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Chapter 2 



Physical Environment 


2.1. Introduction 


In this chapter, three topics will be discussed. The first topic is the summary of 
 the  previous  research.  The  second  topic  discusses  the  geology  of  Kelantan.  The  last 
 topic is explaining about the hydrological and hydrogeological of study area.  


In  any  hydrogeophysical  study,  the  geology,  geomorphology,  hydrological 
 processes and past climate conditions in the area need to be considered. The geological 
 and  climatic  conditions  are  the  two  main  dominating  factors  in  the  formation  of 
 landforms  and  drainage  system.  Resistance  of the  rock type  exposed  in  the  area  differ 
 against the erosion. Different rock can cause different electrical properties although the 
 rock filled by the same medium.  


2.2. Previous Research 


Not many hydrogeophysical research has been carried out in Kelantan State. The 
 emphasis  of previous geosciences studies has always been on geological investigation. 


However,  some  research  in  hydrogeology  has  been  reported lately.  The  following  is  a 
summary of available studies that have been conducted in Kelantan.  



(2)2.2.1. Geology Project 


De Morgan (1886) studied the relationship between rock types in certain part of 
 Malaysia.  De  Morgan  was  the  first  to  date  the  Malayan  granite  and  its  associated 
 overlain  marble,  which  he  stated  as  Pre-Cambrian  and  Silurian  or  Devonian, 
 respectively. He also discovered the first fossil of the Malayan fossil record, a species of 
 brachiopod embedded in marble (reported in Gobbet and Hutchinson, 1973). 


Low  (1921)  reports  galena  lodes  in  Kelantan,  especially  from  Kuala  Lebir  and 
 from Ulu Sokor Manson’s deposit. However, no geological record was mentioned. Low 
 (1921)  also  reported  finding  native  mercury  in  a  stream  bed  while  travelling  along 
 Kelantan River (reported in Noor, 1979).    


In 1931, Scrivenor reported in his book, ‘The Geology of Malaya’, the division 
 of the rocks of Peninsula into three major geological components: The Carboniferous – 
 Permian  ‘Calcareous  Series’,  the  Triassic  ‘Arenaceous  series’,  and  Mesozoic  granite. 


Whilst, sedimentary rocks  were either classified as Carboniferous-Permian or Triassic.  


The rocks of Kelantan State were included in all the three units. The book elaborates on 
 his  findings  of  gold,  galena,  and  iron  deposits  in  Kelantan  as  was  first  reported  in  his 
 book entitled ‘The Geology of Malayan Ore Deposits’ (1928). For the next eleven years 
 (1942), Scrivenor visited Kelantan and sampled a galena lode from Sungai Ulu Sokor, a 
 tributary of the Kelantan River (Reported in Noor, 1979).  


Savage (1925) described the wide occurance of schist in Kelantan. The schist is 
more  popularly  known  as  the  Taku  Schists.  He  ascribed  them  to  be  equivalent  to  the 
sedimentary rocks occurring in the area. Based on his collected data, Savage prepared a 
reconnaissance  geological  map  of  Kelantan.    This  later  was  used  as  the  base  map  for 
more detailed geological mapping of the area by other workers.  References to the Taku 



(3)Schist had also been made by Macandie and Canavan (1948) in their report on the iron 
 and manganese deposits of Malaya (reported in Noor, 1979). 


MacDonald in  1951 completed  the  work of  Savage  by  mapping  areas  in  North 
 Kelantan  and  North  Terengganu.    Meanwhile,  Slater  conducted  mapping  of  the 
 Kelantan area from 1957 to 1960.  All the studies were  then completed by MacDonald 
 into a Geological Survey Memorial in 1967 as summarized in Table 2.1. This resulted in 
 the description of quaternary alluvium which has great hydrogeological significance in 
 relation to other rock types (MacDonald , 1967).  


Table 2.1. A summary of the geological succession given by MacDonald (1967). 


Era  Period  Rocks 


Quaternary    Cretaceous  Alluvium 


Intrusion of Younger Granite 


Mesozoic  Jurrassic  Arenaceous beds 


Triassic  Arenaceous shale. Intrusion of ‘older’ granite 
 Permian  Shale  with  thin  quartzite  horizon  limestone 


andesite 


Upper Palaezoic  Carboniferous  Shale  and  limestone  with  discontinous 
 quartzite  bands.  Acid  to  intermediate 
 volcanics. 


Pre-


Carboniferous 


   Taku Schist perhaps forming part of basement 
 complex. 


Khoo (1983), discovered the border of Taku Schists and the adjacent rocks in the 
 Manek Urai area.  According to him, there is no marked contrast between the grade of 
 metamorphism  and  structural  style.  Regarding  the  findings,  the  age  of  rocks  in  Taku 
 Schist  were  reported  to  be  Permo-Triassic  but  older  rocks,  probably  Devonian-
 Carboniferous, may also have been represented.    


Heng  (1986),  investigated  Sok  base  metal  prospect  in  eastern  Kelantan  and 
alluvial gold around Sungai Yai in western Kelantan.  He concluded that heavy mineral 



(4)concentrate  and  stream  sediment  sampling  are  cost-effective  techniques  in  identifying 
 auriferous areas.   


Azman and Abadi (2005) reported that both Panchor and Jawa granite magma in 
 the  coastal  plain  of  North  Kelantan  seems  to  be  controlled  by  different  mineral 
 proportions  during  magmatic  fractionation.  Thus,  the  Panchor  Granite  is  controlled  by 
 K-Feldspar  and  biotite  whereas  in  the  Jawa  Granite,  plagioclase  and  K-feldspar  are 
 important  phases  in  magmatic  evolution.  However  the  Jawa  and  Panchor  granites  and 
 the other Boundary Range Granites have an existing connection between all the rocks at 
 some stage of their magmatic evolution. 


2.2.2. Hydrogeology and Geophysics Project 


The  hydrogeology  project  was  started  from  1971  (until  1975)  by  collaboration 
 between  Geological  Survey  Department  (GSD)  and  German  Hydrological  Mission 
 (GHM). The investigation showed that  Fe concentration was found in all groundwater 
 and fall above limit for human consumption (> 0.3 mg/L) (Mohammad and Ang, 1996). 


 Pfeiffer  et  al.  (1974;  1975;  1986)  and  Chong  and  Tan  (1986)  investigated  the 
 hydrogeology of the Kelantan Coastal plain using the drilled wells data (gamma ray log 
 and  soil  data).  The  Kelantan  Coastal  plain  consist  of  several  potential  aquifers  that 
 composes  of  medium  to  coarse  sand  and  gravel.  The  detailed  description  of  the  soil 
 sample in several well locations can be found in the Pfeiffer et al. (1975). 


Hoong and Kiat (1975) reported that the hydrogeology of Tumpat area consist of 
 First and Second aquifer. The First aquifer is 4 m thick and liable to surface pollution. 


The Second aquifer is 30 – 40 m below the surface and potential for exploration.  



(5)Noor  (1979)  did  a  study  on  the  potentiality  of  groundwater  development  in 
 Kelantan. Using his model, he was able to predict the maximum quantity of water that 
 would  be  allowed  to  be  taken  from  the  aquifer  without  causing  adverse  effect  on  the 
 environment.  


Bosch (1986), reported that the Kelantan Delta consist of three formations, Gula 
 formation,  Beruas  formation  and  Simpang  formation.  Gula  formation  can  be  found  at 
 depth less than 15 m. Beruas formation is 20-40 m and Simpang formation is below 40 
 m deep.   


Tan  (1989),  reported  that  hydrogeology  of  Kota  Bharu  consist  of  Shallow 
 aquifer (First aquifer) and Deep Aquifer. Deep aquifer is divided into Second, Third and 
 Forth aquifer. First aquifer (fresh water) composes of sand and gravel with depth of 5-
 15 m. Some places are confined by the surface clay. In Tanjung Mas, the Third aquifer 
 with  depth  of  45-35  m  has  better  water  quality.  Whilst  Second  and  Forth  Aquifer  are 
 brackish water. 


Heng  (1989),  evaluated  groundwater  resources  that  can  contribute  for  water 
 supply in North Kelantan. Based on 24 exploration wells and two production wells, he 
 concluded that shallow aquifer is very possible to develop because of their quality, they 
 recharge readily, and have low constructing and pumping costs.  


The  first  geophysics  project  in  the  North  Kelantan  was  reported  by  Haryono 
 (1995). He continued his research and reported it in his PhD dissertation of the Geology 
 Department of Universiti Kebangsaan Malaysia. In this unpublished thesis, he reported 
 that  the  second  aquifer  located  around  6  km  from  the  beach  line  is  brackish  water. 


Haryono made the conclusion based on readings from 1D resistivity surveys within the 
area and supported by chemical water analyses.   



(6)Umar  et  al.  (1997)  described  the  applicability  of  the  technique  in  imaging 
 aquifers deeper than 18 m in the quaternary deposits in Bachok of Kelantan Delta. 


Saim (1999) carried out simulation on the wellhead protection areas (WHPA’s) 
 which are expected to help in minimising the effect of contamination. He used the one-
 year time-of-travel (TOT), 10-year TOT and 20-year TOT for the delineation of various 
 zones  utilising  groundwater  flow  modelling.  He  used  GIS  to  assess,  create,  store, 
 analyse,  visualise, query and present geographically referenced relational data maps of 
 the area.  


Samsudin  (2007),  mapped  the  salinity  of  coastal  groundwater  aquifers  using 
 geophysical  and  hydrogeochemical  methods  in  North  Kelantan.  He  also  assessed  that 
 salt / brackish water had been trapped in the second aquifer in the zone near to the beach 
 line as given in Figure 2.1. 


Figure  2.1.    Map  of the  brackish and  fresh  water  interface in  the  second  groundwater 
aquifer (Samsudin, 2007). 



(7)2.3. Site Geology    


The entire research area is approximately covered with alluvium sediment. The 
 word  “Alluvium”  in  this  context  covers  all  the  unconsolidated  and  semi-consolidated 
 sediments of both fluvial and marine origins that were found in the coastal plain and in 
 the  inland  river  valleys.  The  Kelantan  coastal  plain  is  a  part  of  an  extensive  coastal 
 deposit of the  Peninsula ranging in age from Pliestocene to Recent. The deposits were 
 laid  down  mainly  on  the  basement  granite,  but  in  some  localities,  shale  and 
 metamorphic rocks were encountered at the base of the alluvium during drilling (Noor 
 1979). 


In this research, the area of study is divided into three; Area 1, Area 2, and Area 
 3  as  shown  in  Figure  2.2.  Area  1  is  located  in  the  southernest  part,  Area  2  is  next  to 
 Area 1 to seaward, and Area 3 is in the northern part. The divisions are made based on 
 the groundwater quality problem, environment and geological consideration.  


Figure  2.2  also  shows  a  topographic  contour  map  of  the  research  area.  The 
Rectified  Skew  Orthomorphic  West  Malaysia  (RSO  West  Malaysia)  and  Kertau  1946 
are used as the coordinate system and the datum in the map. A specific colour scale is 
used. The colour of light purple to dark purple define the areas with topography of 40 - 
200 m, light red to dark red colour mark the areas with topography of 20 – 30 m, light 
green to dark green colour signify the areas with topography between 10 m – 15 m, and 
light  blue  colour  to  define  land  areas  below  3.5  m.  Based  on  the  topographic  map 
(Figure. 2.4), Area 1 is located in highland, Area 2 is midland, and Area 3 is located in 
the lowland and coastland. 



(8)Figure  2.2.  The  location  of  Area  1  (high  land),  Area  2  (mid  land)  and  Area  3  (low 
 land). 
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(9)2.3.1. Description of Area 1 


Area 1 is located 15 km  southward of  Kota Bharu, to the. It lies on the X-axis 
 within  the  interval  of  465000  -  475500,  and  645000  -  660000  on  the  Y-axis  (Figure 
 2.3). Area 1 is bounded by Kelantan River on the west side and the high hill on the east 
 side. The hill is a part of the Boundary  Range Composite Batholith. It consists of two 
 major components, the Machang Batholith which is 100 x 20 km, and the smaller Kerai 
 Batholith situated on the western flank (Cobbing and Pitfield 1992). At the hill, a lot of 
 exposed  granite  can  be  found  especially  at  Sungai  Buluh  Quarry  (Figure  2.4).  Other 
 exposed  granite  was  also  found  in  Kampung  Pulai  Condong  at  4  km  to  the  west  of 
 Machang Batholith Boundary Range (Figure 2.5). 


The  terrain  of  Area  1  is  characterized  into  two  types  of  land  forms;  almost  no 
 highly  undulating  ridges  and  nearly  flat  topography  at  the  north  part.  While  in  the 
 southern part, more undulation occurs with higher elevation. The elevation of the area is 
 15  –  30  m.  The  distribution  of  landforms  is  significantly  controlled  by  the  geology  of 
 this area.  


The southern region of Area 1 is developed in granite. Granite is exposed in an 
incised bluff northeast of the Area 1 (Figure 2.4 and 2.7). It underlies the site at depths 
ranging between 15 - 20 m in the southern part.  The coarse grey granite is well exposed 
in fresh faces adjacent to Sungai Buluh Quarry (Figure 2.4). However, near the surface 
of  the  granite,  joint  surfaces  show  pitting  that  are  caused  by  the  decomposition  of 
plagioclase  feldspar.  Some  joints  are  red  stained,  and  is  believed  to  be  caused  by 
hydrothermal events and chemical weathering near the surface. Some of the joints may 
also have formed by stress release. Several boulders can be found at a depth of around 5 
m in the area of land digging for developing bridge.  Figure 2.6 is showing the boulder 
that has been moved to the surface for developing bridge purpose.  



(10)Figure 2.3. Map of Area 1 with elevation contour. 


  
  



(11)Figure 2.4. A view of the exposed granite at Sungai Buluh Quarry. 


Figure 2.5. Exposed granite in Kampong Merbau Condong (left) and close up photo of 
granite (right).   



(12)Figure 2.6. Boulder from 2.5 m depth of digging area for developing bridge. 


In the middle of Area 1, weathered granite has been found at depth of around 2.5 
m  (Figure  2.7).  The  weathered  granite  was  exposed  due  to  digging  activities  for 
developing houses. The site is around 3 km to the north of Kampung Merbou Condong 
where many exposed granite was found. 



(13)In the northern zone of Area 1, there was no exposed granite. The zone is mostly 
 flat and covered by compacted clay (Figure 2.8). In some places, minor sand was also 
 found on the surface along the drainages system. It can be concluded that northern part 
 of Area 1 is beginning of Kelantan River flood zone.        


Figure 2.7. Weathered materials found from digging zone at 2.5 meter depth. 


Figure 2.8. Photograph of compacted clay materials in the northern part of Area 1. 



(14)In  Area 1,  mostly rural community  use conventional  dug wells as water supply 
 for drinking and other domestic uses. The well depth at the southern of Area 1 is around 
 4  -  6  m.  At  this  depth,  the  granite  basements  have  been  reached  in  some  places.  The 
 middle  and  northern  part  of  Area  1’s  drinking  water  are  obtained  from  conventional 
 wells and boreholes with depths ranging from 7 – 10 m. In the middle and northern part, 
 there is no basement depth information obtained.     


A hot spring was found in  southern part of  Area 1. It is located a few hundred 
 meters  to  the  southeast  from  the  Boundary  Range.  The  hot  water  is  produced  by  the 
 emergence  of  geothermally  heated  groundwater  from  the  hill  surrounding  of  the  hot 
 spring  pool.  The  measured  capacity  of  the  hot  spring  to  produce  water  is  around  12 
 litres per minute. 


2.3.2. Description of Area 2 


Area 2 is located to the northern of Area 1. This area is within 465700 - 485000 
 of  X  axis,  and  660000  -  685000  of  Y  axis  (Figure  2.9).  Kelantan  River  marks  the 
 boundary  of  the  west  side.  The  terrain  of  Area  2  is  characterized  by  mostly  flat 
 landforms with elevation of 10 – 15 m. All the area is located within the floodplain zone 
 of Kelantan River.  


In  Area  2  there  is  one  hill  located  at  the  eastern  part  with  elevation  of  around 
115 m. The hill is known as Bukit Marak. The other hill that is close to the east border 
of  Area  2  is  Gunong  Pancor  and  Bukit  Jawa.  Panchor  granite  consists  of  primary 
textured  granite.  They  consist  of,  K-Feldspar  magacrystic,  biotite  hornblende  granite 
with some incipient two-phase variation in the Jawa granite. Jawa granite is the hill in 
the  south  east  of  the  Panchor  granite;  however  this  hill  is  not  included  in  area  2. 



(15)Mineralogy  of  Panchor  granite  in  decreasing  abundance  are  K-feldspar,  quartz, 
 plagioclase,  biotite,  hornblende,  allanite,  zircon  and  apatite  (Azman  and  Abadi  2005). 


Moreover,  Azman  (2005)  reported  that  both  granites  show  many  features  such  as  (1) 
 mafic  minerals  are  invariably  hornblende  and  biotite,  (2)  Muscovite,  garnet  and 
 cordierite are absent, (3) accessory minerals present include sphene, allanite and apatite, 
 (4)  monazite  is  not  present,  (5)  sedimentary  xenoliths  are  very  rare  and  (6)  Na2O  is 
 greater  than  3.2%  in  rocks  with  approximately  5%  K2O.  Azman  (2005)  finally 
 concluded that both granites show many geochemical differences, which they are made 
 up  of  individual  batches  of  melting  and  seem  to  be  controlled  by  different  mineral 
 proportion during magmatic fractionation. Thus, the Panchor Granite is controlled by K-
 Feldspar and biotite whereas in the Jawa Granite, plagioclase and K-feldspar are in the 
 important  phases  in  magmatic  evolution.  However  the  Jawa  and  Panchor  granites  and 
 the other Boundary Range  Granites have a connection existed between all the rocks at 
 some stage of their magmatic evolution (Azman and Abadi 2005). 


In  Area  2,  not  many  rural  communities  install  their  own  well  for  supplying 
domestic water. Some conventional dug wells were found with depth less than 11 m. At 
this  depth,  basements  have  not  been  reached  yet.  Mostly  domestic  water  is  obtained 
from Air Kelantan Sdn Bhd. The water company uses several pumping well stations to 
fulfil water demand. In the pumping well station, beside for supplying water, the other 
wells are also installed for monitoring physical and chemical groundwater. Table 2.2 is 
the list of pumping well stations within Area 2.  



(16)Figure 2.9. Map of Area 2 with ground elevation contour. 


Table  2.2.  List  of  existing  pumping  well  stations  with  location  and  basement  depth 
 (Bachik,1989). 


No  Well Location  X Location  Y Location  Deepest Well (m)  Basement Depth (m) 


1  Perol  472600  666200  45  44 


2  Peringat  477400  665900  35.5  43 


3  Pintu Gang  471600  674700  112  101 


4  Kubang Kerian  476400  673500  60  58 


5  Jalan Merbau  472500  678300  150  137 



(17)In  Area  2,  flood  plains  area  consists  of  the  youngest  geomorphic  unit  that 
 include  various  landforms  formed  by  fluvial  action,  i.e.  sandbars,  channel  bars, 
 palaeochannels  and  meander  scars.  These  are  characterized  by  very  gentle  slopes  and 
 the  grains  consist  of  subrounded  to  rounded  fragments  of  sand,  silt  and  clays.  It  is  a 
 highly moderate permeable zone, which helps in partial subsurface flow.  


2.3.3. Description of Area 3 


Area 3 is located within the zone of  8 km radius from nearest beach lines. This 
 area lies within 47000 - 485500 of X axis, and 667000 - 687000 of Y axis (Figure 2.10). 


Like  Area  2,  the  Kelantan  River  also  marks  the  boundary  at  the  west  side  while  the 
 South China Sea is at the north to the northeast of the area. The terrain of the study area 
 is characterized by almost flat landforms with elevation less than 12 m.  


Within Area 3, existence of the youngest geomorphic unit that includes various 
 landforms  is also  formed  by  fluvial  action,  i.e.  sandbars,  channel  bars,  palaeochannels 
 and  meander  scars. The  alluvium  is  made  up  of  sediments  of  both  fluvial  and  marine 
 origins. It is difficult to mark the boundary between these two types of deposits due to 
 the  difference  conditions  under  which  the  sediments  were  deposited.  The  mixture  of 
 river and marine alluvium complicated the study where flood water carries a substantial 
 amount  of  fine  sediments  and  deposits  them  in  the  inundated  areas  (Noor,  1979). 


Therefore,  around  the  border  near  to  Area  2,  there  is  a  considerable  inter-mixing  of 
marine  and  non-marine  sediments.  However  it  is  certain  that  in the coastal  area, these 
sediments are largely made of marine, littoral, or lagoonal origin, and further inland the 
continental or terrestrial deposits becomes predominant (Noor, 1979). 



(18)Figure 2.10. Map of Area 3 with elevation contour. 


The condition of meandering river through the coastal plain builds up its bed by 
 depositing  its  sediment  load.  When  the  channel  shifts  the  sediments  to  the  west  side, 
 then the river produces a new bed. Within Area 2 and Area 3, the shifting of Kelantan 
 River can be seen  very clearly, exhibiting the former  Kelantan River channels (Figure 
 2.11). The map shows the channel shifting in a north-west direction.  


During  the  Northeast  Monsoon  season,  the  North  Kelantan  area  is  covered  by 
puddle of water, considerable amount of suspended sediments have been carried by the 
flood water and being deposited in the surrounding country side and in the inter-stream 
areas.  Therefore,  the  deposits  that  build  up  as  a  result  of  the  process  of  continuous 



(19)shifting of the channel and frequent occurrences of floods, will undoubtedly give rise to 
 a very complex but heterogeneous deposits.  


In Area 3, there are three existing wells that were drilled by government for the 
 project  of  water  supply  and  groundwater  monitoring.  These  wells  were  drilled  until 
 reaching the basement. The three wells were named Tanjung Mas, Pengkalan Chepa and 
 Beris Kubur Besar. Table 2.3 shows a typical lithologic description of Pengkalan Chepa 
 pumping well station. The detailed lithologic description for other wells can be found in 
 Pfeiffer (1975). 


Figure 2.11. Geomorphology of the North part of Kelantan’s delta plain. The dash line 
 shows the old channel (modified after Koopmans, 1972).   
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(20)Table  2.3.  Lithologic  descriptions  of  Borehole  37  in  Pengkalan  Chepa  pumping  well 
 station (Noor 1979).  


Depth (m)  Description of sediment 


0-3  Sand, medium brown, medium to coarse, a little fine gravel 
 3-7  Sand, grey, medium to coarse, a little fine gravel 


7-14  Clay, grey 


14-15  Sand, coarse, gravel fine, light grey 


15-19  Gravel, fine light grey, a little coarse sand and medium gravel 
 19-24  Clay, white grey 


24-30  Clay, medium grey, very little silt and fine sand 


30-42  Clay, medium grey, with some thin layers of medium and coarse sand 
 47-48  Clay, medium grey 


48-51  Sand, medium to coarse, gravel, fine light grey, very little medium gravel 
 51-54  Clay, grey, with alternation of medium sand to fine gravel 


 54-57  Sand, light grey, coarse, with a little medium sand and fine gravel 
 57-60  Sand, white grey, coarse, with fine gravel and a little medium gravel 
 60-65  Gravel, light grey, fine to medium a little coarse sand 


 65-66  Clay, light grey 


66-69  Clay, light grey, iron stained with some thin layers of medium and coarse sand 
  69-72  Clay, red brown 


72-78  Sand, coarse, gravel, fine light grey, a little medium sand 


78-81  Sand, coarse, gravel, fine light grey, a little medium sand and gravel 
 81-84  Gravel, light grey, fine, with very little coarse sand and medium gravel 
  84-87  Sand, medium grey, fine to coarse 


87-90  Sand, coarse, gravel, fine, light grey 


90-93  Sand, medium to coarse, gravel, fine light grey 


93-96  Sand, coarse, gravel, fine, light grey, a little medium sand 



(21)2.4. Hydrology and Hydrogeology  


Water is one of the most important natural resources. Without it, there would be 
 no  life  on  the  Earth.  The  supply  of  water  available  for  usage  is  limited  by  nature. 


Although there is plenty of water on the Earth, it is not always in the right place, at the 
 right time and of the right quality. Hydrology has evolved as a science in response to the 
 need to understand the complexity of the water system of the Earth. Both hydrology and 
 geology  have  a  role  to  develop  a  new  science  called  hydrogeology.  In  other  word, 
 hydrogeology  is  the  area  of  geology  that  deals  with  the  distribution  and  movement  of 
 groundwater in the soil and rocks of the Earth's crust, commonly in aquifers. 


2.4.1. Hydrology 


Hydrology  is  an  important  aspect  of  study  in  the  groundwater  investigation.  It 
 includes  dealing  with  both  surface  and  subsurface  water.  Since  water is  an  element  in 
 the  physical  environment,  hydrological  study  deals  with  its  interaction  within  the 
 environment  in  terms  of  its  occurrence,  distribution  and  movement.  In  hydrology, 
 knowing  the  climate  as  a  main  factor  influence  hydrological  condition  of  the  certain 
 area  is  needed.  Climate  affects  the  rate  of  rainfall,  and  finally  influences  recharge  the 
 process of the surface and subsurface water.  


2.4.1.1. Drainage 


There  are  four  main  rivers  in  the  North  Kelantan,  named  Kelantan  River, 
Pengkalan Datu River, Pengkalan Chepa River and Kemasin River. The North Kelantan 
drainage system is denritic with Kelantan River is the main river. Kelantan River is the 
biggest  and  longest  river  in  Kelantan  State. The  maximum  length  and  breadth  of  the 



(22)catchment  are  150  km  and  140  km  respectively.  The  river  is  about  248  km  long  and 
 drains an area of 13,100 km2, occupying more than 85% of the State of Kelantan (Ibbit 
 et al., 2002). It divides into the Galas and Lebir Rivers near Kuala Krai, about 100 km 
 from the river mouth. The Galas River is formed by the junction of Nenggiri and Pergau 
 Rivers. The Nenggiri River originates in the south western part of the central mountain 
 range  (Main  Range).  The  Lebir  River  originates  from  the  Tahan  mountain  range.  The 
 Kelantan  River  system  flows  northward  passing  through  major  towns  such  as  Kuala 
 Krai, Tanah Merah, Pasir Mas and Kota Bharu, before finally discharging into the South 
 China Sea (Ibbit et al., 2002). The other three rivers in North Kelantan (Pengkalan Datu, 
 Pengkalan Chepa and Kemasin River) are small river that is less than 10 km long. These 
 rivers  disgorge  within  the  area  of  Kelantan  Delta  Plain.  Besides  these  river,  a  lot  of 
 small artificial drainage system can be found in the whole Kelantan Delta. It is used as 
 agricultural purpose. 


2.4.1.2. Climate 


Climate is an extremely important factor in the development of landforms.  The 
 elements of climate include rainfall, temperature, and wind. Hydrogeological condition 
 of certain area is influenced by climate during development of the area.  The climate of 
 Kelantan  is  humid  and  tropic  and  is  a  representative  of  the  Peninsula  Malaysia.  It  is 
 characterized  by  high  temperature,  high  humidity  and  high  rainfall  (Malaysian 
 Meteorological Department (MMD), 2008). 


Four  seasons  are  distinguished  by  the  southwest  monsoon,  northeast  monsoon 
and  two  shorter  periods  of  inter-monsoon  seasons.  The  southwest  monsoon  season  is 
usually established in the latter half of May or early June and ends in September (MMD, 



(23)2008).  The  Northeast  Monsoon  which  blows  across  the  South  China  Sea  from  late 
 October to March is a great factor influencing the weather in Kelantan. The full impact 
 of the monsoon wind is experienced in Kelantan during late November to early January. 


The rainfall occurrence during this period is usually of high intensity and falls in heavy 
 storms  over  a  large  area.  The  rainfall  durations  are  frequently  longer  during  these 
 periods (November – January) than at any other time of the year. This situation always 
 causes heavy flooding covering almost the whole North Kelantan area. 


2.4.1.3. Rainfall 


Most  frequent  rainfall  occur  starting  from  October  and  ends  in  January.  Hot 
 season  occurs  in  the  interval  of  February  to  June  or  July.  The  other  days  are  the 
 transition  of  both  seasons.  Rainfall  data  in  Kelantan  is  acquired  from  several  reading 
 stations  that  scattered  within  the  state  of  Kelantan.  There  are  eight  rainfall  stations 
 reading  in  North  Kelantan. The  stations  are  at  Pejabat  Pertanian  (PP)  Lundang,  Mardi 
 Kubang Keranji, PP Pasir Mas, PP Bachok, PP Melor, Mardi Jeram Pasu, Machang and 
 Kota Bharu. The number and amount of rainfall are recorded in each station. The data 
 are gathered and published by Malaysian Meteorological Department.  


The mean monthly rainfalls for selected years in Kota Bharu are given in Figure 
 2.12.  The  maximum  amount  of  rainfall  (400-1500  mm)  occurs  in  November  to 
 December.  The  highest  amount  of  rainfall  occurs  in  November  2008.  In  2008,  except 
 for November and December, the fluctuation amounts of rainfall are not different from 
 other months.  


The mean monthly rainfall in three stations (Kota Bharu , Bachok and Machang) 
from 2004 to 2007 are shown in Figure 2.13. Half of the total amount of rainfall appears 



(24)during  October  to  December.  This  monthly  interval  is  the  Northeast  Monsoon  period. 


Overall, the heavy rainfall occurs in the season of Northeast Monsoon from November 
 until  the  beginning  of  January.  In  December,  the  rainfalls  occur  in  short  duration  but 
 they  were  very  heavy  and  sometime  can  occur  within  several  days  or  more  than  one 
 week. The full impact of Monsoon season in Kelantan happens in the end of November 
 until  the  beginning  of  January.  The  rainfalls  during  in  this  period  are  more  frequent. 


Duration  time  of  rainfall  within  the  period  is  longer  if  compared  to  the  other  period 
within the year. Sometimes the impact of heavy poured and more frequent rainfall cause 
flooding for several days. Meanwhile Kelantan is receiving floodwater derives from the 
October’s precipitation maximum strength to the Central Range of the Peninsula. The 
spate reaches Kota Bharu in late November. 



(25)Figure 2.12. Amount of rainfall distribution and its number in Kota Bharu in 1996 and 
 1997 (A), 1988 and 1989 (B) and 2008 and 2009 (C). The number of rainfall has been 
 scaled to 10 times larger. 
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(26)Figure  2.13.  Mean monthly  rainfall  and number  of  rainfall  for three  stations  (2004  to 
 2007). 
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(27)2.4.2. Hydrogeology 


The aspects of groundwater and geology below the surface will be discussed in 
 this subchapter. Additional discussion such as the main possibility of pollutant in each 
 area will also be discussed.   


2.4.2.1. Lithology 


The lithology of Kota Bharu area is formed from Quaternary deposit according 
 to  the  study  that  has  been  done  by  Loh  and  Ang  (1975).  The  alluvium  is  laid  on  the 
 granite. The basement of granite has variation of its depth. It ranges within 100 – 120 m 
 in the area around 8 km from the beach line to the seaward. 


Pfeiffer  and  Tiedemann  (1986),  studied  the  geology  and  hydrology  of  North 
 Kelantan  Delta  by  obtaining  information  from  drilled  borehole  and  peizometer.  The 
 investigation  was  future  done  in  the  area  around  valley  at  the  west  side  of  Kelantan 
 River.  Haryono (1997) investigated groundwater within the area around Area 3 of this 
 research.  The  investigation  was  done  including  to  create  new  borehole,  and  most 
 importantly  providing  water  supply  in  its  surrounding  area.  The  wells  installed  by 
 Haryono  (1997)  are  in  Pengkalan  Kubor  (two  wells  at  the  first  aquifer),  Kampung 
 Wakaf Baru, Kampung  Sungai Pinang, Kampung Laut, Palekbang and Kampung Pasir 
 Pekan. 


In this research, there were two wells drilled in the area with no subsurface data 
 especially  at  the  area  in  between  Perol  pumping  well  station  and  Kampung  Tok  Bok. 


The wells are named WA1 and WA2 that was drilled in Kampong Kadok and Kampong 
Pulai Condong, respectively. 



(28)2.4.2.2. Aquifer  


Noor  (1979)  used  exploration  wells  to  show  that  Kelantan  River  Delta  is 
 composed  by  deposited  quaternary  sediment.  The  deposit  of  sediment  develops  the 
 aquifers system. Aquifer in North Kelantan is separated  from each other with confined 
 and  semi  confined  by  clay  (Pfeiffer  and  Tiedemenn  ,  1986).  Figure  2.14  shows  fence 
 diagram  of  the  Kelantan  River  Delta  (Ismail and  Kiat  1995).  The  aquifer thickness  of 
 each area is different due to the differences of basement depth. The aquifer consists of 
 fine  to  coarse  sand  or  gravel  and  some  aquifer  is  a  mixture  of  sand  and  gravel.  Other 
 aquifer  was  found  to  have  minor  clay  mixing  with  sand  or  lenses.  The  depth  of  first 
 aquifer is less than 15 m, second aquifer is 15-40 meter, third aquifer is 40 – 130 meter 
 and fourth aquifer is 130 – 150 meter. The entire aquifer is separated by semi confined 
 (Ismail,  1992;  Pfeiffer  and  Tiedemann  1986).  The  second  and  forth  aquifer  are  not 
 distributed within all North Kelantan area.  


Besides  the  lithology  description,  some  boreholes  were  logged  using  Gamma 
Ray logger. Gamma ray logs are useful for lithologic interpretation because they record 
the  natural  radioactivity  of  rock  formations.  Unfortunately,  the  gamma  ray  log  is  not 
available  for  all  wells  that  have  been  drilled  in  previous  research  project.  There  were 
only  nine  wells that  have  been  reported by  Abdul  (1989)  which  have  gamma  ray  logs 
such  as  Perol,  Peringat,  Jelawat,  Pintu  Gang,  Kubang  Kerian,  Beris  Kubur  Besar, 
Tanjung Mas, Jalan Merbau, and Pangkalan Chepa. 



(29)Figure 2.14. Fence diagram of Kelantan River Delta (Ismail and Kiat, 1995). 


2.4.2.3. Water Recharge 


The water recharge occurs in the layer near the surface. The source of recharge 
 water in the first aquifer is infiltration from rainfall. The processes occur in outcrop of 
 the  first  aquifer  or  through  the  layer  with  semi  confined  by  clay  continuously.  The 
 source  of  recharge  for  second  and  third  aquifer  is  from  the  high  land  that  percolate 
 trough Quaternary deposit (Mohammad et al., 1987).  


Water of deeper aquifer is formed from water with age more than 25 years old. 


Mostly water of lower aquifer is formed by water with younger age less than 25 years 


1.  Shallow aquifer 
 2.  Deep Aquifer 


Aquiclud   
Bedrock   



(30)old  (Mohammad  et  al.,  1987).  Based  on  further  research,  it  was  found  that  the  age  of 
 groundwater within aquifer in Pangkalan Chepa was 10743  590 years old. The age of 
 water can be considered as Holosen age category (Mohammad et al., 1987). 


2.4.3. Groundwater Use 


According to Tan and Singh (1989), there were 18 systems of water resources in 
 North Kelantan (Table 2.4). They are explained as following; 


a.  Water resources from groundwater base, 
 b.  Water resources from river water base. 


In 1995, more than 98 million litters per day of fresh groundwater from 60 wells 
 were supplied for domestic use. Generally, the supplying of fresh water increases  with 
 increasing  human  population  (Figure  2.15).  The  water  is  supplied  to  fulfil  domestic 
 usage of residences which are 30 % residences of Kelantan state are staying in the North 
 Kelantan. Because of that, more supplies of fresh water from the pumping well station 
 are  needed.  To  fulfil  the  fresh  water  supply  in  2010,  there  were  nine  new  fields  that 
 have been developed in the project of “Project Bekalan Air Kelantan Utara” (BAKU). 


In  total,  57  wells  have  been  drilled  with 305  mm  of  it  diameter. The entire  new wells 
can produce around 90 billon of water per day. Most of the wells were drilled to reach 
the shallow aquifer at less than 15 m depth (Ismail and Kiat, 1995). 



(31)Table 2.4. Water resources system in North Kelantan (Tan and Singh, 1986). 


Area  Water  Resources 


System 


Capacity 
 (Million 
 liter/day) 


Source  Remark of 
 available 
 treatment  


Kota Bharu  Kp. Puteh  25.1  Groundwater  No 


Kubang Kerian  12  Groundwater  No 


Tg. Mas  9.1  Groundwater  Yes 


Pintu Gang  1  Groundwater  No 


Pengk. Chepa  3.3  Groundwater  No 


Bachok  Kg. Chap  2.3  Groundwater  Yes 


Kg. Jelawat  0.8  Groundwater  No 


Pasir Puteh  Wakaf Bunut  18.2  River  Yes 


Tumpat  Wakaf Baru  18.2  Groundwater  Yes 


Kg. Sedar  0.9  Groundwater  Yes 


Pasir Mas  Sg. Lemal  2.3  River  Yes 


Kg. Kelar  11.4  River  Yes 


Rantau Panjang  0.7  Groundwater  No 


Machang  Sg. Sat  0.4  River  Closed 


Temangan Baru  0.4  River  Closed 


Tanah Merah  T.M. Sg. Kelantan  20.5  River  Yes 


Tanah Merah  0.5  Groundwater  No 


Air Lanas  0.5  River  No 



(32)Figure 2.15.  Diagram of ground water use in the research area (Ismail and Kiat, 1995). 


2.4.4. Groundwater contaminations 


Agriculture activities are recognized as the source of groundwater contaminant. 


In Bachok (northern part of study area), intensive activities of fertilization within paddy 
 and  tobacco  field  are the  main  source  of  groundwater  contaminant  in term  of  farming 
 chemical  activities.  Other  activity  such  as  toxic  use  for  insect  also  is  the  additional 
 potential in increasing groundwater contaminant. In the southern part of study area there 
 is  palm  oil  plantation  that  lied  around  20  km  from  the  upstream  of  Kelantan  River  to 
 Kampung Tok Bok with around 6 km wide.     


The  rural  activities  in  the  area  around  Kota  Bharu,  including  farming  and 
 industrial activities are possibly the main source of the groundwater contamination. The 
 quality of drainage system of disposal water in the area with high population such as in 
 Kota Bharu, Tumpat, Wakaf Bharu, Pengkalan Chepa and Bachok is the main problem 
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(33)of the effort of providing better groundwater as a main water resources (Ismail and Kiat, 
 1995).  Within  the  area,  the  disposal  water  infiltrates  into  the  groundwater  system 
 through the drainage seepage or directly through pore space of top soil in the adjacent 
 disposal water sources. Mostly, the pumping well station is developed in the area with 
 high population. The occurrences possibility of contaminated water are very high in the 
 area of groundwater pumping from shallow aquifer such as in Kampung Puteh, Kubang 
 Kerian, and Pangkalan Chepa (Ismail and Kiat, 1995).  


High  Fe  concentration  in  groundwater  from  several  well  locations  have  been 
 reported  annually  by  Jabatan  Mineral  dan  Geosains  Malaysia.  According  to  Noor 
 (1979),  almost  in  all  area  of  Kelantan  State,  Fe  concentration  was  found  from  0  –  14 
 mg/l.     


In  the  zone  near  to  the  beach,  extension  of  drainage  system  is  also  as  a  good 
potential for water contaminant. The main natural contaminant is salt water or brackish 
water. Pumping well station near to the beach such as in Pangkalan Chepa is facing the 
high  risk  of  salt  water  intrusion.  As  well  as  for  Tanjung  Mas  well  station  situated 
around  5.5  km  from  the  nearest  beach,  which  has  the  high  possibility  of  salt/brackish 
water leaking from the second aquifer if the pumping activity  is extensively done.  The 
brackish water is also detected in the river with low  flow velocity  such as in  Kemasin 
and  Pangkalan  Datu  River.  This  situation  is  very  dangerous  for  the  well  that  is  very 
close  to  the  River  which  uses  groundwater  from  the  shallow  aquifer  (Ismail  and Kiat, 
1995).  
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