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ABSTRACT: Acid Mine Drainage (AMD) problems are predominantly chemical, and are of great complex
ity. Any deposit containing sulphide minerals, particularly pyrite, is a potential source of AMD. Acid mine 
drainage is a serious environmental and economic concern. Pyrite oxidizes when it comes into contact with 
air and water, and sulphuric acid is produced. This lowers the pH of the water and increases the solubility of 
many metals. The planning of a mine and design of pit walls can be affected by environmental factors. By 
making environmental assessments, quantitative estimates of the effects of the mine on its surroundings can 
be considered during design. This research was directed toward evaluation of alternative procedures to mini
mize the drainage of poor quality water from the mine. 

1 INTRODUCTION 

The Sarcheshmeh porphyry copper-molybdenum 
deposit is located in southern Iran. A large-scale 
open pit mine was started up by the National Iranian 
Copper Industries Co. (NICICO) in 1974. It is cur
rently the largest open pit mine in Iran. The Sar
cheshmeh pit is oval shaped, about 3000m long by 
1800m wide. The ore body contains 1200 Mt. of ore. 
The average sulphide is 0.7% copper and approxi
mately 0.03% molybdenum. The mine produces 
100,000 tons of copper and 2200 tons of molybde
num concentrate per year. 

The planning of a mine and design of pit walls 
can be affected by environmental factors. By making 
environmental assessments, quantitative estimates of 
the effects of the mine on its surroundings can be 
considered during design. Engineering alternatives 
have to be compared on criteria that include specific 
environmental requirements. It is important to make 
an early identification of potential problems in order 
to devise practical solutions. After an environmental 
plan is adopted, monitoring of key criteria through
out die operating stage is required to identify and 
correct deviations from the plan. This study focused 
on pyrite weathering during the productive life of a 
mine. 

Various water types within the Sarcheshmeh 
mine workings can be identified on the basis of 
quality differences. These water quality differences 
exist because of differences in rock types, mineral

ogy, flow path length and travel time. In many in
stances these water types have been discharged di
rectly into Sarcheshmeh River. To remove the 
dissolved metals or suspended solids a settling pond 
and liming facilities have been installed. The current 
activity in this regard involves minimizing the pro
duction of mine drainage, thereby eliminating or at 
least minimizing the mine drainage. 

2 GEOLOGICAL SETTING 

The Sarcheshmeh Copper Open Pit Mine is in 
southern Iran, at an average elevation of 2600m. It is 
located İn the central part of an elongated NW-SE 
mountain belt, which is principally composed of 
folded volcano-sedimentary complex. The geology 
of Sarcheshmeh porphyry copper-molybdenum de
posit is complex, with widely varying rock types. 
Mineralization in the Sarcheshmeh porphyry copper-
molybdenum deposit İs associated with a Late Terti
ary granodiorite porphyry stock. The whole complex 
is criss-crossed by a series of inter-mineral and 
postmineral dikes. The original sub-circular Sar
cheshmeh porphyry stock exhibits an east-west 
elongation due to dilation by the dike swarm, whose 
strike is predominantly NNW (Fig. 1 ). The highest-
grade hypogen zone occurs as an annular ring in al
tered andésite around the periphery of the Sar
cheshmeh stock (Waterman et al. 1975). 
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Figure ! Distribution of the rock types at 2400m elevation within outer 0 40% copper line Sarcheshmeh deposit with geological 
section (Etminan, 1977). 

3 HYDROGEOLOGY 

The Sarcheshmeh mine has a catchment area of 
about 21 km and average annual precipitation of 
about 440 mm, showing the direction and quantity 
of surface flow to the pit. Hydrogeological studies 
around the Sarcheshmeh area show that there are 
definite relationships between geologic, topo
graphic, hydrogeologic and climate factors and ex
isting ground water flow systems. 

At Sarcheshmeh, structural features control to a 
large extent the location of groundwater entering a 
geologic formation. Hydraulic conductivity is frac
ture-controlled. Water enters the mine by two 
mechanisms: 

a) Downward movement of water under saturated 
or unsaturated conditions within the cone of depres
sion created by the mine 

b) Lateral ground water movement to the margins 
of the mine 

Water samples were collected at Sarcheshmeh, on 
a monthly basis over a one-year period. The results 
of this initial hydrologie investigation showed that 
the acid drainage is controlled structurally. Consid
ering the structural information, the Sarcheshmeh pit 
was initially divided into 4 pit sectors in terms of the 
anticipated hydrogeological conditions as follows 
(Karimi Nasab 1997): 

- West pit wall: the crests are parallel to the gen
eral strike of the dikes with a dip angle of 70° to 85° 
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towards the east. Considering the general hydraulic 
gradient from south to north, the dikes act as a bar
rier to acid water flow. 

- South pit wall: the crests are approximately per
pendicular to tiie strike of the dikes, which do not 
appear to act as structural barriers to acid water 
flow. 

- East pit wall: hydrogeologically, this sector İs 
similar to the west wall, but the dips of the dikes are 
against the bench slope. 

- North pit wall: this is similar to the south wall. 
An estimated 66,000 meters of surface explora

tory diamond drilling has been completed in the 
mining area. This type of drilling is designed to 
reach ore bodies, which are usually more permeable 
than the surrounding rock. This type of exploration 
increases recharge to the groundwater flow systems 
by providing more interconnections between the 
surface and subsurface. 

Hydrogeological problems from mining activities 
are related to the modification of the existing ground 
water flow system or the creation of a new flow 
system. Thus, future mining activities should incor
porate hydrological variables in mine planning and 
surface-waste site selection procedures. Preventing 
acid mine drainage is much less difficult than curing 
acid mine drainage. 

4 BASIC PROCESS OF AMD 

AMD problems are predominantly chemical, and of 
great complexity. Originally considered to be a 
problem associated only with coal mining, and par
ticularly with abandoned mines, AMD is now 
known to occur as a result of the working of many 
other minerals. Any deposit containing sulphide 
minerals, particularly pyrite, is a potential source of 
AMD. 

AMD is produced when a sulphide reacts with air 
and water to form sulphuric acid. The basic process 
occurs in three stages: 

1) The oxidation of the sulphide, usually FeS2- If 
the reaction takes place in a dry environment, water-
soluble ferrous sulphate and sulfur dioxide are 
formed (Williams et al. 1979): 

(1) 

More commonly, the reaction occurs in the pres
ence of water, with the direct formation of sulphuric 
acid: 

(2) 

2) Ferrous sulphate, in the presence of sulphuric 
acid and oxygen, can oxide to produce ferric sul
phate. This transformation İs not controlled by the 
presence of water, but it appears that a bacterium 

(Thiobacillus ferro-oxidans) is an essential mediator, 
and if it is not actually responsible for the oxidation, 
at the very least it greatly accelerates it. The reaction 
is: 

(3) 

3) The ferne iron so produced combines with the 
hydroxyl (OH) ion of water to form ferric hydrox
ide. This is insoluble in acid, and precipitates: 

(4) 

An alternative to this reaction occurs because the 
ferric iron may also enter the reaction with iron sul
phide and "back-trigger" further oxidation, thus ac
celerating acid formation. 

(5) 

(6) 

The sulphuric acid generated tends not to be 
found as high concentrations of free acid due to 
further reactions with other minerals. 

At pH 3.5 or less, bacteria such as Ferrobacillus 
ferrooxidans, F. Sulfooxidans and Thiobacillus fer-
rooxidans accelerate the rate of conversion of Fe' 
to Fei+. Singer & Strumm (1970), noted that such 
bacteria may accelerate the reaction in equation 3 by 
a factor of 106 or more. The organism, which re
quires oxygen for growth, can also transform nickel, 
copper, zinc, molybdenum and other metallic sul
phides (Hawley et al. 1971). 

In addition to the formation of water with low pH 
and high iron, acid produced from the oxidation of 
pynte may also dissolve other minerals which by 
themselves do not contribute to the formation of 
acid waters. The dissolution of the sulphide copper 
mineral chalcopyrite is an example. 

(7) 

Increased flow through mine workings during 
spring runoff flushes oxidation products from areas 
not normally in contact with water. Numerous pools 
of acid water also collect in mines during low flow 
periods. The influx of water during spring runoff 
flushes out these pools, with the addition of poor 
quality water to the system. 

5 SURFACE WASTE FEATURES 

Acid production from surface waste features is gov
erned by the following variables: 

a) oxygen 
b) availability of pyrite and other heavy metals 
c) moisture in the waste material 

501 



d) availability of water to transport oxidation 
products 

e) physical location of the waste features 
Surface waste features are vulnerable to flushing 

of oxidation products from within the waste material. 
Erosion of the waste material by surface water is also 
a problem. 

6 AMD ASSOCIATED WITH MINING 
ACTIVITIES 

Waste dumps that progress over or fill up drainage 
routes must also have special design considerations. 
If run-of-mine rock is end-dumped from the tip head, 
then given sufficient dump height, gravity will segre
gate the larger and smaller fragments. The larger 
material will roll to the bottom of the dump and will 
normally from a very permeable base. The finer ma
terial gathering in the upper portions of the dump 
will tend to form an almost impermeable surface. 
Waste dumps built with this natural segregation have 
free drainage and offer little chance of saturation un
less the base material weathers rapidly. They will 
also have decreasing permeabilities through time. 
The high base permeability will allow the dumps to 
progress over small drainage routes and not block the 
flow. 

Water quality problems associated with mining 
activities can be minimized by considering the fol
lowing points: 

- Hydro-geological site selection factors should be 
considered for the location of tailings disposal areas, 
waste rock storage areas, and low-grade ore storage 
areas planned for future mining activities. Disposal 
areas for tailings and waste rock are limited by the 
physical characteristics at Sarcheshmeh mine. 

- Diversion of discharge to central flow points 
within the mine workings would help to eliminate the 
flushing of accumulated oxidation products or con
tamination of good-quality discharge sources. 

7 ANALYSIS OF WATER QUALITY DATA 

Water discharging from the pumping tests can be 
further subdivided based on whether or not the drill 
hole has encountered the ore body. The change in 
quality of water with time under at the constant 
pumping rate for 4 pumping stations are shown in 
Table 1. The water quality differences for each 
pumping station exist because of differences in rock 
types, mineralogy, flow path length and travel time. 
The quality of water after 99 hours (5 days) pumping 
was better than the first day of pumping test owing to 
limitation of available oxygen. Over a period of 19 
months water flowing from streams or springs were 
sampled at 7 stations (Fig. 2). The water source was 

thought to be from ground water originating from 
faults and fractures. Stream and spring water quality 
around the Sarcheshmeh pit is good. Figures 3-9 
show quality variations for these sources. The quality 
of water from Sarcheshmeh River and dump No. 11 
is lower than the other stations. Acid production 
from dumps near stream channels is a significant 
source of acid water and heavy metals in the Sar
cheshmeh River. In waste rock leach the rate and 
amount of acidity and metals produced under satu
rated conditions are different compared to similar 
materials under unsaturated conditions (Keith. & 
Runnells 1995). 

8 CONCLUSIONS 

Preventing acid mine drainage is much less difficult 
than curing acid mine drainage. However, the fol
lowing points are worth noting: 

a) Sulphide, water and oxygen are necessary. 
b) An excess of any one component can produce 

more acid. 
c) The reaction is auto-catalyzed by the presence 

of acid. 
d) Biological catalysis via Thiobacillus and Fer-

robacillus can occur. 
e) The pyrite reactions control the presence of 

such toxic heavy metals as Pb. Zn, Cd, Cu in 
solution through pH. 

f) Acid production can be prevented by excluding 
oxygen, water or sulphide. 

- Surface exploratory diamond drilling is designed 
to reach ore bodies, which are usually more perme
able than the surrounding rock. This type of explora
tion increases recharge to the groundwater flow sys
tems by providing more interconnections between the 
surface and subsurface. 

- The results of pumping tests at the Sarcheshmeh 
mine have shown the significant role of rock types, 
mineralogy, flow path length, travel time and oxygen 
availability in acidic water production. 

- Analysis of water quality data for different 
sources around the Sarcheshmeh pit has shown that 
dumps play an important role in acidic water and 
heavy metals production. 

- Hydrogeological site selection factors should be 
considered for the location of tailings disposal areas, 
waste rock storage areas, and low-grade ore storage 
areas planned for future mining activities. 

- It may be possible to divert surface water or re
route the shallow groundwater flow systems, re
charging localized acid-producing areas in the upper 
workings in order to reduce the flushing of acid re
action products into the mine drainage system. 

- Finally, the results of this research have strong 
implications for mine planning. 
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Figure 3. Variation of pH value for different sources of water around the Sarcheshmeh pit for May 1999 to December 2000. 

Figure 4. Variation of S04 ion for different sources of water around the Sarcheshmeh pit for May 1999 to December 2000 
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Figure 5. Variation of Ca ion for different sources of water around the Sarcheshmeh pit for May 1999 lo December 2000. 

Figure 6. Variation of HCOj ion for different sources ofwaterarouiid (he Sarcheshmehpii for May 1999 lo Decern bei'2000. 
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