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Key Petroleum Development Technologies in Fractured &
Caverned Carbonate Reservoirs
— Illustrated by the Example of Tahe Oilfields
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S REMS B THREMEERARZILER, 19845 0E2HERFRIXH
FEih86oM, KIRFK200A 75, RFATEERZMI R EHASHFERE.  Super sized

Tahe oil & gas field is located in the north of Tarim basin in Xinjiang, China. Searching
marine facies petroleum in Tarim Basin began with the discovery of well Shacan 2 which produced

daily 866 tons of oil and 2 million m3 of gas.

1375 A Tahe oilfield

Well Shacan 2
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19974FS46H . SA8HE R RN HIIRSH T H182Mm, 5240, MM AIR T &
M, SEMTIEEARZMGHBES R AHANEE, HJEREFKBABEET
é%;ﬁﬂio Based on the daily oil production of 182t and 524t separately from well S46 and S48, Tahe oilfield

was discovered, which realized the possibility of the dream looking for large marine fields in Tarim basin

and laid the foundation of energy movement toward the west for China.
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Eimm AR A MmN R AT R EETE, REEFKX (lm-Bmn) , ZHEAEK
EEEEZESHER, BETN. HBEIMAEEX

1. In Tahe carbonate reservoirs, fractures, caverns and pores consist main spaces that possess
large range (several mm to hundred m).
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Well S65, fractured-porous reservoir filled with Well T453, solution expanded fractures and
brown crude pores filling with crude
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; Well T403, karst breccia, residual karst
i i holes are filled with crude
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2. i FEAESHESR, SMMERETHBMIAHKRRFEEFHE, @FFLAKRX

2.Fluid shows complex distribution laterally and vertically. Each fractured—caverned unit has

independent oil and gas system and energy characteristics, which causes high economic risk in
deve lopment.
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3. SHFEERECE (5300-75003%) ,
BEfR. BEREMEEK, XL,

mEE (120-160°C) « T LES; HMSEIZHRINE,
5T\ REARHESEK, FLHEFS

3.Reservoirs are buried deeply (5300-7500m) with high temperature (120-160°C) and high salinity; oil
and gas experienced multi-stage filling reforms; there are considerable reserves of heavy and extra-heavy oll
that require higher leveled technologies on drilling, complement and production, so the cost is very high.

Kk m | MR E%ﬁ% Rk inE*EE{
km2 | /A | E/AM % 7 =R

6X | 69.8 4703 632.1 13.4 4
7R | 39.7 3547 561.9 15.8 1
8X | 116.8 | 6714 763.9 11.4 3
10K | 297.3 | 21534 | 2041.8 9.5 20
12X | 421.5| 23455 | 3131.2 | 133 50

YQR#| 5 108 17 15.7 100
&1t | 950.1 | 60060 | 7147.9

HFRMIX

Heavy oil

HBE JUm X
Extra—heavy
oil area

B R RIX
Light oil and
condensate area

[FIRE 0. 83-1. 08g/cm®, HBE BRRMIHEAE 180 X 104mPa. s, iib S & E10000-
40000mg/m3.

Crude gravity ranges 0.83-1.08g/cm3, viscosity of extra—heavy oil
reaches 180X 104mPa. s and H,S content ranges 10000-40000mg/m?
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0NEC

I h AR E A I BB AR AR A S RSN, MhEAFLERERESHE
Ko BRI H/VFERERF %, BIFFRT —RIVERHFENF L RBRA

Because of the diversity of reservoirs and fluid in Tahe field, development requires higher
leveled technologies. During decades of exploration and development in Tahe, our company
establishses a series of key development technologies with specific features.
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1. ZHEMRRSE. LEBMGEEFWEAR

ey 1. Technology on 3D seismic acquisition, process and reservoir prediction

Mllopet

S3HHBIERE, SFEEIHEER, ERT1momaEE - EhERE, ERFERERIZHMERME S
WEAR, REERIRAEE.

Focusing on problems of reservoir depth and identification of fractures, caverns and pores,
our company developed the technology of 3D seismic acquisition with 15m¥15 high resolution, pre-
stack depth migration and multi—seismic attribute analysis to improve identification resolution
for fractures, caverns and pores.
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3D space depiction of Block 4 in Tahe
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2. Technology on 3D geological modeling
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ER=ESwREEN, EHEGE, SIFTT “FREREER. SHEEERERE" NZEBRERRZAR

Spaces distributes randomly and possess strong heterogeneous, so our company created 3D
geological modeling of “controlling different karst facies and combining different reservoir types”.
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g "] 3. Technology on reservoir numerical simulation
ONEC

BFERRHRERMEPNPNZREN , IR, IEXER. ST, MeT "IEEmERAER
HE" PHREREAR

Because of large range of reservoir spaces, cavity flow and co-exist of Darcy and non-Darcy flow, our company created the

technology on reservoir numerical simulation that is “interconnection of Darcy and non-Darcy flow”
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4. FF R FBRRAOLTHRAR

g tdm0) 4. Technology on planning optimized development project
lilonet

kiBEREZESIHES. SEMENFS, KAAHNERAMN, “LUEGH. FEAL” HHPER
MFLRDENMR . HEITN . FRBRZSHRINALER, #HITHARML .

Based on complex distribution of spaces and strong partitionment, plan optimized development
project according to deployment principle of irregular well spacing, ‘“deploying well in the
area of caverns and developing cavern by cavern” and according to multi—stage rolling zone
order of exploration, reservoir appraisal and productivity establishment.
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tazc] 5. Technology on several objects from one well
0NEC

AT H T HAEE. SREME, WIHITEFA%, RE—HZBVSIALER, SWHALBERAL
Focusing on disconnected space distribution and strong partionment, and economic development,

the technology was created to maximize development benefits.

a. —HE¥E (FI) b. Z 7R

a.multi—controlling from one well (well factory) b. Side—track toward different directions
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§ "] 6. Technology on reservoir reformation by acid frac in open hole

111

SEMBHENEER | DKL T R IRKER S R F IR ER A R (ES5500-7000mFE T &
KENFEKEIXT140m,

Facing deep buried reservoir, our company worked out acid frac technology with deep
penetration in over deep carbonate. The longest fracture reaches 140m on the depth of 5500-
7000m
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7. ERBhEGEK LR
g tdmiol 7. Technology on water injection
3

O0EC
FIRSERERBKNENTFER, FKRELATRK, HTHEEE

Use gravitational differentiation law of oil and water in fractured-caverned body to inject water building artificial
bottom water and keep formation energy.

a. PEEREFKRE BB HE: FREWSREEBHTHEHE
a. Water replacement technology for independent body Mechanism: use gravitational differentiation law to keep formation energy
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b. Z4EREEBAEKIKBZRAR HE: ENSFHF. KB RER

b. Water driving technology for multi—connecting bodies
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7] 8. EOR technology of gas injection

§ et —e

FMAERFERMSHENSRMER, F5EUATISRN, #hxtEEE, RS RINERMH

Use gravitational differentiation law to inject gas building gas top and keeping formation energy to drive
residual oil

a. ﬁ?ﬁfﬁﬁiﬁl—ﬁﬁﬁﬂ Gas replacement for independent body
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b. Z4&RIEIBAEESIX Gas drive for multi—connecting bodies
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9. BREFBE TR B MPERFEEARA
9. Technology on high efficient viscosity reduction and lifting

g . .
g\ fractured—caverned heavy oil reservoirs

111

SRR ES700-7500m, BHM(ERMEYE T mpa-s)FEA R, FRY. BEEEH
RS FERLIRTE, S TEmEMAE. WEE-AENSHESER, FNEE TR
RET
In the depth of 5700-7500m, extra heavy oil (viscosity is several million mpa-s in normal temperature) in well is
stagnant. Use medium or light oil to reduce viscosity based on rule of similarity, which is the technology of high
efficient viscosity reduction, combining with chemical viscosity reduction and pumping technique in deep well.
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- 9. Technology on high efficient viscosity reduction and |lifting

g\ 0ned fractured—-caverned heavy oil reservoirs

IZRARRTEA TR BRH B MARPEARZEH, BREH~ELAEBE S ~Er950%.
The technology filled in the blank of extra heavy oil production in over deep well. Production of heavy oil has

been over 50% of the total.
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Trend of heavy oil production in Tahe field
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1. 3%t Economic benefit

B A BRI S SRR ME, B1997FLIk, BRITRAFAMRIEEL2.7{CM, RitshAtRES
8.56fzME, BRI M637AM, FRXETHAL “RERM, ARAT HLRKE.
Since 1997, fractured-caverned carbonate reservoirs in Tahe field has produced 1.27 billion tons of proved OOIP,

that is 0.856 billion tons of OOIP. Annual production of oil is 6.37 million tons. The achievement support the
SINOPEC development strategy of “stable in the east and development in the west”.

History of OOIP recovery and increasing production in Carbonate reservoirs of Tahe field
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H2006F 2 MR . ©Rit ERESRBU*(2T . L&t

gmg**«za , RVTEMFE*(Z7T , BRZE 7 EIRVHEE
Hi,

Since the discovery in 2006, ** billion RMB of
national tax has been paid and ** billion RMB for
local tax. Cumulative profits reached ** billion. All the
contributes support China Western Development.



) 2. &R Social benefit

111

A g RE MR T A ME R, SR T RT A ERMSBALEAR, EH
HERER ZAE MAMME

Reservoir development and establishment in Tahe oilfield makes creations on
exploration and development theory and high efficient development technologies,
which contributes great value for application in similar reservoirs.

FOERA
(1998)

Cabira -
=% 29 o] 25 TPV N
5 (1990)

OIZAAM: 12.71ZFE Tahe oilfield: 1.27 billion tons
o{TF;MMH: 4.11Zf Rengiu oilfield: 410 million tons
eiZrh: 1.5{ZM* Middle Tarim: 150 million tons

femigk (L) s34 There are three hundred million tons level oil fields: (=)




2. 1823WEE  Social benefit

i) Ri0
Mlonet

BT PESANE—NEERERERREEETEME, #FERE-THERSOMER RS,
ERZEMO14877 M, FFEIT ABLEREY hH I & R ;

Tahe oilfield is the first largest Paleozoic marine carbonate with fractures and caverns in
China, ranking the seventh place of Precambrian—lower Paleozoic over—large sized field. It has
produced 61.48 million tons of crude oil, which is a first on developing large fractured—
caverned field.

iHRAERR - T ERHSHRHR

Order in size of Precambrian-lower Paleozoic petroleum fields

she<H C(EZE, =5 £ 2P Al K& i&%%ZPﬂ%ﬁ &ﬁj?ﬂa 2P A KA .Q?E%ZPET%%
(MMbbl) ## (Mmboe) & (MMbbl) i (MMbbl)
Hassi Messaoud (B[ RAEFINE, E2-3,0) 10335. 0 1333.3 11668. 3
Kovvktinskove (HRZFHr,vd) 8150.0 546. O 8696. 0
Amal (012-B/E/N/R) C(HFIHIE,Precs ) 4250. 0 666. 7 4916. 7
Chayandinskoye ({2 Hr,vd) 366. 5 3644.5 45.9 4056. 9
Saih Rawl (Fi[&,&2-3—01) 550. 0 2678.5 300. 0 3528. 5
Tin Fouye—Tabankort (BPsRIZFIIE, 0O3-DD 1100.0 1333.3 270.0 2703.3
Ea (b_EHEAK, ,0) ‘ 2415.0 206. 0 25.3 2646. 3
Yurubcheno—Tokhomskove (&ZF#F, R3) 894. 0 947. 2 90.0 1931.2
Zarzaitine (Bi[/REZFIVNE, D3-C) 1318.5 490. 0 24.9 1833.4
Moxi (P EPYJID 2.0 1814. 2 0.7 1816.9
HEib-AEl OB ED 2.3 1796. 0 1.1 1799. 4
Srednebotuobinskove (2% #7,vd.) 605. 1 1138.8 28.5 1772.4
Pt (PED 1040. 0 708. 3 1748.3
Saih Nihayda (FJ&, &-0,C,P) 326. 3 1089. 7 28.8 1444.8
Rhourde E1 Baguel (BaJ/RAFIIF, <) 1200.0 200.0 1400.0
Verkhnechonskoye (&2 #if,vd) 1158. 0 184. 2 3.3 1345.5
Khazzan (fl&,=2-3) 1166. 7 175.0 1341.7
Tiguentourine (B/KAZF|VF,01, D1) 90. 0 908. 2 266. 0 1264. 2
Akkas 1 (fHhres, 0-S1) 10. 0 1050. 0 189. 0 1249.0
Rhourde Nouss (B[R ZF|IF, O-D)D 50.0 796. 0 304.0 1150.0
PSS CPBE EEFD 1062. 0 44. 4 1106. 4
Tinat (¥>HFBIHr{H,03-P1) 300. 0 550. 0 202.0 1052. 0
Talakanskove (RFHi,vd,=1) 776. 1 224. 5 3.0 1003. 6
Hamra (B[ ZK A2 FMF, 0D 759. 5 210. 0 969. 5
Kuyumbinskoyve (&% #1,Rh3, ) 731.7 219. 6 17.1 968. 4
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SE 7] 76 FR e BR L  4 R BLH i BV B IR A R IR IS A FF & SR EEOK,

XETEFMSHANEENEAMRET %, BrlHinRESRKYEER
HRARE, FMNEEMERR-HRALE, HFEHX, ARGz
HSBAAZKEMAXRELR, MLEXRITTE.

Exploration and development theory and high efficient
development technologies on fractured-caverned carbonate reservoirs
in Tahe oilfield support production improvement and rapid
development for other similar reservoirs. Nowadays, we are facing
chal lenges of EOR technologies. We expect to share technologies
with international counterparts, work together to conquer
difficulties and contribute much more for reservoir development and
for all people.







