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Abstract

The application of geophysical investigation to the study of the mechanism of a
spring system is discussed. The springs are located within the Southern mine field of
the Power Public Corporation in Ptolemais (Greece) in a small valley which is sup-
posed to be filled with the excavation products of the mine. Thus, the aim is to pro-
tect the stability of the future valley fill from the water circulation at its floor.

The scope of the survey is to study the mechanism of the spring in order to pump the
underground water and minimize the water supply of the main source.

A number of wells have been constructed along a line that was considered to cross
the path of the underground water in order to pump the water but they failed. Geo-
physical investigation has been decided in order to contribute to the solution of the
problem. Electrical tomographies have been conducted in an effort to detect the un-
derground path where the underground water flows towards the springs.

The results of the application of geoelectrical tomography and VLF methods showed
a faulting system where the underground water is flowing and finally forms the
Springs.
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MepiAnyn

2NV gpyacia mapovaidlovial Ta ATOTEAETUATA THS EPAPUOYIS YEWPLGIKWOY 1uedodwY
OTHY UEAETN TOL UNYAVIoUOD AEITOVPYIAS GUOTHUOTOS THYMV OE TURUO Tov Aryvitopo-
xetov Notiov Ilediov g AEH otnv [Ttoleuoida. Or mnyés avafiiviovy oe koiado. ui-
KpHS Extaong n omoio. mpofiénctor va mAnpwbei ue viika eEopuéng tov opuvyeiov.
2TOY0G THG YEWPVOIKNG EPEVVAS HTAV VO COUPGAEL GTHV ETIAOYH THG TPOTOD O1OKOTHS
™G Agrtovpyiog Twv TNYWV Eto1 ote va unv covavtnBoiv mpofiquare evotdbelag
TV TPAVOV UETE, TV ATOOEO TV VEWV PEPTOV DAIKMDV.

T v emitevén tov oTté)0L AVTOD omopaithTy TPOVTOOeon Hrav n HEAETH THS PONS
TOV DITOYELOV VEPOD £T01 WoTe va ovtinbel mpv v avafAvar) Tov otov xwpo twv mn-
yov. Idwaitepy SvoKoAio. aTHY KATOVONOH TOD UNYOVIGUOD ALITOVPYIaS TV THYMHV
TPOKVTTEL ATTO TO PEYOVOS OTL TO HOPPOLOYIKO OVAYAVPO TNG TEPLOYNS EPEVLVAS OEV -
VIOVAKAG TIS TPOYUOTIKES YEWAOYIKES Kal TEKTOVIKES OUVONKES TTNYV TEPIOYH 0pOD
O1aUOPPAOVETOL TO TEAEVTAUR YpOVIa Ue TNV amdlean pept@v vAkwY eE0poéne mov dev
EMITPETOVY TNV GUECH YEWAOYIKN TAPATHPNON.
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Aéxa (10) yewnlextpixés Topoypopics mpayuaromombnkay ue v oiaraln niektpo-
01wV SIm6Aov-01moA0v KaOMS Kal 00EDTEIS UETPHOEWY [E THV NAEKTPOUAYVHTIKY [EGO-
oo VLF.

Ta amoteAéouato. TOL TPOEKDWAY OO THV EPOPUOYH TWV YEDHAEKTPIKOV TOUOYPO-
oy édeiCav v drapén pnéiyevods Soung uEcw TS OToIas MOTEDETOL 0TI TPAYUCTO-
TOIEITAL 1] PO TOV DIOYEIOD VEPOD.

Aé&earg khadd: Hlextpixy) topoypagio, VLF, mny.

1. Introduction

Valley fills are carefully engineered earth and rock structures designed and constructed to safely
and permanently hold excess rock and other native material generated from excavation activities
such as mining.

Coal industry officials all over the world are concerned about the creation of natural drainage in
valley fills that keeps them from retaining water. If water builds up in a valley fill, it affects the
fill’s stability the same way that too much water in the ground can cause mudslides and other
landslips.

In the valley that is planned to be filled two springs exist providing approximately 60 m’/h of
water. The water is filling a small artificial lake. These springs cause a serious problem for the
construction of the valley fill since the flow of the water is expected to draw away the filling
materials and thus cause problems on the stability of the valley fill.

A number of wells that have been constructed along a line that was thought to cross the
underground channels of the water missed to find them.

Geophysical methods are widely used to the hydrogeological study. In particular, geophysical
methods have been proved to be effective to the study of stability problems i.e. landslides etc
(Friedel et al. 2006, Roth ef al. 2002, Sultan et al. 2004, among others).

The methods of electrical tomography and VLF electromagnetic have been applied. Profiles in
various directions around the springs as well as close to the wells have been measured. The wells
have been used mainly as calibration data since the geological columns were known.

2. General information of the area surveyed

2.1. Location-Topography

The area is located between the villages Pteleon and Charavgi (Fig. 1) 13 km SouthEast of the
Prolemais city.

The relief of the area in Figure 2 is the initial relief and it does not reflect the present situation
since valley fills have changed the original topography. That poses difficulties since it makes more
difficult the recognition of geological formations and structures in the field.

2.2. Geological setting of the area.

The geological map of the area has been reconstructed from the IGME map on the scale of
1:50000 (Fig. 2).

The geological formations that are mapped in the area surveyed are:

Recent alluvial deposits and elluvial formations: (Al): Sands, gravel and clay.

Brecciated slide rocks (Pt.): Formation of old breccia which is containing red clays and
limestone particles.
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Figure 1 - Location of the area surveyed (South Field Mines)
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Figure 2 - Geological map of the area
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In detail, geology close to the area consists from three particular layers (from the top):

Upper layer: Alternation of white marls and thin beds of marly limestones.

Middle layer: Finely granular and biochemical sediments (clay, white marl and thin layers of lig-
nite).

Lower layer: Conglomerates, red clays that turn to sand and marls to the top.

Detailed information about the near surface geology of the area arises from the wells that have
been constructed at the area in order to pump the underground water.

A group of springs is present in the area (Fig. 3).

4482000

4481000

4481000

Figure 3 - Location of the springs (Q1-2-3-4). Dotted lines represent the edges of the earth-
works

The most interesting springs are the Q1 (40 m*/h) and Q1A (20 m’/h), since in the small valley that
is close to the springs a valley fill is planned to be constructed.

The study of the hydrogeological behavior of the formations that are present at the area show that
underground water could flow either to the marly limestone or to conglomerates. In the case of the
limestone secondary permeability in faulted areas is assumed to allow the flow of the water.

In the geological columns of the wells that are mapped on the right, three geological units are
present. The upper one (dark color) represents the red-brown clay, in the middle the marly
limestone is formed and the deeper layer is the formation of marl, clay and lignite.

The water level is observed within the formation of the marly limestone. The problem is, that, even
the wells are all drilled in a line to the northeastern part of the springs the water supply in the best
case is less than 6 m’/h.. That notice does not agree with the initial interpretation of the water flow
to the springs from the northeast direction.
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Figure 4 - Wells constructed at the area (on the left). Geological columns and water level (on
the right)

Thus, geophysical survey has been decided in order to provide more detailed information about the
geological and tectonic structure of the area in relation to the underground water flow.

3. Methods applied
3.1. Electrical tomography

The parameters of the tomography have been adapted to the geological setting of the area. The
electrode array of dipole-dipole has been selected.

The SYSCAL instrument has been used for the electrical tomography.
Since the maximum depth of investigation was set to 80 meters the parameters were:

e Electrode separation (a): 3-5 m

e Maximum distance between current electrode and potential dipole was set to n*a, n*2a and
n*3a where maximum value of n was 8.

The expected depth of the array described with these parameters is close to 95 meters and in the
initial tomography 690 measurements of the apparent resistivity have been measured (Fig. 5).
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Figure S - Sketch of the designed tomography
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The Tsourlos (1995) algorithm for the inversion of the data has been used in addition with the
RES2DINV program (Li and Oldenburg 1992).

Topography has been taken under consideration in order to get the realistic resistivity distribution
in the area.

3.2. VLF electromagnetic method.

The WADI (ABEM Instruments) instrument has been used in order to measure the tilt angle and
ellipticity of the magnetic component of the electromagnetic field.

VLF method is widely used for the detection of conductive zones that reflect the existence of
faulting structures filled with material as clay or water.

Secondary electromagnetic field produced by a primary one propagating in conductive zones is
measured and enable us to detect the source.

Raw data which refer to the real (tilt) and imaginary (ellipticity) component of the magnetic field
are processed further in order to be interpreted. Fraser filter has been applied in the first place
while Karous-Hjelt filter has also been applied.

Sector software (ABEM Instruments) as well as the Nissen’s (1986) programs have been used.

The first one permits the qualitative interpretation of the data since Nissen’s code allows the
characterization of the faulting zones as concern their resistivity. Thus, more accurate
interpretation as concern the material that fills the faults is achieved.

4. Field survey-interpretation

As it is mentioned before, electrical tomography and VLF measurements have been conducted.
The location of measured profiles is presented in Fig. 6.
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Figure 6 - Location of tomographies and VLF profiles

Electrical tomographies are presented in thick black lines since VLF profiles are presented with
dashed lines. For the simplicity of the figure only ERT (Electrical Resistivity Tomography) are
numbered.

The concept of arranging the profiles was to detect fracture systems at the direction of North-East /
South West and North-West / South-East respectively.
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4.1. Electrical tomography

Ten (10) electrical tomographies have been conducted in a total length of 2000 meters. Electrode
separation was 3m. for ERT 1,5 and 6 and Sm. for the rest.

For the shake of space economy only representative inversion results are presented. Raw data,
inversion model and final resistivity model of the tomographies are presented in Figures 7 and 9.

The tomography is represented in three parts. In the upper part the raw data are drawn. In the mid-
dle one, the initial inversion model is represented and at the bottom, the final resistivity model is
shown.
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Figure 8 - Robust inversion in addition to topography correction of ERT NP8

-611 -



Depth _Heration S RMS enor=89 % =
00 40 480 720 %0 (O 120 m

05
26
51

81

98
118
139
182
87

pil]
__ lewerse Madel Resistivity Section
[0 ) 0 [ T D O O I T N A O
861 143 237 83 85.2 108 179 298
Resistivity in ohm m Unit electrode spacing 30 m

Figure 9 - Electrical resistivity tomography NP6

Since the elevation had a significant increase towards the north-eastern part of the tomography,
topography correction has been estimated while Robust inversion has been applied in order to en-
hanced the lateral sensitivity of the inversion. The final result is shown in Figure 9.

We can see that resistivity values vary from 9 Ohm-m to 200 Ohm-m. The geological units ex-
pected at the area are the Upper and Middle layer as they are described in previous session. High
resistivity values correspond to marly limestones and white marls. Low resistivity values corre-
spond to clay or to water filled zones of marly limestone.

log (Ohm-m)

0.10 1.20 1.53 < 1.66 1.90 2
Figure 11 - Combined presentation of ERTS from NP1 to NP6

Geological interpretation taking into account the resistivity distribution suggests that the formation
of marly limestone dominates the cross section. At the eastern (right) part of the tomography at the
depth of 25 meters argillaceous formation is tracked down in lateral contact with the limestone at
150 meters of the tomography.

The main interest of the tomography is focused in the two conductive zones located at the 70nth
and 110nth meter that are buried at the depth of 15 and 25 meters respectively. In Fig. 8 the projec-
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tion of the spring Q1 is presented as a cross of the ERT and the imaginable line that connects Q1
and Qla (distance is 45 m.).

From this picture stands to reason that the position of the spring is directly related with the con-
ductive zone in the 70th m. and on the secondhand by the second one in 110 m.. It is believed that
these two conductive zones are in correspondence with a faulting system at the area.

NP6 is the closest tomography to the spring Q1. In Fig. 9 the position of the spring is marked on
the 102" meter. It is interesting that exactly at the same location a vertical body which seems hav-
ing resistivity higher than the lateral formations is detected.

Combined interpretation of both NP6 and NP8 tomographies suggests the crossover of two faults
as the favorable path of the underground water flow to the surface.

The first fault is detected from NP5 and NP6 tomographies and it is characterized by an azimuth of
ENE-WSW direction. The second one is detected from NP8 tomography and has an azimuth of
NW-SE direction. The crossover of these faults is observed to the area where the spring Q1 is lo-
cated.

4.2. VLF survey

VLF data treatment refers to the application of Fraser and Karous-Hjelt filtering. In the figure
below we can see the Fraser filtered data (on the top) and Karous-Hjelt filtering in a section of 200
m. and the corresponding tomography at the bottom (NP4).
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The conductive zone having center at the 160-170 meters of the VLF profile is in accordance with
the discontinuity at 170 meters of the resistivity tomography. This faulting zone is related with
Q1A spring.

In the next figure the conductive zones detected from VLF survey are mapped.
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Figure 12 - Conductive zones detected from VLF survey

In the figure above the background topographic map shows the slope of the initial relief of the area.
Assuming that the slope of the relief could be an indication of probable faulting structures we can
see that VLF conductive zones are elongated along the NorthWest-SouthEast zone of high slope.

5. Conclusions

The application of electrical tomography and VLF methods to the study of the mechanism of a
group of springs is discussed.

Geophysical survey was of very high importance since the present morphological relief does not
correspond to the original geological and tectonic structure of the area as a result of the deposition
of excavation products.

Results from the interpretation of geophysical data showed the stratigraphy of the area, pointing
out that a superficial layer of marly limestone is lied over a clay/marl/lignite formation. Vertical
electric soundings conducted at the area between NP4 and NP6, showed that marl has a great
thickness (over 180 meters) and it is the major formation that allows the water flow through
preferable faulting zones. The major fault that is detected at the area has a direction of
approximately 315° which is in accordance with the slope of the initial relief as it is formed at the
area.

Thus, wells that will penetrate the detected zone are proposed in order to pump the major part of
the water to both sides of the valley that is planed to be filled.
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