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Abstract

In the 1960°, a few of shallow heavy oil reservoirs were discovered in Karamay
of western China. Since 1978, a lot of deep buried heavy oil reservoirs have been dis-
covered in Liaohe and Shengli oil bearing area of eastern China. For this special type
of reservoirs, it is difficult to develop efficiently using conventional cold production or
water flooding, due to its high resin & asphalt contents and high oil viscosity, being
as high as several hundreds, several thousands or even several hundred thousands
mPa « s at reservoir conditions. Moreover, it is predicted that there existing consider-
able heavy oil reserve in many nonmarine basins in our country. The severer challenge
faced is which recovery methods and technologies have to be adopted to recover this
heavy oil.

From 1978, directed particularly by former minister, Kang Shien, of The Min-
istry of Petroleum Industry, the technology study on steam injection thermal recovery
for heavy oil reservoir has been conducted. The author was appointed to establish
Thermal Recovery Laboratory for heavy oil in Research Institute of Petroleumn Explo-
ration and Development (RIPED) and design well bore heat insulating technique for
deep wells. By cooperation closely with Liaohe Petroleum Exploration Bureau,
through experiment study with advanced physical modeling and numerical simulation
technologies and field preparation, first steam stimulation tests were successfully con-
ducted in deep wells with depth of 1600m of Gaosheng oil field, Liaohe oil bearing
area in 1982. After that, steam injection recovery tests were also complemented in
Karamay and Shengli heavy oil bearing area, and both were successful. A integrated
operation techniques were formed for steam injection recovery with the characteristic
of our own country,and new situation was opened up for the development of heavy oil
reservoirs in China. Heavy oil thermal production reached 75<10% in 1985, and over
800X 10* in 1990, and over 1000 X 10* in 1992. By 1997, annual oil production level
of 1100 X 10* has maintained for 5 years. The heavy oil reserves for steam injection
recovery has exceeded 8. 0X10% and total well numbers has exceeded 9000.

The heavy oil reservoirs in China has the property of continental sedimentation,
with many types of reservoirs and complicated geological conditions. First, the resin
content is high and asphalt content is low in heavy oil, the oil viscosity is high with
big varying scope. The author suggested a classification criteria that the oil with its
viscosity over 50 mPa ¢ s is refereed to heavy oil, and heavy oil is also subdivided into
three types: conventional heavy oil (50~10000mPa ¢+ s), extra-heavy oil (10000~
50000mPa ¢ s) and super-heavy oil (=50000mPa * s). The development model for
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heavy oil reservoirs is adopted according to this classification.

Second, the buried depth changes greatly for our heavy oil reservoirs. For the
reservoirs in eastern China that have been put into production, the depth of most of
them is over 800m, with the deepest of 1700m. But the shallow heavy oil reservoirs
are extensively distributed in west Karamay. Recently, a heavy oil reservoir with the
depth of as deep as 2700~ 3300m has been discovered in Turpan-Hami oil bearing
basin, Xingjiang. The deep depth increases the difficulty for the use of thermal recov-
ery technology, and various types of reservoirs and geological conditions increase the
difficulty for the application of thermal recovery technology too.

We have developed a integrated steam injection thermal recovery techniques and
development model for heavy oil reservoirs, owing to scientific research and consider-
able filed practices in the past 20 years. This book systematically summarizes the ther-
mal recovery experience and scientific research results for different types of reservoirs
in our country.

For conventional heavy oil reservoirs, it is successful to use steam stimulation,
with the characteristics of high oil production rate and good economic profit, and until
present, it is still major thermal recovery method. The author suggest that using
steam flooding, hot water flooding, hot water adding nitrogen and foam agent or hot
water adding chemical agent following steam stimulation is necessary , feasible and po-
tential. For extra-heavy oil reservoirs, it is also successful to use steam stimulation,
but, as practice proved, it risks in economic after converting into steam flooding,
therefore, the new technologies must be adopted to improve the recovery perfor-
mance. For super-heavy oil reservoirs, it is poor in economic and not feasible to use
conventional (vertical well) steam injection, the steam injection recovery technology
with horizontal well needs to be applied. At present, various kinds of horizontal well
technologies begin to test in oil fields,and preliminary test results have been achieved.

Looking forward, the thermal recovery technology for heavy oil reservoirs will
continue to develop. Moreover, there will be more and more heavy oil reservoirs to be
discovered, and the new breakthrough will be occur for thermal recovery technology.
This book summarizes the latest scientific research results done by researchers and
engineers. Many experts from oilfields and research institute made a contribution to
the book. The author appreciates all those experts for their providing materials and

advice, especially Miss Yang Xanmei, Gang Qinlin.
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Thermal cace 1 BRIFR#VHEHIEREAML, LA ARMMIE, BN AW, WEEHEFEHY
YIRRI R, HESERAASHERSH . IFESRBABENNMSEETHO~R, B
£ 300~1700m By IHIRFPRZNA ., LEERFMEFH B EN, ARBRHE. BAER
P EMESRAHE, S ECHEARGFERANRREE. HESRRHEE 325 CEEREAH
T, 2=/ FAHMRE, KERSHABAIAE 0. 008W/ (m « K); {4 F 58 % S5 4 7= 1y B
LERMHE, 2RBHEH, THERZAMEFMLER —F, X3 30 NEFEAM, HEER
10X 10'm YA =RE ST . i A0 RUH T B R IF R B 5T B B R BT R R ik R R e e 43 B B
H I GKC—1 BAFEHEARAHERERMN B CERAGRAERH ., THEREHRA{H
BRETAHAMERRE. EMREIE350C, EAHZE 17MPa, fUE—OHFFA2~3
M EFREFIT A BN, TR E AR, AR ] RS O a2 R e T B BRI,
REBHTRARKRE.

BN AEEZHE ARG Z AT 400~1700m FEH WM., TRIEPAXREPEEY
BREFRWH.

RIPED M#IFF R REZY, MR 4BHIMEEE "EEZ AR ZERAHAS, FHIER
ZEBEA R KN R EREE -, ETFBRREFERELS, REFZEANERY
BRI, XBR—FHEFNRPES R/ NERRENITE.

4. IR I EARATH AR, EETFBSERBE

E4Aﬁmmzfé%%T%%ﬁﬁﬁﬁ%ﬁﬁﬁwwﬁﬁﬁWﬁEE%%%ﬁ%%@
BA. &WEEJLEXREBFRT X SHIEAMLERD T ZH8AR, HERGZEH. &
AWM HETE T SEEEEHD, FRUEHAEREND, SEREDEND, SREZE
LOR . HAE; Ik 1992 EREFREDAE, BPXHRTRAERS S B E
R HE. MENERYASREDHS, ARTEEERETLENEEANSES
B, FHANERESTHDXR, FETHELNE. ¢ AEARMLEDWIE, EF
HEMBDHERTFZE.

5. & B AR A = EHAK

st B MAEBERMRREAY ., WEN M HENNE, ERKHENEdE, O
FHAFENATHESSBERMRAREEEERTE, BETAMHERSH, BHHR
THASEHBEARBELSASRLS, TREETES LET, H# T, HFREHR. &

— o —



EWHEREMNAW SRS ER, MARKEABRROREIRA, DARISEEM, KRR, H
HHET 300 ZHIK, FH B F I 400t, BEiTH 13X 10', AF TIHERKRHIE, #
BERRKELMR. ‘

6. R &AILF FBhHE, M, MRETHK, REBH Fit

Xt ZRKRFEEEFL, AU-RE TR, HTHEKEN, FHEREZNER, FRT
A ZMbEMESHRENENRE, KARMIGNE., TMmEEEA. BXmEFT
ZFERKEME, WEHESRE, PHEFTA TSR, WL, JEY A . 2
BEROIL AN ZH) MEEH, KB ATHEEREMIF, JUERNT 586 7K, HH 22. 5X10%,
HuHEK & 24. 29X 10*, T 8 Vi SR A S fb 22 s fE R R R L SR IR SH) . HIF — 280 HR 3
M TE, RS, BRI HEmm R R4 mmE, FH T AR B K
BhHEFI AN BERE R, BUS T SR

7. BARKDESUMBRARETTEGRY

Bl M. TRAEERIPDAS AR T TPS—9000 M F R B BN REAURE
BWRN, ETRKEIE, BB T7TAIEMAR. TPS—9000 MEHN MHHIIFHAE, F
BRI BRAFEE 242 0. BLXHIRERES M, AT MR NR, Il
EREBRFRBCE, BAeATRE. SR @MERA, MW ENAR, LHHE P& 82
BENSHRN. TR EERHEBE. EH. ®E. T, Bac#E MNA, #hE
EOWLA L, XA, BN T/ EA R, LA EETH T XSHENE, MA
XS FE, WMAEBER T BRER, AHEENEREMEER —EHAE, HREH
HERKF, BREEEER.

B2, BEPEERH. AFFRMEHGH FERE. EARER. RlHEmRiLEe. M
BELZEEARE,

8. A #k L a AR A eE R

BT S T A K RS R AL (5~8m) . 12—16 RIBFRAMMPL Gm), BF
RIERA MM G~8m, HHE 50%), CEABERFRERERNT R, ERTHME
HRFWEFHEREHE, IEF—KEEE. RARRE. BRNBHFAXE. FRE. B
WE, WRESERRET]. BREMBFCRENA.

B F & 9 23 O W AR AL o Bk AR B R s BB AR, BT LA {3 R K R 0 v R O S v A
FI B EER, XTHHARCERT ORI NA, REBREFHR.

9. AXEHHARKFEHLERHEK

FEITM B A X AR E 2 RAN RERHEFRERFERM. AXBHE
¥E & 1000 OB E.

AKEHMREARE T REERER. EMRIEMNR. JEBE. S8, &
HTERERM IBEFEHT T ABHRIIE. BETHEFATUANAERE. BRRZH
25 i B AR iR . MR TR, ER TR, BRe 23 aKkFH, BF200
$, mTEEF. %I, ERTEHAKFEHRARE, WX THEMARYHEE, MK
KL, NHHEREERROHMRERLET &G, FEHKFEHAFHFFTR, KH7O
KEHFFHRN TR, R TERERBHERVEMFIEFRWBRER; XA L0K
SEHEEREEFIFF S E IR A BRTRIFEERE TS MABR—KFHFREMITE
REREHBEMYTR, ESEFIEFE, KFHALBTHIE 651m, BikX 730.6m, FHy
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B H KB E 331 3m, £B M Z 319m, FF&FiE 96. 8% ; 7EH E M 860~940m KT,
-5 B B R BE R 655. 5m, EZFHDHE, NAKTEANERTHESLTEE . RiKH
S B B EY 58 HFKP-H 12 b i TZ BB .

KFHZRELMBGTFEEHF 3~4 5. flwm, B 2052 DKFHEEN 8 DHA
FHEE, KFHAPTEBEREMHN 3. 6/F, MRKHEE L2, EF 20K FHE 12 08E
FiEt, AHEEREEMHM 4. 8%, MARLE L 2. BUSTHHNTRAHE. Limtss
4 OKFEFH, 3 OFBRFEEHEBET, EPATF 2 HAERERH, BFTEHE TN 45t, B
M 2. 35X 104, SRR MHML, BiFBE=FEM 1. 4X10, FF1. FF2HE
A FEEE 1. 4X 10, S54RI 7 I 8000 £ t, |

10. ZRAFA/Y ARL A RE

B SANRIP I R H7E 6t/h, 9. 2t/h, 11.5t/h & 23t/h R A TRy, T
E# 17.0MPa, REW R MERRARTE, 7 1995 £k, 2EERAERKRPTE 250 %
WS (23t/h), BESBETOFEER, XAEEESRENRREA . WiE 370C, K 27MPa
M RHEOERLEENER. CAEHEZENBERRSE, HEER, BRENBHRIAR
%.

11. A, +E. RALEEARERLK

HHoas. LEL2FATEEREEZHA. flm, HEaUvEmRE 831 oW, BT
W 3B, THRAWE, BT REREY, THTHEASEEAR, BETBERK. #
MEHRSCREL™, RA, MEmSASERE. BUKES. Fmmigr., HhsRE. X
BT RS, BB, BNFHERETSE, ERTHRRZS, EHERMARSE
TE®E.

12. MR RGEE, ARFABFLARTR T HEL

1992 AELIRIT W . R, FEMAEIH#H T XLBWETEWEM L, BP BT
T8 ARG BESEMAE TEHA, ERA THESRAMHATER. BEFMAHHIT WK
FIEER A BB S R IE TR, BB N . e TERE L ROBRELT
— S ER e IH R 50 % L b, AT A JLAE B SE BUUAE FF 354 O, EFERAEMISS 200 DAY
B, AL 10X10%,

IS e E AR 2SR T R
FERFRTARAR

Vet 2+ EER, BXBERHBAGTRERE. AGEFRRREFLE, W=
MARFEH GRHEREN. SPEMRERE WARFEFRNHREEZBRMRBEEZNT.

1. £#4Md OeTRHEE 50~10000mPa « s)

(1) ZARFE+RREFEAKX

D ERWETT 40%~50%.

2) W RAGR TS 2%, 0. HAER, 2F&4T, ORE/NT 1400m; QMR
HREERT 10m, SiEEE LAR/MT 0.50; @FLEEEAR/NT 0.20, KIKE LK MR E AR
F 0.50, B IXSANT 0.10; BEEKT 200X10™pm’,

3) AR FREBUFRDEERG: OFLARNEFESREEKMEEREREN
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