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Abstract: In offshore deepwater drilling, because of the low temperature aroud seafloor, the conventional synthetic-based 

drilling fluid becomes very thick, resulting in severe loss of drilling fluid during drilling through the deepwater formations with a 

narrow safe-density window. Therefore, it is important to improve the rheological properties of drilling fluid at deepwater 

drilling conditions. In this work, by investigating the effects of the key components including the base oil, emulsifier, wetting 

agent and rheology modifier on the rheological properties of synthetic-based drilling fluid at 4°C to 65°C, the optimal additives 

were selected, and a synthetic-based drilling fluid with flat-rheology characteristics was developed. It was found that the 

gas-to-liquid oil had low viscosity at a low temperature, and was suitable for preparing deepwater drilling fluids. The evaluation 

experiments show that at 4°C to 65°C, the drilling fluid could maintain stable yield point, 10-min Gel and 6 r/min reading value 

at a density of 0.9-1.5 g/cm
3
 even after high temperature aging, while the rheological properties of the conventional 

synthetic-based drilling fluid were significantly influence by the low temperature. Moreover, it showed excellent performance in 

filtration reduction and shale inhibition, and could maintain good properties even being contaminated by seawater. Therefore, its 

stable rheological properties at the deepwater drilling temperature range can effectively control the equivalent circulating density, 

thus reducing the risk of drilling fluid loss during deepwater drilling. 
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1. Introduction 

Offshore deepwater is very rich in oil and gas resources. 

During deepwater drilling, the low temperature of seabed 

shallow strata significantly affects the drilling fluid rheology 

[1]. Oil/synthetic-based drilling fluid has the advantages of a 

high penetration rate, wellbore stability, etc.; therefore, it is 

preferred for drilling in complex strata. However, this type of 

drilling fluid becomes very thick and even gelatinized in the 

low-temperature deepwater environment, thus increasing the 

equivalent circulating density (ECD). Because of a narrow 

safe-density window in deepwater formation, the high ECD 

will cause the loss of drilling fluid, thus severely affecting 

deepwater drilling operations and significantly increasing the 

cost of drilling fluid [2–5]. For the application of 

oil/synthetic-based drilling fluid in deepwater drilling, the 

concept of "flat rheology" has been proposed. It means that a 

relatively stable yield point as well as 10-min gel and 6 r/min 

reading (Ø6) of the drilling fluid in the deepwater wellbore are 

maintained in the temperature range 4.4–65°C. Therefore, the 

ECD of drilling fluid can be effectively controlled, and the 

loss of drilling fluid can be reduced [6–8]. Some drilling 

services improved the key additives of rheology modifiers and 

emulsifiers by developing synthetic oils; the initially 

developed flat-rheology synthetic-based drilling fluid solved 

the problem [9-10] of controlling the rheological property of 

the oil/synthetic-based drilling fluid in deepwater drilling. 

However, the data shows that the rheological properties of the 

currently used flat-rheology synthetic-based drilling fluid in 

the temperature range 4–65°C changed by 30–50% or more, 

which may be further optimized. In this study, using 

gas-to-liquid oil as the base oil, the key components of the 

drilling fluid were investigated, and a synthetic-based drilling 

fluid with flat-rheology was developed. 
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2. Experimental Section 

The synthetic-based drilling fluid was rolled and aged at 

100°C or 120°C for 16 h. The aged drilling fluid was stirred at 

a high speed of 10,000 rpm for 30 min and then placed in a 

low-temperature thermostat bath. The rheological properties 

of the drilling fluid at temperatures of 4°C-65°C were 

measured using a Fann 35 six-speed rotary viscometer [12]. 

The experiments for testing the shale cutting recovery rate, 

shale swelling rate, and filtrate loss were carried out following 

the methods reported in references [13-14]. To test the shale 

cutting recover rate, 50 g shale cuttings were screened with a 

10-mesh, and 350 mL test fluid were added to the roller oven 

cell. After hot rolling for 16 h, the solution containing shale 

cuttings were screened with a 40-mesh sieve. The remaining 

shale cuttings were washed and weighed, and the recovery rate 

was determined. To test the shale swelling rate, 10 g bentonite 

was compressed by a hydroform press at 15 MPa for 5 min to 

produce a core sample. The sample was put onto a NP-02A 

linear swell meter and then soaked in a test fluid for 8 h. The 

heights of the core sample before and after soaking were 

measured and the swelling rate can be obtained. The filtrate 

loss was measured by a ZNZ-D3 filtration apparatus under 0.7 

MPa for 30 min. 

3. Results and Discussions 

3.1. Key Components of Flat-Rheology Synthetic-Based 

Drilling Fluid 

3.1.1. Base Oil 

As the dispersing medium of a synthetic-based drilling fluid, 

the viscosity of the base oil directly affects the viscosity of the 

synthetic-based drilling fluid. When the other components of a 

drilling fluid are the same, the smaller the change in the 

viscosity of base oil with temperature, the more stable the 

rheological properties of the synthetic-based drilling fluid. 

The viscosity trends of different base oils in a temperature 

range in a typical deepwater drilling wellbore were observed 

experimentally. Figure 1 shows that the viscosities of all the 

base oils increased with the decrease in temperature, but to 

different extents. The viscosities of the mineral oil and diesel 

were higher than the synthetic oil, which was a kind of 

gas-to-liquid oil, especially at a low temperature. In 

comparison, the viscosity of the gas-to-liquid oil is low, and 

was not significantly increased at a low temperature. 

Therefore, it is suitable for developing a flat-rheology 

synthetic-based drilling fluid. 

 

Figure 1. Viscosity trends of different base oils with temperature. 

3.1.2. Emulsifier and Wetting Agent 

The emulsifier and wetting agent are the key component of 

non-aqueous drilling fluid for maintaining the stability of the 

emulsion. The optimal combination of emulsifier and wetting 

agent were selected based on lots of experiments. The results 

in Table 1 show that the combination of 3% emulsifier and 1% 

wetting agent provided stable rheological properties for the 

drilling fluid. The YP maintained in the range of 7-8 Pa, and 

the emulsion-breaking voltage was 534 V, indicating that the 

drilling fluid has good rheological property and stability. 

Therefore, they were selected as the emulsifier and wetting 

agent for the flat-rheology synthetic-based drilling fluid. 

Table 1. Effect of emulsifier and wetting agent on rheological properties of drilling fluid. 

Agent Temperature (°C) AV (mPa·s) PV (mPa·s) YP (Pa) ES (V) 

#1 Emulsifier and wetting agent 

4 58 49 9 

225 25 33 28 5 

65.5 16 14 2 

#2 Emulsifier and wetting agent 

4 54 46 8 

534 25 33 26 7 

65.5 21 14 7 

#3 Emulsifier and wetting agent 

4 59 50 9 

413 25 38 32 6 

65.5 22 19 3 

 

3.1.3. Rheology Modifier 

Rheology modifier is a key component for controlling the 

rheological properties of a synthetic-based drilling fluid. 

Selection of an appropriate rheology modifier is very 

important to achieve the "flat rheology" characteristics of a 

synthetic-based drilling fluid. Using polybasic carboxylic acid, 

Fatty acid methyl ester, and polyene polyamine, a new type of 

rheology modifier was synthesized. The effect of the rheology 

modifier on the rheological properties of synthetic-based 

drilling fluid was tested. Table 2 shows that the effect of 

temperature on the rheological properties of the drilling fluid 



 International Journal of Energy and Power Engineering 2018; 7(5): 54-58 56 

 

was not significant in the presence of the 1 wt% rheology 

modifier. The YP was 8.5-11 Pa at 4°C to 65°C, and the Ø6 

value was 10-13. Moreover, the drilling fluid containing the 

new rheology modifier has good filtration property. The 

filtrate loss at high temperature (120°C) and high pressure (3.5 

MPa) is 4.0 mL. The emulsion-breaking voltage is higher than 

500 mV at different temperature, indicating that the 

synthetic-based drilling fluid has good stability. 

Table 2. Effect of rheology modifier on rheological properties of 

synthetic-based drilling fluid. 

Temperature (°C) AV (mPa.s) PV (mPa.s) YP (pa) Ø6 

4 70 59 11 10 

25 48.5 39 9.5 10 

30 44.5 36 8.5 10 

40 38 29 9 11 

50 34 24 10 12 

65 28 18 10 13 

The long-chain alkyl group of the rheology modifier 

dissolved in the oil phase and adsorbed on the surface of the 

organic clay. The polar groups closely connected the organic 

clay and emulsified water droplets together by electrostatic 

attraction or hydrogen-bonding interactions with emulsified 

water droplets, resulting in the formation of a network 

structure. The three-dimensional network structure was also 

formed among the polymer molecules by binding or 

hydrogen-bonding interactions. Therefore, a strong grid 

structure was formed in the system, representing the increase 

in the yield point of drilling fluid from a macroscopic aspect 

and helping to carry the cuttings and preventing the settlement 

of weighting agents. 

3.2. Performance Evaluation of the Synthetic-Based 

Drilling Fluid 

The formula was experimentally optimized for the 

synthetic-based drilling fluid with flat rheological property, as 

shown in Table 3. 

Table 3. Composition of the synthetic-based drilling fluid with flat rheology. 

Component Concentration (wt %) 

Synthetic oil 70-85 

Emulsifier 3% 

Wetting agent 1% 

Rheology modifier 1% 

25 wt % CaCl2 solution 15-30 

Organic clay 2% 

CaO 2% 

Filtrate reducer 3% 

Weighting agent Depend on the density 

3.2.1. Evaluation of Rheological Properties and Filtration 

Synthetic-based drilling fluids with different densities were 

prepared, and the rheological and filtration properties of the 

drilling fluid after hot rolling at 100°C and 120°C for 16 h 

were investigated experimentally. The results are shown in 

Table 4. The yield point, 10-min gel, and Ø6 value of the 

developed drilling fluid was stable in the wellbore temperature 

range 4–65°C, and it had the “flat-rheology” characteristics 

[8]. In addition, the drilling fluid had an excellent effect of 

filtration reduction, and the filtration loss was 3.2 and 3.8 mL 

at 100°C and 120°C respectively, and the emulsion breaking 

voltage was higher than 500 V. Therefore, this drilling fluid 

has flat rheology and good stability at 4-65°C after high 

temperature aging, and it can be used in field application when 

the downhole temperature is high. 

Table 4. Rheological and filtration properties of the drilling fluid after hot rolling. 

Rolling temperature (°C) Temperature (°C) AV (mPa·s) PV (mPa·s) YP (Pa) Ø6 10-min Gel (Pa) Filtration loss (mL) ES (V) 

120 

4 68.5 60 8.5 8 12.5 

3.8 630 
25 35 28 7 8 12 

50 28.5 21 7.5 8 11.5 

65 24 16 8 9 12 

100 

4 64.5 54 10.5 8.5 11.5 

3.2 658 
25 43 34 9 8 12 

50 32 22 10 10 12.5 

65 28 17 11 10 11.5 

The rheological properties of the drilling fluid at different densities were further tested. Table 5 shows that the drilling fluid 

could still maintain stable yield point, Ø6 value and 10-min Gel at a density of 0.9-1.5 g/cm
3
. The low temperature did not 

significantly impact the rheological parameters. The filtration loss was smaller than 5 mL, and the emulsion-breaking voltage 

was higher than 400 V, indicating that the drilling fluid has good filtration property and stability at different densities. 

Table 5. Rheological and filtration properties of synthetic-based drilling fluid with different densities. 

Density (g·cm-3) Temperature (°C) AV (mPa·s) PV (mPa·s) YP (Pa) Ø6 10-min Gel (Pa) Filtration loss (mL) ES (V) 

0.9 

4 34 27 7 8 11 

4.4 624 25 23 17 6 9 10 

65 15.5 9 6.5 10 10.5 

1.2 

4 68.5 60 8.5 8 10.5 

4.8 630 25 35 28 7 8 11 

65 24 16 8 9 12 

1.5 

4 97 86 11 10 12 

5.2 491 25 60 51 9 9 11 

65 31 22 9 12 12.5 
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(a) Flat rheology drilling fluid 

 

(b) Conventional drilling fluid 

Figure 2. Comparison of rheological properties of synthetic-based drilling 

fluids. 

To better characterize the "flat rheology" characteristics of 

the synthetic-based drilling fluid, the rheological properties of 

the drilling fluid with a density of 1.2 g/cm
3
 and those of the 

conventional synthetic-based drilling fluid were compared. 

The results are shown in Figure 2. By comparison, the 

rheological properties of the conventional synthetic-based 

drilling fluid were significantly affected by the temperature. 

The significant increase in the yield point, 10-min gel, and Ø6 

value of the conventional synthetic-based drilling fluid at a 

low temperature causes problems of exceedingly high ECD 

and excessively large surge pressure. The flat-rheology 

synthetic-based drilling fluid showed a moderate yield point, 

10-min gel, and Ø6 value. Its rheological properties stabilized 

in the temperature range 4–65°C and helped to the control of 

the ECD of drilling fluid. 

3.2.2. Evaluation of Shale Inhibition Property 

The experimental results of the shale cuttings dispersion 

tests shows that the recovery rate of shale cuttings in the water 

was 10.9%, while the recovery rate in the synthetic-based 

drilling fluid was up to 92.0%. The swelling rate of shale core 

was 22.0% in water, while that in the drilling fluid was only 

1.4%. Therefore, the drilling fluid had an excellent effect on 

inhibiting the shale hydration dispersion and swelling, thus 

effectively stabilizing the wellbore. 

3.2.3. Evaluation of Contamination Resistance to Seawater 

The invasion of seawater into the synthetic-based drilling 

fluid will significantly influence the stability and properties of 

synthetic-based drilling fluid because they can break the 

emulsion. Therefore, the contamination resistance of the 

drilling fluid to seawater was tested. Table 6 shows that after 

the addition of 5% seawater, the drilling fluid could still 

maintain good rheological and filtration properties, and the 

emulsion-breaking voltage was higher than 400 V, indicating 

its good contamination resistance to seawater. Therefore, in 

drilling operations, it can maintain stable properties even 

being contaminated by seawater. 

Table 6. Properties of the synthetic-based drilling fluid after the addition of 5% seawater. 

Temperature (°C ) AV (mPa·s) PV (mPa·s) YP (Pa) Ø6 10-min Gel (Pa) Filtration loss (mL) ES (V) 

4 73 64 9 8 11 

4.4 487 25 34 26 8 9 10 

65 26 17 9 10 10.5 

 

4. Conclusions 

Based on the investigation of the key components including 

the base oil, emulsifier, wetting agent and rheology modifier, a 

synthetic-based drilling fluid with flat-rheology characteristics 

was developed. At 4°C to 65°C, it can maintain stable yield 

point, 10-min Gel and Ø6 value at a density of 0.9-1.5 g/cm
3
. A 

comparison with the conventional synthetic-based drilling fluid 

showed that the effect of low temperature on the rheological 

properties of the synthetic-based drilling fluid was minor, while 

the effect on the conventional synthetic-based drilling fluid was 

very significant. Moreover, it showed excellent performance in 

filtration reduction and shale inhibition, and it can still have 

good properties even being contaminated by seawater. 

Therefore, it is suitable for offshore deepwater drilling 

operations. 
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