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NATIONAL COAL EXPLORATION PLAN
By

Geological Survey of Paki;tan
and

U.S. Geological Survey

PREFACE

Indigenous coal supplies about 7 percent of the commercial energy
requirements of Pakistan. 0il1, mostly imported, supplies about 40 percent,
indigenous gas about 35 percent, hydropower about 17 percent, and the
remaining 2 percent is supplied mainly by non-commercial fuels--such as
fuelwood or cowdung. As the energy requirements of Pakistan increase, coal
could and should be an increasingly larger portion of the energy-supply mix of
the country.

In order for coal to be able to supply more of the needed energy, more
coal exploration is required as the necessary prelude to its development and
utilization. The National Coal Exploration Plan (NCEP) provides a framework
for increased coal exploration in Pakistan. It is based on what is known or
can be inferred about the coal-resource potential of the country, the possible
forms of utilization of Pakistan's coal from geographic and quantitative and
qualitative factors, and the perceived information requirements necessary to
allow rational long-range planning for increased coal energy use. Program
elements to meet basic data needs are summarized along with estimated funding
kequirements and timeframes.

Appendix A is a description of the coal classification system used by the
U.S. Geological Survey. Appendix B is an introduction to coal exploration
techniques for the benefit of the non-geologist. Appendix C provides

acknowledgments to those involved in development of this plan.



The data herein is intended for use by planners as Pakistan's Seventh
Five-Year Plan is prepared, and for early planning use by~1nternationa1
assistance agencies. The report, of which this is the 4th version, is a joint
effort of the Geological Survey of Pakistan (GSP) and the United States
Geological Survey (USGS), under the auspices of the joint Government of
Pakistan-United States Agency for International Development (USAID) Energy

Planning and Development Project.



EXECUTIVE SUMMARY

Conclusions and Recommendations

An investment of small amounts of time, money and manpower in increased
coal resource assessment and exploration can have a very large impact on the
energy future of Pakistan. The present effort to assess the coal resources of
Pakistan should be accelerated. A modern coal exploration program of the type
needed in Pakistan will require funding support from both national and foreign
sources. Exploration for coal should be started or accelerated in various
parts of the South Sind coal area, and in the Khost-Sharig-Harnai, Sor Range-
Daghari, and Salt Range coal fields as soon as possible so that the
contribution of coal to the energy balance of Pakistan can be significantly
increased in the near future. To assure sufficient production of coal to meet
increased demands, leasing and licensing must follow practical guidelines that
encourage the formation of efficient production units.

Recommended Coal Exploration by Priority and Area

A coal exploration strategy involves investigation of all sedimentary
basins in order to delineate all major potential coal deposits and to evaluate
the national resource base. Until this is done, it will be difficult to carry
out rational energy planning for the country. Figure 1 shows location of
Pakistan coal fields and table 1 1ists summary information on known coal
fields.

This NCEP describes individual local coal resource projects that are
underway or proposed, and groups coal-bearing areas by priorities according to
the perceived opportunity for economic exploitation. Detailed proposals for
Geologic Assurance Programs (GAP) are presented for seven coal fields. Table
2 summarizes a few important factors about the GAP. The total cost of

~exploration seems large but the cost benefits on a per-ton basis are extremely
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favorable. There is a wide range of exploration costs per ton as a result of
a wide range of differences in such factors as location, accessibility, and
geologic setting of the coal-bearing rocks.

Priority I areas for exploration are those where present planning for
utilization requires coal-resource information to establish the feasibility of
supplying the necessary energy. The South Sind coal areas, the Khost-Sharig-
Harnai and Sor Range-Daghari coal fields -of Baluchistan, and the Salt Range
coal field of Punjab are major Priority I.

The South Sind area has a Targe but unproven resource potential and
encompasses the area considered as a site of future major electricity-
generating installations that could supply a significant share of Pakistan's
Tong-term energy needs. The presence and quality of Tlarge quantities of-
recoverable resources remains to be demonstrated. The GAP I would require
about 173 miTllion Rupees (Rs.) over a period of about 3.25 years.

The Khost-Sharig-Harnai coal fields have a railway line to Sind, and
proposed segments of the national electricity grid are in and near the fields,
with a 321-KV station tentatively proposed for construction near Sharig. The
coal is of variable rank but is generally higher in rank than most coals of
Pakistan, and some might be of value for blending with imported coal to make
metallurgical coke for which higher rank coals are desirable. The fields
never have been adequately mapped and explored, and a complete study of the
geologic nature of the fields and_the quantity and quality of coal should be
initiated. The GAP I would cost about Rs. 57.5 million over a period of about
3 years.

Sor Range-Daghari is one of the most productive coal fields in the
country. The extent of the field and quality of the coal are reasonably well
known, but if the field is to remain productive, exploration is required to

demonstrate the quantity of coal, particularly in the deeper parts of the



field, that would be available for future recovery. The information will
satisfy quantity and quality information needs and allow preliminary p]anniﬁg
of realistic development and recovery programs. The GAP I would require a
minimum of Rs. 43.7 million and about 2 years.

The Salt Range coal field is strategically located relative to the brick-
making centers of Punjab Province and probably can continue to produce
substantial quantities of coal for the short-term future. However, the large
number of small mine operators will eventually recover the available coal
reserves in the parts of the field near the outcrops where most present mine
entries are located. Future mining by shafts, at greater debths, and by more
efficient methods will be required. The information to guide future
development and recovery activities and to justify required investment must be
created by geologic study of the present mine areas and the available
subsurface information, and by exploration drill holes. The GAP I would cost
about Rs. 34.5 million and require 3 or more years.

Other areas of lesser priority also deserve exploration research, and
some are now being studied or are scheduled for study in the near future. If
the resource potential of an area improves, or if new utilization proposals
are made, any area may advance to a higher priority.

Demand, Utilization, and Limitations

The annual coal production of Pakistan is now estimated to be as much as
2.3 million tons or more, and about 7 percent of the commercial energy used
annually in Pakigtan is contributed by coal. In contrast, coal production in
1947 was only about 350 thousand tons, but this amount supplied about 50
percent of the country's energy. Since then, the vastly increased energy
demands of Pakistan have been satisfied by other energy sources, and the
increased production of coal has been based on the increased demand for coal

by the brick industry. The brick industry uses an estimated 80-90 percent of



the annual coal production, and demand is expected to continue and increase at
an aqnua] rate of 2-5 percent as the economic development of the country
continues. The projected grbwth in demand could be accomodated by an increase
in annual coal production of 0.3 to 1 million tons by 1993 and 3 to 9 million
tons by 2015.

The total electrical-generating capacity of the country is about 5,000 MW
but only 15 MW is based on coal. As much as 9,000 MW electrical energy could
be needed in Pakistaﬁ by the end of the Seventh Five Year Plan in 1993, and by
2015 the electrical energy needs of the country could approximate 20,000 MW
per year. Domestic coal could supply the energy for 10 to 25 percent of such
an increase in generating capacity if annual coal production increased by 2 to
6 million tons annually by the end of 1993 and 8 to 21 million tons by 2015.

Substitution of coal for other fuels in existing, and potential new,
industrial applications has been studied and seems to be a viable option for
such uses as briguetting and for process and industrial heat. Use in the
cement industry is presently under study.

The following table summarizes coal demand projections through the year

2015 A.D. (also see details on table 3, page 17).

Coal Demand Projections

[millions of tons]

Year Electricity Cement Bricks Briquettes Other Total
1993 2.2-5.5 0.1-.3 1.9-3.1 0.005-.08 0.3-.6 5-9
2000 4.1-11 4-.9 2.2-4.4 1-.2 .5-1 8-17
2015 8.1-21 1.5-3.8 2.8-8.6 .3-.5 1-2 15-35
Total 120-310 16-39 65-140 3.5-6.8 16-32  240-510



Production of Tlarge quantities of coal of consistent quality is best
accomplished from large, safe, efficient mines. Development of these mines
will require large amounts of money, and the availability of funds -is
contingent upon demonstration of an adequate quantity and quality of coal that
is producible over a specified period of time. These demonstrations are
difficult to provide in the older coal fields of Pakistan because of the small
areas (2 sq. km average) under a large number of license (500) and lease (240)
tracts that are held by a large number of owners. A public sector company,
Pakistan Mineral Development Corporation (PMDC), and only a few private
companies are the only coal producers with reasonably large areas under
license or lease. The license and lease ownership problem must be solved if
the coal productive capability of Pakistan is to substantially increase.

The coal of Pakistan is largely lignite A to subbituminous C in rank,
though small quantities reach a rank of high volatile A bituminous. The coals
characteristically have high ash and sulfur contents. Beneficiation studies
to date have not produced economically acceptable results. Combustion in
fluidized beds is a relatively new technology that promises to allow use of
such coals with no environmental or efficiency problems. As long as the
quality is usable, the significant future use for coal in Pakistan is as fuel
for thermal-electric-power generation and brick-making. The large quantities
of coal required for these purposes have not yet been demonstrated by
exploration.

KnoWn Coal Resources of Pakistan

Coal is known in 23 different coal fields, areas, and occurrences in
Pakistan (fig. 1). Some of the known coal fields have been exploited for more
than 100 years, and some of the fields that are expected to be increasingly

important in Pakistan's energy future are still in the early stages of
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exploration. The total potential coal resources of Pakistan are estimated as
1,000 to more than 2,000 million tons, and recoverable reserves as
approximately 800 million tons (table 2). Both estimates are conservative but
cannot be significantly improﬁed without large amounts of definifive

information that can be created only by well planned exploration activities.
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INTRODUCTION

In the world as a whole, coal is second only to 0il as a major energy
source and supplies 28 percent of its needs. . In Pakistan, however, coal
furnishes only 7 percent of the commercial energy used by the country. O0il,
most of it imported at a cost of about $1.4 billion in foreign exchange per
year, supplies almost 40 percent of the nation's energy, and indigenous gas, a
diminishing and subsidized resource, supplies about 35 percent. The energy
requirements of the country are swiftly exceeding, by larger factors each
year, the presently available energy supply. The energy future of Pakistan
will be bleak and expensive unless the energy supply mix is changed.

Changes in the energy supply mix will have direct beneficial effects on
Pakistan's economy. Decreasing the relative amount of energy supplied by
imported o0il (the cost of which is eguivalent to half of the total export
earnings of the country) while increasing the relative amount supplied by
indigenous coal would favorably affect the country's foreign exchange and
international loan situation while increasing employment and creating
opportunities for business expansion in and near the nation's coal fields,
which are widespread throughout the country and generally are not close to
existing urban areas. Even at the present low production rate, as many as
40,000 people are directly employed in the coal-mining industry and as many as
200,000 people are indirectly benefitted.

Whether these changes take place or not is dependent on the Government of
Pakistan's coal policy. Until the Sixth Five-Year Plan, no such policy
existed., The Sixth Five-Year Plan expressed a national energy policy that
included the objectives of arranging inter-fuel adjustments so as to minimize
import dependence, preparing for growing self reliance in energy in the
Seventh Five-Year Plan and beyond, developing indigenous resources of energy,

intensifying the search for undiscovered resources, and evolving mechanisms

12



for greater participation of the private sector in meeting the energy
requirements of the nation. The Sixth Plan recognized that increased use of
indigenous coal could assist in the attainment of these objectives. To date,
these objectives have not been fulfilled, although advances have been made due
to national awareness of the benefits of using indigenous coal. A consensus
was recently reached at the First Pakistan National Coal Conference in Karachi
(February 1986) to promulgate new legislation which would promote coal as a
major energy source in Pakistan.

An impediment to utilization of coal is the absence of a reliable data
base on the location, quantity, quality, and other factors of the indigenous
coal resources. Further coal exploration is required to remedy this
information deficiency, so that development and utilization of this vital
energy source may proceed.

This report attempts to provide a framework for a national coal
exploration plan. The broad objectives are:

1. Preliminary assessment, based on available information, of the

geologic nature and economic potential of known coal areas of
Pakistan with emphasis on determination of the amount, type, and
distribution of information needed to allow planning for development
and utilization.

2. Preparation of preliminary and/or detailed geologic exploration plans
to remedy the identified data deficiencies. To the extent possible,
plans will be proposed in the normal sequential exploration stages so
that creation of information proceeds in an orderly manner with
built-in review and decision points.

3. The exploration plans will include preliminary estimates of overall
cost implications, manpower needs, and timeframes for the required

investigations.
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4, The plan will identify required needs in personnel training,
institutional support, and governmental practices so the plan may
produce the desired results.

5. Facets of coal-use planning that require further action or study
beyond the scope of this document will be noted. Included are such
problems as fragmented mineral rights and transportation needs.

6. The necessary divisions of responsibility for exploration and
development activities between various types of organizations and
agencies will be addressed. The necessary roles of basic and applied
research in exploration activities will be described.

7. The plan will be presented in a format usable to those with
responsibility for planning and managing the energy future of
Pakistan.

Background Studies

Two major studies bearing on the expressed objectives of the national
energy policy have recently been completed. Chemical Consultants (Pakistan)
Limited of Lahore and Karachi completed a comprehensive "Feasibility study on
the utilization of coal in substitution of other fuels" in January 1985 for
the Ministry of Petroleum and Natural Resources, Government of Pakistan. The
six-volume study included summary-type estimates of the theoretical and
recoverable resources of the Pakistan coal fields, all based on existing
information and not categorized by thickness or overburden except in a general
way. The results of other studies, such as the potential for coal
substitution in industry, the minability of the coal in different fields, coal
beneficiation, analyses of samples collected during the investigation, and
consideration of various utilization, storage, handling, and transport

possibilities also were presented.
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In February 1985, Energy Development International/Price Waterhouse
completed a study of "The coal industry in Pakistan: requirements for
growth." A wide range of considerations, from concerns about the state of
resource knowledge and exploration activities to assessments of economic,
technologic, and institutional factors, is addressed, and proposed actions to
assist in solutions of the perceived problems are presernted.

The Proceedings Volume of the First Pakistan National Coal Conference
contains the texts of 52 formal papers and addresses, plus rapporteurs
reports, that were presented during the meeting of February 22-26, 1986, in
Karachi (see Khan and Pelofsky, 1986). This highly successful conference was
attended by more than 600 people representing government, industry, and
financial and educational institutions from 23 countries. Some of the
individual contributions presented in the Proceedings Volume are subsequently
cited in this report and the reader is urged to consult this relevant volume.

The three cited reports, plus many others that are available, address in
depth coal-related considerations and problems that are only briefly
addressed, summarized, or alluded to in this report, either because they are
not within the direct scope of this report or because detailed discussion
would be repetitive and redundant.

PAST AND FUTURE DEMAND AND UTILIZATION OF COAL

Past Demand and Uses of Coal

In 1947, when Pakistan became an independent nation, the annual coal
production was about 350,000 tons. The main producing areas were the
Makarwal, Salt Range, Sor Range-Daghari, Khost-Sharig-Harnai and Mach
fields. Much of the coal produced today is still coming from the same fields
but significant quantities are now also beinghproduced in the Lakhra, Duki,

Meting-Jdhimpir, and Pir-Ismail-Ziarat fields.
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Small shifts in utilization have occurred over the years. For example,
20 years ago coal was used to make fertilizer, and production of briquettes
was about six times as large as today. However, the loss of these markets was
probably scarcely felt because the brick-making industry has increased
severalfold over that same timeframe and the demand for coal increased with
that growth. Total coal production in Pakistan in fiscal year 1984-85 was
estimated to be about 2 to 2.3 million tons. Brick-making presently uses 80
to 90 percent of the annual production. As much as 140 thousand tons of coal
are supplied to railroads, 5 thousand tons or so are used to make briguettes,
30 to 40 thousand tons are used in the 15 MW electric-generating complex in
Quetta, and the remainder is used for lime-burning and other process heat and
domestic and industrial heating.

Future Demand and Potential Uses of Coal

The Sixth Five-Year Plan and many subseguent policy expressions stress
the need to meet rapidly increasing energy requirements of the country and the
need to satisfy the increased energy requirements from indigenous energy
sources to the extent possible. Coal is recognized as an indigenous energy
source that might meet some, or many, of the energy requirements of the near-
and long-term future.

Table 3 presents projections of possible coal demands based upon
forecasts and reasonable assumptions, which are discussed and described in
following sections of this report. The basic assumptions used to create table
3 are believed to be realistic and the results are presented in ranges that
should encompass the future coal requirements of the country. The table shows
that generation of electricity could require half of the countries coal
production by 1993 and for the foreseeable future beyond that, and that by
1993 Pakistan's coal demands could exceed the present annual production by 2.5

to 4 times.
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Two other scenarios of coal demand in 1993 have been developed
independently by the Task Force on Coal for the 7th Five Year Plan (written
communication, March 1987). Comparison of the estimates for 1993 shown in

table 3 and created by the Task Force show a general agreement on future total

demand.
Comparison of 1993 coal demand projections
(thousands of tons)
Task Force Task Force Table 3
Scenario 1 Scenario 2 Average
(constrained) (recommended)
Electrical Power 1,365 2,157 3,850
Cement Manufacture 250 100 190
Brick Manufacture 4,445 5,434 2,500
Other uses 526 804 450
Total 6,586 8,495 7,000L/

1/Range 4,800-9,200.

The obvious differences are in projections for electrical power
generation and brick manufacture but the totals are not significantly
different.

Electric Power

Electrical energy need exceeds the avai]abie supply in some parts of
Pakistan now, and "load shedding” with all its deleterious industrial and
social effects is now a routine occurrence in those areas.

Table 3 assumes that the electrical generation capacity of Pakistan will

increase from its present 5,000 MW to about 9,000 MW by the end of 1993, to
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about 12,500 MW by the year 2000, and to about 20,000 MW by 2015. It is
further assumed that a 1,000 MW generating station requires about 5.5 million
kilocalories of heat energy annually, and that 10 to 25 percent of the
required heat energy will be supplied by indigenous coal after 1993. While
these assumptions are deliberately crude, refinement would not significantly
alter the basic relationships shown in table 3. Regardless of the exact
magnitude of future thermal energy needs, it is inevitable that the electric
generating capacity of the country must increase. If coal is to supply even
as little as 10 percent of the future energy requirement, large sources of
minable and usable coal will have to be identified by exploration activities
prior to development and utilization.

Consequently, quantity of coal is the major consideration as 1ong-as the
quality is acceptable and predictable. The average (presumably run-of-mine)
coal quality predicted by Water and Power Development Authority for use in the
prdposed Lakhra power-plant complex is 32 percent moisture, 24.7 percent ash,
5 percent sulfur, and 5120 Btu/1b. If the Lakhra complex can operate
successfully on coal of this quality, the basic quality factors for coal to be
used in new steam-electric generating installations in Pakistan will have been
established.

Bricks

There appears no reason to forecast a change in the energy needs of the
brick industry. Coals of relatively poor quality (high ash and high sulfur,
both in a wide range) can apparently be used successfully, and it is probable
that the major requirement for this use is the need for the largest amount of
Tump coal possible. However, the brickmakers do recognize quality differences
and the price they will pay for coal depends on the heating value, "age", and
"source". According to Energy Development International/Price Waterhouse

(1985), heating value is presumedly related directly to origin of the coal,
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with Baluchistan coal regarded as highest; "age" means time in stockpiles
since mining, because low rank coals fall into small pieces and dust and may
decrease in heating value; and "source" because coals from differenf areas
produce differently colored bricks, and some particular colors may be required
by a particular market. There is no obvious alternative fuel to coal even
though small amounts of natural waste and other plant material are reportedly
being used in some places where the economics allow such substitution.

In response to the general economic growth of the country, the demand for
coal to make bricks is expected to continue to grow at a 2 to 5 percent annual
rate over the foreseeable future. Based on this assumption, table 3 shows
that the brick industry will continue to require a substantial portion, from
20 to éO percent, of future coal production.

Cement

Most of the coals of Pakistan are of high sulfur content and much run-of-
mine product has a high to very high ash content. Pakistan coal, from such
disparate sources as the Sor Range and Salt Range coal fields, was used for
cement manufacture in the past. With the present plants and requirements for
high-quality cement, local coal would probably have to be blended with Tow-
sulfur imported coal or o0il in a ratio of 40 to 60 before it could be used in
the cement industry (Nawaz, 1986) unless beneficiation of these coals becomes
feasible and economical.

Table 3 embodies the following assumptions; the annual production of
cement clinker will remain at about 5 million tons through the year 1993 and
no coal will be used until 1990; cement clinker production will increase to
about 10 million tons by the year 2004 and to about 15 million tons by about
2015; indigenous coal will supply about 10 to 20 percent of the required heat
energy in 1993, 25 to 60 percent in 2004 and 40 to 100 percent in 2015; the

heat energy required per ton of cement clinker is about one million
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kilocalories and the coal used has about 4 million kilocalories per ton.

Table 3 shows that coal used for cement production could eventually comprise
as much as 10 percent of annual production, The fact that the coal would be
substituting for other fuels such as gas or 0il is perhaps of more significant
importance.

Qureshi and Rizvi (1986) 1ist seven factors of prime importance to
precede coa]-firing in cement plants. The first three, which are directly
dependent on the success of this exploration plan, are: at least 20 years
reserves of the prospective coal, based on detailed geological exploration and
assessment; assured, predictable quality with minimum variance in chemical and
physical characteristics; and development of the mines needed to supply the
additional coal.

Briquettes

Briquettes have been produced for over 40 years in a plant at Quetta,
primarily for the use of the armed forces. Production has declined to
approximately 5 thousand tons annually and the plant operates only a few
months of the year. The coal used is from the Khost-Sharig-Harnai field, is
weakly caking and is briquetted without binders using heat and pressure with
the assistance of superheated steam. Tests show that other coals such as that
from Lakhra can be used to make briquettes. Market and other potentials are
being studied by PCSIR, PMDC, and private organizations (see Sabadell and
others, 1986; Asifullah, 1986; and Ahmad and others, 1986).

Table 3 is based on the assumption that briquette production will not
increase noticeably until 1990 or 1994 and that the coal required by the year
2015 will approximate 300 to 500 thousand tons annually.

Other Potential Uses
Other potential uses are as substitutes for gas as raw material and

thermal energy in the fertilizer industry and for process heat in sugar mills
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and other such processing plants. A recent survey by Chemcon, Ltd. 1985,
stated that coal cannot economically replace gas as a raw material but could
be used in practically all process heat and direct industrial heat
applications that were surveyed.

The amounts of coal used for "other", unspecified, purposes historically
represent the difference between the total of specified uses (such as brick-
making) and the estimated annual coal production. For the demand projections
listed in table 3, it was assumed that unspecified uses would approximate 0.5
to 1 million tons in the year 2000 and 1 to 2 million tons in 2015, with no
increase until the year 1991.

Because of the manner in which table 3 had to be created, the largest
"other" coal demand estimate was combined with the smaller estimates of
specified demand to derive the smaller estimated total annual production
demand figures, and conversely.

Total Demand Projections

The total demand projections shown in table 3 include projected annual
demand for every year between 1985 and 2015, even though not all years are
listed individually in the table. Consequently, the totals shown for
specified and other uses represent the amount of coal that would be required
to satisfy the assumptiohs discussed in preceding parts of this report. The
total/total shown, 240 to 510 million tons, represents a large part of the
recoverable reserves that have been estimated to be present in Pakistan on the
basis of incomplete coa1'resource investigations to date.

In general, because of the many limitations on minability and
utilization, a large ratio of coal reserves to annual production is
required. For example, the ratio of esfimated identified reserve base tonnage
to annual production in the United States is about 480 to 1. In Pakistan, if .

the recoverable reserves figure cited previously was completely equivalent
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(and it is not) to identified reserve base of the USA, the ratio would be Tess
(350 to 400) with present-day producton and would be hopelessly inadequate to
éupport a viable mining industry if the annual coal production of Pakistan is
to increase by factors of 2 to 3 times by 1993 or 7 to 15 times by 2015.

Limitations on Utilization

Location

At present, coal from Baluchistan and Punjab is used mostly to supply the
brick-making industry, which is largely centered in Punjab Province.
Obviously, transportation is possible over the existing railroad and highway
system. However, if the electric-generating needs of the country increase as
predicted, the location of the required large coal sources relative to the
point of utilization, such as a powerplant, becomes a major factor in
evaluating the economics of proposed facilities. Though the electricity
distribution gridwork of Pakistan can presumably allow establishment of
generating stations at most places in the country for use nationwide, the
desirable situation puts the large electric-generating plants near major use
areas or adjacent to large capacity grid segments and as close as possible to
the coal source to minimize the costs and problems of transport and storage.

In all other uses, the location of the coal supply relative to the
utilization point will increase in importance as the quantity of coal required
increases. The factor of location becomes particularly important as new
utilization installations are planned.

Quantity

Total demand projections show that, regardless of the exact estimated
quantities of demonstrated recoverable (reserve base) coal--and this is the
part of estimated resources that is required for development and utilization

planning and studies--the coal fields of Pakistan require much study to
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determine quantities of coal available to supply increasingly large gquantities
of coal required.
Quality

Quality factors for electric power generation and brick-making were
briefly addressed in preceeding paragraphs. A search for coals of Tless sulfur
content than is commonly present in most Pakistan coals might lead to
identification of coals in certain areas, or coals in certain beds in certain
areas, that could be selectively mined for use in such industries as cement-
making or briquetting where the sulfur content is of extreme importance.

Beneficiation studies of Pakistan coals indicate that the ash and sulfur
content cannot be reduced to desired levels without bringing about
unacceptable low coal recovery rates. In general, plans should proceed on the
basis of using the coal in the expected run-of-mine quality. Combustion in
fluidized-bed furnaces seems to be a technology applicable to the high-ash and
high-sulfur Pakistan coals because the fluidized bed functions with high-ash
material and can be operated so as to retain most or all of the sulfur in the
fluidized bed material instead of expelling it from the furnace as gases or
very fine solids.

Ownership Limitations

The complicated interrelationships between the public- and private-sector
financing, production, and marketing practices are addressed in the 1985
report by Energy Development International/Price Waterhouse. Many of the
identified problems relate to the relative size of areas undek prospecting
license and mining leases. As pointed out in that report, 70 percent of the
242 coal mining leases in the country are less than 750 acres (3 sg. km) in
size, averaging about 347 acres (1.4 sq. km). The situation for prospecting

lTicenses (coal is produced in license areas as well as lease areas) is

24



similar, with almost 73 percent of the 501 licenses being of less than 1,000
acres (4 sq. km) in size with an average of 600 acres (2.4 sq. km),

The following table shows the coal-bearing area required to supply
various sized electric-generating plants. The assumptions are: coal with an
average heating value of 5120 Btu/1b, so a 100 MW plant would require about
0.6 million tons per year; a recoverability ratio of 60 percent, so the in-
place coal requirement would be about 1 million tons per year; a plant-life of
30 years; and a coal bed averaging 1 meter in thickness underlying 1 sq. km

would have about 1 million tons of coal in-place.

Generating Coal-bearing area (reserves) needed
capacity (square kilometers)
(Megawatts)

Average coal thickness mined

0.5m 1.0m 1.5m
15 | 9 4.5 3
25 15 7.5 5
50 30 15 10
100 60 30 20
300 180 90 60

A1l of the assumptions are conservative; if the run-of-mine coal supplied
to the powerplant has more heating value, the area required will be less; if
recoverability is greater than 60 percent, the area required will be less; and
so on. However, regardless of the exact assumptions, two facts are clearly

shown: 1) mining leases and prospecting licenses of the average size (1.4 sq.
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km and 2.4 sq. km) are too small to supply any but the smaller size electric-
generating installations; and 2) blocks of identified resources of useful size
should be preserved, and perhaps granted, as a sing]é unit and not fragmented
as in present leasing and licensing practice. A system employing an approach
1ike the "logical mining unit" concept used in the United States should be
considered for future leasing in areas now undergoing exploration, such as
Sonda, or to be explored, such as Indus East and parts of the Salt Range.

The limitations placed upon "utilization potential" by the small size of
lease range from inability to enter into long-term contracts, because of lack
of resources, to the inability to justify the costs of improving mining
methods and health and safety standards. The problems caused by fragmented
inefficient-size license and lease-holdings will increase in the future as the
need grows for large assured quantities and qualities of coal for individual
installations, such as powerplants.

COAL RESOURCE EVALUATION

Coal resource evaluation goals are attained in a variety of ways. The
necessity for reliable, credible, internationally acceptable overall resource
evaluation is met with national summary assessment programs. The need for
geologically coherent resource understanding of coal regions is met with
regional syntheses that are based on available data supplemented by geologic
studies. The need for local resource information for planning specific
utilization projects is met by localized investigations that may start with
geologic reconnaissance and proceed through a series of increasingly detailed
exploration and development stages.

National Summary Assessment

Coal resource assessment has been defined as "A critical analysis based

on integrating, synthesizing, evaluating, and interpreting all available data
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aimed at judgment of the geologic nature or economic potential of the coal
resources and reserves of an area, field, district, basin, region, province,
country, state, nation, continent, or the world. An assessment differs from
an estimate, which is a determination of the amount of coal in an area. An
estimate or estimates may be the principal data used to assess the coal
resources and reserves of an area" (Wood and others, 1983).

The work plan for the Coal Resource Exploration and Assessment Program in
Pakistan recognized the necessity for coal resource assessment in a national
and international context by specifying that the principal goal of the
exploration and assessment element of the program (see Work Plan) "...is a
modern, comprehensive, internationally acceptable assessment of the coal
resources of Pakistan." In addition, description of the proposed plan for a
coal analytical system (See Work Plan) addresses the need to adhere to
standards acceptable to international banks, donor organizations, and resource
development entities énd companies. In both cases, the expressed concerns
reflect the need for coal resource assessments that are acceptable to planners
and financial managers in Pakistan and in the international funding agencies.

A national summary assessment of the coal resources of Pakistan should be
initiated as soon as possible. On a regional, field, and area basis all
available information should be gathered, organized, synthesized, and
summarized so as to allow systematic production of assessments (which usually
include detailed resource/reserve base estimates) that would be comprehensive,
detailed, and nationally and internationally comparable, and that were created
using philosophy, methods, techniques, criteria, definitions, and parameters
that are internationally understood, and accepted.

The summary assessment would be aided by up-to-date contributions frqm
exploration projects underway or planned for the near future. However,

initiation of a national summary assessment should not be dependent on
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completion of particular local exploration projects. The summary assessment
would be as complete as possible as of a certain date and, like all progress
reports, would be supplemented or succeeded by newer summary assessments at
some future date.

A national summary assessment focuses on gathering, organizing, and
synthesizing available data with the objective of producing a critical
analysis--involving economic factors--leading to an understanding of the
national resource/reserve base/reserve situation as of a certain date. As
such, it ordinarily delineates poorly understood geologic relationships and
identifies geologic problems that affect overall assessment. However, such
studies generally cannot be designed to actively contribute to understanding
of the relationships or solution of the problems they identify.

Regional Synthesis

Coal is found as a component of sedimentary rocks that accumulated as

unconsolidated sediments on ﬁhe surface of the earth under particular physical
and chemical depositional conditions. The type of sedimentary rocks that
-contain coal are generally very thin compared to the length and breadth of the
rock sequence. Consequently, areal considerations are pre-eminent and
assessment activities are commonly generalized as national, regional, or
local, depending on the size of the area and the scale and intensity of the
proposed investigation.

A coal region may be defined as a geologically and/or geographically
distinct area in which coal-bearing, or potentially coal-bearing, rocks are
known or believed to be present. A region ordinarily includes two or more
areally smaller entities that might be called areas or fields. To date,
relative terminology for the different coal-bearing areas of Pakistan has not
been standardized; most discussions are by field<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>