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 In response to the technical and environmental protection requirements of water-based 

drilling fluids, this study independently developed a series of green supporting treatment 

agents for water-based drilling fluids such as the green loss reducer HB-1, green inhibitor 

HB-2, and green lubricant HB-3, etc., and proposed a green water-based drilling fluid 

system (HBDF) with good comprehensive performance. The proposed system has a heat 

resistance of 150°C, a HTHP (high temperature and high pressure) filtrate loss of 12 mL, 

a biological toxicity EC50 value greater than 105 mg/L, and a biodegradability 

BOD5/CODCr value of 16.2%. Now the developed HBDF system has been applied in 

more than 10 wells in SL oilfield, and the field application results show that the proposed 

HBDF system has stable rheological and filtrate loss performance, good anti-pollution 

ability, and easy and simple maintenance operations; after drilling, the biological toxicity 

of the drilling fluids can meet the environmental protection requirements, which has 

provided a technical reference for the research of green drilling fluids and the green 

development of SL Oilfield. 
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1. INTRODUCTION 

 

In recent years, the Chinese government has enforced more 

stringent laws and regulations for environmental protection, 

and successively enacted a new environmental protection law 

(2015) which is the strictest one ever, and the first 

environmental tax law (2018), requiring that the wastes 

generated during oil and gas exploitation such as drilling fluids, 

oil-containing cuttings, and oil-containing sludge that do not 

meet the discharge standards must be fully recycled and 

subject to bio-safety disposal treatment, otherwise high 

environmental protection taxes will be imposed on them, and 

now the environmental protection situation of drilling projects 

is getting more severe than ever [1-4]. The currently-adopted 

bio-safety disposal treatment methods of waste drilling fluids 

have a few shortcomings such as complex processing 

techniques, large equipment investment, high treatment cost, 

and incomplete treatment effect, and they cannot effectively 

solve the environmental pollution problem of waste drilling 

fluids [5, 6]. Therefore, developing green water-based drilling 

fluid systems is an important means to control the pollution 

caused by drilling fluids from the source and realize green 

drilling and clear production. However, the green water-based 

drilling fluid systems developed in early years, such as the 

polyalcohol drilling fluids, formate drilling fluids, silicate 

drilling fluids, and alkyl polyglucoside drilling fluids [7-9] 

failed to be promoted and applied due to high cost or 

unsatisfactory application effect. 

In view of the technical requirements of green water-based 

drilling fluids, this study developed a series of green 

supporting treatment agents for water-based drilling fluids 

based on natural polymers, and proposed a new-type green 

water-based drilling fluid system (HBDF) with good 

comprehensive performance. In this way, the treatment of 

waste drilling fluids has transformed from "end treatment" to 

"source treatment". Now the developed HBDF system has 

been applied in more than 10 wells on real oilfield site, and 

this study has provided a technical support for the 

development of green drilling fluids for SL Oilfield. 

 

 

2. RESEARCH AND EVALUATION OF KEY 

TREATMENT AGENTS FOR GREEN WATER-BASED 

DRILLING FLUIDS 

 

2.1 Green filtrate loss reducer HB-1 

 

Through molecular structure design and synthesis condition 

optimization, with corn starch as the raw material and the 

"etherification-crosslinking" as the compound modification 

method, the green filtrate loss reducer HB-1 was developed 

based on modified starch [10-13]. According to Table 1, 

compared with other starch-based filtrate loss reducers, the 

proposed green filtrate loss reducer HB-1 exhibited good 

filtrate loss performance in both fresh water slurry and salt 

water slurry, and the API filtrate loss after hot rolling at 150°C 

is less than 10mL. In addition, environmental performance 

results show that the biological toxicity EC50 value of HB-1 is 

96500mg/L, and the biodegradability BOD5/CODCr value is 

20.6%, which can meet the environmental protection 

requirements of "non-toxic and easily biodegradable". 

 

2.2 Green inhibitor HB-2 

 

Aiming at the complex downhole conditions and drilling 

problems such as soft upper-layer strata, fast mechanical 

drilling speed, easy drilling mud and bit balling producing, 

borehole diameter shrinking, and difficult hoisting or running 
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operations [14], the composite salt green inhibitor HB-2 was 

developed; then, with shale rolling recovery rate as the 

evaluation indicator, the hydration inhibition performance of 

HB-2 was evaluated and compared with other inhibitors. 

According to Table 2, the clear water rolling recovery rate of 

natural rock samples is only 11.8%, and the rolling recovery 

rate of HB-2 has significantly increased to 67.9%, which is 

equivalent to the performance of amino-silanol AP-1, both are 

good at inhibiting clay hydration dispersion. 

 

Table 1. Experimental results of filtrate loss reducer HB-1 

 
Fluids FLAPI/mL AV/mPa·s PV/mPa·s YP/Pa 

4%bentonite 

slurry 
38.0 3.5 2.5 1.0 

+1.5%HB-1 7.2 14.0 8.5 5.5 

+1.5%HCMS 10.2 17.5 12.0 5.5 

+1.5%FLO 13.6 7.0 5.0 2.0 

4%salt slurry 42.8 4.5 3.0 1.5 

+1.5%HB-1 9.6 11.5 7.0 4.5 

+1.5%HCMS 12.0 10.0 7.0 3.0 

+1.5%FLO 15.2 6.0 5.0 1.0 

 

Table 2. Experimental results of inhibitor HB-2 

 
Fluids Rolling recovery rate/% 

Fresh water 11.8 

2%HB-2 67.9 

2%AP-1 70.2 

2%KCl 41.3 

2%JLX-C 27.1 

 

2.3 Green lubricant HB-3 

 

With waste vegetable oil as the raw material, through 

esterification and transesterification reactions and high-

temperature resistance modification processing, the vegetable 

oil green lubricant HB-3 was developed. According to Table 

3, after adding 2% HB-3 into 4% bentonite slurry, the 

reduction rate of extreme pressure lubricity coefficient and the 

reduction rate of mud-cake adhesion coefficient can reach 

92.7% and 86.7%, respectively, the lubrication performance of 

HB-3 is better than that of oil-based lubricants, ester-based 

lubricants, polyether lubricants and other common lubricants. 

Meanwhile, the vegetable oil green lubricant HB-3 is non-

toxic and easily biodegradable, its EC50 value is greater than 

30000mg/L, and the biodegradability BOD5/CODCr value is 

greater than 15%. 

 

Table 3. Experimental results of lubricant HB-3 

 

Fluids 

Lubricity 

coefficient 

reduction rate/% 

Mud-cake adhesion 

coefficient reduction 

rate/% 

2%HB-2 92.7 86.7 

2%LUBE-M 72.6 34.6 

2%ESTER 89.4 31.7 

2%ETHER 81.6 40.4 

2%LUBE-O 90.7 66.3 

 

 

3. THE PROPOSED GREEN WATER-BASED 

DRILLING FLUID SYSTEM AND ITS EVALUATION 

 

Based on the research and selection of key treatment agents 

for green water-based drilling fluids, through compatibility 

evaluation and treatment agent addition amount optimization, 

a new green water-based drilling fluid system (HBDF) was 

proposed. The specific formula is as: 3% bentonite slurry + 

2 % green filtrate loss reducer HB-1 + 3% green inhibitor HB-

2 + 2% green lubricant HB-3 + 0.3% cleaning flocculant HB-

4 + 2% green anti-collapse agent HB-5 + 0.03% flow pattern 

regulator HB-6. Then, the general properties of the HBDF 

system were evaluated, including the rheological and infiltrate 

loss performance, anti-pollution ability, plugging and anti-

collapse, hydration inhibition, lubrication, and the 

environmental protection performance, etc. 

 

3.1 Evaluation of rheological and infiltrate loss 

performance 

 

According to Table 4, the heat resistance of the HBDF 

system can reach 150℃, the values of plastic viscosity before 

and after hot rolling are both within 30mPa.s, and the dynamic 

shear force is between 12~18Pa. It has the characteristics of 

low viscosity and high shear force, which is conductive to 

reducing the equivalent circulating density of the drilling 

fluids; the viscosity at low shear rate is moderate, which can 

effectively improve the cuttings-carrying capacity of the 

drilling fluids; the API filtrate loss is less than 5mL, the HTHP 

filtrate loss is less than 15mL, and the filtrate loss reduction 

performance is good, which can meet the drilling requirements 

on site. 

Table 4. Rheological and infiltrate loss performance of HBDF fluids 

 
Conditions AV/mPa.s PV/mPa.s YP/Pa Gel/Pa Φ6/Φ3 FLAPI/mL FLHTHP/mL pH 

Before rolling 48.0 30.0 18.0 4.0/9.5 12.0/10.0 3.0 - 9.0 

After rolling 120℃ 44.0 30.0 14.0 3.5/9.0 11.0/9.5 2.8 8.4 9.0 

After rolling 150℃ 41.5 29.0 12.5 2.0/8.0 11.0/9.0 4.2 12.0 9.0 

 

3.2 Evaluation of anti-pollution performance 

 

With 10% NaCl, 0.5% CaCl2, and 10% evaluation soil taken 

as simulated pollutants, the anti-pollution performance of the 

HBDF system was evaluated by experiments. According to 

Table 5, after adding 10% NaCl and 0.5% CaCl2, the viscosity 

and shear-force of the HBDF system changed little, and the 

API filtrate loss after hot rolling is less than 5 mL, indicating 

that the HBDF system has good resistance to salt and calcium 

pollution. After adding 10% evaluation soil, the viscosity and 

shear-force of the HBDF system increased slightly, but the 

system maintained good rheological and infiltrate loss 

performance, indicating that the HBDF system has good 

resistance to soil pollution. 

 

3.3 Evaluation of hydration inhibition performance 

 

Rolling dispersion experiment and shale expansion 

experiment were performed to evaluate the inhibition 

performance of the HBDF system. Natural rock samples were 
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selected and subject to the rolling dispersion experiment 

(77℃/16h), and the experimental results show that the clear 

water rolling recovery rate of natural rock samples is only 

24.91%, while the rolling recovery rate of the HBDF system 

is 94.11%, indicating that the system has good performance in 

inhibiting clay hydration dispersion.  

 

Table 5. Anti-pollution performance of HBDF fluids 

 
Fluids Conditions AV/mPa.s PV/mPa.s YP/Pa Gel/Pa FLAPI/mL pH 

HBDF After rolling 41.5 29.0 12.5 2.0/8.0 2.8 9.0 

+10%NaCl After rolling 32.5 21.0 11.5 3.0/6.5 3.2 8.5 

+0.5%CaCl2 After rolling 27.5 22.0 5.5 0.5/2.5 4.0 8.0 

+10% evaluation soil After rolling 45.5 31.5 14.0 1.0/4.5 3.0 9.5 

 

In the shale expansion experiment, the linear expansion rate 

of the rock samples in clear water and in drilling fluid was 

measured, and the results show that the linear expansion rate 

of the rock samples in clear water is as high as 27.33%, the 

initial expansion speed is fast and the expansion rate is high. 

The shale expansion rate of the HBDF system has greatly 

reduced, the value is only 7.27%, indicating that the system 

has good performance in inhibiting clay hydration expansion.  

 

3.4 Evaluation of plugging and anti-collapse performance 

 

 
(a) PPA filter loss 

 
(b) Static infiltrate loss rate 

 

Figure 1. Permeability plugging performance of the HBDF 

fluids 

 

The Permeability Plugging Apparatus (PPA) and an ultra-

low permeability sand disc with a permeability of 400mD were 

used to evaluate the permeability plugging performance of the 

HBDF system, as shown in Figure 1(a), the PPA filtrate loss 

of the current field drilling fluid system is relatively high (39.2 

mL), while the PPA filtrate loss of the proposed HBDF system 

is significantly lower, which is only 13.2mL. According to 

Figure 1(b), the instantaneous infiltrate loss of the current field 

drilling fluid system is 5.0 mL and its static infiltrate loss rate 

is 2.8 mL/min1/2, while for the proposed HBDF system, the 

instantaneous infiltrate loss is 1.0 mL, and the static infiltrate 

loss rate is 1.1mL/min1/2, indicating that the system has good 

performance in terms of permeability plugging. 

 

3.5 Evaluation of lubrication performance  

 

With the help of the extreme pressure lubrification meter 

and the mud-cake adhesion coefficient tester, the extreme 

pressure lubrication coefficient and the mud-cake adhesion 

coefficient of the HBDF system after 150℃/16h hot rolling 

were measured, and the results show that, after adding the 

green lubricant HB-3, the extreme pressure lubrication 

coefficient (0.087) and the mud-cake adhesion coefficient 

(0.0204) of the HBDF system are relatively low, which can 

meet the requirements of directional and horizontal well 

sections for friction reduction; at the same time, it has also 

avoided problems such as the environmental protection and 

the cost issues of on-site oil mixing. 

 

3.6 Evaluation of environmental protection performance 

 

Table 6. Environmental protection performance of HBDF 

fluids 

 
NO. Items Results/(mg/L) 

1 Hg 2.51×10-3 

2 Cr 0.238 

3 Cr6+ 0.057 

4 Ni <0.05 

5 Cu 0.084 

6 Ge <0.05 

7 Zn 1.46 

8 As 0.075 

9 EC50 >105 

10 pH 9 

11 BOD5/CODCr 16.2% 

 

Table 6 shows the evaluation results of the environmental 

protection performance of the proposed system. The color of 

the HBDF system is light gray, the biological toxicity EC50 

value is greater than 105mg/L, the biodegradability 

BOD5/CODCr value is 16.2%, the system is non-toxic and 

easily biodegradable; and the content of heavy metal elements 

and volatile phenols can meet the national second-level 

sewage discharge standards. 
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4. FIELD APPLICATION TEST

At present, the proposed HBDF system has been applied in 

more than 10 wells in the Q15, Z23, Y229 and other zones of 

the SL oilfield, and achieved good on-site application results, 

which has provided a good technical support for the research 

on green drilling fluids for the green development of oil and 

gas fields. At Well Q15-X, the Dongying Formation in the 

upper part produces a lot of mud, and the Shahejie Formation 

in the lower part collapses easily, therefore, enhancing the 

hydration inhibition and plugging properties of the drilling 

fluid system is the key measure to restraining the hydration 

and mud production of Dongying Formation and preventing 

the collapse of the Shahejie Formation. 

The field test results show that the proposed HBDF system 

has stable rheological and infiltrate loss performance, good 

anti-pollution ability, easy maintenance, good hydration 

inhibition and plugging and anti-collapse performance, and 

good lubrication performance. The borehole expansion rate of 

the test well section is only 1.53%, and the one-time success 

rate of electrical logging and casing running is 100%. In 

addition, after the drilling is completed, the biological toxicity 

test result of the drilling fluids is EC50 value>105mg/L, 

indicating that the system has good environmental protection 

performance. 

5. CONCLUSIONS

(1) Based on non-toxic and easily degradable natural

polymers, this study developed a series of new-type supporting 

treatment agents for green water-based drilling fluids, and 

proposed a new green water-based drilling fluid system 

(HBDF). The system has a biological toxicity EC50 value less 

than 105mg/L and a biodegradability BOD5/CODCr value more 

than 15%, which can meet the non-toxic and easily 

biodegradable environmental protection requirements. 

(2) The proposed HBDF system has good rheological and

infiltrate loss performance, shale hydration inhibition 

performance, and anti-pollution performance; its heat 

resistance reaches 150℃, FLAPI is 4.2mL, FLHTHP is 12mL, 

biological toxicity EC50 value>105mg/L, biodegradability 

BOD5/CODCr value is 16.2%, and it also has good 

environmental protection performance. 

(3) Field test results indicate that the proposed system has

stable rheological and infiltrate loss performance, good anti-

pollution ability, easy maintenance, good hydration inhibition 

and plugging and anti-collapse performance, the biological 

toxicity of the system after drilling can meet environmental 

protection requirements, therefore, the system is of high 

promotion and application value.  
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