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Abstract 

The Densu River Basin is one of the important basins in Ghana. A large number of residents 

in this basin are dependent on groundwater for their livelihood. However, with the growing 

population, urbanization and impact of climate change, it is imperative to develop ways to 

protect and manage the limited groundwater resource that is supporting the communities. As 

a result, this paper assessed the groundwater vulnerability by comparing two methods – the 

Depth to water, net Recharge, Aquifer media, Soil media, Topography, Impact of the vadose 

zone, and hydraulic Conductivity DRASTIC an the Aquifer Vulnerability Index (AVI). The 

results show that DRASTIC is more precise and representative of the groundwater 

vulnerability in the basin. The AVI statistically show a relatively lower risks compared to 

DRASTIC. It is recommended, AVI which is oversimplified may be useful for larger basins. 
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1. Introduction 

One of the main drivers to achieve the United Nations Millennium Development Goals (UN 

MDG) and end poverty in developing countries is the access to reliable potable water. This 

goal by the UN, continues to be the number one challenge to achieve by 2015. This is so 

because of the natural complexity of water existence and the current likelihood impacts from 

climate change. In most developing countries, groundwater stands as the most reliable, clean 

and safe water for household use(Gleick, 1993; Oki & Kanae, 2006). Yet, the rapid growing 

of population, urbanization, indiscriminate disposal of waste, siting of public toilets and 

septic tanks stand a high potential at implicating the usefulness of this vital resource – 

groundwater(Foster, 1990).  

In sub-Saharan Africa, groundwater is a vital resource to support the provision of potable 

water, watering of animals and dry season farming. Estimates are that, about 50% of 

sub-region relies on groundwater for their daily livelihood (Braune & Xu, 2010). In Ghana, 

groundwater continues to be the main potable water supply for a lot of people in the urban 

and rural settlements. Over the years, urbanization and industrial activities in the Densu River 

Basin have been increasing due to the country’s economic development. From the Weija 

reservoir, which is on the Densu river, water is supplied to about half the population of the 

Accra Metropolis (WRC, 2012). The Water Resources Commission (WRC) of Ghana noted 

that there are inherent practices in the basin that have negative influences on the water quality 

in this basin. These include farming along the banks of the Densu River, use of agrochemicals 

for farming and fishing, poor infrastructure development, indiscriminate disposal of solid and 

liquid wastes from authorities and illegal mining activities (WRC, 2012). According to the 

same report, it is estimated that over fifty licensed well drillers and raw water users have 

signed up with the commission for groundwater development and use.  

In view of this, the natural understanding of the vulnerable character of groundwater in the 

Densu River Basin is very vital for planning, decision making and policy drafting to protect 

and safeguard it. 

Several methods have been developed by engineers and scientists in the last decade to 

monitor and map out the vulnerability of groundwater in parts of the world. Out of the lots, 

two methods (DRASTIC and AVI methods) have been widely accepted to meet the needs of 

most countries globally. The simple difference between the two is that, DRASTIC requires 

more data to make a decision on the aquifer vulnerability while AVI requires a few to do the 

same work. The question therefore is which of these methods is most suitable? And what 

makes one suitable for particular watershed and under what conditions could either of these 

be considered useful? To provide baseline information, this paper evaluated the two methods 

for the Densu River Basin of Ghana. The paper seeks to provide the core strengths and 

weakness of each of these methods and by so doing, anticipates a contribution towards an 

improved monitoring and evaluation of groundwater vulnerability in Ghana and the 

sub-region.  
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2. Materials and Methods 

2.1 Data Sources 

The data in table 1 were used to estimate the groundwater vulnerability using the DRASTIC 

and AVI method. The parameters (depth of water, net recharge, aquifer media, soil media, 

slope, impact of the vadose zone and hydraulic conductivity) were determined according to 

previous studies using the open and free source Geographic Information Systems (GIS) 

software – ILWIS Open. 

Table 1. Parameters required by DRASTIC and AVI 

Parameter Data source Purpose 

Depth of water Pumping test data  AVI, DRASTIC 

Net recharge TAMSAT rainfall data & annual ET 

estimation 

DRASTIC 

Aquifer media Geological map, Ghana DRASTIC 

Soil media Soil map,  Ghana DRASTIC 

Slope SRTM 90m DEM DRASTIC 

Impact of vadose zone Well logs, geological map, Ghana DRASTIC 

Hydraulic 

conductivity 

Algorithm developed by (Luo, 

Grudzinski, & Pederson, 2011; Luo & 

Pederson, 2012) 

AVI, DRASTIC 

2.2 The DRASTIC Method 

The DRASTIC is an acronym standing for seven parameters – Depth to water(D), Net 

recharge(R), Aquifer media(A), Soil media(S), Topography(T), Impact of the vadose zone (I), 

and hydraulic Conductivity of the aquifer(C). A detailed explanation of each of these terms is 

fully documented in (Aller, Lehr, Petty, & Bennett, 1987). The DRASTIC method is given as: 

WrWrWrWrWrWrwr CCIITTSSAARRDD  Index  DRASTIC
,   (1) 

Where; Subscripts r is rating and w is the weight 

DRASTIC assigns weights to each of the seven parameters mentioned above (See Table 2) 

Table 2. DRASTIC assigned weights 

Parameter DRASTIC weights 

Depth of water  5 

Net recharge 4 

Aquifer media 3 

Soil media 2 

Slope  1 

Impact of vadose zone 5 

Hydraulic conductivity  3 

Source: Aller et al. (1987) 
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Over the years the DRASTIC method has received considerable attention in the US, Canada 

and around the world (Anornu, Kabo-bah, & Anim-Gyampo, 2012; Ducci & Sellerino, 2013; 

Panagopoulos, Antonakos, & Lambrakis, 2006; Rahman, 2008; Sener, Sener, & Davraz, 

2009). The advantage of DRASTIC is in the selection of relative weights, however, the 

selection of such weights creates some redundancies in the parameters. Some of the reason 

for this is that, some parameters are dependent and related, as  for example, the soil media 

and vadose zone parameters overlap and the hydraulic conductivity is totally redundant since 

it is derived completely from aquifer properties(Stempvoort, Ewert, & Wassenaar, 1993). The 

other challenge with the DRASTIC is that, it requires essential data called net recharge. This 

in practice is very difficult to quantify and scale it according to geographic areas(Keller, van  

der  Kamp, & Cherry, 1988). For this particular research, the study employed the methods 

and results obtained in previous study (See Table 3) on the Densu River Basin (Anornu, et al., 

2012). 

Table 3. DRASTIC ratings for Densu River Basin 

Parameter DRASTIC Rating 

Depth of water  10 

Net recharge 6-9 

Aquifer media 5-9 

Soil media 1-7 

Slope  1-10 

Impact of vadose zone 3-8 

Hydraulic conductivity  1 

2.3 The Aquifer Vulnerability Index (AVI) Method 

The AVI method was developed to simplify the approach of estimating the vulnerability of an 

aquifer (Van Stempvoort, Ewert, & Wassenaar, 1993).This method measures groundwater 

vulnerability using two physical parameters – the thickness (d) of each sedimentary rock 

above the uppermost saturated aquifer surface and estimated hydraulic conductivity (K). The 

two physical parameters, d and K are used to compute the hydraulic resistance (c) as in: 

 


i

i
i

i

K

d
c

1

 

The hydraulic resistance which has a unit of time, is the theoretical factor used to describe the 

resistance of an aquitard to vertical flow (Kruseman & Ridder, 1990).This time factor 

indicates the estimated travel time for water to move by advection through the porous media 

above the saturated aquifer surface. The calculated hydraulic resistance is used to generate 

iso-resistance contour maps (See Figure 1). This is then related to the Aquifer Vulnerability 

Index as in Table 2. The hydraulic resistance is shown in Figure 2. This was to ensure that the 

comparison of the two methods was based on fair judgment of the same data source, 

assumption and computational deficiencies.   
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Table 2. Relationship of AVI to hydraulic resistance(c) 

Hydraulic Resistance 

(c) 

Log(c) Vulnerability Index  

0 to 10 yr < 1 Extremely high 

10 to 100 yr 2 High 

100 to 1,000 yr 3 Moderate 

1,000 to 10,000 yr 4 Low 

>10,000yr >5 Extremely Low 

Van Stempvoort et al. (1993) documented the exact interpretation of each of these physical 

parameters. It is argued from this research that, the consideration of these two physical 

parameters are approximately adequate to determine the aquifer vulnerability. 

 

Figure 1. AVI Hydraulic resistance (c) 
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Figure 2. AVI iso-resistance map 

3. Results and Discussion  

The indices computed by DRASTIC and AVI allow for easy interpretation of the results and 

also for use by non-technically decision makers. In this paper the question has been which of 

the methods may be most suitable for studying the important basin which is currently 

challenged by rapid population growth and inappropriate environmental practices. The results 

of the final maps created with DRASTIC and AVI are shown in Figure 2. The DRASTIC 

index shows a variation values between [114-120] for low-risk, [120-129] for medium-risk 

and higher than [130] for high risk zones. The high-risk, medium-risk and low-risk areas 

represent about 47% (NNW, NSW, NNE), 43% (NNE, NNW and NSW) and 10% (middle 

belt NN-S) respectively (Anornu, et al., 2012). The AVI index shows a variation of [2-3] for 

moderately high, [3-4] for Moderately Low and [above 4] for Extremely Low. The AVI zones 

represent 0.1%, 76.6% and 23.4% respectively for Moderately High, Moderately Low and 

Extremely Low zones. There is a significant variation looking at the representative scales of 

each of the methods. The DRASTIC method suggests a higher chance of vulnerability of the 

aquifer and hence calls for immediate actions to remedy the situation in the basin. However 

the AVI suggests moderately low conditions as to aquifer vulnerability. The reason for this 

variation is that, the AVI do not take into account following critical issues which are rapidly 

changing as a result of urbanization and human activity in the basin. This issues were 

originally noted by the authors of AVI (Van Stempvoort, et al., 1993)that : 

 Parameters such as climate, hydraulic gradient, porosity and water content of the porous 

media, and sorptive or reactive properties of the layers which are contaminant-specific 

were ignored; 

 The method considers only nearest to surface aquifers and assumes homogeneity with 
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aquifer properties and hence aquifer water quality in effect is ignored. 

 The method does not take into consideration parameters such as topography and aquifer 

media.  

It is obvious that though DRASTIC seems to be over-parametised with the number of 

datasets, it gives a reasonable judgment of the basin conditions as at present. This is because 

other studies in the basin have indicated that there exists a relative high potential of the 

groundwater resources in the basin(Dickson Adomako, Gibrilla, Akiti, Fianko, & 

Maloszewski, 2011; D Adomako, Osae, Akiti, Faye, & Maloszewski, 2011; Fianko, et al., 

2010) and that the groundwater was highly susceptible due to the geographical conditions and 

impact from human activity. This qualitatively describes the groundwater bearing rock as 

vulnerable to the high human activity in this basin. The DRASTIC represents more informed 

decision tool for assessing groundwater vulnerability in the basin. The assessment of 

vulnerability is a characteristic in groundwater that cannot be directly obtained from 

measurements in the field and hence is more or less a concept to show that some lands are 

more susceptible to groundwater contamination in relation to others (Vrba & Zaporozec, 

1994). Vulnerability therefore do not intend to mean exact groundwater quality. Studies from 

previous researches reveal that DRASTIC provides more precise and flexibility for detailed 

studies (Gogu & Dassargues, 2000).The oversimplification of the AVI on groundwater 

parameters will be useful in relatively large basins and may be considered for quick reference 

purposes but for more detailed and rigorous understanding of the groundwater vulnerability, 

the DRASTIC is preferred. 

It must however be noted that both DRASTIC and AVI are qualitative subjective techniques 

to inform planners, engineers, environmentalist, policy makers and civil society in the basin 

about the potential of groundwater pollution. The methods can be considered as basically 

informative especially in the area of ensuring and practice of Integrated Water Resources 

Management in the Basin (IWRM). Therefore, the used of DRASTIC and AVI are important 

tools to support IWRM implementation in the Densu River Basin.  
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Figure 3. Drastic and AVI indices comparison in the Densu River Basin 

4. Conclusion  

Groundwater is a vital resource and communities in the Densu River Basin are dependent on 

it for potable use and commercial purposes. This study examined the extent of groundwater 

vulnerability in the basin to foretell planner and decision makers as to the likely strategies 

that need to be put to safeguard potential groundwater depletion. The paper therefore 

compared two methods – DRASTIC and AVI which are widely used indices for mapping 

groundwater vulnerability. The DRASTIC method is complexity and data intensive while the 

AVI is oversimplified and hence require less data. The study revealed that the DRASTIC 

provided better approximation of the groundwater vulnerability conditions compared to the 

AVI. The difference has been the short shortfalls of the AVI to incorporate conditions e.g. 

hydraulic gradient and soil media. Notwithstanding, the two methods provide an informative 

mapping tool that can be used for decision makers to safeguard the scarce groundwater 

resources in the basin.  
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