
Abstract: A simulation-optimisation based methodology has 

been proposed for identifying economically and ecologically 

optimal locations for new groundwater supply wells. The 

locations with a minimum possibility of getting contaminated 

or drying out within a reasonable time period. A simulation 

model developed with MODFLOW (modular three-

MT3DMS (modular three dimensional multispecies transport 

model) was used to determine the spatiotemporal effects of 

potential pollution sources and water withdrawals. Monte Carlo 

method was used with the simulation models to incorporate 

the uncertainty in the behaviour of potential pollution sources 

and water extractions. This integrated methodology was 

illustrated using a small hypothetical case study. The results 

indicate that readily invisible hydro-geological factors such 

as heterogeneous characteristics of subsurface strata, irregular 

positioning decisions recommended by the proposed model 

potentially feasible and sustainable locations for new water 

supply wells, given uncertain information on future events. 

Since the uncertainty of available information is taken into 

account, this methodology is suitable for locating wells in 

poorly understood aquifers utilised for residential supply. The 

minimising negative environmental impacts. 

Keywords: Extraction, groundwater, optimisation, simulation, 

well location. 

INTRODUCTION

Groundwater is the primary source of domestic water 

supply in Sri Lanka. About 80 % of the island’s rural 

RESEARCH ARTICLE

J.Natn.Sci.Foundation Sri Lanka 2016 44 (3): 233-242 

DOI: http://dx.doi.org/10.4038/jnsfsr.v44i3.8005

Optimal positioning of groundwater supply wells in residential 

areas with uncertain information† 

* ranga.prabodanie@yahoo.com
† An abstract based on the initial outcomes of this research has been presented at the 17th International Forestry and Environment Symposium, held 

on 16 – 17 November, 2012 at Pegasus Reef Hotel, Handala, Wattala, Sri Lanka.

R.A.R. Prabodanie*

Department of Industrial Management, Faculty of Applied Sciences, Wayamba University of Sri Lanka, Kuliyapitiya.

Revised: 27 July 2015; Accepted: 29 September 2015

  
drinking water comes from residential open dug wells and 

tube wells (Panabokke & Perera, 2005). Groundwater 

is usually considered as safe for drinking and as 

reliable in supply. However, recent developments in 

of groundwater. Mainly, the use of groundwater for 

domestic, industrial, and agricultural purposes has been 

IWMI, 

2005). Together with intensive utilisation, instances of 

groundwater contamination have also been reported 

frequently (Mageswaran & Mahalingam, 1983; Nanthini 

et al., 2001; Panabokke & Perera, 2005; Bandara & 

Hettiarachchi, 2010; Rodrigo, 2013).

 Since Sri Lankan aquifers are relatively shallow, they 

are quite susceptible to contamination (IWMI, 2005) 

from potential sources such as agricultural land, soakage 

for houses and limited availability of land, positioning of 

water supply wells outside the vicinity of contamination 

will be more d

disposal systems are not available in most areas of 

Sri Lanka, sewage is disposed at the point of generation 

using domestic soakage pits. In highly residential areas, 

both water supply wells and soakage pits are located 

within the small block of land, in the neighbourhood 

of several other domestic soakage pits, water supply 

wells, and sometimes other sources of pollution such 

New wells are usually located based on conventional 

knowledge and architectural concerns, ignoring the 

potential for contamination. Simple restrictions such 

as maintaining a minimum distance between a water 

supply well and a soakage pit cannot guarantee the safety 

of groundwater, owing to the complex hydrological 
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algorithm to solve the optimisation problem. Hsiao and 

Chang (2002) used a genetic algorithm (GA) integrated 

with constrained differential dynamic programming 

(CDDP) to determine the optimal number and locations of 

costs of installing wells and time-varying pumping rates.

 Salt water intrusion problem has also been considered 

in selecting optimal well locations, particularly in 

coastal aquifers. Park and Aral (2003) proposed a 

multi-objective optimisation model to determine the 

optimal pumping rates and well locations, which 

meet a set of constraints on salt water intrusion and 

required extraction rates. Silva and Haie (2007) used an 

evolutionary algorithm linked with a simulation model to 

the best well locations taking into account the demand 

for water, the cost of installing and operating the water 

supply network, and environmental constraints on salt 

water intrusion. Rao and Manju (2007) developed a 

locations of pumping wells from a pre-determined set of 

candidate well locations so as to minimise the salinity 

concentration in pumped water.

 

 In addition to optimisation methods, GIS based 

methodologies have also been proposed for positioning 

groundwater extraction wells. Razowska-Jaworek (2010) 

proposed the use of GIS analysis for positioning public 

water supply wells. Both hydro-geological parameters 

and economic factors have been considered in this study. 

Al-Daghastani and Al-Maitah (2006) have also used 

GIS techniques to locate groundwater wells based on 

catchment topography and drainage patterns.

 The literature is rich with a variety of methodologies 

proposed for optimal positioning of groundwater 

supply wells taking into account the associated costs 

and the spatiotemporal effects of extractions. However, 

factors such as the variations in water withdrawals and 

pollutant loadings, and the potential for contamination 

of well water in the future are yet to be incorporated 

into those methodologies. Better and more sophisticated 

methodologies have also been proposed for locating 

groundwater monitoring wells and remediation wells 

(Storck et al., 1997; Yenigul et al., 2006; Mantoglou 

& Kourakos, 2007). These well selection models have 

utilised the Monte Carlo method to internalise the 

uncertainties in the model parameters. Such probabilistic 

approaches are applicable in cases of poorly understood 

groundwater systems with little knowledge on future 

stresses. Similar approaches can also be adopted and 

utilised for locating groundwater supply wells.

processes that determine the directions of groundwater 

and other environmental concerns such as salt water 

intrusion should be considered in locating new wells, 

particularly if the aquifer is heavily utilised. Among the 

consequences of ignoring these environmental concerns 

are contamination of drinking water, drying out of wells 

during droughts, health risks associated with abandoned 

(Mageswaran & Mahalingam, 1983; Liyanage et al., 

2000; Bandara & Hettiarachchi, 2010; Fazlulhaq, 2012; 

Rodrigo, 2013). 

 This paper focuses on the problem of positioning 

groundwater supply wells in residential areas where 

groundwater is at the risk of getting polluted and/

groundwater science and optimisation are required 

to identify well locations accounting for the above 

mentioned hydrogeological processes, which are not 

trivial. The objective of the work presented in this paper 

is to develop a methodology to locate groundwater supply 

wells in the neighbourhood of potential pollution sources 

and other water supply wells, minimising the likelihood 

of getting contaminated or drying out.

 Among several groundwater management issues, 

positioning of groundwater extraction wells is a problem 

associated with various objectives. Extraction wells are 

sometimes positioned for the purpose of remediation 

by extracting the polluted water with a minimum cost 

and minimum negative impacts on the environmental 

equilibrium (Chang et al., 1992; Ratzlaf et al., 1992; Wang 

& Ahlfeld, 1994; Chu et al., 2005; Ko et al., 2005; Prasad 

& Mathur, 2008). In some cases, wells are located for 

the purpose of monitoring and detection of groundwater 

1996; Storck et al., 1997; Yenigul et al., 2006; Chadalavada 

et al., 2010). In this paper, groundwater extraction for 

drinking and sanitation purposes was considered. Various 

optimisation methodologies with various objectives 

and constraints have been proposed for the purpose of 

positioning such water supply wells.

 

 Mayer et al. (2002) and Fowler et al. (2004) modelled 

the well positioning problem with the objective of 

minimising the cost of installing and operating a set of 

extraction wells. They used an optimisation model to 

determine the well locations and abstraction rates subject 

to constraints on the net extraction rates, pumping rates, 

and hydraulic heads. Fowler et al. (2004) went a step 

further by solving these problems using the US geological 

survey modular groundwater model (MODFLOW) to 
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economically and ecologically optimal locations for 

groundwater supply wells taking into account the potential 

pollution sources, water withdrawals, and possible 

variations in pollutant loading and water withdrawals. 

First, a set of potential extraction locations (candidate 

of installation and operation costs. Potential pollution 

exact estimates of their characteristics are not required. 

Possible impacts of water extraction from each candidate 

location (i.e., the resulting head and concentration 

distributions at the extraction locations and other control 

solute transport simulations. Monte Carlo method was 

used to incorporate the uncertainty in pollutant loading 

from potential sources and water withdrawal rates from 

existing wells. The estimated head and concentration 

distributions then served as the main input to an 

least cost extraction locations subject to constraints on 

the likelihoods of getting contaminated, getting dried 

out, drying out other neighbouring wells, and having 

other negative impacts such as salt water intrusion into 

the aquifer. The idea was demonstrated using a small 

hypothetical case study, and its applicability for a real 

world problem was illustrated. The results indicated 

the importance of using simulation-optimisation based 

methods in locating groundwater extraction wells, 

particularly in heavily utilised aquifers, which are 

more susceptible to pollution. Since the uncertainty in 

the input parameters were internalised using the Monte 

Carlo method, the proposed methodology is suitable for 

locating wells in poorly understood aquifers as well.

  

METHODOLOGY

This paper addresses the problem of selecting least cost 

groundwater extraction locations with an acceptable level 

dried out within a reasonable time period. The key factors 

considered were, the water availability at potential well 

locations, potential sources of pollution, and the effects 

of extractions from each potential well location on other 

environmental control points.

 In the developed well positioning methodology, a 

extraction rates (for both existing and proposed wells) 

and leakage rates from the potential pollution sources 

were considered as uncertain parameters with known 

probability distributions. If historical data is available, 

available software such as MATLAB. For example, the 

extraction rates can be assumed as normal distributions 

with known means and standard deviations.  For potential 

point sources like soakage pits with uncertain leakage 

rates, uniform distributions can be assumed (allowing 

for negligible and higher leakage rates). Similarly, 

suitable probability distributions can be assigned for 

parameters.

models were used to estimate the spatiotemporal impacts 

of water extractions from potential well locations and 

pollutant loading from potential sources. MODFLOW 

(Harbaugh et al., 2000) and MT3DMS (Zheng & Wang, 

1999) codes were used for simulation. The simulation 

models were iteratively executed with random 

realisations of source loading rates and water extraction 

rates to obtain the probability distributions of heads and 

concentrations at a set of interested locations (candidate 

well locations and other control points). This approach 

of estimating the distribution of an uncertain variable 

is usually known as the Monte Carlo method (Winston, 

1994).

 An optimisation model was then formulated using the 

probability distributions of heads and concentrations to 

on, (1) the probability that the concentration in a selected 

well or at a concentration control point exceeds a pre-

selected well will dry out or the head at a selected well 

probability that the head at a head control point drops 

The partial differential equation which describes the fate 

and transport of a contaminant in a three-dimensional 

 

 ...(1)
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where C = dissolved concentration (gm-3), x
i 
= distance 

along the respective cartesian coordinate axis (m), 

i, j = coordinate directions, t = time (s), q
i
= Darcy velocity 

in the direction i (ms-1

q
s

-1), C
s
 = source concentration 

(gm-3), D
ij
 = components of the dispersion tensor (m2s-1), 

and R
n
 = chemical sink/source term for nth reaction 

(Zheng & Bennett, 2002). The transport equation is 

Darcy’s Law (Zheng & Bennett, 2002).

 

 The MODFLOW code (Harbaugh et al., 2000) solves 

code (Zheng & Wang, 1999) to simulate contaminant 

transport in groundwater using the above equation.

 

Monte Carlo method

problems, the exact values of the aquifer properties 

and the characteristics of external sources and sinks are 

not known. Hence, the Monte Carlo simulation method 

transport models several times using input parameters 

distributions of heads and concentrations.

 

 For each candidate well location, a Monte Carlo 

estimate the probability distributions of concentrations 

and heads at the candidate wells and control points. 

MS excel was used as a front-end to generate random 

numbers, to run MODFLOW and MT3DMD simulations 

iteratively, and also to approximate the probability 

distributions. The estimated probability distributions 

then serve as the main input for the optimisation model.

Optimisation model

The goal of the optimisation model is choosing the best 

at the minimum cost of installation and operation. Each 

well location has associated head and concentration 

distributions for the well location itself and for each 

control point. The optimal locations are to be selected 

subject to probabilistic constraints (usually known as 

chance constraints) on heads and concentrations at the 

well itself and at the control points. The head control 

points can be at existing water supply wells to avoid 

cient 

aquifer; or in case of coastal aquifers, along the shore 

to avoid salt water intrusion. The concentration control 

points can also be at existing well locations or on river 

banks.

 

 The cost of installing and operating a well at a given 

location may be affected by the cost of purchasing land 

(in case of a public well), digging and constructing, 

installing the distribution network, and treatment of water 

if required. In many real world situations, the cost terms 

will be endogenous as they will be determined by the 

distances between well locations and demand locations, 

depth to water (which affect the cost of digging and 

pumping), and concentrations (i.e. if the concentration 

is high, some treatment will be required incurring the 

cost of treatment). All these factors should be considered 

in assigning cost terms to candidate well locations. To 

minimise the total cost, the objective function of the 

optimisation model is formulated as:

Min ii i xC                ...(2) 

where x
i
 is a binary decision variable indicating whether 

the candidate well location i is selected (a value of 1 

indicates selection) and C
i 
is the total (discounted) cost of 

installing and operating an abstraction well at location i 

during the planning period.

 The solution algorithm would set x
i
 to 1 for those well 

locations having the smallest C
i
 subject to the following 

constraint on the maximum number of wells to be 

installed.

               ...(3)

where NMx is the number of new wells to be installed.

 Well location i should be selected (x
i 
= 1) only if the 

associated probability that it would get dry during the 

planning period (probability that the head at well location 

i

level.

x
i 
Pr (h

i  
H Mn

i 
P h

i
 for all i             ...(4)

where h
i
 is a random variable taking the value of the 

head at potential well location i, HMn

i
 is the minimum 

head level required at location i, and Ph

i
 is the maximum 

allowable probability of this head constraint violation 
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In this formulation, constraints on heads and 

concentrations are imposed at the end of the planning 

(simulation) period assuming that the pollutant loading 

and water withdrawals occur continuously during the 

period. But these constraints can be imposed temporally 

at discrete time intervals if required.

 
 

 Well location i should be selected (x
i 
= 1) only if the 

associated probability that it would get contaminated 

(probability that the concentration at well location i 

exceeds the maximum acceptable level) is below a pre-

x
i 
Pr (c

ki  
C Mx

k
P

ki 
for all i and k            ...(5)

where c
ki
 is a random variable taking the value of the 

concentration of constituent k at candidate location i in the 

presence of a well there, CMx

k
 is the maximum acceptable 

concentration of constituent k, and P
ki
 is the maximum 

allowable probability of constraint violation relative to 

 

 Well location i should be selected (x
i 
= 1) only if 

the associated probability, that the head at any head 

control location (indexed by m) drops under the required 

x
i 
Pr (h

mi
 H Mn

m 
P h

m 
  for all m            ...(6)

where h
mi 

is a random variable taking the value of the 

head at control point m in the presence of a new well 

at location i, HMn

m 
is the minimum head level required 

at control point m, and Ph

m 
is the maximum allowable 

probability of head constraint violation (relative to the 

 Well location i should be selected (x
i 
= 1) only if 

the associated probability, that the concentration of any 

simulated constituent at any concentration control point 

(indexed by n) exceeds the threshold, is below a pre-

x
i 
Pr (c

kni  
CMx

k
P

kn
  for all k and n            ...(7)

where c
kni

 is a random variable taking the value of the 

concentration of constituent k at control point n in the 

presence of a well at location i, P
kn

 is the maximum 

allowable probability of this water quality constraint 

The heads and concentrations at candidate well locations 

and control points are calculated from groundwater 

and transport equations. Thus the distributions of head 

and concentration variables can be expressed as some 

solute transport equations solved through MODFLOW 

and MT3DMS codes.

    

P(h
i
) = f hi(x

i
, P(

1
), P(

2
),… , P(

n
))             ...(8)

P(c
ki
) = f cki(x

i
, P(

1
), P(

2
),… , P(

n
))            ...(9)

P(h
mi

) = f hm(x
i
, P(

1
), P(

2
),… , P(

n
))          ...(10)

P(c
kni

) = f ckn(x
i
, P(

1
), P(

2
),… , P(

n
))          ...(11)

where P(h
i
), P(c

ki
), P(h

mi
), and P(c

kni
) represent the 

probability distributions of head and concentration 

variables, and P(
1
), P(

2
), … , P(

n
) represent the 

probability distributions of a set of aquifer parameters, 

initial conditions, and source/sink parameters denoted by 

1
,
 2

, …, 
n
.

 The optimal well selection problem formulated 

above is a strictly non-linear optimisation problem 

which cannot be approximated to any standard model. 

Therefore, an appropriate meta-heuristic search method 

such as simulated annealing or genetic algorithm can be 

used to solve the problem. In the illustration presented 

under Results and Discussion, a relatively small scale 

problem is considered and solved using the in-built 

solver of MS Excel.

 

RESULTS AND DISCUSSION

The proposed well positioning methodology is applicable 

in residential areas surrounded by potential pollution 

industrial zones and factories. Figure 1 illustrates a 

residential area near the Avissawella city in Sri Lanka 

where there are several rubber factories and an export 

processing zone in the neighbourhood. The underlying 

groundwater catchment, which possibly feeds the 

factories. Several incidents of groundwater pollution 

past (Kudaligama, 2004; Rodrigo, 2013; Wipulasena, 

2014). Positioning of drinking water supply wells in such 

in the present study. However, to use the proposed 
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(MODFLOW & MT3D) of the area is required. Since 

such models are not available for most Sri Lankan 

aquifers, and the development of hydrological models is 

beyond the scope of this paper, the performance of the 

proposed well positioning methodology is illustrated 

using a small hypothetical case study shown in Figure 2. 

The results from this case study illustrates the importance 

of developing hydrological models to be used in such 

well positioning methodologies.

 The proposed simulation-optimisation methodology 

was applied to select the best extraction well location 

with a sustainable yield of 150 m3/day from a set of four 

candidate locations shown in Figure 2. There are three 

existing groundwater wells, which are considered as head 

control locations. The new well should be located so that 

it does not have extreme negative impacts on the existing 

study area. A single groundwater pollutant was considered 

in this illustration (for example, nitrate is a commonly found 

of any pollutant coming from those sources of pollution.

The hydro-geological parameters were set so that the 

head boundaries are present towards the North and 

South margins of the study area. Hydraulic conductivity 

varied from 2.0 to 11.5 m/day. Aquifer top elevation was 

10.8 m. Bottom elevation was high along the Western 

and Eastern edges (about 10 - 8 m) and gradually drops 

towards the centre line (about 5 m).

 

 The aquifer was modelled as a single convertible layer 

with 25 m × 25 m cells (30 rows and 20 columns). The 

values of other hydro-geological parameters considered 

in the MODFLOW and MT3DMS models were, porosity 

0.2; longitudinal dispersivity = 35 m; ratio of horizontal 

to longitudinal dispersivity = 0.1; ratio of vertical to 

longitudinal dispersivity = 0.01; and molecular diffusion 

was simulated assuming no chemical reactions. The 

planning period was set to 30 years.

 It was assumed that the pollutant mass loading from 

the two point sources (soakage pits) are not known, but 

the maximum possible loading rate was estimated as 0.3 g/s. 

Thus the mass loading rate from the two point sources 

were assumed to be of uniform distribution with lower and 

upper bounds of 0.0 and 0.3 g/s, respectively, allowing the 

a diffuse source with uncertain leachate concentrations. The 

distributed with a mean of 0.1 mg/L and a standard deviation 

of 0.02 mg/L. For simplicity, it was assumed that the water 

extraction rates from the three existing wells are 150, 100, 

and 120 m3/day. The cost of installation and operation 

was considered as constant despite the location, and then 

the optimal well locations would be determined by the 

modelled constraints.

 For the optimisation, the maximum acceptable 

concentration of the concerned constituent was assumed 

to be 50 mg/L. Hence, the concentrations in the new 

and existing wells have to be kept below 50 mg/L 

that the concentration exceeds 50 mg/L should be kept 

below 10 %. It was assumed that the minimum heads 

required at the existing well locations 1, 2 and 3 to avoid 

drying out are 8.2 m, 8.7 m and 9.7 m, respectively. The 

minimum heads required at the candidate well locations 

1, 2, 3, and 4 to avoid drying out were 9.1, 9.1, 9.4 and 

7.3, respectively.

 A summary of the results produced from four Monte 

Carlo simulations, each with 100 parameter realisations, 

are given in Table 1.

Figure 1:  The residential area near Avissawella city of Sri Lanka 

surrounded by potential pollution sources
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Based on the simulation results in Table 1, the optimal 

well location selected by the optimisation model was 

well location 4. Candidate well location 1 has the least 

likelihood of getting contaminated, although it is located 

in location 1 is always below the maximum acceptable 

level. However, if a new well is installed in location 1 

in the neighbourhood of two existing wells, the new 

well can cause the existing well 3 to dry out. The aquifer 

thickness is lesser towards the western margin of the 

aquifer, and thus a new well in near upstream will cause 

well 3 to dry out. Therefore candidate location 1 is not 

feasible.

 Well location 2 is also not feasible because the 

probability that the concentration of this new well 

exceeds the maximum acceptable level of 50 mg/L is 

17 % (>10 %). Well location 2 is more susceptible to 

contamination compared to location 1 although location 

2 seems to be in the up-gradient of the point sources 

compared to location 1. Irregular hydraulic gradients and 

gradients from the North to South as well as from the centre 

line (low hydraulic conductivity area) to the West and East. 

The gradient from the upper low hydraulic conductivity 

same time, the plume originating from point source 1 is 

wide enough to reach location 2, making well location 2 

vulnerable to pollution and therefore infeasible for the 

purpose.

Figure 2:  Hypothetical study area
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Candidate well location 3 is also not feasible in terms of 

water availability. If a new well is installed in location 3 to 

extract water at a rate of 150 m3/day, the well will dry out 

soon. As mentioned earlier, the aquifer thickness is lesser 

towards the western boundary of the study area which is 

heavily unitised by two existing wells upstream. Thus well 

location 3 is not suitable for the purpose.

 

constraints is location 4. The probability that the 

concentration of water at this location exceeds 50 mg/L 

is just 6 % (< 10 %). It meets the head constraints also. 

This location is in a low hydraulic conductivity area and 

seems to be in the downstream of all pollution sources. 

However, the hydraulic gradients towards the West 

and East seem to be steeper than the gradient towards 

West and East before reaching the southern margin of 

the study area. On the other hand, the aquifer thickness 

along the center line is higher and a large amount of 

water is available in location 4 although the hydraulic 

conductivity is lesser. Thus the only feasible solution, and 

hence the optimal extraction well location is location 4, 

despite the associated costs. 

 This result highlights the importance of using 

simulation in the selection of optimal well locations. 

Simulation provides valuable information such as the 

from site inspection or data analysis. The problem 

discussed above is a small illustrative example (with just 

four decision variables and a few constraints) for which 

the optimal solution can be easily obtained. However 

the real world problems can have a large number of 

candidate well locations and constraints. To solve such 

complex problems, a meta-heuristic search algorithm 

will be required. 

CONCLUSION

A simulation-optimisation based methodology was 

proposed for optimal positioning of groundwater supply 

wells in residential areas. Several hidden factors such 

as heterogeneous characteristics of subsurface strata, 

irregular gradients, and varying aquifer thickness have 

supply well. As demonstrated, water supply wells located 

far away from potential pollution sources and even in the 

upstream of pollution sources can also get contaminated 

over time, as heavy withdrawals and sometimes possible 

sources, existing water supply wells, and all applicable 

environmental constraints should be considered in 

locating water supply wells to assure a safe and reliable 

water supply. Given such complexity, an externally 

linked simulation-optimisation model is shown to be a 

reliable tool for selecting sustainable locations for water 

supply wells. 

 

 The behaviours of groundwater pollution sources and 

water withdrawals are usually uncertain, and probabilistic 

constraints can be imposed to maximise the likelihood 

of meeting water quality and quantity requirements. 

This paper demonstrated a methodology for locating 

water supply wells outside the vicinity of contamination, 

taking into account the underlying uncertainties. As 

demonstrated, the proposed methodology provides 

locating a new well in any potential location.

 

 Such simulation-optimisation based methodologies 

require hydro-geological information and estimations 

of future withdrawals and pollution, and associated cost 

New (potential) well simulated 1 2 3 4

Final head at new well itself (m) 12.5 12.81 Dry 13.23

Probability distribution of 

concentration at the new well itself        

Mean 0.93 29.50 39.70 25.90

Standard deviation 0.19 14.75 21.85 11.80

Maximum 1.50 56.80 79.80 53.60

Minimum 0.40 0.90 3.90 2.60

Instances above 50 mg/L 0 17 32 6

Final head in existing well 1 14.14 14.39 15.04 14.9

Final head in existing well 2 15.43 14.28 15.69 15.54

Final head in existing well 3 Dry 11.3 11.91 11.73

Table 1:  A summary of the results from four Monte Carlo simulations 
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the hydro-geological parameters such as hydraulic 

of pollution sources and water withdrawals. Therefore, 

such methodologies are rarely used in practical situations 

of locating water supply wells. However, approximate 

are incorporated into the decision models. It was shown 

that even with probabilistic estimates of parameters, the 

proposed methodology can produce decisions, which 

evidence.

 The same approach can be utilised to locate 

minimising the likelihood of negative environmental 

impacts on existing water supply wells and surface 

water bodies etc. The work has to be further extended to 

include proper optimisation algorithms. 
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