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Abstract

The Chang 7 oil group in the Ordos Basin has the characteristics of a tight lithology, a low formation pressure coefficient and
strong reservoir heterogeneity. To better determine reasonable developmental technical countermeasures, oiliness, seepage
capacity, and compressibility evaluations are combined. Using a combination of field practice and laboratory experiments,
six types of sweetness classification evaluation parameters are screened: oil saturation, longitudinal oil layer structure coef-
ficient, average pore throat radius, gas-oil ratio, brittleness index, and minimum horizontal principal stress. By combining
the relationships among variables with the initial production from directional wells, the gray correlation method is used to
quantify the weights of the contributions of evaluation parameters to production. On this basis, using the difference method
for the curve slope, a sweetness evaluation and classification method for the Chang 7 oil group is constructed, and it solves
the difficult problem of quality difference classification for the Chang 7 oil group and provides a reference basis for the
optimal design of well patterns and fracturing reconstruction parameters.

Keywords Ordos Basin - Chang 7 oil group - Seepage capacity - Compressibility - Six-element classification coefficient -

Classification evaluation method

Introduction

According to estimates by the U.S. Energy Information
Administration (EIA), China’s technically recoverable tight
oil resources amount to 44.8 x 10% ¢, ranking third in the
world (Zou 2011). Among them, the Chang 7 reservoir
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in the Ordos Basin is an unconventional oil resource with
source-reservoir symbiosis and is rich in resources (Yang
et al. 2013; Zou et al. 2013; Wang et al. 2020; Yang et al.
2019). By the end of 2020, tertiary reserves will reach more
than 1.5 billion tons, and resources will reach tens of bil-
lions. The area is mainly composed of continental clastic
rock deposits with complex lithology, silt sandstone with a
fine-grain size, poor physical properties, dense reservoirs,
and a complex microscopic pore structure (Feng et al. 2013).
The porosity of the oil layer group ranges from 4.0 to 12.9%,
with an average of 7.4%; the permeability ranges from
(0.01-1.55)x 10~ um?, with an average of 0.1 x 10~ pm?.
Judging from the national standard of the shale oil geologi-
cal evaluation method (GB-738718-2020) proposed by Zou
Caineng et al. the Chang 7 reservoir in the Ordos Basin has
typical shale oil geological characteristics. In recent years,
tight oil and shale oil (formation pressure coefficient gener-
ally greater than 1.3) in North America and other regions
have been developed using volumetric fracturing deple-
tion for horizontal wells. Under the background of high oil
prices, these methods have obtained good economic benefits
(Hu et al. 2018). However, the problem is that the initial
decline is large (reaching 50% or more), and the recovery
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rate is low. Compared with foreign tight oil and shale oil,
the largest difference in the Chang 7 reservoir in the Ordos
Basin is that the formation pressure coefficient is lower, gen-
erally between 0.6 and 0.85. Compared with conventional oil
reservoirs, the investment is very large. The developmental
benefits of the project require more detailed work on geo-
logical evaluation and classification of the source.

Determination of the classification
evaluation parameters of the Chang 7 oil

group

Developmental practice of unconventional petroleum
resources such as tight oil and shale oil in the world shows
that the distribution of oiliness on the plane, distribution
pattern of oil layers in the vertical direction, in situ stress
characteristics of the reservoir, rock brittleness and fracture
characteristics are important parameters of unconventional
petroleum resource developmental technology policy for-
mulation and reservoir fracturing reformation (Zhang et al.
2015; Li et al. 2020; Zou et al. 2015). Therefore, to stand-
ardize and guide the development of the Chang 7 oil group
in the Ordos Basin and provide a basis for the optimization
of favorable target areas, developmental technology policy
formulation, and reservoir fracturing, it is urgent to estab-
lish an evaluation method for the classification of the Chang
7 oil group in the Ordos Basin. From a literature survey,
there are many studies on the reservoir characteristics of
the Chang 7 reservoir in the Ordos Basin (Yao et al. 2013;
Ju et al. 2020; Zou 2011; Zhu et al. 2014), but less work has
been done on the classification of reservoir quality from the
perspective of the integration of geology and engineering.
Therefore, according to the geological characteristics and
developmental characteristics of using horizontal well vol-
ume fracturing, quasi-natural energy development, and that
considering only the permeability and oil content cannot
accurately reflect differences in reservoir quality, a classifi-
cation of the Chang 7 reservoir group in the Ordos Basin is
proposed. The evaluation method solves the problem that the
existing evaluation methods cannot accurately divide quality
differences of the Chang 7 reservoir in the Ordos Basin to
provide a reference for the later optimization of favorable
areas, horizontal well developmental patterns, and artificial
fracturing parameter optimization, which will ultimately
improve developmental benefits.

Selection of classification evaluation parameters

On the basis of a previous literature research, in view
of the reservoir characteristics, seepage characteristics
and previous developmental practices of the Chang 7 oil
group, according to the typical, easy-to-access, and strong
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operability evaluation parameter selection principle, the oil
saturation, average pore throat radius, longitudinal structural
coefficient of the oil layer, gas-oil ratio, brittleness index,
and minimum horizontal principal stress are selected as the
evaluation parameters to establish a comprehensive evalua-
tion parameter system.

(1) The oil saturation content (S,) is the most important
index for evaluating the oiliness of the Chang 7 oil
group, and it is also the basis for profitable devel-
opment. In actual mine applications, if core test oil
saturation data are lacking, logging can also be used
to explain the oil saturation or gas measurement total
hydrocarbon value instead of showing the difference in
oiliness.

(2) The average throat radius (r,) not only reflects the
microscopic pore structural characteristics of the Chang
7 oil group but is also an important control factor for
seepage capacity.

(3) The longitudinal structural coefficient of the oil layer
(LSE) is a comprehensive reflection of the longitudi-
nal oil layer distribution characteristics of the Chang
7 oil layer group. It mainly reflects the difference in
the thickness and combination characteristics of the oil
layer in the vertical direction. It is of great significance
in evaluating the effect of horizontal well development
and adopting reasonable well developmental types.

(4) The gas-oil ratio (G,) refers to the amount of natural
gas dissolved per unit volume or weight of crude oil
under the original formation conditions. It is the most
important energy source for the development of quasi-
natural energy in the Chang 7 oil group.

(5) The brittleness index (BI) reflects the difficulty of form-
ing a complex fracture network by rock fracture in the
reservoir.

(6) The minimum horizontal principal stress (o;,) is the
minimum pressure at which the reservoir rock deforms
and fractures along the plane direction under the action
of an external force on the formation and reflects the
difficulty of rock fracturing.

This evaluation parameter system combines key param-
eters, such as oiliness, seepage characteristics, initial energy,
and rock mechanical characteristics, and can effectively
reflect the difference in sweetness development of the Chang
7 oil group.

Determination of individual evaluation parameters
Oil saturation

The test method refers to the industry standard SY/T5336-
2006 for core analytical methods. Thus, the oil saturation
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data obtained by core analysis and testing are mainly used,
and corrected logging is used to interpret the oil saturation
data (Table 1) for some areas where experimental tests are
relatively lacking.

Average pore throat radius

The storage space in the rock is a complex three-dimensional
pore network system, which can be divided into two basic
units: pores and throats according to the role they play in
the process of fluid storage and flow. In this system, the
relatively swelling part that is surrounded by framework par-
ticles and plays a major role in fluid storage is called pores
(narrow sense). Other relatively narrow parts that have lit-
tle effect in expanding the pore volume but play a key role
in the formation of communication pores become throats.
Therefore, the average pore throat radius is obtained through
the measurement of the rock capillary pressure curve
(Table 1). The test method refers to the national standard
GB/T29171-2012.

Longitudinal structural coefficient of the oil layer

The longitudinal structural coefficient of the oil layer rep-
resents the longitudinal heterogeneity of the oil layer and is
related to the thickness of a single oil-bearing sand body,
thickness of the total oil layer, number of oil layers, thick-
ness of the largest oil interval, and ratio of sand to land.
The thickness of a single oil-bearing sand body refers to the
thickness of an oil-bearing sand body formed by a single
ultrashort-term cycle (single layer), connected internally,
and with a more continuous seepage barrier or part of the
sand-sand contact interface. There are argillaceous barri-
ers with a stable thickness distribution and good continuity
between different sets of oil-bearing sand bodies, generally
two meters and above, which is an important basis for divid-
ing a single set of oil-bearing sand bodies. The total oil layer

thickness refers to the sum of the thicknesses of a single
set of oil-bearing sand bodies, and the number of oil layers
refers to the number of a single set of oil-bearing sand bod-
ies, which is specifically defined as:

Ohp . X 0y X sh
(oh, + oh, + ohy + --- oh,) X fh

LSE = ¢h)

In the formula, LSE is the longitudinal structural coeffi-
cient of the oil layer; oh is the thickness of a single oil layer,
m; ng is the number of oil layers, piece; sk is the thickness
of the sandstone, in m; and fh is the thickness of the forma-
tion, m.

According to the statistics of the relevant parameters of
the oil layer where the sample is located, the value of the
longitudinal structural coefficient of the oil layer is calcu-
lated by substituting the formula (Table 2).

Gas-oil ratio

The original gas-oil ratio, also known as the original dis-
solved gas-oil ratio, refers to the amount of natural gas
dissolved per unit volume or weight of crude oil under the
original formation conditions, and its unit is m*/m> or m*/t.
The original gas-oil ratio is an indicator of the amount of
natural gas dissolved in crude oil, that is, the solubility of
natural gas under this condition. The data source is thus
mainly obtained through the formation crude oil test, and
part of the data is the production gas-oil ratio (Table 1).
The original gas-oil ratio test method refers to the indus-
try standard SY/T5542-2000 for the physical properties
of formation crude oil. When the original dissolved gas-
oil ratio data are lacking, the produced gas-oil ratio data
can also be used to replace the original gas-oil ratio. The
production gas-oil ratio refers to the ratio of the first-stage
separator gas production to the tank oil production (20 °C)
under standard conditions, and its unit is m3/m> or m3/t,

Table 1 Evaluation parameter

Serial number Well Qil saturation/% Pore throat Gas-oil Initial
values radius/pm ratio/t/m> production/

t/d

1 Le-50 30.6 0.043 107 0.01

2 Li-32 33.6 0.043 107 0.01

3 Ning-70 34.8 0.038 107 0.3

4 Ning-89 40.3 0.072 107 0.25

5 Li-330 22.4 0.037 107 0.02

105 Xi-292 66.8 0.063 107 3.17

106 Li-344 65.3 0.059 107 2.63

107 Yangzhu-5 67.5 0.065 107 3.12
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Table 2 Calculation table of longitudinal structure coefficient

Serial number Well Top depth/m Bottom depth/m  Oil layer Num- Span Average Maximum single Wit LSE
thickness/m  ber/ single layer layer thickness/m
piece thickness/m
1 Le-50 1472 1483 8.4 2 11.1 42 43 0.76 0.8
2 Li-32 2012 2036 6.5 6 23.8 1.1 8.7 0.27 22
3 Ning-70 1645 1662 13.8 3 16.4 4.6 7.9 0.84 1.4
4 Ning-89 1634 1654 19.4 4 20.5 4.9 12.6 0.95 2.5
5 Li-330 2194 2216 18.4 3 21.6 6.1 8.4 0.85 1.2
105 Xi-292 1880 1900 10.8 202 2.7 4.7 0.53 0.9
106 Li-344 2284 2372 13.9 5 87.6 2.8 5.2 0.16 0.3
107 Yangzhu-5 2011 2040 27.4 294 69 8.1 0.93 1.1

which can be obtained through the oil well test or statistics
of production data of oil wells.

Brittleness index

Rock brittleness theory is a comprehensive manifestation
of Poisson's ratio and Young's modulus. The brittleness
index based on rock mechanical characteristics can be
obtained by taking the average of the two. The brittleness
index calculation based on rock mechanical parameters
calculates the Young's modulus and Poisson's ratio in the
rock mechanical parameters with 50% weights. Among
them, Poisson's ratio reflects the fracture ability of the
rock under the action of an external force, and Young's
modulus reflects the supporting ability of the rock after the
fracture. The combination of different Young's moduli and
Poisson's ratios indicates that the rock has different brittle-
ness. The higher the modulus and Poisson's ratio are, the
stronger the brittleness of the rock, and the easier it is to
form complex fractures during the fracturing process. The
brittleness index is calculated according to the empirical
formula (Yang et al. 2014):

AE + A
==

BI 100 )

Among them:

145X Ex107% -1 04—pu
= Av =

AE = "
6 0.4 -0.15

In the formula, BI is the brittleness index, %; AE is the
normalized static Young's modulus, dimensionless; Av is
the normalized static Poisson's ratio, dimensionless; F is
the static Young's modulus, MPa; and v is static Poisson's
ratio, dimensionless.
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The static Young's modulus and static Poisson's ratio can
be measured based on laboratory experiments and can be
calculated based on logging data.

Using density logging, array acoustic wave or dipole
acoustic wave measured longitudinal wave time difference,
shear wave time difference, and other data, the dynamic
Young's modulus and dynamic Poisson's ratio of rock
mechanical parameters can be calculated by the Po-Young
method (Xu et al. 2014):

3A1% - 4At127

Py 9
=— %[ —— | %10
17 A2 A2 — A2 @)
A2 - 2Az[2,
Vi=\ 57— “4)

2(A2 - A2)

In the formula, E, is the dynamic Young's modulus, MPa;
py, 1s the rock bulk density, g/cm3; At, is the shear wave time
difference of the rock, ps/m; and A, is the rock longitudinal
wave time difference, ps/m. v, is the dynamic Poisson's ratio,
dimensionless.

When using logging data to determine the above param-
eters, it is necessary to have longitudinal wave time differ-
ence, shear wave time difference, and density logging data
at the same time. In oilfield development, exploration wells
and evaluation wells generally test longitudinal wave time
differences and shear wave time differences at the same time,
but conventional development wells generally test P-wave
time lags. To test the shear wave time difference, the fol-
lowing method can be used to calculate the shear wave time
difference in this case.

We analyse the relationship between the shear wave time
difference and longitudinal wave time difference accord-
ing to the mine field statistics. For the Chang 7 oil group,
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through statistical regression of the exploration wells and ,
. RS
evaluation wells that have been tested for rock bulk den- 2 2| _ - o o
sity and longitudinal wave, it is found that there is a good 223509 dd § g g
relationship between the shear wave time difference and >
. . . . =
longitudinal wave time difference and between the rock - E 2
volume density and longitudinal wave time difference: E g8
The relationship between the shear wave time difference é L2 g ° o o - o
172 A —
and longitudinal wave time difference is: 2 = -S S Ioaa DER
Aty =2.642 At, —215.3 (5) 3 g
R ]
. . . S
The relationship between rock volume density and lon- S5
gitudinal wave time difference is: 52Eln2a i@ S @
ZEB|oc S S oS S o o
p, = —0.0031 Az, +3.2693 (6) o
2
Young's modulus and Poisson's ratio are required Eé angz2 ® 3T
to calculate the rock brittleness index, but the Young's g 2L 3 3 o 3 < g oo%
modulus and Poisson's ratio calculated using logging data @ & e = A e
are dynamic and need to be converted into static Young's =
. , . . . . S .
modulus and Poisson's ratio. Conversion is according to 28
the empirical formula: s _g 2
SIS
EEE|885 89 888
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v=-0.894v,+0478 8) o2
£E% |esgss 8988
In the formula, FE is the static Young's modulus, MPa; g f & S = > = g oS
and v is the static Poisson's ratio, dimensionless. AEZ | Y ¥« F D
These data are mainly calculated based on logging- Sz
related parameters (Table 3). £ B2
2358
=% ¢
cZ2 8l n o < o0 <
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Minimum horizontal principal stress Re23|leesees e e
Es
The internal stress stored in the Earth's crust is called ground 0=
.. . . g
stress. This is due to the vertical and horizontal movement -
.. 85 NN n < A
inside the crust and other factors that cause the force per S NI JS S %3
unit area inside the medium. The three-dimensional in situ M R oo
stress model is commonly used to describe the in situ stress. 2
. . . . w _ _
One. of the pr1n01p?11 st‘resses is basically vertical, called the SEclesaa g a0
vertical stress, which is represented by the symbol o,. The KD S| el o aad N A
other two principal stresses are basically horizontal, denoted é .
. . L .. . S | =%
the maximum horizontal principal stress and minimum hori- ~|ET g
zontal principal stress, and are represented by symbols oy g TES
. . . . 2l I~ Nhagi st —
and o, respectively. The in situ stress value of each parti- E 225 g § 2 g = g g 2
cle in the formation is characterized by the magnitude and S|HAFE [ aaaa a A
direction of the vertical stress, maximum horizontal princi- 0 o o w
pal stress, and minimum horizontal principal stress. Among s | _ S W o2 § 3 flb
P . . . . =} > Yoo £ £ (2 o C:I:) =i
thf:rp, the minimum horl.zontal pr1n01p2.11 stress. (oy,) is the % = 82 F 5 2oy s
minimum pressure at which the reservoir rock is deformed 2 |5
and fractured along the plane direction under the action of 5 E
an external force and reflects the difficulty of rock fracturing. " E
The following formula is used to calculate: 2|2 n v o~
s | O o S o
[ w2 — NN <t n — =
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1.5v 1.5vh _3 , 0.0045EAT - & E
6, = ——p, + X107+ =————=x 10" (9) g &
1-v 1+v -V =5
g £ &
[=E ="
Among them: E= %
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In the formula, o, is the minimum horizontal principal
stress, MPa; v is the static Poisson’s ratio, dimensionless; g % Y
. . . . . z S 2
D, is thé vertical stress, MI.’a, py, 18 the rf)ck bulk Flens1ty, %/ E 83 e A “ = 0
cm3; & is the depth of the oil layer, m; E is the static Young’s E £ § E § § § § § g 5
modulus, MPa; and AT is the oil layer temperature, K. The -
calculation of static Poisson's ratio and static Young's modu- -
lus refers to the calculation method of formula (2) for the < 3 o~ o — o U
. . o = o~ A 0 o o N O 0
brittleness index. 22 E 22222 258
According to the statistics of the relevant parameters of 7 EZ A aa = A a oA
the oil layer in which different samples are located, the mini- ,
. o . L s s S
mum horizontal principal stress is calculated by substituting 3 £ .S
<0
the formula (Table 4). o o8
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the degree of correlation of various factors in the system. It AS = Ty R
can process the data of various factors to be analyzed and &
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studied with incomplete information. Then, their relevance g2 E
among random factor sequences is determined, and the § 23 K - <
weight of a single evaluation parameter is obtained (Zhao gegelaggagad a3 g
et al. 2018). In this method, the correlation between the ini-
tial production and sweetness evaluation parameters is ana- e &g
. . e e . S =
lyzed; that is, the correlation between the initial production = E a2
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and the six parameters of oil saturation, longitudinal struc- § 2 § =R S ®
tural coefficient of the oil layer, average pore throat radius, »=w DA N DA
gas-oil ratio, brittleness index, and minimum horizontal %‘f
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principal stress, are analyzed. In particular, the representa- el s R a — o —
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tiveness of production has a greater impact on the calculated g SO Ao A o oA
results of parameter weights. Generally, the number of wells B = ué =
not only must be large but also needs to be evenly distributed é £ 2 El
on the plane, and the initial production size should also be ; *?D = § oo — " o n
reasonably distributed. The correlation coefficient between 5 f:] 55 384848 ada
the initial production and evaluation parameters is calculated ERIE
according to the formula & (Tables 5 and 6): S l= RN I
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Table 5 Normalized evaluation parameters

Serial number Well Normalized Normalized Normalized Normalized Normalized Normalized Normalized
oil saturation/  pore throat longitudinal gas-oil ratio/  brittleness minimum initial produc-
dimensionless radius/ structure dimensionless index/dimen-  horizontal tion/dimen-

Dimensionle-  coefficient of sionless principal sionless
ss the oil layer/ stress/dimen-
dimensionless sionless

1 Le-50 0.181 0.123 0.28 1 0.796 0.371 0

2 Li-32 0.248 0.119 0.87 1 0.587 0.745 0

3 Ning-70 0.274 0.038 0.56 1 0.58 0.445 0.0919

4 Ning-89 0.398 0.627 0.98 1 0.216 0.285 0.076

5 Li-330 0 0.025 0.45 1 0.391 0.776 0.0042

105 Xi-292 0.986 0.478 0.35 1 0.421 0.535 1

106 Li-344 0.952 0.413 0.09 1 0.62 0.902 0.8294

107 Yangzhu-5 1 0.508 0.42 1 0.636 0.639 0.9859

Table 6 Absolute values of normalized single well production after subtraction of normalized evaluation parameters

Serial number Well

Oil saturation/% Pore throat Longitudinal structure coef-

Gas-oil ratio/t/m® Brit- Minimum horizontal

radius/pm  ficient of the oil layer/dimen- tleness principal stress/MPa
sionless index/%
1 Le-50 0.181 0.123 0.283 1 0.796 0.371
2 Li-32 0.248 0.119 0.87 1 0.587 0.745
3 Ning-70 0.182 0.054 0.469 0.908 0.488 0.353
4 Ning-89  0.322 0.551 0.904 0.924 0.14 0.209
5 Li-330 0.004 0.021 0.441 0.996 0.386 0.771
105 Xi-292 0.014 0.522 0.652 0 0.579 0.465
106 Li-344 0.123 0.417 0.744 0.171 0.209 0.073
107 Yangzhu-5 0.014 0.478 0.567 0.014 0.35 0.346
A () Ag(k) — Ap(K) pin production of all wells after subtracting the normalized
0 = . . . . . .
Ag(k) . — Ao (k) i evaluat%on p?r?meters and is dquenswgless, AA (k) is .the
normalized initial production, dimensionless; AA,(k) is a
A k) — AK) normalized evaluation parameter, dimensionless; and A (k)
AA (k) = — L is the initial production of the k-th well, t/d. A;(k) is the

Ai(k)max - Ai(k)min

In the formula, &;(k) is the correlation degree of the i-th
parameter of the k-th well, dimensionless; A;(k) is the dif-
ference between the normalized initial production and
normalized evaluation parameter, dimensionless;
min mkin A;(k) is the minimum value among the minimum

values of the normalized initial production of all wells
after subtracting the normalized evaluation parameters,
dimensionless; max max A;(k) is the maximum value

among the maximum values of the normalized initial

i-th evaluation parameter of the k-th well, and the unit is
the corresponding unit of each parameter (oil saturation
(%), longitudinal structural coefficient of the oil layer
(dimensionless), average pore throat radius (um), gas-oil
ratio (t)/m?), brittleness index (%), and minimum horizon-
tal principal stress (MPa)). p is the resolution coefficient,
generally taken as (0, 1) or taken as 0.5.

The correlation coefficient of each evaluation param-
eter corresponding to each well is calculated, and then
the average method to calculate the correlation degree
between each parameter and production is used:
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v = % D &k (11)
k=1

In the formula, y, is the correlation degree of the i-th
parameter, dimensionless; n is the number of evaluation
parameters; m is the number of evaluation wells; and &;(k)
is the correlation degree of the i-th parameter of the k-th
well, dimensionless.

After obtaining the degree of association, the weight
coefficient is obtained by normalization (Table 7):

7
a; = n—l x 100 5
(12)
27
1
In the formula, g, is the weight coefficient of each evalu-
ation parameter, decimal; y; is the correlation degree of
the i-th parameter, dimensionless; and n is the number
of evaluation parameters, and the number of evaluation
parameters in this method is 6.

Establishment of classification evaluation
standards

Construction of the evaluation index
To remove the influence of the evaluation parameter unit
on the evaluation index, the evaluation index is defined as

the sum of the normalized evaluation parameters and the
corresponding weight coefficients:

Table 7 Evaluation parameters and weight coefficient of production

SSEV = )’ (A4, X a)) (13)
1

In the formula, SSEV is the evaluation index, dimen-
sionless. AA, is the i-th normalized evaluation parameter,
dimensionless; a; is the weight coefficient of each evalua-
tion parameter, decimal; and n is the number of evaluation
parameters, and the number of evaluation parameters in this
method is 6.

Establishing classification standards

According to the calculated evaluation index of each well,
the correlation formula between the evaluation index of the
Chang 7 oil group in the Ordos Basin and single well pro-
duction is established:

SP = 0.0441 X% 65.3259><SSEV (14)

In the formula, SP is the single well production, and the
unit is t/d; and SSEV is an evaluation index, with a value
between 0 and 1, dimensionless.

According to the calculated evaluation indexes of differ-
ent sample wells, the Chang 7 reservoir in the Ordos Basin is
divided into three types (Fig. 1). On the basis of establishing
the relationship curve between the evaluation index of the
evaluation area and production index, the two end points A
and B of the curve are tangent lines L, and L, of the index
curve, respectively. The two tangent lines intersect at point
C and cross point C to make a vertical line connecting end
points A and B. The vertical line intersects the exponen-
tial curve at point D. The tangent line L, of the exponential

Serial number Well Correlation coefficient
Oil saturation Pore throat radius Longitudinal structure ~ Gas-oil ratio  Brittleness index Minimum hori-
coefficient of the oil zontal principal
layer stress
1 Le-50 0.734 0.803 0.639 0.333 0.386 0.574
2 Li-32 0.669 0.808 0.365 0.333 0.46 0.402
3 Ning-70 0.733 0.903 0.516 0.355 0.506 0.586
4 Ning-89 0.609 0.476 0.356 0.351 0.781 0.705
5 Li-330 0.992 0.959 0.531 0.334 0.564 0.393
105 Xi-292 0.972 0.489 0.434 1 0.463 0.518
106 Li-344 0.803 0.546 0.402 0.746 0.705 0.873
107 Yangzhu-5 0.972 0.511 0.468 0.972 0.588 0.591
Correlation 0.639 0.731 0.74 0.45 0.692 0.676
Weight coefficient 0.163 0.186 0.189 0.115 0.176 0.172
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Fig. 1 Relationship between 3.0
sweetness evaluation index and
single well production
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curve parallel to the line segments A and B is made through
point D, and the vertical line of the abscissa is made through
the intersection of L; and L; and L, and L;. In this way,
the Chang 7 oil group in the Ordos Basin is divided into 3
types, and the intersection point is the boundary value of the
classification. The evaluation index SSEV 2 0.65 is type I,
the evaluation index 0.4 < SSEV <0.65 is type II, and the
evaluation index SSEV < 0.4 is type III.

Determination of the distribution range
of individual indicators

According to the classification results of the Chang 7 reser-
voir group evaluation index in the Ordos Basin, the statistics
of the individual parameters of different sample wells (oil
saturation, average pore throat radius, longitudinal structural
coefficient of the oil layer, gas-oil ratio, brittleness index,
and minimum horizontal principal stress) are calculated for
the distribution area. Considering that the test values of total

Evaluation index(SSEV)/dimensionless

hydrocarbons in different sample wells are low, the distribu-
tion range of total hydrocarbons is mainly determined by the
classification limit of oil saturation (Table 8).

Conclusions

Using the geological-engineering integrated evaluation idea,
an evaluation parameter system for the sweetness classifica-
tion of tight oil is established, and the value method is given.
Evaluation parameters include oil saturation, longitudinal
structural coefficient of the oil layer, average pore throat
radius, gas-oil ratio, brittleness index, and minimum hori-
zontal principal stress. Based on the relationships between
each parameter and the initial production of the directional
well, the gray correlation method is used to quantify the
weight of the contribution of the evaluation parameter to
production. Based on this and using the curve slope dif-
ference method, a sweetness evaluation and classification

Table 8 Classification and evaluation indexes of Chang 7 reservoir group in Ordos Basin

Comment content Parameter Symbol Dessert area classification index Weights
Type I Type 11 Type 111

Oily Oil saturation/% So >55 45-55 <45 0.163

Seepage characteristics Pore throat radius/pm r, >0.06 0.04-0.06 <0.04 0.186

Longitudinal distribution charac-  Longitudinal structure coefficient of the oil ~ LSE >1 0.6-1.0 <0.6 0.189

teristics of oil layer layer/dimensionless

Formation raw energy Gas-oil ratio/t/m’ Gy >100 80-100 <80 0.115

Rock mechanics characteristics Brittleness index/% BI >45 40-45 <40 0.176
Minimum horizontal principal stress/MPa oy, <30 30-33 >33 0.172

Sweetness evaluation index SSEV >0.65 0.4-0.65 <04 /

pisllase ol ay .
e e O) Springer



834 Journal of Petroleum Exploration and Production Technology (2022) 12:825-834

method suitable for the Chang 7 oil group in the Ordos Basin
is constructed, which solves the difficult problem of quality
difference classification of the Chang 7 oil group. The Chang
7 oil group in the Ordos Basin is divided into 3 types, and
the intersection point is the boundary value of the classifica-
tion. The evaluation index SSEV20.65 is type I, the evalu-
ation index 0.4 = SSEV < 0.65 is type IL, and the evaluation
index SSEV < 0.4 is type II1.
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