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Article info Abstract

Received: Acid mine drainage (AMD) is a significant challenge for the global coal mining
Dec 13, 2023 industry, necessitating specialized treatment to prevent its occurrence. A crucial step
Revised: in AMD prevention is identifying rocks that contribute to its formation. These rocks
Feb 26, 2024 are classified into Potential Acid-Forming (PAF) rocks and Non-Acid-Forming
Accepted: (NAF) rocks. PAF rocks have the potential to produce acid, while NAF rocks do not.
Mar 26, 2024 Laboratory analyses, including Maximum Potential Acidity (MPA), Acid
Published: Neutralizing Capacity (ANC), Net Acid Producing Potential (NAPP), and Net Acid

Mar 31, 2024 Generating (NAG) tests, identified 3 sample points with potential PAF characteristics
out of 35 samples tested (see Table 3.1). Among these, 2 sample points were

Keywords: classified as Potential Acid Forming-Low Capacity, and 1 sample point was
Reclamation, categorized as Potential Acid Forming-Medium Capacity (NAG pH 4.5, NAPP > 10
Land kg H2SO4/ton). The acidity level of mine water resulting from landfilling varies
Management, significantly based on the mineral content and landfilling techniques used. Mined
Acid Mine material with high carbonate mineral content tends to have lower acidity levels in
Water, PAF, leachate and can even neutralize formed acid. The stockpiling strategy implemented
NAF involves layering PAF material followed by a final cover of NAF material and a

rooting zone to mitigate acid formation.

1. Introduction

Coal mining activities have the potential to damage the environment because of the nature of the activity
which can change the natural landscape. In mining activities, AAT can occur in open mines and
underground mines. In general, this situation is caused by sulfide minerals contained in naturally
oxidized rocks and supported by high rainfall, which will further accelerate the change in oxidation of
sulfur to acid [1]. This is a real impact resulting from mining activities which can cause pollution and
decrease the physical and chemical properties of the soil. If there is a decrease in quality in this aspect,
this will create undesirable conditions, such as loss of soil fertility due to mining, then the agricultural
or plantation results obtained will be unsatisfactory and could cause losses.

One issue that is always present in the mining industry is acid mine drainage. Environmental problems
of pollution from acid mine drainage have occurred for many years. Acid Mine Water characterized by
a very high acidity level (PH<5) is long-term pollution. the results of weathering or chemical reactions
between air and minerals when washed by rain runoff or groundwater seepage and also reactions
between water and minerals can result in changes in the quality of rain runoff or groundwater. If the
changes that occur are indicated by a high level of acidity, this is referred to as Acid Mine Drainage
(AMD) [2]. In some cases, acid mine drainage is still present hundreds of years after the mining pit from
which AAT has been sourced has finished operating. Acid Mine Drainage (AMD) or acid mine drainage
(AAT) is a term used to describe surface water pollution that occurs around mining activities.

According to the Decree of the State Minister for the Environment Number 113 of 2003 [3] that every
person responsible for mining business or activities is obliged to carry out processing of waste water
originating from mining activities and waste water originating from processing/washing activities so
that the quality of waste water discharged into the environment does not exceed waste water quality
standards. Mining (AAT) is water with a low pH and high metal solubility as a result of reactions
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between sulfide minerals exposed due to excavation activities, oxygen and water. In open-pit mining,
AAT has the potential to form in active mining areas and be disposed of.

The presence of AAT in the environment, especially surface water and ground water, has the potential
to impact environmental quality and habitat disruption [4]. Another term that is often used is Acid and
Metallic Drainage (DAL) or Acid and Metalliferous Drainage (AMD). The term AMD is used
considering that not all drainage problems related to sulfide oxidation are acidic. In some locations,
near-neutral but metal-laden drainage can be as difficult to manage as acid water [5]. Overburden rock
in coal mining can be used as an indicator to predict the potential for acid mine drainage other than that
originating from the coal itself. Backfilling is an effective method for reducing the acid content of
current mining activities or abandoned mine fields [6]. The acidity level of mine water resulting from
landfilling varies greatly depending on the amount and type of minerals it contains and the landfilling
technique. If the mining material contains a lot of carbonate minerals, the acidity level of the leachate is
lower and can even neutralize the acid formed. This situation causes mine water to be neutral or alkaline
and also reduces the amount of dissolved metal ions. The nature of each layer can contain different
minerals, especially in the cover layer, so the stockpiling technique greatly influences the acid-base
properties of the mine water produced. Incorrect landfill techniques can cause the released mine water
to be very acidic, causing undesirable environmental problems [7]

Acid mine drainage is one of the most serious challenges faced by the coal mining industry worldwide.
Acid mine water with a low pH value (<4) usually increases the distribution of heavy metals and silica
in the water [8]. At the post-mining stage, treatment plans generally involve removing pollutants from
mine water which is quite effective. However, operating costs, maintenance and capital costs need to be
considered, such as calculating the alkalinity needed to raise the pH high enough, thereby reducing
operating costs [9]. There are 2 (two) main issues that must be considered in overburden removal,
namely minimizing transportation costs and preventing acid mine drainage (AMD) problems [10].
Therefore, special treatment is needed to prevent the occurrence of acid mine drainage, one of which is
identifying rocks that can cause the formation of acid mine drainage. These rocks are classified into two,
namely PAF rocks and NAF rocks. PAF (potential acid forming) rocks are rocks that have the potential
to produce acid. Meanwhile, NAF (Non-Acid Forming) rocks are rocks that do not have the potential to
produce acid. In determining the properties of PAF or NAF rocks, an acid balance calculation is required
by looking for parameters such as MPA (Maximum Potential of Acidity), ANC (Acid Neutralizing
Capacity), NAPP (Net Acid Producing Potential), NPR (Net Potential Ratio), and NAG (Net Acid
Generating) [11]

2. Methodology

Prevention of the formation of acid mine drainage begins with identifying the geochemical
characteristics of rocks to determine whether a rock has the potential to generate acid PAF (Potential
Acid Forming) or not NAF (Non-Acid Forming). NAF rocks can be divided into rocks that have the
potential to neutralize acid (acid neutralizing) and rocks that do not have the ability either to neutralize
acid or to form acid [12]. To prevent environmental damage due to acidic material, drilling can be done
to get an idea of the rock composition in the pile, especially if there is not sufficient information
beforehand, as well as monitoring changes in the rate of weathering and leaching which can affect the
quality of mine water [12]. Then laboratory analysis is needed whose results can be used in efforts to
prevent environmental damage caused.

In this research, NAF and PAF testing was carried out at the Mining Technology Laboratory, Lambung
Mangkurat University. Parameters carried out in the laboratory such as MPA (Maximum Potential of
Acidity), ANC (Acid Neutralizing Capacity), NAPP (Nett Acid Producing Potential), and NAG (Net
Acid Generating):

2.1 NAPP (Net Acid Producing Potential).

NAPP is a method used to identify rock acidity, taking into account the rock's ability to produce acid
and the rock's ability to neutralize it. NAPP calculation is based on the formula:

NAPP (kg/ton) = MPA — ANC (kg/ton)
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MPA = Maximum Potentially Acidity

ANC = Acid Neotralisin Capacity

If a rock sample has a NAPP value greater than zero, it is categorized as having the potential to produce
acid, and a rock sample with a NAPP value of less than or equal to zero is included in rock that does not
produce acid or is an acid neutralizer.

2.2 NAG (Net Acid Generating)

NAG or Net Acid Formation (PAN) or is carried out by reacting rock samples with a strong oxidizer,
namely hydrogen peroxide (H202), to completely oxidize all sulfide minerals in the rock sample
quickly. During the oxidation process, the formation and neutralization of acid occur simultaneously so
that the final result of this test represents the net amount of acid produced from the rock sample [12].
In this test, experiments are carried out in the laboratory with hydrogen peroxide, the pH and volume of
NaOH used for titration are measured. If the pH result in the NAG test is less than 5, then the sample
includes cover soil that can produce acid and the final titration volume will show the amount of acid that
will be produced.

2.3 ANC

ANC is a method of determining the amount of neutralizing minerals (generally carbonate, CO3-2) in
rock samples that can react with acidifying minerals (generally SO4-2 sulfate) in rock samples. Different
from the method of determining the amount of acidity (actual and potential acid), this method is used to
determine the ability of the sample to neutralize the acid contained in the sample itself using a Mettler
Toledo titration apparatus. The large number of ANC values will affect the alkalinity of a rock sample
[13].

The formula for finding ANC is as follows: ANC = (Y x M. HCl/ Sample Weight) x C......
From the test results above, the NAPP value can be determined based on the formula below.

NAPP = MPA — ANC

NAPP = kg H2SO4/tonne rock

MPA =9%TS x 30.625 kg H2SO4/tonne rock
ANC = kg H2SO4/tonne rock

2.4 Encapsulation Method

To manage the possibility of acid mine drainage from embankment soil, soil accumulation management
is carried out as follows: during embankment, soil containing sulfide minerals is placed at the bottom,
then covered with a layer of soil that is waterproof and does not contain sulfide minerals (encapsulation
method). One way to prevent acid mine drainage is to carry out an encapsulation method where PAF
(Potentially Acid Forming) and NAF (Non-Acid Forming) materials are handled so that there is no
contact between water, air, and sulfide minerals originating from PAF materials. The concept of the
encapsulation method is to break the reaction chain to avoid the occurrence of acid mine drainage [14].
The encapsulation method can be shown in Figure 1, where the treatment consists of coating the PAF
material using NAF material so that water and air do not enter the PAF material which results in
inhibiting the formation of acid mine drainage.

NAF/ANC waste rock

Compacted clay

AF waste roc ﬁ
¢ & il e i raat e
Sseaursstaatly

Figure 1. Encapsulation process [15]
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Table 1. Acid Mine Drainage in the Hajak site

TESTING
SAMPLE EC TS* ANC MPA NAPP I\L‘}IG N:}‘I; 1‘;‘;1‘;
NO  LAB.ID NO LITHOLOGY AMD
PH 45 7 CLASSIFI
pslem % (keH, SO, /ton) CATION
(kgH, SO,/ton)

1 tExotes0 G NN SoIL 478 004 003 -2 1 3 - <01 191 NAF

2 wEoiest PNV cLarstovE 764 00 005 16 2 <14 853 <00 <00 NAF

3 LE22.01682 %ﬁ’lﬁf)l\g' CLAYSTONE 751 0 007 18 2  -16 834 <01  <0.1 NAF

4 Lenotess QTN SoIL 522 002 003 -2 1 3 58 <01 191 NAF

s umow GRS CLOSTONE 4s 009 255 5 7T 166 63 186 PARMC

6  LE22.01945 g%gﬁ“l CLAYSTONE 748 041 001 9 0 9 844 <01 <01 NAF

7 we2oioss GOV crarstone 7210 062 001 9 0 9 861 <01 <01  NAF

s Lezoia7 OGN ciavsrone 704 038 006 7 2 5 751 <01 <01 NAF

9 LE22.01048 G;fﬁg‘ﬁ' CLAYSTONE 751 007 001 6 0 6 778 <01 <01 NAF
10 Le2201049 GV crarsronE 755 144 007 0 2 9 834 <01 <01  NAF
nooezoer GMMNSciavstone 786 234 001 39 0 39 728 <01 <01 NAF
12 LE22.02146 GBT/X[&{];\;[' SILTSTONE 792 25 001 40 0 40 794 <01 <01 NAF
13 wezoaid9 NN savpsTone 789 412 001 320 0 31 808 <01 <01 NAF
14 wezoziso MM srrsrone 799 363 02 37 ) 37 817 <01 <01  NAF
15 LE22.02151 GB/TXMI]{;}’[Z' CLAYSTONE 65 208 075 37 23  -14 401 098 88  PAF-LC
16 LE2202152  JMUNS CLAYSTONE 61 102 006 -l 2 3 801 <00 <01  NAF
17 LE2os3 OENS sanpstone 77 s o 201 22 81 <00 <01  NAF
18 LE22.02154 gg‘gﬁ%‘s SILTSTONE ~ 807 349 001 38 0 38 98 <01 <01 NAF
19 LE22021ss SOLINScLaystoNE 748 418 002 4 1 4 703 <01 <00 NAF
20 LER02156 SN suzstone 705 026 036 2 11 9 391 098 49  PAF-LC
21 LExoos7 GAMHM: soIL 532 695 002 -6 1 7 81 <01 <0  NAF
2 enonss (MM cavstone 76 sa6 006 15 2 a3 71 <01 <01 NAF
233 emonsy QMMM coavsrone 768 28 002 19 48 722 <00 <01 NAF
24 LE22.02160 GDTXM%% SILTSTONE 804 011 001 20 0 19 859 <01 <01 NAF
25 LE202160 O NS SANDSTONE 795 033 001 10 0 -0 721 <01 <00 NAF
26 Enoee  CMMT o castone 774 333 002 10 9 768 <01 <0.  NAF
27 enones MM cravsrone 80z 128 002 12 41 799 <00 <01 NAF
28 LE22.02164 GETXM}]I)D;[ SANDSTONE 815 232 001 11 0 11 7 <01 <01 NAF
29 tenoaies TN surstove  7ss st 002 22 21 811 <00 <01  NAF
30 wenoes SN cavstone 79 346 002 s 1 5 805 <01 <0  NAF
31 enoer QMO cravstone 714 1es 002 3 1 2 707 <01 <00 NAF
2 tenoes QMM cravsrone 706 1349 015 24 s 19 762 <00 93 NAF
3 wenoe GV sanpstone 718 306 002 1 1 0 594 <01 171 NAF
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TESTING

EC TS* ANC MPA NAPP NAG = NAG — NAG

NO  LAB.ID SAMPLE  /rHOLOGY p__ pH  pH AMD
NO PH 45 7 CLASSIFI
ps/em % (kgH, SO, /ton) CATION
(kgH, SO,/ton)
GTM-HM-
34 LE22.02170  cp i CLAYSTONE 73 472 01 15 3 A1 728 0 <01 <01 NAF
GTM-HM-
35 LE22.02171  cprns CLAYSTONE 745 481 002 34 1 33 765 <01 <0.1 NAF
Information:

TS = Total Sulphur

ANC = Acid Neutralising Capacity

MPA = Maximum Acid Producing Potential

NAPP = Net Acid Producing Potential

NAG = Net Acid Generation

NAF = Non-Acid Forming (NAG pH > 4.5)

PAF-MC = Potential Acid Forming — Medium Capacity (NAG pH < 4,5 ; NAPP. 10 kg

H>SO4/ton)
= Not Accredited
PAF-LC = Potential Acid Forming -Low Capacity
= Not Accredited

3. Results and discussions

3.1 Research Area Results

In soil samples for testing NAF and PAF at the Mining Technology Laboratory, Lambung Mangkurat
University, data was obtained that there was PAF in rock samples (Table 3). This test takes into account
the ability of the rock to produce acid mine drainage and the ability of the rock itself to neutralize acid.
The potential for acid formation (PAF) that occurs in this research area occurs due to changes in soil
structure during demolition. Three sample points were found that had the potential to be PAF or 0.01
out of a total of 35 samples tested (table 3). 2 sample points are included in Potential Acid Forming -
Low Capacity, while 1 sample found by PAF is considered Potential Acid Forming with the description
Medium Capacity (NAG pH <4.5; NAPP. 10 kg H2SO4/ton).

The testing process carried out to identify PAF/NAF materials uses the NAG and NAPP testing methods.
In the NAG test, the classification results for the GTM-HM-F/AMD9 sample show an anomaly where
the NAG value is very significant compared to other samples. This is because the GTM-HM-F/AMD?9
sample is claystone material and the material at disposal is random material.

Neutralization potential ratio (NPR) criteria, which is the ratio of acid neutralizing capacity (ANC) to
maximum potential acidity (MPA) seen from the sulfur limit value in the rock samples tested:

1. NAF contained in impurity rocks is determined based on the total sulfur content from <0.005% per
kg to 0.25% per kg

2. The potential reaction to generate uncertain acids ranges from >0.2 per kg to 0.4% per kg of total
sulfur weight

3. Sulfur found in impurity rocks >0.4%

The acid-base accounting (ABA) classification criteria use the neutralization potential ratio (NPR),
which is the ratio of the acid neutralizing capacity (ANC) to the maximum potential acidity (MPA).
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Table 2. Criteria acid-base accounting (ABA) [16]

Criteria NPR (ANC/MPA) NAPP(ANC-MPA)
Pot(;ntla!ly acid >0Or equal to 2 >orequalto 5
orming
Uncertain 1lto2 Oto5
<1 >0

Non-acid forming

3.2 Handling NAF and PAF

Preventive measures are needed to reduce the risk and minimize the formation of acid mine drainage at
overburdened material storage locations. This action can be carried out by isolating the material that
forms acid mine drainage (PAF/Potential Acid Forming) with material that does not form acid mine
drainage (NAF/Non-Acid Forming). This is done to prevent contact between water, oxygen and sulfide
minerals. Therefore, good management of PAF and NAF materials is needed in the disposal area to
minimize the potential for the formation of acid mine drainage.

In saturated soil layers, if treated properly it will create an oxygen-deficient environment, allowing the
growth of sulfate-reducing bacteria. The growth of sulfate-reducing bacteria is driven by the presence
of electron acceptors (sulfate) and electrons (organic carbon substrate). This can also minimize the
population of other bacteria that will compete for electrons. This can be a basis for the company in
making decisions regarding the treatment that will be carried out in anticipating the possibility of the
formation of acid mine drainage originating from the overburden/disposal dump area. The planned
management system should meet approaches such as; Prevention, Minimize the occurrence of acid mine
drainage, Control of stagnant water, and Periodic checking.

This impurity rock management plan also applies operational techniques and drainage designs to
produce water that does not stagnate and seep into the ground. In general, handling of Acid Mine Water
(AAT) can be done by preventing the formation of AAT and handling AAT that has formed, especially
those that will leave the location of mining activities.

1. Prevention of AAT Formation

Prevention of AAT formation is to reduce contact between sulfide minerals, such as pyrite, with water
and oxygen in the air, by arranging soil dumping to ensure that soil and/or rocks that have the potential
to form acid (potentially acid forming, PAF) do not appear (exposed) on the surface. embankment, where
the PAF will be filled with soil and/or rock that does not have the potential to form acid (non acid
forming, NAF) using the following technique:

a. One meter of compacted clay cover
Placement of a one-meter thick layer of compacted clay on top of PAF soil and/or rock. Compaction is
carried out in two lifts each half a meter.

Topsoil
i
) - Batuan NAF
J;-a;-h 1 '"I tidak dipadatkan
w
2m I Tanah liat dipadatkan

Batuan PAF

1o}

Figure 2. Example of one-meter compacted clay cover
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dipadatkan
5 "'I Batuan PAF

Figure 3. Example of a two-meter compacted NAF rock cover

b. Two Meter NAF Rock Cover Compacted

Placement of a two-meter thick layer of compacted NAF soil and/or rock on top of the PAF rock is
carried out in four lifts, each half a meter thick. Each lift is conditioned and compacted before
deployment of the next lift. Covering embankment areas can use the compaction method with clay or
cover rock, or loose cover rock.

2. Handling AAT that has been formed

Handling of AAT that has been formed and has the potential to leave the mining site is carried out to
achieve water quality conditions as required in Government Regulations on water quality. In general,
there are two ways of processing water, namely active and passive. Active handling, for example, to
raise the pH value to normal conditions, is done by adding chemicals such as lime. Actively, lime (in
powder/flour form) is mixed directly into AAT in water channels or special containers, or in water
storage ponds. Meanwhile, for passive handling, AAT is channeled through channels where there is lime
(in the form of rock) as a "neutralizing medium" for the AAT that passes through it. Water pumped from
the mine drainage system contains solid particles and sludge with a low pH (acid). Therefore, before it
flows into a water body (river), it is first collected and deposited in a settling pond.

4. Conclusion

The conclusion that can be drawn from this research is that the acidity level of mine water resulting from
landfilling varies greatly depending on the amount and type of minerals it contains and the landfilling
technique. If the mining material contains a lot of carbonate minerals, the acidity level of the leachate is
lower and can even neutralize the acid formed. This situation causes mine water to be neutral or alkaline
and also reduces the amount of dissolved metal ions. In this research, the parameters used in laboratory
testing used the NAG and NAPP testing methods. The materials found in the research area are soil,
claystone, siltstone, and sandstone. With the results of rocks containing PAF acid, namely claystone and
siltstone. The stockpiling system applied is by stockpiling PAF material and then the final design is
coated with NAF material and topsoil. In the research area, 1 soil sample with sample number GTM-
HM-F/AMD9 was found to contain PAF material which has the potential to form acid with a NAG pH
value <4.5; NAPP 10 kg H2SO4/ton).
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