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Tresé: Obszar badan jest zlokalizowany w potudniowej czgéci Wietnamu na obszarze wsi Hong Phong
i Hoa Thang w okr¢gu Bac Binh w prowincji Binh Thuan, gdzie wystgpuja czerwone piaski wydm
przybrzeznych. Obszar ten nalezy do najbardziej suchych w Wietnamie. Wykonano pomiary oraz prze-
twarzanie i interpretacje¢ danych geofizycznych w celu oceny warunkow hydrogeologicznych. Wykona-
no sondowania i profilowania geoelektryczne, sejsmiczne badania refrakcyjne, sondowania magnetycz-
nego rezonansu jadrowego, MRS, badania elektromagnetyczne VLF oraz TEM, a takze badania
georadarowe dla rozpoznania struktur geologicznych. Gtownym celem byto rozpoznanie potencjalu
hydrogeologicznego. Stwierdzono wystgpowanie dwoch warstw wodonosnych, z ktérych druga, na
glebokosci 40+90 m okazala si¢ warstwa perspektywiczna.
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INTRODUCTION

Binhthuan-Ninhthuan coastal area is located in the southern part of Vietnam, where extensive
red-sand dunes occur with about 90 km of length and 12 km of width from Ham Tan to Phan
Rang. The region is a typical semi-desert region in Vietnam. The study area (Bac Binh) is
located between 11°00'00”—11°05'00" N and 108°15'00"-108°25'00" E, where a driest place
is located in the centre of above mentioned semi-desert region. The aim of geophysical inves-
tigations is the appraisal of hydrogeological condition for groundwater aquifer location in this
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area. The complex of geophysical tools as geoelectric resistivity measurements, electroma-
gnetic soundings, seismic prospecting were used for location of basement and aquifers.

There are two local aquifers which were interpreted by complex of geophysical data.
The shallow aquifer is limited of water table and the second aquifer is located between 40+90 m
of depth with a great potential of good quality water. The results of geophysical techniques are
proved by two monitoring wells with the depths of 63 and 71 m and by two testing wells with
the depths of 95 and 110 m.

OVERVIEW OF RELIEF AND GEOLOGY OF STUDY AREA

The morphology of area is mainly plain with some hills and coastal plains with variable relief
from west to east (Fig. 1). The geological units of the study area are mainly Pleistocene sedi-
ments, consisting of marine-aeolian, alluvial-marine and marine sediments. Underlying
Quaternary and Neogene sediments are hard rocks of igneous and metamorphic origins like
dacite-ryodacite with very low permeability which can’t be considered as likely aquifers (Thoa
et al. 2006).

Fig. 1. Location of study area and geophysical measurements by profiles

Fig. 1. Obszar badan w poludniowej czgsci Wietnamu oraz potozenie profili pomiarowych
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GEOPHYSICAL INVESTIGATIONS

There are two seasons of a year in semi-desert area: dry season and rainy season. Due to very
dry sand at the surface of the study area the best of geoelectric data should be collected during
the rainy season (from July to October). Then, there is useful time for geoelectric measure-
ments because contact between electrodes and rock formation is good. The best time for col-
lecting seismic and electromagnetic data is in dry season (Nguyen & Le Ngoc 2007). Follo-
wing geophysical techniques were used for investigation of hydrogeological structure of the
study area including methods:

a) vertical electrical sounding (VES) with Schlumberger configuration array (current elec-
trodes AB=1000 m and potential electrodes MN=100 m (maximum)), electrical profi-
ling with AB=400 m and step 60 m (Pham ef al. 1994). Geoelectric measurements were
made by Terrameter SAS 4000,

b) seismic refraction survey along 8200 m line, each spread of 115 m length with 5 m
spacing between geophones and with 5 shot points located inside and outside of the
spread, made by Terraloc Mk6 (Fagin 1991, Giang et al. 20006).

The electromagnetic methods as well as magnetic resonance sounding (MRS) (Girard
et al. 2005), transient electromagnetic sounding (TEM), very low frequency (VLF), ground
penetrating radar (GPR) are used with modern instruments for local geological structure inve-
stigation and assessment of groundwater potential of study area.

On the study area we carried out 126 VES stations by 12 profiles. A pragmatic appro-
ach was used for VES data interpretation. The values of resistivities or thicknesses of every
layer of the model can be modified instantaneously by various steps in defined ranges. This
procedure allows the interpreter to see directly on the screen the influence of each layer and
to use his geological knowledge in order to choose the most suitable model for the hydroge-
ological problem. The aquifer of ground water is located by resistivity from VES interpreta-
tion with the depths to top of water table changing from 35 to 60 m. Ground water in the
aquifers is fresh water because the values of resistivity calculated by geoelectrical data are
ranged about 20 Q.m.

The 8200 m of seismic refraction profiles were carried out by 4 sections (segments)
(Gianget al. 2006). In this paper we present typical one section T1 which was located approxi-
mate direction SW-NE in the study area. The time-distance curve and section of seismic refrac-
tion is presented in figure 2. The depth of basement (bedrock) and the thickness of the sand
deposits and aquifer are determined by seismic refracted interpretation. The geological forma-
tion from surface to bedrock consists of 4 layers on the basis of seismic velocities. There are
identified four layers: first one is a surface layer with seismic velocity from 400+800 m/sec and
thickness from a few to 20 m, second layer is a subsurface layer with seismic velocity from
800+1500 m/sec and average thickness from 30+40 m, third layer is also a subsurface layer
with seismic velocity from 15002800 m/sec and average thickness 50+60 m, and the fourth
one is a basement layer or bedrock with seismic velocity over 3000 m/sec and the depth on the
range 60+140 m from the surface.

The Magnetic Resonance Sounding (MRS) with Numis Plus instrument and the Tran-
sient Electromagnetic Sounding (TEM) with Protem 57 instrument were used for collecting
data on TO, T1 and TEM profiles (Fig. 1). A geophysical datum always consists of two num-
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bers — the measurement itself (signal) and the uncertainty of the measurement (noise). The
electromagnetic background noise originates from various sources which may be from the
power supply and the related man-made electrical installations or from lightning. The test
measurements were used on the study area for reducing the noise and increasing the signal for
choosing optimum configuration (Bernard 2006). Datasets were processed and interpreted by
modeling program for investigation of hydrogeological condition of studying area, as well as
layering structure and aquifers.

TIME - DISTANCE CURVE FOR T1 LINE AT BAC BINH-BINH THUAN

Fig. 2. Section of seismic refraction of T1 line at Bac Binh (The values within the section present the
velocity in m/s)

Fig. 2. Zmiany predkosci fali sprezystej na sekcji refrakcyjnejwzdtuz linii T1

There are two aquifers of groundwater (Figs 4 and 5). The shallow aquifer is located
from 20+40 m of depth with poor groundwater and the second aquifer is located from 6090 m
of depth with potential groundwater. The complex geophysical interpretation of electromag-
netic data shows that the MRS and TEM are good correlation tools for location and asses-
sment of aquifer on sand dune area (Nguyen & Le Ngoc 2007). The results of electromagnetic
data are the basis to propose new sites of drilling wells for hydrogeological targets.

A curve of magnetic resonance sounding and its model after interpretation for point 10
of the profile T1 in study Bac Binh area is presented in figure 3. The interpretation of the MRS
section indicate that there is aquifer with thickness 25+30 m. The result of TEM investigation
shows 4 layers, among those is aquifer oas the third layer.

All geophysical data were collected, processed and interpreted for investigation of hy-
drogeological condition of studying area. The aim of the complex geophysical interpretation
is the appraisal of hydrogeological potential for groundwater augmenting by delineating the
subsurface distribution of groundwater in this area. In addition, the relationships between the
surface/subsurface layer’s parameters were proposed and we show the results seem be useful
in identifying new sites that are suitable for groundwater monitoring and exploitation.
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Fig. 3. Result of interpretation of MRS at point 10 — profile T1 in Bac Binh area

Fig. 3. Wynik interpretacji sondowania magnetycznego rezonansu jadrowego w punkcie 10 na profilu
T1 na obszarze Bac Binh
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Fig. 4. Results of interpretation for profile T1 by Magnetic Resonance Sounding data in Bac Binh area
(1 — fine sand layer, 2 — coarse sand layer)

Fig. 4. Wyniki interpretacji sondowan magnetycznego rezonansu jadrowego na obszarze Bac Binh
(1 — warstwa piaskow drobnoziarnistych, 2 — warstwa piaskow réznoziarnistych)

The distribution of basement (bedrock) for study area by complex geophysical interpre-
tation is presented in figure 6. The results of geophysical interpretation for study area are
proved by two monitoring wells with the depths of 63 and 71 m and by two testing wells with
the depths of 95 and 110 m.

Aquifer test began on 27 May 2005 and ended on 5 November 2005. Total time duration
of pumping is 6.5 months (162 days). During this time, an amount of 33598.8 m? of ground-
water was abstracted.
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Fig. 5. Section of geological structure of profile TEM (0+1750 m) by transient EM sounding data (two
shadowed layers indicate aquifers)

Fig. 5. Przekroj geologiczny wzdtuz profilu TEM (0+1750 m); sondowania elektromagnetyczne (dwie
szare warstwy oznaczaja dwa poziomy wodonosne)

\‘i-"ﬁ M

Fig. 6. The structure map of basement (bedrock) for study area on the basis of complex geophysical
data

Fig. 6. Mapa strukturalna podloza na obszarze badan wykonana na podstawie wynikow kompleksowych
badan geofizycznych
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CONCLUSIONS

The complex of geophysical techniques are used successfully for hydrogeological targets on
semi-desert area — Bac Binh in southern part of Vietnam, where the shallow geological forma-
tion consists of two parts — overburden and bedrock. The depth of bedrock in Bac Binh area is
in range from 60 to 150 m in general, but around mounts is in range from 15 to 20 m. There are
4 layers of geological structure in the study area: the surface layer is dry sand and the second
and third layers are corresponding to aquifer. The interfaces of layers are determined by con-
trast of seismic velocity values. The velocity value for basement (bedrock) is over 3000 m/s
and for overburden is in range from 400 to 1500 m/sec. The depth to bedrock is distributed
from 60 to 140 m. The third layer is corresponding to saturated or semi-saturated sands. This
aquifer is distributed not over area and the depth to top of aquifer is from 25 to 70 m and to
bottom is from 80 to 100 m.

The hydrogeological potential for groundwater augmenting is based on geophysical
interpretation by delineating the subsurface distribution of groundwater in this area. In addi-
tion to this result, the relationships between the surface/subsurface layer’s parameters were
proposed and were shown to be useful in identifying new sites that are suitable for groundwa-
ter monitoring and exploitation.
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