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សង្ខតិ្តន័យ 
កា្ូ (Kathu) ជាប្សុកមយួសថិត្កនុង្នេត្តភូនកត្ នកាេះភូនកត្ថនប្បនទសថៃ ស្ែលមាន
ភាពរកីចនប្មនីខ្ល ងំ្ និង្មានប្បជាជនរស់នៅយ ង្នប្ចីន។ ការរកីែុេះដ្ឋលថនទីប្កងុ្ 
ស្ែលមានសនទុេះយ ង្នលឿនឥត្ឈប់ឈរននេះ អាចបណាត លឲ្យមានការេែេះខ្ត្ទកឹយ ង្
្ងន់្ងរនៅថៃងអន្ទគត្។ ការសិកាននេះន្ែកីារពិនតិ្យនៅនលីលកខែៈពិនសសថនប្បភព
ទឹកនប្កាមែ ី នែមីបសីិកាពសីាថ នភាពថនបញ្ហា ទកឹនប្កាមែនីៅប្សុកកា្ូននេះ។ ទិននន័យ
ទឹកនប្កាមែីប្ត្ូែបានប្បមូលនចញពីអែតូ ង្សនប់ន្ទន្ទនៅត្បំន់នន្ទេះ នែីមបសី្សែង្យល់
កាន់ស្ត្ចាស់អពំីប្បែត្តិថនបស្ប្មបប្មួលនីែូទឹកនប្កាមែី នដ្ឋយពិនិត្យនៅនលីលកខែៈនផ្សង្ៗ
ថនប្សទប់សិលាស្ែលអាចប្សូបនិង្ផ្ទុកទឹកផ្ង្ស្ែរ។ ែ ិ្ ីសាស្តសត Cooper-Jacob 
distance-drawdown ប្ត្ូែបានយកមកអនុែត្តនែីមបវីាយត្ថមលកប្មិត្លំែូរថនទឹកឆ្លង្
កាត់្ប្សទប់ស្ឆ្អត្ទកឹ (Transmissivity) ស្ែលនៅកាត់្ថ្ន T នងិ្កប្មតិ្បនញ្ចញនិង្
ផ្ទុកទឹកថនប្សទប់ស្ឆ្អត្ (Storativity) ស្ែលនៅកាត់្ថ្ន S នដ្ឋយស្ផ្អកនលីទិននន័យ
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ត្តមអែតូ ង្នមីួយៗ។ ស្ផ្នទីថនការបា ន់សាម នសកាត នុពលទឹកនប្កាមែីប្ត្ូែបានបនង្កីត្
ន ងី្ត្តមែ ិ្ សីាស្តសតែភិាគប្ត្ួត្គន  នដ្ឋយនប្បីបនចចកែទិាប្បព័នធព័ត៌្មានភូមសិាស្តសត ស្ែល
នៅកាត់្ថ្ន GIS នែីមបសីិកាសកាត នុពលទឹកនប្កាមែ។ី ទំន្ទក់ទនំង្ជតិ្សនិទធរវាង្ត្ថមល 
T នងិ្សមត្ថភាពជាក់លាក់ SPC របស់អែតូ ង្នមីួយៗប្ត្ូែបានអនង្កត្ នដ្ឋយនប្បីនមគុែ
កំែត់្ R2 = ០.៩៨៣។ លទធផ្លថនការសកិាបានបងាា ញថ្ន ត្ថមល T និង្ S នងិ្
សកាត នុពលទកឹនប្កាមែីមានកប្មិត្េពស់បំផុ្ត្នៅ ុកំា្ូ (Kathu) ស្ែលសថតិ្នៅភាគ
ខ្ង្នកីត្ថនប្សុកកា្ូ (Kathu)។ ការសិកាននេះបងាា ញលទធផ្លប្ត្ូែគន នងឹ្លទធផ្ល
ថនការសិកាអពំីសកាត នុពលទកឹនប្កាមែីរបស់ Charoenpong, Suwanprasit, និង្ 
Thongchumnum (2012) ផ្ង្ និង្បានបងាា ញពីភាពកាន់ស្ត្លមអិត្និង្កាន់ប្ត្ឹម
ប្ត្ូែផ្ង្ នដ្ឋយសារការអនុែត្តែ ិ្ ីសាស្តសតនមីួយៗសុទធស្ត្ប្ត្ូែបាននផ្ទៀង្ផ្លទ ត់្ នែីមបឲី្យការ
បា ន់សាម នសកាត នុពលទកឹនប្កាមែីមានភាពនជឿជាក់។  
 
Abstract  
Kathu is a densely populated and rapidly urbanizing district in Phuket 
City, Phuket Island in Thailand. Urban growth is accelerating demand for 
groundwater, with water scarcity expected to become a serious 
problem in the future. This study characterizes the subsurface 
hydrogeological conditions in Kathu to assess this groundwater problem 
situation. Groundwater data were collected from boreholes to better 
understand the historical context of variations in groundwater levels, 
along with the properties of aquifer, such as aquifer thickness, in the 
region. The Cooper-Jacob distance-drawdown method was used to 
estimate the transmissivity (T) and storativity (S) of each well, which 
was then mapped using a GIS overlay method to estimate groundwater 
potential. A close correlation between T and the specific capacity (SPC) 
of each well was observed with a coefficient of determination (R2) of 
0.983. The highest T, S and groundwater potential were observed in 
Kathu sub-district in the eastern part of Kathu. The results for 
groundwater potential show good agreement with those of 
Charoenpong et al. (2012), whereas the present study is more detailed 
and accurate. Thus, the method used in this study has been verified as 
viable for reliably estimating groundwater potential.   
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Background 

Phuket is the largest island in Southern Thailand, with an area of 543 km2, 

and an annual average rainfall of 2,500 mm (TMD, 2014). Phuket Island is a 

renowned tourist destination and in recent years has experienced rapid 

growth in both population and tourism, coupled with rapid urbanization. 

Kathu District) is a major site of this growth due to the popular tourist beaches 

of Pa Tong and Kamala. Between 1997 and 2011, the population of the district 

increased by 58.6%, from 221,835 to 351,909 people. More recently, tourists 

visits to Phuket increased from 2.5 million in 2009 to 12 million in 2015 (ISET, 

2013, 2014). This growth has seen an increase in the construction of new 

buildings, especially large hotels and other infrastructure (Charoenpong et al., 

2012). These factors combined have caused a dramatic increase in water 

demand, placing increased pressure on groundwater resources on the island. 

Thus, securing a sustainable water supply in Kathu has become a priority 

agenda across multiple sectors (A Puttiwongrak, Kong, & Vann, 2018). 

 Groundwater is the primary water supply for Kathu District. Over the last 

few decades, groundwater extractions have declined across the entire island, 

leading to increased interest in groundwater research in Phuket (Charoenpong 

et al., 2012). Despite this, water supply has not been able to keep pace with 

the maximum daily water demand, which is expected to rise to over 180,000 

m3/day by 2025 (ISET, 2014). 

 Groundwater availability is a key constraint to future development on 

Phuket Island, especially in Kathu District. Surface water resources are limited 
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and mainly located mainly to the west of Kathu, in Kathu sub-district. They 

comprise forty-two mining ponds and three dams: Bangward, Klongpakbang, 

and Banmaireap. Bangward dam in Kathu sub-district has the largest 

catchment, with a capacity of 7.31 million m3. Improved knowledge of the 

groundwater potential in Kathu is urgently required.  

Previously, Charoenpong et al. (2012) has monitored groundwater 

potential in Phuket Province. They used an inverse distance weighting method 

to predict trends in the specific capacity (SPC) of groundwater resources using 

kriging and spline interpolation models. These results were mapped to define 

zones of groundwater potential in Kathu in an attempt to identify hidden 

groundwater resources. Additional work was then completed to extend the 

model to map groundwater potential zones across the whole of Phuket Island, 

which were compared with a map compiled from data generated by 

alternative methods (Charoenpong et al., 2012).  

A Puttiwongrak et al. (2018) modelled groundwater recharge rates in 

Kathu and concluded that they were currently sufficient for maintaining 

groundwater levels, despite an acceleration of withdrawals particularly 

between 2012 and 2016. This was attributed to increased efficiency of water 

consumption in the catchment, higher rainfall, and rising sea levels. A second 

study was also conducted to determine the groundwater potential on Phuket 

Island using geo-electrical data. This was found to be higher in the central and 

northern parts of the island, along with some specific areas in the south. 

Meanwhile, groundwater potential was found to be poor in the far north of 

the island and along the eastern and western flanks (Avirut Puttiwongrak, 

Men, Suteerasak, & Vann, 2020). 
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The present study aims to characterize the groundwater situation in Kathu 

and map groundwater potential and extraction rates between 2006 and 2016. 

Measurements for aquifer thickness, transmissivity (T), and storativity (S) will 

be used to assess the effectiveness of applying the Cooper-Jacob distance-

drawdown method to pumping test data from observation wells. This will be 

followed by the use of a GIS overlay method to determined groundwater 

potential and compare it with historical data. 

Research Methodology 

Phuket City is rapidly urbanizing, shifting from a largely agricultural to a 

tourist economy. Kathu district has one of the highest population densities in 

the Phuket and is reliant on groundwater. Characterizing the subsurface 

hydrogeological conditions including (i) aquifer thickness (ii) flow properties; 

and (iii) groundwater level in the district is important for water conservation 

objectives. 

Kathu is a relatively small district in Phuket, when compared with Talang 

or Mueang. The district has a land area of just 67 km2 and is situated in the 

southwest of Phuket Island between longitudes 980 15’10” and 980 21’50” 

east and latitudes 70 58’30” and 70 51’50” north. It is surrounded by 

highlands (Figure 1). The district comprises just the three sub-districts of 

Kathu, Patong, and Kamala; which contain 26 settlements, more than any 

other district. This includes 4,386 households and a population of 6,487. 

Agricultural land covers 24.84 km2 and the are 32 industrial sites across the 

district (ISET, 2013, 2014).  

Historical groundwater data were collected for Kathu over a period 

between 2006 and 2016 from observations, reports, and other published data. 
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The data was disaggregated by each sub-district: Kathu, Kamala, and Patong, 

where 87, 105, and 92 bore wells are found respectively. Data were collected 

for five parameters, including location, groundwater level, layer type, layer 

depth, and groundwater extraction rates (Bagher & Rasoul, 2010). This data 

was then analysed to determine (i) subsurface properties (ii) changes to 

groundwater levels; and (iii) historical groundwater extraction rates across 

Kathu. 

Figure 1. Well map for Kathu, Phuket (ISET, 2013) 

 

 

 
Groundwater extraction data were available for 373 wells between 2006 

and 2007, 461 wells between 2008 and 2012, and up to 1,115 wells between 

2013 and 2016. In Kathu, groundwater consumption is classified by use in (i) 

households, (ii) industry, (iii) commerce, (iv) tourism and (v) agriculture. This 

data was recorded monthly between October 2006 and April 2014. 
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Groundwater extraction rates were disaggregated across these sectors and an 

annual average extraction rate was determined for the whole city (see Figure 

2). 

Figure 2. Water consumption by sector (2006–2016) (Source: Department of 
Groundwater Resources, 2012) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Extraction data for the period after April 2014 was collected from annual 

groundwater reports (DGR, 2012). Between 2012 and 2013 a significant gap 

between recharge and extraction rates was observed due to an increase in 

groundwater use across all sectors (ISET, 2014). Comparatively higher tourist 

numbers in Kathu (45%), were observed in the neighboring districts of Meung 

District (42%) and Thalang (12,.8%) (ISET, 2013). Tourist visits correlated 

strongly with increased groundwater withdrawals. 

As these data were available for the whole island and not at the sub-

district or district scale, extraction rates were estimated for each 

administrative area based on the distribution of wells in Kamala, Patong, and 
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Kathu, respectively (Charoenpong et al., 2012). Phuket City has a total of 1,211 

wells, of which 210 (17.3%) were located in Kathu City. Of the three sub-

districts in Kathu, 75 (35.7%) were located in Kamala; 50 (23.8%) were located 

in Kathu, and 85 (40.5%) were located in Patong. Groundwater extraction 

rates at the sub-district level (Appendix 1) across each of the five sectors were 

combined to determine an average rate for the period between 2006 and 

2016 (see Figure 3). This plot shows a significant increase in extraction rates 

for the period between 2012 and 2016. 

Figure 3. Groundwater extraction average rate in Kathu, Phuket from 2006 – 
2016 

 

 

 

 

 

 

 

 

 

 
 

Aquifer typology, transmissivity, and Storativity  

Historical groundwater data including extraction rates and groundwater 

levels were collected to assist with the characterization of the properties of 

each aquifer such as layer type and depth.  The flow properties (T and S) and 

each aquifer were estimated using the Cooper-Jacob distance-drawdown 

method (Alexander & Saar, 2012; Mutch Jr, 2005). These properties were 
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mapped, before a GIS overlay method was applied to estimate the 

groundwater potential. 

GIS overlay method 

The calculated parameters were transformed into point data with geo-

references (WGS 1984) using ArcGIS software to conduct a spatial analysis of 

the data. Thematic maps of aquifer thickness, 𝑆 and 𝑇 were developed as base 

maps, before they were combined using a weighted overlay method (Kura et 

al., 2014; Nagarajan & Singh, 2009) to generate a map of groundwater 

potential for Kathu. Areas with low 𝑆 values associated with high 𝑇 values 

indicate a zone of good groundwater potential (Ndatuwong & Yadav, 2015). 

Results and Discussion 
Historical groundwater level trends  

Monthly data on groundwater level changes were obtained from a 

network of observation wells and piezometers in the three sub-districts of 

Kathu, Kamala, and Patong between 2006 and 2016. Raw groundwater data 

were converted into annual figures for each sub-district. An average value for 

the groundwater level for the whole of Kathu district was calculates using data 

from each sub-district (see Figure 4). The groundwater level is shown to 

fluctuate at each location between 2006 and 2012, before recovering in 2013. 

The groundwater level of Kamala was relatively stable between 2013 and 

2016, while it increased gradually at Patong. The groundwater level at Kathu 

increased and then decreased sharply between 2006 and 2010, before 

gradually increasing between 2010 and 2014; and then again declining 

between 2014 and 2016. Overall, the average groundwater level increased for 
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Kathu due to changes in rainfall and local aquifer properties (A Puttiwongrak 

et al., 2018). 

Figure 4. Groundwater level changes in Kathu District (2006 – 2016) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
Aquifer thickness and type 

The aquifer in Kathu has three subsurface layers as shown in Figure 5a. 

The first layer comprises fine-grain sediments (soil, clay, and clayey sand) and 

has an average thickness of 13.52 m. The second layer comprises weathered 

and fractured rock and has an average thickness of 40.04 m. The final layer is 

base rock made (granite and some shale), with an average thickness of 81.76 

m. Groundwater resources in each sub-district in Kathu are provided via an 

unconfined aquifer that extends across the first and second layers of an 

unconsolidated aquifer known as the Rayong-Satoon aquifer (A Puttiwongrak 

et al., 2018). 
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Figure 5. Aquifer characterization in Kathu, Phuket. (a) Subsurface layers in 
each sub-district; and (b) Aquifer thickness 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 5a identifies that the second layer is thicker than the first layers in 

all three sub-districts. While the thickness of the aquifer in Kathu (51.23m) 

sub-district is thinner than for Kamala (56.45m) and Patong (52.99m) sub-

districts, it does not vary significantly (A Puttiwongrak et al., 2018). These 

results have been mapped in Figure 5b, which shows that aquifer thickness 

varies by location. The highest groundwater potential is indicated by the 

thickness of the aquifer in Kathu sub-district. This has a significant impact on 

groundwater levels. 

Transmissivity (T) and Storativity (S) 

The Cooper-Jacob distance-drawdown method was applied to pumping 

test data (pumping rate, drawdown, time of drawdown) from the observation 

wells in each district. This method can directly calculate the transmissivity (T) 

and storativity (S) of an aquifer. The method was designed particularly for 
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underground confinement, but may also be applied to unconfined aquifers 

(Alexander & Saar, 2012; Mutch Jr, 2005). The values of T and S were 

calculated using the following equations: 

  (1) 

  (2) 

where  is the pumping rate (m3/d);  is the drawdown time;  is the 

distance at which the straight line intercepts the zero-drawdown axis;  is 

transmissivity, which is the rate of flow through a vertical strip of aquifer of 

unit width under a unit hydraulic gradient (m2/d); and  is storativity, which is 

the volume of water that a permeable unit will absorb or expel from storage 

per unit surface area per unit change in head (dimensionless); and S is 

drawdown per log cycle of distance.  

Figure 6. A comparison of results for T and SPC  

 

 

 

 

 

 

 

 
                                                                                           

A straight line was drawn through the data points and extended to the 

zero-drawdown axis. The intercept ( ) is the distance at which the pumping 
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well did not affect the water level. The drawdown per log cycle of distance 

(ΔS) was determined using a semi-log plot of the field drawdown data (linear 

scale) versus distance (normal log scale). A straight line was drawn through 

the field data points and extended backwards to the zero-drawdown axis. The 

distance at the intercept of the straight line and the zero-drawdown axis was 

used to determine the distance of the drawdown per log cycle; then ΔS = (h0 - 

h), was determined from the slope of the graph (Figure 7). 

Figure 7. T and S estimation using the Cooper-Jacob distance-drawdown 
method. (a) A straight-line plot of drawdown distance in Patong sub-district; 
(b) The selection of well used for the Cooper-Jacob distance-drawdown 
method in Patong sub-district 

 
 
 
 
 

 

 

 

 
 
 
 

The transmissivity results were verified by comparing them with previous 

results for specific capacity (SPC) in Phuket (Charoenpong et al., 2012), which 

demonstrated a strong coefficient of determination (R2=0.983) as shown in 

Figure 6. The results for T and S in Kathu were mapped (Figure 8) and show 

that peak values for T and S are both located in Kathu sub-district.  
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Groundwater potential in Kathu District 

A GIS overlay method was used to determine the groundwater potential in 

Kathu district. Maps for aquifer thickness (Figure 5b), T (Figure 8a), and S 

(Figure 8b) were overlaid to generate a groundwater potential map depicting 

areas of high, medium, and low potential (Appendix 2). The map indicates that 

there is a high groundwater potential zone in the northeast of Phuket, with 

the highest groundwater potential of groundwater observed at Kathu sub-

district. Most areas of the Kathu district have moderate potential, while there 

are some low potential zones at the junction of the border of Kamala, Kathu, 

and Patong sub-districts, as well as at the junction of the middle of Kathu sub-

district and the headland of Patong. 

Figure 8. A map of T and S in Kathu district. (a) Transmissivity; and (b) 
Storativity 

 

 

 

 

 

 

 

 

 
Based on these results: (i) the average groundwater level has been shown 

to have increased overall due to variations in rainfall and local aquifer 

characteristics, driven by rapid land changes that impact groundwater 
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recharge; (ii) the highest aquifer thickness results correlated with the highest 

groundwater potential zone at Kathu sub-district; (iii) the results for T and SPC 

has a coefficient of determination 0.983. When T and S were mapped for 

Kathu District, their values were both shown to peak in Kathu sub-district. An 

analysis of groundwater potential in Kathu District demonstrated a positive 

outcome for future groundwater extractions; and showed good agreement 

with previous studies (Charoenpong et al., 2012). However, the present study 

provides a more detailed and accurate map due to several factors.  

Discussion  

This analysis used bore well data to characterize the subsurface 

hydrogeology of Kathu, Meung, and Thalang Districts in terms of groundwater 

level, aquifer types, T and S in agreeance with results from previous studies.  

Groundwater levels change at different rates in different locations i.e., in 

Kamala and Patong they fluctuated between 2006 and 2012, before 

recovering in 2013. In Kamala, the recovery was relatively stable, but in 

Patong, groundwater levels gradually increased. In Kathu, groundwater levels 

declined sharply between 2006 and 2010, then increased gradually between 

2010 and 2014, before a decline between 2014 and 2016. Overall, across the 

entire island, the average groundwater level increased. This may be explained 

by an increase in rainfall during the study period, local aquifer characteristics, 

and seawater intrusion into the aquifer (A Puttiwongrak et al., 2018).  

Kathu has been found to have three subsurface layers, the first layer 

comprises fine-grain sediments (soil, clay, and clayey sand) with an average 

depth of 13.52 m. The second layer comprises weathered and fractured rock 

with an average depth of 40.04 m. The third layer comprises base rock (granite 
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and some shales) with an average depth of 81.76 m. The groundwater 

resources of each sub-district in Kathu district are connected across the first 

and second layers by an unconfined aquifer. These unconsolidated aquifers 

are known locally as the Rayong-Satoon aquifer.  

Results for T and S were verified by a previous study via a strong 

correlation between estimates for T and the SPC of groundwater resources in 

Phuket (R2 = 0.983) (Charoenpong et al., 2012). This suggests that the method 

used in this study is reliable. Mapping the values for T & S for Kathu showed 

that they peaked in the same area (Kathu sub-district). A GIS overlay method 

was used to integrate aquifer thickness, groundwater level, transmissivity, and 

storativity on the same map, showing a strong correlation with groundwater 

potential results from a previous study at the same location (Charoenpong et 

al., 2012). Thus, it may be concluded that the Cooper-Jacob distance-

drawdown method is reliable for estimating groundwater potential to a high 

degree of accuracy. 

Conclusion 

Kathu District, Phuket Island is a strategically located natural port, which is 

a highly attractive tourism destination. Groundwater is a primary source of 

fresh water, but a dramatic increase in demand is raising concerns about the 

sustainability of the resource. This problem is exacerbated by high population, 

urbanization, and industrialization. Over-extraction linked to land-use changes 

is a significant factor that impacts the rate of groundwater recharge due to 

increased run-off rates due to the number of buildings and other 

infrastructure. This has led to a decline in groundwater levels. 
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The subsurface hydrogeological conditions in Kathu were characterized in 

the study. It was found that the average groundwater level increased overall 

between 2006 and 2016 due to increased rainfall and local aquifer 

characteristics. Aquifer thickness was shown to be a strong indicator of 

groundwater potential, which was higher in Kathu sub-district, which is where 

values for T and S were also high. A GIS overlay method was used to map 

groundwater potential in Kathu,  which was comparable with a previous study 

in the same area (Charoenpong et al., 2012). The present study has produced 

a map that is more detailed and accurate due to a combination of several 

factors. Thus, it is concluded that applying the Cooper-Jacob distance-

drawdown method to pumping test data from observation wells, followed by 

a GIS overlay method may be used to accurately groundwater potential.  
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Appendix 1. The groundwater extraction rate in the sub-districts of Phuket 
and Kathu Districts between 2006 and 2016 

Year 
 
 

Average extraction rate (m3/day) 
Phuket 

 
Kathu 

 
Meung 

 Talang 
Kathu subdistricts 

Kamala Kathu Patong 
2006 3,039 518 1,279 1,218 185 123 210 
2007 3,549 613 1,502 1,428 219 146 248 
2008 4,262 732 1,795 1,706 262 174 296 
2009 4,262 732 1,795 1,706 262 174 296 
2010 4,262 732 1,795 1,706 262 174 296 
2011 4,262 732 1,795 1,706 262 174 296 
2012 4,262 732 1,795 1,706 262 174 296 
2013 19,067 3,303 8,096 7,695 1,180 787 1,337 
2014 40,330 6,980 17,108 16,261 2,493 1,662 2,826 
2015 51,151 8,849 21,688 20,614 3,160 2,107 3,582 
2016 53,096 9,186 22,513 21,398 3,280 2,187 3,718 

Source: Department of Groundwater Resources of Thailand, DGR (2012) 
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Appendix 2. Map of groundwater potential in Kathu, Phuket Island 
 

 

 
 
 
 
 
 

 
 
 
 
 
 
 
 

 


