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Abstract. PT. Manggala Alam Lestari (PT. MAL) is a private national company that operates in the coal
mining industry. PT.Manggala alam Lestary is located in Musi Banyuasin, Bayung Lencir district. As a
coal-mining company, you must meet coal requirements to conduct resource calculations at the exploration
stage before moving on to the mining preparation stage. The territory of IUP PT Manggala Alam Lestari is
divided into V (five) mining blocks. However, Block IV, with an area of 150 hectares is currently not being
calculated for coal resources, overburden, and stripping ratio since drilling activities are taking place on
Block IV to sample coal thickness, overburden, and stripping ratio. The measured resource calculation for
this coal is performed using the Circular method of block IV with a 100-meter radius, with data such as
geological conditions on the ground and drilling data, and then the data is applied with supporting programs
such as Software Surpac 6.6.2. Based on the data processing results, 1.579.428,13 tons of coal were
measured using the circular method, as well as 1.067.573,57 m3 of overburden, or 1.708.117,71 tons.
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1 Introduction

PT. Manggala Alam Lestari (PT. MAL) is a national
private company engaged in the coal mining business.
PT. Manggala Alam Lestari is located in Bayung Lencir
District, Musi Banyuasin Regency. As a company that
operates in coal, to meet coal needs, resource calculation
activities are required which are carried out at the
exploration stage before the mining preparation stage.
Based on initial observations and interviews conducted
in the field at PT. Manggala Alam Lestari Bayung
Lencir. In the IUP area of PT. Manggala Alam Lestari is
divided into V (five) mining block areas. However, in
block IV with an area of 150 ha, we have not yet
calculated coal resources, overburden, and striping ratio,
this is because block IV is currently carrying out drilling
activities to take samples of coal thickness, overburden,
and striping ratio.

In the case of mining businesses, the number of
resources to be mined is a factor in determining whether
a company will continue to carry out mining activities or
not. Based on this, it is necessary to consider the
extraction, namely thickness, grade, or quality, as well as
depth that meets legal and economic requirements at the
time.

In the current era of computerization, resource and
reserve calculations can not only be done manually but
can also be done with the help of software designed to

carry out calculation operations quickly. There are many
choices of software that can be used for mining work,
namely Surpac software, Minescape software,
Rockworks software, Autodesk Land Desktop 2005
software, and others. Several methods are used for
calculating resources and reserves, such as the circular
method, polygon method (area influence), mean area
method, cross-section method, contour method (isoline),
and kriging method.

The circular method is a development of the block
system and ordinary volume calculations. This system is
considered suitable for use in coal resource calculations
because this system is aimed at measuring minerals in
the form of layers (spreads) that have relatively
consistent layer thickness and slope.

The principle of resource calculation is based on the
results of a range and resource model created,
calculations are carried out based on the results of an
approach to actual conditions obtained from exploration
activities with the help of Surpac 6.6.2 software based on
the shape of layers that have been recorded through coal
position, coordinate points, elevation, layer thickness,
and the depth of each drilling based on the prospect area.
The results of these calculations still contain uncertainty,
therefore researchers are interested in raising the title
Calculation of Coal Resources Using Circular Methods
at PT. Manggala Alam Lestari Bayung Lencir

34


mailto:rolitugis@gmail.com

2 Literature Review
2.1 Exploration

Exploration is part of mining activities, where activities
start from a review survey, prospection, preliminary
exploration, and detailed exploration. Based on Law No.
3 of 2020, exploration is a stage of mining business
activities to obtain detailed and thorough information
about the location, shape, dimensions, distribution,
quality, and resources of excavated materials, as well as
information about the social and natural environment.

2.2 Resources and Reserves

Mineral Resources Mineral resources are mineral
deposits that are expected to be put to real use. Mineral
resources with certain geological beliefs can be
converted into reserves after a mine feasibility
assessment has been carried out and they meet the
mineability criteria.

Reserves are mineral deposits whose size, shape,
distribution, quantity, and quality are known and which
are economically, technically, legally, environmentally,
and socially mineable at the time the calculation is
carried out.

2.3 Resource Calculation Method

The resource calculation method used must be
appropriate to the type of excavated material to be
calculated. The wvertical section method is more
appropriate  for homogeneous rocks such as coal,
andesite, or limestone. Meanwhile, for metallic minerals
whose distribution is uneven, the area of influence
method is more appropriate to use. Several reserve
calculation methods include the Circular USGS method,
truncated curve method, cross-section method, polygon
method, contour line method, triangle method, and
kriging method.

The circular method is a method with a circle shape with
the radius of the circle being the outer information
distance as the boundary (area of influence) by the
provisions of SNI 5015:2011. So it can be interpreted
that the circular method is a development of the block
system and ordinary volume calculations. This system is
considered suitable for application in coal resource
calculations because this system is aimed at measuring
minerals in the form of layers (tabular) which have
relatively consistent thickness and slope of layers. The
procedure or calculation technique in the USGS system
is to make circles (half circles) at each coal deposit
information point.
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Fig 1. Coal Resource Calculation Rules circular method

Calculations to determine the quantity (tonnage) of coal
resources after obtaining the value of the resource area,
average coal thickness, and coal density, the quantity
(tonnage) of the resource can be estimated. Estimation or
estimation of tonnage can be done using the following
formula:

(T)=(L/cosa) xtx D

Information:

T = Coal Tonnage (tons) t = Coal thickness (m)

D = Weight of coal per volume (density)

L = Luas area batubara (m2)

a = Coal seam dip(°)

The slope of the coal seam also influences calculating
coal resources. If the coal seams have different slopes,
the calculations are carried out separately:

Slope 0 - 10

Tonnage calculations are carried out directly using the
Tonnase formula, namely coal thickness x coal specific
gravity x coal area.

Slope 10 - 30

For slopes of 10 — 30, the coal tonnage must be divided
by the cosine value of the coal seam slope

Slope > 30

For slopes > 30, the coal tonnage is multiplied by the
cosine value of the coal seam slope.

Coal resource estimation using the USGS circular
method has the advantage that it is easy to apply, easy to
communicate easy to understand, and can be adjusted
easily, but requires good geological interpretation. This
calculation method is widely used in interpreting the size
of coal resource calculations. The rules for calculating
using the circular method are adjusted to the type of
resource used.

According to Anis Millayanti et al in the Padjadjaran
Geoscience Journal, the circular method forms a circle
by making the outer radius based on the SNI boundary
provisions as the area of influence. This method was
started based on USGS 1983, but because it does not
consider the actual thickness in the calculations, this
circular method is not based on USGS instead uses SNI
standards which do not explain the modeling method.
The calculation procedure or technique is to make circles
at each coal deposit information point, namely coal
outcrops and/or drilling points. After justifying the
geological conditions (simple, moderate, complex) it can
then be seen that the radius of the circle used is the outer
information distance from SNI 5015 — 2011 which is
based on the 3-point problem.

The USGS circular method is a classification system
designed to determine the total amount of coal in the
ground before the mining process begins. The USGS
circular method states that the calculation of measured
resources is carried out at a radius of 400 meters from
the Batubara outcrop towards the Batubara dip or slope.
Induced resources are measured in a radius of 1200 to
4800 meters from the Batubara outcrop towards the entry
of the Batubara dip (Wood, et al. 1983).

2.4 Definition of Overburden
The overburden layer is the rock that is above and
directly covers the layer of valuable minerals so it needs
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to be removed first before the valuable minerals can be
excavated. The formula for calculating overburden using
the circular method is:

Vob=AXxT

Information :

Vob = Volume overburden

A = Luas area overburden

T = Overburden thickness

2.5 Surpac Software 6.6.2

According to Yohanes Pamudi: 2018. Surpac is one of
the most popular, best mining analysis software,
especially in the world of the mining industry, which can
competently handle the scope of work in the field of
exploration and mining engineering and is the largest in
almost 90 countries using it. This software provides
efficiency and accuracy through easy-to-use 3-D, good
graphics, and automatic workflow and can be adapted to
work processes, especially for companies operating in
the mining industry

Surpac is almost a basic requirement for geologists,
surveyors, and mining engineers, in other fields or
resource sectors, surpac is flexible enough for every
commodity, many methods can be applied, then
multilingual capabilities enable global companies to use
it as a general solution in their operations.

Surpac 6.6.2 is integrated mine planning software
specifically designed for the mining industry covering all
aspects of mining technical information, from
exploration data to mine production scheduling. The
basis of Surpac is an open system feature and
extensibility. The Surpac process supports a variety of
special application software that allows us to provide a
reliable and dynamic 3D CAD graphics system which is
the core of the Surpac 6.6.2 system. Surpac is designed
for use by all mining professionals including surveyors,
geologists, and mine engineers.

Surpac's flexibility ensures that the software can be used
in the short and long term of coal mines and minerals.
One of the functions of Surpac software is to determine
the form of reserves and calculate the amount of reserves
based on the required data. To calculate surpac reserves,
several data are needed, including drill log data,
topographic data, and other data that support the
modeling of a deposit.

2.6 Data - Coal Resource Calculation Data

In the process of calculating coal resources, the
completeness of the data greatly influences the accuracy
of the calculation results. The data required. Outcrop or
outcrop data, drilling or drilling data, coal thickness, and
maps of the area that can support future reserve
calculations, such as geological maps, topography, drill
logs, and others

a.Drilling data

Drilling is carried out using a Jarco 175-type drilling
machine. The drilling technique is carried out vertically
with a maximum depth of 45 meters or until it penetrates
a coal layer of known thickness and position.
b.Topographic data

The data obtained is in the form of points that have
coordinates and elevations, which will later be processed
into contour lines that have more accurate elevation
values compared to topographic contour data. The
function of topographic mapping is to:

1)Know the shape and appearance of the earth's surface
in the area where the mapping is carried out, such as the
shape of the hills, the shape of the plains, and the shape
of the flow patterns (rivers).

2)Detailed drill point planning.

3)Basic data in modeling coal deposits and calculating
coal resources.

2.7 Definition of Coal

According to Ahlul Nazar: 2020, coal is a combustible
organic rock sediment (with the main composition of
carbon, hydrogen, and oxygen), formed from plant
remains over a long period (tens to hundreds of millions
of years). Plant remains can come from, among others,
moss, algae, wood, fruit, and leaves which are organic
compounds (cellulose, carbohydrates, lignite, protein,
and fat). Apart from being formed from organic
compounds, it is also accompanied by inorganic
compounds, especially mineral elements originating
from clay, quartz sand, limestone, and so on. Due to the
influence of pressure and microbes accompanied by
several chemical and physical events or geological
conditions, these plant remains will disintegrate, clump
together, and unite with each other to form layers of
coal.

2.8 Coal Forming Process

The process of coal formation is classified according to
ASTM (American Society for Testing and Material).
a.Peat

This stage is the initial stage of coal formation
(coalification). Peat comes from dead plants and
accumulates on top of the soil, which becomes thicker
and thicker, causing the bottom of the swamp to sink
slowly. The plant material is broken down by bacteria
and fungi under anaerobic conditions into CO2, water,
and ammonia, and as a result, is peat/humus. C: 61.7%;
H: 0.3%; O: 38%

b.Lignite

With changes in topography and surroundings, the peat
becomes buried under layers of slits and sand which
causes the pressure and temperature in the peat layer to
increase. Closing peat swamps provide an opportunity
for bacteria to actively decompose in alkaline conditions
causing the release of CO2, and deoxygenation of ulmin,
so that the hydrogen and carbon content increases. C:
80.4%; H: 0.5%; O: 19.1%

¢.Sub-bituminous

The next stage of coal formation is the conversion of
bituminous coal with a low geological history into coal
with a medium and high geological history. During this
stage, the hydrogen content will remain constant and
oxygen will decrease.

d.Bituminous

In the fourth stage or bituminous coal formation stage,
the hydrogen content decreases with the gradual
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decrease in oxygen. The by-products of the third and
fourth stages are CH4, CO2, and H20.

e.Antrasit

The fifth stage is anthracite. In this stage, oxygen is
almost constant while hydrogen decreases faster than in
previous stages.

Coal genesis based on where it occurs is divided into 2,
namely:

a)Teori Insitu

The materials that form coal seams occur in places
where the plants are located (occur in that place too) and
have characteristics, including wide distribution and
good quality (because the ash content is low).

b)Teori Drift

The materials that form coal seams occur in other places
where the original plants are located because they have
been transported and have characteristics, including they
are not widely distributed but are plentiful and the
quality is not good because they contain many
impurities.

3. Research Methodology
3.1 Types of Research

The method used in this research is the circular method.
The circular method is a method that is carried out by
making circles (semi-circles) at each coal deposit
information point. This method is generally applied to
sediment deposits that are relatively homogeneous and
have simple geometry. The researchers used data
processing using the software Surpac 6.6.2.

3.2 Research Data

The research subjects or samples were drilling
coordinate points and drill log data on block IV of PT
Manggala Alam Lestari Bayung Lencir to obtain the
amount of coal resources, overburden value, and
stripping ratio value on block 1V so that mining could be
carried out. The samples from this research are drilling
coordinates and drill log data

1.Sample drilling coordinates

2.Sample drill log data

3.3 Research Sites

The location of this research was carried out at PT.
Manggala Alam Lestari. Bayung Lencir District, Musi
Banyuasin Regency, South Sumatra Province.

—

Fig 2. Research Sites

3.4 Research Procedures

The procedure is a way of conducting research. The
procedures in this research were carried out in stages
with sequential activity steps. The procedures in this
research are as follows:

a.Retrieval of drill data coordinate points

b.Retrieval of drill log data

c.Process data using a circular model with the help of
Surpac 6.6.2 software.

d.Obtained the results of the calculation of coal
resources, overburden value, and striping ratio value.
Research

3.5 Operational Definition of

Variables

Research variables are anything in any form that is
determined by the researcher to be studied so that
information about it is obtained, then conclusions are
drawn. The variables in this research are drill log
samples obtained in block 1V to obtain calculations of
the amount of coal resources, overburden values, and
striping ratio values. So that mining can be carried out in
the block IV area at PT. Manggala Alam Lestari Bayung
Lencir.

3.6 Instrumentation and Data Collection
Techniques

Data collection activities are carried out using certain
techniques and using certain tools which are often called
research instruments. In carrying out research,
techniques for collecting data are used. The activities in
collecting research data are:

a.Literature Study

Literature studies are carried out by looking for
supporting library materials, both as a basis for research
and as support and related references. Literature studies
can also be taken from journals related to calculating
coal resources using the circular method with the help of
software Surpac 6.6.2.

b.Field Observation

The purpose of field observation is to make direct
observations of the processes that occur and look for
supporting information related to the research that will
be discussed.

c.Collecting data

Data collection was carried out after studying the
literature and field orientation. The data taken is primary
data and secondary data. Primary data taken in the form
of data:

1.Primary data is data collected directly in the field such
as:

Drilling log data is useful for knowing lithology. The
coordinates for this drilling point include easting,
northing, and elevation.

2.Secondary data, namely data collection without direct
access, such as:

a.Topographic maps PT. Manggala Alam Lestari.
b.Geological Map PT. Manggala Alam Lestari.
c.Exploration Map PT. Manggala Alam Lestari.

d.lup Coordinate Data PT. Manggala Alam Lestari.
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3.7 Data Analysis Techniques

Data analysis techniques are the most decisive step in
research because data analysis functions to conclude
research results. The data analysis technique used in this
research is collecting primary data and secondary data,
primary data in the form of drilling point coordinate data
using GPS (Global Positioning System), and secondary
data in the form of topographic maps, geological maps of
the research area, and regional achievement maps.
Researchers used the Circular method assisted by
Software Surpac 6.6.2.

4. Results and Discussion
4.1 Data Collection

There were two types of data collection carried out in
this research, namely primary data and secondary data.
The data obtained by researchers in the field is as
follows:

1.Primary data

Primary data in this research includes:

1).Drilling Point Coordinates.

Retrieval of drilling point coordinates data at PT.
Manggala Alam Lestari uses Garmin GPS. The drilling
point coordinates are useful for knowing the position of
the drilling point so that it can be mapped. The
coordinates for this drilling point include easting,
northing, and elevation.

% ’,’-:;e{ 3 .

Fig3. Retrieving drilling poin coo‘rdinate using Garmin GPS

2).Dip coal outcrop

Measuring the dip position of coal outcrops at PT.
Manggala Alam Lestari using Garmin GPS, with the
outcrop coordinates easting (X) 363219 northing (YY)
9759233, position measurements were taken, namely
strike (N) 164° dip (E) 19°
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Fig 4. Retrieval of Coal Outcrop Coordinate Data and Dip
Position using Garmin GPS

2.Secondary Data

Secondary data in this research includes:

1).Topographic Map of PT. Manggala Alam Lestari.

A topographic map is a contour map that depicts the
height or elevation of the earth's surface, which can be
seen in Appendix 1.

2).Geological Map of PT. Manggala Alam Lestari.

A geological map is a description of the geological
condition of an area, which includes the composition of
the existing rocks and the structural forms of each rock,
which can be seen in Appendix II.

3).PT Exploration Map. Manggala Alam Lestari The
exploration map illustrates the existence of coal outcrops
in the PT. Manggala Alam Lestari can be seen in
Appendix I11.

4).Data Coordinates iup PT. Manggala Alam Lestari
(data not yet attached)

4.2 Data Processing

From the drill point coordinate data, 5 points were
obtained, importing the drill point coordinate data
includes importing easting (x), northing (y), and
elevation (z) coordinates from the results of data input
using Surpac 6.6.2 software which can be seen in Fig.
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Fig 5. results of data input using surpac 6.6.2 software

1. Coal Resource Calculation Circular Method

The Circular USGS method is a method that is carried
out by making circles (half circles) at each coal deposit
information point. Making circles using the circular
method is done by clicking on the drill holes one by one
and entering data according to the geological conditions
at PT. Manggala Alam Lestari.

Judging from the geological map, the geological
conditions at PT. Manggala Alam Lestari is in a
moderate geological condition where this moderate
geological condition is according to SNI 5015:2011
guidelines for reporting mineral resources and reserves,
the distance to information points for inferred resources
is 500-1000 m, indicated resources are 250-500 m and
measured resources are 0-250m, from this data
researchers can calculate the amount of overburden and
coal volume.

The steps for processing data from the circular method
with the help of Surpac 6.6.2 software are as follows:

1) Save drill coordinate data in CSV (comma delimited)
format with the help of Microsoft Excel.
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Fig 6. CSV format in Excel

2) Open the Surpac software and look for the file that
has been saved in CSV (Comma Delimited) format.

3) Right-click on the folder where the file is stored and
set it as a work Directory.

Fig 7. Set As Work Directory display

The function of clicking set as a work directory is so that
the files that will be saved will be saved in that folder.

4) To display the drill hole, click the Excel file which is
already in CSV format on the surpac menu, click the
data file then change the CSV to STR by typing.

1.

Fig 8. Converting CSV data to str

5) Click the finished drill hole file in str format then drag
it to the screen.

Fig 9. Drill Hole View

6) After the drill hole is displayed on the surpac screen,
click Create on the menu, and click the circle by the
selection, which can be seen in Fig 10.

Fig 10. Proses of Making a Circle

8) Click on one drill hole point and fill in the radius
distance according to the geological conditions in the
company which can be seen on the geological map, click
apply and apply to all drill hole points.

— >

Fig 11. Entering Radius Distance Data

9) Geological conditions are geological symptoms that
exist on geological maps such as folds, faults, faults,
intrusions, and slopes.

10) After all the circles are finished, cut the part of the
outer circle that is tangent by typing CBT (Clip by Temp
Segment) at the bottom of the screen then enter, then
click clip segment inside the boundary.

Fig12. Clips Segment

11) Click on the circle that is intersecting with 3 clicks to
form a triangle. After that, a redo is done on all the
circles that are intersecting.

Fig' 13.‘Cutiing“t‘h'e“O'.utk‘er'Ciwr-(iI‘e
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12) After all the intersecting circles have been cut, click
the delete segment tool in the Surpac menu to delete the
innermost circle.

13) To connect the points that have been cut, click the
join the end of one segment tool. When connecting the
last point, click the close segment tool. After everything
is connected, save the file.

14) Drag the finished circular cropline file to the screen
to find out the area, click inquire in the menu, click
segment properties, click in the middle of the circular
cropline, and then at the bottom of the screen the
horizontal Its will appear.

Fig 14.A Cropline Circular

15) To calculate Coal tonnage and overburden volume
using the circular method, use formulas such as Table 1
and Table 2

2. Calculation of Total Tonnage and Overburden
Volume using the Circular Method

Table 1. Total coal tonnage using the circular method

No | Dipp° Cos | Ketebalan | Jarak | Luas (m?) Volume

dip | rata-rata | Radius (m®)
BB (m) (m)
1 19 0,94 2,87 100 397.942,53 | 1.214.994,72

Tonase sumberdaya terukur (p = 1,3 ton) 1.579.428,13 ton

Table 2. Total overburden volume

No Overburden Luas (m?) | Volume (m?%)

overburden

(m)
1 | Sumberdaya Terukur 10,9

397.942,53 | 1.067.573,57

3. Calculation of stripping ratio / SR

From the calculation of resources, coal volume, and
overburden, we can find out the stripping ratio, namely:
SR =or 1: 1.08.

From the results of using the circular method with the
help of Surpac 6.6.2 circle 100 m software in the
resource calculation boundary area of 397,942.53 m2,
the measured coal resource is obtained at 1,579,428.13
tonnes and an overburden volume of 1,067,573.57 m3 or
the equivalent of 1,708,117.71 tons, and a stripping ratio
value of 1: 1.08, which means that 1 ton of coal requires
1.08 tons of overburden to be removed.

4. Analysis of data processing results using the
circular method

In terms of calculating the measured coal resource
tonnage and overburden volume with the help of Surpac
6.6.2 software, has advantages and disadvantages. The
disadvantage is that if you make resource croplines from
both drill data and survey data you get less accurate
calculation results, this circular method does not take
into account thickness. coal one by one because to
calculate volume, the thickness of the coal is averaged so
this is what becomes the loser when calculating coal
tonnage and overburden volume, while the advantage of
this circular method is that it creates a resource cropline
that is easy to apply in the surpac 6.6.2 software.

5. Conclusions and Suggestions
5.1 Conclusion

1) Coal resources using the circular method in the PT
IUP area. Manggala Alam Lestari in block IV obtained
coal tonnage calculation results of 1,579,428.13 tons.

2) Overburden volume in block IV at PT. Manggala
Alam Lestari using the circular method is 1,067,573.57
m3 or the equivalent of 1,708,117.71 tonnes.

3) Capacity stripping ratio value in block IV at PT.
Manggala Alam Lestari using the circular method is 1:
1.08, which means that 1 ton of coal requires 1.08 tons
of overburden to be removed.

5.2 Suggestions

1) The estimation results obtained by researchers can be
used as a reference for companies to carry out more
accurate calculations.

2) Before carrying out data processing, be careful when
importing data because even the smallest error can result
in less accurate calculation results.

3) From the resource calculation method, the author
proposes the most appropriate circular method as a
material for evaluating resource calculations by PT.
Manggala Alam Lestari.
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