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I. EXECUTIVE SUMMARY

This analysis of the coal industry in the newly-independent Kyrgyz Republic (formerly part of
the U.S.S.R.) was done by a team composed of geologists, a mining engineer and a coal utilization
specialist under sponsorship of the U.S. Agency for International Development. In Kyrgyzstan the
members of the team analyzed coal resources and the mining practices in thirteen mines (in six
mining regions), visited major thermal and electric stations that use coal, and consulted technical
and management people in laboratories, ministries and in state and private mining companies.

This report, available from the U. S. Geological Survey in English and in Russian, contains this
executive summary, the large main body of the report, and appendixes. The executive summary
first lists the conclusions and suggestions for action and follows with the background and methods
of the study and with description of the present situation of the state and private coal industry in
Kyrgyzstan.

A. CONCLUSIONS AND SUGGESTIONS FOR ACTION

The preferred future energy budget of the Kyrgyz Republic requires commitment to mining
and utilization of the coal resources of the nation. Without domestically-produced coal, future
energy budgets of the Republic will depend on imported fuels to satisfy much or most of the
energy requirements of Kyrgyzstan.

In the most recently available energy policy planning document (Amanaliyev, 1993), it was
expected that coal would satisfy a substantial portion of the Republic's energy budget for the
foreseeable future. In 2010, eight million tonnes of coal would be required, and coal and
hydrocarbon products would satisfy 57 percent of the total energy demand, with hydroelectricity
providing the remainder. Obviously, this scenario may change as a result of the recent drop in total
energy supply/demand and the drastic decrease in coal production in recent years. The desirability
of satisfying domestic energy requirements with indigenous energy sources will remain.

In order to help the coal industry of Kyrgyzstan satisfy its responsibilities in the future energy
budgets of the nation the following suggestions for action are offered:

1.-- Resume exploration and development of the nation's coal resources. Coal exploration
peaked several decades ago and has been conducted at a very low level of effort in recent years.
Both exploration and development activities have apparently been concentrated in past and
present mining areas, and as a consequence so are a large portion of the estimated potentially
recoverable reserves of the country. Some mining areas reportedly still have considerable
mining potential and may be worthy of exploration to evaluate the amount of remaining reserves
that might be available for mining. Some known coal areas that might be important for future
mining have been inadequately explored and require exploration and development studies to
determine their resource potential. In some known coal regions of the country, coal mining has
apparently never been seriously considered and the quantity, quality and distribution of the coal
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resources is poorly known. Coals are not presently selected for low sulfur content, and increased
environmental concerns may require this. Informed planning for the nation's energy future
requires more information than is presently available.

2.-- Evaluate the amount of coal available and economically recoverable from a market-
economy viewpoint in the coal areas of the country. Economic factors previously used in the
evaluation of Kyrgyzstan's potentially recoverable reserves are no longer valid. Up-to-date
classification from a free market-economy standpoint is needed. The studies should provide
basic data about the coal resources that are recoverable at a cost that the economy of Kyrgyzstan
can accept. Studies of this type are required before investment of time, energy and capital in
elements of a coal industry can be further justified.

3.— Gather and organize the presently available information that can affect the future coal
industry of Kyrgyzstan. As a minimum, the location of such information should be recorded.
Ideally, the information should be gathered and organized so duplication might be avoided with
considerable savings in time and money in the future.

4.-- Encourage mines with depleted reserves and worn out equipment to produce as much
coal as possible for as long as possible with a minimum of capital investment until safety
and efficiency require closure. Support changes in mining methods that may extend the life
of such mines.

5.-- Determine which mines and mining areas can increase coal production in a short time.
Provide solid, market-economy-based data on their coal availability and recoverability.
Establish the engineering and economic parameters for successful operation of such short-term
elements of the future coal mining industry. Seek capital investment for development of such
areas.

6.-- Increase production to satisfy local demand in all parts of the country that contain
economically recoverable coal by assisting the Private Enterprises Mining Program. The
Private Enterprises Mining Program is the successor to the Small Enterprises Mining Program
that was initiated a few years ago to satisfy critical domestic coal needs. This program needs
assistance and training in resource understanding, engineering technology, marketing concepts
and techniques as used in a free-market-economy. The 15 licensed small private mines in the
program were responsible for more than one-eighth of the total coal production of the Republic
in 1995. The small private miners should be encouraged and assisted in their efforts to become
responsible members of a free-enterprise, market-economy system.

7.-- Research and test the feasibility of briquetting as a solution to the problem of coal
fines. Because of the friability of the coals of Kyrgyzstan a large proportion of the coal
produced is of fine-size (13mm or less). At the present time, only coarse coal has a ready
market. Aggregation of the otherwise useless fine-sized coal into a coarser product is worthy
of investigation. Demonstration of the technical feasibility of making usable briquettes from
the variety of coal ranks, grades, types and available binder materials is required. Of equal
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importance and need is informed evaluation of the economics of production and the size,
location and financial capabilities of potential markets for the briquettes.

8.— Investigate the possibility of increasing coal production at the Dzhergalan mine in the
Issyk Kul coal region to supply coal to the Chu Valley Region. The present dependency of
northern Kyrgyzstan on imported coal might be at least partially alleviated by supplying better-
quality domestic coal to the district heating and electricity-generating plants at Bishkek and Kara
Balta.

9.-- Increase the routine maintenance of existing roads used to haul coal and extend the
railroad system of the Republic. The road and railroad network that was inherited from the
former Union has declined severely. The existing rail network was not designed to serve the
economy within the present national borders. An expanded railroad transportation system is
needed to help solve the problem of transporting domestically-produced coal for use internally,
and perhaps for export.

10.--Schedule periodic, preferably annual, reviews of the coal industry of the Kyrgyz
Republic to provide a continuing update and analysis of the progress of coal exploration,
mining, marketing and utilization. Reviews by country-knowledgeable specialists would be
a source of unbiased, reliable information for those developing the coal industry of the Republic,
for those contemplating investing in the industry, and for those interested in assisting and
supporting the coal industry as a vital part of a sound market-oriented economy.

More than 50 percent of the energy resources of Kyrgyzstan are embodied in its coal resources--
hydropower constitutes the bulk of the remainder. A significant part of the energy to be consumed
by Kyrgyzstan in both the short-and long-term future is projected to be provided by coal. If coal
is not produced domestically it must be imported, as are most oil and gas, with the attendant
international exchange and dependency problems.

Inherent in the previous suggestions is the requirement for training of various kinds. Training
and practical experience are needed in mine management, mine planning and design techniques,
financial systems and marketing. The small private coal-mining enterprises need assistance
specifically in understanding geologic and mining engineering factors, mining technology,
development and maintenance of markets, and training in the basic economics, legal requirements
and societal responsibilities of private enterprises.

B. BACKGROUND
Assessment of the coal resource situation in Kyrgyzstan was identified by representatives of the
United States Agency for International Development and officials of the Kyrgyz Republic

(Kyrgyzstan) as a useful area for collaboration. The study was conducted by the United States
Geological Survey and consultants provided by IDEA , Inc. of Washington, D.C. with the assistance
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of counterpart personnel of agencies of the Government of Kyrgyzstan, particularly the Ministry of
Industry, Material Resources, and Trade, the Ministry of Geology and Mineral Resources and the
Institute of Geology of the Academy of Sciences.

The rugged, mountainous country of Kyrgyzstan contains about one-half of the coal resources
of the Central Asian Republics (exclusive of Kazakstan). The geological coal resources of the
country are estimated to total about 31,000 million tonnes. However, the amount and distribution
of coal resource information allows less than eight percent of the total to be categorized as
technically recoverable reserves and the amount that is economically recoverable is unknown.

Coal is present in eight regions in Kyrgyzstan in at least 60 different, named localities.
Historically, the coal industry first developed around the periphery of the Fergana Valley of
Kyrgyzstan, Uzbekistan, and Tadjikistan where the industry had access to the transportation
facilities that served the valley and consequently could serve coal markets in those republics and in
Kazakstan. Eventually, two mining areas were opened in the northeastern part of Kyrgyzstan to
satisfy local demand there.

During the Second World War, exploration of the coal resources of Kyrgyzstan received
emphasis that continued for two decades. Preliminary exploration of the coal resources of the
Uzgen basin established the presence of high-quality coals with a range of ranks from
subbituminous-A through anthracite, but development for extraction has not followed to the extent
possible. Only in recent years have two mining areas discovered in the early '50s been operated in
the coal-rich Kavak region of central Kyrgyzstan, but the few roads in the region limit extraction
and transportation capabilities. The coal resources of south-central Kyrgyzstan have not been
explored beyond reconnaissance stage efforts and only two small mines are present. Exploration
and development efforts in Kyrgyzstan have been local and on a reduced scale since the end of the
1960's. The main coal deposits and reserves are summarized already in Gavrilin and Kuznetsov,
1968.

C. THIS STUDY

A summary of this assignment is as follows: (a) Gather, interpret, and summarize available
information on the coal resources of Kyrgyzstan; (b) Complement the existing data through field
observations and cooperative studies; (c) Tdentify needs and opportunities for expansion of the
resource database; and (d) Tdentify and recommend activities to assist and support short and long-
term resource expansion, recovery, marketing and utilization.

A team of four geologists, a coal mining engineer and a coal utilization specialist worked in
Kyrgyzstan during October and part of November, 1994.  They sampled coals and analyzed
engineering practices at thirteen mines (in six of eight coal regions of the couniry), visited four
major thermal and electric stations that use coal, and consulted with technical and management
people in laboratories, ministries and other components of the coal industry. Three members of the
team returned to Kyrgyzstan in May, 1996 to discuss the findings presented in a preliminary report
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with counterparts and update the contained information. This report, with its appendixes, contains
the information and recommendations from the field work and also analytical data and other results
of work conducted in the U.S.

The coals of Kyrgyzstan are widely scattered in a geologically complex terrain; they are all of
Jurassic age. They are probably similar in general to Jurassic coals in other parts of Central Asia,
in China, and in southern Russia. The largest area of coal-bearing formations that remains intact
is in the Uzgen Basin in the East Fergana coal area, other known Jurassic rocks are fragmented and
scattered.

The reserves and resources of coal have been appraised according to Soviet systems.
Commercial (balance) reserves are estimated (in million tonnes) as about 1250 million tonnes
- brown coal and 1000 million tonnes bituminous coal and some anthracite. The mining method
indicated for these reserves is 300 million tonnes by opencast and 1950 million tonnes by
underground mining. Most exploration at a detail needed to define reserves has been confined to
sites close to existing mines, with the consequence that reserves are less than ten percent of the
estimated geological coal resource of about 31,000 million tonnes.

The coals classed as brown coal B3 are subbituminous in U.S. terms and the long flame coals
are mostly high-volatile C bituminous in U.S. terms. The heat yield of produced coals is 20 to 25
MJ/kg (8500-11000 Baw/lb) except where excess rock contaminates the product, and some coals with
higher heat could be produced. Over many years most mines have produced coal with 10-20% ash.
The petrographic composition ranges to higher inertinite content than in most U.S. and European
coals, and associated with this is a generally lower hydrogen content. The samples collected by the
team included three with sulfur greater than 2%, but older recorded data show that values over 2%
are the exception. Excluding the one high rank coal sampled (low-volatile bituminous), coals
sampled by the team are representative of most coals reported produced in Kyrgyzstan and have 8
to 28% bed moisture, 33-51% volatile matter (daf), 71-83% elemental carbon (daf) and 0.3-0.8%
vitrinite reflectance. The USGS analyses supported older Soviet work in most respects, but lower
hydrogen and lower sulfur were reported in some older work -- possibly a result of selective
sampling, not analytical errors.

The USGS trace element data show little that is remarkable in view of typical world-wide values
and show no likely problems for coal utilization. Elements like chlorine, selenium and mercury,
which may be of concern in some forms of utilization, are notably lower in Kyrgyz coals than in
many coals of the world.

D. THE COAL INDUSTRY AT PRESENT AND IN THE NEAR FUTURE
As recently as 1990 the annual coal production of Kyrgyzstan was about 4 million tonnes, but
in the last few years coal production has drastically decreased and the production in 1995 was only

about 455 thousand tonnes. Reasons for the decrease are given as depletion of reserves in old mine
areas, obsolete and worn-out equipment, shortages of fuel, uninspired and unpaid miners, loss of
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experienced management and technical personnel by emigration, loss of markets by intra- and extra-
national decisions, poor transportation infrastructure, and other problems inherent in transition from
a centrally-planned economy to a market-based national economy.

The coal industry inherited with independence is in the process of restructuring itself. The
previously monolithic government coal company, KYRGYZKOMUR, is in the process of spawning
thirteen or more subsidiaries. As the subsidiaries are created, they operate under the overview of
newly-created KYRGYZKOMURHOLDING. The subsidiaries, called State Stock Societies,
presumably will have more opportunity for individual success or failure than was previously
possible. Coordination of effort among the State Stock Societies is apparently the responsibility of
KYRGYZKOMURHOLDING; the amount of direction is unclear.

Tenders were recently accepted from the German firm Rheinbraun Engineering und Wasser in
response to a request for tenders regarding a coal industry support program for
KYRGYZKOMURHOLDING. The start date is about October, 1996. The program will be
sponsored by EUROPEAN UNION/TECHNICAL ASSISTANCE CONFEDERATED
INDEPENDENT STATES (EU/TACIS). As described in the request for tenders, the program
comprises training of one-year duration with emphasis on financial systems, mine management,
marketing, and mine planning and design techniques. As much as fifteen percent of the total
program funding may provide equipment, perhaps mostly computers. Whether any of the training
will be available to private mining enterprises is unknown.

An earlier change in the structure of the coal mining industry in the Republic was the initiation
of the Small Enterprises Mining Program with its inherent possibilities of true privatization.
Recently the Small Enterprises Mining Program changed to the Private Enterprises Mining Program.
The change is from a program initiated as a humanitarian response to energy shortages in parts of
the nation, to a program emphasizing the acceptance of production responsibilities by privately-
funded and operated enterprises. Private enterprises supplied about 1/8th of the coal produced in
the Republic in 1995. The transition to market-responsive, privately-owned, free-enterprise small
coal mining companies would be assisted by advice and training in technology, marketing, and
small-business operations.
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II. INTRODUCTION
A. BACKGROUND

In August of 1992, as a result of discussions between a United States Agency for International
Development (USAID) Energy Mission and officials of the Kyrgyz Republic (Kyrgyzstan), a
memorandum was signed in which useful areas for collaboration between USAID and the
Government of the Kyrgyz Republic were identified for further consideration. One of the identified
areas was an assessment of the coal resource situation in Kyrgyzstan. The results of such an
assessment could become a key factor in considerations of the future of the coal industry in energy
policy and planning for the nation.

A reconnaissance visit to Kyrgyzstan in February, 1994, identified counterparts for the
collaborative effort and technical expertise needed in the USAID-sponsored assessment team, and
resulted in a mutually acceptable activity implementation plan. The team formed for assessment
of the coal situation in Kyrgyzstan formally initiated operations on October 2, 1994. The team
comprised four members of the U.S. Geological Survey (USGS) and two consultants under contract
to IDEA, Inc. of Washington, D.C. The USGS team members operate under provisions of
Participating Agency Service Agreement (PASA) No.CCN-0002-P-ID-3097-00 between the USAID
and the Department of the Interior-United States Geological Survey.

The objectives and scope of study for the USGS team members are outlined in Annex 4 of the
PASA, and in a scope of work statement dated September 20, 1994, are as follows: (a) to gather,
interpret, and summarize available information on the country's coal resources; (b) to complement
the existing data through field observations and cooperative studies; (c) to identify needs and
opportunities for expansion of the resource database; and (d) to identify and recommend activities
needed for assistance and support of short and long-term resource expansion, recovery, marketing
and utilization.

The USGS personnel on the assessment team collaborated with the coal mining consultant and
the coal utilization specialist supplied by USAID who worked simultaneously on tasks relevant to
the overall evaluation of the current and prospective future of the coal mining industry of
Kyrgyzstan. The work of the consultants was integrated in the common team effort.

B. SUMMARY OF FIELD ACTIVITIES

During the period October 7 through November 12, 1994, the assessment team was in
Kyrgyzstan and Kazakstan. Much of the time was spent in discussions with counterparts and others,
gathering information from a wide range of sources, and organizing the data. Part of the time was
spent in field site visits to thirteen coal deposits in six of the eight regions where coal has been
reported in Kyrgyzstan. In addition, four facilities using coal for electric power generation and
production of steam for heat were also visited, and three coal analytical laboratories were visited.
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Figure 1. The coal regions of Kyrgyzstan and railroads of the FSU (dotted lines) and borders
dividing other countries adjacent to Kyrgyzstan (dashed lines). Individual mines or
prospected deposits are denoted by symbols that indicate the coal rank; these symbols are
from a manuscript compilation by Solpuyev and co-workers, 1994. The "bituminous"
designation for coals in N. Fergana indudes coals ranked as subbituminous by the USGS. To
the left on the map, the borders between Kyrgyzstan and Uzbekistan or Tajikistan are
complex along the edges of the Fergana Valley. Only the edges and mountains around the
Valley are in Kyrgyzstan. The line N-S shows the position of the vertical terrain and
geological section of figure 4.
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Atutached are maps (fig. 1 and 2) showing the eight coal regions of Kyrgyzstan and the field
localities visited by personnel of the team. Before the field studies, the team had learned of only
about 45 localities; now we know of 60 localities. Some of the additional 15 localities are
subdivisions of previously identified areas, but many were previously unreported in literature
available outside of Kyrgyzstan.

English and Russian versions of a draft final report were transmitted for comment and
suggestions in April and July, 1995, respectively. Three team members returned to Kyrgyzstan in
May. 1996, to discuss the final report with counterparts and USAID personnel, and to update
information as needed.

C. KYRGYZSTAN -- THE LAND AND PEOPLE

Most of Kyrgyzstan is ruggedly mountainous and only about seven percent of the country is
classified as arable land. Much of the remainder is marginally usable for grazing of sheep and goats.
Most of the country is at altitudes between 500 and 3,000 meters above sea level and more than one-
third of the country is between 3,000 and 4,000 meters above sea level. Mountain peaks reach
altitudes of more than 7,000 meters and more than 8,000 square kilometers are covered by glaciers.
The climate ranges from subtropical to polar but is largely arid temperate continental and features
warm summers and cold winters. Much of the population of about 4.5 million lives in valleys and
foothills at lower altitudes. Most of the country at higher altitudes is very sparsely populated except
during the summer grazing season.

Kyrgyzstan has a total area of about 198,500 square kilometers, comparable to the state of South
Dakota in the U.S.A., and is divided into seven oblasttar for administrative purposes (fig.3).
Railroads total about 370 kilometers in length and highways - paved, graveled, and unpaved - total
about 30,300 kilometers.

D. COAL REGIONS AND RESOURCES OF KYRGYZSTAN

The bulk of the existing coal industry is concentrated in the southwestern part of the country,
peripheral to the Fergana Valley. Here, the coal industry has access to many highways and railroads
(fig.1). Most of the Fergana Valley and the highway and railroad systems therein are in Uzbekistan
and Tadjikistan. Use of the transportation net in the Fergana Valley has become increasingly
difficult for Kyrgyzstan since independence. The existing coal industry in the central and
northeastern parts of Kyrgyzstan is dependent on roads for transport of coal to markets. Recent
proposals to build a railroad connecting the southwestern and northern parts of Kyrgyzstan deserve
serious consideration.

The coal of Kyrgyzstan is mostly of good quality, but only of medium rank (and medium
heating value) -- that is, subbituminous and high-volatile bituminous rank. Coals of higher rank,
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Figure 2. Kyrgyzstan, showing the coal areas and power plants visited by the assessment team
in Kyrgyzstan.
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some with coking qualities, are present in one region. Many deposits of coal are known but
undeveloped because the valleys and mountains of Kyrgyzstan are physiographically and
geologically complex, transportation infrastructure is poorly developed, and population is sparse in
many areas. In this report we will group the mines and other occurrences in the following regions
(fig.1):

Issyk-Kul region in the northeastern part of the country.

Kavak region in the center.

North Fergana region in the western part.

South Fergana region in the southwestern part.

East Fergana (Uzgen Basin) region in the southern part.

The Alay region (including the mountains north and south of it) in the southwestern part.
7. South Central region, the coal deposits isolated east of the Fergana Range in the south central
part of the Republic.

8. The Chu region (near the Kazakstan border north of Bishkek).

SR e

Shallow excavations for local use have yielded coal at several localities in the South Central
region and two small mines are operating. The Chu region is unexplored.

The overall resources (geological reserves) of coal in Kyrgyzstan have been reported as about
31,000 million tonnes. Of vastly more importance is the amount economically recoverable in the
next few years and during the next decade or two, detailed later in this report. In some of the
reported localities the coal resources are known and adequately explored and large quantities of coal
await decisions necessary for recovery. In other parts of the republic, particularly in previously
remote areas, the coal resources are inadequately understood or largely unexplored. The resource
and reserve inventory of Kyrgyzstan is at best incomplete, and for some purposes, such as short-term
local and long-range national planning, it may be inadequate.

E. OTHER FOSSIL FUELS

In addition to coal, the Kyrgyz Republic has limited known resources of conventional oil and
associated gas, natural gas , and unevaluated potential resources of coalbed methane.

Prior to dissolution of the USSR, oil and gas exploration of the Fergana basin of Uzbekistan,
Tadjikistan and Kyrgyzstan resulted in finding more than fifty fields, most of which are in the
margins of the Fergana basin. A study of the oil and gas resources of the whole Fergana basin,
published by the Energy Information Administration (1995) states that probably within Kyrgyzstan
are 14 of the 53 discovered oil and gas fields (26 percent), about 16 percent of the ultimate oil
recovery from discovered fields, about 9 percent of ultimate associated-dissolved gas from
discovered fields, and about 44 percent of ultimate non-associated gas from discovered fields.
Bazarbaev and others (1993), stated that the oil and gas industry of the nation was producing from
13 fields with "industrial " reserves of about 102 million barrels of oil (14.6 x 10° tonnes) and

OF-11



172,000 million cubic feet of gas (4.9 x 10° m’). Operating wells totaled 438, with an average
production of 6.3 barrels of oil per day. They further stated that four of the main fields are in the
last stage of development, with decreasing production, and that another five fields are almost
completely developed and that production is decreasing there also.

Ulmishek and Masters (1993) estimated that the total undiscovered oil resources of the Fergana
basin were about 3,000 million barrels, the total undiscovered natural gas resources of the basin
were about 3 trillion cubic feet, and that as much as 20 percent of the undiscovered oil and gas
resources were in Kyrgyzstan. No estimates for undiscovered resources in other parts of Kyrgyzstan
are available. Ulmishek and Masters (1993) recognized two other basins in Kyrgyzstan that might
be petroliferous and Bazarbaev and others (1993) point out that there are more than 10
intermontane basins in the Republic with varying prospects for oil and gas. The latter further state
that "...they have all ...been extremely poorly studied by oil and gas prospecting operations, and in
some of them no such work at all has been carried out.”

To the team's knowledge, no exploration for coalbed methane resources has been conducted in
Kyrgyzstan. There may be coals of appropriate rank and depth present in the Republic but the
presence and amount of gas available for recovery from the coal of the Kyrgyz Republic can only
be determined by further specific studies.
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1. COAL IN KYRGYZSTAN
A. GEOLOGIC SETTING

Coal in Kyrgyzstan is of Jurassic age. The coal is younger than the main bituminous coals of
Europe, eastern North America, South America, Australia and India. The Kyrgyz coals are, -
however, older than the low rank coals of western North America. Significant coals of about the

-same age as those in Kyrgyzstan are present in other Central Asia countries, China, and Russia.

In central Asia the rocks of Jurassic age are overlain unconformably by a variety of rock types
ranging from marine Late Cretaceous sedimentary rocks to non-marine thick wedges of fan-type
coarse clastics shed by the uplifted mountains being formed during the ongoing Alpine Orogeny.
The net effect of Late Cretaceous, Tertiary, and Quaternary geologic history has been concealment
of the Jurassic coal-bearing rocks, though exhumation by recent erosion is presently occurring.

Kyrgyzstan and adjoining parts of Central Asia have a very complex geologic history, and much
of that history is preserved in the rocks comprising the country. Bakirov and Burtman (1984)
recognize four megastages in the geological history of the area. Each megastage is either
geosynclinal- orogenic or platform-orogenic in character. From the standpoint of coal geology, only
the history of the last megastage, the Mesozoic-Cenozoic platform-orogenic megastage, directly
affects the presence and distribution of coal-bearing rocks in the country.

The coal-bearing rocks of Kyrgyzstan are of continental origin and were deposited north of the
Tethyan Sea that formerly occupied a large area in central and southern Asia. At least four
transgressive-regressive cycles of the seas occurred between Late Triassic age and Late Jurassic age
in southwestern and southern Asia (Poliansky, 1980). As much as 6,000 meters of Late Triassic and
Jurassic rocks of both continental and marine origin were deposited in localized sedimentary basins
on the periphery of the Tethyan Sea. The Jurassic rocks that are preserved in Kyrgyzstan were
possibly deposited during the middle two of the above-mentioned cycles. Most occurrences of the
Jurassic rocks in the country seem to be tectonically separated remnants of formerly more extensive
bodies of Jurassic rocks (fig.4).

The Jurassic rocks of the Uzgen Basin are one of the largest occurrences of Jurassic sedimentary
rocks exposed in central Asia. Solpuyev and Bakirov (oral communication, 1994) state that the
Jurassic rocks are thinner and mostly of continental origin in the northern part of the Basin where
coals occur, and are increasingly thicker and more marine in origin in the southern part of the Basin.
Faulting, folding and erosion, all mostly related to the latest cycle of mountain building, the Alpine
Orogeny, have locally displaced or removed segments of the Jurassic rocks in the Basin. The rank,
type, and quality of the coals in the Basin reflect their depositional history and subsequent geologic
events in the area.
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B. COAL REGIONS AND AREAS
1. Alay Coal Region

The Alay coal region comprises a west-trending, discontinuous series of subbituminous coal
deposits just north of the Tadjikistan border in southwestern Kyrgyzstan (fig.1). The area extends
in the Kyzyl Suu River valley near the border with Tadjikistan. There are seven named coal
localities in the region and the resource potential of the region is poorly understood because of a
lack of exploration. Most of the known coal localities are in the foothills of the Alay Range and
access for exploration may be difficult because of lack of roads. Two small surface coal mines in
the Kyzyl-Bulak area are presently in operation and another nearby in the Norus-Kul area recently
started operations (fig.2).

2. South Fergana Coal Region

Coal has been mined in the South Fergana coal region since at least 1866. The region extends
along the south side of the Fergana Valley from the southwestern end of Kyrgyzstan to near the city
of Osh. Fifteen named coal deposits are known in the region (fig.1). Many of them have been or
are being mined and some have been only partially explored. All of the coals in the region are of
brown coal rank, perhaps largely of subbituminous B rank in American classification. Most of the
deposits are of relatively small size because the Jurassic-age coal-bearing rocks are preserved in
folded and faulted segments of the southern edge of the Fergana basin.

A major portion of the coal formerly produced in the region was destined for industrial and
boiler fuel and domestic use in adjoining parts of Tadjikistan and Uzbekistan. That market has at
least partially disappeared because of new national / economic borders that dissect natural regions
that were formerly unified in the USSR, but various types of barter arrangements exist.

3. East Fergana Coal Region (Uzgen Basin)

The East Fergana coal region contains seventeen named coal localities in a belt of Jurassic rocks
that extends from near Dzhalal Abad southeast to the border with China (fig.1). The region contains
the largest block of coal-bearing Jurassic rocks in the Republic and the rocks are all believed to have
been deposited in the same depositional basin, the Uzgen Basin (Kashirin, Ibragimov, and
Karabalayev, 1975). Folds and faults are common and some parts of the block are now isolated
from the main mass. The Jurassic rocks are thinnest in the northwestern part of the region and there
are more coal beds in that area. The Jurassic rocks are as much as 5,000m thick in the southern part
of the region but there are fewer coal beds. All of the coal-bearing rocks of Jurassic age are
preserved on the southwest flank of the Fergana Range. The Fergana Range is the site of the Talas-
Fergana fault, a striking structural feature of Central Asia with lateral displacement of as much as
180 km with movement continuing at the present time. A member of the Institute of Geology called
it their San Andreas fault.
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The coal in the region ranges in rank from bituminous to anthracite. Some of the coal is
reported to have coking characteristics but there is no market demand for this coal at present. Some
places in the region have long mining histories but many areas are poorly explored and undeveloped.
Several localities in the region are presently producing coal from mines opened as part of the Private
Enterprises Mining Program and some other areas might be suitable with more exploration and
access.

4. North Fergana Coal Region

The North Fergana coal region comprises a northwest-trending belt of Jurassic rocks that extends
from the small village of Avletim on the north to the Kara Unkyur River on the southeast. Coal of
subbituminous-A and -B rank (long-flame rank) is present at seven different localities in the region.
Although Dzhal-Abad is the main city of the region, Osh is the major city servicing the coal
industry, and the headquarters of both the KYRGYZKOMUR and the Association of Small (Private)
Enterprises are located there. Direct access to the region is by good roads that cross Uzbekistan.
The coal deposits of the North Fergana Region were selected for early development in energy
budget planning for the central Asia region of the former Soviet Union because of their location
relative to transportation infrastructure and to areas of enmergy need. The mining complex
headquartered at Tash-Kumyr includes The Kara Tut and Tegenek mines. In this general area the
coal-bearing sequence contains several seams that are mined in different parts of the area. In some
localities, such as the Severnay underground mine, two or more coal beds contained major reserves.

Most of the coal localities are located in the foothills of the Fergana Range near or in the valley
of the Naryn River. Near here the Naryn is joined by other streams and, named the Syr Darya,
extends northwest as the major source of water for the irrigated farming areas of Uzbekistan and
Kazakstan and eventually to the dwindling Aral Sea.

In the past, the North Fergana Region produced much of the coal that was transported by
railroad to destinations in Kyrgyzstan, Uzbekistan, and Kazakstan. For a variety of reasons these
markets no longer exist or are only partially accessible.

5. South-Central Coal Region

Coal is known to be present in three deposits in the South Central coal region. The known
deposits are all in small exposures of the coal-bearing rocks of Jurassic age. The rocks of Jurassic
age are only exposed at a few places in the region but could from a geological perspective be present
underneath younger rocks at other places as well. Exploration of all types is needed to allow even
a preliminary understanding of the coal resource potential of the region. The rank of weathered
samples reported from two sites is near the subbituminous / bituminous boundary.

The lightly-inhabited region is poorly connected by roads to the remainder of Kyrgyzstan. A
ready market exists there for coal hauled into the region from the Kavak coal basin. A new mine
in the Turuk area was inaugurated by the President of the Republic in December, 1995. Reportedly,
attempts are underway to open a mine in the Aksay area. The region is suffering an energy shortage
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and the team received reports from diverse sources that residents were starting to cut the existing
trees for winter fuel. Exploration of more of the known coal deposits to assist Private Enterprises
mining should be undertaken as soon as possible.

The very limited exploration done to date provides small basis for resource evaluation in the
area, but the Aksay area is estimated to contain as much as 121 thousand tonnes of coal, all in the
inferred category (but not approved by a central commission), and the Turuk area is predicted (P3)
to contain about 5 and a half million tonnes of coal, of which 62 thousand tonnes are in the balance
category (but not officially approved) and the rest, 5.4 million tonnes, in the speculative category.
There are no available resource estimates for the Turugart area but thin lenticular bodies of poor
quality coal are reported at several places in an area 1km by 17km. Coal is reportedly present at
least one more place in the region but no information is available.

The region contains the upper part of the Naryn River, the site of numerous hydropower
development proposals. Supplemental sources of energy in the region will be needed during
development if it proceeds. Whether coal can provide that other energy must be determined by
exploration.

6. Kavak Coal Region

The Kavak coal region is located in the central part of Kyrgyzstan 130 km south of Bishkek (fig.
1, 2). The six named coal localities in the region are in the foothills of several discontinuous
mountain ranges that occupy much of the central part of Kyrgyzstan. In particular, most of the
region lies between the Dzhumgoltau on the north and the Moldotau on the south. To reach the
Kavak region from Bishkek one must travel east to Balykchy near the western end of Lake Issyk
Kul and then proceed southwest an equal distance to the region. Alternatively, the Kavak region
can be reached over a precipitous road over the Kyrgyz Range south of Kara Balta, which is west
of Bishkek.

The coal occurs within a discontinuous, west-trending belt of Jurassic rocks in the general
vicinity of Min Kush (fig. 2). Two operating coal mines are located in the Kavak region, Kara-
Kiche and Agulak. The two mines are separated areally by about 42 km, but by road the distance
is about 90 km. Both mines are administrated from Agulak. In addition to these two mines, at least
four undeveloped coal occurrences are reported to be present in the area. Development and recovery
of coal in the region has largely taken place in the past few years but geologic understanding of the
area is well advanced because the Jurassic rocks that contain the coal also contain uranium that was
intensively mined a few decades ago. Recently, a private enterprise mine has been developed in the
Kara-Kiche area. The coals are subbituminous-B in rank (B3 rank).

Total resource estimates for the region are about 812 million tonnes. This is probably a
conservative figure that would be increased if exploration was resumed to increase the recoverable

reserves of the region.
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7. Issyk-Kul Coal Region

A narrow belt of Jurassic sedimentary rocks, including coals, extends nearly the entire length
of Issyk-Kul' (lake) along its south shore and an equal distance farther east past the border into
Kazakstan nearly to China (fig. 1). In parts of this belt of rock many coal beds have been reported,
but only two sites with adequate thickness, extent, and access are known to date. Soguty, at the
town of Kadzhi-Say on the south shore of Issyk Kul, is subbituminous coal, mined both for energy
and, in the 1940's, for uranium from ash concentrates; Soguty closed in 1995-96. Dzhergalan, east
near the Kazakstan border, is mined for high-volatile bituminous coal (long-flame coal).

Both of the mines formerly supplied coal to the district heat plant at Kara Kol (Przhevalsk) at
the east end of Issyk Kul. The mine at Soguty is in the process of deactivation because the
recoverable reserves are reportedly depleted. The present mine at Dzhergalan still has minable
reserves to recover and in addition there is an estimated 12 million tonnes of proven and probable
reserves nearby that could be mined if new inclined shafts were built.

8. Chu Coal Region

The Chu region is located in the northernmost part of Kyrgyzstan about 40 km northwest of
Bishkek (fig. 1). Chu is the name of the westward-flowing river that forms a portion of the
country's border with Kazakstan. A coal-mining complex is located just across the border in
Kazakstan where Jurassic coal-bearing strata are exposed at the surface. Currently, mining activity
is in suspension because of economic competition with the more extensive and better developed coal
deposits in central Kazakstan. The reason Chu is discussed in this report is that it is possible that
the coal-bearing strata exposed in Kazakstan are present in the subsurface of Kyrgyzstan below
Quaternary deposits in the area north of Bishkek. Seven oil and gas exploration holes have been
drilled just southeast of Bishkek on an anticlinal structure. None of these holes encountered coal.
At the time of our visit in the fall of 1994, an oil and gas exploration hole was being drilled near
Kara Balta, about 60 km west of Bishkek. The hole had reached a depth of 1,500 m but was still
in the Tertiary part of the section. The hole is scheduled for completion in Paleozoic strata at a
depth of 3,000 m. The resource potential of the Chu region cannot be evaluated without exploration
drilling for coal in the area immediately south of the border with Kazakstan.

C. RESOURCES AND RESERVES
1. Classification

There is no standard coal resource and reserve classification system that is applied worldwide.
Two of the most widely used are the system adopted by the U.S. Geological Survey for use in the
United States (Wood and others, 1983), and the system used in the former Soviet Union (Bybochkin
and others, 1983; Modelevsky and others, 1979). In the USA system, resources are deposits of coal
in such forms and amounts (thickness and depth) that economic extraction is currently or potentially
feasible and identified resources are those resources whose location, rank, quality and quantity are
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known or estimated from specific geologic evidence. Reserve base is those parts of identified
resources that meet specified minimum physical and chemical criteria related to current mining and
production practices, including criteria for quality, depth, thickness, rank, and distance from points
of measurement. Reserves are the parts of a coal reserve base which could be economically
extracted or produced at the time of determination considering environmental, legal, and technologic
constraints, and include only recoverable coal. An important point is that reserves are time-
dependent -- today's resources may be tomorrow's reserves, and some of today's reserves may fail
to be qualified for future economic conditions. In contrast, estimates of resources are relatively
stable and are not necessarily responsive to changing technology, economics or politics.

In the former Soviet Union (FSU) system, the term "resources” is rarely used, and only in the
sense of total geological resources. Usually, the term "reserves” is used, with modifiers, throughout
the classification system, and "(total) geological reserves” is roughly resources in the USA system.
Reserves in the western sense are dependent on the price of coal. In contrast, in the FSU
classification system, the concepts of coal "price” and "value" are not as important and the term
"reserves” may not imply economic recoverability today. The FSU term "reserves” (zapasy) does
not necessarily mean that the market price of the coal equals or exceeds the cost of mining it, though
"balance reserves” has somewhat that meaning.

In the FSU system "total geological reserves" are divided into "identified reserves” and
"undiscovered reserves”. "Identified reserves” are divided into "balance reserves” and "out-of-
balance reserves". "Balance reserves" (commercial), are potentially recoverable and may be

roughly equivalent to the economic portion of the identified resource category in the USA system.
"Out-of-balance reserves” (noncommercial) are probably roughly equivalent to the subeconomic

portion of the identified resource category of the USA system (fig.5).

Balance (commercial) reserves are further subdivided into categories A, B, C, and C, according
to reliability of reserve estimation, and coal quality, and of mining conditions."(Kamenov and
Zheleznova, 1984; Modelevsky and others, 1979).

Resources

In 1983, Dzhamanbayev reported the total energy resources of Kyrgyzstan, in percent, as
follows:

Coal 52.97 percent
Shale 0.25 percent
Peat: 0.06 percent
Water Resources-------- 45.21 percent
Other 1.51 percent

"Other" may be mostly oil and gas (See section ILE., Other Fossil Fuels.).
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Dzhamanbayev further states that the general geological reserves (resources) of Kyrgyz coals
in 1982 amounted to 31, 415 million metric tonnes, of which the balance reserve is 2,429 million
tonnes. Kopylov (1977) presented an estimate of 28,352 million tonnes of total geological reserves
with 2,236 million tonnes in the balance reserve group. Other available estimates do not differ
significantly.

The relationship of the estimated total geological reserves of an area to the portion of the total
that can be reliably categorized as balance reserves varies according to the amount and distribution
of accurate information that is available. Matveev (1976) recognized large differences in the degree
of coal exploration that has been conducted in various parts of the world and stated that the coal
resources of the former Soviet Union and of the United States were both relatively poorly explored
compared to the coal areas of Europe. For comparison, only about 8 percent of the total geological
reserves of Kyrgyzstan are in the balance reserve category, about the same as the former Soviet
Union, and about 11 percent of the total estimated coal resources of the United States are
categorized as demonstrated reserve base (reserves that may be economically recoverable). Perhaps
areas such as the FSU and USA, each with more than 400,000 million tonnes of well-defined
reserves, can afford to be poorly explored. If coal is to continue to contribute a major portion of the
energy budget of Kyrgyzstan, the country must evaluate its resources and actively explore for
exploitable coal.

2. Coal availability

The numbers cited in the preceding paragraph indicate, at first glance, that there are ample
available coal resources in the areas discussed. However, it has long been recognized in the United
States and elsewhere that if the effects of mined-out prime coal reserves, and environmental,
industrial, economic, and social considerations are "priced" and the value of the coal is considered,
the amount of coal that would be available and economically recoverable would be far less than the
amount classed as "demonstrated reserve base” [or as "balance reserves”] (Rohrbacher and others,
1993).

The U.S. Geological Survey, Kentucky Geological Survey and the U.S. Bureau of Mines have
jointly addressed the problems of coal availability and recoverability in pilot programs designed to
produce results of wide-ranging applicability. To date, eleven areas in the Central Appalachian Coal
Field, each area a quadrangle about 150 square kilometers in size, have been studied. Results of the
studies show that 1.6 to 36.4 percent of the original coal resources have been mined and lost-in-
mining, but that only 13 to 35 percent remains as a recoverable resource, and that only 1.6 to 23.1
percent of the original resource can be classed as economically recoverable reserves (Rohrbacher
and others, 1994 and Scott, D.C., 1995) (fig.6).

The above cited sources conclude that:, "These results suggest that there may be several orders of
magnitude of difference between coal resources and the amount of coal that can be economically recovered.
If similar results are found in subsequent investigations, a strong argument can be made that traditional coal
producing regions may experience resource depletion problems far greater and much sooner than previously
thought. This will affect not only the coal industry, but the entire social and economic infrastructure of large
areas."
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Availability and recoverability studies of the coal areas in Kyrgyzstzan could be equally as
enlightening and provide reliable data for energy and social planning for the future.

3. Area and Region Reserve Estimates

Estimates of the quantities of coal that are present in the known deposits in the former Soviet
Union (FSU) have long been conducted under a uniform methodology designed to provide
quantified understanding of the available coal resources according to physical and chemical
categories. Other similar classification systems are used elsewhere in the world. The system used
by the USGS (Wood and others, 1983) is widely -accepted in concept and practice in various
countries around the world.

The FSU estimation system and the USGS system are philosophically similar but
methodologically different. The FSU system is somewhat more rigid and tends to deprecate
extrapolation of data from known to unknown areas. The USGS system allows and encourages
extrapolation. No comparative estimates were made for this study but examination of maps showing
resource and reserve areas indicates that the two systems produce somewhat comparable results,
especially for areas where there are more data. The FSU categories A plus B are approximately
equivalent to the USA category "measured”. The FSU category C, is approximately equivalent to
the USA category "indicated". The FSU category C, is approximately equivalent to the USA
category "inferred". The FSU categories P,, P,, and P, are approximately equivalent to the USA
categories "hypothetical" and "speculative” (fig.5).

A very recent estimate of the amount of balance (commercial) and non-balance (noncommercial)
reserves of Kyrgyzstan is as follows, in million tonnes:

Groups Balance Non-Balance
A+B+C, C,

Brown coal 849 389 102

Bituminous coal and anthracite 431 593 84

Surface-mine reserves 305 31 15

Underground-mine reserves 989 951 171

Total 1294 982 186

The above estimate may reflect recent production and unspecified engineering parameters. All
of the estimates indicate that the balance reserves of Kyrgyzstan, roughly equivalent to USA
identified resources, may be dangerously small.

Table 1 is one of many attempts to summarize various bodies of information regarding the
estimated reserves of the better-known coal areas in Kyrgyzstan. Some of the estimates have been
updated periodically and reflect increased knowledge as exploration and development is conducted
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Table 1. Estimated balance reserves in coal areas in Kyrgyzstan (millions of metric tonnes,
rounded).

A+B+C, C, Total
Ferdgan 1 Region

Kyzyl-Kiya 92 19 111
Abshir 10 3 13
Valakish 2 1 3
Sulyukta 193 14 206
Almalyk 20 0 20
Total 317 37 353
E F n 1 Region
Kok-Yangak 123 15 138
Kumbel -surface 11 0 11
Kumbel -~-underground 18 11 29
Tuyuk 31 83 114
Kargasha 100 70 170
Beshterek 7 4 12
Kara-Tyube 33 66 99
Kok-Kiva 0 114 114
Zindan 17 31 48
Chitty 0 g g
Total 340 403 744
North Fergana Coal Region
Tegenek-surface 7 0 7
Tegenek-underground 48 4 52
Kara-Tut-surface 30 0 30
Kara-Tut -underground 12 6 18
Tash-Kumyr (Severnaya) 14 0 ‘14
Tash-Kumyr (Other) 31 14 45
Total 142 24 166
Kavak Coal Region
Agulak 48 18 67
Min-Kush(3 areas nearby) 38 125 164
Kashkasu 5 7 12
Kok-Maynok 61 69 130
Kara-Kiche-surface 194 1 195
Kara-Kiche-underground 118 125 244
Total 464 345 812
Issvk-Kul Coal Redqgion
Soguty 10 2 12
Dzhergalan 3 0 3
Dzhergalan (extended) 12 4 16
Total 25 6 31
Grand Total-above
listed areas 1288 815 2106
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and mining proceeds. How closely they represent remaining economically recoverable reserves in
a western context is unknown.

Table 2 is an attempt to separate total estimated balance reserves into the portion that has been
or is now closely involved in mining operations (and therefore may not be available for future use)
and into the portion that has been explored but not exploited (and therefore may still be available
for future use). The table shows some interesting relationships: 1) 62 percent of the total balance
reserves are in the A+B+C, category; 2) In the inactive sectors alone the ratio between reserves
in the A+B+C, category and in the C, category is about 1:1 ( In other parts of the world the ratio
would probably be 1:3 or more). 3) 65 percent of the A+B+C, category reserves are in "explored
only” sectors; and 4) 80 percent are reserves for underground mining.

D. PHYSICAL AND CHEMICAL CHARACTERISTICS
1. Chapter summary and the concept of coal quality

The "quality” of coal depends on many things that influence how easily and profitably the coal
can be produced and used. The location, quantity, position in the earth and ownership are considered
elsewhere in this report. Physical and chemical properties of the coal are described here. These
properties must be addressed systematically in their entirety; they can not simply be evaluated as
"good" or "bad", for that depends on the particular time and situation and on the particular use.

The general nature of Kyrgyz coals is summarized here, and the systematic details are presented
later.

a. Rank

Most Kyrgyz coals are subbituminous or high-volatile C bituminous rank in U.S. terms. In
Kyrgyz terms they are brown-coal 3 or long-flame. In the international classification established
after WW-II, and used still in Europe, their rank (class number) is "8". In the East Fergana (Uzgen
Basin) region are coals with much higher rank, ranging up to anthracite.

Parameters described later in this chapter that may be used for various rank classifications are
vitrinite reflectance, volatile matter (mineral-free or ash-free), heating value (various bases), and
moisture content (inherent bed moisture). Some data on tar extracts and humic materials are
available in the literature on Kyrgyz coals; these data have been used for ranking brown coals
(Mironov, 1982; Taits and Andreyeva, 1983).

b. Heat yield
On an as-received basis most Kyrgyz coals can be produced with heat yields of 20 to 25 MJ/kg

(4700-6000 kcal/kg, 8500-11000 Btu/lb). Some production is known to fall below 15 MJ/kg
because of dilution with rock. Several mines yield coal with heat value slightly higher than the
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Table 2. Kyrgyzstan balance coal reserves in areas developed for mining in contrast to
balance reserves in explored but undeveloped areas.

Type of Underground Surface Total
Reserves A+8+C1] C2 [ Total [A+B+C1] C2 [ Total [ A+B+C1]| C2 | Total
Explored and Confirmed 901 749 1650 368 35 403 1269 784 2052
Within active shafts 342 40 382 315 31 346 657 71 728
and pit sectors
Explored ONLY sectors 559 708 1264 53 4 57 612 712 1324
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above ranges, and coals occur in the East Fergana (Uzgen) region with 30 MJ/kg and probably
higher. This chapter lists heat values in MJ/kg, kcal/kg, and Buu/lb, o as received and dry bases,
and calculated to mineral- and ash-free bases.

c. Mineral and rock content, and ash fusion properties

The mineral and rock contents of coal are usually reported somewhat indirectly, as weight
percent ash after high-temperature ashing, dry-coal basis. Data over many years show that the
Kyrgyz mines produced coal with ash values as low as 3% and as high as 40%, but most mines
were able to produce coals with 10-20% average ash through much of their history (table 7;
Solpuyev, 1994). We report ash, both dry and as-received basis and some values of calculated
mineral content for samples we collected (tables 4, 7, 10). We report 4-point softening and fusion
data for ash from our samples, under both reducing and oxidizing conditions (table 14), but we do
not yet have information on boiler practice in heat or electricity stations in Kyrgyzstan with which
to evaluate these ash data with respect to fouling of combustion chambers.

d. Organic type of coal

Two very different ways of reporting organic type are common: 1) Visible identification of
macerals under the petrographic microscope, 2) Indirect indication from chemical analysis, usually
just by ratios of hydrogen, carbon and oxygen. This chapter gives both maceral group petrographic
analyses and chemical analyses.

Petrographically, Kyrgyz coals have a greater range of composition than most U.S. and
European coals -- mainly a greater content of inertinite. We did not find coals with large amounts
of liptinite in our samples nor in the literature. The Kyrgyz coals with high inertinite content
appear to be similar to some other high-inertinite coals in the former Soviet Union; they may be
similar to many high-inertinite coals of India, Australia or South Africa.

Chemically, the Kyrgyz coals have lower H/C ratios for a given rank than many North American
and European coals, and some Kyrgyz coals have element compositions that place them clearly in
the "fusinization development line" which characterizes development of coals under oxidizing

conditions.
e. Sulfur and other inorganic elements

The sulfur content of Kyrgyz coals is relatively low, with major coals reported to have not over
2% on average, but the range is very great, with individual values from several important mines as
high as 7%(tables 7, 9; fig. 18). Three of our samples slightly exceeded 2%. We report data on
three forms of sulfur in the coal (pyritic, organic, sulfate) (table 4) , but comparable data from the
literature on Kyrgyz coals are sparse. We report the major and minor elements in coal ash (tables
11-13), which range greatly, but that is not unusual. Similar older data from Kyrgyzstan are
reported. We report trace element content of our samples and explain their environmental
significance, but have not yet found comparable older data on Kyrgyz coals.
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2. Data and samples of this study
a. Kinds of raw data included

This chapter lists basic properties that characterize coals in Kyrgyzstan based on fifteen mine
samples collected by the USGS at twelve separate deposits representative of existing mines and
several potentially significant new mines. The data include the following which are commonly
requested internationally to evaluate coals for utility combustion (Unsworth and others, 1991).

Heat Value ( Specific Energy)
Total Moisture

Ash

Volatile Matter

Total Sulfur

Nitrogen

Chlorine

Hardgrove Grindability

Ash Fusion Character

Ash Major and Minor elements

In addition, we provide data used to evaluate processing and industrial use and environmental
consequences of coal use.

Forms of sulfur
Free swelling index
Equilibrium moisture

Maceral group composition

Apparent specific gravity

Thirty two trace elements in the ash

"Environmentally sensitive elements” (chlorine, selenium and mercury), whole coal.

On numerous graphs we show the relationships between various parameters and also their
general validity. Additionally, we compare these data with some published and unpublished older
data on Kyrgyz coals, mostly from the Soviet era, so that the large body of older information on
coal quality can be judged by our data.

b. Information not included

There is a significant amount of information on Kyrgyz coals which we do not present or discuss
here because it is beyond the scope of this preliminary survey. For example, tests of pyrolysis
behavior and products, mineral transformations at high temperature, semicoke and coke formation,
sorptive properties, tar production and type, briquetting and pelleting tests, extraction with organic
solvents, humic acid fractionation, etc. The potential value of such information is difficult to judge,
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for in the most accessible sources the data are usually presented isolated from the basic information
about the character of each sample. However, the systematic field and laboratory records from the
Soviet era appear to be preserved in large measure -- though the loss of access because of
retirements, switching jobs, and emigration and even the physical loss or disorganization of records
may be happening at an accelerating rate.

c. Source and nature of samples

The USGS team sampled coals from fresh mine faces at most sites (Table 3).. Where possible,
channels of consistent depth across the exposed coal were cut and bagged at the face. At several
sites only grab samples were obtainable. Rarely was the entire seam sampled, however, because it
was not exposed entirely or because hazardous and precipitous walls overhung it in surface pits. In
several underground mines the samples represent nearly the entire mined seam. Samples were put
in heavy plastic bags which were folded and sealed with tape; then each bag was put in a second
bag and taped again. The intention was to make possible "bed moisture” determination. In this we
succeeded well as judged by comparison of "as received” and "equilibrium" moisture, figure 7.

3. General coal chemistry (USGS samples)

Data from the basic analyses of coal are listed in table 4. They are repeated in figures with
other data farther in this chapter.

Various coal users in different countries are accustomed to reporting data on different basis, for
example "as-received" and "as-analyzed"; "with inherent moisture”, "bed-moist" and "in-mine";
"working","as-shipped" and "as-delivered"; "air-dry" (room temperature) and "air-dry" (107C);
“ash-free" and "mineral matter-free" (calculated from ash or weight of low-temperature ash). Itis
beyond the scope of this report to report data on all bases used, and in many cases it is difficult to
determine accurately the true basis of an analysis. We attempt to present data in several forms 1)
Common U.S. practice, 2) Common practice in the former Soviet Union (the basis of most Kyrgyz
data), 3) Common international trade practice. Most of the basic analyses of the USGS samples
were done under ASTM standards, as listed on the sheets of raw data in the appendix.

4. Coal rank / Organic maturation

a. Standard ASTM rank: Heat value and volatile matter (or fixed carbon)

In US practice, "rank”, the degree of metamorphism or progressive alteration in the natural series
from lignite to anthracite, is used in a restricted way for multiple channel samples that represent a
seam -(or designated part) in a particular region. None of our samples, and probably none of the
samples listed in the literature, fit that restriction. However, the ASTM term Apparent Rank is valid
for our samples since we describe the conditions of the sampling, The apparent ASTM rank of our
samples is on table 5. We use "rank" also as a geological term equivalent to "organic maturation”,
but only the rank on table 5 is ASTM apparent rank.
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Table 3.

Regional location, latitude-longitude, and name of sites sampled by

the USGS in October, 1994. The coal seam sampled and the interval, if a
channel sample, are listed along with the label put on the sample bag.

D Rgn' } Site name Lat - | Long. - } Seam - sample type m" | Bag label
. N E
K- SF § Abshir 40-12 72-24 § ? - grab (chunks) — | Abshir
K-2 Kv 3 Ag-Ulak 4142 { 74-32 } 6- run of mine — | AgUlak #la+#1b
K-3 SF } Almalvk 40-18 | 72-42 § ?-chan:top 1:3 8 Almalvk
K4 1K~ Dzhergalan 42-30 | 78-48 § V-chan:top 1:4+bot. 12 | 6 Dzhergalan #1
K-5 IX §Dzhergalan 42-30 | 78-48 JIV - channel 3 Dzhergalan #2
K-6 EF {Kara-Tyube 40-48 | 7348 }1I - channel (~12) 1.2 | Dara-Dobo
K-7 Kv }Kara-Keche 4144 74-48 } Osn. - cban : <1.'10 3 Kara-Keche #1A-1B
K-8 NF }Kara-Tut 41-25 | 72-14 § ?-chan:bot 14 1.2 | Kara-Tut 72
K-9 NF }Kara-Tut 41-25 72-14 § ?-chan:top 3 5 3 Kara-Tut #1
K-10 | EF }Kok-Yangak 41-00 73-12 § 6-chan:mid 45 2 Kok-Yangak
K-11 | EF }Kum-Bel 41-00 [ 73-30 §22 - grab — | Kum-Bel
K-13 | Al §Kyvzyl-Bulak 3942 | 72-56 }| ? - channel 2 Sarv-Mongol
K-14 | NF f§ Tash-Kumyr, { 41-18 | 72-12 | 3 - chan : upper 1 Tash-Kumyr #1
Severn.
K-15 | MF § Tash-Kumyr, 41-18 72-12 § 3 - chan : lower 1 Tash-Kumyr #2
Severn.
K-16 | SF |} Valakish 40-12 | 72-06 § ?-chan:mid 3.4m 3.4 | Valakish

SC - South Central (Alabuga-Chatyrkyol), Kv - Kavak,IK - Isvk-Kul', Ch - Chu.

'Regions: Al - Alay, SF - South Fergana, NF - North Fergana, EF - East Fergana (Uzgen),

*Approximate stratigraphic thickness of sampled coal, meters.

OF-30



»
2 3
=]
g ; & )
= 25
3 |
) | 16
T 20 1 S :
£ 9 70.
2 | *
. , 14
3 A . ,
- A\ ;
5 10 | - :  m—
2 ; g
E 4.1.0 6
s 5 G e U
o |
E , |
{Z) 0 I | |
° | 1 T T |
s 0 5 10 15 20 25 30

Moisture, % weight, as received
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sampled by the USGS.

OF-31



Coal Analysis Report

Sample Location Proximate Analysis, % weight |H/C atomic| O/C atomic
d# Site Name FoWeo | War | A, WM, [FC, | A | WM, | FO, | WMy [ FCau | ™% WO ol
K-1 } Abshir 27.47] 2892 469 3158 34.81 6.60 44.42 4898] 4756 5244 0.821 0.129
K-2 [|AgUiak 1764| 2368 11.18 2428 4086| 1464 3181 53.55| 3727 62.73] 0.692 0.119
K-3 }Almalyk 2254 2283 2717 2550 2450| 3521 3305 31.74] 51.00 49.00| 0.898 0.192
K-4 | Dzhergalan 7.81 833 6.61 3527 49.79 721 3847 5432 4146 5854} 0.723 0.117
K-5 |} Dzhergalan 7.89 9.02 8.92 2958 5248 980 3251 57.69| 3604 6396} 0.656 0.118
K-6 |Kara-Tyube 485 1119 1956 1374 5551 22.03 1547 6250| 19.84 80.16] 0.457 0.074
K-7 |Kara-Keche 1847} 2245 683 2571 45.01 881 33.15 58.04| 3636 63.64] 0.554 0.151
K-8 |Kara-Tut 19.56] 23.07 14.17 2927 33.49| 1842 38.05 4353] 46.64 53.36] 0.773 0.140
K9 |Kara-Tut 20.14} 2096 1334 2983 3587| 1688 37.74 4538] 4540 5460} 0.785 0.151
K-10 |} Kok-Yangok 7.37 927 1164 2587 5322| 1283 2851 58.66| 32.71 67.29] 0.554 0.098
K-11 | Kum-Bel 4.60 513 831 3713 4943 8.76 39.14 52.10| 42.89 57.11 0.765 0.092
K-13 | Kyzyi-Bulak 1281) 1676 3.18 3126 48.80 382 3755 5863| 39.04 60.96y 0.681 0.130
K-14 | Tash-Kumyr, Severn. 16.09}] 1669 681 31.88 44.62 8.18 3826 5356| 4167 58331 0.772 0.128
K-15 } Tash-Kumyr, Severn. 14.75] 1446 13.13 3152 4089| 1536 3685 47.79| 4354 56.46] 0.7687 0.135
K-16 | Valakish 2024] 2254 888 2969 3889 1147 3834 50.19| 4330 56.70] 0.804 0.154
Sample Ultimate Analysis, % weight Gross Heating Value (isoperibot) Forms of Sulfur, % weight |
d Bluftb Kcalkg MJ/kg
# Haar Coar Noa | S | Oum Qu | Qu | Qu | Quu | Qu | Quy | S¥ | 8™ | 8™ | S™%
K-1 5.23 76.42 139 227 13.15 8927 13447 4959 7471 20.76 31.27] 356 1.34 010 212
K-2 462 80.16 1.02 0.74 12.76 8812 13527 4896 7515 20.49 3146} 1.23 055 004 064
K-3 532 71.09 0.78 2.16 18.20 6154 12308 3419 6838] 1431 2862| 298 149 010 139
K-4 4.86 80.67 1.01 0.26 1256 11759 13824 6533 7680} 2735 32.15| 0.83 058 0.02 023
K-5 445 81.37 1.02 0.17 12.75| 11353 13834| 6307 7686{ 2640 3217 0.37 0.1 0.1 0.15
K-6 3.30 86.71 0.94 0.38 8.59 9799 14151| 5444 7862 2279 32.91 0.36 0.03 0.02 0.31
K-7 3.65 79.03 0.84 0.34 15.88 8991 12714 4995 7063 20.91 2957] 055 0.18  0.04 0.32
K-8 491 76.18 1.15 1.20 14.23 8420 13417 4678 7454 19.58 31.20| 288 184 006 098
K-9 5.01 76.61 1.20 1.00 15.41 8747 13313| 4859 7396] 20.34 3096 147 055 0.09 0.83
K-10 3.86 83.54 0.83 0.21 10.92] 10966 13866 6092 7703] 2550 3225| 0.74 049 006 0.19
K-11 5.26 B2.51 117 0.77 10.14] 12482 14420| 6934 801t 28.03 33.53 0.84 008 005 071
K-13 4.56 80.33 0.74 0.23 13.91) 10914 13632] 6063 7573 2538 31.70] 0.44 017 0.05 022
K-14 5.09 79.11 1.14 0.51 13.54] 10340 13516 5744 7509 24.05 3143 1.02 0.54 002 0.46
K-15 5.08 77 60 1.24 0.73 13.98 9779 135061 5433 7503{ 22.74 31.41 1.77 112 003 062
K-16 5.17 77147 0.69 0.48 15.85 9025 13161 5014 7312 20.99 30.61 0.99 053 003 043
A = Ash C = Carbon o = As Received 9 _ Organic
FC = Fixed Carbon H = Hydrogen g =Dry P _ Pyritic
Q = Heating Value (calorific value) N = Nitrogen ot = D1y Ash Free ' _ Sulfate
VM = Volatile Matter 0 = Oxygen eq = Equilibrium Moisture = Total
W = Moisture S = Sulfur

Table 4. Basic chemistry of coals sampled in October, 1994, by the USGS team in Kyrgyzstan.
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Table 5. Apparent rank according to ASTM analyses and the ASTM ranking standard --
-coals sampled in Kyrgyzstan in October 1994 by the USGS. An additional column shows
ranking of coals from the same mines (in some cases the same seams) as evaluated by Solpuyev
(1994), where B = brown coal, D = long flame coal, G= gas (flame) coal, T = lean coal.
Another column shows separation of brown and stone coals according to their vitrinite
reflectance -- one of the parameters used in the former USSR for ranking brown coals.
Below the table are listed coal rank terms used in the USSR with approximately equivalent rank as used in North
America. Exact equivalence of a particular sample depends on conditions of sample handling and analysis as
well as some variation in usage of terms in different parts of the coal industry in the USSR.

Field Sample Name D-MM-F M-MM-F Rank USSR rank
Number of site Fixed Carbon | Btu/lb (ASTM) by Ro | Solpuyer ‘94
K-1 Abshir 53.28 9408 Subbituminous C B B3
K-2 AgUlak 63.89 10028 | Subbituminous B B B3
K-3 Almalyk 51.88 8703 | Subbituminous C B B3
K-4 Dzhergalan . 59.06 12679 | hvC Bituminous > D
K-5 Dzhergalan 64.60 12570 | hvC Bituminous > D
K-6 Kara - Tyube 82.15 12431 v Bituminous > T
K-7 Kara - Keche 64.27 9709 Subbituminous B B B3
K-8 Kara - Tut 54.89 9954 Subbituminous B B D
K-9 Kara - Tut 55.78 10228 | Subbituminous B B D
K-10 Kok - Yangok 68.29 12557 hvC Bituminous > D
K-11 Kum - Bel 57.70 13735 hvB Bituminous > G
K-13 Kyzyl - Bulak 61.24 11307 | Subbituminous A B ~
K-14 Tash - Kumyr, Severn. 58.94 11171 Subbituminous A B D
K-15 Tash - Kumyr, Severn. 57.65 11417 | Subbituminous A B D
K-16 Valakish 57.49 9987 | Subbituminous B B B3
USSR USA
B1 ligB Lignite
Brown ligA
Coals B2 -
subC 3
£ I
g
B3 | subB 2
s
hvCb\subA | &
Long-Flame D hvBb
Gas G hvAb
Fat . Zh 5
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Figure 8. Heat value in relation to elemental carbon of Kyrgyz coals sampled by the USGS.
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b. USSR rank of coals sampled by the USGS

With the exception of Kyzyl-Bulak (sample K-13), rank of coals at all the sites sampled by the
USGS has been reported in the literature, and summarized recently by Solpuyev (1994). His
USSR rank designation is in the right column on table 5. Most coals mined in Kyrgyzstan are the
highest brown coal rank (B3) or the lowest stone coal rank (D, Long Flame). Our samples are
representative, and five of the mines we sampled are cited as " B3" coal and seven are cited as " D"
coal.

Because most coals of Kyrgyzstan are low rank (subbituminous and high volatile C bituminous
[B3 and DJ]), the apparent rank is measured by heating value (calculated mineral-free). Only one
of our samples, K-6, has relatively high rank and hence in the ASTM system is classified by
volatile matter. Other parameters, such as elemental carbon, bed moisture, and vitrinite
reflectance, are good measures of geological rank and are discussed in the following paragraphs on
character of Kyrgyz coals.

¢. Rank by elemental carbon, %Cdaf

Elemental carbon is a good chemical measure of rank, with perhaps the widest useful range of
the chemical parameters. It is useful through the entire range of bituminous coals and anthracites,
though volatile matter is better in the medium- and low-volatile bituminous range. The relationship
between elemental carbon and heat value, two different measures of rank, forms a fairly narrow
band (fig. 8), which shows the consistency of our sampling and our analysis.

d. Rank by vitrinite reflectance, %Ro

Vitrinite reflectance indicates rank over a wide range like elemental carbon does; reflectance
has the additional advantage that it is more independent of coal type, and it is not influenced by
minerals so can be used to rank coaly shales (but not reliably oil shales). The vitrinite reflectance
of our Kyrgyz coals is on table 6 and is plotted against other rank measures: elemental carbon, figure
9; heat value, figure 10; and fixed carbon, figure 11.

5. General proximate and ultimate data

Basic analytical data of the USGS samples are in table 4 and are discussed earlier in this chapter.
We gathered published and unpublished older data on Kyrgyz coals, some of which is on table 7,
in order to relate the US data to data produced under sampling and analytical practice in the former
USSR. We include here mainly information for the mines and seams we sampled.

The mineral matter in coal is not usually analyzed, but ash left after burning coal at high
temperature is used as an inexpensive means to estimate the mineral content of coal, and the ash in
a laboratory test is also an approximation of the ash left from industrial combustion. The ash
reported in table 4 results from ASTM analysis at 750°C. ISO standard ash determination is at
815°C, and recent practice in the USSR agrees with ISO (800-830°C range). Note, however, that
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Sample Location USGS USGS Literature

id Site %R, | %Cgua | %FC Qy e Qqar Qqas (Kcal/kg)

# Name d,mmf | Btulb | MJ/kg | Kcal/kg | Kcal/kg [ minimum| maximum | average
K-1 | Abshir 0.33| 76.42f 53.28( 9408{ 21.88| 52271 7471 5200 7400 6515
K-2 }AgUlak 0.44] 80.16| 63.89| 10028] 23.33] 5571 7515 6438 7446 6954
K-3 jAlmalyk 0.38| 71.09| 51.88| 8703| 20.24] 4835 6838 4513 7993 7061
K-4 |Dzhergalan 0.50| 80.67{ 59.06| 12679 29.49| 7044] 7680 7191 7884 7549
K-5 | Dzhergalan 0.57| 8137 64.60f 12570| 29.24| 6983 7686 7286 7788 7573
K-6 |Kara-Dobo 1.86] 86.71] 82.15] 12431] 28.91 6906 7862 8103 8770 8603
K-7 | Kara-Keche 0.47| 79.03| 64.27f 9709| 22.58{ 5394 7063 4998 7802 6902
K-8 |Kara-Tut 0.40f 76.18] 54.89| 9954| 23.15/ 5530 7454 6111 7986 7180
K-9 [Kara-Tut 0.3%] 76.61| 55.78| 10228| 23.79| 5682 7396 6111 7986 7180

K-10 | Kok-Yangok 0.65| 83.54| 6829| 12557} 29.21 6976 7703 4109 8123 7550
K-11 | Kum-Bel 0.75) 8251 57.701 13735| 31.95 7631 8011 7501 8457 7831
K-13 | Kyzyl-Bulak 0.43] B80.33| 61.24] 11307| 26.30| 6282 7573 4535 4989 4794
K-14 |Tash-Kumyr, Severn. | 0.49| 79.11| 58.94| 11171| 25.98| 6206 7509 6945 7554 7360
K-15 ] Tash-Kumyr, Severn. | 0.45| 7760 57.65] 11417| 26.56| 6343 7503 6859 7597 721

K-16 | Valakish 0.40( 77.17; 57.49 9987| 23.23| 5548 7312 6047 7900 6558

Table 6. Chemical parameters used to measure coal rank; vitrinite reflectance and heat value
from USGS analyses, plus heat value of coals from the same sites from the literature for

comparison.
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Figure 9. Elemental carbon in relation to vitrinite reflectance of Kyrgyz coals sampled by the USGS.
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USSR practice uses a different slow heating sequence in analysis of brown coals and in analysis of
stone coals; since produced Kyrgyz coals are about half brown coal and half stone coal, there may
be some discontinuity in the Soviet data on ash. USGS analyses for this project included ashing also
at 900°C in preparation for analysis of the major / minor / trace elements. All but three samples
yielded equal or slightly lower ash at the higher temperature, but the difference is small (table 10).

6. Organic matter composition and type
a. Maceral composition (group analysis)

We petrographically analyzed the maceral group proportions in the USGS samples by visual
point counting on polished sections of crushed coal. The resulting data are, therefore, volume
estimates based on area — not weight — of each component. Table 8 lists the results on three bases:
1) Total point count of four maceral groups plus minerals, 2) Mineral percent plus percentage of
four maceral groups on a mineral-free basis, 3) Three maceral group percentages (vitrinite,
inertinite, liptinite) on a mineral- and mixtinite-free basis. Mixtinite is very fine organic matter,
which can not be identified reliably by optical microscopy, mixed with some fine mineral matter.

Using blue-excitation fluorescence it is seen to include much liptinite, but point counting this
liptinite is unreliable because fluorescent objects below the polished surface could be counted by
mistake. We estimate that the mixtinite contains roughly 1/3 vitrinite, 1/3 minerals, 1/3 liptinite,
and only a small amount of inertinite. If the mixtinite-free data on table 8 had an added share of
liptinite to account for the liptinite in the mixtinite, the indicated liptinite content would be
increased significantly, by several percent, in the high-mixtinite samples.

Figure 12 is a ternary diagram of the maceral group percentages which shows the great range
of composition and allows comparison with other data. The great abundance and range of inertinite
places many Kyrgyz coals far outside the range of most U.S. and European coals. This should be
kept firmly in mind by engineers and other coal specialists. Technology of some important Jurassic
coals in the former USSR and technology of "Gondwana" coals from India and Pakistan, Australia,
South Africa, and Brazil may be more applicable to Kyrgyz coals than would be technology familiar
in North America and Europe.

Petrographic analyses from older USSR literature and unpublished analyses given in Solpuyev
(1994) are compared with our analyses of samples from the same mines (fig.13). In about half the
cases we have information that the samples reported are from the same seam we sampled. The
agreement is notable -- much better than agreement of our analyses of major and minor elements,
for instance, even though maceral analyses can be very subjective. One explanation for the good
agreement comes to mind: Maceral analyses are rarely done on chance grab or run-of-mine
samples, but usually on high quality channel samples or core.

b. Elemental H, C, N, O composition

The type of organic matter in coal is indicated chemically by the content of hydrogen, carbon,
and oxygen. Normally the nitrogen and sulfur content is reported at the same time as other organic
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Table' 8. Maceral group percentage in coals sampled by the USGS in Kyrgyzstan. Point
counting on polished sections of crushed splits of each sample was done by N. Bostick, USGS,
under Yvhite light. Mineral matter and mixtinite was counted at the same time, and the
ca.lcu.laum!s of mineral- or mixtinite-free basis at the right of the table used these counts.

Mixtinite is very fine organic matter, which can not be identified reliably by optical
microscopy, mixed with some fine mineral matter.

Sample Location Sample Point count of macerals
id Site Seam and Prep
# Name Sample Type Number] Mnl vt In | Lpt Mxt N
K-1 }Abshir ? - grab (chunks) 2023 91 835 158 30 89 1203
K-2 |AgUiak 6 - run of mine 2025 203 207 706 23 225 1364
K-3 JAimalyk ?-chan:top '/, 2027 549 584 97 20 139 1389
K-4 | Dzhergalan V-chan:top Yq+bot. '/, § 2029 66 423 566 18 31 1104
K-5 [Dzhergafan IV - channel 2031 111 188 876 30 95 1300
K-6 ]Kara-Tyube Il - channel (~'/,) 2033 66 650 143 1 279 1139
K-7 ]Kara-Keche Osn. - chan : <'/,, 2035 30 122 948 48 36 1184
K-8 |Kara-Tut ? - chan : bot. Y/, 2037 243 539 455 33 252 1522
K-9 |Kara-Tut ?-chan : top ¥ 2039 550 549 181 20 84 1384
K-10 }Kok-Yangok 6 - chan : mid. “/; 2041 359 271 746 9 20 1405
K-11 {Kum-Bel 22 - grab 2043 70 1118 30 19 37 1274
K-13 |} Kyzyl-Bulak ? - channel 2045 85 462 607 15 35 1204
K-14 ]Tash-Kumyr, Sevem. | 3 - chan : upper 2047 122 813 444 39 64 1482
K-15 | Tash-Kumyr, Sevem. | 3 - chan : lower 2049 188 453 258 34 153 1086
K-16 | Valakish ? - chan : mid 3.4m 2051 261 429 374 16 125 1205
Sample Location Mineral' Mineral Free Percent’ Mixtinite - Free Percent
Id Site USGS |Literature Mineral Free® Mineral*
# Name Percent| Vtin | win | vt | i [ ot [Ma ] vt | in [pt| %
K-1 |JAbshir 76 1] 5.28 751 142 27 8.0} 816 154 29 8.2
K-2 |AgUiak 149 | 0.29 178 608 20 194 221 754 25 17.8
K-3 |Almalyk 335 ] 6.02 10.00 69.5 115 24 165] 833 138 29 43.9
K-4 {Dzhergalan 6.0} 0.75 0.50 408 545 17 3.0] 420 562 1.8 6.2
K-5 |Dzhergalan 851 0.21 0.20 158 737 25 80} 172 80.1 27 9.2
K-6 |Kara-Tyube 5.8 | 4.55 2.00 606 133 01 26.0] 819 180 0.1 7.7
K-7 |Kara-Keche 251} 0.13 0.40 106 82.1 42 3.1 109 848 43 2.6
K-8 {(Kara-Tut 16.0 | 1.18 1.90 421 356 26 19.7] 525 443 32 19.1
K-9 [Kara-Tut 39.7] 3.03 1.90 65.8 217 24 101 73.2 241 2.7 423
K-10 | Kok-Yangok 256 ] 0.36 2.50 259 713 08 191 264 727 089 25.9
K-11 | Kum-Bel 5.5 §37.27 31.00 929 25 1.6 3.1 95.8 2.6 1.6 57
K-13 |Kyzyl-Bulak 71 0.76 413 542 1.3 341 426 56.0 1.4 7.3
K-14 | Tash-Kumyr, Sevem. 821} 1.83 1400} 598 326 29 47) 627 343 3.0 8.6
K-15 |} Tash-Kumyr, Sevem. 173 | 1.76 14.00 5S04 287 38 17.0f 60.8 346 4.6 20.2
K-16 }Valakish 217} 1.15 454 396 1.7 132} 524 457 20 24.2

Area percents calculated form point count as estimated volume percents.
= [Mnl/ (Mnl+Vit+in+Lpt+Mxt)] 100 = mineral %
2 [maceral type / (Vt+in+Lpt+Mxt)] 100 = % maceral type Mnil free
32 [maceral type / (Vt+in+Lpt)] 100 = % maceral type Mxt & Mnl free
4 = [Mnl / (Mnl+Vt+In+Lpt)] 100 = mineral % Mxt free
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Figure 12. Ternary diagram of maceral group composition (mineral- and mixtinite-free
basis) of Kyrgyz coals sampled by the USGS. The field of "'main Gondwana coals'" (solid
line) is from Strauss, et al. (1978) and that of "'main U.S. coal resources" is from data by
Waddell et al. (1978).
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constituents, though their content is not easily connected with type of organic matter. Unlike
petrographic determination of the organic type of coal, the chemical determination is complicated
by large chemical changes as the coal changes from lignite to higher rank. Hence, normally only
chemical ratios and cross relations between parameters can be used to determine organic type.
Figure 14, a classical van Krevelen diagram, shows the low H/C ratio at a given rank (measured by
O/C) of many Kyrgyz coals resulting from their high inertinite content. Figure 15 shows the same
low hydrogen content, relative to rank as measured by vitrinite reflectance. Our data on hydrogen
does not agree very well with data from the literature on Kyrgyz coals. Figure 16 indicates the
linear regression line of the LITERATURE / USGS plot for hydrogen, compared with a 1:1 perfect
agreement line. Figure 17 shows the same comparison for elemental carbon, with much better
agreement. Note, however, the great spread of values from the literature in both cases. We believe
that this spread results mainly from differences in sampling and the natural variation in the coals
from a given site, not from analytical discrepancies.

7. Sulfur

Sulfur content of the 15 USGS coal samples ranges from (.32 percent to 2.53 percent (table 9).
There is some agreement between the sulfur in the USGS samples and sulfur reported in the
literature (fig.18), but also a striking deviation in coals determined by the USGS to contain
relatively high sulfur. It is unlikely that this deviation results from analytical discrepancies. More
likely, samples reported in the literature may have been "premium" material from a given mine or
seam. Sulfate sulfur ranges from 0.04 percent to 0.15 percent and probably represents the
oxidation of pyritic sulfur to ferrous sulfate that took place during the interval of time between
sampling of the coal and the analyses of the coal. Alternatively, in some instances there may have
been some oxidation of the coal prior to our taking the sample. The sum of the sulfate sulfur and
the pyritic sulfur is approximately the same as the amount of organic sulfur in most samples. This
agrees with a general rule that in much coals half the sulfur is pyritic and half is organic.

There is no reason to expect the presence of any significant amount of any sulfide mineral in
these coals other than pyrite or marcasite (both FeS,). There is excess iron available in each sample
to stoichiometrically combine with the sulfur to make the FeS,.

Coal utilization within the United States is greatly influenced by federal regulations based on
the Clean Air Actof 1970, that set standards for emissions of sulfur dioxide (SO,) from new steam
electricity generating plants. The limit was set at 1.2 pounds of SO, per million Btu of heat input.
Coals that meet the requirements are referred to as "compliance " coals. Four of the 15 samples
collected and analyzed meet the standards for compliance (less than 1.2 pounds SO, per million
Btu): three are close to being compliance and would produce between 1.2 and 1.3 pounds per
million Btu; and the remaining eight samples are non-compliance as we sampled them.

In the United States, there are several ways in which a non-compliance coal could be utilized
in a new electricity generating facility. These include blending the higher sulfur coal with a coal
of lower sulfur content, cleaning the coal prior to burning to reduce the pyritic sulfur, and removal
of the SO, from the stack gasses by scrubbing the combustion gasses. Presently there is no means
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