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Achievements and Developing Suggestions of Sinopec’s
Drilling Technologies in Arctic Sea

LU Baoping, HOU Xutian, KE Ke
(Sinopec Research Institute of Petroleum Engineering, Beijing, 102206, China)

Abstract: The Arctic area is rich in oil and gas resources. However, its geological and environmental factors such as
low temperature, shallow hazards, permafrost and extreme temperature change in wellbore bring many challenges to drilling
operation. For this reason, during the "Thirteenth Five-Year Plan" period, Sinopec took safety, environmental protection and
efficient drilling as its overall goals and focused on solving the problem of "cold" adaptability of drilling equipments and
tools, drilling technologies and measures, wellbore working fluids. Research was performed on key technologies regarding
drilling hazard assessment and control, environmental protection, key drilling equipments and tools, drilling techniques,
wellbore working fluids, etc. Impressive progresses were made in the quantitative risk assessment method for hazards to
shallow gas and gas hydrate formations, the orbital drilling rigs and tools utilized at —50 °C, stability evaluation and borehole
stability control in permafrost, and engineering technologies related to drilling fluid and cement slurry under low temperature
conditions. As a result, the key technology system of drilling in the Arctic sea was preliminarily developed. As the Arctic oil
and gas development enters higher latitudes and thicker permafrost regions on land, and the oceans will advance to deeper
waters, perennial ice or thicker ice floes, drilling in Arctic sea will face greater challenges and requires further progress.
Therefore, it is necessary to build a complete drilling and completion technology system in the Arctic sea by improving the
theories and methods and developing new key equipments and tools. With the system, the demands of efficient exploration
and development of oil and gas reservoirs in the Arctic region can be realized, thereby enhancing the economic benefits and
core competitiveness of China’s oil companies in international cooperation projects of oil and gas development in this area.

Key words: Arctic sea; drilling; hazard assessment; Arctic drill rig; low-temperature working fluid; technical progress;
developing suggestions; Sinopec
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Table 1 Impact test results of Q345E steel plates with different
specifications at —50 °C

T R whii g ERE S
1 Q345E/-16 277 279 287 e
2 Q345E/-20 88 74 82 G%
3 Q345E/-36 248 231 209 G%
4 Q345E/-40 346 21 57 G%
5 Q345E/-45 40 25 38 G%
6 Q345E/200X160X16 95 8 80 G%
7 Q345E/160X120X12 171 134 158 G%
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Table 2 Low-temperature impact test results of 40CrNiMo alloy

steel treated with different heat treatment processes

i JEAREE TR, by

=] S e

e ME [/MPa JEMPa % I UL T2

) A CPEK+

1 40CrNiMo 1052 886 13 26 560 CJalk

) B CVEk+

2 40CrNiMo 1010 868 14 35 g5 chik

. A CHR+

3  40CrNiMo 980 850 13 40 600 °C [l k

) B C¥Ek+

4  40CrNiMo 945 760 13 51 620 °C %k

_ C CUELK+

5 40CrNiMo 968 770 13 56 635 °CJal Kk
API 8CHRifERY

— =820 =758 =12 =27

23 RiEsHLRSGEHFE

1) XA FE 3 XU 25 B 454, S8 1 T b
Blisk it @i PRI E TS R 2 SR
ARSI B0 | Peah i b 2 A i i AL B TR A
Rl Sk AR VR PR BEROSE I, B3 T 10% B+bestiil
B 5555 1 Uk L B TR B 0+ B AL 25 4 TR I & I A
Bl S BEAARRE RIS Oy o 3l 3 WIS RG 45 4 B R AR 1
AE, EIE T 90% 121 ¥3+10% 45 5 W MS+1Z-2 Kidh 4
i P 2 R 4 M A s Sk SRR M R BC O, JF L T & WA
Bl SN | GLAR BT SRR o IRIBS, BRI I T e
2 FI- R RUE . A ShE T DTSR EE | 1) B8 sl
TR IRV AR, SRR TR, S T 4
WA 3k | 28 4 A el Sk RO 4 WA Al Sk i

2) W T AR A N B ) TR, R
FRAG EARBEAT B3GR IR R | AR AR R L B IR ZR AN

Bi bR R, JF & T —Fh st Ae o AR )y, fif
TIEAFREAE-50 °C R AR 180 C F A ] A,
H IR RN T 4%, TOoE T IR FT 4l HL Bl b AT
AL S B s AR (ULEL 3), 4t TR AR Ry HL e
I B2 e e LT e Bl B R A By 4 1
H  PDC Bh7K | & 1 A8 3 5 55 MR IR S 45 S R
(UL 4), $& TIEeH B 3h 1t Re Fn e et

B3 EFFHEEMEREN
Fig.3 Basic structure of the PDM (Positive Displacement
Motor)
1LET: 2. 5T 3. 0ilit; 4 0OmEEIE,; 5 Mk,
6. Bt At; 7. Byt E . 8 PN 9. B LR B)

BRI g BT g g R

\ _n
A -.f o
| PDCE & BT

2 ¥

=

HF-T -1 -1
ook M e T e 1

4 PDC Hi&BEARLEH
Fig.4 Basic structure of the PDC bearing

24 FHIEHAEREMEITNHTE

TEB | AR S R X EAT T K AR LR, JFE
13 7 2 Wy o -5 BRI, TR T A R sk
BRI T, T T -25~25 C R E TS A 1K
KRG (WA 5) i85k, TR T AR T AR 4
S EE I | R e NS AR B S IR AR T
AR TG AR, fa7n TR T AFIES RO | B
PERIRLEE (UL 6) 5 ST 1 IR B AL TARAY, A5
TEIFEIR A T B FROR X IR R 12 R A
230 AR, BiE T R 2 H ARG AR I £ 2OE
BN, s T H AR R R R gRa KRR |
VR SR EE ARG SR g DR TR i R I B A
VRl VPR R P BOFBE R AR BOPLEE; 57 T
VR 2 AR IR T AR, TR R Y
FIR 1 3 5 R 7 | T A SR £ R T 3
7, TR 1 O 1 JZ= I RERG E T S5 P 7 ik, 4
TR R AR A E Tk



#x 53 K 2021 4% 5 A

6 % i 4k
. Al
2 ‘ |
3 7 1
4 \— ’@
] =K
/
5 1
66— | = |10
— Il
;:\ y — ] 9

Es5 REsAHhFREARGHEREAR
Fig.5 Basic composition of the rock mechanics test system
at a low temperature
LA 2 RS E L, 3 RERREMN: 4 BIKRE: 5. BIBM4LR
e 6 LA 7TEWE K 8RR 9. A 10, FHE A
RAFSE 1 ERERRES: 12 FERERS: 13 MEMRAS

14 =25<C

-5 °C -=-10 C -15C -=-25%C

[l /MPa

6 IR 600 m 7Rt 5 E 38 B BiE AR B AY R (L 4k

Fig.6 Curves representing the compressive strength of
(600 m deep) permafrost with confining pressure
and temperature

FEEME R R ()
10F e 015 i 0.20 === 0.25
i 030 == 0.35

12 1 1 1 1 ]

0 1000 2000 3000 4000 5000
P F4/m
(a) Wbtz

25 AXRKUBHMHFRLETHEAR

B 0T 4 b K A7 B Il T T I 0 g B 5 e
B RIE | BERH & O RS BORMERE, JT R T L
KA I 48 K 7257 40 B L 7K 7 B A f i PR
BT KRR I G B A LB T 38 0 T AU I
KT, TR T 43 0 5 T HLAR ZE Al A R | 7K T R
R 2 At A BR 7 R A2 A% JF Bl AR A e TR R o ST
T ARIK Bk iR A 7 2R AL | IR S TR AR R 5
FEJIHERAL, JF LI R B, N T BERE B T
R A2 e A BR Ay o ok T ASE RN, 2 4l T AN [) SRR
FH MR A2 e i B 1) T 0 J i ( DL 1T 7)), 4 R T LA
TR HIR S feft ARz B2 Ay A% o 18 485 P Ak 15 11 Dt D)
B (EEAREIIRE . 5 s A A &I T E
THA A ) Y g 2 e Sl )2
WA ZHW . A EHEERENA S WL ES
B2, BFSY T % ST A A T AR IR e AR R, 4
JRE AN 5E 35 T W e Bl kAT AR AR O Y SR A
F - L UL ST feh A% R 0 00 A 50 21 3 T — Bl
KAEH I 53 BT # R AR JE B L JLF B
B AL BT I ik L T R R K g A A BR Y
BEAE AL B 7 i 7 K R RS I B e %
TR AE R M AR 4k e Z-42 HEfT T IR, %5
SERIETR 12 700 m, /KA 11 739 m, FER K
2338 m, i 7 b ik 5.02,

FER I (s 1) -

10}  —®—0.06,0.15 —s—0.08, 0.20
=== (.10, 0.25 === 0.12, 0.30
—4—0.14,0.35

0 2000 4000 6000 8000 10000
KA m
(b) e

B 7 E)E TS H AR I {8 4R PR T & hie

Fig.7 Prediction chart for borehole extension limits under different conditions

2.6 RIBBHFEBSEARER
B X AR ARG TR FRHE T o B R VI A M 4 R

ME VR 2 G IR RGP R 4P R AT AR R
ME R TR T A AR L A T e MR 5T



% 49 A % 3

FEART P B B A I A 4 R R AT R R B R R ° 7

FOBARIRE I MM A &, (RiE T 2 W B EY
VU T 9 T T L U R AR R R R L A B
B 145 7710 B2 KSR SR A 4 i 700 45 DG B A 3R, T B
T2 EBRIBE AR R 0~4 °C IRIREEH i L i e
J7H 3.00% IZ i £ K +2.00% Je 5T
SDIA+0.15% Ji 1 8 77 ] XC+0.40% A YR IE R
) JLS-2+0.30% JE ¥y JE B 8 2 1) CMS + 20.00%
NaCl; —25~0 °C i L4 H B Al T 75 o 20.00% Bl
% EG+25.00%NaCl1+0.30% ¥ 74 34 15 7] XC+
0.30% I I [ 118 2% 7] RHPT-2+0.30% T b 25 [k ik 2k

FI CMS+2.00% £ %7 CG+ 2.00% A% i 14 7 771 TR,
FEERENLF 3. R 3 AT, Lk 2 BRI
A ZR ) LA 1 A2 TR R A B4 AN, 0~ 4 C IR L T
W0 C 530 CHAFRWEE LR 1.46; 25~
0 °C RIREG HE I AY—25 C 5 30 °C WAl 2 W5 BE 1
92.69,0 C 5 30 °C I AyRWEE LA 1.60, HE [
MOH-31 Co Aoh, ZERiE g RV, 2 BIRE,
AR R B U IR B R T 90%, HAT I R 11
T T Pk R RN R AR SOK S W RSO, BB A AT
LCs>3x10" mg/L.,

®3 FMRESARERNENIERE

Table 3 Conventional performance of two low-temperature drilling fluid systems

Bt RIS/ C FMBEEE/(mPa-s) IAVEZEEE/(mPas) b fipa goiEL  APIIEJCH/mL  VEHWRE  pHE
30 26.0 16.0 10.0 6 7.2
10 315 21.0 10.5 6 6.4

i1 0 415 24.0 17.5 7 5.6 0.160 9
-10 50.5 31.0 19.5 7 4.4
-25 70.0 44.0 26.0 9 3.0
30 325 21.0 11.5 8 7.2

fit /52 4 445 28.5 16.0 9 4.4 0.094 9
0 475 31.0 16.5 10 3.0

e BT 1-25~0 CAGRAN HRIA R ; BLJr280~4 CAURA IR R 2R IR R A5 281,15 keg/L.

27 RIBERREHKERER

o X B AT Yk 1 - T I 9 7K 90 5 AR Ak s ]
T B IR BOR XER, JF R T K e AR K AL RE
TEBESE, WA 1 B AU f AR IR e B SR, LIk T 1
T VR 235 T A S R A L 5 S A SR, T R T IR R
S K Je AR FR o AR TR T K U KAL) A3
Mras (UL 8), 43 T iz /K 8 1A &R B A1 I ook i

ARIMA G AR S BER

KEHLEE . R RARIR (2 e 7 B 21 ML A, A
5 47 K DS FEARIR T 7K A6 35 T 10, T B9 117 7K
&G 71, [R5 SR 1 25 AR BN, 28 K Ak
WIRE P A B KA Z N, ARSI . = il
SR FW, oK e AR R BA B 05
0 Cx8h HLEHREE K 3.61 MPa, 12 h 5% 2 8.5 MPa,
TRAR TG R N

A B AR fre

E8 RIBFRBEFHKERKL=MIFER

Fig.8 Hydration products analysis of low-temperature early-strength cement slurry
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