
Precise Drilling Strategies to Improve Quality and 

Efficiency in Oilfield A 

Lu Song1,2,*, Feng Qian3, Wenguang Wang4, Xiangji Kong3, Jun Yan3, Shujiu Feng3, 

Fugui Liu3, Chen Xuanren5 

1CNPC Engineering Technology R&D Company Ltd, Beijing, China 
2China National Oil and Gas Exploration and Development Company Ltd Overseas Drilling and 

Completion Technology Center, Beijing, China 
3China National Oil and Gas Exploration and Development Company Ltd Production and Op-

eration Department, Beijing, China 
4CNPC (Ecuador) Andes Company, Quito, Ecuador 

5Changchun University of Technology, Changzhou, China 

*songludr@cnpc.com.cn 

Abstract. An oilfield is a key overseas oil and gas production project of Petro-

China, located in a rainforest environment. The oilfield is developed using 

cluster wells, and the problem of wellbore anti-collision is prominent. During the 

drilling process, the mud shale section is long and the clay mineral content is 

high. Some sections of the well have large coal seams, and the stability of the 

wellbore is poor. It is prone to mud wrapped drill bits and diameter shrinkage, 

resulting in complex accidents such as resistance and jamming during tripping, 

which affects the drilling efficiency. This article focuses on the drilling difficul-

ties in A oilfield, optimizing the drilling fluid system, wellbore structure, drill bit, 

and drilling parameters to form a drilling quality and efficiency improvement 

plan for A oilfield with drilling fluid+wellbore structure+drill bit+drilling pa-

rameters as the core. Optimize the formation of a solid free polymer drilling 

fluid+plugging type low solid polymer system coal seam drilling fluid scheme to 

address difficulties such as poor stability of coal seam wellbore walls; Optimize 

and upgrade the wellbore structure plan based on the difficulty level of the 

wellbore trajectory; By evaluating and optimizing the performance of drill bits 

used in multiple wells in the early stage, a series of PDC drill bit models suitable 

for the formation in this block have been formed; Optimize drilling parameters 

based on the characteristics of different drilling operations and develop a drilling 

acceleration plan. The on-site application results show that a drilling quality and 

efficiency improvement plan has been developed for A oilfield, ensuring safe 

drilling of mudstone and coal seam sections, significantly accelerating drilling 

speed, and ensuring the smooth implementation of drilling operations and pro-

duction capacity construction tasks in A oilfield[1,2]. 
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1 Introduction 

The A oilfield is located in a block with diverse biodiversity, dense vegetation, and 
extremely high environmental sensitivity. The main oilfield block has a development 
history of 40 years and is in the middle and late stages of development. Exploration and 
development have entered the "double high" stage of high water content and high 
recovery rate. The number of wells on a single drilling platform continues to increase, 
and the difficulty of well layout is becoming greater. The environmental protection 
laws of resource rich countries are strict, and the unstable social environment, soaring 
prices of commodities and raw materials, and prolonged supply cycles also bring many 
adverse challenges. Therefore, it is urgent to take measures from the aspects of drilling 
fluid system, geological engineering integration, wellbore structure optimization, 
preferred drill bit models, and optimized drilling parameters to provide technical 
support for A oilfield to reduce drilling costs, improve quality and efficiency, and 
ensure the smooth implementation of drilling quality and production capacity con-
struction tasks[3,4]. 

2 Speed Up Measures for Drilling in a Oilfield 

2.1 Optimize the Mud System to Ensure Downhole Stability 

The main formations encountered during the drilling process in Oilfield A are: Group 
A, B, C, D, E, etc. 

The lithology of Group A is mainly composed of blue gray mudstone with high 
montmorillonite content, which is easily highly hydrated and dispersed. A small 
amount of greenstone sandstone is interspersed, and there are coal seams of varying 
thickness in some areas. When drilling in this type of formation, not only should the 
drill bit be prevented from mud entrapment and diameter reduction, but also attention 
should be paid to preventing coal seam collapse. 

The lithology of Group B is mainly mudstone, with slightly lower montmorillonite 
content compared to Group A. Some layers are interbedded with sandstone and mud-
stone, and some sandstone formations have high porosity and good permeability. In 
addition, the lower strata of this group contain hard abrasive gravel layers. When 
drilling in this type of formation, it is necessary to prevent the hydration and expansion 
of the rock formation, the peeling and falling of shale layers, leakage, shrinkage, and 
collapse. Reasonable drilling parameters should also be selected to achieve safe and 
rapid drilling. 

The C group is composed of variegated (mainly red) terrestrial and coastal mud-
stone, calcareous mudstone, a small amount of thin limestone layers, and siltstone. The 
montmorillonite content in this formation is lower, while the kaolinite content has 
increased, and the characteristics of the illite montmorillonite mixed layer are obvious. 
When drilling in this type of formation, the key is to prevent wellbore collapse and 
block falling, as well as the loss of sandstone layers and the complex underground 
conditions such as shrinkage and sticking caused by thick mud cakes. 
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The lithology of Group D is mainly composed of mudstone and brittle shale with 
high kaolinite content, interbedded with thin layers of high permeability sandstone or 
tight layers. When drilling in this type of formation, the main goal is to slow down the 
instability of the wellbore caused by weak hydration and sealing ability, as well as the 
shrinkage and sticking caused by thick mud cakes in high permeability layers. 

The lithology of Group E is mainly composed of thick layers of quartz sandstone 
interbedded with thin layers of mudstone or calcareous mudstone, with pure sandstone 
quality. When drilling in this formation, it is important to prevent pressure differential 
from sticking the drill[5,6]. 

Years of drilling practice in A oilfield have shown that the main challenges faced 
during the drilling process are wellbore stability and its derivative issues. The statistical 
results of the main complex underground problems are shown in Table 1, and the 
falling blocks during the drilling process are shown in Figure 1. 

Table 1. List of Main Problems during Drilling Process. 

Item Surface well section middle well section oil reservoir well section 

Main issues 

Mudstone hydration dispersion 

Coal seam rockfall 

Shrinking diameter 

Drill bit mud bag 

Calcium invasion 

Mudstone swelling 

Unstable wellbore 

Shrinking diameter 

Drill bit mud bag 

MBT control 

Unstable wellbore 

Shrinking diameter 

Drill bit mud bag 

MBT control 

 

   
Fig. 1. Block falling during drilling process. 

The phenomenon of drilling tool mud bags is also common in the actual construc-
tion process, as shown in Figure 2. 

  

Fig. 2. Mud package of drilling tools at the drilling site of Oilfield A. 
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The above problems have long constrained the safe and rapid drilling construction 
of A oilfield. To solve the above problems, the following drilling fluid system was 
adopted for drilling, and the on-site test results were good. 

The use of solid free polymer drilling fluid containing calcium nitrate in the coal 
seam section alleviates the problem of slurry formation in long sections by maintain-
ing a certain calcium ion content (1600-2000ppm) and using solid control equipment 
to control the solid content. The occurrence of diameter shrinkage and mud wrapped 
drill bit phenomenon is slowed down by large displacement (greater than 1000GPM) 
and irregular short trip drilling. Regular injection of cleaning slurry ensures that the 
rock debris concentration in the wellbore is within a controllable range. Before enter-
ing the coal seam, the drilling fluid was converted and a low solid polymer system 
with certain sealing and inhibition capabilities was used to successfully address the 
highly hydrated dispersion and shrinkage issues in the A mudstone formation. Before 
entering the coal seam, the drilling fluid is converted into a plugging type low solid 
polymer system to maintain wellbore stability and ensure the smooth entry of casing 
into the well. 

Use G. without clay phase or low clay phase in the second well section A. The P 
system uses a combination of two clay inhibitors, polyammonium and polyol, to 
maintain a high inhibitory ability and prevent the hydration expansion of mudstone 
and the formation of mud on drill bits. Use a moderate displacement (800-900gpm) to 
reduce the scouring force on the gravel layer, thereby achieving the goal of stabilizing 
the wellbore. Reasonably use filtrate reducers to maintain no clay phase or low clay 
phase in the system, prevent the formation of thick mud cake, and avoid the occur-
rence of shrinkage phenomenon. Strengthen the compound use of sealing agents, 
improve the sealing ability of drilling fluid on the basis of strong inhibition perfor-
mance, and thus prevent shale from peeling off and falling off. 

When drilling in the oil reservoir section, a solid free oil soluble temporary plug-
ging drilling fluid system is used to solve the problem of wellbore instability caused 
by the collapse of shale C and D, while maximizing the protection of the reservoir. 
After drilling the oil reservoir section of the horizontal well, N-Flow chemical treat-
ment agent can be replaced in the production section before inserting the screen pipe, 
which can quickly and effectively remove the mud cake in the wellbore and facilitate 
subsequent production. Different from the upper well section, it is necessary to strict-
ly control the content of useless solid phase and maintain the drilling fluid density as 
low as possible (8.8-10ppg). On the basis of maintaining strong inhibition of the sys-
tem, improve the temporary blocking ability of the production layer and the control of 
filtration loss, so that the filtration loss is less than 5ml[7,8]. 

2.2 Close Cooperation in Geological Engineering to Reduce the Cost of 
Horizontal Wells 

Due to the thin and single oil reservoir, large burial depth, and strong edge and bottom 
water in Oilfield A, higher requirements are placed on horizontal well drilling. The 
landing point of a horizontal well not only requires accurate positioning, but also the 
range of inclination angle variation between 85 ° and 87 °. The wellbore trajectory 
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must be within a range of 5ft above the oil reservoir, and the inclination angle error of 
the landing point must be less than 0.5 °. 

In order to ensure that the horizontal section accurately passes through the optimal 
oil reservoir position, the method of drilling guide holes was often used in the past. 
Through close cooperation between geology and engineering, advanced geological 
fine description theory is adopted, and advanced technologies such as geological 
guidance and rotary guidance are used in underground combination. The ability to 
control wellbore trajectory is greatly improved, which not only expands the field of 
exploration and development, but also provides guarantees for optimizing wellbore 
structure. Previously, only by drilling a guide hole could the horizontal well of the oil 
reservoir be accurately located. Now, the horizontal section can be drilled directly. 

By adopting high-tech, the removal of guide holes in horizontal well construction 
has been successfully achieved. The application of this technology alone has directly 
saved drilling costs of approximately 800000 US dollars in each horizontal well con-
struction. As shown in Table 2: 

Table 2. The impact of pilot eyes on drilling costs. 

Increased cost of Pilot Eyes Pilot Eyes 
MD 

m 

Drilling period 

d 

Average drilling cost 

$ 

Esperanza 3H Yes 3214 30.31 4624284 

Average value of four horizontal wells No 3286 24.41 3860498 

Reduction  32 10.24 763786 

Reduce ratio   41.95% 15.50% 

When drilling in the horizontal section, a combination of LWD measurement while 
drilling, including PWD+DGR+EWR+CTN+ALD+MWD, is used to evaluate the 
formation using tools such as resistivity (EWR), compensated thermal neutron (CTN), 
and azimuthal rock density (ALD). Real time measurement of formation data and 
wellbore data, and the ability to detect the lithology of the formation 10.5 meters 
ahead of the drill bit, and adjust the wellbore trajectory in a timely manner. 

2.3 Optimizing Drill Bits and Drilling Parameters to Improve Drilling Speed 

Using advanced drill bit selection software, based on the formation and drilling tech-
nology, different rock properties such as strength, hardness, and abrasiveness of adja-
cent wells or specific blocks are obtained based on previous actual use, and corre-
sponding drill bit IADC codes are provided. Combined with the wellbore structure, the 
required drilling depth for different diameter drill bits, and the drilling speed and 
footage of different IADC coded drill bits in the area, different types (PDC or roller 
drill bits) and models of drill bits are screened to select the most suitable drill bit. Figure 
3 shows the technical analysis of drill bit selection[9]. 
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Fig. 3. Analysis of drill bit selection technology. 

Evaluate and optimize the performance of PDC drill bits from different drill bit 
manufacturers such as Baker Hughes, Hycalog, Security, Geodimand CNLC in the 
early stage of multiple wells, optimize the structure of the drill bits, and form a series 
of PDC drill bit models suitable for the formation in this block, improve the cutting 
ability of the drill bits to the formation, and increase the mechanical drilling speed; 
Secondly, the tooth arrangement of the drill bit is optimized, especially the optimiza-
tion of the retaining teeth, to improve the strength of the drill bit, avoid damage to the 
drill bit inside the casing or wear in high grinding formations, and improve the con-
struction efficiency of the drill bit; The water hole of the drill bit has also been opti-
mized. On the one hand, it improves the cleaning ability of the drill bit to avoid mud 
bags, and on the other hand, it enhances the hydraulic jet rock breaking ability of the 
drill bit water hole, greatly improving the mechanical drilling speed[10]. 

The improvement of the drill bit has achieved good results. From the perspective of 
the use of new drill bits, the improved drill bit has minimal damage after construction, 
which not only improves the efficiency of drill bit use, but also avoids the situation of 
mechanical drilling speed reduction caused by drill bit damage. Figure 4 shows the 
actual usage record of drill bit 65. 

 

Fig. 4. Actual drill bit usage record of well 65. 
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2.4 Wellbore Structure Design and Optimization to Reduce Drilling Costs 

2.4.1 Several Wellbore Structures Commonly used in a Oilfield. 
Based on years of drilling and development experience, directional wells in various 

oil fields of the block adopt two wellbore structures and three wellbore structures 
respectively according to the size of horizontal displacement and the difficulty of 
drilling construction. Horizontal wells in Block T generally adopt four or three well-
bore structures, as shown in Figures 6. 

Directional well with two wellbore structures: 
Catheter: ø 339.7mm × 35m, establish circulation; 
Surface casing: ø 244.5mm × 1800m, sealing a shale layer; 
Production tail pipe: ø 177.8mm × 2900m, down to the target layer. 
Three section wellbore structure for high angle and horizontal wells: 
Catheter: ø 508mm × 35m, establish circulation; 
Surface casing: ø 339.7mm × 1700m, sealing a shale layer; 
Technical casing: ø 244.5mm × 2700m, sealing layer C; 
Production tail pipe: ø 177.8mm (ø 168.3mm sand control pipe) x 3100m, down to 

the target layer. 
Based on years of drilling and development experience, directional wells in various 

oil fields of the block adopt two wellbore structures and three wellbore structures 
respectively according to the size of horizontal displacement and the difficulty of 
drilling construction, as shown in Figures 6 Horizontal wells generally adopt a four or 
three opening wellbore structure, as shown in Figures 5 

Three directional wellbore structures: 
Catheter: ø 508mm × 35m, establish circulation; 
Surface casing: ø 339.7mm × 1900m, sealing a shale layer; 
Technical casing: ø 244.5mm × 2800m, sealing layer C; 
Production tail pipe: ø 177.8mm × 3800m, down to the target layer. 
Horizontal well four opening wellbore structure: 
Catheter: ø 508mm × 35m, establish circulation; 
Surface casing: ø 339.7mm × 1850m, sealing a shale layer; 
Technical casing: ø 244.5mm × 2850m, sealing layer C; 
Technical tailpipe: ø 177.8mm × 3500m, down to the middle of the target layer; 
Sand control screen tube: ø 114.3 × 3800m, horizontal section of oil reservoir. 
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Two section directional well structure Three section directional well structure 

  
Three section horizontal well structure Four section horizontal well structure 

Fig. 5. Schematic diagram of commonly used wellbore structures. 

2.4.2 Optimization Practice of Well Body Structure in Oilfield A. 
In the drilling engineering plan, conventional directional wells adopt a two hole 

wellbore structure, while high angle wells and horizontal wells adopt a three hole 
wellbore structure. The use of a simple wellbore structure in low difficulty wells in-
creases drilling speed and reduces drilling costs. For difficult wells, a three hole 
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wellbore structure is adopted to effectively control complex underground situations, 
reduce drilling accidents, and achieve safe and efficient drilling operations[11]. 

For example, in the M oil field, directional wells with a horizontal displacement of 
less than 1200 m underwent wellbore structure optimization, adopting a double open-
ing wellbore structure, simplifying the casing sequence, achieving good results, 
shortening the well construction period, and reducing the well construction cost[12]. 

Well 24 is a three-stage J-shaped directional well with a horizontal displacement of 
1338 meters and a three hole wellbore structure 

Surface casing: ø 339.7 mm × 1532 m; 
Technical casing: ø 244.5 mm × 2386.5 m; 
Lining tube: ø 177.8 mm x 2852 m. 
The drilling cycle of Well 24 is 12.29 days. The drilling cost is 2922325 US 

dollars. 
In the same oilfield, using the same drilling rig to complete well 29 is a three-stage 

J-shaped directional well with a horizontal displacement of 1287 meters and a 
two-stage wellbore structure: 

Surface casing: ø 244.5 mm × 2103 m; 
Production casing: ø 177.8 mm x 2886.5 m. 
The drilling cycle of Well 29 is only 8.98 days. The drilling cost is 1810703 US 

dollars, a 38% reduction compared to the cost of building 24 wells. 
Figures 6 show the progress curves of two wells. 

 
Schedule of well 24. 
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Schedule of well 29 

Fig. 6. Comparison of Progress between two wells before and after optimization of well struc-
ture. 

The optimization and simplification of wellbore structure have been recommended 
and applied in various oil fields in Block T, achieving good results. 

3 On Site Application Situation 

The above research results have been applied in directional and horizontal well drilling 
in various blocks of A oilfield, effectively solving the problems of high drilling risks 
and multiple complex accidents, enabling economic and effective development of A 
oilfield, significantly improving drilling success rate and cementing quality rate, and 
bringing good economic and social benefits to the sustainable development of the 
oilfield. 

4 Conclusion 

(1) Solid free polymer drilling fluid containing calcium nitrate is used in the section 
above the coal seam, while G. without clay phase or low clay phase is used in the 
second section A. The P system uses a combination of two clay inhibitors, polyam-
monium and polyol, and a solid free oil soluble temporary plugging drilling fluid 
system is used during drilling in the oil reservoir section. Controlled the solid content, 
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slowed down the occurrence of shrinkage and mud wrapped drill bit phenomenon, 
successfully addressed the high hydration dispersion and shrinkage problems in mud-
stone formations, and thus achieved the goal of stabilizing the wellbore. Solved the 
problem of wellbore instability caused by shale collapse, while maximizing the pro-
tection of the reservoir[13]. 

(2) Through close cooperation between geology and engineering, advanced geo-
logical fine description theory is adopted, and advanced technologies such as geolog-
ical guidance and rotary guidance are used in underground combination. The ability to 
control wellbore trajectory is greatly improved, which not only expands the field of 
exploration and development, but also provides guarantees for optimizing wellbore 
structure. By adopting advanced technology, the guide hole was successfully elimi-
nated during horizontal well construction, significantly reducing drilling costs. 

(3) Evaluate and optimize the performance of multiple PDC drill bits, optimize the 
structure of the drill bits, and form a series of PDC drill bit models suitable for the 
formation of this block, improving the cutting ability of the drill bits to the formation 
and increasing the mechanical drilling speed; Secondly, the tooth arrangement of the 
drill bit is optimized, especially the optimization of the retaining teeth, to improve the 
strength of the drill bit, avoid damage to the drill bit inside the casing or wear in high 
grinding formations, and improve the construction efficiency of the drill bit; The water 
hole of the drill bit has also been optimized. On the one hand, it improves the cleaning 
ability of the drill bit to avoid mud bags, and on the other hand, it enhances the hy-
draulic jet rock breaking ability of the drill bit water hole, greatly improving the me-
chanical drilling speed. 

(4) In the drilling engineering plan, conventional directional wells adopt a two hole 
wellbore structure, while high angle wells and horizontal wells adopt a three hole 
wellbore structure. The use of a simple wellbore structure in low difficulty wells in-
creases drilling speed and reduces drilling costs. For difficult wells, a three hole 
wellbore structure is adopted to effectively control complex underground situations, 
reduce drilling accidents, and achieve safe and efficient drilling operations. The opti-
mization and simplification of wellbore structure have been recommended and applied 
in various oil fields in the block, achieving good results[14]. 

Reference 

1. Yuan Xiujin Research and application of key technologies for efficient drilling of ultra 
deep displacement wells in the East China Sea [J] Petrochemical Technology, 2024, 31 
(06): 191-193. 

2. LI Yilan. Key technologies for improving drilling and completion speed in Shunbei ul-
tra-deep and ultra-high-temperature oil and gas field [J].Petroleum Drilling Techniques, 
2024, 52(3): 21-27. 

3. Zhou Xiongbing, Li Baojun, Jiang Zhenwei Difficulties and Countermeasures in Direc-
tional Drilling of Parahuacu Oilfield in Ecuador [J] Petrochemical Technology, 2023, 30 
(06): 232-234. 

4. He Xinxing, Safety and Accelerated drilling technologies for deep shale gas in Weirong of 
Sichuan Basin [J] Petroleum Geology & Experiment, 2024, 46 (03): 630-637. 

354             L. Song et al.



5. Liu Yong, Li Jun, Wang Guoqing Optimization and Application of Safe and Rapid Drill-
ing Fluid System in the Southern Andes Block of Ecuador [J] China Petroleum and Chem-
ical Standards and Quality, 2022, 42 (05): 153-154. 

6. Li Yunlong, Yang Haidong, Yang Junshi Technologies to increase ROP for plastic mud-
stones,Ying-Qiong Basin [J] Natural Gas Exploration and Development, 2024, 47 (02): 
81-88. 

7. M. Sujan Kumar, R. Deivanathan Effect of process parameters on drilling—An overview[J] 
Materials Today: Proceedings,2021,46(2):1401-1406. 

8. Xia Fei Factors affecting directional well drilling speed and measures to increase speed [J] 
Western Exploration Engineering, 2024, 36 (04): 55-57. 

9. SHE Chaoyi. New progress and development prospect of key technologies for drilling of 
deep shale gas wells in the Sichuan Basin[J].Natural Gas Industry, 2024, 44(3): 1-9. 

10. Liu Wenjun Research and Application of Geological Engineering Integrated Drilling 
Technology in Zheng'an Work Area [J] Journal of Jianghan Petroleum University of staff 
and Workers, 2024, 37 (02): 30-32. 

11. Chen Can, Jiang Chuan Optimization design of wellbore structure in the southern Andes 
block of Ecuador [J] China Petroleum and Chemical Standards and Quality, 2016, 36 (13): 
105+107. 

12. YANG Bingxiang,HE Long,LUO Chengbo,et al. Gas Drilling for Lost Circulation Preven-
tion and ROP Optimization Tech-nology in Tongnanba Complex Structural Zone, North-
eastern Sichuan[ J] . Drilling and Production Technology,2024,47(1) :53- 59. 

13. Zhang Maolin, Zhang Wei, Wang Lei, etc Application of Speed up Technology for Drill-
ing Large Sized Wells in Deep and Ultra Deep Wells [J] Western Exploration Engineering, 
2024, 36 (02): 69-72. 

14. Ahmed Bani Mustafa, Abbas Ahemd K, Mortadha Alsaba, Alameen Mamoon  Improving 
drilling performance through optimizing controllable drilling parameters[J] Petrol Explor 
Prod Technol 11, 1223–1232 (2021).  

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.

Precise Drilling Strategies to Improve Quality and Efficiency             355

http://creativecommons.org/licenses/by-nc/4.0/

	Precise Drilling Strategies to Improve Quality and Efficiency in Oilfield A

