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ABSTRACT

In order to solve the problem of low rock carrying efficiency of coring drilling tools in the process of
coring operation under extreme ultra-high temperature and high-pressure environment, and
considering the key rock carrying parameters such as coring bit type, cuttings particle size, drilling
speed and drilling fluid viscosity in different formations, the three-dimensional model and flow field
coupling model of coring tools with different specifications are established. The finite element method
is used to evaluate the rock carrying capacity of the annulus of the coring outer cylinder. The results
show that for the same type of coring tools, reducing the particle size of cuttings, increasing the
viscosity of drilling fluid and reducing the drilling speed can reduce the volume fraction of residual
cuttings and improve the rock carrying capacity of coring tools. For the 121,140,172 type coring
tools, when the two drilling speeds are 0.8 m/h and 2.1 m/h respectively, the rock carrying capacity
gap decreases with the increase of cuttings particle size. When the two drilling speeds of 203 type
coring tools are 0.8m/h and 2.1m/h respectively, the difference of rock carrying capacity increases
with the increase of cuttings size.
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1. INTRODUCTION

With the increasing demand for oil and gas resources, the drilling and production efforts are
also“From shallow to deep”, “From point to cover surface”, the structure and properties of
underground rocks are more and more different and complex. The coring tool is a tool that carries the
underground rocks to the surface in blocks during drilling. It can obtain the important formation
parameters directly from the underground rocks, the tool structure is mainly composed of core bit,
outer core barrel, inner core barrel and core claw, as well as suspension bearing, water diversion head,
back pressure valve, centralizer and so on. At present, with the development of materials science,
manufacturing technology and intelligent technology, the core drilling tool has made remarkable
progress in cutting ability, wear resistance, corrosion resistance and intelligent level, however, it is
always a difficult problem for coring tools to carry rocks in deep and complicated wells.

Lu CH et al. [1] designed a new type of two-tube forced fidelity coring tool to improve the coring
quality, structure and working efficiency of weak and broken ore bed, at the same time, the coring
motion and the coring force are analyzed and calculated. At last, the indoor test shows that only 15 ~
20KN vertical pressure is needed to make the core claw close. Deng Z Q et al. [2] developed a new
coring bit structure to solve the problem of low coring rate, the interaction model of coring bit tool
with planetary weathered layer is established, and the influence of tool structure parameters on cutting
force and coring rate is analyzed. The test shows that the block ring structure can effectively improve
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the core rate, but the horizontal cutting force and axial force are obviously larger.Xigui Wang et al.
[3] designed a coring tool for deep and ultra-deep wells with the functions of pressure preservation,
heat insulation and sealing, under the condition of variable pressure, the temperature simulation test
and closed coring of coal samples with different particle size were carried out by using equipment
and technology research.Da Guo et al. [4] put forward a new design of IPP coring tool (IPP-coring)
with 70 mpa pressure holding capacity for accurate evaluation of onshore deep oil and gas resources,
the performance of pressure retaining is described in detail. The tool can use the hydraulic lifting
force of drilling fluid to complete the pressure-keeping operation. The pressure-keeping mechanism
is attributed to the combined effect of the fixed seal structure, the split seal structure and the pressure
controller seal structure. Jiale Peng et al. [5] attempted to solve the problem that the sidewall coring
tool (SCT) can not withstand the extreme temperature and can not ensure the long-term operation and
reliability in the distribution of exploration oil and gas resources, a durable and reliable SCT system
(TMS) for sidewall coring tool with good temperature uniformity is proposed. Bin Liu et al. [6]
established a three-dimensional finite element model of the threaded joint of coring drill tool with a
diameter of 172 mm, the stress distribution of the common threaded joint is mainly concentrated near
the shoulder, while the special threaded joint is mainly concentrated near the main shoulder and the
auxiliary shoulder, the stress distribution of special thread joint is more uniform than that of
traditional thread joint.Liu, He et al. [7] for the current core cutting system of pressure-keeping coring
tools, the response of the pitch differential module is slow, and the position error of the cutting core
is large, so the self-locking core claw can not effectively clamp the falling core, this paper puts
forward a design idea of intelligent cutting core for pressure-keeping coring device system.Nair,V.V.
et al.[8] based on the tri-continuum method, a colloid migration model is established to analyze the
colloid migration in fractured formation. In addition to the fracture and rock matrix, the fracture skin
is merged into a third continuum. Based on the finite difference method, a fully implicit numerical
model is used in part of the coupled system to solve the transport differential equation formula in the
fracture medium, the migration of colloid in Fractured Formation is studied.Yashar Tavakkoli
Osgouei et al. [9] have carried out experimental and numerical studies on matrix-fissure heat transport
in fractured rocks. In order to study the heat transfer of matrix fracture by injecting cold water, a
membrane heat flow sensor was used to measure the fracture temperature and heat flow density at the
fracture interface by using a single fracture core plugging agent under different flow rates.Qiuping
Lu et al. [10] designed a new type of ball valve sealing rope pressure coring system , and it was first
applied to the Guangzhou Marine Geological Survey Bureau (GMGS) in the South China Sea during
the China hydrate survey voyage.Jialiang Wang et al. [11] based on Bernoulli's mathematical
equations, the internal model of the drill tool for the variation of drilling fluid pressure is established,
the influence of drilling fluid pressure and drilling tool parameters on drilling tool performance is
expounded, and the flow characteristics of drilling fluid during drilling are analyzed.Yang, Liwen et
al. [12] designed and developed the GW-CP194-80A take-off and pressure-keeping coring tool . The
application results are as follows: the core diameter of the new tool is increased from 70mm to 80mm,
the rated pressure-keeping capacity is increased from 20mpa to 60mpa, the ball valve sealing device
is rotatable and controllable, and the high-strength pressure-keeping inner cylinder. The internal
differential assembly and up-down synchronous seal mechanism of the new tool effectively solve the
closure problem and improve the success rate of coring and pressure-keeping in highly deviated wells.
In the field application of horizontal wells, 27 barrels were used in 5 wells with an average core
recovery of 87.5% and a success rate of 92.6% .

The effects of drill tool type, cuttings particle size, drilling speed and drilling fluid viscosity are not
considered in the above-mentioned researches on core drilling tools, different cuttings size, drilling
speed and drilling fluid viscosity are set to evaluate the carrying efficiency of core drilling tools.
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2. NUMERICAL SIMULATION MODEL ESTABLISHMENT

Considering the key rock-carrying parameters such as cuttings size, drilling speed and drilling fluid
viscosity, the flow field geometric models of different coring tools are established, carrying capacity
evaluation of core outer cylinder annulus was carried out. Firstly, the geometric structure of coring
tool is meshed by ANSYS, and the meshes are introduced into Edem for coupling, in the Edem, some
parameters such as the particle size, the total mass of the cuttings and the interaction between the
cuttings particles are set up, and a specified number of cuttings particle models are generated, the
parameters of viscosity and feed speed of drilling fluid are set in Fluent. The key carrying parameters

of core drilling tools are shown in Table 1.

Table 1. Key rock carrying parameters of core drilling tool

Research content

Study parameters

Model of drill tool

121, 140, 172, 203

Particle size of cuttings

2mm, 2.5mm, 3mm

Drilling speed

0.8m/h, 2.1m/h

Viscosity of drilling fluid

0.02kg/m-s, 0.075kg/m-s, 0.1kg/m-s

As shown in Figure 1, the 3D model and mesh model of 172 coring drill are simplified and mainly

composed of annulus inlet and outlet, flow hole, middle flow passage and bit flow passage.

= Outflow hole

$7—— The middle part of the runner

Fig 1. 172 coring tool model

3. RESULTS AND DISCUSSION
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Fig 2. Rock carrying capacity map of 121 coring tool
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Fig 5. Rock carrying capacity map of 203 coring tool
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Fig 6. 203 coring drill tool with feed speed of 0.8 m/h
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Fig 7. 203 coring drill tool with feed speed of 2.1 m/h

As shown in figure 2, the simulation result curve of 121 coring drilling tool shows that with the
increase of cuttings particle size from 2mm to 2.5mm and finally to 3mm, the volume fraction of
remaining cuttings shows an increasing trend, and the rock carrying capacity of coring drilling tool
decreases. When the viscosity of drilling fluid is 0.02 kg/m-s, with the increase of cuttings particle
size, the drilling speed of 2.1 m/h is 4 times, 1.7 times and 2 times more than the remaining cuttings
volume fraction of 0.8 m/h. When the viscosity of drilling fluid is 0.075 kg/m-s, with the increase of
cuttings particle size, the drilling speed of 2.1 m/h is 6,2.4 and 2.2 times more than the remaining
cuttings volume fraction of 0.8 m/h. When the viscosity of drilling fluid is 0. 1 kg/m-s, with the
increase of cuttings particle size, the drilling speed of 2. 1 m/h is 7. 3,2. 7,2. 3 times more than the
drilling speed of 0.8 m/h. It can be seen that under the same drilling fluid viscosity and cuttings
particle size, the volume fraction of remaining cuttings at a drilling speed of 2.1 m/h is much larger
than that at a drilling speed of 0.8 m/h, and the rock carrying capacity is also reduced. However, with
the increase of the particle size of the cuttings, the difference between the two drilling speeds is
decreasing, and the larger the viscosity of the drilling fluid is, the larger the volume fraction of the
remaining cuttings is, and the rock carrying capacity is improved.

As shown in Figure 3, the simulation result curve of 140 coring drilling tool shows that with the
increase of cuttings particle size, the volume fraction of remaining cuttings also shows an increasing
trend, and the rock carrying capacity of coring drilling tool decreases. When the viscosity of drilling
fluid is 0.02 kg/m's, with the increase of cuttings particle size, the drilling speed of 2.1 m/h is
0.83,0.85 and 0.52 times more than the remaining cuttings volume fraction of 0.8 m/h. When the
viscosity of drilling fluid is 0.075 kg/m-s, with the increase of cuttings particle size, the drilling speed
of 2.1 m/h is 0.9, 0.9 and 0.47 times more than the remaining cuttings volume fraction of 0.8m/h.
When the viscosity of drilling fluid is 0.1 kg/m-s, with the increase of cuttings particle size, the
drilling speed of 2.1m/h is 1.15, 0.98 and 0.47 times more than the remaining cuttings volume fraction
of 0.8 m/h. The removal value is different from the simulation results of 121 coring drilling tool, and
the other laws are consistent.

As shown in Figure 4, the simulation result curve of 172 coring drilling tool shows that with the
increase of cuttings particle size, the volume fraction of remaining cuttings also shows an increasing
trend, and the rock carrying capacity of coring drilling tool decreases. When the viscosity of drilling
fluid is 0.02 kg/m-s, with the increase of cuttings particle size, the drilling speed of 2.1 m/his 1.3,1.4
and 1.3 times more than the remaining cuttings volume fraction of 0.8 m/h. When the viscosity of
drilling fluid is 0.075 kg/m-s, with the increase of cuttings particle size, the drilling speed of 2.1 m/h
is 1.8,1.4 and 1.4 times more than the remaining cuttings volume fraction of 0.8 m/h. When the
viscosity of drilling fluid is 0.1 kg/m-s, with the increase of cuttings particle size, the drilling speed
of 2.1 m/his 0.9,1.9 and 1.5 times more than the remaining cuttings volume fraction of 0.8 m/h.
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As shown in figure 5, the simulation result curve of 203 coring drilling tool shows that with the
increase of cuttings particle size, the volume fraction of remaining cuttings also shows an increasing
trend, and the rock carrying capacity of coring drilling tool decreases. When the viscosity of drilling
fluid is 0.02 kg/m-s, with the increase of cuttings particle size, the drilling speed of 2.1 m/h is
0.86,1.27 and 1.44 times higher than that of the drilling speed of 0.8 m/h. When the viscosity of
drilling fluid is 0.075 kg/m-s, with the increase of cuttings particle size, the drilling speed of 2.1 m/h
is 0.98,1.32 and 1.6 times more than the remaining cuttings volume fraction of 0.8 m/h. When the
viscosity of drilling fluid is 0.1 kg/m-s, with the increase of cuttings particle size, the drilling speed
of 2.1 m/h is 1.2,1.5 and 1.7 times more than the remaining cuttings volume fraction of 0.8 m/h. It
can be seen that different from the first three types of coring drilling tools, the difference of rock
carrying capacity between the two drilling speeds of 203 coring drilling tools increases with the
increase of cuttings particle size.

Fig.7 and Fig.8 are the rock-carrying working diagram of 203 coring drilling tool. The viscosity of
drilling fluid is 0.075 kg/m-s. When the feed rate is 0.8 m/h, the cuttings particle size increases from
2 mm to 2.5 mm, and the rock-carrying efficiency decreases by 23.8 %. When the particle size of
cuttings increases from 2.5mm to 3mm, the rock carrying efficiency decreases by 12 %. When the
feed rate is 2.1 m/h, the cuttings particle size increases from 2 mm to 2.5 mm, and the rock carrying
efficiency decreases by 45.5 %. When the particle size of cuttings increases from 2.5mm to 3mm, the
rock carrying efficiency decreases by 25.1 %.

4. CONCLUSION

(1) For the same type of coring tools, reducing the particle size of cuttings, increasing the viscosity
of drilling fluid and reducing the drilling speed can reduce the volume fraction of residual cuttings,
so as to improve the rock carrying capacity of coring tools.

(2) For the 121,140,172 type coring tools, when the two drilling speeds are 0.8 m/h and 2.1 m/h
respectively, the rock carrying capacity gap decreases with the increase of cuttings particle size. For
the 203 type coring drilling tool, when the two drilling speeds are 0.8 m/h and 2.1 m/h respectively,
the difference of rock carrying capacity increases with the increase of cuttings particle size.

REFERENCES

[1] Lu, CH (Lu Chunhua);Zhang, T (Zhang Tao);Fan, JX (Fan Jiaxing).Truth-Preserving Coring Tool for Broken and
Soft Mineral Stratum[J].SECOND INTERNATIONAL CONFERENCE ON MINING ENGINEERING AND
METALLURGICAL TECHNOLOGY (MEMT 2011),2011,Vol.2: 109-115.

[2] DengZ Q, Tian Y , Tang D W ,et al.A new planetary exploration coring bit design and its performance tests research
[C)/ 1EEE International Conference on Information & Automation.IEEE, 2014.DOI:10. 1109/ ICInfA. 2013.
6720305.

[3] Xigui Wang;Deyong Zou.RESEARCH ON THERMAL INSULATION TECHNOLOGY OF COAL BED
METHANE CORING TOOL.[J].Fresenius Environmental Bulletin,2020,V01.29(12): 10707-10711.

[4] Da Guo;Heping Xie;Mingzhong Gao;Jianan Li;Zhigiang He;Ling Chen;Cong Li;Le Zhao;Dingming Wang;Yiwei
Zhang;Xin Fang;Guikang Liu;Zhongya Zhou;Lin Dai.In-situ pressure-preserved coring for deep oil and gas

exploration: Design scheme for a coring tool and research on the in-situ pressure-preserving mechanism [J]. Energy,
2024,Vol.286: 129519.

[5] Jiale Peng;Zhibin Tian;Chao Deng;Fulong Wei;Bofeng Shang;Xiaobing Luo.Durable and reliable thermal
management system with superior temperature uniformity for sidewall coring tool in extreme thermal
environments[J].Thermal Science and Engineering Progress,2024,Vol.51: 102635.

[6] Bin Liu;Kunpeng Yao;Jianlin Yao.Mechanical characteristics of a threaded joint of coring tool under makeup
torque[J].Journal of Physics: Conference Series,2022,Vo01.2401: 012010.

[7] Liu, He;Wen, Pengyun;Song, Wei;Li, Jinbo;Wang, Suling.Design of continuous core-cutting system for pressure-
maintaining coring tool[J].Zhongguo Shiyou Daxue Xuebao (Ziran Kexue Ban)/Journal of China University of
Petroleum (Edition of Natural Science),2022,Vo0l.46(4): 130-136.

50



[8] Nair, V.V.;Thampi, S.G..A triple continuum transport model for colloid migration in fractured formations (Article)
[J]. KSCE Journal of Civil Engineering,2012,Vol.16(3): 293-297.

[9] Yashar Tavakkoli Osgouei;Serhat Akin.Experimental and numerical study of flow and thermal transport in fractured
rock[J].Heat and Mass Transfer,2021,Vol.57(6): 1053-1068.

[10] Qiuping Lu;Rulei Qin;Yanjiang Yu;Ligiang Qi;Wenwei Xie;Hongfeng Lu;Benchong Xu;Haoxian Shi;Chenlu
Xu;Xingchen Li.The Design and Application of a New Wireline Pressure Coring System for the Guangzhou Marine
Geological Survey Methane Hydrate Expedition in the South China Sea[J].Applied Sciences,2024,Vol.14(15): 6753.

[11] Jialiang Wang;Chen Chen;Youjia Hu;Buyan Wan;Bibing Xiao;Zhigang Xu;Siqi Hu;Mengfei Yu.Scheme design
and flow performance analysis of double-bits combination wire-line coring technology for seafloor drill[J].Marine
Georesources & Geotechnology,2024,: 1-15.

[12] Yang, Liwen;Su, Yang;Luo, Jun;Sun, Shaoliang.Development and application of GW-CP194-80A pressure-
maintaining coring tool[J].Natural Gas Industry,2020,Vo0l.40(4): 91-96.

51



