CHAPTER 7 COAL PREPARATION
7-1 Coal Quality
7-1-§ Raw Coal Quality

Coal quality of each seamt in the investigated area was described in detail in the geclogical
report in Aprit, 1980. Therefore, the coal quality data in the whole investigated area are
omilted From this report. And the data for a design of the preparation plant and the power
plant are taken from the quality data in the mining area.

The mining area is divided inlo three, namely west open pit, east open pit and underground
mine. There are four mineable seams for the west open pit area, the Nos. 5,3, 2and 1 in
deseending order, and three for the east open pil area, the Nos. 3, 2 and {1, and one for the
undesground area, the No. 1 seam and some partial production from the No. 3 seam.

Proximate aralysis, tota} sulphur and ¢aloiific value of each seam in the mining areas are
showsn in Table 7-}, and ultimate analysis and other coal quality are shown in Table 7-2_ All
data in Table 7-1 are indicated on air dried basis.

Summarizing the above analytical data, proximate analysis, ultimate analysis and calonific
value (d.2.0), the Lakhra coal is classified into lignite with low coalfication and is evaluated for
stcaming ¢oal as lotlows.

The Lakhra coal contains approximately 10 % of inherent moisture on air dried basis. Usually,
this type of coal has 1 to 2 % higher moisture than this value on equilibrium moisture basis.

Tolal moisture will be 25 to 30 % on as received basis, assuming from the PMDC geotogical
repori, 1976.

Assuming that the minimum desirable calorific value is 3,500 kcalfkg on air dried basis, the ash
content of the coal fluctuates widely from about 0 to 40 4. The reason is considered that the
volume of high specific gravily or high ash malenial varies widely in each raw coal sample,
reviewing the resulls of the Noat and sink fest. The fluctuation of the ash content or the

calorifi¢ value will come into question for boiler use at the power station. Therefore, it will be
necessary (o uniform and reduce the ash content by blending or washing.

The total sulphur content is fairly high value of around 74%. A ratio of the inosganic to the
organic sulphur is 65 {o 35 and the former is much more than the latler. Aboul a half of the
inorzanic sulphur will be removed, but only aboul 30 % of the total sulphur conteal will be
decreased from the raw coal by washing. This means about 5 % of the sulphur still remains in
the clean coal. Therefore, a desulphurization process will be necessary at the power station.

Hardgeove grindability index is around 70, and nitrogea is 1.1 to 1.2 % of low content. The
beth figures are favourable for boiler use.

The ash fusion temperature is more than 1,300°C and the temperature is quite suitable for
boiter use. Bul this temperature is a liltle lower than other common coal, because the Lakhsa
coal contains small amount of acid compaesition such as $i0, and At, 0, and large amount of
alkaline composition such as Fe, 0,, Ca0 and MsO.
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The electric resistance of ash is shightly high at 130°C, and it is a liltle over the maximum limil
of 1 x 10** Ohm-cm for the design of a electric dust collector.

7-1-2 Size Distribution

The drilling core samples from Lhe investigated arca were used for only quality analysis, and
were nol available for a sereen analysis because of small amount of samples.

Since the size distribution of the Lakhra raw ¢oal is neccssary for the plant design, a bulk
sample was taken from the National Mine No. 5 near the invesligated area, and then the screen
analysis, (he float and sink test and the proximate analysis were carried oul in Japan. (sefer to
altached annex). The above screen analysis data will be useful for the Lakhra coatl in the
miining area, The result of the screen analysis is as below:

Screen anzlysis

Size (mm) W) Cum. Wi. (%}
+50 36 36
50 x 38 4.0 7.6
38 x 25 10.3 17.9
25 % 15 16.1 34.0
15 x 12 12.7 46.7
12x 9 -6l 528
9x 6 1822 710
6x 3 13.0 84.0
P 9.4 93.4
Ix 05 28 96.2
- 05 38 100.0

The top size of the actiual plant feed coal, so called run-of-mine coal, will be 300 mm, and it is
anticipated that the plant feed coal will have coarser fractions than the above size distribution.

For this reason, the hand picking and crushing system must have some allowance in capacily
for the raw lump coal over 50 mim due to the size variation.

Therelore the size distribulion to be applied to the plant design is estimated as follows:

Pioposed size distribution

Size (mm) WL(%) Cum. Wi (%) _
300 x 50 10 10

50x 12 40 50

12x O 50 100

Total 100

The grain diagram to be applied to the Lakhra coal is shown in Fig. 7-1.
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7-1-3 Float and Sink Test

In order 1o study the washabitily of the raw coal, 10 typicat samples were (zken from the
investigated arca, and the float and sink tosts were casried out. The test results wese described
in the geological report. The samples weie crushed into under 10 mm in size dug to small

amounl of samples. Therefore, these washabilities are questionable in representing for the
plant feed.

The ash content of the raw coal for the washability tests fluctuates widely. The reason is that
the high specific gravity fractions, such as over 1.6, vary widely from 7 to 30 % in each raw
coal smaple. The composite washabilily data of 10 samples is shown in Tablke 7-3 and its
curves is in Fig. 7-2.

The raw coal is evalualed from the washability data: the coal contains selatively a small
amousi of good qualily ceoal at the gravily fractions of less than 1.3, and it contains relatively
a large amount of intesmediate coal at the gravity fractions of 1.3 to 1.6,

Thesefore when washing at a low specific geavity of less than 1.6, the washability is not so
good, but while washing at 1.8, the near gravilty material is improved to 7.5 % which makes a
separation simple by a jig washing system.

Genesally the Lakhra coal has high sulphur content, ¢specially pyrite conient is more than
30 % in the total sulphur.

According (o the tosults of the separation test at 1.8 in specific gravily for the 7 typical raw
coal samples, about 38 % of sulphus in average was removed from the raw coal.

However il is considered that the sulphur would be fairly removed from the coals, because
these samples were crushed to less than 10 mm.

In the aclual operation, the clean coal is supplied to the power plant at 50 x 0 mn in size in
the feasibility reporl. Moreover according to the attached National Mine No. 5 analylical
report, the rate of removal of sulphur conlent fog the Lakhra coal ranges from 20 to 30 ¢ at
the specific geavity of 1.8, using the resulis of float and sink tesis for the sulphur sepasation.
Fherefore desulphurization is not much anlicipated by washing,

7-1-4 Relation Belween Ash Conteat and Specific Gravily or Calorific Yalue

In genesal, there is close correlation belween ash conteat and specific gravily, and the
cortelation for the Lakhra coalis shown in the following formula and is drawn in Fig. 7-3.

Y = 1.2506 + 0.01263 X

Y: Specific gravily
X: Ashcontenl &

However, al the specific gravily fractions of less than 1.4 for Lhe Lakbra coal, the difference in
ash content between fractions becomes very small and each fraction tesembles very much,
using the Moal and sink test.
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These is also close comelation between ash content and eatorific value. In the case of the

Lakhra coal, the (wo kinds of corrclation are separately shown in the following formulas and
in Fig. 7-4.

One is for the coal portion of less than 40 % ash, the other is for the reject of more than 40 %
ash,

A Y =73538 - §6.42 X (-40 %ash)
B: Y=61678 --67.81 X (+10% ash)

Y: Calorific value kealfkg
X: Ashcontent %4

Since the Lakhra coal has much inherent moisture and changes widely, the above formulas are
shown on dry basis.

7-2 Qut of Seam Dilution

There is a slight difference in coal quality between the plant feed coal for actual operation and
the drilling core sample, due to some amount of out-of:seam dilution by roof or floor rock
duting the mining operation. Therefore the rock difution must be added (o the raw coal to
estimate the ash conlent and the washabihity for the desizgn of the prepasation plant.

An estimate of the rock dilution is 5% in the raw coal for the multi seams in the open pits, and
4% for the single seam in the undesground mine. The ash content of the toof and fleor rock,
and the specific gravity of them are estimated to be 75 % and 2.2.

7-3 Basic Design

7-3-1 Ash Content of Plant Feed Coal

Adding the above mentioned rock dilution from roofs and floors — 5% from the open pils

and 4% from the underzsound mine - to the average ash content of raw coal from each
niaing area, the ash content of the plant feed coal becomes as follows:

Opea pit
West East Undesground mine
Raw coal ash (5%} 25.1 211 22.3 (without dilution)
Phant fecd ash (%) 27.6 238 24.4 (with dilution)

7-3-2 Selection of Washing System

The unwashed Lakhia coal is available enough to the power sfation by simple treatment of it,
but by washing only coarse coal (+12 mm), the ash content and calorific valie of it may be
fairlly improved and stabitized. And this washing witl contsibuie to save the expenses for
transposting coal from the mine site to the power station as well as the expenses for disposal of
ash frem boiler and lurther may be able to reduce comewhat sulphur content.
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However, the washing system regafarly has many weak points such as high capital and
operation costs, difficult to supply water and an increase of total moisture of the product, ete.
AU this mine, two preparation systems can be considered as follows;

(i) Unwashing System
Raw coal is screened at 50 mm in size, and wasles in oversize raw coal are removed by hand

picking. Over 50 mm coal is crushed and sent to the power station together with under 50 mm
coal.

(2) Washing System
Raw coal over 50 mm is processed in the same method as above. Then oves 12 mm raw coal is

washed by jig washer. Thus washed clean coal is used at the power stalion together with under
{2 snen unwashed raw coal.

Taking the failing conditions into consideration, the unwashing system is adopted for this mine
in our plan.

As for the washing system, it is outbined in the attached annex.

7-3-3 Qualily of Unwashed Coal

Assuming that the amount of waste with 75 % ash coatent, which can be removed by hand
picking, is 4 <% of the total raw coal, the quality of unwashed products from each mining arca

15 supposcd to be as follows respect ively.

(1)  West opea pit

Air dried As recieved
Moisture <) 82 25.0
Ash (V3] 25.6 20.9
Volatile matter %) 346 28.3
Total sulphur %) 1.5 6.1
Calorific value (kcalfke) 4,550 3,720
Yield %) 26.0 96.0

(2) East open pil

Air dricd As seceived
Moislure (%) 114 250
Ash {56 217 18.4
Volatile matfer {5) R B 29.2
Total sulphur {4 63 5.3
Calosific value (kealfke) 4,740 4,010
Yield {%) 926.0 96.0
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(1) Underpround mine

Air dricd As received
Moisture v3) 9.1 25.0
Ash (%) 2213 18.4
Volatile mattes (%) 350 289
Total sulphur (%) 76 6.3
Calorific value (kcalfke) 4,730 3,900
Yield %) 96.0 96.0
(1) Whole areas
Air dried As received
Moisture %) 93 25.0
Ash (%) 218 19.7
Volatile matter (%) 34.7 2871
Total sulphur (%) 1.2 5.9
Calorific value {kcaljke) 4,640 3,840
Yield %) 96.0 96.0
Notes: The coal quality from the whole areas is composed of at the following production
ratio.
Production ratio (%)

West open pit 50

Easl open pit 30

Uaderground mine 20

Total 100

7-4 Dasign Criteria
7-4-1 Anmnual Production Scale

Raw coal production

West open pit 525,000 TPY (airdned)
East open pit 315000TPY( = )
Underground mine 210,0001PY( =~ )
Total 1,OSO000TPY ( = )
Clean coal production 1LO0OGGOTPY ( = )
Clean coal production 1,200,000 TPY (as received)

7-4-2 Plant Operating Schedule
Operating days per year is 300 days, based on following schedule:
2 shiftsfday, 6 days/weck

Plant availabitily S0%
Plant yield 96 %
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7-4-3 Plant Capacily

1,050,000
300x 16 x 0.8
273.4 t/h (air dried)

Hourly raw coal feed rate =

Assuming 20 % peak load raw ceal production and 20 9% moisture factor as received basis (T.M.
25 %)

Plant capacily = 2734 x 1.2 x 1.2
=400 1/h (as reecived)
Max_ raw coal capacily =400 x 16 x 0.8 x 300
= 1,536,000 tfyear (as received)

75 Flowsheet Criteria

A 300 mm grizzly is set on the raw coal demp hopper to restrict the maximum grain size of
<03l to be fed to the preparation plant within 300 mm. Lump coal in oversize materials is
crushed by a hammer with electsic hoist and other big wastes are taken out by a grab buckel.

The plant feed coal is screened at 50 mm in <ize and wastes in 50 mm oversize raw c¢oal are
removed by hand packing. It is estimated that the amount of hand picking saw coalis 10 5% of
the total plant feed raw coal and the amount of removed wastes is 40 % of the hand picking
raw coal. The remained 68 % of the lump coal is crushed under S0 mm in size and used at the
power plant together with under 50 mm screened coal

Hand picking capacity 400 1/h x 0.1 =40 1/h
Waste removed by hand picking 40 tfh x 04 = 16 tjh
Clean coat crushing capacily 40 tthx06=24ifh

Assuming that 5 fonnes per man per shifi of wastes can be removed by hand picking:

Required hand pickers 16 x 3§_X_Q.§_ = 20 men/shift
Unwashed clean coal 400 tjh x 0.96 = 384 1/h

76 Flowsheet

Fiz. 7-5 is a flowsheel of the unwashing system. 80 % of raw coal to be {ed to the preparation
planl comes from the open pits and is dischasged into a8 100 tonne hopper. A 300 mm opening
goizzly is sel on the dump hopper. Oversize coal is crushed and wastes are removed. Raw coal
in the hopper is drawn oul {rom the botltom of the hoppet by a vibrating feeder at a 1ate of
400 t1fh and stored in a raw coal bin through a raw coal bell conveyor.

Raw coal from the underground mine is hauled by mine cars through the inclined shafl and
discharged with a tippler and then stored in the above meationed raw coal bin through ancther
raw coa! bell conveyor. Those raw coat belt conveyors have a belt scale mespectively to measure
the quantity of raw coal oulput from cach mining arca. The capacily of raw coal bin is 1,500
tonnes equivalent Lo above 4 houws raw €03l output.
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Raw coal drawn out from the boitom of raw coal bin by vibrating feeders is fed to the raw
co2l screen through the plant feed conveyor to be screened at S0 mn in size. In order (o
reclaing tramip iron, magnet catcher is set at the top of the plant feed conveyor. The hand
picking plant is designed to process 400 tonnes of raw coal per hiour,

Over 50 mm raw coal is conveyed onto the hand picking belt conveyor and over 50 mm waste
is picked out there by aboul 20 workers per shift. Thus picked out waste is senf to 2 60 tonne
rock bin through No. | and No. 2 rock belt conveyors and finally dumped out to a waste yard
by a dump truck. -

Over 50 mm coal on the hand picking belt conveyor is crushed to undes S0 mm bv a single roll
crusher and stored in 2 clean coal silos together with coal under the 50 mm raw coal screen.
The capacity of those sifos is 4,000 tonnes equivalent to the clean coal oulput of 2 shifts per
day.

A 20,000 tonnes oulside stockpile is prepared (o store about S days elean coal ountput for
CMETEeacy Use.

Clzan coal from silos is loaded into freight cars through a loading hopper and is transporied to
the power plant after measuring by a track scale.

7-1 Plant Facilities

The proposed plant will produce oae million tonnes per year on air dried basis of unwashed
clean coal which will be used at Lakhra power station. The plant wiil operate two shifts pei
day, 300 days per year, with a nominal 400 tonnes per hour as received. The scope of the coal
preparation facilities is from raw coal receiving dump hopper to clean coal toading hopper and
the main process is a simple system with removing over 50 mm reject by the use of hand
picking. Since the specification of the main equipment is indicated in the attached
specification lable, only outline of the equipment will be described.

7-7-1 Site Work

The clearing of all vegetation from necessary areas in general plant site and geaeral excavation,
backfilling and drainage of the plant site will be provided. Plant roads to provide access to
various sinuctures and hautage roads to truck dump for raw coal and reject transportation will
be constructed. A proper soil investigation including classifications and allowable bearing
values will be made for the purpose of foundation design. A suncy of the plant site
establishing buildings, conveyor center-lines, and sesvive and haulage roads will be provided.

7-7-2 Raw Coal Receiving and Storage
Fhese equipment mainly consist of a 100 tonne dump hopper and a 1,300 tonne raw coal bin,
and over 300 mm lump coal and rock will be treated in this section. A ventilation systent and

leakage water treatment with pumping will be provided under the dump hopper.

7-7-3 Raw Coal Treatiment

This section mainly consists of a raw coal screen, picking belt conveyor, cfusher and reject bin.
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An electro-magnetl with a trolley operating by timer for the removal of tramp iron will be
provided on the top of plant feed conveyor.

7-7-4 Clean Coal Storage and Loading

These equipment consist of two 2,000 tonne clean cosl silos, a 20,000 tonne eniergency
stockpile, reclaiming equipment of coal, 2 110 tonne loading hopper and a railway track scale
system. A venlilation system and leakage water tecatinent with pumping will be provided in
the tunnel of the clean coal seclainting equipment.,

7-7-5 Service Hoisls

Two 3 tonne, 15 m iifl, elecisic trolley hoists will be provided in the suifable places for repair
and maintenance of equipment.

7-7-6 Weighess

The following weighers which will be capable of measuring and recording remotely at the
control room will be provided in the plant.

(n Belt scale

Oy
Raw coal conveyor |
Plant feed conveyor 1
Clean coal conveyor i
Clean coal loading conveyor 1
Reject conveyor ]
2) Railway track scale i

7-7-7 Foundations

A soil investigation for foundation desizn will be carried out. For estimating purposes the
allowable soil bearing pressuie of 25,000 kgfm? was used. A 150 mm layer of well-compacted
crushed stone will be placed under all slabs. Foundations will be designed using concrefe witha
nininuim compressive sitenglh of 210 kgfem? at 28 days. Proper amount of Porlland cement
and waler to give $ to 18 cm slump will be used. All reinforced concrete structuees will be
designed in accordance with the design criteria of Japan Society of Civil Engineers. Deformed
bars conforming the Standard 34 to 35 will be used.

7-7-8 Structure
(1) Reinforced concrete struclure

Raw coal dump hoppers, 1aw coal bin, clean coal sidos
{2 Steel stracture

Reject bin, clean coal loading hopper
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3) Housing

Raw coal receiving, picking room including scteen and crusher, clectrical room, track
scale

{4) Specification of housing

a)  Structure: Steel stneclure
b) Exterios: Slate
c) Interor: Flexible board

d) Doors and windows: Steel
7-7-9 Electiical Equipment

Power will be supplied with 3 kV, 3 phase and 50 Hz to the coal preparation plant from the

mine substation and the following complete set of electrical equipment will be provided at the
plant.

(1) Motors Enclosed, forced cooling type induction motor
Total motor horse power: 461.45 kW

(2) Power supply equipment

a) Incoming switchgear 1
b) Controldesk 1
¢} Transformer secondary switchgear |
d) HJST volt swilchgears 1
¢) Voltage system

Motor 3 kV x 50 Hz x 3¢9 for over 55 kW
400 V x 50 Hz x 3¢ up (0 54 kKW

Control 240V x 50 He x 1¢

Lighting 240V x50 Mz x 1

Instrumentation 100V x50z x 1)

3) Conlrol equipment

Qty
a) Control centee 1
b) Conteol desk 1
¢) Hiuminated mimic panel 1
d)} Control relay cubicle i
e) Sitc operating switches 1 lot
1) Instrumesttation
a) Coal bin sounding deviees ilot
b) Beltscales 1 lot
¢) Track scale 1
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{3) Lighting equiprieni

a}  Mercury-arc lamps I ot
b) Fluorescent lamps ! lot
¢) Lighting swiich boards 1 lot
d)} Oihass 1 lot

(6) Comminication cquipment

a)  Amplifics set 1
b) Handy sets i lot
c¢) Loud specker sels I lot

7} Wiring maternials

a) Power & control cables 1 lot
b) Steel materials & conduits I lot
¢} Insulating & splicing metenials 1 lot
d) Oiher materiats 1 lot

7-7-10 Mobile Equipment

A 24 tonne dump truck and a 12 tonne butldozer will be provided for reject dump and outside
coal storage.

7-7-11 Laboratory Equipmeni

The following basic equipment will be provided in the coal laboratory together with the
required auxiliary equipment:
Q'ty

(1) Modified acme dryer, type | 1

{2) Muifle furnace 1

{3) Total sulphur measurement device I

(4) New Model Nenken {ype adiabalic i

calonmeter

(5} Rifile sampler

(6} IJaw ciusher, No. 1023-4

(7} Horizontal Type Brown crusher

(8) Standard testing sieve shaker

{9) Standard sieves, stainless steel 1

(10) Digital batance, NL-200 TP

— N b R e

7-1-12 Miseellancous

The required spate parls for 5 years will be provided for the plant operation. Several fireplugs
and drinking water will be arranged al suitable places in the plant site, These cost estimate are
included in the section of the surface facililies.
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7-7-13 Equipmeat Maintenance

The maintenance of the mechanical, electrical and mobile equipment will be entrusted to the
each repair shop at the surface. The maintenance costs for both of spare pasis and repair are
included in the operating cosl of the coal preparation plant, and an estimate of the yearly
repais cost is 2 % of the capital cost for the mechanical and electrical equipment, and 6 % for
the mobile equipment.

7-8 Construction Schedule (see figure on next page)
78 Consideration for Spontaneous Combustion

7-9-1 Introduction

Coal stockpiled absorbs generally some oxygen in the atmosphere, and the temperature inside
the stockpile rises due to the generated heat during oxidation, and the sate of oxidation of coal
is gradunally accelerated and spontaneous combustion occurs finally.

The generating facloss of the spontancous combustion can be divided mainly into the
following two classes. One is physical factors regarding the environment and another is
chemical factors based on the €oal gualily.

Physical factors:
o Existence of required air
o Condition of particle size of coal at stockpite
o  Condition of moisture
o Period, volume and shape of storage
Ambient atmospheric temperature
Weather condition

Chemicatl factors:
° Composition of coal {proximate analysis and vltimale analysis, éic.)
o Characteristics of coat {(oxygen absorption capiacily, refative ignifion lemperature,
rate of temperature rise and thezmal conductivily, eic.)
o Contenl of vitrinite, exinite and pyrite.

Spontancous combustion may actually occur by combination of above-mentioned both
factoss. In general, low rank coal of coalification such as lignite is much liable 1o spontaneous

eombustion, especially at the coal quality peint of view.

Therefore necessary counlermeasures for the spontaneous combustion should be taken on each
aspect of mining, handling, storage and transportation syslems respectively.

7-9-2 Several Factors for Spontfaneous Combustion
(1) Moisture

The tsue effect of moisture for the dried coal is obscured, while many reports have been
published. A tempetature rise of various coals due to the heat of weiling of coalis the more,
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the lower the rank coal of coatilication. It has been recognized that around 10 % moisture
content in coat is highly hable to oxygen absorption and is dangerous for spontancous
combustion.

The high inherenl moisture conlent in coal is hable to oxidation, while 1he high surface
moisture content in coal is not liable to oxidation. On the other hand, the high inherent
moisture content in coal generates the distorlion belween surface and inside of coal by a
change of humidily to pulverize and collapse.

(2) Rank of Coalification

Lignite in genesat is highly susceptible {0 spontancous combusiion, sub-biluminous next,
bituminous according to the rank of cealification, and it may hardly occur in case of
anthracite. 1t has been recogaized thal there is & strong selation belween spontaneous
combustion and coalfication or oxygen conteal, the spontancous combusiibility #s high for
the low sank coat of coalification and the high oxygen contenl coal.

1) Oxyzen Absorption Capacitly

Winmitl suggested that the oxypen absorption capacily of a coal could be related to its relative
liability to spontancous combustion. In general, a coal absorbs 5 — 10 times oxygen of its
volume vnder a rormal temperature. The oxygen absorplion capacity is so much for the low
rank coal of coalification and for example it is reporied that a lignite absorbs 10 — 5 «¢c
oxygen per 1 gram coal and a bitluminous ¢oal absosbs 7 — 8 ¢ per 1 gram coal.

In gencral, the catonfic value to be generaled by the oxypen absorption is 2.1 — 3.3 ¢alories
per 1 oc oxygen (Q,). For example, if the coal of 1 gram absorbs the oxygen of 10 ¢¢ undera

normal temperature, the heating value becomes 21 — 33 calorics.

IT this heal is accumulated indde the coal without any radiation fo the oulside and a specific
heat of a coal is 0.25, the temperature of coal rises by following figures.

(21 —23cal}/0.25 =84 — 132°C

Accordingly, the oxidation of coal is highly accelerated due to this temperature sise, and then
a spontancous combustion will occur finally.

(1) Particle Size

The stze of coal particles as well as temperature is one of main factor which influences largely
to the oxidation reaction of the coad. The oxidation rale of coal increases as an osculating
plane or specifie surface area become larger.

Accordingly, the coal which is vasily degraded has a slrong lendency of the spontaneous
combustion.

) Ferrous Sulphide

Ferrous sulphide is classified into pyrite and marcasite, and both molecular formular are the
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same as FeS,, and the later is liable to the oxidation. The oxidation for ferrous sulfide
required some water and the reaction formula is as foltows;

2 FeS, +70, +211,0=2H,504 + 2 FeSO,

In this case, the generated heat is 4.3 calories per 1 ¢c of absorbed oxygen and it is equivalent
to two times of the oxygen absorplion rate of coal. Therefore, in case a farge amount of the

ferrous sulphide is contained in the coat, possibility for the spontancous combustion will be
quite high.

(5) Relative Igaition Temperature
The relative ignition temperature is commonly measured as the testing method for the

oxidation or spontaneous combustion of coat. There is a considerable corcelation between the

refative ignition lemperalure and carbon or oxygen content, that is, its temperature is low for
the low rank coal of coatification.

7-9-3 Spontaneous Combusfibilily Tests for Lakhra Coal
) Sample Preparation

in order to tesi the spontancous combustibilily of Lakhra coal, the core sample was prepared
by blending 10 samples which has been used to the Moat and sink test.

The sample for the spontancous combusiion test with exception of proximate and ultimate
analysis sample, was pulverized less than 0.5 mm in size. The test temperature of sample is set

up at 60°C for both oxygen absoplion capacity and vacuum flask tests, and at 30°C fot the
thesmal conductivitly test.

(2) Test and Analysis Hems

Proximate analysis
Ultimate analysis

Measurement of heating value (Fiz_ 7-6)
Measurement of relative ignitton tempesature (Fig. 1-7)
Mezasurement of oxygen absosplion capacity {Fig. 7-8)
Measvrement of thermal conductivity (Fie. 7-9)
Temperature rise {ast vang vacuum flask (Fiz. 7-10)

3) Test Results

Proximale analysis (air dried)

Inherent moisture 924G
Ash content 19.9 %
Volatite matler 361%
Fixed carbon 34.6%
Calorilic value 4,900 kcalfke (air dsicd)
- - 6,930 kcalfkg (d.a.1)
Tolal sulphur 698 %
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Ultimate analysis {(d.5.1)

C 68.0%
H 55%
O 16.1%
N t.2%
S 9.2%

The test resuits of spontancous combustion

D R R | - 0 Tempera- |
] N pera
No. Sample Size ‘“015,("“' Absorzplion C{O; ture rise
(mm) D Kvalwe) | C)
. | lLakhraceat | -05 | 92 | 1210 | 1 146
(Pakistan)
2. K coal —0.5 7.4 0930 1.33 3.6
(Indonesia)
3. W coal -0.5 3.0 7 1.015 1.03 8.0
{Ausiralia) i ]
| ° . Thermal Relalive |
. Tempesatuse CC) Heater g newa’
No. Sample T conductivity | ignition
T, T, VoIt (V) | Amp (A) [(keal/m.h. °C) temap. (°C)
1. Lakhra 395 30.1 4.67 0.182 0.1310 172.3
2. K coal 530 334 490 0.201 0.0725 195
3. W coa2l 41.8 320 490 0.130 0.1300 —

(4) Consideration for Test Results

Proximate analysis of the sample shows inherent moisture 9.4 %, volatile matter 36.1 % and
calorific value 6,930 kcal/kg on dry basis, and also ultimate analysis indicates carbon 68 %,
oxygen 16.1 5 and total sulphur 6.98 % on dry ash [ree basis. On the basis of above analytical
data, the Lakhra coal is classtfied inlo hegnifte with lew coalification. Therefore this coal is
easity oxidized and liable to spontancous combustion based on the said qualify. Besides, 1he
pyrite in tolal sulphur is high ranging in coaleal from 50 — 60 % described in the geological
reporl, and its presence activates the spontancous combuslion.

As a result of the oxygen absorption test it has been determined that the K value, the
absorplion speed of this ceal is 1.21 (0, generation 0,208 ccfgramfh). The K vatue is much
higher than that of general sub-biluminous coals and it is considered that this coal is
combustible sponfancousty. The coal also gives 0.039 ccfgramfh CO, (1.34 %), but it is

difficuil to estimate the possibilily of the spontaneous combustibitity by the anount of €O,
anly.

As a result of vacuum flask test, it is noted that the temperature increased by 14.6°C at a

condition of inhercnt moisture of 9.2 . This shows higher temperature rise than other coals
under the same condition, thus it has much possibitily for spontancous combuslion. When
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inhereat moisture is seduced from 9.2 % to 3 - 5 % by drying, the temperature of co3] sises up
t0 25 — 30°C. Consequently the coal will bé liabte to combustion.

The thermal conductivily of the coalis 0.131 kealfm h.°Cat 9.2 4 of inherent moisture basis,
It is generally considered that when coal has low thermal conductivily, the coal gives off only
few heat from the latent heat and it becomes combustible finally. Whea the coatlis dried to 3

— § % inherent moisture, its thermal conductivily decreases to more dangerous range of 0.07 —
0.09 kcal/m_h.°C.

The relative ignition temperatuse of this coal is low at 172.3°C. In general, there is a refation
belween relative ignition temperatuse and carbon or oxygen content, and the lemperatlure is
low for the coals low rank coal of coalification, but this can nol be applied in all the cases,
because it is somelimes impossible to judge the spontancous combustibility only from the

relative ignition {emperalure.

On the basis of above (ests for spontaneous combuslibility it has been proved that the Eakhra
coal is tiable to spentapcous combustion and therefore ceilain countesmeasure which will be
described later should be taken,

7-9-4 Piogress for Spontaneous Combustion

Coat at a stockpile absorbs some oxyzen vnder a nonmal empenature and then generales the
heat. Although the heat is too small, the temperature of the coal nises when its heal is not
radiated. The oxygen absorpltion of the coal activates due to the temperature rise, accordingly
the tempesature of the coal increases still more and thea the sponlancous combustion occures
finally. These progress can be classified into the following four stages.

{H First stage: Normat temperature — 60°C

The action of oxidalion progresses slowly and the temperature nses also slowly. Steam
generation and perspiration phenomenon can be observed.

(2) Second stage: 70 — 200°C

The lempesatuge sises rapidly and CO, CO, and sonie smell generate. The immediate measure
and trealment for the coal are reguired.

H Third stage: 200 — 300°C

The temperaiure rises suddenly and the coal resolves a little and the rate of gas geaceation also
IncTcase.

@) Fousth stage: 300 — $00°C
The coal catches fire and generales a large quantity of smoke and various gases.
7-9-5 Counfenneasudes for Spontancous Combustion

It is not recommendable that a large amount of raw coal such as lignite are stored al the
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stockpile for a long period before trealment at a coal preparation plant. The followings are the
main countermeasures for spontancous combustion of the Lakhra lignite.

(1) Underground

Main entries and pate entries should be equipped with suitable fire doors to isolate from any
section of the mine as and when required. The goaf area should be sealed completely with
suitable materials to prevent air keakage and to isolate from the working area. It is also
necessary that even a small amount of coal is not left in the goaf arca.

Normually, the carbon monoxide produced due to ambicat temperalure oxidation of coal is
steady at a particular level commonly known as standasd for the mine. Thus by studying the
changes in the level of carbon monoxide concentration, it will be possible fo predict the onse
of heating at an carly stage. Re¢ently in westemn countries and Japan, “Tube Bundie™ system
has been adopted in some underground mine fo detect CO generation which is automatically
and continuously recorded at the surface from several working areas.

It is also possible ta detect remotely the coal temperature by using infia-red thermometer. The
infra-sed thermomefer would be a powerful tool in early detection of heating, and the method
will be invaluable for determining hidden oxidation or fire before it spreads extensively.

2) Open Pit

Best countermeasure for spontancous combusiion at open pil is that the coal seam should nol
be disturbed when the everburden is stripped. In this condition, no air can enter inlo the coal
seam and thus the oxidation could be avoided. However, coal could be supphied to a power
station any lime using coal excavating machines.

3) Surface Storage

It is most imporiant that a suitable methed should be selected. Either by preventing the air
passage or by keeping the piles lower in size, the heat accumulation can be protected.

Followings are recommendable (or the Lakhra coal.
a) The period of coal storage nray not be moge than a week.

b) In case of natural storage, a suitable heightl for stockpile will be less than LS
meless.

<) In case of packed storage by bulldozer, the height of stockpile may be under 3
meless.

d) The temperaluge of the inside of storage should be measured at regular inlesvals.

¢) If the temperatlure is over 60 to 70°C, the coal should be moved rapidly to
another suitable place.

) Fhe stockpile should be selected carelully following problems such as ground
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condition, inclination, deainage, mixing of ether materials, surrounding equip-
ment and influence of weather, ete. are 1o be considered.

4 Compacted Stockpilling Methods

A practical method for stockpilling of the Lakhra lignite is that the crushed ceal is pited and

compacted by a bulldozer or loaded truck to isolale the external air into the pile to prevent
oxidation.

By introducing this method, large quantity of the Lakhra c¢oal can be stocked for longer
periods. Two praciical methods can be recommiended for compacting the coal. One is to
compaci the stockpile only by bulldozer, and the other is [o compact with a combination of
bulldozer and loaded truck. The former is more economical than the latier, but inferior to the
fatter in compacting efficiency, therefore the laiter is better for a longer peviod of steckpile. In
this mcthod, a stockpite should be built by unloading the coat closely to the surface of the
pile, and then the stockpile is stamped down and compacted by weight of truck or other
suilablé equipment to make the surface flat.

In order fo build and keep a sale stockpile, the sicokpile must be compacted at every layer of
piles, and the height of each layer should be kept at 40 — 50 cm, especially dusing hol sumnier
months or for stockpilling the coal of which quatity is much liable to spontanzous combustion
such as Lakhra coal. The 2nd layer onwands, the slockpile will be compacied by that the truck
pass evenly around the susface of the stockpile. The truck weighs 12 (onnes which is the same
as that of a bulldozer. Ramp roads for truck should be altered at every layer lo extend
compacling areas and {o improve the efficiency. The slanting surface of stockpile will be
compacted by descending empiy truck if the heishi of stockpite becomes higher than 7 m. In
sonie cases, the level porlion will be compacted by truck while the slanting portion will be
compacted by bulldozer, aller selecting certain routes for trucking.

For the compacting efliciency, the bulk density of coal will be increased from 0.8 — 99 to 1.1
— 1.2 and the volume of coal will decreased by 25 to 40 % as compared with natusal stockpite.

In Miike Collicsy in Japan, several stockpiles of a 0.5 million fonne class stockpile were built at
2 height of 15 m seversal years ago, applying the above mentioned compacting methods, and
more than 2 million tonnes had been stocked for several years wilhout any problems

In case of the palural stockpile, the temperature of stockpite reached to the dangerous
temperature of 60°C in about 6 months. Whereas, in case of the perfect compacted stockpite,

no femperature had been noled even after two years, and kept 20 to 30 degrees cenligrade
which had been lower than the air temperature.
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Seam

Thickness (m)

S.6.
1.M.

Ash

V.M.
F.C.
T1.S.
Cal.

(%)
(%)
{#)
(%)
(%)
Val.(Kcal/kg)

Seam

Thickness (m)

S.6.
I.H.

Ash

V.H.
F.C.
1.5.
Cal.

(%)
(%)
(%)
(%)
(%)
Yal. (Kcal/kg)

Seam

Thickness (m)

S.G.
i.H.

Ash

V.M.
F.C.
T.S.
Cal.

(%)
(%)
(%)
(%)
(%)
Val. (Kcal/kg)

TABLE 7-1

PROXIMAYTE ANALYSIS

Hest Open Pit

No.5 _Ro.3 Ko.2 Ho.l Average
0.96 1.20 1.53 2.9 1.65
1.546 1.544 1.543 1.572 1.566
8.8 8.2 8.6 7.9 8.2
23.8 25.2 24.5 25.7 25.1
33.8 36.1 35.2 34.5 34.8
33.6 30.5 31.7 31.9 31.9
7.33 6.68 6.53 8.14 7.51
4,713 4,561 4,566 4,579 4,592
tast Open Pit
No.3 Ko.Z2 &1 Average
2.13 2.6} 2.37
1.447 1.526 1.491
12.3 10.7 11.4
17.1 24.2 21.1
35.6 34.0 34.7
35.0 3N 32.8
5.87 5.59 6.28
5,099 4,565 4,791
Underground Mine
lio.3 Ho.1 _Average
1.07 1.7 1.66
1.435 1.538 1.530
10.0 9.0 9.1
13.7 23.1 22.3
36.6 3.9 35.0
39.7 33.0 33.6
6.64 7.74 7.65
5,217 4,683 4,730
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TABLE 7-2 ULTIMATE ARALYSIS & OTHER QUALITY

Open Pit Undergiround khole Area
Hest fast Ro.1 (5:3:2)
Hon-corbus. S & 0.61 0.47 0.47 0.54
Combustion S % 7.21 5.17 6.93 6.54
Inorganic S
Sulfate S % .25 0.62 .81 0.97
Pyrite $% 4.31 3.26 3.29 3.79
Organic S % 2.16 2.39 3.31 2.46
H. G. 1. 72 13 69 712
Ultimate Analysis
C ; 4 63.5 68.0 65.3 £5.2
H ;4 5.1 5.3 5.4 5.2
0 % 18.9 16.7 17.8 18.¢
N 4 1.1 1.2 1.1 1.1
s % 11.4 3.8 10.4 10.5
Ash Fusion Terp.
Deformation °C 1315 1315 1300 1310
Hemisphere °C 1380 1370 1320 1380
Flow °C 1410 1400 1410 1410
Ash Composition
$i0p % 31.4¢0 33.79 31.31 32.70
A1203 4 18.52 22.48 20.89 20.18
Fep03 2 32.44 26.84 29.81 30.23
Ca0 % 4.74 4.53 4.1 4.5%
Hg0 4 2.33 Z2.62 1.66 2.28
Na20 | 1.34 1.19 0.75 1.18
K20 % 0.63 0.61 0.59 0.62
S03 b4 6.42 6.30 5.65 6.23
Ash Resistivity
100°C 10!3 ohm-cm 4.5 1.2 1.4 2.9
130°¢ 1013 ohm-cn S 1.9 2.1 3.5
160°C 1013 ohm-em 3.3 1.5 1.9 2.5
Specific Gravity 1.56 1.49% 1.54 1.54
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R.0.M. Dump Hopper
100 T (with300mm grizzly)

Feeder 400 TPH

i Belt Scale

flaw Coal B.C.

from Undergmun@ Raw Coal Bin 1500 7

B.C. Feeder 400 T/H

Plant feed Conveyor

Ha 40 1PH % g%%J Raw Coal Screen 50 tm

| .~
‘*{_H:' 360 TPH
No.1 Rock 8.C. 1
- 50 e
1]
60 1T ?
Ho.2 Rock B8.C. - -
o (S ! s W
Clean Coad B.C.
Rock Bin

Single Roll Crushe

20,000 T

2

i
Emergency

Stockpile 2,000 T x 2 Clean Coal Silos

800 TPH
Clean Coal Loading B.C.

I}ig Clean Coal Loading Hopper

To Power Plant

FIGURE 7-5 FLOWSHEET OF UNWASHING PROCESS
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CHAPTER 8 MANPOWER REQUIREMENT AND OGRANIZATION

8-1 Manpower Requirement

The manpower plan established referred not only (o the present status of coal mines in Sapan,

Canada and U.S. but atso the PC-} form for Lakhra coal mine project submitted by PMDC on
Febsuary 12, 1976.

The required average manpower in all operating periods will be 1,689 in tolal, 209 officers and
1,480 workess, and 1,824 maximum, 2138 officess and 1,606 workers, during 1988 to 1997,
Detaited yeasly manpowes requirements are shown in Table 8-1 to Table 8-6.

Lakhia Colliery witl be planned to operate a mechanized mining system, and especially in the
open pit huge eleclric shovels, rotary drilts and other large equipment is planned to be utilized
s0 that the siability of workers is indispensable 1o maintain high productivity,

Therefore, for this purpose, not only officess but also workers will be employed directly by
the lmplemen(mg ageacy on 3 fixed salary or wage basis. However, in consideration of the
special citcumstances in Pakistani coal mines the coal winning and road he ading workerss in
undesground mine will be employed through the contracters and paid on a tonnaze basis. On
the other hand, such office workers as bearers, peons and sweepers, €ic., and the general
workers all over the colficsy will be employed on a daily basis.

In general, all machines will be controlled by cach operalor; however, no operators will be
posted to such machines as the main ventilation fan on susface and underground local fans and
drainage punps which can be operated avtomatically andfor by remote control.

8-2 Organtzation Plan

The organization plan for the colliery has been established swith reference to the examples of
Japanese coal mines, as well as the existing organizational structure of PMDC coal mine. The
orgamizational structure for Lakhra colliery is shown in figure 83, Two depuly genesal
managers, one for operation and the other for affairs, will be appointed under the general
manager [o assist their superior in each sphere. The depuly general manager opcration will
seqve the management of not only two opea pits and underground mine but alko such slaff
seclions as planning, training and other technical senice seclions. On the other hand the
depuly-general manager affairs will senve the management of such sections as administration,
accountant, labour and social welfare, system and hospital.

Fach section is managed by the scction manager or the miine manager or the officer who is
fully responsible to carry oul the busingss concesning his section.

Each section will be devided into some sub-seclions if required 1o cansy oul the business
smoolhly and accurately. The new sections which do not exist at present PMBPC coal mines
and the business concerned are as follows:

{nH Safely Section

The major business of this section will be the supenvision and conduct of safely affairs to
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niaintain the safety of all workers and euipment and advice of matters (o be improved by cach
section manager concerned. The section is direclly connected to the general manager.

(2) Training Section

Education and training of newly employed technical workers to give them necessary
knowledge and techniques required for their new jobs as the new woiking power at each
working site will be cassied out in this section.

3) Open Pit Mine

The section will be carried out such work as stripping, bankshooling, parting and coal loading,
haulage, road grading and reclamation, elc.

1) System Section

The calculation of operating costs, salanies and wages, as well as conlrol of the various spare
paris for all equipment and of materials will be camried out in this section by means of
computer.

8-3 Training Plan

In order to operate and manage heavy vehicles, machines, and longwall face, workers,
techaicians and engineess will have to have adequate knowledge and itechnique. Poor
knowledge and technique witl greatly influence mining operations of beth coal production and
its cosl. Accordingly, prior to the operation and also posilioning of workers and engineess it is
necessary to master the technique of operation, inspection, and maintenance. This training will
be necessary not only for operating technique, bul alse from the safety aspect.

8 3-1 Course of Training
1)) Operation

Operating course will divide into twe divisions which are called normal coiirse and short period
course. [t is necessary for three months pesiod training of normal course Irainee who has not

go! a licence for dryving heavy equipment. Aboul ene month time peiiod will be necessary for
shorl fime trainee who have some sori of license.

{2) Maintenance and Arrangement of Fquipment

Aboul three months period will be necvssaty for the trainee to be feami the mainlenance as
well as the practical arrangement plan of equipment. Caliculum is as follows:

(1} Engine cousss

(2) Body course

(3) Asrangement plan course
(4) Practioe of maintenance
(5) Practice of asrangement
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83-2 Trainee and Place

To learn the maintenance and arrangement of equipment, especiatly for engineer(s) of the
heavy equipment maintenance shop, it is necessary 1o send him to Japan. To learn the
operating technigue, trainee have to undergo educational course on site during construction.

For the drifting method of underground mine, three months period will be necessary flor

mastenng the technique. As for the longwall technique at least 6 months period will be
necessary for the training in Japan.
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CHAPTER 9 COAL TRANSPORTATION

€-1 Genera! Description

In order to supply the coal tonnages required for power station in Jamshoro of approximately
1,200,000 tonnes per annune (3s received basis) i.e. 4,000 tonnes per day, the railway system
between mine site and power station will be provided for the distance of 64.5 km. For this
purpose, the new railway of 27.5 km long having the same gauge with existing Pakistan
National Railway from picparation plant to Khanot will be provided and connected with the
existing one at Khanot, and new spur track of 5 km long near power station site will be
provided. All facilities inclusive of foading and unloading facilitics, etc. and equipment will

be provided by this plan. However, operation and management will be left to the Pakistan
National Railway.

Commuting {rsain belween Khanot and mine site will be scheduled at slack time during waiting
period for toading, but raihway transportation of materisls and equipment will be available at
slack time in the middle of the night.

9-2 Qutline of Transportation Diagram

9-2-1 ‘Transportation System and Diagram

(1) Coal Transpostation

The clean coal stocked in clean coal silo at preparation plant will be delivered to wagon by the
vibrating feeder. A train comprised of 24 wagons loaded with the 840 tonnes of coal. Coat will
be transporied from here to the stockpile near power station via new railway to Khanol,
existing railway, and new spur track and unloadcd. Emply wagons will returm on the samie
roufe, New railway frack will be provided with a siaple track, and time required for rouad trip
belween mine and power station will be approximately 202 minutes, and during this time
peried next (rain will be ready to stari after loading. Two formation ef trains and Iive round
trips will be provided for transpostation purpose. The diagram is shown in Fig. 9-1.

) Men Transporiation

Commuting train beltween Khanot and mine site will be scheduled at four round trips in a day
at the slack lime during waiting peried for loading.

{3) Materials and Fquipment Transpostation

Materials and equipment transportation will be available at stack time in the middle of the

night.
9-2-2 Main Transporiation Equipment
(1) Locomoiive

Numbers of tocomotive will be planned at 2 uaits for use and 1 unit for standby.
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Major specifications are as follows:

Total length
Total width
Total height
Owa weight
Drive meihod
Motor output

(2} Wagon

18,000 mm:
2,970 mm
3,954 mm
841
Diesel-electric drive
825 kw x 2 unils

Numbers of wagon will be planned at 48 units for use and 5 units for standby.

Major specifications are as follows:

Total lengih
Totat width
Total height
Own weighi
Load

3) Passenger Coach

13,900 nim
7,700 mm
3,290 mm

18.31

35 t

4 coaches will be planned for each scating capacity of 80 persoas.

) Loading Equipment
Loading cquipment at preparation plant:
Inspection shades for locomotives and wagons:
Workshops:
Fuel tanks:
Washing facility:
{5) Tracks
Length of main line
Length of spur
Gauge
Rail size
Frogs
(6) Signal Equipment
Signal equipment and telephones will be provided.

33 Batis for Operating Cost Calculation

) I'ue] Consumplion:

1260

110t hopper,

800 1fmin vibrating feeder
300 m? x 2 houses
45012 x2

20keEx1

1 lot

21.5 km
S5km
1,676 mm
40 N kgfm
#10x 20

4.800 ¢/day



() Manpower Requirements:
{3) Maintenance Costs:
o Wagons & rail
o Signal, communication,
& safety apparalus
o Life of locomotive for R & 1
94 Design fos Transportation

9.4-§ Condition

(1) Coal quantity to be transposted

(2) Distance
(3) Maximum gradicnt leaded

(4) Avesage speed joaded
- cinply

(3) Qp<iating hours

94.2 Diagram

60 persons

2 ¢ of C&F ypice

1 %% of C&F price
15 years

1,200,000 tfycar
4,000 1{day

615 km
—20/1.000

535 kmjh
60 km/h

18 hours/day

{n Time required for one round trip of one train {minnics)
(a) Travelling hour loaded wagon 74
(b) Travelling hour cmply wagon 68
(¢) Exchanging hour of locomotive at loading point 10
(d) Waiting time at Khanot for inltow on P.N.R. 15
{¢) Unloading hour 2
(f) Waiting time at power station for inflow on P.N.R. IS
Total: 202
(2) Numbers of round thp 5 times

(1) Nupmbers of wagon per liain

4) Coal quantity per lrain

11t-201

24 wagons

540 tonnes
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CHAPTER 10 EQUIPMENT LIST

The procusement of cquipment after detailed design and approval of this project wilt be
conducted by consultant as earliest opportunity. Mechanical equipment, ¢lectrical equipment,
civil facifitics, mining equipment, and a part of capilal cost required for this Feasibilily study
are shown in this list, following the ifems underground mine, open pit, surface facilitics,
prepasation plant, and railway as classified by PMDC.

Machines and materials which will be purchased andfer used for three year periods from 1933
to 1985 are shown in this List.

The cost estimation in forcign currency shows C&F wvalue. The cost osttmation in local
currency shows L1, L2 value. LI shows the impost duly of 40 % for C&F price, insurance of
1 %% for F.O.B. price, and inland transporiation cost of 2 % for F.O.B. psice.

L? shows the materials which will be purchased in Pakistan, erection fee, and installation cost.
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NOTE §:

NOTE 2:

EQUIPMENT LIST
(INCLUSIVE OF A PART OF CAPITAL COST)

The equipment shown in this list and within this study is defined in type and
manufacturer {or this study ONLY. The equipment purchased, should this
project be approved, will be determined with respect to both type and manu-
facturer 51 the time of purchase.

F : Foreign curtency

L1 : Tax, Insurance & Inland transportation charge
L2 : Localcharge
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UNDERGROUND MINE
A — (i) MACHINERY & EQUIPMENT

a) Coal Mining Machinery {000’s Rupees)
Description C. No. Unit Price | Materials | Installation Total

Face Conveyor F 3 1,263 3,769 | Included in 3,759
Double Chain Type _ i1 1,613 | Development 1,613
40 kw x 100 t/hour x 120 m LZ? — | Labour Cost -
T. 5,372 5,372

Stage Loader F 3 828 2,484 ditto 2,484
Double Chain Type L3 1,068 1,068
225 kv x 100 t/hour x 68 m L2 — —
T. 3522 3,522

V Type Chain Conveyor F 2 553 3,108 ditto 1,106
15 kvs x 50 t/hour x 100 m Lt 476 476
L2 - —

T. 1,582 1,582

Hydraulic Prop F 1,500 6.35 9,525 ditto 9,525
2.0 m x 200 kg/cm? L1 4,096 4,096
L2 - -

T 13.621 13,621

Link Bar F 1,500 2.06 3,093 dilto 3.093
1.2m i1 1,330 1,330
12 — -

T. 4,423 4,423

Plunger Pump with Piping F 3 738 2,214 ditto 2,214
40 kw x 60 ¢/min. x 200 ko/cm?| L1 952 952
L2 —_ —

T. 3,166 3,166

Air Auger F 15 507 76 ditto 76
2kwx 22 m*min.x 1500¢r/m | L1 33 33
L2 — —

T. 109 103

Coal Pick F 20 2.16 43 ditto 43
0.4kwx098m?/min.x 1.6kg/ig L1 18 i8
L2 - -

T. ] 61

Slurey Pump F 2 137.5 2715 ditio 2715
1 kw x 0.2 m3¥*/min. L1 118 118
L2 — -

T 393 393

Sturry Mixer F 2 92 184 ditto 184
55kwx05m? x 2 cisternx 2 L1 79 79
L2 -- -

T. 263 263

Space Paris F 6 2085 1,251 — 1,251
for Face Conveyor and L1 534 - 534
Staae Loader L2 - - -
{20% of C & F Price) T. 1,785 - 1,785
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UNDERGROUND MINE

{000’s Rupees)
Description C. No. Unit Price |Materials | Instalfation Total
Spare Parts for F 2 111 222 - 222
V-Type Chain Conveyor | 95 - a5
{20% of C & F Price) L2 - ~ -
T. 317 - 317
Spare Parts for Others F 1,542 — 1,642
(30% of C & F Price) L1 663 — 663
L2 — — -
T. 2,205 -— 2,205
Sub-Total F 25,774 - 25,774
Li 11,075 - 11,075
L2 - — -
T. 36,849 - 36,849
b} Road Héading Machine
Description C. No. Unit Price [Materials Installation Totat
Side Tipping Loader F 2 650 1,300 | Included in 1,300
0.6 m® x 21 m¥/min x 30 kw L1 558 | Development 558
L2 — | Labour Cost -
T. 1,853 1,853
Gate End Loader (Home Made) F 4 109 436 ditto 436
20mfmin. x6 m¥*minx75kw | L1 188 188
L2 — _
7. 624 624
Coal Pick i F 13 2.2 28 ditto 28
04 kwx 093 m*/minx 1.6ke/m| €1 12 12
L2 — -
T. 40 40
Air Jack Hainmer £ 12 19.7 236 ditto 236
5kg/m x 33 m*/minx 55 kw u 102 102
£E2 — -~
T. 338 338
Rod & Bit _ ] F 100 1.02 102 ditto 102
Rod226 x 1.5m~27m Li 44 444
L2 — -
Bit dia. 32 ~ 40 mm T. 146 146
Spare Parts for Above F 210 — 210
(10% of C & F} Li 90 — 90
12 ~ - -~
T. 300 - 300
Sub-Total F 2,312 — 2312
L1 994 — 894
L2 - - -
T. 3.306 - 3,306
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UNDERGROUND MINE

¢) Transportation Machinery (000's Rupées)
Description C. No. Unit Price | Materials | Installation Totat

Single Drum Winder F 1 4,329 4,329 - 4,329
28 m/m x 150 m/min x 200 kw | L1 1,848 - 1,848
Drum 3750 m/m x 1500 m/m L2 - 50 50
T. 6,177 50 6,227
Sing'e Orum Winder £ 1 299 299 | Inciuded in 299
16 m/m x 70 m/min. x 20 kw ] 188 | Development 128
12 — | Labour Cost -
T. 4217 427
Single Drum VWinder F 2 223 446 ditto 446
14 mfm x 60 m/min x 15 kw i 191 191
12 - -
T. 637 637
Material Cars F. 10 34 340 ditto 340
2,800{L) x 1,000{\¥) x 500{H} L1 145 145
mfm 12 — —
T. 485 485
Mine Cars 2.0 m’ F 200 39 7,800 ditto 7.800
3.050(L) x 1,280(W) x 1,050{)| L1 7,33% 3,331
mmf L2 - —
T. 113,131 13,131
Wire Rope F i 69 69 ditto 69
28m/mx 1500 m L1 29 29
L2 — -
T. a8 o8
Wire Rope F 1 16 16 ditto 16
16 mfrax 1,000 m i1 7 1
L2 — —
T. 23 23

Wire Rope F 1 14 14 ditto t4 .
14mfmx 1,200 m LS 6 6
L2 — -
T. 20 20
Tippler F 2 1,418 2,836 - 2836
75 kw x 3.3 r.p.m Li 1.2M1 - 1,211
L2 - 30 30

T. 4,047 30 4077
Beit Conveyor F 1 1,890 1,890 - 1,890
20kw x 750 m/m x 150 m Li 807 - 807
L2 - " 40 40
T. 2,697 40 2,137
Vibraling Feeder F 2 56 112 | Indluded in 112
F22-07 8 | 48 | Development 48
100 t/hx 1.5 kw L2 — | Labour Cost —
T. 160 160
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UNDERGROUND MINE

L-209

{000’s Rupees)
Description C. No. Unit Price| Materials] Installation Total T

Conveyor Scale F 1 132 132 | Included in 132
NW520 150 t/h i 57 | Development 57
L2 - Labour Cost —

T. 189 189

Battery Locomotive F 2 2,140 4,280 ditto 4,280
10t BLIO-HX 610 L3 1,328 1,828
10km/hx 5,750 kg x 25 kw2 L2 — —
T. 6,108 6,108

Battery Looomotive F 5 1,635 8,175 ditio 8,175
8t BL8-HX 610 L1 3,420 3,490
8km/hx 1,400 kg x 16 kw/2 12 — —
. T. 11,665 11,665

Diesel Locornotive F 2 367 734 ditto 734
6t DM100 L1 3156 315
16 k/h x 1500 kg x 50 kw L2 - -
T. 1,049 1,049

Spare Parts for Battery £ 2470 — 2,470
Locomotive Li 1,055 — 1,055
{(20% 0f C& F) 12 — — _
T. 3.525 — 3,575

Spare Parls for Others F 1,975 - 1,975
{10% of C& F) Li 843 — 843
L2 — _ _

T. 2,818 — 2,818

Sub-Total F 35917 - 35,917
Lt 15,339 - 15,338

L2 — 120 i20

T 51,256 120 51,376

d} Drainage Machinery (000°s Rupees)
Bescription C. No. Unit Price | Materials | Installation Total

Turbine Pump F 2 125 250 | Included in 250
1.4 m¥/min. x 180 m x 55 kw Lt 107 | Development 107
L2 - Labour Cost -

T. 357 357

Turbine Pump F 1 107 ditto 107
0.5 m*/min. x 280 m x 45 kvs u 46 416
L2 - -

1. 153 153

Submarsible Pump F 1 40 40 ditto 40
0.4 m*/min. x 100 m x 16 kw L; 17 17
[_ — —

T. 57 57




UNDERGROUND MINE

{G00's Rupees)

n Deseription C. No. Unit Price| Materials | {nstallation Total
Submarsible Pump F 2 45 9 | Included in 9
02m*/min.x9mx 1 kw Lt 4 | Development 4
Lz -~ Labour Cost —
T. i3 13
Spare Parts F 41 — 41
{10% of C & F} L1 17 _ 17
L2 - - _
T. - 58 — 58
Sub-Total F 447 - 447
L igt - 191
L2 — — —
T. 638 — 633

{e) Ventitation Machinery {000's Rupees).

Description C. Ko. Unit Price | Materials | Installation Total
Main Fan F ] 2,016 2,016 — 2,018
500 m*/min. x 200 m/m Aq L 861 — 851
x 300 kw L2 — 30 30
T. 2817 30 2,907
Local Fan £ 2 112 224 | Included in 224
290 m3/min. x 100 m/m Aq L 96 | Development a6
x 75kw 12 - Labour Cost -
T. 320 320
Local Fan F 3 33 399 ditio 399
500 m¥/min. x 100 m/m Aq L1 170 170
x 15 kw L2 — —
1. 569 569
Ventifation Tube F 2,500 0.22 550 ditto 550
600 m/m ¢ L1 235 235
L2 - -
T. 786 785
Ventilation Tube F 750 0.25 188 ditto 188
760 mim o Lt 80 80
L2 — —
T. 268 268
Spare Parts F 169 ditto 169
{5% of C & F) Ll 73 73
L2 - —
T. 242 242
Sudb-Total F 3,546 - 3546
Lt 1,615 - 1,615
L2 — 30 30
T. 5,061 30 5,091
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{f) Air & Water Machinery

UNDERGROUND MINE

{000's Rupees)
Description C. No. Unit Price | Materials | Instaltation Total

Air Compressor F 1 2908 298 2938
TW75E L1 128 128
7 kgfem? x 12 m*/min. x 75kw| L2 - 5 5
T. 426 5 431

Air Compressor F 2 977 1,954 1,954
8TD-I1CC L3 : 334 834
8.5 kgfom? & 51.2 m*/min. L2 30 a0 30
X 240 kw 1. 2,788 30 2818

Turbine Pump F 2 76 152 | Includedin 152
0.4 m3¥/min. x 100 m x 16 kw L . 64 | Development 64
L2 - Labour Cost —

T. 216 216

Spare Parts F 240 _ 240
(10X of C& F) L1 103 _ 103
L2 — — —

T. 343 - 343

Sub-Total F 2,644 — 2,644
Lt 1,129 - 1,129

12 — 35 3H

T. 3,773 35 3,803

{9) Other Machinery {000"s Rupees)
Description C. No. Unit Price | Materials Installation Total

Poriable Methanometer F 60 74 444 | fincluded in 444
0~ 10% i1 191 | Development 19t
L2 - Labour Cost —

T. 635 635

Portable Methanometer F 0 74 74 ditto 74
0~ 100% L1 32 32
L2 - -

T. 106 106

CO Mask F 700 0.37 258 ditio 259
2 hours Li LEN] i
L2 — -

T. 3710 370

Porizble Gas Alarm F 8 20 160 diito 160
L1 68 63

L2 — -

T. 228 223

Safety Lamp F 700 23 1,610 dilto 1.610
with Helmet & Belt Li 691 691
L2 - -

T. 2,301 2,301
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(9) Other Machinery {000's Rupees)

Oescription C. No. Unit Price | Materials | Installation Total
Safety Shoess E 700 0.15 105 | Inciuded in 105
L1 45 | Oevelopment 45
12 — Labour Cost -
T. 150 150
CO Detector F 10 25 25 ditio 25
(I 11 11
L2 — -
T. 36 36
O, Self Rescue F 30 25 75 dilto 75
L1 32 32
L2 — —
T. 107 107
Survey lastrument F 1 92 92 disto 92
Li 339 39
12 — -
T. 131 131
Spare Parls F 142 ditto 142
(6%0f C&F) L1 61 61
L2 — -
T. 203 203
- .
Sub-Totat F 2,986 — 2,936
[ 1,281 - 1,281
L2 - — —
T. 4,267 — 4,267
Tola! F 73,626 - 73626
L 31525 ~ 31,524
L2 — 185 185
T. 105,150 185 105,335
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UNDERGROUND MINE

{V) PRELIMINARY EXPENSES {000"s Rupees)
Description C. No. Unit Price | Materials | Installation Total
Travel Expense F 4 215 110 — 110
L1 men — — —
L2 - — -
T. 110 - 110
Fée fF 360 45 1,620 — 1,620
L1 days — — —
L2 - — -
T. 1,620 - 1,620
Totat F 1,730 - 1,230
L1 — — —
L2 — — —
T. 1,730 — 1,730
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UNDERGROUND MINE

{VI} CONSTRUCTION & DEVELOPMENT (000"s Rupees)
Description C. No. Unit Price | Materials | Installation Total

Arched Support F 2,996 1,536 4,602 | Included in 4,602
22.7kg/m 3 pieces L set 1,867 | Development 1,967
2247 mx 2, 3,200mx 1 12 - Labour Cost —
{with tie lod, bolt & nut} T. 6,569 6,569
|l -Beam 30m F 1,334 0.458 611 ditto 611
22.7 kg/m L set 261 261
{with tie lod) L2 - -
T. 872 872

| —Beam 36m F 306 0.55 168 ditto 168
22.7 kg/m Li set 72 72
{with tie lod) L2 - -
¥. T 240 246

Rait 22 kg/ma F 10,449 0.2117 2,212 ditto 2,212
{with fish plate, spike and L1 m 945 245
steeper} L2 — -

T. 3,157 3,157

Rail 156 ko/m F 2,493 0.1388 346 ditto 346
{with fish plate, spike and L1 m 147 147
sleeper} L2 — -

T. 493 493

Pipe 8" F 950 0.186 186 ditto 186
(with joint) L m 79 79
L2 - -

T. 265 265

Pipe 6" F 1,810 0.1292 234 ditto 234
(with joint} Lt m 100 100
L2 — —

T. 334 334

Pipe 4 F 3,530 0.0245 334 ditto 334
{with joint} L | m 143 143
L2 - -

T. 477 477

Pipe 3" F. 1,525 0.0663 102 ditto 102
{with joint} t1 m 44 44
L2 - —

1. 146 146

Pipe 2" F 2,000 0.0334 67 ditto 67
{with joint) ui m 26 26
L2 - -

T. 93 °3

Pipe v F 1,375 0016 22 ditlo 22
{with joint) Lt m g g9
L2 - -

T. 31 31
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UNDERGROUND MINE

{000's Rupees)
Description C. No. Unit Price | Materitas | Installation Total
Millisecond Datonator F 156,500 0.0061 955 | Included in 455
15m L1 No. 403 | Development 408
L2 — Labour Cost -
T. 1,363 1,363
Ventilation Tube F 380 0.22 84 ditto 84
660 m/m ¢ L1 m 34 34
L2 — —
T. its 118
Timber F - ditto —
L1 - -
L2 1,180 0.1 118 118
¥. m? 118 118
£xplosive Ammonium Nitrate F — ditto -
Lt - -
L2 | 28,670 0018 516 516
T kg 516 616
Machine Qil F - ditto —
L1 - —
LZ | 66,000 0.005 330 330
T. £ 330 330
Compressor Qil F - ditto -
i - —
12 | 350,000 0.01 3.500 3.500
T. ' 3,500 3,500
Fuel Oil F - ditto -
Lt - -
L2 | 35600 0.0045 160 160
T. f 160 160
Rock Dust F - ditto -
Ll - -
L2 200 0.75 150 150
T. kg 150 150
Concrete F - ditto -
Cement, Sand, Aggregate i - -
12 86 1.1 a5 95
T. m? 95 95
Miscellaneous F 152 - 152
Air Hose 2, Water Hose 1 L 66 - 66
8lasting Wire L2 — 9 9
T. 218 9 227
Sub-Total F 10,075 - 10,075
L1 4,301 - 4,301
L2 4,869 9 4,878
T. 19,254 9 19,254
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UNDERGROUND MINE

(000's Rupees)
Description C. No. Unit Price | Materials Installation Total

Machine Maintenance F 143 — 143
L 60 - 60

L2 - 80 80

T. 203 80 283

Portal ::_I | Included in o
~ | Development -

12 310 : 310

I 310 Labour Cost 310

Power F - - -
L — - —

L2 2,791 — 2,191

T. 2,791 - 2,191

Sub-Total F 143 - 143
L1 60 — &0

L2 3,101 20 3,181

T. 3304 80 3384

TOTAL F 10,218 - 10,218
L 4,361 - 4,361

L2 71,870 89 8.059

T. 22,549 89 22,638
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A (i) MACHINERY & EQUIPMENT

OPEN PIT

{000’s Rupees)
- No., . o . Instatlation
Description Required Unit Price | Materials & Erection Total
Blast hote dritl F 4 9,950 39,800 1,990 41,790
A5R x 9-2/8" ¢ Li 16,995 - 16,995
L2 - 398 393
T. 56,795 2,388 $9,183
Reotary drifl F 2 3,780 71,560 302 7,862
HBMISK/HY L3 3,228 — 3,228
{80 mm ¢) 12 - 76 76
T. 10,788 378 11,166
Power shovel F 4 14,850 59,400 3564 62,964
P& H 2100 L1 25,364 — 25,364
11.5m? L2 — 1,188 1,188
T. 84,7164 4,752 89516
Hydraulic excavator F 2 3,570 7,140 214 7,354
WH30 L | 3,049 - 3,049
6.0m3 L2 - 143 143
T. 10,189 357 10,546
Wheel loader F 4 3,020 12,080 362 12,442
KH! 1102 Lt 5,158 — 5,158
56m? L2 242 242
T. 17,238 604 17,842
Motor Scraper F. 7 3.665 25,655 170 26,425
WS 235 Lt 10,955 - 10,955
24 m? L2 — 513 513
T. 36,610 1,283 37893
Motor grader F 4 1,145 4,580 137 4,717
GD 7058-2 Lt 1,856 — 1,956
L2 - 92 92
T. 6,536 229 6,765
Buildozer F i9 3,070 58,330 583 58913
D 355A L1 24,907 - 24,907
L2 — 2,333 2,333
T. 83,237 2916 86,153
Bulldozer F 6 2,040 12,240 122 12,362
D i55A Li 5,226 - 5226
12 - 489 439
T. 172,466 611 18,077
Rear dump truck F i8 9,720 174,860 3.500 178,460
HO 1200 (| 74,107 - 74,107
1201t L2 — 5,248 5,248
T. 249,667 8,748 258415
Rear dump truck F 12 3,540 42480 849 43,329
RO 460 Li 18,138 - 18,138
460 L2 - 1,215 1,225
T. 60,618 2,124 62,742
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OPEN KIT
{000’s Rupees)
- No. I . instatfation
Description Required Unit Price | Materials & Erection Total
Explosives truck F 2 360 720 — 720
L1 307 — 307
L2 — 14 {4
T. 1,027 14 1,041
Water Truck F 2 731 1,462 — 1,462
KB 122 (] 624 - 624
L2 — 29 29
T. 2,086 29 2,115
Crusher F 2 280 560 - 560
KAP-35 Lt 239 - 239
L2 — i1 i
T. 798 i1 810
Stores truck F 2 260 520 |Included in 520
TK20 L 222 (Develppment 222
L2 — |Labour Cost -
T. 742 742
Fue! truck F 2 260 522 - 522
Li 222 — 222
12 — — —
T. 742 - 142
35t Truck crane F 1 4,740 1,740 17 1,757
TG-350M | 743 743
L2 70 70
T. 2,483 87 2,570
6t Truck crane F 1 467 467 5 472
TS-60L it 189 - 199
L2 — 19 i2
T. 665 24 680
Site vehicle F 12 72 864 |Includedin 864
fick-up L1 359 |Development 369
L? — [Labour Cost -
T. 1,233 1,233
Drainage pump F 4 3 124 — 124
EH 1530 Lt 52 — 52
L2 - 2 2
T. 176 2 178
Mobilewselding unit F 2 129 258 |lnctuded in 2538
Lt 110 |Development 106
L2 — | Labour Cost —
T. 368 363
4000W Lighting set F 4 9% 360 4 364
L1 154 - 154
L2 - 14 14
T. 514 18 532
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OPEN PIT

{000’s Rupees)
Descrioti No. . . instatlation
escription Required Unit Price | Materials & Erection Total

Cargo truck F 4 260 1,040 |Included in 1,040
TK20 i1 444 {Development 444
L2 — | Labour Cost —

¥. 1,484 1,484

l_Sub-TOta! F 452,860 12,419 465,219
L1 193,368 - 193,368

L2 = 12,156 12,156

T. 646,228 24575 670,803

Spare Parts F 4 3,262 13,043 Included in 13,048
Blast hole drill L1 5,614 |Development 5614
L2 — | Labour Cost —

T 18,662 18,662

Spare parls F 2 1,240 2,480 ditto 2,480
Rotary drill L 1,059 1,059
L2 — _

¥. 3539 - 3539

Spare paris F 4 5,280 21,120 ditto 21,120
Power shovel L3 9,018 9,018
L2 - —

T. 30,138 - 20,138

Spare parls F 2 906 1,812 ditto 1,812
Hydraulic excavator i 174 774
12 - -

T. 2,586 - 2,586

Spare parls F 4 968 3.872 ditto 38172
Wheel loader L1 1.663 1,653
L2 — -

T. 5525 - 5575

Spare parts F 7 1,198 8,386 ditto 8,386
Motor scraper Li 3581 3,581
L2 - —

T. 11,967 - 11,957

Spare parts F 4 3 1,484 ditto 1,484
Motor grader L1 634 634
L2 - —

T 2,118 - 2,118

Spare parts F 19 1,048 19.912 ditte 19912
Bulidozer u1 8,502 - 8,502
D 355A L2 — — -
T. 28,414 — 28,414

Spare parts F 6 685 4,110 ditto 4110
Bulldozer Lt 1,755 1,755
D 155A L2 — —
T. l 5,865 — 5,865
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OPEN PIT

{000’s Rupees)
e No. . . Instaliation
Description Reguired Unit Price | Matesials & Erection To1al
Spare parls F 18 3,564 64,152 ditto 64,152
Rear dump truck i1 27,393 27,393
HD §200 L2 -— —
T. 91545 - 91,545
Spare parls F 12 1,296 15,552 ditio 15,552
Rear dump truck 1 6,642 6,642
HD 460 L2 — -
T. 22,194 — 22,194
Spare parts F 1 2,000 2,000 ditto 2,000
Others L1 854 854
Lz ~ -
T. 2,854 — 2,854
Sub-Total F 157,928 — 167,928
E1 67,479 — 62,479
L2 — - =
T. 225,407 - 225,407
TOTAL F 610,788 | 12,419 | 623,207
L1 260,847 - 260847
L2 - 12,156 12,156
T. 871635 24,515 886,210
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OPEN PIY

(Vi) CONSTRUCTION & DEVELOPMENT {000’s Rupees)
. No. .y . Installation "
Description Required Unit Price | Materials & Erection Toial

Parts supply F 62,610 | Included in 67,612
Truck tyre F 30,700 | Labowr 30,700
Explosives F 81,252 | Cost 81,252
Sub-Total 179,562 179562
Custom duly étc. i1 76,672 - 76,672
Repair materials L2 13,522 ditto 13,522
Electric power L2 4,450 - 4,450
Fuel, oil 12 116,081 116,081
Sub-Total 134,053 134,653
TOTAL F 179562 ditto 179,562
L1 76672 716672

L2 134,053 134,053

T. 390287 390,287

_ - -
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A PRODUCTION FACILITIES

SURFACE FACILITIES

(il LAND AND IMPROVEMENT (000's Rupees)

Description C. No. tnit Price 'n;;:‘tl::igg & Total

Earth work for surface buildings F - -
L3 — -

1.2 20,000 0.0062 124 124

T. m? i24 124

Earth work for site of buildings F — —
L3 — —

L2 190,000 0.00042 80 B8O

T. m? 80 80

Earth work for roads F - —
{Coal hawtage road) Ly — -
20 m wide L? Gkm 3.2 19 19
T. 19 i9

Earth work for roads F - -
{inside mine} Ly — -
10 m wide L2 3 km 1.6 5 5
T. 5 5

Earth work for roads F — —
{outside mine) L1 — —
10 m wide L2 30 km 1.6 43 48
T 48 418

Earth work for raihway F - —
{Narrows gauge} Li — -
6 m wide 12 4 %xm 038 3 3
T. 3 3

Sub-Total F - -
LN ] — —

12 279 2798

T. 278 2719
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(ii} BUILDINGS

SURFACE FACILITIES

a) FACTORY BUILDINGS {000’s Rupees)
e s e B tnstallation
Description C. No. Unit Price Materials Total
Sub station F - -
25mx50m L — -
Reinforced conceete and brick L2 1,250 m? 0.81 1,013 1,013
construction T. 1,013 1,013
Power house F - -
Gmx25m L] - -
Reinforced concrete and brick 12 150 m? 0.3t 121 121
oonstruction T. 12t 121
Compressor room F - -
B8mx2bom L - -
Reinforced concrete and brick L2 7200 m? 0.81 162 162
construction T. 162 162
Posting room, Safty lamp room ete. F - -
20mx45m Lt - -
Reinforced concrete and brick L2 200 m? 0.81 729 729
construction T. 729 720
Main winding room F - -
10mx12m L1 . — -
Reiaforced concrete and brick L2 120 m? 0.81 97 97
construclion T. a7 97
Sub-winding room F - -
b5mx6m it — —
Reinforced conerete and brick 12 30m? 0.81 24 24
construction T. 24 24
Fan room F - -
5mx6m L — -
Reinforced concrete and brick L2 30m? 0.81 24 24
construction T. 24 24
Sub-Totatl F - -
L1 — -
t.2 2,170 2410
T. 2,170 2,370
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SURFACE FACILITIES

b) ROADS {000's Rupees)
Description ¢ No. Unit Price | 1SIONANON S | pora
Coal haulzge road F - -
Asphalted 10 m effective wide L1 - -
L2 6 km 360 2,160 2,160
T. 2,160 2,160
Inbye road F — -
Asphalted 3.5 m effective wide rozd L1 _ — —
L2 3 km 140 420 420
T. 420 420
Qutbye road F — —
Asphalted 3.5 m effective wide L1 — -
foad from Khanot (o mines at L2 30km 140 4,200 4,200
Lakhra ele. T. 4,200 4,200
Sub-Total F _ _
Li — —
L2 6,780 6,780
T. 6,780 6,780
¢ WATER SUPPLY FACILITIES
1) Water Intake FAcilities (000’s Rupees)
Description C No. Unit Price '“:;2?:{‘;;‘ &1 Totl
Pontonns F — —
Emx30m Li - —
Steel structure 2 1ot 124 1294
: T. 124 124
Pump house F - -
Imx6m L% - -
Timber construction L2 18 m? 0.72 i3 i3
T. 13 13
Sand basin F - —
Amx30dmx2mH x2lot L1 — —
Reinforced concrete construction L2 240 m? 1.82 437 431
T. 437 437
Sub-Total F - -
1 — —
12 574 574
T. 574 574
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2) Water Purification Facilities

SURFACE FACILITIES

{000’s Rupees)
Description c No Unit Price | Installation Total
’ . Materials

{A light weel) F - -

Well for flow of vrater control L1 — -

2mx6mx3mH L2 B6m? 1.82 G6 €6

Reinforeed concrete construction T. 66 66

Coagulation basinetc. £ - _

10mx30mx3mHx?2 i - -

2mxZ2mx3mH 1956 m3] L2 1,956 m? 1.82 3,560 3,560

Amx12mx3mH T. 3.560 3560
Reinforced concrete construction

Reapid filter F — —

Bmxdmx3mhkx 2ot Lt - -

Rfeinforced concrete construction L2 192 m? 1.82 349 349

T. 349 349

Clear water reserveir F — -

10mx 10m x 3.5 mH L1 - -

Reinforeed concréte construction 12 3B0m? 1.82 637 637

T. 637 637

Chlorination room F — -

Zmx3m L - -

Timber construction L2 6 m? 0.72 4 4

T. 4 4

Sub-Total F - -

L1 — -

L2 4616 4,616

T. 4616 4,616

3) Water Distribution Facilities {000's Rupees)
. . NP installation

Description C. No. Unit Price Matesials Toial

Service reservoir F - -

(Mine site) _ L1 - -

1I0mx 1I0mx55mH ) L2 550 m? 3.82 1.001 3,001

Reinforced concrele constiuction T. 1,001 1,001

Service reseivoir F - —

(Colony) L1 - -

MOmx28mx55mH 12 1,540 m3 1.82 2,803 2503

Reinforced concrete construction T. 2,803 23803

Sub-Total F - -

Ll - —

12 3,804 3,804

T1. 3804 3.804

Total F —_ -

L1 _ —

L2 8,994 8994

T. 8994 8994
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SURFACE FACILITIES
(i} MACHINERY & EQUIPMENT

(a) Water Supply Equipment (000's Rupces)

Description R e;luc:; od Unit Price | Materials | fnstallation Total

Tusbine pump F 4 92 368 | included in 368
LI m3/min. x 185 mH x65kw | Lt 158 | Lsbour Cost 158
L2 - —
k) 526 526

Turbine pump F 3 17 231 diito 231
1.7 m3/min. x 90 mH x 45 kw Lt 99 o9
L2 — -~

T. 330 330

Turbine pump F 3 72 216 ditto 216
2.6 m*fmin. x 55 mH x 37 kw L1 92 92
L2 - —

T 308 308

Turbine pump F 3 41 123 ditto 123
1.7 m*/min. x 30 mH x 15 kw L1 52 52
L2 - —

T 175 175

Cleaning equipment t lot F 1lot 205 ditlo 205
(Settling pond cleaning & L1 33 88
local pump, Pipe etc. } L2 - —
1 293 293

Spare parts of pump ete. F i lot 57 ditto 57
Amount price x 5% L1 24 24
L2 - -

T. 81 81

Instalfation of pump etc. F - -
Tolal weight 50t L -— -
L2 flot — 40 40

T - 40 40
Sub-Total F 1,200 - 1,200
(3 | 513 — 513
L2 — 40 40
T. 1,713 40 1,753
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SURFACE FACILITIES

(b) Pipelines (000"s Rupees)
Description q E(?lﬁ; ed. Unit Price { Materials § Installation Total
Ductile ¢ast iron pipe | F 1,000m | 0.472/m 470 | Included in 470
JWWA G110 L1 202 | Labour Cost 202
250A x 1,000 m L2 — —
T. 672 672
Ductile cast iron pipe F 23,000 m | 0.3%m 10,730 ditto 10,730
JWWA G110 L} 4,605 4,605
200A x 29,000 m L2 - —
1. 15,335 15,335
Ductile cast iron pipe F $,000m | 0.28/m 280 ditto 280
AYWA G110 L1 120 120
150A x 1,000 m L2 — —
T. 400 400
Ductilé cast iron pipe F 6,000 m 0.14/m 840 ditto 340
JWHNA G110 L1 360 360
50A x 6,000 m L2 - -
T 1,200 1,200
Spare parts of pipes F 1 fot 370 ditto 370
Amount price x 3% L1 160 160
L? — —
' T 530 530
8urying pipes cost F - - -
250A 13kmx1km L1 - - -
200A 1tkmx 29 km L2 1 lot — 384 384
150A 10kmx1km T. - 384 384
H50A 7kmxG6Gkm
Earthwork cost F - - -
150~ 250A 4.7kmx 31 km ti - - -
50A 24kmx 6 km L2 1 lot - 202 202
T - 202 202
Sub-Tolal F 12,630 — 12,690
Lt 5,447 - 5,447
L2 - 586 586
T. 18,137 586 18,723
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SURFACE FACILITIES

(c} Machine Repairshop {000's Rupees}
s No. ot ot . .

Descriptlion Required Unit Price | Materials | installation Total
Mechanical workshop F ilot 877 | tncluded in 877
1.athe, Shaper L1 375 ] Labour Cost 375
Drilting machine, L2 — -
Screw culting ete. T. 1,252 1,252
Blacksmith's shop F 1 lot 284 ditto 284
Anvil, Roots blower, L1 123 123
Smith hearth, Air hammier etc. L2 - —

T. 407 407

Foundry shop F 1 fot 380 ditto 380
Cupota, Turbo fan, Mitl etc. Li 163 163
L2 - -

T. 543 543

Waod-working plant F 1 lot 603 ditto 603
Circle saw, Belt saw, L 260 260
Wood lathe, Hand planer etc. 12 - -
¥. 863 863

Metal working shop F i ot 3i0 ditto 310
£ leclric welding, Gas welding, L1 133 133
Hack saw, Pipe culter ¢le. L2 — -
1. 443 443

Mine car repairshop F 1 1ot 93 ditto 93
Duitling machine, Welding Lt 40 40
Blowtorch, Hydrautic jack ete. L2 _ -
T. $33 133

Other F 1ot 213 - 213
Measure instrument L1 91 — .9
Spare paris L2 - 45 45
Installation etc. T. 304 45 349
Sub-Total F 2,760 - 2,760
L1 1,185 — 1,185

L? - 45 45
T. 3,945 45 3.950

L -
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SURFACE FACILITIES

{d) Heavy Vehicle Repairshop {000's Rupees)
_— No. o pys : .

Description Required Unil Price | Materials | Installation Total

Repair bay F 1lot 734 | Included in 734
Overhead crane, Hydraulic press, | L1 315 | Labour Cost 315
ARC weldes, Bearing heater, L2 — —
Hydrautic jack elc. T. 1,049 1,049
Engine specialization F 1 lot 524 dilto 524
£ngine cart, Parts wagon, L1 224 224
Jib crane, Qverhead crane, L2 — —
Valve litter, Tachometer etc. T. 748 748
Power train specialization F ilot 29 ditto 28
Bench vice, Cylinder stand, L3 12 12
Parts cleaner elc. L2 - -
1. 4% 41

Welding & Fabrication area F 1 lot 106 ditto 106
Hydraulic press, ARC welder L1 45 45
Semiautomatic welder, $2 - -
High speed culter, Annil etc. T. 151 151
Dynamométer room F 1ot 397 ditto 397
Absorption, Fuel tank, L1 171 171
Cooling tower L? — -
Overhead crane elc. T. 568 568
Radiator repair room F tlot 88 ditto 83
Jib crane, Repair stand £ 38 33
Gas cutting tool L2 - -
Radiator tester etc. T. 126 126
Component cleaning room F 1 lot 29 ditto 29
Steam eleaner L 12 12
Hot water cleaner elc. 12 - —
T. M1 41

Battery maintenance room F 1ot 219 ditto 219
Water purifier, Bench viee, u o4 a4
Baltery charger elc. L2 — -
' T. 313 313
Machine shop F 1 ot 408 ditto 408
Lathe, Milling machine, L1 176 176
Drilling machine, Sawing L2 — -
machine grindet ete. T. 584 534
Electric component special F 1tot V4 ditto 114
Test beach, Armature lathe, Ll 49 419
Dryer, Motor puller set ele. L2 - -
T. 163 163

Fuel injection pump special F i fot 136 ditto 186
Pump test stand, £.T pump L1 81 81
tester, Nozzle tester, 12 - -
Parts cleaner ele. T. 267 267
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SURFACE FACILITIES

(000"s Rupees)
- No. e . .

Description Required Unit Price | Materials | Instaltation Total
Turbocharger specialization F 1 lot 26 | Included in 26
& Toolroom L1 10 | Lsbour Cost 10
Hydraulic press, Hot oil bath, L2 — —
Hand truck etc. T. 36 36
Undercarriage repair shop F tlot 619 ditto 619
Truck link repair machine [ 266 266
Overhead crane ete. L2 - -

1. 885 885

Undercarriage repair shop F 1ot 928 ditto 928
Roller & ldler press, LIS | 399 399
Jib crane, Overhead crane etc. 12 - -
¥. 1,327 1327

Preventive maintenance shop F 1lot 799 ditto 799
Air compressor L1 343 343
Pump & Tester efe. L2 - —
T. 1,142 1,142

Tyre service shop F 1 lot 323 ditto 323

Overhead erane, Tyre mounting, | L1 138 138

Hydrautic jack, L2 - -
Air cOmpressor elc. T. 464 461

Painting & Cleaning shop F 1 Tot 140 ditto 140
Ventilating fan, Painting it €0 60
equipment, Car cleaner, L2 - -
Steam cleaners etc. T. 200 200
Hydraulic test rcom F 1 lot 166 dilto 106
Hydraulic tester, Li 45 45
Work bench elc L2 — -
T. 15t 151

Other F ilot 438 - 488
Measure instrument Li 208 - 208
Spare parts L2 - 64 64
Installation etc. 1. 696 G4 760
Sub-Tetal F 86,263 — 5,263
L1 2,686 - 2,686

L2 — 64 G4

1. 8,949 64 9,013
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(e} Power House Machinery

SURFACE FACILITIES

{000's Rupeses)

Description

No

Requi; od | Unit Price | Materials Instaliation Total

Mabile Generator F 2 192 384 — 384
100 kVA, 400 V, 3 phase, 50Hz| L1 165 — 165
Sled mounted type L2 - 1 1]
T. 549 1 550

Emergency Generator F 2 770 1,540 — 1.540
500 kVA, 3.3kV, 3phase Lt 658 - 658
efwr Switches & Panels L2 - 1 i1
T. 2,198 i1 2,200

Spare parts {or b years F 1ot 156 — 156
Operation for mobife Lt 66 — G6
Generator L2 — — —
T. 222 — 222

Spare parts for b years F 1 lot 616 — 616
for Emergency generator (R 263 - 263
12 — — —

T. 879 — 879

Sub-Total F 2,626 — 2,695
L1 1,152 - 1,152

L2 — 12 12

T. 3,848 12 3,860
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SURFACE FACILITIES

{f) Electrical Workshop (000's Rupees}
Description ] eguc;; od Unit Price | Matezials | Installation Totat
Overhesd crane F 1 97 | Included in 97
S5tonx 10m Y | 42 | Development 42
Travelling type L2 — | Labour Cost —
T. 139 139
Test Operation Device F 1 141 ditto 141
33KV, 400V,230Vv & 24V, i 60 60
Oil immersed self cooling type 12 — -
1 T. 201 201
induction Regulator F ] 134 dillo 134
3phase, GOKVA, 230V 230Vv)] L1 57 b7
L2 — —
T. 121 191
Grinding Machine F i 15 ditto 15
Bench type it 6 6
L2 — -
T. 21 23
Coil Winding Machine F 1 18 ditto i8
Manual eperation type L3 8 3
L2 — —
T 26 26
Instruments Apparatusand F 1 205 ditto 295
Tools, etc. Lt 1256 126
L2 - -
T. 421 421
Sub-Total F 700 — 700
L1 299 - 299
L2 — — —
T. 999 - 939
TOTAL F 26,309 - 26,309
Li 11,282 - 11,282
Lz - 747 747
T. 37,591 747 38,338
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SURFACE FACILITIES
A —iv) ELECTRICAL EQUIPMENT INSTALLATION

a} Surface Power Distribution {000’s Rupees)
Description Re::lz; od Uit Price | Materials | Instaltation Total
Overhead power line £ 10 2815 2875 — 2875
33kV L 1,225 - 1,225
12 - 76 76
T. 4,100 76 4,176
Overhead power line F 4 1725 690 - 650
3.3kV Li 294 — 204
L2 - 21 2i
T. 984 21 1,005
Mine substation F 1 7.978 - 7,978
4,000kVA, 33kV,3.3kV,50Hz{ L1 3.424 - 3,424
chw 4,000 kVA oif immersed L2 - 33 38
3 phase transformer, 1ry & Zry T. 11,402 38 11,440
circuit breakerss, switchgears, etc.
Lighting transformer F 4 425 17 - i7
H5KVA, 33V 10200 & 100V, Li 7 - 7
50 Hz L2 - 1 ]
Simgle phase, oil immersed, T. 24 1 25
¢fw swilches
Lighting fixtore F 100 053 53 — 53
Fluorescent famp, 100V 20W Li 23 - 23
c/w sutomatic swilch L2 - 2 2
T 76 2 78
Ditto | F 4 105 42 - 42
Méreury lamp, 200V, 1 kW (1 | 18 - 18
Lz — 2 2
T - 62
Flucrescent Lamp F 200 ¢.015 3 — 3
100V 20W, Lt 1 — i
cfw Startor L2 - - -
T. 4 - 4
Meseury lamp F 8 0.25 2 — 2
200V, 1 kW, c/w Startor L1 1 — [
L2 - - -
T. 3 — 3
Miscellanéous F 1 fot 720 - 720
) : Lt 306 — 3C6
L2 — 13 13
T. 1,026 13 1,039
Spare parls for 5 years F _ 29 — 29
opecation for 33 kV overhead L 13 -~ 13
power tine L2 - - —
T. 42 - 42
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SURFACE FACILITIES

(000°s Rupees)
- No. R . : .
Description Required Unit Price | Materiats | $astallation Totsl
Spare parts for 5 year F 7 - 7
Operation for 3.3 &V overhead Li 3 - 3
povver line L2 - -~ -
T. 10 - 10
Spare parts for 5 yearsoperation | F 406 - 406
for Mine substation Li 174 - 174
L2 — - -
T. 580 - 530
Sub-Yotal F 12,822 — 12,822
i 5,489 — 5,489
12 - 153 153
T. 18,311 153 18,464
b) Open Pit Power {000’s Rupees)
Description Re::f;; ed Unit Psice | Materials | Installation Total
S B I I
Cverhead power line F t4km 165 2,310 — 2,310 .
33kVv Ll 987 — 987
12 45 45
T. 3,297 45 3342
Mobile substation F 2 2,360 4,720 - 4,720
2,500kVA,33kV 0 3.3kV, LY 2,022 - 2,022
50 Hz L2 - 4 4
Sted mounted type, T. 6,742 4 6,746
chw 2,500 kVA
O} immersed 3 phase
wransformer, try & 2ey
switchgears, ele,
Mobile switching station F 14 50 700 — 700
33kV,600A, (] 300 - 300
Sled mounted type L2 — 4 4
7. 1,000 4 1,004
Trailing cable F 800m 1.76 1,408 — 1,408
3kVY, 3¢ x 80 mm? with 3¢ Li 602 - 602
ground wire, Synthetic rubber L? - 4 4
cable with steel vire braid T. 2010 4 2014
Trailing cable F 800 m 0528 422 — 422
3kV, 3¢ x 22 mm? L1 180 - 180
with 3¢ ground wire L2 - 2 2
Same as above T. 602 2 604
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SURFACE FACILATIES

{000's Rupees)
N 1

Description Requ(;; oq | Unit Price | Materials | Installation Total

Cable coupler F 4 154 616 | Included in 616
3 kV, for 3e x 80 mm? (| 254 | Development 264
trailing ¢able L2 — | Labour Cost .
T. 880 880

Cable coupler F 4 110 440 ditto 440
3kV, for 3¢ x 22 mm? L1 188 188
trailing cable L2 - —
T. 6238 628

Termination Material F 1ot 852 ditto 852
for 3%V 3cx 80 mm? & L3 364 354
22 mm? trailing cables L2 — -
T. 1,216 1,216

Cahle ru} F 4 392 1,68 ditto 1,568
for traiting cable L1 670 670
L2 - —

T. 2238 2,238

Spare parts for b years F 24 — 24
operation for 3.3kV L1 10 - 10
overhead power line L2 — — —
T. 34 — 34

Spare parts for b years F 118 - 118
for mobile substation L1 50 - 50
12 — - -

Y. 168 - 168

Spare parts for b yeass F 62 — 62
for mobile switching station L3 22 - 27
L2 — - -

T. 89 - 89

Sub-Total F 13,240 - 13,240
L1 5,664 — 5,664

L2 - 59 59

T. 18.904 59 18,963

¢} Underground Mine {000"s Rupees)

Description Re:;z'r od Unit Price | Materials } Installation Total

Line switch . F 1 55 | Included in 55
3.3kV,300 A, Dry type, Ll 24 | Development 24
Explosion proof L2 — | Labour Cost -
1. 79 79
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SURFACE FACILITIES

{000’s Rupees)
A No. . ot . .
Description Required Unit Price | Materials | installation Total

Line switch F 13 37 481 | Includéxt in 431
3.3kV, 100 A, Dry type, L1 206 | Development 206
Explosion proof L2 — | Labour Cost -

T. 687 687
Mine power centre F 1 467 ditto 467
300kV,33kVio200V,50Hz | Li 200 200
3 phase, Dry type 12 — -
Explosion proof T. 667 667
Mine power centre F 1 433 ditto 433
200 kVA L1 186 186
Same as above LZ — -
Same as above T. 619 619
Miae power centre F 6 418 2508 ditto 2508
150 kVA L 1,077 1,077
Same as sbove L2 - —

T. 3,585 3.585
Air circuit breaker F 8 133 1,064 ditto 1,064
33kV,100A £l 457 457
£ xplosion proof L? — —

T. 1,521 1,621
Air circuit breaker F 9 24 216 ditto 216
4100V, 400 A L1 92 92
£ xplosion proof L2 — —

7. 308 308
Earth relay F 9 19 171 diito 171
400V, for alarm and trip R | 13 73
Explosion proof L2 - —

T. 244 244
Gate end box F i6 13 208 ditto 208
400V, 226 A, L1 89 89
Explosion proof 12 — —

T. 297 297
Gate end box F 5 22 110 ditte 110
400V, 225 A, Reversible Lt 47 47
Explosion proof L2 — —

T. 197 157
Gate end box F 5 9.2 46 ditto 46
4100V, 50A L1 20 20
Explosion proof L? — -

T. 66 66
Gate end box F 7 14 98 ditto 98
400V, 50 A, Revetsible t1 42 42
Explosion proof 12 - —

T. 140 140
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SURFACE FACILITIES

¢) U/G Mine {000's Rupees)
Description R e(?u‘:; od Unit Price | Materials | Installation Total
Gate end box F 6 85 51 | Included in 51
400V, 25 A L1 22 | Development 22
L2 — | Labour Cost -
T. 73 13
Control transformer (3 7 6.7 47 ditto - 47
L1 19 19
L2 — —
T. &6 €6
Push button switch F 100 0.36 36 ditto 35
1-point, for signal Li 15 15
Explasion proof L2 - —
¥. 51 51
Push button switch F 50 1.28 54 dito G4
2-points, for remote operation L1 23 28
conirol, Explosion proof L2 - -
T. 92 92
Signal bell F 20 8.4 168 ditio 168
24V, Explosion proof L1 74 74
L2 — —
T. 242 242
Mine cable F 600 m 04 240 ditto 240
3KV, 3¢ x OO mm? Lt 102 102
Armoured cable L2 — —
T. 342 342
Mine cable F 1,400 m 0.264 359 ditto 369
3 kV, 3¢ x 50 mm? i1 158 158
Armoured ¢able L2 - —
T. 527 527
Mine cable F 1,800 m 0.152 274 ditto 2714
3kV, 3cx 22 mm? Li 117 117
Armoured cable 12 - _
T. 391 391
Cabtyre cable F 1,200 m 0.355 426 ditto 426
600V, 4¢ x 50 mm? L3 i83 183
L2 — —
T 600 609
Cabtyre cable F 500 m 0.254 127 ditto 127
600V, 4¢ x 22 mm? L1 54 54
L2 — —
T. 181 t81
Cabtyre cable F 500 m 0.166 83 ditio 83
600V, 4¢ x 14 mm? L1 36 36
L2 - -
T. 183 181
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SURFACE FACILITIES

<) U/G Mine {000"s Rupees)
e — I

Description R e(?l:r ed Unit Price § Materials | Installation Total
Cabtyre cable F 500 m 0.096 48 | Included in 48
600V, dc x 5.6 mm? L 20 | Development 20
L2 — —
T. 68 68
Vinyl cabtyre cable F 1,000 m 0.04 40 ditto 40
600 V, 40 x 5.5 mm? L1 17 1?7
L2 — -
T. 52 h7
Lighting transformer F 5 40 200 ditto 200
bEVA, 400 Vo 100V, Li 86 86
Dry type, Explosion proof L2 — -
T. 286 286
Lighting fixture F S00 m 0.4 200 ditto 200
Incadescent lamp i1 85 85
100 V 60 W, Explosion proof L2 - -
T. 285 285
Vinyl cord F 2,500 m 26 ditto 26
600V, 2¢ x 2 mm? I | 11 i1
L2 - —
T. 37 37
Incedesceat lamp F 5,000 i 26 ditto 26
00V, 60w it 11 (X1
12 - —
7. 37 37
Miscellaneous F 103 ditto 103
i 43 43
L2 - —
T. 146 146
Spare paris for 5 years F 130t 104 104
operation for line switch L1 45 45
3kV, 1I00A L2 — -
T. 142 - 149
Spare parts for & years F i lot 41 41
operation for mine power (N | 18 i3
cenire 300 kVA L2 — —
T. 59 - 59
Spare paris for b years F 1 fot 41 41
aperation for mine gover L1 18 13
centre 200 KVA L2 - —
T. . 59 -- 59
Spare parts for 6 years F 1 lot 243 246
aperation for mine power L1 105 105
centre 150 kVA L2 - -~
T. 35% — ' 351
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SURFACE FACILITIES

¢} W/G Mine {000’s Bupees)
Descriplion No. Unit Price | Materials | Installation Total
p Required s !

Spare parls for b years F t lot 312 - 312
operation for air circuit L 134 - 134
biresker 3.3kV, 100 A L2 — . —
T. 446 — 446

Ditto for air circuit breaker F 1ot 63 — 63
400V,400 A L1 27 — 27
L2 — _ —

T. 90 — 20

Diuto for earth relay F 1 lot 72 - 72
400V L1 3 - 31
L2 — — _

T. ] 103 — 103

Ditto for gate end box F i fot 45 — 45
600V, 225 A ] 15 — 19
L2 — ~ _

T. 64 — 64

Ditto for gate end box F i lot 40 - 40
600 V, 225 A, Reversible Li 17 — 17
L2 - — —

T. 57 — 57

Ditto for gate end box £ 1ot 8 — 8
600 V, 50A Li 3 - 3
2 - - —

T 1 — it

Ditto for gate end box F 1lot 21 — 21
600V, 50 A, Reversible L1 9 - 9
L2 - — —

T. 30 — 30

Ditio for gate end box F 1 ot 2 — 2
600V,25A L1 ] — §
£2 — - _

T. 3 — 3

Ditto for control transformer F 1lot 9 — 9
L1 4 — 4

L2 — _ L

T. i3 — 13

Ditto for signal bell F 1 lot 8 - 8
1 3 — 3

L2 - - -

T 11 — 11

Bitto for lighting transformes F 1 lot 8 — 8
L 3 - 3

L2 — — -

T. ] 11 - i
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SURFACE FACILITIES

¢} Underground Mine {000's Rupees)
Description . egf?i; o | Unit Price | Materiats | Installation Total
Spare paris for 5 years F 1 lot 20 — 20
operation for lighting fixture L1 - 9 - 9
L2 - - —
T. 29 - 29
Sub-Total F 9,425 — 9,425
Li 4,040 - 4,040
L2 - — —
T. 13465 - 13,465
d) Communication {000’s Rupees}
Description R euc':ﬂr ed Unit Price | Materials | Instatiation Totatl
Private telephone exchanger F 1 237 — 237
L1 102 - 102
L2 - 7 7
T. 339 7 346
Dial telephone F 70 0.6 42 |lncluded in 42
Desi type L1 18 [Development 18
L2 -- [ Labour Cost -
T 60 60
Dial telephone F 10 0.8 8 ditto 8
Wall type Li 3 3
L2 - —
T i H
Dial telephone F 10 1.7 17 ditto 17
Noise proof it 7 7
L2 - -
T 24 24
Oial telephone F 10 65 65 ditto 65
Exploston proof Li 23 23
12 - —
T. 93 93
Telephone cable F 1,000 m 0.059 59 ditto L
0.9 mm x 30P u 25 25
L2 — —
T 84 84
Telephone czble F 1,000 m 0.042 42 ditto 42
09 mm x 20P Lt 8 18
L2 - —
T 60 &0
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d} Communication

SURFACE FACILITIES

111241

{000’s Rupees)

Description R e::ﬁr od Unit Price | Materials | Instsllation Total
Telephone cable F 2,000 m 0.023 416 ditto 46
0.2 mm x 10F Li 20 20
L2 — —

T. 66 66

Telephone cable F 5,000 m 0.016 80 ditio 80
0.9 mm x 5P Lt 35 35
L2 — —

T. 115 15

Vinyl cotd F 200m 0.01 2 ditto 2
GO0V, Zc x 2 mm (| i 1
L2 -~ —

T. 3 3

Miscellanéous for telephone F i lot 11 ditto 1
system Li 5 5
L2 — -

T. 15 16

—_— -— - -

Fixed station for U/G F ] 56 - b6
Induction radio system Li 24 - 24
Transmitting output: 5'W max. 12 — 1 ]
Receiving output: 3 W max. T. 80 1 81
Mobile station for above F 60 4.94 296 jIncluded in 296
Transmitting output: 106G mWY Lt 121 |Development 127
Intrinsically safe type L2 — | tabour Cost —
T. 423 423

Battery charger for above F 6 12.2 73 ditto 3
indoor type L1 31 3
1 charger for 10 mobile station L2 — -
T. 104 104

Antenna for above F 3800 m 00135 51 ditto 51
Vinyl cable L1 2 21
60OV, fcx b mm? L2 - —
T. 12 12

Fixed station for open pit F 2 46 g2 - 92
wireless system Li 39 - 39
Output 25W, chv Antenna & 12 3 3
D.C. pawer equipment T. 131 3 134
Mobile station for above F 10 106 166 - 166
QOutput 10W, ul N - 71
chw Antenna 12 - 3 3
1. 237 3 240

Antenna tower for above F H i2 - 12
18 m height, triangutar type 13 5 - 5
L2 -- 3 3

T1. 17 3 20




d) Communication

SURFACE FACILITIES

HI-242

{000’s Rupees)
Description R egtf:r ed Unit Price | Materials | Instalfation Tatal
Spare parts for telephone F 1 lot 7 — 7
system Li 3 - 3
12 — _ -
T. 10 — i0
Spare parts for inductive F 1 lot 50 — 50
radio system L1 22 — 22
L2 - — -
7. 72 — 72
Spare paris for wireless F 1 lot 10 — 10
system Lt 4 — 4
L2 - - -
T. 14 - i3
Sub-Tolal F 1,422 — 1,422
L1 699 — 609
L2 17 17 17
T. 2,031 17 2,048
TOTAL F 36,209 - 36,909
L1 15,802 — 15,802
L2 — 220 229
T. 52,711 229 52,940




(v} PREULIMINARY EXPENSES

SURFACE FACILITIES

{000’s Rupess)

Description Re 2':;; o | Unit Price | Materials| tastilation Total

Drifling machine F 2 1,000 2,000 | included in 2,000
Wireline system 11 856 | Development 856
c/w Drilling pump, Mixers & i -- 1 Labour Cost —
Orilling tower, €tc. T. 2.856 2,856
Fuel and oil for above F 46.2 kR 52 - ditlo -
L1 — —

L2 240 240

T. 240 240

Spare parts for 5 years F 1lot 600 dilto 600
operation for above i1 258 258
L2 - -

7. 858 858

Installation for mobile F 2 125 250 ditto 250
substalion in open pit Lt - —
' L2 — _

T. 250 250

Ditto for mine substation F 1 442 ditto 142
L1 - —

L2 - -

T 442 442

Ditto for emesgency F ilot 75 ditto 15
generator Li - —
L2 — —

T. 15 15

Ditto for telephone system F 1 tot 50 ditto 50
| — —

L2 - -

T. 50 50

Ditto for wireles system F flot 50 ditto 50
L - -

L2 - -

T. 50 50

Ditto for inductive radio F % lot 50 ditto 50
system L1 - —
L2 - —

T. 50 50

Ditto for micro computer F 1 ot 46 ditto 46
L - -

L2 — -

T. 50 50

Total F 3.563 - 3,663
R 1,114 - 1,114

L2 240 - 240

T. 4,917 - 4917
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SURFACE FACILITIES

{vi)} CONSTRUCTION DEVELOPMENT {000's Rupees)

Description Regtﬁ; od Unit Price | Materials | Instatlation Total

Spare parts for electrical F ilot 320 - 390
equipment Lt 166 - 166
L2 281 - 281

T. 837 - 837

Fuel and oil for mobile F 204 i 5.2 - - -
generator L1 — - —
L2 106 - 106

T. 106 — 106

Ditio for emergency F 346kl 5.2 — - —
genefator L1 — — =
L? 180 — 180

T. 180 — 180

Power charge F 1.060 0518 — — —
i1 MWH - - —

L2 549 - 549

T1. 549 — 549

Totzl F 390 - 390
L1 166 — 166

L2 1,116 - 1,116

T. 1,612 - 1,672
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SURFACE FACILITIES

(000"s Rupees)
Description / ec?t?ir ed Unit Price | Materials | Instaitation Total
Maintenance F 2 191 - ifn
Spare parts L1 82 - 82
L2 — - -
T. 273 - 273
Maintenance . F 2 - _ —
Repair machine civil & Lt — — -
construction L? 540 — 540
T 540 — 540
Material F — — -
Lubricating oil L1 9 - - —
100 £/Say x 300 day/year L2 60,000 7 420 — 420
T. 420 - 420
Sub-Tolal F 191 — 101
Li 82 — 82
L2 260 — a60
T. 1,233 — 1,233
TOTAL F 5381 - 581
L1 248 — 248
L2 2,076 — 2076
T. 2.205 — 2905
| -
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8. ANCILLARY FACILITIES
{i} OFFICE BUILDING ETC.

SURFACE FACILITIES

{a} Office Building {000"s Rupees)
— AR - —

Description C. HNo. Unit Price ls? :&a::z:;gg Total
Administration Office F - -
21l mx70m x 2F L1 - -
Reinforced concrete and brick L2 | 2940m? 1.3 3,822 3,822
construction 1. 3,822 3,822
Foremen Office F - —
10m x40 m x 2 lot Li — —
Reinforced concrete and brick L2 800 m? 13 1,640 1,040
construction T. 1,040 1,040
Mine Office F - -
1I0mx35m L3 - —
Reinforced concrele and brick L2 I[om? 1.3 455 455
construction T. 455 455
Laboratory F - —
E5mx t0m i - -
Reinforced concrete and brick 12 50 m? 1.3 &5 65
construction T. 65 55
Sub-Total F - -

L1 - —
L2 4,140 m? 5,382 5,332
T. 5,382 5,382
(b} Work Shop, Shed, Stores and Garrages {0D0’s Rupees)
[ - i ]
. e I Installation
Description C. No. Unit Price & Materials Total
Lightand Heavy Vehicle Hardstand

Fuel sirage F

I0Dmx20m L1

Steel and brick construction 12 200 m?
T.

Under carriage repair shop F

18mx36m Li

Steel and brick consiruction 12 648 m?
¥.

£.M. shop F

{Protection maintenance) L1

1I8mx27m L2 486 m?

Steel and brick construction T. _J

Parts warehouse F

24mx 54 m L1

Steel and brick consteuction L2 1.296 m?
T.
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SURFACE FACILITIES

{b} Work Shop, Shed, Stores and Garrages

{00Q's Rupees)
. . - . Installation
Description C. No. Unit Price & Materials Total
Office F
IBmx24m Li
Steel and brick construciion L2 432 m?
T.
Work shop F
42 mx 63 m u
Steet and brick construction L2 2,646 m?
T.
Tyre service shop ) F
I8mx27Tm Lt
Steel and brick construction L2 486 m?
T.
Painling bay F
I8mx 1&m L1
Steel and brick construction L2 324 m?
T.
Cteaning bay F
1IBmx 18m Lt
Steel and brick construction L2 324 m?
Y.
Sub-Tot1al F
L1
L2 6,842 m?
T.
Say F - —
L1 — —
L2 7.000 m? 0.65 4 550 4,550
T. 4550 4,550
Work Shops
Etectrical shop F
15mx40m L1
Steel and brick construction L2 600 m?
T.
Electrical equipment F
Smxt0mx1Omx 15m Ly
Steel and brick construction L2 230 m?
T.
Mine car shop
i0mxtdm L
Steel and brick construction L2 150 m?
T.
Machiae shop F
12ax25mx10mx20m L
Steed and brick construction 12 500 m?
T.
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SURFACE FACILITIES

(b} Work Shop, Shed, Stores and Garrages (000’s Rupees)
Desoription C. No. Unit Price Is': S&Z‘:g:;:{; Total
Machine shop F
Smx30m Lt
Stezl and brick construction L2 240 m?
T.
Store F
B8mx{25+ 30} m Lt
Steel and brick construction L? 440 m?
¥.
?mre F
Smx40m L1
Steel and brick construction 12 320 m?
T.
Sub-Total F
[ |
L2 2480 m?
T.
Say F - _
L1 o - —
L2 2500 m? 0.65 1,625 1.625
T. 1,625 1,626
Office Garrages
Garrages F - -
Wmx20m L - -
Steel and brick construction L2 200 m? 0.65 130 130
T. 130 130
Sub-Total F - -
L1 | - -
L2 200 m? 130 130
T. 130 130
Total F - -
L1 — —
12 6,305 6,305
T. 6,305 6,305 J
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{c) Explosive Stores

SURFACE FACILITIES

{000’s Rupees)

Description C. No. Unit Price IST iﬂ:g:ggg Total
Explosivé stores F - -
IO0mx10m L3 _ - -
Reinforced and brick construction L2 100 m? 189 189 189
T. i89 189

E xplosive control F o - —
5mx6m Lt _ — -
Steel and brick construction L2 30 m? 0.65 20 20
T. 20 20
Sub-Totat F — -
(3§ — -
L2 209 209
T. 209 209

{#} Others {000's Rupees)
. . . o Instalfation

Oescriplion C. No. Unit Psice & Matesials Total
Foundation of sub station F - -
Concrete {50 m3?), Fence {310 m) ti - -
Ballast {5,350 ?, 1,050 m?) L2 1lot 532 532
T. 532 532
Qil storage F — -
50 k2 Tank and foundation L - -
L2 t lot 240 240
7. 240 240
toadingdock F - -
Conerete 105 m?, Pit 50 m? L1 - -
L2 1 for 214 214
¥T. 214 2t4
Fence of prohibition for invasion F - -
L1 _ - -
L2 8km 25 200 200
T1. 200 200
Fuel tanks and foundation F - -
20kl x 2 lot L - —
Tanks and foundation L2 2 lot 92 184 184
T. 184 t84
Banking of explosive stores F - -
Banking (1,440 m?) L1 - -
12 i i 4 4
T. 4 4
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SURFACE FACILITIES

{d} Others
. s . e s installation

Description C. No. Unit Price & Materials Total
Sewage treatment fank £ — -~
Cess poot (150 m?) L1 - -
Reinforced concrete construction L2 1lot 100 100
T. 100 100
Sub-Total F — —
L - -
L2 1,474 1,474
T. 1,474 1,474
Total F - -
L1 - ot
L2 13,370 13,370
T. 13,370 13,370
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{e) Maintenance

SURFACE FACILITIES

{D00's Rupees)
Description R e!;’;red Unit Price | Materials]| Installation Total
Mzaintenance for office F 1 tot — | Included in -
buildings administration office, L1 — | Developmeént —
Foreémen office, Mine office, L2 654 | Labour Cost 54
Laboratory T. 54 b4
Ditto for workshop, ete. F § tot - ditto -
Light & heavy vehicle hardstand, | L} -— —
Workshop & Office garage L2 44 44
T. 44 414
Ditto for explosive store, elc. F 1fot - ditto —
Explosive store L1 — —
L2 2 2
T. 2 2
Total F — — —
L1 - — -
L2 100 - 100
T. 100 — 100
GRAND TOTAL F - - —
Li - - -
L2 13,470 - 13,470
T. 13,470 - 13,470
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SURFACE FACILITIES
B — (i) FURNITURE AND FIXTURE {GO0Q's Rupees)
I No. ey s , .

Description Requited Unit Price | Materials | Installation Total
Computer F 1 2,200 | Included in 2.200
1 x ACOS-250 Mode! 40 L1 940 | Development 240

(256 KB) L2 — 1 Labour Cost -

1 x Magnetic disk (160 MB) T. 3,140 3.140
Magnetic tape, Printer,

Data punch ete,

Furniture and fixture for t 3 1 lot - ditto —

administration office L1 - -

L2 876 816

T. 876 876

Ditto F 1 lot — ditto -

for mine office and ather L1 - —~

service building L2 730 730

T. 7130 130

Ditto F a 1 lot — ditto —

for miners conteen elc. L1 — -

L2 584 584

T. 584 584

Ditto F 1lot — ditto -

for rest house L - -

L2 292 292

T. 292 292

Ditto . F flot -- ditto -

for hospital & dispensaries, elc. L1 — -

12 1,460 1,460

T. 1,460 1,460

Ditto F 1lot — ditto -

for residential buildings L1 - —

L2 1,168 1,168

T. 1,168 1,168

Spare parts for computer F 1lot 220 _ 220

L1 94 - a4

L2 — — —

1. 314 _ 314

Maintenance for 2bove F 1 lot — | Included in —

buildings L1 -~ | Development —

L2 51 } Labour Cost 51

T. 51 51

Tolal F 2,420 _ 2,420

Li 1,034 - 1,034

L2 5,161 — 5,161

8,615 — 8615

1I-252




SURFACE FACILITIES
B — (iii) TRANSPORT WITHIN FACTORY

{000's Rupees})
Description No. Unit Pri Material Installation Total
p Required nit Price aterials
Personnel car F 6 108 648 fncluded in 648
4 wheel drive, Wagon type Li 275 | Development 275
L2 — Labour Cost —
T 923 a23
Staff car F 2 99 198 dilto 198
Limousine L3 84 84
L2 - -
T. 282 282
Ambulance F 1 76 ditto 79
4 wheel drive L1 34 34
¢fw standard accessories L2 - —
T. 113 1i3
Maintenance for above F 1ot - Included in -
L1 - Development —
L2 134 Labour Cost i34
T 134 134
Fuel and oil for above F 1445kl 5.2 - ditto -
L1 — —
L2 751 751
T. 151 751
Total F 925 - ke 7633
L1 393 — 303
L2 885 — 885
T. 2,203 — 2,203
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PREPARATION PLANT
{ii) BUILOINGS

{a} Factory Buiidings {000's Rupees)
Description R e::" od Unit Price | Materials | Installation TYotal

Building and utility 1

Dump hopper & pit ‘

8,000 W x 18,000 H x 14,000 L ]

4000Wx2500H x25000L

Concrete eonstruction

Shed for dump hopper 1

8000Wx9000L x4000H

Raw coal bin ]

16,000 ¢ x 24,000 B

Concrete construction

Support for crusher 1
7000Wx8500L x 15000H
Steel construction

Shed for picking room i
7,000 x 29,000 L x 10,000 H
Steel construction

Clean coal silos 2
16,000 ¢ x 19,000 H
Conceete construction
Clean co2] stockpile 1
64,000 ¢, with tower and pit
Concrete construction

Support for track scale 1

Concrete construction
Tramp iron stocking floor 1
3,000 V¢ x 3,000 L x 2,000 H

Concrete construction

Shed for eleciric toom i
5000W x 10,000 L x 10000 H
Steel construction

Shed for weigher F 1 Sub- 5,246 - 5246
4,000 W x 4,000 L x 3,000 L otal | 2.252 - 2,252
Steel construction L2 [~ - 970 970
T. 7,498 970 8,468
Exterior Materiat F 136 — 136
Slate Li 31 - n
L2 — 159 159
T. 1,047 159 1,206
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PREPARATION PLANT

{000s Rupees)
— . — bR

Description C. Req::i.r od Unit Price | Materials| Installation Total
Conerete structure F - - —
Hopper bin, sifo L1 — — -
L2 9,447 — 9,447

T. 9,447 - 9.447

Foundation, Painting F — —_ -
Temporary work Li — - -
L2 10,068 — 10,063

T. 10,063 — 10,058

TOTAL F 5,982 — 5,982
L 2,563 - 2563

L2 19515 1,129 20,644

1. 28,060 1,129 29,189
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{iii) MACHINERY AND EQUIPMENT

PREPARATION PLANT

(3) Raw Coal Receiving & Stosage

(000's Rupees)

Description

No.
Required

Unit Price

Materials

Instaliation

Total

Dump Hopper, 100 T
8000W x3.000L x9000H
Conerete construction

Vibrating feaeder, 400 TPH
1,300 Wx 1,650 L x -12°
3.7 kW, 1,500 rpm,
Suspention type

Raw coal belt conveyor, 400 TPH
S00 W x 143,000 L x 38500
100 m/min, 75 kW, 1,500 rpm
Gravitly take-up

Rawooalbin, 1600 T
16,0006 x 17,000 H
Concrete construction

Sump pump,

0.5 m*/min. x 20 mH
55kW, 1,500 pm
Self-priming type

Ventilation fan, 30 m*/min.
100 mm Aq, 2.2 kW, 1,600 rpm

-—3 SUb-

| | Total

{b} Raw Coal Treastment

6,432
2,763

9,245

1,08t
1,081

6,482
2,763
1,081
10,326

{000"s Rupees}

Description

No.
Required

Uait Price

fMaterials

Installation

Tolal

Vibsating feeder, 150 TPH
800Wx 1,200 L x -12°
076 %\, 1,800 rpm
Suspention Llype

flant feed belt conveyor

400 TPH

200 Wx 42000 L x §1,300H,
100 m/min., 30 kW, 50 rpm
Gravily tzke-up

tAagnet calcher

1,200 &, Traveling 15 m/min.
0.75 kW, 1,500 rpm

With electric rolley
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{b) Raw Coal Treatment

Description

PREPARATION PLANT

No.
Required

Unit Price

Materials

installation

Raw co03! screen, 400 TPH
2,200 W x 4,500 L x -15°
900 rpm, 50 mm Opening
22 kW, 1,500 rpm
Ripple-flow Lype

1

Picking belt conveyor, 40 TPH
15 m/min, 1,400 W x 20,000 L
2.2 kW, 50 rpm,

Screen take-up

Single roll crusher, 40 TPH
45 kW, 1,000 rpm

No. 1 Beject beit conveyor,
20 TPH, 60 m/min,

7I50W x 17,000 L x 2500 H
3.7 kW, 50 rpm,

Screwr take-up

No. 2 Reject belt conveyor,
20 1PH, 60 mfmin,

68000 L x 15,000 H

5.5 kW, 50 rpm,

Gravily take-up

(000's Rupees)

Total

Reject bin, 60 T
6000Wx6000Lx5500H
Steel construction

L _, Sub-

Totatl

8,814
3,765

12,679

1,224
1,224

8.814

3,765

1,224
13,803

{c} Clean Coal Sterage

{00D"s Rupees)

Description

No.
Required

Unit Price

Materials

Installation

No. 1 Clean coal conveyor,
384 TPH, 100 m/min,

SO0 x 160,000 L x 20,000 H
45 kW, 1,500 rpm,

Gravity take-up

TYotal

No. 2 Ciean coal conveyor,
384 TPH, 100 mfmin,

900 W x 24000 L. x 2500 H
11 KW, 50 rpm,

Sceew lake-up

Clean coal silos, 2000 ¥
16,000 ¢ x 19,000 H,
Concorete construction
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coal

{c) Clean Coal Storage

Description

PREPARATION PLANT

Clean 03l stockout conveyor
384 TPH, 100 m/fmin

S00W x45000 H x 13000 H
30 k¥ x 50 rpm,
Gravity take-up

(d} Clean Coal Loading

LY
L2

No.
Required

{000°s Rupees)

Unit Price

Materials

Installation

Total

»Sub-
Total

6,503
2,771

9,274

6,503
2,171
1,160
10,434

{000°s Rupees)

Description

No.
Required

Unit Price

Materials

Installation

Totat

Vibrating feeders, 280 TPH
1,100 W x 1,500 L x -10°
2.2 kW, 1,500 1pm,
Suspension type

Clezan onal foading conveyor
800 TPH, 110 m/min,

1,200 W x 106,000 L x 24,000 4
80 kW, 1,500 rpm,

Gravity take-up

Clean coal loading hoppes, 110 T
7,000Wx 72,000 L x6,500H
Steel construction

Vibrating feeder, 800 TPH
1,800 Wx 2,000 L x -10°
7.5 kW, 1,500 ¢pm,
Suspension type

Vibrating feeders, 400 TPH
1,300 Wx 16501 x -12°
3.7 kW, 1,500 1pm,
Suspension type

Clean coal rectaim conveyor
800 TPH, 10 m/min
1.200\WWx63000L x 2,000 H
30 kW, 50 rpm,

Gravily takeup

Sump pump, 0.5 m*/min
Total head 15 m, 3.7 kW,
1,500 rpm, Self-priming type

 N—

Ventilating Fan,
100 m3/min, 150 mm Aq,
7.5k\W, 1,500 tpm

L1
L2
T.

L Sub-
[ |  Totst

8,969
3.835

1 2,80;

1,127
1,127

8,069
3,835
t,117
13,931
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{e] Other Equipment

PREPARATION PLANT

Description

No.
Required

Unit Price

Service Hoist
Electric hoist for lump coal
bresking, 5 T, Lift 8 m
5.5 KW, 1.5 kW, 1,500 rpm
veith steel hammer

Materials

Instaltation

(000’s Rupees)

Total

Electric hoist for rock
removing 3T, Lift 8 m

5.5 kW, 1.5kW, 1,500 rpm
with grab bucket

Electric Hoist, 3T
Lift 15m, 5.5 kW, 1.6 kW
1,500 rpm

Sub-
Total

885
380

1,265

{81

835

32
1,297

Weigher
Conveyor scales
for ravs cozal 2, Clean coal 2,
Reject 1

Weight Bridge
For freight car

L
L2
T.

2412
1,033

3445

LR

2412
1,033

3.509

Mobil Equipiment
Gump truke
24 m?, Model HD 320

Bultdozer
12 Tonne, Model D 53A

3.219
1,369

4,588

3,219
1,369

4,588

Laboratory Equipment
Modified acmeé dryer, Type &
300Wx300Lx300H
240V, 1 8, 1 kW

Muffte furnace
IS5OWx100H x300 L
240V,10, 4kWY

Total sulphur measurement
device
240V, 1 ¢

New Model nenken type
adiabatic calorimeter,
240V, 750 W

Riffer sampler, Type 10

Jaw crusher, N. 1023-A
240V, 04 kW

—_—1 a0
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PREPARATION PLANT

{000's Rupees)
Description R e":;r od Unit Price | Materials | Installation Total
Horizontal type brown crusher ] |
No. 1025-A, 240V, 0.4 kW
Standard testing sieve shaker 1
240V, 0.2 x\W
Standard sieves 15
200 mme, 45 mmH ]
Stainfess stee} F 283 - 233
LI | 121 — 121
Digital balance, 1.2 1 -—> Sub- — 48 48
NL-200 T T. | Vo 404 48 452
240V, 19
Total. F 6,799 - 6.799
Lt 2,203 - 2,903
L2 — 144 144
T. 9,702 44 9,846
Spare parts F 597 — 597
{Preparation plani) L1 255 - 255
L2 ] - - -
T. 852 - 852
Spare parls F 8,188 - 8,188
L 3508 - 3.508
L2 — — —
T. 11,696 - 11,696
GRAND TOTAL F 46,352 — 46,352
Lt 19,300 — 19,800
L2 — 4,786 4,786
T. 66,152 4,786 70938
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PREPARAYION PLANT

iv) ELECTRICAL EQUIPMENT {000’s Rupees}
Description Reg:r‘ od Unit Price §{ Materials { Installation Total
Motors 1
3kV x 3¢ x50 Hz for over
55 kW, B
400V x 3o x50 Hzforup O
55 kW
Power receiving equipment 1
Transformer: 3KV 400 — 240V,
35, 1,000 KVA

Controf equipment i
Control center, Operaling panel,
Kimic panel, Relapy pacel,

t acal switch

Instrumentation équipment 1
Sounding devices,
Conveyor scales

Lighting apparatus ]

Mereury famp, Incandescent Sub-

tamp, Fluorescent lamp, F—* Total

Distribution panel F . 3.747 — 3,747
L1 1,601 — 1,601

Commuaniczalion system LZ i - 1,193 1,193

Handset station, Speaker T. 5348 1,193 6511
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PREPARATION PLANT

{vi} PRELIMINARY EXPENSIVE (000's Rupees)
Description Re;q‘.?i'red Unit Price | Materials [ Instaifation Totat
Detail design F 4,980 —
Supervision & erection F 5,635 -
T. 10615 — -
{v)] CONSTRUCTION & DEVELOPMENT (000’s Rupess)
— .
Deseription R eg:ur od | Unit Price | Materials { Installation Total
Mazintenance F - Included in —
L1 — Development -~
12 264 | Labour Cost 264
T. 264 264
Materials F — ditto -
Li - -
L2 479 479
T. 479 479
Power F - ditto -
t1 —~ —
L2 197 197
T. 197 197
CTott|F - -
u - -
L2 940 240
¥. 240 240
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A — (i} BUILDINGS

RAILWAY

(000’s Rupees)
Desceiptio c No. Unit Price | Materials | Instalfati Total
esceiption - | Required nit Price erials nstalfation ota
Check & Repair shop F - — -
Loco & Wagon repair by
200 m? Lt - - —
Loco. & Wagon check bay
600 m? £2 ]| 1,600 m? 0.65/m? - 9756 a75
T. - 975 975
Worker house F — - -
100 m? x 2 houses — 200 m? £ ' - - -
12 200 m? 0.5/m? -~ 100 100
7. - 100 100
Storzga oil tank f 1 1ot 315 - 315
{include checking instrument L1 135 - 135
& escape oil tank etc.) L2 - — -
205 33 x 3 mHl x 1 lot 1. 450 - 450
Cleaning equipment F 1 lot 525 - 5725
{include high water tank & L1 225 — 225
spray etc.) 12 - —
T. 50 — 150
Total F - - 840
] 840 - 360
£2 350 - 1.075
T. 1,200 1,075 2,215
{b) RAIL WAY & OTHERS {000"s Rupess)
Description C. Re‘?&} o3 Unit Price | Materials ] Installation Total
Steel rails 40 kg/m F 325km | 435/km 14,138 - 14,138
{include latesal line) Ll 6.050 - 6,060
Rail 435/km x 325km £2 _ - 1,138 1,138
Wage IBAkmx325km 1. 20,148 1,138 21,335
Wooden sieepers F - - -
Steepers 521/km x 32.56 km L1 -- - —
Wage Akmx325%m L2 ]| 325km 559fxm - 18,168 18,168
T. - 18,168 18,168
Stone ballast F - - —
Ballast 362/km x 325 km Lt -~ - -
Wage 45kmx 32.6km L2 ] 325km A12/km - 13,350 13,390
T. - 13,390 13,390
Turnout & installation F 20 84 1,680 - 1,680
Turnout #10x 84/s x 20 set L1 720 - 120
Wage  3/s x 20 set 12 - 60 60
T. 2,400 60 2460
R SR
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RAILWAY

A —{ii} RAILWAY & OTHERS (000’s Rupees}
; - . N_ R 1 _
Description C.lq eq :" ed Unit Price | Materials | Installation Total
Rise the ground level works F - - -
(include stone batlast) tl - - S~
Ballast 994/km x 32.5km t2{ 325km | 1,098/km - 33685 35,685
Wage  104/km x 325 km T. - 35,685 35,685
Brides and other struciures F — - -
(include staff quarters etc.} L _ - - -
413/km x 325 km L2} 325km 413fkm — 13,423 13,423
T. — 13423 13423
Rail & Tusnout spare parts F 1 tot 1.682 - 1,682
Amount {F} x 10% L1 678 - 678
L2 - - -
T. | . 2,260 - 2,260
Total F 17,400 — 17,400
L1 7,458 — 7,458
L2 - 81,864 81,864
T. 24,858 81,864 106,722
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RAILWAY

A —{iii) MACHINERY & EQUIPMENT " {000's Rupees)
—_— e S— e
Description C. P ef:;r od Unit Price | Materials| tnstallation Total

Diesel electric locormotives F 3 10,600 30,000 - 30,000
DD51 type (1% 12,855 - 12,855
I8mLx3mWx4mH x84t L2 - - -
110 HP x 2 st T. 42,855 - 42,855
Wagon F 3 570 30,210 - 30,210
B3mML x2.7mWx34mH
x i51 L1 12,959 — 12,959
Load 351 L2 — — -
T 43,169 — 43,169
Passengér car F 4 | 2025 | 8100 - 8,100
80 manfcar x 4 car L1 3.474 — 3474
L2 — — —
T. 11,574 — 11,574
Loading belt feedes F 1 720 720 — 790
Belt width 1,500 mm L1 339 — 339
Capacity 1,000 t/h Lz - — —
Scale Loadsell type T. 1,129 — 1,129
Loco. & Wagon etc. F | 1lot 6910 ~ 6,910
Spare parts L1 2,862 — 2,962
Amount {F) x 10% L? - - -
T. 9872 - 9,872
Workshop équipment F 1lot 628 - 628
Lathe, Radial drilling, L1 269 - 269
Overhead crane, Welding, L2 - 16 16
Instrument elc. ) T. 897 16 813
Railroad maintenance tools F 1.575 — 1.575
Motor car, Wooden car, L 3 675 - 675
Dump trock etc. L2 - - -
T. 2,250 — 2,250
Workshop & Railroad mainte. F 1 lot 110 - t10
Spare parts Lt 47 - 47
Amount (F) x 6% L2 b — -
T. 157 — 157
Total F 78,523 - 78323
Lt 33,580 — 33,580
L2 -— 16 16
T. 111,903 16 111,919
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RAILWAY

A —{iv) ELECTRICAL INSTALLATION

SIGNALL & COMMUNICATIONS {000’s Rupess)
Description C. R e:::j'i'r od Unit Price | Materials | Installation Total
Flectric equipment F 2 525 $,050 - 1,050
525 station x two station Li 450 - 450
L2 —~ ~ ~
T. 1,500 - 1,500
Signall equipment F 2 525 1,050 - 1,050
525/s1ation x two station L1 450 -- 450
12 - - -
T. 1,500 - 1,500
Communication equipment F 65km | 105/km 6,825 - 6,825
105/%m x 65 km L1 2925 - 2,925
L2 — - -
1. 9,750 - 9,750
Spare parts F tlot 446 - 446
Amount (F} x 5% L1 190 - 190
L2 -~ - -
T. 636 - 636
Total F 8,371 — 9,371
Lt 4,015 — 4,015
L2 - — —
T. 13,386 - 13,386
GRAND TOTAL F 105,934 - 105,934
L1 45,413 - 45413
L2 - 82,955 82,955
T. 151,347 82,955 234,302
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PART ili DEVELOPMENT OF COAL MINE

ANNEX






ANNEX 1
COMPARISON OF SKIP WINDING SYSTEM AND MINE CAR WINDING SYSTEM
The both systems were compared at the technical and economical points of view,
As the results of comparison, mine car winding system is more ¢conomical than the skip
winding system at bath capital costs and operating costs, and ako construction period of mine
car winding system is carlier than the other.
It can be said that capacity of 1,000 tonnes/day for mine car winding system and 1,000 to
2,000 tonnes/day for skip winding system, more than 2,000 tonnes/day for belt conveyoar

sysfem is suitable at the economica! points of view.

Therefore, mine car winding system was applicd for this study.
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ANNEX 2

GEOMECHANICAL ASPECTS ON SIZE OF SAFETY COAL PILLAR FOR PLANNING
OF LAKHRA UNDERGROUND MINE

(Application of Displacement Discontinuity Method)

“Displacement Discortinuily Method™ can be used for consideration about the geomechanical

behaviour of rock influenced by undeiground excavation, using a small size compuier of which
CPU time is comparatively slow

Inclined shaft situated near sining panels may be influenced by approaching panels. A geo-

mechanical analysis was ececuted to examine the behavior of rock in the vicinity of the in-
clined shaft.

It was assumed that a pair of rock inclined shafts (roadways) is situated above the flat coat
seam being excavalion approaches graduatly to the inclined shafts from both sides of shafis
(Fiz. 1). The rock consists of one kind of iselropic material simply, while the coal secam has a
nature submitting to Mohr-Coulomb’s law.

What {o be Qbsenved

The problem may also point 1o the observalion of behaviour of coal pillar remained for
preservation of inclined shafts under the effecl of excavation, and accordingly the variation in
sttuation ef inchned shaft itself concretely.

It is weill known among men of coal mines that the preservation of inclined shaft is

considerably difficult when the coal seam which lies below 1he inclined shaft is entirely
excavated.

In order to simulate the phenomena occuming in underground mining activity in nunesical
view-point, recently a number of compulerized processes may be used and there are many
kinds of ways how (o wlilize the data as input and which information to be applied.

Taking charactenstics of Displacement Discontinuity Method into consideration, the following
hypothesis was sel upe:

In the roadway, which is an undesground opening, under extlernal load, the side wallis often
pushed out, the Moor swells and support frames are defored. To simplify the explanation of
such various phenomena, it was tried (o observe how the roof of readway moves and how the
forces concerned change.

As shown in Fiz. 4, some calculation points are given on the rectangular section representing a
soadway oa the roof and in its intesior rock, when the excavation approaches to the roadway.
The stress or displacement of two calculation points turn about each other at a cerdain case.
Fig. 5 shows graphically such behavior of calculation points.

When one of two points in rock stops or turns over in moving stages of rock, the rock may be
collapsed because the rock consists of non-elastic matenjal.
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By observing the displacement phenomena of any {wo points in rock and the excavation which
approaches to these points, it is possible to estimate reasonably the limit boundary of safely
zone for the position of roadway. In such processing, of cousse, the cafcutation of collapse
zone or the relax zone is nol performed. However, the fundamental object can be satisficd
since the limit of ehastic safety zone, in which the roadway is not ¢ritical, is observed.

Result of Catculation

The displacement and steess concerning inclined shaft was calculated at the point of 40 m and
70 m above the 90 m deep tat coal seam, as drawn in Fig. 6.

Table 1 and Tabk 2 summarize the relationship between the position of approaching excava-

tion, the vertical displacement and stress.

Fig. 7 represents graphically the displacement of poinls near the roadway which is shown in
Table 1 (a). The relationship between the displacement and approaching excavation is similar
at each of fous corners of hypothetical roadway profile section.

Fig. 8§ indicates graphically the caleulated vatues for two corners of roadway roof shown in
Tablk 1 (b).

In Fig. 9, the displacement of twa points, No. 1 and No. 2, in the lef1 side of roadway roof are
given on Y-axis and N-axis respectively and the yield points are obviously shown like as the

behavior C in Fig. 5.

Fig. 10 show clearly the yield points is stress representation for points No. 1 and No. 2 like
inFig. 9.

The graphical representation of displacenical and stress was made for differeal depths of seam
and dilferent intervals beiween roadway and seam.

Conclusion

The horizontal distance belween roadway and excavation, ) and the interval between roadway
and coal scam, L are ploited on X-axis and Y-axis respectively (Fig. 15). The angle 8 depends
on the special relationship between P and L.

Compared Fig. 16 (a) with Fig. 16 (b), in which the depth of coal seam is different, it is
assumed that the effect D to g is different in these (wo cases. In other words, the shape of
cffect hine is difierent.

From the informalion derived by this peomechanical analysis, following aspects may be given:

a) The posilion of excavation, which has inlluence oa the inclined shaft, is related with
the depth of coat s2am to be excavated.

b) The effect angle toward inclined shaft depends delicately on the depih of coal seame.
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<) Under the conditions of given geomechanical characteristics of coal and rock applied in
this study, the effect angle ranges between 45 and 50 degrees.

d) The effect angle becomes smaller in case the inclined shalt is situated near the surface
or near the coal scam.

Applying Displacement Discontinuily Method, the nondinsar charactesistics of displacement at
the roof of inclined shaft were studied for the purpose of finding the limit of influence by
excavation on the inclined shaft and some evaluation was generated.

Furthermore, it will be studied how the various ¢ffects interact, for example, due fo scam
thickness, depth, excavation and size of roadway in the wider view-point of mining space.

11t-273



Figure 1 Concapt of Problem
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Table 1 Vertical displacement {-: upward, +: downward, unit: 1/1,000 m)
(a) Roadmay - seam: 70 m
Excavation Step & Calculation points (roof) | Calculation points {floor)
Position of excavation Ho.1 Ho.2 Ho.3 No.4 | Ho.5 No.6 No.7 HNo.8
Hot excavated -0.0 -0.92 -0.9 -0.0 0.1 -1.0 -1.1 0.1}
1 160 m 0.9 -0.7 -0.8 1.0 1. -0.9 -1.0 1.5
2 120m 1.3 -1.2 -1.2 1.4 2.1 -1.4 -1.4 2.2
3 8 m 1.6 -1.9 -1.9 1.5 2.4 -2.1 -2.1 2.3
4 60 m 1.3 -3.3 -3.4 0.9 2.0 -3.5 -3.6 1.4
5 50 m 1.2 -4.4 -4.% 0.7 1.8 -4.5 -4.7 1.2
6 45 m 1.1 -5.% -5.6 8.5 1.6 -5.7 -5.8 0.9
(b) Roadway - seam: 40 m
Not excavated -0.1 -0.3 -0.4 -0.1 0.2 -0.8 -0.8 0.2
1 160 m 2.6 2.0 2.0 2.8 3.3 1.9 1.5 3.5
2 120nm 3.8 2.5 2.5 4.1 4.7 2.0 2.0 5.0
3 80 m 4.8 2.7 2.5 4.8 5.9 2.2 2.0 5.8
4 60 m 4.2 0.5 0.2 3.1 5.3 0.0 -0.4 1.1
5 0n 3.9 -1.0 -1.4 2.6 4.2 -1.% -1.9 3.5
6 45 m 3.5 2.7 -3.1 1.9 4.% -3.2 -3.6 2.7
Table 2 Yertical stress (+: compressive, -: tensile, unit: tlmzl
(a) Roadway - seam: 10m
Excavation step & Calculation points {roof) | Calculation points (floor)
Position of excavation No.1 HNo.2 HKo.3 Ho.4 | Ho.5 HNo.6 No.7 No.8
Hot excavated 0.50 -0.02 -0.14 0.49 ] 0.63 -0.11 0.02 0.65
i 160 m 1.39 -0.11 -0.29 1.47 | 1.59 -0.26 -0.06 1.55
2 120 m 1.73 -0.17 -0.31 1.86 | 1.99 -0.28 -0.12 1.89
3 80 m 1.91 -0.22 -0.2¢ 1.88 ]| 2.15 -0.21 -0.21  2.00
4 60 m 1.60 -0.24 -0.10 1.20 ] 1.66 -0.00 -0.30 1.53
5 0 m 1.49 -0.22 -0.10 11031 1.52 0.02 -0.28 1.39
[ 45 m 1.36 -0.2Y -0.07 0.83§ 1.35 0.05 -0.28 1.23
(b) Roadwsy - Seam: 40 m
Not excavated 1.48 -0.16 -0.30 1.50 ] 1.68 -0.31 -0.15 1.67
1 160 m 2.23 -0.21 -0.47 2.45 | 2.58 -0.48 -0.19 2.40
2 120m 2.50 -0.20 -0.5% 2.88 | 3.00 -0.57 -0.17 2.68
3 80 m 2.89 -0.24 -0.59 3.22 | 3.44 -0.61 -0.25 3.09
4 60 m 3.05 -0.45 -0.32 2.69 | 3.25 -0.32 -0.55 3.18
5 50 m 3.00 -0.47 -0.26 2.46 | 3.11 -0.24 -0.60 370
6 45 n 2.94 -0.51 -0.18 2.17 | 2.90 -0.13 -0.66 2.94
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ANNEX 3

NEW APPROACH TO GEOMECHANICAL CONSIDERATION FOR {AKHRA COAL
MINE PLANNING

Recently keen altention has been focused to the design of the underground structure such as
tunnels or oil storage tanks as well as the surface structure. 11 is, of course, very important to

clarify the actual behavior of soil or rock matesials (o establish a sound design critenia of these
structures.

It is commonly recognized that the soil and rock foundations are essenhally discontinuous
materials. Generally speaking, all materials are composed of very farge number of particles and
it is obvious that their deformation may be controtled not only by the strength of particle
its2if bul alsé by the intergranular strength. From the stand-point of the solid mechanics, solid
are considered as continuam and genarally the intergranular strength is not taken intlo account.

A number of finite element method (FEM) have beea proposed in the ficld of soil and rock
ntechanics. Most of these methods are based on the continuuwm mechanics, and continuity of
displacement field is assumed even beyond the elastic range of deformation. Application of the
existing FEM is limited in analysis of stope siability or beanng power problems where
existence of discontinuous faces and slip susfaces cannot be neglected.

In view of such recent status, a new discrele model which might be suitable to the apalysis of
so1l and rock mechanics problem has been presented. This model consists of rigid bodies which
are connecled by springs distribuled over the intereternent boundary surfaces and strain energy
of a given model is Tumped in these spring systems.

In other words, these models consist of finite number of small rigid bodies connected with two

Iypes of springs resisting norsnal as well as shear deformation distributed over the contact area
of lwo neighbering bodies.

This newly proposed discrele model is entitted to “Rigid Bedy Spring Model” (RBSM) and it
can be atso deiived from FEM models by applying a cerlain simplification. By the RBSM, it is
proved that considerable reduction of computing time may be expected by depending on the
compuler program to be used. One of obvious advanlages of these discrele models is no

sestriction on the element shape so thatl the problems like underground structures can be
sucoessfully studied.

In planning Lakhra coal mine, the RBSM was applied for judgement of the safety of inclined

shafts under the influence of approaching excavation and also for consideration of slope
stabilily in open pit.

Altached figures show how the discrele models are defonmed by the influence of mining
aclivily and in which direction compressive and lensile stress may act. In the figure of
displacement, a whole mode! is divided into trangalar element drawa in thin lines and alter
some mining activity, these elements move due to geomechanical effect. Thick lines show this
displacement of ¢lements in exaggerated scale in order to make obsezvalion easy. In the figure
of principal stress, the situation of principal stress at the center of each elemeal is represented
by crossed arrows. A paie of facing ascows means compressive stress whilke a pair of parting
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arrows means fensile stress, the direction of arrow line indicates the direction of stress or load
and the length of fine represents the value of stress.

Displacement as well as principal stress depends on the shape of underground or surface
structure, information on surface and subsurface geomelry, material propertics and time and
steps of mining activitly.

The model was densly divided into smaller elemients where considerable varialion in
displacement and steoss is assumable, for example, in the surroundings of roadway and
roadheading face to be obsesved in case of underground mine. Concerning the slope stability
for open pit, the model was divided into ¢lements following the sfiding block which is common
in well- known circular failuse analysis.

Some examples of analysis by RBSM applied for Lakhra coal mine planning are shown in
attached figure drawn by using the computer graphics.

Lakhra model 1; Rock inclined shaft influenced by approaching coal excavation {Under-
ground problem)

An inclined shaft (left hand side) is situated above the coal seam in which
the excavalion is approaching (from right hand side). The sifuations of
mining step 2 and 5 are represenfed.

Lakhra model 2; A main scam eniry influcnced approaching coal excavation (Undeszround
pioblem)

A main seam ealry {left hand side in coal seam) is sifuated in same coal
swam in which the excavation is appsoaching (from right hand side). The
situation of mining slep 2 and 4§ are represented.

1akhra model 3;  Highwall of the steepest pit slope influenced by bench cul (Open pit slope
stability problem)

The model consists of rock materials interbedded by coal seams. Bench cul
(dark part) is peeformed downwards and stepwise. Bottom and wall of pit
are both deformed according (o the progress of bench catl. Five steps of
bench cut are represented.

i akhra model 4; Working beach slope influenced by bench cul (Open pit stope stabilitly
problem)

in the same geological condition as in that of model 3, the overbwrden
stripping and coal excavalion are advancing Ieflwards while the waste is
ficaped on Lhe excavated area behind the working pit (left hand side)

Step §, 3 and 5 are represented (Dark part is the removed part by bench
cut).

111282



[t is bricfly concluded in obscivation of figures obtained thal in any case displacement is
remarkably mild and stress disfsibulion also is vesy stable, conscquently in such situation any
roadway may nol be damaged by the influence of excavation in underground mine, and the ali
slopes planned in open pit can be maintained in stable condition.
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ANNEX 4
OVERBURDEN DRILLING AND BLASTING

Biasthole Diameter

§n all open pits, the overburden must be drilled and blasted before stripping. From the
praclical view-point of dntling operation, the difference in materials to be stripped does nol
grealely alter the drillability in Lakhra’s condition.

Vertical dritling is preferred over horizontal drilling because it is faster with the weight of the
drill on the bit and loading of explosives is accomplished by gravily.

Rotary driils using tricone bits were developed for the petrolcum industry. Bits capable of
drilling an 8-inch (203 mm) lo 1 7-inch {432 mm) diameter hole are commonly used today.

Concerning the explosives, ammonisn nitrate fitel ol (ANFO) has become the prime blasting

agent used for open pit mining, dus to its low comparative cost, ease of handling and good
blasting quantitics.

The large diameter of the holes, the greater the hole spacing and burden. The power content
per hole also increase with the diameler. This causes greater vibration and increased level of

noise. The objective of using smatler diameter holes is to reduce seismic shock, thus culling
down on the produclion of Nines.

The environmental aspects of blasting have become vesy important. On the other hand, blasting
effect must be good for overburden toading and hauling in bench cut system.

1n Lakhra open pit, crawler-mounted rofary diills with tricone bit of 9-7/8 inches in diameter
are selected as overburden drilling machines, due to its reasonable purchase price,

maneuvabilily, ease of maintenance and its poputarity in evesy kinds of mining industries in
the wosid. '

Blasthole Spacing

Blasting techniques determine the fragmentation degree, which greatly mfluences the
produclivily and mainlenace costs of shovel and truck.

To improve blasting {echnique, it is necessary to know how the explosive force acts, how rock
resisls this force and how rock-failure occurs. The many factors that delesmine the economics
of blasting (borehoke pattesn and diameter, bench height, burden, spacing, explosive cost efc.)

create difficultics when correlation is altempled between cause and effect in blasling
phenomena.

The overburdenin Lakhra coal project arca is well stratified rock and favorable for blasting. The
blasting efficiency and fock fragmenfalion will be improved by reasonable combinalion of
borchole diameter, spacing and explosives consumption pr cubic meter of overburden.
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1t is customary to select spacing smaller (han the bardea. The blasthole spacing in bifuminous
coal overburden is selected Lypically from 7.5 x 7.5m for 9 inches of hole diameler of 12 x
1203 for 15 inches of hole diameler.

The bhasthole spacing for overburden bank shooting in L.akhra open pit is delermined 7x 8 m
for 9-7{8 inches of hole diameter. This spacing will be suflicieat for preparing the everburden
to be digged by powerful electric quarry-mine shovel. The most effective spacing will be
defincd alter some operational trials and expericncoes in praclice.

ANFO Chaige Weight

ANFOQ explosive will be applied for blasting of overburden, partings as wel as ¢oal seams
where required. The explosive s not particularly strong, but because it is used in loose form it
fills the berchole completely and therefore has a high loading dJdeasity and a good blasting
effect. It 1s used normally celumn charges.

For blasting of overburden, the ANFO charge weight can be expressed reasonably by the
foltowing selationship:

L=C-D-W.i

where: L = ANFQ charge weight in kg
C = Blasting factor (C=ge.d.f{n))
D = Spacing of boreholesin m x m
W = Burden in m
il = Bench height in m

where;  gis factor dependent on stiffness of rock against blasting.
¢ is factor dependent on delonalion pressuse.
d is factor dependent on explosive charge in blasthole.
f(n) is coefficient dependent on n{n = Ff\¥), where ris the radius of surface round
made by stress cone.
f(n) iscxpressed as f(n) =+/ 1 t n2 - 041)?

All of above mentioned parameters and factoss for Lakhra open pit are delermined and the
ANFO charge weight per bulk m? of overburden to be blasted is desived as follows:

D=7 m, W=7 m, H=14 m, g=04 (for mcdium hard limestone and sandstone), e=1.1 {for
ANFQ), d=1.0 (for perfect stemning), n=1.0{r=8 m, W=8 m).

Then, the following values are derived applying above-mentioned retationship:
Blasting factor (C} 04 x 1.1 x10x 1.0=044
Charge weight (L)  0.44 x 8.0 x 7.0 x 14.0 = 34496 (kg)

Volume of overburden blasted: 8.0 x 7.0 x 14.0 = 784 (bank m?)
Powder laclor: 344.96§784 = 0.44 (kg/m*)
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Penetration Rate of Blasthole Drilling

Rolling cutter bits can penetrate soft formations as well as very hard formations. The
penetration rates are 10 to 25 mfh for very hard sandsfone, 30 to 90 m/h for clays, shales and
soft sandstone and are often restricted more by the ability of the machine to remove the
culiing than by the ability of the bil (o penelrate.

Moves and sig set-ups are required frequently in drilling operations. Other non penctraling lime
isused to add stem where required and for routine maiatenance.

Under blasthole drilling conditions with rolling-culfer bits, thmst up to 8,000 1bfin. of bit
diameler may be tequired. The oplimum rpm for rolling culter bils must be dztermined at cach
aperation by test. This optimum usually wilt be between 50 and 100 pm. A rotary speed of
$ess than 50 rpm is used frequently to stasl the hole.

Accosding to the laboratory tests on rock samiples of proposed area, the vnaxial compresave
sirength ranges from 141.9 to 957.3 kefcm? for Laki limestone, the hardest in that area, and
exlends much lower vatues for other strata.

The penclration rate in Lakhra's conditions is calculated by the following relationship,
estimaling necessary parameiers as belows:

Penelration rate: P = (61 - 28 log,oSc) (W/¢) (RPM{300)

where:  Sc = Compressive strength in psi
W/o = Weight perinch of bit diameler in Ibfin. x 1073
RPM = Revolutions per minute of the dall pipe or bit

Estimation for the penetration ratio under Lakhsa’s condition:
Sc = 700 kgfcm?® = 9,957 psi
wWie =1
RPM = 100 rpm
Penetration ratio: P

{61 - 2810g,5 9,957)-7-100f300
77.231t/h
235 m/h

i

sffs
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ANNEX 5

COMPUTER SIMULATION OF SHOVEL/TRUCK PROBLEM

Various simulation techniques have been used to evaluate a new shovel, a new truck, a new
conveyor or some piece of equipment. Too often, the particular equipment applicalion is
studied by applying fudge factors based on experience which will hopefully produce an
accurate evalutation upon which the mine can make a judgement. The equipmient runs by itself
hardly in an ideal situation. i is often penalized because of unaveidable interference by other
operations as mining is a synthesized activity of various kinds of opesations.

A simulation progsam developed here and coded by FORTRAN 1V was applied to solve the
productivity of shovelftruck system. The program allows to simulate the loading performance
of shove), hauling capacily of tnecks and the variation in utilization of equipment according to
the number of trucks in a simulation model sepreseating hypothetical open pil.

In order to properly wilize the program for open pit operation of Lakhra coal project, some
specilic information was reasopably assumed as input data based on the mining studies by
JICA Sunvey Team in Pakistan. The productivity of shovelftruck sysiem in Lakhsa coal mine
was cstimated after the consideration of vasious output figures derived from the simulation
which enables thousand times of events to execuie.

Ylectric Shovel (11.5m? dipper) and Trucks (120 tonnes) for Gverburden Removal.

Main input data are as belows:

Total hour per shifl 480 min.

Transportation {lunch) toss 40 min.

Prop<) time factor 0.85 (Shovel), §.00 (Truck)

Mech. availability of shovel 0.75

Mech. avatlabitity of truck 0.70

Capacily of equipment Shovel dippes 11.5m* Max. payload of truck 120 tonnes
Skillness faclor 0.80

Distribution of loading pesfonnance of shovel;

Lowest Most likely Highest
Cycle tlime {min.) 0.42 0.58 0.75
Spot time (min.) 0.30 0.40 045
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Performance of treck (average);

Travel Speed Accel Decel
kmjh knmfsec? kmfsec?

Loaded Beaches in pit 200 0.28 028
Loaded Slope (upward) 10,0 6.19 0.19
toaded Graded nat land 20.0 028 028
Loaded Bad flat Jand 180 0.19 0.19
Emply Bad lat land 200 0.28 0.28
Emply Graded flat land 300 0.28 028
Emply Slope (downward) 15.0 0.19 0.19
Empty Benches in pit 250 0.28 0.28

The foltowing figures were obtained on the model with (ypical haulage roufes:

Lowest Most likely Highest
Average travel speed (kmfh) 12.85 1885 21.85
Spot time at loading site (min.) 0.40 0.50 0.30
Waste discharge time (min.) 0.35 0.50 Q.60

A parl of simulation results is shown as belows {operation on the three shilis/day):

One Way No. of Av. Speed Effective Amouni of OJB  Avaifabilify
(km) trucks (kmfh) thrsfyr) (10* tonnesfyr) of shovel
25 B 181 4,273 2,616 0.546
2.5 5 18.1 3,895 29N 0630
25 4 18.85 4,273 2,660 0.568
2.5 s $18.85 3,790 29171 0.633
3.0 4 i8.23 4,315 2,306 0.4380
10 5 18.23 4,153 2,149 0.600
30 4 18.87 4,294 2,350 0.498
30 5 18.87 4,126 2,193 0610
20 4 19.55 4,336 2,439 0516
30 5 19.55 4,053 2,926 0.620
35 4 18.88 4,347 2,128 0.449
35 5 18.88 4,305 2,616 0.567

After considering the result of simulation executed as a ¢aswe study, the overburden stripping
and loading productivity was deleanined to bte 137m?ftruck/h as an aversze by the
combination of one shovel and four or five trucks.

Hydraulic Excavator {(6.0m?* bucket) and Trucks (46 tonnes) for Coal Loading and Hauling.
The simfaiion of this problem was executed in like the abovementioned case and the resulls
were obtained to be applied to the delermination of coal loading and hauling productivily.

Consequently, the productivily of said operation was determined to be 103.4 tonnesfisuckfh
in West open pit and 95.7 tonnesf{ruckfh in Last open pil.
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X6

COMPARISON OF COSTS FOR TRANSPORTATION SYSTEMS

" Total cosl
System Descriplion for 30 years
. (000 Rs)
Depreciation 221,400
Interest: ¥Foreign 71,840
Railway Local 50,550
(Preparation Sub-Tota} $28.390
fant to Khanot - —_—
plant to Khanot) 1= ling cost 446,610
TOTAL 796,400
Depreciation 197,100
Interest: Foreign $8,480
Truck ) Local 34,727
{Preparation Sub-Total 123,207
planttoKhanoty ¢ . V]
Operating cost o 1,014,750
TOTAL 1,332,057
Difference 535,657

Remarks

Depreciation: 30 years
Salvage value: 107¢

Interest:
Forcign; 3.75%
focal ; 125 %

Operating cost:
for 30 years
Transporiation capacity:
1.2 million tonnesfyear

The cost of the railway system is equivalent {o approximately 60 of the {ruck cost and more
ecenomical than the track system, therefore, the former has been planned in this report.

Transporiation Cost

Foreign

114-303

Svete Descriot Local “Total
ys m scnplon (000’s Rs) (000’s Rs) {000’s Rs)
Capilal cost 105,934 128,420 234 354
Railway Contingency 5,264 6,382 11,646
(Preparation Totat 111,198 134,802 246,000
plantto Khanol) | ¢ . . ting cost per year 2,454 12,433 14,887
Depreciation per year 3,336 4,044 7,380
Capilal cost 120,552 38,325 208 8178
Truck Contlingency 5,842 4,280 10,122
{Prepasation Fotal 126,395 92 605 219,000
plant to Khanot} | onerating cost per year 4,140 29,585 33,725
Pepreciation pot year 3,792 2178 6,570







ANNEX 7

RESIDENTIAL AREA

A required residential area in Khanot is based on manpower requicement which consists of 2138
officers and 1,308 werkers, and additional 20 % of total manpower for other residents.

The residential area is assumed to be six times of the total housing construction area and
additional 10 % of the total for a public usage. The total area is estimated to be approximately
700,000m?. Construction cost is not estimated in this reporst except water supply cost from a
reservoir Lo the sesidential area.

The estimated basis of the area is as follows;

I. Housing Construclion Asea
() Officess
Typc A 252m? x 1 = 252m?
Typc B 223m* x 2 = d446m?
Type C 177m? x 14 = 2,478m?
Type D HIm? x 36 = 4242m?
Type E 719.2m?  x 168 = 13,306m?
TOTAL 221 20,694m? = 21,000m?

(2)  Workers

Type F S5i.lm? x 1,308 = 66,839m? = 67,000m?

3) Other Residents

(21,000 + 67,000) x 204 = 17,600 = 1S,000m?

2. Residential Arca
(1)) For officers 2,000m? x 6 = 126,000m?
(2) ¥or workers 67000m? x 6 = 402.000m?
(3) Forother 18,0600m? x 6 = 108,000m?
Sub-Total 636,000m?
1) For public 636.000m? x 1072 = 64,000m?
TOTAL 700,000m?
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ANNEX 8
COAL PREPARATION — WASHING SYSTEM

I Plant Feed Coal

Since the washing system is adopted for only coarse coal of more than 12 mm in size, the raw
co0al ash content from each mining arca is divided as follows at 12 mim in size.

Open pit Underground
West Fast Mine
+12 mim raw co3l ash % 270 226 238
12 mim raw coal ash % 232 126 208
Total 25.1 201 223

Adding 3 % of the rock dilution in the raw coatl for the open pit areas and 4 % for the
underground mine and assuming that 70 Y% of the total dilution is contained in the raw coal of
more than 12 mm in size and 30 % is contained in the raw coal of less than 12 nun in size, the
ash conlent of the plant feed coal in each size are as follows;

QGpen pit Underground
West Easi mine
+12 mm plant feed coal ash % 304 26.3 26.7
-2 mm planl feed coal ash % 24.8 21.3 221
Total 2716 218 244

2. Over 12 mm Jig Feed Coal

The ash confent of over 12 mm Jig feed coal froun each mining area are changed as follows by
hand picking.

Ash content %

Before picking Jig feed
Open pit west 304 26.5
Open pit ¢ast 26.3 223
Underground mine 26.7 225

The washabilities of the above Jig feed coal are estimated from the data of several RMoat and
sink tests described in the geological feport, and the washabilitics aze shown in Table L, 2 and
3, and its curves are shown in Fig. |, 2and 3.

Summantzing these washability data at 1.8 specific gravity separation, the near gravily material
of over 12 mim plant feed coal produced from each mining area are 6.8, 3.0 and 8.0 %
respectively.  Accordingly, these washabilities are simple comparatively and it can be
satisfactorily washed with a Jig washer. The ¢lean coal ash conteal at this lime indicate 14,1,
13.7 and 14.0 % respectively and resemible each other, and the theoretical yicld indicate 78.4,
823 and 82.6 % of considerabk high value. The clean coal produced from a Jiz washer
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indicate low ash content comparatively and it is suitable for briquetting use because a certain
sulphur reduction by washing.

3 Jig Washer Performance

A Jig washer peformance of over 12 mm raw coal al 1.8 specific gravity is estimaled as
follows

Imperfection (1) of Jig washer is applied as .15 of a standard Jig performance in Japan.

Open pit Undesground

West Easl Mine
Near gravity Dp £ 0.1 6.8 8.0 80
Impesfection | 0.15 Q.15 0.15
Probable error Ep 0.12 012 0.12
S. G. of separation Dp 1.80 1.80 1.80
Rawcoalash % 26.5 221 225
Clean coal ash % 14.3 141 144
Reject ash % 67.8 563 5715
Theoretical yield % 739 814 834
Recovery efficiency % 916 971 974
Estimated yield ¢ 71.0 810 812

Clean Coal Quatity of Washing System

When the coal fos power plant use is produced by blending over 12 mm washed coat and under
12 mo unwashed coal, the clean coal qualily from each mining arca are shown as under.

a) Open Pit West
Airdned As received

Moisture % 5.2 250
Ash % 204 167
V.M. % 36.5 298
T.S. % 5.6 4.6
Cal. V. keallkg 5000 4080
Yield @ 854 354

b) Open Pit Fast
Moisture % it.4 250
Ash % 18.2 154
V. AL % 3517 30.2
T.S. 2 4.7 40
Cal. V. kcalfkg S045 4270
Yield % 313 873

111-308



) Underground Mine

Moisture % 2.0 25.0
Ash % 188 15.5
V.M. % 36.4 30.0
T.S. % 58 4.8
Cal V. kcalfkg 4940 4070
Yield % 874 874

d) Whole Areas

Moisture % 93 2506

Ash % 194 16.%

V. M. % 36.2 300

T.S. % 5.4 4.5

Cal V. kcalfke 5000 4135

Yield % 86.4 86.4
5. Flowsheet Crifesia

The descsiption of the raw coal teceiving and hand picking system are omitted due o same as
the unwashing system. A feed rate of the raw coal to the washing plant aftec hand picking is
384 t/h and its size is under 50 mm. The 50 x 0 mim raw coal will be screened with dry
method at 12 mm in size and the over 12 mm material will be cleaned by a ¥g washer and
under 12 mm material will be unwashed product. A ratio of the 12 mm oversize to the 12 mm
undersize al the screen is estimated 490 to S0.

Jig washer feed coal 354 i x 0444 = 170 ¢k

Considesing the size variation of the Jig feed coal, maximum capacily of the Jig washer is
estimated with 200 tfh.

Jig washer clean coal 170 tfh x 0.788 = 134 ¢jh
=12 mm uwawashed coal 334 t/h x 0.556 = 234 tfh

Total clean coal 348 t/h
Jig washer reject 170 t/h x 0212 = 36 tjh
Hand picking reject 400¢/h x 004 = 16t/h

Total rejact 52 tfh
Total raw coal 400 ¢/h

6. Flowsheel

Fig. 4 shows a flowsheet of the raw coal liealmeal and the washing system_ The raw coal
recewving, slorage and hand picking systems are same as unwashing system. In this washing
system, the raw coal after treatment at the hand picking plant will be screened at 12 wim in

size and thea over 12 mm coarse matenial will be cleanad by a Jig washer and vnder 12 mm
fine coal will be unwashed product,
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The 50 x 0 mm raw ceal treated at the hand picking plant will be fed to a doy vibrating scecen
through a plant feed belt conveyor and screened at 12 mm in size. The 50 x 12 mm raw coat
from a 80 tonne sesvice hopper will be washed by a 170 t/h Baum Jig washer through two
vibrating feeders. The Jig washer consists of one compariment and the coarse raw c¢oal is
cleaned at 1.8 specilie gravity, with removing the reject of high specific gravity. The seject
from the Jig washer is stored into a 150 tonne reject bin after joining with the band picking

reject through two reject conveyors, and from here it is dumped to the reject disposal area by a
truck.

The everflow product from the Jig washer will be dewatered by a  mm opening vibrating
screen through a 0.8 mm pre-dewatering stationary screen. The dewalesed clean coal will joint
together with under 12 mm unwashed fline coal and will be stored to 1wo 2,000 tonne clean
coal sitos through a clean coal conveyor. The clean coal loading and emergency storage sysftems
are-same as unwashing sysfem.

The dewalering sereen undessize will go o a 20 m static thickener and the thickener overflow
witl be puinped to a head tank (o be recycted 1o the Jig washer. The 200 m?* pump sump will
sufficientiy hold the surplus recycled water when the plant shut down, and the water will not
be discharged (o the any plant outside. The thickener underflow will be dewatered in a
screen-bowl centnifuge and the dewalered cake will fall onto the Jig washer ¢lean coal
conveyor. The slurry from the centrifuge will back to the thickener.

7. Capital Cost
Foreign Local Total
(000's Rs) {000s Rs) (G0Ds Rs)

1. Raw coal receiving & handling 22,170 12,702 348712
2. Washing equipment 18,734 10,074 28,358
3. (lean coal storage & loading 12,172 9,851 27,023
4. Elecirical equipment 6,375 4,397 10,772
5. Steelstructure & housing 11,562 1,232 18,794
6. Auxiliary equipment 8473 3,760 12,233
7. Spare parts 15,504 6,642 22,146
8. Engineenng & installation 16,074 — 16,074
9. Temporary work & operation - 6,038 6,088
10. Concrete struclure - 21,520 21,520
Totat 116,144 82,266 198,380

The estimaltes reflect 1980 June price levels

Material price escalation and contingency are not included.
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