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Abstract. PT. Batubara Lahat, located in South Sumatra province, is a company
that conducts coal mining using the open pit method. The open pit mining method
creates a flow of water that has low pH properties commonly known as acid mine
drainage and then becomes one in the lowest area of mining which is commonly
called a sump. Acid mine drainage is water produced through oxidation of sulfide
minerals in rocks by oxygen in the air in an aqueous environment. [n good mining
engineering regulations, companies must be responsible for overcoming the
potential for the formation of acid mine drainage, one of which is by analyzing the
quality of water that will be formed in testing as a first step by understanding the
geochemical characterization of rocks on a laboratory scale. Geochemical
characterization of rocks is determined by several laboratory tests, namely, static
tests and kinetic tests, where in static tests are usually carried out by measuring
total sulfur, paste pH, NAG pH, and Acid Base Accounting (ABA) methods, while in
kinetic tests are usually carried out by the Free Draining Column Leach Test
(FDCLT) method. The samples used in this study were the side rock samples of PT
Lahat Coal, namely BL-A1, BL-A2, BL-B, BL-C, BL-D, BL-E and BL-F. Based on the
results of this study, samples BL-A1, BL-A2 are categorized as potentially acidic
rocks or PAF while samples BL-B, BL-C, BL-D, BL-E and BL-F are categorized as
rocks that are not potentially acidic or NAF. The results of characterizing the
geochemistry of these rocks can be a consideration for PT. Batubara Lahat in
managing rock dumps in order to meet the environmental standards that have
been set.

1. Introduction

Mining gth open pit or open mine method are activities that can have a huge environmental
impact. Environmentally, the existence of coal mining has an impact on landscape change,
decreased soil fertility, threats to biodiversity, decreased water quality, decreased air quality and
environmental pollution [1]. The mining industry in post operation also leaves mine pits and acid
mine drainage [2]. The exposed area of the coal at the pit wall contacted with water creates low
pH water or is called acid mine drainage [3], [4]. Acid mine drainage occurs as a result of the
dissolution of sulfide minerals by water, air and microorganisms. Currently, the occurrence of acid
mine drainage can damage the environment and pollute the water. Acid mine drainage that flows
into waterways can become a pollutant that is toxic to organisms around the waters. Thus, acid
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mine drainage can also be a serious risk if not handled properly. Acid mine drainage will continue
to occur even though mining activities have ceased [5].

Based on the significancy, it is necessary to study the efficient handling of acid mine drainage
as a prevention step. One of the first steps is a geochemical study of rocks with laboratory-scale
testing, one of which is static testing. Static test is the determination of the presentation offotal
sulfur and the amount of acid that can be neutralized by the roﬂ:y measuring total sulfur, paste
pH, NAG pH and Acid Base (ABA), There are measurements of Acid Neutralizing Capacity (ANC),
Maximum Potentially Acid [MPABnd Net Acid Producing Potential (NAPP). The static test alone
could not be used to categorize the rock Potentially Acid Forming (PAF) or Non-Acid Forming
(NAF). Additionafff@sts need to be done to support static test. Static tests alone cannot be used to
categorize rocks as Potentially Acid Forming (PAF) or Non-Acid Forming (NAF).

Additional tests need to be carried out to support the static test, namely continued with the
kinetic test. kinetic test is a test of the kinetics of acid formation reactions in samples through a
simulation of oxidation reactions in rocks and leachate water quality. Through this test, long-term
weathering chaleterization can be predicted as a function of time. The measurements taken in
the kinetic test are pH, Total Dissolved Solid (TDS), Oxidation Reducti(a Potential (ORP) and
Electric Conductivity (EC). The purpose of this research can be a reference to prevent the potential
formation of acid mine drainage.

BLF BLE BLD BLC

BLB BL Al
BL A2

Figure 1. The area where rock samples were taken
2. Method

2.1. Sampling

The research was conducted using experimental methods and quantitative approaches by
conducting grab sampling in 7 locations that are considered representative of lithological and
stratigraphic conditions that can be seen from the type of rock, composition and minerals in the
sampling. it can be seen in the Figure 1, that there are several layers on the wall to the west with
different colors of rock composition so that between the layers representative samples can be
taken.
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2.2. Laboratory Testing

The samples were prepared by drying, splitting, and comminution (crushing, grinding, and
milling) in @f#er to meet the required weight and size for the subsequent testing and analysis,
which are Static and Kinetic Test. Static test as the@st step in geochemical characterization
studies on rocks, this test is assessed to obtain results between acid-forming components, narely
sulfide minerals and acid-consuming components, namely carbonate minerals in the sample. The
purpose of this static test is to provide an overview of the potential acidity that can be neutralized
by the sample based on the composition of the rock sample and the results can be used to
determine the rock category between PAF or NAF temporarily. In general, there are two categories
of tests to deffiinine the potential for acid formation, namely the acid- base calculation (ABA)
test, namely the difference between the maximum acid potential and the acid neutralizing
capacity and the NAG test which is carried out by adding strong acid (H202) mThe static test is
conducted based on SNI 6597: 2021 concerning rock characterization tests for determining the
potential for acid mine drainage formation.

The kinetic test is a test that can be conducted in the laboratory where it aims to determine
the kinetics of the acid formation reaction of the sample by simulating the oxidati@ reaction test
on the rock. The information obtained from this kinetic test can provide validation of the potential
for acid mine drainage formation, the amount of sulfur percentage and acid generation, the
reduction in neutralization potential and determine the appropriate test strategy to evaluate acid
mine drainage management. In this kinetic test, simulations are carried out using two conditions,
namely wet watering conditions and dry conditions where the two conditions can be carried out
with daily, weekly and even monthly cycles. In the wet cycle, distilled water are sprayed onto the
surface of the rock sample with several variables of water volume in accordance with the ability
of the rock to release leach water, then the leach water is c@@ected in a container such as an
erlenmeyer. Later, several parameters measured, namely pH, Total Dissolved Solid (TDS),
Oxidation Reduction Potential (ORP), and Electrivity Conductivity (EC) [7]. The kinetic tests is
conducted based on AMIRA 2002.

3. Results and Discussion

3.1. Static Test
Based on Figure 2 and Table 1, the geochemical classification results of the relationship graph
between NAPP and pH NAG in rock samples can be explained as follows: Sample BL A1 with NAPP
result (-13.90) Kg H2S04/ton; pH NAG 6.37; Sample BLAZ with NAPP result (-25.75) Kg H2504/ton;
pH NAG 11.76; Sample BL Crock with NAPP result (-9.17) Kg Hz504/ton; pH NAG 6.08; and Sample
BL D rock with NAPP results (-24.23) Kg H2504/ton; pH NAG 4.90. So that te four rock samples
meet the requirements in rock classification by having NAPP results < 0 and NAG pH > 4.5 namely
with Non-Acid Forming (NAF) rock types [8]. While the other three rock samples with the following
results: BL B rock sample with NAPP results (-55.80) Kg H2S04/ton; pH NAG 2.74; BL E rock sample
with NAPP result (-21.97) Kg H2S04/ton; pH NAG 3 and BL F rock sample with NAPP result (-30.57)
Kg H2S04 and pH NAG 3.53. Where these three samples have NAPP results < 0 but NAG PH < 4.5
this makes the two samples included in the Uncertain (UC) rock type. Because according to the
rock classification requirements of the two types of rock classification, PAF rocks with NAG pH <
4.5 with NAPP > 0 while the type of NAF rock classification with NAG pH > 4.5 with NAPP <0 [8].
The three uncertain rock samples can be determined again by looking at the pH paste test
results so that the rock type can be identified. The pH paste results are as follows: BL B with a pH
paste test result of 7.90; BL E with a pH paste test result of 7.3; and BL F with a pH paste test result
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of 7.3; Based on the pH paste results, the three samples can be classified into Non-Acid Forming
(NAF) rock types. Apart from pH paste, data validation can be done by comparing ANC and MPA
called Net Potential Ratio (NPR). From the NPR value in Figure 3, it has been determined that for
the three uncertain sampla BL B, BL E and BL F have an NPR value > 2, which means that the
rock samples are NAF. In the results of the tests carried out to determine indeterminate rock
samples, namely from the measurement of pH paste and NPR, the material can be classified.

Table 1. Result of Static Test

Sl:amn}::ee ({/f] MPA* ANC* NAPP* NAG pHPasta  Type of Rock
BL-AL 048 14.56 28.46 -13.90 637 59 NAF
BLAZ 071 2171 47.46 -25.75 1176 56 NAF
BLB 036 10.90 66.70 -55.80 274 7.9 uc
BL-C 063 19.29 28.46 -9.17 6.08 62 NAF
BLD 097 29.64 53.87 -24.23 4.90 59 NAF
BLE 075 22.93 44.90 -21.97 3.92 73 uc
BLF 076 23.31 7 -30.57 3.53 7.3 uc

Note: *in Kg H,S0, /ton, TS: Total Sulphure; ANC: acid-neutral capacity; NAG: Net Acid Generation; MPA: Maximum
Potentially Acidity; NAPP: net acid production potential.
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T 750
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Figure 2. Graph of the Relationship Between NAPP and NAG pH
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Figure 3. Comparison Chart of ANC Values with MPA

Table 2. Rock classification from the comparison results of pH paste and NPR

Sample pH pasta NPR Rock Type
BL-B 7.9 >2 NAF
BL-E 7.3 1-2 NAF
BL-F 7.3 >2 NAF

3.2. Kinetic Test

Kinetic tests were conducted at the Rock Geomechanics Laboratory, Faculty of Earth and Energy
Technology, Trisakti University. Tests that have been carried out §lith a daily cycle, namely witha
daily period of 25 days using measurement parameters namely pH, Total Dissolved Solid (TDS),
Oxidation Reduction Potential (ORP), and Electrivity Conductivity (EC). Based on the Table 3,
samples BLA1 and BL A2 are classified as PAF rock types, although in the static test interpretation
the two samples show the NAF rock type, but from the kinetic test results the two samples
produce pH values that are in accordance with the pH requirem@hts of AAT, namely < 4.5.
Meanwhile, BL C and BL D are classified as NAF rock types both from the static test interpretation
results and the kinetic test interpretation where the two samples are in accordance with those
that are not classified as AAT. Furthermore, BL B, BL E and BL F in the static test interpretation
results are classified as UC rocks but interpretation results the three samples are classified as
NAF rock types because the results of the kinetic test are the process of oxidation and leaching of
rocks whose processes are formed naturally in the field not mixed with climatic materials or
reagents given or other treatments to the sample. So that the kinetic test is more confident in the
accuracy of the results compared to the results of the static test [9].
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Sample Static Test Result

Table 3. Geochemical Characterization of Rocks

doi:10.1088/1755-1315/1451/1/012043

Kinetic Test Result  Classification of Rocks

BL-Al NAF PAF PAF
BL-A2 NAF PAF PAF
BL-B dC NAF NAF

BL-C NAF NAF NAF

BL-D NAF NAF NAF

BL-E uc NAF NAF

NAF NAF

BL-F uc

3.3. Distribution of PAF and NAF
In the study that has been carried out supported by static test and kinetic tests, it can be
concluded in accordance with table-3 above the results of the geochemical characterization of
kinetic test rocks where the data is valid, as validation of data from static tests, then from the
test results can be made the distribution of PAF and NAF areas in the western pit mining sidewall
and mining seam. Based on Figure 4, the distribution of PAF and NAF areas on the side walls of
the mining pit can be separated by colored lines based on lithology and rock stratigraphy. it can
be explained that: Gray color line is Roof & Floor (BL Al & BL A2) coal whose rock type is PAF;
Gray-yellow color line is soil (BL B) whose rock type is NAF; Yellow-green color line is clay rock
(BL C) whose rock type is NAF; Green color line is siltstone (BL D) whose rock type is NAF; and

Blue and Aquamarine color lines are sandstone (BL E & BL F) whose rock type is NAF.

Figure 4. Distribution of PAF and NAF in the West Pit of PT Batubara Lahat

BLD BLQ/

B BI Al

BL AY
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4., Conclusion

Based on the static tests conducted on a laboratory scale, the geochemical characterization of
rocks in coal mining wall samples at PT Batubara Lahat can be concluded as follows: The
geochemical characterization of rocks in side rock samples based on the static test, 4 samples are
NAF, (BL A1, BL A2, BL C, and BL D), while for the other 3 samples are UC (BL B, BL E and BL);
The results of the kinetic test verification resulted in 2 PAF samples, (BL Al and BL) A2 and 5
other samples are NAE (BL B, BL C, BL D, BL E, and BL F), and The results of geochemical
characterization carried out in kinetic tests can represent the distribution of PAF and NAF at the
PT Batubara Lahat coal mining site.
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