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APPROVAL of FMFS Report and EMP

The Mines Evaluation Section of the Mining Division has evaluated the Final Mine
Feasibility Study (FMFS) report and the Environmental Management Plan (EMP) of the
proposed Homdhar Stone Quarry. The background and summary of the report are
specified below:

Background
Date Activity

20" May 2011 Applicant given permission to prepare the FMFS report and EMP
for the proposed quarry for submission vide letter no. X-
77/DGM/2011/1495

19" July 2011 Receipt of the 1* draft FMFS report and EMP

12" August 2011 Evaluation comments on the FMFS report and EMP forwarded to
the applicant vide letter no. X-77/DGM/2011/224 for corrections.
18" October 2011 Receipt of the corrected final report
12" October 2011 Receipt of environmental clearance vide letter no.
NEC/ESD/DGM/2279/2011/2237

FMFS Summary
General Information
Promoter J Natural Resources Development Corporation Ltd.
Name of the proposed quarry Homdhar Stone Quarry
Location of the proposed quarry: Tingtibi, Nangkor Gewog, Zhemgang Dzongkhag
Rock type ! Quartzite rock for constrction purpose
Type of operation : Semi-mg¢chanized P
Total leased area : 26.658 hectares TS T
Annual Production estimates : 00 MT : .
Geological reserve estimation: > 1.49 million MT
Annual overburden generation: 11,500 m
Lease period applied : 10 years \
Market and Products : Aggregates and boulders for construction acllvmes
under Zhemgang Dzongkhag, Mangde Chhu and
Digala Hydro power projects etc.
Manpower Requirement : 53 personnel V)-/“ ‘}/L&
\/v”a J}
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Evaluation comments:

The FMFS report and EMP has been prepared by a competent mining engineer based on
approved geological report after the receipt of clearances from all the relevant agencies.
They have been assessed to be acceptable for implementation based on the mineability,
reserve availability, economic viability and other technical and environmental
considerations as addressed in the reports. Environmental clearance has also been

obtained.

Compliance requirement

o The terms and conditions laid down in all the clearances should be complied with
along with terms and conditions specified in the minutes of the FMFS presentation
meeting with the stakeholders.

o The quarrying operation should be carried out as per the approved FMFS report and

the EMP.
o Should the proponent outsource part or whole of the mining operations to a contractor,

the qualification, expertise and experience (in mining) of the contractor should be
given utmost importance during the selection. The selection committee should
involve senior officials from the Mining Division of the Department of Geology &
Mines. NRDCL should also draw up a proper terms of reference for the contractors so
that each and every provisions laid down in the FMFS report and the EMP are
complied with along with the terms of the lease agreements, clearances and the
minutes of the FMFS presentation meeting with the stakeholders.

o The proponent should ensure that the quarrying operation is supervised by a
competent mining engineer either on a part time basis or full time.

Evaluation done by:

(Lhg¢ndup Gyelt
Deputy Executive Engineer / Head,
Mines Evaluation Section

Tel : 00975-2-322879, 323096, 323349, 323409, 324142, 324118 Fax : 00075 -2- 323013, 326134, 324183
P.O Box 173 Thimphu E-mail : gsbmti@@druknet.bt Web: htip: www mti gov bt/dgmiggm him
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Verified by:

7

’(Sangay Tshering)
Offtg. Head,
Mining Division

Directdr fseng¢ral
Departnient pf Geology & Mines

Copy to: \/
. Offtg. Head, Mining Divission, DGM, Thimphu for information
2. Head, Mines Evaluation Section, DGM, Thimphu for information
3. Head, Mines Leasing Section, DGM, Thimphu for information and
necessary follow-up RN,

Tel : 00975.2-322879, 323096, 323349, 323409, 324142, 324118 Fax 00975 -2- 323013 326134 322123
P.O Box 173 Thimphu E-mail - gshmti@druknet.bt Web hiip www.mti gov btdam dgm htm
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National Environment Commission
Royal Government of Bhutan

NEC/ESD/DGM/2279/2011/ &A1 ¥ October 1}, 2011

To

\‘?Mﬁicf Executive Officer
atural Resources Development Corporation Limited
Thimphu

Sub: Forwarding the Environmental Clearance
Sir,

Enclosed please find herewith the Environmental Clearance for the operation of Homdhar
Stone Quarry located at Homdhar under Nangkor Gewog, Zhemgang Dzongkhag measuring
a total area of 26.67 hectares.

This environmental clearance (EC) is issued as per the declswn of Environmental Assessment
Technical Committee (EATC) meeting held on 10" October, 2011 with the following

preconditions;

1. The barriers/check dams are constructed at the approved dump yard and all necessary
areas prior to quarry development and dumping of overburden materials;

2. River protection works are carried out at all necessary areas prior to actual operation

. of the quarry in order to avoid pollution of water due to spillage of mucks/debris;

3. Approach and haul roads are constructed by adopting Environmentally Friendly Road
Construction (EFRC) techniques to minimize adverse environmental impacts;

Therefore, you may please be informed that ybu are required to report to National
Environment Commission Secretariat (NECS) after the completion of the above mentioned
preconditions following which NECS will further inspect and decide on allowing the actual

operation of the quarry.

Sincerely,

f

Copy to: [

Hon’ble Secretary, NECS for kind information, \

The Dzongdag, Dzongkhag Administration, Zhemgang for kind nformauon

The Head, Mining Division, DGM, MoEA, Thimphu for kind information.

The Dzongkhag Environment Officer, Dzongkhag Admlmstratlon, Zhemgang for
information and neccssary compliance monitoring,

bl St o

\
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CHAPTER ONE
INTRODUCTION

Crushed stone, sand and gravel are the foundations for the development of a nation. These
resources are essential for building roads and highways, power plants and dams, houses,
dzongs, monasteries, schools and hospitals and all sorts of construction activities. Construction
aggregate, for instance, enables the farmer to grow crops and bring his goods to market on
safe and efficient highways and provides the resources that enable a community to have
construction materials. The stone aggregate and sand production plays a vital role in the
nation's economy and in the quality of life for its residents. One can imagine the difference it
makes in the quality of life with and without highways, medicines, bridges, and other
_necessities — all made possible with crushed stone. These resources are indispensable to the
maintenance and development of rural and urban environments today. The relationship
between available crushed stone and community development is essential for the maintenance
and growth of our society. Without minerals from crushed stone, we wouldn't have the
modern necessities that make our lives safe, comfortable and productive.

Sand ranges in size from 0.02mm to 2.0mm and is one of the principle elements used as
aggregate in portland cement concrete, mortar, plaster and other building materials.

Even though stone is widely distributed throughout the country, its availability for exploitation
is not easy. Some areas may lack the quality of stone, does not meet the physical-property
requirements for certain uses, or it contains mineral constituents that react adversely when
used in cement concrete. The others are covered by overburden that is too thick to allow
economical surface mining. Further in some other areas there will be conflict in landuse as
either the land is used for cultivation or iinpdrtant infrastructure are built on it or it forms the
areas of religious importance.

The stone quarry site at Homdhar in Zhemgang Dzongkhag has been identified and promoted
by NRDCL.

With the boom in construction industry in the area, power projects in Mangde Chhu and
Digala, and the road widening projects, it Is envisaged that the demand for the construction
stone chips and aggregates will go up steeply. With the opening of stone quarry and setting up
stone crushing plant at Homdhar by NRDCL, the shortage of the construction aggregate is
expected to be filled up and the pricing will be low compared to other suppliers.

The proposed quarry and the crusher at Homdhar are expected to produce and capture at least
50% of the demand of construction material In the radius of 100km. The quarry output shall
- consist of hard and compact run-off-mine quartzite lumps, and the aggregates of various sizes

NRDCL FINAL REPORT Page 3 of 27
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will be produced in the crushing plant set up by the corporation.
1.1 IMPORTANCE OF QUARRY DESIGN

It is always important to ensure the mine is correctly designed from the start. It should
highlight whether there are sufficient geologic information, sound geotechnical and hydrologic
information, sequential and efficient pit development and optimized haul roads and ramps. A
knowledgeable mine planning is absolutely critical to a successful operation. The planning
mistakes can result in very severe consequences that affect both safety and production. The
knowledge of the deposit to be mined is a critical factor that can be overlooked when starting
up a new project. Geological information needs to be carefully reviewed to build an accurate
resource model for use in the mine design process. The collection and utilisation of accurate
geotechnical data is critical in selecting the right pit slope angles. It is necessary to collect
sufficient data to perform the required rock mechanics evaluation to design pit walls that
remain safe and stable during operations, as the pit failures can result in buried equipment,
injured employees, and lost production. Mine owners should be able to recognise issues in
advance and know how to keep the mine operation going as efficiently and safely as possible.

1.2  ACCESSIBILITY

The stone quarry at Homdhar shall easily be accessible once 1.121 km of access road from
existing Zhemgang-Gelephu highway to the crushing plant site is improved, and 2.84km
additional quarry access is constructed. It is located about 1.5KM from Tingtibi town towards
Zhemgang. The temporary road bifurcates towards Homdhar before reaching Tingtibi town.
The stone quarry is located on the left bank of Dakpai river and flanked by Mangde Chhu in the
south.

1.3  PHYSIOGRAPHY

The mapped area forms a part of Topo-sheet No 78/1/12 under Zhemgang Dzongkhag and the
approximate geographical co-ordinates: 1042500 and 2811800 (UTM). Investigated area can be
accessible from the Tingtibi as it is located on opposite of Tingtibi Township (left bank of
Dakpai Chu), which is connected by approximately 2km footpath from Tingtibi township area.
The topography is rugged with very steep slope on either side of the narrow ridge that runs
north-south.

The perspective view of the proposed quarry site is provided in Annexure 1.1.

1.4 CLIMATE

The stone quarry lies under sub-tropical mountainous climate. Homdhar-Tingtibi area
experiences heavy rain precipitation during monsoon and comparatively hot and windy spring. -
It is located next to the Gelephug-Trongsa national highway. Because of humid climatic
condition it has great varieties of sub-tropical vegetations which consist of various species of
broad leaves trees and bamboos/creepers with thick under growths, Homdha[ rldge (Tingtibi

area) lies in mid Himalayan region. %
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1.5 LEGAL AND REGULATORY CONSIDERATIONS

While carrying out the mining, processing, transporting and selling of the stone aggregates, the
provisions of the Mines and Minerals Management Act 1995 and Mines and Minerals
Management Regulations 2002 along with the environmental legislation shall be complied
diligently, specifically the terms and conditions of the mining lease agreement and the proposal
provided in this report.

NRDCL FINAL REPORT Page 5 of 27
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CHAPTER TWO
MARKET

2.1  Size of market and specifications
The market for stone aggregates is growing at enormous rate -with numerous
development activities taking place around the country. In Zhemgang, the prospective
customer for NRDCL will be the Mangde Chhu Hydropower Project, the Digala
Hydropower project and associated infrastructural development projects.

2.2  Competition in the market
At present there is no any competitor in the aggregate industry and there is huge
shortage of construction material.

2.3  Quality control of products
The raw material used will be quartzite rocks which is one of the good quality stone
used for construction. The stone from the quarry site has been tested for its suitability
and strength and the report is enclosed as Annexure 2.1.

2.4  Prices
Depending on the cost of mining and the demand for the stone the price of hard
quartzite lumps at mine-head would be Nu 275 to Nu 300 per metric tonne. The prices
for other aggregate sizes are as below. The conversion factor is taken as 25 cft per MT
and the bulk density is around 1.6MT/m> The annual quantity is based on 100%
capacity utilization.

S| No | Specification | Quantity per | Quantity per | Rate (Nu) Total annual
year (in MT) year (in cft) sale (Nu million)
1 20-40 mm 60,000 1,500,000 | 19/cft 28,500,000
2 10-20mm 60,000 1,500,000 | 20/cft 30,000,000
3 5-10 mm 60,000 1,500,000 | 18/cft 27,000,000
4 <5 mm 22,500 562,500 | 5/cft 2,812,500
5 Boulder 5,000 125,000 | 11/cft 1,375,000
TOTAL 210,000 5,250,000 89,687,500
\\

; \\

| /
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CHAPTER THREE
GEOLOGY AND RESERVES

3.1 Geology

The geological investigation was carried out by NRDCL with the help of expertise from the
Department of Geology and Mines. The geological reserve has been estimated at 1.49 million
tonnes of quartzite rock. The geological investigation report is enclosed as Annexure 3.1.

The rock types encountered during surface geological investigation are mostly homogeneous
quartzite horizon (gray-wake/arkosic) sequence with various quartz pegmatite intrusions. The
minor flaggy types of interbandings are frequently observed within the massive band.

Dark-grey color quartzite exposed at the bottom line of standing cliff which is followed by ash-
grey fined to medium grained massive quartzite band. Trend (attitudes) of rock NW (north-
western flank) flank of ridge mainly towards cliff bottom strike N30°E-S30°W to N80°E-S80°W
with dip amount ranges from 15° to 40° towards SE direction whereas on the eastern flank
including ridge strike N40°W-S40°E to N85°W-585°E with dip amount ranges from 20° to 50°
towards NE direction. However, the outcrop in general appears to be homogeneous and due to
presence of recumbent fold the rock attitude measured is not constant.

The geological cross sections along A-A’, B-B’ and C-C’ are provided under Annexure 6.5(d),
6.5(e) and 6.5 (f) respectively.

3.2 MINEABLE RESERVE

The mineable reserve is calculated based on the actual quantity of quartzite and other rocks
that will be excavated from the designed pit. The geological reserve has been estimated based
on 20m down dip extension based on surface assessment. However, as the quartzite bedding is
expected to be t:ontinLioUs till the extent of designed pit the mineable reserve will be higher
than the geological reserve. This shall be proven through additional studies that will be
undertaken,

However to get the 100% confidence level on the stripping ratio and the quantity of good
quality rock the core drilling would be preferable by any mine planning engineer, which will

help in overcoming the surprises encountered by many other stone quarries around the
country. Alternatively geophysical methods need to be adopted to study the thickness of
overburden in the down dip extension of the quartzite bed. —

The pits have been designed based on the following assumptions.

Assumptions;
* The mine reserve estimation is based on the geological map and sections and the
topography map.
s Litho-contact and shear zone Is as provided in the geological map.
* The general dip of quartzite rock bed is 20 to 50° towards south-east and north-east as

NRDCL FINAL REPORT Page 7 of 27
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reported by the geologist.

¢ The specific gravity of waste rock above and below the quartzite bed is 2.65.
* The overburden thickness is based on the geomorphology, geological map and sections.

e The absence of any fault in the geological map is interpreted such that the quartzite
band continues down dip for the whole stretch of demarcation boundary following the
same attitude of bedding.

e Final pit slope is 37° from the horizontal.

¢ Mining pit is constrained by the lease boundary and the terrain condition.

The levelwise lithological volume of quartzite and overburden waste that will be excavated
from the quarry are provided in Annexure 3.2.

NRDCL FINAL REPORT Page 8 of 27
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CHAPTER FOUR
MINE DEVELOPMENT PLANNING

It is always important to ensure the mine or a quarry is correctly designed from the start. It is
also important to highlight sufficient geologic information, sound geotechnical and hydrologic
information, sequential and efficient pit development and optimized haul roads and ramps for
location, proper width, access, and quality. Bad mine planning can affect both safety and
production. To know the deposit the detailed geological information is important as it helps in
the correct mine design process. The collection and utilisation of accurate geotechnical data is
critical in selecting the correct pit slope angles to ascertain safe and stable pitwalls during
operations. Pit failures can result in buried equipment, injured employees, and lost production.
Designing mine plans optimise the output of the equipment being used.

Lease area 65.87 Acres (26.67 hectares)
The following are considered for the selection of mining method and subsequent mine
planning and design:

= Scale of operation

= Quantity of Reserve

= Quantity of waste/Thickness of overburden & interburden

= Demand in the market

= Environmental considerations

= Disposition/Spatial distribution of mineral deposit

= Physical properties of rock

.= Joint spacing and massiveness

= Bench parameters

= -Ultimate pit slope )

= Requirement of qualified and experienced manpower

= Value of stone and profitability.

The following assumptions were made while designing the mines:

* 10% of the rock excavated will go as waste in the form of undersize and dust

contaminated with reject rocks and overburden.

e The quartzite is suitable for all type of construction activity in non-wearing surfacés.

¢ The quality and down dip extension are persistent at depth in the absence of core
drilling.

¢ The annual quantity of stone aggregates requirement is 210,000 metric tonnes which is
sufficient to feed the crushing plant of 100TPH capacity being set up by the company.

¢ The mining activity will be environment friendly by taking into consideration all the
statutory requirements.

The following basic facilities shall be put in place and activities completed as a part of

NRDCL FINAL REPORT Page 9 of 27
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preliminary activities and mine development;

o Determination of pit boundary.

e Determination of the area for establishment of infra-structural facilities.

e Access road to the quarry area and the mining benches.

e Pre-production development works including jungle & bush clearance, initial cut and
bench preparation to expose the deposit.

o Establishment of infrastructure that include crushing plant, machinery & equipment,
office and residential buildings.

e Provision of ancillary facilities such as power, water, weighbridge, explosive magazine,
transport facility etc.

o Waste dump area.

4.1 Pit Boundary

The pit boundary is based on the nature of deposit, natural slope conditions of deposit, type of
mineral, general dip direction of overburden & rock bed and production schedule etc. At the
proposed production target the pit boundary has been determined for the 15 years lease of the
quarry. The pit boundary takes into account the orientation of ultimate pit berms, length and
width of the working space for heavy machine. The design of the pit and benches is such that
at any instance during mine operation the length of face is more than 50 metres and width is
more than 18 metres.

4.2 Determination of area for establishment of infra-structural facilities

The crushing plant site consists of 2.78 hectares (6.87 acres) which is sufficient for construction
of colony and office for both the quarry and the crushing plant, apart from the area required
for crusher. There is also ample area between the proposed waste dump and the crushing
plant where infrastructure can be set up both by the company and the quarrying contractor.

4.3  Access Road
From the existing highway connecting Tingtibi and Zhemgang, there exists a rough fair weather
road to Homdhar terrace through the Dakpai river.

The distances of different segments of the road are as provided below: f ‘
» Highway to crushing plant = 1.121KM
e Crushing plant to quarry top =3.5 KM
The quarry road traffic shall be as follows:
The daily output from the mine face 700 MT
Capacity of each tipper 10 MT
Number of tippers plying to and from the quarry and the crushing plant (two-way) = 70 round
trips.
For easy mobility of the heavy traffic there is need for a double lane road from the quarry to
the crushing plant or the provision of passing places at 150m interval.

NRDCL FINAL REPORT Page 10 of 27
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4.4 _ Pre Production Development

The demarcated areas are thickly vegetated that need to be cleared off during mine
development stage. Bench preparation for mining operation will begin with the initial cut at
the highest elevation at Homdhar quarry where the overburden is minimum and topography
very steep on either side of the ridge line. The check-dam for stabilisation of waste disposal will
be constructed as per the dimension provided in the mine plan drawings.

4.5  Establishment of Infrastructure
Infrastructure development is a prerequisite for start of a mining activity. The following are the
infrastructure proposed for the company:
i.  An office for company officials as per organisation chart
ii.  Office for DGM inspector at despatch checkpoint close to weighbridge.
iii. Store for spare parts and tools
iv.  Explosive magazine: The monthly requirement of explosive is 2.1 metric tonnes. So
suitably sized explosive magazine, possibly SMT capacity, shall be constructed so
that the stock last for at least two months. The location of the magazine shall be
next to waste dump area within the lease boundary.

v.  Residential hut for the security personnel guarding the explosive magazine

vi.  Residential quarters for officials and hutments for mine officials, DGM inspector(s),
operators and other workers. The residential buildings will have kitchen space,
cooking and drinking water provisions, toilet and proper sanitation facility.

4.6 Provision of ancillary facilities (such as power, water, weighbridge, telecommunication
facility, medical facility, school facility, transport facility within and beyond the mine, etc.)
i. Power: For the proposed scale of operation the establishment at mine area
would be sizeable. The supply is required for crushing plant, office and colony.
So the power supply needs to be provided. The crushing plant will run with
electrical energy.

ii. Water: The water requirement would be for cooking, drinking, washing, and for
spray along the road for suppression of fugitive dust. The supply line shall be
drawn from perennial Dakpai river close to the crushing plant.

iii. Transport facility: The light vehicle for the use of quarry manager which will
also serve as a utility vehicle for other purposes and a bus for use by school
children and staff need to be provided. .

iv.  Medical facility: The quarry site is 5 KM from the Yebilaptsa hospitatﬁsd
the medical facility is not proposed except the first aid facility.

v.  Survey and mapping: To ascertain the correctness in the progréss of mining the
mining area has to be mapped and topography updated on a regular basis.
Survey instrument, manpower and plotting facility would be 'necessary which
shall be serviced from head quarter in Thimphu where the facility is in place.

NRDCL - FINAL REPORT Page 11 of 27
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vi. A telecommunication facility (walkie-talkie) shall be provided to the quarry
officials and operators for easy communication which is highly essential and is
used by large mines in the country.

4.7 __ Preparation of waste dump area

The overburden waste dump site will be prepared at the specified location shown on the maps.
At the lower end of the proposed dump site a retaining barricade wall will be constructed
which will be embedded into the ground for anchorage. The length of construction is provided
on the map and it is 120 metres with total volume of 470 cubic metres.

NRDCL FINAL REPORT Page 12 of 27
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CHAPTER 5
MINE DESIGN PARAMETERS

5.1 Bench dimensions:

Considering the provisions of the Mines and Minerals Management Regulations 2002
and the geotechnical characteristics of the area, the working and final mining benches
will be 5m high with back-slope angle of 60°. The mine is designed based on the
topography and the pit will advance perpendicular to the dip direction. The working
benches will have width of at least 15m at the top bench. By maintaining the above
bench parameters the final pit slope shall be 37° or less. In this manner it is possible to
get optimum recovery of the hard rock with due consideration towards slope stability
and environment protection.

5.2 Blast hole drilling:

The daily quartzite rock production capacity is 700 MT. In the first year about 14545
cubic metres of overburden will be excavated and disposed off. The drilling and
blasting shall be done with deep hole drilling with bench height of 5.0 metres. The
burden and spacing of the holes is proposed at 3.5 m and 4.0 m respectively and may
deviate slightly based on site condition so as to prevent ground vibration and fly-rocks.
Directional drilling and blasting. shall be carried out so that no fly-rock or rolling
boulders fall towards the crushing plant site at the base of the quarry. The direction of
quarry benches is planned accordingly.

53  Blasting:

Blasting will be done with nitroglycerin based explosive in conjunction with ANFO,
initiated by ordinary detonator and detonating fuse. As the quarry is located at least 1
km from public facilities, the effect of air blast due to use of detonating fuse is not
expected to be significant on the settlement. When need arises, the short delay firing
technique will be adopted. :

5.4  Haul road and ramp:

The haul road from the quarry face to the crushing plant shall be constructed at a
gradient of 1 in 13 as the tipper trucks do not need to negotiate any uphill gradient. In
order to maintain access to the mined out benches and operating benches, the narrow
ramp with a gradient of not more than 1 in 10 will be maintained for people to climb up
for restoration and plantation monitoring works. Such ramp is not shown on the
drawings, however during actual implementation it shall be maintained.

55  Waste dump: g
The dumping of waste rock and overburden will be done at the specified dumpsite.
Barricade wall to arrest the undue erosion and maintain the stability of dump slope will
be constructed. The dump will rest at the angle of repose. However where the dump

NRDCL FINAL REPORT Page 13 of 27
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height exceeds 10m there will be break in slope with width of 4 metres after every 10m
vertical height.
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CHAPTER SIX
MINE PRODUCTION PLANNING
The output capacity from the two quarries is 700 MT per day or 210000 MT annually. It is
relatively large scale of production under the local context.

The rock deposit is not proven to high confidence level, hence the risk of getting higher
quantity of reject rocks exists, which can be confirmed after the rocks are exposed.

The stone production will commence at 890m level as this forms the ideal point from the
development can start for optimum recovery of rock. There is minimum development and
overburden removal. The development and removal of overburden will commence at the top
portion of excavation area. The schedule of operation and production quantity during
individual years from the first to the tenth year is provided in Annexure 6.1. The working bench
levels are given for each year and the excavation will take place using top slicing method. The
amount of area to be disturbed and cleared off vegetation for quarry works excluding the
approach road construction is provided in Annexure 6.2. The index map of the area is provided
in Annexure 6.3.

The mining benches are designed as shown on the maps provided under Annexure 6.4 (I to
Vil). Mine plan drawings are attached at the end of this document. The sections have been
provided along the Profile Line M-M’ at the end of first year, fifth year and tenth year of quarry
operation and are attached as Annexure 6.5a to 6.5c. The map has been plotted in 1:1000
scale and it becomes very easy for measurement to confirm the level difference and the slope.

Approximately 2% of the mine output of hard quartzite shall be despatched in the form of
lumps directly from the ‘quarr‘y to the consumers. The rest of the stone shall be first
transported to crushing plant, crushed to planned size ranges and despatched. The size ranges
of the crushed éggregétes are 20 to 40 mm, 10 to 20mm, 5 to 10 mm and below Smm. The
final output shall be despatched using public trucks.

NRDCL FINAL REPORT Page 15 of 27
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CHAPTER SEVEN
MACHINERY AND EQUIPMENT SELECTION

The major operations in the proposed quarry include;
a) Drilling
b) Blasting
c) Excavation and loading
d) Hauling to crusher
e) Despatch to destination

a) Drilling and blasting:
The method of drilling and blasting, bench parameters has been discussed in the earlier

chapter. The requirement of drilling equipment and its accessories have been computed
based on the parameters provided.

Medium diameter shot holes (104mm®)

Number of integrated wagon drill used = 1
Number of holes to be drilled per day based on production capacity = 4
Total meterage drilling per day = 22m
Yield per hole = 183 MT
b) Blasting:

Daily explosive charge required = 85 kg
Annual explosive requirement = 26 MT
Number of ordinary detonators._ = 300
Length of safety fuse required annually, in metres = 500 m
Length of Detonating cord, in metres N = 11,800
Powder factor obtained = 8.25

c) Excavation and loading:

The standard excavator used in Bhutan is with 1 cubic metre bucket capacity. The
calculations have been done accordingly.

Bucket capacity, cubic metres = 1.0

Total time for loading of dumper/tipper, minutes = 12

Excavator capacity per year = 87000 MT

Material to be loaded per year = 210000 MT

Number of excavators/loaders required , including waste handling = 4

d) Hauling to crusher:

This consists of transport of quartzite from quarry face to crushing plant

Distance to be hauled hetween quarry face to crusher, KM = 2.85

Payload of tipper, MT = 10
NRDCL FINAL REPORT Page 16 of 27
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Quantity to be hauled per day, MT — 700

Number of tipper loads per day = 70

Tipper cycle time, min = 40

Quantity hauled per day per tipper, MT = 99

Number of tippers required, = 10 including

requirement for disposal of overburden waste to the dump site.
The hard quartzite broken rock shall be transported from the mining faces with the help of
tippers having 10MT capacity.

e) Despatch to destination:
The transport of lumps and aggregates shall be done totally by public trucks.

f) The auxiliary equipment & facility required shall include:

Diesel tank (12000 litres capacity)
Explosive magazine (5 MT capacity)
Weigh-bridge

Water supply

Communication set

Light vehicle = g
Water sprinkler truck

Bus

NRDCL
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CHAPTER EIGHT
WASTE DISPOSAL PLANNING

The important aspects to be considered in waste dump management are the selection of site
for dumping rejects from the mine. The waste dumpsite has been selected based on the
following criteria:

e Topography of the dump site

e Extent of the quartzite band

¢ Output of waste and final product from the mine

e Access road to the quarries

* Method of excavation and haulage

o Drainage system at the dumpsite *

s Natural drainage system and perennial water flow

Existing land use and vegetation cover

o Stability of the area
8.1 Method of overburden and waste dumping
The topography is moderately sloping in the proposed waste-dump site. The existing
excavators and fleet of tfppers will be used for hauling and dumping of overburden and waste
to the dump site. The dumping will be done in horizontal layers and after each dumping layer
the dump will be compacted with heavy equipment.

8.2 Configuration of waste dump

The waste dump shall develop like terrace with side slope resting at the angle of repose. Every
after 10m high dump a terrace of width 4m shall be left to break the flow of rainwater and
debris due to erosion of dumps, and for the ease of reclamation.

The top soil shall not be stored separately as there does not exist any top soil. The sites for
waste dump are shown on the plans.

E\\rﬁu’
__Hdayer P ‘

2nd layer

= 1stiayer

h Y
-, dihlayor \\
Jrd layer Angle of repose F 10m
nd layer 5 _L
istloyer
Bkau\nul

SEQUENCE OF OVERBURDEN WASTE DISPOSAL IN THE DUMPYARD
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CHAPTER NINE
MANPOWER DEPLOYMENT AND MINE MANAGEMENT

The NRDCL management has decided that the quarry operation shall be outsourced to
qualified and competent mining contractors. The contractors shall be made to operate the
quarry in line with plans as provided in this report.

The main manpower to be recruited for environment friendly and scientific quarry operation
include suitably qualified and experienced manager, foremen, supervisors and surveyor. The
mines manager shall have the degree of Bachelor in Mining Engineering with practical field
experience of at least three years. Other posts shall be held by the relevantly certified and
experienced personnel. The helpers and casual workers shall be initially unskilled workers
either employed in the regular payroll or on daily wage basis. The quarry shall be monitored
periodically by the Mining Section at the company headquarters in Thimphu.

Administration (Head quarters) Number

1 [ Mining Specialist/Mining Engineer 1

Management & Supervision (Mines)

2 Quarry Manager (Mining Engineer) 1

3 Assistant Manager/Foreman (certificate +10 years |2

experience).

4 Surveyor (Diploma in surveying) 1

5 Mine Supervisor (Certified) 4

6 Mechanical Foreman/Sr Mechanic 1

7 Stores Incharge 1

8 Accounts Officer/Accountant 1

9 Office Assistant (Despatch/Time Office) 2

10 | Security guards 6

11 | Messenger. 1

Environment Monitoring and Management

12 | Environment Supervisor/Botanist 1

13 | Helpers ‘ 3

Operators

14 | Blaster 1

15 | Excavator operator 4

16 | Drill operator 1

17 | Tipper Operator 11

18 | Mechanic 1
|19 | Excavator helpers 4

20 | Blaster helper 1

21 | Drill helper 1 ;
122 | Drivers 3 [
23 | Weigh bridge clerk 1 ?
24 | Casual Workers (National), road maintenance crew 5

Quarry total ) 58
NRDCL FINAL REPORT Page 19 of 27
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The NRDCL shall ensure that the qualification, expertise and quarrying experience of the
contractor shall be given due importance during the selection of the contractor. The selection
committee shall Involve senior officlals of Mining Division under the Department of Geology
and Mines, Ministry of Economic Affairs, Royal Government of Bhutan.

During the contractor selection process the NRDCL shall draw up a proper terms of reference
for the contractors. As the scale of operation is huge the NRDCL management shall also ensure
that the quarrying works Is contlnubusly supervised by a qualified and competent mining
engineer recruited by the contractor in order to operate the quarry in environmentally friendly
manner, as per the approved Final Mine Feasibility Study report and in accordance with the
terms and conditions of the environmental clearance issued by the National Environment
Commission on 12" October 2011 - a copy enclosed at the beginning of this document.
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CHAPTER TEN
CAPTIAL INVESTMENT
10.1  Summary of Project Cost:
Sl. No. Details Amount ( Nu)
—i—_ Preliminary Expenses 1,034,987.00
I Mine Development 1,987,000.00
3 Approach Road B 4,167,710.00
4 Infrastructure 1,500,000.00
s Machinery and Equipment 41,950,000.00
6 Ancillary 3,850,000.00
7 Working capital 7,411,953.00
TOTAL 65,201,650.00
Capital expenses excluding working capital = Nu. 57,789,697.00
Equity capital ‘ = Nu. 23,115,879.00
Long term Loan — Nu. 34,673,818.00
Debt to Equity ratio = 3:2
10.2 Break-up of Project Cost
10.2.1. Preliminary Expenses: i Nu. 1,034,987
a. Geological survey and preparing geological report = Nu 55,000.00
b Topographic mapping = Nu 759,987.00
c Physical testing of rock quality = Nu 20,000.00
d. Quarry design/plans  (Software cost up-loading) = Nu 150,000.00
e Miscellaneous expenses ' = Nu 50,000.00
10.2.2. Mine Development:. Nu. 1,987,000.00

The costs that are incurred at the quarry prior to start of actual quarry operation are
incorporated as the mine-development cost. This shall include jungle clearance,
overburden removal and disposal, barricade wall construction and diversion drain
construction.

a) Jungle cutting and clearance, Area of 10500 m? Nu. 15,000 _
b) Overburden earth excavation and disposal, 23272m?, over a lead distance of 3.5 km,
Nu, 1,757,000 /s
¢) Construction of waste dump barricade gabion wall, 120 m long X 2m height X 2m width,

[height above ground = 1m and below ground level= 1m]) \ Nu. 200,000
d) Construction of catch drains (garland drains) : Digging the trench and lining with stone
slabs, 30cm X 30 cm X 200m long, Nu 15,000 ;

10,2.3. Approach Road: Nu.  4,167,710.00
Construction of 3.491 km road to quarry top including formation cutting, widening,
drains, Nu.  4,167,710.00
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10.2.4 Infrastructure cost: Nu. 1,500,000
Offices spaces Nu 450,000.00
Stores Nu 150,000.00
Residential Nu 900,000
10.2.5. Mining Equipment
sl. No. | Particulars No Rate (Nu) Cost (Nu)
1 | Excavators 4 5,500,000 22,000,000
3 | Tipper/Dumper 10 tonnes | 10 1,400,000 14,000,000
capacity
3 |'Wagon drill machine 1 6,000,000 6,000,000
e Water Sprinkler tanker 1 1,500,000 1,500,000
5 Light Vehicle 1 650,000 650,000
G Rock breaker 1 1,100,000 1,100,000
Total 45,250,000
©10.2.6 Ancillary facilities
Sl No. ' _Particulars Cost (Nu)
1 Explosive magazine 1,000,000
2 Water supply . 200,000
3 Office, IT equipment & Furniture i 300,000
4 Bus for children 1,800,000
5 Communication equipment 300,000
6 ‘Fuel tank 250,000
‘| Total 3,850,000
The capital cost for crusher and its accessories and infrastructure is excluded from this report.
The quarry will supply the raw material at the crushing plant site.

[
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CHAPTER ELEVEN
PRODUCTION COST
This is the operating cost of the quarry for production of stone boulders for supply to crushing
plant. It has been computed based on the scenario where the quarry is fully outsourced, with
periodic monitoring by the company officials.
The details of the annual operating costs are estimated below.

11.1 _ Salary and Wages: -
The total monthly salary and wages are computed below-

Management & Supervision Number | Salary per head | Total salary per
' (Nu) month (Nu)
1 |Quarry Manager (Mining |1 40000 40000
Eﬁgineer)
2 Assistant Manager/Foreman | 2 - 20000 40000
(certificate +10 years
experience)
3 Foreman (Mechanical) 1 20000 20000
4 | Mine Supervisor (Certified) 4 15000 60000
5 | Stores Incharge i 1 15000 15000
6 | Accounts Officer/Accountant |1 - 15000 15000
7 Office  Assistant (Despatch/ | 2 7500 15000
Time Office) :
8 Security guards 6 6000 36000
9 l Messenger : 1 5000 5000
Environment Monitoring and Management -
10 | Environment Supervisor 1 15000 15000
11 | Helpers ' 3 ' 4500 13500
Operators & helpers
12 | Excavator operators 4 9000 36000
13 | Excavator helpers 4 4500 18000
14 | Tipper operators 9 7500 67500
15 | Blaster 1 . 12000 12000
16 | Drill operator 1 12000 12000
17 | Drivers 3 6000 18000
18 Mechanic 1 9000 | - 9000
E Drill helper 1 5000 5000
| 20 | Blaster helper 1 5000 5000
|21 | Weigh bridge clerk 1 5000 5000
22 | Casual Workers 5 4500 22500
Total Manpower requirement | 53 499,500
NRDCL FINAL REPORT Page 23 of 27
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Annual salary and wage ; 2- Nu. 5,994,000
Allowances, overtime, incentives, travel, 45% = Nu. 2,349,300
Total salary & allowance for 1* year = Nu. 8,343,300
11.2  Fuel and spares Nu 15,779,823.00
sl Particulars No | Total Fuel Fuel cost | Spare & | Total
No. _ work /| consumed | (Nu) Lub. Cost | monthly
month - | (Litres) 7 (Nu) Cost (Nu)
1 Excavator [} 700 11209 459,200 229,600 688,800
2 Tipper _ 10 15720 | 6,288 257,804 128,902 386,706
3 Wagon drill 1 125 2,500 102,500 76,875 179,375
4 | JeepBolero 1 1500 250 10,250 5,125 15,375
5 Water Sprinkler 1 . 1000 444 - 18,222 9,111 27,333
6 Bus ' 1 1250 ~-500 720,500 10,250 30,750
7. Rock Breaker. 1 200 - - 25,000 25,000
8 Drill rod 1 525 | - - 12,000 12,000
S - | Drill bit 1 525 - - 15,000 15,000
Total 19,644 746,461 | 421,980 | 1,380,340
Add 10% variation — contingency, per month 138,034.00
Total monthly cost of fuel & spares 1,518,374.00

11.3 __Repair and maintenance: Machines
This cost involves the repair and maintenance of different machinery and vehicles deployed in

the mine. Assuming that the "equipment cost is Nu 44 million, the estimated repair and
maintenance cost per.year is 0.1*44,000,000 ~ Nu 440,000.00

11.4 _ Repair and maintenance-Road:
For the initial 2 years the repair and maintenance of access road to the quarries has been
estimated at Nu 150,000 and increases progressively reaching Nu 500,000 on 10" year.

115 Mineral levy:
The mineral levy will consist of royalty, mineral rent and surface rent. The calculations will be
as follows:
Levy type Rate .| Annual Amount (Nu)
Surface rent 640 41,687
"Royalty 2.2 462,000
Mineral rent 0.55 115,500
[ ToTAL 619,187 XN\
\
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11.6 Environment management and re-vegetation: & iF
A sum of Nu 1,600,000 is proposed for carrying out progressive environment management and
revegetation of mined out areas and stabilised waste dumps on-annual basis.

11.7 Environmental restoration fund:
An annual sum of Nu:-500,000 shall be set aside as environmental restoration bond as per
requirement of regulations under Mines and Minerals Management Act 1995. This sum will be

deposited in the account for environmental restoration bond fund for the first 5 years of 10
years’ mining lease. In total Nu 2,500,000 shall be reserved for future mine reclamation and

closure within the lease period. This total amount has been calculated and is provided in
Volume II- Environment Management Plan. The additional amount is not required.

11.8 Degr_eclation and amortisation:
The fixed assets procured or constructed by the company will be depreciated over a period of

- 5-10 years. Item-wise and year-wise depreciation amount is provided in the Annexure 11.1.
The first year depreciation amount is Nu 8.846 million.

119 Overhead (administrative and general) & other costs:
The monthly overhead on administrative and:other overhead have been estimated to Nu.
250,000. Thus, the annual overhead cost = Nu. 3,000,000

11.10 . Explosives

Sl.No | Explosive material Quantity Amount (Nu)

1 High explosive, Kg 3183 161,904.00

- Ammonium Nitrate, Kg 22282 1,054,250.00

3 Detonators required per year, Nos 300 2,000.00

4 Detonating Cord, m 11805 96,000.00

5 Safety fuse required per year, metres 500 3,645.00

6 Fuel oil - 19,000.00
TOTAL (Annual) . 1,336,799.00

Summary

The cost per MT of stone from the quarry delivered at the crushing plant for a year 90%

capacity utilisation = Nu 44735251/189,000 MT = Nu 236.69

Profit, 5% = Nu 11.83

Sub-total landed (price) per MT at crushing plant = Nu 248,52

Cost per cubic feet of rock landed at C.P, = Nu 9.94

.Profit of nominal 5% has been Iincluded to provide for profit of the contractor when the
Qquarrying activity is outsourced, The material from the quarry shall be suppflgd to the crushing
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plant. The financial analysis is carried out separately for the quarry considering it to be
operated as separate activity which supplies raw material to crushing plant at Nu 10.00 per
cubic feet. The lumps shall be sold to the market at a rate of Nu 250 per metric tonne (Nu 2500
per truckload) with 5% margin of profit over the cost of production.
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CHAPTER 12
PROFITABILITY AND CASH FLOW

The profitability statement has been generated to assess the financial viability of the quarrying
project. The statement has been prepared for 10 years operation. From the attached Annexure
12.1, it can be noticed that the venture is profitable from the 5t year of operation. During
2012 (1* year) the target production and sale is expected to be minimum at 60% of target
capacity. The cash-flow statement is provided in Annexure 12.2. The Loan and its repayment
and the interest are computed in Annexure 12.3.

The summary of financial performance is as follows:

1. Internal Rate 6f Return = 41.46%
2. Net present value = Nu 80.61 million
3. Return on equity = 349%
4. Return on investment = 139%
NRDCL FINAL REPORT Page 27 of 27
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~Plate no Nl 'A:. (Cross Sectlons)

Geological-cross-sections - along A—A'BB’ C-C' and DD' of . the stone quarry
(construction matenal) at Homdar area ngtrbr Geog under Zhamgang Dzongkhag.
: Scale11500 :
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Abstract -

" Department of ‘Geology and Mines carried out geological study on-stone quarry

(construction material) at Homdar area Tingtibi Geog under Zhamgang Dzongkhag. The
studied area“falls‘within geographical co-ordinates: 1042600 to 2811800 in the part of
Topo-sheet No. 781112 of Natronal Land Commission.

Homdar stone quarry where study was conducted: falls within the undifferentiated meta-
sediment of :Black Mountain" Group (Tethyan meta-quartzite).This litho sequence is
exposed from® the south of Tingtibi and ‘remains continues up to Dakpai feeder road
bifurcation: polnt exhibiting variation ‘sedimentary facies including the intra-formational
conglomerate band towards the Iower part of this sediment.

The assngnment was carrled ‘out on deposrt ‘work basis and initiated the field work since
last week of December 2010 and continues up to Jan; Feb 2011 vides their letter no.
NNRDCUHQ/MIN/2!2010 of dated 02 October 2010.  Geological -mapprng and

: topographlcal survey were “carried: out srmultaneously on the scale of 1: 1500 with 5m

contour ‘interval covering an ‘area approximately 34:13 hectares inclusive ‘of 10% of
adjacent areas mcl’udrng dumped yard and staff colony in the proposed stone quarry

The -rock types-encountered: durmg mvestlgation are bedded to massive quartzrte

_ 'exhlbrtlng fined to medium grained dirty- -white ash-grey colored; the same quartzite

horizon at t!me ‘shows: the colored varratron with gritty nature, except minor laminations,
quartz veins and pegmatlte intrusions the rest appears to be more or Iess homogeneous 5
strata thorough out the' proposed stone quarry site.- ; TS

In-situ"geo- reserve has been estrmated as 1:49: mlllion tones based on surface geo—
field data collected durlng the lnvestlgatron usmg the geologlcal cross: sectronal method;
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1.0 Introduction

pepartment of Geology ‘and Mines carried out geological investigation-on stone quarry
(constructlon material) at Homdar area Tingtibi Geog under Zhamgang Dzongkhag. The
assignment: was: carried- out on deposit-work-basis and field work- initiated: since last
week of December 2010 and remains continues till the completion of work vide letter no.
NNRDCL/HQ/MIN/2/2010/797 dated 2™ December 2010. The office of NRDCL
approached to Department of Geology and Mines for geological and topographical
study on identified stone quarry for construction material. As such client has. several
stone ‘quarry_sites in :various  regions .including the present site. Accordmgly NRDCL
selected the identified sites on priority basis.

The_geologrcal.,and_Topo--mapplng carried out simultaneously--on scale 1: 150'0'.wit_h
5m.contour:interval covering an area 34.13 Hectares inclusive of:10% adjacent area
including dumped yard and staff colony.in the proposed stone quarry.

The -rock - types encountered -during - rnvestigatlon are mostly homogeneous quartzite
horizon: (gray-wake/arkosic) sequence with. various. quartz pegmatite  intrusions. The
minor flaggy types of interbandings are frequently observed: within:the massive band,
Dark-grey color quartzite exposed at the bottom line of standing cliff whichis followed
by ash-grey fined to medrum grained massive quartzite band.

Prior to the initiation the detail work in targeted srte a wrder area scannrng have been
conducted to establish the regronal geoiogrcal set-up on scale 1:50,000. based map
(Topo- -sheet 78M/4) and set. up the Irtho succession in the area besides local geology,
and other aspects on stone quarry material’ types " with. susceptrbrlrty to weathering
quality and quantity: of economrcally workable material are- -also. studied. The geologlcal-
cross-sectrons across the strata were: drawn- keeprng equal interval to calculate the ‘in-
situ geo-reserve. A few photographs ‘attached for ready reference wrth the report.

Trend (attrtudes) of rock NW (north-western ﬂank) ﬂank of rrdge malnly towards clrff

bottom strike N30°E-S30°W.to N80'E-S80°W. with:dip amount ranges frorn 15° t0.40°

towards SE_ direction whereas on the eastern ﬂank rncludrng ridge strike N40°W -540° E
to N85°W-S85°E “with -dip amount -ranges from 20° ‘to 50° towards NE direction.
However, the outcrop in'general appears to be homogeneous and due to presence of
recumbent fold the rock attitude: measured is not constant. .

In-situ” geo-reserve ' has been- worked-out - ‘based ‘onthe" mterpretatron of surface
geological data using the geological cross sectronal method : i
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1,1: Location and Accessibility:
The mapped area forms a part of Topo-sheet No 78/1/12 under Zhamgang Dzongkhag
and the approximate geographical co-ordinates: 1042500 and 2811800 (UTM) in the

: Natronal Land Commission.

Investigated area can be accessible from the Tingtibi ‘as it is Iocated on opposite of
Tingtibi Township (left bank of Dakpai Chu), which is connected by approximately 2km
footpath from Trngtrbr township area.

1. 2 Cllmatc .md chetatlon'
Studied stone:quarry lies under sub-tropical mountainous chmate Homdar Tingtrbr area
expenences heavy rain precipitation during monsoon and comparatively hot and windy
spring. lt is located next to the Geylephug-Trongsa national highway.. Because of humid
climatic_condition it has great varieties of, sub-tropical. vegetatrons which consist of
various species of broad léaves trees and bamboos/creepers with thick under growths.
Homdar ridge (Trngtrbr area) lies in mid Himalayan region, Due to geographical location
and nearness of major river:valley' forms a comfortable home of large’ varieties of -
poisonous/allergic grasses, insects; and wild animals like wild- bores -barking deer, rain-
deer, wild-cats and leopards with large verities of bird species. i)

1 3 Method& objectives; -
Before to initiate fieldwork the team had to gathered requrred Irteratures pertarnrng to
assigned work and trying to find out the' exact tocatton on topo-sheet (1 50 000) Beside
that extensive desktop study had been‘carried out and’ prepared the workmg sheets on
convirices scale and ‘sizes. Lastly' teamleft for camp’with' necessary’ eqUIpments to
Homdar Tingtibi Geog, under Zhamgang: Dzongkhag

In order to find out.geologic: set-up in_region, team took several geo-traverses
studying the rock types as well as measuring the orierifation of beddings foliations. The
environment rmpacts on surroundrng areas, have been taken mto due account from the
geological point of view while fi nalrzrng thls report i : '

The objectrve is to locate’ the ‘suitable ‘stone’ quarry and’ t' eld verrt‘ catlon on
quality which is considered for suitable material for the construction purposes. And it is .
also suggested to conduct technical tests for surtabrhty and find‘out whether or not they
fulfill the requrred specification from constructron agenmes and avarlabltrty of sufficient
quanhty i AR e

1.4: Geomorphology v _ A

Bhutan is a small part of higher Hlmalayas whrch has the contrndous cham of younger
mountain ranges of south-eastern pomon of Hlmalayas Landscape pattern is mostty
controlled by erosion activities, geo-structural phenomena Includrng the frazzled litho

succession: The' prominent ridges “are frequently- drsseoted by the 'perennial river
systems w1th deep gorges and valleys, .
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2.0: Geology:

Higher ranges that are made ‘p of various tectonic set-up along major geo-sections and

express themselves,

as Lower (Lesser) Higher (Greater) Hlmaleyan"sequence under

three major physiographic sub-divisions and those tectonic divisions are separated from
each other by the low angle fault/Thrust (B.S.Jangpangi 1983-84).

The geology of the ‘Maokhola Group has been ‘broadly divided  into the following
_drwsrons (formation) ‘based on its ‘depositional hlstory ‘Nake-chu Formatlon, Tirkhola
Formatron and Hara chu Formatron :

Nake-chu Formation:'

(Lower Ordovician)*

Whrte thickly:-bedded fine to'medium grained ortho-
 quartzites with thin phyllitic:bands, stretched pebbled- - -
conglomerate and basal conglomerate (brgger pebbles)

in southern part, - ™
-=-UNCONFORMITY=mmmmzimmeiem:m

Tirkhola l;ormation
(Cambrian) :*

Member D Dark-grey carbonaceous phyllites and slates wrth !
L gigrey quartz-serlcrte phyllite. -

Member-_C ‘Greyish—green thickly beddecl sub gray-wacke

-arkosic quartzites and grey: m|caceous quartzite
- = with development of poor foliation: ~Thin
i ‘argrllaceous interbands W|th development of ;

‘ blotrte porphyroblasts : : ;

2 ;Mer;n_ber;{_B Brown and buff: calcareous quartznes W|th thln

..~ limestone- bands and greenrsh whlte quartzrtes

"'M:enrber-?A -Thrckly bedded greenrsh grey sub greywaoke

- arkosic quarizite and- micaceous: quartzites with -
== thin interbands of ph_ylhte,s ‘quartz biotite schists,
-+ intrusive basic sills,-amphibolites and
tourmaline granites: Aty

Hara-chu-Formation:": .

~---GRADATIONAL CONTACT Y
.Grey, greenish grey;. ‘pale; buff and grayrsh brown cale-
: phyllltes impure’ orystalline limestone;marble‘etc.
Thin: arglllaoeous and arrenaceous (sub greywacke)
bands present; Essentially calcareous, Intrusive
_ tourmaline granltes present

-GRADATIONAL: METAMORPHIC CONTACT--—-. --------- s
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‘Tethyan basement is believed to be High Grade

2.1: Regional:

Crystalline Complex and as well as Chekha Sequence.
The litho succession encountered in the investigated area
belongs the ' rocks' of “higher stratigraphic ‘level under
Chekha Group, ‘exhibiting the various stages of structural
complication. Some of the upper most litho packages
under the. same sequence are fossiliferous-crystalline-
limestone, black-slate, carbonaceous-shale at the higher
level.  Normally ‘téwards - the “basal part of Chekha
sequence ‘expressed the fresh water sediments ‘in its
depositional environment. And at certain geo-sections
these meta-sediments exhibits inverted metamorphism
because of the presence of out of sequence structure
below the 'STDS. The quartzne horizon exhibits the
persistent stnke extensnon wnth intra- formataonal stretched'
pebbles conglomerate band at basal part

2.2: Homdar area Tlngtlbl' ‘

Homdar ridge- lies: along left bank of a small trlbutary of &
Mangdue chu (Dakpal rlver) formlng small- ndge w:th i .
appro;umate elevatlon ranges from 574 to 875 m. from B
msl. The worklng team had conducted several geo- :
traverses -in- order to understand the local as well as.
regional geotogy of the area for the fi nal mterpretation of .
geological map: A ] : :
The main constltutes of this Iltho package is thin to thlckly bedded and massive types
find to medium gra_lned_ash_ grey quartzite, intercalated chlorite/sericitic phyllite
common in the horizon. The thin ‘laminations of the arrenaceous/arkosic layers
expressed the pronounced orientation of the bedding and foliation planes. Medium to
wide spaced joint sets and deep fractures: zones appears to be quite penetrative as
result, lot of fallen's'cree' piIIed up a!'ong 'SIoperbot'tom ‘on'both sides of the ridge.

General trend (attitudes). of rock’ shows stnke N25°E SZS“W to N80°W-S80°E with dip-
amount ranges from 20° to 50° towards SE and NW dlrectlon However the strike and
dip of these quartzite horizons are not constant, varies frequently specially on northern
flank of mapped area dip noted reversed direction it is because of folding (recumbent)
The quartzite band exhibits gritty types bnttle nature and very friable on the exposed

~ outcrop,
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2.3: Weathering

The proposed stone quarry is covered-up by lots of loose boulder rubble of various
-sizes as overburden with organic decayed. There are sporadic high standing trees of
pine-species with small undergrowth. Huge boulders of various sizes are scattered all
over the ridge mctudlng the either slopes These rocks are highly susceptible on
atmospherlc weathering as it is cropping out vertical to near vertical cliff on adjacent
‘area. The sets of joint, fractures and sheared zones shows comparatlvely wide spaced
with-lot of infill' materra[s and' those materlals (rubbleslboulders ‘and ‘organic decayed)
‘blanketed over the'whole ndge are seems to be loosely packed in nature. The shearing;
undulatrons and wrapping are some of the common phenomena observed m the fetd

2. 4 Constructron materlal

Srnce the -hard- stone -were used throughout human cwntlzatron hrstory as too!s
decoratrve items and as raw materlal for industnal manufactunng Matenals of value
= of the |ndustnal rock and mlneral ‘on’ other hand rock whrch has hlgh value and havmg
“high- weatherlng resrstance or ‘can withstand: prolong atmosphenc condition are -good
- construction: matenal and can. be: considered as construction material deposit, thus’ they
have-their own commermal rank in: manufacturrng industnes And to meet the other: ‘geo- -
" fechnical parameters on certaln standardrzatron for constructron purposes depends on:
the individual project specrt’ ication’ pUb|lShed by user’ organlzatron i ,

'Mlnlng engineer: also assocrated wrth vrsrtrng team to carry ot related i rssues [rke mmes--
\nabmty mstabrlrty of access’ road‘and to demarcate the Ieasmg area for stone’ quarry.
The exposed ‘outcrops are - physrcally -checked?on the spot to.find out the material
suitability for construction purposes; and to assess the total ' workable material available
with. some effectlve recommendatron ‘on envrronmeht |mpact posed by mmlng activities.
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3.0: In-situ geological reserve

Rocks in ‘Homdar hillock (ridge) are more or less homogeneous exposed continuous

strike extension and approximately hundred m. thicknesses. In-situ geo-reserve has
been ‘estimated using ‘cross sectional method. The geological cross sections were
drawn sequentially from west to east across the geo -strata at regular interval.

Area of effectrve rnﬂuence has been taken as half drstance on erther srde of each
section line. The dip direction-as. measured from fi eld is against the ridge line: obviously

the overburden ratio becomes the mrnlmum “The. depth persistence 25m.for this band
has been: assumed. based on: -exposures.:on: either side of ridge to estimate the geo-

reserve: The total extractable construction material within demarcated area has ‘been

worked- out wrth an average: densrty of rock (quartzrte) 2650kglm wrthout any sub-
.sun‘ace geologrcal-data i o ! et

In-situ QéOl.Ogical-reserve tab!'e'

SL |Geo/ - |Strike | Thickness iDIPersrstence Sp.Gr.for | Metric tones -
No | section| Length =~ | ( meter_S)» (meters) Quartzlte LT
TR S pmieters ) snfi Ll e S e

1 A-A" -85.00 90.00 20 00 s 265 2 s 381600

2 {B-B . .]100.00 .. 12500 . . ;2,0.-..00,, iR 5-,2-.55 ; ..,.636000 - |
3.-|C-Cl.. | 100,00 - 3130.00: . |20.00: ;.- -: 265 1:662500: : .
TREQ: s et v R e e e

Total geo—reserve fig gure ‘without any ‘deduction is of 1756950 as constructlon material -

estrmated from three geo-cross sectlons drawn across strata

The total’ extractab[e geo- reserve worked-out 1 49 mrlhon tones after allowrng 15% .

deduction. Geological -reserve figure as mentioned'i in.column'i is: estlmated based on the

interpretation " only on _ surface geologrcal-data from field; - therefore “author ‘is" not

responsible for any major variation that:mrght ‘occurduring .actual excavation.
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4.0: Conr:Iusion

'Homdar stone - quarry: under ngtrbr Geog can: be reached by approxnmately 2km
fcotpath from Tingtibi townshlp on the left bank of: Dakpar River: whrch is tocated along ,
the Geylegphug Trongsa natronal hlghway before’ Zhamgang Dzong:

Low grade undlfferentlated meta-sedimentary series of quartzrte occurrence at Homdar* ;
ridge physrcally appears to be slrong enough on-local and -as:well: as ‘other- civil -
engineering structures:for. construction purposes. The ash- -grey. quartzate exhibits: high -
hardnessltoughnesslgntty and* brlttle types; commonly compact’in nature, as.a result

rock seems to be. re5|stance to W|thstand longer enough duratlon on’ atmosphenc.‘f,
'weathenng o :

The constructlon matena! produced from ‘any stone quarry may contaln a’ vanable. B

amount of unwanted matenals (ﬂnes partlcles) whtch depends Upcn various reasons: on
source rock S o

To meet w1der range of standard specn' ication of building matenal it has to conduct a
series of geo -technical: tests to. determme the requured specn' catlon by the consumlng
organization which’ depends upon type of crvrl englneenng structures with their own
standard specrf catlons b SEHA
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Plate no 1: Location map of the stone quarry
(C/material) at Homdar area Tingtibi geog, under
» - Zhamgang Dzongkhag. (1:50,000)
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Annexure 6.2: Yearly area opened for quarry operation

[ Year Area used for Quarry Operation, in Sq.m.
Waste dump Cumulative Excavation area | Cumulative Area
area (m’) dump area (m?) (m') m’)
1 2,187 2,187 8,306.66 8,306.66
2 1,629 3,816 3,457.31 11,763.97
3 1,667 5,483 4,131.95 15,895.92
4 1,652 7,134 3,150.64 19,046.56
5 1,752 8,886 3,314.35 22,360.91
6 1,808 10,694 3,231.02 25,591.93
7 1,732 12,426 2,302.66 27,894.59
8 1,673 14,099 2,152.85 30,047.44
9 1,663 15,762 2,147.67 32,195.11
10 1,642 17,404 1,995.79 34,190.90
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Annexure 6.3

Plate showing Index Map
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ANNEXURE12.3: LOAN REPAYMENT SCHEDULE (in Nguitrum)

Term Loan 34,673,818 Total 57,789,697
Equity 23,115,879
Quarter | Principal Year Interest Repayment | Principal Year
start end
1 34,673,818 1,040,215 866,845 33,806,973
2 33,806,973 1,014,209 866,845 32,940,127
3 32,940,127 988,204 866,845 32,073,282
4 32,073,282 962,198 866,845 31,206,436
5 31,206,436 936,193 866,845 30,339,591
6 30,339,591 910,188 866,845 29,472,745
7 29,472,745 884,182 866,845 28,605,900
8 28,605,900 858,177 866,845 27,739,055
9 27,739,055 832,172 866,845 26,872,209
10 26,872,209 806,166 866,845 26,005,364
11 26,005,364 780,161 866,845 25,138,518
12 25,138,518 754,156 866,845 24,271,673
13 24,271,673 728,150 866,845 23,404,827
14 23,404,827 702,145 866,845 22,537,982
15 22,537,982 676,139 866,845 21,671,136
16 21,671,136 650,134 866,845 20,804,291
17 20,804,291 624,129 866,845 19,937,445
18 19,937,445 598,123 866,845 19,070,600
19 19,070,600 572,118 866,845 18,203,755
20 18,203,755 546,113 866,845 17,336,909
21 17,336,909 520,107 866,845 16,470,064
22 16,470,064 494,102 866,845 15,603,218
23 15,603,218 468,097 866,845 14,736,373
24 14,736,373 442,091 866,845 13,869,527
25 13,869,527 416,086 866,845 13,002,682
26 13,002,682 390,080 866,845 12,135,836
27 12,135,836 364,075 866,845 11,268,991
28 11,268,991 338,070 866,845 10,402,145
29 10,402,145 312,064 866,845 9,535,300
30 9,535,300 286,059 866,845 8,668,455
31 8,668,455 260,054 866,845 7,801,609
32 7,801,609 234,048 866,845 6,934,764
33 6,934,764 208,043 866,845 6,067,918
34 6,067,918 182,038 866,845 5,201,073
35 5,201,073 156,032 866,845 4,334,227
36 4,334,227 130,027 866,845 3,467,382
37 3,467,382 104,021 866,845 2,600,536
38 2,600,536 78,016 866,845 1,733,691
39 1,733,691 52,011 ~ 866,845 866,845
40. 866,845 26,005 866,845 0
Working capital 7,411,953
Year Principal Year Interest Repayment Principal Year
: start end

1 5,558,965 722,665 5,558,965 0
2 0 0 0 0
Salvage value at the end of 10 years 21,758,000
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