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1. INTRODUCTION 

 
Since the amount of groundwater abstraction has 

been rapidly and continuously increasing worldwide, 

achieving sustainable management of groundwater 

resources is one of the essential objectives for the future 

of developing countries like Vietnam, especially when 

the rising demand for clean drinking water is highly 

considered (Mende et al., 2007). In addition, annual 

cycle in groundwater levels associates with those in 

rainfall and river water levels, but long-term trends 

results from increasing groundwater withdrawal (Bui et 

al., 2012). The Vietnamese capital, Hanoi, is the target 

area addressing the sustainability issue of groundwater 

resources because: (i) the groundwater abstraction has 

been rapidly and continuously increasing and the 

demand for clean water is becoming rather urgent; (ii) 

the water supply significantly depends on this valuable 

resources (up to almost 100%) for three main purposes 

such as irrigation, domestic, and industrial uses; and 

(iii) the rapid exploitation of the groundwater without 

an appropriate management system has reportedly 

caused a series of adverse impacts such as drying up of 

shallow wells, decline of groundwater level locally and 

seriously, and land subsidence (Bui et al., 2012; Tong, 

2008). The question is that groundwater abstraction is 

for a better lives, but how not to make the human 

activities harmful to our social- environmental 

conditions is also essential for sustainable development 

(Bui et al., 2011b)
 
of the Capital. 

Therefore, taking as much as possible the 

advantage of the historically scientific development of 

the area, this paper is going to at first (i) review a 

number of studies regarding to the relevant issues to 

have better understanding about of groundwater’s 

estimated recharge and exploitable amounts in Hanoi; 

secondly (ii) estimate the total amount of groundwater 

abstraction for three main irrigation, domestic, and 

industrial purposes based on The Scientific Research 

No.TNMT.02.33 of Ministry of Natural Resources and 

Environment of Vietnam; and finally (iii) value two 

sustainability indicators suggested by UNESCO 

(UNESCO, 2007)
 
in order to provide us the general 

sustainability view of groundwater abstraction situation 

for Hanoi development.        
 

 

2. STUDY AREA 

 

Hanoi area is around 3324.5 km
2
 and includes 30 

separated districts. The population of about 7,095,900 

habitants in 2014 accounts for the highest population 

density in Vietnam. Hanoi belongs to the tropical 

monsoonal area with two distinctive seasons in the year, 

the rainy season from May to October and the dry 

season from November to April of the following year. 

The annual rainfall is about 1,550 mm of which rainfall 

in the rainy season accounts for about 70-80%. The 

average humidity is about 80%, and the average 

temperature is around 24.3
o
C. Evaporation is quite high 

with an annual average of 933 mm (Tong, 2008).  
Hanoi also has a dense river network and is mainly 

supported by Red River, one of two biggest river 

systems, with the basin areas of 155,000 km
2
, 

approximately, and by several Red River-linked 

systems such as Nhue, Duong, Tolich, Cau, and Calo. 

There are also 111 lakes with the total surface of up to 

2180 hectares and Westlake is the biggest with the area 

of 526 hectares, as showed in Fig.1. However, the 

rapidly economic development and fast socialization 

and urbanization have put pretty much pressure on the 

river basin environment. This surface water system is 

recently polluted by organic compounds, in which, the 

lakes especially in this study area are significantly 

polluted (Tong, 2008). That is the main reason why the 

groundwater resources have become main water supply 

for the local inhabitants.   

3. FORMATION OF GROUNDWATER 

RESOURCES IN HANOI  

Hanoi’s groundwater resources mainly exist in the 

topmost Holocene unconfined aquifer (HUA) and the 

shallow Pleistocene confined aquifer (PCA), while cleft 

and karst water exists in the Neogene water bearing 

layer and the Mesozoic fractured zones (Bui et al., 

2011a). 

In HUA layer, silty clay and various kinds of sands 

mixed with gravels are the main components. The HUA 

thickness is variously distributed, more than 35 m with 
an average of 15 m, approximately. The transmissivity 
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and the specific yield of this layer ranges from 20 to 

1,788 m
2
/day and from 0.01 to 0.17, respectively. The 

HUA, thus, is distributed at a rate of about 55% in the 

south of the city area, and has a relatively high potential 

of groundwater resources, sufficient for the small to 

medium scale domestic water supply. 

The shallow Pleistocene confined aquifer (PCA) 

depth is also widely distributed, less than 10m in the 

North of the Soc Son District, around 20m in Dong Anh 

District, and up to 40 m in the South of the Red River. 

The PCA layers have a complex components of sand 

mixed with cobbles and pebbles. Moreover, the PCA 

thickness is variously changed, with the highest value of 

up to 50m and the average of 35 m approximately and 

trend increasing from the North to the South. With a 

large range of transmissivity from 700 to 2,900 m
2
/day, 

and the specific storativity from 0.00004 to 0.066, PCA 

is the highest potential of groundwater resources and 

widely distributed at a rate of about 80% in the south of 

the city, serving the most important aquifer for the area 

water supply (Bui et al., 2011a).  

 

4. RESULTS AND DISCUSSIONS 

 

(1) Groundwater recharge in Hanoi 
The term “recharge” has been defined as “as the 

downward flow of water reaching the water table, 

adding to groundwater storage” in the book of 

“Estimating Groundwater Recharge” (Richard, 2010). 

The author mentions that the definition does not include 

water flow to an aquifer from adjoining groundwater 
system such as water movement from an unconfined 

aquifer to an underlying aquifer. This paper, thus, 

considers the recharge to Hanoi groundwater resource is 

the same as recharge to the HUA from precipitation. 

Based on the data from national water resource 

monitoring and investigation projects of National 

Center of Water Recourses Planning and Investigation 

in period of (1995-2014), the recharge amounts is 

various from region to region with the minimum of 85 

mm/year (at monitoring no.Q65 in Hoang Mai District 

in 2014) and the maximum of 1,028.52 mm/year (at 

monitoring no.Q67 in Tay Ho District in 2010). The 

average recharge estimation for Hanoi is about 276 

mm/year (Fig.2). 

Average groundwater recharge = 

  = 276[mm/year] x 10
-6
[km/mm] x 3324.5[km

2
] 

  ≈ 917,562 x 10
-6

 [km
3
/year] 

  = 917,562,000[m
3
/year] 

 

(2) Exploitable groundwater resources 
The term “exploitable” means the amount of water 

that can be annually abstracted from a given aquifer 

under current socio-economic constraints, political 

priorities and ecological conditions (UNESCO, 2007). 

The latest estimation is carried out by The National 

Center of Water Recourses Planning and Investigation 

in 2015. The amount of 6,199,140m
3
/day, combines 

natural dynamic storage, elastic static storage, a part of 

gravitational static storage, and the entrained storage, as 

the following formula:   

        
   

 
 
    

 
                (1) 

 

where:  
Qkt: the exploitable groundwater resources, 

m
3
/day 

Qtn: the natural dynamic storage, m
3
/day 

Vdh: the elastic static storage, m
3
 

Vtl: the gravitational static storage, m
3
 

Qct: the entrained storage, m
3 

α: the coefficient associating with natural and 

gravity static storage, % 

t: exploitation time, 27 years (10
4
 days) as usual. 

 

(3) Groundwater abstraction 

The amount of groundwater abstraction for 

different uses such as agricultural, industrial and 

domestic uses, have been reported by Scientific 

Research No.TNMT.02.33 of Ministry of Resources 

and Environment (NAWAPI, 2015) (Table 1).  
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Hanoi groundwater abstraction mainly includes (i) 

public exploitation wells managed by 25 Clean Water 

Supply Companies, (ii) private wells managed by 

approximately 47 schools, institutes, factories, small 

industries, communities, and so on, and (iii) 793,657 

household wells. The sub-total groundwater abstraction 

estimations of group (i), (ii), and (iii) are 977,600 

m
3
/day, 88,946 m

3
/day, and 733,016 m

3
/day, 

respectively. 

Total groundwater abstraction is: 

= 977,600 + 88,946 + 733,016  

      = 1,799,562 [m
3
/day] 

The percentages of the abstraction with respect to 

the recharge and exploitable are calculated. According 

to the classification of the Groundwater Indicators 

Working Group (UNESCO, 2007), the percentage of 

abstraction with respect to the exploitable is falling into 

the first scenario of less than 90%. The percentage of 

29% shows that the groundwater resource is 

‘underdeveloped’ and the use could probably be further 

developed. The result also shows that Hanoi Capital still 

has a substantial potential in groundwater exploitation. 

There is a definite need to improve economic 

performance in groundwater investigation and 

exploitation for the Capital. 

In addition, the other sustainability indicator is 

about 72%, less than 90%, also in the first scenario of 

the abstraction with respect to groundwater recharge 

presenting that the abstraction situation in Hanoi is 

generally toward sustainable development. 

 

5. CONCLUSION 

 

Groundwater abstraction situation in Hanoi is 

assessed in the viewpoint of sustainability by valuing 

two basic sustainability indicators. The results indicate 

that Hanoi groundwater development is toward 

sustainable in general and still has a potential on 

groundwater resources, which has not been utilized for 

the rapid expansion of the city. There is a basic need to 

comprehensively investigate with the purpose of having 

a well distributed monitoring network. The 

appropriately effective approaches and the high quality 

data available are needed for further research on 

sustainability assessment of groundwater resources. 
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