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Abstract: Sand formation has good reservoir conditions due to its relatively developed porosity and permeability and well 
developed pore throats. After the reservoir is divided from the drilling geological profile, the next step of logging interpretation 
is to determine the oil, gas and water properties of each reservoir. The oil-bearing property of reservoir can be measured by its 
saturation, which can be divided into water saturation and oil-bearing saturation. Water saturation refers to the percentage of 
water-bearing void volume in total void volume of rock, usually expressed as Sw; oil-bearing saturation refers to the percentage 
of oil-bearing void volume in rock, expressed as Sh. Saturation is usually expressed as percentage ( %). Under ideal conditions, 
the sum of hydrocarbon saturation and water saturation in reservoir pores is 1 (or 100%). Therefore, water saturation is usually 
used to describe hydrocarbon bearing of reservoir, and it is particularly important to judge reservoir fluid properties. When 
logging data are applied, natural potential logging, triple laterolog, neutron gamma logging and ordinary resistivity logging are 
usually used to judge oil and water layers. 
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1. Introduction 
In oil exploration and development, logging methods are 

often used to classify the target formation. After completing 
the classification of the formation and judging the 
permeability of the formation, it is necessary to judge and 
analyze the fluid properties in the formation reservoir, which 
is very important for the exploitation and development of oil 
and gas reservoirs. Oil reservoir is composed of reservoir rock 
and reservoir fluid. The rock containing recoverable oil is 
called reservoir. It is of great significance to understand the 
characteristics of reservoir rock and reservoir fluid. Oil, 
natural gas and water are the main fluids existing in oil and 
gas reservoirs, and are also the main objects to study reservoir 
fluid.  

Petroleum refers to hydrocarbon mixtures dominated by 
gaseous, liquid or solid hydrocarbons. Under formation 
temperature and formation pressure conditions, liquid 
existing in liquid phase and containing a small amount of non-
hydrocarbon is called crude oil; gas existing in gas phase and 
containing a small amount of non-hydrocarbon under 
formation temperature and formation pressure is called 
natural gas; gas existing in gas phase under formation 
temperature and formation pressure conditions, when 
produced to the surface at normal temperature and pressure, 
more condensate oil can be separated, called condensate gas. 
The reservoirs dominated by the three are respectively called 
oil reservoir, gas reservoir and condensate gas reservoir. The 
oil-bearing property of reservoir can be measured by its 
saturation, which can be divided into water saturation and oil-
bearing saturation. Water saturation refers to the percentage 
of water-bearing void volume in total void volume of rock, 
usually expressed as Sw; oil-bearing saturation refers to the 
percentage of oil-bearing void volume in rock, expressed as 
Sh. Saturation is usually expressed as percentage ( %). 
Obviously, the sum of hydrocarbon saturation and water 
saturation in reservoir pores is 1 (or 100%). Therefore, water 

saturation is usually used to describe the hydrocarbon 
potential of reservoir. When logging data are applied, natural 
potential logging, triple laterolog, neutron gamma logging 
and ordinary resistivity logging are often used to judge oil and 
water layers. 

2. Judgement of Oil and Water Layers 
by Difference of Abnormal 
Amplitude of Natural Potential 

When apparent resistivity logging was carried out at the 
earliest time, it was found that there was a potential change 
along the depth of the well without power supply to the 
electrode system in the lower well, which was repeatedly 
verified to indicate that this potential existed universally. 
Natural potential logging is one of the most important 
methods to divide and study reservoirs because of the obvious 
abnormal display of natural potential curves in permeable 
layers. Natural potential logging is a common electrical 
logging method. Logging methods appear early and technical 
means are mature. Natural potential curve is simple in shape, 
convenient and effective in application, and can be used to 
classify sandstone and mudstone, judge reservoir 
performance and reservoir fluid properties. Scholar Liu 
Shuguang explained in his report that No.62 Formation of 
Well W4 is 1614.5~1615.5m, with low acoustic time 
difference, large density value, three porosity curves in the 
same direction indicating poor reservoir physical properties, 
high formation resistivity value and low natural gamma value, 
which are characteristics of tight sandstone reservoir with 
relatively pure lithology, and natural potential curve shows 
weak negative abnormal amplitude. From 1615.5 to 1616.9m 
of No.63 formation, the logging curve comprehensively 
indicates that the reservoir physical property is good, and the 
natural potential curve negative anomaly is obvious. From 
1616.9 to 1618.3m of No.64 formation, the natural gamma 
value is relatively high, and the formation resistivity value is 
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relatively low. The logging curve indicates that the reservoir 
with relatively high mud content has worse reservoir physical 
property than No.63 formation, resulting in the natural 
potential negative anomaly amplitude being lower than No.63 

formation. The natural potential curve shows obvious slope 
change at the interface of the three layers, reflecting the 
change of reservoir lithology and physical property. 

 

 

Figure 1. Logging Curve of Well W4(Shuguang Liu,2021) 
 

From the nature of spontaneous potential logging, it can be 
known that the amplitude of spontaneous potential anomaly 
of oil-bearing formation with higher resistivity is lower than 
that of oil-bearing formation when the conditions of 
formation thickness, lithology and formation water salinity 
are the same. 

In addition, according to the difference of abnormal 
amplitude of natural potential curve and acoustic time 
difference logging, oil layer can also be judged. Scholars Ye 
Xingshu, Chen Long and Wang Jiang found in the research of 
M-II reservoir oil-water layer in K oilfield of South Turgai 
Basin of Kazakhstan that when the natural potential amplitude 
difference of M-II reservoir argillaceous sandstone is less 
than 45mV and the acoustic time difference is less than 
285μs/m, this layer may be oil layer. At the same time, they 
also use variable m value to calculate the oil saturation of 
reservoir, which improves the identification ability of oil layer. 

The oil saturation calculated by traditional Archie equation is 
only 27%, while the oil saturation calculated by variable m 
value is 50%, which meets the oil layer interpretation standard 
of the study area. The oil test of this layer is officially oil layer, 
and the daily oil production is 50.4 t. Based on the natural 
potential and acoustic time difference chart, 75 wells have 
been interpreted by using the method of calculating oil 
saturation of reservoir with variable m value. There are 125 
layers of test oil layers, 114 layers are consistent, 11 layers are 
inconsistent, and the coincidence rate is 91.2%. 

Drilling in sand-mudstone section is generally done with 
fresh water mud (Cw>Cmf), so obvious negative anomaly 
appears in natural potential curve of sandstone permeable 
interval; in salt water mud well (Cw<Cmf), positive anomaly 
appears in permeable interval, which is an important feature 
for identifying permeable interval. 

 

 

Figure 2. Cross Diagram of Acoustic Time Difference and Natural Potential Amplitude Difference of M-Ⅱ Reservoir in K 
Oilfield(Xingshu Ye,2011) 
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3. The Oil And Water Layers Are 
Judged Qualitatively By The Method 
of 𝑹𝑳𝑳𝟑

𝒅 、𝑹𝑳𝑳𝟑
𝒔  

Ordinary resistivity logging is significantly affected by the 
surrounding rock and drilling fluid, especially under saltwater 
drilling fluid conditions, where most of the current flowing 
out of the power supply electrode is diverted by the drilling 
fluid. The measured apparent resistivity curve is difficult to 
reflect the true resistivity of the formation. In the 1950s, 
lateral logging, also known as focused resistivity logging, was 
introduced. Among them, the three lateral logging is the 
earliest lateral logging. The three lateral electrode system 
consists of three cylindrical metal electrode systems. The 
basic principle of the three lateral logging is that the main 

electrode A0 emits a main current, and the shielding electrodes 
A1 and A2 emit shielding currents of the same polarity as the 
main current. Under the repulsive effect of the shielding 
currents of the same polarity, the main current is scattered into 
the formation in a circular disk shape. It effectively 
overcomes the power supply defects of point like power 
supply and spherical divergent general point power supply. 
Three lateral logging is divided into deep three lateral logging 
and shallow three lateral logging. Lateral logging can be seen 
as a series of resistors, and the resistance value of each series 
resistor will have a significant impact on the total resistance 
value. Bilateral logging is proposed based on the three and 
seven lateral logging, which combines the three and 
seven.The combination of lateral advantages results in better 
detection depth and stratification ability. 

 

 
Figure 3. Distribution of power lines in dual laterolog 

 

Overlap and plot the deep and shallow lateral curves (both 
curves are plotted in the same coordinate system), with the 
appearance of "amplitude difference" as a marker to describe 
the permeable layer. When the condition of Rmf>Rw is 
generally met, in the oil reservoir section, the apparent 
resistivity of the deep three lateral directions is usually greater 
than that of the shallow three lateral directions, that is, the 
amplitude difference of  𝑅௅௅ଷ

ௗ  > 𝑅௅௅ଷ 
௦   is called "positive 

amplitude difference" or "positive difference"; In the water 
layer well section, the apparent resistivity of the deep three 
lateral directions is usually lower than that of the shallow 
three lateral directions; Namely, when  𝑅௅௅ଷ

ௗ  < 𝑅௅௅ଷ 
௦  , this 

amplitude difference is called "negative amplitude 
difference" or "negative difference". This method can quickly 
and intuitively make judgments on oil and water layers, but 
the final confirmation of oil and water layers still requires 
comprehensive interpretation and depends on geological 
parameters. In saltwater mud wells, when Rmf<Rw, a "positive 
amplitude difference" appears on the deep and shallow lateral 
curves at both the oil and water layers, indicating a low 
invasion profile. However, the apparent resistivity of the oil 
layer is higher than that of the water layer, and the amplitude 
difference is also larger than that at the water layer. This 
feature is used to identify oil-water layers. Overall, the mud 
invasion properties of oil-water layers are different. When 
Rmf>Rw, oil layers are mostly characterized by reduced 

resistance invasion, while water layers are mostly 
characterized by increased resistance invasion. When the 
depth side 𝑅௅௅஽ is greater than the shallow side 𝑅௅௅ௌ , it is 
an oil layer, and vice versa, it is a water layer. 

When the borehole is regular, this method is highly reliable 
for judging oil and water layers in thick permeable intervals 
in the well. For thin formations, the apparent resistivity values 
of deep and shallow lateral directions should be corrected for 
influence respectively, and then this method can be used to 
judge oil and water layers. 

The resistivity of the wash zone of the oil layer is lower 
than that of the undisturbed formation, and the oil layer shows 
the characteristics of low invasion resistivity profile. The 
resistivity of the wash zone of the fresh water mud water layer 
is higher than that of the undisturbed formation, and the water 
layer shows the characteristics of high invasion resistivity 
profile. The deep lateral resistivity value and the deep 
induction resistivity value mainly reflect the resistivity value 
of the undisturbed formation, and the shallow lateral 
resistivity value and the middle induction resistivity value 
mainly reflect the resistivity value of the invasion zone, that 
is, the oil layer: RLLD> RLLS, RILD>RILM, and the water 
layer: RLLD<RLS, RILD<RILM. Table 1 summarizes the 
resistivity amplitude characteristics and invasion 
characteristics of oil and water layers. 
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Table 1. Resistivity Amplitude and Invasion Characteristics of Oil and Water Layer 

fluid 
properties 

Rt RLLD RILD Relative size of 
RLLD and RILD 

RILD/  
RLLD 

Intrusion 
characteristics 

RLLD/  
RLLS 

RILD/  
RILM 

oil layer High 
Value 

ApproachingRt Slightly lower 
Rt 

Rt≈RLLD>RILD High 
Value 

Low invasion >1 >1 

Water layer 
(freshwater 

mud) 

low 
value 

Higher than Rt ApproachingRt RLLD>RILD≈R t low 
value 

High invasion <1 <1 

 
According to previous logging interpretation rules, low 

invasion positive difference is an obvious characteristic of oil 
layer, but for inclined anisotropic formation under mud 
invasion condition, due to the influence of anisotropy, the 
relative difference characteristics between curves are 
complex, and it is not feasible to identify oil and water layers 
only by resistivity amplitude difference, so it is very difficult 
to distinguish reservoir fluid properties. 

4. Determination of Oil-water Interface 
by Neutron-gamma Logging 

Because the hydrogen content of oil and water layers is 
basically the same, only when the salinity of formation water 
is high, the chlorine content of water layer is significantly 
higher than that of oil layer, and the neutron gamma logging 
count rate value of oil layer and water layer has obvious 
difference (the neutron gamma logging count rate value of 
water layer is higher than that of oil layer). Therefore, only 
when the salinity of formation water is relatively high, can the 
neutron gamma logging curve be used to divide oil and water 
interface and distinguish oil and water layers. 

5. Invasion Effect Judgment of 
Ordinary Resistivity Logging on Oil 
and Water Layers 

The main task of resistivity logging is to quantitatively 
determine the resistivity of a formation according to the 
thickness of the divided formation by resistivity curve . In oil 
wells, it is of special significance to study the conductivity of 
the formation, because oil is a substance with extremely high 
resistivity, while water in natural state is a substance with low 
resistivity. Therefore, in reservoirs of the same lithology, the 
resistivity of oil-bearing formations will be higher than that 
of water-bearing formations. Up to now, the resistivity of a 
formation is still an important indicator to judge the oil-water 
properties of a formation. 
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The above three equations are collectively called Archie 
equation, which are basic interpretation equations for 
interpreting water-bearing rocks and oil-bearing rocks with 
granular pores by using resistivity logging data. 

Because there are often invasion zones formed by mud 
invasion in permeable intervals, the distribution 
characteristics of radial resistivity depend on the type of 
invasion.(Also called resistance-enhancing mud invasion), 
which is caused by mud filtrate resistivity Rmf being greater 
than formation water resistivity Rw. Invasion results in 

flushing of the belt Resistivity Rxo is greater than undisturbed 
formation resistivity Rt and transition zone. Resistivity (the 
part of the formation in which formation water is partially 
replaced) gradually changes from Rxo to Rt, but both are 
greater than Rt, and the amplitude of the apparent resistivity 
curve measured at this time must be higher than that measured 
without invasion.(Also called resistance-reducing mud 
invasion), this is because the resistivity of mud filtrate is 
generally less than that of liquid contained in pores of oil-
bearing layers. Therefore, the amplitude of apparent 
resistivity curve measured in oil layer interval is lower than 
that measured without invasion. Oil and water layers can be 
judged by using this influence factor. 

Zhenbei Oilfield is located in the southwest of Ordos Basin. 
Oil reservoirs are mainly distributed on the main belt of 
braided river delta front. Controlled by sedimentary facies 
belt and physical property change, local regional structures 
have certain influence on oil bearing. Structural nose, palaeo 
geomor phological slope and mound mouth are favorable 
areas for oil reservoir formation. There are many standard 
water layers which can be used as contrast layers in Chang 3 
reservoir. If lithology and physical properties are similar, the 
resistivity ratio between reservoir and adjacent standard water 
layers can be used to quickly and effectively identify fluid 
properties. 

6. Other Methods 

6.1. Determination of fluid properties with 
electrical imaging data 

Traditional logging technology can only obtain vertical and 
horizontal data information of formation near oil well, which 
is only suitable for homogeneous formation. Electric imaging 
logging technology can comprehensively analyze 
underground aquifer. If the formation has good physical 
properties, electric imaging logging technology with higher 
resolution can acquire and interpret data from high water-cut 
formation and high oil-water interface. 

6.2. Compressibility coefficient method 
Based on the calculation and analysis of a batch of 

experimental data reported abroad and the measurement of 
artificial cores saturated with different liquids and porosity 
and the principle analysis of models, a method of identifying 
oil, gas and water layers by using the volume compressibility 
method is proposed. According to the pressurization 
experiment of saturated sandstone, the law of acoustic time 
difference varying with pressure is pointed out. According to 
the method and rule mentioned above, preliminary attempt to 
identify oil, gas and water layers by volume compressibility 
coefficient has been made in 13 wells of 4 structural blocks in 
Tuha Oilfield, Xinjiang. 
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6.3. Fluid Identification Using NMR Logging 
The principle of NMR double-TW method for fluid 

identification is to utilize the different polarization time TW 
required for complete polarization of different fluids, because 
TW must be greater than or equal to 3 times T1 time in 
general.(longitudinal relaxation time of fluid) can make the 
fluid completely polarized, while the T1 difference of water 
and gas is relatively large.(T1 of water is 1~500ms, T1 of gas 
is 2000~5000ms). Therefore, long and short TW are used for 
measurement respectively. In short TW, water has been 
completely polarized, while gas is not completely polarized. 
In long TW, water and gas are completely polarized. After 
subtracting the two groups of signals, the signal of water is 
subtracted, leaving only the signal of gas and light oil. This 
qualitative identification method of oil and gas is differential 
spectrum method . 

6.4. Using Swb and Sw overlap to identify 
fluids 

According to the concept of movable water saturation and 
irreducible water saturation, formation water saturation is the 
sum of movable water saturation and irreducible water 
saturation, i.e. Sw=Swm+Swb. Therefore, Swb and Swb overlap to 
show movable water: in oil and gas interval, Sw≈Swb, Swm≈0; 
in water interval: Sw>Swb; for oil/gas water same layer, it is 
between them. The method based on irreducible water and 
movable water is more suitable for actual production than 
traditional single saturation parameter identification. It has 
been found that the water saturation of many oil and gas 
reservoirs is higher than 50.0%, even as high as 
60.0%~70.0%, but only oil and gas are produced in testing 
and production, and no formation water is produced. It is 
obvious that oil and gas are produced.(i.e. water saturation or 
hydrocarbon saturation) is only the reflection of static 
characteristics of pay formation, it can not completely 
describe the dynamic law of reservoir oil and gas 
accumulation and seepage . 

7. Summary 
Judgement of reservoir fluid properties and identification 

of oil and water layers play an important role in oil and gas 
field development, and it is also of great significance to the 
application of logging data interpretation. This paper mainly 
collects the data application of several logging methods, and 
judges its specific performance in identifying oil and water 
layers through understanding the detection principle of 
certain logging methods. The prerequisite for identifying 
reservoir fluid properties with logging data is the difference 
between physical parameters of oil and water, but whether oil 
and water layers can be identified depends on lithologic, 
physical properties and pore structure of reservoir. 
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