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Coupling laws of mud property, flow and heat transfer in borehole
of deepwater subsea mud lift drilling

GUO Xiaole, LONG Zhihui, SU Kanhua, LIU Jingcheng

School of Petroleum Engineering, Chongging University of Science & Technology, Chongqing 401331, China

Abstract The calculation of wellbore temperature and pressure is an important part in deepwater subsea mud lift drilling (SMD)
design. Considering the influence of temperature, pressure and mud property, this study established a model of flow and heat transfer
in the borehole of SMD. The results show that affected by the low seawater temperature, the upper wellbore annulus temperature was
lower than the mud entrance temperature; the temperature in the borehole of SMD was lower than that of regular deepwater drilling;
the potential safety problems caused by gas hydrate formation need to be watched. The pressure gradients in the borehole were
different between the sea section and underground section. The pump pressure above the ground was lower than the circulating
pressure loss, and the pressure in the borehole of SMD was lower than that in regular drilling. Both mud density and viscosity had
impact on the equivalent circulating density (ECD) and pump pressure and temperature in the borehole, while the former had
relatively large impact on ECD, and the latter had relatively large impact on the pump pressure and temperature. When both were
considered, the calculation error of pump pressure would be greatly reduced.
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Fig. 1 Structural diagram of SMD
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Fig. 2 Temperature distribution in the borehole
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Fig. 3 Pressure distribution in the borehole
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Fig. 5 Comparison of temperature distribution in the annulus
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Fig. 6 Comparison of ECDs in the bottom hole while drilling
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Fig. 7 comparison of pump pressure while drilling
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Table 1 Comparison of circulating pressure loss
between SMD and regular drilling

HEL HE RIEGE EIREL TR REE

(Les) CERL)/ ) BRI GEIRE) LR
MPa MPa MPa MPa MPa
50 16.83 13.80 19.85 16.53 3.50
55 19.28 16.41 20.44 19.21 4.08
60 22.06 19.24 21.06 22.13 4.70
65 25.06 22.27 21.73 25.24 5.36
70 28.29 25.52 22.43 28.59 6.06
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Table 2 Comparison of actual stand pipe pressure with
calculation result

57 JE/MPa
MR /m - AFHE AEE A ER
3468 22.10 1937  19.81  20.50  20.98
S 3518 22.80  19.55 2001 2070  21.19
3554 2430 21.10 2159 2234 2288
3044 2737 2441 2499 2576  26.56
H2 3178 2792 2495 2554 2634  27.18
3352 2861 25.62 2624  27.11  27.82
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Table 2 Comparison of actual ECD with calculation result

-2 ECD/(g+cm™)

T /m - AEIE  WHE UEBIER WEH
YR W e B
3044 12103 1.1992 12152 12017 12136
3178 12103 1.1993 12157 12019 12153
3352 12079 1.1939 12106 1.1966  1.2133
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