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INTRODUCTION 
 

1. Problem statement   

Groundwater, which exists in the fractures of rock formations and in soil 

pore spaces, is a very important components of the hydrological cycle. Groundwater 

is ubiquitous with a widely distributed area covering various terrains, such as wet 

areas, deserts or high mountainous, polar regions, groundwater is now considered 

the easiest-to use natural resource and it is estimated that approximately one-third of 

the world’s population use groundwater for drinking purposes (Nickson RT, 2005). 

In Vietnam, water used for living includes: surface water (accounting for 70%) and 

groundwater (accounting for 30%), but our groundwater and surface water sources 

are unevenly distributed and depend on rainfall. Most of the mountainous areas in 

the Central region or Central Highlands lack of water, especially in the dry season 

(MSc. Tran Van Dung, 2017). Moreover, the current ineffective use of water, along 

with population growth, the impact of natural disasters, saline water intrusion and 

climate change are the main factors leading to quantity and quality water problems. 

Despite a dense network of rivers and lakes, Vietnam faces water shortages. 

According to statistics of the International Water Resources Association (IWRA), 

Vietnam's domestic water supply is on average to poor, at 3,840 m3/person/year 

which is 400 m3/person/year lower than the global average. Therefore Vietnam has 

been classified as a country with water shortage. 

Ninh Thuan province, which has a typical monsoon tropical climate and 

short, steep terrain and poor storage capacity (Ninh Thuan portal), is an area with 

extremely scarce water resources. More specifically, the average annual rainfall is 

the lowest in the country, most of the surface water in the rainy season flows into 

the sea. Groundwater resources are also  very poor, only one third of the national 

average. In recent years, in addition to the impact of industrialization and 

urbanization on water demand, the impact of climate change, the increasing severity 

of drought, deepening saline intrusion inland and other factors have caused water 

shortages. In the context of water scarcity, especially domestic water, there were 

many dug wells that were not controlled by regulators. If these groundwater 
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extraction wells are not allowed and strictly managed, this could have negative 

consequences on the groundwater resources such as pollution, degradation, 

depletion and low efficiency.  

This situation is a testament to the urgency of assessing groundwater 

reserves, more specifically, the assessment and estimation of groundwater reserves 

in the coastal plain area of Ninh Thuan province. There has not been any research 

on this issue, or they are not published, which is why the research topic was defined 

as: “Assessment of groundwater reserves – A case study in coastal plain of Ninh 

Thuan province, Vietnam” 

The achieved results may form the basis, provide basic data to serve, give 

orientation to strategies, plans, water exploitation projects as well as construction 

projects or water retention, groundwater recharge and rainy season water storage. 

This can contribute to ensuring stability and prevent the depletion of current and 

future groundwater resources. Futhermore, according to Duy Chi (Groundwater - 

Water resources which should be protected and rationally exploited, 2019. In 

Vietnamese: Nước ngầm - Nguồn tài nguyên cần được bảo vệ, khai thác hợp lý, 

2019), the assessment of groundwater reserve also contributes to addressing the 

shortage of domestic water, because the hydrogeological research boreholes are 

assigned to localities after the completion of the research task for the purpose of 

managing investment in building exploitation system and water treatment system, 

from which to supply domestic water for people.   

2. Objectives of the study 

- Assessment of groundwater reserves in the coastal plain of Ninh Thuan 

province 

- Proposed solutions to sustainable use of fresh groundwater reserves in 

Holocene aquifer   

3. Scope of work  

The study intends to assess groundwater reserves for the coastal plain area 

of Ninh Thuan province. From the selection of research methods and the 

determination of parameters for the calculation, collect relevant data and use 

equilibrium formulas to calculate the exploited reserves for the study area. 
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Research will focus on the Holocene aquifer due to its potential and data 

accessibility. The modeling method may not be applied during the research process 

because of its complexity and high professional requirements.  

4. Research structure 

The research includes 4 chapters : 

Chapter 1 : Literature review   

Chapter 2 : Groundwater resources characteristics   

Chapter 3 : Methodology   

5. Research meaning 

- Scientific significance:  

The study of water resources, especially the water resources of the South 

Central Coast region, is now an issue that many experts of the whole country are 

concerned with due to its topicality and the impacts on our socio-economic 

situation. 

Although the research topic is not too complicated and in-depth, the project 

can contribute basic informations and knowledge about the assessment of 

groundwater reserves in the coastal plain of Ninh Thuan. Then, it will be a premise 

for other researches and projects in other geographical areas as well as many 

different topography areas, professionally and systematically. 

- Practical significance:  

The results of the thesis, the groundwater reserves for coastal plains in Ninh 

Thuan, can support functional agencies, water resources managers to refer, research 

and identify potential. groundwater reserves. From there, they are able to plan 

strategies, propose appropriate plans and ideas for the purpose of effective, 

sustainable management, exploitation and protection of groundwater resources. 
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CHAPTER 1: LITERATURE REVIEW 

 

1.1 Overview on researches of groundwater reserves and calculation 

method 

1.1.1 Previous studies on assessment of groundwater reserves over the 

world  

In the context that surface water resources are currently affected by social 

factors, climate change, and many other factors, the utilization of groundwater plays 

an important role to cope with water shortages and support the integrated 

groundwater management, as well as sustainable and efficient exploitation of 

groundwater resources worldwide. According to (Tom Gleeson, 2015): 

“22.6 million cubic kilometers of water lies beneath the Earth’s surface”. The 

researchers compiled multiple datasets, including data from almost a million 

watersheds and more than 40,000 groundwater models. The researchers’ map 

reveals that most of Earth’s groundwater reserves are stored in tropical and 

mountain regions, including the Amazon Basin, the Congo, Indonesia, and in North 

and Central America. Arid regions, such as Iran, do not have as much water 

underground [21]. Next, the researchers quantify modern groundwater from tritium 

data and determine the groundwater age using the groundwater model. Old 

groundwater is often very deep compared to the surface and may contain arsenic or 

uranium. It is often stagnant and salty than seawater, so the old groundwater is 

suitable for agricultural or industrial purposes. In contrast, modern groundwater is 

often closer to the surface and more flexible for domestic use. The classification of 

young and old groundwater is very important because from the age classification of 

groundwater, we can estimate the renewable capacity of groundwater as well as the 

time for recharging.  

Successful exploration, exploitation, and management of groundwater 

require a good knowledge of the spatial distribution of aquifer hydraulic parameters 

such as lithology, thickness, usable capacity and other hydraulic properties. Where 

such information is not available, geophysical surveys should be performed. For 
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example “Estimation of groundwater reserve in the unconfined frequently exploited 

depth of aquifer using a combined surficial geophysical and laboratory techniques 

in The Niger Delta, South-South, Nigeria”(2011), the group of authors used the 

resistivity measurement method because methods are commomly used for 

evaluating aquifer characteristics such as drilling and pumping tests are time and 

cost-consuming. The study provided information on the subsurface lithology and 

groundwater reserve for hydrogeologic interpretations using the integration of the 

geoelectric resistivity measurements, direct observation of lithology from borehole 

information and the laboratory measurements on the core samples obtained from the 

boreholes within the study area. The analysis of 23 VES profiles taken in the coastal 

region of Akwa Ibom State and the core samples provided the total aquifer 

thickness and porosity values, thereby estimating the usable groundwater reserve of 

about ( 9.2007 ± 1.01201) x 1010m3. It is the amount of water that fills the gap of 

the aquifer units in the study area. [18]  

The study Evaluation of Exploitable Groundwater Reserves in Karst 

Terrain: A Case Study from Crete, Greece, (2017) refers to assessing the potential 

of groundwater reserves in Karst terrain and potential supply of fresh water for the 

south central Crete (Rethimno district). The available groundwater potential was 

estimated by combining conventional hydrogeological approaches and hydrological 

analysis of Kourtaliotis spring. Based on the dynamic reserves and geological 

characteristics in the study area, the authors estimated the amount of additional 

water could be pumped within safe limits and will be recharged in the next 

hydrological cycle. In this study, the permanent reserves of the aquifer were 

estimated to 415 × 106 m3 while the recoverable quantity of the groundwater 

storage (dynamic reserves) was calculated to 43 × 106 m3. Furthermore, the average 

hydrological replenishment time in the karst system will be on the order of 10 years. 

Based on the research results, it is considered possible to pump annually an amount 

of 21–29 × 106 m3 over the quantities of water which naturally outflow from 

Kourtaliotis spring, in order to satisfy the water demands in the region.[20] 
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It can be said that estimating groundwater reserves has been a very important 

task to provide information about the potential of groundwater exploitation 

worldwide or in a particular area. Furthermore, there are many different methods for 

assessing the groundwater. Research on assessment of groundwater reserves also 

serve as a premise for other studies on many ongoing water resources issues.   

1.1.2 Previous studies on assessment of groundwater reserves in Vietnam 

The determination of groundwater reserves is a part of the investigation and 

assessment of groundwater resources in Vietnam, this work is currently being 

promoted, in order to offer potential exploitation reserves of groundwater in 

different terrain areas. In this section a selection of relevant previous researches on 

groundwater assessments is presented. The results obtained after the process are 

essential for the process of mapping groundwater resources at 1: 200,000, 1: 

100,000 and 1: 50,000 scales. However, the assessment of groundwater reserves in 

Vietnam is a complicated task, without legal guidance on how to identify and 

common formulas applicable to all regions and topographic areas.  

According to Assoc.Prof.Dr. Doan Van Canh & others (Vietnam Union of 

Geological Sciences), Groundwater Resources in the Northern Delta, challenges 

and solutions (2014) (In Vietnamese: Tài nguyên nước dưới đất Đồng bằng Bắc Bộ, 

những thách thức và giải pháp) published by Vietnam Irrigation science and 

technology journal. Previously, the potential of groundwater in Vietnam was very 

large, but due to the undetailed investigation and evaluation, besides, there are not 

many appropriate investments, so the number of exploitation and use accounted for 

a very small part compared to the potential exploitation reserve (4.85%). Currently, 

the evaluation of groundwater reserves has been conducted in many projects of 

exploring, evaluating groundwater exploitation reserves, or projects of water 

resource assessment in different regions, provinces, or river basins. Assessing 

reserves of groundwater in Vietnam is considered as a task to discover water 

resources, addressing water scarcity in some areas, especially in mountainous areas, 

coping with water stress in some areas affected by surface water pollution, the 

saline intrusion, CC, etc. [1] 
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Among the methods to assess the groundwater exploitation reserves, the 

evaluation by hydrodynamic methods, specifically using numerical modeling, is the 

preferred method used in research and assessment of groundwater reserves in 

Vietnam. In the study Calculation of groundwater reserves by mathematical 

modeling method: A case study in the coastal plain of Quang Nam province (2018) 

(In Vietnamese: Tính toán trữ lượng nước dưới đất bằng phương pháp mô hình 

toán: Nghiên cứu cho vùng đồng bằng ven biển tỉnh Quảng Nam), Tran Duc Trung 

and others, the Visual Modflow model was used with inputs including: documents, 

data on topography, geology, general hydro-meteorology conditions, especially, 

data on the observed water table of the borehole and experimental pumping data of 

additional wells. Then, the study area has been calculated with static reserves, 

dynamic reserves and potential reserves of groundwater in 3 aquifers: Holocene 

(qh), Pleistocene (qp), Neogen (m). Consequently, the potential exploitation 

reserves in the coastal plain of Quang Nam province are not large and not widely 

distributed. The potential reserves is 135,594.3 m3/day distributed in 3 aquifers, of 

which the natural dynamic reserves is 54313.68 m3/day, accounting for 40.0%, and 

the natural static reserves represent 60.0%. [16] 

In the study: “Assessing groundwater resources in Tra Vinh province using 

Modflow model” (2012) (In Vietnamese: Đánh giá tài nguyên nước ngầm tại tỉnh 

Trà Vinh) of Huynh Van Hiep and Tran Van Ty). To evaluate and forecast 

groundwater resources for Tra Vinh province, the MODFLOW model was applied 

with input data including: data on recharge volume, evaporation and extraction; 

boundary conditions (rivers) and monitoring wells. Results of calculating 

groundwater reserves make the exploitation of groundwater resources in the study 

area more reasonable and systematic. Besides, the results of forecasting the water 

table and water table drawdown contribute to elucidate the hydrodynamic 

characteristics of the aquifers, which is the basis for establishing the monitoring 

network of groundwater in the future. [6] 

In addition to the model method, the studies of assessing groundwater 

reserves also incorporate methods not only to estimate the reserves and potential 
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exploitation, but also to assess the water withdrawal, the distribution of groundwater 

in the study area, water quality characteristics, etc. For instance, "Research of 

assessing groundwater resources and identifying reasonable exploitation options – 

A case study in Quang Tri coastal area" (In Vietnamese: Nghiên cứu đánh giá tài 

nguyên nước dưới đất và xác định các phương án khai thác hợp lý dải ven biển tỉnh 

Quảng Trị) (2016-2017), MSc. Nguyen Son and others, in the Earth Science 

Research Program, Project code: VAST05.02/16-17. The authors conducted on the 

basis of combining many methods: Summary of studies on water resources and 

socio-economic conditions, adjustment of documents in combination with 

additional field work, analytical methods, and the Visual Modflow model. And so, 

the research results include: 

- Hydrogeological map and a cross-section scale 1: 50,000 in the coastal plain 

of Quang Tri province. 

- Assessing the potential exploitation reserves of the main aquifers: Holocene 

aquifer; Pleistocene aquifer; Basalt Neogen aquifer; Neogen aquifer.  

- Total potential exploitation reserves of the aquifer and distribution diagram 

of potential exploitation reserves of aquifers 

- Map of groundwater exploitation constructions of the optimal plan; 

- Current situation map of groundwater quality in Holocene aquifer 

- Current situation map of groundwater quality in Pleistocene aquifer. [13] 

 

1.1.3 Previous studies on assessment of groundwater reserves in Ninh 

Thuan province 

Before 1975 

During the French colonial period, the study of Ninh Thuan's underground 

water was not popular. Under the Sai Gon regime, the Rural Water Supply 

Department established a map of the reserve and water supply capacity of South 

Vietnam at 1 / 1,000,000 scale. In 1933s, there were three 8m wells to exploit water 

in the Quaternary unconsolidated sediments in Phan Rang. [7] 
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Although the above document is limited in scope of works and content, it 

significantly contributed to the orientation of hydrogeological investigation in the 

later study periods. 

After 1975 

Since 1975 until now, there have been many studies on hydrogeology. Water 

Resources Planning and Investigation Federation in the central region conducted 

researches, many investigations and built hydrogeological map at 1: 200,000 scale 

in the whole region; built hydrogeological map at 1: 50,000 scale; searched and 

explored groundwater in many urban areas and important economic areas. 

The hydrogeological studies and groundwater resource investigations in 

Ninh Thuan from 1975 to now include the following reports:  

 

Table 1. 1 Studies on groundwater resources in Ninh Thuan [7] 

No Name of the project Author Publishing 

time 

1 Vietnam hydrogeological map, scale of 1: 

500,000 

Le Đuc An, Nguyen Xuan 

Bao, Do Cong Du, etc 

  1983 

2 Hydrogeology - engineering geology map of 

Phan Rang - Nha Trang, scale of 1: 200,000 

Pham Van Nam   1988 

3 Assessment of groundwater in Phan Rang 

using Geophysical method 

Trinh Van Nhuong 

 

  1989 

4 Groundwater resources in coastal plains of 

South Central Vietnam 

Vu Ngoc Tran, 

Hydrogeological - 

Construction Geology 

Federation in the Central 

region 

  1997 

5 Investigation of urban geology in Phan Rang 

- Thap Cham   

   1999 

6 Report on centralized water exploitation 

system for the purpose of supplying 

domestic water for people who live in water-

shortage areas - A case study in Ninh Thuan 

   2005 
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No Name of the project Author Publishing 

time 

province 

7 Investigation and assessment of groundwater 

exploitation potential for socio-economic 

development in coastal sandy areas of Binh 

Thuan, Ninh Thuan, Khanh Hoa and Phu 

Yen provinces 

   2007 

8 Investigation and evaluation of groundwater  

in areas which is scarcity of domestic water 

– Case study in Ninh Thuan and Binh Thuan 

provinces 

Water Resources Planning 

and Investigation 

Federation in the central 

region 

 2012 

9 Hydrogeological map of Ninh Thuan 

province, scale 1: 50,000 

Hydrogeological - 

Construction Geology 

Federation in the Central 

region 

2012 

10 Scientific research: Relationship between 

aquifers, water complexes with the potential 

of water resources and proposing water 

storage solution and artificial recharge of 

groundwater - Piloting in Cai river basin 

(Kinh Dinh) of Ninh Thuan province. 

   2013 

11  Evaluation of water chemistry indicators for 

saline intrusion of coastal aquifers in Ninh  

Thuan 

Nguyen Khac Đon  2017  

12 Assessment of salinity intrusion 

vulnerability in the Quaternary sediments in 

coastal areas of Ninh Thuan province in the 

context of climate change 

Nguyen Bao Hoang  2017 
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And many other studies… 

In summary, in Ninh Thuan province, there have been many researches on 

groundwater resources. The hydrogeology documents and experiments of these 

works are very practical with high precision. However, most of the above 

researches focus on certain areas but do not cover the whole coastal plains of Ninh 

Thuan province. In addition to researching the causes, impacts and solutions for 

ongoing issues, it is also important to evaluate the potential use of groundwater as 

an alternative source. This study aims to assess groundwater reserves in the coastal 

plain area of Ninh Thuan Province which is under increasing impacts of saline 

intrusion and climate change. 

1.1.4 Method of calculating the groundwater reserves  

 According to Nguyễn Thanh Sơn (2005), groundwater is also a mineral, but 

there are many differences with solid minerals such as reserves. First of all, solid 

minerals are in the soil so if we determine the volume of rock containing ore (called 

ore body) and the mineral content of the rock, we can immediately calculate the 

reserves. However, groundwater is a circulating mineral. Secondly, the amount of 

solid minerals is exploited as much as possible. Thirdly, the more solid minerals are 

exploited, the less its reserves. On the contrary, if we exploit groundwater properly, 

the groundwater may never run out, or even increase more and more. There are 

three main types of groundwater reserves are: 

Static reserves 

Although water is always circulating, there is always a certain amount of 

water in the aquifer, which is the static reserve. Static reserves exist in two forms: 

Elastic static reserve, gravity static reserve [12] 

 Elastic static reserves: when compressed by pressure, water shrinks and 

so does the rock environment, these effects make the volume of water smaller, if we 

release the pressure, the volume of water will expand again. The expansion (the 

difference between the volume of water when expanded and when shrinked) is the 

elastic static reserve. 
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Qes = Ss.
𝑯𝑭

𝒕
  

Where:  Qes is the elastic static reserve (m3/day or km3/day)   

  Ss is the Specific storage  

H is the compressive pressure (meter of water). In unconfined 

aquifer, H is equal to half of the thickness of aquifer (mean average 

pressure) (m) 

F is the total area of fresh water in the aquifer (m2) 

t is the abstraction time (day) (= 104 day) 

However, the study area is the qh aquifer which is closest to the ground. At 

this aquifer, gravity static reserves are the main type of storage. The elastic static 

reserve here is very small or negligible, so in this study, we expect to calculate only 

the gravity static reserves.   

 Gravity static reserves are the amount of water present in the aquifer 

regularly, excluding the elastic static reserves.  

Qgs = Sy.
𝒃𝑭

𝒕
   (for unconfined aquifers).   

Where:  Qgs is the gravity static reserve (m3/day or km3/day)   

Sy is the specifc yield. For unconfined aquifers we can 

directly conduct experiments outdoors to get Sy. Sy is usually about l - 

210-l, while the specific storage is usually about l - 210-3 (hundred times 

smaller) which is why the elastic water reserve is caused by half of the 

thickness of the aquifer (h/2)  

b is the thickness of the unconfined aquifer (this thickness 

changes over time so we take the aquifer thickness at the lowest water 

table, and since it also changes over space, it is the medium thickness of 

the aquifer) (m) 

F is the total area of fresh water in the aquifer (m2) 
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t is the abstraction time (day) (= 104 days) 

Natural dynamic reserves 

Dynamic reserves are the amount of water circulating in soil and rock, which 

is derived from the water supply for groundwater. For example, when rainwater 

falls on the surface, the surface water soaks up the groundwater, but if there is a 

replenishment source but the water has no outlet, the groundwater will not be able 

to circulate. At that time, the replenishment source still could not get into the 

aquifer, so the prerequisite for circulating water was to have both replenishment 

source and water outlet. As drainage is always slower than the replenishment 

source, inadequate drainage will raise the water table of the aquifer, when the 

replenishment stops, drainage will cause a water table drawdown. 

Thus, the amount of circulating water in the aquifers always change over time, 

when there is replenishment infiltration, the amount of circulating water increases, 

in this process the change of the circulating water depends on the change in the 

amount of additional water. But when the additional source stops replenishing, the 

amount of circulating water will decrease. In summary, we have 3 ways to 

determine the dynamic reserves: Firstly, study the process of water circulation in the 

aquifer. Secondly, study the activity of additional sources in the supply region. 

Thirdly, study the process of drainage in the drainage area. 

Determining dynamic reserves correctly is not easy because it changes over 

time, that's why people often combine a variety of determination methods compare 

results, then choose a reliable number. However, in the scope of graduation thesis 

research, the combination of many methods is not applied by many limitations, so 

the author aims to select the most appropriate method to determine dynamic 

reserves. [12] 

 Determine the dynamic reserves by studying the circulation of water in rock 

and soil 
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That circulation is represented by the flow of water flowing through a section 

that is perpendicular to the flow. First, choose a section that is perpendicular to the 

flow, that section must coincide with a flow line or equipotential line. Divide into 

small segments, each section has relatively homogeneous flow characteristics. 

Determine the water conductivity and hydraulic gradient of each segment and 

calculate the water discharge using the following formula:  

Q = ∑ 𝐁𝐢 𝐓𝐢 𝐈𝐢𝒏
𝒍    

 

Where:  B- width of each segment;  

T- conductivity per segment;  

l- hydraulic gradient per segment;  

i - segment number i  

n- total segments 

Obviously, if we have a flow line or hydrostatic water map, a water 

conductivity map, we can easily determine the dynamic reserves. As can be seen, 

such maps are only available in areas that have been studied in detail. Moreover, no 

matter how detailed the study, it is impossible to draw many high isometric and 

hydrostatic maps as well as studying on the change of water discharge over time. 

Therefore, this method of determining reserves is only used in specific cases. [12] 

 Determine the dynamic reserves by studying the water released in the 

drainage region.  

In the coastal plains, the water released in the drainage areas is very difficult 

to identify. So this method cannot apply to the study area but only to mountainous 

areas. The flow of rivers, each river or stream drains from a basin, and it is assumed 

that the groundwater drainage basin is the same as the surface drainage basin, which 

means the same basin area F. Next, chart the water discharge changes over time, on 

this chart they divide into the surface water flow and groundwater flow. In order to 
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be precise, two points need to be noted: the flood peak will correspond to the 

highest river water level. When the river water level is the highest, the hydraulic 

gradient of the groundwater stream is the smallest so the flow of the underground 

flow to the river is the smallest. Secondly, rainwater drains into rivers and streams 

faster than it seeps into groundwater. As a result, although the river water level has 

risen, the water table has not risen, so the circulation of groundwater continues until 

the supplementation has ended. That rule is expressed in the amount of groundwater 

discharged out according to the formula: 

Q = Q0 𝒆−∝𝒕 

   Q0 - initial discharge;  

   Q – discharge after time t;  

   α - discharge reduction coefficient 

To determine α, use two points on the dry season discharge line at t1, t2, and 

the discharge Ql, Q2, then calculate α according to the following formula: [12] 

     ∝=
𝐥𝐧 𝑸𝒕𝟏−𝒏𝑸𝒕𝟐

𝒕𝟐−𝒕𝟏
 

 Determine dynamic reserves by studying the amount of annual additional 

water in the supply area.  

For unconfined aquifer, the supply area is the spatial distribution area of 

groundwater. For confined aquifer, the supply region is the surface area of the 

aquifer, upstream of the underground flow.  

So if there are multiple monitoring boreholes in the supply domain, we take 

the average value and the dynamic reserves will be calculated by the formula:  

    Qd = 
𝜟𝑯.𝑭

𝟑𝟔𝟓
   m3/day  

In which  ΔH: the amount of rainwater supply for groundwater (mm/year)  

  F: the area of supply domain  (m2) 
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Artificial Recharge reserves  

The uniqueness of groundwater extraction is that when we exploit, the water 

level or pressure level of the lower aquifer can attract other water sources into the 

aquifer and participate in the amount of water extracted. For example, in the 

midland plains, the groundwater normally discharges into the river, which means 

that the river water does not provide groundwater, but if we place drilling holes for 

groundwater exploitation near the river, the water table is lower. The water level is 

low, the level of surface water from rivers is high, so the surface water will flow 

into the aquifer by boreholes. 

The amount of water attracted by the extraction process is called entrained 

reserves, or Artificial Recharge reserves. As usual, the entrained water should have 

good quality as it can spoil the domestic water quality and the aquifer. Sometimes 

this volume of entrainment is extremely important. Moreover, to receive a large 

amount of entrained water, the exploitation holes must be located along the river, if 

the holes are located too far from the river, it will not entail much. 

There are cities in the world, the amount of water extracted from the aquifer 

is not enough, so people dug reservoirs, pump surface water into the lake to get 

entrained reserves, this method we call supplementation Artificial Groundwater 

Recharge [12] 

Potential exploitation reserves 

Groundwater exploitation reserve is the amount of water that can be 

exploited with current technical conditions, with a reasonable price, good water 

quality, at the same time, does not exhaust the aquifer, cause contamination in the 

aquifer as well as bad effects on the environment.   

The amount of water exploited includes the above-mentioned reserves. If we 

have exploited all of our dynamic reserves all year round, then we should not 

exploit static reserves as it will gradually diminish, or worse, the water source may 

be exhausted if we constantly exploit static reserves. However, there are cases that 

we must use static reserves 
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The general formula for calculating potential exploitation reserves is: 

    Qp = Qd + Qar + ∝
𝑽𝒆𝒔+𝑽𝒈𝒔

𝒕
 

In which Qp is the potential exploitation reserves 

   Qd is the natural dynamic reserves    

  Ves, Vgs are Elastic static reserve, gravity static reserve 

Qar is the Artificial Recharge reserves  

   t is the Abtraction time (day) (104 day) 

  α is the coefficients of groundwater reserves utility (0.3) [12] 

 

1.2 Overview of the study area  

1.2.1 Geographical location   
 

The study area lies in Ninh Thuan province which is in the South Central 

Coast of Vietnam between longitudes 108°09'08" to 109°14'25" E and latitudes 

11°18'14" to 12°09'15" N. The district boundaries are marked by Khanh Hoa 

province in the North, Binh Thuan province in the South, Lam Dong province in the 

West along with the Eastern Sea in the East (Figure 1.1) 

The total area of Ninh Thuan province is about 3.358 km2 with seven 

administrative units including 1 city and 5 districts, of which Phan Rang-Thap 

Cham city is considered as the central of  politic, economy and culture of the 

province. Phan Rang-Thap Cham city is 350 km from Ho Chi Minh city, 60 km 

from Cam Ranh airport, 105 km from Nha Trang city and 110 km from Dalat city, 

which is very convenient for socio-economic development.  

The study area of this research is the coastal area of Ninh Thuan including 

communes: Bac Son, Bac Phong and Cong Hai communes of Thuan Bac district; 

Vinh Hai, Nhon Hai, Tri Hai, Phuong Hai, Ho Hai, Tan Hai and Ninh Hai town of 

Ninh Hai district; Van Hai, My Hai, My Dong and Dong Hai wards of Phan Rang-

Thap Cham town; An Hai, Phuoc Diem, Phuoc Dinh, Phuoc Son, Phuoc Nam, Nhi 
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Ha, Phuoc Huu, Phuoc Hau communes of Ninh Phuoc district, and some communes 

of Ninh Son district. [7] 

 

 

        

 

 

 

 

 

 

 

 

 

 

Figure 1. 1 Administrative map of Ninh Thuan province 

     (Source: Vietnam Atlas, 2010) 

1.2.2 Topography   
 

According to Don Nguyen (2017), Ninh Thuan's topography is sloping from 

north-west to southeast, The West, North and Northeast are mountainous areas. In 

the middle and along the coast are the lower plains from the North and Northwest to 

the Southeast, with three typical topologies: Mountains, hills account  for 63.2 %; 

semi-mountains account for 14.4 % and the coastal plain accounts for 22.4 %  
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Mountains, hills (M) 

This topography is distributed in the North, Northeast and West of Ninh Son 

and Ninh Phuoc districts, including low and medium mountains, hills with sharp 

peaks, steep slopes, and rough surfaces. The absolute elevation is mainly from 400 

to 800m. The highest one is Hon Chan peak (1978m), after that is Gia Rich peak 

(1923m) in the West of Phuoc Binh commune, Bac Ai district. This type of 

topography has some features such as: steep (10 - 300), the surface is strongly 

divided, narrow waterways and not convenient for moving. Mountains and hills 

topography usually develops on intrusive rocks, volcanic formations and erupting 

sediments. [5] 

Semi-mountains (S) 

Semi-mountainous terrain is a form of transition topography from medium 

mountains, hills to coastal plain, including half-mountain mounds. It’s territory lies 

in the foothills, or is approximately divided half in the planes and the other half in 

mountains. (Darra, 2003). With the absolute elevation is from 50 - 400m, 

accounting for about 14.4% of the total natural area of Ninh Thuan province. The 

characteristics of these hills are round peaks, gentle hillsides, low mountains 

interspersed with valleys, small rivers and streams and slope towards sea. [5] 

Plain terrain (P) 

In the coastal plains, the absolute elevation is below 50m, accounting for 

22.4% of the total natural area of Ninh Thuan. Coastal deltas are widely distributed 

in large estuaries such as the Phan Rang delta, the narrow deltas like: Ninh Son and 

Quan The. Coastal sand dunes are distributed along the coast and coastal bays in the 

coastal communes of Ninh Hai and Ninh Phuoc districts. The topography is quite 

flat with convenient transportation. coastal plains and dunes are mainly made up of 

components such as Quaternary sediments, which are diverse in origin and material 

composition. [5] 



20 

 

1.2.3 Climate 

According to Don Nguyen (2017), Ninh Thuan province is considered to be 

the driest province of the country and specialized by tropical monsoon climate with 

dry, hot, windy and strong evaporation weather. The climate is divided into 02 

distinct seasons: the rainy season is from September to November and the dry 

season is from December to the next August. The annual rainfall in the rainy season 

accounts for 40-80% of the annual rainfall and varies by space and time. In terms of 

space, the smallest rainfall is in Ca Na, increasing gradually to the North. In terms 

of time, the rainy season comes late to the direction from the South to the North, the 

mountainous area has greater rainfall than the sea.  

The mountainous area of Ninh Thuan has a large amount of rainfall, sloping 

terrain and a lot of forest destruction, along with many dams making it possible to 

cause flash floods. The Ninh Thuan plain becomes the driest in the country. These 

above reasons caused desert in Ninh Thuan. The variation of rainfall and surface 

runoff had a direct impact on people's daily life and production. The scarcity of 

surface water during the dry season had led to an urgent need to use groundwater as 

an alternative source. Though, the assessment of groundwater reserves is an 

important step for the process of exploitation and rational use of groundwater. [3] 

  According to data from the meteorological station of the south central 

region measured at Phan Rang station which is the main station in Ninh Thuan, the 

average temperature from 2002 to 2011 ranged from 24.7 to 29.1oC (1-2oC higher 

than elsewhere). The air humidity from 2007 to 2018 is about 71.1-80.5%. The total 

annual average evaporation in Phan Rang is up to 2106 mm/year (2015), the 

average daily rainfall over the same period is 805 mm/year; by 37% of evaporation. 

Figure 1.2 shows the variation of daily precipitation from 2007 to 2018 of Phan 

Rang station.  
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Figure 1. 2 Total daily precipitation of Phan Rang station [15] 

 

 

 

 

 

 

 

 

 

 

Precipitation is not the only factor that influence Ninh Thuan climate. Figure 

1.3 shows the fluctuation of there main climate factors: Precipitation, Evaporation 

and Humidity. From the dataset of Phan Rang station in Cai - Phan Rang river 

basin, it can be estimated that the average annual precipitation from 2007-2018 is 

1,062 mm, with the highest average annual precipitation is 1,633.9mm (2010) and 

the smallest annual average precipitation is 513.3mm (2014). The average annual 

evaporation is 76.4%, the fluctuation in the average annual evaporation is not much, 

ranges from 74.4% to 79.7%. Besides, the average total evaporation from 2007-

2018 is 1,759.5mm, the highest annual  evaporation is 2,106.0mm (2015) and the 

lowest year is 1,461mm (2017). After that, chart to visualize the annual fluctuations 

of three factors: daily rainfall, evaporation, and average monthly humidity from 

2007 to 2018 of Phan Rang. The full dataset of daily precipitation in Cai-Phan Rang 

river basin from the Phan Rang station can be found in the APPENDIX.  
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Figure 1. 3 Graph of precipitation, evaporation and humidity of Cai – 

Phan Rang river at Phan Rang station (2007-2018) 

In addition, the observed values from hydro-meteorological stations of 

neighboring areas of Ninh Thuan province can contribute to assessing climate 

characteristics for the study area, due to their relatively similar hydrogeological 

conditions. Research has summarized and synthesized data on meteorological 

values of  Tan My station (Ninh Son district, Ninh Thuan), Phan Thiet station (Binh 

Thuan), Song Luy station (Binh Thuan), Nha Trang station (Khanh Hoa), Dong 

station Moon (Khanh Hoa) year by year. The full dataset of Hydro-meteorological 

values in Cai-Phan Rang river basin, Cai river basin, Luy river basin, Cai – Nha 

Trang river basin from the above stations are shown in the appendix 

1.2.4 Socio-economic conditions  

Economic condition 

The economy of the study area is very developed in different industries such 

as: [10] 

- Fishing: People in coastal communes of Ninh Thuan province mainly live 

on fishing, concentrating in coastal areas such as Dong Hai fishing port, Ca Na 

fishing port (Phuoc Diem commune), Son Hai village (Phuoc Dinh commune), Phu 
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Tho (Dong Hai ward) ... (according to Master plan on fishery development in Ninh 

Thuan province period of 2001-2010, Department of Fisheries of Ninh Thuan 

province). 

- Aquaculture and processing of aquatic products: focusing on raising 

shrimps, shellfish, seaweed ..., processing seafood such as making fish sauce, 

processing fish, dried shrimp and frozen shrimp (Dong Hai, Nhon Hai, Tri Hai, 

Khanh Hai, Phuoc Diem ...). 

- Production of ice water: In order to meet the demand of preserving and 

processing seafood, ice factories are very developed, concentrated in fishing ports 

of Dong Hai, Ca Na, Son Hai, Tri Hai .... 

- Ship and boat building: there are many enterprises that build fishing boats, 

repair boats, concentrated mainly in Tri Hai, Dong Hai and Ca Na.  

- Exploiting construction materials: In the region, factories of construction 

materials mainly focus on sand mining, brick making (An Hai commune), making 

construction stone and paving stone (Cong Hai commune, Bac Son, Vinh Hai, Nhon 

Hai, Phuoc Dinh and Phuoc Diem). 

- Tourism and services: In the region there are many beautiful beaches such 

as Ninh Chu, Hoan Cau, Ca Na, Binh Tien (Cong Hai commune), Vinh Hy (Vinh 

Hai commune) .... the above locations have been invested  to attract tourists with 

motels, hotels, restaurants and other services. Currently, infrastructure is improved a 

lot, traffic is quite convenient, so the number of visitors is increasing. 

- Agricultural produce and livestock farming: It is also very developed with 

special crops and animals of Ninh Thuan such as grape, onion, garlic, elephant grass 

(for breeding), cow, goat, sheep ... 

Social condition 

People in the coastal communes of Ninh Thuan province are mostly people of 

the Kinh ethnic group. In addition, the people of the Chăm (Chàm) ethnic group are 

unevenly distributed, concentrated mainly in coastal plains along the rivers and 

main roads. The population of the study area (coastal plain communes) is about 

170,310 people, concentrated in towns and wards along Phan Rang-Thap Cham 

town such as Khanh Hai town, Van Hai commune, Ho Hai, Phuong Hai, Nhon Hai, 
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My Hai, My Dong, Dong Hai and An Hai. The highest population densities are in 

My Dong and Dong Hai wards (4,711 and 7,957 people / km2). The communes with 

the lowest population density (39 and 40 people / km2) are in Vinh Hai and Phuoc 

Dinh communes. [10]  

1.2.5 Surface water resources  

  

Figure 1. 4 Map of surface water resources in Ninh Thuan province 
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Ninh Thuan's surface water is not plentiful, along with low rainfall and high 

evaporation, making the regulation of water resources extremely important for 

agricultural development and other economic sectors. The rivers and streams 

network of Ninh Thuan province is quite developed and appropriately distributed. 

The common feature is that all the rivers and streams originate from the East of the 

Truong Son mountain range, then follow the East to flow into the East Sea. In 

general, the rivers are short with a basin slope of 7 - 15o. According to the statistics 

of Ninh Thuan center for hydro-meteorological forecasting, the total area of the 

main river basins is 3,600 km2. The total length of the rivers is 430 km, including 

two main systems with inland water resources is about 2.55 billion m3 / year. 

Moreover, there is an additional water discharge from Don Duong reservoir with a 

flow of 16.65 m3 / s or 0.52 billion m3 / year. Although there are many rivers and 

streams, most of them have small basins, river beds are narrow and short, the water 

streams, most of them have small basins, river beds are narrow and short, the water 

quantity is not abundant, and many of them usually run out in the dry season. [11] 

Cai - Phan Rang river system  

Cai - Phan Rang River is also called Cai river, Kinh Dinh river or Dinh river. 

Including tributaries are the Me Lam river, Sat river, Ong river, Cha river, Lu river 

and Quao river, the Cai - Phan Rang river system has a total length of 246 km, the 

catchment area is about 3,000 km2, with hydroelectric energy storage of about 

20,000 KW. Cai Phan Rang River originates from the Som Gung mountain and Gia 

Luc mountain in the north of Ninh Thuan province, Bac Ai district which is 

adjacent to Khanh Hoa province. The river flows in the north - south direction, 

winding through Hon Ria mountain and Phuoc Binh commune, flows in the 

southwest direction through Phuoc Binh and continues to flow north - south through 

many communes: Phuoc Hoa (Bac Ai district), Quang Son , My Son, Nhon Son to 

Phuoc Vinh (Ninh Son district), then changes the direction to the Northwest - 

Southeast through many communes: Phuoc Son, Phuoc Hai, Phuoc Thuan (Ninh 

Phuoc), My Hai (Phan Rang), An Hai ( Ninh Phuoc) and finally flow to the East 

Sea at Dong Hai estuary.    
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The flow regime of Cai river is distributed in two distinct seasons. The flow 

in dry season is only 3.35m3/s. At the end of the dry season, there are many river 

beds, river bottoms run out of water and sometimes water does not flow in 

downstream area. In addition, Cai river is also strongly influenced by the water 

discharge regime of Da Nhim Hydroelectric Plant. In summary, the dry season flow 

is a very important factor for the water supply to the Cai River basin, especially the 

downstream area with the lowest rainfall in the country. 

The Cai River basin has two flood seasons: the main flooding season from 

September to November, and the secondary flooding season from June to July. The 

change of annual flood flow is very large and became the largest of Vietnam. The 

floods caused by showers (usually at the end May) is quite large. Some years, the 

flood caused by showers was the biggest flood of the year, accounting for 10-30% 

of cases. From 1964 up to now, Cai river has measured 3 major floods: 

- On December 17, 1964, the water level measured at Tan My Bridge was 

44.41m, with Q = 5,210m3/ s; the water level in Phan Rang is 6.07m. 

- On November 18, 1973, the water level was measured at Tan My Bridge 

43.06m with Q = 4,330m3/ s. 

- On December 9, 1993, the water level measured at Tan My Bridge was 

41.03m with Q = 3,170m3/ s; the water level in Phan Rang is 4.75m. 

The Cai estuary area is affected by salinity. However, the total mineralization 

of the section from Nhon Son commune to the upstream is low, so the surface water 

along that section can be used for eating and drinking. In the dry season, the water 

is neutral with the pH ranges from 7.17 to 8.08. Chlorine content in water is low, 

ranging from 7 to over 30 mg/l (particularly up to 500 mg/l). The chemical type of 

water is mainly a mixture of Calcium Sodium Bicarbonate, Sodium Chloride 

Calcium Bicarbonate, and Sodium Bicarbonate. The section running through 

communes of Phuoc Hoa, Quang Son, My Son and Nhon Son has a high degree of 

meandering, bank erosion is quite common and relatively strong. The river section 

running through Phuoc Hoa, Quang Son, My Son and Nhon Son communes is 
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sharply meandering, erosion of the river banks is quite common and relatively 

strong. [7] 

Independent rivers system 

The system of independent rivers has a total length of 184 km, including the 

notable rivers: Ba Rau River, Trau River and Quan The River. Ba Rau River 

originates at an altitude of 200m, flowing to Ninh Chu estuary. The basin has 

morphological characteristics are: the  basin area is 250 km2, the main river length 

is 26 km, the basin length is 16 km and the average width is 5.6 km. The Trau 

River, in the north of Ninh Hai, has a catchment area of about 66 km2, flows from 

Song Trau Lake (Cong Hai Commune) to Dau Stream and flows into the sea at Cam 

Ranh Bay. Quan The River (Suoi Tre) originates from the Ta Lan mountain range 

and flows into the Ca Na Strait. The river has a basin area of about 79 km2, the main 

river length is 11km, the basin length is 10.8 km, and the average elevation of the 

basin is 201.7m. This river basin is in in an area with little precipitation, so water 

quantity is small. Besides, there are a number of short, steep rivers and streams that 

flow towards the sea, most of them are often depleted of water in the dry season. [7] 

Irrigation system  

The Northern canal and Southern canal irrigation systems receive water from 

the Nha Trinh Dam on the Dinh River. This is an effective irrigation system for 

agricultural production as well as for the storage of groundwater. In addition, Ninh 

Thuan has an extensive system of canals and ditches across the plains, especially in 

the mountainous area and remote area. These canals receive irrigation water from 

dams, reservoirs and regulating water of Da Nhim hydroelectric plant. Da Nhim 

Hydroelectric Plant supplies more than 550 million m3 of water annually for 

irrigation of more than 20,000 hectares of farmland in Ninh Thuan province. [7] 

The lake system  

The study area has a large natural lake called Dam Nai, but this is a saline 

lake with a tidal regime of the East Sea (diurnal tide regime). In general, due to the 

low total flow and the poor system of lakes and lakes, by the end of the dry season, 
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most of the rivers in the region are exhausted, the flow of large rivers decreases 

strongly and the lakes are in below the dead water level. 

In general, due to the low total flow and the poor system of the lake, by the 

end of the dry season, most of the rivers in the region are exhausted, the large rivers 

have a strong decrease in the flow and the lakes are in below the dead water level. 

In addition, Cai Phan Rang River, the largest river in the region, is directly affected 

by the regulation regime by Da Nhim Hydroelectric Plant. Da Nhim 

Hydroelectricity provides more than 550 million cubic meters of water annually to 

irrigate over 20,000 hectares of cultivated areas of Ninh Thuan province. [7] 

Table 1. 2 Some parameters on surface water system until April 2020 of Ninh 

Thuan province [11] 

Surface water 

system 

The parameters are 

within the permissible 

limits  

The parameters that exceed the 

permissible limits  

Cai river pH, DO, As, Hg, Pb, PO4
3-, 

NH4
+, NO3

-  

Fe, TSS, NO2
-, BOD5, COD and 

Coliform exceed the permissible 

limit at some monitoring points. 

Lu river pH, DO, TSS, Fe, NO3
-, 

PO4
3-, NH4

+, NO2
-, COD, 

BOD5  

Coliform parameter exceeds the 

permissible limit at some 

monitoring points. 

Quao river pH, DO, PO4
3-, NH4

+, NO3
-

, BOD5 và COD  

TSS, Fe, NO2
- and Coliform 

parameters exceed the permissible 

limit at some monitoring points. 

 

The South canal pH, DO, PO4
3-, NH4

+, NO3
-

, BOD5, TSS, NO2
- và 

COD  

Fe and Coliform parameters 

exceed the permissible limit at 

some monitoring points. 

The North canal  

(Phan Rang 

tributary) 

pH, DO, TSS, Fe, NO3
-
   PO4

3-, NH4
+, NO2

-, BOD5, COD 

and Coliform parameters exceed 

the permissible limit at some 

monitoring points. 

The North canal  

(Ninh Hai 

tributary) 

pH, DO, TSS, NO2
-, PO4

3-, 

NH4
+, NO3

-   

Fe, BOD5, COD and Coliform 

parameters exceed the permissible 

limit for the entire canal  
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Tieu canal pH, DO, NO3
-, PO4

3-, NH4
+  TSS, Fe, NO2

-, BOD5, COD and 

Coliform parameters exceed the 

permissible limit at some 

monitoring points. 

 

According to the Report on surface water quality monitoring results by the 

Center for Natural Resources and Environment Monitoring (InVietnamese: Báo cáo 

kết quả giám sát chất lượng nước mặt tại tỉnh Ninh Thuận tháng 4 năm 2020) 

(under Ninh Thuan Department of Natural Resources and Environment) [11], 35 

samples were collected from main rivers and main canals in Ninh Thuan, based on 

Vietnam National technical regulation on surface water quality QCVN 08-MT: 

2015/BTNMT, Coliform content exceeds the permissible limit in many areas. In 

areas with such a high Coliform content, if the water source is not properly treated 

before use for domestic purposes, it may affect health such as disorders, diarrhea, 

blood disorders, kidney failure, etc. In some areas, many parameters such as Fe, 

TSS, BOD5, ... exceed the permissible limits. The reason is the influence of water 

quality from upstream and partly due to industrial activities; Agricultural activities, 

domestic waste of people living along the canal, the direct discharge into the canal 

greatly affects the water quality. 

Not only the stress on water quality, but the stress on surface water quantity 

is also increasingly lasting and causing many negative effects on the province. In 

recent years, the drought problem in Ninh Thuan has become more and more 

severe, many reservoirs are running out of water sources and not enough raw water 

to bring to the water treatment plants for domestic purposes. According to Mr. 

Pham Ngot, Deputy Director of One Member Limited Liability Company “Ninh 

Thuan Irrigation Works Exploitation Company", he said that as until February 17, 

2020, the water level in 21 reservoirs of the province has only 60.97/194.49 million 

m3, accounting for 35.9% of the designed capacity, of which many reservoirs have 

no amount of water to serve people's daily life [2]. For these reasons, the 

exploitation and use of groundwater resources is a coping solution to partly solve 

the water stress in the long term. However, groundwater resources in Ninh Thuan 
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province are not abundant and are facing many obstacles due to overexploitation, 

lack of systematic management  or saline intrusion,etc. Therefore, the assessment of 

groundwater reserves is an important and extremely necessary work. 

1.2.6 Coastline  

The coast of Ninh Thuan consists of three large estuaries: Dong Hai, Ca Na 

and Khanh Hai, the coast is 105 km long with the territorial waters of about 18,000 

km2. The coastline of Phan Rang has an unstable dynamic equilibrium. In the long 

term, the shoreline in Ninh Thuan will be prone to erosion not only in the upper 

beach but also in the lower beach. The tidal regime of Ninh Thuan sea is the 

irregular diurnal regime, the number of diurnal tide days is about 12-16 days a 

month, During high tide, tidal amplitude can reach 1.5 - 2m. [5] 
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CHAPTER 2: GROUNDWATER RESOURCES 

CHARACTERISTICS 

 

2.1 Characteristics of aquifers  

The characteristics of the aquifer system in the study area are a combination 

of collected documents, documents on hydrogeological maps, as well as different 

documents of research works (hydrogeological measurement, geophysical, 

hydrogeological drilling, drilling experiment, water sample analysis, observation of 

groundwater dynamics, etc). [7] 

The geological formations in Ninh Thuan are divided into 3 aquifers in 

unconsolidated sediments and 4 aquifers in fracture rocks: 

 Aquifers in unconsolidated sediments include: Unconfined aquifer in 

undivided Quaternary sediment (q); Unconfined aquifer in Holocene 

sediment(qh); Confined aquifer in Pleistocene sediment(qp) 

 Aquifers in fracture rocks are: Pleistocene basalt (/qp); Upper Pliocene 

sediment (n2); Upper Cretaceous (k2); Middle Jurassic sediment (j2) 

 Water from faults  

 Aquitards which consist of sediments or rocks  

According to Nguyen Bao Hoang (2017), the classification of water storage 

base on flow rate is shown in Table 2.1 and the characteristics of aquifers which are 

summarized from previous studies are presented in Table 2.2.   
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Table 2. 1 Water storage [7] 

Classification of 

water storage 

Flow rate from flow 

pumping test  (l/s) 

Flow rate at 

drainage area  (l/s) 

Distribution 

area  

Rich > 5,0 > 1,0 Wide 

Relatively rich 1,0 - 5,0 0,1 - 1,0 Fairly wide 

Poor < 1,0 < 0,1 Narrow 

Figure 2. 1 Hydrogeological cross-section of Phan Rang plain (Northwest - 

Southeast) [10] 
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Table 2. 2 Characteristics of aquifers in the study area [7] 

No Aquifer 
Lithological 

composition 

Surface area 

(km2) 

Saturated 

thickness 

(m) 

Water level  

(m) 

Hydraulic 

characteristics 

Extraction rate 

(l/s) 

Storivity and 

potential usage 

1 

Quaternary 

sediments  

aquifer 

Unconfined 

aquifer in 

undivided 

Quaternary 

sediment (q) 

The lithological 

composition is not 

homogeneous, 

consists of powder, 

sand, grit, cobbles, 

macadam, laterite 

with yellowish-

brown color, 

patchy; round 

grinding and poor 

selectivity; discrete 

texture. 

The surface area is 

about 65 km2 

The areas with low 

water holding 

capacity distributed 

in Phuoc Tien, 

Phuoc Dai (Bac Ai) 

and Hoa Son (Ninh 

Son). 

The area with 

medium water 

holding capacity 

belongs to Phuoc 

Nam (Thuan Nam 

district). 

The 

saturated 

thickness 

varies 

from 0.25 

m to 7.5 

m; on 

average 

3.16 m 

Static water 

levels ranges 

from 0.17 m to 

9.8 m; on 

average 4.04 

m. In the rainy 

season, the 

depth water 

level in wells 

rises, many 

wells are 

exhausted at 

the end of the 

dry season. 

- The permeability of 

wells varies from 

0.37m/day to 

2.48m/day; 1.2 m/day 

on average.  

- The transmissivity 

ranges from 

32.54m2/day to 

36.2m2/day; on 

average 34.37m2/day. 

- The total suspended 

solids of water ranges 

from 0.12 to 2.8g/l; 

On average 0.69 g/l. 

 

- The extraction 

rate of wells is 

from 0.05 to 

0.62 l/s; On 

average 0.22 l/s. 

- The extraction 

rate of boreholes 

is from 0.5 to 3.2 

l/s, with lower 

values of 2.1m 

and 3.6m; on 

average of 1.63 l 

/s. 

 

The water holding 

capacity is from 

low to relatively 

high, mostly is 

low. 

Significant in 

investigating 

small scale of 

water supply. 

Unconfined 

aquifer in 

Holocene 

sediment 

(qh) 

The lithological 

composition 

consists of pebbles, 

poly-mineral gravel, 

quartz sand, mixed 

sand, sand mixed 

with clay silt, mixed 

clay, powder, clay, 

sand contains grits, 

seashells, dark gray 

coral, yellow gray 

coral, discrete 

texture. 

Widely distributed 

in the Phan Rang 

plain, along the Cai 

river valley ... The 

total area is about 

315km2 

The 

saturated 

thickness 

varies 

from 0.1m 

to 

14.54m; 

on 

average 

1.94m. 

Static water 

levels ranged 

from 0.1 m to 

9.45 m; an 

average of 2.36 

m. In the rainy 

season, the 

depth water 

level rises, at 

the end of the 

dry season, 

many wells are 

completely 

dried up. 

The total suspended 

solids of water ranges 

from 0,27 to 18,88 g/l 

- The area with low 

water holding 

capacity: the 

permeability ranges 

from 0.17 m/day to 

5.15 m/day, usually 

1.0 to 2.0 m/day. 

- The area with 

relatively high water 

holding capacity: The 

permeability 

coefficient in the 

regular layer is> 1.0 

m/day. 

- The area with 

low water 

holding 

capacity: varies 

from 0.05 l/s to 

0.91 l/s, the 

average is 0.32 

l/s 

 

- The area with 

relatively high 

water holding 

capacity: 

Pumping rate 

varies from 1.0 

l/s to 4.16 l/s 

 

 

Water supply is 

limited. However, 

in the wide valleys 

and the center of 

Phan Rang plain, 

the aquifer is quite 

thick, which can 

be investigated for 

small to medium 

scale water 

supply. 
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No Aquifer 
Lithological 

composition 

Surface area 

(km2) 

Saturated 

thickness 

(m) 

Water level  

(m) 

Hydraulic 

characteristics 

Extraction rate 

(l/s) 

Storivity and 

potential usage 

Confined 

aquifer in 

Pleistocen 

sediment 

(qp) 

The main 

lithological 

composition is 

coarse particles, 

consists of grit, 

sand, pebble, mixed 

sand with little clay 

silt, clay mixed with 

bluish-gray, light 

gray, patchy red-

brown, discrete 

texture to weak 

compression. 

Mainly distributed 

in Tan Hai 

commune and the 

southern part of 

Phan Rang plain, 

Phuoc Hoa 

commune (Bac Ai) 

to Quang Son (Ninh 

Son). The total area 

is about 364 km2. 

The 

saturated 

thickness 

varies 

from 0,13 

m to 42,9 

m. 

Static water 

level ranges 

from 0.0 m to 

17.10, with an 

average of 2.0 

to 4.0 m. In the 

rainy season, 

the depth water 

level in wells 

rises, many 

wells are 

completely 

exhausted at 

the end of the 

dry season. 

- The area with low 

water holding 

capacity: the 

permeability varies 

from 0.13 m/day to 

4.33 m/day, an 

average of 1.55 

m/day. 

 

- The area with 

relatively high water 

holding capacity: the 

permeability ranges 

from 0.26 m/day to 

4.79 m/day. 

- The area with 

low water 

holding 

capacity: The 

pumping rate 

varies from 0.06 

l/s to 0.95 l/s, the 

average is 0.3 l/s 

 

- The area with 

relatively high 

water holding 

capacity: varies 

from 1.0 l/s to 

3.84 l/s, the 

average is 2.3 l/s 

The aquifer 

consists of two 

different levels of 

water storage: 

poor-water area 

and Relatively 

rich-water area. 

Pleistocene 

sedimentary 

aquifer is very 

important for 

domestic purposes 

in particular and 

economic 

development in 

general of Ninh 

Thuan province. 

2 
Cretaceous 

aquifer 

Pleistocene 

basalt 

(/qp) 

The main 

components are 

olivine basalt, foam 

basalt, hyalt basalt, 

volcanic tuf. 

Distributed into 3 

small blocks in Ma 

Noi (Ninh Son), 

located in the West 

of the study area, 

bordering Lam 

Dong province. The 

distribution area is 

narrow and located 

in deep, remote, 

rugged terrain. 

The 

saturated 

thickness 

is from 20 

- 50 m. 

 

Permeability 

coefficient varies 

from 1,61 to 7,1 

m/ng. 

 

The aquifer is 

poor of water and 

not useful in water 

supply. 

Upper 

Pliocene 

sediment 

(n2) 

Limestone 

sandstone, 

limestone clay, 

sandstone mixed 

with many pieces of 

coral, sandstone 

containing original 

tektit ; weak 

cohesion, fragile. 

Distributed in a 

narrow band in the 

southeast of 

Mavieck mountain 

(Phuoc Dinh) 

dragging down to 

the foot of Da Bac 

mountain. 

The 

saturated 

thickness 

is from 

11.0 m to 

29.7 m; 

on 

average 

about 15 

m. 

 
The permeability is 

0,33 m/ng. 

The extraction 

rate of bores 

varies from 0,5 

to 3,12 l/s, on 

average 2,1 l/s. 

The water holding 

capacity is 

medium. This 

aquifer is one of 

the water supply 

sources of the 

study area. 
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No Aquifer 
Lithological 

composition 

Surface area 

(km2) 

Saturated 

thickness 

(m) 

Water level  

(m) 

Hydraulic 

characteristics 

Extraction rate 

(l/s) 

Storivity and 

potential usage 

Upper 

Cretaceous 

(k2) 

 

The main 

components are 

dacit, ryodacit, felsit 

andesitodacit and 

their tuff alternating 

with volcanic 

source sediments, 

tuffed pebbles, 

tuffed grit, tufted 

macadam. 

Distributed in the 

north of Ninh Thuan 

province, west of 

Phuoc Binh 

commune, Phuoc 

Thang commune 

area, Phuoc Thanh 

(Bac Ai), Phuoc 

Chinh commune, 

My Son commune, 

Quang Son (Ninh 

Son), Southwestern 

Ma Noi. The total 

area  is about 620 

km2. 

The 

saturated 

thickness 

is from 

11,0 m to 

67,55 m. 

The depth 

water level in 

the bores 

ranges from 

1.06m to 5.5m; 

an average of 

3.34 m. 

The transmissivity is 

1,28 m2/day and 1,18 

m2/day. 

The pumping 

rate varies from 

0,27 l/s to 0,3 

l/s. 

This aquifer has 

relatively low 

water holding 

capacity, so it 

makes little sense 

to investigation of 

water supply 

Middle 

Jurassic 

sediment 

(j2) 

The composition of 

sediments includes: 

siltstone, sandstone, 

shale, claystone. 

The rock is solid, its 

structure is from 

medium to thick. 

Widely distributed 

in Phuoc Binh, 

Phuoc Chinh, Ma 

Noi and scattered in 

the study area. The 

total area is about 

325 km2. 

The 

saturated 

thickness 

is from 

11,2 m to 

103,65 m. 

The depth 

water level 

ranges from 

0.5 m to 6.42 

m, on average 

3.7 m. 

Permeability varies 

from 0.01 m/day to 

0.113 m/day; on 

average 0.08 m/day. 

The extraction 

rate varies from 

0,11 l/s to 1,23 

l/s. 

The aquifer has 

low water holding 

capacity and can 

supply water on a 

small scale. 

3 

Water from 

tectonic 

plates 

  

Mainly distributed 

in two development 

areas: Northeast - 

Southwest and 

Northwest - 

Southeast. 

 

Thickness is 

from 0,0 m to 

12,3 m, on 

average 6,0 m. 

 

The water flow 

varies from 1,5 

l/s to 6,25 l/s. 

The water holding 

capacity is 

relattively high 

but the water 

holding level is 

not stable. Low 

economic 

significance, can 

only meet the 

capacity of small 

to medium scale 

water supply. 
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No Aquifer 
Lithological 

composition 

Surface area 

(km2) 

Saturated 

thickness 

(m) 

Water level  

(m) 

Hydraulic 

characteristics 

Extraction rate 

(l/s) 

Storivity and 

potential usage 

4 

The 

geological 

formations 

are very 

poor water 

or do not 

contain 

water 

The 

geological 

formations 

are very 

poor of 

water 

The main 

components are 

andesite, dacit, 

andesitodacit, 

ryodacit and their 

tuf. 

Mainly distributed 

in the west of Dien 

Bien with a total 

area of 70 km2. 

The 

saturated 

thickness 

is from 

200 - 500 

m. 

   

This aquifer has 

very low water 

holding capacity 

The 

geological 

formations 

do not 

contain 

water 

At the non-

weathered part, the 

rocks have a solid 

block structure. 

Widely distributed, 

about 1.400 km2 
 

This aquifer is 

usually 

depleted in the 

dry season. 

  
This aquifer does 

not contain water 
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From the compilation of the above documents, it can be determined that 

there are 3 aquifers in the Quaternary sediments in the coastal area of Ninh Thuận 

province:  

 Unconfined aquifer in undivided Quaternary sediment (q) 

 Unconfined aquifer in Holocene sediment (qh) 

 Confined aquifer in Pleistocene sediment (qp) 

In particular, aquifer q occupies a very small area, the distribution is very 

scattered, it is very far from the coastline and separated from the sea by 

impermeable zone or weak permeability zone. So the Unconfined aquifer in 

undivided Quaternary sediment (q) is not mentioned in the study.  

The Holocene aquifer (qh) is an unconfined aquifer, widely distributed 

mainly in the coastal plain, such as Phan Rang plain, along the Cai river valley,etc 

and it is the shallowest aquifer that is closest to the ground. The main sources of 

supply are rainwater, surface water that is directly absorbed. Rain water can supply 

to the qh aquifer about 179 mm/year, river and stream water supply the porous 

aquifers with a gap of about 44,571 m3/day, accounting for 33.2% of the potential 

source of groundwater exploitation reserves [10]. The drainage area is a 

hydrographic network and seeps into the lower aquifers. Groundwater moves 

toward the river and stream bed, following the slope of the terrain and draining into 

the sea. The dynamics of the water level depend on the season, the water level is 

closely related to surface water, rainwater and hydro-meteorological factors in the 

region (Don, 2017). Although the water supply capacity of the aquifer is limited due 

to the salinity in many places and the small thickness of the aquifer. But in the wide 

valleys or the center of the Phan Rang plain, the aquifer qh has a larger thickness, 

which can be investigated for small to medium scale water supply. Moreover, the 

area has the ability to recharge artificially for groundwater in the Holocene aquifer 

(qh).  

For these reasons, in this graduation thesis report, I decided to focus on the 

Holocene aquifer. The study and assessment of Holocene aquifer reserves is very 

significant for the water supply in the context of drought in Ninh Thuan province. 
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2.2. Current situation of water exploitation and use in the study area 

The information in this section comes from the report of the Department of 

Water Resources Management (2005), named “Studying the relationship between 

aquifers and water resources potential and proposing solutions to store and 

artificially replenish groundwater - An application in Cai river basin (Kinh Dinh) 

in Ninh Thuan province” (In Vietnamese: Nghiên cứu mối quan hệ giữa các tầng, 

phức hệ chứa nước với tiềm năng tài nguyên nước và đề xuất giải pháp trữ nước và 

bổ sung nhân tạo nước dưới đất. Thí điểm áp dụng cho lưu vực sông Cái (Kinh 

Dinh) tỉnh Ninh Thuận) 

Until 2005, it is estimated that 463 million m3/year of total fresh water in the 

province was used for agriculture, domestic use, industrial production and 

aquaculture, accounts 0.8% of the country's consumed water, of which, water 

supply for agriculture 92.5%; for domestic use is 2.7% (in urban area 1.1% and in 

rural area 1.6%); 2.4% for industrial production and 2.2% for aquaculture (fresh 

water) and 0.2% for other industries. 

 

 

92,50%

2,70%

2,40%
2,20%

0,20%

Classification of water use by industry

Agricultural use

Domestic use

Industrial use

Aquaculture use

Others

Figure 2. 2 Classification of water use by industry 

Creation: Vietnam Department of Water Resources Management (2005) 



39 

 

2.2.1 Current situation of water supply 

According to Vietnam Department of Water Resources Management, until 

2005, the eating and drinking activities in the province mainly use surface water 

(about 96%). In addition, the province also uses groundwater, however, the solution 

of exploiting and using groundwater in the province is only a temporary solution, 

not according to the overall plan and only meeting drinking, domestic use. It is 

estimated that the structure of underground water exploitation and use is only about 

5% of the total amount of exploited and used water in the whole province. 

At present, urban water supply constructions are mainly using surface water 

(equal to 92.9%) and fresh water supply for rural areas through the following forms: 

concentrated water supply constructions (31.1%), jars, tanks (8.2%) and other 

constructions (14.5% of the total amount of water supplied to rural people). The 

exploitation of groundwater for the purpose of supplying fresh water to rural areas 

by supplying water accounts for about 76% of the total water that is supplied to 

rural people. In particular, from the UNICEF wells (2.3%) and mainly dug wells 

(44%).  

According to the provincial fishery development plan, the water source used 

for aquaculture is surface water. However, the fact that shrimp farmers on the sand 

still use underground water. It is estimated that the total supply for aquaculture is 

about 95% from surface water and about 5% from groundwater. 

For hydroelectricity (Da Nhim hydropower project), although this is a non-

consumptive industry, the demand for surface water to operate the units is relatively 

large (the rate of using surface water is 100%). [3] 

Water supply for urban area 

According to the statistical yearbook, the total population of Ninh Thuận 

province in 2004 was 556.73 thousand people, according to the estimate of the total 

amount of domestic water in the province is about 18.9 million m3/ year. In 

particular, the amount of water provides for urban areas (towns and communes) is 
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about 7.9 million m3/year, equaling to 42% and provides for the rural areas is about 

11 million m3/year, equal to 58% of the total water demand in the province. 

Families using groundwater from drilled wells, dug wells and centralized 

water supply constructions account for about 40% of the total water exploited in the 

province. 

In Ninh Thuan province, there are 3 urban concentrated water supply 

systems with a total capacity of 14 thousand m3/day. Water plants exploit both 

groundwater and surface water from Kinh Dinh and Cai rivers. [3] 

Table 2. 3 List of reservoirs 

 Creation: Directorate of Water Resources  

Reservoir 

name 

Location Reservoir 

capacity  

(106 m3)  

Reservoir 

water level 

(m) 

The basin 

area (km2) 

Tân Giang Thuan Nam 13.39   118.2 179 

Sông Biêu Thuan Nam 23.78 101.25 68.7 

Nước Ngọt Ninh Hai 1.80 58.78 30 

Thành Sơn Ninh Hai 3.05 30.8 30 

Sông Trâu Thuan Bac 31.50 42.3 66 

Bà Râu Thuan Bac 4.67 57.4 29 

Cho Mo  Bac Ai 8.79 118.65 77 

Sông Sắt Bac Ai 69.30 174.5 137 

Trà Co Bac Ai 10.09 159 94 

Phước 

Trung 

Bac Ai 0.19 88.5 16.6 

CK7 Ninh Phuoc 1.43 68.2 17.5 

Lanh Ra Ninh Phuoc 13.89 40.5 88 

Suối Lớn Ninh Phuoc 1.10 49.5 8 

Bầu Ngữ Ninh Phuoc 1.60 51.45 16.3 

Bầu Zôn Ninh Phuoc 1.685 29 17.3 

Tà Ranh Ninh Phuoc 1.22 26.4 12.3 
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Water supply for rural area 

According to the statistical yearbook, Ninh Thuan province has 377,143 rural 

people in 2004. If the average person uses 80 liters/day, the water demand for the 

entire rural population of the province is 30,171 m3/day, equivalent to 

approximately 11 million m3/year. 

According to preliminary statistics in 2003, there are 52 concentrated water 

supply constructions in Ninh Thuan province, 784 drilled wells, 24,243 dug wells 

and 7,955 jars, tanks are exploited for the domestic water demand of the rural 

population. Rural domestic water supply constructions are exploited from various 

sources such as borehole water, water from irrigation channels, or spring water etc 

[3] 

 

2.2.2 Current situation of groundwater exploitation and use   

Current situation of groundwater exploitation and use by region 

According to Vietnam Department of Water Resources Management (2005), 

until 2005, the total amount of water exploitation in the Cai Phan Rang river basin 

is about 1,230.6 thousand m3/day, of which groundwater is exploited 28.6 thousand 

Figure 2. 3 Classify of water use structure by forms of water supply 

    Creation: Vietnam Department of Water Resources Management (2005) 
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m3/day (the rate of exploitation reaches 9.3%), surface water extraction is 1,202 

thousand m3/day (exploitation rate reaches 22.8%). 

 Phan Rang-Thap Cham: 

mQIII aquifer: the total exploitation is 800 m3/day and night. Except for the 

area in Phan Rang-Thap Cham town, Van Hai and My Hai communes, some areas 

are affected by saline water, therefore, they should be restricted to exploit only by 

shallow dug wells; Different areas in Thanh Hai and Phuoc My communes along 

Highway 1A can be exploited by dug or drilled wells. 

QIV aquifer: exploiting the area along Highway 27 from Phuoc Son to Phuoc 

My with a discharge of 1,000 m3/day and night. 

 Ninh Hai: In Nhon Hai, mbQIV aquifer is completely saline and should 

not be exploited, only exploiting the mQIII on a small scale with a total discharge of 

264 m3/day and night. In Phuong Hai, Ho Hai and Tan Hai, abQIV aquifer can be 

exploited in a centralized scale with a total discharge of  4,816 m3/day and night; 

 Ninh Phuoc: In An Hai, the mQIV aquifer has good water quality, but this 

is a coastal commune, so it is necessary to strictly control exploitation to avoid 

salinization of underground water. It should only be exploited on small and medium 

scale with total exploitation discharge of 1,500 m3/day and night. 

In Phuoc Dinh, some areas have become saline and should not be exploited; 

In Phuoc Diem the mQIII aquifer is completely saline, the mQ II-III aquifer in 

many places is also saline, should not be exploited; 

In Phuoc Nam, Phuoc Huu, the mQIII aquifer is exploited with a total 

discharge of 200 m3/day and night. The QIV aquifer is exploited with a total 

exploitation discharge of 1,500 m3/day and night; 

In Phuoc Dan, the country has abundant reserves of water ,which is fresh 

water, is suitable for domestic purposes. Exploiting the QII-IV aquifer with the total 

discharge of  5,100 m3/day and night. However, the aquifer here is not deep (about 

20m deep) and it is located in a densely populated area, so when exploiting, there 



43 

 

must be strict quality control to avoid salinity and contamination due to the 

activities of the people 

In the extending area from Nhi Ha to Phuoc Dan, the Quaternary 

sedimentary aquifer (Q) can be exploited with a total exploitation of 3,000 m3/day 

and night 

 Ninh Son: Along the direction of Cai river from Tan My spillway to My 

Hiep, exploiting the QII-IV aquifer on a concentrated scale with a total exploitation of 

11,118 m3/ day and night 

 Bac Ai: Exploiting the QII-IV aquifer on a small scale with dug wells with 

a total exploitation capacity of 300 m3/ day and night [3] 

 

Current situation of groundwater exploitation and use by exploitation in well 

fields   

According to Nguyễn Bảo Hoàng (2017): 

 Water exploitation from 2004 up to now at the boreholes is about  1,900 

m3/day, consist of: NT-01 (An Hai, Ninh Hai); NT-03 (My Dong Ward, Phan Rang 

- Thap Cham city); NT-04 (Nhơn Hai, Ninh Hai); NT-17 (Van Hai, Phan Rang - 

Thap Cham city); NT-19 (Tan Hai, Ninh Hai); NT-20 (Bac Hai, Thuan Bac); NT-21 

(Công Hai, Thuan Bac) ; PN1, PN2, PN3, PN4, PN5 and PN6 (Phuoc Nam, Thuan 

Nam industrial parks). 

 Water exploitation from 2005 up to now is about 2,800 m3/day at the 

boreholes, include: LN01, LN02 (Nhon Hai, Ninh Hai); LN03, LN04, LN05, LN06, 

LN07 (An Hai, Ninh Phuoc); LN08, LN09, LN10, LN11, LN12 (Phuoc Dinh, Ninh 

Phuoc); GKM1 (My Son, Ninh Son); GKPĐ1, GKPĐ2 (Phuoc Đai, Bac Ai) and 

GKPC1 (Phuoc Chinh, Bac Ai). 

 Water exploitation from 2007 up to now is about 400 m3/day of Jica 

organization boreholes are: N-01 (Nhon Hai, Ninh Hai), N-02 (Cong Hai, Thuan 

Bac), N-03 (Bac Son, Thuan Bac) and N-06 (Phuoc Hai, Ninh Phuoc). 

 Water exploitation from 2008 up to now is about 2,200 m3/day in Cong 

Hai (Thuan Bac), Hoa Son, Luong Son, Ma Noi (Ninh Son), Phuoc Khang (Thuan 
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Bac), Phuoc Tan, Phuoc Thanh, Phuoc Trung (Bac Ai) and Phuoc Vinh (Ninh 

Phuoc). 

In addition, in the study area, there are small wells and dug wells by families 

and local residents, which exploit water to meet daily demands of the people with 

the total unspecified discharge of exploitation. 
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Table 3. 1 Workflow of the study 

CHAPTER 3: METHODOLOGY 

 

3.1 Workflow of the study 

To estimate the Holocene aquifer groundwater reserves in the coastal plain of 

Ninh Thuan province, I have conducted the calculation by following work steps: In 

order to achieve that goal, the research procedure is shown in the figure:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Data collection:  

+  Base map of the caculation area: The collection of data on the base map 

aims to assess the study area, calculate the accuracy of the area of the study area   

+ Geographical conditions, topography, climate, surface water resources,  

coastline and socio-economic conditions  



46 

 

+  Characteristics of hydrogeological conditions in the study area  

 The data collection of natural conditions, hydrogeology of the study area 

gives the author an overview of the study area. Such information and data are 

important factors in determining objective of the calculation.  

 Data processing: Selecting, synthesize and process the necessary parameters 

of the calculation as the input data of the fomular. Edit the data into tables of 

parameters and zone maps according to those parameters 

  Do the calculation of groundwater reserves, include: Static reserves, Natural 

dynamic reserves and potential exploitation reserves. Evaluating the 

calculation results. The calculation is based on the formula as described in 

the Overview of the research method 

 Base on that results, propose solutions for sustainable use of groundwater 

resources 

3.2 Calculating the groundwater reserves in the coastal plain of Ninh 

Thuan province  

3.2.1 Data collection and data processing  

Data for the calculation process include: base map of the calculation area, 

natural and socio-economic conditions, hydro-meteorological data and 

hydrogeological data. Data collection and data processing are implemented as 

follow: 

Base map of the calculation area  

The area of distribution data for the study area is calculated from the 

mapping using ArcGIS. From the base map of Ninh Thuan province, create a map 

for the freshwater area coastal plain area. To create this map, use the map of the 

coastal plain area and the map of freshwater-salinewater boundary from 

“Investigation of saltwater intrusion mitigation strategies for the Central coastal 

aquifers of Vietnam in the context of climate change: An application to Ninh Thuan 

province”, 2020, Dr. Tạ Thị Thoảng. The specific zoning for calculation area makes 
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the determination of specific area more accurate. The creation of the map is shown 

in the table 3.2 

When the mapping was completed, open the Attribute table to find the value 

of Shape Area. The total area of the freshwater boundary is the F parameter in the 

calculation formula.  

 

 

Table 3. 2 Base map of the study area 

Name of the 

map 
Description Map 

Administrative 

map  

Administrative 

boundary of Ninh 

Thuan province 
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Map of the 

coastal plain  

Boundary of the delta 

region of Ninh Thuan 

province 

 

 

 

Map of  

fresh-saline 

boundary  

Boundary of 

freshwater-

salinewater of the 

coastal plain area  
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Natural and socio-economic conditions 

Collecting and synthesizing of data which relate to the research area is a very 

important task in order to better understand the research subjects and the impact of 

natural as well as social factors on the research issues. To be more precise, from 

previous studies, researches or data from geographical documents on population and 

economy, different types of topography in the study area. That information provide 

a better view of the thesis as well as the study area. The selected data includes: 

 Geographical documents:  

 Data on population and economy 

 Geological documents 

+ Different types of topography in the study area  

+ Geomorphology, tectonic. 

+ All geological documents in previous studies (stratigraphy, tectonics ...) 

 Documents and data on the current status of exploitation and use of water 

resources in the study area 

Hydro-Meteorological Data 

Collecting and synthesizing hydro-meteorological data is a very important 

job to provide raw data for later calculations. Data are collected from studies of 

previous projects, previously implemented researches include data in the form of 

reports, tables, or maps. Meteorological and geological data helps to assess the 

climate conditions, the influence of climate factors to water resources and select the 

most suitable object for calculation. Moreover, the collection and synthesis of data 

on meteorology conditions, surface water resources in the study area also provide 

knowledge about the current situation of surface water resources (quality and 

quantity), and evaluate the importance of using groundwater resources. The 

collected data include: 

 Data on hydro-meteorology  
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+ Data on precipitation, evaporation, air humidity, temperature of 

measurement stations in the study area and some neighboring provinces 

+ Surface water resources of the study area: Network of rivers, streams and 

lakes in the region and their distribution   

+  The results of the analysis and evaluation of relevant water quantity and 

quality; 

+ Data on surface water demand for many purposes  

In which, data of the amount of rainwater supply for groundwater is one of 

the main parameters that help to calculate dynamic reserves for the study area 

because the formation of groundwater is greatly influenced by the availability of 

rainwater, surface water, ... Data on rainwater supply is provided by document 

named “Investigation of saltwater intrusion mitigation strategies for the Central 

coastal aquifers of Vietnam in the context of climate change: An application to Ninh 

Thuan province”, 2020, Dr. Tạ Thị Thoảng. The rainfall in the Holocene aquifer 

was monitored and calculated in 2004. From the rainwater supply map of the above 

study results, the author has synthesize the data table, calculated the annual average 

value and mapping the distribution of supply domain. From the rainfall measured at 

Phan Rang meteorological station in Phan Rang - Thap Cham town, it is also a 

representative station for meteorological conditions in Ninh Thuan plain. The above 

study has zoned rainwater supply to groundwater in the Ninh Thuan coastal plain as 

follows. 

Table 3. 3 Zoning the supply of rainwater for groundwater 

Zone Affecting factors The supply of 

rainwater for 

groundwater 
Topography Vegetation 

cover 

Speed of 

urbanization 

Zone 1 The area has 

the terrain 

elevation 

above 60m 

Undeveloped 

vegetation 

Low 

urbanization 

speed 

40% of the total rainfall 

according to the Phan 

Rang meteorological 

station 

Zone 2 The area has Relatively Average 45% of the total rainfall 
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Zone Affecting factors The supply of 

rainwater for 

groundwater 
Topography Vegetation 

cover 

Speed of 

urbanization 

the terrain 

elevation 

varies from 20-

60m 

developed 

vegetation 

urbanization 

speed 

according to the Phan 

Rang meteorological 

station 

Zone 3 The area has 

the terrain 

elevation less 

than 20m 

Developed 

vegetation 

High 

urbanization 

speed 

45% of the total rainfall 

according to the Phan 

Rang meteorological 

station 

 

The supplementary amount of rainwater for groundwater by region and by 

month in the study area is shown in the following table: 

 

Table 3. 4 Average amount of rainwater supply for groundwater 

Zone 
    Average amount of rainwater supply for groundwater in a year (mm/year) 

I II III IV V VI VII VIII IX X XI XII 

Zone 

1 
49.2 15 97.2 158.4 524.4 441.6 118.2 510.6 603.6 540.6 568.8 936 

Zone 

2 
59.04 18 116.64 190.08 629.28 529.92 141.84 612.72 724.32 648.72 682.56 1123.2 

Zone 

3 
68.88 21 136.08 221.76 734.16 618.24 165.48 714.84 845.04 756.84 796.32 1310.4 

 

The study area is the freshwater area of the coastal plain in Ninh Thuan 

province, so it belongs to zone 1 and 2. Each zone corresponds to an unique value 

(see APPENDIX for raw map), table 3.5 shows the value of each zone with the unit  

of mm/year 

 

 



52 

 

Table 3. 5 Table of ΔH values 

Zone ΔH value Unit 

1 200.57 

 mm/year 
2 240.69 

 

Hydrogeological data  

 The hydrogeological data in the study area is useful for understanding the 

hydrogeological characteristics of the study object, making the selection of suitable 

aquifers for calculation. In addition, the documents, data on hydrogeological 

characteristics also provide data on the necessary parameters for the calculation of 

groundwater reserves. These parameters maybe include: 

The collected data include: 

 Data on investigation and evaluation of geological and hydrogeological 

characteristics of the study area 

 Hydrogeological map of the region 

 Document on aquifers characteristics  

 Data on the current status of groundwater reserves in the study area 

 Documents on the assessment of groundwater reserves in Vietnam and 

over the world 

From the above data, data was selected relate to the calculation of 

groundwater reserves for the Holocene aquifer. These include:  

 b – Thickness of the aquifer (m) 

 ΔH – The supply of rainwater for groundwater (mm/year) 

   α - Coefficient of infringement on static reserves (0.3)  

 Sy – Specific yield 

In which, data of the specific yield is one of the main parameters in the static 

reserves calculation formula. Zoning of specific yield in aquifers of the study area is 
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also based on the results of studying the hydrogeological parameters in many 

researches, exploration, exploitation, measurement reports, mapping, etc that related 

to Ninh Thuan province. 

 

Table 3. 6 Range of specific yield 

Type of rock Range of value Average 

Sandstone (smooth) 

Sandstone  

Siltstone  

Fine sand 

Medium sand  

Coarse sand  

Small gravel  

Medium gravel  

Coarse gravel  

Silt clay  

Limestone  

Loess 

Loess sand 

Gneis rock 

Volcanic rock (tuff) 

Loess rock  

0,02 - 0,40 

0,12 - 0,41 

0,01 - 0,33 

0,01 - 0,46 

0,16 - 0,46 

0,18 - 0,43 

0,13 - 0,40 

0,17 - 0,44 

0,13 - 0,25 

0,01 - 0,39 

0,01 - 0,18 

0,0 - 0,36 

0,14 - 0,22 

0,32 - 0,47 

0,22 - 0,33 

0,02 - 0,47 

0,21 

0,27 

0,12 

0,33 

0,32 

0,30 

0,28 

0,24 

0,21 

0,20 

0,06 

0,14 

0,18 

0,38 

0,26 

0,21 

 

The study of “Investigation of saltwater intrusion mitigation strategies for 

the Central coastal aquifers of Vietnam in the context of climate change: An 

application to Ninh Thuan province”, 2020, Dr. Tạ Thị Thoảng has zoned specific 

yield in Ninh Thuan into 2 zones (see appendix for raw map): 
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Table 3. 7 Table of Sy values 

Zone Specific Yield value Average  

1 0.08 - 0.12 0.10 

2 0.12 - 0.16 0.14 

 

 In general, data on investigation and evaluation of geological and 

hydrogeological characteristics in the study area; results of analysis and assessment 

of water quality; data on the current status of exploitation and use of water 

resources; Theoretical basis of groundwater reserves and related theoretical bases 

basically meet the research purposes of the thesis. However, previous documents or 

previous studies do not have many specific data on the groundwater reserves of the 

study area, which makes it difficult to compare and evaluate the fluctuation of 

groundwater reserves by time. Therefore, in this study, the changes and distribution 

of groundwater reserves by space will be emphasized. 

3.2.2 Calculation of Groundwater in Holocene aquifer 

The study area is the coastal plain of Ninh Thuan Province, with the total 

area of fresh water is about 340 km2. From the fresh-saline boundary map, it can be 

seen that the area affected by saline intrusion is quite significant. Because of saline 

intrusion, water resources will not be prioritized for use. For this reason, this study 

focuses on the calculation of groundwater reserves for freshwater areas as shown in 

the map below (Figure 3.2) 

After defining the object of calculation, three types of reserves were 

caculated: Gravity static reserves, natural dynamic reserves, potential exploitation 

reserves. 
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Figure 3. 1 Boundary map of the study area 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

Gravity static reserves 

Gravity static reserve is calculated by applying the following equation:   

Qgs = Sy.
𝒃𝑭

𝒕
    

In which:  Qgs is the gravity static reserve (m3/day)   

Sy is the specifc yield.  

b - the thickness of the aquifer (m) 

F is the total area of fresh water in the aquifer (m2) 

t is the abstraction time (day)   
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Figure 3. 2 Specific Yield Zoning map 

 

 

 

 

 

 

 

 

 

 

 

 

 

Next, the calculation of static gravity reserves is conducted, after 

calculating the gravity static reserves for each divided zone, take the sum of those 

results to get the total static reserves. The results are presented as follows: 

Table 3. 8 Static Reserves 

Zone 1 2 Unit 

Sy 0.10 0.14  

F 565,894.4 334,215,500 m2 

b 1.94 m 

Qgs 

(m3/day) 

 

109,783.514 90,772,929.8 

m3/day 9,088.27 
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Natural dynamic reserves 

As introduced above, the natural dynamic reserves are estimated by studying 

the amount of rainwater supply for groundwater in the supply domain.  

Because the formation of groundwater is greatly influenced by the 

supplementary capacity of rainwater and surface water. And because of data 

limitations, the calculation of groundwater kinetic reserves does not include 

Evaporation amount as well as other different factors. Therefore, rainwater is 

determined as the main source of supply for groundwater and the average value of 

rainwater supply in 2004 in the coastal plain of Ninh Thuan province is the ΔH 

value in the calculation formula. 

We take the average value of rainwater supply ammount from Phan Rang 

National meteorological station during the monitoring period from 2001 to 2005 

then the dynamic reserves will be calculated by the formula:  

    Qd = 
𝜟𝑯.𝑭

𝟑𝟔𝟓
   m3/day  

In which  ΔH: the amount of rainwater supply for groundwater (mm/year)  

  F: the area of supply domain  m2 . 

Calculation results of natural dynamic reserves are presented in the following 

table, the end result is the total dynamic reserves of the 2 different zones:  

 

 

 

 

 

 

 



58 

 

Figure 3. 3 The amount of rainwater supply for groundwater 

zoning map 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3. 9 Natural Dynamic Reserves 

Zone 1 2 Unit 

ΔH 200.57 x 10-3 240.69 x 10-3 m/year 

F 
212,294,667.4 

 

127,598,515.5 

 
m2 

Qd 

116,657.3738 

 

84,141.60739 

 
m3/day 

200,798.98 
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Figure 3. 4 Potential exploitation Reserves 

Static Reserves 

4%

Natural 

Dynamic 

Reserves 

96%

Potential exploitation Reserves 

Static Reserves

Natural Dynamic

Reserves

Potential exploitation reserves: 

From the results of calculating static reserves and natural dynamic reserves, 

we calculate the potential mining reserves by using the equation:  

   Qp = Qd + ∝
𝑽𝒈𝒔

𝒕
 

 In which  Qp is the potential exploitation reserves (m3/day) 

   Qd is the natural dynamic reserves (m3/day) 

  Vgs is gravity static reserve (m3/day) 

   t is the Abtraction time (day) (104 day) 

   α is the coefficients of groundwater reserves utility (0.3)   

Table 3. 10 Potential exploitation reserves 

Aquifer Static 

Reserves 

Natural dynamic 

Reserves  

Potential exploitation 

Reserves  

Unit  

qh 9,088.27 

 

200,798.98 

 
209,887.25 

 

(m3/day) 

   4.33% 95.67% 100% 
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3.2.3 Results and Discussions  

As a result of the calculation, the total static reserves are 9,088.27 m3/day, 

accounts for 4.33% of the potential exploitation reserves. The total natural dynamic 

reserves are 200,798.98 m3/day, accounts for 95.67% of the potential exploitation 

reserves. Besides, the potential exploitation reserves are estimated about 209,887.25 

m3/day. In other words, this result shows that the static reserves are quite small and 

the natural dynamic reserves are the largest and most important source of the 

Holocene aquifer of the coastal plain in Ninh Thuan  province. However, due to the 

seasonal changes in rainfall in the study area, the amount of rainwater supply for 

groundwater during the rainy season from September to December accounts for 

about 69.23 % of the annual supply. As a result, the natural dynamic reserves of the 

aquifer are also seasonal.  

Furthermore, the total potential exploitation reserves of the study area is 

209,887.25 m3/day. Compare with The total amount of fresh water used for water 

supply for irrigation, domestic use, industrial production and aquaculture in the 

province (Department of Water Resources Management, 2005) is estimated at 

1,266,790.2 m3/day, in which 51,721 m3/day are used for domestic use. It shows 

that the total reserves are sufficient to meet the daily needs of the people if properly 

exploited, but it will not be sufficient to provide for other demands of local people 

in the context of increasing surface water depleted. The first reason for this could be 

because the Holocene aquifer here is an aquifer with poor to moderate reserves 

aquifers. Secondly, the calculation of dynamic reserves does not consist of the 

amount of evaporation, so the actual dynamic reserves may be smaller than the 

result value. Besides, the effects of climate change, drought and saline intrusion are 

more and more serious, then the Holocene aquifer is very close to the ground and 

quite shallow, so this aquifer  is affected more clearly than other layers.  

The research provides a comprehensive study of the hydrogeological 

conditions, current situation of groundwater use as well as an estimation of 

groundwater reserves for the qh aquifer of the coastal plain in Ninh Thuan province. 

The calculation of the potential groundwater reserves for the qh aquifer in the 

coastal area of Ninh Thuan province has been completed using the fomulars of 
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calculating the groundwater reserves for the unconfined aquifer. It was concluded 

that the source of groundwater reserves in the study area mainly depend on the 

rainwater supply (which is seasonally bound) thereby strongly affecting the ability 

to use the groundwater for domestic purposes. Therefore, close monitoring and 

management of any type of groundwater exploitation is crucial. It is clear that, in 

the context of water scarcity, especially domestic water scarcity caused by climate 

change, drought, serious saline intrusion and increasing water demand for 

industrialization and urbanization purposes, there is a growing need to assess 

potential groundwater reserves. As a result, the study aimed to estimate the potential 

of groundwater exploitation in order to solve the above problems.  

Based on the saltwater - freshwater boundary zoning map referenced from 

the collected documents, the calculation focused on freshwater area and ignored the 

area affected by saline intrusion. Application of results of groundwater reserve 

calculations for formulating plans on construction and management groundwater 

exploitation facilities will improve the lives of local people. In the context of water 

stress, this research is a first in the evaluation of groundwater reserves, which can 

serve as a premise and reference for future researches on groundwater reserves. 

From the results of calculating the total reserves for the coastal plain area of Ninh 

Thuan province, later studies should conduct a detailed calculation of groundwater 

reserves distribution over space and time. We need to take a closer look at the 

factors and activities that affect the distribution and reserves distribution density. 

Then, research on the application of water resources for different purposes as well 

as research on the management, exploitation and effective, sustainable and 

economical use of groundwater resources. Furthermore, according to the research 

results, the amount of static water reserves is very small and the total potential 

groundwater reserves in the qh aquifer are also not abundant, and therefore the 

potential exploitation and use of groundwater in the Holocene aquifer remains 

limited. Therefore, it is necessary to conduct research to evaluate deeper aquifers 

and below the Holocene aquifers such as Pleistocene aquifer, Neogen aquifer and so 

on. Not just that, the assessment of groundwater reserves for salinewater areas also 
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important because although saline areas are not significant for domestic and 

industrial activities, we can make use of them for salt production, develop brackish-

water aquaculture and so on.  

The maps and datasets which are referenced are very reliable with high 

accuracy. But they are not an up-to-date dataset because they are referenced in 

studies and reports from 2004 - 2005 instead of the most recent years. It should be 

pointed out that a more complete dataset, more up-to-date information on the 

rainwater supply for groundwater as well as the hydrogeological data in the study 

aquifer are essential for more accurate estimations. Furthermore, because of the 

author did not have access to the original saline-fresh water boundary data and 

maps, the saltwater-freshwater boundary map was created by using Arc GIS 

software based on an image. As a result, the zoning of the study area and the 

calculation of the freshwater area are different from the original saline-fresh 

boundary map, which causes an error propagation.  

In this study, the estimation of groundwater reserves used the general 

calculation formula for reserves. This is a simple method to help readers easily 

recognize the factors affecting water reserves as well as the components of 

groundwater reserves. In this calculation, the Artificial Recharge reserves (which is 

the amount of water from other water sources was drawn into the aquifer when 

there are water table drawdown due to water pumping) were assumed to be 

negligible because of inadequate technical capacity and lacking of the datasets from 

those water sources. Moreover, the calculation results of this method are relative, 

the zoning calculation based on available data is not completely specific to the 

regional types and topography. Therefore, this method has not been able to assess 

the groundwater reserves for each topographic and socio-economic conditions. 

The model application for estimating reserves can build a database for the 

entire freshwater area of the Ninh Thuan coastal plain expressed in the form of grid 

cells. The input data for the model will be more detailed, more complete than the 
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input data for calculating by the formula. In addition, running the groundwater 

reserve model will give more specific results for each different terrain area. Overall, 

this study allowed some conclusions about groundwater reserves in Ninh Thuan 

province and provides a strong foundation for further groundwater studies in the 

region. 

3.3 Propose solutions for sustainable use of groundwater reserves in 

Holocene aquifer for domestic use 

Groundwater in Holocene aquifer should be exploited mainly for domestic 

purposes and a small part for agriculture. With the potential reserves as above, the 

groundwater resources of the coastal plain in Ninh Thuan province is not large, so it 

is necessary to exploit, use rationally, economically and effectively. Next, dynamic 

reserves account for the majority of the total potential reserves, that’s why the 

characteristics of the groundwater resources in the study area vary depending on the 

season. More specifically, groundwater reserves depend on rainfall and surface 

water supplies. Therefore, the exploitation and use of Holocene aquifer resources 

for domestic purposes need to be strictly managed and conducted in an organized 

manner.  

Although the rate of domestic water supply in Ninh Thuan is low; Water 

sources are are facing the risk of pollution due to the discharge of waste water from 

production activities; irrational exploitation and use of water, lack of planning of 

water resources; Degradation of water exploitation and water use structures. In 

addition, the local people are facing natural disasters such as drought, saline 

intrusion, and water table drawdown. However, the Holocene aquifer here is an 

aquifer with poor to moderate reserves aquifers, strongly changing seasonally with 

rainwater falling from the surface. Therefore, the priority should only be given to 

exploiting the Holocene aquifer to supply domestic water, if necessary, to supply 

water for industrial production, minimizing the use for aquaculture purposes. 
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It is necessary to combine solutions on construction, management and 

communication in the exploitation, use and protection of groundwater resources. 

Below some proposed solutions are presented: 

Proposed scientific solutions: 

 Studying and making further plan for allocation and protection of 

groundwater resources more detail with more data. It is necessary to investigate, 

explore and assess the reserves and quality of groundwater resources before 

constructing concentrated water supply exploitation projects 

 Zoning of groundwater resources into different exploitation area, areas 

where exploitation and use of groundwater are restricted such as: Freshwater and 

saltwater areas 

 Investigating, enumerating and filling all unused wells or newly 

constructed boreholes where there is no water. When all the wells and drillholes are 

removed from service because abandoned or unused wells pose a great threat to the 

safety and quality of groundwater drinking water supplies. So they must be properly 

filled from bottom to top with proper filling materials, such as cement grout, 

concrete grout, concrete, a clay/sand slurry mix or in some cases, bentonite chips. 

Make sure all are fit for use. 

 Zoning and determining the groundwater exploitation threshold values as 

a basis for managers to consider and make policies for groundwater sustainable 

exploitation, prevent problems caused by water in the study area. The determination 

of this exploitation threshold is also the basis for the management agencies to 

formulate long-term water exploitation planning and plan to find water sources and 

build rational water exploitation projects. 

 It is necessary to regulate the exploitation reserves so as not to deplete 

the water source, create conditions for the regeneration of water sources. Moreover, 

overexploitation will cause the water table drawdown 

 

Proposed management solutions  
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 Strictly managing the exploration, exploitation of groundwater to avoid 

rampant exploitation and the risk of groundwater pollution. 

 Reforming the financial mechanism: Supplementing the investment 

budget for the field of water resources, focusing on the management, protection, 

development of water resources and prevention of water problems; carry out basic 

investigation projects, local water resources planning projects. Invest in additional 

funding and equipment for the evaluation of licensing documents and inspection 

work  

 Carry out the appraisal of licensing documents in the field of water 

resources professionally and quickly 

 Promote inspection, and handling of administrative violations in the field 

of water resources 

 Upgrading and finishing the monitoring networks, strengthening the 

work of warning and forecasting of groundwater; upgrade and finish the database 

system of groundwater.  

 Research on alternative water supply solutions for areas with declining 

water levels and water quality. 

 Investing and finishing the water supply system to restrict the 

construction of small-scale underground water exploitation works to protect water 

resources. 

Proposed communication solutions 

 Propagating, educating and raising public awareness about the current 

status of groundwater resources in the study area and solutions that are popularized 

by the state. 

 Launching the mass movement to participate in protecting water 

resources, firstly in urban areas, densely populated areas and areas with polluted 

water sources. 

 Organizing meetings and activities (such as workshops) to guide the 

exploitation and use of groundwater resources 
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 Encourage people to build rainwater harvesting system to use because 

this is a clean, cheap source to prevent the widespread and wasteful exploitation of 

groundwater. 
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CONCLUSIONS AND RECOMMENDATIONS  
 

In the context of water stress is increasingly complex in Ninh Thuan 

province, especially surface water resources. Life of the local people have been 

strongly affected and groundwater resources become an important alternative source 

for water problems. The research “Assessment of groundwater reserves – A case 

study in coastal plain of Ninh Thuan province, Vietnam” aims to be a start-up 

study for groundwater resources assessment and its applications. 

The usable groundwater capacity were estimated to 200798.98 m3/day, in 

which the total static reserves are 9088.27 m3/day, accounts for 4.33% and the total 

natural dynamic reserves are 200798.98 m3/day, accounts for 95.67%. Despite this 

result being an estimation and needing further refinement, it provides a significant 

guideline about groundwater resources in Ninh Thuan province, which is useful to 

the groundwater management and sustainable exploitation in the study area. 

From research results, various tasks need to be carried out for the purpose of 

effective use and sustainable exploitation such as: Scientific solutions, Management 

solutions, Communication solutions. 

In order to get a better estimate of groundwater reserves, the following tasks 

need to be conducted: 

 Map of groundwater reserves distribution in Ninh Thuan province 

 Assessment of groundwater reserves for both freshwater and saltwater 

areas  

 Research on the groundwater reserves by running model with the 

updated data and map   

 Any research on the specific effects of natural factors and human factors 

to the formation of groundwater reserves in Ninh Thuan province 
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APPENDIX 
 

  A.1 Daily precipitation in Cai – Phan Rang river basin from Phan Rang 

station (2007 - 2018) [15] 

Month 

1 2 3 4 5 6 7 8 9 10 11 12 
Total 

(mm) 
Year 

2007 0.8 0 9.1 29.4 257.8 121.4 99.4 66.9 119 252.7 190.7 0 1147.2 

2008 43.9 30.4 5.5 19.9 120.2 31.9 55.3 54.5 250.7 166.2 473.8 132.1 1384.4 

2009 0.9 1 23.8 152.4 303 5.8 61.9 52.6 79 145.5 236.2 0 1062.1 

2010 82.9 0 1.5 24.6 17.2 71.4 168 33.9 58.7 544.9 517.9 112.9 1633.9 

2011 20.6 0 25.8 10.3 112.3 49.2 79 7.3 116 412.8 38.5 22.5 894.3 

2012 26.4 14.9 29.5 160.2 45.3 117.3 99.8 24.5 332.7 81.2 181.3 34.3 1147.4 

2013 29 2.1 2.3 5.4 154.6 137.9 67.5 70.3 141.9 106 330.9 0.7 1048.6 

2014 0 0 6.5 5 4.7 63.7 77 56.2 83 17.1 104.3 95.8 513.3 

2015 0 0 0 4.3 6.1 58.6 53.9 23.3 65.2 241.3 201.8 150.5 805 

2016 0 0.2 0 0 19.6 90.7 31.7 75.5 58 198.3 187.9 618.2 1280.1 

2017 73.4 15.5 3.6 49.1 208.6 21.7 75.3 37.8 116.1 133.2 150.2 98.4 982.9 

2018 0.6 4.8 16.7 2.7 20.2 79 33.3 21.5 68.5 35.7 413 148.5 844.5 

Total 

(mm) 
278.5 68.9 124.3 463.3 1270 848.6 902.1 524.3 1489 2335 3026.5 1414 12743.7 

Average  

(mm) 
23.2 5.7 10.4 38.6 105.8 70.7 75.2 43.7 124.1 194.6 252.2 117.8   

     

A.2 Total evaporation in Cai – Phan Rang river basin from Phan Rang station 

(2007 – 2018) [15] 

Month 
1 2 3 4 5 6 7 8 9 10 11 12 

Total 

(mm) Year 

2007 224.4 182.4 144.5 160.6 120.4 114.3 129.2 129.0 99.5 90.4 96.1 163.9 1654.7 

2008 159.7 182.1 167.2 147.9 102.0 131.5 134.9 139.3 110.9 96.0 109.0 161.8 1642.3 

2009 213.4 150.3 146.6 116.4 81.4 145.9 147.6 162.4 136.6 110.9 148.9 192.0 1752.4 

2010 171.2 137.8 167.6 146.1 150.1 132.8 119.3 121.9 121.8 83.5 90.2 159.9 1602.2 

2011 197.1 168.9 166.9 157.3 124.4 130.5 127.6 116.4 117.1 96.6 131.4 172.0 1706.2 

2012 164.7 149.2 157.8 117.9 155.1 179.7 178.9 214.7 86.0 133.9 123.0 164.3 1825.2 



 

Month 
1 2 3 4 5 6 7 8 9 10 11 12 

Total 

(mm) Year 

2013 199.7 168.4 159.8 147.3 147.6 117.4 109.3 167.3 135.7 131.3 127.7 226.5 1838.0 

2014 234.1 170.9 172.9 131.7 178.7 203.3 172.8 156.9 134.2 146.3 149.1 156.3 2007.2 

2015 221.0 181.0 188.6 191.3 208.0 183.7 196.7 171.1 139.7 142.5 111.1 171.3 2106.0 

2016 163.5 198.3 156.2 157.9 176.0 143.8 142.6 154.5 117.8 67.5 100.0 100.2 1678.3 

2017 143.8 143.6 141.6 115.4 92.5 127.4 118.5 127.7 115.3 91.7 86.3 157.2 1461.0 

2018 171.5 158.9 187.2 172.8 141.5 171.9 172.6 182.5 106.2 145.3 112.7 117.1 1840.2 

Total 

(mm) 
2264.1 1991.8 1956.9 1762.6 1677.7 1782.2 1750.0 1843.7 1420.8 1335.9 1385.5 1942.5 21113.7 

 

 

 A.3 Average daily humidity in Cai – Phan Rang river basin from Phan Rang 

station (2007-2018) [15] 

Month 
1 2 3 4 5 6 7 8 9 10 11 12 

Average 

(%) Year 

2007 65.4 77.7 73.4 74.7 76.4 74.3 73.8 78.2 80.8 78.9 78.3 76.5 75.6 

2008 70.1 67.8 73.3 75.3 81.0 77.5 77.9 75.0 78.4 81.9 80.3 73.7 76.0 

2009 67.3 74.3 76.4 77.9 83.2 73.6 72.3 75.3 74.1 79.3 75.5 71.8 75.1 

2010 74.6 76.8 74.3 76.6 76.1 77.5 78.7 78.3 78.3 82.9 82.0 74.6 77.6 

2011 70.2 71.5 71.8 73.6 77,4 77.8 76.4 77.4 76.3 81.7 76.4 72.9 75.1 

2012 74.2 74.1 75.8 80.6 79.5 74.1 74.1 73.8 87.5 79.4 79.4 74.2 77.2 

2013 69.5 70.6 75.2 75.7 74.5 82.0 82.5 79.2 79.4 79.9 80.9 69.2 76.6 

2014 67.6 72.2 74.8 79.1 74.5 71.4 74.5 76.5 79.3 76.5 75.8 75.1 74.8 

2015 67.9 69.8 74.0 73.7 73.5 74.5 74.8 76.6 73.6 77.4 81.1 75.5 74.4 

2016 76.9 69.8 75.2 78.9 76.1 77.9 77.3 78.4 81.3 87.8 77.3 83.3 78.4 

2017 76.3 75.2 77.7 80.2 82.6 79.3 80.2 80.6 82.5 82.8 84.1 74.8 79.7 

2018 73.1 70.8 74.9 83.3 79.2 73.1 74.4 72.9 75.9 77.6 81.6 80.7 76.5 

Average  

(%) 
71.1 72.5 74.7 77.5 77.9 76.1 76.4 76.9 79.0 80.5 79.4 75.2 76.4 

 

  



 

A.4  Hydro-meteorological values in Cai – Phan Rang river basin from 

Tan My station (2008 – 2017) [15] 

Year 
Total annual 

precipitation (mm) 

Average annual 

water level 

Average annual 

discharge  (m3/s) 

Total annual 

discharge (m3/s) 

2008 1283696 3507 116.7 42587 

2009 1278078 3502 102.4 37388 

2010 1277605 3500 112.7 41121 

2011 1278978 3502 108.2 39507 

2012 1280623 3499 99.2 36225 

2013 1276758 3498 97.4 35546 

2014 1271978 3485 69.9 25398 

2015 1272708 3487 75.0 27366 

2016 1283355 3506 128 46986 

2017 1282577 3514 134 48770 

  

 

A.5  Hydro-meteorological values in Cai river basin from Phan Thiet 

station (2004 – 2018) [15] 

Year 
Total annual 

precipitation (mm) 

Total annual 

evaporation  (mm)  

Average annual 

humidity (%) 

2004 2028.1 1315.4 83.9 

2005 2618.7 1296.2 82.6 

2006 1606.3 1690.6 83.7 

2007 2649.7 1222 82.1 

2008 2063.0 1384.9 81.0 

2009 3458.2 1346.4 83.9 

2010 2988.3 1485.5 84.8 

2011 2346.9 1654.7 83.2 

2012 2242.3 1630.9 83.2 

2013 2161.9 1454.2 81.1 

2014 2403.3 1715.7 82.2 

2015 2070.1 1718.5 83.1 

2016 2110.9 1502.1 80.2 

2017 1424.5 1445.7 81.7 

2018 2018.4 1203.1 82.7 



 

A.6  Hydro-meteorological values in Luy river basin from Song Luy station (2008 

– 2018) [15] 

Year 
Total annual 

precipitation (mm) 

Average annual 

water level (cm) 

Average annual 

discharge (m3/s) 

Total annual 

discharge (m3/s) 

2008 874257 2389 36.3 13290.8 

2009 874848 2397 42.3 15435.1 

2010 868129 2378 38.6 14092.3 

2011 862278 2362 25.7 9373.2 

2012 861349 2353 22.7 8311.1 

2013 861073 2359 27.1 9888.6 

2014 855737 2344 15.5 5672.0 

2015 849887 2328 8.96 3271.2 

2016 861446 2354 26.4 9674.4 

2017 877080 2403 55.7 20314.9 

2018 854133 2340 13.3 4872.2 

 

 A.7 Hydro-meteorological values in Cai - Nha Trang river basin from Nha Trang 

station (2004 – 2018) [15] 

Year 
Total annual 

precipitation (mm) 

Total annual 

evaporation (mm)  

Average annual 

humidity (%) 

2004 998.0 1540.9 76.8 

2005 1104.7 1580.3 81.0 

2006 1757.7 1759.8 80.4 

2007 1270.6 1597.4 79.0 

2008 1128.4 1729.9 79.6 

2009 1720.5 1158.7 82.2 

2010 1298.8 1102.5 80.6 

2011 890.2 1222.9 79.9 

2012 986.3 1140.3 79.9 

2013 1442.7 1166.6 79.1 

2014 940.8 1102.9 80.9 

2015 1221.6 1136.7 79.1 

2016 1062.8 1123.1 81.5 

2017 1128.2 1227.6 79.5 

2018 1575.6 1285.8 78.5 

 



 

A.8  Hydro-meteorological values in Cai - Nha Trang river basin from 

Dong Trang station (2008 – 2018) [15] 

Year 
Total annual 

precipitation (mm) 

Average annual 

water level (cm) 

Average annual 

discharge (m3/s) 

Total annual 

discharge (m3/s) 

2008 171524 468.6 67.4 24681.3 

2009 164446 450.5 57.7 21077.1 

2010 155878 427 56.0 20432.3 

2011 148939 407.7 38.3 13977.3 

2012 146405 400.2 33.8 12355.8 

2013 143577 393.5 31.2 11396.7 

2014 131054 359 14.0 5100.3 

2015 130862 358.6 18.0 6571.5 

2016 132084 369.6 40.7 14882.9 

2017 130533 357.6 118.7 43313.6 

2018 108385 296.9 66.4 24243.4 

 

 

 

 

 

 

 

  



 

B.1 Freshwater-saltwater boundary map at a depth of 25m (qh aquifer) in 

the coastal plain of Ninh Thuan 

 

 

 

 

 


