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GENERAL STATEMENT
 

"The goal of the Lakhra Coal Mine and Thermal Power Station 

300 MW Project is to assist Pakistan to begin the large scale use of 

indigenous coal as an energy source and to develop the country's coal 

industry. The project's purposes are to assist the GOP and private 

sector to develop the Lakhra coalfield and assisc WAPDA to design the 

first of a series of large scale power plants fired with Lakhra coal." 

(Source: USAID Project Paper, Energy Planning and Development 

Project 391-9478, July 1983.) 

Shortages of electrical power, foreign exchange imbalance, and 

limited resources of gas and oil are three of Pakistan's most serious 

problems; therefore, it is in the national interest to increase generating 

capacity using domestic coal sources. GOP policy is to conserve 

declining domestic natural gas supplies and discourage the import of 

petroleum products. 

Increased coal consumption will occur as the existing brick 

industry expands and cement plants are required to convert from 

natural gas to coal. Demand for coal by 1989-1990 is projected to be in 

the 6.2 to 6.7 million long ton range, including a 2.6 million long ton 

per year allocation to power generating and cement factories. (Source: 

PC-1 Scheme (revised 24-2-83): Development of Coal Mines at Lakhra, 

District Dadu (Sind), as prepared by PMDC.) 

Reliable statistics indicate coal production in Pakistan is currently 

in the 1.5 to 2.0 million long tons per year range (with approximately 

800,000 tons produced in Sind). Current coal imports are limited to 

metallurgical coal for use by Pakistan Steel Mills Corporation, Karachi. 

JOHN T. BOYD COMPANY 
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Any large scale program to import steam coal is doubtful for political 

reasons (balance of trade, availability of domestic reserves, and 

national commerce) and due to limited ocean port facilities. Independent 

analyses of Pakistan's energy resources by both the International 

Energy Development Consultants (IEDC) and USAID/Pakistan concluded 

that "only domestic coal can be developed relatively quickly at modest 

levels of product expenditure and, over the next decade, provide an 

important contribution towards alleviating Pakistan's power crisis". 

There are two general sources of coal production in Pakistan: 

public sector (government) mines, operated by Pakistan Mineral 

Development Corporation (PMDC, an agency of the federal Ministry of 

Petroleum and Natural Resources), and over 2,000 small privately owned 

mines. Unlike natural gas, petroleum, and electricity, the price of coal 

is not regulated by the government and varies by region according to 

mining and transportation cost, demand and available supply. Pakistan 

coal production has historically been constrained by lack of substantial 

committed markets, coal selling practices (independent agents assume 

responsibility for marketing using annual coal supply solicitations), lack 

of capital, inadequate infrastructure and, in the case of Lakhra, 

seasonal shortage of miners. All existing mines are underground 

operations using labor intensive, primitive mining methods. World 

competition, lower quality of Pakistan coal, inland location of the 

reserves, and inadequate transportation and port facilities prohibit coal 

exports. 

JOHN T. BOYD COMPANY 
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The history of discovery, exploration, and development in the 

Lakhra coalfield has been well recorded since 1855. Numerous studies 

have been made over the last twenty years of the coal reserve and mine 

feasibility of the PMDC Lakhra study area. Recent studies include the 

PMDC study of 1976, the Japan International Cooperation Agency (JICA) 

report of 1981, and the Stone and Webster Engineering Corporation 

(SWECO) project review in 1983. The assignment of BOYD's Final Coal 

Mine Feasibility Report is to prepare an independent mine feasibility 

study that, combined with results of the other four project contractors, 

is adequate to enable potential lenders to appraise the technical, 

financial, and overall viability of the project. Our final report is 

scheduled for February, 1986. BOYD has issued a se-ies of interim 

technical reports to support this final feasibility study: 

Volume No. Description (Phase 1 Reports)
 

1 Executive Summary Report
 

2 Lakhra Coal Field Overview
 

3A Field Studies Program (Book 1 of 2)
 

3B Field Studies Program (Book 2 of 2)
 

4 Lignite Reserve Report
 

5 Lignite Quality Report
 

6 Transportation Study
 

7 Environmental Assessment
 

8 Alternative Mine Design
 

9 Mining Feasibility and Master Mine Plan
 

The master mine plan used as the basis of this feasibility study 

includes two modern surface mines, each having an annual capacity of 

two million tonnes, and a single underground mine having an annual 

production of approximately 300,000 tonnes. An ROM coal, 

hand-picked, product is used, although the alternatives and economics 

JOHN T. BOYD COMPANY 

CA 
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associated with mechanical washing of the lignite are presented as a 

separate option. Mine management is assumed to be by an independent 

expatriate mining company. Until specific qualifications of the future 

mine management are identified, we have assumed average management 

performance. Selection of the future mine organization and responsible 

management will directly affect the ability to achieve or exceed 

performance criteria used in this report. 

For report purposes, we have assumed two alternative locations for 

the 700 MW power station (two units at 350 MW each): mine site and 

Khanot. Complete infrastructure is included for each alternative site. 

By assignment, a privately owned and dedicated railroad is included in 

the case of the Khanot site. This is considered a power plant cost 

center and is detailed as a separate entity. 

Accuracy of capital and operating costs are intended to be within 

10 percent. A management fee for services of the expatriate mine 

manager is subject to future negotiation and is not considered in this 

report. Three interest rates are applied to initial capital financing and 

amortization (0, 5, and 10 percent), with a life-of-project (30-year) 

term of repayment. We have assumed waivers will be obtained from the 

GOP and Sind Province to eliminate import duty, sales tax, and mineral 

severance related taxes. These duty and tax items are shown as a 

separate line item. 

All tonnage figures are expressed in metric tonnes and costs are 

expressed in U.S. dollars as of July 1, 1985. Cost components are 

summarized by source, local (in-country) or foreign (imported). As 

shown in this report, the terms "coal" and "lignite" are used 

synonymously. 

JOHN T. BOYD COMPANY 
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All findings of this report represent the professional opinion of 

BOYD. The conclusions and opinions developed herein do not, nor are 

they intended to, represent BOYD's warranty concerning recoverable 

reserves, coal quality, capital and operating costs, and so forth. The 

viability of any mining venture is dependent on many technical aspects, 

as well as the qualification and performance of the mining company and 

the contractual agreements under which the venture operates. All 

reports are prepared using accepted engineering practices, with 

assumptions and procedures outlined in each report. Each private 

sector company is responsible for its own independent assessment of the 

viability of the project. 

Following this page is Plate 1 showing the general location of the 

Lakhra Coal Project study area. 

Respectfully submitted, 

JOHN T. BOYD COMPANY 
By: 

7James'F. 'Kvitkovich 

JOa J. Hover.Andrew 

Carl W. Christmann / &Lawrence M. Thomas 

E. D' Hummer Ronald L. Lewis 

David M. Carris ( Jam~es.ByO d 

/James D. O'Donovan (-John T. BoydI 

JOHN1 T. BOYD COMPANY 
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SUMMARIZED FINDINGS
 

The assignment of this report is to complete a mining feasibility 

report for the 4.3 million tonne per year lignite master mining plan, as 

approved by USAID/Pakistan and WAPDA. The scope of work includes 

an assessment of the reserves, quality, and related technical aspects of 

mining, and an independent estimate of initial capital, equipment 

replacement expense, and operating cash cost over the project 

development period and 30-year mine life. As concluded at October 

1985 project review meetings, the bases of study are: (a) an ROM 

lignite product, and (b) two alternative power plant sites, Lakhra (mine 

site) and Khanot. Based on our assessment of the Lakhra Coal Project, 

we believe the master mine plan is technically feasible and can be 

acheived within the cost estimates and implementation schedule 

developed in this report. The following sections of this report, and 

accompanying technical reports prepared by BOYD, support these 

summarized conclusions and findings. 

1. 	 The Lakhra Coal Project study area is situated in the Dadu 

District of Sind Province, Pakistan, approximately 55 km 

north-northwest of Hyderabad. Located 20 km west of the Indus 

River (the closest source of water), the study area is uninhabited 

and has an arid climate. 

2. 	 The Lakhra Coal Project property boundary encompasses a 

contiguous area of approximately 90 square kilometers which are 

controlled by PMDC under a series of prospecting leases from 

the 	 provincial (Sind) government. Exploration to date has been 

concentrated in the middle portion of the property. The area of 

JOHN T. BOYD COMPANY 
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2. 	 Continued 

investigation included in this report covers an estimated 62 square 

kilometers. Additional reserve potential exists in the eastern and 

western ends of the leasehold boundary (28 square kilometers); 

further exploration of these areas may increase the identified 

lignite reserve base. 

3. 	 All lignite reserves occur below drainage and are contained in the 

Ranikot Formation. Five seams included in this study are in the 

Upper Coal-bearing Beds of the Lower Ranikot Group (designated 

No. 1 through No. 5 in ascending order). Individual seams are 

lenticular in nature and multiple benched (interbedded lignite, 

impure lignite, and claystone/shale). Although relatively flat 

lying, the in situ lignite is disturbed by a system of normal 

faulting, which divides the overall 62 square kilometer study area 

into three parts (West, Central, and East Areas). The Central 

Area is downthrown, a graben between the higher lying West and 

East areas. 

4. 	 Through May 1985, a total of 137 drill holes were completed within 

the project study area, including a 65-drill hole program (Phase 1 

Field Studies Program) completed by USAID and BOYD between 

October 1984 and May 1985. Objectives of the Phase 1 Field 

Studies Program were: 

(a) 	 close centered drilling in selected primary reserve areas, 
as identified in early investigations of the study area, to 
define a minimum of 42 million tonnes of recoverable ROM 
lignite reserves classified as demonstrated, 

(b) 	 develop reliable correlation of the principal lignite seams 
throughout the assigned primary reserve areas, 

(c) 	 comprehensive coal quality testing of the lignite 
reserves to better define moisture content, ROM coal 
quality, and washed coal quality, 

JOHN T. BOYD COMPANY 
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4. 	 Continued 

(d) 	 develop technical data to permit study of surface and 
underground mineability, hydrology and other 
environmental aspects of future mining, 

(e) 	 bulk sample testing to ascertain the washing 
characteristics of the Lakhra lignites. 

We 	 believe the Phase 1 field studies program met these objectives 

and 	 produced a reliable data base for the development of the mine 

feasibility and master mining plan. Concurrent with the BOYD 

field 	 studies program, G/C II completed a series of three bulk 

samples to examine the combustion characteristics of the raw 

(unwashed) and washed Lakhra lignites. 

5. 	 In accordance with the future fossil fuel power generation planning 

of WAPDA, the objective of the Lakhra Coal Mine and Thermal 

Power Station Project was expanded to include two 350-MW 

electrical generating units. To achieve the expanded lignite 

reserve requirements, which are in excess of 120 miliion ROM 

tonnes, the assigned reserve mining areas are enlarged and 

surface mining methods are emphasized to maximize recovery. 

Estimated reserves within a nominal 20:1 stripping ratio 

configuration total 121.7 million ROM tonnes, as summarized below: 

RON Reservesby RescrveClassiflcation Avg.
 
(Tonnes-0O) Strip
 

AverageSeam Subtotal Ratio
Seam Coal )S . (ROM
 
No. Hectares Partin gCoal Measured Indicated Demonstrated Inferred Total BasLs)
 

WEST PIT SURFACENINE
 

5 	 155.7 0.04 0.69 1,263.3 17.2 1,435.7 2.2 14317.9 42.7
 
3 	 396.5 1.1 0.98 32778.9 1,079.3 4 3858.2 9.6 4,867.8 40.3 
2 	 1.065.6 1.43 1.95 15.656.9 9,276.4 24,933.3 3,683.3 28,616.6 17.3

I 853.6 1.32 1.80 1 30 5356.2 18389 6575 2 1 3.8

T7o TrSNIl'UT X0 5gE7W 

EAST PIT SURFACE MINE
 

5 82.8 0.00 1.09 813.9 401.0 1,214.9 0.0 1,214.9 42.3 
3 293.0 0.09 0.70 1,860.1 868.2 2,728.3 17.4 2,745.7 59.4 
2 1,159.1 0.14 2.12 22,640.8 9,225.3 31,866.1 2,033.3 33,889.4 16.3 
I 1,064, 3 1345 3.9
 

UNDERGROUNDMINE NO. 1
 

2 
 334.0 0.24 2.42 4,760.2 1,'70.7 5,930.9 5,930.9
 

TOTAL RESERVE BUSE
 

77,233.6 33,719.4 111.013.0 10,648.8 121,661.8
 

Coalmeasurement and tonnage IncludesInseparable
parting.
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5. 	 Continued 

A Phase 2 field studies program of approximately 40 drill holes 

commenced in November 1985 to complete a more uniform drilling 

program throughout the expanded portions of the assigned West Pit 

and East Pit mining areas. 

6. 	 The ROM quality is estimated according to mining method, seam, 

and designated mining area as follows: 

As Received Dry
 

ROM Tonnes Hoisture Sulfur Sulfur
Ash Ash Lbs. S02 
Seams (000) M~* JJ () Kcal/kg Btu/Ib. (%). Jfl) Kcal/kg BtUMl. M~tu 

WEST PIT 

5 1,431.5 32 22.9 4.75 2.980 5,380 33.6 6.98 4,390 7.918 17.7
3 4.086.5 32 22.5 5.26 3,070 5,530 33.0 7.73 4,520 8,140 19.0 
2 17,953.3 32 23.8 5.17 2,910 5,240 35.0 7.60 4.280 7,710 19.8
 
1 161679 32 26.4 5.93 27 4900 
 38.1 872 4 210 24.8 

Wt.Av. N . T7 ~7 SM T6.3 TM W U .6~ 

CENTRAL NO. I MINE UNDERGROUND
 

2 5,930.9 32 26.2 5.00 2.800 38.5 7.35 4,120
5.050 	 7.430 20.2
 

EAST PIT
 

3 2,093.2 32 24.5 4.76 2,920 36.0 7.00 4,310 18.1
5,270 	 7,760

2 	 29,753.0 32 25.0 4.70 2.780 36.7 6.90 4,090 18.8
5,010 	 7,370 


51.07 32
1 	 194411 23.6 4.75 2950 5310"M1. 34.74. 69869 t4330 7810 T"17.9'm 	 T-MWt. Avg. 3 -3 4.7 

TOTAL
 

Wt. Avg. 96,857.4 32 24.7 5.00 2,840 5,120 36.3 7.36 4,180 7,540 19.6
 

The quality estimate shown above is limited to the defined portions 

of the designated mining areas. Area of influence is limited to a 

radius of 1,000 m from each drill core hole quality data point. A 

Phase 2 field studies program is currently in progress to provide 

coal quality data throughout the remaining portions of the surface 

mine reserve areas (West Pit, East Pit) not presently covered by 

available drill core hole analytical data. 

JOHN T. BOYD COMPANIY 
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7. BOYD has estimated the ROM quality of the Lakhra coal to be 

burned at the power generating station as: 

DAILY AVERAGE ANALYSIS*
 

Average High Low
 

Btu/lb. (Dry) 7,500 8,700 6,300

Ash (% Dry) 36 46 26
 
Sulfur (% Dry) 7.4 9.5 6.5
 
Moisture ( ) 32 45 25
 

MONTHLY AVERAGE ANALYSIS*
 

Average High Low
 

Bcu/Ib. (Dry) 7,500 8,100 6,900
Ash (% Dry) 36 42 30 
Sulfur (% Dry) 7.4 8.3 6.8
 
Moisture (%) 32 40 28
 

* 	Based on 95% of the samples falling 
within this range. 

8. Spontaneous combustion is a major problem associated with low 

rank coals, such as the lignite deposit at Lakhra. Experience at 

the existing underground mines demonstrates the susceptibility of 

these coals to spontaneous combustion when exposed to oxygen in 

the underground workings and during storage. Crossing point 

tests were completed on three samples of the Lakhra coals. 

Results of these tests show the Lakhra lignite to be moderate to 

slowly reactive to spontaneous combustion for lignite rank coals. 

To minimize the potential of spontaneous combustion during 

storage, it will be necessary to: 

(a) 	 schedule continuous coal turnover to avoid any extended 
storage in the live stockpiles, 

(b) 	 monitor all stockpiles through the use of infrared 
scanners, regular surveillance, and use of temperature
probes in all inactive stockpiles, 

(c) 	 compact all long-term (dead) stockpiles, 

(d) 	 immediately remove any stockpile hot spots. 

JOHN T. BOYD COMPANY 
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8. 	 Continued 

The underground mine plan also recognizes the hazard of 

spontaneous combustion and has incorporated the following 

preventive measures into the mining plan: 

(a) 	 modern ventilation system, 

(b) 	 concentration of mining activity, 

(c) 	 regular sealing of mined out areas, 

(d) 	 segregation of longwall panels into three panel sets, 

(e) 	 regular patrolling and monitoring of the active 
workings and sampling the atmosphere behind the 
permanent seals. 

9. 	 The master mine plan is based on an annual ROM lignite production 

of 4.3 million tonnes to fuel two 350-MW electrical generation units 

to be located at either Lakhra (mine site) or Khanot. Criteria 

used 	in the selection of the master mine plan included: 

(a) 	 Reserve conservation through maximum recovery of the 
demonstrated Lakh ra coalfield lignite reserves. 

(b) 	 Increased capacity to better address the existing 
critical electrical power generation shortages and 
projected new generating station construction 
schedules. 

(c) 	 Technology required to operate the mines should advance 
current practices, but not require a "quantum jump" which 
would be unattainable. 

(d) 	 Development of a mining operation offering improved 
economics through magnitude of scale to support 
required investment in equipment, facilities, and 
project infrastructure. 

(e) 	 Ability to attract qualified international mining 
companies to manage operations and improve equity
participation in the venture. 

JOHN T. BOYD COMPANY 
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9. Continued 

The master mine plan is organized into four principal components: 

(a) 	 Two modern surface mines, each producing an average of 
2.0 million ROM tonnes annually. Diversity of supply
(production) is achieved through the use of a combination 
of shovel/truck and dragline equipment and division of 
each surface mine into two operating pits with identically 
sized dragline units assigned to each operating pit (total 
of 4 dragline units). 

(b) 	 One underground mine, producing approximately 0.33 
million ROM tonnes annually. A partially mechanized 
"Lakhra Upgrade" approach will be used in the mine. 
Underground Mine No. 1 is located in the southern 
portion of the Central Area where No. 2 seam mining
conditions are most favorable and prevailing overburden 
depth exceeds the practical limits of surface mining. 

(c) 	 Common mine site facil;ties including general
administration and ROM coal handling/loadout facilities. 
Depending on the site of the power plant, coal will either 
be directly conveyed to the power plant stockpile (Lakhra 
site) or loaded in unit trains for shipment to Khanot. 

(d) 	 Infrastructure services required to support the mining 
operation including: main access road, water supply, 
electrical power, communications, and colony. The 
infrastructure component included in this report varies 
according to the location of the power plant. In the 
case of the Lakhra power plant site, infrastructure 
assigned to the mining company is limited to 45% of the 
total colony, and direct mine site distribution networks. 
The mine assumes responsibility for the complete Khanot 
to Lakhra infrastructure system when the power plant is 
located at Khanot. Participation of the GOP and 
government of Sind in the funding and operation of the 
infrastructure may reduce the direct infrastructure cost to 
the mining operation. The private railroad, required for 
the Khanot power plant site, is not considered part of the 
mining operation and is detailed separately under the 
"Transportation" section. 

10. A summary of the master mining plan follows, including annual 

lignite production, labor force, initial capital cost, and operating 

JOHN T. BOYD COMPANY 
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cash cost (including equipment replacement expense) for the mine 

development period and 30-year project life. 
year:D-6 

0-6 

D 

0.5 

_5_-

0-4 

_L___ 

0.3 2ear:0-. 0-1 0.D1 0*2 0.3 0_4 05 0.6 0-7 . 0*9 0-10 

0.11 

0.15 
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0*.2 

0.21 

0.25 

026 

0-30 Total 

PROUCTION SUMARY - RO TONSES (0001 
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1.870 
2005 

1:973 
326 
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99 
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-

LAKHRA SITE OPTION 
1NFRASTRUCTUREW

b 
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To "I- Infrastruture 
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4 
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5 
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011 016 Dz1 0-26 
0-7 0-6 D-S 0-4 0-3 D-2 0-I D1 0-2 03 04 0-5 0.6 07 D8 09 0.10 0*15 020 0.25 0-30 Total 

EJiAOT SITE OPTION 

Staff: Expatrliats 1 1 1 I I 1 1 1 1 1 1 1 1 1 1 1 1 1 
Nationals 2 3 S 14 16 26 
 31 31 31 31 31 31 31 31 31 31 31 31 31 31

Subtotal - -T - T 7 7 3 3 37 3n 37 37 37 37 37 37 37 3 32 32

Morkers 8 49 74 154 216 216 216 216 216 216 216 216 216 216 216 216 216 216 216

Total - lafrastructure 3 12 5 89 171 243 248 248 248 248 248 248 248 248 248 248 248 248 248 248
 

SUMARY 
Staf: Epatriates 4 zz 29 36 39 45 47 47 45 39 31 19 17 17 17 17 is 15 15 is 

Nationals 13 66 92 142 184 233 255 256 256 258 258 261 261 261 261 261 260 227 199 199
Subtotal -	 m1 T21 m 3m M 2w T m 2 271 271 2 2 2 i n m 07 nT 1 
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0.11 

Year: 06 O 0.4 0-3 
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8:11 7+21 1023851.594 54,183 54.328 59,222 52.802 
26547 24,0340 24727.331 
2'578 19.356 2.457 26.700 22.989 

4.340 
55.851 

4.157417 

2.135 

51.630 

22.413 

4.134 
55.924 

4.157417 
8.038 
2.325 

6862352.048 

29,184 
20.964 

4.134 
55.950 
455.9 
16.008 
2.324 

636857852.221 

37.009 
23.033 

4.134 
55,93? 

8.631 
2.428 

666181 651,902 

30.046 
19.914 

4.134 3.863 3.883 
55.803 55.722 4.906 
4.157 4.152 54.15574,157 4,1574175.8 
2.145 16.893 14.213 
2.468 2.448 2.294 

56 6621~ 862151.501 51.817 50.802 

23.862 37.907 35.214 
18.186 21.846 22.517 

3.883 
54.345 
4.15 
9.041 
2.362 

8026349.849 

30.414 
20.335 

3.883 
1.789 
4. 

(3,333)
2.046 
2.046 

6179
39.985 

24.774 
19.287 

Labo E 
5up.iles (toci. po.er) 
Po..er Rpaent19 

Other 
Cont ingency 

TotalLocal 
Foreign 
$/TonneF 

-

. . 

33 

1 

0 
3 

38 

280 

229 

-
17 
55 
03 
104 

96 
18.277 

647 

468 
34 

-
22 
117 

79~08 
1097 

191 
19.098 

1.478 

1.172 
95 

-
35 
278 

2,594 
474 

14.600 

1.738 

1.389 
140 

-
8 

336 
~ 

3.135 
556 

11.426 

1.740 

1.389 
140 
407 
92 
337 

3.214 
891 

12.600 

1,740 

1.389 
140 

1.208 
92 
337 

3~ 
3,283 
1,623 
15.059 

1,740 

1.389 
140 

2.474 
92 
337

~7 
3.594 
2.578 
18.944 

1.740 

1.389 
140 
754 
922 
337 

T3-= 
3,217 
1,235 
13.665 

1.740 

1.389 
140 
679 
92 

337 

0T7 
3.214 
1.163 
13.435 

0.740 

1.389 
140 
925 
9 

3337 
37 

3.232 
1,391 
14.190 

1.740 

1.389 
140 

2.743
92 
9327 
337T 

3.327 
3.114 
19.770 

1.740 

1.389 
14 
710
9 

337~ 
3.213 
1.195 
13.530 

.,740 

1.389 
140 

1.420
92 
92 

337 
3.253 
1.865 
15.709 

1.695 

1.341 
136 

1,007
89 
97 

327~ 
3.167 
1.456 
14.505 

1.273 

919 
91 

(208)
(2
7236 
36 

1.801 
482 

9.966 
CO~M09 FACILITIES 

Total 
Local 
Foreign 
S/Too,.MNE F 

439 
42 

397 

1.129 
147 
982 

1.218 
237 
981 

1.392 
289 

1.103 
42.182 

1,419 
317 

1.102 
21.179 

2.263 
551 

0.712 
1.649 

2.768 
752 

2.016 
0.731 

2.744 
697 

2.047 
0.629 

2.586 
612 

1.974 
0.616 

2.534 
776 

1.758 
0.615 

2.147 
393 

1.754 
0.533 

2.023 
719 

1.304 
0.526 

2.048 
804 

1.244 
0.488 

2.048 
804 

1,244 
0.488 

2.049 
812 

1.257 
0.466 

2.352 
873 

1.479 
0.526 

2.072 
813 

1.259 
0.468 

2.119 
831 

1.288 
0.523 

2.017
793 

1.224 
0.511 

1.937
282 

1,155 
0.577 

TOTAL MINE 
Iotal 
Local 
Foreign 
S/TooE 

FACILITIES 
439 

42 
397 

11,508 
7.066 
4.442 

-

22.241 
14.211 
8.030 

-

32,734 
21.230 
11.504 
991.939 

48.678 
32.049 
16.629 
726.537 

66.962 
44.450 
22.502 
48.799 

84,816 
55.897 
29.119 
22.397 

85.066 
58.094 
26.972 
19.488 

86.640 
58.223 
28.417 
20.653 

111.087 
63.893 
47.592 
26.976 

91,638 
56.413 
35.225 
22.767 

85.361 
55.563 
29,798 
22.177 

87.903 
55.871 
32,032 
20.924 

97.719 
56.216 
41.503 
23.266 

88.425 
55.927 
32.498 
19.911 

82.833 
55.627 
27.206 
18.531 

96.391 
55.769 
40.622 
21.788 

90.518 
53.534 
36.984 
22.328 

82.280 
50.642 
31.638 
20.846 

C6,666 
40,737 
25.929 
19.865 

OTHER 
$/Tonne 

OToLM S -
167 

18.500 
3.145 

18.500 
6.031 

18.500 
6.031 

18.500 
TOTALMINE SITE 

Total 
Local 
Forei 

9 n 
$/Tonne 

439 
42 

397 

11.S08 
7.066 
4.442 

-

22,241 
14.211 
8.030 

32.734 
21.230 
11,504 
991.939 

48.678 
32,049 
16.629 
726.537 

66.952 
44,450 
22,502 
48.799 

84,600 
55.481 
29.119 
22.357 

85.066 
58,094 
26.972 
19.488 

86.640 
58.223 
28,417 
20.653 

111.087 
63.592 
47.495 
26.976 

91.638 
56.413 
35.225 
22.767 

85.361 
55.563 
29,798 
22.177 

87.903 
55.871 
32.032 
20.924 

97.119 
56.216 
41.503 
23.266 

88.425 
55.927 
32.498 
19.911 

82,833 
55,627 
27.206 
18.531 

96.558 
55.936 
40.622 
21.782 

93.663 
56.679 
36.984 
22.174 

88.311 
56.673 
31.638 
20.667 

72,687 
46.768 
25.929 
19.744 

LAXHRA SITE OPTION 

IKFRASTRUCTUREI
c ) 

Tota 
Local 
For.gn 
S/Ton 

73 
is 
55 

122 
64 
58 
-

392 
322 

70 

681 
S03 
78 

17.606 

1.025 
936 
89 

15.299 

1.550 
1.450 
100 

1.130 

1.550 
1,450 
100 

0.409 

1.588 
1.413 
175 

0.364 

1.575 
1.427 
148 

0.375 

1.568 
1.431 
137 

0.381 

1.774 
1.232 
542 

0.441 

1,846 
1.203 
643 

0.480 

1.808 
1.203 
615 

0.433 

1.883 
1.160 
723 

0.448 

1.575 
1.427 
148 

0.355 

1.602 
1.395 
207 

0.358 

1.762 
0.302 
460 

0.397 

1.638 
1.370 
268 

0.388 

1.776 
1.250 
126 

0.416 

1.588 
1.410 
178 

0.431 

Local 
Foreign 
S/Too 

EHANOT SITE OPTION 

512 
80 

452 

11.630 
7.130 
4.500 

22,633 
14.533 
8.100 

-

33.315 
21.733 
11.582 

1.009.145 

49.703 
32.985 
16,718 
741.836 

68.502 
45.900 
22,602 
49.928 

86.150 
56.931 
29,219 
22.767 

86,654 
59.507 
27.147 
19.852 

B8.215 
59.650 
28.565 
21.029 

112.655 
65.023 
47,632 
27.357 

93.411 
57.644 
35.767 
23.208 

87.207 
56,766 
30.441 
22.657 

89.721 
57.074 
32,647 
21.357 

99.602 
57.376 
42.226 
23.715 

90.000 
57.354 
32.646 
20.266 

84.435 
57.022 
27,413 
18.889 

98,320 
57.238 
41,082 
22.179 

95.301 
58,049 
37.252 
22.562 

90.087 
57.923 
32.164 
21.081 

74.285 
48.178 
26.107 
20.175 

Total 
LoCal 
Foreign
S/Toot 

185 
33 
122 

410 
285 
125 

786 
047 
139 

1.022 
674 
148 

30.970 

1.562 
1.401 
161 

23.313 

2.172 
1.984 
188 

1.183 

2.172 
1.904 
188 

0.574 

2.185 
1.986 
199 

0.501 

2.200 
1,986 
214 

0.524 

2.213 
1.988 
225 

0.537 

2.588 
2.034 
554 

0.643 

2.697 
2.040 

617 
0.701 

2.216 
1.986 

230 
0.527 

2.413 
2.048 

365 
0.575 

2.200 
1.986 

214 
0.495 

3.297 
2.662 

635 
0.738 

2.462 
2.065 

397 
0.555 

2.464 
2,134 

330 
0.583 

2.423 
2.020 

403 
0.567 

2.197 
1.987 

210 
0.597 

Loal 
Fornign 
S/Ton, 

594 
75 

519 

11.918 
7.351 
4.567 

23.027 
14.858 

8.169 

33.756 
22.104 
11.652 

1.022.90 9 

50.240 
33.450 
16790 

749.851 

69,124 
46S434 
22.690 
50.382 

86.772 
59.465 
29.307 
22.931 

87.251 
60.080 
27.171 
19.989 

88,840 
60.209 
28.631 
21.178 

113.3n0 
61.680 
47.720 
27.513 

94.2 
58.446 
35.779 
23.410 

88.058 
57.603 
30.455 
22.878 

90.119 
57,857 
32.262 
21.452 

100.132 
58.264 
41.868 
23.841 

90.625 
57.913 
32.712 
20.406 

86.130 
58.289 
27.841 
19.268 

99,C20 
58.001 
41.019 
22.337 

96.127 
58.813 
37.314 
22.757 

90.734 
58.908 
32.041 
21.234 

74.894 
48.755 
26.139 
20.341 

Notes:
TOtertsdCoalPurcaso - replaceentfor Uodtrgroood Ml,. NO. I RrOdution; either 

Cb) La ir tlice infrastructure labor force include total labor force reqgareantscolony comprised of both mlne and generatlng station employees. 

tn mine or 

to seroe the 

(c) Lakhra site Infrastructure labor force are allocated on the following basis: 

Mine 45% Station 551
Total Lakhra site labor force Includes infrastructure labor force allocation adjustments. 

All dollar values are epressed In constant dollars as of Jul
 1985.

7 


Productlon sold on open market to avoid long term storage. 
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11. Equity distribution and terms of future financing are not defined 

at this time. For purposes of this report we have calculated 

amortization of initial capital (including development expenses) 

using three annual interest rates: 0, 5, and 10 percent (real 

interest, exclusive of inflation) and a 30-year term of repayment. 

Amount Amortized (SUS - Millions) $US/Tonne 
Interest 

Component 
Initial 
Capital 

Development
Expenses 

During
Development

Period Total 

Average
Operating
Cash Cost 

Amortization 
(Principal 
+ Interest) 

Total 
(incl.
Amort.) 

O Annual Interest Rate 

Surface Mines 
Underground Mine 
Common Facilities 

Subtotal 

315.4 
13.7 
11.0 

TI.T 

136.0 
0.0 
6.8 

-

-
-

451.4 
13.7 
17.8 

W 

21.15 
14.05 
0.50 
TM 

3.76 
2.33 
0.14 
T.M 

24.91 
16.38 
0.64 

N 
Infrastructure 

Lakhra Site 
Khanot Site 

33.6 
56.9 

2.3 
3.8 

-
-

35.9 
60.7 

0.40 
0.55 

0.28 
0.47 

0.68 
1.02 

Total Operation
Lakhra Site 373.7 145.1 - 518.8 21.51 4.06 25.57 
Khanot Site 397.0 146.6 543.6 21.66 4.25 25.91 

5% Annual Interest Rate 

Surface Mines 
Underground Mine 
Common Facilities 

Subtotal 

315.4 
13.7 
11.0 
TW T 

136.0 
0.0 
6.8 

49.9 
1.4 
1.8 
M 

501.3 
15.1 
19.6 

21.15 
14.05 
0.50 

T 

8.07 
3.91 
0.29 

29.22 
17.96 
0.79 

Infrastructure 
Lakhra Site 
Khanot Site 

33.6 
56.9 

2.3 
3.8 

7.1 
14.6 

43.0 
75.3 

0.40 
0.55 

0.64 
1.12 

1.04 
1.67 

Total Operation
Lakhra Site 
Khanot Site 

373.7 
397.0 

145.1 
146.6 

60.2 
67.7 

579.0 
611.3 

21.51 
21.66 

8.67 
9.15 

30.18 
30.81 

10% Annual Interest Rate 

Surface Mines 
Underground Mine 
Common Facilities 

Subtotal 

315.4 
13.7 
11.0 

NTwn 

136.0 
0.0 
6.8 

105.6 
2.9 
3.8

IT.7 

557.0 
16.6 
21.6 

n37 

21.15 
14.05 
0.50 

nI T 

14.67 
6.11 
0.52 

W 

35.82 
20.16 
1.02 

U 
Infrastructure 

Lakhra Site 
Khanot Site 

33.6 
56.9 

2.3 
3.8 

15.3 
32.2 

51.2 
92.9 

0.40 
0.55 

1.24 
2.25 

1.64 
2.80 

Total Operation
Lakhra Site 
Khanot Site 

373.7 
397.0 

145.1 
146.6 

127.6 
144.5 

646.4 
688.1 

21.51 
21.66 

15.75 
16.76 

37.26 
38.42 

12. Sufficient long-term storage (dead) coal stockpile and surface 

mines in-pit (unmined) coal inventories are maintained to provide a 

uniform annual power plant feud of 4,338,000 ROM tonnes. A 

JOHN T. BOYD COMPANY 
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12. 	 Continued 

summary of annual mine production, inventory changes, and power 

plant fuel requirements through the life-of-mine production follows. 

ROM Product (Tonnes - 000) 
Power Inventory Balance
Plant Mine Production Mine Surface
 
Full Mn ufc
 

Year Requirement Surface* Underground Total Shipment Mine Pits Stockpiles
 

D-6 - -- 
D-5 - 
D-4 - - - 
D-3 - - 33** 33** 
0-2 - - 67** 67 * 
D-1 80 1,163 209 1,372 1,088 284 1,008 
0+1 2,248 3,461 323 3,784 3,594 474 2,359 
D+2 4,338 4,309 326 4,365 4,365 474 2,381 
0+3 4,338 3,869 326 4,195 4,291 378 2,334 
0+4 4,338 3,792 326 4,118 4,307 189 2,303 
D+5 4,338 3,699 326 4,025 4,025 189 1,990 
D+6 4,338 3,523 326 3,849 3,849 189 1,501 
0+7 4,338 3,875 326 4,201 4,201 189 1,364 
D+8 4,338 3,874 326 4,200 4,200 189 1,226 
D+9 4.338 4,115 326 4,441 4,441 189 1,329 
D+10 4,338 4,144 326 4,470 4,470 189 1,461 
D+11 4,338 4,107 326 4,433 4,338 284 1,461 
0+12 4,338 4,107 326 4,433 4,338 284 1,461
 
D+13 4,338 4,107 326 4,433 4,338 284 1,461
 
0+14 4,338 4,107 326 4,433 4,338 284 1,461
 
D+15 4,338 4,107 326 4,433 4,338 284 1,461
 
D+16 4,338 3,820 326 4,146 4,241 189 1,364
 
D+17 4,338 3,820 326 4,146 4,146 189 1,172
 
0+18 4,338 3,820 326 4,146 4,146 189 980
 
0+19 4,338 3,280 326 4,146 4,146 189 788
 
D+20 4,338 3,280 326 4,146 4,146 189 596
 
D+21 4,338 3,947 326 4,273 4,273 189 531
 
D+22 4,338 3,947 326 4,273 4,273 189 466
 
0+23 4,338 3,947 326 4,273 4,362 100 490 
0+24 4,338 3,947 326 4,273 4,273 100 425 
0+25 4,338 3,947 326 4,273 4,273 100 360 
0+26 4,338 4,066 326 4,392 4,392 100 414 
0+27 4,338 4,066 326 4,392 4,392 100 468 
0+28 4,338 4,066 326 4,392 4,392 100 522 
0+29 4,338 4,066 326 4,392 4,392 100 576 
0+30 4,338 1,517 326 - - -

Note:
 
* Coal exposed.
 

** Production sold on the open market to avoid lLsg term storage.
 

13. 	 Expatriate management of the mining operation is considered 

essential to the success of the project. The existing private and 

public mining companies in Pakistan are relatively small 

underground operations and do not have any experience in 

JOHN T. BOYD COMPANY 
ItA
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13. 	 Continued 

operating a major mining operation as proposed for the Lakhra 

Coal Project. The equipment productivities, capital costs, and 

operating cash costs, as developed in this report, are based on 

a primary national (Pakistani) labor force managed by an 

experienced international mining company of average ability. It is 

our opinion these estimates (productivity, capital cost, operating 

cash cost) have the potential for improvement by a factor of 10 to 

20 percent under the management of an outstanding expatriate mine 

manager. The general staffing approach used in this report is 

based on development of responsible national (Pakistani) 

counterparts to assume senior technical positions through a phased 

reduction of expatriate staff. 

14. 	 Implementation of the Lakhra Coal Project will require an estimated 

5.5 (Lakhra power plant site) to 6.5 years (Khanot power plant 

site) of development to achieve the full mine production of 4.3 

million ROM tonnes annually. Primary factors determining this 

schedule are: 

(a) 	 lack of shallow overburden access, which necessitates an 
extensive amount of advance overburden removal (box 
cut development) to establish the initial surface mine 
production pits. 

(b) 	 remote location; complete infrastructure services must be 
extended approximately 25 km into the proposed mine site. 

The initial critical path item is the construction of the mainline 

132 kv electrical power line from Khanot to the mine site. 

Operational electrical power to the West Pit and East Pit is 

required at the beginning of year D-5. 

JOHN T. BOYD COMPANY 
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14. 	 Continued 

It should be noted that initial fuel requirements for the 

start-up of Unit No. 1 will be available in year D-1. 

15. 	 If the power plant is located at Khanot, an independent unit train 

railroad system is planned to transport the ROM lignite. A 

connection would be made to the existing Pakistan Railways track 

at Khanot; this would permit bulk supply and equipment shipments 

by public rail direct to the power plant and mine. All costs 

associated with the railroad are excluded from the mine cost 

estimates. 

Summary of Proposed Independent Railroad
 

Annual coal movement 	 4.3 million tonnes
 
Unit 	train capacity per trip 3,111 tonnes
 
Assigned labor force at full capacity

(No. of payroll employees)
 

Staff 
 20
 
Workers 
 73
 

Estimated Initial Capital (US$-OOO)

Track 25,474

Rolling Stock 9,269

Other (incl. contingency) 6,597
 

Estimated Operating Cash Cost at full capacity
 
(US$-0OO/yr.)


Labor 
 279
 
Supplies 2,043

Other 
 28
 
Contingency 	 235
 
Equipment Replacement (Average) 	 588
 

$/tonne shipped 	 0.731
 

Total 	Operating Cost at Full Capacity

(including amortization of initial
 
capital and development expenses)

$/tonne shipped


Total 	(incl. amort. @0% per yr.) 1.056
 
Total 	(incl. amort. @ 5% per yr.) 1.415
 
Total 	(incl. amort. @ 10% per yr.) 1.950
 

16. 	 The remote location, arid climate, and absence of any appreciable 

ground or surface water result in our assessment that the 

JOHN T. BOYD COMPANY 
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16. 	 Continued 

proposed Lakhra Coal Project mining operations will have minimal 

impact on the environment. Impacts are summarized below: 

Component 	 Impact of Mining
 

Surface Water 	 Surface mines will result in minor changes
 
to the local drainage system.
 

Ground Water 	 Absence of any significant quantity of
 
ground water will negate the effect of
 
future mining.
 

Air Quality 	 Depending on seasonal wind direction, the
 
nearby colonies will experience short
 
periods of moderate increases in particulate
 
concentrations (dust).
 

Noise 	 Daytime noise level will remain the same.
 
Minor increase will result in "activity
 
interference" noise levels during select
 
nighttime hours.
 

Overburden 	 Prevalent Laki limestone caprock results in
 
overall excess calcium carbonate equivalent
 
of the surface mined overburden section.
 
With controlled placement of prestrip
 
overburden, the effect of mining relative to
 
acid mine drainage is minimal.
 

Soils 	 Reclamation plan includes replacement of
 
uppermost soil zone. Post-mining land use
 
will equal or exceed present use.
 

17. 	 The geotechnical assessment of the study area confirms the 

extensive deep-seated fracturing (lineament) system throughout the 

area. Major normal faults will restrict the areal extent of mining 

and complicate normal mining practices in areas adjacent to the 

faults. The occurrence of weakly cemented sandstones will affect 

highwall stability, necessitating a more conservative highwall slope. 

Absence of ground water and the arid climate will prolong the 

competency of the soft sandstone zones. 

JOHN T.BOYD COMPANY 



2-16 

17. 	 Continued 

The underground mine roof strata is normally siltstone or 

shale, which is rated as average to poor relative to roof 

competency. Underground entry width is restricted due to the 

roof conditions. Observations of existing underground mining 

conditions and limited coal strength test data were used to design 

the underground mine plan. The establishment of a demonstration 

mine is recommended to field test proposed mine plans. 

18. 	 A comprehensive training program is incorporated into the future 

mining organization. Compensation levels, proposed working 

conditions, and planned colony accommodations are structured to 

attract new permanent employees. The availability of experienced 

surface mine equipment operators and underground miners will 

contribute to the implementation of the project by limiting initial 

training to upgrading skills. It is our perception that the critical 

areas of new training (i.e., lack of qualified Pakistani personnel) 

will be maintenance and first-line supervisors. Initial expatriate 

support will probably be required in these areas. On-site 

facilities and permanent staff will provide comprehensive training 

on a regular basis. Access to other foreign mining operations of 

the expatriate mine management company could assist in early 

training of key staff. The emphasis of training will be the on-site 

program with little foreign travel once the actual mining operations 

commence. A training budget of $461,200 is recommended for 

out-of-country training of selected technical and supervisory staff 

during the mine development period. 

JOHN T. BOYD COMPANY 
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19. 	 Although small in the size of operations and primitive in methods, 

the existing private mining sector in Pakistan appears commercially 

viable. Lack of secure markets, coupled with historical business 

practices, have not provided the existing private sector with the 

incentive or ability to invest in capital improvements or promote 

better mining methods. Consideration should be given to allocating 

the underground component of the proposed Lakhra Coal Project 

mining operation to the private mining sector. An acceptable 

long-term supply contract, supported by an approved mining plan, 

would be required to assure future supply from the private sector 

mine(s). 

20. 	 To coordinate and monitor the future development and supply of 

lignite from the Lak'dra Coal Project mining operation and other 

fuel supplies to future thermal generating stations, WAPDA has 

established the Coal Projects Department. Initial staffing 

efforts and the goal of the department are commendable. The 

ability to attract experienced mining professionals has been 

hampered by the agency institutional setting and the lack of 

qualified mining personnel within the WAPDA organization and in 

Pakistan as a whole. -Continued efforts in training and 

development of in-country coal mines to provide hands-on 

experience are needed to strengthen the department. Use of 

expatriate consultants to advise WAPDA will be required until 

the permanent staff gains experience. 
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RESERVE CHARACTERIZATION 

Ownership 

The Lakhra Coal Project property boundary encompasses an 

estimated 90 square kilometers, now controlled under a series of 

prospecting leases by PMDC. All coal within the Lakhra coalfield is 

owned by the Province of Sind, which in turn leases nominated tracts 

to interested parties (private sector companies and pu' lic agencies). 

The current production royalty payment is 15 Rupees per long ton 

mined. The province also requires the payment of a 2 Rupees per long 

ton severance tax (Miners Welfare Fund) to provide funding for 

improved living conditions at the miner colonies. This fund is 

administered by a committee of government, mine owners, and miners 

representatives. 

Su-face ownership mapping was not available, but surface land 

ownership was reported to be divided between private and public 

control. Based on the low land use within the area and, secondly, the 

high priority of the Lakhra Coal Project, availability of necessary 

surface rights is not considered a problem. 

Location and Access 

The Lakhra Coal Project property is approximately 55 km 

north-northwest of the town of Hyderabad, in the Dadu District of Sind 

Province, Pakistan. By general coordinate location, the property lies 

between latitudes 25 degrees 35 minutes and 25 degrees 50 minutes N 

and longitudes 68 degrees 0 minutes and 68 degrees 15 minutes E. 

Access from Hyderabad, the nearest large population center, is by 

way of the metalled Indus Highway, which begins at Hyderabad, runs 
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northward through Khanot, and extend-s northward to Islamabad. 

The turnoff to the Lakhra coalfield is approximately 45 km north of 

Hyderabad and 2 km south of Khanot. The coalfield is located west of 

th- Indus Highway and access is via non-metalled roads which serve the 

existing private underground mines located south of the Lakhra Coal 

Project property. 

The closest rail service is a single line, broad gauge track of the 

Pakistan Railways which, like the Indus Highway, parallels the west 

bank of the Indus River and passes by the community of Khanot. 

The location is remote and the population is sparse, consisting 

mainly of nomadic family groups. The arid climate, nonavailability of 

local water sources, and barren landscape restrict current land use. 

Small private mine colonies are scattered south of the study area. 

These settlements are rudimentary in nature and provide low cost 

shelter for the seasonal, migratory mine workers from the northern 

mountainous provinces. 

Topography 

The topography of the Lakhra coalfield is in part controlled by the 

Laki Limestone which forms a cap rock over the western two-thirds of 

the study area, producing relatively flat to gently rolling terrain. 

Intermittent streams in the area have eroded through the cap rock in 

the eastern third of the area, exposing the underlying lateritic 

shales and sandstone, resulting in moderate terrain, with occasional 

limestone capped buttes and mesas. Surface elevations range from 

110 meters to 150 meters above sea level in the study area and less 

than 30 meters along the Indus River 20 km to the east. 

JOHN T. BOYD COMPANY 
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Previous Investigations 

The presence of coal within the Lakhra coalfield was recorded as 

early as 1855; subsequent geological investigations were limited in scope 

and concluded that known coal occurrences were local in extent and of 

little potentizI. Petroleum exploration activity in the 1940's and 1950's 

reco:'ded the 	 presence of coal at shallow depths in the Lakhra field and 

renewed interest in the coal reserve potential of the area. 

In the 1960's, a cooperative program of coal resource investigation 

in Pakistan was conducted by the Geological Survey of Pakistan with 

the assistance of the United States Geological Survey (USGS) and the 

United States Bureau of Mines. The program was sponsored by the 

GOP, USAID, and U.S. Department of State. A total 34 holes 

(4,209 meter aggregate) were drilled over a 205 square kilometer study 

area known as the Lakhra coalfield. Based on this limited drill hole 

data, the USGS estimated the Lailian coal seam reserves at 239.7 million 

long tons in-place (of which 21.9 million long tons were classified 

measured). Analytical data showed the coal to be lignite A and B to 

subbituminous C in rank, with an average sulfur content' of 4% on an 

air dried basis. 

Following this early investigation, subsequent studies were made 

including: 

1. 	 WPIDC - Western Pakistan Industrial Development Corporation 
(mid-1960's) 

Scope: 	 Topographical and geological mapping of a 
155 square kilometer area; coal industrial tests 
arranged with Lurgi Gesellschaft Gmbh and the 
Japan Consulting Institute. 

Conclusion: 	 Lakhra coal unsuitable for coking use, but 
acceptable for thermal power generation. 
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2. WPIDC/Biura Projektow Przemystu Weglowego Biuro Projecktow 
(1966-1967) 

Scope: Coal mining and power station feasibility study. 

Conclusion: A labor intensive 907,200 tonnes/yr. under
ground longwall operation
station indicated feasible, 
exploratory drilling. 

and 250 MW power
subject to further 

3. 	 WAPDA/CIDA - Canadian International Development Agency
(1974) 

Scope: 	 Reconnaissance study of the Lakhra coalfield 
and an associated thermal power station. 

Conclusion: 	 Preliminary opinion that Lakhra coal reserves 
are adequate for supplying a 250 MW power
plant and would be competitive with imported
coal and/or imported oil. Available coal reserve 
data inadequate and further study required. 

4. 	 PMDC - Pakistan Mineral Development Corporation (1976) 

Scope: 	 Geologic investigation of a 52 square kilometer 
PMDC prospecting lease area, including drilling
of 19 holes (1845 meters), planimetric and topo
graphic mapping, and coal reserve study. 

Conclusion: 	 3 of 10 identified coal horizons considered 
mineable are Lailian, Dhianwari, and Kath. 
Estimated reserves 172.6 million tonnes in-place.
Coal quality high sulfur (3% to 16%), lignite A 
to subbituminous C in rank. 

5. 	 PMDC/WAPDA (1976) 

Scope: 	 GOP agencies submit separate PC-1 reports 
covering the development of a Lakhra Coal 
Mining Project (PMDC) and a 250 MW power
station to use 	Lakhra coal. 

Conclusion: 	 GOP organized a joint working committee, with 
WAPDA appointed executive agency to oversee 
the overall project. 
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6. 	 GOP/JICA - Japan International Cooperative Agency/
 
International Trade Institute (1978-1981)
 

Scope: Completion of a 50 drill hole program on the 
26 square kilometer PMDC study area and 
feasibility studies for coal mining and the power
plant. 

Conclusion: 	 Estimated coal reserves of 53.66 million 
recoverable tonnes can be economically
developed using a combination of surface and 
underground mines to fuel a 300 MW power
station to be located at the Jamshoro site. 

7. 	 GOP, USAID/SWECO - Stone and Webster Engineering 
Corporation (1983) 

Scope: 	 Re-examination of the technical feasibility of the 
Lakhra Coal Mine and Power Plant Project by a 
collaborative 	 effort of SWECO, WAPDA, and 
PMDC. 

Conclusion: 	 The design, construction, and operation of the 
Lakhra facility are technically feasible and 
economically competitive with other power
generation alternatives for meeting Pakistan's 
growing requirements of electricity. A three 
section mine, producing 1.4 million tons 
annually, using proven technologies and surface 
and underground methods, is recommended to 
supply coal to a 300 MW power plant located at 
the 	Jamshoro site. 

In 	 late 1983 the various donor agencies: USAID, World Bank, and 

Asian Development Bank, reviewed the available Lakhra feasibility 

studies and identified areas requiring further investigation. The BOYD 

report is intended to address these deficiencies, including additional 

on-site drilling, and a complete independent feasibility study for the 

Lakhra coal mine. 

Phase 1 Field 	Studies Program 

The objective 	 of the recent Phase 1 field studies program was to 

identify a minimum of 42 million tonnes of recoverable lignite, mineable 
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by a combination of surface and underground methods. Reserves were 

to be placed into the demonstrated classification (which consists of 

measured and indicated), with approximately 65%0 considered measured. 

The initial phase of exploration was completed May 21, 1985, and 

included 65 drill holes and collection of a bulk sample from an on-site 

test shaft. Three additional bulk samples (two from the existing PMDC 

Mine No. 2 and one from the on-site test shaft) were independently 

obtained and analyzed by Gilbert/Commonwealth International, Inc. 

(G/C II), the power plant contractor. The objective of the G/C II 

analytical testing program was directed toward combustion properties of 

the Lakhra coals. 

The Phase I field studies program actually consisted of two parts. 

In October 1984, a 10 drill hole Interim Program was initiated by 

USAID. Drilling services were contracted to Mineral and Engineering 

Services Limited (MESL), Karachi, and field supervision of all work was 

performed by representatives of Geotechnical Engineers, Franklin, 

Tennessee. At the instruction of USAID, a BOYD representative 

observed the final phase of the Interim Program from December 15 

through December 27, 1984. 

As of January 1, 1985, the BOYD field team was in Pakistan and 

operational. MESL was retained as the drilling contractor and a 

combination of continuous core and rotary drilling methods was used. 

All holes were geophysically logged under a subcontract with 

GeoScience, Inc. Selected offset or twin drill holes were completed to 

verify the accuracy of the earlier JICA exploration. Ground survey of 

each drill site was done by WAPDA survey crews in advance of drilling 
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to establish location and elevation. Upon completion of drilling, the 

drilling contractor was required to construct a permanent concrete 

monument at each drill site. Plate 2A (page 3-17) includes selected 

photographs of the BOYD field studies program exploration operation 

(Phase 1). 

In conjunction with the exploration work, a comprehensive lignite 

analytical testing program was concluded and other tests performed 

relative to environmental, geotechnical, and hydrological investigations. 

Using drill hole data developed during the recent field studies 

program, supplemented by previous exploration programs, BOYD has 

developed a comprehensive seam data base for the explored portions of 

the Lakhra Coal Project. A summary of available drill holes follows: 

Drill No.
 
Holes of Aggregate
 
Prefix Drill Meterage


Source ID Holes Drilled Date
 

Geological Survey
 

of Pakistan L 3 343 mid-1960's
 
PMDC PS 19 1,845 Dec. 1975 - June 1976
 
JICA 
 JT 50 5,203 June 1979 - Nov. 1979 
USAID Interim BT 10D* 1,111 Oct. 1984 - Dec. 1984 
USAID/BOYD * 55"* 5,877 Jan. 1985 - May 1985
 

137 14,379
 

* 	 The BOYD system of drill hole identification includes a two 
or three letter prefix. The first letter designates area 
subdivision (W = West, C = Central, E = East); the letter
 
"T", when present, denotes a twin drill hole at the site of
 
a previous JICA drill hole to confirm drilling and quality
 
accuracy; the last letter refers to type of drilling

(C = Core, R = Rotary). An "R"designation after the drill

hole number denotes a redrill of the same site due to 
unacceptable core loss.
 

" Drill hole BT-10 was completed under the USAID/BOYD
 
program.
 

Based on results of the USAID interim program, it was determined 

that the western boundary of the West Pit (as previously defined in the 

JICA report) could r.ot be extended due to faulting. 
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The initial BOYD program (Phase 1) was concentrated in selected 

portions of the overall project study area indicated by previous 

investigations to have the most favorable reserve potential. Additional 

drilling (Phase 2) is in progress to better define lignite reserves 

underlying the less explored portions of the two identified expanded 

surface mine reserve areas (i.e., Expanded West Pit and Expanded East 

Pit). The current area of investigation, including the Phase 2 field 

studies program, covers the central 62 square kilometer portion of the 

overall Lakhra Coal Project property. 

Available drill hole data was tabulated, and lignite seams in the 

Upper Coal-bearing Beds of the Lower Ranikot Group were correlated. 

Based on twinning (or offset drilling) of selected JICA drill holes 

during the recent BOYD field studies program, BOYD has confirmed the 

reliability of the JICA drill hole thickness data but has discounted the 

value of the associated coal quality data. The pre-1979 drill holes were 

also included in the seam thickness data base; however, core losses may 

have occurred in these holes which could understate seam thickness. 

Plate 2B (page 3-18) shows the status of drilling through 

completion of Phase I and the area of investigation to be covered under 

the current Phase 2 field studies program. 

Structural Geology 

The lease area is located along the axis of a doubly plunging 

anticline, known locally as the Lakhra Dome. This axis is oriented in 

the north-south direction near the center of the study area. The dips 

are low, not exceeding 70, and the strata is essentially flat lying 

adjacent to and extending 5 km beyond the anticlinal axis. 

JOHN T. BOYD COMPANY 



3-9
 

A series of high angle normal faults parallels the Lakhra anticline; 

fault planes range from 600 to vertical. The maximum observed offset 

along the faults is approximately 43 meters, although displacement is 

usually smaller, with some faults pinching out completely. 

The study area is logically divided by faults into three areas: 

Western Area, Central Area, and Eastern Area. The Central Area is 

situated in the down-thrown block of a graben with normal faults on the 

west and east side marking the limit of the area. 

West Area 

The Western Area is situated between two normal faults, with the 

westernmost fault essentially paralleling the western property boundary, 

and the fault on the east side separating the West and Central areas. 

Vertical displacement along this fault ranges from 25 meters in the 

south to 5 meters in the north. 

The structure is flat lying with dips less than 10 to the north and 

south from the middle of the area. 

Central Area 

The Central Area is a graben bounded on both the west and east 

sides by normal faults. Offset along the western boundary fault ranges 

from 25 meters in the south to 5 meters in the north. Displacement 

along the eastern boundary fault ranges from 40 meters in the south to 

5 meters in the north. 

The structure is essentially flat lying, dipping at less than 10 

towards the south. 
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East Area 

A north-south trending fault divides the East Area in half; offset 

along this fault ranges from 5 meters to 7 meters. West of the fault, 

the structure is flat lying with dips of less than 10 to the south. East 

of the fault the structure dips under 10 to the north. 

Stratigraphy 

Ranikot Group 

The Ranikot Group (Tertiary Age) is exposed south of the 

immediate study area and extends to a considerable depth below the 

surface (more than 300 meters). The deposit may be divided into the 

following two formations--the Upper Ranikot, which covers that portion 

of the profile between the Upper Coal-bearing Beds and the Laki 

Formation, and the Lower Ranikot, which encompasses the Upper 

Coal-bearing and the Lower Coal-bearing Beds. 

The Upper Ranikot exhibits a thickness which ranges from 

approximately 9 to 70 meters and decreases generally from east to west. 

Its main components are sandstones (which tend to dominate the lower 

part), intercalated siltstones, and few claystones, conglomerates and/or 

limestones. The sandstones are mostly medium to fine grained and are 

in v-ious states of lithification, ranging from clay-cemented, firmly 

consolidated sandstone (hard/compact) to unconsolidated quartz sand 

(soft/loose), whereas the siltstones are sandy with laminations 

lenses of sand. Carbonaceous matter, fossil shells, resins, and pyrite 

are present throughout the group. Occasional calcium carbonate or iron 

carbonate-cemented sandstone concretiors occur throughout the section. 

The sediments are unusually light to dark gray, and dark brown to 

black in color when containing a high degree of carbonaceous material 

or coal. 
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Gypsum occurs throughout as fracture fillings and thin lenticular 

laminations up to 5 cm thick and usually less than 2 cm. Fossil beds 

occur throughout the upper part of the formation. 

The Lower Ranikot consists of the Upper Coal-bearing Beds (Seams 

1 through 5 in ascending order), the Lower Coal-bearing Beds (Seams 

LI through L3 in descending order), and the intervening layers of 

sandstones, siltstones, and shales which separate them. The potential 

economic coal resources occur as the Upper Coal-bearing Beds, which 

range in thickness from approximately 20 to 56 meters. Alternating 

layers of sandstone, siltstone, shale, and claystone separate and 

interbed with the lignite seams. The sandstones and the siltstones 

exhibit laminations and lenses of each other, carbonaceous matter, 

pyrite and resins. They may be classified as hard and compact to soft 

and loose. In most cases, siltstones and claystones are predominant 

adjacent to the coal seams and are correspondingly rich in carbonaceous 

matter. A thick, usually greater than 15 meters, weakly cemented 

quartz sand unit occurs below the lowest coal horizon in the Upper 

Coal-bearing Beds. This sand horizon was used in the 1985 drilling 

program as a marker at which to stop drilling. 

The Lower Coal-bearing Beds, which average approximately 

30 meters thick, have geologic characteristics that are similar to those 

of the Upper Coal-bearing Beds, but deposits of loose sand appear to 

be more widespread. For the most part, the coal seams and intervening 

strata are relatively flat. 

Based on limited data developed during the JICA field program, 

the lower coal-bearing unit contains three seams which are thin, 

lenticular, and not considered as an economic resource. The lower coal 
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unit was not explored during the 1985 drilling program and is not 

considered in this study. 

The intervening layers of sandstones, siltstones, and few shales 

separating the two coal-bearing layers vary from 20 to 40 meters thick. 

The sandstones range from very fine to medium grained whereas the 

siltstones are relatively sandy. They both exhibit laminations, lenses 

of each other, carbonaceous matter, fossil shells, and sideritic modules, 

and may be classified as hard and compact to soft and loose. 

The Ranikot Group has been reported to be up to 240 meters 

thick; however, in the study area, the full thickness of the Ranikot 

Group was not penetrated. 

Basal Laki Laterite 

The Basal Laki Laterite consists of intermingled ferruginous layers 

of lateritic clays, sandstones, and gypsiferous shales with subordinate 

pockets of fine to medium grained sand with rounded to subrounded 

particles. The sandstones are hard to loosely compact whereas the 

shales are laminated, crumbly and relatively soft. 

The Laterite is variegated dark red, maroon, dark brown, or 

yellow-brown in color. The color is the predominant feature of the 

formation. 

In this report the Laki Laterite is considered the weathered 

horizon of the Upper Ranikot. The formation contact is placed at the 

boundary between the laterite and the overlying limestone or marlstone 

of the Laki Limestone Formation. 

As with the unoxidized portion of the Upper Ranikot, gypsum 

occurs as fracture fillings and thin lenticular laminations throughout. 
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Throughout the Laki Formation, there is evidence of clay fillings along 

some of the fractures of the bedrock. Fossil bed horizons are common 

and in some areas where the formation outcrops, fossils have weathered 

out of the rock and litter the ground. 

Locally, where the overlying limestone has been eroded, the 

laterite forms a duricrust or hardpan on exposed surfaces. 

In the study area the Laki Laterite ranged from 0 to 60 meters 

thick. 

Laki Limestone 

The Laki Limestone is unconformable and usually in contact with 

the underlying laterite, although at times it is in direct contact with 

the gray colored sediments of the Upper Ranikot Formation. 

The upper part of the Laki Limestone is a white to yellow-white, 

nodular, hard and resistant limestone with occasional stringers of soft, 

yellow marlstone and claystone. In the lower part of the formation, the 

yellow marlstones and claystones predominate, with the limestone 

occurring as thin beds less than a meter thick. The Laki" Limestone is 

absent (eroded) in the southern half of the East Area. Where 

outcropping, the softer marlstone was observed to be more easily 

erodable, leaving the more resistant limestone as the predominant 

cliff-former in the area. 

Where present, the limestone ranges in thickness up to 54 meters, 

with the Central Area (situated in a graben) having the thickest 

accumulation. The limestone is highly fossiliferous, containing mainly 

foraminifera and occasional echinoids. 
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Random core samples of the Laki Limestone were analytically tested 

as shown below: 

DRILL HOLE NO.: WC-7 WC-9 CTC-2 BT-10 WTC-I 

THICKNESS (cm): 16.3 15.5 20.6 105./ 28.4 

Percent (By Weight) 

Calcium Carbonate (CaCO3) 95.10 90.92 93.78 75.30 95.20 
Magnesium Carbonate (MgCO3) 0.70 0.56 0.70 1.61 0.70 
Moisture 0.06 0.10 0.07 0.52 0.11 
Ferric OAide (Fe203) 0.21 0.08 0.28 0.67 0.17 
Aluminum Oxide (A1203) 0.08 0.04 0.08 0.19 0.02 
Silicon Oxide (SI02) 0.045 0.020 0.005 0.008 0.009 
Total Calcium 38.04 36.37 37.51 30.12 38.08 
Total Neutralizing Value 97.42 97.86 96.96 89.60 97.46 

While the analysis of the Lakhra samples indicates the limestone 

would not be classed as cement rock and suitable for the manufacture of 

cement by itself, its calcium content is sufficiently high and magnesium 

carbonate content sufficiently low to allow its use as primary feed. 

Manchar Formation 

The Manchar Formation rests unconformably on top of the Laki 

Limestone. Within the study area, the Man,'.har Formation is normally 

absent (eroded) and is only present in the northern half 

of the study area and from the western property boundary to the first 

fault encountered in the West Area. The Manchar is composed of 

laterite and pebbles of laterite and sandstone mixed with sand, silt, and 

clay. The laterite is ferruginous and dark brown, red and yellow in 

color. The pebbles are dark brownish red and gray, smooth surfaced, 

and show a resinous luster. The sandstones are fine to coarse grained 

and contain considerable argillaceous and ferruginous materials. They 
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are thick bedded with cross-bedding and may be characterized as hard 

to soft and friable. The sales are also ferruginous but sandy, and the 

siltstones are loosely compact. 

The Manchar Formation is reported to be over 18 meters thick but 

is not more than a surface veneer in the study area. 

Coal Geology 

Coal Seam Descriptions/Correlation 

Geologically, the coal-bearing strata belongs to the Tertiary 

Period, Ranikot Group, and is divided into two coal-bearing units. The 

Upper Coal-bearing Beds Unit is the most important and contains five 

identified coal seams or zones, designated No. 1 through No. 5 in 

ascending order. The No. 2 coal seam appears to be correlated to the 

Lailian and is the most persistent, thickest, and most important. 

The coal seams were deposited in a lagoonal environment which 

resulted in lateral variations in thickness, lithology, and interbedding. 

Continuity of the coal seams, particularly Nos. 3, 4, and 5, is limited 

and: (a) the lenticular nature of the seams; (b) seam splitting; 

(c) post depositional erosion of the coal seams; (d) absence of marker 

beds; and (e) faulting maike correlation difficult. 

The Phase I field studies program developed geologic control data 

to permit reliable correlation of the principal lignite seams. These 

included: 

* Stratigraphic control through a systematic arrangement 
of drill core holes on 500-meter centers. Continuous 
core drilling methods provided detailed re ords of the 
entire stratigraphic column underlying the Laki 
Laterite. 

JOHN T. BOYD COMPAIY 



3-16 

* Geophysical (electric) log series of each drill hole to 
provide an unbiased "electronic" interpretation of 
existing strata. Characteristic geophysical signature 
patterns can be associated with distinct stratigraphic
horizons (and many times individual coal seams) to 
provide correlation control. 

* 	 Detailed coal quality analytical testing of individual 
mineable lignite seams in each drill hole. Comparison
of quality data between seams and adjacent drill holes 
can assist in correlating individual seams between drill 
holes through quality similarity. 

We 	 believe the correlation of the principal Upper Coal-bearing Beds is 

reliable within the Phase I field studies program area of investigation. 

Following this page are the following plates: 

Plates
 
2A: Boyd Company Field Exploration Operation
 
2B: Existing Drill Hole Locations
 

Generalized Stratigraphic Sections:
 
2C: Lakhra Coalfield
 
2D: West Area
 
2E: Central Area
 
2F: East Area
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RESERVES
 

Introduction 

Procedures and criteria used in this reserve estimate were 

developed by BOYD based on our extensive experience in reserve 

estimation and our knowledge of the Lakhra lignite deposit. Modern 

surface mining requirements and a labor intensive underground mining 

approach were considered in selecting reserve parameters. 

Geologic modeling, calculation of reserves, and generation of 

structure maps, isopach maps, and subsurface cross sections were 

performed using BOYD's internal computer facilities which are equipped 

with the Control Data Corporation's (CDC) SEAMSYS software programs. 

SEAMSYS is considered state-of-the-art in modern computerized geologic 

modeling programs. 

Reserve Classification 

Reserve classification refers to the reliability or accuracy of the 

estimated tonnage. In declining order of reliability, the three standard 

categories of classification are measured (proven), indicated (probable), 

and inferred. The term "demonstrated" reserve is used to describe the 

total of measured and indicated classifications. We consider 

demonstrated reserves to be acceptable as the basis of the Lakhra Coal 

Project final feasibility report provided that at least 650 of the required 

reserve base is classified as measured. 

Me.,sured: Lignite tonnage computed from qualified drill hole data, 

located in a uniform drilling pattern and having a nominal drill spacing 

of 500 meters or less. Qualified drill hole data is defined as information 

JOHN T. BOYD COMPANY 
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obtained from drill core holes and rotary drilling (with complete 

geophysical logging), conducted under the supervision of an 

experienced geologist or engineer. 

If seam anomalies are present, the allowable distance between drill 

holes is reduced accordingly. Rotary drill holes with geophysical 

logging are primarily used to supplement core drill holes (i.e., defining 

differences between drill core holes, except where coal quality data is 

required). 

Stated accuracy of the reserves included under the measured 

classification is within 20o0 of actual tonnage. 

Indicated: Reserve tonnage estimated using qualified drill hole 

data occurring as a 500-meter wide zone adjacent to a defined measured 

classification area and/or an area uniformly drilled on a nominal 1 km 

grid. Qualified drill hole data is defined as above (measured 

classification). 

Rotary holes with complete geophysical logging may be used as 

intermediate data.points or to define anomalous areas. 

Criteria for accuracy of indicated reserves are not defined. 

Inferred: Tonnage estimates based on limited qualified drill hole 

data and normally supported by published geological sources. All 

reserves included in this classification are considered highly 

speculative. 

Additional exploration is required to place inferred estimates into a 

more reliable category. Due to the speculative nature of inferred 

reserves, we do not recommend inclusion of inferred reserve estimates 

in any economic or mine planning. 

JOHN T. BOYD COMPANY 
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Parameters 

At project review meetings held in October 1985, it was concluded 

that an expanded objective of power generation capacity and coal mine 

development would be evaluated. The lignite reserve objective was 

increased to 126 million recoverable tonnes. 

Assessment of the Lakhra Coal Project on the basis of future 

multiple unit fuel supply requirements supports the importance of 

reserve conservation through large scale modern surface mining methods 

and permits distribution of mine management and infrastructure fixed 

costs over a more real;stic tonnage (pr iuction) base. 

To achieve maximum lignite recovery to supply the proposed 

700 MW power plant (unit nos. 1 and 2 at 350 MW each), two large scale 

surface mines are required. A single underground mine operation is 

planned in the southern portion of the Central Area, where overburden 

depth is considered excessive for surface mine development. The 

outline of the three mining areas: West Pit, East Pit, and Underground 

Mine No. I are shown on Plate 3 (page 4-6) and Exhibit 2. Subject to 

additional exploration which should eliminate present inferred reserve 

areas, it is estimated these three areas total 121.7 million ROM tonnes. 

See Tabulations 1, 2, and 3 series for reserve detail. 

The following criteria were used in this study to estimate mineable 

lignite reserves. Reserves are stated in metric tonnes and overburden 

is expressed in in-situ cubic meters. Refer to Appendix A for 

definitions of mining terminology used in this report. 

JOHN T. BOYD COMPANY 
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Reserve Parameters 

1. 	Density of in situ material (specific gravity)
 
lignite (including inseparable partings) 1.40-1.45
 
partings, separable 2.1
 
out-of-seam dilution 2.1
 

2. 	Minimum seam thickness (lignite, plus inseparable
 
partings)
 

surface (mineable reserves) 0.5 m
 

underground 	 1.0 m
 

3. 	Maximum mi;eable thickness (underground only) 3.66 m
 

4. 	Maximum allowable inseparable parting
 
(% of mineable seam by volume) 

aggregate partings (surface & underground) 25 

5. 	Geologic exclusions - all areas having sandstone
 
within I m of the mine roof were excluded from
 
underground reserve consideration due to probable
 
roof instability.
 

6. 	Selective mining (minimum thickness)
 
surface:
 

individual lignite bench (mineable) 0.15 m
 
individual parting (separable) 0.15 m
 

underground:
 
individual fire clay parting (separable
 

at face) 0.15 m
 

In-seam separable partings (% removed
 
during selective mining)
 

surface (bench loading) 100
 

underground (selective mining/
 
underground face removal, fire clay parting
 
material only) 100
 

7. 	Maximum strip ratio (average number of in situ
 
cubic meters of overburden per ton of in-place
 
lignite)
 

surface mineable reserves 	 20:1
 

8. 	Minimun vertical stratigraphic interval between
 
mineable seams (underground only) 15 m
 

9. 	Mining recovery (% of in-place mineable reserves)
 
surface: 80-90
 
underground: 50
 

10. Dilution
 
Out-of-seam dilution
 
(thickness of extraneous rock mined with seam)
 

surface 	top/bottom 0.06 m
 
Additional parting dilution during
 
selective mining,
 
No. 2 Seam (2-3 benches) 0.05 m
 
No. 1 Seam (3-4 benches) 0.08 m
 

underground 	 0.075 m
 

11. Efficiency of hand-picking of ROM.underground
 
production (% of mine-mouth ROM product)
 

underground production only 
 4.5
 

JOHN T.BOYD COMPANY
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Based on our knowledge of the Lakhr- deposit and modern surface 

mining practices, we believe the overall surface mining recovery, 

including local areas not recovered for geological reasons, will be 80% to 

90% (in-seam recoverable tonnage will equal 80% to 90%o of the in-place 

coal tonnage). 

An overall 50%0 mining recovery is used for all underground 

reserve calculations. This includes allowances for support coal left in 

pillars and barriers and lost coal not mined due to inaccessibility, 

geologic anomalies, or adverse mining conditions. 

Reserve Summary 

The reserve estimate shown in this report is developed according 

to designated mining reserve area and mining method. The areas 

considered in the reserve estimate are summarized below: 

Estimated
 
Reserves
 

Area of Investigation (ROM
 

Designation 
Location 
(Area) 

Size 
(Hectares) 

Tonnes -
Millions) 

T 'ulation 
Reference 

;Pst Pit West & Central 1,050 56.0 I-A/I-B 

East Pit East 1,200 59.8 2-A/2-B 

Underground Mine No. 1 
(No. 2 Seam) Central 334 5.9 3 

Total 2,584 121.7 

Following this text are: 

Plate 3: Map of Lakhra Coal Project Study Area showing 
Assigned Reserve Areas 

Reserve Tabulations 
1 Series - Estimated Surface Mineable Coal Reserves - West Pit 

I-A: By Reserve Classification 
1-B: By Strip Ratio Interval 

2 Series - Estimated Surface Mineable Coal Reserves - East Pit 
2-A: By Reserve Classification 
2-B: By Strip Ratio Interval 

3: Estimated Underground Coal Reserves - Mine No. 1 

JOHN T.BOYD COMPANY 
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TABULATION 1-A 

, 
For 

US. PA.TT~ -0A.DTArTN. 3-7C-00-50D6-00 

ESTIMATED COAL RESERVES 
BY RESERVE CLASSIFICATION 

WEST PIT 
LAVHRACOAL PROJECTSinoProvince. Pakistan ByJohn T. Boyd Comp~any 

Mining and Geological EngineersDecember1985 

Coal 
Seam 
No. 

Over-
harden 

Hectares 

Inter- In-Sea. 
harden Pain Co 

Over-
urden 

Meters 
Inter- In-Seam 
hrden Parting 

Coal 
Thk. 

Tota 
( a 

) 
SeamSeam 

In-Place 
CaCoal 

Tonnes(000) Oat-of-
In-Sea. Sea. 

Rceae DRecoverable Dila 

Moistare 
Loss 

Adjustent 
Rs 

Coal 

Total 
( 
' 

) 
Volumne 

(0-00O) 
In-Place 
RatioV/T 

RON 
RatioV/T 

B 

2 
1 

136.83 
241.97 
232.33 

0.74 

-
39.11 
379.54 
481.10 

9.00 
53.57 
373.32 
324.82 

136.83 
ZB1.08 
611.87 
481.84 

39.19 
59.35 
66.09 
61.78 

-
11.40 
11.20 
7.90 

0.05 
1.26 
1.67 
1.34 

MEASUREDRESERVE 
0.69 1.331.2 1,321.8 
1.00 5.352.6 3,935.1 
1.86 29,594.4 16.502.11.97 0 71 

59.182.4 ~352 

1.130.2 
3.541.6 

14.727.7 

31:416:6 

172.4 
354.2 

1,413.4416 

3:36: 

(39.1) 
(116.9) 
(484.2) 

.. 

l,263.5 
3.778.9 
15,656.913.00 7 

T3730DU 

53.628 
148.743 
202.290 

44747 

37.8 
12.33.1 

12. 

39.4 
12.93.3 

I 

5 
3 
2 
1 

18.65 
78.77 
229.00 

-

-
8.96 
97.42 
251.45 

3.00 
24.28 
198.45 
32.36 

18.65 
87.73 

326.42 
251.45 

40.94 
58.05 
78.96 

-

-
13.71 
9.29 
10.03 

0.01 
0.68 
1.27 
1.12 

INDICATEDRESERVE 
0.69 180.8 180.1 
0.92 1.473.1 1.125.0 
2.06 15.034.6 9.755.9 
1.56 64547 56941 

!TZ3.13! 1 

154.0 
1,002.2 
8,809.3 
4 782 6 
1 

23.5 
110.5 
754.0 
739.3 

(5.3) 
(33.4) 

(286.9) 
( 

172.2 
1.079.3 
9.276.4 
5 

7.636 
47,117 

192.389 

42.4 
41.9 
19.7 

4.5 

44.3 
43.7 
20.7 

4.8 

5 
3 
2 
1 

155.48 
320.74 
461.33 

074 

-
48.07 
476.96 
732.55 

12.00 
77.85 

571.77 
37.18 

155.48 
368.81 
938.29 
733.29 

39.40 
59.03 
72.48 
58.82 

-
11.33 
10.81 
8.63 

0.04 
1.08 
1.53 
1.32 

DEMONSTRATEDRESERVES 
MEASURED& INDICATED 
0.69 1,512.0 1.501.9
0.90 6,825.7 5.060.1 
1.93 44.629.0 26.258.0
1.83 9135 

8325: 52:217:9 

1,284.2 
4,543.8 
23:537.0 
6IS 

4614: 

195.9 
464.7 

2.167.4 
9 

(44.4)
(150.3) 
(771.1)
59: 

1.435.7 
4.858.2 

24.933.3 
386 9 

9614:1 

61,264
195.860 
394.679 
68 369 

40.8 
38.7 
15.0 
3.5 

42.7 
40.3 
15.8 
37 

a~~fl 

5 
3 
2 
1 

0.23 
0.72 

126.38 
-

0.95 
120.35 

95.93 
0.23 

0.23 
0.72 

127.33 
120.35 

46.17 
59.03 
78.39 

-
10.81 
9.55 

0.83 
1.32 

INFERREDRESERVE 
0.69 2.3 2.3 
0.98 9.9 9.9 
2.10 5.552.4 3.872.4 
1.62 2 828 5 2 822 1 

2.0 
8.9 

3.503.1 
2 385 9 

.8. 

0.3 
0.9 

294.2 
3. 
T_ 

(0.1) 
(0.2)

(114.0) 

T9 

2.2 
9.6 

3.683.3 
2 6 

," 

106 
416 

99.967 
9.4 

TfM 

46.1 
42.0 
25.8 

. 
T"7 

48.2 
43.3 
27.1 

4.3 
T 

5 
3 
2 
1 

155.71 
321.46 
587.71 
0.74 

-
48.07 

477.91 
852.90 

12.00 
77.85 

667.70 
357.41 

155.71 
369.53 

1,065.62 
853.64 

39.41 
59.03 
73.75 
57.42 

-
11.81 
10.81 
8.76 

0.04 
1.08 
1.43 
1.32 

TOTAL RESERVE 
0.69 1.514.3 
0.98 6.835.6 
1.95 50.181.4 
1.80 32 187.4 

1.504.2 
5.070.0 

30.130.4 
2220.0 

1.286.2 
4,552.7 

27.040.1 
19185.6 

196.2 
465.6 

2.461.6 
2f6s0.9) 

(44.5)
(150.5) 
(885.1) 

1.437.9 
4.867.8 

28.616.6 
21 0444 

61.370 
196.276 
494.646 

19 857 

40.8 
38.7 
16.4 
3.6 

42.7 
40.3 
17.3 

3.8 

MININGPARAMETERS 

Coal Sea No.: 

RoofDilution 
Floor Dilution 
Upper Coal Loss 
Loner Coal Loss 
PartingDilution 
PartingLoss 
Tonnag AdjustmentMoistureLoss(Z) 
SeamTlickness- Minimum 
SpecificGravity

Coal 
Parting 
Rock 

Plates-._:No: 

Total SeamTonnes * In-Place Coal * In-Seam Parting 
Total Vo611 Waste - Overburden * Interburden - In-Seam Parting 

5.4.3 

0.03M 
0.03 M 
0.05 M 
0.05 M 

-
-

3.00 
0.50 M 

1.40 
2.10 
2.10 

2 

0.03 M 
0.03 M 
0.05M 
0.05 M 
0.05M 
0.10M 
3.00 
0.50 M 

1.45 
2.10 
2.10 

1 

0.03M 
0.03 M 
0.05M 
O.OSN 
0.08M 
0.15M 
3.00 
0.50 Mt 

1.45 
2.10 
2.10 

TABI.ATION I-A 

ESTIMATETjCOAL RESERVES 
BY RESEFVECLASSIFICATION 

VEST PIT
LAV3IRA COAL PROJECT 

SindProince Pakistan 
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For 
USAID/PAKISTAN - WAPOA 

CONTRACT NO. 391.0478-C-00-506M-O0 

ESTIMATED SURFACE MINEABLE COAL RESERVES 
BY STRIP RATIO INVERVAL 

WEST PIT 
LARHRA COAL PROJECT 

Sind Province, Pakistan 

By 
John T. Boyd Company 

Mining and Geological Engineers 
December 1985 

0-25 Strip Ratio Above theRo. I Sea. 
In Situ Tonnes(031 Total
Strip Ont-of- Sture Tome In-Place R05Ratio In-Place In-Seam Sea. Loss ROM Yaste Ratio RatioInterval Coal Recoverable Dilution Adj.,ent Coal (10-3) VIT V/ T 

0-10 13.118.7 11,748.5 1.124.2 -386.2 12.486.5 114.378 8.7 9.210-15 22.183.5 19.648.3 2.062.6 -651.3 21.059.6 276.295 12.5 13.115-20 19.346.9 16.930.2 1.962.0 -566.8 18.325.4 335.328 17.3 18.320-25 4 3354 37369 4649 - a952 106148 24. 25.
UM 58,984J bZ'Dj 55:7-T~Z§966:1 fit711 TrI M 

COAvg 
Seam 
Rn. 

Over-
burden 

Hectares 

Inter- In-Seam 
burden Parting Coal 

Over-
burden 

Meters 
Avg. 
Inter- In-Seam 
burden Parting 

Avg. 
Coal 

In-Place 
Coal 

In-Sea 
Recoverable 

Tonnes (000) 
MoistureNo 

Sea Loss 
Dilution AdJustent 

Coal 
Tonnes 

Total 

Volue 
Waste 
(00) 

In-Place 
Ratio 
VL 

R0M 
Ratio 
V/T 

5 
3 
2 
1 

68.92 
72.01 
36.13 

-

-
23.98 
138.93 
175.01 

4.00 
5.00 

114.00 
151.55 

66.92 
95.99 
175.06 
175.01 

37.93 
48.10 
57.52 

-
11.56 
11.46 
6.16 

0-10 Strip Ratio Above the No. ISem 
.03 .73 683.9 590.2 

3.03 .83 1,115.4 981.0 
1.59 2.03 .152.9 4,645.2
1.41 2.43 6 166 S S 5321 

84.3 
121.0 
404.4 
514.5 

-20.2 
-33.1 
-151.5 
-181.4 

654.3 
1.068.9 
4,898.1 
58652 

25.384 
37.560 
38.516 
12917 

37.1 
33.7 
7.5 
21 

38.8 
35.1 
7.9 
2.2 

3 
2 

1 

65.19 
97.98 
207.9 

-

-
13.99 
163.17 

334.05 

8.00 
26.68 
195.69 

140.65 

65.19 
111.97 
371.13 

334.05 

40.48 
58.95 
66.23 

-

-
11.48 
11.62 

8.89 

10-15 Strip Ratio Above the No. I Seam 
.05 .65 593.2 532.0 
.80 1.01 1.F46.0 1.489.2 

1.22 2.05 11.031.8 9.955.6 

1.10 1.84 8 912 5 7 701 5 
z7Taj! 1964! 

82.1 
141.1 

1857.3 

982.1 
2O'09. 

-17.S 
-48.9 
-324.4 

-260.5 

566.6 
1.581.4 

10.488.5 

8 423*1 

26.393 
59.579 
159.080 

31 244 
2ft M 

44.5 
36.2 
11.4 

3.5 
Tr3 

46.6 
37.7 
15.2 

3.7 
M 

5 
3 
2 
1 

13.87 
134.41 
266.04 

-
6.21 

148.28 
275.59 

-
35.69 
298.37 
54.50 

13.87 
140.62 
414.32 
275.59 

41.80 
64.81 
72.60 

-

-
11.46 
8.80 
10.72 

15-20 Strip Ratio Above the No. ISea. 

- .67 130.1 110.7 
1.00 1.02 2.008.0 1.811.2 
1.58 1.90 11,414.5 10,213.0 
1.65 1.45 7943 4795.3 

19aJ4b:9 16'90.2 

17.5 
177.2 
957.1 
810.2 

T1.FOz.p 

-3.8 
-59.7 
-335.1 
-168.2 

--M 

124.4 
1,928.7 
10,835.0 
5 4373 

18:325:4 

5.798 
88.180 
210.908 
30442 

Tit' 

44.6 
43.9 
18.5 
53 

TT1 

46.6 
45.7 
19.5 
5.6 

5 
3 
2 
1 

9.72 
17.76 
76.91 
.72 

-
3.20 
28.20 
68.48 

-
10.49 
59.64 
10.81 

9.72 
20.96 
105.11 
69.20 

38.92 
58.11 
106.23 
61.53 

-
16.13 
13.51 
6.83 

20* Strip Ratio Above the No.I Seam 
- .68 92.5 78.9 

1.14 1.03 30-2 272.9 
1.05 1.71 2,606.2 2,301.4
1.39 1.33 334.5 1 0-83.7 

12.3 
26.4 
242.8 
203.g 

-2.7 
-9.0 
-76.3 
-38.6 

88. 
290.3 

2,467.9 
12485 

3.783 
10.956 
86.138 
5 71 

40.9 
36.3 
33.1 
3.9 

42.7 
37.7 
34.9 
4.2 

MIRING PARAETERS 

Coal Seam no.: 

Roof Dilution 
Floor Dilution 
Upper Coal Loss 
Lomer Coal Loss 
Parting Dilution 
Parting Loss 
Tonnage AdJustment Moisture Loss (11)
Seam Thickness - Minima 
Specific Gravity 

Coal 
Parting 
Rock 

5,4,3 

0.03 M 
0.03 M 
0.05 I 
0.05 K 

-

-
3.00 
O.SO K 

1.40 
2.10 
2.10 

2 

0.03 M 
0.03 I 
0.05 M 
0.05 M 
0.05 M 
0.10 M 
3.00 
0.50 K 

1.45 
2.10 
2.10 

1 

P '3 M 
0.03 K 
0.05 M 
0.05 M 
0.08 M 
0.15 M 
3.00 
0.50 K 

1.45 
2.10 
2.10 TABULATION 1-8 

ESTIMATED SURFACE MINEABLE COAL 
BY STRIP RATIO 18EI8AL 

WEST PIT 
LAKWRA COAL PROJECT 

Sind Province- Pakistan 

RESERYLS 



TABULATION 2-A 

ESTIMATED COAL RESERVES 

for 
USAIDIPAKISTAN - WAPDA 

CONTRACTNO. 391-0478-C-00-5006-00 

BY RESERVE CLASSIFICATION 
EAST PIT 

LAKHRA COAL PROJECT 
Sind Province, Pakistan 

By 
John T. Boyd Company 

Mining and Geological Engineers 
December 1986 

Coal 
Seam 
No. 

Over-
burden 

Hectares 

Inter- In-Sem 
burden Parting Coal 

Over-
burden 

Meters 

Inter- In-Seam 
burden Parting 

Coal 
Thk. 

Total 
( 
a) 

Seam 
In-Place 

Coal 

Tones (0)) 

Out-of-
I,-Seam Seam 

Recoverable Dilution 
Loss 

AdJustment 
RON 
Coal 

Total (b) 

Vlomsture 

(M'-OOOl 

In-Place 
Ratio 
V/T 

ROM 
Ratio 
VfT 

MEASURED RESERVE 

5 
3 
2 
1 

46.82 
195.56 
474.49 
1.98 

2.95 
244.36 
641.92 

20.59 
423.55 
330.45 

46.82 
198.51 
718.85 
643.90 

62.89 
56.64 
63.47 
58.99 

-
14.34 
9.33 
7.27 

-
0.09 
0.70 
1.17 

1.29 
0.70 
2.28 
1.53 

845.6 845.6 
1,984.3 1,945.4 
29.991.4 23,765.2 
22 404 1 14 284 9 

5525440:841:1 

780.1 
1,667.5 

21,680.5 
It 950 8 
36'078J9 

59.0 
250.1 

1,660.5 
1 
it47 

(25.2) 
(57.) 
(700.2)

3
Tr.T_.7 

853.9 
1.,860.1 
22,640.8 
13 4286 
38'743!4 

29445 
111,207 
326.922 
51 702 

31~ M' 

34.8 
57.2 
13.8 
3.6 

TT7 

36.2 
59.8 
14.4 
3.9 
M~ 

INDICATED RESERVE 

S 
3 
2 
1 

36.02 
89.28 
219.87 

-

-
3.37 

125.30 
331.63 

-
1.79 

221.93 
212.22 

36.C2 
92.65 
345.17 
331.63 

61.00 
56.38 
69.53 

-

-
13.21 
9.92 
7.04 

-
0.09 
0.87 
1.09 

0.83 
0.70 
1.94 
1.38 

418.S 418.5 
911.4 908.0 

13.789.9 9,714.2 
It 522 3 6 650 0 

2664.11,50-1 

368.0 45.4 
778.3 116.8 

8.713.2 797.4 
5 447 8 975.0 
15:301:3JrTX. 

(12.4) 
(26.9) 
(285.3) 
(19271
t51.1 

401.0 
868.2 

9.225.3 
6 230 1 

1665:bz 

21.974 
50,787 
167.254 
25 637 
7 M 

52.5 
5S.9 
17.2 
3.9 

54.8 
58.S 
18.1 
4.1 
T" 

DEONSTRATEO RESERVES 

MEASURED& INDICATED 

S 
3 
2 
1 

82.84 
284.84 
694.38 

1.98 

-
6.32 

369.66 
973.55 

-
22.38 
645.48 
542.67 

82.84 
291.16 

1,064.02 
975.53 

62.07 
56.56 
65.39 
58.31 

-
13.74 
9.53 
7.19 

-
0.09 
0.76 
1.14 

1.09 
0.70 
2.17 
1.48 

1,264.1 
2,895.7 
43,781.3 
33 926 4 

1,264.1 1,148.1 104.4 
2,853.4 2,445.8 366.9 
33.479.4 30,393.1 2,457.9 
20 934 9 17 398 6 2 
58.5.3t! 51'386-. V77 

(37.6) 
(84.4) 
(985.5) 

0Trn 

1.214.9 
2,728.3 
31,866.1 
19 658 7 
bi48 

51.419 
161,994 
:94.176 
77 339 
7w:9= 

40.7 
56.8 
14.8 
3.7 
MI 

42.3 
59.4 
15.5 

3.9 
M. 

INFERRED RESERVE 

3 
2 
1 

1.86 
93.25 

-

-
1.86 

89.14 
29.52 
48.31 

1.86 
95.11 
89.14 

56.56 
63.11 

-
6.64 
7.55 

0.30 
1.02 

0.70 
1.56 
1.84 

18.2 
2,339.9 
3,4085 

18.2 
2,152.3 
2376.0 

15.6 
1.876.5 
2,052.9 

2.3 
219.7 
262.0 

(0.5) 
(62.9) 
(61 

17.4 
2,033.3 
22455 

1.052 
59.042 
7249 

57.8 
27.4 

3.1 

60.5 
29.0 

3.2 

TOTAL RESERVE 

5 
3 
2 
1 

62.84 
286.70 
787.61 
1.98 

-
6.32 

311.52 
1,062.69 

-
22.38 
675.00 
590.98 

82.84 
293.02 

1.159.13 
1.064.67 

62.07 
54.56 
65.12 
59.80 

-
13.74 
9.51 
7.22 

-
0.09 
0.74 
1.13 

1.09 
0.70 
2.12 
1.51 

1,264.1 
2.913.9 
46.121.2 
37 3349 

1.264.1 
2.871.6 
35,631.7 
23 310 9 

1.148.1 
2,461.4 
32,270.2 
19451 5 

104.4 
369.2 

2.677.6 
3 1 

(37.6) 
(4.9) 

(1,048.4) 

1,214.9 
2,745.7 
33.899.4 
21 904 2 

51.419 
163.046 
553.218 
84 688 

40.7 
56.8 
15.5 
3.6 

42.3 
59.4 
16.3 
3.9 

MIRING PARAMETERS 

Coal Seam NO.: 5.4.3 2 1 

Roof Dilution 
Floor Olution 
Upper Coal Loss 
Lower Coal Loss 
Parting Dilution 
Parting Loss 
Tonnage Adjustment Moisture Loss (1) 
Sem Thickness - MIniom 
Specific Gravity 

Coal 
Parting 
Rock 

0.03 M 
0.03 K 
0.05 M 
0.05 K 

-
-

3.00 
0.50 M 

1.40 
2.10 
2.10 

0.03 N 
0.03 M 
0.05 9 
0.05 M 
0.05 M 
0.10M 
3.00 
0.50 M 

1.45 
2.10 
2.10 

0.03 4 
0.03 N 
0.05 N 
0.05 M 
0.08 M 
0.16 M 
3.00 
0.50 N 

1.45 
2.10 
2.10 TABULATION 2-A 

ESTIMATED COAl. RESERVES 
BY RESERVE CLASSIFICATION 

Notes: 

EAST PIT 
MLARA COAl. PROJECT 

(a) Total Seam Tomes - In-Place Coal * in-Seam Parting 
(b) Total Volume Waste- Overburden * Interurden o In-Seam Parting 
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TABULATION P-B 

For 
USAIDIPAKISTAK - WAPDA

CONTRACTN0. 391-0478-C-00-5006-00 

ESTIMATED SURFACE MINEABLE COAL RESERVES 
BY STRIP RATIO INVERVAL 

EAST PIT 
LAJHRA COAL PROJECT 

Sind Province. Pakistan 

By 
John T. Boyd Company

Mining and Geological Engineers
December I985 

In Situ 
Strip
Ratio 
Interval 

0-10 

10-15 
15-20 
20-25 

In-Place 
Coal 

11227.1 

33167.3 
16383.1 
2300.8 

0-25 Strip Ratio Above the No. 1 Seam 

Tonnes(!0e31 
Det-Of o Pisture 

In-Sea. Seam Loss ROM 
Recoverable Dilution Adjutment Coal 

10065.5 938.9 -330.1 10674.3 
29121.8 3280.0 -972.0 31429.8 
14193.5 1778.3 -479.1 15492.7 
1960.3 275.9 -067.1 2169.1 

Total 
Volume 
aaste 
(103) 

99.341 
425.519 
276.688 
50 723 

In-Place 
Ratio 
V/T 

8.8 

12.8 
16.9 
22.0 

Rom 
Ratio 
V/T 

9.3 

13.5 
17.9 
23.4 

Coal 

Seam 
No. 

Over-
burden 

aectares 

Inter- In-Seam 
burden Parting Coal 

Avg. 

Over-
burden 

MetersAag. Avg. 

Inter- In-Seam 
burden Parting 

Avg. 
Coal 

In-Place 
Coal 

In-Sea. 
Recoverable 

Tonnes 10001Oat-of- Moisture 

Seam Loss 
Dilution AdJastmen 

04 

Coal 
Tonnes 

TotalVolume 

Waste 
(000) 

In-Place 

Ratio 
VT 

R0M 

Ratio 
V/T 

S 
3 
2 
1 

33.s0 
140.00 

-
17M 

-
33.50 
168.68 
!f11 

-
117.50 
96.18 
2T. 

33.50 
173.50 
168.68 
ITEM 

46.67 
49.70 

-

-
6.36 
5.80 

0-10 Strip Ratio Above the No. I Seam 

- .S6 262.6 215.7 
.86 2.55 6415.2 5912.0 

0.25 1.86 4S49.3 3937.8
TT227 TO3T 

42.2 
400.8 
495.9 
Tn 

-7.7 
-189.4 
-133.0 
-JIM 

250.2 
6123.4 
4300.7 
TT3 

15,634 
72.721 
10 986 
fit 

59.5 
11.3 
2.4 
8 

62.5 
11.9 
2.6 
g 

5 
2 
2 

1 

40.51 
150.38 
402.52 

-

59 

190.89 

567.57 
346.90 

342.01 

40.51 
150.38 
593.41 

567.57 

64.58 

53.97 
63.68 

-

-

8.89 

6.73 

10-IS Strip Ratio Above the No. I Seam 

1.21 686.2 629.5 
.71 1494.8 1284.3 

.74 2.09 17983.3 16262.4 
1.21 1.58 13003.0 10945.6 

3316.3 -InT" 

51.0 
189.5 
1370.8 

1668.7 

-Mo., 

-20.4 
-44.2 
-529.0 
-378.4 

M720 

660.1 
1429.6 
17104.2 
12235.9 

31429. 

26,161 
1.160 

275,862 
42 336 

wit 

38.1 
54.3 
15.3 
3.3 

1-TE 

39.6 
56.8 
16.1 
3.S 

3.5 

53 

2 
1 

40.320.16 

202.75 
1.95 

6.06 
127.43 
287.12 

. 
16.00 
185.08 
139.67 

40.324.32 
91.22 
330.18 
289.07 

59.7759.77 
62.29 
76.46 
59.28 

1-
13.89 
11.48 
8.85 

15-20 Strip Ratio Above the No.I Seam 
.9 55. 9..8.8 53.2 46.7 

.06 .72 919.5 791.8 
.68 2.02 '671.0 8711.5 
.87 1.25 5239.4 4191.5 

10.8 
114.9 
762.7 
849.9 

-16.4 
-27.2 
-284.3 
-151.2 

s31.1 
879.5 
9191.9 
4890.2 

24.099 
53.897 
170.910 
27 781 

43.6 
58.6 
17.7 
5.3 

45.4 
61.3 
18.6 
5.7 

5 

1 

2.00 
17.92 
42.12 

-
19.92 
36.58 

-
6.3 
25.52 
11.90 

2.00 

62.04 
36.58 

58.17 

75.39 
-

-

9.10 
9.22 

20-25 Strip Ratio Above the No. I Seam 

- .74 20.7 17.9 
.18 .79 198.2 173.1 
.67 1.76 1583.3 1403.3 
.79 .94 498.6 366.0 

2.5 
22.6 
143.3 
107.5 

-. 6 
-5.9 
-46.4 
-14.2 

19.8 
189.8 

1S00.2 
459.3 

1.163 
12,355 
33.738 
3 467 

S6.2 
62.3 
21.3 
7.0 

58.8 
65.1 
22.5 
7.S 

MINING PAAMRETERS 

Coal Seem No.: 

Roof Dilution 
Floor Dilution 
Upper Coal Loss 
Laner Coal Loss 
Parting Dilution 

Partng ois-
Tonnage Adjustment Moisture Loss (0)
Sea Thickness - Minimum 
Specific Gravity 

Coal 
PartingRock 

5.4.3 

0.03 M 
0.03 M 
0.05 M 
O.0SM 

-

3.00 
0.50 M 

1.40 
2.102.10 

2 

0.03 M 
0.03 M 
0.05 M 
0.05 M 
0.0 M 
0.10 A4 
3.00 

0.50 M 

1.45 
2.102.10 

1 

0.03 N 
0.03 M 
0.05 M 
0.05 M 
0.8 N 
0.15 MTAUATO2
3.00 

0.50 M 
1.4S 
2.102.10 

TABULATION 2-1 

ESTIMATED SURFACE RNEABLE COAL 
B STRIPE RATIOTIERVAL 

EAST PIT 
LAKRA COAL PROJECT 

Sind ProwvInce Pakistan 

RESERVES 
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TABULATION 3 

ESTIMATED UNDERGROUND COAL RESERVES 
MINE NO. 1 - SEAM NO. 2 

LAKHRA COAL PROJECT 
Sind Province, Pakistan 

For 
USAID/PAKISTAN - WAPDA 

Contract No. 391-0478-C-00-5006-00 
By 

John T. Boyd Company 
Mining and Geological Engineers 

December 1985 

Measured Indicated Demonstrated 

Area (Hectares) 257.3 76.7 334.0 

Mineable Seam Thickness (m) 
Coal 
Inseparable Parting 
Separable Parting 

Total 

2.14 
0.38 
0.28 
2.80 

1.84 
0.25 
0.11 
2.20 

2.07 
0.35 
0.24 
2.66 

Reserves (Tonnes-O00) 
In-Place: 

Total Seam 
Mineable Seam 

11,385.0 
9,872.1 

2,583.9 
2,406.7 

13,968.9 
12,278.8 

Recoverable: 
Total Seam 
Mineable Seam 

5,692.6 
4,936.1 

1,292.0 
1,203.4 

6,984.6 
6,139.5 

Out-of-Seam Dilution 202.6 60.4 263.0 

Mine Floor ROM 5,895.2 1,352.4 7,247.0 

Mine Mouth ROM 5,138.7 1,263.8 6,402.5 

Water (Loss) (154.2) (37.9) (192.1) 

Hand-picked ROM 4,760.2 1,170.7 5,930.9 

JOHN T. BOYD COMPANY 
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QUALITY & PREPARATION 

Introduction 

As part of the Phase 1 field studies program, a comprehensive coal 

analytical testing program was completed to examine moisture, in-seam 

quality, ROM product quality, and effects of mechanical washing to 

upgrade coal quality. A separate report (Volume 5: Lignite Quality 

Study) presents additional detail on our coal quality and preparation 

findings. This chapter is intended to present our conclusions in a 

condensed form. As agreed at October 1985 project review meetings, 

the basis of this feasibility report is an unwashed ROM lignite product. 

Raw Coal Data 

Prior to the current investigation, the principal source of raw coal 

analytical data was the 50-drill hole program completed by JICA (Japan 

International Cooperation Agency) in 1979. Exploration was restricted 

to a 26 square kilometer area located in the soutnwestern corner of the 

present study area. Five lignite seams, comprising the Upper Coal

bearing Beds of the Lower Ranikot Group, were identified as the prim

ary reserves. Seams are designated by number, No. 1 through No. 5 

in ascending order, and are classified between lignite A and sub

bituminous C in rank. 

Between October 1984 and May 1985, a 65-drill hole field studies 

program (Phase 1) was completed within the primary reserve areas 

identified in the JICA study. A total of 47 core drill holes were com

pleted to verify previous quality estimates and better define quality 

within the prime reserve areas. The remaining 18 drill holes were 

entirely rotary and used for in-fill drilling between core drill holes. 

Based on an expanded mining objective, a second drilling program 

JOHN T. BOYD COMPANY 
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(Phase 2) commenced in late November 1985. The Phase 2 field studies 

program will expand the areal coverage of the demonstrated reserves 

and will include approximately 40 drill holes. 

The reserve is divided by faulting into three sections: West, 

Central, and East area;. The recent Phase 1 field studies program 

recovered a total 91 seam sections of the five coal seams as summarized 

below: 

No. of Seam Core Sections Analyzed
 
Reserve Area 

Seam West Central East Total 

5 6 - - 6 
4 1 - 1 2 
3 8 7 3 18 
2 15 13 9 37 
1 16 2 10 28 

Total 46 22 23 91 

Careful field procedures were followed to maintain integrity of the 

core sections. Upon removal from the core barrel, individual seam 

sections were wrapped in plastic and inserted in PVC pipe. Both ends 

of the PVC pipe were sealed to prevent moisture loss. The pipes 

containing samples were packed in 55-gallon steel drums and shipped by 

air to Standard Laboratories, Inc., Charleston, West Virginia, U.S.A. 

Inspection of the initial core shipment confirmed the samples were 

arriving intact with minimal loss of moisture. Each core section was 

identified and compared with its field log description before processing 

in the laboratory. All cores were analyzed in strict accordance with 

American Society for Testing and Materials (ASTM) Volume 05.05, 1985 

Edition. Analytical test procedures are shown in Appendix K. 

Individual coal seams were benched or subdivided into coal and 

parting segments for individual analysis of each section. This 

procedure permitted a careful evaluation of the total seam composition 

JOHN T. BOYD COMPANY 
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and provided information required to determine future selective mining 

applications. The Phase 1 program resulted in total of 303a benches 

or core subdivisions. Initially 250 of each sample was tested by 

float-sink (1.60 specific gravity) and analyzed for proximate analyses. 

Laboratory results for the individual benches were data based for 

investigation using computer programs designed to graphically plot each 

seam section and composite quality using both thickness and density. 

The computer program permits exclusion of any parting sections that 

can be separated from the seam during the mining operation. The 

results of the core analysis are summarized and shown on 

Tabulation 4A, following this text. 

After review of the initial analytical test results and development 

of a general mining plan, the remaining of individual bench samples 

were combined by seam (excluding any parting whi, h would be 

selectively removed during mining). These seam samples were 

selectively grouped by seam and geographical mining area to make a 

total of 21 composite samples. 

No. of Composite Samples
 
Seam West Central East Total
 

5 1 - 1 
3 1 2 1 4 
2 3 3 3 9 
1 3 1 3 7 

Total 8 7
6 21
 

Each composite had a head sample removed for detailed analyses. 

The remaining sample was float-sink tested at eight specific gravities in 

accordance with test procedures developed by the United States Bureau 

of Mines for lignite coals. Each gravity fraction was analyzed for 

proximate analysis. These washability study results were combined by 

mining area and used to estimate clean coal product from a preparation 

JOHN T. BOYD COMPANY 
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plant. The cumulative float 1.80 specific gravity material was analyzed 

in detail (see Tabulation 4-B, following this text). 

In order to properly anai',ze the effect of out-of-seam dilution on 

the quality of the ROM product, selected samples were taken of roof 

and floor materials from all seams in each area. A total of 47 samples 

were analyzed for proximate analysis. 

No. of Roof/Floor Samples Analyzed
 
Area 

West Central East Total 

Roof 12 6 6 24 
Floor 11 6 6 23 

Total 23 12 12 47 

In addition t, the core samples, a bulk sample was taken from a 

test shaft located at Drill Hole No. BT-11 in the West Area. The 

sample was approximately 1,800 kilograms (4,000 lbs.) in weight, con

sisting of 40% No. 2 Seam and 600 No. 1 Seam. A detailed analysis was 

performed on a head sample of the coal, and the remaining s -ple was 

screened in nine size fractions. Each size fraction (except 100M x 0) 

was float-sink tested and analyzed for proximate analysis. A detailed 

analysis was performed on the cumulative float 1.60 and 1.80 

specific gravity fractions. 

A bulk sample of PMDC Mine No. 2 lignite coal was shipped to the 

United States under the direction of Gilbert/Commonwealth International, 

Inc. (G/C II) for processing in a coal preparation plant and washability 

study. A test program was jointly developed between G/C II, Roberts 

& Schaefer (subcontractor to G/C II), and BOYD to obtain as much 

information as possible. 

JOHN T. BOYD COMPANY 
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Special tests were developed to determine decrepitation properties 

of the coal and its effect on size reduction and washing characteristic 

through a coal preparation plant. 

JICA Data 

Coal quality data from the JICA report were correlated by seam 

and composited by computer program in the same format as the 1985 

drilling program. 

As part of the Phase 1 field studies program, three core drill 

holes were located adjacent to previous JICA drill sites in order to 

verify the JICA drilling and quality accuracy. After a thorough 

investigation of all JICA data and comparing the results of 1985 core 

analyses taken from the three offset drill holes, differences were found 

in both ash and heating value. The ash was found to be lower and the 

heating value higher in comparable seam composition analyses in 

different sections of the reserve area. The MAF (moisture and ash 

free) heating value of the coal was 300 to 600 Btu/Ib. higher in JICA 

data than for the 1985 core data in the same reserve area. 

The JICA report did not state the standard used in testing the 

core samples. The laboratory samples were air dried before analysis, 

which is not in accordance with ASTM standards used to analyze the 

1985 cores.
 

BOYD was not able to reconcile the difference in laboratory 

results and thus did not use the JICA data to estimate coal quality in 

the Lakhra reserve. 

JOHN T. BOYD COMPANY 
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Criteria of Estimating Quality 

The following criteria are utilized to estimate ROM and washed coal 

product quality: 

1. 	 As-mined coal is estimated to include the following percent weight 

of dilution material based on the mining operation: 

% Dilution = Weight of Dilution x 100 
Weight of Coal (incl. Dilution) 

Percent Dilution
 

West Central East
 
Seam (Surface) (Underground) (Surface)
 

5 13.3 -	 

3 9.4 - 13.0 
2 9.3 18.5* 7.4 
1 10.9 - 13.3 

*Estimate 	based on removing 4.5% of the
 
dilution material from the ROM coal by
 
hand-picking (i.e., total dilution before
 
hand-picking equals 23.0%). 

Dilution quality is estimated to have 75% ash, 6.3% sulfur and 

1,890 Btu/Ib. (1050 Kcal/kg) dry basis of roof and floor samples. 

Dilution includes both extraneous out-of-seam rock from the roof 

and floor and in-seam parting material from separable partings 

removed during mining. 

2. 	 The relative specific gravity of the coal and dilution material is 

estimated as: 

Coal - 1.42 specific gravity
 
Dilution - 2.01 specific gravity
 

JOHN T. BOYD COMPANY 
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3. Moisture assumptions are: 

Equilibrium Moisture 	 35 - 40
 

Total ROM Product
 
Moisture: 32 (range: 28 - 40)
 

The equilibrium moisture test (ASTM D1412) affords a means of 

estimating the bed moisture of coal. The accuracy of the test 

decreases as the moisture in the coal increases. The core 

composites tested range from 3300 to 50%, with the majority of the 

analyses between 350 to 400. The inheren' moisture (moisture in 

the coal particle) is usually 2° to 4% less than the analyzed 

equilibrium moisture at those levels. Total moisture analysis of the 

coal samples once exposed to air indicates a further reduction. 

This is verified by a 20 to 40 moisture loss reported by lignite 

mining operations. The estimated 32' average moisture delivered 

to the power station represents our professional judgement based 

on our analysis of all available information to date. Moisture 

will vary depending on climate conditions and coal handling after 

mining. 

4. 	 Based on the lower production level of the underground mine, a 

picking belt conveyor facility is planned at the mine site to 

provide hand-piclking (or manual sorting and removal of visible 

rock impurities) of the ROM product. We estimate this 

hand-picking operation will remove 4-1/2% of the ROM product 

coming from the mine. 

JOHN T. BOYD COMPANY 



5-8
 

Estimated Raw Coal Quality 

Detailed seam sections of the Phase 1 seam core samples were 

reviewed by BOYD mining engineers to determine coal sections and/or 

parting sections that will be selectively recovered/discarded during the 

mining operation. Basic parameters used to determine seam sections 

mined 	are: 

(a) 	 Minimum mineable seam thickness of 0.5 meter 
(excluding separable partings)

(b) 	 Individual seam benches having an ash content of 60% 
(dry basis) or greater are classified parting

(c) 	 Individual coal benches less than 0.15 were meter 
considered nonrecoverable as a separate mining unit. 

(d) 	 Individual partings less than 0.15 meter were 
considered nonseparable and mined with tne seam. 

Each seam section was examined and judgement applied relative to 

the overall mineability. In some cases, isolated benches exceeding 

0.15 	meter thickness were also excluded from the mineable section. 

The raw coal sections were composited and entered in the reserve 

computer simulation (SEAMSYS geological modeling package) for 

determination of the weighted average raw coal quality for each seam 

data point. 

Quality estimates for each seam are limited to an area of influence 

of 1,000 m from each drill core hole quality data point. Areas beyond 

this limit are considered undefined (inadequate data) and are excluded 

from the quality estimate. The area of influence varies by seam due to 

variation in available quality data. Tonnage estimates applied to the 

quality estimates are independent of any reserve tonnage estimate due 

to the differences in the seam data bases and area of influence 

limitations applied to the quality estimates. The reserve tonnage 

JOHN T. BOYD COMPANY 
,AV 



5-9
 

calculation has a much larger number of drill holes (seam thickness data 

points) on which to calculate tonnage estimates. 

The in-se'-. recoverable raw coal quality on a dry basis (i.e., 

lignite only, excluding all partings) is summarized as: 

In-Seam Seam Raw
 
Recoverable Thickness Ash Sulfur
 

Seams Tonnes (000)_ (m) . (%) Kcal/kg Btu/lb.
 

WEST PIT
 
5 1,279.6 0.69 27.2 7.08 4,910 
 8,840

3 3,814.2 0.98 28.6 7.87 4,880 8,790

2 16,783.6 1.95 30.9 8.50 4,610 
 8,300

1 14,843.8 1.84 34.2 9.01 4370 7,860 

Wt. Avg. 36,721.2 1.76 31.9 8.59 4,550 
 8,190
 

CENTRAL MINE NO. I UNDERGROUND
 
2 6,139.5 2.09 30.2 7.58 4,830 
 8,690
 

EAST PIT
 
3 1,793.1 0.70 30.1 6.75 4,800 
 8,640

2 27,046.5 2.17 33.6 6.94 4,330 
 7,810

1 16,336.9 1.48 28.5 7.08 4,840 8,720 

Wt. Avg. 45,176.5 1.86 31.7 6.99 4,530 8,170
 

TOTAL
 

Wt. Avg. 88,037.2 1.83 31.7 7.70 
 4,560 8,2117
 

ROM Coal Quality 

The ROM quality is estimated by adjusting in-searr raw coal quality 

(drill core data) for: (a) in-seam partings recovered during mining, 

(b) dilution material from the roof, floor, and removal of separable 

partings, and (c) avekrage 32%0 moisture content as delivered to power 

plant. The estimated ROM quality follows: 

As Received Pry

Tonnes 


Seams (000) M (%L ( Kcal/kg Btu/lb. Kcalkq Btu/Ib. ?Ptu
 
ROMl Moisture Ash Sulfur Ash Sulfi b 2
 

WEST PIT 

5 
3 
2 
1 

Wt. Avg. 

1,431.5 
4,086.5 
17,953.3 
16 167.9 

32 
32 
32 
32 
3! 

22.9 
22.5 
23.8 
26.4 
N7 

4.75 
5.26 
5.17 
5.93 
r73 

2,980 
3,070 
2,910 
2720 

5,380 
5,530 
5,240 
4900 
9.ffi 

33.6 
33.0 
35.0 
38.7 
N 

6.98 
7.73 
7.60 
8.72 
7-0 

4,390 
4,520 
4.280 
4000 

7,918 
8,140 
7,710 
7210 

1.7 
19.0 
19.8 
24.8 

CENTRAL MINE NO. I UNOERGROUNO 

2 5,930.9 32 26.2 5.00 2,800 5,050 38.5 7.35 4,120 7,430 20.2 

EAST PIT 

3 
2 
1 

Wt. Avg. 

2,093.2 
29.753,0 
19441.1 
ft,!ITn 

32 
32 
32 

24.5 
25.0 
23.6 

4.76 
4.70 
4.75 

2,920 
2.780 
2950 

5,270 
5,010 
5310 
S7 

36.0 
36.7 
34.7 
V! 

7.00 
6.90 
6.98 

4,310 
4,090 
4330 

fin, 

7,760 
7,370 
7810 
t 

18.1 
18.8 
17.9 
Tr 

TOTAL 

Wt. Avg. 96,857.4 32 24.7 5.00 2,840 5,120 36.3 7.36 4,180 7,540 19.6 

JOHN T. BOYD COMPANY 
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BOYD has estimated the ROMi quality of the Lakhra coal to be 

burned at the power generating station as: 

Daily Average Analysis*
 

Average High Low 

Btu/lb. (Dry) 7,500 8,700 6,300 
Ash (% Dry) 36 46 26 
Sulfur (% Dry) 7.4 9.5 6.5 
Moisture (%)** 32** 45 25 

Monthly Average Analysis*
 

Average High Low
 

Btu/lb. (Dry) 7,500 8,100 6,900
 
Ash (% Dry) 36 42 30
 
Sulfur (% Dry) 7.4 8.3 6.8 
Moisture (%)** 	 32** 42 28
 

* Based on 95% of the samples falling within this range. 

** 	 Net moisture after 3 percentage point loss during mining 
and transportation. 

The raw coal core composite analyses shown on Tabulation 4B were 

used to estimate detailed quality analyses of the coal reserves. The 

composite core sampling program was limited to the de..ignated mineable 

seam section (lignite plus inseparable partings recovered during mining) 

and did not include analysis of the separable parting or dilution 

material. 

JOHN T. BOYD COMPANY 2 
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The raw in-seam coal quality (dry basis) of the Lakhra reserve is as 

defined by the composite core analyses is summarized below: 

Mathematicalnalysis 
Actual Data Points Standard
 

Analysis Max. MLn. Range Mean Deviation
 

Analysis:

Ash () 41.87 26.17 15.70 32.10 4.78
 
Volatile Matter (%) 39.58 32.15 7.43 36.71 2.32
 
Fixed Carbon () 35.82 23.68 12.14 31.19 3.02

Sulfur (%) 9.85 6.02 3.83 7.71 1.00
 
Kcal/kg 4,971 3,366 1,605 4,433 435 
Btu/lb. 8,950 6,060 2,890 7,986 787 
Equ. Moisture (%) 50.96 33.77 16.29 38.91 4.20 

Fusion Temperature of Ash (°F)
 
Reducing:


Initial 2443 2001 442 
 2094 99
 
Softening 2453 2005 448 2124 114
 
Hemp. 2463 2012 456 2157 130
 
Final 2508 2046 462 2263 134
 

Oxidizing:
 
Initial 2593 2254 339 2433 95
 
Softening 2621 2302 319 2474 86
 
Hemp. 2631 233 298 2503 74
 
Final 2640 2395 245 2543 57
 

Forms of Sulfur ()

Total Sulfur 9.85 6.02 3.83 7.71 1.00
 
Pyritic Sulfur 5.51 2.89 2.62 4.14 0.76
 
Sulfate Sulfur 1.56 0.31 1.25 0.60 0.27
 
Organic Sulfur 3.86 1.43 2.43 2.97 0.62
 

Ultimate Analysis of Coal (%)
Ash 41.87 26.17 15.70 32.10 4.78 
Hydr.gen 3.66 2.76 0.90 
 3.30 0.26
 
Carbon 50.75 35.61 15.14 45.44 4.27

Nitrogen 1.08 0.66 0.42 0.86 0.10
 
Sulfur 
 9.85 6.02 3.83 7.71 1.00
 
Oxygen 12.84 9.69 3.15 10.59 0.72
 
Chlorine 0.19 0.09 0.03
0.10 0.14 


Water Soluble Chlorine () 0.16 0.04 0.12 0.11 0.03
 

Water Soluble Alkalies (%)
Potassium Oxide 0.024 0.011 0.013 0.018 0.004
 
Sodium Oxide 0.917 0.825
0.092 0.253 0.176
 
Total 0.363 0.104 0.259 0.231 0.072
 

Mineral Analysis of Ash
 
(% Ignited Basis):


Silicon Dioxide 47.68 32.34 15.34 39.60 4.78
 
Aluminum Oxide 26.30 12.12 14.18 20.17 3.45
 
Titanium Dioxide 
 3.16 1.33 1.83 2.02 0.43
 
Calcium Oxide 
 8.39 2.11 6.28 3.70 1.62
 
Potassium Oxide 0.76 0.45 0.31 0.61 0.07

Magnesium Oxide 
 2.54 0.79 1.75 1.60 0.42
 
Sodium Oxide 1.02 0.32 0.70 0.72 0.16

Ferric Oxide 33.60 17.02 16.58 24.64 5.18
 
Phosphorus Pentoxide 
 0.93 0.56 0.37 0.75 0.11
 
Sulfur Trioxide 10.55 2.20 8.35 5.63 1.91
 

Phosphorus
 
(%Dry Basis) 0.143 0.076 0.067 0.105 0.017
 

JOHN T. BOYD COMPANY 
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Due to the wide range of ash, sulfur, and heating values of the 

coal seams, BOYD recommends a stringent quality control program at 

that time. A combination of drill core and channel sampling should be 

completed at that time. Quality data can be computerized and used to 

plan mining, haulage, and blending of coal to provide a more uniform 

product to be burned at the power plant. 

Stockpiles should be arranged to segregate coal by quality range. 

Surface and underground coals are stored separately to enhance 

blending capabilities from storage. Final product quality is controlled 

via the recommended stockpile reclaim system. A full stream sampling 

system regularly samples the product coal zs it leaves the coal handling 

facility. Coal samples are analyzed at the on-site mine laboratory to 

expeditiously monitor and control coal quality shipped to power station. 

Spontaneous Combustion 

Lignite rank coals have a known susceptibility to spontaneous 

combustion. This problem is common to existing underground mines 

throughout Lakhra, both in the underground workings and in the 

storage of mined lignite on the surface. Numerous studies have been 

written on this subject, but the precise chemical aspects of this 

phenomenon and accurate prediction of occurrence are still not well 

understood. The two most influential factors are the rank of coal and 

moisture content. Lignite, the lowest rank coal, is more susceptible 

than higher rank coals. 

Tests have shown that significant temperature rises occur when 

moisture is absorbed in coal after it has been subjected to drying. 

This is common in high moisture coals, such as lignites, when the high 

JOHN T. BOYD COMPANY 
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inherent moisture is exposed to the atmosphere during mining, 

handling, and storage. 

Other factors influencing spontaneous combustion are sulfur 

content, particle size, airflow. sulfur content andand High small 

particle size enhance oxidation, thereby increasing the ability of the 

coal to heat. Airflow is important in that low flow allows the 

temperature of the coal to increase and high flow increases the 

oxidation rate; but proper ventilation is essential to effectively dissipate 

heat buildup in underground workings. 

The oxidation of coal occurs when the carbon content combines 

with oxygen to form carbon dioxide. Analytical tests show that 1 kg of 

carbon oxidized to CO., produces 31,020 Btu's (17,233 Kcal/kg) of heat. 

The release of heat raises the temperature of the coal. Spontaneous 

combustion takes place when the coal particle reaches a temperature 

that causes self ignition. The oxidation rate is greatest after the coal 

has been dried and then exposed to high humidity. This wetting of the 

/coal produces an exothermic reaction, thus raising the temperature of 

the coal. Laboratory studies indicate coals with an 18' to 22% moisture 

content are at the maximum oxidation rate. 

A "crossing point" test was developed by Nubling and Wanner to 

provide a method of ranking coals with respect to their proneness to 

spontaneous heating. Three samples of Lakhra coals were sent to 

Commercial Testing and Engineering Company, Lombard, Illinois U.S.A. 

The samples tested were of the following analyses: 

As Received
 
West Area Central Area East Area 
Seam I Seam 2 Seam 3 

Moisture (%) 
Ash (%) 

32.0 
19.0 

27.8 
31.5 

28.7 
23.6 

Sulfur (%) 4.47 5.98 5.15 
Btu/lb. 5,825 4,443 5,787 

JOHN T. BOYD COMPANY 
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A comparison was made between the Lakhra samples and a Texas 

(U.S.A.) lignite sample. The spontaneous combustion properties of the 

Texas lignite are classified as having a fast reaction and the Lakhra 

coals 	 were moderate to slow for lignite. The test results show the 

Lakhra coals are less subject to spontaneous combustion than the Texas 

lignite sample. 

Quality characteristics of the Lakhra lignite coal will be affected 

by the hot and arid climate of the region. Exposure to weathering will 

cause a loss of moisture content and decrepitation of particle sizes. 

Decrepitation tests were also performed on the G/C II bulk samples to 

determine effects of air drying on particle size and float-sink analysis. 

The large pieces of coal (plus 50 mm) broke down readily once exposed 

to air, which indicates a degradation of size during any prolonged 

storage. Smaller coal sizes enhance oxidization and creates dusty 

conditions. Coal exposed to weather over an extended period will 

oxidize, losing thermal value content and promoting spontaneous 

combustion. Coal must be turned over continuously in storage or 

discharged directly to a loadout conveyor. 

Lignite coals have been handled and stored successfully in the 

United States. Spontaneous combustion requires air and heat and, if 

these components are controlled, it cannot take place. The criteria 

utilized to minimize spontaneous combustion and the effects of 

weathering are: 

1. 	 Stockpile coal in small volumes and turn the inventory 
over frequently. Coal should not remain in an open 
storage pile for a long period of time. 

JOHN T. BOYD COMPANY 
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2. 	 Coal should be stored in layers 0.3 - 0.6 meters 
(1 to 2 feet) thick, to minimize segregation and airflow 
through the pile. Cone shaped stockpiles should be 
avoided because they segregate by particle size with 
the coarser pieces reporting to the outside of the pile.
The segregation creates a chimney airflow effect which 
promotes oxidation, resulting in spontaneous
combustion. 

3. 	 Stockpiles used for long-term (dead) storage should be 
compacted to a plus 1.042 tonnes per cubic meter 
(65 pounds per cubic foot) density and maximum of 200 
slope on sides to minimize airflow. 

4. 	 Temperature probes should be inserted in the nonactive 
portion of pile to monitor any rise in temperature.
Visual infrared scanners are available to monitor 
temperature on the stockpile surface. 

5. 	 Hot spots that develop in coal piles should be 
uncovered and removed to prevent further 
contamination. The coal should not be wetted under 
any circumstances unless the whole pile is saturated. 

It is BOYD's opinion, the Lakhra lignite coal can be handled and 

stored if the above precaution: are followed. 

Facility Description 

ROM Handling, Storage, and Reclaim Facility 

The proposed coal handling facility is located in the southern 

section of the coal reserve between the West and Central areas near the 

intersection of coordinate lines 900,000 N and 2,152,000 E. The facility 

is comprised of coal handling systems to accommodate truck deliveries of 

ROM coal from the surface and underground mines and provide separate 

open storage piles. A common reclaim is used to thesystem recover 

coal from storage and transport it to the power generating station via 

railroad (Khanot power station site) or overland conveyor (mine site 

power station site). The facility is designed to handle 4.4 million 

tonnes per year. 

JOHN T. BOYD COMPANY 
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Underground Truck Coal Facility 

Underground mined coal is sized at 50 mm x 0 and delivered to the 

designated underground mine truck handling facility in 30-tonne 

capacity rear dump trucks. The trucks back up a surface ramp and 

discharge the coal into one of two 40-tcnne receiving hoppers. 

Reciprocating plate feeders discharge the coal on a 920 mm wide 

transfer conveyor belt at a rate of 200 mtph (metric tonnes per hour). 

Coal is transferred to a 920 mm wide radial stacker conveyor which 

distributes the coal by quality on a kidney-shaped open storage pile. 

The stockpile height and capacity are limited to minimize the potential of 

spontaneous combustion. The storage pile capacity is rated at 6,000 

tonnes. The system capacity is designed to handle 350,000 tonnes per 

year, based on a 2-shift per day operation, 262 working days per year. 

Surface Truck Coal Facility 

Surface mined coal is trucked from the open pit in 136-tonne 

rear dump trucks to an elevated 400-tonne truck bin, which is entirely 

independent of the underground coal handling system. A protective 

600 mm square grid can be mounted on top of the bin to prevent 

plugging by large lumps. Coal can be recovered from the bin at a rate 

of 1,300 mtph via a reciprocating plate feeder, which discharges on a 

1,520 mm wide ROM conveyor belt. The ROM conveyor transports the 

coal to a screening, picking, and crushing -:ation. An emergency bin 

with feeder is placed at the tail section of the ROM conveyor to permit 

coal to be reclaimed from an emergency ground storage pile via 

front-end loader. 

JOHN T. BOYD COMPANY 
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ROM coal is screened at 50 mm top size on an inclined vibrating 

screen. The 600 mm x 50 mm size fraction reports to a 1,520 mm wide 

flat picking conveyor belt for manual removal of larger pieces of 

partings and out-of-seam material. Men are stationed along the belt as 

required to rock the belt andremove from discard it into chutes 

directed to a ground storage bin. The plus 50 mm size coal is 

discharged from the picking conveyor to a two-stage, triple-roll crusher 

and reduced to a minus 50 mm product size. The crushed product is 

combined with the 50 mm x 0 product from the vibrating screen and 

transported to ground storage by a 1,220 mm conveyor belt. A 

1,220 mm x 50 m radiol stacker conveyor is used to stockpile the coal 

by quality and place it in layers to minimize the potential of 

spontaneous combustion. The kidney-shaped open stockpile capacity is 

rated at 30,000 tonnes. The system capacity is designed to handle 4.0 

million tonnes per year, based on a 2-shift per day operation, 300 

working days per year. 

Stockpile Reclaim System 

A 4.2 m high concrete stockpile reclaim tunnel is constructed 

above natural ground elevation and backfilled with compacted fill 

material. Ten openings, each equipped with vibrating hopper anda 

feeder, are constructed in the tunnel to reclaim the coal and blend it 

for product quality. A bulldozer is required to assist in coal recovery. 

Coal inventory is monitored to ensure regular turnover and avoid any 

long-term storage. Continuous turnover is required to reduce the 

potential of spontaneous combustion and minimize the effect of quality 

deterioration due to weathering. 

JOHN T. BOYD COMPANY 
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A 1,520 mm wide reclaim conveyor belt is installed in the reclaim 

tunnel to transport coal from stockpiles to the loading station. Product 

quality is regulated by the loadout operator who conti-ols the feeder 

operation for blending the coal from different sections of the two 

stockpiles. Whenever possible, incoming coal will be placed directly on 

the reclaim conveyor by positioning the radial stacker discharge over 

one of the stockpile feeder openings. This minimizes handling and 

eliminates storage. 

The loading station consists of a 200-tonne bin with an operator 

control room and a three-stage ASTM (American Society for Testing and 

Materials) approved sampling system. Coal is discharged from the bin 

to either an overland belt conveyor (mine site power plant location) or 

railroad unit train (Khanot power plant location) for transport to the 

power generating station. 

The loadout system is r; ted at a 2,500 tph capacity and designed 

to handle 4.4 million tonnes per year of coal. 

The proposed ROM handling, storage, and loading facility is shown 

on Plate 4, following this text. 

Mine Laboratory and Office Facility 

A building to include a coal quality laboratory and office for 

coal handling/loadout staff is constructed adjacent to the ROM handling, 

storage, and loadout facility. The building is approximately 108 square 

meters in area, constructed of brick and masonry, and well lighted and 

ventilated. Water and sewage will be connected to the mine supply and 

treatment facility. The building contains the following three areas: 

(1) office space with amenities, (2) analytical laboratory, and 

(3) sample preparation area. 
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Offices are provided for facility manager,the surface shift foreman 

and laboratory technician. A changeroom area is also included. 

The analytical laboratory includes equipment for determining ash, 

volatile matter, sulfur, heating value (Btu's), and moisture values. 

The sample preparation area is equipped with splitters, scalp , 

crusher, pulve.-izer, and equipment required for float/sink analysis. 

Washing Option 

The option of washing the Lakhra coals was eliminated at the 

October 1985 project review meetings, but a summary of conclusions to 

that point follows. 

After reviewing all the Phase 1 washed coal test data, we selected 

a coarse coal jig circuit as the preferred method of washing the Lakhra 

lignite coals. We concluded that physical beneficiation of Lakhra coals 

in a jig washing system at a 1.80 mean separating gravity would remove 

in excess of 950 of the dilution material (clay, shale, and other rock). 

The washed product would have a 20% improvement in heating value and 

reductions of 36°- in ash and 11%0 in sulfur on a dry basis. Washing 

would result in a slight deterioration of the combustion properties, as 

compared to ROM quality, but did not make a significant impact on 

boiler design. 

Coal Quality Yield Ash
Moisture Sulfur

(as received) (%weight) (%) Btu/Ib.
(%) (%) 


ROM I00 32 24.7 5.00 5,120

Washed 64 35 15.1 4.24 6,200
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An analysis was completed to determine the economic effect of 

washing on direct mine capital and operating costs. Based on our 

assessment, the washed coal case had a discounted (present value) 

capital and operating cost differential $628.4 million higher than the 

ROM lignite product case (50 annual discount rate applied to constant 

1985 dollar cost productions). 

Following this text are: 

Plate 
4: ROM, Handling, Storage, and Loadout Facility 

Tabulations
 
4-A: Drill Core Quality Data
 
4-B: Composite Drill Core Analyses
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TA8VLATION 4-A 

DRILL CORE QUALITY DATA 
(DRY BASIS) 

LAKHRA COAL PROJECT 
Sind Province, Pakistan 

For 
USAID/PAKISTAN - WAPDA 

CONTRACT NO. 391-0478-C-00-5006-00 
By 

John T. Boyd Company
Mining and Geological Engineers 

Novener 1985 

Seam Raw Float 1.60 S.G. 

DOHNumber 
Thickness 

W 
Ash
M 

Sulfur 
M Btu/b. 

Yield 
M 

Ash 
M 

Sulfur 
Btu/lb. 

WEST AREA 

Seam No. S 

BT-I 
BT-2 
BT-8 
WC-7 
WC-9 
WC-12 

0.94 
0.a9 
0.86 
0.94 
0.76 
0.84 

27.40 
43.39 
18.73 
31.53 
35.56 
19.83 

10.01 
8.82 
6.37 
6.52 
8.27 
6.44 

8,708 
6,676 
10,162 
8,184 
7,581 
9,810 

75.09 
49.08 
88.77 
70.67 
56.85 
85.94 

16.43 
15.37 
12.22 
15.78 
14.55 
13.06 

8.51 
7.73 
4.92 
4.06 
5.92 
5.23 

10.457 
10,710 
11,181 
10,527 
10,793 
108 

Arth. Avg. 0.87 29.32 7.74 8,520 71.07 14.57 6.06 10,760 

Seam No. 4 

ST-8 0.51 38.68 10.98 7,011 73.34 31.23 9.31 8,133 

Seam No. 3 

BT-2 
BT-3 
ST-11 
WTC-I 
WC-4 
WC-5 
WC-9 
WC-12 

0.62 
1.17 
0.83 
0.86 
0.55 
0.41 
0.73 
0.73 

26.20 
32.59 
29.24 
48.35 
24.37 
24.73 
14.57 
19.53 

9.38 
10.70 
8.40 
9.64 
6.83 
8.01 
4.55 
4.10 

8,883 
7,759 
8,424 
5,759 
9,248 
9,317 
10,966 
10,085 

61.79 
56.85 
73.43 
32.43 
75.24 
79.72 
86.85 
87.33 

16.82 
18.98 
17.34 
14.06 
14.22 
13.31 
8.40 
14.91 

7.93 
8.83 
5.56 
4.57 
4.80 
4.82 
3.42 
3.04 

10,423 
9,999 
10,292 
10,940 
10,866 
11,053 
11,950 
10792 

Arth. Avg. 0.74 27.45 7.70 8,805 69.21 14.76 5.37 10,789 

Seam No. 2 

BT-2 
6T-4 
BT-7 
ST-8 
BT-11 
WTC-I 
WTC-2 
WC-2R 
WC-4 
WC-5 
WC-7 
WC-8 
WC-9 
WC-10 
WC-I1 
WC-11R 

2.54 
0.89 
0.59 
0.51 
0.99 
3.02 
0.20 
1.84 
3.15 
0.60 
2.47 
1.57 
1.88 
2.70 
1.12 
0.77 

34.54 
29.43 
16.22 
18.77 
22.07 
37.08 
32.21 
27.39 
31.13 
55.63 
26.71 
54.28 
35.51 
20.11 
32.34 
36.53 

9.35 
10.06 
8.37 
7.67 
7.94 
8.04 
8.24 
11.17 
7.70 
7.01 
8.43 
10.87 
7.60 
6.43 
7.02 
6.97 

7,822 
8,620 
10,423 
10,193 
9,661 
7,423 
8,327 
8,495 
8,438 
4,887 
8,951 
4,075 
7,556 
10,029 
8,085 
7,548 

58.97 
77.46 
85.14 
86.11 
86.00 
57.03 
40.76 
75.45 
64.44 
9.08 
72.53 
16.20 
62.48 
85.62 
71.32 
6U.21 

15.03 
24.09 
10.85 
12.61 
15.67 
19.59 
16.86 
19.37 
17.20 
22.88 
14.18 
13.73 
17.43 
13.65 
17.26 
22.34 

8.32 
8.69 
6.16 
5.87 
7.06 
6.03 
6.50 
10.32 
5.73 
8.12 
5.37 
5.43 
6.16 
4.92 
5.46 
5.45 

10,864 
9,491 
11,370 
11.175 
10,686 
10,276 
10,590 
9,757 
10,604 
9,721 
10,945 
9,959 
10,314 
11,055 
10,398 
9,678 

Arth. Avg. 1.55 31.87 8.30 8,158 63.43 17.05 6.60 10,430 

Seam No. I 

BT-2 
BT-4 
BT-7 
ST-8 
BT-10 
BT-11 
WTC-1 
WTC-2 
WC-4 
WC-5 
WC-7 
WC-8 
WC-9 
WC-10 
WC-lI 
WC-11R 
WC-12 

1.02 
1.37 
2.13 
2.12 
1.49 
3.28 
2.56 
0.37 
3.23 
2.80 
2.53 
3.04 
2.34 
1.00 
1.40 
1.94 
1.10 

31.60 
25.02 
30.08 
33.15 
44.79 
24.47 
33.21 
35.44 
37.95 
25.86 
32.88 
39.47 
38.00 
33.04 
26 J2 
?'.17 
48.72 

7.85 
10.20 
9.38 
9.95 
10.52 
6.44 
7.34 
10.52 
8.46 
11.50 
8.15 
7.11 
9.71 
7.86 
6.16 
5.75 
12.01 

8,195 
9,401 
8,697 
7,797 
6,095 
9,214 
8,216 
7,69b 
7,444 
9,150 
8,069 
6,980 
6,972 
8,080 
),286 
7,977 
7.1s2 

64.57 
78.01 
69.46 
64.96 
36.74 
87.49 
56.36 
45.98 
37.00 
66.20 
66.24 
46.79 
54.80 
59.07 
74.42 
62.38 
49.88 

18.74 
17.80 
17.68 
20.08 
22.43 
19.52 
16.51 
16.81 
13.65 
13.06 
18.61 
20.89 
21.71 
14.22 
12.83 
17.03 
19.84 

6.12 
7.98 
7.70 
8.84 
10.55 
4.87 
5.96 
9.12 
6.98 
6.93 
7.25 
5.76 
6.28 
6.48 
5.22 
5.31 
10.01 

1.301 
10,656 
10,756 
9,819 
9,604 
10,015 
10,962 
10,734 
11,197 
11,328 
10,399 
10,067 
9,602 
10,927 
11,288 
10,710 
9980 

Arth. Avg. 1.98 33.40 8.76 8,024 60.02 17.73 7.14 10,496 

)
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TABULATION 4-A - Continued 

Seam Raw Clean 

Thickness Ash Sulfur Yield Ash Sulfur 
DOHNumber (m) M) (%) Btu/Ib. (%) (%) ( Btu/lb. 

CENTRAL AREA 

Seam No. 3 

CTC-2 0.39 15.97 3.69 10,750 88.74 10.42 3.36 11,609 
CC-i 1.03 8.51 4.68 11,940 97.03 7.21 3.90 12,153 
CC-IR 1.18 12.63 6.37 11,332 93.05 9.60 5.03 11,837 
CC-3 0.47 26.15 11.20 9,079 69.60 11.07 2.72 11,787 
CC-4 2.47 36.07 8.18 7,518 55.92 18.53 6.11 10,287 
CC-6 0.68 25.03 9.07 8,988 64.93 12.59 5.37 11,042 
CC-8 1.78 24.46 2.93 9,564 91.49 21.44 1.84 10,050 
CC-12 1.44 12.64 4.69 11,407 91.44 8.49 3.93 12.075 

Arth. A%,g. 1.18 20.18 6.35 10,072 81.53 12.42 4.03 11,355 

Seam No. 2 

CTC-2 1.87 20.15 7.82 10,052 86.11 14.19 6.96 11,019 
CC-I 0.45 20.14 8.42 10,055 81.87 !3.17 6.97 11,218 
CC-IR 2.62 27.38 8.45 8,945 79.42 20.40 6.97 10,088 
CC-2 2.33 40.48 9.68 6,819 44.60 19.25 7.44 10,191 
CC-3 3.31 30.40 7.86 8,52( 73.55 19.59 6.27 10,235 
CC-4 2.74 21.48 8.71 9,87/ 84.33 15.76 6.59 10,841 
CC-5 2.10 31.48 9.96 8,324 61.35 18.34 8.20 10,480 
CC-6 1.16 38.17 8.00 7,408 59.85 25.07 6.31 9,458 
CC-7 2.29 41.98 8.43 6,846 56.65 28.93 7.45 8,819 
CC-8 3.25 35.04 7.50 7,749 59.50 20.93 5.61 9,919 
CC-9 1.43 31.58 7.11 8,317 68.32 18.81 5.46 10,328 
CC-10 1.98 30.39 7.64 8,606 73.57 19.90 6.79 10,248 
CC-lI 2.78 26.96 8.26 9,001 77.62 18.52 6.14 10,403 
CC-12 1.35 20.34 8.12 9,944 79.50 11.85 7.20 11,216 
WC-IOR 3.66 34.35 6.90 7,825 62. 59 14.55 5.06 10.927 

Arth. Avg. 2.22 30.02 8.19 8,552 69.62 18.62 6.63 10,359 

Seam No. I 

CC-2 1.59 48.11 10.88 5,595 32.56 22.93 8.71 9,636 
CC-7 0.94 36.52 9.19 7,540 67.49 26.79 8.18 9,020 
WC-1OR 0.50 15.73 6.17 11,053 91.12 10.95 5.62 11.817 

Arth. Avg. 1.01 33.45 8.75 8,063 63.72 20.22 7.50 10,158 

EAST AREA 

Seam No. 4 

EC-2 0.45 10.58 3.13 11,621 9S.61 8.01 2.72 12,010 

Seam No. I 

EC-6 1.25 38.57 7.04 7,303 61.10 26.15 6.06 9,163 
EC-7 0.83 28.6: 7.00 8,855 74.88 17.34 4.91 10,589 
EC-13R 0.80 31.6 6.27 8,823 77.73 23.65 5.28 9,953 

Arth. Avg. 0.96 32.80 6.77 8,327 71.24 22.38 5.42 9,902 

Seam No. 2 

ETC-2R 2.!6 32.50 7.05 8,284 79.63 23.74 6.62 9,597 
ETC-2 2.73 30.91 8.G4 8,443 67.16 15.93 6.17 10,744 
EC-2 Z.78 28.33 7,62 8,712 72.48 15.45 5.16 10,715 
EC-3 4.21 25.01, 6.59 9,177 74.87 13.24 4.67 11,014 
EC-5 2.04 40.06 7.40 7,119 61.24 25.25 6.33 9,396 
EC-7 3.26 34.66 9.50 7,742 58.79 17.64 5.47 10,748 
EC-8 5.03 25.04 7.41 9,083 88.23 22.92 6.34 9,592 
EC-lO 2.10 38.73 5.19 7,456 69.57 28.11 4.83 9,181 
EC-11 2.57 42.55 5.86 6,960 63.05 27.79 4.56 9,229 
EC-12 2.23 41.82 5.83 6.788 56.37 17.26 4.64 10700 

Arth. Avg. 2.95 33.99 7.11 7,976 69.14 20.73 5.48 10,092 

Seam No. 1 

ETC-2R 0.80 25.90 5.60 9,343 78.40 14.03 5.26 11,15C, 
ETC-2 0.68 27.86 7.31 9,078 77.41 16.74 5.05 10,843 
EC-2 1.70 22.77 5.85 9,608 85.87 15.90 5.73 10,624 
EC-3 0.74 14.63 4.31 11,116 95.74 12.67 3.96 11,427 
EC-5 1.90 30.64 7.66 8,574 75.11 20.34 5.99 10,223 
EC-6 1.35 46.18 8.98 6,248 39.89 23.60 6.64 9,846 
EC-8 1.07 23.28 6.86 9,807 78.44 13.88 ! 24 11,305 
EC-1O 1.12 23.69 6.57 9,663 80.01 17.76 5.58 11,084 
EC-11 2.27 41.42 8.13 6,894 65.69 31.38 7.03 8,404 
EC-12 2.37 24.61 7.72 9,394 77.68 15.45 6.37 10,876 
EC-13R 1.00 23.09 7.71 9,725 79.12 15.42 5.56 10.990 

Arth. Avg. 1.36 27.64 6.97 9,041 75.75 17.92 5.67 10,616 
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TABULATION 4-8 

COMPOSiTE DRILL CORE ANALYSES 
RAW COAL (DRY BASIS) 
LAKHRA COAL PROJECT 
Sind Province, Pakistan 

For 
USAID/PAKISTAN - WAPDA 

Contract No. 391-0478-C-00-5006-00 
By 

John T, Boyd Company
Mining and Geological Engineers 

Noveaer 1985 

Sample Analysis 

Seam 
No.5 
w 

Seam 
No. 3 
IwT W-A2 

Seam No. 2 

W-82 W-C2 
Arith. 
Average W-AI 

Seam No. I 

W-S1 W-Cl 
Arith. 
Average 

WEST AREA 
Analysis:

Ash () 
Volatile Matter 
Fixed Carbon 
Sulfur 
Kcal/kg 
Btu/lb. 

32.15 
36.87 
30.98 
8.87 
4397 
7,917 

28.07 
38.05 
33.88 
7.54 
4734 

8,540 

27.77 
39.15 
33.09 
8.26 
4704 
8,534 

30.51 
38.89 
30.60 
8.37 
4465 
8,038 

41.87 
32.69 
25.44 
8.46 
3366 

6,060 

33.38 
36.91 
29.71 
8.36 
4190 
7,544 

29.42 
39.58 
31.05 
8.85 
4601-
8,292 

29.23 
39.03 
31.74 
9.85 
4471 

8,050 

41.00 
35.32 
23.67 
7.65 
3661 
6,592 

33.22 
37.98 
28.80 
8.78 
4246 

7,645 

Equ. Moisture (%) 40.58 34.63 34.78 35.49 36.93 35.73 36.14 '5.77 33.77 35.23 

Fusion Temoerature ofAsh (IF) 
Reducing:
Initial 
Softening 
Hemp. 
Final 

2066 
2070 
2073 
2212 

2064 
2072 
2078 
2254 

2065 
2076 
2079 
2133 

2016 
2036 
2054 
2136 

2140 
2162 
2197 
2492 

2074 
2091 
2110 
2254 

2017 
2035 
2051 
2132 

2018 
2024 
2029 
2235 

2108 
2152 
2208 
2312 

2048 
2070 
2096 
2226 

Oxidizing:
Initlal 
Softening 
Hemp. 
Final 

2262 
2309 
2362 
2439 

2254 
2302 
2333 
2395 

2268 
2321 
2391 
2503 

2453 
2476 
2502 
2543 

2462 
2497 
2515 
2545 

2394 
2431 
2469 
2530 

2306 
2398 
2486 
2525 

2471 
2493 
2508 
2552 

,z 
2451 
2483 
2521 

2386 
2447 
2492 
2533 

Forms of Sulfur (5)
TotalSulfur 
Pyritic Sulfur 
Sulfate Sulfur 
Organic Sulfur 

8.87 
4.70 
0.69 
,8 

7.54 
3.97 
0.56 
3.01 

8.26 
4.18 
0.55 
3.53 

8.37 
4.80 
0.58 
2.99 

8.46 
4.41 
1.56 
2.49 

8.36 
4.46 
0.90 
3.00 

8.85 
4.48 
0.61 
3.76 

9.85 
5.30 
0.69 
3.86 

7.65 
4.40 
0.40 
2.85 

8.79 
4.73 
0.57 
3.49 

Ultimate Analysis of Coal(5)
Ash 32.15 
Hydrogen 3.15 
Carbon 44.94 
Nitrogen 0.77 
Sulfur 8.87 
Oxygen 10.12 

28.07 
3.43 

50.03 
0.94 
7.54 
9.99 

27.77 
3.48 
48.74 
0.80 
8.26 
11.22 

30.51 
3.36 

46.70 
1.08 
8.37 
9.98 

41.87 
2.76 
35.61 
0.75 
8.46 
10.55 

33.38 
3.20 
43.68 
0.88 
8.36 
10.58 

29.42 
3.51 

47.21 
0.87 
8.85 
10.14 

29.23 
3.32 
46.IB 
1.04 
9.85 
10.38 

41.00 
2.85 

38.15 
0.66 
7.65 
9.69 

33.22 
3.27 

43.85 
0.86 
8.79 
10.07 

TotalChlorine () 0.13 0.13 0.12 0.15 0.14 0.14 0.10 0.12 0.12 0.11 

Water Soluble Chlorine (5) 0.10 0.12 0.08 0.12 0.10 0.10 0.04 0.07 0.10 0.07 

Water Soluble Alkalies (5)
Potassium Oxide 
Sodium Oxide 
Total 

0.018 
0.293 

0.011 
0.228 
UTm 

0.016 
0.250 
rm 

0.022 
0.226 
UT7M 

0.012 
0.092 
U. 

0.017 
0.19 
0UM 

0.020 
0.917 
rM 

0.014 
0.198 
r7 

0.014 
0.108 
TM 

0.016 
0.168 
rw 

Mineral Analysis of Ash 
(% Ignited Basis):

Silicon Dioxide 
Aluminum Oxide 
Titanium Dioxide 
Calcium Oxide 
Potassium Oxide 
Magnesium Oxide 
Sodium Oxide 
Ferric Oxide 
Phosphorus Pentoxide 
Sulfur Trioxide 

40.80 
12.58 
1.59 
7.54 
0.64 
2.20 
0.75 
23.87 
0.56 
8.63 

36.95 
12.12 
1.33 
8.39 
0.45 
1.94 
0.64 
25.42 
0.62 
10.55 

37.31 
20.06 
2.21 
3.52 
0.54 
2.10 
0.74 
25.53 
0.64 
6.10 

33.68 
19.66 
2.04 
2.64 
0.48 
1.42 
0.65 
33.60 
0.69 
4.80 

45.06 
20.98 
2.16 
3.88 
0.76 
0.79 
0.48 
19.11 
0.66 
4.98 

38.68 
20.23 
2.14 
3.35 
0.59 
1.44 
0.62 
26.08 
0.66 
5.29 

38.01 
20.84 
2.07 
2.89 
0.57 
1.70 
0.58 
26.11 
0.76 
5.18 

32.62 
20.40 
2.15 
2.88 
0.55 
1.64 
0.64 
33.37 
0.72 
4.65 

47.68 
19.62 
1.88 
3.06 
0.58 
2.54 
0.32 
17.79 
0.59 
5.28 

39.44 
20.29 
2.03 
2.94 
0.57 
1.96 
0.51 
25.76 
0.69 
5.G4 

Phosphorus (%0:, easls) 
Slag Vpi Isty (T250'F)
Slagging Index 
FoulingIndex 

0.078 
2230 

(5"iS) 5.65 
(M)0.48 

0.076 
2220 

(S)5.51 
(M)0.47 

0.078 
2280 

(S)4.49 
M) 0.40 

0.091 
2210 

(S)5.86 
M)0.46 

0.120 
2460 

S) 3.10 
L) 0.18 

0.096 
2317 

IS)4.48 
M) 0.34 

0.098 
2300 

(5)4.63 
Ml 0.30 

0.092 
2200 

5)6.97 
M) 0.45 

0.106 
2470 

(S)2.69 
L)0.11 

0.099 
2323 

(5)4.70 
M) 0.29 

Trace Elements: 
Selenium 
Arsenic 
Lead 
Mercury 
Zinc 
Cadmium 
Chromium 
Copper 
Nickel 

(PPM Incoal) 

-
-

-

3.42 
1.06 
6.84 
'0.02 
5.57 
0.42 
36.5 
42.6 
128 

-

-

-

4.12 
1.31 
5.98 
0.03 
6.45 
<'0.46 
34.8 
34.8 
116 

-

CORE COMPO ITES: 

Composite No. Drill Hole No.
 

W-AS BT*2, WC-7,BT-I, ST-8 
W-A3 BT-2, WTC-I, WC-4, WC-5, WC-9 
W-A2 &W-Al BT-2, WTC-I, WC-4
W-B2 & W-81 WC-S,BT-7, WC-7. BT-8 
W-C2&W-Cl WC-8, WC-9, WC-IIR 

LEGEND: (S)• Severe; (L) • Low; (M)- Medium 
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TABULATION 4-8 - Continued 

Sample Analysis C-A3 

Seam No. 3 

C-B3 
Arith. 

Average C-A2 

Seam No. 2 

C-B2 C-C2 
Arith. 

Average 

Seam 
No. I 
r 

Analysis:
Ash (%) 
Volatile Matter (t)
Fixed Carbon %) 
iulfur () 
Kcal/kg 
8tu/Ib. 

31.87 
36.29 
31.84 
8.03 
4,575 
8,236 

32.18 
36.87 
30.95 
6.34 
4,445 
8.002 

CENTRAL AREA 

32.02 27.68 
36.58 38.18 
31.39 34.14 
7.18 8.46 

4,510 4,902 
8,119 8.826 

31.97 
37.15 
30.88 
7.89 

4.508 
8,116 

31.89 
37.09 
31.02 
7.57 

4,538 
8.170 

30.51 
37.68 
32.01 
7.97 

4,650 
8.371 

29.66 
38.54 
31.08 
8.99 

4,689 
8,442 

Equ. Moisture () 41.49 40.32 40.90 37.73 37.85 34.95 36.84 44.61 

Fusion Temperature of Ash (*F) 
Reducing: 
Initial 2012 
Softening 2045 
Hemp. 2072 
Final 2189 

Oxidizing: 
Initial 2421 
Softening 2470 
Hemp. 2500 
Final 2541 

2047 
2074 
2102 
2182 

2483 
2511 
2524 
2550 

2030 
2060 
2087 
2186 

2452 
2491 
2512 
2546 

2001 
2005 
2012 
2046 

2488 
2510 
2527 
2550 

2076 
2086 
2102 
2180 

2480 
2516 
2530 
2561 

2086 
2118 
2130 
2185 

2506 
2545 
2560 
2580 

2054 
2070 
2081 
2137 

2491 
2524 
2539 
2564 

2014 
2039 
2075 
2187 

2505 
2502 
2531 
2554 

Forms of Sulfur (5) 
TotalSulfur 
Pyritic Sulfur 
Sulfate Sulfur 
Organic Sulfur 

8.03 
4.47 
0.66 
2.90 

6.34 
3.42 
0.40 
2.72 

7.18 
3.94 
0.53 
2.81 

8.46 
5.00 
0.33 
3.13 

7.89 
4.31 
0.50 
3.08 

7.57 
4.01 
0.57 
2.99 

7.97 
4.44 
0.46 
3.06 

8.99 
5.81 
0.37 
2.81 

Ultimate Analysis of Coal (B) 
Ash 31.87 
Hydrogen 2.96 
Carbon 45.99 
Nitrogen 0.93 
Sulfur 8.03 
Oxygen 10.22 

32.18 
3.27 

47.00 
0.94 
6.34 
10.27 

32.02 
3.11 
46.49 
0.94 
7.18 
10.24 

27.68 
3.34 

48.79 
0.94 
8.46 
10.79 

31.97 
3.41 
45.71 
0.88 
7.89 
10.14 

31.89 
3.58 

45.96 
0.84 
7.57 
10.16 

30.51 
3.44 
46.82 
0.88 
7.97 
10.36 

29.66 
3.50 
47.02 
0.84 
8.99 
9.99 

Chlorine () 0.14 0.17 0.15 0.14 0.12 0.10 0.12 0.12 

Water Soluble Chlorine (B) 0.11 0.15 0.13 0.12 0.11 0.09 0.10 0.11 

Water Soluble Alkalies (%) 
Potassium Oxide 
Sodium Oxide 
Total 

0.020 
0.203 
If22 

0.020 
0.197 
U.T7 

0.020 
0.200 
0.20 

0.016 
0.175 

T 

0.020 
0.167 
017 

0.020 
0.133 
U7IM 

0.018 
0.158 
U.7 

0.017 
0.175 
07 

Mineral Analysis of Ash 
(% Ignited Basis):

Silicon Dioxide 
Aluminum Oxide 
Titanium Dioxide 
Calcium Oxide 
Potassium Oxide 
Magnesium Oxide 
Sodium Oxide 
Ferric Oxide 
Phosphorus Pentoxide 
Sulfur Trioxide 

37.05 
20.84 
2.77 
3.07 
0.63 
1.16 
0.78 
27.53 
0.88 
5.13 

42.43 
20.97 
2.34 
2.58 
0.62 
1.17 
0.74 
22.94 
0.91 
4.93 

39.74 
20.90 
2.55 
2.82 
0.63 
1.17 
0.76 
25.24 
0.89 
5.03 

36.44 
17.61 
1.68 
3.92 
0.58 
1.33 
0.81 
31.88 
0.93 
4.35 

35.29 
21.15 
1.81 
3.54 
0.62 
1.28 
0.75 
27.57 
0.89 
6.75 

37.15 
23.77 
1.87 
3.16 
0.66 
1.24 
0.64 
25.22 
0.78 
5.50 

36.29 
20.84 
1.79 
3.54 
0.62 
1.28 
0.73 
28.22 
0.86 
5.53 

34.94 
20.53 
1.48 
3.16 
0.54 
1.13 
0.79 
31.17 
0.92 
4.65 

Phosphorus (% Ory Basis) 
Slag Viscosity (T2 n°F) 
S1agging Index 
Fouling Index 

0.118 
2270 
4.39 
0.43 

0.128 
2370 
2.71 
0.32 

0.123 
2320 
3.55 
0.38 

0.112 
2210 
5.85 
0.56 

0.124 
2260 
4.58 
0.44 

0.108 
2320 
3.73 
0.32 

0.114 
2263 
4.72 
0.44 

0.!19 
2230 
5.81 
0.51 

Trace Elements: 
Selenium 
Arsenic 

(PPM in coal) 
-
-

- 3.71 
1.69 

Lead 
Mercury 
Zinc 
Cadmium 
Chromium 

-

-
-

11.56 
0.03 
33.73 
0.45 

37.98 

-
-
-
-

Copper 
Nickel 

56.97 
151.92 

-
-

CORE COMPOSITES: 

Composite No. Drill Hole No. 

C-A3 
C-B3 
C-A2 
C-82 
C-C2 
C-Al 

CC-IR, CC-4, CC-12 
CC-3, CTC-2 
CC-IR, CC-4, CC-7, CC-12 
WC-IOR, CC-3, CC-5. CTC-2 
CC-9, CC-IO, CC-ll 
WC-LOR, CC-7, CC-3 
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TABULATION 4-B - Continued
 

Seam Seam No. I Seam No. I 
No. 3 "T . Arith. 

Sample Analysis Y* E-A2 E-82 E Average E-A1 E-01 E-CI Average 

EAST AREA 

Analysis: 
Ash () 34.93 35.07 26.17 39.89 33.71 27.26 27.83 35.10 30.06 
Volatile Matter (9) 
Fixed Carbon (9) 

34.82 
30.25 

33.95 
30.98 

38.01 
35.82 

32.15 
27.96 

34.70 
31.58 

39.28 
33.46 

36.94 
35.23 

33.57 
31.33 

36.59 
33.34 

Sulfur () 6.03 6.02 6.94 6.46 6.48 7.45 7.36 6.79 7.20 
Kcal/kg 
Btu/Ib. 7870 7704 8950 6850 7834 8882 8821 7528 8410 

Equ. Moisture (5) 44.86 40.45 39.72 41.75 40.64 40.64 44.20 50.06 44.96 

Fusion Temperature of Ash ("F) 
Reducing: 
Initial 2232 2443 2081 2104 2209 2046 2047 2083 2058 
Softening 2389 2453 2118 2155 2242 2076 2076 2130 2094 
Hemn. 2420 2468 2133 2372 2324 2103 213? 2190 2141 
Final 2453 2508 2230 2490 2409 2230 2195 2310 2245 

Oxidizing: 
Initial 2492 2593 2460 2502 2518 2441 2445 2520 2468 
Softening 2548 2621 2490 2543 2551 2488 2473 2552 2504 
Hemp. 2589 2631 2503 2558 2564 2501 2491 2575 2522 
Final 2635 2640 2536 2585 2587 2537 2538 2593 2556 

Forms of Sulfur (%) 
Total Sulfur 6.03 6.02 6.94 6.48 6.48 7.45 7.36 6.79 7.20 
Pyritic Sulfur 3.17 2.89 3.07 3.87 3.27 3.22 5.51 3.20 3.97 
Sulfate Sulfur 0.44 0.31 0.60 0.68 0.53 0.46 0.42 0.86 0.58 
Organic Sulfur 2.42 2.82 3.27 1.93 2.67 3.77 1.43 2.73 2.64 

Ultimate Analysis of Coal (9) 
Ash 34.93 35.07 26.17 39.89 :3.71 27.26 27.83 35.10 30.06 
Hydrogen 3.33 3.23 3.58 2.91 '.24 3.58 3.66 2.99 3.41 
Carbon 44.05 44.13 50.72 39.26 4 .70 50.75 49.48 41.50 47.24 
Nitrogen 0.82 0.87 0.95 0.74 ,J.85 0.92 0.91 0.78 0.87 
Sulfur 6.03 6.02 6.94 6.48 -.48 7.45 7.36 6.79 7.20 
Oxygen 10.84 10.68 11.64 10.72 11.01 10.04 10.76 12.84 11.21 

Total Chlorine (1) 0.18 0.11 0.18 0.19 0.16 0.14 0.18 0.16 0.16 

Water Soluble Chlorine (t) 0.15 0.08 0.16 0.16 0.13 0.10 0.14 n.14 0.12 

Water Soluble Alkalies (9) 
Potassium Oxide 0.019 0.019 0.022 0.022 0.021 0.015 0.018 0 024 0.019 
Sodium Oxide 0.344 0.231 0.269 0.241 0.247 C.108 0.266 0.303 0.225 
Total u m FM FM UM 9- u FM U=. rm 

Mineral Analysis of Ash 
(% Ignited Basis): 

Silicon Dioxide 42.14 44.16 38.97 47.57 43.56 40.97 32.34 45.58 39.63 
Aluminum Oxide 24.70 26.30 21.00 21.91 23.07 18.87 19.22 22.36 20.15 
Titanium Dioxide 3.16 2.76 2.00 2.48 2.41 1.69 1.54 1.92 1.71 
Calcium Oxide 2.11 2.88 3.48 2.13 2.83 3.63 4.28 2.61 3.50 
Potassium Oxide 0.61 0.69 0.64 0.65 0.66 0.57 0.65 0.66 0.62 
Magnesium Oxide 1.67 1.35 1.92 1.15 1.47 1.27 1.82 1.47 1.52 
Sodium Oxide 1.02 0.83 0.90 0.70 0.81 0.69 0.94 0.80 0.81 
Ferric Oxide 19.28 17.02 22.31 19.92 19.75 25.16 31.02 19.40 25.19 
Phosphorus Pentoxide 0.81 0.75 0.81 0.82 0.79 0.87 0.90 0.76 0.84 
Sulfur Trioxide 4.43 3.00 7.15 2.20 4.11 6.25 7.20 4.30 5.91 

Phosphorus (% Dry Basis) 0.123 0.115 0.093 0.143 0.117 0.103 0.109 0.116 0.109 
Slag Viscosity (T250°F) 2470 2530 2330 2480 2 16 2300 2200 2470 2323 
Slagging Index 2.13 1.87 3.28 2.21 2.45 3.79 5.37 2.42 3.86 
Fouling Index 0.36 0.26 0.42 0.24 0.30 0.35 0.69 0.30 0.44 

Trace Elements: (PPM in coal) 
Selenium - - - 0.47 4.46 -

Arsenic - 0.69 1.13 
Lead - 8.95 7.83 
Mercury - 0.03 0.06 

Zinc - 14.3' 20.83 
Cadmium - 0.45 0.45 
Chromium - 71.36 62.23 

Copper 63.42 62.23 

Nickel 190.32 165.99 

CORE COMPOSITES: 

Composite No. Drill Hole No. 

E-A3 EC-6, EC-7 
E-A2 & E-Al EC-2, EC-3. EC-5 
E-B2 ETC-2R, EC-8 
E-B1 ETC-2R, EC-6, EC-8, EC-13R 
E-C2 & E-CI EC-lO, [C-I., EC-12 
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MASTER MINING PLAN 

Selection
 

The master mine plan used in this report is based 
 on two principal 

documents: (1) the BOYD Volume 8 Report: Alternative Mine Design 

Study completed in June 1985, and (2) the summary memorandum 

prepared by M. Charles Moseley, USAID/Islamabad, following contractor 

review meetings held in Pittsburgh, Pennsylvania, and Washington, 

D.C., between October 3 and 9, 1985. 

As summarized below, the Alternative Mine Design Study 

(Volume 8) evaluated the five mining concepts we considered best suited 

to the Lakhra reserves. The objective of this study was to select the 

mining method(s) and concept(s) to be applied to a 1.4 million tonne 

per year master mine plan. Only direct mine costs were considered 

(i.e., infrastructure excluded); available data was incomplete; and 

accuracy of the cost estimates was 20 percent. 
Surface 
 UndergJround
CASE 


4ufc 

Co ination
 
Description • DraglSene LTkhra Mechanized
Dr.e Shovel/Truck Shovel/Truck 
 Upgrade Lonwall
 

AnnualProduction (ROMtonnes- 000) 
 745.3 745.3 
 745.3 354.0 
 346.7
 

EffectiveStripRatio(total8CM/tonne): 16.2 11.2 13.8 
 -

ProjectedPayroll(totalno. employees): 305 359 372 
 555 318
 

Productivity (avg.tonnes/manshift) 9.4 
 8.0 7.8 2.6 
 4.3
 

Estimated Costs($US-000)

(excl.Importduty and
 
relatedlanes,royalty)
 

InitialCapital
DirectMine (incl.development) 
 108.236 91.714 115,029 19,274 28,106
InterestDuringConstruclion- 13,959 
 7.402 14,007 3.015 2.921
 
Total 
 122.195 99,116 
 129.036 22.289 31,027
 

Amortization (30-yearterm)/year* 
 7,872 6,385 
 8.312 1,436 
 1,999
 

Average AnnualDirectMineCashCost/Yr.

Labor 
 1,474 1.597 
 1,624 1.738 
 1,305
Supplies(ecl. Power) 
 7,962 12,146 8.919 940 
 1,080

Poer 
 830 507 
 738 132 
 164
Other 
 1,258
Contingency 1,300 1.313 638
1.152 558
1.555 1.259 345 311
 

Subtotal 
 12.676 17,105 13,853 3,193 3,418
Equipment Replacement 
 2.832 3,730 
 _3.059 497 
 1,224

Total 
 15,508 20,835 
 I .912 4,290 4,642
 

TotalDirect MineAnnualCost 
 23.380 27.220 25.224 5,726 6,641
(ncl. Amortization and Interest)
 

$/Tonne 
 31.37 36.52 
 33.84 16.18 19.15
 
PresentValue of EstimatedTotal z28.679 
 326,664 303,170 
 69.390 19,536
 
Direct Mine Costs

*Calculated at 5% annualInterest
rate
 
"Calculated at 51 annualdiscountrate,Includes5-year

development period and 30-yearmine life.
 

JOHN T. BOYD COMPAN1Y 
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As agreed upon by USAID/Pakistan and WAPDA representatives in 

June 	24-25, 1985, review meetings held in Lahore, Pakistan, the master 

mine plan to produce 1.4 million ROM tonnes per year included: 

(a) A single surface mine in the West Pit (high grade plan)
producing 745,000 tonnes per year using the Case 3 
approach (combination dragline and shovel/truck). 

(b) A series of underground mines in the Central and East 
areas, producing a total of 655,000 tonnes per year
using the Case 4: Lakhra Upgrade approach. 

This section of the master mine plan was based on the following 

rationale: 

(a) 	 Assurance of supply would be maximized by the inclusion 
of a surface mine component in the overall plan. The 
combination concept (Case 3) provides reliability of 
operation by the use of multiple units of diverse 
excavating equipment. 

(b) 	 Economics, capital, and operating costs clearly favor 
maximizing underground production. 

(c) 	 Technology required to operate the mine should advance 
current practices but not require a "quantum jump" 
which would be unattainable. 

(d) 	 The overall mine plan should be compatible with the 
identified demonstrated lignite reserves. 

During Lakhra Project contractor review meetings held 

October 3-9, 1985, the objective of the overall project was revised to 

better address the total power generation needs of the GOP. This 

expanded approach also achieved a magnitude of scale more consistent 

with modern international mining project development. Using the 

current coal reserve estimate of 121.7 million ROM tonnes, recovered 

JOHN T. BO!D COMPANY 
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using 	an aggressive multiple surface mine concept, the master plan was 

revised to include: 

(a) 	 Two modern surface mines, each producing 2.0 million 
ROM tonnes annually. Diversity of supply (production)
is achieved through the use of two primary large
capacity draglines in each pit. Multiple fleets of 
shovel/truck equipment complete prestripping (removal of 
upper overburden in deep cover areas) in advance of 
the draglines. 

(b) 	 One underground mine, producing approximately 0.33 
million ROM tonnes annually, in the southern portion of
the Central Area. Overburden depth in this area 
exceeds the practical limits of surface mining. 

The 	 rationale used to support the current master mine plan 

includes the following: 

(a) 	 Reserve conservation through maximum recovery of the 
demonstrated lignite reserves. 

(b) 	 Increased capacity to better address the existing critical 
electrical power generation sho:rtages and projected new 
generating station construction schedules. 

(c) 	 Development of a mining operation offering improved
economics through magnitude of scale to support
required investment in equipment, facilities, and project
infrastructure. 

(d) Ability to attract qualified international mining companies
to manage operations and improve equity participation in 
the venture. 

In addition to the two mining components (surface/underground), 

the master mine plan study includes an assessment of infrastructure 

requirements for two alternative power plant sites: mine site and 

Khanot. A common facilities cost .-enter is alsc included to account for 

costs associated operation the main officewith of 	 (general 

administration) and common roal handling/loadout facilities. A separate 

analysis is made of an independent railroad used to, transport coal in 

the case of the Khanot power plant site (see Transportation chapter). 

JOHN1 T. BOYD COMPANY 
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A run-of-mine (ROM), selectively mined, and hand-picked product 

will be delivered to the 700-MW Lakhra power station. Due to 

spontaneous combustion problems associated with the Lakhra lignite, 

mine site stockpile invertory will be minimized. The surface mine will 

carry sufficient in-pit inventory, wnere approximately 100,000 to 

500,000 tonnes will be available for mining, to provide coal supply 

reliability over any extended production shortfall from the mines, major 

electrical outages, and/or other production interruptions. In addition, 

a long-term dead stockpile ranging from 500,000 to 2,5C,000 tonnes is 

also planned to provide makeup tonnages during emergencies and low 

production years. 

Operating Schedule 

Each component of the mining operation is developed through a 

series of schedules as follows: 

Schedule Description
 

A Annual Production
 
B Labor Force 
C Initial Capital Expenditures
 
0 Equipment Replacement Expenses
 
E Operating Cash Cost
 

Schedules are normally developed by individual year for the 

development period and first ten years of mining and by five-year 

increments for the remaining 20 years of the project life. However, 

because of the limited life, schedules for the underground mine are 

developed by individual year. Years are designated as follows: the 

initial year of full production is identified as D+I, with the following 

years numbered acc.wdingly (D+2, D 3, etc.). The development period 

is assigned negative numbers (D-5, D-4, etc.). 

JOHN T. BOYD COMPANY 
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In our development of annual operating schedules, we have used 

300 days per year for the surface mines and common facilities, and 287 

days per year for underground mines. Effective full production days 

at the underground mines are assigned 255 days per year (production 

equivalent to 32 days of average operation is assumed lost due to local 

interruptions, primarily fires resulting from spontaneous combustion). 

Due to the large capital investment associated with draglines, these 

units are scheduled to operate continuously, except for scheduled 

maintenance. Four dragline crews are rotated on a 5-day, 3-shift basis 

to achieve continuous operation and avoid excessive overtime. 

Consistent with other industry practices, (i.e. ZealPak limestone 

quarry/cement plant; WAPDA generating stations; etc.) we have 

projected 6-day work weeks. However, it should be noted that the 

current work schedule of the existing Lakhra mines is 5-1/2 days or 44 

hours per week. Compensation levels used in this report reflect the 

additional time. 

Existing provincial mining regulations provide for a 48-hour work 

week. Waivers can be obtained for extended work weeks. By 

regulation, overtime is defined as all hours over eight in any day or all 

hours in excess of the weekly maximum and is paid at double the 

regular equivalent hourly wage. 

Labor
 

In all cases, staffing of the mines is based on Western practice 

and does not overstaff the mine simply to maximize employment. 

The assignment of absenteeism is based on regulatory requirements 

for vacation, personal leave, and sick leave and also provides for 

JOHN T. BOYD COMPANY 
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routine training of operational supervisory staff and all workers. As 

compared to practices at PMDC and the ZealPak quarry, we have 

reduced the off-time policy to comply with better management (more 

stringent labor relations) and operational efficiency (and 

correspondingly higher compensation). Considering the degree of skill 

and training of the proposed labor force, particularly the surface mine, 

a more reliable labor policy is mandated. 

An underground mine worker is projected to bie on the job an 

average 252 days (including 5 days training) out of a 287-day year 

mine schedule, and the surface mine workers average 268 days on the 

job out of 300 mine operating days. An absenteeism allowance (for 

fill-ins) of 17 to 20 percent is assigned for underground mine 

supervisory staff (excluding administration) and all underground and 

surface mine workers. The surface mine staff and underground mine 

administrative staff are considered adequate in number to provide 

short-term overlapping of responsibilities in the case of absenteeism. 

Allowed worker absenteeism at PMDC's Lakhra coal mine is estimated at 

20 to 25 percent (58 days/year); reported absenteeism at ZealPak was 

approximately 30 to 40 percent (93 days/year for senior workers). 

Absentee allowance, as used in this report, does not include 

unscheduled work days (e.g., Friday holidays). 

In our estimation of labor cost, we have retained normal Pakistani 

industrial practice by providing staff and workers monthly compensation 

under a salary plus allowances approach. A production incentive 

(bonus) program is also included; this is considered to be prudent to 

reward good performance and necessary to some degree since existing 

Lakhra deep mine production workers are paid on a strict piece rate 

basis. The final distribution of labor payment between fixed salary and 

JOHN T. BOYD COMPANY 
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production bonus is subject to future management decision, but total 

labor costs provided in this study are considered sufficient to provide 

competitive total compensation requirements. 

Cost Estimation Procedure 

Equipment was sized based on projected mining requirements. In 

surface mine equipment selection, preference was given to demonstrated 

units and major manufacturers. We have lowered normal equipment 

availability by 20 to 25 percent as compared with typical U.S. 

standards. This is considered conservative but appropriate, based on 

third world experience--operating interruptions, reduced operator 

efficiency, prolonged repair time, and below average maintenance. This 

is a key area where superior mine r,: nagement (maintenance 

organization) can achieve significantly higher productivity 

(performance) levels. 

To minimize the fleet size and simplify maintenanc- we have 

selected large capacity surface mine units and assigned them multiple 

functions. For example, a hydraulic backhoe is used for both selective 

interburden removal and lignite loading, and a single rock truck model 

is selected for overburden/interburden and lignite haulage. We also 

strongly recommend that equipment be standardized and grouped by 

manufacturer to make future warehousing requirements and maintenance 

as practical as possible. 

Capital ard operating costs are estimated based on the purchase of 

new equipment using current manufacturer quotes (applicable to the 

Asian market). Costs are subject to negotiation at the time of purchase 

and do not consider fleet purchase discounts. They are considered 

conservative, but reasonable, and include allowances for freight and 

shipping. 

JOHN T. BOYD COMPANY 
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Production cost estimates are considered base prices and do not 

include any external government costs related to import duties or taxes 

or provincial royalty. Power costs are based on projected mine demand 

and are calculated using current WAPDA tariffs. 

Management 

The productivity and cost effectiveness of any mining venture is 

directly related to the quality of mine management and operating 

agreements under which the venture is organized. For purposes of this 

report, we have assumed: 

(a) 	 An international mining company is responsible for the 
management of the mining venture. 

(b) 	 Performance of the expatriate mine manager is rated as 
average.
 

Securing the services of a qualified mine management organization 

is essential to the success of the Lakhra Coal Mine. We estimate the 

selection of the expatriate mining company could affect capital and cost 

estimates by a factor up to 20%. That is, exceptional performance by 

the mine manager could achieve a cost reduction of 20% below estimates 

and, conversely, below average performance could result in a 20% 

increase. Although Pakistan has a long history of mining, it lacks 

qualified managers, engineers, and supervisors experienced in modern 

mine development and operation. 

On world standards, the proposed Lakhra surface mine will be 

challenging due to the technical aspects of the project (extensive 

pre-mine development, variable nature of the multiple bedded deposit, 

deep cover stripping, intensive capital investment, and location). The 

coai quality, mining cost, and location prohibit any export coal 

potential. 

JOHN T. BOYD COMPANY 
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With an equitable agreement to minimize corporate exposure and general 

risk, we believe a qualified international mining company can be 

retained. The project offers the future mine manager a dedicated fuel 

buyer located at or near the mine site (eliminating any international 

marketing program). Opportunity for additional mining alsoventures 

exists in Pakistan based on forecasts of additional coal-fired electrical 

generating capacity. 

Structure of the future management agreement could be in the form 

of a direct coal sales contract or oe limited to management of the direct 

mining operation. We have not included any provision in the operating 

cost estimates for payment of a management fee but have included all 

labor costs associated with the assigned mine site expatriate staff. 

Consistent with our understanding of the technology transfer 

(training) guidelines of USAID, we have provided Pakistani counterpart 

staff positions and scheduled an orderly reduction in the number of 

expatriate staff as the mine matures. 

Summary 

Following this page are Tables 1, 2, and 3 summarizing the 

production, labor, and cost estimates for the future Lakhra Coal Mine. 

Findings are supported by detail schedules included in the appropriate 

chapters and appendices of this report. 

Identified underground reserves are limited to Mine No. 1 (No. 2 

Seam) in the southern portion of the Central Area. Estimated 

underground reserves are not adequate to support the assigned 

production level (approximately 326,000 ROM product tonnes per year) 

for the entire 30-year mine life. For purposes of this report, we have 

JOHN T. BOYD COMPANY 
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assumed deficit underground production will be produced in other 

portions of the Lakhra Coal Project study area, now undefined, or 

purchased from private sector mines to the south. Based on cost 

estimates for Mine No. 1, we have used a cost of $18.50 per ROM 

product tonne for all deficit underground production (excluding tha 

cost of the common ,'acilities and infrastructure). 

Following this text are: 

Tables 
1: 
2: 
3: 

Summary of Proposed Lakhra Coal Project Operation 
Summary of Proposed Capital Expenditures 
Summary of Operating Costs 

JOHN T. BOYD COMPANY 
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71 

197 

976 

4 
36 
16 

436 

426 

38l 

461 

500 

1 
71 

897 

76 

4 
38 
'a 
436 

476 

303 
N7 

461 

0 

1 
71 

897 

976 

4 
38 
'a 

436 

476 

m 
461 

000 

1 
71 

897 

876 

4 
38 
15 

436 

476 

30 
N 

441 

SO0 

1 
71 
97 

976 

No88,48 

Total. Unde roon4a 

3-

3 

1832 

85 

35230 

310 

61400_ 

S2 

62404_ 

516 

82484_ 

816 

82404 

S18 

62404 

516 

62404 

S16 

62404 

516 

62484 

SIG 

62404 

516 

62404 

518 

6244 

S18 

62404 

1 

624__4 

818 

62404" 

826 

624-

16 

0539, 

449 

553__4 

449 

s0362z 

412 

Z2180 

212 

12101__* 

113 

C~O" FACILITIES 
TF-M -LPri 8t.2~ta84....84...1.. 

ma.toUl 
322I 

1N 
8332 

3T 
8486 

46 
288 
S9 

1020 
I 

243899 
1, 

242 
928 

1418 
18 

1382414839 
12 

114 

71 
1184J1 
942 

692 

17 
882,0 

117 
892 

197 
882 

117 
882 

27 
882 

197 
882 

157 
887 

17 
682 

17 
48', 882 

9217 
882 

117 
882 

117 
882 

117 
882 

117 
883 

27 
69 

117 

Workers:C.940tr8.0. 
X8I0'"'1IA 
1.808081 

Total- C 

. 

14 

14 
1 
55 

-
34 
31 
as 

-
42 
1y 
111 

-
42 
Ty 
122 

2 
83 
is 
18 

2 
83 
U 
191 

2 
83 
Is 
191 

2 
83 
I9 
190 

2 
83 
92 

280 

2 
83 
is 
180 

2 
U4 
U1 
189 

1 
as 
U7 
1 

2 
as 
U 
189 

2 
8s 
U 
189 

2 
as 
a 
119 

2 
80 
a 
189 

1
80 
aI 
189 

1 
as 
U 
189 

1
80 
:9 
189 

1 
as 
U 
189 

2
80 
U 
189 

1
80 
U 
189 

1
8s 
U 
189 

1 
as 
a 
189 

18s 
If 
119 

140 
U8 
189 

I.4 
K 
in 

TOTALS8180420 781L2T11S 

subtotal 
Marti: [ tristS8180...2&1 

8 
11 

.-

21 
A83 
17 

-2804 

2 

17 
.384 

3 
28 
m1 

808 

38 
288 
2U8 

841 

44 
202 
IST 

213035 

48 
224 
M, 

244 7 

46 
?2 
71 

21 .49 

44 
220 
18 
2149 

38 
227 
21 
21.434 

30 
27 
227 
22436 

18 
230 
711 
21.430 

16 
230 
28 

11434 

16 
230 
IN8 

1438 

16 
230 
18" 

111438 

16 
230 
28 

12436& 

14 
230 
27 
21436 

14 
230 
27 

11438+ 

14 
230 
27 
12434 

14 
230 
11 

2434 

14 
223 
177 

22 13 

14 
223 
27 

2,7 28 

14 
218 
2m 

1344 

14 
190 
17p 

1122 

24 
188 
Il 

11883) 

24 
24 
1in 

82 

14 
168 
wI 

88 

24 
14 
w 

82 

7.81 - KIM 4n4 Facttis 14 288 48 76 1.043 1.606 1.319 1.0 1.70S 1.301 1.693 2.46 1.683 2.8 1.83 1.683 1.681 I,8m 1.681 2,8 1.614 1,14 1,022 1.372 1.278 1.18 1.165 1.16S 

S0908 or PROPOSED LAMU8A COAL 

PROJECT 0 190818 
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TABLE I - Continued 

Vj 2-S 0-4 0-3 L-2 .- _. o-3 0-4.4 0. pj 0.7 0.8 0.9 0-10 011 2 _4 0, 0-17 D-18 9 0.20 D___ _o 30 

INFRASTRUCTURE 
Lxtux SITE OPTloni

b ) 

,UFI7:LP~nt*. 
49104al 

morks" 

Tota1- l.1rastructre 

1 
3 

-

4 

1 
5 

11 

is 

1 
19 

to 

t. 

22 

134 

132 

1 
39 

289 

294 

9 
6 

424 

470 

1 
53 03 

424 

47. 

93 

424 

472 

1 
0 

424 

478 

3 
1 

424 

478 

53 

424 

478 

53 

424 

472 

5 
1 

93 

424 

478 

1 
5 

424 

478 

53 

424 

474 

1 
53 

424 

47 

3 
1 

424 

478 

53 
1 
5I 

424 

478 

1 
3 

424 

475 

53 

424 

471 

5 

424 

478 

1 
3 

424 

470 

5 
1 

424 

47 

1 
53 

424 

479 

5 
1 
3 

424 

478 

1 
53 

424 

478 

1 
53 

424 

478 

1 
53 

424 

47B 

ST OJ4PTION
( C) 

ff:- trI 

S22tott 

worers: Extrites 

3 21 
O SS 

28
94 

35
138 
M 

. 

38 
19 
m 

7 

4'
23 
7wT 

2 

44
249 
21m 

2 

44
249 
m 

2 

44
249 
21m3 

z 2 

30
299 
TIT 

2 

is
2544 
m77 

2 

10
S2S24 

27 

I 

10
254 
270 

1 

16254 
27m 

I 

1
254S 
27 

9 

14 

m 

1 

4
1 

2m1 

1 

14 

m11 

9 1 

4 
U2 

11 

4 
2HM 

11 

21 
23. 

1 

214 
1 

21 
2U1 

194 14 14 
2I 

74'., - Project
.9.. 

Natioals 

99 
3 

12 

291 
21 

274 

542 
24 

914 

13 1.194 
g.9,t3 2 

804 .957 

1.921 
44 

1.779 

1.934 

I.M 

1.922 
40 

1.874 

1.920 
4 6 

1.974 

9.991 
40 

1.629 

. 
32 

9.429 

1.31-19 
20 

110 

.898 
17 

1.811 

0.198 
1? 

9.09 

1.198 
17 

9991.91.81 

9898 
17 

. 

1.4 
95 

9 1 

1.9 
15 

.M1 

1.899 
95 

1.91 

1.&114 
15 

9.89 

1.029 
19IS 

1.14 

91.929 
15 

1.814 

1.702 
15 

1.777 

1.592 

1.57 

1.493 
15 

1.478 

1.380 
S is 
1.365 

1.38 

1.345 

1.300 
15 

1.345 

1INFUASTWRUE~fI 
940,L0q71T OTI90 

ftt900490 
1ubtats1 

Tota1 - Ifrastruc9urt 

2 
3 

3 

3 
T 
8 

12 

S 
I 
49 

1S 

1 94 
Ts 
74 

99 

14 
17 
114 

171 

26 
27 
210 

243 

31 
27 
216 

249 

31 
27 
294 

249 

31 
37 
219 

248 

31 
37 
216 

24 

31 
27 
21 

248 

3! 
37 
216 

248 

31 
27 
218 

248 

31 
27 
Z1 

24 

31 
27 
216 

2448 

31 
27 

219 

248 

39 
27 
216 

248 

31 
27 

219 

248 

39 
27 
216 

248 

31 
N7 

210 

249 

39 
27 
21 

24a 

31 
7 

216 

244 

39 
2 

216 

248 

39 
N7 

294 

248 

31 
2 
216 

248 

31 
w7 
219 

248 

31 
7 

210 

248 

3t 
37 

219 

248 

tWIMT SITE OPTION 
St.ff: t.ptr$4toe 

Nationas 
Sub94t41 

4o.tmil":O 49r1019t 

4 
93 
T7 
. 

22 

U5 
. 

2 
92 

TIT 
.2 

36 
142 

in1 

39 
994 
m2 

45 
233 
271 

47 
715 
w2 

2 

42 
259 
=2 

2 

45 
259 
M1 

2 

39 
25 
w1 

2 

31 
21 
n 
2 

19 
261 
m9 

2 

17 

79 
1 

17 
2 
7 

1 

17 
261201 
771 T7T 

1 

17 
209 
m7 

1 

1 
209 
2 

1 

is 
209 

9 

is 
209 

1 

is 
201 

27m1 
1 

1s 
254 

21m1 
1 

is 
2S4 

211 
1 

is 
249 

ww 
1 

15 9s 
221 

mw 
1 

19 
791 

22U2119 
1 

is 
199 

1 

9 
99 

1 

9 

1 

Toji1 - Projt 
I.p49.949i1 
1I99I4 s 

17 
4 

13 

300 
22 

279 

954 
29 

029 

ass 
36 

922 

1.210 
39 

1.179 

1.844 
47 

1.82 

1.947 
49 

1.918 

1.95S 
49 

1.90 

0.93 
47 

1.90 

1.49 
41 

1.901 

1.941 
33 

9.0 

1.933 
21 

1.912 

9.931 
1 

1.913 

.439 
19 

1.91 

1.92 
99 

1.913 

1.931 
99 

1.913 

1.92 
19 

1.913 

1.929 
99 

1..13 

1.929 

1.93 

1.929 
16 

1.993 

1.562 
10 

1.944 

1.62 

1.946 

1.825 
16 

1.809 

1.025 
1 

1.609 

1.526 
16 

1.510 

1.413 
9 

1.397 

1.413 
16 

1.397 

1.413 
16 

1.397 

mtrJ 
Wor ..
Tta1 - tU11Poa4 

- . 

. 

91 
395 

20 
73 
13 

20 
73 
!3 

20 
73 
1-'3 

20 
23 
13 

25 
73 
1 

20 
73 

22 
73 
13 

20 
23 
13 

20 
73 

20 
73 
13 

20 
73 
13 

20 
73 
1 

20 
73 
13 

20 
73 

20 
73 

20 
73 
13 

75 
)3
1 

20 
73 
n 

20 
73 
13MVI 

20 
73 
T3 

20 
73 
13 

20 
73 

iNotas; 
(a) Oth r Coal Source - placasnt for Uno-rrove 490 No. 1 proauctto4; e194r 

saw idlargroun404 or outsid9 purchs4 0041. 
(1b) Lahr4 site Infrastru¢-re labor force 1nclu9total l94r force reoolr.ts 

to slr. the Colon$ Covorlsed of both alte eN4 generating SLtton sai1o71 1o 
(c) L.0hrI 41te thfrastruc5. l.ter 05rc4 49 0locate 00 the folloaol b40s0: 

"9asstation 4S55% 

7orAl 1400,. si labor force Isc149s lofrastrsu o r orce allcation 
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USAIO/PACISTAh
39 - APA 

CONTRACT NO. O0478-C.00.5006.00
 

25,056 340,128 4,939 


o. _____InitialCapital0-6 0-_. . 0.3 __._ " - . lnI 0. * 

SURFACE41NE 
Loin1 
Fo rign 

Subtota 
-

8.208 
750.4 

64o08 

8,406 

29.030 

9,912
36,i02 

46,214 

12,54870.008 

82.556 

10,35661636 

71.992 

8.04513497 

21.542 

27,475 

315.421 

117 

4,719 

190 

2,394 

506 

3,497 27, 

UNERGOUND 
Fon 

MINI 

Foreign 1 

Subtotal -

1,695 
1.379 

3,074 

386 
2.191 

2,577 

806 
3 

4,559 

382 
25015 

2,833 

?8 
521 

599 

3.347 
10.345 

13,692 

72 
335 

407 

141 
167 

1,208 2, 

COMMON FACILITIES 
Local 
Foreign 

SubtOtalITE 

TOTAL INEFACILITIES 

-

Sutoal5,40 

5O 
Z 

50 

1,230
1"375 

2.605 

2,655
2,790 

5,445 

1,440 
1.475 

2.915 

-
5 
5.640 

11,015 

45 
15
175 
220 

44 
75175_ 
220 

175s 
220 

Local 

Fbo talgSubtotal -a 

8,208 

LS64,087 

10,101 

22'00332,104 

10,348 

3843
48,841 

14,584 13,393 

73 
89,720 80.320 

9,563 

542 

66,197 

273931 

232 

4707 

307 

.71 

692 

4233 

6,4 

27 
3,021 4,92S 
 30,1
 

INFRASTRUCTURE
 
LAKNRA SITEOPTION
 

Local
Fon 7,221 7,069239 195 7,635 6,446 3,172
536 390 as 31,631
345 263 1,61 4 3-Subtotal 
 7.460 7,264 8,171 6.836 3,517 
 351 
 .33599 38 25 

KHANOT SITE OPTION
 
Local 

Foreign 1,959
F gn 20,672 778 8 634 6875 453
13,178 746 685,3
8,634 623 241 
 215
STTtotal 
 1,959 23,120 13,95 9,380 

- 529 
627,498 
 694 
 283 
 56,890 
 * 13 28 
 4
 

LAKI4rASITEOPTION

Local 
Foreign 7,221 15,277 17,786 17,974_ 239 19,181 12.2665674 22539 40.258 8.123 97,82876896 65.875 232 311 695SubtoPa I 14.018 275,899 4.707 2,748 6,40;

7,460 4,255 2771,351 40,325 
 58,232 96,077 
78,141 22,141 373,727 4,939 
3,059 
 4,950 30,121
 
CHANOT OPTIONSITE 

Local 1.959 20,672 21,386 18.785 18,403 16,462 12.246 8,123-Foig 118.036 232244 309 694
Sbo talg, S65 6.404
Subtotal 1.959 23.120 .2-- 1749sz712712744!1.1 6,8 8.2778,043 41,534 58,894 278,982 4707 2,125. 41259
93,254 78.073 23LM4
22.141 397,018 4,939 
3,034 4,953 
 30,148
77 zaRAILROAD 

Lorel 

Foreign 2,450 16.347 7,551 337 594 
 27,279


3050 1.930 3,158 5.905 

-- 18 


Subtotal 14061 _Sutt2 
 .468 19.397 9.481 3.495 141
 
6,499 1,30
41.340 
 149149
 

http:O0478-C.00.5006.00
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TABLE 2
 

SUWIARY OF
 
PROPOSED CAPITAL EXPENDITURES
 

LAKHRA COAL PROJECT
 
Sind Province, Pakistan
 

Expressed in Thousands U.S. Dollars
 

0-Z .0"3 D*4 Replacement Ca ta I05 06 0.7 0.8 D*9 D0 D11 0-12 D*13 0.14 D15 16 D 18 

190 506 6.083 470 328 472 694 415 113 3k0 1,137 544 987 1,093 1,349 1,041 400
2,204 2.991 0 ,40 
 1 .566 15H314 8,216 2.032 6.791 L 11.085 7M 20.0o2 6 18
 
2,394 3.497 27,413 10.877 5,829 8,038 16,008 8,631 2.145 7.111 26.212 11.629 18.418 21,095 23,048 13,970 
5.318
 

72 141 272 75 
 72 90 185 71 111 78 144 73 84 58 84
335 1.067 2,202 679 607 835 2,558 639 1,309 1 §§2 32 857603 664 1,27 _
 
407 1.208 2,474 754 
 679 925 2.743 710 1.420 681 
 1,788 735 916 215 1,363 

45 45 45 
 45 45 45 45 45 100 45 45 45 45 45 45 45 45175_175 175T . 175 17 17 400 _L5 jLT__L_17 _175 1_ 175 175 175 175
 
220 220 220 220 220 220 220 
 220 5oo 220 220 220 220 220 220 220 220
 

307 692 6,400 590 445 607 
 924 531 324 443 1,326 662 1,116 1,196 1,478 1,086 445
2.714 4.233 
 3707 11,26 16,283 8.576 18.04 9.030 3,741 7.569 MM~! 11.92 18.438 21,034 23,15 13,10 .9

3,021 4,925 30.107 11,851 6,728 9.183 18,971 9,561 4,065 8.012 28,220 12.584 19,554 22.230 24.631 14,190 5,538
 

4 3 2 
 25 51 36 53 3 4 4 2 21 181 44 53 4 234 22 7 199 244 232 280 22 48 34 7 2616_5 333 263 3 17 
38 25 19 224 295 268 333 25 52 38 19 186 442 377 316 .8 19
 

2 2 
 4 50 1, 2 64 2 .678 4 7 45 333 13 66 411 26 37 366 469 42 177 26 447 37 48 7
329 389 244 204 37 48 

13 28 41 416 525 44 241 28 1,125 41 55 374 722 257 270 %1 55 

311 695 6.402 615 496 643 . 977 534 328 447 1,328 683 1,297 1.240 1.531 1,090 447
2.748 1,211 23.2 11,46 6,527 8,808 18,32 9.052 3.789 7.603 2M9M 12.08 18.69 
21.6 MM41 13,13 5,110
 
3.059 4.950 30,126 12.075 7,023 9,451 19,304 9,586 4.117 8.050 
28,239 12.770 19,996 22,607 24,947 14.228 5,557
 

309 694 6,404 640 
 501 609 988 533 1,002 447 1.333 
 707 1,449 1.209 1,544 1,090 452
,725 4.259 23,344 6 27 8.618 18,2241_1. 6.782 9 086 -4188 --7,606 26.942 122 1 18,827 212 247 13,141 5,41 
3,034 4,953 30,148 12,267 7,253 9,227 19,212 9,589 5,190 8,053 28,275 12,958 20,276 22,487 24,901 14,231 5,593 

8 45 30 I 45 45 2 1.544 1,918 252 472 36 2 

141 133 476 21 446 13 26 97 1742 2 923 40637 58 2 
- 149 178 506 22 491 178 28 2.522 3,660 3.175 5,109 94 28 
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JohnT. BoydCorcarj

Miningand Geological7.9gioer
 

Dece.er 198E 

tolacementCapital
O_.1..6 *1i. 019 020 Uon 0+Z2 0#23 0.24 0.25 _726 _210.8 0+Z9 0T30 Total 

1.349 
1,9 

1,041 
19M 

400 
4,918 

701 
4,39J 

1.180 
2A58 

440 
8,841 

66 
857 

415 
8,808 

834 
18599 

317 
6.030 

201 
3654 

194 
2.275 

447 
8,165 

148 
1,980 

(33,797) 
66 

(12.525) 
286,346 

23,048 17.970 5.318 5.091 23,838 9.281 923 9.223 13,433 6.347 3,855 2,469 8,612 2,128 (33.731) 273.821 

84 
1,279 

-
__ 

(1,128) 
(911) 

-
_ -1 

-482 
i_ 

1,363 (2,039) 15.679 

45 
175 

45 
175 

45 
175 

4S 
175 

100 
400 

45 
175 

45 
175 

45 
175 

45 
175 

45 
175 

45 
175 

45 
175 

45 
175 -. 

,70 
5,350 

220 220 220 220 500 220 220 220 220 220 220 220 220 6.720 

1,478 
23,15 

1,086 
13.10 

445 
5.9 

(382) 1,280 
2.65058 

485 
9.016 

111 
1.032 

460 
8.983 

879 
28M7 

362 
6.205 

246 
3,829 

239 
2,450 

492 
a-340 

148 
1,980 

(33.797) (10,673) 
66 306.893 

24,631 14,190 5.538 3,272 24.338 9.501 1.143 9.443 19.653 6,567 4,075 2.689 8,832 2.128 (33,731) 296,220 

53 
263 

4 
34 

2 
17 -

5 
65 

24 
187 

51 
244 

41 
266 

53 
26_3 

4 
3 

3 
22 

8 
120 -

-
-

681 
3,423 

316 38 19 70 211 295 307 316 38 25 128 4,104 

66 
204 

4 
37 

7 
48 . 

675 
420 

50 
366 

52 
41 

7 
79 

68 
215 -

4 
.3 

4 
37 

4 
3L7 

2.203 
4.544 

270 41 55 1,095 415 468 86 283 41 41 41 - 6.747 

1.531 
7L.46 

1,090 
13,13 

447 
5.110 

(382) 
3.654 

1,285 
23.12 

509 
9.203 

162 
1.276 

501 
9.249 

932 
19.03 

362 
6.205 

250 
3.863 

242 
2.472 

500 
8.460 

148 
1,980 

(33,797) 
a66 

(9,992) 
310.316 

24.947 14,228 5,557 3,272 24,408 9,712 1.438 9,750 19.969 6,567 4,113 2.714 8,960 2.128 (33.731) 300,324 

1,544 
23,31 

1,090 
13.1 

452 
5.141 

(382) 
3,6S4 

1,955 
23.41 

535 
LM 

153 
jd 

467 
9,062 

947 
AM98 

362 
6.205 

250 
3,866 

243 
2,487 

496 148 
8.*377 .L.2!2 

(33.797) 
66 

(8,470) 
311,437 

24.901 14,231 5,593 3,272 25,433 9.917 1,611 9,529 19,936 6,567 4,116 2,730 8,873 2.128 (33,731) 302.967 

472 
4.637 

36 
8 

2 
26 -

37 
305 

9 
75 

26 
516 

37 
79 

2 
26 

9 
75' 

9 
75 

92 
141 

8 
., 

o 
-

4,629 
130 

5,109 94 28 342 84 542 116 28 84 84 233 8 17,.61 

TABLE 2 
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Sind Province, Pakistan
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 SUMMARY of
USAID/PAKISTAN - WAPDA 

LAKHRA
 

CONTRACT NO. 391-0478-C-00-5006-00 nd Prc
 

Expressed in TExcept

YEAR: 0.6 .. .
 .
Production-Tonnes (000) o .1 00i 

- 0-9 0-IoUnderground 

- 1.163 3.461Total 4,039 31869
- 3,792 3.699Other . 6 3.523 3,875 3,87433 209 323 326 326 326 4.115 4,14.
Ote 326 32636 316
 326 326 326 3
Total Delvered 7 =nW mg r= rW7 rm33 67 1.372 3.164 4,365 4.=r 0 fl 

SurfacePine 4.195 4,118 4.02; 3.,4; 4.201 4.200 4,441 4.47t
 
SuieR 
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SURFACE MINE PLAN
 

Introduction 

The Surface Mine Plan projects contemporaneous development of the 

East and West Pit reserves throughout the 30 year mine life. 

Reserves to be mined from each area, together with waste volumes 

to be moved over the project life, are summarized below: 

Total* 
Recoverable Waste Effective** 

Pit ROM Tonnes (000) BCM (000) Strip Ratio 
East 60,412 1,073,327 17.77 

West 56,209 957,137 17.02
 

Total 116,621 2,030,464 17.41
 

* Includes overburden, interburden, and rehandling volumes. 
** Total waste volume per recoverable ROM tonnes lignite. 

Annual lignite production is scheduled for 4,000,000 ROM product 

tonnes over a 30-year life with production nearly evenly divided among 

the two pits. Ability to rapidly develop to a high production mode 

operation in both pits is constrained by the reserve character, e.g., 

absence of outcrop (or shallow cover) access, substantial depth of 

cover (averaging 65 meters of overburden depth to the top of the 

lowermost No. 1 Seam), and the multiple seam/split seam nature of the 

lignite reserve. Accordingly, in order to develop the pits to the point 

where the full annual tonnage requirement can be consistently mined, a 

significant amount of prestripping is necessary. Access to the deposit 

by preproduction stripping (utilizing box cuts) in each pit is planned. 

Overburden depth is fairly uniform and a near steady-state stripping 

condition is achieved once mine development is completed. 
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Mine Design Parameters 

The following basic design and operating parameters were applied 

in the construction of stripping range diagrams and pit plans. 

Component 	 Parameters
 

Highwall Slope (degree) 	 70
 
Spoil Slope (degree) 	 37
 
Effective Spoil Swell (%) 	 30 
Minimum Lignite Thickness (m) 	 0.5
 
Minimum Split Load Parting Thickness (m) 0.15
 
Bench Width: Dragline (m) 	 40
 

Shovel/Truck (m) 	 50
 
Bench Height: Shovel/Truck Typical (m) 	 15
 

Operating Days/Year 	 300*
 

* 	 Except dragline at 350 days/year (1,000 digging
 
shifts + 50 scheduled maintenance shifts per year)
 

Mine Development/Preproduction Period - (refer to Exhibits 4A-1, 4B-1, 

4C, 4D, and 4E) 

Due to the geometry of the Lakhra deposit and the need to 

establish adequate dragline working room, 135 million BCM of 

preproduction stripping is required to develop the pits for lignite 

production of 4.0 million ROM tonnes per year. This preproduction 

stripping will be accomplished over a 5-year period by systematically 

scheduling in required equipment. Stripping is conducted 

simultaneously in both pits using a combination of shovels and trucks, 

draglines with dozer support and scrapers. Box cuts in each pit will 

initiate the preproduction stripping. The box cut configuration in each 

pit is designed to (1) establish the initial dragline production cut, and 

(2) to avoid delays resulting from excessive spoil rehandling by the 

draglines in the initial production cuts. A pit length of at least two 

kilometers for dragline operation will be opened in order to permit an 
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orderly sequenced mining cycle. The entire pit length of both pits is 

developed during the premining period to provide for a uniform supply 

of lignite. The box cuts must be completed in advance of mining, in 

order to ;void interruptions in lignite production which would be 

otherwise caused by intermittent nonproductive periods while the box 

cut is under construction. 

Prior to any stripping operations, all overburden/interburden is 

drilled and blasted. Mine development includes removal of overburden 

down to the top of No. 2 Seam in the first production cut. This allows 

lignite production to commence at the beginning of year D*I in the East 

Pit and year D*2 in the West Pit (refer to Schedule A-i). 

The following text presents a detailed description of the prepro

duction stripping operations in each pit. 

East Pit Preproduction Stripping Period (D-5 Through D-1) (refer to 

Exhibit 4A-1 for the East Pit production stripping area) 

Preproduction stripping is accomplished using a fleet of 

8 scrapers, 2 draglines, and 4 bulldozers. Operations commence in 

year D-5 with 4 Cat. 657 PP, or equivalent, scrapers prestripping 

overburden material at the south end of the East Pit. The scraper pits 

are aligned in an east-west orientation, with loaded material transported 

and placed south of the pit. In years D-3 and D-4, two more scrapers 

are added to the stripping fleet, resulting in a total East Pit scraper 

fleet of eight operating units with a projected stripping capacity of 4.0 

million BCM/year with each unit scheduled at 600 shifts/year. 

Beginning in year D-2, the first dragline commences digging 

operations. This dragline digs a key cut approximately 180-200 meters 

north of and parallel to the scraper pit and casts the key cut material 
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to a location between the key cut and scraper borrow pit. This spoil is 

then leveled by bulldozers to provide a wcrking bench for the dragline. 

From the elevated ben , the dragline then expands the initial key cut 

and casts this material into the scraper borrow pit. In period D-1 the 

second East Pit dragline commences operations by digging a second key 

cut in the first production cut area. The key cut material from the 

second dragline is cast into the key cut area developed by the first 

dragline. This material is leveled by bulldozers, creating an elevated 

bench for the dragline. From the elevated bench the dragline expands 

the key cut, casting this material into the first expanded key cut area 

provided by the first dragline. Refer to Exhibit 4C for detail of box 

cut sequencing. 

Each dragline is assisted by a Caterpillar D-8 bulldozer, or 

equivalent, for benching, cable handling, substation skid placement, 

and general duty support. In addition one Caterpillar D-10 bulldozer, 

or equivalent, is assigned to level and extend bench for each dragline. 

From positions on the extended ber, hes, the draglines are able to cast 

overburden and interburden material a further distance, thereby 

rpducing rehandle and increasing production stripping (lignite 

exposed). 

Each dragline is scheduled for 1000 digging shifts per year, plus 

50 scheduled maintenance shifts. The dragline cupport dozers are 

scheduled same as the dragline. The larger D-10 dozers are scheduled 

600 shifts/year per unit; approximately 300 shifts/year/unit working 

with the dragline and 300 shifts/year/unit leveling shovel/truck prestrip 

haul back material during production years (D I through D+30). 
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The following summary table presents the proposed production 

stripping capacity from period D-5 through D-1 and the first two years 

of production stripping. Shown on the summary are the projected 

BCM(000)/year/unit. The assigned shifts/year/unit (in parenthesis) 

and the assigned start up efficiency as a percentage of full productivity 

efficiency are developed in the Appendices section of this report. 

East Pit Development 0-5 D-4 
Preproduction 

0-3 - 0-1 
Production 

5+10+2 

Scrapers 657 PP 2 
Scrapers per ilait. 

Unit No. I 402 (300) 
80 

804 (600) 
801 

1,000 (600) 
100M 

1,000 (600) 
100% 

1.000 (600) 
1001 

Unit No. 2 402 (300) 
80% 

804 (600) 
801 

1,000 (600) 
100% 

1,000 (600) 
100Z 

1,00 (600) 
1001 

Unit No. 3 - 402 (300) 804 (600) 1,000 (600) 1,000 (600) 
80% 80% 100% 100% 

Unit No. 4 - - 402 (300) 804 (600) 1,000 (600) 
80% 801 1001 

Dragline 

Unit No. 1/0-B - 6.180 (1000) 7,725 (1000) 10,300 (1000) 10,300 (1000) 
601 75% 100Z 1001 

Unit No. 2/0-8 - - 6.695 (1000) 7,725 (100) 10,300 (1000) 
651 75% 100% 

Bulldozers (0-10) 
Unit No. 1 - 1,674 (600) 1,860 (600) 1,860 (600) 1,860 (600) 

Unit No. 2 
901 

- 1.674 
100% 

(600) 1.860 
1oo% 

(600) 
100 

1.860 (600) 
90% 100% 1001 

Total 804 2,010 3,206 3.804 4.000  -

TotalDragline 
 6,180 14,420 18,025 20,600
 

TotalBulldozer 
 1.674 3.534 3,720 3,720
 

Total 804 2,010 3,206 11,658 21,954 21,745 24,320
 

Cumulative BCH (000) 804 2,814 
 6,020 17,678 39,632
 

Equipment Transfer
 
from West Pit SIT
 
Units 2+3
 

Unit No. 2 11 900 sh/yr.) 
 5,890 5.890

Unit No. 3 P 900 sh/yr,) 5,890 5,890
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East Pit Production Period (D*1 to D*30) 

The East Pit life-of-mine stripping sequence is shown on 

Exhibits 4A-1 and 4A-2. In year D*I, the first production year in the 

East Pit, two P&H 2800XP, or equivalent, electric powered shovels (each 

equipped with 27 cubic meter buckets) are transferred from the West 

Pit operations together with a fleet of 14 operating, 136 tonne rear 

dump trucks. This equipment will prestrip upper level overburden in 

advance of the draglines throughout the 30 year East Pit production 

life. Each shovel/truck equipment spread is scheduled to move 

5,890,000 BCM per year working 900 shifts per year, resulting in a 

total annual shovel/truck capacity of 11,780,000 BCM. The scraper 

fleet used during the preproduction period is phased out of the 

stripping function and will be used in reclamation and other mine 

support operations for the remaining useful lives of the units. 

The summary below presents the stripping requirements for the 

East Pit and assignment by equipment type for the preproduction period 

(D-5 through D-1) and the production period (D+1 through D*30). 

Stripping Production, Preproduction Production Life-of-Mine 
BCM (000) D-5 to D-1 D+1 to D+30 D-5 to D+30 

Scraper 13,824 5,610 19,434 
Shovel/Truck 0 353,400 353,400 
Dragline (Prime) 17,510 520,703 538,213 
Dragline (Rehandle) 2,626 78,107 80,733 
Dragline Dozer Equipment 2,600 55,800 58,400 
Backhoe/Mobile Equipment 0 23,147 23,147 

Total 36,560 1,036,767 1,073,327 

The average annual requirement over the production period is 

approximately 35 million BCM. 
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The primary stripping equipment used in the East Pit during the 

production period is summarized as follows: 

No. of Units Estimated Annual 
Operating Scheduled Producticn 

Equipment /In Fleet Shifts/Year Capacity (BCM) 

Shovel 
Trucks 

2/2 
14/22 

900 each 
900 each 

)
) 

11780,000 
1 

Draglines 
D-8 Bulldozers 

2/2 
2/2 

1050 each* ) 
1050 each ) 20,600,000 

D-10 Bulldozers 2/2 600 each 3,720,000 

Hydraulic Backhoe 1/1 Variable 900,000 

Total 37,000,000 

* Includes 50 maintenance shifts. 

West Pit Preproduction Stripping Period (D-5 Through D+I) 

The West Pit is subdivided into four subareas identified as follows 

(refer to Exhibits 4B-1 and 4B-2 for location). 

Subarea 1 - Southwest Area 

Subarea 2 - Northwest Area 

Subarea 3 - Fault Block (between subareas 4 
on the east and 2 on the west) 

Subarea 4 - Northeast Area (east of the 
fault zone) 

The major downthrown fault block (subarea 3) in the northeastern 

portion of the West Pit reserve influences the mining plan for this pit. 

Preproduction stripping commences first on the west boundary of 

the fault between subareas 2 and 3 during year D-5. Stripping is 

accomplished using three shovel/truck units, each consisting of 1 P&H 

2800XP, or equivalent electric shovel, equipped with a 27 cubic meter 

bucket and 7 (operating) 136 tonne capacity rear dump trucks. 

Shovel/truck stripping is scheduled for 300 shifts per shovel/truck 
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equipment spread per year, increasing to 600 shifts/year/spread in year 

in D-4, increasing again to 900 shifts/year/spread in D-3 continuing 

through year D-1. 

The shovel/truck units will strip overburden/interburden down to 

the top of the No. 1 Seam producing a large box cut trending north to 

south. Excavated material is removed in 15 meter vertical lifts and 

hauled to designated waste dump locations beyond the proposed pit 

mining limits. 

Beginning in year D-4, two Caterpillar 657PP scrapers, or 

equivalent, begin a borrow pit west of and parallel to the west 

boundary of subarea 1. The initial two scrapers are joined by two 

more in year D-3. These four units are scheduled to work 600 

shifts/year/unit. In year D-2 two additional scrapers are added to the 

fleet. These units are scheduled for 300 shifts/year each. All six 

scrapers will prestrip through D*I. 

Commencing in year D-1 in subarea 1, the first dragline 

prestripping begins, digging a key cut between the scraper borrow pit 

and the first planned production cut. The key cut trends north to 

south and is parallel to the scraper pit; dug material is cast to the 

west in the direction of the scraper pit. The dragline spoil is leveled 

to provide an elevated working bench for the draglinc which then 

widens the first key cut and casts this material into the scraper borrow 

pit. A second dragline key cut is made east of and parallel with the 

first dragline key cut down to the first mineable seam. This material is 

cast toward the first dragline key cut where it is leveled to provide an 

elevated working bench for the second dragline. The second dragline 

commences operations in year D*I and widens the second key, casting 
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the spoil into the first key cut excavation. The interburden material 

between the seams (3/2 and 2/1) is removed using scrapers. 

All preproduction stripping in the West Pit is scheduled to be 

completed by the end of year D+I with pi-oduction stripping beginning 

in year D+2 and continuing through D*30. 

The following summary presents the stripping capacity for the first 

six preproduction years (D-5 through D*i) and the first full production 

year (D*2). The summary shows the stripping production in BCM (000) 

by equipment unit, the scheduled shifts/year/unit (in parenthesis), and 

the start up efficiency as a percentage of full efficiency capacity as 

developed for each major equipment type in the Appendices chapter of 

this report. 

West Pit 0evelopment Stripping Capacity 
Froduction 

Preproduction Strippinci Stripping 

Shovel/Truck Spreads D-5 0-4 0-3 0-2 0-1 0+1 D2 

Unit No. 1 1,374 (300) 3,140 (600) 4,712 (900) 5,890 (900) 5,890 (900) 5.890 (900) 5,890 
70% 80% 801 100% 100% 100% 

Unit No. 2 1.374 (300) 3.140 (600) 4.712 (900) 5,890 (900) 5,P90 (900) Transfer to East Pit 
70% 80% 80% 100 100% 

Unit No. 3 1,375 (300) 3.140 (600) 4.712 (900) 5.890 (900) 5,890 (900) Transfer to East Pit 
(From pit) 70% 80% 80% 100% 100% 

Scrapers 657 PP 

(2 scrapers/unit) 

Unit No. 1 402 (300) 804 (600) 1.000 (600) 1.000 (600) 1,000 (600) 
80% 80% 1008 1001 100% 

Unit No. 2 402 (300) 804 (600) 1,000 (600) 1.000 (60O) 
80% 80% 100% 100% 

Unit No. 3 - 402 (300) 502 (300) 502 (300) 
80% 100% 1008 

Dragline Stripping 

Unit No. 3/D-8 - 7,210 (1000) 8.755 (1000) 10.300 (1000) 
70% 

Unit No. 4/0-8 7,725 (1000) 9,270 (1000) 
758 90% 

Bulldozer (0-10) 
Unit No. 3 1,164 (600) 1,860 (600) 1.830 (600) 

90% 100% 1008 
Unit No. 4 - 1.764 (600) 1,860 (600) 

90% 100% 

TotalS/T 4,122 9,420 14,136 17,670 17,6/0 5,890 5.890
 

TotalScraper 402 1,206 2,206 2,502 
 2,502 -

TotalDragline  - 7,210 16,480 19,570 

Total Bulldozer 
 1,764 3,624 3.720
 
(0-10)
 

Grand Total 4.122 9,842 15,342 19,876 29,146 28,496
 

Cumilative BCI (000) 
 4,122 13,964 30,306 49,182 78,328 106,824
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West Pit Production Stripping Period: 

The life-of-mine stripping sequence is shown on Exhibits 4B-1 and 

4B-2. In year D 2 one dragline remains in subarea 1 without any 

prestrip assistance, advancing eastward to deplete this area by year 

D+12. The second dragline is positioned at the eastern border of 

subarea 2 and begins stripping in a north to south direction 

progressing from east to west, casting spoil material into the previously 

made shovel/truck box cut. During the remaining production period, 

this dragline operates exclusively in subarea 2, where a 15 meter 

(nominal) single shovel/truck lift is prestripped in advance of this 

dragline. In year D+12 the first dragline leaves the depleted area I 

moves to the west boundary of subarea 3, and resumes stripping 

operations in a north/south pit alignment progressing eastward to the 

mining limit. While in subarea 3 (the downthrow fault block), the 

dragline works from a sublevel approximately 60 meters below the 

original surface. The overburden between the original surface and the 

dragline bench is prestripped by the remaining shovel/truck equipment 

unit operating in the West Pit. The dragline will work in subarea 3 for 

approximately 6 years, ramp up to subarea 4 and, from an operating 

sublevel 15 meters below the original surface, mine out this area during 

the remaining production life of the West Pit. The West Pit 

shovel/truck equipment spread will alternate prestripping as required in 

advance of both draglines. 
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The following table summarizes the total West Pit stripping volumes 

assigned to each equipment type over the preproduction period 

(D-5 through D 1) and production period (D+2 through D+30). 

Stripping Production, Preproduction Production Life-of-Mine
 
BCM (000) D-5 to D+1 D+2 to D+30 D-5 to D+30
 

Scraper 
 8,818 5,481 14,299
 

Shovel/Truck 65,963 117,053 
 183,016
 

Dragline (Prime) 17,510 516,996 534,506
 

Dragline (Rehandle) 2,626 75,081 77,707
 

Dragline Dozer Equipment 2,604 53,940 56,544
 

Backhoe/Mobile Equipment 1,362 89,703 91,065
 

Total BCM 98,883 858,254 957,137
 

The primary stripping equipment used in the West Pit during the 

production period issummarized as follows: 

No. of Units Estimated Annual
 
Operating Scheduled Production
 

Equipment /In Fleet Shifts/Year Capacity (BCM)
 

Shovel 1/1 900 )
 
Trucks 
 14/22 900 each ) 5,780,000 

Draglines 2/2 1050 each* ) 30,60,000 
D-8 Bulldozers 2/2 1050 each ) 

D-10 Bulldozers 2/2 600 each 3,720,000 

Hydraulic Backhoe 2/2 Variable 2,250,000
 

Total 
 33,350,000
 

* Includes 50 maintenance shifts.
 

Annual average stripping requirements for the West Pit production 

period are approximately 30 million BCM. Following this text is 

Schedule A-i, Estimated Production Schedule, which presents the 

stripping requirement by year and period for each pit. 
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Overburden/Interburden Drilling and Blasting 

Prior to excavation all overburden and interburden material is 

drilled and blasted. Drilling is accomplished using a fleet of large 

diameter, 311 mm (12.25 inch) rotary blast hole drills, model BE 55-R, 

or equivalent. 

Following drilling, the blast holes are loaded with a mixture of 

ammonium nitrate and fuel oil (ANFO) which is supplemented with high 

explosives. The assigned powder factor is 0.75 kg/BCM. The final 

drill hole spacing, powder factor, and mixture of ANFO with high 

explosives will vary across the mining area. Field experimentation 

during the early years of operation using various combinations of these 

factor will be necessary to achieve the most efficient use of explosive 

and overburden placement. Field testing of the possible application of 

explosive casting (or blast casting) should also be conducted; based on 

current data, the susceptibility of the strata to explosive casting is 

uncertain. However, it is our opinion that every effort should be made 

to utilize blast casting techniques where possible in order to reduce 

dragline rehandle and increase dragline production stripping. 

In the East Pit, overburden/interburden drilling is accomplished 

using a fleet of three BE 55-R (or equivalent) rotary electric powered 

drills. Two units are scheduled for 900 operating shifts/year; the 

third is scheduled for 600 operating shifts per year. The third unit 

may be scheduled for an additional 300 shifts per year if necessary. 

On average, 30.1 million BCM/year are scheduled to be drilled and 

blasted in the East Pit. Overburden/interburden drilling and blasting 

in the West Pit is accomplished using a second complement of three 

similar rotary drills. During a typical full production year, each drill 
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is scheduled 900 shifts/year. The projected commissioning time and 

scheduled shifts per year for each drill is summarized below: 

Period: 0-5 D-4 D-3 0-2 D-1 D+I 0+2 

Mine Area 

East Pit: 
Unit No. 1 300 300 300 900 900 900 900 
Unit No. 2 - - - - 900 900 900 
Unit No. 3 - - - - - 600 600 

West Pit: 
Unit No. 1 600 600 600 600 900 900 900 
Unit No. 2 - 600 600 600 900 900 900 
Unit No. 3 - - - 300 900 900 900 

Production Stripping Sequence 

Regular production deliveries to the generating plant from the East 

Pit begin in year D+I. Prior to this, some preproduction lignite is 

extracted, stockpiled and used for plant testing. Production from the 

West Pit begins in year D+2 with some preproduction stockpiled as in 

the East Pit. Refer to Exhibit series 4A-2 and 4B-2 for sequential plan 

of final overburden removal (i.e., dragline stripping). 

East Pit 

Following development of the West Pit subarea 3 preproduction box 

cut, two of the shovel/truck equipment spreads are transferred to the 

East Pit in year D*I and prestrip overburden in advance of draglin3 

stripping. The shovels and trucks are scheduled 900 shifts per year 

each and will prestrip from 15 to 40 meters of overburden, depending 

on the total overburden depth. Prestripped waste is either hauled 

around the active dragline pit and deposited in the spoil where it is 

leveled and reclaimed, or hauled to an area beyond the planned mining 

limits. 
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Dragline stripping is accomplished using two BE1570-W electric 

powered walking draglines, or equivalent, working from the prestripped 

bench created by the shovel/truck equipment (designated dragline Unit 

Nos. 1 and 2). Refer to Exhibit 4A-2 for the planned dragline cut 

sequence. The draglines will work independently *of each other 

throughout the life of the East Pit mining operation. One machine 

operates in the west half of the pit while the other dragline works the 

east half of the pit. The draglines work east to west cuts with mining 

direction progressing from south to north. Each machine works on the 

highwall and on an extended spoil bench removing overburden and 

interburden to the top of the No. 2 Seam. Interburden material 

between the No. 2/No. 1 Seam is excavated and loaded using large 

hydraulic backhoes and 136 tonne capacity rear dump trucks. 

Shovel/truck prestripping is scheduled to remove 10,780,000 BCM per 

year. Dragline stripping is scheduled to remove 20,600,000 BCM per 

year which includes an average 15% rehandle. The two large Cat. D-10 

class dozers, which assist the draglines in building extended benches, 

are scheduled to move 1,860,000 BCM per unit per year. The backhoe 

unit used for interburden removal is capable of handling up to 900,000 

BCM per year, however, this varies from year to year. Refer to 

Schedule A-i, Stripping and Lignite Production - East and West Pits, 

following this text. 

West Pit 

Production stripping in the West Pit commences in year D+2. 

Primary stripping equipment consists of one 27 cubic meter electric 

power shovel and a fleet of eleven 136 tonne capacity rear dump trucks 
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(7 operating), and two electric walking draglines each equipped with 57 

cubic meter buckets. Also two large bulldozers (Cat. D-10) assist the 

draglines in establishing extended benches. 

As discussed previously, during the preproduction stripping 

period, the two draglines develop subarea 1 for production. 

During the production stripping period (D+2 to D+30) the two 

draglines work independently as follows: 

One dragline (Unit No. 3) remains in subarea 1 and strips from 

the original surface to the No. 3 Seam. The pits are aligned north to 

south with mining advances from west to east. The second dragline 

(Unit No. 4) walks from area 1 to subarea 2 and commences operation at 

the prestripped box cut. The pits are aligned north to south with 

mining progressing from east to west. The top 15 meters of 

overburden in subareas 2 and 4 is prestripped in advance of dragline 

operations using the shovel/truck equipment. Exhibit 4B-2 shows the 

planned dragline cut sequence for West Pit. In subarea 3, the 

down-thrown graben block, the shovel/truck equipment will remove the 

top 60 meters of overburden in four 15 meter lifts. Shovel/truck 

stripping is scheduled to prestrip sufficient overburden in subareas 2, 

3, and 4 to stay in advance of the dragline stripping operations. The 

dragline in subarea 2 (Unit No. 3) will operate in this area through the 

life of the mine. After depletion of subarea 1, Unit No. 4 dragline is 

relocated on the west side of subarea 3 and works to the east until 

both subareas 3 and 4 are depleted. As in the East Pit, the draglines 

work on both the highwall and extended spoil benches. The dragline 

will strip overburden to the uppermost mineable seam (No. 5 or No. 3 

Seam depending on location). This material is cast into the preceding 
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mined out pit. Interburden between the No. 5/No. 3 Seam is either 

pushed by bulldozer, where adequate pit room is available, or loaded 

into rear dump trucks and hauled out of the pits. Interburden between 

the No. 3/No. 2 Seam is removed by draglines while the No. 2/No. 1 

interburden is removed by two hydraulic backhoes. 

Shovel/truck stripping in the West Pit is scheduled 900 shifts per 

year to move 5,780,000 BCM. Dragline stripping is scheduled for 1,000 

digging shifts per year with each unit rated at 20,600,000 BCM per 

year, which includes 15% rehandle. Backhoes are scheduled to move an 

average 3,250,000 BCM per year. Two large bulldozers (Cat. D-10 or 

equivalent) are scheduled to move 1,860,000 per year per unit for 

dragline bench preparation. Schedule A-i, Stripping and Lignite 

Production, following this text, details waste material movement by pit 

and equipment per year or period. 

Lignite Loading and Handling 

Lignite loading is accomplished using a combination of large 

hydraulic backhoes equipped with a 12 to 15 cubic meter bucket and 

Caterpillar 992, or equivalent, front-end loaders. The selection of the 

backhoes is based on proven capacity, superior d.,,..g (breakout) 

force, and mobility. As compared to an equivalent size shovel, the 

backhoe unit has greater mobility and better "selective loading" 

capability. Based on the multiple seam mining application and wide 

variation in lignite and parting composition within individual seams, 

these selection factors are important. Caterpillar 992, or equivalent, 

front-end loaders, are used to clean the top of the lignite seam and 
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are available to assist or backup the backhoes in areas where extensive 

bench loading is required or where the interburden movement 

requirement exceeds the backhoe capability. 

Lignite is loaded into a fleet of six 136 tonne capacity rear dump 

trucks and hauled 3 to 5 km to the common crushing station. Lignite 

haulage trucks and rock trucks are standardized with combination rock 

and coal type boxes and can be used interchangeably. This will 

maximize fleet utilization in both overburden/interburden hauling and 

lignite hauling, and simplify training and maintenance. 

Interburden/lignite loading (hydraulic backhoe operation) is 

scheduled as follows: 

Shi fts/Year
 

Annual Lignite Interburden Excess
 
Scheduled Loading Loading Scheduled
 

Mine Area Shifts/Unit Shifts Shifts Shifts
 

East Pit:
 
Unit 1 600 420 271 - 91
 

West Pit:
 
Unit 1 900 190 590 + 140
 
Unit 2 900 190 590 + 140
 

2400 800 1451 + 189*
 

* 7% excess capacity 

Lignite Inventory 

Mined lignite is truck hauled from tFi- surface and underground 

mines to the central loadout facility. The following table summarizes 

the surface mine lignite exposed and inventoried in pit and delivered to 

the plant. The annual quantity of lignite delivered from the 

underground mine is also shown to reflect total mine production. 
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Lignite deliveries during the initial years are used to develop active 

and long-term (dead) stockpiles for use during lignite production 

interruptions or low production years. 

ROM Product (Tonnes - 000)
 
Inventory Balance
 

Power Plant Mine Production Mine Surface
 
Fuel Mine Surface
 

Year Requirement Surface* Underground Total Shipment Mine Pits Stockpiles
 

D-6 -
D-5 - .
 
D-4 - - - 
D-3 - - 33** 33** 
D-2 - - 67** 67** - 
0-1 80 1,163 209 1,372 1,088 284 1,008
 
D+1 2,248 3,461 323 3,784 3,594 474 2,359
 
D+2 4,338 4,039 326 4,365 4,365 474 2,381
 
D+3 4,338 3,869 326 4,195 4,291 378 2,334
 
D+4 4,338 3,792 326 4,118 4,307 189 2,303
 
0+5 4,338 3,699 326 4,025 4,025 189 1,990
 
0+6 4,338 3,523 326 3,849 3,849 189 1,501
 
D+7 4,338 3,875 326 4,201 4,201 189 1,364
 
D+8 4,338 3,874 326 4,200 4,200 189 1,226
 
0+9 4,338 4,115 326 4,441 4,441 189 1,329
 
D+10 4,338 4,144 326 4,470 4,470 189 1,461
 
0+11 4,338 4,107 326 4,433 4,338 284 1,461
 
D+12 4,338 4,107 326 4,433 4,338 284 1,461
 
0+13 4,338 4,107 326 4,433 4,338 284 1,461
 
0+14 4,338 4,107 326 4,433 4,338 284 1,461
 
D+15 4,338 4,107 326 4,433 4,338 284 1,461
 
D+16 4,338 3,820 326 4,146 4,241 189 1,364

0+17 4,338 3,820 326 4,146 4,146 189 1,172
 
D+18 4,338 3,820 326 4,146 4,146 189 980
 
0+19 4,338 3,820 326 4,146 4,146 189 788
 
D+20 4,338 3,820 326 4,146 4,146 189 596
 
D+21 4,338 3,947 326 4,273 4,273 189 531
 
0+22 4,338 3,947 326 4,2-, 4,273 189 466
 
D023 4,338 3,947 326 4,273 4,362 100 490
 
D+24 4,338 3,947 326 4,273 4,273 100 425
 
0+25 4,338 3,947 326 4,273 4,273 100 360
 
D+26 4,338 4,066 326 4,392 4,392 100 414
 
D+27 4,338 4,066 326 4,392 4,392 100 468
 
0+28 4,338 4,066 326 4,293 4,392 100 522
 
D+29 4,338 4,066 326 4,392 4,392 100 576
 

*Coal exposed
 
**Production sold in open market to avoid long term storage.
 

Reclamation 

Surface mining disturbs an average of 40 hectares annually in each 

pit. Scrapers working in advance of the dragline or the shovel/truck 

prestripping operations remove an average of 0.5 meters of 

unconsolidated topsoil material. The proposed reclamation plan includes 

leveling off the tops of spoil windrows, rough grading, replacement of 

topsoil material, and revegetation with native grasses. It is estimated 

that approximately 187,000 BCM of topsoil material must be moved per 

JOHN T. BOYD COMPANY 



7-19
 

year per pit. Reclamation operations are scheduled for 300 shifts per 

year utilizing two Caterpillar 631D, or equivalent, scrapers and one 

Caterpillar D-9, or equivalent, bulldozer in each pit. Additional detail 

regarding the reclamation plan is shown in the environmental chapter. 

Electrical Power Distribution 

Mainline electrical power is supplied to the surface mine at 132 kv 

from either the on-site power station (Lakhra site) or a central WAPDA 

substation locate'd at mine site and serviced by a mainline transmission 

line originating at Khanot. Within the mine proper, separate 132 kv 

lines are used to distribute power to each pit. This provides added 

assurance to permit continued operation of one pit in the event of 

interruption of electrical service to the other. Two 15 MVA substations 

are located in each pit. Incoming 132 kv power is reduced to 11 kv at 

the individual substations and distributed to a series of field 

switchhouses stationed throughout the active working areas. Field 

switchhouses are equipped with breakers and necessary auxiliary 

control devices to provide system protection and general mine safety. 

Training cables connect the field switchhouse to individual units of 

equipment--overburden drills, draglines shovels. Field switchhouses 

are relocated as the mining operations advance. Refer to Exhibit 4G 

for the electrical power schematic diagram of the mine site distribution 

system. 

In the West Pit, the two 15 MVA substations are located at 

coordinates N 900,500, E 2,151,700 and N 902,900, E 2,149,800 at the 

southeast side and northwest side, respectively, of the West Pit. The 

southeast substation is relocated to N 903,300, E 2,153,700 on the East 
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side of the West Pit (subarea 4) once dragline mining operations are 

completed in subarea 1 of the West Pit. 

The distribution network to the East Pit is similar to that of the 

West Pit, except that the two 15 MVA substations are connected in 

parallel and located together at N 902,250, E 2,156,400. In period D+13 

these substations are relocated to N 903,700, E 2,155,500 on the north 

side of the East Pit and remain at this location until mining operations 

are completed in period D+30. 

We believe this layout provides assurance of power to the pits and 

flexibility for the numerous pieces of equipment requiring power to 

work efficiently and unencumbered by power restraints. 

Equipment Summary 

A summary of the major drilling, stripping, loading, hauling, and 

service equipment is presented below for each pit. 

Number of Units
 
Item East Pit West Pit Total
 

Overburden Drills 3 3 6
 
Draglines 2 2 4
 
Stripping Shovels 2 1 3
 
Lignite/Interburden Backhoes 1 2 3
 
Overburden Trucks 22 11 33
 
Interburden/Lignite Trucks 6 12 18
 
Water Trucks 4 3 7
 
Scrapers - (Cat. 657PP, or equiv.) 8 8 16
 

(Cat. 631D, or equiv.) 3 3 6
 
Bulldozers - (Cat. 0-10, or equiv.) 2 2 4
 

(Cat. D-9, or equiv.) 4 5 9
 
(Cat. 0-8, or equiv.) 2 2 4
 

Front-end Loaders 2 3 5 
Graders 3 3 6 
Compactors 1 - I 
Fuel Trucks 4 4 8 
Welding/Mechanical Trucks 2 2 4
 
Service/Lube Trucks 4 4 8
 
Electricians Trucks 2 2 4
 

Production capacities for the major equipment types are developed 

in the Appendix C s, 'es of this report. BOYD has reduced the 

operating efficiencies and the resulting assigned production capacity of 

the equipment to reflect the introduction into Pakistan of: (a) an 
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advanced mining techrlogy, (b) new equipment types, and (c) 

increased equipment size. We believe that with proper training in 

equipment operation and maintenance, these production levels can be 

achieved and exceeded. 

Miscellaneous 

Miscellaneous capital for items such as pit dewatering pumps, 

portable electrical light plant, cranes, fire trucks, ambulances, low 

bed/tractor trailer, pickups, supervisor's vehicles, fuel, lube/service, 

electrician trucks, etc., is shown in the general purpose section of the 

Initial Capital and Equipment Replacement schedules. The cost of 

operating this equipment is included in the miscellaneous mine services 

cost section of the operating cash cost schedule. In this report the 

capital costs for the general purpose equipment is itemized on 

Appendix G-2, Estimated Initial Capital Expenditures - East Pit, 

however, the equipment is used in the overall mine operation. Initial 

capital expenditures (summary of East and West Pits) is shown on 

Schedule C-1. 

In this study BOYD assumed explosives (ANFO aild high 

explosives) would be handled by an independent private contractor who 

would construct an on-site, or nearby facility for manufacturing, 

storage, and distribution of the required quantities of explosives 

needed. The assigned cost per kg of explosives used in this report 

assumes sufficient profit to an explosive supplier. 

The spare parts inventory is based on a percentage of the initial 

capital cost of the various major pieces of equipment needed at the mine 

(approximately 15% of initial equipment capital). The inventory for the 
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East 	 Pit totals 17.3 million dollars and the West Pit inventory totals 

17.6 mi!,ion dollars. 

It is BOYD's opinion that standardization in equipment and 

component parts, and limiting the number of suppliers offer some strong 

advantages: 

(a) The larger the number of units and total value provided
by a supplier, the more likely the mining company can 
negotiate fleet discounts and/or Financing. 

(b) 	 The mining company is in a better position to negotiate
with the equipment supplier to provide an on-site spare
parts depot, staffed with supplier personnel. 

(c) 	 The mining company is in a better position to negotiate
on-site training programs in both maintenance and 
operations. 

(d) 	 The mining company will also benefit from mine 
maintenance personnel being required to learn 
maintenance procedures on fewer models of equipment. 

Manpower and Costs 

Schedule B-1 presents a summary of the Projected Labor Force and 

Costs by year for the preproduction period and first 10 years of 

production; then in 5-year periods thereafter for the East and West 

Pits, respectively. Appendices F-1 and F-2 provide additional detail. 

The schedules present the manpower requirements by major mine 

function showing personnel, manshifts, and cost in U.S. dollars by 

year or period. Monthly wages and salaries for Pakistani nationals are 

based on information provided by WAPDA, PMDC, and others. Labor 

estimates are adjusted (increased) to reflect: (a) the need to recruit 

experienced large equipment operators and maintenance staff from 

competing industries, and (b) the level of technology required to 

efficiently operate the planned Lakhra surface mine. In 
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accordance with existing practices, all Pakistani employees are paid a 

monthly compensation which includes a base salary, plus allowances. 

The base salary is assumed to be 60% of the monthly compensation total. 

Allowances and fringe benefits are estimated at 38%0 of the base salary, 

as summarized below: 

% of Base Salary
 

Workers' Compensation 3
 
Group Insurance 1
 
Profit Sharing 14*
 
Gratuity 8
 
Provident Fund 9
 
Medical 3
 

*Profit sharing is adjusted to reflect percentage of 
base salary, in actual practice profit sharing is cal
culated on total compensation (including allowances).
 

Salaries for expatriate are projected by BOYD based on our 

experience with similar projects requiring foreign management and 

supervision. Expatriate monthly compensation includes base salary, 

travel allowance, medical benefits, housing allowance, educational aid, 

relocation expenses, and overseas premium. Labor rates shown, 

however, exclude labor premiums and fringe benefits which are cal

culated at 38% of monthly compensation. Schedule B-1 is summarized 

below for period D+7 a typical full production year. 

West Pit East Pit 

Manning and Costs by Function 
No. of 
Men 

Manshifts 
Per Year 

U.S.(s) 
/Year 
(000) 

No. of 
Men 

Manshifts 
Per Year 

U.S.($) 
/Year 
(000) 

General Office and Supervision 
Overburden Drilling and Blasting 
Oragline Stripping 
Shovel/Truck Stripping 
Interburden and Lignite Loading 
Lignite Haulage and Roads 

41 
48 
68 
65 
18 
70 

12,050 
14,400 
19,200 
19,500 
5,400 

21,000 

581 
117 
173 
169 
44 

181 

40 
46 
68 
125 
10 
46 

11,750 
13,800 
19,200 
37,500 
3,000 
13,800 

577 
113 
169 
330 
24 
112 

Reclamation and Drainage
Miscellaneous Mine Services 

10 
94 

3,000 
28,200 

25 
211 

10 
89 

3,000 
26,700 

25 
203 

Absenteeism Allowance 63 - 151 67 - 161 
Subtotal - Staff 41 12,050 581 40 11,750 577 
Subtotal - Workers 436 110,700 1,071 461 117,000 1,136 

Total 477 122,750 1,652 501 128,750 1,713 
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Capital Expenditures - Initial 

Schedule C-1 presents a summary of the estimated initial capital 

expenditures required to achieve full design production (i.e., 4,000,000 

ROM tonnes per year). Equipment costs are based on prices supplied 

by the equipment manufacturers. Quotes were obtained from suppliers 

in Pakistan who provide equipment sold in country and from 

manufacturers in the United States for the large trucks, overburden 

drills, draglines and shovels. The capital costs include estimated 

shipping from factory of origin to port, heavy lift charges, ocean 

freight, off-loading charges in Karachi, brokerage and handling fees, 

transportation costs to Lakhra mine site and, when applicable, erection 

charges. Costs are in second quarter 1985 U.S. dollars. Capital costs 

shown exclude sales taxes and import duty, which are shown as 

separate line items at the end of each schedule. The following table 

summarizes Schedule C-1 which shows local and foreign charges by 

major mine function. 

Initial Capital Expenditures
 
U.S. Dollars (000)
 

East Pit West Pit 

Local Foreign Total Local Foreign Total 

A. Surface Mine Facilities and 
Site Development - - 7,950 7,950 

8. Overburden Preparation 
C. Dragline Stripping 
0. Shovel/Truck Stripping 

238 
3,937 

879 

5,055 
53,523 
18,677 

5,293 
57,460 
19,556 

238 
3,917 
1,331 

5,055 
52.921 
28,699 

5,293 
56,838 
30,030 

E. 
F. 

Interburden/Lignite Loading 
Lignite Haulage and Roads 

112 
268 

1,709 
6,101 

2,821 
6,369 

210 
433 

5,061 
10,061 

5,271 
10,494 

G. 
H. 

Mine Power Distribution 
Reclamation and Drainage 

139 
146 

2,256 
1,066 

2,395 
1,212 

147 
96 

2,459 2,606 
96 

I. General Purpose Equipment 549 6,111 6,660 - -
J. 
K. 
L. 

Service Buildings & Equipment 
Spare Parts Inventory 
Miscellaneous Expenses 

1,175 
12,605 

. 

16,132 
530 

-
17,307 
13.135 

4,080 
974 

12,825 

1,500 
16,581 

-

5,580 
17,555 
12,825 

Subtotal Capital Expenditures 20,048 112,160 132,208 32,201 122,337 154,538 
Contingency 9 10% 2,005 11,216 13221 3,220 12,234 S454 
Total w/Contingency 22,053 123,376 145,429 35,421 134,571 169.992 

Import Duty @ 40% Average 
Sales Tax @ 10%Average 

44,652 
15,681 

48,935 
17,127 

Initial Capital Cost/Annual Tonne 
Excluding Import Duty & Sales Tax 72.71* 85.00* 

*Estimated at nominal 2.0 million tonnes per year pit capacity.
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Capital Expenditure Replacement 

Schedule D-1 provides the estimated replacement capital and details 

the estimated annual equipment replacement expense over the 30-year 

mine life for the East and West Pits, respectively. Unit costs and 

useful life are from the initial capital schedules. Additional detail is 

shown on Appendices H-i and H-2. 

Replacement costs over the 30-year mine life are summarized by pit 

as well as local and foreign costs as follow: 

Replacement Capital
 
over 30-Year Mine Life
 

U.S. Dollars (000)
 

East Pit West Pit 

Local Foreign Total Local Foreign Total 

A. Surface Mine Facilities and 
Site Development 

B. Overburden Preparation 
C. Dragline Stripping 

336 
1,249 

7,168 
23,608 

-
7,504 
24,857 

-
348 

1,219 

-
7.408 

22,758 

-
7,756 
23,970 

D. Shovel/Truck Stripping 
E. Interburden/Lignite Loading
F. Lignite Haulage and Roads 
G. Mine Power Distribution 
H. Reclametion and Drainage 
1. General Purpose Equipment 
J. Service Buildings & Equipment 

1,528 
255 
906 
206 

1,004 
783 

35,116 
6,216 
20,561 
3,832 
9,220 
10,782 

36,644 
6,471 

21,467 
3,038 
10,224 
11,565 

2.599 
468 

1.399 
201 
860 

58,571 
11,361 
32,528 
2,920 
9,575 

61.100 
11,829 
33,927 
3,121 
10,435 

K. Spare Parts Inventory - -
L. Miscellaneous Expenses -12,155 -12,155 -12,825 - -12,825 

Subtotal Capital Expenditures .5,888 115,503 109,615 -5,801 145,114 139,313 
Contingency @ 10% -589 11,550 10,961 -580 14,511 13,931 
Total w/Contlngency -6,477 127,053 120,576 -6,381 159,625 153,244 

Import Duty @ 40% on Foreign Costs 
Sales Tax @ 10%on Foreign Costs 

46,201 
16,170 

62,660 
21,931 

Operating Cash Costs 

Schedule E-1 presents a summary of the estimated mine operating 

cash costs, detailed by mine function by year for the 5 year 

preproduction period and the first 10 years of production, then in 

5-year periods for the remaining mine life. Costs are shown for both 

an annual basis and per ROM tonne basis. Costs by mine function are 

JOHN T. BOYD COMPANY 



7-26
 

subdivided into base compensation, labor benefit costs, locally 

purchased parts and supplies, explosives and power, and foreign parts 

and supplies. Detailed costs by pit are shown on Appendices I-1 and 

1-2.
 

Parts and supplies costs include maintenance and rebuild parts, 

operating supplies, and fuel. In this study, BOYD assumed an average 

30% increased cost factor for parts and supplies and fuel to account for 

procurement, transportation, brokerage and handling, and wastage 

(loss). 

The total cost also includes: equipment replacement expense, 

detailing the estimated local and foreign charges relating to replacement 

of equipment; a production incentive program, equal to $1.000/ROM 

tonne for each tonne produced over 67% of the base design production 

tonne/yr.; insurance; mine closing cost (sinking fund), equal to 

$0.100/tonne; a miscellaneous fund, equal to $0.100/tonne; and a 

contingency of 10%. 

BOYD has assumed the severance related government (provincial) 

charges, royalty (15 Rupees/long ton) and miner's welfare fund 

(2 Rupees/long ton) are waived. 

The production costs shown on Schedule E-1 and Appendices I-1 

and 1-2 do not include financing charges, amortization of initial capital, 

income taxes, return on investment, management fee, or common facility 

expenses. 
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The following table summarizes the production costs shown on 

Schedule E-1, following this text, for period D+7 a typical full 

production period. 

US Dollars
 

East Pit West Pit
 

S/Year $/ROM S/Year $/ROM

(000) Tonne (000) Tonne
 

General Supervision and Office 909 913
0.453 0.488
 
Overburden Drilling and Blasting 14,703 
 7.333 13,131 7.022
 
Dragline Stripping 5,418 5,418
2.702 2.897
 
Shovel/Truck Stripping 8,563 4,373
4.271 2.339
 
Interburden and Lignite Loading 660 0.329 1,628 0.871
 
Lignite Haulage and Roads 2,060 1.027 4,203 2.248
 
Reclamation and Drainage 319 319
0.159 0.170

Miscellaneous Mine Service 
 602 0.300 612 0.327
 
Absenteeism Allowance 198 0.099 185 
 0.099
 
Other 3,447 6,185
1.719 3.307
 

Total Local Costs 12,257 6.113 14,466 7.736
 

Total Foreign Costs 24,621 12.280 22,502 12.033
 

Total Direct Mine Cash Costs 36,878 36,968
18.393 19.769
 

Contingency 3,688 1.839 3,699 1.977
 

Total Cash Cost w/Contingency 40,566 20.232 40,665 21.746
 

Mine Equipment Selection 

The selection of the mine equipment recommended in this report 

involved the following general procedure. Initially, a preliminary 

estimate of the reserve base and stripping requirements were made to 

determine the stripping ratio of recoverable lignite to waste material for 

the proposed mine areas. Next, an annual run-of-mine production level 

was set to deplete the reserves over a 30 year production period. 

Once these basic factors were established, the equipment used to strip 

the overburden/interburden material and load/haul the lignite was sized 

and selected. 

Ove:'burden/interburden stripping is accomplished using rotary 

blast hole drills, overburden shovels, backhoes, rear dump trucks, 

draglines and scrapers. Lignite loading and hauling is performed by 
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backhoes, front-end loaders and rear dump trucks. Reclamation of 

mined out areas incorporates the use of scrapers, water trucks, and 

graders. Haul road maintenance requires graders, bulldozers, 

scrapers, front-end loaders, compactors, and water trucks. Production 

capacities were developed for various sizes of equipment operating 

under Lakhra conditions. This data is shown in the Appendix C series 

of this report. 

Companies which manufacture/sell equipment and considered 

capable of meeting the mine requirements were contacted by BOYD. 

Company representatives were briefed in person on the Lakhra Coal 

Project and were provided a written questionnaire requesting 

information on specific items of equipment. 

The requested information is summarized below: 

A. Manufacturer Data E.Ordering and Erection Time Estimates 
1. Manufacturer: 1. Ordering time to export ready (to ship):
 
2. Location: 2. Shipping time factory to mine site:
 
3. Telephone: 3. Estimated erection time:
 
4. Principal Contact/Title:
 

F. pecal Ruirements
 

B.Pakistan Dealer (or other) 'T transportable size
 
I Location: (weight & dimensions):
 
2. Address: 2. Power Conversion:
 
3. Telephone: 3. Other:

4. Principal Contact/Title:
 G. Maintenance & Miscellaneous 
 Ref: Attachments
 

C. Unit Description I. Required major spare parts needed
 
IUn iuotation Requested: for two-year inventory:
 
2. Recommended Options: 2. Estimated cost for above:
 

3. Estimated inventory & cost minor
 
0. Capital Cost Estimnate US S Rupees spare & replacement parts:
 

. FOB pt. of origin (base price): 4. In-house maintenance and operator
 
2. Options cost: training programs or arrangements:
 
3. Export packaging cost: 5. Local dealer service arrangements:
 
4. Inland transportation (US): 6. Erection supervision arrangements, etc.:
 
S. Insurance cost:
 
6. Ocean Freight cost: H. Operating Costs
 
7. Total cost delivered to Karachi, L. FueT
 

PK (current S): 2. Tires or track
 
8. Local Costs: 3. Lube, Grease
 

a. Import Duties 4. Filters
 
b. Handling 5. Operating repairs parts
 
c. Brokerage fees: 6. Operating maintenance parts
 
d. Taxes 7. Miscellaneous
 
e. Other 8. Operating Labor
 

g. Transportation cost delivered to mine site: g. Maintenance Labor
 
10. Erection cost: 10. Depreciation
 
11. Miscellaneous: 11, Taxes, Interest
 

1. Remarks
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In most cases the questionnaires were completed and returned t( 

BOYD. This data was then incorporated into the mine feasibilit) 

report. 

The equipment manufacturers/sales representatives contacted for 

the major open cut equipment are summarized as follows: 

Equipment Manufacturer or Sales Company Company Contact
 

Rotary Drills 	 Bucyrus-Erie Mr. Ron Mindle
 
Greaves Cotton & Co. (BE rep. in PK) Mr. M. Q. Azam
 
Marion Power Shovel Company Mr. Mike Burke
 
Shahnawaz Ltd. (Marion rep. in PK) Mr. S. A. Imram
 
Ingersoll Rand Mr. Ted Vargo
 
Drill Tech Mr. F. J. Skeris
 
Gardner-Denver Mr. Ross Morgan
 

Draglines 	 Bucyrus-Erie Mr. Ron Mindle
 
Greaves Cotton & Co. (BE rep. in PK) Mr. M. Q. Azam
 
Marion Power Shovel Company Mr. Mike Burke
 
Shahnawaz Ltd. (Marion rep. in PK) Mr. S.A. Imram
 
Page Engineering Company
 
American Hoist Mr. Lloyd Wright
 
Manitowac Mr. Harry Sinclair
 

Power Shovels 	 Bucyrus-Erie Mr. Ron Mindle
 
Greaves Cotton & Co. (BE rep. in PK) Mr. M. Q. Azam
 
Marion Power Shovel Company Mr. Mike Burke
 
Shahnawaz Ltd. (Marion rep. in PK) Mr. S. A. Imram
 
Harrischfeger Corporation, P&H Mr. Thomas B. Egan
 
Demag 	 Mr. Ken Emmett
 

Backhoe 	 Orenstein & Koppel Mr. Chris Nichols
 
Koehring Company Mr. Michael Woods
 
International Harvester
 
Shahnawaz Ltd. (I.H. rep. in PK) Mr. S. A. Imram
 
Terex Company (Blackwood Hodge
 
Terex rep. in PK) Mr. Shaik
 

Overburden/
 
Coal Trucks WABCO Mr. Bud Sprouse


Shahnawaz Ltd. (WABCO rep. in PK) Mr. S. A. Imram
 
Unit Rig Mr. Wayne Ogden
 
Euclid
 
Caterpillar Tractor Company Mr. Bill Stong

Allied Engineering (Cat. rep in PK) Mr. John Kirk
 
Terex (Blackwood Hodge Terex rep in PK) Mr. Shaik
 

Large Mobile Cranes 	 Harnischfeger Corporation, P&H Mr. John Knight
 

Small M.,&e Equipment
 
(Bulldozers, graders,
 
3crapers, compactors,
 
Whel/track loaders,
 
Generators) 	 Cate-pillar Tractor Company Mr. Bill Stong


Alilea Engineering (Cat. rep. in PK) Mr. John Kirk
 
Komatsu - USA
 
Jalfer Brothers (Kom. rep. in PK) Mr. R. Jaffer
 
Terex (Blackwood Hodge Terex rep. in PK) Mr. Shaik
 
Champion (Blackwood Hodge Champ. rep. in PK) Mr. Shaik
 
Flat-Allis
 
Hatachi (Shahnawaz Ltd.) Mr. S. A. Imram
 
Gallion (Shahnawaz Ltd.) 	 Mr. S.A. Imram
 

Miscellaneous vehicles,
 
Pick-up trucks, Vans,
 
flat beds, Patroll
 
vehicles, Anbulance,
 
Fire trucks National Motors Ltd. Mr. Arashid Khan Tareen
 

Distributors for Jedford, Toyota, and Isuzu
 
Ford (Allied Engineering)
 

Service/lube
 
vehicles, mobile
 
light plants Amida Industries Mr. Larry Rode
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BOYD extends its appreciation to these companies and their 

representatives for their assistance in supplying the requested 

information. 

Following this text are: 

Summary Schedules 
A-i: Estimated Production Schedule Summary 
B-i: Estimated Labor Force and Cost Summary
C-1: Estimated Initial Capital Expenditures Summary 
D-i: Estimated Equipment Replacement Expenditures Summary 
E-i: Estimated Operating Cash Cost Summary 
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For 

D-25 D-30
D39 D60.0-1590-20C8480IT 90. 39&.0478-C.0-5006-00 

9O8 5.6 
2-8 0.4 D-3 0-2 0-1 0.1 5.2 

187 187 935 q3 333D.3 2.4D17 
Period 187 1878 

1 .'Er~nq rdctn (4 Q0 33St., P.r1odlacti"-'n800001035 17 
East 804 2.010 3.206 3.804 187 187 187 187 

1Be
2.502 188 188 1l88 IS S8.900 88.900 

Aest . 11.780 11.700 11.780 !1.78D 15.762 S70 11.7802.206 2.SOZ 98.900 . 02 1.20 11.780 11.780 1.180 88.00 

Sho.eI/Tiock .890 5.890 8890 8.890 9.80 8.890 29.48D- 20.0 16.497 
11.780 8.890 8.80 8.890 

- 14.036 17.620 16.728 73.0769a18 4.Z2 9.420 17.883 88.99 89.778 89.22917.909 17.988 1 9Soo17.811 17.890 17.638 80.037 89.9 9 10,9 S1B7.937 11,8 

eS0T 12.360 121811 7 9 


!7.800 17.889 17.902 13,46717.889 17.842 17.8980 12.30 17.911 17.4 7.9S0 
ast (Piml.1 S,68Soo9 949
Vest 1;8' 1':"1a;"8949 


13.2 13.42 106Eastii l -- 772 1.884 2.689 2.6 2.688 2.688 2.685 2.672ra9 9:3 0000 10.86 13.824 13.4243.3. 2.6460 2.888 2.68601 0 2.688 

est772 


3 1 .7 63 1.8641. 86. 2.667 2.6790180 2.6311.86 Z.684 2.683 
o e , Eq.,Pmac
n Irg~ t 1.80 1.860 1.860 1.860 9.300 9,300 9.300 9.300 

8 110 
1,860 1.860 1.80 9.300 9.300 9.300637 1.767 1.850 1.880 1.860 1.80 1.660 1.860 1427149314.5521.5241" l O3 10241.8 825
.1 918 


e 11911.12928
Bako' Mbl (us, 843 889 902 3.731 3.000 3.028 3.670 
69.)90
35.294 175.790 175 80 171.773
338 .347 18.983 16.88239 3.267 3.267 3.267 16.243

3.27 3.067 3.26? 3.267 3.267 

Eastt) 
 1.362 3.267 
was 


3S 37 323.29 zoo 97.104
1Q 127o71,
31,973
3 66.782 175.90 17.773Tota5 883 (000) 51 39.767 3 7 38.98 184330.311 178.34041 19.84
EaSt 804 2.010 3.206 10.563 138.329 1 31.743 31.376387.140 31.784 31.790 57o10 31.33 31.713 31.4083.79:9 3:2 31.984
S718 7 23.986 31.89.822 18.342346 19.878.eSt
t4.12 

67.189 6
67.219 66.928 67.106 

67.342 67.260 68.83367.361
30.439 43.963
4.928 11.832 18.48 

GAM1. TOTAL 
 4a
21 30.7S2 183.068 182.613 182.089 119.129 

30.603 30.788 30.798 30.79231.207 368 30.96916.360 12 30.809 30.907 30.890
804 2 010 3JO6.0&9 8 160East,ToteIMateria8Drill.1 

27.247 134.868 22.22 119.476 104.248527.234 27.28 26.983 
96.12Z 9.822 18.342 19.876 22.377 28.804 27.287 

:04 
07.204 26.007 27.240 27.24 

2. 09 2.024 1.958 1.9G32.129 2.119:1 .918 1.783 1.654 z.05 1.968 
9:iie - 674 2.134 2.120 2.037 1.989 2.028 2.018 1.798 1.981 1.453 

WiC~e Pr.nOzSO 409 1.327Et.1 t. Prodoctioe, Tomm ( (880) - 1.919 1.832 1.877 1.918 1.69 1.870 .906 

Nist 

West o. -T. 28.6 16.8 16.7 17.4 18.8 19.9 . 21.2 17.6 08.0 16.6 16.7 16.8 17.3 17.9 17.6 

18.8 15.3 16.5 14.3 17.6 
8618 17.3 16.3 18.6 27.0 17.0 16.7 16.8 

- - . 49.1 23.8 16.7 

00'0000-0 -1 

ESTIMATESPRODUCTIONSCEOUL( 16898R7 

SFACE 8MI PLAN 
CASE AND WEST PITS 
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SCHEOULEB-I 

ESTIMATED LABOR FORCE AMD COST SUMMARY 
SURFACE MINE PLANFor 
 EAST AD WEST PITS
USAIDIPAXISTAN- kAPOA ByLAIRA COAL PROJECT50. dOo, jCONoTRACT 3I-0d76SC-00-50i.0O Min n .oov

Stnd Province. Pakistan Ceat." -o!CalEq...nr,
 

Oscription 0-S 0.4 0-3 0-2 0-1 0.1 02 00 04 3 0.6 . .6 002 OZ . 3-

General Supervttli and Office L - - - 0 .. -9 01. . .20 OiS.. -l
 
West Pit 
 27 36 46 51
44 08 52
Eost Pit 51 09 45 01 41 41 41 01 40 40 40 4016 
 21 32 OS 4 51 St St .0 45 4z 00 4040 0o 39 39 39
Scbtotal 3943 57 79 IT 97 10! 10 110! 2 40Overburdn Orilling and Blasting 

31 IT ET I1 RT 74 7 71 7q 

East Pit 1est 24
Pit 12 1z Z8 Z8 48 08 8 4 48 OR la12 20 i 6 46 4R 6 06 00 08 48 00 40 .0 St 0046 46 46 06 4 46
Sbtotal 703 0 46 402 45 01 21 IT 2 2 91 91 2 1 21 17 2Interburde" 2 1 2orilling and Blasting

West Pit
 
East 'I.
 

Overburden Removal - ShovellT- c-

West Pit 
 62 126 194 190 Z02 86 
 65 6 605 65 65 05 05East Pit 00 05 00 00 05 RS
0 22 30 34 34 120 120 125 1

Sbttal 7 

2 125 650 25 6OS 225 125 125 125IX 7112r! I .25 !2S 125 120 140 14S 12S 140 12S 12S 125 140
Overburden Removal - orglin a n m n I M m M M M M M M 1
 
West Pit 68 68 68 8 68 68 58 6a 68 00 00 OR 00 08 04
29 

Est PIit.68 


5uttl OR 68 R0 6subtotal 68 68 68 68 68 68 68 6868 68 683! 68 68 68 68 IX I X I I 
 X I X 7 X I
 
Intorburdenand Lignite Loading
MOstPit 5 10 10 10iB 6 10s0
EaSt Pit 10 10 10 10 10 10 10 10- 5 10 20 20 10 10 20 20 20 10 10 10 1 B0 10Sabtotol~~o 70 7 0 7 0 Z 10 0 0 7 0 7t t0 7 0
 
LigniteHaulage and Roads
West Pit 
 20 20 70 70 70 70 70 70 70 70 70East Pit 
 25 46 06 O6 06 46 46 00 
 00 00 00 70 00 a 70
subtotal 
 2i 14 IX nX nX In IX nw IX9 MX 14 1. IS 11
T,-, TI 
Rectlaationand OralnageWest 
 - -- 10 10 10 t0 toEaSt PttSubtotal -

10 10 I0 to 0 1001010 toI0 0
00 10 10 10 10 10 10 10 10 10
10 to IC 10
 

MiscellaneousNine service
 
000 Pit 
 01 66 81 84
Eastpit 8 9 0 90 94 90 94 94
25 71 0 94
4 02 S 89 4 89 8 89 

94 04 94 9 4 94 9489 00 00 89 00 89
Subtotal 89 0954 I 10I t E 14 1! 10! 10M 0 1M 14 TO! TO! 10! M4 M TO! TO TO 
AbstoaelsMest Pit 
 20 37 52 62 
 76 65 63 63 63 63 63
EastPit 63 63 63 63 63 63 63 63
6 14 19 20 03 67 07 67 67 67 07 jj 67Subtotal 07 07 67 07 67 6776 5T 7T go7 MI IX IX M M M M 
 M IX TM IM IX T 
Total Labor Fort. 
VlestPit 
Expatriates 0 10 13 14 is 16 16 1 13 9 
 S 5 5 0
5 S 4 4 4Satime]% Its 270 386 409 505 080 472 472 472 672 472 472Subtotal TE O ! 7 X 

072 472 422 472 072 072 47207 M220 4 201T M7 07 7 04M7 I 04 V9 
East Pit
Eaptritats 0 0 12 1 10 10 16 16 14 1O 7Adtionols 63 109 52 12 332 496 496 496 49 

5 5 5 5 4 0 4 449 496 496
Subtotal 496 496 496 096 496 496 4965M! STY 5M0
7 1 1 77 M 17 M1 OT O T s0 m s5 r 
Total
Expatriates 
 12 19 20 26 
 30 32 31 19
32 27 12
"ationals 221 13 10 0 10 8 0308 538 887 968
T 687 080 90 968 968 368 968 968 96 8 968 686
oto 23! 07 M417 M 41064 7 7 45 9681 9008 7


M 71 04 I87 7 

Labor Co: .1(00
 

Expatriates 
 708 876 1.134 
 1.21S 1.302 1.386 1,386 1.296 1.1,S 792
nationals 456 46 4S6 456 45 304 356403 716 314 304
014119 354 1196119


Subtotal 1!"'TX4!!4271 251 2~O ~4 31 14 ~3 !! Ito! It! ItiR 14g0 Ngs0 IN;! N; 
East Pitep4triates 
 360 792 1.050 
1.210 1.302 1.386 1.386 1.386 1.ZlZ 876
ti Ions 160 272 379 572 6Z4 096 050 056 415 350
629 1 2707152 3 34
257 26 257 354
1 257 354
Subtotal 
 579 021 ITI 7 2713M !l 2!!Total 1 [tl NN I-1 SCEDL 


ESTIMATED LABOR FORCE AND COST SUMv10uyExpatriates 1.068 1.48 Z.184 2.436 2.604 2.772 Z.772 2.682 2.344 1.668 1.060 912 912 912 912 708Ntoas563 998 708 708 703 SURFACE NJINE PLANEAST AIM WEST P TS 
T

2t10 ~t!0otaltfl1i4 2440K4'23~1013700250 23! ~ 23 ~:ZI 3i70 It!! 3:60 LARA PROJECT96 2002 ~ 23 ! N7H3~ 3365 :061 4:1SindTOProvince. COALPrvi PakiPstatn 

http:3I-0d76SC-00-50i.0O
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SCHEDULE C-1 


ESTIMATED INITIAL CAPITAL EXPENDITURES SUMMARY
 
SURFACE 
EAST AND 

MINE 
WEST 

PLAN 
PITS 

LAKHRA COAL PROJECT 
Sind Province, Pakistan 

For 
USAID/PAKISTAN - WAPDA 

CONTRACT NO. 391-0478-C-00-5006-00 
By 

John T. Boyd Company 
Mining and Geological Engineers 

December 1985 

Description 
A. Site Preparation

West Pit 
East Pit 
Subtotal 

0-5 

500 

D-4 

875 

0-3 

2,885 
-

T 

0-2 

2,460 
-

T 

0-I 

1,230 

1T 
-

0+1 

-

Total 
Initial 
Capital 

1.950 
-

B. Overburden Preparatior
West Pit 
East Pit 
Subtotal 

1,868 
1868 
V7N 

1,557 
-

1~7 
--

1,868 

Ifff 

-
1836 

-
16589 
ltW 

5,293 
5293 

C. Dragline Stripping 
West Pit 
East Pit 
Suhtotal 

-
622 
n 

5476 
5,476 
24644 
3012 

24,664 
23093 

23,093 
3625 

3,625 

3 

56,838 
57460 

T7i7fn 

D. Shovel/Truck Stripping 
West Pit 
East Pit 
Subtotal 

21.615 
14425 
3 

4,999 
3 423 

1,708 
1 708 

1.708 

t 

30,030 
19556 

E. Interburden/Lignite Loading
West Pit 
East Pit 
Subtotal 

2,821 2,450 
2821 

5,271 
2821 

F. Lignite Haulage and Roads 
West Pit 
East Pit 
Subtotal 

--
-

5,384 5,110 
6369

1T1 -

10,494 
6369 

G. Mine Power Distribution 
West Pit 
East Pit 
S.btotal 

1,559 
1243 

26 204 
737 

573 
363 

244 
52 

2,606 
2395 

H. Reclamation and Drainage 
West Pit 
East Pit 
Subtotal 

32 
-
3! 

32 
32 
-32 

3!1! 

32 
-
Y 

1 148 
1 

96 
1212 

I. General Purpose Equipment 
West Pit - - - -
East Pit 
Subtotal 

3193 1440 669 
Mb 

691 
67 

667 
U -

6660 

J. Service Buildings and Equipment 
West Pit 
East Pic 
Subtotal 

1,3B0 3,150 
-

37--

1,050 
-

-- -5.580 

7 

K. Spare Parts and Inventory 
West Pit 
East Pit 
Subtotal 

'.473 
2558 

984 
1039 

294 
561 

1.700 
5089 

6.119 
6409 

4,985 
1651 

17,555 
17307 

L. Miscellaneous Expenses 
West Pit 
East Pit 
Subtotal 

2,490 
1435 
i 

2,500 
915 

2,420 
540 

2,6FM 

2,185 
2435 

1,930 
2820 
lT7,0U 

1,300 
4990 

12,825 
13135 

Contingency @ 10% 
West Pit 
East Pit 
Subtotal 

3,292 
2534 

1,406 
1232 

N 

1,389 
2812 

4,297 
3208 
Tm 

4,054 
2491 

1,015 
943 

15,454 
13221 

-
Grand Total Capital Expenditures 
With Contingency 

West Pit - Local 
- Foreign 
Subtotal 

5,704 
30505 
!J 

6,712 
8760 
TL& 

7,279 
8001 

Tt 

7,684 
39617 
liTm7 

6,029 
38562 
liT 

2,044 
9125 

35,422 
134570 
W 

East Pit - Local 
- Foreign
Subtotal 

2,504 
25 374 

1,694 
11 8411 

~ 
2.633 
28301 
3 ~ 

4,894 
3D391 
3525~ 

4,327 
23074 
Wi"~T3In 

6,001 
4 372 

Tlt37 

22,053 
123376 
145:42 

Total - Local 
- Foreign 

8.208 
55879 

8.406 
20624 

9,912 
36302 

12,548 
70008 

10,356 
61 636 

8,045 
13497 

57,475 
257 946 

Note: See Appendices G-1 and G-2 for detail. 



For 
USAID/PAKISTAN- WAPDA 

COTRACTNO. 391-0478-C-00-5006-00_ 

Description D.E 0.2 0+3 D-4 

SCHEDULE 0-1 

ESTIMATED EQUIPMENT REPLACEMENT EXPENDITURE SUMMARY 
SURFACEMINE PLAN 
EAST AMD WEST FiT5 
LAPHRACOAL PROJECT 
Sind Province. Pakistan 

DollarsE.TressedIn Thousands 

M.5 D6 0.7 0.6 D-9 0.10 D11 - 0.15 0*16 - 0.20 

By 
JohnT. BoydCompany

Mining and Geological Engineers 
December1985 

Total 
Replacement

D21 - 0.25 0.26 - D30 Capital 

7-34 

A. SitePreparation 
West Pit - -
East Pit 
Subtotal 

- -
-

-

-
- - - - - - - - -

B. Overburden Preparation 
West Pit 
East Pit 
Subtotal7 

227 
227 -

-
84 

311 
-

-
227 

227 
227 

84 
-

227 
I S5538 

- 5.293 538 538 
454 

311 
311 

7.756 
7504 

C. DraglineStripping
Wett Pit 
East Pit 
Subtotal 

- -

622 
M 

622 
887 

73U 

887 
265 
T! 

265 

M 

-
622 
M7 

622 
622 

17M 

622 
265 
U7 

265 
265 
M 

1.774 
15 330 
f77u 

15.630 
2 696 
TiYm 

2.396 
1 774 

887 
1 509 

23.970 
24 857 

0. Shovel/TruckStripping 
West Pit 
East Pit 
Subtotal 

3.291 
371 
7-

542 
542 

371 
-

M 

10.591 
5 110 
I 

2.920 
2 920 

-
371 

371 
-

VT 

913 
542 

TQ71 

2.920 

27M 
-

16.691 
9 991 

14.795 
6 023 

ze 

6.582 
3 291 
98m 

913 
7 483 

61.100 
36 644 

E. 1nterburden/LigniteLoading 
West Pit 
East Pit 
Subtotal 

-

-
-

-

371 

TT7 
_ 

722 
371 

722 
722 

371-
-
T -

371 
T 

5.642 
2821 
B7 

1.815 
1093 
18 

1.815 
1093 
27 

371 

VTB 

11.829 
6471 

F. Lignite Haulage 3nd Roads
West Pit 
East Pit 
Subtotal 

.-
-

-
-

-

-

-

711 

V 

1.023 
371 
T1 

-
1618 ~ 1 

3.650 
-

7U 

5.110 
4380 
1T0 

711 
-

lT7TI 

- 5.384 
1989 

6.844 
6369 
T~f 

10,494 
5998 
h2V 

-
371 

33.927 
21467 
1W 

G. Mine Poer Distribution 
West Pit 
East Pit 
Subtotal 

-
-
-

-z 

-
-

174 
256 

50 
40 

204 
268 
M 

288 
204 

-
40 

245 
-

661 
684 

1.345MT~ 

782 
758 

T7M 

502 
472 
w1 

215 
316 
MT 

3.121 
3 038 
l-Tl 

H. Reclamation and Drainage 
West Pit 
East Pit 
Subtotal 

893 
-
M7 

255 
980 

Efl3 

1,012 
-

T=T 

-
32 
37 

32 
371 
M7 

371 
574 
w~ 

319 
980 

T771 

1.235 
64 

17 M 

32 
-
3! 

1.957 
2021 
t~li.23,6 

1.937 
219 

1.670 
179 

722 
1212 
1.934 

10.435 
10224 
7d~lM 

I. GeneralPurpose Equipment 
est Pit 

East Pit 
Subtotal 

174 
M 

-
150 
TTo 

-
141 
TT 

-
582 
s 

150 
TTO 

-
654 
w 

-
792 
7M 

-
573 
173M8 

-
206 

-
174 

-
2 697 

-
2 100 

-
1.86 1 324 

t1 

-
11 565 

J. Service Buildings and Equipment 
West Pit .-.. 
East Pit 
Subtotal 

- - - .- - -. -
--

-
-

- -
-

- -

K. Spare Parts and Inventory 
West Pit .... 
EastPit 
Subtotal 

. - - - - " - - - -
-

- -
-

-
-

. -

L. Miscellaneous Expenses 
WestIPit 
East Pit 
Subtotal 

- -

5 355 
3,250 
1415 

-) 
-

-w 

-

-

-

-4 

(16.075) 
(5) 
(30.7 25 

(12.825) 
11 IQ 

Contingency9 101 
Vest Pit 
East Pit 
Subtotal 

352 
77 
1 

144 
74 
78 

100 
218 
3w8 

1,667 
825 

T.71 

55 
434 
M1 

130 
400 
5M 

505 
226 
7M 

725 
730 

T755l 

572 
213 
711 

54 
141 
18 

3.760 
391 

18 

4.235 
2244 
9 m7 

2.400 
1711 
W~iT 

(1.267) 
(249) 

Tr=11 

13,931 
10962 

Grand Total Capital Expenditures 
With Contingency 

West Pit - Local 
- Foreign 
Subtotal 

158 
3 712 
V87U 

103 
1 475 
t17 

47 
1 050 
1,097 

4.216 
14 122 
it338 

248 
5 859 
lgTQ 

90 
1 336 
t17 

229 
5 327 
13'w 

364 
7 613 
7 

253 
6 033 
t~18 

58 
538 
M8 

1.808 
39554 
ila 

2.362 
44 214 
a,7M-

1.140 
25 257 
K, M 

(17.458) 
3 536 

(Wy771 

(6.382) 
159 626 
tiilmU 

East Pit - Local 
-Foreign 
Subtotal 

29 
820 
M 

87 
729 
1M 

459 
1941 

~~ 
1.867 
7208 
5i7l 

222 
4548 
i 718em 

238 
4165 
83 

243 
2239 
TiAI!ti181 

330 
7701 

163 
2182 
2eI71 

55 
1494 
tt71 

2,273 
40830 
i3tffi 

1.978 
22711 
7T18 

930 
17880 
ie11Q 

115.348) 
12603 

(2.145) 

(6.474) 
127050 
t1 

Total- Local 
-Foreign 

187 
4 532 

190 
2 204 

506 
2 991 

6.083 
21 330 

470 
10 407 

328 
5 501 

472 
7 566 

694 
15 314 

416 
8 215 

113 
2 032 

4.081 
80 384 

4,340 
66 925 

2.070 
43.137 

(32.806) 
16 139 

(12.856) 
286 676 

EiSIATED 
SCHEDULED-1 

EQUIPMENTREPLACEMEeTEXPENDITUI 
SURFACENIN EPA 

EASTANDWESTPITS 
LAaA COAL580IRCTIStd Prutuc. Sakisa. 



For 
USAID/PAKISTAN 
- WAPOA 

CONTRACT NO. 391-047aC-0-5006.00
 

0-5 
 0.40

;ONTonnes/Year (0001: WestEast*
 D- 0.2 0-1 0+1
 
Total


Stripping WestRatio: 

(BCM/ROI Tonne) 489 1,327
East 674 
 2


29.6 1. 4 
,
12
 

Toal 

Total 29.6 1.8 
 16
 

49.1 
 19.4 
 1
 
S PTCOSTS 
 (000
SS/Yr. Yr. SOOL f T
S/Yr. S/Yr. $/Yr. T


S/Yr.
sno
Genera Geernier a SduOpffice0 S/Yr.
?Supervision andOffice jan

Draglitne 949 0 / nn 00 ) 5/ o n (000) /T n e
Stripping (0)0) W/En= (000)Overburden Drilling and Blasting 2 .949
9 1 .184 1,5,5200.1 1,628 1,736 3.551 2051 45 .05
2 6
4,869 
 - 627,232
Lignite Haulage andRoad - 9,310 , 3Shovel/Truck Stripping 4.218 11062
andLignite Loading 8,588
Interburden 13,045 22.622 10,950
" 104 2,692
MiselaneousMine Serices 13346 5,41 5 .55 2 1..141
13351
107 27.303 5,155
Liie Halagand ads 181 - 225 13,346 3.884 4,373233 4085,5418
Miselaneous331 33 " 33259 1 .53079 269
12.30 384.7 12
0195
Subtotal 581 1.189Other -West Pit 1,628 1.227 1.628
AbsenteeismAllowance 59
2859 1011 254 233
36 154 1 1 3 .04 92 3 .167 4,203

183 
 223 0,77 
Suprpie 7.7TM eCseCost __ 

612 
t an urden) 0.37 192 0.144 185


Poer 1,364
t 1.955 3.288 25,816 2,611 87
12,449 2,935 -o
18,847 3,322 6.793 r 34:530t~fiy24,259 3,206 2.41628.460 3,17158.199
O t e a i 24,665 18.587 26,780
23 
 3483,518


E4ST 

28 .
- 9IT36 2.651 
 1,435


385 0787 
 845 0.637 1160-
_ _2?Supervision andOffice 


87 - yeTS-
GeneralCOSTS

486

Overburden Drilling andBlasting 1,033DreglineStripping9
Shovel/Truck Stripping 597 1,1110
1.03 1.620
598 4.399 8,0 207
1,491 1.639,1,620 1,1


2,582 - ,1743 2.585Inteue andi toadi 2,34 4,051 0.961 2,051Lignite andRoad ing " 14,714Haulage 

2208 

- 2316 - 5,418 8.038 5,418 
 2.539 5,418

Miscellaneous Mine Services 245 963 

646 0.958 8,563660 4.013 8,563
 
Reclamation andDrainage 2386 3.540 


8 0.309 0
Absenteeism Allowance 
 .

Subtotal .EastPt 0.965 2,060
Other 17 
 42 5319
 589 0.874 602 0.282
126 0.188 60234656 198 
 0.093
483 198
surpltes 0.717 2
030
640 0.951 
 19931,302
Poer 1,750 
 2,192
1,267 2,612 3.875
2,739 3747 1.521 3,2473.876 9,893 16,718
of tReent 24.804 
 29.369 
 13.762
36 36 29.164
842 .
 1,61 2.494 2,173 1.018 2,173
 

;96 772 0.362 742
 
tTAL COST
DietMnah Cost:
supplies 

2.004 
 3,257 
 4,361
P lwer 5,127
7,083 5,934
15.188 5.102 6.45322,723 1.864 6.41834,152
Equipment 299 46,178
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UNDERGROUND MINE PLAN
 

Introduction 

This chapter presents the recommended underground mining plan 

for Mine No. 1 in the No. 2 Seam underlying the southern portion of 

the Central Area. Objectives of the plan include: 

(a) 	 implementation of mining methods which are compatible 
with the ability of the existing labor force, 

(b) 	 providing a reliable, cost effective, source of 
production while maximizing production from a single
modern mine facility, 

(c) 	 entry and pillar design consistent with the observed 
and anticipated underground mining conditions 
(roof/floor). 

The "Lakhra Upgrade" approach used :n this study incorporates 

advancements in all areas of the mining operation (as compared to 

present practices) and substantially improves the underground work 

environment and safety. We believe adaptation of this approach will 

benefit the immediate Lakhra Coal Project, permit technology transfer to 

other private sector/PMDC underground mines in the area, and allow 

the evolution of increased mechanization as the skills of the labor force 

advance. Development of underground mining capability is needed to 

allow orderly development of the potential large underground coal 

resources located in Lakhra and other coalfields of Pakistan. 

In accordance with the Master Mine Plan, average annual lignite 

production is 325,800 ROM product tonnes from years D I through 

D+14. Production from Mine No. 1 will dec-ease after D+14 and 

terminate in early D+19, as available reserves (estimated 5.9 million 

ROM product tonnes) are depleted. 

JOHN T. BOYD COMPANY 
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For report purposes we have assumed underground production will 

be maintained at 326,000 tonnes for the balance of the 30-year project 

life. Several options exist, namely: 

* 	 Reduce the annual production of Mine No. 1 to achieve 
a 30-year mine life (approximately 200,000 ROM 
product tonnes per year), with deficit underground 
production purchased fiom existing private sector 
mines. Estimated Mine No. 1 production cost will 
increase approximately $1.50 to $1.75 per tonne under 
the reduced production scenario. 

* 	 Conduct field exploration to define additional 
underground reserves to support a future replacement 
mine equal in annual production to Mine No. 1. 
Assuming comparable reserves are defined, initial 
capital and operating cash costs will equal those of 
Mine No. 1 (in constant dollar value). 

* 	 Purchase necessary deficit tonnages from outside 
sources (private sector/PMDC coal mines to the south). 

We have used a cost of $18.50 per tonne, excluding costs associated 

with the common facilities and infrastructure, for all deficit tonnages 

needed to maintain the 326,000 tonne annual production level. 

Mining Conditions 

Within the assigned Mine No. 1 reserve area, the No. 2 Seam 

ranges from 1.0 meter (minimum underground mining height parameter) 

to over 6.0 meters in total thickness. Physical composition of the seam 

varies from a single lignite bench to a split seam condition (two or more 

lignite benches separated by a thick rock parting). An abnormally 

thick seam development is present in the south-central portion of the 

Mine No. 1 reserve area. At this locality, the seam consists of between 

four to six lignite benches interbedded with multiple partings (total 

seam exceeding 6 meters). Maximum mining height is restricted to 

3.66 meters (12 ft.), which we believe is a practical limit to working 

height (reach during mining, pillar design/safety considerations, and 

JOHN T. BOYD COMPANY 
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operation of hydraulic props on the longwall face). In-seam partings 

are variable in number, lenticular in thickness, and include both inert 

clay/claystone and carbonaceous material (shale to bone). The inert 

clay partings are visually discernible and are classified "separable 

partings" if they are 15 cm or greater in thickness. After mining from 

the in situ face, separable partings are manually removed from the ROM 

material and discarded underground. Carbonaceous partings are not 

easily distinguished from the lignite, particularly in the reduced 

lighting present underground. All carbonaceous "inseparable" partings 

are assumed to remain in the ROM coal and are transported to the 

surface. 

Within the assigned reserve area, immediate top (roof) strata are 

relatively soft carbonaceous shale, grading to mudstone in some areas. 

Areas identified by available drill hole data to have overlying sand 

zones within one meter of the top of No. 2 Seam are excluded from the 

reserve estimate. Based on anticipated weak (unstable) roof conditions 

due to possible differential roof stresses underlying the sand transition 

areas, the uncompetent nature of the sands to provide roof support, 

and known concentrations of carbon dioxide associated with some sand 

zones, we have excluded sand roof areas from the underground mining 

plan. 

Because the overlying mine roof strata are rated as below average 

to weak and are subject to deterioration when exposed, we have limited 

entry width to 3.0 meters or less. Roof conditions, combined with the 

susceptibility of the Lakhra lignites to spontaneous combustion, result 

in a mine plan which concentrates producing sections to achieve an 

orderly but expedient depletion of the reserves. 

JOHN T. BOYD COMPANY 
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The strata underlying the No. 2 Seam are soft clay/claystone. 

Based on field exploration and inspections of adjoining active deep 

mines, no significant amount of ground water is anticipated; therefore, 

mine floor conditions are expected to be satisfactory. 

A major displacement fault crosses the western side of the Mine 

No. 1 reserve area. As shown on Exhibit 5A, a portion of Mine No. 1 

reserves occurs west of the fault. These reserves are not of sufficient 

size to support separate mine development and require inclined entries 

to be driven upward from the main reserve area (Central Area) to 

access reserves located west of the fault. Future mining adjacent to 

the fault may encounter disturbed roof conditions and possible ground 

water. A review of mining experience at existing deep mines to the 

south indicates local perched aquifers have been encountered, 

particularly adjacent to faults. 

The No. 2 Seam should be flat lying with the mining area and 

occur at an average depth of approximately 100 meters. Prevailing 

depth at Mine No. 1 is greater than at existing mines to the south, 

which range from about 30 to 60 meters, but should not present any 

problem with mining. Mine opening costs will be correspondingly higher 

due to the longer inclines and shafts required to access the coal. 

It is well documented that Lakhra lignite is susceptible to 

spontaneous combustion. Adequate precaution must be taken to 

minimize this risk, and advanced fire control plans should be 

developed. See the Spontaneous Combustion section, page 8-16. 

JOHN T. BOYD COMPANY 
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Surface Facilities 

As shown on Exhibit 5B, surface facilities for underground Mine 

No. 1 are arranged in proximity to the incline portal (primary mine 

entrance), located at coordinate location: 898,680 N; 2,153,355 E. 

Surface facilities include a main building (combination office-repair 

shop-warehouse), bathhouse (with potable water and sewage treatment), 

training facilities, supply yard (fuel, lubricant, and rock dust 

storage), an electrical substation with emergency Diesel generator, and 

water storage (both potable and mine use). A first aid station, mine 

rescue apparatus, and lamp area are included in the main mine 

building. At the discharge end of the incline belt conveyor are the 

rock picking station, screen, crusher, and stacker for open lignite 

storage. 

Underground Mine Access 

Access to the underground workings is by: (1) an incline 

(slope), measuring 4.27 x 4.27 meters, with an arched roof and (2) a 

circular return air shaft 3.66 meters in diameter. The incline is driven 

at 10* or a 17.6% gradient (see Exhibit 5C). 

Preliminary design of the underground mine openings reflects 

Western construction practices and increased investment to insure 

long-term stability. The incline coping (approximately 30 meters long) 

is reinforced concrete, and the exposed surfaces, walls, and roof 

throughout the remaining length are coated with a 10 cm thickness of 

shotcrete. Where traversed, sand zones are sealed with brick walls or 

other retaining construction material. The incline as two sections 

JOHN T. BOYD COMPANY 
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(upper/lower) to accommodate a 91 cm wide belt conveyor in the upper 

deck and a roadway in the bottom section for the Diesel rubber-tired 

vehicles used to transport personnel, machinery, and supplies. The 

incline also serves as a fresh air intake. 

The planned construction procedure for incline sinking employs 

pneumatic drills for face drilling. After the holes are charged with 

explosives and blasted, a side dump loader transfers the material to a 

feeder-breaker unit which discharges the broken rock to a 91 cm belt 

conveyor. The belt structure consists of rigid and portable frame 

mounted on the floor of the incline. The conveyor system has 

15 meters of belt stored in the take-up unit to permit rapid extension 

of the belt. For efficient mucking, the incline conveyor system should 

stay within 15 to 40 meters of the advancing face. Shotcreting trails 

the face 25 to 50 meters but should be closer when soft and weak strata 

are exposed. In order to permit some of the larger Diesel rubber-tired 

equipment to pass on the incline, three passing zones are installed; 

thesea are 5.5 meters wide and 15 meters long. Where warranted, rock 

bolts and/or steel support sets are used. 

The initial shaft is the primary return. All vertical circular shafts 

(intake and returns) have an inside finished diameter of 3.66 meters; a 

10 cm thickness of shotcrete is applied on the walls. The shaft 

concrete coping is 30 cm thick and approximately 6 meters long. If the 

ground is firm, brick coping may be used. Where traversed, sand 

zoneF are sealed with brick walls or other substantial material. The 

intake shi.ft get-aways and return shaft approaches are arched with a 

small radius to reduce airflow resistance. The tops of return shafts 

also have a radius approaching the exhaust fan. 

JOHN T. BOYD COMPANY 
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During shaft excavation, the rock is drilled, blasted, and 

hand-loaded into a 1.25 cubic meter metal muck bucket. A mechanical 

winder powered by a Bedford engine hoists the muck, men, and 

supplies. The estimated costs for the incline and shafts are: 

Incline Vertical Shafts
 
Length Depth

(m) Cost ($)* No. (m) Cost ($)*
 

668 1,094,000 1 Return 116 51,500
 
2 Return 125 50,700
 
3 Intake 100 55,300**
 
4 Return 100 44,300
 

* See Appendices J-1 and J-2 for detailed cost of incline 

and shafts. 
** Includes $11,000 for emergency personnel hoisting equipment. 

Mining Plan 

The mains have 5 development entries on 20 meter centers with 

crosscuts or cut-through normally on 35 meter centers. Entry config

uration is trapezoidal; bottom width is 3.0 meters, and top width is 

2.50 meters. Initial mains are oriented north with submains turned to 

the east and west. The 91 cm wide coal haulage belt conveyor is in the 

middle neutral entry with stoppings in the adjacent cut-throughs on 

both sides. Every fourth row of stoppings has a man door to permit 

personnel access to the belt entry, return entries, or intake entries 

(see Exhibits 5C and 5D). 

During initial development of Mine No. 1, the main 5-entry 

development crew includes 10 face production men, 1 scooptram 

operator, and 2 section foremen on each of 3 shifts daily. These five 

entries produce 62 ROM tonnes per shift (see Schedule A-2 and 

Appendix J-3). The 2.0 tonne capacity scooptram is capable of hauling 

99 tonnes per shift. The Diesel scooptram loads, hauls and dumps and 

is equipped with a 2.5 cubic meter bucket (see Appendix J-5). 

JOHIN T. BOYD COMPAIY 
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The lignite is broken from the solid face with pneumatic picks. 

In-seam separable parting material (clay and shale) exceeding 15 cm 

in thickness is selectively removed at the face before the scooptram 

transports the lignite to the belt conveyor. To minimize spontaneous 

combustion, this reject material (partings) is either hauled to the 

surface (approximately once a week, when no ROM lignite is being 

transported on the conveyor system) or transported to a mined out 

section of the mine and sealed in the gob area. 

Standard panel development has 2 entries on 20 meter centers. 

Head gate to tailgate ce iter is 50 meter-, or a longwall face width of 

approximately 47 meters. Panel entry widths are the same as the 

mains, or 3 meters. Panel entry length varies from 300 to 650 meters. 

The intake entry also serves as the roadway for the Diesel rubber-tired 

vehicles, and the panel belt entry is the return air circuit. However, 

this air does not enter the mains or submains belt entry (see 

Exhibit 5D). 

The panel face operation is similar to the main entry development 

except 4 face men (2 cutters; 2 timbermen), 1 scooptram operator, and 

1 section foreman are employed in each 2 entry panel on a triple shift 

basis daily. Panel development production is 25 ROM tonnes per shift 

(see Schedule A-2 and Appendix J-3). 

The present practice of retreat mining at some of the existing 

Lakhra deep mines is to mine two adjacent pillars (15 meter width per 

pillar) using manual methods (hand-picks, shovels, and carrying lignite 

in burlap bags). To improve efficiency, we have modified present 

practices to extract a 47 meter wide lignite block or panel (see 

Exhibit 5D). Hand picks are replaced by pneumatic picks, and the 
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lignite is hand shoveled onto a chain type conveyor which is positioned 

adjacent to the 47 meter width face. The face chain conveyor is 

manually advanced as the longwall face progresses. ROM lignite from 

the chain conveyor is discharged onto the 91 cm panel belt conveyor 

(see Exhibit 5E). During the loading operation, all separable partings 

are manually removed from the mined material and discarded into the 

gob behind the hydraulic props. 

As the longwall face retreats, it is necessary to stop the system 

and shorten the panel belt conveyor every 1.5 to 3.0 meters. The face 

conveyor drive (22 kw) is mounted on a skid base and is retreated by 

an electric power winch as the longwall face retreats. 

The roof along the longwall face is supported by hydraulic props 

with sliding steel bars and supplemented with wooden posts and cribs 

where required. The wooden posts are normally not recovered as the 

roof collapses inby the face. 

Approximately 160 hydraulic props are used along each face, and 

the hydraulic props are advanced as close as possible toward the face 

conveyor as the manual longwall retreats. 

Problems with roof caving inby the proposed longwall face are not 

anticipated. We did not observe any hanging roof or pressure on the 

longwall face of the adjacent chain pillars in of the Lakhraany mines 

that were inspected. The full width of the extracted lignite of the 

proposed longwall panel (53 meters) is ample to induce normal and 

orderly caving. Furthermore, most of the overlying strata is composed 

of weak shale and clay materials that break and fall immediately after 

the supports are removed (advanced). The supported area between the 

advancing face and the goaf (caved in area) is approximately 4 meters. 
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In the event of roof hang up, caving may be induced by drilling 

angeld holes (35 to 50 mm by 4 to 6 meters in depth) into the uncaved 

roof, charging them with explosives and blasting. This method has 

proven effective in the United States where massive sandstone is the 

immediate overlying stratum on a longwall panel. 

The crew of 22 workers on each shift consists of seven cutters, 

seven loaders, seven roof support men, and one boom-man at the face 

conveyor drive station. Each crew has two section foremen. The 

22-man crew operates as a team for moving, roof support, digging, 

loading, and reject separation. See Exhibit 5E for an illustration of the 

proposed longwall face operation. 

Estimated production from each longwall face is 103 ROM tonnes 

per shift (at 75% efficiency). Three manual longwall units are planned, 

accounting for 69% of the underground mine's production. 

Appendix J-4 shows the method of calculating the longwall production. 

Immediately after each manual longwall panel is complked, the two 

panel entrikz are sealed to prevent spontaneous combustion. Manual 

lcngwall panels are arranged in groups of three. A 10 mete'r lignite 

barrier is maintained between each group to insure complete sealing of 

the panels. 

After inby panels are mined on both sides of the mains or submain 

entries, permanent seals are erected across each entry opposite the 

10 meter barrier block. This is an additional effort to prevent 

spontaneous combustion (see Exhibit 5D). 

JOHW T. BOYD COMPANY 
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Mine Ventilation 

We believe the development of an effective ventilation system for 

the underground mine is mandatory. A continuous supply of fresh air 

to the active underground working places will: 

(1) create an improved work environment and increase 
worker 
supply, 

efficiency by providing a proper
reducing humidity and temperature, etc., 

oxygen 

(2) remove any contaminated air from the work area and 
exhaust it to the outside (surface), 

(3) reduce the potential of spontaneous combustion by
sweeping the active mine areas with air currents,
thereby dissipating any heat buildup, 

(4) keep the mine atmosphere as close as possible to the 
composition of the outside air. 

Controlled airflow is critical in this case due to the inherent 

problem of spontaneous combustion associated with the Lakhra coals. 

Movement of sufficient fresh air throughout the active mine (excluding 

sealed gob areas) is needed to dissipate heat accumulation. 

Experience in the Lakhra coalfield indicated a minimum of methane 

or other harmful gas liberation is expected. However, a modern 

ventilation system and safety practices are recommended. Exhibits 5C 

and 5D illustrate how the air flows and ventilates each producing 

section. The U.S. Department of the Interior's Mine Safety and Health 

Administration (MSHA) minimum requirement of 340 cubic meters/min. 

(12,000 cfm) at the last open crosscut is recommended for this project. 

Applying this standard for seven producing sections and assigning 

an allowance for air leakage through stoppings and overcasts, the mine 

exhaust fan must generate 3,684 cubic meters/min. at 11.4 cm water 

gauge (130,000 cmf at 4.5") for the most critical ventilation situation. 
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This critical point occurs just before the submains connect with No. 2 

return shaft in 1 East. Appendix J-11A shows the computations for 

this condition and Exhibit 5F is single line ventilation diagram of this 

phase. 

The mine fans should be standardized for intercnangeability of 

repair parts and electric motors. For this purpose, a Joy Axivane 

Model H72-43, or equivalent, 975 rpm with 150 kw 2300 volt 50 hz motor 

is recommended. This is a 1.83 meter (6 ft.) fan with 109 cm (43 in.) 

hub; it has a wide range of operation at relatively high efficiency. 

During a normal operating life, Mine No. 1 will require four air 

shafts; one intake air shaft and three return air shafts with exhaust 

fans. The incline (slope) serves as the primary intake (see 

Exhibit 5A). 

The efficiency of the mine ventilation system, based on cumulative 

volume of air delivered to the producing sections divided by the volume 

at the fan, is 65%. This may be considered the norm for a new mine 

(age 3-5 yeirs). However, as the mine workings are extended, the 

efficiency will decrease. 

To reduce air lea,,cje, the number of cut-throughs (crosscuts) are 

minimized, and the perimeter of stoppings is recessed into the ribs, 

roof and floor. The high pressure side of the permanent stoppings and 

overcasts (and extending 30 to 50 cm onto the ribs and roof line) is 

plastered or sprayed with an appropriate sealant. 

Section or face ventilation is controlled and directed by temporary 

stoppings (checks) and line curtains made from jute or plastic material 

or v ith auxiliary face ventilation (vent tubing and auxiliary blower 

fans) as needed. 
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Transportation 

All employees enter the mine via the 100 incline on Diesel 

rubber-tired personnel carriers (6 - 24 passenger capacity), boarding 

the vehicles at a station near the bathhouse (see Exhibit 5B). Supplies 

and machinery also enter the mine via the same inclined roadway. 

Mine io. 1 h.andles an average of 1,338 ROM mine mouth tonnes of 

lignite daily, or 446 tonnes per shift. Therefore, the underground 

transportation system design capacity is 600 tonnes per shift to 

accommodate peak demand. 

After the lignite is broken from the working face in development 

sections (mains, submains, and panels), a front-end loader (Diesel 

rubber-tired scooptram) hauling 2.0 tonnes per cycle picks up the 

lignite and transports it a maximum distance of 160 meters to the 91 cm 

belt conveyor tailpiece. Then the lignite travels by a series of belt 

conveyors to the surface. The belt conveyor system is capable of 

handling 450 tonnes per hour. A 91 cm wide belt is required to 

accommodate the lignite lump size. 

Each longwall face is equipped with a 50 meter chain conveyor 

capable of handling 50 tonnes per hour. To facilitate ease of advancing 

the chain conveyor to the face area, the pans are 1.5 meters in length 

and the bottom sections are closed to facilitate movement to the face. 

The chain conveyor advancement is made by manually operated 

rachet-type jacks. 

Operating practice is to advance the development belt when the 

faces are four cut-throughs (140 meters) inby the loading station. 

The belt conveyor parts are standardized where practical. Panel 

belts have 37 kw motor drives with 30 meters of belt storage for 

longwall retreat. The main line belts have 75 kw drives. All belt 
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discharge heads are equipped with water sprays for dust suppression 

and fire-fighting facilities, as required. Small surge feeder chutes are 

installed at belt conveyor transfer stations to minimize spillage and 

improve belt loading. 

The mainline belts are normally isolated from the primary intake 

and return air; the panel belts are on the return air. The belts pass 

through a "box check" or air-lock curtain to prevent the panel belt 

return air from moving onto the isolated mainline belt conveyor (see 

Exhibit 5D). 

The belt conveyor transfer station at the incline bottom is 

equipped with a "box check" curtain to limit the i,-,cline intake air from 

the isolated mainline belt conveyor. ROM coal is lifted to the surface 

on an incline belt conveyor 763 meters long, located in the upper deck 

of the incline. 

The ROM lignite handling facility on the surface has a picking 

station with two men per shift removing the large size rock (15 cm) and 

other foreign material from the lignite. Selective mining and 

hand sorting to remove rock impurities is also accomplished 

undergroi.,nd during the face mining process. To protect the incline 

belt, a tramp iron detector is at the discharge end of No. 1 mainline 

belt conveyor. After hand-picking, the lignite is screened and crushed 

to 5 cm and discharged into a 2000-tonne stockpile. 

The stockpiled lignite is loaded by 4.8 cubic meter front-end 

loader into a 30-tonne, 10-wheel dump truck that hauls the material to 

the common rail loading facility. One 30-tonne truck and one front-end 

loader operating two shifts have sufficient capacity to transport the 

daily underground output. 
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Electrical System and Communication 

Primary incoming electrical power (132 kv) is reduced to 11 kv for 

the Mine No. 1 substation. Then the 11 kv is transformed to 

2300/440/120 volts for surface use and 7200 volts for underground 

transmission. All underground mine belt conveyor drives and longwall 

sections have transformers (power centers) to reduce the voltage to 480 

or 550 volts. Power to the sections is taken from the main cable at 

section isolator switchhouses and transmitted to the respective power 

centers. See Exhibit 5G for typical underground mine power 

distribution. 

The electrical system has designed reserve capacity for future 

electrical expansion. Each mine fan will be on a separate circuit. The 

electrical power entering the mine is provided with lightning arrestors 

and grounding devices to protect the employees and underground 

equipment. Power enters the mine via the incline. 

For safety and operational efficiency, the underground mine and 

surface use a pager-type telephone system. The surface is equipped 

with phones in the mine office, shop, warehouse, and rock picking 

station. Underground phones are located at each belt conveyor drive 

and on each operating section. 

Mine Drainage 

Indications are that mine drainage will not be a major problem; 

however, capital is provided for pumps, pipe, and auxiliary equipment 

to pick up and dispose of the water that may be generated as the mine 

develops. A rapid and positive method of removing water from the face 

areas provides better working conditions and minimizes the overall water 

handling cost for the mine. 
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Any mine drainage water that is pumped to a sump or other 

collecting facility is recycled for mine roadway spray water. 

Spontaneous Combustion 

Spontaneous combustion is a major concern in the underground 

Lakhra lignite mines; as discussed in the Coal Quality chapter, the 

Lakhra lignite is highly susceptible to spontaneous combustion. 

Hundreds of studies and reports on underground coal mine 

spontaneous combustion extend back to the mid-1800's. Research work 

done so far in the major coal mining countries has shown substantial 

improvement in the methods of preventing spontaneous combustion 

hazard in underground coal/lignite mines. However, the risks are still 

serious and there are still unresolved problems relating to this 

phenomenon. Spontaneous combustion is a very serious hazard to 

human lives and property, particularly in the difficult underground 

environment. 

In addition to the analytical factors associated with spontaneous 

combustion of the Lakhra coals (see the Coal Quality chapter), several 

geological features may further enhance the potential of spontaneous 

combustion within the Mine No. 1 reserve area. The presence of faults 

may permit leakage of air and water into the mine workings. The 

prevailing shallow overburden depth is subject to cracks when the 

lignite pillars are extracted. These surface cracks must be located and 

sealed to prevent air entering the caved area. 

Several practices in underground mining can contribute to 

spontaneous heating. Accumulation of fine lignite particles can present 

a potential hazard. Air leakage through fissured or cracked pillars and 
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air leakage into abandoned areas may allow the lignite to oxidize. 

Changes in mine ventilation may cause air leakage or may result in 

moist 	air coming into contact with the dry lignite. 

Some 	 oxidation takes place in all coal mines, and small percentages 

of carbon monoxide, c.,nerally less than twenty parts per million, can 

be considered harmless. Threshold limits are given as about 0.010 or 

100 parts per million, but such concentrations underground should be 

an alert for an 	 investigation. Various carbon monoxide concentrations 

result in the following general physiological effects: 

Concentration () 	 Effect 

0.01 	 Threshold limit value 
0.02 	 Headaches after 7 hours of resting 

or 2 hours if working
0.04 	 Headaches and discomfort with 

possibility of collapse after 2 hourc 
of rest or 45 minutes exertion. 

0.12 	 Palpitations after 30 minutes at rest 
or 10 minutes exertion. 

0.20 	 Unconsciousness after 30 minutes at 
rest or 10 minutes exertion. 

The possibility of such accumulations exists if spontaneous heating is 

occurring in a coal/lignite mine, particularly in the main return serving 

an affected area when final sealing is being undertaken. 

We recognize the potential hazard of spontaneous combustion and 

have incorporated the following preventive measures in the mine plan to 

minimize the risk in the underground workings: 

(a) Plans are for concentration and rapid extraction of 
relatively small areas. This is to limit mining exposure 
time. 

(b) 	 Depleted longwall panel entries (2) are promptly sealed 
with permanent masonry seals (see Exhibit 5D). 

(c) 	 A 10 meter barrier is left between each longwall panel
set (three longwall panels per set) to isolate the 
depleted panels from future mining (see Exhibit 5D). 

JOHN T. BOYD COMPANY 



8-18 

(d) 	 After the longwall panel are depleted on both sides of
 
the main or submain entries, approved permanent seals
 
are erected in each of these entires (see Exhibit 5D).
 

(e) 	 Good housekeeping must be practiced in order to
 
minimize the amount of loose, fine lignite and other
 
combustive materials underground. These are the
 
primary sources cf spontaneous heating.
 

(f) 	 A modern ventilation system is included to provide
steady airflow throughout the exposed underground
workings. While the seals and the 10 meter barrier 
exclude ventilation (oxygen) from abandoned areas, the 
ventilation system provides oxygen for the workers and 
a means of dissipating spontaneous heat accumulation. 
Inadequate control of airflow may permit entry of 
sufficient oxygen for lignite oxidation and spontaneous
heating but provide inadequate ventilation to dissipate
the heat. Therefore, it is imperative that areas be 
either properly sealed or ventilated. 

It is important to avoid high ventilation pressure
differential in the Lakhra underground mine. The 
estimated maximum pressure differential in Mine No. 1 is
3.76 in. (9.55 cm) water gage at No. 1 return shaft 
bottom (see Exhibit 5F). The main and submain fresh 
air intake entries and return air entries are separated
by the neutral belt conveyor entry. Thus, with two 
sets of masonry stoppings between the intake and return 
airways, the differential pressure across the lignite
pillars and stoppings is minimized. Furthermore, the 
faces on the high pressure side and the areas adjacent 
to the stoppings and air-crossings (overcasts) perimeters 
are sprayed with an approved sealant to prevent air 
leakage. 

(g) 	 Mine No. 1 will be systematically patrolled to detect any
changes in the carbon monoxide content of the mine 
atmosphere and rise in temperature of the mine 
atmosphere or the lignite pillars. In addition, the 
abandoned area seals and the atmosphere behind them 
will be periodically inspected and air samples analyzed. 

Early detection of potential hot spots is essential before 
spontaneous heating gets out of control. The capital
budget includes money for carbon monoxide detectors, an 
infrared heat thermometer gun and a spray machine to 
apply sealant where applicable. During the early stages
of lignite oxidation, carbon monoxide is released into the 
mine atmosphere. Studies have shown there is a 
relationship between the temperature of the iignite and 
the percentage of carbon monoxide released. A more 
dependable but more complex method of ascertaining the 
temperature involves analyzing the ratio of carbon 
monoxide to oxygen in the mining area. 
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(h) 	 It is recommended that trained crews be available to 
load out hot spots and bring spontaneous fires under 
control. These crews should also be instructed and 
experienced in constructing fire seals underground.
Some of these assignments must be acccmplished with the 
men wearing self-contained oxyge-i breathing apparatus.
Therefore, this requires special and continuous training.
The crews must have ample water (quantity and
pressure), fire hoses and other fire-fighting apparatus
available at Mine No. 1. 

i) 	 Allowance is made for longwall production outage by
providing a spare unit of longwall equipment. In
addition, 25 days per year is assigned (with no 
production) for fire control and fire fighting. 

Production Schedule 

All 	 producing sections operate three 8-hour shifts daily on a 

Saturday through Thursday work schedule. Each employee is normally 

scheduled to work 48 hours per week. Suggested shift rotation is 

every 4 weeks; i.e., each production crew works 4 weeks on the day 

shift, then 4 weeks on the afternoon shift, and then 4 weeks on the 

midnight shift to complete the cycle. 

Summarized below are the allocation of days to the underground 

mine: 

Days 

Scheduled operating days 	 262
 
Holidays 
 16
 
Fridays (52 less 1 religious holiday) 51
 
Allowance for fire control 
 25
 
Idle and others 
 11
 

Total 
 365
 

During the 23 scheduled operating days for Ramadan (month-long 

Muslem religious observance during the summer which includes fasting 

from 	 all food and liquids during daylight hours), the production 

efficiency is decreased to the equivalent of 15 full production days. 

Tiis 	is a reduction of 35%. 
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ROM tonnages are referred to in three stages of the mining cycle: 

mine floor (total seam and dilution material as it is extracted from 

the in situ), mine mouth (after removal of separable partings at the 

face), and product (final ROM product, after hand-picking on the 

surface and adjustment for three percentage points reduction in 

moisture). The underground mine implementation (development) 

schedule is based on a development period of 5.3 years. Construction 

of mine openings begins in year D-4, with initial coal production in 

D-3. An estimated 309,725 ROM product tonnes are mined during the 

mine development period, see below. Full production is achieved during 

the second quarter of D+I. 

Development Period
 

Annual ROM Tonnes Cumulative ROM Tonnes 
Year Mine Mouth Product Mine Mouth Product 

D-3 34,374 32,827 34,374 32,827 
D-2 70,620 67,442 104,994 100,269 
D-I 219,326 209,456 324,320 309,725 

At full production, Mine No. 1 produces an average of 1,278 ROM 

product tonnes per operating day, or an average of 326,000 ROM 

product tonnes annually during the 14-year period of full production. 

See Schedule A-2, following this text, for details. 

Manpower and Costs 

Schedule B-2 preser:ts the estimated labor force (number of 

employees) and direct labor cost of Mine No. 1 by mine function. 

Additional administrative and technical support staff for the 
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underground mine operation are in the Common Facilities staff and 

include: 

Administration and Common Facilities
 
(Underground Mine)
 

Employees Position
 

1 Mining Engineer
 
2 Training Instructors
 
1 Safety Inspector
 
1 Employment and Personnel
 
1 Purchasing and Warehouse
 
2 Survey Crew
 
1 Draftmen
 

The following summarizes the labor force requirement at the 

underground mine at full production: 

Labor Force
 
(No. Employees)
 

Total
 
Required Payroll*


Staff:
 
Administration 6
 
Supervision 46
 
Subtotal 52 62
 

Workers:
 
General Outside 28
 
General Inside 74
 
Production 276
 
Subtotal 378 
 154
 

Total Work Force 430 516
 

* Including absenteeism allowance. 

We have assumed the underground mine is operated by Pakistan 

nationals, including direct mine management and supervisory functions. 

Initial training in operation and maintenance of the lignite haulage 

system and other mine equipment is performed by equipment 

representatives and common mine training staff. In addition to 

classroom instruction, training also includes orientation in the simulated 

mine building, on-the-job training at the proposed demonstration mine, 

and finally, follow-up mine inspection by senior training officers during 

Mine No. 1 development. 
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Compensation levels are established based on prevailing wages at 

existing mines and competing industries and technical requirements of 

the planned underground operation; they should be commensurate with 

the wages paid at the proposed surface mine(s). 

Summarized below is the annual allocation of days by staff and 

workers: 

Staff Workers
 

Work at Mine 247 247
 

Training 5 5
 

Extended Illness, Injury & AWOL 2* 11
 

Sick Leave 	 -* 8 

Earned Leave (vacation) 28 17
 

Casual (personal) Leave 16 10
 

Holidays 16 16
 

Fridays (52 less I Holiday) 	 51 51 

Total 	 365 365
 

* 	 Staff extended illness and non-employment injury 
absenteeism isallocated to earned and casual leaves. 

f apital Expenditures 

The initial capital equipment and mining methods selected to install 

and develop Mine No. 1 were chosen to expedite the project. The 

initial capital expenditures are shown on Schedule C-2 and are 

summarized below: 

U.S. Dollars inThousands
 

Item Description Local Foreign Total
 
A. Site Preparation 	 93 - 93
 
B. Surface Facilities 563 170 733
 
C. Mine Portal and Shafts 540 985 1,525
 
D. Mine Power 	 237 990 1,227
 
E. Water Supply & Treatment 71 - 71
 
F. 	 Surface Lignite Handling
 

Facilities 36 706 742
 
G. Mine Haulage and Services 200 3,237 3,437
 
H. Face/Production Equipment 62 1,162 1,224
 
I. 	 Miscellaneous Underground
 

Equipment 19 109 128
 
J. Safety and Fire Control
 

K. 
Equipment 

Miscellaneous 
41 

1485 
350 

2636 
391 

4121 
TOTAL T. COPN I 
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The initial capital expenditures per annual ROM product tonne are 

$42.02. 

Equipment Replacement Expense 

Schedule D-2 details equipment replacement expense over the 

19-year mine life (14 years at full production). 

Summary Of
 
Equipment Replacement Expense
 

(19-Year Mine Life) - US$ (000)
 
Item Description Local Fore in Total
 
A. Site Preparation 	 - -
B. Surface Facilities 	 19 230 249 

-

C. Mine Portal and Shafts 	 99 	 99
 
D. Mine Power 	 63 855 918
 
E. Water Supply & Treatment 	  -
F. Lignite Handling Facilities 62 

-

1,237 1,299
G. Mine Haulage and Services 341 6,216 6,557

H. Face/Production Equipment 230 4,304 4,534

I. Miscellaneous Underground 62 209 271
 
J. Safety and Fire Control 145 1,007 1,152

K. 	 Miscellaneous & Contingency ( 1,139 600 

TOTAL 492- T1 7 1T79 

Direct Mine Cash Cost 

The production labor cost includes basic labor cost for staff and 

workers, allowances, premium overtime pay, fringes, earned sick leave 

pay, earned (vacation) and casual (personal) leave, training, and 

payroll burden. Supply costs include all supplies and materials for 

operations, maintenance, rebuilding equipment, mine extension and 

electrical power consumption. In addition, office and other expenses 

are added to give a direct mine cash cost for lignite delivered to the 

common rail loadout facility. 
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However, these costs do not include prorata expenses for common 

facilities, initial capital amortization, management fee, and governmental 

taxes (assumed waived). At full production (326,000 annual tonnes for 

14 years), the cost i,;: 

U.S. $ Per ROM
 
Hand-Picked Tonne
 

Labor 5.340
 
Supplies and Power 4.693
 
Other Mine Costs 0.283
 
Contingencies 1.035
 
Total Cash Cost before
 

Equipment Replacement 11.351
 

Equipment Replacement Expense Average 3.385
 

Total Cash Cost 14.736
 

For details see Schedule E-2.
 

Experimental Mine/Section
 

During the June 24-25, 1985, meeting at Lahore, it was 

recommended by BOYD that a joint effort between PMDC, WAPDA, and 

USAID be undertaken to establish an experimental underground mining 

program in a new mine or a newly developed section of an existing 

PMDC mine at Lakhra. 

In addition to developing an underground training center for 

future Lakhra Coal Project personnel, the initial effort will be directed 

to field testing of the proposed mining plan (equipment and mine 

design). Following is a list of recommended areas of investigation: 

(a) 

(b) 

(c) 

Rock bolting for mine roof support 

Mechanical mine ventilation 

Pneumatic pick mining application 

(d) 

(e) 

(f) 

Diesel scooptram face coal haulage 

Conveyor belt mainline coal transportation 

Longwall mining system - hydraulic roof 
chain conveyor haulage 

supports and 
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(g) Rock mechanics - coal and rock strength testing 

(h) Lignite permeability 

i) 	 Spontan;,-js combustion instrumentation and monitoring 
techniques (air testing and temperature sensors) 

(j) Entry 	and pillar design. 

A detailed proposal to develop, coordinate, and assess a two-year 

cooperative 	 experimental mine program will be submitted to USAID and 

WAPDA in a separate document. 

A formal report of findings would be prepared following completion 

of the proposed two-year program. These technical findings would be 

distributed 	to the private and public mining sectors of Pakistan. 

Following this text are: 

Schedules: 
A-2: Estimated Production Schedule 
B-2: Estimated Labor Force and Cost 
C-2: Estimated Initial Capital Expe,-, 1itures 
D-2: Estimated Equipment Replacement Expense
E-2: Estimated Operating Cash Cost 

Further details on Mine No. 1 are included in the Appendices 

chapter of this report: 

Appendices: 
A: Coal Glossary 

J-1: Incline (Slope) Estimated Capital Expenditures
J-2: Shaft Estimated Capital Expenditures
J-3: Typical Unit Shift Production - Development 

Calculations 
J-4: Typical Unit Shift Production - Retreat ManLIMl 

Longwall Calculations 
J-5: Estimated Scooptram Haulage Capacity 
J-6: Estimated Production By Year 
J-7: Days Allocation, Fill-in Employees, and Total PayrolU
J-8: Supply and Power Cost Detail 
J-9: Estimated Power Requirement 
J-10: Mine Development and Operating Cash Cost 
J-11: Mine Ventilaticn Friction Loss 
J-11A: Ventilation -Volume and Pressure Required Prior to 

Connecting No. 2 Shaft 
J-11B: Operating Range of Joy Axivane Mine Fan 

Model H 72-43 
J-12: Water Requirement for Mining Operation
K: 	 Analytical Test Procedures, Phase I Field Studies 

Program 
L: Colony Residence Building Specifications 
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SCHEDULE A-2
 

ESTIMATED PRODUCTION SCHEDULE
 
UNDERGROUND MINE PLAN
 

MINE NO. I - SEAM NO. 2
 
LAKHRA COAL PROJECT
 

Sind Province, Pakistan
 
For
 

USAID/PAKISTAN - WAPDA
 
CONTRACT NO. 391-0478-C-00-5006-00
 

By
 
John T. Boyd Company


Mining and Geological Engineers

December 1985
 

Annual Production - ROM Tonnes (000): Mine Mouth 341.2
 

Hand-picked 325.8
 

Mine No. I
 

Saturday
 
Thru ROM (Mine Mouth) 

Scoop Thursday Tonnes Per Shift Total 
Unit Trams Shifts/Day Day Afternoon Midnight /Day 

MD-i 1 3 62 62 62 186 

PD-i 1 3 25 25 25 75 

PD-2 1 3 25 25 25 75 

PD-3 1 3 25 25 25 75 

LW-1 chain conveyor 3 103 103 103 309 

LW-2 chain conveyor 3 103 103 103 309 

LW-3 chain conveyor 3 103 103 103 309 

Subtotal 21 446 446 446 1,338 

ROM Tonnes
 
Per Day Per Year
 

mine Hand- Mine Hand-

Production Days Per Year Mouth picked Mouth picked
 

255 1,338 1,278 341,190 325,836
 

MD - Main Entry Development 5 entries 11 men plus 2 foremen/shift.
 
PD - Panel Development 2 entries 5 men plus 1 foreman/shift.
 
LW - 47 meter net longwall face w/face conveyor 22 men plus
 

2 foremen/shift.
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For
USAID/PAKZISTAMI- 8APDi 

Contract Io. 39 0478-C-0.0.006-00 

SCHEDULE 8-2 

LST114ATEDLABOR FORCE ND COSY 
19008[ROU MINE PLAN 

NINE NO. I - SEM NO. 2 
Ce. P0JsCL C 8in 

1" ng and Geological zdhle 
ecm.,r I88 

er 

Year 0-4 D-3 0-2 DWI 0.1 0.2 0.3 D4 05 0.6 0.7 0.8 0.9 0.10 D11 D.12 D-13 0.14 . S 0-18 0.19 

Anual Productlo - RONTOes (000): Nie MNouth 
64n4-ViCked 

34 
33 

71 
67 

21 
209 

338 
323 

341 
326 

341 
328 

341 
325 

341 
326 

341 
326 

341 
326 

341 
326 

341 
326 

341 
326 

341 
326 

341 
326 

341 
3 

341 
326 

294 
281 

294 
281 

289 
Z76 

211 
202 

20 
19 

Description 

Total 
Monthly 

(5) M r of R4utred Men 

ADMIISTRATION 

Dep.tyNkim Manager 
.- ri ;tl,- Forie. 

808House Clarks
Ofi, Clerks 

Suptotal 

600 
450 
110 
so 

1 
1 
1 

3 

1 
1 
1 
1 
4 

1 
1 
1 

5 

1 
1 
2 
2 

6 

1 
1 
2
2 
6 

1 
1 
1 
3 
6 

1 
1 
1 

6 

11 
1
3 
6 

1
3 
6 

1
3 
6 

111 
1 
3 
6 

1
3 
6 

1
3 
6 

1 
1
3 
6 

1 
1 
1 
3 
6 

11111111111111 
1 

1 1
3 
8 6 

1 
1
3 
6 

1. 
1 
2 
6 

I
2 
6 

I
2 
1 2 

1 

2 

MINE SUPERIIOW 

Shift Foremen
Secton Fore.en 
=1n=Inspectors 
6.o.raltlslOeFor..n 

Shoptono o 
Maintenanc Forme 

Suotoul 

T1al Staff 

380
350 
350 
350 

30-
350 

-

. 

. 

3 

1
6 

I 
2 

11 

is 

3
1 
1 

I 
2 

24 

29 

3
33 
2 
2 

I 
31 

45 

S1 

3
33 

2 
3 

I 
1 

46 

52 

3
33 
2 
3 

I 
3' 

46 

52 

3
33 

2 
3 

I 
1 

46 

52 

3
33 

2 
3 

3 

46 

12 

3
33 

2 
3 

46 

12 

1 

3
33 
2 
3 

3 

46 

52 

1 

3
33 
2 
3 

3 

46 

12 

3
33 
z 
3 

1 
3 

46 

S2 

1 

3
33 

2 
3 

3 

46 

52 

1 

333 
2 
3 

46 

S2 

11 

3
33 
2 
3 

46 

52 

3
33 

2 
3 

3 

46 

52 

333 
2 
3 

3 

46 

52 

3
33 

2 
3 

46 

52 

3
27 
2 
3 

3 

40 

46 

27 
2 
3 

3 

40 

46 

324 
2 
3 

1 

37 

42 

212 
1 

16 

18 

26 

a 

10 

GENIERALOUTSIDE 

Diesel veicle INpaIlr. 

81 1 Sop).lIo.. Delper ( op) 
Trulck 9rato's 
LciaOt raor 
Picking Station4rter 
Transport Driver 
1.,w.' L rab.*locos.Itl 

1488 ad athhuseo 

subttl 

(Stop) 200 

2080154 
130 
130 
100 
130 
100180-

100 

-

2 

1 
1 
3 

I 

1 

9 

4 

2 
2 
4 
1 
I 

2 

1 

8 

2 
2 
6 
1 
1I 

3 

Z8 

10 

2 
2 
6 
I 
II1 

3 

20 

1 

10 

2 
2 
6 
I 
I1 

3 

28 

1 

10 

2 
2 
6 
I 
I1 

3 

28 

1 

10 

2 
2 
6 

3 

28 

1 

11 

10 

2 
2 
6 
1 

3 

28 

1 

1 

10 

2 
2 
6 

1 

3 

2e 

1 
1 

t0 

2 
2 
1 

1 

3 

28 

1 
1 

II 

1 
2 
2 
8 

1 

3 

21 

1 
1I 

)D 
11 
2
2 
6 

3 

28 

10 

1 
2 
2 
6 
1 
I1 

3 

28 

II 
1 

2
2 

1 
11 

3 

28 

10 

I 
2
2 
6 

1 

3 

28 

1 

Io 

1 
2
2 
6 

1 

333 

28 

1 

10 
1.
1 
2
2 
6 

1 

28 

8 

2
2 
6 

1I1I1 

23 

8 

22
2 

1 

3 

23 

6 
-

6 

1 

21 

3 
-

1
1 

10 

2 

1
1 
3 

a 

GENIRAL IXSIIE 

Eo..i.tRaw r.o 
Repa nl.elper 
Co..yor Belt Rle tan 
Co-... Blt .... an,,.r 
Bratti, nd Overtstonstuct. 
Rof Support 
S4ppi)yw and Rock M.ffsP lI 

pf. 
Cov,tyr BeltC1.mn.rs and ol
C- orBelt oves 
Batt= 

-.o,.,..... 
y111, 

Subtotal 

200 
110 
200 
ISo 
110 
150 
1 S5 

110O
ISO 
ISO,11.
1I 
10 

-

. 

-

-

r 

1 
1 

3
3 
31e 
1 
3 
2 

3 

22 

2 
2 

-

15 
5 
62 

12
3 

8 

so 

3 
3 

7 
8 

21
4 

12 

73 

3 
3 

I 

8 
83 

21 
4 

I 
2 

74 

3 
3 

I 

8 
883 
213 
21

4 
3 

12 

74 

6 

3 
3 

I 

3 
21
4 
3
I 

1R 

74 

6 

3 
3 

I 

6 

a 

21
4 
3
I 

12 

74 

8 

3 

3 
3 
1 
I 

It 

21
4 
3
I 
2 

74 

88 

3 

3 
3 
1 
I 

6 

21
4 
3
1 

1R2 

74 

8 

3 
3 

1 

6 8 
8888 

3 
21

4 
3
I 

12 

74 

3 
3 

21
4 

1 
2 

74 

3 
3 

3z 
21
4 

1 

74 

3 

3 
3 

1 

18 

21
4 

I 
12A 

74 

3 

3 
3 

66 

21 

I 
12 

74 

1 

4 

3 
3 

68 

21 

I 
2 

74 

I 

4 

3 
3 
I31 

8 

332 
21 

I 
12 

74 

I 

3 
3 

8 

21 

3
I 

1 

74 

I 

3 
2 
1 

52 

3I 

62 

I 

1 

3 
2 
1 

1782 

is18 

3I 
O 

62 

-

4I 

2I 
16
3 
3I 

13 

2 

2 

-
2 

16 

-

-
3 

1 
-

10 

SCHEDULE B-2 

ESTIMATEDLABO8 FORCE AN COST 
UNDERGROUNDM18 PLAN 

9M NO. 1 SEM NO. 2 
La4" COAL PR0JECT 

Sind. Pro.,c.. PakiStan 
Sh t I of 3 
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SCHEDo I., -2 Conn..neo 

Fear 0-4 0-3 O-z .1 .. 0.D2 0.3 0.4 0.S .2 0.6 0. 9 0.10 

Tooe1 li.fal 


0-6 	 0.11 0.12 0.13 0.14 0-. __7 __I dodctlon- 604 AnuaPrdcin-go( Ninei00:ws(0Votn 36 7 	 - - 219 33 341 	 . -1 D-t341 341 341 341e 
 33 63 339 323 326 326 326 326 
241 341 341 341 341 341326 326 326 	 341 341 294 294 268326 326 326 326 326 326 Z81 226 

211 
7 202 

Total 
MlOnthly

Ceosto 
Oecripion 

hlar of R(S).o n
 

PM0.CT70 

Roof paot 200 15 33rcol C Lorad. 	 33 33 3 3 3 3Z0O 15 33 33 	
33 33 33 33 33 33 33Sc.OOooaLoder" Oos 33 13 33 33 33 33
12 12 12 12 12 12 12 

33 33 33 33 33 33 33 
1z
 

11 12 12 122 33 11
 
200 3 33 33 33 	 33 16 16 

12L on as~ IZ 

12 12 12 12 IZ99 12
 

.CuRoott.ersCo.I Cudars 200 .63 
3 63 63 63 


lo . Operators 200 -63 
63 6363 633 63663 63
, 0 	 63 

290 ._ 63 63 	 6363 6363 6363993 _ 633 636 6363 	 .61 63 63 63 636 6396 636 6 6 6 	 63 63 263 6 	 42
63 63 63 6 663 63 63 42
63 	 -63 3 63 4
9 9 9 92 

200-2 
9 9 9 9 3 3
STot al 	 ztOtal r 	 33Submi 3364 288 Z7676 76 276276226 27146 375 376 2267e" 276 226 	 9378 376 378 378 276 6 276 26 	 _9 9 9 6378 328 378 378 276 22 6 226378 376 378 276 Z43 243
37 378 328 224 132 6328 32Z 108TOTAL MME WORFORCE 	 a.

3 79 175 426 430 430 430 430 430 430 430 430 430 430 430 430 430 430 374 324 344 176 94 

REQUIREDWORKFORCESUfnvM 
Adl.... t...on
HM Supervisio. 

3 11 24 45GeneraI nsid 	 4 S 4 4 46 46 44 46 46 46 469 16 6 66	 46 46 466tPoer., ni$47. 24 82 	 46 40 4028 23608 28 2$Pro4..cltOo 	 28 28 28- .33 .i8 276 27F. Z76.	 74 74 7044 4 4 24 
38 23 23 31 102. 276 276 276 276 	 24 28 24 23

Totl 276 276 226 224 276 276 23 21 16 22 
3 29 129 426 430 430 430 

76 243 263 228 3 1 64
Stiff 	 430 430 430 430 43096,6.71 	 430 430 430 4323 6 29- 64 844 S1 52 	 430 430 37437_9 3 268 379268 52 92 	 374 344 176 943 8 37--S2 52 92 923 8 	 3 8 3 8 52 92 3S226-37 4 3 8 3 8 528 52 52 32832_ 3 8-- m2 1!& 292l _ e R 	 3 8 3 068 3 02 1 98 8478 i7T0tal 	 7 i-

3 79 175 426 430 430 	 46 46 42 18 1043 43 4303 0 43 030 43 430 43 430 43 430 430 324 324 344 

MINE PAYROL Su4 4003 	 176 94Staff 3 18 35 61 62 62 62 62 62 62 62Workers 	 62 62 62
-	 62 62 6232 129 490o !4 	 62 55 55rotal 3 
494 !454 454 4954 494 	

s0 22 12 
95 210 911 916 916 516 916 	

494 !494 14* 444*444444 
916 916 516516 	 9 6 9916 916 916 	 2916 916 516 449 
 449 412 212 113 

RI. operatlng 0a1 	 Sutff 197 3.069 6.289 21.654 13.6V4 13.624 13:624 13.62
14.202 	 39.113 81.692 99.036 9.036 

6 13.02 13.624 13.,624 13.624 13.624 132.0299.:36 99.036 12.002 21.290 2.53494.036 68.0300Oo~lrt 	 99.03 0 99.036 99.036 721
+Staff 	 99.034 99.236 99.036 99.0366 97 188 	 99.036 115.836 85.936 83.972354 408 409 409 	 S7.969 9.9a2409 409wrers-	 409 409 409 409 4091.188 2.409 6.613 	 409 409 4097.924
Frldays 	 Stff 2 

7.923 2.923 7.923 7.9zj 7.923 7.923 7.923 7.923 7.923 7.823 2.923 
409 30 360 353 226 22 

Unts"4 
36 73 138 160 159 159 159 19 

.923 9423 6.6 4.826 6.218 4.63 440290 	 159 19 159605 1.610 1.928 1.228 1.928 1.928 	 159 1599 19 159 199 159 1401.928 1.928 1.928 1.928 1.928 	 140 137 as 614011daS 	 1.928 1.928 1.828 1.9mStaff 	 1.428 1.672 1.672 1.6341 13 23 43 	 1.129 1074 50 so soWeLrs-	 s0 so 5091 190 05 604 605 	
50 so 90 90 s0 so s0605 605 605 609 	 44 43 27141 Daoys 	 Siff 605 60s 609 605 625 609 609 6094 6O 13296eters 248 288 286 284 26 286 	

924 924 913 354 3- 313 654 	 1.736 266 266 286 2162.060 2.029 2.0269 2.079 2.029 2.029 Z.079 	
289 286 206 286 286 292 292 242Firm Control Day& 	 22.02.07979 2272.07979 15 19Staff 19 307 600 	 29 .029 1.804 1.804 1.631.126 1.300 	 1.216 1161.300 1.300 1.300 1.0 1.30 1.300 1.300 1.30020 1.484 4.724 	 1:3cc 1.00 1.3003.944 4.725 	 1.3004,725 4.725 4.729 	 1.12 1.152 1.127 719Total Staff 229 3.590 7.309 	

4.2 425 4.2 4.25 4.725 4.725 4.725 4.725 4.225 4.100 4.100 
69 

13.563 15.88 19.828 1. 	 4.002 2.766 263.828 15.828 15.828 15.620 15.628Workers 	 15.628 15.828 6- 6,2 36.535 96. 0.2 IlG,Z~f 116.296 116.296 116.2% 	
15.8 15.826 1S.828 1159.828 14.300 14.00 13.697 8.752 36 .Zj 116.796 116.296 116,296 116.Z96 11.2 116,296229 20.389 43.840 109.663 132.124 132.124 132.124 

11j
4 2 9169 100.912 16,60 68:0796 .6 100.912132.124 132.124 132.124 	 6.6132.124 132.124 132.124 132.124 132.124 132.024 12.124 132.124 114.212 114.912 112.304 76.823 7.300 

920.I 8-2 - Contiene 

Saint2 of 3 
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SC2"EL0 8-4 - Continue4 

Year 0-4 0.3 0-4 0-1 DI 0_2 D3 0.4 DS 0.6 0? 0.6 0.9 D-10 D-11 012 0.12 D14 0-51 0.16 D1I? 0.18 D*11 

ftnua1 Production - 8amTnne.4 (0O): Rine Routh 
n4na-p1ck0d 

34 
33 

71 
67 

Z19 
Z09 

338 
323 

341 
326 

341 
326 

341 
326 

341 
326 

341 
326 

341 
326 

341 
326 

341 
326 

341 
326 

341 
326 

341 
326 

341 
326 

341 
326 

294 
Z81 

24 
Z81 

281 
276 

211 
202 

20 
19 

EFFECTIVERON TIOS/!M40Y 

Mine mohtn 
94no-picke4 

-. 1.49 
1.61 

1.61 
1.54 

2.00 
1.91 

2.56 
2.44 

2.8 
2.47 

2.58 
2.47 

Z.-& 
2.47 

2.5a 
2.47 

2.58 
2.47 

2.58 
2.47 

2.58 
2.41 

2.1S 
2.47 

2.58 
2.47 

2.18 
2.47 

2.58 
2.47 

2.58 
2.47 

2.58 
Z.47 

2.56 
2.44 

Z.56 
2.44 

2.57 
2.46 

2.7s 
2.63 

2.70 
2.18 

AVR(AE BASE PAY [S/E4A!j 

Staff 
W=r 

2.080 
-

2.596 
1.279 

2.508 
1.330 

2.47D 
1.338 

2.470 
1.346 

2.470 
1.346 

Z.470 
1.346 

2.4.0 
1.046 

2.470 
1.346 

2.470 
1.346 

2.470 
1.346 

2.470 
1.346 

2.470 
1.346 

2.470 
1.346 

2.470 
1.346 

2.470 
1.346 

2.470 
1.344 

2.470 
1.344 

2.469 
1.346 

2.464 
1.347 

2.470 
1.349 

2.501 
1.367 

8 
340 

ESTIMATEDL8O1 COST S( . 

Stuff - 01i t Compa~nn4tic
it4s 
AlloAnces --

37 
24 

72 
48 

134 
_9 

I52 
101 

153 
102 

153 
02 

513 
0 

113 
1_22 

113 
102 

113 
O2 

153 
50_2 

153 
102 

153 
5O2 

113 
102 

153 
102 

153 
502L O1 

151 
522 

144 136 134 
94 

6 
17 9 

subtOtal - St4ff 01,,:? 6 61 120 223 253 215 255 235 215 255 255 255 211 231 215 211 255 255 247 227 224 143 13 
S/01 Tonne Hand-pick4 1.658 1.779 1.065 0.783 0.783 0.783 0.783 0.783 0.783 0.783 0.783 0.783 0.733 0.783 0.783 0.73 0.783 0.880 0.809 0.912 0.709 0.691 

Workers - Wrack Ccompansation
Basn 
A ln's"Os . 

88 
9 

197 
532 

123 
3S 

611 
407 

411 
407 407 

611411 
407 

611 
407 

611 
427 

611 
407 407 

611411 
407 

611 
407 

411 
407 

415 
407 

611 
40? 

611 
407 

192 
31 

S32 
311 

S30 
31 

367 
24 

34 
23 

S.ubtot1 - 147 329 873 1.018 1.018 1.018 1.016 1.018 1.018 1.018 1.016 1.018 1.016 1.018 1.018 1.018 1.018 987 687 8s 412 57 
Overtlm (0 251 Base) 22 49 131 153 153 153 153 151 IS3 113 113 IS3 113 113 113 113 1l3 160 133 132 92 _9 

sbotal - Marin Direct 169 378 1.004 1.171 1.171 1.171 1.171 1.171 1.171 1.171 1.171 1.171 1.171 1.171 1.171 1.171 1.171 1.13S 1.020 1.017 704 64 
1001 Toonf knd-pIck.td - 5.148 5.60S 4.793 3.6125 3.594 3.594 3.594 3.594 3.594 3.54 3.S94 3.594 2.594 3.594 3.594 3.594 3.594 4.046 3.636 3.6"S 3.488 3.10 

Subtotl| - Olmct Comar4lon 6 232 48 1.227 1.424 1.426 1.424 1.424 1.426 1.428 1.426 1.426 1.426 1.426 1.426 1.424 1.426 1.426 1,312 1.135 1.241 847 79 
SA8 Tonne and-piclut. 7.067 7.384 5.85. 4.409 4.376 4.376 4.376 4.376 4.374 4.376 4.376 4.376 4.376 4.376 4.376 4.376 4.376 4.926 4.44S 4.497 4.197 4.111 

Fringe, Inefits (0 401 Saw)=Stff 

81. 
2 
-

12 
27 

25 
61 

42 
156 

61 
264 

61 
244 

61 
244 

61 
2"4 

61 
244 

61 
244 

61 
244 

61 
244 

61 
244 

41 
244 

61 
244 

61 
264 

61 
244 

61 
244 

SI 
237 

54 
203 

54 
252 

34 
147 

3 
14 

Subo8tal - Fringe 84ef3ts 2 39 86 198 305 305 301 305 305 301 205 301 305 30 3 303 303 305 21 267 264 161 17 
81638 Tomme4and-pickud - 1.188 1.275 0.941 0.944 0.936 0.936 0.936 0.936 0.936 0.934 0.936 0.936 0.93 0.934 0.936 0.936 0.934 1.051 0.952 0.944 0.897 9.804 

Total a 271 584 1.428 1.729 1.731 1.731 1.731 1.731 1.731 1.731 1.731 1.731 1.731 1.731 1.731 1.731 1.731 1.678 1,14 1.,07 1.026 96 
S/il8 Tmne 64n4.pickea 8.255 8.65 6.803 5.353 5.312 5.312 5.312 5.312 5.312 5.312 S.312 5.312 5.312 1.312 5.312 S.312 5.312 5.911 5.317 5.461 5.036 5.103 

s1UM. 8- Co4wnen 

S1e 3 of 3 
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SCHEDULE C-2 

ESTIMATED INITIAL CAPITAL EXPENDITURES 
UNDERGROUN MINE PLAN

MINE NO. I - SEAM NO. 2 
LAKHPA COAL PROJECT 

Sind Province. Pakistan 
For 

USAID/PAKISTAN - WAPDA 
CONTRACT NO. 391-0478-C-00-5006-00 

By 
John T. Boyd Company 

Mining & Geological Engineers 
December 1985 

Exprissed In Thousands U.S. Dollars 

Year 
Annual Production - ROM Tonnes (000): 

Item Description 

Mine Mouth 
Hand-picked 

Unit 

Cost 

Useful 
Life 

(Years) 

r)-4 0-3 
_3T 
33 

D-2 
7T 
67 

0-1 

209 

0+1 
in 
323 

Total 
Initial Capital 
LoCal Foreign 

A. SITE PREPARATION 
I - Lot grading and preparing sites for surface 

facilities including supply yard, stoiage 
area, and access road 

- Lot yard lighting and fencing, all areas 

Total ItemA 

Local 
Foreign 
Local 
Foreign
Local 
Foreign 

63 
-

30 
-

LOM 

LOM 

63 

30 

-

-

-

. 

63 

30 

B. GENERAL SURFACE FACILITIES 
I - Bathhouse, office, shop, and warehouse 

building. complete, w/showers,
lockers, hangers, toilets, offices, 
furniture, air-conditioning, and training room 

1-Training building for use as simulated mine 

- Emergency Diesel generator room 

2 - 4-wheel drive vehicles for supervisory use 

1 - Pickup trucks, 4-wheel drive 

Local 
Foreign
Local 
Foreign 
Local 
Foreign 
LocalForeign 
Local 

480 

30 

15 
-
17 

LON 

LOM 

LOM 

5 

480 

30 

I5 

214 
1 

-

-

. 

480 

30 

1S 

2 14 
4 

1 - Flatbed truck 
I - Auxiliary Diesel generator, 1000 kw 

Foregn 
LocalForeign
Local 

6 
6110
7 10 

6 
6107 

-
" -

-

- 7 

6
6 
10 

1 - Bulk rock dust bin 

I - Diesel fuel storage tank, 10,000 1. capacity 

Total Item8 

Foreign 

Local 
Foreign 
Local 
Foreign 
Local 
Foreign 

140 

25 

2 

LOM 

LOM 

140 
-

2 
-

M 
170 

25 
-

-

-

25 

2 

40 

170 

C. MINE PORTALS 
- Mine incline, 668 m. length, 4.27 m. width,

4.27 m. height, complete, w/belt conveyor 

4 - Mine shafts, 3.66 m. diameter, shotcrete* 
lined w/sump and w/bottom arches 

2 - Ventilation fans, exhaust type,
1.83 m. diameter, 150 kw motor 

Total Item C 

Local 
Foreign 

Local 
Foreign 

Local 
Foreign 
Local 
Foreign 

403 
691 

-
-

17 
147 

LOM 

LOM 

LOM 

403 
691 

52 

691 

17 
147 

147 

51 

17 
147 
-01 
147 

-

.. 
-

_

403 

103 

34 

691 

294 

985 

Shaft costs vary with depth to seam No. 2 
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SCHEDULE C-2 - Continued
 

Year 
Annual Production - Tonnes (000): ROM 

Hand-picked 
Uspful 

0-4 
-
-

0-3 
*! 
33 

D-2 
7T 
67 

0-1 
M[g 
209 

041 
Mr 
323 

Total 

Item Dtscription 
Unit 
Cost 

Life 
(Years) 

itialCapit 
Local 741414n 

D. MINE POWER 
T-f-T bstation including structure 

foundations, ground field, fuses, switchgear, 
transformers dnd main bus. 132 kv/U1 kv. 
6.000 kva Local 30 LON 30 - 30 

Foreign 260 260 - 260 
1- Mine distribution panel w/5 circuit bar. 11 kv Local 35 LOM 35 35 

Foreign - - -

I - Lot surface high voltage distribution cable, 
132 kv. 2.7 km Local 2 LOH 2 2 

Foreign 32 32 32 
1 - Lot surface high voltage distribution cable. 

3.000 m.. 11 kv Local 120 LO O120 120 
Foreign 

1 - Lot underground high voltage distribution cable, 
4,300 m., 8 kv, 3 cond. - mains Local 

Foreign 
9 

172 
12 1 

27 
3 

53 
5 
92 

-
-

9 
172 

1 - Lot underground high voltage distribution cable. 
5,400 m., 8 kv, 3 cond. - panels Local 

Foreign 
5 

108 
12 - 5 

108 
- 5 

108 
12 - Switchhouses, single vacuum breaker, w/relays 

and feed through Local 
Foreign 

1 
15 

12 3 
45 

3 
45 

5 
75 

1 
15 

1Z 
180 

3 - Section power centers. )r kva Local 
Fnreign 

1 
9 

12 - 3 
27 

-
-

3 
27 

5 - Belt power centers. 100 kva Local 
Foreign 

1 
10 

12 1 
10 

1 
10 

1 
10 

2 
20 

5 
50 

6 - Belt power centers. 50 kva Local 1 12 2 4 - 6 

4 - Section power centers. 50 kva 
Foreign 
Local 

8 
1 12 

-
4 

16 32 
- 4 

48 

Foreign 8 32 32 
2 - Transformers, 200 kva, 

mine fan 
11 kv/2300 v., for 

Local 1 1' * I 1 2 
Foreign 12 - tz 12 24 

1 - Transformer, 750 kva, 11kv/440 v..for 
offices, shop, warehouse, and bathhouses Local 

Foreign 
1 

20 
12 1 

20 
-1 
- 20 

1 - Transformer, 500 kva, 11kv/440 v.,for 
incline belt Local 1 12 1 -

I - Transformer, 150 kva. 11 kv/440 v.,for 
picking belt and crusher 

Foreign 

Locul 

17 

1 12 

-

-

17 

I- -

17 

1 - Mine telephone system 

Total Item 0 

Foreign 
Local 
Foreign
Local 

13 
1 
7 

6 
-
-

in 

13 
-
-

1 
7 
ff 

-
- ! 

13 

7 
-

Foreign 312 156 251 236 35 990 

E. WATER SUPPLY AND TREATMENT 
I- Lot 500 m.. 100 mm, raw water line including 

excavation, valves, bedding, and installation Local 3 LOM 3 - 3 
Foreign - -

I- Lot 500 m., 75mm, potable water line including 
excavation, valves, bedding, and installation Local 6 LON 6 6 

Foreign 
- Sewage system, w/septic tanks and sewage pits Local 10 LOM 10 - - 10 

Foreign - -
I- Raw water storage tank, 320 cubic 

oeter capacity Local 
Foreign 

52 
-

LOM 52 
-

- 52 

Total Item E Local 7T - -7 " 7T 
Foreign - -

F. SURFACE LIGNITE HANDLING FACILITIES 
I- Portable crushing plant, 400 tph capacity. 

w/hopper, feeder, picking belt, screen, roll 
crusher, on rubber tired trailer Local 11 LOM 1! 11 

Foreign 210 210 - 210 
- Radial stacker, 107 cm x 38 m, w/adjustable 

boom and motorized carriage Local 
Foreign 

3 
55 

LOH 3 
55 

- 3 
55 

1 - 30 1-7ne capacity truck for hauling lignite 

1 - Front-end loader 

Lcoal 
Foreign 
Local 

6 
120 
16 

6 

6 

6 
120 
16 

6 

16 
120 

Total Item F 
Foreign
Local 

321 * 321 
X 

- _
7 

-

7 
321 

Foreign 706 - 706 



8-28c
 

SCHEDULE C-2 - Continued
 

Year 
 D-4 0-3 D-2 D-I DI
 
Annual Production - Tonnes (000): ROM -R M, M M
 

Hand-picked 33 67 209 323
 
Useful Total
 

Unit Life Initial Capita
Item Description Cost (Years) 	 Local Foreig
 

G. 	MINE HAULAGE AND SERVICES 
3 - Diesel tractors for transporting supplies Local 4 8 4 4 4 12 

Foreign 75 75 75 75 225 
6 - Diesel scooptrams. 2.5 cu. m capacity Local 7 5 7 14 14 7 42 

Foreign 128 128 256 256 128 768 
1- Road maintenance machine Local 4 8 4 - 4 

Foreign 75 .5 - 75 
6 - Diesel personnel vehicles, 

6 passenger, rubber-tired Local 2 10 4 4 4 - 12 
Foreign 40 - 80 80 80 - 240 

5 - Diesel personnel carriers, 24 passenger,
rubber-tired Local 4 IO - 8 12 - 20 

Foreign 75 - 150 225 
6 - 914 mm belt conveyors, w/head and tail sections, 

375 

drives, motors, starters, 7,200 m. conveyor belt. 
3,600 m structure, 37 kw drives Local 7 8 14 28 42
 

Foreign 129 258 516 774

4 - 914 mm belt conveyor, w/head and tail sections. 

drives, motors, starter, 7,200 m. conveyor belt,
3,600 m structure, 75 kw drives Local 7 12 7 7 7 7 28 

Foreign 145 145 145 145 145 580 
6 - 6.4 cu. m./min. electric air compressor,

690 kPa, 37 kw Local 1 5 2 4 - - 6 
Foreign 18 36 72 - 108 

4 - 10.3 cu. m./min. electric air compressor,
690 kPa, 56 kw Local 1 5 - 4 4 

Foreign 23 - 92 - 92 
1 - Lot 7600 m. fresh water pipe, 75 mm. diameter 

w/hydrants Local 30 LOM 5 10 15 30 
Foreign - . 

Total ItenG Local -" -0 -_W - 2 --
Foreign 	 464 1,128 1,372 273 3,237
 

H. 	FACE EQUIPMENT 
80- Pneumatic picks with lines, couplers, and tools Local - 4 1 1 1 - 3 

Foreign 0.5 10 to 20 - 40 
4 - Longwall conveyors, 60 tph, 11kw motor, starter Local I 5 4 4 

Foreign 18 72 72 
1 - Lot 700 hydraulic props, w/sliding bars, hose
 

system, and power pack Local 55 
 4 55 - 55
 
Foreign 1,050 1 050 1,050


Total Item H Local -'* "..-L.." .10.0
 
Foreign 10 1,060 92 1,162
 

I. 	MISCELLANEOUS UNDERGROUND EQUIPMENT

2 - Welding sets w/tools Local - 5 - -

Foreign 2 2 2 4 
3 - Auxiliary face fans, 5000 cfm 	 Local 8gna - - -

Foreign 2 - 2 2 2
1- Lot ventilation tubing, 450 m. 	 Local 1 4 1 -

-6 

Foreign 8 8 8
3 - Pnuematic drills w/accessories Local - 5 -

Foreign 2 2 2 2 6 
1 - Set bulk rock dusting equipment, rubber-tired Local 3 10 3 - 3 

Foreign 65 65 65 
- Lot winches and miscellaneous tools Local 15 4 5 5 5 - 15 

Foreign 20 - 5 5 10 - 20 
Total Item I Local "6 -9 - . 

Foreign - 19 74 16 - 109 

J. SAFETY EQUIPMENT 
S-LotMfit id equipment Local 20 5 0 51 - 20 

Foreign -
I- Lot 550 mining helmets, safety toe shoes, 

and mining belts Local 4 5 1 1 1 1 4 

- Lot 550 electric cap lamps with charging racks 

- Lot spontaneous conustion detection 
equipment 

Foreign
Local
Foreign 

36 
7

132 
5 

-
-

9 
2
38 

9 
2
38 

9 
3
56 

9 
-132 

7 
36 

including CO sensors and heat detector Lcoal 3 5 3 - 3 

- Sealant spraying machine 
Foreign 
Local 

50 
2 8 

50 
2 2 

50 

40 - Flame safety lamps 
Foreign 
Local 

30 
8 

30 30 

15 - Aneemeters 
Foreign 
Local 

0.1 
- 8 

1 
-

2 
-

4 
3 

1 - Lot 550 personal self rescuers 
Foreign 
Local 

0.2 
3 5 

- 1 
I 

1 
I 

1 
1 

-3 

3 

1 - Lot breathing apparatus and gas masks 
Foreign 
Local 

55 
2 

10 
2 

20 25 
- 2 

55 

Total Item J 
Foreign 
Local 

40 8 
7 

40 
IT - i _T iT 

40 
-

Foreign 179 69 93 9 350 



8-28d 

SCHEDULE C-2 - Continued 

Year 0-4 B-3 0-2 0-1 D+1 
Annual Production - Tonnes (000): ROM 

Hand-picked 
Useful 

-
-

-9 
33 

-7" 
67 

M 
209 

M 
323 

Total 

Unit Life Initial Capital 
Item Oescription Cost (Years) LolForn 

K. MISCELLANEOUS 
Engineering. exploration drilling, andanalytical work Local 32 32 32 32 32 160 

Spare parts and supply inventory 
Foreign 
Local 
Foreign 

3 
57 

16 
311 

33 
658 

-
24 
483 

-
4 

89 
80 

1.598 
Consumable supply inventory 

Working capital 

Contingencies (10%- Item A through J) 

Total Item K 

Local 
Foreign 
Local 
Foreign 
Local 
Foreign 
Local 

52 
32 
128 

135 
117 
M 

55 
31 
127 

-
14 

168 
2MI 

163 
93 
329 

23 
273 
W 

51 
28 
131 

-
13 
181 
M 

-
-

22 
83 
2 
32 

321 

737 

187 

8 

184 

83 

771 

Foreign 206 510 1,024 692 204 2.636 

TOTAL Items A-K Local 1,695 386 806 382 78 3,347 

Foreign 1,379 2,191 3,753 2,501 521 10.345 

Import duties and taxes @ 45% 652 1,035 1,773 1,182 246 4,888 



8-29a 
SCHEDULE D-2 
 By
 

For 
USAID/PAKISTAN - WAPDA 

CON1TRACTNO. 391-0478-C-00-5006-00 

ESTIMATED REPLACEMENT EQUIPMENT EXPENSEUoDREARONDMINE PLAN 
MINE NO. I - SEAM NO. 2 

John T. Boyd Company 
Mining and Geological Engineers 

December 1985 

AnnruaI c RON7-..-
Drd31o ao~ 10) iehosiiand-Pld ui f Mooa323 

0P 

lT326 

0-3 

3117326 WET326 iT326 

6 

MO326 

07 

iT326 

0o. 
in326 

3-9 
In326 

-IC 

-MT326 

D-I. 

-71326 

0o12 0-13 
inT NT326 326 

D-14 

-in326 
0o15 

-M251 

0-16 

-p261 

017 

-M276 

016 

-MT202 

0-19 

-Tr19 

Total 

- n5.926 
Unit Useful 

it Oescriotion 
Cost Life 
(000) 0 ..r.) 

Totalteplacenet 
- l 

A. Sri PREPARATION 
1 Lot gradingand preparing sites for surface 

facilitlesincludingS&poiyyard. storagearea, and access road . 63 LON. 

I LotyardlightingAndfencing;allareas Local 30 LO- -
totalIts A 

Foreign 
Local 

-
-Z - - - - -

Foreign 

. lthUt. FACILITTES.UtFACES- Bathhouse, office, shop.ana vareisoost 

uilding, coetlete..JSnnr, 
Ltcuern.wrngirs".toilets.off. :S
furoitors. air-condtiOoiog. and trallng row 

-Trainingbuildingforuseas siulated me 
- Eeergenc,Diesel gneseratorrOnl 

Local 460Foregn 
-

Local 30Foreign -
Local 11Forign 

LO 

LON 

LO

-

-

I 4-,hil driie vetitles for suerisry use 
.Pickuptrucks. 4-hetl drive 

LocalForign
Locl 

17 
6 

- 14 
I 

-
-

- -. -. 214 -- - . - 14 6 4 2 

1-Flawed truck 

- Axiliary Diesel generator. 1000 ko 

I ulk rock dust bin 

I Diesel fuelstoragetink.10.0001. capacity 

Total Its 

Foreign 6
Local 
Foreign 10 
Local 7 
Foreign 140 
LOCal 25 
Foreig . 
total z
Foreign -
Local 

s 

10 

LOH 

LO 

-

-0 

-Z 

6 

10 
-
-0 

- 7 -

-

-

I 

10 

-r 7 

6 

to 

-

- 3 

7 

16 

30 

140 

-
Foreign 30 170 32 

C. INE PORTALS 230 
- l;e'Kltn. 668 e. lengtn.4.27 .. nidti.4.07 M. height,Comlete. x.It Conveyor 

4 - iit safts. 3.66 a. diaeeter.Shotcrfte 
ine1d/UM. and v/bittn arcts 

Local 403Foreign 691-

Local -Foreign . 

LON 

LO 

-

-

- - . 

59 

-

- --

- - -

-

-

- -

-

-

- - - . - -

91 
2- VentilatoN fans. 2.ust ty;n, 

1.33a. aist r, 150Ae Star 

TotalIts C 
Local 10Foreign 147 
Local.9----"Foreign 

LON-

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

1 -

0. tINE POWR 
1 tlnFubltatloh IncludingstructurefoudatiOs. 

grnd field,foses, ith snitchgear. 
t.ansfonlnr%andsase bus for tncinog 132hv 
partryvoltage. Distribution voltage11 kv,6.001ke.. LocalForigo 30260 LON -* -

* 

I - Lotsurface igh nolt g stribut1n cable. 
132kv, 2.7k 

I tinedlstributionpanal.o/l circuit bar, 11 As 

Local 2Foreign 32 
Local 31 

LON 

LON -
- -

1 - Lotsurface htiovoltage distributlon cabs.3,0 3. 11 bv 

Foreign 

Local 120 LON 

. -

- Lot undergroundhg eolcagedistribution Cable, 
4.300a.B kv.,Cond. - ains. LocalForiign 9172 - - - - 2? 63 92 - - - - 0 

I Lot uderror highvoltage dtstributlon
5,400-,8 ho.3 cona.- Panels. 

ca,leo 
LocalForign S0

a 12 - - 5 - - - -

12 - Switchnoses,single acia breaker.wrlays
and feedthrough 

3 - Sectionpower tanters. 75 kiv 

s- elt a r enters.Il O ,a 

6 Belt povercamters.so 4 

4 - Section pamercenters. S0 kot 

2 *TransfosNaro. 200 l. 11 k/Z300 n., for 
ite fan 

foeg Joo 
Local 1 
Foreign IS 
Loce 1Foreign f 
Local I 
Foreign I 
Local I 
Foreign a 
Local I 
Foreign a8 

Local 1Foreign 12 

12 

12 

12 

1 

12 

12 

-

-

-

-I 

i 

-

.6 

15 

10 
-

-

-

-

I 
I 

I7 
0 

I 
Is 

-

-

--

- 3 
4 

10 
t 

3F-32 

2 

3 
45 

-

10 

16 

12 

S 
75 
332 

1 

2 

-

I 
15 

2 

-

1 
15 

1 
10 
t 

-

1 
16 

-

1 
10 
1 

-

-8-270 

- -3 

-

- - -

-

-2 

. 

4 
4 

1 
Il 

- Transformer,70 koa, 11 xn/440 v.,for
offices, sOP. aruiouse. end tattises 

- Transforar, 500 kvsa, 11k/440 v. forionelEbelt 

Fe 
Local 
Foreign 

Local 
Foreign 

12 
1 
20 

1 
17 

12 

12 
-1 

0 
02 

1 4 

SCHiDng[D.z 

ESTIMATEDREPLACEMEiTEQUIPM(NTEXPENtS 

MINe I0. I - iM, r0. 2 

Sheet I of 3 
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SCHEDULE D-2 - Continued
 

Tear Prod.c t-3 W!9 0.4 9,0 9,6 9-0 0,0 0-10 D-11 D-12 D-13 0-14 D-15 D.16 D-1" 0-1 19 
oo~(0) m 3zi '33 ~T - -70 -m -m! -7r ~Z'pnoalCaieSnc~ 	 323cin-Ra326 326 31 3ni 311! TE -mu -m3 N -mUand-Ficeed 323 326 326 326 326 326 326 326 326 326 326 326 326 326 201 281 276 202 19 

Cost Life 
Unit Usefual l lRpaee

Cali 	 folll~
Capital
lsem tieer ). r.crionian'nj 

0. 	 IR! XMIA - Continued 
lnnf0rr. 100 kn,. 11 k.1440I.. for pickingbelt andCruSlier 	 LOcal 121 	 . I .Foreign 1 

1 -Mine t.l.phone system LocAl I 6 .	 
1313 
- I 2Foretin 213 7 	 -n -	 I -1 -7 -7 -1 

Foreign 	 25 26 32 25 20 251156 236 35 2525 	 85 

CWATERSUPPLY MIDl TR[ATPIEisT
 
-, Lot a.A 100 - ra. .ater In Inclooirg


acanatlon. elnes. beadng. and installation Local 3 LON
Foreign .. 	 ..F	 --line inclding2 ees p-oule eaterI Lot 500 a 
elacaiono. nalves. baildong.end installation LOCal 6 LON 

1 Seag lanco seagse pits Local 10 Lo 
system.wseptlic and 

1 . Ranwater tlorage wnk. 320 cubic mter F 

cabac l Local 52 Loss 

Foreign . *
 

F. SURFAC!LIGIlTE HANDLING FACILITIES 
I . :ortabitcrhiiingplant.aoC tossCapacity,.
 

w/ho:r. feter. pilckling
Dolt,screen.roll
crusher. trailer
onrubber-tired LOCAi 11 LOP 
 S S
 
S0
Foreign 210 
 10
1 * Radialslacker.107 e a 30 •. n/ad3ostaole

bo ad clrriag 	 3 L0.
Atorioed Local 
 2 
 2
Foreign 55 
 30
1 30 toeinecapacit trackfor hauing lignite Local 6 	 30
6 6 	 6 3 3
Foreign 120 120 -0O 	
15
 

loFront-nd loadr Local 	 60 300
16 6 	 016 016 4 
Foreign 321 32-! 321 	 1 802
Tat emF Local 	 31- - Z 77 	 -- -f3 12Foreign 	 441 
 - 441 	 220135 	 1.237
 

6. MIE KAULAGE AND SEIVCES
 
3 * Dieseltractorsfor :ransportingsupplies Local 4 4  4Forig. 76 	 - 5 75 7 

4
757
6 -Diesel scootram. 2.5 cic ..tercapacity Local 7 57 14 7 - 7 	

76 -
101 

37614 14 14 7 - 7 1.0 	 5Foreign 128 	 120 256 256 I26 128 256 256 126 128 256 1.9201 " RoadMintena Masni" Local 4 a 	 4 4 

6 - Diesel personnelnhiicles. foreign 75 75 	 75
6.p.senger, r b er.- ir d Local 2 a 	 4 4 4 4 4 ' 42 

ube so 6 80 0. Foreinoa ign 40 	 . . 00 0 So. . 60.1.- SDiesel Personoel carriers.24 passenger, robber-tlred Local 4 6 0 12 	 -- 28
 

6 *914m belt onnyori.. */0ead andtstlsections.Foren 75 lS0 ZS ! 525
 
dries. tors. 7.200 belt,tar.ers. coonveyor
3.600 s structure, ' ko drives Local3 7 6 	 14 20 14 7 63 

4 - 914 ANNbelt convyor w/heOO and tail sections. Foreign 12 	 28 SIS 258 129 1.161 ,

atom. 7.200drine s. sta.r. conveor belt. 

3.600 as srctre.l74kmvdrives Local 7 12 . 7 7 . 7 7 . 7 7 7 7 . .- 6 
* 	 co. 6 .. ;electriclcrcarcmrso.air rbnor. l145 145 145O - 145 145 - . 1.160
 
6gQkRO Local 5 2 


6 6.4 main, e c Foreign 	 145 145 - 146 145 
1 . 4 2 4 	 2 4Foreign 18 36 72 3-36 72 36 72 	

18 
324
 

69okPa Local 1 

4 - 10.3 cia. ma. elerricrai r comressor. 

4 4 	 12
Foreign 23 24 - - . - 7 - - . 6 7
 

I Lot 7600 a fresh "ator pipe. 75 m diameter, 2 91 276
 
"/hydrants Local 45 LON 10 .
 15 
Tot Iom 6 	 Foreign 7 -m KT -n 72 -T 77 - .7 33-


Foreign 	 145 309 420 401 428 563 1.135 420 401 273 145 309 575 S63 129 	 6.216 

A0- IhePticN Ick ,i ltse.. opl r. and tools Local - 4 I I I 1 1 1 II I 1 
 12
 
Foreign g.5 10 10 20 - 10 to 204 - LOl conveyors.10 t7. 11 RN =tar. starter LOce! 1 .a 	

00 10 20 1 10 10 ISO4 	 4Foreign 18 - 72 - . - 72 - .	 12 - 72 . . 216
 
I* Lot 200 hraulic pnps. w/slidiegbars. hose
 

System. andpoer pack 	 Local 5 55 	 59
Fcrnign 1.050 _8T 1050 - .2l 	

20O,._j. 	 -_ _- -
41
,o.!!,Z 	 ; - -+ -+ _2; _i _i 708 _-: 3.938Itm IN1 LotalLotI _T 	 - 9 3Foreign 	 so 10 1.070 72 10 10 1.070 82 10 1.070 10 92 79 -

m 
4.304 

SCHEDUEt 0-2 - Continued 

Sheet 2 of 3
 



8-29c 

SCHEDULE 0-4 - Continued 

Vol 	 s Total
D-o.1~:01D-2 D.3 0.4Aannpick Prdcto RON 	 D.5 D.6 0.7 D-8 M. 0.20 D-11 D.13Tono 	(00) UT 71 7n 0.12 D.14 -" 0.16 D.' 07.18 0.219 TotalKana-plCked Unit UsefulloaApacc	 iBMwV T U -M -M -M -M -M -M323 326 326 326 326 326 326 326 326 326 326 326 	 211 -720I 2326 326 281 281 276 202 19 

Cost Life Totl Riplacai gntItm Description, 000) ( napito 

Tjr., -5. . Co S ocaledn es a /tools Local 

3 - Aaailir face fins. So0O cf. 
Forn 2 - - 2 - 2 - . 2 3 Local - 8 	 2 - - 2 - C- - -12- -Pongn 2 - .1 - Lot ventilation tubing. 450 m 	 Local 1 - 2 2 2 - - - - 24 .	 2 2 - - -12
Forign 8 8 	 43 - Prliatic drills. a/accessories Local - 5 - 32 
Fornigh 2 

-
- Set b.lk rock ousting equipment, rbb-tirad LOCal 3 10 

- - 2 2 2 - - 2 2 2 - - 2 2 2 - - 3 	 - -1
Forelgn 65 - -

3 

Total Its I Locnil 5Local - T-o 5 3 -3 5 10 U 0 - US $5 IT - 505 	 5 s - - -7 
Foreign -	 7 9 ; 14 10 7 11 77 12 5 5 14 12 11 7 	 209 

J . SAFIr IM !1MIN 
LOtfi titd eqtl ~nt Local 20 5Pornign - 5 5 10 - 5 5 10 - 5 5 10 	 W- 5 5 it-0 - 80-

I Lot 550 mning hlats. safety ton shoes. and 	 F
•.0Ino Of8Its Local - I 1 1 1
 

I - Lot 550 alo ctric cap I&laswlth Charging racks Local
csForeign 36. S --- 9 29 8 8 8 82 3 - - 82 82 U 8- 9- 42 29 3 9 . - -135 
1 - tol spootnneoas ti•naStIon detection 6qu~i~rt 	 21 

1 o,$oti*.tIndtcine~pet foreign 112 - - 38 38 56 :C 	 38 38 56 - - 38 38 56 - - - 3including CD sensors 	 -396Local 5 3 	 S3
1~~Fcvgmcie8 -SelnOi.	 50 0 

3 
2 50. - 5 -	

- 9 
I 	 So0"chi -sealant -)ray - 2LC 	 - ISO2 S0-  4Farelg1 - -D 40 - Flamesatt 7 leops Loca 1 8 	 -- - - - - 30 -Go-0  -6 

ISF-AntesForg 0. 	 1 1 2Foreign 0. -	 12 - 1 1 - 1I LOt 5S0 p !rsonal self ict rs 	 Local - S 1 1 - 1 1 2 1 2 1 1 2Poreign 55 10 is 30 	 12 
1 - Lot brtatihing apparatus andgas sasks 	 Loc 1 - -2 

10 15 30 - 1 15 30 -65
 
F rllgI 40 6 - a
40 -

ToatiLocal -Z _3 -n Ti _iF9reign -	 _3 3_I Tr _T Tr _3 


109 64 98 79 9 109 64 98 8 9 109 0n ~ ~ 3134 98  1087 

6.. MlSC(LtdatOU$ 
ng nr drilling. and analticalV.sploratloo

ork Local 
 32 32 32 32 32 32 32 32 32 32 32 32 32 
Consumalo sugl~yinventory - -	

- 416Frtig -Local 

F.oign 321' (321)
Working capital total 6 64 -184) 	 (14) (164)Forign -- 85 558 - - -	 (737)(727) (8321
Coo-tiogeocios (10' - Item A tnrough J) 	 total --

--. 

3 4 2Z 4 8Foreign 23 	 5 i a 7 4 11 3 5 5 846 	 200 62 Ss 76 233 - - 103Total Itee-	 LOC: 71 TO -3 -H M - -9 .- H 1219 - 60 76 76 l -Loa 3 31 3 1 7 3 S4101 3113 : ., -_7 s V -m -3i -7{.7m ( mforeign 	 S 40361:71108 605 200 62 55 76 233 $1 119 . 149 60 76 78 116 (gl) 1.139
 

6R84U TOTAL 
 LOcal 
 72 	 141 
 272 70 72 90 185 71 11 78 144 73 84 56 
 84 - 21.128) 482foreign 335 1.067 2.ZOZ 679 
 607 635 2.558 639 1.309 603 1.644 662 	 832 6s 1.279 - (911) 15.197 

Dsty oo laaelsP 451 
 Isa 504 1.040 321 287 395 1.209 302 618 285 777 313 393 405 604 - 7.612 

Sate: 	The numoer before the item is the AmouSt
 
rtqotrogat full production.
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For 
USAIO/PAKISTAN - WAPDA 

C3NTRACT NO. 391-0478-C-00.5006-00 

0 0-3 0"--- 2 0-1 0.0 20 3 . 
2roduction ROM Tonnes (000) 

ine outhiHand-picked 
£fective ROM Tonnes 
oand-picked/Manshift 

-

3433 

1.6120,389 

71 

67 
1.5443,840 

2193 

209 
1.91

109.663 

8 
338341 
323 

2.44 
132,124 

326 
2.47 

132,124 

0+3 

341 
326 

2.47 
132.124 

0#4 

341 
326 

2.47 
132.124 

LABOR 
5TrFectCompensation 
!urden - Fringe Benefits 
Training 

Subtotal (L) 

S/Yr. Sl 

(000) Tonne 
4 
4 
25 
1 -

S/Yr. 

(000) 
232 
34 
14 
U 

S/ 

Tonn 
7.067 

1.036 
0.426 
B"1 

S/Vr. 

(000) 
498 

77 
72 

5[7 

S/ 

Tonne 
7.384 

1.142 
1.068 

S/Yr. 

(000) 
1.227 

176 
75 

S/ 

Tonne 
5.858 

0.840 
0.358 
0.3587 

S/Yr. 

000) 
1.424 

305 
9 

1 

$/ 

Tonne 
4.408 

0.944 
0.028 
0.028U 

1Yr. 

(00) 
1.426 

305 
9 

$/ 
Tonne 

4.376 

0.936 
0.028 

3 

5/Yr. 
(000) 
1.426 

305 

$/ 
Tonne 
4.376 

0.936 
0.028 

S/Yr. 
(00) 
1.426 

305 
9 

$l 
Tonn 
4.37 

0.937 

Fer'ting SUPlies L)
oerating :upplies (F)
"aintenance Supplies (F)
mineExtension (F) 

Subtotal.(L) 

(F 
- (F) 

OT E COSTSr1TMetWplacemnt 
(L) 

Equipment Replacement (F)
OfiesceExpense 
Productioni e 
Pr nce 
:nsurance 
iscellaneous 
Subtotal - (L)

- (F)
Subtotal 

1 

-

1 
I 

-

-

-

_" 
-

142 4.326 
7 0.213 

72 2.193 
8 0.244 

19 0.579 

TTT87 2.650 

5 0.152 

6 0.18; 
6 0.183 

294 
16 
148 
11 

34 

174 

6 

-
8 
8 

4.359 
0.222 
2.194 
0.163 

0.504 

2.579 

0.08 

0.119 
0.119 

17
07 

741 
39 
374 
1B 

95 

431 

8 
8 
7 
10 
10 
1
35 

3.538 
0.186 
1.786 
0.086 

0.454 

2.058 

-
. 

0.038 
0.033 
0.048 
0.048 

UMZ' 

884 2.737 
46 0.142 

446 1.381 
13 0.04l 

140 0.433 

rM TMTrT fl7U505 1.563 

-
10 0.031 
58 0.180 
10 0.031 
10 0.031 
1 .1 a 07M 

884 7.713 884 2.713 
46 0.141 46 0.141 

446 1.369 446 1.369 
13 0.040 13 0.040 
140 0.430 140 0.430 

rw rm flJ505 1.550 0 
505 1.5 50 

72 0.221 141 0.433 
335 1.028 1,067 3.275 
10 0.031 10 0.031
62 0.190 62 0.190 
10 0.031 10 0.03110 0.0310.031 
0 .0 10 0.031TU FM -- M U-MO 

884 
46 
446 
13 

140 

VT 
SOS 

272 
2,202 

10 
62 
10 
10 

--

2.712 
0.141 
1.369 
0.04c 
0.430 

1 .550 

0.835 
6.758 
0.031 
0.190 
0.0 
0.031 
r 

TotalCash Cost (L)
Total Cash Cost (F) 

Contingency * 10% : (L) 
(F) 

TOTAL HINE CASH COST* 
"LJ 

35 

3 
-

38 

38 

-
-

-
-

458 13.952 
87 2.650 

46 1.401 
9 0.274 

600 18.277 
504 15.353 
96 2.924 

997 
174 

100 
17 

1,248. 
1,0,7 

19 

14.784 
2.579 

1.483 
0.252 

19.098 

16.267 
2.831 

2.349 
431 

235 
43 

3,058 

2,584 
474 

11.215 
2.058 

1.122 
0.205 

14.600 

12.337 
2.263 

2.850 
505 

285 
51 

3,691 

3,135 
656 

8.623 
1.563 

0.882 
0.1!8 

11.426 

9.705 
1.721 

335 1.028 

2,928 8.987 
840 2.578 

286 0.878 
51 0.157 

4,105 12.600 
3.214 9.865 
891 2.735 

1.067 

2,997 
1,572 

286 
51 

4,906 

3,283 
1,623 

3.275 

9.199 
4.825 

0.878 
0.157 

15.059 

10.077 
4.982 

2,202 

3,128 
2,707 

286 
51 

6,172 

3.414 
2.758 

6.758 

9.601 
8.308 

0.878 
0.157 

18.944 

10.479 
8.465 

Notes: 
T-T/Tonne is S par ROMtonnehand-picked.2. Figures may not add because of rounding.3. Ouring the later years of the project full replacement capital is not used. 

Cost delivered to common lignite handling facilities
Return of workin capital 
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0*3 D+4 0+5 0+6 0+7 0+8 0+9 0+10 0+11 

341 
326 

341 
326 

341 
326 

341 
326 

341 
326 

341 
326 

341 
326 

341 
326 

341 
326 

2.47 
132.124 

2.47 
132,124 

2.47 
132,124 .32.124 

2Z.47 
132,124 

2.47 
132,124 

2.47 
132,124 

2.47 
132.124 

2.47 
132,124 

6/Yr.
(000) 

$/
Tonn 

$/Yr.
(000) 

S/
TTonn 

S/Yr.
(000) 

S/
Tonn.e 

*/Yr.
(0o 

S/
Tonne 

S/Yr.
(000) 

S/
Tonne 

S/Yr. S/
(0D0) Ton.e 

S/Yr.
(000) 

S/
Tonne 

$/Yr.
(000) 

S/
Tone 

$/Yr.
(000) 

S/
Tonn. 

1.426 4.376 1.426 
305 0.936 305 

9 0.028 9 
T- T-Mr-

4.376 
0.936 
0.028 
r U 

1,426 4.376 
305 0.936 

9 0.028 
7r-M .30 

1,426 4.376 
305 0.936 

9 0.028 
r M 

1,426 
305 

9 
r-

4.376 
0.936 
0.028 
5.34 

1.426 
305 

9 
r-M 

4.376 
0.936 
0.028 
fl1M 

1.426 
305 

9 
r 

4.376 
0.935 
0.028 
F 

1,426 4.376 
305 0.936 

9 0.028 
r70 rM 

1,426 
305 

9 
r 9 

4.376 
0.936 
0.028 
:2 

884 2.713 
46 0.141 
446 1.369 
13 0.040 
140 0.430 

17113M
SOS 1.550 

884 2.713 
46 0.141 
446 1.369 
13 0.040 
140 0.430 

r-TD~T 7
505 1.550 

884 2.713 
46 0.141 
446 1.369 
13 0.040 
140 0.430 

T1 17113
505 1.550 

884 2.713 
46 0.141 
446 1.369 
13 0.040 
140 0.430 

Y1-m TI4313
505 1.550 

884 2.713 
46 0.141 
446 1.369 
13 0.040 
140 0.430 

I~ 3711
505 1.550 

J84 2.713 
46 0.141 
446 1.369 
.3 0.040 

140 0.430 
TwT TM

505 1.550 

884 2.713 
46 0.141 
446 1.369 
13 0.040 
140 0.430 

17U7 171
505 1.550 

884 2.713 
46 0.141 
446 1.369 
13 0.040 
140 0.430 

TUW 1711
505 1.550 

884 
46 
446 
13 
140 

TM 
505 

2.713 
0.141 
1.369 
0.040 
0.430 
17 
1.550 

141 0.433 
1,067 3.275 

10 0.031 
62 0.190 
10 0.031 
10 0.031 

- 5-m077 
1.067 3.275 

272 
2,202 

10 
62 
10 
10 

-w3 
2.202 

0.835 
6.758 
0.031 
0.190 
0.031 
0.031 
1T 
6.758 

75 0.230 
679 2.084 
10 0.031 
62 0.190 
10 0.031 
10 0.031 
m~ OTST 
679 2.084 

72 0.221 
607 1.863 
10 0.031 
62 0.190 
10 0.031 
10 0.031 

191 0Tw0 
607 1.863 

90 
835 
10 
62 
10 
10 
M8 
835 

0.276 
2.563 
0.031 
0.190 
0.031 
0.031 
U7M 
2.563 

185 0.568 
2.558 7.851 

10 0.031 
62 0.190 
10 0.031 
10 0.031 

-77 M73 
2.558 7.851 

71 
639 
10 
62 
10 
10 

M 
639 

0.218 
1.961 
0.031 
1.190 
0.031 
0.031 
FJT 
1.961 

111 0.341 
1,309 4.017 

10 0.031 
62 0.190 
10 0.031 
10 0.031 

-M FM 
1,309 4.017 

78 0.239 
603 1.851 
10 0.031 
62 0.190 
10 0.031 
10 0.031 
m~ 07 
603 1.851 

2.997 9.199 
1,572 4.825 

3.128 
2.707 

9.601 
8.308 

2.931 
1,184 

8.996 
3.634 

2,928 8.987 
1.112 3.413 

2.946 
1,340 

9.042 
4.113 

3,041 
3,063 

9.334 
9.401 

2.927 
1,144 

8.984 
3.511 

2,967 
1,814 

9.107 
5.567 

2,934 
1.108 

9.005 
3.401 

286 
51 

0.878 
0.157 

286 
51 

0.878 
0.157 

286 0.878 
51 0.157 

286 0.878 
51 0.157 

286 
51 

0.878 
0.157 

286 0.878 
51 0.157 

286 
51 

0.878 
0.157 

286 
51 

0.878 
0.157 

286 
51 

0.878 
0.157 

4,906 15.059 
3,283 10.077 
1,623 4.982 

6,172 
3,414 
2.758 

18.944 
10.479 
8.465 

4.452 
3,217 
1,235 

13.665 
9.874 
3.791 

4,377 13.435 
3.214 9.865 
1,163 3.570 

4,623 
3,232 
1.391 

14.190 
9.920 
4.270 

6,441 
3,327 
3,114 

19.770 
10.212 
9.558 

4,408 13.530 
3,213 9.862 
1,195 3.668 

5.118 
3,253 
1,865 

15.709 
9.985 
5.724 

4,379 
3,219 
1,159 

13.441 
9.883 
3.558 

/ " 
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By 
John T.Boyd Company 

Mining and Geological Engineers
December 1985 

0+11 0+12 0+13 0+14 0+15 0+16 0+17 0+t8 0419 

341 
326 

341 
326 

341 
326 

341 
326 

294 
281 

294 
281 

289 
276 

211 
202 

20 
19 

2.47 
132.124 

2.47 
132.124 

2.47 
132.124 

2.47 
132,124 

2.44 
114,912 

2.44 
114,912 

2.46 
112.304 

2.63 
16,823 

2.58 
7,300 

;/Yr. S/ 
000) Tonne 

S/Yr. 
(00) 

S/ 
Tonne 

S/Yr. 
(000) 

SI 
Tonne 

S/Yr. 
(000) 

S/ 
Tonne 

S/Yr. 
(000) 

S/ 
Tonne 

S/Yr. 
(00 

S/ 
Tonne 

S/Yr. 
(000) 

S/ 
rome 

S/Yr. 
(000) 

S/ 
Tonne 

S/Yr. 
(000) 

S/ 
Tonne 

..426 4.376 
305 0.936 
9 0.028 

1,426 
30S 

9 

4.376 
0.936 
0.026 

1,426 4.376 
305 0.936 

9 0.028 

1,426 4.376 
305 0.936 

9 0.028 

1,247 
265 

4 

4.445 
0.945 
0.014 

1,247 
265 
4 

4.445 
0.945 
0.014 

1.241 
258 
3 

4.497 
0.935 
0.011 

847 4.197 
176 0.872 
1 0.005 

79 
17 
-

4.199 
0.904 

884 
46 
446 
13 

2.713 
0.141 
I.J69 
0.140 

884 2.713 
46 0.141 
446 1.369 
13 0.040 

884 
46 
446 
13 

2.713 
0.141 
1.369 
0.040 

884 2.713 
46 0.141 
446 1.369 
13 0.040 

732 
39 
379 

i.609 
0.139 
1.351 

-

706 2.517 
37 0.132 
373 1.330 

-

f75 
36 
353 

2.-6 
0.130 
1.279 

-

472 2.339 
25 0.124 
243 1.204 

-

43 
2 
22 

2.284 
Q.106 
1.169 

140 0.430.7m3 T.- 140 0.430rmO rm 140 0.430T- IM 140 0.430Mu TM 116 0.421MO rw 115 0.4102T" rw 106 0.38471T3 'rm3" 70M 0.347F. 60 0.319FM2 
505 1.550 505 1.550 505 1.550 505 1.550 418 1.490 410 1.462 369 1.409 268 1.328 24 1.275 

78 
603 
10 
62 
10 
Ir 

Tbq
603 

0.239 
1.851 
0.031 
0.10 
0.031 
0.031 
rM 
1.851 

144 0.442 
1,644 5.045 

10 0.031 
62 0.190 
1o 0.031 
10 0.031 

-m T M3077 
1,644 5.045 

73 0.224 
662 2.032 
10 0.031 
62 0.190 
10 0.031 
10 0.031 
f rw 
662 2.032 

b4 0.258 
832 2.553 
10 0.031 
62 0.190 
10 0.031 
1o 0.031 

MT~7 M 
832 2.553 

58 
857 
9 
51 
9 
9 

M~fl 
857 

0.207 
3.055 
n.032 
0.182 
0.032 
0.032 
w 

3.055 

84 0.299 
1,279 4.559 

9 0.032 
51 0.182 
9 0.032 
9 0.032 

-M8 FM7 
1,279 4.559 

9 
52 
9 
9 

79 
-

0.033 
0.188 
0.033 
0.033 
O7wI 

7 
48 
7 
7 

3T 

0.035 
0.238 
0.035 
0.035 
U1i-dl 

-

(1.128)-(59.959) 
(911)" (48.424)

1 0.053 
4 0.213 
1 0.053 
1 0.053 

MM) (59w=,
911) (48.424) 

!,934 9.005 
1,108 3.401 

3,000 
2,149 

9.208 
6.595 

2.929 
1,167 

8.990 
3.582 

2,940 
1,337 

9.014 
4.011 

2.502 
1,275 

8.919 
4.545 

2.496 8.908 
1,689 6.021 

2,362 
389 

8.560 
1.409 

1,635 
268 

8.103 
1.328 

(976) 
(887) 

(51.867) 
(47.149) 

286 0.878 286 0.878 286 0.878 286 0.878 244 0.870 242 0.863 236 0.855 164 0.813 15 0.797 
51 0.157 51 0.157 51 0.157 51 0.157 42 0.150 41 0.146 39 0.141 27 0.134 2 0.106 

t,379 
1,219 
1,159 

13.441 
9.883 
3.558 

5,486 
3,286 
2,200 

16.838 
10.086 
6.752 

4,433 
3,215 
1,218 

13.607 
9.868 
3.739 

4.614 
1,226 
1,388 

14.162 
9.902 
4.260 

4,063 
2,746 
1.317 

14.484 
9.789 
4.695 

4,471 
2,741 
1,730 

15.938 
9.771 
6.167 

3,026 
2,598 
426 

10.965 
9.415 
1.550 

2,094 
1,799 
295 

10.378 
8.916 
1.462 

(1,846) 
(961) 
(885) 

(96.1131 
(51.070) 
(47.043) 
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COMMON FACILITIES 

Introduction 

Included under the mine site cornmon facilities are general 

administration and the common ROM coal handling facilities. The 

current mine size allows a sufficient expatriate management staffing plan 

while maintaining a reasonable cost. As an option to the ROM coal 

product, we have also assessed the addition of coal washing facilities to 

the ROM coal handling facilities (see Volume 5: Coal Quality Technical 

Report for additional detail). The coal washing option was reviewed 

and eliminated at the October 1985 project review meetings. 
In the case of the L-khra power station site, coal ownership (and 

mine costing) is transferred to the power station once coal exits the 

common coal handling facility (i.e., placement on the final overland 

conveyor belt which discharges the ROM product into the power plant's 

live coal stockpilet). Rail haulage, via an independent railway company, 

is included to transport coal from the mine site to the Khanot power 

plant site. Coal ownership, in this case (Khanot power plant site), 

transfers fob rail car (at the mine site). We have assumed the labor 

force, capital, and operating cash cost of the ROM coal handling 
facilities widl be the same for both generating station sites. 

At full production annual coal deliveries to the power plant are 

scheduled at 4,338,000 ROM product tonnes. Actual mine production 

will vary according to seam conditions and stripping requirements. 

Approximately one million tonnes are maintained in the surface mine(s) 

pit inventory and the mine's dead storage stockpile to provide any 

deficit tonnages in low production years. 

JOHN T. BOYD COMPANY 
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Manpower and Costs 

A detailed schedule of the projected number of common facility 

employees by job description and mining period is shown on 

Schedule B-3, following this text. The recruitment of experienced 

expatriates to serve in critical management positions will determine the 

success in achieving or surpassing project goals regarding production, 

productivity of labor and equipment, and costs. 

Following is summary of the common facilities labor buildup during. 

the mine development period and initial year of full production. 

Year: 0-6 D-5 0-4 D-3 0-2 0-1 0+1 

No. of Payroll Employees 

General Administration 
Expatriate Staff 
Pakistani Staff 

3 
11 

9 
32 

9 
46 

9 
59 

9 
70 

9 
71 

9 
84 

Workers - 14 34 42 42 42 42 
Subtotal 4 S5 89 110 121 122 135 

Common ROM Coal Handling 
Expatriate Staff - - - 1 1 5 5 
Pakistani Staff - - - - 8 8 
Expatriate Workers - - - 2 2 
Workers - -- - 41 41 

Subtotal - - - 1 1 56 56 

Total Common Facilities 14 55 89 111 122 178 191 

Capital Expenditures 

The general administration office building is located at the West Pit 

surface facilities complex; initial capital and replacement expenses are 

included in the West Pit cost estimates. The initial capital estimate for 

the ROM coal handling facilities is $11.0 million (51% foreign) and is 

detailed on Schedule C-3, following this text. Since in-country 

experience in constructing a large coal handling facility is limited, we 

have estimated the initial capital cost assuming all work is done on a 

turnkey basis using an experienced international material handling 

design/construction contractor. 

JOHN T. BOYD COMPANY 
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Replacement Equipment Expense 

A general annual allocation of replaceme expense is assigned for 

the ROM coal handling facility, with a major overhaul scheduled every 

ten years (i.e., years D+10 and D+20). 

Replacement
 
Expense $(000)/Yr.
 

Local Foreign Total
 

Routine 45 175 220
 
Overhaul (D+10, D+20) 100 400 500
 

Annual Operating Cash Cost 

Schedule E-3, following this text, presents the annual operating 

cash cost of the common facilities by mining period. Equipment 

replacement expense is included on a current d5sis in the cash cost 

estimate, but depreciation on initial capital is not shown. The following 

table summarizes the common facilities cash cost during a typical year of 

full production (D*7 through D+30; at 4,338 million ROM tonnes): 

Typical
 
Cash Cost of Production
 

$(O00)/Yr. $/ROM Tonne
 

Labor 1,301 .300
 
Supplies (excl. power) 217 .050
 
Power 130 .030
 
Equipment Replacement 220 .051
 
Other 25 .006
 
Contingency 167 .0 8
 

Total 2,060 .475
 

Local 809 .186
 
Foreign 1,251 .289
 

JOHN T. BOYD COMPANY 



9-4
 

Following this text are: 

Schedules 
B-3: Estimated Labor Force and Cost 
C-3: Estimated Initial Capital Expenditures 
E-3: Estimated Operating Cash Cost 

JOHN T.,BOYD COM4PArNY 
,L\ 
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SCHEDULE B-3 

ESTIMATED LABOR FORCE AND COST 
COMON FACILITIES 
LAKHRA COAL PROJECT
Sind Province, Pakistan 

For 
USAID/PAKISTAN - WAPDA

CONTRACT NO. 391-0478-C-00-5006-00 
By 

John T. Boyd Company
Mining and Geological Engineers 

December 1985 

Year: 
Tonnes: 

0-6 
-

0-5 0-4 0-3 0-2 
-

0-1 
FMF"-

D+1 
T7T 

0+2 
-

0+1 
rM 

0+4 0+5 
40M 

0+6 
" 

0+7-0+30 
-lT'r 

Total Monthly 
Compensation 

Nuter of Men 

GENERAL ADMINISTRATION 
Staff: 

General Manager* 
Chief Engineer* 

12,500 
8,000 

1 
-

1 
I 

1 
I 

1 
I 

I 
1 

1 
I 

1 
I 

1 
I 

1 
I 

1 
I 

1 
I 

1 
I 

I 
1 

Mining Engineer 
Surface Mine 
Underground Mine 

500 
450 

1 1 
1 

1 
1 

1 
I 

1 
1 

3 
1 

3 
1 

3 
1 

3 
1 

3 
1 

3 
1 

3 
1 

Electrical Engineer 500 1 1 1 1 1 1 1 1 1 1 1 1 1 
Industrial Engineer 400 1 1 1 1 1 1 1 1 1 1 1 
Assistant Mining Engineer 

Surface Mine 
Underground Mine 

350 
350 

-
-

I 
I 

1 
I 

I 
I 

1 
I 

1 
1 

3 
I 

3 
1 

3 
1 

3 
I 

3 
1 

3 
I 

3 
I 

Senior Geologist 375 1 1 1 1 1 1 1 1 1 1 1 1 I 
Financial Officer (Comptroller)* 5,000 1 1 1 1 1 1 1 1 1 1 1 1 1 
Deputy Comptroller* 4,000 I 1 1 1 1 1 1 1 1 1 -
Deputy Comptroller 
Chief Purchasing Agent 
Assistant Purchasing Agent 

300 
250 
200 

-
1 
1 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

-
1 
2 

1 
2 

-
1 
2 

II 
1 
2 

1 
2 

Chief Training Officer* 7,000 I 1 1 1 1 1 1 1 1 1 1 1 
Deputy Training Officer* 5,000 1 1 1 1 1 1 1 1 1 1 -
Deputy Training Officer 400 - - - - I I 
Training Instructor 
Chief Safety Officer* 

250 
7.000 

3 
1 

4 
1 

6 
1 

6 
1 

6 
1 

6 
1 

6 
1 1 

6 
1 

6 
1 

6 
1 

6 
1 

Deputy Safety Officer* 
Deputy Safety Officer 

5,000 
400 

I 1 1 1 
-

1 
-I 

1 1 1 
I 1 1 

Safety Inspector
Surface '0 - 1 1 1 1 10 10 10 10 10 10 10 
Undergru-nd 

Director of Employment/Personnel* 
300 

7,000 1 1 1 
1 

1 
2 

1 
3 

1 
3 

1 
3 

1 
3 
1 

3 
-

3 3 
-

3 
-

Director of Employment/Personnel 300 - - - 1 I I I 
Deputy Director 
Chief Surveyor 
Survey Crew 
Draftsman 

250 
300 
180 
150 

2 
1 
2 
-

2 
2 
4 
1 

2 
2 
4 
2 

2 
2 
4 
2 

2 
2 
4 
2 

2 
2 
4 
2 

2 
2 
4 
2 

2 
2 
4 
2 

2 
2 
4 
2 

2 
2 
4 
2 

2 
2 
4 
2 

2 
2 
4 
2 

2 
2 
4 
2 

Director of Building Maintenance 
Janitorial Services 

200 
75 -

-
-

1 
5 

1 
10 

1 
20 

1 
20 

1 
20 

1 
20 

1 
20 

1 
20 

1 
20 

1 
20 

1 
20 

First Aid Technicians 200 2 3 3 3 3 3 3 3 3 3 3 3 
Director of Security 
Clerical/Secretarial 

200 
130 4 

I 
3 

I 
10 

I 
15 

1 
15 

1 
15 

1 
15 

1 
15 

1 
k5 

1 
15 

1 
15 

1 
15 

1 
15 

Director of Transport Services 200 - 1 I I I 1 I I I 1 1 
Subtotal - Staff 14 41 55 68 79 80 93 93 93 93 93 93 93 

Workers: 
Building Maintenance Crew 150 - - 1 3 3 3 3 3 3 3 3 3 3 
Security Guards 100 12 is 18 18 18 18 18 B 18 18 18 
General Transport Operators 125 - - 10 15 15 15 15 5 15 15 15 15 .5 

Subtotal - Worker- 12 29 36 36 36 36 36 36 36 36 36 36 

Absenteeism Allowance 200 2 5 6 6 6 6 6 6 6 6 6 6 

Total- General Administration 14 55 89 110 121 122 135 135 135 135 135 135 135 

ROM HANDLING FACILITIES 
Stanf: 
Manager- 7.500 1 L 1 1 1 1 I 1 1 
Shift Foremen* 6.000 3 3 3 3 3 3 
Shift Foremen 350 3 3 3 3 3 3 4 4 
Laboratory Manager" 
Laborator.yChe.ist 

5,000 
350 

1 
1 

1 
1 

I 
1 1 1 1 1 1 

Assistant Chemist 250 3 3 3 3 3 3 3 3 
Clerk 150 - . .._ 11 1 1 1 1 1 1 1 

Subtotal - Staff 1 1 13 13 13 12 12 12 10 10 
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SCHEDULE B-3 - Continued
 

Year: 	 0-6 0-5 
 D-4 0-3 0-2 D-1 0+1 0+2 0+3 0+4 0+5 0+6 0.7-0+30Tonnes: - -w/ 1T3 3 N 4,6 I3T U a'i I r
Total Monthly
 

Compensation
 
Number of Men 

ROM HANDLING FACILITIES Continued 
Workers: 

ROM Operator 230 4 4 4 4 4 4 4 4 
Radial Stacker Operator 200 4 4 4 4 4 4 4 a 
Endloader Operator 200 2 2 2 2 2 2 2 2 
Bulldozer Operator 
Loadout Operator 
Maintenance Mechanic* 

200 
200 

5,000 
- -

-

2 
3 
1 

2 
3 
1 

2 
3 
1 

2 
3 
1 

2 
3 
1 

2 
3 
1 

2 
3 
1 

2 
3 

Maintenance Mechanic 
Electricien-
Electrician 
Sampler 
General Labo'ers 

230 
5,000 

230 
150 
125 , . 

-
-
-
-, 

-

. .-

3 
1 
2 

9 

3 
1 
2 
6 

3 
1 
2 
6 
9 

3 
1 
2 
6 
9 

3 
1 
2 
6 
9 

3 
1 
2 
6 
9 

4 
1 
2 
6 
9 

5 
1 
2 
6 
9 

Subtotal - Workers 37 37 37 37 37 37 38 38 

Absenteeism Allowarce 200 6 6 6 6 F 6 6 6 

Total- ROM Handling Facilities 1 56 56 56 55 55 56 54 54 

PAYROLL SUNARY
 
Expatriates:
 
Staff 3 9 9 10 10 14 14 14 13 11 11 6 6
 
Workers 
 - Z _ _2 2 2 2 2g 2 I 
Total 3 9 9 10 10 16 16 16 15 13 13 8 7
 

Nationals:
 
Staff 
 11 32 46 59 70 79 92 92 92 94 94 97 97

Workers 	 14 34 
 42 42 83 8_3 83 83 83 83 84 85
 
Total 
 11 46 80 101 112 162 175 175 175 177 177 181 182
 

Staff 
 14 41 55 69 80 93 106 106 105 105 105 103 103
Workers - L4 34 42 4_2 .5 , 5 85 85 85 85 86 86 

Total 14 55 89 111 122 178 191 191 190 190 190 189 189
 

ESTIMATED LABOR COST
 
Staff -ODirectr ensation
 

Base 	- (L) 19 53 71 84 91 111 142 142 142 147 147 156 156 
- (F) 176 436 436 490 490 655 655 655 619 533 533 338 338
Allowances 	- 'L) 12 36 48 56 61 73 95 95 95 99 99 103 103 

- (7) 118 290 290 326 326 437 437 437 41.1 355 355 226 226 
Subtotal - Staff Direct 325 815 845 956 968 1,276 1.329 1,329 1.269 1,134 1.134 823 823
 

Workers - Direct Compensation
Base -(L) 
 11 31 38 38 93 93 93 93 93 93 95 97


(F) 	 72 
 72 72 72 72 72 72 36

Allowances 	. (L) 
 8 20 26 26 S2 62 62 62 62 62 63 64
 

-(F) 	 - - -  - 48 48 48 48 4_8 48 48 24 
Subtotal - Workers - 19 51 64 64 275 275 275 275 275 275 278 221
 

Overtime (@ 20% Base) 	 2 6 8 8 19 19 19 19 19 19 19 
 19

Subtotal - Workers Direct 
 21 57 72 72 294 294 294 294 294 294 297 240
 

Subtotal Direct- (L) 	 31 110 
 176 212 224 358 411 411 411 420 420 436 439
 
- (F) 	 294 726 726 816 816 1,212 1,212 1,212 1,152 1.008 1,008 684 624 

Fringe Benefits P 38% Base
 
Staff -(L) 7 20 27 32 35 &2 54 54 
 54 56 56 59 59
 

(F) 
 67 166 166 186 186 249 249 249 235 203 203 128 128
Workers -L) 
 - 4 12 14 14 35 35 35 35 35 35 36 37
-(F) 	 -  - - 27 27 27 27 27 27 27 14 

ToL,'l (L) 	 38 134 215 258 273 435 500 50 500 511 511 531 535
Labor Cost 
- (F) 361 892 892 1,002 1,002 1,488 1,488 1,488 1,414 1,238 1 23 839 766
 

Total 399 1.026 1,107 1,260 1.275 1,923 1.988 1,988 1.914 1.749 1,749 1,370 1,301
 

$/Tonne 	 - 38.182 19.030 1.421 .525 .456 .423 .425 .435 .356 .315
 

Expatriates
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SCHEDULE C-3
 

ESTIMATED INITIAL CAPITAL EXPENDITURES
 
COMMON FACILITIES
 

LAKHRA COAL PROJECT
 
Sind Province, Pakistan
 

CONTRACT NO. 391-0478-C-O0-5006-O0
 
By
 

John T. Boyd Compan,
 
Mining and Geological Engineers
 

December 1985
 

Expressed inThousands U.S. Dollars
 

Useful 

Item Description Unit
Cost 

Life
(yrs.) D-4 0-3 0-2 D-I Total 

h. Under rnd Truck al Facility 
Tu truck coal facility Is rated at 200 mtph 

Local 
Foreign 

400 
260 

30 
. 

100 
65 

200 
130 

100 
65 

400 
260 

capacity and will consist of the following: 
1. Truck dump station consisting of ramp, two 40 tonne 

T9 Z T 

capacity hoppers, two feeders, structure, truck 
ramp, retaining wall and foundations. 

2. 920 mm wide Transfer Belt Conveyor with belt scale 
length 65 meters 

3. 920 mm wide Radial Stacker Conveyor length 36meters 
4. Foundations 

B. Surface Truck Coal Facility Local 1.710 30 430 853 430 1.710 
The surface truck coal facility is rated at 1,000 mtph 
and will consist of the following: 

Foreign 1 190 
.ru 

300 
7Z 

590 300 
7"M 

1 190 
K 

1. 400 tonne capacity elevated truck bin complete with 
600 mm grid, two reciprocating plate feeders, 
structure, truck ramps, retaining walls and foundations. 

2. Emergency stockpile reclaim system consisting of 
50-tonne bin with feeder for reclaiming coal from 
emergency storage pile. 

3. 1,520 nm wide ROM Belt Conveyor  length 100 m 
4. Screening, picking, and crushing station complete 

with incline vibrating screen, 1,520 mm picking 
belt conveyor, triple roll crusher, tramp iron 
magnet, hoist, structure, and foundations. 

5. 1,220 mm wide Transfer Belt Conveyor with belt 
scale - length - 65 meters 

6. 1,220 mm wide Radial Stacker Conveyor
7. Foundations 

- length 50 m 

C. tockIle Reclai' te 
Th o e aim system is rated at 2,500 mtph capacity
for reclaim coal from underground and surface mine coal 

Local 
Foreign 

2,200 
1 400 
, 

30 
-

550 
350 

1,100 
700 

T 

550 
350 

2,200 
1 400 

storage piles and will consist of the following:
1. A concrete surface Constructed reclaim tunnel 

approximately 220 meters long complete with 10 
vibrating drawdown hoppers and 'brating feeders. 

2. 	1,520 am Reclaim Belt Conveyor w. ' belt scale
 
length 280 meters
 

3. 	Loading station consisting of a 200 "onne bin and
 
three stage (ASTM) sampling system and operators
 
station for feeding railroad unit trains or
 
overland belt conveyor system.
 

D. 	Electrical Local 190 30 
 so 90 50 190
Thee-lectrical will consist of two motor control Foreign 4!J 110 230 110 450 
buildings, e",ipment, apparatus, wiring, controls, 60 To RU To go
wiring and labor to operate the facilities. 

E. Site preparation includes allexcavation, fill, construction Local 100 30 - 100 100 
roads, drainage, etc. required to install the facilities. Foreign TO T 05 - T o 

F. 	Lignite analysis labor-tory end office building. 8 x 8 m, Local 35 30 35 35

w/lignite preparation area, office furniture and 	 Foreign 140  40 100 140
 
equipment, laboratory equipment including balances, 79 7! To 19
 
moisture ovens, bomb calorimeters crushers, screens,
 
riffles, sulfur analyzer, crumbles, float sink apparatus,
 
and laboratory supplies.
 

G. 	En neer n Contractor Fee Local - 30 5 1 1 5
 
The cost or an patriate Engineering/Contracting company Foreign 2 200 550 0 550 2 
to design, procure and supervise construction of the 7 50 
coal handling facilities. 

H. Working Capital and Inventory
Spare Parts Inventory Local 265 - 100 165 265 
Consumable Supplies Inventory Local 75 30 45 75 
Working Capital Local 400 s o . 250 100 400 

T0 SO In 3To 70t 

Total ROMlLignite Handling Facilities 	 Local 50 1,230 2,655 1.440 5,375 
Foreign - '375 2790 1475 5640 

Import duties and taxes @ 45% 
 119 1,256 664 2,539
 



SCHI 

ESTIMATED OPI 
COMMON 

LAKHRA 
Sind Pro% 

For 
USAID/PAKISTAN - WAPDA 

CONTRACT NO. 391-0478-C-OO-SOO6.00 

Year: 
Tonnes: 

LABORUT iet Compensation 
Fringe Benefits - (L) 

-(F) 

Subtotpl 

L) 

D-6 
-

31 

7 
67 

399 

D-5 
-

110 
726 
24 
166 

1.026 

D-4 

176 
726 
39 

166 

1,107 

D-3 

212 
816 
46 
186 

1,260 

D-2 

224 
816 
49 

186 

1,275 

D-1 

358 
1,212 

77 
276 

1,923 

D+1D 

411 
1,212

89 
276 

1,988 

+20 

411 
1.212 

89 
276 

1,988 

D+3 

411 
1.152 

89 
262 

1,914 

D+4 

420 
1,008

91 
230 

1,749 

D+5 

420 
1,008 

91 
230 

1.749 

+6 

436 
684 
95 
155 

1,370 

D7 

439 
624 
96 

142 

1.301 

. 

1 

MATERIAL & SUPPLYMateria and Supp-s - (F)Power--

o t 

Subtotal 

OTHERWeplacement Capital - (L) 
- (F)

Insurance 
Office Expense 
Miscellaneous 

Subtotal 

-

-

-
." 

-

-

-. 

-

-.-

5 

5 

-._ 

-

5 
5 
-
1 

15 

684. 

4 

109 

-
-

10 
5 

10 

25 

1891..4 

114 

303 

45 
175 
10 
5 

10 

245 

2181..] 

131 

349 

45 
175 
10 
5 

LO 

245 

2261.6 

136 

362 

45 
175 
10 
5 

10 

245 

20614 

124 

330 

45 
175 
10 
5 

10 

245 

20111 

121 

322 

45 
175 
10 
5 

10 

245 

19211 

115 

307 

45 
175 
10 
5 
10 

245 

21016 

126 

336 

45 
175 
10 
5 
10 

245 

Contingency (10%) 

Total - Cash Cost 
Total - Local 
Total - Foreljn 

40 

439 
42 
397 

103 

1,129 
147 
982 

111 

1,218 
237 
981 

127 

1,392 
289 

1,103 

129 

1,419 
317 

1,102 

206 

2,263 
551 

1.712 

232 

2,768 
752 

2,016 

236 

2,818 
771 

2,047 

230 

2,751 
777 

1,974 

210 

2,534 
776 

1.758 

210 

2,526 
772 

1,754 

170 

2,092 
788 

1,304 

166 

2,048 
804 

1,244 

2 
C 

1. 

\L2) 
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SCHEDULE E-3
 

ESTIMATED OPERATING CASH COST
 
COMMON FACILITIES
 
LAKHRA COAL PROJECT
 

Sind Province, Pakistan
 

By
 

John T. Boyd Company
 
Mining and Geological Engineers
 

December 1985
 

D+20 0+21 - D+24 D+25-0+28 0+29 0+30
0+7 0+8 0+9 D+10 0+11 - D+14 D+15 - D+16 0+17 0+18 0+19 

- 3,2 ~ 347 7 3,50+6.89 2U 7 T7 - 10 4,1' 4,8 4,0 7 

439 439 439 439 439 439

436 439 439 439 439 439 439 439 439 


624 624

624 624 624 624 624 624 624 624 624 624 


684 624 624 

96 96 96 96 96 96 96 96 96
 

95 96 96 96 96 96 

142 142 142 142 142 142 142 142
 

155 142 142 142 142 142 142 


1,301 1,301 1, 01 1,301 1,301 1,301 1,301 1,301 1,301 '.301 1,301

,370 1,301 1,301 1,301 


224 224 219 219 215 206 191 191 197 197 168

192 210 210 222 


118 118 101

115 126 126 133 134 134 132 131 129 124 115 115 


344 330 306 306 315 315 269

307 336 336 355 358 358 351 350 


45 45 45 45 45 100 45 45 - 

175 175 175 175 400 175 175 175 75 175 400 175 175 - 
45 45 45 45 100 


10 10 10 10 io 10 10 10 10 10 10
10 10 10 10 

5 5 5 5 5 5 5


5 5 5 5 5 5 5 

10 10 10 10 10 10 10
10 10 10 10 10 10 10 10 


245 245 245 245 525 245 245 245 245 245 525 245 245 25 25
 

168 168 168 160 168 167 166 163 163 164 164 160

170 166 166 


2,357 2,042 2,295 2,015 2,025 1,805 1,755

Z,092 2,048 2,048 2,069 2,353 2,072 2,065 2,064 


795 727
812 873 813 811 810 807 802 853 792 746 


1,304 1,20 1,244 1,257 1,479 1,259 1,254 1,254 1,250 1,240 1,442 1.223 1,230 1,059 1,028
788 804 804 


SCHEDULE E-3
 

ESTIMATED OPERATING CASH COST
 
COMION FACILITIES
 

LAKHRA COAL PROJECT
 
Sind Province, Pakistan
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INFRASTRUCTURE
 

Al, hough it has a long history of mining, the Lakhra Coal Field is 

presen-dy remote and devoid of any communities or accompanying 

amenities. Existing settlements consist of small rudimentary mining 

colonies scattered throughout the active mining area. To attract and 

retain a permanent mine labor force, a modern colony, including a 

hospital, schools, mosques, shopping center, and recreational facilities, 

is a necessity. Full utility services are also needed to operate a 

modern mine complex and the colony. 

Since all of this infrastructure is a permanent improvement to the 

area and the construction of a new mine complex creates substantial 

employment, the GOP and provincial government should be encouraged 

to participate in the investment cost. 

BOYD worked with Engineering Consultants, Karachi, to develop 

the design, capital cost, and operating/maintenance costs associated 

with infrastructure required to suppor': the proposed mining operation 

under the Khanot generating station site case. This arrangement 

insures compatibility of modern mine facilities with local construction 

and operating practices. Working drawings of all utility service 

systems and facilities were prepared by Engineering Consultants and 

are available. 

In the case of a mine site power plant location, we have used the 

Khanot case infrastructure unit costs as the basis for calculating 

revised estimates. In cooperation with G/C II, infrastructure 

components have been allocated to the power plant or shared between 

the mine and power plaiot. 

JOHN T. BOYD COMPANY 
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Following is a summary of the infrastructure capital, annual 

operating cash cost, and the allocation of costs assigned to the mining 

operation (import duties and taxes are excluded). 

Estimated Cost (US$ - 000)
 

Averae Mine
 
Annual Allocation
 

Initial Cash (Z of
 
Component Capital Co.c Total)
 

Power Generating Station Located At Khanot
 
Colony (mine site) 37.455
 

Main Water Supply System 6,852
 

Main Electrical Power Systems 4,963
 
Main Access Road 7,620
 

Total 56,890 2.397 100
 

Power Generating Station Located At Lakhra
 

Colony (mine site) Mine &
 
Poer Plant 74,664 3,754 45
 

*Main Water Supply System 0
 
M4aIn Electrical Power System 0

*Main Access Road 
 0
 

Note:
 

Estimated by G/C It - 100%power plant allocation.
 

The Colony 

Complete colony plans were developed for the Khanot power plant 

site case to provide housing for approximately 2,000 employees and 

their families (see Exhibit 6C). Estimates of the cost of various utility 

services for the colony have been prepared, including the cost of 

streets, water, and electricity distribution and a sanitary waste disposal 

system. 

Under the mine site power plant scenario, the size of the colony is 

expanded to 4,200 employees, including 2,200 assigned to the power 

plant. Although a common site is used in this case, the arrangement of 

the colony will separate mine and power plant personnel by a central 

corridor which contains the community facilities (shopping center, 

JOHN T. BOYD COMPANY 
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hospital, guest house, park, high schools, and central mosques). 

Neighborhood primary schools, mosques, recreational areas, and parks 

vwo-d also be incorporated into the colony plan. 

The planned location for the colony is west of the northwest 

corner of the proposed West Pit surface mine. This location was 

selected for two primary reasons: (a) prevailing wind directions are 

more favorable here, and (b) coal reserves underlying this area are not 

considered mineable. The location takes advantage of the prevailing 

winds to keep the industrial activity downwind from the colony, 

reducing dust and noise nuisance from the mine operations. An 

improved road, 5.25 km in length, connects the colony to the main 

access road. Regular bus service is planned for 16 hours each day 

between the Lakhra Colony and the Pakistan Railway station at Khanot. 

Khanot is included as a regular stop on existing bus service to 

Hyderabad and Karachi over the Indus Highway. 

The types of housing and number of employees assigned to each 

category closely follow the WAPDA Colony standard and are summarized 

below. Housing categories vary. in living area (from 290 square meters 

for Category I to 50 square meters for Category VI) and interior and 

exterior finish specifications, with Category I having the highest 

quality standards. Approximately 15 percent of the Pakistani labor 

force is assumed to reside in singles quarters. 

Power Plant Site
 
Lakhra Khanot 

Category I 10 7 
Category II 60 50 
Category III 151 75 
Category IV 1,439 700 
Category V 1,242 605 
Category VI 670 330 
Single Officers Housing 61 30 
Housing For Single Workers 514 231 

TOTAL 4,147 2,028 

JOHN T. BOYD COMPANY 
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Community facilities include the following major components: 

No. of Facilities
 
by Power Plant Site 

Lakhra Khanot 

Mosques - Central 2 1 
Mosques - Neighborhood 6 3 
Hospital 
Schools - Primary 

1(80 beds) 
6 

1 (40 beds) 
3 

Schools - Secondary 2 1 
Shopping Center 2 1 
Guest House 1 1 

Other community amenities, such as indoor and
 
outdoor recreation units, streets and pathways,
 
utilities, electricity, water system, and
 
sanitary waste disposal, are constructed to
 
complete the modern colony concept.
 

Tho layout of the community provides for future expansion 

consistent with the present architectural concept. Buildings are of 

masonry construction and should not require any major replacement over 

the projected 30-year life of the mine and community. Personnel and 

supplies for continued maintenance are included in the operating cost 

estimate to allow routine painting, plumbing, electrical and roof repairs 

in accordance with the original construction standards. 

Water Supply System 

The only dependable supply of water is the Indus River, located 

2.5 km east of Khanot. Based on experience at an Irrigation 

Department pumping station located on the Indus River near Khanot, 

water is available year-round. 

Indus River raw water contains fine sand, silt and colloidal 

impurities, ranging from 100 ppm to 6,000 ppm. Prior to pumping, the 

JOHN T. BOYD COMPANY 
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planned water system will include a series of settling tanks to clarify 

the raw water. This will reduce wear on pump equipment and the main 

pipeline to Lakhra. 

The level of the Indus River varies greatly with the seasons. The 

location of the water inlet must be selected based on low water 

conditions, or it should be mounted on a pontoon. 

Estimated water requirements are increased by a factor of 11.3 if 

the power plant is located at Lakhra. 

Estimated Mine Site
 
Water Demand (liters - 000/day)
 

by Power Plant Site
 
Lakhra Khanot 

Raw Potable Raw Potable 
Industrial 

Power Plant 
Surface Mines 
Underground Mine 

-
2,750 

76 

63,500* 
325 
65 

-
2,750 

76 

-
325 
65 

Colony
 
Power Plant - 3,500 -
Mine - 2500 2500 

Allowance for wastage,

expansion 978 8,062 978 546
 

Subtotal 3,804 77,952 3,804 3,436
 

Total Raw & Potable 81,756 7,240
 

Note:
 
* Estimated by G/C II. 

Lakhra Power Plant Site 

Compared with power plant water requirements, the mining 

operation's estimated water usage is minor (74.5 versus 7.2 million liters 

per day) The capital and operating costs of the main water supply 

system (i.e., Indus River to the Lakhra power plant, including central 

water treatment facilities) are assigned to the power plant. Distribution 

of raw and potable water from the power plant to the mine(s) and 

colony are included in this study. 

JOHN T. BOYD COMPANY 
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Raw water is pumped from the power plant a distance of 2.5 km to 

the central mine raw water holding tank (4800 cubic meters capacity), 

located near the underground Mine No. 1 portal area. From this point, 

raw water is disiributed to three 600 cubic meters capacity storage 

tanks, one at Mine No. 1, one at West Pit, and the third at East Pit. 

The Mine No. 1 water tank is filled by gravity flow, whereas the two 

surface mine tanks require pumping. Primary uses oi raw water are 

dust control on the roadways and dust control and fire protection in 

the undergrcund workings of Mine No. 1. 

Tanks are of reinforced concrete construction, partially located 

below grade to reduce wall pressure, and have concrete roofs to keep 

out dust and other debris and to reduce evaporation. With regular 

maintenance, the concrete tanks should have an indefinite useful life. 

Potable water is pumped from the power plant water treatment 

facility to two elevated storage tanks (1000 cubic meters capacity each). 

Elevated 20 meters above surface level, potable water is distributed by 

gravity flow to the individual mines and the colony. 

Khanot Power Plant Site 

An independent water supply system has been designed by 

Engineering Consultants to provide the water requirements of the 

mining operation, including the colony. A series of five horizontal 

centrifugal river inlet pumps (200 cubic meters/hr. capacity each) are 

mounted on a steel pontoon and connected to the earthen embankment 

settling tank through flexible pipe connections. Three short-coupled 

vertical pumps are immersed in the overflow from the settling tank. 

JOHN T. BOYD COMPANY 
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Water is pumped through two parallel 400 mm diameter pipes a distance 

of 24 km to the central raw water holding tank, 8,400 cubic meters 

capacity, located at the mine site. Raw water distribution from the 

central raw water storage tank includes underground Mine No. 1 (direct 

gravity flow), West Pit and East Pit surface mines, and the water 

treatment plant for the potable water system. 

The filtration and treatment plant is used to upgrade raw water to 

potable water. Incoming raw water enters sedimentation tanks after 

alum dozing, then is filtered through a rapid sand filter bed. Clarified 

water is chlorinated prior to being pumped to the elevated potable water 

storage tank. From the 900 cubic meters capacity storage tank, potable 

water is distributed to the three mines and the colony by gravity flow. 

The tank is elevated 20 meters (65 ft.) above the ground surfaco to 

supply operating pressure. 

The cost of rhemicals, power, fuel and repair materials is included 

in the estimated operation costs. 

In conjunction with other irrigation projects in the Dadu District, 

consideration could be given to running an additional pipeline for 

irrigation use. 

Sanitary Waste Disposal 

The colony area is located on a comparatively level plain. The 

sanitary waste system includes a network of main and lateral sewers, a 

sewage pumping station and oxidation ponds. The 150 mm and 200 mm 

sewer line network is designed to achieve the necessary cleansing 

velocity of 0.6 to 0.8 meters per second. Final line outlets are 

JOHN T. BOYD COMPANY 
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subsurface and require a pump station to elevate the waste to oxidation 

ponds on the surface. The pump station is equipped with bar screens, 

a wet well and a dry well designed to accommodate horizontal 

non-clogging pumps. Total sewage from the colony is estimated at 

4,300 cubic meters per day for the combined power plant/mine colony 

(Lakhra power plant site) and 1,900 cubic meters per day when the 

mine site colony is limited to mine personnel. Treatment in oxidation 

ponds, utilizing natural sunlight and air, is an effective, low cost 

method of treatment. A series of earthen ponds, each 160 meters x 

60 meters with a working depth of 2 meters (19,000 cubic meters 

capacity each) are planned. Four ponds will be used for the combined 

colony and two ponds for the mine-only colony. The effluent, reduced 

by evaporation and seepage, will be discharged into the central 

drainage system. 

Smaller systems are provided from the three mine service areas. 

Individual small capacK'y septic tanks are provided for the colony guard 

room and the common coal handling area. 

No provision for storm water has been included in the sewer 

system. During monsoon season, a limited number of severe rainfalls 

are common. Storm water will be gathered in surface drains and 

discharged into the normal surface drainage system. 

The cost of the sanitary waste disposal systems is included in the 

mine and colony cost centers. 

Power System 

An existing WAPDA grid station of 5 MVA 132/11 kv capacity is 

located at Khanot. One 11 kv line from Khanot is under construction to 

service the existing Lakhra coal mines located south of the present 

JOHN T. BOYD COMPANY 
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study area. Temporary facilities for new construction can be serviced 

from the 11 kv line. Electrical power to the Indus River water pumping 

station will be distributed from the 11 kv line at Khanot. 

Estimated average daily power requirements for the mines, colony, 

and mine site infrastructure are between 47,200 to 50,000 kw. 

Combined capacity of the mine site substations totals 81,000 kva. 

Estimated Daily Mine Site Electrical Power Requirements
 

Assigned

Estimated Average Load Substation
 

Component KW KVA Capacity (KVA)
 

West Pit 18,000 - 19,000 21,000 30,000
 
East Pit 
 18,000 - 19,000 21,000 30,000
 
Underground No. 1 
 1,700 - 1,800 2,000 5,000
 

Central Coal Handling
 
Colony* 5,000 - 5,500 6,000 8,000
 
Minesite Infrastructure 175 225
- 200 500
 
Contingency .1,300 - 4,600 5,000 7,500
 

47,200 - 50,000 55,200 81,000
 

*Colony estimate based on combined power plant/mine colony;
 
if Khanot power plant location is selected, the colony
 
substation could be reduced to 5,000 KVA capacity.
 

The electrical distribution system within the mine site area will be 

the same regardless of the power plant siting. Infrastructure 

requirements (construction of mainline 132 kv electrical service from the 

existing Khanot substation to the Lakhra mine site) vary with the power 

plant location. In the case of a mine-mouth Lakhra power plant, the 

power company assumes full responsibility to provide both temporary 

service during mine development and the permanent electrical supply 

from the new Lakhra power station. 

If the Khanot pow-er plant site is used, the mine assumes 

responsibility for providing all mainline power service to Lakhra. Two 

132 kv electrical lines would be constructed from the existing Khanot 

substation (future Khanot power plant site) to the main mine site 

substation (100,000 kva). 

JOHI T. BOYD COMPANY 
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In all cases, electrical power for the initial overburden drills and 

large capacity stripping shovels is required by year D-5. This is a 

critical path item which could delay mine implementation (development) 

schedule. Upon selection of the final power plant site, we recommend 

that final design be completed on the main electrical power line and 

construction begun on a priority basis. 

It must be recognized that the proposed mines are dependent on a 

continuous supply of electrical power at the specified demand levels. 

Guaranteed power service, including an alternative source, will be 

required from WAPDA. 

For capital cost estimation, we have been directed to assume all 

substations will be supplied directly by WAPDA. Electrical distribution 

system costs are included in the individual mine and colony cost 

centers.
 

Access Roads
 

Present access roads into the Lakhra area vary from a narrow, 

traffic-bound, asphalt-treated macadam road near the junction with the 

Indus Highway at Khanot to dirt roads and wheel tracks near the 

Lakhra reserve. 

None of the existing access roads are acceptable, and a new 

dedicated roadway is planned. The new road will leave the Indus 

Highway near Khanot at a distance of approximately 45 km from 

Hyderabad. Due to less restrictive design grade criteria, the road 

route is more direct than the proposed railroad route, but both share a 

common right-of-way in some areas. Construction cut/fill quantities are 

estimated off a field plant table survey. Soil tests were performed to 

JOHN T. BOYD COMPANY 
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determine the suitability of the soil as subgrade material. A heavy 

duty improved road design, including coarse and fine rock bases, 

topped with 25 cm thick subbase/top coat asphalt, is planned. The 

finished level of the road is approximately 1.2 meters above the grade. 

Embankment level is 0.5 to 0.75 meters above grade; boy culverts 

are used for crossing all waterways. No bridges are required. The 

size of drainage structures is based on the effective drainage area and 

potential water flow. 

The estimated total cost of the 24.2 km of highway from the 

junction with the Indus Highway at Khanot to underground Mine No. 1 

is $6,927,000 (Rs. 109,447,000). This road design provides for a long 

term, full speed, relatively low maintenance highway. 

We have assumed the roadway would be dedicated to the Lakhra 

Coal Project. If the GOP or Sind Province governments participate in 

the financing, road usage would probably be opened to the general 

public. In this case, it would be advisable to share maintenance 

expenses or turn maintenance over to the local highway department. 

Reduction in road construction specifications would lower initial 

capital cost. Such a roadway could be constructed for an estimated 

cost of $4,900,000 (Rs. 77,420,000). The reduction in highway cost of 

$2,027,000 is partially offset by the cost of additional equipment 

estimated to cost $331,000 and an estimated $130,000 in increased annual 

maintenance costs covering additional labor, supervisors, fuel, 

equipment maintenance, and contract costs for spot resurfacing, and 

equipment replacement. 

JOHN T. BOYD COMPANY 
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Compared to the present vlue of additional equipment and annual 

operating costs, the overall initial capital cost reduction is negligible, 

and the lower cost road would result in traffic congestion and require 

lower vehicle speeds for safe travel. 

We believe the additional cost of the superior roadway is warranted 

and have included such costs in this report. 

Summary of Colony and Major Service Operations 

Organized under the supervision of a Chief Administrative 

Officer - Infrastructure, the operation and maintenance of the colony 

and common infrastructure are composed of the following functional 

units: 

1. 	 Colony Buildings and Grounds: Maintains the colony 
proper and includes care and operation of recreational 
facilities, electrical, plumbing and building repair and 
security within the Colony. 

2. 	 Water, Roads, and Streets: A group organized to 
operate the water system, inspect the sanitary waste 
system, maintain drainage and street roads, and perform
minor repairs to colony streets and main access roads. 

3. 	 Hospital: Supervised by a medical chief of staff and 
assisted by doctors, nurses, and technicians. 

4. 	 Schools: Supervised by a school superintendent, 
principals, and teachers. 

Schedules, following this text, provide additional detail on the 

estimated labor, initial capital, average annual replace:n-Int expense, and 

direct operating cost of the common facilities. 

Schedule by
 
Station Site
 

Lakhra Khanot Description
 

B-4-1 B-4-2 Estimated Labor Force and Cost
 

C-4-1 C-4-2 Estimated Initial Capital Expenditures
 

D-4-1 D-4-2 Estimated Equipment Replacement Expense
 

E-4-1 E-4-2 Estimated Operating Cash Cost
 

JOHN T. BOYD COMPANY 



Year 


Description 


ADMINISTRATION
 
t fA d
Chief Administrative Officer 

Deputy Administrative Officer 

Clerical/Secretarial 


Total - Administration 


BUILDINGS AND GROUNDS
 
Staff:
 
Colony Superintendent 

Assistant Superintendent

Foreman 

Chief Constable 


Subtotal - Staff 


Workers:
 
Clerks 

Assistant Chief Constable 

Mason - Grade 180 

Mason - Grade 2 

Mechanic . Grade 1 

Mechanic . Grade 2 

Electrician - Grade 1 

Electrician - Grade 2 

Waste Disposal Collectors 

Waste Disposal Drivers 

Recreation and Civic Facil. 

Equipment Operators 

Assistant Operators 

Constables 

Light Truck Drivers 

Gardeners 

Helpers 

Bus Drivers 


Subtotal 


Absentees 


Subtotal - Workers 


Total - Buildings and Grounds 


WATER.ROADS. ANDSTREETS 
Staff:
 

Supervisor 

Foremen 


Subtotal - Staff 


Workers:
 
Assistant Foremen 

Water Attendants 

Assistant Water Attendants 

Equipment Operator 

Assistant Operator

Truck Driver 

Helpers 


Subtotal 

Absentees 


Subtotal - Workers 


Total - Water, Roads, and Streets 


SCHEDULE B-4-1
 

ESTIMATED LABOR FORCE AND COST 
INFRASTRUCTURE 

LAKHRA SITE OPTION 
LAKHRA COAL PROJECT 
Sind Province, Pakistan 

For 
USAID/PAKISTAN - WAPDA 

CONTRACT NO. 391-0478-C-00-5006-00 
By

John T. Boyd Company
 
Mining and Geological Engineers
 

December 1985
 

0-6-r 0-5 0.4 D-3 0-2 

(S) Number of Employees
 

7,500 1 1 1 1 1 
350 
130 

1 
2 

1 
2 

1 
3 

1 
3 

1 
3 

4 4 5 5 5 

455 1
-1 


360 1 1 1 

285 2 3 4 

285 ._ - 1 1 1 

5 6 7 


195 - 2 4 5 
245 -2 3 

- 2 2 2 
170 -2 2 2 
180 - - 1 2 3 
170 - 1 2 
180 - 2 2 3 
170 - 2 3 
130 - 4 6 
130 - 4 6 
170 4 10 20 
235 1 1 1 
210 2 2 2 

130 7 16 25 
130 - 2 3 4 
130 - 2 4 5 
130 - 4 7 12 
130 - - 3 3 3 

- 42 71 107 

ISO - 7 12 18 

49 83 125 


54 89 132 


360 1 1 1 1 
285 - 1 1 2 3 

2 2 3 4 

245 1 1 2 3 
180 - 1 1 2 2 
170 - 2 2 2 3 
235 - I 1 1 2 
220 - 1 1 1 2 
130 - 1 2 2 3 
130 .2 3 4 5 


9 11 14 20 

175 2 2 2 3 


11 13 16 23 

13 15 19 27 
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0-I

through
t.30
 

1
 

1 
3 

5 

1
 
2
 
8
 
1
 

12
 

8
 
4
 
3
 
2
 
4
 
3
 
5
 
4
 
9
 
9
 
35
 
2
 
3
 
43
 
6
 
7
 
17
 
1O
 

174
 

30
 

204
 

216 

1
 
5
 
6
 

4
 
4
 
4
 
2
 
2
 
4
 
7
 

27
 
5
 

32
 

38
 

i' 
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SCHEDULE B-4-1 - Continued 

Year 0-6 0-5 0-4 D-3 0-2 

0-I 
through
D-30 

Description ... Number of Employees 

SCHOOLS 

School Superintendent 
Assistant Superintendent 
School Principal 

Subtotal - Staff 

460 
360 
360 

-
-
-

-

-

- 1 
1B 
10 

1 
1 

10 
12 

Workers: 
Teacher 
Clerks 
Housekeeping 
Helpers 

245 
195 
130 
130 .-

-

-
.1 

-
-
-

57 
6 

5 

68 
B 
6 

Subtotal - - 73 88 

Absentees 225 - 12 15 

Subtotal - Workers 85 103 

Total - Schools 95 115 

HOSPITAL 

Medical Chief of Staff, Doctor 
Medical and Surgical Doctors 
Superintendent of Nurses 
Supervising Nurses 
Accounting Officers 

Subtotal - Staff 

540 
455 
360 
285 
285 _ 

-
-

. 

11 
1 
1 
1 
1 

5 

4 
1 
2 
1 

9 

7 
1 
3 
1 

13 

1 
10 
2 
4 
2 
19 

Workers: 
Nurses 
Medical Technicians 
Technicians - Ambulance Drivers 
Clerks 
Food Services 
Custodians 
Housekeepers 

245 
245 
245 
195 
195 
195 
130 . ." 

6 
1 
1 
1 
2 
1 
3 

9 
3 
3 
3 
3 
2 
7 

15 
4 
5 
4 
7 
3 
10 

23 
6 
8 
5 
lC 
5 
16 

Subtotal - 15 30 48 73 

Absentees 210 - 3 5 8 12 

Subtotal - Workers - 18 35 56 85 
Total - Hospital - 23 44 69 104 

WORKFORCE SUMMARY 
Expatriates: 

Administration I I I I I I 

Nationals: 
Administration 
Building and Grounds 
Water, Roads, and Streets 
Schools 
Hospital 

3 3 
-
13 

-

4 
54 
15 
23 
L 

4 
89 
19 

-

4 

4 
132 
27 
95 
69 

4 
216 
38 
115 
104 

Subtotal - Nationals 3 16 96 156 327 477 
Total Workforce 4 17 97 157 328 478 
Staff 4 6 17 23 39 54 
Workers 11 8O 134 289 424 
Total 4 17 97 157 328 478 

ESTIMATED LABOR COST 
Staff - Direct Compensation 
Base - (L) 

- (F)
Allowances - (L) 

-(F) 
Subtotal - Staff Direct 

4 
54 
3 

36 
97 

8 
54 
6 

36 
104 

33 
54 
23 
3_6 
146 

50 
54 
34 
36 
174 

93 
54 
62 
36 
245 

131 
54 
87 
36 
308 

Workers - Direct Compensation 
Base 
Allowances 

14 
LO1 

99 
65 

163 
108 

386 
259 

558 
372 

Subtotal 24 164 271 645 930 

Overtime 2 12 19 46 67 

Subtotal - Workers Direct 26 176 290 691 997 

Fringe Benefits 
Staff - (L) 

-(F) 
Workers 

2 
21 

4 
21 
5 

13 
21 
38 

20 
21 
63 

35 
21 
147 

so 
21 
212 

Subtotal - Fringes 23 30 72 104 203 283 

Total Colony and Infrastucture 
Local

Foreign 

120 
9

III ~ 
160 
49 

394 
283
I1 

568 
457 
11 

1,139 
1,028

l 

1,588 
1,477

1 
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SCHEDULE C-4-1 

ESTIMATED INITIAL CAPITAL EXPENDITURES 
INFRASTRUCTURE 

LAKHRA SITE OPTION 
LAKHRA COAL PROJECT 
Sir.dProvince, Pakistan 

For 
USAID/PAKISTAN - WAPDA 

CONTRACT NO. 391-0478-C-00-5006-00 
By 

John T. Boyd Company 
Mining and Geological Engineers 

December 1985 

Expressed InThousands U.S. Dollars 

Year: D-6 0-5 D-4 0-3 0-2 D-1 

Unit Useful Total 

Item Description 
Cost 

(000) 
Life 

(yrs_) 
Initial Capital
Loca ore gn 

A. WATER SUPPLY 

Water Storage 
I- Central raw water receiving tank, 

45 m x 36m x 3.4 m, dualcompartment, 
Local 
Foreign 

1.263 LOl 1,263 
-

-
-

1,263 

(4,800 m 
3 
capacity). 

3 - Individual mine raw water storage tanks -

West Pit, East Pit,and Underground Mine 

No. I @ 600 m 
3 
ea.(15m x 15m x 3.2 m). 

2 - Elevated potable water storage tanks: 

1,000 M
3 
capacity (18n v 18m x 3.4 m). 

All tanks are constructed of reinforced 
concrete, Including covers. All tanks 
are erected on-site. 

I - Water Pumping Station Local 147 LOM 147 147 
Pumps for raw water distribution to Foreign -
mines and colony - including three 
horizontal centrifugal pumps (100m 

3
/hr. 

capacity ca.), piping, and required 
plumbing and electrical hardware. 

Pumps to supply filtered water to the 
elevated storage tank - Including three 

horizontal centrifugal pumps (170m.3/hr. 
capacity ea.), piping, and required 
plumbing and electrical hardware. 

Pump house building, 10m x 10m. 

Standby Diesel generator (20 kw). 

Raw Water Distribution Local 195 LOM 195 195 
1 Lot - Pipeline network including 0.5 km of 

400 mm diameter pipe, 4.6 km of 200mm 
diameter pipe. 0.6 km of 100mm 

Foreign 

diameter pipe, and 0.35 km of 75 mm 
diameter pipe  service from central 
raw water holding tank toWest Pit, 
East Pit, and Underground Mine No. I. 
Includes pipeline construction and 
necessary pipeline valves and 
fittings. 

Potable Water Distribution Local 725 LON 725 725 
1 Lot - Pipeline network including 6.4 km of 

400 mm diameter pipe, 4.7 km of 100 -
Foreign -

diameter pipe, and 0.85 km of 75 
diameter pipe. Includes pipeline
construction and necessary pipeline
valves and fittings. 

Engineering (51) Local 117 L014 117 117 
Foreign -

TOTAL - ITEM A Local 2,447 --- 2,447 
Foreign - -

.NQ• 
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SCHEDULE C-4-1 Continued 

Year: 0-6 0-5 0-4 0-3 0-2 0-1 

Item Description 

Unit 
Cost 
(000) 

Useful 
LIfe 
yrs.) 

Total 
Initial Capital 
Loc Foreign 

B. POWER DISTRIBUTION AND COIMUNICATIONS 

- Lot transmission lines, 132 kv and I1kv 
from plant switchyard tocolony (10km) 

Local 
Foreign 

31 
31 

LOM 310 
310 -

310 
310 

- 24 channel VHF multiplex telephone system 
and telex communication system with 
teleprinter, including cables and 
installation 

Local 
Foreign 

258 
-

15 258 
-

- 258 

Temporary power line, 11 kv. to supply 275 kw 
power supply for construction purposes at site 

Local 
Foreign 

14 
-

114 - 14 

Engineering and design of power distribution 
system 

Local 
Foreign 

34 LOM 45 
- -

45 

TOTAL - ITEM B Local 
Foreign 

627 
310 -

- - 627 
310 

C. UTILITY MAINTENANCE EQUIPMENT 

2 - Front-end loaders Local 
Foreign 

12 
209 

8 12 
209 

-
-

12 
209 

24 
418 

4-Dump trucks Local 
Foreign 

2 
35 

8 2 
35 

2 
35 

2 
35 

2 
35 

8 
140 

2 Pick-up trucks, 1/4tonne, FWD Local 
Foreign 

2 
10 

6 2 
10 

2 
10 

-
-

4 
20 

1-Pick-up truck, 3/4 tonne, FWD Local 
Foreign 

2 
24 

6 -
-

2 
24 

- 2 
24 

1- Lot spare parts Local 
Foreign 

3 
GO -

- 3 
60 

- 3 
60 

1 - Lot small tools and supplies Local 
Foreign 

35 
30 

-
-

35 
30 

-
-

35 
30 

TOTAL - ITEM C Local 
Foreign 

4 
45 

56 
368 

2 
35 

14 
244 

76 
692 

0. COLONY HOUSING 

10 - Category Iunits Local 
Foreign 

62 LOM 620 
- - -

- 620 
-

60 - Category IIunits Local 
Foreign 

47 LOM 376 
-

940 
-

940 
-

564 
-

- 2,820 

151- Category Iltunits Local 
Foreign 

22 
-

1OM 352 
-

1.188 
-

1,188 
-

594 
-

- - 3,322 

1,439 - Category IVunits Local 
Foreign 

13.1 
-

LOM 2,751 
-

3,668 
-

4,585 
-

4,585 
-

3,262 - 18,851 

1,242 - Category V units Local 
Foreign 

8.7 LO 1,566 
-

2,140 2,610 
-

2,610 
-

1,879 
-

10,805 

670 - Category VIunits Local 
Foreign 

7.4 
-

LOM 740 
-

962 
-

1.228 
-

1.228 
-

799 
-

4,957 

61 - Single staff residences Local 
Foreign 

6.1 
-

LOM 183 189 
-

- - 372 

514 - Single worker residences Local 
Foreign 

6.1 
-

LDM 668 
-

668 - 1,336 

I- Guest house Local 
Foreign 

165 1OM 165 - - 165 

TOTAL - ITEM 0 Local 
Foreign 

7,256 
-

9,920 10,551 
-

9,581 
-

5,940 
-

43,248 
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SCHEDULE C-4-1 - Continued 

Year: 0-6 0-5 0-4 D-3 0-2 0-1 

DtemOescription 

Unit 
Cost 
(000) 

Useful 
Life 
(yI.) 

Total 
Initial Capital
Local Foreq 

E. COMMUNITY BUILOINGS AND FACILITIES 

3 - Recreation facilities Local 
Foreign 

23 LO 23 23 23 69 

6 - Primary schools Local 
Foreign 

148 LOH 
-

296 296 
-

296 
-

888 

2 - Secondary schools Local 
Foreign 

325 LOtM 
-

325 
-

325 
-

650 

2 - Shopping centers 'ocal 
Foreign 

144 
-

LO 144 144 - 288 

2 - Central mosqjes Local 
Foreign 

75 LON 75 
-

75 - 150 

6 - Local mosques Local 
Foreign 

33 
-

LON 33 
-

33 66 66 - 198 

I - Hospital, 80 bed, equipped Local 
Foreign 

750 
320 

LONl 500 250 
- 320 -

750 
320 

2 - Indoor recreation centers Local 
Foreign 

148 
-

LOH 148 148 296 

2 - Swimning pools, basketball and tennis courts Local 
Foreign 

122 LOM 
-

122 
-

122 
-

244 

2 - Worker community centers Local 
Foreign 

76 LON 76 
-

76 
-

152 

2 - Outdoor recreation facilities Local 
Foreign 

18 LOIN 18 
-

18 
-

36 

TOTAL - ITEM E Local 
Foreign 

533 677 1,218 
320 

1,293 3,721 
320 

F. COLONY SERVICE FACILITIES 

1 - Lot power distribution and lighting Local 
Foreign 

1,213 
400 

LO 200 
100 

400 
100 

500 
100 

113 
100 

1,213 
400 

1 - Lot water distribution Lucal 
Foreign 

1,207 
301 

LOl 52 
13 

260 
65 

400 
100 

332 
83 

163 
40 -

1.207 
301 

- Lot sanitary waste disposal Local 
Foreign 

834 
-

LON 20 
-

100 220 476 18 - 834 

- Lot streets Local 
Foreign 

5.961 
462 

LOM 2,080 
161 

2,080 
161 

1.801 
140 

5,961 
462 

- Lot horticulture Local 
Foreign 

74 
-

LON -
-

- - 74 
o 

74 

- Lot land acquisition Local 
Foreign 

60 
-

LOM 60 
- -

- 60 

- Lot land development 

- Lot access roads, Lakhra mines to colony 

TOTAL - ITEM F 

Local 
Foreign 

Local 
Foreign 

Local 
Foreign 

531 
-

1,290 

LOl 

LON 

150 

. 

2,3S2 
174 

381 

200 

3,221 
326 

300 

3.121 
340 

700 

2,008 
183 

-

90 

458 
140 

531 

1,290 

11,170 
1,163 

I/
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SCHEDULE C-4-1 - Continued 

Year: 0-6 D-5 0.4 0-3 0-2 0-1 

Item Description 

Unit 
Cost 
(000) 

Useful 
Life 
(yrs.) 

Total 
InitialCapital 
_Lcan 

G. COLONY MAINTENANCE EQUIPMENT 

2 - Front-end loaders Local 
Foreign 

12 
209 

8 12 
209 

12 
209 

24 
418 

4-Dump trucks Local 
Foreign 

2 
35 

8 4 
70 

4 
70 -

8 
140 

8 Garbage trucks Local 
Foreign 

2 
38 

8 4 
76 

6 
114 

6 
114 

16 
304 

6  Pick-up trucks, 1/4tonne. FWD Local 
Foreign 

2 
10 

6 4 
20 

2 
10 

4 
20 

2 
10 

12 
60 

6 -Pick-up trucks, 3/4 tonne, FWD Local 
Foreign 

2 
24 

6 4 
48 

2 
24 

4' 
48 

2 
24 

12 
144 

9 - Buses Local 
Foreign 

25 
20 

8 25 
20 

75 
60 

50 
40 

75 
60 

225 
180 

2 - Hospital ambulances 

1- Lot spare parts 

1 - Lot small tools and supplies 

Local 
Foreign 

Local 
Foreign 

Local 
Foreign 

4 
80 

3 
60 

30 
25 

8 

-1 
20 

30 
25 

4 
80 

20 

-

1 
20 

4 
80 

-

8 

3 

30 

160 

60 

25 

TOTAL - ITEM G Local 
Foreign 

8 
68 

76 
378 

84 
236 

81 
521 

89 
288 

338 
1.491 

H. MISCELLANEOUS 

Project engineering 

Contingencies (10% - ItemsA thru H) 

Local 
Foreign 

Local 
Foreign 

2,500 
-

1,500 

1,323 
48 

S0 

1.383 
39 

500 

1.497 
108 

1.302 
79 

-

641 
70 

-
-

18 
53 

2.500 

6,164 
397 

TOTAL - ITEM H Local 
Foreign 

2,823 
48 

1,883 
39 

1.997 
108 

1,302 
79 

641 
70 

18 
53 

8,664 
397 

GRAND TOTAL 

Duty and Taxes @ 45% 

Local 
Foreign 

16,048 
532 

251 

15,709 
433 

205 

16,967 
1,191 

563 

14,324 
866 

409 

7,048 
766 

362 

195 
585 

276 

70,291 

2,066 

4.373 



SCHEDI 

ESTIMATED EQUIPMENT RI
INFRASTF 

LAKHRA 51iLAKHRA CO/ 
Sind Provin( 

For 
USAID/PAKISTAN . WAPOA 

CONTRACT NO. 391-0478.C.o0.5006.00 
Expressed in Thou! 

0E1 0.2 0.3 0*4 0.5 0.6 0.7 0.8 0.9 D.10 0,:j 0.1_2 

A. WATER 

item/Oescription 

SUPPLY 

Unit Useful
Cost Life 
(00) (Years) 

- Lotpotable water pipelines from power 
planttomines Ind colony 

I - Lotraw water ptg netomnes 

- Raw water storage tank 

I - Pump station, mines andcolony 

I - Elevated potable water storage tank 

Local 
Foreign 
Local 
Foreign 
Local 
Foreign
Local 
Foreign 
LocalForeign 

235 LOH 
235 
105 LOM 
100. 
328 LON 
28... 
30 LON.. 

520 LON 
. 

Engineering 

Total- ItemA 

Local 
Foreign
Local 
Foreign 

100 L.4.. 

- --

S. POWEROISTR ION AND COMUNICATIONS 
- Lottransission lines,power plant to 
power plant and colony (10 km) Local 31.5 LON 

2*24 channel VHFmultilex system and telex 
cmmunication system 

Temporary construction power 
Engneerng 

Total- Item8 

Foreign 

Local 
Foreign 

Localn 
Foreign
Local 
Foreign
Local 
Foreign 

10 

258 

34 

1s 

LON 

7 . . . . . . 

C. TILITY AINTEPIANCEEQUIPMENT 
Front-end loaders 

Dump trucks 

2 - Pick-up truck,. 21/4tonne, FD 

I - Pick-up trucks, 3/4tonne, Do 

Local 
Foreign
Local 
Foreign
Local 
Foreign 
Local 

12 
209
2 

35 
2 

10 
2 

8 

8. 

6 
6 

- 2 
10 

. . 

2 
10 
2 

35 

. 
20209 
35 

12 12 
- 292 2092" 

35 35 
2 
10 

2 
10 
2 

3! 

I - Lotspareparts 

1 - Lot small toolsand supplies 

Total- ItemC 

Foreign 
LocalForeign 

Local 
Foreign
Local 
Foreign 

24 
360 

30 
30 

. 
-

-
10 

24 

-i 
34 

-
35 

.24 

- j j-
244 3S 

-
244 

-
10 34 35 

0. COLONYHOUSING 
'-Category I units Local 62 LON 

39 Category 11units 

141- Category IIIunits 

1.335- Category IVunits 

1-156- Category V units 

626 - Category VI units 

61 SingleStaff residences 

Foreign 
Local 
Foreign
Local 
ForeIgn 
Local 
Foreign 
Local 
Foreign 
Local 
Foreign 
Local 

47 LOEI 

22 LO, 
. 

13.1 LON 

8.7 LON 

.7.4 LON 

6.1 LON 

. 

514 - Single worker residences 

I ,Guest house 

Total- ItemD 

Lc 
Foreign
Local 
Foreign
Local 
Foreign 

2.6 LON 

165 LON 
. 

- . -
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SCHEDULE D-4-1
 

STIMATED EQUIPMENT REPLACEMENT EXPENDITURES
 
INFRASTRUCTURE
 

LAKHRA SITE OPTION
 
LAKHRA COAL PROJECT
 

Sind Province, Pakistan
 

Expressed In Thousands U.S. Dollars J yJohnT.BoydComoany
 
MiningandGeological
Engineer


Oecember 1905
 

9 D10 C-11 0412 0.13 0+14 0.15 0.16 D17 0.19
0+18 D20 D+21 D22 0*23 D24 0.25 0+26 D27 0426 0#29 
 0.30
 

Total 
Replacement 

- Capital
LOCI Foregn 

.0 C 

--
7o 

" "-- : 
 " - : -: -- - -_ - - .

- -258 
- 258 

- 2 12 12 - - 12 - -12 - 842209 12 

- 209 

-- 2 02 2 02- 2 2 2 2 - 2 1,463-
* - 35 35 35 35 - - 35 3 5 25 2 

20  * - 2 -2 2 *-2 2 -210 - 0 10 - - 10 - -10 -10 10 20* 10024 -*-4 - 24 - 242 - - - 2 -10- - 24 120 

34 -  35 244 45 i8s- 45 278 35 244 - 10 243 - *2,102 

SCHEDULE0-4-1 

ESTIMATED EQUIPMENT REPLACEMENT EXPENDITURES
 
INFRASTRUCTURE
 

LAKHRA SITE OPTION
 
LAKHRA COAL PROJECT
nProvince Pakistan
 

Sheet 1 of 2 



SCHEDULE 0-4-1 

AnnualProduction - Tonnes (000):ROM k 4 h s-*06 22 0.8 O*g 010 0 _ 
Hand-picked 

Unit Useful 
Cost Life 

Item/Description (00 (Years) 

E. COMMUNITY BUILDINGS AND FACILITIES 
3 Recreation racilities Local 23 LON 

6 Primary schools 

2. Secondary schools 

Foreign 
LocalForeign 
Loce 

-
148 LOM-
32 LO 

Foreign 
2 Shopping centers LocalFor ,ign 144 LO 

2 - Centralmosques Loci 75 LOM 

-Locamosques 
I - Hospital, 80 bed,equippel 

Foreign 
Local
Foreign
Loci 

3375
0 

LOM 
LO 

2 - Indoorrecreation centers ForeignLocal 320148 LO 

2 - Swieming pools, basketball and 
tennis courts 

Foreign 
Local 

-

122 LOi 

2 - Worker comunity centers 
Foreign 
Loral 
Foreign 

76 
. .. 

L. . 
. 

.. 
. . . . . . . . . 

. 
2 - Outdoor recreation facilities Local 16 LO. . . 

Total - Item E ForeignLocal -
- : 

Foreign 

F. COLONYSERVICE FACILITIES 
-LOtpower distrTbUtion and ighting Local 1,213 LOM 

Foreign 400 
I Lotwater distribution Local 1207 LO 

I Lotsanitary waste disposal 
Foreign 
Local 

301 
834 LOi. 

Lot streets 
Foreign 
Local 5,961 LOM.3 

I Lothorticulture 
Foreign 
Lo:alForeign 

462 
74 LOM 

63 

Lotland acquisition Loicn 
Foreign 

6 LO-

Lotland developent Local 531 LO. 
Foreign 

Lotaccess roads.Lakhramines tocolony Local 1.290 LOM 

Tota -Item F
Tote-ItemF ForeignLocal. ." " -

Foreign.. 63 

. COLONY MAINTENANCE 
-Front-endloaders 

EQUIPMENT 
Local 12 3 - 12 3 12 - . 

4 - Dump trucks ForeignLocal 2092 8 -4 - 209 2094 2C 
Foreign 35 70 70 - 7 

8 -Garbage trucks Local 2 8.4 

6 - Pick-up trucks. 1/4 tonne, F ForIgnLocal 382 6 2 4 762 114 1144 2 4 o2 
Foreign 10 . 20 10 20 10 20 10 20 10 

6 - Pick-up trucks. 3/4 tonne. FWD 

9 - Buses 

Local 
Foreign 
Local 

2 
24 
25 

6 

8 

4 
48 

2 
24 

4 
48 
25 

2 
24 
75 50 

4 
48 
75 

2 
24 

4 
48 

2 
24 

2 - Hosptal ambulances 
Foreign 
Local 

20 
4 8 

20 60 
4 

40 60 
4 

2 

I - Lotspare Parts 
1 - Lot small tools andsupplies 

Total- ItemG 

Foreign 
Local
Foreign
Local
Fore ign 
Local 

80..0 
3 -

60
30 
25 " " 

-

" 

80 

"i - " i " 
Foreign 68 34 367 250 433 322 34 68 34 29 

H MISCELLANEOUS
ProJect engineering Local 2.318.-.. 

Contingencies (10 -ItemsA through H) 
Foreign 
Local 

136 
- I 1 10 7 11 1 1 1 

Total Ita m H ForeignLocal - 71 4I - 3 " 40
-3 

49
TD 

47 57
"7 TT 4-T 10T 7-T 3 3 

Foreign 7 4 3 40 49 47 S7 4 10 7 3 2 

GRAND TOTAL Local 9 7 4 56 114 81118 7 8 9 4 4 
Foreign . 75 48 37 442 543 515 623 48 107 75 37 3E 

Duty and Taxes 045% . 35 23 17 209 257 243 294 23 51 35 17 17 
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SCHEDULE D-4-1 - Continued 

0 0 0.11 7'12 0*13 0.14 0.1S 0.16 0.17 0.18 0.19 0*20 0.21 0+22 0*23 0+24 0+25 0.26 0.27 0.28 D.29 0.30 

Total 
Replacewnt
Capital 

L~l ore qn 

* S - * - o 

* - * 

- 160 " 

- -

160 

3 6 

63 - 3 - - * - 126 

63 - - * - * - - - 63 - - - -126 

-

* 

* 

*--

* 420 
* 4 
* 48 

--
*-

-

-

241o 
2 

24 

-

20'9'122312 
-

70 -

- 4 
76 

20 
- 4 

48 
25 75 
20 60 

S44 

32 
4 

70 -

6 6 
114 114 

210 
2 -

24 
60 75 
40 60 

8 6 0 

-

* 

-

240 
4 

48 
-
-

-

-

120 
2 

24 
-
-

-

-

-

-

-

-

-

4
20 

4 
48 

-
-

12 

1 
70 

-

2
1 0 
2 

24 
25 
20 

3 

-
4 

76 

-

-
75 
60 

80 

212 

09 
70 
6 

114 
1 
20 
4 
48 
50 
40 

3 

-

-

8 
114 

2 
10 
2 
24 
75 
60 

80 

-

-

-

-

-

-

-

-

-

-

-

---

-

--

4 
20 
4 

48 
--

-

-
-

2 
10 
2 
24 

-

-

-

-48 

-

-648 

2 

54 

54 

675 

24 

1,2548 

420 

912 

270 

540 

480 

i.t 

* 68 34 299 284 467 254 68 34 - 68 333 216 501 288 - 68 34 - *4,524 

1 
10 
-T 
10 

8 
107 

51 

I 
7 
-T 
7 

9 
76 

35 

-
3 

-
3 

4 
37 

17 

4 
33 
-7 
33 

47 
367 

173 

37 9 
53 67 
TYI3 
53 67 

03 97 
581 739 

275 349 

11 
53 
Tr 
53 

1 17 
685 

276 

1 
7 
-T 
7 

1 
75 

35 

-
3 
-

3 

4 
37 

17 

* 

-

* 

-

-

-

1 6 
13 35 
T1 

13 35 

1 64 
144" 416 

68 197 

10 
49
To 
49 

14 
543 

257 

8 
54
19 
54 

90 
590 

2;9 

11 
53 
TT 
53 

17 
6185 

276 

-

-

-

* 

1 
17 
-r 
7 

9 
5 

35 

1 
4 -
4 

47 
4a 

23 

2 
24 

24 

267 

126 

-

-

-

-

1 

-

-689 

139 

T 

515 

3,590 

689 
-

7,602 

SCHEDULED-4-1 

Sheet 2 of 2 
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SCHEDULE E. 

ESTIMATED OPERATING 
INFRASTRUCTt 

LAKHRA SITE ( 
LAKHRA COAL I 

Sind Province, I 

for 
USAIO/PAKISTAN - WAPDA 

CONTACT No. 391-0478-C-00.5006-00 
Expressed in Thousand! 

LABOR mMi 

rrTe-'tCompensation - (L) 
Fringe Benefits - (L) 

(F) 
Subtotal 

7 
902 
21 
120 

Bldg. I 
Ground 

D-6 

Witer 

Sods 
Streets School__ 

.7 

-
_ 

i 

-

Total 

902 
20 
120 

Aln_. 

7 
902 
21 
120 

D-S 

Witer 

Bldg. A Roads 
Grounds.Streets Schools os tal 

33 
-7 

- -
40 -

Total 

40 
909 
21 
160 

Aduin. 

9 
902 
21 
122 

0-4 

"1iter 

Bldg. & Roads 
GroundsStreetsSchoolsNos 

117 36 V 
25. 8 

142 44 B( 

SUPPLIES AhO POWERPower 
Diesel Fuel 
Lubrication 
MaIntenance (L) 
Maintenance (F)Operating Supplies 
Miscellaneous 

Subtotal 

12 
3 

15 
-

12 
3 
I 15 

12 
3 

-

-

-

3 
17 
I 

26 

2 
58 

-I 
-

-
-

7 
-

3 
17 

26 
5 
16 
5 

73 

-

12 
3 
1 

8o 
12 
1 

110 
22 
9 
9 

243 

3 
21 
2 

32 
6 
5 
2 

71 

-

_ IC 
3C 

OTHER verage FQuiPmant Replacement (L)Average Equipment Replacement (F) 
Insurance
Miscellaneous 

Subtotal 

Contingency 0 10% 

Total- Operating Cost 

TotalLocal 
Total Foreign 

-
10; 
10 

160 

38 
122 

-

-

-

-

. 
-

-

15I 

- -

1 

160 

38 
122 

-
L0 
100 

IS 

160 

38 
122 

-

-

-

" 

3 

4 

10 

112 

106 
6 

-

-

* 

-
" 

3 
h11 
14 

I5 

272 

144 
12B 

-
1 
10 

15 

162 

40 
122 

15 
Z 

22 

41 

448 

424 
24 

4 
1 
5 

12 

132 

125 
7 

-

-
-

12 

126 

125 
3 
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SCHEDULE E-4-1 

ESTIMATED OPERATING CASH COST 
IPFRASIRUCTURE 

LAKHRA SITE OPTION 
LAKHRA COAL PROJECT 

Sind Province, Pakistan 

Expressed in Thousands U.S. Dollars By 
III"T. BoydCouoanYmining AndGological Engineersnace~ber1985 , 

0-4 0.3 0-2 0-1 Throuh 0.30 

19.& Roads 
umundsStreets Schools Hospitil Total Admin. 

Bldg. I Roads 
GroundsStrlts SChools Wolpltml Total 

Bldg. I Roids 
Admin. Grounds Stretj Schools Hospital Total 

Bldg.I 
Admin. Grounds 

Roads 
Streets Schools Hospital lotil 

.17 36 
-

70 232 
90 

9 
90 

184 
-

46 135 374 
90 

9 
90 

269 66 292 210 
-

846 
90 

9 
90 

443 94 351 318 1.21 
90 

zs* a 116 11 2 40 11 30 63 2 5sa 14 62 46 162 2 95 21 75 6; 262 
11 2 21 21 - 21 ZI . 21 

:42 44 66 394 122 224 57 i6s See 122 327 60 354 256 1.139 122 538 115 426 387 1.588 

60 
12 
I 

::o 
22 
9 
9 

3 
21 
2 
32 
B 
5 
2 

. 

3 
2 

6 
3 
6 

Lo10 

66 
35 
3 

146 
31 
32 
4 

-

12 
3 

140 
i1 
1 

176 
35 
1s 
95 

4 
27 
2 

40 
B 
6 
3 

5 
3 

1o 
4 
to1 
A16 

149 
48 

3 
226 
47 
43 
37 

12 

?20 
28 
2 

264 
52 
22 

X22 

6 
37
3 
66 
II 
a 
4 

6 
2 

2 
-
6 

12 

B 
5 
1 
16 
B 

16 
2 

240 
72
6 

336 
69 
64 
67 

12 
3 

430 
46 
3 

440 
67 
31 
37 

B 
53
4 
6o 
1s 
12 
a 

7 
2 

3 

B 
1s 

12 
8
1 

25 
10 
24 
40 

457 
109 

646 
112 
93 
101 

243 71 30 359 is 400 90 46 553 1 610 12$ 26 7B 656 1s 1.60 l16 35 120 1.428 

136 1 51 
176 77 6 256 

i5 

7 
4 .19 

- - 1J 
. 

Lo 
24 5 

110 
29 - 37 

16 
7 
2 

. 

2 J 
4 
31 L 

61 
26 

10 
3 2 2 

it1 
43 

22 5 37 10 34 7 1 52 10 53 9 2 1 75 10 299 106 2 6 424 

41 12 1Z 60 15 66 15 21 117 15 99 21 38 34 207 15 171 31 46 51 3t4 

448 132 126 070 162 724 169 235 1.290 162 1,069 235 422 369 2.27 162 2,06 429 509 566 3.754 

424 126 125 714 dO 66S 960 231 1.116 40 1,032 223 422 362 2,079 40 1.616 335 509 549 3.249 
24 7 3 156 122 39 9 4 114 122 57 12 7 196 122 272 94 17 50 

SCHEDULE E-4-1 

ESTIMATED OPERATING CASH COST 
INFRASTRUCTURE 

LAKHRA SITE OPTION 
LAKHRA COAL PROJECT 

Sind Province, Pakistan 
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SCHEDULE B-4-2 

ESTIMATED LABOR FORCE AND COST 
INFRASTRUCTURE 

KHANOT SITE OPTION 
LAKHRA COAL PROJECT 

Sind Province, Pakistan 
For 

USAID/PAKISTAN - WAPDA 
CONTRACT NO. 391-0478-C-00.5006-00 

By 
John T. Boyd Company 

Mining and Geological Engineers 
December 1985 

D-I 

Year D-6 0-5 0-4 D-3 0-2 
through

0+30 

Description Number of Employees 

ADMINISTRATION 
Staff: 

Chief Administrative Officer 7,500 1 1 1 1 1 1 
Deputy Administrative Officer 350 1 1 1 1 1 1 
Clerical/Secretarial 130 2 2 2 2 2 2 

Total - Administration 4 4 4 4 4 4 

BUILDINGS AND GROUNDS 
Staff: 
Colony Superintendent 
Assistant Superintendent 

455 
360 

-1 
- I 

1 
I 

1 
I 

1 
I 

Foreman 285 - 1 2 2 4 
Chief Constable 285 1 1 1 1 

Subtotal - Staff 4 5 5 7 

Workers: 
Clerks 
Assistant Chief Constable 

195 
245 

1 
1 

2 
1 

3 
2 

4 
2 

Mason - Grade 1 180 - - 1 1 1 2 
Mason - Grade 2 
Mechanic - Grade 1 

170 
180 

-
-

-
-

1 
I 

1 
1 

1 
1 

1 
2 

Mechanic - Grade 2 
Electrician - Grade 1 

170 
180 

- -
-

1 
1 

1 
1 

1 
2 

2 
3 

Electrician - Grade 2 
Waste Disposal Collectors 

170 
130 -

- 1 
1 

1 
2 

2 
3 

2 
5 

Waste Disposal Drivers 
Recreation and Civic Facil. 

130 
170 -

- 1 
2 

2 
5 

3 
10 

5 
17 

Equipment Operators 
Assistant Operators 

235 
210 -

- 1 
1 

1 
1 

1 
1 

1 
2 

Constables 
Light Truck Drivers 
Gardeners 
Helpers 

130 
130 
130 
130 

-

-

-
4 
1 
1 
2 

8 
2 
2 
4 

12 
2 
3 
6 

21 
3 
4 
9 

Bus Drivers 130 - - 2 2 2 5 
Subtotal - Workers - 24 38 56 90 
Absenttes 150 - 4 6 10 15 
Total - Buildings and Grounds - 32 49 71 112 

WATER. ROADS, AND STREETS 
Staff: 

Supervisor 360 - 11 1 1 1 
Foremen 285 - 1 1 1 2 3 

Subtotal - Staff - 2 2 2 3 4 

Workers: 
Assistant Foremen 245 1 1 1 2 2 
Water Attendants 
Assistant Water Attendants 

180 
170 -

1 
1 

1 
1 

1 
1 

1 
2 

2 
2 

Equipment Operator 
Assistant Operator 

235 
220 

-
-

I 
1 

I 
1 

I 
1 

I 
1 

1 
1 

Truck Driver 130 - 1 1 1 2 2 
Helpers 130 - 1 2 2 3 4 

Subtotal - Workers - 7 8 8 12 14 
Absentees 175 - 1 1 1 2 2 
Total - Water, Roads, and Streets - 10 11 11 17 20 
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SCHEDULE B-4-2 - Continued 

0-I 

Year 0-6 0-5 0-4 0-3 0-2 
through
0+30 

Description (S) Number of Employees 

SCHOOLS 

School Superintendent 460 1 1 
Assistant Superintendent 360 - 1 
School Principal 360 4 5 

Subtotal - Staff - 6 7 

Workers: 
Teacher 245 - 29 34 
Clerks 195 - 3 4 
Housekeeping 130 - 3 3 
Helpers 130 " . . . 3 3 

Subtotal - Workers - 38 44 

Absentees 225 - 6 7 

Total - Schools - 50 58 

HOSPITAL 

Medical Chief of Stiff, Doctor 540 - - 1 1 11 
Medical and Surgical Doctors 455 - 1 2 4 5 
Superintendent of Nurses 360 - 1 1 1 
Supervising Nurses 285 - 1 1 2 2 
Accounting Officers 285 - - I _ 

Subtotal - Staff - - 5 9 10 

Workers: 
Nurses 245 - - 3 5 8 12 
Medical Technicians 245 - - 1 2 2 3 
Technicians - Ambulance Drivers 245 - - 1 2 3 4 
Clerks 195 - 1 2 2 3 
Food Services 195 - - 1 2 4 5 
Custodians 195 - - 1 1 2 3 
Housekeepers 130 - - 2 4 5 8 

Subtotal - Workers - 10 18 26 38 

Absentens 210 - 2 3 4 6 

Total - Hospital - 17 27 39 54 

WORKFORCE SUMMARY 
Expatriates: 
Administration 1 1 1 

Nationals: 
Administration 3 3 3 3 3 3 
Building and Grounds- 32 49 71 112 
Water, Roads, and Streets 10 11 11 17 20 
Schools 50* 58 
Hospital - . 17 27 39 54 

Subtotal - Nationals 3 13 63 90 180 247 
Total Workforce 4 14 64 91 181 248 

Staff 4 6 15 17 27 32 
Workers . 8 4g 74 154 216 

Total 4 14 64 91 181 248 

ESTIMATED LABOR COST 
Staff - Direct Compensation 
Base- (L) 4 8 30 35 63 75 

- (F) 54 54 54 54 54 54 
Allowances - (L) 3 6 20 25 43 51 

-(F) 36 36 36 36 36 36 
Subtotal - Staff Direct 97 104 140 150 196 216 

Workers - Direct Compensation 
Base 11 61 92 208 283 
Allowances - 8 42 61 138 188 

Subtotal 19 103 153 346 471 

Overtime 1 7 11 26 34 
Subtotal - Workers Direct 20 110 164 372 505 

Fringe Benefits 
Staff  (L) 2 4 12 14 25 29 

-(F) 21 21 21 21 21 21 
Workers - 4 23 35 79 109 

Subtotal - Fringes 23 29 56 70 125 159 

Total Colony and Infrastucture 120 153 306 384 693 880 
Local 9 42 195 273 582 769 

ForeignI 
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SCHEDULE C-4-2 

ESTIMATED INITIAL CAPITAL EXPENDITURES 
INFRASTRUCTURE 

KHANOT SITE OPTION 
LAKHRA COAL PROJECT 

Sind Province, Pakistan 
For 

USAID/PAKISTAN - WAPDA 
CONTRACT NO. 391-0478-C-00-5006-00 

By 
John T. Boyd Company

Mining and Geological Engineers
December 1985 

Expressed In Thousands U.S. Dollars 

Year: D-7 0-6 0-5 D-4 0-3 0-2 0-1 

Item Description 

Unit Useful 
Cost Life 
(000)innr.) 

Total 
InitialCapital
[dociaT For 

A. ACCESS ROAD TO LAKHRA SITE (22KM) 

Clearing and grubbing Local 
Foreign 

5? LOM 52 52 

Compaction Local 
Foreign 

49 LO 31 18 49 

Excavation Local 
Foreign 

1,676 LOM 1,176 So0 - 1,676 

Fill Local 
Foreign 

582 L14 427 155 - 582 

Preparation of sub-grade Local 
Foreign 

45 LOM 35 
-

10 - 45 

Granular sub-base Local 
Foreign 

609 LOM 484 125 
- -

609 

Granular base course Local 
Foreign 

898 LOM 690 208 
- -

898 

Prime coat Local 
Foreign 

122 
60 

LOM 95 
45 

27 
IS 

122 
60 

Binder course Local 
Foreign 

523 1oM 
261 

398 
196 

125 
65 

523 
261 

Tack coat Local 
Foreign 

19 
9 

LO4 14 
7 

5 
2 

19 
9 

Wearing course Local 
Foreign 

353 
180 

LOM -
-

286 
147 

67 
33 

353 
180 

Surface treatment Local 
Foreign 

237 
120 

LO 187 
95 

50 
25 

237 
120 

Drainage Local 
Foreign 

719 
-

LOM 469 2SO 719 

Auxilliaries Local 
Foreign 

17 1OM 
-

17 
-

17 

Land acquisition Local 
Foreign 

36 
-

LO 36 36 

Engineering Local 
Foreign 

360 
--

LOM 360 --- 360 

TOTAL - ITEM A Local 
Foreign 

360 
-

4,380 
490 

1,557 
140 

- 6,297 
630 
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Year: 


Item Description 


B. WATER SUPPLY
 

I River Intake 

8 m x 3 m x 1.2 m steel pontoon 

pumping station installed on the
 
IndusRiver at Khanot. Equipped
 
with five horizontal centrifugal
 

pinps (200 m
3
/hr. capacity ea.),


flexible pipe connection, and all
 
necessary plumbing andelectrical
 
hardware.
 

2 - Settling Tanks 
Dual compartment earthen embankment 
settlings tank (45 m x 36M e 4.6 m), 
stone lined.On-site staff quarters 
foroperators and chowkidars. 

I - Main Pumping Station 

Pump house building 7 m x 3 m, with 

sump area and four vertical turbine
 

pumps (200m
3
/hr. ea. P 140m head
 

pressure), including necessary
 
plumbing and electrical nardware.
 

2 - Main pipelines from main pump 

station to Lakhra minesite, H.S. 

welded pipes 400mm diameter, S nn
 
wall thickness, and 24 kin inlength.
 
Transported tosite and fully
 
constructed including allnecessary

valves, fittings, and operator

control system.
 

Water Storage 
1 - Central raw water receiving tank, 

45 m x 36m x 5.2 m, dualcompart

ment (8,400 m
3 
capacity).
 

3 - Individual mine raw water storage 

tanks- West Pit,East Pit, and 

Underground Mine No. I @ 600 m
3 
Ca. 

(15m x 15 m x 3.2m). 

Elevated potable water storage tank:
 
3 


900 m capacity (18 m x I8inx 3.4 m).

Alltanksareconstructed of
 
reinforced concrete, including covers.
 
Alltanksareerected on-site.
 

I - Filtration Plant 

Plant consists of two sets of 

sedimentation tankshaving hopper
 
bottom design forsludge removal
 
(alum dozing), a rapid gravity sand
 
filter (bed area 4 inx 15in).
 
Chlorine injection system to treat
 
clarified water (chlorinator
 
capacity approximately 30 kg/day).

300mm pipelinn from filtration
 
plant topotable water storage tank.
 

I Water Pumping Station 

Pumps to supply raw water to the 

treatment plant - Including three
 
horizontal centrifugal pumps
 

(170m3 /hr. capacity ea.), piping,
 
and required plumbing and electrical
 
hardware.
 

Pumps for raw water distribution to
 
mines and colony - including three
 
horizontal centrifugal pumps
 

(10 m3/hr. capacity ea.), piping,
 
and required plunbing and electrical
 
hardware.
 

Pumps to supply filtered water to
 
theelevated storage tank- including
 
threehorizontal centrifugal pumps
 

3

(170m /hr. ca.).piping, and
 
required pluming and electrical
 
hardware.
 

Pump house building, I0inx I0in.
 

Standby Dieselgenerator (20kw).
 

Local 

Foreign
 

Local 

Foreign
 

Local 

Foreign
 

Local 

Foreign 


Local 

Foreign 


Local 

Foreign
 

Local 

Foreign
 

SCHEDULE C-4-2 - Continued 

0.7 0-6 0-5 D-4 0-3 0-2 0-1 

Unit Useful Total 
Cost Life 
(000 (yin.) 

Initial Caial
Locaal I 

88 LOM 88 88 

161 LOM 161 '- 161 

203 LON 203 203 

3,036 LON 3,036 3,036 
- -

1,306 LON 1,306 .-1306 
- -

71 LON 71 1 

147 LON 147 147 
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SCHEDULE C-4-2 - Cont'nued 

Year: 0-7 0-6 0-5 0-4 0-3 0-2 0l 

Item Description 

Unit 
Cost 
(000) 

Useful 
Life 
rs.)oc 

Total 
InitialCapital 

B. WATER SUPPLY (continued) 

Raw Water Distribution 
I Lot - Pipeline network including 

0.5km of 400 mindiameter pipe, 
4.6 km of 200 mn diameter pipe,
0.6 km of I00mn diameter pipe,
and 0.35 km of 75mn diameter 
pipe - service from central I.w 

water holding tanktoWest Pit. 
East Pit,and Undergrond Mine 
No. I. Includes pipeline 
construction and necessary 
pipeline valves andfittings. 

Local 

Foreign 

195 LOM 195 195 

Potable Water Distribution 
ILot - Pipeline network including 

0.4 km of 400 mm diameter pipe, 
4.7 km of 100mm diameter pipe, 
and 0.85 kmof 75mm diameter 
pipe. Includes pipeline 
construction and necessary 
pipeline valves and fittings. 

Local 
Foreign 

725 LOl 725 725 

Engineering (S) Local 
Foreign 

297 
-

LOH 297 297 

TOTAL - ITEM B Local 
Foreign 

297 
-

5,932 6,229 

C. POWER DISTRIBUTION AND COIMUNICATIONS 

2 - Transmission lines, 132 kv, Khanot 
to Lakhra site (32 km), one line 
dedicated tomine use,theother 
linededicated to colony use 

Local 
Foreign 

31 
31 

LO 1,587 
1,587 

397 
397 

1,984 
1,984 

I - Transmission line (11 kv) to 
substation for pontoon pumping 
station power supply 

Local 
Foreign 

2 
55 

LO 2 
55 

2 
55 

I - 24-channel VHF multiplex telephone 
system and telexcommunication 
system with teleprinter including 
cables and Installation 

Local 
Foreign 

258 IS 258 258 

Temporary power line,11 kv, to supply 
275 kw power supply for construction 
purposes at site 

Local 
Foreign 

14 
-

5 14 -14 

Engineering and design of power 
distribution system 

Local 
Foreign 

34 LOM 215 - 215 

TOTAL - ITEM C Local 
Foreign 

215 1,861 
1,642 

397 
397 

2,473 
2,039 

0. UTILITY MAINTENANCE EQUIPMENT 

I - Front-end loader Local 
Foreign 

12 
209 

8 12 
209 

12 
209 

2 -Dump trucks Local 
Foreign 

2 
35 

B 2 
35 

2 
35 

4 
70 

2 - Pick-up trucks,1/4tonne,FWD Local 
Foreign 

2 
10 

6 2 
10 

2 
10 

4 
20 

1 - Pick-up truck, 3/4 tonne, FWD Local 
Foreign 

2 
24 

6 
-

2 
24 

- 2 
24 

1 - Lot spare parts Local 
Foreign 

2 
30 

- 2 
30 

2 
30 

1 - Lot small tools and supplies Local 
Foreign 

20 
20 

20 
20 

20 
20 

TOTAL - ITEM 0 Local 
Foreign 

40 
328 

- 4 
45 

44 
373 
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SCHEDULE C-4-2 - Continued 

Year: 0-7 0-6 0-5 0-4 0-3 0-2 01 

Item Oescription 

Unit 
Cost 
(000) 

Useful 
Life 
(yrs.) 

Total 
InitialCaital 

oeLocan 

t. COLONY HOUSING 

7 Category I units Local 
Foreign 

62 
-

LON 434 
-

- 434 

50 - Category 1I units Local 
Foreign 

47 LON 
-

940 705 
-

705 
-

2,350 

75 - Category IIIunits Local 
Foreign 

22 
-

LON4 220 506 506 418 1,650 

700 - Category IVunits Local 
Foreign 

13.1 LON - 1.310 
-

3,406 
-

2,620 
-

1,834 
-

9,170 

605 - Category V units Local 
Foreign 

8.7 LON 810 1,958 !,305 1,131 5,264 
-

330- Category VIunits Local 
Foreign 

7.4 LON 
-

518 
-

740 740 
-

444 
-

2,442 

30 -Single staff residences Local 
Foreign 

6.1 IOM 98 
-

86 
- -

184 

231 - Single worker residences Local 
Foreign 

2.6 LONS 300 
-

301 
-

601 
-

- Guest house Local 
Foreign 

165 LO 
-

165 
-

165 

TOTAL - ITES E Local 
Foreign 

4,690 7,867 
-

5,876 
-

3,827 22,260 

F. COMMUNITY BUILDINGS AND FACILITIES 

I- Recreation facility Local 
Foreign 

23 
-

LON 23 23 

3 - Primary schools Local 
Foreign 

148 
-

LON 148 148 148 444 

- Secondary school Local 
Foreign 

325 
-

LON 325 325 

- Shopping center Local 
Foreign 

144 LON 
-

144 
-

144 

I- Central mosque Local 
Foreign 

75 LON 
-

75 
-

75 

3 - Localmosques Local 
Foreign 

33 
-

LON 33 33 33 99 

I - Hospital, 40 beds, equipped Local 
Foreign 

375 
160 

LON 200 
-

175 
-

-
160 

-
-

375 
160 

1 - Indoor recreation center Local 
Foreign 

148 ION -148 

- -
148 

I - Lot swimming pools, basketball and 
tennis court: 

Local 
Foreign 

122 LO 122 
-

122 

I - Worker community center Local 
Foreign 

76 LON 
-

76 
-

76 

I - Outdoor recreation facility Local 
Foreign 

18 LON 
-

18 
-

18 

TOTAL - ITEM F Local 
Foreign 

233 
-

250 
-

204 
160 

1,014 148 1,849 
160 
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SCHEDULE C-4-2 - Continued 

Year: 0-7 0-6 0-5 0-4 0-3 0-2 0-1 

Itm Description 

Unit Useful 
Cost Life 
(000) (ri.) 

Total 
InitialCauital

C 

G. COLONY SERVICE FACILITIES 

- Lot power distribution and lighting Local 
Foreign 

605 
200 

LO -
-

100 
s0 

200 
so 

250 
so 

55 
50 

605 
200 

1- Lot water distribution Local 
Foreign 

605 
150 

LO 52 
13 

130 
30 

200 
50 

150 
40 

73 
1 

605 
150 

1- Lot sanitary waste disposal Local 
Foreign 

417 LOM 20 
-

so 110 
-

237 
-

- 417 

I- Lot streets Local 
Foreign 

2,980 
230 

LON -
-

1.040 
80 

1.040 
80 

900 
70 

2,980 
230 

1 - Lot horticulture Local 
Foreign 

35 L014 - - - -
-

35 35 
-

I - Lot landacquisition Local 
Foreign 

30 LON 30 
-

-30 

I - Lot land development Local 
Foreign 

260 1OM 100 
-

160 
-

260 

I - Lotaccess roads,Lakhra mines to 
colony 

Local 
Foreign 

1,290 
-

LOM 200 400 700 go- 1,290 

TOTAL - ITEM G Local 
Foreign 

1,242 
93 

1.680 
160 

1,710 1,337 
170 90 

253 
67 

6,222 
580 

H. COLONY MAINTENANCE EQUIPMENT 

I- Front-end loader Local 
Foreign 

12 
209 

8 -12 

209 
- 12 

209 

2 -Dump trucks Local 
Foreign 

2 
35 

8 -
-

4 
70 

8 
140 

4 -Garbage trucks Local 
Foreign 

2 
38 

8 -
-

2 
38 

2 
38 

4 
76 

8 
152 

3  Pick-up ;rucks,1/4 tonne. FWO Local 
Foreign 

2 
10 

6 2 
10 

-
-

- 2 
10 

2 
10 

6 
30 

3  Pick-up trucks, 3/4 tonne, FWO Local 
Foreign 

2 
24 

6 2 
24 

2 
24 

2 
24 

6 
72 

4 - Buses 

I - Hospital ambulance 

Local 
Foreign 

Local 
Foreign 

25 
20 

4 
80 

8 

8 

25 
20 

-

25 
20 

4 
80 

- 50 
40 

-

100 

4 

80 

80 

I - Lot spare parts Local 
Foreign 

3 
30 

- 1 
10 

1 
10 

1 
10 

3 
30 

1 - Lot small tools and supplies Local 
Foreign 

i 
is -

is 
15 

- - - 15 
15 

TOTAL - ITEM H Local 
Foreign 

2 
10 

59 
348 

32 
148 

11 
152 

58 
150 

162 
808 

I. MISCELLANEOUS 

Project engineering Local 
Foreign 

1.750 
-

1,000 
-

S0 
-

250 
-

-
-

-
-

-
-

1,750 
-

Contingencies (10%- ItemsA thruH) Local 
Foreign 

87 
-

1,834 
223 

1,175 
71 

785 
68 

625 
57 

41 
22 

6 
20 

4,553 
461 

TOTAL - ITEM I Local 
Foreign 

1,087 2,334 
223 

1,425 
71 

785 
68 

625 
57 

41 
22 

6 
20 

6,303 
461 

GRAND TOTAL Local 
Foreign 

1,959 20.672 
2,448 

13,178 
778 

8.634 
746 

6.875 
623 

453 
241 

68 
215 

SI,839 
S.OSI 

Duty and Taxes @ 45% 1,157 368 352 294 114 102 2.387 



SCHEDULE D-4-2 

ESTIMATED EQUIPMENT REPLACEMENT 
INFRASTRUCTURE 

KHANOT SITE OPTION 
LAKHRA COAL PROJECT 

ForUSAIOIPAISTAN - APDA Sind Province, Pakista 

CONTRACTNO. 391-0478-C-00-50060O Expressed in Thousands U.S. 

YEAR: Uni 0? 0-3 D.4 D05 06 D.7 08 D09 D.10 0.11 0.12 
Unit Useful 

Ihen, Doscriptlor Cost LifeI.22C. (tri.) 

A. ACCESS ROADTO LAAJ SITE (22 kmi) 

Clearing and grubbing 

Compaction 

Local 
Foreign 

Local 

52 

49 

L0. 

L014 

Excavation 
Foreign 
Local 
Foreign 

1.676 LON . 

Fill Local 582 LOM . * 
Foreign * 

Preparationof Sub-grid* Local
Foreign 45 .04 

Granular sub-base Local 609 LON 

Foreign -

Pritmecoat gLocal122Foreign 6 LOw 

Bindercourse Loca1Foreign 523 
261 

LOM 
Tick cost 

Wearing course 

Local 
Foreign 
Local 

19 
9 

353 

LOl 

LOM 

Surface treatment Foreign 280 
. 

Drainage 
roreign 
Local 

I'll 
7,j LOll 

Auxiliaries 
Foreign 
Local 

.

3 LO8 
Land AcQui$1tton ForeignLocal 36 L0M 

Engineering ForeignLocal 36C L0K 
Foreign 

TOTAL - ITEM A Local 
609 

Foreign ° ° 308 

B. WATERSUPPLY 

I Pontoon pumping Station 

I Lotmain pipeline fromIndusRiver 
to Lakhra site 

1- Mainpuping station 
I Filtrationplant 

Local 
Foreign 
Local 
Foreign
Local
Foreitgn
Loicagn 

45 

662 
864
102 
Se 

LO 

LOt., 

LOH 
L 

-. 

I Lot potable water pipelines fron, 
power plant to mines &n colony

- Lotram aaterpioelineto mines 

Foreign 

Local 
Foreign 
Local 
Foreign 

235 
235 
105 
100 

LO 

LOMl 

I Raw water storage tank Local 32E LO. 

- Pumpstation,minesand colony 
Foreign 
Local 

2b 
86 LO-

I Elevated potoble water storage tank 
Foreign 

LocaI 
Foreign 

520 
-

LO. 

Engineeriq Local 124 LOtl 
Foreign -

TOTAL - ITEM 8 Local 
Foreign 
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EDULE D-4-2 

T REV'LACEHENT EXPENDITURE 
RASTRUCTURE 

SITE OPTION! 
COAL PROJECT 

ovince, Pakistan 

Thousands U.S. Dollars John T. Boyd conyMining and Geological Engineers 

Oateefter 198S 

.111 .12 -.. 3 .14 0.15 0415 0.17 D.1 D.19 0.20 .21 0 _ 0.23 0.24 0.25 0.26 0.27 0,28 0.29 0,30 

TotalR!eplac~nt CapItiu 

oL 

* 
 609 
"
0 1,218
" 

SCHEDULE D-4-2
 

ESTIMATED EQUIPMENT REPLACEMENT EXPENDITURE
 
INFRASTRUCTURE
 

KHANOT SITE OPTION
 

LAKHRA COAL PROJECT
 
Sind Province, Pakistan
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IMPLEMENTATION
 

Implementation of the Lakhra Coal Project will result in the 

creation of new employment, construction of a new colony (town site), 

development of indigenous lignite resources, creation of new electrical 

generating capacity, and reduction in foreign exchange as compared to 

other alternatives. 

There are numerous areas of concern regarding the future 

development of the Lakhra lignite mine which are addressed in the 

following sections of this chapter. For reference purposes we have 

used the acronym LMDC (Lakhra Mine Development Company) for the 

future Lakhra Coal Project mining operation. 

LMDC Management 

The organization of a private sector holding company and equity 

participation of an expatriate mining company having sole responsibility 

for managing the lignite mine(s) is considered essential to the project. 

The private and public mining companies in Pakistan are relatively small 

and do not have any experience in operating a major mining operation 

as proposed for Lakhra. WAPDA, besides having no experience in 

operating mines, is a very large public company and, as such, is 

subject to many regulations and rules which would seriously impair the 

efficiency of a much smaller and unrelated operation such as that 

proposed for LMDC. 

Freedom to establish realistic wage rates and benefits and 

unencumbered authority to manage the mine are very important. 

Security of the investment in the mining operation, efficiency in 

operation, and reliability of coal supply to the generating station are 

maximized by placing the mining operation in the control of an 

JOHN T. BOYD COMPANY 
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experienced expatriate manager. The implications of failure of the 

mining operation extend beyond the immediate impact on the Lakhra 

Project. Mine modernization throughout the country and possibly 

investment in Pakistan itself would be deterred. 

Technology transfer will occur as the mine operation introduces 

improved mining methods, new equipment, and establishes higher 

standards for safety and working conditions. 

Staff Recruitment 

It is common practice for a mining company having an equity 

interest or management contract for a foreign mining operation to have 

parent company participation in selection of the personnel managing the 

mine. In addition to senior mine management, the expatriate mine 

operator will provide key technical staff to supervise engineering, daily 

production, accounting, training, and maintenance. This input will be 

essential during mine development and the initial years of production. 

Recruitment of an experienced management and technical expatriate staff 

will require a concerted effort by the mine operator. 

Selection of a large mining organization as mine manager should 

enhance the ability to transfer proven personnel for assignment at 

Lakhra. Maintaining a large expatriate staff for any prolonged period 

is not advisable due to the high cost required to recruit and retain 

expatriate personnel assigned to a "hardship" location. The disparity 

in compensation and benefits between expatriate and Pakistani nationals 

on the same staff level will create a morale problem after the national 

staff members perceive they have achieved competency. As shown in 

the following table, a phased reduction in expatriate staff is planned, 

with Pakistani nationals assuming these responsibilities as the number of 

expatriates is reduced. 

JOHN T. BOYD COMPANY 
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SUMMARY OF PROJECTED EXPATRIATE STAFF 

No. of Expatriate Assigned toPermanent Staff 

Position Year (0): .6 -5 

Development 

-4 -3 -2 -1 +1 +2 *3 !4 +5 +6 

Production 

+7 .8 +9 +10 +IS 

COMMON FACILITIES 

General Administration 
General Manager 
Chief Engineer 
Financidl Officer 
(Comptroller) 

Deputy Comptroller 
Chief Training Officer 
Deputy Training Officer 
Chief Safety Officer 
Deputy Safety Officer 
Director of Employment/
Personnel 

Subtotal 

1 

I 
-

-

3 

1 

1 

11 

11 

9 

1 

9 

1 

11 

1 

9 9 

I 
1 

9 

1 

9 

1 
1 

1 
1 
1 

1 

1 
9 

1 
1 

1 
1 
1 

1 

1 
9 

1 
1 

1 
1 
1 

-

7 

1 
1 

1 
1 
1 

1 
1 

7 

1 
1 

1 

1 

1 

. 

5 

1 
1 

1 

1 

1 

-

5 

1 
1 

1 

1 

1 

5 

1 
1 

I 
1 

1 

5 

1 
1 

1 
1 

1 

5 

1 
1 

1 
1 

1 

5 

ROM Handling Facilities 
Manager 
Shift Foremen 
Laboratory Manager 
Maintenance Mechanic 
Electrician 

Subtotal 

TOTAL - Common Facilities 3 

-

9 

-1 

9 

1 

10 

_ 

1 

10 

1 
3 
1 
1 

7 

16 

1 
3 
1 
1 

7 

16 

1 
3 
1 
1 

7 

16 

1 
3 

1 

6 

15 

1 
3 

1 

6 

13 

1 
3 

1 

6 

13 

1 

3 

8 

1 

2 

7 

1 

2 

7 

1 

2 

7 

2 

7 

1 

2 

7 

Surface Mine 
Deputy Mine Manager
Chief Mining Engineer 
Chief Electrical Engineer 
Shift Foreman 
Stripping Foreman 
Bank Shooting Foreman 
Ligrite Load/Haul Foreman 
Maintenance Supervisor
Field Maintenance Foreman 

Subtotal 

-
-
-

-

2 
2 

2 
2 
2 

2 

12 

2 
2 
2 
4 
3 
2 

2 
2 

19 

2 
2 
2 
6 
5 
2 
-
4 
2 

25 

2 
2 
2 
6 
6 
2 
2 
4 
2 

28 

2 
2 
2 
6 
7 
2 
3 
4 
2 

30 

2 
2 
z 
6 
8 
2 
4 
4 
2 

32 

2 
2 
2
6 

2 
4 
4 
2 

32 

2 
2 
2
6 
8 
2 
4 
3 
2 

31 

2 
2 
2
4 
8 
2 
3 
2 
2 

37 

2 
2 
2
1 
6 

1 
1 
2 
2 

19 

2 
2 
2 

2 
2 

12 

2 
2 
2 

2 
2 

10 

2 
2 
2 

2 
2 

10 

2 
2 
2 

2 
2 

10 

2 
2 

-

2 
2 

to 

2 

8 

Infrastructure 
Chief Administrative Officer 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

TOTAL - Project 4 32 29 36 39 47 49 49 47 41 33 21 18 18 18 18 16 
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The ability to reduce expatriate staff below this level will depend 

on the successful development of Pakistani management and the policies 

of the parent mining company. Secondly, depending on the final mine 

management agreement and the plans of the mining company, the mine 

manager may elect to staff the operation with a larger number of 

expatriates and retain their participation over the life of the project. 

Unless Pakistani counterpart staff members are advanced in levels of 

responsibility, they are not needed. 

An exemption from Pakistan personal income taxes can currently be 

obtained for certain expatriate staff/management considered critical to 

the operation. The initial exemption is for three years and can be 

extended an additional five years. Except for permanent expatriate 

staff, other expatriate assignments (equipment operator and maintenance 

instructors) should be provided under negotiated terms of the purchase 

contract with the manufacturer and will have a duration of one to two 

years. A special indefinite term exemption from Pakistan personal 

income taxes is assumed for all expatriate staff. 

Normally, the parent mining company would like those employees 

assigned to permanent staff positions to remain overseas a relatively 

long period. This would: 

1) reduce expenses of transfer 
2) reduce break-in time for transferred employees, 

learning the local language, customs, etc. 
3) reduce the difficulty and uncertainty of getting 

good expatriate employees willing to work overseas 
4) minimize disruptions in the overseas organization
5) maximize the advantage of overseas contacts (govern

ment, private and personal) developed by overseas 
staff.
 

As with any assignment, turnover in permanent expatriate staff will 

occur and is anticipated on a five-year cycle. 
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We have assumed all temporary expatriate assignments (two years 

or less) will be performed on a bachelor status. 

All direct LMDC expatriates are paid a base salary plus an 

overseas premium (included in monthly compensation) and receive the 

following benefits (assuming a U.S. based expatriate):
 

1) annual home leave 
 - round trip business class 
airfare, 30 days leave plus four travel days

2) retirement or severance - annual accrual of 81% 
of annual compensation
 

3) medical benefits
 
4) life ins'urance
 
5) savings plan
 
6) payment of U.S. Social Security
 
7) relocation expense reimbursement
 
8) educational aid - tuition, 
 living expenses, and 

travel allowance for dependents
9) colony residence (with family houses and domestic 

staff for permanent expatriate positions). 

A limited number of Pakistani mining professionals are available 

in-country. Although college graduates, these engineers lack 

experience in large scale mining operations. In addition, much of the 

British system of hierarchy has continued. Most younger mining 

engineers are relegated to junior positions of limited responsibilities, 

and a very rigid seniority system is observed. PMDC appears to be 

the largest employer of available senior mining engineers. Recruitment 

of these individuals by LMDC may be difficult due to loss of accrued 

benefits and assignment to "assistant" roles in the LMDC organization. 

Use of graduate engineers as first line supervisors may be resisted due 

to the perception that graduate engineers should not perform 

nonprofessional or lower level supervisory work. 

Traditionally, the positions of first line underground mine 

supervisors (mine section foreman, jorisar) are held by senior members 

of the labor force who have advanced to the supervisory level. The 

ability to supervise or manage an assigned work crew (jori) is difficult 
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to evaluate since the crew is paid on a piece-rate basis. Upgrading of 

existing jorisars to accept section foreman responsibilities in the LMDC 

underground mine will be hindered by their limited formal education and 

little, if any, exposure to mechanization. Training will be enhanced by 

existing jorisars' knowledge of the underground mining environment and 

their inherent understanding of the labor force. Retraining should be 

successful and include repetitive on-the-job instruction. 

Many of the historical Pakistan labor practices negate management 

authority (e.g., guaranteed employment, automatic pay raises, etc.) 

and must be replaced with more Western production oriented attitudes. 

Recruitment and training of first line supervisors for surface mine 

operations is not considered a significant problem for direct operations 

functions but will require a concerted effort in maintenance related 

areas. Certain mines in Pakistan have been mechanized to some degree 

(e.g., PMDC's Khewra Salt Mine). Others, including the chromite 

mines and some western Pakistan coal mines, were unsuccessfully 

mechanized and operate below design capacity. This deterioration 

reportedly has resulted from the inability of management to maintain the 

mechanized installations and failure to develop adequate maintenance 

organizaf',ns. 

The staff of LMDC will include training and safety instructors to 

institute regular programs in these areas. Incorporation of formal 

training and safety instruction into the normal mine operation will 

promote proper operation of equipment and minimize accidents. As the 

degree of mechanization increases, operator skills must be upgraded and 

the importaice of job training and safety becomes critical. 
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Worker Recruitment 

A reliable source of labor must be secured for the year-round 

operation of the LMDC mines. This is not considered a problem for the 

surface mine since it it less labor intensive, both in comparable number 

of employees per tonne of production and in terms of physical work 

required. Operation of surface mining equipment is regarded as a 

prestigious occupation, and experienced equipment operators should be 

available. 

Heavy excavating equipment, similar to that which would be used 

in an open pit coal mine, is used in limestone quarries and on large 

construction jobs. The construction and maintenance of Pakistan's 

extensive irrigation system requires the use of small draglines, dozers, 

hydraulic loaders, graders, cranes, scrapers, and other such 

equipment. The large earth-fill dams which have been constructed 

utilize large trucks, loaders, dozers, and shovels. This equipment is 

very similar to that projected for the LMDC open pit coal mine except, 

in many cases, that used at Lakhra will be larger. 

Surface mine plans are particularly sensitive to recruiting the best 

qualified personnel to operate large, expensive, highly mechanized 

equipment. Maintenance personnel should be available but will require 

extensive specialized training for specific pieces of equipment purchased 

for LMDC. 

We have assumed the underground miners will continue to come 

from the northern provinces. These workers (Punjab eth'iic group) 

have demonstrated their ability to cope with the rigorous physical 

demands of the Lakhra deep mines. However, under present practices, 

they are migratory workers, returning to their homeland for the summer 

months. There are two basic approaches to providing a year-round 
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labor force; namely, a well coordinated recruitment program to secure 

contract labor under a seasonal rotation plan or establishment of a 

permanent work force. We believe any operation will be more efficient 

with a permanent work force and have included several improvements in 

the 	overall LMDC implementation plan to accomplish this, namely: 

1) 	 improved underground working conditions. Limited 
mechanization will reduce the physical demands of 
the job to some degree. A mechanical ventilation 
system should substantially improve the mine 
environment by circulating fresh air and dissipating 
heat buildups. 

2) 	 better compensation and fringe benefits. The 
average total compensation will be increased for all 
workers. An incentive or bonus program is included 
to reward workers for good performance. Most 
importantly, standard fringe benefits, including 
retirement, will be provided to all permanent staff. 

3) 	 establishment of a modern colony. Family 
accommodations with town site facilities will be 
constructed on site. An improved main access road 
will be constructed to the Indus Highway at 
Khanot. This will permit easy transport to 
Hyderabad and lessen the "remote" image associated 
with the Lakhra site. 

A study should be made of private ownership of housing by the 

colony residents. This would eliminate the perpetual maintenance by 

the 	 mining company and should instill an attitude of stability in the 

community. An independent socio-economic contractor, under contract 

to 	 USAID/WAPDA, has completed a study which assessed the labor 

availability/compatibility aspects of the Lakhra Coal Project. 

The present piece-rate system of worker compensation is replaced 

by 	 monthly compensation plus an incentive program, in this report. 
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This change is recommended for several reasons: 

1) it places all employees under direct company
for job selection, employee relations, and 

control 
general 

management 

2) it eliminates 
equitable rate 
surface mine 
mine 

the difficult task of establishing an 
and distribution system in a modern 
or partially mechanized underground 

3) it eliminates the current practice 
mines of workers leaving the 
reaching a daily production quota 

in many Pakistani 
mine early upon 

4) it increases 
(nonproduction) 

empha;sis 
personnel. 

on qualified support 

In the case of surface mines, monthly compensation to the national 

(Pakistani) labor force is 15% to 25-0 higher than present rates for 

similar jobs. To achieve a reliaL~e, experienced labor force at the 

Lakhra location, the mine management must offer competitive 

compensation. Skill levels for the proposed equipment, particularly for 

the surface mine, will exceed Pakistani experience to date, and 

recruitment of qualified operators and maintenance staff is essential. 

Underground worker compensation is assigned to be competitive with the 

better private mine operations in the area. Compensation to mine 

support personnel (formerly company employee positions) is upgraded to 

be more comparable with production workers. Reliance on good mine 

support functions becomes increasingly important as mechanization and 

mine size expand. 

Political Considerations 

The successful development of the'LMDC is in the best interest of 

Pakistan: it stimulates employment and development of residual 

resources while assisting in alleviating the current electrical power 
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shortage. To promote the development of the project, certain 

concessions are assumed from the federal and provincial governments. 

These include waivers of import duty, sales tax, coal royalty, parts 

inventory limitations, severance taxes, and personal income taxes on 

essential expatriate management. The GOP should provide a guarantee 

of private investor rights (non-nationalism provision). 

The construcion of the mine and colony at Lakhra requires a large 

investment in infrastructure and housing. Development of these 

facilities is necessary for the mine and represents a permanent 

improvement in the area. Both the GOP and Province of Sind should be 

encouraged to participate in the construction of the infrastructure and 

colony community facilities. An aggressive development schedule is 

proposed for the project. The full support of both the GOP and Sind 

Province is required to avoid any procedural delays by governmental 

agencies. 

There is strong local feeling in Sind that the personnel to operate 

Lakhra mines should come from that region. The underlying opinion in 

Sind that labor brought in from other regicns, especially skilled, 

technical, and management personnel from Funjab, are taking job 

opportunities away from local residents. Where natural resources such 

as coal are involved, this is of even more concern as resources are 

being depleted with little direct benefit to the residents of the area. 

Presently, the majority of those employed in the Lakhra 

underground coal mines are from other regions of the country. Most of 
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much of the management come from Punjab. A limited number of the 

surface workers and some management come from Sind, but they do not 

hold the number of jobs that those in the region believe they are 

entitled to. 

It should be pointed out that the common perception of the Sindi 

labor force is that it has an aptitude for skilled or technical positions 

as opposed to physically demanding work. However, most experienced 

heavy equipment operators, as well as those who have the most 

experienc. in maintaining this equipment, are from Punjab. Since most 

of the large construction jobs which employ this type of equipment have 

been located in Punjab, it is natural that a concentration of experienced 

operators also originates from that region. 

We have assumed LMDC will recruit experienced mine labor 

wherever available, although some type of policy may be needed to 

encourage employment of Sindi labor. An attempt should be made to 

give preference to locals when they are qualified and to using them to 

fill many of the helper jobs on which high e' 3erience levels are not as 

critical. As these lower level personnel are trained on the job, they 

can then be promoted to the higher, more skilled jobs as vacancies 

occur or as merit (proficiency) and job requiremernts dictate. It is our 

opinion that a preference policy will not be a problem provided such a 

policy does not set any rigid quota. The management of LMDC must 

have: (a) authority to select qualified individuals, and (b) immediate 

termination rights to eliminate nonproductive workers. 

Equipment Standardization 

Essentially all equipment and machinery for both surface and 

underground mines must be imported. Primary sources of existing mine 
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and earth-moving equipment are United States, England, Germany, 

Japan, and Russia. In-country manufacturing appears limited to minor 

machines, partial fabrication of small trucks, and small electrical 

components. A policy of equipment standardization is strongly 

recommended, as well as grouping of similar types of equipment under a 

single bid solicitation. This will facilitate training, reduce the number 

of specialized mechanics, and minimize inventory. Equally important 

with capital cost will be a manufacturer's ability to provide technical 

support such as on-site training in operation and maintenance and 

availability of spare parts. Standardization should extend to motors 

and all common components wherever possible. 

Based on current low market demand and availability of used 

equipment, attractive prices are being offered by major surface mine 

equipment manufacturers. We have assumed full on-site training 

instruction in operation and maintenance are included in the capital cost 

estimate. Fleet discounts are not included in the equipment capital 

costs. They could lower prices an additional 5 to 10 percent for fleet 

equipment items. 

Technology Enhancement 

Mining methods planned for LMDC do not require an extreme jump 

in technology. While attaining the goal of improved working conditions, 

the chances of a successful introduction of any new system are greatly 

increased when there is some identification to present practices. This 

can progressively be improved as familiarization with prior changes 

takes place and the advantages of the changes are demonstrated. 
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The surface mine contemplates using equipment larger than, but 

similar to, that commonly used in Pakistan in construction of dams, 

irrigation systems, and roads, as well as in limestone quarries. The 

system of mining proposed for the underground mine is more mechanized 

than current manual practices but only marginally so. It is and 

designed to be progressively upgraded. 

Critical Path Summary 

Engineering construction and development of the Lakhra Coal Mine 

is summarized on Plate 5-B, following this text. The summary is 

divided into four principal components; namely: 

1. Infrastructure (including Colony) 

2. Common facilities 

3. Surface mines 

4. Underground mine. 

Infrastructure 

Design engineering, preparation of bid documents, and 

construction commence in period D-6 (6 full years prior to achieving 

full mine production). The one exception to this schedule is the main 

power transmission line from Khanot to the mines and colony. Design 

engineering on this begins in period D-7. The powerline must be 

operational by the beginning of period D-5 for the surface mine 

development stripping with the shovel/truck equipment. Completion of 

the balance of the electrical system can extend approximately 6 months 

beyond this period. The powerline is the critical item in the proposed 
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schedule, and engineering on it should begin immediately. The 

estimated time requirements for the common facilities are summarized as 

follow: 

Time Required (Months)
 

Mine
 
Preparation 

Engineer/ Review 
Design and Award Construction Total 

Mine access road 4 3 20 27 
Powerline/distribution 9 3 24 36 
Mine haul road 3 - 13 16 
Waterline - mine & colony 5 3 20 28 
Bulk water supply 8 3 25 36 
Sanitary waste disposal 10 3 35 48 
Colony 8 4 36 48 
Railroad 8 4 30 42 

Common Facilities 

The main administrative office building is included in the surface 

mine (West Pit) complex. Recruitment of the expatriate staff will be 

done directly by the expatriate mine management company. It is 

assumed key staffing will commence in year D-6 and continue through 

the mine development period. 

Detailed engineering design of the ROM coal handling facilities will 

begin in year D-4. On-site construction will be completed under a 

turnkey contract. Initial work will begin in year D-3, with the facility 

operational by year D-1. 

Surface Mine 

Delivery schedules for the major surface mine equipment were 

prepared from information provided by equipment manufacturers and 

suppliers both in Pakistan and the United States. The rotary blast 

hole drills, draglines, shovels, backhoes, and large rear dump trucks 

must be purchased well in advance of scheduled mine operations in 

order to allow time for manufacture of large castings and gears, 
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packing, transport to a port and shipment to Karachi. For example, in 

the case of the draglines, 12 to 13 months are required for fabrication 

of parts before initial shipment to Karachi, and all parts are shipped 

over an additional eight month period. In Karachi, time must be 

scheduled for offloading and transport to the mine site. Once on site, 

a total of 24 months from receipt of the initial shipment is required for 

erection and commissioning. 

In the current plan, each pit utilizes two 1170 W draglines. In 

the East Pit, the draglines commence digging operations one year apart, 

in periods D-2 and D-1. In the West Pit, the draglines are scheduled 

to begin in periods D-1 and D*I. This schedule permits orderly 

delivery, construction/erection and commissioning of the primary 

strippers as well as a more orderly training period for personnel. Of 

all the surface mine equipment required for production, the draglines 

are the "critical path" items, requiring a total of approximately 43 

months between signing a purchase order and operations (digging). 

Therefore, assuming a Unit 1 power plant startup in year D*I, the 

order for the initial two draglines must be issued by D-5 (allowing for 

preproduction stripping). Plate 5-B, following this text, details the 

proposed schedule of major equipment unit order, shipment, delivery, 

erection, and startup times to meet the planned 4.0 million tonne annual 

production level for 700 MW. A summary of Plate 5-B is presented 

below: 

Time Requirements (Months) 

Placement of
 
Order Prior
 
To Initial
 
Shipment Shipment Erection Total
 

Dragline 12 7 24 43
 
Overburden shovel 
 8 3 2 13
 
Overburden drill 9 3 1 13
 
Interburden drill 6 3 1 10
 
Large rear-dump truck 6 3 1 10
 
Large backhoe 4 3 0.5 7.5
 
Misc. mobile equipment
 

(scraper, dozer,
 
graders, ect.) 6 3 1 
 10
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Underground Mine No. 1 

The underground mine component of the Lakhra Coal Project may 

be deferred or completely eliminated by outside purchase coal from 

independent private sector mines. For this reason we have shown the 

Construction and Development Schedule on a separate bar chart 

(Plate 5-C, following this text). 

Engineering design, bid preparation, and equipment purchasing 

begins in year D-6. On-site construction begins in the third quarter 

of year D-5, with initial lignite production in year D-3. Temporary 

construction electrical power is provided by extending the existing 

11 kv line from the south, with a Diesel generator available as a backup 

system. 

Schedule
 
Description (Months)
 

Engineering specifications and purchase 24
 

Mine access and truck haul road 6
 

Incline construction, install conveyor
 
belt, and underground connection 14
 

Vertical return air shaft sinking and
 
fan installation 9
 

Surface facilities 12
 

Mine power - main substation, mine
 
substation, and Diesel generator 10
 

Amortization 

The terms of repayment of the capital financed to develop the 

Lakhra Coal Project mines varies between donor agencies and is subject 

to negotiation. Existing practice is for all international fu-nding to be 

secured by the GOP, who, in turn, loans necessary money to WAPDA at 

interest rates established by the GOP. Current interest rates charged 

by the GOP are between 13% to 14%. 
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WAPDA has elected to expense operating cash costs incurred 

during the mine development period. Funding for these costs are 

provided in the total financing package. Credits are applied to the 

operating cash costs to account for coal production during this period. 

Minor underground mine production during years D-3 and D-2 is 

assumed to be sold on the open market to avoid long-term storage. A 

market price of $11.00 US per tonne is used. Estimated production in 

Year D-1 is 1.4 million tonnes; 0.1 million tonne is used to fuel the 

start-up of Unit No. 1 and the balance (1.3 million tonnes) is placed in 

inventory. A project value (credit) of $29.00 per tonne is applied to 

surface mine tonnage produced in Year D-1; $18.50 per tonne for 

underground mine production; $0.800 per tonne for common facilities, 

and $1.05 per tonne (Lakhra)/$1.70 per tonne (Khanot) for 

infrastructure. 

For purposes of this report, we have calculated capital borrowing 

(including development costs) during the development period and 

annuity repayment during the 30-year mining period at three interest 

rates: 0'0, 5%, and 10% per year. It should be understood that all 

capital cost estimates are expressed in constant July 1985 dollars, and 

interest rates being applied are considered "real interest" (i.e., does 

not include the effect of inflation). 

In our calculation of interest during the development period, we 

have assumed capital is expended at the mid-year. The amortization 
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formula used in this report is based on monthly payments. Following 

are the amortization payments for each component of the master mine 

plan, 
Summary of Estimated Amortization Costs
 

USS-000(Constant Value as of July 1985)
 
Project Interest Total Amortization
 

Initial Day. During 0ev. Incl. ear Term
 
Component Capital Expense Period Interest U55OOO/r $VTni
 

0% Annual Interest Rate
 

SurfaceMine 315,421 135,981 451,402 15,047 3.762
 
Underground Mine 13,692 18 13,710 762 2.339
 
Common Facilities 11 67 777 593 0.137


Subtotal TT I --In 0.13 

Infrastructure
 
Lakhra Station Site 33,599 2,303 35,902 1.197 0.276
 
KhanotStation Site 56,890 3,775 60,665 2,0Z2 0.466
 

Total Project
 
Lakhra Station Site 373,727 145,064 518,791 17.599 4.057
 
Khanot Station Site 397,018 146,536 543,554 18,424 4.247
 

Private Railroad 41,340 933 42,273 1,409 0.325
 

5% AnnualInterest Rate
 

Surface Mine 315,421 135,981 49,949 501,351 32,296 8.074
 
Underground Mine 13,692 18 1,388 15,098 1,274 3.910
 
Common Facilities 11 015 6 762 1 795 19572 1261 0.291
 
Subtotal*L 7,1.7M d .~MT~ d7em2 ff~TTt 

Infrastructure
 
Lakhra Station Site 33,599 2,303 7,058 42,960 2,767 0.638
 
Khanot Station Site 56,890 3,775 14.617 75,282 4,850 1.118
 

TotalProject
 
Lakhra Station Site 373,727 145,064 60.190 578,981 37,598 8.667
 
Khanot Station Site 397,018 146,536 67,749 611,303 39,681 9.147
 

Private Railroad 41,340 933 3,817 46,090 2,969 0.684
 

10% Annual Interest Rate
 

Surface Mine 315,421 135,981 105,627 F57,029 58,660 14.665
 
Underground Mine 13,692 18 2.896 16,606 1,992 6.114
 
Coron Facilites 11015 6762 3764 21541 2268 0.523
 
Subtotal Rt47m- ntTLm ot17' & 0.I23 

Infrastructure
 
Lakhra; Station Site 33,599 2,303 15,312 51.214 5,393 1.243
 
Khanot Station Site 56,890 3,775 32,190 92,855 9,778 2.254
 

Total Project
 
LakhraStation Site 373,727 145,064 127,599 646,390 68,313 15.747
 
Khanot Station Site 397,018 146,536 144,477 688,031 72,698 16.758
 

Private Railroad 41,340 933 7,919 50,192 5,286 1.219"
 

Surface mine at 4,000,000 tonnes/yr.; underground @ 325,800 tonnes/yr.; common 
facilities infrastructure . totalproject - railroad @ 4,338,000 tonne/yr. 

18 year mine life used in caseof underground. 

Following this page are: 

Plate 5-A: Organization Chart - Lakhra Mine Development 
Companies 

Plate 5-B: Proposed Implementation Schedule -

Infrastructure, Common Facilities, and 
Surface Mines 

Plate 5-C: Construction and Development Sequence -

Underground Mine No. 1 
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TRANSPORTATION 

Introduction 

Included under the BOYD original scope work was anof 	 analysis 

of alternative syste,s for the transportation of 1.4 million tonnes of 

coal per year from the Lakhra mine site to two proposed offsite power 

plant locations. A total of three power plant sites were 	 under 

consideration, including: 

1. 	 Lakhra: located adjacent to the mine coal 
handling/loadout facility. This location minimizes 
lignite handling and eliminates coal transportation. 

2. 	 Khanot: located approximately 20 km east of Lakhra 
and approximately 3.5 km from the Indus River. 

3. 	 Jamshoro: located adjacent to the town of Hyderabad.
The site of planned oil fired electrical generating units 
currently in the engineering and early construction 
phase. Jamshoro is located approximately 40 km
southeast of Lakhra and approximately 5 km from the 
Kotri Barrage Pool on the Indus River. 

In April 1985, BOYD completed a preliminary study of alternative 

transportation systems to the Khanot and Jamshoro power plant sites 

(Volume 6). Engineering Consultants, Karachi, was subcontracted by 

BOYD to assist in route location, construction assessment, and general 

cost estimation. The objectives of this report were to select the 

preferred transportation system to each of the sites and, secondly, to 

assist G/C II and ICF in their selection of the final power plant 

location. 

It was our preliminary conclusion that a private railroad was the 

preferred transportation system to service both the Khanot and 

Jamshoro sites. Principal factors in this selection were: economics, 

expansion capability, and in-country experience. 

JOHN T. BOYD COMPANY 
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At the October 1985 project review meetings, the Jamshoro site was 

eliminated from further consideration, but both the mine (Lakhra) and 

Khanot sites were retained for inclusion in the final feasibility report. 

The design capacity of the rail system was expanded to 4.4 million 

tonnes per year. 

By assignment, the analysis of future off-site transportation 

requirements was performed by BOYD. The entire railroad system will 

be dedicated to the Lakhra coal mine and power plant. Ownership and 

operation of the transportation system is assigned to the power plant 

operator. Capital and operating costs are shown separately and are not 

included in the cost of mining. 

Selected System - Lakhra to Khanot 

Based on our preliminary report the, recommended system of coal 

transportation from the Lakhra mine site to Khanot is an independent 

railroad, owned and operated by the power plant management. Using 

the final Khanot site as designated by G/C II, engineering estimates of 

capital and operating costs are developed with the objective of an 

accuracy of within 10 percent of actual cost. 

Engineering Consultants, Karachi, has completed a plane-table and 

level survey of a railroad route from Lakhra to Khanot. From this 

survey data, estimates were developed for the railroad subgrade, 

drainage, and track costs. 

The railroad route is illustrated on Exhibit 6A. Present route 

layout includes closed loops at both the mine site loadout and power 

plant terminal. Unit train movement is planned with rapid coal loading 

and discharge facilities; loops will accommodate trains 1200 meters in' 

length. A connection to the existing Pakistan Railways track at the 

JOHN T. BOYD COMPANY 
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power plant will permit shipment of bulk supplies by rail to the power 

plant and mine. Large scale drawings showing the drainage structures, 

terrain, and railroad profile in more detail, are available. Large cuts 

were required in the area west of the power plant to provide an 

acceptable grade at the car dumping site. The design capacity of 

drainage structures is large to accommodate the infrequent but 

extremely severe rain storms that occur in the area and the many Nallos 

or wash-outs crossing the area. 

Recommended track specifications are: 

Gauge : 1.68 meters (5.5 ft.), compatible with exist
ing Pakistan Railroad in the area 

Rail 
Ties 

: 
: 

60 kg per meter 
reinforced concrete 

Curves : maximum 100, all curves above 3' to be laid 

Grade : 
with spiral easement and super elevation 

maximum 0.8% 
Turn-Outs : standardized, #8-1/2 

The engineering estimates include funds for further investigation 

of portions of the railroad route to improve operating characteristics. 

Route chariges will not appreciably affect construction costs, as 

reduction in subgrade costs will be offset by increased track costs. 

The proposed unit train has a capacity of 3,111 tonnes and 

includes 61 rail cars of 51-tonne capacity and three locomotives. Rail 

weight is selected based on the estimated wheel and axle load of the 

larger coal cars (gross weight 80 tonnes each). 

Selection of rolling stock was discussed with WAPDA, G/C II, and 

Pakistan Railway engineers. The cars owned and manufactured by 

Pakistan Railways were inspected to see if any of them, with some 

modification, were suitable for Lakhra coal haulage requirements. 

After inspecting the cars at Lahore, it was agreed that: (a) a new 

car design suitable for unit train operation would be required, and 

JOHN T. BOYL)COMPANY 
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(b) the locomotive be equipped to brake the train with compressed air 

and include facilities on the locomotive for vacuum braking to permit 

transport of existing Pakistan Railways cars from Khanot to Lakhra 

(i.e., bulk supply purchases, etc.). The ballast cars and gondolas, 

built and used by the Pakistan Railways, are suitable for maintenance; 

four are included in the estimate. 

A car of 51 metric tonnes capacity, similar to the car illustrated on 

Plate 6, is recommended for the "coal unit train". The coal car 

outlined in this sketch is in service. The rapid discharge bottom 

unloading mechanism will unload the coal car in approximately 

20 seconds (proprietary design of Ortner Freight Car Company). Air 

operation of the car doors can be initiated with air valves, actuated 

with a battery powered switching device that will either open or close 

the gates by air from the train system supply. The suggested coal car 

design also has a good tare to load carrying ratio. 

It is recommended that the locomotive and coal cars be equipped 

with modern high-strength automatic couplings. The proposed car is to 

be equipped with anti-friction wheel bearings, the latest designed hand 

brakes, anti-loping devices, 450 slope sheets, and welded slope 

construction. A car similar in dimensions and design to the one 

recommended in this study has been recently manufactured in Western 

Europe and Asia. 

The 51-tonne car has an approximate capacity between the 

50-short-ton and 70-short-ton cars used for many years in the U.S. It 

also represents an advance in car equipment over that currently in use 

in Pakistan. Axle loads are within the limits presently observed by 

Pakistan. Engineering costs to prepare manufacturing drawings for the 

proposed car are included in the estimate. Pakistan Railways engineers 

JOHN T. BOYD COMPANY 
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have indicated an interest in constructing the cars in their shops if 

adequate construction drawings and sources of special equipment are 

made available.
 

To maintain compatibility with Pakistan rail cars, a conversion 
 car 

having a modern automatic coupling on one end and the present British 

coupling on the other is included in the capital estimate. The 

additional vacuum braking system on the locomotive can be connected 

from the locomotive through the conversion car to standard Pakistan 

railroad cars. 

Locomotive specifications should include the use of printed control 

circuits with a testing compartment to assist in rapid location of any 

control failures. The Diesel engine in each locomotive must have a 

minimum rating of 3,000 hp. Equipping the locomotives with dynamic 

braking has been discussed with locomotive designers. The dynamic 

brakes are effective down to a speed of 8 km per hour. Below the 

speed of 8 km per hour, insufficient power is generated by the traction 

motors to develop the effective braking capabilities of the locomotive. 

The addition of the dynamic braking system is justified by the 

reduction in wheel, brake shoe, and rail wear. The train can 

efficiently be controlled by dynamic braking on the 9.5 km sustained 

0.8%- downgrade into Khanot. 

Individual locomotives are scheduled to be overhauled every 

350,000 kin, or approximately every 4 years. Assuming a uniform 

overhaul schedule and rotation of the four available units, an overhaul 

would be completed every 12 months. 

The equipment and buildings included in the plans and estimates 

are adequate for full maintenance of rail cars. Wheels and axles will 

have to be purchased. Preventive maintenance, such as lubrication and 

JOHN T. BOYD COMPANY 
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inspection of traction motors, Diesel engines, gener:itors and control 

circuits, can be done on site. This estimate includes adequate funds 

for facilities to replace Diesel engine cylinder assemblies, change truck 

and traction motors, and welding repairs. Hydraulic jacks and metal 

supports to raise the locomotive to change wheel trucks are included in 

the shop tools. A spare locomotive and a complete spare locomotive 

truck are included in the complement of equipment to cover major 

overhaul of equipment. 

Operdting Schedule 

Personnel organization, operation, and maintenance of the railroad 

has been reviewed with WAPDA Lakhra Coal Project staff and Pakistan 

Railways representatives. !t is proposed to operate the railroad three 

shifts per day, 300 days per year. The train schedule is based on an 

overall 77 percent availability factor. Sufficient overcapacity (train 

size) is included to handle mine production fluctuations. 

Daily Requirement Tons (based on 300 days per 
year railroad components and capacities) 14,350 

1. Shifts per day 3 
2. Crews per shift 1 
3. Car capacity (tonnes) 51 
4. Cars per train 61 
5. Total train length (m) 870 

6. Tonnes per train 3,111 
7. Locromotives per train 3 
8. Trips per day 6 
9. Tonnes per day 18,666 

10. Tonnes capacity per year (300 days) 5,599,000 
11. Required equipment availability (o) 77 

JOHN T. BOYD COMPANIY 

L1\ 



12-7
 

Manpower and Costs 

Total payroll for the private railroad is 93. This number is based 

on a 300 day per year operating schedule and includes required daily 

personnel and an allowance for absenteeism. 

No. of Employees
 

Absenteeism Total
 
Daily Crew Allowance Payroll
 

Staff 	 20 - 20
 

Workers
 
Train Crews 	 18 3 21
 
Equipment Maintenance 25 5 30
 
Track Maintenance 	 19 3 22
 

Total 	 82 
 11 93
 

Train crews have been augmented by an additional brakeman to 

cover the larger train. Very little overtime should be necessary for 

train crews, as there is approximately 24 percent capacity available for 

emergencies of all types. An overtime labor cost factor of 12 percent is 

included in operating cost calculations. 

Capital and Replacement Costs 

As shown on Schedule C-5, estimated initial capital expenditures 

total $41.3 million, including railroad construction and rolling stock. 

Import duties and taxes are excluded. 

Estimated
 
Capital Cost
 

Item ($US - 000)
 

A. 	 Railroad Including Turnarounds 23,350
 
B. 	 Siding and Spur at Khanot 1,711
 
C. 	 Siding at Lakhra 
 413
 
0. 	 Buildings 
 323
 
E. 	 Rolling Equipment 9,269.
 
F. 	 Maintenance Equipment 
 700
 
G. 	 Spare Parts and 10% Contingency 5,574
 

Total 
 41,340
 

JOHN T. BOYD COMPANY 
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We have extended the initial capital expenditure scheu!,- to 

determine equipment replacement costs over the 30-year project life. In 

accordance with WAPDA practices, replacement costs are expensed on a 

current basis. 

Estimated Cost
 
30-Year Total
 

Item ($US - 000)
 

A. Railroad Including Turnarounds 4,490
 
B. Siding and Spur at Khanot 341
 
C. Siding at Lakhra 348
 
D. Rolling Equipment 8,621
 
E. Maintenance Equipment 2,257
 
F. 10% Contingency 1,604
 

Total 17,661
 

Operating Cost 

Average annual operating costs, based on 4.338 million tonnes, 

including equipment replacement expense, are summarized below: 

$(000) $ Cost
 
Per Year Per Tonne
 

Direct Compensation
 
Staff 69 .016
 
Workers 149 .034
 
Overtime 11 .003
 

Subtotal 229 .053
 

Fringe Benefits 50 .012
 

Supplies and Power
 
Power 18 .004
 
Fuel 886 .204
 
Lubrication 104 .024
 
Maintenance 1,005 .232
 
Miscellaneous 30 .007
 

Subtotal 2,043 .471
 

Average Replacement Expense 588 
 .135
 

Other Costs 28 
 .006
 

Contingency @ 10% 235 
 .054
 

Total Operating Cost 3,173 
 .731
 

The maintenance costs cover both daily maintenance costs and car 

and locomotive overhaul. 

JOHN T. BOYD COMPANY 
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Based on amortization of initial capital beginning with the initial 

year of full production (D+I) at 5% and 10% interest rates the follow'ng 

annual amortization (repayment) amounts are required. 

Interest Rate
 
SUS - 000 0% 
 5% 10%
 

Initial Capital 41,340 41,340 41,340
Development Cost* 933 933 933 
Interest Expense 
(during development period) - 3,817 7,919 

Annual Amortization
 
(30-year annuity) 1,409 2,969 5,286
 

*Operating expenses incurred during
 
the development period.
 

Additional detail of manning, capital and operating costs are sho.wr, 

on the schedules following this page: 

Plate 6: Recommended Railroad Car Design
Schedules 

B-5: Estimated Labor Force and Cost 
C-5: Estimated Initial Capital Expenditures
D-5: Estimated Equipment Replacement Expenditures 
E-5: Estimated Optating Cash Cost 

JOHN T. BOYD COMPANY 
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RECOMMENDED RAILROAD CAR DESIGN
 
PRIVATE RAILROAD TRANSPORATION SYSTEM
 

LAKHRA COAL PROJECT
 
Sind Province, Pakistan
 

For
 
USAID/PAKISTAN - WAPDA
 

Contract No. 391-0478-C-00-5006-00
 

Scale 1:80
 

John T. Boyd Company
 
December 1985 Mining and Geological Engineers
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SCHEDULE 8-5
 

ESTIMATED LABOR FORCE AND COST 
PRIVATE RAILROAD 

LAKHkA COAL PROJECT 
Sind Province, Pakistan 

For 
USAID/PAKISTAN - WAPDA 

CONTRACT NO. 391-0478-C-00-5006-00 
By

John T. Boyd Company
Mining and Geological Engineers


December 1985
 

D+1
 
through


D-1 0+30
 

Annual Production - ROM Tonnes (000): 1,353 4,300 

Total
 
Monthly Number of
 

Compensation Employees
 

STAFF
 

Manager 460 1 1
 
Shift SupervisorF 370 2 4
 
Operating Foremen 285 2 4
 
Maintenance Foremen 285 3 5
 
Track Foremen 285 1 2
 
Clerks 150 2 4
 

Subtotal 11 20
 

WORKERS
 

Train Crews (3)
 
Locomotive Operators 235 2 4
 
Assistant Operators and Inspectors 200 2 4
 
Breakmen 170 2 7
 
Security 120 2 3
 

Subtotal 8 18
 

Mechanical and Electrical Maintenance
 
Welders - Grade 1 200 2 3
 
Welders - Grade 2 180 2 4
 
Mechanics - Grade 1 200 2 4
 
Mechanics - Grade 2 180 2 4
 
Electricians - Grade 1 200 2 4
 
Helpers 130 2 6
 

Subtotal 12 25
 

Track Maintenance
 
Equipment Operator 235 1 2
 
Assistant Operators and Inspectors 200 2 3
 
Trackmen 130 3 5
 
Helpers 120 4 9
 

Subtotal 10 19
 

Absentees 170 5 
 11
 

TOTAL - WORKERS 35 73 

PAYROLL SUMMARY
 

Staff 11 
 20
 

Workers 35 73
 

TOTAL 46 
 93
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SCHEDULE B-5 Continued
 

SIYear (OOO) 
D+1
 

through
 
0-1 D+30
 

ESTIMATED LABOR COST
 

Staff - Direct Compensation
 
Base 23 41
 
Allowances 16 28
 

Subtotal - Staff Direct 39 69
 

Workers - Direct Compensation
 
Base 44 89
 
Allowances 29 60
 

Subtotal 73 149
 

Overtime (@ 12% Base) 5 11
 

Subtotal - Workers Direct 78 160
 

Fringe Benefits @ 38% Base
 
Staff 9 16
 
Workers 17 34
 

Subtotal - Fringe Benefits 26 50
 

TOTAL LABOR COST 143 279
 

."V

'V 
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SCHEDULE C-S 


ESTIMATED INITIAL CAPITAL EXPENDITURES
 
PRIVATE RAILROAD
 

LAKHKA COAL PROJECT
 
Sind Province, Pakistan
 

For
 
USAID/PAKISTAN - WAPOA
 

CONTRACT NO. 391-0478-C-00-5006-00
 
By
 

John T. Boyd Company
 
Mining and Geological Engineers
 

December 1985
 

Expressed in Thousands U.S. Dollars
 

Useful
 
Unit Life
Item Description 	 Cost (ls. 0.4 03 


A. 	Underground Truck Coal Facility Local 30
400 	 100
Theunderground truck coalfaclity israted at 200 mtph Foreign 260 - 65 
capacity and will consist of the following: 5 T 
I. Truck dump station consisting of ramp, two40 tonne
 

capacity hoppers, two feeders, structure, truck
 
ramp, retaining wall and foundations.
 

2. 920 mm wide Transfer Belt Conveyor with belt scale
 
length 65 meters
 

3. 	920 nanwide Radial Stacker Conveyor length 35 meters
 
4. 	Foundations
 

B. Surface Truck CoalFacility 	 Local 1,710 30 - 430The surface truck coalfacility israted at 1,000 mtph Foreign 1 190 - 300
and will consist of thefollowing: 7"1 

1. 	400 tonne capacity elevated truck bin complete with
 

600 mm grid, tworeciprocating plate feeders,
 
structure, truck ramps, retaining walls and foundations.
 

2. 	Emergency stockpile reclaim system consisting of
 
50-tonne bin with feeder for reclaiming coal from
 
emergency storage pile.


3. 	1,520 mm wide ROM Belt Conveyor - length 100m
 
4. 	Screening, picking, and crushing station complete


with incline vibrating screen, 1,520 enmpicking
 
belt conveyor, triple rollcrusher, tramp iron
 
magnet, hoist, structure, andfoundations.
 

5. 	1,220 mm wide Transfer Belt Conveyor with belt
 
scale - length - 45 meters
 

6. 1,200 mm wide Radial Stacker Conveyor - length 55 m
 
7. 	Foundations
 

C. 	StockpieReclaim S estem 
 Local 2,200 30 - 550
The stockpie claim system israted at 2,500 mtph capacity Foreign 1 400 350

forreclaim coal from underground and surface mine coal 7u56 
 566 

storage piles and will consist of the following:

I. A concrete surface constructed reclaim tunnel
 

approximately 280 meters long complete with 10
 
vibrating drawdown hoppers and vibrating feeders.
 

2. 1,520 mm Reclaim Belt Conveyor with belt scale
 
length 280 meters
 

3. Loading station consisting ofa 200 tonne bin and
 
three stage (ASTH) sampling system and operators

station for feeding railroad unit trains or
 
overland belt conveyor system.
 

0. 	Electrical 
 Local
h-el-ectrical will consist of two motor control 	 190 30 50
Foreign 450 - 110
buildings, equipment, apparatus, wiring, controls, 
 To 
wiring and labor tooperate thefacilities.
 

E. 	Site preparation includes allexcavation, fill,construction Local 100 30 - 100 
roads, drainage, etc. required to install the facilities. Foreign  - -

F. 	Lignite analysis laboratory and office building, 8 x B m, Local 35 30 
 -
w/lignite preparation area, office furniture and Foreign 140 - 
equipment, laboratory equipment including balances, M77 

moisture ovens, bomb calorimeters crushers, screens,

riffles, sulfur analyzer, crumbles, float sink apparatus,

and laboratory supplies.
 

G. 	Enginee ontractor Fee
9 	 Local - 30 -
The cost forn r
i~ tF Egineering/Contracting company Foreign 2 200 - 550to design, procure and supervise construction of the 6
 
coalhandling facilities.
 

H. Working Capital and Inventory

Spare Parts Inventory Local 265 

Consumable Supplies Inventory Local 	 75 

Working Capital 
 Local 400 50 -

SD6 7 
Total ROM Lignite Handling Facilities Local 50 1.230 


Foreign 1375 

Si t63 


Import duties and taxes P 45% 
 619 


Notes:
 
tapital cost estimates assume a 10%contingency


2. 	Estimated replacement capital expenditures are:
 

D0I - D+9 
0411- 0419 010 
D*21 - D 30 0420 

Local 45 100 
Foreign 175 400 

12-12
 

D-2 0-1 Total
 

200 10 400
 
139 65 260
 n i 

850 430 1,710

590 300 1 190
 
7T 73 KtV,
 

1,100 550 2,200
 
700 350 1 400
 

T § 7
 

90 50 190
230 110 450 
In TO ad 

100 
- - T 

35 35
 
40 10 140
 
73 1M 173
 

1 100 550 2 200
 

0 165 265
 
30 45 75
 

260 100 400
 
W56 7TM M16
 

2,655 1,440 5,375
 
279 147 640
 
S',445 1T6
TNT! 

1,256 664 2,539
 



SCHEDULE D-5 

ESTIKATED EQUIPMENT REPLACEMI 
PRIVATE RAILRO; 

LAKHRA COAL PRO 
Sind Province, Pak 

CONTRACTNo. 
. AP

391.047.C-.0O!56.Ao 
Expressed In 7housands U 

vA: 

MUeJALPIO)UCTION. RONTOMMS(0001: 

Ie, O0scr'in 

A. RAILROADIltLuOleUG TURKHOUNDS 

Egineirlng (Including Survey) Local 
Foregn 

Acoleition of righ~t-Ofeai Local 
IOroign

Construction of subgrade Local 
Foreign 

Drainagestructures Local 
Foreign 

Trackmaterial an ballast installed Local 
Foreign 

Texporary construction facilities LocRI
Foreign 

unit 
Cost 

G4 

35 
-16.468 

1.61 

2.6221.860 
32 

D 

3,284 

Useful 
Life 
(Vea 

LOM 

LON. 

I -

LON 

is 

LWI. 
-

D 

4.345 

. 

. 

0.3 
4.521 

. 

0.4 
4,118 

. 
-

.0 

4,025 

. 

. 

0.6 
3.649 

. 

. 

-7 

4.201 

. 

0.6 
4.m0 

0.0 
4.441 

.10 
4,470 

D11 
4,470 

. 2 
4,470 4.47 

1,0 
7 

•. 

IS© 

Total . Item A Local 
Foreign 

. 

1. SI01NGANDSPURAT rAMAOT 

ConStruction ofsubgrade Local 
Foreign 

orainage installed Local 
Foreign 

Track telarilandballastinstalledLocal 
Foreign 

5.246 

124 

to; 
052 

L1-

LWI 
-

. 

.L 

. . . . . 

Total - Itm I LocalForeign 

C. SIDINGAT LAIJRA 

Constructionofsubgrode Local 
Foreign 

Drainageinstalled Local 
Foreign 

Trackmaterialandballastinstalled Local 
Foreign 

40 

25 

236 
112 

LI 

LO4 

LOIN 
. 

Total. Ite. C Local 
Foreign 

0. SIUILDINGS 

LocalrepairShop 

Office andtoolstorage 

Locosactiepit 

Workerwaltingbuilding 

Pipingfor saer supply 

Power supplI, 400 v, 50IMA 

Lighting 

Senaagtdisposll 

oil storage,s0.000gallons 

Maintenanceandstoragetrack.6 k 

Local 
Foreign 
Local 
Foreign 
Local 
Foreign 
Local 
Foreign 
LocalForeign 
Loca1
Foreign 
Local 
Foreign 
LocalForeign 
Local 
Foreign 
Local 
foreign 

4o 

27 

5 

5
|0 
1. 

4 

5
25 
77 
67 

LSI
L 
LON 

L. 

LOM 

LO 

L 

t 

LOH 

LON 

.L 

.4. 

-iL~ 

. 

. 

. 

. 

. 

-

Totl - Item0 Local 
foreign 



.HEDULE 0-5 

IT REPLACEMENT EXPENDITURES 
,'ATERAILROAD 
,, COAL PROJECT 
•ovince. Pakistan 

Thousands U.S. Dollars 

0.12 _?.3 0.14 0 IS 
4.470 4L4EO 4,470 4,31 

0 II 

4.318 

37 

4,383 

0 11 

4.301 

0*19 

4.16 

0.20 
3.820 

D-21 

3.820 

0 

3.820 

D--z23 

3.lZ0 

0.24 

3.820 

0 .1 
3.947 

0.26 
3.94? 

0.27 

3,947 

0.28 
3.947 

0.29 
3.947 

12-13a 

II, 

nM . Bed Coo1 r 
tcane 1185 

D.30 Total 

3.354 13.639 

TttIJ0.p Ic.man |
ToalAplicl t 

1,03 2.622 

* .035 

S73? 

3.587 

1 ,131 .. 

*. ,2 

622 

11511 

* 18 * .I. * . . . 

139 
ISO 

4 

94 140- 23 

94 140 2236 
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ESTIMATED EQUIPMENT REPLACEMENT EXPENDITURES
 
PRIVATE RAILROAD
 

LAKHRA COAL PROJECT
 
Sind Province, Pakistan
 

Sheet I of 2 



YEAR: 

ANUAL PR CTON . R TONNS (000): 
3 04 5 0 7 0.8 9 LO 011 

Unit Useful 
Ite, Ues:rtion Cost Life 

4 -Locomotives,lOO-tonne 
(000) (Sears 

Local 
Foreign71 - Lignte cars,S-ton..capacity Local 

3 Ballastcar. 
4 
0-trine Locri 

40 

800
6 
4 

IS
15
1 

IoreiAnn !e car 

Sparetoc:otio truce 

Local 

Foreig 
Local 

Foreign 

44 

40 

I 

IS 

16- Sparecar-uggies 

Miscellaneouss yares 

Local 
ForeignLocalFor e gn 
Local 

26
2018,5 
S 

105 

L0I 
" -

6..8 
- 28829 

29 
Foreign 472 

Engineering. lignitecar design 
Railroadcoonmunicationssystem 

LocalForeign 
Local 
Foreign 

Lcl68 
- L60 L 
60 L 

- * 

611 6 8 6 

8 

Totalo Ite E LocalForeign 

F. HAINTENNCE 
1- Gradall 

*lpNrT 

-
6 
68 8 

6 3 
277 a8 

868 

I Bulldozer.3.6or equivalent 

Local 

Local 62151 
8 
8 

Foreign2 Generalpurposeflatbid trucks LocalI chydrauliclifttrackequipakint 
Foreign 

I - MechanicrJck.3 / 
4 
-tonne,4W0 Local 

1266 
2 

43
18 

6 

6 
4 126 

I 

S 
I 

Trucks,l/4-tonne.4W0 
Truck.I/ 

4 
-tonn.-/hydraulic

lifttrackequipnent 
W6elders 

Hydraulicrerailassembly 
HydraulicJacks.4O-tonno 

LocalForeign 
Local 
Forign 

Local
Foreign 
LocalForeign 

Local 

1 
1z 
1 

13 

1 
128 
$ 

6 

6 
6 

6 

6 

6 
-

131 
2 1 

12 
1 

1 

2 - 13 
2 
24 

1 
12 

113 

1 Stea cleaner,highpressure 

Miscellaneouss lltiols 

Foreign
LocalForeign 

Local 
lg 

19 

8 
28 

30 
" 

1 

2 

28 
30 

g 
Foreign 19 

Total- ItenF Local-
-

ForelinForeiijn128 "7 3353 l
365 19 7 33 

G. MISCEILANOUS 
Sparepartsanosupplyinventory 
Contingencis (10%- ItemsAth , -ough F) 

LocalForeign 
Loci100F o r i1 

95
1og00 

-. "3;2 

- 128 

4 

53 24 

2 

T~~tal..6Item 

GAA/s TOTAL 

Foreign 

Local-
Foreign 

LocalForeign 

1 

1.13 

4 

12 1 

3 

43 - . 

-

44 
41 

-

412 2 

ImportDuty j,-taxes141 1 8 
67 

14 
13363 

30 
476225 

1 
2110 

4446 
211 

45133 
63 

224 
12 
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SCHEDULE E-5
 

ESTIMATED OPERATING CASH COST
 
PRIVATE RAILROAD
 

LAKHRA COAL PROJECT
 
Sind Province, Pakistan
 

For
 
USAID/PAKISIAN - WAPDA
 

CONTRACT NO. 391-0478-C-00-5006-00
 
By
 

John T. Boyd Company
 
Mining and Geological Engineers
 

December 1985
 

D+1
 
through
 

0-1 D+30
 

Annual Production - ROM Tonnes (000): 1,353 4,338
 

$/Year (000)

LABOR
 

Direct Compensation 117 
 229
 
Fringe Benefits 26 50
 

Subtotal 
 143 279
 

SUPPLIES AND POWER
 

Power 
 6 18
 
Diesel Fuel 
 292 886
 
Lubrication 
 34 104
 
Maintenance (L) 35 
 105
 
Maintenance (F) 300 900
 
Miscellaneous 
 10 30
 

Subtotal 
 677 2,043
 

OTHER
 

Average Equipment Replacement (L) - 154
 
Average Equipment Replacement (F) - 434
 
Office Expense 6 
 6
 
Insurance 
 12 12
 
Miscellaneous 
 10 10
 

Subtotal 
 28 616
 

Contingency @ 10% 85 
 235
 

TOTAL OPERATING COST 933 3,173 
TOTAL LOCAL 603 1,749 
TOTAL FOREIGN 330 1,424 

$/TONNE 0.690 0.731 

JOHN T. BOYD COMPANY 
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ENVIRONMENTAL SUMMARY 

Introduction 

In our environmental assessment of the proposed master mine plan, 

we have examined six major components: 

Surface Water 
Ground Water 
Air Quality 
Noise 
Overburden 
Soils 

This chapter presents an overview of our environmental assessment 

and is supported by a separate technical report (Environmental 

Assessment, Volume 7, January 1986). 

Surface Water Component 

Description of Study Area 

The study area lies in the rock plains of the Kohistan area, east 

and southeast of the Kirthar and Laki Ranges. The climate is arid, 

with only 10 to 15 cm of rainfall annually. Perennial water course 

nearest the proposed mine site is the Indus River, approximately 20 km 

due east of the study area boundary. 

The Kath Buthi Dhoro forms the main drainage system in the 

immediate vicinity of the study area. Kath Buthi and its tributaries are 

rain-fed streams sloping northeast at an approximate 0.5% gradient, 

eventually joining Nak Chhinni Nala and Mua Nala to form Bharni Nala. 

Cross sections taken at various locations along Kath Buthi in the East 

Area show that during a short period in the rainy season (July, 

August, and September), a considerable anwcint of runoff may flow 

along this stream. 

JOHN T. BOYD COMPANY 



13-2
 

The West Pit area is nearly level. Distinct stream beds are not 

evident and runoff resulting from rainfall may occur as sheet flow in 

some areas. The existing broad flat drainages slope to the southwest 

at a gradient of approximately 0.25%. 

Existing Hydrological Data 

Only limited published information on surface water quantity and 

quality in the Lakhra study area is available. Annual reports prepared 

by WAPDA's Surface Water Hydrology Project include information on 

surface flow, sediment, chemical composition, daily and hourly 

precipitation, evaporation, temperatures, solar radiation, and wind 

movement. None of the stations operated by WAPDA are located at the 

Lakhra study area. Operating data from the recently completed 

meteorological station at Lakhra had not been compiled at the time of 

our investigation. Data from existing nearby stations were used in this 

study for sizing diversion and collection devices and estimating pit 

inflow quantities during certain precipitation events. 

Wet Weather Flow 

Rainfall data from the Sehwan station for a 24-hour period 

(1200 hours, August 30 to 1200 hours, August 31, 1975) was selected to 

provide the basis for calculations of estimated runoff. An hourly 

rainfall amount was recorded for 18 of the 24 hours, with a peak hourly 

amount of 21 mm (0.84 inches). Total rainfall during the August 30-31, 

1975 date was 103 mm (4.04 inches). 

Estimates of storm runoff were made by applying U.S. Department 

of Agriculture, Soil Conservation Service hydrograph procedures. A 

JOHN T. BOYD COMPANY 
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computer program (SF'7MOT), developed by the University of 

Kentucky, was used to evaluate response of drainage basins in the 

vicinity of the East and West Pits (Plate 7) to the selected design 

storm. 

Applying a Gumbel distribution to available data at Miani Forest, 

Sakrand, and Thano Bula Khan and projecting this data to the Lakhra 

study area, the value of the 30-year, 24-hour design rainfall is 119 mm 

(4.7 	 inches). 

Results of the computer analysis are shown on Table 1. 

TABLE 	 1 

SURFACE RUNOFF
 
DRAINAGE AREAS NEAR EAST AND WEST PITS
 

30-Year, 24-Hour Rainfall Event @ 119 mm Rainfall
 

Total Runoff
 
Watershed (ha.) (cusecs) (n) (ac.-ft.) (m)
 

Area Peak Runoff 


EAST PIT 	 A 2552 1,718 815,600 661 30.5
 
B 97 90 31,600 26 30.5
 
C 76 67 24,500 20 30.5
 

WEST PIT 	 D 473 375 151,500 123 30.5 
E 214 178 68,700 56 30.5 
F 109 98 35,300 29 30.5 
G 454 319 149,000 121 30.5 
H 24 22 8,200 7 30.5 
1 346 265 110,500 90 30.5 
J 743 541 237,200 192 30.5 

Construction of temporary diversion devices in advance of the 

highwall will reduce the amount of rainfall runoff entering the pit from 

surface areas located between the permanent diversion ditch and active 

highwall. Runoff from within the pit boundary will be greatest in the 

early years of mining and, as the highwall advances, undisturbed area 

upslope and resulting runoff will decrease. Contributions from the 

spoil side should be negligible since spoil piles are graded to slope 

away from the pit. 

Precipitation falling within the pit boundary flows to sumps and is 

pumped to the surface for discharge. 

JOHN T. BOYD COMPANY 
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Impact on Local Drainages 

The impact of mining on local drainages will be minimal. The 

diversions planned to protect the pit from runoff during wet weather 

may be used advantageously to direct water to fields planted by Lakhra 

colony inhabitant.s. 

Mine development will have no effect on runoff flowing into the 

Indus River drainage system. The Indus is located approximately 

20 km to the east, and the projected West Pit is located in headwaters 

of small local drainages. Diversions constructed to prevent runoff from 

entering the surface mine pit will only have a local effect on existing 

rainfall runoff patterns. 

Rainfall on reclaimed spoil causes soil to be detached by raindrop 

impact and carried downslope by shearing forces. Examination of 

runoff data from WAPDA's Surface Water Hydrology Project for 1972 

through 1975 shows that, following precipitation events, water in local 

drainages carries a high sediment load (primarily silts and clays). Silts 

and clays will also constitute a large proportion of runoff from the 

reclaimed spoil. 

Increased sediment load in local drainages is not an environmental 

concern at Lakhra where streams flow for only a short time during the 

year. In the Lakhra area where ground water and surface water 

supplies are scarce, conservation and use by local inhabitants are a 

prime consideration. 

Sediment laden runoff from the disturbed area can be channeled to 

large leveled fields surrounded by low retaining structures or bunds. 

Suffir.ient area is available downslope of the East and West Pits to 

construct "zero discharge" structures for runoff from the 30-year, 
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24-hour storm. Storm runoff will percolate into the porous topsoil layer 

of the fields providing water for agriculture and recharging the water 

table. Silts and clays carried in the runoff will be deposited in tivz 

fields, thus enhancing the suitability of the existing coarse textured 

soils (soils component) for agriculture. 

Ground Water Component 

Present Investigation 

Geologically and geographically, the Dadu District has been divided 

into two main divisions: Kohistan and Alluvial plains (Panhwar; 1969) 

consisting of sandstones, limestone, calcareous soils, and heavy clays. 

A field study program was designed to determine availability, 

extent, and quality of ground water in the area of the proposed Lakhra 

mine. The study consisted of: 

(1) 	 Analysis of ground water conditions in the immediate 
study area in conjunction with BOYD's drilling program;
installation and monitoring of observation wells. 

(1) 	 Inventory of existing mines in the vicinity of the Lakhra 
area, with a determination of water quality and quantity. 

(3) 	 Inventory of wel water sources with a determination of 
quality and quantity. 

During the period October 1984 through May 1985, sixty-five drill 

holes were completed in -:he Lakhra study area for the purpose of 

defining mineable coal reserves. In conjunction with the coal 

exploration program, determinations were made concerning occurrence of 

ground water. Exploration holes were drilled to the elevation of the 

five lignite seams contained in the Upper Coal-bearing Beds of the 

Ranikot Group. Bottom of hole elevations ranges from -10 to 57 meters 

above means sea level. Based on previous work, (Ghani, et al.; 1975) 
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the regional ground water table should have been encountered in many 

of the holes. With the exception of two holes (CC-3 in the Central 

Area and WR-6 in t'oe West Area), all holes were dry. 

Interviews were conducted with mine owners of private mines 

existing to the south of the Lakhra study area to identify specific mines 

experiencing wet conditions and to determine prevailing geologic 

conditions in the vicinity of flooded mines. Water samples takenwere 

from selected mines for analysis at PCSIR Laboratories in Karachi. The 

mine water sampling program included seven of the 20 identified wet 

mines. 

Previous studies (Panhwar; 1969 and Ghani, et al.; 1975) indicate 

that the primary sources of fresh water in the rocky area are large 

diameter wells dug in the alluvial of rain-fed streams. No wells exist 

in the immediate vicinity of the proposed mine site. The well survey 

consisted of determination of depth, zone of completion, water quality 

and well yield for wells nearest the proposed mine site. Samples were 

drawn from five wells and analyzed using drinking water parameters 

(1984 World Health Organization). 

Water Quality Sampling Results 

BOYD's invsitigation includes water quality analysis of samples 

from existing wet mines and wells located near the proposed mine site. 

The analysis program was designed to include mine water, drinking 

water, and irrigation water parameters with all analyses performed by 

PCSIR Laboratories. 
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Quantity: The occurrence of ground water at the elevation of the 

mineable coal seams in the Lakhra study area is low. Furthermore, the 

extent or quantity of ground water encountered is limited. This is 

contrary to a published report (Ghani, et al.; 1975) which implies that 

the regional ground water table may occur at an elevation of 60 m above 

sea level. 

Considering there are approximately 50 to 70 active mines in the 

entire Lakhra coalfield, the occurrence of water is local and relatively 

infrequent. Wet mines are often adjacent to mines which are dry. The 

water originates from the sands and sandy shales above the coal or 

from the coal itself, with the quantity of water produced typically less 

m3than 36 daily. Several of the wet mines are active, although bailing 

is the only method used to remove water. 

Ground water may be encountered locally at future Lakhra Coal 

Project mines but, if present, the quantity should be small. 

Quality: Chemical analyses indicate one sample meets all mine 

water effluent limitations, two exceed the pH limitation, one exceeds the 

manganese limitation', and three exceed both the iron and pH limitation. 

(Reference World Bank mine discharge limits: pH 6-9, manganese 

4.0 ppm, iron 6.0 ppm, total suspended solids 70 ppm.) Suspended 

solids analyses were not performed on the mine samples. Turbidity 

values, however, were high on most samples indicating that suspended 

solids limitations may also be exceeded. 

Analysis of mine water as a potential drinking water source 

indicates it is unfit for human consumption. Most mine waters sampled 

are brackish to saline, very hard, and may pose a health risk due to 

inorganic constituents. All mine waters contain fecal coliforms. 
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As irrigation water, the concentration of total dissolved solids for 

all mines sampled is high. Three of the -. ven samples exhibit SAR's 

(sodium adsorption ratio) and total dissolved solids values that classify 

the water as hazardous. All samples are in the hazardous category 

based on TDS (total dissolved solids). 

Analysis of the well waters is incomplete. Microbiological 

parancitc.i were determined for the Khanot well only. If all wells 

exhibit total and fecal coliform levels similar to Khanot, none of the well 

waters would be considered acceptable for drinking use. 

Quality of water discharged from the future Lakhra Coal Project 

mines may exceed World Be.ik effluent limits, but should not produce 

any adverse effect to the existing qround water ;onditions. 

Air Quality Component 

Ambient Air Quality 

Historical air quality data in the immediate vicinity of the proposed 

Lakhra mine does not exist. As part of an environm3ntal baseline 

monitoring system for the proposed Lakhra lignite mine and power 

project, baseline information on air quality and i.leteorological conditions 

is being collectec' by WAPDA from two meteorological stations (Lakhra 

and Jamshoro sites). Parameters to be mori+ored are nitrogen oxides, 

sulfur dioxide, carbon monoxide, total suspended particulates, wind 

speed, wind direction, wind turbulence characteristics, inversion 

height, temperature, solar radiation, and rainfall. Final installation of 

equipment was completed in May 1985. To date, data from the Lakhra 

and Jamshoro stations are not available. 
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Meteorological Conditions 

Long-term data are not available at the proposed mine site. 

Hyderabad, Nawabshah, and Karachi are the nearest Pakistan 

Meteorological Department stations where historical wind direction and 

velocity data are available. Panhwar (1969) indicates that a high 

velocity "wind belt" exists in a region roughly bounded by two parallel 

lines, one passing through Shah Bunder and Mithi and the other 

passing from Karachi to Hyderabad. Nawabshah station lies outside this 

zone, and data from the Pakistan Meteorological Department confirm that 

predominant wind directions and velocities at Nawabshah differ 

significantly from those at Hyderabad and Karachi. From observations 

made during the BOYD study (October 1984 - May 1985), it is apparent 

that the Lakhra site lies within the "wind belt." 

Hyderabad station data are considered most representative of 

conditions at the mine site and are applied in the analysis of impacts 

presented in this report. 

The annual wind rose for Hyderabad for the period 1965-1969 

shows the most prevalent winds are from the southwest, occurring 44.2% 

of the time, at an average speed of 6.7 knots. Secondary maximum 

winds are from the north, occurring 20.7% of the time. Calms occur 

approximately 15.6% of the time. The strongest average wind was 

6.7 knots from the SW (most prevalent), and the mean annual wind 

speed was 4.6 knots. 

For the Hyderabad station, Panhwar (1969) reported frequencies of 

wind velocities i various ranges throughout the year. During October 

through March the most frequently occurring wind speed is in the 
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0-3 knot category. April winds show a tendency to an increasing 

occurrence of higher velocity winds. One to three knots remain the 

most frequent speed range in April, but winds in the 7-10 knot range 

occupy a larger percentage of total occurrences. During May through 

August, the shift to higher wind speeds is complete, with the most 

frequently occurring wind speed in the 7-10 knot range. September is 

a transitional month, showing a tendency to an increasing occurrence of 

lower velocity winds (1-3 knot range) while still maintaining a 

significant frequency of wind occurrence in the 7-10 knot range. In 

October, the transition to low velocity winds as complete. 

Based on available data, the following conclusions on wind 

directions and speeds in the Hyderabad area are presented: 

TABLE 2 

Hyderabad Mean Wind Direction and Dominant Speed Range
 

(Wind from the south = 1800, west 2700, north = 3600, etc.)
 

Mean 
Direction Speed Range (ks) 

Month (Deg) Dominant Secondary 

1 - 3 -
Jan. 340 

Feb. 360 1 - 3 

-
March Variable 1 - 3 

April 240 1 - 3 7 - 10
 
May 220 7 - 10
 
June 210 7 - 10 
July 210 7 - 10 
Aug. 210 7 - 10
 
Sept. 200 7 - 10 1- 3
 
Oct. Variable 0 -3
 
Nov. 360 0 - 3
 
Dec. 360 1 - 3
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Another meteorological factor important in assessing pollutant 

transport is atmospheric stability. Based primarily on net andradiation 

wind speed, stability classifications range from extremely unstable 

(Class A) to stable (Class F). 

Since stability wind data are not available from any of the 

meteorological stations in Pakistan, an estimate of stability is made 

based on wind speed, incoming radiation, and cloud cover for various 

times of the day and year. Table 3 summarizes the predicted 

atmospheric stability at Lakhra throughout the year. 

TABLE 3
 

Atmospheric Stability Caegories - Lakhra
 

Moath Day 
 Night
 
Jan. A, B F
 
Feb. A, B 
 F
 
March A, B F
 
April A, B 
 F
 
May B, C 
 E
 
June B, C 
 E
 
July B, C, D 
 D
 
Aug. 
 B, C, D D
 
Sept. B, C 
 E
 
Oct. A, B F
 
Nov. A, B 
 F
 
Dec. A, B F
 

A: Extremely Unstable D: Neutral
 
B: Unstable E: Slightly Stable
 
C: Slightly Unstable F: Stable
 

Dadu District is a desert with 
 average annual rainfall of 

,.5 to 10 cm inthe north and 10 to 15 cm in the south. Scant rainfall 

occurs between mid-June ant6 mid-September. Evaporation exceeds 

precipitation during all months of the year. 
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Available data indicate some variation in climatological data from 

south to north in the Dadu District. Specifically, temperatures may be 

higher at the proposed mine site than reported for Hyderabad. Also, 

rainfall (a significant factor in mitigating the effects of fugitive dust) 

may be lower at Lakhra than at Hyderabad. 

Emissions Estimate 

Air pollutant emissions from the proposed Lakhra mine are 

expected to consist principally of particulate matter from materials 

handling operations. Since the study area is arid and wind velocities 

can be high during the daylight hours (hours of greatest mining 

activity), the potential for fugitive dust emissions is significant. 

Downwind dust levels may also be high during the night when stable 

atmospheric conditions exist. 

Time period chosen for analysis is the steady state condition when 

a total of 4,326,000 tonnes of lignite per year is being mined (4,000,000 

tonnes from two surtce operations and 326,000 tonnes from one 

underground mine). 

To determine annual fugitive dust emissions from the mining 

operation, activities occurring during the year are analyzed. Table 4 

itemizes typical activity for each year of steady state production and 

summarizes estimated annual particulate emissions for each activity. 

Projected annual controlled emissions from the proposed Lakhra 

mine during the period of planned production of 4,326,000 tonnes per 

year are 7,933 tonnes. These results are consistent with published 

sources.
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TABLE 4
 

EMISSION SUMMARY
 

Annual
 
Emission
 

Activity Control (kg./yr.)
 

Surface (East and West Pits)
 
Topsoil Removal None 78,600
 
Topsoil Hauling Watering 59,400
 
Topsoil Dumping None 6,700
 
Dozer Assistance None 34,500
 
Drilling None 17,100
 
Blasting None 60,900
 
Shovel/Truck Overburden Removal None 1,125,900
 
Truck Hauling Watering 2,814,600
 
Truck Dumping None 150,100
 

Dragline Overburden Removal None 1,358,600
 
Backhoe/Truck Interburden Removal None 272,100
 

Truck Hauling Watering 680,300
 
Truck Dumping None 36,300
 

Lignite Removal None 108,000
 
Hauling Watering 454,100
 
Dumping None 14,400
 

Reclamation None 69,600
 
Lignite Crushing None 36,000
 
Lignite Loading None 400,000
 
Stockpile Maintenance None 21,200
 
Road Maintenance None 42,300
 

7,841,000
 

Underground (Mine No. 1)
 
Lignite Crushing None 2,900
 
Lignite Loading (at mine site) None 32,600
 
Truck Loadout None 19,200
 
Lignite Hauling Watering 3,500
 
Lignite Dumping None 1,200
 
Lignite Loading (at ROM facility) None 32,600
 

92,000
 

Total Emissions 7,933,000
 

Modeling Technique 

Ir: addition to calculations of pollutant emission rates, estimates 

were made of the air quality impacts of p.-incpal fugitive emission 

sources. Impacts on the surrounding area were determined using the 
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Valley Model. Valley is a steady-state, Gaussian plume dispersion model 

designed for multiple point and/or area source applications. 

Results of the computer analysis are presented on Table 5. The 

model was run for meteorological conditions determined to occur most 

frequently or are the most critical from the aspect of effect on nearby 

colonies. 

In general, projected maximum suspended particulate levels for the 

24-hour analysis are: (1) highest for stability class F, and 

(2) decrease with increas;ing wind speed for all stability classes. 

Colonies in close proximity to the proposed Lakhra rine are tne 

existing Faiz and National mine colonies located adjacent and south of 

the East Block, and the proposed Lakhra mine colony which is located 

adjacent to the northwest corner of the West Block. Other colonies are 

scattered throughout the district but are at greater distances from the 

proposed mine and are not downwi'rd of the predominate wind 

directions. 

During the period April through September, the increase in total 

suspended particulates (TSP) at both the Lakhra proposed colony and 

existing Faiz and National mine colonies will be minimal. During late 

fall and winter (November through February) when north winds 

predominate, the proposed Lakhra mine -ony, because of its location 

northwest of the mine site, will experience no increase in suspended 

particulates. The Faiz and National mine colonies, however, may 

3experience an increase of 569 and 266 ug/m , respectively, sometime 

during the year. 
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TABLE 5
 

SUMMARY OF IMPACTS
 
24-Hour Basis
 

IncreaseInParticulate

ed Max, 3
Speed. 3 


S pee N S 260 u Ceceededx/r Level ugfm 1
Axa 
 t y TspOutside inside 
Proposed National Fail Pro.o.ea 

Wind Range Average Stability ( I Pit Pit Lakhra Mine Mine Lakhra Mine 

aF
Mine
 

Direction (kts)l (knots) Timeof Year - Class (ug/m B oundary Boundary Colony~.Colony 
Cooy Colony Colony Cln
 

N 1-3 Nov. Dec.. Jan.. Feb. A 73 No No No No No 0 17 30
 
N I-3 Non. Dec.. Jan.. Yeb. B 221 No 
 No No No NO 0 33 76 
N 1-3 Nov.,Dec..Jan.,Feb. F 1,002 Yes Yes No Yes Yes 0 283 569 

N 4.2 Nov..Dec.,Jan.,Feb. A 34 No No No No NO 0 8 
 14
N 4.2 Nov..Dec.,Jan..Feb. 8 103 No No No 
 No No 0 16 36
 
N 4.2 Nov..Dec.,Jan..Feb. F 469 Yes Yes 
 No No Yes 0 133 266
 

SW 7-10 May. June, July, Aug. 8 146 No No NO No No 
 0 0 1
SW 7-10 May. June. July, Aug. C 161 No No 
 No No No 0 0 I 
SW 7-10 May, June, July, Aug. D 184 NO No No No No 0 0 1 
SW 7-10 May. June, July, Aug. C 615 No Yes NO No No 0 0 3 

SW 5.2 May. June, July.Aug. 8 238 
 No No No No No 0 0 1 
SW 5.2 May, June, July, Aug. C 263 No Yes No No No 0 0 2 
SW 5.2 May, June, July, Aug. 0 301 No Yes NO No No 0 0 z 
SW 5.2 May. June, July. Aug. E 1.006 No Yes No No No 0 0 4 

SW 1-3 April A 434 No Yes No No No 0 0 I
 
SW 1-3 April 8 620 No Yes No No NO 0 0 3
SW 1.3 April F 2,929 Yes Yes No NO No 0 0 is
 

SW 7-10 April A 102 No No No No No 0 0 0
 
SW 7-10 April 9 146 No No No No No 0 0 1
SW 7-10 April F 689 No Yes No No No 
 0 0 4
 

SW ?-to September B 146 No No No No No 0 0 I

SW 7-10 September C 161 No No No No No 0 0 I

SW 7-10 September E 615 No Yes No No No 0 0 3
 

SW 1-3 September 8 620 No Yes No No No 
 0 0 3

SW 1-3 September C 685 No Yes No No NO 0 0 4

SW 1-3 September C 2,617 Yes Yes No No No 0 0 12
 

NW 1-3 March, Oct. A 100 No No No 
 No NO 0 39 32

NW 1-3 March, Oct. B 172 No No No No No 0 56 54

NW 1-3 March. Oct. F 858 Yes Yes NO Yes Yes 0 518 458
 

NW 3.1 March, Oct. A 65 
 No NO No No No 0 25 21

NW 3.1 March. Oct. 8 III No No No No NO 0 
 36 3s
 
NW 3.1 March. Oct. F Yes No Yes 334
552 Yes Yes 0 294
 

SE 1-3 March, Oct. A 98 No No No No No 
 25 0 0
 
SE 1-3 March, Oct. B 193 No No No No No 28 0 0
 
SE 1-3 March, Oct. F 1,110 Yes Yes Yes NO No 302 
 0 0
 

SE 3.0 March. Oct. A 65 h: No No No No 17 0 0

SE 3.0 March. Oct. B 130 Ni No No 
 No No 19 0 0
 
SE 3.0 March, Oct. F 743 Yes Yes No No No 
 202 0 0
 

Atmospheric and meteorological conditions resulting in significant 

deterioration of cir quality at the proposed Lakhra and existing Faiz 

and National mine colonies occur with winds from the northwest 

(impacting Faiz and National) and from the southeast (impacting 

Lakhra). Results of the computer analysis show that significantly high 

levels of dust may be expected during stable (nighttime) conditions at 
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the proposed Lakhra colony (302 ug/m3). Projected maximum levels at 

Faiz mine colony (458 ug/m3 ) and National mine colony (518 ug/m 3 ) also 

exceed the 24-hour NAAQS of 260 ug/m . The high levels projected for 

Lakhra, Faiz, and National mine colonies will be rare since winds from 

the ESE to SSE (affecting Lakhra) and NNW to WNW (affecting Faiz and 

National mine colonies) historically occur only 0.8% and 7.9% of the time, 

respectively. 

On a regional basis, the effect of Lakhra mine development is 

minimal. Assuming atmospheric stability Class D (neutral) with winds 

from southwest at 6.7 knots and north at 4.2 knots (annual average for 

the respective directions), increases in suspended particulates of 

18 ug/m 3 may be expected to occur at 9 kilometers northeast of the 

proposed mine and 27 ug/m 3 at 11-1/2 kilometers south of the proposed 

mine. 

Noise Component 

The proposed Lakhra mine is located in a rural setting remote from 

noise-sensitive areas. 

Background noise source at the mine site is primarily wind 

although, during the late night and early morning hours, noises from 

nearby existing mine colonies can be heard (i.e., trucks, dogs 

barking, prayer call). 

A baseline noise investigation was conducted on April 25, 1985, at 

a remote site in Lakhra which provides typical premining noise 

conditions. A similar survey was conducted on May 6 and 7, 1985, 

near Khanot camp to obtain typical noise levels in a community setting. 
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Existing Conditions 

The baseline noise survey provides data (Table 6) on the 

equivalent continuous noise levels (L eq) and upon the andL10 , L5 0 , 

L90 values, which are the noise levels exceeded for 1000, 50%, and 90% 

of the time during which measurement takes place. L90 describes 

background sound, ks0 is median, and L0 is the high noise level. 

Also, the greatest change in existing sound levels, due to surface 

mining operations, may occur at other times during the day (e.g., 

early morning hours when sleep may be interrupted). It is, therefore, 

desirable to examine the day-night sound level. The day-night noise 

level (denoted as Ldn) provides a single number measure of community 

noise exposure over a specified period and adds a correction factor to 

the Leq value for the nighttime (2200 - 0700 hr.) to account for 

increased annoyance due to noise during these hours. 

Examination of the results of the baseline noise survey indicates 

that equivalent noise levels at Khanot camp are similar to those at the 

remote site, although slightly higher. Leq (remote site) ranges from 

40.5 to 67 dB(A) and from 46.5 to 67.5 dB(A) at Khanot camp. 

Day-night noise levels are also similar (i.e., 64 and 67 dB(A)) with the 

higher value occurring at Khanot. Background noise levels (L9 0 ) follow 

the same trend, slightly higher at Khanot than at the remote site and 

ranging from 34 to 61 dB(A) at remote site and 40 to 60 dB(A) at 

Khanot. 

An important consideration is the effect of wind on noise levels in 

the Lakhra/Khanot area. Primary -noise source, as indicated on 

Table 6, is the wind. 

JOHN T. BOYD COMPANY 



13-18
 

TABLE 6
 

RESULTS OF BASELINE NOISE INVESTIGATION
 

Wind 

Noise Level(dB(A)) Vel. Avg. Rel. 
Dlrec- Range Vel. Temp. Hum. Noise Source 

Location Time Period 110 L50 L90 !Le dn ton (kts) (kts) M ) Prlmar en 

Remote 

Sie 1720 1750 Day 83 78 72 79.5' SW 13 - 22 I1 36 36 Wind None 

1830 1900 Day 10 66 61 67.0 SW 13 - 17 14 36 36 Wind None 

191S 1946 Evening 68 61 56 63.5 SW 10- 13 12 36 36 Wind None 

2030 2100 Evening 46 40 36 40.5 5 0  9 6 34 39 Wind DogsBarking 

2200 2230 Night 47 42 37 43.5 64 S 0- 6 6 32 44 Wind DogsBarking 

2300 2330 Night 45 39 34 41.0 64 S 0  5 -4 31 52 Wind None 

Khanot 

Camp 0900 - 0930 Day 60 55 48 56.0 - SW 6  13 II 36 26 Constr. Trucks Wind & Highway 

1000 - 1030 Day 70 60 50 63.5 SW 9  19 17 38 43 Wind Highway 

1100 I30 Day 67 61 56 63.0 SW I0 19 16 41 40 Wind Highway 

1200- 1230 Day 68 60 54 63.5 SW i  22 16 42 33 Wind Constr. Trucks 
& Highway 

1400 - 1430 Day 64 57 52 59.5 SW 7 - 17 13 45 37 Wind Constr. Trucks 
& Highway 

1600 -1630 Day 65 56 51 60.5 SW 9 -24 13 42 31 Wind Highway 

1800- 1830 Day 67 63 60 64.5 SW 16 -19 16 39 24 Wind & Constr. Highway 
Trucks 

1900-1930 Evening 68 62 56 63.5 SW 13-22 17 31 26 Wind Constr. Trucks 
A Highway 

2000 -2030 Evening 63 57 48 59.5 SW 10 -22 13 35 28 Wind Highway 

2200 -2230 Night 52 44 40 46.5 67 S 0- 7 '4 32 41 HIghway Wind & Dogs 
Barking 

2300 -2330 Night 51 52 45 53.5 6? SSW 0- 13 9 30 50 Highway Wind & Dogs 
Barking 

2400 - 0030 Night 71 67 60 67.5 67 SW I - 22 17 29 54 Wind Highway 

0100 -0130 Night 67 60 55 63.5 67 SW 10 -20 I6 28 59 Wind Highway 

0300 - 0330 Night 52 45 40 47.5 67 S 0 - 10 4 28 59 Wind Highway, Dogs, 
Donkeys 

0500 - 0530 Night 52 46 40 48.5 67 SSW 0 - I1 4 27 64 Wid Highway & Animal 
Noises 

0600 -0630 Night 54 47 40 50.5 67 E; S '4 ,4 27 64 Const,.Trucks Wind 

*Atypicaldue to wind noise from microphone mount.
 

Based on five-year data from Hyderabad weather station, wind 

speeds less than 6 knots are expected to occur approximately 68% of the 

time throughout the year and correspondingly a low noise level (less 

than 45 decibels) would be expected to result. Data from the survey at 

Khanot during the hours 2200 to 2230 and 0600 to 0630, when winds 

were 4 knots or less and "other" noises predominated, indicate that 

community related noises (highway and construction vehicles) may result 

in an increase of 5 decibels over noise levels at a remote site. 
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Mine Description 

Although the Lakhra site is remote, noise production may be a 

problem at the future location of the Lakhra mine colony (to be situated 

northwest of the West Pit) and at existing mine colonies to the 

south of the study area. 

In the analysis of noise imp3cts, full production (steady stata 

condition) is assumed (4,000,000 and 326,000 tonnes from the surface 

and underground mines, respectively). 

Noise Level Estimate 

Noise level impact has been estimated for the future Lakhra mine 

colony and existing Faiz and National mine colonies located closest to 

the proposed Lakhre mine. 

No allowances have been made for sound attenuation other than 

diffraction by pit highwalls and spoil piles. There is some reduction in 

airborne sound due to variations in atmospheric temperature. Also, 

sound rays are diffracted downward in the wind direction and upward 

against the wind, thus causing increased noise levels downwind and 

improved attenuation upwind. Neither factors of temperature and wind 

have been taken into consideration. 

Acceptability criteria noise be based onfor should interference 

with human activities. The U.S. Environmental Protection Agency has 

recommended noise levels considered adequate for protecting the health 

and welfare of the general public. In a residential environment, with 

outside space and farm residences, an Leq(24) and Ldn of 70 and 
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55 dB(A), respectively, are suggested. These are outdoor values, 

where Leq = 70 dB(A) protects against hearing loss and 

Ldn = 55 dB(A) protects against activity interference. The 

steady-state case iinalyzed results in sound levels less than 70 dB(A). 

The 55 dB(A) Ldn level is exceeded at all colony locations analyzed. 

Estimated Leq 's from the proposed mining operations are less than the 

levels measured at Khanot camp. Note also that Ldn measured at 

Khanot camp is 67 dB(A), significantly higher than the projected mine 

related Ldn at Faiz and National mine colonies and at the proposed 

Lafhra mine colony. 

Overburden Component (Liquid Effluent) 

Coal mines commonly expose fresh rock and sediments to 

accelerated weathering conditions. In the process, the various minerals 

that comprise the strata decompose both physically and chemically. 

Subsequent interaction with water affects the chemistry of drainage 

forming at the site. However, the quality of the drainage that 

eventually emanates from the area is a result of many' complex 

interactions among the hydrology of the area (both pre- and 

post-excavation), overburden chemistry, the geochemistry of the 

ground water regime, microbial catalysis, frequency of rainfall, 

reclamation techniques, and revegetation endeavors. Within this 

complex geochemical system, there are two mineralogic components that 

have a dominant effect on drainage chemistry; these are: (1) iron 

sulfides (pyrite), and (2) calcium magnesium carbonates (calcareous 

material). 
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An assessment of the mine's potential to produce acidic, alkaline, 

or neutral drainage requires a knowledge of the occurrence and 

distribution of pyrite and calcareous material within the affected strata. 

This information is usually obtained through overburden analyses. In 

this process, cores or samples of each identified rock type are 

collected, and chemically analyzed for total or pyritic sulfur (potential 

acidity) and calcareous material content (neutralization potential). 

Toxic material is defined as rock material having a net potential 

deficiency of 5.0 tonnes of calcium carbonate equivalent or more per 

1000 tonnes of material. Regardless of the acid-base account, materials 

which have a pH of less than 4.0 in a pulverized rock distilled water 

slurry are defined as being acid-toxic. 

Sampling Pattern 

In conjunction with BOYD's coal exploration program, overburden 

core samples were selected in the East and West Pit areas for analysis. 

In the Central Block (where underground mining methods are to be 

employed), only sections of roof and floor strata were sampled and 

analyzed.
 

Examination of laborato,.y results shows the following general 

conditions apply to tha overburden and interburden materials at the 

Lakhra mine site: 

1. 	 The limestone possesses excessive neutralizing 
potential. 

2. 	 The laterite is neither a neutralizer nor an acid 
producer. 

3. 	 All other strata (i.e., claystone, sandstone, shale,
and siltstone) are predominately acid producers with a 
maximum net deficiency of -280 tonnes/1000 tonnes of 
material. 
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A net excess of 50 and 600 million tonnes CaCO 3 equivalent 

neutralizers is estimated in the East and West Pits, respectively, based 

on (1) in-place densities, (2) thickness variation, and (3) areal extent 

of the specific materials. 

Acid Mine Drainage Prediction 

The occurrence of acid discharges from the proposed surface and 

underground mining operations at Lakhra is determined by the 

interaction of a variety of factors that include: rock chemistry, ground 

water geochemistry, mode of pyrite distribution (coarse or fine 

grained), hydrology of the mine site, occurrence of calcareous material, 

and presence of iron bacteria. 

Vital to the formation of acid drainage is the presence of water. 

During the Phase 1 drilling program, ground water was encountered in 

2 of the 65 drill holes. This indicates that the occurrence of ground 

water in the Lakhra study area is rare. 

An assessment of potential negative impact of discharge from the 

proposed Lakhra mine(s) was completed assuming future mine water is 

similar in quality to water discharged from existing mines located south 

of the project study area (see Ground Water subchapter). Stratigraphy 

in the area of the existing mines (where ground water was sampled) 

was described by the mine owner. Overburden materials consisted 

primarily of shale, claystone, sandstone, and sand. The absence of the 

limestone cap may explain the marginal water quality. 

Limestone thickness ranges from 10 to 35 meters in the area of the 

West Pit, and from zero to 30 meters in the East Pit. In the area of 

the underground Mine No. 1, Central Area, limestone thickness ranges 
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from 15 to 35 meters. Localized aquifers encountered in an area not 

overlain by limestone may exhibit the same chemical properties as the 

waters sampled from the existing flooded underground mines. 

Discharge water quality may be marginal, requiring treatment with 

neutralizers. Since the quantity of water in perched aquifers is 

expected to be small, discharge to evaporation ponds is expected to be 

sufficient. 

Experiments (Infanger, et al.; 1980) show that the stacking 

sequence of overburden materials plays an important role in control of 

mine effluent quality. Although the incidence of :ainfall is low at 

Lakhra (approximately nine rainy days per year based on Hyderabad 

weather data), specific placement of acid-producing spoil should avoid 

contact with percolating water. We recommend placement based on 

chemical and physical spoil properties that may affect water percolation 

and oxygen diffusion rates in the profile. Both deeper placement of 

acid spoil and coarser particle size can minimize the occurrence of acid 

drainage. 

Coal Stockpile Runoff Quality 

Lignite material from the surface and underground mine is 

stockpiled in a 30,000- and 6,000-tonne storage area at the run-of-mine 

handling facility prior to transport to the power plant. 

As part of -oal quality analysis, composite lignite samples from 

several drill holes for the mineable seams identified in the East and 

West Pit areas were analyzed for raw coal sulfur form. Typical ROM 

storage pile sulfur content is estimated ;s: 

Total 
Forms of Sulfur (%) 

Pyritic Sulfate Organic 

7.7 4.1 0.6 3.0 
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Potential acidity is determined from the pyrite content of the coal. 

Since the coal is an obvious acid produce.r (no alkaline materials 

present) chemical weathering properties should correlate with acid-base 

accounting. 

Although the acidity value for stockpile runoff is high (H2 So 4 

concentration of 10,300 mg/I in the runoff from a 103 cm rainfall), the 

quantity of runoff is low and may be treated by conventional lime 

addition, or discharged into evaporation ponds. Also, with the 

infrequent occurrence of rainfall (i.e., nine rainy days per year based 

on historical Hyderabad data), the necessity to treat acidic runoff from 

coal stockpiles is minimal. 

Refuse from Coal Washing Option 

If the option to mechanically wash the ROM lignite is applied, 

resulting refuse will be highly acidic (estimated 6% sulfur). Refuse 

material will be trucked to the active surface mine pit and disposed in 

mined out sections of the pit bottom. Unless water is permitted to pond 

in the pit bottom, disposal of refuse in this manner should have no 

adverse impact on the drainage. 

Soils Component 

General Nature of the Soils 

The soils of the Dadu District (of which Lakhra is a part) have 

developed in mixed calcareous alluvium derived from the Himalayas and 

the Kirthar Ranges. Although of alluvial origin, most soil has a 

definite soil development and is not alluvial. 
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Climatically the area is an arid, subtropical, continental region. 

Native vegetation consists of a variety of shrubs, grasses, and trees. 

The general relief is nearly level. The soils range in age from a few 

years to about 6,000 years. 

A 1973 study of the Dadu District published by The Soil Survey of 

Pakistan provides the basis for the present soil study (Soil Survey of 

Pakistan; 1973). 

District mapping shows Lakhra area soils belong in the mountainous 

landform, consisting primarily of a rock plain, dissected rock plain, and 

bad land. The soil, formed in small pockets, is generally loam or 

gravelly clay loam. 

Immediately west of the Lakhra study area, the landform has been 

identified as sub.ecent piedmont plain. The gently sloping subrecent 

plain has well drained homogenized silty and loamy soils which are 

bright colored and calcareous. Their organic matter content is low. In 

normal soils of this type, the pH ranges between 8.0 and 8.4 while it 

goes as high as 8.8 to 9.0 in saline-alkali soils. 

Present Survey Method 

A field sampling program with five soil inspection sites in each of 

the East and West Pit areas was completed in May 1985. Observations 

were made by digging pits to approximately 1.5 m or to rock 

(whichever occurred first). Soil horizons (or layers) were designated 

and described in terms of color, texture, porosity, roots, concretions, 

and other special features. Representative samples of most soil 

horizons were collected and analyzed by Pakistan Council of Scientific 

and Industrial Research (PCSIR) Laboratories in Karachi, Pakistan, 

using standard laboratory procedures. 
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Soil Characterization 

Soil thickness varies from 40 to 1.6 cm in the East Area and from 

16 to 60 cm in the West Area. Thickness increases in the downgradient 

direction as eroded materials, carried along by rainwater, begin to 

settle out. 

Particle size distribution analysis from the East Pit area indicates 

the majority of the soils are very coarse textured, that is, they are 

primarily loamy sands and sands. Sandy soils usually have low 

moisture retention and cation exchange capacities and high 

permeabilities. Soils in the West Pit area are also primarily very 

coarse, although where slopes become extremely flat and smaller

particles begin to settle out, the textural class is moderately coarse 

indicating a higher percentage of finer materials. 

Soil reaction (pH) is dependent upon the availability of hydrogen 

ions which contribute to acidity (excess hydrogen ion) or alkalinity 

(absence of available hydrogen ion). The pH of saturated paste of East 

Pit soils ranges from 7 to 9 indicating they are neutral to strongly 

alkaline. West Pit soils are classified as moderately to strongly alkaline 

(pH ranges from 8 to 9). 

Soil salinity or electrical conductivity (EC) is dependent on the 

electrolyte content. West Pit soil EC's range from 1 to 60 mmhos/cm 

with a corresponding salinity classification of n.)nsaline to strongly 

saline. Only one of the five test pits in the east yielded nonsaline 

soils. Analysis of West Pit soils showed all horizons to have electrical 

conductivities less than 2 mmhos/cm and are, therefore, classified as 

nonsaline. 
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Soluble salts present in soils from both areas (East and West Pits) 

include primarily calcium bicarbonates (West area only), calcium 

sulfates, sodium sulfates, and sodium chlorides (East Area only). 

Soil sodicity is determined by the relative amounts of available 

sodium, calcium, and magnesium expressed as the sodium adsorption 

ratio (SAR). Sodicity of East Pit sediments range from 0.1 to 62.0 with 

a thickness weighted mean value of 13.6 units. Undesirable physical 

characteristics (poor tilth and low permeabilities) may occur in soils 

which exhibit SAR values in excess of 12. West Pit soils are 

considerably less sodic than East Pit soils, with SAR values ranging 

from 0.6 to 1.3 units (thickness weighted average of 1.0 units). 

Calcium carbonate equivalent, an indication of the amount of 

calcium and magnesium carbonates present in the soil, range from 1.0% 

(weakly calcareous) to 8.7% (moderately calcareous) for East Pit soils, 

and from 8.0% (moderately calcareous) to 48.9% (extremely calcareous) 

for West Pit soils. The calcareous nature of the Lakhra soils is due 

primarily to calcium and magnesium bicarbonates in the East Area and to 

calcium bicarbonates in the West Area. 

Nitrogen is an important plant nutrient. The amount present in 

soils of the Lakhra area (both East and West Pits) is relatively low 

ranging from 0.006% to 0.057% An indication of the amount of easily 

decomposed organic matter contained is provided by the carbon/nitrogen 

(C/N) ratio (organic matter being related to the amount of organic 

carbon present). East Area soils exhibit C/N ratios ranging from 

7 to 37. C/N ratios of West Area soils range from 10 to 22. Two of 

the East Pit horizons sampled exhibit C/N ratios greater than 30. High 

C/N ratios are indicative of organic matter not of an easily decomposed 
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form and not readily available for plant growth. All West Pit soils 

sampled exhibit C/N ratios less than 30. 

Soil Series Description 

Using the descriptions and analytical data presented in the 1973 

Soil Survey report, compared with data obtained in the present survey, 

soils of the proposed mine area are classified as the Petaro Series. 

The Petaro Series consists of shallow and moderately deep, well 

drained, medium textured loamy soils developed in subrecent local 

arenaceons alluvium derived from dissecting rock plains of the Kohistan 

area. The soils generally have a gravel pavement at the surface and 

thin gravel veneers at various depths within the profile and are usually 

underlain by gravel beds. The series has a structural B horizon. 

They occupy gently sloping to undulating positions along the upper and 

middle reaches of the piedmont plains and occur in arid, tropical, 

marine, continental climate. 

The series has a light yellowish brown massive loamy topsoil 

having gravels at the surface, underlain by a weakly structured 

yellowish brown gravelly loam with thin bands of gravel. The 

substratum represents thick gravel beds. 

Reclamation Plan 

The primary objective of reclamation is to return surface mined 

lands to a level of land use or productivity equal to or greater than 

that which existed prior to mining. In the general vicinity of the 

proposed Lakhra mine, primary land use is grazing and torrent-watered 

cropping. 
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A sizable part of the survey area is lying uncultivated supporting 

scrub vegetation and patchy dab grass, and is used for poor grazing 

(Soil Survey of Pakistan; 1973). 

East and West Areas are uncultivated and the present land use is 

grazing. Central Area area is primarily used for torrent-watered 

cropping. 

The soils of the Lakhra mine area are rated as to degree of suita

bility for revegetation to indicate the quality of materials available for 

use in reclamation. Although the study area is presently used for 

grazing, the ratings infer revegetation to agricultural crops could be 

achieved to support a higher land use. 

Three categories of suitability and a general unsuitable category 

were used to rate the Lakhra soils, i.e.: 

Good (G) - None to slight soil limitations that affect use for 
plant growth medium. 

Fair (F) - Moderate soil limitations that affect use and need 
to be recognized but can be overcome by proper planning 
and good management. 

Poor (P) - Severe soil limitations that make use 
questionable. This does not mean the soil cannot be used, 
but rather that careful planning and very good management 
are required. In many cases the limits would not be 
economically feasible to correct. 

The first determining factor in evaluLting the suitability of soil 

materials for revegetation purposes is depth. Other properties and 

characteristics important in evaluating soil suitability are then used to 

further downgrade each depth division from its base ratings. Criteria 
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for evaluating the depth of soils and other properties are listed in 

Table 7: 
TABLE 7
 

Criteria for Evaluating
 
Suitability of Soils for Revegetation Use
 

Rating/Property Good (G) Fair (F) Poor (P) Unsuitable (U)
 

Depth (cm) greater than 15 5 - 15 0 - 5
 

Reaction (pH) 6.5 - 7.5 5.5 - 6.4, 4.5 - 5.4, less than 4.5,
 
7.6 - 8.4 8.5 - 9.0 greater than 9.0 

Salinity (E.C.)
 
(mhos/cm) less than 2 2 - 4 4 - 8 greater than 8
 

Sodicity (SAR) less than 4 4 - B 8 - 12 greater than 12
 

Stoniness Class so, S1 S2 53, S4 S5
 

Texture Moderately coarse Moderately Very coarse or very
 
to medium textured fine textured fine to fine textured
 

Organic Content (%) greater than 2 1 - 2 greater than i
 

Calcium Carbonate
 
Equivalent (%) less than 2 20 - 70 greater than 70
 

2 - 20
 

Based on the above criteria, ratings of East Pit and West Pit area 

soils are presented in Table 8. 

TABLE 8
 

Soils Rating for Revegetation
 

Suitability
 

East Pit West Pit
 

Depth Good Good
 
Reaction (pH) Poor to Good Poor to Fair
 
Salinity (EC) Unsuitable to Fair Good
 
Sodicity (SAR) Unsuitable to Good Good
 
Stoniness Fair to Good Fair to Good
 
Texture Poor Poor to Good
 
Organic Content Poor to Fair Poor
 
Calcium Carbonate Equivalent Fair to Good Poor to Fair
 

The suitability ratings assume that adequate irrigation water is 

supplied, otherwise, these ratings may be further downgraded. 

Conversations with Professor Ghulam Nabi Kalwar (Department of 

Agronomy, Sind Agriculture University, Tandojam) indicate that almost 

any crops can be grown at Lakhra provided adequate water is available. 
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GEOTECHNICAL 

Geological Considerations 

The region under investigation falls mostly in the western limb of 

the Lakhra Anticline and consists of relatively flat areas interspersed 

with hills, ridges, cliffs, and valleys. Three faults dominate the 

subsurface structural pattern of the region and divide the study area 

into three distinct parts known as the West, Central, and East Areas. 

Surface water is absent and ground water, as identified in recent 

exploration, is insignificant (only local perched aquifers), but there is 

abundant evidence of surface erosion. 

The stratigraphic succession in the region consists generally of 

0 to 2 meters of unconsolidated deposits of dlay, silt, sand and gravel 

overlying the Manchar formation which, in turn, is underlain by the 

Laki and Ranikot formations, respectively. The stratigraphic units are 

discussed in Chapter 3 (Reserve Characterization). 

Landsat Study 

MARS Associates, Inc. of Phoenix, Arizona, was subcontracted to 

compile a lineament and geomorphic anomaly interpretation of the 

designated Lakhra study area. Using available Landsat imagery, a 

geologic interpretation was completed. 

Results of this study confirmed the extensive deep-seated 

fracturing system (lineaments) throughout the area, as indicated by 

available published geologic maps. Previously identified north-south 

trending fault systems were verified. However, there is not a 

one-to-one correlation between mapped faults and interpreted lineaments 
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and further field investigation is required. Numerous additional 

lineaments, not mapped as faults, were also indicated. Two 

predominant lineament directions were recorded, due north and north 

50 degrees east. Other minor geomorphic anomalies were interpreted 

within the general area, but are not considered significant. 

Exhibit 2 shows the indicated lineament locations within the Lakhra 

Coal Project study area. The presence of these lineament 

concentrations could affect underground mining conditions and result in 

local in situ strata instability in the surface mine. Although previous 

investigations at selected coal mines in the United States have not 

shown conclusive correlation between adverse underground mining 

conditions and projected lineaments, we have reviewed the current 

':neament interpretation and designed the underground mine plan to 

minimize their possible effect. 

Subsurface Exploration 

In order to verify the subsurface conditions, the core samples 

from the holes which were drilled for coal exploration were examined 

and representative samples were selected from 16 holes for testing in 

Pakistan. However, after a review of all known soil and rock testing 

laboratories in Hyderabad and Karachi, it was concluded that no 

sophisticated soil and/or rock tests could be conducted in-country. 

The best laboratory available for relatively routine testing was the Soils 

and Materials Testing Laboratories, Ltd. (SMTL) in Karachi. At this 

point, it is important to note that the core samples which were available 

for this stage of testing exhibited many fissures and generally were of 

poor quality. Only the hard and compact samples of rock yielded 
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specimens which were suitable for tests to determine strength and 

stress-strain characteristics. Samples of the relativ'sy soft and loose 

materials (which were needed to establish low bounds of material 

behavior) were, for the most part, completely disintegrated. 

Due to the limited variety and quality of samples available and the 

unavailability of sophisticated testing equipment in Pakistan, only 

representative samples of intact rock, 6 inches or more in length, were 

selected and sent to SMTL for unconfined compressive strength, tensile 

strength (via Brazil test), modulus of rupture, and unit weight 

determinations. The available results are presented in Tabulation 5-A. 

In order to recover relatively undisturbed samples of the softer 

rocks, Shelby tubes were obtained and manually driven in the test 

shaft advanced at boring B1l. The Shelby tube samples were shipped 

to the United States for testing but, due to severe disturbance, they 

were of no practical value. 

Observations by BOYD field staff during the excavation of the 

West Area test shaft (at the site of Drill Hole No. BT-11) showed the 

weak sand zones, as indicated by initial core drilling, to actually be 

fairly competent, weakly cemented sandstone. Efforts to obtain Shelby 

tube samples of the "weak sands" were unsuccessful due to the 

resistance of the strata to the penetration of the Shelby tube (repeated 

blows were needed to drive the Shelby tube into the strata, and the 

resulting sample was disturbed). The lack of core recovery during 

drilling of the sandstone zones is attributed to the poor cementation, 

which deteriorates during contact with the drilling muds. Lack of 

ground water and the arid climate should prolong the competency of the 

sandstone zones, although some deterioration will occur with continued 

exposure. 
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Coal Strength Test 

BOYD engineers removed coal specimen from the West Pit test shaft 

on 26 June 1985. Obtaining lignite samples using manual methods 

(hand-picked) was difficult due to the weak nature of the lignite. 

Approximately 10 samples of lignite were delivered to SMTL at Karachi 

27 June 1985. Under BOYD's supervision, 17 test specimens were cut 

into approximate cubes from 4 to 6 cm in size. The results were 

disappointing; compressive strength ranged from 5.2 to 38.6 kg/cm2 (75 

to 541 psi). The lignite cubes developed small fractures from handling 

and the validity of the test results is doubtful. 

A !ignite core specimen was taken from Dr;il Hole No. ETC-2 

located 1.5 m below the main No. 2 Seam, the specimen was 6.4 cm in 

diameter and 9.1 cm in length. Material Testing Laboratory, University 

of Pittsburgh, tested the specimen for compressive strength and 

reported a value of 11,100 pounds, or 2260 psi (159 kg/cm2 ). Applying 

standard engineering fcrmulas for calculating pillar strength, for a 

mining recovery of 23.1% and pillar dimension of 17.2 m x 32.2 m, 

safety factor against pillar failure is 2.8. 

This is a satisfactory safety factor based on the one specimen. 

Additional lignite geotechnical testing is planned during the current 

exploration program. 

Experience at existing Lakhra deep mines support the assigned 

pillar dimensions as being reasonable. Final determination of 

underground mine design parameters will be determined at the time of 

mining. Near-term development of the recommended experimental 

underground mine section at an existing or future PMDC mine will 

provide a field testing center to verify proposed design plans. 
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Review of Available Data 

A summary of the range of values obtained by JICA and SMTL 

for unit weight, uniaxial compressive strength, and tensile strength is 

given in Tabulation 5-B, following this text. The results confirm the 

fact that the properties of the rocks of the region vary over 

considerably wide ranges. As can be seen, agreement between the two 

sets of data is fair for the unit weight determination but relatively poor 

for the strength determinations. This is especially true for the case of 

the tensile strength, however, the lack of agreement can be at least 

partially attributed to different testing methods used for tensile 

strength determination. As regards the shear strength parameters, C 

and 0, no triaxial or direct shear tests have been conducted to date. 

Due to differences in testing methods, only the SMTL data is used by 

BOYD to determine C and 0. 

Based on the unconfined compressive strength values obtained, the 

sandstones, siltstones, claystones, and coal may be classified as very 

weak to moderately weak rocks. As such the shear strength 

parameters, C and 0, for these materials in situ may be expected to 

vary from approximately 1.172 to 1.953 kg/cm2 and 32' to 360, 

respectively. On the other hand, the angle of repose for the spoil 

could range from approximately 350 to 40', depending on particle 

characteristics (such as size, shape, and surface features), gradation, 

and degree of compaction. At this time, an average slope angle of 370 

for the spoil appears to be a reasonable assumption. 

JOHN T. BOYD COMPANY 



14-6
 

Preliminary Slope Stability Analysis 

As pointed out above, no adequately measured shear strength 

values currently exist for the purpose of conducting slope stability 

analyses. In order to assess the stability of the critical cut 

represented by the 53 m highwall, average shear strength values were 

assumed for the composite, and potential circular and planar failure 

surfaces were considered. The minimum factor of safety for the four 

planar modes of failure examined was determined by varying the values 

of x and 5 on Plate 8. The results of this preliminary analysis are 

presented in Tabulation 5-C. Based on the results presented, it 

appears that the proposed highwall angle of 700 could be adequately 

maintained provided the composite can be represented by minimum shear 

strength values of C = 1.562 kg/cm2 and 0 = 320. 

Conclusions 

The region is relatively heterogeneous and thus the rocks exhibit 

properties with widely ranging values. Some layers of rock, such as 

the limestones and laterites, are hard and compact, and relatively 

insensitive to stress release and changes in moisture conditions, but do 

have fractures and planes of weakness. On the other hand, layers 

such as the siltstones, claystones, and sandstones are often badly 

fissured, relatively soft and loose, and sensitive to stress release and 

changes in moisture conditions. At this time, the proposed surface and 

deep mining plans appear to be reasonable. However, stabilization 

measures may have to be taken if areas of soft/loose rocks (running 

sandstone conditions) are encountered in surface mining. 
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Since it is the strength of the softer rocks along with the 

weaknesses of the stronger rocks which will dictate the stability of the 

proposed cuts and underground openings, it is critical that the 

strength and deformation characteristics of such rocks be properly 

evaluated. Additional geotechnical field and laboratory testing is 

planned during the Phase 2 drilling program provided acceptable 

samples of the softer strata can be recovered during drill coring. 

Following this page are: 

Plate 8: Stability Analysis, Typical Surface Mine Pit 

Tabulations 
5-A: Summary of Rock Test Results 
5-B: Summary of Rock Tests in Stratigraphic Succession 
5-C: Results of Preliminary Stability Analysis 
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TABULATION 5-A
 

SUMMARY OF ROCK TEST RESULTS
 
PHASE 1 FIELD STUDIES PROGRAM
 

TESTING PERFORMED BY
 
SOILS AND MATERIALS TESTING LABORATORY, LTD.
 

LAKHRA COAL PROJECT
 
Sind Province, Palistan
 

For
 
USAID/PAKISTAN - WAPDA
 

CONTRACT NO. 391-0478-C-00-5006-00
 
By
 

John T. Boyd Company
 
Mining and Geological Engineers
 

December 1985
 

Uniaxial 

Drill 
Hole 
Number 

Sample Description 
Depth 
(m) Rock 

Unit 
Weight 

(gm/cc) 

Compressive Tensile 
S 2rengthStrength 

_jkj/cm ) (kg/cm 2 ) 

WTC1 22.4 Limestone 2.61 114.3* 

WTC1 24.0 Limestone 2.50 55.6* 

BTIO 38.0 Limestone 2.38 48.4* 13.68 

BT1O 41.5 Limestone 2.44 153.9 98.28 

EC8 17.5 Laki Laterite 2.34 55.6* 

EC8 18.5 Laki Laterite 2.47 61.6* 

EC9 19.2 Laki Laterite 2.50 54.5* 

EC9 19.2 Laki Laterite 2.16 278.3* 

BT2 21.34 Laki Laterite 2.16 34.5* 

BT2 21.34 Laki Laterite 1.83 46.6* 17.10 

WTC1 37.2 Laki Laterite 2.25 61.2* 64.95 

WTC1 38.0 Laki Laterite 2.67 661.1* 92.30 

EC5 38.6 Claystone 1.53 34.8* 1.34 x 10 -3 

ECS 40.0 Siltstone 1.47 51.3* 

EC5 42.5 Claystone 1.69 34.5* 

EC5 44.7 Claystone 1.56 40.1* 

EC5 54.8 Siltstone 1.59 38.8* 

EC9 26.5 Sandstone 2.81 483.7* 170.92 

EC9 31.0 Sandstone 2.63 84.0 52.13 

WTC2 58.4 Claystone 2,00 34.2 1.99 x 1o -3 

WTC2 60.0 Claystone 2.27 49.7* 2.54 x 10 -3 

ECIO 44.0 Siltstone 1.89 26.5* 1.29 x 10-3 

EC1O 44.0 Siltstone 1.89 29.7* 1.43 x 10-3 

CC11 100.0 Claystone 2.02 27.5* 1.43 x 10 -3 

CC11 100.5 Claystone 1.85 33.2* 1.48 x 10-3 

CC12 77.0 Siltstone 1.85 34.9* 

BT2 64.31 Sandstone 2.13 34.6* 68.37 

WC7 35.6 Sandstone 2.64 70.0 

WC7 52.0 Siltstone 2.13 53.9* 

WC7 52.5 Siltstone 2.10 42.6* 0.92 x 10-3 

EC9 

EC9 

58.5 

59.5 

Carbonaceous Claystone 

Carbonaceous Claystone 

2.13 

2.18 
52.9* 
50.2* 1.11 x 10 -3 

WTC1 55.0 Silty Sandstone 2.18 53.3* 

WTC1 66.7 Siltstone 2.05 49.2* 
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TABULATION 5-A - Continued 

Uniaxial 

Drill 
Hole 
Number 

Sample Description 
Depth 
(M) Rock 

Unit 
Weight 

(qm/cc) 

Compressive 
Strength 

(kg/cm 2) 

Tensile 
Strength 

(kg/cm 2) 

WC4 

WC4 

64.0 

64.5 

Claystone 

Claystone 

1.91 

2.00 

38.4* 

50.3* 

1.20 x 10 -3 

1.62 x 10 -3 

WC4 

EC5 

65.0 

57.7 

Claystone 

Sandstone 

2.08 

1.87 

27.4* 
18.8* 1.06 x 10 -3 

EC5 63.9 Sandstone 1.95 32.7* 

EC5 65.7 Sandstone 1.79 35.3* 0.97 x 10 -3 

EC5 70.2 Claystone 1.83 34.6* 

EC5 76.2 Claystone 1.54 47.0* 

EC5 

EC8 

78.1 

70.0 

Claystone 

Siltstone 

1.78 
2.04 

35.1* 
48.2 1.80 x 10-3 

EC8 70.0 Siltstone 2.03 53.9* 

WC2 

WTC2 

86.5 

84.0 

Claystone 

Claystone 

2.03 

1.95 

31.9* 
28.1* 2.22 x 10-3 

WTC2 

WTC2 

85.0 

95.5 

Claystone 

Carbonaceous Shale 
2.07 
1.77 

35.7* 
40.0* 1.89 x 10-3 

CC3 

CC3 

100.0 

103.5 

Claystone 

Claystone 

1.88 

1.85 

32.3* 

42.3* 

1.52 x 10 -3 

1.02 x 10 -3 

CC3 105.8 Claystone 1.93 41.1* 

CC11 119.5 Claystone 1.82 43.7* 

CC9 131.0 Sandstone 2.14 2.9* 

WC7 77.0 Siltstone 1.91 44.5* 2.03 x 10-3 

WC7 78.0 Siltstone 2.23 52.2* 1.99 x 10-3 

WC7 

WC7 

79.5 

88.5 

Claystone 

Claystone 

1.88 
1.91 

41.5* 
39.7* 1.15 x 10 3 

EC11 

EC11 

87.5 

88.5 

Silty Sandstone 

Silty Sandstone 

2.14 

1.98 

39.2 
29.6 1.34 x 10 -3 

WTC2 97.0 Siltstone 1.92 41.1* 

WTC2 97.5 Siltstone 2.24 52.7* 

BT10 98.0 Siltstone 2.11 50.2* 

BT1O 

BT1O 

101.0 

137.0 

Siltstone 

Carbonaceous Sandstone 
2.01 
1.85 

52.8* 
16.2* 1.20 x 10 -

3 

BTIO 137.5 Carbonaceous Sandstone 2.01 43.7 1.29 x 10 -3 

CC9 141.5 Sandstone 2.66 88.8* 1.29 x 10-3 

* Since h was less than 2.0, the compressive strength was modified 

according to ASTM regulations. 
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TABULATION 5-B 

SUMMARY OF ROCK TESTS 
IN STRATIGRAPHIC SUCCESSION 

PHASE I FIELD STUDIES PROGRAM 
TESTING PERFORMED BY 

JICA AND SMTL 
LAKHRA COAL PROJECT 
Sind Province, Pakistan 

For 
USAID/PAKISTAN - WAPDA 

CONTRACT NO. 391-0478-C-00-5006-00 
By 

John T. Boyd Company 
Mining and Geological Engineers 

December 1985 

Stratigraphy Rock Laboratory 

Unit Weight 

(gm/cc) 

Uniaxial 
Compressive 

Strength 

(kg/cm 2 ) 

Tensile Strength 

(kg/cm 2) 

Laki Formation Limestone JICA 2.36 - 2.59 141.9 - 957.3 30.5 - 70.5 

SMTL 2.38 - 2.61 48.5 - '53.9 13.68 - 98.28 

Laterite JICA 

SMTL 

1.93 

1.83 

- 2.26 

- 2.67 

122.5 

34.5 

- 142.1 

- 661.1 

6.1 

17.10 

- 11.4 

- 92.3 

Upper Ranikot Claystone & 

Siltstone 

JICA 

SMTL 

1.79 

1.47 

- 2.43 

- 2.27 

43.0 

26.5 

- 312.6 
- 51.3 

3.9 
1.29 x 10 

-3 
- 10.4 
- 2.54 x 10 

-3 

Sandstone JICA 

SMTL 

1.70 

2.13 

- 2.39 

- 2.81 

22.7 

34.6 

- 323.0 

- 438.7 

4.0 

52.13 

- 24.5 

- 170.92 

Lower Ranikot: 

Upper Coal-bearing Layers Claystone & 

Siltstone JICA 

SMTL 

1.88 

1.54 

- 2.07 

- 2.18 

9.2 

27.4 

- 141.3 

- 53.9 

3.9 
0.92 x 10 

-3 
-

13.1 
2.22 x 10 3 

Sandstone 	 JICA 1.76 - 2.11 5.2 - 59.6 4.2 - 9.5
 

SMTL 1.79 - 2.64 
 2.9 - 70.0 ^.,i x 10
-3 

- 1.06 x 10 
3 

Coal SMTL 1.11 - 1.53 5.2 - 38.6 

Intervening Layers and 

Lower Coal-bearing Layers Claystone & 

Siltstone JICA 

SMTL 

2.70 

1.88 - 2.24 

278.9 

39.7 - 52.8 1.15 x 10 
-3 

- 2.03 x 10
-3 

Sandstone 	 JICA 2.05 - 2.26 82.1 - 164.6 6.8 - 18.2
 
-3 3
 

1.20 x 10 - 1.34 x 10-
SMTL 1.85 - 2.66 16.2 - 88.8 
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TABULATION 5-C
 

RESULTS OF PRELIMINARY STABILITY ANALYSIS
 
PHASE 1 FIELD STUDIES PROGRAM
 

TESTING PERFORMED BY
 
SOILS AND MATERIALS TESTING LABORATORY, LTD.
 

LAKHRA COAL PROJECT
 
Sind Province, Pakistan
 

For
 
USAID/PAKISTAN - WAPDA
 

CONTRACT NO. 391-0478-C-00-5006-00
 
By
 

John T. Boyd Company
 
Mining and Geological Engineers
 

December 1985
 

Shear Strength Values Factor of Safety
 
Circular Planar Surface
 

Degrees C (kg/cm2) Surface No. 2
 

32 1.172 1.12 1.13
 

32 1.562 1.32 1.32
 

32 1.953 1.51 1.51
 

34 1.172 1.16 1.17
 

34 1.562 1.36 1.37
 

34 1.953 1.55 1.56
 

36 1.172 1.20 1.21
 

36 1.562 1.40 1.41
 

36 1.953 1.60 1.61
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TRAINING
 

Introduction 

Tha size and type of mines necessary to supply the amount of coal 

needed by the 700 MW power plant contemplated for the first two 

coal-fired units (4.3 million tons per year on a continual basis) is much 

larger and more technically sophisticated than the small, labor intensive 

unmechanized mines which presently supply local markets. 

BOYD personnel have met with officials and other technical 

personnel concerned with mining and related sectors. Lists of 

recommended technical books have been supplied to improve both USAID 

and WAPDA technical libraries. The activities at Lakhra caused by the 

field exploration have generated an interest in Lakhra to the extent 

that several seminars and field trips to the drilling area have been 

scheduled. Technical personnel working at Lakhra have cooperated or 

participated in promoting the project. Experienced BOYD engineers 

have visited various mines and quarries throughout Pakistan and 

exchanged ideas with the operators. 

Since local personnel with experience in operating modern surface 

mines or mechanized underground mines is quite limited, a specialized 

training program to prepare the mine staff and workers is necessary to 

help assure the success of the venture. 

The proposed mining complex at Lakhra, which will supply fuel for 

the first domestic coal-fired power plant, may be only the first of 

several similar projects. 

JOHN T. BOYD COMPANY 



15-2
 

Assignment 

The work scope for the Lakhra Feasibility Study contained the 

following section concerning training. 

"The Contractor will assist WAPDA in developing a 
plan to identify specific training needs and types of skills 
required which will correspond to the project schedule for 
the construction of the Lakhra coal mine and coal process
ing facilities. This training plan will include overseas and 
in-country long and short-term training needs to fit the 
implementation schedule and shall be divided into on-the-job
and formal education components. The Contractor shall also 
determine which training is suited to his own facilities in 
the U.S. and which should be conducted in other institu
tions or un;,,ersities in the U.S. or third countries or 
in-country. The training plan shall include a detailed 
training schedule indicating length of total program, man
hours of instruction, number of trainees, a description of 
instructor skills required, and a detailed cost estimate." 

Training Needs 

The plan for the development of the Lakhra coal deposits requires 

development of a comprehensive training program directed toward future 

Lakhra Mine Development Company Limited (LMDC) personnel, including 

technical staff and other workers necessary to staff the company that 

will manage and operate the coal mines projected for Lakhra. 

Depending on the skills necessary for the position and the training 

and experience of the individual in like or similar work, an acceptable 

level 	 of competency must be acquired through appropriate training. 

The method of receiving this can be broadly broken down into the 

following categories: 

1) 	 General Mine Orientation - This would consist of visits 
to similar mining operations so as to acquire a general
appreciation of mining methods and problems similar to 
those which may occur or could be utilized at Lakhra 
or similar mines in Pakistan. This type of training
wc-ild serve to educate or broaden the knowledge of 
those who must make policy decisions and are engaged 
in project planning and evaluation. 

JOHI T. BOYD COMPANY 
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2) 	 Formal Training - This would consist of attending 
formal courses to broaden the capabilities of indi
viduals in specific areas. Such training could be 
long-term in the form of attending a university for a 
year or so, or short-term to attend courses covering 
specific areas in training centers (including those run 
by the company) or similar institutions in-country or 
abroad. 

3) 	 Informal (or on the job) Training - This type of 
training is imparted while actually performing the tasks 
to be learned under the close supervision of those who 
have demonstrated a proficiency in that job. These 
can be acquired at the mine site or in other locations 
where the tasks are currently performed. 

General 

Since the size and type of coal mining operation planned for 

Lakhra Coal Project is unique for Pakistan, the initial start-up will 

require a strong and dedicated effort to have an adequately trained 

organization and staff available to operate the facilities. Once the 

facilities are operating, the amount of training necessary will diminish 

and be limited to that necessary for preparing replacements for those 

lost due to turnover of work force and specialized training to aid in 

personnel development. 

Orientation and training will be required in the following areas: 

Orientation: 

o Safety (General) 

o Underground Safety 

o Company Policy and Rules 

JOHN T. BOYD COMPANY 
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Operations Training: 

Category 

o 	 Heavy Equipment Opera-
tions (surface): 

o 	 Underground: 

o 	 Maintenance: 

o 	 Technical & Super-
visory Planning: 

o 	 Support Service and 
Administration: 

Specific Areas 

Tractors 
Graders 
Shovels 
Scrapers
 
Draglines 
Trucks 
Drills 
Blasting 

Roof Support 
Conveyor Assembly and Operation 
Coal Removal 
Ventilation 
Scoop Trams 
Sealing Techniques 

Electrical 
Diesel Mechanics 
Gasoline Mechanics 
Heavy Equipment 
Tires 
Belts 
Welding 
Hydraulics 

Underground Mine Design 
Surface Mine Design 
Surface Mine Operations
Underground Operations 
Maintenance Planning 
Personnel Management 

Warehousing 
Materials Procurement 
Personnel Training 
Coal Quality 
Accounting 
Justification of Capital Expenditures 

Training at the lower levels can be expected to be complicated by 

the low literacy rate among the group, and the fact that various 

segments of the work force utilize different local languages as their 

primary means to communicate. 

JOHN T. BOYD COMPANY 
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In-Country Investigation 

In orr~er to develop a training plan for mining related personnel, it 

was 	 necessary to investigate the availability and qualification of existing 

in-country training facilities. It was also important to talk to other 

large industrial concerns who have had experience in obtaining and 

maintaining an adequately trained work force, so that their experience 

can 	be understood and applied. 

A general investigation was made of the work force as to the 

availability of personnel with skills necessary to operate the mines and 

their qualifications. The investigation revealed the following: 

o Experienced heavy equipment operators are available 
(bulldozers, cranes, graders, end-loader, truck drivers, 
etc.) having been trained for construction work (dams,
roads and similar) both in Pakistan and other countries 
of the Middle East. 

o 	 Experienced craftsmen are available as mechanics, 
electricians, welders, fitters, etc., and the polytechnical
institutes and vocational schools continue to train craftsmen 
and technicians for low level supervisory jobs in the 
crafts. 

o 	 Underground miners are available with experience in 
small scale, labor intensive type of mining. 

o 	 The universities are turning out sufficient numbers of 
engineers in mining and other fields such as electrical 
and mechanical to fill the needs of the operating 
organization. 

o 	 There are available within the country very limited 
numbers of engineers and supervisors with experience in 
surface mining methods, however, some are available 
with related experience obtained on construction 
projects in country and abroad. 

JOHN T. BOYD COMPANY 
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Overview of Training in Pakistan 

Pakistan has historically been deficient in the personnel available 

in the work force with the experience and skills necessary to operate 

and maintain the modern equipment and machinery being installed for 

their expanding industries. This was partially caused by: (a) the 

scarcity of public training institutions for teaching the trades, and 

(b) the outflow of skilled technicians and operators to help man large 

construction projects and industrial developments taking place in oil 

rich Middle East countries such as Saudi Arabia, Iraq, etc. In order 

to overcome this shortage and to supply their needs, large companies 

and to a lesser degree smaller ones, set up comprehensive company 

operated training centers. In many cases, these centers prepared 

newly hired employees with the basic and special skills needed by that 

company and offered remedial and advanced training for the more 

demanding positions. To attract and <eep the best candidates possible, 

those being trained were paid during the training period. Depending on 

the job skills necessary, duration of the initial training program was 

usually six months to two years for specialized jobs. Companies such 

as Pakistan Steel, WAPDA, and Pakistan International Airways have 

established in-house training institutes where training of up to 3 years 

in some specialties is received. The necessity at times to hire young, 

inexperienced, poorly educated employees to work around industrial 

machinery and equipment complicated their training. For the most part, 

this segment of the population had little appreciation of machinery and 

the consequences of improper use or maintenance. 

The training in these company training centers consists of formal 

classroom training mixed with practical training utilizing simulators, 

shops, etc., depending on the job skills needed. This was in most 

JOHN T. BOYD COMPANY 
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cases followed by a period of on-the-job training under close 

supervision and guidance of someone skilled in the same job. After 

having demonstrated his ability to perform the job satisfactorily, the 

employee is eligible to apply for a suitable position, once a vacancy in a 

job for which he has been trained becomes available. 

Certain other companies, such as the large construction companies, 

were awarded large contracts which suddenly required them to rapidly 

expand their work force in areas such as equipment operators and the 

trades (mechanics, electricians, carpenters, welders, etc.). These 

companies have made it a practice to establish temporary training 

centers on an as needed basis. In this case, training is conducted 

similarly to that in other more permanent company run training centers, 

except that much of the training of heavy equipment operators is by 

hands-on instruction. There does not appear to be any heavy 

equipment operator training centers presently operating in Pakistan. 

For certain higher level specialized jobs in management or 

engineering, it has been necessary to send selected employees abroad to 

obtain the skills necessary. When those so trained return, they are 

usually utilized to transfer the knowledge obtained to others within the 

company. At times when special skills are needed, the services of 

specialists, including foreign personnel possessing the expertise 

needed, are contracted for the time necessary to train other company 

employees. 

Some smaller companies have not found it practical to establish 

elaborate training facilities. They have solved the problem mainly by 

offering higher wages and benefits in order to limit turnover in the 

more skilled areas. These companies normally provide training by a 

form of apprentice system, in which new employees are put to work 

JOHN T. BOYD COMPANY 
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with older, more experienced employees to learn the job from them. As 

technology advances the emphasis on higher education increases. 

With any training program, particularly apprentice programs which 

rely on a high degree of on the on-the-job training, the level of 

competence of the lower supervision determines the quality of the newly 

trained employee. Deficiencies in first line supervision has apparently 

been one of the most difficult problems to overcome, especially in newly 

formed companies. The reasons that the problem exists include the 

following: 

1. 	 The reluctance of more highly educated technicians 
such as engineers to accept such job assignments due 
to (a) prevailing class structure and (b) limited 
on-the-job knowledge of the jobs to be supervised. 

2. 	 Unavailability of experienced supervisions in new 
technology areas. 

3. 	 Many supervisors will be inexperienced and require
both technical and management training. 

4. 	 Lack of a large concentration of skilled workers from 
which to promote supervisors. 

Underground Mine Training - Historical 

In the area of underground mining, the quality of lower 

supervision has traditionally been even a greater problem. There are 

not any established training centers giving instruction in mining 

technology or safety. Local mine inspectors occasionally present very 

basic training courses. Several universities teach mining engineering, 

but graduate or undergraduate mining engineers have not been utilized 

in lower level direct mine supervision. Most private sector mines are 

run and supervised by ex-miners that have been selected and 

promoted. The mine work force consists largely of personnel with 

JOHN T. BOYD COMPANY 
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limited technical understanding and little education, who are willing to 

tolerate poor living and working conditions and hard work for a limited 

period of time. 

Underground miners as a group have traditionally received little if 

any training. Work habits and methods are learned on the job with 

training imparted by their fellow miners and to some extent the 

supervisors. The miners have historically been paid based on a group 

piece-rate system. Work within the crew is assigned by the members 

themselves based on criteria such as experience in various types of 

work, etc. Since current mining practices are quite primitive, the 

basic skills needed for most jobs is minimal. 

Current Situation 

The conditions which now exist in Pakistan are somewhat improved 

over those of the past. Some of these improvements include the 

following: 

1. 	 The work opportunities in the Middle East for skilled 
workers are rapidly diminishing. Many skilled 
Pakistan workers are returning and are available in 
the work force. 

2. 	 The established polytechnical schools and technical 
(vocational) schools continue to turn out quantities of 
graduates with trade skills. Existing trade schools are 
generally located in the large cities. 

3. 	 Continued technological progress in the country has 
created a more industrial oriented work force. More 
people with this type of experience are available. 

4. 	 Well equipped mine rescue stations and accompanying
training facilities for mine rescue have been 
established in two provinces (Punjab and Baluchistan).
Punjab also has a mine training center including a 
training mine which will be functioning in late 1985 or 
early 1986. Training will be offered to mine 
supervisory personnel in six-month and one-year 
courses. The province of Sind is looking for financing
for establishment of training centers. 

JOHN T. BOYD COMPANY 
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5. 	 As the quantity of heavy equipment working in the
 
country has increased, equipment distributors have
 
expanded their training capabilities.
 

A summary of existing in-country training facilities is shown on 

Tabulation 6-A, following this text. 

Conclusions 

Presently there should be no major problems in attracting 

sufficiently trained and experienced personnel to staff the new LMDC 

mining venture. Certain inducements will be needed to attract 

experienced personnel, and minimize required training. These include 

the following: 

1. 	 Salary levels and benefits must be high enough to
 
attract and keep the level of personnel required.
 

2. 	 Working and living conditions should be upgraded to a
 
level to attract and retain competent personnel.
 

3. 	 Standardization of equipment (type and model) to
 
reduce speciality skills.
 

4. 	 Limit the degree of "sophistication" on equipment
 
ordered.
 

5. 	 Careful checking, screening and testing of job

applicants as to their reported education experience
 
and capabilities.
 

6. 	 Educational levels of new employees should be
 
emphasized.
 

Recommended Training: 

Operating Mining Company (LMDC) 

In o"der to facilitate the start-up of mining operations, it is 

suggested that a nucleus of personnel be contracted that possess 

experience in similar operations. These individuals can to some degree 

JOHN T. BOYD COMPANY 	 "3N 
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be obtained on loan from public companies such as WAPDA, and PMDC. 

This group, along with the experienced personnel which can be hired 

directly, will allow a more gradual phase in of the permanent staff. 

Those areas where specific skills are not available locally will 

require that experienced personnel be brought in at least temporarily 

from outside the country. Locals will be trained with their help, 

and/or promising nationals will be sent abroad to obtain the skills 

needed. Development of experienced core groups of both staff and 

workers is a priority. 

Equity Partner/Operator 

The expatriate mining company selected to manage LMDC should be 

utilized as a source of experienced personnel and training center for 

future LMDC staff. The training received would be compatible with the 

operating systems and procedures utilized by that company. Parent 

company management can closely monitor the progress and capabilities of 

those being trained and alter their training as seen necessary. 

The participation of an experienced mine operator presents the 

opportunity for obtaining the services of experienced technical 

supervision in critical areas for a period of time and also a place to 

send a limited number of technical personnel for on-the-job practical 

training in management systems such as accounting and purchasing. 

A satisfactory working arrangement with the expatriate company 

should be completed as soon as possible to allow training to begin and 

continue throughout the construction and start-up phases. 

JOHN T. BOYD COMPANY (n' 
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On-Site Facility 

Due to the nature and location of the mining operation, it will be 

necessary to establish a training facility on location to oversee the 

necessary training. In addition to scheduling company on-the-job 

training courses, the training staff will also schedule and conduct the 

formal training courses. The assistance of technical personnel within 

the expatriate company and from other sources including equipment 

dealers should be encouraged. 

Due to LMDC's close affiliation with WAPDA, certain experienced 

personnel may be borrowed from WAPDA and other public sector 

companies during the critical start-up period. Additionally, the 

training facilities available within WAPDA may be utilized for training in 

general management and certain trades. The new mine training center 

and mine rescue center in Punjab are available for training underground 

supervisors and engineers, while the company owned training facilities 

including a simulated underground mine are constructed. 

Underground Mine Training 

Prior to commencing the Lakhra project, it is recommended that 

some of ti- key personnel in training and operations spend a minimum 

of one month gaining knowledge from the Western coal mining industry 

relative to mine organization, operations, and planning and organizing a 

training and safety center. In addition to visiting mining companies 

with excellent training and safety programs, the National Coal Board of 

Great Britain, United States Bureau of Mines, and MSHA should be 

contacted. 

JOHN T. BOYD COMPANY 



15-13
 

Every employee will receive a minimum 5 days training annually 

relative to his present job, an up-graded job, mine ventilation, 

transportation, roof control, electrical system, personal safety, and 

methods of applying first aid. 

In addition to the underground operating staff, which will also 

give on-the-job training and safety instructions, a central training and 

safety 	group is organized, including: 

1 - Chief Training Officer 

I - Chief Safety Officer 

6 - Training Instructors 

13 - Safety Inspectors 

An operations overview, mining equipment training, and a health 

and safety instruction program are projected for all employees prior to 

mine assignment. This program includes: 

a. 	 Classroom instruction consisting of approximately 60 
hours, including general orientation, instruction in first 
aid and use of safety clothing and equipment, general
discussion of underground mining conditions and 
practices, and familiarization with miners' incentive 
rates, fringe benefits, work practices, and employer's 
policies. 

b. 	 Above-ground operation instruction with mining
equipment is approximately 40 hours. A simulated 
underground 3-entry mining section is constructed above 
ground and fitted with the equipment to be used 
underground. In this facility, new employees learn the 
basic operation and activities performed on a producing
section and the principles of underground face 
transportation, ventilation, communication and safety. 

c. 	 On-the-job training (production and nonproductive
operation) is 100 hours. For example, the underground
trainee tours the entire mine, becomes familiar with 
escapeways, ventilation, transportation, electrical 
system, communications, and mine organization. Some 
construction work, if available, is performed, such as 
building stoppings, overcasts, belt conveyor installation 
and equipment maintenance and temporary and permanent 

JOHN T. BOYD COMPANY 
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roof support installations. For the first group trained, 
some of these tasks will be simulated on the surface or 
at the PMDC experimental mine. Near the end of the 
training period, the employee is assigned to his future 
work crew to observe conditions pertinent to the job. 

When the retreating longwall face is installed, the crews 
undergo further training by mine operating personnel 
and technical advisors. The longwall machinery 
(hydraulic props with link bars, face chain conveyor, 
and belt conveyor) should be assembled on the surface 
for equipment compatibility, testing, and concurrent 
crew training prior to underground installation. 

In lieu of the customary loose clothing presently worn 
by some of the miners, we recommend that snug, close
fitting clothing be worn for their personal safety. 

Surface Mine Training 

The surface mine employees involved with operations will consist in 

large part of heavy equipment operators and helpers. Except for 

increased size, most of the equipment will be similar in many aspects to 

other equipment presently used in quarries, dam construction of dams, 

irrigation projects, and roads. The operators will be drawn from those 

in the labor force with experience. Training time will therefore be 

limited to that necessary to adapt existing skills in equipment operation 

to that equipment to be used at Lakhra. After general orientation and 

instructions by experienced personnel (in many cases representatives 

supplied by the equipment manufacturer during the equipment delivery, 

erection and start-up period) training will consist principally of 

hands-on training to become familiar with specific pieces of equipment. 

As the operator improves, he will be allowed to put the unit into 

production, closely monitored until he becomes proficient. 

JOHN T. BOYD COMPANY 



15-15
 

Maintenance Training 

Craftsmen (electricians, mechanics, welders, etc.) with experience 

in their related fields will be hired, given orientation concerning the 

equipment to be maintained and tools available. Work responsibility will 

increase based on performance. As they become familiar with the 

equipment, remedial training in specific areas will be given by the 

equipment dealers technical representatives. 

Supervisory Training 

The supervisory staff will play a major role in the training of the 

new work force and their selection and training will be most critical. It 

will be advantageous to employ this group as soon as possible to 

familiarize them with the equipment, procedures, etc. The presence of: 

(1) higher level management with prior specialized training in many of 

their areas, and (2) manufacturers technical representatives present 

during equipments erection and start-up, will aid in training. 

Management/Administrative Personnel Training 

Management and administrative staffs will be composed of personnel 

newly hired for the company, transferred or borrowed from WAPDA 

and/or PMDC, together with experienced expatriates in a limited number 

of key jobs. As soon as possible, a key group of Pakistani management 

personnel will be selected for on-the-job orientation in their respective 

job areas. They will work as deputies to their expatriate counterpart 

to become familiar with procedures, equipment, systems, etc. New 

management personnel will also undergo short orientation training either 

JOHN T. BOYD COMPANY 
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at the company operated facilities or a combination of similar training 

utilizing the appropriate training facilities available in the country. 

Some of these facilitics are listed on Tabulation 6-C. It will be 

important to staff the management positions as early as possible so that 

they aid in the training of the lower levels of supervision and labor 

within the company. 

Test Underground Mine 

The conversion of an existing or new PMDC mine in the area to 

the more mechanized mining methods to be used by the LMDC 

underground mines is being reviewed. To be most effective this should 

take place as soon as practical. (See Underground Mine chapter.) 

This mine would then be a test center where the operating 

techniques and design can be refined prior to application in the larger 

underground mines planned for LMDC. This small operating mine could 

also then be used to train groups of LMDC miners and technical 

supervision prior to the opening of the LMDC mines. 

The equipping of the PMDC mine with a more modern system would 

help to transfer technology to PMDC and other companies. 

Trainiq.q Program Matrix 

Based upon the program of training described, a projection of the 

amount and type of training has been made. This is shown on 

Tabulation 6-A, with a brief general description of the content for the 

various training units listed shown in Tabulation 6-D. 

JOHN T. BOYD COMPANY 
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Tabulation 6-B shows a proposed schedule for training and 

orientation visits. They are concentrated during the early years of the 

new company, in order that experience can be brought back and be 

applied as the company starts operation. Additional training of shorter 

duration may take place periodically. 

Depending on the dates of the orientation visits and on the job 

training scheduled for out of the country, it may also be possible to 

incorporate some specialized short course training and/or visits to 

mining relate,' technical events into the trip. Tabulation 6-F contains a 

representative listing of some events and courses recently offered. 

Following this text are: 

Tabulations 
6-A: Projected Training Matrix 
6-B: Estimated Costs, Out-of-Country Training Program
6-C: Summary - Existing Pakistan Training Facilities 
6-D: Training Unit Content 
6-E: Recommended Content, Out-of-Country Training 

Program 
6-F: Recent Related Short Courses and Events 

JOHMN T. BOYD COMPANY 
'1 
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TABULATION 6-A 

PROJECTED TRAINING MATRIX 
NEW LMDC EMPLOYEES 
LAKHRA COAL PROJECT 

Sind Province, Pakistan 
For 

USAID/PAKISTAN - WAPDA 
CONTRACT NO. 391-0478-C-00-5006-00 

By 
John T. Boyd Company 

Mining and Geological Engineers 
December 1985 

General 
Orlenta-

tion 
General 
Safety 

U.S. 
Safety 

U.G. 
Miner Equipment 

Skills 
Craft 
SktillsPractice 

Mine 
Rescue 

Equip-
Supervision ment 

pera- Hiinte- Orien-
tions nance tation 

Manage
ment 
(New) 

Duration (Days): 3 3 3 6 6 6 12 15 30 30 6 36 

Position Group 

Days 
to 
Train 

Supervisor - Underground Operations X X x x X X X 66 

Supervisor - Underground Maintenance X X x X P x 60 

Supervisor - Surface Operations X X x X 42 

Supervisor - Underground Maintenance X X x X x 42 

Miner - Underground X P X x 24 

Equipment Operator Underground x X X x 27 

Equipment Operator - Surface X X X x 24 

Helper - Underground Operations X x P P x 27 

Helper -Surface Operations x x x x 24 

Helper - Underground Maintenance X PX X X 27 

Helper - Surface Maintenance x x x X 24 

Craftsman - Underground X xX X x 27 

Craftsman - Surface X x X X 24 

Office. etc. X x 6 

Management - Underground Mine X P X X P x x 72 

Management - Surface Mine X X X X X 51 
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TABULATION 6-B 
ESTIMATED COSTS 

OUT-OF-COUNTRY TRAINING PROGRAM* 

LDC 
LAKHRA COAL PROJECT 

Sind Province, Pakistan 
For 

IJSAIO/PAKISTAN - WAPDA 
CONTRACT NO. 391-0478-C-00-5006-00 

By 
John 1. Boyd Company

Mining and Geological Engineers 

Oecember 1985 

Programmed Period (D • Full Production Yr.) Cost Estimate (1985 $)* 

No. Type of Training 
Duration 
(Mos.) D-6 0-5 0-4 

Int'l. 
Travel 

Internal 
Travel 

Per 
Diem 

Fees and 
Material 

Total 
Cost 

I OJT Surface Mine Operations (2) 6 4,000 2,000 12,600 52,000 70.600 

2 OJT Underground Coal Operations 6 2,000 1.000 6,300 26,000 35,300 

3 OJT Surface Mine Maintenance (2) 6 4,000 2.000 12,600 52,000 70,600 

4 Mine Orientation Visit 1-1/2 - 2,000 2,000 2,700 16,000 12.700 

4a Mine Orientition Visit 1-1/2 - 2,000 2,000 2.700 6,000 12,700 

5 Mine Visit & Project Engineering OJT 4 2,000 2,700 7,200 17,000 28,900 

5a Mine Visit & Project Engineering OJT 4 2.000 2,700 7,200 17,000 28,900 

6 Accounting Systems OJT 3 2,000 - 2,700 13,000 17,700 

7 Procurement System OJT 3 2.000 - 2,700 13,000 17,700 

8 Coal Quality 2 2,000 1,400 2,700 11,200 17,300 

9 OJT Electrical Maintenance 6 2,000 1,000 6,300 26,000 35,300 

10 OJT Mine Planning 12 2,000 1,000 10,500 52,000 65,500 

11 OJT Underground Mine Maintenance 6 2,000 1,000 6,300 26,000 35,300 

12 Mine Safety Visit 1-1/ 2,000 2,000 2,700 6,000 12,700 

Total Budget 363,150 80,750 17,300 461,200 

*Assumes both open-pit and underground operations at Lakhra. 

*As per Government Regulations: 

Per Diem 
Tech. Rate 
Training Fees 

$ 60/day or $75/day in high cost city on short term visits of 30 days or less 
• $ 900/mo. over 30 days In one spot 
* $ 1,000/mo. (est.) 

International Travel - $ 2,000/economy R.T. Air Karachi - USA 
Internal Travel • Estimated air and/or ground transportation 

OJT  On-the-Job Training 
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TABULATION 6-C 

SUMMARY 
EXISTING PAKISTAN TRAINING FACILITIES 

LAKHRA COAL PROJECT 
Sind Province, Pakistan 

For 
USAID/PAKISTAN - WAPDA 

CONTRACT NO. 391-0478-C-00-50U6-00 
By 

John T. Boyd Company 
Mining and Geological Engineers 

December 1985 

Facility Locations Type of rraininq Duration Jobs 

WAPDA Training Academy Tarbela General Management 2 mos. Management 

WAPDA Training Centers Guddu 
Multan 

Crafts 3-6 mos. Basic Crafts 

Faisalabad 
Jdmshoro 

Mine Rescue Center Khushab, Punjab 
Baluchistan 

Underground Mine Rescue 3 wks. Underground Supervision 
Underground Management 

Mine Training Center Punjab Underground Mine Theory 6 mos. Underground Supervision 

Polytechnical Schools Hyderabad, Others Basic Crafts 6 wks. + Basic Crafts 

Technical Skills 3 yrs. Skilled Crafts 
Lower Supervision 

Universities Hyderabad Engineering 4 yrs. Engineers 
Lahore 
Karachi 

Management
Administration 

Pakistan Steel Training Center Karachi Technical and Crafts 6 mos.-I yr. Basic Crafts 

Heavy Equipment Dealers Job Site Special Maintenance 1 wk. avg. Heavy Equipment Operators 
Operator Training Mechanics, Electricians 

Institute for Professional Advancement Karachi Special Management I wk. avg. Technical Management 
Special Technical Administrative Management 
Special Administrator 

WAH-Bofors Ltd. Job Site Explosive Use I wk. Mine Management 
(explosive manufacturer) Mine Supervision 
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TABULATION 6-D 

TRAINING UNIT CONTENT 
LMDC EMPLOYEE TRAINING PROGRAM 

LAKHRA COAL PROJECT 
Sind Province, Pakistan 

For 
USAID/PAKISTAN - WAPDA 

CONTRACT NO. 391-0478-C-00-5006-00 
By


John T. Boyd Company 
Mining and Geological Engineers 

December 1985 

ORIENTATION 

General Orientation: (3 days) 

1. Brief Visit around Facilities 
2. 	 Explanation of Company Benefits and Facilities: 

Medical, retirement, school, transportation, housing, 
vacation, leave, social facilities 

3. 	 Explanation of Company Rules:
 
Absences, pay, discipline


4. 	 Employee, Responsibilities to Supervision and Company:
Emergencies, reporting problems, instructions 

General Safety: (3 days) 

1. Issue and Use of Safety Equipment 
2. 	 Accidents: 

Prevention of, reporting of, investigation of, 
types of, causes of, potential for 

3. 	 First Aid:
 
Treatment on the job, handling victim,
 
cleanliness, bites, cuts, breaks
 

4. Working Around Electricity 
5. Working Around Moving Equipment 
6. Proper Use of Tool and Slings 
7. Signalling 
8. Fire Prevention and Fighting 
9. Physical Condition 

10. Compressed Air 
11. Work Area
 
12. Correct Lifting 

Underground Safety: (3 days) 

1. Fires
 
2. Ventilation, Mine Gas 
3. Roof Support and Falls 
4. Dust
 
5. Working Around Belts 
6. In Case of Accidents 
7. Emergencies 

JOHN T. BOYD COMPANY 



15-21 b 

TABULATION 6-D - Continued 

LEARNING 

Underground Miner Skills: (6 days) 

1. Stopping and Starting Equipment - Signals 
2. Familiarization of Work Conditions 
3. Timbering and Roof Support (including steel supports) 
4. Technique of Coal Cutting 
5. Conveyor Belt Assembly, Disassembly for Extension 
6. Pan Line Conveyor Assembly, Disassembly for Extension 
7. General Preparation Procedures for Working with Scoop Trams 
8. Operating of Pneumatic Tools (picks and drills) 
9. Construction of Brattices and Overcasts 

10. Techniques of Sealing Using Shotcrete and Gunnite Mixtures 
11. Operation of Hydraulic Props and Link Bars 

Equipment Skills: (6 days) 

1. Inspection of Unit (familiarization) 
2. Prestart Checks 
3. Starting Procedure 
4. Reporting Problems 
5. Safety in Operation (signalling) 
6. Emergencies 
7. Lubrication and Coolants 
8. Cleanliness 
9. Equipment Operation Under Close Supervision 

10. Shutting Down Equipment 
11. Abuse of Equipment Due to Faulty Operation 
12. How Unit Operates and its Capabilities 

Craft Skills: (6 days) 

1. Use 	of Tools and Instruments Required
2. Familiarization of Equipment to be Maintained 
3. Obtaining Repair Parts 
4. Work Area 
5. Lubricants 
6. Quality in work 

Practice: (12-day average) 
1. 	 Utilization of Skills on Actual Situations, Under Close 

Supervision 
2. Slow Operation of Unit on Job 
3. Workiig near Other Equipment and/or Personnel 

JOHN T. BOYD COMPANY 
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TABULATION 6-D - Continued 

LEARNING - Continued 

Mine Rescue: (15 days) 

1. Function of Team 
2. 	 Environments, where needed:
 

Gaseous, smoke, flood
 
3. 	 Underground Fire Fighting:
 

Use of wacer and seals
 
4. First Aid, Emergency Treatment, Rescue Removal 
5. 	 Explanation of the Breathing Equipment: 

Theory, use, limitations, construction, problems with 
6. 	 Sampling Mine Environment:
 

Dust, gases, oxygen level
 
7. Communication 
8. Practical Experiences with Equipment in Simulated Emergencies
9. Inspection and Maintenance of Rescue Equipment 

Supervision - Operations: (30 days) 

1. Geology of Coal in Pakistan 
2. Underground Mining Methods 
3. Open Pit Mining Methods 
4. Drainage 
5. Ventilation 
6. Drilling and Blasting 
7. Mine 	 Supports 
8. Stability of Roof and Banks 
9. Mine 	 Management and Company Organization 

10. Laws and Regulations Concerning Mining 
11. Mining Equipment and Its Use 
12. Coal Quality 
13. Work Programming 
14. Recordkeeping 
15. Requisitioning Materials 
16. Supervisor - Employee Relations 
17. Use 	 of Cranes, Slings, Chains, Wire Rope, etc. 
18. 	 Maintenance:
 

Preventative, importance of, recording, scheduling
 
19. 	 Electricity:
 

Dangers, working around
 
20. 	 Moving Machinery:
 

Dangers, working with
 
21. Railroad Equipment and Maintenance 
22. Directing Large Equipment 
23. Responsibilities of a Supervisor 
24. Practical Training in Operations of Underground Mining 
25. Disciplinary Policy 
26. Safety for a Supervisor 

JOHN T. BOYD COMPANY 
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TABULATION 6-D - Continued 

LEARNING - Continued 

Supervision - Maintenance: (30 days) 

1. Mining Methods 
2. 	 Laws and Regulations Covering Mines:
 

Mine law, labor law
 
3. Mine 	Management and Company Organization 
4. Supervisor-Employee Relations 
5. Disciplinary Policy 
6. Responsibilities of a Supervisor 
7. Safety as a Supervisor 
8. Programming Work 
9. 	 Preventive Maintenance:
 

Scheduling, record keeping
 
10. 	 Lubrication:
 

Importance of, types of lubricants
 
11. 	 Safe Use of Equipment:
 

Tools, slings, cranes
 
12. Recordkeeping 
13. Quality Work and Its Importance 
14. Shop Equipment and Its Use 
15. Cleanliness in the Work Area 
16. Types of Fasteners 
17. Materials and Their Use 
18. Preparation of Sketches and Print Reading 
19. 	 Electricity:
 

Dangers, types, working with
 
20. Machinery Dangers 
21. Requisitioning Materials and Services 
22. Special Tools 
23. Welding and Its Applications 

Equipment Orientation: (6 days) 

Familiarization with the Various Equipment Used: 
Its use, how it works, limitations, inspection checks, 
maintenance and service required, skills necessary to operate 

Management (New): 36 days) 

1. Geology of Deposit
2. Mining Methods Used 
3. Coal 	 Quality and Markets 
4. Mine 	and Labor Laws and Regulations 
5. Company Organization and Functions 
6. Management - Employee Relations 
7. Planning and Recordkeeping 
8. Communication 
9. Responsibilities as a Supervisor 

10. Materials Procurement 

JOHN T. BOYD COMPANY 



15- 2 1e 

TABULATION 6-D - Continued 

LEARNING - Continued 

Management (New): 36 days) 

11. Programming of Work 
12. Recordkeeping 
13. 	 Short Visits to Various Working Departments: 

To see how they function 
14. Psychology for Labor Relations 
15. Cost Control 
16. Public Relations 
17. Disciplinary Procedures 
18. Company Regulations 
19. Inventory Control 
20. Ethics - Religious, National and Company 
21. Safety for Management 

JOHN T. BOYD COMPANY 
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TABULATION 6-E 

RECOMMENDED CONTENT 
OUT-OF-COUNTRY TRAINING PROGRAM 

LMDC 
LAKHRA COAL PROJECT 

Sind Province, Pakistan 
For 

USAID/PAKISTAN - WAPDA 
CONTRACT NO. 391-0478-C-00-5006-00 

By 
John T. Boyd Company
 

Mining and Geological Engineers
 
December 1985
 

Open 	Pit Coal Operations: (6-month duration) 

1. 	 On the job training to expose a Pakistan engineer with related 
experience to actual operating problems and work practices
involving equipment of the type planned for Lakhra. 
Training to include equipment utilization, mine planning,
exclamation, etc. Attending at least one related short course 
or event (see Tabulation 6-F) is also recommended. 

2. 	 Trainee to be employed at Lakhra by LMDC and to occupy
future position of superintendent of operations for the open 
pit mine. 

3. 	 Possible Training Locations: 
a. 	 Open pit coal operations run by expatriate partner 

in LMDC 
b. 	 Open pit coal operations producing coal for TVA 

or RECA 
c. 	 Lignite operations of a Western U.S. coal producer 

Underground Coal Operations: (6-month duration) 

1. 	 On the job training to expose an experienced Pakistan 
engineer to actual operating problems and work practices
involving underground mining methods and equipment of the 
type applicable to use at Lakhra. Training to include safety,
mine planning, ventilation, work practices and equipment
familiarization and utilization. Attending at least one related 
slort course and/or technical event is recommended. 

JOHN T. BOYD COMPANY 
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TABULATION 6-E - Continued 

2. 	 Training to be employeed by LMDC and be candidate to fill 
future job such as underground superintendent or mine 
manager of an underground mine. 

3. 	 Possible Training Locations: 
a. 	 Underground coal mines run by expatriate partner 

in LMDC 
b. 	 Underground coal mines producing coal for TVA 

or RECA 
c. 	 Underground operations of an eastern U.S. coal 

producer 

Open 	Pit Mine Maintenance: (6-month duration) 

1. 	 On the job training to expose a Pakistan engineer with related 
experience to actual maintenance problems and planning 
techniques concerning equipment of the type used at Lakhra. 
Training to include attending several related short courses 
and possible events. 

Open 	Pit Mine Maintenance: (6-month duration) - Continued 

2. 	 Trainee to be employeed by LMDC and be candidate to fill 
future job of maintenance superintendent at the open pit 
mine. 

3. 	 Possible Training Locations: 
a. 	 Open pit coal mines run by expatriate partner 

in LMDC 
b. 	 Open pit mines producing coal for TVA or RECA 
c. 	 Lignite operations of a western U.S. coal producer. 

Mine Orientation Visit: (1-1/2 month - 2 visits) 

1. 	 Visits to gain exposure to and first hand viewing of various 
types of coal mining and preparation methods and the 
equipment used. Visit to include time spent at a mining
equipment show or similar events, if possible (Tabulation D). 

2. 	 Trainee to be higher level Pakistan management from WAPDA 
and/or LMDC who need some broad appreciation of coal mining 
in general in order to make decisions or form policy. 

3. 	 Possible Locations to Visit:
 
Coal mining operations of LMDC expatriate partner
 

JOHN T. BOYD COMPANY 
.43P
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TABULATION 6-E - Continued 

Mine Visit 	and Project Engineer (2): (4-month duration) 

1. 	 Visits to gain exposure to and first hand viewing coal mining
operations, open pit and underground that could be applicable 
to future Pakistan coal projects. One to two months to be 
spent in participation in actual coal mine engineering studies 
with an engineering firm. Training to include attending at
least one related short course or technical event (see
Tabulation 6-F). 

2. 	 Trainees to be employed by WAPDA as a project engineer,
project director or Director (Mining) in the Coal Power 
Projects Department or possibly as a senior mining engineer
for LMDC. 

3. 	 Possible Locations +o Train and Visit. 
a. 	 Offices and operations of expatriate partner 

in LMDC 
b. 	 Offices of John T. Boyd Company 

Accounting Systems: (3-month duration) 

1. 	 On the job training to expose a Pakistan accountant with 
related experience to the actual accounting procedures and 
system utilized by the expatriate partner in LMDC and how 
they 	 can be incorporated into LMDC considering Pakistan 
regulations, etc. 

2. 	 Trainee to be employed by LMDC as an experienced senior 
accountant. 

3. 	 Possible Locations to Train: 
Offices and operations of expatriate partner in LMDC 

Procurement System: (3-month duration) 

1. 	 On the job training to expose a Pakistan with related 
experience to the actual purchasing and requisitioning
procedures utilized in mining operations, with emphasis on 
foreign purchases. 

2. 	 Trainee to be employed by LMDC as purchasing agent or be a 
candidate for the position. 

3. 	 Possible Locations: 
a. 	 Offices and operations of expatriate partner 

in LMDC 
b. 	 Offices of international mining or construction 

company such as Morrison-Knudsen, Bechtel, 
Fluor, Parsons 

JOHN T. BOYD COMPAINY 
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TABULATION 6-E - Continued 

Coal Quality: (2-m.nth duration) 

1. 	 Orientation on coal testing and facilities concerned with coal 
quality to appreciate the things which affect coal quality and 
its application to coal contracts. Attending a related short 
course and/or seminar is also recommended. 

2. 	 Trainee to be involved with coal quality as included in 
contracts for purchasing coal and/or analysis of potential coal 
sources. Probably would be the Director of Geology or 
deputy Director (Geology) in WAPDA's Coal Power Projects 
Department or possibly a senior geologist in the same 
department. 

3. 	 Possible Locations to Visit and Train: 
a. 	 University of North Dakota Lignite Research Center 
b. 	 U. S. Geological Survey 
c. 	 Standard Laboratories - Charleston, West Virginia 

Electrical 	Maintenance: (6-month duration) 

1. 	 On the job training to expose a Pakistan engineer to the 
electrical problems with power distribution, and electrical 
systems on mining equipment. Training to cover both open 
pit and underground, and should include related short 
courses as shown in Annex IX. 

2. 	 Trainee to be employed by LMDC as an experienced electrical 
engineer. 

3. 	 Possible Locations: 
a. 	 Operations of expatriate partner in LMDC 
b. 	 Coal operations producing coal for TVA or RECA 
c. 	 Coal operations of eastern U.S. producer. 

Mine Planning: (12-month duration) 

1. 	 On the job training to expose a Pakistan engineer to open pit 
and underground mine planning for facilities similar to those 
planned for LMDC, including design and ventilation. 
Attending several related short courses and/or seminars 
(Annex IV) is also recommended. 

2. 	 Trainee to be employed at Lakhra as a senior mining engineer 
to be involved in mine planning. 

3. 	 Possible Locations: 
a. 	 Operations of expatriate partner in LMDC 
b. 	 Operations of large U.S. coal company such as 

Consolidation Coal Co. or Peabody Coal Co. 

JOHN T. BOYD COMPANY 
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Underground Mine Maintenance: (6-month duration) 

1. 	 On the job training to expose a Pakistan engineer with related 
experience to actual maintenance problems concerning
equipment of the type used by LMDC. Training to include 
attending related short courses, semioars and/or technical 
events.
 

2. 	 Trainee to be employed by LMDC and be a candidate to fill 
future job or maintenance superintendent in one of the 
underground mines. 

3. 	 Possible Training Locations: 
a. 	 Underground mines run by expatriate LMDC partner
b. 	 Consolidation Coal Co. or Peabody Coal Co. 

Mine Safety Visit: (1-1/2-month duration) 

1. 	 Visits to gain exposure to safety programs of various mines, 
open pit and underground. Visits to include attending
related short courses, seminars and/or technical events (see
Annex IV). Training to include safety program of expatriate 
LMDC company. 

2. 	 Trainee to be senior safety supervisor at LMDC, or candidate 
to fill that job. 

3. 	 Possible Training Locations:
 
:1 Mines run by expatriate LMDC partner

b. 	 Consolidated Coal Company 
c. 	 Monterey Coal Company 

JOHN T. BOYD COMPANY 
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TABULATION 6-F 

RECENT RELATED SHORT COURSES AND EVENTS
 
LMDC - WAPDA TRAINING PROGRAM
 

LAKHRA COAL PROJECT
 
Sind Province, Pakistan
 

For
 
USAID/PAKISTAN - WAPDA
 

CONTRACT 	 NO. 391-0478-C-00-5006-00 
By 

John T. Boyd Company

Mining and Geological Engineers 

December 1985 

RECENT SHORT COURSES OFFERED 

Pennsylvania State University: 

Contact: 	 R. Avillion
 
Pennsylvania State University
 
Faculty Building

University Park, Pennsylvania 16802
 

1. Elements of Mine Monitoring and Control 	 (3 days, $420)
2. Elements of Underground Coal Mining 	 (3 days, $340)
3. Elements of Underground Coal Mining II 	 (3 days, $285)
4. Elements of Coal Preparation 	 (3 days, $240)
5. 	 Technical Elements of Surface Coal Mining


and Land Reclamation (3 days, $415)

6. Industrial Maintenance Management Seminar 	 (3 days) 

Colorado School of Mines: 

Contact: 	 K. Breit
 
Colorado School of Mines
 
Box 1410
 
Golden, Colorado 80401
 

1. 	 Industrial Maintenance Management Seminar
 
for Heavy Industry (3 days)


2. 	 Economic Evaluation and Investment Decision
 
Methods 
 (5 days, $785)

3. Surface 	Mining Equipment Design (3 days, $395)
4. Surface 	Coal Mining Planning and Economics (2 days, $275) 

Northwest Mining Association: 

Contact: 	 Northwest Mining Association
 
633 Peyton Building
 
Spokane, West Virginia 99201
 

Mine Feasibility: Concept to Completion 	 (3 days, $400) 

JOHN T. BOYD COMPANY 	 ,)o 
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TABULATION 6-F - Continued 

West Virginia University: 

Contact: 	 A. Kerns
 
West Virginia University
 
Box 6070
 
Morgantown, West Virginia 26506 

1. Mine Ventilation 	 (3 days) 
2. Mine Exploration and Reserve Calculations 	 (2 days) 
3. Spontaneous Combustion of Coal 	 (1 day) 
4. Mine Blasting Engineering 	 (3 days) 
5. Annual 	 Short Course in Coal Preparation (3 days) 
6. Longwall Mining 	 (3 days) 

McGill University 

Contact: 	 L. McFadden
 
Dept. of Mining and Metallurgical Engineering
 
McGill University
 
3480 University Street
 
Montreal, PQ, Canada H3A 2A7
 

Mineral Project Evaluation Techniques and Applications (12 days) 

University of Nevada, Reno 

Contact: 	 Mining, Division of Continuing Education
 
University of Nevada
 
Reno, Nevada 89557
 

2nd U.S. Mine Ventilation S iposium 	 (3 days) 

Du Pont Company 

Contact: 	 Du Pont Company
 
Professional Development Seminars
 
Barley Mill Plaza i!19
 
Wilmington, Delaware 19898
 

Surface Blasting 	 (3 days) 

JOHN T. BOYD COMPANY 
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TABULATION 6-F Continued 

Bucyrus-Erie Company 

Contact: Bucyrus-Erie Company
 
Technical Training Center
 
2315 S. 170th Street
 
New Berlin, Wisconsin 53151
 

1. 	 Blast Hole Drill 
Electrical Systems (5 days, $620) 

2. 	 Blast Hole Drill 
Mechanical Maintenance (5 days, $620) 

3. 	 Electric Mining Shovel 
DC Electrical Systems (5 days, $620) 

4. 	 Electric Mining Shovel 
Mechanical Maintenance (5 days, $620) 

5. 	 Large Walking Dragline 
DC Electrical Systems (5 days, $620)

6. 	 Large Walking Dragline 
Mechanical Maintenance (5 days, $620)

7. Acutrol 	 AC Drive (various courses) (5 days, $620) 
8. 	 Surface Mine Supervisory Training Program 

Dragline (5 days, $620)
Shovel/Truck (5 days, $620) 

WABCO Construction and Mining Equipment 

Contact: WABCO Construction and Mining Equipment,
 
Service Training
 

2300 N.E. Adams Street
 
P.O. Box 240
 
Peoria, Illinois 61639
 

1. Haulpak 	Truck - Transmission School (5 days) 
2. 	 Haulpak Truck - 120D-170D Statex 

Electric Propulsion System (5 days) 
3. Haulpak Truck -Mechanical Systems School 	 (5 days) 

Contact: 	 S. Lambrecht
 
One Station Street
 
Marinette, Wisconsin 54143
 

Mine Fire School 	 (3 days, $650) 

JOHN T. BOYD COMPANY 
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TABULATION 6-F - Continued 

Caterpillar Tractor Company 

Contact: 	 Caterpillar Tractor Company
 
Caterpillar Service Training
 
100 N.E. Adams Street
 
Peoria, Illinois 61629
 

1. 	 Off-Highway Trucks 
User Maintenance (4-1/2 days, $150) 

2. 	Wheel Tractor - Scrapers 
User Maintenance (4-1/2 days, $150) 

3. 	D-10 and Series L Tractors 
User Maintenance (4-1/2 days, $150) 

4. 	 Hydrostatic Loaders 
User Maintenance (4-1/2 days, $150) 

5. 	 Motor Graders 
User Maintenance (4-1/2 days, $150) 

6. 	 Hydraulic Excavators 
User Maintenance (4-1/2 days, $150) 

7. 	 Big 3 Master Mechanics 
(trucks, scrapers, loaders) (4-1/2 days, $225) 

8. Various 	 Engine Trouble Shooting and 
Repair 	Courses (4-1/2 days, $225 

8-1/2 days, $350) 

American Mining Congress Mining Convention 
San Francisco, California 

September 22-25, 1985
 
Contact: (202) 861-2874
 

Canadian Coal Conference 
Vancouver, 	B.C., Canada
 

September 27-25, 1985
 
Contact: (403) 262-1544
 

Pittsburgh Coal Conference 
Pittsburgh, Pennsylvania 

September 16-20, 1985
 
Contact: (412) 836-6814
 

International Coal and Lignite Utilization Exhibition 
and Conference 

Box 721948
 
Houston, Texas 77272 

Contact: Coal Technology 84 

JOHN T. BOYD COMPANY 
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PRIVATE SECTOR DEVELOPMENT 

Introduction 

Development of the private sector is strongly encouraged by 

USAID to insure success of the Lakhra Coal Mine and Power Generation 

Project and to maximize the overall benefits to the GOP. Private sector 

participation in the equity and operation of the coal mines supplying the 

proposed 700-MW Lakhra power plant is a requirement of USAID. 

Institutional Development LMDC (Lakhra Mine Development Company) 

The master mine plan and related costs as developed by BOYD in 

this report are considered as a baseline study for the private sector 

companies evaluating their participation in the Lakhra Coal Mine and 

Thermal Power Station Project. Each private sector company is 

responsible to independently evaluate the technical and economic aspects 

of the proposed coal mine(s). Final organization and the equity 

structure of the coal mine holding/operating company (referred to as 

LMDC in this report) will be determined by future negotiations. 

Existing Private Sector Coal Mines 

In order to assess new coal mine development at Lakhra and 

possible participation of the existing Pakistani private mining sector, an 

understanding of the condition and practices of the existing coal mines 

isnecessary.
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BOYD engineers visited the following mining companies to survey 

existing and future capability of the Pakistan mining industry. 

Lakhra Coalfield (Sind Province) 
Faiz Coal Mines 
Habibullah Mines Limited 
Indus Coal Mines 
lqbal Coal Mines 
National Mines Ltd. 
PMDC (Pakistan Mineral Development Corporation) 

Hyderabad (Sind Province) 
ZealPak Cement Industries (limestone quarry) 

Punjab Province 
PMDC Khewra Salt Mine 
PMDC Makerwal Coal Mine 

In addition, we have discussed previous Pakistan large earth-moving 

project experience (e.g., Tarbela and Mangla Dams and large canal 

construction) with representatives of WAPDA and major earth-moving 

equipment distributors in Karachi. 

The availability of trained equipment operators from both Pakistani 

earth-moving projects and Middle East construction projects will provide 

the core of the early surface mine labor force. Although previous 

experience will generally involve smaller capacity units, recruitment of 

operators for the dozers, front-end loaders, off-highway trucks, 

blasthole drills, etc. should require fimited training. Discussions with 

Allied Engineering & Services Ltd., Karachi, the Caterpillar Tractor 

Company representative in Pakistan, indicates the firm is planning 

future expansion to include regional equipment maintenance centers. 

Existing coal mines in the Lakhra coalfield are labor intensive 

small shaft underground mines using first generation mining methods. 

Coal is cut (picked), shoveled, carried in burlap bags, and sorted to 

remove rock impurities all using primitive manual labor. Some of the 

larger mines have installed light rail in the main haulage entries and 
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transport coal bags via hand-pushed carts to the shaft bottom. The 

only mechanization is motorized wire rope hoisting at the larger mines. 

The mines reflect the minimal capital investment and low production cost 

(estimated 150 to 170 Rs./tonne at the mine site stockpile) necessary to 

operate in the competitivi coal market. 

Reliable production figures are not available, but the current 

annual production of the Lakhra coalfield is estimated at 800,000 tonnes. 

A typical mine produces 100 tonnes daily on a 2-shift basis and employs 

approximately 150 men. Average productivity of the field is 0.66 

tonnes per manshift based on published sources. Reflecting on visits 

to the existing mines, combined with understatement of production in 

the published provincial mining reports, we believe actual productivity 

at the larger mining companies is in the range of 1.0 to 1.3 tonnes per 

magshift. Many of the larger mining companies have developed 

contingent plans for limited mine modernization using pneumatic picks, 

rail haulage, and hydraulic props. At least three of the larger 

producers have called in foreign consulting companies (British, Czech, 

and Yugoslav) to review their current practices. The historical and 

current lack of committed markets results in minimal investments for 

modernization and constrains overall expansion in production. 

With the exception of the intensively explored Project Lease Area, 

the other leases are very poorly explored. The mining companies rely 

on information obtained from the shafts they sink for mine development 

coi bined with the data from some widely scattered holes drilled by 

USGS over twenty years ago. One company (Amin Bros.) has drilled a 

small number of holes over the past year, and one company has been 

sinking shafts instead of drilling in order to improve its understanding 

of its reserves (Habilbullah). 
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The traditional and primary sources of underground miners are the 

mountainous regions of the Northern Areas such as Swat and Kashmir. 

For these miners the relatively high pay they receive in coal mining 

enables them to retain their family agricultural lands, which would not 

otherwise provide them with rsufficient income to be able to survive. 

These miners are recruited on a "gand" basis and are transported to 

the Lakhra mines. One of the serious problems associated with the 

Lakhra mines is the seasonal migration of these underground miners as 

they return to their homeland for the summer months. To supp!ement 

these regular "contract" miners, mining companies directly employ 

additional workers to perform nonproduction support work, such as 

timbering, entry cleanup, construction of underground mine seals and 

stoppings, installing track, etc. Company workers normally account for 

25% of the total labor force. Temporary daily workers are hired as 

needed. 

The contract miners are grouped in joris, or production units. 

Joris are paid on a piece-rate basis; that is, total compensation is 

determined by actual units of work completed (i.e., tonnes mined or 

meterage of entry advanced) multiplied by an established unit price. 

With the exception of the jorisar (jori supervisor), coal cutters are the 

highest paid members of the jori, reportedly averaging between 2,000 

and 2,500 Rs./month in total compensation. Company workers are paid 

a monthly salary plus a series of allowances. Average total 

compensation for PMDC's company workers is between 700 and 800 

Rs./month. 

JOHN T. BOYD COMPANY 



16-5
 

Underground working conditions are difficult due to the high 

temperature and humidity, lack of mechanical ventilation, and strenuous 

physical demands of the work. During our mine visits in February, we 

measured underground temperatures of 830 to 1000 (Fahrenheit, dry 

bulb) at a relative humidity of 73% to 94%. During the summer months, 

surface temperatures may exceed 120'F at a relative humidity of 20% to 

35%. The unfavorable underground working environment results in 

reduced productivity, and the extreme summer temperatures contribute 

to the seasonal loss of miners. Those miners who do remain to work 

during the summer months are paid a summer bonus of Rs. 15.00 per 

tonne. It should be noted that the Lakhra coalfield is free of methane. 

Workers' mine site colonies are rudimentary in nature and are 

intended to provide basic housing in an all male community living 

arrangement. The Lakhra location is remote; there Are no 

conveniences, such as electricity, stores, or recreational facilities. 

Raw (untreated) water for mine and domestic uses is trucked to the site 

from the Indus River near Khanot. Two of the larger mining companies 

have on-site dispensaries, each staffed during the work week by a local 

doctor. Available colony accommodations are not suited for families, 

and miners are discouraged from bringing families due to the additional 

overhead cost which would be incurred by the mining company. 

Average education of the miners is five years or less. This will 

be detrimental if any degree of advanced training is required in the 

future underground mines. The lack of quaified mine managers and 

engineers at the private mines will also hinder any large advancements 

in underground miling technology. However, the four local mining 

companies that have been prequalified for Option 1 (Amin, Indus, 
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Habibullah anid National) all have qualified mining engineers in charge 

and one has a fulltime geologist. With respect to the availability of 

manpower for surface mining it shouid be noted that there are three 

technical training colleges in the area (Hyderabad, Sukkur, and 

Larkana) and that there is very high unemployment in the area. 

The prices of Lakhra coal are determined by market demand, 

available supply, coal quality (age of coal and heating value), 

transportation and production costs. Based on their experience with 

coals from different lease areas and different mines within lease areas, 

buyers (brick kilns) will pay premiums for the relatively higher quality 

Lakhra coals. As compared to the Baluchistan and Punjab coal mining 

regions, Lakhra coals ar3 cheaper to produce but are inferior in quality 

(primarily heat value). Normal marketing practice is for mining 

companies to solicit advance sale of most coal to independent agents 

(coal brokers) in advance of actual mining. Lack of a developed and 

efficient railroad system results in all Lakhra coal being trucked Lo 

market. By the time Lakhra coal reaches markets in the Punjab, 

two-thirds of its retail price is accounted for by transportation costs. 

Use of third parties, coal brokers and truck booking agents, 

increases the price of coal substantially. In order to stabilize the 

Pakistan coal industry and permit capital investment in mine 

modernization, committed long-term markets must be secured. 

The existing coal mines in the Lakhra coalfield are considered 

primitive in their methods, but they are, in reality, a cost effective 

approach, utilizing available low cost labor in an unstable market 

environment. 
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Pakistan Private Mining Sector 

Direct participation by the Pakistan private mining sector can be 

considered in two ways: 

(1) subcontract mining by the LMDC manager
(2) contract sales to the Lakhra power plant. 

Since the underground mining methods proposed for Lakhra will 

not involve any substantial increase in technology (as compared to 

current practices at the existing private mines) the underground 

production (Mine No. 1) could be subcontracted to one of the existing 

private mining companies now operating at Lakhra. There are several 

possible negative aspects to this arrangement including: fragmentation 

of the overall supply and operation, constant monitoring of the contract 

mines to insure mine plans are followed and safety/training measures 

are observed, and the possible addition of a subcontractor profit margin 

to the overall coal price. As an alternative, the expatriate mine 

manager may choose to recruit experienced local mine management to 

direct this component of the mining operation as part of the mine 

management regular staff. 

Allocation of a portion of the total coal supply from the Lakhra 

power plant would stabilize the private sector market and permit direct 

private sector participation. Careful monito-ing will be necessary to 

verify the degree of mine modernization instituted by the private sector 

operator, particularly where worker compensation or welfare was 

involved. 

We believe the successful implementation of the Lakhra lignite 

mine(s) will require the concerted effort of the mine manager. Based 

on the projected size of the surface mines, we believe the underground 

component could be reserved for the private sector. Long-term supply 
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contracts from the existing mines is recommended with the Mine No. 1 

reserves held in security (in the event of nonperformance by the 

private sector coal supplier). It is our opinion that some participation 

of a local private sector mining company in the supply or operation of 

the underground mining component is logical. 

Leases
 

Coal leasing is a provincial responsibility in Pakistan and the 

operative legislation is contained in the Pakistan Mining Concession 

Rules of 1948, as amended. Leases are normally granted for renewable 

periods of 30 years, and they may be transferred (assigned) from one 

party to another with the approval of the Provincial Regulatory 

authority. The Government of Sind is in the process of amending the 

leasing rules in order to permit banks to take a mortgage on coal 

properties. 

Technology Transfer 

The transfer of mining technology will occur as the Lakhra Coal 

Project mines are developed. Infusion of modern mining methods will be 

a slow process until stable lignite markets are developed to support 

cap~tal investment by the private sector. Independent from the Lakhra 

Coal Project, USAID could assist the existing Pakistan private mining 

sector by providing financial assistance in such areas as: 

(1) 	 Exploration to define reserves and permit reliable 
long-term mine planning 

(2) 	 Sponsorship of projects to improve local 
infrastructure--roads, electrical power service 
(in progress), water supply, etc. 
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(3) 	 Capital improvement: upgrading equipment, installing 
ventilation, colony modernization 

(4) 	 Establishment of regional training centers 

(5) 	 Development of marketing plan: identification of 
developing markets and assistance in securing 
contractual sales agreements. 

The expatriate mine management company can be used as a source 

of training and technology transfer to Pakistan in several forms. These 

include: 

(1) 	 Provide a location (other expatriate mining operatiors) 
to send Pakistani technical personnel for on-the-job 
training 

(2) 	 Provide a source of experienced management and 
technical staff to expedite start-up and operations 

(3) 	 Provide a source of proven systems (purchasing, 
accounting, planning, etc.) to be installed in the 
Lakhra mining operation 

(4) Provide a continuing source of technical expertise in 
resolving special problems during the later years of 
operation. 

During the course of the Lakhra Coal Mine Project, Pakistan's 

private sector would benefit from: 

(1) 	 Successful implementation would assist in international 
and domestic funding of other mining and advanced 
technological projects 

(2) 	 Expanded markets as lignite is utilized for electrical 
generation and additional units are constructed 

(3) 	 Development of a skilled labor force to serve a 
long-term industrial development and promote technical 
education within the region 

(4) 	 Immediate improvement in underground mining working
conditions and technology as new mining methods are 
developed 

(5) 	 Development of a modern community in a 
sparsely populated area, including infrastructure 
systems--electrification, water supply, transportation 
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(6) 	 Increased standard of living throughout the region 
which would promote commerce of all types 

(7) 	 Upgrading of management and technical discipline as 
counterpart Pakistan staff assume operating 
responsibility. 

As shown in the Surface Mining Plan and Underground Mining Plan 

chapters, a diversity of both surface and underground mining 

equipment will be introduced and accompanying equipment operator and 

maintenance workers will be trained. 

It should be noted that the proposed Lakhra Mine Project may have 

an adverse effect on some of the regional mines and industries. 

Competition for available skilled labor, higher standard of living, 

improvement in working and living conditions, and possible enactment of 

more comprehensive mining laws will result in higher production costs. 

We believe these cost increases can be at least partially offset by stable 

market conditions and introduction of more productive mining methods. 

During the recent field studies program, BOYD has subcontracted 

all drilling work to a local private firm. Mineral & Engineering 

Services, Ltd. (MESL), Karachi, has increased its capability and 

experience, and is considered a reliable drilling contractor. For 

example, during the initial 10 drill hole interim program, MESL required 

approximately three months to complete 1,000 m. of core drilling. At 

the end of BOYD's Phase I Field Studies Program the rate of combined 

rotary/core drilling was 1,500 m. per month. Improvements were also 

made in program planning and core handling procedures. Based upon 

performance at the end of the Phase I program, we believe MESL, with 

proper supervision, can be competitive with international drilling 

contractors on projects within Pakistan. 

JOHN T. BOYD COMPANY 



16-11
 

On-site training was provided to the Hyderabad based geological 

staff of WAPDA in planning and supervision of field exploration, prnper 

field procedures (r~r.-rdkeeping, core handling, etc.), and geological 

interpretation of results. Three selected trainees from various 

governmental agencies were also instructed in the operation and routine 

maintenance of the geophysical loggins unit. 

Working under the direction of BOYD representatives, Engineering 

Consultants (EC), Karachi, has expanded its existin.q civil engineering 

services to include mine facility design and railroad transportation 

analysis. The degree of professionalism exhibited by the EC staff is 

commendable and, with additional exposure to mine feasibility projects, 

will provide qualified consulting services to all civil related aspects of 

mining studies. 
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WAPDA INSTITUTIONAL DEVELOPMENT 

Introduction 

WAPDA is headquartered in Lahore and is the federal agency 

responsible for the coordinated nationwide development of water and 

power resources. Activities of tha Power Wing of WAPDA include power 

development projects, power system operations (generation, 

transmission, distribution), and sale of electricity. 

One of tike conditions of the USAID - GOP project agreement 

covering USAID assistance in coal-fired power generation development 

within Pakistan required the establishment of a Coal Projects Department 

within the WAPDA organization. Stipulations of the agreement relative 

to the Coal Projects Department are: 

(a) a Coal Projects Department has been authorized and
established within WAPDA to promote, plan, and manage
the development and implementation of coal mine and
coal-fired power generation projects and adequate funds 
have been 	made available for its operations; 

(b) 	 the authority, duties and responsibilities of the overall 
manager and coal and power sectionthe 	 mine managers
of the Department have been adequately defined; and 

(c) an adequately trained and experienced overall manager of
the Department has been appointed and persons to fill 
the other two managerial positions have been identified. 

Source: 	 Section 4.3 - Conditions Precedent to Selected 
Disbursement of Funds for Activities under tho Coal
Mine and Coal-Fired Power Generating Development
Sub-Component of the Coal Resource Assessment and 
Development Component; Project for the Coal Mine
and Coal-Fired Power Generation Development
Technical Assistance Contract agreement. 

The Coal Power Projects Department is originated under the Power 

Wing. WAPDA was not created to be a mining company, nor does it 

have any mine operation capability. Pakistan Mineral Development 
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Corporation (PMDC) is the federal agency established to operate all 

public sector mines. 

Work Scope
 

Included under the scope of work of the USAID/BOYD contract 

was a study of the staffing plan of the WAPDA Coal Power Projects 

Department related to coal mine operation/coal supply. Where required, 

we were to provide position descriptions, including authority, duties, 

and responsibilities. 

Concurrent with the BOYD study, the power plant contractor, 

Gilbert/Commonwealth International, was completing a parallel review of 

the Coal Power Projects Department relative to department functions 

related to the formerly proposed 300-MW Lakhra coal-fired power plant 

and future coal-fired generating capacity development. Work between 

BOYD and Gilbert/Commonwealth was coordinated in an effort to avoid 

duplication and present similar information. 

Key Staffing Requirements 

The current Lakhra coal mine and power plant feasibility project 

covers the first of three or four similar domestic coal-fired units 

projected to be constructed in the near future, along with additional 

thermal plants located at Karachi end fueled with imported coal. If the 

WAPDA Coal Power Projects Department is to be effective in 

implementation and monitoring of new coal mine sources to fuel these 

proposed plants, its staff must include a sufficient number of trained 

coal mining and related professionals. Since the responsibility of the 

Coal Power Projects Department will vary according to the organization 
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of a specific project and/or source of coal (domestic/imported, etc.), we 

recommend staff capabilities as related to mining to include: 

(1) 	 Oversighting or monitoring the technical and financial
performance of an independent mine manager operating a
coal mine in which WAPDA has an equity position. 

(2) 	 Evaluation new sources which areof coal 	 considered for
development to supply coal for new power plants. Scope
of investigation should include geology, reserves, coal
quality, mine planning, financial, and environmental. 

(3) 	 Geological staff to conduct field exploration of new coal
deposits and complete coal reserve studies. 

(4) 	 Coal supply (purchase) contract administration, including
preparation of contract technical requirements, such as 
tonnage, delivery schedule, quality, price, and
verification of compliance to contract terms by the coal 
mine operator. 

Plates 9A and 9B show the actual and proposed organization charts 

for the WAPDA Coal Power Projects Department. Tabulation 7-A is 

Summarized Findings and Recommendations for WAPDA Coal Power 

Projects Department and Tabulation 7-B is Recommended Coal Power 

Projects Department Activities. 

Training Needs 

There are mining related areas in which the department should be 

strengthened to effectively carry out its functions. In addition to 

general management and project management courses, which are 

available through the WAPDA Tarbela Academy, the following areas 

related to mining have been identified where upgrading is indicated: 

o Mine Economic Evaluation 
o Surface Mining 
o Coal Quality 
o Coal Contracting 
o General Mining Methods 
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Selected Pakistani engineers will spend time in BOYD's Pittsburgh 

office for mining engineering orientation and training covering the areas 

of reserve calculations, open pit and underground mine design, and 

economic analysis as related to the Lakhra project. 

Provisions are included for studying for two advanced degrees in 

mining engineering (one in mine economics and one in coal mine 

design). It is our view that there is presently a scarcity in Pakistan 

of mining orientated personnel with this type of training. Recommended 

universities in the United States are: Pennsylvania State University, 

West Virginia University, and University of Kentucky. 

The following table is a budget estimate summary for the above 

described training and educational function: 

Budget Estimate (1985 $)
 
Duration International Internal Per Fees and Total 

Type of Training (mos.) Travel Travel Diem Material Cost 

MS Mining Engineering 
(Mine Economics) 24 2,000 - 14,400 20,000 36,400 

MS Mining Engineering 
(Coal Mine Design) 24 2,000 - 14,400 20,000 36,400 

72,800 

Following this text are: 

Plates 
9A: Actual Organization Chart as of September 1985 

showing WAPDA Mine Related Organization 
9B: Proposed Organization Chart Showing WAPDA 

Mine Related Organization 
Tabulations 

7-A: Summarized Findings and Recommendations 
7-B: Recommended Coal Power Project, Depa.'tment 

Activities 
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PLATE 9A 

ACTUAL ORGANIZATIONAS OF SEPTEMBER CHART1985 
SHOWING 

WAPDA MINE RELATED ORGANIZATION 

For 
USAID/PAKISTAN - WAPDA 

CONTRACT NO. 391-0478-C-O0-SOO6-o 
By 

John T. Boyd Company 
Mining and Geological Engineers 

December 1985 
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PLATE 9B 

PROPOSED ORGANIZATION CHART 
SHOWING 

WAPDA MINE RELATED ORGANIZATION 
NINE RELATED PROJECT 

PLANNING AND IMPLEMENTATION 
For 

USAID/PAKISTAN - WAPDA 
CONTRACTNO. 391-0478-C-00-5006-00 

By 
John T. Boyd Company 
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December 1985 
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LAKHRACOALPROJECT 
Sind Province, Pakistan
 

For
 
USAID/PAKISTAN - WAPDA
 

CONTRACT NO. 391-0478-C-00-5006-00
 
By
 

John T. Boyd Company
 
Mining and Geological Engineers
 

December 1985
 

SLIMARYOF WAPOACOAL PROJECTS DEPT. ASSESSIENT 

Areaof Concern 	 Recommendatlons 

Organization 	 The Coal Power Projects Responsibility of coal related projects should be
 Departmnt Isheaded for the development 
by a ChiefEngineer,Coal Power Projects. centralizedunder the directionof the Chief Engineer - Coal Power 
This is a staff position reportingto the ProjectsDepartmnt. of the project, the power After Implementation 
GeneralManager - Therml. Inaccordancewith plant sector can be turnedover tothe local authority. Monitoring 
standard IWAPDA practice,any staff assigned of coal mine (coal supply) %',ild remain with the Coal Power Projects 
to field (on-site) work reports to the local Department. In order to alilomore direct authority overmine projects 
lines of authority. For example, Coal Power in the field, which are techni:ally quite removedfrom those of power 
Projects Department staff located at Hyderabad plants, it is suggested that the project engineers in the field have 
and Khanot reports to the Chief Engineer - their authority increased to that of Project Director (Mining). The 
Jamihoro. 	 ProjectDirector (Mining) reports directly to the Coal Power Projects 

Department. Support personnel would be assignedbased on project 
requirements, that they receive training develso during the project 


opment phase. Since WAPOA will not operate the mines, most key mine

project personnrl would be gradually phased out and relocited to new
 
coalprojects. The mining and geology staff of the Coal Power Projects
 
Departmentwouldbe improvedwith experience.
 

Staff Experience : 	 The Coal Power Project Department does not Staffingof thc Coal Power Projects Department should be developed to 
presently have staff capability to carry out allow the department toassum a direct role in the development of coal 
its projected role. Present departmeat staff sources to supply WAPOA power plants andmonitor the sources once 
Includes:Director of Geology. Deputy developed. 
Director of Geology.Director of Mining 
%vacant), Deputy Director of Mining,and There are several areas in which the present organization is deficient 
severalLakhra based staff - Projectengineer and should be strengthenedso they can better perform the following 
(on loan from PMDC)and field junior engineers functions: 
and geologists. Expansion of homeoffice 
staff Is In progress to fillmanyof the (a) Evaluate possible new mining ventures economicallyas 
junior engineer positions. to possible sources of fuel for WAPOApower plants. 

The practice of WAPDA Is to assign staff used (b) Oversee WAPVA'sequity interest in the operating mines. 
during project development to the permanent 
staffof the completed generating plant. (c) Support a small in-house geological staff for managing 
This limits the transfer of technology gained projectsof field evaluationsof possible coal deposits. 
while working with expatriateconsultants 
during the development phase. Since WAPDA (d) Oversee the drawing up of coal supply contracts as to 
will not operate the coal mine, the experience qualify, etc.. and assure compliance. 
obtained by Coal Power Projects Nepartlmnt 
staff will increase with each ;.,ject. Until (el Advise the company and supply data to potentialdonor 
the Coal Power Projects Department can get an agencieson mine related environmental matters.
 
adequate technicalstaffin place, they are 
relying upon outside consultants and, to some To aid in the economical evaluations,it is recomended that the Co.l 
extent, other state entities such as PNDOand Power Projects Departmnt establisha section with these capabilitios 
GSP. Neither WAPOA nor the two stateentities under the direction of a Director (Finance and Coordination).Heand his
 
haveexperience in modern surface mining staff,which would Include specialists in economical evaluation,would
 
methodsor large scale lignite handling which work on bothmine and power plant related matters.
 
are included in the overall Lakhra mine plan. 

We support the recent WAPIAdecision to establish two Director staff 
positions,Director (Mining) and Director (Geology), (insteadof the one 
position,Director (Mining and Geology) which previously existed), 

Due to the increasing interestas to the environmntal impactcaused by 
the establishment of mines and coal-fired power plants, we recommnd to 
establish the position of Deputy Director (Environmental Analysis). 

Due to the diverse skills necessary to evaluatevariouscoal deposits,
mine plans,and coal supply contracts, the continued use of outside
 
consultants is contemplated, until internal exaertise is developed. In 
the field of geological explorationand evaluation, in-housecapabilities 
willbe substantially the development ofimprovedthrough of a group 
trainedcoal gaologi-ts alongwith additionalsupport personnel in the 
fields of finance, utc. 

Career Advancement 	 Recruitent of now staff is hindered by We recognize the difficulty In establishing two salary scales within the 
limitedadvancemnt opportunitiesand WAPDA organization, but believesom masures mst be taken to make 
competition withprivate sector industries, positionswithin the Coal Powsr Projects Departmentattractive.Wherever 
The Coal Power Projects DepartmentIsa possible,positionswithin the department should be rated at higher 
specializeddeparivent grades(salary level) to reflect the technical of thewithin WAPOA, with few 	 qualification 

seniorstaff positions. Due to the limited positions. Also induceents, suchas better office facilities, foreign 
opportunitiesfor advancementwithin the travel to attendseminarsor short-termeducationalcourses,and hardship 
department,it has been difficult to recruit paymentwhen on-Site work is required, should be provided. WAPDA has set 
experienced, higher level personnel. Private the precedent for special compensation at the Gudu generating station. 
sector Industry wage scalesare usually higher 
than comparableWAPOAcompensation. Transfer To be .ffective, the Coal "' r Projects Department must be staffed with 
of individuals from other government agencies experiencedpersonnel.5 t-term, it appears that arrangemnts should 
isdiscouragedby inabilityto transfer 	 be madewith PIDCto pn Idesenior staff on a "loan"or contract basis.
 
retirement benefits and lower fringe benefits Continuation or carryover of seniority and retirement benefits oust be 
in sore cases. The Inability to attract provided. 
qualifiedseniorstaffwas demonstratedby 
WAPDA'sfailure to fillthe Director (Mining) WAPDA :.wuld not assummdirect mine operating responsibility.An 
position In the Coal Power Projects expatriate coalmining company is recomnended to manageLakhra lignite 
Department, 	 operation.
 

moderncoal shouldbe established 

mine. Organizationally, 


MineOperatio 	 WAPDA lacks the staff to operatea A modern coal laboratory within WAPDA. The
 
such activity is projectedincreaseIn coal related projects withinWAPA dictatesthat
 

outside theirscope of responsibility a completecoal laboratory be available whichwould include amongits
and 

would conflict directly with PMOC. However, functionsthe following:
 
the Coal Power Projects Departmentneeds the
 
capability to ensure WAPDA coal suppliers are (a) Run analyses of coal sampling obtained during geological
 
reliable and any equity position of WAPOA in programs.
 
a jointventure mine should be protected.
 
Evaluating new coal deposits and establishing (b) Run analys' of coal samplingof coal shipmnts used In
 
a development schedulecompatiblewith power plants.
 
electricalpowerneeds should be completed by
 
the Coal Power Projects Department. (c) Check quality of domstically purchased coal for WAPDA 

plants.
 
In-countrycapabilityregardlngcoal quality
 
analyticaltestingis limited. A reliable Mostcoal exploration In the Imdiate futurewill apparently be centered
 

analyticallaboratoryIs needed in-country. in Sind. It is felt such a labshouldbe locateda Hyderabador Khanot.
 

Since the work will be done for different sectionsof the company
 
located in various-areas, a central labmayat some future date be 
locatedIn Lahoro under the direct control of the Coal Power Projects 
Department, reporting to theDirector (Geology). . [ 
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RECOMMENDED COAL POWER PROJECTS DEPARTMENT 

(MINING AND GEOLOGY)
 
LAKHRA COAL PROJECT
 

Sind Province, Pakistan 
For 

USAID/PAKISTAN - WAPDA 
CONTRACT NO. 391-0478-C-00-5006-00 

By 
John T. Boyd Company

Mining and Geological Engineers 
December 1985 

Task 	 Performed By 


Planning of Exploration Program 	 Director 

(Geology) 


Field Exploration 	 Project Director 

(Mining) 


Coal Reserve Evaluation 	 Director 

(Geology) 


Mine Feasibility 	 Director 

(Mining) 


Mine Design 	 Consultants 


Mine Construction & Start-up 	 Mine Operators 


Evaluate Possible Coal Suppliers 	 Director 

(Mining) 


Monitor lining Interests 	 Director 


Monitor Coal Contracts (Quality) 	 Director 

(Geology)
 

Mine Operations 	 Mine Operators 
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ACTIVITIES
 

Supported By
 

Deputy Director (Geology)
 
Consultants
 

Geologists
 
Mine Engineers
 
Laboratory Consultants
 

Deputy Director (Geology)
 
Director (Mining)
 
Field Geologists
 

Consultants
 

Deputy Director (Mining)
 
Director (Finance & Coordination)
 
Consultants
 

Director (Mining)
 

Project Director (Mining)
 

Deputy Director (Mining)
 
Director (Geology)
 

Deputy Director (Mining)
 
Director (Geology)
 
Director (Finance & Coordination)
 

Deputy Director (Geology)
 

Director (Mining)
 



A-1 

APPENDIX A 

COAL GLOSSARY 

Air-Dried Basis 
Analysis of a coal sample with moisture 
equilibrium with surrounding atmosphere. 

content in approxiniate 

Anticline 
Applied to strata which dip in opposite directions from a common 
ridge or axis, like the roof of a house. 

Ash 
An organic residue remaining after ignition of combustible 
substances. This content may vary; the lower the content, the 
better the quality. 

Blackdamp
Generally applied to carbon dioxide. An atmosphere depleted of 
oxygen rather than containing an excess of carbon dioxide. 

Bone Coal or Bone 
Impure coal that contains much clay or other fine-grained detrital 
mineral matter. 

Btu
 
British thermal unit. A measure of the energy required to raise 
the temperature of one pound of water one degree Fahrenheit. 

Core (Drill) Hole 
A cylindrical sample of rock obtained in core drilling. The .ample
is obtained through the use of a hollow drilling bit, which cuts 
and retains a section of the rock penetrated. 

Correlate, Correlation 
Demonstration of the apparent continuity of a coal bed between
control, measurement, or sampling points by showing
correspondence in character and stratigraphic position. 

Crosscut 
A connecting underground passage driven to connect two parallel
entries or rooms. 

Density
The quantity per unit volume or per unit area; the mass of a 
substance per unit volume, i.e., tonnes per cubic meter. 

Dip 
The angle which a bed or stratum is inclined from the horizontal. 

Entry 
An underground opening used for lignite extraction and later 
utilized for haulage, ventilation, or as a manway. 

JOHN T. BOYD COMPANY 
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Face 
Area inside the mine where the coal seam is extracted or worked; 
the front surface of coal in either underground or surface mines. 

Fault 
A fracture or a fracture zone along which there has been vertical 
displacement of the two sides relative to one another; a break in 
the continuity of a body of rock. 

Fixed Carbon 
The solid residue, other than ash, obtained by destructive 
distillation of a coal, determined by definite prescribed methods 
(ASTM, 1981, p. 183). 

Flank 
Slope or limb of a fold; outer edges. 

Goaf (Gob)
That part of a mine from which the coal has been extracted and 
the space more or less filled with refuse or roof caving material. 

Heat Value or Heat of Combustion 
The amount of heat obtainable fr'om coal expressed in British 
thermal units per pound, joules per kilogram, kilojoules or 
kilocalories per kilogram, or calories per gram. To convert 
Btu/Ib. to kcal/kg, divide by 1.8. To convert kcal/kg to 
Btu/Ib., multiply by 1.8. 

Hectare (ha) or Square Hectometer (hm2 ) 
A metric unit of area equal to 10,000 square meters; 0.010 square
kilometer; 2.4710538 acres; 107,639.10 square feet; 11,959.9 square
yards; 0.003861 square mile. 

In-Place Reserve 
In situ reserve as it occurs in the ground. In an engineering 
reserve estimate, reserves considered to be unmineable due to 
thickness, location, and/or physical conditions are excluded from 
the estimate. 

In-Seam Parting 
Rock or carbonaceous impurities interbedded between lignite
benches. For purposes of this report, partings are analytically
defined as having an ash content of 600 or greater (dry basis). 

Inseparable Partings
In-seam partings which are considered as too thin to be selectively 
removed from the lignite seam during mining. 

Lag-ging
To secure the roof and side walls behind the main supports with 
short lengths of timber. Lagging secur:,s the supports and 
provides early resistance to the weak roof and side walls. 

Lenticular 
Body of rock or mineral thins out from the center to a thin edge
all around; shaped approximately like a double convex lens. 

JOHN T. BOYD COMPANY 

http:107,639.10
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Lignite
 
See "Ranks of Coal"
 

Lignite Seam 
A bed or lithologic unit comprised primarily of lignite material. It 
may also be interbedded with impurities such as shale or clay
partings and/or impure lignite. Geologically, there are five 
principal lignite seams identified within the Lakhra Coal Project
study area. The lignite seams are designated by number, No. 1 
through No. 5 in ascending order. 

Longwall Mining
A system of mining which uses an extended face or wide block of
coal as the main coal production area and advances in a continuous 
cycle through the pillar. 

Mining Recovery 
The percentage of in-place reserve recovered during mining.
Consideration is given to lignite lost during normal mining
operations, unmined area left as barriers, and lignite reserves lost 
due to local geological conditions or anomalies. 

Moisture Content 
The percentage of moisture (water) in coal. Two types of
moisture are found in coal: (1) free or surface moi+,lire, removed
by exposure to air, and (2) inherent moisture, entrapped in the 
coal and removed by heating to 220'F. 

Overburden 
Rock, including coal and/or unconsolidated material, that overlies a
specified coal bed. Overburden is reported in feet and/or meters. 

Overcast 
An enclosed -irway to permit one air current to pass or cross over 
another without interruption. 

Outby
Nearer to the shaft and, therefore, away from the face; toward 
the mine entrance. 

Out-of-Seam Dilution 
Extraneous roof and floor rock which is extracted during the 
normal mining process. 

Piece-Rate, Piece-Work 
Wage paid to the worker at a specified amount per piece or unit of
work, i.e., per tonne mined and delivered to the surface and/or 
per meter of entry advance. 

Proximate Analysis
The determination by prescribed methods of the percent content of
moisture, volatile matter, fixed carbon, and ash of the coal 
particle. 

JOHN T. BOYD COMPANY 
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Ranks of Coal 
Classification of c of hardness, moisture and heatcoal degree 
content: Anthracite is hard coal, almost pure carbon, used mainly
for heating homes; Bituminous is soft coal used to generate
electricity and to make coke for the steel industry; Lignite is the 
softest coal and has the highest moisture content. Subbituminous 
is a coal with a heating value between bituminous and lignite, low 
fixed carbon and high percentages of volatile matter and moisture. 
In terms of Btu content, anthracite has the highest, followed by 
bituminous, subbituminous and lignite. 

TABULl.-Cs4aWiMu, ofcool by =k A, 

FixedCuboo Volail Mute Calonric Value 
Lmits, percat Limiut. penent Linuu sBTU per 
(Dry. Misn. Dry, Mineral- pound (Mou.' 

ManesFree Bais) Maner-Fr, Bsin MeIralManter.Free Bum) 

Grp Equal Equal Equal Allimrating Character 
N Lem Greater or or L. 

Ceater Than Than Les GM. 
T__ _ Thus 7ln Tha 

1. Meta-anthrcite 98 - - 2 
.1. Antlnnie" 2. Anatdnicte 

3. Semiaithnaitec 
92 
66 

98 
92 

2 
8 

8 
14 

nonaggiomerating 

3. Low voltile 
bituminous coal 78 86 14 22 

2. Medium volatile 
bituminous coal 69 78 22 31 

3. High volatile A 

iI. Bituminous bituminous coal 
4. High volatile B 

- 69 31 3---14 000 - - co nr atgi 

bituminot coal - - -13 000
D 

14000 

5. High volatile C 
bituminouscoal - - - - 11 500 13000 

10 500 3500 agglomerating 

I. Subbituminous A 
cod 10500 I 500 

Ill. Subbiumninous 2. Subbiniminous B 
coal 9500 10500 

3. Subbiruminous C nonagglomesting 

coal 8300 9500 

V. Lignite . Lignite A 
2. Lignite B 

... 
-

6300 8 300 

6300 
rni claudf.caiw does not include a few coal.. pevtcpaly norbari vneti,. which haveunusual physicaland chemicalpropent esand which come wcun the limits o((ted carbo 

.lorc value 1( he high.volatle btnwamsnos andsubboummnous ranks.All o4 hec coalaeither contain les than 4a prrent dry, mineralnutlcr(rhes (ted carbon or hatv e than IS ' 
muss, muncramuerf British thermal :nit. pound.rpe 

IMou reikr to coacontaining it natural inherent nwamounsbut notinudig visible water on the surface Qlihe coal. 

Cf eionratug. dusly in lo.*- dategmup o( the bmruinoua dasa. 

0

Coalh having 69 pt "cna ormorero ied carbonon the dry, manerilromicawrfe bais "hlbe durtled according to (utedcarbon, rveztgde o/calonric v-lue.
 

tita recogmledthat theremay be monagglorierung anmlties in then paps o( the bisnimico. dam. and thee an notable excepton$ a de hgholeile C bituminous miup. 

'ASTM. 191, p. 215. 

'M Owdrfrot ASTM. 1961. 

Reserve (Reserve Base) 
That portion of the identified resources which meets specified 
minimum physical and chemical criteria related to current mining 
practices. Parameters normally include seam thickness, depth, 
quality, and other geologic factors. Tonnages included under the 
reserve base estimate may include coals which are considered 
economic, marginally economic, and subeconomic. 

JOHN T. BOYD COMPANY ,1 
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Resource
 
Gross estimate of tonnage of coal (lignite) deposit which could or
 
potentially could be mined at some future date. Criteria used to
 
estimate resources generally do not reflect current technical
 
requirements of mining or associated economics of recovery.
 

IDENTIFIED RESOURCES 

DFUONSIRATED
 INFERRED 

~UfsltUINUICATED HFEA0 

ECONOMIC 

MARGINALLY
 
ECONOMIC 

4t 

SUO( CONdOUIC . n|NI cnnrO 
SUB[COPIOUIC RFSOURCr S suIrcONOMIC 

__ESOURCL S 

Retreat Mining (De-pillaring) 
Workings in the general opposite direction of advance work, which,
when completed, will permit the area to be abandoned as depleted. 

Room-and-Pillar 
A system of mining in which the coal is mined in rooms separated
by narrow ribs or pillars left at regular intervals for rooi 
support. 

Separable Partings
In-seam partings which are considered to be of adequate thickness 
and continuity to be selectively removed from the lignite seam 
during mining. 

Stopping 
A masonry or brick wall built across an underground mine opening 
or airway to confine the ventilating current in certain passages,
and also to seal gas in the old workings. 

Stripping Ratio 
The amount of overburden that must be removed to gain access to 
a unit amount of coal. Expressed as the average number of bank 
cubic meters of overburden per tonne of lignite. 

Structure 
Geologically, the disposition of the rock formations, i.e., the 
broad diFs, folds, faults and uncnnformities at depth. 

Subbituminous 
See "Ranks of Coal" 

JOHI T. BOYD COMPANY .1 
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Sulfur Content 
The quantity of sulfur in coal expressed in percent or parts per
million. May be divided into the quantities occurring as inorganic
(pyritic) sulfur, organic sulfur, and sulfate sulfur. 

Tons 
A short or net ton is equal to 2,000 pounds; a long 
ton is 2,240 pounds; a metric ton is expressed as 

ton or 
tonne 

British 
and is 

approximately 2,205 pounds. 

Volatile Matter 
Those products, exclusive of moisture, given off by a material as 
gas and vapor, determined by definite prescribed methoa . 

Company Abbreviations to Reference 

ASTM - American Society for Testing and Materials 

BOYD - John T. Boyd Company 

G/C II - Gilbert/Commonwealth International, Inc. 

GOP - Government of Pakistan 

ICF - ICF Incorporated 

JICA - Japan International Cooperation Agency 

LMDC - Lakhra Mine Development Company 

PMDC - Pakistan Mineral Development Corporation 

USAID - U. S. Agency for !nernational Development 

USGS - U. S. Geological Survey 

WAPDA - Water & Power Development Authority 

JOHN.T. BOYD COMPANY j)L ' 
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APPENDIX B 

WiILL HOLE SUMMARY 
LA HRA COAL PROJECT
Si.d Pruvince, Pakistan 

For 
USAID/PAKISTAN - WAPDA 

CONTRACT NO. 391-0478-C-00-5006-00 
By 

John T. Boyd Company 
Mining and Geological Enqineers 

December 1985 

Drill 
Hole 1.0. 

Coordinates 
Northing ati 

Surfacl 
Elevation 
(meters) Soam 

Depth to 
Top of Seam 
(meters) 

Top of Seam 
Elevation 
(meters) 

Thickness (meters) 
m ineable Coal 

Total Total Total Surface Deep
Seam Coal Parting Mini inng 

Interval 
Between 
Seams 
(meters) 

Total 
Depth
of Hole 
("eters) 

INTERIM & BOYD FIELD STUDIES PROGRAMS 

kest Area 
BT-I 

OT-2 

902,725 

901,734 

2,150,030 

2,150,112 

115.30 

121.33 

LAT 
6 
5 
3 
2 
I 

LS 

LAT 

6 
5 
3 
2 
1 

0.00 115.30 
35.90 79.40 
57.60 57.70 
87.30 28.001 
103.00 12.30 
Not Deep Enough 

Not Present 

0.00 121.33 

51.40 69.93 
66.06 55.27 
85.54 35.79 
108.13 13.20 
116.49 4.84 

23.77 
0.38 
0.94 
N/C 

N/C 

0.38 
0.89 
2.27 
3.53 
1.35 

0.38 
0.94 

0.38 
0.89 
0.62 
2.33 
1.02 

1.65 
1.20 
0.33 

0.94 
-

" 

0.89 
-

2.546 
1.35 

-

-

-
1.35 

12.13 
?1.32 
28.76 
15.70 

-

12.90 

14.28 
18.59 
20.32 
4.83 

-

103.10 
-

127.10 

, 

-
8T-3 900,774 2,150,135 120.60 LS 

LAT 
5 
4 
3 
2 

I 

Not Present 
0.00 120.60 
59.69 60.91 
80.26 40.34 
82.09 38.51 
99.70 20.90 

Not Present 

-

48.00 
0.30 
0.17 
1.32 
N/C 

-

0.30 
0.17 
1.17 

-

0.15 
-

-

1.17 

11.69 
20.24 
1.66 
16.29 

124.70 

-

BT.4 899,753 2.150,044 121.06 
LS 
LAT 
5 
3 
2 
1 

0.00 
9.20 
65.10 
79.54 
89.71 
95.83 

121.06 
111.86 
55.96 
41.52 
31.35 
25.23 

9.20 
40.20 
0.38 
N/C 
3.94 
3.38 

0.38 

0.89 
1.37 2.01 

0.61 
1.37 

-
-

0.00 
15.70 
14.06 
10.17 
2.18 

112.78 

BT-5 898.816 2,149,958 119.08 LS 
tAT

4 
3 
2 
1 

0.00 119.08 
Not Present

39.67 29.41 
90.07 29.01 

Not Present -
111.45 7.63 

55.50 

-0.20 
-
-

0.15 

-

-0.2 
-
-

0.15 

- 31.47 

2.90 

21.10 

117.77 

BT-6 903,717 2,150,111 IIF.20 LS 
LAT 
5 
3 
2 

0.00 
33.70 
71.90 
98.85 
105.95 

118.20 
84.50 
46.30 
19.35 
12.25 

33.70 
13.30 
2.76 
N/C 

4.30 

-
-

0.25 
-

2.65 

2.51 
-

1.65 2.65 

0.00 
24.90 
24.19 
7.10 

-

131.10 
-
-
-

I Not Present 
8T-7 901,371 2,151,248 124.00 LS 

LAT 

5 
4 
3 
2 
1 

0.00 
15.25 

38.00 
41.40 
43.40 
47.89 
57.98 

124.00 
108.75 

86.00 
82.60 
80.60 
76.11 
66.02 

15.25 
22.75 

1.92 
1.18 
N/C 

0.59 
2.54 

0.76 
0.98 

-
0.59 
2.13 

1.16 
0.20 

-
-

0.41 

0.76 
0.98 

-
0.59 
2.13 2.54 

1.00 
0.00 

1.48 
0.82 
4.49 
9.50 

-

96.40 

-
BT-8 901,998 2,151,036 125.60 LS 

LAT 
5 
4 
3 
2 
1 

0.00 
25.60 
50.46 
55.89 
60.13 
69.31 
73.70 

125.60 
100.00 
75.14 
69.71 
65.47 
56.29 
51.90 

25.60 
15.60 
0.86 
0.51 
N/C 

0.51 
2.37 

-

0.86 
0.51 

0.51 
2.12 

-
-

-

0.25 

-
-

0.86 
0.51 

0.51 
2.12 2.37 

0.00 
9.26 
4.57 
3.73 
9.18 
0.20 

-

96.50 

BT-9 

BT-10 

902,730 

903,607 

2,151,060 

2,151,083 

122.10 

129.26 

LS. 
LAT 
5 
4 
3 
2 
1 

LS 
LAT 

4 
3 
2 
1 

0.00 
27.45 
31.00 
37.35 
41.09 
47.44 
69.60 

0.00 

43.20 
61.10 
64.00 
72.29 
88.23 

12Z.10 
94.65 
91.10 
84.75 

81.01 
74.66 
52.50 

129.26 

86.06 
68.16 
65.26 
56.97 
41.03 

27.45 
3.35 
1.15 
0.18 

0.20 
0.55 
N/C 

43.20 

49.30 
0.35 
0.65 
6.72 
1.49 

-
0.67 
0.18 

0.20 
0.55 

0.35 
0.50 
1.73 
1.49 

-
-

0.48 

0.15 
4.99 

-

0.72* 

-
0.55 

-

0.65* 
1.25 
1.49 

-

-

1.49 

0.00 
0.20 
5.20 
3.56 
6.15 

21.61 

0.00 

6.10 
2.55 
7.64 
9.22 

102.80 

138.84 

includes in-seam parting 
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APPENDIX 8 - Continued 

Drill 
Hole 1.0. 

Coordinates 
Northn W EI 

Surface 
Elevation 
(meters) Seam 

Depth to 
Top of Seam 
(meters) 

Top of Seam 
Elevation 
(meters) 

Total 
Seam 

Thickness (meters) 
Mineable Coal 

Total Total Surface Deep 
Coal Parting Mining Mining 

Interval 
Between 
Seams 
(meters) 

Total 
Depth

of Hole 
(meters) 

INTERIM & BOYD FIELD STUDIES PROGRAMS 

West Ara - Continued 

BT-1l 900.500 2,150,800 122.08 LS 
LAT 
5 
4 
3 
2 
1 

O.O0 
20.20 
24.67 
38.00 
39.79 
49.90 
60.65 

122.08 
I01.88 
97.41 
84.08 
82.29 
72.18 
61.43 

20.20 
4.47 
N/C 
N/C 

0.83 
4.26 
5.13 

0.83 
1.14 
3.28 

3.12 
1.85 

0.83 
0.99 
3.28 3.08 

0.00 
0.00 
13.33 
1.79 
9.28 
6.49 

102.71 
-

WC-2 902.094 2,151,738 129.09 LS 
LAT 

4 
3 
2 
1 

0.00 
33.00 
42.00 
55.58 
60.15 
86.86 

129.09 
96.09 
87.09 
73.51 
68.94 
42.23 

33.00 
9.00 
N/C 
N/C

2.04 
0.87 

-

1.84 
0.87 

-

0.23 

-

1.84 
0.87 

- 0.00 
0.00 
13.80 
4.57 
24.64 

118.11 
-

WC-4 901,702 2,150,750 127.71 LS 
LAT 
5 
4 
3 
2 
1 

0.00 
26.50 
41.52 
48.00 
56.62 
66.43 
78.93 

127.71 
101.21 
86.19 
79.71 
71.09 
61.28 
48.78 

26.50 
13.50 
N/C 
N/C 
0.55 
3.44 
4.13 

0.55 
3.03 
3.00 

0.41 
1.13 

-

0.55 
3.15* 
3.00 

-
2.89 

0.00 
1.52 
6.48 
8.62 
9.26 
9.06 

93.58 
-

WC-5 901,760 2,151,355 126.83 1S 
LAT 
4 
3 
2 
1 

0.00 
20.50 
38.00 
40.11 
47.08 
58.70 

126.83 
106.33 
88.83 
86.72 
79.75 
68.13 

20.50 
14.50 
N/C 
0.41 
0.60 
8.29 

-
0.41 
0.49 
3.18 

-
-

-
0.11 
5.11 

-

0.60* 
2.80 

-
-

3.44 

0.00 
3.00 
2.11 
6.56 
5.82 

88.09 
-

WC-7 900,870 2,151,300 123.84 LS 
LAT 
5 
3 
2 
1 

0.00 
12.50 
33.36 
43.72 
50.42 
64.28 

123.84 
111.34 
90.48 
80.12 
73.42 
59.56 

12.50 
19.75 
0.94 
N/C 
2.47 
4.66 

-
0.94 

2.47 
2.53 

-

2.13 

-
-

0.94 
-

2.47 
2.53 

-
-

-
o 

2.48 

0.00 
1.11 
9.42 
6.70 
11.39 

-

92.02 

-

WC.8 900,320 2,161.100 123.59 LS 
LAT 
3 
2 
1 

0.00 
8.50 

46.93 
56.63 
61.91 

123.59 
115.00 
76.66 
66.96 
61.68 

8.50 
37.50 

N/C 
1.57 
4.96 

1.57 
2.94 

-
2.02 

-

1.57 
3.04" 

-

-
2.22 

0.00 
0.93 
9.70 
3.71 

-

85.10 

WC-9 900,070 2,150,435 123.17 LS 
LAT 
5 
4 
3 
2 
1 

0.00 
31.10 
44.20 
4b.00 
55.16 
66.13 
72.45 

123.17 
92.06 
78.97 
78.17 
68.01 
57.04 
50.72 

31.10 
10.40 
0.76 
N/C 
0.73 
5.00 
3.87 

-
0.76 

0.73 
1.88 
2.34 

-

-

3.12 
1.53 

-
-

0.76 
-

0.73 
1.88 
2.34 

-
-
-
-

-
2.31 

0.00 
2.70 
0.04 
10.16 
10.24 
1.32 

86.68 

wC-t0 900,140 2,152,830 128.99 LS 
LAT 
5 
3 
2 
1 

0.00 
15.00 
61.90 
69.80 
81.35 
92.46 

128.99 
113.99 
67.09 
.9.19 
47.64 
36.53 

15.00 
18.70 
N/C 
0.10 
6.78 
0.50 

-
0.10 
3.66 
0.50 

-

-
3.12 

-

-

-
3.66 
0.50 

-
-

0.00 
28.20 
1.90 
11.45 
2.95 

123.21 

WC-11 899,725 2,150,985 121.02 LS 
LAT 
4 
3 
2 
1 

0.00 
7.20 

45.50 
49.00 
54.75 
64.34 

121.02 
113.82 
75.52 
72.02 
66.27 
56.68 

7.20 
32.80 
0.10 
0.28 
4.13 
1.94 

-
0.10 
0.28 
1.18 
1.94 

-
2.95 

-
1.18 
1.94 

-
-

-
1.94 

0.00 
5.50 
3.40 
5.47 
5.46 

81.70 

WC-12 899,290 2,151,580 122./2 LS 
LAT 
5 
4 
3 
2 
1 

0.UO 
12.19 
50.38 
56.00 
60.05 
82.00 
89.44 

122.72 
110.53 
72.34 
66.72 
62.67 
40.72 
33.28 

12.19 
33.31 
0.84 
0.12 
0.73 
0.15 
1.52 

-

0.84 
0.12 
0.73 
0.15 
1.10 0.42 

0.84 
-

0.73 

1.10 
-
1.52 

0.00 
4.88 
4.78 
3.93 

21.22 
7.29 

-

103.95 

WR-I 902,402 2,150,635 126.66 L5 
tAT 
4 
3 
2 
1 

0.00 
33.50 
47.60 
52.00 
68.20 
82.60 

126.66 
93.16 
79.06 
74.66 
58.46 
44.06 

33.50 
9.00 
0.30 
7.20 
3.30 
N/C 

-
0.30 
0.80 
0.80 

-

-
6.40 
2.50 

-
0.80 
0.80 

-
-

0.00 
5.10 
4.10 
9.00 
11.10 

90.38 
-

Includes In-seam parting 
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APPENDIX 8 - Continued 

Drill 
Hole I.D. 

Coordinates 
Northing Easting 

Surface 
Elevation 
(meters) Seam 

to 
Top of Seam 
(meters) 

Top of Seam 
Elevation 
(meters) 

Thickness (meters) 

nepth-lneable Coal 
Total Total Total Surface Deep 
Seam Coal Parting Mining tMan 

Interval 
Between 
Seams 

(meters) 

Total 
Depth

of Hole 
(meters) 

INTERIM & BOYD FIELD STUDIES PROGRAMS 

West Area - ContinuEd 

WR-2 901.890 2,150,350 123.89 LS 
LAT 
5 
4 
3 
2 
1 

0.00 123.89 
Not Present 

44.10 79.79 
47.00 76.89 
60.30 63.59 
72.70 51.19 
81.50 42.39 

36.60 
-

N/C 
N/C 
6.10 
1.85 
2.90 

0.85 
1.10 
1.80 

--
5.25 
0.75 
1.10 

0.55 
0.60 
1.60 

-
2.90 

7.50 

2.90 
13.30 
6.30 
6.95 

-

97.50 

WR-3 901.47?2 2,150,435 !31.98 LS 
tAT 
5 
3 
2 
I 

0.00 
28.35 
50.00 
59.10 
69.50 
84.90 

131.98 
103.63 
81.98 
72.88 
62.48 
47.08 

28.35 
5.20 
N/C 

0.65 
2.30 
2.90 

0.30 
1.65 
1.10 

0.35 
0.65 
1.80 

2.05-
0.95* 

0.00 
16.45 
9.10 
9.75 
13.10 

-

90.83 

-

WA-S 900,775 2.150,620 126.83 L5 
LAT 
4 
3 
2 
1 

0.00 
32.10 
44.10 
48.20 
57.50 
69.90 

126.83 
94.73 
82.73 
78.63 
69.33 
56.93 

32.10 
8.40 
0.80 
0.90 
3.85 
0.45 

-

0.80 
0.90 
2.50 
0.45 

1.35 
-

-
-

0.80 
0.90 
2.30 

. 

0.00 
3.60 
3.30 
8.40 
8.55 

73.45 

WR.6 901,336 2,150.808 124.25 LS 
LAT 
4 
3 
2 
1 

0.00 
22.25 
42.00 
48.50 
62.00 
67.50 

124.25 
102.00 
82.25 
75.75 
62.25 
56.65 

22.25 
19.75 
N/C 

0.95 
1.90 
4.75 

--
0.75 
1.45 
1.90 

-

0.20 
0.45 
2.85 

0.95* 
1.60 
1.70 

-

1.25 

0.00 
0.00 
6.50 
12.55 
3.70 

-

80.77 

-

WR-7 901,158 2,151,148 124.33 LS 
LAT 
5 
4 
3 
2 
1 

0.00 
13.10 
39.50 
42.00 
45.80 
51.60 
60.00 

124.33 
111.23 
84.83 
82.33 
78.53 
72.73 
64.33 

13.10 
24.40 
0.80 
N/C 
N/C 
0.45 
6.30 

-

0.80 

0.45 
2.55 3.75 

-
0.80 

-

2.55 

-
-
-
-
-

2.35 

0.00 
2.00 
1.70 
1.70 
5.80 
7.95 

-

73.15 
-

WR-9 900,055 2,150,785 123.17 LS 
LAT 
5 
4 
3 
2 
1 

0.00 
13.50 
42.60 
45.00 
54.30 
63.60 
68.60 

123.17 
109.67 
80.57 
78.17 
68.87 
59.57 
54.57 

13.50 
26.00 
0.60 
N/C 
N/C 
2.90 
5.65 

-
0.60 

1.50 
1.90 

-

-
-

1.40 
3.75 

-

0.60 
-

1.15 
1.65 

-

-
-

1.00 

0.00 
3.10 
1.80 
9.30 
9.30 
2.10 

-

80.77 
-

WR-11 900,220 2,151,520 122.35 LS 
LAT 
1 

0.00 
13.30 
75.50 

122.35 
109.05 
46.85 

13.30 
62.20 
0.80 0.60 

-

0.20 

- - 0.00 
0.00 

-

78.33 

-

WTC-1 901,137 2,150,632 124.30 LS 
LAT 
3 
2 
1 

0.00 
34.36 
50.16 
61.18 
68.10 

124.30 
89.94 
74.14 
63.12 
56.20 

34.36 
7.64 
0.96 
3.10 
4.23 

0.86 
3.02 
2.26 

-
-

0.10 
0.08 
1.97 

-

0.86 
3.10" 
2.56* 2.12 

0.00 
8.16 
10.06 
3.82 

83.26 

WTC-2 899,769 2.151,738 123.40 LS 0.00 123.40 10.00 - - - - 0.00 100.98 
LAT 
4 
3 
2 
1 

10.00 
55.40 
56.40 
75.46 
83.14 

113.40 
68.00 
67.00 
47.94 
40.26 

37.00 
I/C 
N/C 
0.49 
0.37 

n.33 
7-

0.16 

8.40 
1.00 

19.06 
7.19 

-

WTC-3 901,108 2,151,414 124.11 LS 
AT 
5 
3 
2 
1 

0.00 
17.40 
39.00 
46.00 
53.11 
66.00 

124.11 
106.71 
85.11 
78.11 
71.00 
58.11 

17.40 
14.90 
N/C 
N/C
N/C 
N/C 

-
-

- 0.0 
6.70 
7.00 
7.11 
12.89 

67.00 

Includes In-seam parting 
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APPENDIX 8 Continued 

Thickness (meters) Interval Total 
Surface Depth to Top of Seam Mlneable Coal Between Depth 

Drill Coordinates Elevation Top of Seam Elevation Total Total Total Surface Deep Seams of Hole 
Hole I.D. rthin astng (meters) Seam (meters) (meters) Seam Coal Parting Mining (meters) (meters) 

INTERIM A BOYD FIELD STUDIES PAOGRAMS 

Central Area 

CC-I 901.720 2.153,235 133.14 LS 0.00 133.14 27.50 0.00 108.00 
LAT 27.50 105.64 22.50 - - 28.54 -
3 78.54 54.60 1.18 1.18 1.18 8.26 
2 87.98 45.16 5.92 2.62 3.30 2.62 1.91 -
I Not Present -

CC-2 900,385 2,154,540 134.04 LS 0.00 134.04 36.50 0.00 124.00 
LAT 36.50 97.54 7.50 47.10 
5 91.10 42.94 1.90 0.37 1.53 .9.85 
3 
2 

102.85 
108.75 

31.19 
25.29 

N/C
4.28 

-
3.63 

-
0.65 3.20 

° 
3.65 

5.91 
3.60 

I 114.68 19.36 1.59 1.59 - 1.59 - -

CC-3 900,199 2,153,130 130.31 LS 0.00 130.31 27.00 0.00 124.75 
LAT 
5 

27.00 
88.48 

103.31 
41.83 

16.00 
2.65 0.34 2.31 -

45.48 
0.87 

4 
3 

92.00 
98.11 

18.31 
32.2 

N/C 
0.47 0.47 - 0.47 

-
-

6.11 
2.15 

2 100.73 29.58 i.16 3.31 1.79 3.31 2.84 
1 Not Present - - -

CC-4 901,690 2,152,625 132.40 LS 0.00 132.40 48.00 - 22.39 110.21 
LAT Not Present -
4 
? 

70.39 
80.37 

62.01 
52.03 

0.28 
0.80 

0.28 
0.80 - 0.80 -

9.70 
3.32 

3 84.89 47.51 2.47 2.37 0.10 2.47* - 4.38 
2 91.34 41.06 5.20 2.74 2.46 2.74 2.64 -
I Not Present - - - - -

CC-5 900,769 2,153,661 133.35 LS 0.00 133.35 20.70 - 0.00 128.78 
LAT Z0.70 112.65 34.30 - - 26.47 -
3 81.47 51.88 0.10 0.10 - - 3.30 
2 84.87 48.48 2.95 2.10 0.85 2.10 2.95 
1 Not Present - - - - - - -

CC-6 901,180 2,153,980 133.95 LS 0.00 133.95 16.75 0.00 116.78 
LAT 16.75 117.20 32.50 - 39.77 -
3 89.02 44.93 0.68 0.68 0.68 3.69 
2 93.39 40.56 3.26 1.02 2.24 1.16 2.33 
2"- 98.98 34.97 0.31 0.31 -

CC-7 901,053 2,152,856 131.84 LS 0.00 131.84 29.00 -- 0.00 112.06 
LAT 29.00 102.84 17.50 - 27.54 -
3 74.04 57.80 0.06 0.06 5.57 
2 79.67 52.17 6.69 2.29 4.40 2.29 1.52 10.59 
1 96.95 34.89 0.94 0.94 0.94 - - -

CC-8 899,475 2,153,570 130.00 LS 0.00 130.00 13.75 - - - 0.00 126.85 
LAT 13.75 116.25 31.25 - - 33.78 -
5 78.78 51.22 0.28 0.28 7.94 
4 87.00 43.00 N/C - 11.93 
3 98.93 31.07 1.78 1.78 - 1.78 - 3.74 
2 104.45 25.55 6.29 3.25 3.04 3.25 3.66 -
I Not Present - - - -

CC-9 899,465 2,154,545 137.11 LS 0.00 137.11 23.00 - 0.00 143.85 
LAT 23.00 114.11 21.00 - 54.00 -
5 98.00 39.11 N/C - - 8.73 
4 106.73 30.38 0.19 0.19 - 13.07 
3 
2 

110.99 
126.49 

17.12 
10.62 

N/C 
1.43 1.43 1.43 

-
1.43 

6.50 
-

I Not Present - - - -

CC-I 899,927 2,153,718 131.11 LS 0.00 131.11 32.00 - - - 0.00 114.49 
LAT 32.00 99.11 12.00 - - - 30.42 -

5 74.42 56.69 N/C - 4.58 
4 79.00 52.11 N/C - 11.22 
3 90.22 40.89 0.31 0.31 2.44 
2 92.97 38.14 3.32 1.98 1.34 1.98 3.32 -
I Not Present - -

CC-11 899,613 2,154,080 132.68 LS 0.00 132.68 25.00 - 0.00 139.20 
IAT 25.00 107.68 4.25 60.99 
5 90.24 42.44 6.18 0.13 6.05 1.69 
4 98.11 34.57 3.23 0.11 3.12 11.07 
3 
2 

112.41 
117.31 

20.27 
15.37 

N/C 
4.43 2.78 

-
1.65 2.78 3.66 

4.90 

I Not Present -

Includes in-seam parting 
Possible Correlation as a split of theNo. I Seam. (Due to its proximity to the No. 2 Seam, we have designated this
 
split as part of the No. 2 Seam for report presentation purposes.)
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APPENDIX 8 . Continued 

Drill 
Hole I.0. 

Coordinates 
Northing EastRng 

Surface 
Elevation 
(meters) Seam 

Depth to 
Top of Seam 
(meters) 

Top of Seam 
Elevation 
(meter%) 

Total 
Seam 

Thickness (-,eters) 

MineaBieCoa 
Total Total Surface Deep 
Coal Parting n Mining 

Interval 

Between 
Seams 
(meters) 

Total 

Depth 
of Hole 
(meters) 

INTERIM & BOYD FIELD STUDIES PROGRAMS 

Central Area - Continued 

CC-12 902,100 2,152.930 137.53 LS 
LAT 

3 
2 
1 

0.00 
37.50 
77.61 
87.42 
96.50 

137.53 
100.03 
59.92 
50.ll 
41.03 

37.50 
2.00 
1.44 
1.86 
0.12 

1.44 
1.35 
0.12 

-
0.51 

-

1.44 
1.35 

-

-

-
1.86 

-

00. 
38.11 
3.45 
7.22 

-

108.21 

-

CTC-2 900,294 2.153,641 130.80 LS 
LAT 
5 

4 
3 
2 
I 

0.00 130.80 
13.20 117.60 
75.63 55.17 

85.23 45.57 
87.72 43.08 
100.12 30.68 

Not Present 

13.20 
39.10 

N/C-
0.07 
0.69 
2.46 

-

-

0.07 
0.39 
1.87 

0.30 
0.59 

-
1.87 

-
2.46 

0.00 
23.33 
9.60 
2.03 
11.01 

-

117.83 
-
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APPENDIX B - Continl.d 

Drill 
Hole 1.D. 

Coordinates 
NorthEng Easti 

Surface 
Elevation 
tnmeters) Seam 

Depth to 
Top of Seam 
(meters) 

Top of Seam 
Elevation 
(meters) 

Total 
Seam 

Thickness (m.rt-
Mineable Coal 

T
otal Total Surface Deep 
Coal Partn MingMin g 

Interval 
Between 
Seams 
(meters) 

Total 
Depth 
of Hole 
(meters) 

INTERIM & BOYD FIELD STUDIES PROGRAMS 

East Area 

EC-2 902.500 2,155.785 141.17 LS 
LAT 
5 
4 
3 
2 
1 

0.00 
13.50 
67.70 
78.60 
87.10 
90.49 
95.41 

141.17 
127.67 
73.47 
62.57 
54.07 
50.6n 
45.75 

13.50 
21.50 
0.13 
0.45 
0.17 
3.19 
3.76 

-
0.13 
0.45 
0.17 
2.78 
1.70 

0.41 
2.06 

2.78 
1.70 

3.19 
-

0.00 
32.70 
10.77 
8.05 
3.21 
1.54 

-

114.42 

EC-3 902,353 2,156,529 140.20 LS 
LAT 
3 
2 
1 

0.00 
34.50 
93.03 
96.63 
109.14 

140.20 
105.70 
47.17 
43.57 
31.06 

34.50 
21.50 
0.13 
4.63 
0.74 

-
0.13 
4.21 
0.74 

-
-

0.4? 

-

4.63 
0.74 

3.65 
-

0.00 
29.03 
3.47 
7.88 

-

121.90 

-

EC-5 901,560 2.156,115 134.25 LS 
LAT 
5 
3 
2 
1 

0.00 
10.50 
42.48 
55.11 
61.86 
76.72 

134.25 
123.75 
91.77 
79.14 
72.39 
57.53 

10.50 
24.50 
0.11 
0.50 
2.04 
1.42 

-
0.09 
0.50 
2.04 
1.42 

-

0.02 
-

-

-
0.50 
2.04 
1.42 

-
-

-
2.04 

0.00 
7.48 
!:.52 
6.25 
12.82 

-

90.14 
-

-

EC-6 900,465 2.157,262 107.20 L5 
LAT 
3 
2 
1 

Not Present 
0.00 107.20 
36.00 j1.20 
51.12 56.08 
58.60 48.60 

36.00 
1.25 
N/C 
1.77 

-
1.25 

1.35 0.42 

-
1.25 

-
1.35 

3.65 
10.22 
7.48 

80.17 
-

EC*7 900,680 2,155.659 128.39 LS 
LAT 
5 
3 
2 
1 

Not Present 
0.00 128.39 
59.91 68.48 
78.11 50.28 
85.88 42.51 
91.00 37.39 

-
22.50 

N/C
0.83 
3.26 
N/C 

-

-
0.83 
3.26 

-
-
-
-

-
0.83 
3.26 

-
3.26 

37.41 
18.20 
6.94 
1.86 

111.89 

EC-8 900,440 2,156,860 111.78 L5 
LAT 
5 
3 
2 
1 

Not Present 
0.00 111.78 
35.61 76.17 
50.76 61.02 
58.40 53.38 
65.51 46.27 

-
25.60 
0.30 
0.15 
5.96 
1.56 

-

0.30 
0.15 
5.03 
1.07 

0.93 
0.49 

5.03 
1.07 

3.66 
1.56 

0.00 
10.01 
14.85 
7.49 
1.15 

-

85.66 
-

EC-9 899,570 2.155,515 125.66 LS 
tAT 
5 
4 
3 
2 
1 

Not Present 
0.00 125.66 

41.00 84.66 
54.52 71.14 
60.10 65.56 
75.10 50.56 
86.90 38.76 

23.00 
N/C

0.45 
0.65 
N/C 

0.41 

-

0.45-
0.65 

0.26 

-

T 

0.15 

-

0.65 

0.16 

-
18.00 
13.52 
5.13 
14.35 
11.80 

90.25 
-

-
-

EC-IO 899,800 2,156,290 1:7.97 LS 
LAT 
4 
3 
2 
1 

Not Present 
0.00 117.97 
40.07 77.90 
47.40 70.57 
51.13 66.84 
62.78 55.19 

35.50 
0.33 
1.28 
2.10 
1.12 

-
0.33-
0.62 
2.10 
1.12 

-

0.66 
-
-

-

-
2.10 
1.12 

-

-
2.10 

-
4.57 
7.00 
2.46 
9.55 

79.80 

EC-Il 899.250 2,156,185 116.29 LS 
LAT 

4 
3 
2 
1 

Not Present 
Not Present 

21.94 94.35 
30.27 86.02 
41.37 74.92 
48.87 67.42 
59.92 56.37 

-
-

0.30 
0.36 
N/C 

3.03 
2.49 

-

0.30 
0.36 

-
2.57 
2.27 

0.46 
0.22 

2.39 
2.27 

3.03 
-

21.94 
8.03 
10.74 
7.60 
8.02 

-

90.06 

CC-12 899,555 2,157,005 118.06 LS 
LAT 
5 
4 
3 
2 
1 

Not Present 
Not Present 

27.03 91.03 
30.39 87.67 
44.87 73.19 
49.95 68.11 
59.49 58.57 

-
-

0.10 
0.36 
0.14 
2.95 
3.14 

-

0.10 
0.36 
0.14 
2.23 
2.37 

0.72 
0.77 

--

-

2.23 
2.37 

2.95 

27.03 
3.26 
14.12 
4.94 
6.59 

75.53 

EC-13R 901,111 2.156,587 117.30 LS 
LAT 
5 
3 
2 
1 

Not Present 
0.00 117.30 
37.07 30.23 
54.27 63.03 
71.04 46.26 
74.74 42.56 

-
16.00 
N/C 
0.80 
N/C 

1.00 

-

0.80 

1.00 

-

-

0.80 

1.00 

21.07 
17.20 
15.97 
3.70 

91.62 

Includes in-seam parting 
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APPENDIX B - Continued 

Thickness (meters) Interval Total 

Drill 
Hole I.D. 

Coordinates 
Northing Easting 

Surface 
Elevation 
(meters) Seam 

Depth to 
Top of Seam 
(meters) 

Top of Seam 
Elevation 
(meters) 

Total 
S-im 

Total 
Coal 

Mhneable Coal 
Total Surface Deep 

Parting MiningMining 

Between 
Seams 
(meters) 

Depth
of Hole 
(meters) 

INTERIM & BOYD FIELD STUDIES PROGRAMS 

East Area - Continued 

ER-8 902.010 2,156,280 133.81 LS 
LAT 
3 
2 
2--

DOD. 
7.60 
70.50 
75.20 
80.15 

133.81 
126.21 
63.31 
58.61 
53.66 

7.60 
23.20 
0.50 
3.90 
1.65 

-
0.S0 
1.70 
1.35 

2.20 
0.30 

0.50 
1.45 
1.65* 

3.65 

0.00 
39.70 
4.20 
1.0$ 

92.UO 

ER.14 900,250 2,1bS.455 114.77 LS 

LAT 
3 
2 
1 

Not Present 

0.00 114.77 
41.50 73.27 
50.68 64.09 
63.77 54.00 

41.50 
0.70 
7.58 
N/C 

0.65 
4.28 

-

0.05 
3.30 

-

0.70. 
4.64-

-

-

3.61 
-

0.00 
8.48 
5.51 

-

75.61 

-

ER-15 900,920 2.156,205 113.21 LS 
LAT 
5 
3 
2 
1 

Not Present 
0.00 113.21 
33.70 79.51 

51.80 61.41 
59.50 53.71 
65.12 48.00 

-
15.00 
N/C 

0.68 
2.95 
N/C 

-

0.68 
2.08 

-
0.87 

-

C 68 
2 151 

-

-
2.95 

-

18.70 
18.10 

7.02 
2.76 

-

83.31 

-

ER-16 900.940 2,157.070 128.62 LS 
LAT 
3 
2 
1 

Not Present 
0.00 128.62 

60.90 67.72 
63.94 64.68 
71.10 57.52 

20.70 
0.65 
1.84 
7.23 

0.65 
1.45 
2.87 

-

-
0.39 
4.36 

0.65 
1.84* 
2.97 

1.84 
-

-
40.20 
2.39 
5.32 

82.29 
-

ER-17 899.230 2,157,120 120.04 L5 
LAT 
5 
4 
3 
2 
1 

Not Present
0.00 120.04 
24.00 96.04 
39.00 81.04 
43.50 76.54 
51.10 68.94 
59.24 60.80 

16.75 
N/C 

N/C 
0.55 
3.50 
4.52 

-

0.55 
1.92 
2.58 

1.58 
1.94 

-

0.55 
2.40* 
2.94* 

-

-

-

3.50 
-

-
7.25 

15.00 
4.50 
7.05 
4.64 

-

75.59 

ER-18 899,830 2,156,865 113.83 LS 
tAT 
5 
4 
3 
2 
1 

Not Present 
0.00 113.83 
24.00 89.83 
29.80 84.03 
35.14 78.69 
40.44 73.39 
54.74 59.09 

24.00 
N/C 
N/C 
N/C 
4.32 
1.76 

-
2.30 
1.08 

2.02 
0.68 

2.52" 
1.32

2.54 

-
0.00 
5.80 
5.34 
5.30 
9.98 

64.94 

ER-19 899,510 2.156,535 114.13 LS 
LAT 

5 
4 

3 

Not Present 
0.00 114.13 
17.00 97.13 
27.00 87.13 
33.44 80.69 
38.54 75.59 
47.94 66.19 

16.75 

N/C 
N/C 

N/C
3.97 
2.86 

-

1.73 
1.70 

2.24 
1.16 

-

-
-

1.93. 
1.86" 

-

2.17 
-

-
0.25 
10.00 
6.44 
5.10 
5.43 

.59 

ER-2O 900,915 2,157,575 111.62 LS Not Present - - - - - 83.20 

LAT 
3 
2
1 

Not Present 
44.70 66.92 
51.80 59.82 
62.80 48.82 

N/C
2.30 
8.75 

2.00 
1.75 

-
0.30 
7.00 

-
2.10* 
1.20 

-
2.30 

-

44.70 
7.10 
8.70 

ER-21 900.460 2,157,760 108.76 LS Not Present - - - 82.90 
LAT 
4 
3 
2 
1 

Not Present 
36.50 72.26 
44.20 64.56 
51.30 57.46 
58.60 50.16 

-
0.10 
N/C 

0.45 
12.25 

0.10 
-

0.45 
3.20 9.05 2.75* 

36.50 
7.60 
7.10 
6.86 
6-,8 

-

ETC-2 900,722 2.156,604 114.54 LS 

LAT 

5 
3 
2 
1 

Not Present 
0.00 114.54 
37.00 77.54 
51.53 63.U. 
59.74 54.80 
62.06 52.48 

36.00 

N/C 
N/C

2.86 
0.80 

-

2.44 
0.80 

0.42 

-

-

2.56* 
0.80 

-

2.86 

1.00 
14.53 
5.66 
2.01 

75.60 

-

* Includes in-seam parting 
" Possible Correlation as a split of the No. I Seam. (Due to Itsproximity to the No. 2 Seem, we have designated this

split as part of theNo. 2 Seam for report prt3entation purposes.) 
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APPENDIX 8 Continued 

Drill 
Hole 1.0. 

Coordinates 
Northing tasting 

Surface 
Elevation 
(ters) Seam 

Depth to 
Top of Seam 
(meters) 

Top of Seam 
Elevation 
(Peters) 

Total 
Seam 

Thickness (meters) 
Mineable Coal 

Total Total Surface Deep 
Coal Parting Mining Minin 

Interval 
Between 
Seams 
(meters) 

Total 
Depth 
of Hole 
(meters) 

JICA AND OTHER DRILL HOLES 

West Area 

JT-I 902,726 2.150,648 126.13 LS 0.00 126.13 36.70 0.00 79.00 
LAT 36.70 89.43 4.71 0.00 
5 
4 
3 

41.41 
45.00 
56.47 

84.72 
81.13 
69.66 

N/C
NIC 
1.s5 1.55 1.55 

3.59 
11.47 
9.39 

2 67.41 58.72 0.93 0.93 0.93 9.66 
S 7E..00 48.13 N/C -

JT-2 902.360 2,151,035 126.61 LS 0.00 126.61 34.00 8.35 90.40 
tAT 
5 

Not Present 
42.35 84.26 0.70 0.70 0.70 3.65 

4 46.70 79.9! 0.63 0.63 0.63 5.67 
3 
2 

53.00 
61.10 

73.61 
65.51 

N/C 
0.84 0.84 

- -
0.84 

8.10 
8.96 

1 70.90 55.71 0.61 0.61 0.61 - -

JT-3 902.108 2,150,634 126.09 LS 0.00 126.09 32.15 - - 0.00 90.80 
LAT 
5 
4 
3 

32.15 
43.40 
50.00 
57.70 

93.94 
82.69 
76.09 
68.39 

0.40 
N/C 
N/C 

5.41 

-
-

1.36 4.05 1.36 
-

10.85 
6.60 
7.70 
6.18 

2 69.29 56.80 3.CX 2.70 0.36 2.70 9.38 
1 81.73 44.36 3.59 2.93 0.66 2.93 3.59 

JT-4 902,060 2,151.387 127.28 LS 0.00 127.28 26.00 - IC.00 83.15 
LAT Not Present 
4 
3 

42.00 
48.00 

85.28 
79.28 

N/C
0.11 0.11 " 

6.00 
8.53 

2 56.64 70.64 5.38 1.79 3.59 1.52 - 5.06 
1 67.08 60.20 8.06 4.47 3.59 4.15 3.09 -

JT-7 900,970 2,150,990 123.52 LS 0.00 123.52 19.50 - - 0.00 80.25 
LAT 
5 

19.50 
42.96 

104.02 
80.56 

20.12 
0.90 0.90 0.90 

-
-

3.36 
10.68 

3 54.54 68.98 1.75 0.83 0.92 0.72 7.25 
2 63.54 59.98 1.31 0.96 0.35 0.96 1.19 
1 66.04 57.48 2.67 2.33 0.34 2.33 2.67 

JT-8 900.380 2,150,635 121.68 LS 0.00 121.68 18.50 - - 0.00 74.10 
LAT 28.50 93.18 8.70 4.30 
4 
3 
2 
1 

41.50 
42.26 
54.50 
63.06 

80.18 
79.42 
67.18 
58.62 

N/C 
1.04 
3.14 
5.70 

1.04 
1.29 
3.41 

-
1.85 
2.29 

1.04 
1.29 
3.41 2.99 

0.76 
11.20 
2.66 

- -

JT-9 900,550 2,151,354 123.16 LS 0.00 123.16 16.10 - - 0.00 83.25 
LAT 16.10 107.06 18.29 0.00 
5 34.39 88.77 0.81 0.81 0.81 14.05 
3 
2 

49.25 
57.13 

73.91 
66.03 

N/C 
2.43 2.22 

-
0.21 2.22 

7.88 
2.39 

1 61.95 61.21 5.99 2.53 3.46 2.53 2.33 

JT-10 899,465 2,151,035 119.40 LS 0.00 119.40 12.00 - - - - 0.00 71.15 
LAT 12.00 107.40 20.30 - - - 0.26 -
5 32.56 86.84 1.21 1.21 1.21 - 6.93 
4 40.70 78.70 0.09 0.09 5.36 
3 46.15 73.25 1.00 1.00 1.00 8.11 
2 55.26 64.14 0.88 0.88 0.88 5.03 
I 61.17 58.23 2.83 2.24 0.59 2.24 2.83 - -

JT-11 899,022 2,150,632 119.25 LS 0.00 119.25 9.00 - - 0.00 120.00 
LAT 9.00 110.25 13.00 - 65.45 -
3 87.45 31.80 0.48 0.48 12.06 
2 
1 

99.71 
103.71 

19.54 
15.54 

N/C 
0.61 0.61 0.61 

4.00 

JT-12 900,797 2,152,411 125.63 LS 0.00 Not Present - - 0.00 116.30 
LAT 0.00 125.63 50.00 0 0 
5 
3 

50.00 
83.89 

75.63 
41.74 

N/C 
0.41 0.41 

33.89 
11.75 

2 96.05 29.58 1.95 0.69 1.26 7.39 
I 105.39 20.24 0.61 0.30 0.31 -

JT-13 902,779 2,152,278 134.80 LS 0.00 134.80 28.50 0.00 131.00 
LAT 28.50 106.30 9.50 59.47 -
4 97.47 33.33 0.67 0.67 0.67 13.53 
3 
2 

111.67 
118.16 

23.13 
16.64 

N/C 
1.50 

1.5 
1.50 

" 
1.50 

6.49 
7.44 

1 127.10 7.70 2.48 0.40 2.08 



B-9
 

APPENDIX B - Continued 

Drill 
Hole I.D. 

Coordinates 
Northing Easting 

Surface 
Elevation 
(Peters) Seam 

Depth to 
Top of Seam 
(meters) 

Top of Seam 
Elevation 
(meters) 

Total 
Seam 

Thickness (meters) 
Mineable Coal 

Total Total Surface Deep 
Coal Parting Mining Mining 

Interval 
Between 
Seams 
(meters) 

Total 
Depth 
of Hole 
(meters) 

JICA AND OTHER DRILL HOLES 

West Area - Continued 

JT-14 902,340 Z,151,978 131.52 LS 
tAT 
4 
3 
2 
1 

0.00 131.52 
Not Present 

42.50 89.02 
61.45 70.07 
64.47 67.05 
77.66 53.86 

31.00 
. 

N/C 
0.03 
2.65 
7.34 

0.03 
0.72 
2.70 

1.93 
4.64 

0.72 
2.70 2.12 

11.SO 

18.95 
2.99 
10.54 

92.15 

JT-15 901.%5 2,152.500 133.50 LS 
tAT 
3 
2 
1 

0.00 133.50 
No . Present 

82.41 51.09 
89.97 43.53 
105.00 28.50 

52.40 

1.03 
7.85 
N/C 

1.03 
2.85 

-

-
5.00 

-
1.03 
2.85 

-

30.01 

6.53 
7.18 

-

105.30 

JT-16 901,684 2,151,678 126.51 1S 
LAT
4 
3 

1 

0.00 126.51 
Not Present

35.50 91.01 
41.11 85.40 
47.69 78.82 
55.44 71.07 

20.00 

N/C 
N/C
1.72 
3.45 

1.72 
2.94 

-

0.51 
1.72 
2.94 

-
3.45 

15.50 

5.61 
5.58 
6.03 

71.15 
-

JT-17 901.103 2,151,936 125.48 LS 
LAT 
5 

LAT 
4 
3 
2 
I 

0.00 
10.00 
51.50 
51.93 
52.00 
59.50 
69.48 
80.50 

125.48 
115.48 
73.98 
73.55 
73.48 
65.98 
56.00 
44.98 

10.00 
41.50 
0.43 
0.07 
N/C
N/C 
N/C 
N/C 

-
-

0.10 
0.07 

0.33 
-

-

-

-
-
-

0.00 
0.00 
0.00 
0.00 
7.50 
9.98 
11.02 

85.00 

JT-18 900,547 2.151,827 123.55 LS 
LATS 

0.00 173.55 
4.15 119.40
Not Present 

4.15 
39.85 

- -

0.00 
0.00 

92.25 

LAT 
3 
2 
1 

44.00 
63.40 
73.50 
79.50 

79.55 
to..5 
50.05 
44.05 

3.60 
N/C 
0.46 
N/C 

0.46 

15.80 
10.10 
5.54 

JT-19 900,137 2,152,377 123.89 LS 
LAT 
5 
3 
2 

0.00 
4.00 
41.82 
51.03 
79.89 
88.53 

123.89 
119.89 
82.07 
72.86 
44.00 
35.36 

4.00 
io.n 
i.i; 
1.22 
2.64 
N/C 

1.19 
1.22 
1.01 

-
1.63 

-

1.19 
1.22 
1.01 

0.00 
27.82 
8.02 
27.64 
6.00 

88.55 
-

JT-21 899,160 2,151,972 123.08 L5 
tAT 
5 
4 
3 
2 
I 

0.00 123.08 
12.00 111.08 
46.83 76.25 
50.11 72.20 
55.05 68.03 
63.24 59.84 

Not Present 

12.00 
17.15 
1.62 
0.44 
0.99 
0.51 

-

-
1.62 
0.44 
0.99 
0.51 

-

-
-

1.62 

0.99 
0.51 

0.00 
17.68 
2.43 
3.73 
720 

76.65 

JT-37 899,770 2.150,693 121.26 LS 
LAT 
5 

0.00 121.26 
15.00 106.26 

Not Present 

15.00 
26.00 --

-

0.00 
0.00 

-

118.50 

LAT 
4 
3 
2 
1 

41.00 
45.00 
54.76 
62.06 
69.60 

80.26 
76.26 
66.50 
59.20 
51.66 

4.00 
N/C 
1/c
54 
./C 

1.71 

-

0.83 1.43 
-

0.00 
9.76 
7.30 
5.00 

-

PS-18 899,334 2,152,769 126.90 LS 
LAT 
5 
3 
2 
I 

Not Present 
0.00 126.90 
49.12 77.78 
61.22 65.68 
67.62 59.28 

Not Present 

-
49.12 

N/C 
N/C 

6.27 
-

1.93 4.34 
-

-
1.96-

-

0.00 
12.10 
6.40 

-

88.95 

PS-19 899,960 2,151,103 121.34 LS 
LAT 
5 
3 
2 
1 

0.00 
24.00 
40.79 
49.05 
56.45 
63.27 

121.34 
97.34 
80.55 
72.29 
64.89 
58.07 

24.00 
13.50 
0.94 
NC 

4.21 
6.45 

0.94 

3.41 
2.91 

-
0.80 
3.54 

0.94 

3.41 
2.48 2.28 

0.00 
3.29 
7.32 
7.40 
2.61 

-

83.79 

-

PS-20 901.636 2.151,037 125.88 LS 
LAT 
5 
4 
3 
2 
I 

0.00 
29.75 
40.28 
44.97 
47.79 
49.29 
C.99 

125.88 
96.13 
05.60 
80.91 
78.09 
76.59 
59.89 

29.75 
7.50 
0.56 
0.64 
0.40 
4.97 
2.58 

0.56 
0.64 
0.20 
3.47 
2.28 

0.20 
1.50 
0.30 

-
-
0.56 
0.64 

3.47 
2.28 2.58 

0.00 
3.03 
4.13 
2.18 
il.1 

11.73 
-

83.79 

Includes In-seam parting 

) I
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APPENDI B - Continued 

Drill 
Hole I.D. 

Coordinates 
losrthin E 'T 

Surface 
Elevation 
(meters) Seam 

Depth to 
Top of Seam 
(meters) 

Top of Seam 
Elevation 
(meters) 

Total 
Seam 

Thickness (meter I 

WineableCoal 
Total Total urface De1ep 
Coal Parting 1ininqg iniM 

Interval 

Betueen 
Seams 
(meter;) 

Total 
Depth 
of Hole 
(_ters) 

JICA AND OTHER DRILL HOLES 

West Area . Cont nued 

PS-22 903.107 2.151.083 127.16 LS 
LAT 
4 
3 
2 
1 

0.00 
35.20 
49.24 
51.53 
54.63 
66.15 

12;.16 
91.96 
77.92 
75.63 
72.53 
61.01 

35.20 
3.00 
0.58 
N/C 
8.68 
0.20 

0.58 
-

3.12 
0.20 

5.56 

0.58 

2.59 

0.00 
11.04 
1.71 
3.10 
2.84 

-

80.03 

-

PS-24 904.032 2.151.930 132.80 LS 
LAT 
3 
2 
1 

6.75 
36.00 
63.07 
70.97 
87.40 

126.05 
96.80 
69.73 
61.83 
45.40 

29.25 
4.25 
N/C 
2.87 
2.54 

-

-
1.68 
1.94 

1.19 
0.60 

1.68 
1.73 

-
1.73 

0.00 
22.82 
7.90 

-

105.17 

PS-26 901.196 2,149.946 119.50 LS 
LAT 
5 
2 
I 

Not Present 
0.00 119.50 

81.90 37.60 
115.55 3.95 

Not Present 

-
35.00 
4.27 
2.14 

-

-
-

0.85 
1.99 

-

-

3.42 
0.15 

0.68 
2.14" 

49.60 
29.38 

123.70 
-

Includes in-seam parting 
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APPENDIX B - Continued
 

Drill 
Hole 1.0. 

Coordinates 
Northing Easting 

Surface 
Elevation 
(meters) Seam 

Depth to 
Top of Seam 
(meters) 

Top of Seam 
Elevation 
(meters) 

Total 
Seam 

Thickness (meters) 
Mineable Coal 

Total Total Surface Deep 
Coal Parting Mining 

Interval 
Between 
Seams 
(meters) 

Total 
Depth 

of Hole 
(meters) 

JICA AND OTHER DRILL HOLES 

Central Area 

JT-22 902.626 2.153,252 135.54 L!t 
LA( 

2 
I 

0.00 135.54 
37.00 98.54 
63.50 72.04 
79.50 56.04 

Not Present 

37.00 
20.00 
N/C 
N/C 

-

0.00 
6.50 
16.00 

111.35 

JT-23 902.592 2,152.854 133.27 LS 
tAT 
3 
2 
2-

0.00 
37.00 
59.62 
65.72 
73.40 

133.27 
96.27 
73.65 
67.55 
59.87 

37.00 
18.80 
N/C 
6.41 
0.19 

4.53 
0.19 

1.88 
-

4.53 
-

2.76 
-

0.00 
3.82 
6.10 
1.27 

109.90 

JT-24 900.709 2.153.156 133.38 LS 
LAT 
5 
3 
2 

0.00 133.38 
27.40 105.98 
83.52 49.86 
92.12 41.26 
94.04 39.34 

NNot Present 

27.40 
21.40 

N/C 
0.18 
2.22 

-

-
0.18 
1.79 0.43 

-
1.79 

-
2.22 

0.00 
34.72 
8.60 
1.74 

-

113.25 

-

JT-25 8,750 2.153.391 131.3Z LS 
LAT 
5 
3 
2 
I 

0.00 131.32 
29.60 101.7? 
78.46 52.86 
91.96 39.36 
94.40 36.92 

Not Present 

29.60 
6.30 
N/C 
N/C 

8.65 4.76 
-

3.89 
-

4.72 
-

-
-

3.66 
-

0.00 
42.56 
13.50 
2.44 

-
-

112.00 
-

-

JT.26 899.160 2,153,455 129.67 LS 
LAT 
5 
4 
3 
2 
1 

0.00 
27.00 
86.00 
95.20 
104.75 
113.74 
120.92 

129.67 
102.67 
43.67 
34.47 
24.92 
15.93 
8.75 

27.00 
6.40 
N/C 
0.09 
1.31 
2.75 
1.30 

-
-

0.09 
1.05 
1.92 
1.30 

-
0.26 
0.83 

-

1.05 
1.68 
1.30 

1.68 
-

0.00 
52.60 
8.20 
9.46 
7.68 
4.43 

-

134.15 

JT-27 902,130 2.153,576 137.72 LS 0.00 137.72 30.00 - - 0.00 98.15 
LAT 
3 
2 
I 

30.00 107.72 
70.27 67.45 
86.98 50.74 

Not Present 

14.50 
1.30 
1.29 

-

-
1.30 
1.29 

-

1.30 
1.29 1.29 

-

25.77 
15.41 

-
-

-

-

JT-28 902,077 2.154,274 138.44 LS 
LAT 
4 
3 
2 
I 

0.00 138.44 
30.50 107.94 
56.09 82.32 
65.78 72.66 
78.16 60.28 

Not Present 

30.50 
24.50 
0.89 
4.57 
2.13 

-

-
-

0.89 
0.67 
2.13 

-

-
3.90 

-

0.89 
0.50 
2.13 

-
2.13 

0.00 
0.19 
8.80 
7.81 

-

123.80 
-

JT-29 901.419 2,153,665 134.30 LS 0.00 134.30 28.50 - 0.00 109.45 
LAT 
3 
2 

28.50 
79.00 
87.44 

105.80 
55.30 
46.86 

22.90 
2.40 
5.31 

-
0.85 
3.25 

1.55 
2.06 

0.65 
3.25 

-
3.66 

27.60 
6.04 
0.62 

-

-

JT-30 900,946 2.154,442 133.40 LS 
tAT 
5 
3 
2 
2. 

0.00 
21.50 
83.13 
91.15 
95.89 
100.81 

133.40 
111.90 
50.27 
42.25 
37.51 
32.59 

21.50 
10.30 
1.23 
N/C 

4.18 
0.87 

-
-

1.23 
-

3.29 
0.45 

-
0.89 
0.42 

-
-

1.23 

3.29 
0.45 

-

3.66 
-

0.00 
51.33 
G.79 
4.74 
0.00 

117.25 

JT-32 899,264 2,154.169 133.30 LS 
tAT 

4 
3 
2 
I 

0.00 133.30 
Not Present 

90.0 43.30 
103.45 29.85 
108.94 24.36 
119.20 14.10 
Not Deep Enough 

36.80 
-

N/C
0.10 
0.09 
N/C 

-

-
0.10 
0.09 

-

-
-
-

0.00 

13.45 
5.39 
10.17 

119.30 

JT-33 902,683 2,154,139 141.50 LS 
LAT 
4 
3 
2 
I 

0.00 141.50 
24.00 117.50 
44.86 96.64 
54.94 86.56 
81.50 60.00 

Not Present 

24.00 
20.80 
0.94 
7.42 
N/C 
-

0.94 
0.51 

-

-
6.91 

-

0.94 

0.00 
0.06 
9.14 
19.14 

118.65 

Includes In-seam parting
Possible Correlation as a split of the No. I Seam. (Due to itsproximity to the No. 2 Seam, we have designated this 
split as part of theNo. 2 Seem for report presentation purposes.) 

(((
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APPENDIX 8 - Continued 

Drill 
Hole I.D. r 

Coordinates 
Surface 

Elevation 
(meters) Seam 

Depth to 
Top of Seam 
(meters) 

Top of Seam 
Elevation 
(meters) 

Total 
Seam 

Thickness (meters) 
MIneable Coal 

Total Total Surface Deep 
Coal Parting Mining Ming 

Interval 
Between 
Seams 
(meters) 

Total 
Depth 
of Hole 
(meters) 

JICA AND OTHER DRILL HOLES 

Central Area - Continued 

JT-41 899,792 2.154.623 136.00 LS 
LAT 
5 
4 
3 
2 
I 

0.00 136.00 
33.10 102.90 
97.00 39.00 
104.00 32.00 
105.87 30.13 
119.34 16.66 

Not Present 

33.10 
3.70 
N/C 
N/C 
0.29 
3.41 

-

0.29 
2.79 

-

0.62 

-

-

2.79 
-

3.41 

0.00 
60.20 
7.00 
1.87 
13.18 

-

134.15 

-

PS-6 901.335 2,152,756 134.40 LS 
LAT 
4 
3 
2 

0.00 
33.50 
73.20 
76.25 
83.49 

134.40 
100.90 
61.20 
58.15 
50.91 

33.50 
1.75 
0.59 
3.76 
6.99 

0.59 
1.20 
2.15 

-
2.56 
4.84 

0.59 
1.02 
1.58* 2.50 

0.00 
37.95 
2.46 
3.48 

-

105.32 
-

I Not Present - - - -

PS-7 901,563 2,154,430 134.90 LS 
LAT 
4 
3 
2 
1 

0.00 
17.00 
67.57 
75.24 
90.46 
93.24 

134.90 
117.90 
67.33 
59.66 
44.44 
41.66 

17.00 
9.50 
0.10 
2.44 
2.22 
1.69 

-
-

0.10 
0.40 
1.88 
0.63 

2.04 
0.34 
1.06 

-
1.88 2.22 

-

0.00 
41.07 
7.57 
12.78 
0.56 

-

108.57 

-

PS-15 903,810 2,154,315 143.49 LS 
LAT 
3 
2 
1 

0.00 
10.75 
86.44 
93.54 
106.99 

143.49 
132.74 
57.05 
49.95 
36.50 

10.75 
41.00 

N/C 
0.45 
0.45 

-
-

0.45 
0.45 

-

-

-

-

-

0.00 
34.69 
7.10 
13.00 

109.00 
-

PS-23 903,072 2,152,837 138.11 LS 
LAT 
3 
2 
1 

0.00 138.11 
Not Present 

67.76 70.35 
73.86 64.25 
85.77 52.34 

48.80 
-

N/C 
4.70 
2.28 

-
-

3.60 
2.28 

1.10 
-

2.60 
2.28 

2.94 
-

48.80 

6.10 
7.21 

-

103.60 

-

L-28 900,090 2,154,116 133.67 LS 
LAT 
5 
4 
3 
2 

0.00 133.67 
Not Present 

84.00 49.67 
101.00 32.67 
102.23 31.44 
110.33 23.34 

Not Present 

31.00 

N/C 

N/C
N/C 
4.65 3.23 

-

1.42 
-

3.23 
-

-

3.65 
-

53.00 
-

17.00 
1.23 
8.10 

-

167.94 

Includes in-seam parting 

)u
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APPENDIX B Continued 

Thickness (meters) Interval Total 
Surface Depth to Top of Seam Mineable Coal Between Depth 

Drill 
Hole l.D. 

Coordinates 
Northing tastin 

Elevation 
(meters) Seam 

Top of Seam 
(meters) 

Elevation 
ers) 

Total 
Seam 

Total 
Coal 

Total 
Parting 

Surface 
Mintg 

Deep Seams 
(meters) 

of Hole 
(meters) 

JICA AND OTHER DRILL HOLES 

East Area 

JT-34 902,430 2,154.710 138.00 LS 0.00 138.00 18.10 0.00 138.00 
LAT 18.10 119.90 39.87 0.00 -
3 Not Present -

LAT 57.97 80.03 0.13 6.37 
2 64.47 73.53 2.83 2.36 0.47 2.36 2.8 2.16 
1 69.46 68.54 3.46 2.45 1.01 2.45 -

JT-35 902.615 2,155,331 137.20 LS 0.00 137.20 11.40 - - 0.00 98.10 
LAT 11.40 17 80 7.60 31.00 -
4 50.00 d7.20 N/C - 14.15 
3 64.15 73.05 0.12 0.12 3.53 
2 67.80 69.40 2.18 2.18 - 2.18 2.18 10.62 
1 80.60 56.60 3.89 2.43 1.46 2.43 -

JT-"S 901,872 2,155,208 136.40 LS 0.00 136.40 10.00 - - - 0.00 99.60 
LAT 10.00 126.40 46.00 0.00 
5 56.00 70.40 N/C 1.60 
4 57.60 68.68 1.40 1.40 1.40 9.55 
3 
2 

68.55 
73.93 

67.85 
62.47 

N/C 
1.94 

-
1.37 0.57 

-
1.37 1.94 

5.38 
13.53 

1 89.40 47.00 N/C - - - - -

JT-38 901,140 2.155,304 128.10 LS Not Present - - 101.40 
LAT 0.00 128.10 21.80 - - - 38.41 
5 60.21 67.89 1.63 1.63 - 1.63 4.18 
4 66.02 62.08 0.24 0.24 - - 13.43 
3 79.69 48.41 N/C - - 4.50 
2 84.19 43.91 1.54 1.54 1.54 1.54 2.62 
1 88.35 39.75 0.20 0.20 - - -

JT-39 900,899 2,154,891 124.30 LS Not Present - - - - - - 143.25 
LAT 0.00 124.30 21.80 - - - 43.12 
5 64.92 59.38 1.77 1.77 1.77 4.31 
4 71.00 53.30 N/C - - - 2.10 
3 73.10 51.20 0.26 0.23 0.03 - 4.10 
2 77.46 46.84 3.13 2.53 0.60 2.53 3.13 0.78 
1 81.37 42.93 1.76 0.89 0.87 - -

JT-40 900,323 2,155,311 135.20 LS 0.00 135.20 21.00 - - 0.00 122.15 
LAT 21.00 114.20 7.30 33.70 
5 62.CO 73.20 N/C 16.28 
3 
2 

78.28 
82.88 

56.92 
52.32 

N/C 
2.59 

-
2.02 

-
0.57 2.02 2.59 

4.60 
13.51 

1 98.98 36.22 3.06 2.32 0.74 2.32 - - -

JT-42 899,720 2,155,189 127.20 LS Not Present - - - - 107.15 
LAT 0.00 127.20 29.00 - 17.00 -
5 46.0n 81.20 N/C - 12.00 
4 58.0. 69.20 N/C - 12.95 
3 70.95 56.25 N/C - 5.90 
2 76.85 50.35 2.55 2.55 2.55 2.55 14.80 
1 94.20 33.00 N/C - - - - -

JT-43 902,662 2,156,111 141.10 LS 0.00 141.10 15.00 0.00 95.10 
LAT 15.00 126.10 7.00 - - 49.13 -
4 
3 
? 

71.13 
74.97 
80.04 

69.97 
66.13 
61.06 

0.96 
N/C 
1.35 

0.96 

1.35 
-

- 0.96 
-

1.35 1.35 

2.88 
5.07 

I Not Present - - -

JT-44 902,153 2,155,871 139.60 LS 0.00 139.60 29.25 - 0.00 127.90 
LAT 29.25 110.35 6.75 - 26.60 -
5 62.60 77.00 N/C - - 5.00 
4 67.60 72.00 0.21 0.21 - 11.89 
3 79.70 59.90 N/C - 3.35 
2 83.05 56.55 4.26 3.92 0.34 3.92 3.66 0.86 
1 89.31 50.29 1.42 1.42 1.42 - -

JT-45 901,489 2,156,457 124.50 LS Not Present - - - 140.00 
tAT 0.00 124.50 24.00 " 20.12 
5 44.12 80.38 0.17 16.42 
3 60.71 63.79 N/C - 5.08 
2 65.79 58.71 9.22 3.68 5.54 3.68 2.41 2.39 
1 77.40 47.10 1.53 1.53 - 1.53 - -

JT-46 901,140 2,155,907 116.90 LS Not Present - - - 112.00 
LAT 0.00 116.90 10.00 - 35.00 
5 45.00 71.90 N/C - 10.60 
3 55.60 61.30 1.49 1.49 - 1.49 9.27 
2 66.36 50.54 0.64 0.37 0.27 - 6.90 
1 73.90 43.00 N/C -
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APPENDIX B - Continued 

Drill 
Hole 

Coordinates 
I..n Easting 

Surface 
Elevation 
(meters) Seam 

Depth to Top of Seam 
Top of Seam Elevation 
(metijrs) (meters) 

Thickness (meters) 
Mineable Coal 

Total Total Total Surface Deep 
Seam Coal Parting Mining Mming 

Interval 
Between 
Seams 
(meters) 

Total 
Depth 

of Hole 
(meters) 

JICA AND OTHER DRILL HOLES 

East Area - Continued 

JT-47 899,856 2,155,857 125.60 LS 
LAT 
5 
4 
3 
2 
1 

Not Present -
0.O0 125.60 

36.24 89.36 
52.95 72.65 
59.77 65.83 
65.58 60.02 
77.04 48.56 

-
9.00 
0.05 
0.33 
0.12 
1.33 
3.02 

-

0.05 
0.33 
0.12 
1.33 
2.29 

-
0.73 

-

1.33 
2.29 

1.33 

27.24 
16.66 
6.49 
s.69 
10.13 

-

101.50 

-

JT-49 900,098 2,156,747 112.10 LS 
LAT 
5 
3 
2 
1 

Not Present 
No'.Present 

25.00 87.10 
41.03 71.07 
47.23 64.87 
60.80 51.30 

-

N/C 
N/C 

2.42 
0.70 

-

-
-

2.42 
0.70 

-

-

-
-

2.42 
0.70 

2.42 
-

-
25.00 
16.03 
6.20 
11.15 

113.15 

JT-50 899,180 2,156.612 118.20 LS 
LAT 
5 
3 
2 
1 

Not Present 
Not Present 

19.00 99.20 
34.29 83.91 
43.45 74.75 
50.45 67.75 

-
-9. 

N/C-
0.25 
2.68 
2.92 

0.25 
1.51 
2.18 

1.17 
0.74 

-

1.51 
2.18 

-
2.68 

-

1.-

15.29 
8.91 
4.32 

120.35 

PS-I 899,258 2,155,705 120.20 LS 
LAT 
5 
4 
3 
2 
1 

Not Present 
0.00 120.20 
34.72 85.48 
46.90 73.30 
51.90 68.30 
59.44 60.76 
75.31 44.89 

15.50 
0.09 
N/C 

0.99 
3.15 
3.32 

-

0.09 
-

0.99 
2.11 
1.60 

-
-

-
-

1.04 
1.72 

0.99 
2.01 
1.40 

-

-
-

2.01 
-

19.22 
12.09 
5.00 
6.55 
12.72 

79.76 

PS-? 899,388 2,158,558 126.88 LS 
LAT 
4 
3 
2 
1 

Not Present 
Not Present 

57.11 69.77 
63.54 63.34 
73.48 53.40 
85.76 41.12 

0.30 
0.51 
1.29 
0.51 

-
-
0.30 
0.51 
1.29 
0.51 

-
-

-
-
-

-

0.51 
1.29 
0.51 

-
-

2.01 
-

-
57.11 
7.93 
7.63 

10.99 

101.00 
-
-
-
-

PS-4 900,682 2,158,863 115.33 LS 
LAT 
4 
3 
2 
I 

Nat Present 
Not Present 

34.97 80.36 
53.47 61.86 
64.67 50.66 

Not Present 

-
3.59 
N/C 
0.96 

-

-
0.19 

-
0.96 

-

3.40 
-
-
-

-

0.96 

-

-

34.97 
14.91 
11.20 

82.29 
-

PS-S 900,412 2.156,141 116.60 LS 
LAT 
5 
3 
2 
1 

Not Present 
0.00 116.60 
25.84 90.76 
43.04 73.56 
50.06 66.54 
58.29 58.31 

-
18.30 
0.15 
0.38 
2.56 
3.20 

-

0.15 
0.38 
2.56 
2.15 

-

-
-

1.05 
2.56 
2.25* 

-

2.56 
-

7.54 
17.05 
6.64 
5.67 

-

70.12 

-

PS-8 901,598 2,155,745 132.86 LS 0.00 132.86 3.00 - - 0.00 103.63 
LAT 
5 
4 
3 
2 
1 

3.00
S8.00 
60.00 
63.11 
68.55 
82.60 

129.86 
74.86 
72.86 
69.75 
64.31 
50.26 

21.00 
N/C 
N/C 

0,79 
2.94 
2.94 

-

-
0.79 
2.56 
1.24 

-

-
-

0.38 
1.70 

0.79 
2.56 
1.24 

2.94 
-

34.00 
2.00 
3.11 
4.65 
11.11 

-

-
-
-
-
-
-

PS-9 902,653 2,158,460 139.78 LS 
LAT 
4 
3 
2 
1 

0.00 
12.75 
77.67 
81.38 
92.02 
98.87 

139.78 
127.03 
62.11 
58.40 
47.76 
40.91 

12.75 
30.50 
0.15 
0.74 
2.97 
0.58 

-
-

0.15 
0.74 
1.92 
0.45 

-
-
-
-

1.05 
0.13 

-

0.74 
1.92 
0.58* 

-

-
1.62 

-

O.C' 
34.42 
3.56 
9.90 
3.88 

-

109.00 
-

-

PS-10 901,250 2,160,213 107.07 IS 
LAT 
4 
3 
2 
I 

Not Present 
Not Present 

69.16 37.88 
77.01 30.06 
91.11 15.96 

Not Present 

4.37 
N/C 
2.26 

-

0.70 
-

2.26 

-

3.67 
-
-

-

. 
2.26 

" 
2.26 

-
69.16 
3.48 
14.10 

-

108.57 

-

PS-Il 903,099 2,159,755 116.79 LS 
LAT 
2 
1 

0.00 116.79 
23.00 93.79 

Not Present 
Not Present 

23.00 
5.25 

-
-

- 0.00 111.21 

PS-13 903,228 2,156,579 143.15 LS 
LAT 
3 
2 
1 

0.00 
36.25 
83.97 
90.07 
98.55 

143.15 
106.90 
59.18 
53.08 
44.60 

36.25 
3.50 
N/C 

0.66 
0.81 

-
0.66 
0.65 

-
-
-
-

0.16 
0.66 
0.56 

0.00 
44.22 

6.10 
7.82 

11S.10 

Includus in-seam parting 
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APPENDIX B - Continued 

Drill 
Hole I.D. 

Coordinates 
Northing Easting 

Surface 
Elevation 
(meters) Seam 

Depth to 
Top of Seam 
(meters) 

Top of Seam 
Elevation 
(meters) 

Thickness (meters) 
Mineable Coal 

Total Total Total Surface Deep 
Seam Coal Parting i Mining 

Interval 
Between 
Seams 
(meters) 

Total 
Depth 
of Hole 
(meters) 

JICA AND OTHER DRILL HOLES 

East Area - Continued 
PS-14 903,156 2.155,011 142.17 LS 

LAT 
4 
3 
2 
1 

0.00 
5.30 

38.00 
47.95 
56.18 
69.50 

142.17 
136.87 
104.17 
94.22 
85.99 
72.67 

5.30 
27.70 
N/C
1.07 
3.30 
1.58 

1.07 
1.57 
0.69 

-
1.73 
0.89 

1.0? 
1.63* 
0.69 

1.69 
-

0.00 
5.00 
9.95 
7.16 
10.02 

-

96.01 

-

L-18 900,024 2,157,326 117.04 LS 
LAT 
5 
4 
3 
2 
1 

Not Present 
Not Present 

32.30 84.74 
37.00 80.04 
51.50 65.54 
60.00 57.04 
66.75 50.29 

-

N/C 
0.54 
1.00 
3.25 

. 

-
0.09 

0.54 
1.00 
1.41 

-

1.84 

-

0.54 
1.00 
1.41 

. 

32.30 
4.61 
14.50 
7.96 
5.75 

79.55 

L-22 901,707 2,157,427 115.60 LS 
LAT 
3 
2 
I 

Not Present 
Not Present 

64.20 51.40 
70.10 45.50 

Not Present 

N 
1.65 

-

-

-
1.53 

-

-
-
-

0.12 
-

-

1.65. 
-

-
1.65 

64.20 
5.90 

-

86.86 
-

includes In-seam parting 



APPENDIX C-I 

DEVELOPMENT OF OVERBURDEN DRILL CAPACITIES 
DRAGLINES AS PRI'f.!1STRIPPING EQUIPMENT 

LAKHRA COAL PROJECT 
Sind Pr1ovince,Pakistan 

For 
USAID/PAKISTAN - WAPDA 

CONTRACT NO. 391-0478-C-00-5006-00 
By 

John T. Boyd Company 
Mining and Geological Erigineers 

December 1985 

Drill Type (or equivalent): BE-40-R BE-40-R CE-45.R BE-45-R BE-45-R BE-55-R BE-55-R BE-56-R 
Marion 
M-3 

Marion 
M.4 

Hole Diameter mi) 229 229 229 251 279 279 311 311 311 311 

Volume (m
3
/m of hole! .042 .042 .042 .049 .061 .061 .075 .075 .075 .075 

Kg. Powder/m of Hole (@ 775 Kg./m
3
) 32.6 32.6 32.6 38.0 47.3 47.3 58.1 58.1 58.1 58.1 

Powder Factor Kg./BCM .75 .75 .75 .75 .75 .75 .75 .75 .75 .75 

Theoretical Pattern (mx m) 7x8 8x9 7x8 8x9 8.5x9.5 8.5x.5 9x1O 1Ox12 9xgA IOx2 

Average Bench Height (m) 15 15 15 30 30 45 45 45 45 45 

Hole Depth, Including Sublevel 
Drilling (m) 16 16 16 31 31 46 46 46 46 46 

B1N/Hole Drilled 840 1.080 840 2,160 2,422 3,633 4,050 5,400 4,050 5.400 

Operating Hours/Scheduled Shift 7.33 7.33 7.33 7.33 7.33 7.33 7.33 7.33 7.33 7.33 

Operating Minutes/Scheduled Shift 440 440 440 440 440 440 440 440 440 440 

AssignLJ Availability (1) 75 75 75 75 75 75 75 75 75 75 

Assigned Utilizatin (1) 70 70 70 70 70 70 70 70 70 70 

Efficiency (%) 52.5 52.5 52.5 52.5 52.5 52.5 52.5 52.5 52.5 52.5 

Effective Operating Time (min./shift) 231 231 231 231 231 231 231 231 231 231 

Estimated Penetration Rate (m/hr.) 2S.5 23.5 29 29 29 38 38 38 34 40 

Estimated Penetration Rate (i/min.) .39 .39 .48 .48 .48 .63 .63 .63 .56 .67 

Drilling Time (min./hole) 41 41 34 65 65 73 73 73 82 69 

Estimated Moving & Sat-up Time 
(mir./hole) 7 7 7 7 7 7 7 7 7 7 

Drill Rod Change Time (min.) 2 2 2 2 6 6 6 6 6 

Total Time (mln./hole) SO 50 41 74 74 86 86 86 95 82 

Number of Holes/Scheduled Shift 4.6 4.6 5.6 3.1 3.1 2.7 2.7 2.7 2.4 2.8 

Calculated 8CM/Scheduled Shift 3,864 4,968 4,704 6,698 7.508 9,809 10,935 14.580 9,720 15,120 

Calculated BCM/Year 0: 
300 Shifts (000) 1,159 1.490 1.411 2,008 2,252 2,942 3.280 4,374 2,916 4.536 

600 Shifts (000) 2,318 2.981 2,822 4,016 4,504 5,884 6,560 8,748 5,832 9,072 

900 Shifts (000) 3,478 4,471 4,234 6.024 6,756 8,826 9,840 13,122 8,748 13,608 



APPENDIX C-2 

DEVELOPMENT OF OVERBURDEN DRILL CAPACITIES 
PRESTRIPPING AND SHOVEL/TRUCK 
PRIMARY STRIPPING EQUIPMENT 

LAKHRA COAL PROJECT 
Sind Province. Pakistan 

For 
USAID/PAKISTAN - WAPOA 

CONTRACT NO. 391-0478-C-00-5006-00 
By 

John T. Boyd Company 
Mining ind Geological Engineers 

December 1985 

rill Type (or equivalent): BE.40-R BE-40-R BE-45.R BE-45-R BE-45-R BE-55-R BE-5S-R BE-55.R 
Marion 
M-3 

Marion 
M.4 

Hole Diameter (w,) 229 229 229 251 279 279 311 311 311 311 

Volume (m 
3 
/nmof hole) .042 .042 .042 .049 .061 .061 .075 .075 .075 .075 

Kg. Powder/m of Hole (@ 775 Kg./m 
3 
) 32.6 32.6 32.6 38.0 47.3 47.3 58.1 58.1 58.1 58.1 

Powder Factor Kg./BCH .75 .75 .75 .75 .75 .75 .75 .75 .75 .75 

Theoretical Pattern (m x m) 7x8 8X9 x8 8x9 8.59.5 8.59.5 9xI10 1OxI2 9XiO IOxl 

Average Bench Height m) 15 15 15 1s 15 15 1s 1s s 

Hole Depth, Including Sublevel 
drilling m) 16 16 i6 16 16 16 I6 16 16 16 

BCM/Hole Drilled 840 1,080 840 1.080 1,211 1,211 1,350 1,800 1.350 1,800 

Operating Hours/Scheduled Shift 7.33 7.33 7.33 7.33 7.33 7.33 7.33 7.33 7.33 7.33 

Operating Minutes/Scheduled Shift 440 440 440 440 440 440 440 411 440 440 

Assigred Availability (%) 75 75 75 75 75 75 75 75 75 75 

Assigned Utilization (1) 70 70 70 70 70 70 70 70 70 70 

Efficiency (%) 52.5 52.6 52.5 52.5 52.5 52.5 52.5 52.5 52.5 52.5 

Effective Operating Time (min./shift) 231 231 231 231 231 231 231 231 231 231 

Estimated Penetration Rate (r/hr.) 23.5 23.5 29 29 29 38 38 38 34 40 

Estimated Penetration Rate (n/mn.) .39 .39 .48 .48 .48 .63 .63 .63 .56 .67 

Drilling Time (min./hole) 41 41 34 34 34 26 26 26 29 24 

Estimated Moving . Set-up Time 
(min./hole) 7 7 7 7 7 7 7 7 7 7 

Drill Rod Change Time (min.) 2 2 

Total Time (min./hole) 50 50 41 41 41 33 33 33 36 31 

Number of Holes/Scheduled Shift 4.6 4.6 5.6 5.6 5.6 7.0 7.0 7.0 6.4 7.5 

Calculated BCM/Scheduled Shift 3,864 4,968 4,704 6,048 6,782 8,477 9.450 12,600 8,640 13,500 

Calculated BCM/Year @: 

300 Shifts (000) 1,159 1,490 1,411 1,814 2,035 2,543 2.835 3,780 2,592 4,050 

600 Shifts (000) 2,318 2,981 2,822 3,629 4,069 5,086 5,670 7,560 5,184 8,100 

900 Shifts (000) 3,478 4,471 4.234 5,443 6,104 7,629 8,505 11.340 7,776 12,150 



APPENDIX C-3 

DEVELOPMENTOF DRA-LINE CAPACITIES 
LARHRACPAL PROJECT 

For 
USAID/PAKISTAH- WAPDACONTRACTNO. 391-0478-C-00-506-00 

Sind Province, Pakistan Mo 
John T. Boyd CompanyMining and Geological Engineers 

Decevber 1985 

Dragline Model: 

Boo. Length (m)
BoomAngle (degrees) 
Operating Radius(a) 
BaseDiameter (in)
Max. Dumping Height (m) 
Digging Depth(m)
Rear Clearance Radius(m)
Approx. Walking Speed (kn/hr.) 

Net Weight w/ Bucket Kg. (000)
Ballast Weight. Kg. (O0)
Working Weight, Kg. (OD) 2 
Ground Bearing Pressure (kg./cmu)
MaximumSuspended Load (kg.) 

Weightof Overburden In-placeKg./Ol 
a. PercentSwell1 
b. SwellFactor 
c. Material Weight Loose (kg./BC) 

Bucket Weight Eg./BCMof Capacity
TotalBucket Weight (kg./BCK of Capacity) 

Calculated Maximm Bucket Size (m3) 

Assigned Bucket Size (m3)
FillFactor 
Bucket Factor 
801/Cycle 

B-E 
1260W 

86.7 
30 

81.4 
16.7 
35.6 
50.3 
15.8 

.24 

1.468 
272 

1.740 
.85 

58,984 

2,315 

30 
.769 

1.780 

1.180 
2,960 

19.9 

20 
.90 
.692 
13.8 

B-E 
1350W 

99.0 
30 

94.8 
17.7 
37.2 
51.8 
20.1 

.23 

2,408 
362 

2.770 
1.35 

83,938 

2.315 

30 
.769 

1.780 

1.180 
2.960 

28.3 

28 
.90 
.692 
19.4 

B-E 
1360M 

99.1 
30 

94.8 
17.7 
34.1 
51.8 
20.1 

.23 

2.447 
453 

2.900 
1.42 

104,356 

2.315 

30 
.769 

1.780 

1.180 
2.960 

35.2 

35 
.90 
.692 
24.2 

B-E 
1370 

97.5 
30 

93.6 
19.4 
31.7 
45.7 
20.1 

.23 

2.577 
386 

2,963 
1.45 

115.699 

2.315 

30 
.769 

1,780 

1.180 
2.960 

39.1 

39 
.90 
.692 
27.0 

B-E 
1570-10 

99.1 
30 

95.0 
20.1 
33.8 
51.8 
21.4 

.23 

3.051 
454 

3.505 
1.10 

149,728 

2.315 

30 
.769 

1.780 

1.180 
2,960 

50.6 

50 
.90 

.692 
34.6 

B-E 
1570W 

99.1 
38 
87 

20.1 
44.2 
45.7 
21.4 

.23 

3,051 
454 

3.505 
1.10 

172.414 

2.315 

30 
.769 

1,780 

2.960 
58.2 

.90 

40.1 
120 
65 
55 

B-E 
2570 

109.7 
31.5 
104.5 
24.4 
38.4 
48.8 
24.4 

.k4 

5.320 
544 

5.864 
1.26 

210.073 

2.315 

30 
.769 

1,780 

1.180 
2.960 

71.0 

71 
.90 
.692 
49.1 

Marion 
7820 

83.8 
30 

79.9 
16.8 
31.1 
48.8 
15.2 

.24 

1.443 
306 

1.749 
.85 

86.207 

2.315 

30 
.769 

1.780 

1.180 
2.960 

29.1 

29 
.90 

.292 
20.0 

Marion 
7920 

91.4 
30 

86.9 
15.8 
37.9 
45.7 
19.8 

.24 

1,906 
113 

2,019 
.99 

87.568 

2.315 

30 
.769 

1,780 

1.180 
2.960 

29.6 

29 
.90 

.692 
20 

Marion 
8200 

109.1 
35.25 
97.3 
21.2 
48.3 
45.2 
22.1 

-

3.362 
604 

3.966 
1.94 

172.414 

2,315 

30 
.769 

1,780 

1.180 
2.960 

58.2 

58 
.9 

.692 
40.1 

Marion 
8200 

109.1 
36 

Q6.6 
20.3 
48.3 
45.2 
22.3 

-

3,358 
544 

3.902 
1.91 

151.996 

2.315 

30 
.769 

1,780 

1.180 
2.960 

51.4 

51 
.90 

.692 
35.3 

Page 
757 

103.6 
30 

102.4 
18.7 
42.7 
70.1 
19.4 

-

2.657 
237 

2.894 
1.41 

93,013 

2,315 

30 
.769 

1.780 

1.180 
2.960 

31.4 

31 
.90 

.692 
21.5 

Page 
757 

90.8 
30 

91.4 
22.9 
32.0 
51.5 
20.1 

-

3.044 
385 

3,429 
1.67 

170.100 

2.315 

30 
.769 

1,780 

1.180 
2.960 

57.5 

57 
.90 

.692 
39.4 

Average S TingA(sgle
Total Cycle Tim (seconds)Number of Cycles/Operating Hour 
BCO/Opererating Hour 

90;-rating Time Factors
Mech. & ElectricalDelays (1)
Moving & Misc. Operating Delays(1)
Net Operating Time (1) 

BC/Scheduled Hour 
SCH/Scheduled 3 Hr. Shift 
Scheduled Digging Shifts/Year 

Calculated BCH/Year (000) 
Assigned 8CM/Tear/BCM Bucket Capacity 

120 
6555 
759 

80 
75 
60 

455 
3,640 
1.000 

3,640 
182.000 

120 
6555 

1,067 

80 
75 
60 

640 
5.120 
1.000 

5.120 
182.857 

170 
6555 

1.331 

80 
75 
60 

799 
6.392 
1.000 

6.392 
182.629 

120 
f555 

1.485 

8o 
75 
60 

891 
7.128 
1.000 

7.128 
182.769 

120 
6555 

1.903 

80 
75 
60 

1.142 
9.136 
1.000 

9,136 
182.720 

80
75 
60 

1.32410.592 

1.000 
10.592 
182.62-

120 
65
55 

2.701 

80 
75 
60 

1.620 
12.960 
1.000 

12.960 
182.535 

120 
65
55 

1.100 

80 
75 
60 

660 
5.280 
.000 

5.280 
182.069 

120 
65
55 

1.100 

80 
75 
60 

660 
5.280 
1.000 

5.280 
182.069 

120 
65 
55 

2.205 

80 
75 
60 

1,323 
10.584 
1.000 

10,589 
182.483 

120 
65 
55 

1.942 

80 
75 
60 

1.165 
9.320 
1.000 

9.320 
-2.745 

120 
65 
55 

1.183 

80 
75 
60 

710 
5.680 
1.000 

5.680 
183.230 

120 
65 
55 

2.167 

80 
75 
60 

1.300 
10.402 
1.000 

10,402 
182.491 
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APPENDIX C-4 

SELECTED SHOVEL AND BACKHOE SPECIFICATIONS 
LAKHRA COAL PROJECT 

Sind Province, Pakistan 
For 

USAID/PAKISTAN - WAPDA 
CONTRACT NO. 391-0478-C-00-5006-00 

By
John T. Boyd Company 

Mining and Geological Engineers 
December 1985 

SHOVELS 
Shovel Manufacturer: P & H BUCYRUS-ERIE MARION 
Model: 2300 2100 BL 2800 195-B1 290-81 295-Pl 395-8 251M 

Bucket Range (m3) 
Overburden Bucket (m

3 
) 

Coal Bucket (m
3
) 

16.8-23 

-

11.5-19 

-

23.0-30.5 

-

-

9.9-21.4 

12.2 

21.4 

11.5-26.0 

15.3 

26.0 

16.8-34.4 

20.6 

34.4 

19.1-45.9 

26.0 

-

15.3-26.8 

-
Maximum Cutting Height (m)
Maximum Cutting Radius (i
Net Weight, Kg. (000)
Working Weight, Kg. (000) 

15.5 
20.7 
499 
633 

14.2 
20.0 
408 
476 

16.0 
23.6 

837 

12.8 
17.0 
276 
353 

15.0 
19.1 
354 
464 

13.7 
19.4 
456 
602 

17.8 
23.6 
672 
822 

19.3 
22.4 
556 
657 

Rear Clearance Radius (m)
Maximu Dumping Radius (m) 
Dumping Height at Max. Radius (m) 
Boom length (m) 

7.9 
18.0 

15.2 

7.0 
17.5 

13.4 

8.0 
21.0 

15.5 

6.3 
14.8 
5.8 
12.7 

7.0 
16.6 
7.0 
14.3 

7.2 
16.8 
7.2 

15.2 

8.1 
20.1 
7.9 
17.1 

9.1 
20.0 
7.6 
15.8 

Hoist Motor -Hp
kw 

Swing Motor - Hp
kw 

Crowd Motor -Hp 
kw 

2@5O 
2 9 418 
2P 220 
2 @ 164 

260 
194 

' 560 
@ 418 
2@ 95 
2 @ 71 

110 
82 

2@ 700 
2 @ 522 
4 @ 170 
4 @ 127 

325 
242 

930 
694 

2 @ 189 
2 @ 141 

189 
141 

1162 
867 

2 @ 283 
2 9 211 

283 
211 

1518 
1132 

2 @ 370 
2 @ 276 

370 
276 

1500 
1119 

29 330 
2@ 246 

390 
291 

2 0 640 
477 

2@ 255 
2 1 190 

255 
190 

Travel (propelling) Speed (Kph) 1.4 1.6 1.8 1.5 1.2 1.4 1.5 1.3 

BACKHOES 
Sackhoe Manufacturer: Deag Koehring Llebherr 0 & K Poclain 
Model: H 111 H 241 1166 0 1266 0 R 911 RH 120 1000 CK 

Bucket Range (m3) 
Overburden Bucket (m

3) 
Coal Bucket (m

3
) 

7.7-11.5 

7.7 

11.5 

14.5-21.4 

14.5 

21.4 

7.7 

-

9.2 9.2 

-

12.2-15.3 

12.2 

15.3 

5.4-10.0 

5.4 

10.0 

Digging Depth (maximum m)
Cutting Height (maximum m) 
Max. Reach at Grade Level (m) 
Dumping Height (maximum m) 

8.2 
13.7 
15.1 
8.7 

7.9 
17.6 
18.5 
11.9 

11.1 
10.3 
16.3 
7.9 

9.2 
11.6 
15.5 
7.1 

9.1 
14.3 
17.7 
9.8 

17.7 
17.7 

-
12.5 

16.5 
18.9 

11.0 

Digging Force, Kg. (000)
Stick Cylinder 
Bucket Cylinder 

36 
38 

85 
85 

22 
25 

33 
37 

45 
45 

86 
100 

49 
54 

Operating Weight, Kg. j000) 91 252 84 118 161 156 
Travel Speed (Kph) 2.1 2.4 2.9 1.9 2.3 2.7 2.7 
Engine -Hp 1,359 - 2 @ 456 2 9 344 2@ 584 29 451 

kw 1,000 2 340 29 256 29 435 2 @ 336 



APPENDIX C-5
 

DEVELOPMENTOF OVERBURDENSHOVELCAPACITIES 

For 
USAID/PAKISTAM - WAPOA 

CONTRACTNO. 39-0478-C-00-5006-00 

LAKHRACOAL PROJECT 
Sind Province, Pakistan 

By
John T. Boyd Comp~any 

iqning and Geological Engineers 
December 1985 

ShovelModel (or equivalent): 

Dipper (bucket)Capacity (m2) 
PercentSwell 

Fill Factor 
Ftl acor.9 

Dipper (bucLet) Factor 
BCHqPer Dipper (buckelt) Load 
Weight Overburden (t-jnne;BCM)
Tonnes/Dipper (bucket) Lo&4 

P&M 2100 BL. 

1 i.5 
30 

.769 

.6 
.0.9 

2.31 
18.5 

PIN 2200 

16.2 
30 

.769 
"0 

.9 

2.31 
26.8 

P&H 2300 

20 
30 

.769 
90.90 

. 9 
1.8 
2.31 
31.9 

.90 

P&H 28D0 

27 
30 

.799 

9 
1.7 
2.31 
43.2 

.90 

BE 375 

26 
30300 

.769 

.90 
8. 

2.31 
41.5 

.90 

BE 295-BI 

20.6 

.769 

.90 
4.21. 

2.31 
32.9 

Marion 251-H 

19.1 

.79 

.90 

2.31 
30.5 

End-Duro) Truck - Model: 

Pited Payload (ternes) 
Assigned Payload (tonnes) 
DCM/Truck Load 

Calculated fluetr (,;Passes.11ruck 
Assigned Number if Passrs/rT-uck 

Cycle Time/Pass (min.) 
Load Time/Truck (min.)
Spot Tim , Truck at Shovel f(min.)

TotalcLoad Time/Truck (xii,.) 
Numb~erof Trucks/60 Min. Hour 

Mechanical/ElectricalAvailability 
utilization ( 
Efficiency ( 

N4umberof Trucks/Opersting Hour 
BCHq/OperatingHour 

Operating Hours/Scheduled Shift 
BCHq/Scheduled8-Hour Shift 

BCH/Year 0: 
300 Shifts (000) 

900 Shifts(000)
00Sft00)2585 

85a 

77 
73 

31.6 

3.9 
4 

0.6 
2.4 
0.3 
2.7 

22.2 

so[ 
70 
56 

12.4 
391.8 

7.33 
-'872 

862 

13 

120 

109 
104 

45.0 

5.6 
6 

0.6 
3.6 
0.3 
3.9 

15.4 

so 
70 
56 

8.6 
387.0 

7.33 
2837 

851 

172 
2553 

150 

136 
129 

55.8 

7.0 
7 

0.6 
4.2 
0.3 
4.7 

12.8 

so 
70 
56 

7.2 
401.8 

7.33 
2945 

a84 

77 
2651 

170 

154 
146 

63.2 

5.4 
6 

0.6 
3.6 
0.3 
3.9 

15.4 

so 
70 
56 

8.6 
S43.5 

7.33 
3984 

1195 
90 

3386 

i20 

109 
104 

45.0 

3.88 
4 

0.6 
2.4 
0.!" 
2.7 

2Z.7 

so 
70 
56 

12.7 
571.5 

7.33 
4189 

1257 
53 

3770 

ISO 

136 
129 

55.8 

4.8 
5 

0.6 
3.0 
0.3 
3.3 

18.2 

so08 
70 
56 

10.2 
569.2 

7.33 
4172 

1252 
2033044 
3755 

150 

136 
129 

55.8 

4.0 
4 

0.6 
2.4 
0.3 
2.7 

22.2 

70 
55 

12.4 
592 

7.33 
5072 

1522 

4566 

80 

170 

154 
146 

63.2 

3.4 
4 

0.6 
2.4 
0.3 
2.7 

22.2 

so 
70 
56 

12.4 
783.7 

7.33 
5747 

1724 
3348 
5172 

120 

109 
104 

45.0 

2.4 
3 

C. 
1.8 
0.3 
2.1 

28.6 

70 
56 

16.0 
720.0 

7.33 
5278 

1583 
3167 
4750 

;so 

136 
129 

55.8 

3 
3 

0. 
1.8 
0.3 
2.1 

28.5 

80 go 
70 
56 

16.0 
892.8 

7.33 
6544 

1963 
3926 
5889 

120 

109 
104 

45.0 

2.5 
3 

0.0.6 0.6 
1.8 
0.3 
2.1 

28.6 

so 
70 
56 

16.0 
720.0 

7.33 
5278 

1583 
3167 
4750 

ISO 

136 
129 

55.8 

3.1 
3 

1.8 
0.3 
2.1 

28.6 

s 
70 
56 

16.0 
892.8 

7.33 
6544 

1963 
3926 
5890 

170 100 

154 91 
146 86 

63.2 37.2 

3.5 2.6 
4344545 

0.6 0.6 
2.4 1.8 
0.3 0.3 
2.7 2.1 

22.2 28.6 

80 so 
70 70 
56 56 

12.4 16.0 
783.7 595.2 

7.33 7.33 
5745 4363 

1724 1309 
3447 2618 
5171 3927 

120 

109 
104 

4S.0 

3.2 

0.6 
2.4 
0.3 
2.7 

22.2 

so 
70 
56 

12.4 
558.0 

7.33 
4090 

1227 
2454 
3681 

ISO 

136 
129 

55.8 

3.9 

0.6 
2.4 
0.3 
2.7 

22.2 

80 
70 
56 

12.4 
691.9 

7.33 
5072 

1522 
3D43 
4565 

170 

154 
146 

63.2 

4.8 

3.0 
0.3 
3.3 

18.2 

80 
70 
55 

10.2 
644.6 

7.33 
4725 

11 
2835 
4253 

120 

109 
104 

45.0 

3.4 

0.6 
2.4 
0.3 
2.7 

22.2 

so 
70 
56 

12.4 
558.0 

7.33 
4090 

27 
2454 
3681 

150 

136 
129 

55.B 

4.2 

0.6 
3. 
0.3 
3.3 

18. 2 

80 
70 
56 

10.2 
569.2 

7.33 
4172 

15 
2503 
3755 
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APPENDIX C-6 

OEVELOPMENT OF BACKHOE PRODUCTIVITIES 
INTERBUROEN LOADING 
LAKHRA COAL PROJECT 
Sind Provirce, Pakistan 

For 
USAID/PAKISTAN - WAPDA 

CONTRACT NO. 391-0478-C-00-S006-00 
By 

John T. Boyd Company
Mini;g and Geological Engineers

December 1985 

Backhoe Model (or equivalent): Koehrirn1266 0 & K RH-120 

Dipper Size (m
2
)

Coal Struck 
- Heaped

Overburden - Struck 
- Heaped 

9.2 

7.0 

15.3 

12.2 

Machine Weight 
Horsepower (kw) 
Duty Cycle Rating (kg.) 
Maximum Reach (m) 
Maximum Dumping Height (m) 
Radius @ Maximum Dumping Height (m) 

117,029 
2 @ 283 
11.340 
18.54 

7.1 
13.4 

421,848 

15.09 
9.0 

% Swell 
Swell Factor 
B0M Per Pass 
Weight of Interburden/BCM (tonne) 

30 
.769 
5.4 
2.31 

30 
.769 
9.3 
2.31 

Weight/Bucket Load (tonnes) 12.5 21.5 

Haul Trucks 

Rated Payload (tons) 
Rated Payload (tonnes) 
Assigned Payload (tonnes) 
BCM/Truck Load 

85 
77 
73 

31.6 

1N 
109 
104 
45.0 

SO 
136 
129 
55.8 

170 
154 
146 
63.2 

85 
77 
73 

31.6 

120 
109 
104 

45.0 

150 
136 
129 

55.8 

170 
154 
146 

63.2 

Calculated Number of Passes/Truck 
Assigned Humber of Passes 

5.9 
6 

8.3 
8 

10.3 
10 

11.7 
12 

3.4 
4 

4.8 
5 

6.0 
6 

6.8 
7 

Cycle Time/Pass (min.) 
Load Time/Truck (min.) 
Spot Time Truck at Loader (min.) 
Total Load Time/Truck (min.) 
Number of Trucks/60 Min. Hour 

0.7 
4.2 
0.4 
4.6 
13.0 

0.7 
5.6 
0.4 
6.0 
10.0 

0.7 
7.0 
0.4 
7.4 
8.1 

0.7 
8.4 
0.4 
8.8 
6.8 

0.7 
2.8 
0.4 
3.2 
18.7 

0.7 
3.5 
0.4 
3.9 
15.4 

0.7 
4.2 
0.4 
4.6 
13.0 

0.1 
4.9 
0.4 
5.3 
11.3 

Mechanical/Electrical Availability (5) 
Utilization (5) 
Efficiency (5) 

75 
70 

52.5 

75 
70 

52.5 

75 
70 

52.5 

75 
70 

52.5 

75 
70 

52.5 

75 
70 

52.5 

/5 
70 

52.5 

75 
70 

52.5 

Number of Trucks/Opervting Hour 
Payload/Operating Hour 

Interburden BCM 

6.8 

215 

5.3 

239 

4.3 

240 

3.6 

228 

9.8 

310 

8.1 

365 

6.8 

379 

5.9 

373 

Operating Hours/Scheduled 8-Hour Shift 7.33 7.33 7.33 7.33 7.33 7.33 7.33 7.33 

Production/Scheduled Shift 1576 1752 1759 1671 2272 2675 2778 2734 



APPENDIX C-7 

DEVELOPMENT OF BACKHOE PRODUCTIVITIES LIGNITE LOADING 
LAKHRA COAL PROJECT 
Sind Province. Pakistan 

For 
USAID/PAKISTAN - WAPDA 

CONTRACT NO. 391-0478-C-0-O5006-00 
By

John T. Boyd Company 
Mining and Geological Engineers 

December 1985 

Backhoe Model (or equivalent): Koehring 1266 0 & K RH-120 

Dipper Size (m 
2 
) 

Coal - Struck 

* Heaped
Rock - struck 

- Heaped 

9.2 

7.0 

15.3 

12.2 

Machine Weight 
Horsepower (kw) 117.029 

2 0 283 421,848 

Duty Cycle Rating (kg.) 
Maximum Reach (m)
MaxemOuming Height (m) 
Radius 0 MaximimDumping Height (m) 
Maximum Digging Dtpth (m) 

11,340 
18.54 
7.1 

13.4 
11.9 

15.09 
9.0 

% Swell 
Swell Fcctor 

BCM Per Pass (coal) 
Weight of Coal/BCN (tonne) 
Weight of Bucket Load (tonnes coal) 

35 

.741 

6.8 
1.5 

10.2 

35 

.741 

11.J 
1.5 

17.0 

Haul Trucks 

Rated Payload (tons) 
Rated Payload (tonnes)
Assigned Payload (tonnes) 

85 
77 
73 

120 
109 
105 

150 
136 
129 

170 
154 
146 

85 
77 
73 

120 
109 
104 

150 
136 
129 

170 
154 
146 

Calculated Number of Passes/Truck 
Assigned Number of Passes (coal) 

7.1 
7 

9.4 
10 

12.6 
13 

14.1 
14 

4.3 
5 

5.7 
6 

7.6 
8 

8.5 
9 

Cycle Time/Pass (mn.)
Load Time/Truck (min.) 
Spot Time Truck at Loader (min.)
Total Load Time/Truck (min.) 
Number of Trucks/60 MIn. Hour 

0.7 
4.9 
0.( 
5.3 
11.3 

0.7 
7.0 
0.4 
7.4 
8.1 

0.7 
9.1 
0.4 
9.5 
6.3 

U.7 
9.8 
0.4 

10.2 
5.9 

0.7 
3.5 
0.4 
3.9 
15.4 

0.7 
4.2 
0.4 
4.6 
13.0 

0.7 
5.6 
0.4 
6.0 
10 

0.7 
6.3 
0.4 
6.7 
10 

Mechanical/Electrical Availability (1) 
Utilization (1) 
Efficiency (%) 

75 
70 

52.5 

75 
70 

52.5 

75 
70 

52.5 

75 
70 

52.5 

75 
70 

52.5 

75 
70 

52.5 

75 
70 

52.5 

75 
70 

52.5 
Number of Trucks/Operating Hour 
Payload/Operating Hour (lignite tonnes) 

5.9 
431 

4.3 
452 

3.3 
426 

3.1 
453 

8.1 
591 

6.8 
707 

5.3 
684 

5.3 
774 

Operating Hours/Scheduled 8-Hour Shift 7.33 7.33 7.33 7.33 7.33 7.33 7.33 7.33 
Production/Scheduled Shift (tonnes) 3159 3313 3123 3320 4332 5182 5014 5673 



APPENDIX C-8
 

DEVELOPMENT OF FRONT-END LOADER CAPACITIES
 
OVERBURDEN (INTERBURDEN) AND LIGNITE 

LAKHRA COAL PROJECT 
Sind Province, Pakistan 

For 
USAID/PAKISTAN - WAPDA 

CONTRACT NO. 391-0478-C-00-5006-00 
By 

John T. Boyd Company 
Mining and Geological Engineers 

December 1985 

Front-End Loader Model (or equivalent): 
Caterpillar 

992 
Caterpillar 

992C-HL 
LeTourneau 

L-B00 
Clark 
675 

Bucket Size (range) (ml) 
Maximum Dumping Clearance (m)
Hinge Ph, Height (m)
Flywheel, Hp(kw) 

10.3 
4.47 
6.25 

690(515) 

9.17 
5.11 
1.08 

690(515) 

11.4 
4.93 
6.60 

860(641) 

18.3 
5.18 
7.57 
Twin 

658(490) 

Material (Rock/Coal)
Percent Swell 
Swell Factor 
Fill Factor 
Bucket Factor 
801 Per Bucket 

Rock 
30 

.769 
.90 

.692 
7.1 

Rock 
30 

.769 
.90 

.692 
6.3 

Rock 
30 

.769 
.90 

.692 
7.9 

Rock 
30 

.769 
.90 
.692 
12.6 

Welght of Material/BCM (tonnes)
Weight of Material/Bucket (tonnes) 

2.31 
16.4 

2.31 
14.5 

2.31 
18.2 

2.31 
29.1 

Hauler size (ton) 85 120 150 85 120 150 120 150 170 150 170 

Typical Loading Height (in) 3.7-3.8 4.6-4.7 4.8-4.9 3.7-3.8 4.6-4.7 4.8-4.9 4.6-4.7 4.8-4.9 5.8-5.9 4.8-4.9 5.8-5.9 

Rated Payload (tonnes) 
Assigned Payload (tonnes) 
8CM/Truck Load 

77 
73 

31.6 

109 
104 

45.0 

136 
129 
55.8 

77 
73 

31.6 

109 
104 

45.0 

136 
129 

55.8 

109 
104 

45.0 

136 
129 

55.8 

154 
146 

63.2 

136 
129 

55.8 

154 
146 
63.2 

Calculated Nunber of Passes/Truck 
Assigned Number of Passes/Truck 

4.5 
5 

6.3 
7 

7.8 
B 

5.0 
5 

7.1 
7 

8.9 
9 

5.7 
6 

7.1 
7 

8.0 
8 

4.4 
4 

5.0 
5 

Cycle Time (minutes) 
Load Time (minutes) 
Spot Truck at Loader (minutes) 
Total Load Time/Truck 
Number of Trucks/60 Min. Hour 

0.7 
3.5 
0.3 
3.8 
15.8 

0.7 
4.9 
0.3 
5.2 
11.5 

0.7 
5.6 
0.3 
5.9 
10.2 

0.7 
3.5 
0.3 
3.8 
15.8 

0.7 
4.9 
0.3 
5.2 
11.5 

0.7 
6.3 
0.3 
6.6 
9.1 

0.7 
4.2 
0.3 
4.5 
13.3 

0.7 
4.9 
0.3 
5.2 

11.5 

0.7 
5.6 
0.3 
5.9 
10.2 

0.7 
2.8 
0.3 
3.1 
19.3 

0.7 
3.5 
0.3 
3.8 
15.8 

Mechanical Availability (%)
Utilization (%) 
Efficiency (5) 
Number of Trucks/Operating Hour 
8CM/Operating Hour 
Operating Hours/8-Hour Shift 
BCM/Scheduled Shift 

70 
70 
49 
7.7 

243.3 
7.33 

1783.5 

70 
70 
49 
5.6 

252.0 
7.33 

1847.2 

70 
70 
49 
5.0 

279.0 
7.33 

2045.1 

70 
70 
49 

7.7 
243.3 
7.33 

1783.5 

70 
70 
49 

5.6 
252.0 
7.33 

1847.2 

70 
70 
49 
4.5 

251.1 
7.33 

1840.6 

70 
70 
49 

6.5 
292.5 
7.33 

2144.0 

70 
70 
49 
5.6 

312.5 
7.33 

2290.6 

70 
70 
49 

5.0 
316.0 
7.33 

2316.3 

70 
70 
49 
9.5 

530.1 
7.33 

3885.6 

70 
70 
49 
7.7 

486.6 
7.33 

3566.8 



APPENDIX C-9 

SELECTED END-DUMP TRUCK SPECIFICATIONS
LAXHRA COAL PROJECT 
Sind Province, Pakistan 

For
USAID/PAKISTAN - WAPDA 

CONTRACT NO. 391-0478-C-00-5006-00 
By

Jnhn T. Boyd Company 
Mining and Geolngical Engineers 

December 1985 

Truck Make/Model: A5 
WABCO 

100 120 170 100 
UNIT 

120 
RIG 

ISO 170 
CATERPILLAR 

85 150 

Payload Capacity, Kg. (000)
Drive System 

Engine Size Range - ip 
kw 

Rated Brake - Hp 

kw 

Flywheel - Hp
kw 

Turning Circle Radius (m)
Weight Empty, Kg. (000)
Weight Loaded, Kg. (000) 

Standard Tire Size 

Overburden Loading Height (m)
Body (box) Capacity (m

3 ) 

Struck 
Heaped 2:1 

Heaped 3:1 

Coal Loading Height (m)
Body (box) Capacity (m

3 ) 

Struck 
Heaped 2:1 

Heaped 3:1 

77.2 
Allison 

-

900 
671 

858 
640 

12.19 
53.4 
130.6 

24 x 49 

4.24 

35.96 
51.26 

46.6 

4.98 

73.4 
-

817.2 

90.8 
Allison 

1050 
783 

962 
718 

12.30 
72.8 
163.6 

30 x 51 

4.39 

35.9 
58.6 

-

108.8 
WABCO 

1200 
895 

1104 
824 

12.35 
82.5 
191.3 

30 x 51 

4.50 

41.0 
63.0 

-

-

154.3 
G.E. 

1600 
1194 

1470 
1097 

12.00 
101.3 
255.6 

36 x 51 

5.03 

54.0 
84.0 

90.8 108.9 
Electric Electric 

700-1200 1000-1200 
522-895 746-895 

-

-
-

9.29 9.45 
59.6 63.0 
150.4 171.9 

27 x 49 27 x 49 

5.21 5.21 

59.6 59.6 
73.1 73.4 

5.38 5.38 
5.8.86.2.1 

77.3 77.3 
92.6 92.6 

136.1 
Electric 

1130-1600 
843-1193 

-

12.3 
82.5 
218.6 

33 x 51 

5.64 

90.2 
111.6 

6.02 

120.8 
147.6 

154.2 
Electric 

1325-1600 
988-1193 

-
--

12.66 
88.4 
242.6 

36 x 51 

5.80 

90.2 
111.6 

6.10 

120.8 
147.6 

77.1 
Cat 

870 
649 

870649 

13.4 
58.9 
136.0 

24 x 49 

4.14 

36.3 
51.3 

150.0 
Cat 

1290 
963 

13801029 

15.25 
90.8 
208.7 

30 x 51 

4.90 

56.5 
78.0 
7 



APPENDIX C-10
 

DEVELOPMENT OF OVERBURDEN TRUCK REQUIREMENTS 
LAKHRA COAL PROJECT 

Sind Province, Pakistan 
For 

USAID/PAKISTAN - WAPDA 
CONTRACT NO. 391-0478-C-00-5006-00 

For 
John T. Boyd Company

Mining and Geological Engineers
December 1985 

P&H 2800XP Shovel (27 cu. m.
 

Loader/truck bucket)/136 Tonne Capacity Trucks
 

Haul distance - 1 way, m. 2,000 3,000 3,500 4,000
 

Assigned avg. speed, (km/hr)
 
Loaded 20 28 33 36
 
Empty 30 34 40 45
 

Total travel time round trip, min. 10.0 11.7 11.f 12.0
 

Fixed Time/Truck Trip, min.
 
Spot at loader 0.3 0.3 0.3 0.3
 
Load 1.8 1.8 1.8 1.8
 
Turn and dump 1.5 1.5 1.5 1.5
 

Subtotal Fixed Time 3.3 3.3 3.3 3.3
 

Total Cycle Time, min. 13.3 15.0 14.9 15.3 

No. of trips/60 min. hour 4.5 4.0 4.0 3.9 

Utilizati,)n (%) 52.5 52.5 52.5 52.5 

No. of trip/scheduled hr. 2.4 2.1 2.1 2.0 

BCM/trip 55.8 55.8 55.8 55.8 

BCM/scheduled hour 133.9 117.2 117.2 111.0 

Operating hours/schedule 8-hour shift 7.33 7.33 7.33 7.33 

BCM/B-hour shift 981 859 859 814 

Calculated trucks/loader 6.7 7.6 7.6 8.0 

Assigned trucks/loader 7 8 8 8 

Fleet size per loader @ 75% fleet avail. 10 11 11 11 



APPENDIX C-l1
 

DEVELOPMENT OF INTERBURDEN TRUCK REQUIREMENTS
 
LAKHRA COAL PROJECT
 

Sind Province, Pakistan
 
For
 

USAID/PAKISTAN - WAPDA
 
CONTRACT NO. 391-0478-C-00-5006-00
 

Dy
 
John T. Boyd Company


Mining and Geological Engineers

December 1985
 

Loader/Truck Unit: 


Loading Operation
 

Haul Distance - 1 Way (m) 


Assigned Average Speed (km/hr.)
 
Loaded 

Empty 


Total Travel Time, Round Trip (min.) 


Fixed Time/Truck Trip (min.)
 
Spot at Loader 

Load 

Turn & Dump 


Subtotal Fixed Time 

Total Cycle Time (min.) 


Number of Trips/60 Min. Hour 


Utilization (%) 


Number of Trips/Scheduled Hour 


BCM/Trip 


BCM/Scheduled Hour 


Operating Hours/Scheduled B-Hour Shift 


BCM/Scheduled 8-hour Shift 


BCM/Scheduled Loader Shift 


Calculated Trucks/Loader 


Assigned Trucks/Loader 


Fleet Size/Loader at 75% Fleet Availability 


0 & K Backhoe / 136 Tonne
 

2000 2500 3000
 

20 24 28
 
30 32 34
 

10.0 11.0 11.7
 

0.4 0.4 0.4
 
4.2 4.2 4.2
 
1.5 1.5 1.5
 
6.1 6.1 6.3
 

16.1 17.1 17.8
 

3.7 3.5 3.4
 

52.5 52.5 52.5
 

1.9 1.8 1.8
 

55.8 55.8 55.8
 

106.0 100.4 100.4
 

7.33 7.33 7.33
 

777 736 736
 

2778 2778 2778
 

3.6 	 3.8 3.8
 

4 4 4
 

5 5 5
 



APPENDIX C-12
 

DEVELOPMENT OF TRUCK
LIGNITE REQUIREMENTS
 
LAKHRA COAL PROJECT
 
Sind Province, Pakistan
 

For
 
USAID/PAKISTAN - WAPDA
 

CONTRACT NO. 391-0478-C-00-5006-00
 
By


John T. Boyd Company

Mining and Geological Engineers
 

December 1985
 

Loader/Truck Unit 
 0 & K Backhoe (136 Tonne) 


Loading Operation 	 West Pit 


Haul Distance - I Way (m) 
 2500 4000 


Assigned Average Speed (Km/hr.)
Loaded 
 20 30
Empty 
 30 40
Total Travel Time, Round Trip (min.) 
 12.5 14.0 


Fixed Time/Truck Trip (min.)
Spot at Loader 
 0.4 0.4
Load 
 5.6 5.6
Turn & Dump 
 1.5 1.5
Subtotal Fixed Time 
 7.5

Total Cycle Time (min.) 	

7.5 

20.0 21.5 


Number of Trips/60 Min. Hour 
 3.0 2.8 


Utilization (%) 
 52.5 52.5 

Number of Trips/Scheduled Hour 
 1.6 1.5 

Tonnes/Trip 
 129 129 


Tonnes/Scheduled Hour 
 206 194 


Operating Hours/Scheduled 8-hour Shift 
 7.33 7.33 


Tonnes/Scheduled 8-hour Shift 
 1513 1422 

Tonnes/Scheduled Loader Shift 
 5014 5014 


Calculated Trucks/Loader 
 3.3 3.5 

Assigned Trucks/Loader 
 4 4 


Fleet Size/Loader at 75% Fleet Availability 6 6 


0 & K Backhoe (136 Tonne)
 

East Pit
 

4500 6500
 

33 40
 
45 47
 

14.2 18.1
 

0.4 0.4
 
5.6 5.6
 
1.5 1.5
 
7.5 7.5
 
21.7 25.6
 

2.8 2.3
 

52.5 52.5
 

1.5 1.2
 

129 129
 

194 156
 

7.33 7.33
 

1422 1143
 

5014 5014
 

3.5 	 4.4
 

4 5
 

6 6
 



APPENDIX C-13 

DEVELOPMENT OF SCRAPER PRODUCTIVITIES 
TOPSOIL REMOVAL/REPLACEMENT - PARTING REMOVAL 

LAKHRA COAL PROJECT 
Sind Province, Pakistan 

For 
USAI/PAKISTAN - WAPDA 

CONTRACT NO. 391-0478-C-00-5006-00 
By 

John T.Boyd Company 
Mining and Geological Engineers 

December 1985 

Scraper Model (or equivalent): 
Caterpillar 

631 0 
Caterpillar 

651 

Caterpillar 

657 E 
Push-Pull 

Terex 
TS-14 B 

Terex 
5-24 8 

Operating Weight (kg.)
Rated Load (kg.) 
Scraper Capacity, BCH 
Struck 
Heaped 

Flywheel Hp - Tractor Hp (Kw) 
Scraper Hp (kw) 

Top Speed: Loaded (Km/hr.) 

42,370 
34,000 

16 
23.7 

450 (336) 

50 

57,550 
47,175 

24.5 
33.6 

550(410) 

50 

68.720 
47,200 

24.5 
33.6 

550(410) 
400(298) 

50 

23.950 
21,300 

10.7 
15.3 

144(119) 

37 

42,200 
37,000 

18.4 
26.0 

475(354) 

51 

Loose Material Weight Kg/m
3 

Percent Swell 
Swell Factor 
BCM/Load 

1780 
30 

.769 
14.7 

1780 
30 

.769 
20.4 

1780 
30 

.769 
20.4 

1780 
30 

.769 
9.2 

1780 
30 

.769 
16.0 

Average Haul Distances, IWay (Km) 

Travel Time Loaded (min.)* 

Travel Time Empty (min.) 

500 

2.1 

1.3 

800 

3.2 

1.6 

1000 

4.0 

1.9 

500 

2.2 

0.9 

800 

3.F 

1.3 

1,000 

4.3 

1.5 

500 

1.6 

0.8 

800 

2.4 

1.1 

1,000 

3.0 

1.4 

So0 

2.1 

0.9 

B00 

2.6 

1.4 

1,000 

4.0 

1.7 

Fixed Time/Trip (min.) 

Total Cycle Time (min.) 

1.3 

4.7 

1.3 

6.1 

1.3 

7.2 

1.4 

4.5 

1.4 

6.2 

1.4 

7.2 

1.7 

4.1 

1.7 

5.2 

1.7 

6.1 

1.6 

4.6 

1.6 

5.6 

1.6 

7.3 

Number of Trips/60 Min. Hour 

Availability (%) 

12.7 

70 

9.8 

70 

8.3 

70 

13.3 

7J 

9.7 

70 

8.3 

70 

14.6 

70 

11.5 

70 

9.8 

70 

13.0 

70 

10.7 

70 

8.2 

70 

Utilization (6) 

Efficiency (6) 

Number of Trips/Operating Hour 

BCM/Operating Hour 

70 

49 

2.3 

33.8 

70 

49 

3.0 

44.1 

70 

49 

4.1 

60.3 

70 

49 

6.5 

132.6 

70 

49 

4.8 

97.9 

70 

49 

4.1 

83.6 

70 

49 

7.2 

146.9 

70 

49 

5.6 

114.2 

70 

49 

4.8 

97.9 

70 

49 

6.4 

58.9 

70 

49 

5.2 

47.8 

70 

49 

4.0 

36.8 

Operating Hours/Scheduled
8.hour Shift 7.33 7.33 7.33 7.33 7.33 7.33 7.33 7.33 7.33 7.33 7.33 7.33 

BCM/Scheduled 8-hour Shift 247.8 323.3 442.0 972.0 717.6 612.8 1076.8 837.1* 717.8* 431.7 350.4 269.7 

Total BCM/Year @ (000): 
300 Shifts 

600 Shifts 

900 Shifts 

74.3 

148.7 

223.0 

97.0 

194.0 

291.0 

132.6 

265.2 

397.3 

291.6 

583.2 

874.8 

215. 

430.6 

645.9 

183.8 

367.6 

551.4 

323.0 

646.1 

969.0 

251.1" 

502.3** 

753.3** 

215.3** 

430.6* 

645.9** 

129.5 

259.0 

388.5 

105.1 

210.2 

315.3 

80.9 

161.8 

242.7 

*From Caterpillar handbook 8% RR loaded (net) 

4%RR empty (net) 

**Production/unit double for push.-pullpair. 



APPENDIX C-14
 

MAJOR EQUIPMENT OPERATING AND SUPPLY COST SUIIARY*
 
LAKIIRACOAL PROJECT
 

Sind Province, Pakistan
 
For
 

USAID/PAKISTAN - WAPDA
 
CONTRACT NO. 391-0478-C-00-5006-00
 

By 
John T. Boyd Company
 

Mining and Geological Engineers
 
December 1985
 

Sub- Per*
 
total/ Shift Assigned


Lube Parts Routine Unit Eff. Cost/ Cost/ Local Foreign

Equipment Model Tires/ Grease, and Over- lOper. Supply Shift Shift $/ S/

(or Equivalent) Power Fuel Track Filters Supplies Haul Hour Use Factor Per Unit Per Unit Shift Shift
 

Blasthole Drill BE 55 R 15.40 - 1.00 3.00 36.12 11.10 66.62 66.62 7.623 507.84 508.00 127.00 381.00 

Powder Truck 6.00 0.75 1.55 2.30 2.40 12.00 12.00 6.623 91.47 91.50 91.50 -

Water Truck 13.02 1.90 2.00 10.00 5.38 32.30 32.30 6.670 215.44 215.00 97.00 113.00 

Bulldozer Cat. 0-9 30.67 L..1 1.03 10.47 10.33 61.97 61.97 6.670 413.34 413.00 207.00 2u6.00 

Wheel Loader Cat. 9B0 12.00 .00 0.73 6.53 4.85 29.11 29.11 6.670 194.17 194.00 97.00 97.00 

Grader Cat. G-16 10.79 4.02 0.79 4.51 4.02 24.11 24.11 6.670 160.81 161.00 72.00 89.00 

Dragline BE 1570 96.00 - - - 185.00 - 281.00 281.00 7.280 2,046.00 2,050.00 1,034.00 1,016.00 

Shovel P&H 2800 x p 28.00 - - - 89.00 18.00 135.00 135.00 7.623 1,029.00 1,029.00 373.00 6S6.00 

Backhoe OAK RH 120 - 34.00 - 10.40 40.90 17.20 103.00 103.00 7.623 785.19 785.00 275.00 510.00 

Utility Omp Truck (35-Ton) - 8.00 2.75 1.00 4.25 4.00 20.00 20.00 6.670 133.40 135.00 54.00 81.00 

OB/lB Lignite Truck (150-Ton) 19.50 15.00 2.39 12.58 9.99 59.46 59.46 7.623 453.26 455.00 168.00 287.00 

Fron, and Loader (Cat. 988-B) - 17.07 2.75 0.85 6.12 5.36 32.15 32.15 6.670 214.45 215.00 118.00 97.00 

Front-end Loader (Cat. 992) - 29.54 4.50 1.42 8.85 8.86 53.17 53.17 6.670 354.64 355.00 195.00 160.00 

Scraper Cat. 631-0 - 21.02 4.70 1.87 11.84 7.87 47.30 47.30 6.670 315.49 316.00 142.00 174.00 

Scraper Cat. 657 PP 35.50 8.35 2.07 13.71 11.93 71.56 71.56 6.670 477.33 477.00 215.00 262.00 

* Allcsts are in U.S. dollars 

** Per shift efficiency/supply 
7.33 operating hours/shift x .8 (efficiency factor) x 1.3 (supply factor) • 7.623
 
7.33 operating hours/shift x .7 (efficiency factor) x 1.3 supply factor)* 6.670
 
7.33 operating hours/shift x .6 (efficiency factor) x 1.3 jsupply factor) 5.717
 
8.00 operating hours/shift x .7 (efficiency factor) x 1.3 (supply factor) 7.280
 



For 
USAID/PAKISTAN - WAPOACONTRACT NO. 391-0478-C-00-5006-00 

F.O.B. Port of Origin 

Ocean Freight 

Insurance 

Duty 

Taxes 

Inland transportation to site 

miscellaneous 

Subtotal delivered to site 

Erection 

08 L 

232,969 

11,139 

1,831 

48,822 

12,205 

316 

12,20S 

319,487 

DOZERS 

D 9 L 

317,796 

16,913 

2,510 

66,942 

7-16,735 

380 

16,735 

438,011 

D 10 

535,926 

25,316 

4,209 

112,248 

28,062 

633 

28,062 

734,456 

980 C 

184,093 

17.512 

1,512 

137,091 

-10,080 

316 

10.080 

360,684 

WHEEL 

9888. 

282,992 

25.316 

2,312 

209,650 

14,149 

380 

1427 

548,948 

LOADERS 

992C 

577,410 

77.958 

4,915 

445,683 

32,768 

506 

32.768 

1,172,008 

(High lift) 

572,980 

77,958 

4,882 

442,638 

32,546 

506 

32,546 

1,164,056 

9 

10 

71 

201 

Total Rs. 319,487 438,011 734,456 360,684 548,948 1.171,968 1,164,056 201 

Equipment Cost/Oper. Hour
Fuel 

(Tires) or Track 

Lube and grease 

Filters 

Repairs - Operating 

Labor - Operating 

Labor - Maintenance 

Total - Rs./Hour 

12.13 

5.08 

.51 

.23 

6.61 

1.14 

.05 

25.75 

17.25 

7.05 

.61 

.23 

8.38 

1.52 

.05 

35.09 

25.07 

9.59 

.76 

.28 

10.59 

2.06 

.05 

48.40 

9.71 

-

.38 

.22 

5.17 

.61 

.07 

16.16 

13.21 

-

.61 

.25 

6.20 

.71 

.05 

21.03 

21.84 

1.07 

.37 

8.96 

1.03 

.22 

33.49 

21.84 

1.08 

.37 

8.96 

1.03 

.22 

33.50 



ESTIMATED CAPITAL AND OPERATING COSTS 

FOR SELECTED CATERPILLAR EQUIPMENT 

LAKHRA COAL PROJECT 

Sind Province pakstan 

lift) 

!,980 

1,958 

1.882 

!,638 

,546 

506 

546 

-.056 

TRACK LOADERS 

963 973 

107,620 165,613 

5.072 7,980 

845 1,302 

76,630 118,043 

5,634 - 8,679 

316 380 

5,634 81679 

201,751 310,676 

769 C 

249,254 

24,538 

2,053 

251,889 

13,690 

506 

13,690 

555,620 

TRUCKS 

773 8 

349,837 

33.339 

2,874 

352.522 

19.158 

633 

19,158 

777,521 

777 

489,513 

55,696 

4,089 

455,476 

27,260 

949 

27,260 

1,060,243 

6215 

261,770 

21,572 

2.121 

153,004 

It,167 

506 

14,167 

467,307 

WHEELSCRAPER 

541,616 

45,114 

4,400 

316,833 

29,336 

949 

29,336 

967,584 

6310 

405,8!3 

36,811 

3,320 

239,017 

22,131 

633 

22.131 

729,856 

WHEEL 

6 

326,847 

30,799 

2,682 

193,129 

17,882 

506 

17,882 

589,727 

SCRAPERS 

522.211 

42,99! 

4,23S 

305,21. 

28,26( 

63 

28.26 

931,80 

i,056 201,751 310,676 555,620 777,521 1,060,243 467,307 167,584 729.856 589.727 931,8( 

'::1.84 6.74 9.17 7.01 10.25 13.21 11.86 21.30 15.90 16.72 25. 

1.08 

.37 

18.96 

11.03 

13:50 

4.51 

.22 

.09 

4.54 

1.15 

.03 

17.28 

5.08 

.25 

.09 

5.19 

1.30 

.04 

21.12 

" 

.63 

.26 

4.82 

.68 

.07 

13.47 

.82 

.27 

7.04 

.99 

.07 

19.44 

1.17 

.24 

8.64 

1.22 

.09 

25.57 

.46 

.17 

5.21 

.74 

.16 

18.60 

.97 

.28 

9.21 

1.30 

.11 

33.17 

.62 

.26 

11.99 

1.69 

.09 

30.55 

.70 

.27 

8.90 

1.26 

.19 

28.04 

12. 

1 

-

40 



By 

WHEEL SCRAPERS - TANEM 

John T. Boyd CompanyMining and Geological Engineers
December 1985 

147 

99 

82 

29 

3z. 

16 

12 

7 

6370 

522,211 

42,995 

4,239 

305,Z11 

28,260 

633 

28.260 
3z 

93,0 
931,509 

657 

701.332 

48.608 

5,624 

404,967 

37,497 

;49 

_ _3 7 49 
1791,0,236,4741 

1,3,7 
1,236,474 

122G 

124,237 

10,750 

1.012 

72,893 

6,749 

380 

6,749 
222,77026,352 

222.770 

222,770 

GRADERS 

148G 1G 

168,289 246,855 

15,392 23,688 

1,378 2,029 

99,188 146,093 

9,184 13,527 

506 633 

9184 13527 
303,121 

:------

303,121 446,352 

HYDRAULIC 
ECAVATOR 

242 

278.540 

20,575 

2,243 

161,522 

14,955 

949 

493,7339.4 
493,739 

493,739 

FRONT
SHOVEL 
245 

300,453 

20,575 

2,407 

173,354 

16,051 

949 

04,5 
529,840 

----

529,840 

COMPACTOlS 

C C 

233,028 250,405 

18,267 18,430 

1,885 2,016 

231,192 7,329 

12,064 13.442 

506 633 

509,006 545,697 

509,006 545,697 

GENERATORS 

399 3508 

235,296 94,795 

6,076 4,55; 

1,810 745 

12,069 4,968 

316 316 

31951,511,66~5j ~ 
1,094,6 

267,320 
- 1109349 

267,320 110,349 

25.07 35.59 5.12 7.01 8.63 11.86 14.83 11.86 15.37 43.10 28,77 
.89 

.36 

12.41 

1.74 

. 

40.57 

1.55 

1.8 

13.89 

1.96 

3.6 

53.67 

.09 

.09 

2.74 

.09 

.74 

8.74 

.13 

.13 

3.81 

.54 

.05 

12.11 

.65 

.15 

4.57 

.64 

.05 

14.69 

.47 

.14 

3.92 

1.25 

.06 

22.78 

.47 

.14 

4.34 

1.31 

.38 

26.55 

.38 

.17 

4.07 

.47 

.03 

16.98 

.40 

.24 

4.70 

.03 

21.28 

1.84 

.30 

3.80 

.38 

.39 

49.51 

. 

.25 

3.48 

.3 

.38 

33.50 
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ESTIMATEDCAPITAL.AN OPERATINGCOSTS
 
FOR SELECTEDTERlX EQUIPMENT


US A IO I P A IS T AM - n p oAA
3 [ M C A L. PR O JE C T ' 

CONTRACTNO. 91-048-C-00 OO A..oo Sled Province Pakistan ByJohn T. BoydCopany 
lIning AuGGeoogcaT Eginaers

Decefler 1905 

he~e 4 TEE!! CR1408 TfR(ET APIRDozer- ~ e Wheel Louders TrucsOoe, Dozer CK.D.O RAPIER
oBOO N0 3000 ~ ~ RA-oTted.. 3-A 33-1 0 34-II____Scrapers,. .0-To C T-2...4F.O.3. Point of origin Tanker 130A 0 740A3.748.412 1.789.639 1.961.465 traders ______ TCr;:e4.629.70S 11.991,346 4.889.890 11.147.810 4.900.220 C1.152.351 1.252.870 1.405.205Ocen 5.795.133freig0t 3.717.304416.499 196,849 4.564.939217.950 514.412 1.332.354Insurance 543.310 .1.238.645 545.36883.294 128.03939.770 43.588 102.802 266.474 139.208 156.135 643.904 413.034108,64 .47.729 507.223109.073Duty 25.609849,752 405.691 889,258 
27.b'2 31.227 128.7812.099.005 8.154.904 82.607 101.4433.292.520 8.256.810Toes 3.337.960 522.450285.539 568.024125.779 637.089457.760 2.627.3841.050.6A 4.550.$81 2.084,160 I. C5.343 2.069.6455.362.800 2.168.004Inland transportaotion to site 19.000 268.931 292.390 327.94110.000 1.352.44610.000 M00D 20.000 867.530 1.796.97020.000 20,000 20.000 10.000 10.000 10.000miscellaneous 20.000 15.0m125.300 6000 200005.0 14.Subtotal delivered to site 40,000 180COO I3.0005,S03.800 2.630.728 3.645.051 372.000 1J4,j 38.00b.570.470 26.721.639 42.00011.101.$44 26.645.794 11.282.680 JJ O 193,000 174.00 102.1052.145.379 2.33*.334

Erectlon 2.614.597 10.760.648 6.904.818 9.212.38516.500Total 8s. 9,7 14.949 19.530 28.5015.520.300 2.640.O 18.456 24.2083.660.C00 17,3158.590.000 28.750.200 11.120.000 26.070.000 
14,621±AI 17,666JL~f 2040311.270,.00 2.160.OO 19.357 15.182 11.0152.350.00 2.635.000 10.780.000 6.820.000 9.230.080 

E1si 
222.00 256.00EquipmentCost/Oper. Mr. 139.00 189.00 381.00 270.00 304.00 226.00 150.00Flterase 170.00 181.02F1.o (b)b 74.004 1( 85.00 48.00 03.00 127.00 90.00 102.00 78.00 226.00 155. O0 121 .1m60.00 08.00 65.00 76.08 52.00 43.00
 

Repaoirs Operating (c)
Itepair - al.erance () 276.00 132.00 183.00 430.00 1.338.00 56.00 1.334.00 063.00 108.00 119.00 132.00 038.00 344.00 402.00RIairs - Mlscellaneous 

Labor - Operating 15.00 15.00 15.00Labor -15.ntmoc 15.00 10.00Labor - aI~ntenance 15.00 15.0010.00 10.0.00 1S.00 15.00 15.00 15.00 15.00 1500T 16.00 
otal Rs./ Mr. 10.00 10.00 10.00597.00 49.00 10.00 10.00393.00 10.00707.00 1.871.00 90.00 10.00941.00 1,707.00 890.00 333.00 376.00 417.00 960.00 578.00 658.00 

(A) Prices not aaiable 
6) Prices cn lned 
c Prices t 1med 

87704118 D-2 

EST EOTED CAPiTA AND OKATIaS COSTS 
FOR SELECTEDTERSE ELouIFlT 

L[8M08 COAL PwJCT516d Provlnce Pakistee 

http:1,707.00
http:1.871.00
http:1.334.00
http:1.338.00
http:2.350.00
http:2.160.OO
http:11.270,.00
http:1.050.6A


APPENDI 0-3 

ESTIMATEDCAPITAL AN OPERATINGCOSTS 
FOR SELECTED40650$S EOUIPiCI 

LA0 O COALPROJECTFor Sind Province Pakistan
USAID/PA41STAN- WAPA John T. oyd Cmny

CONITRACT90. 39107-C-O-DO .O 
Mining and Geological Engineers 

oD~eater 1980 

DOZES DOZER SHOVELS REARDUMP TRUC2S WHEEL LOADERS GSADEOS SCRAPERS COMPACTOR GENERATORS CRANE 
000 [-LB 01550-i 3556-3 [455-A 045-5-2"O-OWO !OMS50-2 H0-1AS 90-IZOS-hI 0 -TOTO15-S-i 0155-5-1 o r 605 A- 00705 00-1- S--1- T T [012-1G-2 [G2O0-2 [0300-2708 port of origin 1854040 2576050 367372S 1625970

Ocean fright 
69464 5 2161350 3657765 5700000 6589200 9938700 1911300 2301315 3652620 1165125 1013660147000 20415 29319$ 055720 130080 1315035 3316050 2824125 2136300 157535172905 Z92620 205000 527130 205050 379500 1654740losuranoe 10540 25755 36735 

795090 152910 104110 29220D 93210 89100 105240 265275 225930 17091069450 16245 21600 36570 57000 15240 Z6565 37950 165465Duty 404070 061750 00880 1514305 J54450 471165 797400 
6580 99375 19110 23010 36525 11640 11130 13150 33150 28230 21360 166 2655 3795 16505
Txes 3021000 3558165 5366895 025675 994170 1577925 253990 242775 284175
- - - - - - 716265 610005 1164300 33555 58440- 906300 1074030 1620000 1B10S 83490 367350695910 1104540 -  - - - 694290 00260 70650 100200 4370iInl1andlane"ostransport to 200160150 207670 250 750210370 220 233400 300 520'itel site 100 394750 175590 180 450 370Subtotal delitvered 7116005- eiI11700 395040 S985O 1073400 250 200 250 250 25500 07000248SS0 2S5 720270 40250 11700 1Z5- ____ ____ ___ 006400 394500940 025350 107 32500 40250 7500 120 200E27D00Es. .. 2041140_ 3840 3098 3000 180 225 470 8_to nte. 263910 3643170 522445 9873630 2324835 307420 5209395 10612800 1256305 18945960 3719700 4469565 703810 1672320 102435 187285 4726380 4034520 4409110 26755 464910 657910 280010 

Erection . 75 11250 1090
 
TotalIts. 207070 §im 
 2731 0110 10103ISM00 U lo iw m 1133 70)) 1777 1011127'10700M M117 I70MM1)17 700 1iiS (9 15 Rs.l$) 

0370 7uu1913 0000.S. 

Equtipunt Costs/oper. hour 
Foci114.57 168.43 211.45 315.16 107.33 
 131.85 190.14 217.48
108.94 291.04 
 129.04 104.41 217.08 69.14
TIres or tract 19.00 25.09 34.29 60.60 15.66 19.92 20.10 68.57 85.00 20.57 

78.79 86.83 213.06 180.90 125.02 01.00 115.77 152.35 76.38Lube, grease 8.90 14.96 97.50 30.57 40.00 34.28 34.28 42.352.10 25.54 9.06 10.50 12.94 59.75 48.00 5.00 - -Filters 4.90 8.24 11.06 
23.27 25.36 25.77 8.13 9.35 12.93 6.38 -. 6014.80 4.98 5.80 8.77 12.80 6.54 9.16 20.04 22.50 11.11 1.12 4.48 6.7214.68 14.17 4.50 4.75 7.20 3.863.51 3.60 0.OS 11.02 12.35 6.12 2.460.62 3.70 2.50Repairs operating 145.86 136.51 306.67094.62 130.45 173.40 195.64 190.26Repairs - atoeaece 10.75 16.30 145.97 220.00 

132.00 250.40 75.94 80.38 125.75 38.57 36.37 43.5 044.83 125.80 07.1997.83 130.10 146.73 100.00 5.63 11.99 19.84 82.19M sct11aneoos 165.97 212.94 57.00 68.32 106.8814.25 21.06 00.72 45.46 11.75 14.87 6.69 51.40 63.75 
28.9Z 27.65 32.67 123.10 106.25 74.39 3.50 7.80 61.5473.13 24.28 25.25 34.00 17.14 61.8417.14 20.75 44.82 4080 46.70 2.75 3.70 6.45

Labor - operating 7.50 9.25 8.60 9.75 7.50 7.50 8.25 10.20 10.30 10.80 7.50 8.0 8.50- "Intevxtne 0.90 0.83 8.50 8.50 8.58 7.90 7.900.95 1.80 0.75 0.76 8.73 1.25 1.36 0.96 8.50 3.50 4.25 4.25 7.901.21 0.96 0.9S 83 0.75 0.74Total Rs./Ar. rim76 01077 MW-9 r= w] 1 MM) Two70 0971 wu:0 771 um:0 
0.88 1.50 0.80 8.50 0.70 0.95 O.SO77m0 171703 33277 20272 2170 "MI IBM70 091720 zOWE 6076 1 3 I M Ism 

U.S.S (0 15 s.1S) 
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AP*PENI)X 1 1 

SFo,USAID/PAXIJI -AWD 
CONTRACT.K. ._Da;478C-00-S00fi-w 

Period D*6 D5 -4 0-3 

SUIRFACEHIRE $TRIPPINIG, 
AND LIGINIT' "lt8"'TlON SC"IDUI[ DETAIL 

IAS7 AD WEST PITS 
LAINeIA C owUpPiJTRning 

S'. P|ndpro i" I itLn 

D-1 0-1 D-2 03 04 M* D6 D7 08 D9 D-0 -1 

By 
Jon T. Boyd Co-6ny 

and Geological Engineers 
Decemder 1985 

-20 - 1121 0.30 

| 
i 

Surface Hectares Disturbe.d by: 
SIT Stripping 
0raglilna Stripping 

Mqaterial movement by Equipment (BCM-GO0) 
Scralper
SholetTruck 
Dra811he (Prime) 
DragTine (Rehan"Ie) 8 15% 

Buldoer(D. O 

804 2.010 3.206 3.804 

772 
837 

4,00O 187 

1,52,6 1.7501230 17,926 
1:84 2,689 
1,763 1.860 

[E-STPIT 

s 818
17 17 

11.780 11.780L7.924 17.917 
2.589 2.688 
1,660 1.660 

87 
11.780
17.917 

2.688 
1.860 

817 
11.730
17.899 
2.685 
1,860 

8 887 87 
11.780 11.780 
17.511 17.1190 
2.672 2.6B4 
1.8860 1.860 

887 
11.780
17.988 
2.698 
1.660 

817 
11.780
17.966 
2.695 
1.850 

887 
11,780
17.883 
2.682 
1.660 

915 
58.900
89.499 
13.425 

9.300 

935 
58.900 
89.778 
1.6 

9.300 

935 
58.900 
09.229 
334 
9.300 

935 
58.900 
73.076 
1.6 
9,3D0 

Lignite Producti on By Tonngs (0001 
Samu No. 5 

2353.0 
Total 

3~~~~~~~~65 25.7z91 3 7133. .04.6.0,41.01.
itIM7 1 3 1 . 

93 
01-.91 

-1.6 2.26.922.0 1.16.,.04.6 
1 23.6 2. 928.0 944.3 

6. 8 26.9 706.21.32.4 .25.26.6155.66.1856.26 .,. .2.167. 
85..6~. 

Surface!)Hectare$Disturbed By: 
Sf] Stripping 
DraglIn 5 tripping 

WEST PIT 

RalterialMovement by Equipment(1KCH-GO) 
Subarea I 

Scraper 
ShovelITruckDragline (Prim) 
B D zrrg "n " ( eha d l ) @15 % 
Bulldozer 

402 2..206 2.502 2.SO2 94 94 94 9 4 
g

5,1507.2108.,678,.3 8,,951 8.9638.969 
772 1 854 1.445 1 34 91 1 43 .344 1 345 
832 930 930 930 930 930 0 

9
9 

8.53 
1 .34 3 

93503 

944 94 54 94 
11:971 8.,,48.6S17.663 
] . 46 .342 8 M. 1 a, 
930 9301 0 

Shovel/Truck
DrII I a[Pri)

DraganI (Sehandle} )915% 

8IIdoze
ea.,h~ 

4.122 9.420 14.136 1760 
1760 

88-
895 

,1 
4705890 

94 

-

19.73 

,44SO5.607 
3.070 
2 .790 

10 

8.027 
1.3S4 

930 

Subarea 4 
Scraper 
5h- el/Truck 
DraglIne (Prim) 
OrAllnM (Rehandle) 0 15% 
Bulldoter 
B.cthoe 

414 

17,670
573 
5:358 
3.720 

468 

5o890
4,5 
6.713 
4,650 

468 

.
44.750 
6.713 
4.610 

Subarea 2 
Scrae/ruc 

0,.", no (Prim)
Drag 11 ne (Rehandl.) 
6u1 d z r77 
8ackhoe 

0 15% 

9 -.. 

.9 
1,10 

837 

94 94 
5.8e90-, 5.09

5,8580 1 
8,1.945' 8.910 
o2 1 3 8 
930 930 

94 
509890 
6,$87 

9,28
930 

94 94 

5 ,80590 S890 
8.932 11.131 

9.40 1 340 
930 930 

94 

5,890
8.936 
1.340 
930 

94 

5.890 
8.966 
1.345 
9) 

94 
S,890
8.956 

1.344
930 

8.9 1 

1.47 
93° 

468 

44,767 

5, 6
A4,650 

468 
2.426 

44.744 

6.712
4,G6Sg 

468 
8.607 

44.741 

6.711
4.650 

4611 

44 70 

.7]4.650 

Total All Areas - West Pit 
hoeTrkScr&per.-

Sh I~uk412 
Dr' glimh (Pri.e) 
Dr&49 (ende 

h1dzr772 
Backho 

-

402 
9.420 

1.206 
14.136 

2.206 
17.670 

2.502 
14 72S 

15 

87 

2.S02 
10:600
I 
2h12360 
2.626 
]767 

Is18 
S.890
1,80
17.912 
2.967 
].6 

589 

17:959 
2.67 
.80 

8 9 
5.802.5
1 80 i 90 
17,S42 17:895 
2.3 2 684 
]80 .660 

98 

5.890 
17,900 
2.68S 

0 

lg 

15:110 
72,Mg 
2.663 

,: 

18 

11:8190 
17o37 
2.691 
1.860 

Ie 

11:110 
1,92 

2.686 
1.860 

13 3 

5°0Io 9 : 1 
17,38 83 237 
2.64S 10,556 
1.860 9:300 

8 
0069:9 
B 94 
13,44 

9:300 

3 
].911 
89.:91 
13,4 
9: 00 

3 

6..Soo 
13o6 
9. 300 

'M l",IIlI & I III,1 
,,%IA mal M, 
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PD11 - D.16 - 0.21 - 0-26 -
Plerio 06 04 -2 0.5 0.3 0.5-5 0.3 0.1 °.2 D+4 D6 0.7 0.9 D.9 0.10 0.15 020 D2S 0-30N,-er of Wears 1- 1 ' -1 - - T - "£ "- T F T- -- T T -5 -- -

VEST PIT - Continued 

Llinit.e Prodction B. Tonnes (00) -est Pit 
5i-a9w75 32.9 24.0 3.6 10.7 22.6 53.1 65.9 123.2 132.1 331.6
3 145.0 163.9 153.8 140.4 115.9 99.0 85.2 62.7 74.9 14.3
 

2 
 . 339.7 307. 426.5 419.7 378.5 380.5 400.3 413.4 406.2 1.012.3 
373.7.1 477.4 496.7 524.5 538.8 525.6 555.0 558.0 53913 34-1 . . 

Toul- rn rm-s rt -g rm-;T33rMw ErEI rml r~ r53 
Subarea 3 

3 - 203.2 81.92 334.7 334.7 1.78.. 1.2Z8.51 182.4 182.4 505.48 603.5 

Subarel 4 

3 525. 356. 141.3 
2 - 1.803.1 3.302.3 1.771.71 - 425.6 1209 101 

Total . . . . . 3W 11S3~3 
Sub.rea 231 --- - 1.0 4.8 7.4 183.2 336.9 21.3 56.93 59.6 63.4 37.7 29.1 22.4 10. 7.5 3.5 116.6 42.0 936.8 981.5 

2 500.5 637.0 454.1 455.7 469.7 465. 5 466.8 466 5 479.5 497.2 2,426.6 2.490.0 3.064. 1.972.31 323.5 483.7 390.1 407.3 4277 4422 4.413 4355 454.9 007 24450 180 1944 1705Total MT Mm UT-1 W1 n" ywu nrW W7 n" 9m n 

Total All Subare s
Sea No.5 S- 329 24.0 3.6 10.7 22.6 13.5 66.9 120.0 139.5 514. 336.9 21.3 58.93 59.6 209.4 201.6 192.9 170.0 126.2 107.3 Be.7 62.7 74.9 334.1 1,009.2 1.293.6 1.122.9

2 334.7 835.2 976.7 841.6 882.2 8809.4 844.1 847.3 866.8 89Z.9 903.4 5,223.0 S,521.4 6.366.5 3.744.0 
1 182.4 505.9 806.9 867.5 904.0 952.2 981.0 946.9 990.5 11 1;M1 4 26575 2 1 2749 

t15- 3nIW 157GrandTotalall Samo 517-T T5U7 !25I T 7 T1:9q7. ram3 -5g,66, IU .~3I153ZT!i.7 

TotalBothPits: 
Vastt Material c (000) 4.926 11.832 18,548 30.439 43.9%3 "4.973 67.342 67.260 6.,833 67.219 66.925 67.106 67.189 67.140 66.782 330.311 323.629 316.973 284.556
 
LI ite Production Tonnes (000)
aP- cple YOnnes 1.228.7 3,653.9 4.264.4 4.085.3 4.005.3 3.905.9 3.720.4 4.092.1 4.0M0.9 4.344.7 4,375.7 21.686.6 20.171.3 20.43.0 17,721.0

O8 Toenes 1,163.6 3.460.2 4.038.4 3,868.8 3,793.0 3,698.9 3.523.2 3,875.2 3,874.1 4,114.4 4,143.8 20.537.2 19.102.2 19.738.3 16.781.8 

Strip Ratio SCRAM on8 39.8 19.3 17.1 17.9 17.6 1.2 19.0 17.3 17.3 16.3 16.1 16.1 16.9 16.1 17.7 
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Description 
Unit Costs 
U.S. $000 

Useful 
Life 

(Years) 

Number 
of Units 
Required D-5 0-4 D-3 0-2 0-1 .+1 

Total 
Initial 
Capital 

F. Lignite Haulage and Roads 

End Dump Trucks, 136Tonne Capacity,
(963 KW.) Local 

Foreign 
30 
700 

8 12 150 
3,500 

210 
4,900 

-
-

360 
8,400 

Grader Caterpiller G-16 or equivalent
(186 KW.) Local 

Foreign 
12 
275 

6 1 12 
275 

-
-

12 
275 

Scraper Caterpiller 631-D or equivalent 
(336 Ki.) Local 

Foreign 
19 

462 
6 1 19 

462 
- 19 

462 

Water Trucks (425 KW.) Local 
Foreign 

15 
240 

6 1 15 
240 

- -
-

15 
240 

Bulldozer Caterpiller 0-9 or equivalent
(343 KW.) Local 

Foreign 
14 

357 
5 1 14 

357 
14 
357 

Front End Loader Caterpiller 988 or 
equivalent (280 KW.i Local 

Foreign 
13 

327 
6 1 

. - ._ 
13 

327 -
13 
327 

Subtotal Local 
Foreign 

0 
0 

0 
0 

0 
0 

223 
5,161 

210 
4,900 

0 
0 

433 
10,061 

TOTAL - Item F 0 0 0 5,384 5,110 0 10,494 

G. Mine Power Distribution 

Main Mine Substation 132KV-IIKV (30 MKV) Local 
Foreign 

15 
310 

LON 2 30 
620 

- - -

-
30 

620 

132 KV Overhead Transmission Line Local 
Foreign 

3 
64 

LOM /1m. 15 
320 -

8 
160 

- 23 
480 

11 KV Transmission Line Local 
Foreign 

7 
100 

L0M /1KM. 10 
150 

-
-

- 7 
100 

14 
220 

31 
470 

Pit Substation-Skid Mtd (Shovels.
Oraglines, Drills) 11KV Local 

Foreign 
2 
24 

20 7 12 
144 

2 
24 

- 14 
168 

Cable Connectors Local 
Foreign 

1 
29 10 LOT 

1 
29 

1 
29 

Cable Tools Local 
Foreign 10 10 4 20 - 10 

-
10 

0 
40 

Dragline Cable (11KV) Local 
Foreign 

2 
32 

8 /1000 Ft 
-

12 
192 

12 
192 

-
-

24 
384 

Shovel Cable (11KV) Local 
Foreign 

2 
26 

8 /1000 Ft 8 
104 

-
-

-
-

8 
104 

Rotary Drill Cable (11KV) Local 
Foreign 

2 
14 

8 /1000 Ft 12 
84 _ 

4 
80 

-
-

16 
164 

Subtotal Local 
Foreign 

88 
1,471 

0 
0 

2 
24 

12 
192 

31 
542 

14 
230 

147 
2.459 

TOTAL - Item 6 1,559 0 26 204 573 244 2.606 
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APPENDIX G-1 Continued
 

Description 
Unit Costs 
U.S. $000 

Useful 
Life 

(Years) 

Numer 
of Units 
Required 0-5 D-4 0-3 D-2 D-1 0.1 

Total 
Initial 
Capital 

H. Reclamation and Drainage 

Pit Pumps and Pipeline Local 
Foreign 

16 4 2 Lots 32 
-

-
-

32 -
-

32 -
-

96 
0 

Scraper Caterpiller 632-0 or 
equivalent (336 IN.) Local 

Foreign 
19 

471 
5 2 -

-
-
-

0 
0 

Groder Caterpiller G-16 or 
equivalent (186 KW.) Local 

Foreign 
12 

275 
6 1 - - 0 

0 

Bulldozer Caterpiller 0-9 or 
equivalent (343 KW.) Local 

Foreign 
14 

357 
5 1 0 

0 

Utility Backhoe 2 C. M. (101KW.) Local 
Foreign 

9 
194 

is 1 - 0 
0 

Water Truck (425 KW.) Local 
Foreign 

15 
240 

6 1 
-

-
-

-
-

0 
-0 

Subtotal Local 
Foreign 

32 
0 

0 
0 

32 
0 

0 
0 

32 
0 

0 
0 

96 
0 

TOTAL - Item H 32 0 32 0 32 0 96 

1. General Purpose Equipment 

Mobile Crane 100 Ton Capacity
(416 KW.) Local 

Foreign 
42 

832 
LO 1 0 

0 

Mobile Crane 40 Ton Capacity
(183 KW.) Local 

Foreign 
19 

381 
LON 1 0 

0 

Lowbed and Tractor ( KW.) Local 
Foreign 

6 
126 

is 1 0 
0 

Forklift ( KW.) Local 
Foreign 

51 8 2 0 
0 

Tire Forklift I KW.) Local 
Foreign 

7 
131 

8 2 0 
0 

Fuel Trucks, 6000 L.Capacity
(140 KW.) Local 

Foreign 
3 
78 

8 8 
-

00 

Service/Lube Trucks Local 
Foreign 

2 
63 

8 8 -
-

0 
0 

Welding/Mech Trucks 
(140 KW.) 

Local 
Foreign 

3 
74 

8 4 
-

- 0 

Utility Dump Truck (.36 KM.) Local 
Foreign 

18 
290 

8 2 -
-

-

-
0 

Electrician's Truck (140 KM.) Local 
Foreign 

3 
51 

8 4 -
-

-
- 0 

Geophysical Logging Truck 
(149 KW.) 

Local 
Foreign 

3 
55 

15 1 -
-

-
-

0 

Supply Trucks, 5 Ton Capacity (65 KW.) Local 
Foreign 

2 
32 

8 6 -
-

-
-

0 
0 
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APPENDIX G-1 - Continued 

Useful Nunter Total 
Unit Costs Life of Units Initial 

Description U.S. $000 (Years) Required D-S 0-4 D-3 0-2 0-1 D! Caitl 

I. General Purpose Equipment - Continued 

Portable Air Compressor Local 1 10 3 -0 
Foreign 20 0 

Pickup Trucks (50KW.) Local 3 30 -0 
Foreign 6 0 

Supervisor's Vehicles (58 KW.) Local - 3 24 0 
Foreign 7 0 

Surveyor Vehicle (108 KW.) Local - 3 2 0 
Foreign 11 0 

Exploration Core Drill (362 KW.) Local 16 15 1 0 
Foreign 289 0 

Tow Truck (140 KW.) Local 1 10 2 0 
Foreign 23 0 

Light Plant (8 KW.) Local 1 10 16 0 
Foreign 13 0 

Ambulance (55 KW.) Local 3 15 2 0 
Foreign 53 0 

First Aid/Safety Equipment Local 20 1-Lot 0 
Foreign - - 0 

Fire Truck (140 KW.) Local 4 15 1 - 0 
Foreign 84 0 

Communication Equipment Local 100 10 I-Lot -
Foreign - 0 

Road Compactor (231 1W.) Local 12 15 1 - -0 
Foreign 286 -0- - 0 

Engineering Equipment Local 40 10 I-Lot - -
Foreign 100 - -0 

Personnel Busses (140 kW.) Local 1 8 - 0 
Foreign 21 - - --- - 0 

Subtotal Local 0 0 0 0 0 0 0 
Foreign 0 0 0 0 0 0 0 

TOTAL - Item 1 0 0 0 0 0 0 0 

J. Service Buildings and Equipment 

Maintenance Shop, Warehouse, Shop 
Tools and Equipment Local 

Foreign 
2.500 
1.500 

LON 500 
So 

1,500 
750 

500 
250 

2,500 
1,500 

Administration Offices and Changehouse Local 1,200 LOM 200 700 300 1,200 
Foreign 0 

Truck Tire Service Area Local IS 50 100 150 
Foreign LO 0 

FuelStation Local 150 50 100 150 
Foreign - - - 0 

Vehicle Wash Area Local 80 LOM 80 80 
Foreign - 0 

Powder Magazine Local Contracted 0 
Foreign 0 

Bulk Anfo Storage Local Contracted 0 
Foreign -_ - 0 

Subtotal Local 880 2.400 800 0 0 0 4,080 

Foreign So 750 250 0 0 0 1,500 

TOTAL - Item J 1,380 3,150 1,050 0 0 0 5,580 
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APPENDIX G-1 o Continued 

Useful Number Total 
Unit Costs Life of Units initial 

Description U.S. $000 (Years) Required 0-5 D-4 0-3 0-2 0-1 041 Capital 

K. Spare Parts Inventory 

Overburden Drill Local - 11 11 - 11 - 33 
Foreign - 223 223 - 223 669 

Dragline Local - - 317 317 634 
Foreign - - 4,534 4,534 9,068 

Shovel Local o 74 - 74 
Foreign ,-498 - 1,498 

Trucks Local - 63 18 81 
Foreign - 1.470 420 1,890 

Backhoe Local 10 10 20 
Foreign - 249 249 498 

Bulldozers Local 2 2 2 5 5 16 
Foreign - 4 54 - 54 129 129 420 

Scrapers Local - 12 12 15 39 
Foreign 244 244 313 801 

Graders Local -2 - 2 - 82 
Foreign 41 - 41 - - 82 

Front End Loaders Local - 2 - 8 4 14 
Foreign 33 186 104 323 

Water Trucks Local - 2 2 - 4 
Foreign - 36 36 72 

Service/Lube Trucks Local - - 0 
Foreign - - 0 

Welding/Nech. Trucks Local - - 0 
Foreign - . 0 

Fuel Trucks Local - -
Foreign - - . 0 

Electrician's Truck Local - -
Foreign - - - 0 

Lignite/Interburden Trucks Local - - - 23 32 55 
Foreign - . . - 525 735 1.260 

Subtotal Local 154 43 14 73 368 322 974 
Foreign 3,319 941 280 1,627 5,751 4,663 16,581 

TOTAL - Item K 3,473 984 294 1,700 6,119 4,985 17,555 

L. Miscellaneous Expenses 

Engineering, Geology. Mine Development 
Drilling and Analytical Work Local 300 LOH - - - - - 0 

Foreign 300 0 

Geological and Mine Plan 
Computer Model Local LOM 0 

Foreign 200 0 

Mapping and Surveying Local 150 LON 0 
Foreign 30 0 
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APPENDIX G-I - Continued 

Description 
Unit Costs 
U.S. $000 

Useful 
Life 

(Years) 

Nuner 
of Units 
Required 0-5 0.4 D-3 D-2 0-1 0+.1 

Total 
Initial 
Capital 

L. Miscellaneous Expenses - Continued 

Legal Local 
Foreign 

300 LO-
-

0 
0 

Hydraulic Monitoring and Environmental 
Baseline Data Acquisition Local 

Foreign 200 
LOM 0 

0 

Environmental Studies Local 
Foreign 

-
300 

LON 0 
0 

Consumable Inventory Local 
Foreign 

10,286 LOK 2,026 2,300 2.200 2,060 
-

1,700 10,286 
0 

Working Capital Local 5,789 LON 464 200 220 125 230 1,300 2,539 

Subtotal Local 
Foreign 

2,490 
0 

2,500 
0 

2,420 
0 

2,185 
0 

1.930 
0 

1,300 
0 

12,825 
0 

TOTAL - Item L 2,490 2,500 2,420 2,185 1,930 1,300 12,825 

Total Local Charges 5,185 6,102 6,617 6,958 5,481 1,858 32,201 

Total Foreign Charges 27,732 7,963 7,274 36,016 35056 8,296 122,337 

Grand Total Capital Expenditures 

- Local and Foreign 32,917 14,065 13,891 42,974 40,537 10,154 154,538 

Contingency at 10Percent 3,292 1,406 1,389 4,297 4,054 1,015 15,454 

Grand Total Capital Expenditures 
with Contingency - Import Duty 
and Sales Tax (Excluded From Capital) 36,209 15,472 15,280 47,271 44,591 11,169 169,992 

Estimated Import Duty @ 40 Percent on 
Foreign Costs (ItemsB to L) 11,093 3,185 2,910 14,406 14,022 3,318 48,935 

Estimated Sales Tax @ 10 Percent on 
Foreign Costs (ItemsB to L) 3,882 1,115 1,018 5,042 4,908 1,161 17,127 
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APPENDIX G-2 

ESTIMATED INITIAL CAPITAL EXPENDITURES DETAIL 
SURFACE MINE PLAN 

EAST PIT 
LAKHRA COAL PROJECT 

Sind Province, Pakistan 
For 

USAID/PAKISTAN - WAPDA 
Contract No. 391-0478-C-00-5006-00 

By 
John T. Boyd Company 

Mining and Geological Engineers 
December 1985 

Useful Nunmer Total 

Description 
Unit Costs 
U.S. $000 

Life 
(Years) 

of Units 
Required 0-5 0-4 D-3 0-2 0-1 0+1 

Inital 
Capital 

A. Surface Mine Facilities and 
Site Development 

Site Preparation including Grading,
Surfacing, Fencing, etc. Local 1,200 LON 0 

Foreign 0 
Mine Main Haul Roads Local 

Foreign 
820 LM /KM. 0 

0 

Water Intake, Supply, Distribution 
and Purification Local 450 LO 0 

Foreign - . 

Powerline Construction Local 55 LON - - 0 
Foreign -0. 0 

Sewage Treatment Facilities Local 40 LOM -0 
Foreign 0 

Mine Development Stripping Local 
Foreign 

Expensed LOM -
- l 

-
. -

0 
-20 

Subtotal Local 
Foreign 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

TOTAL - Item A 0 0 0 0 0 0 0 0 

B. Overburden Preparation 

Overburden Drill BE-55R or equivalent Local 70 15 3 70 - 70 70 210 
Foreign 1,487 1.487 1,487 1,487 4,461 

Interburden Drill BE-35R or equivalent Local 
Foreign 

25 
477 15 1 

0 
0 

Rubber Tired Loader Caterpiller 980C 
or equivalent Local 10 5 2 10 - 10 20 

Foreign 217 217 - 217 434 

Powder Truck Local 2 B 2 2 - 2 4 
Foreign 50 50 -50 100 

Supply Truck Local 2 8 2 2 - 2 4 
Foreign 30 30 - - _ _ 30 60 

Subtotal Local 84 0 0 0 82 72 238 
Foreign 1,784 0 0 0 1,754 1,517 5,055 

TOTAL - Item B 1,868 0 0 0 1,836 1,589 5,293 

C. Dragline Stripping 

Electric Walking Dragline, Model 1570-W 
or equivalent delivered and erected with 
spare bucket (4400 KW.) Local 1,921 384 1,729 1,537 192 3,842 

Foreign 25,461 LOM 2 5,092 22,915 20,369 2,546 50,922 

Bulldozer 0-10 or equivalent ( KW.) Local 20 20 - 20 20 60 
Foreign 602 4 2 602 602 602 1,806 

Bulldozer 0-B or equivalent (343 KW.) Local 10 to 10 20 
Foreign 255 5 2 255 255 510 

Cable Mover Local 
Foreign 

15 
285 20 1 

15 
285 

- Is 
285 

Water Truck (425 KW.) Local 15 0 

Subtotal 
Foreign
Local 

240 0 

Foreign 602 5,092 22,915 21,511 3,403 0 53,523 

TOTAL - Item C 622 5,476 24,644 23,093 3,625 0 57,460 
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APPENDIX G-2 - Continued 

Description 
Unit Costs 
U.S. $000 

Useful 
Life 

(Years) 

Number 
of Units 
Required D-5 D-4 0-3 D-2 0-1 D41 

Total 
Initial 
Capital 

0. Shovel/Truck Stripping 

Electric Shovel P&H 2800XP or equivalent 
with 27 C.M. Bucket, Delivered and 
Erected Local 

Foreign 
248 

4,993 LON 1 
248 

4,993 
-
-

248 
4,993 

End Dump Trucks, 136 Tonne Capacity
(963 KW.) Local 

Foreign 
30 
700 

8 11 210 
4,900 

60 
1,400 

270 
6,300 

Bulldozer Caterpiller D-9 or equivalent
(343 KW.) Local 

Foreign 
14 
357 

5 1 14 
357 

- 14 
357 

Grader Caterpiller G-16 or equivalent
(186KW.) Local 

Foreign 
12 

275 
6 1 12 

275 
12 
275 

Water Trucks (425 KW.) Local 
Foreign 

15 
240 

6 1 1 
240 

15 
240 

Pre Strip Scrapers Caterpiller 657-E 
or equivalent Lccal 

Foreign 
40 
814 

5 8 160 
3.256 

80 
1,628 

80 
1.628 . 

320 
6. 2 

Subtotal Local 
Foreign 

644 
13,781 

155 
3,268 

80 
1,628 

0 
0 

0 
0 

0 
0 

879 
18,677 

TOTAL - Item 0 14.425 3,423 1,708 0 0 0 19,556 

E. Interburden/Lignite Loading 

Backhoe, O& RHI20 or equivalent
Delivered and Erected (870 KW.) Local 

Foreign 
69 

1,659 
35 I -

-
69 

1.659 
69 

1,659 

Bulldozer, Caterpillar D-9 or 
equivalent (343 KW.) Local 

Foreign 
14 
357 

5 1-
-

14 
357 

14 
357 

Front End Loader Caterpillar 992 
or equivalent (515 KW.) Local 

Foreign 
29 
693 

6 1-
- - - -

29 
693 -

29 
693 

Subtotal Local 
Foreign 

0 
0 

0 
0 

0 
0 

0 
0 

112 
2.709 

0 
0 

112 
2.709 

TOTAL - ITEM E 0 0 0 0 2,821 0 2,821 

F.Lignite Haulage and Roads 

End Dump Trucks, 136tonne 
Capterpillar, (963 KW.) Local 

Foreign 
30 
700 

8 6 - 180 
4,200 

- 180 
4,200 

Grader Caterpillar G-16 or 
equivalent (186 KW.) Local 

Foreign 
12 
275 

6 1 
-

12 
275 

12 
275 

Scraper Caterpillar 631-0 or 
equivalent (336 KW.) Local 

Foreign 
19 

462 
6 1 

-
- 9 

462 
19 

462 

Water Trucks (425 KW.) Local 
Foreign 

15 
240 

6 2 
-

30 
480 

30 
480 

Bulldozer Caterpillar 0-9 or 
equavalent (343) Local 

Foreign 
14 

357 
5 1-

-
14 

357 
14 
357 

Front End Loader Caterpillar 998 
or equavalent (280 KW.) 

Subtotal 

Local 
Foreign 

Local 

13 
327 

6 1 
. 

0 

. 

0 0 

_ 

0 

13 
327 

268 

-

0 

13 
327 

268 

Foreign 0 0 0 0 6.101 0 6,101 

TOTAL - ITEM F 0 0 0 0 6,369 0 6,369 
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APPENDIX G-1 - Continued 

Unit Costs 
Useful 
Life 

Nueber 
of Units 

Total 
Initial 

Description U.S. $000 (Years) Required 0-5 0-4 0-3 0-2 0-1 0+I Capital 

C. Dragline Stripping 

Electric Walking Dragline, Model 1570-W 
or equivalent delivered and erected 
with spare bucket (4400 KW.) Local 

Foreign 
1,921 

25,461 LOM 2 
-,384 

5,092 
1.729 

22,915 
1,537 

20,369 
192 

2,546 
3,842 
50,922 

Bulldozer 0-10 or equivalent ( KW.) LorCl 
For-ign 

20 
602 4 2 

- - 20 
602 

20 
602 

40 
1,204 

Bulldozer D-8 or equivalent (343 KW.) Local 10 - - 10 10 20 
Foreign 255 5 2 - - 255 255 510 

Cable Mover Local 15 - 15 - 15 
Foreign 285 20 1 - 285 - 285 

Water Truck ( KW.) Local 15 - 0 
Foreign 240 _ ..- 0 

Subtotal Local 
Foreign 

0 
0 

0 
0 

384 
5.092 

1,729 
22,915 

1,582 
21,511 

222 
3,403 

3,917 
52,921 

TOTAL - Item C 0 0 5,476 24,644 23,093 3,625 56.838 

D. Shovel/Truck Stripping 

Electric Shovel PH 2800XP or 
equivalent with 27 C.14.bucket 
delivered and erected Local 248 496 496 

Foreign 4,993 LOM 1 9,986 9,966 

End Dump Trucks, 136Tonne Capacity
(963 KW.) Local 30 8 11 420 120 540 

Forei'n 700 9,800 2,800 - 12,600 

Bulldozer Caterpiller 0-9 or equivalent
(343 KW.) Local 14 4 2 14 14 - 28 

Foreign 357 357 357 - 714 

Grader Caterpiller G-16 or equivalent
(186KW.) Local 12 6 1 12 - 12 

Foreign 275 275 275 

Water Trucks (425 KW.) Local 15 6 1 15 - 1 
Foreign 240 240 - 240 

Prestrip Scrapers Caterpiller 657-E or 
equivalent Local 40 6 8 - 80 80 80 240 

Foreign 814 1628 1.628 1.628 - - 4,884 

Subtotal Local 957 214 80 80 0 0 1,331 
Foreign 20,658 4,785 1,628 1,628 0 0 28,699 

TOTAL - Item 0 21,615 4,999 1,708 1,708 0 0 30,030 

E. Interburden/Lignite Loadinq 

Backhoe, OAK RHI20 or eq.. lent 
delivered and erected (87U KW.) Local 69 15 2 - - 69 69 138 

Foreign 1,659 - 1,659 1,659 3,318 

Bulldozer, Caterpiller 0-9 or 
equivalent (343 KW.) Local 14 4 1 - 14 14 

ForLign 357 - 357 357 

Front End Loader Cateriller 992 
or equivalent (515 KW.) Local 29 6 2 - 29 29 58 

Foreign 693 693 693 1.386 
Subtotal Local 112 98 0 210 

Foreign 2,709 2,352 0 5,061 

TOTAL - Item E 2,821 2,450 0 5,271 
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APPENDIX G-1 

ESTIMATED INITIAL CAPITAL EXPENDITURFS DETAIL 
SURFACE MINE PLAN 

WEST PIT 
LAKHRA COAL PROJECT 
Sind Province, Pakistan 

For 
USAID/PAKISTAN - WAPDA 

Contract No. 391-0478-C-00-5006-00 
By 

John T. Boyd Company 
Mining and Geological Engineers 

December 1985 

Useful Number Total 
Unit Costs Life of Units Initial 

Description U.S. $000 (Years) Required D-5 0-4 0-3 0-2 0-1 0+1 Capital 

A. Site Preparation 

- Including Grading, Surfacing, 
fencing, etc. Local 

Foreign 
1,200 

--
LON 500 500 200 1,200 

0 

Nine Main Haul Roads Local 
Foreign 

820 LOH /Km. 
--

2,460 2,460 1,230 6,150 
0 

Water Intake, Supply, Distribution, 
and Purification Local 450 LON - 300 1SO 450 

Foreign - - - 0 

Powerline Construction Local 
Foreign 

55 LOH . 55 
-

55 
-

110
0 

Seweage Treatment Facilities Local 
Foreign 

40 LON - 20 20 
- - -

40 
0 

Mine Development Stripping Local Expensed LON - 0 
Foreign - - - - -

Subtotal Local 500 875 2,885 2,460 1,230 0 7,950 
Foreign 0 0 0 0 0 0 0 

TOTAL - Item A 500 875 2,885 2,460 1,230 0 7,950 

B. Overburden Preparation 

Overburden Drill BE-55R or equivalent Local 
Foreign 

70 
1,487 

15 3 70 
1,487 

70 
1,487 

-
-

70 
1,487 

210 
4,461 

Interburden Drill BE-35R or equivalent Local 25 - - - 0 
Foreign 477 15 1 0 

Rubber Tired Loader - Caterpiller 980C 
or equivalent Local 10 5 2 10 - 10 20 

Foreign 217 217 - 217 434 

Powder Truck Local 2 8 2 2 2 4 
Foreign 50 50 -50 100 

Supply Truck Local 2 8 2 2 - 2 4 
Foreign 30 30 _ 30 0-60 

Subtotal Local 84 70 0 84 0 0 238 
Foreign 1,784 1,487 0 1,784 0 0 5,055 

TOTAL - Item B 1,868 1,557 0 1,868 0 0 5,293 
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APPENDIX G-2 - Continued 

Description 
Unit Costs 
U.S. 1000 

Useful 
Life 

(Years) 

Number 
of Units 
Required 0-5 D-4 0-3 0-2 O-I 0+1 

Total 
Initial 
Capital 

G.Mine Power Distribution 

Main Mine Substation 132KV-IIKV 
(15 MVA) Local 

Foreign 
IS 
310 

LOM 2 15 
310 

15 
310 

30 
620 

132KV. Overhead Transmission 
Line V. Local 

Foreign 
3 

64 
LOM /KM. 20 

416 
-
-

20 
416 

11 KV. Overhead Transmission Line Local 
Foreign 

7 
10 

LOM /KM. 10 
150 -

7 
100 -

17 
250 

Pit Substation - Skid MTD. 
Draglines, Drills) 

(Shovels, 
Local 
Foreign 

2 
Z4 

20 9 2 
24 

8 
96 

4 
48 

4 
48 

18 
216 

Cable Connectors Local 
Foreign 

2 
38 to LOT 

1 
19 

I 
19 

-
-

- 2 
38 

Cable Tools Local 
Foreign 10 10 4 20 -20 

- -
- -

Drogitne Cable (11 KV) Local 
Foreign 

2 
32 

8 /IOOFT 
-

12 
192 

12 
192 

24 
384 

Shovel Cable (11 KV) Local 

Foreign 
2 
26 

8 /IOOFT 16 
208 

16 

208 
Rotary Drill Cable (11 KV) Local 

Foreign 
2 
14 

10 /IOOFT 4 
28 - ._ 

8 

56 
-

- -

12 
84 

Subtotal Local 
Foreign 

68 
1,175 

0 
0 

0 
0 

44 
693 

23 
340 

4 
48 

139 
2.256 

TOTAL - ITEMG 1,243 - - 737 363 52 2.395 

H. Reclamation and Drainage 

Pit Pumps and Pipeline Local 

Foreign 

16 4 2-10 - 32 

-

32 - 32 

-

96 

0 
Scraper Caterpillar 631-0 or 

equivalent (336 KW) Local 
Foreign 

19 
471 

5 2 -

-

0 

Grader Caterpillar G-16 or 
equivalent (186 KW.) Local 

Foreign 
12 
275 

6 1 12 
275 

12 
275 

Bulldozer Caterpillar D-9 or 
equivalent (343 KW.) Local 

Foreign 
14 

357 
5 1 14 

357 
14 

357 

Utility Backhoe 2 C.M. (101 KW.) Local 

Foreign 
9 

194 

15 1 9 

194 
9 

194 
Water Truck (425 KW.) 

Subtotal 

TOTAL - ITEMH 

Local 

Foreign 

Local 

Foreign 

15 

240 
6 1 

0 

0 

0 

32 

0 

32 

-

0 

0 

0 

-

32 

0 

32 

-

0 

0 

0 

N O 240 

82 

1,066 

1,148 

15 
240 

146 

1.066 

1,212 
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APPENDIX G-2 - Continued 

Useful Number 	 Total
 
Unit Costs Life of Units Initial
 

Description U.S. $000 (Years) Required 0-5 0-4 0-3 0-2 0-1 04.1 Capital
 

I.General Purpose Equipment
 

Mobile Crane 100ton Caterpillar 
(146 KW.) Local 42 LO 1 42 - 42 

Foreign 832 832 - 832 

Mobile Crane 40 ton Caterpillar 
(183 KW.) Local 19 LO, 19 - 19 

Foreign 381 381 - 381 

Lowbed and Tractor (KW.) 	 Local 6 LS 1 6 - 6 
Foreign 126 - 126 - 126 

Forklift (KW.) 	 Local S[ 8 2 51 51 - 102 
Foreign - 0 

Tire Forklift (KW.) 	 Local 7 8 2 7 7 - 14 
Foreign 131 131 131 - 262 

Fuel Trucks. 6000L. Caterpillar (140 KW.) 	Local 3 8 8 12 6 6 - 24 
Foreign 78 312 156 156 - - 624 

Service/Lube Trucks (140 KW.) 	 Local 2 8 8 8 - 4 4 - 16 
Foreign 63 252 - 126 126 504 

Welding/MECH Trucks (140 KW.) 	 Lotal 3 8 4 6 6 - - 12 
Foreign 74 148 148 - 296 

Utility Dump Truck (336 KW.) 	 Local 18 8 2 -- 18 18 - 36 
Foreign 290 - 290 290 - 580 

Electrician's Truck (140 Ki.) 	 Local 3 8 4 6 6 - - 12 
Foreign 51 102 102 204 

Geophysical Logging Truck (149KW.) 	 Local 3 15 1 3 - 3 
Foreign 55 55 - 55 

Supply Trucks, 5 ton Capterpillar 
(65 KW.) Local 2 8 6 6 - 6 12 

Foreign 32 96 - 96 192 

Portable Air Compressor 	 Local 1 10 3 1 - I 1 3 
Foreign 20 20 - 20 20 - 60 

Pickup Trucks (50 KW.) 	 Local - 3 30 - 0 
Foreign 6 60 60 60 6 603 

Supervisor's Vehicles (58 KM.) 	 Local - 3 24 - - 0 
Foreign 7 35 70 70 35 70 280 

Surveyor Vehicle (108 KW.) 	 Local 3 2 - -- 0 
Foreign 11 11 11 - i1 t1 44
 

Exploration Core Drill (362 KW.) 	 Local 16 15 1 16 - - 16 
Foreign 289 289 - - 289 

Tow Truck (140 KM.) 	 Local 1 10 2 1 - 1 - 2 
Foreign 23 23 - 23 - 46 

Light Plants (8KM.) 	 Local 1 10 16 8 8 - - 16 
Foreign 13 104 104 - 208 

Ambulance (55 KW.) 	 Local 3 15 2 3 3 - 6 
Foreign 53 53 53 - 106 

First Aid/Safety Equipment 	 Local 20 2-LOT 20 20 - .- 40 
Foreign - - 0 

Fire Truck (140 KW.) 	 Local 4 15 1 - 4 -- -4 

Foreign 84 84 - - 84 

Communication Equipment 	 Local 100 10 I-LOT 50 50 - - 100 
Foreign - - 0 

Road Compactor (231 KM.) 	 Local 12 15 1 12 - - 12 
Foreign 286 - 286 286 

Engineering Equipment 	 Local 40 10 I-LOT - 40 40 
Foreign 100 o50 0 - 100 

Personnel Busses (140 Ki.) Local 1 4 8 4 2 2 4 - 12 
Foreign 21 84 42 42 84 252 

Subtotal Local -.T 21M If NU -9 7 
Foreign 2,933 1,228 648 661 641 0 6,111 

TOTAL - ITEM 1 	 3,193 1,440 669 691 667 0 6,660
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APPENDIX G-2 - Continued 

Useful Number Total 
Unit Costs Life of Units Initial 

Description U.S. $000 e Required 0-5 0-4 0-3 0-2 0-1 0+1 Capital 

J. Service Buildings and Equipment 

Maintenance Shop, Warehouse. 
Shop Tools, and Equipment Local 

Foreign 
2,500 
1,500 

LO- - 0 
0 

Administration Offices and 
Changehouse Local 1,200 LO 0 

Foreign - - 0 
Truck lireService Area Local 

Foreign 
150 

LON -
- 0 

0 

Fuel Station Local 150 - 0 
Foreign - 0 

Vehicle Wash Area Local 80 LO- 0 
Foreign - - 0 

Powder Magazine Local Contracted - 0 
Foreign - 0 

Bulk Anfo Storage Local 
Foreign 

Contracted 
_ 

- -
-

0 

Subtotal Local 0 0 0 0 0 0 0 
Foreign 0 0 0 0 0 0 0 

TOTAL - ITEM J 0 0 0 0 0 0 0 

K. Spare Parts Inventory 

Overburden Drill Local - 1 11 11 33 
Foreign - 223 223 223 669 

Interburden Drill Local " - 0 
Foreign 00 

Oragllne Local 317 317 634 
Foreign 4,534 4,534 9.068 

Shovel Local 37 - 37 
Foreign 749 749 

Trucks Local 1.132 9 41 
Foreign - -185 339 1,524 

Backhoe Local 10 10 20 
Foreign 249 249 498 

Bulldozer Local 2 5 9 249 265 
Foreign - 54 129 236 419 

Scrapers Local 24 12 15 - - 6 57 
Foreign 488 244 313 138 1,183 

Graders Local 2 2 - 4 
Foreign 41 - 41 82 

Front End Loaders Local - 2 2 6 4 14 
Foreign - 33 49 137 104 323 

Water Trucks Local 2 2 - 4 
Foreign 36 36 72 

Service/Lube Trucks Local 2 1 1 4 
Foreign 38 19 19 76 

Welding/Mech. Trucks Local 1 1 - 2 
Foreign 22 22 44 

Fuel Trucks Local 2 1 1 4 
Foreign 47 44 44 135 

Electrician's Truck Local I - 1 -2 

Foreign 5 5 30 

Lignite/interburden Trucks Local - 27 27 54 
Foreign 630 630 1,260 

Subtotal Local 95 42 24 326 381 307 1,175 

TOTAL - ITEM K 
Foreign
oiT 

2 463 997 537 4 763 6 028 1344 16 132 
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APPENDIX G-2 - Continued 

Description 
Unit Costs 
U.S. $000 

. 
Useful 
Life 

(Years) 

Number 
of Units 
Required D-S D-4 0-3 0-2 0-1 0+1 

Total 
Initial 
Capital 

L. Miscellaneous Expenses 

Engineering, Geology, Mine Development
Drilling, and Analytical Work Local 

Foreign 
300 
300 

L04 -
-

300 
300 

300 
300 

Geological and Mine Plan Computer Model Local 
Foreign 200 

LO -
- 200 

- 0 
200 

Mapping and Surveying Local 
Foreign 

ISO 
30 

LOH50 
-

SO 
30 

-50 

30 

Legal Local 
Foreign 

300 LOM 
-

0 
0 

Hydraulic Monitoring and Enironmental 
Baseline Data Acquisition Local 

Foreign 200 
tLOM 0 

0 

Environmental Studies 

Consumable Inventory 

Local 
Foreign 

Local 

Foreign 

-
300 

10,460 

LtOM 

435 490 380 2,275 2,550 4,260 

0 
0 

10,390 

0 

Working Capital Local 4,190 L0M 220 225 160 160 270 730 1,765 

Subtotal Local 
Foreign 

1,105 
330 

715 
200 

540 
0 

2,435 
0 

2,820 
0 

4,990 
0 

12.605 
530 

TOTAL - ITEM L 1.435 915 540 2.435 2,820 4,990 13.135 

Total Local Charges 2,276 1,540 2,394 4,449 3,934 5,455 20,048 

Total Foreign Charges 23068 10785 25728 27,628 20,976 3,975 112,160 

Grand Total Capital Expenditures 

- Local and Foreign 25,344 12,325 28.122 32,077 24,910 9,430 132.208 

Contingency at 10Percent 2,534 1,232 2,812 3,208 2,491 943 13,221 

Grand Total Capital Expenditures 
with Contingency - Import Duty 
and Sales Tax (Excluded From Capital) 27,878 13,558 30,934 35,285 27,401 10,373 145.429 

Estimated Import Duty @ 40 Percent on 
Foreign Costs (Items 8 toL) 9,095 4,234 10,291 11,051 8,390 1.590 44,652 

Estimated Sales Tax @ 10Percent on 
Foreign Costs (Items 8 to L) 3,216 1,502 3,602 3,868 2.937 SJ6 15,681 
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APPENDIX J-1
 

INCLINE (SLOPE) ESTIMATED CAPITAL EXPENDITURES
 
UNDERGROUND MINE PLAN
 

MINE NO. 1 - SEAM NO. 2
 
LAKHRA COAL PROJECT
 

Sind Province, Pakistan
 
For
 

USAID/PAKISTAN - WAPDA
 
CONTRACT NO. 391-0478-C-00-5006-00
 

By

John T.Boyd Company


Mining and Geological Engineers
 
December 1985
 

Annual Production - ROM Tonnes (000): 	 Mine Mouth 341.2
 
Hand-picked 325.8
 

Basic Data: 

Depth to bottom of No. 2 coal seam (m) 116 
Toial lift (m) 122 

Angle of inclination i0 (17.6%) 

Length of incline (m) 668 
Width of incline (m) 4.27 
Height of incline with arch roof (m) 4.27 

91 cm belt conveyor in upper 

section capacity tonnes/hr. 450 
Man and supply road in lower section Diesel rubber-tired vehicles 

Length of concrete coping (m) 30 
Main section shotcrete thickness (m) 10 
Approximate excavation per lineal meter (m ) 18 
Coping concrete per lineal meter (M ) 3.0 

Shotcrete per lineal meter (m ) 12 
Use FEL, crusher feeder and 

91 cm belt conveyor to remove muck 
Length of permanent belt conveyor (m) 763 

A1Id
 



APPENDIX J-1 - Continued
 

UNDERGROUND MINE PLAN
 

1. Mobilization $ 15,000
 

2. Coping:
 

Excavation open-cut and refill 800 m3 @ $5.00 $ 4,000
 
3
Concrete lining 3.0 m x 30 m = 90 m3 @ $150 13,000
 

Subtotal 17,000
 

3. Main Section:
 

Excavation 18 m3 x 638 m use 12,000 m3 @ $5.00 60,000
 

Shotcrete material transporter 80,000(1)
 

Shotcrete machine & technical advisor 30,000( l)
 
2
Shotcrete 12 m x 638 = 7,656 m2 @ $11 84,000
 

Special work in sand zones 20,000
 

Subtotal 274,000
 

4. Steel Structure at Bottom 6,000
 

5. Belt Conveyor:
 

Steel structure 100,000
 

Expanded metal (grating) 51,000(1)
 

91 cm (36") x 763 m 2-100 kw drive complete 266,000(1)
 

Installation 10,000
 

Structure on surface 25,000
 

Subtotal 452,000
 

6. Equipment:
 

Blower fan 283 m3/min & air vent tube 10,000 (I)
 

Diesel front end loader 143,000(1)
 

Portable rigid frame belt conveyor 107,000(1)
 

Tramp iron detector at ncline bottom 40,000 ( '
 

Subtotal 300,000
 

Miscellaneous 30,000
 

Total Incline Cost Complete $1,094,000
 

(1) Denotes foreign purchase.
 



APPENDIX J-2
 

SHAFT ESTIMATED CAPITAL EXPENDITURES
 
UNDERGROUND MINE PLAN
 

MINE NO. 1 - SEAM NO. 2
 
LAKHRA COAL PROJECT
 
Sind Province, Pakistan
 

For
 
USAID/PAKISTAN - WAPDA
 

CONTRACT NO. 391-0478-C-00-5006-00
 
By
John T. Boyd Company
 

Mining and Geological Engineers
 
December 1985
 

Annual Production - ROM Tonnes (000): 	 Mine Mouth 

Hand-picked 


Basic 	Data:
 

Depth to bottom of No. 2 coal seam (m) 


Finished diameter (m) 


Concrete coping (vm) 


Excavation for coping (m3/vm) 


Coping concrete (m3/vm) 


Excavation below coping (m3/vm) 


Shotcrete (M2/vm) 


Cost:
 

1. Mobilization 


2. Head frame and winder complete 


3. Blower fan and tubing 


4. 	Coping:
 

Excavation
 

6 x 14.25 - 86 m3 @ $12 $1,100
 

Coping concrete
 

6 x 3.73 - 23 m3 @ $50 1,200 


5. Main Section
 

Excavation
 

11.70 x 110 - 1,287 m3 @ $12 


Shotcrete
 

11.50 	x 110 - 1,265 m2 @ $11 


6. Bottom 3 arches @ $600 


Total 	Shaft Cost 


(1)Prorated for 4 shafts
 

(2)Denotes foreign purchase
 

341.2
 
325.8
 

116
 

3.66
 

6
 

14.25
 

3.73
 

11.70
 

11.50
 

$12,000
 

3,000 	(1)
 

3,000 	(1)(2)
 

2,300
 

15,400
 

14,000
 

1,800
 

$51,500
 



APPENDIX J-3
 

TYPICAL UNIT SHIFT PRODUCTION - DEVELOPMENT CALCULATIONS 
UNDERGROUND MINE PLAN
 

MINE NO. I - SEAM NO. 2
 
LAKHRA COAL PROJECT
 

Sind Province, Pakistan
 
For
 

USAID/PAKISTAN - WAPDA
 
CONTRACT NO. 391-0478-C-00-5006-00
 

By
 
John T. Boyd Company
 

Mining and Geological Engineers
 
December 1985
 

Annual Production ROM Tonnes (000): Mine MoUth 341.2
 
Hand-picked 325.8 

Mining Raw 

BASIC DATA 
S 
mensity 

D iHtiyht Material3 
Tonnes/m 

Lignite 2.070 75.68 1.42 1.075 

All partings < 15cm .020 0.73 2.10 .016 

Carbonaceous partings > 15cm .330 12.07 2.10 .253 

Clay and shale partings > 15cm .240 8.78 2.10 .184 

Out-of-Seam Dilution .075 2.74 2.10 .058 

Total 2.735 100.00 1.59 1.586 

Width of Working Place (m): Top 2.50
 
Bottom 3.00
 

Area of Working Face (i2 ) 2.75 x 2.735 	 7.52
 
Cut Depth (m) 1.00
 
Cut Volume (m 

3 
) 7.52
 

Tonnes/Cut 	 11.96
 

Tonnes/Cut Moisture reduced 35% - 32% 	 11.60
 

Cycle Time Per Cut at 100% Efficiency
 

Cutting Coal with Pneumatic Picks and Loads @ .05
 
tonne/min. x 2 men 120 min.
 

Handle Air Hoses and Tools 10
 
Interference with Scooptram at Face
 
or Prorate Advance Panline 	 10
 

Roof Support 40
 
Handle Parting Material 24
 

Total Cycle Time 204
 

Total Shift Time 480
 
Less: Travel Time 60
 

Lunch 30 90
 

Aiailable Face Time 	 390
 

Less Allowable Delays: 	 Equipment 5% 20
 
Mining Conditions 5% 20
 
Safety 5% 20
 

60
 

Available Production Time 	 330 min.
 

Cycles Per Unit Shift 330 divided by 204 
 1.62
 

Advance Rate (meters) Per Unit Shift at 100% Efficiency 
 1.62
 

ROM Tonnes/Unit Shift
 
Efficiency Mine Mine Hand

% Floor Mouth picked
 

100 18.8 16.6 15.9
 
90 16.9 14.9 14.2
 
85 16.0 14.1 13.5
 
80 15.0 13.3 12.7
 
75 14.1 12.5 11.9 Use
 
70 13.2 11.7 11.2
 



APPENDIX J-4 

TYPICAL UNIT SHIFT PRODUCTION 
RETREAT MANUAL LONGWALL CALCULATIONS 

UNDERGROUND MINE PLAN 
MINE NO. I - SEAM NO. 2 

LAKHRA COAL PROJECT 
Sind Province, Pakistan 

For 
USAID/PAKISTAN - WAPDA 

CONTRACT NO. 391-0478-C-00-5006-00 
By 

John T. Boyd Company 
Mining and Geological Engineers 

December 1985 

Annual Production - ROM tonnes (000): Mine Mouth 
Hand-picked 

341.2 
325.8 

BASIC DATA 

Mining 
Height 

%) Density 

Raw 
Material3 
Tonnes/m 

Lignite 

All partings < 15 cm 

Carboneous partings > 15 cm 

Clay and shale partings > 15 cm 

2.070 

.020 

.330 

.240 

75.68 

.73 

12.07 

8.78 

1.42 

2.10 

2.10 

2.10 

1.075 

.016 

.253 

.184 

Out-of-Seam Dilution 

Total 

.075 

2.735 

2.74 

100.00 

2.10 

1.59 

.058 

1.586 

Length of Longwall Face Net Coal (m) 47 

Depth of Mining Cycle Advance Face Conveyor (m) 1.00 

Tonnes Per Cycle 47 x 2.735 x 1.59 x 1.00 204 

Tonnes Per Cycle Moisture reduced 35% - 32% 198 

Cycle Time at 100% Efficiency 

Stop to Timber and Move Roof Supports 
Advance Face Conveyor and Drive Unit 
Shorten Entry Belt Conveyor Average Per Shift 
Cut and Load 0.06 Tonne/Min. x 14 Men - 0.84 
Handle Parting Material 

60 min. 
60 
30 

243 
24 

Total Cycle Time 417 

Total Shift Time 
Less: Travel Time 

Lunch 
60 
30 

480 

90 

Available Face Time 390 

Less Allowable Delays: Equipment 
Mining Conditions 
Safety 

5% 
5% 
5% 

20 
20 
20 

Available Production Time 60 

330 min. 

Cycles Per Unit Shift 330 divided by 417 .79 

Advance Rate (meters) Per Unit Shift at 100% Efficiency .79 

Efficiency 
{%) 

ROM Tonnes/Unit Shift 
Mine Mine 
Floor Mouth 

Hand
picked 

100 
90 
85 
80 
75 
70 

156 
140 
133 
125 
117 
109 

138 
124 
118 
111 
103 
96 

132 
118 
113 
106 
99 Use 
92 

\k 



APPENDIX J-5
 

ESTIMATED SCOOPTRAM HAULAGE CAPACITY
 
UNDERGROUND MINE PLAN
 

MINE NO. I - SEAM NO. 2
 
LAKHRA COAL PROJECT
 

Sind Province, Pakistan
 
For
 

USAID/PAKISTAN - WAPDA
 
CONTRACT NO. 391-0478-C-00-5006-00
 

By
 
John T. Boyd Company


Mining and Geological Engineers

December 1985
 

Annual Production - ROM Tonnes (000): 	 Mine Mouth 341.2
 
Hand-picked 325.8
 

BASIC DATA 

Diesel FEL or Scooptram Capacity (m ) 
Payload ROM Coal (tonnes) 1.55 S. G. @ 90% Loading 
Overall Width (cm) 
Overall Height (cm) 
Average Haul Distance for Mains One-way (m) 
Travel Loaded (m/min.) 
Travel Empty 
Grade 

2.5 
2.0 
182 
165 
85 

53.7 
80.5 
Nil 

Cycle Time at 100% Efficiency 

Load 2.0 Tonnes 
Travel Loaded 85 (m) at 53.7 m/min. 
Discharge Load onto Belt Conveyor 
Travel Empty 85 m at 80.5 m/min. 
Miscellaneous and Service Scooptram 

0.9 min. 
1.6 
0.5 
1.1 
0.6 

Total Cycle Time 4.7 

Total Shift Time 
Less: Travel Time 

Lunch 
60 
30 

480 

90 

Available Face Time 390 

Less Allowable Delays: Equipment 
Mining Conditions 
Safety 

10% 
5% 
5% 

39 
20 
20 

79 

Available Production Time 311 min. 

Number of Cycles Per Shift at 
311 divided by 4.7 

100% 
66 

Capacity in Tonnes Per Shift at 100% 132 

Efficiency ROM (Mine Mouth)

M Tonnes/Shift
 

100 132
 
90 119
 
85 112
 
80 106
 
75 99 use
 
70 92
 



--

APPENDIX 31-65€
 

ESTIMATED PRODUCTION
 
NINEUNDERGROUND PLAN 

M INE NO. I - SEA NO. 2
 
LAJ04RACOAL PROJECT 

Sind Province, Pakistan
 

Anntual Production R014Taornes (000): Mine M4outh 341.2 
8
haind-picked 32S.8 


John T. 8oyd Comany
For Mining and Get)logical Eagimars 

o FSArPKSA AD 
eOOt 18
 

CONTRALCT 391-0478-C-00-5006-WNO. 


D-11 D*12 0*13 D*14 0.15 016 0-17 D-i8l D.!9 
year 04 D 04 D#4 D.6 D+8 0+1OD-3 -2 1 0.lD2 3 0.5 9-7 D-9 

RONTommmsMineeMouth 

3 3 3 3 3 3 3 3 3 
MqD-1 Shits/Dy - 3 3 3 3 3 3 3 3 

62 6z 62 --
Par Shift - 44 62 62 62 62 V2 62 62 62 62 6Z 62 62 82 


Per Day 131 186 16 186 186 186 186 186 186 186 186 186 186 186 156 186 186
 
47.430 47.430 47.434) 47.430 

Par Year 34.374 47.432 47.432 47.432 47.430 47.430 47.430 47.430 47.430 47.430 47.430 47.430 47.430 

3 3 3 3 - 3 3 1 3 
PD-I 	Shi fts/Day - 3 3 3 3 3 3 3 3 3 3 

TonicS 25 25 25 25 2S
25 25 25 25 2S 25 25 S 2 5 z 


PerDay - 36 is is 7S I'5 7S 75 75 7S 7S 7S 7S
Per Shift 13 25 25 25 25 	
75 75 75 75 is
7S 7S 


19.125 11.125 19.125 19.125 19.125 19.125 14.344(3 0)
Per Year 9.084 19.124 19.124 19.12S 19.125 19.125 19.12S 19.125 19.12S 19.12S 19.125 19.125 

3 3 3 3 9 3 3 3 3 3 3 3 
- 3 3 3 3 3 3 3 3PD-2 	 Shifts/Day 

25 2S 25 2 5
25 2 5 2S 25 25 25 

I e Shift 7S 75 75 75 75 75 7S 7' 7S
2 5 2 S 2 5 2 5 25 25 


- 13 2S 2S 2 5 	 7S 75 75 75 IS 75 75 
Per Day 	 36 75 7S is 

IS.125 19.125 	 4.731(1Q)
 
per year 9.084 19.124 1g.124 19.125 19.125 19.125 19.12S 19.12S 19.12S 19.125 19.125 19.12. tg.125 19.125 19.125 19.125 19.125 


3 3 3 3 3
 
PO-3 Shifts/Day 3 3 3 3 3 3 3 3 3 3 3 ) 3 3 3 

2
 
To-ns25 
 S 25
25 25 25 25 2S 2S 2S 2S S 25 2 ZS 

Par Shift 7 24 25 25 25 

75 7S IS 75 75 75 75 75 75 
Per Day 20 

19.125 19.12S 19.12S 19.125 19.12S 19.12S 19.125 18.125 19.125 9.563(2Q)72 75 75 75 75 7S IS 75 7S 75 


For Year 5.020 18.407 19.124 19,125 19.125 19.125 19.125 19.125 19.125 19.125 


3 3 3 3 
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 

1.1-1 Shifts/Day 
 1013
 

103 103 103 103 103 103 103 103 103
ToneS10 103 103 1013 13 
P r Shift 75 103 103 103 103 

309 309 309 309 309 309 302 109
309 30 309 30 09 309 309 309 309

Per Day' 	 24 309 
7a.79 7"75 7.75 7. 78.7 678 78.795 78.79S 78.795 78.79S 78.795 78.795 78.725 78,795 78.795S 39.398(2 0)

Per year 	 I717 7.76 7.9 


3 3 3 3
 
iU. 2 Shifts/Day 
 3 3 3 3 3 3 3 3 3 3 3 3 3 3 ) 

13 0 0 0
 
Toevs13 	 1 13
103 103 103 103 103 103 10 13 10 


49 13 13 103 103 103 103 103
1:r Shift 	 309 7309 309 3D9 309 309 309 
Pr Day 	 147 309 309 309 78.3 309 309 30 302 309 309 309 

76.79S 78.795 78.795 78.795 78.795 76.795 78.79S

7807t5 7.95S 78.795 78.195 78.795S 78.725 78,795 78.79S 78.795
17.428 78.7%6 78.795Per Year 


3 3 3 3 3
 
LW-3 Shifts/0ay 
 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 

2? 9 103 103 103 103 103 103 103 103 103 l03 103 103 103 10 10 13 1013
TonesShift 

309 302 309 309 MG9 309 309 309 

1,e,Day 8 1 97 309 
78.795 78.725 7B.725 75.795 78.795 78.715 73,795 79.79S 19.6"9(1 Q)309 30. 30 309 309 309 309 309 309 

Per year 	 20,684 75.64 1 775 '8..795 18..795 78.7YS 78,795 78.795 78.795 78.795 78.795 

14 8171
Annual A 21 21 i 1 71
 
Unlt Shifis/y $ 9 19 21 21 21 21
9 .	 21 21 21 21 21 21 21 21 


:3381,3
1.338 1338 1.338 1.318 1:33 1:
1.326 1.338 1.338 1.338 1.338 1.8 138 1.338

RMino"" ot h/Day 135 277 860 	 341.190 41190 4190N 25 60 23.60 8.79 11332 16tJ
341.190 341.1290 1.190 341.190 341 19-D 341:190 34.150 341.190

Mine IMouth/Tear 34.374 70.620 219.326 338.237 341,190 341:190 	
1 27B 1.278 1.278 1. 2 78 78 1 1 0 . 0 . 0D2 79 : Z"9 

1.278 1.27 8 1 27 8 127 8 12 is 1.2 7 8 1:278 1 .78 
M nd-ptckadil ay 129 264 821 1 267 

325.83M 325:836 325.836 32S536 325.1136 325 .78 20:541 29I01 275.974 201.822I 18.811 
N14-pilad/Year 32,827 67.442 209.456 323:01S 32S.836 325.836 325.:836 m 3256 325.936 325.11M 325,536 

APPENDIXI J-6 

ION
ESTIMATEDPRODUCT 
NIIe" PLAK 

MIKMENo. I _ $CAR leO. 2 
LAKHRUACOAL PROJECT 

UNIDERGROUND 



APPENDIX J-7
 

DAYS ALLOCATED, FILL-IN EMPLOYEES
 
AND TOTAL PAYROLL
 

UNDERGROUND MINE PLAN
 
MINE NO. 1 - SEAM NO. 2
 

LAKHRA COAL PROJECT
 
Sind Province, Pakistan 

For 
USAID/PAKISTAN - WAPDA 

CONTRACT NO. 391-0478-C-00-5006-00 
By
 

John T. Boyd Company
 
Mining and Geological Engineers
 

December 1985
 

Annual Production - ROM Tonnes (000): 	 Mine Mouth 

Hand-picked 


Staff 


Days/Year No. of 
/Employee Employees 

Allowance For Absenteeism 

Extended Sickness, Injury, 
and AWOL 2* -

Sick Leave -* -
Earned Leave (Vacation) 28 6 
Casual Leave (Personal) 16 3 
Subtotal 46 9 

Training Allowance 5** I 

Other Days Away From Mine
 

Fridays*** 51 

Holidays 16 

Idle Weekdays
 

Subtotal 67 


Work Days
 

Work at Mine 247 

Training 5 


Subtotal 252 


TOTAL 	 9 T" 

Basic Requirement Per Work Day 	 52 


TOTAL EMPLOYEES 
 62 


TOTAL PAYROLL
 

Operating Days Per Year 262
 
Fridays 51
 
Holidays 16
 
Miscellaneous Idle Days 11
 
Lost Production Days 	 25
 

365
 

* Staff extended illness and non-employment injury 
absent is alloted to earned and casual leave. 

** Not duplicated in the total. 

* One Friday assumed included with holidays.
 

341.2
 
325.8
 

Workers
 

Days/Year No. of
 
/Employee Employees
 

11 16
 
8 12
 

17 26
 
10 15
 

46 69
 

5** 7
 

51
 
16
 

67
 

247
 
5
 

252
 

76
 

378
 

454
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SUPPLY AND POWER COST DETAIL
 
UNDERGROUND MINE PLAN
 

MINE NO. I - SEAM NO. 2
 
LAKHRA COAL PROJECT
 

Sind Province, Pakistan
 
For
 

USAID/PAKISTAN - WAPDA 
CONTRACT NO. 391-0478-C-00-5006-00 

By 
John T. Boyd Company 

Mining and Geological Engineers 
December 1985 

Annual Production - ROM Tonnes (000): 	Mine Mouth 341.2
 
Hand-picked 325.8
 

S/Year 

Local Foreign Total 

OPERATING 

Lubrication 34,200 - 34,200 
Ventilation 23,000 - 23,000 
Roof Support 554,000 - 554,000 
Tires - 30,200 30,200 
Tools 9,200 13,800 23,000 
Diesel Fuel 153,000 - 153,000 
Rock Dust 19,700 - 19,700 
Sealing and Fire Protection 48,900 - 48,900 
Miscellaneous 42,100 2,200 44,300 

Subtotal 	 884,100 46,200 930,300 


MAINTENANCE
 

Outside Coal Handling 37,900 37,900 

Air Compressors 29,600 29,600 

Diesel Vehicle Maintenance 82,300 82,300 

Diesel Vehicle Overhaul 62,500 62,500 

Air Tools 19,700 19,700 

Incline Belt, Breaker, and Metal Detector 16,400 16,400 

Underground Conveyor Belts 92,000 92,000 

LW Face Conveyors & LW Roof Support System 45,000 45,000 

Ventilation 16,400 16,400 

Electrical 23,000 23,000 

Miscellaneous 21,200 21,200 


Subtotal 	 0 446,000 446,000 


Mine Extension 	 - 13,100 13,100 

Mine Power 	 139,500 - 139,500 


TOTAL - Supply and Power Cost 1,023,600 505,300 1,528,900 

$/ROM Tonne Hand-Picked
 

Local Foreign Total
 

0.105 0.000 0.105
 
0.071 0.000 0.071
 
1.700 0.000 1.700
 
0.000 0.093 0.093
 
0.028 0.042 0.071
 
0.470 0.000 0.470
 
0.06C 0.000 0.060
 
0.15. 0.000 0.150
 
0.129 0.007 0.136
 

2.713 0.142 2.855
 

0.000 0.116 0.116
 
0.000 0.091 0.091
 
0.000 0.253 0.253
 
0.000 0.192 0.192
 
0.000 0.060 0.060
 
0.000 0.050 0.050
 
0.000 0.282 0.282
 
0.000 0.138 0.138
 
0.000 0.050 0.050
 
0.000 0.071 0.071
 
0.000 0.065 0.065
 

0.000 1.369 1.369
 

0.000 0.040 0.040
 

0.428 0.000 0.428
 

3.141 1.551 4.692
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ESTIMATED POWER REQUIREMENT
 
UNDERGROUND MINE PLAN
 

MINE NO. 1 - SEAM NO. 2
 
L,\:HRA COAL PROJECT
 

Sind Province, Pakistan
 
For
 

USAID/PAKISTAN - WAPDA
 
CONTRACT NO. 391-0478-C-OO-OO6-00
 

By
 
John T. Boyd Company
 

Mining and Geological Engineers
 
December 1985
 

Annual Production - ROM Tonnes (000): 	 Mine Mouth 341.2 
Hand-picked 325.8 

Diversi
uonnectea fication Demand Op. Hours Annual
 
Load KW (%L KW Annually KWH
 

Main mine fans 	 300 75 225 8,760 1,971,000
 

Incline belt conveyor 	 200 50 100 4,716 471,600
 

Picking station, crusher, storage 114 40 46 4,716 216,900
 

6 - Underground belt conveyors 
 222 50 111 4,716 523,500
 

5 - Underground mainline belt conveyors 
 375 50 187 4,716 881,900
 

3 - Manually L.W. chain conveyor 66 50 33 3,144 103,700
 

Air compressors 	 335 40 
 134 4,716 631,900
 

Office, shop, lights, pumps 	 400 15 60 6,28." 377,300
 

TOTAL 	 896 @ 65% 5,177,800
 
= 582 

Approximate Electric Power Cost: Demand charge 582 KW @ $3.67 x 12 $ 25,621
 

Consumption 5,177,800 KWH @ $.022 = 113,912 

$139,543
 

$/Tonne - Hand-picked .428
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MINlE DEVELOPMENT AND OPERATING CASH COST 

MEGO( RD INEI PL An 
MINE No. I . SEAM No. 2 
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MINE VENTILATION FRICTION LOSS
 
UNDERGROUND MINE PLAN
 

MINE NO. 1 - SEAM NO. 2
 
LAKHRA COAL PROJECT
 
Sind Province, Pakistn
 

For 
USAID/PAKISTAN - WAPDA
 

CONTRACT NO. 391-0478-C-00-5006-00
 
By
 

John T. Boyd Company

Mining and Geological Engineers


December 1985
 

Metric Feet
 

Average Entry Height 2.40 7.9
 

Average Entry Width 2.75 9.0
 
2
Entry Area (A)m /ft. 2 6.60 71
 

Entry Perimeter (0) 10.30 34
 

Calculation of Resistance Factors:
 

R KLO
R 5.2A 3
 

Where:
 

R - Resistance for standard entry for 100,000 cfm
 
at 1,000 ft. distance
 

K = Friction Factor - Standard Airways
 
70 for Intakes
 
90 for Retturns
 

L * Length - 1,000 ft. 

0 - Entry Perimeter
 

A x Entry Area
 

R (Intake) - 70 x 1000 x 34 . 128
 
5,.2x 713
 

R (Return) - 90 x 1000 x 34 - 1.65
 
5.2 x 71T
 

For multiple entries (x):
 

KL x ( )
Rx .KLWx (0) 

5.2 (xA)3 x (A)
 

5.2 A x x •"ORI 
5.2A3 x2
 

x
 

Therefore:
 

Intakes
 

1 Entry R1 1.28
 

2 Entries R2 1.28 0.32
 

3 Entries R3 • 1.28 . 0.14
 

Returns 

I Entry R1 • 1.65 

2 Entries R2 • 1.65 . 0.41 

3 Entries R3 * 1.65 . 0.18 
- - ". 
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INTAKE - INCLINE
 

Parameter 


Length (L) 

2
Area (A)m /ft. 2 


Perimeter (0) 


Air Volume (Q) (000) m3/min. - ft.3/min. 

Velocity m/min. - ft./min. 


Entrance Loss .47 x Velocity Head
47x
.47 684)2 = 

2

KLOV
Incline Loss 


x 50 x 6842
90 x 2191 


1010 x 5.2 x 190 • 


TOTAL - Incline Loss 


RETURN SHAFT NO.1
 

Parameter 


Size Diameter 


Area (A) 


Perimeter (0) 


Depth (L) 


AMr Volume (Q) (000) m3/min. - ft.3/min. 


Velocity m/mn. - ft./min. 


Entrance Loss - .47 x 1 150 2 * 


x 37.7 x 1,1502
 

1010 x 5.2 x 113 .
 

Shaft Loss - 40 x 380 


Bottom Loss - .33 x 1 02 -


Shock Loss Assume 


TOTAL - No. 1 Shaft Loss 


- Continued
 

Metric 


668 


18.2 


15.2 


3.68 

203 


015" 

.467
 

.482"
 

Metric 


3.66 


10.52 


11.50 


116 


3.68 


350 


.039"
 

.130
 

.029
 

.058
 

.256"
 

Feet
 

2,191
 

196 use 190
 

50
 

130
 
684
 

Feet
 

12
 

113
 

37.7
 

380
 

130
 

1,150
 



APPENDIX J-11A 

VENTILATION VOLUME AND PRESSURE REQUIRED 
PRIOR TO CONNECTING NO. 2 SHAFT 

UNDERGROUND MINE PLAN 
MINE NO. I - SEAM NO. 2 

LAKHRA COAL PROJECT 
Sind Province, Pakistan 

For 
USAID/PAKISTAN - WAPDA 

CONTRACT NO. 391-0478-C-00-5006-00 
By 

John T. Boyd Company 
Mining and Geological Engineers 

December 1985 

Segment
(see Exhibit 5H) 

Airway 
Length
(ft.) 

No. of 
Entries 

R* Per 
1,000

ft. 
Total
R Start 

Start_ 

Quantity in 100,000 cfm 

End Average 
End__ Average 

2 
.Q 

Water Gage (in.1 

Segment Cumulative 

Intakes 

A - B Incline 
B - C 
C - E 
E - F 
F - G 
G - H 
H - 1 
I - J 
J - L Open Split 

2,191 
984 

1,115 
230 
328 
230 
230 
230 
656 

1 
2 
2 
2 
2 
2 
2 
2 
1 

-
.32 
.32 
.32 
.32 
.32 
.32 
.32 

1.28 

-
.3:5 
.357 
.073 
.105 
.073 
.073 
.073 
.840 

1.30 
1.27 
1.16 
.83 
.82 
.66 
.47 
.30 
.16 

1.30 
1.22 
1.13 
.82 
.80 
.65 
.46 
.29 
.12 

1.300 
1.245 
1.145 
.325 
.810 
.655 
.465 
.295 
.140 

-
1.550 
1.311 
.681 
.657 
.429 
.217 
.087 
.020 

.482 

.489 

.468 

.050 

.069 

.032 

.016 

.007 

.017 

.482 

.971 
1.439 
1.489 
1.558 
1.590 
1.606 
1.613 
1.630 

Returns 

L - M 
M - 0 
0 - Q 
Q - S 
S - V 
V - W 
W - C 
C - B 
No. 1 Shaft 

492 
230 
230 
361 
164 
394 
886 
984 
380 

1 
1 
1 
1 
1 
1 
2 
2 
1 

1.65 
1.65 
1.65 
1.65 
1.65 
1.65 
.4 
.41 

-

.812 
.380 
.380 
.596 
.271 
.651 
.364 
.404 

-

.12 

.29 

.46 

.65 

.81 

.96 
1.13 
1.22 
1.30 

.14 

.31 

.49 

.67 

.82 
1.01 
1.16 
1.27 
1.30 

.130 

.300 

.475 

.660 

.815 

.985 
1.145 
1.245 
1.300 

.017 

.090 

.226 

.436 

.665 

.971 
1.311 
1.550 

-

.014 

.035 

.086 

.260 

.181 

.633 

.478 

.627 

.256 

1.644 
1.679 
1.765 
2.025 
2.206 
2.839 
3.317 
3.944 
4.200 

Regulation and Overcast Restrictions .300 4.500 

*R is resistance to move 100,000 cfm of air 1,000 ft. specified number of ertries. 

(See Appendix N). 

Note: 
VolTume and pressure required in metric tons are 36,834 m 3 pm and 11.43 cm. 



APPENDIX J-11B
 

OPERATING RANGE OF JOY AXIVANE
 
MINE FAN MODEL H72-43
 

LAKHRA COAL PROJECT
 
Sind Province, Pakistan
 

For
 
USAID/PAKISTAN - WAPDA
 

CONTRACT NO. 391-0478-C-00-5006-00
 
By
 

John T. Boyd Company
 
Mining and Geological Engineers
 

December 1985
 

Volume (000)
 
Blade Per Minute Water Motor
 

Position cubic Gauge Efficiency Demand
 
No. Degrees meters feet cm in. M W hp
 

1 12 2.267 80 5.1 2 65 29 39
 

2 17 2.834 100 7.6 3 '5 47 63
 

3 22 3.401 120 10.2 4 80 71 95
 

4 27 3.634 130 11.4 4.5 80 86 115
 

5 32 4.696 165 12.7 5 78 125 166
 

6 37 5.158 182 14.0 5.5 77 153 205
 

JOHN T. BOYD COMPANY 



APPENDIX J-12
 

WATER REQUIREMENT FOR MINING OPERATION
 
UNDERGROUND MINE PLAN
 

MINE NO. 1 - SEAM NO. 2
 
LAKHRA COAL PROJECT
 

Sind Proviice, Pakistan
 
For
 

USAID/PAKISTAN - WAPDA
 
CONTRACT NO. 391-0478-C-00-5006-00
 

By
 
John T. Boyd Company
 

Mining and Geological Engineers
 
December 1985
 

Annual Production - Tonnes (000): 	 ROM 341.2
 
Hand-picked 325.8
 

Liters
 

Day Year
 
Per Mine (000) (millions)
 

Bathhouse - 430 men @ 150 liters 65* 17*
 

Belt Conveyor Spray Water 
11 belt drives 3 shifts/day x 5 1pm 
x 6 hrs. x 60 min. 60 16
 

Roadways Spray 
 11 3
 

Miscellaneous & Waste 
 5 1
 

Total - Per Mine 
 141 37
 

*Potable Water
 

Note:
 

Each mine should have min. 300m 3 of water storage for
 
emergency fire fighting.
 

JOHN T. BOYD COMPANY 



K-1 

APPENDIX K
 

ANALYTICAL TEST PROCEDURES
 
PHASE 1 FIELD STUDIES PROGRAM
 

LAKHRA COAL PROJECT
 
Sind Province, Pakistan
 

For
 
USAID/PAKISTAN


CONTRACT NO. 391-0478-C-00-5006-00
 
By

John T. Boyd Company
 
Mining and Geological Engineers
 

December 1985
 

Comprehensive analytical testing procedures were specified by 

BOYD to provide maximum quality information on the available drill core 

samples. 

A. Individual Coal Core Analysis 

Number of samples: 

Coal Seam
 
Drill Seam Sections
 

Area Cores Cores Analyzed
 

West 22 46 140
 
Central 13 22 85
 
East 12 23 78
 

Total 47 91 303
 

1. Crush each seam section core to a 19 mm (3/4") top size.
 

2. Split the crushed core in two samples: 

Sample "A" - 25°- by weight (Phase 1) 
Sample "B" - 750 by weight (Phase 2) 

3. Analyze selected samples from each coal seam for: 

(a) Equilibrium Moisture 
(b) Hardgrove Grindability Index (HGI)
(c) Total Chlorine. 

Number of samples: 
Sections
 

Area Analyzed
 

West 8
 
Central 4
 
East 3
 
Total 15
 

JOHN T. BOYD COMPANY 



K-2 

APPENDIX K - Continued 

4. 	 Remove a portion of Sample A and analyze for moisture. 

5. 	 Float-sink remaining sample at 1.60 specific gravity and 
analyze each fraction for ash, sulfur, and Btu/lb. 

6. 	 Store Sample B in a plastic-lined container with water. Sample 
must be tagged on inside and outside of container. 

B. 	 Composite Roof and Floor Analysis 

Number of samples: 

Area Roof Floor
 

West 	 12 11
 
Central 6 6
 
East 	 6 6
 

1. 	 Crush each sample to 19 mm (3/4") and analyze for ash, 
sulfur, and Btu/Ib. 

C. 	 Relative Specific Gravity Analysis 

Number of samples: 

Sections
 
Area Analyzed
 

West 8
 
Central 6
 
East 7
 

Total 21
 

1. Selected core sections (coal, parting, and rock) are to be 
analyzed to determine specific gravity of bed material. 

D. 	 Composite Coal Core Analysis 

Number of samples: 

Composite
 
Area Analyzed
 

West 8
 
Central 6
 
East 7
 
Total 21
 

1. Composite designated core samples (Sample "B") on a weight
 

proportion basis. 

JOHN T. BOYD COMPANY 
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APPENDIX K - Continued 

2. 	 Remove 25% by weight from Sample B and perform the following

analysis:
 

(a) 	 Ash 
(b) 	 Total sulfur and sulfur forms 

(c)Volatile matter 
(d)Heating value (Btu/Ib. and MAF Btu/Ib.) 
(e)Ash fusion temperature (4 points reducing and oxidizing) 
(f)Mineral analysis of ash (SiO2, Fe20 3 , Al2 0 3 , CaO, MgO, 

SO3 , Na2 0, K2 0, Ti0, P2 0 5 ) 
(g) 	 Ultimate analysis (carbon, hydrogen, nitrogen, oxygen, 

ash, and sulfur) 

(h)Water soluble alkali
 

Ci) Total chlorine
 
(j)Water soluble chlorine 

(k)Total phosphorous 

(C)Equilibrium moisture 
(m)Report T250 'F, slagging, and fouling factors. 

3. 	 Screen remaining sample at 9.525 mm (3/8") and float-sink plus
3/8" and 3/8" x 0 size fractions at 1.30, 1.40, 1.50, 1.60,
1.70, 1.80, 1.90, and 2.10 specific gravities. Report weight
percent and analyze each gravity fraction for ash, volatile 
matter, sulfur, and Btu/Ib. 

4. 	 Combine cumulative 1.80 specific gravity float material from the 
two size fractions and analyze for: 

(a)Ash 

(b)Total sulfur and sulfur forms 
(c)Volatile matter 

(d)Heating value (Btu/lb., MAF Btu/Ib.) 
(e) 	 Ash fusion temperature (4 points reduciny- and oxidizing) 
(f)Mineral analysis (SiO 2 , Fe2 0 3 , A120 3 , CaO, MgO, SO3, 

Na2 0, K2 0, TiO, P2 0 5 ) 
(g)Ultimate analysis Ccarbon, hydrogen, nitrogen, oxygen,
 

ash, and sulfur) 

(h)Water soluble alkali 
(i) 	 Total phosphorous
 
j) Report T 250 'F, slagging, and fouling factors.
 

JOHN 	 T. BOYD COMPANY 



K-4 

APPENDIX K - Continued 

E. Selected Composite Sample Testing for Trace Elements 

Number of samples: 

Composite 
Area Analyzed
 

West 2
 
Central 1
 
East
 

Total 5
 

Coal: As, Cd, Cr, Cu, Ni, Pb, Se, Hg, Zn 

F. Washability Study - West Area Test Shaft 

1. Remove 20% by weight for raw coal analysis. 

2. Screen remaining sample at 4" rd., 1-1/2" rd., 1" rd., 
3/4" rd., 1/2" rd., 3/8" rd., 1/4" rd., 28 mesh and
 
100 mesh. Crush any plus 4" pieces to minus 4" rd. Report 
weight percent of 4" x 1-1/2", 1-1/2" x 1", '" x 3/4", 
3/4" x 1/2", 1/2" x 3/8", 3/8" x 1/4", 1/4" x 28 mesh,

28 mesh x 100 mesh, and 100 mesh x 0. 

3. Analyze a head split of each size fraction for moisture, ash, 
sulfur, and Btu/Ib. 

4. Float-sink each size fraction except of the 100 mesh x 0 at 
1.30, 1.45, 1.60, 1.70, 1.80, 1.90, and 2.10 specific gravities. 
Analyze each float-sink fraction for ash, sulfur, and Btu/Ib. 

5. Composite the 4" x 100 mesh in two cumulative float fractions 
(1.60 and 1.80 specific gravities) for detail analysis. 

6. Analyze raw coal, float 1.60, and float 1.80 samples for the 

following: 

(a) Moisture: total (raw coal only) and equilibrium 

(b)Ash
 

(c)Total sulfur and sulfur forms 

(d) Volatile matter 

(e) Heating value (Btu/Ib.) 

(f) Ash fusion temperature (4 points reducing and oxidizing) 

(g) Mineral analysis of ash (SiO 2 , Al2 0 3 , TiO, Fe2 0 3 , CaO, 

M90, K20, Na20, SO 3, P20 5 , SrO, BaO, and Mn3 0 4 ) 

(h)Ultimate analysis (carbon, hydrogen, nitrogen, oxygen, 

ash, and sulfur) 

JOHN T. BOYD COMPANY 
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APPENDIX K - Continued 

6. 	 Continued 

i) Water soluble alkali 

(j) 	 Total chlorine (raw coal only) 
(k) 	 Hardgrove grindability index (HGI) raw coal only 
(I) 	 Report silica value, base/acid ration, T2 50 'F temp

erature, fouling, and slagging indexes. 

JOHN T. BOYD COMPANY 



APPENDIX L 

COLONY RESIDENCE BUILDING SPECIFTCATIONS 
LAKHRA COAL PROJECT 

Sind Province, Pakistan 
For 

USAID/PAKISTAN - WAPDA 
CONTRACT NO. 391-0478-C-00-5006-00 

By 
John T. Boyd Company

Mining and Geological Engineers 
December 1985 

Item General Specifications I II III 
Residence Type 

IV _ VI G SS SW 

A. Unit Area (square meters) 290 230 134 95 60 50 763 1,412 4,165 

B. Structure 
Uoad bearing masonry walls x x x x x x x x x 

C. Roof 
Cast in situ re-inforced 
concrete slabs 

Precast concrete slabs 
x x x 

x x 
x x 

x 

D. Floor 
rerrazzo floor in white 
cement 
Terrazzo floor in grey 
cement 

Plain cement floor 

x x 

x x 
x x 

x 

x 
x 

E. Bathroom Floor Finishing 
Glazed tiles 
Terrazo in white cementTerrazo in grey cement 
Plain cement finish 

x 

x 

x x 

x 
x 

x 

F. Wall Finishing 

InternalEwall both side 
plastered 

External walls -
Inside: Plaster 
Outside: Deep struck 
pointing 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

G. Pitin 
Emulsion paint on walls 
Polyvinyle temper on walls 
White/color wash on walls 
Cement based paint on 
outer surfaces 

x 

x 

x 

x 

x 

x 

x 
x x 

X 

x 

x 

x 

x 

H. Doors 
9ooden doors with commer
cial ply flush shutter and 
molded steel sheet frames x x x x x x x x X 

I. Windows Ventilators 
Ainu SWiith fly 
mesh and security grill 

Steel windows with fly 
mesh and security grill 
Steel windows with grill 
only 

x 

x x 

x x x 

x 

x 

x 

J. Roof Insulation & 
Waterproofin-a 

u coating, clay with 
straw insulation overlaid 
with cement painted tiles x x x x X x x x x 

K. Ward Robes Shelves 
Woroesen wa ro 
Concrete shelves 

x x x 
x x x 

x x 
x 

Note: 
G - Guest house 
SS - Single staff 
SW a Single worker 

/ 


