B n Bundesanstalt fir
Geowissenschafien

;S y”ammmm.  und Rohstoffe

Sustainable
Groundwater

Develonment

fl_lé} NHA XUAT BAN DAl HOC QUOC GIA HA NOI
i a3 VIETNAM NATIONAL UNIVERSITY PRESS, HANOI




International Conference on Sustainable Groundwater Development
October 26-28, 2017
Hanoi, Vietnam

RECHARGE IN IA KHUOL COMMUNE, CHU PHA DISCTRICT, GIA LAI

PROVINCE.........cccoverusrearaccsesuessasasssassscssnenssssssnsanssnsssssssssssansansansanssnsssssnsancsass 249
SOLUTIONS TO EXPLORE AND USE REASONABLY THE
UNDERGROUND SOURCES IN THE T.adg AQUIFER IN THE
SOUTHWEST REGION OF HA NAM PROVINCE ......cccccovimmnniicninns 264
SELECTION OF SUITABLE NATIVE PLANT SPECIES FOR
PHYTOREMEDIATION OF ARSENIC IN THE MINING AREAS .......... 271
SORPTION OF HEAVY METALS BY BENTONITE IN CO DINH AREA,
THANH HOA PROVINCE ..ot 281
ACCUMULATION OF ARSENIC AND MULTIPLE HEAVY METALS IN
PTERIS VITTATA L. AND ITS UTILIZATION POTENTIAL FOR
PHYTOREMEDIATION AND PHYTOMINING.......ccocomimininininisininnannnnes
EFFECTIVE PREDICTION OF CLIMATE CHANGE AND SEA LEVEL
RISE ON SALTWATER INTRUSION IN TO AQUIFER BY

GROUNDWATER MODELING IN RED RIVER DELTA PLAIN, VIETNAM
303

.........................................................................................................................

COUPLED GEOLOGY EVOLUTION AND GROUNDWATER MODELING
TO SIMULATION OF PALEO SALT OCCURRENCE IN RED RIVER

DELTA PLAIN, VIETNAM ...ococoiimimuimmssussmssessssemsssmsssmnsssssscnasessses 304
DESIGN SOLUTION AND CONSTRUCTION PROCESS OF RADIAL

D ey o) o0 1. F———— 306



Internation |
al rence )
Conference on Sustainable Ground
water
28, 2017
Hanoi Vietham

October 2. /)l’\'(‘/u,m“-,,,

SOLUTIONS TO EXPLO

RE AND USE REASONA
‘ ) NABLY
UNDERGROUND SOURCES IN THE T:adg AQUIFER IN I::E

SOUTHWEST REGION OF HA NAM PROVINCE
Tran Thi Thanh Thuy'”, Do Van Binh . p, Van Thuy ', Tran Ngoc Hoang"”
(1): University of Mining and Geology

2): Nati ’r Resour i
(2): National Water Resources Planning and Investigation Center

(3): Institute of Hydrometeorology and Climate Change

A-bstract: Southuic’sl of Ha Nam province distributes valuable aquifers in the Triassic
limestone formations of Dong Giao formation (T2adg). This aquifer is of good quality
and has an average reserve and is being exploited for a variety of socio-economic
purposes. However, the exploitation of this aquifer has not been planned, there are
large water exploitation projects but there are also many small exploitation projects.
This exploitation has affected the quality, reserves of water in the aquifers, causing
pollution and depletion of water resources. Research results show that aquifers which
are related to surface water, water in Quaternary aquifer are influenced by water
sources mentioned above.

The article mentions the situation of water resource exploitation in the reservoirs of
Teadg and proposes solutions to exploit and protect the aquifer for rational and
sustainable exploitation and protection of the water environment from being
contaminated and depleted.

Keyword: exploitation, reasonably use, Ha Nam

For Karst groundwater, there are

inTroducron many factors affecting quality and

According to the announced results of quantity such as .rainfall, terrain
many authors, the southwest region of characteristics, river nethrk,
Ha Nam Province exists a fracture distribution depth of the aquifer,
aquifer, fracture - Karst. This is a very composition and df:grec of soil.cfz}cking,
rich aquifer. The quality and reserves of waste sources, agncyltural activities and
water in the aquifer ensure large-scale mining explm_tatl.on in the area, degree of
exploitation.  However, there are water exploitation ... These fa;tors
currently ~ constructions of water strongl)j affect the q}xahty and quantity of
exploitation in these formations with water in the aquifer. Therefore, the
different  scales. ~Massive  water solution to exploit and use reasopably the
exploitation  without planning and underground water sources 1n tradg

aquifer in the southwest region of Ha
Nam province is an important and
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management has been causing bad
impacts on water quality in the area.
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necessary issue. The solution \Yll]
contribute to the protection, effcctn_/e
exploitation and use of water resources in

the aquifer sustainably.
Research Methodology

To study the factors affecting tl}e
underground water cnvironment' in
southwest region of Ha Nam province,
the authors have used the following
research methods:

+ Method of collection;

+ Method of field survey;

+ Method of synthesizing and
evaluating documents;

+ Expert method;

+ Method of sample taking and
analysis.

Results of research and discussion

3.1. Characteristics of underground
water environment in southwest region
of Ha Nam province

On the basis of the collected data and
the results of the field survey,
exploitation drill it is found that the
study area has aquifers in the order of top
down as follows:

Holocene porous aquifer (gh)

The Holocene aquifer has a very wide
distribution area that covers most of area
of the province except for the exposed
areas of the original rock. The Holocene
aquifer consists of sediments of various
origins, which are interlaced: the upper
part is silk clay with 1-3m thickness
without water containing capacity. Only
fine sand to medium layers of sand are
capable of containing water. The water
containing sediments distribute very
wide. The main component is sand, and
mixed with silk clay. This is the main
aquifer and the main object. The
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thickness of the aquifer i ¥
The thickness is usually bct“,ch

m and the thickness chrCaScs 10.30
west. In Diep hill areg and molo the
ranges in Kim Bang, Thigk Ut
thickness of aquifer is beve]eg thin] 'le .
completely lost. The aquifer h) ang
hydraulic  relationship i, Su‘:sf 2
water. Boreholes TD(3, T0053°°
TD06, TD22BS and TD23Rg i th[')'
study also have this aquifer at 5, h is
depth of 7.0 m to 15.0 m. COmpose oef
small black gray sand.

A series of drilling holes in Phy [
area when pumping test for 2.3 hour
show a clear sign of the water supply
boundary ~from river. Long(en
monitoring results also show (y
groundwater and surface water haye
relatively tight hydraulic relationship,
The supply source for the aquifer js
rainwater on the permeable area.

itC Stable

Fracture aquifer, fracture - Karg
(t:adg)

The t;adg aquifer is located in the
west of Kim Bang and Thanh Liem
districts. Research results in many
boreholes in the area indicate that this
aquifer is very rich in water and that the
level of containing water is not even.
Boreholes in the study area have this
aquifer at a depth of 2.2 m (TD02) to
21.0 m (TDO7DP). The boreholes have
quite great reserve which varies ina wid
scale, and there are also boreholes
without water. The very unequal lcvg‘l 9f
containingwater is also a charactersi®
feature of the Karst aquifer. Inner Wit
is non-pressure and has local pressi®
intertwined.

This is one of the factors that mrfk‘
water in the aquifer relate directly f"c
water in the porous sedimentary O
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Jartenary- Therefore, if the porous
aquifer is contan)ina'ted, there will be the
sk of contamination of the fracture
aquifer. The supp!y source for the aquifer
is rainwater fallmg' on the permeable
area. BY monitoring, it has been
calculated that the vertical permeability
coefficient in limestone is 0.002141.
Water 1S discharged by surface
waterways (Day River) and by supplying
10 nearby aquifers. Underground water is
directly influenced by meteorological
and hydrological factors. In rainy
seasons (7, 8, 9), the groundwater level is
markedly increased. In dry season, water
level is the lowest. Because the Ta.dg
layer is rich in water, it should be an
important target for underground water
finding, exploration and exploitation.

There are also very poor or no water
geological units in the study area that
have no meaning in survey for water
supply.

3.2, Factors affecting  the
groundwater environment in the region

3.2.1. Natural elements

- Terrain: The terrain of study area is
mainly limestone so its terrain  1is
complex. Groundwater is mainly
supplied by rainwater but due to the steep
terrain, rainwater largely creates the flow
of water on the surface and drifts away.
Because the amount of infiltration is
smaller than in other areas, the supply of
underground aquifers is less than in other
areas,

Coating  Thickness: Coating
thickness plays an important role in
Increasing or decreasing the amount of
additive from rainwater. However, the
coating also plays an important role in
Preventing contaminants from entering
the aquifer. There are places where the

surface coating is very thin or almost
'flbsent, the exposed surface of the aquifer
Increases the possibility of water
pollution when exposed to the
surrounding environment.

. Climate: The study area is located
in the delta of North area with the
Fropical monsoon. The climate is divided
into two distinct seasons: rainy season
from May to October and dry season
from November to April the following
year. The amount of water added
depends on the amount of vaporization
and rainfall. The amount of rainwater
added to the aquifer through the fractured
zone of rocky soil. Rainfall plays an
important role in the supply of water to
underground aquifer. The area has steep
slopes and it’s difficult for rainwater to
drench into the aquifers, but due to the
heavy rainfall and it prolonged many
months of the rainy season, the total
amount of water infiltrated into the soil is
remarkable. Additional amounts can be
determined by the formula:

Q =x FW

For: a is the coefficient of infiltration,
F is the arca of the distribution of the
aquifer and W is the rainfall.

Air temperature: According to the
combined data for hydrometeorology
from 2007 to 2017, the highest regional
air temperature Wwas 38.9°C and the
lowest was 7.3°C, annual average is
23.46°C. Air temperature affects
groundwater through indi(cct.factom -
the amount of vaporization ~and
dispersion of water steam from creatures.

Hydrological and hydrogeological

conditions
+ Hydrography: River streams supply
to the aquifer when it is

water
linked to groundwater. At

hydraulically
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that time, river water will provide
groundwater with a quantity ‘of water
during the flood season and vice versa,
groundwater will provide water to the
river in the dry season. In the study area,
there are no large rivers flowing through
but mainly small streams, so the supply
is not large. Most notably, the stream
flows through the contiguous arca
between the plain and the limestone
mountains and the Day River at the edge
of the plain. So if the area has many
rivers and streams, the river water will
supply to the groundwater or vice versa.

+ Hydrological geology: The
aquifers in the study area have a
hydraulic relationship with surface
water. The main source of water for the
aquifer is rainwater on the permeable
surface. In this area, terrain with very
thin surface cover or where there is no
surface pollution, the potential for
contamination of groundwater is very
high.

Artificial elements

- Industrial activities: The industries
in this area are mainly mining, cement
manufacturing ... They have seriously
affected the groundwater in the area. In
the study area there are many mines and
many cement factories. Mineral mining
destroys the natural structure of the area,
disrupting the aquifers. On the other
hand, mining also makes the water
polluted by heavy metals, increases
turbidity, hardness to groundwater.

Solid wastes, wastewater from
industrial parks, factories which are not
properly treated and discharged into the
environment can generate pollutants and
wastewater from landfills that is not
hygienic is also a cause to groundwater
contamination. These pollutants wil]
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land on the ground, Zoing
groundwater transportatiop, th\al Pol
the water in the area. Or g, | Ut
cause pollution to surface W;‘lL‘r \va]s()
can pollute groundwater in (h, ztrca‘h'ch

+ Waste gas, dust from rock min:
cement manufacturing... whep rclc";hg.
into the environment, encounereg ra?c
conditions will be merged int, rai“\va:?"
falling to the soil, permeating through, t;‘r,:
soil layer, leasing to surfyce L“.al,k
thereby polluting groundwater of [}:
area.

Ough

Water exploitation activities in the
area: According to the statistics of Ha
Nam Department of Natural Resource
and Environment, by 2016, there are
94,000 underground water supply
projects in the province, of which 50,800
hand drills with a depth of exploitatioy
ranging from 8m - 64m, most of these
projects have a capacity of 0.5 to 2m'
day for some households. These projects
have the advantage of being casy 1o
invest and develop fast, but there are
some basic constraints due to the
spontaneous development, which makes
it easy to pollute groundwater.
According to the latest statistics of the
Department of Mineral and Water
Resources of the Department of Natural
Resources and Environment, most of the
wells exploited are already infected with
arsenic,

Karst aquifer currently has many
mining units with various types
projects, such as Number One compan):
which currently has 21 wells with @
capacity of 2.99m’/ day, Ha Nam Ta?
Phat Limited Company has 7 wells with
a capacity of 1,500m?¥ day. Cemer
companies, households ~are ¥
exploiting the aquifers making the
management difficult to control.
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population and urban development:

+ The increase in population in the
jea can increase the amount of

[lutants discharging into the
environment that affect the groundwater.
pumps, Sources of discharge will
contaminate the water source if not being
properly treated and managed.

+ Population growth may also
increase the demand for water, which in
um leads to a decline in the groundwater
reserves of the area. The amount of water
used is great so exploitation will cause
more risk of exhaustion and water
pollution. Increasing drilling holes affect
water reserves.

Other human activities:

+ Agricultural and forestry activities
increase the residue of pesticides and
chemical fertilizer and then contaminate
the aquifers. Plant protection chemicals
and excess fertilizer will directly seep
down to pollute the aquifers.

+ Construction activities: Natural and
artificial lakes are filled to make way for
factories and schools ... so there is no
artificial replenishment of groundwater.

+ Water which leaks from landfills
located on the surface of the surface and
there is no treatment system, the platelets
penetrates directly into the groundwater.

~ Daily waste water discharged directly
into the environment also affects the
aquifer. Some emission figures of the
units in the area are as follows: Hoang
L‘;“g Cement Joint Stock Company 7
M’/ day, Thanh Liém Cement JSC
300m’ / day; Sai Gon - Phu Ly Brewery

-

’CSC - 620 m® / day, Vissai %PM
Ompany 3 - 3/ day, Ha Nam
Yy 26 m y 4300

Umber One Limited Company -
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3 y

m / day .. Waste water is also an
Important  pollutant to pollute the
groundwater in the area.

3.2. Solutions to exploit and use
reasonably and sustainably protect the
aquifer

Technical solution

- The Karst aquifer has a thin surface
covering, which is sensitive to sources of
contamination. As a result, the protection
zone has been strengthened and
constructed in various forms. Waste
water must be treated before disposing in
the designated area, avoiding direct
seepage into underground water.

- Planting green trees in the bare
land to increase the landscape, increase
the filtering capacity of the soil.

- Using barriers to limit the spread of
dust in the mining areas.

- Constructing the bioremediation
systems using trees to treat waste water.

For households living in the area,
dungz treatment should be done by
composting, biogas and rational
collection. Domestic waste should be
collected ~ for treatment to  avoid
environmental pollution and  water
sources. Pesticide  packaging, bxo-
prcparations, waste oil and other toxic
chemicals should also be collected.

- Constructing observation stations '!n
the industrial parks, burial sites, thin

coatings Early detection and
troubleshooting.
Exploiting and using water properly,

water: To Karst aquifer,

ino fresh .
saving license for small mining

don’t issuc @

rojects, especially boreholes with low
Ea acity ~because they have low
4 but the high risk of

efficiency
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environmental pollution. Licensing 1s
only permitted with large boreholqs .that
are exploited centrally to faCIIl.tate
supervising, monitoring and forecasting.
For large exploitation constructions
(bore diameters of 168mm and above), it
should be exploited at the depths of 25 to
75m where there is more cracked soil,
has good storage and drainage. At other
depths, soil and rock are less cracked so
the water containing capacity is lower.

Management solution

- Apply legal documents such as
laws, decrees and circulars to guide and
protect underground water resources in
the area.

- Monitor periodically and supervisor
water resources. Carry out the
management, close inspection of the
drilling units, water exploitation units ...

+ Compile exploitation records of
works for management, licensing and
prohibition.

Apply new production technologies
to management, exploitation and use to
minimize pollution and save water.

- Plan the exploitation to avoid
depletion, subsidence and pollution
caused by mining.

- Apply economic tools to penalize,
encourage and formulate beneficial
projects, ensure water supply and
hygiene. Strengthen the communication
and education to raise awareness and
understanding of all subjects.

Conclusion

The aquifer in
formations in the sout
Nam province is a va]
that can be exploited to
life. However, this

the hard rock
hwest area of Ha
uable water layer
meet the needs of
aquifer is being
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affected by many positiye
factors: the effect of ¢
conditions and the amg
added to the aquifer
continuous.

- To protect the Karst aquify ¢
long-term, sustainable exploitatiop “wf
necessary to delineate the mining'arel:
prohibit small and odd C.‘(ploilali(;
projects. The exploitation of waer in m‘;
aquifer should be used in concenm;
exploitation projects with mediyy o
large construction flow to contro] g
protect the aquifers.

A0 negy,
n'aln, natu:ai
unt of ..
IS Clegr

ag

Manage waste sources (wase
sewage, waste gas) polluting war
sources and strictly manage and sever
treat the cases of polluting the water
environment.

- Mineral exploitation activities inthe
southwest region of Ha Nam provine
are complicated and have bad impactson
the water resources in the aquier

Therefore, there must be stron
management  measures  of
government.

- The solutions to exploit and
water environment mentioned above &
appropriate and should be ket
seriously to protect the valuable V¢
resources in the area.
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