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Analysis of surface drilling fluid cooling for wellbore temperature
regulation in extra-deep drilling
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(1. College of Construction Engineering, Jilin University, Changchun Jilin 130026, China; 2. Key Laboratory of Complex
Condition Drilling and Exploitation Technology, Ministry of Natural Resources, Changchun Jilin 130026, China)

Abstract: To address the critical challenges in extra-deep drilling beyond 10000 meters, such as downhole tool failures
and drilling fluid performance degradation caused by extreme high temperatures, this study investigates the efficacy of
surface cooling of drilling fluid. A numerical model of wellbore-formation coupled heat transfer was established and
validated against measured data from Well Yaha 501. Using the bottom-hole circulating temperature, maximum drilling
fluid temperature, and return drilling fluid temperature as key evaluation metrics, simulation analysis was conducted to
examine the temperature control performance of surface cooling at designed depths of 8000 m, 11000 m, and 13000 m.
The results demonstrate that implementing surface cooling reduced the bottom-hole circulating temperature and
maximum drilling fluid temperature by 24.3 °C & 24.4 °C, 17.4 °C &. 17.9 °C, and 12.0 “C &. 12.5 °C, respectively.
Without cooling, the return drilling fluid temperature after four circulation cycles reached 92.3 °C, 96.2 °C, and 94.3 °C.
In contrast, with surface cooling, it stabilized at approximately 60 °C. This study provides a theoretical basis and

quantitative guidance for wellbore temperature control and safe operations in extra-deep drilling.
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Fig.1 Flow model of drilling fluid in the

extra-deep exploration wellbore
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Table 1 Wellbore structure, drilling engineering,

and formation parameters of Well Yaha 501

% E34 K
—JF 4k RF/mm 660.4
—JFEESME/mm 508.0
—JFEEHNE/mm 482.6
—JFREE /m 250
TS RSE/mm 444.5
ZIHEEIME/mm 338.6
“HEENE/mm 314.2
ZIHFRE /m 1500
=4k RoF/mm 311.2
=HEEIME/mm 2445
ZHEENE/mm 220.5
=R E /m 4700
VYIS RSF /mm 215.9
PIFEEHME/mm 177.8
PO £ 8 N4/ mm 157.1
P9 IF R BE /m 5358
i FEAME /mm 127.0
itk A /mm 108.6
PRI A/ (mhT) 87.26
P/ (kg-m™) 1360
P IEE /[T (kg K)'] 3440
YA /C 45
PR FHEE/[W-(m-K) '] 1.00
Ve IR/ (Pars) 0.041
R/ °C 18
i 756 1 /[°C - (100 m) ] 2.11
)2 e /[T (kg K 837.4
2%/ (kgom®) 2675
S REE/[W-(m-K)'] 2.42
KIe TR R/ [W-(m-K)'] 1.0
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Fig.2 Comparison between measured bottom-hole
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circulating temperature and calculated from

numerical model for Well Yaha 501
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Fig.3 Proposed extra-deep wellbore structure
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Table 2 Parameters of the drill string, and — 7S YR IR IR
—— A S T Y T

thermophysical properties of the drilling fluid

and formation

% E34 K
VU FF B 4 42 /mm 122.3
PO JF gl #E S E /mm 142.3
FIF B 42/ mm 103.9
HIFE M2 /mm 123.5
ANIFHIFE N/ mm 100.6
ANHHFEAME /mm 120.1
P9 B 58 R /m 8000
FIAFWFFRIFHE/m 11000
NIV IR/ m 13000
HIR B E /[1C+ (100 m) '] 3.0
b2 LA /T (kg K) '] 837.4
iR %/ (kgom™) 2675
2 IR E/ (W (m-K)'] 3.5
Hh R LR/ C 18
P 176/ (Pa-s) 0.03
P E S/ (kg m™) 1120
P FIAL/[W-(m-K)'] 1.00
P IEE /[T (kg K) '] 3737
ikt /B8 RREE/[W-(m-K) ] 43.75
K FARE/[W-(m-K) '] 1
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Table 3 Annular drilling fluid flow velocity at
different hole sections during Spud 4~6 drilling
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pu I 3000
wEse 0.78
—JF&E I 0.35
I 2400 Py FF 0.49
HIF 0.98
—JF&E=JF 0.26
\ e 0.37
i 1800
HIF 0.74
NIF 1.46
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Fig.4 Analysis of key temperature indicators

of wellbore drilling fluid
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Fig.5 Drilling fluid temperatures in the drill string
center channel and annulus at a well depth of 8000

m without drilling fluid cooling
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Fig.6 Drilling fluid temperatures in the drill
string center channel and annulus at a well
depth of 8000 m with drilling fluid cooling
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Fig.7 Drilling fluid temperatures in the drill
string center channel and annulus at a well
depth of 11000 m without drilling fluid cooling
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Table 4 Bottom-hole circulating temperature, maximum drilling fluid temperature and return drilling fluid
temperature at different well depths with and without drilling fluid cooling
e/ FE I 8 S A B il B /°C 1T U8 3K de v R B /°C U SR B /C
ANERTRKEER VKR OREHRK R MHRKEER O AERRKER RN
8000 144 .4 120.1 123.1 92.3 57.2
11000 231.1 213.7 215.3 96.2 61.6
13000 321.5 309.5 309.8 94.3 63.4
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XF iR 220 5.42 °C, X R 25 5.4 % UE W] T B Y
HERRE

(2) MR8 T T HL T A BR L 7K 35k 8 2% A4 & i
T M 3 0 42 2 s T IR A B L 4 T O R U
ORI FE VE M 48 A L 43 A O NS U8 S A B IR
AT U 2 fz 1o ek 8 R H e L

(3) 1 3¢ b T B2e Tl T S 2 AR AU AR R Al R - 2
WA o YRR T RS I 8000 m i I U 2
796 A U B2 R0 G e 0 e v I RE 43 B R AR T 24.3.
24.4 °C, FEAR R4 510 16.8% .16.5% ; H 1 11000 m
A3 B FEAR T 17.4.17.9 °C, AR R 5 5 A 7.5% .
7.7% s B 13000 m B4 A FEAL T 12.0,12.5 °C, %
FICFR A3 3R 3.7% .3.8% o Al FH VI8 2% Hby 1T B4 UL 119
ZME T AT IR GV 3G IR 4 e I U8 5
Yt 82 °Co A FHUR I K i 1) 25 8 T, A TR JE R 11
Hh T U 2R R 3 R E AE 60 “CAE A .

(4) 75 M IR AR BE 3 °C/100 m &5 1T, I 3% i 1hi [
T JE TR 13000 m B S U 2R A A 3 B2 i - 6 e 2
T e R BE 4 5 B v TROIR S 0L B A R B A R
HE— 25 W4 R VR R T T Ve ST B
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