 4

KAZAKSTAN PROJECT - CONCEPTUAL FLOWSCHEl\ffi 4

BAUM fiG WASH FOR TREATING 150 M:M X 0 RAW COAL FEED WITH RECOVERY TO 0.15 M:M
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FIGURE 5

KAZAKSTAN PROJECT - CONCEPTUAL FLOWSCHEME 5

3 CIRCUIT HEAVY MEDIA WASH FOR TREATING 150 X 0 MM RAW COAL FEED WITH RECOVERY TO 0.15 MM
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7.2.3 Relative Yields From the Five Flowschemes

Figures 6 through 10 are the yield/ash curves for the five flowschemes. Figure 11 shows
yield/ash curves for each ofthe five flowschemes. For flowschemes 1,2, and 4, which
have only a single washing circuit, this yield/ash curve is the same as that presented on
Figures 6,7 and 9 respectively. With flowschemes 3 and 5, each ofwhich includes two
heavy media circuits, there are a myriad number ofcombinations ofseparating gravities
for the two circuits that can result in any particular product ash. Figure 11 presents, for
these flowschemes, the highest possible yield at each ash level. These are the optimized
yield curves for flowschemes 3 and 5.
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CEE INCORPORATED

FIGURE 6

DRY SCREEN AT 13 MM; HEAVY MEDIA VESSEL TREATING 150 X 13 MM RAW COAL FEED PLUS ADDITION OF
MINUS 13 MM RAW COAL
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-------------------CEE INCORPORATED

FIGURE 7

DRY SCREEN AT 13 MM; BAUM JIG TREATING 150 X 13 MM RAW COAL FEED PLUS ADDITION OF MINUS 13
MM RAW COAL
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CEEINCORPORATED

FIGURE 8

DRY SCREEN AT 4 MM; 2 CIRCUIT HM WASH FOR TREATING 150 X 4 MM RAW COAL FEED PLUS ADDITION
OF MINUS 4 MM RAW COAL
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FIGURE 9

BAUM JIG WASH; TREATING 150 MM X 0 RAW COAL WITH RECOVERY TO 0.15 MM WITHOUT ADDITION OF
RAW COAL
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CEE INCORPORATED

FIGURE 10

THREE CIRCUIT WASH; TREATING 150 MM X 0 RAW COAL WITH RECOVERY TO 0.15 MM WITHOUT ADDITION
OF RAW COAL
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FIGURE 11
KAZAKSTAN PROJECT - BORLINSKI WASHABILITY

COMPARATIVE YIELD CURVES
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Table 1

At the target ash value of36%, the maximum yields for the five flowschemes are shown in
Table 1 below. Since the clean coal ash values from flowschemes 4 and 5 were always
below 36%, raw coal at 45.95% ash was bypassed to product to raise the ash value to
36%.

For the target 1000TPH facility the clean coal streams for flowschemes 1,2 and 3 are
670TPH, 638TPH and 715TPH respectively. With flowschemes 4 and 5 the tonnage of
raw coal passed to the clean coal product also becomes clean coal and adds to the plant
yield.

Relative Flowscheme Yields for 36% Product Ash

Flowscheme Plant Yield Ash Bypassed Raw Total Yield
Coal

1 67% 36% 0 67%

2 63.8% 36% 0 63.8%

3 71.5% 36% 0 71.5%

4 57.2% 32.8% 175 63.9%

5 63.2% 33.3% 162 68.6%

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

5( I

794 TPH

747 TPH

=

=
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572 TPH + 175 TPH

632 TPH + 162 TPH

Plant clean coal + Bypassed raw coal

Plant clean coal + Bypassed raw coal

=

=

=

=

Clean coal

Clean coal

For flowscheme 4

For flowscheme 5



Flowscheme Description Capital Cost Estimate,
U.S.$

1 Dry screen at 13mm 11,620,000
Heavy media vessel treating 150 x 13mm
raw coal feed

2 Dry screen at 13mm 11,570,000
Baum Jig treating 150 x 13mm raw coal feed

3 Dry screen at 4mm 15,270,000
Two circuit heavy media wash
treating 150 x 4mm raw coal feed

4 Baum Jig wash 18,470,000
Treating 150mm x 0 raw coal with recovery
to 0.15mm

5 Three circuit wash 18,870,000
Treating 1SOmm x 0 raw coal with recovery
to 0.15mm

Thus, the total clean coal streams from each flowscheme are:

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

7.3

Flowscheme Number

1

2

3

4

5

ECONOMIC ANALYSIS

7.3.1 Capital Cost Estimates

The capital cost estimates for the five flowschemes are listed below:

7-15

Total Clean Coal Stream

670TPH

638 TPH

715 TPH

747TPH

794 TPH



7.3.2 Distributed Capital Costs

To evaluate the effect ofthe various capital costs of the different flowschemes, the capital
cost is distributed over the different quantities of saleable product from the various
flowschemes.

The precise effect on the cost ofclean coal from the plant capital is detennined by the cost
offunding and the life of the facility. A value of30% ofcapital as an annual charge
against the clean coal production will be used in this report.

To determine the annual tonnage ofclean coal produced, 5000 annual operating hours will
be used in the calculation. This is consistent with majority practice in Kazakstan.

Flowscheme Annual Clean Coal Annual Capital Capital Cost per
Production (TONS) Charee (V.S.S) Clean Ton (V.S.S)

1 3,350,000 $3,486,000 $1.04

2 3,190,000 $3,471,000 $1.09

3 3,575,000 $4,581,000 $1.28

4 3,735,000 $5,541,000 $1.48

5 3,970,000 $5,661,000 $1.43

7-16

L ,,.,
) I)

I

•



7.3.3 Operating Cost Estimates

The operating cost estimates for the five flowschemes are shown below:

Flowscheme 4 adjusted operating cost

With flowschemes 4 and 5, some ofthe raw coal will be only received, stored raw,
reclaimed, screened, crushed, conveyed to clean coal storage, stored as clean coal,
reclaimed and loaded for transport. From the Subtask 6 report, the cost for the handling
and storage set out above is $1.10 U.S. per ton. The operating costs for flowschemes 4
and 5 are adjusted to account for the raw bypass coal as shown below:

$2.90/raw ton=

7-17

1175 TPH

1000 TPH ($3.21/TON) + 17STPH($l.l0/TON)

F10wscheme Description Operating Cost
Number U.S.Straw ton

1 Dry screen at 13mm $2.07
Heavy media vessel treating 150 x 13mm
raw coal feed

2 Dry screen at 13mm $1.98
Baum Jig treating 150 x 13mm raw coal
feed

3 Dry screen at 4mm $2.67
Two circuit heavy media wash treating
150 x 4mm raw coal feed

4 Baum Jig wash $3.21
Treating 150mm x 0 raw coal with
recovery to 0.15mm

5 Three circuit wash $3.50
Treating 150mm x 0 raw coal with
recovery to 0.15mm

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



Flowscheme 5 adjusted operating cost

1000 TPH (S3.50rrON) + 162TPH(S1.10rrON)
-------------------------------._---------------------------

1162 TPH

7.3.4 Adjusted Operating Costs

= S3.17/raw ton

More efficient processes often have higher operating costs on a raw coal basis than less
efficient processes. The operating costs therefore are adjusted to a clean coal basis to
account for the effectiveness ofthe various processes.

Flowscheme U.S.S/raw ton Yield U.S.S/c1ean ton

1 S2.07 67% S3.09

2 S1.98 63.8% $3.10

3 $2.67 71.5% $3.73

4 $2.90 63.9% S4.54

5 $3.17 68.6% $4.62

7.3.5 Raw Coal Costs

Typical costs for surface mined coal can vary from $2 to about $10 on a raw ton basis.
To account for plant efficiency, the coal cost therefore is adjusted to a clean coal basis. A
raw coal mining cost of$6/raw ton is used for this comparison.

Raw Coal Costs on a Clean Coal Basis

Flowscheme U.S.$/raw ton Yield U.S.S/clean ton

1 S6 67% S8.96

2 $6 63.8% $9.40

3 $6 71.5% $8.39

4 $6 63.9% $9.39

5 $6 68.6% $8.75
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7.3.6 Estimated Total Costs

By combining the estimated coal costs, estimated distributed capital costs and estimated
adjusted operating costs, the estimated total costs to produce and process a ton ofsaleable
clean coal can be calculated.

Estimated Total Costs (U.S.S/I'ON)

Flowscheme Raw Coal Cost Distributed Adjusted Total Cost
Capital Cost Operating Cost

1 S8.96 S1.04 S3.09 S13.09

2 S9.40 S1.09 S3.10 S13.59

3 S8.39 S1.28 $3.73 $13.40

4 $9.39 $1.48 $4.54 $15.41

5 $8.75 $1.43 $4.62 $14.80

7.3.7 Estimated Revenues

Although energy prices are unstable, a coal price based on the energy value at
$0.90/million BTU is considered to be valid for valuing the coal product. This method of
valuation reflects the high ash in the product as a thermal content depressant.

From the washability data, the dry BTU value at 36% ash is 9100 BTU/pound. At 5%
surface moisture, the as-received heating value is then 8645 BTU/pound. At $0.90/million
BTU, the resultant price for coal with a heating value of8645 BTU/pound is then:

U.S.S/TON = SO.90/million BTU (8645 BTU/pound) (2000 pounds/TON)

U.S.SffON = S15.56

7.3.8 Economic Analysis Conclusions

• Based on the values set and calculated in the foregoing sections, it can be
concluded that the installation ofa coal preparation plant could be
economically viable.

• Based on the estimated total costs from Section 3.6, flowscheme 4 is
eliminated from further consideration. It is the highest price per clean ton.
Additionally, it has NO exceptional features to recommend it in that
flowscheme 5 can produce coal of superior quality.
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I
7.4 OPERATIONAL FLEXIBILITY I
A review ofthe ash/yield curves ofFigures 6 through 11 demonstrate that flowschemes 3 and 5
can produce a clean coal quality well below the required 36% target ash when fed the Burlinski I
coal with 45.95% raw ash. This assures that the plants could produce the proper quality product
even in areas ofthe mine with deteriorated quality or if they were fed segregated feeds of inferior •
quality. Both ofthe flowschemes will be retained for further consideration.

Accordingly, offlowschemes 1 and 2, one will be retained and one discarded. Reviewing Figures
6 and 7 demonstrates that both are somewhat susceptible to higher ash fines in the raw coal.
However, flowscheme 2 is more susceptible. Combining this factor with the higher clean coal
cost from section 3.6 offlowscheme 2 ($13.59) versus flowscheme 1 ($13.09), flowscheme 2 is
discarded. •

7.S ENVIRONMENTAL IMPACT

No adverse environmental impact is anticipated from any ofthe flowschemes. Ofthe three
flowschemes (1,3 and 5) which are recommended for further consideration, only flowscheme 5
wets all ofthe coal and requires disposal ofa fine refuse. This refuse is planned to be
mechanically dewatered and mixed with the coarse refuse. With the projected coarse to fine
refuse ratio, a combined disposal is anticipated to be routine.

Each flowscheme will require only a small make-up water stream to the plant. All flowschemes
are provided with closed water circuits with no liquid effluents.

It is anticipated that the preparation plant refuse will be returned near or into the mine and
included in mine reclamation with no adverse environmental consequences.

7.6 POTENTIAL FOR SELECTIVE MINING

The raw coal ash by size and washability gives no overt indication that there is a significant
parting being taken with the coal that could be left in the mine.

This conclusion is reinforced by on-site inspection at Ekibastuz and private communications with
individuals in Karagandaugol.

The possibility ofeffective, selective mining is discounted.
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7.7 IMPROVED PRODUCTSIEXPORT POTENTIAL

Examination ofFigure 10 shows that a lower ash product than the 36% target ash is achievable.

Ash values in the high teens are possible with intensive, efficient cleaning ofthe coal down to
0.15mm. However, to achieve these lower ash values, the clean coal yield drops to nearly 25%.
At this yield the raw coal cost will be $24 per ton ofproduct. This makes the concept
uneconomical for even a cheaply mined coal ($6/raw ton). At $0.90/million BTU, the value ofa
20% ash product with a dry BTU value of 12,100/pound would be:

S/cIean ton = 12,100 BTU/pound (.95)(2000 pounds!TON)($0.90/1,000,000 BTU)

= S20.69fTON

The operation would have a negative cash flow ($20.69/ton - $24/ton) without any capital cost
charges or operating costs. Expansion ofthis coal beyond its present markets is not considered
probable.

7.8 SUMMARY CONCLUSIONS

• Flowschemes 1,3 and 5 are recommended for further consideration

• Flowscheme 4 was rejected as the most costly in terms ofthe cost ofproduction of
clean coal.

• Flowscheme 2 was rejected on the basis ofprocess flexibility and cost relative to
Flowscheme 1.

• No adverse environmental impact is anticipated from any ofthe flowschemes.

• No benefits are considered to be available from selective mining.

• No export potential or premium product potential exists for this facility.
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8.1.2 Terms of Reference

8.1 INTRODUCTION

8.1.1 Objective

PROCESS TRAINING AND FLOWSCHEME SELECTION

The detailed equipment sizing and cost estimates for each flowscheme are based on a
plant size of 1000 TPH. This size was selected as representative of current industry .
practice to achieve good economy ofscale. At its present production rate of3.0 million
MTPY, the Borlinski mine can increase its production or only work the plant two shifts.
To wash all ofthe Ekibastuz output of71 million MTPY is neither required nor
considered practical. The 1000 TPH plant can be appropriate for the combination ofthe
higher ash mine portions going to restricted markets.

The washability data for the raw coal from the Borlinski mine as included in the
Appendix was used in the quality and yield predictions for the various flowschemes.
Raw coal samples from both the Borlinski and Ekibastuz mines had been obtained. The
washing characteristics were very similar with differences ofonly 1.3% yield and 0.2%
ash ofthe 1.9 specific gravity float for the composite size range. Similarly, although the
Borlinski sample had a top size ofabout 200mm and the Ekibastuz sample about 25mm,
the projected Ekibastuz size distribution at 200mm top size is similar to the Borlinski size
distribution. Thus, the detailed equipment sizing and flowschemes are applicable to the
coal from either mine.

Each ofthe three flowschemes is capable ofproducing a product of36% ash from raw
coals with ash contents varying from 42-48%. Some raw coals may have ash values in
excess of 50%, as did the Ekibastuz sample No.1 at 52.7%.

The objective ofthis manual is to briefthe visitors from Kazakstan in the relative
performance ofthe three most viable flowschemes selected in Subtask 7.0. Additionally,
selection ofthe optimum process from amongst the three is to be made by the designated
Kazakstan authority.

The following manual was prepared in fulfillment ofSubtask 8, Part 1, of Task 3, Delivery
Order 9 for USAID.

8.0-PART 1
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8.2 ALTERNATIVE PROCESS SCHEMES

Three alternative process flowschemes have been developed to achieve the 36% target
ash value.

8.2.1 Listing ofAlternative Flowschemes

The three alternative process flowschemes are listed below in Table 1.

Table 1
Flowscheme Characterization

Flowscheme Characterization
Number

1 Dry screen at 13mm
Heavy media vessel treating' ISO x 13mm raw coal feed

2 Dry screen at 4mm
Two circuit heavy media wash treating ISO x 4mm raw coal feed

3 Three circuit wash
Treating ISOmm x 0 raw coal with recovery to O.ISmm

Each ofthese will be described in detail.

8.2.2 Description ofAlternative Flowschemes

Each ofthe alternative flowschemes is described below.

8.2.2.1 Flowscheme I Description

Raw coal will be received at a dump hopper and fed onto a belt conveyor to be
carried to the top of a stacking tube. Here the coal will either be discharged to
ground or fed to a transfer conveyor to a second stacking tube and subsequent
discharge to ground. The stored raw coal is reclaimed with vibrating feeders onto
a belt conveyor and carried to a screening/crushing station. All of the coal is
screened at ISOmm. The minus lS0mm passes to the plant feed conveyor, the
plus ISOmm is fed to a roll crusher to be reduced to minus lS0mm. The crusher
through product (minus IS0mm raw coal) joins the natural minus IS0mm raw
coal on the plant feed conveyor.
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The minus 150mm raw coal will be fed to inclined vibrating screens for a dry
separation at 13mm. The undersize will pass directly to clean coal. The oversize
plus 13mm, together with misplaced minus 13mm, will be wet deslimed at
O.75mm on a horizontal vibrating screen. The raw material plus O.75mm will be
fed to a heavy medium vessel for gravity separation. Very little ofthe misplaced
minus 13mm material in the vessel feed is anticipated to be less than 8 mm. The
clean coal float material will be fed to double deck, horizontal medium recovery
screens to remove adhering magnetite from the separation medium.

The drained and rinsed coal from the top deck is passed to clean coal. The
bottom deck material (minus 31mm) will be fed to a vibratory centrifuge. The
reject material from the heavy media separator will similarly be passed over a
horizontal screen for medium recovery. This will be a single deck unit. The
drained and rinsed reject will be directed to a bin for loading to trucks for
transport back to the mine for disposal. Ifthe plant is not located close to the
mine, a refuse disposal area can be developed.

Any fines in the rinse water from the media recovery circuit will join the fines
removed in the deslime step at the static thickener. The water will be clarified for
reuse in the process and the fines will be thickened and fed to a filter for final
dewatering. The dewatered fines will join the clean coal from the heavy medium
separator and the dry fines to comprise the total clean coal product. The clean
coal dry yield value for this flowscheme at 36% dry ash is approximately 67%.

This total clean coal product will not require thermal drying. The total clean coal
will be collected on a belt conveyor that is equipped with an on-line ash analyzer.
Clean coal consists ofthree(3) streams:

• concentrate from the heavy media separator; 150mm x O.75mm (nominal
150mm x 13mm).

• filtered misplaced minus O.75mm from the static thickener.
• raw, dry screened 13mm x O.

This collecting belt feeds onto a stockpile feed belt which either deposits the
clean coal into a stacking tube or feeds a cross conveyor to a second stacking
tube. The ground stored clean coal is reclaimed by vibrating feeders onto a
loadout belt that feeds a train loadout station.

8.2.2.2 Flowscheme 2 Description

The raw coal storage reclaim and handling system for flowscheme 2 is identical to
that for flowscheme 1. The minus 150mm raw coal is fed to the plant and dry
screened at 13mm. Undersize from this dry screening step is fed to a second dry
separation step at 4mm. The nominal 4mm x 0 undersize from this operation is
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sent to the clean coal product. The oversize streams from the two dry screening
operations (at 13mm and 4mm respectively) are each wet screened in the
preparation plant.

The minus 150mm raw coal is again screened at 13mm, but this time wet. This is
.historically called a "pre-wet" step ahead ofa heavy media separator. The
misplaced minus 13mm material from the dry screening operation at 13mm is
removed here and joins the nominal 13mm x 4mm material that was the oversize
product ofthe dry separation at 4 mm. The 150mm x 13mm stream is processed
in a heavy media separator. The clean coal and reject have the adhering
magnetite from the cleaning operation removed on vibrating drain and rinse
screens and are passed to clean coal and refuse collecting belt conveyors
respectively. The clean cola screen also separates out the 31mm x 13mm fraction
ofthe clean coal that will be dewatered in a vibrating centrifuge. The wash water
from the rinse pans will be further processed for magnetite recovery and then fed
to a static thickener for water clarification.

The nominal13mm x 4mm raw coal will be fed to a desliming screen along with
the undersize from the prewet screen. Here a separation will be made at O.75mm.
The minus O.75mm and the bulk ofthe process water will pass to the water
clarification system. The deslimed 13mm x O.75mm will be fed to a heavy
medium cyclone circuit. Clean coal and refuse from the heavy media cyclone
circuit will have the adhering magnetite removed on sieve bend/drain and rinse
screen combinations. Vibrating basket centrifuges will dewater both streams
before they join the coarse coal and coarse refuse from the heavy media vessel
circuit on the collecting belt conveyors.

The rinse water from the medium recovery streams and centrifuge effluent will be
further processed to limit magnetite loss and then pass to the water clarification
static thickener.

The static thickener overflow will be returned to the various circuits as process
water and the thickener fines will be filtered and included with the clean coal
product.

Thus the refuse from this conceptual flowscheme consists of sink material from
the heavy media separation (150mm x 13mm) and sink material from the heavy
media cyclone (13mm x O.75mm). Clean coal consists offour(4) streams:

• Raw, dry screened 4mm x 0
• Concentrate from the heavy media separator (1S0mm x 13mm)
• Concentrate from the heavy media cyclone (13mm x O.75mm)
• Filtered misplaced minus O.7Smm from the static thickener
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The combined clean coal stream should not require any thennal drying. The
clean coal dry yield value for this flowscheme at 36% dry ash is approximately
71.5%.

The clean coal storage, reclaim and loadout for flowscheme 2 are identical to
flowscheme I.

8.2.2.3 Flowscheme 3 Description

The flowscheme 3 raw coal storage, reclaim and handling system is nearly
identic~l to that offlowschemes 1 and 2. All ofthe facilities provided for
f1owschemes.1 and 2 are included in the flowscheme 3 raw coal system. In
addition there is a vibrating feeder in the collection chutework under the screen
that is scalping out the minus 150mm material ahead ofthe crusher. This feeder
will discharge to a separate belt conveyor that can deliver some raw minus
150mm coal to clean coal product.

The main flow of the 150mm x 0 material is fed to a wet screening step for
separation at 13mm.

The 150mm x 13mm raw coal is processed in a heavy media separator. Two
products result from this step, a clean coal and a refuse. Both these products are
passed over drain and rinse screens for media recovery and then fed to their
respective collecting conveyors. The 31mm x 13mm clean coal is dried in a
vibrating basket centrifuge.

The 13mm x 0 material from the wet screening at 13mm is fed, along with the
water, to a second screening station. Here a sieve bend and vibrating screen
combination will effect a separation at lmm. The 13mm x lmm raw coal is fed to
a heavy medium cyclone circuit. Both the clean coal and refuse from the heavy
media cyclones will have the adhering media removed on sieve bend/drain and
rinse screen combinations. Vibrating basket centrifuges will dewater both
material streams. The rinse water from the screen pans will be further processed
for magnetite recovery and go, along with the centrifuge effluents, to the
classifying cyclone feed sump.

The Imm x 0 raw coal, along with the effluents from the media circuits, will be
fed to classifying cyclones to make a separation at O.15mm. The 1mm x 0.15 will
be fed to coal washing spirals. Clean coal from the spirals will be dewatered with
sieve bends and scroll centrifuges; the spiral refuse will be dewatered with high
frequency vibrating screens.

The O.15mm x 0 material from the classifYing cyclones and fine dewatering
circuit effluents will be collected in a static thickener. The clarified thickener
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overflow will be returned to the plant as process water while the thickened solids
will be filtered for inclusion with the plant refuse.

Total refuse from this conceptual flowscheme is comprised offour(4) streams:

• 150mm x 13mm refuse from the heavy media separator circuit
• 13mm x Imm refuse from the heavy media cyclone circuit
• Imm x 0.15mm refuse from the spiral circuit
• O.15rnm X0 raw coal filter cake

The total clean coal product usually is also comprised offour(4) separate
components. There will always be:

• 150mm x 13mm clean coal from the heavy media separator circuit
• 13mm x lmm clean coal from the heavy media cyclone circuit
• lmm x 0.15mm clean coal from the spiral circuit

Additionally, there could be a component ofraw coal, 150mm x 0, included with
the plant product to increase the ash. No thermal drying ofthe clean coal product
is required.

Because the clean coal product from the plant has a maximum dry ash value of
33.3%, 162 TPH ofraw coal can be added to the clean coal product to increase
the dry ash to 36%. This results in an overall yield of68.3%.

The clean coal handling, storage and loadout system for this flowscheme is
identical to flowschemes 1 and 2.
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8.2.3 Equipment Lists

Complete equipment lists for each ofthe flowschemes are provided.

8.2.3.1 Equipment List - Flowscheme 1

Dry Screen at I3mrn
Heavy media vessel treating 150 x 13mm raw coal feed.

Table 2
Raw Coal Handling (FIowscheme 1)

Unit Number Description

001 Dump hopper discharge vibrating feeder: 48" (I.2m) wide

002 Raw coal stockpile feed conveyor: 48" (1.2m) wide

003 Raw coal stockpile cross conveyor: 48" (I.2m) wide

004A,B,C,D Raw coal reclaim vibrating feeders: 42" (l.Im) wide

005 Raw coal reclaim conveyor: 48" (l.2m) wide

006 Raw coal scalping screen: 7' x 14' (2.1m x 4.3m) SD (single
deck)

007 Raw coal crusher: 30" (762mrn) diameter x 48" (l.2m) long

008 Plant feed conveyor: 48" (1.2m) wide

009 Plant feed belt scale: 1200 TPH

010 Raw coal bulldozer: D-I0 Caterpillar
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Table 3
Preparation Plant (Flowscheme 1)

Unit Number Description

101A,B Dry screens: 10' x 16' (3.0m x 4.9m) DD (double deck)

102A,B Prewet screens: 10' x 16' (3.0m x 4.9m) DD (double deck)

103A,B Heavy media vessels: 12' (3.7m) weir x 4' (1.2m) wide

104A,B Clean coal drain and rinse screens: 8' x 16' (204m x 4.9m) DD
(double deck)

105A,B Clean coal centrifuges: Wemco 1100

106A,B Refuse drain and rinse screens: 6' x 16' (I.8m x 4.9m) SD

107A,B Heavy media pumps: Goulds lOx 8 x 21 (254 x 203 x
533mm)

108 Dilute media pumps: Goulds lOx 8 x 21 (254 x 203 x
533mm)

109A,B Magnetic separators: Eriez 36" (914mm) diameter x 120"
(3.Om) long

110 Effluent pump: Goulds 4 x 3 x 12 (I 02 x 76 x 305mm)

111 Thickener: Eimco 35' (I0.7m) diameter

112 Thickener underflow pump: Goulds 3 x 2 x 12 (76 x 51 x
305mm)

113 Clarified water pumps: Goulds lOx 8 x 21 (254 x 203 x
533mm)

114 Seal water pump: Goulds 4 x 3 x 12 (I 02 x 76 x 305mm)

115 Disc filter: Eimco 10'-6 (3.2m) x 6 disc

116 Vacuum pump: Nash 4000

117 Filtrate pump: Goulds 4 x 3 x 12 (102 x 76 x 305mm)

118 Magnetite screw: 9 inch (229mm) diameter

119 Floor clean-up pump: Goulds 3 inch (76mm) vertical

120 Air compressor: 170 M3/HR

121 Air dryer: 170 M3/HR
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Table 4
Refuse and Clean Coal Handling (Flowscbeme 1)

Unit Number Description

201 Refuse conveyor: 36" (914mm) wide

202 Refuse bin gate: 30" (762mm) square

203 Clean coal collecting conveyor: 42" (1.1m) wide

204 On-line ash analyzer for 42" (l.Im) wide belt

205 Clean coal stockpile feed conveyor: 42" (l.lm) wide

206 Clean coal stockpile cross conveyor: 42" (I.1m) wide

207A,B,C,D Clean coal reclaim feeders: 36" (9I4mm) wide

208 Clean coalloadout belt: 60" (1.5m) wide

209 Clean coal conveyor belt scale: 42" (l.Im) wide

210 Refuse conveyor belt scale: 36" (9I4mm) wide

211 Clean coal bulldozer: D-10 Caterpillar

212 Refuse bulldozer: D-IO Caterpillar

213A,B,C,D Refuse trucks: 60 ton capacity
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8.2.3.2 Equipment List - Flowscheme 2

Dry screen at 4mm
Two circuit heavy media wash treating 150 x 4mm raw coal feed.

Table 5
Raw Coal Handling (Flow5cheme 2)

Unit Number Description

001 Dump hopper discharge vibrating feeder: 48" (l.2m) wide

002 Raw coal stockpile feed conveyor: 48" (1.2m) wide

003 Raw coal stockpile cross conveyor: 48" (1.2m) wide

004A,B,C,D Raw coal reclaim vibrating feeders: 42" (l.lm) wide

005 Raw coal reclaim conveyor: 48" (1.2m) wide

006 Raw coal scalping screen: 7' x 14' (2.1m x 4.3m) SD (single
deck)

007 Raw coal crusher: 30" (762mm) diameter x 48" (I.2m) long

008 Plant feed conveyor: 48" (l.2m) wide

009 Plant feed belt scale: 1200 TPH

010 Raw coal bulldozer: 0-10 Caterpillar
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Table 6
Preparation Plant (Flowscheme 2)

Unit Number Description

101A,B Raw coal screens: 10' x 16' (3.0m x 4.9m) DD (double deck)

102A,B Prewet screens: 10' x 16' (3.Om x 4.9m) SD (single deck)

103A,B Heavy media vessels: 12' (3.7m) weir x 4' (1.2m) wide

104A,B Clean coal drain and rinse screens: 8' x 16' (204m x 4.9m) DD
(double deck)

105A,B Refuse drain and rinse screens: 6' x 16' (1.8m x 4.9m) SD
(single deck)

106A,B Coarse coal centrifuges: Wemco 1100

107A,B Coarse heavy media pumps: Goulds 10 x 12 x 21 (254 x 305
x 533mm)

108 Vessel dilute media pump: Goulds 10 x 12 x 21 (254 x 305 x
533mm)

109A,B,C,D Magnetic separators: 36" (914mm) diameter x 120" (3.0m)
long

110 Deslime sieve bend: 8' (204m) wide x 80" (2.0m) radius x 60°
arc

III Deslime screen: 10' x 16' (3.0m x 4.9m) SD (single deck)

112 Centrifuge effluent pump: Goulds 4 x 3 x 12 (102 x 76 x
305mm)

113 Heavy media pump: Goulds 10 x 12 x 21 (254 x 305 x
533mm)

114 Heavy media cyclone: Deister 28" (711mm) diameter - 20FB

lIS Heavy media cyclone clean coal sieve bend: 8' (204m) wide x
80" (2.0m) radius x 60° arc

116 Heavy media cyclone clean coal drain and rinse screen: 10' x
16' (3.0m x 4.9m) SD (single deck)

117 Heavy media cyclone clean coal centrifuge: Wemco 1100

118 Heavy media cyclone refuse sieve bend 5' (15m) wide x 60"
(15m) radius x 60° arc

8-11



Table 6 continued
Preoaration Plant (Flowscheme 2)

119 Heavy media cyclone refuse drain and rinse screen: 6' x 16'
(1.8m x 4.9m) SD (single deck)

120 Heavy media cyclone dilute media pump: Goulds 10 x 8 x 21
(254 x 203 x 533mm)

121A,B,C Magnetic separators: 36" (914mm) diameter x 120" (3.Om)
long

122 Magnetic separator underflow pump: Goulds 10 x 8 x 21 (254
x 203 x 533mm)

123A,B,C Dilute media cyclones: Deister 14B-14C (356mm)

124 Secondary magnetic separator: 36" (914mm) diameter x 120"
(3.Om) long

125 Static thickener: 80' (24.4m) diameter

126 Thickener underflow pump: Goulds 6 x 8 x 21 (152 x 203 x
533mm)

127 Disc filter: Eimco 12'-6 (3.8m) x 10 disc

128 Vacuum pump: Nash 4000

129 Filtrate pump: Goulds 4 x 3 x 12 (102 x 76 x 305mm)

130 Clarified water pump: Goulds lOx 8 x 21 (254 x 203 x
533mm)

131 Seal water pump: Goulds 4 x 3 x 12 (102 x 76 x 305mm)

132A,B Floor clean-up pumps: Goulds 3 inch (76mm) vertical

133 Air compressor: 170 M 3/HR

134 Air dryer: 170 M3/HR

135 Magnetite screw conveyor: 9 inch (229mm) diameter

136 Make-up magnetite pump: Goulds 6 x 4 x 21 (152 x 102 x
533mm)

137A,B Rotating probability machines: Gundlach

138 13mm x 0 raw coal transfer conveyor: 36" (914mm) wide

139 Heavy media cyclone refuse centrifuge: Wemco 1100
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Table 7
Refuse and Clean Coal Handling (Flowscheme 2)

Unit Number Description

201 Refuse conveyor: 36" (914mm) wide

202 Refuse bin gate: 30" (762mm) square

203 Clean coal collecting conveyor: 42" (l.Im) wide

204 On-line ash analyzer for 42" (l.lm) wide belt

205 Clean coal stockpile feed conveyor: 42" (1.1m) wide

206 Clean coal stockpile cross conveyor: 42" (I. 1m) wide

207A,B,C,D Clean coal reclaim feeders: 36" (914mm) wide

208 Clean coalloadout belt: 60" (l.5m) wide

209 Clean coal conveyor belt scale: 42" (1.1 m) wide

210 Refuse conveyor belt scale: 36" (914mm) wide

211 Clean coal bulldozer: D-IO Caterpillar

212 Refuse bulldozer: D-I0 Caterpillar

213A,B,C,D Refuse trucks: 60 ton capacity
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8.2.3.3 Equipment List - Flowscheme 3

Three circuit wash treating 150mm x 0 raw coal with recovery to 0.15mm.

Table 8
Raw Coal Handling (FIow5cbeme 3)

Unit Number Description

001 Dump hopper discharge vibrating feeder: 48" (1.2m) wide

002 Raw coal stockpile feed conveyor: 48" (1.2m) wide

003 Raw coal stockpile cross conveyor: 48" (1.2m) wide

004A,B,C,D Raw coal reclaim vibrating feeders: 42" (1. 1m) wide

005 Raw coal reclaim conveyor: 48" (102m) wide

006 Raw coal scalping screen: 7' x 14' (2.1m x 4.3m) SD (single
deck)

007 Raw coal crusher: 30" (762mm) diameter x 48" (1.2m) long

008 Plant feed conveyor: 48" (l.2m) wide

009 Plant feed belt scale: 1200 TPH

010 Raw coal bypass feeder: 30 inch (762mm)

011 Raw coal bypass conveyor: 36" (914mm) wide

012 Raw coal bulldozer: D-I0 Caterpillar
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Table 9
Preparation Plant (Flowscheme 3)

Unit Number Description

101A,B Wet raw coal screens: 10' x 24' (3m x 703m) DD (double
deck)

102A,B Heavy media vessels: 12' (3.7m) weir x 4' (1.2m) wide

103A,B Coarse clean coal screens: 8' x 16' (204m x 4.9m) DD
(double deck)

104A,B Coarse refuse screens: 6' x 16' (I.8m x 4.9m) DD (double
deck)

105A,B Coarse coal centrifuges: Wemco 1100

106A,B Coarse heavy media pumps: Goulds lOx 12 x 21 (254 x
305 x 533mm)

107 Coarse dilute media pump: Goulds 10 x 12 x 21 (254 x 305
x 533nun)

108 Deslime sieve bend: 8' (204m) wide x 80" (2.0m) radius x
60° arc

109 Deslime screen: 10' x 16' (3.0m x 4.9m) SD (single deck)

110 Heavy media cyclone feed pump: Goulds lOx 12 x 21 (254
x 305 x 533nun)

I11A,B Heavy medium cyclones: Deister 24" (61 Omm) - 20FB

112A,B Heavy media cyclone clean coal sieve bends: 7' (2.1 m) wide
x 60" (15m) radius x 60° arc

113A,B Heavy media cyclone clean coal drain and rinse screens: 8'
x 16' (204m x 4.9m) SD (single deck)

114 Heavy media cyclone refuse sieve bend: 7' (2.1 m) wide x
60" (1.5m) radius x 60° arc

115 Heavy media cyclone refuse drain and rinse screen: 8' x 16'
(204m x 4.9m) SD (single deck)

116A,B Cyclone clean coal centrifuges: Wemco 1100
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Table 9 continued
Preparation Plant (Flowscheme 3)

117A,B,C,D Coarse magnetic separators: 36" (914mm) diameter x 120"
(3.Om) wide

118 Heavy media cyclone circuit dilute media pump: Goulds 10
x 12 x 21 (254 x 305 x 533mm)

119A,B,C,D Heavy media cyclone circuit magnetic separators: 36"
(914mm) diameter x 120" (3.0m) long

120 Magnetic separator underflow pump: Goulds lOx 12 x 21
(254 x 305 x 533mm)

121A,B,C,D,E Dilute media cyclones: Deister 14B-14C (356mm)

122A,B Secondary magnetic separators: 36" (914mm)diameter x
120" (3.Om) long

123A,B ClassifYing cyclone feed pumps: Goulds 10 x 12 x 21 (254 x
305 x 533mm)

124A,B,C,D,E,F ClassifYing cyclones: Deister 14B-14C (356mm)

125A,B Coal washing spirals: MDL-LD4 6 oftriple start

126A,B Spiral refuse screen: 4' x 12' (I.2m x 3.7m) Sizetec

127 Fine clean coal pump: Goulds 6 x 4 x 21 (152 x 102 x 533)

128A,B,C,D Fine coal sieve bends: 7' (2.1 m) wide, 60" (I.5m) radius,
60 0 arc

129 Screen bowl centrifuge: 44" x 132" (l.lm x 304m)

130 Screen bowl e.filuent pump: Sala Vasa 3-2 G

131A,B,C,D Polishing cyclones: Deister 10 - lOB (254rnrn)

132 Static thickener: 100' (305m) diameter

133 Clarified water pump: Goulds 10 x 12 x 21 (254 x 305 x
533mm)

134 Thickener underflow pump: Goulds 6 x 8 x 21 (152 x 203 x
533rnrn)

135A,B Belt presses: 25m. Eimco

8-16

I

•
I
I
I
I
I
I

•



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Table 9 continued
Preparation Plant (Flowscheme 3)

136 Belt press efiluent pump: Goulds 4 x 3 x 12 (102 x 76 x 305rnm)

137 Seal water pump: Goulds 4 x 3 x 12 (102 x 76 x 305mm)

138 Magnetite screen conveyor: 9 inch (229mm) diameter

139 Make-up magnetite pump: Goulds 6 x 4 x 21 (152 x 102 x 533mm)

140A,B,C,D Floor clean-up pumps: Goulds 3 inch (76mm) vertical

141 Air compressor: 170M3/HR

142 Air dryer: 170M3/HR

143 Cyclone refuse centrifuge: Wemco 1100

8-17
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Table 10
Refuse and Clean Coal Handling (Flowscheme 3)

Unit Number Description

201 Refuse conveyor: 36" (914mm) wide

202 Refuse bin gate: 30" (762mm) square

203 Clean coal collecting conveyor: 42" (l.lm) wide

204 On-line ash analyzer for 42" (1. 1m) wide belt

205 Clean coal stockpile feed conveyor: 42" (1. 1m) wide

206 Clean coal stockpile cross conveyor: 42" (I. 1m) wide

207A,B,C,D Clean coal reclaim feeders: 36" (914mm) wide

208 Clean coalloadout belt: 60" (I.5m) wide

209 Clean coal conveyor belt scale: 42" (l.lm) wide

210 Refuse conveyor belt scale: 36" (914mm) wide

211 Clean coal bulldozer: D-I0 Caterpillar

212 Refuse bulldozer: D-I0 Caterpillar

213AB,C,D,E Refuse trucks: 60 ton capacity

8.2.4 Process Flowsheets

Process flowsheets were developed for each of the three alternative flowschemes. They
are included at the end of this entire report in the Appendix following page APP-6.

8.2.5 Yield Values

Yield/ash curves for each of the alternative flowschemes are shown in Figures 1,2, and
3. These figures show the full range of possible product qualities, for the various
flowschemes, over the practical ranges ofwashing circuit separating gravities. It is clear
in Figure 3, that the product ash for Flowscheme 3 is always less that 36%. This allows
the bypassing of some minus 150mm raw coal to product.
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------------------CEE INCORPORATED

FIGURE 1

DRY SCREEN AT 13 MM; HEAVY MEDIA VESSEL TREATING 150 X 13 MM RAW COAL FEED PLUS ADDITION OF
MINUS 13 MM RAW COAL
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CEE INCORPORATED

FIGURE 2

DRY SCREEN AT 4 MM; 2 CIRCUIT HM WASH FOR TREATING 150 X 4 MM RAW COAL FEED PLUS ADDITION
OF MINUS 4 MM RAW COAL
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-------------------CEE INCORPORATED

FIGURE 3

THREE CIRCUIT WASH; TREATING 150 MM X 0 RAW COAL WITH RECOVERY TO 0.15 MM WITHOUT ADDITION
OF RAW COAL
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In Figure 4 the yield/ash curve for Flowscheme 1 is presented again, along with curves
for Flowschemes 2 and 3 that combine the families ofcurves in Figures 2 and 3. These
combined curves represent the best available yield at ash for the various combinations of
heavy media circuit separating gravities.

At 36% dry ash, the yield values of the various flowschemes are shown in Table 11.
Because the clean coal ash value for Flowscheme 3 is always below 36%, 162 TPH of
raw coal at 45.95% ash can be bypassed to the clean coal product to raise the combined
ash value to 36%.

Table 11
Relative Flowscheme Yields for 36% Product Ash

Flowscheme Plant Yield Ash Bypassed Total Yield Total
Raw Coal Ash

1 67% 36% 0 67% 36%

2 71.5% 36% 0 71.5% 36%

3 63.2% 33.3% 162 68.3% 36%
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------------------CEE INCORPORATED

FIGURE 4
KAZAKHSTAN PROJECT - BORLINSKI WASHABILITY

COMPARATIVE YIELD CURVES
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8.3

8.2.6 Quantity/Quality Diagrams

Quantity/quality diagrams were developed for each ofthese alternative flowschemes.
They are included at the end ofthis entire report in the Appendix following page APP-6.

8.2.7 Flowscheme Flexibility

Flowscheme 1, with only one washing circuit, is the least flexible ofthe three
flowschemes. As shown in Figure 1, the lowest achievable ash is near the target ash of
36%. This makes this flowscheme ofdoubtful use in potential instances where the raw
fines ash is high. This is not a concern with flowschemes 2 and 3.

ECONOMICS OF THE ALTERNATIVE FLOWSCHEMES

I
I
I
I

•
This section ofthe manual presents the economic aspects ofthe alternative flowschemes.

8.3.1 Capital Cost Estimates

The capital cost estimates for the three flowschemes are listed below:

Table 12
Capital Cost Estimates

Flowscheme Description Capital Cost Estimate, U.S.$

1 Dry Screen at 13mm $11,620,000
Heavy media vessel
treating 150 x 13mm raw coal feed

2 Dry screen at 4mm $15,270,000
Two circuit heavy media wash
treating 150 x 4mm raw coal feed

3 Three circuit wash $18,870,000
Treating 150mm x 0 raw coal
with recovery to 0.15mm
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8.3.2 Distributed Capital Costs

To evaluate the effect ofthe various capital costs ofthe different flowschemes, the capital
cost is distributed over the different quantities ofsaleable product from the various
flowschemes.

The precise effect on the cost ofclean coal from the plant capital is determined by the
cost offunding and the life ofthe facility. A value of30% of capital as an annual charge
against the clean coal production will be used in this report. This value represents the
combination ofinterest on the borrowed capital for the plant construction and the
depreciation ofthe capital asset.

To determine the annual tonnage ofclean coal produced, 5000 annual operating hours
will be used in the calculation. This is consistent with typical practice in Kazakstan.

Table 13
Distributed Capital Costs

Flowscheme Annual Clean Coal Annual Capital Capital Cost per
Production (TONS) Chal1!e (U.S.$) Clean Ton (U.S.$)

1 3,350,000 $3,486,000 $1.04

2 3,575,000 $4,581,000 $1.28

3 3.970.000 $5,661,000 $1.43
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8.3.3 Operating Cost Estimates

The operating cost estimates for the three flowschemes are shown below:

Table 14
Operating Cost Estimates

Flowscheme Description Operating Cost
Number U.S.$/raw ton

1 Dry screen at 13mm $2.07
Heavy media vessel
treating 150 x 13mm raw coal feed

2 Dry screen at 4mm $2.67
Two circuit heavy media wash
treating 150 x 4mm raw coal feed

3 Three circuit wash $3.50
Treating 150mm x 0 raw coal with
recovery to 0.15mm

With flowscheme 3, some of the raw coal (162TPH, ie.) will be only received, stored
raw, reclaimed, screened, crushed, conveyed to clean coal storage, stored as clean coal,
reclaimed and loaded for transport. The cost for the handling and storage of the 162TPH
is $1.10 U.S. per ton. The operating cost for flowscheme 3 is adjusted to account for the
raw bypass coal as shown below:

Flowscheme 3 adjusted operating cost

I
I
I
I
I

•
•

-

1000 TPH ($3.50rrON) + 162 TPH($1.10/TON)

1162 TPH

8-26
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8.3.4 Adjusted Operating Costs

More efficient processes often have higher operating costs on a raw coal basis than less
efficient processes. The operating costs therefore are adjusted to a clean coal basis to
account for the effectiveness of the various processes.

Table 15
Adjusted Operating Costs

Flowscheme U.S.$/raw ton Yield U.S.$/clean ton

1 $2.07 67% $3.09

2 $2.67 71.5% $3.73

3 $3.17 68.6% $4.64

8.3.5 Raw Coal Costs

Typical costs for surface mined coal can vary from $2 to about $10 on a raw ton basis.
To account for plant efficiency, the coal cost therefore is adjusted to a clean coal basis.
A raw coal mining cost of$6/raw ton is used for this comparison.

Table 16
Raw Coal Costs on a Clean Coal Basis

Flowscheme U.S.$/raw ton Yield U.S.$/c1ean ton

1 $6 67% $8.96

2 $6 71.5% $8.39

3 $6 68.3% $8.78
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8.3.6 Estimated Total Costs

By combining the estimated coal costs, estimated distributed capital costs and estimated
adjusted operating costs, the estimated total costs to produce and process a ton of saleable
clean coal can be calculated.

Table 17
Estimated Total Costs (U.S.$/fON)

Flowscheme Raw Coal Distributed Adjusted Total Cost
Cost on a Capital Cost Operating Cost

Clean Coal US$ per US$ per Clean
Basis Clean Ton Ton

($6!raw ton) (30%!vear)

1 $8.96 $1.04 $3.09 $13.09

2 $8.39 $1.28 $3.73 $13.40

3 $8.78 $1.43 $4.64 $14.85
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8.3.7 Sensitivity Analyses

8.3.7.1 Annual Charge Rate

An annual charge of30% ofcapital was used in Section 8.3.2. At values of20%
and 40%, in addition to the 30% already calculated, the capital cost per clean ton
will vary as shown in Table 18 below:

Table 18
Effect of Various Capital Charge Rates on the Capital Cost/I'on

Annual Capital Charge Rate Flowscheme Capital Cost per Clean Ton
(U.S.$)

20% 1 $0.69

2 $0.85

3 $0.95

30% 1 $1.04

2 $1.28

3 $1.43

40% 1 $1.39

2 $1.71

3 $1.91
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This causes the estimated total costs shown in Section 8.3.6 (based on a
U.S.$6/raw ton coal cost) to vary as shown in Table 19 below:

Table 19
Effect of Various Capital Charge Rates on Estimated Total Costs

Annual Capital Charge Rate Flowscheme Estimated Total Cost
(U.S.$/Clean Ton)

20% 1 $12.74

2 $12.97

3 $14.37

30% 1 $13.09

2 $13.40

3 $14.85

40% 1 $13.44

2 $13.83

3 $15.33

8.3.7.2 Distributed Operating Costs

The distributed operating costs are potentially affected by numerous variables,
including the costs ofconsumabies (such as power, magnetite, and flocculants),
the cost of operating and maintenance labor, and the availability of the plant. The
greatest potential impact is availability. Because the operating costs are presented
in Section 8.3.4 on a per ton basis, at the anticipated annual production rate, a
slight decrease in production will cause a proportionate increase in operating
costs. Any significant reduction in production should be matched with reductions
in staffing and thus will not follow a specific formula.
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8.3.7.3 Raw Coal Costs

Raw coal costs on a clean coal basis were calculated in Section 8.3.5, and shown
in Table 16, for a raw coal cost of$6. Table 20 below shows this cost for raw
coal costs of $5, $6, $7, and $8.

Table 20
Raw Coal Costs on a Clean Coal Basis at Various Raw Coal Costs

u.S.S per Raw Ton Flowscheme Yield U.S.S Per Clean Ton

$5 1 67.0% $7.46

2 71.5% $6.99

3 68.3% $7.32

$6 1 67.0% $8.96

2 71.5% $8.39

3 68.3% $8.78

$7 1 67.0% $10.45

2 71.5% $9.79

3 68.3% $10.25

$8 1 67.0% $11.94

2 71.5% $11.19

3 68.3% $11.71
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This causes the estimated total costs shown in Section 8.3.6, Table 17, based on a
30% annual capital charge rate, to vary as shown in Table 21 below:

Table 21
Effect of Various Raw Coal Costs on Estimated Total Costs

II IIU.S.S per Raw Ton IFlowscheme Estimated Total Cost

II $5 I 1 $11.59 II

II I 2 $12.00 II

II I 3 $13.34 II

"

I II

II $6 I 1 $13.09 II

II I 2 $13.40 II

II I 3 $14.85 II

1/ I 1/

II $7 I 1 $14.58 II

1/ I 2 $14.80

"/I I 3 $16.25 II

"

I II

1/
$8 I I $16.07 II

II I 2 $16.20 II

II I 3 $17.71 II

8.3.8 Summary of Estimated Total Costs

A summary of the estimated total costs based on variations in the cost of raw coal per ton
(5-8 US$/ton) and in the annual charge ofcapital (20, 30, and 40%) is given in Table 22.
This table is a summary ofTables 17-21.
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Table 22
Summary of Estimated Total Costs

Distributed Adjusted Estimated
Raw Coal Cost Capital Cost Operating Total Cost

on a Clean U.S.$ per Cost U.S.$ per U.S.$ per
Flowscheme Coal Basis Clean Ton Clean Ton Clean Ton

(U.S.$/raw (% of Cap. Per (Total Yield of
ton) year) Clean Coal,

%)

1 7.46(5) 0.69(20) 3.09(67) 11.24

2 6.99(5) 0.85(20) 3.73(71.5) 11.57

3 7.32(5) 0.95(20) 4.64(68.3) 12.91

1 7.46(5) 1.04(30) 3.09(67) 11.59

2 6.99(5) 1.28(30) 3.73(71.5) 12.00

3 7.32(5) 1.43(30) 4.64(68.3) 13.39

1 7.46(5) 1.39(40) 3.09(67) 11.94

2 6.99(5) 1.71(40) 3.73(71.5) 12.43

3 7.32(5) 1.91(40) 4.64(68.3) 13.87

1 8.96(6) 0.69(20) 3.09(67) 12.74

2 8.39(6) 0.85(20) 3.73(71.5) 12.97

3 8.78(6) 0.95(20) 4.64(68.3) 14.37

1 8.96(6) 1.04(30) 3.09(67) 13.09

2 8.39(6) 1.28(30) 3.73(71.5) 13.40

3 8.78(6) 1.43(30) 4.64(68.3) 14.85 -

1 8.96(6) 1.39(40) 3.09(67) 13.44

2 8.39(6) 1.71(40) 3.73(71.5) 13.83

3 8.78(6) 1.91(40) 4.64(68.3) 15.33
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Summary of Estimated Total Costs
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Distributed Adjusted Estimated \IRaw Coal Cost Capital Cost Operating Total Cost
on a Clean V.S.$ per Cost V.S.$ per V.S.$ per

Flowscheme Coal Basis Clean Ton Clean Ton Clean Ton

(U.s.$/raw (% of Cap. Per (Total Yield of
ton) year) Clean Coal,

I-

%)

1 10.45(7) 0.69(20) 3.09(67) 14.23

2 9.79(7) 0.85(20) 3.73(71.5) 14.37

3 10.25(7) 0.95(20) 4.64(68.3) 15.84

1 10.45(7) 1.04(30) 3.09(67) 14.58

2 9.79(7) 1.28(30) 3.73(71.5) 14.80

3 10.25(7) 1.43(30) 4.64(68.3) 16.25

1 10.45(7) 1.39(40) 3.09(67) 14.93

2 9.79(7) 1.71(40) 3.73(71.5) 15.23

3 10.25(7) 1.91(40) 4.64(68.3) 16.80

1 11.94(8) 0.69(20) 3.09(67) 15.72

2 11.19(8) 0.85(20) 3.73(71.5) 15.77

3 11.71(8) 0.95(20) 4.64(68.3) 17.30

1 11.94(8) 1.04(30) 3.09(67) 16.07

2 11.19(8) 1.28(30) 3.73(71.5) 16.20

3 11.71(8) 1.43(30) 4.64(68.3) 17.71

1 11.94(8) 1.39(40) 3.09(67) 16.42

2 11.19(8) 1.71(40) 3.73(71.5) 16.63

3 11.71(8) 1.91(40) 4.64(68.3) 18.26
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8.4 COMMENTARY

8.4.1 Flowscheme 1

• Flowscheme 1 is estimated to have the lowest capital cost of the three
flowschemes presented.

• Flowscheme 1 is estimated to have the lowest operating cost ofthe three
flowschemes presented.

• Flowscheme 1 has the lowest overall yield of the three flowschemes presented.

• Flowscheme 1 is the least flexible ofthe three flowschemes presented. It could
possibly fail to achieve the 36% product ash if raw coal feeds with a higher raw
fines ash content than that of the target washabilities used in this evaluation
(Borlinski and Ekibastuz samples) are processed..

• Flowscheme 1 cannot produce a clean coal ash significantly below the 36% ash
target value.

8.4.2 Flowscheme 2

• Flowscheme 2 has the highest yield ofthe three flowschemes presented.

• Flowscheme 2 has the median estimated capital and operating costs of the
three flowschemes presented.

• Flowscheme 2 can produce a product ofless than 30% ash but at a yield value
(less than 50%) that is not considered economical.

• Flowscheme 2 is sufficiently flexible that it can always be expected to produce
a 36% ash product even with higher ash raw fines in the raw coal.

8.4.3 Flowscheme 3

• Flowscheme 3 has the highest estimated capital and operating costs of the
three flowschemes presented.

• Flowscheme 3 can produce the lowest ash product of the three flowschemes
presented. The yield suppression at lower product ash levels is extreme and the
actual production oflower ash products is not considered to be economically
feasible.
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• Flowscheme 3 is the only tlowscheme to require disposal of a fine refuse
component.

The process flowsheets and quantity/quality diagrams referred to in the text are included in the
Appendix. (See References below).

Based on the decision ofthe visitors from Kazakstan Flowscheme 2 was the design of choice.
The consensus ofthe visitors was to eliminate the cyclone treatment and use only the dense
medium vessel treatment ofthe plus 4mm material. The minus 4mm material, therefore, will be
sent uncleaned directly to the clean coal product. Though not included in the resultant
.t1owscheme, the 4mm by 0.75 mm fraction ofthe raw coal feed is an appropriate size range for
treatment in spirals, which are becoming increasingly popular in nearby coal producing
countries.

A decision letter was sent to Fayaz O. Mamezhanov-the visitor from the Ministry ofEnergy
and Coal Industry, Head ofCoal Industry Department-with supporting information and is given
in the Appendix. (See References below). This letter stated that because oftime restraints the
project was proceeding with the decision made by the visitors from Kazakstan, while in
Pittsburgh, Pennsylvania during September, 1995, because a confirmation decision from proper
authorities in Kazakstan was not forthcoming within the stated deadline ofOctober 22, 1995.

References: APPENDIX, Subtask 8.0, Part 1, (Tab 8), pages following APP-7: Letter with
supporting information to Mamezhanov and six Process Drawings and six Quantity/Quality
Diagrams.
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8.5.1 lNTRODUCTION

8.5.1.1 Economics of a Coal Deposit

In terms of the cost ofcoal preparation, this cost must include: the capital costs for the
plant; all operational costs (such as wages, supplies, and utilities) to receive, prepare, load
out the salable products; and the cost to compensate for the lost recovery.

TRAINING IN THE GENERAL ECONOMICS OF COAL WASHING

Raw coal is not a homogeneous mineral. Rather it is a heterogenous mixture ofparticles ranging
in size from large lumps to dust and in composition from almost pure coal to almost pure shale
with no sharp lines of demarcation. Even the purest coal particles contain some impurities and
carbonaceous shales contain some carbon.

For instance, thick, low-quality lignite beds under shallow cover can be surface mined and
delivered unprepared to local markets while at the other extreme, thin, high-quality,
metallurgical grade, low volatile, bituminous coalbeds under cover exceeding 700M. can
be deep mined, intensively prepared, transported hundreds ofkilometers by rail,
transloaded into ocean colliers and sold overseas profitably. The answer as to whether or
not a particular ton ofraw coal in place can be produced at a profit depends on the price a
buyer at a particular location is willing to pay. This selling price must include the value of
the coal, the cost ofmining, the cost ofpreparation, the cost of transportation and a
reasonable profit to the producer.

The economic value of any particular coal deposit is a complex function ofmany
interrelated factors which include: the thickness, quality and pitch of the coalbed; the
thickness and type ofcover over the coalbed; the proximity to other minable coalbeds;
geologic conditions with respect to water, methane gas, and geologic anomalies (such as
faults, washouts, and bad roof); and proximity to the marketplace.

Coal preparation is the process ofupgrading the quality ofron-of-mine coals to consumers'
requirements. This process may involve, depending on the characteristics of the raw coal and the
consumers' specifications, activities ranging in complexity from a simple mixing and blending
operation to a complex multistream plant washing the full size range of particle sizes in the raw
coal. As coal preparation is the connection between the coal producer and the coal consumer, the
importance ofcoal preparation will increase as coal consumers continue to demand increasingly
higher quality clean coals from increasingly lower quality raw coals. Some ofthe factors that
influence the art ofcoal preparation include the nature and extent ofthe coal reserves, the benefits
of prepared coals to the consumer and the levels ofcoal preparation available for upgrading the
quality of coals. The cost ofpreparing coals can be an appreciable portion of their selling price.

8.5-PART 2
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8.5.1.2 Justification for Coal Preparation

In the past, when coal was produced manually, the underground miners cut and loaded
coal selectively so that the run-of-mine product was generally acceptable for direct sale
and hence required little or no preparation. Because most of the coal was used in hand
fired boilers, coarse coals brought a premium price. Ifany preparation was required, it
usually involved only sizing and/or hand picking to remove the larger pieces ofrefuse.

In order to reduce mining cost, mining methods were changed from selective manual
mining to full seam mechanized mining. The direct result of this move to mechanized
mining was a significant decrease in both the average particle size and in the quality ofthe
raw coals being produced. Rarely was a mine able to change from selective to full seam
mining without adding a preparation plant. The industry found that it was more efficient
to mine the coal mechanically and remove impurities in a preparation plant than to mine
the coal selectively.

In addition to reducing the ash and sulfur content, coal preparation also provides a
product ofmore consistent quality. Power plant operators have found that consistent
quality pennits optimum burning rates, maximizes heat recovery, and minimizes
unscheduled outages caused by ash slagging and fouling problems.

8.5.2 BENEFITS OF PREPARED COALS

A study by the International Energy Administration (Mellanby-Lee, 1986) stated that no simple
relationship exists between coal quality and the costs of electricity generation. And although it
was clear that power station costs and performance can often be significantly improved by burning
a cleaner and/or more consistent quality coal, a detailed site-specific study usually is needed to
quantify the magnitude ofthe improvement.

Some ofthe components ofa power station's cost which depend on coal quality and consistency
include:

• Coal Transport Costs
Washed coals have a higher calorific value and hence the coal transport cost per
million BTUs is less.

• Coal Storage Costs
Coals having higher calorific value require less storage space than lower calorific
value per unit ofenergy.

• Coal Handling Costs
Because cleaned coals have higher calorific value and are more uniform than raw
coals, they are less costly to handle at the power plant.
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• Pulverizer Costs
Washed coals are significantly easier to pulverize than raw coals due to the
absence ofrefuse and generally the reduced size consist.

• Steam Generator Costs
Coal quality has a considerable effect on the design of the steam generator boiler in
that furnace dimensions, tube spacing, soot blowing provisions and many other
design features depend on various properties of the coal to be burned.

• Thermal Efficiency
Overall efficiency ofthe power station depends mainly on the boiler efficiency
which is determined by the amount ofheat lost in the flue gases. Low grade coals
require excessive air volumes for combustion, thereby increasing flue gas losses.
And coals that cause severe slagging and fouling problems require higher flue gas
temperatures, again increasing flue gas losses.

• PrecipitatorlBaghouse Costs
The capital and operating cost ofcollecting fly ash is a function of the amount and
characteristics ofthe mineral matter in the plant feed; burning cleaner coals can
lower this cost significantly.

• Flue Gas Desulfurization Costs
Where flue gas desulfurization is required to meet air quality requirements, the
associated capital and operation costs are a function of the volume offlue gas that
must be handled as well as the amount of sulfur in the fuel burned. Because flue
gas scrubbing costs are so high, even a small decrease in the sulfur content ofthe
coal burned will result in significant savings.

-Fly Ash and Scrubber Waste Disposal Costs
The capital and operating costs for disposing of fly ash and scrubber wastes are a
significant part ofthe total cost to generate electricity. As these costs are
dependent on the amount ofmineral matter and sulfur in the coal burned, small
improvements in quality can reduce plant costs significantly.

To the above specific costs must be added the increased costs for burning inferior coals which
include general maintenance, lower rated capacity, loss ofpeaking capacity, loss ofavailability,
unscheduled outages, and an increase in the amount ofpurchased power needed to meet customer
demand.

It is readily admitted that the list ofabove cost factors is not inclusive, but it does suggest the
kinds ofadditional costs that the burning of lower-quality coals can incur and does explain the
trend toward more intensive preparation ofcoals for the electric utilities.
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One of the better documented studies ofthe beneficial effect ofburning lower-ash coal in a utility
boiler was that conducted by the Tennessee Valley Authority (TVA) at its Cumberland power
plant located in Cumberland City, Stewart County, Tennessee. This is a twin 1300MW station, of
balanced draft design, equipped with electrostatic precipitators (Smith, 1988). During the period
1977 through 1981 TVA decreased the ash content of the feed to the plant from about 17 to 14
percent. In 1982 it switched to a clean coal averaging about 9 percent ash. The moisture
remained constant at about 11 percent and the sulfur content dropped from about 3.5 to 2.5
percent (Fig. 1). The results ofthe switch to a cleaner feed coal during the years 1982 through
1986 (Fig. 2 thru 5) were spectacular:

• The efficiency ofboiler 1 increased from 88.8 to 89.7 percent.

• The efficiency ofboiler 2 increased from 88.5 to 89.2 percent.

• The capacity factor (product ofgeneration capacity and time) increased from 38 to
70 percent.

• The unit availability increased from 50 to 75 percent.

• The total boiler availability increased from 60 to 80 percent.

• The total boiler maintenance costs decreased from $6 to $2 million per year

• The burning equipment maintenance costs decreased from $4 to $2 million per
year.

• The ash handling equipment maintenance costs decreased from $2.5 to $1.5 million
per year.

• The average megawatt hours (MWHs) lost due to forced deratings decreased from
about 250,000 to about 20,000.

For those portions ofa power plant that come in contact with coal or the products ofcombustion,
the severity ofwear is directly traceable to the quality offuel consumed over time. A study of the
effect ofthe coal quality on maintenance costs at a utility plant showed that by reducing the ash
content of the feed coal from 20 to 12 percent and the sulfur from 3.5 to 2.0 percent, a plant-wide
maintenance cost saving of$1.3 per ton ofcoal could be achieved, for an annual saving of$3.5
million (Holt, 1982).
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8.5.3 LEVELS OF COAL PREPARATION

The intensity ofeffort that must be expended to transform an unsalable run-of-mine coal to a
salable product depends on the nature ofthe raw coal and the requirements of the buyer. The
quality ofrun-of-mine coal is a function ofthe inherent quality ofthe coalbed, the extent to which
it was degraded during extraction and handling, and the amount and nature ofout-of-seam
dilution added during the mining process.

The quality requirements of the customer depend on the coal's intended use. While all customers
want uniformity and consistency at minimum cost, coke oven operators, power plant operators
and industrial users all have significantly different quality requirements and are willing to pay
different prices for these coals.

Because ofthe variations in run-of-mine coals and customer specifications, the level of
preparation required to process coals must be tailored so as to provide the customer with an
acceptable product at minimum cost. In some instances, the run-of-mine coal is of sufficient
quality to be acceptable to a customer without preparation; in other instances the run-of-mine coal
may require crushing to liberate banded impurities, intensive cleaning of all size fractions and
thermal drying ofthe fines to meet ash, sulfur and moisture specifications.

To provide a scale ofthe degree of effort that may be required to prepare coals, coal preparation
plant flowcharts have been classified into six levels ranging from level A (no preparation) to level
F (intensive cleaning). And while the sizes treated, the specific equipment used, and the circuit
configurations within these levels ofpreparation do vary, this general categorization does provide
an easy measure ofthe intensity ofthe process involved.
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8.5.3.1 Level A

At this level the raw coal is received, stored and loaded out with no mechanical
preparation involved. Some improvement in the quality ofthe coal may be accomplished
through mixing and blending. Recovery is 100 percent because no rejects are produced.

The cost of this level ofpreparation is very small, in the range of$0.25 to $0.75 per ton of
raw coal treated.

This system is illustrated in Figure 6 below:

ROM Coal

Storalte

Loadout

Figure 6.
Level "A" Preparation
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8.5.3.2 Level B

At this level only the top size of the run-of-mine (ROM) coal is controlled. This usually is
accomplished by passing the run-of-mine coal over a stationary or vibrating scalping
screen or through a rotary breaker to produce a product sized smaller than about 150mm.
If the oversize from the screening contains banded coal, it usually is crushed and
recombined with the raw coal with no improvement in the quality of the raw coal except
that some liberation of coal from impurities may be accomplished. Because there is no
reject, the yield is 100 percent. (See Figure 7).

Ifthe oversize material from the screening is essentially rock, it usually is discarded with a
slight loss in yield, a slight improvement in raw coal quality but with little loss of coal.
(See Figure 8). Some form oflevel B preparation is used for practically all run-of-mine
coals either to improve their handling properties, to limit the top size ofraw coals entering
preparation plants, to reduce the refuse load to washers or to liberate coal from banded
impurities.

The cost for this level ofpreparation is low, in the range of$0.25 to $1.00 per ton of raw
coal treated.
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8.5.3.3 Level C

This level includes the addition of a sizing screen to separate the top-sized raw coal into
two size fractions - usually plus 13mm and minus 13mm. The coarse size fraction is
washed in a heavy media vessel or jig. The plus 13mm clean coal product from the washer
is dewatered and combined with the minus 13mm unwashed raw coal as a final product.
The plus 13mm refuse is dewatered and rejected. (See Figure 9).

This level ofpreparation is appropriate where the minus 13mm raw coal is fairly clean and
the coarse raw coal contains most ofthe impurities. Usually low to significant ash
reduction but little sulfur reduction is accomplished. Because only the coarser sizes are
wetted and washed, there are no expensive fine coal washing and drying costs.

The cost for this level ofpreparation is in the range of$1.00 to $2.00 per ton ofraw coal
treated. •
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Figure 9
Level "C" Preparation

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Reject

I
Refuse I

dewatering screens II 1

I

Refuse

+150 mm

+13 mm refuse

ROM Coal

Scalping screen
or

Rotary breaker

-150 mm!
I
I
jo(

Heavy media vessel
or

Jig

+13mm

I Clean coal
Idewatering screens
I

-150 mm

y
Loadout

y

8-51

+150 mm

y
Crusher

-150 mm

-13 mm fine coal



8.5.3.4 Level D

At this level, the minus 13mm through product of the sizing screen is also wet treated in a
second washing circuit on either concentrating tables, heavy media cyclones or water-only
cyclones. The finer sizes (lmm x 0) will not be prepared very efficiently. The clean coal
product is dewatered with either sieve bends, classifying cyclones, dewatering screens or
centrifuges before being mixed with the dewatered plus 13mm coal product. The minus
13mm rejects are also dewatered by sieve bends and/or screens and combined with the
coarse rejects for disposal. The finest fraction (O.5mm x 0) will pass to water clarification
essentially raw and generally be dewatered and discarded. (See Figure 10).

This level ofpreparation is appropriate where the quality ofall of the size fractions in the
raw coal must be upgraded to meet customer specifications. Because all of the sizes
usually are wet-washed at this level, the increased cost for this level is higher than any
previous level because ofthe inherent difficulty ofdewatering and disposing of fine
material. Significant ash and sulfur reductions usually can be achieved at this level.

The cost of this level ofpreparation is moderate, in the range of$1.50 to $2.75 per ton of
raw coal treated.
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8.5.3.5 Level E

At this level ofpreparation, the minus 13mm undersize from the sizing screen is further
classified by sieve bends, screens, or cyclone classifiers into additional size fractions 
13mm x lmm, lmm x 0.15mm and 0.15mm x 0 - and washed in separate circuits.

The 13mm x Imm intermediate-size fraction is generally washed in heavy media cyclones
followed by dewatering ofthe products on sieve bends, dewatering screens and
centrifuges. The Imm x O.l5mm is washed with either coal spirals, water cyclones or
Deister tables with the product dewatered with either sieve bends, fine screens or scroll
centrifuges. The O.15mm x 0 fine size fraction is washed by froth flotation with the clean
coal product being dewatered by screen-bowl centrifuges or vacuum filters and if
necessary, dried by thermal dryers. The fine refuse may be concentrated in thickeners
prior to disposal in an impoundment, or further dewatered by vacuum or pressure filters
and combined with the coarse refuse for disposal in a refuse pile.

Because ofthe four separate washing circuits, each size fraction can be washed to the
extent required to achieve overall product specifications at maximum yield of clean coal.
The additional cost for this increased level ofpreparation is significantly higher because of
the fine coal circuits, particularly the cost of dewatering and drying the 0.15mm x 0 sizes
and thickening and disposing ofthe very fine refuse. When the raw ash ofthe finest
fraction is high (generally above 35-40%), the 0.15mm x 0 will be passed to refuse raw.
(See Figure 11).

The cost ofthis level of preparation is high, in the range of$2.50 to $4.00 per ton of raw
coal treated.
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8.5.3.6 Level F

This level is essentially the same as level E except that crushing stages may be introduced
at various stages in the circuit. For example, instead ofcrushing to a top size of 15Omm at
level B, the run-of-mine coal might be crushed to say 100mm to liberate coal from banded
material Or the middling product from say a jig may be crushed to liberate a banded coal
and rewashed to increase overall yield. Because the cost ofcleaning coal increases
markedly with decreasing particle sizes, the additional cost ofcleaning to this level must
be justified by a commensurate increase in overall plant yield to offset the increased cost of
treating the finer coals. (See Figure 12).

The cost of this level ofpreparation is highest, in the range of$2.75 to $4.50 per ton of
raw coal treated.

Each ofthe sequentially listed levels ofpreparation includes the circuitry ofthe previous
levels. All of the levels include facilities for clean coal storage, reclaim and loadout.

On the premise that "the least preparation is the best preparation," prudent plant designers
usually begin with a thorough knowledge ofthe raw coal to be treated and then move up
the levels ofcoal preparation from level A to whatever level is required to meet the
minimum product quality requirements of the customer. To do less will lose a customer
because ofpoor quality; to do more might also lose a customer - but in the latter case
because ofhigh cost.

8-56

I
I
I
I
I
I
I
I

- I
I
I
I

IIi I



- - - - - - - - - - - - - - - - - - -

~on~).''-,

Refusc ""

+150 81m

~

'"Reful~,

T
--

ROM Coal

+1508181 (I)

. on .°T-~~~Ipln~ ---I H_O -----o-L~;~.~lnr0 J
.150 ;.;..--r-- o

, 0150 81m -~--

IShln~~.o.creJ
Cyclone.

+l3mmcDa!~e~~E=---'~~~-~-;:15~~~;;:'::s Imm~_d:te t~~_ 00.15mm fine 3
cDal Lcavy media 1 coal .-waterO"8 coal concentratlna coal

velieI cyelonet, tablet, Froth
Dr Jig Concentrating Water-only cyclone., flotation-J".o, table., .r Heavy mcdla

(y~~~_ ___ ".S'k'. .. .. eycl~e •

.t. __ ~._ __(i=!-~1_.0__ ___.o~--? ~_3_
RefutE] f Clean cDal J [ Retute;] Clean coal Retutf;J Clean eoa)

dewatering dewatering dewaterln~ dewatering: dewater.. lng dewatering:
~. tcre,,!.~ --!er~.!'~ Sieve bend., tereent Screen. or. 'r -r Sereent or Centrlfuget

___------I. ....J Centrlfuget

r- ----r<--- -._- -
L.-Sl«>r~_J (I) Poltlbly crulh to 5r (2) Pottlbly cruth reject and

, reprocen In the intermediate circuit.

I
(3) POllibly erulh the larger particle.

LCladont (13mm x 5-6mm), reelallify at Imm
lind repro",elt in the intermediate or
One drcult•.

00
I
VI
-....l

Figure 12
Level "F" Preparation

~~



8.5.4 COAL PREPARATION COSTS

The total cost ofpreparing a particular coal for a particular market consists of three major cost
categories: raw coal cost, fixed costs, and variable costs.

8.5.4.1 Raw Coal

The cost ofthe raw coal delivered to the preparation plant is the major portion ofthe cost
ofthe clean coal product. It is the quality of the raw coal that dictates the level of
preparation required and hence the percentage yield ofproduct at the required quality.
Raw coals that require intensive cleaning ofall size fractions, and result in low yields of
product to achieve a given level of quality, are much more expensive to clean than coals
that require less intensive cleaning and result in high product yields. Coals that contain
high percentages ofnear-gravity material also cost more to clean because of the difficulty
ofwashing. Finally, coals that contain an excessive amount offines are most costly to
clean because fine coals are significantly more expensive to clean than coarse coals.

8-58

To maintain a profit of$2,000 per day on the sale of800TPD ofproduct, the product
would have to be sold for $19,200/800 tons = $24 per ton - a $7 per ton increase in cost
for the prepared coal over the cost of the unprepared coal. The point to be learned here is

For example, ifa raw coal cost $15 per ton and could be sold for $17 per ton without
preparation, what would the selling price have to be if it were mechanically prepared in
order to make the same profit? Ifan overall recovery of 80 percent, a cleaning cost of $2
per ton offeed, adisposal cost of$1 per ton, and a raw coal supply of I,OOOTPD are
assumed, the solution would be as shown in Table I.

Option 1 - Without preparation
Income
Cost ofraw coal
Profit

Option 2 - With preparation
Cost of cleaning
Cost of refuse disposal
Cost ofraw coal
Profit
Total cost

Table 1 - Preparation Options

I,OOOTPD @ $17/ton
I,OOOTPD @ $15/ton

1,OOOTPD @$2/ton
200TPD @ $1Iton

1,OOOTPD @ $15lton

= 17,OOO/day
= 15,OOO/day
= $2,OOO/day

= 2,000/day
= 200/day
= IS,OOO/day
= 2,000/day
=$19,200/day
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that both the cost of preparing the coal and the loss of200 tons of raw coal having a
purchase price of$15 per ton and a disposal cost of$1 per ton of reject must be
recovered.

Ifthe customer demanded an even cleaner coal that allowed, for example, only a 70
percent recovery ofsalable coal, this cleaner product would have to be sold for $27.57 per
ton ($19,3001700 tons) - a further increase of$3.57 per ton ofcoal- to maintain a
$2,000 per day profit level.

8.5.4.2 Fixed Costs

Fixed costs usually include all costs having to do with the ownership ofa facility and not
related to the level ofoperation. Included in this category are such costs as the decrease
in value of the plant over time (depreciation and obsolescence), insurance, security, taxes,
maintenance, standby utilities, and all other costs required for continued ownership of the
plant in operating condition. The investment cost ofa preparation plant will vary with
both its size and complexity (Levels B through F) from a low end cost of$I,500 per ton
ofraw coal feed capacity to a high end at $30,000 - $35,000 per ton offeed capacity.

8.5.4.3 Variable Costs

Variable costs usually include all of the costs having to do with the operation ofa facility
not related to the ownership of the facility. Included in this category are such costs as
labor, replacement parts, supplies and materials, magnetite, reagents, flocculants, water,
and electrical power. Some ofthese costs are directly related to the level of production
and include the costs of, for example, flotation reagents, makeup magnetite, and electric
power. Other costs, however, are not directly related to the level of production and
include, for example, the cost of operating and maintenance labor, supervision, and
administration. As the level ofpreparation becomes more intensive, these costs increase
from $0.25 to as much as $4.50 per raw ton processed.

8.5.5 COAL SALES

In a free market economy as in the United States, tens of thousands ofproducers ofgoods and
services, and millions ofconsumers execute billions ofmarket transactions annually. Most goods
and services are scarce, in the sense that they are not free, have value, and hence command a price
in the marketplace. Prices perform the key function ofallocating all types ofresources (such as
raw materials, production capacity, goods and services) to their most efficient use. When the
markets are functioning properly, the price that each resource can demand is equal to the value of
other resources that are used in producing it. The public needs electricity, so investors build and
operate electric power generating facilities. These plants need fuel to raise the steam that
generates the power, and power-plant operators constantly search the marketplace for fuels that

8-59

\\\



will produce electricity at the lowest cost per kilowatt-hour (KWH) at the busbar. They are
looking for fuels that are not only the lowest in cost in terms ofas-received BTUs per pound, but
also lowest in cost when such factors as uniformity, consistency, low slagging and fouling
indexes, low ash, low sulfur, low pulverizing costs, and good handling properties are considered.
Fuels that contain too much sulfur will require scrubbers, and coals that contain too much ash will
require excessively large precipitators to clean the flue gases to meet site-specific air quality
requirements. Certain ash characteristics can cause outages due to slagging and fouling in the
boilers. Therefore, coal buyers attempt to negotiate contracts with coal producers which allow
both buyer and producer to profit.

Coal is sold either under long-term contracts or on the spot market. Coals sold under contract
usually specify the delivery ofa particular lot of coal meeting stated minimum quality
specifications over a period ofseveral years, sometimes as long as 15-20 years. Coals sold on the
spot market, however, are for a particular lot of coal, again with stated minimum quality
specifications, to be delivered usually within one year.

Most coal sales contracts include price escalators for such contingencies as changes in the
Producers Price Index (an index used in the U.S. to indicate changes in the average cost of
producing goods and services), transportation costs, and general wage increases. Most contracts
also include penalties for coals not meeting specifications (usually in terms ofmoisture, ash,
sulfur, and heat content) and for untimely deliveries. As one example, a typical penalty provision
may provide for a discount of$0.05 per ton for each 0.01 percentage point ofsulfur over
specification, $0.25 per ton for each 1.0 percentage point ofash over specification, and a
reduction for low heat content calculated as the ratio ofdelivered/specified heat content times the
quoted price. For example, if a delivered coal actually contained 11,500 BTUllb compared with
the specified heat content of 12,000 BTUllb and the quoted price was $28.00 per ton, then the
delivered coal would be worth only (11,500/1200) x $28.00 =$26.83 per ton - a reduction of
$1.17 per ton due to the lower heat value. Penalties for untimely deliveries usually are contract
specific and depend on the customer's willingness to accept and stockpile early deliveries or to
purchase other coals in the event oflate deliveries.

Coal preparation can provide economic benefits for both the producer and the consumer.
Because the preparation plant can upgrade the quality of the full range ofparticle sizes produced,
coal operators can use high capacity, high productivity mining methods and equipment to reduce
their raw coal costs and increase their coalbed recovery. Consumers benefit because mechanical
coal cleaning plants can produce a full range of coal qualities to meet their most exacting
specifications.
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9.2.1 Examination of Coal Data

9-1

• Technical
• Environmental

• Economic

• Financial

9.2 TECHNICAL DATA

INVESTMENT PROGRAM FOR THE PRELIMINARY DESIGN OF
THE SELECTED FLOWSCHEME

9.1.2 Background

Coal samples from both Ekibastuz and Borlinski were collected and analyzed by others.
The analysis was complete both in terms ofsize consist and washability. Examination of
the washability characteristic of the various samples and manipulation of the size consists
led to the conclusion to use the Borlinski data as the basis ofthe plant design work.

A coal preparation facility could potentially assure the desired 36% ash product was
provided to the power plants. It is also possible that prepared coal would be appropriate
to a wider market. The technical, environmental, economic and financial aspects of five
different conceptual process designs were evaluated and an optimized scheme was
selected. The specific data for that scheme is presented in this report.

Much ofthe electrical power generation in Kazakhstan and some ofthe adjoining area of
Russia is accomplished by plants designed to burn approximately 36% ash coal. Often,
raw coal from the Ekibastuz mines and Borlinski mine is shipped with ash contents of45%
to 55%. This causes a variety of problems at the power plant such as accelerated
pulverizer wear, increased fouling, additional ash handling, capacity derating and dirtier
exhaust stacks.

With this documentation, it will be possible for a loan application for a specific project
plan addressing the issues oflocation, sponsorship, and product disposition to be prepared
by the Kazakhstanis.

9.1.1 Purpose

This report was prepared to provide supporting documentation for a loan application to
the World Bank (or similar scale lending institution) for a coal preparation plant in
Kazakhstan. The report addresses the following aspects of the potential facility:

9.0-PART 1

9.1 INTRODUCTION
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Equipment decisions made on the basis of the Borlinski sample would be equally valid for
the Ekibastuz material. The washability data from both the Ekibastuz and BorIinski
samples are included at the end of this report in the Appendix following page APP-6.

9.2.2 Conceptual Design

The selected conceptual design is presented in Figure 1. This is a partial washing scheme
with the minus 4mm raw coal passed to clean coal product unwashed and the plus 4mm
washed in heavy medium vessels.

9.2.3 Yield-Ash Data

A grade recovery curve (percent product dry ash versus percent dry yield) for a plant with
the conceptual design outlined, washing Borlinski coal is presented in Figure 2. From this
curve, the yield is noted to be 70% at the target ash value of36%.

Another point is also demonstrated by the curve. A product ash value as low as 31.5%
can be achieved. This assures that the flowscheme can achieve the target level of36% ash
even with higher ash levels in the minus 4mm size fraction than sampled. This verifies that
the conceptual design is sufficiently conservative.
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9.2.4 Market Suitability

The suitability of the preparation plant product to be sold in additional markets can also be
inferred from the grade recovery curve ofFigure 2. Two facts are clear from examination
of the curve. First, the lowest achievable ash is 31.5%. It is characteristic of these coals
that they have a fairly high inherent ash. Second, to achieve even small ash reductions
(such as 3% from 36% to 33%), requires substantial product loss (11% yield loss from

,70% to 59% for 33% ash clean coal product). From these two facts, we can conclude
that this coal does not have an opportunityto be utilized except in its historical and
present method as fuel for power generation.

9.2.5 Facility Description

The plant design and cost estimate reflect a facility capable of 5000 hours of operation per
year and 1000 dry short tons per hour (955 MTPH AR.).

The raw coal from the mine will be received in a dump hopper and fed onto a conveyor for
transport to one of two 25,000 metric ton open stockpiles. Coal will be reclaimed from
the pile with vibrating feeders and conveyed to a screening/crushing station. Here the raw
coal will be dry screened on an inclined vibrating screen at 150mm and the plus 150mm
will be reduced to minus 150mm in a single-stage roll crusher. Both the screen and
crusher through products will be collected on a belt conveyor for transport to the
preparation plant.

In the preparation plant, the minus 150mm raw coal is dry screened at 13mm. The
undersize from this operation is then further dry separated at 4mm. The minus 4mm raw
coal is sent directly to the clean coal product. The oversize from the 13mm dry screening
is wet screened (pre-wet) at 13mm. The undersize of the wet screening at 13mm is joined
with the nominal13mm x 4mm oversize product of the dry separation at 4mm in the
deslime feed sump. From this sump, the combined stream is pumped to a deslime sieve
bend and screen combination for a wet separation at 3mm.

The 13mm x 3mm oversize of the deslime operation joins with the plus 13mm overproduct
from the prewet screens. This combined stream ofnominal 150mm x 4mm raw coal,
which has been wet deslimed at 3mm, will be fed to two heavy medium baths for gravity
separation. The refuse will be drained and rinsed ofadhering magnetite on horizontal
vibrating screens and discharged to a belt conveyor for transport to a refuse holding bin.
The clean coal will also be drained and rinsed on horizontal vibrating screens. These units
will be double deck. Plus 19mm material from the top deck will pass directly to a clean
coal collecting conveyor. The 19mm x 3mm material will be dewatered in vibrating basket
centrifuges. Wash water from the rinse sections of the refuse and clean coal vibrating
screens will be collected and fed to single drum magnetic separators for magnetite
recovery.
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The minus 3mm through product of the deslime sieve bend and screen will be pumped,
along with centrifuge effluents, to a bank ofclassifying cyclones for a size separation at
0.15mm. The 3mm x O.15mm will be dewatered in a scroll type centrifuge and passed to
the clean coal collecting belt. The minus O.15mm overflow ofthe classifYing cyclones,
along with most ofthe water, will be fed to a static thickener. The minus O.15mm solids
will be thickened at the underflow and fed to a vacuum disc filter for dewatering. Disc
filter cake will be discharged to the clean coal collecting conveyor. Clarified water from
the static thickener will be returned to the plant circuitry for reuse.

Total clean coal from the plant then consists of4 streams:

• raw, dry screened 4mm x 0
• concentrate from the heavy media baths (l50mm x 3mm)
• raw misplaced fines from the dry screening operations that have been centrifugally

dewatered (3mm x O.15mm)
• raw misplaced fines from the dry screening operations that have been dried

(partially dewatered) on a vacuum filter (O.15mm x 0)

This clean coal product will have a surface moisture ofabout 5% and will not require any
thermal dewatering.

The combined clean coal stream will be transported to a pair of25,OOO metric ton ground
storage piles. Clean coal will be reclaimed with vibrating feeders onto a collection belt for
transport to a train loadout station.

The ISOmm x 3mm refuse will be trucked back into the mine for permanent disposal.

9.2.6 Equipment List

A complete, detailed equipment list for the raw coal handling is shown in Table I.

A complete, detailed equipment list for the preparation plant is shown in Table 2.

A complete, detailed equipment list for the refuse and clean coal handling is shown in
Table 3.
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Table 1
Raw Coal Handling

Unit Number Description

001 Dump hopper discharge vibrating feeder: 48" (1.2m) wide

002 Raw coal stockpile feed conveyor: 48" (102m) wide

003 Raw coal stockpile cross conveyor: 48" (1.2m) wide

004A,B,C,D Raw coal reclaim vibrating feeders: 42" (1.1m) wide

005 Raw coal reclaim conveyor: 48" (I.2m) wide

006 Raw coal scalping screen: 7' x 14' (2.1m x 4.3m) SD (single
deck)

007 Raw coal crusher: 30" (762mm) diameter x 48" (1.2m) long

008 Plant feed conveyor: 48 11 (102m) wide

009 Plant feed belt scale: 1200 TPH

010 Raw coal bulldozer: D-10 Caterpillar
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Table 2
Preparation Plant

Unit Number Description

101A,B Raw coal screens: 10' x 16' (3.0m x 4.9m) DD (double deck)

102A,B Prewet screens: 10' x 16' (3.0m x 4.9m) SD (single deck)

lO3A,B Heavy media vessels: 20' (6.1m) weir x 4' (l.2m) wide

104A,B Clean coal drain and rinse screens: 8' x 16' (204m x 4.9m) DD
(double deck)

105A,B Refuse drain and rinse screens: 6' x 16' (1.8m x 4.9m) SD
(single deck)

106A,B Coarse coal centrifuges: Wemco 1100

107A,B Coarse heavy media pumps: Goulds 10 x 12 x 21 (254 x 305
x 533mm)

108 Vessel dilute media pump: Goulds 12 x 14 x 25 (305 x 356 x
635mm)

109A,B,C,D, Magnetic separators: 36" (914mm) diameter x 120" (3.0m)
E,F,G long

110 Deslime sieve bend: 8' (204m) wide x 80" (2.0m) radius x 60°
arc

111 D.eslime screen: 10' x 16' (3.0m x 4.9m) SD (single deck)

112 Deslime feed pump: Goulds 10 x 12 x 21 (254 x 305 x
533mm)

113 Classifying cyclone feed pump: Goulds 10 x 12 x 21 (254 x
305 x 533mm)

114A,B,C,D, Classifying cyclones: Deister 14B - 14C
E,F,G

115 Fine coal centrifuge: Wemco H-900

116 Static thickener: 90' (2704m) diameter

117 Thickener underflow pump: Goulds 4 x 6 x 18 (102 x 152 x
457mm)

118 Disc filter: Eimco 12'-6 (3.8m) x 5 disc
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Table 2 (continued)
Preparation Plant

Unit Number Description

119 Vacuum pump: Nash 4000

120 Filtrate pump: Goulds 4 x 3 x 12 (102 x 76 x 305mm)

121 Clarified water pump: Goulds lOx 8 x 21 (254 x 203 x
533mm)

122 Seal water pump: Goulds 4 x 3 x 12 (102 x 76 x 305mm)

123A,B Rotating probability machines: Gundlach

124A,B Floor clean-up pumps: Goulds 3 inch (76mm) vertical

125 Air compressor: 170 M3IfJR

126 Air dryer: 170 M31fJR

127 Magnetite screw conveyor: 9 inch (229mm) diameter
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Table 3
Refuse and Clean Coal Handling

Unit Number Description

201 Refuse conveyor: 36" (914mm) wide

202 Refuse bin gate: 30" (762mm) square

203 Clean coal collecting conveyor: 42" (l.lm) wide

204 On-line ash analyzer for 42" (l.Im) wide belt

205 Clean coal stockpile feed conveyor: 42" (l.Im) wide

206 Clean coal stockpile cross conveyor: 42" (l.Im) wide

207A,B,C,D Clean coal reclaim feeders: 36" (914mm) wide

208 Clean coalloadout belt: 60" (1.5m) wide

209 Clean coal conveyor belt scale: 42" (l.lm) wide

210 Refuse conveyor belt scale: 36" (914mm) wide

211 Clean coal bulldozer: D-I0 Caterpillar

212 Refuse bulldozer: D-I0 Caterpillar

213A,B,C,D Refuse trucks: 60 ton capacity

9.2.7 Detailed Flowsheet

A detailed flowsheet for the complete preparation facility has been prepared. It is labeled
with drawing number C-3427-FS-000 and is included at the end ofthis document in the
Appendix following page APP-7.

9.2.8 Quantity/Quality Diagram

A complete quantity-quality diagram for the preparation facility has been prepared. It is
labeled with drawing number C-3427-QQ-OOO and is included at the end ofthis document
in the Appendix following page APP-7.
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9.3 ENvrn-ONMENTAL DATA

There is no need for thennal drying ofthe product stream from the preparation plant. There are
only two facets ofthe preparation facility that are different from the existing mining operations:
the production ofa refuse stream and the use ofwater in the beneficiation process.

9.3.1 Disposition of Reject

The reject from the preparation facility will be returned to the pit for final storage. This
material will be essentially in its native location in identical condition. There is no
environmental impact.

9.3.2 Water Usage

The combination ofdry separation ofraw fines and mechanical dewatering ofthe minus
19mm clean coal streams results in the plant being neutral in terms ofwater loss or gain.
The system is deslimed as a closed circuit with neither a water discharge stream nor the
need of a water make-up stream. There is no environmental impact.

9.4 ECONOMIC DATA

Capital and operating cost estimates were prepared for the preparation facility. These were
prepared for each functional portion ofthe facility starting at the raw coal area, proceeding
through each process station ofthe beneficiation plant and finishing with the refuse and clean coal
handling.

9.4.1 Capital Cost Estimate

The capital cost estimate for the facility is shown in Table 4. It includes no costs for land
acquisition or infrastructure because the facility is envisioned to be developed at an
existing mine site. The estimate is based on current U.S.A. equipment, material and labor
costs with adjustments built-in for shipping and local construction labor.
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Table 4
Capital Cost Estimate in U.S.$

Function Cost % of Total

Raw Coal 3,090,000 21.2

Dry Screen 750,000 5.2

Coarse Wash 1,850,000 12.7

Fine Dry Screening 1,500,000 10.3

Desliming 400,000 2.8

Intennediate Washing 825,000 5.7

Intennediate Dewatering 325,000 2.2

Fine Classification 325,000 2.2

Fine Dewatering 500,000 3.4

Water Clarification 675,000 4.6

Refuse Handling 2,350,000 16.1

Clean Coal Handling 1,980,000 13.6

TOTAL 14,570,000 100.0

9.4.2 Operating Cost Estimate

The operating cost estimate for the facility is shown in Table 5. It is based on the design
ofthe facility to U.S.A. standards for materials ofconstruction, automation and manpower
staffing. The estimate is presented on a raw coal basis.
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Table 5
Operating Cost Estimate in U.S.$ per Raw Ton

Function Cost

Raw Coal 0.50

Dry Screen 0.10

Coarse Washing 0.12

Fine Dry Screening 0.10

Desliming 0.05

Intermediate Washing 0.12

Intermediate Dewatering 0.10

Fine Classification 0.06

Fine Dewatering 0.10

Water Clarification 0.15

Refuse Handling 0.60

Clean Coal Handling 0.50

Total 2.50

9.5 FINANCIAL DATA

With the change from selling raw coal to selling a prepared coal, the cost components of a
saleable ton ofclean coal product have been increased. There are three new components of cost
to consider:

• The loss of product volume as plant refuse
• The operating cost of the facility
• The capital charges for interest and depreciation ofthe asset (preparation plant facility)

9.5.1 Loss of Product

At the target specification ofa 36% ash product, the facility yield is 70%. A precise
calculation ofthe cost of the reduced product volume cannot be done without an exact
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selection of coal source and market by the Kazakhstanis. However, infonnation from
Ekibastuz indicates an existing raw coal price ofU.S.$4.50 to $5.00. On the basis of
$5.00, with 70% yield the adjusted price to account for the loss ofproduct is $5.00
divided by 0.70 or $7.14, an increase of$2.14 to the existing price. Table 6 shows the
necessary increase for a reasonable range of existing prices.

Table 6
Cost of Reduced Product Tons

(all in U.S.$)

Existing Price Required New Price Required Increase

4.00 5.71 1.71

4.25 6.07 1.82

4.50 6.43 1.93

4.75 6.79 2.04

5.00 7.14 2.14

5.25 7.50 2.25

5.50 7.86 2.36

5.75 8.21 2.46

6.00 8.57 2.57

9.5.2 Operating Cost

For an operating cost ofUS.$2.50 per raw ton as shown in Table 5 and 70% yield, the
operating cost per clean coal product ton is $2.50 divided by 0.70 or $3.57 per ton of
product. This operating cost is in addition to the cost oflost product, as shown in Section
5.1, Table 6.

9.5.3 Sensitivity to Interest Rates and Depreciation Terms

To capitalize the investment in the facility, both the actual capital cost and the financing
cost must be considered. Combined rates for interest and depreciation offrom 15% to
40% are used in Table 7 to calculate the necessary increase in the price of product to
capitalize the facility. For 70% yield, the available tons of product at 5000 operating
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hours and 1000 tons per hour are 3,500,000 tons per year. The capital cost estimate
developed in Table 4 for the coal preparation facility was U.S.$14,570,000. Thus we see
in Table 7:

Table 7
Cost Allowance for Interest and Depreciation

Combined Interest Required Increase
and in Product Price

Depreciation Rate (U.S.$ I clean ton)

15% 0.62

20% 0.83

25% 1.04

30% 1.25

35% 1.46

40% 1.67

9.5.4 Required Market Price Increase

The required increase in market price is a combination of the increase for loss ofproduct,
the operating cost ofthe facility and the cost of interest and depreciation. This
combination could be as low as U.S.$5.90 per ton of product for existing U.S.$4.00 coal
and a combined interest and depreciation rate of 15% or as high as U.S.$7.81 for existing
U.S.$6.00 coal and a combined interest and depreciation rate of40%. These data are
summarized in Table 8.
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Table 8
Required Market Price Increase

Loss of Product Interest and Depreciation Total
Operating Cost Required

Raw Increase for Cost Combined Increase for Increase in
Coal Loss of Interest and Interest and Product
Cost Product Depreciation Depreciation Price

Rate

$4.00 $1.71 $3.57 15% $0.62 $5.90

$6.00 $2.57 $3.57 40% $1.67 $7.81

The specific data points will be determined by the Kazakhstanis in conjunction with the
lending institution.

References: APPENDIX, Subtask 9.0, Part 1, (Tab 9), pages following APP-8: Process
Drawing and Quantity/Quality Diagram.
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9.6-PART 2 RECOMMENDATION OF A U.S. FIRM FOR THE DETAILED DESIGN
AND CONSTRUCTION OF THE PROPOSED PREPARATION PLANT

9.6.1 INTRODUCTION

CEE INCORPORATED (Coal Energy Engineering) is a high technology coal processing
design/consulting engineering company with headquarters in Pittsburgh, Pennsylvania, 15216, at
1000 Banksville Road. The company is staffed by experienced, innovative coal preparation
engineers with expertise in:

• Flowsheet Design and Optimization
• Equipment Selection
• Detail Plant Design and Construction
• Plant Operations and Maintenance
• Automated Process Control
• Feasibility Studies
• Education and Training

CEE INCORPORATED was created in 1986 to fill a void in the coal industry for a higWy
'professional organization which could identify, evaluate, recommend and implement solutions to
technical, operational and economic problems. We have the knowledge, experience and state-of
the-art technical facilities to produce cost effective, immediate benefits for our clients. Some
areas where CEEI has improved plant productivity and profitability are:

• improved performance of plant unit operations through implementation ofproper
operating and maintenance techniques

• increased yield and decreased consumables usage through flowsheet optimization and
application ofautomated controls

• maximized profitability through plant design, engineering and total systems concepts

• increased plant throughput by improving scalping and desliming techniques as well as
material handling and water management systems

• reduced labor cost and increased personnel efficiency through on site education and
training seminars

CEEI's qualified staffhas serviced numerous clients in the U.S. coal industry over a wide
geographic area including the Appalachian and Illinois Basin coal fields and stretching south to
the state ofAlabama and west to the state ofWashington. We have also worked on deposits in
Alberta and British Columbia, Canada. Since 1993, we have been active in the Independent
States ofthe Former Soviet Union.
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9.6.2 RECENT DOMESTIC PROJECTS

Five (5) facilities have been selected for presentation to demonstrate the CEEI accomplishments
in the domestic coal industry. We have worked on the design of more that fifty new and
modified/upgraded plants.

9.6.2.1 Kerr McGee Corporation - Galatia Preparation Plant

This is a plant in TIlinois.

CEEI designed a plant expansion from 1000TPH to 1500TPH. The plant is a four(4)
circuit design ofheavy medium vessel, heavy medium cyclones, spirals and froth flotation.
The design completely utilized all facilities of the existing plant while integrating the new
circuitry. The construction and tie-in was achieved without disrupting the on-going plant
operations.

9.6.2.2 Addington Resources - Baldwin Plant

This is a plant in Tennessee.

CEEI modified an existing jig plant to change it to a three circuit plant with a heavy
medium vessel circuit, a heavy medium cyclone circuit and a spiral circuit. Much of the
heavy medium cyclone and spiral equipment was relocated from another Addington plant
on a property that had exhausted its reserves. This was the tenth plant CEEI had done for
Addington Resources.

9.6.2.3 Northland Resources - Delbarton Plant

This is a plant in West Virginia.

CEEI modified and upgraded an existing 450TPH plant to 600TPH with the addition of
coal washing spirals and froth flotation. A PLC based control system was added and a
refuse disc filter was replaced with a pumpaway system.

9.6.2.4 Pen Coal- Dunlow Plant

This plant is in West Virginia.

CEEI upgraded a 400TPH plant to 550 TPH by the addition ofa desliming circuit,
additional spiral capacity and adjusting the material size processed in the various plant
circuits. A fine refuse pumpaway system was later added to retire a belt press and a 5 belt
coarse refuse belt conveyor system was added to eliminate an overland truck haul.
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9.6.2.5 Aloe Mining Company - Warwick Plant

This plant is in Pennsylvania.

CEEI modified the circuitry ofa plant that had been shut down for two years and
reactivated the facility. The modified circuitry is a heavy medium bath and coal washing
spirals. The plant now achieves the requisite quality at a 600TPH feed rate. The river
loadout station for the plant was subsequently modified when dam construction changed
the water elevation in the river.

9.6.3 EUROPEAN AND C.I.S. EXPERIENCE

CEEI has been active in the C.I.S. since May of 1993. CEEI principals have dealt in Europe since
the 1970s.

9.6.3.1 Kemerovo Oblast (Kuzbass area ofWestern Siberia)

9.6.3.1.1 Sibir JSC Preparation Plant

CEEI provided a spiral washing circuit to a plant that washed down to 0.5mm with
jigs and applied froth flotation to 0.5mm x O.

9.6.3.1.2 Kuznetskaya Preparation Plant

CEEI reviewed the water handling for a plant processing hydraulically mined and
transported coal. We addressed the transport water clarification and fine refuse
dewatering.

9.6.3.1.3 Kuzbasskaya Preparation Plant

CEEI designed a fine coal cleaning circuit including cyclone classification, spiral
washing and high speed centrifuge dewatering.

9.6.3.2 Vorkutaugol- Pechorskaya Plant

This production association and preparation plant are in the Pechura Basin.

CEEI is completing a study to improve the operation of a heavy medium cyclone circuit.
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9.6.3.3 Yakutugol- Neryungri Plant

This production association and preparation plant are in Yakutia Province.

CEEI provided upgraded process equipment to improve the plant hydraulics and
magnetite recovery.

9.6.3.4 Antenergoinvest - Vorshakht Plant

This company and mine are in the Ukraine.

CEEI evaluated the potential ofcoal recovery from an anthracite slag pile.

9.6.3.5 Karagandaugol- Saburhanskaya Plant

This production association and preparation plant are in Kazakhstan.

CEEI developed a preliminary design to replace a jig circuit with coal washing spirals and
put more coal to an existing heavy medium vessel circuit.

9.6.3.6 Technology Transfer Seminars

CEEI has presented a series ofcoal preparation seminars to leaders ofthe coal industry at
conferences in Moscow, Kemorovo and Ekibastuz. The seminars were sponsored by
Partners In Economic Reform to assist in modernizing the c.I.S. coal industry.

9.6.3.7 Earlier European Work

CEEI principals have previous coal industry experience in Europe.

9.6.3.7.1 Poland

In 1980, Ken Wyzykowski visited the Polish coal preparation industry to
investigate the potential import to the U.S.A. ofPolish designed/manufactured
equipment.

9.6.3.7.2 CTermany

Ken Wyzykowski visited the German coal preparation industry in 1980 to
investigate the use offilter presses and high pressure diaphragm pumps.
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9.6.3.7.3 England

Ken Wyzykowski visited English coal preparation facilities in 1978, 79 and 80 to
investigate the use ofdrum filters, cell-to-cell flotation machines and computer
based control systems.

Tom West also visited the English coal preparation industIy in 1978 for a similar
purpose.

9.6.4 STAFFING

CEEI has taken various roles in the execution ofprojects. While we perform the process design,
process impactive discipline design, and provide procurement specifications and commissioning
services on all projects, on some projects we take a total management role, perform all discipline
design, procure all equipment and construction materials, and contract for and manage all
construction labor. We do this with a relatively small core ofexperienced coal field
professionals.

9.6.4.1 Kazakhstan Plan

In executing a preparation plant in Kazakhstan, we would still perform the processes
design and process impactive discipline design from our Pittsburgh headquarters.
Equipment specification would also be done here. A project office would be established
in Kazakhstan. Major portions ofthe discipline design could theoretically be done by
local Kazakhstani firms.

9.6.4.2 Point of Contact and Key Personnel

The point of contact at CEE, Inc. is Thomas W. West, President. Four key personnel
include disciplines in mining, coal preparation, civil, and mechanical engineering with
average engineering experience per person of 23 years.
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10.0 FINAL REPORT I MEETING

A final report was prepared which covered each ofthe nine Subtasks in detail with all supporting
information-such as washability data and.flow diagrams-given in the Appendix. The report
was presented at a meeting in January, 1996 held in Almaty, Kazakstan at which the Ministry of
Coal was the host organization.

[End ofDISCUSSION section]
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RECOMMENDATION I CONCLUSIONS

The first step in the project was to conduct a field trip to the two main coal mining areas of
Kazakstan-Ekibastuz and Karaganda-and identify any short term cost-effective improvements
in coal mining and handling processes prior to taking samples for further characterization. No
improvements in the short term were identified.

The stated goal ofdesigning a flowscheme to reduce a high-ash raw coal-the sample selected
was from the Borlinski mine ofthe Karaganda coal field-from the range of45% to 55% ash to
a clean coal product of36% was demonstrated. A simple dense medium bath circuit treating the
150mm to 4mm raw coal feed was designed with supporting drawings giving equipment and
quantity/quality of all flows. It is concluded that the advantage ofthe capital expenditure of
14.57 million dollars for a 1000TPH preparation plant would provide a 36% level ofash content
for the proper operation ofseveral major power stations, with an annual production tonnage of
about 3.5 million tons ofclean coal product.

The advantages in reducing Kazakstan run-of-mine raw coal ash from 45-55% to 36% by
processing in the proposed preparation plant are reduced costs in: coal transportation, storage
and handling; pulverization; steam generation; precipitatorlbaghouse operation; flue gas
desulfurization; and fly-ash and scrubber waste disposal. Another advantage is greater overall
thermal efficiency ofthe power station. An important cumulative environmental advantage is
that decreased amounts ofpollutants are discharged from the power plant.

The need ofproviding better control ofboiler operation and subsequent pollution control is
facing the country ofKazakstan. This herein proposed design ofa preparation plant is, therefore,
an important step in accomplishing the stated needs. It is recommended, therefore, that the
subject plant design herein proposed be submitted to an international lending institution for their
serious consideration.

( Pagination is a continuation from the first page ofthe Discussion section)
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APPENDIX

TO THE FINAL REPORT

COAL CLEANING PLANT DESIGN STUDY - KAZAKSTAN

USAID CONTRACT NO. CCN-0002-Q-09-3154-00

HEAT AND POWER SYSTEM EFFICIENCY IMPROVEMENTS

DELIVERY ORDER NO.9, TASK3
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SUBTASK PAGE

1.0 APP-3

2.0 APP-4

4.0 APP-5

S.O-Part 1 APP-7

9.0-Part 1 APP-8

APPENDIX CONTENTS

INFORMATION

"·Bums and Roe Services Corporation Trip Report

Fluor Daniel Intercontinental, Inc. Trip Report

1. Itinerary for the Visitors from Kazakstan

2. Washability ofBorlinski and Ekibastuz Raw Coals

Letter to Mamezhanov with supporting documentation
Drawing C-3427-FS-OOI Process Flowscheme 1
Drawing C-3427-FS-002 Process Flowscheme 2
Drawing C-3427-FS-003 Process Flowscheme 3
Drawing C-3427-QQ-OOI Flowscheme 1, Quantity/Quality

Diagram
Drawing C-3427-QQ-002 Flowscheme 2, Quantity/Quality

Diagram
Drawing C-3427-QQ-003 Flowscheme 3, Quantity/Quality

Diagram

Drawing C-3427-FS-OOO Flowscheme 2 Rev.
Drawing C-3427-QQ-OOO Flowscheme 2 Rev., Quantity/Quality

Diagram
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Bums and Roe Services Corporation Trip Report
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EKIBASTUZ AND KARAGANDA
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BURNS AND ROE SERVICES CORPORATION
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SUMMARY OF EVENTS

INTRODUCTION

BACKGROUND

Almaty and Vicinity

1

A team of three engineers was chosen for Task 3 -- Coal Cleaning. Two engineers from Fluor
Daniel, William Crowly and William Deasen, handled the mining assessments. A coal preparation
engineer from Bums and Roe Services Corporation, Stanley Jacobsen, handled the coal preparation
aspects of sampling and plant assessments.

A major project was awarded to Burns and Roe by the USAID for Industrial Development (USAID)
to assist the Kazakstanis in improving electrical power generation and utilization. A Specific Task
Order No.9 was assigned, with Task 3 entitled, "Coal Cleaning." Task 3 is directed at suggesting
ways to improve mining operations, and in assessing the potential of cleaning Ekibastuz and
Karaganda area coals. Suitable samples will be taken and sent to the United States for analysis.
Three Kazakstanis will be brought to the United States to witness tests and discuss alternative flow
sheets for cleaning based on the washability tests. Further assessments will be made ofthe economic
trade-offs ofcleaning, selective mining, and other alternatives. An optimum process will be selected
by Kazakstan professionals and assistance provided by a selected U.S. firm in selection and
preparation of specifications, costs estimates, and plans for scale-up of the selected process for
application ofa potential loan application.

This trip report covers only the coal preparation aspects of the first three of the ten subtasks. The
mining aspects ofthe first three subtasks will be reported independently by Fluor Daniel personnel.

Short notice necessitated a hurried job of visa clearance, letters of introduction, funds for the trip,
and numerous other details to satisfy the needs of a three-week trip to Kazakstan. Arrival in
Kazakstan was November 3, 1994 at 5:10 a.m.

TRIP REPORT: THE MAJOR COALFIELDS OF KAZAKSTAN -- EKIBASTUZ AND
KARAGANDA

TRIPKAZ.FlN\December 26, 1995

On November 3, 1994 (the day of arrival) a meeting was held with Rolf Manfred ofIDEA, Inc., a
local representative for USAID. He gave us a briefsurvey ofthe whole Task Order and ofTask 3-
Coal Preparation. Four engineers from Burns and Roe (Oradell, NJ) were also present. They were
on their way from Kyrgyzstan back to the United States after dealing with another USAID project.
We had expected Ned Popovic, Task Order No. 9 Manager of Bums and Roe, but he was sent on a
special assignment to China.
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On Friday, November 4, 1994, a meeting was held with the Ministry of Energy to outline the
purpose ofthe task. Appropriate authorities in both Ekibastuz and Karaganda would be contacted
by the Ministry in Almaty to authorize visits to the coal mining areas.

Later on Friday we met with Alan Irving ofPartners in Economic Reform (pIER) at Rolf Manfred's
,... office. A briefsummary ofhis perspective follows:

• The mine complex at Ekibastuz is the largest open-pit coal mining operation in the
world. They have the potential of mining 80 million metric tons per year and employ
1,700 miners, including support personnel. The three pits (several have been combined
from the original 5 to 7) are about 8KIn long and 9KIn wide, and about 200 meters
deep. The coal is high in inherent ash which accounts for excursions (frequent) in
shipped coal into the 45 to 55% ash range from the advertised level of 35 to 38% ash.

• The following two mines were suggested as strong candidates for a preparation plant:

ShovakuI is S-SE ofKaraganda and is steam coal. It has a capacity at present of
4 million metric tons per year, with a projected capacity of8 mtlyr by 2010. This
coal reportedly has a potential of being cleaned from a raw coal ash of 35% to
10%. No recovery figures were given.

Prior to leaving for Ekibastuz a meeting was held with Evgenig Y. Ryaskov of the Ministry of
Energy and Coal. He presented a thorough review ofthe Karaganda-area coal mines and preparation
plants. The coal area covers about 30 x 60 Km (18 x 36 miles). He suggested that one area in need
ofa preparation plant was Kazakstanskaya in the Shahtinskij region. After more careful questioning
the area was met coal rather than steam coal.

The afternoon of the Ministry meeting RolfManfred's engineer, Ganahtee, and I visited the Almaty
Central Steam Power Station, Poczovckaj, in the outskirts of the city. The chief engineer, Alexsei
F. Njuchev, was a very helpful guide through the plant. The facility was built in 1967 at a rated
capacity of200 MW. With two or three ball mills not operating, or missing altogether, it appeared
that the actual capacity of the power plant was less than 200 MW.

•
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In the Karaganda area 13 of the 24 mines are scheduled for closing. The coal of this
area is reportedly lower in ash content than the Ekibastuz area coal, that is, the
underground coal ofKaraganda.

•
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Majkubene is about 80 Km south ofEkibastuz. (Comment: Authorities from the
area remarked that a national park was nearby which negated the prospect of a
preparation plant in the area). The mine was classed as a lignite deposit, but from
the sample received from local Ministry personnel it appears to be more like
Wyoming Powder River Basin subbituminous.



The following comments summarize observations and information relative to Ekibastuz-area coal.

Ekibastuz Coal Minin~ Re~ion

Two letters ofintroduction to Ekibastuz and Karaganda were received from Ryaskov's office. Upon
arrival in Ekibastuz the interpreter, Alfia Djumaeva, met us and during the stay in the area proved
to be a valuable asset.

Pit 1 loads directly from the excavator into railroad cars for shipment to power plants, as contrasted
to the blending facility used in Pit 2. The blending facility is intended to produce a (more) uniform
product and is considered the prototype future installations at Pits 1 and 3. The latter pit was not
visited and is called Sevemyj.

J)'D
\
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Pit 2 iscalled Vostochnyj and is also mined with bucket-wheel excavators. These
excavators load onto belts that carry the coal to a crusher and then to a blending facility.
The blended pits contain a fair amount ofcoarse pieces in excess of 225mm (9 inches)
that appeared to be close to rock in heating value. The pile contained an estimated 20
25% minus 25mm (l inch) material. To quickly and economically reduce the ash
content ofthe Ekibastuz coal it would appear prudent to screen the first blended product

• Pit 1 is called Bogatyr and means "very high/strong man" and is mined with 11 bucket
wheel excavators built in East Germany. The mine (pit) has a capacity ofproducing 55
mtlyr but is currently operating at only 40 mtlyr. The mine produces 120,000 tlday and
reportedly operates for 360 days per year. The overburden ratio is 1 ton of coal per 0.8
m3 of overburden.

Two ofthe three pits that constitute Ekibastuz mining activities were visited. The first pit is called
Bogatyr, and the second Vostochnyj. These pits were about 25 Km (15 miles) from the city. The
view of the pits from an observation area was spectacular --- in length, width, and depth. Little
activity ofthe bucket excavators was noted but the layout was still impressive. The mine manager,
Eivan G. Antonenko, was quite open and friendly in discussing problems relating to lack ofmoney
for spare parts, railroad cars, and other operating expenses.

A train load ofcoal was being unloaded and mine equipment parts and wire were in evidence, plus
large (in excess of 300mm) chunks of rock-like material. This oversize material was manually
broken to pass a 175-mm grizzly under the railroad car. Subsequent steps in delivering the as
received coal to the boilers includes size reduction to 85% passing 90 microns (170 mesh). A
considerable savings could be made by rock removal either at the miner or, as a minimum, at the
power plant.

The plant operates with Karaganda-area Borlinski coal at about 46% ash and 0.6-07% total sulfur.
The plant was designed for 35% ash and 4,200 Kca1lKg coal but operates with increased difficulties
with 46% ash and about 3,800 Kcal/Kg coal. The plant operates with scrubbers of the "sprayed
water" type to treat emissions. About 0.7-1.0 million tons of coal per year are used.
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at about 200mm (8 inches) and discard the oversize, or utilize a rotary breaker on the
principle of preferential breakage of the lower-ash material. The pit can produce 30
mt/yr but is operating at 21 mt/yr.

• Pit 3 (not visited) is called Severnyj and has a rated capacity of20 mt/yr but is operating
at 10 mt/yr.

• The Majkubene mine is reportedly lignite but the sample received from Eivan looked
like subbituminous from the Black Thunder Mine of Wyoming. The mine is under
development at apresent production rate of5 mt/yr to an expansion rate of 25 mt/yr.
The coal reportedly has the potential ofbeing cleaned to 7% ash at a recovery of 50%.
The lignite from this mine is projected to be used as a substitute for coke in a process
developed by the Japanese. A small mining machine, the Wirtgen 1900 DC, is to be
used in the future.

• Reserves ofthe main Ekibastuz mines at the present rate ofprediction are estimated to
last 100 years.

The Central Coal Quality Laboratory was visited. The main purpose of the laboratory is to check
the train loads ofcoal leaving for power plants. The suite ofanalyses included the following: total
sulfur, ash, humic acids, acid/alkali, hydrogen, heating value, and volatile matter. Other tests such

• Quality control is maintained by the laboratory at each pit and is independent of the
main testing lab in the city of Ekibastuz. At the pit about 5% of the train load is
sampled. From the comments received in Almaty, the testing is merely for the record
and not for control purposes.

• Fractional analysis (washability/float sink) data were displayed of a sample from the
Ekibastuz mines. These data were generated by the Moscow Research Institute and
were complete by sizes from +1OOmm (4 inch) to 0.5mm x O. A request for a copy was
denied but a few salient points were retained: the total ash content was 56%; the
+1OOmm fraction had less than 3% float 1.40 material; and had 36% sink 2.0 at 72%
ash. Possibly these data represented a portion ofthe Ekibastuz mines that accounts for
the high ash content of shipped raw coal.

•
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• The Chief of Ministry was very non-receptive to our task of defining a local coal
preparation plant. His reasoning was as follows: a preparation plant to produce a
product for one power station would have to be 16 mt/yr capacity of Ekibastuz coal.
The Majkubene lignite mine is near a National Park and a plant would be prohibited.
The bottom line ofhis argument appeared to be cost -- they are terribly short offunds
and even though the money could be received from the World Bank, the Ekibastuzugol
would "sooner or later" have to repay the money. As far as the Ekibastuzugol official
was concerned, the need for a preparation plant and the analytical laboratory under
USAID Task 3 was unnecessary. It was mentioned though that during USSR days coal
preparation plants at both Ekibastuz and Majkubene were proposed. Obviously the cost
would have been borne by the Soviet System, and not Ekibastuzugol directly.

TRIPKAZ.FlN\December 26, 1995
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Karaganda Coal Mining Region

The trip by van to Karaganda went by two large open pit mines, the Borlinski and the Kuuchek -
both under the jurisdiction ofKaragandaugol.

A subsequent meeting was held with Victor V. Preis, assistant to Igor Lurie, and Rostislav
Mertsalov, Head of the Karaganda Coal Research Institute.

as grindability and ash fusion temperatures were done at the Moscow Institute of Solid Fuels and
at the Karaganda Coal Research Institute, respectively. No analyses were performed on ash fusion
temperatures that are so importing in predicting fouling and slagging characteristics.

D.Sep
-lAO

1.4-1.6
1.6-1.8

Recovery
31
23
20

Moisture
8
6

9-12

5

Ash Content
11

21.5
36.0

Coking Coal
Thermal Product
Mixed (thermal) Product
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Two preparation plants were visited accompanied by Victor Preis. The first plant visited was the
"Eastern Preparation Plant ofKaragandaugol" and was built in 1980 primarily for processing coking
coal. The present split ofproducts is as follows:

The capacity of the plant is 1000 t/hr and 6 mt/yr, and processes the combined output of20(1) mines.
The plant has three main separators: dense medium vessels for the 150 by 13mm fraction (6 x Y2
inch); jig (probably feldspar) for the 13mm x 1/2mm (Y2 inch x 28 mesh); and froth flotation for the
1/2mm x 0 (28 mesh x 0). Dewatering was performed by "dewatering elevators," centrifuges and
thermal dryers.

Those present at the meeting were pleased to see a copy oftheir paper in the 12th International Coal
Preparation Congress held in Krakow, Poland, May 23-27, 1994. I had made a special point of
taking a copy ofthe paper to show Karagandaugol professionals. They were not able to attend and
did not know that their paper had been published in the proceedings of the conference. The title of
the paper was "Coal Preparation in Karaganda Coal Basin."

On the top floor (probably the 8th) were four thickeners for collection offroth flotation concentration
and for tailings treatment. They were each about 60m (100 feet) in diameter and apparently
operating well. As the plant manager commented, the water clarifier (thickener) is the single most
important piece of equipment in the plant.

A meeting was held with Igor G. Lurie, head ofthe Production Association Karagandaugol and he
promised us his full cooperation. He had been to the U.S. in 1979 and visited Marrowbone
preparation plant and the United Coal Company Plants. In addition he had visited the Bruceton coal
preparation laboratories of the United Stated Department of Energy under the direction of Al
Deurbrouck of fond memory.
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At present the plant capacity of 1,000 t/hr is reduced to 750 t/hr because ofa lack ofraw coal supply.
The plant has 100 workers as operators and 250 on maintenance. Two shifts of 10 hours for cleaning
and 4 hours ofmaintenance per day for 360 days makes 7,200 hours of operation per year. They
plan to adopt the American practice of fewer hours, while we are tending to operate more hours as
they are presently doing. We all had a good smile over that.

The second plant we visited was a thermal plant built in 1966 and only processed the +13mm (~

inch) size fraction in a dense medium vessel. The plant operates at about 73% of its rated capacity
of 5.7 mt/yr.

Two main problems were discussed as follows:

• They need 400 rail cars from Russia but have no money to pay for them.

Kara~anda Coal Research Institute

t The suggested use of dense medium cyclones or of hydrocyclones (water only cyclones) did not
seem to interest them. Apparently they consider pumping and associated medium recovery circuits
to be too expensive, and even the pumping costs ofwater-only cyclones to be a grave concern.

The tour ofthe laboratories was conducted by Victor Zelensky, the Head ofthe Testing Laboratories.
Based on the statement in the Scope of Work, Subtask 5.0: "Analytical and laboratory equipment
needs for the selected mine will be identified," the recommended American Boiler Makers
Association (ABMA) Coal Guide Specifications Form was shown to them (See the Appendix).
Items considered appropriate for maintaining steam coal quality were as follows:

• They need to process the 3 x 0.2mm (1/8 inch x 75 mesh) size fraction and are
considering a spiral contractor. A representative of CEE of Pittsburgh, PA, Ken
Wyzykowski, was at the plant on about November 1, 1994 and was giving them
technical assistance in the specifications required for spiral operation. They seemed
much more interested in the spiral unit than in the possibility ofa proposed preparation
plant or a modern analytical laboratory.
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• Proximate Analysis (volatile matter, fixed carbon, ash, total moisture, and equilibrium
moisture)

• Hardgrove Grindability (Standard Coal needed)
• Sulfur Forms (pyrite, organic, and sulfatic)
• Heating value
• Ultimate analysis (moisture, carbon, chlorine, hydrogen, nitrogen, oxygen, sulfur, and

ash)
• Float-sink (static method for +l/2mm size, and centrifugal method for -l/2mm size)

COMMENT: They currently use zinc chloride for the +1/2mm size fraction rather than
an organic liquid as in the U.S.

• Ash Fusion Temperatures



• Plant No.2 It has a rated capacity of 500 MW and uses Ekibastuz coal.

Almaty Area Power Plants and Associated Activities

• Plant No. 1 - Central It has a rated capacity of200 MW and uses a mixture ofcoal, oil,
and gas. The coal received is the so-called "by-product" from a coking coal plant in the
Karaganda area. This plant uses about 440,000 metric tons ofcoal per year.

7TRIPKAZ.FIN\December 26, 1995

A few special remarks are needed relative to the quality of coal received at Plant No.3. Based on
the contract with Karagandaugol, the Borlinski coal was to have a top size of 200-300mm (8-12
inches). But, based on a quick visual inspection, about 20% of the shipped coal was in excess of
300mm -- in fact some pieces were as large as 450mm (18 inches). Most of the larger pieces were
near-rock in quality and should have been discarded at the mine and not shipped to the power plant.
A viable way to reduce the ash content of the raw coal would be to screen the run-of-mine product
at 300mm and discard the oversize, or to discard the grizzly oversize at 175mm at the power plant.
No attempt was made to discard the grizzly oversize, but on the contrary a manually-directed sledge
hammer reduced all oversize to pass through the grizzly -- with all the subsequent reduction to 85%
passing 90 microns, and effects on the boiler performance, a modified procedure should be adopted,
no doubt.

• Plant No.3 - Central Power Station It has a rated capacity of200 MW and uses only
coal from Ekibastuz and from Borlinski ofthe Karaganda coal region. We met with the
chief engineer, Alexsei Njuchev, on three separate occasions, who treated us most
graciously.

• Mineral Analysis ofAsh (Si, Fe, AI, Ca, Mg, P, Na, K, Ii, S, and any not accounted
for)

• Bulk Density (as delivered)
• Free Swelling Index (applicable to coking coal)

Samples ofcoal were not taken in either Ekibastuz or Karaganda because ofthe logistics ofreturning
them to Almaty for air-shipment to the United States. An alternative plan was to sample appropriate
power plants receiving the subject coals in the Almaty area. Three power plants in the Almaty area
are as follows:

A major contribution by USAID would be made in supplying the analytical and laboratory
equipment required to perform the previously enumerated analyses. The Karaganda Coal Research
Institute equipment was functional, but obviously was not state-of-the-art. In some cases the
equipment was non-existent except in the Moscow Research Institute, which is now readily
accessible. State-of-the-art equipment would make a major impact on the USAID/Kazakstan coal
industry relations and would serve as interim evidence of intended good-will before the proposed
preparation plant is assessed.
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Samples Taken at the Power Plants ofAlmaty

An unexpected stoppage of coal shipments from Ekibastuzugol eliminated the option of sampling
the coal at Power Plant No.2. This represented a major change in sampling plans for which there
was no alternative in obtaining the Ekibastuz coal in the Almaty area. The next section describes
the washability (fractional analysis) data received from the Karaganda Coal Research Institute which
is the only viable option apart from a return to Ekibastuz.

CONCLUSIONS

Ekibastuz Coal Region

Ship.ping of Samples to the United States

The high ash content ofas-shipped coal results from non-selective mining practices. Blending of
coal from Pit 2 only serves to produce a uniform product of still unacceptable quality in the 45-50%
range.
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Special cooperation by Alexsei Njuchev ofPlant No.3 permitted sampling ofBorlinski coal and
seeing the cars pulled in and the complete unloading cycle. About 135 Kg (300 lb) of sample were
taken. Because ofthe amount ofoversize, relative to 175-mm grizzly through which all the raw coal
passes as it exits the rail car, a truly representative sample could not be taken. The undersize (minus
175-mm) was reasonably represented, but only about 12 pieces of the oversize were selected based
on visual quality evaluation. That is, a few pieces of near-rock were chosen and a few pieces of
near-coal were chosen.

Another sample was obtained at the Central Power Plant No.1. About 135 Kg (300 lb) were taken
ofa product reportedly from a preparation plant in Karaganda that produces three products, a coking
coal, a premium thermal coal, and a "by-product" thermal coal. The latter was the sample taken.

Prior to leaving the United States, no information was available as to shipping procedures of coal
samples from Kazakstan to a testing laboratory Stateside. But after two weeks (out of the three
there) in Kazakstan, a team from the United States Geological Survey, Reston, Virginia sampled
coals in an adjoining country. A fIrm from Alexandria, Virginia, with an office in Almaty handled
the USGS samples. This company, Matrix International, was contacted and has shipped the samples
collected under Task 3 to the United States. As of this date, December 10, 1994, the shipment is
enroute to the United States.

~

.' The two samples taken -- the sample of Borlinski and the same of "by-product"--represent a
candidate for a preparation plant and a candidate for evaluating the performance ofan existing plant,

'; respectively.



Kara~anda Coal Research Institute

Kara~anda Coal Re~ion

Two ofthe regions coal preparations plants were visited with two findings:

• Keen interest was shown in a "spiral" cleaning device for treating the 3-0.2mm (l/8" ,.
75 mesh) size fraction ofraw coal.

9TRIPKAZ.FIN\December 26, 1995

The Institute was the willing source of fractional analysis data (washability/float sink) on coals from
both Ekibastuz and Karaganda coal basins. These data are considered to be valuable adjuncts and/or
substitutes for actual coal samples. The data show the potential of cleaning at high relative density
(1.8 - 2.0) a plus-size portion of the raw coal for basically rock removal. This removal is a high
priority item in reducing the higher-than-desired ash content of run-of-mine coal.

The Institute showed keen interest in the analytical test procedures suggested by the ABMA form,
shown as Item 2 in the Appendix. Early acquisition and installation of appropriate laboratory
equipment is considered a high-priority item in establishing a sound relationship with Karaganda
area coal interests.

These two findings are suggested items for consideration in future coal cleaning schemes. The
possible early involvement ofUSAID in assisting the early introduction ofthe spiral cleaning device
in one ofthe Karaganda plants would be met with major interest by Karagandaugol officials and coal
plant operating personnel.

• The +150mm (6 inch) material is crushed to pass l50mm and then treated with the rest
of the raw coal feed. This is feasible because of a favorable washability for the plus
material. In the case ofsurface (open pit) mining, the + l50mm material tends to be of
poor quality and should be considered for possible discard rather than treatment.

The Ekibastuz authorities indicated no interest in the Task 3 mission. Possibly a brief
recommendation could be prepared for their consideration covering some areas of possible ash
reduction of run-of-mine coal.

Two quick fixes are suggested: screen the run-of-mine product at about 250mm (lO inches) with
discard ofthe oversize; or treat the +250mm fraction in a rotary breaker with preferential discard of
coarse oversize.

Washabilitydata of Ekibastuz-region coals, received from the Karaganda Coal Research Institute
are summarized in Tables 3-4 in the Appendix. These data indicate that the processing of 6-25mm
(1/4-1 inch) material in a dense-medium vessel (in common use in the Karaganda coal region) would
reduce the ash content to acceptable limits after blending with the minus 6-25mm not cleaned.
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Analysis of Coal Samples Taken in Almaty. K.

Two coal samples were obtained from power stations in the Almaty area. These samples were "by
product" steam coal from Karaganda and Borlinski raw coal from Karaganda. A sample of
Ekibastuz coal was not available in Almaty because of a stoppage of coal shipments by
Ekibastuzugol for lack ofpayment by the power plants.

The following is a brief outline of proposed analytical tests to be perfonned on the subject coal
samples by Geochemical Testing of Somerset, PA.

• As Received Moisture

• Screen Analysis

• Float/Sink at 0.1 relative density intervals from 1.3 to 2.0 for each size fraction •
• Analysis ofrelative density fractions for ash, sulfur fonns, volatile matter, and heating

value. Other tests will be perfonned upon consultation with laboratory personnel. •

RECOMMENDATIONS

USAID Involvement in the Introduction of the Spiral Concentrator into a Karaganda-area Plant

Additional Sampling

Installation of Analytical Equipment in Karaganda

I
I
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• Washability tables and graphs will be prepared as a precursor to the selection ofsuitable
circuits for coal preparation.

Early installation ofanalytical equipment at the Karaganda Coal Research Institute is considered a
high priority. This step would help considerably in the establishment of good-faith as to USAID
goals of Task 3 of Task Order No.9.

Additional sampling of Ekibastuz and Karaganda area coals is recommended as identified and/or
available to complement the fractional analysis data received from the Karaganda Coal Research
Institute. An expeditious method of sample shipments has now been established with Matrix
International, a finn from the States with an office in Almaty, Kazakstan.

Consideration ofUSAID involvement in the design/construction of a spiral coal-cleaning unit in a
Karaganda-area coal preparation plant is highly recommended.



Kazakstan Personnel to Visit the U.S.

Personnel from the Karaganda area are suggested as candidates to witness fractional analysis (float
sink) tests performed on Kazakstan coals (per Subtask 4.0). These candidates are as follows:

1. Victor Preis, Karagandaugol Coal Preparation Engineer
2. Victor Zelensky, Analytical Laboratory Chief, Karaganda Coal Research Institute
3. An assistant to Mr. Zelensky to be selected.
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STATEMENT OF WORK

TASK 3: Coal Cleaning (Burns & Roe)

Diverse coal cleaning technologies are available and can be matched to coal characteristics, the
product specifications and the economics of the situation.

Objective: To determine optimum, state-of-art coal cleaning and mining processes which are
applicable to Kazakstan coals, considering ultimate coal quality, environmental quality, safety and
favorable economics.

\\Q'J

13

A technical assessment will then be done of the potential improvement in coal quality achieved by
various applicable coal cleaning processes. Alternate methods of coal beneficiation will be
investigated to identify an economically justified level ofcleaning. Alternative means for producing
a cleaner coal product, such as selective mining, will be investigated and costs will be compared with
coal cleaning costs.

Scope: Representative coal samples from Karaganda and Ekibastuz will be sent to U.S. laboratories
for standard laboratory and cleanability testing. Kazakstan laboratory analysts will be invited to
witness the tests and will be trained to perform similar tests. Selected laboratory equipment will be
supplied to a laboratory to be selected by the Kazakstan Ministry of Energy and tests will be
performed to compare results with those obtained in the U.S.

Coal cleaning at the mine can reduce ash and sulfur content, resulting in a higher heating value,
lower environmental emissions and reduced maintenance and transportation costs. Judicious
modification ofmining operations may also reduce ash. Further, the potential exists to export coal
to other republics in the NIS.

TRIPKAZ.FlN\December 26, 1995

An optimum process will be selected by the designated Kazakstan authority. Assistance to the
Kazakstan authority will be provided in the selection of a U.S. firm expert in the design and
implementation ofthe appropriate type ofcleaning plant. The selected firm will assist the Kazakstan
authority to prepare specifications, cost estimation and plans for scale-up of the selected process for
application for a potential loan application.

Background: Large coal resources exist in northeast Kazakstan and coal represents the major fuel
for heat and electricity generation at present and in the future. The coal mined at Karaganda and
Ekibastuz currently contains up to 50% ash, whereas most boilers in Kazakstan are designed to fire
coal with an ash content no greater than 38% at full nameplate capacity. The result ofhandling and
firing the dirtier coal are large increases in handling and transportation costs, derating of the boiler
capacity and increases in plant waste volumes.
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Work Description:

Subtask

1.0 Meetings will be held with the cognizant management and technical personnel representing
the Kazakstan Ministry ofEnergy, Kazakhugol (the Kazakstan coal mining agency), and the
mines at Karaganda and Ekibastuz. Coal mining and handling operations will be obtained and
discussed. Specific mining operations in both the Karaganda and Ekibastuz basins will be
identified as prototype locations for coal quality improvement.

2.0 Cost-effective coal quality improvement modifications to the coal mining and handling
process identified during the mission, if any, will be recommended.

6.0 State-of-the-art technologies for coal cleaning will be screened to select candidate processes
for cleaning the subject coals. Conceptual design and budgetary capital and operating cost
estimates will be developed for each candidate technology.

4.0 Tests will be performed at a U.S. laboratory to determine the washability characteristics ofthe
coals. Kazakstan laboratory analysts will witness the tests. Based on the test results, a
specific Kazakstan mine will be selected as the location ofa coal cleaning plant.

8.0 Kazakstan engineers will be briefed in the relative performance of the different candidate
technologies and in the economics ofcoal washability. Selection ofthe optimum process will
be done by the designated Kazakstan authority.

5.0 Analytical and laboratory equipment needs for the selected mine will be identified.
Appropriate specifications will be prepared, and equipment will be procured and delivered for
Kazakstani installation. Training in operation of the equipment will be provided to local
technicians and professionals.

•
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7.0 Engineering, environmental and economic analyses and assessments will be performed to
identify the preferred technology, considering capital and operating cost, yield and value of
finished product. 1bis analysis will include measuring the impact ofalternative technologies,
such as selective mining, on power production and logistics, plus export marketability.

9.0 An investment program will be developed for the implementation of coal cleaning plants.
Assistance to Kazakhugol will be provided in preparing a loan application, and supporting
documentation, including appropriate technical, environmental, economic and financial
assessments; and in securing the services of a U.S. firm in the implementation of appropriate
coal cleaning facilities.

3.0 Following implementation ofany readily achievable coal quality improvement modifications
to mining operations, samples of as-mined coal will be obtained from the designated coal
quality improvement locations in both the Karaganda and Ekibastuz basins, and shipped to
the U.S. for laboratory analysis.



10.0 A final report will be prepared. The results will be presented at a conference to be organized
in Kazakstan.
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RECOMMENDED ABMA
COAL GUIDE SPECIFICATION FORM

SOURCE(STATE/COUNTY/COMPANYIMINE/SEAM)_

CLASSIFICATION BY RANK. _

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Proximate Analysis - as received (percent by weight)
Volatile Matter
Fixed Carbon
Ash
Moisture (Total)
Equilibrium Moisture

Grindability - Hardgroveb

Feed Size (Sieve Analysis)

Sulfur
Forms of Sulfur

Pyritic
Organic
Sulfates

Heating Value - BTU/lb
as received

Ultimate Analysis - as received (percent by weight)
Moisture
Carbon
Chlorine
Hydrogen
Nitrogen
Oxygen
Sulfur
Ash

Float Sink Fraction (1.6 sp.gr.)

Ash Fusion Temperatures (OF)
Reducing

Initial deformation
Softening (How)
Hemispherical (H-\6w)
Fluid

ASTM TEST METHODS

I. Proximate Analysis - 03172, 03173, 03174, D317S, D3177, D2013
2. Ultimate Analysis - 03173, D3174, 03176, 03177, 03178, D31 79,02361
3. Heating Value (BTIJ) - D201S, D3286
4. Grindability - 0409
S. Moisture - 02013, 03173, D3302
6. Bulk Density· D291
7. Free Swelling· 0720
8. Ash Analysis - 02795

• Note: Grindability for at least three moisture levels should be determined when low rank
<:osts are analyzed. (e.g. Sub - C or Lignite)

, Not accounted for.
d Corey, Richard c., "Measurement and Significance oflbe Flow Properties of Coal Ash

Slag" Bur. Mines Bull. Vol. 618, 1964.
• Moore, G.F. and Ehrler, R.F., Western Coals - Laboratory Characterization and Field

Evaluations of Cleaning Requirements, ASME paper No. 73-WA/FU-I Detroit. Mich.,
November 1973.

Ash Analysis (percent by weight)

SI02

FeP3

AI203

CaO

MgO

PPs

Na20

K20

Ti02

S03

NAP

Viscosityd

Burning Profiles'

Bulk Density (as
delivered)

Free Swelling Index

Reactivity Indexf

Oxidizing

9. Ash Fusion Characteristics - Dl8S7
10. Classification by Rank - D388
II. Sampling Methods· D2234
12. Sampling Preparation - D2013
13. Chlorine - 02361
14. Fonns of Sulfur - 02492
IS. A Test for Sieve Analysis ofCrushed Bituminous Coal- 0311-30

, Wagoner, C.L. & Winegartner, E.C., "Further Development of Ibe burning
Profile," Journal ofEngineering for Power, Trans ASME, Series A, Vol. 95
No.2, April 1973.

, Moore, G.F. and Ehrler, R.F., Western Coals - Laboratory Characterization
and Field Evaluations of Cleaning Requirements, ASME paper No. 73
WA/FU-I Detroit, Mich., November 1973.

f See Reactivity of Solid Fuels by AA Oming, "Industrial and Engineering
Chemistry", Pages 813-16, Vol. 36 (1944).
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SUBTASK 2.0

Fluor Daniel Intercontinental, Inc. Trip Report
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TIrt fo1Iowing rcyort is bllSd ill!art 0/1 inf0rmatiDn not within Fluor Daniel Intercontinlntah control. It is believed that the con.:bmons colllainca thereill will
be reliablt rotkr the conditwns tmd subject to the quaJiftcations set forth. However, Fluor DaniellnterconIincntaI iMs not warrant orguttrilJltu their IUcurlU'j.
USe of this ro/0rt shall, therifore, be at the roo'S scle risk. such use shall constitute a release tmd aarecmcnt to difenJ tmd inhJlify Fluor Daniel
InllrcontillClta1 from tmd aaztJtSt any lia..T.f1ity (fncluJi'l5 but not limited to l1tbUity for syecial, indirect or consequential damages) in connection with such use,
wlrtthcr liability is assmea to arise in contract, ne.51~en", strict liability or other theory of law.
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1.2.1 Subtask 1

1.2 Scope

1.1 Objective

04441302
Page 1 of 12

Meetings will be held with the cognizant management and technical personnel representing
the Kazakhstan Ministry of Energy, Kazakhugol, and the mines at Karaganda and

An optimum process will be selected by the designated Kazakhstani authority. Assistance to the
Kazakhstani authority will be provided in the selection of a V.S. firm expen in the design and
implementation of the appropriate type of cleaning plant. The selected firm will assist the
Kazakhstani authority to prepare specifications. cost estimates and plans for scale-up of the
selected process to be used for a potential loan application.

A technical assessment will be done of the potential improvement in coal quality achieved by
various applicable coal cleaning processes. Alternate methods of coal beneficiation will be
investigated to identify an economically justified level of cleaning. Alternative means for
producing a cleaner coal product, such as selective mining will be investigated and costs will be
compared with coal cleaning costs.

Representative coal samples from Karaganda and Ekibastuz will be sent to V.S. laboratories for
standard laboratory and cleanability testing. Kazakhstani laboratory personnel will be invited to
wimess the tests and will be trained to perform similar tests. Selected laboratory equipment will
be supplied to a laboratory to be selected by the Kazakhstan Ministry of Energy and tests will be
performed to compare with those obtained in the V. S.

To determine optimum, state-of-an coal cleaning and mining processes which are applicable to
Kazakhstani coals, considering ultimate coal quality, environmental quality, safety and favorable
economics.

KAZAKHSTAN: COAL CLEANING PROGRAM
U.S. AID NIS Energy Efficiency and Market Reform

The following is a final repon of activities related to fulfilling Subtasks 1 and 2 of Task 3. Delivery
Order 9 for VSAID in Kazakhstan. The work was executed by engineers from Fluor Daniel, Inc. in

cooperation with engineers from Burns & Roe.Enterprises and counterparts from the Kazakhstan
Ministry of Energy, the staffs of the mines at Karaganda and Ekibastuz, Kazakhstan and the staff of the

IDEA office in Almaty, Kazakhstan.

In order to understand how the mission was carried out, it is important to understand the scope of work
governing the effort. The following section has been excerpted from peninent documents to give such

an understanding:

ff 1.0 lJ'TTRODUCTION
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KAZAKHSTAN: COAL CLEANING PROGRAM
U.S. AID NIS Energy Efficiency and Market Reform
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Ekibastuz. Coal mining and handling operations will be observed and data on coal quality
and mining operations will be obtained and discussed. Specific mining operations in both
the Karaganda and Ekibastllz basins will be identified as prototype locations for coal quality
improvement.

1.2.2 Subtask 2

Cost-effective coal quality improvement modifications to the coal mining and handling
processes identified during the mission, if any, will be recommended.

1.3 Fluor Daniel Work Plan

The above Objective and Scope deal primarily with coal preparation. Fluor Daniel was assigned
the work in Subtasks 1 and 2, specifically dealing with questions of improving coal quality by the
implementation of improved or different mining techniques. The specific plan is laid out in the
following paragraphs:

1.3.1 Organization

Two Fluor Daniel Engineers will work as a team to perform their assigned duties.

1.3.2 Schedule of Activities

It is anticipated that this task will require seven weeks from notice to proceed to completion.

1.3.3 Plan/Program

Fluor Daniel engineers will assist Burns and Roe personnel in the completion of Delivery
Order 9, Task 3 by performing items 1 and 2 of that Task's Work Description as described
below:

The work will be accomplished in three sub-tasks. The first sub-task will be to prepare both
engineers technically and logistically for the trip to Kazakhstan. The engineers will obtain
and review readily available information in the United States pertaining to the coal mining
regions of interest in Kazakhstan. A request will be made through Burns and Roe for any
additional information which may be available from Kazakhstan. If appropriate, telephone
contact with key technical representatives in Kazakhstan will be made in order to better
understand the local situation. With all available information reviewed, and travel
arrangements made, the two engineers will be ready to depart for Kazakhstan.

The second sub-task will be a trip to Kazakhstan of approximately three weeks in duration.
On this trip, the engineers will meet with the cognizant management and technical personnel
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2.0 PRE-TRIP PLANNING

1.3.4 Deliverables

The Fluor Daniel team consisted of Bill Crowl from Fluor Daniel's Denver Office and Bill Deason
from Fluor Daniel's operations in Las Vegas, Nevada.

The fmal sub-task will be to prepare a fmal report describing the potential and
recommended coal mining and handling process improvements.

04441302
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representing the Kazakhstan Ministry of Energy, Kazakhugol, and the mines at Karaganda
and Ekibastuz. For estimating purposes, it has been assumed that these meetings will be held
in Almaty. One objective of these meetings will be to identify the specific mine sites which
will be visited. When local travel arrangements are made, the engineers will travel to the
selected mining sites. At the sites, coal mining and handling operations will be observed and
data on coal quality and mining operations will be obtained and discussed with local
representatives. Based on these observations and discussions, the mining engineers will
discuss potential coal mining and handling process modifications which may result in cost
effective improvements to the coal quality.

A fmal report describing potential and recommended cost effective coal quality
improvement modifications to the coal mining and handling processes assessed during the
mission.

KAZAKHSTAN: COAL CLEANING PROGRAM
U.S. AID NIS Energy Efficiency and Market Reform

Background infonnation was collected from previous USAID-funded Fluor Daniel activities in the
Kuzbass and other major coal basins in Russia, where longwall operations were examined in 1993 by
Mr. a.B. Bucklen. Bucklen's observations and conclusions have proven to be very helpful in
providing a basis for observations in very similar operations in Karaganda. Letters of Invitation,
Country Clearance and Visas for the trip were expedited by IDEA Inc. in Almaty and by Burns & Roe
in Pittsburgh and Washington, D.C. .I
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KAZAKHSTAN: COAL CLEANING PROGRAM
U.S. AID NIS Energy Efficiency and Market Reform

The following table documents the time spent in Kazakhstan on behalf of this work:

04441302
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Date Place Activity

1111-11/3 Almaty Travel to Almaty

11/3-11/9 Almaty Meetings with IDEA, PIER,
USGS, Ministry of Energy

11/9-11110 Ekibastuz Mine tours, meetings

11/11 Karaganda Travel

11/12-11/15 Karaganda Mine tour, prep plant tours,
meetings with Karagandaugol
& Coal Research Institute

11/16-11/21 Almaty Meetings with Ministry of
Energy, PIER, IDEA

11/22 USA Travel

Discussions with the Ministry of Energy before the trip to Ekibastuz and Karaganda were helpful in
laying out a schedule which fit within the schedules of our hosts at the mine sites. Mr. Ryaskin was
especially helpful in seeing to it that we were met at the right times and given whatever assistance we
needed for our work. The visits to the mine sites and districts was dictated by our host's schedules.

3.0 MINING DISTRICT TOURS

Tours were made of the two mining districts - Ekibastuz and Karaganda. The tours were conducted by
the mine managers or their senior managers.

3.1 Ekibastuz Mine

The Ekibastuz coal deposit is essentially a single body of coal 80m thick, overlain by a maximum
of 150m of overburden in northern Kazakhstan. The deposit has been in production since the
mid-1950's. The extraction of the coal is the largest operation of it's kind in the world,
employing open pit mining methods - bucketwheel excavators, conveyor and train haulage of coal
and waste, and a simple blending scheme.

The full 80m thickness of the seam is mined and shipped as steam coal to points within and
outside Kazakhstan. The coal has an average heat value of 4,500 KcallKg and an ash content
between 40% and 50%, or greater.
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3.1.1 MiniD~ Method

Coal is mined with bucketwheel excavators (BWE) loading directly into rail cars in the
Bogatyr and Severnyj pits and to belt conveyors in the Vostochnij pit. Rail cars from the
Bogatyr pit are hauled to a marshaling yard outside the pit limit where any blending for
improvement of coal quality is accomplished. The blending is accomplished by switching
cars from various BWE sites to achieve an average "train-load grade." Coal from the

No hard data was supplied in our meetings that we could take with us for further analysis. For
much of our 'hard I mining data on Ekibastuz, we have relied on references and data provided by
Alan Irving of PIER (Partners in Economic Reform) whose assignment in Kazakhstan is to work
with the Ekibastuz organization in areas of mining, safety and training. We also got some
information from the Ministry ofEnergy in Almaty.

04441302
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Overburden is removed by power shovels loading directly into rail cars, hauled by electric
locomotives to external waste dumps. To this point. there has been no attempt to backfill
(Le. reclaim) mined-out areas (pits). The haul distance and adverse grade to the waste
dump has become excessive, in part because the dumps must be built outside the ultimate
mineable reserve boundaries. A rumor of a plan to dump waste into the Severnij pit upon
conclusion of mining in that area is the only evidence that backfilling was part of the overall
mine planning sequence.

Over 700 partings have been identified in the Ekibastuz seam - an average of just under ten
partings per meter of coal. The mining method - bucketwheel excavation, does not allow for
segregation of these partings, hence the high ash content. Extensive testing has reportedly shown
that this ash shows up as being intrinsic to the coal. This indicates that the ash is fmely divided
within the coal matrix and that crushing I grinding will not liberate the ash as separate or dicreet
particles. In coal of this type, density - based cleaning does not tend to result in a large reduction
in the ash content. Therefore coal cleaning schemes proposed for the overall production volume
have met with little favor.

Production capacity is 105 million metric tons per year of steam coal, but current production is
approximately 70 million metric tons per year. The reduced production is primarily a result of a
lack of markets for the coal or a lack of ability on the part of the customer to pay for the coal
when delivered. It is reported that approximately 60% of the coal mined at Ekibastuz is used in
"local" (pavlodar and Ekibastuz) power plants, supplying power to northern Kazakhstan.
According to local sources, these plants were designed for the high ash content of the Ekibastuz
coal. Power plants in southern Kazakhstan were designed for coal with an ash content of 38 %,
and are having great difficulty with the Ekibastuz coal shipped to them. Therein lies one of the
problems which brought this Mission to Kazakhstan. Simply stated, "Are there any cost effective
revisions to the mining and materials handling schemes at Ekibastuz which could be made that
might favorably impact coal quality?"

KAZAKHSTAN: COAL CLEANING PROGRAM
U.S. AID NIS Energy Efficiency and Market Reform
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Vostochnij-pit BWE is hauled by belt conveyors through a single roll breaker to an ltaIian
designed and built blending unit composed of stacking conveyors and drum rec1aimers, to
rail cars. This blending unit handles approximately 30% of mine output.

3.1.2 Mine PIannini/Selective Mining

In terms of mine planning it seems that Ekibastuz operates very much like a very large
borrow pit. Planning appears to center around volumes of material to be moved, with little
consideration given to the quality of material to be moved. This is not to say that the data
on coal quality is unavailable - some blastholes are given proximate analysis, and odds are
that some exploration/development data are available. Instead, the coal quality data merely
provides some statistical production tracking opportunities. For the end users of the
Ekibastuz coal (the power plants) to benefit from using it, the mine must begin to pay closer
attention to local variations in the coal. However, the very size of the operation. the mining
technique and the staggering amount of effort to institute coal quality-based production
planning, push one to the conclusion that if the quality of Ekibastuz coal is to be improved,
it will be as a result of the inception of some coal cleaning scheme. This is not to say that
quality-based mine planning is futile, it is merely saying that the most cost effective changes
are to be found elsewhere.

Consideration should be given in the mine planning process to changing to some form of
mining employing backfill of waste into the active pits. Given the scale of the present
operation, this would be a major challenge, and might not be fully implemented until well
after the turn of the century, if such planning began today. By revamping the planning to
include backfJ.1ling as part of the on-going mining operations. surface waste piles would
cease to grow, waste haulage costs would decrease, waste rehandle would be cut to a
minimum, and rail rolling stock usage might decrease, if more conveyors were employed.

Apparently, there has been some provision in the past for separating partings from the coal
at Ekibastuz. Partings with a thickness greater than 54 em were sent to waste. No evidence
of this scheme was seen.

3.1.3 Minim~ EQuipment

The primary coal mining tool in the Ekibastuz Mine is the bucketwheel excavator (BWE).
Eleven BWE are employed in the 3 pits that make up the mine. Each BWE has rated
capacity of 5,000 metric tons per hour, with a reported 80% availability. when maintenance
and spare parts are available. Each BWE in the main pit and the north pit load directly into
rail cars. Each train is composed of ten 100 metric ton cars. Train size is limited because
of the steep grade out of the pit. The use of multiple BWE in the pits complicates rail traffic
control. Typically. one BWE loads a train in 5 minutes and waits up to 30 minutes between
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3.1.4 Conclusions

trains. This is funher complicated by the fact that the rail cars are used for long haul
service, resulting in the availability of cars for loading controlled by the railroad.

Coal quality-based mine planning may help to guide mining operations at Ekibastuz in some
small way. Further detailed examination of the available data would provide a foundation
for determining how more sophisticated planning could be implemented.

Overburden is loaded by 15 m3 shovels directly into self-dumping (DlFCO-type) rail cars.
These cars are hauled to the surface waste dump and unloaded near the end of the waste
dump. A dragline picks up the waste and moves it over the edge of the dump.

04441302
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After removal of the overburden, the coal is drilled and spring blasted ahead of the BWE.
Conventional blasthole drills are used and reponedly loaded with whatever explosive is
available at the time. The use of variable types and amounts of explosives results in a
number of coal fires in the blasted material. The fires are, for the most pan, isolated by
simply mining around the affected area.

The Ekibastuz Mine is a very large, efficient material moving enterprise. With the proper
employment of their vast resources, the managers of the operation can move a metric ton of
material to the rail marshaling yard. with great efficiency and speed. However, the primary
concern appears to be with the amount of material shipped - not its quality. This results in
the buyers claiming that the coal does not meet their specifications. This may be due to lack
of money rather than the claims of off-spec coal.

In the east pit, BWE's load onto face conveyors which feed an inclined conveyor to a
blending facility on the pit rim. From the blending pile, the coal is loaded into rail cars by
drum reclaimers. Each BWE in the east pit is serviced by one face conveyor and one
inclined conveyor. There appears to be no provision for segregating waste from coal.

The establishment of local or, at least Kazakhstan-based, parts casting facilities should be
considered. For example, bucket teeth for the BWE are available only from Germany.
Having the teeth made at a foundry in Kazakhstan would decrease costs over the long run
and cut the dependence on outside vendors. This is only one example of the problems of
the spares supply system. Many spares are obtained through baner for coal. Baner does
not, however, bring in hard cash for the vendor of the supplies. nor does the coal supplier

Operations planning should begin to deal with how to minimize waste handling to reduce
operating expenditures. Revising future plans to include some provision for backfilling
during the current mining sequence would show substantial savings over the long life of
these operations.

KAZAKHSTAN: COAL CLEANING PROGRAM
U.S. AID NIS Energy Efficiency and Market Reform
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get money for his product. For an operation like Ekibastuz, barter is not the best avenue for
spares acquisition. There needs to be the exchange of money for goods.

It is imperative that Ekibastuz coal customers, and for that matter, all customers of coal
mines in Kazakhstan begin to pay for heating value received, not tons of material received.
If heating value were the criterion, then the mine would be less likely to ship the large
amounts of rock which are making their way into the coal, because they would not be paid
for those tons of rock. The managers of the Ekibastuz operation would then become
interested in how to clean their coal and in schemes to use coal quality-based mine planning.
It is easy to ship very high ash coal, but it is more profitable to ship better quality coal that
will pay dividends in real money. This change in the system will encourage the coal mine
management to accept help in the areas of coal cleaning and mining modernization.

During our visit, mention was made of a conceptual plan to distribute excess power
generated in the northern part of Kazakhstan to other areas of the country If there is excess
generating capacity in northern Kazakhstan, distribution of that power via high tension lines
would payoff in terms of reduced coal freight charges and reduced pollution in the more
populated regions.

3.1.5 RecommendatiQns

The following are recQmmendations for activities which will, in the longer term, enhance
the commercial viability of the Ekibastuz open pit coal mining QperatiQns:

1. Implement a cQal quality-based mine planning and production scheduling prQgram for
all mining in the Ekibastuz basin. Initially, this effQrt will center around installatiQn of
cQmputer hardware and accompanying mine planning software, follQwed by training
Qf Kazakhstani mining engineers and technicians in the use Qf the systems. Once
training is cQmplete, the building Qf a comprehensive mining database can begin. The
database should include all coal quality data frQm .all existing drill holes, including
blastholes drilled ahead of the BWE's, as well as, the exploration and development
holes drilled in prior years.

2. Fully examine the pQssible opportunities to reduce the rehandling of waste rock by
implementing waste backfilling as an integral part of mining.

3. Assess the feasibility Qf building a steel casting foundry in Kazakhstan to manufacture
parts vital to Kazakhstani industry, including both open pit and underground coal
mining.
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3.2.1 Conclusions

Workers safety procedures were discussed with management. Management is well aware of
safety standards and procedures. The personal protective equipment is old and, presumably well
maintained, but no plan to update this equipment was mentioned.

Based on discussions with officials in Karaganda, it was likely that production of steam coal
from underground mines at Karaganda is probably destined for shutdown in the relatively
near future due to economic factors. It simply is not economically feasible to continue to
produce steam coal from underground mines when there are other sources, primarily
surface mines. which can produce steam coal at a far lower cost.

Primary coal production comes from four (4) longwall sections. The longwall equipment is
vintage design, with a single shearer and simple jack chocks. The face conveyor feeds a single
roll breaker, which feeds the sloped belt conveyor. The operating crew cited a lack of spare parts
as the main impediment to production. This is partly offset by scheduling one full six hour shift
each day for maintenance and repair.

04441302
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The coal deposits of the Karaganda Basin are primarily mined using underground methods,
utilizing mechanized longwall equipment. Both metallurgical coal and steam coal are mined from
these deposits. The mining plans and techniques are based on a well-established system used in
the Soviet Union and perpetuated today in Kazakhstan. The showcase underground mine in the
Karaganda Basin is the Kostenko Mine.

The Kostenko Mine is an underground metallurgical coal mine underlying an area +5 kIn long by
3 kIn wide, with a rated production of 4.2 million tonnes per year from a 3.5 - 4.0 m thick seam.
The mine operates on a 4-six hour shift, 7 day per week schedule. Seven shafts service the mine,
including production, service and ventilation exhaust. The lowest producing bed is 600m below
the surface, and is accessed through a 20 degree decline from the 500 level through the vertical;
shaft bottom at the 500m level.

The coal production from this mine is primarily for metallurgical u~e and is cleaned on site in a
preparation plant, with the by-products going to power generation and heating plants. The
metallurgical coal is apparently of good quality and has an export market. As with most coal
producing areas in Kazakhstan, however, there is the problem of getting paid for the coal that is
shipped. Timely payment for coal and the establishment of a reliable supply of spares remain the
most important issues. Until these problems are resolved, coal quality, mine planning
improvements and improvements in production efficiency will continue to be secondary issues.
This priority list (Le. payment for coal shipped and need for spare parts), was repeated at every
coal mining and preparation operation visited.

3.2 Karaganda Basin - Kostenko Mine

KAZAKHSTAN: COAL CLEANING PROGRAM
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Any recommendations for mining method improvements which could have an early or
immediate impact on steam coal quality would need to be accepted by the Karaganda mine
management teams. They are generally well qualified and conscientious miners, who are
strongly committed to methods with which they are familiar. Change would be slow in
coming, both on the management side and on the part of the miners.

There is a possibility that coal quality-based mine planning could help improve the
economics of the underground mines and the open pit mines that are expected to replace
them. The implementation of such planning may be slow in coming, since the confidence of
the operators in the new methods will have to be established before they were implemented.
No amount of immediate revision to current mine plans or mining methodologies will
produce a measurable improvement in coal quality in the time frame of this Delivery Order.
It is critical that changes be made in the Kazakhstani coal industry to improve coal quality,
but for something that will have an impact within the foreseeable future, the answer lies
outside the mining side of the industry, as in coal cleaning.

3.2.2 Recommendations

1. It is obvious that the Kostenko Mine is suffering from a lack of operating capital. The
mine is well managed, but is suffering from the same general problems associated with
other similar large underground operations throughout the Former Soviet Union. For
example, ground support methods using steel arches and cement lagging on variable
centers are effective. However, these methods are now considered outdated. When
rock bolting was mentioned, the manager stated that rock bolting was tried years ago
with poor re~ults, leading planners to conclude that the technique was not appropriate
for operations in Kazakhstan. Rock bolting has evolved a great deal since that
experience and should be considered in any new mine development activities.
Innovative thinking in mine planning and operations can enable Kazakhstan's
underground coal mines to become more economically competitive with other
European coal producers.

2. The development of a local mine planning program is essential if the Kazakhstani coal
industry is to become a viable coal exporter in a competitive marketplace. An
evaluation of the numerous commercially available mine planning software packages
should be initiated by a team representing all of the various operating entities within
the Kazakhstani coal industry - Karaganda Coal, Ekibastuz Coal, The Ministry of
Energy and the Ministry of Geology, at a minimum. It is very likely that there is not
anyone program package which will fit the needs of all of the mines, and this fact
should not serve to slow progress toward more effective mine planning. If two or
three packages fit the unique requirements for each of the mine types, the most
appropriate should be selected and the planning process should be initiated.
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4.0 GENERAL SUMMARY AND RECOMMENDAnONS

4. Although not part of the technology of coal mining or preparation, it is apparent that a major
impediment to upgrading coal production is a lack of money. The power producers are largely
unpaid by their customers and therefore have insufficient money to pay for coal. This prevents

3. In keeping with the consolidation of management of the coal industry at a high level in
government, all pertinent data concerning coal mining in Kazakhstan should be consolidated in
one central agency, perhaps the Ministry of Energy, where access to that data is not limited.

In summary, the following conclusions can be drawn about the Kazakhstani coal mining business,
based on the limited exposure gained from this trip and general familiarity with the coal mining
industry of the former Soviet Union:

04441302
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1. Significant improvements to the overall quality of the coal shipped from Kazakhstan's coal mines
to power generation stations in Kazakhstan should be the goal of the entire industry -- from the
coal miner all the way to the highest government official. Too often, the quantity of coal shipped
is the critical performance measurement criterion. This criterion costs Kazakhstan dearly, in
terms of extra expendituresfor shipping, increased maintenance at power plants, decreased
efficiency at those plants and other, less obvious ways.

3. Based on a brief search for background data on the various Kazakhstani coal
producing areas, one can conclude that there is an enormous amount of geological,
geotechnical and coal treatment data available within the Kazakhstani governmental
system. The data are held, however, in a number of separate ministries, institutes,
departments and agencies which do not adequately communicate with each other. A
program to collect, collate and catalog this information should be started. The

information gathered would be helpful to all those involved with the industry and
could form a basis for future planning and assessment of coal cleaning alternatives.

The above recommendations are labor intensive, but require a minimum of capital ,
and therefore could be initiated under the current economic conditions. A strong
commitment by senior government officials will be required to guarantee success in
any of the above activities.

2. Management of the Kazakhstani coal mining industry should be consolidated under one high-level
government agency, allowing prudent exploitation of coal resources. The profitability of each
mining operation should be scrutinized in relation to its competitors in the Kazakhstani
marketplace. The definition of profitability, in terms of the Kazakhstani coal industry, will
necessarily depend on factors not commonly considered in free market economies (Le. social
good, regional unemployment, etc.).

KAZAKHSTAN: COAL CLEANING PROGRAM
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the mines from upgrading their operations or even from paying their workers. Until a reasonable
cash flow is achieved, improvements in technology will be difficult, if not impossible.

5. Analyses of some oversize coal indicates that, in some cases, the +7" material is basically rock.
For example, samples of oversize material from the Borlinski Mine averaged nearly 65 % ash and
removal of this material would significantly improve the overall quality of this coal. It is

therefore recommended that oversize material from all mines be analyzed and that the effect of its'
removal on overall ash content be determined.

C:\OFFICE\WPWlN\WPDOCS\FLUORDAN.DIOVune 13, 1995

•
,

iii

--
'I
I
I
I
I

-I
I
I
I

\~\ I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

SUBTASK 4.0

1. Itinerary for the Visitors from Kazakstan

2. Washability ofBorlinski and Ekibastuz Raw Coals

• Borlinski

Washability of200mm to 0: Weight, Ash, Total Sulfur, and Btu/lb

Washability of200mm to 0: Weight, Fonns of Sulfur, Volatile
Matter, Fixed Carbon, and Free Swelling Index

Proximate, Ultimate, and Associated Analyses of 150mm to 0.5mm
* Raw Coal Composite
* Float 1.80 Composite

• Ekibastuz Sample No.1, Bogatyr Pit Seam No. 3-3

Washability of 50mm to 0: Weight, Ash, Total Sulfur, and Btu/lb

Washability of50mm to 0: Weight, Fonns of Sulfur, Volatile
Matter, Fixed Carbon, and Free Swelling Index

Proximate, Ultimate, and Associated Analyses of 50mm to O. 5mm
* Raw Coal Composite
* Float 1.80 Composite

Washability ofCrushed to Pass (CTP) 1.00mm: Weight, Ash, Total
Sulfur, and Btu/lb

Washability ofCTP 1.00mm: Weight, Fonns of Sulfur,
Volatile Matter, Fixed Carbon, and Free Swelling Index

Proximate, Ultimate, and Associated Analyses ofCTP 1.00mm:
* Float 1.80
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SUBTASK 4.0 (cont'd)

• Ekibastuz Sample No.2, Bogatyr Pit Seam No. 3-B

Washability of50mm to 0: Weight, Ash, Total Sulfur, and Btu/lb

Washability of50mm to 0: Weight, Forms of Sulfur, Volatile
Matter, Fixed Carbon, and Free Swelling Index

Proximate, Ultimate, and Associated Analyses of 50mrn to 0.5mm
* Raw Coal Composite
* Float 1.80 Composite

Washability ofCTP 1.00mm: Weight, Ash, Total Sulfur, and Btu/lb

Washability ofCTP 1.00mm: Weight, Forms of Sulfur,
Volatile Matter, Fixed Carbon, and Free Swelling Index

Proximate, Ultimate, and Associated Analyses ofCTP 1.00mm:
*Float 1.80

APP-6
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ITINERARY FOR
THE VISITORS FROM KAZAKSTAN

September 8 - 25, 1995

DAY EVENT

Sept. 8 Arrival in Pittsburgh USAir flight 493 from New York JFK 7:16 p.m.
(Fri.)

Sept. 9 - 10 Technical visits to local universities: University ofPittsburgh Various
(Sat. - Sun.) and Carnegie Mellon University

Sept. 11 • Visit to Don Daley 9:30 a.m.
(Mon.) • Geochemical Testing (Bob Stull) 1:00 p.m.

• Supper at Hidden Valley Resort Community
and Conference Center 6:30 p.m.

Sept. 12 • Geochemical Testing 8:00 a.m.
(Tues.) • Homer City Prep Plant (Dan Anderson) 10:30 a.m.

• CQ Inc. (Dave Akers) 1:30 p.m.
• Geochemical Testing 3:30 p.m.

Sept. 13 • Geochemical Testing 8:30 a.m.
(Wed.) • Custom Coals Preparation Plant (DOE funded 10:00 a.m.

facility) (Ken Harrison)
• Geochemical Testing 2:00 p.m.

Sept. 14 • Geochemical Testing 8:30 a.m.
(Thurs.) • PBS Coal Co. (Surface mine and high-wall miner) 1:30 p.m.

Sept. 15 • Geochemical Testing 8:30 a.m.
(Fri.)

Sept. 16 - 17 Weekend free
(Sat. - Sun.)

1



Sept. 18
(Mon.)

Sept. 19
(Tues.)

Sept. 20
(Wed.)

Sept. 21
(Thurs.)

Sept. 22
(Fri.)

Sept. 23 - 24
(Sat. - Sun.)

Sept. 25
(Mon.)

• Seminar at South Hills Village Holiday Inn
(Economics ofCoal Preparation)

• Seminar at South Hills Village Holiday Inn
(Five flowschemes)

• Washington Energy Processing (Coal-Water :Mixture)
(Ed Greenweld, Sr.)

• Warwick Preparation Plant (Waynesburg)

• Seminar at CEE Inc. offices
(Discussion as to three best-of-five flowschemes)

• Seminar at CEE Inc. offices
(Discussion as to the one best-of-three flowschemes)

Weekend free

• Consol Res. Laboratory
Dr. Tony Fonseca
Library, PA

• Plane departure from Pittsburgh International Airport
on USAIR. flight to New York JFK

2

8:30 a.m.

8:30 a.m.

9:00 a.m.

1:00 p.m.

8:30 a.m.

9:00 a.m.

9:00 a.m.

4:35 p.m.
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WASHABILITY DATA OF RAW BORLINSKI COAL
Including Weight Percent, Ash, Total Sulfur, and Btu/lb

(Collected at the Alma-Ata Steam Central Power Station,
Almaty, Kazakstan, in November, 1994)

(Collected by Burns and Roe Services Corp. Personnel under
USAID Delivery Order No.9, Task 3, Coal Cleaning)

November 13, 1995
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I Washability Data of Raw Borlinski Coal Including Weight Percent,

Ash, Total Sulfur, and Btu/lb

I November 13, 1995
Page 2

I Composite by Sizes: 200mm to 0

Direct Cumulative

I Size Fraction,
rom Wt% Ash% Tot. S, % Btu/lb Wt% Ash% Tot. S, % Btu/lb

I 200mm - 150mm 14,75 58.09 0,97 4851 14,75 58.09 0,97 4851
150mm - 100mm 6.62 53.63 0.39 6584 21.37 56.71 0,79 5388

I 100mm- 50mm 18.09 49.33 0.36 6788 39.46 53.33 0.59 6030
50mm- 25mm 14.94 44.03 0.80 7782 54.40 50,77 0.65 6511
25mm - 12.5mm 12.86 42.68 0.47 8051 67.26 49,23 0.62 6805

I 12,5mm - 6.33mm 9.39 42.43 0.52 8087 76.65 48.39 0.60 6962
6.33mm - 3.35mm 5.77 41.33 0.53 8173 82.42 47.90 0.60 7047
3.35mm- 1mm 7,31 38.15 0.55 8721 89.73 47.10 0.59 7184

I 1mm- O.5mm 2,93 30,51 0.59 10,067 92.66 46,58 0,59 7275
O.5mm- 0 7.34 37.99 0.69 8785 100.00 45.95 0.60 7386

I
I

Composite by Relative Density Fractions: 200mm to 0

Direct Cumulative

I Relative
Density Wt% Ash% Tot. S, % Btu/lb. Wt% Ash% Tot. S, % Btu/lb.

I - 1.30 2.34 5.85 0.77 14520 2.34 5.85 0.77 14520
1.30 - 1.40 7,66 14.54 0,65 13001 10.01 12.50 0.68 13357
1.40 - 1.50 16.10 24.30 0.58 11305 26.11 19,78 0.62 12092

I 1.50 - 1.60 14,65 33.14 0,51 9741 40.76 24.58 0.58 11246
1.60 - 1.70 9.05 39.65 0.64 8586 49.81 27.32 0.59 10763
1.70 - 1.80 6.74 46.06 0.53 7498 56.55 29.55 0.58 10374

I 1.80 - 1.90 11.60 57.86 0.35 5625 66.28 34.37 0.55 9565
1.90 - 2,00 5.81 61.12 0.31 4680 73.50 36.47 0.52 9182

I
+2.00 26.03 72.86 0.82 2284 100.00 45.95 0.60 7386

I
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Washability Data of Raw Borlinski Coal Including Weight Percent,
Ash, Total Sulfur, and Btu/lb
November 13,1995
Page 3

Size Range
200mm to 150mm (14.75% of Total Sample)

Direct Cumulative
Relative
Density Wt% Ash% Tot. S. % Btu/lb. Wt% Ash% Tot. S. % Btu/lb. I

- 1.30 0.00 0.00 0.00 a 0.00 0.00 0.00 a
1.30 - 1.40 0.00 0.00 0.00 a 0.00 0.00 0.00 a I1.40 - 1.50 6.98 25.65 0.68 11081 6.98 25.65 0.68 11081
1.50 - 1.60 4.97 34.40 0.75 9544 11.95 29.29 0.71 10442
1.60 - 1.70 7.26 37.34 0.87 9023 19.21 32.33 0.77 9906 I1.70 - 1.80 10.21 41.23 0.95 8330 29.42 35.42 0.83 9359
1.80 - 1.90 0.00 0.00 0.00 a 29.42 35.42 0.83 9359

I1.90 - 2.00 0.00 0.00 0.00 a 29.42 35.42 0.83 9359
+2.00 70.58 67.54 1.03 2972 100.00 58.09 0.97 4851

I
Size Range

150mm to lOOmm (6.62% of Total Sample) I
Direct Cumulative

Relative IDensity Wt% Ash% Tot. S. % Btu/lb. Wt% Ash% Tot. S. % Btu/lb.

- 1.30 0.00 0.00 0.00 0 0.00 0.00 0.00 0 I1.30 - 1.40 0.00 0.00 0.00 a 0.00 0.00 0.00 a
1.40 - 1.50 22.09 25.40 0.56 11188 22.09 25.40 0.56 11188

I1.50 - 1.60 0.00 0.00 0.00 a 22.09 25.40 0.56 11188
1.60 - 1.70 0.00 0.00 0.00 0 22.09 25.40 0.56 11188
1.70 - 1.80 0.00 0.00 0.00 0 22.09 25.40 0.56 11188

I1.80 - 1.90 77.91 61.64 0.34 5279 100.00 53.63 0.39 6584
1.90 - 2.00 0.00 0.00 0.00 0 100.00 53.63 0.39 6584

+2.00 0.00 0.00 0.00 a 100.00 53.63 0.39 6584 I
I
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I Washability Data of Raw Borlinski Coal Including Weight Percent,

Ash, Total Sulfur, and Btu/lb

I
November 13,1995
Page 4

I
Size Range

100mm to 50mm (18.09% of Total Sample)

I Direct Cumulative
Relative
Density Wt% Ash% Tot. S, % BtuI1b. Wt% Ash% Tot. S, % Btu/lb.

I - 1.30 0.73 18.24 0.65 12398 0.73 18.24 0.65 12398
1.30- 1.40 6.13 19.02 0.55 12185 6.86 18.94 0.56 12207

I 1.40- 1.50 11.74 24.92 0.57 11279 18.60 22.71 0.57 11621
1.50- 1.60 19.02 34.09 0.52 9545 37.62 28.47 0.54 10571

I
1.60- 1.70 7.74 41.81 0.39 8239 45.36 30.74 0.52 10173
1.70- 1.80 6.10 51.21 0.41 6741 51.46 33.17 0,50 9766
1.80- 1.90 13.24 56.27 0.27 5532 64.70 37,90 0.46 8900

I
1.90- 2.00 15.20 63.49 0.25 4152 79.90 42.76 0.42 7996

+2.00 20.10 75.44 0.12 1983 100.00 49.33 0.36 6788

I Size Range
50mm to 25mm (14.94% of Total Sample)

I Direct Cumulative
Relative

I Density Wt% Ash% Tot. S. % Btu/lb. Wt% Ash% Tot. S, % Btu/lb.

I
- 1.30

1.30 - 1.40 4.34 17.88 0.61 12369 4.34 17.88 0.61 12369
1.40 - 1.50 21.63 25.58 0.56 11107 25.97 24.29 0.57 11317

I 1.50 - 1.60 23.67 34.30 0.47 9549 49.64 29.06 0.52 10474
1.60 - 1.70 12.82 41.02 1.19 8344 62.46 31.52 0.66 10037
1.70 - 1.80 5.62 50.10 0.47 6819 68.08 33.05 0.64 99771

I 1.80 - 1.90 11.03 56.80 0.43 5651 79.11 36.36 0.61 9196
1.90 - 2.00 3.94 62.53 0.25 4422 83.05 37.60 0.60 8970

+2.00 16.95 75.50 1.77 1962 100.00 44.03 0.80 7782

I
I
I
I \'t~



Washability Data of Raw Borlinski Coal Including Weight Percent,
Ash, Total Sulfur, and Btu/lb
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Size Range
25mm to 12.5mm (12.86% of Total Sample)

Direct Cumulative
Relative
Density Wt% Ash% Tot. S, % Btu/lb. Wt% Ash% Tot. S, % Btu/lb.

- 1.30 0.60 8.94 0.71 14073 0.60 8.94 0.71 14073
1.30 - 1.40 7.35 16.11 0.61 12774 7.95 15.57 0.62 12872
1.40 - 1.50 21.51 25.05 0.56 11078 29.46 22.49 0.58 11562
1.50 - 1.60 22.63 33.42 0.46 9699 52.09 27.24 0.53 10752
1.60 - 1.70 12.82 41.24 0.39 8292 64.91 30.00 0.50 10266 I1.70 - 1.80 8.12 48.69 0.32 7033 73.03 32.08 0.48 99071
1.80 - 1.90 5.06 55.53 0.35 6023 78.09 33.60 0.47 9655
1.90 - 2.00 4.26 62.05 0.33 4802 82.35 35.07 0.46 9404 I+2.00 17.65 78.16 0.52 1740 100.00 42.68 0.47 8051

Size Range I
12.5mm to 6.3mm (9.39% of Total Sample)

IDirect Cumulative
Relative

IDensity Wt% Ash% Tot. S, % Btu/lb. Wt% Ash% Tot. S, % Btu/lb.

- 1.30 1.47 6.99 0.67 14488 1.47 6.99 0.67 14488 I1.30 - 1.40 11.32 14.78 0.61 13100 12.79 13.88 0.62 13259
1.40 - 1.50 21.32 23.69 0.55 11519 34.11 20.01 0.58 12171
1.50 - 1.60 16.92 32.73 0.49 9892 51.03 24.23 0.55 11415 I1.60 - 1.70 10.69 40.87 0.43 8411 61.72 27.11 0.53 10895
1.70-1.80 6.89 48.07 0.37 7100 68.61 29.22 0.51 10514
1.80 - 1.90 5.09 54.78 0.38 5932 73.70 30.98 0.50 10197 I1.90 - 2.00 4.79 60.89 0.36 4903 78.49 32.81 0.49 9874

+2.00 21.51 77.55 0.64 1565 100.00 42.43 0.52 8087

I
I
I
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I
I Washability Data of Raw Borlinski Coal Including Weight Percent,

Ash, Total Sulfur, and Btullb

I November 13, 1995
Page 6

I Size Range
6.3mm to 3.35mm (5.77% of Total Sample)

I Direct Cumulative
Relative

I
Density Wt% Ash% Tot. S, % Btu/lb. Wt% Ash% Tot. S, % Btu/lb.

-1.30 6,75 0.74 143635,61 6,75 0,74 14363 5,61

I 1.30 - 1.40 16,34 15,05 0.65 12945 21.95 12.93 0.67 13307
1.40 - 1.50 16.08 24.17 0.57 11314 38.03 17.68 0.63 12464
1.50 - 1.60 13.44 32.45 0.51 9810 51.47 21.54 0.60 11771

I 1.60 - 1.70 8.53 40.01 0.43 8545 60.00 24.16 0.57 11312
1.70 - 1.80 6.15 46.91 0.37 7315 66.15 26.28 0.56 10941
1.80 - 1.90 4.54 53.27 0.34 6165 70.69 28.01 0.54 10634

I 1.90 - 2.00 5.01 59.29 0.31 5026 75.70 30.08 0.53 10263
+2.00 24.30 76.37 0.53 1662 100.00 41.33 0.53 8173

I Size Range

I
3.35mm to Imm (7.31% of Total Sample)

Direct Cumulative

I Relative
Density Wt% Ash% Tot. S, % Btu/lb. Wt% Ash% Tot. S. % Btu/lb.

I - 1.30 10.75 4.78 0.79 14694 10.75 4.78 0.79 14694
1.30 - 1.40 18.08 12.62 0.69 13329 28.83 9.70 0.73 13837
1.40 - 1.50 15.07 22.32 0.57 11559 43.90 14.10 0.67 13055

I 1.50 - 1.60 10.00 31.09 0.47 10074 53.90 17.25 0.64 12502
1.60 - 1.70 7.73 38.26 0.43 8907 61.63 19.89 0.61 12051

I
1.70 - 1.80 5.61 44.85 0.38 7620 67.24 21.97 0.59 11681
1.80 - 1.90 4.11 51.44 0.35 6451 71.35 23.67 0.58 11380
1.90 - 2.00 4.45 57.39 0.30 5342 75.80 25.65 0.56 11025

I
+2.00 24.20 77.30 0.50 1504 100.00 38.15 0.55 8721

I
I
I



Washability Data of Raw Borlinski Coal Including Weight Percent,
Ash, Total Sulfur, and Btu/lb
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Size Range
Imm to O.5mm (2.93% of Total Sample)

Direct Cumulative
Relative
Density Wt% Ash% Tot. S. % Btu/lb. Wt% Ash% Tot. S. % Btu/lb.

·1.30 22.05 4.20 0.79 14810 22.05 4.20 0.79 14810
1.30·1.40 20.13 11.89 0.70 13429 42.18 7.87 0.75 14150 I1.40·1.50 12.48 21.42 0.55 11738 54.66 10.96 0.70 13600
1.50· 1.60 9.16 29.53 0.48 10314 63.82 13.63 0.67 13128
1.60·1.70 6.49 36.31 0.42 9049 70.31 15.72 0.65 12751 I1.70·1.80 4.59 43.02 0.36 7864 74.90 17.40 0.63 12432
1.80 - 1.90 3.77 48.87 0.35 6825 78.67 18.90 0.62 12182
1.90·2.00 3.34 55.53 0.28 5631 82.01 20.40 0.60 11915 I+2.00 17.99 76.62 0.52 1641 100.00 30.51 0.59 10067

Size Range I
O.5mm to 0 (7.34% of Total Sample)

I
Direct Cumulative

Relative IDensity Wt% Ash% Tot. S. % Btu/lb. Wt% Ash% Tot. S. % Btu/lb.

·1.30 3.29 4.12 0.82 14714 3.29 4.12 0.82 14714 I1.30· 1.40 14.20 9.50 0.79 13762 17.49 8.49 0.80 13941
1.40· 1.50 14.84 18.77 0.70 12083 32.33 13.21 0.75 13088
1.50·1.60 9.14 24.97 0.63 11118 41.47 15.80 0.72 12653 I1.60 - 1.70 10.41 32.10 0.57 9759 51.88 19.07 0.69 12073
1.70· 1.80 9.51 38.51 0.55 8733 61.39 22.08 0.67 11555

I1.80·1.90 8.21 46.49 0.53 7354 69.60 24.96 0.65 11060
1.90 - 2.00 10.41 53.95 0.48 6026 80.01 28.73 0.63 10405

+2.00 19.99 75.02 0.93 2302 100.00 37.99 0.69 8785

I
I
I
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WASHABILITY DATA OF RAW BORLINSKI COAL
Including Weight Percent, Forms of Sulfur, Volatile Matter,

Fixed Carbon, and Free Swelling Index

(Collected at the Alma-Ata Steam Central Power
Station, Almaty, Kazakhstan, in November, 1994)

(Collected by Burns and Roe Services Corp. Personnel under
USAID Delivery Order No.9, Task 3, Coal Cleaning)

November 13, 1995



I
I Washability Data of Raw Borlinski Coal Including Weight Percent, Forms of Sulfur,

Volatile Matter, Fixed Carbon, and Free Swelling Index

I November 13, 1995
Page 2

I Composite by Sizes: 200mm to 0

I Direct
Forms of Sulfur, %

I
Size Fraction, mm Wt% Sulfate ~ Qrianic Total YM% FC%
200mm x 150mm 14.75 0.97
150mm x 100mm 6.62 0.03 0.12 0.24 0.39 16.93 29.35

I 100mmx 50mm 18.09 0.04 0.06 0.26 0.36 18.38 32.29
50mmx 25mm 14.94 2.52 1.81 0.31 0.51 17.84 34.27
25mm x 12.5mm 12.86 0.05 0.12 0.31 0.47 20.71 36.61

I 12.5mm x 6.3mm 9.39 0.04 0.14 0.34 0.52 21.03 36.54
6.3mm x 3.35mm 5.77 0.02 0.13 0.38 0.53 21.19 37.48

3.35mmx Imm 7.31 0.08 0.11 0.35 0.55 22.22 39.64

I ImmxO.5mm 2.93 0.04 0.09 0.46 0.59 23.72 45.77
0.5mmxO 7.34 0.18 0.12 0.39 0.69 21.08 40.93

I
I

Cumulative
Forms of Sulfur, %

Size Fraction. mm Wt% Sulfate Pyrite Qrianic Total VM% FC%

I 200mm x 150mm 14.75 0.97
150mm x 100mm 21.37 0.01 0.04 0.07 0.79 5.24 9.09
100mmx50mm 39.46 0.02 0.05 0.16 0.59 11.27 19.73

I 50mmx25mm 54.40 0.71 0.53 0.20 0.57 13.07 23,72
25mm x 12.5mm 67.26 0.58 0.45 0.22 0.55 14,53 26.19

12.5mm x 6.3mm 76.65 0.52 0.41 0.24 0.55 15.33 27.45

I 6.3mm x 3.35mm 82.42 0.48 0.39 0.25 0.55 15.74 28.16
3.35mmx 1mm 89.73 0.45 0.37 0.25 0.55 16.27 29.09

I
1mmx 0,5mm 92.66 0.44 0.36 0.26 0.55 16.50 29.62

0.5mmxO 100.00 0.42 0.34 0.27 0.56 16.84 30.45

I
I
I
I \f\~



Washability Data of Raw Borlinski Coal Including Weight Percent, Forms of Sulfur,
Volatile Matter, Fixed Carbon, and Free Swelling Index
November 13,1995
Page 3

Composite by Relative Density Fractions: 200mm to 0

Direct
Relative Fonns of Sulfur, %
Density Wt% Sulfate Pyrite Or~anic .Th!& VM% FC%

Float 1.30 2.34 0.03 0.02 0.72 0.77 29.82 64.33
1.30· 1.40 7.66 0.04 0.02 0.59 0.65 27.87 57.59 I1.40· 1.50 16.10 0.05 0.04 0.45 0.58 22.41 48.53
1.50·1.60 14.65 0.05 0.05 0.37 0.51 20.58 43.00

I1.60·1.70 9.05 0.03 0.19 0.31 0.64 17.84 35.09
1.70·1.80 6.74 0.06 0.06 0.20 0.53 14.68 26.13
1.80· 1.90 11.60 0.04 0.10 0.21 0.35 16.78 25.32

I1.90·2.00 5.81 0.08 0.08 0.15 0.30 15.49 23.39
Sink 2.00 26.03 0.05 0.31 0.05 0.82 8.69 5.47

I
Cumulative IRelative Fonns of Sulfur, %

Density Wt% Sulfate Pyrite Organic Total VM% FC%

IFloat 1.30 2.34 0.03 0.02 0.72 0.77 29.82 64.33
1.30 - lAO 10.00 0.04 0.02 0.62 0.68 28.33 59.17
1.40 - 1.50 26.11 0.05 0.03 0.52 0.62 24.68 52.60

I1.50 - 1.60 40.76 0.05 0.04 0.46 0.58 23.20 49.15
1.60 - 1.70 49.81 0.04 0.07 0.44 0.59 22.23 46.60
1.70 - 1.80 56.55 0.05 0.07 0.41 0.58 21.33 44.16 I1.80 - 1.90 68.15 0.04 0.07 0.37 0.54 20.56 40.95
1.90 - 2.00 73.96 0.05 0.07 0.36 0.52 20.16 39.57
Sink 2.00 100.00 0.05 0.13 0.28 0.60 17.17 30.69 I

I
I
I
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Size Range
200mm to 150mm (14.75% of Total Sample)

Note: Hardgrove Grindability Index for 200 x 150 rom size fraction is: 63

0.68
0.71
0.77
0.83
0.83
0.83
0.97

Forms of Sulfur. %
Cumulative

Wt% Sulfate Pyrite Organic Total

6.98
11.95
19.21
29.42
29.42
29.42

100.00

Relative
Density

Float 1.30
1.30 - 1.40
1.40 - 1.50
1.50 - 1.60
1.60 - 1.70
1.70 - 1.80
1.80 - 1.90
1.90 - 2.00
Sink 2.00

Direct
Relative Forms of Sulfur. %
Density Wt% Sulfate ~ Organic Total VM% FC% ESl

Float 1.30 0.00
1.30 - 1.40 0.00
1.40 - 1.50 6.98 0.68
1.50 - 1.60 4.97 0.75
1.60 - 1.70 7.26 0.87
1.70 - 1.80 10.21 0.95
1.80 - 1.90 0.00
1.90 - 2.00 0.00
Sink 2.00 70.58 1.03

Washability Data of Raw Borlinski Coal Including Weight Percent, Forms of Sulfur,
Volatile Matter, Fixed Carbon, and Free Swelling Index
November 13,1995
Page 4
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I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



Washability Data of Raw Borlinski Coal Including Weight Percent, Forms of Sulfur,
Volatile Matter, Fixed Carbon, and Free Swelling Index
November 13, 1995
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Size Range
150mm to 100mm (6.62% of Total Sample)

•

Direct
Relative Forms of Sulfur. %
Density Wt% Sulfate Pyrite Organic Total VM% fcrq ESl -
Float 1.30 I1.30 - 1.40
1.40 - 1.50 22.09 0.02 0.07 0.47 0.56 21.96 52.64 1.0

I1.50 - 1.60
1.60 - 1.70
1.70 - 1.80 I1.80 - 1.90 77.91 0.03 0.13 0.18 0.34 15.51 22.75 0.5
1.90 - 2.00
Sink 2.00 I

Cumulative
Relative Forms of Sulfur. % •
Density Wt% Sulfate Pyrite Organic Total VM% FC%

IFloat 1.30 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.30 - 1.40 0.00 0.00 0.00 0.00 0.00 0.00 0.00

I1.40 - 1.50 22.09 0.02 0.07 0.47 0.56 21.96 52.64
1.50 - 1.60 22.09 0.02 0.07 0.47 0.56 21.96 52.64
1.60 - 1.70 22.09 0.02 0.07 0.47 0.56 21.96 52.64 I1.70 - 1.80 22.09 0.02 0.07 0.47 0.56 21.96 52.64
1.80 - 1.90 100.00 0.03 0.12 0.24 0.39 16.93 29.35
1.90 - 2.00 100.00 0.03 0.12 0.24 0.39 16.93 29.35 ISink 2.00 100.00 0.03 0.12 0.24 0.39 16.93 29.35

Note: Hardgrove Grindability Index for 150 x 100 mm size fraction is: 57 I

-



I
I Washability Data of Raw Borlinski Coal Including Weight Percent, Forms of Sulfur,

Volatile Matter, Fixed Carbon, and Free Swelling Index

I November 13,1995
Page 6

I Size Range
100mm to 50mm (18.09% of Total Sample)

I Direct

I
Relative Forms of Sulfur. %
Density Wt% Sulfate Pyrite Qr~anic Total VM% FC% rn

I Float 1.30 0.73 0.02 0.05 0.58 0.65 24.11 57.65 6.5
1.30 - 1.40 6.13 0.02 0.03 0.50 0.55 25.25 55.73 4.5
1.40 - 1.50 11.74 0.04 0.07 0.46 0.57 22.71 52.37 4.5

I 1.50 - 1.60 19.02 0.05 0.11 0.36 0.52 20.28 45.63 3.5
1.60 - 1.70 7.74 0.01 0.04 0.34 0.39 20.15 38.04 1.0
1.70 - 1.80 6.10 0.05 0.11 0.25 0.41 18.63 30.16 1.0

I 1.80 - 1.90 13.24 0.01 0.02 0.24 0.27 18.29 25.44 0.5
1.90 - 2.00 15.20 0.07 0.07 0.11 0.25 13.96 22.55 0.5
Sink. 2.00 20.10 0.03 0.04 0.05 0.12 14.40 10.16 0.0

I
I

Cumulative
Relative Forms of Sulfur. %
Density Wt% Sulfate Pyrite Qr~anic Total VM% FC%

I Float 1.30 0.73 0.02 0.05 0.58 0.65 24.11 57.65
1.30 - 1.40 6.86 0.02 0.03 0.51 0.56 25.13 55.93

I 1.40 - 1.50 18.60 0.03 0.06 0.48 0.57 23.60 53.68
1.50 - 1.60 37.62 0.04 0.08 0.42 0.54 21.92 49.61
1.60 - 1.70 45.36 0.04 0.08 0.40 0.52 21.62 47.64

I 1.70-1.80 51.46 0.04 0.08 0.39 0.50 21.27 45.57
1.80 - 1.90 64.70 0.03 0.07 0.36 0.46 20.66 41.45

I
1.90 - 2.00 79.90 0.04 0.07 0.31 0.42 19.38 37.85
Sink 2.00 100.00 0.04 0.06 0.26 0.36 18.38 32.29

I Note: Hardgrove Grindability Index for 100 x 50 rom size fraction is: 60

I
I
I ~~\.



Washability Data of Raw Borlinski Coal Including Weight Percent, Forms of Sulfur,
Volatile Matter, Fixed Carbon, and Free Swelling Index
November 13, 1995
Page 7

Size Range
50mm to 25mm (14.94% of Total Sample)

Direct
Relative Foons of Sulfur. %
Density Wt% Sulfate Pyrite Or~anic Total VM% FC% ES.l

Float 1.30
1.30 - 1.40 4.34 0.06 0.03 0.52 0.61 25.71 56.41 4.0
1.40 - 1.50 21.63 0.10 0.03 0.43 0.56 23.30 51.12 2.0

I1.50 - 1.60 23.67 0.04 0.03 0.40 0.47 22.27 43.43 1.0
1.60 - 1.70 12.82 0.02 0.79 0.38 1.19 19.91 39.07 1.0
1.70 - 1.80 5.62 0.06 0.14 0.27 0.47 19.08 30.82 1.0 -
1.80 - 1.90 11.03 0.01 0.16 0.26 0.43 16.89 26.31 1.0
1.90 - 2.00 3.94 0.04 0.03 0.18 0.25 16.88 20.59 0.5
Sink 2.00 16.95 0.06 1.51 0.20 1.77 14.64 9.86 0.0 .-

•
Cumulative IRelative Forms of Sulfur. %

Density Wt% Sulfate Pyrite Or~anic Total VM% FC%

IFloat 1.30 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.30 - 1.40 4.34 0.06 0.03 0.52 0.61 25.71 56.41

I1.40 - 1.50 25.97 0.09 0.03 0.45 0.57 23.70 52.00
1.50 - 1.60 49.64 0.07 0.03 0.42 0.52 23.02 47.92
1.60 - 1.70 62.46 0.06 0.19 0.41 0.66 22.38 46.10

I1.70 - 1.80 68.08 0.06 0.18 0.40 0.64 22.11 44.84
1.80 - 1.90 79.11 0.05 0.18 0.38 0.61 21.38 42.26
1.90 - 2.00 83.05 0.05 0.17 0.37 0.60 21.17 41.23 ISink 2.00 100.00 2.52 1.81 0.31 0.51 17.84 34.27

Note: Hardgrove Grindability Index for 50 x 25 nun size fraction is: 58 I
I

•
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I Washability Data of Raw Borlinski Coal Including Weight Percent, Forms of Sulfur,

I
Volatile Matter, Fixed Carbon, and Free Swelling Index
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I Size Range
25mm to 12.5mm (12.86% of Total Sample)

I
Direct

I Relative Forms of Sulfur. %
Density Wt% Sulfate ~ Ort:anic Thml VM% ~ ESl

I Float 1.30 0.60 0.05 0.03 0.63 0.71 33.49 57.57 7.0
1.30 - 1.40 7.35 0.03 0.02 0.56 0.61 27.45 56.44 4.5

I
1.40 - 1.50 21.51 0.03 0.04 0.49 0.56 24.35 50.60 2.5
1.50 - 1.60 22.63 0.05 0.05 0.36 0.46 22.20 44.38 1.0
1.60 - 1.70 12.82 0.03 0.03 0.33 0.39 20.14 38.62 1.0

I
1.70 - 1.80 8.12 0.06 0.04 0.22 0.32 18.72 32.59 1.0
1.80 - 1.90 5.06 0.07 0.09 0.19 0.35 17.87 26.60 1.0
1.90 - 2.00 4.26 0.07 0.12 0.14 0.33 16.77 21.18 0.5

I Sink 2.00 17.65 0.07 0.44 0.01 0.52 14.23 7.61 0.0

I Cumulative
Relative Forms of Sulfur. %
Density Wt% Sulfate Pyrite Organic Total VM% FC%

I Float 1.30 0.60 0.05 0.03 0.63 0.71 33.49 57.57

I
1.30 - 1.40 7.95 0.03 0.02 0.57 0.62 27.91 56.53
1.40 - 1.50 29.46 0.03 0.03 0.51 0.58 25.31 52.20
1.50 - 1.60 52.09 0.04 0.04 0.45 0.53 23.96 48.80

I
1.60 - 1.70 64.91 0.04 0.04 0.42 0.50 23.20 46.79
1.70 - 1.80 73.03 0.04 0.04 0.40 0.48 22.71 45.21
1.80 - 1.90 78.09 0.04 0.04 0.39 0.47 22.39 44.01

I 1.90 - 2.00 82.35 0.04 0.05 0.37 0.46 22.10 42.83
Sink 2.00 100.00 0.05 0.12 0.31 0.47 20.71 36.61

I Note: Hardgrove Grindability Index for 25 x 12.5 mm size fraction is: 57

I
I
I .l(\
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Size Range I
12.5mm to 6.3mm (9.39% of Total Sample)

I
Direct

Relative Forms of Sulfur, % IDensity Wt% Sulfate Pyrite Qrianic Total VM% ~ ESl

Float 1.30 1.47 0.05 0,02 0,60 0.67 33.13 59.88 6.0 I1.30 - 1.40 11.32 0.05 0.03 0.53 0.61 30.01 55.21 5.0
1.40 - 1.50 21.32 0.04 0.03 0.48 0.55 24.79 51.52 1.5
1.50 - 1.60 16.92 0.02 0.06 0.41 0.49 21.51 45.76 1.0 I1.60 - 1.70 10.69 0.01 0.06 0.36 0.43 19.87 39.26 1.0
1.70 - 1.80 6.89 0.07 0.08 0.22 0.37 18.93 33.00 1.0

I1.80 - 1.90 5.09 0.05 0.11 0.22 0.38 17.88 27.34 1.0
1.90 - 2.00 4.79 0.02 0.13 0.21 0.36 16.25 22.86 0.5
Sink 2.00 21.51 0.06 0.46 0.12 0.64 14.41 8.04 0.0

I
Cumulative IRelative Forms of Sulfur, %

Density Wt% Sulfate Pyrite Organic Total VM% FC%

Float 1.30 1.47 0.05 0.02 0.60 0.67 33.13 59.88 I
1.30 - 1.40 12.79 0.05 0.03 0.54 0.62 30.37 55.75
1.40 - 1.50 34.11 0.04 0.03 0.50 0.58 26.88 53.10 I1.50 - 1.60 51.03 0.04 0.04 0.47 0.55 25.10 50.67
1.60 - 1.70 61.72 0.03 0.04 0.45 0.53 24.19 48.69

I1.70 - 1.80 68.61 0.04 0.05 0.43 0.51 23.67 47.12
1.80 - 1.90 73.70 0.04 0.05 0.41 0.50 23.27 45.75
1.90 - 2.00 78.49 0.04 0.06 0.40 0.49 22.84 44.35

ISink 2.00 100.00 0.04 0.14 0.34 0.52 21.03 36.54

Note: Hardgrove Grindability Index for 12 x 6.33 nun size fraction is: 58 I
I
I

\~~
I



I
I Washability Data of Raw Borlinski Coal Including Weight Percent, Forms of Sulfur,

I
Volatile Matter, Fixed Carbon, and Free Swelling Index
November 13, 1995
Page 10

I Size Range
6.3mm to 3.35mm (5.77% of Total Sample)

I
Direct

I Relative Forms of Sulfur. %
Density Wt% Sulfate Pyrite Qr~anic Total VM% FC% ESl

I Float 1.30 5.61 0.01 0.01 0.72 0.74 31.39 61.86 7.5
1.30 - 1.40 16.34 0.01 0.02 0.62 0.65 28.24 56.71 7.0
1.40 - 1.50 16.08 0.00 0.03 0.54 0.57 24.08 51.75 2.0

I 1.50 - 1.60 13.44 0.04 0.05 0.42 0.51 21.58 45.97 1.0
1.60 - 1.70 8.53 0.04 0.06 0.33 0.43 20.54 39.45 1.0
1.70 - 1.80 6.15 0.01 0.07 0.29 0.37 18.63 34.46 1.0

I 1.80 - 1.90 4.54 0.06 0.07 0.21 0.34 17.36 29.37 0.5
1.90 - 2.00 5.01 0.02 0.09 0.20 0.31 16.81 23.90 0.5

I
Sink 2.00 24.30 0.03 0.39 0.11 0.53 14.45 9.18 0.0

I
Cumulative

Relative Forms of Sulfur. %
Density Wt% Sulfate Pyrite Qr~anic Total VM% FC%

I Float 1.30 5.61 0.01 0.01 0.72 0.74 31.39 61.86
1.30 - 1.40 21.95 0.01 0.02 0.65 0.67 29.05 58.03

I 1.40 - 1.50 38.03 0.01 0.02 0.60 0.63 26.95 55.37
1.50 - 1.60 51.47 0.01 0.03 0.55 0.60 25.54 52.92
1.60 - 1.70 60.00 0.02 0.03 0.52 0.57 24.83 51.00

I 1.70 - 1.80 66.15 0.02 0.04 0.50 0.56 24.26 49.46
1.80 - 1.90 70.69 0.02 0.04 0.48 0.54 23.81 48.17

I
1.90 - 2.00 75.70 0.02 0.04 0.46 0.53 23.35 46.57
Sink 2.00 100.00 0.02 0.13 0.38 0.53 21.19 37.48

I Note: Hardgrove Grindability Index for 6.33 x 3.35 rom size fraction is: 64

I
I
I vifJ



Washability Data of Raw Borlinski Coal Including Weight Percent, Forms of Sulfur,
Volatile Matter, Fixed Carbon, and Free Swelling Index
November 13,1995
Page 11

Size Range
3.35mm to Imm (7.31% of Total Sample)

Direct
I

Relative Fonns of Sulfur. %

IDensity Wt% Sulfate Pyrite Organic Total VM% FC% ES.l

Float 1.30 10.75 0.04 0.01 0.74 0.79 29.88 65.34 8.5 I1.30 - 1.40 18.08 0.08 0.02 0.59 0.69 28.39 58.99 8.0
1.40 - 1.50 15.07 0.08 0.02 0.47 0.57 26.07 51.41 3.5
1.50 - 1.60 10.00 0.08 0.03 0.36 0.47 21.80 47.11 1.0 I1.60 - 1.70 7.73 0.08 0.04 0.31 0.43 20.61 41.13 1.0
1.70 - 1.80 5.61 0.08 0.06 0.24 0.38 19.26 35.89 0.5
1.80 - 1.90 4.11 0.04 0.06 0.25 0.35 19.03 29.53 0.5 I1.90 - 2.00 4.45 0.07 0.08 0.15 0.30 17.13 25.48 0.5
Sink 2.00 24.20 0.12 0.36 0.02 0.50 14.65 8.05 0.0

I
Cumulative

IRelative Forms of Sulfur. %
Density Wt% Sulfate Pyrite Organic Total VM% FC%

Float 1.30 10.75 0.04 0.01 0.74 0.79 29.88 65.34 I
1.30 - 1.40 28.83 0.07 0.02 0.65 0.73 28.95 61.36
1.40 - 1.50 43.90 0.07 0.02 0.59 0.67 27.96 57.94 I1.50 - 1.60 53.90 0.07 0.02 0.54 0.64 26.82 55.93
1.60 - 1.70 61.63 0.07 0.02 0.51 0.61 26.04 54.08
1.70 - 1.80 67.24 0.07 0.03 0.49 0.59 25.47 52.56 I1.80 - 1.90 71.35 0.07 0.03 0.48 0.58 25.10 51.23
1.90 - 2.00 75.80 0.07 0.03 0.46 0.56 24.63 49.72
Sink 2.00 100.00 0.08 0.11 0.35 0.55 22.22 39.64 I

.Note: Hardgrove Grindability Index for 3.35 x 1.0 mm size fraction is: 71 I
I
I

y;{ I



I
I Washability Data of Raw Borlinski Coal Including Weight Percent, Forms of Sulfur,

I
Volatile Matter, Fixed Carbon, and Free Swelling Index
November 13, 1995
Page 12

I Size Range
Imm to O.5mm (2.93% of Total Sample)

I
Direct

I Relative Forms of Sulfur. %
Density Wt% Sulfate Pyrite Or"anic Total VM% FC% FSI

I Float 1.30 22.05 0.02 0.01 0.76 0.79 29.48 66.32 8.5
1.30 - 1.40 20.13 0.03 0.01 0.66 0.70 28.42 59.69 8.0

I
1.40 - 1.50 12.48 0.03 0.03 0.49 0.55 25.09 53.49 4.5
1.50 - 1.60 9.16 0.03 0.02 0.43 0.48 22.53 47.94 1.0
1.60 - 1.70 6.49 0.02 0.04 0.36 0.42 22.17 41.52 1.0

I
1.70 - 1.80 4.59 0.03 0.04 0.29 0.36 20.56 36.42 1.0
1.80 - 1.90 3.77 0.06 0.04 0.25 0.35 18.40 32.73 1.0
1.90 - 2.00 3.34 0.05 0.05 0.18 0.28 17.86 26.61 0.5

I Sink 2.00 17.99 0.09 0.41 0.02 0.52 14.61 8.77 0.0

I Cumulative
Relative Forms of Sulfur. %
Density Wt% Sulfate Pyrite Organic Total VM% FC%

I Float 1.30 22.05 0.02 0.01 0.76 0.79 29.48 66.32

I
1.30 - 1.40 42.18 0.02 0.01 0.71 0.75 28.97 63.16
lAO - 1.50 54.66 0.03 0.01 0.66 0.70 28.09 60.95
1.50 - 1.60 63.82 0.03 0.02 0.63 0.67 27.29 59.08

I
1.60 - 1.70 70.31 0.03 0.02 0.60 0.65 26.82 57.46
1.70 - 1.80 74.90 0.03 0.02 0.58 0.63 26.43 56.17
1.80 - 1.90 78.67 0.03 0.02 0.57 0.62 26.05 55.05

I 1.90 - 2.00 82.01 0.03 0.02 0.55 0.60 25.72 53.89
Sink 2.00 100.00 0.04 0.09 0.46 0.59 23.72 45.77

I Note: Hardgrove Grindability Index for 1.0 x 0.5 rom size fraction is: 58

I
I
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Washability Data of Raw Borlinski Coal Including Weight Percent, Forms of Sulfur,
Volatile Matter, Fixed Carbon, and Free Swelling Index
November 13,1995
Page 13

Size Range
O.5mm to 0 (7.34% of Total Sample)

Direct
Relative Forms of Sulfur. %
Density Wt% Sulfate Pyrite Qr~anic Total VM% FC% E£l

Float 1.30 3.29 0.02 0.03 0.77 0.82 28.51 67.37 8.0
1.30 - 1.40 14.20 0.05 0.02 0.72 0.79 28.90 61.60 8.0
1.40 - 1.50 14.84 0.10 0.02 0.58 0.70 25.65 55.58 6.0
1.50 - 1.60 9.14 0.13 0.02 0.48 0.63 23.11 51.92 3.5
1.60 - 1.70 10.41 0.14 0.03 0.40 0.57 20.95 46.95 0.5
1.70 - 1.80 9.51 0.18 0.04 0.33 0.55 19.01 42.48 0.0
1.80 - 1.90 8.21 0.23 0.05 0.25 0.53 17.55 35.96 0.0
1.90 - 2.00 10.41 0.23 0.06 0.19 0.48 17.06 28.99 0.0
Sink 2.00 19.99 0.38 0.47 0.08 0.93 14.60 10.38 0.0

Cumulative
Relative Forms of Sulfur. %
Density Wt% Sulfate Pyrite Qrianic Total VM% FC%

Float 1.30 3.29 0.02 0.03 0.77 0.82 28.51 67.37
1.30 - 1.40 17.49 0.04 0.02 0.73 0.80 28.83 62.69
1.40 - 1.50 32.33 0.07 0.02 0.66 0.75 27.37 59.42
1.50 - 1.60 41.47 0.08 0.02 0.62 0.72 26.43 57.77
1.60 - 1.70 51.88 0.09 0.02 0.58 0.69 25.33 55.60
1.70 - 1.80 61.39 0.11 0.03 0.54 0.67 24.35 53.57 I1.80 - 1.90 69.60 0.12 0.03 0.50 0.65 23.55 51.49
1.90 - 2.00 80.01 0.14 0.03 0.46 0.63 22.70 48.56
Sink 2.00 100.00 0.18 0.12 0.39 0.69 21.08 40.93 •
Note: Hardgrove Grindability Index for 1.0 x 0.5 mm size fraction is not available. I

•
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PROXIMATE, ULTIMATE, AND ASSOCIATED
ANALYSES OF BORLINSKI COAL

(Collected at the Alma-Ata Steam Central Power
Station, Almaty, Kazakhstan, in November, 1994)

(Collected by Burns and Roe Services Corp. Personnel under
USAID Delivery Order No.9, Task 3, Coal Cleaning)

November 13, 1995



RAW COAL COMPOSITE OF THE 150MM TO O.5MM SIZE FRACTION

Proximate, Ultimate, and Associated Analyses of Borlinski Coal
November 13, 1995
Page 2

Silicon Dioxide (Si02) .. . . . . . . . . . . . . . .. 65.00
Aluminum Oxide (A1203) . . . . . . . . . . . . .. 32.11
Iron Oxide (Fe203) 0.79
Titanium Oxide (Ti02) . . . . . . . . . . . . . . . . . 1.18
Phosphorus Pentoxide (P205) 0.06
Calcium Oxide (CaO) 0.11
Magnesium Oxide (MgO) 0.16
Sodium Oxide (Na20) 0.06
Potassium Oxide (K20) 0.47
Sulfur Trioxide (S03) 0.07
Manganese Dioxide (Mn02) <0.01

%
3.27

42.72
0.62
0.47

10.86
42.06

100.00

Fluid
2800+
2800+

Hemi.
2800+
2800+

Hydrogen
Carbon
Nitrogen
Sulfur
Oxygen
Ash

Ultimate Analysis

Softening
2800+
2800+

Initial
2800+
2800+

%
42.06
19.67
33.72

100.00

7437
1.0

59

Ash
Volatile Matter
Fixed Carbon

Reducing Atmosphere
Oxidizing Atmosphere

Major and Minor Elements in Ash

Element

Ash Fusion Temperature

Proximate Analysis

Heating Value (Btu/lb)
Free Swelling Index (FSI)
Hardgrove Grind. Index

I
I
I
I
I
I
I
I
I
I
I
I
I
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Proximate, Ultimate, and Associated Analyses of Borlinski Coal
November 13, 1995

;, Page 3

FLOAT 1.80 COMPOSITE OF THE 150MM TO 0.5MM SIZE FRACTION

•
•
•

Proximate Analysis Ultimate Analysis
% %

Ash 30.09 Hydrogen 3.39
Volatile Matter 23.03 Carbon 59.35
Fixed Carbon 46.88 Nitrogen 0.85

100.00 Sulfur 0.51
Oxygen 5.81
Ash 30.09 •100.00

Heating Value (Btu/lb) 10279
Free Swelling Index (FSI) 2.0
Hardgrove Grind. Index 61

Ash Fusion Temperature

Reducing Atmosphere
Oxidizing Atmosphere

Major and Minor Elements in Ash

Element

Initial
2800+
2800+

Softening
2800+
2800+

Hemi.
2800+
2800+

Fluid
2800+
2800+

I

Silicon Dioxide (Si02) . . . . . . . . . . . . . . . .. 68.60
Aluminum Oxide (A1203) . . . . . . . . . . . . .. 29.17
Iron Oxide (Fe203) 0.56
Titanium Oxide (Ti02) . . . . . . . . . . . . . . . . . 0.83
Phosphorus Pentoxide (P205) 0.07
Calcium Oxide (CaO) 0.09
Magnesium Oxide (MgO) 0.15
Sodium Oxide (Na20) 0.06
Potassium Oxide (K20) 0.41
Sulfur Trioxide (S03) 0.05
Manganese Dioxide (Mn02) . . . .. <0.01
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WASHABILITY DATA OF RAW EKIBASTUZ COAL
Including Weight Percent, Ash, Total Sulfur, and Btu/lb

(Sample No.1 - Bogatyr Pit Seam No. 3-3)

(Collected at the Ekibastuz Mine Site, in June 1995)

(Collected by Mine Personnel under
USAID Delivery Order No.9, Task 3, Coal Cleaning)

November 13, 1995



I
I Washability Data of Raw Ekibastuz Coal Including Weight Percent, Ash,

I
Total Sulfur, and Btu/lb (Sample No.1)
November 13, 1995
Page 2

I
Composite by Sizes: 50mm to 0

I Direct Cumulative

I Size Fraction, mm Wt% Ash% Tot. S. % Btu/lb Wt% Ash% Tot. S, % lhYLll1
50mmx 25mm 0.10 54.63 0.44 5791 0,10 54.63 0.44 5791

I 25mm x 12,5mm 0.87 60.17 0,50 4989 0,97 59,60 0.49 5072
12.5mm x 6.33mm 27.44 57,60 0.51 5408 28.41 57,67 0.51 5397

I
6.33mm x 3.35mm 19.33 54.37 0,53 5933 47.74 56.33 0.52 5614
3.35mm x 1.00mm 22.48 50.08 0.63 6593 70.22 54.33 0.55 5927
1.00mm x ,500mm 9.10 47,23 0,95 6965 79.32 53,52 0.60 6046

I
,500mm x .250mm 5,97 45,01 1.11 7354 85,29 52,92 0.63 6138
,250mm x .125mm 3,69 44,08 1.19 7634 88,98 52,55 0,66 6200
.125mmx 0 11.02 54.43 1.10 5883 100.00 52.76 0.71 6165

I
I Composite by Relative Density Fractions: 50mm to 0

I
Direct Cumulative

Relative Density Wt% Ash% Tot. S, % Btu/lb Wt% Ash% Tot. S. % Btu/lb

I Float 1.30 2,13 2,86 0,93 14690 2.13 2,86 0.93 14690
1.30 - 1.40 3.79 11.29 0,88 13301 5,92 8,26 0.90 13801

I 1.40 - 1.50 7,70 19.30 0.78 11959 13,62 14,50 0.83 12760
1.50 - 1.60 10,30 27.83 0.72 10510 23.92 20.24 0,78 11791
1.60 - 1.70 11.90 36.39 0.64 9035 35.82 25.61 0.74 10875

I 1.70-1.80 9.81 43,84 0.55 7750 45,63 29.53 0.70 10203
1.80 - 1.90 8,77 50.32 0.49 6604 54.40 32.88 0.66 9623
1.90 - 2.00 5.20 57.40 0.44 5218 59.60 35.02 0.64 9239

I 2,00 - 2.20 9.23 65.93 0.38 3790 68.83 39.16 0.61 8508
Sink 2.20 31.17 82,77 0.93 994 100.00 52.76 0.71 6165

I
I
I 1J(j~



Washability Data of Raw Ekibastuz Coal Including Weight Percent, Ash, •
Total Sulfur, and Btu/lb (Sample No.1)
November 13,1995 •Page 3

Size Range •50mm to 25mm (0.10% of Total Sample)

Direct Cumulative
!'!-'"

Relative Density Wt% Ash% Tot. S. % Btu/lb Wt% Ash% Tot. S. % Btu/lb •Float 1.30 0.00
1.30 - 1.40 0.00
1.40 - 1.50 13.84 20.03 0.81 12087 13.84 20.03 0.81 12087 •
1.50 - 1.60 23.27 31.94 0.90 10004 37.11 27.50 0.87 10780
1.60 - 1.70 0.00 37.11 27.50 0.87 10780
1.70 - 1.80 19.50 43.67 0.53 7704 56.61 33.07 0.75 9720 •o.

1.80 - 1.90 0.00 56.61 33.07 0.75 9720
1.90 - 2.00 0.00 56.61 33.07 0.75 9720
2.00 - 2.20 0.00 56.61 33.07 0.75 9720
Sink 2.20 43.39 82.75 0.04 664 100.00 54.63 0.44 5791 I

Size Range
25mm to 12.5mm (0.87% of Total Sample) •

Direct Cumulative I
Relative Density Wt% Ash% Tot. S. % Btu/lb Wt% Ash% Tot. S. % Btu/lb I

Float 1.30 0.00
1.30 - 1.40 1.45 17.60 0.80 12331 1.45 17.60 0.80 12331

I1.40 - 1.50 6.31 24.94 0.78 11087 7.76 23.57 0.78 11319
1.50 - 1.60 10.07 32.07 0.68 9934 17.83 28.37 0.73 10536
1.60 - 1.70 13.47 39.23 0.72 8627 31.30 33.04 0.72 9715 I1.70 - 1.80 8.73 45.27 0.58 7475 40.03 35.71 0.69 9226
1.80 - 1.90 7.36 52.39 0.46 6157 47.39 38.30 0.66 8749
1.90 - 2.00 3.52 61.41 0.30 4181 50.91 39.90 0.63 8433 I2.00 - 2.20 14.87 70.98 0.25 3003 65.78 46.92 0.55 7206
Sink 2.20 34.22 85.63 0.41 727 100.00 60.17 0.50 4989

I
I

1»1 1



I
I WashabilityData of Raw Ekibastuz Coal Including Weight Percent, Ash,

Total Sulfur, and Btullb (Sample No.1)

I November 13, 1995
Page 4

I Size Range
12.5mm to 6.33mm (27.44% of Total Sample)

I Direct Cumulative

I Relative Density Wt% Ash% Tot. S, % Btu/lb Wt% Ash% Tot. S, % Btu/lb

Float 1.30 0.03 5.28 1.00 14293 0.03 5.28 1.00 14293

I 1.30 - 1.40 1.28 15.01 0.86 12782 1.31 14.79 0.86 12816
1.40 - 1.50 4.32 21.66 0.83 11601 5.63 20.06 0.84 11883
1.50 - 1.60 9.80 28.86 0.76 10364 15.43 25.65 0.79 10918

I 1.60 - 1.70 15.51 37.61 0.66 8854 30.94 31.65 0.72 9883
1.70 - 1.80 12.65 46.14 0.55 7366 43.59 35.85 0.67 9152
1.80 - 1.90 9.27 53.84 0.48 6051 52.86 39.01 0.64 8609

I 1.90 - 2.00 6.09 61.48 0.40 4306 58.95 41.33 0.61 8164
2.00 - 2.20 9.04 69.36 0.29 3294 67.99 45.06 0.57 7516

I
Sink 2.20 32.01 84.26 0.38 927 100.00 57.60 0.51 5407

I
Size Range

6.33mm to 3.35mm (19.33% of Total Sample)

I Direct Cumulative

I Relative Density Wt% Ash% Tot. S. % Btu/lb Wt% Ash% Tot. S. % Btu/lb

Float 1.30 0.32 7.50 0.95 13923 0.32 7.50 0.95 13923

I
1.30 - 1.40 3.04 15.68 0.92 12656 3.36 14.90 0.92 12776
1.40 - 1.50 8.07 23.17 0.84 11344 11.43 20.74 0.86 11765
1.50 - 1.60 11.30 30.60 0.78 10115 22.73 25.64 0.82 10944

I 1.60 - 1.70 13.54 38.33 0.64 8757 36.27 30.38 0.75 10128
1.70 - 1.80 11.01 45.43 0.53 7474 47.28 33.88 0.70 9510
1.80 - 1.90 8.91 52.31 0.47 6272 56.19 36.81 0.67 8996

I 1.90 - 2.00 5.34 59.07 0.41 5031 61.53 38.74 0.64 8652
2.00 - 2.20 9.23 67.43 0.32 3591 70.76 42.48 0.60 7992
Sink 2.20 29.24 83.15 0.36 950 100.00 54.37 0.53 5933

I
I
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Washability Data of Raw Ekibastuz Coal Including Weight Percent, Ash,
Total Sulfur, and Btu/lb (Sample No.1)
November 13, 1995
PageS

Size Range
3.35mm to 1.00mm (22.48% of Total Sample)

Direct Cumulative
-

Relative Density Wt% Ash% Tot. S. % Btu/lb Wt% Ash% Tot. S. % Btu/lb •Float 1.30 1.37 4.13 0.92 14446 1.37 4.13 0.92 14446
1.30 - 1.40 4.26 11.69 0.88 13264 5.63 9.85 0.89 13551 I1.40 - 1.50 8.63 19.69 0.79 11913 14.26 15.81 0.83 12559
1.50 - 1.60 11.53 28.00 0.72 10478 25.79 21.26 0.78 11629
1.60-1.70 13.88 35.93 0.65 9060 39.67 26.39 0.73 10730 I1.70 - 1.80 10.38 43.77 0.57 7783 50.05 30.00 0.70 10119
1.80 - 1.90 9.86 49.99 0.49 6621 59.91 33.29 0.67 9543

I1.90 - 2.00 5.38 56.64 0.45 5429 65.29 35.21 0.65 9204
2.00 - 2.20 8.47 65.26 0.41 3863 73.76 38.66 0.62 8590
Sink 2.20 26.24 82.17 0.67 978 100.00 50.08 0.63 6593 I

Size Range I1.00mm to 0.500mm (9.10% of Total Sample)

Direct Cumulative I
Relative Density Wt% Ash% Tot. S. % Btu/lb Wt% Ash% Tot. S. % Btu/lb I

Float 1.30 6.06 3.06 0.92 14629 6.06 3.06 0.92 14629
1.30 - 1.40 5.95 12.09 0.90 13119 12.01 7.53 0.91 13880

I1.40 - 1.50 8.95 19.26 0.79 11928 20.96 12.54 0.86 13047
1.50 - 1.60 9.75 27.27 0.68 10512 30.71 17.22 0.80 12242
1.60 - 1.70 8.01 34.17 0.62 9402 38.72 20.72 0.76 11654 I1.70 - 1.80 7.65 39.57 0.58 8459 46.37 23.83 0.73 11127
1.80 - 1.90 10.33 46.09 0.53 7325 56.70 27.89 0.70 10434
1.90 - 2.00 5.45 52.62 0.49 6153 62.15 30.06 0.68 10059 I2.00 - 2.20 9.12 61.79 0.45 4102 71.27 34.12 0.65 9296
Sink 2.20 28.73 79.77 1.70 1179 100.00 47.23 0.95 6964

I
I
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I
I Washability Data of Raw Ekibastuz Coal Including Weight Percent, Ash,

I
Total Sulfur, and Btuflb (Sample No. I)
November 13, 1995
Page 6

I Size Range
O.500mm to O.250mm (5.97% of Total Sample)

I Direct Cumulative

I Relative Density Wt% Ash% Tot. S. % Btu/lb Wt% Ash% Tot. S, % Btullb

Float 1.30 9.47 2.51 0.93 14760 9.47 2.51 0.93 14760

I 1.30 - 1.40 7.40 10.25 0.85 13457 16.87 5.91 0.89 14188
1.40 - 1.50 10.19 18.60 0.73 12143 27.06 10.69 0.83 13418

I
1.50 - 1.60 9.51 26.87 0.63 10599 36.57 14.89 0,78 12685
1.60 - 1.70 6.06 33.46 0.53 9430 42.63 17.53 0.74 12222
1.70 - 1.80 6.84 38.91 0.55 8507 49.47 20.49 0.72 11708

I
1.80 - 1.90 8.13 46.19 0.47 7201 57.60 24.12 0.68 11072
1.90 - 2,00 4.57 52.38 0.48 6141 62.17 26.19 0.67 10709
2.00 - 2,20 8.01 61.84 0.39 4131 70.18 30,26 0.64 9959

I Sink 2.20 29.82 79.71 2.23 1220 100.00 45.01 1.11 7353

I Size Range
O.250mm to O.125mm (3.69% of Total Sample)

I Direct Cumulative

I Relative Density Wt% Ash% Tot. S. % Btu/lb Wt% Ash% Tot. S. % Btullb

Float ] .30 10.72 1.78 0,95 14923 10.72 1.78 0.95 14923

I 1.30 - 1.40 9.78 8.14 0.86 13815 20.50 4.81 0.91 14394
1.40 - 1.50 10.25 16.17 0.73 12423 30.75 8.60 0.85 13737
1.50 - 1.60 9.4] 24.99 0.66 10849 40.16 12.44 0.80 13060

I 1.60 - 1.70 5,23 32.23 0.54 9684 45.39 14.72 0.77 12671
1.70 - 1.80 5.75 38.13 0.51 8674 51.14 17.35 0.74 12222
1.80 - 1.90 6.67 45.63 0.45 7482 57,81 20.61 0.71 11675

I 1.90 - 2.00 3.78 52.20 0.46 6346 6].59 22.55 0.69 1]348
2.00 - 2.20 7.10 61.88 0.39 4599 68.69 26.62 0.66 10650

I
Sink 2.20 31.3] 82.39 2.33 1017 100.00 44.08 1.19 7634

I
I 1/y1l



Washability Data of Raw Ekibastuz Coal Including Weight Percent, Ash,
Total Sulfur, and Btullb (Sample No.1)
November 13,1995
Page 7

Size Range
0.125mm to 0 (11.02% of Total Sample)

Direct Cumulative

Relative Density Wt% Ash% Tot. S, % B!YLlli Wt% Ash% Tot. S, % Btu/lb

Float 1.30 2.16 2.10 0.94 14805 2.16 2.10 0.94 14805
1.30 - 1.40 4.85 5.31 0.84 14150 7,01 4.32 0.87 14351
1.40 - 1.50 10.42 12.11 0.67 13056 17.43 8.98 0.75 13577
1.50 - 1.60 8.32 19.43 0,63 11854 25.75 12.35 0.71 13020
1.60 - 1.70 4.57 25.16 0.54 10877 30.32 14.28 0.69 12697
1.70 - 1.80 4.20 32,71 0.52 9614 34,52 16.53 0.67 12322
1.80 - 1.90 4,98 41.81 0,56 8041 39.50 19.71 0.65 11782
1,90 - 2.00 3.12 47.87 0.53 7031 42.62 21.78 0.64 11434
2.00 - 2.20 12,38 62,89 0.55 4457 55.00 31.03 0.62 9864
Sink 2,20 45.00 83.02 1.69 1019 100,00 54.43 1.10 5883

I

•

I
I
I
I
I
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PROXIMATE, ULTIMATE, AND ASSOCIATED
ANALYSES OF EKIBASTUZ COAL

(Sample No.1 - Bogatyr Pit Seam No. 3-3)

(Collected at the Ekibastuz Mine Site, in June 1995)

(Collected by Mine Personnel under
USAID Delivery Order No.9, Task 3, Coal Cleaning)

November 13, 1995



RAW COAL COMPOSITE OF THE 50MM TO 0 SIZE FRACTION

Proximate, Ultimate, and Associated Analyses of Ekibastuz Coal (Sample No.1)
November 13, 1995
Page 2

**Btu value in float and sink was 6165.

%

0.04
0.36
0.30
0.70

Fluid
2800+

Forms of Sulfur

Sulfate
Pyritic
Organic
Total

Hemi.
2800+

Hydrogen
Carbon
Nitrogen
Sulfur
Oxygen
Ash

1.73
37.65

0.65
0.70
5.91

53.36*
100.00

*Ash value in float and sink was 52.76%.

%

Softeninlj
2800+

Ultimate Analysis

%

59.73
28.14

5.79
1.14
0.86
1.69
0.52
0.42
0.93
0.60
0.14

Initial
2730

6119**
0.0

70

%
53.36*
17.05
29.59

100.00

Reducing Atmosphere
Oxidizing Atmosphere

Ash
Volatile Matter
Fixed Carbon

Heating Value (Btu/lb)
Free Swelling Index (FSI)
Hardgrove Grind. Index

Element

Ash Fusion Temperature

Major and Minor Elements in Ash

Silicon Dioxide (Si02) .
Aluminum Oxide (A1203) .
Iron Oxide (Fe203) .
Titanium Oxide (Ti02) .
Phosphorus Pentoxide (P205) .
Calcium Oxide (CaO) .
Magnesium Oxide (MgO) .
Sodium Oxide (Na20) .
Potassium Oxide (K20) .
Sulfur Trioxide (S03) .
Manganese Dioxide (Mn02) .

Proximate Analysis

*Ash value in float and sink was 52.76%.

I
I
I
I
I
I
I
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Proximate, Ultimate, and Associated Analyses of Ekibastuz Coal (Sample No.1)
November 13, 1995
Page 3

FLOAT 1.80 COMPOSITE OF THE 50MM TO 0 SIZE FRACTION

•

Proximate Analysis Ultimate Analysis
% %

Ash 29.35 Hydrogen 2.88

Volatile Matter 21.02 Carbon 60.23
Fixed Carbon 49.63 Nitrogen 1.05

100.00 Sulfur 0.69
Oxygen 5.80
Ash 29.35

100.00

Heating Value (Btu/lb) 10179
Free Swelling Index (FSI) 1.0
Hardgrove Grind. Index 64

Ash Fusion Temperature
Initial

Reducing Atmosphere 2790
Oxidizing Atmosphere

Major and Minor Elements in Ash

Element

Silicon Dioxide (Si02) .
Aluminum Oxide (AI203) .
Iron Oxide (Fe203) .
Titanium Oxide (Ti02) .
Phosphorus Pentoxide (P205) .
Calcium Oxide (CaO) .
Magnesium Oxide (MgO) .
Sodium Oxide (Na20) .
Potassium Oxide (K20) .
Sulfur Trioxide (S03) .
Manganese Dioxide (Mn02) .

Softenin~

2800+

%

64.94
24.72

5.96
0.95
0.47
0.68
0.43
0.56
0.86
0.19
0.14

Hemi. Fluid
2800+ 2800+

Forms of Sulfur

Sulfate
Pyritic
Organic
Total

%

0.02
0.13
0.54
0.69

•
•
I
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WASHABILITY DATA OF RAW EKIBASTUZ COAL
Including Weight Percent, Forms of Sulfur, Volatile Matter,

Fixed Carbon, and Free Swelling Index
(Sample No.1 - Bogatyr Pit Seam No. 3-3)

(Collected at the Ekibastuz Mine Site, in June 1995)

(Collected by Mine Personnel under
USAID Delivery Order No.9, Task 3, Coal Cleaning)

November 13,1995



I
I Washability Data of Raw Ekibastuz Coal Including Weight Percent, Forms of Sulfur,

I
Volatile Matter, Fixed Carbon, and Free Swelling Index (Sample No.1)
November 13, 1995
Page 2

I Composite by Sizes: 50mm to 0

I Direct
Forms of Sulfur, %

I Size Fraction, mm Wt% Sulfate Pyrite Organic Total VM% FC%
50mmx25mm 0.10 0.02 0.11 0.31 0.44 17,82 27.55
25mm x 12.5mm 0.87 0,03 0,22 0.25 0.50 15.81 24.02

I 12.5mm x 6.33mm 27.44 0.03 0.22 0.27 0.51 16.49 25.90
6.33mm x 3.35mm 19.33 0.03 0.20 0.31 0.53 16.99 28.63

I
3.35mm x 1.00mm 22.48 0.02 0.28 0.33 0.63 17.85 32.07
1.00mm x 0.500mm 9.10 0.03 0.61 0.31 0.95 18.62 34.15

0.500mm x 0.250mm 5.97 0.02 0.71 0.38 1.11 18,28 36.71

I
0.250mm x 0.125mm 3.69 0.03 0.73 0.43 1.19 19.35 36.57
0.125mmxO 11.02 0.14 0.63 0.33 1.10 17.30 28.28

I
Cumulative

I Forms of Sulfur, %
Size Fraction, mm Wt% Sulfate Pyrite Organic Total VM% FC%

I 50mmx25mm 0.10 0.02 0.11 0.31 0.44 17.82 27.55
25mm x 12.5mm 0.97 0.03 0.21 0.26 0.49 16.02 24.38

I
12.5mm x 6.33mm 28.41 0.03 0.22 0.27 0.51 16.47 25.85
6.33mm x 3.35mm 47.74 0.03 0.21 0.29 0.52 16.68 26.97
3.35mm x 1.00mm 70.22 0.03 0.23 0.30 0.55 17.06 28.61

I 1.00mm x 0.500mm 79.32 0.03 0.28 0.30 0.60 17.24 29.24
0.500mm x 0.250mm 85.29 0.03 0.31 0.31 0.63 17.31 29.76
0.250mm x 0.125mm 88.98 0.03 0.32 0.31 0.66 17.39 30.05

I 0.125mmxO 100.00 0.04 0.36 0.31 0.71 17.38 29.86

I
I
I
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Washability Data of Raw Ekibastuz Coal Including Weight Percent, Forms of Sulfur,
Volatile Matter, Fixed Carbon, and Free Swelling Index (Sample No.1)
November 13, 1995
Page 3

Composite by Relative Density Fractions: 50mm to 0

Direct

~

Relative Forms of Sulfur, %
Density Wt% Sulfate ~ Or~anic Total VM% FC%

Float 1.30 2.13 0.01 0.03 0.89 0.93 26.71 70.43
1.30 - 1.40 3.79 0.01 0.08 0.78 0.88 25.28 63.43
1.40 - 1.50 7.70 0.02 0.11 0.65 0.78 23.11 57.59
1.50 - 1.60 10.30 0.02 0.15 0.55 0.72 20.62 51.55
1.60 - 1.70 11.90 0.02 0.16 0.45 0.64 18.51 45.09
1.70 - 1.80 9.81 0.02 0.16 0.37 0.55 17.16 39.00
1.80 - 1.90 8.77 0.03 0.16 0.30 0.49 16.65 33.03
1.90 - 2.00 5.20 0.02 0.17 0.25 0.44 16.27 26.33
2.00 - 2.20 9.23 0.03 0.21 0.14 0.38 15.52 18.56
Sink 2.20 31.17 0.07 0.81 0.05 0.93 13.89 3.34

Cumulative

Relative Forms of Sulfur, %
Density Wt% Sulfate Pyrite Organic Total VM% FC%

Float 1.30 2.13 0.01 0.03 0.89 0.93 26.71 70.43
1.30 - 1.40 5.92 0.01 0.06 0.82 0.90 25.79 65.95
1.40 - 1.50 13.62 0.02 0.09 0.72 0.83 24.28 61.22
1.50 - 1.60 23.92 0.02 0.12 0.65 0.78 22.70 57.06
1.60 - 1.70 35.82 0.02 0.13 0.58 0.74 21.31 53.08
1.70-1.80 45.63 0.02 0.14 0.54 0.70 20.42 50.05
1.80 - 1.90 54.40 0.02 0.14 0.50 0.66 19.81 47.31
1.90 - 2.00 59.60 0.02 0.14 0.48 0.64 19.50 45.48
2.00 - 2.20 68.83 0.02 0.15 0.43 0.61 18.97 41.87
Sink 2.20 100.00 0.04 0.36 0.31 0.71 17.38 29.86



I
I Washability Data of Raw Ekibastuz Coal Including Weight Percent, Forms of Sulfur,

Volatile Matter, Fixed Carbon, and Free Swelling Index (Sample No.1)

I November 13, 1995
Page 4

I Size Range
50mm to 25mm( 0.10% of Total Sample)

I Direct

I Relative Forms of Sulfur, %
Density Wt% Sulfate Pyrite Qr~anic ~ VM% FC% ES!

I Float 1.30 0.00
1.30 - lAO 0.00
lAO - 1.50 13.84 0.02 0.07 0.72 0.81 23.27 56.70 1.5

I 1.50 - 1.60 23.27 0.03 0.28 0.59 0.90 20.91 47.15 1.5
1.60 - 1.70 0.00
1.70 - 1.80 19.50 0.01 0.12 0040 0.53 18.83 37.50 0.5

I 1.80 - 1.90 0.00
1.90 - 2.00 0.00
2.00 - 2.20 0.00

I Sink 2.20 43.39 0.02 0.02 0.00 0.04 13.98 3.27 0.0

I Cumulative

I Relative Forms of Sulfur, %
Density Wt% Sulfate Pyrite Qr~anic Total VM% FC%

Float 1.30 0.00

I 1.30 - lAO 0.00 0.00 0.00 0.00 0.00 0.00 0.00
lAO - 1.50 13.84 0.02 0.07 0.72 0.81 23.27 56.70
1.50 - 1.60 37.11 0.03 0.20 0.64 0.87 21.79 50.71

I 1.60 - 1.70 37.11 0.03 0.20 0.64 0.87 21.79 50.71
1.70 - 1.80 56.61 0.02 0.17 0.56 0.75 20.77 46.16

I
1.80 - 1.90 56.61 0.02 0.17 0.56 0.75 20.77 46.16
1.90 - 2.00 56.61 0.02 0.17 0.56 0.75 20.77 46.16
2.00 - 2.20 56.61 0.02 0.17 0.56 0.75 20.77 46.16

I
Sink 2.20 100.00 0.02 0.11 0.31 0044 17.82 27.55

I Note: Hardgrove Grindability Index analysis for 50mm to 25mm size fraction was not
performed.

I
I 1fJ1r



Washability Data of Raw Ekibastuz Coal Including Weight Percent, Forms of Sulfur,
Volatile Matter, Fixed Carbon, and Free Swelling Index (Sample No.1)
November 13,1995
Page 5

Size Range
25mm to 12.5mm( 0.87% of Total Sample)

Direct

Relative Forms of Sulfur, %
Density Wt% Sulfate Pyrite Organic Total VM% FC% FSI

Float 1.30 0.00
1.30 - 1.40 1.45 0.02 0.09 0.69 0.80 26.36 56.04 4.5
1.40 - 1.50 6.31 0.05 0.15 0.58 0.78 22.33 52.73 1.5
1.50 - 1.60 10.07 0.03 0.14 0.51 0.68 20.16 47.77 0.5
1.60 - 1.70 13.47 0.04 0.24 0.44 0.72 18.54 42.23 0.5
1.70 - 1.80 8.73 0.03 0.17 0.38 0.58 17.59 37.14 0.5
1.80 - 1.90 7.36 0.03 0.14 0.29 0.46 17.42 30.19 0.5
1.90 - 2.00 3.52 0.02 0.08 0.20 0.30 15.74 22.85 0.0
2.00 - 2.20 14.87 0.02 0.13 0.10 0.25 14.33 14.69 0.0
Sink 2.20 34.22 0.02 0.34 0.05 0.41 11.67 2.70 0.0 •

Cumulative I
Relative Forms of Sulfur, % IDensity Wt% Sulfate Pyrite Organic Total VM% FC%

Float 1.30 0.00
1.30 - 1.40 1.45 0.02 0.09 0.69 0.80 26.36 56.04 I1.40 - 1.50 7.76 0.04 0.14 0.60 0.78 23.08 53.35
1.50 - 1.60 17.83 0.04 0.14 0.55 0.73 21.43 50.20
1.60 - 1.70 31.30 0.04 0.18 0.50 0.72 20.19 46.77 I1.70 - 1.80 40.03 0.04 0.18 0.48 0.69 19.62 44.67
1.80 - 1.90 47.39 0.04 0.17 0.45 0.66 19.28 42.42

I1.90 - 2.00 50.91 0.03 0.17 0.43 0.63 19.03 41.07
2.00 - 2.20 65.78 0.03 0.16 0.36 0.55 17.97 35.10
Sink 2.20 100.00 0.03 0.22 0.25 0.50 15.81 24.02

I
Note: Hardgrove Grindability Index analysis for 25mm to 12.5mm size fraction is 58. I

I,
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I
I Washability Data of Raw Ekibastuz Coal Including Weight Percent, Forms of Sulfur,

Volatile Matter, Fixed Carbon, and Free Swelling Index (Sample No.1)

I November 13, 1995
Page 6

I Size Range
12.5mm to 6.33mm(27.44% of Total Sample)

I Direct

I Relative Forms of Sulfur, %
Density Wt% Sulfate Pyrite Qr~anic Total VM% E.C.% ESl

I Float 1.30 0.03 0.01 0.05 0.94 1.00 28.44 66.28 5.5
1.30 - 1.40 1.28 0.00 0.09 0.77 0.86 25.98 59.01 6.0
1.40 - 1.50 4.32 0.02 0.14 0.67 0.83 23.79 54.55 2.0

I 1.50 - 1.60 9.80 0.02 0.18 0.56 0.76 21.26 49.88 1.5
1.60 - 1.70 15.51 0.02 0.18 0.46 0.66 18.85 43.54 0.5
1.70 - 1.80 12.65 0.03 0.17 0.35 0.55 17.13 36.73 0.5

I 1.80 - 1.90 9.27 0.02 0.19 0.27 0.48 16.39 29.77 0.0
1.90 - 2.00 6.09 0.02 0.17 0.21 0.40 16.22 22.30 0.0
2.00 - 2.20 9.04 0.03 0.17 0.09 0.29 15.11 15.53 0.0

I Sink 2.20 32.01 0.03 0.31 0.04 0.38 12.74 3.00 0.0

I Cumulative

I Relative Forms of Sulfur, %
Density Wt% Sulfate Pyrite Qr~anic Total VM% FC%

Float 1.30 0.03 0.01 0.05 0.94 1.00 28.44 66.28

I 1.30 - 1.40 1.31 0.00 0.09 0.77 0.86 26.04 59.18
1.40 - 1.50 5.63 0.02 0.13 0.69 0.84 24.31 55.63
1.50 - 1.60 15.43 0.02 0.16 0.61 0.79 22.37 51.98

I 1.60 - 1.70 30.94 0.02 0.17 0.53 0.72 20.61 47.75
1.70 - 1.80 43.59 0.02 0.17 0.48 0.67 19.60 44.55

I
1.80 - 1.90 0 52.86 0.02 0.17 0.44 0.64 19.04 41.96
1.90 - 2.00 58.95 0.02 0.17 0.42 0.61 18.74 39.93
2.00 - 2.20 67.99 0.02 0.17 0.38 0.57 18.26 36.68

I
Sink 2.20 100.00 0.03 0.22 0.27 0.51 16.49 25.90

I Note: Hardgrove Grindability Index analysis for 12.5mm to 6.33mm size fraction is 63.

I
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Washability Data of Raw Ekibastuz Coal Including Weight Percent, Forms of Sulfur,
Volatile Matter, Fixed Carbon, and Free Swelling Index (Sample No.1)
November 13,1995
Page 7

Size Range
6.33mm to 3.35mm(19.33% of Total Sample)

Direct
"".

Relative Forms of Sulfur, %
Density Wt% Sulfate Pyrite Organic Total VM% FC% FSI

Float 1.30 0.32 0.03 0.09 0.83 0.95 26.87 65.63 5.0
1.30 - 1.40 3.04 0.02 0.14 0.76 0.92 25.27 59.05 4.0
1.40 - 1.50 8.07 0.03 0.16 0.65 0.84 22.84 53.99 1.5
1.50 - 1.60 11.30 0.02 0.18 0.58 0.78 20.31 49.09 0.5
1.60 - 1.70 13.54 0.02 0.17 0.45 0.64 17.73 43.94 0.5
1.70 - 1.80 11.01 0.02 0.16 0.35 0.53 17.01 37.56 0.5
1.80 - 1.90 8.91 0.03 0.16 0.28 0.47 16.69 31.00 0.0
1.90 - 2.00 5.34 0.02 0.17 0.22 0.41 16.17 24.76 0.0
2.00 - 2.20 9.23 0.03 0.19 0.10 0.32 15.53 17.04 0.0
Sink 2.20 29.24 0.03 0.26 0.07 0.36 13.49 3.36 0.0

Cumulative

Relative Forms of Sulfur, %
Density Wt% Sulfate Pyrite Organic Total VM% FC%FI

Float 1.30 0.32 0.03 0.09 0.83 0.95 26.87 65.63
1.30 - 1.40 3.36 0.02 0.14 0.77 0.92 25.42 59.68
1.40 - 1.50 11.43 0.03 0.15 0.68 0.86 23.60 55.66
1.50 - 1.60 22.73 0.02 0.17 0.63 0.82 21.96 52.39
1.60 - 1.70 36.27 0.02 0.17 0.56 0.75 20.38 49.24
1.70 - 1.80 47.28 0.02 0.17 0.51 0.70 19.60 46.52
1.80 - 1.90 56.19 0.02 0.16 0.48 0.67 19.14 44.06
1.90 - 2.00 61.53 0.02 0.17 0.45 0.64 18.88 42.38
2.00 - 2.20 70.76 0.02 0.17 0.41 0.60 18.44 39.08
Sink 2.20 100.00 0.03 0.20 0.31 0.53 16.99 28.63

Note: Hardgrove Grindability Index analysis for 6.33mm to 3.35mm size fraction is 61.

•
I
I
I
I
I
I
I
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I
I Washability Data of Raw Ekibastuz Coal Including Weight Percent, Forms of Sulfur,

I
Volatile Matter, Fixed Carbon, and Free Swelling Index (Sample No.1)
November 13, 1995
Page 8

I Size Range
3.35mm to l.OOmm(22.48% of Total Sample)

I
Direct

I Relative Forms of Sulfur, %
Density Wt% Sulfate Pyrite Organic Total VM% FC% FSI

I Float 1.30 1.37 0.01 0.05 0.86 0.92 25.69 70.18 8.0
1.30 - 1.40 4.26 0.01 0.09 0.78 0.88 25.51 62.80 6.0

I
1.40 - 1.50 8.63 0.01 0.13 0.65 0.79 23.12 57.19 1.5
1.50 - 1.60 11.53 0.01 0.17 0.54 0.72 20.97 51.03 1.5
1.60 - 1.70 13.88 0.02 0.17 0.46 0.65 18.89 45.18 0.5

I
1.70 - 1.80 10.38 0.02 0.16 0.39 0.57 16.82 39.41 0.5
1.80 - 1.90 9.86 0.03 0.17 0.29 0.49 16.60 33.41 0.5
1.90 - 2.00 5.38 0.02 0.19 0.24 0.45 16.17 27.19 0.0

I 2.00 - 2.20 8.47 0.02 0.26 0.13 0.41 15.96 18.78 0.0
Sink 2.20 26.24 0.04 0.60 0.03 0.67 14.37 3.46 0.0

I Cumulative

I Relative Forms of Sulfur, %
Density Wt% Sulfate ~ Organic Total VM% FC%

I
Float 1.30 1.37 0.01 0.05 0.86 0.92 25.69 70.18
1.30 - 1.40 5.63 0.01 0.08 0.80 0.89 25.55 64.60
1.40 - 1.50 14.26 0.01 0.11 0.71 0.83 24.08 60.11

I 1.50 - 1.60 25.79 0.01 0.14 0.63 0.78 22.69 56.05
1.60 - 1.70 39.67 0.01 0.15 0.57 0.73 21.36 52.25
1.70 - 1.80 50.05 0.01 0.15 0.53 0.70 20.42 49.59

I 1.80 - 1.90 59.91 0.02 0.15 0.49 0.67 19.79 46.92
1.90 - 2.00 65.29 0.02 0.16 0.47 0.65 19.49 45.30
2.00 - 2.20 73.76 0.02 0.17 0.43 0.62 19.09 42.25

I Sink 2.20 100.00 0.02 0.28 0.33 0.63 17.85 32.07

I Note: Hardgrove Grindability Index analysis for 3.35mm to 1.00mm size fraction is 67.

I
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Washability Data ofRaw Ekibastuz Coal Including Weight Percent, Forms of Sulfur,
Volatile Matter, Fixed Carbon, and Free Swelling Index (Sample No.1)
November 13, 1995
Page 9

Size Range
1.00mm to O.500mm(9.10% of Total Sample)

Direct

Relative Forms of Sulfur, %

Density Wt% Sulfate ~ Or~anic Th!ill ~ FC% FSI
Float 1.30 6.06 0.02 0.04 0.86 0.92 27.74 69.20 6.5
1.30 - 1.40 5.95 0.02 0.12 0.76 0.90 24.00 63.91 4.0
1.40 - 1.50 8.95 0.02 0.15 0.62 0.79 22.48 58.26 1.0
1.50 - 1.60 9.75 0.03 0.16 0.49 0.68 19.61 53.12 0.5
1.60 - 1.70 8.01 0.02 0.18 0.42 0.62 18.20 47.63 0.0
1.70 - 1.80 7.65 0.03 0.20 0.35 0.58 17.68 42.75 0.0
1.80 - 1.90 10.33 0.03 0.21 0.29 0.53 16.76 37.15 0.0
1.90 - 2.00 5.45 0.03 0.24 0.22 0.49 16.37 31.01 0.0
2.00 - 2.20 9.12 0.03 0.35 0.07 0.45 16.32 21.89 0.0
Sink 2.20 28.73 0.04 1.66 0.00 1.70 16.24 3.99 0.0

Cumulative

Relative Forms of Sulfur, %
Density Wt% Sulfate Pyrite Organic Total VM% FC%

Float 1.30 6.06 0.02 0.04 0.86 0.92 27.74 69.20
1.30 - 1.40 12.01 0.02 0.08 0.81 0.91 25.89 66.58
1.40 - 1.50 20.96 0.02 0.11 0.73 0.86 24.43 63.03
1.50 - 1.60 30.71 0.02 0.13 0.65 0.80 22.90 59.88
1.60 - 1.70 38.72 0.02 0.14 0.60 0.76 21.93 57.35
1.70 - 1.80 46.37 0.02 0.15 0.56 0.73 21.23 54.94
1.80 - 1.90 56.70 0.02 0.16 0.51 0.70 20.41 51.70
1.90 - 2.00 62.15 0.03 0.17 0.49 0.68 20.06 49.88
2.00 -2.20 71.27 0.03 0.19 0.43 0.65 19.58 46.30
Sink 2.20 100.00 0.03 0.61 0.31 0.95 18.62 34.15

Note: Hardgrove Grindability Index analysis for 1.00mm to 0.500mm size fraction is 74.

I
I
I
I
I
I
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I
I Washability Data of Raw Ekibastuz Coal Including Weight Percent, Forms of Sulfur,

Volatile Matter, Fixed Carbon, and Free Swelling Index (Sample No.1)

I November 13, 1995
Page 10

I Size Range
0.500mm to 0.250mm(5.97% of Total Sample)

I Direct

I Relative Forms ofSulfur, %
Density Wt% Sulfate ~ Organic Thml YM% FC% ESl

I Float 1.30 9047 0.00 0.02 0.91 0.93 25044 72.05 7.0
1.30 - lAO 7040 0.02 0.05 0.78 0.85 25.14 64.61 6.0
lAO - 1.50 10.19 0.02 0.06 0.65 0.73 21.78 59.62 1.0

I 1.50 - 1.60 9.51 0.01 0.07 0.55 0.63 19.79 53.34 1.0
1.60 - 1.70 6.06 0.02 0.09 0042 0.53 18.74 47.80 0.0
1.70 - 1.80 6.84 0.02 0.09 0044 0.55 17.55 43.54 0.0

I 1.80 - 1.90 8.13 0.02 0.11 0.34 0047 17.02 36.79 0.0
1.90 - 2.00 4.57 0.02 0.12 0.34 0048 16.73 30.89 0.0

I
2.00 - 2.20 8.01 0.01 0.18 0.20 0.39 16041 21.75 0.0
Sink 2.20 29.82 0.03 2.20 0.00 2.23 13.80 6049 0.0

I Cumulative

I Relative Forms of Sulfur, %
Density Wt% Sulfate Pyrite Organic Total VM% FC%

Float 1.30 9047 0.00 0.02 0.91 0.93 25044 72.05

I 1.30 - lAO 16.87 0.01 0.03 0.85 0.89 25.31 68.79
lAO - 1.50 27.06 0.01 0.04 0.78 0.83 23.98 65.33
1.50 - 1.60 36.57 0.01 0.05 0.72 0.78 22.89 62.22

I 1.60 - 1.70 42.63 0.01 0.06 0.68 0.74 22.30 60.17
1.70 - 1.80 49047 0.01 0.06 0.64 0.72 21.64 57.87

I
1.80 - 1.90 57.60 0.02 0.07 0.60 0.68 20.99 54.89
1.90 - 2.00 62.17 0.02 0.07 0.58 0.67 20.68 53.13
2.00 - 2.20 70.18 0.01 0.08 0.54 0.64 20.19 49.55

I Sink 2.20 100.00 0.02 0.71 0.38 1.11 18.28 36.71

I Note: Hardgrove Grindability Index analysis for 0.500mm to 0.250mm size fraction was not
performed.

I
I ~
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Washability Data of Raw Ekibastuz Coal Including Weight Percent, Forms of Sulfur,
Volatile Matter, Fixed Carbon, and Free Swelling Index (Sample No.1)
November 13,1995
Page 11

Size Range
O.250mm to O.125mm(3.69% of Total Sample)

Direct

Relative Forms of Sulfur, %
Density Wt% Sulfate ~ Organic Total VM% FC% rn

Float 1.30 10.72 0.00 0.02 0.93 0.95 27.50 70.72 7.5
1.30 - lAO 9.78 0.01 0.03 0.82 0.86 25.02 66.84 7.5
lAO - 1.50 10.25 0.01 0.04 0.68 0.73 22.75 61.08 3.0
1.50 - 1.60 9041 0.01 0.05 0.60 0.66 21040 53.61 1.5
1.60 - 1.70 5.23 0.02 0.05 0047 0.54 19.16 48.61 1.0
1.70 - 1.80 5.75 0.02 0.06 0.43 0.51 18.68 43.19 1.0
1.80 - 1.90 6.67 0.03 0.07 0.35 0045 17.34 37.03 1.0
1.90 - 2.00 3.78 0.02 0.08 0.36 0046 16.18 31.62 0.0
2.00 - 2.20 7.10 0.03 0.11 0.25 0.39 16.15 21.97 0.0

-

Sink 2.20 31.31 0.06 2.22 0.05 2.33 14.76 2.85 0.0 I

Cumulative I
Relative Forms of Sulfur, % IDensity Wt% Sulfate Pyrite Organic Total VM% FC%

Float 1.30 10.72 0.00 0.02 0.93 0.95 27.50 70.72
1.30 - lAO 20.50 0.00 0.02 0.88 0.91 26.32 68.87 IlAO - 1.50 30.75 0.01 0.03 0.81 0.85 25.13 66.27
1.50 - 1.60 40.16 0.01 0.03 0.76 0.80 24.25 63.31
1.60 - 1.70 45.39 0.01 0.04 0.73 0.77 23.67 61.61 I1.70 - 1.80 51.14 0.01 0.04 0.69 0.74 23.11 59.54
1.80 - 1.90 57.81 0.01 0.04 0.66 0.71 22044 56.94
1.90 - 2.00 61.59 0.01 0.04 0.64 0.69 22.06 55.39 I2.00 -2.20 68.69 0.01 0.05 0.60 0.66 21.45 51.94
Sink 2.20 100.00 0.03 0.73 0.43 1.19 19.35 36.57

I
Note: Hardgrove Grindability Index analysis for 0.250mm to O.l25mm size fraction was not Iperformed.

I
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I
I Washability Data of Raw Ekibastuz Coal Including Weight Percent, Forms of Sulfur,

Volatile Matter, Fixed Carbon, and Free Swelling Index (Sample No.1)
~

I November 13, 1995
Page 12

I Size Range
O.125mm to 0 (11.02 % of Total Sample)

I Direct

I Relative Forms of Sulfur, %
Density Wt% Sulfate Pyrite Organic Total VM% FC% ESl

I Float 1.30 2.16 0.02 0.01 0.91 0.94 27.28 70.62 8.0
1.30 - 1.40 4.85 0.01 0.01 0.82 0.84 25.97 68.72 0.0
1.40 - 1.50 10.42 0.02 0.02 0.63 0.67 24.07 63.82 0.0

I 1.50 - 1.60 8.32 0.03 0.03 0.57 0.63 19.71 60.86 0.0
1.60 - 1.70 4.57 0.03 0.04 0.47 0.54 17.46 57.38 0.0
1.70 - 1.80 4.20 0.03 0.05 0.44 0.52 17.82 49.47 5.0

I 1.80 - 1.90 4.98 0,04 0.06 0.46 0.56 17.05 41.14 0.0
1.90 - 2.00 3.12 0.04 0.06 0.43 0.53 16.76 35.37 0.0

I
2.00 - 2.20 12.38 0.06 0.20 0.29 0.55 14.81 22.30 0.0
Sink 2.20 45.00 0.27 1.32 0.10 1.69 14.55 2.43 0.0

I Cumulative

I Relative Forms of Sulfur, %
Density Wt% Sulfate Pyrite Organic Total VM% FC%

Float 1.30 2.16 0.02 0.01 0.91 0.94 27.28 70.62

I 1.30 - 1.40 7.01 0.01 0.01 0.85 0.87 26.37 69.31
1.40 - 1.50 17.43 0.02 0.02 0.72 0.75 25.00 66.03
1.50 - 1.60 25.75 0.02 0.02 0.67 0.71 23.29 64.36

I 1.60 - 1.70 30.32 0.02 0.02 0.64 0.69 22.41 63.31
1.70-1.80 34.52 0.02 0.03 0.62 0.67 21.85 61.62

I
1.80 - 1.90 39.50 0.03 0.03 0.60 0.65 21.25 59.04
1.90 - 2.00 42.62 0.03 0.03 0.58 0.64 20.92 57.31
2.00 - 2.20 55.00 0.03 0.07 0.52 0.62 19.54 49.43

I
Sink 2.20 100.00 0.14 0.63 0.33 1.10 17.30 28.28

I Note: Hardgrove Grindability Index analysis for 0.125mm to 0 size fraction was not performed.

I
I 1/t6
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WASHABILITY DATA OF RAW EKIBASTUZ COAL
Including Weight Percent, Ash, Total Sulfur, and Btullb

(Sample No.1 - Bogatyr Pit Seam No. 3-3 - Crushed to Pass l.OOmm)

(Collected at the Ekibastuz Mine Site, in June 1995)

(Collected by Mine Personnel under
USAID Delivery Order No.9, Task 3, Coal Cleaning)

November 13, 1995
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Washability Data of Raw Ekibastuz Coal Including Weight Percent, Ash,
Total Sulfur, and Btu/lb (Sample No.1 - Crushed to Pass 1.00mm)
November 13, 1995
Page 2

Composite by Sizes: 1.00mm to 0

Direct Cumulative

Size Fraction. mm Wt% Ash% Tot. S. % Btu/lb Wt% Ash% Tot. S. % Btu/lb

1.00mm x .500mm 31.15 52.69 0.61 6125 31.15 52.69 0.61 6125
.500mm x .250mm 19.60 51.35 0.71 6316 50.75 52.17 0.65 6199
.250mm x .125mm 13049 49.79 0.67 6593 64.24 51.67 0.65 6282
.125mmxO 35.76 53.22 0.78 6093 100.00 52.23 0.70 6214

Composite by Relative Density Fractions: l.OOmm to 0

Direct Cumulative

Relative Density Wt% Ash% Tot. S. % Btu/lb Wt% Ash% Tot. S. % Btu/lb

Float 1.30 2.68 2.72 1.02 14781 2.68 2.72 1.02 14781
1.30 - lAO 5.80 7.87 0.89 13842 8048 6.24 0.93 14139
lAO - 1.50 7.91 15.39 0.74 12581 16.39 10.66 0.84 13387
1.50 - 1.60 9.95 24.19 0.63 11128 26.34 15.77 0.76 12534
1.60 - 1.70 5.10 31.54 0.57 9937 31044 18.33 0.73 12112
1.70 - 1.80 8.50 39.23 0.51 8576 39.94 22.78 0.68 11360
1.80 - 1.90 5.85 45.91 0.46 7425 45.79 25.73 0.65 10857
1.90 - 2.00 6.68 53.72 0.42 6019 52047 29.29 0.62 10241
2.00 - 2.20 10.39 63.74 0.36 4136 62.86 34.99 0.58 9232
Sink 2.20 37.14 81.41 0.90 1105 100.00 52.23 0.70 6214



Washability Data of Raw Ekibastuz Coal Including Weight Percent, Ash,
Total Sulfur, and Btu/lb (Sample No.1 - Crushed to Pass 1.00mm)
November 13,1995
Page 3

Size Range
1.00mm to O.500mm (31.15% of Total Sample)

Direct Cumulative

Relative Density Wt% Ash% Tot. S, % BtulJb Wt% Ash% Tot. S, % Btu/lb

Float 1.30 2.86 4.04 1.10 14592 2.86 4.04 1.10 14592
1.30 - 1.40 4.34 10.86 0.90 13397 7.20 8.15 0.98 13871
1.40 - 1.50 6.28 19.01 0.74 12087 13.48 13.21 0.87 13040
1.50 - 1.60 9.03 26.62 0.66 10776 22.51 18.59 0.78 12131
1.60 - 1.70 5.63 33.18 0.58 9741 28.14 21.51 0.74 11653
1.70 - 1.80 11.53 39.59 0.51 8534 39.67 26.76 0.68 10746
1.80 - 1.90 7.55 46.84 0.45 7253 47.22 29.97 0.64 10188
1.90 - 2.00 7.34 54.21 0.42 5934 54.56 33.23 0.61 9615
2.00 - 2.20 11.74 63.72 0.32 4397 66.30 38.63 0.56 8691
Sink 2.20 33.70 80.35 0.72 1076 100.00 52.69 0.61 6125

Size Range
O.500mm to 0.250mm (19.60% of Total Sample)

Direct Cumulative I
Relative Density Wt% Ash% Tot. S, % Btu/lb Wt% Ash% Tot. S, % Btu/lb I

Float 1.30 3.82 2.66 0.94 14832 3.82 2.66 0.94 14832

I1.30 - 1.40 5.75 9.28 0.92 13649 9.57 6.64 0.93 14121
1.40 - 1.50 7.23 17.80 0.73 12245 16.80 11.44 0.84 13313
1.50 - 1.60 9.68 26.50 0.65 10741 26.48 16.95 0.77 12373

I1.60 - 1.70 5.08 33.02 0.57 9743 31.56 19.53 0.74 11949
1.70 - 1.80 9.83 40.11 0.49 8456 41.39 24.42 0.68 11120
1.80 - 1.90 6.84 46.69 0.44 7330 48.23 27.58 0.65 10582 I'1.90 - 2.00 6.67 53.13 0.40 6116 54.90 30.68 0.62 10039
2.00 - 2.20 11.09 62.89 0.41 3854 65.99 36.10 0.58 9000
Sink 2.20 34.01 80.94 0.96 1108 100.00 5] .35 0.71 6316 I

I
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I
I Washability Data of Raw Ekibastuz Coal Including Weight Percent, Ash,

Total Sulfur, and Btullb (Sample No.l- Crushed to Pass 1.00mm)

I November 13, 1995
Page 4

I Size Range
O.250mm to O.125mm (13.49% of Total Sample)

I Direct Cumulative

I Relative Density Wt% Ash% Tot. S, % BtuJlb Wt% Ash% Tot. S, % Btu/lb

Float 1.30 4.79 1.61 1.04 14916 4.79 1.61 1.04 14916

I 1.30 - lAO 8.17 8.17 0.91 13821 12.96 5.75 0.96 14225
lAO - 1.50 7.38 16.66 0.75 12388 20.34 9.71 0.88 13558
1.50 - 1.60 9.95 25.14 0.64 10935 30.29 14.78 0.80 12696

I 1.60 - 1.70 5.32 32.20 0.57 9805 35.61 17.38 0.77 12264
1.70 - 1.80 8046 39.31 0.50 8632 44.07 21.59 0.72 11567
1.80 - 1.90 5.84 46.12 0042 7417 49.91 24046 0.68 11081

I 1.90 - 2.00 6.92 53049 0.37 6112 56.83 27.99 0.64 10476
2.00 - 2.20 8.81 63.67 0.30 3571 65.64 32.78 0.60 9549

I
Sink 2.20 34.36 82.27 0.80 946 100.00 49.79 0.67 6593

I Size Range
O.125mm to 0 (35.76% of Total Sample)

I Direct Cumulative

I Relative Density Wt% Ash% Tot. S. % Btullb Wt% Ash% Tot. S. % Btu/lb

I
Float 1.30 1.11 1.70 0.98 14889 1.11 1.70 0.98 14889
1.30 - lAO 6.20 5.17 0.87 14223 7.31 4.64 0.89 14324
lAO - 1.50 9.90 12.06 0.75 13043 17.21 8.91 0.81 13587

I 1.50 - 1.60 10.91 20.98 0.60 11636 28.12 13.59 0.73 12830
1.60 - 1.70 4.57 28.58 0.56 10323 32.69 15.69 0.70 12479
1.70 - 1.80 5.16 37.56 0.52 8750 37.85 18.67 0.68 11971

I 1.80 - 1.90 3.82 43.42 0.50 7818 41.67 20.94 0.66 11590
1.90 - 2.00 6.03 53.65 0.45 6010 47.70 25.07 0.64 10885
2.00 - 2.20 9043 64.33 0040 4234 57.13 31.55 0.60 9787

I Sink 2.20 42.87 82.09 1.02 1171 100.00 53.22 0.78 6093

I
I n;Y
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WASHABILITY DATA OF RAW EKIBASTUZ COAL
Including Weight Percent, Forms of Sulfur, Volatile Matter,

Fixed Carbon, and Free Swelling Index
(Sample No. 1-Bogatyr Pit Seam No. 3-3 - Crushed to Pass l.OOmm)

(Collected at the Ekibastuz Mine Site, in June 1995)

(Collected by Mine Personnel under
USAID Delivery Order No.9, Task 3, Coal Cleaning)

November 13, 1995
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Washability Data of Raw Ekibastuz Coal Including Weight Percent, Forms of Sulfur,
Volatile Matter, Fixed Carbon, and Free Swelling Index
(Sample No. 1-Crushed to Pass l.OOmm)
November 13, 1995
Page 2

Composite by Sizes: 1.00mm to 0

Direct
Fonns of Sulfur, %

Size Fraction. mm Wt% Sulfate fnik Organic Total VM% FC%
1.00mm x 0.500mm 31.15 0.02 0.34 0.27 0.64 18.00 29.31

0.500mm x 0.250mm 19.60 0.02 0.37 0.32 0.71 18.50 30.21
0.250mm x 0.125mm 13.49 0.01 0.30 0.36 0.67 18.26 31.96
0.125mmxO 35.76 0.07 0.38 0.33 0.78 17.36 29.43

Cumulative

Fonns of Sulfur, %
Size Fraction. mm Wt% Sulfate Pyrite Organic Total VM% ~

1.00mm x 0.500mm 31.15 0.02 0.34 0.27 0.64 18.00 29.31
0.500mm x 0.250mm 50.75 0.02 0.35 0.29 0.67 18.19 29.66
0.250mm x 0.125mm 64.24 0.02 0.34 0.30 0.67 18.21 30.14
0.125mm x 0 100.00 0.04 0.35 0.31 0.71 17.90 29.88



Washability Data ofRaw Ekibastuz Coal Including Weight Percent, Forms of Sulfur,
Volatile Matter, Fixed Carbon, and Free Swelling Index
(Sample No.1 - Crushed to Pass 1.00mm)
November 13,1995
Page 3

Composite by Relative Density Fractions: 1.00mm to 0

Direct

Relative Forms of Sulfur, %
Density Wt% Sulfate Pyrite Organic Total VM% FC%

Float 1.30 2.68 0.01 0.10 0.91 1.02 26.27 71.01
1.30 - 1.40 5.80 0.01 0.05 0.84 0.89 25.16 66.97
1.40 - 1.50 7.91 0.01 0.04 0.69 0.74 23.87 60.75
1.50 - 1.60 9.95 0.01 0.07 0.55 0.63 21.29 54.63
1.60 - 1.70 5.10 0.02 0.07 0.48 0.57 18.96 49.50
1.70 - 1.80 8.50 0.02 0.07 0.41 0.51 17.85 42.92
1.80 - 1.90 5.85 0.02 0.08 0.36 0.46 17.22 36.87
1.90 - 2.00 6.68 0.02 0.10 0.30 0.42 16.29 29.99
2.00 - 2.20 10.39 0.03 0.12 0.21 0.36 15.25 21.02
Sink 2.20 37.14 0.07 0.82 0.02 0.92 14.99 3.60 •

Cumulative •
Relative Forms of Sulfur, % I
Density Wt% Sulfate Pyrite Organic Total VM% FC%

Float 1.30 2.68 0.01 0.10 0.91 1.02 26.27 71.01 I1.30 - 1.40 8.48 0.01 0.07 0.86 0.93 25.51 68.25
1.40 - 1.50 16.39 0.01 0.05 0.78 0.84 24.72 64.63
1.50 - 1.60 26.34 0.01 0.06 0.69 0.76 23.42 60.85 I1.60 - 1.70 31.44 0.01 0.06 0.66 0.73 22.70 59.01
1.70 - 1.80 39.94 0.01 0.06 0.61 0.68 21.67 55.59

I1.80 - 1.90 45.79 0.01 0.07 0.57 0.65 21.10 53.19
1.90 - 2.00 52.47 0.01 0.07 0.54 0.62 20.49 50.24
2.00 - 2.20 62.86 0.02 0.08 0.48 0.58 19.62 45.41

ISink 2.20 100.00 0.04 0.35 0.31 0.71 17.90 29.88

I
I
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I
I Washability Data of Raw Ekibastuz Coal Including Weight Percent, Forms of Sulfur,

I
Volatile Matter, Fixed Carbon, and Free Swelling Index
(Sample No.1 - Crushed to Pass 1.00mm)
November 13, 1995

I
Page 4

Size Range

I
1.OOmm to O.500mm(31.15% of Total Sample)

Direct

I Relative Forms of Sulfur, %
Density Wt% Sulfate Pyrite Organic Total VM% FC% FSI

I Float 1.30 2.86 0.02 0.26 0.82 1.10 25.96 70.00 7.0
1.30 - 1.40 4.34 0.01 0.10 0.79 0.90 24.71 64.43 5.5
1.40 - 1.50 6.28 0.02 0.10 0.62 0.74 23.66 57.33 2.5

I 1.50 - 1.60 9.03 0.02 0.13 0.51 0.66 21.21 52.17 1.5
1.60 - 1.70 5.63 0.02 0.12 0.44 0.58 18.76 48.06 0.5

I
1.70 - 1.80 11.53 0.02 0.10 0.39 0.51 17.69 42.72 0.5
1.80 - 1.90 7.55 0.02 0.11 0.32 0.45 17.20 35.96 0.5
1.90 - 2.00 7.34 0.01 0.15 0.26 0.42 16.17 29.62 0.5

I
2.00 - 2.20 11.74 0.02 0.15 0.15 0.32 15.17 21.11 0.0
Sink 2.20 33.70 0.03 0.77 0.00 0.80 16.08 3.57 0.0

I Cumulative

I Relative Forms of Sulfur, %
Density Wt% Sulfate Pyrite Organic Total VM% FC%

Float 1.30 2.86 0.02 0.26 0.82 1.10 25.96 70.00

I 1.30 - 1.40 7.20 0.01 0.16 0.80 0.98 25.21 66.64
1.40 - 1.50 13.48 0.02 0.13 0.72 0.87 24.49 62.30

I
1.50 - 1.60 22.51 0.02 0.13 0.63 0.78 23.17 58.24
1.60 - 1.70 28.14 0.02 0.13 0.60 0.74 22.29 56.20
1.70 - 1.80 39.67 0.02 0.12 0.54 0.68 20.95 52.28

I 1.80 - 1.90 47.22 0.02 0.12 0.50 0.64 20.35 49.67
1.90 - 2.00 54.56 0.02 0.12 0.47 0.61 19.79 46.98
2.00 -2.20 66.30 0.02 0.13 0.41 0.56 18.97 42.40

I Sink 2.20 100.00 0.02 0.34 0.27 0.64 18.00 29.31

I ' Note: Hardgrove Grindability Index analysis for 1.00mm to 0.500mm size fraction was not
performed.

I
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Washability Data of Raw Ekibastuz Coal Including Weight Percent, Forms of Sulfur,
Volatile Matter, Fixed Carbon, and Free Swelling Index
(Sample No.1 - Crushed to Pass 1.00mm)
November 13, 1995
PageS

Size Range
O.500mm to O.2S0mm(19.60% of Total Sample)

Direct

Relative Fonns of Sulfur, %
Density Wt% Sulfate Pyrite Organic Total VM% FC% FSI

Float 1.30 3.82 0.01 0.03 0.90 0.94 26.45 70.89 8.0
1.30 - 1.40 5.75 0.01 0.05 0.86 0.92 24.67 66.05 6.5
1.40 - 1.50 7.23 0.01 0.07 0.65 0.73 22.84 59.36 2.5
1.50 - 1.60 9.68 0.01 0.07 0.56 0.64 23.06 51.02 1.5
1.60 - 1.70 5.08 0.01 0.07 0.49 0.57 19.07 47.91 0.5
1.70 - 1.80 9.83 0.01 0.07 0.41 0.49 17.72 42.17 0.5
1.80 - 1.90 6.84 0.02 0.08 0.34 0.44 16.59 36.72 0.5
1.90 - 2.00 6.67 0.02 0.09 0.29 0.40 16.73 30.14 0.0
2.00 - 2.20 11.09 0.01 0.13 0.27 0.41 15.45 21.66 0.0
Sink 2.20 34.01 0.03 0.93 0.00 0.96 16.20 2.86 0.0

Cumulative

Relative Forms of Sulfur, %
Density Wt% Sulfate Pyrite Organic Total VM% FC%

Float 1.30 3.82 0.01 0.03 0.90 0.94 26.45 70.89
1.30 - 1.40 9.57 0.01 0.04 0.88 0.93 25.38 67.98
1.40 - 1.50 16.80 0.01 0.05 0.78 0.84 24.29 64.27
1.50 - 1.60 26.48 0.01 0.06 0.70 0.77 23.84 59.43
1.60 - 1.70 31.56 0.01 0.06 0.67 0.74 23.07 57.57
1.70 - 1.80 41.39 0.01 0.06 0.60 0.68 21.80 53.92
1.80 - 1.90 48.23 0.01 0.07 0.57 0.64 21.06 51.48
1.90 - 2.00 54.90 0.01 0.07 0.53 0.61 20.54 48.88
2.00 - 2.20 65.99 0.01 0.08 0.49 0.58 19.68 44.31
Sink 2.20 100.00 0.02 0,37 0,32 0.71 18.50 30.21

Note: Hardgrove Grindability Index analysis for 0.500mm to 0.250mm size fraction was not
performed.

I
I
I
I
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I
I Washability Data of Raw Ekibastuz Coal Including Weight Percent, Forms of Sulfur,

Volatile Matter, Fixed Carbon, and Free Swelling Index

I (Sample No.1 - Crushed to Pass l.OOmm)
November 13, 1995
Page 6

I Size Range

I
O.250mm to O.125mm(13.49% of Total Sample)

Direct

I Relative Forms of Sulfur, %
Density Wt% Sulfate Pyrite Qrianic Thml VM% FC% ESl

I Float 1.30 4.79 0.01 0.01 1.02 1.04 25.98 72.41 8.0
1.30 - 1.40 8.17 0.01 0.03 0.87 0.91 25.18 66.65 7.0
1.40 - 1.50 7.38 0.00 0.04 0.71 0.75 24.02 59.32 3.0

I 1.50 - 1.60 9.95 0.01 0.04 0.59 0.64 21.34 53.52 2.0
1.60 - 1.70 5.32 0.01 0.05 0.51 0.57 19.46 48.34 1.0
1.70 - 1.80 8.46 0.01 0.05 0.44 0.50 17.66 43.03 1.0

I 1.80 - 1.90 5.84 0.01 0.05 0.36 0.42 17.54 36.34 1.0
1.90 - 2.00 6.92 0.00 0.06 0.31 0.37 17.15 29.36 0.5
2.00 - 2.20 8.81 0.01 0.09 0.20 0.30 16.46 19.87 0.5

I Sink 2.20 34.36 0.02 0.78 0.00 0.80 14.17 3.56 0.0

I Cumulative

I Relative Forms of Sulfur, %
Density Wt% Sulfate Pyrite Qrianic Total VM% FC%

Float 1.30 4.79 0.01 0.01 1.02 1.04 25.98 72.41

I 1.30 - 1.40 12.96 0.01 0.02 0.93 0.96 25.48 68.78
1.40 - 1.50 20.34 0.01 0.03 0.85 0.88 24.95 65.35
1.50 - 1.60 30.29 0.01 0.03 0.76 0.80 23.76 61.46

I 1.60 - 1.70 35.61 0.01 0.04 0.72 0.77 23.12 59.50
1.70-1.80 44.07 0.01 0.04 0.67 0.72 22.07 56.34

I
1.80 - 1.90 49.91 0.01 0.04 0.63 0.68 21.54 54.00
1.90 - 2.00 56.83 0.01 0.04 0.59 0.64 21.01 51.00
2.00 - 2.20 65.64 0.01 0.05 0.54 0.60 20.40 46.82

I
Sink 2.20 100.00 0.01 0.30 0.36 0.67 18.26 31.96

I Note: Hardgrove Grindability Index analysis for 0.250mm to 0.125mm size fraction was not
performed.

I
I 'V11:J~



Washability Data of Raw Ekibastuz Coal Including Weight Percent, Forms of Sulfur,
Volatile Matter, Fixed Carbon, and Free Swelling Index
(Sample No. 1-Crushed to Pass l.OOmm)
November 13, 1995
Page 7

Size Range
O.125mm to 0 (35.76 % of Total Sample)

Direct

Relative Forms of Sulfur, %

Density Wt% Sulfate Pyrite Organic Total VM% FC% FSI
Float 1.30 1.11 0.01 0.02 0.95 0.98 27.08 71.22 N/A
1.30 - 1.40 6.20 0.00 0.02 0.85 0.87 25.68 69.15 5.5
1.40 - 1.50 9.90 0.01 0.00 0.74 0.75 24.35 63.59 2.0
1.50 - 1.60 10.91 0.00 0.03 0.57 0,60 20.48 58.54 0.5
1.60 - 1.70 4.57 0.02 0.03 0.51 0.56 18.90 52.52 0.0
1.70 - 1.80 5.16 0.03 0.04 0.45 0.52 18.40 44.04 0.0
1.80 - 1.90 3.82 0.02 0.04 0.44 0.50 17.68 38.90 0.0
1.90 - 2.00 6.03 0.05 0.06 0.34 0.45 15.78 30.57 0.0
2.00 - 2.20 9.43 0.06 0.09 0.25 0.40 14.77 20.90 0.0
Sink 2.20 42.87 0.13 0.83 0.06 1.02 13.96 3.95 0.0

Cumulative

Relative Forms of Sulfur, %
Density Wt% Sulfate Pyrite Organic Total VM% FC%

Float 1.30 1.11 0.01 0.02 0.95 0.98 27.08 71.22
1.30 - 1.40 7.31 0.00 0.02 0.87 0.89 25.89 69.46
1.40-1.50 17.21 0.01 0.01 0.79 0.81 25.01 66.09
1.50 - 1.60 28.12 0.00 0.02 0.71 0.73 23.25 63.16
1.60 - 1.70 32.69 0.01 0.02 0.68 0.70 22.64 61.67
1.70 - 1.80 37.85 0.01 0.02 0.65 0.68 22.06 59.27
1.80 - 1.90 41.67 0.01 0.02 0.63 0.66 21.66 57.40
1.90 - 2.00 47.70 0.02 0.03 0.59 0.64 20.92 54.01
2.00 - 2.20 57.13 0.02 0.04 0.54 0.60 19.90 48.54
Sink 2.20 100.00 0.07 0.38 0,33 0.78 17.36 29.43

Note: Hardgrove Grindability Index analysis for 0.125mm to 0 size fraction was not perfonned.

•
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PROXIMATE, ULTIMATE, AND ASSOCIATED
ANALYSES OF EKIBASTUZ COAL

(Sample No. 1-Bogatyr Pit Seam No. 3-3 - Crushed to Pass l.OOmm)

(Collected at the Ekibastuz Mine Site, in June 1995)

(Collected by Mine Personnel under
USAID Delivery Order No.9, Task 3, Coal Cleaning)

November 13, 1995



FLOAT 1.80 COMPOSITE OF THE CRUSHED TO PASS 1.00MM TO 0

Proximate, Ultimate, and Associated Analyses of Ekibastuz Coal
(Sample No.1 - Crushed to Pass 1.00mm)
November 13,1995
Page 2

Element

Major and Minor Elements in Ash

0.01
0.06
0.64
0.71

%

%
3.18

67.24
1.04
0.71
5.10

22.73
100.00

Fluid
2800+

Hemi.
2800+

Sulfate
Pyritic
Organic
Total

Hydrogen
Carbon
Nitrogen
Sulfur
Oxygen
Ash

Forms of Sulfur

Ultimate Analysis

Softening
2800+

%

68.48
24.69

2.50
1.18
0.53
0.56
0.32
0.51
0.98
0.12
0.06

Initial
2800+

%
22.73
21.09
56.18

100.00

11333
1.0
Not Performed

Ash
Volatile Matter
Fixed Carbon

Reducing Atmosphere
Oxidizing Atmosphere

Ash Fusion Temperature

Silicon Dioxide (Si02) .
Aluminum Oxide (AI203) .
Iron Oxide (Fe203) .
Titanium Oxide (Ti02) .
Phosphorus Pentoxide (P205) .
Calcium Oxide (CaO) .
Magnesium Oxide (MgO) .
Sodium Oxide (Na20) .
Potassium Oxide (K20) .
Sulfur Trioxide (S03) .
Manganese Dioxide (Mn02) .

Heating Value (Btu/lb)
Free Swelling Index (FSI)
Hardgrove Grind. Index

Proximate Analysis

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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WASHABILITY DATA OF RAW EKIBASTUZ COAL
Including Weight Percent, Ash, Total Sulfur, and Btullb

(Sample No.2 - Bogatyr Pit Seam No.3-B)

(Collected at the Ekibastuz Mine Site, in June 1995)

(Collected by Mine Personnel under
USAID Delivery Order No.9, Task 3, Coal Cleaning)

November 13,1995





Washability Data of Raw Ekibastuz Coal Including Weight Percent, Ash,
Total Sulfur, and Btu/lb (Sample No.2)
November 13, 1995
Page 3

Size Range
50mm to 25mm (0.19% of Total Sample)

Direct Cumulative

Relative Density Wt% Ash% Tot. S. % Btullb Wt% Ash% Tot. S. % Btu/lb

Float 1.30 0.00
1.30 - lAO 0.00
lAO - 1.50 0.00
1.50 - 1.60 10.61 31.91 1.58 9626 10.61 31.91 1.58 9626
1.60 - 1.70 7.30 42.59 0.58 8051 17.91 36.26 1.17 8984
1.70 - 1.80 16.37 47.35 0.57 7259 34.28 41.56 0.88 8160
1.80 - 1.90 26.62 51.91 0.52 6366 60.90 46.08 0.73 7375
1.90 - 2.00 0.00 60.90 46.08 0.73 7375
2.00 - 2.20 0.00 60.90 46.08 0.73 7375
Sink 2.20 39.10 82.03 0.08 848 100.00 60.14 0047 4823

Size Range
25mm to 12.5mm (0.67% of Total Sample)

Direct Cumulative

Relative Density Wt% Ash% Tot. S. % Btullb Wt% Ash% Tot. S. % Btu/lb

IFloat 1.30 0.00
1.30 - lAO 0.00
lAO - 1.50 8.51 25.06 0.95 11176 8.51 25.06 0.95 11176 I1.50 - 1.60 12.45 32.50 0.76 9864 20.96 29.48 0.84 10396
1.60 - 1.70 19.40 39.70 0.65 8602 40.36 34.39 0.75 9534
1.70 - 1.80 14.95 47.10 0.58 7229 55.31 37.83 0.70 8910 I1.80 - 1.90 12.54 54.63 0.41 5899 67.85 40.93 0.65 8354
1.90 - 2.00 6.99 60.50 0.60 4401 74.84 42.76 0.64 7985

I2.00 - 2.20 7.28 69.77 0.33 3230 82.12 45.15 0.62 7563
Sink 2.20 17.88 79.96 0.27 878 100.00 51.38 0.55 6368

I
I
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I
I Washability Data of Raw Ekibastuz Coal Including Weight Percent, Ash,

Total Sulfur, and Btullb (Sample No.2)

I November 13, 1995
Page 4

I Size Range
12.5mm to 6.33mm (25.34% of Total Sample)

I Direct Cumulative

I Relative Density Wt% Ash% Tot. S. % Btu/lb Wt% Ash% Tot. S. % Btu/lb

Float 1.30 0.00

I 1.30 - 1,40 0.88 13.52 1.11 13116 0.88 13.52 1.11 13116
1,40 - 1.50 6.19 23.17 1.37 11397 7.07 21.97 1.34 11610
1.50 - 1.60 12.90 30.84 0.94 10129 19.97 27.70 1.08 10653

I 1.60 - 1.70 19.70 38.50 0.77 8765 39.67 33.06 0.93 9715
1.70 - 1.80 15.96 46.02 0.63 7417 55.63 36.78 0.84 9056
1.80 - 1.90 9.99 52,41 0.57 6265 65.62 39.16 0.80 8631

I 1.90 - 2.00 6.95 58,44 0.54 5075 72.57 41.01 0.78 8290
2.00 - 2.20 8.89 68,43 0.37 3241 81,46 44.00 0.73 7739

I
Sink 2.20 18.54 80.01 0.22 878 100.00 50.68 0.64 6467

I
Size Range

6.33mm to 3.35mm (20.42% of Total Sample)

I Direct Cumulative

I
Relative Density Wt% Ash% Tot. S. % Btu/lb Wt% Ash% Tot. S. % Btu/lb

Float 1.30 0.08 5.04 1.16 14422 0.08 5.04 1.16 14422

I
1.30 - 1,40 1,45 12.88 1.11 13193 1.53 12.47 1.11 13257
1,40 - 1.50 6.97 22.10 1.02 11624 8.50 20.37 1.04 11917
1.50 - 1.60 13,45 30.19 0.90 10275 21.95 26.39 0.95 10911

I
1.60 - 1.70 19.58 38.09 0.79 8878 41.53 31.90 0.88 9905
1.70 - 1.80 15.65 46.01 0.64 7482 57.18 35.76 0.81 9242
1.80 - 1.90 10.14 52.33 0.59 6192 67.32 38.26 0.78 8782

I 1.90 - 2.00 6.52 59.28 0.55 5041 73.84 40.12 0.76 8452
2.00 - 2.20 8.10 67.35 0.41 3316 81.94 42.81 0.72 7944
Sink 2.20 18.06 80.59 0.39 961 100.00 49.63 0.66 6683

I
I I
I ~~)



Washability Data of Raw Ekibastuz Coal Including Weight Percent, Ash,
Total Sulfur, and Btu/lb (Sample No.2)
November 13, 1995
Page 5

Size Range
3.35mm to 1.00mm (26.54% of Total Sample)

Direct Cumulative

Relative Density Wt% Ash% Tot. S, % B1YLTh Wt% Ash% Tot. S, % Btu/lb

Float 1.30 0,83 4.01 1.13 14623 0.83 4.01 1.13 14623
1.30 - 1.40 2.60 10.97 1.09 13493 3.43 9.29 1.10 13766
1.40 - 1.50 7,25 19.44 1.00 12016 10.68 16.18 1.03 12578
1.50 - 1.60 13.41 27.81 0.88 10639 24.09 22.65 0.95 11498
1.60 - 1.70 18.13 36.27 0.79 9101 42.22 28.50 0.88 10469

~ 1.70 - 1.80 13.24 43.93 0.53 7740 55.46 32.18 0.80 9817
1.80 - 1.90 11.13 49.89 0.54 6683 66.59 35.14 0.75 9293
1.90 - 2.00 7.75 56.47 0.52 5467 74.34 37.37 0.73 8894
2.00 - 2.20 7.96 64.70 0.52 3406 82.30 40.01 0.71 8363
Sink 2.20 17.70 78.87 0.78 1063 100.00 46.89 0.72 7071

I
Size Range

I1.00mm to O.500mm (10.41% of Total Sample)

Direct Cumulative I
Relative Density Wt% Ash% Tot. S, % Btu/lb Wt% Ash% Tot. S. % Btu/lb

IFloat 1.30 4.57 2.81 1.16 14773 4.57 2.81 1.16 14773
1.30 - 1.40 7.11 10.48 1.10 13535 11.68 7.48 1.12 14019
lAO - 1.50 8.24 19.00 0.99 11955 19.92 12.24 1.07 13165 I1.50 - 1.60 11.23 27.06 0.90 10655 31.15 17.59 1.01 12260
1.60 - 1.70 8.30 33.10 0.77 9569 39.45 20.85 0.96 11694
1.70 - 1.80 13.53 39.47 0.68 8508 52.98 25.61 0.89 10880 I1.80 - 1.90 9.02 46.09 0.64 7244 62.00 28.59 0.85 10351
1.90 - 2.00 7.88 52.20 0.58 6228 69.88 31.25 0.82 9886

I2.00 - 2.20 9.81 60.20 0.58 4348 79.69 34.81 0.79 9204
Sink 2,20 20.31 75.32 1.43 1372 100.00 43.04 0.92 7613

I
I
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I
I Washability Data of Raw Ekibastuz Coal Including Weight Percent, Ash,

Total Sulfur, and Btullb (Sample No.2)

I November 13, 1995
Page 6

I Size Range
O.500mm to O.250mm (6.14% of Total Sample)

I Direct Cumulative

I Relative Density Wt% Ash% Tot. S. % Btu/lb Wt% Ash% Tot. S. % Btu/lb

Float 1.30 6.80 2.29 1.11 14958 6.80 2.29 1.11 14958

I
1.30 - 1.40 10.44 9.43 1.05 13698 17.24 6.61 1.07 14194
1.40 - 1.50 9.19 18.31 0.92 12198 26.43 10.68 1.02 13500
1.50 - 1.60 10.84 26.74 0.77 10739 37.27 15.35 0.95 12697

I 1.60 - 1.70 7.34 33.36 0.69 9727 44.61 18.31 0.91 12208
1.70 - 1.80 10.47 39.16 0.62 8604 55.08 22.28 0.85 11523
1.80 - 1.90 6.56 46.05 0.56 7410 61.64 24.81 0.82 11085

I 1.90 - 2.00 6.93 52.46 0.55 6184 68.57 27.60 0.79 10590
2.00 - 2.20 8.73 60.53 0.49 4221 77.30 31.32 0.76 9879
Sink 2.20 22.70 75.74 1.70 1404 100.00 41.40 0.97 7948

I
I

Size Range
O.250mm to O.125mm (2.89% of Total Sample)

I Direct Cumulative

I
Relative Density Wt% Ash% Tot. S. % Btu/lb Wt% Ash% Tot. S. % Btu/lb

Float 1.30 9.04 1.79 1.11 15020 9.04 1.79 1.11 15020
1.30 - 1.40 12.90 8.30 0.97 13918 21.94 5.62 1.03 14372

I 1.40 - 1.50 10.39 17.54 0.91 12375 32.33 9.45 0.99 13730
1.50 - 1.60 10.73 26.13 0.78 10899 43.06 13.61 0.94 13024
1.60 - 1.70 7.08 32.77 0.66 9745 50.14 16.31 0.90 12561

I 1.70 - 1.80 8.28 39.17 0.52 8587 58.42 19.55 0.84 11998
1.80 - 1.90 6.26 45.61 0.50 7491 64.68 22.07 0.81 11562

I
1.90 - 2.00 5.92 52.33 0.48 6206 70.60 24.61 0.78 11112
2.00 - 2.20 7.90 61.58 0.41 4018 78.50 28.33 0.75 10398
Sink 2.20 21.50 77.37 1.98 1166 100.00 38.87 1.01 8413

I
I
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Washability Data of Raw Ekibastuz Coal Including Weight Percent, Ash,
Total Sulfur, and BtuJIb (Sample No.2)
November 13, 1995
Page 7

Size Range
0.125mm to 0 (7.40% of Total Sample)

Direct Cumulative

Relative Density Wt% Ash% Tot. S, % Btu/lb Wt% &lli Tot. S, % Btu/lb

Float 1.30 1.51 1.42 1.10 14970 1.51 1.42 1.10 14970
1.30 - 1.40 13.34 5.67 0.94 14205 14.85 5.24 0.96 14282
1,40 - 1.50 13.01 12.26 0.78 13191 27.86 8.52 0.87 13772
1.50 - 1.60 12.10 19.03 0.69 12112 39.96 11.70 0.82 13270
1.60 - 1.70 6.94 27.16 0.53 10779 46.90 13.99 0.78 12901
1.70 - 1.80 6.17 36.87 0.55 9010 53.07 16.65 0.75 12448
1.80 - 1.90 4.89 43.68 0.52 7861 57.96 18.93 0.73 12061
1.90 - 2.00 7.21 50.44 0.51 6702 65.17 22.42 0.71 11468
2.00 - 2.20 10.06 62.33 0,44 4865 75.23 27.75 0.67 10585
Sink 2.20 24.77 80.03 2.17 1250 100.00 40.70 1.04 8273

I
I
I
I
I
I
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WASHABILITY DATA OF RAW EKIBASTUZ COAL
Including Weight Percent, Forms of Sulfur, Volatile Matter,

Fixed Carbon, and Free Swelling Index
(Sample No.2 - Bogatyr Pit Seam No.3-B)

(Collected at the Ekibastuz Mine Site, in June 1995)

(Collected by Mine Personnel under
USAID Delivery Order No.9, Task 3, Coal Cleaning)

November 13, 1995



I
I Washability Data of Raw Ekibastuz Coal Including Weight Percent, Forms of Sulfur,

<;. Volatile Matter, Fixed Carbon, and Free Swelling Index (Sample No.2)

I November 13, 1995
Page 2

I Composite by Sizes: 50mm to 0

I Direct
Forms of Sulfur, %

I
Size Fraction. mm Wt% Sulfate Pyrite Organic Total VM% FC%
50mmx25mm 0.19 0.04 0.10 0.30 0.47 16.30 23.57
25mm x 12.5mm 0.67 0.05 0.19 0.31 0.55 17.54 31.08

I 12.5mm x 6.33mm 25.34 0.01 0.26 0.36 0.4 17.48 31.85
6.33mm x 3.35mm 20.42 0.01 0.23 0.42 0.66 17.69 32.68
3.35mm x 1.00mm 26.54 0.03 0.30 0.40 0.72 17.96 35.15

I 1.00mm x 0.500mm 10.41 0.02 0.40 0.51 0.92 19.57 37.39
0.500mm x 0.250mm 6.14 0.02 0.42 0.54 0.97 20.46 38.14
0.250mm x 0.125mm 2.89 0.01 0.04 0.57 1.01 20.33 40.80

I 0.125mmxO 7.40 0.09 0.47 0.48 1.04 18.96 40.34

I Cumulative

I - Forms of Sulfur, %
Size Fraction. mm Wt% Sulfate Pyrite Organic Total VM% FC%

I 50mmx25mm 0.19 0.04 0.10 0.30 0.47 16.30 23.57
25mm x 12.5mm 0.86 0.05 0.17 0.31 0.53 17.27 29.42

12.5mm x 6.33mm 26.20 0.01 0.26 0.36 0.40 17.47 31.77

I 6.33mm x 3.35mm 46.62 0.01 0.25 0.39 0.52 17.57 32.17
3.35mm x 1.00mm 73.16 0.02 0.27 0.39 0.59 17.71 33.25
1.00mm x 0.500mm 83.57 0.02 0.28 0.41 0.63 17.94 33.77

I 0.500mm x 0.250mm 89.71 0.02 0.29 0.41 0.65 18.11 34.07
0.250mm x 0.125mm 92.60 0.02 0.28 0.42 0.67 18.18 34.28

I
0.125mmxO 100.00 0.02 0.30 0.42 0.69 18.24 34.72

I
I
I
I ~~



Washability Data of Raw Ekibastuz Coal Including Weight Percent, Forms of Sulfur,
Volatile Matter, Fixed Carbon, and Free Swelling Index (Sample No.2)
November 13, 1995
Page 3

Composite by Relative Density Fractions: 50mm to 0

Direct
Relative Forms of Sulfur, %

Density Wt% Sulfate Pyrite Organic Total VM% FC%
Float 1.30 1.50 0.01 0.03 1.09 1.13 25.21 72.20
1.30 - lAO 3.95 0.02 0.07 0.95 1.04 24.20 66.46
lAO - 1.50 7.66 0.02 0.22 0.81 1.04 22.10 58.27
1.50 - 1.60 12.72 0.02 0.20 0.67 0.88 20.08 51.56
1.60 - 1.70 15.98 0.01 0.21 0.55 0.77 18.07 45.06
1.70 - 1.80 13.63 0.01 0.17 0042 0.61 17.06 38.87

j.' 1.80 - 1.90 9.58 0.02 0.18 0.36 0.57 16.62 33.09
1.90 - 2.00 7.15 0.03 0.22 0.28 0.54 16.26 27.51
2.00 - 2.20 8.60 0.02 0.26 0.17 0.45 16.32 18.54
Sink 2.20 19.24 0.04 0.78 0.05 0.87 17.09 3.96

Cumulative

•Relative Forms of Sulfur, %

Density Wt% Sulfate Pyrite Organic Total VM% FC% IFloat 1.30 1.50 0.01 0.03 1.09 1.13 25.21 72.20
1.30 - 1.40 5.45 0.01 0.06 0.99 1.06 24048 68.04
lAO - 1.50 13.11 0.01 0.15 0.88 1.05 23.09 62.33 I1.50 - 1.60 25.83 0.01 0.17 0.78 0.97 21.61 57.03
1.60 - 1.70 41.81 0.01 0.19 0.69 0.89 20.26 52.46
1.70 - 1.80 55.44 0.01 0.18 . 0.62 0.82 19.47 49.12 I1.80 - 1.90 65.02 0.02 0.18 0.58 0.78 19.05 46.76
1.90 - 2.00 72.16 0.02 0.19 0.55 0.76 18.78 44.85

I2.00 - 2.20 80.76 0.02 0.20 0.51 0.73 18.51 42.05
Sink 2.20 100.00 0.02 0.31 0.42 0.75 18.24 34.72

I
I
I
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, Washability Data of Raw Ekibastuz Coal Including Weight Percent, Forms of Sulfur,

I
~ Volatile Matter, Fixed Carbon, and Free Swelling Index (Sample No.2)

November 13, 1995
Page 4

I Size Range
SOmm to 25mm( 0.19% of Total Sample)

I
Direct

I Relative Forms of Sulfur, %
Density Wt% Sulfate Pyrite Organic Total VM% FC% FSI

Float 1.30 0.00

I 1.30 - 1.40 0.00
1.40 - 1.50 0.00

I
1.50 - 1.60 10.61 0.17 0.17 0.96 1.58 23.01 45.08 0.0
1.60 - 1.70 7.30 0.03 0.15 0.40 0.58 18.93 38.48 0.0
1.70 - 1.80 16.37 0.04 0.14 0.39 0.57 16.92 35.73 0.5

I
1.80 - 1.90 26.62 0.03 0.15 0.34 0.52 16.55 31.54 0.0
1.90 - 2.00 0.00
2.00 - 2.20 0.00

I Sink 2.20 39.10 0.01 0.03 0.04 0.08 13.55 4.42 0.0

I Cumulative..

I Relative Forms of Sulfur, %
Density Wt% Sulfate Pyrite Organi Total VM% FC%

I
Float 1.30 0.00
1.30 - 1.40 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.40 - 1.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00

I 1.50 - 1.60 10.61 0.17 0.17 0.96 1.58 23.01 45.08
1.60 - 1.70 17.91 0.11 0.16 -0.73 1.17 21.35 42.39
1.70 - 1.80 34.28 0.08 0.15 0.57 0.88 19.23 39.21

I 1.80 - 1.90 60.90 0.06 0.15 0.47 0.73 18.06 35.86
1.90 - 2.00 60.90 0.06 0.15 0.47 0.73 18.06 35.86
2.00 - 2.20 60.90 0.06 0.15 0.47 0.73 18.06 35.86

I Sink 2.20 100.00 0.04 0.10 0.30 0.47 16.30 23.57

I . Note: Hardgrove Grindability Index analysis for 50mm to 25mm size fraction was not
performed.

I
I
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Washability Data of Raw Ekibastuz Coal Including Weight Percent, Forms of Sulfur,
Volatile Matter, Fixed Carbon, and Free Swelling Index (Sample No.2)
November 13, 1995
Page 5

Size Range
25mm to 12.5mm( 0.67% of Total Sample)

Direct

Relative Forms of Sulfur, %
Density Wt% Sulfate Pyrite Organic Total VM% FC% FSI

Float 1.30 0.00
1.30 - lAO 0.00
1.40 - 1.50 8.51 0.08 0.26 0.61 0.95 22.08 52.86 3.0
1.50 - 1.60 12.45 0.04 0.18 0.54 0.76 19.55 47.95 1.0
1.60 - 1.70 19.40 0.03 0.16 0.46 0.65 18.07 42.23 0.5
1.70-1.80 14.95 0.17 0.16 0.25 0.58 17.55 35.35 0.0
1.80 - 1.90 12.54 0.00 0.11 0.30 0.41 16.98 28.39 0.0
1.90 - 2.00 6.99 0.02 0.35 0.23 0.60 16.81 22.69 0.0
2.00 - 2.20 7.28 0.04 0.14 0.15 0.33 15.14 15.09 0.0
Sink 2.20 17.88 0.03 0.23 0.01 0.27 15.05 4.99 0.0

Cumulative

Relative Forms of Sulfur, %
Density Wt% Sulfate Pyrite Organic Total VM% FC%

Float 1.30 0.00
1.30 - 1.40 0.00 0.00 0.00 0.00 0.00 0.00 0.00
lAO - 1.50 8.51 0.08 0.26 0.61 0.95 22.08 52.86
1.50 - 1.60 20.96 0.06 0.21 0.57 0.84 20.58 49.94
1.60 - 1.70 40.36 0.04 0.19 0.52 0.75 19.37 46.24
1.70 - 1.80 55.31 0.08 0.18 0.44 0.70 18.88 43.29
1.80 - 1.90 67.85 0.06 0.17 0.42 0.65 18.53 40.54
1.90 - 2.00 74.84 0.06 0.18 0.40 0.64 18.37 38.87
2.00 - 2.20 82.12 0.06 0.18 0.38 0.62 18.08 36.76
Sink 2.20 100.00 0.05 0.19 0.31 0.55 17.54 31.08

Note: Hardgrove Grindability Index analysis for 25mm to 12.5mm size fraction is 60.

I
I
I
I
I
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I
I Washability Data of Raw Ekibastuz Coal Including Weight Percent, Forms of Sulfur,

Volatile Matter, Fixed Carbon, and Free Swelling Index (Sample No.2)

I November 13,1995
Page 6

I Size Range
12.5mm to 6.33mm( 25.34% of Total Sample)

I
Direct

I Relative Forms of Sulfur, %
Density Wt% Sulfate Pyrite Or"anic Total VM% FC% ESl

I Float 1.30 0.00
1.30 - 1.40 0.88 0.00 0.19 0.92 1.11 24.27 62.21 8.0
1.40 - 1.50 6.19 0.04 0.55 0.78 1.37 21.63 55.20 3.5

I 1.50 - 1.60 12.90 0.01 0.30 0.63 0.94 20.23 48.93 1.5
1.60 - 1.70 19.70 0.01 0.28 0.48 0.77 17.82 43.68 0.5
1.70 - 1.80 15.96 0.00 0.20 0.43 0.63 16.72 37.26 0.5

I 1.80 - 1.90 9.99 0.02 0.22 0.33 0.57 16.31 31.28 0.0
1.90 - 2.00 6.95 0.01 0.30 0.23 0.54 16.19 25.37 0.0

I
2.00 - 2.20 8.89 0.01 0.28 0.08 0.37 15.97 15.60 0.0
Sink 2.20 18.54 0.01 0.17 0.04 0.22 15.98 4.01 0.0

I Cumulative

I Relative Forms of Sulfur, %
Density Wt% Sulfate Pyrite Or~anic Total VM% FC%

Float 1.30 0.00

I 1.30 - 1.40 0.88 0.00 0.19 0.92 1.11 24.27 62.21
1.40 - 1.50 7.07 0.04 0.51 0.80 1.34 21.96 56.07

I
1.50 - 1.60 19.97 0.02 0.37 0.69 1.08 20.84 51.46
1.60 - 1.70 39.67 0.01 0.33 0.59 0.93 19.34 47.60
1.70 - 1.80 55.63 0.01 0.29 0.54 0.84 18.59 44.63

I
1.80 - 1.90 65.62 0.01 0.28 0.51 0.80 18.24 42.60
1.90 - 2.00 72.57 0.01 0.28 0.48 0.78 18.05 40.95
2.00 - 2.20 81.46 0.01 0.28 0.44 0.73 17.82 38.18

I Sink 2.20 100.00 0.01 0.26 0.36 0.64 17.48 31.85

I Note: Hardgrove Grindability Index analysis for 12.5mm to 6.33mm size fraction is 62.

I
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Washability Data of Raw Ekibastuz Coal Including Weight Percent, Forms of Sulfur,
Volatile Matter, Fixed Carbon, and Free Swelling Index (Sample No.2)
November 13, 1995
Page 7

Size Range
6.33mm to 3.35mm(20.42% of Total Sample)

Direct

Relative Fonns of Sulfur, %
Density Wt% Sulfate Pyrite Or~anic Total VM% FC% ESl

Float 1.30 0.08 0.02 0.10 1.04 1.16 26.36 68.60 N/A
1.30 - 1.40 1.45 0.02 0.16 0.93 1.11 24.27 62.85 7.0
1.40 - 1.50 6.97 0.00 0.20 0.82 1.02 22.23 55.67 4.0
1.50 - 1.60 13.45 0.02 0.21 0.67 0.90 19.69 50.12 2.0
1.60 - 1.70 19.58 0.00 0.22 0.57 0.79 18.25 43.66 2.0
1.70 - 1.80 15.65 0.01 0.19 0.44 0.64 17.07 36.92 0.5
1.80 - 1.90 10.14 0.00 0.20 0.39 0.59 16.41 31.26 0.0
1.90 - 2.00 6.52 0.03 0.23 0.29 0.55 16.09 24.63 0.0
2.00 - 2.20 8.10 0.01 0.26 0.14 0.41 16.04 16.61 0.0
Sink 2.20 18.06 0.01 0.33 0.05 0.39 15.86 3.55 0.0

Cumulative

Relative Fonns of Sulfur, %
Density Wt% Sulfate Pyrite Organic Total VM% FC%

Float 1.30 0.08 0.02 0.10 1.04 1.16 26.36 68.60
1.30 - 1.40 1.53 0.02 0.16 0.94 1.11 24.38 63.15
1.40 - 1.50 8.50 0.00 0.19 0.84 1.04 22.62 57.02
1.50 - 1.60 21.95 0.01 0.20 0.74 0.95 20.82 52.79
1.60 - 1.70 41.53 0.01 0.21 0.66 0.88 19.61 48.49
1.70 - 1.80 57.18 0.01 0.21 0.60 0.81 18.91 45.32
1.80 - 1.90 67.32 0.01 0.20 0.57 0.78 18.54 43.20
1.90 - 2.00 73.84 0.01 0.21 0.54 0.76 18.32 41.56
2.00 - 2.20 81.94 0.01 0.21 0.50 0.72 18.10 39.10
Sink 2.20 100.00 0.01 0.23 0.42 0.66 17.69 32.68

Note: Hardgrove Grindability Index analysis for 6.33mm to 3.35mm size fraction is 62.

I
I
I
I
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I
I Washability Data of Raw Ekibastuz Coal Including Weight Percent, Forms of Sulfur,

.Volatile Matter, Fixed Carbon, and Free Swelling Index (Sample No.2)

I November 13,1995
PageS

I Size Range
3.35mm to l.OOmm(26.54% of Total Sample)

I Direct

I Relative Forms of Sulfur, %
Density Wt% Sulfate Pyrite Or~anic Total VM% FC% FSI

I Float 1.30 0.83 0.01 0.04 1.08 1.13 24.16 71.83 9.0
1.30 - 1.40 2.60 0.03 0.12 0.94 1.09 23.29 65.74 7.5
1.40 - 1.50 7.25 0.02 0.17 0.81 1.00 21.98 58.58 4.0

I 1.50 - 1.60 13.41 0.01 0.19 0.68 0.88 19.89 52.30 2.0
1.60 - 1.70 18.13 0.03 0.18 0.58 0.79 17.91 45.82 1.5
1.70 - 1.80 13.24 0.02 0.18 0.33 0.53 16.77 39.30 0.0

I 1.80 - 1.90 11.13 0.04 0.19 0.31 0.54 16.70 33.41 0.0
1.90 - 2.00 7.75 0.06 0.25 0.21 0.52 16.21 27.32 0.0

I
2.00 - 2.20 7.96 0.03 0.35 0.14 0.52 17.04 18.26 0.0
Sink 2.20 17.70 0.03 0.73 0.02 0.78 16.71 4.42 0.0

I Cumulative

I Relative Forms of Sulfur, %
Density Wt% Sulfate Pyrite Organic Total VM% FC%

Float 1.30 0.83 0.01 0.04 1.08 1.13 24.16 71.83

I 1.30 - 1.40 3.43 0.03 0.10 0.97 1.10 23.50 67.21
1.40 - 1.50 10.68 0.02 0.15 0.86 1.03 22.47 61.35

I
1.50 - 1.60 24.09 0.02 0.17 0.76 0.95 21.03 56.31
1.60 - 1.70 42.22 0.02 0.18 0.68 0.88 19.69 51.81
1.70 - 1.80 55.46 0.02 0.18 0.60 0.80 18.99 48.82

I
1.80 - 1.90 66.59 0.02 0.18 0.55 0.75 18.61 46.25
1.90 - 2.00 74.34 0.03 0.19 0.52 0.73 18.36 44.27
2.00 - 2.20 82.30 0.03 0.20 0.48 0.71 18.23 41.76

I
Sink 2.20 100.00 0.03 0.30 0.40 0.72 17.96 35.15

I Note: Hardgrove Grindability Index analysis for 3.35rnrn to 1.00rnrn size fraction is 68.

I
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Washability Data of Raw Ekibastuz Coal Including Weight Percent, Forms of Sulfur,
Volatile Matter, Fixed Carbon, and Free Swelling Index (Sample No.2)
November 13, 1995
Page 9

Size Range
1.00mm to O.SOOmm(l0.41% of Total Sample)

Direct

Relative Fonns of Sulfur, %
Density Wt% Sulfate Pyrite Organic Total VM% FC% FSI

Float 1.30 4.57 0.01 0.04 1.11 1.16 25.09 72.10 9.0
1.30 - 1.40 7.11 0.02 0.09 0.99 1.10 23.51 66.01 8.0
1.40 - 1.50 8.24 0.00 0.12 0.87 0.99 22.30 58.70 7.0
1.50 - 1.60 11.23 0.02 0.17 0.71 0.90 21.16 51.78 2.0
1.60 - 1.70 8.30 0.01 0.14 0.62 0.77 19.55 47.35 2.0
1.70 - 1.80 13.53 0.01 0.13 0.54 0.68 17.84 42.69 0.5
1.80 - 1.90 9.02 0.03 0.15 0.46 0.64 17.15 36.76 0.0
1.90 - 2.00 7.88 0.02 0.16 0.40 0.58 16.36 31.44 0.0
2.00 - 2.20 9.81 0.00 0.27 0.31 0.58 16.78 23.02 0.0
Sink 2.20 20.31 0.03 1.36 0.04 1.43 19.79 4.89 0.0

Cumulative

Relative Fonns of Sulfur, %
Density Wt% Sulfate Pyrite Organic Total VM% FC%

Float 1.30 4.57 0.01 0.04 1.11 1.16 25.09 72.10
1.30 - 1.40 11.68 0.02 0.07 1.04 1.12 24.13 68.39
1.40-1.50 19.92 0.01 0.09 0.97 1.07 23.37 64.38
1.50 - 1.60 31.15 0.01 0.12 0.87 1.01 22.57 59.84
1.60 - 1.70 39.45 0.01 0.12 0.82 0.96 21.94 57.21
1.70 - 1.80 52.98 0.01 0.13 0.75 0.89 20.89 53.50
1.80 - 1.90 62.00 0.01 0.13 0.71 0.85 20.35 51.07
1.90 - 2.00 69.88 0.02 0.13 0.67 0.82 19.90 48.85
2.00 - 2.20 79.69 0.01 0.15 0.63 0.79 19.51 45.67
Sink 2.20 100.00 0.02 0.40 0.51 0.92 19.57 37.39

Note: Hardgrove Grindability Index analysis for 1.00mm to 0.500mm size fraction is 79.

•

•
I
I
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I
I Washability Data of Raw Ekibastuz Coal Including Weight Percent, Forms of Sulfur,

Volatile Matter, Fixed Carbon, and Free Swelling Index (Sample No.2)

I November 13, 1995
Page 10

I Size Range
0.500mm to 0.250mm(6.14% of Total Sample)

I Direct

I Relative Forms of Sulfur, %
Density Wt% Sulfate ~ Organic Total VM% FC% FSI

I Float 1.30 6.80 0.01 0.01 1.09 1.11 25.85 71.86 8.0
1.30 - 1.40 10.44 0.01 0.04 1.00 1.05 25.32 65.25 8.0
1.40 - 1.50 9.19 0.01 0.06 0.85 0.92 22.48 59.21 6.0

I 1.50 - 1.60 10.84 0.02 0.06 0.69 0.77 20.63 52.63 1.5
1.60 - 1.70 7.34 0.01 0.07 0.61 0.69 19.02 47.62 1.5
1.70 - 1.80 10.47 0.01 0.07 0.54 0.62 18.19 42.65 1.0

I 1.80 - 1.90 6.56 0.04 0.08 0.44 0.56 17.44 36.51 0.5
1.90 - 2.00 6.93 0.01 0.12 0.42 0.55 16.75 30.79 0.0

I
2.00 - 2.20 8.73 0.01 0.16 0.32 0.49 16.64 22.83 0.0
Sink 2.20 22.70 0.02 1.58 0.10 1.70 20.69 3.57 0.0

I Cumulative

'I Relative Forms of Sulfur, %
Density Wt% Sulfate Pyrite Organic Total VM% FC%

Float 1.30 6.80 0.01 0.01 1.09 1.11 25.85 71.86

I 1.30 - 1.40 17.24 0.01 0.03 1.04 1.07 25.53 67.86
1.40 - 1.50 26.43 0.01 0.04 0.97 1.02 24.47 64.85
1.50 - 1.60 37.27 0.01 0.05 0.89 0.95 23.35 61.30

I 1.60 - 1.70 44.61 0.01 0.05 0.84 0.91 22.64 59.05
1.70 - 1.80 55.08 0.01 0.05 0.79 0.85 21.79 55.93

I
1.80 - 1.90 61.64 0.01 0.06 0.75 0.82 21.33 53.86
1.90 - 2.00 68.57 0.01 0.06 0.72 0.79 20.87 51.53
2.00 - 2.20 77.30 0.01 0.07 0.67 0.76 20.39 48.29

I
Sink 2.20 100.00 0.02 0.42 0.54 0.97 20.46 38.14

I Note: Hardgrove Grindability Index analysis for 0.500mm to 0.250mm size fraction was not
performed.

I
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Washability Data of Raw Ekibastuz Coal Including Weight Percent, Forms of Sulfur,
Volatile Matter, Fixed Carbon, and Free Swelling Index (Sample No.2)
November 13, 1995
Page 11

Size Range
O.250mm to O.125mm(2.89% of Total Sample)

Direct

Relative Forms of Sulfur, %
Density Wt% Sulfate Pyrite Organic Total VM% FC% FSI

Float 1.30 9.04 0.00 0.02 1.09 1.11 24.68 73.53 9.0
1.30 - 1.40 12.90 0.01 0.03 0.93 0.97 23.61 68.09 8.0
1.40 - 1.50 10.39 0.00 0.04 0.87 0.91 22.09 60.37 5.0
1.50 - 1.60 10.73 0.02 '0.05 0.71 0.78 20.95 52.92 1.5
1.60 - 1.70 7.08 0.01 0.05 0.60 0.66 19.22 48.01 0.5
1.70 - 1.80 8.28 0.01 0.06 0.45 0.52 19.01 41.82 0.5
1.80 - 1.90 6.26 0.02 0.06 0.42 0.50 17.33 37.06 0.5
1.90 - 2.00 5.92 0.03 0.07 0.38 0.48 16.13 31.54 0.5
2.00 - 2.20 7.90 0.01 0.10 0.30 0.41 16.10 22.32 0.0
Sink 2.20 21.50 0.00 1.85 0.13 1.98 19.82 2.81 0.0

Cumulative

Relative Forms of Sulfur, %
Density Wt% Sulfate Pyrite Organic Total VM% FC%

Float 1.30 9.04 0.00 0.02 1.09 1.11 24.68 73.53
1.30 - 1.40 21.94 0.01 0.03 1.00 1.03 24.05 70.33
1.40 - 1.50 32.33 0.00 0.03 0.96 0.99 23.42 67.13
1.50 - 1.60 43.06 0.01 0.04 0.89 0.94 22.81 63.59
1.60 - 1.70 50.14 0.01 0.04 0.85 0.90 22.30 61.39
1.70 - 1.80 58.42 0.01 0.04 0.80 0.84 21.83 58.62
1.80 - 1.90 64.68 0.01 0.04 0.76 0.81 21.40 56.53
1.90 - 2.00 70.60 0.01 0.04 0.73 0.78 20.96 54.43
2.00 - 2.20 78.50 0.01 0.05 0.68 0.75 20.47 51.20
Sink 2.20 100.00 0.01 0.04 0.57 1.01 20.33 40.80

Note: Hardgrove Grindability Index analysis for 0.250mm to O.125mm size fraction was not
performed.

•
I
I
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I
I Washability Data of Raw Ekibastuz Coal Including Weight Percent, Forms of Sulfur,

Volatile Matter, Fixed Carbon, and Free Swelling Index (Sample No.2)

I November 13, 1995
Page 12

I Size Range
0.125mm to 0 (7.40 % of Total Sample)

I Direct

I Relative Forms of Sulfur, %
Density Wt% Sulfate Pyrite Organic Total VM% FC% FSI

I Float 1.30 1.51 0.00 0.01 1.09 1.10 26.52 72.06 8.5
1.30 - 1.40 13.34 0.01 0.01 0.92 0.94 24.82 69.51 8.5
1.40 - 1.50 13.01 0.01 0.02 0.75 0.78 22.52 65.22 1.0

I 1.50 - 1.60 12.10 0.02 0.02 0.65 0.69 19.38 61.59 0.5
1.60 - 1.70 6.94 0.02 0.03 0.48 0.53 16.85 55.99 0.5
1.70 - 1.80 6.17 0.03 0.04 0.48 0.55 17.20 45.93 0.5

I 1.80 - 1.90 4.89 0.03 0.04 0.45 0.52 16.71 39.61 0.5
1.90 - 2.00 7.21 0.04 0.05 0.42 0.51 16.55 33.01 0.0
2.00 - 2.20 10.06 0.08 0.06 0.30 0.44 15.28 22.39 0.0

I Sink 2.20 24.77 0.27 1.81 0.09 2.17 16.93 3.04 0.0

I Cumulative

I
Relative Forms of Sulfur, %
Density Wt% Sulfate Pyrite Organic Total VM% FC%

Float 1.30 1.51 0.00 0.01 1.09 1.10 26.52 72.06

I 1.30 - 1.40 14.85 0.01 0.01 0.94 0.96 24.99 69.77
1.40 - 1.50 27.86 0.01 0.01 0.85 0.87 23.84 67.64
1.50 - 1.60 39.96 0.01 0.02 0.79 0.82 22.49 65.81

I 1.60 - 1.70 46.90 0.01 0.02 0.74 0.78 21.65 64.36
1.70 - 1.80 53.07 0.02 0.02 0.71 0.75 21.14 62.22

I
1.80 - 1.90 57.96 0.02 0.02 0.69 0.73 20.76 60.31
1.90 - 2.00 65.17 0.02 0.03 0.66 0.71 20.30 57.29
2.00 - 2.20 75.23 0.03 0.03 0.61 0.67 19.63 52.62

I
Sink 2.20 100.00 0.09 0.47 0.48 1.04 18.96 40.34

I Note: Hardgrove Grindability Index analysis for 0.125mm to 0 size fraction was not performed.

I
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PROXIMATE , ULTIMATE, AND ASSOCIATED
ANALYSES OF EKIBASTUZ COAL

(Sample No.2 - Bogatyr Pit Seam No.3-B)

(Collected at the Ekibastuz Mine Site, in June 1995)

(Collected by Mine Personnel under
USAID Delivery Order No.9, Task 3, Coal Cleaning)

November 13, 1995



Proximate, Ultimate, and Associated Analyses of Ekibastuz Coal (Sample 2)
November 13, 1995
Page 2

RAW COAL COMPOSITE OF THE 25MM TO 0 SIZE FRACTION

Silicon Dioxide (Si02) .,. . . . . . . . . . . . . .. 56.90
Aluminum Oxide (A1203) . . . . . . . . . . . . .. 30.84
Iron Oxide (Fe203) 5.62
Titanium Oxide (Ti02) . . . . . . . . . . . . . . . . .. 1.2
Phosphorus Pentoxide (P205) 0.24
Calcium Oxide (CaO) 1.62
Magnesium Oxide (MgO) 0.62
Sodium Oxide (Na20) 0.37
Potassium Oxide (K20) 0.77
Sulfur Trioxide (S03) 1.14
Manganese Dioxide (Mn02) . . . . . 0.14

%
2.07

43.41
0.58
0.75
6.18

47.01
100.00

Fluid
2800+
2800+

&m1
2800+
2800+

Hydrogen
Carbon
Nitrogen
Sulfur
Oxygen
Ash

Ultimate Analysis

Softening
2800+
2800+

%

Initial
2800+
2800+

47.01
18.61
34.38

100.00

7057
0.5
Not Performed

Ash
Volatile Matter
Fixed Carbon

Reducing Atmosphere
Oxidizing Atmosphere

Element

Major and Minor Elements in Ash

Ash Fusion Temperature

Heating Value (Btu/lb)
Free Swelling Index (FSI)
Hardgrove Grind. Index

Proximate Analysis

I
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Proximate, Ultimate, and Associated Analyses of Ekibastuz Coal (Sample 2)
November 13, 1995
Page 3

FLOAT 1.80 COMPOSITE OF THE 25MM TO 0 SIZE FRACTION

Proximate Analysis

Ash
Volatile Matter
Fixed Carbon

Heating Value (Btu/lb)
Free Swelling Index (FSI)
Hardgrove Grind. Index

%
31.34
19.19
49.47

100.00

10000
2.5
Not Performed

Ultimate Analysis

Hydrogen
Carbon
Nitrogen
Sulfur
Oxygen
Ash

%
2.76

59.22
0.90
0.81
4.97

31.34
100.00

Ash Fusion Temperature

Reducing Atmosphere
Oxidizing Atmosphere

Initial
2800+
2800+

Softening
2800+
2800+

Hemi.
2800+
2800+

Fluid
2800+
2800+

Major and Minor Elements in Ash

Element

Silicon Dioxide (Si02) . . . . . . . . . . . . . . . .. 63.04
Aluminum Oxide (A1203) . . . . . . . . . . . . .. 26.17
Iron Oxide (Fe203) 5.66
Titanium Oxide (Ti02) . . . . . . . . . . . . . . . . . 1.19
Phosphorus Pentoxide (P205) 0.25
Calcium Oxide (CaO) 0.73
Magnesium Oxide (MgO) 0.41
Sodium Oxide (Na20) 0.45
Potassium Oxide (K20) 0.96
Sulfur Trioxide (S03) 0.75
Manganese Dioxide (Mn02) 0.15
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WASHABILITY DATA OF RAW EKIBASTUZ COAL
Including Weight Percent, Ash, Total Sulfur, and Btullb

(Sample No.2 - Bogatyr Pit Seam No. 3-B - Crushed to Pass l.OOmm)

(Collected at the Ekibastuz Mine Site, in June 1995)

(Collected by Mine Personnel under
USAID Delivery Order No.9, Task 3, Coal Cleaning)

November 13,1995
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Washability Data of Raw Ekibastuz Coal Including Weight Percent, Ash,
Total Sulfur, and Btullb (Sample No.2 - Crushed to Pass l.OOmm)
November 13, 1995
Page 2

Composite by Sizes: 1.OOmm to 0

Direct Cumulative

Size Fraction. mm Wt% Ash% Tot. S. % Btu/1b Wt% ~ Tot. S. % Btu/1b

1.00mm x 0.500mm 37.51 51.27 0.71 6226 37.51 51.27 0.71 6226
0.500mm x 0.250mm 23.02 47.09 0.75 7091 60.53 49.68 0.73 6555
0.250mm x 0.125mm 15.09 43.82 0.76 7623 75.62 48.51 0.73 6768
0.125mmx 0 24.38 42.29 0.84 7954 100.00 46.99 0.76 7057

Composite by Relative Density Fractions: l.OOmm to 0

Direct Cumulative

Relative Density Wt% Ash% Tot. S. % Btu/lb Wt% Ash% Tot. S. % BtuJ1b

Float 1.30 2049 2.57 1.12 14999 2049 2.57 1.12 14999

1.30 - lAO 7.13 8.72 1.01 13872 9.62 7.13 1.04 14164

lAO - 1.50 9.07 17.37 0.85 12487 18.69 12.10 0.95 13350
1.50 - 1.60 9.62 25.68 0.74 10994 28.31 16.71 0.88 12549

1.60 - 1.70 8.90 32.91 0.65 9828 37.21 20.59 0.82 11898

1.70 - 1.80 9.60 39.91 0.61 8556 46.81 24.55 0.78 11213

1.80 - 1.90 8.05 46.11 0.55 7455 54.86 27.71 0.75 10662

1.90 - 2.00 8.06 52.57 0.50 5955 62.92 30.90 0.71 10059

2.00 - 2.20 10.24 61.60 0.45 4356 73.15 35.20 0.68 9260

Sink 2.20 26.85 79.14 0.97 1054 100.00 46.99 0.76 7057



Washability Data of Raw Ekibastuz Coal Including Weight Percent, Ash,
Total Sulfur, and Btullb (Sample No.2 - Crushed to Pass 1.00mm)
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Size Range
1.00mm to O.500mm (37.51% of Total Sample)

Direct Cumulative

Relative Density Wt% Ash% Tot. 5. % Btu/lb Wt% Ash% Tot. 5. % Btu/lb

Float 1.30 1.93 3.06 1.13 14980 1.93 3.06 1.13 14980
1.30 - 1.40 4.26 11.93 1.01 13394 6.19 9.16 1.05 13888
1.40-1.50 6.26 21.24 0.90 11847 12.45 15.24 0.97 12862
1.50 - 1.60 8.27 28.35 0.79 10556 20.72 20.47 0.90 11941
1.60 - 1.70 8.69 34.47 0.69 9549 29.41 24.61 0.84 11234
1.70-1.80 11.74 40.43 0.63 8415 41.15 29.12 0.78 10430
1.80 - 1.90 8.80 46.50 0.56 7351 49.95 32.18 0.74 9887
1.90 - 2.00 9.59 52.74 0.52 5526 59.54 35.49 0.70 9185
2.00 - 2.20 10.67 61.67 0.47 4183 70.21 39.47 0.67 8424
Sink 2.20 29.79 79.06 0.79 1046 100.00 51.27 0.71 6226

Size Range
O.500mm to O.250mm (23.02% of Total Sample)

Direct Cumulative

Relative Density Wt% Ash% Tot. S. % BtulIb Wt% Ash% Tot. S. % Btu/lb

IFloat 1.30 3.64 3.04 1.11 14900 3.64 3.04 1.11 14900
1.30 - 1.40 7.21 10.66 1.02 13597 10.85 8.10 1.05 14034
1.40 - 1.50 7.42 20.17 0.88 . 12064 18.27 13.00 0.98 13234 I1.50 - 1.60 9.59 27.59 0.76 10703 27.86 18.02 0.90 12362
1.60 - 1.70 9.27 34.54 0.65 9618 37.13 22.15 0.84 11677

I,1.70 - 1.80 9.77 40.68 0.61 8521 46.90 26.01 0.79 11019
1.80 - 1.90 8.62 46.88 0.55 7359 55.52 29.25 0.76 10451
1.90 - 2.00 8.71 53.27 0.47 6133 64.23 32.51 0.72 9865

I2.00 - 2.20 10.02 61.72 0.43 4619 74.25 36.45 0.68 9157
Sink 2.20 25.75 77.78 0.95 1133 100.00 47.09 0.75 7091

I
I
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I
Total Sulfur, and Btullb (Sample No.2 - Crushed to Pass 1.00mm)
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I Size Range
0.250mm to 0.125mm (15.09% of Total Sample)

I Direct Cumulative

I Relative Density Wt% Ash% Tot. S, % BtuJIb Wt% Ash% Tot. S, % BtuJIb

Float 1.30 4.47 1.69 1.11 15112 4.47 1.69 1.11 15112

I 1.30 - lAO 10.53 8.68 1.00 13863 15.00 6.60 1.03 14235
lAO - 1.50 9,01 18.47 0.86 12328 24.01 11,05 0,97 13519
1.50 - 1.60 10,32 26,56 0,71 10917 34.33 15,71 0.89 12737

I 1.60 - 1.70 9,39 33.81 0.61 9676 43,72 19.60 0.83 12079
1.70 - 1.80 8.34 40.06 0.56 8434 52.06 22.88 0.79 11495
1.80 - 1.90 7,34 46.03 0.52 7435 59.40 25.74 0.75 10993 '~

I 1,90 - 2.00 7.45 52.95 0045 6199 66.85 28.77 0.72 10459
2,00 - 2.20 9.70 62.27 0.38 4079 76,55 33.02 0.68 9651

I
Sink 2.20 23.45 79.09 1.03 1003 100.00 43.82 0.76 7623

I
Size Range

0.125mm to 0 (24.38% of Total Sample)

I Direct Cumulative

I Relative Density Wt% Ash% Tot. S, % Btu/lb Wt% Ash% Tot. S, % Btu/lb

Float 1.30 1.05 1.96 1.13 15083 1.05 1.96 1.13 15083

I
1.30 - lAO 9.37 5.08 1.00 14411 10042 4.77 1.01 14479
1.40 - 1.50 14.97 13.16 0.81 . 13155 25.39 9.71 0.89 13698
1.50 - 1.60 11.30 20.64 0.70 11765 36,69 13.08 0.83 13103

I 1.60 - 1.70 8.57 28.20 0.63 10579 45,26 15.94 0.80 12625
1.70 - 1.80 6,94 37.40 0.60 9062 52.20 18.80 0.77 12151
1.80 - 1.90 6.79 44.46 0.54 7793 58.99 21.75 0.74 11650

I 1.90 - 2.00 5.45 50.74 0.51 6641 64.44 24.20 0.72 11226
2.00 - 2,20 10.10 61.08 0.46 4554 74.54 29.20 0,69 10322
Sink 2.20 25.46 80.60 1.29 1023 100.00 42.29 0.84 7954

I
I
I {\~\

I ~I
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WASHABILITY DATA OF RAW EKIBASTUZ COAL
Including Weight Percent, Forms of Sulfur, Volatile Matter,

Fixed Carbon, and Free Swelling Index
(Sample No.2 - Bogatyr Pit Seam No. 3-B - Crushed to Pass l.OOmm)

(Collected at the Ekibastuz Mine Site, in June 1995)

(Collected by Mine Personnel under
USAID Delivery Order No.9, Task 3, Coal Cleaning)

November 13,1995



Direct

Composite by Sizes: l.OOmm to 0

Washability Data of Raw Ekibastuz Coal Including Weight Percent, Forms of Sulfur,
Volatile Matter, Fixed Carbon, and Free Swelling Index
(Sample No.2 - Crushed to Pass 1.00mm)
November 13, 1995
Page 2

Cumulative

Forms of Sulfur, %
Size Fraction, mm Wt% Sulfate Pyrite Organic Total VM% FC%

1,00mm x 0.500mm 37,51 0.01 0.30 0.39 0,71 18.36 30.37
0,500mm x 0.250mm 60,53 0.01 0.30 0.41 0.73 18.67 31.65
0,250mm x 0.125mm 75,62 0.01 0,29 0.42 0,73 18.80 32.78
0.125mmx 0 100.00 0.02 0.30 0.44 0,76 18.93 34.43

FC%
30.37
33.73
37.31
39.55

VM%
18.36
19.18
19.30
19.33

Total
0.71
0.75
0.77
0,85

Pyrite Organic
0,30 0.39
0.29 0.44
0.27 0.48
0.31 0.49

Forms of Sulfur, %
Sulfate

0.01
0.01
0.02
0.05

Wt%
37.51
23.02
15.09
24.38

Size Fraction, nun
I.OOmm x 0.500mm

0.500nun x 0.250mm
0.250mm x 0.125mm
0.125mmxO

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I'
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Washability Data of Raw Ekibastuz Coal Including Weight Percent, Forms of Sulfur,
Volatile Matter, Fixed Carbon, and Free Swelling Index
(Sample No.2 - Crushed to Pass l.OOmm)
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Composite by Relative Density Fractions: 1.OOmm to 0

Direct
Relative

Density
Float 1.30
1.30 - 1.40
1.40 - 1.50
1.50 - 1.60
1.60 - 1.70
1.70 - 1.80
1.80 - 1.90
1.90 - 2.00
2.00 - 2.20
Sink 2.20

Wt%
2.60
8.10
8.59
9.82
8.50
9.42
7.58
8.48

10.23
26.68

Sulfate
0.00
0.01
0.01
0.01
0.01
0.01
0.01
0.02
0.03
0.04

Forms of Sulfur, %
Pyrite Organic

0.03 1.06
0.03 0.99
0.05 0.67
0.06 0.68
0.08 0.56
0.08 0.52
0.09 0.45
0.08 0.39
0.12 0.30
0.91 0.01

Total
1.09
1.03
0.85
0.74
0.65
0.61
0.55
0.50
0.45
0.97

VM%
25.74
24.39
19.55
20.16
18.36
17.71
17.09
16.53
15.99
17.91

FC%
69.91
68.70
53.52
54.26
48.51
42.34
36.70
30.99
22.39

2.96

Cumulative

Relative Forms of Sulfur, %
Density Wt% Sulfate Pyrite Organic Total VM% FC%

Float 1.30 2.60 0.00 0.03 1.06 1.09 25.74 69.91
1.30 - 1.40 10.70 0.01 0.03 1.01 1.04 24.72 68.99
1.40 - 1.50 19.29 0.01 0.04 0.86 0.96 22.42 62.10
1.50 - 1.60 29.11 0.01 0.05 0.80 0.88 21.66 59.46
1.60 - 1.70 37.61 0.01 0.05 0.74 0.83 20.91 56.98
1.70 - 1.80 47.03 0.01 0.06 0.70 0.79 20.27 54.05
1.80 - 1.90 54.61 0.01 0.06 0.66 0.75 19.83 51.64
1.90 - 2.00 63.09 0.01 0.07 0.63 0.72 19.38 48.87
2.00 - 2.20 73.32 0.01 0.07 0.58 0.68 18.91 45.17
Sink 2.20 100.00 0.02 0.30 0.43 0.76 18.64 33.91

-
I
I
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Volatile Matter, Fixed Carbon, and Free Swelling Index

I (Sample No.2 - Crushed to Pass l.OOmm)
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I Size Range
1.00mm to O.500mm(37.51 % of Total Sample)

I Direct

I Relative Forms of Sulfur, %
Density Wt% Sulfate Pyrite Organic Total VM% FC% FSI

I
Float 1.30 1.93 0.00 0.03 1.10 1.13 24.78 72.16 N/A
1.30 - lAO 4.26 0.01 0.07 0.93 1.01 23044 64.63 8.0
lAO - 1.50 6.26 0.00 0.10 0.80 0.90 22.01 56.75 6.5

I 1.50 - 1.60 8.27 0.00 0.10 0.69 0.79 19.95 51.70 2.0
1.60 - 1.70 8.69 0.01 0.12 0.56 0.69 18.54 46.99 1.5
1.70 - 1.80 11.74 0.01 0.11 0.51 0.63 17.93 41.64 0.5

I 1.80 - 1.90 8.80 0.01 0.13 0.42 0.56 17.18 36.32 0.5
1.90 - 2.00 9.59 0.02 0.12 0.38 0.52 16.62 30.64 0.0
2.00 - 2.20 10.67 0.02 0.16 0.29 0047 16.31 22.02 0.0

I Sink 2.20 29.79 0.02 0.74 0.03 0.79 17.78 3.16 0.0

I
Cumulative

Relative Forms of Sulfur, %

I Density Wt% Sulfate Pyrite Organic Total VM% FC%
Float 1.30 1.93 0.00 0.03 1.10 1.13 24.78 72.16
1.30 - lAO 6.19 0.01 0.06 0.98 1.05 23.86 66.98

I lAO - 1.50 12045 0.00 0.08 0.89 0.97 22.93 61.84
1.50 - 1.60 20.72 0.00 0.09 0.81 0.90 21.74 57.79
1.60 - 1.70 29041 0.00 0.10 0.74 0.84 20.79 54.60

I 1.70 - 1.80 41.15 0.01 0.10 0.67 0.78 19.98 50.90
1.80 - 1.90 49.95 0.01 0.11 0.63 0.74 19.48 48.33
1.90 - 2.00 59.54 0.01 0.11 0.59 0.70 19.02 45048

,I 2.00 - 2.20 70.21 0.01 0.12 0.54 0.67 18.61 41.92
Sink 2.20 100.00 0.01 0.30 0.39 0.71 18.36 30.37

I Note: Hardgrove Grindability Index analysis for 1.00mm to 0.500mm size fraction was not
performed.

I
I
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Washability Data of Raw Ekibastuz Coal Including Weight Percent, Forms of Sulfur,
Volatile Matter, Fixed Carbon, and Free Swelling Index
(Sample No.2 - Crushed to Pass 1.00mm)
November 13, 1995
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Note: Hardgrove Grindability Index analysis for 0.500mrn to 0.250mrn size fraction was not
perfonned.

Size Range
O.500mm to O.250mm(23.02% of Total Sample)

Direct

Relative Fonns of Sulfur, %

Density Wt% Sulfate Pyrite Qr~anic Total VM%
Float 1.30 3.64 0.00 0.02 1.09 1.11 27.59
1.30 - 1.40 7.21 0.01 0.04 0.97 1.02 23.96
1.40 - 1.50 7.42 0.01 0.06 0.81 0.88 23.43
1.50 - 1.60 9.59 0.01 0.06 0.69 0.76 20.06
1.60 - 1.70 9.27 0.02 0.07 0.56 0.65 18.08
1.70 - 1.80 9.77 0.00 0.07 0.54 0.61 17.04
1.80 - 1.90 8.62 0.01 0.07 0.47 0.55 16.76
1.90 - 2.00 8.71 0.01 0.09 0.37 0.47 16.12
2.00 - 2.20 10.02 0.01 0.13 0.29 0.43 16.11
Sink 2.20 25.75 0.02 0.93 0.00 0.95 19.36

Cumulative

Relative Fonns of Sulfur, %
Density Wt% Sulfate Pyrite Qr~anic Total VM%

Float 1.30 3.64 0.00 0.02 1.09 1.11 27.59
1.30 - 1.40 10.85 0.01 0.03 1.01 1.05 25.18
1.40 - 1.50 18.27 0.01 0.04 0.93 0.98 24.47
1.50 - 1.60 27.86 0.01 0.05 0.85 0.90 22.95
1.60 - 1.70 37.13 0.01 0.05 0.78 0.84 21.73
1.70 - 1.80 46.90 0.01 0.06 0.73 0.79 20.76
1.80 - 1.90 55.52 0.01 0.06 0.69 0.76 20.14
1.90 - 2.00 64.23 0.01 0.06 0.64 0.72 19.59
2.00 - 2.20 74.25 0.01 0.07 0.60 0.68 19.12
Sink 2.20 100.00 0.01 0.29 0.44 0.75 19.18

FC%
69.37
65.38
56.40
52.35
47.38
42.28
36.36
30.61
22.17

2.86

FC%
69.37
66.72
62.53
59.02
56.12
53.23
50.61
47.90
44.43
33.73

ffi
9.0
6.5
6.0
2.0
1.5
0.5
0.5
0.0
0.0
0.0

-
I
I
I
I
I
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Volatile Matter, Fixed Carbon, and Free Swelling Index

I (Sample No.2 - Crushed to Pass I.OOmm)
November 13, 1995
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Size Range

I
O.250mm to O.125mm(15.09% of Total Sample)

Direct

I Relative Forms of Sulfur, %
Density Wt% Sulfate Pyrite Organic Total VM% FC% ESI

I Float 1.30 4.47 0.01 0.03 0.96 1.00 23.94 67.38 9.0
1.30 - 1.40 10.53 0.01 0.01 1.09 1.11 24.80 73.51 9.0
1.40 - 1.50 9.01 0.01 0.04 0.81 0.86 21.76 59.77 5.5

I 1.50 - 1.60 10.32 0.01 0.04 0.66 0.71 20.36 53.08 1.5
1.60 - 1.70 9.39 0.01 0.05 0.55 0.61 18.79 47.40 0.5
1.70 - 1.80 8.34 0.02 0.06 0.48 0.56 18.23 41.71 0.5

I 1.80 - 1.90 7.34 0.01 0.06 0.45 0.52 17.16 36.81 0.5
1.90 - 2.00 7.45 0.01 0.00 0.44 0.45 16.64 30.41 0.5

I
2.00 -2.20 9.70 0.02 0.10 0.26 0.38 15.78 21.95 0.0
Sink 2.20 23.45 0.03 1.00 0.00 1.03 18.07 2.84 0.0

I
Cumulative

Relative Forms of Sulfur, %

I Density Wt% Sulfate Pyrite Organic Total VM% FC%
Float 1.30 4.47 0.01 0.03 0.96 1.00 23.94 67.38
1.30 - 1.40 15.00 0.01 0.02 1.05 1.08 24.54 71.68

I 1.40 - 1.50 24.01 0.01 0.02 0.96 1.00 23.50 67.21
1.50 - 1.60 34.33 0.01 0.03 0.87 0.91 22.56 62.96

I
1.60 - 1.70 43.72 0.01 0.03 0.80 0.85 21.75 59.62
1.70 - 1.80 52.06 0.01 0.04 0.75 0.80 21.18 56.75
1.80 - 1.90 59.40 0.01 0.04 0.71 0.77 20.69 54.29

I
1.90 - 2.00 66.85 0.01 0.04 0.68 0.73 20.24 51.63
2.00 -2.20 76.55 0.01 0.04 0.63 0.69 19.67 47.87
Sink 2.20 100.00 0.02 0.27 0.48 0.77 19.30 37.31

I Note: Hardgrove Grindability Index analysis for 0.250mm to 0.125mm size fraction was not
performed.

I
'I
I,
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Washability Data of Raw Ekibastuz Coal Including Weight Percent, Forms of Sulfur,
Volatile Matter, Fixed Carbon, and Free Swelling Index
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Size Range
O.125mm to 0 (24.38 % of Total Sample)

Direct

Relative Forms of Sulfur, %
Density Wt% Sulfate Pyrite Organic Total VM% FC% ESl

Float 1.30 1.51 0.01 0.02 1.10 1.13 26.68 71.36 N/A
1.30 - 1.40 13.34 0.01 0.01 0.98 1.00 24.87 70.05 8.5
1.40 - 1.50 13.01 0.01 0.02 0.78 0.81 23.64 63.20 1.5
1.50 - 1.60 12.10 0.01 0.02 0.67 0.70 20.35 59.01 0.5
1.60 - 1.70 6.94 0.01 0.03 0.59 0.63 18.00 53.80 0.5
1.70 - 1.80 6.17 0.03 0.04 0.53 0.60 17.61 44.99 0.5
1.80 - 1.90 4.89 0.03 0.04 0.47 0.54 17.35 38.19 0.5
1.90 - 2.00 7.21 0.04 0.05 0.42 0.51 16.74 32.52 0.77
2.00 - 2.20 10.06 0.06 0.07 0.33 0.46 15.47 23.45 0.0
Sink 2.20 24.77 0.12 1.16 0.01 1.29 16.64 2.76 0.0

Cumulative

Relative Forms of Sulfur, %
Density Wt% Sulfate Pyrite Organic Total VM% FC%

Float 1.30 1.51 0.01 0.02 1.1 1.13 26.68 71.36
1.30 - 1.40 14.85 0.01 0.01 0.99 1.01 25.05 70.18
1.40 - 1.50 27.86 0.01 0.02 0.89 0.92 24.39 66.92
1.50 - 1.60 39.96 0.01 0.02 0.83 0.85 23.17 64.53
1.60 - 1.70 46.90 0.01 0.02 0.79 0.82 22.40 62.94
1.70 - 1.80 53.07 0.01 0.02 0.76 0.79 21.85 60.85
1.80 - 1.90 57.96 0.01 0.02 0.74 0.77 21.47 58.94
1.90 - 2.00 65.17 0.02 0.03 0.70 0.74 20.94 56.02
2.00 - 2.20 75.23 0.02 0.03 0.65 0.71 20.21 51.66
Sink 2.20 100.00 0.05 0.31 0.49 0.85 19.33 39.55

Note: Hardgrove Grindability Index analysis for 0.125mm to 0 size fraction was not performed.

•

I
I
I
I
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PROXIMATE , ULTIMATE, AND ASSOCIATED
ANALYSES OF EKIBASTUZ COAL

(Sample No.2 - Bogatyr Pit Seam No. 3-B - Crushed to Pass 1.00mm)

(Collected at the Ekibastuz Mine Site, in June 1995)

(Collected by Mine Personnel under
USAID Delivery Order No.9, Task 3, Coal Cleaning)

November 13, 1995



FLOAT 1.80 COMPOSITE OF THE CRUSHED TO PASS 1.00MM TO 0

Proximate, Ultimate, and Associated Analyses of Ekibastuz Coal (Sample 2 - Crushed to
Pass 1.00mm)
November 13, 1995
Page 2

Silicon Dioxide (Si02) . . . . . . . . . . . . . . . .. 67.06
Aluminum Oxide (AI203) 26.27
Iron Oxide (Fe203) 2.87
Titanium Oxide (Ti02) . . . . . . . . . . . . . . . . . 1.15
Phosphorus Pentoxide (P205) 0.24
Calcium Oxide (CaO) 0.42
Magnesium Oxide (MgO) 0.30
Sodium Oxide (Na20) 0.47
Potassium Oxide (K20) 1.01
Sulfur Trioxide (S03) 0.28
Manganese Dioxide (Mn02) , 0.07

Element

\
\Dj \

'V

%
3.02

65.52
0.95
0.81
4.25

25.44
100.00

Fluid
2800+
2800+

Hemi.
2800+
2800+

Hydrogen
Carbon
Nitrogen
Sulfur
Oxygen
Ash

Ultimate Analysis

Softenin2
2800+
2800+

%

Initial
2800+
2800+

28.44
20.39
54.17

100.00

10102
2.0
Not Performed

Reducing Atmosphere
Oxidizing Atmosphere

Ash
Volatile Matter
Fixed Carbon

Ash Fusion Temperature

Major and Minor Elements in Ash

Heating Value (Btu/lb)
Free Swelling Index (FSI)
Hardgrove Grind. Index

Proximate Analysis

I
I
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SUBTASK 8.0 - PART 1

1. Letter to Mamezhanov with Supporting Documentation

2. Drawing C-3427-FS-OOI Process Flowscheme 1

3. Drawing C-3427-FS-002 Process Flowscheme 2

4. Drawing C-3427-FS-003 Process Flowscheme 3

5. Drawing C-3427-QQ-OOI Flowscheme 1, Quantity/Quality Diagram

6. Drawing C-3427-QQ-002 Flowscheme 2, Quantity/Quality Diagram

7. Drawing C-3427-QQ-003 Flowscheme 3, Quantity/Quality Diagram

APP-7



I.
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

November 17, 1995

Mr. Fayaz O. Mamezhanov
Head ofCoal Industry Department
Ministry of Energy and Coal Industry
Bogenbay Batyr, 142, Almaty
Republic of Kazakstan

Subject: Flowscheme of Kazakstan choice according to USAID Task Order No.9, Task No.3
(Coal Cleaning): Subtask 8.0 (Selection of the optimum process by the designated
Kazakstan authority).

Dear Mr. Mamezhanov:

On October 11, 1995, we sent a letter to you by fax stating that the required date to respond to the
flowscheme ofyour choice (as required by subtask 8.0) was October 25, 1995. To avoid a serious
schedule delay in performing the remaining required engineering on the subject Task No.3, we must
proceed with the flowscheme decision made by you, Leonid Dmitriev, Victor Preis, and Victor
Zelensky during your stay in the Pittsburgh area. That decision was made in the offices of CEE
Incorporated on September 22, 1995.

That flowscheme decision was as follows-as outlined in the attachments to this letter, namely, a
memo from Ken Wyzykowski of CEE; figure 3 depicting the flowscheme as modified and now
numbered "ALTERNATE 2A"; and Meeting Minutes as prepared by yourselfand fellow colleagues
from Kazakstan documenting the flowscheme choic~ made: the flowscheme of choice was number
2, as presented in the fmal report of subtask 7.0, but now numbered "ALTERNATE 2A". The
modification to this flowscheme made by you and the other Kazakstan technical personnel was to
divert the nominal 13mm x 4mm raw coal feet (that in the original flowscheme was sent to the heavy
media cyclone circuit) to the heavy media separator instead and thereby eliminate altogether from
the flowscheme the heavy media cyclone circuit.

The advantages are stated in the attached memo from CEE Incorporated, written the day the decision
was made.

A:\MAMEZHAN.LE2\December 19,1995



Mr. Fayaz Mamezhanov
November 17,1995
Page 2

Based on the flowscheme modification as stated above and shown in the attached figure (now called
ALTERNATE 2A), we are proceeding with the additional engineering requirements of subtask 9.0
as stated in the original USAID Task Order No.9 - Task 3 (Coal Cleaning), as follows:

• Subtask 9.0: An investmentprogram will be developedfor the implementation ofcoal cleaning
plants, (based on the flowscheme of choice as determined in subtask 8.0).
Assistance to Kazakugol will be provided in preparing a loan application, and
supporting documentation, including appropriate technical, environmental,
economics andfinancial assessments.

We are looking forward to presenting the final report to the completed Task Order No.9, Task 3
(Coal Cleaning), in AImaty, Kazakstan. At this time we extend our personal regards to you and the
other three who accompanied you to Pittsburgh.

Sincerely,

P. Stanley Jacobsen

P.S.: Please advise me at the above address as to the actual site for the analytical and laboratory
equipment per subtask 5.0 to be shipped. The requirements of Task Order No.9, Task No.
3, Subtask 5.0 is as follows:

• Analytical and laboratory equipment needs for the selected mine will be identified
Appropriate specifications will be prepared, and equipment will be procuredand delivered
for Kazak installation. Training in operation ofthe equipment will be provided to local
technicians andprofessionals.

Attachments
PSJ/ljb

cc: Ned Popovic
Donald P. Daley
Barry Primm, USAID
Ikbal Chaudhry, USAID
Gordon Weynand, USAID
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CEE INCORPORATED

DATE: September 22, 1995

TO: stan Jacobsen - Burns & Roe

FROM: Ken Wyzykowski - CEE Incorporated

RE: Modification to Scheme #2 for Kazakstan

I have done a preliminary review of the yield, equipment sizing,
capital cost, and operating cost of the suggested modification to
the two circu1t heavy medium plant (identified as scheme #3 of 5 in
the sUbtask #6 and subtask #7 reports and scheme #2 in the subtask
#8 report) identified dur1ng the Kazakstani Review.

This modification is to divert the nominal 13 MM X 4 MM to the H.M.
Separator and eliminate the Heavy Media Cyclone c1rcuit.

There will be no significant negative impact to the plant yield.
The separation efficiency in the Heavy Media Separator and Heavy
Medium Cyclone are similar. With the removal of the Heavy Media
Cyclone circuit, the required capacity of the Heavy Media Separator
circuit is necessarily increased. The net effect of this
modificat10n on the estimated capital cost is a reduct10n of
approximately $750,000.00 from $15,270,000.00 to $14,520,000.00.
The estimated operating cost wlll be reduced approx1mately
$O.15/raw ton from $2.67/raw ton to $2.52/raw ton.
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FIGURE 3

KAZAKSTAN PROJECT - CONCEPTUAL FLOWSCHEME (ALTERNATE 2A) .-:

DRY SCREEN AT 4 MM; HEAVY MEDIA WASH FOR TREATING 150 X 4 MM RAW COAL FEED

co

RAW COAL HANDLING PREPARATION

285TPII715TPH

285TPH ..
"SCREEN CRUSH HEAVY MEDIA

.. MEDIUM.. PLUS .. DRY SCREEN .. PREWET ..
ATI50MM .. r j~ .. RECOVERY150MM ATI3MM ATIJ MM VESSEL

jlto

J20TPH JOTPH
11, 11r

1000 DRY SCREEN 170TPII DESLIMEAT..
~TPII AT4MM O.75MM

•

5J5TPH

- ~ ••....

'1
,

.. WATER..
CLARMCATION

150TPII

I '1r1. .Ir

CLEAN
JOTPII

FINES ,Ir~ - REFUSEI ... ...
I COAL DEWATERING!
I

~.--


