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l~O INTRODUCTION

This portion of the Oil Shale to Power Prefeasibi~ity Stu~ includes
those studies for determining estimates of cost for the oil shale to be
used as fuel in the 20 MW Demonstration Plant, the 50 MW Prototype Plant
and the 400 MW Full Scale Power Plant. In making these determinations,
conceptual plans were made for the development of the mine, and the oil
shale processing plant to prepare proper sized fuel for the power plant.
The cost estimates presented in this report are order of magnitude
estimates with a range spread of minus 15 percent and plus 25 percent.

The report covers an evaluation of the reserves as to quantity and
quality based on information provided by the Natural Resources Authority
(NRA). This information included geologic maps cf the Sultani deposit
and a geological and core assay report prepared by the NRA project staff.

For each of the three plant sizes studied, a description of the mine
development, the mining operaticn and the processing plant is included in
the report. Based on these descriptions and design basis, capital and
operating costs were determined.

The enu product of this section of the report is the cost of producing
fuel for each of the three differ~nt zized power plants. Cash flow
cnalyses were made for each of the three plants for debt-equity financing
ratios of 50:50 and 80:20. Included in these analyses are the capital
expenditures for the mine de~elopment, the mining equipment and the oil
shale processing facilities, spare parts, working capital, interest
during construction for both debt-equity cases, the operating costs,
interest expenses for both debt-equity cases, depreciation and
amortization, a management fee, royalty, and a return on equity for both
debt-equity cases. Excluded from these analyses are resource cost or
depletion allowance, advalorem taxes, sales and use taxes, income taxes
for expatriate employees and income taxes for project operation.
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With the much larger volumes of materials to be handled for the 400 MW
Full Scale Plant, different concepts from those used in the smaller
plants were developed. The application of larger overburden removal
equipment, the employment of continuous surface miners for selective
mining of the oil shale, the use of a conveying system from the bottom of
the pit to two large blending facilities, and a redundant crushing and
screening plant for improved reliability of oil shale processing and
supply are the main features of the larger plant.

Emp1 oyi ng these ne\'i concepts sustantially decreases the cost of the
processed oil shale which could not be achieved by factoring these costs
from the smaller plants.

This report also includes a section on spent shale disposal for the three
different sized plants. Capital and operating costs were determined for
each plant as well as cash flow analysis to arrive at an estimated cost
for the disposal of the spent shale. These estimates also are based on
debt-equity ratios of 50:50 and 80:20.

Also included is a section on the infrastructure requirements for the
mine and processing plant including electric power, water and housing for
the employees.

In the~last section of the report is a comparison of cost for mining the
oil shale as prepared in this report with the quoted contractor's price.

Figure 1.1, Tenative Jordan Oil Shale Layout is located on the following
page. This figure shows the relationship of the reserves, mine, process
plant and power plant. It will be referred to ';n the text of the report.

1-2
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Table 2-1

2.0 SUMMARY ANr CONCLUSION

2.1.2 Based on the mineable reserve criteria of using
reserves with five percent oil content or greater
and a stripping ratio of overburden volume to oil
shale volume of less than 3:1, the findings of this
investigation are summarized as follows:

"

I I

;y

STRIP RATIO
m3 : m3

2.16:1
1. 71 :1
1.86:1

OVERBURDEN
m3 X 106

384
627

lOll,

OIL CONTENT
PERCENT
7.44
7.61
7.65

SULTANI OIL SHALE RESERVES

2-1

OIL SHALE
TONNE X 106

320
658
978

When the mining criteria is appliea to these
reserves, the deposit has two distinct mining
areas: one in the north and one in the south
separated by a narrow throat of low grade oil shale
in the central part of the deposit.

AREA
North
South

Total

2.1 Reserves
2.1.1 A total of 53 drill holes were drilled in previous

programs to delineate the reserves at Su'~~ni. In
a recent drill program 25 drill holes we~ drilled
on 150 metre spacings to define the reserves in the
northwest section of these reserves. In excess of
6000 metres were drilled in total of which nearly
20 percent was cored for analytical qeterminations.
The oil content was determined In 67 of these holes
and analyses for minerals and carbon content were
determined for 15 drill holes.



2.1 ~3 The mineable reserves as detenmined from the
criteria were cl assified~nto reserves by thei roil
content and these results are summarized as follows:

Table 2-2

SULTANI OIL SHALE RESERVES BY OIL CONTENT

51 OIL 6' OIL 7' OIL 8S OIL 9' OIL lOS OIL TOTAL
AREA T X106 T X106 T X106 T X106 T X106 T X106 T X106

North NIL 24.440 158.075 114.407 23.407 320.329
South 2.075 82.416 238.067 186.870 144.420 4.750 658.598

TOTAL 2.075 106.856 396.142 301.277 167.827 4.750 978.927

2.1.4 Other findings of this investigation of importance
are listed below:

o The overburden thickness ranges between 34 metres
and 86 metres. The minimum thickness is found in
the northwest part of the deposit and the maximum
is in the southeast.

o Oil shale thickness varies betwe~n 1.5 metres and
65 metres with the greatest th~c~ness occurring in
the southeast section of the reserves.

o The thicker oil shale beds contain a higher
percentage of oil.

o Average organic carbo~ content of the 011 shale
tested ranged between 8 cmd 11 percent by weight.

o The sulfur content varies between 1.6 an~ 4.3
percent with most values between 2 and 3 percent.

2-2
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o Overburden from the pit to an out-of-pit waste pile.

o Oil shale from the pit to ~he process plant storage
pi 1es.

2.1 •.5 It appears that sufficient oil reserves are
available to support a 400 MW plant in the north
area of the reserves. With indications that the
reserves in the south area are twice as large, the
Sul tani oil reserves have'J. potential of supporting
uS much as 1200 MW of pow(~r generation for 30 years.

2.2.2. Mine Development Pians
The ni ..te development plans for the 20 MW and 50 Mill

projects differ from those of the 400 MW plant
because of the large volumes of material handled in
the latte'j". For the two smaller projects the
expansion of the existing trial mine into a loader
and truck operation is considered. At the base of
the incline a box-cut will be excavated to expose
the oil shale reserves. Working benches and a
system of roads and ramps in the overburden and oil
shale will be developed in p~eparationfor the
production stage. Three hau~roads will be
constructed for transporti"~ the following
material s:

2.2 Mine Planning
2.2.1 Environmental

For each of the three power plants, the mine
planning considers measures to mitigate surface and
ground water ~ontamination and the fugitive dust
from the mine operation. Prior to commencement of
anyon-site operations, environmental baseline
studies should be conducted to develop data in all
environmental media areas.



.' 0 Spent shale ash from the power plant to the
out-of-pit waste pile.

The mine opening for the 400 MW ~lant will ue
located in the north area. This <Ievelo~nt will
consist of a new incline and box-cut, the
deve1opment of the work i ng faces for ell!ctric
shovels and trucks and the in-pit-system of roads
and ramps. When the oil shale is mined, it will be
fed onto a belt conveyor for conveying to the
surface via the incline. In the first several
years of operation, the incline will be used for
haulage of overburden from the pit to the
out-of-pit waste pile, until the backfill of the
pit can be started. This operation will require
haul roads for the disposal of the overburden and
the spent shale.

The estimated volumes of materials to be excavated
during the development stage of these mines are as
follows:

Table 2-3

MINE DEVELOPMENT EXCAVATION
MINE BANK CUBIC METRES-

20 MW Plant 500,000
50 MW Plant 1,000,000
400 MW Plant 8,455,000

2.2.3 Mfne service Facilities
The mine service facilities are provided for each
of the three mines to maintain and warehouse parts

2-4
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The operating and productior. ~c~~dulc~ for these
mines are as follows:

for the mining equipment and the oil shale
processing plant. The overhaul and repair of
equipment components wfll be let to local
contractors. In addition to these services, the
facilfties will include offices, trainin~ rooms, a
change house and cafeteria. Awater well will
supply the water needs of these facilities,
including fire protection, as well as water for
dust suppression of the haul roads.

2.2.4 Mfn& Operations
After the top-soil is removed from the mining area
the overburden benches are individually drilled and
blasted. The overburden for the mines of the 20 MW
and 50 MW plants are loaded by front end loaders
with bucket cap=,cities of 10 c'lbic metres into 77
tonne trucks, whereas th~ o~erburden of the mine
for the 400 MW plant will be laarled by 20 cubic
metre electric power shovels 7~'(o 136 tonne
trucks. Overburden will be hauled to the
out-of-pit waste pile until sufficient space is
available in the mine to start backfilling. Mining
of the oil shale for the two smaller mines will be
b~.bulldozers ripping the oil shale and scrapers
loading the ripped shale for deliver,y to the
portable crusher. Mining of the shale in the
larger mine 1~11l be by su~face miners which load
the broken shale, minus 150 m, into trucks for
deliver,y to the truck ~ump hoppers. selective
mining will be practiced in each of the mines.



Table 2-4
··MINE OPERATING AND PRODUCTION SCHEDULES

OPERATING SCHEDULE PRODUCTION SCHEDULE
SHIFTS/YR. TONNES/YR

300 390,000
900 973,000
900 7,783,000

2-6

Oil shale from the mine supporting the 400 MW plant
is' selectively mined and loaded by two surface
miners, each with a capacity of 2000 tonnes per
hour, for delivery by 136 tonne trucks to the truck
dump hoppers. The surface miners produce a product
that is less than 200 mm t and therefore, a primary
crusher is not required. From the hoppers the oil
shale is moved to the surface via belt conveyor
where it enters an automatic sampler before It is
placed on a traveling stacker for stockpiling into
two lV' slot storages. While one $tockplle is
being built and tested, the second is reclaimed by

2.2.5 0~1 Shale Handling
Oil shale at the mines for the 20 MW and 50 MW
plants will be placed in stockpiles by the scrapers
according to grade. Afront end loader will feed a
portable crusher frc~ these $tockpiles. The
crushed material is loaded directly from the
crusher into 77 tonne trucks for transport to the
surface oil shale process plant stockpiles. While
one stockpile ~s being built and tested, the second
is being reclaimed and loaded by front end loader
into the processing system. The performanc~

specification of the oil shale is approximated in
three steps before it enters the process plant for
crushing; namely, selective mining, mixing at the
portable crusher and reclaiming from stock ptle.

MINE
20 MW Plant
50 MW Plant
400 MW Plant



two variable speed plow feeders for delivery to the
process plant. This system has the capability of
providing the process plant with large volumes of
oil shale that will be relatively uniform in
qual ity.

2.3 011 Shale Processing
2.3.1 Crushing and Screening

Oil shale for the 20 MW and 50 MW plants will be
processed in id\!tItica1 crushing plants. The
process plant fer the 20 MW plant is scheduled for
~10 shifts per year; whereas, the 50 MW plant is
scheduled for 900 shifts per year. Secondary
crushing and sizing of the oil shale to a minus
8 mn product will be accomp11 shed by a revers ib1e
impactor (373 kW motor) in c10~ed circuit with a
screer.. The design capacity of this plant is 250
tonne per hour which will provide sufficient oil
shale when the power plant is operating at 100
percent capacity.

The process plant for the 20 MW plant can attain
this capacity while operating at an 87 percent
efficiency. It is expected that this plant wll1
operate with a minimum down time for maintenance
which will be accomplished on the second and third
shift, if necessary. The process plant for the 50
MW plant will operate at a 72 percent efficiency to
achieve the design capacity. Maintenance downtime
will occur during an v~erating shift.

The secondary crushing and screening plant for the
400 MW plant will consist of three parallel
streams. Each stream will ~ave a reversible
impactor (1492 kW motor) iro closed circuit with two
screens. Two streams will be operating while the
third will be on stand-by or out of service for

2-7



maintenance. The design capacity of each stream is
1000 tonne per hour which is adequate for two
streams operating at an overall efficiency of 72
percent to maintain the fuel requirements of the
400 MW plant while it operates at 100 percent
capacity factor.

The friability of the Sultani oil shale has not
been determined and it should be detennined by test
work before crushing equipment is selected. The
impactors selected for the stuqy are believed to be
adequate for the capacity requirements.

2.3.2 Sampling. Storing and Blending

After the oil shale is crushed and sized. it enters
a three stage sampler where reresentative samples
are taken for analytical detenninations. From the
sampler the oil shale is conveyed to storage. The
storage capacity is designed to hold a three day

supply. For the 20 MW and 50 MW plants the storage
capacity consists of three steel bins and for the
400 MW plant there are five concrete silos. The
steel bins are each equipped with a variable speed
feeder and each of the concrete silos have seven
variable speed feeders. The final correction for
the quality of the feed to the power plant is made
at the time the oil shale is drawn from storage by
blending the products from two or more bins or
silos.

2.4 Capital Cost

The capital costs as determined are order of magnitude
estimates based on bUdget price~ from equipment vendors.
Bechtel 's experience and historical records for projects in
that part of the world. and mining costs from a local
Jordanian contractor. The summary of costs listed below
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excl~de interest during construction, spare parts and
working capital. These costs are included in the cash flow
analyses. The cost basis of this report is second quarter
of 1988.

2.5 Operating Cost
2.5.1 Summary of Operating Cost

Operating costs are comprised of costs associated
with maintaining and operating the mine equipment,
process plant facilities, the mine services
facilities and the cost of the work force. Other
operating costs such as explosives and insurance
are included with the cash flow analysis.

Table 2-6
SlM1ARY OF ANNUAL OPERATING COST

400 MW Plant
US $1000

11935
2394
150

2411
16890

30915
66012
60989

157916

400 MW

US $1000

/833
12202
8388

28423

50 MW Plant
US $1000

2651
290

50
1218
4209

2-9

4900
11090

6945
22935

20 MW Plant
US $1000

828
127

25
735

1715

Tab12 2-5

SUMMARY OF CAPITAL COST
20 MW 50 MW

US $1000 US $1000

Mine Development
Mine Equipment
Process Plant Facilities

TOTAL

Mine Equipment
Process Plant
Services Building
Labor

TOTAL



2.5.2 Summary of Work Force '
The mine and shale processing work force consisting
of permanent expatriate employees, the non-manual
employees such as supervisors, engineers and
administrative workers, and the operators and
maintenance workers is listed below for the 20,50
and 400 MW plants.

2.6 Cash Flow Analysis
The cash flow analysis for each of the three power plants
reflects all costs known in the mining and preparation of
the oil shale as a boiler fuel. The determined fuel costs
are preliminary based on order of magnitude capital cost
estimates, operating costs which are reasonable but
variable, interest rates that couid fluctuate, and all
remaining costs that are subject to change. Although the
fuel costs .~s determined are preliminary, it is expected
that they will fall within the order of magnitude range of
minus 15 percent and plus 25 percent.

Expatriate
Non-Manual
Operators
Maintenance

TOTAL

Table 2-7
SUMMARY OF WORK FORCE

20 K~ Plant 50 MW Plant
2 2

27 58
27 66

_...;,1,.;..9 37
75 163

400 MW Plant
2

70
201
105
378

400 MW Plant
US $1000

187239
56606
7.74

1.56

Table 2-8
SUMMARY OF PROCESSED OIL SHALE COSTS

SO/50 DEBT/EQUITY RATIO
20 MW Plant 50 MW Plant
US $1000 US $1000

27869 35115
6827 13118

17.50 13.48

3.53 2.72

Capital Expenditures
Annual Cost
Cost per Tonne, SIt
Cost per 106stu, S/106STU
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Table 2-9

2-11

400 MW Plant
US $1000
2~8~

48945
6.69
1.35

50 MW Plant
US $1000

37031
11556
11.88
2.39

20 MW Plant
US $1000
29389
5582

14.31
2.89

SUMMARY OF PROCESSED OIL SHALE COSTS
80/20 DEBT/EQUITY RATIO

The annual cost, cost per tonne and cost per million Btu are
weighted average costs over a 25 year period. These costs
reflect second quarter of 1988 costs and they are not
escalated.

I I

~/

Capital Expenditures
Annual Cost
Cost per Tonne, $/t
Cost per 106Btu, $/106BTU

2.7 Spent Shale Disposal
2.7.1 Spent shale pugged with 20 percent water by weight

will be conveyed from the pug mills to a dump area
w~thin the power plant site. The spent shale is
loaded by frontend loader into haul trucks and
hauled to the out-of-pit waste pile in the early
years of plant operation and then to the
backfilling operation in the pit. Equipment used
for this purpose is the same as used in the mining
operation and it is interchangeable. For this
stu~ it is assumed that the spent shale is
non-toxic and that the amount of water used in
pugging is adequate for dust control in the
disposal plan and that no special measures are
required to protect the ground water or to suppress
fugitive dust when dumping the spent shale ash
together with overburden.



2.7.2 Spent Shale Disposal Costs
These costs were detenninad by the same method used
for mining and preparing the oil shale as fuel for
the power pl ant.

Table 2-10

SUMMARY OF SPENT SHALE DISPOSAL COSTS
50/50 DEBT/EQUITY RATIO

2-12

2.8 Comparison of Mining Costs with Contractors Price
The scope of work in the contractor's quoted prices is not
defined, but the quotation appears to be for loading and
hauling overburden and oil shale a certain distance for a
price. If this assumption is correct, the additional work

400 MW Plant
US $1000

8572
ti378
1.04

400 MW Plant
US $1000

8714
5987
0.98

50 MW Plant
US $1000

2315
823

1.01

50 MW Plant
US $1000

2381
710

0.87

20 MW Plant
US $1000

1618
394

1.20

Table 2-11

20 MW Plant
US $1000

1664
316

0.97

SUMMARY OF SPENT SHALE DISPOSAL COSTS
80/20 DEBT/EQUITY RATIO

Capital Expenditures
Annual Cost
Cost per Tonne, $/t

Capital Expenditures
Annual Cost
Cost per Tonne, $/t
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required would be done under a force account. From the
Becllte1 Prefeasibi1 ity Study report, seJ ected costs were
extracted for the total cost of mining oil shale excluding
development cost and oil shale processing costs, and costs
to reflect only drilling, blasting, loading and hauling
associated with the mining of oil shale. The contractors
quoted prices were determined on a cost per tonne basis for
comparison. These costs comparisons are listed below:

3.86
2.94

4.10-4.41

400 MW Plant
$/Tonne

50 MW Plant
$/Tonne
7.42
4.67
4.58

20 MW Plant
$/Tonne
8.12
4.66
4.58
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COMPARISON OF MINING COSTS WITH CONTRACTOR'S PRICE

Bechtel Total Mining Cost
Ber~te1 Load and Haul Cost
Contractor's Price



3.0 RESERVE EY~LUATION

3.1 Geology
The Su1tani oil shale deposit is located 115 km south of
Amman and it can ~e reached on the Amman-Aqaba Highway. The
area is essentially flat. but the east side of the deposit
is bordered by a ridge of moderately high mountains which is
the limit of the oil shale deposit. Faults cross the area
and the Su1tanf graben. in which the oil bearing Muwaqqar
Chalk Marl Formation is preserved. is formed by two faults.
The eastern boundary fault has a NNW-SSE trend and the
western boundary fault has the same trend in the northern
area but gradually changes course and meets the eastern
fault in the SE corner of the deposit. The graben is
approximately 3 km wide and 8 km long and dips generally
towards the NE.

Underlying the Muwaqqar Chalk Marl Formation is the A1 Hasa
Phosphorite Formation. The phosphorite unit exists on the
east and west of the Sultani graben and it was also
encountered in the drilling within the graben. Overlying
the Muwaqqar are fluviatile and lacustrine gravel of
Pleistocene Age and alluvium and wadi sediments of Holocene
to recent.

3.2 Previous Exploration
A total of 53 boreholes were drilled in two phases. The
first phase occurred between 1982 and 1983,when 26 holes
were drilled by the Natural Resources Authority (NRA) and
BGR of the Federal Republic of Genmany. Percussion dr~lling

accounted for 2050 metres of this drilling and 255 metres
were cored. The second phase was completed by NRA in 1986.
A total of 2087 metres were drilled of which 387 metres were
cored.
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Based on this drilling, geologic maps were made of the
deposit and consist of the following:

The thicker 011 ~ha1e beds contain a greater
percentage of oil as compared to the thinner beds.

Structural contour map of the upper oil shale surface
Structural contour map of the lower oil shale surface
Isopach map of the overburden
Isopach map of the oil shale
Iso-line map of the oil content percent

The Fischer analysis was used to detennine'the oil content
of 42 boreholes. Other analysis such as calcium carbonate,
surfur, inorganic carbon and organic carbon were detennined
for 15 boreholes.

o Org~nic carbon was found in amounts averaging to
between 8 and 11 percent.

o The sulfur content of the oil shale varies between 1.6
and 4.3 percent with most values between 2 and 3
percent.

o The overburden thickness ranges between 34 metres and
86 metres. The minimum thickness is found in the NW
part of the deposit and the maximum is in the SEe

o Oil shale thickness varies betwe~n 1.5 metres and 65
metres. The greatest thickness is in the SE part of
the graben. The lower part of the Muwaqqar Chalk Marl
Formation consists mainly of bituminous calcareous
marl.

3.3 Findings of Oil Shale Exploration
From the conducted exploration programs. the following
findings are summarized:



3.4 Oil ~hale Reserves
The reserves computations are based on the oil shale isopach
map prepared by NRA. The geologic information for this map
was obtained from drill holes spaced on approximately 1 km
centers. Drilling information is sparse in the south end of
the deposit as well as in the nor~heast area. More reserves
exist north of the stuqy area, but are excluded because of
unavailable information. The available information is
adequate for this prefeasibility stuqy as the reserves fall
into proven and probable categories. For the final mine
planning more drilling and testing will be required.

Mineable reserves were determined on the basis of the
following criteria:

oil content of greater than 5 percent

strip ratio of less than 3:1 (overburden, m3:
ofishale, m3)

An overburden thickness cut-off was not considered because
depths encountered in tile southern part of the deposit can
be mined successfully. Some of the deeper mineable reserves
were eliminated by the established criteria.

Based on this criteria, the deposit has two distinct areas:
one in the north a~d one in the south connected by a narrow
throat of approximately one half kilometre wid:e of low grade
oil shale in the central part of the deposit. Because of
the two distinct areas, the reserves were calculated
separately. Refer to Figure 1.1 for the mining limits of
the reserves.

The findings of this in/estigation are sUlll11arized as follows:
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Table 3.2

3.5 Reserves by Percent Of1 Content
Based on the 5 percent oil content cut-off, the oil shale
reserves were detenmined by their oil content percentage as
follows:

Adensity of 1.8 tonne per cubic metre was used in
determning the quantity of oil shale. The strip ratios in a
mining operation will be slightly higher than those
tabulated above because of additional overburden from the
pit end and side slopes and oil shale losses that occur in a
mining operation.

__ ~l /'

Tota1
6t.xl0

320.329
658.598

978.927

61 Ofl 71 Ofl 81 Oil 9S Ofl 101 Ofl
t.xl06 t.xl06 t.xl06 t.xl06 t.xl06

24.440 158.075 114.407 23.407
82.416 238.067 186.870 144.42 4.750

106.856 396.142 301.277 167.827 4.750

QIL SHAlE RESERVES BY PERCENT OIL CONTENT
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Table 3-1

SULTANI OIL SHALE RESERVES

Oil Sha12 011 Content ove§burde~ St§1p R!tfos
Area Tonnex.l0 Percent Mxl06 M3/M M/Tonne

North 320 7.44 384 2.16:1 1.20 :1
South 658 7.61 627 1.71 :1 0.95:1

Total 978 7.55 1011 1.86:1 1.03:1

The on content percentages used. in the above table are
based on average values for a borehole. Oil content
percentages as presented in the data were detennined in
sample increments of one metre. These detenminations
indicate 011 contents that are SUbstantially greater than
the a~arage values as well as oil shale samples that were
nearly bar~en of oil.

51 011
t.xl06

Nil
2.075

2.075

North
South

Tot.~l

Area-



3.6 Current Exploration
The NRA is currently exploring the area in the vicinity of
the trial pit. The proposed drilling program has hole
spacings on 150 metre centers and consists of 29 drill
holes. The results of the four drf,l holes drilled in the
trial pit, indicate that the oil content of the oil shale is
about 7.5 percent which compares to the 7.55 percent
determined for the entire deposit. Subsequent to the four
hole drilling program, nine drill holes were drilled in Area
1 which is located south of the trial pit base and 15 drill
holes were drilled in Area 2 located east of Area 1 on the
south side of the trial pit. Two of the drill holes in Area
1 had negative results and were excluded from the Area 1
results which had a weighted average of 7.48 percent oil.
Area 2 had an average of 7.75 percent oil.

It is recommended that additional core hole drilling
continue in the areas south and north of this recent
drilling on hole spacings of 150 metres. In the area east
of this location, fill-in holes should be drilled to
establish a grid that is on spacings of 500 metres. Only
the North Pit area should be explored.
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4.0 20 MY DEMONSTRATION PLANT MINE PLAN

4.1 Environmental Considerat~

Prior to.the commencement of on-site operations, site
specific environmental baseline studies should be conducted
to develop data in all relevant areas. The key areas to be
addressed are the development of protective measures for
both surface and ground water supplies, the determination of
measures to mitigate surface and groundwater contamination
due to mining, further soil testing of the overburden for
chemical properties and their su1t:~ility for revegetation,
site specific air quality monitoring and modeling to ensure
that models which are developed are predictive of the mining
operation to aid in developing necessary mitigation
practices, and the development of protective measures for
noise levels and the detennination of measures to mitigate
noise levels due to mining for protecting the health and
welfare of the general public. The program should also
develop specific plans and measures related to special
conditions, socioeconomic impacts, archeology, paleont~logy,

historical, recreation and human health effects.

4.2 Mine Development Pla"
Aminimum capital expenditure for the development of this
small mine is in the best interest of the project to keep
the fuel costs as low as possible. It is, therefore,
recommended that the existing trial pit be expanded during
the construction phase of the demonstration power plant so
that the mine can meet the fuel requirement when the power
plant is placed in commercial operation. Assuming that the
demonstration plant is successful, and that a full scale
plant will be constructed, the small mine will be in
temporar,y use until a larger scale mine is developed to
support the 400 MW project. The mine plan is developed for
a loader and truck operation. Refer to Figure 1.1 for
location of mine.



The-mine development plan consists of widening the existing
ramp, opening the pit with a box-cut, removing and storing
top-soil, building haulroads and sedimentation ponds,
excavating water ditches, and preparing an area for the
disposal of oJerburden and spent shale. It is assumed that
all of this work will be awarded to ~ local contractor.

Although the GOJ may not have environmental regulations in
force, it is intended that the environment will be protected
to the satisfaction of the donor agencies. If it is
determined that the alluvium and wadi sediments are worth
saving to restore the disturbed ar~as at the end of the
project, the sediments will be reMoved from those areas.
These areas include the box-cut, the haul roads,
sedimentation ponds, the waste disposal area, as well ~~ the
mine service facilities, the area for stockpiling oil shale
and the oil shale processing plant. The sediments will be
stored and protected to prevent their erosion.

The haul roads will be constructed with local materials and
will be wide enough to accommodate two-w~ traffic for the
77 tonne trucks. This width will be 25 metres including
shoulders. Proper drainage will be included on both sides
of the highway and culverts will be installed at proper
intervals. "Rain water run-off from the roads will be
collected in sedimentation ponds which will have zero
discharge. Three major haul roads, totaling approximately
10 km, will be constructed between the pit and waste
disposal, between the pit and process plant, and between the
power plant and waste disposal.

The disposal area for the overburden and spent shale will be
located outside of the oil shale deposit on the east side.
Awater ditch will be dug around the area to collect rain
run-off water cram the waste piles. The ditch will direct
the water to a sedimentation ponds. Other sedimentation
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ponds will be constructed to collect rain run-off water from
disturbed areas at the process plant. ~i1 shale stockpiles
and the mine service facilities. Awater ditch will be dug
around the box-cut to prevent pristine water from entering
the pit. The collected water from the ditch will discharge
into a natural drainage. Water run-off within the pit will
be collected in a sump and will be used for wetting the haul
roads.

When the environmental work impacting the mine is completed.
the pit excavation can begin. The ramp width will be wide
enough to acconmodate two-way traffic for the 77 tonne
trucks and will be at least three times the width of the
truck which is approximately 5.5 metres. The box-cut will
be excavated nonmal to the ramp and will consist of four
benches in overburden. The bench height will not exceed 10
metres. In order to gain access to the box-cut for
development of the benches. incline roads from the main ramp
will be cut into the overburden. These roads will be wide
enough to acconmodate two-way traffic and will extend around
the west side of the box-cut to the east side of the box-cut
which will be the advancing face. The advancing face
benches will be 40 metres wide. The box-cut configuration
will be approximately 220 metres wide by 150 metres long at
the surface; 60 metres wide by 85 metres at the top of the
oil shale and 35 metres deep. Approximately 500.000 bank
cubic metres will be excavated and hauled from the box-cut
to the waste disposal. The box-cut will uncover about
125.000 tonnes of oil shale or about one third of the annual
requi rements.

4.3 Mine Operation
4.3,.1 Contractor's Cost
It ~s understood that the Natural Resources Authority (NRA)
have received several proposals for mining the oil shale for
the demonstration plant. The latest proposal was received
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on 12 April 1988 from the Jordan Economic Development and
Trading Company (COMEDAT). The cost quoted for the removal
of overburden was 680 fils per cubic metre transported up to
1.5 km. and the cost for mining the oil shale was 870 fils
per cubic metre transported a distance of 1.0 km. Added
cost for transporting oil shale beyond 1.0 km was 29 fils/
tonne/km. The assumption is that the quote is given in bank
cubic metres for the purpose of comparing costs to the
Owner's mining costs developed in this study. This
comparison is addressed in a la~r section of this report.

These are not complete costs and are therefore not useable
as total mining costs. They were used in some of the mine
development costs such as removing overburden from the
box-cut where ~ contractor is expected to perform all
development and construction work. In this report the
operation of the mine is based on all mining investment and
operations to be by Owner with OWner equipment.

4.3.2 Overburden
Top-soil from the pit area will bP. removed by a
Caterpillar 631E scraper with auger or its
equivalent. (All equipment mentioned in this report
bya vendor desingation is considered to have an
equivalent. Since it is known that an equivalent
piece of equipment can be used. it will not be
mentioned in the remaining text.) The top-soil ~ll

be pl aced in storage. from where it will be reused
as required for land reclamation. After the
top-soil is removed an Ingersoll-Rand DM25 blast
hole drill will drill 170 mm diameter holes on a 5 m
by 5 m. pattern for each of the four benches. ANFO
will be the major blasting agent used. The blasting
pattern is subject to change as blasting experience
is gained. Overburden will be loaded from four
benches (overburden thickness varies between 35 and
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40 metres) by a Caterpillar ~92C front end loader
with a 10.3 m3 bucket into Caterpillar 777
off-highw~ trucks which have a 77 tonne capacity.
It is estimated that three trucks will be required
to haul the overburden 3 km to the out-of-pit
verburden waste pile. This operation is planned for
50 weeks per year, six days per week and eight hours
per day. Approximately 500,000 bank cubic metres
per year will be hauled to the out-of-pit
stockpile. The stockpile will be maintained level
and orderly by a Caterpillar D9N bulldozer.

4.3.3 Oil Shale Mining
In o~der to approach or meet the performance fuel
specification, selective mining was chosen as the
method of mining oil shale from the pit. A
Caterpillar 010N bulldozer with ripper will rip the
oil shale and two Caterpillar 631E scrapers equipped
with augers will load and deliver the oil shale to
either a high or low grade stockpile in the pit.
From these stockpiles a Caterpillar 992C front end
loader will f~e~ a portable crusher where the oil
shale will be reduced in size to approximately
100 mm. The crusher product will be loaded directly
frOm the crusher into Caterpillar 777 trucks ~ich

will transport the oil shale to the processing plant
stockpiles. In loading the portable crusher, the
operator will make a mixture of the two grades of
oil shale to approximate the specification of the
power plant performance fuel. Annual production of
oil shale for the 20 MW project is estimated at
390,000 tonnes. This part of the operation will be
scheduled for 300 shifts per year.
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4.3.4 Mine Design Basis

The mine design is based on mining ,oil shale meeting
the perfonmance fuel calorific value specification
of 2250 Btu per pound. The energy input to the
boiler is 294.8 x 106 Btu per hour which is
equivalent to 59.42 tonnes per hour of the
perfonmance fuel. The annual fuel requirement based
on a 100 percent power plant capacity factor is
520,519 tonnes and 390,389 tonnes for a 75 percent
capacity factor= The mine will be designed to meet
the fuel requirement of the power plant when it
operates at a 100 percent capacity factor. The mine
will be scheduled to operate 300 shifts per year,
2400 hours per year. The mining, crushing and
delivery system will be designed for 250 tonnes per
hour. The actual required output for a 100 percent
power plant capacity factor is 216 tonnes per hour
or approximately 86.5 percent of the design
capacity. The annual rate of removing overburden
will be approximately 500,000 bank cUbic metres and
the rate of mining oil shale will be 390,000 tonnes
per year.

4.3.5 Loading and Hauling Equipment Selection Mining
Criteria

1. Annual tonnes of oil shale required: 390,000
tonnes

2. Annual overburden removal (1.3:1 strip ratio)
507,000 bm3

3. One way haul: Oil shale = 3 km, Overburden = 3 lm
4. Swell: 30 percent

5. Total rolling resistance: 4 percent
6. Truck load: 77 tonnes = 51 m3
7. Front end loader: 10.3 m3
8. Portable crusher: 300 tonnes/hr.
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9. Operating schedule: 300 shifts/year, 8 hrs/shift
10. Design basis: Oil shale = 520,000 tpy,

Overburden = 676.00 bm3/y

Required Front End Loaders for Overburden
1. Number of passes to load truck = 5
2. Cycle time = 0.7 minutes
3. Spot time = 0.3 minutes
4. Load time = 3.5 minutes

Total load time per truck =3.8 minutes

Theoretical number of trucks loaded in one hour
SO min/hr divided by 3.8 min/truck = 15.79
trucks/hr.
@90 percent mechanical avai1a~i1ity and 60
percent utilization, overall FEL efficiency is
54 percent.

Number of trucks loaded in one hour/FEL
15.79 trucks/hr x 0.54 =8.62 trucks/hr.

Bank cubic metres/300 shifts/yr/FEL
8.62 trucks/hr x 2400 hrs/yr x 51 m3/truck x

0.769 load factor =811363 bm3

Number of FEL required for overburden loading
@100S capacity factor

676,000 bm3/yr divided by 811.363 bm3/yr/FEL =
0.83 FEL

@75S capacity factor
507,000 bm3/yr divided by 811,363 bm3/yr/FEL =

0.62 FEL
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Required Front End Loaders for Oil Shale
Design basis of de1ive~y to the process plant will
be 250 tph to meet the fuel requirements of the
power plant when operating at 100 percent capacity
factor. Truck loading is limited by the portable
crusher capacity of 300 tph. and not the FEL which
has a large capacity.

Trucks to be loaded and delivered to meet design
capacity:

250 tph divided by 77t /truck = 3.25 truck/hr.

Trucks capable of being loaded from crusher @100$
capacity:

300 tph divided by 77t /truck = 3.90 truck/hr

Efficiency of loading system:
3.25 truck/hr divided by 3.90 truck/hr =0.83

Number of FEL required for oil shale loading
@100$ capacity factor

1 FEL x 0.83 efficiency =0.83 FEL

@75$ capacity factor
1 FEL x 0.75 x 0.83 = 0.63 FEL

Total FEL Required for Overburden and Oil Shale

@100$ capacity factor
Overburden 0.83 FEL
Oil Shale 0.83 FEL

Total 1.66 FEL

@75$ capacity factor
Overburden 0.62 FEL
Oil Shale 0.63 FEL

Total 1.25 FEL
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80 percent
83 percent
66.4 percent

0.30 min
3.50 min
5.70 min
0.50 min

3.75 min
~3.75min

Travel empty
Total

Required Trucks for Overburden
Cycle Time

Spot
Load
Travel loaded
Dump

@75~ capacity
507,000 bm3/yr. divided by (171 bm3/Hr/truck x

0.664 eff) =4465 truck hrs/yr.
scheduled hours =2400 hrs/yr.
4465 truck hrs/yr. divided by 2400 hrs/yr.

=1.86 trucks

Two(2) FEL will be assigned for the 20 MW plant.
Because of the excess capacity at design capacity
and operating one shift per day, a spare FEL will
not be required.

Number of trucks required
@ 100i capaci ty

676,000 bm3/yr divided by (171 bm3/hr/truck x
0.664 eff) ~ 5954 truck hrs/yr.

scheduled hours =2400 hrs/yr.
5954 truck hrs/yr. divided by 2400 hrs/yr.

=2.48 trucks

bm3/truck/i,:, = 60 min divided by 13.75 min/cycle
x 51m3 x 0.769 load factor =171 bm3/hr/truck
(theoretical)

Mechanical availability
Utilization
Efficiency
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80 percent
83 percent
66.4 percent

0.30 min
11.55 min
5.70 min
0.50 min
3.75 min

21.8 min

Cycle time
Spot
Load
Travel loaded
Dump
Travel empty

Total

@75~ capacity factor
188 tph divided by {2.75 cyc/hr/truck x 0.664
efficiency x 77t/cycle} =1.34 trucks

Required Trucks for Oil Shale
Design capacity @100 percent power plant capacity
factor is 250 tph.

Number of trucks required
@100~ capacity factor

250 tph divided by (2.75 cyc/hr/truck x 0.664
efficiency x 77t/~ycle) =1.78 trucks

Mechanical availability
Utilization
Efficiency

Theoretical cycles/truck/hr
60 min/hr divided by 21.8 min/cycle =2.75
cycles/hr.

Total Truck Requirement
@100~ capacity factor

Overburden 2.48 trucks
Oil Shale 1.78 trucks

Total 4.26 trucks



5.0 20 MW DEMONSTRATION PLANT PROCESSING PLANT

5.1 Stockpiling and Reclaiming
Oil shale delivered by truck from the mine to the processing
plant (see Figure 5.1 for f1owsheet) will be stored in two
separate stockpiles. While one stockpile is being built,
the second will be reclaimed by a Caterpillar 988 front end
loader which delivers the oil shale to a 50 tonne dump
hopper. The oil shale feeds out of the hopper onto a 600 mm
wide belt conveyor that conveys the product to the
hammermil1 feed bin.

Sampling and analyzing of the oil shale will take place as
the stockpiles are built. These analyses will be used to
control the quality of the oil shale deliver from the pit as
well as the quality of the oil shale as it is reclaimed.
Upon reclaiming the oil shale, the front end loader has the
flexibility of loading shale from many points of the tested
stockpile and the potential of making a mix that
approximates the performance fuel specification. Oil shale
processing is scheduled for 300 shifts per year.

5.2 Crushing and Sizing
Crushing and sizing of the oil shale to a minus 8 mm product
will be accomplished by a reversible impactor in closed
circuit with a vibrating screen. The 600 mm belt conveyor
conveys minus 100 mm oil shale at a rate of 400 tonne per
hour to the impactor feed bin which has a capacity of 500
tonnes. The bin is approximately 5 metres in diameter and
13 metres high. Avibrating feeder with variable spe~d,

distributes the minus 100 mm oil shale at a rate of up to
250 tonnes per hour unifonnily across the hammers of a
Pennsylvania Reyersible Impactor Type CAL 15-14. This
impactor is powered by a 373 kw motor and is capable of
reducing a friable material of this feed size to a 6 mesh
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The design will provide sufficient capacity for the power
plant while operating at 100 percent capacity, and the
processing plant overall operating efficiency is 87 percent.

Any major maintenance will be scheduled during the power
plant scheduled outage. With proper maintenance, the
downtime of this plant will be minimal during normal
operating periods.

(3.36 mm) product at a rate of 360 tonnes per hour. The
crushing and screening plant ~i11 be designed for 250 tonnes
per hour for a minus 8 rom prodlAct. Friability tests of thp.
oil shale are required to ver~fy the design capacity.

The impactor product is discharged onto a 900 mm wide belt
conveyor which conveys the material to a Pennsylvania BHG
24/60 (2.4 m by 6.0 m screen deck) vibrating screen. The
oversize product from the screen is returned to the impactor
by a 900 rom wide belt conveyor and the undersize product
enters a three stage automatic sampler. The return conveyor
is designed for a 100 percent circulating load.

5.3 Sampling, Storing and Blending
The minus 8 mm vi~rating screen product will be discharged
into a sampling tower where samples will be taken in
accordance with ASTM standards. These samples will be
analyzed at an on-site laboratory for control of the quality
fed to the power plant. From the sampler the product will
be stored in three steel bins each with a live capacity of
1300 tonnes and having dimensions of approximately 10 metres
in diameter and 20 metres high. Each bin will contain the
fuel requirement of an average day for the power plant. The
bins will be equipped with variable speed feeders for use in
making the final mixing of the oil shales at the time of
delivery to the power plant.
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The 'variable speed feeders are the interface between the
process plant and the power plant. The belt conveyor
delivering oil shale to the boiler bunker is for the power
plant account.





6.0 20 MW DEMONSTRATION PLANT MINE AND PROCESS PLANT ECON<I4ICS

Base Delivery Erection Total Foreign Local
$ $ $ $ $ $

Mine Development 4444 40 416 4900 589 4311

Mine Equipment 9241 1386 463 11090 9989 1101

Process Plant Facilities 2301 267 4377 6945 2081 4864

iOTAL 15986 1693 5256 22935 12659 10276

CAPITAL COST SUMMARY FOR 20 MW DEMONSTRATION PLANT
(in U.S. $1000)

Table 6-1

Expenditures
Summary of Capital Expenditure
The capital expenditures for the mining and
processing plant were determined for the mine
development, the mining equipment and the
construction of the oil shale process plant. The
following table summarizes these expenditures.

6-1

These cost are representative of expected costs in
Jordan at this time and include engineering,
procurement, construction management, direct and
indirect construction costs, ocean and inland
freigh~, and a 10 percent contingency. C~nstruction

costs are based on Bechtel's experience in the area
of Jordan and with the benefit of conceptual
engineering. The mining and processing equipment
cost estimate is based on vendor bUdget prices. The
delivery cost estimates are average costs taken from
Bechtel's records. Special handling features are
excluded from the delivery estimate because of their

Capital
6.1.1
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wide range of costs. Alarge percentage of the mine
development work is based on Comedat's quote of
April 12, 1988 for drilling, blasting, loading and
hauling overburden. It is to be noted that this is
an order of magnitude cost estimate with a range
spread of minus 15 percent to plus 25 percent of the
capital cost presented in the cost summary.

6.1.2 Estimate Basis
Capital equipment quotations were solicited by
telephone from a number of vendors. Only budget
prices were requested. Installation manhours were
assigned to each item of capital equipment based on
recent historical data. Values for process piping,
electrical, and instrumentation were based on
standard factors of the value of the process
mechanical equipment as determined from experience.

Bulk construction material and building cost
estimates are based on using local suppliers and
contractors.

Installation manhours and costs are based on
Bec~tel 's experience in the area of Jordan.
Included in these costs are base wages, overtime
allowance, fringe benefits, small tools and
consumables and contractors overhead and profit.

The major construction indirect costs items are the
supply and maintenance of temporary construction
facilities and services and the rental and operation
of construction equipment.

A factor of 15 percent of the value of the
mechanical equipment was used for the delivery cost
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Table 6-3

included as operating costs in the cash flow
analysis. The following summa~izes the operating
costs:

Expatriate labor will be used for training and start
up purposes. Only two key expatriate workers will
be retained in the permanent work force and the
remaining will be replaced as soon as personnel are
trained. In addition to the two expatriates, there

6.2.1 Basis of Operating Costs

Table 6-4 Mine and Processing Plant Operating Costs
presents the method by which the costs were
determined for the mining equipment and the process
plant facilities as well as the mine services
building. There are many variables that influence
operating costs and' operating costs can be
significantly different between companies. The cost
and factors used in this estimate were developed by
Bechtel from a number of sources and they should be
representative of costs expected to occur in Jordan.

OPERATING COST SUMMARY FOR 20 MW DEMONSTRATION PLANT
(in U.S. $1000)

Annual Operating Foreign LocalCost $ $ $
Mine Equipment 828 495 333
Process Plant 127 77 50
Services Building 25 25
labor 735 297 438

TOTAL 1715 869 846



will be a total of 27 people involved with
supervision, technical and administrative work, a
total of 27 people to operate the mine and Drocess
plant and 19 people to maintain these operations.

The total work force will include 75 people. Labor
rates and benefits used in this estimate are from
the Jordan Electric Authority and from other mining
studies performed in the Jordan area. The labor
cost for the work force are presented in the
following:

Table 6-5
Table 6-6
Table 6-7
Table 6-8

Table 6-9

Work Force Summary
Expatriate Work Force
Professional/Technical/Administrative
Mine and Process Plant Operator Work
Force
Mine and Process Plant Maintenance
Work Force

6.3.1 Summar,y of Cash flow Analysis
Table 6-11

6.3 Cash Flow Analysis
The cash flow analysis for the 20 MW Demonstration Plant is
shown on Table 6-10 20 MW Demonstration Plant Mining and
Processing Plant Cash Flow Analysis. The analysis consists
of a two year pre-production period and a 25 year operating
period. Debt-equity ratios of 50:50 and 80:20 are used in
the analysi s.

SUMMARY OF CASH FLOW ANALYSIS

Product Cost
$/106 Btu

3.43
2.79

17.04
13.85

Product Cost
$/Tonne

27869
29389

6-5

Capful Cost
$1000

50:50 Debt/Equity
80:20 Debt/Equity



The capital cost presented ahove includes the
interest during construction, spare parts and
working capital in addition to the capital
expenditures summarized in 6.1.1. The product cost
is a weighted cost for the 25 year operating period
for 390,000 tonne to be mined annually. The cost
expressed in $/106Btu is based on the performance
fuel specification of 2250 Btu/pound.

6.3.2 Cash Flow Analysis Basis
The capital expenditure for the mine development,
mine equipment and processing plant was presented in
Section 6.1. Added to these costs were spare parts
for the mine and process plant, and a working
capital fund. The spare parts amount to
approximately 10 percent of the base value of the
equipment and machinery cost and the working capital
wi 11 be sufft ci ent to cover -',hree months of
operating costs and other unforseen costs. Interest
during construction for the two debt-equity cases
are capitalized.

The operating costs basis for parts, supplies,
fuel and power, and wages and fringes were
presented in Section 6.2. In addition to these
costs are explosives and insurance. Explosives
are based on a powder factor of 0.2 kS per bm3

at a U.S.A. average blasting agents cost of
$125/short ton. Explosives are' used for
overburden blasting only. Insurance cost is
based on one half of one percent of the mining
equipment and the constructed process plant and
services building.

Interest expenses were computed at a rate of 10
percent and the loan term was 15 years.

6-6



6-7

Atwenty percent return on equity is used for
both debt-equity cases. This is the general
acceptable return used for U.S. mining ventures.

Amangement fee of SO.50 per ton is used for the
responsiblity of operating the mine and process
plant. It includes home office.expenses
attributed to the operation.

Depreciation is based on the economic life of
the mining and processing equipment in hours and
its estimated hours of use per year. Details of
these determinations are found in Table 6-12
Mine Equipment and Process Plant Depreciation.

The mine development, pre-production labor,
capitalized interest were amortized over a 15
year period and the mine se~ices building was
amortized over a 25 year per~od. The
amortization schedule is shown on Table 6-13 20
MW Demonstration Plant Amortization SChedule.

Since this studY excludes land costs, import duties,
sales and use taxes, property and facilities taxes,
income taxes for project operations, and income
taxes for expatriate employees, the cost of the on
shale product, $17.50 per ton and $14.31 per ton for
debt-equity ratios of 50:50 and 80:20', respectively,
are accurate to with~n the limits of the estimate,
which ranges between minus 15 percent and plus 25
percent.



TABLE 6.2

CAPITAL COSTS

20 MIl DEMONSTRATION PLANT

MINE AND PROCESS PLANT



Table 6-2
MINE DEVELOPMENT, MINE"' EQUIPMENT,

PROCESS PLANT FACILITIES CAPITAl. COSTS
2011I DEMONSTRATION PLAIIT
(Costs in U.S. $1,000)

UNIT BASE DELIVERY ERECTION TOTAL
JUAllTITY COST COST COST COST ~ FOREIGN LOCAl.MiNt DEVEUFMENT

1. Roads 10K 150 1.500 -- 150 1.650 150 1.500
2. Top Son RellOval & Storage 1OOxl 03• 3 2.00 200 -- 20 220 20 200
3. Over Burden ReIOval 5OOx103..3 2.20 1.100 -- 110 1,210 110 1.100
4. Trenches 10.()()(b 10 100 -- 10 110 10 100
5. sedi.e~tat1on Ponds 5 50 250 -- 25 275 25 250
6. Mine service Facilities 1 500 500 25 50 575 50 525
7. Mine Elect~ics 1 Lot 100 100 10 10 120 40 80
8. Engineering 1 Lot 250 2~0 -- -- 250 125 125

SUb-Total 4,000 35 375 4,410 530 3.880
9. Contingency - lOS 400 4 37 441 53 388-Sub-Total 4.400 39 412 4.851 583 4.268
10. Fee - 11 44 1 4 49 6 ~

TOTAL 4.444 40 416 4.900 589 4.311
MillE EQUIPMENT
1. SCraper 631E W/Auger 2 493 986 148 49 1.183 1,065 118
2. Bulldozer DION w/Ripper 1 411 411 62 21 494 444 50
3. Bulldozer D 9N w/Ripper I 329 329 49 16 394 355 39
4. Blast Hole Drill DM25 1 398 398 60 20 478 448 30

'-.;"'-.
'\. (-...
'-' .

.....



Table 6-2 (Cont)
MINE DEVELOPMENT. MINE EQUIPMENT.

PROCESS PlANT FACilITIES CAPITAL COSTS
2«»11 DEMONSTRATION PLANT
(Costs in U.S. $1.000)

UNIT BASE DELIVERY ERECTION TOTALjJlwnm COST COST COST COST COST FOREIGN LOCAL

5. Front End Loader 992C 2 665 1,330 200 67 1,597 1,437 160
f.. Haul Truck 777 6 486 2,916 437 146 3,499 3.149 350
1. Portable Crusher 300t/h 1 325 325 49 16 390 351 39
8. Water Pump 2 16 32 5 2 39 35 4
9. COllpactor 825C 1 289 289 43 14 346 312 34
10. Grader 16G 1 249 249 37 12 298 280 18
11. Water Truck 75000 L 1 486 486 73 24 583 525 58
12. ANfO Storage 1 30 30 2 2 34 1 33
13. Truck - Powder 1 32 32 5 2 39 35 4
14. Truck - Fuel 1 81 81 12 4 97 87 10
15. Truck 7 Service/Lube 1 77 77 12 4 93 83 10
16. Truck - Supply 1 18 18 3 1 22 20 2
17. Truck - Pickup 4 10 40 6 2 48 43 5
18. Survey Vehicle i 20 20 3 1 24 22 2
19. Personnel Bus 1 25 25 4 1 30 27 3
20. Lowbed &Tractor 0 132
21. Fork U ft 1128 1 73 73 11 4 88 79 9t-,\t\ 22. Compressor 1 21 21 3 1 25 23 2

~ 23. Shop Tools 1 Lot 150 150 23 8 181 170 11



Tlbie 6-2 (Cant)
MINE DEVELOPMENT. MINE EQUIPMENT.

PROCE~S PLANT FACILITIES CAPITAL COSTS
2011I DEMONSTRATION PLAlIT
(Costs in U.S. $1.000)

UNIT BASE DELIVERY ERECTION TOTAl.
~UANTITY COST COST COST cosr COST FOREIGN ~

24. Light Plants 0 --Sub-Total 8,318 1,247 417 9,982 8,991 991
25. Contingency - 101 832 125 41 998 899 99

Sub-Tot&l 9,150 1,372 558 10,980 9,890 1,090
26. Fee - 1S 91 14 '. 5 110 99 -11

Total 9,241 1,:.36 463 11,090 9,989 1,101

PROCESSING PLANT FACILITIES
1. Front End Loader 988 1 354 354 53 18 425 382 43
2. Feed Hopper 50 t 1 18 18 3 43 64 4 60
3. Belt Conveyor to Feed Btn 1 40 40 6 105 151 54 97

600. x 50.
4. Feed Bin SOOt 611 II x 1311 1 60 60 3 156 219 16 203
5. Feeder l00t/h - 300t/h 1 23 23 3 61 87 31 56

r- 6. Impactor 275 t/h 1 60 60 9 138 207 78 129
1. Belt Conveyor to SCreen

900m1 x 5(8 1 50 50 8 129 187 67 120- 8. SCreen 1 75 75 11 190 276 100 176



~ ...

Table 6-2 (Cant)
MINE DEVELOPMENT. MINE EQUIPMENT.

PROCESS PLANT FACILITIES CAPITAl COSTS
20MW DEMONSTRATION PLANT

(Costs in U.s. $1.000)

TOTAL
C~ FOREIGN ~

187 67 120

650 233 417
200 72 128
88 39 49

75 27 48

2,075 148 1,927
311 166 145
164 60 104
572 148 424
193 68 125
120 113 7

6,251 1,873 4,378
625 187 438

4,816
48

4.864

8 129

26 449
8 138
4 52

3 52
29 1.476
21 150

7 112
15 402
8 135

15 5

240 3,940
24 394

264 4,334
--.! 43

267 4.377

DELIVERY ERECTION
COST COST

UNIT BASE
QUAlffITY COST COST

9. Belt Conveyor to I.pactor 1 50 50
900. x 5(8

10. Sampler 1 175 175
11. Bel t Conveyor to storage 600. x 7511I 1 54 54
12. Belt Conveyor top of Storage 1 32 32

60(81 x 2(8
13. Diverter Valves 2 10 20
14. Storage Bins 10. , x 20. 3 190 570
18. Dust Collectors 4 35 140
15. Feeders 3 15 45
16. Electrics 1 Lot 155 155
17. Instru-entltion I Controls 1 Lot 50 50
19. Laboratory Equipment 1 Lot 100 100--Sub-Total 2,071
20. Contingency - 101 207

Sub-Total 2,278
....."0.
::g~ 21. Fee - l'



Table 6-2 (Cont)
MINE DEVELOPMENT, MINE EQUIPMENT,

PROCESS PLANT FACILITIES CAPITAL COSTS
2011I DEMONSTRATION PLANT
(Costs in U.S. $1,000)

CAPITAL COST- SlIIWlY FOR 20 !lie DEMONSTRATION PLANT IN U. S. $1 ,000

BASE DELIVERY ERECTION TOTAL
COST COST COST COST FOREIGN LOCAL

Mine Development 4,444 40 416 4,900 589 4,311
Mine Equtp.ent 9,241 1,386 463 11,090 9,989 1,101
Process Plant Facilities 2,301 267 4,377 6,945 2,081 ....!t864

GRAND TOTAL 15,986 1,693 5,256 22,935 12,659 10,276

u>
~,
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TABLE 6-4

OPERATING COSTS

20 III DEMONSTRATION PLAKT

MINE AND PROCESS PLANT



Table 6-4
MINE AND PROCESSING PLANT OPERATING COSTS

20 MW DEMONSTRATION PLANT
(Costs in US $1000)

OPERe COST
HOURLY MAINT &POWER/FUEL COST TOTAL ANNUAL BASE AS ~ BASE ANNUAL

Parts Consumable Lube Power/Fuel HOURLY $ OPERe HRS. COST $ COST. ~ OPERe $ FOREIGN LOCAL--
MIt!E EQUIPMENT
1. Scraper 9.60 9.22 2.40 14.45 35.67 2976 106 56 50
2. Bulldozer D10N 25.00 3.05 3.45 15.48 46.98 1392 65 39 26
3. Bulldozer D9N 21.00 2.56 2.90 13.02 39.48 1392 55 33 22
4. Blast Hole Drill 20.94 4.19 1.18 6.75 33.06 1536 51 39 12
5. Front End loader 8.85 16.52 1.42 19.93 46.72 2304 108 59 49
6. Haul Truck 10.50 9.50 1.37 10.50 31.87 7680 245 154 91
7. Portab1e Crusher -- -- -- -- -- 960 325 10 33 22 11
8. Water Pump 2.00 1.09 0.20 1. 72 5.01 876 4 2 2
9. Compactor 6.00 1.60 0.80 5.16 13.56 456 6 3 3
10. Grader 8.00 6.93 2.00 6.88 23.81 1536 37 23 14
1l. Water Truck 12.81 8.56 2.32 13.76 37.45 1536 57 32 25
12. ANFO Bulk Storage -- -- -- -- -- 240 30 3 1 -- 1
13. Truck-Powder 1.50 1.26 0.50 1. 72 4.98 960 5 3 2
14. Truck-Fuel 2.66 2.44 0.90 2.04 8.04 960 8 5 3
15. Truc~-Serv1ce/Lube 2.25 2.10 0.86 3.01 8.22 960 8 4 4
16. Truck-Supply 0.93 0.81 0.25 1.08 3.07 960 3 2 1
17. Truck-Pickup 0.44 0.39 0.20 1.29 2.32 3840 9 3 6

~



Table 6--4 (Cont)

MINE AND PROCESSING PLANT OPERATING COSTS
20 MY DEMONSTRATION PLANT

(Costs in US $1000)

OPER. COST
HOURLY MAlliT I POWER/FUEL COST TOTAL ANNUAL BASE AS S BASE ANNUAL

Parts COnsiiiible LUbe Power/Fuel HOURlY t (PER. HRS. COST! COST, SOPER. $_ FOREIGN ~

18. Survey Vehicl e 0.90 0.78 0.20 1.51 3.39 960 3 1 2
19. Personnel Bus 1.00 0.80 0.75 2.58 5.13 480 2 1 1
20. Low Bed &Tractor 6.00 4.75 1.00 6.02 17.77 120 2 1 1
21. Forklift 5.00 2.38 0.42 2.58 10.38 960 10 7 3
22. Compressor 1.71 0.22 0.26 1.47 3.66 240 1 -- 1

Shop Tools
.

23. -- -- -- -- -- 960 150 6 9 6 3
24. Light Plant

25. Surface Miner

26. Electric Shovel

27. Durlp Hopper

28. Feeders

29. Be1t Conveyor

FrOll Pit

30. Be1t Conveyor

To Sampler

31. Bel t Scale
\

C 32. Sampler
~ Electics. 33.



Table 5-4 (Cont)
MINE AND PROCESSING PLANT OPERATING COSTS

20 MW DEMONSTRATION PLANT
(Costs in US $1000)

OPER. COST
HOURLY MAINT &POWER/FUEL COST TOTAl. ANNUAl. BASE AS I BASE ANNUAL

Parts COnsiilibl.· LUbe Power/Fuel HOURLY tOPER. HRS. COST t COST, I OPER. L FOREIGN LOCAL

34. Truck-Mech/Weld
35. Truck-Electrician
36. Crane
37. Core Drill
38. Adlulance
39. Fire Truck
40. Farm Tractor &

Accessories
41- Back Hoe
42. Communication Equip.
43. Cable Skidder

Sub Total 828 495 333
PROCESS PLANT
1. front End Loader 6.12 11.42 0.98 13.78 32.30 1488 48 26 22
2. Belt Conveyor to

Feed Bin 40 8 3 2 1
3. Feed Bin 60 6 4 1 3
4. Feeder 23 6 1 1



Tlble 6-4 (Cont)
MINE AND PROCESSING PLANT OPERATING COSTS

20 MY DEMONSTRATION PLANT
(Costs in US $1000)

OPER. COST
HOURLY MAINT I POWER/fUEL COST TOTAL ANNUAL BASE AS I BASE ANNUAl.

'Irts conS",'l. LUbi Power/fuel HOURLY lOPER. HRS. COST t COST, I fl»ER. l.. FOREIGN LOCAl.

5. Impactor 60 10 6 4 2
6. Belt Conveyor to

Screen 50 8 4 3 1
7. SCreen 75 6 5 3 2
8. Be1t C~nveyor to

Illpactor 50 8 4 3 1
9. Sampler 175 6 11 6 5
10. Be1t Conveyor to

Storage 54 8 4 3 1
11. Bel t Conveyor Top 32 8 3 2 1

of Storage 20 6 1 -- I
12. Diverter Valve 45 6 3 2 1
13. feeder 155 8 12 9 3
14. E1ectr1cs
15. Instrumentation &

Controls 50 8 4 3 1
16. Dust Collectors 140 6 8 5 3
17. laboratory Equip. 100 6 6 4 2

fl



Table 6-4 (Cont)

MINE AND PROCESSING PLANT OPERATING COSTS
20 til DEMONSTRATION PLANT

(Costs in US 11000)

OPER. COST
TOTAl. ANNUAL BASE AS I BASE ANNUAl.

HOURLY t "ER. HRS. COST 1 COST.~ (PER. S fOREIGN LOCAl.

19. Plow Feeder Belt
Conveyor

20. Be1t Conveyor to

Transfer Twr.
21. Belt Conveyor to

Salllpler
Sub Total 127 77 50

OTHERS

1. Mine services Building 500 5 25 -- 25
SUb Total 25 -- 25-

GRAND TOTAL 9ao 572 408

"""V".,"
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TABLES 6-5,6,7,8,9

LASOR FORCE AHD COST

20 MW DEMONSTRATION PLANT

MINE AND PROCESS PLANT



-3 -2 -1 1 2-25
1991 1992 1993 1994-2017

SUMMARY - LABOR COST US $
EXPATRIATE 468,000 528,000 996,000 324,000
SUPERVISOR /TECH/ADMIN 73,800 102,600 205,200 205,200
OPERATOR WORK FORCE 167,580 167,580
MAINTENANCE WORK FORCE 104,760 -104,760

TOTAL 541,800 630,600 1,473,540 801 ,540

~/- (,.p-

TABLE 6-5

WORK FORCE SUMMARY
20 MW DEMONSTRATION PLANT

SUMMARY - NUMBER OF EMPLOYEES
EXPATRIATE 3 3.5 7.5 2
SUPERVISOR/TECH/ADM. 12 17.0 27 27
OPERATOR WORK FORCE 27 27
MAINTENANCE WORK FORCE 19 19

TOTAL 15 20.5 80.5 75



TABLE 6-6

EXPATRIATE WORK FORCE
20 MW DEMONSTRATION PLANT

ANNUAL COST - US $
SALARY -2 -1 1 2-25

S/YR 1991 1992 1993 1994-2017

CLASSIFICATION NO.
Mine Mgr 75,000 75,000 75,000 75,000 75,000
Deputy Mi ne Mgr 60,000
Chief Mining Eng 60,000 60,000 30,000
Chief Elec. Eng 60,000 30,000 30,000
Chief Safety Eng 50,000 25,000
Chief Training Eng 50,000 25,000 25,000
Chief Acctg Mgr 60,000 60,000 60,000 60,000 60,000
Shift Foreman 50,000 50,000
Stripping Foreman 50,000 50,000
Load &Haul Fnn 50,000 50,000
Maintenance Mgr 60,000
Maintenance Fnn 5,000 5,000

SUBTOTAL , 95,000 220,000 415,000 135,000
Indirects ••• l00~ of Directs 195,000 220,000 415,000 135,000

SUBTOTAL 390,000 440,000 830,000 270,000
Contingency ••• 20~ 78,000 88,000 166,000 54,000

TOTAL 468,000 528,000 996,000 324,000



TABLE 6-7

PROFESSIONAL/TECHNICAL/ADMINISTRATIVE
20 MW ~EMONSTRATION PLANT

ANNUAL COST - US $
Salary -2 -1 1-25

CLASSIFICATION NO. $/YR 1991 .ill! 1993-2017

Deputy Mi ne Mgr 9,000
Chief Mining Eng 8,000
Mining Eng 6,000 6,000 6,000 6,000
Geologist 6,000 6,000 6,000 6,000
Chief E1ec. Eng 8,000
E1ec. Engineer 6,000 6,000 ~.OOO· 6,000
Chief Safety Eng 5,000
Safety Engineer 4,000 4,000 4,000
Chief Training Ofc 5,000
Training Instructor 4,000 8,000 4,000
Shift Foreman 5,000 5,000
Stripping Foreman 5,000 5,000
Oil Shale Mining Frm 5,000 5,000
Maintenance Mgr 8,000
Shop Foreman 6,000 6,000
Field Maintenance Frm 5,000
Surveyor 3,000 9,000
Draftsman 3,000 3,000
Personnel Mgr 5,000 5,000
Personnel Staff 4,000
Procurement Mgr 5,000 5,000
Procurement Staff 4,000
Warehouse Staff 3,000 3,000
Secretary 2,000 2,000 4,000 4,000
Accountant 2,000 4,000 6,000 4,000
Cook 3,000 3,000 3,000 6,000
Janitor 2,000 2,000 2,000 2,000
Chemist 6,000 6,000
Assistant Chemist 5,000
Sampler 3,000 3,000
Security Guard 3,000 12.000 12.000 12.000

SUBTOTAL 41,000 57,000 114.000

Indirects •• 50~ of Directs 20,500 28.500 57.000

SUBTOTAL 61.500 85.500 171.000

Contingency•• 20' 12,300 17.100 34.200

TOTAL 73.800 102.500 205,200



TABLE 6-8

MINE AND PROCESS PLANT OPERATOR WORK FORCE
20 MW DEMONSTRATION PLANT

Indirects •• 50~ of Directs

3.000
3.000
2.700
2.700
2.700
2.700

3,000

-1 1-25
1992 '1993-2017

3.600
2.700
1.500
5.400
1.500
6.000
6.000

15.000
6.000
3.000

ANNUAL COST - US $
-2
1991

3,000 3.000
3.000 3.000
2.700 2.700
7,500 2.500
2,400 2,400

93,100

46,550

139.650

27.930

167.580

3,000

3.000
3.000
2,700
2.700
2,700
2.700

Salary
$/YR

3.600
2.700
3.000
2.700
3.000
3.000
3.000

3.000
3.000
3.000

NO.

SUBTOTAL

SUBTOTAL

Front End Loader Opr.
Operator
Operator He1 per
Belt Tender
Laborer

Blast Hole Driller
Blast Hole Helper
Shot Loader
Shot Loader Helper
Shot Fi rer
Bulldozer Operator
Front End Loader Opr.
Electric Shovel Opr.
Truck Driver
Scraper Operator
Portable Crusher Opr.
Surface Miner Opr.
Belt Tender
Water Truck Driver
Grader Operator
Powder Truck
Fuel Truck Driver
Service/Lube Truck Dr.
Supply Truck Driver
Crane Operator
Back Hoe Opr.
Core Drill Operator
Core Drill Helper
Utility Operator

Contingency•• 20~

TOTAL

PROCESS PLANT

CLASSIFICATION



TABLE 6-9

MINE AND PROCESS PLANT MAINTENANCE WORK FORCE
20 MW DEMONSTRATION PLANT

Indirects •• 50~ of Directs

ANNUAL COST - US $
-2 -1 1-25

1991 ~ 1993-2017

3,600 7,200
2,700 10,800
3,600 7,200
2,700 10,800
3,600 3,600
3,600 3,600
2,700 2,700

3,600 3,600
2,700 2,700
3,600 3,600

2,400 2,400

58,200

29,100

87,300

17 ,460

104,760

Salary
$/YRNO

SUBTOTAL

Lead Mechanic - Mine
Lead Mechanic - Truck
Lead Mecnanic - Plant
Mechanic - Mine &Plt.
Mechanic Helper
Truck Mechanic
Truck Mechanic Hlp.
Wel der
Shop Journeyman
Machine Shop Helper
Lead Electrician
Electrician
Electrician Helper
Instrument Maint.
Carpenter/Painter
Laborer

SUBTOTAL

Contingency•• 20~

TOTAL

CLASSIFICATION



.'

TABLE 6-10

CASH FLOW ANALYSIS

20 MIl DEMONSTRATION PLANT

MINE AitD PROCESS PLANT



Table 6-10
MIllING AND PROCESSING PLANT CASH fUll ANALYSIS

2Qt11 DEMOIISTRATlOli PLANT
(Cost in US $1000)

-2 -1 1 2 3 4 5 6 7 8 9 10 11 12 131991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004· 2005
I. POWER GENERATION, M., 20 20 20 20 20 20 20 20 20 20 20 20 20
II. OIL SHALE, TONNES/YR 390 390 390 390 390 390 390 390 390 390 390 390 390x 1000

III. CAPITAL EXPENDITURE

50/50 Debt/Equity Ratio
Mine Developlent 2000 2900
Mine Equl,.ent 11090
Process PIt facility 2000 4945
Spare Parts 1200
Working Capital 1200

SIIITOTAl. 4000 21335

Capitalized Interest 1267 1267
TOTAl 5267 22602--

80/20 Debt/Equity Ratio
Capitalized Interest 2027 2067

TOTAL 6027 23362

IV. OPERATING COST
Parts, Sup,fuel/Power --- ----- 980 980 980 980 980 980 908 980 980 980 980 980 980
Wages and Frlti~S 542 631 1474 802 802 802 802 802 802 802 802 802 802 802 802Explosives --- ----- 14 14 14 14 14 14 14 14 14 14 14 14 14Insurance --- ----- 90 90 90 90 90 90 90 90 90 90 90 90 90

~ TOTAL 542 631 2558 1886 1886 1886 1886 1886 1886 1886 18e6 1886 1886 1886 1886~ -- -------------------,-



Table 6-10 (Cont)

-2 -1 1 2 3 4 5 6 7 8 9 10 11 12 131991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 20n2 2003 2004 2005

V. INTEREST EXPENSE

SO/50 D/E Ratto 1393 1301 1208 1115 1022 929 836 743 650 557 465 372 27980/20 D/E Ratio 2351 2194 2038 1881 1724 1567 1411 1254 1097 940 784 627 470 .'
VI DEPRECIATION &AMORTIZATION

Depreciatton 1032 1032 1032 1032 1032 1032 1032 1032 1032 1032 1032 1032 103:!Amortization SO/50 557 557 557 557 557 557 557 557 557 557 557 551 551
~rtization 80/20 658 658 658 658 658 658 658 658 658 658 658 658 658

TOTAL SO/50 1589 1589 1589 1589 1589 1589 1589 1589 1589 1589 1589 1589 1589
TOTAL 80/20 1690 1690 1690 1690 1690 1690 1690 1690 1690 1690 1690 1690 1690

VII. MANAGEMENT FEt: 195 195 195 195 195 195 195 195 195 195 195 195 195
VIII. RETURN ON EQUITY

SO/50 Debt/Equi~ 2782 2787 2787 2787 2782 2782 2787 2787 2787 2787 2787 2782 278680/20 Debt/Equi~ 1176 1176 1176 1176 1176 1176 11761 1176 1176 1176 1176 1176 1176
IX. ROYALTY 109 109 109 109 109 109 109 109 109 109 109 109 109
X. COST-PROCESSED OIL SHALE

SO/50 Debt/Equity 8631 7861 7774 7682 7588 7495 7407 1309 1216 7123 7031 6938 684580/20 Debt/Equity 8079 7250 7094 6937 6780 6623 6467 6310 6153 5996 5840 5683 5526
XI. COST - S/TONNE

SO/50 Debt/Equity 22.13 20.17 19.93 19.69 19.46 19.22 18.99 18.74 18.50 18.26 18.03 17.79 17.55
80/20 ~/Equity 20.72 18.59 18.19 17.79 17.38 16.98 16.58 16.18 15.78 15.37 14.97 14.57 14.17

XII. COST ~6BTU
50/5 t/Equfty 4.46 4.07 4.02 3.97 3.87 3.83 3.78 3.73 3.73 3.68 3.63 3.59 3.5480/20 Debt/Equity 4.18 3.75 3.61 3.59 3.50 3.42 3.34 3.26 3.18 3.10 3.02 2.94 2.86

~



Table 6-10 (Cont)
MINII6 AND PROCESSING PLANT CASH FLOW ANALYSIS

2(111 DEMONSTRATION PLANT
(Cost tn U~ $1000)

14 15 16 17 18 19 20 21 22 23 24 252006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 "l'OTAL

I. POWER GENERATION, M., 20 20 20 20 20 20 20 20 20 20 20 20
II. OIL SHALE, TONNES/YR 390 390 : ·390 390 390 390 390 390 390 390 390 390 9750x 1000

III. CAPITAL EXPENDITURE

SO/50 Debt/Equtty Ratto
Mfne Developlent
Mfne Equf.-nt
Process Plt facility
Spare Parts
Worktng Captul

SUnOTAL

Capitalized Interest
TOTAL 27869

80/20 Debt/Equity Ratio
Capitalized Interest

TOTAL 29389
IV. (l)ERATING COST

Parts, Sup,Fuel/Po~r 980 980 980 980 980 980 908 980 980 980 980 980 980Wages and Fringes 802 802 802 802 802 802 802 802 802 802 802 802Explosives --- ----- 14 14 14 14 14 14 14 14 14 14 14Insurance --- ----- 90 90 90 90 90 90 90 90 90 90 90
I

TOTAl 542 631 2558 1886 1886 1886 1886 1886 1886 1886 1886 1886 1886-- -- -- --
~
V"



Table 6-10 (Cont)

14 15 16 17 18 19 20 21 22 23 24 25
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 TOTAL

V. INTEREST EXPENSE

SO/50 D/E Ratio 186 93
80/20 D/E I\atio 314 157 -

VI DEPRECIATION &AMORTIZATION
Depreciation 1032 1032 1032 1032 1032 1032 1032 1032 1032 1032 1032 1032
Amortization 50/50 557 557 26 .26 26 26 26 26 26 26 26 26
Amortization 80/20 658 658 26 26 26 26 26 26 26 26 26 26

TOTAL SO/50 1589 1589 1058 1058 1058 1058 1058 1058 1058 1058 1058 1058----
TOTAl 80/20 1690 1690 1058 1058 1058 1058 1058 1058 1058 1058 1058 1058----

VII. MANAGEMENT FEE 195 195 195 195 195 195 195 195 195 195 195 195

VIII. RETURN ON EQUITY
SO/50 Debt/Equity 2787 2787 2787 2787 2787 2787 2787 2787 2787 2787 2787 2787

80/20 Debt/Equity 1176 1176 1176 1176 1176 1176 1176 1176 1176 1176 1176 1176

IX. ROYALTY 109 109 109 109 109 109 109 109 109 109 109 109

X. COST-PROCESSED OIL SHALE
50/50 Debt/Equity 6752 6659 6035 6035 6035 6035 6035 6035 6035 6035 6035 6035 170666
80/20 Debt/Equi~ 5370 5213 4424 4424 4424 4424 4424 4424 4424 4424 4424 4424 139561

XI. COST - $/TONNE
SO/50 Debt/Equity 17.31 17•07 15.47 15.47 15.47 15.47 15.47 15.47 15.47 15.47 15.47 15.47 17.50
80/20 Debt/Equity 13.77 13.37 11.34 11.34 11.34 11.34 11.34 11.J4 11.34 11.34 11.34 11.34 14.31

XII. COST - S/106OTU
3~1250/50 Debt/Equity 3.49 3.44 3.12 3.12 3.12 3.12 3.12 3.12 3.12 3.12 3.12 3.53

80/20 Debt/Equity 2.76 2.69 2.29 2.29 2.29 2.29 2.29 2.29 2.29 2.29 2.29 2.29 2.89-'.
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DEPRECIATION AND AMORTIZATION

20 MIl DEMONSTRATION PLANT

MINE AND PROCESS PLANT



Table 6-12
MINE EQUIPMENT AND PROCESS PLANT DEPRECIATION

20 MW DEMONSTRATION PLANT
(Costs in US $1000)

Total Salvage Depree Economic Avail Utilizat'n Effic Annual Annua1 Deprec Deprec
Cost Vrlue Value Life.Hrs S S S SChedHrs OprHrs S/Hr S/Yr-- --

MINE EQUIPMENT
1. Scraper 1314 99 1215 17000 78 80 62 2400 1488 71 106
2. Bull Dozer D1 ON 549 41 508 15000 73 80 59 2400 1392 34 47
3. Bull Dozer D9N 438 33 405 15000 73 80 58 2400 1392 27 38

4. Blast Hole Drill 531 40 491 40000 80 80 64 2400 1536 12 19
5. Front End Loader 1774 133 1641 18000 80 60 48 2400 1152 91 105
6. Haul Truck 3887 292 3595 25000 80 80 64 2400 1536 144 221
7. Portable Crusher 433 33 400 20000 80 50 40 2400 960 . 20 19
8. Water Pump 43 3 40 20000 95 5 5 2400 438 2 1
9. Compactor 384 29 355 20000 95 20 19 2400 456 12 5
10. Grader 331 25 306 20000 80 80 64 2400 1536 15 24
11. Water Truck 648 49 599 ;)5000 80 80 64 2400 1536 17 26
12. ANFO Bulk Storage 41 3 39 20000 100 10 10 2400 240 2 1
13. Truck-Powder 43 3 40 15000 80 50 40 2400 960 3 3
14. Truck-Fuel 108 8 100 15000 80 50 40 2400 960 7 6
15. Truck-service/Lube 103 8 95 15000 80 50 40 2400 960 6 6

,\. 16. Truck-Supply 24 2 22 15000 80 50 40 2400 960 1 1
~
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Table 6-12 (Cant)
M7NE EQUIPMENT AND PROCESS PlANT DEPRECIATION

20 MW DEMONSTRATION PLANT
(Costs fr. US $1000)

Total salvage Depr~c Economfc Avail Utilizat'n Effie Annual Annua1 Depree Deprec
Cost Value Value Life.Hrs I I ~ SChedHrs ~JrHrs $/Hr $/Yr- -

MINE FQUIPMENT (Cont'd.)
11. Truck-Pick-up 53 4 49 9000 80 50 40 2400 960 5 5
18. Survey Vehicle 27 2 25 9000 80 50 40 2400 960 3 3
19. Pe~onnel Bus 33 3 30 15000 80 25 20 2400 480 2 1
20. Low Bed ~ Tractor 177 13 164 25000 95 5 5 2400 120 7 1
2l. Fork Lift 98 7 91 10000 80 50 40 2400 960 9 9
22. Compressor 28 2 26 20000 80 10 10 2400 240 1 1
23. Shop Tools 201 15 186 40000 100 40 40 2400 960 5 4
24. Light Plants

SubTotal: 652

PROCESS PLANT FACILITIES
1- Front End Loader 472 35 437 18000 80 50 40 2400 960 24 23
2. Feed Hopper 71 2 69 40000 90 50 45 2400 1080 2 2
3. Be1t Conveyor to Feed Bi n 168 4 164 40000 90 83 75 2400 1800 4 7
4. Feed Bin . 243 6 237 40000 90 83 75 2400 1800 6 11
5. Feeder 97 2 95 20000 90 83 75 2400 1800 5 9

~



Table 6-12 (Cont)
MINE EQUIPMENT AND PROCESS PLANT DEPRECIATION

20 MW DEMONSTRATION PLANT
(Costs in US $1000) -,

Total salvage Depree Economic Avail Utilizat1n Effie Annual Annua1 Depree Depree
Cost Value Value Life.Hrs i i i SChedHrs OprHrs $/Hr $/Yr- -

PROCESS PLANT FACILITIES (Cont)

6. Impactor 230 6 224 40000 90 83 75 2400 1800 6 10
7. Belt Conveyor to Screen 208 5 203 40000 90 83 75 2400 1800 5 9
8. Screen 307 8 299 40000 90 83 75 2400 1800 7 13
9. Be1t Conveyor to Impactor 208 5 203 40000 90 83 75 2400 1800 5 9
10. sampler 722 18 704 40000 90 83 75 2400 1800 18 32
11. Belt Conveyor to Storage 222 5 217 40000 90 50 75 2400 1800 5 10
12. ee1t Conveyor Top of Storage 98 3 95 40000 90 83 75 2400 1800 2 4
13. Diverter Valve 83 2 81 40000 90 83 45 2400 1080 4 4
14. Storage Bin 2305 57 2248 40000 90 83 75 2400 1800 56 101
15. Feeder 182 5 177 20000 90 83 75 2400 6570 9 58
16. E1ectrics 635 16 619 40000 100 83 83 2400 1992 15 31
17. Instrumentation &Controls 214 5 209 40000 100 83 83 2400 1992 5 10

18. Dust Collectors 345 14 331 20000 100 83 83 2400 1992 17 33
19. Laboratory Equipment 133 10 123 40000 100 50 50 2400 1200 3 40

Sub-Total :;80

TOTAL 1032
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Table 6-13 (Cant)

AMORTIZATION SCHEDULE
20MW DEMONSTRATION PlANT

(Cost in US $1000)

17 18 19 20 21 22 23 24 25
2009 2010 2011 2012 2013 2014 2015 2016 2017-------20MW PLANT SO/50

1- Mine Development
2. Mine Service Facilities 26 26 26 26 26 26 26 26 263. Pre-Op Labor
4. Sub-Total 26 26 26 26 26 26 26 26 26
5. Capitalized Interest
6. TOTAL: 26 26 26 26 26 26 26 26 26

20MW PLANT 80/20
7. Capitalized Interest
8. TOTAL: 26 26 26 26 26 26 26 26 26



1.0 50 MW PROTOTYPE PLANT

1.1 Environmental· Considerations
Prior to the commencement of on-site operations. site
specific environmental baseline studies should be conducted
to develop data in all relevant areas. The key areas to be
adtrressed are the development of protective measures for
both surface and ground water supplies. the determination of
measures to mitigate surface and groundwater contamination
due to mining. further soil testing of the overburden for
chemical properties and their suitability for reve~etation.

site specific air quality monitoring and modeling to ensure
that models which are d~veloped are predictive of the mining
operation to aid in developing necessary mitigation
practices. and the development of protective measures for
noise levels and the determination of measures to mitigate
noise levels due to mining for protecting the health and
welfare of the general pUblic. The program should also
develop specific plans and measures related to special
conditions. socioeconomic impacts. archeolology.
paleontology. historical. recreation and human health
effects.

1.2 Mine Development Plan
Aminimum capital expenditure for the development of this
small mine is in the best interest of the project to keep
the fuel costs as low as possible. It is. therefore,
recommended that the existing trial pit be developed during
the construction phase of the power plant so that the mine
can meet the fuel requirement when the power plant is placed
in commercial operation. Assuming that the 50 MW prototype
plant is successful and that a full scale plant will be
constructed. the small mine will be in temporary use until a
larger mine is developed. The mine will be developed for a
loader and truck operation. Refer to Figure 1.1 for
location of mine.

1-1
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The ~ine development plan consists of widening the existing
ram9, opening the pit with a box-cut, removing and storing
top-soil, building hau1roads and sedimentation ponds,
excavating water ditches, and preparing an area for the
disposal of overburden and spent shale. It is assumed that
all of this work will be awarded to a local contractor.

Although the GOJ may not have environmental regulations in
force, it is intended that the environment will be protected
to the satisfaction of the donor agencies. If it is
determined that the alluvium and wadi sedi~ents are worth
saving to restore the disturbed areas at the end of the
project, the sediments will be removed from those areas.
These areas include the box-cut, the haul roads sedimentation
ponds, the waste disposal area, as well as the mine service
facilities, the area for stockpiling oil shale and the oil
shale processing plant. The sediments will be stored and
protected to prevent their errosion.

The haul roads will be constructed with local materials and
will be wide enough to accommodate two-way traffic for the
77 tonne trucks. This width will be 20 metres including
shoulders. Proper drainage will be included on both sides
of the highway and culverts will beimstal1ed at proper
intervals. Rain water run-off from the ro~ds will be
collected in seuimentation ponds which will have zero
discharge. Three major haul roads, totaling approximately 10
km, will be constructed between the pit and waste disposal,
between the pit and process plant, and between the
powerp1ant and waste disposal.

The disposal area for the overburden and spent shale will be
located outside of the oil shale depo~it on the east side.
Awater ditch will be dug around the area to collect rain
run-off water from the waste piles. The ditch will direct
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the water to a sedimentation ponds. Other sedimentation
ponds will be constructed to collect rain run-off water from
disturb€d areas at the process plant. oil shale stockpiles
and the mine service facilities. Awater ditch will be dug
around the box-cut to prevent pristine watfr from entering
the pit. The collected water from the ditch will disch~rge

into a liatural drainage. Wawr run-off within the pit will
be collected in a sump and will be used for wetting the haul
roads.

When the environmental work impacting the mine is completed,
the pit excavation can begin. The ramp width will be wide
enough to accommodate two-way traffic for the 77 tonne
trucks and will be at least three times the width of the
truck which is approximat€'Y 5.5 metres. The box-cut will
be excavated normal to the ramp and will consist of four
benches in overburden. The bench height will not exceed 10
metres. In order to gain access to the box-cut for
devel~pment of the benches, incline roads from the main ramp
will be cut into he overburden. These roads will be wide
enough to accommodate -bwo-way traffic and will extend around
the west side of the box-cut to the east side of the box-cut
which will be the advancing face. The advancing face
benches will be 40 metres wide. The box-cut configuratio .
will be approx~mately 220 metres wide by 235 metres long at
the surface, 60 metres by 175 metres at the top of the oil
shale and 35 metres de~~. Approximately 1 million bank
cubic metres will be e1cavated and hauled from the box-cut
to the waste d1~pos&1. The box-(ut will uncover about
250,000 tonnes of oil 5t':~1~ or about 25 percent of the
annual requirements.

7.3 Mine Oper&~
7.3.1 Contractor's Cost
It ~s understood that the Natural Resources Authority (NRA)

have received several proposals for mining the oil shale for
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the.~emonstration plant. The latest proposal was received
on 12 April 1988 from the Jordan Economic Development and
Trading Company (COMEDAT). The cost quoted for ,the removal
of overburden was 680 fils per cubic metre transported up to
1.5 km, and the cost for mining the oil shale was 870 fils
per cubic metre transported a distance of 1.0 km. Added
cost for transporting oil shale beyond 1.0 km was 29
fi1s/tonne/km. The assumption is that the quote is given in
bank cubic metres for the purpose of comparing costs to the
Owner5 mining costs. This comparison is addressed in a
later section of this report.

These are not complete costs and are tharefore not
acceptable as total mining costs. They were used in some of
the mine development costs such as removing overburden from
the box-cut where a contractor is expected to perfonm all
development and construction work. In this report the
operation of the mine is based on all mining to be by OWner
with Owner equipment.

7.3.2 Overburden Removal
Top soil from the pit area will be removed by a
Caterpillar 631 E scraper with auger or its
equivalent. (All equipment mentioned in this report
by v.endor designation is considered to have an
equivalent. Since it is known that a~ equivalent
piece of euipment can be used, it will not ~e

mentioned in the remaining text.) rh~s top soil
will be placed in storage, from where it will be
reclaimed as reqUired for land reclamation. After
the top-soil is removed an Ingersoll-Rand DM25 blast
hole drill will drill 170 mm diameter holes on a 5 m
by 5 mpattern for each of the four benches. ANFO
will be the major blasting agent used. The blasting
pattel'n is subject to change as blasting experience
is gained~ Overburden will be loaded from f~ur
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7.3.3

benches (overburden thickness varies between 35 and
40 metres) by a Caterpillar 992 C front end loader
with a 10.3 m3 bucket into Caterpiiiar 777 off
highway trucks which have a 77 tonne capacity. It
is estimated that three trucks will be required to
haul the overburden 3 km to the out-of-pit
overburd~n stockpile. This operation is planned for
50 weeks year, six days per week and 24 hours per
d~. Approximately 1.25 million bank cubic metres
per year will be hauled to the out-of-pit
stockpile. The stockpile will be maintained level
and orderly by a Caterpillar 09N bUlldozer.
Lighting plants will be used to light the mining
area during the dark hours.

Oil Shale Mining

In order to approach or meet the perfonmance fuel
specification, selective mining was chosen as the
method of mining oil shale from the pit. A
Caterpillar 010N bulldozer with ripper will rip the
oil shale and two Caterpi11er 631E scrapers equipped
with augers will load and deliver the oil shale to
either a high or low grade stockpile in the pit.
From these stockpiles a Caterpillar 992C front end
loader will feed a portable crUSher where the oil
shale will be reduced in size to approximately
100 mm. The crusher products will be loaded
directly from the crusher into Caterpillar 777
trucks which will transport the oil shale to the
processing plant stockpiles. In loading the
portable crusher, the operator will make a mixture
of the two grades of oil shal~ to approximate the
specification of the perfonmance fuel. Annu~l

production of oils shale is estimated at 973,000
tonnes. This part of the operation will be
scheduled for ~OO shifts per year.
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7.3.4 Mine Design Basis
The mine design is based on mining oil shale meeting
the performance fuel calorific value specification
of 2250 Btu per pound. The energy input to the
boiler is 734.6 x 106 Btu per hour which is
equivalent to 148.07 tonnes per hour of the
performance fuel.

The annual fuel requirement based on a 100 percent
capacity factor is 1,297,093 tonnes and 972,820
tonnes for a 75 percent capacity factor. The mine
will be designed to meet the fuel requirement of the
power plant when it operates at a 100 percent
capacity factor. The mine will be scheduled to
operate 900 shifts per year, 7200 hours per year.
The mining, crushing and delivery system will be
designed for 250 tonnes per hour. The actual
required output for a 100 percent power plant
capacity factor is 180 tonnes per hour or
approximately 72 percent of the design capacity.
The annual rate of removing overburden will be
approximately 1,265,000 bank cubic metres and the
rate of mining oil shale will be 973,000 tonnes per
year.

7.3.5 Loading and Hauling Equipment Selection Mining
Criteria.

1. Annual tonnes of oil shu1e required 973,000
tonnes

2. Annual overburden removal (1.3:1 strip ratio)
1,265,000 ~m3

3. One way haul: on shn.J e =3 km; Overburden =3 km
4. Swell: 30 percent
5. Total rolling resistance: 4 percent
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6. Truck load: 77 tonnes a 51 m3

7. Front end load: 10.3 m3

8. Portable crusher: 300 tonnes/hr
9. Operating schedule: 900 shifts/year, 8 hrs/shift
10. Design basis: Oil shale a 1,297,000 tpy,

Overburden =1,686,000 bm3/y

ReqUired Front End Loaders for Overburden
1. Number of passes to load truck = 5
2. Cycle time =0.7 minutes
3. Spot time = 0.3 minutes
4.~ Load time = 3.5 minutes

Total load time per truck = 3.8 minutes
Theoretical number of trucks loaded in one hour

60 min/hr divided by 3.8 min/truck = 15.79
trucks/h.".

@90 percent mechanical availability and 60
percent utilization, overall FEL efficiency
is 54 percent

Number of trucks loaded in one hour/FEL
15.79 trucks/hr x 0.54 =8.62 trucks/hr.

Bank cubic me'tres/900 shifts/yr/FEL
8.62 trucks/hr x 7200 hrs/yr x 51 m3/truck x
0.769 load factor • 2,434,000 bm3

Number of FEL required for overburden loading
@100S capacity factor

1,686,000 bm3/yr. divided by 2,434,000
bm3/yr/FEL • 0.69 FEL

@75' capacity factor
1,265,000 bm3/yr divided by 2,434,000
bm3/yr/FEL • 0.52 FEL

Required Front End Loader for 011 Shale
Design basis of delivery to t.ne process plant will
be 250 tph 'to meet the fuel requirements of the
power plant when operating at 100 percent capacity
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factor. Truck loading is limited by the portable
crusher capacity of 300 tph and not the FEL which
has a larger capacity.

Trucks to be loaded and delivered to meet design
capacity:

250 tph divided by 77t/truck =3.25 truck/hr.

Trucks capable of bring loaded from crusher @
100% capacity:

300 tph divided by 77t/truck =3.90 truck/hr

Efficiency of loading system:

3.24 truck/hr divided by 3.90 truck/hr = 0.83

Number of FEL required for oil shale loading
@lOO~ capacity factor

1 FEl x 0.83 efficiency = 0.83 FEL
@75% capcity

1 FEl x 0.75 x 0.83 = 0.63 FEL

Total FEL Required for Overburden and Oil Shale
@100~ capaci~ factor

Overburden 0.69 FEL
Oil Shale 0.83 FEL

Total: 1.52 FEL

@75~ capacity factor
Overburden 0.52 FEL
Oil Shale 0.63 FEL

Total: 1.15 FEL

Two(2) fiL will be assigned for the 50 MW plant.
One spare FEl will be required to back up t~~ mining
and the spent shale dispusal operations.
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80 percent
83 percent
66.4 percent

0.30 min
3.50 min

0.30 min
11.55 min

Required Trucks for Overburden
Cycle Time

Spot
Load

.. @ 75 capacity

1,265,000 bm3/yr divided by (171 bm3/hr/truck
x 0.664 eff) • 11141 truck hrs/yr
scheduled hours =7200 hrs/yr
11141 truck hrs/yr divided by 7200 hrs/yr =
1.55 trucks

Travel Loaded 5.70 min
Dump 0.50 min
Travel empty 3.75 min

Total 13.75 min
bm3/truck/hr = 60 min dividsd by 13.75 min/cycle
x 51 m3 x 0.769 load factor = 171 bm3/hr/truck
(theoretical)

Mechanical avaia1bi1ity
Uti1 ization
Efficiency
Number of trucks required

@ 100$ capaci ty
1,686,000 bm3/yr divided by (171 bm3/hr/truck
x 0.664 eff) =14849 truck hrs/yr
scheduled hours =7200 hrs/yr.

14849 truck-hrs/yr divided by 7200 hrs/yr = 2.06
trucks

7-9

Requi red Trucks for on s Sha~.!

Design capacity @100 ~~rcent capacity factor is
250 tph.

Cycle Time
Spot
Load
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Theoretical cycles/truck/hr

60 min/hr divided by 21.8 min/cycle = 2.75
cycles/hr

@ 75% capaci ty

188 tph divided by (2.75 cyc/hr/truck x 0.665
efficiency x 77t/cycle) = 1.34 trucks

80 percent
83 percent
66.4 percent

5.70 min
0.50 min
3.75 min

21.8 min

Travel loaded
Dump
Travel empty

Total

Mechanical avaialbility
Uti 1izati on
Efficiency

@ 75% capacity factor
Overburden 1.55 trucks
Oil Shale 1.34 trucks

Total: 2.89 trucks
Assign 4 trucks and 1 spare for a total
of 5 trucks.

Number of trucks required
@ 100% capaci ty

250 tph divided by (2.75 cyc/hr/truck x 0.665
efficiency x 77t/cycle) =1.78 trucks

Total Truck Requirement
@100% capacity factor

Overburden 2.06 trucks
Oil Shale 1.78 trucks

Total: 3.84 trucks

7.3.6 Mine Services and Services Facilities
One water tanker with a 77000 litre capacity is
included in the fleet of equipment for wetting down
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the haulroads. The fleet also includ~s a fuel truck
and a lube and service truck which will service
those pieces of equipment at the mine. An ANFO
storage tank, and explosive mixing truck and other
explosive storages are provided to meet the blasting
requirements.

The mine services facilities include the maintenance
and warehousing facilities to maintain the mining
and processing equipment. In addition these
facilities have a change house, a training room and
offices. These facilities are separate from the
power plant services facilities because of the
different types of equipment employed at these
operations.

Only minor ~upport facilities will be provided at
the maintenance building since it is intended that
overhaul and repair of equipment components will be
let to local contractors. The space allocated for
repair work is therefore based on component
replacement. The repair of heavy equipment will
consist of six vehicle repair b~s sized to
accommodate the 77 tonne trucks. Four b~s will be

used for major repair work, one bay for preventive
mai ntenance and one bay for wel di ng ~ork. All bays
will be serviced by a 23-tonne overhead crane. One
repair bay will be equipped with conveyor belting
for floor protection when servicing tracked vehicles.



8.0 50 MW PROT.QTYPE PLANT PROCESSING PLANT

8.1 Stockpiling and Reclaiming
Oil shale delivered by truck from the mine to the processing
plant (see Figure 8.1 for flowsheet) will be stored in two
separate stockpiles. While one stockpile is be'lng built,
the second will be reclaimed by a Caterpillar 988 front end
loader which delivers the oil shale to a 50 tonne dump
hopper. The oil shale feeds out of the hopper onto a 600 mm
wide belt conveyor that conveys the product to the
hammenmill feed bin. Refer to Figure 8.1.

Sampling and analyzing of the oil shale will take place as
the stockpiles are built. These analyses will be used to
control the quality of the ui1 shale delivered from the pit
as well as the quality of the oil shale as it is recl ~imed.

Upon rec'.aiming the 011 shale, the front end loader has the
flexibility of loading shale from many points of the tested
stockpile and the potential of making a mix that
approximates the performance fuel specification. Oil shale
processing is scheduled for 900 shifts per year.

8.2 Crushing and Sizing
Crushing and sizing of the oi1 shale to a minus 8 mm product
will be accomplished by a reversible impactor in closed
circuit ~th a vibrating screen. The 600 mm belt conveyor
conveys minus 100 mm oil shale at a rate of 400 tonnes per
hour to the impactor feed bin which has a capacity of 500
tonnes. The bin is approximately 5 metres in diameter and
13 metres high. A Vibrating feeder with variable speed
distributes the minus 100 mm oil shale at a rate of up to
250 tonnes per hour uniformily across the hammers of a
Pennsylvania Reversible Impactor Type CAL 15-14. This
impactor is powered by a 373 kw motor and is capable of
reducing a friable material of this feed size to a 6 mesh
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(3.36 mm) product at a rate of 360 tonnes per hour. The
crushing and screening plant will be designed for 250 tonnes
per hour for a minus 8 mm product. Friability tests of the
oil shale are required to verify the design capacity.

The average hourly rate of this system is 180 tonnes. The
250 tonnes per hour design capacity will provide sufficient
capacity for the power plant wh'Jle operating at 100 percent
capacity, and the processing plant overall operating
efficiency is 72 percent.

The impactor product is discharged onto a 900 mm wide belt
belt convyor which conveys the material to a Pennsylvania
BHG 24/60 (2.4 mby 6.0 mscreen deck) vibrating screen.
The oversize product fr~~ the screen is returned to the
impactor by a 900 mm wide belt conveyor and the undersize
product enters a three stage automatic sampler. The return
conveyor is designed for a 100 percent circulating load.

Any major maintenance will be scheduled during the power
plant scheduled outage. The plant will be scheduled to
operate 20 hours per d~ and shut down for maintenance on
the remaining 4 hours.

8.3 Sampling. Storing 8.~d Blending
The minus 8 mm vi~~ating screen product will discharge into
a sampling tower where samples will be taken in accordance
with ASTM standards. These samples will be analyzed at ar
on-site laboratory for control of the quali~ fed to the
power plant. From the sampler the product will be stored in
three ~teel bins each with a live capaci~ of 3000 tonne
having dimensions of approximately 12 meters in diameter and
30 metres high. Each bin will contain the fuel requirement
of an average d~ for the power plant. The bins will be
equipped with variable speed feeders for use in making the
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fin~J mixing of the oil shales at the time of delivery to
the power plant.

The variable speed feeders are the interface between the
process plant and the power plant. The belt conveyor
delivering oil shale to the boiler bunker is for the power
plant account.
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9.0 50 MW PROTQTYPE PLANT MINE AND PROCESS PLANT ECONOMICS

CAPITAL COST SUf44ARY FOR 50 MW PROTOTYPE PLANT
(in U.S. $1000)

Base oe1ivery Erection Total Foreign Local
$ $ $ $ $ $

Mine Development 7110 39 684 7833 856 6977

Mine Equipment 10165 1527 510 12202 11222 980

Process Plant Facilities 2901 290 5197 8388 2162 6226

TOTAL 20176 1856 6391 28423 14240 14183
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SUIII1I&ry of Capita'j Expenditure
The capital expenditures for the minin~ Jnd
processing plant were determined for the mine
development, the mining equipment and the
construction of the oil shale process plant. The
following table summarizes these expenditures.

Table 9-1

Expenditure

These costs are representative of expected costs in
Jordan at this time and include engineering,
procurement, construction management, direct and
indirect construction costs, ocean and inland
freight, and a 10 percent contingency. Construction
costs are based on Bechtels experience in the area
of Jordan and with the benefit of conceptual
engineering. The mining and processing equipment
cost estimate is Lased on vendor budget prices. The
delivery cost estimates are average costs taken from
Bechtel's records. Special handling features are
excluded from the delfver,y estimate because of their

Capital
9.1.1
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wide range of costs. Alarge percentage of the mine
development work is based on Comedat's quote of
April 12, 1988 for drilling, blasting, loading and
hauling overburden. It is to be noted that this is
an order of magnitude cost estimate with a range
spread of minus 15 percent to plus 25 percent of the
capital cost presented in the cost summary.

9.1.2 Estimate Basis
Capital e~uipment quotations were solicited by
telephone from a number of vendors. Only budget
prices were requested. Installation manhours were
assigned to each item of capital equipment based on
recent historical data. Values for process piping,
electrical, and instrumentation were based on
standard factors of the value of the process
mechanical equipment as determined from experience.

Bulk construction material and building cost
estimates are based on using local suppliers and
contractors.

Installation manhours and costs are based on
Bechtel's experience in the area of Jordan.
Included in these costs are base wages, overtime
allowance, fringe benefits, small tools and
consumables, and contractor's overhead and profit.

The major construction indirect costs items are the
supply and maintenance of temporary construction
facilities and services and the rental ~"d operation
of construction equipment.

Afactor of 15 percent of the value of the
mechanical equipment was used for the delivery cost
estimates. The estimate includes freight to foreign
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port, ocean freight, and inland freight to site.
Import du~ is excluded.

Taxes of all kind are excluded from this estimate.

Cost estimate is based on 2Q 1988 costs and they
have not been escalated fr~ that date.

The cost estimate does not include any financing
charges, sp~re parts ~nd working ca~ital. These
cost are included in the cash flo~ analysis for the
cost of fuel.

9.1.3 Capital Cost Estfaate
Table 9-2 Mine Development, Mine Equipment, Process
Plant Facilities Capital Cost provides the
infonnation used in preparing the capital cost
estimate.

9.2 Operating Costs
9.2.1 ~r,y of Operating Costs

The operating costs include those costs for the mine
equipment, process plant, mine services building and
labor for the mine and process plant. Mine
equipment operating costs are composed of costs for
repair parts, consumables, lUbrication, and fuel or
electric power. The process plant and the mine
services bUilding operating costs are based on a
percentage of the base capital cost of each piece of
equipment or building. Labor costs include
expatriate labor, supervisors, technical and
administrative wvrkers, operating and maintenance
personnel. Excluded from these operating cost are
the cost for explosives and insurance which are
included as operating costs in the cash flow
analysis. The following summarizes the operating
costs:
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Table 9-3

9-4

1080

113

50

921
2.64

Local
$

1571

177

297
2m

Foreign
$

2651

290

50

1218
4209

Annual Operating
Cost $

OPERATING COST SlNIAR'! FOR 50 MW PROTOTYPE PLANT
(in u.s. $1000)

Expatriate labor will be used for training and
start-up purposes. Only two key expatriate workers
will be retained in the permanent work force and the
remaining will be replaced as soon as personnel are
trained. In addition to the two expatriates. there
will be a total of 58 people involved with
supervision, technical and adminstrative work, a
total of 66 people to operate the mine and process
plant and 37 people to maintain these operations.

9.2.2 Basis of Operating Costs
Table 9-4 Mine and Processing Plant Operating Costs
presents the method by which the costs were
detennined for the mining equipment and the process
plant facilities as well as the mine services
building. There are many variables that influence
operating costs and operating costs can be
significantly different between companies. The cost
and factors used in this estimate were developed by
Bechtel from a number of sources and they should be
representative of costs expected to occur in Jordan.

TOTAL

Mine Equipment

Process Plant

Services Building

Labor
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2.72
2.39

13.48
11.88

35115
37031

Work Force Summary
Expatriate Work Force
Professional/Technical/Administrative
Mine and Process Plant Operator Work
Force
Mine and Process Plant Maintenance Work
Force

Table 9-11

S~RY v;:' CASH FLOW ANALYSIS
Capital Cost Product Cost Product Cost

Slooo S/Ton"e $/106 Btu

Table 9-5
Table 9-6
Table 9-1
Table 9-8

The capital cost presented above includes the
interst dur~ng construction, spare parts and work
capital i~ addition to the capital expenditure~

summarized in 9.1.1. The product cost is ~ ~eighted

cost for the 25 year operating period for 973,000

Table 9-9

The total wor'k force wi 11 include 163 people. Labor
rates used in this estimate are from the Jordan
Electric Aut~ority and other mining studies
perfonned in the Jordan area. The labor cost for
th~ work force are presented in the fo1110wing:

50:50 Debt/Equity
80:20 Debt/Equity

9.3.1 Summar,y of Cash Flow Analysis

Cash Fl ow A.'!~lysi s
The cash flow analysis for the 50 MW Prototype Plant is shown on
Table 9-10 50 MW Prototype Plant Mining and Processing Plant Cash
Flow Analysis. The analysis consists of a two year pre-production
period and a 25 year operating period. Debt-equity ratios of
50:50 and 80:20 are used in the analysis.

9.3
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tonne to be mined annually. The cost expressed in
$/lo6atu is based on the performance fuel
specification of 2250 ~tu/pound.

9.3.2 Cash Flow Analysis Basis
The capital expenditure for the mine development,
mine equipment and processing plant was presented in
Section 9.1. Added to these costs were spare parts
for the mine and process plant and a working capital
fund. The spare parts amount to approximately 10
percent of the base value of the equipment and
machinery cost and the working capital will be
sufficient to cover three months of operating costs
and other unforseen costs. Interest during
construction for the two debt-equity cases are
capitalized.

The operating costs basis for parts, supplies,
fuel and power, and wages and fringes were
presented in Section S.2. In addition to these
costs are explosives and insurance. Explosives
are based on a powder factor of 0.2 kg per bm3
at a U.S. cost of average blasting agents cost
of $125/short ton. Explosives are used for
overburden blasting only. Insurance cost is
based on one half of one percent of the mining

'equiprnf~nt and the constructed process plant and
services building.

Interest expenses were computed at a rate of 10
percent and the loan term was 15 years.

Depreciation is based on the economic life of
ttoe mining and processing equipment in hours and
its estimated hours of use per year. Details of
these determinations are found in Table 9-12
Mine Equipment and Process Plant Depreciation.
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The mine development, pre-production labor,
capitalized interest were amortized over a 15
year period and the mine services building was
amortized over a 25 year period. The
amortization schedule is shown on Table 9-13 50
MW Prototype Plant Amortization Schedule.

Amangement fee of $0.50 per ton is used for the
respon'iib1 ity of operating the mine and process
plant. It includes home office expenses
attributed to the operation.

A twenty percent return on equity is used fer
both debt-equity c~ses. This is the general
acceptable return in U.S. mining ventures.

Since this studY excludes land costs, import duties,
sales and use taxes, property and facilities taxes,
income taxes for project operations, and income
taxes for expatriate employees, the cost of the oil
shale product, $13.48 per tonne and $11.88 per tonne
for debt-equity ratios of 50:50 and 80:20,
respectively, are accurate to within the limits of
the estimate, which range$ between minus 15 percent
and 'plus 25 percent.
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TABLE 9-2

CAPITAL COSTS

50 MW PROTOTYPE PLANT

MINE AND PROCESS PLANT
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Table 9-2
MINE DEVELOPMENT, MINE EQUIPMENT,

PROCESS PLANT FACILITIES CAPITAL COSTS
50MW PROTOTYPE PlANT

(Costs in U.S. $1,000)

UNIT BASE DELIVERY ERECTION TOTAL
9UANTITY COST COST COST COST COST FOREIG~ LOCAL-

MINE DEVELOPMENT
1. Roads lOkm 150 1,500 -- 150 1,650 150 1,500
2. Top So11 Removal & Storage 200xl03bm3 2.00 400 -- 40 440 40 400
3. OVer Burden Removal i.5xl06bm3 2.20 3,300 -- 330 3,630 330 3,300
4. Trenches 10,OOQn 10 100 -- 10 110 10 100
5. Sedimentation Ponds 5 50 250 -- 25 275 25 250
6. Mine service Facilities 1 500 500 25 50 575 50 525
1. Mine Electrics 1 Lot 100 100 10 10 120 40 80
8. Engineering 1 Lot 250 250 -- -- 250 125 125--

SUb-Total 6.400 35 615 7,050 770 6,280
9. Contingency - 1~ 640 3 62 705 77 628--

Sub-Total 7.040 38 677 7.755 847 6,908
10. Fee - 1'1 70 1 7 78 9 69

TOTAL 7~110 39 684 7,833 856 6,977
MINE EQUIPMENT
1. SCraper 631E W/Auger 2 493 986 148 49 1,183 1.065 118
2. Bulldozer D10N w/Ripper 2 411 822 123 41 986 925 61

. 3. Bulldozer U 9N w/Ripper 1 309 309 46 15 370 334 36

0
'6""

·.\f
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Table 9-2 (Cont)
MINE DEVELOPMENT. MIN~ EQUIPMENT.

PROCESS PLANT FACILITIES CAPITAL COSTS
5(111 PROTOTYPE PLANT

(Costs in u.s. $1.000)

UNIT BASE DELIVERY ERECTION TOTAL
9UANT1TY COST COST COST COST COST FOREIGN LOCAL

4. Blast Hole Drill DM25 1 398 398 60 20 478 448 30
5. Front End Loader 992C 3 665 1.995 299 100 2,394 1,245 149
6. Haul Truck 777 5 486 2,430 365 122 2,917 2,625 292
7. Portable Crusher 1 325 325 49 16 390 366 24
8. Nater Pump 2 16 32 5 2 39 35 4
9. Compactor 825C 1 289 289 43 14 346 .123 23
10. Grader 16G 1 249 249 37 12 298 270 28
11. Water Truck 75000 L 1 486 486 73 24 583 547 36
12. MFO Storage 1 30 30 5 2 37 33 4
13. Truck - Powder 1 32 32 5 2 39 35 4
14. Truck - Fuel 1 81 81 12 4 97 87 10
15. Truck - Service/Lube 1 77 77 12 4 93 83 10
16. Truck - Supply 1 18 18 3 1 22 20 2
17. Truck - Pickup 6 10 60 9 3 72 65 7

. 18. Survey Vehicle 1 20 20 3 1 24 22 2
/..( 19. Personnel Bus 2 25 50 8 ~ 61 57 4
c:J Lowbed I Tractor 1 -132 132 20 7 159 149 10~20.



Table 9-2 (Cont)
MINE DEVELOPMENT, MINE EQUIPMENT,

PROCESS PLANT fACILITIES CAPITAL COSTS
50MW PROTOTYPE PLANT

(Costs in U.S. $1,000)

UNIT BASE DELIVERY ERECTION TOTAl.
9UANTITY COST COST COST COST COST FOREIGN LOCAL

21- Fork Lift 1128 1 73 73 11 4 88 79 9
22. Compressor 1 21 21 3 1 25 23 2
23. Shop Tools 1 Lot 150 150 23 8 181 170 11
24. Light Plants 6 14 84 13 4 101 95 6

SUb-Total 9,149 1,375 459 10,983 10,101 882
25. Contingency - lOS 915 137 46 1,098 1,010 88

SUb-Total 10,064 1,512 505 12,081 11.111 970
26. Fee - l' 101 15 5 121 111 10

Total 10.165 1.527 510 12.202 11 .222 980

PROCESSING PLANT FACILITIES
1- Front End Loader 988 1 354 354 53 18 425 382 43
2. Feed Hopper 50t 1 18 18 3 43 64 4 60
3. Belt Conveyor to Feed Bin 1 . 40 40 6 105 151 54 97

60Qln x 5(0
.t"'::
o~...



Table 9-2 (Cont)
MINE DEVELOPMENT. MINE EQUIPMENT.

PROCESS PlANT FACILITIES CAPITAL COSTS
SOMW PROTOTYPE PlANT

(Costs in U.S. $1.000)

UNIT BASE DELIVERY ERECTION TOTAL9UANTITY COST COST COST COST COST FOREIGN ~
4. feed Bin 500t 6m ., x 13m 1 60 60 3 156 219 16 2035. Feeder l00t/h - 300t/h 1 23 23 3 61 87 31 566. Impactor 275 t/h 1 60 60 9 138 207 78 1297. Bel t Conveyor to Screen 90Qrm x 50m 1 50 50 8 129 187 67 1208. Screen 1 75 75 11 190 276 100 1769. Belt Conveyor to Impactor 1 50 50 8 129 187 67 12090Qrm x 50n
10. sampler 1 175 175 26 449 650 233 41711. Belt Conveyor to storage 600mm x 75m 1 54 54 8 138 200 72 12812. Bel t Conveyor top of Storage 1 32 32 4 52 88 39 4960<mtl x 16m
13. Dherter Val yes 2 10 20 3 52 75 27 4814. Storage Bins 13m ., x 30n 3 370 1,110 50 2.214 3.374 221 3,15315. Feeders 3 15 45 7 112 164 60 10410. E1ectr1cs 1 Lot 155 155 15 402 572 148 424



Table 9-2 (Cont)
MINE DEVELOPMENT, MINE EQUIPMENT,

PRCCESS PLANT FACILITIES CAPITAL COSTS
50MW PROTOTYPE PlANT

(Costs in U.S. $1,000)

UNIT BASE DELIVERY ERECTION TOTAL
9UANrITY COST COST CGST COST COST FOREIGN lOCAL

17. Instrumentation &Controls 1 lot 50 50 8 135 193 68 125
18. Dust Collectors 4 35 140 21 150 311 1J6 145
19. Laboratory Equipment 1 Lot 100 100 15 5 120 113 7

Sub-Total 2,611 261 4,678 7,550 1,946 5,604
20. Conti ngency - 10'; 261 26 468 755 195 560--SUb-Total 2.827 287 5,146 8,305 2,141 6,164
21. Fee - 1'1 29 3 51 83 21 67

TOTAL 2,90i 290 5,197 8,388 2,162 6,226

CAPITAl. COST SlII4ARY FOR 50 MW,. DEMONSTRATION PlANT IN U.S. $1,000

BASE DELIVERY ERECTION TOTAL
.COST COST COST COST FOREIGN LOCAL

Mine Development 7,110 39 684 7,833 856 6,977
Mine Equipment 10.165 1.527 510 12.202 11,?22 980
Process Plant Facilities 2,901 290 5.197 8.388 2.162 6.226

GRAND TOTAL 20,176 1,856 6.391 28.423 14,240 14,183
%0
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TABLE 9-4

OPERATING COSTS

50 MW PROTOTYPE PLANT

MINE AND PROCESS PLANT
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Table 9-4
MINE AND PROCESSING PLANT OPERATING COSTS

50MW PROTOTYPE PLANT
(Costs in US $1000)

OPER. COST
HOURLY MINT I POWER/FUEL COST TOlA!. ANNUAL BASE AS I BASE ANNUAL

Parts cons.-a61e LUbi Powr/Fuel HOURLY SOPER. HRS. COST S COST, I OPER. S FOREIGN LOCAL
~....

tUNE EQUIPMENT
1. SCraper 9.60 9.22 2.40 14.45 35.67 8928 318 168 150
2. Bulldozer D10N 25.00 3.05 3.45 15.48 46.98 8352 392 234 158
3. Bulldozer D9N 21.00 2.56 2.90 13.02 39.48 4176 165 99 66
4. Blast Hole Dr111 20.94 4.19 1.18 6.75 33.06 4608 152 115 37
5. Front End Loader 8.85 16.52 1.42 19.93 46.72 10368 4811 263 221
6. Haul Truck 10.50 9.50 1.37 10.50 31.87 18432 587 369 218
7. Portable Crusher -- -- -- -- -- 2880 325 25 81 54 27
8. Water Pump 2.00 1.09 0.20 1.72 5.01 876 4 2 2
9. COIIpactor 6.00 1.60 0.80 5.16 13.56 456 6 3 3

E';'
10. Grader 8.00 6.93 2.00 6.88 23.81 4608 110 69 41

Water Truck 12.81 8.56 2.32 13.76 37.45 4608 ~~11. 173 99 74 oJ.~!'

'i~~

12. ANFO Bulk Storage -- -- -- -- -- 240 30 10 3 -- 3 I'::113. Truck-Powder 1.50 1.26 0.50 1.72 4.98 960 5 3 2
14. Truck-Fuel 2.66 2.44 0.90 2.04 8.04 1920 15 9 6
15. Truck-service/Lube 2.25 2.10 O~86 3.01 8.22 1920 16 9 7
16. Truck-Supply 0.93 0.81 0.25 1.08 3.07 1920 6 3 3

, 17. Truck-Pickup 0.44 0.39 0.20 1.29 2.32 17280 40 14 26
/"<



ANNUAL
OPER. $ FOREIGN LOCAl-

OPER. COST
AS ~ BASE
COST, S

Table 9-4 (Cont)
MINE AND PROCESSING PlANT OPERATING COSTS

50MW PROTOTYPE PlANT
(Costs in US $1000)

HounYMAINT & POWER/FUEL COST TOTAL ANNUAL BASE
Plr~consu.able Lube Power/Fuel HOURLY $ OPERe HRS. COST $-

18. Survey Vehicle 0.90 0.78 0.20 1.51 3.39 960 3 t 2
19. Personnel Bus 1.00 0.80 0.75 2.59 5.13 2880 15 5 1020. Low Bed I Tractor 6.00 4.75 1.00 6.02 17.77 120 2 1 12l. Forkl ift 5.00 2.38 0.42 2.58 10.38 2880 30 21 9
22. Compressor 1. 71 0.22 0.26 1.47 3.66 720 3 2 123. Shop Tools -- -- -- -- -- 2880 150 15 23 15 824. Light Plant 0.85 0.21 0.10 0.26 1.42 12960 18 13 525. SI.irface Miner
26. Electric Shovel
27. Dump HOilper
28. Feeders
29. Belt Conveyor

From Pit
30. De1t Conveyor

To Sampler
3l. Belt Scale
32. Sampler
33. flectr1cs



Table 9-4 (Cont)
MINE AND PROCESSING PUNT OPERATING COSTS

5011I PROTOTYPE PLANT
(Costs in US $1000)



Table 9-4 (Cont)
h..HE AND PROCESSING PLANT OPERATING COSTS

50MW PROTOTYPE PLANT
(Costs in US $1000)

OPER. COST
HOURLY MINT I POWER/FUEL COST TOTAL ANNUAL BASE AS I BASE ANNUAL

Parts COns.-&le. [ubi Power/fuel HOURLY $ OPER. HRS. COST $ COST, I OPER. $ FOREIGN LOCAL

3. Feed 8in 5400 60 15 9 6 3
4. Feeder 5400 23 15 4 3 1
5. Impactor 5400 60 25 15 10 5
6. Belt Conveyor to

SCreen 5400 50 20 10 7 3
7. SCreen 5400 75 15 11 7 4
8. Belt Conveyor to

Impactor 5400 50 20 10 .7 3
9. Sampler 5400 175 15 26 13 13
10. Be1t Con~'eyor to

Storage 5400 54 20 11 7 4
11. Be~t Conveyor Top 5400 32 20 6 4 2

of Storage 5400 20 15 3 1 2
12. D1verter Valve 5400 20 15 3 1 2
13. Feeder 5400 45 15 7 5 2
14. Electrfcs 5976 155 20 31 21 10
15. Instrumentation I

Controls 5976 50 20 10 7 3



Table 9-4 (Cont)

MINE AND PROCESSING PLANT OPERATING COSTS

5011I PROTOTYPE PLANT

(Costs in US $1000)

OPER. COST
HGURLY MINT I POWER/FUEL COST TOTAl. ANNUAl. BASE AS S BASE ANNUAl.

PartS Cons"'l." "LUbi Power/Fuel HOURLY $ OPER. HRS. £OST $ COST, S OPER. $ FOREIGN LOCAl.

16. Dust Collectors 5976 140 15 21 14 7
17. Laborator,y Equip. 3600 100 15 15 10 5

18. Plow Feeder

19. Plow Feeder aelt

Conveyor

20. Be1t Conveyor to

"Transfer TW!".

21- Be1t Conveyor to

Simpler

Sub Total 290 177 113

OTHERS

1. Mine Services Building 500 10 50 -- 50
Sub Total 50 -- 50

GRAND TOTAl. 2991 1748 1243



TABLE 9-5,6,7,8,9

LABOR FORCE AND COSTS

50 MW PROTOTYPE PLANT

MINE AND PROCESS PLANT



Table 9-5
WORK FORCE SlM4ARY

50 MW PROTOTYPE PlANT

SUMMARY - Nll'~4BER OF EMPLOYEES
EXP~'TRIATE 3 3.5 20 2

SUPERYISOR/TECH/ADM. 12 17 58 58

OPERATOR WORK FORCE 66 66

MAINTENANCE WORK FORCE 37 37

TOTAL 15 ~ 181 163

-3 -2 -1 1 2-25
1996 1997 1998 1999-2022

SUMMARY - LABOR COST, US $
EXPATi<IATE 468,000 528,000 996,000 324,000
SUPERVISOR /TECH/ADMIN 73,800 102,600 390,600 390,600
OPERATOR WORK FORCE 203,580 203,580

MAINTENANCE WORK FORCE 104,761) 104,760

TOTAL 541,800 630,600 3,Hi4,580 1,328,580



ANNUAL COST - US S
SALARY -2 -1 1 2-25

S/YR 1996 illZ. 1998 1999-2022

CLASSIFICATION NO.-
Mine Mgr 75,000 75,000 75,OnO 75,000 75,000
De~uty Mf ne Mgr 60,000
Chief Mining Eng 60,000 60,000 30,000
Chief Elec. Eng 60,000 30,000 30,000
Chief Safety Eng 50,000 25,000
Chief Training Eng 50,000 25,000 25,000
Chief Acctg Mgr 60,000 60,000 60,000 60,000 60,000
Shift Foreman 50,000 150,000
Stripping Foreman 50,000 150,000
Load &Haul Fnn 50,000 150,000
Maintenance Mgr 60,000
Mainten~nce Fr:n 50,000 150,000

SUBTOTAL 195,000 220,000 900,000 135,000
Indirects •••l0~ of Directs 195,000 220,000 900,000 135,000

SUBTOTAL 390,000 440,000 1,800,000 270,000

Contingency••• 20' 78,000 88,000 360,000 54,000

I;. ,

TOTAL

Table 9-6

EXPATRIATE WORK FORCE
50 MW PROTOTYPE PLANT

468,000 528,000 2,160,000 324,000



Table 9-1

PROFESSIONAL/TECHNICAL/ADMINISTRATIVE
50 MW PROTOTYPE PLANT

ANNUAL COST - US $
salary -2 -1 1-25

CLASSIFICATION NO. $/YR 1996 1991 1998-2022
Deputy Mi ne Mgr -
Chief Mining Eng
Mining Eng 6.000 6.000 6.000 6.000
Geologist 6.000 6.000 6.000 6.000
Chi ef El ec. Eng
Elec. Engineer 6.000 6.000 6.000 6.000
Chief Safety Eng
safety Engineer 4.000 4.000 4.000
Chief Training Ofc 5.000 5.000
Training Instructor 4.000 8.000 8.000
Shift Foreman 5.000 15.000
Stripping Foreman 5.000 15.000
Oil Shale Mining Frrn 5.000 15.000
Maintenance Mgr
Shop Foreman 6.000 18.000
Field Maintenance Frrn 5.000 15.000
Surveyor 3.000 9.000
Draftsman 3.000 3.000
Personnel Mgr 5.000 5.000
Personnel Staff 4.000 4.000
Procurem~nt Mgr 5.000 5.000
Procurement Staff 4.000 4.000
Warehouse Staff 3.000 9.000
Secretary 2.000 2.000 4,000 8.000
Accountant 2.000 4.000 6,000 8,000
Cook 3.000 3.000 3,000 9.000
Ja.nitor 2.000 2.000 2,000 8.000
Chemist 6.000 6,000
Assistant Chemist 5.000 5,000
sampler 3.000 9,000
security Guard 3,000 12.000 12,000 12,000

SUBTOTAL 41.000 51,000 211,000

Indirects •• 5OS of Directs 20,500 28,500 108,500

SUBTOTAL 61.500 85,500 325.500

Contingency•• 20~ 12.300 17,100 65,100

TOTAL 73.800 102,600 390,60Q.



Table 9-8

MINE AND PROCESS PLANT OPERATOR WORK FORCE
50 MW PROTOTYPE PLANT

12,000

ANNUAL COST - US $

9,000
9,000
2,700
5,400
5,400
2,700

-2 -1 1-25
1991 ~ 1993-2017

10,800
8,100
6,000
8,100
3,000

21,000
21,000

36,0000
18,000
9,000

3,000 9,000
3,000 9,000
2,700 8,100
2,500 7,500
2,400 7,200

228,000

114,000

342,000

68,400

410,400

Salary
$/YR

3,600
2,700
3,000
2,700
3,000
3,000
3,000

3,000
3,000
3,000

3,000

3,000
3,000
2,700
2,700
2,700
2,700

NO.CLASSIFICATION

SUBTOTAL

SUBTOTAL

Front End Loader Opr.
Operator
Operator Hel per
Belt Tender
Laborer

Contingency•• 20'

TOTAL

Indirects •• 50' of Directs

Blast Hole Driller
Blast Hole Helper
Shot Loader
Shot Loader Helper
Shot Firer
Bulldozer Operator
Front End Loader Opr.
Electric Shovel Opr.
Truck Driver
Scraper Operator
Portable Crusher Opr.
Surface Miner Opr.
Belt Tender
Water Truck Driver
Grader Operator
Powder Truck
Fuel Truck Driver
service/Lube Truck Dr.
Supply Truck Driver
Crane Operator
Back Hoe Opr.
Core Drill Operator
Core Drill Helper
Utility Operator

iiROCESS PLANT



Table 9-9

MINE AND PROCESS PLAHT MAINTENANCE WORK FORCE
50 MW PROTOTYPE PLANT

SUBTOTAL

SUBTOTAL

ANNUAL COST US $
-2 -1 1-25

1996 1997 1998-2022
salary
S/YR

3.600 14.400
2.700 21.600
3.600 14.400
2.700 21.600
3.600 7.200
3.600 7.200
2.700 5.400

3.600 1.200
2.700 8.100
3.600 3.600

2.400 2.400

113.100

56.550

169.650

33.930

203.580

NO.

Lead Mechanic - Mine
Lead Mechanic - Truck
Lead Mechanic - Plant
Mechanic - Mine &Plt.
Mechanic Helper
Truck Mechanic
Truck Mechanic Hlp.
Welder
Shop Journeyman
Machine Ship Helper
Lead Electrician
Electrician
Electrician Helper
Instrument Maint.
Carpenter/Painter
Laborer

CLASSIFICATION

Indirects•• 50~ of Directs

Contingency•• 20i

TOTAL



TABLE 9-10

CASH FLOW A.WoYSIS

50 MIl PROTOTYPE PLANT

MINE AND PROCESS PLANT
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Table 9-10
MINING AND PROCESSING PLANT CASH FLOW ANALYSIS

50 MW PROTOTYPE PLANT
(All costs in $1000 unless otherwise noted)

-2 -1 1 2 3 4 5 6 7 8 9 10 11 12 13
1996 1997 1998 1999 2000 2001 2002 200:1 2004 2005 2006 2007 2008 2009 2010

I. POWER GENERATION, MW 50 50 50 50 50 50 50 50 50 50 50 50 .50

II. OIL SHALE, TONNES/YR 973 973 973 973 973 973 973 973 973 973 973 973 973
x 1000

III. CAPIT~L EXPENDITURE

50/50 Debt/Equity Ratio
Mine Development 4111 3722
Mine Equipment 12202
Process P1t Facility 4000 4388
Spare Parts 1300
Working Capital 2200

SUBTOTAl 8111 23812

Capitalized Interest 1596 1596
TOTAL 9707 25408

80/20 Debt/Equity Ratio
Capitalized Interest 2554 2554

TOTAL 10665 26366

IV. OPERATING COST
Parts, Sup,Fuel/Power --- ----- 2991 2991 2991 2991 2991 2991 2991 2991 2991 2991 2991 2991 2991
Wages and Fringes 542 631 3165 132S 1329 1329 1329 1329 1329 1329 1329 1329 1329 1329 1329
Explosives --- ...._--- 31 31 31 31 31 31 31 31 31 31 31 31 31
Insurance --- ----- 98 g8 98 98 98 98 98 98 98 98 98 98 98

TOTAL 542 631 6285 4449 4449 4449 4449 4449 4449 4449 4449 4449 4449 4449 4449-- --

,/,
~..;=--



Table Y-10 (Cont)

-2 -1 1 2 3 4 5 6 7 8 9 10 11 12 131996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
V. INTEREST EXPENSE

50/50 DIE Ratio 1756 1639 1522 1405 1288 1171 1054 936 819 702 585 468 35180/20 DIE Ratio 2962 2765 2568 2370 2173 1975 1778 1580 1383 1185 988 790 593
VI DEPRECIATION &AMORTIZATION

Depreciation 3274 3274 3274 3274 3274 3274 3274 3274 3274 3274 3274 3274 3274Amortization 50/50 797 797 797 797 797 797 797 797 797 797 797 797 797Amortization 80/20 935 935 935 935 935 935 935 935 935 935 935 935 935
TOTAL 50/50 4071 4071 4071 4071 4071 4071 4071 4071 4071 4071 4071 4071 4071
TOTAL 80/20 4209 4209 4209 4209 4209 4209 4209 4209 4209 4209 4209 4209 4209

VII MANAGEMENT FEE 487 487 487 487 487 487 487 487 487 487 487 487 487
VIII RETURN ON EQUITY

50/50 DIE Ratio 3512 3512 3512 351? 3512 3512 3512 3512 3512 3512 3512 3512 351280/20 DIE Ratio 1481 1481 1481 1481 1481 1481 1481 1481 1481 1481 1481 1481 1481
IX ROYALTY 272 272 272 272 272 272 272 272 272 272 272 272 272
X COST-PROCESSED

OIL SHALE
50/50 DIE Ratio 16386 14430 14313 14196 14075 13962 13845 13727 1361 13494 13376 13259 1314280/20 DIE Ratio 15696 13663 13466 13268 13071 12873 12676 12478 12281 12083 11886 11688 11491

XI COST - $/TONNE
50/50 DIE Ratio 16.84 14.83 14.71 14.59 14.47 14.35 14/23 14.11 13.99 13.87 13.75 13.63 13.5180/20 DIE Ratio 16.13 14.04 13.83 13.64 13.43 13.23 13.03 12.82 12.62 12.42 12.22 12.01 11.81

XII COST - $/106 BTU
50/50 DIE R~ti 0 3.39 2.99 2.97 2.94 2.92 2.89 2.87 L84 2.82 2.80 2.77 2.75 2.7280/20 OlE Ratio 3.25 2.83 2.79 2.75 2.71 2.67 2.63 2.~8 2.54 2.50 2.46 2.42 2.38

•
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Table 9-10 (Cont)
MINING AND PROCESSING PLANT CASH FLOW AHA1.YSIS

50 MW PROTOTYPE PlANT
(All costs in $1000 unless otherwise noted)

14 15 16 17 18 19 20 21 22 23 24 25 TOTAL
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022I. POWER GENERATION, MW 50 50 50 50 50 50 50 50 50 50 50 50II. OIL SHALE, TONNES/YR 973 973 973 973 973 973 973 973 973 973 973 973 24,325

x 1000

III. CAPITAL EXPENDITURE

50/50 Debt/Equity Ratio ..Mine Development
Mine Equipment
Process Plant Facilities
Spare Parts
Working Capital

SUBTOTAl

Capitalized Interest
TOTAL

35,115~0/20 Debt/Equity Ratio
Capitalized Interest

TOTAL

37,031IV. OPERATING COST
Parts, Sup,Fuel/Power 2991 2991 2991 2991 2991 2991 2991 2991 2991 2991 2991 2991
Wages and Fringes 1329 1329 1329 1329 1329 1329 1329 1329 1329 1329 1329 1329
Explosives 31 31 31 31 31 31 31 31 31 31 31 31
Insurance 98 98 98 98 98 98 98 98 98 98 98 98TOTAL 4449 4449 4449 4449 4449 4449 4449 4449 4449 4449 4449 4449-- ----------

r
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Table 9-10 (Cont)

14 15 16 17 18 19 20 21 22 23 24 25 TOTAL
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

V. INTEREST EXPENSE

50/50 DIE Ratio 234 117
80/20 DIE Ratio 395 198

VI. DEPRECIATION &AMORTIZATION

Depreciotion' 3274 3274 3274 3274 3274 3274 3274 3274 3274 3274 3274 3274
Amortization 50/50 797 797 26 26 26 26 26 26 ,0 26 26 26
Amortization 80/20 935 935 26 26 26 26 26 26 26 26 26 26

TOTAL 50/50 4071 4071 3300 3300 3300 3300 3300 3300 3300 3300 3300 3300-- --
TOTAL 80/20 4209 4209 3300 3300 3300 3300 3300 3300 3300 3300 3300 3300-- --

VII MANAGEMENT FEE 487 487 487 487 487 487 487 487 487 487 487 487

VIII RETURN ON EQUITY
50/50 DIE Ratio 3512 3512 3512 3512 3512 3512 3512 3512 3512 3512 3512 3512
80/20 DIE Ratio ~481 1481 1481 1481 1481 1481 1481 1481 1481 1481 1481 1481

IX ROYALTY 272 272 272 272 272 272 272 272 272 272 272 272

X COST-PROCESSED
OIL SHALE
50/50 DIE Ratio 13025 12908 12020 12020 12020 12020 12020 12020 12020 12020 12020 12020 327947
80/20 DIE Ratio 11293 11096 9989 9989 9989 9989 9989 9989 9989 9989 9989 9989 288899

XI COST - $/TONNE
50/50 DIE Ratio 13.39 13.27 12.35 12.35 12.35 12.35 12.35 12.35 12.35 12.35 12.35 12.35 13.48
80/20 DIE Ratio 11.61 11.40 10.27 10.27 10.27 10.27 10.2 10.27 10.27 10.27 10.27 10.27 11.88

XII COST - S/106 BTU
50/50 DIE Ratio 2.70 2.67 2.49 2.49 2.49 2.49 2.49 2.49 2.49 2.49 2.49 2.49 2.72
80/20 DIE Ratio 2.34 2.30 2.07 2.07 2.07 2.07 2.07 2.07 2.07 2.07 2.07 2.07 2.39



TABLE 9-12.13

DEPRECIATION AND AMORTIZATION

50 MIl PROTOTYPE PLANT

MINE AND PROCESS PLANT



Table 9-12
MINE EQUIPMENT AND PROCESS PLANT DEPRECIATION

50 ... PROTOTYPE PLANT
(Costs tn US $1000)

TOTAl. SALVAGE DEPRECI ECONOHiiC AVAIL 'JrIL EfF ANNUAL ANNUAL DEPREeI DEPRECICOST VALUE VALUE LIFE, HRS I ...!- -!... SCH£D. HaS. OPER. HAS. J/HI --1l!!:.-MIME DEVELOPMENT
1- Mine ~rvfce Factlttfes -------------- Sl~ AMORTIZATION SCHEDULE ______
2. Balance ~f Mfne Develop
MINE EQUIPllENT
1. SCraper 1314 99 1215 17000 78 80 62 7200 4464 71 3192. Bull. QoIer Dl0N 1095 82 1013 15000 73 80 58 7200 4116 68 2823. ",uH Dozer D9N 411 31 380 I500D 73 80 58 7200 4176 25 1064. Blast Hole Drfll 531 40 491 ooסס4 80 80 64 7200 4608 12 565. Front End Loader 2660 200 2460 18000 80 60 ~ 7200 3456 137 4726. fYul Truck 3241 243 2998' 25000 80 80 64 7200 4608 120 5537. Partible Crusher 433 33 400 ooסס2 80 50 40 7200 2880 20 588. Water PUlip 43 3 40 ooסס2 95 5 5 8760 438 2 I9. COIIpactor 384 29 355 ooסס2 95 20 19 2400 456 18 810. Grader 331 25 306 ooסס2 80 80 64 1200 4608 1'i 7111. Water Truck 648 49 599 35000 80 80 64 7200 4608 17 7912. ANFO Bulk Storage 41 3 38 ooסס2 100 10 10 2400 240 2 113. Truck - Power 43 3 40 15000 80 50 40 2400 960 3 3



Tlble 9-12 (Cont)
MIllE EQUIPMENT All) PROCESS PLANT DEPRECIATION

50 III PROTOTYPE PLANT
(Costs tn US $1000)

TOTAL SALVAGE "DEPRECI ECOIQUC AVAIL UTIL EFf ANNUAL ANNUAL DEPREeI DEPRECI
COST VAllE" VALUE LIFE, HIS I -.L- ...!... SCHEn. HIS.. (l)ER. HRS. --Il!!!--IL.!!:.

MIllE E~~:~NT (cont)
14. Truck - Fuel iii8 8 100 15000 80 50 40 4800 1920 7 13
15. Truck - service/Lube 103 8 95 15000 80 50 40 4800 1920 6 12
16. Truck - Supply 24 2 22 15000 80 50 40 4800 1920 2 3
17. Truck - Pick-Up 80 6 74 9000 80 50 40 7200 2880 8 24
18. SUrvey Vehicle 27 2 25 9000 80 25 20 1200 960 3 3
19. Personal Bus 68 5 63 1500 80 25 20 7200 1440 4 6
20. Low Bed I Tractor 177 13 164 2500 95 5 5 2400 120 7 1
21- Fork Lift 98 1 91 10000 80 50 40 7200 2880 9 26
22. COlipressor 28 2 26 20000 95 10 10 7200 7200 1 1
23. Shop Tools 201 15 186 40000 100 40 40 7200 7200 1 1
24. Light Pllnts 112 8 104 20000 90 50 45 4800 2160 5 11

SUbTotal: 2122

PROCESS PLANT fACILITIES
1. F~·ont End Loader 4"12 35 437 18000 80 50 40 1200 2880 24 70
2. feed Hopper 71 2 69 40000 90 50 45 7200 3240 2 6



Tlble 9-12 (Cont)
MIllE EQUIPMENT AJID PROCESS PLAIIT DEPRECIATION

5() til PROTOTYPE PLAIIT
(Costs in US $1000)

TOTAL SALVAGE . DEPRECI ECONCIIIC AVAIL UTIL EfF AMNUAL ANNUAL DEPRECI DEPRECI
COST YALUE VALUE LIFE, HRS I ...L ..!... SCHED. HRS. OPER. HRS.~~

PROCESS PlANT FACILITIES
(cant)

3. Be1t Conveyor to
Feed Btn 168 4 164 40000 90 83 75 7200 5400 4 22

4. Feed Bin .
243 6 237 40000 90 83 75 7200 5400 6 32

5. Feeder 97 2 95 20000 90 83 75 7200 5400 5 26
6. I.pactor 230 6 224 40000 90 83 75 7200 5400 6 30
7. Be1t Conveyor to

SCreen 208 . 5 203 40000 90 83 75 7200 5400 5 27
8. SCreen 307 8 299 40000 90 83 75 7200 5400 7 40
9. Be1t Conveyor to

IlIplctor 208 5 203 40000 90 83 75 7200 5400 5 27
10. SUp1er 722 18 704 40000 90 83 75 7200 5400 18 95
11. Be1t Conveyor to

Storage 222 5 217 40000 90 83 75 7200 5400 5 29
12. Belt Conveyor Top

of Storage 98 3 95 40000 90 83 75 7200 5400 2 13
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Table 9-12 (Cont)
HIllE EQUIPMENT All) PROCESS PLAIT D£PRECIATION

50 til PROTOTYPE PLAIIT
(Colts in US $1000)

TOTAL SALVAGE. DfPRfCI ECOIDtIC AVAIL UTIL £fF A....IW. AIIIIlW. DEPRfCI DEPRECICOST VALUE VALU£ LIfE, HRS I ..!- ..!.. SCHED. HIS. (l»EI. HIS. ---IL!L- ~!YR.-PROCESS PLAIIT fACILITIES
(cont)

13. Dherter Valve 83 2 81 ooסס2 90 50 45 7200 3240 4 13
14. Storage Btn 3748 11i 3637 ooסס4 90 83 75 7200 5400 91 49115. Feeder 182 5 177 ooסס2 90 83 75 7200 5400 9 48
16. Electrccs 635 16 619 ooסס4 100 83 83 7200 5976 15 9217. Instrulentatton a

Controls 214 5 209 ooסס4 100 83 83 7200 5976 5 31
18. Dust Collectol"$ 345 14 331 ooסס2 100 83 83 7200 5976 8 4919. Llborator,y EqutPient 133 10 123 ooסס4 100 50 50 7200 3600 3 11

SubTotal

1152
TOTAL:

3274

.....



Table 9-13
AMORTIZATION SCHEDULE

50MW PROTOTYPE PLANT
(Cost in US $1000)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

50 MW PLANT 5/50
1. Mine Development 480 480 480 480 480 480 480 480 480 480 480 480 480 480 480
2. Mine Service Facilities 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26
3. Pre-Op Labor 78 78 78 78 78 78 78 78 78 78 78 78 78 78 78
4. Sub-Total 584 584 584 584 584 584 584 584 584 584 584 584 584 584 584 26
5. Capitalized Interests 213 213 213 213 213 213 213 213 213 213 213 213 213 213 213

6. TOTAL: 797 797 797 797 797 797 797 797 797 797 797 797 797 797 797 26

50 MW PLANT 8/20
7. Capitalized Interest 341 341 341 341 341 341 341 341 341 341 341 341 341 341 341

8. TOTAL: 935 935 935 935 935 935 935 935 935 935 935 935 935 935 935 26



Table 9-13 (Cont)
MORTIZATIOII SCHEOll.E
5MI PROTOTYPE PLAMT
(Cost tn US $1000)

17 18 19 20 21 22 23 24 25
2014 2015 2016 2017 2018 2019 2020 2021 2022--------

50 III PLANT 50/50
1. Mfne DeveloPlent
2. Mine Service Facilities 26 26 26 26 26 26 26 26 26
3. Pre-Op Labor
4. Sub-Total 26 26 26 26 26 26 26 26 26
5. Capitalized Interests
6. TOTAL: 26 26 26 26 26 26 .26 26 26

50 ... PLAIIT 80/20
7. Capitalized Interest
8. TOTAL: 26 26 26 26 26 26 26 26 26

/,;;,
..... '
/" "
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10.0 400 MW CoMMERCIAL SCALE MINE PLAN

10.2 Mine Development Plan
10.2.1 General
The northern area of the deposit was selected for the large
scale mine primarily because of the ease of mine development
in the shallower overburden along the west flank of the
deposit. Refer to Figure 1.1.

There are two known obstacles in the northern area; namely,
the major highWay that cuts across the northwest corner of
the deposit and the railroad that divides the area. The
highway does not affect sufficient reserves to justify its
relocation. However, the railroad relocation would prevent
the development of a new mine which is much more costly than
relocating a track to circumvent the deposit. This decision
can be delayed until after 18 or 19 years of mine operation.

10.1 Factored Estimates
The use of factored estimates for the mining portion of the
400 MW commercial scale integrated project is not
recommended, because the amount of materials to be handled
is significantly greater than those of the smaller mines and
processing plants. The design concept for a full scale mine
and process plant is more capital intensive, but the cost
per tonne of processed oil shale fuel is significantly
decreased. The smaller mines and processing plants were
developed and designed to keep capitdl costs at a minimum
and they would be abandoned in favor of the larger scale
mine and process plant in the event a full scale plant were
to be constructed. Since the fuel cost of generating
electricity is a major cost component, a cost that reflects
the economics of a large scale mining and crushing operation
for the processed oil shale product was developed for this
case study.



Th~ general development plan for the mine inc'ludes driving a
ramp from the surface to the oil shale, opening a box-cut to
expose the oil shale and advancing the pit from the box-cut
to the east by a series of 80 metre wide cuts. The cuts
will be oriented in a northwest-southeast direction and will
va~ in lengths from two to three kilometres.

10.2.2 Environmental Consideration
During the development stage of the mine
consideration will be given to preserve the top-soil
for the restoration of the land as soon as permitted
by the minir.g operation, and to protect the surface
and ground water from contamination. Top-soil will
be removed from the mining area, the ramp, the
haul roads, waste disposal area, mine service
facilities and water sedimentation ponds and then
stored in designated areas. The top-soil stockpiles
will be protected from erosional forces and rain
run-off water from the stockpiles will be collected
in sedimentation ponds. Around the perimeter of the
pit a trench will be dug to collect water from
entering the pit. This pristine water will be
discharged into a natural drainage channel. At the
waste disposal site, a ditch will be dug around the
stockpile area to collect rain run-off water from
the disturbed area and stockpile. This water will
be stored in a sedimentation pond designed for zero
discharge. The haul roads from the pit and power
plant to the waste disposal area will be constructed
with ~rainage ditches on both sides of the road and
water will be transferred from one ditch to the
other by a series of culvert pipes. The water will
be store~ in sedimentation ponds design for zero
discharge. One sedimentation pond will be built at
the mine service facilities to collect rain run-off
water from its disturbed area. Rain run-off water
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at the pit will be collected in a sump and pumped to
the surface into a sedimentation pond. If any of
the collected water is environmentally suitable, it
will be used for dust suppression of the haul roads.

10.2.3 Incline Ramp
The incline ramp will be driven in a northwesterly
direction along the west boundary of the deposit on
a grade of 8 percent beginning at approximat1y
H56350 and E246950. The 30 metre wide ramp will be
approximately 700 metres long. Based on side slopes
of 0.5:1, the estimated amount of overburden will be
1.055 million bank cubic metres and the amount of
oil shale recovered will be 165,000 tonnes. The 30
metre wide ramp will accommodate the oil shale belt
conveyor and two-way truck traffic which will De
necessary in the early years of operation for the
disposal of overburden to the out-of-pit waste
storage. Any oil shale mined during the development
stage will be used to supplement the fuel
requirement of whichever plant, 20 MW or 50 MW, was
constructed before the full scale plant.

10.2.4 Box-cut
The-box-cut is an excavation in the overburden which
exposes the top of the oil shale for its
extraction. Box-cuts are normally completed before
production of oil shale is started to avoid de1~s

in mining. pnce the box-cut is completed,
overburden is routinely removed from the advancing
face at a rate that allows oil shale mining to meet
the power plant fuel requirements.

The box-cut will be located along the west flank of
the oil shale deposit immediately north of the
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incline ramp. The excavation of the ramp and
box-cut will be coordinated since tht ramp is the
access to the box-cut. The overbur'den at this
location is 35 metres thick and the oil shale is 20
metres thick. The box-cut will be comprised" of
three ten metre benches and one five metre bench in
overburden materials and two ten metre benches in
the oil shale. The oil shale benches will be mined
as far as is necessary to provide space at the base
of the ramp for the construction of the oil shale
truck dump hoppers and" conveyor belt. On the west
side and north end of the box-cut, off-sets in the
excavation will be left at the lower and
intermediate level to allow for two-way truck
traffic which will be required for the back-fill
operation of the pit. The east side of the box-cut
will be the advancing face consisting of four
benches in the overburden which are 40 metres wide.
The south end of the pit slope will be excavated to
include roads for two-way traffic at a lower and
intermediate level for the haulage of overburden
out-of-the pit during the early years of operation.
The length of the box-cut will be approximately 1000
metres and 80 metres wide at the top of the oil
shale. Approximately 7.4 million bank cubic metres
of overburden is estimated to be excavated and
hauled to the out-of-pit waste dump.

The bench height of the box-cut is limited to ten
metres because of safety for the type of equipment
used in the excavation. This work, as well as all
other development work, will be performed by a local
contractor. Upon start of operation the Owner will
operate the mine with its own equipment. Gradually,
the mine bench height will be increased from 10
metres to 15 metres as the electric shovels are
brought into service.
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10.2.5 Overburden Disposal
The out-of-pit disposal area is located outside of
the oil shale deposit along the east flank. The
disposal area will include all waste materials from
the expanded trial pit, the main mine development
work and the mine overburden and spent shale of the
first two 100 megawatt units for a minimum period of
two years. It is estimated that the waste from the
mine will be in excess of 25 million bank cubic
metres and the spent shale equivalent will be in
excess of 6 million bank cubic metres. In the
backfill operation a slope of 5:1 wi'll be maintained
for slope stability and saf~ty of the workers and
equipment at the base of the pit and at the two
in-pit backfill levels. During the course of
mining, there will always be a need to store waste
materials at this out-of-pit storage because of the
material swell and the need to maintain a road at
the bottom of the pit for delivery of oil shale to
the truck dump hoppers. The out-of-pit storage pile
is intended to be a permanent feature and it may
require some special reclamation conditions, such as
height and slopes.

10.2.6 In-p1t 011 Shale Truck Dump and Belt Conveyor
At the base of the ramp an oil shale truck dump
station w1ll be constructed. This installation will
consist of two rear dump truck hpppers, ~ach with a
capacity of 300 tonnes, equipped with a feeder
capable of feeding 2000 tph from each hopper. The
product dumped into the hopper will be minus 150 mm
or 200 mm as mined by the surface miner. In-pit
crushers are not requ1red. As the pit advances
these hoppers may be moved to decrease the haul
distance.
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Oil shale from the truck dump hoppers wi" be fed
unto a 1500 mm wide belt conveyor capable of
conveying as much as 3000 tph up the incline. The
conveyor will be located on the west side of the
ramp and will have a length of 1200 metres. This
conveyor will be a permanent installation, and if
the truck dump hoppers are relocated, a new conveyor
will link the hopper and the incline conveyor.

10.2.7 Mine service Facilities
The mine service facilities for the full scale mine
will be an expansion of the service facilities of
the smaller mine to accommodate the increase in the
number of employees and equiPment. These facilities
will include additional truck maintenance bays for
the 136 tonne trucks, maintentnce b~s for light
vehicles and for other mobil equipment, and
expansion of the warehouse, change house, training
room, offices and cafeteria.

10.2.8 Mine Electrics
It is estimated that 6 kilometres of 132 kY
powerline will be required to bring power to the
mine for the electric power shovel. Three portable
transformers, each with 5000 kYA capacity, will
transfonm the power to 7.2 kY. The three blast hole
drills will receive power from these transformers.
If electric drives are selected for the surface
miners, these transformer will be their source of
power. The mine service facilities and mine incline
conveyor belt will be supplied with power from the
process plant cir~uit.
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10.3 Mfne.Operation

10.3.1 General Description
The basic m1ning activities include drilling and
blasting overburden, loading and hauling overburden
to out-of-pit waste stockpile or to backfilling the
pit when space penmits, and mining, hauling and
conveying oil shale to out-of-pit stockpiles. For
the 400 megawatt plant, the average hourly rate of
mining will be approximately 1440 tonnes of
performance fuel specification oil shale based on
900 shifts per year. The design rate of mining is
2000 tonnes per hour and based on a 100 percent
capacity factor of the power plant, 72 percent of
the design capacity is utilized.

The Su1tani mine will be a large operation producing
approximately 7.78 million tonnes of oil shale per
year and moving 10.0 million bank cubic metres of
overburden. To move these volumes of material
efficiently, equipment must be sized and matched
properly. Major equipment selected for this
operation are three blast hole drills capable of
drilling 250 mm diameter holes, three electric power
shovels with dipper capacity of 20 cubic metres,
twenty haul trucks with a carr,ying p~load of 136
tonnes and two surface miners each capable of mining
oil shale at the rate of 2000 tonnes per hour.

Because of the vertical and lateral variation in the
oil content of the oil shale and the need for a
consistent grade of fuel to the power plant,
selective mining and elaborate blending of oil shale
will be utilized.
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Blasting will be done on a daily basis and access to
the blasting area will be controlled prior to the
time of blasting.

On-site explosive storage will be provided for bulk
blasting agents, bagged ANFO, and high explosiver..
The construction of these facilities will comply
with appropriate standards.

The explosive used in the blasting ,operation wili be
primarily ANFO. Primers will consist of commercial
cast primers and sensitized slurry boosters may be
required to ensure effective detonation. To
eliminate the extensive use of blasting caps in the
circuit, non-electric initiation systems and
detonating cord will be used for trunklines and
downhole lines. Blasting delays will be used
between rows of holes and occasionally between holes
in the same row to improve fragmentation and reduce
ground vibration and air blast levels. Apowder
factor of 0.2 kg per han~ cubic metre is used for
cost-estimating and will be subject to change as
on-site experience is gained.

lO.3r2 Drilling and Blasting Overburden
Overburden drilling will be accomplished by three
Ingersoll-Rand OM SOE Drillmaster blasthole drills.
The 250 mm diameter holes will hav~ burden and
spacing centers of 10 metres and will be subject to
change as on-site experience is gained. One driil
will be stat1~ned on each of the three benches, but
will be able to move to other benches when required.



lO.J.3 Loading and Hauling Overburden
Loading of overburden will be by three P&H 2300
e~ectric shovels with 20 cubic metre dipper
capaci ty. These shovel swill load Caterpill ar 78',

trucks which have 136 tonne capacities. The shovel
and truck are matched so that five passes from the
shovel will fill the truck. Three or four trucks
will be assigned t~ each of the shovels depending on
the haul distance.

From the box-cut the bench height will be increased
to 15 metres from 10 metres and the four bench,es
will become three. As mining progresses toward the
east, the overburden becomes thicker and eventually
four- 15 metre high benches will be required. The
three shovels will work the fuur benches. Two
Caterpillar 992 C front end loaders equipped with
high lifts and 9.1 m3 buckets will $erve as back-up
to a shovel or will be used to supplement the
loading capacity when needed.

Overburden will be hauled t~ the out-of-pit storage
until it is safe to begin backfilling the pit. This
will probably occur after the second 100 megawatt
unit. has operated a full year. At the out-of-pit
storage, bulldozers will continuously level the
dumping areas to maintain a stea~ flow of truck
traffic.

10.3.4 Mining, Hauling and Conveying Ofl Shale
Selective mining of the oil shale will be
accomplished by two Easi-Miner Model 1224 continuous
surf~ce miners. The machine will excavate the oil
shale in plies of up to 610 mm thick and 4140 mm
wide. The thi~kness of these plies can be varied
from 150 mm t~ 610 mm with a cutting tolerance of
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The incline conveyor will be 1500 mm wide
constructed with a steel cord belt. It will have an
overall length of approximately 1200 metres and the
incline angle of the conveyor will be the same as
that of the ramp which is driven on an 8 percent
grade.

25 mm. This feature provides the mining selectivity
required for this operation in separating high and
low grade oil shales and removing waste materials.
These machines are expected to be a~~e to cut the
soft in-place oil shales and b1astih~ is not
required. The size of the product cut by the
surface miner is a function of the speed with which
it can cut the oil shale. In soft materials the
product size can be as large as 200 mm and in
moderately hard materials the machine will cut
pieces as large as 150 mm. These sizes are capable
of being transported by a conveyor belt and a
primary crusher is not required.

The oil shale will be loaded directly from the
surface miner into a Caterpillar 785 truck which
will transport it to the oil shale truck dump
hopper. (Refer to Figure 10.1.) The surface miner
has the capability of mining 2000 tonnes per hour.
Two dump hoppers are provided to prevent delays when
both surface miners are operating. Each hopper is
equipped with a feeder capable of feeding as much as
2000 tonnes per hours. Normally, the feed rate will
~e.approximately 1000 tph from each feeder, and on
occassion one feeder may feed at its maximum rate
when one of the feeders is out of service. Tne belt
conveyor will be able to handle surges of 3000 tph.



10.3.5 Backfilling of Pit
The backfilling of the pit will be made safe to
protect the workers and equipment working in or
around this operation. The recommended backfill
slope will be 5:1 to provide slope stability and
adequate distance between the backfilling benches.
Three backfill benches will be provided. The lower
and intermediate level will be backfilled with
overburden and the upper bench will be filled with
spent shale and overbur1en. Spent shale 9('~ 11 be
trucked from the power plant. Because of material
swell and the need to maintain a road at the base ~f

the pit for the transport of oil shale, overburden
from the upper bench will on occasion be stored at
the out-of-pit storage. Backfilling of the lower
level will commence shortly after the oil shale is
removed in the first cut. Afull scale operation
will begin after the third cut is removed. Spent
shale disposal in the pit will not occur until this
time.

10.3.6 Reclamation Plan
Reclamation procedures should minimize adverse
impacts during mining and to restore all affected
lands to their pre-mining land use. The major
objectives of the reclamation effort are to control
wind and water erosion. To attain these goals the
overburden must be classfied as to its textural and
chemical suitability and handled accordingly. It
will be necessary to locate, segregate, and bury all
undesirable materials, to replace overburden
materials in an appropriate manner and to revegetate
with appropriate plant species. Reclamation is a
continuous and integral part of the mining
activities and the final mine plans and reclamation
plans should be developed together.
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10-12

Dev~lopment of a modified mining plan will be
necessar,y if it is decided to recover the underlying
phosphori te.

10.3.7 Phosphorite Recover,y
Recent core drilling indicates the presence of a
potentially i~teresting layer of phosphate mineral
immedite1y unde~lying the oil shale beds.

After the land is backfilled and grading is
complete, the surface will be scarified by deep
ripping before surfacing land with top soil.
Graders and fanm type equipment will be used to
prepare the surface so as to promote water retention
for erosion control and vegatation establishment.

The operator should institute an ongoing sampling
program for overburden. The sampling procedure
should include both visual and chemical methods for
classification of overburden suitability. By
sampling ahead of mining, the operator can assure
that only suitatle materials will be placed near the
surface. Ana1y~e5 performed on drill samples should
include acid-base potential, texture, pH, SAR,
conductivity and trace elements such as B, Mo, Cu
and Pb.
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11.0 400 MW COMMERCIAL SCALE SHALE PROCESSING PLANT

11.1 Sampling, Storing and Reclaiming
Oil shale conveyed from the pit bottom to the surface will
be transferred to a 1500 mm wide belt conveyor that elevates
the oil shale to a three stage sampler. The sampler will be
designed in accordance to AS1M standards. A belt scale will
weigh the oil shale going to the sampler and samples
representing a pre-determined amount of tonnes will be
collected. These samples will be analyzed for quality
control of the product through the system. Refer to Figure
10.1 Flow Sheet for 400 MW Process Plant. After l~aving the
sampler, the oil shale is discharged onto a double wing
traveling stacker capable of stacking 3000 tonnes per hour.
The stacker is located between two open storage piles.
Stacking of oil shale will occur in one storage facility,
while the second is being reclaimed. Stockpiling of oil
shale along side the storages and reclaiming by bulldozer
will be the method used to feed the plant in case of
prolonged outages of the conveying and stacking system.

The two storage and reclaim facilities will be constructed
of concrete with a V-shaped bottom and will be 200 metres
long. Each storaDe facility will be able to store 100,000
tonnes of which most will be live storage except for small
amounts at both ends. At each of the storage f~ci1ities,

reclaiming will be by two rotary plow feede~s with variable
speed drives. The reclaim system is designed for 3000
tonnes per hour.

Control of the oil shale quality begins with the mining of
oil shale. If both surface miners are mining either high
grade or low grade oil shale, the mode of storing will be to
keep the grades of oil shale separated in the storage. Upon
reclaiming, the speed of the rotary plow feeders will be
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contr.olled to mix the oil shales int~ a product that
approximates the performance fuel specification. If both
surface miners are mining diferent grades of oil shale and
trying to approximate the performance fuel specification at
the pit, tlla traveling stacker will travel back and forth
between the two ends of the storage, building a windrow as
well as leveling out any quality peaks and valleys.

Because of the representative sampling and testing that is
continuously pp.rformed, the calorific value of the oil shale
within the storage pile is known. Further mixing will be
made by controlling the speed of the rotary plow feeders
before the oil shale is delivered to the impactor feed bins.

11.2 Crushing and Sizing
At full scale operatio~, three crushing and sizing circuits
will be constructed. Two circuits will be operating, while
the third will be on a stand-by basis or out of service for
maintenance. Each circuit will have the capacity of
producing 1000 tonnes per hour of minus 8 mm product. The
built-in reliabilty of an extra circuit is a necessity
because of the power plant dependence on a steadY supply of
fuel. At an annual rate of 7.78 million tonnes, there will
be considerable abrasion wear on parts such as hammers,
screen cloth, and chute liners which would be difficult to
maintain with two crushing and screening circuits.

Oil shale from the two storage facilities will be conveyed
to the transfer tower at a rate of 3000 tonnes per hour. At
the transfer tower, the oil shale is transferred onto either
one of two conveyors that delivers the oil shale to either
of three feed bin through a chute arrangement. The feed
bins will be 8 metres in diameter and 16 metres high, each
having a capacity of 1000 tonnes. The bins will be equipped
with a vibrating feeder capable of feeding 1000 tonnes per
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hou~ .across the width of the crushing chamber of a
Pennsylvania Crusher, Reversible Impactor Type CA 10-72.
Each circuit will have the impactor in closed circuit with
two screens, Pennsylvania Crusher Type BHG 38/95 (3.8 mby
9.5 mscreen deck). The undersize material will be conveyed
to the sampler and the oversize will be conveyed to the
impactor. Until tests are made of the friability of the oil
shale, the circulating lead has been estimated at 100
percent for the purpose of this study.

11.3 Sampling, Storing and Blending
The undersize product from all screens in conveyed to a
common sampler where samples are extracted before the
product is stored in concrete silos. The three stage
sampler will be built according to ASTM standards.

After the oil shale leaves the sampler, it is conveyed by
belt conveyor to the top of the silns and discharges the oil
shale onto a conveyol belt system that distributes the oil
shale into five silos. The stationary tripper and diverter
valve arrangement at each s110 will allow for either filling
the silo or passing the material to another silo. The silos
are 20 metres in diameter and 40 metres high and each will
have a capacity of approximately 17,000 tonnes which will
provide a three day storage for the power plant operating at
full capacity. Each silo is equipped with seven variable
speed reciprocating plate feeders for the final mixing of
the power plant feed. Feed from four silos can be withdrawn
simultaneously, while the fifth is being filled and tested.

The reciprocating plate feeders will be the interface with
the power plant for this study. Conveying from the s110s to
the boiler fuel bunkers will be for the power plant account.
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Table 12-1

12-1

12.0 400 M~' FUL~ SCALE MINE AND PROCESS PLANT ECONOMICS

These costs are reprsentative of expected costs in
Jordan at this time and include engineering,
procurement, construction management, direct and
indirect construction costs, ocean and inland
freight, and a 10 percent contingency. Construction
costs are based on Bechtel's experience in the area
of Jordan and with the benefit of conceptual
engineering. The mining and processing equipment
cost estimate is based on vendor budget prices. The
del ivery cost estimates are average costs tak.en f:'om
Bechtel's records. Special handling features are
excluded from the delivery estimates because of

12.1 Capital Expenditure
12.1.1 Summary of Capital Expenditure

The capital expenditures for the mining and
processing plant were detennined for the mine
development, the mining equipment and the
construction of the oil shale process plant. The
following table summarizes these expenditures.

CAPITAL COST SUMMARY FOR 400 MW FULL SCALE PLANT
(in U. S. $1 000 )

Base Delivery Erection Total Foreign Local
$ $ $ $ $ $

Mine Development 27953 250 2712 30915 4851 26064

Mine Equipment 46595 6968 12449 66012 51784 14228

Process Plant Facilities 31193 1985 27811 60989 18715 42274

TOTAL 105741 9203 42972 157916 75350 82566



their wide range of costs. A large percentage of
the mine development work is based on Comedat's
quote of April 12, 1988 for drilling, blasting,
loading and hauling overburden. It is to be noted
that this is an order of magnitude cost estimate
with a range spread of minus 15 percent to plus 25
percent of the capital cost presented in the cost
summary.

12.1.2 Estimate Basis
Capital equipment quotations were solicited by
telephone from a number of vendors. Only budget
price5 were requested. Installation manhours were
assigned to each item of capital equipment based on
recent historical data. Values for process piping,
electrical and instrumentation were based on
standar~ factors of the value ~f the process
mechanical equipment as detenmined from experience.

Bulk construction material and building cost
estimates are based on using local suppliers and
contractors.

Installation manhours and costs are based on
Bechtel's experience in the area of Jordan.
Included in these costs are base wages, overtime
allowance, fringe benefits, small tools and
consumab1es, and contractor's overhead and profit.

The major construction indirect costs items are the
supply and maintenance of temporary construction
facilities and services and the rental and operation
of construction equipment.
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A factor of 15 percent of the value of the
mechanical equipment was used for the delivery cost
estimate. The estimate includes freight to foreign
port, OC9an freight, and inland freight to site.
Import duty is excluded.

Taxes of all kind ar~ excluded from this estimate.

Cost estimate is based on 2 Q 1988 costs and they
have not been escalated from that date.

The cost estimate does not include any financing
charges, spare parts and working capital. These
cost are included in the cash flow analysis for the
cost of fuel.

12.1.3 Capital Cost Estimate
Table 12-2 Mine Development, Mine Equipment, Process
Plant Facilities Capital Cost provides the
information used in preparing the capital cost
estimate.

12.2 Operating Costs

12.2.1 Summar,y of Operating Costs
The operating costs include those costs for the mine
equipment, process plant, mine services building,
and labor for the mine and process plant. Mine
equipment operating costs are composed of costs for
repair parts, consumab1es, lUbrication, and fuel or
electric power. The process plant and the mine
services building operating costs are based on a
percentage of the base capital cost of each piece of
equipment or building. Labor costs include
expatriate labor, supervisors, technical and
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administrative workers. operating and maintenance
personnel. Excluded from these operating cost are
the cost for explosives and insurance which are
included as operating costs in the cash flow
analysis. The following summat'izes the operating
costs:

Table 12-3

OPERATING COST SUftltARY FOR 400 MW FULL SCALE PLANT
(in U. S. $1000 )

Annual Operating Foreign Local
Cost $ $ $

Mine Equipment 11935 7793 4142

Process Plant 2394 1634 760

Services Buil di n9 150 150

Labor 2411 385 2026

TOTAL 16890 9812 7978

12.2.2 Basis. of Operating Costs
Table 12-4 Mine and Processing Plant Operating Costs
presents the method by which the costs were
determined for the mining equipment and the process
plant facilities as well as the mine services
building. There are many variables that influence
operating costs and operating costs can be
significantly different between companies. The cost
and factors used in this estimate were developed by
Bechtel from a number of sources and they should be
representative of costs expected to occur in Jordan.
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Expatriate labor will be used for training and start
up purposes. Only two key expatria:e workers will
be retained in the pennanent work force and the
remaining will be replaced as soon as personnel are
trained. In addition to the two expatriates. there
will be a total of 70 people involved with
supervision. technical and administrative work. a
total of 201 people to operate the mine and process
plant and 105 people to maintain these operations at
the 400 MW level. The total workforce will include
378 people. Labor rates used in this estimate are
from the Jordan Electric Authority and othel' mining
studies performed in the Jordan area. The labor
cost for the work force are presented in the
following:

Table 12-5 Work Force Summary
Table 12-6 Expatriate Work Force
Table 12-7 Professional/Technical/Administrative
Table 12-8 Mine and Process Plant Operator Work Force
Table 12-~ Mine and Process Plant Maintenance Work Force

12.3 Cash Flow Analysis
The cash flow analysis for the 400 MW Full Scale Plant is
shown on Table 12-10 400 MW Full Scale Plant Mining and
Processing Plant Cash Flow Analysis. The analysis consists
of a three year pre-production period and a 25 year
operating period. Debt-equity ratios of 50~50 and 80:20 are
used in the analysis.
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Table 12-11

SUMMARY OF CASH FLOW ANALYSIS FOR 400 MW PLANT

1.56
1.35

7.74
6.69

187,239
201,891

Capital Cost Product Cost Product Cost
$1000 $/Tonne $/106 Btu

The capital cost presented above includes the
interst during construction, spare parts and working
capital in addition to the capital expenditures
summarized in 12.1.1. The product cost is a
weighted cost for the 25 year operating period for
7,783,000 tonnes to be mined annually. This cost
expressed in $/106Btu is based on the performance
fuel specification of 2250 Btu/pound.

The operating costs basis for parts, supplies,
f~el and power, and wages and fringes were

12.3.2 Cash Flow Analysis Basis
The capital expenditure for the mine development,
min~ equipment and processing plant was presented in
section 12.1. Added to these costs were spare parts
for the mine and process plant and a working capital
fund. The spare parts amount to approximately 10
percent of the base value of the equipment and
machinery cost and the working capital will be
sufficient to cover three months of operating costs
and other unforseen costs. Interest duri ng
construction for the two debt-equity cases are
capitalized.

50:50 Debt/Equity
80:20 Debt/Equity

12.3.1 Summary of Cash Flow Analysis



presented in Section 12.2. In addition to these
costs are explosives and insurance. Explosives
are based on a powder factor of 0.2 kg per bm3

at a U.S. average blasting agents cost of
$125/short ton. Explosives are used for
overburden blasting only. Insurance cost is
based on one half of one percent for the cost of
the mining equipment, the constructed process
plant and services building.

Interest expenses were computed at a rate of 10
percent and the loan term was 15 years. Because
of the long construction period, two separate
loans are used in the analysis.

Depreciation is based on the economic life of
the mining and processing equipment in hours and
its estimated hours of use per year. Details of
these determinations are found in Table 12-12
Mine Equipment and Process Plant Depreciation.

The mine development, pre-production labor,
cpaita1ized interest were amortized over a 15
year period and the mine services building was
amortized over a 25 year period. The
amortization schedule is shown on Table 12-13
400 MW Full Scale Plant Amortization Schedule.

A mangement fee of $0.50 per ton is used for the
responsib1ity of operating the mine and process
plant. It fncludes home office expenses
attributed to the operation.

A twenty percent return on equity is used for
both debt-equity cases.
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Since this studY excludes land costs, import duties,
sales and use taxes, property and fac;lities taxes,
income taxes for project operations, and income
taxes for expatriate employees, the cost of the oil
shale product, $7.74 per ton and $6.69 per ton for
debt-equity ratios of 50:50 and 80:20, respectively,
are accurate to within the limits of the estimate,
which ranges between minus 15 percent and plus 25
percent.
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Table 12-2
MINE DEVELOPMENT, MINE EQUIPMENT,

PROCESS PLANT FACILITIES CAPITAL COSTS
400MW FULL SCALE PLANT
(Costs in U.S. $1,000)

UNIT BASE DELIVERY ERECTION TOTAL
.9UANTITY COST COST COST COST COST FOREIGN LOCALMINE DEVELOPMENT

1. Roads 8km 150 1,200 -- 120 1,320 120 1,200
2. Top Soil Removal &Storage 500x103m3 2.00 1,000 -- 100 1,110 100 1,000
3. Incline Ramp 1150xl03m3 2.00 1,000 -- 253 2,783 253 2,530
4. Box Cut 7400xl03m3 2.20 16,280 -- 1,628 17,908 1,628 16,280
5. Trenches 15000m 10 150 -- 15 165 15 150
6. Sedimentation Ponds 5 50 250 -- 25 275 25 250
7. Mine Service Facilities 1 1500 1,500 -- 150 1,650 150 1,500
8. Mine E1ectrics 1 lot 1500 1,500 225 150 1,875 1,575 300
9. Engineering 750 750 -- -- 750 500 250

Sub-Total 25,160 225 2,441 27,826 4,366 23,460
10. Contingency - 10% 2,516 23 244 2,783 437 2,346

Sub-Total 27,676 248 2,685 30,609 4,803 25,806
11. Fee 277 2 27 306 48 258

TOTAL 27,953 250 2,712 30,915 4,851 26,064
MINE EQUIPMENT
1. Scraper 657 w/Auger 1 826 826 124 41 991 888 103
2. Bulldozer 010N w/Ripper 3 411 1,233 185 62 1,480 1,388 92



Table 12-2 (Cant)
MINE DEVELOPMENT, MINE EQUIPMENT,

PROCESS PLANT FACILITIES CAPITAL COSTS
400MW FULL SCALE PLANT
(Costs in U.S. $1,000)

UNIT BASE DELIVERY ERECTION TOTAL
.9UANTITY COST COST COST COST COST FOREIGN LOCAL--

3. Bulldozer D9N w/Ripper 6 309 1,854 278 93 2,225 2,002 223
4. Blast Hole Drill DM50E 3 466 1,398 210 70 1,678 1,510 168
5. Electric Shovel P&H 2300 3 3,300 9,900 1,485 1,485 12,870 10,746 2,124
6. Haul Truck 785 20 707 14,140 2,121 707 16,968 15,908 1,060.7. Front End Loader 992C 2 685 1,370 206 69 1,645 1,480 165
8. Surface Miner 1224 2 1,500 3,000 450 150 3,600 3,240 360
9. Grader 16G 2 249 498 75 25 598 538 60
10. Water Truck 2 486 972 146 49 1,167 1,050 117
11. Compactor 1 289 289 43 14 346 312 34
12. Crane 40T . 1 348 348 52 17 417 375 42
13. Forklift 1T28 2 73 146 22 7 175 158 17
14. Forkl i ft IT12 2 48 96 14 5 115 108 7
15. Core Drill 1 305 305 46 15 366 329 37
16. Cable Skidder 2 65 130 . 20 7 157 141 16
17. Back Hoe 1 310 310 47 16 373 336 37
18. Water Pump 8 16 128 19 6 153 138 15
19. Truck-Powder 2 50 100 15 5 120 108 12
20. Truck-Fuel 2 80 162 24 8 194 182 12



Table 12-2 (Cant)
MINE DEVELOPMENT, MINE EQUIPMENT,

PROCESS PLANT FACILITIE~ CAPITAL COSTS
400MW FULL SCALE PLANT
(Costs 1n U.S. $1,000)

UNIT BASE DELIVERY ERECTION TOTAL
gUANTITY COST COST COST COST COST FOREIGN LOCAL-

21. Truck-Service/Lube 2 65 130 20 7 157 141 16
22. Truck-Mech/We1d 1 77 77 12 4 93 84 9
23. Truck-Electrician 1 54 54 8 3 65 59 6
24. Truck-Supply 2 30 60 9 3 72 65 7
25. Truck-Pickup 10 12 120 18 6 144 130 14
26. Tractor/lowbed 1 132 132 20 7 159 139 20
27. Survey Vehicle 2 20 40 6 2 48 43 5
28. Ambulance 1 86 86 13 4 103 93 10
29. Fire Truck 1 88 88 13 4 105 94 11
30. Personnel Bus 3 25 75 11 4 90 77 13
32. Light Plant 12 14 168 25 8 201 189 12
33. Fann Tractor 1 15 15 2 1 18 16 2
34. Reclamation Tools 1 Lot 25 25 4 1 30 27 3
35. Communica1tion EqUip. 1 Lot 100 100 15 5 1ii) 113 7
36. Dump Hopper 2 90 180 12 224 411.. 22 394
37. Feeder 2 120 240 36 621 897 320 577



Table 12-2 (Cant)
MINE DEVELOPMENT. MI~E EQUIPMENT.

PROCESS PLANT FACILITIES CAPITAL COSTS
4()(MI FULL SCALE PLANT
(Costs in U.S. $1.000)



Table 12-2 (Cont)
MINE DEVELOPMENT, MINt EQUIPMENT,

PROCESS PLANT fACILITIES CAPITAL COSTS
40CM1 FULL SCALE PLANV
(Costs in U.s. $1,000)

UNIT BASE DELIVERY ERECTION TOTAl.
~UANTITY COST COST COST COST COST FOREIGN LOCAL

5. Bel t Conveyor/Transfer TWR 2 300 600 90 1.553 2.243 800 1.443
6. Belt Conveyor/feed Bin 2 300 600 90 1,553 2,243 800 1,443
7. Diverter Valves 4 20 80 12 207 299 128 171
8. Feed 81n 3 116 348 52 431 831 431 400
9. Impactor feeder 3 75 225 35 582 842 400 442
10. Impactor 3 355 1,065 160 2,757 3,982 1,421 2,561
11. Bel t Conveyor/SCreen 3 295 885 135 2.291 3~311 1.181 2.130
12. Screen 6 180 1.080 160 2.196 4.036 1.440 2.596
13. Belt Conveyor/Impactor 3 295 885 135 2.291 3,311 1.181 2.130
14. Belt Conveyor/Simpler 3 82 246 34 637 917 327 590
15. Sampler 1 115 115 25 453 653 ·233 420
16. Belt Conveyor/Storage 1 220 220 30 570 820 292 528
17. Belt Conveyor/Top of Silos 1 154 154 26 398 578 207 371
18. Dherter Valves 4 20 80 12 201 299 101 192
19. Storage Silos 5 1.750 8,150 -- 304 9.054 804 8.250
20. Reciprocating Feeders 35 23 805 120 2.OSa 3,013 1.074 1.939
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Table 12-2 (Cont)
MINE DEVELOPMENT. MINE EQUIPMENT

PROCESS PLANT FACILITIES CAPITAL COSTS
400MW FII.L SCALE PLANT
(Costs in U.S. $1.000)

UNIT BASE DELIVERY ERECTION TOTALgUANTITY COST COST COST COST COST FOREIGN LOCAL- -
21. Instrumentation &Controls 3 Lot 50 150 24 405 579 203 37622. Dust Collector 14 35 490 74 450 1.014 572 44223. Electrtcs 1 Lot 520 520 61 897 1.478 640 83824. labora~ory &Equipment 1 Lot 300 300 15 30 345 138 207Sub~Total

28.076 1.786 25.033 54.895 16.845 38.05025. Contingency
2.808 179 2.503 5.490 1.685 3.805Sub-Total

30.884 1.965 27.536 60.385 18.530 41.85526. Fee
309 20 275 604 185 419

TOTAL
31.193 1.985 27.811 60.989 18.715 42.274
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Table 12-4

MINE AND PROCESSING PLANT OPERATING COSTS
400MW FULL SCALE PLANT

(Costs in US $1000)

OPERe COST
HOURLY MAINT &POWER/FUEL COST TOTAL ANNUAL BASE AS ~ BASE ANNUALParts Consumable Lube Power/Fuel HOURLY $ OPERe HRS. COST $ COST, ~ OPERe $ FOREIGN LOCAL

MINE EQUIPMENT
1. Scraper 20.00 19.22 5.00 30.10 74.32 1488 111 59 52
2. Bulldozer 010N 25.00 3.05 3.45 15.48 46.98 12528 589 352 237
3. Bulldozer 09N 21.00 2.56 2.90 13.02 39.48 25056 989 590 399
4. Blast Hole Drill 34.13 6.83 1.92 11.00 53.88 13824 745 566 179
5. Front End Loader 8.85 16.52 1.42 19.93 46.72 6912 323 175 148
6. Haul Truck 20.00 13.00 3.00 17.20 53.20 82944 4413 2738 1675 ~i

7. Portable Crusher
8. Water Pump 2.00 1.09 0.20 1. 72 5.01 3504 18 11 7
9. Compactor 6.00 1.60 0.80 5.16 13.56 456 6 3 3
10. Grader 8.00 6.93 2.00 6.88 23.81 6144 146 91 55
11. Water Truck 12.81 8.56 2.32 13.76 37.45 9216 345 197 148
12. ANFO Bulk Storage -- -- -- -- -- -- 60 10 6 -- 6
13. Truck-Powder 1.50 1.26 0.50 1. 72 4.98 3072 15 8 7
14. Truck-Fuei 2.66 2.44 0.90 2.04 8.04 9216 74 47 27
15. Truck-Service/Lube 2.25 2.10 0.86 3.01 8.22 9216 76 40 36
16. Truck-Supply 0.93 0.81 0.25 1.08 3.07 9216 28 16 12

"
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Table 12-4 (Cont)
MINE AND PROCESSING PLANT OPERATING COSTS

400MW FULL SCALE PLANT
(Costs in US $1000)

OPERe COST
HOURLY MAINT &POWER/FUEL COST TOTAL ANNUAL BASE AS ~ BASE ANNUAL

Parts consumable Lube Power/Fuel HOURLY $ OPERe HRS. COST $ COST, i OPERe $ FOREIGN LOCAL

17. Truck-Pickup 0.44 0.39 0.20 1.29 2.32 28800 67 24 43

18. Survey Vehicle 0.90 0.78 0.20 1.51 3.39 1920 7 4 3

19. Personnel Bus 1.00 0.80 0.75 2.58 5.13 4320 2t= 8 14

20. Low Bed &Tractor 6.00 4.75 1.00 6.02 17.77 120 2 1 1

21. Forklift 5.00 2.38 0.42 2.58 10.38 13824 144 102 42

22. Compressor 1. 71 0.22 0.26 1.47 3.66 3456 13 7 6

23. ShCJp Tools -- -- -- -- -- -- 200 15 30 20 10

24. Light Plant 0.85 0.21 0.10 0.26 1.42 51840 74 55 19

25. Surface Miner 42.00 6.00 1.50 36.00 85.50 8064 689 387 302

26. Electric Shovel 86.93 .15.89 5.00 22.22 130.04 15552 2022 1599 423

27. Dump Hopper -- 180 5 9 -- 9

28. Feeders -- 240 10 24 18 6

29. Bel t Conveyor
From Pit -- 2360 20 472 354 118

30. Belt Conveyor
To Sampler -- 330 20 66 49 17

31. Belt Scale -- 20 20 ~ 3 1

32. Sampler -- 175 15 26 13 13
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Table 12-4 (Cant)
MINE AND PROCESSING PLANT OPERATING COSTS

400MW FULL SCALE PLANT
(Costs in US $1000)

OPERe COST
HOURLY MAINT I POWER/FUEL COST TOTAL AN~;tlAL BASE AS S BASE ANNUAlParts Consumable Lube Power/Fuel HOURLY $ OPERe HRS. COST $ COST, S OPERe $ FOREIGN LOCAl

33. Electrics -- 1410 10 141 106 35
34. Truck-Mech/We1d 2.50 2.40 0.90 3.44 9.24 2880 27 14 13
35. Truck-Electrician 2.00 1.80 0.75 2.58 7.13 2880 21 11 10
36. Crane 15.00 8.00 0.68 8.60 32.28 960 31 22 9
37. Core Drill 25.00 5.86 1.65 9.46 41.97 960 40 29 11
38. Ambulance 5.50 1.20 0.75 1.51 8.96 360 3 2 1
39. Fire Truck 5.50 1.20 0.75 1.51 8.96 360 3 2 I
40. Fann Tractor &

Accessories 6.50 1.00 0.30 1.29 9.09 1344 12 10 2
41. Back Hoe 13.00 5.00 4.29 12.90 35.19 960 34 17 17
42. Communication Equip. 100 15 15 8 1
43. Cable Slddder 4.13 6.50 1.00 4.29 15.90 3312 53 35 18

Sub Total 11935 7793 4142

PROCESS PLANT
1. Travelling Stacker 2000 15 300 200 100
2. Belt Conveyor to

Feed Bin 600 20 120 80 40



Table 12-4 (Cont)
MINE AND PROCESSING PLANT OPERATING COSTS

400MW FULL SCALE PLANT
(Costs in US $1000)

OPERe COST
HOURLY MAINT &POWER/FUEL COS: TOTAL ANNUAL BASE AS I BASE ANNUALParts consumable LUDe Power/Fuel HOURLY $ OPERe HRS. COST $ COST. I OPER. $ FOREIGN lOCAL

3. Feed Bin 348 15 52 10 42
4. Feeder 225 15 34 30 4
5. Impactor 1065 20 213 150 63
6. Belt Conveyor to

Screen 885 20 177 120 57
7. Screen 1080 15 162 100 62
8. Belt Conveyor to

Impactor 005 20 177 i20 57
9. Sampler 175 15 26 13 13
10. Belt Conveyor to

Storage 220 20 44 30 14
11. Belt Conveyor Top

of Storage 154 20 31 20 11
12. Diverter Valve 80 15 12 6 6
13. Feeder 805 15 1£1 100 21
14. E1ectrics 1500 15 225 175 50
15. Instrumentation &

Controls 600 15 90 60 30



· "

Table 12-4 (Cont)
MINE AND PROCESSING PLANT OPERATING COSTS

400MW FULL SCALE PLANT
(Costs in US $1000)

OPERe COST
HOURLY MAINT &POWER/FUEL COST TOTAL ANNUAL BASE AS I BASE ANNUALParts Consumable Lube Power/Fuel HOURLY $ OPERe HRS. COST $ COST, I OPER•..L FOREIGN LOCAL

16. Dust Collectors 1000 15 150 100 50
17. Laboratory Equip. 300 15 45 40 5
18. Plow Feeder 240 15 36 25 11
19. Plow Feeder Belt

Conveyor 1050 20 210 140 70
20. Belt Conveyor to

Transfer Twr. 600 20 120 80 40
21- Belt Conveyor to

Sampler 246 20 49 35 14
Sub Total 2394 1634 760

OTHERS
1- Mine Services Building 1500 10 150 -- ISO

Sub Total 150 150

GRAND TOTAL 14479 9427 5052

/.>
./



TABLE 12-5,&,7,8,9

LABOR FORCE AND COST

400 MW FULL SCALE PLANT

MINE AND PROCESS PLANT



Table 12-5

WORK FORCE SUMMARY
400 MW FULL SCALE PLANT

-3 -2 -1 1 2 '" 4-25,)

2000 2001 2002 2003 2004 2005 2006-27

SUMMARY - ANNUAL LABOR COST, US $

EXPATRIATE 600,000 780,000 900,000 1,956,000 1,932,000 420,000 420,000

SUPERVISOR /TECH/ADMIN 124,200 124,200 151,200 313,200 412,200 514,800 514,800

OPERATOR WORK FORCE 529,740 737,640 993,060 1,111,860

MAINTENANCE WORK FORCE 382,320 447,120 583,200 583,200

TOTAL 724,200 904,200 1,051,200 3,181,260 3,728,960 2,511,060 2,629,860

-3 -2 -1 1 2 3 4-25
2000 2001 2002 2003 2004 2005 2006-27

SUMMARY - NUMBER OF EMPLOYEES

EXPATRIATE 3 4 5 12 12 2 2

SUPERVISOR/TECH/ADM. 19 19 24 47 58 70 70

OPERATOR WORK FORCE 101 136 188 201

MAINTENANCE WORK FORCE 68 80 105 105

TOTAL 22 23 29 228 286 365 378
\

/..>
~



Table 12-6

EXPATRIATE WORK FORCE
400 MW PLANT

ANNUAL COST - US $
SALARY -3 -2 -1 1 2 3 4-25

CLASSIFICATION NO. S/YR. 2000 2001 2002 2003 2004 2005 2006-27

Mine Manager 100,000 100,000 100,000 100,000 100,000 100,000 100,000 100,000

Deputy Mine Manager 75,000 75,000 75,000

Chief Mining Engineer 75,000 75,000 . 75,000 75,000 75,000

Chief Electrical Engineer 75,000 75,000 75,000 75,000

Chief Safety Engineer 50,000 50,000

Chief Training En~ineer 50,000 50,000 50,000

Chief Accounting Manager 75,000 75,000 75,000 75,000 75,000 75,000 75,000 75,000

Shift Foreman 60,000 60,000 120,000

Stripping Foreman 60,000 60,000 120,000

Load &Haul Foreman 60,000 60,000 120,000

Maintenance Mgr. 75,000 75,000 75,000

Maintenance Fnn 60,000 60,000 120,000

SUBTOTAL 250,000 325,000 375,000 815,000 805,000 175,000 175,000

INDIRECTS 100~ of Directs 250,000 325,000 375,000 815,000 805,000 175,000 175,000

SUBTOTAL 500,000 650,000 750,000 1,630,000 1,610,000 350,000 350,000

CONTI NGENCY 20~ 100,000 130,000 150,000 326,000 322,000 70,000 70,000

TOTAL 600,000 780,000 900,000 1,956,000 1,932,000 420,000 420,000



3 ...,.

Table 12-7

SUPERVISION/TECHNICAL/ADMINISTRATIVE
400 MW PLANT

ANNUAL COST - US $
SALARY -3 -2 -1 1'---~-2----3-----r4-~2"'5

CLASSIFICATION NO. $/YR. 2000 2001 2002 2003 ~~04 2005 2006-27

Oeputy Mine Manager 9,000 9,000 9,000
Chief Mining Engineer 8,000 8,000 8,000 8,000
Mining Engineer 6,000 12,000 12,000 12,000 12,000 12,000 12,000 12,000
Geologist 6,000 6,000 6,000 6,000 6,000 6,000 6,000 6,000
Chief Electrical Eng. 8,000 8,000 8,000 8,000
Electrical Engineer 6,000 6,000 6,000 6,000 6,000 6,000 6,000 6,000
Chief Safety Engineer 5,000 5,000 5,000 5,000
Safety Engineer 4,000 8,000 8,000 8,000 8,000
Chief Training Officer 5,000 5,000 5,000 5,000
Training Instructor 4,000 8,000 8,000 8,000 8,000
Shift Foreman 5,000 5,000 10,000 15,000 15,000
Stripping Foreman 5,000 5,000 10,000 15,000 15,000
Oil Shale Mining Fnn 5,000 5,000 10,000 15,000 15,000
Maintenance Manager 8,000 8,000 8,000
Shop Foreman 5,000 5,000 10,000 15,000 15.000
Field Maintenance Fnn 5,000 5,000 10,000 15,000 15,000
Surveyor 3,000 9,000 9,000 9,000 9,000 9,000 18,000 18,000
Draftsman 3,000 3,000 3,000 3,000 3,000 3,000 6,000 6,000
Personnel Manager 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000
Personnel Staff 4,000 4,000 8,000 8,000 8,000 8,000
Procurement Manager 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000
Procurement Staff 4,000 4,000 8,000 8,000 8,000 8,000
Warehouse Staff 3,000 3,000 12,000 12,000 12,000 12,000
Secretary 2,000 2,000 2,000 4,000 6,000 8,000 8,000 8,000
Accountant 2,000 4,000 4,~0 6,000 8,000 10,000 10,000 10,000
Cook 3,000 3,000 3,000 3,0~0 6.000 6,000 9,000 9,000
Janitor 2,000 2,000 2,000 2,000 2,000 2,000 2,000 2,noo
Chemist 6,000 6,000 6,000 6,000 6,UOO
Assistant Chemist 5,000 10,000 10,000 10,000 10,000
Sampler 3,000 9,000 9,000 9,000 9,000
Security Guard 3,000 12,000 12,000 12,000 12,000 12,000 12,000 12,000

SUB-TOTAL 69,000 69,000 84,000 174,000 229,000 286,000 286,000
Indirects 50~ of Directs 34,500 34,500 42,000 87,000 114,500 143,000 143,000

SUB-TOTAL 103,500 103,500 126,000 261,000 343,500 429,000 429,000
Contingency 20t 20,700 20,700 25,200 52,200 68,700 85,800 85,800

/... TOTAL 124,200 124,200 151,200 313,200 412,200 514,800 514,800-v---



Table 12-8

MINE AND PROCESS PLANT OPERATOR WORK FORCE
400 MW PLANT

ANNUAl COST - US $
SALAAY -3 -2 -1 1 2 3 4-25

CLASSIFICATION NO. $/YR. 2000 2001 2002 2003 2004 2005 2006-27
MINE

Blast Hole Driller 3,600 10,800 21,600 32,400 32,400
Blast Hole Helper 2,700 8,100 16,200 24,300 24,300
Shot Loader 3,000 3,000 3,000 6,000 6,000
Shot Loader Helper 2,700 5,400 5,400 10,800 10,800
Shot Firer 3,000 3,000 3,000 6,000 6,000
Bulldozer Operator 3,000 36,000 45,000 54,000 72,000
Front End Loader Opr. 3,000 9,000 9,000 9,000 18,000
Electric Shovel Opr. 4,200 12,600 25,200 37,800 37,800
Truck Driver 3,000 45,000 81,000 123,000 162,000
Scraper Operator 3,000 3,000 3,000 3,000 3,000
Portable Crusher Opr.
Surface Miner Opr. 3,600 10,800 10,800 21,600 21,600
Belt Tender 2,500 22,500 22,500 22,500 22,500
Water Truck Driver ;) ,COO 9:;000 18,000 18,000 18,000
Grader Operator 3,000 9,000 12,000 12,000 12,000
Powder Truck Driver 2,700 2,700 5,400 5,400 5,400
Fuel Truck Driver 2,700 8,100 8,100 16,200 16,200
Service/Lube Truck Dr. 2,700 8,100 8,100 16,200 16,200
Supply Truck Driver 2,700 8,100 8,100 16,200 16,200
Crane Operator 3,000 6,000 6,000 9,000 9,000
Back Hoe Operator 3,000 3,000 3,000 3,000 .3,000
Core Drill Operator 3,000 3,000 3,000 3,000 3,000
Core Drill Helper 2,700 2,700 2,700 2,700 2,700
Utility Operator 3,000 9,000 18,000 27,000 27,000
Electric Shovel Oiler 2,700 8,100 16,200 24,300 24,300

Process Plant
Operator 3,600 10,800 10,800 10,800 10,800
Operator Helper 2,700 8,100 8,100 8,100 8,100
Belt Tender 2,500 15,000 15,000 15,000 15,000
Laborer 2,400 14,400 14,400 14,400 14,400

SUB-TOTAL 294,300 409,800 551,700 617,700
Indirects 5~ of Directs 147,150 204,900 275,850 308,850

SUB-TOTAL 441,450 614,700 827,550 926,550
Contingency 20' 88,290 122,940 165,510 185,310

529,740 737,640 993,060 1,111,860



Table 12-9
MINE AND PROCESS PLANT MAINTENANCE WORK FORCE

400 MW PLANT

ANNUAL COST - US $
SALARY -3 -2 -1 1 2 3 4-25

CLASSIFICATION NO. S/YR. 2000 2001 2002 2003 2004 2005 2006-27

Lead Mechanic - Mine 4,200 4,200 4,200 4,200 4,200

Lead Mechanic - Truck 4,200 4,200 4,200 4,200 4,200

Lead Mechanic - Plant 4,200 4,200 4,200 4,200 4,200

Mechanic - Mine &Plt. 3,600 21,600 28,800 36,000 36,000

Mechanic Helper 2,700 32,400 43,200 54,000 54,000

Truck Mechanic 3,600 21,600 28,800 36,000 36,000

Truck Mechanic Hlp. 2,700 32,400 43,200 54,000 54,000

Welder 3,600 14,4004 14,400 21,600 21,600

Shop Journeyman 3,600 14,4004 14,400 21,600 21,600

Machine Shop Helper 2,700 10,8004 10,800 16,200 16,200

Lead Electrician 4,200 4,200 4,200 4,200 4,200

Electrician 3,600 14,400 14,400 21,600 21,600

Electrician Helper 2,700 16,200 16,200 21,600 21,600

Instrument Maint. 3,600 7,200 7,200 7,200 7,200

Carpenter/Painter 3,000 3,000 3,000 3,000 3,000

Laborer 2,400 7,200 7,200 14,400 14,400
SUB-TOTAL 212,400 248,400 324,000 324,000

Indirects 50% of Directs 106,200 124,200 162,000 162,000'. SUB-TOTAL 318,600 372,600 486,000 486,000
Contingency 20% 63,720 74,520 97,200 97,200

TOTAL 382,320 447,120 583,200 583,200



TABLE 12-10

CASH FLOW ANALYSIS

400 ..., FULL SCALE PLANT

MINE AND PROCESS PLANT



Table 12-10
MINING AND PROCESSING PLANT CASH FLOW ANALYSIS

400 MW FULL SCALE PLANT
(All Costs in US $1000 unless otherwise noted)

-3 -2 -1 1 2 3 4 5 6 7 8 9 10 11 12
2000 2001 2002 2003 2004 2005 2006 2007 200S 2009 2010 2011 2012 2013 2014

I. POWER GENERATION, MW -- -- -- 100 200 300 400 400 400 400 400 400 400 400 400

II. OIL SHALE, TONNE/ -- -- -- 1946 3891 5837 7783 7783 7783 7783 7783 7783 7783 7783 7783YR x 1000 ..
III. CAPITAl EXPENDITURE

50/50 Debt/Equity Ratio
Mine Development 5936 9777 13119 1055 1028
Mine Equipment 36201 17727 12084
Process Plant Fac. 21266 16754 12869
Spare Parts 2000 1500 1500
Working Capital 4000 3000 3000

SUBTOTAL 5936 9777 70586 22754 23282 30481

Capitalized Interest 4315 4315 4315 3826 3826 3826
TOTAL 10251 14092 74901 26580 27108 34307

80/20 Debt/Equity
Capitalized Interest 6904 6904 6904 6121 6121 6121

TOTAl 12840 16681 77490 28875 29403 36602

IV. OPERATING COST
Parts, Sup,Fuel/Power 4706 8687 11945 14479 14479 14479 14479 14479 14479 14479 14479 14479
Wages and Fringes 724 904 1051 3181 3729 2511 2630 2630 2630 2630 2630 2630 2630 2630 2630

2630
Explosives 63 125 187 250 250 250 250 250 250 250 250 250
Insurance 371 460 585 585 585 585 585 585 585 585 585 585

./ TOTAL 724 904 1051 8321 13001 15228 17944 17944 17944 17944 17944 17944 17944 17944 17~44

~



Table 12-10 (Cont)

-3 -2 -1 1 2 3 4 5 6 7 8 9 10 11 12
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

V INTEREST EXPENSE
50/50 D/E Ratio 4962 4631 4301 8370 7745 7121 6497 5874 5249 4625 4001 3376
80/20 D/E Ratio 8561 7990 7419 14439 13362 12285 11209 10132 9055 7978 6902 5825

VI DEPRECIATION &
AMORTIZATION

Depreciation 3409 6294 8654 10490 10490 10490 10490 10490 10490 10490 10490 10490
Amortization 50/20 3053 3053 3053 3818 3818 3818 3818 3818 3818 3818 3818 3818
Amortization 80/20 3571 3571 3571 4795 4795 4795 4795 4795 4795 4795 4795 4795

TOTAL 50/50 6462 9347 11707 14308 14308 14308 14308 14308 14308 14308 14308 14308
TOTAL 80/20 6980 9865 12225 15285 15285 15285 15285 15285 15285 15285 15285 15285

VII MANAGEMENT FEE 973 1946 2919 3892 3892 3892 3892 3892 3892 3892 3892 3892

VIII RETURN ON EQUITY
50/50 D/E Ratio 12582 15293 18724 18724 18724 18724 18724 18724 18724 18724 18724 18724
80/20 D/E Ratio 5435 6612 8076 8076 8076 8076 8076 8076 8076 8076 8076 8076

IX ROYALTY 545 1089 1634 2179 2179 2179 2179 2179 2179 2179 2179 2179

X COST-PROCESSED
OIL SHALE
50/50 OlE Ratio 33845 45307 54513 65417 64792 64168 63544 62921 62296 61672 61048 60423
80/20 D/E Ratio 30815 40503 47501 61815 60738 59661 58585 57508 56431 55354 54278 53201

XI COST - $/TONNE
50/50 D/E Ratio 17.39 11.64 9.34 8.41 8.32 8.24 8.16 8.08 8.00 7.92 7.84 7.76
80/20 D/E Ratio 15.84 10.41 8.14 7.94 7.80 7.67 7.53 7.39 7.25 7.11 6-97 6.8LI

XII COST - $/106 BTU
50/50 D/E Ratio 3.51 2.35 1.88 1.69 1.68 1.66 1.65 1.63 1.61 1.60 1.58 1.56
80/20 D/E Ratio 3.19 2.10 1.64 1.60 1.57 1.55 1.52 1.49 1.46 1.43 1.41 1.38

~.'-



Table 12-10
MINING AND PROCESSING PLANT CASH FLOW ANALYSIS

400 MW FULL SCALE PLANT
(All Costs in US $1000 unless otherwise noted)

13 14 15 16 17 18 19 20 21 22 23 24 252015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 TOTAL
I. POWER GENERATION, MW 400 400 400 400 400 400 400 400 400 400 400 400 . 400

II. OIL SHALE, TONNES/YR 7783 7783 7783 7783 7783 7783 7783 7783 7783 7783 7783 7783 7783 182900x 1000
~

III. CAPITAL EXPENDITURE

50/50 Debt/Equity Ratio
Mine Development
Mine Equipment
Process Plant Fac.
Spare Parts
Working Capital

SUBTOTAL

Capitalized Interest
TOTAL 187239

80/20 Debt/Equity
Capitalized Interest

TOTAL 201891
IV. OPERATING COST

Parts, Sup,Fue1/Power 14479 14479 14479 14479 14479 14479 14479 14479 14479 14479 14479 14479 14479Wages and Fringes 2630 2630 2630 2630 2630 2630 2630 2630 2630 2630 2630 2630 2630Explosives 250 250 250 250 250 250 250 250 250 250 250 250 250Insurance 585 585 585 585 585 585 585 585 585 585 585 585 585

TOTAL 17944 17944 17944 17944 17944 17944 17944 17944 17944 17944 17944 17944 17944

/'"c>



Table 12-10 (Cont)

13 14 15 16 17 18 19 20 21 22 23 24 25
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 TOTAL

V INTEREST EXPENSE
SO/50 D/E Ratio 2752 2129 1504 880 S87 293
80/20 D/E Ratio 4248 3672 2612 1518 1012 506

VI DEPRECIATION &
AMORTIZATION

Depreciation 10490 10490 10490 10490 10490 10490 10490 10490 10490 10490 10490 10490 10490
Amortization 50/20 3818 3818 3818 825 825 825 825 60 60 60 60 60 60
Amortization 80/20 4795 4795 4795 1284 1284 1284 1284 1284 60 60 60 60 60

TOTAL SO/50 14308 14308 14308 11315 11315 11315 11315 10550 10550 10550 10550 10550 10550
TOTAL 80/20 15285 15285 15285 11774 11774 11774 11774 10550 10550 10550 10550 10550 10550

VII MANAGEMENT FEE 3892 3892 3892 3892 3892 3892 3892 3892 3892 3892 3892 3892 3892

VIII RETURN ON EQUITY
SO/50 D/E Ratio 18724 18724 18724 18724 18724 18724 18724 18724 18724 18724 18724 18724 18724
80/20 D/E Ratio 8076 8076 8076 8076 8076 8076 8076 8076 8076 SD?S S076 8076 8076

IX ROYALTY 2179 2179 2179 2179 2179 2179 2179 2179 2179 2179 2179 2179 2179

X COST-PROCESSED
OIL SHALE
50/50 D/E Ratio 59799 59176 58551 54934 54621 54347 54054 53289 53289 53289 53289 53289 53289 1415162
80/20 D/E Ratio 52124 51048 49971 45323 44817 44311 43805 42641 42641 42641 42641 42641 42641 1223635

XI COST - S/TONNE
50/50 D/E Ratio 7.68 7.60 7.52 1.06 7.02 6.98 6.95 6.85 6.85 6.85 6.85 6.85 6.85 7.74
80/20 D/E Ratio 6.70 6.56 6.42 5.82 5.76 5.69 5.63 5.48 5.48 5.48 5.48 5.48 5.48 6.69

XII COST - $/106 BTU
SO/50 D/E Ratio 1.55 1.53 1.52 1.42 1.41 1.40 1.40 1.40 1.38 1.38 1.38 1.38 1.38 1.56
80/20 D/E Ratio 1.35 1.32 1.29 1.17 1.16 1.15 1.13 1.10 1.10 1.10 1.10 1.10 1.10 1.35



TABLE 12-12.13

DEPRECIATION AND AMORTIZATION

400 MIl FULL SCALE PLANT

MINE AND PROCESS PLANT



Table 12-12
MINE EQUIPMENT AND P~OCESS PLANT DEPRECIATION

400 MW FULL SCALE PLANT
(Costs in US $1000)

Total Salvage Deprec Economic Availa Utilizat 1n Effic Annual Annual Deprec Deprec
.Quantity Cost Value Value Life.Hrs , , , SChedHrs OprHrs $/Hr -.J!.Yr

MINE EQUIPMENT
l. Scraper 1 1045 78 967 17000 78 80 62 2400 1488 57 85
2. Bull Dozer D10N 3 1644 123 1521 15000 73 8" 58 7200 4176 101 423
3. Bull Dozer D9N 6 2472 185 2287 15000 73 80 58 7200 4176 152 637
4. Blast Hole Drill 3 1864 140 1724 40000 80 80 64 7200 4608 43 199
5. Front End Loader 2 1828 137 1691 18000 80 60 48 7200 3456 94 325
6. Haul Truck 20 18851 1414 17437 30000 80 80 64 7200 4608 581 2678
7. Portable Crusher
8. Water Pump 8 170 13 157 20000 95 5 5 8160 438 8 3
9. Compactor 1 384 29 355 20000 95 20 19 2400 456 18 8
10. Grader 2 664 50 614 20000 80 80 64 4800 3072 31 94
11. Water Truck 2 1296 97 1199 35000 80 80 64 7200 4608 34 158
12. ANFO Bulk Storage 2 75 6 69 20000 100 10 10 2400 240 3 1
13. Truck.-Powder 2 133 10 123 15000 80 80 64 2400 1536 8 13
14. Truck-Fuel 2 216 16 200 15000 80 80 64 7200 4608 13 61
15. Truck-service/Lube 2 174 13 161 15000 80 80 64 7200 4608 3 12
16. Truck-Supply 2 80 6 74 15000 80 80 64 7200 4608 3 12

/~
';:f-



Table 12-12 (Cont'd.)
MINE EQUIPMENT AND PROCESS PlANT DEPRECIATION

400 MW FULL SCALE PLANT
(Costs in US $1000)

Total Salvage Deprec Economic Ava11a Ut11izat'n Effic Annual Annual Deprec Deprec
Quantity Cost Value Value L1fe,Hrs S S S SChedHrs OprHrs $/Hr $/Yr

MINE EQUIPMENT (Cont'd.)
17. iruck-Pick-up 10 160 12 148 9000 80 50 40 7200 2880 16 47
18. Survey Vehicle 2 53 4 49 9000 80 50 40 2400 960 5 5
19. Personnel Bus 3 68 5 63 15000 80 25 20 7200 1440 4 6
20. Low Bed &Tractor 1 177 13 164 25000 95 5 5 2400 120 7 1
21. fork Lift 4 322 23 299 10000 80 60 48 7200 3456 30 103 -.
22. Compressor 2 56 4 52 20000 95 25 24 7200 1728 3 4
23. Shop Tools - 267 20 247 40000 100 50 50 7200 3600 6 22
24. Light Plants 12 280 21 259 20000 90 '100 90 4800 4320 13 56
25. Surface Miner 2 4000 300 3700 40000 80 70 56 7200 4032 93 373
26. Electric Shovel 3 13199 990 12209 120000 90 80 72 7200 5184 102 327
27. Dump Hopper 2 462 18 444 120000 100 70 70 7200 5040 4 19
28. Feeders 2 997 24 973 120000 80 90 72 7200 5184 8 42
29. Belt Conveyer f~~ Pit 1 9802 236 9566 120000 90 80 72 7200 5184 80 413
30. Belt Conveyor to Sampler 1 1381 33 1348 12LDOO 90 80 72 7200 5184 11 58
3l. Belt Scale 1 63 2 61 40000 95 90 86 7200 6192 2 9



Table 12-12 (Cont'd.)
MINE EQUIPMENT AND PROCESS PlANT DEPRECIATION

400 M''' FULL SCALE PLANT
(Costs in US $1000)

Total Salvage Deprec Economic Availa Utilizat'n Effic Annual Annual Deprec Deprec
9uanti ty Cost Value Value Life.Hrs i i i SChedHrs OprHrs $/Hr ~Yr

MINE EQUIPMENT (Cont'd)
32. Sampler 700 18 682 60000 90 80 72 7200 5184 11 59
33. Electrics 3624 141 3483 120000 95 90 86 7200 6192 29 180
34. Truck-Mech/We1d 103 8 95 15000 80 50 40 7200 2880 6 18
35. Truck-Elec 72 6 66 15000 80 50 40 7200 2880 4 13
36. Crane 463 35 428 15000 80 50 40 2400 960 29 27
37. Core Drill 407 31 376 40000 80 50 40 2400 960 9 9
38. ~u1ance 114 9 105 40000 100 5 5 7200 360 3 1
39. Fire Truck 117 9 108 40000 100 5 5 7200 360 3 1
40. Farm Tractor &~ccessories 53 4 49 20000 80 70 56 2400 1344 2 2
41. Back Hoe 414 31 383 20000 80 50 40 2400 960 19 18
42. Communication Equip 133 10 123 80000 95 100 95 7200 6840 2 11
43. Cable Skidder 174 13 i 61 40000 90 25 23 7200 1656 4 7

Sub-Total 6778

PROCESS PLANT FACILITIES
1. Stacker 2522 200 2322 60000 90 80 72 7200 5184 39 201
2. V-Slot Storage 7700 - 7700 120000 100 75 75 7200 54.00 64 347



Table 12-12 (Cont'd.)
MINE EQUIPMENT AND PROCESS PLANT DEPRECIATION

400 MW FULL SCALE PLANT
(Costs fn US $1000)

Total Salvage Deprec Economfc Avafla Utflfzat'n Efffc Annual
Annual Deprec Deprec9uantfty Cost Value Value Lffe.Hrs S S S SchedHrs OprHrs $/Hr $/YrPROCESS PLANT FACILITIES (Cant'd.)

3. Belt Conveyor to Feed Bin 2243 24 2219 60000 95 60 57 7200 4104 37 152
4. Feed Bin 831 35 796 60000 95 70 67 7200 4824 13 64
5. Feeder 842 23 819 60000 95 70 67 7200 4824 14 66
6. Impactor

3982 107 3875 60000 95 70 67 7200 4824 65 312
7. Belt Conveyor to Screen 3311 89 3222 60000 95 70 67 7200 4824 54 259
8. Screen 4036 108 3928 60000 95 70 67 7200 4824 65 316
9. Belt Conveyor to Impactor 3311 89 3222 60000 95 70 67 7200 4824 54 259
10. Sampler 653 18 635 60000 95 100 95 7200 6840 11 72
1l. Belt Ccnveyor to Storage 820 22 798 60000 95 100 95 7200 6840 13 91
12. Bel t Conveyor Top of Storage 578 15 563 60000 95 100 95 7200 6840 9 64
13. Diverter Valve 599 16 582 60000 95 50 48 7200 3456 10 34
14. Storage Bin 9054 - 9054 120000 100 70 70 8760 6132 75 463
15. Feeder

3013 81 2932 60000 95 70 70 8760 6132 49 300
16. E1ectrics 1500 40 1460 120000 100 70 70 7200 5040 12 62
17. Instrumentation &Controls 600 15 585 120000 100 70 70 7200 5040 5 25
18. Dust Collectors 1000 40 960 60000 100 70 70 7200 5040 16 81
19. Laboratory Equipment 382 30 352 60000 95 50 48 7200 3456 6 20
20. Plow Feeder 897 24 873 60000 100 50 50 7200 3600 15 52
2l. Belt Conveyors (Additional) 7088 190 6898 60000 95 60 57 7200 4104 115 472SUb-Total

3712-
~,/
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.'able 12-13
AMORTIZATION SCHEDULE
4OC»ti FULL SCALE PLANT

(C~it fn US $1000)

1 2 3 4 5 ~ 1 8 9 10 11 12 13 14 15 16
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2011 2018-----------------400MW PLANT 5/50

1. Mine Developgent 1951 1951 1951 1951 1951 1951 1951 1951 1951 19~1 1951 1951 1951 1951 19512. Mine Service Facilities 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 603. Pre-Op Lf")Or 179 179 179 179 179 179 179 179 179 179 179 179 179 179 179 -4. SUb-Total 2190 2190 2190 2190 2190 2190 2190 2190 2190 2190 2190 2190 2190 2190 2190 605. PH1 Cap. Int. 863 863 863 863 863 863 863 863 863 863 863 863 863 863 863 -6. PHZ Cap. Int. - - - 765 765 765 765 765 765 765 765 765 765 765 765 7657. TOTAL: 3053 3053 3053 3818 ~18 3818 3818 3818 3818 3818 3818 3818 3818 3818 3818 82~

490MW PLANT 8/20
8. PHI Cap. Int 1381 1381 1381 1381 1381 1381 1381 1381 1381 1381 1381 1381 1381 1381 13819. PH2 Cap. Int. - - - 1224 1224 1224 1224 1224 1224 1224 1224 1224 1224 1224 1224 1224
10. TOTAL: 3571 3571 3571 4795 .795 4795 4795 4795 4795 4795 4795 4795 4795 4795 4795 1284



Table 12-13 (Cont)
NIORTIZATION SCHEDIA.E
4CXIII PROTOTYPE PLANT

(Cost in US $1(00)

17 18 19 20 21 22 23 24 25
2019 2020 2021 2022 2023 2024 2025 2026 2027
~--------400MW PLANT SO/50

1. Mine DeveloP8ent
2. Mine Service Facilities 60 60 60 60 60 60 60 60 60
3. EXP
4. SUb-Total 60 60 60 60 60 60 60 60 60
5. PHl Cap. Int.
6. PH2 Cap. Int. 765 765 765
7. TOTAl: 825 825 825 60 60 "60 60 60 60

4O(HI PLANT 80/20

8. PHl Cap. Int.
9. PH2 Cap. Int. 1224 1224 1224
10. TOTAl: 1284 1284 1284 60 60 60 60 60 60

<P".......~



13.0 SPENT SHALE DISPOSAL

13.1 Disposal P1an
13.1 .1 General
For the purpose of this prefeasibility study, it is assumed
that the spent shale is non-toxic and that the leach~tes

will not be harmful to the ground water. The spent shale
will be mixed with the overburden in the out-of-pit waste
storage pile or mixed with the overburden in the backfilling
of the pit, If the spent shale is classified as toxic,
dh-fp. ...~tit measures for its disposal will be required.

It is also assumed that the spent shale will be mixed with
adequate water in a pug mill at the power plant and that
special measures will not be required to suppress fugitive
du~t when the spent shale is dumped fr'om a truck.

13.1.2 Spent Shale Disposal from the 20 MW Plant
It is estimated tt.'at the di stance between thf': power
plant and the out-of-pit waste pile is 4 kilometres
and that the distance to the pit dump area is
approximately the same. ACaterpillar 777 truck
will be used for hauling the spent shale to the
disposal area. This will be one of the trucks used
for.hau1ing overburden or oil shale from the pit.
Six trucks are assigned for oil shale operation,
five operating and one spare. The oil shale
operation requires 4.3 trucks per shift; therefore,
the excess hauling capacity can be used for hauling
the spent shale. Spent sha1J is continuously
produced and pugged whenever the power plant is in
operation. The disposal of the spent shale will be
done on the first and second shift, seven days per
week. Since the mine operates only one shift, six
days per week, the mine trucks will be available for
hauling spent shale.
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It is ant'lcipated that the spent shale retention
time in the pug mill for proper mixing will not
allow for a batch operation. The pugging'operation
for this feasibility stu~ is considered to be
conti nuous and the pugged materi al s will be cOllveyed
to a dump area near the power plant site. A'
Caterpillar 992 C front end loader will load the
Caterpillar 777 trucks from this dump area. When
the power plant operates at 100 percent capacity,
approximately 40 tonnes per hour of spent shale will
be produced (59.5 tonnes per hour of oil shale with
67 percent ash equals 40 tonnes). Mixing the spent
shale with 20 percent wdter by weight will yield 50
tonnes per hour of pugged spent shale, or
approximately two thirds of a truck per hour.

One truck will make a ro~nd trip in 22 minutes
including a 78 percent operation efficiency. The
dumping of the spent shale will not require any
speciai handling and it will be mixed with the
overburden at the dumping site. The spent shale and
overburden will be leveled by a bulldozer at the
dump si tes.

13.1.3 Spent Shale Disposal from the 50 MW Plant
Si~ce the oil shale pit and waste pile for the 50 MW
plant will be the same as the of the 20 MW plant,
the distances to the disposal areas'will be the
same. It is estimated that at peak operating
conditions, the power plant will produce
approximc.ltely 100 tonnes per hour of spent shale.
After mixing with 20 percent water by weight, 125
tonnes per hour of pugged material will be
produced. Based on a 22 minu1~ round trip, this
material can be hauled by one Caterpillar 777 truck
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operating two shifts per day. The pugged material
will be loaded into the truck by a Caterpillar 992C
front end loader. A spare truck and front end
loader are not required since there is adequate time
to maintain this equipment properly and the backup
will be from the mine fleet which include spare
units.

13.1.4 Spent Shale Disposal from the 400 MW Plant
At peak operation of the 400 MW plant, it is
estimated that the disposal of approximately 1000
tonnes per hour of pugged wetted spent shale ash
will be required. This material will be transported
for several years to the out-of-pit waste storage
located approximately 4 kilometres from the power
plant. Afleet of 4 Cat~rpi11ar 785 trucks (136
tonne capaci ty) v111 be :.,sed for thi s purpose, three
operating and one spare., Two Caterpillar 992 C high
lift front end loaders will load the pugged spent
shale into trucks.

When the excavation in the pit is sufficiently large
to permit backfilling, the spent shale will be
hauled to the pit. The spent shale will be mixed
with overburden at the upper backfill level.

There are other methods of moving the spent shale
into the backfill of the pit, but exploring these
F:thods is beyond the scope of work' for this
conceptual feasibility stu~. One method is the use
of an overland conveyor with a traveling spreader
and shiftable conveyor. This method, b~;ides being
capital intensive, has operational problems that
will need to be worked out to make the power plant
and the conveying system independent of each other.
Trucks are flexible and indepenci..... ~ of ~he power
plant and is the preferred method for this studY.
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13.2 Waste Disposal Capital Cost
The capital cost for each of the three different sized power
plants is based on loading the pugged spent shale with a
front end loader into a truck and hauling it to an
out-of-pit waste pile or to the pit backfill. The capital
cost includes front end loaders, haul trucks and
bulldozers. The costs will be based on a debt··equity ratio
of 50-50 and 80-20 for each of the three cases.

13.2.1 Capital Cost for 20 MW Plant
The disposal of spent shale for the 20 MW plant
will be loaded by a Caterpillar 922C front end
loader and hauled by a Caterpillar 777 truck, which
is part of the mine fleet, and spread at the
disposal area by a Caterpillar D9N bulldozer which
will be shared with the mine. All costs are in
thousand dollars.

Base Delivery Preparation Subtotal Total
Equipment ~antity Cost Cost Cost Cost Cost

Front End Loader 1 665 100 33 798
Haul Truck 1/2 243 37 12 292
Bulldozer 1/2 165 25 8 198

Sub Total 1,88

Contingency 129

Sub Total 1417

Management Fee 14

Sub Total 1431

Capitalized Interest
for 50/50 Debt-Equity 72

Total for 50/50 Debt/Equity 1503

Capitalized Interest
for 80/20 Debt/Equity 115

Total for 80/20 Debt-Equity 1546
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13.2;2 Capital Cost for 50 MW Plant
The front-end loader, haul truck and bulldozer for
the 50 MW plant spent shale disposal are required on
a full time basis. All costs are in u.s. thousand
dollars.

Base Delivery Preparation Subtotal Total
Equipment .ID!antity Cost Cost Cost Cost Cost

Front End Loader 1 665 100 33 798
Haul Truck 1 486 73 24 583
Bull dozer 1 309 46 15 370

Sub Total 1151
Contingency 175

Sub Total 1926
Management Fee 19

Sub Total 1945"
Capitalized Interest
for 50/50 Debt-Equity 97

Total for 50/50 Debt/Equity 2042
Capitalized Interest
for 80/20 Debt/Equity 156

Total for 80/20 Debt-Equity 2101

13.2.3 Capital Cost for 400 MW Plant
(All costs in U.S. $1000)

Base Delivery Preparation Subtot&l Total
Equipment guantitl, Cost Cost Cost Cost Cost

Front End Loader 2 1330 200 67 1597
Haul Truck 4 2828 424 141 3393
Bulldozer 2 618 93 31 742

Sub Total 5132
Conti ngency 573

Sub Total 6305
Management Fee 63

Sub Total 636B
Capitalized Interest
for 50/50 Debt-Equity 318

Total for 50/50 Debt/Equity 6686
Capitalized Interest
for 80/20 Debt/Equity 509

Total for 80/20 Debt-Equity 6877
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13.3 Operating Cost
The operating cost for each of the three differnt size
plants include repair parts, consumables, lubrtcants, and
fuel, operating and maintenance labor, and insurance.
Supervision of the sent shale disposal will be by the shift
foreman from either the power plant or oil shale process
pl ant.

13.3.1 20 MW Demonstratio~ Plant

Equipment Operating Cost/Year

Parts Consumables Lube Fuel Total Operating Operating
$/Hr $/Hr $/Hr $/Hr $/Hr Hrs/Yr Cost $/Yr

Front End Loader 8.85 16.52 1.42 19.93 46.72 429 20,000

Haul Truck 10.50 9.50 1.37 10.50 31.87 1586 50,500

Bull dozer 21.00 2.56 2.90 13.02 39.48 700 27,600

Total 98,100

Labor Cost/Year

13-6

Sub Total
Indirects @50% of Directs

Total

Classification

Front End Loader Opr.
Truck Driver
Bulldozer Operator
Mechanic
Mechanic Helper
Sup~rvision

Number

1.0
1.5

.5

.5
1.0
.25

Wages
$/Yr

3,000
3,000
3,000
3,600
2,700
5,000

Total
$/Yr

3,000
4,500
1,500
1,800
2,700
1,250

14,750
7,375

$22,125



Equipment Operating Cost/Year
Parts Consumables Lube Fuel Tota. Operating Operating
S/Hr $/Hr S/Hr $/Hr S/Hr Hrs/Yr Cost S/Yr
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13.3.2 50 MW Prototype Plant

54,525

114,730

69,090

238,345

1167

3600

1750

Total
S/Yr
6,000
6,500
3,500
3,600
5,400
2,500

26,500
13,250

$39,750

Wages
S/Yr
3,000
3,000
3,000
3,600
2,700
~,OOO

1.42 19.93 46.72

1.37 10.50 31.B7

2.90 13.02 39.48

Number
2

2

1

1

2

0.5

16.52

9.50

2.56

Labor Cost/Year

l~~urance Cost/Year
Equipment Base Cost X0.5 percent

$1,073,000 X 0.005 = $5365

Total Operating Cost/Year
Parts and Supplies $ 98,100
Labor 22,125
Insurance 5,365

Total $125,590

Front End Loader 8.85

Haul Truck 10.50

Bulldozer 21.00

Total

Classification
Front End Loader Opr.
Truck Driver
Bulldozer Operator
Mechanic
Mechanic Helper
Supervision

SUI) Total
In~1rects @50~ of Directs

Total

',I
I
I
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Equipment Operating Cost/Year
Parts Consumables Lube Fuel Total Operating Operating
$/Hr $/Hr $/Hr $/Hr $/Hr Hrs/Yr Cost S/Yr

13.3.3 400 MW Full Scale Plant

Insurance Cost/Year
Equipment Base Cost X 0.5 percent

$1,460,000 X .005 =$7300

I
I
I

419,080

882,855

354,135

1,656,070

Total
S/Yr
24,000
36,000
24,000
14,400
21,600
20,000

140,000
70,000

$210,000

Wages
S/Yr
3,000
3,000
3,000
3,GOO
2,700
5,000

1.42 19.93 46.72 8970

3.00 17.20 53.20 16595

2.90 13.02 39.48 8970
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Number
8

12
8

4

8

4

16.52

13.00

2.56

Labor Cost/Year

Total Operating Cost/Year
Parts and Supplies $238,345
Labor 39,750
Insurance 7,300

Tota1 $285,395

Haul Truck 20.00

Bulldozer 21.00

Total

Sub Total
Indirects @50~ of Directs

Total

Front End Loader 8.85

Classification
Front End Loader Opr.
Truck Driver
Bulldozer Operator
Mechanic
Mechanic Hel per
Supervision



Total Operating Cost/Year
Parts and Supplies $1,656,000
Labor 210,000
Insurance 23,880

Total $1,889,880
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Interest expenses are based on a rate of 10 percent
for a lo~n tenm of 15 years for both debt-equity cases.

Working capital represents th~ee months of operating
costs and other unforseen costs.

Spare parts cost are equivalent to approximately 5
percent of the base capital cost of the equipment.

Insurance Cost/Year
Equipment Base Cost X0.5 percent

$4,776,000 X .005 = $23~880

The basis for the capital and operdting costs are presented
in Sections '13.2 and 13.3, respectively. The basis for the
remaining costs are as follows:

13.4 SummarY of Spent Shale Disposal Costs
The cash flow analysis for the spent shale disposal of the
20 MW Demonstration Plant l the 50 MW Prototype Plant and the
400 MW Full Scale Plant are shown on Table 13-1, 13-2,13-3,
respectively. These analyses are based on a 25 year
operating period with debt-equity ratios of 50:50 and
80:20. In addition to the capital and operating costs and
the capitalized interest, other costs include spare parts,
working capital, interest expense, depreciation, management
fee, and return on equity. All taxes are excluded from the
analysi s.

• .. ~ • - • • I- '. ,. .
'. '" , 0:7

~I·

I
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Depreciation costs are based on estimates of equipment
annual operating hours and their economic lif~.

I
I
I

SlJftt1ARY OF UN1"( COSTS FOR SPENT SHALE DISPOSAL

Table 13-4

13-10

0.97
0.87
0.98

80:20 Debt-Equity
S/Tonne

1.20
1.01
1.04

50:50 Debt-Equi~

$/Tonne

Return on equity for both cases is based on a 20
percent return.

Management fee is based on $0.10 per tonne of pugged
spent shale disposed.

Spent Shale
TIY x 100Q.

327
815

6518

The weighted costs of spent shale disposal for each of the
three plants are listed below:

The amount of spent sh31e listed above is a pugged product
with 20 percent water by weight. The 50 MW plant has lower
unit costs than the 400 r~ plant because of. lower capital
cost. Spare units for the 50 MW plant are shared with the
mine; whereas, the large volume of materials handled in the
fUll scale ~lant, spare units are desirable for the spent
shale disposal operation.

Plant Size
20 MW
50 MW

400 MW



TABL£ 13-1

CASH FUll ANALYSIS

20 MIl DEMC»tSTRATION PLANT

SPENT SHALE DISPOSAL
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Tlble 13-1
SPENT SHALE DISPOSAL CASH fLOW ANALYSIS

20 iii DEMONSTRATION PLANT
(All costs fn US $1000 unless otbe~2se noted)

-2 -1 1 2 3 4 5 6 1 8 9 10 11 12 131991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005---------------I. POWER GENERATION. HW 20 20 20 20 20 20 20 20 20 20 20 20 20II. SPENT SHALE W/201 WATER. 321 321 321 321 327 327 327 321 327 321 327 321 327
TONNES X1000

III. CAPITAL EXPENDITURE

50/50 Debt-Equity
Equl.-nt 1431Spare Parts 50.Working Capftal 60Sub-Total

~§41Capttaltzed
Interest 17Total 1618

SO/20 Debt Equl~
Clpftaltzed
Interest 123Total 1664

IV. QPERATItIi COST

Parts. Supplies. fuel 9S 9S 9S 9S 98 98 98 98 9S 9S 9S 9S 98
Wages & Fringes 22 22 22 22 22 22 22 22 22 22 22 22 22
Insurance

5 5 5 5 5 5 5 5 5 5 5 5 5
Total 125 125 125 125 125 125 125 125 125 125 125 125 125v. INTEREST EXPENSE

~~
50/50 Debt-Equf~

.... -1101 ':I'll

27 22 16_
-.. ..::7

80/20 Debt-Equity ..... 11.,. ...... ---
~3~27
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Table 13-1 (Cant)
SPENT SHALE DISPOSAL CASH FLOW ANALYSIS

20 MW DEMONSTRATION PLANT

-2 -1 1 2 3 4 5 6 7 8 9 10 11 12 13
1991 1992 1993 1994 199~ 19_9_& 1997 1998 1999 2000 2001 2002 2003 2004 2005

VI. DEPRECIATION 48 48 48 48 48 48 48 48 48 48 48 4'8 48

VII. MANAGEMENT FEE 40 1m 40 40 40 40 40 40 40 40 40 40 40

VIII. RETURN ON EQUITY

SO/50 Debt-Equity 162 162 162 162 162 162 162 162 162 162 162 162 162
80/20 Debt-Equity 67 67 67 67 67 67 67 67 67 67 67 67 67

IX. COST - SPENT SHALE
DISPOSAL

50/50 Debt-Equity 449 (44 438 433 427 422 417 411 406 400 395 390 384
80/20 Debt-Equity 406 397 388 380 371 362 353 344 335 326 317 309 298

X. COST - S/TONNE, SPENT SHALE

50/50 Debt-Equity 1.37 1.36 1.34 1.32 1.31 1.29 1.28 1.27 1.24 1.22 1.21 1.19 1.17
80/20 ~ebt-Equfty 1. 24 1.21 1.19 1.16 1.13 1.11 1.08 1.05 1.02 1.00 0.99 0.94 0.91



Table 13-1 (Cont)
SPENT SHALE DISPOSAL CASH fLOW ANALYSIS

20 III DEMONSTRATION PLANT

14 15 16 17 18 19 20 21 22 23 24 25 TOTAl.2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017-------------I. POWER GENERATION. MW 20 20 20 20 20 20 20 20 20 20 20 20II .. SPENT SHALE 11/201 WATER 327 327 327 327 327 327 327 327 327 327 321 327 8175
X1000 TONNES

UI. CAPITAL EXPENDITURE

SO/50 Debt-Equfty
Equf.-ent
Spare Parts
Work tng Capt tal

SUb-Totil
Capftallzed
Interest

Total
Hi1880/20 Debt-Equf~

Capitalized
Interest

Total
1664IV. OPERATING COST

Parts. Supplfes. fuel 98 9& 98 98 98 ga 98 98 98 98 98 98Wages & frf nges 22 22 ...." 22 ~~ 22 22 22 22 22 22 22
c....Insurance 5 5 § 5 ·5 5 5 5 5 5 5 5Total 125 125 125 125 125 125 125 125 125 125 125 125v. INTEREST EXPENSE

50/50 Debt-Equity 11 580/20 Debt-Equity 18 9



Table 13-1 (Cant)
SPENT SHALE DISPOSAL CASH FLOW ANALYSIS

20 MW DEMONSTRATION PLANT

14 15 16 17 18 19 20 21 22 23 24 25 TOTAL
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

VI. DEPRECIATION 48 48 48 48 48 48 48 48 48 48 48 48
VII. MANAGEMENT FEE 40 40 40 40 40 40 40 40 40 40 40 40

VIII. RETURN ON EQUITY

SO/50 Debt-Equity 162 162 162 162 162 162 162 162 162 162 162 16280/20 Debt-Equity 67 67 67 67 67 67 67 67 67 67 67 67
IX. COST-SPENT SHALE

DISPOSAL

SO/50 Debt-Equity 379 373 368 368 368 368 368 368 368 368 368 368 984880/20 Debt-Equity 291 282 273 273 273 273 273 273 273 273 273 273 7889
x. COST - $/TONNE, SPENT SHALE

50/50 Debt-Equity 1.16 1.14 1.13 1.13 1.13 1.13 1.13 1.13 1.13 1.13 1.13 1.13 1.2080/20 Debt-Equity 0.8S 0.86 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.97

~y-
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TABLE 13-2

CASH now ANALYSIS

50 .., PROTOTYPE PLANT.

SPENT SHALE DISPOSAL
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Table 13-2
SPENT SHALE DISPOSAL CASH FlOi ANALYSIS

50 JII PROTOTYPE PlMT
(All costs Ire fn US $1000 unless othenlfse noted)

-2 -1 1 2 3 4 5 6 7 8 9 10 1) 12 131996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010---------------I. POWER GENERATION, iii.
50 50 50 50 50 50 50 50 50 50 50 50 50

II. SPENT SHALE W/201 WATER, 815 815 815 815 815 815 815 815 815 815 815 815 815
TONNES X1000

II I. CAPITAl EXPENDITURE

SO/50 Debt-Equfty
1945EqufPEnt

Spare Parts 120Workfng Capftal 140SUb-Total 2205CapftaHzed
Interest 110Total 231580/20 Debt-Equf~
Capftalfzed
Interest 176Total 2381

n'. OPERATING COST

Parts, Supplfes, Fuel 238 238 238 238 238 238 238 238 238 238 238 238 238
Wages " Fr_ges

40 40 40 40 40 40 40 40 040 40 40 -10 40

Insurance
7 7 7 7 7 7 7 7 7 7 7 7 7

Total
285 285 285 285 285 285 285 285 2&5 285 285 285 285

v. INTEREST ~PENSE

-\ SO/50 Debt-Equity
116 108 1 ()I' 93 85 n 70 62 54 46 39 31 23

80/20 Debt-Equity
190 178 l~ .- 152 140 127 114 102 89 76 64 51 38

~
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Table 13-2 (Cant)
SPENT SHALE DISPOSAL CASH FLOW ANALYSIS

50 MW PROTOTYPE PLANT

-2 -1 1 2 3 4 5 6 7 8 9 10 11 12 13
1996 1997 1;;98 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

VI. DEPRECIATION 187 187 187 187 187 187 187 187 187 187 187 187 187

VII. MANAGEMENT FEE 82 82 82 82 82 82 82 82 82 82 82 82 82

VIII. RETURN ON EQUITY

SO/50 Debt-Equity 232 232 232 232 232 232 232 232 232 232 232 232 232
80/20 Debt-Equity 95 95 95 95 95 95 95 95 95 95 95 95 95

IX. COST-SPENT SHALE DISPOSAL

SO/50 Debt-Equity 902 894 886 819 871 863 856 848 840 832 825 817 809
80/20 Debt-Equity 839 827 814 801 189 116 763 751 138 725 113 700 681

X. COST - S/TONNE. SPENT SHALE

SO/50 Debt-Equity 1.11 1.10 1.09 1.08 1.07 1.06 1.05 1.04 1.03 1.02 1.01 1.00 0.99
80/20 Debt-Equity 1.03 1.01 1.00 0.98 0.97 0.95 0.94 0.92 0.91 0.89 0.87 0.86 0.84
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Table 13-2 (Cant)
SPENT SHALE DISPOSAL CASH FLOW ANALYSIS

50 MW PROTOTYPE PLANT

14 15 16 17 18 19 10 21 22 23 24 25 TOTAL
2011 2312 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022--------------

VI. DEPRECIATION 187 187 187 187 187 187 187 187 187 187 187 187

VII. MANAGEMENT FEE 82 82 82 82 82 82 82 82 82 82 82 82

VIII • RETURN ON EQUITY

SO/50 Debt-Equity 232 232 232 232 232 232 232 232 232 232 232 232
80/20 Debt-Equ'i ty 95 95 95 95 95 95 95 95 95 95 95 95

IX. COST-SPENT SHALE
DISPOSAL

SO/50 Debt-Equity 801 794 786 786 786 786 786 786 786 786 786 786 20577
80/20 Debt-Equity 674 662 649 649 649 649 649 649 649 649 649 694 17949

X. COST-$/TONNE, SPENT SHALE

SO/50 Debt-Equity 0.98 0.97 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 1.01
••80/20 Debt-Equity 0.83 0.81 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.87

--- ...
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TABLE 13-3

CASH FLOW ANALYSI£

400 * FULL SCALE PLANT

SPENT SHALE DISPOSAL



Table 13-3
SPENT SlW.E DISPOSAL CASH FLOW ANALYSIS

400 ... FULL SCALE PlANT
(All costs in US $1000 unless otherwfse noted)

-3 -2 -1 1 2 3 4 5 6 7 8 9 10 11. 122000 2001 2002 2003 2004 2005 2006 2001 2008 2D09 2010 2011 2012 2013 2014- - - - - - - - -- -- - - - - -I. PO~ER GENERATION. tel.
100 200 300 400 400 400 400 400 400 ~OO 400 400II. SPEHT SHALE 11/201 IIATER.

1629 3259 4888 6518 6518 6518 6518 651a G518 6518 6518 6518TONNES

III. CAPITAL EXPENDITURE

SO/50 Debt-Equ1~
EqufPEnt 3184 3184Spare Parts 400 400Workfng Capftal 450 ~50Sub-Total 4034 4034
Cap1tal1zed
Interest 202 202Total 4230 4236

80/20 Debt-Equf~
Capftalfzed
Inter-est 323 323Total 4357 4357

IV. OPERATING COST

Parts. Supplies.

414 828 1242
1656 1656 1656 1656 1656 1656 1656 1656 1656

Fuel
lIages & Frf nges

53 105 158 210 210 210 210 210 210 210 210 210
Insurance

12 12 24 24 24 24 24 24 24 24 24 24
Total

479 945 1424 1890 1890 1890 1890 1890 1890 1890 1890 1890~,.-



Table 13-3 (Cant)
SPENT SHALE DISPOSAL CASH FLOW ANALYSIS

400 MW FULL SCALE PLANT
(All costs in US $1000 un1es~ otherwise noted)

-3 -2 -1 1 2 3 4 5 6 7 8 9 10 11 122000 2001 2002 2{J3 2t~4 2005 2006 2097 2008 2009 2010 2011 2012 2C13 2014------------V. INTEREST EXPENSE

. 50/50 Debt-Equity 212 198 184 381 353 325 297 269 240 212 184 15580/20 Debt-Equity 349 325 302 627 581 535 488 442 395 349 302 256VI. DEPRECIATION 808 1616 2425 3233 3233 3233 3233 3233 3233 3233 3233 3233
VII. MANAGEMENT FEE 163 326 489 652 652 652 652 652 652 652 652 652

50/50 Debt-Equity 424 424 847 847 847 847 847 847 847 847 847 84780/20 Debt-Equity 174 174 349 349 349 349 349 3~9 349 349 349 349
IX. COST-SPENT SHALE DISPOSAL

50/50 Debt-Equity 2086 3509 5369 7003 6975 6947 6919 6890 6862 6834 6806 6777HO/20 Debt-Equity 1973 3386 4989 6751 6705 6659 6612 6566 6519 6473 6426 6380
X. COST-$/TONNE SPENT SHALE

50/50 Debt-Equity 1.28 1.08 1.10 1.07 1.07 1.07 1.06 1.06 1.05 1. 05 1. 04 1. 0480/20 Debt-Equity 1.21 1.04 1.02 1.04 1.03 1.02 1.01 1.01 1.00 0.99 0.99 0.98

~
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Table 13-3 (Cont)
SPENT SHALE DISPOSAL CASH FLOW ANALYSIS

400 MW FULL SCALE PLANT

13 14 15 16 17 18 19 20 21 22 23 24 25 TOTAL
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2021

I. POWER GENERATION, MW 400 400 400 400 400 400 400 400 400 400 400 400 400

II. SPENT SHALE W/2C~ WATER, 6518 6518 6518 6~18 6518 6518 6518 6518 6518 6518 6518 6518 6518 153170
TONNES

III. CAPITAL EXPfNDITURE

50/50 Debt-Equity
Equipment
Spare Parts
Working Capital

Sub-total
Ca~ita1ized Interest

Total 8472

80/20 Debt-Equity
Total 8714

IV. OPERATING COST

Parts, Supplies, Fuel 1656 1656 1656 1656 1656 1656 1656 1656 1656 1656 1656 1656
Wages &Fringes 210 210 210 210 210 210 210 210 210 210 210 210
Insurance 24 24 24 24 24 24 24 24 24 24 24 24

Total 1890 1890 1890 1890 1890 1890 1890 1890 1890 1890 1890 1890

V. INTEREST EXPENSE

SO/50 D€bt-Equity 127 99 71 42 28 14
80/20 De~t-Equity 209 163 116 70 47 23



Table 13-3 (Cant)
SPENT SHALE DISPOSAL CASH FLOW ANALYSIS

400 MW FULL SCALE PLANT

13 14 15 16 17 18 19 20 21 22 23 24 25 TOTAL
2015 2016 2017 2011! 2019 2020 2021 2022 2023 2024 2025 2026 2027

VI. DEPRECIATION 3233 3233 3233 3233 3233 3233 3233 3233 3233 3233 3233 3233

II. MANAGEMENT FEE 652 652 652 652 652 652 652 652 652 652 652 652

II. RETURN ON EQUITY

50/50 Debt-Equity 847 847 847 847 847 847 847 847 847 847 847 847 847
80/20 Debt-Equity 349 349 349 349 349 349 349 349 349 349 349 349 349

IX. COST-SPENT SHALE DISPOSAL

SO/50 Debt-Equity 6749 6721 6693 6664 6650 6636 6622 6622 6622 6622 6622 6622 6622 15944L~

80/20 Debt-Equity 6333 6287 6240 619lJ 6171 6147 6124 6124 6124 6124 6124 6124 6124 149679

X. COST - S/TONNE SPENT SHALE

SO/50 Debt-Equity 1.0 1.03 1.03 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.04
60/20 Debt-E:qui ty 0.97 0.96 0.96 0.95 0.95 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.98

'k-



14.0 INFRASTRUCTURE REQUIREMENTS

14.1 Electric Power
14.1.1 20 MW Demonstration Plant

The portable crusher at the mine will be powered by
a diesel generator. All other equipment is diesel
powered; therefore, electric power will not be
~xtended to the pit area. The mine service
facilities will receive power from the main
substation located at the process plant.

A 2250 kVA transformer will step-down the incoming
132 kV power to 6 kV. This power will supply
three-750 kVA, 500 Vtransformers to power the
process plant and mine service facilities. The
demand power requirement is expected to be
approximately 1000 kW.

14.1.2 50 MW Prototype Plant
The mine will require lighting for the second an~

third shift o~eration which will be provided by
lighting plants that have their own generators. The
power requirements for the 50 MW plant will be the
same as the 20 MW plant. The demand power will
increase about 20 kW because the storage bins are
higher and more power is required to lift the oil
shale.

14.1.3 400 MW Full SCale Plant
The mine wijl require three portable transformers
each with a capacity of 3 MVA or 5 MVA to handle the
erratic demand of the electric power shovels. The
incoming 132 kV power will be transformed to 7.2 kV
for the shovels. The 5 MVA transformers are
required if the blast hole drills and surface miners
are electrified; otherwise, a 3 MVA transformer is

14~



required for each shovel. The power demand
requirements will be 7200 kW for the shovels or
11,000 kW if the drills and surface miners are
electrified.

The power demand for the process plant, mine service
facilities, stockpiling and reclaiming, and belt
conveying from the pit is expe,ted to be
approximately 10,000 kW. A12 MVA transformer will
transfonm the incoming 132 kV power to 6 kV which
will suppy the large impactor motors and pit
cc~veyor and five-1000 kVA to 500 V transfonmers
will supply power to the smaller Motors.

The entire power demand for the mine and processing
plant will be purchased from the National grid.

14.2 Water-Raw and Potable
14.2.1 20 MW Demonstration Plant

The raw water will be pumped from a well at a rate
of 2000 litres per minute to a storage tank, 500,000
litre capacity. The bot~om one third of the tank
will be stored for fire protection and the remaining
capac.ity will be for dust suppression of the haul
r')ads ~nd for use in making potable water. This
o~erat1 on wi 11 requi re 1.5 mil 11on 1itres of raw
water per d~ and 15 thousand litres of potable
water per d~.

14.2.2 50 MW Proto~pe Plant
This operation will have the same facilities as the
20 MW plant. More water will be required because of
the three shift operation at the mine. It is
expected that 2.5 million litres per d~ will be
required, inclUding that for dust suppression of the
haul roads and 33 thousand litres of potable water
per day to accomodate the larger work force.
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14.2.3 400 MW Full Scale Plant
Fewer haul roads will be required for the 400 MW
plant than for the 50 MW plant but there will be
more activity within the pit that will require dust
suppresion. It is estimated that this operation
will require 2.5 million litres per day of raw water
and 75 thousand litres per day of potable water.

If water is in short supply, chemical additiv,~s can
be substitued for water on the haul roads to keep
fugitive dust under control.

14.3 Housing Requirements for Work Force
14.3.1 20 MW Demonstration Plant

The housing requirements for the permanent work
force of the 20 MW plant will be for the following
personnel:

14-3

Aminimum of eight expatriate employees will be required
during start-up operations.

14.3.2 50 MW Proto~pe Plant
The housing requirements for the permanent work force uf
the 50 MW plant will be for the following personnel:

4

27
46

Number of Personn~1

Mine &Plant Spent Shale
2

Classification
Expatriates
Supervisory/Professlonal/

J.\dmini strati ve
Manual Work Force



Amfnimum of 20 expatriate employees will be required
during start-up operations.

14.3.3 400 MW Full Scale Plant
The housing requirements for the permanent work
force of the 400 MW plant will be for the following
personnel:

Aminimum of 12 expatriate employees will be required during
start-up operations. Because of the gradual build-up of ~ower

units from 100 MW to 400 MW, local personnel are trained to

take over supervisor,y positions and fewer expatriate personnel
are required.

8

70 4
306 40

58

103

Number of Personnel
Mine &Plant Spent Shale

2

Number of Personnel
Mine &Plant Spent Shale

2

14-4

Classification
Expatriates
Supervisor,y/Professiona1/

Admi ni strad ve
Manual Work Forc~

Classification
Expatriates
Supervisory/Professiona1/

Administrative
Manual Work Force



15.0 COMPARISON OF MINING COST WITH CONTRACTORS PRICE
15.1 General
Infonnation received on the contractors quotation does not define
his scope of work. It appears that the contractor will load and
haul materials for the prices quoted and nothing else. The quoted
price doesn't mention the volume of materials to be moved or
length of contract which are important factors for the basis of a
contractor1s pricing. Another unknown is the condition of
existing equipment and any needs for rehabilitation. Without
knowledge of the basis of the quoted prices, a meaningful
comparison is difficult to make. In spite of this difficulty, two
versions of the mining costs were prepared. The first is a
breakout of the mining cost only from the final fuel cost of the
processed oil shale in storage excluding mine development cost and
shale processing costs. The second represents only those mining
costs we believe to be in the contractor~ scope of work; namely,
drilling, blasting, loading and hauling.

15.2 Mining Cost Excluding Development and Shale Processing
These mining costs exclude all deve1opmp.nt work plus shale
processing and reflect those costs of an operating mine for
each of the three power plant case studies. The interface
between mining and processing is the point where the truck
dumps the oil shale because it is assumed that the
cnntractors responsibility ends at this point. Table 15-1
Su~~ry of Mining Costs Excluding Development and Shale
Processing Cost as estimated by Bechtel is presented on the
following page.

The 80/20 debt-equity ratio was used in Table 15-1, because
this ratio yields a lower cost than the 50/50 debt-equity
ratio. Interest expense is a weighted average for the 25
year operating p~riod.

In the determination of the contractors mining cost, a rate
of exchange of US $3 =1 JD, a 1.8 specific gravity for the
oil shale, a stripping ratio of 1.3 bank cubic metres per
1.0 tonne of oil shale, and a maximum distance of 3 km for
transporting the overburden and oil shale were used.
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Table 15-1

SUMMARY OF MINING COSTS EXCLUDING DEVELOPMENT
AND SHALE PROCESSING COSTS

20 MW Plant 50 MW Plant 400 MW Plant
US $1000 US $1000 .-.JLS $1000

CAPITAL COST 13705 15695 82082
ANNUAL TONNES X1000 390 973 7783
OPERATING COST/YEAR

Parts, Supplies, Fue1/E1ec. 828 2651 11935
Labor 499 872 1974
Explosives 14 31 250
Insurance 55 61 330
Depreciation 652 2122 6778
Interest Expense 426 488 2553
Management Fee 146 365 2919
Return on Equity 548 628 3283

TOTAL 3168 7218 30022
Bechtel Cost Per Tonne, $/t 8.12 7.42 3.86
Contractor's Cost per Tonne, $/t 4.58 4.58 4.10-4.41

(per JEA)

15.3 Mining Cost"for Drill. Blast, Load and Haul
These mining costs include only those selected costs
associated with drilling, blasting, loading and hauling oil
shale and overburden. Excluded from these costs are the
mine development costs, shale processing costs and other
costs of mining for those activities that normally performed
such as maintaining the haul roads, waste dumps and
sedimentation ponds, top-soil removal and reClamation,
in-pit road and ramp construction and crushing.

Other criteria used in this determination are the same as
those used in Section 15.2
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15-3

Table 15-2

SUMMARY OF MINING COSTS FOR DRILL, BLAST, LOAD AND HAUL

10153
1417

250
215

5484
1258
1946
2178

400 MW Plant
US $1000
54446
7783

22901
2.94

4.10-4.41

1673
554

31
40

1336
244
243
423

4544
4.67
4.58

50 MW Plant
US $1000
10580

973

549
279
14
38

316
221

98
383

1819
4.66
4.58

20 MW Plant
US $1000
9566
390

The mining cost for the 20 MW and 50 MW plants as developed by
Bechtel for this report are believed to be similar to the
contractor's price. The high cost of the two expatriate personnel
as compared to local managers contributes to the cost differential
in the comparison for these plants. As for the 400 MW plant, the
Bechtel estimate of cost per tonne is lowered when the higher
volume of material is handled whereas, the contractor's price is

The mining costs reflected in Table 15-2 represent the cost
of drilling, blasting, loading and hauling as determined in
this report by Bechtel to parallel the scope of work assumed
to be represented in the contractors quoted price.

CAPITAL COST
ANNUAL TONNES X1000
OPERATING COST/YEAR

Parts, Supplies, Fue1/E1ec.
Labor
Explosives
Insurance
Depreciation
Interest Expense
Management Fee
Return on Equity

TOTAL
Bechtel Cost per Tonne, $/t
Contractor's Cost per Tonne, $/t

(per JEA)



only marginally lower than for the 20 MW and 50 MW plants. It
appears that the contractor's price may be based on the lesser
volumes associated with the 20 MW and 50 MW plants.

The difference '~n the cost as detennined ~y Bechtel 15.2 and 15.3
are usually done under a force account by the mine contractor.
The Owner would pay the contractor additional money to perform
those activities mentioned in 15.3 such as maintaining the
haul roads, waste dumps and sedimentation ponds, topsoil removal
and reclamation, etc.

In summary, a more detailed definition of the scope of work
covered by the quoted contractors costs is needed.



APPENDIX A

PRELIMINARY MINING PLAN



The PrE'liminarv Mining Plan is superimposed on the oil shale i.sopach in
rigure A-l ar~d on the overburden isopach in Figure A-2. The mine plan is
made up of 35 cuts that are 80 metres wide and between one and three
metres long oriented in a NNW direction. The mine is opened with a
box-cut at Cut #1 and an incline south of the cut. The mine progresses
from Cut #1 to Cut #35.

Amining schedule shown in Table A-1 was made for the 20 MW Demonstration
Plant and the 400 MW Full Scale Plant on the assumption of continuing the
operation of the 20 MW Plant in the event the 400 MW Plant were
constructed. The schedule shows the phasing-in and phasing-out of each
generating unit over their assumed 35 year life. For each year a total
amount of oil shale mined 3nd overburden removed is scheduled by cut.
The mining of oil shale and the removal of overburden must be
synchronized. If too much overburden is removed, the operation becomes
oil shale bound and overburden will require hauling to the out-of-pit
waste pile. This should be avoided as much as possible because of higher
cost.

The schedule was used in the timing of procuring quipment and bringing on
new personnel for the operation of the mine and process plant for the 400
MW plant. It was assumed that the 100 MW power units would be
constructed at the rate of one per year. Equipment and personnel were
added when required for the mine and process plant.
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