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Abstract 

The EFDT (enhanced formation dynamics tester) instrument independently developed 
by CNOOC monitors the density and conductivity data of pipeline fluid during pumping, 
judges the volume of drilling fluid filtrate in the pumped fluid, and completes the 
sampling operation through the sampling module to obtain formation fluid samples 
when the density and conductivity data reach a certain value. However, the current EFDT 
instrument sampling only relies on experience to judge the volume of drilling fluid 
filtrate in the pumped fluid, and there is no unified method to calculate the volume ratio 
of drilling fluid filtrate to the total volume in real time and quantitatively, which 
increases the operation cost and is not conducive to the real-time decision-making in the 
process of oil and gas exploration. Based on the characteristic that the variation range of 
the collected density and conductivity data is smaller with the increase of the purity of 
the formation primary fluid in the process of EFDT pump sampling, the variation law of 
density and conductivity parameters in the process of water layer pump sampling is 
analyzed. According to the characteristics of water layer, different samples are 
configured in the laboratory to collect a large number of density and conductivity data, 
analyze and study the data, and obtain the method of identifying formation fluid 
properties based on density and conductivity. This method has a good application effect 
in Minghuazhen Formation of Bohai x oilfield, which forms a guidance for the subsequent 
EFDT sampling of water layer in Bohai x oilfield, effectively saves the pumping time and 
reduces the exploration cost. 
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1. Introduction 

Cable formation test sampling technology has the advantages of simplicity, rapidity, economy 
and reliability. It is of great significance to speed up the oil and gas exploration cycle and reduce 
the oil and gas exploration cost [1-3]. In the repeated test of cable formation, only by obtaining 
high-purity formation primary fluid samples can the formation fluid be accurately analyzed and 
studied [4]. At present, the main means for EFDT instrument to identify formation fluid is to 
rely on the density probe and conductivity probe [5] in the fluid analysis module. At present, it 
can only qualitatively identify the properties of formation fluid, but can not quantitatively 
evaluate the purity of the samples taken. The main means to obtain high-purity formation 
samples is to increase the pumping time. At present, CNOOC mainly relies on the density sensor 
and conductivity sensor in the fluid analysis module of EFDT instrument to measure the density 
and conductivity of the formation fluid flowing into the instrument pipeline to identify the 
properties of the formation fluid. If we can find a method to quantitatively calculate the purity 
of formation fluid in the process of EFDT pumping, we can effectively reduce the pumping time 
of EFDT and obtain samples with qualified purity. The analysis and study of fluid components 
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in water bearing formation will also make the properties of formation fluid more obvious and 
profound. 

2. Study on Calculation Method of Formation Water Purity in Aquifer 

By analyzing and classifying the changes of density and conductivity during EFDT sampling of 
water layers in multiple wells in Bohai oilfield, it is found that the change law of parameters is 
similar to that in Figure 1 below. The abscissa in Figure 1 is the time axis, and the unit is seconds 
(sces); The black curve is the density curve (FDEN), in g / cm3; The red curve is the conductivity 
curve. 

 

 

 
Figure 1. Variation diagram of water layer sampling conductivity and density 

 

As shown in Figure 1, when EFDT sampling is carried out for the water layer, with the increase 
of pumping time, the proportion of formation water becomes higher and higher, and the 
dispersion amplitude of the measured conductivity becomes smaller, and the dispersion 
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amplitude is positively correlated with the volume ratio of formation water; Because the 
formation water and drilling fluid filtrate can dissolve each other, the measured density value 
increases with the increase of the volume proportion of formation water, the smaller the 
dispersion range of the measured density value, and the dispersion range is positively 
correlated with the volume proportion of formation water. 

Subsequently, samples of formation water and drilling fluid filtrate with different proportion 
and concentration are configured in the laboratory to analyze the density and conductivity data, 
and the relationship between the concentration and the changes of density and conductivity 
parameters is obtained, which provides a basis for quantitative calculation of the volume ratio 
of formation primary fluid in the oil layer. 

3. Study on Experiment and Identification Method of Formation Water 
Density and Conductivity  

The laboratory analysis of formation water is carried out to obtain the characteristics of the 
changes of density and conductivity when the purity reaches 100% in the process of EFDT 
pumping. 

3.1. Experiment and Analysis of Formation Water Density and Conductivity 

1) Experimental purpose 

Measure the density and conductivity parameters of formation water samples, simulate the 
measured value characteristics of density and conductivity of formation water when the 
downhole fluid is sampled in the water layer and pumped to 100% purity, and analyze the data. 

2) Experimental steps 

Take 4L sample, start the pumping system, first flush high-pressure air from the pump suction 
port, blow clean the residual analysis sample inside the pipeline, then suck the sample from the 
hose, pump 2-3l, and record 10 data points measured by the measured values of density sensor 
and conductivity sensor; The data points are shown in Table 1 below. 

 

Table 1. Density and conductivity measurements of formation water samples 

Sampling point Density(g/cm3) conductivity(S/m) 

1 1.024 2.08 

2 1.011 2.09 

3 1.016 2.1 

4 1.018 2.11 

5 1.021 2.08 

6 1.018 2.09 

7 1.009 2.11 

8 1.010  2.08 

9 1.023 2.12 

10 1.019 2.11 

 

3)Data analysis 

By analyzing the density values of formation water collected by density sensor and conductivity 
sensor of EFDT instrument in Table 1 above, it is found that the average value of density is 
1.016g/cm3 and the average value of conductivity is 2.097s/m; It conforms to the density and 
conductivity characteristics of low salinity brine, has small error with the actual situation, and 
the value is accurate and reasonable. 
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The measured values of density and conductivity of formation water samples are statistically 
analyzed. When the purity of local formation water is 100%, the measured values of density 
and conductivity are very stable and the dispersion is small. In order to analyze the dispersion 
of density and conductivity data, the concept of standard deviation is introduced. 

Standard deviation, which is most often used in probability statistics as a measure of the degree 
of statistical distribution. The definition of standard deviation is the square root of the 
arithmetic mean of the square of the deviation between the standard value of each unit and its 
average; It reflects the degree of dispersion among individuals in the group; It is the most 
commonly used quantitative form to reflect the dispersion of a group of data. 

The formula of standard deviation is shown in Formula(1): 

 

s = √
∑ (𝑥𝑖 − �̅�)2n
i=1

𝑛 − 1
 (1) 

 

Where s is the standard deviation of samples, n is the number of samples, X ̅ Is the average value 
of the sample. 

According to formula (1), the standard deviation of density value is 0.005 and the standard 
deviation of conductivity is 0.0142. When the purity of local layer water reaches 100%, it can 
be found that the dispersion of density and conductivity values collected by EFDT is very small, 
but because the conductivity value is large, the standard deviation of conductivity value is 
greater than that of density. 

3.2. Experiment and Analysis of Density and Conductivity of Drilling Fluid 
Filtrate 

1) Experimental purpose 

Measure the density and conductivity parameters of drilling fluid filtrate samples, simulate the 
measured value characteristics of density and conductivity at the initial stage of pumping and 
when the volume concentration of drilling fluid filtrate is 100%, and analyze the data. 

2) Experimental steps 

Take 4L sample, start the pumping system, first flush high-pressure air from the pump suction 
port, blow clean the residual analysis sample inside the pipeline, then suck the sample from the 
hose, pump 2-3L, and record 10 data points measured by the measured values of density sensor 
and conductivity sensor; The data points are shown in Table 2 below. 

 

Table 2. Measured values of density and conductivity of drilling fluid filtrate samples 

Sampling point Density(g/cm3) conductivity(S/m) 

1 1.12 13.613 

2 1.11 13.623 

3 1.093 13.571 

4 1.134 13.652 

5 1.125 13.541 

6 1.112 13.624 

7 1.099 13.604 

8 1.115  13.593 

9 1.113 13.582 

10 1.121 13.635 
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3) Data analysis 

The measured values of density and conductivity of drilling fluid filtrate samples are 
statistically analyzed. When the purity of drilling fluid filtrate is 100%, the measured values of 
density and conductivity are very stable and the dispersion range is small. According to formula 
3-1, the standard deviation of density value is 0.0114 and the standard deviation of conductivity 
is 0.0313. Because the standard deviation of conductivity is greater than that of density. 

3.3. Common Noise Analysis and Countermeasures of LWD 

1) Experimental purpose 

Configure samples of formation water and drilling fluid filtrate with different volume 
concentrations. When the pumping object is the water layer, pump to different stages, and the 
volume ratio of formation water is different. Analyze the numerical characteristics of its density 
and conductivity, and then obtain the relationship between its concentration and density and 
conductivity data. 

2) Experimental steps 

Formation water and drilling fluid filtrate are water-based and soluble. In order to simulate the 
change characteristics of fluid during pumping, the formation water sample 1 and drilling fluid 
filtrate are proportioned and analyzed according to the volume. There are 10 samples in total, 
and the proportion of drilling fluid filtrate is 90%, 80%, 70%, 60%, 50%, 40%, 30%, 20%, 10% 
and 0% respectively. The sample name and corresponding sample types are shown in Table 3 
below; This experiment mainly simulates that when the pumping layer is water layer, the 
volume ratio of formation primary fluid gradually increases during the pumping process until 
the purity of formation water reaches 100%. 
 

Table 3. Volume concentration ratio of sample series A 

Sample type Concentration of drilling fluid filtrate Formation water concentration 

A1 90% 10% 

A2 80% 20% 

A3 70% 30% 

A4 60% 40% 

A5 50% 50% 

A6 40% 60% 

A7 30% 70% 

A8 20% 80% 

A9 10% 90% 

A10 0% 100% 

 

Install the suction nozzle and hose at the probe suction port of the packer of EFDT instrument, 
take 4L of the corresponding sample respectively, start the pumping system, suck the sample 
from the hose, pump 2-3L, and record the 10 data points measured by the density sensor and 
conductivity sensor at this time. The density data measurement results are shown in Table 4 
below, and the conductivity measurement data results are shown in Table 5 below. 
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Table 4. Sample A series density measurement results 

Sample type Density(g/cm3) 

A1 1.121 1.119 1.081 1.078 1.094 1.095 1.095 1.096 1.076 1.129 

A2 1.076 1.111 1.078 1.079 1.082 1.103 1.084 1.106 1.075 1.073 

A3 1.092 1.073 1.058 1.083 1.064 1.072 1.057 1.063 1.091 1.083 

A4 1.063 1.082 1.043 1.072 1.055 1.068 1.072 1.058 1.059 1.052 

A5 1.054 1.032 1.043 1.071 1.062 1.049 1.058 1.063 1.048 1.052 

A6 1.045 1.028 1.054 1.039 1.056 1.053 1.032 1.042 1.032 1.053 

A7 1.032 1.051 1.027 1.042 1.032 1.049 1.021 1.031 1.033 1.041 

A8 1.029 1.042 1.011 1.032 1.031 1.028 1.027 1.033 1.038 1.021 

A9 1.021 1.034 1.015 1.014 1.016 1.015 1.02 1.014 1.016 1.018 

A10 1.024 1.011 1.016 1.018 1.021 1.018 1.009 1.01 1.023 1.019 

 

Table 5. Conductivity measurement results of sample a series 
type Conductivity(S/m) 

A1 13.524 13.631 13.115 12.652 12.973 13.868 13.295 12.926 11.328 12.648 

A2 11.333 11.645 11.877 12.044 10.443 11.547 11.918 10.6533 11.322 11.843 

A3 10.345 10.983 10.362 11.251 9.987 9.653 10.832 10.233 10.342 10.653 

A4 9.652 9.432 9.132 9.873 9.991 10.032 9.351 8.831 9.553 8.763 

A5 7.983 8.322 7.853 8.112 7.433 7.123 8.143 8.243 8.434 8.1143 

A6 6.512 5.934 6.423 6.982 6.023 6.142 6.723 6.433 6.312 6.431 

A7 5.122 4.973 4.873 5.323 5.124 4.521 4.654 4.892 5.112 5.154 

A8 3.512 3.652 3.198 3.213 3.422 3.613 3.452 3.386 3.203 3.862 

A9 1.971 2.432 2.011 2.45 1.873 2.141 2.031 1.91 2.131 2.041 

A10 2.080  2.090  2.100  2.110  2.080  2.090  2.110  2.080  2.120  2.110  

 

3) Data analysis 

Calculate the standard deviation of density and conductivity of ten samples through formula 
(1), as shown in Table 6. According to the results of table 6, it is found that the sample A1 with 
the smallest formation water volume ratio has the largest density standard deviation and 
conductivity standard deviation, and the sample A10 with the largest formation water volume 
ratio has the smallest density standard deviation and conductivity standard deviation. With the 
increase of formation water volume ratio, the density standard deviation and conductivity 
standard deviation gradually decrease, and the relationship between them is positive; The 
standard deviation of conductivity of 10 samples is greater than that of density. 

 

Table 6. Group a data density and conductivity standard deviation 

Sample 

type 

Concentration of 
drilling fluid filtrate 

Formation water 
concentration 

Standard deviation of 
density sample(g/cm3) 

Standard deviation of 
conductivity 
sample(S/m) 

A1 90% 10% 0.0177 0.676 

A2 80% 20% 0.0135 0.513 

A3 70% 30% 0.0124 0.451 

A4 60% 40% 0.0108 0.427 

A5 50% 50% 0.0106 0.388 

A6 40% 60% 0.0099 0.299 

A7 30% 70% 0.0091 0.233 

A8 20% 80% 0.0082 0.207 

A9 10% 90% 0.0057 0.188 

A10 0% 100% 0.0051 0.014 
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The conclusions can be drawn as follows 1: When the fluid extracted by EFDT is the mixture of 
formation water and drilling fluid filtrate, with the increase of time in the pumping process, the 
volume proportion of drilling fluid filtrate becomes lower and lower, the volume proportion of 
formation water increases gradually, the sample standard deviation of conductivity data 
decreases gradually, and corresponds to different concentration proportions; According to the 
formation water volume ratio and the standard deviation data of conductivity data, the fitting 
results are shown in Figure 2 below, and the following formula (2) is obtained, where R2 = 
0.9551, which proves that the fitting degree is high: 

 

y = −1.556𝑥 + 1.0784 (2) 
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Figure 2. Fitting relationship between conductivity standard deviation and formation water 
concentration 

 

In the above formula (2), Y is the proportion of formation water concentration, and X is the 
standard deviation of conductivity data samples. 

It can be concluded that 2: when the fluid extracted by EFDT is the mixture of formation water 
and drilling fluid filtrate, with the increase of time in the pumping process, the volume 
proportion of drilling fluid filtrate gradually decreases, the volume proportion of formation 
water gradually increases, and the sample standard deviation of density data gradually 
decreases, which has a linear relationship with the volume concentration of formation water; 
According to the standard deviation data of formation water concentration and density data, 
the fitting results are shown in Figure 3 below, and the following formula (3) is obtained, where 
R2 = 0.9288, which proves that the fitting degree is high: 

 

𝑦 = −78.329𝑥 + 1.3568 (3) 
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Figure 3. Fitting relationship between density standard deviation and formation water 

concentration 

 

In the above formula (3), Y is the proportion of formation water concentration, and X is the 
standard deviation of density data samples. 

When the pumped fluid is the mixture of formation water and drilling fluid filtrate, according 
to formula (2) and formula (3), the proportion of drilling fluid filtrate and formation water 
concentration can be obtained according to the changes of density data and conductivity during 
real-time EFDT pump sampling, and the properties of formation fluid can be identified. 

The sampling rate of density sensor and conductivity sensor is 250ms, which reflects that they 
have the same weight in the identification sensitivity of formation fluid. Therefore, the 
calculation formula of formation primary fluid volume ratio based on water layer is calculated 
by weighted average. 

By analyzing the density value and conductivity value of formation water and drilling fluid 
filtrate with different concentrations, the formula of density standard deviation and volume 
ratio and the formula of conductivity standard deviation and volume ratio are weighted average. 
It is concluded that the relationship between formation water volume ratio and density and 
conductivity standard deviation during water layer sampling by EFDT is as follows (4): 

 

𝜌𝑤𝑎𝑡𝑒𝑟 = −39.1645𝜎1 −0.778𝜎2 +1.2154 (4) 

 

In equation (4) ρWater is the volume ratio of formation water, σ1 is the standard deviation of 
density, σ2 is the standard deviation of conductivity. 
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4. Application Effect 

 
Figure 4. Combination diagram of conventional logging curve of sampling horizon of well Z 

 

In well Z of Bohai oilfield, the sampling horizon (1440.0m-1444.0m) is Minghuazhen Formation. 
The lithology is fluorescent fine sandstone, with a fluorescence area of 5%, grade D. the 
fluorescence is dark yellow directly, the drip is milky white, and the A / C response is slow. Due 
to the doubt of interpretation based on the conventional logging curve (Fig. 4) and logging and 
gas logging data, EFDT instrument is used for sampling. The purpose of sampling is to take out 
the original formation fluid for the interpretation of formation fluid properties. The sampling 
depth is 1441.50m. According to the conventional logging curve, the permeability of this layer 
is 1220.1md, which is a typical high permeability formation. 

When the EFDT is pumped to 90min, collect 10 density data and conductivity data of the 
pumped fluid and calculate the standard deviation, as shown in Table 7 below. The formation 
water ratio is 94.8% calculated by formula (4). It is decided to fill the sample and end the 
sampling. The conductivity and density parameters in the sampling process are shown in Figure 
5 below. 
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Table 7. Measurement of sample density and conductivity when 1441.5m EFDT is pumped 
for 90 minutes 

Sampling point Density(g/cm3) conductivity(S/m) 

1 1.024 4.393 

2 1.021 4.535 

3 1.018 4.312 

4 1.021 4.481 

5 1.021 4.332 

6 1.023 4.552 

7 1.018 4.521 

8 1.019  4.358 

9 1.007 4.453 

10 1.028 4.431 

standard deviation 0.0052 0.08182 

 

In Figure 5, the first channel at the bottom is the time channel, and the pumping time (time); 
The upper channel is the parameter channel, which respectively represents the parameters in 
the pumping process of EFDT, including fluid density (fden), total pumping volume (vol) and 
fluid conductivity (cond2). 

 

 
Figure 5. Variation diagram of 1441.5m EFDT sampling parameters 

 

The EFDT instrument is lifted out of the wellhead and transferred to the wellhead. A total of 
450ml of samples are obtained, all of which are filtrates. The samples are sent to the surface for 
analysis and test. The chloride radical of filtrate is 10000ppm, the chloride radical of drilling 
fluid is 103000ppm, and the actual volume ratio of formation water is 96%. See Table 8 below 
for sampling data; The difference of formation fluid volume in this calculation is 1.2%, which 
shows that the method of identifying formation fluid properties based on conductivity and 
density characteristics is effective in high permeability water layer. 

Through the actual sampling application in the well pad, the method of identifying the 
properties of formation fluid based on the characteristics of density and conductivity is applied 
in both high-permeability and low-permeability water layers, which proves that it is not 
affected by formation permeability. 

Ten wells from X oilfield in Bohai Sea are selected to use EFDT for formation repeated test 
sampling. The results confirm the accuracy of the method based on the parameter variation 
characteristics of density and conductivity to calculate the purity of formation primary fluid, 
which can be popularized and applied. The detailed statistical data are shown in Table 8 below. 
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Table 8. Application effect statistics 

Wel
l 

Dept
h 

Pumpi
ng 

time 
Horizon Sample type 

Formul
a 

calculat
ion 

Actua
l 

Calculat
ion and 
Practice 

Na
me 

m Min   
Sample 
purity 

Samp
le 

purit
y 

differen
ce 

X03 
1311

.5  
80  

Minghuazhen 
Formation 

Formation water + drilling 
fluid filtrate 

76.8% 
77.2

% 
0.4% 

X36 
1525

.0  
60  

Minghuazhen 
Formation 

Formation water + drilling 
fluid filtrate 

93.9% 
93.4

% 
0.5% 

X05 

1311
.5  

160  
Minghuazhen 

Formation 
Formation water + drilling 

fluid filtrate 
80.2% 

83.2
% 

3.0% 

1525
.0  

180  
Minghuazhen 

Formation 
Formation water + drilling 

fluid filtrate 
84.3% 

82.7
% 

1.6% 

X31 
1479

.0  
220  

Minghuazhen 
Formation 

Formation water + drilling 
fluid filtrate 

92.10% 
89.50

% 
2.6% 

X07 

1467
.0  

110  
Minghuazhen 

Formation 
Formation water + drilling 

fluid filtrate 
85.3% 

82.8
% 

2.5% 

1473
.0  

135  
Minghuazhen 

Formation 
Formation water + drilling 

fluid filtrate 
82.1% 

83.3
% 

1.2% 

X15 
1439

.0  
70  

Minghuazhen 
Formation 

Formation water + drilling 
fluid filtrate 

85.3% 
83.1

% 
2.2% 

X18 
1783

.5  
180  

Minghuazhen 
Formation 

Formation water + drilling 
fluid filtrate 

86.6% 
85.4

% 
1.2% 

X46 
1504

.0  
70  

Minghuazhen 
Formation 

Formation water + drilling 
fluid filtrate 

98.9% 
95.4

% 
3.5% 

X29 
1308

.0  
36  

Minghuazhen 
Formation 

Formation water + drilling 
fluid filtrate 

91.30% 
92.20

% 
0.9% 

X72 
1590

.0  
120  

Minghuazhen 
Formation 

Formation water + drilling 
fluid filtrate 

96.5% 
96.5

% 
0.0% 

5. Conclusion 

Formation primary fluid and drilling fluid filtrate have different density and conductivity 
characteristics. According to the changes of density and conductivity parameters during 
sampling by EFDT pump, the properties of formation fluid can be qualitatively identified. With 
the increase of EFDT pumping time, the volume ratio of formation primary fluid gradually 
increases, the volume ratio of drilling fluid filtrate gradually decreases, and the dispersion of 
measured density and conductivity values becomes smaller and smaller. Through experimental 
analysis in the laboratory, a method for quantitatively calculating the volume ratio of formation 
primary fluid based on the changes of density and conductivity parameters can be obtained. 

This method is currently applicable to the quantitative calculation of formation primary fluid 
volume ratio of EFDT in Minghuazhen Formation of Bohai x oilfield in the process of water layer 
sampling, which effectively reduces the pumping time of EFDT, reduces the exploration cost, 
and provides strong support for the rapid decision-making of on-site exploration operation. 
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