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In order to solve the problem of dynamic pure-water electrical conductivity measurement in the process of calculating water content of oil-
water two-phase flow of production profile logging in horizontal wells, a six-group local-conductance probe (SGLCP) is proposed to 
measure dynamic pure-water electrical conductivity in horizontal oil-water two-phase flow. The structures of conductance sensors which 
include the SGLCP and ring-shaped conductance probe (RSCP) are analyzed by using the finite-element method (FEM). In the process of 
simulation, the electric field distribution generated by the SGLCP and RSCP are investigated, and the responses of the measuring 
electrodes are calculated under the different values of the water resistivity. The static experiments of the SGLCP and RSCP under different 
mineralization degrees in horizontal oil-water two-phase flow are carried out. Results of simulation and experiments demonstrate a nice 
linearity between the SGLCP and RSCP under different mineralization degrees. The SGLCP has also a good adaptability to stratified flow, 
stratified flow with mixing at the interface and dispersion of oil in water and water flow. The validity and feasibility of pure-water 
electrical conductivity measurement with the designed SGLCP under different mineralization degrees are verified by experimental results.  
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1.  INTRODUCTION 

With the rapid development of horizontal well technology, 
water content of the whole well will increase sharply when 
the part is flooded in the process of horizontal well 
production and development, which has a negative impact 
on development effectiveness, even leads to the waste of oil 
well [1], [2]. Thus, the horizontal producing profile well 
logging is becoming more and more important, in particular, 
water content which is one of the important parameters of 
multiphase flow detection in oilfield logging, and there is an 
urgent need for accurate measurement in horizontal oil field 
production. 

At the beginning of oilfield development, the water 
content was relatively low [3]. The method of water content 
measurement has improved to some degree by using 
concentric overcurrent capacitive sensor [4], [5]. With the 
continuous development of oil fields, most oil wells have 
gradually entered high water content stage because of long-
term development with water injection [6]. Meanwhile, high 
deviated and horizontal well technology is also being 
increasingly adopted [7], [8]. In such a complex condition, 
concentric overcurrent capacitance sensor immersed in pure-
oil or pure-water sometimes results in a lower resolution and 
a greater error, and it cannot meet the needs of the actual 
measurement [9], [10]. The principle of conductance water 
cut meter (CWCM), including both the ring-shaped 

conductance probe (RSCP) for pure-water electrical 
conductivity measurement and RSCP for oil-water mixture 
electrical conductivity measurement, is based on the 
Maxwell formula [11], when the fluid is a continuous water 
phase, and the water holdup can be determined by the ratio 
of the oil-water mixture electrical conductivity and pure-
water electrical conductivity [12], [13]. It has been widely 
used in vertical production profile logging in terms of water 
holdup measurement [14]-[16]. 

However, in horizontal production profile logging, the oil-
water two-phase flow patterns of long distance undulating 
horizontal well have a mixed flow pattern which is mainly a 
horizontal segregated flow as opposed to vertical well [17], 
[18], and flow pattern and velocity are influenced by the 
inclination of long distance undulating horizontal well, that 
leads to the pre-existing ring-shaped measuring electrodes of 
the CWCM being still immersed in oil-water segregated 
flow when sampling. Although oil-water mixture electrical 
conductivity could be measured on-line in the process of 
fluid flow by using the CWCM [19], pure-water phase 
conductivity could not be obtained by using the ring-shaped 
electrodes or with a sampler at the condition of oil-water 
two-phase separation. So it is impossible to carry out pure-
water result sampling calibration, and the pre-existing 
CWCM cannot be applied in horizontal wells in term of 
horizontal well structure and ring-shaped electrode structure 
of the CWCM. 
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Meanwhile, electrical conductivity reflects the 
concentration content in water conductive ions, the greater is 
the concentration of conductive ions in water, the stronger is 
electrical conductivity. Mineralization degree is the total 
amount of inorganic mineral elements contained in the 
water. Therefore, the concentration of mineralization degree 
determines the degree of the fluid electrical conductivity. 
According to the electrical principle [13], it is known that 
the voltage amplitude between two measuring electrodes of 
the conductance sensor is inversely proportional to the 
electrical conductivity of the fluid, and the degree of the 
fluid electrical conductivity depends on the concentration of 
the fluid mineralization degree. Currently, common tap 
water mineralization degree content is less than 1000 parts 
per million (ppm) and the original formation water 
mineralization degree is about 6000 ppm. Increased oil 
recovery is caused by water injection changes in the 
produced water because the injected water and the formation 
water have different mineralization degree [20], [23]. 
Therefore, the value of mineralization degree of oil field 
water varies from 2000 ppm to 3000 ppm. The change of 
mineralization degree will lead the oil-water mixture 
electrical conductivity and pure-water electrical conductivity 
measured by conductance probe to increase or decrease 
proportionally to maintain relatively constant water content 
[24]. Because the fluid mineralization degree in production 
profile logging is very different from that in the simulation 
well, the pure-water calibration result of the simulation well 
cannot calculate the water content in oil well.  

Due to the horizontal well casing, tubing and measuring 
instruments are of an axisymmetric cylindrical structure and 
the measuring instruments can only rely on gravity or the 
horizontal crawler reaching the downhole oil-layer 
measuring section. Consequently, it is impossible to 
determine the work position of the measuring instruments 
after the axial rotation. Simultaneously, single sensor is 
greatly influenced by the fluid flow pattern [25], [26], so it 
is required that the sensor design model is an axisymmetric 
array structure, so as to reduce the influence of the flow 
pattern and the error caused by the axial rotation. In this 
paper, the SGLCP is designed for dynamic pure-water 
measurement of oil-water two-phase segregated flow in 
horizontal pipes. The calibration of simulation and 
experiments under different mineralization degrees of water 
were carried out by using both SGLCP and RSCP, and 
verified the validity of pure-water electrical conductivity 
measurement with the new SGLCP by experimental results.  
 
2.  THE GEOMETRY OF CONDUCTANCE PROBES 
A.  The geometry of the SGLCP 

The geometry of the SGLCP for pure-water measurement 
is shown in Fig.1. The SGLCP consists of six pairs of metal 
parallel-electrodes, in which each pair of metal parallel-
electrodes is a local-conductance probe (LCP), and includes 
an exciting electrode and measuring electrode along the 
axial section direction. In addition, one end of each 
electrode flush-mounted on the inside wall of the insulated 
flow pipe, six electrodes represented by 1E  to 6E  are 

homogeneously distributed on the same upstream cross 
section along the axial direction, and six electrodes 
represented by 1M  to 6M  are homogeneously distributed on 
the same downstream cross section along the axial direction. 
Each of Ei  and Mi  is exciting electrode and measuring 
electrode simultaneously, and Ei  and Mi  electrodes formed 
the -thi  LCPi , where the range of i  is from 1 to 6. 
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Fig.1.  Geometry of the SGLCP for dynamic pure-water 
measurement. 

 
The representing structure parameters and coordinates of 

the SGLCP are shown in Fig.2., in which S is the separation 
between two electrodes of the LCPi , d is the diameter of the 
metal parallel-electrode, h is the measurement field height of 
the metal parallel-electrode, D is the inner diameter of the 
insulated flow pipe, wD  is the thickness of the insulated 
flow pipe, and L is the axial length of the insulated flow 
pipe. 
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Fig.2.  Sketches of structure parameters and coordinates of the 
SGLCP: a) The axial section; b) The cross section. 
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B.  The geometry of the RSCP 
The RSCP [14] includes four ring-shaped stainless steel 

electrodes which are embedded in the insulating wall with a 
certain distance in fluid pipeline. There are two ring-shaped 
exciting electrodes on both sides of the sensor to provide an 
alternating constant current. The two ring-shaped electrodes 
in the middle are used for measurement. Due to the presence 
of the impedance between the electrodes, when alternating 
constant current runs through ring-shaped measuring 
electrodes by using the conductive fluid, the voltage signal 
is generated by two measuring electrodes, the amplitude of 
which is inversely proportional to the fluid electrical 
conductivity through the RSCP based on electrical principle. 

The structure parameters and coordinates of the RSCP are 
shown in Fig.3., in which eS  is the distance between 
exciting electrodes, eh  is the height of exciting electrodes, 

mS  is the distance between the measuring electrodes, mh  is 
the height of measuring electrodes, D is the inner diameter 
of the insulated flow pipe, wD  is the thickness of the 
insulated flow pipe, eL  is the axial length of the insulated 
flow pipe. The probe consists of four stainless steel ring-
shaped electrodes axially separated and flush-mounted on 
the inside wall of the insulated flow pipe. E1  and E2  
represent exciting electrodes, M1  and M2  represent the 
measuring electrodes. 
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Fig.3.  Geometry and parameter definition of the RSCP:  
a) 3D model; b) 2D structure. 

 
The polarization phenomenon can occur in the vicinity of 

the exciting electrodes when the SGLCP or RSCP is excited 
by a low frequency electrical power source, which can result 
in parasitic impedance and a detectable measuring error. In 
order to avoid the polarization phenomenon, we adopt an 
alternating voltage source as the exciting signal in the actual 
application. Besides, the two exciting electrodes are 

connected with a sinusoidal 20 kHz exciting signal in the 
measurement system, and the response signals from 
measuring electrodes of the SGLCP and RSCP are 
correlated with the dynamic pure-water electrical 
conductivity of oil-water two-phase flow for a certain given 
mineralization degree in horizontal pipes. 

 
3.  NUMERICAL SIMULATION OF CONDUCTANCE PROBES 
A.  The meshed model and electric field distribution of the 
SGLCP 

Since the measurement field of the SGLCP is much 
smaller than the wavelength of the electric field, the electric 
field of the SGLCP can be modeled as time invariant. 
Regarding this, a direct current source was used as the 
exciting signal to investigate the electric field of the 
SGLCP. The distribution of the inner electric field of the 
SGLCP can be described by the Laplace equation with some 
certain boundary conditions under the cylindrical 
coordinates [27] 
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where u  is the inner electric potential distribution, eI  
represents the direct current applied to the exciting current, 

dS  is the surface area of the electrodes of the LCPi . 
The FEM is employed to investigate the distribution of the 

electric field inside the SGLCP. Fig.4. shows the meshed 
finite element model of the SGLCP in ANSYS software in 
which we chose SOLID232 as the element type and used 
free meshing to divide the model. The total element number 
of the meshed finite model is 250295. The direct current of 
0.1 mA is supplied to Ei , the current of -0.1 mA is supplied 
to Mi  and the voltage of electrode Mi  is set to 0 V.  
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Fig.4.  The meshed 3D model of the SGLCP with 250295 
elements: L=0.05 m, D=0.02 m, h=0.002 m, d=0.0015 m, 
S=0.004 m, water resistivity 100 m= Ωwσ : a) 3D model; b) The 
axial section. 
 

The electric potential distribution of the SGLCP is shown 
in Fig.5. As can be seen from Fig.5., the electric potential 
between the exciting electrodes presents a high gradient, and 
the potential in the position away from the exciting 
electrodes tends to change slowly. Distribution of the 
electric field of the SGLCP is shown in Fig.6., from which it 
can be seen that the electric field between the exciting 
electrodes presents a stronger and homogeneous 
distribution; away from the exciting electrodes electric field 
is weaker and tends to 0. 

 

(a) (b)  
 

Fig.5.  Electric potential distribution of the SGLCP: a) 3D view;  
b) The axial section. 

 

(a) (b) (c)  
 

Fig.6.  Electric field distribution of the SGLCP: a) YoZ plane 
section view; b) XoZ plane section view; c) XoY plane section 
view. 

 
B.  The meshed model and electric field distribution of the 
RSCP 

As with above, the measurement field of the RSCP is 
much smaller than the wavelength of the electric field, the 
electric field of the RSCP can be modeled as time invariant. 
In this regard, we use a direct current source as the exciting 

signal to investigate the electric field of the RSCP. The inner 
electric field distribution of the RSCP can be described by 
the Laplace equation with some certain boundary conditions 
under the cylindrical coordinates [27] 
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where u is the inner electric potential distribution, D is the 
inner diameter of the insulated flow pipe, eL  is the insulated 
flow pipe length, eh  is the height of exciting electrodes, and 

eS  is the separation between two exciting electrodes, eI  
represents the direct current applied to the exciting current 
and RS  is the surface area of the exciting electrodes of the 
RSCP. The FEM were employed to investigate the electric 
field distribution inside the RSCP. Fig.7. shows the meshed 
finite element model of the RSCP in ANSYS software in 
which we chose SOLID232 as the element type and divided 
the model by free meshing. The total element number of the 
meshed finite model is 10692. The direct current of 0.1 mA 
is supplied to the exciting electrodes E1, the current of -
0.1 mA is supplied to E2 and at the same time the voltage of 
electrode E2 is set to 0 V.  

 

 
 

Fig.7.  The meshed 3D model of the RSCP with 10692 elements: 
eL =0.10 m, D=0.02 m, eh =0.002 m, mh =0.002 m, eS =0.047 m, 

mS =0.032 m, 100 m= Ωwσ . 
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The calculated result of the RSCP electric field is shown in 
Fig.8. As can be seen from Fig.8., the electric potential 
between the exciting electrodes presents a high gradient, 
away from the exciting electrodes the electric potential tends 
to change slowly. The electric field between the measuring 
electrodes presents a stronger and homogeneous 
distribution, the electric field between the measuring 
electrode and exciting electrode presents an inhomogeneous 
distribution and away from the exciting electrodes electric 
field is weaker and tends to 0. 

 

 (a) 

 (b)  
 

Fig.8.  Electric field distribution of the RSCP with 100 m= Ωwσ : 
a) Electric potential; b) Electric field. 

 
4.  CALCULATED RESPONSE OF SIMULATION FOR 
CONDUCTANCE PROBES UNDER DIFFERENT WATER 
RESISTIVITY 
A.  Calculated response of the SGLCP 

In this study, in order to measure the pure-water electrical 
conductivity in the condition of the horizontal oil-water 
segregated flow, due to the location of the LCP  at the 
bottom of the insulated pipe and the phenomenon that the 
underlayer presents a continuous water phase and the 
upperlayer presents the oil phase or oil-water phase in 
horizontal oil-water two-phase flow, the investigation can 
only be on the response characteristics of the 1LCP  in the 
SGLCP, and the analysis of the feasibility and working 
conditions for the 1LCP  to obtain the pure-water electrical 
conductivity is required.  

The models for different water holdup my  in which the 
geometry of the 1LCP  was D=20 mm, h=2 mm, d=1.5 mm, 
S=4, 5, 6 mm, respectively were simulated. The calculated 
response of the 1LCP  was analyzed in term of my , the range 

of my  was from 0.05 to 1, and the change interval with 0.05 
was used as an experimental point. The result curves of the 
simulation calculation are shown in Fig.9. mV is the 
measured voltage and can be calculated by 

 
em m mV k Iσ= × ×                                (5) 

 
where mk is resistance correction coefficient, mσ  represents 
oil-water mixture electrical resistivity, eI  represents 
exciting current. 

As can be seen from Fig.9., under the conditions of higher 
my , the 1LCP  can obtain a reliable and accurate pure-water 

electrical conductivity, which can be used as the pure-water 
correction value for water content measurement in 
horizontal oil water segregated flow. And in the condition of 
the 1LCP  with D=20 mm, h=2 mm, d=1.5 mm, S=4, 5, 6 m, 
respectively, the response result is approximately equal to 
pure-water electrical conductivity when my  is greater than 
or equal to 0.30. 
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Fig.9.  Calculated response of the simulation for 1LCP  under 
different values of my : D=20 mm, 100= Ωw mσ  and oil resistivity 

1.0 13= + Ωo E mσ . 
 

It can be known from Fig.9. that the SGLCP can obtain the 
pure-water electrical conductivity at the condition of high 
water holdup in horizontal oil-water two-phase segregated 
flow.  

In order to investigate the response characteristics for the 
different mineralization degrees of water in the fluid to the 
SGLCP, the different values of the water electrical 
resistivity are used to represent the different mineralization 
degrees of water during the simulation. The response values 
of the simulation are calculated at the condition filled with a 
continuous water phase in the insulated pipe under different 
values of wσ  in which the geometry of the SGLCP is 
D=20 mm, h=2 mm, d=1.5 mm, S=4, 5, 6 mm, respectively. 
The value range of wσ  is from 100 mΩ  to 2000 mΩ by 
using the finite element model of the SGLCP. 
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The calculated response of the SGLCP for pure-water 
measurement under different values of wσ  is shown in 
Fig.10., in which SV is the voltage measured by the 
measuring electrodes of the SGLCP. As can be observed 
from Fig.10., in different conditions of wσ , the response 
characteristics of the SGLCP, whose S is set to three 
different values, are basically consistent. The response result 

SV  of the SGLCP is greatly influenced by the variation of 

wσ  with the increase of wσ , the response results SV  of the 
SGLCP with three different S show linear increasing 
tendency, and show obvious difference which can be 
attributed to the distinctive difference of wσ . Under the 
conditions of a certain given wσ , the greater the S is, the 
greater the response result SV  of the SGLCP becomes.  
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Fig.10.  Calculated response of the simulation for the  SGLCP 
under different values of wσ : h=2 mm, d=1.5 mm, D=20 mm. 

 
B.  Calculated response of the RSCP 

The calculated response of the RSCP for pure-water 
measurement under different values of wσ  is calculated by 
using the finite element model of the RSCP. The simulated 
model for different values of wσ  in which the geometry of 
the RSCP is eh =2 mm, mh =2 mm, eS =47 mm, mS =32 mm, 
the range of wσ  is from 100 mΩ  to 2000 mΩ . The 
calculated response of the RSCP for pure-water 
measurement under different values of wσ  is shown in 
Fig.11., in which RV  is the voltage measured by the 
measuring electrodes of the RSCP. As can be observed from 
Fig.11., the response result RV  of the RSCP is greatly 
influenced by the variation of wσ , with the increase of wσ , 
the RV  shows a linear increasing tendency, and shows 
obvious difference which can be attributed to the distinctive 
different wσ . 

According to Fig.10. and Fig.11., it is found that the 
SGLCP and RSCP have nice linearity characteristics for 
pure-water electrical conductivity measurement under 
different values of wσ , respectively. The calibration curves 

of response results between the SGLCP and RSCP are 
shown in Fig.12. As can be observed from Fig.12., under the 
condition of different values of S, the response values 
between the SGLCP and RSCP show a linear function 
relation, and the calibration curves between the SGLCP and 
RSCP can be given as 

 
S R

S R

S R
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= − =
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V V S mm
V V S mm
V V S mm

               (6) 

 
where RV  is the measured voltage of the RSCP, SV  is the 
measured voltage of the SGLCP, S is the separation between 
two measuring electrodes of the LCPi . 

In theory, the constants in (6) should be 0. In the process 
of simulation modeling, due to the effect the different 
numbers of the grid division for sensors with different 
structure parameters have on the response results, the 
constants in (6) are no longer 0, which leads to a minor error. 
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Fig.11.  Calculated response of the simulation for the RSCP under 
different values of wσ : eh =2 mm, mh =2 mm, eS =47 mm,  

mS =32 mm. 
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Fig.12.  The calibration curves of simulation results between the 
SGLCP and RSCP. 
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5.  STATIC EXPERIMENTS OF THE SGLCP AND RSCP UNDER 
DIFFERENT MINERALIZATION DEGREES 

For the SGLCP and RSCP, we adopt inhibit current loss, 
multiplex programmable analog switch circuit, differential 
amplifier, RMS to DC converter and V/F conversion 
measurement circuit and construct the pure-water 
measurement system. The instrument output is expressed by 
the frequency signal wF (KHz) which can be described as 

 
310−= × ×w w wF k V                             (7) 

 
where wk is correction coefficient, wV represents the 
measuring direct voltage for a certain given mineralization 
degree water. 

Fig.13. shows the images of frequency measurement 
circuitry which includes multiplex programmable analog 
switch circuit, dual channel exciting signal circuit, DC 
power conversion circuit, dual channel differential 
amplifier, RMS to DC converter and V/F converter circuits, 
dual frequency signals complex circuit, and power 
generation circuit. 

 

 
 

Fig.13.  Images of frequency measurement circuitry for the SGLCP 
and RSCP. 

 
Images of conductance probes are shown in Fig.14. which 

shows the structures of the SGLCP and RSCP with the 
axially separated, cross section distribution and flush-
mounted on the inside wall of the insulated flow pipe with 
the inner diameter of 20 mm. 

 

(a) (b) (c)  
 

Fig.14. Images of conductance probes: a) The SGLCP; b) Cross 
section of the SGLCP; c) The RSCP. 

 
Fig.15. shows  horizontal  oil-water  two-phase  flow 

experiment equipment in petrodaqing test & experiment 
center of logging & testing technology. To calibrate the 
SGLCP and RSCP for pure-water measurement under 
different mineralization degrees, the calibration test for 
different mineralization degrees of water is carried out. 

Since the mineralization degree value of the downhole 
fluid ranges from 2000 ppm to 3000 ppm, the downhole 

fluid is considered a dilute solution. And in dilute solution 
the conductance can be expressed as [28]: 

 

1000
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δ
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                               (8) 

 
where cS  is the conductance of the solution (S), λ  is the 
equivalent conductivity of the solution ( 2 1S cm g− −⋅ ⋅ ), δ  is 
the milliequivalent of the solution (mg), A is the electrode 
area(cm2), l represents  the distance between two electrodes, 
and C is the concentration of solution (mg/L). 

In the formula (8), it shows that the conductance cS  only 

depends on the concentration C. Let 1
1000

λ
δ

= ⋅ ⋅
⋅

AF
l

, we 

get 
 

= ⋅cS F C                                     (9) 
 
In this experiment λ  and δ  of the salt-containing 

solution are both constants, so F is also a constant. 
Therefore, there is a linear relation between the conductance 

cS  and the concentration C, and the static experiment used 
the different salt concentrations to represent different 
mineralization degrees. 

 

(b)

(a)

 
 

Fig.15.  Horizontal oil-water two-phase flow experiment 
equipment in petrodaqing test &experiment center of logging & 
testing technology. 
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The experimental mediums are tap water, white oil and 
edible salt. The values of salt concentration wρ  range from 
0.5 g/L to 5.5 g/L which  corresponds  to  the  different 
mineralization degrees of water. The experiments in 
different mineralization degrees of the fluid are forced into 
the insulated flow pipe of the SGLCP with D=20 mm from a 
large diameter horizontal plexiglass pipe (the value of inner 
diameter is 125 mm). 
 
A.  Static experiments of the SGLCP 

In order to analyze the response characteristics of the 
SGLCP in the horizontal oil-water segregated flow and to 
verify the validity and feasibility of obtaining the pure-water 
electrical conductivity in the condition of a continuous water 
phase in the segregated flow, the experiments for the 1LCP , 
with D=20 mm, h=2 mm, d=1.5 mm and S=4, 5, 6 mm 
respectively, in the SGLCP were conducted and the 
experiments for the horizontal oil-water segregated flow 
were also carried out, the results of which are shown in 
Fig.16., under the condition that wρ is 2.0 g/L. 
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H
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h=2mm,d=1.5mm,S=5mm
h=2mm,d=1.5mm,S=6mm
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Fig.16.  Calibration of the 1LCP  with 2.0g / Lwρ =  under 
different my  in the condition of oil-water segregated flow. 

 
As can be seen from Fig.16., under the conditions of 

higher my , the 1LCP  can obtain a reliable and accurate 
pure-water electrical conductivity, which can be used as the 
pure-water correction value for water content measurement 
in horizontal oil water segregated flow. And in the condition 
of the 1LCP  with D=20 mm, h=2 mm, d=1.5 mm, S=4, 5, 
6 mm, respectively, the measured result is approximately 
equal to pure-water electrical conductivity, i.e., the 
measurement values of the 1LCP  while 1my = , when my  is 
greater than or equal to 0.30. 

Fig.16. shows that under a certain given salt concentration, 
the SCLGP can obtain the pure-water electrical conductivity 
at the condition of the high my .  

In order to investigate the response characteristics for the 
different mineralization degrees of water in the fluid to the 
SGLCP, the different values of the water salt concentrations 
are used to represent the different mineralization degrees of 
water during the experiments. The measurement 
experiments for pure-water electrical conductivity were 

conducted, and the response values of the experiment are 
calculated at the condition filled with a continuous water 
phase in the insulated pipe under different values of wρ  in 
which the value  range  of salt concentration wρ  is  from 0.5 
g/L  to 5.5 g/L. Fig.17. shows the calibration response of the 
SGLCP for pure-water measurement under different values 
of wρ  in horizontal flow, in which h=2 mm, d=1.5 mm and 
S=4, 5, 6 mm, respectively.  

As can be observed from Fig.17., in different conditions of 
wρ , the response characteristics of the SGLCP, whose S is 

set to three different values, are basically consistent. With 
the increase of wρ , the measured frequency signal SF  of the 
SGLCP with three different S shows a decreasing tendency 
and shows obvious difference which can be attributed to the 
distinctive difference of wρ . Under the conditions of a 
certain given wρ , the greater the S is, the greater the 
response result SF  of the SGLCP becomes. 
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Fig.17.  Calibration of the SGLCP under different values of wρ : 
h=2 mm, d=1.5 mm, S=4, 5, 6 mm, respectively. 

 
B.  Static experiments of the RSCP 

We focused on analyzing static response results of the 
RSCP with pure-water electrical conductivity measurement 
under different mineralization degrees. The calculated 
response results of the RSCP for pure-water measurement 
are shown Fig.18. As can be observed from Fig.18., with the 
increase of wρ , the measured frequency RF  of the RSCP 
shows a decreasing tendency, and shows obvious difference 
which can be attributed to the distinctive different wρ . 

According to Fig.17. and Fig.18., it is found that the 
SGLCP and RSCP have nice response characteristics for 
pure-water measurement under different values of wρ , 
respectively. Taking into account the actual logging in the 
experiment, the shell of the logging instrument is conductive 
material and connected with the ground, and the ground 
terminal of the excitation control circuit in the system driven 
circuit of the SGLCP and RSCP directly connected with the 
instrument shell, would result in the shunt or leakage of the 
current input by the exciting electrodes. The current loss 
would exhibit a non-linear change with the change of the 
fluid component or conductivity inside the sensors, causing 
the non-constant current in the measurement field of the 

http://cn.bing.com/dict/search?q=salt&FORM=BDVSP6&mkt=zh-cn
http://cn.bing.com/dict/search?q=concentration&FORM=BDVSP6&mkt=zh-cn
http://cn.bing.com/dict/search?q=water&FORM=BDVSP6&mkt=zh-cn
http://cn.bing.com/dict/search?q=salt&FORM=BDVSP6&mkt=zh-cn
http://cn.bing.com/dict/search?q=concentration&FORM=BDVSP6&mkt=zh-cn


 
 
 

MEASUREMENT SCIENCE REVIEW, 16, (2016), No. 4, 218-227 
 

 226 

sensors, which would cause that the measurement results of 
SGLCP and RSCP exhibit a non-linear change under 
different values of wρ . 
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Fig.18.  Calibration of the RSCP under different values of wρ : 

eh =2 mm, mh =2 mm, eS =47 mm, c=32 mm. 
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Fig.19.  The relation curves of experiment results with the SGLCP 

and RSCP under different values of wρ . 

 
Fig.19. shows the calibration curves of experiment results 

between the SGLCP and RSCP. As can be observed from 
Fig.19., the discrete points with three different marker 
symbols represent the calibration results of experiment 
results between the SGLCP and RSCP. The continuous 
curves with three different colors represent calibration 
curves of experiment results between the SGLCP and RSCP 
by using the linear fitting. Under the condition of different 
S, the response values between the SGLCP and RSCP show 
a relatively good linear function relation, and the calibration 
curves about the SGLCP and RSCP can be given as 

 
S R

S R

S R

1.5817 162.2, 4
1.6294 124.1, 5
2.1437 304.2, 6

= − =
 = − =
 = − =

F F S mm
F F S mm
F F S mm

              (10) 

 

where RF is the measured frequency of the RSCP, SF  is the 
measured frequency of the SGLCP, S is the separation 
between two measuring electrodes of the SGLCP. 

In the actual work, the constant current exciting source of 
the conductance sensors can cause leakage to some degrees. 
Therefore, some error would be generated for the linear 
fitting curve of the SGLCP and RSCP.  

According to the comprehensive analysis for the 
simulation and static experiment, the results in Fig.9. and 
Fig.16. analyze and verify the validity and feasibility of the 
SGLCP to measure the pure-water electrical conductivity in 
the condition of high my , and simultaneously, a higher 
linearity between the SGLCP and RSCP can be verified in 
terms of the electrical resistivity and salt concentration, 
respectively. Therefore, the SGLCP plays an important role 
in the pure-water electrical conductivity for the actual 
horizontal water content measurement, with the 
characteristics of low velocity and high water content, and 
solves the difficult problem that the RSCP cannot obtain the 
pure-water electrical conductivity of oil water two phase 
segregated flow in horizontal wells.  
 
6.  CONCLUSION 

This paper presented SGLCP to measure the pure-water 
electrical conductivity in horizontal oil-water segregated 
flow. The simulation models of these structures of the 
SGLCP and RSCP are established by using the FEM. 
Simulation experiments with the calculated response of the 
SGLCP and RSCP measurement area are given, and the 
electric field distribution under a certain given 
mineralization degree of water is obtained. It analyzed 
measurement characteristics and indicated good linearity 
characteristics between the designed SGLCP and RSCP for 
pure-water measurement with experiment under different 
mineralization degrees of water. The validity and feasibility 
of the designed SGLCP for pure-water electrical 
conductivity measurement under different mineralization 
degrees in horizontal oil-water two-phase segregated flow 
are verified by experiment results. The achievement of this 
work provides a theoretical basis and technical reference for 
the research and development of water content measurement 
instrument and the production profile logging interpretation 
and evaluation based on horizontal oil-water segregated 
flow. 
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