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Abstract Various dewatering methods are used to lower
groundwater at surface mining operations. Determining
which method to use involves analyzing factors such as
technical applicability, economic efficiency, and environ-
mental protection. It is generally hard to find an alternative
that meets all the criteria simultaneously, so a good com-
promise is preferred. We have developed a new decision
support system based on a fuzzy multi-attribute decision-
making method. We integrated 12 compendious decision
criteria by fuzzy extent analysis to process an extensive
inventory of groundwater-lowering techniques. An applied
case study, Iran’s Sechahoun open pit iron ore mine, was
used to demonstrate the model. The model systematically
evaluated alternatives; at the Sechahoun mine, an under-
ground gallery (with a score of 33.9 %) was identified as
the most appropriate groundwater lowering method.

Keywords Decision support system - Fuzzy extent
analysis - Groundwater lowering program - Open pit
mining

Introduction

Increased demand, exhaustion of shallow-bedded resour-
ces, and development of machinery that enables surface
mining to be cost effective at greater depths all help
explain why groundwater often causes major problems
during mining operations. Dewatering is necessary at many
mines that operate below the water table because water
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flows from the surrounding strata toward the excavation.
This groundwater can have a detrimental effect on pit slope
stability. Commonly, it diminishes the shear strength of
potential failure surfaces due to increased pore pressure or
increases the moisture content of materials such as clays,
shales, and mudstones, which can cause accelerated weath-
ering and a decrease in shear strength. Less commonly, it can
cause local instability at locations where the toe of a slope is
undermined, or a block of rock is loosened as a result of
erosion of low strength infillings or weathered rock by sur-
face water, or wedges form when groundwater in fissures
freeze (Wyllie and Mah 2004). These negative aspects
increase the likelihood of slope failures and potentially lead
to remedial measures, such as decreasing the slope, to com-
pensate for the reduced overall rock mass strength.
Groundwater can also lead to standing water within the
pit. Adverse effects of this include loss of access to all or
part of the working mine area; greater use of explosives,
increased explosive failures due to wet blast holes, or the
need to use special explosives; increased wear to equip-
ment and tyres; inefficient loading and hauling, and; unsafe
working conditions (Morton and van Mekerk 1993).
Groundwater will flow into the open excavation until the
original groundwater flow regime is re-established (Bras-
sington 2007). Hence, all mines excavated below the water
table need some form of groundwater lowering programs
(GWLPs). GWLPs at large surface mines accomplish three
basic objectives: keeping working conditions dry, stable,
and safe; lowering hydrostatic pressure and increasing the
effective stress of rock mass to improve slope stability; and
ensuring pit floor workability (Kecojevic et al. 2003).
The scale of the GWLP depends on three factors: the
hydrogeological characteristics of the rock mass in which
the excavation takes place; the depth of the excavation
below the water table, and; the strength of the materials
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making up the pit slopes. At some mines excavated below
the water table, evaporation of minor groundwater seepage
from the pit floor or pit walls in a strong and stable rock mass
can take care of all GWLP requirements. At other mines,
major pumping operations are necessary, using external wells
to control groundwater inflow to the pit and to lower the pore
pressure in the rocks making up the pit slopes.

In some instances, a decision to configure the GWLP is
based simply on projected savings in operating or equip-
ment maintenance costs. For example, Beale (2009) pre-
sented an example of a dewatering program for the
Morenci mine Metcalf pit in Arizona (Table 1); only the
operational benefits for a given mine design were itemized,
and the potential economic benefit of a depressurized,
steeper wall was not considered.

A comprehensive decision on which GWLP to use
involves investigating a number of alternatives, while
giving appropriate attention to government regulations and
guidance. The actual decision may be complicated because
of a multiplicity of governing criteria, which are usually
resolved by simplifications, e.g. eliminating some conflict
criteria. We have developed a new decision support system
to determine the appropriate drainage system method for a
specific site based on a fuzzy multi-attribute decision-
making method (fuzzy analytic hierarchy process or fuzzy-
AHP). We demonstrate it using actual site data from Iran’s
Sechahoun iron ore mine.

Inventory of GWLP Techniques

The techniques available for control of groundwater in
mines fall into two principal groups: migration or exclusion
of water from around the pit (ex-pit dewatering), and
drainage and pumping the groundwater from inside the pit
(in-pit dewatering). It is important to note that these two
approaches are generally complementary rather than
competitive (Younger 2007). The aim of groundwater
control by ex-pit dewatering is to prevent groundwater
from entering the working area. The exclusion technique

Table 1 Example of operating cost savings due to dewatering (after
Beale 2009, with permission)

Cost element Benefit ($/year)

Savings in blasting costs 389,000
Reduced slope maintenance 960,000
Reduced operation of in-pit sumps 164,000
Savings in haulage costs 709,000
Savings in maintenance costs 800,000
Savings in power 53,000
Total cost benefit 2,969,000

allows work to proceed below groundwater levels with
minimal effects on groundwater levels outside the site
(Cashman and Preene 2001), which avoids the potential
side effects of dewatering. In-pit dewatering methods
control groundwater by collecting the water in sumps and
then pumping, affecting a local lowering of groundwater
levels. The aim of this approach is to lower groundwater
levels to a short distance (say 0.5 m) below the deepest
excavation formation level (Brassington 2007; Woodward
2005). Inventory of conventional techniques and typical
usage conditions are summarized in Table 2 (Cashman and
Preene 2001; Younger et al. 2002).

The decision on which dewatering measure to use often
leads to using combined methods, e.g. impermeable cut-off
walls and wells, wells and underground galleries, or wells
with horizontal drains (Libicki 1985). There are clearly
instances where this is necessary, such as when an exca-
vation will penetrate a succession of widely varying
lithology (Cashman and Preene 2001), so the configured
GWLP must allow this option.

Governing Features of the Optimal GWLP

Based on the results of a field investigation and a literature
review (Libicki 1985; Morton and van Mekerk 1993;
Younger et al. 2002), 12 compendious features were found
to incorporate all of the major technical, economical,
safety, and environmental factors (Fig. 1).

Successful linking between mining operations, hydro-
logical conditions, and dewatering is also critical in
achieving GWLP goals. For example, an open pit operated
in loose, water-saturated formations will have many not-
very-high benches; a quick face advance can be difficult
due to the need to reproduce sheared wells on each bench,
together with their electrical supply and water removal
installations. Technical factors (7) such as these are sum-
marized below:

e Response time (T;): required time and duration for the
local water table to be lowered.

e Hydrological condition compatibility (T,): appropriate-
ness of a dewatering system based on hydrologic
factors, such as permeability (K) and coefficient of
volume compressibility (C,).

e FExperiences with the system (T3): unexpected discor-
dance may lead to poor efficiency or even system
failure; relevant experience with similar situations
could eliminate such uncertainties.

e Flexibility (T,): adaptability of the dewatering system
to possible variation in design assumptions.

o (Ts) Interfere with mining operations: the GWLP
should adversely affect mining operations as little as

@ Springer



194

Mine Water Environ (2012) 31:192-198

Table 2 Inventory of techniques in GWLP and their typical usage condition

Approach

Condition of use

Ex-pit techniques
Drainage pipes or ditches (e.g. French drains)

Sump pumping

Drying of the near springs or lakes

Deep wells with electric submersible pumps

Deep wells with electric submersible pumps and vacuum

Steel sheet-piling (displacement barrier)

Vibrated beam wall (displacement barrier)

Slurry trench cut-off wall using bentonite or native clay
(excavated barrier)

Jet grouting (injection barrier)

Mix-in-place columns (injection barrier)
In-pit techniques

Unloading

Drainage wells

Underground galleries®

Horizontal drain holes

Needle filters

Ditches

Pumping stations

Upstream; favorable topography; using tunnels where topography is
unfavorable

Clean coarse soils

Available destination storage

Sandy gravels to fine sands and water-bearing fissured rocks

Silty fine sands, where drainage from the soil into the well may be slow

Most soils, but obstructions such as boulders or timber baulks may impede
installation

Silts and sands; will not support the soil

Silts, sands, and gravels with hydraulic conductivity coefficient, K, less than
5 x 107 m%/s

Soils and weak rocks

Soils and very weak rocks

Where coefficient of volume compressibility, C,, is less than 10~* m%s
Where C, is greater than 1072 m?%/s

Where C, is greater than 10~* m?%/s

Where C, is greater than 10~ m%s; attainable length is less than 150 m
Attainable length is less than 10 m

Single side pit in mountain area; 1-2 deg. dip in benches with approximately
impermeable face

Where C, greater than 10~ m?/s; capacity for rain of 10 % probability

? Also available as an ex-pit application , known as adit dewatering

(SE) Safety & Environmental
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Fig. 1 Interactions of leading factors in detection of optimum dewatering system
possible. Generally, ex-pit techniques are less incon- economic factors, E, which have the following sub-
venient to mining than in-pit ones. attributes:

e Financial aspects are another integral part of the e Availability of dewatering equipment (E;): accessibility
decision. In this paper, they are materialized by and delivery time relevant to its need with respect to
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infrastructure. Although availability of dewatering
equipment is not an apparent financial attribute, it
could affect the closing price. Hence, it affects the
economics.

e Operation costs (E;): energy consumption, labor costs,
and so forth;

e [nvestment costs (E3): equipment, construction materi-
als, installation, and other expenditures.

e Maintenance costs (E;): replacement or repair of
equipments and structures, monitoring, etc.

Finally, safety and environmental factors (SE) are con-
sidered. These include:

e Drawdown of water table (SE;): adverse influence of
the mine on streams, water intakes, and soils in the
vicinity.

e Discharge quality (SE,): environmental protection
requirements are critical, and if disregarded, will
prevent mine closure due to unallowable environmental
disturbances. GWLPs definitely affect discharge qual-
ity. For instance, the water that comes from dewatering
wells with submersible pumps is relatively clean, while
water that flows over rocks in the open-pit or in
underground galleries is polluted, and has to be purified
before it can be discharged.

e Reliability (SE;): probability that the system will work
successfully.

The interactions of leading factors are organized hier-
archically in Fig. 1. It should be note that each factor is
either a cost attribute (e.g. smaller is better) or a benefit
attributes (e.g. larger is better), which is indicated in Fig. 1
by minus and plus, respectively.

Fuzzy MADM

Determining the best GWLP system involves multiple
decision criteria, several alternatives, unknown mathe-
matical relationships between them, uncertainties, and
linguistic variables. These reasons led us to use multiple
attributes decision-making (MADM), which identifies
optimal compromise solutions from all feasible alterna-
tives, based on both quantitative and qualitative attributes
(Erol and Ferrell 2003). In other worlds, the aim of MADM
is to select the alternative that has the highest degree of
satisfaction for all of the relevant attributes (Yang and
Hung 2007). Several application of MADM methods have
been reported in the field of water management (e.g. Chung
et al. 2011; Hernandez and Uddameri 2010; Hyde et al.
2004; Karnib 2004). Hajkowicz and Collins (2007), who
provided a comprehensive review on the application of

multiple criteria analysis in water management, identified
Saaty’s AHP as one of the most practiced well-known
MADM methods. It can cope with the uncertainties and
inexact definitions of linguistic variables (discussed below)
and inadequately crisp data to model real-life problems.
Hence, we used a fuzzy AHP method to rank alternatives
options.

Linguistic Variables

The concept of linguistic variables is very useful in dealing
with situations that are too complex or ill-defined to be
reasonably described in conventional quantitative expres-
sions (Li and Yang 2004). For example, the ratings of
alternatives on the qualitative attribute reliability could be
expressed using linguistic variables such as “low”, or
“very high”. Such linguistic values can also be represented
using positive triangular fuzzy numbers (TFNs). For
example, “very low”, “low”, “medium”, “high” and
“very high” can be represented by TFNs (1, 1, 2), (2, 3, 4),
4, 5, 6), (6,7, 8), and (8, 9, 9), respectively. In a similar
vein, TENs (1, 1, 1), (1/2, 1, 3/2), (1, 3/2, 2), and (3/2, 2,
5/2) are used to present an expert’s verbal judgments as
“just equal”, “slightly important”, “very important”, and
“much more important”, respectively.

Fuzzy Extent Analysis Method

Many fuzzy-AHP methods exist (e.g. Buckley 1985; Chang
1996; Mikhailov 2004; Van Laarhoven and Pedrycz 1983).
These methods are systematic approaches to the alternative
selection and justification problem that use the concepts of
fuzzy set theory and hierarchical structure analysis. The
current study applies the extent analysis approach of fuzzy-
AHP developed by Chang (1996), which is one of the most
important methods that integrates triangular fuzzy numbers
in fuzzy-AHP.

Let X = {x1,x5,...,x,} be an object set, and
U = {uu,,...,u,,} be a goal set. According to the method,
each object is taken and extent analysis for each goal, g;, is
performed, respectively. Therefore, m extent analysis val-
ues for each object can be obtained, with the following
signs (Dagdeviren et al. 2008; Gumus 2009):

My M- Moy i=1,2,--n (1)

Steps of the extent analysis consist of:
Let A = [djl,x, be a preference matrix where dj; =
(af, af, af) is a TFN.

ij>

Step 1 The value of fuzzy synthetic range with respect to
the ith object is defined as:
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m n m -1 m m
s=Somio [S3om] = (S mSw)
=1 i=1 j=1 =1 =1 j=1

1 1 1 )
® n ) n ) n ) (2)
Dot Ui Dymi iy

Step 2 The degree of possibility of M, > M; is defined
as:

1 if my>my
V(My>M;) = py,(d) =4 0 if bh>w
L—ur otherwise

(my—L)—(mi 1)
(3)

where d is the ordinate of the highest intersection point
D between p,,; and py,». The values of both V(M| > M»)
and V(M, > M,) are needed to compare M, and M,.

Step 3 The degree possibility for a convex TFN to be

greater than k convex TFN M; (i = 1,2,...,k) can be defined

by:

VIM>M,My,.. M,) =minV(IM>M;), i=1,2,--- k.
(4)

and assume that:

d(A)=minV(S;>S), k=1,2,---n; k£ (5)

Then, the weight factor is given by:

W = (d (A1),d (A2),---d'(A,)", i = 1,2, ,n (6)

Step 4 The normalized weight vectors via normalization
are given by

W= (d(A1),d(A2), - d(A,)" (7)

where W is a defuzzified number. According to decreasing
order of alternatives by W, the top ranking should be the
best GWLP.

Case Study of the Sechahoun Open Pit Mine

The Sechahoun iron ore open pit mine, which contains
more than 145 Mt of ore, is located east of Yazd, Iran. The
natural groundwater level in Sechahoun is 3040 m below
ground level, e.g. ca 1630 m above mean sea level (amsl),
as indicated in Fig. 2a (Katibeh et al. 2010). The water
inflow to the pit is mainly from a confined aquifer, mostly
by horizontal flow in the upper layers and vertical flow at
the pit bottom.

The final depth of the Sechahoun pit will be 270 m, e.g.
1,400 m amsl. Katibeh et al. (2010) used a numerical
method (MODFLOW software, version PMWIN 5.3), to
show that when the pit is excavated under 1600 m amsl,
groundwater flow into the pit will be dangerous. Figure 2b
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Fig. 2 Groundwater elevations around the Sechahoun mine: a natural
level, b final pit, after 25 years (Katibeh et al. 2010)

shows groundwater elevations after 25 years, based on
finite difference modeling.

Figure 2 shows that the hydraulic gradient is highest
southeast of the pit. Uncontrolled water behavior may
cause additional slope instability, operational difficulties,
and adverse environmental impacts. Hence, a GWLP is
essential in nearly the entire stages of construction and
operation of the pit.

Four GWLPs were considered to address the ground-
water problems in the Sechahoun pit:

Alt. 1: Pumping wells (in-pit)

Alt. 2: Underground gallery (ex pit)

Alt. 3: Pumping stations (in-pit)

Alt. 4: Deep wells with electric submersible pumps
(ex pit).
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Performance of each alternative with respect to each
criterion are shown as an impact matrix in Table 3. The
Table’s qualitative entries are approximate, based on a
conceptual design stage. They could be converted to TFNs
for further computational steps.

The pairwise comparisons for the main and sub-attri-
butes mentioned in Fig. 1 were obtained from expert
judgments. For instance, Table 4 shows the received
judgments about how the main attributes cluster.

The values of fuzzy synthetic extents with respect to the
main attributes were calculated as shown below (see Eq. 1):

Sr = (2.17,3,4.5) ® (0.22,0.33,0.46) = (0.48, 1,2.08)

Sp = (2.5,3.5,4.5)® (0.25, 0.37, 0.46)
= (0.62, 1.31, 2.08)

Sse = (2.17, 2.67, 4) ® (0.22, 0.29, 0.4)
= (0.48, 1.0.76, 1.6)

The degrees of possibility were calculated as shown
below (see Eq. 3):

V(My > Mg) = 0.823,
V(Mr>Mgg) =1,
V(Mg >Myp) =1,
V(Mg >Msg) =1,
V(Mg > My) = 0.825,
V(Msz > M) = 0.639.

For each pairwise comparison, the minimum degrees of
possibility are found below (see Eq. 5):

Table 3 Impact matrix of GWLPs is proposed for Sechahoun open
pit mine

Criteria Sub cr. Alt. 1 Alt. 2 Alt. 3 Alt. 4
T T1 M VH M VH
T2 M M M M
T3 H M VH M
T4 H VL VH M
TS5 L M VL M
E El VH M VH M
E2 M H M VH
E3 M H M VH
E4 M M L M
SE SE1 M VH H H
SE2 M H M H
SE3 H H H M

VL very low, L low, M medium, H high, VH very high

197
Table 4 Expert’s pairwise judgments between main attributes
Main criteria T E SE
T 1,1, 1) (2/3, 1, 2) (172, 1, 3/2)
E (172, 1, 3/2) 1,1, 1) (1, 372, 2)
SE (2/3, 1, 2) (172, 2/3, 1) (1, 1, 1)

min V(M > My) = 0.823,
min V(M > M) = 1,
min V(M > My) = 0.639.

The importance weights of the main attributes were
calculated via normalization, as follows:

W = (d(T),d(E), L,d(SE))"= (0.334,0.41,0.26)"

In a similar way, the importance weights of the all sub-
attributes and alternatives were calculated (Table 5).
According to the results, underground gallery, Alt. 2,
with a score of 33.9 %, was identified as the superior
GWLP.

The scores in Table 5 indicates that the underground
gallery (column Alt. 2) option would use available equip-
ment (E1), has relatively low operation (E2) and mainte-
nance costs (E5), is compatible with hydrological
conditions (T2), is relatively reliable (SE3), and would
pose negligible interfere with mining operations (T5).
These scores are site-specific and are based on side-by-side
comparison of the alternatives and the preferences of the
decision makers, based on the decision criteria. They
reflect site conditions and the management philosophy at
the mine; thus, although this approach should be applicable
elsewhere, the conclusions at other sites are likely to be
very different.

Table 5 Priority weights driven from the calculations

Main w Sub- w Alt. 1 Alt.2  Alt.3 Al 4
criteria criteria
T 0.33 -T, 0.33 0.05 0.00 0.05 0.00

+T, 0.30 0.00 0.05 0.00 0.05
+T; 026 0.03 0.00 0.06 0.00
+T4 0.02 0.00 0.00 0.00 0.00
—Ts 0.10  0.00 0.02 0.00 0.02
E 041 +E, 0.09 0.00 0.03 0.00 0.00
—E; 041 0.00 0.17 0.00 0.00
—E; 0.31  0.00 0.00 0.13 0.00
—E4 0.20 0.00 0.03 0.01 0.03

SE 0.26 —SE; 045 0.08 0.00 0.02 0.02
—SE, 0.11 0.01 0.00 0.01 0.00
+SE; 045 0.04 0.04 0.04 0.00
Final 216 % 339 % 327 % 11.8%
rank
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Conclusions

In this age of increasingly competitive markets for mining
products, the GWLP selection problem is of enormous
interest as a way of decreasing total costs. Successful
dewatering requires a thorough understanding of the
appropriate techniques. Without this knowledge, any
dewatering decision will have a high probability of being
sub-optimal, incurring unnecessary costs with a low suc-
cess rate.

Decision-makers face environments that are more
complex today, so decision making often involves uncer-
tainties. Therefore, we designed a multi-criteria decision-
making model based on fuzzy set theory (i.e. fuzzy AHP)
to select the most acceptable GWLP. For this purpose, the
12 most relevant criteria were integrated to achieve a
sustainable decision. Adding decision criteria to an evalu-
ation process can improve accuracy and thereby make a
decision support system more robust, but can require
additional time and money.

Comparing the four alternatives in this case study led to
the underground gallery (Alt. 2) being the optimal solution,
with a normalized score of 33.9 %. One of the advantages
of this decision technique is that final rankings are
expressed with relative scores, so a user should readily
understand the actual difference between alternative pref-
erences and make a realistic decision. For example,
although Alr. 2 had the top ranking, with a score of 33.9 %,
pumping station, (Alt. 3), with a score of 32.7 %, has a very
similar score. Therefore, Alt. 3 could be the superior
alternative if the situation was only slightly different or if
the decision makers are allowed/encouraged to reexamine
their scores. The fuzzy extended analysis eliminated some
criteria that were much less relevant by giving them zero
weights. Such clustering may help managers make deci-
sions based on the most important criteria, especially in
cases where more precise information can be expensive to
obtain.

References

Beale G (2009) Hydrological model. In: Read J, Stacy P (eds)
Guidelines for open pit slope design. CSIRO, Collingwood,
pp 141-200

Brassington R (2007) Field hydrogeology, 3rd edn. Wiley, Chichester

Buckley JJ (1985) Fuzzy hierarchical analysis. Fuzzy Set Syst 17(3):
233-247

@ Springer

Cashman PM, Preene M (2001) Groundwater lowering in construc-
tion: a practical guide. Spon Press, London

Chang DY (1996) Applications of the extent analysis method on
fuzzy AHP. Eur J Oper Res 95(3):649-655

Chung ES, Hong WP, Lee KS, Burian SJ (2011) Integrated use of a
continuous simulation model and multi-attribute decision-mak-
ing for ranking urban watershed management alternatives. Water
Resour Manage 25:641-659

Dagdeviren M, Yiiksel I, Kurt M (2008) A fuzzy analytic network
process (ANP) model to identify faulty behavior risk (FBR) in
work system. Saf Sci 46(5):771-783

Erol I, Ferrell WG (2003) A methodology for selection problems with
multiple conflicting objectives and both qualitative and quanti-
tative criteria. Int J Prod Econ 86(3):187-199

Gumus AT (2009) Evaluation of hazardous waste transportation firms
by using a two step fuzzy-AHP and TOPSIS methodology.
Expert Syst Appl 36:4067-4074

Hajkowicz S, Collins K (2007) A review of multiple criteria analysis
for water resource planning and management. Water Resour
Manage 21:1553-1566

Hernandez EA, Uddameri V (2010) Selecting agricultural best
management practices for water conservation and quality
improvements using Atanassov’s intuitionistic fuzzy sets. Water
Resour Manage 24:4589-4612

Hyde KM, Maier HR, Colby CB (2004) Reliability-based approach to
multicriteria decision analysis for water resources. J Water
Resour Plan Manage 130(6):429—438

Karnib A (2004) An approach to elaborate priority preorders of water
resources projects based on multicriteria evaluation and fuzzy
sets analysis. Water Resour Manag 18(1):13-33

Katibeh H, Mohammadkhani M, Aalianvari A (2010) Optimum
system in groundwater dewatering in Sechahoun Open Pit Mine.
Amirkabir J 71:57-64 (in Persian)

Kecojevic VJ, Mrugala MJ, Simic RD, Stankovic RM (2003) A
computer-aided system for design of drainage facilities in
surface mining. Mine Water Environ 22(3):149-154

Li D, Yang J (2004) Fuzzy linear programming technique for
multiattribute group decision making in fuzzy environments.
Inform Sci 158:263-275

Libicki Y (1985) Proposal of criteria for selection of dewatering
methods in surface mining. In: Proc, 2nd international mine
water assoc congress, Granada, pp 105-112

Mikhailov L (2004) A fuzzy approach to deriving priorities from
interval pair-wise comparison judgments. Eur J Oper Res 159(3):
687-704

Morton KL, van Mekerk FA (1993) A phased approach to mine
dewatering. Mine Water Environ 12:27-33

Van Laarhoven PJM, Pedrycz W (1983) A fuzzy extension of Saaty’s
priority theory. Fuzzy Sets Syst 11:229-241

Woodward J (2005) An introduction to geotechnical processes. Spon
Press, London

Wyllie DC, Mah CW (2004) Rock slope engineering: civil and
mining. Spon Press, NYC

Yang T, Hung C (2007) Multiple-attribute decision making methods
for a plant layout design problem. Robot Comput Integrated
Manuf 23:126-137

Younger PL (2007) Groundwater in the environment: an introduction.
Blackwell, Oxford

Younger PL, Banwart SA, Hedin RS (2002) Mine water: hydrology,
pollution, remediation. Kluwer, Dordrecht



	Choosing an Optimal Groundwater Lowering Technique for Open Pit Mines
	Abstract
	Introduction
	Inventory of GWLP Techniques
	Governing Features of the Optimal GWLP
	Fuzzy MADM
	Linguistic Variables
	Fuzzy Extent Analysis Method

	Case Study of the Sechahoun Open Pit Mine
	Conclusions
	References


