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CHAPTER I 
INTRODUCTION 

1.1. Background 

Cambodia had experienced civil war during 1960 to 1980 that crippled the 
country’s economy in almost every aspect. Since 1980 onward, the country has 
resumed the economic activities especially in the area of mineral resource 
development.  

The country’s mineral resources largely remained unexplored and 
unexploited during the war period and even recently, the country’s mineral resource 
still remain under developed due to the lack of capital, specialists, and technology. 
Development of the minerals sector in Cambodia has also been limited by limited 
geological information and unattractive conditions for investors in this sector. In 
general, Cambodia does not produce metallic minerals in any significant scale, and 
the mining activity in this country is mainly for construction materials. 

Nowadays, most of construction materials are produced from quarry 
companies which most of them are small scale operation and supply aggregate for 
construction. In particularly, limestone is the main source of aggregate, and 
limestone is burnt to obtain calcium oxide for commercial uses. For cement industry, 
the standard calcium oxide content of limestone should be at least 45 percent. 
Typically, 1.4 to 1.5 tons of limestone is required to produce 1 ton of clinker. 

Geologically, limestone resource of the country locates in the southern part 
of Cambodia in particular in Kampot Province. Kampot Province, located 130 km, 
south of Phnom Penh, is contains of big resource of Limestone where very high 
potential for cement production.  

1.2. Status of Cement Industry in Cambodia 

During 2009-2010, the construction and real estate sectors have taken an 
impact from the global crisis, resulting in reduced wealth and an increase in lay-offs. 
A number of multi-billion dollar construction projects have been frozen or scaled 
down, resulting in thousands of both semi-skilled and unskilled workers, most of who 
are from rural areas, lose their jobs. The country GDP contracted to 0.1 percent, 
resulting from poor exports of garments (volumes down by 16 percent), smaller 
tourism receipts (down by 2 percent with tourist air arrivals reduced by 10 percent), 
and weak inflows of foreign direct investment (down by 35 percent). These negative 
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impacts were compounded by credit crunch and a severe slowdown in construction 
sector. This situation had a direct impacted to the construction project and 
unavoidability the demand of cement. 

 In the following year 2011, the 6.0 percent GDP growth was being driven by 
strong exports of goods and services, private investment, and macroeconomic. In the 
first half of 2011, the construction and real estate sectors remained subdued after 
experiencing negative growth last year. The garments, tourism, construction and 
agriculture had been the main engines of growth, even though; the global economic 
crisis was hitting these sectors hard in the past year. The real estate sector fell by 
15.8 percent and construction dropped by 25.5 percent in 2011. The Cambodia’s 
GDP during 2006 to 2013 is presented in Table 1.1. From the Table 1.1, the GDP of 
Cambodia posted a strong growth from 2006-2008, and drop significantly during 2009 
global economic crisis, and strongly recover from the year 2010 onward. 

Table 1.1 GDP grow rate from 2006-2013 in Cambodia 

Year 2006 2007 2008 2009 2010 2011 2012 2013 

GDP 10.77 10.2 6.7 0.1 5 6 6.5 6.5 

Sources:  Cambodia economic and statistics year 2012 

In terms of population, the population of Cambodia is growing from year to 
year. The growth rate was 1.68 percent in 2012. In Phnom Penh alone, the capital of 
Cambodia has the population of 3 million compared to 14.9 million in total 
(Cambodia statistics, 2012). Currently, the population in Phnom Penh is on the 
increasing trend due to the migration of the rural people to the capital seeking job 
and study opportunities.  

  At current state, most of the people in Cambodia prefer home and apartment 
built from concrete instead of using wood or bamboo because wood are very 
expensive compared with the concrete.  Many construction projects have been built 
especially in Phnom Penh city and nearby provinces to satisfy the demand of the 
population. Therefore, the demands of cement also increase in accordance with 
these projects.  

 The demand of cement had decreased during the economic crisis in 2009. 
During that time, most of the construction projects had been postponed and it was 
also effect to cement demand, and then cement production.  After 2009, in 2010 
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and 2011, the demands of cement had picked up rapidly because of construction 
boom after recovery from the global economic crisis. Nowadays 2013, the demand of 
cement is 2.5 million ton (MT) per year, compare to the domestic supply of cement 
which is only available at 1 million ton per year leaving the shortage of 1.5 million 
tons on the demand side. The demand and supply of cement in Cambodia 
indicated that Cambodia got an effect from global economic crisis and the demands 
of cement were reduced for the short period of time (2009). However, the demand 
for cement production is increasing immediately in the next following year 2010. In 
these regard, the quarry development for cement production in Cambodia is 
required to balance the domestic demand. 

 In view of the shortage supply, this shortage quantity is imported mainly from 
Thailand and Vietnam to make balance in construction sector. Figure 1.1 shows the 
supply of cement in Cambodia in year 2012. 

 
Figure 1.1 Supply cement in Cambodia in 2002 

 

According to the Figure 1.1, Cambodia is able to supply the cement only 50 
percent of domestic demand while the remaining are imported from Thailand, and 
Vietnam of 35 and 10 percent respectively. In this situation, Cambodia really needs 
to develop more quarries for cement industry to strike a balance of domestic use 
and reduce the import quantity. 
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1.3. Government Policy Frameworks 

The policy and law of Minerals Management and Mining of Cambodia, for all 
domestic and foreign companies who invest in mining sector were promulgated by 
the government since July 13, 2001 by the Ministry of Industry Mines and Energy 
(MIME) which are tabulated in the Table 1.2 below. In Table 1.2, two stages of 
mineral development activities are prescribed. First, the mineral exploration which 
involves all the necessary exploration activities must be carried out within 2 years 
prior to the decision whether to continue to the development stage. Second, the 
mineral development, given that the mineral deposit is feasible for mining 
development, the mining license is valid for 5 years term, and can be renewed for 
another 10 years. 

 

Table 1.2 Law and regulation for mining in Cambodia 

Stage 
Mining 
tenements 

Provisions terms 

Mineral 

Exploration 

Mineral 
Exploration 

License 

Exclusive right to 
conduct exploration 
within specified area 

Valid for 2 years and 
renewable for up to 
4 years (2 years at a 
time). Maximum area 
200 km2. 

Mineral 

Development 

Industrial 
Mining 

License 

Exclusive right to 
extract minerals 
within specified area 

Valid for 5 years and 
renewable for 
another 10 years (5 
years at a time). 

Source: Ministry of Industry Mines and Energy in Cambodia 

 

To promote local and foreign investment in Cambodia’s mining sector, the 
government has strengthened the country’s legal framework, bolstered its 
institutions and liberalized the relevant regulations, in ways that are positive to 
private sector investment and business activities in Cambodia. In mining sector, 
Investor can set up 100 percent foreign owned investment project and be able to 
employs skilled workers from overseas, only in cases these workers cannot be found 
in the domestic labor force. The law for Management and Mining of Mineral 
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Resources was drafted in 1996 and approved by the cabinet in 2000. The new law 
was promulgated by the Government on July 13, 2001  

 It’s the fact that, the mining project relies on the available infrastructure 
connected to the mine site. Nowadays, the government has many infrastructures, 
roads, and bridges that connected from city to city, city to province and province to 
rural area. Most of projects have been approved by government since 2000. These 
infrastructures can be proved benefit for the mining project. 

 According to the government activity to mineral industry, government is taking 
a good care to all invested mining companies in Cambodia. Some laws have set on 
investment provides the following incentives to investment projects in Cambodia, for 
example; 

 A corporate income tax rate of 9 percent, except for the exploration and 
exploitation of natural resource include timber, oil and gas, gold, and 
precious stones. 

 Losses carried forward for up to five years. 

 Non-taxation on the distribution of dividends, profits or proceeds of 
investments, whether transferred abroad or distributed within the country. 

 A corporate tax exemption of up to eight years, depending on the 
characteristics of the project and the priorities of the government. 

 100 percent import duty exemption on construction materials, means of 
production, equipment, intermediate goods, raw materials and spare part 
used by:  

- An export-oriented project with a minimum of 80 percent of the 
production set apart for export. 

- Projects located in the designated special Promotion Zone. 

 100 percent exemption of export tax, if any. 

 Although the government not specifically provide incentives to quarry and 
cement industry, but some incentives stated above can be applied to quarry and 
cement industry. In addition to the current shortage of cement domestic supply, the 
quarry development for cement project in Cambodia would be very attractive. 
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1.4. Geology and Site Investigation 

Cambodia is geologically composed of three different structures: the Triassic 
and Liassic “Ancient Gulf” cover a large area in the East; the Jurassic-Cretaceous 
continental sandstone forms important highlands in the West and, between them, 
the Quaternary basin which occupies the whole central plain of the country.  

 Geological studies show series of sedimentary formation extending from 
Precambrian at the bottom through to Cretaceous at the top, the whole are affected 
by successive tectonic and volcanic activities. The Tertiary formation, of which 
outcrops are very limited on land, formed a thick layer in the sea bottom and seems 
to be an important target for the oil and gas exploration. 

 Geologically, limestone formation distributes in Battambang and Kampot 
province belongs to Permian period produced a sedimentary sequence of sandstone, 
shale, fossilferrous, and andesite. Such limestone suitable for the production of 
aggregate and lime for construction purposes and cement manufacture. Limestone is 
classified as rock containing at least 80 percent calcium carbonate, and the remaining 
small percentage of silica, and magnesium oxide. To be commercially useful, 
limestone must not only have a reasonable high and consistent purity, but must also 
occur in bedded of sufficient horizontal and vertical extent to suitable for quarrying, 
and locates close to the available transportation system and potential markets.  

 As mention earlier, in Cambodia the most limestone deposit is the Permian 
limestone series of the southern and western provinces such as Kampot, 
Battambang, Pursat, and Kampong Speu. In this study, the research area is selected 
at Prey Ta Pret village, Sdach Kong Khang Leach commune, Banteay Meas district, 
Kampot province. The research area is located 22 km northeast of Kampot town, and 
130 km south of Phnom Penh. The research area is selected based on the quality 
and quantity of limestone deposit and the infrastructure within that area. From the 
survey of geological of drill holes data, it’s shown that the CaO percentage gives 
average of 52 percent which is considered a good quality for cement production in 
addition to the large extent of limestone deposit. The research area is close to the 
national road which can connect to the main seaport. The geology map of Cambodia 
is presented in Figure 1.2, and the research area is presented in Figure 1.3. 
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Figure 1.2 Geological map of Cambodia 
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1.5. Formulation of the Research Problem 

Cambodia is a developing country. Mining industry is very important to the 
country, and it is in the pre-development stage. Lacks of human resource, technique 
development are common in mining development especially in quarry sector. 
Modern human resource development in mining sector has just started in 2013 at 
Institute of Technology of Cambodia (ITC) when the mining curriculum has 
established and at the same time the mining industry starts to implement all 
activities (exploration, development and operation). For quarry development, it 
involves geological exploration, resource estimation, mine design, mine operation 
(drilling, blasting, loading and hauling), and environmental consideration. To 
effectively carry out the quarry development, the country has to develop human 
resource with the supporting knowledge related to all mining activities. 

 This research provides a framework of quarry development for cement 
industry in Cambodia. It emphasizes 3 stages of quarry feasibility study which are 
technical, financial, and environment. 

1.6. Literature Review  

Larry B. Smith (2005) conducted a research to technical report and qualified 
person review eagle rock quarry. This research focus on the development aggregate 
resource to be mined crushed and transport. Preliminary assessments are prepared in 
this researches which are equipment selection, processing, reclamation, economic, 
environmental, operating cost and financial model. The result of this research is 
given at 20 year mine life with production 6 million ton per year. There are 5 classes 
aggregate for sale through 4 stage crushing and screening operation. The financial 
analysis in 2002, result the after tax return of from 18 percent to 32 percent (Smith, 
2005). 

There are a few of researches about quarry in Cambodia. Nearly 10 years ago 
the quarries have been developed very slowly. In 2007, one quarry company has 
been established which located at Kampot province. Kampot Cement Company 
(KCC) is the first cement company and the biggest quarry mining in Cambodia, joint 
venture between Siam Cement Group (90 percent) and the Khaou Chuly Group (10 
percent), which located in the Touk Meas District, Kampot province, 130 km south of 
Phnom Penh. It started production during the second quarter of 2007. Output from 
the Kampot plant mainly served domestic consumption. KCC produces thousand ton 
of cement every day from the main raw material of limestone deposit in Kampot 
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province. Kampot Cement Company has developed the quarry in Cambodia and 
transferred the technology to the local people for developing quarry in Cambodia. 

Do Manh Cuong (2010) present the current situation of limestone cement 
management in Vietnam and the new application of 3D block model for improve the 
quality of limestone production and the effect of quarry operation. The case study is 
providing with the Thanh Luong limestone deposit at Ha Tien 1 Cement Company. As 
the result, the quality of limestone operation is controlled by computer program 3D 
block model. The result are very satisfactory and positive (Cuong, 2010). 

Sindh Board of Investment (2010) published the pre-feasibility study granite 
quarry project. The concept of the pre-feasibility study granite provides the 
information to investor for preparing quarry project. This study focuses on financial 
analysis and sustainable socio economic benefit. As a result, the initial cost of the 
project including the working capital is 9,200,600 Rupee with the estimate of sale 
cost given at 33,133,373 rupee. The annual internal rate of return of this project 
given at 49.7 percent with the approximately of 2 year 11 month payback period 
estimated (Invesment, 2010). 

1.7. Objectives  

 Considering the above background and formulation problem, this research is 
conducted with the following objectives: 

 To construct the geological block model to calculate the ore resource 
potential and to provide an input for quarry operation and design.  

 To formulate an optimum quarry development involving ore modeling, 
reserve estimation, pit design, mine operation, and mine rehabilitation. 

 To develop a financial analysis involving cash flow model, Net Present Values 
(NPV), and the Internal Rate of Return (IRR). 
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1.8. Usefulness 

The final results from this research will benefit the quarry development in 
Cambodia in many aspects 

1. It provides the framework for quarry pre-feasibility study in Cambodia by 
taking a full consideration of local factors (infrastructure, cost factor, 
environmental issue, etc.).  

2. It illustrates the technical requirement and its designed parameters for 
resource estimation, mine optimization, mine planning and design, mine 
operation (drilling, blasting, loading and hauling), mine environment, and 
rehabilitation.  



CHAPTER 2 
METHODOLOGY 

The methodology employed in this study consecutively comprised of 3D 
block model construction, statistical analysis, mine optimization, mine design, mine 
economics, and environment. The content related to these techniques will be 
discussed. 

2.1. 3D Block Model 

Currently, most of activities in exploration and mining operation revolve 
around the 3D block model. In this model, all relevant mineral deposit 
characteristics are organized in a transparent and manageable way. The quality of the 
productivity and efficiency of activities are controlled by the 3D block model. 
Generally speaking, 3D block model is a simplified mathematical description of a 
deposit. The deposit is subdivided into small blocks that each block represents a 
planning unit which contains information about raw material properties such as 
chemical grade, rock type, geology, geological structure condition, etc. the model of 
3D block is illustrated in Figure 2.1 (William Hustrulid, 1995). 

 
Figure 2.1 3D Block model matrix  

In practice, the estimation for the grade and tonnage is carried out by 
interpolating the ore grades into the block where the overall statistics of the deposit 
can be made. 



 13 

1

1

1

n i

mi
i

n

mi
i

g

d
g

d











 David (1977) illustrated the rule of thumb for block size consideration, the 
minimum size of a block should not be less than ¼ of the average drill hole interval. 
It’s mean that 50 meter block dimension for a 200 meter drilling spacing grid. In 
mining practice, the bench height is designed as the height of the block (William 
Hustrulid, 1995). 

 After defining the block dimension, the tonnage and the grade of each block 
will be estimated. The interpolation technique is used to calculate the grade of 
these blocks. Many of interpolating techniques are available such as the triangular 
method, polygonal method, inverse distance weight method (IDWM), and geostatistic 
method. The principle of these interpolating techniques built on the weighting 
criteria and the area of influence of the surrounding data to the estimated block. The 
IDWM and geostatistic method are commonly used for block model estimation due 
to their advantage on assigning weigh factors based on data distribution. In this thesis, 
the IDWM will be used for block model calculation. 

2.2. Inverse Distance Weighting Technique 

The Inverse Distance Weighting method calculates the block values (assay 
grade) by weighting of values of geometric data in the neighborhood of each 
estimated block. The points located closer to the block center have more influence 
or weight in the process of weighting. It is sure that the grade of the block should be 
more similar to nearer point than those far away. This method assumes that 
influence of the variable entered on the map decreased with the increase of the 
distance from its sampling location. The optimization of the interpolation parameters 
focuses on the exponential power ‘m’, search radius, and maximum/minimum 
number of closest sample (nearest neighbors) use to interpolate grid-cell 
concentration. The general equation to calculate the Inverse Distance Weighting 
technique: 

 

              (eq. 2.1) 

 

Where g is grade of the ore 

d is the distance from the center of the block 
to the nearby block. 

m is the power function. 
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 The power function, m, varies in response to the variation of ore grade. For 
limestone deposit, the limestone properties show continuous grades. Therefore, the 
power function of 2 (m=2) is chosen for this IDWM calculation. It’s then called 
Inverse Distance Squared Weighting (IDSW). 

The equation (eq.2.1) becomes: 

    
21

21

1

n i

i
i

n

i
i

g

d
g

d










         (eq.2.2) 

Figure 2.2 illustrates the IDSW block calculation. 

 

 
Figure 2.2 IDWS block calculation 

2.3. Statistical Analysis 

Inverse Distance technique is used to calculate the grade of the ore block. 
This application is based upon the selection of the power ‘m’ and the radius of 
influence ‘R’ for the sample search area. The minimum value of the radius R is 
determined by the sufficient number of point for the calculations. It varies with the 
drilling pattern. The estimated blocks values vary according to the nature of the 
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sample data. In this step, the statistical analysis is employed to understand the 
distribution of the estimated data. 

2.3.1. Basic Statistics 

 In the statistics analysis, statistical parameters are calculated for the selected 
variables, in this study the selected variables are the chemical grade of limestone. 
The variation of limestone grade will be displayed via histogram and cumulative 
probability distribution plots. 

 The histogram plot shows the limestone grade distribution with the frequency 
of each range. The cumulative distribution function (CDF) is other method to 
calculate the distribution of the grade. The plot of cumulative distribution functions 
illustrates how many percentage of the grade that lower or greater than the 
observed values. The cumulative frequencies of the grades are calculated by using: 

   
100( 1/ 2)

f

i
C

n


           (eq.2.3) 

Where i is the i-th observation 

 n is the total number of observation 

 Cf is the cumulative frequency (%) 

 Together with the histogram and CDF, other statistical parameters are 
calculated such as the minimum, the maximum, the average, median, variance, 
skewness, and the standard deviation. 

2.4. Geometrical Considerations 

For open pit mining operation, the ore body is mined from the top down in a 
series of horizontal layer called benches. Mining start from the top to bottom of the 
bench, and continued to the next layer. The process continues until reached the 
bottom bench elevation. A road or ramp is created to access to other benches. The 
width and steepness of the ramp depend on the type of equipment selection. 
Overall slope angle is an important geometric parameter that has significant impact 
on mine configuration. In open pit mining, the selection of mining machinery relates 
to the physical size and the space requirement to enhance the efficiency of 
operation. Drilling, loading, and hauling equipment require an amount of working 
space. 
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2.4.1. Basic Bench Geometry 

The vertical distance between the highest point benches (crest) to the lowest 
point bench (toe) is call bench height. Figure 2.3 illustrates the part of bench 
geometry. The bench faces angle is the horizontal angle of line connecting bench 
toe to the bench crest. It varies from 55 degree to 80 degree for the most hard rock 
mining. 

 
Figure 2.3 Bench configuration  

2.4.2. Pit Slope Geometry 

In the pit design, there are many of slopes and benches connected from crest 
to toe of each bench. The angle measured from the bottom bench toe to the top 
bench crest is called overall pit slope angle. It’s the angle that the wall of the open 
pit stand and it’s determined by the rock strength, geologic structure and water 
condition. Figure 2.4 illustrates the overall pit slope angle with 5 benches and overall 
pit slope angle of 45 degree. 
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Figure 2.4 Overall slope angle with 5 benches 

 

2.4.3. Stripping Ratios 

 One method to describe the geometrical efficiency of a mining operation is 
through the use of the term “stripping ratio”. It referred to the amount of waste that 
must be removed to release a given ore quantity. The ratio is most commonly 
expressed as  

                       (eq.2.3) 

In this study, the ore is defined based on the block model containing the 
grade above the cutoff grade values, and the waste is defined as the block model 
containing the grade below the cutoff grade values. 
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2.5. Economic Block Model 

The block model represents ore body, and the storage of the information 
within the block. For the economic block model, the block values, overall slope 
angle, and block discretization are assigned to optimize the pit. In this study, two 
optimization techniques are available which are floating cone method and Larches-
Grossmann method. The Larches-Grossmann method is used in this study. 

Floating cone is the technique for determining the final pit configuration. In 
the manual process, the cone is floated from the left to right on the first row of the 
block to find the positive block to be removed. In the second row, start searching 
from the left to find the positive block and if the sum of all block falling within the 
cone are positive, the blocks are mined. The process continues search the block 
from left to right and top to bottom in floating cone process until no more blocks 
can be mined. After that, go back to the first row again and repeat the process for a 
second iteration. If no positive block can be found, the mining operation will be stop. 
The identification of the block to be negative or positive is depending on the 
economic block value or the quality of the ore block to be defined. In the process of 
using computer program, it is more convenient to use the net values of the block 
directly.  

Lerchs-Grossmann is also the technique for determining the optimum design 
of open pit mine. This method is published in 1965 by Lerchs and Grossmann. The 
concept of this technique is block geometry. The block is selected based upon the 
slope angle and the slope is formed by moving up one block and over another 
block. The point important of this method is the ratio of block height per block 
width. 

Mineral and economic data are combined to assign a net dollar value to each 
mineral model block. It’s similar to the block model that the block model is 
represent in tonnage and economic block model is represented in the dollar or 
other currency. 

2.6. Financial Analysis 

Financial analysis concerns the discounted cash flow (DCF) calculation, the 
Net Present Value (NPV), and Internal Rate of Return (IRR). 
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2.6.1. Discounted Cash Flow 

The criterion most commonly employed in the minerals industry when 
evaluating the rate of return on an investment proposal is called the discounted 
cash flow rate of return (DCF-ROR) (Mian, 2002). The DCF-ROR is referred to the net 
inflow or out flow of money that occurs during a specific time period. The 
elementary cash flow calculation is: 

Gross profit = Gross revenue-operating expense 

Net profit = Gross profit (taxable income) - tax 

 Cash flow = Net profit + DD&A - Capital Cost 

  The discount cash flow method is widely accepted and used in the industry 
for all types of capital investment evaluations. The discounted cash flow method 
recognizes the time value of money. This is critical when assessing the profitability of 
long term investments. Future and past values of money can be converted into their 
present value equivalent by using the time value of money concept. 

2.6.2. Weight Average Cost of Capital (WACC) 

In financial model, the weighted average cost of capital, or WACC, is the rate 
that a company is expected to pay on average to all its security holders to finance 
the project. The WACC is the minimum acceptable return that a company must earn 
on an existing project base to satisfy its creditors, owners, and other providers of 
capital, or they will invest elsewhere. 

The formula to calculate WACC is; 

WACC=E/V x Re +D/V x Rd x (1-Tc)                   (eq.2.4) 

Where:  

   Re is cost of equity. 

   Rd  is cost of debt. 

   E is Market value of the firm’s equity. 

   D is Market value of the firm’s debt. 

   V=E+D is the firm value. 

   Tc is Tax rate. 

Weighted average cost of capital is used in discounting cash flow for 
calculation of NPV and other valuations for investment analysis. 
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WACC represents the average risk faced by the organization. It would require 
an upward adjustment if it has to be used to calculate NPV of project which is more 
risk than the company's average projects and a downward adjustment in case of less 
risky project. 

2.6.3. Internal Rate of Return (IRR) 

Internal rate of return (IRR) is another important and widely reported measure 
of profitability of the project. IRR is reported as a percentage rather than a dollar 
figure such as NPV. IRR is the discount rate at which the net present value is exactly 
equal to zero, or the present value of cash inflows is equal to the present value of 
cash outflows. Another definition of IRR is the interest rate received for an 
investment consisting of payment (negative value) and income (positive value) that 
occur at regular period. The equation for calculating IRR is: 
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NCFt is net cash flow. 

 IRR is the Internal Rate of Return. 

 The investment decision when using IRR is whether to accept the investment 
if the calculated IRR is greater than the return on the alternative use of funds or cost 
of capital, and to reject the investment if its calculated IRR is less than the return on 
the alternative use of funds or cost of capital. 

2.6.4. Net Present Value (NPV) 

The net present value (NPV) is the present value of cash surplus or present 
worth, which is obtained by subtracting the present value of periodic cash outflows 
from the present value of periodic cash inflow (Mian, 2002). The present value is 
calculated using the weighted average cost of capital of the investor, also referred to 
the discount rate or minimum acceptable rate of return. 

 When NPV of an investment at a certain discount rate is positive, it pays for 
the cost of financing the investment or the cost of the alternative use of funds. The 
investment generates revenue is equal to the positive present value. It also implies 
the rate of return on the investment is at least equal to the discount rate. The net 
present value method of evaluating the desirability of investments is mathematically 
represented by the following equation: 
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               (eq.2.6) 

Where 

St= the expected net cash flow (gross revenue-LOE-taxes) at 
the end of year t 

 Io is the initial investment outlay at time zero 

 id is the discount rate 

 n is the project’s economic life in years. 

 NCF is net cash flow. 

 If the NPV is positive, then the project is acceptable. If the NPV is negative, 
then the project is rejected. If the NPV is zero, the analyst will be indifferent because 
the proposal is generating the same return as the alternative use of funds will 
generate. The NPV decision criterion follows directly from the assumption that the 
analyst is required to maximize the value of the project. This criterion results in 
optimal choice of project. 

2.7. Mining Operation Development 

In mining operation, technique development is the main key important and 
also the role to enhanced the quarry or mining successfully. In this step, it will 
describe the main process of mining operating which is operated on the daily basis. 
The mining operation revolves around the drilling, blasting, loading, and hauling 
sequence.  

2.7.1. Drilling 

Drilling operation, in the field of blasting, is the first operation to be carried 
out and its purpose is to drill the blast holes, with the adequate geometry and 
distribution within the rock mass, where the explosive charge will be placed along 
with their initiating devices. There are many types of drilling method such as rotary, 
percussion, and combined rotary and percussion method. In this research, the 
combined rotary and percussion drilling method will be used (Carlos Lopez, 1995). 
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 Drilling by rotary percussion is the most classic system for drilling blast holes. 
The drilling principle of rotary percussion rig is based upon the impact of a steel 
piece (piston) that hits a utensil which transmits at the same time the energy to the 
bottom of the blast hole by means of the final element called the bit. In Figure 2.5, 
it illustrates the top hammer drill, one of the two large groups of rotary percussion. 
Top hammer drill are produced outside the blast hole, and transmitted by the shank 
adaptor and the drill steel to the drill bit. The hammer can be driven hydraulically or 
pneumatically (Tatiya, 2005). 

 
Figure 2.5 Top hammer drill 

2.7.2. Blasting Pattern  

Fragmentation has a large impact on quarry performance at every stage of 
the drilling, and blasting process. Blast holes layout should be designed with respect 
to the collected survey data, and hence the accuracy and interpretation of this data 
are very important. Safety parameters, vibration limits, explosive to be used must be 
considered when designing the pattern. The resulting blast design plan should clearly 
specify the burden, spacing, drill holes diameter, type and quantity of explosives and 
type of delay detonator (William  Hustrulid, 1999). The following list of blasting 
pattern dimension symbols is shown in Figure 2.6. 
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Figure 2.6 Blasting pattern 
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2.7.3. Loading and Hauling 

A surface mine contains pits with mineral endowed rock or ore. The surface 
mine extracts ore that lies within the upper layer of the mine boundary. Figure 2.7, 
illustrates the process for creating a pit in sequentially manner. The process starts 
when the explosive loosen the earth; then excavating equipment remove vertical 
layers (benches) of material. Over time, these benches themselves are blasted, 
excavated and removed, making the pit wider and deeper. Mining engineers 
categorize the mined material into ore and waste material, with sub categories 
depending upon the quality or grade of the ore. Trucks transport this material to a 
number of dumpsites, which can include crushing, stockpiles, and waste dumpsites. 

The long-term mine plan optimizes the timing of bench development such 
that market demand is met and the value of the mine is maximized. The plan, 
alongside the optimization of the shape of the pit provides required productivity 
rates, bench sequences, and the shape of the mine (including bench heights). The 
height of the bench is varied and dictates the type of equipment that can remove it. 
There are alternate practices for conducting material movement in mine, however, 
for large-scale open pit mining, in particular, the truck and loader material movement 
practice is the preferred method of materials handling (SME Mining Engineering 
Handbook, 1992). 
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Figure 2.7 Mining sequence and planning 

 

- Loader 

 Loader lifts the ore and waste material onto the trucks for removal from the 
mine. In an open-pit mine, loader types can include hydraulic excavator, backhoe 
excavator, and front-end loader (wheel loader). The type of loader selected for use 
in a surface mine depends on the type of mineral to be extracted and specifications 
of the mine geometry, such as the bench height. Other factors must be considered in 
the equipment selection process, particularly, the compatibility of the loader with 
selected truck fleet. For example, some loader cannot reach the top of the tray on 
the larger trucks. Conversely, some loader capacities exceed the capacity of the 
truck. If the best truck and loader set are determined, then the truck and loader type 
will be selected simultaneously (Christina, 2013). 
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The equation to estimate the production per hour of the wheel loader is; 

                               (eq.2.7) 

 

 Where, O: Production, ton//hour. 

  BC: Bucket size, cubic yard (CY). 

 BF: Bucket Fill factor, percent. 

 D: Density in Place, ton/CY. 

 MA: Mechanical Availability, percent. 

 JF: Job Factor, percent. 

 SF: Swell Factor, percent. 

 CT: Average cycle time, second. 

- Cycle Time of the Truck 

 The truck cycle time itself comprises load time, haul time (full), dumping 
time, return time (empty), queuing (and other delays) and spotting times. A cycle 
may begin at a loading site where the truck receives its load from the excavating 
equipment. The truck travels full of ore to the dumpsite via a designated route along 
a haul road. The dumpsite may be a stockpile, waste dumpsite. After dumping the 
load, the truck turns around and travels empty back to the loader. Spotting is the act 
of maneuvering the truck under the loader for serving. This can take several minutes. 
In a large mine, the truck cycle time may be 20-30 minutes in total, and can vary 
significantly over time if the stockpiles move and as the mine deepens. Figure 2.8 
(Christina, 2013) illustrates the cycle time of the truck from the loader and dumpsite. 
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Figure 2.8 Cycle time of the truck 

The average cycle time (C) is another parameter to determine the production 
rate in each cycle time of equipment. Table 2.1 (Caterpillar Performance Handbook, 
1979-2004) illustrates the average of cycle time that increase with the size of the 
equipment. 

Table 2.1 Average cycle  

Loader size (cubic yard) Cycle time (minute) 

1.7-4.5 0.45-0.50 

5.0-7.5 0.50-0.55 

7.5-11 0.55-0.60 

15-21 0.60-0.70 

 



CHAPTER III 
THE RESULTS OF THE STUDY 

In parallel with the adopted methodology, this chapter displays the results of 
model development comprising of drill holes data input, statistical analysis of 
variables, geological model construction, resources estimation, pit optimization, 
mineable reserve estimation, and quality of limestone for cement industry. The 
results of mine planning and scheduling, master plan consideration and financial 
analysis are also displayed and discussed in detail. 

3.1. 3D Block Model Development 

 The 3D block model is constructed on minesight software platform. The 
minesight work flow starts with drill holes data input, statistical analysis of variables, 
and geological model construction. The results of these processes will be discussed. 

3.1.1. Drill Holes Data Preparation 

 In this project, the selected study area cover an approximate area of 1,300 x 
600 sq. meters, extending from the grid coordinates 728310 to 729667 in the Easing 
direction and from the grid coordinates 1615254 to 1615826 in the Northing direction.  
There are 21 drill holes and 336 assay data. The drill hole description starts from C1-
11 to C1-16, C1-20B, C1-21 to C1-29, and C1-5 to C1-8. All the drill holes data 
contains the coordinates of each hole and the grade of silica (SiO2), magnesium oxide 
(MgO), sodium oxide ( Na2O), calcium oxide (CaO) and iron oxide ( Fe2O3) as 
illustrated in Figure 3.1. 

 
Figure 3.1 Drill hole data input 

Figure 3.1 illustrates a drill hole of C1-11 format. The data format for input 
into the Minesight program provides drill hole ID and coordinates (X,Y,Z), assay data 
(from, to, interval, azimuth, dip) and the geology data (from, to, interval, codes) . The 
first column represent the name of drill hole (C1-11) and the first row of the data 
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also represent the name of drill hole, the drill hole coordinates 
(X=729255,Y=1615425, Z=200), interval, azimuth and dip respectively. The assay data 
locates in the third row and fifth, sixth, and seventh column which is the grade of 
silica (SiO2), magnesium oxide (MgO), sodium oxide ( Na2O), calcium oxide (CaO), and 
iron ( Fe2O3), respectively. Figure 3.2 illustrates the composited data of drill hole C1-
13. 

 
Figure 3.2 Composite data of drill hole C1-13 

From Figure 3.2, the number on the left hand side of the drill hole represents 
the average grade of silica and calcium oxide content in terms of percent grade, also 
the composite of silica and calcium oxide content in terms of percent grade is 
represented on the right hand side of the drill hole. The full database of drill hole 
data is provided in Appendix C. 
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3.1.2. Statistical Analysis of Assay Data 

The preliminary statistics of assay data are tabulated in Table 3.1. It shows 
the statistical values of minimum, maximum, average, median, skewness, variance, 
and the standard deviation values for all variables. All the drill holes data contains 
the drill hole coordinates and the grade of the calcium oxide (CaO), silica (SiO2), 
magnesium oxide (MgO), sodium oxide ( Na2O), and iron ( Fe2O3). 

 

Table 3.1 Statistics data of assay values 

 Min Max Average Median Skewness Variance S. Dev. 

Easting 728310 729667 - - - - - 

Northing 1615254 1615826 - - - - - 

Elevation 96 314 - - - - - 

SiO2 0 66.6 4 0.92 4.44 57.86 7.61 

CaO 1.08 62.89 52.24 53.81 -5.12 34.31 5.86 

MgO 0 13.84 0.42 0.2 8.88 1.35 1.16 

Fe2O3 0 7.75 0.68 0.53 5.87 0.52 0.73 

Na2O 0 8.41 0.24 0.17 10.56 0.38 0.62 

 

From Table 3.1, the statistical data of all variables are presented. The silica 
content records a minimum and maximum value of 0 and 66.6 percent respectively. 
The silica content is averaged at 4 percent together with the median, skewness, 
variance, and standard deviation of 0.92, 4.44, 57.86, and 7.61, respectively. 

 The calcium oxide content records a minimum and maximum value of 1.08 
and 62.89 percent. The calcium oxide content is averaged at 52.24 percent together 
with the median, skewness value and standard deviation of 53.81, -5.12, 34.31 and 
5.86 percent respectively. In this study, only the silica and calcium oxide content will 
be used in the analysis. While the statistical analysis of the other remaining 
parameters such as magnesium oxide, iron oxide, and sodium oxide will also 
analyzed in this chapter just for the overall comparison but will not be used in the 
block model. 
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- Histogram and cumulative distribution plots 

The construction of histogram is an important step for statistical analysis. The 
shape of the histogram can be used to determine the distribution characteristic of 
the data. Figures 3.3 and 3.4 illustrate the histogram and cumulative distribution of 
calcium oxide data. 

 
Figure 3.3 Histogram of CaO (percent) 

 
Figure 3.4 Cumulative distribution of CaO 

In the Figures 3.3 and 3.4, the histogram and cumulative distribution of 
calcium oxide present a non-symmetrical distribution with a strong negative 
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skewness (skewness of -5.12), the median 53.81percent) is slightly (greater than the 
average (52.24 percent) value. It also presents a few of lower tail values that have a 
strong effect by reducing the average value. The histogram and cumulative 
distribution of silica content are presented in Figures 3.5, and Figure 3.6. 

 

 
Figure 3.5 Histogram of SiO2 (percent) 

 

Figure 3.6 Cumulative distribution of SiO2 
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In Figures 3.5 and 3.6, the histogram and cumulative distribution of silica 
content present a non-symmetrical distribution with two modes of data. The silica 
content averages at 4 percent and shows a strong positive skewness (skewness of 4), 
leaving more cluster of data in the lower tail area of the distribution. High variance 
and standard deviation are also observed in this statistical analysis results. 

 The histograms of magnesium oxide (MgO), iron (Fe2O3), and sodium oxide 
(Na2O) are illustrated in Figures 3.7, 3.8, and 3.9, respectively. 

 
Figure 3.7 Histogram of MgO 

 
Figure 3.8 Histogram of Fe2O3 
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Figure 3.9 Histogram of Na2O 

From Figures 3.7-3.9, the histogram of magnesium oxide (MgO), iron (Fe2O3), 
and sodium oxide (Na2O) show an identical pattern of a strong positive skewness 
meaning the data are clustered in the lower tail area. These data are less varied 
compared to silica and calcium oxide content data. However, as mentioned above, 
these data will not use in the block model. The statistics results of these data are 
just for the overall statistical comparison. 

3.1.3.. Geological Model  

In this step, the geological model boundary is delineated within the confined 
of studied area grid coordinates (Northing 728310 to 729667, Easting 1615254 to 
1615826). Within the geological boundary comprises mainly of limestone resource 
which is chemically suitable for cement production. The 21 drill hole locations are 
superimposed with the topography represented by the contour lines and drill holes 
ID (red color) as seen in Figures 3.10 and 3.11. In Figure 3.10, it shows the boundary 
of 3D model encompassing study volume and drill holes data, the top view of 
topographic and drill hole data are shown in Figure 3.11. This geological volume will 
be subjected to resource estimation using Inverse Distance Square Method (IDSM). 
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Figure 3.10 Overview of drill hole and topography in 3D model 

Red color: Drill hole ID 
Blue color: Contour number 
Green color: Contour line 
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3.2. Resource Estimation 

Inverse Distance Squared weighting technique (IDSW) is used to calculate the 
block grade. The IDSM method is used to calculate the block grade by weighting the 
value of assay data in the neighborhood of each processed grid. The dimensions of 
searching distance of all block are selected at 150m, 150m, 15m in (X, Y, and Z) 
distance, respectively. The block discretization is set as 15mx15mx10m in (X,Y,Z) 
dimension, resulting a total number of 560,000 blocks. Each block contains 2,250 
cubic meters which translate to 5,850 tons, given the specific gravity of limestone 2.6.  

 In the IDSM process, the square power function is used in the relationship 
(eq.2.1). In the IDSM subroutine, the block is selected systematically and the calcium 
oxide and silica are estimated from the surrounding data using the weighting 
technique. The estimate assay values are stored for all estimated blocks within the 
searching volume parameters.  

 The results of IDSM show that the total number of estimated block is 35,000 
blocks. Generally, the estimated blocks are clustered around the drill hole data 
extending 150 meters from the drill hole center as seen in Figure 3.12. It is important 
to note that the number of estimated block depends on the searching volume, the 
more the searching volume, the more of estimated blocks. In this study, the 
150x150x10m in (x, y, z dimension) searching volume is defined based on the spacing 
of the drill hole and the bench height configuration. With this defined parameters, 
the total geological resource of 204 million tons is estimated. The block grade 
distribution of calcium oxide and silica content are presented in Figures 3.12 and 
3.13. 
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Figure 3.12 Result of estimated block from IDWM for CaO 

 

 
Figure 3.13 Result of estimated block from IDWM for SiO2 

3.3. Pit Optimization and Reserve Estimation 

Pit optimization is the final step of pit design to determine the ultimate pit 
limit for planning and scheduling process. It identifies which block should be mind 
and which block should be left in the ground. Pit optimization is also defines the 
lateral and vertical extent to which a given deposit can be mined economically. 
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 In this study, the Lerchs-Grossmann method is used to calculate the pit 
optimization of the ore in each block. For this calculation, some parameters are used 
to evaluate a final pit dimensions based upon reserves expressed in the form of 
grade block model. These parameters are quality of limestone, mining cost, sale 
cost, overall pit slope angle and the block size. The limestone quality block grade 
(calcium oxide and silica content) is derived from IDWM estimated block. The mining 
cost is given as 2 dollar per ton, the sale cost of limestone production is given as 6 
dollar per ton, and the overall slop angle is defined as 45 degree angle. The block 
discretization is set as 15mx15mx10m in (x, y, z dimension). Tables 3.2 summarize 
the input for pit optimization process. 

Table 3.2 Summarize of input for pit optimization 

Pit Optimization method Lerchs-Grossmann method 

Block grade estimation model IDWM block grade 

Block discretization 15mx15mx10m (x, y, z dimension) 

Mining cost 2 dollar per ton 

Sale cost of limestone production 6 dollar per ton 

Overall slope angle 45 degree 

 

The results of running pit optimization give three main ultimate pits (MP1, 
MP2, MP3) and three small connected pits (SP1, SP2, SP3) as shown in Figure 3.14. 
The total mineable reserve of 84 million tons is estimated based on this optimized 
ultimate pit. However, in this study, only the main pit MP1 is selected for the first 
stage of mine development. The MP1 is chosen based solely on the quality of 
limestone grade considering higher calcium oxide and low silica content, and the 
quantity of limestone that suitable for the production of 1 million tons per year and 
25 years mine life.  

 The mineable reserve of MP1 pit stands at 30 million tons of limestone which 
covering the 25 years mine production. The area of MP1 pit is shown in Figure 3.15 
together with the designed haul road. The pit area is within the yellow color shade, 
the main haul road is shown in red line color. 
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Figure 3.15 Top view of MP1 pit with haul road 
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The cross section of MP1 pit for different sections aligned in E-W and N-S 
directions are shown in Figures 3.16-3.21. The cross sections illustrate the final pit 
limit superimposed on the block grade in this case the calcium oxide content. The 
calcium oxide content varies with the yellow color shade by which the light yellow 
color gives low grade and the orange shade color gives the high grade zone. It’s 
important to note that the mineable reserve is estimated within the boundary of 
MP1 pit, the pit limit is shown as blue color line in cross section. 

 
Figure 3.16 Cross section of CaO of MP1 pit at E1615780W section 
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Figure 3.17 Cross section of CaO of MP1 pit at E1615615W section 

 
Figure 3.18 Cross section of CaO of MP1 pit at E1615510W section 
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Figure 3.19 Cross section of CaO of MP1 pit at N729010S section 

 

Figure 3.20 Cross section of CaO of MP1 pit at N729875S section 
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Figure 3.21 Cross section of CaO of MP1 pit at N7298725S section 

3.4. Quality of Limestone for Cement Production 

The chemical quality of limestone is the important parameter for quarry 
production. The grades which are equal or over the cutoff quality are classified as 
ore, and the grades which are below the cutoff quality are classified as waste. In this 
study, the chemical grade of calcium oxide and silica are the two main variables of 
interest and the cutoff grade assigned for these two variables are 52 percent and 3 
percent, respectively. In practice, the mixing of limestone with different grade will 
also be used to meet the required quality. Mixing method is a commonly used for 
cement production process. Therefore, the ore with low grade (high SiO2 or low CaO) 
will be mixed with high grade ( low SiO2 or high CaO) by using two method. The first 
method is called “mix by common”. It’s a normal mixing grade by using the high 
grade mix with the low grade to get the average that complete requirement. The 
second method is called “mix by weight” this method is more precise than the first 
method because this method considers about the grade and the weight of the ore. 
This method can be applied with the deposit of highly varied grade. Table 3.3 
illustrates the assigned cutoff grades for limestone production. 
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Table 3.3 The assigned cutoff grade for limestone production 

Ore CaO SiO2 

High Quality Higher than 52 percent Lower than 3 percent 

Mix method 

(req. grade) 

Higher than 52 percent Between 3 to 4 percent 

Between 45 to 52 percent Lower than 3 percent 
 

From Table 3.3, the cutoff qualities of limestone to be treated as ore are with 
calcium oxide higher than 52 percent and silica lower than 3 percent. The mix-
method classifies the qualities of limestone into two groups. Firsts, the calcium oxide 
is higher than 52 percent, and silica between 3 to 4 percent. Second, the calcium 
oxide between 45 to 52 percent and silica is lower than 3 percent. Other qualities 
which are not fit into this classification will be treated as waste. 

3.5. Mine Planning and Scheduling 

Based on the ultimate pit design, the annual planning and scheduling of the 
product are showed in Figure 3.22. The mine pit layouts from the first year to the 
year twenty five is provided. In year six, the production will be double from the first 
year production (from 1 to 2 million tones limestone production). With the 
assumption that within the past six years’ experience the project is firm enough to 
increase the capacity to meet the increase domestic demand.  That results in a sharp 
expansion of pit layout from year two to year six as shown in Figure 3.22. However, 
the final pit layout as of year 25 will be used as the basis for mine rehabilitation. 
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Figure 3.22 Mine planning and scheduling 

The expansion of pit layout from year one to year twenty five is shown in Table 3.4 

Table 3.4 The expansion of pit layout from year one to year twenty five 

Year 
Cumulative 
production 
(Tons) 

Pit Geometry 

1 1,324,800 

 

2 2,004,447 
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6 8,752,483 

 

8 10,275,331 

 

15 18,719,693 

 

25 29,525,579 

 
 

Table 3.4 illustrates the tonnage of the limestone production in the first year 
operation until the last planning in year 25 with their pit geometry. In the first year, 
the production starts with 1.3 million tons with the overall slope angle of 45 degree, 
in this year the level of the pit floor elevation is 150 meters above the mean sea 
level (msl) and the surface elevation 210 meters above msl. The second year 
production accumulates to 2 million tons with the same slope angel 45 degree and 
the floor pit elevation lower to 140 meters above msl. In the final year production, 
the cumulative production amounts to 29.5 million tons while maintain the 45 
degree overalls slope angle and the final pit floor elevation drop to 90 meters above 
msl. 
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 With this ultimate pit geometry, 12 benches of 10 meters bench height and 
10 meter bench width are designed. The overall slope angle is maintained at 45 
degree with the faces slope of 80 degree as shown in Figure 3.23. 

 
Figure 3.23 The ultimate pit geometry with bench configuration 

The ramp of the haul road is designed 15 meter by width larger than the 
bench width (10 meters width). The overall depth of the pit is 120 meters. The 
minable of limestone and waste including the qualities of limestone for each bench 
are showed in the Table 3.5. 

Table 3.5 Limestone production and its quality at bench level 

Benches Ore (ton) Waste (ton) S/R (ore/waste) CaO SiO2 

210 1,005,030 1,688,495 0.60 53.09 2.20 

200 1,815,660 2,204,957 0.82 52.89 2.48 

190 2,613,825 2,140,680 1.22 53.57 2.75 

180 3,204,810 1,997,740 1.60 53.65 2.75 

170 3,295,935 1,703,337 1.93 53.84 2.34 

160 3,357,990 1,547,783 2.17 54.10 1.56 

150 3,270,060 1,387,103 2.36 54.67 0.90 
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140 3,003,277 1,424,055 2.11 55.28 0.64 

130 1,901,430 1,188,043 1.60 54.44 0.88 

120 1,754,190 904,413 1.94 54.54 0.88 

110 1,539,000 914,603 1.68 53.95 2.03 

100 1,410,705 1,021,522 1.38 51.38 5.25 

90 1,353,667 1,260,649 1.07 41.45 18.34 

Total 29,525,579 19,383,382 1.52 52.83 3.31 

 

Table 3.5 illustrates the minable of limestone and its quality for each bench 
from the top crest to the bottom toe of the pit level. The stripping ratio of this pit is 
2:3 (waste: ore). However, some of the waste will be used for mixing purpose and 
that will changing the stripping ratio. 

3.6. Master Plan Consideration 

Master plan is a plan that covers overall mining activities. It describes the flow 
of the process interconnected from the working bench to the storage unit. The 
important infrastructures such as main road, office, work shop, apartment, and fix 
location are mentioned in the master plan. In this project, the master plan is 
established, and the related infrastructures located within the mine area as shown in 
Figure 3.24. 
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Figure 3.24 The conceptual mine master plan and its infrastructures 
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Figure 3.24, the main road (13) is extended from the pit boundary (1) to the 
crusher (5) and continued to the workshop (9). The limestone production is feed into 
the hammer crusher (5) with maximum diameter of 1 meter, and the output from 
the crusher should be less than 25 millimeter. There is belt conveyer (4) line 
connected from the crusher direct to stock pit (6), and limestone is homogenized in 
the stock pile before send to the cement plant (8) by conveyer. Truck Park (3) is 
designed close to the crusher zone to reduce the travel time during the operation 
and stand by time. Workshop for repairing and maintenance is also located close to 
the main road. Explosive storage (7) is also installed far away from the main building 
and water body (11) to avoid the risk and effect of explosive quality. The office (10), 
apartment (12) for the staff is also mentioned in the master plan. The whole concept 
of mine master plan is shown in Figure 3.24. 

3.7. Financial Analysis 

The financial study involves the Discount Cash Flow (DCF) analysis, weight 
average cost of capital (WACC), Internal Rate of Return (IRR), and Net Present Value 
(NPV). 

 For all investment projects, some important parameters for considering the 
project to be feasible are the DCF, IRR, and NPV. DCF is used to calculate the cash 
inflow and cash out flow. IRR is used to compare with the interest rate of the project. 
NPV is also used to validate the feasibility of the project.  

3.7.1. Discount Cash Flow Calculation (DCF) 

There are many steps to calculate the discount cash flow. In this step, the 
parameters need to determine the cash flow models are capital cost, operation cost, 
sale cost, depreciation cost, the tax rate, and royalty. The input parameters and 
calculation sheet are shown in Tables 3.6 and 3.7. 

Table 3.6 The input parameters for DCF 

Input parameters Values 

Capital cost 7,664,000 dollar 

Operation cost 2 dollar per ton 

Sale cost 6 dollar per ton 

Tax rate 25 percent 

Royalty 0.2 dollar per ton 
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Table 3.7 The discount cash flow calculation sheet 

year 0 1-5 6-10 11-15 

Total Production - 5,559,840 12,355,200 12,355,200 

Gross Revenue - 33,359,040 74,131,200 74,131,200 

Annual Royalty - -1,111,968 -2,471,040 -2,471,040 

Net Revenue - 34,471,008 76,602,240 76,602,240 

Operation cost - -15,438,402 -33,283,895 -33,593,655 

Depreciation - -4,620,000 -2,621,000 0 

Taxable income - 14,412,606 40,697,345 40,911,785 

Tax @ 25% - -3,603,151 -10,174,336 -10,227,946 

Net Income - 10,809,454 30,523,009 30,683,839 

Depreciation - 4,620,000 2,621,000 0 

Capital cost -7664000 0 0 0 

Present 
Value@15% 

-7664000 10,047,631 11,070,643 9,511,225 

Cash Flow -7664000 15,429,454 33,144,009 32,780,639 

 

3.7.2. Weight Average Cost of Capital (WACC) 

In mining project, there are two types of capital budgets. The first budget is 
by borrowing from the bank and other budget will get from the owner of the project 
or from the shareholders. In this study, the assumption have been made that 30 
percent of the fund will be from the bank with the interest rate of 8.5 percent, and 
the remaining 70 percent will be from the shareholders with some expect rate of 
return. As a result, the weight average cost of capital is the combination of the equity 
and debt. The equation (2.3) will be used to calculate the weight average of capital 
(WACC). Table 3.8 provides the parameters inputs for WACC calculation. The 
calculated WACC is 15 percent, which provide the interest rate of the project. 
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Table 3.8 The input parameter for WACC 

Parameter Equation results 

Capital cost  7,664,000 

E (equity)  7,664,000x70% 5,364,000 

D (debt) 7,664,000x30% 2,300,000 

V ( total debt and equity cost) E + D 7664000 

Rd ( cost of debt) 8.5 percent 0.085 

Tc (Tax rate) 25 percent 0.25 

Rf (free risk) 4 percent 0.04 

Rm (medium risk) 17 percent 0.17 

β (coefficient ) 10 percent high risk 1.1 

Re (cost of equity) Rf+β(Rm-Rf) 0.18 

WACC E/V x Re +D/V x Rd x (1-Tc) 0.15 

 

3.7.3. Internal Rate of Return (IRR) 

IRR is the interest rate that the cash inflow equal to the cash outflow or the 
sum of discounted of net cash flow equal zero. IRR is very important for investment 
and it uses to identify the payback period or when the project will get profit. In case 
when the IRR is equal to the interest rate or WACC, the net present value will be 
zero and the project will not get any profit. The project is feasible when IRR is higher 
than the interest rate or WACC. The IRR has to be approximated by trial or error 
method. However, the IRR can be conveniently tabulated in Microsoft excel spread 
sheet. In this study, IRR of this project is calculated at 45 percent which is much 
more than the WACC interest rate (15 percent). The higher IRR results from the fact 
that the sell cost of limestone production (6 dollar per ton) is much higher than the 
operating cost (2 dollar per ton). 

3.7.4. Net Present Value (NPV) 

NPV is the sum of the discounted annual cash flow or the sum of present 
value. If NPV is positive, it considers a feasible project and if NPV is negative, it 
considers a non-feasible project. In this project, NPV is positive which is equal to 19.3 
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million dollar. Therefore, this quarry project considers financially feasible. The 
calculation sheet of NPV is shown in Table 3.9. 

Table 3.9 The calculation sheet of NPV 

year 0 1-5 6-10 11-15 

Total Production - 5,559,840 12,355,200 12,355,200 

Gross Revenue - 33,359,040 74,131,200 74,131,200 
Annual Royalty - -1,111,968 -2,471,040 -2,471,040 

Net Revenue - 34,471,008 76,602,240 76,602,240 
Operation cost - -15,438,402 -33,283,895 -33,593,655 
Depreciation - -4,620,000 -2,621,000 0 
Taxable income - 14,412,606 40,697,345 40,911,785 
Tax @ 25% - -3,603,151 -10,174,336 -10,227,946 

Net Income - 10,809,454 30,523,009 30,683,839 
Depreciation - 4,620,000 2,621,000 0 

Capital cost -7664000 0 0 0 
Present Value@15% -7664000 10,047,631 11,070,643 9,511,225 

Cash Flow -7664000 15,429,454 33,144,009 32,780,639 
NPV=∑(present value) =19.3 million dollar 

 

 For the financial analysis, it can be summarized that the WACC is estimated at 
15 percent with two sources of funding which are 30 percent from bank loan and 70 
percent from shareholder. IRR is estimated at 45 percent which is considerably much 
more than WACC rate, and NPV is 19.3 million dollar. Taking these financial factors 
into account, the quarry project is proven feasible. 

 



CHAPTER IV 
MINING OPERATION  

Mining operation is an important process for quarry operation. There are 4 
continuous processes for doing mining operation; drilling, blasting, loading and 
hauling. 

4.1. Drilling and Blasting 

Blasting pattern is very important design to the quality of rock fragmentation 
and to identify the number of rock tonnage. In this study, the blasting pattern is 
designed as shown in Table 4.1. 

Table 4.1 Blasting pattern parameters 

Parameters Relationship Results 

Drilling pattern 5 rows with 7holes 35 hole 

Diameter of drill hole - D=3.5inch=90mm 

Burden B=25xD B=2.5m 

Spacing S=1.15xB S=3m 

Sub-drill U=0.3xB U=0.9m 

Stemming T=0.8xB T=2m 

Bench Height H=4xB H=10m 

ANFO density  800kg/m3 

Limestone density  2.60 

Volume of rock V=NxBxSxH V=2625m3=6956 ton 

Specific Charge SC 0.5kg/m3 

Total explosive Te=SCxV T=1312kg 

ANFO 95 percent of Te 1246kg 

High explosive 5 percent Te 66kg 

Charge per hole Te/number of hole 37.48kg 

ANFO per hole ANFO/ number of hole 35.6kg 

Power Factor PF=Te/V PF=0.188kg/ton 
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Table 4.1 illustrates the blasting design. There are 35 holes in total which 
contain 5 rows and 7 columns. The diameter of the drill hold is 3.5 inches with the 
bench height of the blast equal to 10 meter. The volume for one blast is around 
2,625 m3 which is required 1,312 kg of explosive in total. There are two type of 
explosive in the process of this blasting design, first of all is ANFO (Ammonium Nitrate 
Fuel Oil)  that contain 1,246 kg and the high explosive (emulsion) contain 66kg. The 
power factor of the blast is 0.188 kg/ton. 

According to the blasting design above, topography map and the real 
condition, the block size of the project is given as 15m, 15m, 10m in (x, y, z) 
dimension, respectively. This block shows that the total volume of each block is 
2,250 cubic meter which is equal to 6,000 ton (specific gravity of limestone =2.60). As 
a result, one blast almost equal to one blocks tonnage. Figure 4.1 illustrates the 
blasting pattern design for this project. 

 
Figure 4.1 Blasting pattern design 
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4.2. Loading and Transportation 

Typically for the limestone quarry production, wheel loader, excavator, and 
truck system are chosen to be a material transportation equipment because the 
flexibility and facilities. To ensure the selected equipment meet production 
requirement equipment, the design of equipment selection has been performed at 
the expected initial and maximum operation parameters of the facilities. 

In this study, the wheel loader (model CAT 966C), excavator (model CAT 
320D, and the dump truck (model 3305F OFF-HIGTWAY) are used. The equipment 
production calculations are illustrated in the following sections. 

4.2.1. Loader Production Calculation 

The loader model CAT 966C with the capacity of 2.3 cubic meter is used in 
this calculation. From equation (2.7), the estimation of the production per hour of 
the wheel loader is shown in Table 4.2 together with all input parameters. 

Table 4.2 Estimation of production per hour of the wheel loader 

Parameters Equation Result 

BC (bucket size) 2.3m3 3 CY 

BF (bucket fill factor) 90 percent 0.9 

D (density in place) 1.6 ton/m3 1.2 ton/CY 

MA (mechanical availability) 85 percent  0.85 

JF ( job factor) 83.3 percent (assumption)  0.833 

SF (swell factor) 60 percent ( limestone) 0.60 

CT (average cycle time) 0.5 min 0.5 

O (production) 3600sec

(1 )

BC BF D MA JF

SF CT

    

 
 172 

ton/hour 

 

From the calculation in Table 4.2, the result production of wheel loader per 
hour is 172 ton/hour, and it requires 3wheel loader for loading 550 ton per hour of 
limestone production. 



 59 

4.2.2. Excavators Production Calculation 

As mention earlier, the excavators model CAT 32D is used in the quarry 
operation with the capacity of 1.2 cubic meter. The same calculation from equation 
(2.7) the calculation sheet of excavator production per hour is provided in Table 4.3. 

Table 4.3 Production per hour of excavator calculation 

Parameters Equation Result 

BC (bucket size) 1.2 m3 1.57 CY 

BF (bucket fill factor) 90 percent 0.9 

D (density in place) 1.6 ton/m3 1.2 ton/CY 

MA (mechanical availability) 85 percent  0.85 

JF ( job factor) 85 percent (assumption)  0.85 

SF (swell factor) 60 percent ( limestone) 0.60 

CT (average cycle time) 0.5 min 0.5 

O (production) 3600sec

(1 )

BC BF D MA JF

SF CT

    

 
 92 

ton/hour 

 

4.2.3. Truck Production Calculation 

 In the quarry operation, trucks are an important equipment to transport the 
ore or waste material from the site to the crushing plan or waste dumps. It’s 
necessary to understand about the number and the type of the truck to reduce the 
operation cost and enhance the productivity. In this research, the type and the 
capacity of the truck are selected to determine the number of truck  to operate and 
the cycle time of each truck.  

 The main objectives of the truck production calculation have 3 folds which 
are; first to estimate the loading time of wheel loader; second to estimate the 
hauling time for truck from working bench to crusher; third to estimate the return 
time of truck from crusher to working bench. The assumptions have been made that 
the dumping time and the spotting time are 1.5 minutes and 0.8 minute based on 
the information of Caterpillar Handbook (Caterpillar Performance Handbook, 1979-
2004). The detail input information is provided in Appendix C. 
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 In this study, the cycle time are calculated based on a haul road connecting 
the center at the pit to the crusher. The hauling and returning distance are divided 
into 3 segments based on the road condition (percent grade, working condition) as 
shown in Table 4.3. The truck average speed and time are calculated for hauling and 
returning segments. The total hauling time is 3.57 minutes, while the total returning 
time is 3.29 minutes. The wheel loader loading time is 4.5 minutes. Therefore, taking 
every truck cycle time into consideration, the total cycle time of the trucks is 
13.66 minutes. The summary of total truck’s cycle time is provided in Table 4.4. 

Table 4.4 Hauling and returning time 

Hauling 

segments Length (m) Grade (%) 
Avg. Speed 
(km/h) 

Time (min) 

1 200 0 19 0.6 

2 670 10 17 2.36 

3 220 0 21.6 0.6 

Total 1090   3.57 

Returning 

1 220 0 25.2 0.52 

2 670 -10 18.2 2.2 

3 200 0 21 0.57 

Total 1090   3.29 

 

Table 4.5 The total truck's cycle time 

Load 4.5 minutes 

Haul 3.57 minutes 

Dump 1.5 minutes 

Return 3.29 minutes 

Spot 0.8 minutes 

Total 13.66 minutes 
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4.2.4. Unit Production 

The unit production calculation aims to optimize the number of truck need 
for the quarry operation. Unit production is calculated by consider the truck payload, 
truck cycle time, hour per shift, and operation efficiency. The calculation is displayed 
in Table 4.5. 

Table 4.6 Unit operation calculation 

Parameters Equation/ Assumptions Results 

Working time 50 min/hour (assumption) 50 min/ hour 

Operation efficiency 85 percent (assumption)  0.85 

Productivity Truck/cycle*1cycle/cycle time*work 
time*operation efficiency 

100 ton/hour 

N (number of the truck) Cycle time/ loading time 3 trucks 

To reach 550 ton/ hour  550 ton/h /productivity 6 trucks 

 

The unit operation calculation shows that 6 trucks are required to fulfill the 
550 tons per hour of material handling. 

 To summarize the loading and transportation requirement of the quarry 
operation the total cycle time of truck operation is approximately 14 minutes, 
and it requires 1 loader, 2 excavators and 6 trucks to handle 550 tons per hour 
of limestone production. 



CHAPTER V 
ENVIRONMENTAL AND SOCIAL CONSIDERATION 

5.1. Introduction  

In the quarry operation, there are problems related to environment which are 
noise, vibration, and air blast pollution. These problems are generated during the 
quarry operation such as drilling, blasting, loading and transportation.  

 Noise from mining is a common source of community concern because 
operational noise emissions frequently occur on a continuous basis. This can 
interfere unreasonably with day to day activities, particularly concentration, 
recreation and sleep, and result in an adverse impact on residential amenity. 

 Vibration and air blast from blasting can lead to community concern primarily 
due to the fear of structural damage. This fear occurs because people are able to 
detect vibration at levels which are well below those which result in even superficial 
damage to buildings and items of heritage value. 

5.2. Noise Pollutions Control 

Noise from the quarry operation is one of the main problems in quarry 
operation. It’s happen any time during the mine start to operate. Most of the noise 
pollution is generated during blasting, transportation and in the crushing plant. There 
is much mitigation to control and reduce the noise during operation. However, the 
best policy to mitigate the noise control is to set the noise standard in the quarry 
operation.  

In this study, the noise standards for quarry operation are recommended as 
following;  

- The maximum noise level recommend for blasting is 115dB linear 

- The level of 115 dB linear can be exceeded on up to 5 percent of the total 
number of blasts over a period of 12 months. However, the noise level 
should not exceed 120 dB linear at any time. 

- Optimum placement of waste dumps, location of haul roads, location of 
fixed plant such as crushers and loading hoppers, waste dumps, stockpiles, 
can be used to shield fixed items of plant which generate noise. 
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- Selecting low noise plant and equipment incorporating available noise 
control equipment. This should be among one of the first measures chosen 
to minimize noise impact. 

5.3. Vibration Control 

Blasting can generate vibration, audible noise, fly rock and dust. In general, 
the levels of vibration caused by blasting are well below those which can cause 
structural damage to properties. Table 5.1 illustrates the level of the vibration with 
the degree of perception (Hudson, 1998). 

Table 5.1 Vibration level with degree of perception  

Approximate Vibration Level Degree of Perception  

0.10 mm/s  Not felt  

0.15 mm/s  Threshold of perception  

0.35 mm/s  Barely noticeable  

1.0 mm/s  Noticeable  

2.2 mm/s  Easily noticeable  

6.0 mm/s  Strongly noticeable  

14.0 mm/s  Very strongly noticeable  

 

However, for this study, the recommended standard vibration limit is 
introduced as following;   

- The recommended maximum level for ground vibration should be 5 mm./s 
(peak particle velocity). 

- The peak particle velocity level of 5 mm/s may be exceeded less than up to 
5percent of the total number of blasts over a period of 12 months. The level 
ground vibration should not exceed 10 mm/s at any time. 

- Reducing the maximum instantaneous charge (MIC) by using delays, reduced 
hole diameter and/or deck loading. 

- Changing the burden and spacing by altering the drilling pattern, and/or delay 
layout, or altering the hole inclination. 
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- Use the minimum practicable sub-drilling which gives satisfactory toe 
conditions. 

5.4. Air Pollution Control 

The primary air emission associated with quarry operations is dust. Dust can 
be a nuisance to neighbors and may be a safety hazard to quarry employees. Dust 
from mining and quarrying operations, if allowed to enter the atmosphere creates an 
uncomfortable working environment, causes excessive wear on machinery, reduces 
visibility and increasing the risk of accidents. 

In the quarry operation, the dust emission standard are introduced is 
following; 

- Respirability  silica should not more than 0.2 mg/m3 

- Inspirable particulates, containing less than 1 percent free silica 10.0 mg/m3 

- Respirability particulates, containing less than 1 percent free silica 3.0 mg/m3 

- Eliminate exposed detonating cord and secondary blasting. In the event that 
an explosive detonating cord is used to detonate the blast holes, it should be 
covered with a suitable aggregate material. However, the potential for 
initiation-related air blast emissions can be minimized with the use of NONEL 
(non-electric) initiation systems. 

- Use a water spray to reduce dust from truck and any equipment during 
operation. 

5.5. Communities Liaison 

Liaison between mining company and the community is important at every 
point, from the beginning of the exploration stage throughout the mine operation 
stage and rehabilitation period. The community must be kept informed and involved 
in the decision-making process affecting them if a good working relationship is to 
develop between all involved parties. A good working relationship is the keystone to 
a win/win approach involving mining and the community. 

 This suggestion can be made are that the policies and regulations for 
connecting with the people around the quarry should be established. The first step 
consists of the people in the immediate neighborhood surrounding the operation. 
This is the population directly affected by the operation or its truck traffic. The 
second step is the larger community. These are the people beyond the immediate 
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neighborhood, the general public, who are not directly impacted by the production 
facility or its trucks. The project should plan to build the school for the children 
around the quarry, check the health for every 3 months, and provide the skill for the 
people to add more jobs. In addition, the activity with the community like soccer, 
field trips are recommended.  In every 6 months, it is advised to set up the program 
for discussing with the people around the quarry to hear their concerns and request 
for better linkage between community and quarry project. 

5.6. Mine Rehabilitation 

Rehabilitation should be considered as a core part of the business, and 
should be fully integrated with the planning of quarry operation. Similarly, the 
rehabilitation plan and decommission plan need to be fully integrated so that 
activities undertaken during operation and decommission do not impair the ability to 
execute the rehabilitation plan. 

It is suggested that, during the mine operation, there are some activities for 
mine rehabilitated. Especially, along the rock slope, the mines are planted with local 
species and other mine area to keep the site green. 

After mine life, since the project located in the rural area and the people 
usually have problem with water resources during dry season. As a result, the final 
rehabilitation scheme should convert an extraction pit into a water reservoir, which 
includes small ponds, and a large water reservoir. This reservoir will benefit local 
communities for agricultural irrigation and fish cultivation. 
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CHAPTER VI 
CONCLUSIONS AND RECOMMENDATIONS 

6.1. Conclusions 

From the research output, many important points can be concluded in 
accordance with the steps of work. These results are primary used for quarry design 
and management in the research area in Cambodia. These points are:  

1. From the 3D block model, the 21 drill holes data with 336 assay data is 
prepared in minesight input format. The calcium oxide and silica content are 
the selected variables. These variables are composite with regular interval of 
5 meters. The statistical results of calcium oxide grade show a mean average 
of 52.24 percent and variance of 34.31 percent, and silica grade shows a 
mean average of 4 percent with the variance of 57.86 percent. 

2. The geological block model is constructed with the block discretization of 15 
mx15mx10m in (x,y,z) block dimension, resulting a 560,000 total number of 
blocks. The geological block model cover all studies volume extending 1,300 
meters in x-direction (Easting), 600 meters in y-direction (Northing), and 500 
meters in z-direction (thickness). 

3. The IDSM is used to calculate the geological resource of the deposit. The 
result shows that the total geological resource of 204 million tons is 
estimated. 

4. The Lerchs-Grossmann pit optimization is used to achieve the optimum pit 
design. The results show three main ultimate pit (MP1, MP2, MP3) and three 
small connected pit (SP1, SP2, SP3). The total mineable reserve of these 
ultimate pits is 84 million tons. However, in this study on the main MP1 pit is 
selected for the first stage of mine development. The MP1 pit is chosen 
based solely on the quality and quantity of limestone that suitable for 
cement production. Therefore, the mineable reserve of 30 million tons of 
limestone from MP1 pit is estimated. The 30 million tons mineable reserve is 
produced for 1 million tons per year production, and covering the 25 year 
mine life. 

5. In this study, the cutoff qualities of limestone to be treated as ore are with 
calcium oxide higher than 52 percent and silica lower than 3 percent. The 
mix-method classifies the qualities of limestone into two groups. Firsts, the 
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calcium oxide is higher than 52 percent, and silica between 3 to 4 percent. 
Second, the calcium oxide between 45 to 52 percent and silica is lower than 
3 percent. Other qualities which are not fit into this classification will be 
treated as waste. 

6. For mine planning and scheduling, In the first year, the production starts with 
1.3 million tons with the overall slope angle of 45 degree, in this year the 
level of the pit floor elevation is 150 meter above the mean sea level (msl), 
and the surface elevation of 210 meter above msl. The second year 
production accumulates to 2 million tons with the same slope angel 45 
degree and the floor pit elevation lower to 140 meters above msl. In the 
final year production, the cumulative production amounts to 29.5 million 
tons while maintain the 45 degree overall slope angle and the final pit floor 
elevation drop to 90 meter above msl. 

7. For the financial analysis, it can be summarized that the WACC is estimated 
at 15 percent with two sources of funding which are 30 percent from bank 
loan and 70 percent from shareholder. IRR is estimated at 45 percent which 
is considerably much more than WACC rate, and NPV is 19.3 million dollar. 
Taking these financial factors into account, the quarry project is proven 
feasible. 

8. The blasting pattern is designed with 35 holes in total which contain 5 rows 
and 7 columns. The diameter of the drill hold is 3.5 inches with the bench 
height of the blast equal to 10 meter. The volume for one blast is around 
2,625 m3 which is required 1,312 kg of explosive in total. There are two type 
of explosive in the process of this blasting design, first of all is ANFO 
(Ammonium Nitrate Fuel Oil)  that contain 1,246 kg and the high explosive 
(emulsion) contain 66kg. The power factor of the blast is 0.188 kg/ton. 

9. The loading and transportation requires 14 minutes for the total cycle time 
of truck operation. The material handling requires 5 trucks, 1 loader and 2 
excavators to handle 550 tons per hour of limestone production. 

10. For environmental consideration, the maximum noise level recommend for 
blasting is 115 dB linear. The recommended maximum level for ground 
vibration should be 5 mm/s. The respirability and inspirable particulate silica 
should be less than 0.2 mg/m3, and less than 1 percent free silica 10 mg/m3. 
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11. After mine life, the final rehabilitation scheme should convert an extraction 
pit into a water reservoir, which includes small ponds, and a large water 
reservoir. This reservoir will benefit local communities for agricultural 
irrigation and fish cultivation. 

6.2. Recommendations  

Some recommendation can be made from the results of the research and the 
future work: 

1. The site investigation in terms of geological mapping (structural mapping) 
should be carried out to include the structural control parameters in the pit 
optimization process. 

2. The geostatistcal method can be used to estimate the block values which 
provide the more reliable model. 

3. The recommended environmental standards should take into accounted of 
the local specific conditions. 

4. For future study, the conveyor belt can be used as an alternative of truck 
transportation.
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