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Analysis of surface drilling fluid cooling combined with insulated drill
pipe for wellbore temperature regulation in extra-deep drilling
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Abstract: Ultra-high formation temperature poses a core challenge for extra-deep scientific drilling. To address the
bottleneck where existing single cooling technologies fail to meet the temperature control requirements of a 13000 m
wellbore, this study employs numerical simulation to evaluate the cooling performance of a combined approach
integrating surface drilling fluid cooling and insulated drill pipe, with bottom-hole circulating temperature, maximum
wellbore drilling fluid temperature, and return drilling fluid temperature as evaluation indices. The results indicate that
applying the combined technology from 11000 to 13000 m can control the bottom-hole circulating temperature,
maximum wellbore drilling fluid temperature, and outlet drilling fluid temperature at 285 °C, 291 °C, and 63 C,
respectively. Increasing the application length of insulated drill pipes can effectively reduce wellbore drilling fluid
temperatures, and for every 0.1 “C/100 m decrease in geothermal gradient, the bottom-hole circulating temperature and
maximum wellbore drilling fluid temperature both decrease by 9 “C. This research demonstrates that the combined
technology can control key temperature parameters within a safe range for extra-deep drilling operations, providing a

crucial theoretical basis for drilling engineering design and site selection, and offering technical support for the
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successful implementation of extra-deep scientific drilling projects.

Key words: extra-deep scientific drilling; wellbore cooling; insulated drill pipe; surface drilling fluid cooling; wellbore

drilling fluid temperature; numerical simulation
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Table 1 Parameters of drill string, and thermophysical

properties of drilling fluid and formation
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Fig.1 Proposed extra-deep wellbore structure
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Fig.2 Distribution of wellbore drilling fluid temperature

and analysis of key temperature indicators
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Fig.3 Temperature distribution of drilling fluid in drill

string central channel and annulus without wellbore cooling
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Fig.6 Key temperatures of drilling fluid
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Fig.4 Temperature distribution of drilling fluid in the
drill string central channel and annulus with insulated
drill pipe applied in the 8000~13000 m section

without wellbore cooling
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Fig.5 Temperature distribution of drilling fluid in
the drill string central channel and annulus with
surface drilling fluid cooling combined with insulated
drill pipe applied in the 8000~13000 m section

98 A Tk 8 R 7 08 SR e v T B 28 R K A LR I 3 IR
Jo ot T AT L 4 W A LG 3 5 IR 4 5 R 321,
322 °Cy IR HFIR AR R IR AG A i FE rh R Ty
FE 4 YCUR I 4 FLAIE 2 I 19 R B {8 40 90k 62,77 .87
94 °C,

1E 8000~13000 m FH- Bt fifi FH b #VE AT Z5 10 T 1)
IR B W 7 TR o RS IR G PR L
I F7 U8 2 H5e o TR B 22 R 3K A ALAB 3R 3 A it TR
FE L AR SLIEFRJE 73 0 o 254,263 'Co XF HEAN
o5 FH S 6 AR Lt DS U8 2RI A 3R R R V8
e 15 YL E 3 B AR 1 67,59 °C, B AR 2 4351 4 20.9 %

300r —~ FERERERE 5 1'%

2921 - HIFIER IR < qos

284y 276 8?/ 190
% 276 s {85
o= 268+ 265 782 264 263 180 &
£ 260} 175 =
= s {70 &
¥ ooml les =
BN

236} 160

2081 155

Ok K @K A
7 8000~13000m F B {5 A B@ #L $h 4F
FUTHERRXBERE
Fig.7 Key temperatures of drilling fluid with insulated
drill pipe applied in the 8000~13000 m section
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Fig.8 Key temperatures of drilling fluid with surface
drilling fluid cooling combined with insulated drill
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fluid under different geothermal gradients
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Table 3 Key temperatures of drilling fluid
temperatures in the wellbore under

different geothermal gradients
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