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Abstract

Darrezar Copper mine is located in west of Kerman province, south of Sarcheshmeh Copper mine, central Iran. This study was
accomplished to prepare the conceptual model of Darezar mine aquifer. The study area is located in Central Iran geological zone and
Orumieh — Dokhtar volcanic belt. Due to small scale of the study area, the lithological variety across the study area is not wide and
comprises of sedimentary formation and igneous rocks. Igneous rocks are dominant in the area. Major trend of faults and fractures in the
study area is Northeast — Southwest. The fault systems could be classified in three classes as first, second and third categories, from which,
the first prepared the ground for intrusion, the second caused many fractures and joints in adjacent rocks and substitution in deep intrusive
masses and the third displaced both former fault systems. In Darezar intrusive, densities of joints are high and joint surfaces are completely
oxidized. To unveil the subsurface characteristics in Darezar area, a number of 171 exploratory drillings were drilled. In Darezar area the
dominant lithology in drillings are quartz diorite and diorite. To compare borehole data, boreholes logs were processed in Groundwater
Modeling System environment by using Borehole module. To assess the potential of geological formations, a data collection of water
resources in the study area was done. In order to estimate the expansion of aquifers, results of borehole drillings and specifically RQD index
were used and cores were categorized in five classes as highly porous, porous, moderate porous, low porous and very low porous. The results
imply that the aquifer in Darezar mine extends to a depth of about 300 meter. A number of observation and dewatering wells was designed
based on study assessment.
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1. Introduction

Prior to develop a mathematical model, it is important to build a conceptual model [2]. Conceptual model tends
to simplify the subject under study [1], hence the idea of parsimony, starting simple and building complexity
slowly, is emphasized [4]. A conceptual groundwater flow model is a simplification of a real world groundwater
problem such that it captures the essential features of the real world problem and it can be described
mathematically, the sole purpose of simplification is to make the problem fit one of our mathematical models
[7]. In modeling a fractured media, the first major problem is that a representative elemental volume can only be
defined when fracture densities are above some critical density which is defined as that density of fractures that
provides connectivity of the network, so the concept of representative elemental volume probably does not fit for
some fractured media and consequently these systems cannot be modeled by using continuum approach, for
which discrete modeling approach may be applicable [12]. The concept of critical density and fractures
schematically showed in figure 1.
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Figurel. Critical density, non-percolating and percolating network of fractures

Depending on data availability, in subsurface conceptualization, many geological, geotechnical, hydrogeological
and water quality data are overlaid and applied, over which Rock Quality Designation (RQD) index is of special



importance. The RQD has been used as an index of rock quality since 1967. The RQD is an index of rock quality
in that problematic rock that is highly weathered, soft, fractured, sheared, and jointed is counted against the rock
mass. It is recommended that the calculation of RQD be based on the actual drilling run length used in the field,
preferably no greater than 1.5 m [5]. The RQD is defined according to formula 1.
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The boring logs in conjunction with geologic mapping provide early information on distribution of rock types,
degree and depth of rock weathering, and zones of rock weakness and close fracturing. This information could
be used to estimate the required depth of excavation for different engineering purposes. It is at this stage that
RQD has been used a particularly helpful tool in comparing one boring with another, one depth with another,
and one part of a site with another. The RQD values, as determined with depth and across the site, have been
found by experience to be extremely helpful in making design decisions. RQD data has been used to evaluate the
fracturing degree of the medium for significant depths by means of geostatistic interpolation [3] and obtain a
three dimensional distribution of the level of fracturing [6]. The frequency of fractures has been related to RQD
as showed in formula 2 [11].
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Where A is the number of fractures per meter on scan line surveys. Low RQD values of core samples were
considered as an indicator of relatively high hydraulic conductivity in the bedrock due to intense fracturing in
Pebble Project [9]. A multivariate analysis of the RQD and its relation with hydraulic conductivity of 17
dewatering wells in an open-pit mine in central Mexico was applied as a tool for groundwater exploration in
fractured aquifers [8]. Water trappings or aquifers were recognized due to low RQD values, usually lower than
50 percent, in a fractured diorite in Block Cave Mine, Indonesia [10].

2. Discussion

Darezar Copper mine is located in west of Kerman province, south of Sarcheshma Copper mine. The purpose of
this study is to prepare a conceptual model of the Darezar mine aquifer for the latter mathematical model. From
geological point of view, Darezar mine area comprises of sedimentary formation, e.g. sandstone, and igneous
rocks which are dominant in the area, e.g. granodiorite, porphyritic diorite and porphyritic quartz diorite. The
geology of the study area is presented in figure 2.
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Figure2. Geology of Darezar mine area



The study area is located in Central Iran geological zone and Orumieh — Dokhtar volcanic belt. The fault systems
could be classified in three classes as first, second and third categories, from which, the first prepared the ground
for intrusion, the second caused many fractures and joints in adjacent rocks and substitution in deep intrusive
masses and the third displaced both former fault systems. In Darezar intrusive, densities of joints are high and
joint surfaces are completely oxidized. In Darezar mine, a number of 171 boreholes were drilled and the
dominant lithology in drillings is Quartz Diorite and Diorite. Besides, the other lithologies are Granodiorite,
Andesite and Microdiorite. To assess the downward expansion of aquifer, results of exploration drillings and
specifically RQD index were used. Based on Deere classification [5], the cores quality could be classified in five
categories. Though specifying an exact relation between RQD result and hydrodynamic coefficient of the aquifer
needs more pumping tests and exploration studies, but in general it could be expressed that there is an inverse
relation between RQD and aquifer porosity[7] and [8]. Assuming this, cores were categorized in five classes as
highly porous, porous, moderate porous, low porous and very low porous as showed in table 1.

Tablel. Classification of core quality based on RQD

RQD (%) Rock Mass Quality Porosity
<25 Very Poor Highly porous
25-50 Poor Porous
50-75 Fair Moderate porous
75-90 Good Low porous
90 - 100 Excellent Very low porous

Comparison of RQD versus depth in Darezar mine is presented in figure 3. Based on porosity classification, it
seems that across the mine, aquifer is extended to a depth of 300 m. Below this depth, except in some area of
mine, the porosity is decreased as RQD increases. The area within the green rectangle represents the aquifer
domain. RQD versus depth for DAZ-80 borehole in Darezar mine is illustrated in figure 4 as a sample of Darezar
boreholes.
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Figure3. Comparison of RQD versus depth in Darezar mine
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Figure4. ROD versus depth in DAZ-80 borehole in Darezar mine



The Borehole module of Groundwater Modeling System (GMS) was applied to obtain a comprehensive view of
porosity in different parts of Darezar mine, as showed in figure 5. It is seen from figure that from central area of
mine pit toward west and northeast, the aquifer has high porosity up to the pit depth. Toward southeast from the
center of pit, aquifer porosity decreases as depth increases. In east part of mine, the aquifer has high porosity to
the pit depth. Water resources survey in Darezar mine are another evidence of potentiality of Darezar mine
geology to make groundwater reservoirs. Based on survey, there are 31 ganats in Darezar mine area. Maximum,
average and minimum yielding of these qanats are 21.8, 4 and 0.1 1/s respectively. Sum of the yielding of qanats
is 128 1/s. A number of ganats are in downstream of Darezar mine, so pollutants may be transported to some of
them. A number of 28 springs have been surveyed in Darezar mine study area. Minimum, maximum and
yielding sum of springs are 0.1, 10 and 27 /s respectively. Most of these springs are located in the upstream of
Darezar mine and so may not be polluted by mining activity [13].
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Figure5. Darezar mine pit and porosity in 3D view in different parts of Darezar mine

Based on above mentioned data, the boundaries of hydrological basin are considered as aquifer boundaries, so
mine pit encounters groundwater throughout mine exploitation, hence designing dewatering and observation
wells is necessary from the early stage of mining, thus a network of 14 observation wells with total depth of
2095 meter were planned to be drilled in Darezar mine in the early phase of mine pit development as presented
in table 2 and figure 6. Besides, to attain hydrodynamic properties of the aquifer at this phase, 2 pumping
dewatering wells as of table 3 were proposed to be drilled in Darezar mine.



Table2. Characteristics of observation wells in Darezar mine
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DOBO01 | 393173 | 3309986 | 2740 84 PVC, ID 100 34 50
DOBO02 | 391942 | 3309361 | 2890 70 PVC, ID 100 20 50
DOBO03 | 394724 | 3309477 | 2830 75 PVC, ID 100 25 50

DOBO04 | 392744 | 3308063 | 2830 160 | PVC,ID 100 | 40 120
DOBO05 | 394023 | 3308172 | 2620 142 PVC,ID 100 | 22 120
DOBO06 | 394900 | 3307737 | 2760 138 PVC, ID 100 18 120
DOBO07 | 395986 | 3307015 | 2830 133 PVC, ID 100 13 120
DOB08 | 394084 | 3306941 | 2540 215 PVC, ID 100 15 200
DOB09 | 391845 | 3306580 | 2545 135 PVC, ID 100 15 120
DOB10 | 393213 | 3306281 | 2620 230 | PVC,ID 100 | 30 200
DOB11 | 395060 | 3306255 | 2610 240 | PVC,ID 100 | 40 200
DOBI12 | 394163 | 3305576 | 2540 213 PVC, ID 100 13 200
DOBI13 | 393130 | 3304760 | 2500 130 | PVC,ID 100 10 120
DOB14 | 395715 | 3304713 | 2490 130 | PVC, ID 100 10 120
Total 2095 305 | 1790

Figure6. location of proposed observation wells in Darezar mine
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Table3. Characteristics of proposed pumping dewatering wells in Darezar mine
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DP01 | 389673 | 3310971 | 100 | 20 | 80
DP02 | 388673 | 3310435 | 100 | 20 | 80
Total 200 | 40 | 160

3. Results

Comparison of RQD versus depth in Darezar mine denotes that the aquifer is extended to a depth of 300 m,
below this depth, except in some area of mine, the porosity is decreased as RQD increases. Central area of
Darezar mine pit toward west and northeast, the aquifer has high porosity up to the pit depth. Toward southeast
from the center of pit, aquifer porosity decreases as depth increases. In east part of mine, the aquifer has high
porosity to the pit depth. Water resources survey in Darezar mine are another evidence of potentiality of Darezar
mine geology to make groundwater reservoirs. Based on survey, there are 31 qanats in Darezar mine area.
Maximum, average and minimum yielding of these qanats are 21.8, 4 and 0.1 1/s respectively. Sum of the
yielding of ganats is 128 1/s. A number of ganats are in downstream of Darezar mine, so pollutants may be
transported to some of them. A number of 28 springs have been surveyed in Darezar mine study area. Minimum,
maximum and yielding sum of springs are 0.1, 10 and 27 I/s respectively. Most of these springs are located in the
upstream of Darezar mine and so may not be polluted by mining activity. Based on current assessment, the
boundaries of hydrological catchment are considered as aquifer boundaries, so mine pit encounters groundwater
throughout mine exploitation, hence a network of dewatering and observation wells were proposed.
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