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Groundwater as a source of water for municipal, industrial, and agricultural 

purposes plays a key role in many societies around the world and should be 

safeguarded against pollution. Nutrients such as phosphorus can be 

transported to other places by groundwater and has adverse effect on 

ecosystem of water bodies. Phosphorus causes turbidity in water and 

eutrophication in surface water and aquatic situation to terrestrial constantly. 

The objective of this study is to predict groundwater flow direction and 

spreading of phosphorus in an aquifer located at the Engineering Complex of 

the Universiti Putra Malaysia. Fertilizers, as main source of phosphorus were 

used before in study area. Also the fertilizers are currently used at an area 

located south of the Engineering Complex and it has an adverse effect on 

quality of groundwater. Visual MODFLOW, is a powerful software package, 

was used to predict the changes of groundwater flow patterns and 

concentration of phosphorus for period of 10 and 50 years respectively. These 



two periods were selected because adsorption and slow movement of 

phosphorus in groundwater usually take long time. However, mobility of 

phosphorus is resumed as the adsorption capacity of phosphorus in the soil is 

reached. 

 

Data from 11 constructed wells within the study area were collected to 

determine groundwater level from surface, thickness of geological formation, 

and concentration of phosphorus. Groundwater movement direction was 

determined by the triangular linear interpolation and the field data obtained 

from the observation wells indicate that groundwater flow is from Southeast to 

Northwest. The concentration of orthophosphorus, as the dominant form of 

phosphorus was measured in laboratory using spectrophotometer. The results 

show that concentrations of orthophosphorus in vicinity of the swamp are 0.64 

mg/l, and 0.5 mg/l, in the pond is 0.22 mg/l, in western part of the area is 0.13 

mg/l and in the center of study area is 0.31 mg/l. These concentrations of 

phosphorus in the study area show that the highest concentration occurs in the 

swamp and the concentration decreases with distance from the swamp down to 

the value of 0.13 mg/l. Visual MODFLOW, which include MODFLOW and 

MT3DMS, was employed to predict the direction of groundwater flow and 

concentration of phosphorus for periods of 10 and 50 years. During these 

periods two types of Constant Head Boundary (CHB) were used. In the first 

type, the CHB was placed in the northern part of the area and movement of 

groundwater during the prediction periods was implemented without any 
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change in hydraulic head. The result shows that phosphorus does not flow to 

the pond but might be transferred out of the study area due to groundwater 

flow. In the second type, the CHB was located by the pond to record the fate of 

phosphorus whenever water depth in the pond drops two meters. The result 

indicates that the pollutant is directly transferred to the pond from the swamp 

especially via layer No.2 and this can be related to its high hydraulic 

conductivity. Prediction of contaminated groundwater shows that the 

concentration of phosphorus increases at the end of prediction period at the 

study area and this can be attributed to its migration from the swamp area.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 iv  



Abstrak tesis ini dikemukakan kepada senat Universiti Putra Malaysia sebagai 
memenuhi keperluan  untuk memperolehi ijazah Master Sains 

 
 

PENJANGKAAN KEPEKATAN FOSFORUS DI DALAM AKUIFER TIDAK 
TERKURUNG DENGAN MENGGUNAKAN VISUAL MODFLOW 

 
 

Oleh 
 

SEYED REZA SAGHRAVANI 
 

Mei 2009 
 
Pengerusi:  Profesor Madya Sa’ari Bin Mustapha, PhD 
 
Fakulti:      Kejuruteraan 
 
 
Air bawah tanah sebagai satu sumber air untuk perbandaran, perindustrian, 

dan pertanian memainkan peranan utama kepada semua masyarakat di 

seluruh dunia dan ia seharusnya dilindungi daripada pencemaran. Nutrien 

seperti fosforus boleh diangkut kepelbagai tempat oleh air bawah tanah yang 

akan memberi kasan buruk ke atas ekosistem jasad air. Fosforus boleh 

menyebabkan kekeruhan air dan eutrofikasi di dalam air permukaan dan situasi 

akuatik bagi persekitaran benua. Objektif bagi kajian ini adalah untuk membuat 

jangkaan arah aliran air bawah tanah dan penumpuan kepekatan fosforus di 

dalam akuifer yang berada di bawah Kompleks Kejuruteraan, Universiti Putra 

Malaysia. Baja kimia sebagai punca utama fosforus telah pernah digunakan di 

dalam kawasan kajian. Pada waktu ini baja kimia digunakan di dalam satu 

kawasan yang terletak di selatan Kompleks Kejuruteraan tersebut. Penggunan 

baja ini memberi kesan buruk terhadap kualiti air bawah tanah. Perision “Visual 

MODFLOW”, satu perisian yang baik, telah digunakan untuk membuat 
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jangkaan bagi perubahan aliran bawah tanah dan kepekatan pencemaran 

dalam tempoh 10 tahun dan 50 tahun yang akan datang. Kedua-dua tempoh ini 

dipilih kerana proses “adsorption” dan pergerakan fosforus di dalam air bawah 

tanah adalah perlahan. Walau bagaimana pun, pergerakan fosforus akan terus 

bermula apabila kapasiti “adsorption” fosforus dicapai. 

 

Data dari II telaga yang dibina di dalam kawasan kajian telah digunakan untuk 

mendapatkan maklumat-maklumat berkenaan kedudukan aras air tanah, 

ketebalan formasi geologi serta kepekatan fosforus. Arah pergerakan air 

bawah tanah telah ditentukan dengan kaedah interpolasi linear segi tiga.  Data 

lapangan yang diperolehi dari telaga pemerhatian menunjukkan aliran air 

bawah tanah adalah dari arah Tenggara menghala ke Barat Laut. Kepekatan 

orthofosforus sebagai bentuk fosforus yang dominan telah diukur dalam 

makmal dengan menggunakan spektrofotometer dan menunjukkan kepekatan 

fosforus di sekitar enapcemar adalah pada 0.64 mg/l, dan 0.5 mg/l, di dalam 

kolam adalah 0.22 mg/l, di kawasan sebelah barat kawasan kajian adalah 0.13 

mg/l dan di kawasan pusat kajian pada 0.31 mg/l. Dengan demikian kepekatan 

fosforus di dalam kawasan kajian adalah paling tinggi dalam enapcemar dan 

berkurangan mengikut pertambahan jarak sehingga nilai 0.13 mg/l. Visual 

MODFLOW yang terdiri dari MODFLOW dan MT3DMS telah digunakan untuk 

membuat jangkaan aliran air bawah tanah dan keadaan pencemaran pada 

tempoh 10 dan 50 tahun akan datang. Sepanjang tempoh ini dua jenis had 

sempadan (Sempadan Tekanan Malar, STM) telah digunakan. Bagi jenis 
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pertama STM diletakkan di utara dan pemodelan pergerakan air bawah tanah 

semasa tempoh telah dilaksanakan jangkaan tanpa sebarang perubahan 

dalam sifat hulu hidraulik kawasan. Hasil pemodelan menunjukkan 

pencemaran tidak mengalir ke dalam kolam dari kawasan enapcemar tetapi ia 

mungkin akan dibawa keluar dari kawasan kajian mengikuti arah aliran air 

bawah tanah. Bagi jenis kedua STM telah ditempatkan di kolam bagi 

merekodkan keadaan pencemaran apabila kedudukan paras air tanah jatuh 

dua meter di dalam kolam. Keputusan jangkaan menunjukkan pencemaran 

berpindah secara langsung ke dalam kolam dari kawasan enapcemar terutama 

melalui lapisan No.2. Ini adalah disebabkan kekonduksian  hidraulik yang tinggi 

bagi lapisan tersebut. Jangkaan pencemaran air bawah tanah menunjukkan 

kepekatan fosforus meningkat pada penghujung tempoh jangkaan dalam 

kawasan kajian. Ini boleh dikaitkan dengan perpindahannya dari kawasan 

enapcemar. 
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CHAPTER 1 
 

 INTRODUCTION  
 
 
 
 
 
1.1. Overview 
 
 
The rapid rate of urbanization and increasing demand for water is the major 

reason for considering groundwater as an alternative of surface water. Overuse 

in addition with misuse of water can be prologue to contamination of 

groundwater with harmful and poisonous substances. Recent studies have 

indicated that, human activities can alter the natural composition of groundwater 

through the disposal or distribution of chemicals and microbial matter over the 

land surface and into the soil, or through injection of wastes directly into 

groundwater.  

 

Finding the new techniques to protect, prevent from pollution, and finding the 

sources of contamination for polluted groundwater are of major environmental 

concerns of modern societies. These subjects are the modern issues in 

hydrology and hydrogeology. Groundwater flow and contamination transport 

models are supplementary tools for the assessment and decision making about 

the fate of groundwater pollution. Reliable and adequate data is needed for 

modeling the hydrologic systems. The data and models are used for estimation 

of potential impacts of contamination and leachability of soil body and land 



surface sources on the groundwater. The data also enables one to estimate the 

transportation of contaminants by the groundwater.  

 

1.2. Statement of the Problem 

 
Groundwater as a source of potable water supply is often polluted due to 

human activity. Through widespread use of fertilizers and disposal of sewage 

into the groundwater in most parts of the country, it has been noted that 

accumulation as well as transportation of some nutrient such as phosphorus 

has been increased in some groundwater. This research is designed to deal 

with the identification of phosphorus transport in groundwater and a selected 

area is used as a case study.  

 

The present research was conducted to evaluate the current stage of the 

groundwater contamination by phosphorus at the Engineering Complex of the 

Universiti Putra Malaysia in terms of the degree of pollution with phosphorus. 

The Engineering Complex used to be a paddy field before construction of 

current Engineering Complex. Currently fertilizers are being used at the south of 

this area where the Faculty of Architecture and Landscape is located. Since the 

aquifer slope down toward Northwest, groundwater flow is suspected to carry 

the pollutants into the study area. 

  

Although the phosphorus in the groundwater did not show a significant threat to 

public health yet, but some alarming signs such as accelerated growth of 
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aquatic vegetation and algae have been observed. With the current phase of 

increased phosphorus concentratio in the groundwater, this substance may 

affect the aquatic system through eutrophication in the long term. The excess in 

the use of fertilizers containing phosphorus accelerates the generation of the 

consequence problems. 

 

1.3. Objectives of Research 
 

The objectives of this research are: 

a) To determine groundwater flow direction at the Engineering Complex, 

Universiti Putra Malaysia. 

b) To measure the concentration of phosphorus in the groundwater at the 

Engineering Complex. 

c) To predict direction of groundwater flow and phosphorus concentration in 

groundwater at area of the Engineering Complex. 

 
 
1.4. Scope of Research 
 

a) Determining the groundwater table in observation wells by RTK-GPS 

from Mean Sea Level (MSL) and consequently finding the local 

groundwater flow direction by interpolation.  

b) Measurement of the orthophosphorus as a dominant form of phosphorus 

by ascorbic acid method (Hach, 1988) in the study area. 
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c) Obtaining the required data for two layers from field work and literature to 

employ Visual MODFLOW as a computational tool for this research. 

 

1.5. Significance of the Study 

 
Simulation by computer for analyzing flow and fate of solute in groundwater 

systems has played an effective role in approaches to groundwater remediation 

and environmental management. It will be essential to have proper software to 

assess all part of the hydrological cycle which will help to manage water 

ecosystem and forecasting future events for decision making.  

 

Visual MODFLOW is one of the powerful groundwater modeling softwares, 

which is able to simulate groundwater flow in a wide range of natural systems. 

The programs can combine proprietary extension, such as MODFLOW 

surfactant, MT3DMS, and a 3D model explorer to find the impacts of 

contamination in both surface and subsurface. It is interesting to note that 

Visual MODFLOW is used widely throughout the world and it can be applied to 

many modeling applications extensively. 

 

In the research area, Visual MODFLOW is used to determine the groundwater 

behavior in connection with the pond and swamp as well as estimation of 

phosphorus migration which is increased progressively and loading for a long 

period of time. Result of this simulation will be useful for environmental 
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management of groundwater in the faculty of engineering Complex, University 

Putra Malaysia.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


