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ABSTRACT

The Acid-Base Accounting (ABA) and TCLP methods from overburden samples collected
from the coal mine in Kasai were undertaken to predict pre-mining acid mine water quality. Maximum
potential acidity (MPA), acid neutralization capacity (ANC), net acid generation (NAG), net acid
producing potential (NAPP) and ANC/MPA ratios were determined on the Acid-Base Accounting
(ABA) protocol. Most of the samples from KS-10, KS-11 and KS-12 show the pH of NAG of overburden
ranges from 5.53-7.86 negatively net acid neutralization potential (NAPP). The ANC/MPA ratio varied
from 1.09—26.60 and is classified as non-acid-forming except at an interval depth of 7.00-9.00 m
in KS-12, where it is classified as uncertainty. The potentially acid mine water detected in KS-39 at
an interval depth of 16.00-36.00 m was classified as potential acid forming (PAF), indicated by a
positive NAPP, a low ratio of ANC/MPA (below 1.0) and high dissolved metal iron.

Keywords: Acid-base accounting, Acid mine water, Acid neutralization capacity,
Net acid neutralization potential.

INTRODUCTION

Acid mine water (AMW) is an environmental

concern for coal mining throughout the world.

AMW occurs during mining processes when metal
sulfides in coal and over burden rocks are exposed
to oxygen and water, causing a rapid oxidizing
reaction. Oxidation of metal sulfide, especially pyrite,
has the potential to produce sulfate, which may turn
into sulfuric acid'. Subsequently, it may be dissolved
by rain and leaching to acid mine water. AMW can
also cause heavy metal leaching from coal or waste
disposal. Consequently, some toxic metals (e.g.,
lead, zinc, copper, arsenic, selenium, mercury and

cadmium) may contaminate runoff and groundwater.
Other metals, like sulfide minerals (pyrite, pyrrhotite,
marcasite, arsenopyrite and enargite), which are
often found in coal deposits, can be a source of an
acidic mine. The coal and overburden layers will
release metals to contaminate the environment
surrounding the coal mine.

The processes of acid formation and metal
precipitation have taken place together during the
formation of AMW, which is closely related to the
oxidation of pyrite and precipitation of Fe hydroxides
(Fe (OH),). The acid mine water formation from pyrite
can occur by three chemical reactions, as follows:
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FeS,+3.750,+3.5H,0 = Fe(OH),+2S0,z+4H" (1)

2CaCO,+2H,80, = 2Ca + 2H,0 + 2CO,
+2802 @)

FeS,+2CaC0,+3.750,+1.5H,0 = Fe(OH), +
2S0,#+2Ca*+ 2CO, 3)

Reaction (1) is an acid-forming reaction
which indicates how the important oxidant of pyrite
is oxygen. This reaction is produced when ferrous
iron and sulfur are oxidized into sulfates. Reaction (2)
is an acid-neutralizing reaction by adding carbonate
minerals such as CaCQO,. Reaction (3) is a reaction
where the acid-generating potential (reaction 1)
is balanced by the acid-neutralizing potential
(reaction 2).

One of the important processes when
planning a mine is predicting of the potential acid
mine water, which can have an impact on the
economic value of the mine. The acid mine water
can be predicted qualitatively and quantitatively
by studying geological factors, such as mineral
composition, stratigraphy and hydrogeology'*.

There are two types of tests for determining
the risk of acid water formation and metal mobility in
mining activities: the static test and the kinetic test.
In this paper, the static test is stressed as a subject
of research. It consists of a single test or a set of
chemistry tests performed on mining overburden at
a single time. The static test can be divided into two
types of tests: (1) ABA (Acid-Base Accounting) and
(2) static leaching test.

Acid-Base Accounting (ABA)

The ABA is a method to predict the potential
of mine acid formation of mine acid produced by
various geological materials. This method was
introduced by Dr Richard M. Smith and his colleagues
from West Virginia University in the late 1960s. The
ABA protocol was further enhanced and progressed
into an internationally recognized standard method.
This method identifies acid- and alkaline-producing
materials in the overburden. The ABA is claimed as
the first technology available to predict the quantity
of acid-producing materials prior to mining. With
the enactment of the Surface Mining Control and
Reclamation Act of 1977 (SMCRA) in the USA,
ABA in 1977 and the 8" International Conference on
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Acid Rock Drainage, International Network for Acid
Prevention, June 2009, Skelleftea, Sweden, ABA
has become widely adopted as a method to predict
post-mining drainage quality through overburden
chemistry analysis®’

ABA tests quantify the balance net acid
producing potential (NAPP) between potentially acid-
generating potential (MPA), particularly the oxidation
of sulfide materials, and acid neutralizing capacity
(ANC) in a sample, such as the dissolution of alkaline,
carbonates, displacement of exchangeable bases
and weathering of silicate®®. The ABA parameters
are described below:

a. MPA (maximum potential acidity) is defined
as the maximum amount of acid that can
be produced from the oxidation of sulfur-
containing minerals in a rock sample. The MPA
was measured and calculated from the total
sulfur content. According to the stoichiometry
and molar mass of components in reaction 1,
the maximum amount of acid that could be
produced by a sample containing 1% S as
pyrite would be 30.6 kilograms of H,SO, per
ton of material. The MPA is calculated from
the total sulfur content as: wt% total sulphur
x 30.6 (kg H,SO /).

b. ANC (acid neutralizing capacity) is calculated
from the amount of acid neutralizes in the
samples based on wet chemical titration.
ANC = [Y x MHCI /wt] C
Where: Y= (Vol of HCI added) — (Vol of NAOH
titrated x B)

B = (Vol of HCI in Blank)/ (Vol of Na OH titrated
in Blank)

MHCI = Molarity of HCI

wt = sample weight in grams

C = Conversion factor (C = 49.0 to calculate
kg H,SO,/t)

c. NAPP (net acid producing potential); NAPP
=MPA - ANC

d. The net acid generation (NAG) test is a direct
test to determine the ability of the samples to
produce acid via sulfide oxidation.

e. The ANC/MPA ratio is a tool to assess the
safety margin of overburden materials. A
lower ANC/MPA suggests a high tendency of
materials in acidic conditions (low pH). This
can raise environmental problems caused by
acid mine water.



HAMDANI et al., Orient. J. Chem., Vol. 35(3), 1103-1111 (2019)

Many scholars have predicted the quality
of pre-mining and post-mining coal water drainage
using overburden rock chemical data. The ABA
parameter was found to be the best indicator of
post-mining drainage quality'®'s. Overall, the ABA
methods provide a plethora of data and more
in-depth quantification of the acid generation potential
and potential acidity components of the sample.

Metal Dissolution Test by TCLP

The presence of acid mine water can
also dissolve harmful metal compounds and toxic
substances such as mercury, lead, cadmium,
arsenic and others contained in the overburden
rock samples, thereby increasing the number of
metal ions dissolved in water. The dissolution of
these metal ions is dangerous for life in this water.
To ascertain the potential for acidic water determined
by the ABA method we also conducted hazardous
metal dissolution concentration by TCLP analysis
(Toxic Characteristic Leaching Procedures). The
TCLP is designed to determine the mobility of both
organic and non-organic analyses present in liquid,
solid, and multiphasic waste.
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Methods and Sampling
Site Description

The Kasai coal mine is situated 20 km
southeast of Tanjung Redeb, the capital city of Berau
Regency. Geologically it is situated in Berau Basin.
Geologically, two coal-bearing formations can be
identified in the basin: Middle to Late Miocene from
the Lati Formation and Pliocene to Pleistocene
from the Sajau Formation. The ABA analysis is
only performed on the overburden rock of the Sajau
Formation, which is dominated by claystone. The
mine should commence operations in December
2018. Proposed mine production is for a 5-year mine
life with a potential acid mining water influence area
of approximately 50 ha.

Samples sampling

The sampling for ABA evaluation of acid
generation has been taken from three (3) coal drill
holes in Kasai coal mine (drill holes KS-10, KS-11,
KS-12 and KS-39) and were drilled in January 2017,
prior to mining exploration. The number of samples
for ABA evaluation is 49 (Table 1). The coal and
carbonaceous clay were not analysed because of
their potentially acid-producing rocks.

Table 1: List of Drill Hole samples for ABA Evaluation

Drill Hole  Depth (m) Coal Overburden Rock
Depth (m)  Thickness (m) Amount Interval Depth (m)
KS-10 30.00 20.00 - 26.00 6.00 13 1.00 — 19.50
26.10 -30.00
KS-11 30.00 21.00 - 26.00 5.00 10 4.00 - 21.00
25.80 —29.00
KS-12 25.00 17.00 -23.20 6.20 13 1.20-16.70
23.40-24.9
KS-39 36.00 19.80 — 25.90 6.10 13 1.00 - 19.70
27.50 — 25.80
EXPERIMENTAL Method)
° 1 g of pulverised sample was weighed, and

Acid-Base Accounting (ABA) method

A. MPA (The Maximum Potential Acidity)

The total sulfur was determined by LECO

Apparatus.

o The sample is combusted in an O, atmosphere
at 1370°C (V205 catalyst) to oxidize sulfide
and SO, to SO,

° The S content is measured by a calibrated
solid state infrared detector.

° MPA is determined by multiplying the total
sulfur content by 30.6.

B. ANC (Acid Neutralizing Capacity; Titration

two blanks were made.

Approximately 50 ml of deionised water and

25 ml of standardised 0.1 M HCI was added

to all samples

° The samples were placed in a hot steam bath
to boil and heated to 80 to 90°C, swirling the
beaker occasionally for 1 to 2 h or until the
reaction was complete (indicated by no gas
evolution and the particles have settled evenly
over the bottom of the flask) and then cooled
to room temperature.

o pH was checked to see if the sample was acidic
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(pH<3). If the pH was equal or >3, a further 25
ml of 0.1 M HCI was added until the p<83.

° Titrate against standardised sodium hydroxide
(NaOH) solution. Samples were titrated to a
pH of 7 using standardised 0.1 M NaOH.

C. NAG (Net Acid Generation)

° The large sample was crushed to nominal 4 mm.
Then a representative sub-sample was taken.
The sub-sample should then be pulverised to
approximately 200 mesh (<75pm).

o Approximately 2.5 grams of pulverised sample
is placed in a 500 ml conical beaker.

o Add 250 ml 15 vol. H,0, (30% H,0O, diluted 1:1
with deionised or distilled water) and put a watch
glass on top of the beaker. Place the beaker in
a fume hood or well-ventilated area.

° Put the beaker on a hot plate and gently heat
the sample until effervescence stops, or for
a minimum of 2 hours. Place the beaker at
room temperature to cool.

° Use deionised water to rinse any sample that
has been attached to the side of the flask and
add deionised water until it reaches the final
volume of 250 mL.

° Measure the pH of the solution. This pH
measurement is referred to as the NAGpH.

o Measure NAG acidity in kgH,SO,/t by back
titration of the NAG liquor only for pH <4.5
with 0.50 M NaOH.

Paste pH

To determine the paste pH, samples were
prepared for mixing by adding the deionised water
and measuring the pH after one hour.'®

° To make the slurry, mix the sample with the
water at approximately 1:10 (1g Sample : 10
ml de-ionized water) on the glass.

° Allow the slurry to stand for at least 24 h
(or overnight).
° Measure the pH directly on the slurry.

Based on the paste pH values, the
overburden samples can be classified'-?°. Paste
pH values of less than 4.0 are classified as acid
producing, with high stored acid salt. Paste pH
values of 4.0-6.0 are also acid producing, but with
less acidic salt content than a sample with a paste
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pH less than 4.0. Samples with a paste pH of more
than 6.0 are non-acid forming.

Total Sulfur (TS)

Measurements of total sulfur are done by
burning at a high temperature (high-temperature
combustion) in the LECO Furnace S-144 DR device.
Total sulfur is stated as a percent of the total weight
of the declared content of total sulfur in the samples.
The total sulfur measurement is based on American
Society for Testing and Materials (ASTM) D. 4239-
14 & 1ISO 11722 Solid Mineral Fuels-Hard Coal
Determination of Moisture in the general analysis
test sample by drying in nitrogen.

Metal DissolutionTest by TLCP (toxic characteristic
Leaching Procedures)

The TCLP analysis begins by determining
the number of solids in the sample. Total samples
for the TLCP test is eight (8) samples. The solid
phase sample will undergo treatment to make sure
every particle is <10 mm. After that, an appropriate
extraction fluid is determined by the pH testing
procedures stated in USEPA method 1311 with
revised USEPA 2004%'. The sample is then extracted
with an amount of TCLP extraction fluid equal to
20 times the weight of the solid phase for 16-20 h
on an agitation tumbler. After extraction, the TCLP
extract is separated from the solid phase by filtering
through a 0.6-micron filter. Finally, the TCLP extract is
combined with any liquid from the initial separation,
and the sample is ready for analysis of TCLP metals
using ICPMS.

Classification

The classifications used in the ABA
evaluation based on the Indonesia National Standard
( SNI) 6597-201122 (Table 2). All the classification
were based on NAPP and pH NAG data.

RESULT AND DISCUSSION

The Acid-Base Accounting (ABA) test
results are presented in Table 3. Static test results
in Table 1 are listed with minimum, average and
maximum values for each overburden rock. In
addition, minimum, average, and maximum values
for all samples are summarized at the bottom of
Table 1. The results of the static tests indicate a
natural variability in the geochemical characteristics
of overburden materials that will be encountered
during open pit mining of the Kasai coal deposit.
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Table 2: The Indonesian National Standard (SNI 6597-2011) of Rock Type

Type Rock Type pH NAG NAG NAPP pH Rock
Type 1 NAF > 45 <0
Type 2 Low Capacity PAF <4.5 <5 0-10
Type 3 Moderately Capacity PAF <45 >5 >10
Type 4 High Capacity PAF <45 >5 >10 <4,5

Table 3: ABA Test Results for Overburden Rock

ID No Depth Paste  NAG NAG Total MPA ANC NAPP ANC/ Class/
(M) pH pH  kgH,SO,/t Sulfur kgH,SO,/t (%)kgH,SO,/t kgH,SO,/t MPA Type
Drill Hole KS-10
KS-01 0.00-1.00 5.06 6.19 ND 0.015 0.47 4.1 -3.64 8.74 NAF/1
KS-02 1.00-2.00 4.96 6.19 ND 0.051 1.57 7.73 -6.16 4.92 NAF/1
KS-03 2.00-4.00 4.57 6.09 ND 0.007 0.2 5.32 -5.12 26.60 NAF/1
KS-04 4.00-6.00 4.45 6.14 ND 0.008 0.26 5.80 -5.54 22.31 NAF/1
KS-05 6.00-9.00 4.47 6.07 ND 0.011 0.33 6.04 -5.71 18.3 NAF/1
KS-06 9.00-12.00 4.18 6.01 ND 0.012 0.36 4.83 -4.48 13.42 NAF/1
KS-07 12.00-14.00 4.83 6.25 ND 0.019 0.58 4.35 -3.77 7.50 NAF/1
KS-08 14.00-16.00 4.68 6.48 ND 0.038 1.17 5.44 -4.26 4.65 NAF/1
KS-09 16.00-18-00 5.75 6.52 ND 0.014 0.44 4.47 -4.03 10.16 NAF/1
KS-10 18.00-20.00 4.97 6.62 ND 0.017 0.52 3.87 -3.34 7.44 NAF/1
KS-11 19.19-19.75 4.86 717 ND 0.011 0.34 3.87 -3.563 11.38 NAF/1
KS-12 26.20-27.70  4.99 717 ND 0.008 0.23 5.07 -4.85 22.04 NAF/1
KS-13 27.70-30.00 4.56 6.85 ND 0.011 0.32 5.20 -4.87 16.25 NAF/1
Minimum 4.18 6,01 0,007 0,20 3,87 -6,16 4,65
Average 4.79 6,44 0,017 0,52 5,09 -4,56 13,36
Maximum 5,75 7,17 0,051 1,57 6,04 -3,34 26,6
Drill Hole KS-11
H-01 0.00-1.00 4.91 6.18 ND 0.009 0.3 4.59 -4.29 15,30 NAF/1
H-02 2.00-4.00 4.51 6.13 ND 0.006 0.19 4.35 -4.16 22,89 NAF/1
H-03 4.00-6.50 4.59 6.21 ND 0.013 0.39 6.04 -5.65 15,49 NAF/1
HS-04 6.50-9.00 4.58 6.15 ND 0.007 0.22 7.97 -7.75 36,23 NAF/1
HS-05 9.00-10.00  4.59 6.18 ND 0.007 0.22 7.49 -7.27 34,05 NAF/1
HS-06 10.00-12.00 4.43 6.18 ND 0.008 0.24 5.08 -4.83 21,17 NAF/1
HS-07 12.00-15.00 4.72 6.84 ND 0.011 0.32 4.35 -4.02 13,59 NAF/1
HS-08 15.00-18.00 4.59 6.04 ND 0.011 0.32 3.74 -3.42 11,69 NAF/1
HS-09 18.00-21.00 4.57 6.16 ND 0.075 0.23 4.83 -4.6 21,00 NAF/1
HS-10 25.80-29.00 4.82 7.86 ND 0.085 0.26 4,73 -4.47 18.19 NAF/1
Minimum 4.43 5.84 0.006 0.19 3.74 -7.75 11.69
Average 4.53 6.29 0.009 0.27 5.32 -5.06 20.99
Maximum 4.91 7.86 0.013 0.39 7.97 -3.42 36.23
Drill Hole KS-12
AB-01 0.00-1.00 4.86 6.63 ND 0.01 0.31 3.26 -2.95 10,52 NAF/1
AB-02 1.00-3.00 4.68 6.12 ND 0.01 0.31 6.04 -5.73 19,48 NAF/1
AB-03 3.00-5.00 4.35 6.21 ND 0.015 0.47 6.04 -5.57 12,85 NAF/1
AB-04 5.00-7.00 4.56 6.78 ND 0.133 4.07 5.56 -1.49 1,37 NAF/1
AB-05 7.00-9.00 4.41 6.53 ND 0.152 4.65 6.28 1.63 1.35 ucn
AB-06 9.00-11.00 4.54 6.44 ND 0.069 2.1 2.30 -0.19 1,09 NAF/1
AB-07 11.00-13.00 5.75 6.48 ND 0.026 0.8 2.42 -1.62 4,28 NAF/1
AB-08 13.00-15.00 5.68 6.44 ND 0.018 0.56 2.42 -1.86 4,32 NAF/1
AB-09 15.00-17.00 5.58 7.07 ND 0.019 0.61 5.80 -5.19 9,51 NAF/1
AB-10 23.40-24.90 4.07 7.99 ND 0.008 0.25 6.53 -6.82 26,12 NAF/1
Minimum 4.07 6.12 0.008 0.25 2.30 -6.28 1.09
Average 4.85 6.67 0.043 1.41 4.67 -3.58 9.95

Maximum 5.75 7.99 0.152 4.65 6.53 -0.19 26.12
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Drill Hole KS-39
AA-01 0.00-1.00 428  6.97 ND 0.006 0.18 2.66 -2.48 14.78 NAF/1
AA-02 1.00-350 4.39  6.96 ND 0.012 0.36 5.56 -5.21 15.44 NAF/1
AA-03 3.50-6.00 455 6.4 ND 0.011 0.34 3.62 -3.28 10.65 NAF/1
AA-04 6.00-9.00 424  6.25 ND 0.238 7,27 3.86 3.41 0.53 ucn
AA-05 9.00-12.00 451  6.98 ND 0,235 7.18 3.39 3.80 0.46 ucn
AA-06 12.00-14.00 4.6  6.37 ND 0.072 22 3.26 -1,06 1.48 NAF/1
AA-07 14.00-16.00 4.81  6.69 ND 0.085 26 3.87 2,27 1.49 NAF/1
AA-08 16.00-18.00 3.15  3.44  0.27 0.303 9.26 0.97 8.29 0.10  LC-PAF/2
AA-09 18.00-19.70 3.14 3.2 0.67 0.368 11.25 3.63 7.62 0.32  LC-PAF/2
AA-10 25.75-27.00 3.03 363  2.16 0.47 14.38 2.63 11.75 0,18  MC-PAF/4
AA-11 27.00-30.00 3.02 3.07  3.46 0.631 19.3 7.91 11.33 0.41  MC-PAF/4
AA-12 30.00-33.00 299 3.05  3.56 0.668 20.43 3.14 17.29 0.15  MC-PAF/4
AA-13 33.00-36.00 3 315 297 0.655 20.03 5.56 14.48 0.28  MC-PAF/4
Minimum  2.99  3.05  0.27 0.006 0.18 0.97 2.27 0.10
Average 45 478 218 0.339 11.39 3.82 -1.87 0.54
Maximum 575 6.98  3.56 0.668 20.43 7.91 -1.06 15.44
All sample Minimum  2.99  3.05  0.27 0.006 0.18 0.97 7.75 0.10
Average  3.82 612  2.18 0.098 3.01 4.7 -4.16 11.55
Maximum  4.81  7.99  3.56 0.668 20.43 7.97 -0.19 36.23
K5-10 Ks-11
8 8 o
7 ° o . NAF
L ] - ®
6 LTI uc sl{oe o @a, uc
5 | maF
g g’
Z 1 g 4
- z
=3 3 a 3
2 e PAF-MC 2 uc PAF-MC
1 1
0 ' ' ‘ ' ' 0 ; : ; .
NAPP (kg/H2504 ton NAPP (kg/H2504 ton)
KS-12 KS-39
8 * 8
7 * 7| NAF * *
6 P il FE uc P 0‘0 *
MNAF
5 5 uc
g g
£ ] Z4 *
£ 4 *
3 3 ¢ * 9
LC-PAF
2 ue PAF-MC 2
: { uc MC-PAF
0 0
9 6 3 0 3 6 9 A8-6-14-12-10 8 6 -4 2 0 2 4 6 8 10 12 14 16 18
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Fig. 1. Cross plot of pH NAG against NAPP from samples of KS-10. (NAF: Non-Forming Acid; PAF-MC: Moderately Capacity
Potential Acid Former; UC: uncertainty
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Toxic Characteristic Leaching Procedures
Eight (8) overburden samples were
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measured for metal concentration from four drill
holes (Table 4 and Fig. 2); as follow.

Table 4: Metal Concentration in overburden samples

Drill Hole Depth (m)

Interval Depth (m)

Total Metal (mg/L)

Cu Zn Mg Ca Fe Mn Pb Ni
KS-10 30.00 1.00 - 19.50 < 0,01 0,11 0,47 0,23 0,60 <0,05 0,04 0,01
26.10 -30.00 0,02 0,14 0,44 0,28 0,22 0,01 0,01 0,04
KS-11 30.00 4.00 - 21.00 0,14 0,33 2,08 0,28 0,41 0,05 0,02 0,01
25.80 — 29.00 0,07 0,15 0,63 0,74 0,31 0,01 0,01 <0,01
KS-12 25.00 1.20-16.70 0.01 0.48 0,51 0.51 2.42 0.01 0.02 0.01
23.40 — 24.90 <0.01 0.21 0.32 0.42 0.42 <0.01 0.01 <0.01
KS-39 36.00 18.00 - 19.70 0.01 0.01 7.73 2.18 12.52 <0.05 0.03 0.04
33.00 - 36.00 <0.01 0.47 2.70 1.37 7.34 0.01 0.01 0.01
me/1 Drill Hole KS-11

14

12

10

Concentrations

Cu In Mg Ca Fe Mn Pb Ni
HKS-10 WKS-10 ®KS-11 WKS-11 mKS-12 mKS-12 mKS-39 mKS-39

Metal Elements

Fig. 2. Histogram of metal concentration in overburden rock

Discussion
A. Drill Hole KS-10

Based on the SNI standard of rock
classification, all the overburden rocks in KSD-10
were classified as Type 1. Type 1 is a rock type that
will not form acid mine when exposed to water and
air (oxygen). It is also supported by the ratio of ANC/
MPA in all samples with a much larger value than
2 (Table 4). A large ANC/MPA ratio indicates that
the material has the high potential to neutralize the
acid, whereas the rock has a pH close to neutral and
acid mine water problems will not occur. In addition,
it is supported by the results of the metal dissolution
analysis (samples from the location of KS-10 by
the TCLP method showed low dissolved iron metal
(0.6 g/L), while the calcium and magnesium metal
content were 0.23 g/L and 0.47 g/L respectively
(Fig. 2). When calculated, the total equivalent mole of
calcium and magnesium is greater than the dissolved
iron, so the acid formed will be neutralized. Thus, this rock
will be safe during the mining process and does not need
special handling for the prevention of acid formation.

No different from the ABA data from KS-10
wells, ABA measurements in KS-11 show that all
samples can be categorized as NAF (Fig. 1), or by SNI
classification categorized as type 1. The ratio of ANC/
MPA is a high value (> 2.00), indicating that overburden
rocks have no potential to produce acid mine.

Drill Hole KS-12

The results of the ABA analysis by
determining pH paste, pH NAG, MPA, ANC and
PPAN at drill hole KS-12 is listed in Table 4. The
rock classification based on the relationship between
pH NAG and NAPP is shown in Fig. 1. Based on
the rock classification referring to SNI-6597-2011,
mostly rock samples were classified as NAF/Type
1, except the sample AB-05, which was classified
as UC (uncertainty). The rock samples (AB-05) with
NAPP value 8.99 kg/t H,SO, and the low ANC/MPA
value (0.43) and have a pH value of NAG more
than 5.00. Therefore, the sample has a tendency
to generate acidic water problems. Three samples
of AB-04, AB-05 and AB-06 have an ANC/MPA
ratio between 1.00 and 2.00, which means that
the samples can generate either alkaline or acidic
water. Thus, for three samples (AB-04, AB-05 and
AB-07) with a total thickness of 6 m, special handling
is required in the coal mining process so that the
environmental conditions are well preserved to
prevent the formation of acid mine.

Drill Hole KS-39

The results of ABA analysis through the
determination of pH paste, pH NAG, MPA, ANC, and
NAPP is listed in Table 2. In general, the geochemical
classification based on the plotting pH NAG and
NAPP at the location of KS-39 (Fig. 1) shows the
presence of uncertainty (UC) in 2 samples, PAF in
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6 samples, and the rest, including the NAF group
(5 samples). The rock classification refers to SNI-
6597-2011 and indicates the presence of Type 1,
Type 2 and Type 4.

As described above, the overburden rocks
were categorized as Type 1, Type 2 and Type 4. The
upper part of the rock samples were classified as
Type 1, which is a rock type that cannot form mine
acid when exposed to water and air (oxygen) and is
also supported by an ANC/MPA ratio greater than
2, as shown in the sample of AA-01 to AAO3 and
AA-06 to AA-07. Two samples of AA-04 and AA-05
were classified as type 1 with an ANC/MPA ratio less
than 2 (Table 4) and categorized as UC (uncertainty).
The samples of AA-09 to AA-13 have a pH NAG
value of less than 4.5 and a positive NAPP and are
classified as PAF. These samples also have a lower
ANC/MPA ratio (below 1.00), which indicates that
their rock has a potential to produce highly acidic
mine water. Therefore, special handling is needed
to prevent the formation of acid mine. The results
of metal dissolution analysis (samples from the
location of KS-39 at interval 18.00-19.30 and 30.00-
33.10 by TCLP method as seen in Table 4) showed
high dissolved iron metal at 12.52 g/L and 7.34 g/L
respectively (Fig. 2). The high content of iron metal
should be a source of the mine acid water.
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CONCLUSION

The overburden rocks in drill holes KS-10,
KS-11 and KS-12 generally indicated no potential for
acid mine (NAF, Type 1) and are safe during mining
and overburden removal, even though at KS-12 sites
there is a UC layer with a high potential to generate acid
mine water. Around the location of KS-39, overburden
rocks are PAF (potentially producing acidic mine water),
so special handling is required both at the mine and
post-mine. The presence of high-capacity PAF material
layers in the top layer will cause the puddle water to be
very acidic, so at the mine-closed stages the pit should
be backfilled again.
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