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Abstract: This study presents the results of a study on Acid Mine Drainage (AMD)
resources and its remediation in Sarcheshmeh open pit mine, one of the world
largest porphyry copper deposits in the southeastern of Iran. Water quality samples
were taken from water resources around the Sarcheshmeh mine and from tailing
decant water pond. Sarcheshmeh waste dumps are the most important AMD
generating  sources.  Also, Sarcheshmeh tailings decant water acts as a
neutralization agent for treating AMD and reduce AMD's metals, Due to the mixing
of the tailing decant water with the AMD that reached Sarcheshmeh tailings decant
pond by Shur River, Cu, Fe, Mn and Zn concentration reduce around to 99.9, 993,
95.9 and 88.92% respect to Shur rive, the source of heavy metals. The reduction
ratio for metals 1s CuzFesNi=Mnz=Zn=Pb=>CD=Mg.
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INTRODUCTION

One of the earth’s most abundant natural resources is water which is a resource that
could be at risk by the activities of some industries. It is important that the overwhelming
majority of the earth’s water exists in forms that render it almost unusable directly for man’s
needs, either because of salinity, or its physical nature (ice) or location in the ground. Usable
fresh water in lakes and rivers, upon which we mostly rely, comprises no more than 0.0161%
of the earth’s total water. It is this small fraction of the water resources of the world that are
most immediately prejudiced by mining and many other human activities (Pamukcu and
Simsir, 2008). While there have been improvements in mining methods, practices and
technologies in recent years, significant environmental risks, such as acid min drainage
(AMD), still remain. The pH of normal uncontaminated water is between pH 6-pH 8, whilst
the pH of AMD water ranges between pH 2-4. This may affect both surface streams as well
as groundwater resulting in pollution and degradation of the surrounding natural
walercourses. The AMD is thus detrimental to the environment in that it can destroy aguatic
life and contaminate water supplies. The AMD is considered to be a major problem on mines
throughout the world and Sarcheshmeh, the main focus of this study, 1s no exception.

In the last few decades, many treatment technologies have been developed to remediate
AMD. Applying Fenton process (Mahiroglu et al., 2009), studying roles of algae and fungi
as a technology for passive remediation of AMD (Das et al., 2009), application of alkaline
products directly into the mine discharge (Zurbuch, 1984, 1996) or incorporation of them into
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s0il via trenches or as mine overburden (Hedin ef al., 1994 Ziemkiewicz et al., 1994, 1997
Whitehead er al., 2005a, b) are of popular remediation techniques. However, these
technigues made various problems due to the formation of metal precipitates and the
armoring of the alkaline products (Cravotta, 2003; Hedin er al., 1994; Johnson and Hallberg,
20005). Six continuously fed anaerobic bioreactors employing organic and alkaline waste
materials were operated by McCauley et al. (2009) o investigate relationships between metal
and sulfate removal from AMD. Injection of lime-rich grout into abandoned underground
coal mines is a popular technique that provides a permanent solution to control AMD
(Bulusu er al., 2007; Siriwardane ef al., 2003; Taerakul ef al., 2004). However, Demers et al.
(2009) investigated the use of activated silica sol, an inorganic silicate polymer used in
municipal water treatment, as a flocculant in the treatment of AMD to improve long term
stability of sludge. The AMD mitigation on the Sarcheshmeh is the main focus of this study.
The main aim of this study is to identify and investigate a variety of long-term water methods
relevant to acid mine water mitigation in relation to Sarcheshmeh copper mine.
Sarcheshmeh porphyry copper mine is located in the Central Iranian Volcanic belt
(Fig. 1). This belt with northwest-southeast direction extends as the same direction as Zagros
(Derakhshani and Farhoudi, 2005). The eruption of this belt started in the Cretaceous and in
the Eocene it got to its highest activity (Derakhshani and Mehrabi, 2009a). Most of the
region that we are studving is consisted of volcanic-alluvial parts of Eocene time
(Derakhshami and Abdolzadeh, 2009a, b). From the middle Oligocene to Miocene, the

injection of diorite to granodiorite bodies creates the porphyry copper of the zone and most
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& Cumineralizations, mainly prophyries

Fig. 1: A sketch map showing the position of the Central Iranian volcanic belt and some
porphyry-type copper mineralization of Kerman and Yazd region relative to the main
Zagros Thrust. 1: Bahraseman, 2: Takht, 3: Kuh Panj, 4: Sarcheshmeh, 5: Meiduk,
6: Gowde Kolvary, 7: Darrehzereshg, 8: South of Ardestan, 9: Sharifabad. 10: Sungun
(after Shahabpour and Doorandish, 2008)
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of related occurrences. Also, in many areas extensive layers have covered these intrusive
bodies in guise of little diorites and stock. After that dykes and stocks of diorite-quartz
diorite  in  upper Miocene had been implementing to plutonium cycle in the area
( Derakhsham and Abdolzadeh, 20089b).

The Sarcheshmeh tailings dam is located on the Shur River, 20 km far from the
Sarcheshmeh copper mine. The Sarcheshmeh tailings are discharged into the tailings dam
reservoir. The Shur River starts from the Sarcheshmeh mine and discharges into the
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Fig. 2: Shur River, Sarcheshmeh mine and tailings dam relationship
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Fig. 3: The Sarcheshmeh mine wastes accumulated in the Shur River branches
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Sarcheshmeh tailings decant water pond. The decant water discharges into the decant water
pond too. The AMD and the decant water have been mixed in the decant water pond
(Fig. 2). Also, the Sarcheshmeh mine's wastes are accumulated on the Shur River branches
(Fig. 3). Therefore, the Shur River runoff was accumulated behind the waste dumps. It flows
beneath the waste dump and reached the Shur rive channel. The water accumulation behind
the waste dumps and it flows beneath them, causes the water, air and sulfuric minerals
contact. The surface waters drainage in the Sarcheshmeh mine have a higher pH and lower
concentration of trace metals compared with some other porphyry copper deposits
(Shahabpour and Doorandish, 2008). The problem of acid mine drainage (AMD) has been
present since mining activity began 35 years ago.

MATERIALS AND METHODS

This study 1s concentrated on remediation of AMD by using tailings decant water as a
neutralization agent in Sarcheshmeh copper mine, Iran. The AMD causes environmental
pollution in the industrial countries which have mining industries. The AMD prevention in
its sources is a favorite alternative, but it is not possible in many locations. In this situation,
the AMD should be collected and treated (Johnson and Hallberg, 2005).

MNeutralization is the most common method for AMD remediation. A typical system
would include adding an alkaline agent, aerating and remove precipitated material (Singh and
Rawat, 1985). There are several methods for AMD prevention that could be applied singly
or together depending on economic factors and location (Coulton er al., 2003). The AMD
neutralization principal lies in the insolubility of heavy metals in alkalinity conditions. Some
metals such as Fe, Zn and Cu are precipitated by controlling pH to a typical set point of 9.5,
Other metals such as Ni and Cd require a higher pH, in the range of 10.5 to 11 (Aube and
Zinck, 2003).

The AMD treatment methods could be divided to abiotic and biological system. Both
abiotic and biological system include active (i.e.. require continuous inputs of resources o
sustain the process) and passive (iLe., require relatively little resource input once in
operation) methods (Johnson and Hallberg, 2003). Recent approaches use passive treatment
systems for treating AMD, These systems are relatively inexpensive to build and require
minimum maintenance during their lifetime compared to active, mechanical treatment
(DeNicola and Stapleton, 2002). Active treatment is generally adopted for those waters that
are difficult to treat passively, or where other considerations, such as land availability,
prevent the use of passive treatment (Coulton er al., 2003). The active treatment systems
produce high volume iron-rich sludge (Johnson and Hallberg, 20035).

The AMD treatment by passive systems has received much attention lately
(Ziemkiewicz et al., 2003). These systems could be classified according to different criteria
such as: aerobic or anaerobic, complexity and requirements for maintenance and dominant
chemical or biological processes occurring during treatment (Neculita er al., 2007).
Limestone-based systems are another system for AMD treating (Ziemkiewicz et al.. 1997).
Limestone is the most inexpensive material for acid neutralization, but due to armoring of
limestone it isn't typically recommended for highly acidic, Fe-rich waters. Armoring of
limestone is a common cause of failure in limestone-based drainage treatment system
(Hammarstrom ef al., 2003).

RESULTS

In order to AMD management, the AMD sources must be recognized. Water quality
samples were taken around the Sarcheshmeh mine to investigate the AMD generation. The
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Table 1: Dump No 1 1 upstream data, UD {ppim)

Statistical analysis pH Cu Fe Mn £n

hin 4,10 134 L0 [8.45 478
Max 5,70 145,14 .25 | 24.56 20,16
Average 4,47 f3.22 (.08 il .40 15.91
sD 0.39 317.44 (.06 32.23 1.50

Table 2: Dump No.l | downstream data, DD (ppm)

Statistical analvsis pH Cu Fe Mn £n

Min 3.25 0,00 01,0 27.38 9.45
Max 4,18 180,00 0,78 95,00 31.30
Average 377 118,12 0,30 66,55 21.61
sSD .18 3410 17 1973 G2

Table 3: Sarcheshmeh drainage water wells data (ppm)

Statistical analysis pH Cu Fe Mn £n
DWW

Average 7.31 Lk 019 .21 03
Min 704 (L0 (L0 (100 (LG
Max 7.49 (.08 (.43 (.90 (L1
sD 0.12 (L3 0.14 0.31 0.03
Doz

Average 6.15 0.02 2.18 0.97 (.23
Min 3.95 (LD (L83 (L80 012
Max 6.29 (.0 4.70 1.27 .42
STDEV 0.18 03 2.19 .26 (16
DWo3

Average 6.94 (.14 (.52 (L55 (.09
Min 6.71 (100 (.05 0.09 0.02
Max 71.25 0,75 2.13 0.78 0.29
s 0.17 .26 0.74 (.26 010

Table 4: Shur River data, SR (ppm)

Statistical analvsis pH Cu Fe Mn £n

Min 34 0.00 (1001 2.56 (.43
Max 6.75 69 82 11.50 49.69 15.37
Average 5,46 10,84 2.72 12.88 4.43
S 0.78 18.52 289 100 360

water quality samples were taken from discharge wells in the mine pit, the Shur River runoff
(upstream and downstream of the waste dumps), the decant water pond and from Shur River
runoff (Fig. 4).

Table | shows the Shur River runoft data, accumulated in the upstream of the waste
dump No.l1 (UD). Also, Table 2 shows the Shur River runoff data, accumulated in the
downstream of the waste dump No. 11 (DD). Comparison the up and downstream dump
No. 11 data show that the metal concentrations increase in the dump downstream. Cu, Fe, Mn
and Zn concentration increased 87.8, 295.5, 8.4 and 35.8%, respectively.

For water level control in the mine area, there are 11 wells in Sarcheshmeh mine pit. Their
total capacity is 120 L sec . the extracted water discharged into Shur River. Table 3 shows
quality data measure in three wells.

The Shur River quality is measured in SR point. The Shur River discharge in the SR is
150 L sec™'. Table 4 shows the quality data in the SR. According to Table 1 to 4, SR acidity
is lower than UD and DD. This is due to water well discharge into Shur River. With pH
increasing in the SR, metal concentration reduced relative to UD and DD too. The Cu, Mn
and Zn concentration in SR reduce 90.8, 80.6 and 79.5%. respectively relative to DD,
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Fig. 4: Sampling point near the Sarcheshmeh mine and the decant water pond
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Table 5: Sarcheshmeh decant water data, TA (ppim)

Statistical analysis pH P.Alk M.ALK

Average 11.55 421.22 496,43
Mlinimmim T.50 21.00 27 .00
Maximum 12.30 1070,00 J300.00
5D (.95 265102 450141

Tahle 6: Sarcheshmeh decant water pond data, DP1 {ppnm)

YVariables Count Mean =l Mindmum Maximuwm
TSS o0 .52 522 1.0 28.00
Cu Ha 15 (.70 001 4.91
Fe o9 005 0.17 0,01 .18
i A9 (1.0 o7 (XL L
Fb o9 010 0.08 0,01 38
i Ha .71 1.38 (3.0 521
Mg o4 17.51 5,69 583 3228
Ivin O .52 .54 .01 Q.75
Co o9 003 0,03 0,01 019
Cd O 0.01 (.01 .01 .04
Mo Ao [ 200 048 0,27 249
pH (Y 7.67 0,75 4,90 [ 1.50
Table 7: Sarcheshmeh decant water pond data, DP2 (ppm)

WVariahles Count Mean S0 Minimum Maximum
TS5 69 6.87 71.39 1.0 53.00
Ci a4 (.09 h.od (3.0 534
Fe 69 003 0.10 0,01 0.8l
[l G (.03 05 0.01 .41
Ph Ha 01 007 .01 (035
Zn o9 (.58 1.13 0,01 4,32
Mg a4 [ G700 587 4.17 3120
Mn o9 073 1.42 0,01 10,71
Co o (.3 .02 (3. 22
Cd o9 0.0 0,00 0,01 0,03
Mo i [.20 .58 .17 3.20
rH A9 T.55 .Gl 530 .5

Table 8: Sarcheshmeh decant water pond data, DP (ppm)

Elements Count Maximum Minimum Mean S0

Cu 09 0,18 0.01 (r 289688 1473281
Fe 60 [.30 0,01 0,053750 0168697
Ii a4 (.52 (.01 (b (e 3005 0117319
Fb 69 .35 0,01 007188 0077326
fn Gl fhld (0] 0.653438 1. 2E6EA0
Mg 69 35,84 .60 17334690 6031948
ivin G 11.23 002 (897031 2. 2509660
Co 69 .28 0.01 0,03 1406 0047871
Cd o9 .06 0,01 0,012344 0010038
Mo a4 3.20 18 [.194E4] (566450
As o4 (.80 (B0 b, BOGOOD 8.95E-16
pH ai L 500 4 ) 75900067 (7070949

Table 5 shows the decant water guality data. Base on the guality data, pH of decant
water 1s more than 10. The Shur River discharged into the decant water pond. The Shur River
acidity would be reduce due to mixing with the decant water. The decant water pond quality
samples were collected in three point (DFP1, DP2 and DP). Quality samples from the decant
pond outflow were collected in DX (Fig. 4). Table 6 shows the guality data in the DP1. Also
Table 7 and 8 show the quality data in the DP2 and DP, respectively.

Figure 5a-d show the different element concentration in the decant pond. Element
concentration reduce toward the decant pond flow direction. This is due to mixing the Shur
River flow and the decant water.

256



Res. J. Environ. Sci., 4(3): 250-260, 2010

() (b
Mean Fe concentration {ppm}) Average Cu concentration { ppm)
' 0.22-0.029 L |0.013-0.068

0.029-0.035 (0.068-0,124

0.035-0.041
0.041-0.047

0. 124-0.179
0.179-0.234

0.047-0.054 2 (0.234-0.29
Mo data uf‘-«?n data
N
W E W
s

() [}

Mean Zn (ppim) Mean Mn (ppm)
haAR5-0h531 5344616
m,531-0,577 a1 6-0.687
057T-00622 .687-0.757
hGZ2-00 66K 0, 757-0,827
ha6E-0,714 0.827-0.897

| lI Mo data Mo data

5

/ Flow direction

AMD discharge point

Fig. 5: Some heavy metals concentration in the decant water pond. (a) Fe, (b) Cu, (c) Zn and

(d) Mn

Table 9: Decant water pond outflow data, DX (ppm)

Variahle Count Mean 5D Minimum Mlaxirmum
Cu 67 (L0 0.02 (.01 14
Fe a7 (.02 003 0.01 (.25
Mi 67 0,02 0.02 0,01 (.08
Ph 67 (L 06 (.00 0.21
n a7 (1,44 1.08 0.01 4.72
Mg 67 15.86 5,27 5,20 27.80
Mn 67 (.53 073 (.01 153
Cor a7 (.02 001 .01 (.05
Cd 67 0.01 0.00 0.01 .02
Mo i .14 057 022 3.20
pH (i) T7.63 0.54 5.30 950

Table 9 shows the decant pond outflow (DX) statistical parameters. pH increase in the
decant point outflow (DX) relative 1o the source of pollution (SR). Also, the heavy metal
concentration reduce in the decant pond outflow. Cu, Fe, Mn and Zn averages ratio
reduction in the decant pond outflow were 99.9, 99.3, 959 and 85.92% relative to SR. So
findings of this study correlate with the aim of the project. This study shows that the most
important resource of AMD in Sarcheshmeh Copper mine is waste dumps where flow of
water beneath them could increase water acidity and also heavy metals concentration, On the
other hand, combination of AMD with the water which is separated from sediments could
decrease acidity and dissolved heavy metals.
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DISCUSSION

There are very little published works on remediation of acid mine drainage of
Sarcheshmeh porphyry copper mine in Southern part of Central Iranian Volcanic Belt and 1o
the best of our knowledge this is the first study of its kind that concentrates on the
remediation of AMD by using tailings decant water as a neutralization agent in Sarcheshmeh
copper mine. The results of this study strongly agree with the findings of Shahabpour and
Doorandish (2008). Base on our results, waste dumps are the most important pollution source
in the Sarcheshmeh mine. The Shur River acidity increases after accumulation and flows
beneath the waste dumps. Therefore, its heavy metals concentration increases due to pH
degradation.

Mixing of AMD and decant water, neutralize the acidity of water and is effective in
decreasing of dissolved heavy metals. Previous studies vsed external materials to neutralize
and remediate AMD, but the present research used internal materials, which are available in
mining process, to remediate AMD. This method doesn’t need any external material respect
to the active methods. So, this method has not any problems like high cost of neutralization
materials, high volume of settled sludge and requirements to a storage which the active
methods have. Maintenance is not required in this method respect to the active method. Also
the efficiency of this method will not decrease during the time. In fact this method could be
considered as passive methods with no need to maintenance and no need to external
materials but using of available internal materials for remediating of AMD.

CONCLUSION

After mixing of the Shur River runoff with the decant water in the decant water pond, its
pH increase and its heavy metals concentration decrease. Using the decant water as a
neutralization agent doesn't need to an additional reservoir to disposal the created sludge.
It doesn’t need additional expenses. It doesn’t need any maintenance during its life . It
doesn’t need any resources as neutralization agent.

Also, this method has some disadvantages as follow:

*  The Shur River flows from the Sarcheshmeh mine to the decant water pond. It may has
some environmental impacts during its flow from the mine to the decant water pond

»  This method couldn't work during the mine closure time. Because the decant water as
a neutralization agent would be disappeared at that time
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