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Research on Deepwater Drilling Fluids Key Technology

Qiu Zhengsong Xu Jiafang Zhao Xin Sheng Jie Jiang Lin Huang Weian

(College of Petroleum Engineering , China University of Petroleum , Qingdao, Shandong , 266555,
China)

Abstract: The technical problems of deepwater drilling fluid were analyzed based on the research on
“key technology in deep water drilling and completion”,a National High Technology Research and Devel-
opment Program of China. The main problems are believed to be low temperature rheology control, the hy-
drate formation from natural gas in shallow sand formation, the shale stability of sea bed, the large con-
sumption of drilling fluid and the difficulty in borehole cleaning. The performance and characteristic of
deepwater drilling fluids are described. The research on deepwater drilling fluids abroad was investigated.
An experimental equipment to evaluate deepwater drilling fluid hydrate inhibition was developed. The de-
velopment and mechanism of hydrate formation in deepwater drilling fluid was discussed. Deepwater drill-
ing fluids hydrate inhibitors was optimized. The formula for deepwater drilling fluid was obtained and its
performance was evaluated comprehensively. According to the study of deepwater drilling fluid technology
status,research priorities for next step was suggested.
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Table 1 The effect of disturbance on hydrate formation

o J’M#Efi/ TF Ui 2 R & W0 0 25 0
remin WEE/C EJi/MPa i ] / b
1 0 2.10 10. 61 2.3
2 100 1. 90 10. 35 1.0
3 200 2.25 10.52 0.7
4 300 2.10 10. 50 0.3
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Table 2 The effect of bentonite content on hydrate formation

T3 + T4 1 BOK B 9 4 1
% g/ C J£ 41/ MPa i il /b
0 2.25 10.52 0. 80
2 1. 95 10. 44 0.72
4 2. 85 10. 90 0.10
6 2. 80 11.08 0. 06
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Table 3 The effect of drilling fluid additives on

hydrate formation

TFIG 2E K & P 2% A
IR B i
iR/ C & 1/ MPa i E] /b

2.85 10. 90 0.1
3. 0%SD-202 2. 80 10. 79 0.9
3. 0%SD-102 3.10 10. 52 0.2
0.4%JLS-1 2.45 10. 70 0.3
0.4%ZNJ-1 2.65 10. 36 0.5
0. 1% ZNJ-2 2. 50 10. 63 0.1
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Table 4 Evaluation results of hydrate dynamic inhibitors

I A K & W I 2%
A1) 700 K
HEE/C JEJ)/MPa 5 [A] /h
2.85 10. 90 0.1
0. 5%DY-1 2. 60 6.30 P
5. 00 16. 90 2.0
0.5%DY-2 2.55 10. 67 1.0
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Table 5 Evaluation results of thermodynamic hydrate inhibitors
KE WA AT
IR T —
WEE/C RS /MPa i) /h
1# 3. 65 15. 09 0. 04
1#+10. 0% 2 W 2. 60 14. 90 0. 60
1#+20.0% 2 — 2.45 14. 46 0. 90
1#4+30.0% &~ 2. 45 14. 60 2.10
1# +10. 0% NaCl 2.25 14. 83 KA
1# -+15.0%NaCl 2.70 29.58 0. 60
1# +25.0%NaCl 2.35 29.93 PG
1% +25.0%NaCl+10. 0% Z —fE 2. 30 30. 56 P
14 +25. 0% NaCl+20. 0% & —fE  1.80 28. 30 AR
12 +25.0%NaCl+30.0% Z —f  2.30 29.51 F L
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Table 6 Evaluation results of hydrate inhibition of DY-1

and NaCl mixture

KA W) A SR
DY-1#1 NaCl jij &
WBE/°C HEJj/MPa B[] /h
0.5%DY-1 2.10 10. 72 0.5
2.45 14. 60 2.1

10. 0% NaCl

1. 80 13.97 KA
10. 0% NaCl+0. 5% DY-1 180 17.24 RER

1. 80 23. 81 2.9
10. 0% NaCl+1. 0% DY-1 2.20 23. 67 2.3
10. 0% NaCl+1. 5% DY-1 2. 50 23.52 HE
10. 0% NaCl+2. 0% DY-1 2.20 24.74 3.9
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Table 7 Optimization results of bentonite content
g L i 2 L e HMHE /mPa s IBVERGBE /mPa - s 111/ Pa ) J1/Pa APLJER /mL
0 Rl 1. 00 1.00 0 0/0
2C 1. 00 1. 00 0 0/0
2.0 R 2.25 1. 50 0.75 0.50/0. 25 78.00
2°C 2.50 1. 50 1. 00 0.50/0. 50 67.00
40 HR 4. 50 4. 00 0. 50 0.75/1.50 59. 00
2°C 5. 25 4.50 1.75 1.00/1.75 54.00
H R 6. 50 5.00 1. 50 2.50/3.75 46. 00
6.0 2 C 8. 00 5.00 3. 00 3.00/4. 00 40. 00
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Table 8 Evaluation results of viscosifiers

BB B i B2 A1 FMFE /mPa - s TIVEREBE /mPa - s 1Sy /Pa #YIJ1/Pa APTIEZR/mL pH fH

R 14. 25 9. 50 4.75 1.25/1. 25 29 8
0. 3%ZNJ-1

2 °C 16. 00 11. 00 5. 00 1.25/1. 50 16 8

R 23. 50 14. 00 9. 50 2.00/8. 00 11 7
0. 3% ZNJ-2

2 °C 28. 50 16. 50 12. 00 2.75/9.50 11 7

R 26. 50 10. 50 16. 00 7.00/7.50 13 7
0. 3%ZNJ-3

2 °C 25. 00 10. 00 15. 00 6.00/7. 25 16 7

R 13. 25 10. 00 3.25 0/0 13 7
0. 3% ZNJ-4

2 °C 17.75 14. 00 3.75 0.50/0. 50 14 7

U 15. 00 9. 50 5. 50 0/0 14 7
0. 3% ZNJ-5

2 °C 15. 25 10. 00 5.25 0.75/1.50 17 7

U 14. 50 10. 50 4.00 0.50/0 22 8
0. 3%ZNJ-6

2°C 16. 50 11. 50 5. 00 1.50/2. 00 18 7

R 14. 00 11. 00 3. 00 0.50/1. 50 11
0. 3% ZNJ-7

2°C 17. 25 12. 50 4.75 0.75/2.50 10 7

WU 4.75 4,00 1. 50 0.75/1.00 57 9
0. 3%ZNJ-8

2°C 5. 50 4. 00 3.00 1.50/2. 00 56 9
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Table 9 Evaluation results of filtration controllers

Iee 08 2K 70 2 o B A1 RMFHEL /mPa s IPEREE/mPa - s Y J1/Pa #UIJ1/Pa APTIE /mL pH fH

R 3.75 3. 50 0.25 0.25/0. 25 15. 00

3. 0%J1.S-1
2 °C 5. 00 4.50 0. 50 0.25/0. 25 10. 00 8.0
O 6. 00 5. 00 1. 00 1. 00/1. 00 44. 00

3. 0% JLS-2
2 C 7. 00 4.50 2.50 2.00/3.00 36. 00 9.0
R 2.25 2.00 0. 25 0.50/0. 50 9. 00

3.0%JLS-3
2 °C 3. 00 1. 50 1. 50 0.50/0. 50 10. 00 8.5
WO 3.00 3.00 0 0/0 8. 50

3. 0%JLS—4
2 °C 4. 00 4. 00 0 0.25/0. 25 10. 00 7.5
HR 9. 00 8. 00 1. 00 0.25/0. 25 9. 00

3. 0%JLS-5
2 °C 11. 00 10. 00 1. 00 0/0 9. 00 8.0
R 8. 25 7.50 0.75 1.00/2. 00 12. 00 8.0

3.0%JLS-6
2 °C 9.75 8. 50 1.25 0.25/0.75 9. 00 8.0
R 6. 00 5. 00 1. 00 0.25/0. 25 13. 00

3. 0%JLS-7
2 °C 8. 00 7.50 0. 50 0.25/0. 25 10. 00 8.0
R 16. 50 13. 00 3.50 0.50/0.75 11. 00

3.0%JLS-8 )
2 °C 19. 50 14. 00 5. 50 0.25/1.00 13. 00 7.0
H R 13.50 12. 00 1.50 0.25/0. 25 10. 00

3. 0%JLS-9
2 °C 17. 00 14. 50 2. 50 0.50/0. 50 12. 00 7.0
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Table 10  Evaluation results of thinners

Ik 286 7 B e TR S 1 FMEE /mPa « s VL /mPa - s 3] Jj/Pa #4] J1/Pa APT g% /mL

R 3.75 3.50 0.75 0/0 13. 00
0. 3%JNJ-1

2°C 5.50 5. 00 0. 25 0.25/0. 50 11. 00

gl 2. 50 2. 00 1. 00 0/0. 25 11. 00
0. 3% JNJ-2 )

2°C 4. 00 3.50 0.75 0/0. 25 12. 00

R 2.75 2.50 1. 00 0/1.00 22.00
0.3%JNJ-3 )

2 °C 5. 00 4. 00 2.00 0.25/1.00 19. 00

H 2.50 2.50 2.25 0/0. 50 26. 00
0. 3% JNJ—4

2 °C 3.00 2. 50 3. 50 0/0.25 29. 00

R 3.00 2. 50 3.25 0/2.00 26. 00
0. 3%JNJ-5

2 °C 4.00 3.00 2.00 0/1.50 22.00
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Table 11 Basic performances of water-based deepwater drilling fluids
. ARG L/ _ APLER/  JUHEEE/ 15 T 1R 8 R/
fic Iy e A U gy /Pa WUIH/Pa pHIH N RE Fi
mPa ¢ s ml mm mL
L4 % 29 7.5 5/8 9 12. 4 1.0
0°C 32 9.5 7/10 9 14. 2 1.0
iR 25 10.0 3/10 9 2.8 1.0
0°C 28 11.0 5/12 9 3.2 1.0
4/ 14.2(150 °C/
2 35 14.0 5/12 8 4.8 1.0
# (150 °C/16 h &1k) o/ 3.5 MPa)
0°C 10. 6(150 C/
29 12.0 8/19 8 3.2 1.0

(150 “C/16 h &1k

3.5 MPa)

MF 1L ALE L BT 1B IR AR T AL 1
U AT EAHR AT IS L 3 TR OK IR R B T 2
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Y R KA P o 1 T f 3 56 25 6 0 32 1
JEIR L J5 64T T KA Wy i R BB D0, 45 Ry < BC
1 7€ 15.17 MPa/3.8 C &1 T LK & W E . 78
30.00 MPa/2. 0 ‘CZ&AMF N ARG AR L JT 2 16
15. 08 MPa/4. 0 °C 214 F To K& ¥4 5. 78 30. 00
MPa/2. 0 C 4N LK G W E R .
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Table 12 The contamination resistance performance of deepwater drilling fluid

e J5 FWFEE/mPa « s AR B /mPa - s Y] 71/ Pa APT %% /mL pH 4

1# 41.0 29 12.0 3.2 8.0
1#+1. 0% fgiE+ 40.5 29 11.5 2.6 9.0
12 +3.0% i+ 47.5 30 0.58 4.0 8.0
12 +5. 0% i £ 35.0 27 8.0 3.0 8.0
1#+1.0%4+ 47.5 29 18.5 3.6 8.5
1£+5.0%% + 47.5 30 17.5 3.2 8.5
1#+10.0%4% 1 37.5 28 9.5 3.2 8.5

24 36.5 25 11.5 6. 4 9.0
28 +1. 0% i + 35.0 25 10.0 6.0 9.0
2% +3. 0% e+ 41.0 27 14. 0 5.4 9.0
24 +5. 0% i 1 42.5 27 15.5 5.0 9.0
2 +1.0%% + 40. 0 26 14.0 5.6 9.0
2#+5.0%% + 42.5 27 15.5 4.2 9.0
2#4+10.0% 4+ 42.5 29 13.5 4.6 9.0

8 CFD A 10. 0% 19 45 5+ 5 - Bl I W A
P8R AR A K
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Table 13 The inhibition evalution of deepwater drilling fluid to different formation
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