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Study on Change of River Basin and Future Managament
— Viewpoint of Water Conservation Policy —
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Abstract

The river basin had changed greatly in particular during the so-called Japan’s high economic growth, when
proper management systems had been needed for urban-flood mitigation, water consumption control and
pollutant-runoff control to improve the enlarged imbalance between rapid urbanization and duely delayed
infrastructure development. In the wake of the oil crisis in 1970s, those systems have been applied to
induce recycle-oriented models. Herein, the author verifies workability of the integrated water conservation
policy models introduced in Tokyo thus proposing the perspective for technology transfer to Asian
countries under rapid urbanization and restructuring of those systems in accordance with urban renewal
and/or rehabilitation in the future.

Key Words: River basin management systems, Imbalance between rapid urbanization and infrastructure
develpoment, water conservation, technology transfer, restructuring
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Global Climate Change (Global Warming) and Local River Basin

Motoki NISHIMORI
National Institute for Agro-Environmental Sciences, 3-1-3, Kan’nondai, Tsukuba, Ibaraki 305-8604, Japan

Abstract

To further developing of our Kochi Prefecture, it needs “wise adaptation” to global climate change. A research
subject is to investigate the impact of paddy rice yield and quality, horticulture in hilly and mountainous area,
typhoon and disaster of heavy rain, water resource and environment, and river and marine products under the
climate change has just proposed to the Ministry of Education, Culture, Sports, Science and Technology, Japan.
There, we use the statistically downscaled local climate change scenarios involving the information of
probabilistic occurrences of heavy rainfall depended on various land-use and land-cover not only on terrestrial
region but also on coastal and marine areas.

Key word: Global climate change, river basin, water resource, heavy rain, agricultural production
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Brief Overview on Groundwater Vulnerability and Groundwater Conservation Policy
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Gizyutu Kaihatu Consultant Co.,Ltd. 1-2-4,Tenjin,Chuoku,Fukuoka,810-0001,Japan

Abstract

This paper introduces concept of vulnerability, which was originally employed as a key step to promote risk
reduction and disaster resilience by the United Nations. The vulnerability sounds incompatible with
groundwater conservation policies but both are in close relation to analysis and assessment of basic factors
of increasing disasters and continuing environmental degradation. Therefore the framework formulating of
vulnerability links sustainable development of groundwater. This paper deals with groundwater vulnerability
driven by the global climatic changes in the Ganges Delta plain and the meteorological and hydrological
forecasts by the Japanese sophisticated simulation model studies in monsoon Asia. Successively
groundwater ownership and legal aspects of groundwater in Japan are discussed, which have been
intensively argued up to the present in the light of integrated management of water resources. A Basic Water
Law should be enacted to comprehensively manage water environment, leading to that sustainable way of
groundwater use is to legally be consolidated, taking regional condition into consideration.

Key words: Groundwater vulnerability, groundwater conservation policy, public ownership water, commons
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Water Resources Demand and Supply Responsibility of Groundwater
in Hanoi, Vietnam

DINH Thai Hung*
* Center of Environmental Research ; 23/62 Nguyen Chi Thanh Street, Dong Da District, Hanoi, Vietnam

Abstract

The Hanoi City is the economical, cultural, political and scientific center of Vietnam. The population of the
Hanoi City is estimated to increase rapidly. A system of suburban cities around the old Hanoi City was planned
and constructed recently in line with the city expansion derived from lots of economic, industrial and
constructional activities as the industrial zones. It causes the higher demand on water supply as well as
groundwater development activities. This paper reviews the water resource demand and supply responsibility
of groundwater in Hanoi. The on-going groundwater conservation activities are also mentioned as adaptation
measures to respond to the increasing water resource demand in Hanoi.

Key words: Hanoi City, groundwater, water supply responsibility, groundwater conservation

1. INTRODUCTION - Natural Characteristics of the Hanoi City

With the area of 930 km® and the population of more than 3 million, the Hanoi City is the economical, cultural,
political and scientific center of Vietnam. Located besides Thai Nguyen, Bac Ninh, Vinh Phuc, Ha Tay and Hung Yen
provinces, geo-morphological feature of the Hanoi City is flat, slightly slopes from the north to the south, from the
west to the east with the slope of about 3 — 5% (Fig.1). The elevation is not more than 10 m above the sea level in the
center of the city and tens meter in the northern area. Belonging to the Red River Delta, the Hanoi City has a cold
winter for 3 months in which temperature varies from 16 to 18°C (the lowest temperature may reach to 5°C) and a
long summer in which temperature is about 34 — 37°C. Precipitation is abundant in the summer monsoon season
between May and October, while it is scanty from November to April. The annual average precipitation of the Hanoi
City is from 1600mm to 1850mm with the rainiest month is August. It should be noted, however that the period of the
alternation of wind regime between winter and summer does not correspond to that of precipitation regime, that is, dry
winter and wet summer. With the lack of precipitation, high evaporation has the average value of 933mm and reaches
the highest value of 109.9 mm in October in the dry winter, which may cause the diminution of groundwater level.
Hydrographic network 1s abundant with rivers, lakes and ponds. There are Red River, Ca Lo River, Nhue River, To
Lich River, Lu River, Set River as well as 111 lakes and ponds, where the total square is 2180 hectare in the Hanol
City. The hydrographic network in the Hanoi City has a considerable relation to groundwater supply in the area.

2. HANOICITY ON THE DEVELOPMENT

With regard to the development trend of the Hanoi City, there are the Resolution No.108/1998/QD-TTg dated June
20" 1998 approved the general adjusted plan of the Hanoi City until 2020 and the Resolution No0.60/2002/QD-TTg
dated May 13"2002 approved the general social and economic development plan of the Hanoi City from 2001 to
2010.

Based on the resolutions above, population of the Hanoi City would be more than 3.5 million in 2010, and would rise
to 4.5 million until 2020, with a system of suburban cities. In the period of 2001 — 2005, the GDP development rate of
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Hanoi City reaches to 11.25% per year, whereas the population increase rate is 2.9% per year in general and 5.74%

per year in the inner Hanoi City. It is expected that in the period of 2006 — 2020, the economic development rate
would be 11 — 12% per year. Based on the trend that can be seen recently, it is estimated that in the period of 2006 —
2010, the population increase rate may reach 2.7% per year in general and 5% for the inner City. The increase rate
may be down to 2.2% per year for the whole Hanoi City and 4.5% per year for the inner City population.

Besides the increase of population, economic development inevitably raises the demand of water use in the Hanoi City.
A system of suburban cities around the old Hanoi City was planned and constructed recently as well as the city
expansion with lots of economic, industrial and constructional activities as in the industrial zones. It causes the higher
demand on water supply as well as groundwater development activities.

Thai Nauyen

Hanoi City

Song Hong (Red river}-,

Fig.1 Location Map of Hanoi City

3. GROUNDWATER OF THE HANOI CITY

In the Hanoi City, the strata before Quaternary period have a total thickness is 2,133.5 meters and the thickness of the
strata of Quaternary period is about 313.8 meters. Bed-rock is found in 100km?of the total more than 930km?of the
Hanoi City area. The geologic characteristics of the Hanoi City can be described in the ascending order as follows;
The strata in the Cenozoic Era
Tertiary - Neogene — Vinh Bao Ny strata
Quaternary — Pleistocene — Le Chi strata
Quaternary — Pleistocene — Ha Noi strata
Quaternary — Pleistocene — Vinh Phuc strata
Quaternary — Holocene — Hai Hung strata
Quaternary — Holocene — Thai Binh strata
Based on the geologic, hydrologic and petrographic characteristics as well as water absorbing property of soil and
water hydraulic power, there would be hydrologic units in the Hanoi City such as:
+  Water isolation layer of Holocene sedimentation (qh’) with clay and mixture clay.
Aquifer in Holocene sedimentation (qh) with sand, clay and mixture sand.
Water isolation layer of Pleistocene sedimentation (qp’) with clay and mixture clay.
Aquifer in upper Pleistocene sedimentation (qp*”) with sand, gravel and pebbles.
Aquifer in fissure of Neogene sedimentation (my) with conglomerate, gritstone and clay.
Aquifer in fissures of Triassic sedimentation (t) with gritstone and clay.

+ + + + +



3.1 The Characteristics of Holocene Sedimentation Aquifer (qh)

The Holocene aquifer spreads on over the Hanoi City, mostly concentrating on the Eastern Hanoi and discontinuously
locating on the other areas. The petrographical content of this aquifer is mixture sand, mixture clay, clay with mud and
organic matter and plant. There is a layer of clay and weak isolated-water layer on the top of the aquifer,
discontinuously, locating in the south side of the Red River. The depth of this layer is different among the places, form
0 to 5m in most of areas, but reaches to 20m in some particular sites. The thickness of the Holocene aquifer varies
from O to 15.5m and the average value is 14.0m.
The result of groundwater investigation among the 14 hydro-geologic boreholes shows that:

+ 11 boreholes that produce rich water q > 1 I/s/m, occupying 78.6% of the total boreholes.

+ 1 borehole that contains medium rich water q = 0.2 - 1 I/s/m, rating 7.1% of the total boreholes.

+ 2 boreholes that yield poor water q < 0.2 I/s/m, measuring 14.3% of the total boreholes.
Generally, this is the rich water aquifer, whose depth is from 1 to 3 m, and reaches to 6.8m in some areas. Although
there is a clay layer separating the gh aquifer from the qp®™ aquifer, there is also the strong hydraulic relation between
those two aquifers.
In the gh aquifer, the groundwater locates from 15 to 25 m underground. The water is mainly Bicarbonate — Chloride,
very good quality, with a small value of mineralization, from 0.1 to 0.5g/1, and coliform value is very small or can not
be found. However, N-pollution and coli-pollution can be found in some areas near the Van Dien Cemetery, as well as
heavy metal pollution in the manner that mercury (Hg = 0.4mg/]) can be found in area surrounding Tam Hiep, Me Tri
and Bo De dumping grounds. Even though the reserve is not so high, gh aquifer can be developed to supply drinking
water in a small scale with proper treatment activities.

3.2 Pleistocene Aquifer — qp™>
This is the main aquifer used for water supply to the Hanoi City and the suburban since it extensively locates over the
area. The thickness of the Pleistocene aquifer varies through the locations. On the Northern Red River, it changes from
9.97m to 30.8m, while it varies from 35m to 70m on the Southern Red River.
Groundwater in the aquifer qp”> is mainly confined water with good quality, usually Bicarbonate — Calcium or
Bicarbonate — Sodium. Chlorine concentration ranges from 6.03 to 9.29 mg/l in the Chem — Yen Phu area, from 5.88
to 22.94 mg/l in the Linh Nam area, from 23.9 to 26.73 mg/l in the Ha Dong — Van Dien area. The mineralization
value ranges from 0.15 to 0.52 g/l and other characteristics qualify the drinking water’s standard except that high
concentration of iron and Mn should be treated. The iron concentration is quite high and changes from 2.4 to 26.24
mg/l, as well as Mn concentration ranges from 0.1 to 1.15 mg/l. There are only some water samples showing that the
phenol concentration is higher than the Vietnamese standard (from 0.0001 to 0.011 mg/l1). However,
ammonia-concentration is high, changing from 3.5 to 23.75 mg/l. And hence it needs to be treated before using for
drinking water. The pH value is from 6.5 to 8.4 in the Chem — Yen Phu area, from 7.6 to 8.0 in the Linh Nam — Ha
Dong areas and from 6.7 to 8.0 in the Ha Dong — Van Dien areas.
Concerning the changes of total-N, iron and Mn concentrations of the qp2'3 aquifer at the HD6 well in the Ha Dinh
well field from 1978 to 1999 shows that total-N concentration tends to increase, Mn concentration tends to decrease
with a considerable oscillation, while there is no clear trend in the iron concentration. Bacterial concentration in the
water also shows the pollution in some individual wells of the waterworks.
Evidences of heavy metal pollution have been found near the dumping fields and industrial zone. Mercury
concentration reaches to 0.004 mg/l in the Bo De dumping field, as arsenic and other heavy metal pollution occur in
Thanh Tr1 — Hai Ba Trung District areas.
Groundwater in the aquifer qp?"3 and gh has a strong relation; even through there is a clay and mud isolated-water
layer. Besides, the qp>” has a hydraulic relation with the Red River. As the results, groundwater recharge for the gp”~
aquifer derives from precipitation, surface water and an important source from the Red River.
The water in the qp®” aquifer is Bicarbonate Calcium and has a mineralization value from 0.2 to 0.3 g/l, reaching the
highest value at 0.56 g/l. Iron concentration is quite high, from 2.16 mg/l to 25 mg/l, and generally higher than the
standard for drinking water so that the water should be treated before use. Comparing to the drinking water standard,
NH," concentration is higher in some wells, with the NO," varies from 0 to 3.1 mg/l.



3.3 The Neogene Aquifer (m4)

The Neogene aquifer has a considerably deep and wide distribution although it is covered by the Pleistocene aquifer
(qp2-3). The lithological contribution is mainly conglomerate, clotted clay and gritstone. The mineralization value of
the water in the m4 aquifer is not higher than 0.5 g/l and the type is Bicarbonate Calcium. Water in the m4 aquifer is
qualified for drinking water in a small scale, but deep distribution of this aquifer makes difficulties for development.

4. REALITY OF WATER SUPPLY RESOURCES IN HANOI CITY

The Hanoi City is only one city that uses 100% groundwater for
drinking water. Based on the report made by the National

Institute of Irrigation, there are some types of groundwater |

development as
bellow:

+  Large and concentrated development.

+  Large and un-concentrated development.

+  Small and separated development.

+  Small and family-scale development.
Recently, a large amount of groundwater is developed in Hanoi,
that mainly abstracted from upper layer of Holocene epoch (gh)
and deeper layer of Pleistocene epoch (gp). Reality of
groundwater development can be evaluated as follow (Fig.2).

4.1 Groundwater Development with High Capacity
(Q> 10,000 m*/day )

This type of groundwater development is mainly waterworks.
Recently, there are several well fields belonging to 15
waterworks and 10 water supply stations, the capacities of
which are more than 10,000 malday. The well fields are listed in
Table 1 below.
Besides, there are number of water supply stations with the
capacity less than 10,000 m’/day, locating in the high inhabitant
density areas. Those water supply stations are listed below in
Table 2.
All of the groundwater development stations listed below have
extracted water from Pleistocene aquifer layer (qp) with the
wells, whose dimensions are from 110 mm to 350 mm in
diameter and depth from 60 m to 80 m from the ground surface.

4.2 Medium Groundwater Development
(Q from 500 to 1,000 m*/day )

Even thought there are a number of large groundwater
development stations with high water quality, there are few
areas which can be reached by the water supply system
of the City.
As the result, medium groundwater stations have been set
up by companies, organizations and factories for self-supply.
Based on the investigated data, there are 47 companies
and organizations developing groundwater with the total
capacity of more than 45,393 m3/day. The stations locate
inside the factories, companies and residential areas that

Table.1 List of Waterworks in Hanoi City

Development

No. Name capacity

(m’/ day )
1 Luong Yen Waterworks 62,000
2 Ngoc Ha Waterworks 44,400
3 Yen Phu Waterworks 87,000
4 Ha Dinh Waterworks 29,000
5 Mai Dich Waterworks 52,000
6 Van Don Waterworks 15,000
7 Linh Nam Waterworks 120,000
8 Cao Dinh Waterworks 30,000
9 Ngo Si Lien Waterworks 49,300
10 Phap Van Waterworks 27,800
11 Thuong Cat Waterworks 30,000
12 Nam Du Thuong Waterworks 30,000
13 Tuong Mai Waterworks 24,100
14 Gia Lam Waterworks 32,000
15 Dong Anh Waterworks 22,000
Summary 654,600

Table2 List of water supply stations with the
capacity of less than10,000 n’/day

No | Name of water supply station Caf Ackly
(m*/day )

1 Ba Dinh Station 2,700
2 Kim Lien Station 3,200
3 Bach Khoa Station 2,600
4 HoangLVan Thu Station 2,100
5 Kim Giang Station 2,900
6 Khuong Trung Station 6,900
7 Quynh Loi Station 2,300
8 Ho Chi Minh Mausoleum Station 10,000
9 Noi Bai Station 2,000
10 Bach Mai Station 2,700
Summary 35,000




are scattered in the City. The depth of those wells usually from ,
60 to 75m, and the capacity varies from hundreds to { |

thousand m3/day. Recently, there is no much information ‘e ;&E‘EU M3l = Caacly yek

about this type of groundwater development, but it really plays
an important role in water supply for residential areas, which
are situated far from the waterworks.

4.3 Small Groundwater Development
(Capacity < 500 m*/day)

This type of groundwater development is fairly common in

the Hanoi City. With a considerable depth and medium diameter
of well - hole (less than 230 mm), those groundwater
development stations take water from Pleistocene aquifer (qp).
The distribution of small groundwater development can be
listed in Table 3.

These small groundwater developments mentioned above can
be understood that they are waterworks with small capacity but
strongly effect on groundwater resource. They are developed by
companies and organization without using the water supply
system of the City. Generally speaking, those waterworks can
supply with a small capacity, from tens m*/day to hundreds and Fig.2 Location of water supply plant
thousands m*/day. Almost well depth reaches the Pleistocene
aquifer layer with a diameter from 110 mm to 273 mm. There is
plenty of this type of groundwater development in the Hanoi

Table 3 List of Small groundwater development

. , in Hanoi City

City recently. The total capacity of those waterworks can reach
25,000 m*/day, based on the statistic data of the year 1999. This No Location Number of station
type of groundwater development can effect on groundwater -
capacity depression because the development procedure is not 1 Tu Liem District 12
technically done. Filtration pipe and remnforcement pipe with
low quality may lead to the pollution caused by endosmosis of 2 Dong Anh District 10
polluted surface water or other aquifer. Furthermore, it is very
diffi . 3 Thanh Tri District 8

icult to control the capacity of those waterworks correctly.
As the result, if the capacity of those waterworks increases, ) e

s 4 Gia Lam District 12

groundwater resource depression may become more severe.

4.4 UNICEF-Type Well

There are tens thousand UNICEF-type well in the Hanoi City. This type of groundwater development has a small
capacity and an abstracting at shallow depth. The capacity can reach only from a few to several tens m>/day. And the
developing depth is from 20 to 40 m. Based on the statistic data, the number of UNICEF-type wells in 1999 is about
73,000, and it increased to approximately 75,000 in 2000. Because of lack of Fe-removal procedure, water supplied by
UNICEF-type wells may has a smell and yellow color. Even thought there is no exact statistic data about the total
capacity of this type development, but it is can be estimated if one well capacity is about 1 — 1.5 m’, then the total
capacity may be: 75,000 x 1.5 m’ = 112,500 m*/ day. Obviously, this number is not small as it may be imaged.

4.5 Family Well
Family well is one kind of traditional waterworks that can be built by digging until groundwater layer. This type of
waterworks had been developed in 1960s — 1970s, but now is almost abandoned because of their uncomfortable and
unreasonable conditions. In general speaking, the Hanoi City is developing about 872,000 m’/day from all type of
groundwater development. The contribution of each development type can be shown in Table 4.



5. WATER SUPPLY RESPONSIBILITY OF GROUDWATER IN THE FUTURE

5.1 Quality of the Groundwater in the Hanoi City

5.1.1 Holocene aquifer (qh)
Groundwater of the Holocene aquifer (gh) is good in quality. The main type of this water is Bicarbonate Calcium and
Bicarbonate Sodium. The representative characteristic of this water can be shown in Table 5.

Table 4 Contribution of all type of groundwater development in Hanoi City

No. Type of ground\w_;aler cicvclopmcnt Totaljcapacity Chntribitian
(Q- Capacity: m*/day ) (m”/day )

1 Large development waterworks  (Q >10,000) 654,600 75%

2 Development with high capacity (1,000 <Q < 10,000) 35,000 4%

3 Development with medium capacity (500 <Q <1,000) 45,393 5%

4 Development with small capacity  (Q <500) 25,000 3%

5 UNICEF-type wells 112,500 13%
Total 872,493 100%

Table 5 Groundwater quality characteristic of Holocene aquifer in Hanoi City

Content | Concentration | Content | Concentration
Na* 42,37 mg/l CI 21.27 mg/l
K 0.89 mg/l S0Z 3.55 mg/l
Ca** 28.20 mg/l HCO;y 189.16 mg/l
Mg* 13.70 mg/l co 0.0 mg/l
Fe*' 1.89 mg/l NOy 42.0 mg/l
Fe* 33.02 mg/l NO, 0.0 mg/l

Because of its position, water of the Holocene aquifer is easy to be polluted by external and human life factors. This
can be proved by considering the water analytical results of samples from Van Dien, Phap Van and Tuong Mai areas.
Especially, N-pollution spreads continuously in the southern area of the City. Furthermore, heavy metal pollution has
been found increasingly such as Hg, Mn and Cr. The BODs, COD values are higher, as well as coliform value, than
standard values. At Van Dien area, there was a record of 660,000 coliform/ 100 ml in one groundwater sample.
Furthermore, As-pollution has been found in the Holocene aquifer with a wide area, includes Thanh Tri, Thanh Xuan,
Tu Liem districts as well as Gia Lam and Dong Anh districts. Based on the analytical results of groundwater samples
taken in Dong Anh District, 6 out of 10 samples clarify arsenic concentration of higher than the standard (0.010 mg/1)
(Table 6).

Table 6 As contamination in wells of Holocene aquifer in Dong Anh District

No. Place Type of well As concentration (mg/l) |
1 Co Loa — Dong Anh Dist. Development well 0.080
2 Bac Hong — Dong Anh Dist. Development well 0.041
3 Hai Boi — Dong Anh Dist. Development well 0.055
4 Mai Lam — Dong Anh Dist. Development well 0.058
5 Dong Hoi — Dong Anh Dist. UNICEF-type well 0.001
6 Nam Hong — Dong Anh Dist. UNICEF-type well 0.003
7 Lien Ha — Dong Anh Dist. UNICEF-type well 0.001
8 Van Noi — Dong Anh Dist. UNICEF-type well 0.001
9 Tien Duong — Dong Anh Dist. | UNICEF-type well 0.045
10 Mai Lam — Dong Anh Dist. UNICEF-type well 0.061




'5.1.2 Pleistocene aquifer (qp)
Pleistocene aquifer has very important role not only for the Hanoi City but also for the whole Red River Delta because
of its abundant capacity, wide distribution and good quality. Considering the N, Fe and Mn concentrations of
Pleistocene aquifer groundwater samples in the Hanoi City area from 1978 to 2002, it can be seen that the total
N-concentration increases, and gets over the standard sometimes. Fe concentration changes clearly but is less than 20
mg/l, while Mn concentration is fairly stable. Arsenic contamination also has been found in the Pleistocene aquifer
(Table 7). More than half of water samples taken in the Pleistocene aquifer of Dong Anh and Soc Son Districts are
contaminated by arsenic with concentration higher than the standard. However, the mechanism of the arsenic

contamination 1s still not clear because of its complicated factors.

Table 7 As contamination in wells of Pleistocene aquifer in Hanoi City

No Place Type of well As concentration (mg/l)
1 Nguyen Khe — Dong Anh Dist. | Development well 0.010
2 Thi Tran Dong Anh Development well 0.036
3 Mai Lam — Dong Anh Dist. Development well 0.064
4 Hai Boi — Dong Anh Dist. Development well 0.105
) Uy No — Dong Anh Dist. Development well 0.002
6 Van Mon — Dong Anh Dist. Development well 0.054
7 Mai Lam — Dong Anh Dist. UNICEF-type well 0.078
8 Co Loa — Dong Anh Dist. Development well <0.001
9 Nam Hong — Dong Anh Dist. Development well 0.004
10 | Mai Dinh - Soc Son Dist. Development well <0.001
11 Nam Son — Soc Son Dist. UNICEF-type well 0.001
12 Phu Linh — Soc' Son Dist. UNICEF-type well 0.001
13 | Bac Hong — Soc Son Dist. UNICEF-type well 0.011
14 Phu Cuong — Soc Son Dist. UNICEF-type well 0.001
15 Phu Cuong - Soc Son Dist. Development well 0.011
16 | Phu Cuong — Soc Son Dist. Development well 0.004
17 Ngoc Thuy — Gia Lam Dist. Development well 0.060
18 Giang Bien — Gia Lam Dist. Development well 0.005
19 Viet Hung — Gia Lam Dist. Development well 0.011
20 Sai Dong — Gia Lam Dist. Development well 0.070

52 Groundwater Capacity in the Hanoi City Area
To evaluate groundwater capacity in the Hanoi City area, it is important to concentrate on the capacity of the gp
aquifer. With the geo-hydrographical characteristics mentioned before and the application of ModFlow software,
development capacity of groundwater from 2005 to 2010 can be simulated as mentioned in Table 8.
It is can be seen that the groundwater capacity is fairly enough to supply to the Hanoi City area. However, concerning
the quality of groundwater and groundwater resource conservation, development activities should be considered
carefully.

6. GROUNDWATER POLLUTION IN THE HANOI CITY AND GROUNDWATER CONSERVATION
ACTIVITIES
6.1 Groundwater Pollution in the Hanoi City

There are some main reasons of groundwater pollution in the Hanoi City,

+ Surface water resource of the Hanoi City has been polluted by organic and micro organic contamination, which
causes total coliform becomes higher than the standard. It is because there is no appropriate treatment process for
wastewater originated from life and production activities. Based on the statistic data of 2002, there are only 36/400
Jactories located in the Hanoi City that apply the wastewater treatment system. Almost of 450,000 ni’/day of human



life wastewater and 260,000 mj/day of industrial production wastewater enter directly fo irrigation system of the City,

Table 8 Groundwater capacity estimated to 2005, 2010 and 2020

No Well field Development capacity (m*/day ) in year Groundwater level (m)

2000 2005 2010 2020 to 2020 Accepted
1 Mai Dich ; 55,000 55,000 55,000 55,000 -17.54 -23.0
2 Ngoc Ha 43,000 50,000 50,000 50,000 -18.80 -25.0
3 Ngo Si Lien 45,000 50,000 50,000 50,000 -12.15 -25.0
4 Phap Van 26,000 30,000 30,000 30,000 -17.69 -27.0
5 Tuong Mai 26,000 30,000 30,000 30,000 -18.32 -35.0
6 Luong Yen 62,000 62,000 62,000 62,000 -15.41 -28.0
7 Yen Phu 80,000 80,000 80,000 80,000 -4.49 -23.0
8 Ha Dinh 27,000 26,000 26,000 26,000 -25.59 -34.0
9 Ha Dong 48,500 48,500 48,600 48,600 -13.02 -39.3

10 Other 12 water supply stations 66,200 95,800 95,800 95,800 accepted | -23to0-33

' Total 478,700 | 527,300 | 527,400 527,400

then flowing into the inner River system. As the results, water in the inner rivers such as Kim Nguu and To Lich
Rivers has BODs of 3 times higher and coliform of 57 times higher than the standard type B.
+ Uncontrolled groundwater development in the Hanoi City can cause the degradation of groundwater resources and
lower the groundwater level, in addition to soil subsidence associated with deteriorating water pollution.
+ There are 2,108 abandoned and un-filled wells in the Hanoi City. They may lead to that the pollution process from
surface water to groundwater becomes more seriously (Table 9).
+ The leakage of polluted water from dumping ground to groundwater:
+ The use of chemicals and fertilizers in the agricultural activities.

Table 9 Un-managed groundwater development in the Hanoi City

District Wells for Wells for | Surface water | Irrigation | Unfilled
human life | production | development gate wells
Hai Ba Trung 2,814 270 0 58 0
Hoang Mai 14,880 23 0 52 458
Thanh Tri 13,386 55 26 182 785
Hoan Kiem 254 51 0 44 7
Thanh Xuan 2,146 13 0 64 300
Tu Liem 24,087 591 4 73 4
Tay Ho 9411 95 5 329 160
Dong Anh 51,582 187 2 6 110
Long Bien 13,650 121 0 114 69
Soc Son 32,101 40 36 20 355
Gia Lam 38,489 29 52 24 16
Ba Dinh 510 62 0 20 73
Total 199,634 1,530 121 988. 2,108

6.2 Groundwater Conservation Activities
It is needed to consider carefully problems listed below for better groundwater conservation.
- To conserve the development capacity, the development activities should follow regulations strictly to avoid:
+  Land subsidence.
+  Damage of buildings and projects on the ground.



+  An influence on plant because of decrease in groundwater level,

+  An influence on the groundwater protection programs have being carried out.
To conserve the water quality: Overload groundwater development may cause an increase of solubility of some
elements and chemicals. As the results, environment of groundwater can be deteriorated also.

To strengthen the groundwater conservation, there are some comments should be considered,

a. To build effective and strict regulations o manage the development activities, especially for the small capacity
development.

b. To improve and to complete the plan for groundwater development waterworks in each period and in the future.

c. To set up the solid waste and wastewater treatment processes.

d. To manage the environmental conservation activities.

e. . To refer scientists consideration carefully.

- Community education to conserve and to save the groundwater resources, reasonable development and natural
environmental protection.
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We Love "SHIMANTO"

BE 7T MmAt-REBES
Japan Society of Shimanto
Policy and Integrated River
Basin Management
URL:http://www.lab.kochi-tech.ac.jp/shimanto/
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