CHAPTER 4 ECONOMIC GEOLOGY
(Table 1, 3, 0, 13, 12,13, 14,35, 16 & 17. Figures 2,8, 11, 12, 13, 14, 15, 16, 17, 18, & 19)

41 Summary

The exploration and drilling programnie was undertaken from June, 1979 over 26 square
kilomelres area in the weslern part of the compact block of PAMDC’s licences measuring §2
square kilomeltres. SO dsill hotes (JT1 to 3T50) with a total depth of 5,203.06 meties were
dritted from June 27 to November 22, 1979,

In addition to the data collected through these 50 holes, the data of 3 holes (L18, 22 and 28)
with total depth of 334.36 matres executed by GSP, and 19 holes (P51, 2,4, 5,6, 7, 8,9, 10,
11, 13, 14, 15, 18, 19, 20, 22, 23 and 24) with (ofal depth of 1,844.93 metres drilicd by
PMDC were used for the evaluatlion of the investigated area. Coal and rock samples were
coltected and tesfed in the laboratory for determining quality and suitability of coal deposits
as fuel for power generation.

As previously mentioned, the coal seams hie in the Upper and Lower Coal-bearing Beds of
Lower Rantkot formsiion. The main coal seams which were previously called Lailian,
Dhanwari and Kath exist in Upper Coal-bearing Beds. The Upper Coat-bearing Beds contain a
maximum of 11 seams and Lower contains uplo 8 seams including thin and poor ones. The
seams have been grouped into zones depending on their mode of gocurrence, cock facies
bearing them, and other characteristics. Five coal zones have been recognized in the Upper
Coal-bearing Beds. They are referred as coal zone No. §, No. 2, No. 3, No. 4 and No.5 in
ascending order, in the present report. Simitarly, three coat zones — LE, L2 and L3 in
descending orders occur in the Lowee Cosl-bearing Beds.

It is veoy difficult to correlate the scams of the Upper Coal-bearing Beds due to following
12asons:—

I — Lack of key bed,
2 — Excessive lateral vaniation of rock facies,
3 — Existence of secondary altered rocks such as strata of ‘red zone’,

4 — Excessive 1atesal variation in thickness of coal seams, mingling and thinning. and fishing
oul.

taspite of this correlation has been atleimpted since in case of Lower Coal-beasing Beds it is
rathes easy {o correlate the seams. The Lower Shell Beds, which were affected by marine
transgression underkie the Upper Coal-bearing Beds. Moreover, No. 1 zone is persistent ahnost
over whole of the area. However, these is a possibility that different coal seams, particularly
inlesfingering coal lenses may be considered as one conbinuous seam.

Each coal zone occurring in the Upper Coal-bearing Beds could be traced, except in red zene,
by the piesence of catbonacecus matter in rock layers.

The coal seams belonging lo Lower Coal-bearing Beds are likely to continuee over the entire

area although the existence of confinuity could not be confirmed. 1t is expected that lurther
exploration will enable proper corretation.
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Thickest coal seam found in the Lower Coal-bearing Beds is 0.92 metre in JT39. Generally thin
coal seams in the area have not beén considered as seserve. Mostly each coal zone contains
more than one seams in the Upper Coal-bearing Beds, but it is difficult to evaluate them by
taking into account their real thickness for the open-cut and underground mining because of
different working heights in both the methods. The minimum workable thickness of minable
seamis are §.50 metre for open-cut and 0.75 metre in case of underground mining. The coal
zones No. |, 2 and 3 with minable seams spread over most of the area, while zones No. 4 and
5 are conlined onty in the wesfern partl of the basren area. Maximum workable thickness of
seams reaches upto 3.0 metres. The northesn part and an area in the western parl are cither
barren or consist of thin s2ams, which can not be mined.

4-2 Detailed Descriplion of Coal Zones.
4-2-1 Lower Coal-bearing Beds

The coal scams are classified into zones L1, L2 and L3 in descending order based on confirmed
data although the whole area has nol been explored for the Beds and theis bottom could not
be studied properly. The seams are thinner and less significant than those of the Upper
Coal-bearing Beds. Most important seam is only 0.92 metre thick found in drill hole JT39.
Total number of seams encountered in the Beds are 8§, bul none of the seams are considered as
reserve, because of low quality, poor thickness and insufficient data.

(1NN Coal Zone L3

The zone oceurs in driltholes JTI12, JT13, 3739, and JT50. It has been confirmed to be the
oldest in the Beds It contains 1-4 thin and insignificant seams of bad coslfcoaly shale ranging
in thickness from 0.10 to 0.40 metre. Shales and claystones are main rock units of the zone,
which is from trace to S metres thick.

Roof of the zone consists of shale, siltstone and sandstone, whereas the floor comprises of
shale, claystone and siltstone. Depth of the zone as encountered in drill holes is frem 105 to
130 mietses from the surface.

(2) CoalZonc 12

The zone has been encovntered in 9 driltholes ITLIL, 18, 20, 28, 33, 37, 45, 49 and PS15 in
addition to above mentioned 4 dsitl hotes {(JT12, 13, 39 and 50). 1t lies 5—23 melres above the
zone L3, and also consists of 1-4 smatll seams of bad coal {o black shale ranging in thickness
from 0.10 to 0.92 metre. The zone itself is from frace to 4 metres thick. It is composed niosily
of claystones, which also form the roofs and floors of coal seamis. Immediate roof of the zone
consists of sandstone, silistone and shale, whereas the Noor is made up of sitistone, sandstone,
shale and claystone. bts depth ranges from 83— 120 metres as encountered in deill holes. Some
samples were collected from the dritt holes 3T, 13, 20, 28, 39 and 49 for analysis.

{3) CoalZonc LI
It occurs in 20 drill holes-1T6, 17, 19, 23, 42, 44 and 46, and the 13 holes in which zone L2

has been encountered. It lies 5 10 20 metres above the zone L2. It confains F—2 smatl seamis
of bad coalfcoaly shale ranging in thickness from 0.20 to 0.91 melre, whereas its thickness
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ranges from frace to 3.0 metres.

Immediate roof of the zone mosily consists of silistone, claystone and sandstone, while the
lloor is made up of slale, claystone, sandstone, and siftstone. Depth of the zone is from
70-122 metres from surface. Few samples of the zone were coltected from the cores of
drifl hotes JT13 and 1T4S for study in the Jaboratory.

4-2-2 Upper Coal-bearing Beds

They bear five coal zones, which have been intersected in all the drifl holes. All the zones from
No. | to No. 5 are well developed in the western part of the investigated arva. However, No. 4
and No. 5 zones are poorly developed in the ¢astern part.

As mentioned above there is either no coal or poorly developed insignilicant coal seams in the
northernt part and over a small area in the western past of the investigated area. Therefore the
investigated area is dividéd into small western block, and vast eastern arca, which is fusther
divided into two blocks — eastern and western lying sespectively to the east and west of the
fault Bi. Thus the coal bearing area is divided into three blocks — western, central and the
eastern. The minimum and maximum depths of coat scams in the blocks are as under: -

Block Minimum — Maximum depths (im)
Western 32 — 15
Cenltrat o0 — 126
Eastern 43 — 107

(1) Coal Zone No. |

It is the oldest zone of the Upper Coal-bearing Beds, and consists of 15 seams ranging in
thickness from 9.2 to 3.0 metres. The zone itself is from 0.2 to 7.0 metres thick.

Besides coal seams, the zone consists of shale, claystone and occasionally siltstone and
sandstone. Roof of seams consists of shale, claystone and sandstone, whereas the imniediate
floor is constituted by shale, siltstone, claystons and sarely sandstone.

The zone varies in thickness lovally but it exteads over the entire area. It appiaaches gradually
towards No. 2 zone and finally merges into it on the eastern side of the lines of JT33-1T14,
JT28-PS7,3722-5T29, )T1 2-0T24, and S125-)T26.

Coal secams of the zone could be correlated with Laitian and Kath scams.

{2) Coal Zone No. 2

This zone merges into zone No. 1 on the eastern side, but lies 1.0-13.5 nielres above it in the
westera part of the invesligated area. 1t bears | o 4 scams ranging from 0.1 to 2.9 metres in
thickaess. lts thickness s 0.1-8.0 metres. It consists of shale, claystone, siltstone and
sandstone between the scams. Roof is rostly composed of silistone, shale, sandstone and
rarely claystone. Loose sandstone appears in the roof towards east. Theretore, much altention
should be paid on salely lor underground mining. Floor rovks gencrally consist of siltstone,
chaystone, shale and rarely sandstone. The zone persists in the entire arca, but the coal scams
thinoutin the barren portions. Its seams can be vorrclated with Lailian and Dhanwari.
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{(3) Coal Zone Ko 3

It is well developed in the eastern part. Save few places where it becomes thin and bears coaly
shale, the zone is irdy persistent after No. 1 and No. 2 zones. {t lics 1 {o 21 metres above the
zone No. 2, and conlains 1-3 seams, which are from 0.05 to 2.56 metres thick. s composite
thickness has been noled from 0.05—4.5 metres. Coal seams in the zone are intertbedded with
shale, claystone, siltstone and rarely sandstone. Their roofs consist of shale, siltstone and

sandstone, and floors — siftstone, claystone and rarely sandstone. The zone ¢an be correlated
with Laiftan or Dhanwari scams.

(1) Coal Zone No. 4

It is fairly developad in the western block, but the seams are nel important (rom mining point
of view. It Ties 1—10 metres above the zone No. 3, and bears 1-2 coal seams ranging from
frace to 1.} melresin thickness. it comprises of shale, claystone, siltstone, and sandstone all of

which form the roofs and Noors of coal scams. The zone can be correlated with Dhanwari
SCant.

(5) Coal Zone No. §

The zone, exceplin the wesiern part, is poorly developed. 11 5es 3 to 27 metees above the zone
No. 4. 1 contains only one voal seam from lrace to 1.2 melres, which alsois the thickness of
the zone itself. Ja ihe central and eastern blocks the seam is replaced by siltstone and
candstone wilh some carbonaceous material. The roofl and floor of the seam consists of
siltstone, shale and sandstone. Also the roof of the zone is the top of Upper Coal-bearing Beds.

4-3 Studies for Coal Quality

Many samples were collected from the cores of 50 drili holes exccuted during the course of
work. Amongst others they include 189 samples from the coal seams and thin pastings, and 32
samples from the thick partings. Tests and analyses have been casridout in Japan to delesmine
proximatc constituents, calorific value, total sulphur and specific gravity of the 189 samples on
air dried basis. Also 24 samples, and 11 combined samples {prepared by mixing more than 2
samples from the batch of 189) were tested for incombusiible/combustible ,organic and
inorganic sulphur content, ash fusion temperature, uitimate analysis (dry ash free basis), ash
amalysis and Hardgrove grindability index. 32 samples from the thick parlings were tested for
determination of moisture, ash, total sulphur and specific gravily on air dricd basis.

In addition to above 10 samples were subjected to float and sink, 2nd spontancous
combustibility tests. Furiher, 11 combined samples, each with more than 2 oniginal samples,
were also checked for moisture and swiphur content. The analytical data were affected by
moisture content. Therefore, the data were caleulated on dey basis loo.

4-3-1 Coal Characteristics observed Megascopicaily
The seamns belonging to Ranikol formation confain mostly liznite and rarely sub-bituminous
caoal in rank. Coalification dovs not depend on the stratigraphival depth as the characleristics

of seams in Upper and Lower Coal-bearing Beds appear lo be same megascopically. Colour of
coal is dark brown to dull black, sometimes bright black. Some coal samples are rather hatd
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immediately after the core sampling, but they generally crumble and become powdery and
friable like shale after the exposure to air. In geacral partings of coaly shale, shale and
claystone are harder than coal.

A number of grains, crystals and fitms of pyrite and marcasite are ircegularly distributed in the
scams. Gypsum veins are also common generally along and paraliel to the foot wall. Some coal
seams are fairly ressinous. Intercalations of fine grained sand, silt and clay in the shape of pipe.
patch, lense and lamination have been noled in quife a few seams near the roof. These
impuritics bear upon the quality of coal.

4-3-2 Qualily of Coal

The proximate analysis and measurements of ¢alorific value have been undertaken on air dried
basis. Results are detailed in Tables 10 & 12, Analyticat data of coal for resenve calcutation on
air dried, and dry (moisture free) bases are given in Table 11, (The moisture content of samples
decreases considerably from 30 percent (PMDC, 1976) to 5.5 to 14.0 percent when docd in
air) 1t is difficult to fix the fimits of ash content and calorific value for the uselul coal.
Assuming that the minipum desited caloritic value is 3,500 kealfkg en air dricd basis (1,600
keatfkg or 6,300 BTU/Ib on dry basis), the ash content of the coal would be around 35 percent
(37.5% on dry basis). The minimum ash content of Lakhsa coals is 7.6 percent (8.7 on dry
basis) with the calorific value of 5,860 kcalfkg (6,690 kealfke or 10,550 BTU/Ib on dry basis).

The total sulphus content is fairly high i.c. 3.3 to 18.1 pereent (3.7 to 19.87%% on dry basis).
The ratio of inosganic to osganic sulphur is 66 to 34. Thus the inorganic sulphur is higher than
osrganic sulphus. According to the ultimate analysis on dry ash free basis the composition of
coal is as under.

Carbon  58.57% — 72.4% Hydrogen 4.5 — 5.8
Oxypen  14.4% - 22.37% Nitrogen 0977 - 1.4%%

Sulphur  2.47% — 1674

Regarding the ash fusion it has been detesmined that the initial deformation’s temperature is
1,250 — 1,425°C, hemispherical from §,300° — 1.450°C and flow 1,350° — 1.450°C or more.
Haedgrove grindability index is measured from 39 to 88 (97 for coal in zone LY in the Lower
Coal-bearing Beds) which is favousable for use in boiler.

The ash consists of following constituents.

Fe, Oy 17.30 — 70.76%
50, 193 - 7.47%%
$5i0, 80 - 4142% (relatively small)
AL O, 949 - 2880% (relatively small)
Ca0 1.29 — 12.54%
N2,0 0642 — 2.38%
MgO 093 — 500
X,0 0.33 - 1991
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Specific gravity of coals with different ash contents is as under-—

Specific gravity Ash
{5 200%
1.7 35%
244 Thick partings in coal seams

The minimum specific gravity is 1.31

Alter reviewing the above dalta it has been observed that Lakhra coal in the investigated area is
suilable for powes generation though it has high ash content and is liable to spofitaneous
combustion. Iso-ash maps, iso calerific value maps, and 15o-sulphur content maps of important
seams of the coal zones are showa in Fig. 11, 12, and 13. The No. 1 and No. 2 zones mesge in
the eastern part of the area. Therefore, separale isograde maps are deawn for these zones in
the western pasl, whereas in ¢astern pael the maps have been prepared only for the minable
seams by taking their average thickness.

The coal seams with following characterislics have not been considered while calculating
resenves:-- (a) Coal seams fess than 0.5 melre thick (b) low ratio of coal thickness to thickness
of zone (¢) poor coeal with calorific value less thaa 3,500 kealfke.

The iso-grade maps will have to be revised depending wpon the results of mining feasibility
study, which would decide the mining methods (open-cul and underground), and the working
heights.

$-3-3 Washability

During the cousse of exploration it was noted that the qualily of coal varies widely, and
sulphur content was high. Keeping this in view 10 typical samples were taken from the drilting
cores for studying the washabitity. On these samples Moat and sink tests were carriedout. Each
sample because of small quantity was crushed under 10 mm size. The tests were earriedont
with solution of 1.30, 1.35, 1.40, 1.50 and 1.60 specific gravity. The results of teslts are shown
in Table 13, sheets 1-11, and washability curves in Fig. 14, sheets 1-11. The Table 13-) lfand
Fig. 14-11 show composite data of all the 10 samples.

The raw coal ash content for the washabilily lests fluctuates widely from 9.41 to 33.69
percent. Therefore it is considered that high specific gravity and high ash confent materials,
such as plus 1.6 fraction in each raw coal sample vary widely from 7.3 €0 50.6 percent. Aflley
feviewing the specific gravity of coal portion, it is clear in general that the infermediate
{fraciions belween 1.3 to 1.6 in specific gravily are more comnion in the raw coal. Accordingly
ot s diffrcull to beneliciate the raw coal with a mediwm having low specific gravily. Moreover,
charactedistics of this coal indicate that the ash contents in each fraction upto 1.8 specilic
gravity resemble each other. This also suggests that the ash reduction by low specilic gravity
medium will pot be aaticipated so much.

For example in €ase of the separation of raw coal by float and sink tests with medium of 1.6

and 1.8 specific gravity, the clean coal ash content, yield and the near gravily matenials are
shown in Table 14,
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Table 14 Compasison of separalion

Specific gravily of separation medium 1.6 1.8%
Raw coal ash % 19.7 19.7
Clean coal ash % 92 120
Calorific valug (Clean) kcalfkg 6,556 6,293
(dry basis) (dey basis)
Yield % 73.2 822
30.1 near gravity % 12.3 1.5

* estimated from washability cusves

In the above Table, it appears that when cleaning af 1.6 the near gravily material is over 10
percent, and the washabilily is somewhat difficall and yield is lower, but while cleaning at 1.8
the near gravity matesial is improved fo around 7 percent, and the washability indicates a
simple and good separation so that it can be satisfactorily cleaned with a Jig washing sysfem
and the clean coal yield will be incceased upto 80 percent.

Although this method will give a slighily higher ash content and lower calosific value, the
middlings of this coal will give good results and can be ulilized effectively. 11 is therefore
desirable to beneficiate with 2 medium of 1.8 specific gravity by using Jig washing system.

Generally, Lakhra coal has high sulphur content. Pynite in tofal sulphur indicates high values
such as 50 to 60 pescent. 1l is anticipated that the considerable postion of the pyritic sulphur
in the raw coal will b2 reduced by washing. The tests indicate Thal the telal sulphur at 6.84
pereent in the raw coal will be reduced to 4.24 percent in the clean co2l, and the average rate
of removal will be 38 percent.

The results of tests showing sulphur content in the raw and clean coal samples dre detailed in
Table 15.

Table 1S Sulphur content and removal rale

Sample Total Sulphur % Removyal
Raw Coal Clean Coal * Rate % -
JT 5-§ 6.70 388 423
T 7-5 9.50 7.3 231
J124-1 13.21 1.30 44.7
1129-1 1443 8.10 439
JTioA4 8.02 5.72 288
JT34-7 10.00 586 41.4
JT45-1 5.10 3.27 359
Average 92.57 592 381

* Separation medium with less than 1.8 specific gravity

After the resuits of mining study and design of bo;le: for the power plant, the washability for
the Lakhra coal will be studied in delail.
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4-4 Mining Conditions

For open-cut mining sirip ratio, hardaess of overburden materials and slope stability are the
main factors, which should be considered, whereas for underground mining confinuily of coal
seams, charactesistics of roof and floor rocks, and structure are important.

4-4-1 Characteristics of Roof and Floor Rocks

Most of the immediate roofs and [oors in the investigated area consist of clay, shale, and
siltstone, which are very fine grained rocks, but sometime sandstone replaces them. Claystone
and shale are favourable as roof of coal, whereas sofl and loose sandstona is unfavourable as it
can ¢asily cave in and may cause some accident. The areas, where such poor types of roof
conditions exist, could not be recommended for underground mining. From the mining point
of view il is desirable that these should be more than 2 meltres thick claystone, siltstone, shale
or relatively hard sandstone interposed belween the loose and friable sandstone il it occurs in
the roof rocks, and the coal seam to be mined. In consideration of this the eastern and central
blocks of the investigated area, where loose and friable sandstone exists along the immediate
roof could not be recommended for underground mining. Therefore, underground mining is
very limited in the inwesligated area. Only coal zone No. 1 can be mined {0 a considerable
extent spreading over alimost whole of the central block. Furthermore, if the open-cul mining
15 considered for the castern and central blocks, the strip ratio will be more than 1:10.

Regarding the characteristics of Noor, it is experienced hat loose sandstone dovs not pose

serious problems exvept the sinking of supporls into the Noor. Presence of shale or claystone
in Moor gencrally causes rock swelling.

4-4-2 Thickness and Characteristics of Overburden

Stiip satio is calculated as coal weight [working height (m) x specific gravity ] per unil area
divided by volume of rock (m?) per unit area above the coal.

Generally smaller strip ratio is more suitable for open-cut mining. The overburden rocks
consisl of Laki linestone and Basat Laki laterite of Laki geoup, Upper Shell Beds and Upper
Coal-bearing Beds of Ranikot formation, which consists of sandstone, sittstones, claystones

and shales in the investigated area. The southeastera part of the area lacks limestone and
laterite.

The results of sock tests are discussed in chapter 6. However, uniaxial vompressive strenglh of
limestones is high and the values range widely. The results of rock tests for limestone,
sandstone, sitstone and claystone are shown in Table 16.
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‘Table 16 Rock Test

- _—_S;;iﬁc Porosity y # | Tensite
Rock Gravit o, Ss.wpyv. U.CS. | Strength
) y ) mfsec kglem? )cgfcm’
Limestone 1.93 - 57.61 - 2,650 - 1225-1 61 -
259 353 5,250 957.3 70.5
Sandstone 1.70 - 6098 — 1,010 - s2-} 40 -
2.39 19.96 4,160 3230 | 245
Silistone and Clay 1.79 - 6520 - 885 - 92-1 39 -
2.43 2913 1,550 3126 13.1
R 269t - 520+ - 4890 - 1,142.3 -] 672+ -
2.65 6.74 5,470 1,7804+ | 890

& Propagation velocity of super-sonic wave

A Unaxial compressive strength
844 Compact and hard sandstone ..... very rare and very speciat

The shailowest overburden is 32.56 metres over zone No. 5 in ITI10. The thickest overburden
is 12092 metres over zone No. 1inJT126.

As previously mentioned, many coal seams lie in the western block with low strip ratio upto
1210 (average 1:8.24), while to he east the ratio calcutated at 1:13.04 is slightly higher,
because of 1ack of a number of coal seams.

The strip ratio in the central block, particutarly in the southern porlion, is over 1217 because
of thick overburden. Therefore, at present, open-cul mining in this area is uneconomic. The
fatio in the northern portion of the central block is also high (average 1:15.67).

4-1-3 General Condition of Water, Gas and Combustion

(1) Water Drainage and Gas

According to PMDC report, formalion waler is very littte, and there will be no water problem
in underground mining. However, for open-cul niining much altention should be paid on rain
water during rany season. Gas emission is also reported to be very litlle. Therefore, no series
problem will be aced during mining.

(2) Spontaneous Combustion

It is evident from the past experience that Lakhra coal is liable to sponlancous combustion.
The tests for the spontancous combustibility were carricdout after the blending of 10 samples
which had been used for the 1toat and sink tests.

Proximate analysis of the samples shows inherent moisture 9.4 percent, volatile matter 36.1
percent, and calorific value 6,930 kealfkg on dry basis.
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TABLE 17 - 1 SUMMARY OF COAL SEAMS IN FACH DRILL HOLES (1)
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TABLE 17-2

SUMMARY OF COAL SEAMS IN EACH DRILL HOLES {2)
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TABLE 17-3 SUMMARY OF COAL SEAMS IN EACH DRILL HOLES (3)
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Ultimate analysis indicates carbon 68 percent, oxygen 16.1 percent and total sulphur 6.98
percent on dry ash free basis. On the basis of above analytical data, Lakhra coal is classified
into lignitz wilth low coalification. Therefore, this coal is casily oxidized and Hable to
spontancous combustion. Besides the contenl of pyrite in total sulphur is high ranging from
50-60 percent, and its presence activates the spontancous combustion. As a result of the
oxygen absorption test it has been determined that the K value, the absorption speed of this
coal is 1.21 (O, generation 0.208 cofgramfhour). The K value is much higher than that of
general sub-bituminous coals and it is considered that this coal is combuslible spontancously.
The coal also gives 0.0395 cefgramfhour CO,, but it is difficul to judge the spontancous
combustibility from the amount of CO, only. During the tests under tem perature conducted
in a vacuum flask, it is noted that the temperature rises 14.6°C at a condition of inherent
moisture of 9.2 percentl. This shows higher tempesature rise than other coals under the same
condition, thus has much possibitity for spontancous combustion. After drying the coal samph
to 3-5 porcent of inherent moistuse the temperatuce of coal rises uplo 25--30°C.
Consequently the ceat witl be liable to combustion.

The thermal conductivily of coal is 0.131 kcal/m.hr°C at 9.2 percent of inhesent moisture, It
is generally considered that when thermal conductivity of coal lowers, the coal gives off some
heat from the katent heat and it becomes combustible Tinally. Whea the coal is dried to 3--5

percenl mherent moisture, its thermal conductivily decreases to more dangerous range ol
6.67-0.09 kcal/m.hr.°C.

The relative ignition tempesature of this coal is fow ie. 172.3°C.In general there is a relation
between relative ignition femperature and carbon or oxygen content, and the temperature is
low for the coals low in rank and coalification, bul this cannot be applicd in all the cases,

because it is somelimes impossible to judge the sponfaneous combustibility only from the
relative ignition lemperature.

On the basis of above tests for spontancous combustibility it has been proved that Lakhra coal
is liable to spontancous combustion and therefore some countermeasures should be taken.

4-5 Coal Reserves

As mentioned above the investigated area is divided into three blocks — the western, central
and eastern blocks akso referred as parts in the report. Mining methods for each block will be
decided by mining feasibitity study and on the hasis of voal reserves. At this staze the resenvs
have been estimated on the basis of Tollowing factors and assumplions: —

a.  Thickness of coal seams,

b, Number of coat seams,

¢.  Condition of roof, and

d. Strip ratio.

The western and eastern blocks can e mined by opea-<ut method. amd the central by both
oper-cut in northern area and underground mining in southern area or entire blovk. Resenves

of coal in the eastesn block have alkso beea caleulated for underground mining only For future
reference.
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4-5-1 Coal Zone and Seam Thickness, Specific Gravily and Strip Ratio
(1} Coal Zone and Scam Thickness

A coal zone consists of either one coal scam or more iaterbedded with one or niore partings.

Its thickness is an ageregale of the thickncss of coal scam(s), and tolal thickness of impure coal
and interbedded rock layers.

Calentation of reserves is done by taking into account scam thickness including paréing. At this
stage it is presumed that the sfandard grade of co2l lo be mined by open-cul method would be
requised to have ash content under 35 percent, and calorific value over 3,500 kecalfkg on air
dried basis. Minimum workable seam thickness is assumed over 0.5 melre. The parlings over
0.3 metre would be removed at the time of stripping. Therefore, such parlings are omilted
from the thickness of minable seams.

la the underground mining area, the resenves have been calsulated for cozl seams over 0.75
metre. However, thin coal scams ranging in thickness from 0.5 to 0.75 metre have also been
considered for the calculation of tolal reserves only for reference.

The standard coal grade for underground mining is same as in case of open-cut mining.
(?) Specific Gravily

Apparent specific gravity of all the 221 samples has been mecasured. In calculation of coal
reserve specific gravily of group seams, which can be mined togethes could be determined for
each sample, but in this case specific gravily of each seam or group of seams wilt be differeat
and in Mature it will ereate problem in calcutations if the sample is nol subjected 1o studies.

Therefore, for open-cul mining the average specific gravity determined for each block as under
is suggested (o be considered:—

Western block 1.56
Centsal block 1.54
Eastern block 1.49

It is also sugzested that some safely coefficient may be taken. The standard specific gravity
taken for calcufation of coal resenes, and for estimation of stiip ratio is 1.50.

th the same way for underground mining the average specific eravity is 1.43 for the eastesn

block, and 1.50 for the central block. The standard specific gravity for both the area is taken
as 1.45

{3) Strip Ratio
Strip ratio is the amount of waste (m3) that must be removed to gain access {o unil weight
(metric ton) of voal. Economically, stfip ratio should be under 1:10 atthough it depends on

the natural conditions. The economical limil of strip ratio in the investigated area will be
examincd in mining feasibility study-
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4-5-2 Merhod of Calculation of Coal Resenves
Theoretical coat reserves = Seam thickness x specific gravily x existing area
Recoverable coal reserves = Theoretical coal reseve x geologic safely factor x secovery

Presently theoretical coal reserves are calculated by compulter. Geologic safety factos is based
on accuracy of the investigations and geological conditions such as faults, fluctuation in
thickness of seams, dip and conlinuity of coal seam, ele. In undesground mining safety faclor
of a2 ¢oal seam surrounded by gallery would be 100 percent, while in newly developed arca,
such as investigated area, it is 60 to 90 peicent gencrally.

Coat recovery depends on arlificial conditions such as mining technique, working method ete.
These condilions will be determined in the mining feasibility study. However, generally it is
from 50 to 90 percent.

If coal is to be washed, the reserves will be revised as the working height, and specific gravily
will ¢hange. Whether coal should be washed or not will be investigated atongwilh washing cosl
in the mining feastbility study.

4-5-3 Coal Reserves for Open-cut Mining

Coal reseves for open-cul mining are calculated separately for the westera, central (northesn
side), and eastern blocks. The boundary of the western and central blocks is barren area and
fault A, whereas the boundary of central and eastern block is fault Bl, and boundary for that

of notthern and southern parls in the ceatral block is given arlificially using the limit line of
1:20 stnip ratio.

Opzn cut-mining is suggested for these aseas due to the following reasons.

(1) In the western block there are many coal seams having thickness over 0.5 metee and
suitable strip ratio.

(2) In the eastern block underground mining is not advisable, because loose sandstone forms
roof of coal seams.

(3) The extension of coal secam is limited, and multiple seam nining is impossible, because
the extension asea of each seam is diffesent. Therefore in spite of higher strip ratio than in.
western block, the coal reserves in eastern block are calcutated for open-cut mining as wejl as
wnderground mining only for further references in fulure.

(4) The centsal block can be the undecground mining area, because No. | zone here enjoys

favourable roof conditions. However, its northern part, where the strip ratio is under 1:20, has

been evaluated for open-cut mining. The sclection of mining method will be made during the
mining feasibility study.

Coal reserves for open-cul mining are calculated on the basis of the strip ratios of 1:10 and
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1:35 in the western block, 1:17 and 1:20 in the centnal, and 1:12, §:15 and 1:20 in the
castem block. The results are shown in Table 18.

Open-cut mining is sol so restricted by natural conditions as undesground mining. Safety
cocfficient and recovery in €ase of open-cul mining are presumed (o be 80 percent and 90
percent respectively.

4-5-4 Coal Rescrves in Underground Mining {Table 19)

Underground mining is not so restricted by the depth of coal seam as in open-cut mining. On
the other hand it is much restricted by roof and floor conditions, continuily of seams, geologic
structure including faults, elc.

Dusing the present investigations it is found 1hat in some parts of the investigated area medium
to fine grained loose sandstone ranging in thickness from 1 to 10 metres occurs as roof vock.

1t is possidle 1that in underground mining. mechanized long wall mining method be cmployed
for mass production, but in case of above mentioncd condition it will be difficult to control
loose sandsione in roof, and it may cause problems.

it is, therefore, suggested that underground mining in such areas should be avoided if possible.

Keeping this in view investigations aboul the roof were camied out throughout the investigated
area, aad it has been confirmed thal in the eastern block no coal seam could be mined
extensively, bul the lower patts of No. I, No. 2 and No. 3 zones are minable over fairly farge
areas. The upper part of the zones is minable over a small area in the north of the block. The
coal seams do not overlap except in this norih-eastesn coiner. Therefore, undergrouand mining
may be difficult in the eastern block, bul because of rather high strip ratio for open-cut

mining, the reserves have also been caleulated for underground mining only for the purpose of
futare reference.

The central block is 2150 influenced by looss sandstonz. No. 2 zone is nol minable in the eatire
block, whereas No. I zone is minable extensively. and No. 3 zone is partially minable.
Therefore, the reserves are calculated in the central block for two purposss. First, for mining
the entire block by underground method, and the second to mine nerthern past by open-cul
and southen area by undesground methods.

Rezeves for underground mining are defaited in Table 190

When opencul mining will be applied o the eastern block, and the nosthemn past of the
central block, then only the soulhern extension of No.l zone may be the subject of
underground mining. Coal reseqves in this case are shown in Table 20.
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Table 20. Coal Reserves for Underground Mining
{Southern part of central block)

) o o _\%rkable Thickness {m)
3 Description 3.0- 2.5- 20- 1.5- 10- | 0.75-
2 2.5 20 15 10 075 | 050
Area (10°m?) 130 469 | 1,102 | 1,051 123 61
Average Workable 2.63 2.21 1.70 1.36 0.88 0.63
Thickness
Theoretical
15
Reserve (10°D) 496 s0s | 2711 | 2067 158 58
o | Sefety factor x 70x65 | 70x65 | 70x65 | 70x65 | 70x651 70x65
E Recovery (%)
6 Recoverable
|
Reserse (10°0) 226 685 ,234 940 72 26
Total Theoretical N -
Reserve (10°0) 496 | 2001 14712 | 6779 | 6937 | 6995
Total Recoverable . .
Reserve (10°0) 226 911 | 2,145 | 3,085 | 3,157 | 3.183

Underground mining as against the open<cut mining is affected by faults. Moreover,
underground mining is controlled by condition of roof and continuify of coal scam. Therefore,

recoverable resesves are calculated by assuming geologic safety factor at 7 percent and
recovery al 65 percent.

4-5-S Summary of Coal Resenves

Coal reserves for open-cut and underground mining areas are calculated separately, but in the
central and eastern blocks both the areas are overlapping. Therefore, suitable mining method

witl be chosen during the mining feasibilily study, and at this stage it is Jilficull 1o state the
coal reserves definitely.

Reseives under discussion have been calculated by assuming mining method, and combination
of opea-cul and underground mining. However, these reserves may be chianged by mining cosl,
strip ratio and working height which will be calculated during the mining feasibility study.

Reserves calculated on the basis that the strip ratio is under 1:10 in case of open-cut mining,
and woiking height is over 1.5 melres in underground mining are detailed in Table 21.
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Table 21 Summary of coal reserves (1)

For Open Out Mining

For Underground
Mining
e e e Centeal and Toltat
’ enlral an
Western block eastern blocks

Theo. * Rec. #* Theo. Rec. Theo. Rec.
Res, *#¢ Res. Res. Res. Res. Res,

(10%1) (10 10°1) {10’y {10°9) (10%1)

16,487 11,871 22,152 *10,0?8 38,639 21,949
* Theoretical
& Recoverable
*¥¥& Reserve

These coal resenves will not be sufficient for the operation of power plant upto 30 years.

Coal reserves calculated on the basis of strip ratio under ¥:15, and working height over 0.75

melre in undecground mining are shown in Table 22.

Table 22 Summary of coal reseives (2)

For open cut mining For underground
mining
Total
Th eastern & Central block
westemn blocks )
Theo. * Rec. *** Theo. Rec. Theo. Rec.
Res, ®% Res. Res. Res. Res. Res.
(10%¢) (10%0) (10°1) (10%) § (10*t) (4[i3d)]
65,498 47,159 14,284 6,499 | 79,182 53,658
* Theorelical #+ Reserve %% Recoverable

These reserves will be sufficient for the operation of power phant.

The reserves as detailed in Table 23 have also been calculated on the condition that strip ratio
is under 1:20, and the weorking height is over 0.75 metze in the southern pari of central block,

which can be mined only by underground method.
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Tabic 23 Reserves in case of strip ratio upto 1:20

For underground

¥Yor open-cut mining mining

The westein, easiern Tofal

Southern hatfl
and naithern half of of central block

Theo. * Rec. #* Theo. Ree. - Theo. Rec.

Res. 3%% Res. Res. Res. Res. Res.
10%y (109 (10% 1) (10°9 {10*1) (0%
100,294 72,212 6,937 3,157 | 107,231 15,369

hd Theoretical

% Recoverable

#4%  Reserve
Among ike above calculated reserves under three conditions the theorctical resegves are

79,782,000 tons and the recoverable reserves are 53,658,000 ions as shown in Table No. 22.
They appear to be reasonable and will be examined again duning the mining feasibility study.
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CHAPTER 5 LABORATORY TESTS ON ROCK SAMPLES

Fifty rock samples were collected from the eores of 14 holes, and examined in the faboratory.
The tests conducled are, supersonic velocily (P & § wave), uniaxial compressive strength,
tensile strength, Poisson’s ratio, static modulus of elasticitly, specific gravity, coefficient of
water absorption, effeclive porosily, and stability test for aggregate.

Results of rock tests are summarized in Table 24, data in respect of each stratigraphic unit are
detailed in Table 25, and the relationships amongst the data regasding each rock (ype obtained
through dilferent tests are given in Figs. 20-24. Following is a bricf explanation regarding the
methods of each rock test:—

5-1 Supersonic Velocity

Propogation velocity of supersonic wave in a rock is measured in this test. Generally,
supersonic velocily is in propottion (0 compressive strength and much influenced by fraciures
and cracks in rocks. Therefore, the exteal of fractusing and cracks in a solid rock can be
measured by comparing the supessonic velocity of the rock samples in laboratory, and results
of elastic wave investigation of layer represented by samples in the field.

65-2 Uniaxial Compressive Strength and Tensile Strength

Bolh tests measure yielding or breaking poinl of rock under pressure. Geaenally tensile
strenglh is less than the compressive strength by 110 — 1/20. 1t was very difficuli to prepare
the samples for lensile test. Therefore sadial compression fesl was performed. In this test, as
shown in Fig. 25, the samples are compressed along diameter. Measured values of the test
usually differ from the fensile strength by 320 to 30 percent.

5-3 Specific Gravity {Weight per Unit Volume), Coefficient of Water Absorption, and Effec-
tive Pososity

Some of the samples crumbled when soaked in waler for the fests. Therefore, the specific
gravity was measured by Calipes method, which iavolves calculation of volume of eylindsical
sample by measuring diameter, three times each, in lower, middle, 2ad upper parts. Average
diameter is then determined. Usually the specific gravily is caleulated fom the dilference
between the weights ia air and water.

54 General Results of Tests

{a) Lakihimestones

Pure limestone widely exposed in lhe investigated area show high strength in each tesl. But
chatk and sandy limestone or marl show lower strength similar lo strata in Ranikot group.

(b) Upper Sheld Beds and Upper Coal-bearing Beds
The Beds underlic Laki group and need due consideration from mining point of view as the

workable coal in the investigated area is borne by Upper Coal-bearing Beds. Excepl the
siliccous and hard parls of sandstones, compréssive strengths of all the stiata are measured
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Fig. 20 UNIAXIAL COMPRESSIVE STRENGTH (Kg/cm?)
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Fig. 21

STATIC POISSON'S RATIO
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fFig. 22

Kg/eml

Tensile Strength

RELATIONSHIP BETHEEN

TENSILE STRENGTH AND URIAXIAL COMPRESSIVE STRENGTH

124

70

&0

20

10

— b

b 4
b9
»
;
[ ]
O
b 200 Foo S0 s> 1000 k 1550
Uniaxial Compressive Strength {qu) Kg/crd
¥ Limestone
€ Chalk and Sandy Limestone
*  Sandstone
0

H-157

Siltstone and Claystone



Fig. 23
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Frequency

Fig. 24
STAGILITY TEST FOR AGGREGATES
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under 320 kgfem?, and supersonic velocitics under 4,000 m/sce. It is tnferesting to note that
measured values in respect of sandstones in ‘red zone® are higher than the coisesponding
sandstones in normal zone.

Compressive strengihis of alb the samples of normal zones of the Beds are under 100 kgfem?.
Such low values may be because the samples were dried up under high temperatures during
dayiime, and weakened.

(c) Lower Shell Beds and Lower Coal-bearing Beds

These beds are overlain by the main coal zone No. 1. Their characters could nol be judged
thoroughly, because of the small pumber of samples as they were drilled through in some
holes. However, strength of these Beds has been measutred to be more than the Upper Beds.
55 Shearing Strength, Angle of Intéenal Friction and Cohesion

To calcutate shearing strength of rock samples angle of internal friction and cohesion are

defermined from the values of uniaxial compressive strength and tensile strength. If C{keglem?)
is coheston, and ¢(degree) is angle of internal friction, then

where A (kgfem?)
B (kglem?)

uniaxial compressive strength
fensile strength

it

Cohesion and angle of infernal friction of samples are given in Table 26.

Generally, cohwesion and angle of intesmal friction are caleulated by drawing figures as
meationed above. This can also be defermined by calculations as follows.
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=(b+-L2.
C=(b+ sin¢) tand

56 Stabifity Test for Aggregate

This test gives data about rock stability for using as aggregate. It involves soaking of rock
samiple by pulting it in saturated solution of sodium sulphate and then diying it in air. The
process is repeated five times and the sample is weighed. Percentage loss in weight due to
breaking off of pieces of sample in the process indicate stability. If the weight loss percent is
under 12, the rock is classified as coarse aggrepale.

Only three out of 39 samples from the investipated area have been delermined as coarse
aggregates. Limestones show sfable values, such as 6.3% OT-5, R-1) and 5.1% (JT-22, R-1).
Therefore, almost all the timestones near surface are presunied to have similar stability. Rock
samples of Ranikol group are very weak. Stability values of coarse to fine grained sandsiones
have been determined at 50 percent, fine grained sandsiones at 70 to 80 percent, and in case of

very fine grained silly sandslones, siltstone, etc. at 10076, Bul hard and compact sandstones in
the group show value of 0.3%.
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Table 26

MECHANICAL CHARACTER OF TEST PIECE

DRILL SAMPLE URTAXIAL TEHSILE ANGLE OF
HOLE ROCK COMPRESSIVE - COHBESION INTERNAL
HO. hoO. STRENGTH STRENGTH FRICTION
(Ka/cm?) (Kg/cm?) (degrees)
JT-1 R-4 Limestone 141.9 36.17 36.1 36°05'
JT-1 R-5 Chalky Limestone 142.1 11.4 20.1 h8°22!"
JT-1 R-6 Limestone 366.1 30.5 52.8 57°48'
JT-3 R-1 Chalky Limestoen 122.5 6.1 13.7 64°50"
JI-3 R-2 Limestone 957.3 53.1 112.0 63°30"
JT-3 R-3 Yery Fine Sand- 63.5% 8.3 11.5 50°15'
stone
JI-3 R-5 " 37.1 14.5 11.6 25°58"'
JI-3 R-8 Sandy Claystone 93.5 3.9 9.8 671°29'
JT-5 R-1 foraminifera 933.6 40.8 97.6 66°23"
L imestone
JaT-5 R-2 tHedium to Fine 320.7 11.8 30.8 68°17°
Sandstone
JT-5 R-3 Siltstone 312.6 10.4 28.% 69°19*
JI-5 R-5 Claystone 89.7 3.9 9.4 66°27"
Ji-7 R-1 VYery Fine Sand- 22.7 5.3 5.5 38°25*
stone
JI-7 R-3 Fine Sandstone 59.6 4.6 8.3 53°57"
JT-7 R-5 w 46.8 5.9 8.3 50°54"
JT-8 R-1 Fine Sandstone 190.1 19.1 30.2 54°52"
J1-8 R-3 Yery fFine Sand- 57.9 4.? 7.8 59°51"
stone
JT-10 R-2 Siltstone 85.6 5.7 11.0 61°04"
3T-15 R-2 Siltstone 43.0 6.9 8.6 46°20"
3T-15 R-3 Fine to Fedium 260.1 24.5 392.9 55°53"
Sandstone
J1-22 R]-1 Limestone 448.% 46.2 71.9 54°24"
JT-22 R-4 " 757.6 10.5 115.5 56°04"
Jr-23  R-2 Fine Sandstone 25.6 14.6 9.7 15°53*
JIr-23 R-2' " 89.1 10.1% 15.0 52°47°
JT-27 R Conglomeratic 1,142.3 89.0 159.4 58°48"
Yedivm to Coarse
Sandstone
J71-27 R-3 Fine Sandstone 132.6 4.0 1.5 70°18"
JT-37 R-4 Silistone 9.2 4.2 3.1 21°54"
JI-37 R-6 Siliceoss Medivm 1,790.4 67.2 123.4 68°04"
Sandstone
JT-39 R-4 Siltstone 141.3 13.1 21.5 56°08"
JT-39 R-S " 69.9 10.4 13.5 47:49:
. 18.2 27.4 53°13
J¥-39  R-12  Fine Sandstone 164.6 17.2 26.6 54°10°
. 6.8 11.8 57°63*
Ji-46 R-2? Fine Sandstone 82.1 8.9 13.5 £3°33°
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PART HI DEVELOPMENT OF COAL MINE
CHAPTER 1 SUMMARY AND RECOMMENDATION
1-1 Summary
1) General Description of Study
The feasibility study has been divided into four main separate studics.
«  Mine planning study
Surface facilitics study

~  Coal preparalion study
«  Railway siudy

°

The report presented herein represents the study of the mining plan which has been based
upon the develepment of mine plan inclusive of suppost facilitics capable of sustaining an
annual production rate of 1.2 million tonnes of clean steaming coal (as seccived base) for a

period of 30 years on the basis of the geological exploration study, site survey, and study in
Japan.

The mining plan developed in this report involves the extraction of 16,780,000 tonnes of raw
coal from No. 1, 2,3, and 5 scams.

The major considerations for the devetopment of this plan were as fallows.

The coal reserves area Tor this study has been divided inte 3 blocks as shown in the geological
repost, and three mines i.c. an underground mine provided with longwalling in central block,
and (wo open pits provided with truck-shovel methed in west and east block.

The annual average coal production (as received base) of clean coal for a peried of 30 years
will be 1,170,000 tonnes of which 220,000 tonnes of coal will be produced at an undeiground
mine and 950,000 tonnes al open pifs. The average calorific value of clean coal is estimafed at
3,827 kealfke, and its sulphur contenl is estimated at 5.9 %. The layoul of the underground
mine will be developed by inclined shaft system provided with the longwall mining method.
The open pits will be developed by the average stripping ratio of 11/1.

Office buildings, faclory buildings, and factories, elc. as the support facilities on the surface
inclusive of service and welfare Facilifics will be provided. tn order to reduce a part of sulphur

conlenl and ash content, coal preparation plant provided with a picking belt of the capacity of
400 t/h will be planncd.

The railway of 27.5 km belween mine site and Khanot, and also spur tracks of five km from
exisling railway to plant will be hid to meet the main purpose of coal transporiation and akso
commuling lrain from colony in Khanot to mine.

The operating employes requirements will be 1824 during the main produclion penied, and
average employee requirements will be 1689 for a period of 30 yeass.
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Total mine productivity exclusive of raitway will be 2.3 tonnes per man per shift.

Preproduction schedule has been made by a request in response to the Pakistani delegation in
Tokyo, November 1980, and so construction work will commence in April, 1983. However, in
order to achieve this sfart-date it will be necessary to pesform certain pre-engincering and
procuremenl activities, and prepasation work inclusive of detailed drilling.

The production schedule indicates fongwalling production commencing in 1986, and total
production inclusive of open pit production wili be 733,000 tonnes in 1986.

The total capital costs calculated for this study inclusive of railway amount to 2,146,000,000
Rupees based on June 1986 price levels. Bul interest dusing construction and escalation have
not been included.

The average operating costs with freight will be estimated at 381 Rupces per clean coal ton
based on June 1980 price levels. But escalation has not been included.

2) Layout of Mining Plan
1} Mining Area and Production Scale

The investigated area of about 26 square kilometers has been divided into three blocks; namely
central, western, and castern defined by foldings and fault zones al boundary.

In centeal block, only two seams of No. | seam and No.'3 scam are considered mincable. No. 3
scam which covers main parl of production lfies al a depth of 85 m to 123 m. Therefore, open
cul method will be vneconomical due (o the high stripping ratio which indicates more than
15/, an underzround miniag method will be applicable for this block.,

In western block, five coal scams considered minable, and No. | seam, bottom seam, fies 33 m
to 85 m deep which is shallower compared with eastern block. Accosdingly, stripping ratio has

been cateutated at 8.6/1 and west pit will be planned to cover the half past of production for
totat production.

In castern block, three seans considered mineable, and the bottom seam lies 45 m to 91 m
deep and in this block these exists loose sand on the direct roof of No. | & No. 2 coal seams.
Therefore an underground mining method is nol applicable. And also even in open cut sysfem
the stapping ratio will be calevlated at 18/1, so coal reserves wilt be foundamentally estimated
uneconomical al the present Lime. However coal production has been calculated by both mines
with consideration ol average staipping ratio keeping to 171 or below.

The peological mincable resesve figure as calcufated in geological reporl is approximately
6,500,000 tonnes raw coal (air dricd base) in central block, approximately 15,000,000 tonnes
raw coal (air dried base) in westen block, and approximately 32,000,000 tonnes raw coal {air
dricd base) in eastern block.

The annual coal production rate has been calvutated at 200,000 tonnes of clean coal (air dricd
base} in central block and $00,000 tonnes of clean coal (air dricd base) in western block based
on 3 period of 30 years of power station life.
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In eastern block as abovementioned there are not economical reserves. However, by dituting
the high stripping ratio with the low stripping ratio in western block so as to reduce the total

stripping ratio of 11/ annual coal production will be caleulated at the 300,000 tonnes of
clean coal (air dried base).

Overall coal production figure will be one million tonnes on air dricd basis and 1.2 mitlion
tonnes as received base,

2)  Underground Mine

The undergsound mining plan developed involves the extraction of 6,589,000 tonnes of clean
<oal as received base. Major access between the mining areas and surface will be via two
inclined shafis in rock. No. 1 inclined shalt will be used for coal Iransportation, pessonnel and

materials transportation, and intake ainvay, while No. 2 inclined shafl will be used for retum
airway only.

The portal of No. 1 inclined shaft is located at 2152590 E of X axis and 200685 N of Y axis in
€o-ordinales, and No. 2 shaft will be driven on 50 m centres.

The inclined shaft will terminate at the point of interseciton with No. 1 seam which is on the
cenlre of this mining block. Both shafts will be driven at minus 12 degrees of gradient. Two
parallel headings which are intended fos use as main intake aisway and main transportation
roadways provided with 11.2 m? of efiective sectional area will be driven from north to south
in the central part of block via access inseam eatry from shaft boltom to east. The panel entsy
will be driven on 120 m cealres. Longwall face will be instatled in this section. The main
entries and inclined shafts will be driven conventionally blasting, side-tipping loaders, and mine
car system with arched suppoit, and other entries will be driven blasling, gate-end-loader, and

mine car system with square set support. The developing rate has been calculated at 2.7 mfday
at maximum

Mining area will be divided into eleven blocks for the purpose of preventing loss of coal
feserves due 10 sponrtancous combusting, and each block will be sealed ofT after completion of

extraction of coal. Pillars will be left along main enlrics, gob areas and fulis, and S0 — 100 m
in kength betweea panels.

Relreating longwall method of 120 m long wilh caving is selected. Coal will win convenlionally
using blasting, hand loading to the double chain conveyor in the face supported with the
hydraulic steel prop and link bar. The packing in gob side of gate entry will be done with
fly ash in order to re-use the gate entry for ceturn entry. This method is very adviaable for both
prevealion of spontanzous conbustion and increasing the recovery pescentage. Coal winning
will be operated by &wo shift system and one shift will be used for preparation and
maintenance of face. The coal production from a longwall face has been calculated at
400 tonnes/day, manpower requiired inclusive of foremen will be 129, and average productivity
will be calculated af 3.1 tonnes per man per shifl in face operation. In areas which cannot be
worked by systematic mining, room and pillar method will be planned.

Mine car fransportation system has been selected to handle coal produced, waste rock, and
materials fransportation. To sustain this mine car transporlation underground, the two type of
batlesy locomotives of 81 and 10t are selected. The winding machine with the capacily of
200 kW in inclined shaft will be instalted.
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Brainage quipment with capacity of S0 kW, 180 m head, 1.4 m?/min will be installed at the
bottom for sainy season. And also small capacily supply water pump and drainage pump are
provided.

The tolal consumption of compressed air has been caleulated at approximately 90 m? fmin. To
cover this demand the comprsessor with a capacily of 2<etsof 240 kW and 1 set of 75 kW will
be installed on the surface.

The cenlralized ventifation system has been selected to meet this mining plan, main fan of
300 kY will be installed at the entrance to No. 2 inclined shaft. The fan will be capable of
5,000 m? at 200 m/m water gauge.

Site work for portal will be completed in a three month period (o permit the inclined shafis.
Mine development will require a total time of 24 months, including 8 months for inclined
shafts, 8 months for main entrics, 8 months for gate entry and preparation flor tongwalling.

3} OpenPil

A shovel and tmck system in both pils to remove the overburden has been selected with the
constderation of multi-sean: nining, early production, and techniques of workerss. The shape in
bench sepresents the multi-bench system, and the beach is designed at 14.0 m high, maximum
60 m wide, and at an angle of 45 degices from a rock stability points of view. Truck road is
designed at 14 m wide with the maximem inclination of 8 degrees.

The total steps of bench will be 3 to 4 benches to reach the upper most coal seam due to the
deep mine.

Ovesburden is drilled with the two sets of drills of electric drive type of 9-7/8 in. diameler in
both mine, and drilling operation will be done by two shift system in a day. Three units of
bulldezer will be arranged for cleaning the suiface of bench and {reating the soil.

Spacing of drill holes is designed for 7 m x 8 m, and penelrating spead is designed at 23.3 mjh.
Ammonium Nitrate Fuel Oil is used for blasting the ovesburden, and powder faclor is designed
at 044 ke/m?>.

After blasting the overburden, loose overburden is loaded by two units of clectrie power shovel
with a dipper capacity of 11.5 m? in each pit, and a bulldozer for a shovel aid in clcaning the
surface. Mechanical efficiency of shovel is estimated at 75 %.

Loosed overburden is removed in 120 t trucks provided 9 nos. in each pit andfor dumped inlo
the space from where the coal has been mined out. The tnick speed in pit areais designed al
13 kmjh, and in up grade road is designad at 10 km/h, and in Nat and good condition road is
designed at 30 kmjh. This is designed by simulation method of compuler system.

The parting rock between coal seams is drilled by rotary type drilling machine of 80 mjm in
diameter, and also for the loading and transporiation bulldozer, wheel loader, scraper, and 461
trecks are provided. This operation witl be done after coal mining and before siripping work.
The rock blasted is removed in trucks of dumped in mined arca by bulldozer andfor scraper. A
bulldozer is used for discharging the rock from the highwall to mined oul space and cleaning
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the surface of cosl before mining. A scraper is used for loading and hauling the parting rock
and cleaning the surface of coal.

Coa seams are usually broken by the aid of ripper of bulfdozer, but in hard coal seam blasting

n_'il] be done. Coal is loaded by hydraulic excavator using a 6 m?* dipper and is transported by a
46 ton truck.

fn pit sesvice and road maintenance road grader, bulldozer, crusher, water tank, and truck
crane, elc. are provided.

Dewatering equipment is equipped with the pump capacity of 2 units of 22 kW capable of
30 m head and 2 m? [min of waler volume during fainy scason.

Rock desert area spreads in the susface, and so damage due fo pollution need not be
considered, but some extent of reclamation work will be necessary. In cleaning the mined oul
arca one unit of wheel loades with bucket capacity of 5.6 m?, onc unit of sceaper with the
capacity of 24 m?, two unit of bulldezer, and a 46 t dump truck will be provided.

Layout of pit is designed al 40 m wide, and 300 m to 1,000 a long based on geologicat factor
of 80 % and mining recovery of 20 .

The clean coal production in open pil has been calculated at 29,013,500 tonnes with the
stripping volumes of 330,112,900 m? in solid for a period of 30 years, and stsipping satio will
be 1171 which will be 9/1 in west pit and $4/) in east pit respectively. Productivity in open pil
is estimated at 5.7 tonnes per man per shift.

The open pil planning study provides for a continuing intensive coal development schedule. In
order for this 1o be reliably achieved, it is necessary for cerkain preparation work to be
pesformed prior to the commencemenl of the project.

The tolalt volume of bank overbusden to be removed will be 5,000,000 m?* in 1983,
7,780,000 m? in 1984, 8958000 m? in 1985 and 1986, approximately 16,000,000 m? alter
1977.

The coal production will be plannad at $23.000 tonnes in 1984, 301,000 tonnes in 1985,
602 000 tonnes in 1986, 732,000 tonnes in 1987, full production in 1988.

Stripping work in the west pit will commence at the line connecting the drilt hole Wi6,1T 12,
3T 9, and PSI9. Bench cut will be developed 1o west. The total volume of bank overburden Lo
be removed will involve of 11,938,000 m?* from 1983 to 1985. In ¢ast pit stripping work will
commence at 3T 50 of drill hole. The slripe lype of bench cut will be provided from east to
wesl, and mining procedure will be developed (o north with a constant angle of highwall and

width of bench. The tofal volume of bank overbusden to be remeoved will be 9,799,900 m?
from 1983 to 1985.

4)  Surface Facilities

Integrated susface layout system has been setected and the buildings and faclories are focated
at the susface of basren area between west block and central block with no influence on
mining operation.
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In the central part of surface lay-out, mine office, air compressor house, winding machine
house, work allocation room, safety lamp room, mine substation, mechanical and clectrical
workshops and store house, efe. wilt be provided. In west side of this block head office, heavy
vehicle maintenance shop, ete. will be provided. In the south side, preparation plani and
emergency stock yard near sailway station will be provided.

Coal transportation from mine to power station and conmmnding seovice from colony in Khanot
to mine will be done by railway. Both sailway and road will be utitized for the transporiation
of malterials and heavy machines, elc.

The water near surface in the River Indus will be delivered by in-take pump to sedimeal pond,
and purified. This purificd water will be utilized for industrial and living water.

Site work for the asea of building inclusive of supporfing area wili be provided Tor
approximately 210,000 m?2, and for railway inside mine and road oulside mine of 43
kilometers long will be provided for approximately 470,000 m? . Total of 630,000 m? for site
work will be provided. Other <ivil work including foundation work of mine substation, and
construction of oil tank, protective fenee around miine, and embankment wosk for explosive
magazine, and construclion werk of sewage Ireatment plant wili be provided. Road
construction work of 6 kilometers long with 14 m wide for dump truck and other road work
of 23 km long with 7.5 m wide will be provided.

Structaral work for preduction facilitics consisting of mine substation, power house, air
compressor house, and work allocation room, elc. will be provided for approximately
2,700 m? in area. These are strwctunal reinforced concrete or brick tuildings of single story.
Head office building. open pit office building. and underground office building will be
provided for approximately 4,140 m? in area. These are structural reinforced convrete or brick
buildings. Head office building will only be constructed as fwo storied building. The
workshops consisting of heavy vehicle maintenance shop, mechanical and electrical shops for
underground mine, ele. will be provided by siructural reinforced conerete and steel building
with the tofal area of approximately ¥2,200m? and adso with ane story building. Other
building will be provided with powdes magazine, and powder handling house.

The indusirial and living water required for the mine site and colonial area will be delivered
lzom the River Indus o two sand basins in Khanot with each capacity of 240 m?* by means of
two water intake pumps provided with the capacity of 36 kW and 2.93 m® /min. with the head
of 90 m. The water will be purified at the pusificating stations in Khanol, and conveyed {o the
distributing reservoir in colonial area and in mine site respectively, and also distribuled by the
distributing pump from the reseivoir to the consumer. The water conveyance pump {o the
minc site 15 provided with the capacity of 37 kW and 0.75 m*/min. with the head of 1§0 m.
The water conveyanee pumps of two units to colonial area are provided with the capacity of
10 kW and 2.18 m? fmin. with the head of 30 m. The pipes used for will be 150 mm, 200 mm
and 250 mm in diameter of cast iron pipes for water delivery and conmveyance. Especially
galvanized steel pipes is used for water distribution. The seplic tanks will be provided {or the
sewage treatment of administration office and other major surlace facilitics,

The mine substation is provided for receiving the required power from WAPDA at 33 kV and

distribute it to alt arcas atl 33 kV andfor 3.3 kV. The total instalted motor capacity within the
mine has been caleulated at approximately 7,000 kW anrd, excluding the open pit supplied al
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33 kV, the total capacity to be supplied at 3.3 kV is estimated at 3,450 k\W. Theeetore, the
required {ransformer capacity to be installed will be 4,000 kVA.

Two units of emergency diesel gencrator with the capacity of SO0 XVA at 3.3 kV in three
phase will also be provided for supplying the power only to safely facititics in case of the
power faifure. For the communication system within the collicry a private telephone system
will be provided. The offier major facilitics for the mine are two sels of dniiling machines,
vehicles, a computer, and a hospital.

5) Coal Preparation Plant

The plant feed coal is screened at SGmm in size and 50 mm oversize waste with 75 % ash
vonteat, 4 % of total raw coal, will be removed by hand picking.

The quatity of clean coal delivered at the power station will be estimated at total moisture of
25 %, ash conteal of [9.7 %, volalile matter of 27.8 %, total sulphur of 5.9 %, calonific value
of 3,840 kcal/ke, and plant yield of 96 % on as received basis.

The quality indicates inherent moisture of 9.3 % and catorific value of 4,610 kcal/kg on air
dried basis, ash fusion temperature is more than 1,300°C, and Hardgrove prindability index is
10, and these chasacteristics are favourable for steaming coal. The electric resistance of ash is
3.5 x 10** ohm-cm at 130°C, and it is rather high for the maximum limit of § x 1033 ohm-cm,
accordingly some considerations are required for the design of a electric dust collector.

The anticipated opcrating schedule of plant is cstablished at a rate of 16 hours on 2 shifi
system por day, 300 days per year and availability of 80 <% and average plant feed §s designed
on 400 tonncs of raw coal per hour. The main process is provided for removal of over 50 mm
waste in size by hand picking system, and the main plant Facilitics are as follows:

A 100 t dump hopper and a 1,500 t raw ¢oal bin is included in the raw ¢osl receiving and
stocking equipment, and over 300 mm wastes in size are removed at this seclion.

Raw coal from the underground mine is stored in the above mentioned raw coal bin through a
tippler and a raw voal conveyos. Raw coal drawn out from the raw coal bin is fed to the raw
coal sereen through the plant feed conveyor Lo be sceeened at 50 mim in size.

Over 30 mm raw coal is conveyed onto hand picking conveyor at a rate of 40 t/h, while 50 mm

undersize of the screen is stored in the clean coal silos through the clean coal conveyors at a
rale of 384 t/h.

Over 50 mm waste is delivered 1o a rock bin through rock belt conveyors and Jumped on to a
wasle area by truck. Over S0 mm coal is crushed by a single roll crusher and stored in the clean
coal silos.

The elean coal storage and loading equipment is provided wilh two 2,000 t ¢lean coal silos, 2
20,000 t emergency clean coal stockpile, clean coal reclaiming system, a 110 t loading hopper
and a railway lrack scale.
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Reinforced concrete strecture will be built for a raw coal dump hopper, a raw ¢osl bin and
<lean coal silos, and a rock bin and a loading hopper will be constructed with steel structure,
and the housing of the hand picking and electrical room will be provided with steel structure.

The total capacity of the motors in the plant will be provided with 460 kW, and power will be
supplicd with 3 kV and 3 phase from the mine substation.

The opea-air stockpilling system of the Lakhra coal will be recommendable by the following
mcihods (o prevent spontancous combustion,

The compacied stockpilling should be Iess than a weck in storage period and under 3 m in
height. In ordes to build and keep a safe stockpile, the stackpile must bé compacted perfecily
at every fayer of piles by bulldozer of loaded truck, and the heighl of cach layer should be
kept at 40 — 50 cm, and the final stockpile will be built and pited up by repeating of the above
methods.

6) Railway Transposiation

In order to supply the coal tonnages required for power plant in Jamshoro of approximalely
1,200,000 tonnes per annum ie. 4,000 tonnes per day the railway system belween mine sife
and powet stalion will be provided for the distance of 64.5 km. For this purpose, the new
railway of 27.5 km long having the same pauge with existing Pakistan National Railway from
preparation plant to Khanot will be construclied and connected with the existing one at
Khanot, and new spur track of 5 km long near power stalion site will be provided.

Equipment of 3 units of diesel electric locomotives, S0 wagons, 4 passenger cars, tracks of
32.5 km long, and all supporl facilities inclusive of loading and unloading facilities, and also

repair shop will be provided. lHHowevers operation and management will be feft to the Pakistan
National Railway. )

The freight charge will be estimated at 26 Rs/t. In this case, the freight charge of existing

railway is estimated at 5 Rs.ft, and tofal of depreciation cost, amortization cost, and interest is
calculated at @ Rsft.

Coal is loaded from clean coal silo to wagon through vibration feedes. A train compnised of 24

wagons loaded with the 840 1 of coal is pulled by the locomotive with the capacity of 2 units
of 825 KXW motor and the ownweighl of 84 lonnes.

The time required for round trip between mine and power plant will be approximately 202
ninutes. Two formation of trains and five round trips per day will be scheduled.

Commuting train betwezn Khanot and mine will be scheduled at four round trips in a day, and
other materials wilk be mainly transported by road, and railway transporiation of materials wilt
be available at stack timte in middle of the nizhi.

7}  Mine Development Schedule

The mining plan development schedule indicates the commencement of the siripping work of
open pit and construction work of road, ele. after the date of approval of the project. In order
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to achieve this starling date it will be accessary to peiform detailed drilling, ground
investigalion, topographic survey, repairing a part of road, preparation work near initial box
cul, and ce¢rlain pre-construction and procurement activitics prior to the date of commence-
mend.

The construction work will commence in April 1983, Site work, road constriction work,
preparatory work, and construction work of niin substation and heavy vehicle nnaintenance
shop in the surface facilitics will commence in Aprit and be compleied at she end of 1983, and
other surface facilities will be completed by 1he end of 1984,

Construction work of sailway will commeonce in Aprit 1983, and be completed in June 1986.

Construction work of coal proparation plant will commence in October 1983, and be
completed at the ead of 1985.

Construction work of portal in underground mine will commenee in October 1983, and
development work in undergsound commence in the beginaing of 1984, and one longwall Tace
will be prepared at the end of 1985. Another face will be prepared one year Jater.

Stripping work by Lhe heavy machines will commence in Apsil 1983, Full production of coatl
scheduled will commence in 1988,

8) Manpower Requiremeats and Qrganization

The opcrating manpowed requirements for this project are planned upon modification of
manpower and organization commonly observed in Japan and also the world, and also in

pievailing coal mines controtled by PMDC and in PC-1 Fomm for Lakhra project submilicd by
PMDC in 1976.

The total numbers of ofiicers and wage workers represent the jobs andfor positions to be filied
cach Jay, and o nol include persons not working due to sickaess, accident or any other
reason. Costs assoctaled with a 20 % level of absentecism for underground wage workers have
been included in the plant.

The manpower fequirements will be 662 men inclusive of 47 oflicers and 615 wage workers
during the main production period in underground mine.

The manpower requirements in open pit will be 410 men inclusive of 50 efficers and 360 wage
workess during the main production period.

The manpower requirements in surface facilities witl be 629 men inclusive of 111 officers and
518 wage workers.

In preparation plant the manpower requirements will be 123 men inclusive of 10 officers and
113 wage workers.

The total will be 1,824 men inclusive of 218 officers and 1,606 wage workers during the main
production period. The average aumber will be 1,659 for a period of 30 yeass.

9



Organization for this project is pfanned on the basis of prevailing system of coat mines in Japan
and Pakistan. The new and special scctions of safely, training and system which are not
organized in Pakistan coal mine witl be added.

Productivity has been calculated at 1.3 tfmanfshafi in underground mine, 7.8 tfmanfshift in
open pit, and 2.3 tfmanfshift in overall mine.

9} Capital Costs

The capital costs in this study are based on June 1980 values. The total capital costs calculated
for this study amount fo Rs. 2,522.000,000 inclusive of interest during construction for the

first three years of the project. The tota) capital costs are composed of direct costs and indirect
costs.

The direct costs have been estinnated at 1,555 million Rupees inclusive of 1,290 miltion
Rupees for mine development, 191 million Rupees fos gailway construction, and 74 million
Rupecs for a 4 % contingency to direct cosfs.

The indirect costs have been estimated at $9% million Rupees, inclusive of 425 mitllion Rupees,
for import duty of 40 % on C & F price of equipment and materials supplies, 77 million
Rupees for engineesing Fees of S % (o direct costs and 62 million Rupees for administiration
cost of 4 % to direct costs. Interest during construction is calculated at 376 million Rupees.

The total currency will be divided into 1,433 million Rupces for the foreien currency porlion
and 1.08% million Rupees for the local currency portion. Escalation has not been inchaded.

The capital costs include the folowing:
Production Facilities —
° sile work, and construction cost of road, factory buildings and preparation plant.

mechanical and electrical equipment porchased and installzlicn costs applicable 1o
the mine operation.

machines and materials for mine development and installation cosl apphicable to
the mine operalion.

°  maintenance and power cost during the initial 36 months of the project.

[+]

all misecHancous costs during the initial 36 mionths of the project.
Ancillary {acilities --

°  construction cost of office buildings and furniture elc.
Sevice & welare facilitics —

o officers salarics and workers wages dusing the initial 36 months of the project,
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Railway —

O consiruction of tracks, and mechanical and electrical equipment purchased and
installation cost.

O toading and unloading facilitics.
The capital cost for development of open pit will be calculated at maximum expenditure of
67 % in total capital costs and sccondarily railway of 12 % inclusive of import dutly but
exclusive of contingencies.

10) Operating Costs

Fhe operating costs have been calculated as foYlows:

o Depreciation cost calculated at the average 30 years life of equipment and installation
cost with the consideration of residual value of 104,

o Interest is based on 12.5 % for local currency and 8.75 % for foreign cuerency. Interest
for local cusrency will be paid for 5 years, and for foreign currency will be paid for 1G

years according (o repayment schedule. AH these calculations zre based on PC-1 Form
submitted by PMDC.

°  Salarics and wages are based one PMDC PC-1 Fosm and escalation is added to the 1976
base cost.

o Power costs calculated at Ps. 49 per XWh based on WAPDAN's Tanf¥ C-3 for bulk supply at

aiky.

e Replacement and improvement costs of equipment calculated on the basis of life of
machine.

o Malerials and supplics include explosives, mine timbers, oils, luel ojls, cables, ete.

° Maintenance cost calcufated maintenance costs of squipment and buildinegs. The
maintenance costs of machine are cstimated at Iess than 10 % of machine to be used.,

[+

Adminisiration costs are ostimated at 3 Rsft for outside service, management fee of head
office, Iravelling {ee, ete.

° A wage personnel absentecism rate of 20 has been used in the study. Equivalent
addilional wage workers will have to be employed to counteract the offect of this
absenteeisin rale, in order 0 ensuee that all the jobs are manned in underzround workers.

©  Freight charge will be estimated at 17 Rsft inclusive of § Rsft in existing freight charge.

o Coal preparation costs calculated for 7 Rsfi.
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Estimated Capital Cost

e I-'orcig}i Local
Description Currency Currency Total
Production Facilitics 1,022 222 1,244
Anciltary Facilities 3 20 23
Seavice, Welfare
Facilities - 23 23
Sub-Toial 1,025 ) 265 } L290
_ Railway Facilities 106 85 191
Contingency 56 18 74
Sub-Total 162 103 265
Direct Cost Total 1,187 368 1,555
Import Duty — 452 452
Engineering Fee 58 19 77
Administration Cost — 62 62
Indirect Cost Tolal 58 533 591
Total 1,245 901 2,146
Inierest During
Construction — 376 376
Grand Total 1,245 1,217 2,522

Freight, taxes and duly included.
The estimates reftect June 1980 values.

WNo escalation.

Estimated Capital Cost by Facilities

{In Million Rupees)

Description (i?::;iny Cul:(r);frlc) Total %
Uaderground Mine 85 49 134 7
Open Pit 803 493 1,296 67
Susface Facilities 71 80 151 8
Preparation Plant 66 52 118 6

Sub-Total 1,025 674 1,699 88
Railway 106 128 234 12
Grand Total 1,131 802 1,932 100

Freight, taxes and duty included.
Conlingency in direct cost not included.

The estimates rellect June 1930 value.
No escalation.
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Estimated Operating Cost

{Rupves per clean tonne)

- fForcign Local
Description Cutrency Currency Totat
Salaries - 9 7 9
Wages — 3 3
Power — 5 5
Replacement and Improvement 46 20 66
Materials and Sugpplics 45 91 i36
Maintenance 28 14 52
Administsation — 3 3
Sub-Total il 145 264
Depreciation -- 32 32
Ameortization — 27 27
Interest — 36 36
Mine Total t19 240 359
Freizht 2 15 17
Depreciation - 3 3
Amortization 2 2
Interest — < 4
Raifway Total 2 24 26
Peduction — as | fa® |
Grand-Total 121 260 s B
Underzround Mine 14 21 29
Open Pit 103 11t 219
Preparation Plant 1 6 7
Surface 2 7 9
Total 119 145 264

The estaimate reflect Yune 1980 value,
No escalation.

12 Recommendation

{n Training of Personnel

Since WAPDA will go into the performance of definite studies, canstruclion supenvision,
maintenance and operation, ete. of such a large-scaled project as the Lakhra Coal Mining and
Coal-fired Thermal Powe: Station Peoject, it is secommended that WAPDA as the
implementing agency of said Project train personne]l who will be eagaged in the aforemen-
tioned work and telated assignments in advance to fully meel the requirenients of the Peojecl.

(2) Investization of Open Pit Mining Area

It is judged necessary that prior Lo overburden stripping, detailed sunveys — together with
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drilling work be conducied by WAPDA on its own responsibilily. In this context, il is
recommended that WAPDA take prompt action for the performance of the said work. It
should alse be borne in mind that the first priority should be placed drilling of the western
biocks of Lakhra Coal Mine.

(%)) Measurements of Surface Moisture and Size Distribution of Coal

There still exist vague poinls to be calosified regarding surface moisture of raw coal from
Lakhra Coal Mine. In this regard it is considered necessary that se-micasurenicants be made as
soon as possible.

1) Geological Surveys and Preparation of Topographic Maps

It is recommended that in view of the urgency of the Project implemeptation, WAPDA
vadertake geolopical suneys on the proposed Project siles and prepare topographic maps

thercof which wilt be definite studies for the Project. It is advisable for WAPDA o take
prompt action for this purpose.
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CHAPTER 2 THE PRESENT STATUS OF COAL MINING IN PAKISTAN

2-1 General

The production of coal in Pakistan starled at the end of the 19th centusy. However, with the
discovery of superior coal in West Bengal (India) coal mining in Pakistan declined steadily and
production decreased remarkably. After Independence the coal mining allracted nation-wide
altention suddenly and numerous small-scaled coal niines started opesation simultancously.
The government of Pakistan, with the intention of increasing coal production as the major
energy source of a newly-bomn country, began the reorganization of smallscaled coal mines
from the economical poinl of view. The government also entrusted four major mines in the
country, Makerwat in Punjub Province and Sharigh, Sor-Range and Degari in Baluchistan
Province, with the management of PIDC and fates, with the independence of PMDC — as the
rew organization to execute extensive and intensive investigation and development of mineral

resources inclusive of coal and rock salt in 1974, transferred these four mines fo PMDC's
conlrol.

As a resull, the whole coal production in Pakistan inceeased gradually and reached 1,395,000
tlonnes in 196869, an increase of approximately 1.9 times compared with the 735,000 toanes
in 1959-60.

(Source: Pakistan Feonomic Survey 197879, published by Government of Pakistan Fiaance
Division)

However, the share of coal in the deinand for enerpy was gradually replaced by the abundance
of natural gas discovered in the country; and, moreover, the production decreased by degree
due to out-dafed mining techniques and the shorfage of equipment, and now stands at
1,260,000 tonnes annually — a miere 5 5% of Lolal energy supply.

2-2 Occurrence snd Quality of Coal

The major coal fickls in Pakistan are Khost-Sharizh, Mach and Sor-Range in Baluchisian
Province, Makerwal and Salt Range in Punjub Provinee, and Lakhra and Meting-Thimpir in
Sind Proviace. Tolal reserves are estimated at approximately 442 million tonnes, and about
half of the feserves are concenirated in the Lakhra coal field.

(Source: Pakistan Fconomic Survey 1978--79)

The quality of coal in Pakistan is mainly liznite and sub-bituminous and pastially bituminous
and almost all coal is of poor qualily with high suiphur and high ash contents.

(Source: STRATIGRAPILY OF PAKISTAN, published by Greological Sumvey of Pakistan in
1977)

The major items for each coal ficld mentioned in the DIRECTORY OF MINERAL DEPOSITS
OF PAKISTAN, published by the Geological Survey of Pakistan in 1969, are shown in table
2-1. The data is not up-to-date so0 that it is inevitable that there are some disceepancics and
differences in comparison with the resuits of recent investigations — especially with those
carried ovt by the JICA survey team for Lakhra coal field in 1979. However, generally
speaking, the coal in Pakistan is of poor quality and the o3l seams ate very thin and steep.
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2-3 Production

The coal production in Pakistan has been decreasing steadily over the tast few years due to the
existence of poor qualily coal seams, out-dated mining technology, the shorlage of vasious
itens of equipment and the poor quality of the coal. In addition, demand has decreased as coal
has been seplaced by natural gas.

The foltowing table shows the production of the PMBC coal mines and of privale mines after
197475 fiscal year as given in the Monthly Statistical Bulletin Vol. 28 issued by Statistics
Division, Goverament of Pakistan, in February 1980 as well as in the PMDC Performance
Review, issued by PMDC in April 1980,

Unit: thousand tonnes

Sector 1974f75 1975776 1976)77 1972]18 1978119
PMBDC 312 266 2N 241 237
Private 1,602 372 8706 1,038 1,024
Total 314 1,138 1,147 1,279 1,261

Approximately 60 % of tolal production comes from Baluchistan, 27 % from the major
consuming Provinees of Punjub and North West Frontier, and the remainder from Sind.

‘The figuses show that the production in PMDC coal mines is less than 20 % of tolal production
and more than 80% is being produced by numerous smallscaled coal mines. However,
according to the Ofth 5 years plan in PMDC staried in 1978, the modernization and expansion
of existing coal mines with the introduction of more up-to-date techpique is scheduled, as well
as produciion increases with the development of new mincs in Punjub and Sind. Further an
increased of demand in the coal producing centres is anticipated.

As a result, the production in PMDC is scheduled o increase from an anaual 240,000 tonnes as
at present to 1,800,000 tonnes by the end of this period.

For this purpose, the following projects are planned or under way.

(1) Development of Sharigh mine 1o increase the production frem an annual 50,000 tonnes
to 100,000 tonnes.

(2) The installation of 2 coal washing plant at Sharigh mine to supply 75,000 tonnes of
blended coal for the steed plant at Karach — to mix with imposted coking coat.

(3) The developrient of the Makenwal mine from its anrual production of 120,000 tonnes to
an oufput of 300,000 tonncs.

(1) The development of a new coal mine in Lakhra with an annual production of 1 miltion

tonnes and the iastalfation of a acw coal fired thermal power station in cooperation with
WAPDA.
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24 Uses

In spite of the rapid increase of the total enesgy supply in Pakistan (approximately 30 % over
the past S years) the amount of coal supply is alimost the some as before and shares only § % of
the total energy supply (a decrease of 1.51 % over the same period). These figurcs apparenily
show that the increase in eneigy consumplion has been taken wp by such other energy
resourees as natural gas, efectricity and oil.

(Soarce: Pakistan FEconomie Sunvey 1978-79)

Approximately 95 % of total coal produciion in Pakistan is now conswumed in the Punjub and
the North West Frontier, and mosl of it is used mainly in brick buming, lime buming,
briquetie plants, small industries, military and domestic fuel and partially in raifway
locomotives and power sfations.

The major reasons now disturbing the development of the coal mining industry in Pakistan are
the easy friabilily and spontancous combuslibitity of mined out coal produced in Baluchistan,
which is the major coal producing area in Pakistan, and, in addition, the poor avaglabifity of
railway wagons provided by the Pakistan National Railway. These are impeding the smooth
transporiation of coal from Baluchistan to each consuming province and are also the nrajor
reasons why the demand for coal is being eroded by natural gas and oil, etc.

25 PMDC Coal Mines

As mentioned before, PMDC possesses four major coal mines in Pakistan, Makenwal, Shangh,
Sor-Range and Deégasi, which are now producing 240,000 tonnes of coal annually. They are the
typical coal mines in each coal ficld in this country and are relatively well mechanized as far as
Pakistani coal mines go. Among them Makerwal and Degari mines were investizated by a JICA
survey leamt and general contribution of them ase shown in Table 2-2 and Table 2-3.

2-5-} Makerwal Coal Mine

Makerwal is one of the oldest mine in Pakistan. After its nationalization in 1949, the mine
came under the control of PIDC in 1954, However, when PMDC became independent from
PIDC in 1974, the Makerwal mine was transferred to PMDC.

The annual produciion al the time of transfer to PIDC was only 60,000 tonnes but as the
result of efforts for the improvemenl of the mining method and mechanization, the
production increased up to 200,000 tonnes in 1966. However, the development is making stow
progress due to the presence of gigantic faulls with 200 m of displaceaent, so that the
pioduction is decreasing gradually and remains at only 400 tonnes per day against 1,000
tonnes as planned at present. Economically speaking, however, Makeswal coal is still gaining 90
Rupees per tonne of profit.

There is only ona seam yielding coal. Its height ranges from 0.6 m to 2.3 m, and it fics with an
inclination of 10 to 32 degrees. Many faults, especially the aforementioned biz Fault with a
displacement of 200 m and its secondary faulls are severely distusbing the underzround
developmient. The ceat winning system is mainly room and pillar with manual extraction and
only one longwall with 55 m of face is also under operation. The coal winning and road
heading works are carried out under the contractor system and the workers are cmployed and
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distsibuted by the contractors. Except the steel arch supporis in some main cnlrics, wooden
supposls are in use in general. §n addition, the quality of wooden supports is poor and the
bhumidity underground is very high. Therefore, the coof and side walls are pushed out
frequently.

In addition to the small venlilation fan, natural ventifation is also being utilized in this mine.
However, the quantity of air is remarkably insufficient. Therefore, the temperature and
hunidity are very high and ventilation is bad.

The transporiation in Makerwal is by manpower and donkey for the underground level
foadway, small hoists for inclines, and gravily powered ropeways, diesel locomotives and
camels for the surface. No man riding vehicle system is ulitized.

The biggest problem in Makerwal coat mine s the ventilation. It is apparently impossible to
supply fresh air suflicient for all the underground workers. Furthermere, the underground
temperature is high due to the subterrancan heat and high humidity. Floating coal and rock
dust also affect the condition underground. Therefore, il is recommended that the ventitation
be improved as urgently as possible with the instalation of a fan of adequale capacity and
thorough recenstruction of veatilation circuits, Otheiwise the opesation of the mine will be
unavoidably intersupled in the near future by venlilation problemns,

Reconsideration of thie supporting system is also very impestant subject. It is recommended
that arch Lype andfor other stec) supports be used fos all the main entries which are expected
to rennain in use for many years. In the other roadways supporis with wooden materials,
continual inspection and repair work will be necessary.

2-5-2 Degari Coal Mine

Dzgari is also a very ol mine and was transferred repeatediy to and from the private and
public management znd in 1960 passed under the control of PIDC. After that it was
transfesred to PMDC when the latter became independent in 1974,

£rom Febrvary 1961 up to March 1971 Japanese engineer(s) had stayed at Degari and planned
and conducied the development of the mine and the construction of equipment. As a result
the production was increased to 70 tonnes per day in 1964 from only 30 tonnes per day in
1961. Morcoves, il reached 500 tonnes per day in March, 1968. However, the production
decreased gradually from the annual peak of 100,000 tonnes in 1969-70 to 70,000 tonies in
197879 because of the gradual thinning of coal scams and the increasing difficutty of
transporting coal and material due to the increasing depth of the mining faces as well as the
decline of the coal markel. However, Degari is also enjoying approximalely a profit of Rupees
99 per tonne the samie as the Makerwal mine.

Two yiclding coal scamis are approximately | m each in height and 45 to SO degrees in
inclination, so-calted steep seams. The coal winning system is the retreating long wall system
with 60 mof face leagih and manually won, and extracted coal flows along the face by gravitly.
The co3l winning and road heading works are the same as Makerwal, carried out under the
contractor system. With the decpening of mining faces the tzavelling time of workess from the
portal to the face has increased remarkably, and al present it takes approximately one hour
through 45 degrees of steep incline because of no transportation facilities. It causes, therefore,
the decrease of actual working hours at the face and the increase of weariness of workers.
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The supporting materials are all wood. However, no problems appear because of the very stable
roof and wall. Only a small ventilation fan is used but it is now supplying an adequate quantity
of fresh air for the working faces. Fransportation is carried out by manpower for the
horizontal roadway and by small hoists for the inclines.

The biggest problem in Pegari is transportation. Particutarly, as mentioned before, the lack of
transportation for workers has caused a decrease in productivity. Thezefore, it is urgently
recommended that the man riding vehicle be provided to maintain the working hours at the
faces, to increase productivity and preveal fatigue of the workers. In addition, reconsideration
will be required for transporiation of the coal and materials to achieve a mine efficient and
cheaper operation.

Furthermore, it will be necessary (o endeavour to increase productivity with sufficient
consideration for the conbination of coal winning and packi

ng works and also most proper
manning and operation plans.
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TABLE 2-2 MIRING CONDITION IN MARKERWAL AND DEGARI

Bescription Makerwal Oegari
Annual Production (t) 103,000 80,000
Yorker

Underqground 200 600

Surface 600 260

Total 800 800
0.M.S.

Face 1.14 0.75

Total 0.43 0.33
Seam Thickness (m) 0.6 - 2.3 1.¢
Inclination (degree) 10 - 35 45 - 50
Quality (%)

Fixed Carbon 35 - 40 45 - 4§

Yolatile Matter 35 - 40 47 - 48

Ash 14 - 30 3.2 - 6.8

Sulphur 4.7 - 30 1.9 - 2.2
Calorific Value 5,600 6,800
Coal Classification Sub Bitvminous Sub Bituminous
Coal Mining Method Room & Pillar Longwall with

Packing

User Brick Maker Brick Maker
Setling Price (Rs/t) 333.46 294.42
Cost (Rs/t)

Hage 162.96 134.50

Material & Equipment 66.15 44.16

Administration 19.80 22.35

Total 248.9) 201.01
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TABLE 2-3 MAJOR FACILITIES IR MAKERWAL AND OEGARI

Description

Markerwal

Degari

Horkshop

Yentilation Fan

Air Compressor

Hinder

Locomotive
Coal Culter

frainage Pump

Substation

Povier House

Others

¥echanical & Electrical

50,000 cfm x 1
30,000 cfm x 1
Others

1,200 cfm x 4
660 cfm x 2
Gthers

100 kW x 1
75 kd x 1
50 kW x 1

10 t Diesel Locomotive x 5
60 ¥ x 7
93 kH x 5

High Preéssure Pump x 1
Low Pressure Pump

66 kV/11 kv, 1,500 kVA

1,150 ¥ x 1
325 kN x 1

Safety Laro
Telephone Exchanger

Mechanical

26,000 cfm x 2
Others

3,200 cfm x 2

300 1P x 1
75 kH x 1
50 P, 20 kH

Low Pressure -

11 kV/3.3 k¥, 1,500 KVA

500 kVA x 2

Safety Lamp
Tetephone Exchanger
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