IOP Conference Series: Earth and
Environmental Science

PAPER « OPEN ACCESS You may also like

H . - Study on the method of improving
Multi-layer Fracturing Technology and the aciing effec by waterfiodng In extra

high water cut stage

Application in CK Qilfield to Enhance the Recovery  tizmo

- Research and exploration on acidizing

. . . . . . fracturing technoloqy in oilfield
To cite this article: Qiang Deng et al 2018 /OP Conf. Ser.: Earth Environ. Sci. 208 012116 Jﬁ;e”’e"l,o,?u g‘fjﬁ’ Klﬂoslﬁeen etal.

- Practice and Understanding of Fine
Control Fracturing Technology for Three
Types of Sandstone Reservoirs

Jin Liyang

View the article online for updates and enhancements.

@ = DISCOVER

how sustainability

The \ ' : intersects with
Electrochemical - :

Society

Advancing solid state &
electrochemical science & technology

This content was downloaded from IP address 3.14.247.5 on 19/05/2024 at 06:11


https://doi.org/10.1088/1755-1315/208/1/012116
https://iopscience.iop.org/article/10.1088/1755-1315/514/2/022007
https://iopscience.iop.org/article/10.1088/1755-1315/514/2/022007
https://iopscience.iop.org/article/10.1088/1755-1315/514/2/022007
https://iopscience.iop.org/article/10.1088/1755-1315/859/1/012065
https://iopscience.iop.org/article/10.1088/1755-1315/859/1/012065
https://iopscience.iop.org/article/10.1088/1755-1315/358/3/032039
https://iopscience.iop.org/article/10.1088/1755-1315/358/3/032039
https://iopscience.iop.org/article/10.1088/1755-1315/358/3/032039
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjssabkSjUJEdyr1menEMX5JyXuaG3qqgXCsyF5VVINYqgwIJliNIaQJo4Ibjj1Qc3BDqmN-BFINuds43i_NFEOlAzW37f1SPW9bob6VRaCRnHyLSQVjsU3F0T8qS0Rr_dL3AB9-BwubEUUpWyQksX3v1aUGEVUdCwjqAnKE3qdrtSGAErcWUQOnQvZ782PUmVc9g7mQi6BcYE87nvJR2FEX9KN9x2iDjsN-WriMdSirsguJxGeXog16m7yISjkCRzc5Qkbs5UAbcd1G40pF_z7YmrqGInZMU-dLhnDSf6qg6RncvhSdkoKWbdNxytbVGw3fZiH0V_wGHsjxbmOspGIj8wBzIfD0f&sig=Cg0ArKJSzLGaDTaGDLXc&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA

APEE2018

10P Publishing

IOP Conf. Series: Earth and Environmental Science 208 (2018) 012116  doi:10.1088/1755-1315/208/1/012116

Multi-layer Fracturing Technology and the Application in CK
Oilfield to Enhance the Recovery

Qiang Deng " *, Man Liu?2, Xiao Lu?, Tao Yu', Shijun Chen', Gang Chen "% *

! College of Chemistry and Chemical Engineering, Shaanxi Province Key Laboratory
of Environmental Pollution Control and Reservoir Protection Technology of Oilfields,
Xi’an Shiyou University, Xi’an, China.

2 0il Production Plant No. 11, PetroChina Changqing Oilfield Company, Xi’an,
710200, China.

3 State Key Laboratory of Petroleum Pollution Control, CNPC Research Institute of
Safety and Environmental Technology, Beijing, China.

*Corresponding author Email: gangchen@xsyu.edu.cn

Abstract. In the operation of new well fracturing, multi-layers are opened at one time,
and each layer is separately fractured by downhole fracturing tool and hydraulic
fracturing method, and the fluid is discharged from each layer for production. Such
fracturing technology is called a well multi-layer fracturing technology. The fracturing
technology is restricted by the reservoir characteristics. The multi-layer fracturing
technology of one well is an effective practical technique in the practice of fracturing
and testing for the wells with the same formation and multiple layers. This technology
has been applied in CK Oilfield. The daily oil production of a well with multiple
fractured wells is higher than that of the combined wells. According to the data of 15
wells in a well in the CK Oilfield, the average daily oil production per well is 3.95t/d.
There are 7 combined wells, and the average daily oil production per well is 1.78t/d.
The average single well production multi-layer fractured well is 2.17t/d.
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1. Introduction

Multi-layer system refers to the existence of two or more layers of oil layers or oil layers in the same
formation profile in one well. They were formed in the same geological age, and the characteristics of
oil layers are basically similar, belonging to the same pressure system [1, 2]. In the process of oil
production, they should be treated as a single layer, namely, combined production. This type of oil layer
is particularly typical in Chang 6 oil reservoir of Sichuan Qilfield. In the operation of new well fracturing,
multi-layers are opened at one time, and each layer is separately fractured by downhole fracturing tool
and hydraulic fracturing method, and the fluid is discharged from each layer for production. Such
fracturing technology is called a well multi-layer fracturing technology [3]. CK Oilfield is located in
Yan'an City, Shaanxi Province. From top to bottom, there are three sets of reservoirs: Chang 4+5, Chang
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6 and Chang 7. Chang 6 is the main reservoir in this area. In 1985, after a breakthrough in exploration
in the area, the geological reserve was proved to be 3 x 107t in 2006. Since its establishment in 1997,
different types of fracturing tests have been carried out, and mature and practical fracturing techniques
have been gradually formed in this area.

2. Reservoir characteristics of CK Oilfield

The total thickness of Chang 6 reservoir in CK oilfield is about 80 meters. Most of the sandstone layers
are below 20 layers. The thickness of a single layer is generally 1-3 meters. Some of the layers can be
more than 5 meters. The number of layers is large, the thickness of a single layer is small, and the ratio
of sand to mud is mostly between 0.5-2. Its rock type is fine grained feldspar sandstone and siltstone,
cemented densely. The average compositions of quartz and feldspar are 27.31%~33.46% and
50.02%~55.0% respectively, of which plagioclase is the most; the average compositions of lithic debris
are 11.67%, mainly sedimentary and volcanic rock debris; the main compositions of fillings are calcite
laumontite and chlorite, and a small amount of quartz, albite and pyrite[4]. The reservoir has been
studied totally, as shown in Fig. 1.

Fig. 1 The reservoir study by core analysis

Through the reservoir correlation, the reservoir in this area has the following characteristics:

(1) The reservoir formation is a set of polycyclic sedimentary assemblages, which belongs to the
same pressure system. The reservoir can be contrasted in this area. The sandstone reservoir has good
distribution of sand body, wide range of distribution and stable continuity. (2) The reservoir type is
sandstone lens reservoir, sand body is near east-west strike, borderless water exists, and bottom water is
not active. The oil-water interface of this reservoir is regular, oil-water transition zone is narrower, oil-
gas interface is not obvious, and contact area is small. (3) The total thickness of the reservoir group is
large, the effective reservoir thickness is medium, the single layer thickness is small, and the layer
section is more. The average monolayer thickness is 2.69 m, and the thinnest is only 0.7 m. longitudinal
mudstone or silty mudstone intercalation, and thickness is different (Table 1). (4) The permeability
heterogeneity of the reservoir is strong in the vertical and lateral directions, ranging from 0.1 to 1.00 X
10-3um2. (5) The content of clay minerals in the rocks of Chang 6 reservoir is relatively small, mainly
chlorite (content less than 2%), so there is no clay swelling and water sensitivity.
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Table 1. Statistical table of reservoir and interlayer thickness in CK Oilfield

Oil layer Equality(m) The thickest(m) Thinnest(m)
Total reservoir thickness 40.25 91 20
Effective reservoir 15.8 33 7.9
Effective monolayer 2.69 6.8 0.7
Sandwich layer 8.9 33 0.6

3. Principle and implementation of multi-layer fracturing technology in one well

3.1. The principle of enhancing recovery

The fracturing technology is restricted by the reservoir characteristics. The multi-layer fracturing
technology of one well is an effective practical technique in the practice of fracturing and testing for the
wells with the same formation and multiple layers [5]. In order to improve the production value of the
whole reservoir group, the fracturing reconstruction of the multistage thin reservoir group must be
carried out at the same time, so that they can contribute to the production of the oil well. If only one
single layer is modified, it is difficult to increase production by a large margin because of its limited oil
production potential. Only when multiple effective thin layers contribute to productivity can the effect
of fracturing increase production be improved. The more the layer segment is effectively reconstructed,
the greater the yield is. In a sense, each reservoir in the reservoir group is a relatively independent
reservoir. Only when fractures are formed in each layer, can the oil in the reservoir establish an oil
channel with the oil well. In order to achieve this goal, it is necessary to make fracturing and fracturing
in order to open more than one fracture and to make fracture in oil sand layer.

Figure 2. The multi-layer fracturing technology in one well
4. Implementation principles

4.1. Correct understanding of reservoir and selection of perforated zone

Reservoir is the foundation, only if we know the reservoir correctly, we can modify the reservoir
effectively. Stratified fracturing does not mean that each small section should be pressed separately, but
that it should not only increase production but also economy, but also satisfy the bearing degree of
downbhole tools. For the western part of CK, the secondary pressure should be based on the sedimentary
cycle. The pressure can be divided three times in some cases. This is a process of reservoir analysis and
correlation. Under the condition of reservoir thickness, physical property and interval, and the rationality
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of construction parameters, the reservoir is reformed as fully as possible. Generally do not exceed two
levels of partial pressure.

4.2. Scientific and reasonable construction parameters

The scientific and reasonable construction parameters refer to several main indexes in the construction
scheme: sand quantity, discharge amount, sand concentration, and the selection of fracturing fluid,
which should be adapted to the reformed reservoir. Sand quantity is the guarantee of effective length of
actual fracturing, and displacement is the transmission medium of fracturing power. On the one hand, it
is necessary to extend the reformed fracture mainly in the reservoir, on the other hand, to ensure that the
dynamic length and width of the effective fracture reach the expected purpose. The sand concentration
should be matched with the discharge of sand mixing fluid, the fracturing fluid should have compatibility
with formation, low damage and meet the requirements of construction. The parameters formulated are
considered to be scientific and reasonable. In the same area and different reservoir, the fracturing
parameters are different, even the same reservoir group parameters are different in the same area.
Therefore, there is an optimal selection process for parameter selection. The parameters of each small
layer in a well with multiple layers may be different. It is thought that determining the parameters of a
well and the pump group program by some way is the optimization of the parameters, in fact, it is a
misunderstanding of the optimization of the fracturing parameters. Through the comprehensive
optimization of fracturing parameters in CK Oilfield, a number of high-yielding industrial wells, such
as Cong 624 well, Cong 712 well and Cong 713 well, are produced.

4.3. The fracture full bracing technology

The effective support technique of fracture has been used in the exploration stage of this area, and the
effect is good. The key of effective fracture bracing technology lies in the choice of proppant and the
laying of proppant in crack. One is to make the whole fracture surface filled with proppant, the other is
to select the proppant, so that the proppant can not be broken for a long time in the fracture, the fracture
is always in the state of support and has higher flow conductivity. Therefore, in the fracturing of
exploration wells, the technology of full fracture support and tail-chasing ceramsite is adopted.

The usual practice after fracturing is to shut down the well for a period of time, and then open the
well and let it out. In this process, the proppant in the fracture must be redistributed under the action of
gravity, and the state of no proppant support in the upper part of the fracture may occur. After the fracture
is closed, the fracture without proppant will gradually lose its conductivity, which affects the validity of
fracturing production. If the continuous flow in the fracture is reversed after the pump is stopped, and
the flow velocity after the reverse is controlled, so that it is less than the initial velocity of the movement
of the proppant particles, the static pressure in the fracture can reach the closing stress of the fracture in
a relatively short time, and make the fracture close. In support, the agent has been clamped by the crack
wall before being redistributed, and then released.

The adoption of full fracture support technique has three functions: (1) the redistribution of proppant
after fracturing is avoided, the whole fracture surface is supported by proppant, (2) the effective height
after fracture closure is increased, and the effective height after fracture closure is increased, and the
sand spitting after fracturing is avoided. The results are as follows: the oil production is high and the
yield is good.

After sand fracturing, when the fracture is closed, the compressive stress applied by the surrounding
rock on the proppant is large, which makes part of quartz sand break and reduces the conductivity of
fracture. The ceramsite has certain toughness and is not easy to break, and the fracture mouth is a stress
anomaly point. It can increase the conductivity of fracture and prolong the period of increasing
production.

4.4. Comparison of different fracturing technology
The comprehensive data analysis shows that the Chang 6 oil layer in the CK Oilfield is significantly
better than the exploration well in terms of physical properties and thickness. According to the
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geological foundation of the oil layer, the effect of the split should be that the combined well is better
than the exploration well, but the result is exactly the opposite. According to the statistics at the end of
2015, the output of the combined pressure wells is lower than that of the multi-layered cracked wells
(Table 2). The same results were obtained in 2016 (Table 3).

Table 2. Productivity distribution of fracturing mode by 2015 in CK Oilfield

. o . Energy distribution(t/d)
3
Well type Average sand size(m’) | Average daily oil production(t/d) 410 1 1020 | >20
Multilayer fracturing 20.1 12.06 1 7 1
Combined pressure 37.9 8.61 7 1

Table 3. Production distribution of fracturing methods for 2016

o . Energy distribution (t/d)
Well type Daily oil production (t/d) 4-10 1020 =20
Multilayer fracturing 19.99 6 9 6
Combined pressure 12.68 4 3 1

The Chang 6 oil layer group of the area has geological conditions for multi-layer partial pressure
transformation. The effective total thickness of the Yao 6 well reservoir is 15.9m, and the single layer
is 9.7m thick. After two layers of partial pressure, the daily oil production is 10.37t. Using one well
multi-fracturing technology, it becomes the first industrial oil in the region to break through 10t/d. Flow
well. Yao 7, Yao 8, Yao 9, after fracturing with a multi-fracture technology, the test oil production was
18.02t/d, 11.14t/d, 10.37 t / d. In particular, Yao 10 well, the effective thickness of the oil layer is
15.7 m, the single layer is only 3.9 m thick, divided into three levels of fracturing, a total of 34 m® of
sand, 10 m® of tail chasing ceramsite, and the tested oil production reached 20.66 t / d. In 2012, CK
Oilfield did not fully count 8 wells, and the average liquid discharge output was 12.68 t/d. There are 21
partial pressure wells with an average discharge output of 19.99 t/d. According to the post-pressing
drainage curve, the oil production of the multi-layered cracked well increases rapidly after fracturing,
and does not decrease after reaching stability. After the fracturing, the oil production increases slowly,
the time required for stabilization is long, and the oil production fluctuates greatly.

4.5. Comparison of effects during oil recovery
The daily oil production of a well with multiple fractured wells is higher than that of the combined wells.
According to the data of 15 wells in a well in the CK Oilfield, the average daily oil production per well
is 3.95t/d. There are 7 combined wells, and the average daily oil production per well is 1.78t/d. The
average single well production multi-layer fractured well is 2.17t/d. The practicality of a technology is
to be verified by the test of practice, tested in practice, and developed in practice. Although the multi-
fracture technology of a well was produced and affirmed during the exploration stage, how to divide the
small layers in the Chang 6 oil-bearing formation of the CK Oilfield did not form a mature technology
in theory and specific operations. Therefore, it is easy to be denied. Through the fracturing practice of
production and construction, the operatively strong split-fracture method with sedimentary cycles as a
stratified group of fracturing is summarized, which makes the technology maturer and maturer. It
enhances the practicality and economy, and also shows the scientific nature of the technology. In the
CK Oilfield, a number of high-yield wells were extruded using a well multi-fracturing technology, and
self-draining wells appeared. Below is an example of three typical well fracturing modifications, from
which you can appreciate how to separate the fractures. Fracturing technology evaluates its pros and
cons by the effect of fracturing.

Cong 624 well, electric test interpretation of the oil layer 5, according to the sedimentary cycle, we
divided it into three segments, selected the above two groups to open three segments, divided twice. The
upper part is sanded 10™, the displacement is 1.8m’/min, the breaking pressure is 26MPa, the lower part
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is combined, the sand is added 30m’, the breaking pressure is 27MPa, the displacement is 2.0 m>/min,
the daily output oil is 40.9m’, no water, the pumping depth is 530m, the input After production, the oil
production has been relatively high, and the current daily oil production is above 8 tons. Cong 712 well,
electric test interpretation of oil layer 9, oil and water layer 2, according to sedimentary cycle, divided
into two groups, each group shot two sections, the upper group sand 30m?, breaking pressure 30MPa,
working pressure 24MPa. The next group is sanded 20m’, the pressure is 28MPa, the working pressure
is 22MPa, the row is combined, the daily oil is 30.0m?, and the pumping depth is 540m. The cluster 713
well electrical interpretation explains the oil layer 8 segments, which can be divided into three groups
according to the sedimentary cycle, but the upper two cycles are close together and are combined into
one group. According to the two groups, the split-fracture scheme is considered, and each group is
opened for two segments. 25 m*sand was added each time, and the pressure is combined and discharged.
The product is produced by spraying, and the oil is 43 m® per day.

It can be seen from the examples that the cracks was not simply split in a group of multi-layered oil
layers, but also divided into two or three groups according to their geological combination characteristics,
and divide the pressure 2 or 3 times, from the effect of the pressure, it is believed that the purpose of
fully reforming the oil layer and pressing the multilayer is basically achieved. It avoids the blindness of
large-scale fracturing. In particular, the Cong 712 well is intentionally avoided to open the oil-water
layer with higher water content.

5. Conclusion

The high-volume and high-displacement fracturing technology proves that it is impossible to achieve
the desire to press-open multiple layers and fully reform the oil layer through practice test, and it is not
suitable for continued application in the oil field. According to the sedimentary cycle, the reasonable
combination of the partial pressure intervals makes the multi-fracturing technology of the well not only
effectively and fully reform the oil layer in the fracturing construction of the area, but also shows the
scientific and economical technology. According to the sedimentary cycle combination method, the
zone can be divided into 2-3 combinations, and the single well partial pressure is 2-3 times. In most
cases, the partial pressure can be divided twice. Fracturing with a multi-fracturing technology can
effectively avoid the opening of high aquifers or water layers. The daily oil production of a well with
multiple fractured wells is higher than that of the combined wells. It enhances the practicality and
economy, and also shows the scientific nature of the technology.
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