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the Requirement for the Degree of Doctor of Philosophy 
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ABYEK PLAIN, IRAN 

 

By 

 

KARIM GHORBANI 

 

January 2016 

 

 

Chairman : Aimrun Wayayok, PhD 

Faculty : Engineering  

 

 

Water and soil are two major elements in Nature that play critically important roles in 

agricultural production. Over the past decades, wide areas of irrigated lands have been 

faced with the problem of high groundwater tables which cause salinization and 

degradation of broad areas of irrigated or non-irrigated land.  Due to land constraints 

and growing demand for food, it is essential to control the environmental instability 

and manage the precious natural resources. On the other hand, underground drainage 

schemes are widely being used to manage the groundwater table and reduce the salinity 

level in the arid and semi-arid regions, especially in Iran. Since the design and 

investigation of drainage system performance typically are costly and time consuming, 

a modelling approach can be a suitable technique to reduce the costs and at the same 

time offer quick access to highly accurate Results. In addition, employing a computer 

model can help to determine the hydrogeological parameters of aquifer and predict the 

groundwater flow behaviour in future conditions. Therefore, the main purpose of this 

research is to develop a practical technique in design of efficient drainage systems for 

implementation to protect agricultural area and solve the related problem of salinity 

using three-dimensional groundwater flow model (MODFLOW) and solute transport 

model (MT3D). 

 

 

For this purpose, a total of ninety-nine observational wells were installed adjacent to 

the existing drainage channel in the Abyek Plain, Iran to monitor groundwater 

fluctuation and changes in salinity level. Groundwater level was measured monthly 

from December 2010 to December 2014. In addition, the quality of water and soil was 

tested at every season (January, April, August. and November) during the four years. 

The analysis of the recorded data indicated that level of groundwater on the study site 

has been dropped in a wide - 500 m from the existing drainage system. Evaluation of 

measured data also indicted that the salinity level had been reduced substantially during 

the four-year period. The MODFLOW models that is supported by groundwater 

modelling system (GMS), was calibrated to the study area in two states, the steady state 

and transient state to reproduce the measured data for one  year and three years, 

respectively. The calibrated model was used to predict the future conditions and 

possible changes in groundwater level. According to simulated results, water table can 
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be lowered approximately 1.48 and 1.59 m in August 2015 and 2020, respectively. Six 

drainage scenarios together with existing drains were defined in the calibrated model to 

simulate the function of the drains separately. Simulated results revealed that 

installation of an additional parallel interceptor drainage system at a distance of 1000 m 

from the existing drainage scheme could be a most effective drainage design. This 

design is able to maintain the groundwater table at an acceptable level of ground 

surface and improve large areas of the study site compared to other designs. The solute 

transport model (MT3D) was also calibrated in the transient state to reproduce 

observed salinity data. The calibrated model was used to simulate magnitude of the 

electrical conductivity of groundwater from 1
st 

January   2011 to 30
th

 December 2013.   

The results of this study indicated that the model has the ability to accurately predict 

dissolved solids in groundwater. Results also revealed that reduction in salinity level 

varied in the range between 4.4 and 137.7 dS.m
-1

 during the three years. As a result, 

modelling can be a feasible technique for decision makers to design efficient drains in 

agricultural land faced with a high water table and salinity problem.      
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PERTANIAN TANAH RATA ABYEK, IRAN 

 

Oleh 

 

KARIM GHORBANI 

 

Januari 2016 

 

 

Pengerusi : Aimrun Wayayok, PhD 

Fakulti : Kejuruteraan 

 

 

Air dan tanah adalah dua elemen utama dalam Alam Semulajadi yang memainkan 

peranan amat penting dalam pengeluaran pertanian. Sejak beberapa dekad yang lalu, 

kawasan pengairan telah yang luas berhadapan dengan masalah air bawah tanah yang 

tinggi yang menyebabkan kemasinan dan degradasi bagi tanah pengairan atau bukan 

pengairan yang besar. Disebabkan kekurangan tanah dan permintaan yang semakin 

meningkat untuk makanan, ia adalah penting untuk mengawal ketidakstabilan alam 

sekitar dan menguruskan sumber-sumber semula jadi yang berharga. Sebaliknya, skim 

saliran bawah tanah digunakan secara meluas untuk menguruskan air bawah tanah dan 

mengurangkan tahap kemasinan di kawasan gersang dan separa gersang, terutama di 

Iran. Oleh kerana reka bentuk dan penyiasatan prestasi sistem saliran biasanya adalah 

mahal dan memakan masa, pendekatan pemodelan boleh menjadi teknik yang sesuai 

untuk mengurangkan kos dan pada masa yang sama menawarkan akses cepat dengan 

keputusan yang sangat tepat. Selain itu, penggunaan model komputer boleh membantu 

untuk menentukan parameter hidrogeologi akuifer dan meramalkan tingkah laku aliran 

air bawah tanah untuk keadaan di masa depan. Oleh itu, tujuan utama kajian ini adalah 

untuk mereka bentuk sistem saliran berkesan untuk dilaksanakan di kawasan pertanian 

bagi menyelesaikan air bawah tanah yang tinggi dan masalah yang berkaitan 

kemasinan menggunakan aliran air bawah tanah tiga dimensi model (MODFLOW) dan 

model pengangkutan bahan larut (MT3D). 

 

 

Untuk tujuan ini, sebanyak 99 telaga pemerhatian telah dipasang bersebelahan dengan 

terusan saliran yang sedia ada di tanah rata Abyek, Iran untuk memantau turun naik air 

bawah tanah dan perubahan tahap kemasinan. Paras air bawah tanah telah diukur setiap 

bulan dari Disember 2010 hingga Disember 2014. Selain itu, kualiti air dan tanah telah 

diuji pada setiap musim (Januari, April, Ogos, dan November) dalam tempoh empat 

tahun. Analisis data yang direkodkan menunjukkan bahawa paras air bawah tanah di 

tapak kajian telah menurun dengan ketara pada jark 500 m daripada sistem saliran yang 

sedia ada. Penilaian data yang diukur juga mendakwa bahawa tahap kemasinan telah 

dikurangkan dengan ketara dalam tempoh empat tahun. Model-model MODFLOW 

yang disokong oleh sistem pemodelan air bawah tanah (GMS ), telah ditentukan bagi 

kawasan kajian pada dua negeri, keadaan mantap dan sementara untuk menghasilkan 
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data yang diukur selama satu tahun dan tiga tahun. Model ditentukur telah digunakan 

untuk meramal keadaan masa depan dan kemungkinan perubahan dalam paras air 

bawah tanah. Menurut keputusan simulasi, aras air boleh diturunkan kira-kira 1.48 dan 

1.59 m pada bulan Ogos 2015 dan 2020, secara berasingan. Enam senario saliran 

bersama-sama dengan saliran sedia ada di dalam model ditentukur untuk 

mensimulasikan fungsi saliran secara berasingan. Hasil simulasi menunjukkan bahawa 

pemasangan sistem pemintas saliran selari tambahan pada jarak 1000 m daripada skim 

saliran yang sedia ada boleh menjadi reka bentuk saliran yang paling berkesan. Reka 

bentuk ini mampu mengekalkan air bawah tanah pada tahap yang boleh diterima di 

permukaan tanah dan meningkatkan kawasan-kawasan tapak kajian berbanding dengan 

reka bentuk yang lain. Model pengangkutan bahan larut (MT3D) juga ditentukur di 

keadaan sewentara untuk menghasilkan semula data kemasinan yang diperhatikan. 

Model ditentukur digunakan untuk mensimulasikan magnitud kekonduksian elektrik air 

bawah tanah dari 1 Januari 2011 hingga 30 Disember 2013. Keputusan kajian ini 

menunjukkan bahawa model ini mampu untuk meramalkan pepejal terlarut dalam air 

bawah tanah itu. Keputusan juga menunjukkan bahawa pengurangan tahap kemasinan 

berubah dalam julat di antara 4.4 dan 137.7 dSm
-1

 dalam tempoh tiga tahun. Akibatnya, 

pemodelan boleh menjadi teknik yang berkemungkinan untuk pembuat keputusan dan 

mereka bentuk saliran dengan cekap dalam pengurusan tanah pertanian yang 

berhadapan dengan masalah paras air dan kemasinan yang tinggi. 
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CHAPTER 1 

 

INTRODUCTION 

 

1.1  Background  

 

 Water and soil are among the most crucial elements in Nature and play significant roles 

in crop productions. On the other hand, threats to agricultural land by salinization among 

others have become a serious concern in arid and semi-arid areas. Considering that there 

is relatively limited land for development and even as there is a growing demand for 

food, it is essential that all attempts should be made to conserve soil water resources in 

all aspects. 

  

A broad area of the cultivated land has been faced with salinization and degradation risk, 

especially in Iran. The Abyek plain that covers an area of about 2000 km2 and located at 

80 km west of Teheran, Iran, suffers severely from high salinity and groundwater table 

problem. The Northern part of the plain has gradually lost its productivity and converted 

to saline land due to rise in the groundwater table and increased salinity level of water 

and soil. Groundwater table in the South portion of the plain has reached the surface land, 

and the salinity level has increased to a range between 80 and 280 dSm-1. Soil salinity 

and high groundwater table have a severe impact on plant root growth and cause 

reduction in agricultural yield. Excess water in the root zone decreases yields of wheat 

and  barley by an average of 14 and  4 bus/ac, respectively (Rigaux & Singh, 1977). Over 

irrigation, impermeable layer existence and lack of adequate subsurface drainage system 

are major factors in the rise of the groundwater table and spread of salinity. Seasonal 

floods from upstream rivers entering the plain are another significant factor for the rise 

in the level of the groundwater table and increase of salts. A drainage system has been 

constructed at a distance of about 1500 m from the agricultural area to intercept 

groundwater flow. It was expected that this scheme would be able to protect the 

agricultural area and convert the saline land into arable land.  However, given the 

complicated behavior of groundwater in aquifers and based on the performance of the 

interceptor drainage systems, it is difficult to justify proposing the system for other areas.  

Investigation of solute transport often requires a solution to the complex equations. 

Considering the salinity and high groundwater problems in Iran, it is expected that the 

findings of this study will encourage the exploration of appropriate solutions for the 

salinity and shallow groundwater table problem. Although there have been, numerous 

studies conducted in efforts to improve the performance and efficiency of drainage 

systems, but besides the lowering of the groundwater level and leaching out of the salt, 

there is still a gap in the literature on the construction of drains, cost and time factors, 

design type and appropriate installation location. 

 

 1.2  Hypothesis 

 

Based on the evidences, the soil salinization domain under different factors is 

continuously being expanded, especially in arid and semi - arid regions. In addition to  

the  surface flow and seepage from upstream areas such as irrigation canals, over – 

exploitation  of groundwater can  lead to  a decrease in   the water quality and the  extent 

of the soil or water salinity (Arasteh, 2010). In the past, the level and the hydraulic 

gradient of fresh water has been upward in the studied aquifer, Iran, so that saline water 

was situated below the fresh water. During the recent decade, due to lack of a suitable 

drainage system, the upper layers of the soil profile have been gradually saturated by 
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saline water as a result of the flow gradient being reversed. It means the fresh water 

gradually has been replaced by saline water. Based on this theory, it is expected, that the 

determination of a hydrological relationship between subsurface drainage system and 

groundwater table, could contribute to the exploration of a possible solutions to prevent 

the expansion of saline land toward the (cultivated) upstream portions of the area. 

Therefore, the function of a subsurface drainage system in solving the salinity problem 

and changing the hydraulic gradient direction of saline water movement is questionable.  

 

1.3  Problem Statements  

 

The sustainability of an agricultural area is threatened by a high groundwater table and 

salinization. About 14% of agriculture land in Iran, is adversely affected by salinity 

problems. In the Abyek plain, the fertile land has converted to salt-affected soil and the 

affected area has been expanding in recent years. Increase in water table level and salinity 

are the main causes of reduction in crop yields, especially in semi-arid region (Homaee 

et al., 2002). Main reasons of salinization of the study area can be attributed  parent 

material, water shortage to leach salt out, water seepage from irrigated land, high 

evaporation and high groundwater table, lack of drainage system, and seasonal floods. 

Annual precipitation is relatively low and insufficient to remove the salt from root 

environment. A drainage system has been constructed at a distance of about 1500 m from 

the agricultural area to intercept groundwater flow. It was expected that this scheme 

would be able to protect the agricultural area and convert the saline land into arable land.  

 Modelling is a suitable approach in water resources studies, which todays is widely used 

in studies and designs, especially in groundwater flow. Despite, there are various studies 

on groundwater management, but modelling rarely was used to design the agricultural 

drainage system. Thus, the use of computer model not only can reduce the high costs of 

design but also results obtained can be reliable to implement. 

 

Groundwater flow is complex, so investigation of fluctuations and behaviour of water 

flow in an aquifer is difficult because it requires sufficient knowledge. Thus, the use of 

analytical method for investigating of groundwater fluctuation requires application of 

complicated equations, especially in the aquifer of plain, as a results the design of 

drainage system based on the present methods may be ineffective to attain an aim 

defined. Hence, effect of drainage system on groundwater table needs to be evaluated 

using simulation process that already never or rarely has been employed.  

    

During the past few decades, despite a large area of the agricultural land being served by 

the irrigation system, a considerable portion of the land still lack a subsurface drainage 

system to maintain the water table at the desired level. Therefore, high groundwater table 

and salinity are two major problems in the study area and a suitable subsurface drainage 

system is urgently needed to solve the problem and prevent further loss of fertile arable 

land. 

 

Experience indicates that installation and maintenance of subsurface drainage systems 

are invariably time consuming and costly and these are the factors that have prevented 

the construction of much-needed drainage systems and in the long-term the damage will 

be considerable. To avoid this it is essential to develop a proper method to design and 

implement a drainage system that is cost-effective and efficient. 

      

There appears to be a lack of expertise and experience in the areas of land reclamation 

and rehabilitation of saline plains. Although there have been many drainage schemes 
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implemented in the irrigated areas to control groundwater table and salinity, there has 

been no attention paid to the reclamation and rehabilitation of affected non-cultivated 

areas, which will eventually encroach into the cultivated areas. As such the cultivated 

areas are exposed to potential salinization. In light of this, there is therefore an urgent 

necessity to conduct comprehensive research on the saline plain to investigate practical 

techniques to solve the problem. 

 

The importance of the present research is the development of a practical solution for the 

problems mentioned above that concern the agricultural land and its activities in the 

Abyek plain of Iran based on the evaluation of performance of the interceptor drainage 

system. 

 

1.4  Objective of the study  

 

The main objective of this study is to attain a practical approach in design of efficient 

drainage systems to protect agricultural lands from the risk of water table and salinization 

using numerical models. The specific objectives of this research are: 

1. To investigate and evaluate the effectiveness of the existing interceptor drainage 

system in lowering water table and salinity levels in the aquifer of the study area. 

 

2. To apply a hydrological models (MODFLOW) to the study area with the existing 

interceptor drain to predict the water table depths in several future periods. 

  

3. To use the MODFLOW and MT3D models to simulate the effect of different 

modifications to the interceptor drain on water table depths and salinity levels with 

respect to the agricultural requirements. 

 

1.5  Scope of the study  

 

 The scope of this study encompasses the calibration of a numerical model to predict 

future conditions of the study region and design an efficient drainage system. For this 

purpose. A field study was carried out on a plain located to the west of Tehran and south 

of Abyek city. The study site is relatively flat and covered by saline soil ranging between 

80 and 280 dS.m-1 and with the groundwater reaching a critical depth. The following 

explanation provides a more detailed description of the scope of this study:  

1. Collecting daily and monthly evaporation, precipitation data from the adjacent stations 

of the site.  

2. Monitoring on a monthly basis the existing drainage system installed on the site and 

measuring groundwater table through observation wells installed in the vicinity of the 

existing drainage system from above mean sea level (MSL). 

 

 3. Determining of soil salinity and measuring the salinity level of groundwater in every 

season (November, January, April and August). Soil sampling from different layers to 

determine percent distribution of soil particles and identify texture and soil classification. 

 

4. Measuring hydraulic conductivity via auger hole method at several sub-sections of the 

study site in order to generate hydraulic conductivity layer and hydraulic conductance 

on the vicinity of the drains. 

 

5. Evaluation of several models related to groundwater flow and drainage systems to 

select a proper model for simulation of groundwater fluctuation and solute transport. 
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 6.Generation of the required layers to enter the model such as top layer, starting layer 

,hydraulic conductivity, recharge, evaporation and bottom layer and  spatial distribution  

of observation well.  

  

7. Calibration of the models in two states, steady and transient state to represent measured 

data. The calibration period continues until the model is able to simulate measurement 

accurately via adjusting some parameters. 

  

8. Determination of sensitivity model to input data to understand which parameters   have 

greater effect on the results. 

 

Assessment of several scenarios of drainage system to simulate and select an effective 

option for implementation based on appropriate indicators. 

 

9. Using the calibrated model to predict future condition of aquifer. 

  

1.6  Limitation  

 

1. Number of meteorological stations to obtain annual precipitation and evaporation were 

limited  

2. Manual method was used to record water table in every observation well that may 

affect on measured data. 

3. Duration of the measurement was 48 months that may affect to accuracy of calibration 

hence long-term data can increase the accuracy of the work 

4. There is a gap (interval) between construction period of drainage system and 

commencement of measurements.   

 

1.7  Organization of the thesis 

 

This thesis is divided into five chapters to explain the problems, recognize the research 

objective, review the literature, design the research methodology, and discuss the 

obtained results and finally provide the conclusion. 

  

In Chapter One, besides the presentation of general information associated with the 

proposed research issue, the problem statement is identified, followed by the research 

objective, scope of the study, significance of the study and expected outcomes. The 

chapter ends with a concluding summary.  

 

Chapter Two, provides a review of the literature and introduces and discusses the existing 

theory underlying this work. Also included is research associated with the study 

objective. Based on the evidence in the literature, existing gaps are identified and 

discussed while other relevant works in the literature are presented, analyzed and 

explained.   

 

The method and materials required in this current study comprise the methodology in 

Chapter Three. Location of the study area, data collection, sampling, classification, of 

necessary equipment and software needed together with relevant research instruments 

are presented and considered. 

 

Chapter Four is an important part of the study and encompasses the analysis and findings 

of the experiments and collected data. Also, the reasons for the use of the computer 
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models are discussed in detail Furthermore, comprehensive examples based on the study 

objective are discussed to better understand the main contribution and innovation of this 

study.  

  

In Chapter Five, which is the concluding chapter, the conclusion of the whole study is 

presented including an overview of the answers to the research objectives proposed in 

Chapter One. This chapter also presents the contributions of the study and makes some 

recommendations for further research. 
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