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Hh L] PR VR 2 BRI R 2 6 2 2 B AT T Y )1 2 b A
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Year Major progress in ultra-deep petroleum exploration Awarded organization
2010  (Ultra) Deep exploration technology in the shallow sea region promoted the discovery of a giant gas pool in the mature CNPC
exploration area in the Gulf of Mexico
2011 The Yuanba exploration project, a sub-project of Marine Exploration in Northeastern Sichuan Basin, found the deepest GSC
large gas field in China
2012 The hydrocarbon supply theory for deep stratum was widely promoted CNPC
2012 A giant gas field was found in the carbonate strata with a depth greater than 6500 m in the Hanilcatam area, Tarim Basin GSC
2014  Anatural gas exploration project was undertaken in Kelasu, Tarim Basin GSC
2015  The tolerance temperature of downhole tools broke the record and reached 200 °C CNPC
2016  High and stabilized production technology was developed for big reef gas fields with ultra depth and high sulfur content GSC
in the Yuanba Area
2016  Ultra-deep horizontal well drilling and completion technology was developed CPS
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Reservoir types Sedimentary facies

Major discoveries with formations and locations

Carbonates Marginal platform reef-shoal

(Yuanba, Sichuan Basin)

Upper Permian Changxing formation and Lower Triassic Feixianguan Formation

Ordovician (Tazhong No. 1 structure, Tarim Basin)

Shoal (grain beach)
Dolostone

Karstic weathering crust
Fault/fracture

Clastic rocks Delta deposits

Carboniferous (Tazhong No. 4 structure, Tarim Basin)
Carboniferous (Sichuan Basin)

Ordovician (Tahe, Halahatang, Lunnan and Lungu, Tarim Basin)
Ordovician (Shunbei, Tarim Basin)

Cretaceous (Keshen—Dabei Gasfield, northern Tarim Basin)




K6500~7110 m, T~ 34 4L B £ N5.2%, R Wi & N
2.19X10" m’, H 1, CH,& & N8835%. H,SH & N
5.22%. CO, %5 N6.8%[1]. fETCIMAHAERE LA R
RE, RIWT B REME A, FH R e LIS 75 R A AH (7] ()
DA, RARSIRIEE 4.1 X10m’,

TE )1 PG 3 f Ll m vy, IR KT 6000 mir) 75 1113 41
g2 P R B T m e A, b, Yangshen-13%
TEHR AP B H = 056X 10° m®, /R T RIFHI#)
W& 7.

B BUR G R 2 R A R 20 A T gk, b
(E3, EHENTTRES, ERABAEG
g7 -

B b Hh X T R B P B K FE 2 6 A — 4 VT 7 s 4 TR
AUyt . & T AR IA 2800 km®, #1100 AN KA —
() 25 v 2 TR it ot B e 2E K. B R AE 4V 6000 m LA
LHIEB, XSRS ETRKIR I RTES . 2006
A, AESE LR B EE Mk 2R B A AR T IR 1A 8408 miT)
Tashen-1JF, TEFER RN A=A MEZH R TIRERE.
20144E 4K, Tashen-3H[X A - B P 4t 5 52 Bk H IR
H6168.24~6724.00 m, 4&)5 K 1 JE1L160~350 mf¥
KA T IGETRER, FEERTG =it . 201444

JES, AT B ZR P AS R HU S At B 1.377 X 10 t

TEE R, BIRE A IR RS W R .
20134, Zhongshen-1H 7£6861~6944 m K 72 & 48 14
JRAT vl B SR I S S, 3R H P 1.585X10° m®
KR S. ZJG, Zhongshen-5H 7£6562~6671 mK
WAR, ARRIE G 6 mmib Wi m H 224,17 m’,
K11 804 m'[2]. FEIETR T 5 B AT R 4% 10 0T HE SR )
RFEHLIX, fif /23R — & N6600~8000 m, HiZ & /)
i582~172 MPa, MHh 2 i E15184~207 °C. H A1, Jf
K 157874 mif Shuntuo-1J 7£ B B & fiff )= v H 7™ R
SR3.88X10° m*. 7 3 ¥ 0T R X, 7F B R
6300~6700 mH I Ak 4l 3k H 772.6 X 10°~1.1 X 10° m* 1)
RARA s FAL i AL X A0 7 BB R R B T HE VR
136300 mIHIRZE A M, HH, Shunbei-1CXH: H >
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VTR AV, T S TR 2
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55, UL EBRESCNHKZ M Adong-19F (7680 m) LUK
FNIEEE i LA T 5 0 H )2 B Niudong- 1 (6027 m).
H A AE I B ZEZE IR R I T S iR - RIS H

SR =R AL A A T 35 B 2 b g 2 34 64 1) o B T
WrEd N TR, HE S A= T B E RRARR
PRl HIRERIT B R/ = ARG S, IR
1£6000~8000 m, iz /77988~136 MPa, HuJZiREEN
120~184 °C, fi#E/E200~300 m, Z[ASE . B,
AN 1.8X10% km®,  FLBRJE N5.7%~7.9% [3]. H 1,
20084E8 A 28 H 4% £ [f) Keshen-2 3 #£ 6573~6696 m[] &
ZIFBRE H774.66 X 10° m’ () Tkl <R, dik R
T iR S H . Keshen-9H-7F 7445~7552 mIBehib 2 ik,
IR H =113 X 10° m' 77 T S, Ok J1 N
127.4 MPa, 119154100 MPa. H i & B 144
HoAr, KEA S (Keshen-8. Keshen-9. Keshen-6.
Keshen-13. Bozi-1), #RAfHEN8.3X 10" m’, =il k&
TR B N3 X 10" m,

FAL, TERAILZEH, FBIR RS AR ORI Tl
TFR o TEEDHETSIE T HLIX, R JE WA e g X .

3. BRBERSKR
RV AR B S BEAR VA 6 A R 0

UL T IR P AR B E (418 T AR Bk S
HALRFAE B R, 57 T AU A, (EX — A

TIEGE[5-7], BORBHE LURRE IR Z B 2% i ORI
S KA AL e, IR R 2
WRIR AL RRIIR G 2RI, X2 R i
TRIZ R B2 I A 2 I 7e i AL

3.1. 2R

HBIRJZ AR FEA R, — 2 5l 22,
FLAS BRI SRR T I AR S e
PR (FEERD) RS, BRIEAE RS, BEE
HOCTIER) BERERR RS -

3.1.1. JEH AR S

BRI A A KN RRER B R AE, FHaER: B
g, SREDAE M F, R BE A R
—E, T EEE160 °CLL b, BT 4G 2L,
— 5 T B AR, TE S G TR R R AR
T, RIS 7T, RIEAR R e
WARDIE, HAERERT, aTHRER, MRKRSM
F—EERIFS, 9]

R B T AR TT R AR IR JE R AR AR Bk
Po XTBREANIR, RVWLIGT K E T TE
MR SE A B B 2R, R DI RSk A TF
FEAR 2L [10]

Hh ] DY 1] Fa Hb ) K D A R R DRSO 3
HOR Z M B fp Hb [X Zhongshen-1 1 28 10 & £ Al &5



) )@ 1 i A g JEU o S AR [11-13]. 3 3 X oo K 2
ZH R ME S R AR S M In(C,/Cy) — In(C/Co)E. 1) A8 1k Fi
(6°C,—"C) HIn(Cy/Cy) IR R AT, RHHRRTKIET
FEBGREE, C/CEMRME, C/CHEARAXT
BN, HEZDNFEMAES (E401D, fEZEHar oK
HEDTE. AR PR, S Zhongshen-1
FERAR A B SR 2 [13].

3.2 BIEE (TRAR RS

XTI NI, RIRRL G 72k 5 T T B8
MRZLMR[10]. 3 HOR M Fo iR — K Ib S H A 2 R A S
RTRRAEMS, FERA=FREEE, HIHSRo
IBEN1.5%CL b, R BIRMRIIE K [14].

MEIRE, 2RISR T T EAR B A R
OV BB AESY, AUE R 2 90 B A 3 & R s
B REh R 77, 11 ELX At e V5 25 o B 2t X f) ek A=<l
WHA RS FE X [12].

3.1.3 # Al 2RI R 26 I S AR FH B0 Ak oy

H,S% 5 i3 K 2 A FHEB IR JZ AR A S A 4 43 1 B
KRERZ —o R F FITH,SA 70 F LL R 3F0 K E:

@ T g AR B v A AL A A @ 4H B X
WA R ER thiIRJF/E A (bacterial sulfate reduction,
BSR) ; @ #AkZEBRER £h18 5 /E ] (thermochemical

5

sulfate reduction, TSR). HAI#IAN, HIKEZERKIRF
HERE (>5%) H,S H AERUE T TSR[15-18], HPfR
RE CHEIREAE) G2 [E KB

CaSO4 + hydrocarbon — CaCOs + H,S + H,0 + S £+ CO,
(D

JCHUHE X KD H IR 2 R RSP H,SHCO, Ak &
B iR, STIXHRH,SE & — K K T5.0%,
%?ﬂ”n0%~w0%,COﬁ%%*ﬂ%&SM@QOW& G
WX I H,S & & — B AE1.0%~6.0%, CO, 7 &It
25%~u5%0i@aLlﬂjm%JY#EﬁHéﬁﬁmwai
HWHEEKL, HE, EMNHFXHSHCO,&BAAMEY R
MIIEA G KR R [19], R EATERZE TSR F=H), A
T IX RN A 0 1) 25

3.4, BRIESARIMANAE R IR 5 B2

RS YR B FE IR N He . N, A1 CO, S AR M i N2>
IR Z RN Al RESLHIRE, XS fEA
BT fe B B IR ANE . 7E TR A R I R UR R
A B A AT LE T AR AR W AR A B AL RO E R, He'S
WEEHEIE0.05%, CO, 7 &t 80%+ & 1l ik i 100%[20] -
XS EE: © FRdbE M S RCOAH, 4ifEik
99.9%, HAETEEIIMEE1.42 X 10°m’; @ ML

<& Continental gas reservoir (Tx=J)

[ @ Yuanba reef-shoal gas pool (T,f~P,ch)

. @ Puguang reef-shoal gas pool (T,f=P,ch)

@ Jiannan reef-shoal gas pool (T f-P,ch)
= Heba gas reservoir (T,f~Tj) -

- ‘ Maokou gas reservoir (P,m)
@ Carboniferous gas (C)

@ Silurian gas (S)

s %

In(C,/C,)

In(C,/C,)
El4. V91 Z 3 R AR In(C/C3) 5 In(C,/C,) 22K (Reproduced from Ref. [1] with permission of Marine Origin Petroleum Geology, © 2014).
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SEME. L3RR EEEE;: © Wi
Iz S R A S 180.1%~0.34%; @ Kg 5 4 Fl ik
X g BT AL S Yang-1 H 2% #1145 1.28%, Shuang-13F
A50.1%~1.28%.

RIS —BORR K RIE®, NG, 619
RINFH R AR SR & B R E, oSO8 T A EA
HAEIE . Jid sk, A = b8 N T 6HERE
THCUE R 40 ) B S R R A PRI AR M P

3.2 HIRZHERKE

b 5 P B A R B I, TR 2 T ORI
WSRO MR E N RS RESE—E
WL UL BTk, i AR MR TSR SR
RS . BRI, JASEWVERAAAE “ARE 7 A “CA RSt
47 [21], 4R 2O A UEAFAE L Z IR 9 60~120 °CIH)
M7 [22] 0 17 £ R R JE R B T 120 CCR SRR, 4R
FIEARERIHL2AE .

SRTAT,  EhER OO SR R W WS R TR R
i Zhongshen-131:6000 mLL T #)FE€EL &K . Tashen-17F
8000 m A T 1€ B0 R M i A i Niudong-1 ) T
R R, BRI T A R . X e S RN AR
T, A TR B R 5T S AT R AR O R AR
iR A P R AR R IR ERES EAR UUR B B
EHEK.

3.2.1. AR 5

R E B il . AR B L il T2
TRERAE A0, M2 T S AR A3 45 v e Ao 2 2
59, fE—ERRE LR RIE R S, AR T
BRI MR BT R PR R, R P S
P HLOR B HE R (15~25 °C-km ™), fEHHAE
PhSR L& AR RE s T A% 3508 A 3 7k b 25 5L vy ik A
JE (38~42 °C-km D, FEARTAERRESI[23]. LM, 7
B rp AL ER N R B IR R IR W, TR T
bR 5, T HRRGIEIEAE S SRR T 5T
H-RAR TR BL[24]. ERFEFFH NN, HEEARH
JEEPH TR Y E AR MR A0 P R B O R MRS N, WS
THT DR 2R Mg T K8 9 T IR FE R BRAE9000~10 000 mbL
X it J2 i R 17210 °C [25]

3.2.2. MR
HIREME W RE EIE[26]. EBIEEET, Bl

JR IR 2 B, A B AR AN JE O R AR Y = e Je
KAE27]. B, BRI SUAIR AT BT BB i
B SE I DR AT R K

3.3. ZWIRE

BEBMZWINEIZZ SN, BH T 22
Witk fR . Zutem, BIR S AORAEAE R A 2 R
TEMRHIE

BV 2 SO SRR T O R AR T R, AN R AL
BrEc. ARIBARESIE RRARE L2 (—ik, =
REE =00 AR RIREBIRE R FEE
WL [28]0 JE 221 Fifi 2 b K JB A H B 22 REIR IS A i 2
o, AR A S AR B AR B R, KA X A
TER A — IR AR A myd, fEmEENHEERER
[29,30] ([&5),

4. R ERERZER

filf J2 2 15 K B SRR /N il 2D R 2 il S B AR
KIS EHRER R L —. BIRBEIT, R — At
T s, BB it K 2 HRiE
BENVIECAAER, WRBIESE . R A SO
HAE TR A = FLRR 2R (317

HEIR JZ AR R E o8 AR R IR AL K B
O FLRR I Bl LA il J= AL R ) 35 B 2R A7 = A7 T
SR P o

4.1. fEREAH AT | SRR LB R B

KA = RE DR A AR K I S A J2 T2 A ) 4 o 2 it
XPRRIR 675 K E,  mRE DU £ B S L G i &
K AMEDTRY,  FUTARTITAREOR,  WUE LI BE A & o
FE TG X, 3% S8 Ak 3 i AL AT IA350 km® (6D [12],
JF GG FLIFR B ] =ik 40% [32].

TEREE 25408, 8 Ae DR 2 2202 = IR ) i b 4
DUR. il dun, 530 1 i LR B4R B B 75356 (Eastern
Svalbard), - =SS 125000 T = MM m
I B AR [33]. REEEH L R-RKIE S HIRE] T
L = AN AA, JE200~300 m, FLBEEIX5.7%~7.9%
(E7) [3]-

4.2. WAALIRTE L
IR PEE AR R KB IRESLE . B2
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RPN,

Stage-Il oil

(d)

B5. KA 15l o f I Al . ) BRI (b) () M5, Hodr, 2@ 58 0 A SR A 28— B B A AIG S vl 7o SR A4
(o) FlmileAEDIE ORI ; (D BmiRG; (o) (A MG, Hrh, WA GBI SRS A B FE L 1 Sl AR (D it
AR, Hod, RS EARRME RIS 78 IE (Reproduced from Ref. [29] with permission of China University of Geosciences, © 2010, and
from Ref. [30] with permission of China University of Mining and Technology, © 2015).
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B 6. JTHEMETRAEAY (Reproduced from Ref. [12] with permission of Research Institute of Petroleum Exploration & Development, PetroChina,

©2018),

HAEOLT, BRIR #hon i 2 ALIR A2 LR AE LB N /I [31,
34, Gl = KAESLBRIIE OE S5 h. B = e iR
TR K.

4.2.1. %k

AR R T B A FLBR I DS B . 78 K o 7 52
AR, HZ 5K, KK HUEKERIR G (FAKO
Fefuh, HORAEWAER

T () A2 T ik VR FAE R AR it J2 R R L. 65 i St
MEER G P MEDR AL Ty M S5 s Ar, Rk AT ) B B
U . AEAE IR I TR R T, REMERE = 2 KA
TR WRIE IR AR K il X e A I AR AT HHC

O 25 55 M BRAL 5 B4R B K B 1) 465 ) ik B 1 AL R 55 I
ML[11].
5 R BIANHE G R DG IR 3 AR S5 W AR R 2 KBS
GHRBWE. BLEERERRE. REABLEZ
THERE RIS M, Bl BEEME. 5 R0 A%
GRS HARZ, He, S 2 E &
K FH [35]-

IR R IR)Z . BIRZ S 5 U )2 T i
P . — RNy, A VL A A B
WLER AN JCHLER S50 B[R] Bk R Sh IR 5 A KA . B 855 5
W, T TE Bk AEFLBR[36]. i, 5 —T5
I, FEBEEEMIER AL, el E ARy M
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B 7. iR - KIbt X A2 LT A B (Reproduced form Ref. [3] with permission of Natural Gas Geoscience, © 2014).

kR e S5 8, A P QB B A S A7 PR I T R e
HRCH . W FEFLBR[37].

HE, KTIRIBIETIERRIR HhA b ok, — B4
BBR . IR Z 5 FH VNIRRT, R AEA IR h
[38]. CO,¥AH[39]. H,SYAIH[40]8L AR A TR[41155, &
TR )2 R B 19%8E . {HEhrenbergf1Nadeau[31]45 Hifi%
% 2h 4t = KR fLBRR B M ZE R ST (BEH1E A
MR ERD . FWIRBCAER . B A EA X, B
SRR ] Re R A, (R DTHREL D .

422. A=t

A FRZ T T AR R, MEHRE
LR K B [42,43]. X —J7 1, W] HERAE R IWIT Uk &
T, AnA i i RMe S5 R RAZARCa™, NI i
RARFRAZ /N, MALBRE AR 55— 071, Hnathe
JG, AR NS L R AR e, T s A AR 2K
AEPURSLIRR, K] DUE G R AF AL, FEIR AR
MIRE T T, HE G kAR, wIRef 2 1FLRIE
B, B, IR R E = AR BRI T KA i )E
[44]c FFAIX —FUAE 0 B2 ST Gr DY 1) 20 ke R J2 oo 3T
RHEKMHBA = E)Z, AR 73R A = 5100
WM, HINNAs AL EEIRERTEE K E MEZER
=[11].

4.2.3. W ZEEH
My iE AN BB Mg AR == 18], KR s 8%
R, i A2 M R IRAR R B TE . X EEIE — 7 T AE

DA S AT AR PRSI B s e LT s
—Jiif, WATREHE RIS AR, JRIEWTR . REEKE
MREE e Fe A, XAE LT, RIEEESLI, IR AE
LB

JRh R S EGEIR, a0 R R R I IR oL S
AR ER . X MR R BREE, RiEEBENE
B O [11]. Jes U H AR T 1AL B 5 )1 iR 22 4
SRR RE S S VAW ALINE Py Abved NI el st abve |
FIR G 3 iy B BB BR 00 DA ARG X, AT AE3E N 085 T
STBIX, AR T RGN RERAH. HEKMXHA
wEERBRR RN, DM NE, Tins
DX 38 N 137 AR AN 5, AEAE EMECIRS TBORIRER
XK, HARZHIE I, MR R KA B
BEARE . XFMRCREE S T MBS R R
CAE R PR 2 - 2 A T ) SR ik 2,190 FF S B0k
BERA R (K8,

4.3. JE AR FLIBAN IR AE FLIR 0 A

JRAEFLBR AN IR A FLIR G R S TR IREE 5%
HCAVERBR, Rk, ABEREHZ D04 A U R
PERCEAER, 7 BETE BOEIR Z AR TU6E /2 [44] . 0Bk IR 25
o5 MRS 5 R UE, ACHBIRBR B L L0 T 3 33— S
TR AR RARE LB ER R IR A . S S
B RSN R R 2 i 5 R R R IR i 2 L RRAS DL
A RARFR I B 3 [36,44,45]

HIR MR Exs T2 R R A HEER
o IR TR AL BE K B A LR & & CO,FIH, S i 4 3k



4 ? o
e l - s .
: 224 » L. e s

B8, JFE MR S Rk S gk . Sk BT 2 e IR AR VR R AL
[, JE EE K B A 4%, Pich, Well Yuanba-204, 6550 m.

NGEJZ, AUE A FLEE— B gk, o HAESLER
AR GG, WA REEE T, A ROt RAE T
FLER, TR THEIZ . Roh, JREHNMER, & TR
FABEEE N, MORAKIEA e, IR R R LR
T R — R, e 30 D o 2R T B P o 0 7 P o T
FLEE, PR Roh o a0 S A2 A A, A
BHAS T oK-5 OB, SR E A s A A RAERKS
S5 TR AR5 A A S S 0 e 4, il = 5L
B LA B AR AR

5. HE &N

1 L A R 5 Tk R D SR LA A S R
BIR H AR o<t . IR 2 P ARE G B B 21
e TV B L LRAF AL o

5.1, TR E SR

it I, R RSENR R — R A T A kR
O, /= RIS, NS, WA RER
BER, TEORAT SR A R At 2 K 8 i AT 5 T ok -
A . oK H & ST H B B R R K
H—KBEAMRFIEIRA[12]. Hd, RFIFHARFEEE
JEN30~80 m, S HHLER (total organic carbon, TOC) &
B|A[IA2%LL b, AU AR LUK A N, K
BUOANASRY, ZERIEAE BAGERER. FEmE. BT
T, BRERPHRES G T AR, I ENm EE
M G HUIL G ARG E, AT RIS IR )
R NAEZ . R, 2B R4S 2 A

9

SRR KBRS . ok LB R AR R
153 % 10°~7 x 10" m* km °[12], A58, JTHUEHS
ERMARIEEX . EEEARM, WR-KILHX 52
FAMD i J2 0 B A R M s =8 R IE A (3]

5.2. FRELORAEHLA

FRELORA7CLFE R 10 55 J2 25 A S AR R e M IE T
o i J2 A 2 ML B B T ARBORR ) R R R 2 —, — A
b B B A T 55 R e T R AT . 552
B AR R, SRR TS M EEBEIE T
AT PRAE LS A ASE, Rl e 4id %
HHUR I T o S A i BTS2, 56 )2 A U R e
PEM) . S EVER RS2 E e JEEE . A A Vo [ 0 4t
PERCI AN, BB TS AR, W AR RS
T YRR ZIRET YD BCETERM B, FLBREE. &
#E UHRAEHZEZA T L. B, R,
RES) BaammE. RS g, JIZRIEe
WX KMHASHET CIISSH S KA B2 L m R
TTZH - DR )2 (300~600 m) B A X IBEE 2. ik
KILAHFHIERRBERE (100~1000 m) &5 E
ZH ) X 56 JE 291, B0 HLah UL, R ]
1560 MPa, 35 (81T -

AHS AR 1A 3 T S ARAIE T AT R R )2 S
AT LLRAZE 2 S el A TR T IIb B aT 2, e
FTl s SRAG AT R EL 38 1 BTS2 PR A IE X, A
RRIEAR TGS [12], A2 i i 2L A DURF SR A7 I O
SEUR—IR G 4 0 Bt 34 B vl R A i AR X AR e, I
PRI — Y TR T B RS B BT R AT

M2, RUFR SR 2 SR AR AR E 1R Y R
FETCHIR A 5 78 IR KA TR R ) S e ek IR 2%

6. BRBEENIRFF L K BIRA

AR JZ A 2 — AR Bkt og, Nz AL
ML IX, FiE S A, MR A OK R 22 AT 81000 m
PA b o A5 0 R0 72 T BB iR R 2 0 2 A7 AR U 2R
A Fhk, EBIREAEE R RR . RRZ
SRR E 4 HlRm. HFEREMEER. R
PRIRSERE 1L WA RIAR R BRI I B s AR . %
FiZ . FEEHER R e E . BIREEIA L
. U, SRR AR, 2 JUE ] B R
(3 R BRSO S 5 B
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6.1. HiFEEhEREIAR
6.1.1. HEAF T RE LA FHE A

BHER IO Z, T e R IR R R B Rk
KAEH A HIKF .

RN ST “HIFBR” BB 46152 TH T BIR B 11
JEA R, AEEERA T CET R R IE S 4340
R IEAHZE &7 (TR, U T 52 % L b a0 1 2 23505 A
R (R EF TR S T % 1) S P AR R s DRk A J S 25 P
it/ 25515 SR G AMERI R .

B R K AR S AL B R AR5 & SR B 1 A 2k L kb
TR Wi J2 b R Rk B w8 20 2R AR IR B R SR Al
LT, FHEE T2 508, HR KT 6500 miT H B JE
AR B = 70% LA b, A Y6 B 5 SR 1) 8~50 Hzdh
JE$|4~80 Hz, F A4 15~18 Hz (&9 [12]).

6.1.2. fIKAFL =& Tl £ A

REUREAHE IR, Rl R IR 2 it = 4 0d 2 4
M E A S @R CE A BRI a5 45l
WHBAEIER G, 2 2 MEGRIES M, fLI
S 5B R AT AR UL X K22 83.5% it 2 Bt
FLBREE /N T-2%, fHJZ X BARAFL 2 it J2 R R vT LL3R 1S
B BRI, S TR FL S B 2 R FI0IN A E R J2 V
AEHRI EE T

LG I Wyllieli A . Raymertsi Y45 — 5t i A 74
X T B R JZ IR £ 25 i = R T AF AR R K iR 22 . IRYE S
O A IR A S, K Sun FCAR A [47-4913E4T fRi AL 11
B, FRHRILBREHN “FLSE7 [11]. JLISH
B, HOREMKE, BEREE. FIH%EFLIRE-
PR FEAZ =, o XL ALBRE -# . fLBRE-1BE
R, BEFRAMSHELCR (E10[12,50D, #m 7 FLE

0 1 km Well YB 28
2.8 N ‘
2.9l
O ¢
[0}
£
'_

3.0¢

(@)

FEFMAERE, I o] P TN s i A Ak )=

6.1.3. KR AFA

HhARSCER R, HIREME Kt NE 2, B
e AR EAT SRR . FEJCHIMIX, DAY 2 2L
I B 5 WSO DRk S M AT TN, AR 4 SR TR 45
RN K. fEIVSH RS oS, T
AR B R b 5 A BRI, RIS S A= A6 E T
M B L E A (Up) HE& /KIS R F%31.59% [51].
fH2, JoIUS R ME O 3R R AE 7000 mA- AT, MEDA
PAFRAFEHEEE . NERTERRE, HARA—K
W27° A, BORANEIE30° o AR &R etk
P BHBT ST 7 VR [S2] AT il )2 S AR S, SRR 2 R
FARE TR I R . 2 TR0 G U v e AR TAR N
98.5 km’®, S )10 FHRFIAI3R H 7= 5 )5 3L )5 K s =k
SR (1D,

6.2. fh eI Sl AR

202290 EAR IR,  [E Pyl AE 8 AR DU )1| i dth
BRI, (1SRRG BOR W HEIR 3 T Z IS
TARER A o AETCHIHBIX, B R % N
ETLTZHEHAROAW D, hixae1iZ 55 m, &5 7l
NRBEENIR ST E AL . HH TR R R ot 25 AR 5
A, ARG HIHE B SR D7 iR LLBRAIENIUR] 58 G, 8
UIE | PB IS St (AR e i 5 N VAL W A i8S S e
(K3, WMEEZEX, it REUS
EEARE I, TIRERHEENRSENAEE R
(polycrystalline diamond compact, PDC) 44 Sk+IZFF. %2
i Rl P EREUD SR =T S AY SN i WAL s v -aa = N U LU S AN
WA BCERAE[12], KIEERE S AR BT B b

R

'~ P & “‘, Py g
e N NNY /¢ . 1), S &L
@S SN <
> NS &= (e &
X N 24
3 U 1 W (¢ e
e )-\' ) @ !
el gt
(ALY 3 % < €\ ([ ({1
SR ) il N dgitfl ‘
Ao R G
4y ({GA ¢
O (LSS ) | /
QS  tldl L %
P
/ (& ; >

(f

(b)

B19. i o281 (ads Hi (b) MBS ST LB (Reproduced from Ref. [12] with permission of Research Institute of Petroleum Exploration

& Development, PetroChina, © 2018).



6.70

1

6.46

id
6.22

Permeability (mD)

5.99
5.74
5.50

5.26 |

@ Well YB-12 °
| @ Well YB-11

A Well YB-101

A Well YB-102 * -
4.79 | ® Frame flexibility factor <2.2  ®|

Compressional velocity (km-s™)

5.0

(5]

Reservoir with low porosity and high velocity

Composite reservoir

Permeability (mD)

@ 2.2 < frame flexibility factor < 6 ® * ®
@ Frame flexibility factor > 6 : ° @ .~
4.54 - @ ®
33 v ~ a ® -
Fractured reservoir (25.56 mD)
4.30 L L L N 1 1 1 L
0 22 4.4 6.6 8.8 11.0 13.2 15.4 17.6 19.8 22.0

Porosity (%)

10. JCHU X XTI FLIN S - R, 1 mD = 0.986 923 3 um? (Reproduced from Ref. [12] with permission of Research Institute of Petroleum Ex-

ploration & Development, PetroChina, © 2018).

YB-29, 1.42x10° m3-d’1|

(]YB-28, 1.04 x 10° m*-d~'

| h

_

Z— |
Well name and its production

| 0 2km'F

Gas

11, JEIR A A Mt it 2= KR35 T T o

T FIE R EOR, MGRIE T 85I BRI 3. X BB IR I
Bl S8 OB EOR I N, A S I 5 R L R T SR
il o

JAAC UG AR R 2 B A “ DU B iR R
R s iR, m s EIR . EIRE R
TR TARESE I Ja, T i 2 ] 22 2 e 200 1 14 3 Rt

TEXT LA 25 ) . (annular pressure-responsive,
APR) MR S 5 m p Rl B, oI R 1
DL R E b FLIR S MR BEAR ™ A% 0o 1 22 4 v 2500 ik
HAR[12].

K AR T2 R 4 J it TR . A7 B AR
WA (E12), JEHIFRHEE N1.8 g-cm *INEFR,
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EXIE SR PR F T BEE RS

Spudding Bit size (mm) Well depth (m) Casing size (mm) Lower depth (m) Cement return depth (m)
Conductor pipe 914.4 50 720.0 50.00 Ground
1st spudding 660.4/609.6 961 482.6 959.64 Ground
2nd spudding 406.4 4295 346.1/339.7 4292.85 Ground
3rd spudding 311.2 6204 282.6/273.1/284.2 6203.50 Ground
4th spudding 2413 7699 206.4/193.7 7699.00 Ground
5th spudding 165.1 8418 146.1/139.7 7481.92-8418.00 7481.92

BiE THIRIES) (212 MPa) RAINE iR m 4l k. [
B, O T RS S ERLSS AN EE, RET A
B A R 2 0 ML T 22 A oA, WE A LR B R R AR 5
gitl. 2 HE TR PRSIk PR =<, Bttt
Wz DU TR BB e s I 8 s 2H B A 22 4R B
RSB D EH R, IEAZRERE, #Hlk
T IV 24 RO .

7.4 5RE

TR 2= AU B R 0 B P [ B IR SR R TR
ESEMEEET R T G KA (RO M, HA
AR T Z oo M2 WIFeiE . (R G B L Bk
ISR, AEERE AT PR PR B WA 1 TR -
K- RN EGRIR TR, IR ZRIR AT ER
ARFAE . X Bl T Bk AT T I 46 v RE AR P B AT
Bk, ENTRA R ERILEE . EEm. Ax
a BERAERE R RAESLRA T, TRRER 78k
SEORIFIE BCa VR AL AT S AL ERAG LR 5 IR
J2 SR AR DU YR R RN RR SR A A . IR
JE IR BRI K, BASITIBRR IR Bl se
AR S B AR S

R 2 M SR D B, F R, AR Sl e T T
DX WRRIS, ATAAAEVE 2 B MBOR T T . X
SeAE g O BRI RE EERER; @ #
DR T ARAL- RS 62 U S O AFRE
filf 2 PSR @ FEBIRR R =S AT
BER S MNABAR KA R IR o AR 2, HIATHME
R JZ— 58 2 BN BRI (1 B B4R

D¢t

RTAEAR T E KR E KL T (20172X05005)
FEZ AREIFRESTIH (41672123) IS0, K=

Expansion joint

Locator sub
OMNI™ valve
RD safety circulating valve
Gauge carrier
j—lydraulic bypass valve
ar

RD safety circulating valve
—  RTTS safety joint
RTTS packer

Longitudinal shock absorber
—— Screen

Pressure delay detonator

Perforated interval Perforating gun

Atrtificial bottom of a well

BE12. SR RIS =B AE 4 M 7~ 2 B (Reproduced from Ref. [12]
with permission of Research Institute of Petroleum Exploration & Devel-
opment, PetroChina, © 2018).

B A% o R N R S B L

Compliance with ethics guidelines

Xusheng Guo, Dongfeng Hu, Yuping Li, Jinbao Duan,
Xuefeng Zhang, Xiaojun Fan, Hua Duan, and Wencheng
Li declare that they have no conflict of interest or financial

conflicts to disclose.

References

[1] Guo XS, Guo TL, Huang RC, Duan JB. Cases of discovery and exploration of
marine fields in China (part 16): Yuanba gas field in Sichuan Basin. Mar Origin
Pet Geol 2014;19(4):57-64. Chinese.

[2] He ZL, Jin XH, Wo Y], Li HL, Bai ZR, Jiao CL, et al. Hydrocarbon accumulation
characteristics and exploration domains of ultra-deep marine carbonates in
China. China Petro Explor 2016;21(1):3-14. Chinese.

[3] Wang ZM. Formation mechanism and enrichment regularities of Kelasu
subsalt deep large gas field in Kuqa Depression, Tarim Basin. Nat Gas Geosci



2014;25(2):153-66. Chinese, URL: http://www.nggs.ac.cn/EN/10.11764/j.issn.
1672-1926.2014.02.153.

[4] Tissot BP, Welte DH. Petroleum formation and occurrence. 2nd ed. Berlin:
Springer Verlag; 1984.

[5] Dahl B, Speers GC. Geochemical characterization of a tar mat in the Oseberg
Field Norwegian Sector, North Sea. Org Geochem 1986;10(1-3):547-58.

[6] Behar F, Vandenbroucke M, Teermann SC, Hatcher PG, Leblond C, Lerat O.
Experimental simulation of gas generation from coals and a marine kerogen.
Chem Geol 1995;126(3-4):247-60.

[7] Behar F, Vandenbroucke M, Tang Y, Marquis F, Espitalie J. Thermal cracking
of kerogen in open and closed systems: determination of kinetic parameters
and stoichiometric coefficients for oil and gas generation. Org Geochem
1997;26 (5-6):321-39.

[8] Qin JZ, Fu XD, Liu XC. Solid bitumens in the marine carbonate reservoir of
gas field in the northeast area of the Sichuan Basin. Acta Geol Sin 2007;81
(08):1065-71. 1161. Chinese.

[9] Li HL, Shao ZB, He ZL. Hydrocarbon generation characteristics and potential of
bitumen in the Tarim Basin. Pet Geol Exp 2009;31(04):373-8. Chinese.

[10] Burnham AK. A simple kinetic model of petroleum formation and cracking.
Report. Livemore: Lawrence Livermore National Lab; 1989. Report No.: UCID-
21665.

[11] Guo XS, Hu DF, Huang RC, Duan JB, Ji CH. Developing mechanism for high
quality reef reservoir (Changxing Formation) buried in ultra-depth in the big
Yuanba gas field. Acta Petrol Sin 2017;33(4):1107-14. Chinese.

[12] Guo XS, Hu DF, Li YP, Duan JB, Ji CH, Duan H. Discovery and theoretical and
technical innovations of Yuanba gas field in Sichuan Basin, SW China. Pet
Explor Dev 2018;45(1):14-26.

[13] Zhang ]JZ, Wang ZM, Yang HJ, Xu Z, Xiao Z, Li Z. Origin and differential
accumulation of hydrocarbons in Cambrian sub-salt dolomite reservoirs in
Zhongshen Area, Tarim Basin, NW China. Pet Explor Dev 2017;44(1):40-7.
Chinese.

[14] Sun NF, Guo FX. Natural gas identification under evaporite bed of Dabei-
Kelasu tectonic belt. Compl Hydroc Reserv 2014;7(3):20-3. Chinese.

[15] Orr WL. Changes in sulfur content and isotopic ratios of sulfur during
petroleum maturation—study of Big Horn Basin Paleozoic oils. AAPG Bull
1974;58(11):2295-318.

[16] Orr WL. Geologic and geochemical controls on the distribution of hydrogen
sulfide in natural gas. Adv Org Geochem 1977:571-97.

[17] Krouse HR, Viau CA, Eliuk LS, Ueda A, Halas S. Chemical and isotopic evidence
of thermochemical sulphate reduction by light hydrocarbon gases in deep
carbonate reservoirs. Nature 1988;333(6172):415-9.

[18] Worden RH, Smalley PC, Oxtoby NH. The effects of thermochemical sulfate
reduction upon formation water salinity and oxygen isotopes in carbonate
reservoirs. Geochim Cosmochim Acta 1996;60(20):3925-31.

[19] Duan JB, Li PP, Chen D, Feng C. Formation and evolution of the reef flat facies
lithologic gas reservoir of Changxing Formation in Yuanba gas field, Sichuan
Basin. Lith Res 2013;25(3):43-7. 91. Chinese.

[20] Tao MX, Xu YC, Han WG, Gao B, Ma ]JL, Wang WC. Active characteristics and
accumulative effects of mantle-derived fluids in eastern china. Geotecton
Metallog 2001;25(3):265-70. Chinese.

[21] Tissot BP, Welte DH. Petroleum formation and occurrence: a new approach to
oil and gas exploration. New York: Springer-Verlag; 1978. p. 185-8.

[22] Zhang GY, Ma F, Liang YB, Zhao Z, Qin YQ, Liu XB, et al. Domain and theory-
technology progress of global deep oil & gas exploration. Acta Petrolei Sinica
2015;36(09):1156-66. Chinese.

[23] Jia CZ, Pang XQ. Research processes and main development directions of deep
hydrocarbon geological theories. Acta Petrolei Sinica 2015;36(12):1457-69.
Chinese.

[24] Qi LX. Oil and gas breakthrough in ultra-deep Ordovician carbonate
formations in Shuntuoguole Uplift, Tarim Basin. China Pet. Explor.
2016;21(03):38-51. Chinese.

[25] Zhu GY, Yang HJ, Su ], He K, Han JF, Gu L], et al. True exploration potential of
marine oils in the Tarim Basin. Yanshi Xuebao 2012;28(3):1333-47. Chinese.

[26] Wang WY, Pang XQ,WulLY, Chen DX, Huo ZP, Pang Y, et al. Pressure distribution
features of deep and middle-shallow hydrocarbon reservoir in global oil and
gas-bearing basins. Acta Petrolei Sinica 2015;52(36):194-202. Chinese.

[27] Lu SF, Wang M, Wang YW, Xu LH, Xue HT, Li JJ. Comparison of simulation
results from the closed and open experimental systems and its significance.
Acta Sedimentol Sin 2006;24(02):282-8. Chinese.

[28] Ma YS. Geochemical characteristics and origin of natural gases from Puguang

13

gas field on eastern Sichuan Basin. Nat Gas Geosci 2008;19(1):1-7. Chinese.

[29] Cao LY. The hydrocarbon accumulation mechanism of Dabei-Kelasu
structural zone in Kuga Depression [dissertation]. Beijing: China University of
Geosciences; 2010. Chinese.

[30] Mao YK, Zhong DK, Neng Y, Zhang CW, Liu YL, Wang A, et al. Fluid inclusion
characteristics and hydrocarbons accumulation of the Cretaceous reservoirs
in Kuqa foreland thrust belt, Tarim Basin, Northwest China. ] China U Min
Techno 2015;44(6):1033-42. Chinese.

[31] Ehrenberg SN, Nadeau PH. Sandstone vs. carbonate petroleum reservoirs: a
global perspective on porosity-depth and porosity-permeability relationships.
AAPG Bull 2005;89(4):435-45.

[32] Heydari E. Porosity loss, fluid flow, and mass transfer in limestone reservoirs:
application to the Upper Jurassic Smackover Formation, Mississippi. AAPG
Bull 2000;84(1):100-18.

[33] Haile BG, Klausen TG, Czarniecka U, Xi K, Jahren ], Hellevang H. How are
diagenesis and reservoir quality linked to depositional facies? A deltaic
succession, Edgeaya, Svalbard. Mar Pet Geol 2018;92:519-46.

[34] Choquette PW, Pray LC. Geologic nomenclature and classification of porosity
in sedimentary carbonates. AAPG Bull 1970;54(2):207-50.

[35] Kang YZ. Cases of discovery and exploration of marine fields in China (part 4):
Tahe oilfield in Tarim Basin. Mar Orign Pet Geol 2005;10(4):31-8. Chinese.

[36] Feng JR, Gao ZY, Cui JG, Zhou CM. The exploration status and research
advances of deep and ultra-deep clastic reservoirs. Adv Earth Sci
2016;31(7):718-36. Chinese.

[37] Chen Y, Wang (], Sun XF, Wang M, Han Y, Yan SY. Progress on mineral
solubility and mechanism of dissolution secondary porosity forming in clastic
reservoir. Bull Mineral Petrol Geochem 2015;34(4):830-6. Chinese.

[38] Surdam RC, Boese SW, Crossey LJ. Role of organic and inorganic reactions
in development of secondary porosity in sandstones: abstract. AAPG Bull
1982;66(66):635.

[39] Druckman Y, Moore Jr CH. Late subsurface porosity in a Jurassic grainstone
reservoir, Smackover Formation, Mt., Vernon field, southern Arkansas. In:
Roehl PO, Choquette PW, editors. Carbonate petroleum reservoir. New York:
Springer—Verlag; 1985. p. 371-83.

[40] Hill CA. H2S-related porosity and sulfuric acid oil-field karst. AAPG Mem
1995;37:301-5.

[41] Jin ZJ, Zhu DY, Hu WX, Zhang XF, Wang Y, Yan XB. Geological and geochemical
signatures of hydrothermal activity and their influence on carbonate
reservoir beds in the Tarim Basin. Acta Geol Sin 2006;80(2):245-53. Chinese.

[42] Warren ]J. Dolomite: occurrence, evolution and economically important
associations. Earth-Sci Rev 2000;52(1-3):1-81.

[43] Zhang XF, Hu WX, Zhang ]JT. Critical problems for dolomite formation and
dolomitization models. Geol Sci Tech Info 2006;25(5):32-40. Chinese.

[44] Zhang XF, Shi KB, Liu B, Yang YK, Wang JQ. Retention processes and porosity
preservation in deep carbonate reservoirs. Geol Sci Tech Info 2014;33
(02):80-5. Chinese.

[45] Guo XS, Guo TL, Huang RC, Chen ZQ. Reservoir development characteristics
and predication technologies of large Puguang-Yuanba gas field. Eng Sci
2010;12(10):82-90. Chinese.

[46] Yang GX, He ZH, Zhu X. Research on seismic acquisition methods for lower
assemblage of marine strata in South China. Geophy Pros Petrol 2006;45
(1):158-68. Chinese.

[47] Sun YF. Core-log-seismic integration in hemipelagic marine sediments on the
eastern flank of the Juan de Fuca Ridge. ODP Sci Results 2000;168:21-35.
[48] Sun YF. Seismic signature of rock pore structure. Appl Geophys 2004;7

(1):42-8.

[49] El-Wazeer FA, Vizamora A, Hamedi AA, Al-Housam H, Abram P, Busman
S. Integrating rock physics, seismic reservoir characterization and static
modeling of carbonates: a case study from the UAE. In: Proceedings of the
AAPG 2010 Middle East Geoscience Conference; 2010 March 7-10; Manama,
Bahrain. Houten: EAGE Publications; 2010.

[50] Zhang HR, Sun YF, Dou QF, Zhang TT. Preliminary application of the frame
flexibility factor in Puguang gas field. Oil Gas Geol 2012;33(6):877-82.
Chinese.

[51] Yin ZW. Gas-water identification technologies for ultra deep reef reservoirs in
the Yuanba gas field, Sichuan Basin. Nat Gas Idn 2014;34(5):66-70. Chinese.

[52] Lu SM, McMechan GA. Elastic impedance inversion of multichannel seismic
data from unconsolidated sediments containing gas hydrate and free gas.
Geophysics 2004;69(1):164-79.



