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The fluid flow behavior, generally referred to as seepage, could determine the hydrocarbon and brine movement behavior.
Movable fluid property, as one of the vital parameters for seepage characteristic evaluation, was generally used for tight oil
reservoirs’ fluid flow ability assessment. The nuclear magnetic resonance technique was used to experiment with movable fluid
percentage and movable fluid porosity, which can provide a realistic assessment of the amount of fluid that can flow in the
porous media. Other techniques were also used to analyze the main factors in regulating the differences in movable fluid
parameters. However, the research about fluid flow behavior was generally based on traditional methods, while the seepage
characteristics from the pore-scale view are still a myth. To promote this process, in this study, core samples obtained from the
Chang 7 reservoir of the Triassic Yanchang Formation in the Longdong region of Ordos Basin, China, were tested. The results
show that the average movable fluid percentage and average movable fluid porosity of the total 16 core samples are 36.01%
and 2.77%, respectively. The movable fluid exists mainly in the midlarge pores with the corresponding T2 relaxation time over
10ms. T2 distributions mainly present four typical patterns: (1) bimodal distribution with similar amplitudes of the two peaks
(occupying 6.25%), (2) bimodal distribution with higher right peak and lower left peak (occupying 18.75%), (3) bimodal
distribution with higher left peak and lower right peak (occupying 56.25%), and (4) unimodal distribution (occupying 18.75%).
Pore structure heterogeneity is closely related to the movable fluid parameters; the movable fluid parameters exhibit a relatively
good correlation with core throat radius as well as permeability. There is an obvious difference between the movable fluid
parameters and the microscopic characteristic factors in tight oil reservoirs due to the difference in physical properties, clay
mineral content, microcracks, and pore structure characteristics. This research has provided a new perspective for the movable
fluid property evaluation, and the relevant results can give some advice for the oil field development.

1. Introduction

Tight oil reservoir is a typical unconventional oil resource,
and it has become the new hot spot in global oil exploration
and development in recent years [1, 2]. In China, the Chang
7 tight oil reservoir in the Longdong region of the Ordos
Basin has been found to contain resource-rich tight oil in

recent years’ investigation, which shows a good prospection
in future exploration [3, 4]. However, due to technical limi-
tations, tight oil reservoir studies are still at the primary
stage [5]. It is shown that by the effects of deposition and
diagenesis, the tight oil reservoir formed a large number
and complex micro-nanometer pore throat during its devel-
opment and also displayed a difference of movable fluid
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occurrence distribution in tight oil reservoirs compared with
low-permeability reservoirs, which led to a large change
range in movable fluid parameter and a weak ability in fluid
flow, resulting in an inappropriateness and difficulty in
exploiting tight oil reservoirs [5–7].

Movable fluid parameters are effectively used in demon-
strating the seepage characteristics and evaluating the
potential capacity of tight oil reservoir exploration [8, 9].
Quantitative evaluation, distribution, and controlling factor
analysis of movable fluid can accurately estimate the practi-
cable resources for valuable exploration, which can also pro-
vide a theoretical basis for the development and adjustment
of technological plans [10–12]. This study mainly used the
nuclear magnetic resonance (NMR) relaxation technique
and high-speed centrifugation system to investigate the
microstructures of different tight oil reservoirs. In addition,
thin section analysis (CTS), scanning electron microscopy
(SEM), high-pressure mercury injection (HPMI), and high-
resolution X-ray computerized tomography (CT) were also
involved in describing the occurrence characteristic of mov-
able fluid. Through this, an internal correlation between
occurrence characteristics and geological factors was dem-
onstrated in this paper, and thus, it can provide a scientific
basis for Chang 7 tight oil reservoir exploration in the future.

2. Geological Background

Longdong area is located in the southwest of Ordos Basin,
China, crossing the Yishan slope and the Tianhuan depression
(Figure 1). The geological structural features of the Chang 7
segment are not complicated, which performed as a large
monoclinic gentle slope from east to west with a lower dip
angle [13]. Part of the regions presented a low-amplitude nose
structure [13]. The lake transgression of Chang 7 reached its
peak during the period of deposition, and the lake delta and
gravity flow deposits were the main parts of the Chang 7 depo-
sitional system, while the favorable reservoir was sandy debris
flow and distributary channel of the lake delta front [14, 15].
The thickness of the Chang 7 segment is 80-120m [15]. For
its lithology, the upper part is dark gray argillaceous siltstone
mudstone, siltstone, and fine sandstone, while the lower part
is dark gray mudstone, gray and black carbonaceous mud-
stone, and siltstone (Figure 1). The rock types are mainly lithic
feldspathic sandstones and feldspathic rock fragment sand-
stones [14]. On average, there are 45.9% of quartz, 24.4% of
feldspar, 28.4% of debris, and 1.3% of others, which indicates
that the Chang 7 segment has a lower component of maturity
[16–18]. In addition, the medium-strong compaction, diverse
types of cementations, and common existing but not strong
dissolution were the main forces during the lithology diagene-
sis [17]. The reservoir structure is midsmall pore and micro-
fine throat type, and physical properties are poor, which
indicates that Chang 7 is a typical low-porosity and ultra-
low-permeability reservoir [19].

3. Materials and Methods

3.1. Sample Selection. Sample selection was based on the
study of reservoir characteristics, also combined with the

investigation of interpretation, sedimentary sandy, and con-
ventional physical properties. Therefore, 16 oil-bearing
sandstone samples were selected from the Chang 7 reservoir,
which were further used for NMR relaxation and high-speed
centrifugal experiments. To investigate the microfactors that
influenced the movable fluid occurrence characteristic, sam-
ple analysis was also carried out by physical property analy-
sis, CTS, SEM, HPMI, and CT.

3.2. Instruments and Procedures. NMR relaxation experi-
ments were performed with the low-field nuclear magnetic
resonance analyzer, which is self-developed by the Institute
of Seepage Fluid Mechanics, Chinese Academy of Sciences.
The instrument has reached the internationally advanced
level, and it can analyze various sizes of core with diameters
less than 120mm. The procedure is as below:

(1) Drill 2.5 cm diameter plunger samples, and then,
wash with the solvent (ethanol+benzene) to a clean-
liness level lower than fluorescence level 3. After the
samples were dried, measure the weight, length,
diameters, and gas permeability. Vacuum samples
over 12 hours, pressurize 12MPa saturation water
to simulate formation water, measure the wet weight,
and calculate porosity

(2) Place the 100% water-saturated core samples on the
probe of the low magnetic field NMR analyzer, run
the T2 test, and inversely calculate the T2 relaxation
time spectrum. The main test parameters are
2.38MHz of resonant frequency, 300μs of echo time,
3000ms of waiting time, 1024 numbers of echoes, 64
numbers of scanning, and 50 of enhancement

(3) Centrifuge the samples with 20 psi, 40 psi, 200 psi,
and 400 psi, and follow with the NMR T2 test as
described in step (2)

(4) Conduct CTS, SEM, HPMI, and CT tests

4. Results

4.1. Characteristics of Physical Properties. Table 1 illustrates
the basic physical properties in Chang 7 formation. The
results showed that porosity ranged from 5.42% to 9.89%
with an average of 7.77%, and permeability is distributed
between 0.0146 and 0 1543 × 10−3 μm2, with an average of
0 0651 × 10−3 μm2.

4.2. Characteristics of Movable Fluid Parameter. Table 1 also
demonstrates the movable fluid parameters in Chang 7 for-
mation. The results show that the distribution of movable
fluid percentage was in the range of 7.23-60.29%, with an
average of 36.01%, and the differential between maximum
and minimum was 8.34. For movable fluid porosity, it was
in the range of 0.12-6.11%, with an average of 2.77%, and
the differential between maximum and minimum was
52.12%. These indicated that movable fluid parameters dis-
play a lower value and a larger difference of the tight oil res-
ervoirs. The amplitude of variation of movable fluid porosity
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was much larger than the percentage of movable fluid, indi-
cating a strong heterogeneous feature within samples.

T2 spectrum data demonstrated that, for the different
individual samples, the distribution of movable fluid was
wide (Figure 2). As shown in Figure 2(b), the movable fluid
of sample C7-3 existed in the T2 relaxation time 3-1000ms
corresponding pores, while in Figure 2(c), the movable fluid
of sample C7-2 existed in the 0.3-200ms corresponding
pores. Thus, these indicated that movable fluid did not only
exist in large pores; most of them were reserved in the mid-
large pores with the corresponding T2 relaxation time over
10ms, while there was also a small amount of movable fluid
distributed in the tiny pores. On the contrary, bound fluid
mainly existed in tiny pores. There were also amounts of
bound fluid in the large pores; however, due to the complex
features of Chang 7 tight oil reservoir, there were large
amounts of dead pores or tiny pore throat that blocked mid-
large pore throat, which led to weak connectivity within the
pore throats, and the fluid seepage in large pores cannot
occur under the centrifugal force; thus, NMR relaxation test
demonstrated the bound fluid within these pore throats.

Therefore, bound fluid can exist in midlarge pores while
movable fluid also can be detected in tiny pores; the distribu-
tion of movable fluid was wide.

4.3. NMR T2 Spectrum Feature. NMR T2 spectrum contains
rich information on rock features. According to the different
peak shapes, relaxation time, and amplitude, the T2 spec-
trum can directly indicate the volume of movable fluid in
different types of pores [20]. In our study, NMR T2 spec-
trums of Chang 7 tight oil reservoir samples were mainly
bimodal, either in different states of saturated formation
water or under different centrifugal forces. The two peaks
have differences in amplitude, and the spectrums also con-
tain a certain amount of single peak form. NMR T2 spec-
trums of samples that simulated saturated formation water
can reflect the distribution of movable fluid in pore throats.
As shown in our data, Chang 7 tight oil reservoirs have com-
plex spectrum forms; T2 distributions mainly present four
typical patterns (Figure 2 and Table 2): (1) bimodal distribu-
tion with similar amplitudes of the two peaks (occupying
6.25%) (Figure 2(a)), (2) bimodal distribution with higher

Quarternary Loess Quarternary Desert Lower Cretaceous Lower-Middle Jurassic Upper Triassic

Lower-Middle Triassic Palaeozoic Precambrian Place name Major river

Sandstone Siltstone Mudstone Marker bed Major
transgression

(a) (b)
(c)

Beijing

Figure 1: Map showing the location of the surveyed area of the Ordos Basin, China (modified from Ref. [14, 19]).

Table 1: Laboratory results of movable fluid from Chang 7 tight oil reservoir in Ordos Basin.

Well
Porosity
(%)

Permeability
(×10-3 μm2)

Irreducible fluid
percentage (%)

Movable fluid
percentage (%)

Movable fluid
porosity (%)

C7-1 8.97 0.1543 44.66 55.34 4.97

C7-21 9.89 0.0490 59.00 41.00 4.06

C7-22 7.54 0.0324 59.20 40.80 3.08

C7-3 7.24 0.0387 62.37 37.63 2.73

C7-4 6.86 0.0689 75.59 24.41 1.53

C7-5 5.42 0.0146 89.36 10.64 0.58
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Figure 2: Representative NMR T2 pattern of Chang 7 tight oil reservoir in Ordos Basin: (a) sample from well C7-1, 2190.3m; (b) sample
from well C7-3, 2224.9m; (c) sample from well C7-21, 1782.8m; (d) sample from well C7-4, 2409.2m; (e) sample from well C7-5, 2243.0m;
(f) sample from well C7-22, 1775.2m. Lines 1-5 represent water-saturated core samples, 20 psi, 40 psi, 200 psi, and 400 psi, respectively.
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right peak and lower left peak (occupying 18.75%)
(Figure 2(b)), (3) bimodal distribution with higher left peak
and lower right peak (occupying 56.25%) (Figures 2(c)–
2(e)), and (4) unimodal distribution (occupying 18.75%)
(Figure 2(f)). Therefore, within the maximum centrifugal
force (400 psi) of the instrument, the distribution of sample
NMR T2 spectrums was mainly bimodal and unimodal.

The results indicated that the distributions of T2 spec-
trums were mainly three types: right peak higher than left

peak, left peak higher than right peak, and single peak. The
differences in T2 spectrums among samples were mainly
due to the microscopic features of reservoir parameters
(Table 2). For instance, the sample with a higher left peak
indicated that the reservoir has a poor property, small pore
throat radius, high content of clay minerals, and undevel-
oped microfracture. However, the samples with higher right
peaks or equal levels of peaks normally indicated that the
reservoir has a good property, large pore throat radius, lower

Table 2: Statistics of reservoir characteristic parameters from different T2 spectrums of samples.

Well
Radius max of
throat (μm)

Mainstream throat
radius (μm)

Microcrack
distribution

Clay content
(%)

Movable fluid
percentage (%)

Patterns of T2
distribution

C7-1 1.168 0.464 Microcrack 13.6 57.8 STP

C7-3 0.816 0.254 / 13.0 53.5 HRP

C7-21 0.738 0.213 / 10.0 44.5 HLP

C7-4 0.511 0.153 / 16.0 25.4 HLP

C7-5 0.377 0.109 / 19.0 14.1 HLP

C7-22 0.563 0.093 Microcrack 9.0 40.8 UM

Note: STP, HRP, HLP, and UM represent similar amplitudes of the two peaks, higher right peak and lower left peak, higher left peak and lower right peak, and
unimodal distribution, respectively.
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Figure 3: Relationship between movable fluid percentage and physical property. MFP: movable fluid percentage.
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Figure 4: Relationship between movable fluid porosity and physical property. MFPo: movable fluid porosity.
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content of clay minerals, and well-developed microfractures.
The samples with single peaks have intervenient microscopic
features. Therefore, the differences in microscopic features of
reservoirs led to diversified patterns of T2 spectrums.

5. Discussion

The parameters of movable fluid in Chang 7 tight oil reser-
voirs showed a variety of differences among sample regions
and depth. Chang 7 tight sandstone reservoir in Ordos Basin

has several features: poor properties, a large number of
micro-nanometer pores throats, high interstitial content,
and inartificial fractures. In addition, the level of throat
developed and connected, the characteristics of clay min-
erals, and the fractures developed were the main factors in
regulating movable fluid distribution.

5.1. Effect of Physical Properties. In this section, we analyzed
the correlation between movable fluid parameters and the
physical properties (Figure 3). The results showed that the

IP

FDP

KR P

PL C

200 𝜇m

(a)

FDP

RMDP
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Figure 5: Typical pore types in research areas: (a) intergranular pores, feldspar dissolution pores, and kaolinite-related pores with pore-
lining chlorite; (b) feldspar and rock matrix dissolution pores; (c) micropores related to calcite and clays; (d) feldspar dissolution pores
with illite and I/S mixed layer; (e) microcracks; (f) illite, I/S mixed layer-related micropores. IP: intergranular pore; FDP: feldspar
dissolution pore; KRP: kaolinite-related pore; PLC: pore-lining chlorite; RMDP: rock matrix dissolution pore; I/S ML: I/S mixed layer.
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percentage of movable fluid in Chang 7 reservoirs has a weak
correlation with porosity, while it has a relatively better cor-
relation with permeability. The distribution of movable fluid
percentage was relatively wide; with the increasing porosity
and permeability, the data point tended to be decentralized.
The reservoirs that have high porosity and permeability may
not contain a high percentage of movable fluid, while the
reservoirs that have low porosity or permeability showed a
small difference in movable fluid percentage. For the reser-
voirs that have similar porosity and permeability, the per-
centage of movable fluid also contained a large difference.
Therefore, in the case of weak properties of reservoirs, phys-
ical properties highly influenced the percentage of movable
fluid; however, in the situation of better properties, the per-
centage of movable fluid was influenced by multiple factors
and had a lower effect than physical properties displayed.

The porosities of movable fluid have a positive correla-
tion with reservoir properties (Figure 4). Movable fluid
porosity is the product of porosity and percentage of mov-
able fluid. This parameter can comprehensively indicate
the characteristics of movable fluid and porosity. Thus, the
correlation of movable fluid porosity with porosity was bet-
ter than the correlation of porosity with the percentage of
movable fluid; in addition, with the increase of porosity,
movable fluid porosity was greatly increased. Compared
with the correlation of permeability with the percentage of

movable fluid, the correlation of permeability with movable
fluid porosity was quite similar to each other. However, with
the decrease of permeability, the decreasing amplitude of
movable fluid porosity was reduced, while with the increase
of permeability, the increasing amplitude of movable fluid
porosity was rising.

5.2. Effects of Pore Structure. For the pore structures, there
were several types of pores developed in Chang 7 tight sand-
stone reservoirs: residual intergranular pores, intergranular
and intergranular dissolution pores, and intergranular pores.
Among them, the content of dissolution pores was higher
than the content of residual intergranular pores. Reservoir
clastic particles were mainly in-line contact; the throats were
mostly flakes, bent sheets, and tube-shaped; and those were
sharply narrowed down. High-pressure mercury injection
analysis displayed that the radius of throats was around
50nm-300 nm, the reservoirs contained a high amount of
fine pore throats and lower numbers of throat coordination,
and the pore structure was complex. The correlation analysis
of movable fluid parameters with pore throat structure
parameters indicated that movable fluid parameters have a
strong correlation with mainstream throat radius. Com-
pared with the percentage of movable fluid, movable fluid
porosity has a higher correlation with the mainstream throat
radius. Throat radius affects the connectivity of reservoir
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Figure 6: Scanning electron microscopy images of Chang 7 tight oil reservoir in Ordos Basin: (a) sample from well C7-1, 2185.2m,
intergranular pore and dissolution pore; (b) sample from well C7-3, 2225.1m, intergranular pore; (c) sample from well C7-5, 2243.3m,
intergranular micropore. IP: intergranular pore; FDP: feldspar dissolution pore.
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Figure 7: Continued.
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pores; it is easier for a larger radius of the pore throat to have
fluid seepage occur, resulting in a strong effect of the throat
radius that regulates the volume of movable fluid (Figure 5).
The development of secondary porosity not only increased

the pore space of the reservoir but also enhanced the com-
munication among different pores, which provided more
flow channels for fluid flow and increased the reservoir mov-
able fluid content. As shown in Figure 6(a), the residual
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Figure 7: Pore radius distributions from HPMI and NMR data: (a) C7-1 from HPMI; (b) C7-1 from NMR; (c) C7-3 from HPMI; (d) C7-3
from NMR; (e) C7-21 from HPMI; (f) C7-21 from NMR; (g) C7-4 from HPMI; (h) C7-4 from NMR; (i) C7-5 from HPMI; (j) C7-5 from
NMR; (k) C7-22 from HPMI; (l) C7-22 from NMR.
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intergranular pores of the C7-1 sample were well developed,
feldspathic dissolved pores were formed, the mainstream
throat radius was around 430nm, pore connectivity was
good, and the movable fluid percentage was 53.63%. Sample
C7-3 in Figure 6(b) showed the development of residual
intergranular pores, secondary porosity was weak, the main-
stream throat radius was around 287 nm, pore connectivity
was good, and the movable fluid percentage was 32.32%.
In sample C7-5 (Figure 6(c)), only a micropore was devel-
oped, the mainstream throat radius was around 109nm,
pore connectivity was poor, and the movable fluid percent-
age was only 14.05%.

Overall, the pore throat radius of the Chang 7 reservoir
was small; pore connectivity was weak, which easily became
dead pores; and the internal fluid became immobile fluid.
This feature indicated that the content of reservoir movable
fluid was strongly influenced by the pore structures, while
the secondary porosity could increase the pore connectivity,
which further increased the volume of movable fluid.

By combining the pore distribution obtained from
HPMI experiments with the free water distribution obtained
from NMR experiments, the influence of different pore
structures on the properties of movable fluids can be clari-
fied. As shown in Figure 7, the relationship between movable
fluid and pore structure is evaluated by setting the mercury
increment and movable fluid increment percentage above
10% as the main stream zone. The blue value indicates that
the higher the saturation of the movable fluid, the more con-
centrated the range of the two types of mainstream zones
and the larger the pore size difference between the main
peaks. At the same time, for reservoirs with high mobile
fluid saturation, the nonmain peak difference is generally
divided into two sections: small aperture and large aperture.
This indicates that the weaker the control ability of the main

peak of pore size on the movable fluid, the stronger the
movement ability of the pore fluid. Homogeneity is a key
pore structure factor controlling the saturation of the mov-
able fluid.

5.3. Effects of Fractures. Natural fractures were widely devel-
oped in Chang 7 tight oil reservoirs. We investigated and
calculated 54 wells of rock core in the basin. Among them,
31 wells contained different degrees of macrofractures, the
drilling rate reached 57.4%, and 33.0% of fractures had a cut-
ting depth over 50 cm. Among these 31 wells, there were 22
wells unfilled, the filling level of visible fractures was quite
low, the developmental level of fractures was good, and effi-
ciency was high. Reservoir fractures can increase the connec-
tivity of pores and improve the flow capacity of tight
reservoirs containing large amounts of movable fluid, which
increases the volume of fluid and strongly influences the res-
ervoir’s movable fluid. As the sample in Figure 8(a), it con-
tained a high angle and unfilled fractures. The fractures
increased the connectivity and contained a large movable
fluid flow space, which raised the total volume of movable
fluid. Under the single polarizing microscope, sample frac-
tures in Figure 8(b) have an obvious characteristic of oil
immersion, which became the main occurrence space of
movable fluid. The cast thin section showed that, in the sam-
ple of Figure 8(c), a large number of fractures were filled
with iron calcite, and a minimal degree of pore developed,
but the microfractures helped to increase the amount of
movable fluid. Based on these, it indicated that the develop-
ment level of fractures can improve the volume of reservoir
movable fluid, even with a lower level of porosity and per-
meability. As the samples of well C7-1 (2188.1m), porosity
was around 6.55%, and permeability was 0 058 × 10−3 μm2;
however, with the X-CT scanning, it showed that multiple

Fracture

(a)

Oil filling

0.2 mm

(b)

Ferrocalcite

150 𝜇m

(c)

Figure 8: Fracture images of Chang 7 tight oil reservoir in Ordos Basin: (a) sample from well L17, 1831.2m, high angle and unfilled
fractures, oil stain; (b) sample from well F6, 1957.6m, oil filling fracture; (c) sample from well X82, 2084.0m, ferrocalcite filling pore,
double fracture-pore system.
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fractures were developed in the sample (Figure 9), and the
percentage of movable fluid reached to 49.6%. Therefore,
microfractures can effectively increase the volume of mov-
able fluid, and the different developmental degrees of micro-
fractures could be the main reason for the difference of
reservoir movable fluid in Chang 7 tight oil reservoirs.

5.4. Effects of Clay Minerals. Chang 7 reservoir contained a
high content of interstitial, mainly kaolinite, chlorite, illite,
illite mixed layer, and carbonates (mainly calcite and anker-
ite iron). The pore throat of reservoirs was filled with a high
amount of interstitials, which damaged the reservoirs. The
clay mineral composition, content, and occurrence of filled
clastic particles strongly affected the volume of movable
fluid. For Chang 7 reservoirs, clay minerals were mainly illite
mixed layer, and the relative average content was 40.2%.
Followed by chlorite, kaolinite, and illite, the average content
was 26.8%, 20.8%, and 12.2%, respectively (Table 3). Sample
pore throats were normally filled with clay minerals, and the
filling degree was high, which led to a weak development
and poor connectivity of pores. Movable fluids were influ-
enced by different occurrences of clay minerals, curved
sheets, or flocculent sheets of illite mixed layer, and illite
was cut and filled in the primary intergranular pores, which
led the pores to become tortuous. Furthermore, these effects
seriously occurred in the narrow throats, which weakened
the connectivity of pores and tended to the fluid flow into

bound fluid since the seepage was difficult. The lining
chlorite is distributed on the surface of particles, it further
narrowed the throats and reduced the efficiency of flow
channels. Dispersed particles of kaolinite reduced the inter-
granular porosity, and it divided the porosity into fine pores,
which increased the content of invalid pores. However, due
to the nearly random distribution of kaolinite, it has little
effect on the small volume of throats. Illite mixed layer and
illite flakes have a greater influence on movable fluid while
lining chlorite and dispersed particles of kaolinite have a rel-
atively weak influence on movable fluid. Therefore, the con-
tent of clay minerals, occurrence types, and pore throat
filling degrees strongly influenced the volume of movable
fluid, and the movable fluid became bound fluid since it
was difficult to flow. For instance, the sample of well C7-1
has a 5.51% of porosity, 0 015 × 10−3 μm2 of permeability,
13.6% of absolute clay mineral content, and 32.3% of mov-
able fluid percentage, kaolinite and chlorite-filled pore throat
(Figure 10(a)). The sample of well C7-4 has a 6.42% of
porosity, 0 070 × 10−3 μm2 of permeability, 16% of absolute
clay mineral content, and 25.4% of movable fluid percentage,
illite mixed layer-filled pore throat (Figure 10(b)). The sam-
ple of well C7-5 has 9.23 % of porosity, 0.029×10-3 μm2 of
permeability, 19 % of absolute clay mineral content, and
only 14.1 % of movable fluid percentage. For this sample,
halite and illite mixed layer almost completely block the
throat (Figure 10(c)).

Table 3: X-diffraction clay mineral data table of Chang 7 tight oil reservoir in Ordos Basin.

Well
Relative clay mineral contents (%) Absolute clay mineral

contents (%)Kaolinite Chlorite Illite I/S mixed layer

C7-1 24.5 16.5 12.0 47.0 13.6

C7-3 22.3 14.5 19.8 43.4 13.0

C7-21 18.4 33.4 10.8 37.4 10.0

C7-4 21.4 20.5 25.2 32.9 16.0

C7-5 21.0 24.3 10.3 44.3 19.0

C7-22 20.0 46.0 8.0 26.0 9.0

(a)

100 𝜇m

(b)

Figure 9: (a) Two- and (b) three-dimensional X-CT rock imageries of sample from well C7-1 (2188.1m).
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Comparing the correlation between the content of clay
minerals and the properties of movable fluids, it can be con-
cluded that the higher the absolute content of clay minerals,
the lower the saturation and porosity of movable fluids
(Figure 11). The high content of kaolinite represents a cer-
tain degree of dissolution pores, which helps to increase
the content of movable fluids. The relationship between
chlorite and the properties of movable fluids is not signifi-

cant. Illite, especially the illite mixed layer, has a destructive
effect on movable fluids. The high content of illite mixed
layer leads to complex pore structure and affects the satura-
tion of movable fluids. Overall, the porosity of movable
fluids has a relatively significant impact on the content of
clay minerals, indicating that clay minerals occupy the pores
and have a much greater impact on the pore size of dense
reservoirs than their absolute value.

Chlorite

50 𝜇m

(a)

Mica

300 𝜇m

(b)

100 𝜇m

Illite

(c)

Figure 10: Scanning electron microscopy images of Chang 7 tight oil reservoir in Ordos Basin: (a) sample from well C7-3, 2225.9m; (b)
sample from well C7-4, 2409.2m; (c) sample from well C7-5, 2243.0m.

Chlorite Illite I/S mixed layer

–0.69

–0.78

+0.13

+0.23

+0.03

+0.10

+0.23

+0.15

+0.31

+0.39

Absolute content Kaolinite

Movable fluid
percentage

Movable fluid
porosity

Figure 11: The relationship between the properties of movable fluids and the distribution of clay minerals.
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6. Conclusion

(1) With the lower physical properties, the changing
range of movable fluid parameters was low. Movable
fluid parameters showed a positive correlation with
permeability

(2) Movable fluid mainly existed in the large pores.
However, there was a high amount of bound fluid
in the midlarge pores, which led to a generally
low parameter of movable fluid, the difference
of parameters was quite high, and heterogeneity
was strong

(3) The distribution of microscopic reservoir pore throat
radius, secondary throat porosity and connectivity,
reservoir fracture occurrence and efficiency, clay
mineral content and modes of occurrence, and the
pore filling degree are the main factors for the differ-
ent features of movable fluid distribution

(4) The weaker the control ability of the main peak of
pore size on the movable fluid, the stronger the
movement ability of the pore fluid. Homogeneity is
a key pore structure factor controlling the saturation
of the movable fluid
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