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Inspiration and Practice of Drilling and Completion in 10 000-Meter Ultra-Deep Wells
in the Gulf of Mexico

WANG Haige, ZHANG Jiawei, HUANG Hongchun, JI Guodong, HAO Chen
(CNPC Engineering Technology R&D Company limited, Beijing, 102206, China)

Abstract: Currently, China’s onshore drilling capability has reached the level of 9000 m in depth. In addition, the
drilling depth of Well Take-1 has successfully exceeded 10000 m, making China the second country in the world to
achieve onshoredrillingdepthsofover 10000 m, indicating the ability to explore and develop oil and gasresourcesat 10 000 m
in depth. However, at present, only five ultra-deep wells over 9000 m have been drilled in China, and the drilling and
completion technology for wells over 9 000 m is still in the initial exploratory stage. The Gulf of Mexico in the United
States has the largest number of ultra-deep wells in the world, and advanced concepts and mature practices have been
formed in multiple areas including the design concept of drilling-completion-development integration, casing program
optimization and expansion, key equipment and tools, drilling parameters strengthening for speeding up, and prevention
and control of complex downhole situations. To this end, the drilling cycle, drilling and completion cost, crude oil
production, drilling and completion scheme, mature application equipment, and technology of ultra-deep wells in the
Gulf of Mexico were systematically summarized. It is concluded that due to differences in geological conditions and
formation drillability, there are gaps in the number, drilling cycle, and rate of penetration of 10 000-meter ultra-deep
wells in China compared with those in the Gulf of Mexico. In accordance with the engineering problems and challenges
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faced in drilling China’s oil and gas resources over 10 000 m in depth, development directions and suggestions of 10000

-meter drilling engineering technology and equipment are introduced, so as to provide a reference for achieving the

exploration and development of China’s oil and gas resources over 10000 m in depth and promoting the iterative

upgrading of key drilling and completion technology and equipment.

Key words: 10 000-meter ultra-deep well; Gulf of Mexico; engineering technology; drilling practice; development

direction; development inspiration

10 AF R AR A SRR, B IRZE IR
KR K T B A o e A Bk A e 6 b7 i iR
I ER)Z 2 AR W E K, T
SIS 671x10° il 2 A, o 3 [ o A R
(1) 34%, H 3K E 39% T4 A0 A 57% B F A KA
SEPATEE R, RO R IT & 2 8 2
RE R S TR [ RO B R, =
7Ok, FREBFH T — ORI R A
KAt T H | SRR TR R R 4, bl LI
TRIFHE 5 B o o B 4 A i S B T, S T R
8 000 m B IRHH AL, HiRHE J13L 1 9 000 m 15 Fr,
TR EE S P 2024 48 3 A, WIS
BE1IER RSB TT K, (b [ Ao e BREE A A
Biti 17 R IR BB IR BE N M E 5. SR, IR E R IR
BRI 8l 52 FE VL 22 2 KU v L R L AR &
S n) AR SR 7, DRI | Ok AN R )2 L R R
K b2 e LS S M TS B A R O
DRGSR 2, B2 RSBl i B Ar, ¥ iR
T RSB AT ETERSE R Ao %5 n)
R, TR A 24T R )2 R 2 AR R I = R iR T
RANEAE 7o Fln, e B 1 2
B s, FERE 1IN R ER S EH 2
T JE 1000 m, H P &l S 8oe ket Bz

5 [ A P RS R A E AR R R
X, 4 Ge iz X B S A IR 9 000 m 4
TRIF (LU AR T KR SRR R I ) 35 260 43 11, K%
B e b3 & . TH . TZH AR E M H
FUAR AL R, iR T oK G R Al T TR 0 Ak E
120~ 160 d' B SR 7 57 4% 1F . Hb J2 AT 4 45 7
1, & E R E S5 E RV RS A — e, G
BRI Tk — IR A S S a5 I
b5 ¥ | Ride f5 5 T HANER | s b gl S 8e
W T A 20 B A A O T Y S i A S
e, RS IR I B TR AR IR TR AT 4T
P, B 3 0 R R i AR R s A RO A, B
B R kK SIS E L,

1 SR VU RS RO B R O

BB VG RFSA T 98 [ L AR VY TR oy O B 0 it
3, K 10~3 100 m, 5 J2JEE 200~6 000 m'",
H AR N M X 2y e KO SR I A XK,
% Mississippi Canyon, Atwater Valley, Walker Ridge .
Keathley Canyon %% X -f | {k % 4t Norphle, [ {k%
4t Akimpech Ml i & Wilcox %5 IR — 45 R0 <
U BT EE R IR X ) A, B2
FER )2 T A M A 28 1.50~2.00 °C/100m, ~F-
FIEAL A 1.74 °C/100m, FE PR 233 P = A%
T200 °C, HB43 DX B0 AEOR EE IK ) 230 C . ZEHb
W A TR e R L2, ELE B R R 1 AR fh K,
AN TR] DX 385 ] — % B I A b 2 R ) 22 S, X B
M2 TR 3B B 10.0~16.4 MPa/km, 73 3b 38 K b &6
R R T 0 AR SR M X, %2 E J1 50~210 MPa''* Y,
25 VU BV AR R Il AR YR AE R R I AR 1 BT AR
AR AR B9 Wilcox BB A b 5 08 3 1 i g2 21
) 38 R AR VR I 58 I R v I R 2 A |
W2 HZE AR E AR O 32 SR
SRR TN R L ER IR R A e A i ) A
Peal, Hdw | Ui HFRERER L KRB W AR
ST Ao R, T K R RS2
PER, DRI P\ 1) L b J2 2 A 5 3 A X /N, TR 2K
82 SO RRIR 2 A AU R B 4 5 R 2~5, 15~35
150~ 100 MPa"™" >, % T [ A U 11, 37 ek S 75 1 25
b DX ) S5 R 1) b 2%, (EER TR AR TR 2 25 A0 1 i
JE R TR 22, R A8 R BB N R —.

BE 2023 4F 12 AR, L E AV 2 o 4l
it 5.5 7 FHRATE, b, JRER (/KB i 4 500 m
B 7950 40, I 14.4%; HHE (& KIE) B
10 000 m ) 66 H (KU 64 1, FFAIF2 H ).
Geitai R R, S ST O I, IR (E
7K )9 000~ 10 000 m AYFFERI 120 1, TR (FK
) 10 000 m MY FETR I 34 1, Hovb e KK
2176 m, F RIFR (FKER) 11 504 m, fe REER (5



14 2 Pzl 4k

#® # R 2024 4 3 A

KIE)10 953 mo (HASFEE WIS, % XIS IRHE
9 000 m F4 45 TR I 52 Bl B 18] 35 2245 7E 2000 4F DU
Ji, Hrp 2000—2015 G455 B0 B2 90 i R ok

30

BT 2015 ARk B TR, J5 Z AR AT L2« BUA %
7 AR, Ry R RO S D O AR R LT
DR TR AR RS2 Bl (LA 1) o

=10 000m —— FHE=9 000 m

1 21 HEBREFEZHRBIT 9000 m HEHHKE
Fig.1 Number of drilled wells over 9 000 m in depth in Gulf of Mexico

25 VU AR R TR I SOROT K s T LB R X
G BT TR G, % X BT R G R T
I S A B 18 2 42~ 3 AL T TT, B
ML 1ACRIC . 23 Bk, 25 DR 4 o i
100 3 TT /A 255l 52 H- 42 A HE 05 0 Fae AR A ol KURS:

TR/
0 50 100 150 200 250 300 350 400 450
139 23
3 w3
5 3 o I
73 8 3t
9* JF 10% I

I 12* Jf:

H/km
TS 0w ao v s W —

(a) SBVYRFERGFFHRIE

[vi) B 2 5 T 5 M L S 2 IR KRR B T R I, % X
SRR R A RE S RS TR R Y R T I
5 MER 5 Bk A, 12 X ST K R TR e g SR
90~260 d 58 %, AL 7 K G KR IR BE 5 SC
120~ 160 d 5E 4k (WL 2)1,

HIEE B

0 20 40 60 80 100 120 140 160 180
b ——— QI/P25 If
L Q2/P50 JF
3.
e 4T
=i
Boetk
ES
7.
S}
9t
10 b
nt
(b) SEVYRRZ AT KRGS

2 ERFEABTRPIFRFHHHEERITER
Fig.2 Statistical results of drilling progress of typical 10 000-meter ultra-deep wells in Gulf of Mexico

2 SBPUEIE ORI R R

21 $EHAFEEFMELERE

25 VY BFS T KGRI 32 BR H Bl B R AR
/5 A ( Transocean ) fF & B9 IR K 15 I &5 H-F & &h i,
Pl H 2% =535 60~ 100 J7 364, S KAF ML KR 2 438~

3657 m, fix RAEWFHIE 9 144~12 192 m, it 44 NOV .

Cameron 35y m) A il 0 3& A T 0 KRS ¥R 00 s 1 J ot
PRAEA (IR 1) o BPXFTEG R B2 v mT 68 HH B “

U7 602 e e AE PR AR, oA TORS A g | B
TG PRI A5 4 B, A OG5 HOR & S 3 B E
EIF MBI, IEm R R A s AT m & RE
22 HELEWEIT

20 22 90 AR, A P9 BRI SE A IR (B K
Bt 8 000 m I I A, [ P R 4 FF 35 Hb
2, HTFREAERD, TERHAFZ LS
g5t EA 21 2205, BEE IR IR SRS, Ot B 4h
F I TF Oz 4 22 (DL 3) o R BRAR Al FHE AR | 1R
B i A i BT R AR, BT R S R R



525 %20

EHAT. ERTETRBER A ZERE BT «15-

R1 OHFHRQAFARKEHTA/MAAMIBREERE

S
Table1 Key equipment performance parameters of
TransOcean Deepwater Drilling Platform/Ship
RE . P
oy WA letjize =
4~64, BINF20 000~48 000 kW, it &1
iy Se WA RAHLIKEh, E3hh
#a o RmHL 128, BIFE500~2 500 kW, Bl EHIRA
HLHLEK S, Mg )i
) FHT9 060~12 700 kN , i Bh# T
DD
0~12 000 kN
s 1~284, #1710 000~12 500 kN
NOV TD-1008{TDI125%!, 1~26, K%
iR 10 000~12 500 kN, fK%%#250~280 r/min,
s = vify £
bl RS 88 ~ 137 kN-m, W 7R T I
Rt FR51.6 MPa
lextl. 45 & TR
Shgp NOV 2200HP Triplex®, 4~5 &, /K& R
51.6 MPa

FEAIL ARE FFR51.6 MPa
s 27613300 HARBNGH, BREVERIE—IARHL, i
IR o
[FI NOVz{,Cameron/y /) F. 5 -t W A B 1 7
iy pimess 16, IE1%:42105 MPa
Bt W NOVE Cameron/A ] LB i#R2 6, 71
By 549070 MPa

A TN EE E B, U4/ Bk RIZEER
SRS SR BLE, $R T AT TRy
RARMR B RS 8977 3%, DLORIE 2 % 24 25 [1] B i 1485
G IR, R AR A 00 Bl Sk | 0 /TG R
7 B YTIR TR A KRR E A R T TR,
Bt Bt P AT BRI B B PR AR S T |
BER R SR MERE, R HIEE/RAE I, LI e e g
Z 22 3 K a0 ok o IR AL g T
A LEE T HURE AT EN: TR F S
AT T B4 | R 58 H A A T L= i A R, SR
FHBE A4 IR T B4 RBR IR B R, e v I Ik A

I B S5 S R, DU B A R 2,

S5 PR JTORBRIR I I S 5t 2 N “ik
- Mk, EiE R HEELHNEEER
SE, RIEE R CBE IR MR A T it
Je4, BRrEZRH LA E IS4,
R $196.9~¢273.1 mm KR SHHEHR5EH: (WL 3)0Y,
R, kR BEE Y IR T B+ KA Bk, LU
LIES TR S H SRS 55 R M
RSB HR T2 KA IR B RS, AT AR AR AR R B
IS0 Bl Y 16 2% 2 (ECD) KoK 1138
FE, I8 B BRI 2 IXURS: 5 M T 38 | 4 5 1 R T i
FEARER B 2 42 KAV H iy o RS, E2RA
(G 47 MR 25 3 A7 B el 47 MR A 7, g 34 4
L DU sE RS | e FA 45 20 W] R 9 Rhino XC/ XS,
Gauge Pro XPR, XR™ 25 £ 31| JE 25 20 | kBB b
MRE% o EEXTRERG IR b 72 b 7T i gh R 2 | 6
BIR 5 5 308 HL AU ME R, A0 AR 2 ] 38 o
WIFT TR R HAE 5E 255 fR )
) VR N 5oy A O L DR SR Sk S
Rt G B R 8 A A VE IC VoA H AR, SR EYT IR 28 ME Ak
TIE T AR 2 S R I S B R TR
Jiti, ARG T B RS B R o R Bl BLR Bl B Mk
ﬁﬁml«ﬂ\ [24,37—38]O

5575 A1 Green Canyon 468 Pony [X £t /K A i
1000 m, £5 T VAR 8 543~9450m, 2005—2010 4F,
8 Hess 7 Al 7R 1% X LN B — L7 KGR R IR,
SRy AR SBUI 6 M S5 | i )2 A5 OGS B, o LT 94
HHARFATHEVEM S UG J7 345 . i X B g A7 oK
PARRIE A SRR B I 4 PR %R s g
R (F KR )9 592 m, MR (F/KER)9 449 m, 2k H
EHHFEHCOREFE), $193.7 mm EF TEH .
NAFAEER 2 (JEE 4 877 m), % )2 JE Sy &k &
“CrplE], PIOAR T AR, Rk BB R TEE .

KR S —
i -
$914.4 mm
$762.0 mm $558.8 ¢711.2 mm
.8 mm
$508.0 mm $457.2 mm
$339.7 mm $406.4 mm
$244.5 mm $301.6 mm $355.6 mm
$177.8 mm . $250.8 mm
$196.9 mm

(a) 202290 FEARHIFEF IR

(b) 21 MRS RIFEE R R

3 EBERFERARTRRFRHVEERR
Fig.3 Casing level of deep wells and 10 000-meter ultra-deep wells in Gulf of Mexico



']6‘ 2 /Yh ”f‘u

5 H A 2024 4 3 A

JK¥E 1036 m

HRT0 1829 m

0660.4 mm Hi3kx2 134 m

i $457.2 mm 4 (Q125 H%)

.
$457.2x¢558.8 mm £ii3k<3 658 m ¢
i | KVEIGETS 3 048 m

)R

=====

(R 04064 mm 259 (HCQ125 %)
TRICHAET 3 658 m

| 62731 mm [IBEESAT (HCQI2S 140
 KIEHIR 5 3 658 m

#BJIK 6 706 m

K
K 346.1 mm 5 (HCQ125 fI40)
KBS IB =5 7010 m

i
$368.3x¢419.1 mm 35x7 863 m A

$311.1%¢342.9 mm %35 x8 679 m !

$301.6 mm £ (HCQ125 %
IKUEHEIR G 7924 m

=
K 6250.8 mm 154% (HCQI25 %)
| KUBIHGERS 8 649 m

$269.9%¢311.1 mm 43%x9 277 m

N 61937 mm $51F (HCQI25 644k
AKIEHEIRTE 9 144 m

$215.9%¢250.8 mm 4}i3%x9 592 m

4 2T Green Canyon 468 Pony [X 3 B2 &I 77 K 5
BRFAFHELEN

Fig.4 Casing program of 10 000-meter ultra-deep well A in
Green Canyon 468 Pony Area, Gulf of Mexico

B2 BEZ LN ZE R R85 1.03~1.20,
1.67~1.74 F1 1.20~1.50, IR 43~130 C, F%
KA I B W R, — T 2= -B T IR B RE B
PR T HAl
23 $hEAEREHHSH

YT UK 6 BB H 2w 5, A8 75 R
T3 oK G R R I Al I 3 i 107 ] i % < 0] (RSS) R 48
(e 2) P (R R B T A RTR T, T4 AL
Bib S8, SE el P . TERAFE Y I, BERIE
Bt F R ¢168.3 mm S135 B AL #1455, 8 000~
10 000 m Bt )5 K FH ¢168.3 mm+¢149.2 mm FlI
$168.3 mm+§149.2 mm+139.7 mm S135 P 455G
FF UL 3) B FED 0 TR0 2 10 1 52 4 b AT 4l 1
TER BBl ELAZ T3 AN b vF s B (9 IRl B, R e R
JEE b, B ARG Al - 3 2 v A 90 24 R #E 5 IS ECD, Jf-7E
b T A S R A R R e ) — s TR T, A
Bl T B R B, 0 B I IRV T S i Pk

S5 P4 BRI OB T ORGUR R B O S R W, AR
N $241.3 mm 45 8E+¢215.9 mm 45 #E+$168.3 mm
N HGFF+¢168.3 mm 4 FF 19 H HLAL B 414 4h 1
$406.4~$914.4 mm KN F IR I, A7 78 P B 23 (] B
R FEERRIOR 22 I T IR 3 215 20s BB 40
Wr LG SRR TRl RE . A, X85 T $285.8 mm
R R RSB E, DASE I 308 B4 A i 15 5 NI
JE, R B AR B 55 O T gl [l g, 38 B4 Al B
FRRFRSCR NI INIR W %) 5 0 o X RRSE R 4l i
rh Rl BB A ) A, R T R RS AR T B SRR

x2 BABTXREFRFIGFANANCESRE
Table 2 Key drilling tools used in typical 10 000-meter ul-
tra-deep wells

R B4R/

R R

TR SIS < LUREN -
mm ) ()-(Gom)™)
T 7620 0~2224  HEFF 0.35 0.09
—JF 6604 2224~2771 i 1.22 0.82
_ JiE -+
- 2771~3536
JF 460.4x533.4 277 ST R 0.09 0.10
_ JiE F-+Ff
= 3536~5212
F 419.1x482.6 ST H 0.17 0.17
JiE +Fifi
212~7 162
PUIF 368.3%400.1 5 716 ST E 0.37 0.53
TiE TRt
T 7162~7 681
FF 311.1x342.9 ST E 0.31 0.40
N 2699  7681~8716  JES 0.06 0.06

3 HATREHFRFAREHENAEEHT
Table 3 Drill pipes used in typical 10 000-meter ultra-deep
wells at different sections

R HREA/mm HFEm BARS EFEA/mm
S
—JF 660.4 2743 S135
ZIJF 457.2x558.8 2743~3962 S135
168.3

=IF  419.1x508.0 3962~5790  S135
POFF  368.3x419.1 5790~7620  S135
HIF 311.1x342.9 7620~8230  S135

168.3+149.2

AN 269.9x311.1  8230~8841 S135

LIt 215.9x250.8 8841~10360  S135  168.3+149.2+139.7

25 % T T A L R 2 T e

1)$406.4~¢914.4 mm K 1 FH HR 4k 75 1
$285.8 mm S 5K RUSF A E, DA i A LW

2) Bl v A R e e Sk M T HL B SR A
BRI R G EAE I

3) KB I BIUEWT, K RE I IR 4l i o #
o, LA REEAN TS RAAGNESE S, AR
A WS B, P, R A A A O HE A

4) B TN RGF BT B4 o] T 38R R 4 B
A8 3B FH T 5 B R W B, AN TR RO 4l B4z Sk o
2oy R WAL B, R, R ¢168.3 mm
TN A FFACEE ¢149.2 mm B 139.7 mm I #E4EFT .

ST R e K B N2 2.40~3.00 m,
DL P 3 AT Bl o 2 w422 S o7 8 100 R EL 25 ot g )



F 525 %24

EHAT. ERTETRBER A ZERE BT ©17 -

L, FER PR A 460 Sk W7 5 2R 38 XU

RSB0, MR A AR IFIR R SF K
JEE Ry, FEA R —3h b BB )R L2
M, i L A 2 S A U 9 B R (2 4) 1),
{EEE R | HLH B, Horp 3 33K 3 110~ 180 r/min,

TH0 8K 1 35 ) 20~ 67 kN-m, Hb 1A f KL 35
$168.3 mm Sl F 85 AT B KB A0 4 (84.7 kN-m) 1ty
80%, ML AL 4 35 2] 30~ 90 m/h, it = T [ P AH [R] Bk
AT RT I IR B HLARRG 2 AT UL, 38 3o s Akl I 2
5, RENE L LT R BURF IR I B 4k

®4 ZNBYVTFTREFERARBRTHRTHEHSH

Table 4 Drilling parameters used in wellbore with different sizes of typical 10 000-meter ultra-deep wells
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10 000-meter ultra-deep wells in Gulf of Mexico
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