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ABSTRACT 
 
The water movement in the soil contributes to entrainment of particles of varying sizes and, over time, some ten-
dency for the orientation of this flow may occur. In the areas with particular soil characteristics, an internal discrete 
drainage network appears, that manifests differently depending on the causative factors. The aim of the recording 
and monitoring of this concentrated water flow movement that contributes to soil erosion as a discrete pipe net-
work through a geophysical method is that of understanding his evolution. Using a method such as the Self Po-
tential (SP) allows the study of the piping processes in a quantitative manner. In the peripheral area of the 
Dognecei Mountains, specifically near Doclin village, it was analyzed one such area in which this process occurs. It 
was analyzed the evolution of a site in periods with different climatic parameters which are the ones that function 
as the active elements. The amplitude of the SP values (mV) differs depending on the causative environmental 
factors, with negative values in the dry period and positive values when the soil is wet, the values having fluctua-
tion up to 15 mV. The piping processes contribute to soil degradation and the knowledge of the areas affected by 
these processes and particularly of the factors that influence its occurrence, with good results, by using the Self 
Potential method can be achieved. 
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1. Introduction 
The soil erosion depends on many factors, and this 
can occur both at the soil surface and internally, in 
the form of piping processes caused by water 
movement in soil as a linear network (Anthony and 

Jones, 2004), contributing to the creation of an un-
derground pipe network. 

Piping is a subterranean erosion – a kind of sub-
cutaneous erosion – defined as a process initiated 
by percolating waters which remove solid particles 
from clastic (fragmental) rocks to produce tubular 
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underground conduits (Mears, 1968). Soil piping 
depends on numerous factors including soils and 
lithology, topography, climatic conditions, vegeta-
tion and land management. Due to the discrete 
manifestation of the subsurface nature of this pro-
cess, piping morphological effects cannot be easily 
detected. 

The piping processes appear mostly in the areas 
with steeper gradients through internal stress, but 
their presence is proved in the areas where the 
slope gradient is up to 12° (Bernatek, 2015). Our 
interest about this hidden, discreetly geomorpho-
logical phenomenon is connected to the fact that 
the detection and evaluation of piping potential are 
currently limited (Richard and Raddy, 2007). 

An important component of soil erosion is re-
lated to the land use in mountainous areas where 
the vegetative associations are predominant (Anțilă, 
2012; Rusu, 2013). In the areas with low gradient are 
mentioned agricultural practices of the XVIIIth cen-
tury, practices that widened since 1962, when forced 
socialization of agriculture is imposed (Medeleţ, 
2005). In the contact area between the mountain 
area and the Doclin Hills, the soil surveys empha-
sized the pedogeopraphical characteristics, aspects 
structured in the studies of Ianoş and Pușcă (1998). 
The mining impact on water quality in the mountain 
area was presented by Marinică and Borza (2010). 

All these anthropogenic changes in the land-
scape are essential and favor the soil erosion in 
various forms. This area was included in a study that 
had as a goal "The identification and delineation of 
natural hazards (earthquakes, landslides and 
floods)" in the territory of the county, and the study 
had as beneficiary the Ministry of Regional Devel-
opment and Tourism. In this study it was deter-
mined that the Doclin area corresponds to a me-
dium to large risk of landslides occurrence. 

In the specialized literature the relations be-
tween the land erosion as a process and the factors 
that contribute to its accelerating or cessation are 
discussed, so that Nunes et al. (2011) address how 
different plant associations and ways of land use 
influence soil erosion and surface runoff. Similar 
studies were conducted by Alewell et al. (2008) and 
Warsta et al. (2013), these aimed at describing and 
predicting the soil erosion in mountainous areas. 

Faulkner (2013), studied the scattering of the soils 
and the subsurface erosion and analyzed the stages 
of occurrence of the piping processes; the analysis 
of the factors that lead to soil erosion due to piping 
process and the emergence of the rills surface was 
made by Flores–Berones et al. (2011), Verachtert et 
al. (2011), Schuppener (2013) or Jacobson (2013) 
considering that the slope gradient, the drainage 
area, the curvature, the surface aspect, the soil type 
and the lithology, to which are added the mechani-
cal and chemical action of the water, have a major 
role. Other factors associated with the piping pro-
cesses are the soil erosion coefficient, internal stress, 
or the time (Bonelli and Benahmed, 2010). 

By knowing the factors that might influence the 
internal soil erosion, we can establish to a certain 
measure that there might be the areas susceptible 
to these processes, but individual treating of the 
factors or implementation of a mathematical model 
gives only a simplified image of what actually hap-
pens in a certain area. It is therefore a need for a 
validation of the simulation carried out on various 
environments and this validation may be performed 
by a geophysical method, used by TehSaufia et al. 
(2012) in studying the effects of piping and the ero-
sion. For this study, we chose to carry out investiga-
tions with the Self Potential method. 

This is a non–intrusive method that contributes 
to achieve, through subsequent methods, of an im-
age of what is happening in the basement at a time 
(Revile and Jardani, 2013). It has direct applications 
in the mapping of the fluid leaking into the soil 
(Wishart et al., 2009; Moore et al., 2011; Boleve et 
al., 2011; Singarinbum et al., 2012). On the other 
hand, the physic–chemical approach of the method 
was performed by Linde et al. (2007), Boleve (2009), 
Revile et al. (2009), or Peksen et al., (2011). 

The work of Jardani`s et al. (2009) must also be 
specified, studying the level of phreatic water by this 
method, and the study of Giano et al. (2000) as well, 
which is focused on the analysis of sedimentary de-
posits through Self Potential method, the same type 
of deposits being found in the transition zone be-
tween the Dognecei Mountains and the Doclin Hills. 
This technique can be used in determining of the 
areas with susceptibility to erosion, even if in the 
first instance there are no visible elements. The 
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representation of these processes can be made on a 
continuous structure like interpolating the values 
obtained from the field (Buhmann, 2000; Morse, 
2005; Henglet al., 2008; Lu and Wong, 2008; 
Kleijnen, 2011) each interpolation method present-
ing some advantages and disadvantages. 

The objective of this study is the analysis of the 
piping processes through a non–invasive geophysi-
cal method, at different time intervals and the cor-
relation of these processes with the environmental 
factors. 
 
2. The study area 
The area in which investigations were conducted is 
located in northwestern of Caraș – Severin County, 
in the transition area between the Dognecei Moun-
tains and the Doclin Hills at an altitude of 290 m 

(Fig. 1.), within the administrative boundary of the 
Doclin village, in the area of interfluve „Dealul Între 
Văi”, at a distance about 2 km from the village. The 
investigations were carried out as a grid made in an 
area that has as lithology micaschists and parag-
neiss with biotite having the intercalations of mica-
ceous quartzites or feldspathic quartzites from Pro-
terozoic (Năstăseanu and Savu, 1968), lithological 
formations covered with pedological material. 

The slope derived from a digital elevation 
model obtained from the interpolation of the con-
tour lines on a topographic map with the scale 
1:25.000 (Torok, 2001) is low, the area of interest 
being included in the class values below 10°, as at-
tested and validated in the field, using a SUUNTO 
tandem compass. The declivity values were between 
3 and 7° in this case. 

 
Figure 1 Location of the study area 

The aspect of the area where investigations 
were made is SW and in some places west. This as-
pect influence the values obtained by the Self Po-
tential method as a result of varying levels of recep-
tion of solar radiation. 

The relief fragmentation depth is relatively low, 
of 57 m, this value contributing to a reduced 
amount of water draining from the soil surface. In 
the north of "Dealul Între Văi" site, the gullies ap-
pear in the form of a bulb with variable lengths that 
can reach up to 150 meters, and in the mountain 
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area, because of forestry practices, gullies and rills 
occurred, located predominantly near the forest 
roads. 

The diversified climatic episodes contribute to 
shaping of the land surface by the intensity and the 
alternation of the rainfall (Rădoane et al., 2001), and 
by the average temperature and the amount of so-
lar radiation at ground level that influence the pro-
cess of evapotranspiration (Warsta et al., 2013). 
These factors contribute both directly and indirectly 
to the transport of the water and thus of the sedi-
ments at pore level, involving the erosion of sub-
surface (Warsta et al., 2013). 

In this area there is no nearby weather station 
which can provide dates, and for knowing what kind 
of values appear here, we used the models of the 
annual average temperature and precipitation that 
were made based on specific values, yielding a lin-
ear regression equation, which is correlated with a 
DEM. The annual average temperatures, derived 
from this modeling, for the entire area, are included 
in the range from 11.2°C in areas with lower eleva-
tions and 8.6°C in the peak areas. The rainfall has 
values of about 750 mm in the lowlands and where 
the relief fragmentation is high, and about 900 mm 
in the central–northeastern area. 

The model of the received radiation was derived 
based on the DEM with a spatial resolution of 10 m 
and is a tool for checking the amplitude of evapo-
transpiration phenomenon existing in different pe-
riods. It can be seen, therefore, that early autumn 
(15.09.2013, more precisely) (Fig. 2A), the amount of 
solar radiation was about 3274.9 Wh/m²/ day in the 
concerned area, compared to the solar radiation 
recorded in November, on 03.11.2013 (Fig. 2B), 
when the maximum is 1028 Wh/m²/day. Basically, 
the solar radiation received by the ground during 
the late autumn days drops to 31% compared to the 
initial period. These differences contribute to the 
existence of different regimes of water movement in 
the soil, which influences the varied development of 
the erosion. The situation in the spring season 
shows a significant increase in the radiation received 
by the ground, with a maximum of 2268.8 
Wh/m²/day, increasing by over 45 percent com-
pared with 03.11 when measurements were made 
before the winter season. The main course of water 

from this area is Ciornovăţ creek, which is supplied 
by several springs, but predominantly from precipi-
tation. In this area, a number of temporary water 
courses are active during periods of heavy rainfall, 
these contributing to increase of the soil erosion on 
slopes. The drainage of the volume of water result-
ing from the liquid and solid precipitation influence 
both surface erosion by moving unconsolidated 
fragments as well as the internal erosion through 
sustained action on the pores level. The woody spe-
cies – especially Quercus sp. – are located around 
the area of investigation and sometimes meet shrub 
species such as hawthorn (Crataegus monogyna), 
rosehip (Rosa canina) or blackberry bush (Rubus 
fruticosus) (Anțilă, 2012), all occurring in the transi-
tion zone from the forest environment to that of the 
hills. The entire area comprises small grass associa-
tions (Poa nemoralis, Festuca ovina, Dactylis glom-
erata, Bromus secalinus) that contribute in a modest 
way to stabilize the soil because of the intense 
pastoral activity. 

 
Figure 2 Simulated solar radiation in the interest area: (A) 

15.09.2013, (B) 03.11.2013 
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The characteristics of the pedological material 
are important in the evolution of various forms of 
erosion, and therefore for the results obtained 
through Self Potential method as well due to the 
differentiated leakage of water through heteroge-
neous environments. A high proportion in the soil 
categories have it the districambosoils arranged in 
the eastern zone, which it corresponds to the 
mountain area, and being at the same time the area 
with the largest forest area expansion. For a more 
detailed analysis of the diagnostic properties of the 
soils in areas where investigations were conducted, 
we chose maps with the 50,000 scale of Ianoş and 
Pușcă, 1998. On large areas Luvisols can be found 
(pseudogley, local pseudogley, typical, eroded). In 
the eastern part of the Doclin village, the interfluves 
are composed from multiple types of alluvial–clay, 
presenting surface erosion caused by the water 
eroding in the "Dealul Între Văi" area and of the 
pastures located between the village and the forest 
area. In all these categories of soils, the piping is an 
active process (Bernatek–Jakiela, Poesen, 2018). The 
rock takes the form of middle fine–textured clays 
and the groundwater depth is over 10 meters. 

The instrumental investigated area (Fig. 3) has a 
size of 25 m on the north and south sides – the grid 
has a NS orientation –, and 60 m on the east and 
west sides. The interval between sample points was 
5 m, with a fixed electrode placement to 3 m out-
doors. The investigations were conducted on 
09.15.2013, 03.11.2013 and 08.03.2014. If in the first 
period the horizon of soil was quite dry, in the last 
stage of investigation the soil was supersaturated 
and in the flat areas, the water is stagnating. 

The analysis of the piping process involves the 
establishment of an investigation area in a place 
whose local gradient is lower. The woody vegetation 
must be reduced or non–existent because it serves 
to stabilize the soil and the amount of moisture in 
the soil must be high in some periods of the year. At 
those, the soil characteristics and his thickness are 
adding, because in some conditions, the response 
of the local lithology can be highlighted in the form 
of the cracks or the morphology, aspect that re-
quires the knowledge of the local landscape for 
differentiation of the results. Based on these char-
acteristics, we chose the location of the investiga-

tion site within the upper area of the "Dealul Între 
Văi", where the land use is as meadows for grazing 
and the slope gradient is less than 10°. In the inter-
val when the investigations were carried out, the 
amount of water in soil varied considerably, fact that 
emphasized the stress on soil. 

 
Figure 3 The investigation site „Dealul Între Văi”, Doclin 

 
3. Methodological aspects 
3.1 The Self Potential method 

The Self Potential Method is a non–invasive geo-
physical method of inquiry that allows obtaining 
natural values of the electric potential from the soil 
as a result of the chemical, physical and biological 
interaction of generating factors. Knowing the in-
ternal mechanisms that generate this electrical nat-
ural current can lead to a better interpretation of 
the results obtained, so that these processes will be 
presented in the following paragraphs. 

The Self Potential is defined as "the passive 
measure in surface or in the drilling of the distribu-
tion of the electric natural potential created by the 
mechanisms of polarization of the electric loads in 
porous media (electro–infiltration related to water 
leakage, oxidation related to the redox phenom-
ena)” (Jardani, 2007, p. 46). 

The current recorded through the Self Potential 
method is regarded as having a source in the elec-
trical double layer present as the contact area be-
tween a solid and a liquid state. This electric double 
layer implies that there is an area near the solids, 
called "compact Stern layer", from which they take 
loads of the mineral surface, and a concentration of 
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mobile charges located in close proximity to mineral 
element (Fig. 4), called "Gouy–Chapman diffuse 
layer" (Boleve, 2009). The movement of the fluid in 
the pores of the soil contributes to movement of 
existing mobile ions, and when there is contact be-
tween the free colloids and the mobile part of the 
mineral layer, the latter is detached, helping to cre-
ate convection current and another opposite called 
the conduction current. The potential associated 
with the conduction current is the one that can be 
measured at ground level (Moore et al., 2011). 

 
Figure 4 The ionic distribution diagram of the electric 

double layer in the case of a silicon surface 
(after Darnet, 2003) 

It has been observed that the excess of charges 
existing in the diffuse layer moves toward the end 
of the sample, in the case of fluid displacement in 
the poral environment. The movement of electric 
charge is called the electric current source (convec-
tion current) and generates an electric field that can 
be recorded by the devices (Boleve, 2009). It occurs 
complementary a conduction current generated by 
charges induced by electro–infiltration, opposite in 
the sense of the convection current. The intensity of 
conduction current depends mainly on the electrical 
conductivity of the environment under which the 
process is carried out (Boleve, 2009), the poral en-
vironments contributing to the generation of an 
electric conduction current more important. The 
electric potential difference between the terminals 
of electrodes is called the electro–infiltration poten-
tial. 

Equally important is how the electric potential 
distribution is segmented, appearing two aspects 
like: one refers to a primary source associated with 

the difference in charges of the natural current den-
sity, this source is responsible for the appearance of 
the electric field measurable in the area around a 
location and, the second, refers to the secondary 
sources, which appear in addition to electric fields 
associated with the primary source, where hetero-
geneity of the electrical resistivity is responsible for 
the disruption of the distribution of electric poten-
tial; this disturbance can be represented as an ac-
cumulation of electric charges in the heterogeneous 
areas (Jardani, 2007). Due to delineation in the soil 
of the processes through which the electro–infiltra-
tion current is generated, the characteristics of the 
pedological material are influenced by many factors 
(geology, plant associations (even if the radicular 
system is limited to the first centimeters of the upp-
er horizon of the soil, these plants compensated by 
density, so it is recommended to conduct investiga-
tions in periods when their development is minimal), 
climatic influences, moisture found in soil; geomor-
phometry and the Self Potential values obtained can 
be influenced by all these factors. In addition to the 
electro–infiltration current itself there are also asso-
ciated a range of parameters that influence positive 
or negative values recorded. 

Although it has a multitude of applications, this 
method does not present a great interest for some 
researchers because of the electrical noise and diffi-
culties of interpretation. Such noise sources come in 
the form of telluric currents, the movement of the 
electrodes, of the topographic effect associated to 
the potential difference, of the photovoltaic poten-
tial or of the changes incurred in the composition 
and the moisture of the soil and of its plant cover 
(Nyquist and Corry, 2002). The noise sources can 
have both natural character (Sheffer, 2007; Jardani, 
2007; Guichet, 2007) and anthropogenic (Nyquist 
and Corry, 2002). The latter can occur in the form of 
terrestrial power grids or underground, of the bur-
ied metal objects or even of the devices used by an 
analyst (some influences may occur due to the ca-
bles between the electrode and the voltmeter, for 
example). If the anthropogenic noise generating 
sources can be identified and possibly avoided, the 
same cannot be said about the natural sources. 
Jardani (2007) identified as being responsible for 
producing of the noise the following two sources, 
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namely the magneto–telluric induction and the bio-
electric potential. This effect is well highlighted in 
the forest areas and those with pastures and mead-
ows, due to the plant roots which drain water from 
the soil thus helping to create an additional electric 
potential, but this effect can be diminished and/or 
eliminated by using bentonite for the homogeniza-
tion of the moisture in the sample points. According 
to the company that produces the SDEC electrodes 
(electrodes used in this study) the temperature – 
electro–infiltration current ratio is 0.21 mV/°C, so 
that during the day, the thermal amplitude should 
also be considered and off–setting from the final 
values. A difference of 10°C is considered to be re-
sponsible for the amplitude of Self Potential values 
of about 2mV, an aspect which should be corrected 
(Jardani et al., 2009). 

In addition to the noise sources listed, changes 
in Self Potential values are influenced by the effect 
of pH, the more alkaline it is, the recorded values 
are higher on the negative scale (Ishido and Mizu-
tani, 1981, quoted by Guichet, 2007). The rock min-
eralogy also imposes certain issues, depending on 
their composition the electro–infiltration differenti-
ated values are obtained. Equally important are the 
influence of the permeability, partial saturation of 
the electrolyte or the soil electrical conductivity 
(Darnet, 2003). Knowledge of these parameters al-
lows an objective distinction between current 
source itself and those that are redundant and con-
tribute to a misinterpretation of results (Urdea and 
Țambriș, 2014). 
 
3.2 The data acquisition 

The Self Potential investigations were carried out 
using the non–polarized electrodes connected to a 
voltmeter (Fig. 5). A non–polarized electrode is 
composed of a metal in contact with a saline solu-
tion (Revile, Jardani, 2013), in this case the Petiau 
electrodes Pb/Cl2 in tandem are used: one used as a 
fixed electrode (placed outside the site investiga-
tion), and a second movable electrode displaced at 
different sample points. At the point where the fixed 
electrode was placed, bentonite mixed with water 
was inserted for better conductivity and for avoid 
reducing of the salinity from the poral water due to 
the evapotranspiration occurred at the soil level as a 

result of the changes made by the analyst (Revile, 
Jardani, 2013). 

 
Figure 5 The model of data acquisition of Self Potential 

values 

The voltmeter used was a Voltcraft VC850 which 
allows the recording of the voltage of the electric 
current in the range of 0.1 mV – 1000 V, thus 
providing high accuracy values. The instrument can 
also be used for the acquisition of the temperature 
values and the intensity and frequency of the cur-
rent out of the soil. With these tools available, we 
chose to obtain values from a rectangular network, 
practice that allowed the resumption of investiga-
tions in the same point after a period of time. 
 
3.3 The interpolation of values obtained by Self 
Potential method 

The next step of data acquisition was to use them in 
a way that allows continuous analysis of the values 
obtained in the grids made and their modeling as 
objective to obtain patterns of erosion and water 
infiltration into the soil (Urdea and Țambriș, 2014). 
This operation was carried out by integrating those 
values in the interpolation methods implemented in 
the software ArcMap 10.1. Within ArcMap 10.1 
software, there were implemented several interpo-
lation methods, both deterministic, such as Inverse 
Distance Weighting, Global Polynomial Interpola-
tion, Radial Basis Functions and Local Polynomial 
Interpolation, as well as stochastic called geostatisti-
cal methods (A quick tour of Geostatistical Analyst, 
ArcMap 10.1). However, in both categories of inter-
polation methods, there are interpolations that re-
turn results that take into account the values en-
tered previously with an intersection between the 
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result and the sample values, these being of accu-
rate type. On the other hand, there are also inter-
polations that simulate the result starting from the 
initial values and applying a smoothing over them, 
the latter being known as inaccurate methods 
(Urdea and Țambriș, 2014). 

For this study, we chose the use of accurate in-
terpolations, given that it operates directly with the 
values resulting from investigations in small areas. 
The study was based on the use of the Radial Basis 
Functions (RBF) Interpolation (Fig. 6.), but other in-
terpolation models can be used. In this method, the 
resulting surface must pass through every sample 
point, the spaces between the points being con-
structed on the basis of some variables selected by 
analyst: Thin–plate Spline, Spline with tension, 
Completely regularized Spline, Multiquadric func-
tion and Inverse multiquadric function, the last 
function resulting in a much lower prediction error 

compared to the others. This method was used in 
this study also because of the favorable response to 
all data sets, compared with other models that re-
turned the artifacts to some integrated data sets. 
Another interpolation methods which presents po-
tential for use are Inverse Distance Weighted (IDW) 
(Childs, 2004), (Fig. 6.) or Kriging. Under these con-
ditions, it was necessary to use a method in which 
the analyst intervened as little as possible to not 
significantly influence the results. Also, the method 
used had to take into account the values entered, 
since there may be cases when isolated values can 
explain certain particularities of the environment, 
values that return the least square mean error. 

Thus we choose to use in this study Radial Basis 
Functions interpolation method, which offers stand-
ardization for all data sets included in the returned 
raster data. 

 
Figure 6 The SP values interpolation for investigation site ,,Dealul Între Văi” – stage III. A. the IDW method; B. the RBF 

method; C. the Kriging Ordinary method 

3.3.1 Defining the parameters used in the interpola-
tion method 

In the Radial Basis Functions method there are some 
parameters which must be defined to obtain a re-
duced mean square error (RMSE), (Table 1). We de-
fined some parameters for all the data sets with 
some exceptions when we let the custom settings. 
These parameters were determined after testing of 
multiple combinations. In Geostatistical Analyst 
module, in the first phase, the selection of the data 

set and of the values that were to be used was 
made and after, the parameters were defined in the 
"Method Properties" section (Fig. 7). In the section 
"General properties", we choose the function that is 
to be used and, based on this a different RMSwas 
returned, based on the algorithm implemented in 
the tool. 

Based on the data set obtained in the investiga-
tion site ,,Dealul Între Văi”, in the first stage of 
measurements, without changing the other param-
eters, it resulted the following mean square error 
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(Table 1) and from these models, it can be seen that 
the Inverse Multiquadric method returned the low-
est mean square error. When a function is chosen, 
below the row of choice of the function it appears a 
parameter which acts as weight and is directly influ-
enced by the selected function and of the charac-
teristics of the data set. After these steps, it is estab-
lished the way of finding the neighbors based on 
which will be realized and the return of the inter-
mediate values. 

 
Figure 7 Defining the parameters of the interpolation 

model in the Geostatistical Analyst module 

Table 1 The comparison of the RMS for the interpolation 
models used 

Each different setting of the interpolations pa-
rameters affects the final result, but it should be 
kept in mind that these settings should be imple-
mented in each of the data sets, and they must be 
chosen in such a way that they do not differ. 
 
4. Results 
The investigation was carried out in the form of 
three periods of analysis on the area of interest, so 
that the geomorphological features under study, 
namely the piping phenomenon, to be observed. 

Thus, in the first stage of investigation, performed 
on 15.09.2013 (Fig. 8), grid made after a period with 
low rainfall, the soil was quite dry on the first centi-
meters of the profile due to the significant evapo-
transpiration in the higher temperatures conditions. 
However, the existing soil moisture was sufficient to 
report negative values mostly, associated with a 
sufficient fluid mobility. The areas with the largest 
displacement of water in the soil can be seen in the 
eastern part of the grid, an area characterized by an 
increase in the slope gradient of up to 7°. It should 
be mentioned that in the southern part of the study 
area, at a distance that varies between 25 and 40 m, 
depending on the corners of the grid, the forest 
area begins, aspect that can contribute to the modi-
fication of the obtained values. 

Isolated, distinct portions appear in which a lo-
calized movement of water in soil results, as is the 
case of portions between the points of 10 to 15 m 
on the vertical axis and 10 m on the horizontal axis. 
Even under these conditions, a drainage trace can 
be observed on the eastern side, over 45 m long. 
There, the values recorded at that time were be-
tween –8.9 mV and –18.2 mV (Fig. 8). 

The sections with higher values (above 4 mV), 
are located mainly in the N, NW and SW area, corre-
sponding to the lower slope areas. This time, the 
amplitude of returning values is higher (23.97 mV) 
compared to other periods in which investigations 
were conducted. The lack of a regular flow of water 
in the soil is highlighted from the model obtained 
by interpolation of the Self Potential values as well, 
and there is not, at this time, outlined a well–de-
fined linear sub–cutaneous flow of drainage. 

In the second stage of the investigation, on 
03.11.2013 (Fig. 8.), the soil moisture was higher, 
and although the values obtained were all positive – 
between 8.4 mV and 19.2 mV –, associated with a 
lack of mobility of water, this can be attributed to 
the saturation of soil with pore water. Even if the 
values returned are higher (positive) than in the first 
stage of investigation, it is not about a significant 
changing of the values in the positive interval, usu-
ally associated with the stability of the fluid. Also, in 
this case, higher values are located in the NE, NW 
and E of the grid, being the portions that appear to 
be most stable in terms of fluid dynamics. 

Function RMS 
CompletelyRegularizes Spline 1.55 
Spline withTension 1.56 
Multiquadratic 1.57 
Inverse Multiquadratic 1.54 
Thin Plate Spline 1.69 
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Figure 8 The SP model on the site ,,Dealul Între Văi” 
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Although the values recorded were higher than 
in the previous stage, their spatial distribution out-
lines better the existence of an underground drain-
age discrete channels network. It is oriented N–E, 
between the sample points from 5 and 20 m on the 
horizontal axis and the 20 and 60 m on the vertical 
axis. Given the fact that the soil layer is relatively 
consistent, with no rock fragments on the surface, 
the entire area having the flat features, this drainage 
channel could, mapped through the Self Potential 
method, to be tied to lithologic substrate as well, 
thus contributing to the manifestation of subsurface 
erosion. 

The third stage of the investigation was con-
ducted in early spring, on 08.03.2014. This time, alt-
hough the solid winter precipitation were reduced 
quantitatively in the context of southern orientation 
of the area of analysis, with an amount of solar radi-
ation by up to 2500 Wh/m2/day, due to the char-
acteristics of the flat topography, the soil moisture 
was raised. The poor drainage of surface water due 
to low gradient led to its super–saturation in some 
sampling locations and the water stagnation oc-
curred. For these reasons, the peripheral areas of 
the grid, except for the south of it, present high lev-
els of Self Potential values, up to 33.6 mV (Fig. 8.), 
much higher than in the previous stage of meas-
urements, when the maximum was 19.6 mV. The 
presence of the positive values confirms the sus-
tained reduction in fluid flow mobility, and the lack 
of the shrub and tree vegetation favors the registra-
tion of values consistent with what was happening 
at that time in the soil layer. 

The cause of this difference between the posi-
tive values perceived by the voltmeter and the 
shape of drainage channel from the interpolation of 
these values is represented by the slope that is low, 
but in the conditions of soil saturation in the sides 
of the grid, the pore water is concentrated in the 
middle of it, having a slope a few degrees higher 
than the rest of the site of interest. 

In terms of topographical uniformity, the identi-
fication of a linear drainage network would indicate, 
in our opinion, a differentiation in horizons of the 
deeper soil texture or a discontinuity in crystalline 

schists microfabrics, which is the parental material, 
or even a major schistosity plan or a hidden discrete 
fault. 

In all three stages of investigation, at the level 
of column 4 (points located on the vertical axis at 15 
m from the west side of the grid), higher values 
were obtained in the upper zone (Fig. 9) and lower 
values in the lower part of the grid, the tendency of 
displacement of the water within the drainage 
channel being affirmed. 

Analyzing the Self Potential data, we can ob-
serve well–defined fluid flow on the N–S direction, 
confirming its existence during the three stages of 
investigation, meaning that this area is prone to 
piping process. 

 
5. Discussions 
The Self Potential method, through the simplicity it 
offers to create the prerequisites to achieving a 
model of water movement in soil under the action 
of various endogenous and exogenous factors, it 
has the role to highlight the fluid mobility in the first 
phase. Even if the Self Potential value returns were 
influenced by a variety of factors, each of them has 
different weights in the resulting values, so it is diffi-
cult to quantify their importance in the absence of 
objective studies on them. The main problem is re-
lated to the lack of climatic data, to which are added 
the characteristics of soils and geology, which are 
the most important for this analysis. For example, it 
requires knowledge of soil moisture, this being one 
of the factors that directly affects the fluid mobility, 
or the physics of movement processes of the sedi-
mentary materials in the regolith basement. The 
processes and factors from soil surface are easier to 
interpret, having an important role in erosion pro-
cesses. However, a degree of uncertainty occurs 
related to assessing the extent to which some 
changes in the obtained values are generated. The 
degree of detail requires consideration of additional 
factors, so at a small scale of detail some indicators 
will be lost from analysis while, at a greater detail 
scale, the correlation with overall factors is more 
difficult. 
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Figure 9 The SP profile – column 4, site ,,Dealul Între Văi”, periods: a.15.09.2014; b. 03.11.2013; c. 08.03.2014 

For observing the behavior of the analyzed pro-
cess, the multi temporal analysis of the study area 
was used. The resulting Self Potential model in a 
certain period can be influenced by local factors 
which can occur only in that interval of time, as it 
happened on this study area. The increasing of the 
amount of soil water contributed to the formation 
of internal drainage channel, and decrease of the 
pores water minimizes the footprint of the linear 
voids formed by the piping process. In addition to 
changes related to the influence of natural and an-
thropogenic factors on the ground, changes due to 
the modeling of the analyst were imposed, most 
often related to the representation of the model 
results.  

The sampled values can remain the same, but 
the types of classification condition the type of in-
terpretation performed by the analyst, especially 
that, by making models at different time intervals, it 
may contribute to the preservation of the Self Po-
tential values in certain conditions, but with a differ-
ent distribution of these values. The thinking of a 
uniform methodology for achieving all the models 
through interpolation methods will have two differ-
ent effects: on the one hand, the same settings will 
be applied to all models, which will reduce the bias 
in their creation, but on the other hand, it will con-
tribute at increase the mean square error for some 

models built and at these it will need to apply spe-
cific modifications. The multitude of factors causing 
influences of any kind imposed a detailed 
knowledge of themselves, although the technique 
used in some circumstances contributed to the gen-
eration of artifacts, particularly from the cables by 
which electrical current was transmitted between 
electrodes and voltmeter. However, these problems 
have been correctable, and some influences, like 
those caused by thermal amplitude in a day or those 
induced by vegetation can be deduced and  
corrected. 

The accurate establishing of the soil moisture, 
the quantification of the vegetation impact on the 
results, the reduction of the influence caused by bi-
oelectricity, and climatic gradient within a day by 
mathematical methods, the knowledge of the soil 
layer depth, this can be achieved through GPR 
and/or ERT techniques, or analyses under laboratory 
conditions of some models to be applied in the nat-
ural environment could be some of the next trends 
for the results optimization and the modeling of Self 
Potential values. 

Equally important it would be an extension of 
the recording technology of the values in question 
by using several electrodes that provide real–time 
information about what is happening in the soil. On 
the side of the computer analysis, it is required the 
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thinking of the integration and modeling some pa-
rameters to return a high degree of accuracy and to 
suit various conditions as to exclude certain anoma-
lies. 
 
6. Conclusions 
The applying of Self Potential method to the 
knowledge of the piping phenomenon is, according 
to our information, a premiere for the geomorpho-
logical literature. Considering the specificity of the 
method but also the characteristics of the test area, 
we consider the results to be promising. The analy-
sis of the results was correlated with the analysis of 
the methods of interpolation and graphical repre-
sentation, so that, in our opinion, the method that 
best expresses the territorial differences of the sub-
cutaneous drainage and the manifestation of the 
piping phenomenon is the Radial Basis Function 
method. The fact that the results were obtained 
through investigations carried out in three distinct 
periods, each of them having an "own imprint", con-
stitutes as a validation of the application of the 
method to this phenomenon. We consider that the 
application, in parallel, with other complementary 
geophysical methods, such as electric tomography 
(ERT), along with the knowledge of soil characteris-
tics and the geological substrate, as well as meteor-
ological and topoclimatic parameters would lead to 
a better understanding of this phenomenon. 
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