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Abstract 

With the increasing difficulty of oil and gas exploration and development and the 
increasing requirements for environmental protection, drilling fluid technology has 
developed rapidly. Oil based drilling fluid has a small application range due to its high 
cost, difficult recovery, unfavorable logging operation and serious impact on the 
environment; Water based drilling fluid has the advantages of low cost, simple 
configuration, treatment and maintenance, wide sources of additives, many types to 
choose, and easy performance control, and has a good effect of oil and gas reservoir 
protection. Therefore, it has been widely used in Bohai oilfield. This paper summarizes 
the development history and future development trend of improved environmental 
friendly polymer drilling fluid system, polyol drilling fluid system and reservoir drilling 
fluid. 
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1. Introduction 

Drilling fluid is the general name of various circulating fluids that meet the needs of drilling work 

with its various functions in the drilling process. It is divided into three types: water-based, oil-based 

and gas-based. The most basic functions of drilling fluid include carrying/ suspending drilling 

cuttings, balancing formation pressure, stabilizing wellbore, cooling and lubricating bit, transmitting 

power, etc. After the 1990s, the development of drilling fluid with acceptable reservoir protection and 
environment has become the mainstream direction. During this period, new drilling fluid systems 

appeared, such as polyol drilling fluid, new synthetic base drilling fluid, new silicate drilling fluid, 

methyl glucoside drilling fluid, recyclable foam drilling fluid, polyamine drilling fluid and non 

permeable drilling fluid. These drilling fluid technologies have been widely used all over the world 

and continue to develop. 

2. Water based drilling fluid 

The composition of water-based drilling fluid mainly includes the following components: (1) water, 

fresh water or salt water; (2) Bentonite is mainly used to increase the viscosity of drilling fluid and 
reduce the filtration loss; (3) Drilling fluid treatment agent is mainly used to adjust the performance 

of drilling fluid, mainly including fluid loss reducer and viscosity reducer; (4) Weighting material is 

used to increase the density of drilling fluid and balance the bottom layer pressure under high pressure. 

Based on the traditional water-based drilling fluid, high-performance water-based drilling fluid has 

been optimized and improved by using new technology. Through the exploration and efforts of 

scientific researchers, the treatment agents and inhibitors of drilling fluid have been improved, so that 

the performance of high-performance water-based drilling fluid has been improved in all aspects. 

First, reduce the phenomenon of mud inclusion. The rotating speed of drilling machinery is generally 
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fast. With the traditional water-based drilling fluid technology, the bit is prone to mud inclusion, 

which seriously affects the drilling speed. High performance water-based drilling fluid usually adds 

a large amount of mud remover to improve the mechanical efficiency. A large amount of drilling 

cuttings will be formed during its circulation, which will affect the performance of drilling fluid, and 
drilling accidents will be caused if they are not removed in time. High performance water-based 

drilling fluid will add a large amount of treatment agent, so as to reduce the content of drilling cuttings, 

improve the recycling efficiency of drilling fluid and reduce the cost. Thirdly, stabilize the formation 

and wellbore. The drilling process will damage the underground soil structure. How to balance the 

formation pressure and stabilize the wellbore is an important standard for drilling fluid. High 

performance water-based drilling fluid has good filtration and wall building performance and 

inhibition, reduces the expansion and dispersion of shale, prevents blowout and well collapse 

accidents, and improves the safety performance of drilling operation[1、2]. 

3. Improved environmental friendly polymer drilling fluid system 

Minghuazhen Formation and Guantao Formation in many blocks of Bohai oilfield are a large set of 

active soft shale, while the shale of Dongying Formation and Shahejie formation is easy to collapse. 

If environmental friendly polymer drilling fluid is used to cross so many layers, it is difficult to solve 

the problems of wellbore collapse, block falling and wellbore instability of Dongying Formation and 

Shahejie formation. In the project, before entering the Dongying Formation, the next layer of casing 

is laid, with environmental friendly polymer drilling fluid in the upper part and polyol drilling fluid 

in the lower part. Polymer drilling fluid is used in the upper well section and polyol drilling fluid is 

used in the lower part. The disadvantage is that the upper polymer drilling fluid has poor inhibition, 

the solid phase control of drilling fluid is difficult, and tripping may be very difficult. In view of the 
above problems, the environment-friendly polymer drilling fluid is improved, the wellbore stability 

mechanism of active soft shale is continued, the concept of soft inhibition is adhered to, and the 

treatment agent with easy rheological control is selected to improve the inhibition, so as to strive for 

low viscosity and high shear. 

Amino silanol is used instead of organic positive gel as inhibition, which has the effect of wetting 
reversal, effectively prevents mud inclusion, and the drilling fluid maintains stable rheology. The 

addition of inhibitor can reduce the viscosity of drilling fluid and has little effect on water loss. High 

solid compatibility limit to accommodate more drilling cuttings. After field application, the inhibition 

is improved, and the rheology is obviously better than that of environmental friendly polymer drilling 

fluid. Amino silanol is used to replace the inhibition of organic positive gel, and another lifting and 

cutting agent is used to replace the viscosity lifting and cutting effect of organic positive gel. The 

inhibition is stronger than that of environmental friendly polymer drilling fluid, the tripping problem 

in the upper well section has been solved, and the drilling fluid has strong controllability. Simple 

amino silanol not only provides inhibition, but also reduces the viscosity of the system with an 

appropriate amount, realizing low viscosity and high shear. After adding the main agent of polyol 
drilling fluid into the system, it not only has the advantages of improved environmental friendly 

polymer drilling fluid with low viscosity and high shear, but also has the advantages of strong 

inhibition of polyol drilling fluid[3]. 

4. Polyol drilling fluid system 

Foreign countries began research in the 1980s and put it into use in the early 1990s. COSL took the 

lead in the research of polyol products in China in the early 1990s, from the action mechanism to the 

formation of a series of products, so as to develop polyol drilling fluid, which was first applied in 

QK18-1 oilfield in Bohai sea in 1995. At present, it is widely used in thousands of wells such as 

vertical wells, highly deviated wells and horizontal wells. Polyol drilling fluid is based on polymer 
drilling fluid to further improve the inhibition and anti sloughing of drilling fluid; The system uses 

cloud point effect to make the drilling fluid have excellent lubricity, good oil and gas reservoir 
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protection effect and simple maintenance and operation. Polyol drilling fluid is a strong anti sloughing 

drilling fluid with strong anti pollution ability and easy to adjust rheology. It can effectively improve 

drilling speed and maintain borehole stability. The maximum use density of drilling fluid is 

1.80g/cm3 and the maximum use well temperature is 150℃. Polyol drilling fluid system covers all 
kinds of mudstone, drilling cuttings and well wall through macromolecular coating to prevent filtrate 

invasion. Fine drilling cuttings and some active solid phases are flocculated by long-chain adsorption 

of coating agent and removed by sedimentation and solid control equipment; Chemically inhibit the 

hydration expansion of various mudstones and prevent collapse; Cloud point effect, which plays the 

role of lubrication inhibition and plugging. Polyol drilling fluid is a leading water-based anti 

sloughing drilling fluid system in China; The inhibition effect is obvious, the rheology is easy to 

adjust, the reservoir protection effect is good, the drilling speed is improved and the borehole stability 

is maintained[4]. 

5. Reservoir drilling fluid 

Reservoir drilling fluid refers to the working fluid used for reservoir drilling. It takes into account the 

dual functions of drilling fluid and completion fluid. It is usually used in the well section and 

horizontal section of open hole completion. The system is a weak gel reservoir drilling fluid, which 

is developed on the basis of the original PRD drilling fluid system through upgrading and 

improvement. On the one hand, it continues the unique rheology and excellent reservoir protection 

characteristics of PRD drilling fluid. On the other hand, it enhances the plugging and pressure bearing 

capacity of the original system through effective plugging, and strengthens the degradability of the 

treatment agent through the optimization of the main processor, so as to simplify the application 

procedure of the system and reduce the gel breaking operation in the operation process. 

Reservoir drilling fluid system has the characteristics of wide plugging range and strong pressure 

bearing capacity. The long molecular chain materials in the system are intertwined on the surface of 

rigid plugging materials and promote each other with compressible materials. The utility model 

avoids the disadvantage that the filter cake formed by the traditional rigid plugging material under 

the pressure difference adheres to each other and is difficult to disperse. Once the forward pressure is 
removed, the formed thin filter cake expands and looses rapidly, the seepage channel is restored, the 

liquid in the wellbore flows out quickly, and the backflow pressure is very low. The system can 

effectively prevent the pollution damage of drilling fluid to the reservoir, and can be removed only 

with a small production pressure drop during well completion. It can effectively avoid the blockage 

of conventional completion mud to the reservoir, screen and gravel, and has a good storage and 

protection effect[5]. 

6. Conclusion 

(1) The improved environment-friendly polymer drilling fluid system has good and stable rheology, 
good inhibition and lubricity, good plugging performance and good and long-term ability to stabilize 

the wellbore. 

(2) Polyol drilling fluid system has good stability, anti sloughing, inhibition and lubricity, good 

compatibility with other additives and easy on-site maintenance; When the ROP is too fast, the sand 

carrying capacity is relatively poor and the cost of drilling fluid is relatively high. 

(3) Reservoir drilling fluid has unique rheology and good plugging characteristics, and has good 

reservoir protection effect. 
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