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The Research Of The Carbon Dioxide Complicated
Huff and Puff Technology Of DU 813 Exploratory Areas

WU Yao (Petrolum and Nature Gas Engineering)
Directed by Prof. Li Shuxia

Abstract

Liao He oil field is the biggest production base of heavy and super heavy oil in china. The
annual output of heavy and supper oil is 70 percentage of the crude oil. The super heavy oil
plays an important role in all products. One of the most important exploitation technologies is
cyclic steam stimulation. In the late middle period of exploring, the formation pressure
decreases obviously and the properties of reserved oil has changed. Meanwhile, the saturation
distributed near the well has also decreased and the groundwater has increased. As result, it
turns to be more and more difficult to explore the oil and the effect of cyclic steam stimulation
turns to be worse and worse. So the water recovery period of oil well became longer and the
ratio of oil and gas becomes lower, even it may below economic limited line. It is harm to the
sustainable development of the oil field. Aiming at the worse of the stimulation and effect of
exploring in the late middle period, a new technological process that is named “COxt+
Surfactant + vapor three compound cyclic steam stimulation” method has been put forward. It
has formed a certain scale, and the effect is obviously. But the theoretical research is few yet.
So it is important to study the mechanism of the yield of oil in order to guide the construction
and improved the effeteness further.

DU 813 exploratory areas is as an example in this paper. In order to research the problems
during the late middle period of exploring of the reserved super heavy oil, a physical
experiment is used for simulation. The key factors which are affecting the method have been
found. A numeric simulation is given combined with the properties of the reserved oil. The
predictions with the heating efficiency of vapor and CO; to the oil, period production and
economic benefit are also given. The optimal technique parameters such as the infection
method, the amount of infection and the later production are given to improve the effeteness
of CO, compound cyclic steam stimulation method. The theory of “CO,+ Surfactant + vapor
three compound cyclic steam stimulation” method has formed through to the research. It
provides a theoretical basis and technical support for large scale popularizing the technique to
the heavy and supper heavy oil field.

Key words: carbon dioxide; heavy oil; super heavy oil; surfactant; three compound cyclic

steam stimulation
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Tablel-3 Block oil production status table
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Table1-4 Put a cycle well throughout the production situation
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6.9km?, Sy JEFHIREE AAERE 1-7-02 FHHE, #AEE 800m, BFARE 175m.
G RFLNE, HEESHNTR22.

£22 XESHENEERR
Table2-2 Xinglongtai reservoir fault element of the table

£79 ﬂg‘ 30~150 | NE | SE |50~60| 6 ES‘C‘;E 2 | m ﬁ';ﬂl
# 406 ﬂg 4060 |EW| s | 75 | 15 | Ed v ;f’j'(l
4 74 ﬂg 20~40 |[NNE| SE | 75 | 54 | Ed 3 | W iﬁg
1 84 ﬂg 20~100 [ NEE| S |50~70 | 04 Ed v ?;ﬂjg

2.3 HEEYFIE
231 BHIS

813 REAMRA L BEAH B, RASEHER, UFSEEES, #I1TE
HR5 . RIFEEAMLEARBMEE LM TFRIAANT. I, O, V. V. VIEM
BH. XEEHERE [-VHEA. X1 AKE, XIAEHME, MXI3AL. T
WE, RPN ENmE, NOTEHFLRK, XVEXLKE, BEMERKHT.
HILEMEA N T+XILE. ’
232 BEMH

MEASHBEEEEENAHDE. DHE. HEMRE, EXLEAS, G060,
BEYRLF, X I ~VAFHARES 322%, BEER 1658x10°um’, BFIL. &
BER. Gn EXIVIEAYHEREST, KRNI, TMAH, XIRAFHILRE
26.1%, BER 1600.2md, SHMEAE 53.07%, A E 11.23%; NI E#HEHAFY
FLBREE 23.87%, BEFE 1284.6md, FMMEAE 42.26%, EHEE 15.47%.

233 WiE2 %
S BEEMM T EUSRARAE., MIMOAE, EEMEM, UASHDE
hE, & 62.8%, BREFMBESUR 154%R 16.4%, BEBRSEDE, SERY
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BE MR

1.87, REPMHE039mm. WERSAKEAE, BEKZ, BTEBRAKAVE.
ZHEE ARG, BBER. FHARE N 32.4%, FHBEEN 1664x10°um’

234 EEEH
EEANFEARRDE. SHBE. ASas. B~ uEings, Kl
NERDE N E.
< FSI3RELL I OB R EHHE RR2-3 R E2-1. E2-2.
* F2-3 BRLHWETE
Table2-3 Rock structure features list
i LR E B E 2| e
Eolam|nm| B | pw &%gg;‘giﬁg .
%ﬁ*ﬁﬁﬁﬂ%ﬂmm%ﬂ%y
MI4 (|1.912| 04 |KIE-2KkEE| Aia | FUBRR | 3.8 |025~0.5| Wk | MR | KA
W14 |1.686]0.378 | KIA-1kHE | A ;}ﬁ;ﬁ 52 |05~1.0| Bk | B | KilalFL
M4 |1.757(0.494 | WIA-ds | S gﬁ;‘ 40 0.5~1.55] Tk | R | RETL

NMIVA (212310588 | KE-kH | mdhd | FLBRR | 28 | 0.3~1 | FK | R | BAAL

E2-1 #813-46-593::4 LB K

o Fig2-1 Du 813-46-59 well core photos
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FEAMAFE (EFR) TRRLZAEY

X14pEa8HTE

m>1.00

| 1.00~0.50
00.5~0.25
D0 0.25~0.1
m0.1~0.05
@o. 05~0 01
B <0.0

So

Md

mo

XMADESBRETE

@>1.00

W 1.00~0.50
00.5~0.25
00.25~0.1
| 0.1~0.05
0.05~0.01
B <0.01

So

B Md

K>

25 ¢

15+
10}

XI4pEaBRENE

mm

2-2(B)

XNABESBRENHE

8>1.00
®1.00~0.50
00.5~0.25
00.25~0.1
m0.1~0.05
@0.05~0.01

2-%D)

Rl
10} I
0 1

% » B % % B %
& &G &S
'@’ ZA
HHE
2-2(E)

E22 HS13PE AT
Fig2-2 DU 813 lithology map
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BT MBHTIE

24 REYFE

KB 813 REVLHE OB RMFH BRI E T KRBEANERE, BE
HEMIEAREE. KARENKFCRFNDE . BORRE. ShZHEHREER
WK 2-4.

£24 RESHE
Table2-4 Interlayer parameter table
B B KX/m &/pm ¥3i/m —f/m
I~ 4.2 04 1.67 1-2.5
I~ 16.7 0.8 34 1.5-6
m-~v 14 0.3 6.3 2-10
v~V 53 0.8 8 2-12

2.5 MBS HRMEEE
251 HERH

ARAES 1R M T, FE813HEE & il IKT65~920m, & MHH BIE46-105m,
HEHBER100%. HSI3HRAR EMBZFEEDENTA, X4, XIVARXVIAT
B, M1 ANIEBE1-32-27HHHERE T 7.8m~15.6miM 2, H{HKAKE. #WEH
BB ESBEN 2, MEEHER F5268m, MEERATP~EER. FEL,
B EEZWERS, WERBLKMEEREX, FGERHALMEME.

#813-43-81

#-813-42-77 $£813-43-83 t|:81—43—84

<

‘M ANV

B2-3 #8135 RE & i = Wl T P
Fig2-3 DU 813 profiles Xinglongtai oil reservoir

WII 2 BB 1 22.49 K (BK 34.9 2K, B/ 13.8 2K), M L EBEE ¥ 748

12



FEAMKE (EF) TRELEARX

* (BKR13.0K, BPh13K), XT+X EMEREE 2997 k. REEERK 144 X,
B/N0.8 K, FHs5-6%, BIERE2-5.

#2-5 HREERER
Table2-5 Effective thickness data table

IiH B K & b F B Hig %
BAT m m m %
X T4 18.7 8.6 13.26 16.8
X1 # 34.9 13.8 2249 98.9
¥ 1A 13.0 1.3 7.48 88.8
X N4 15.8 1.2 1.72 483
N ~V4 50.2 48 27.66 100
NV 4 55.7 1.8 27.76 58.4
W~V A 101.2 10 38.77 100
2.5.2 WkSH

(1) YraAites
Yk, MEEFAIHENL, NI NVANVAH, X IMVIZAKE. &

Bk 60~185m, HHEE N 20~30m, FHREFHEEDMT 5m, WEFRUTE
BEhE. EmEARMEREEEGER, I4MERIL V. VAMERE, BE
Bk BRMEHMEEEA, VAREERERE, IINVARIKE. '
(2) FEAF A

B 813 B AR M, FELRERAEE, WkfalEmERsimzaE,
EREE—BAT 40m, BXEEH 813-31-48 3 60m; [IRIPH G HIE B EZHI
%, EEfE20m AR,
253 KR

Y—. ZB: MK RRSRRIL. K

V=B KRR RN R M
2.6 kR
2.6.1 AGRER

HSI3NEEMERTEMMEER, LFEM7E20CHIFEH1.0098g /om®, HEHK
KR EEZESO C I T3 4165405mPa.s, —R7E60000~180000 mPa.sZ [, #EE & |
26.1C, &HE2291%, BE+HFHFRE E51.008%. RE2-4K%%K2-6.

13



FF MR

80000
67450
) 60000 »
gﬂ 40000 |
20000 | 3201
0 - : L 381092367 —e1467—e 563
50 60 70 80 85 90 100
A °C
E24  HSI3HKGE 4%
Fig2-4 Viscosity-temperature curves of DU 813
26 [RuhtE RBUER
Table2-6 Crude oil property data sheet
# B P s y B | AU | B
# 5 m g.cm mPa.s - % %

20C 50°C 100°C 50°C | 100C
1.0083 | 0.9927 | 0.9667 58160 | 5723 | 20 2.63 | 44.52
1.0068 | 0.9912 | 0.9652 70810 | 651.6 | 22 247 | 4842
1.0083 | 0.9927 | 0.9667 83090 | 707.9 | 22 147 1 46.29
1.0077 | 0.9921 | 0.9661 81240 | 706.6 | 23 2.15 | 49.21
1.0094 | 0.9938 | 0.9678 | 124000 | 856.2 | 25 247 | 46.34
1.0087 | 0.9931 | 0.9671 67910 | 563.5| 23 2.18 | 50.87
%618 [880.8~927.3] 1.0110 | 0.9954 | 0.9694 | 230800 | 1265 29 252 | 5241
#813 |[850~875.7| 1.0098 | 0.9870 | 0.9610 | 134600 | 1041 27 1.60 | 47.16
1.0136 | 0.9980 | 0.9720 | 151800 | 916.2 | 27 2.55 | 4831
1.0132 | 0.9976 | 0.9716 | 208100 | 1149 31 2.36 | 49.49
1.0118 | 0.9962 | 0.9702 | 168000 | 966.2 { 28 2.52 | 47.07
1.0106 { 0.9950 | 0.9690 | 122400 | 855.8 | 26 24 49.6
1.0112 | 0.9956 [ 0.9696 | 227600 | 1194 27 2.04 | 5348
0.9993 | 0.9837 | 0.9577 [ 187200 | 1051 25 1.98 | 54.13
1.0133 | 0.9977 | 0.9717 | 264300 | 1243 30 246 | 56.83
1.0118 | 0.9962 | 0.9702 | 209200 | 1120 28 2.32 | 54.82
1.0127 | 0.9971 | 0.9711 | 261300 | 1400 29 248 | 51.85
1.0134 | 0.9978 | 0.9718 | 231600 | 1274 27 2.18 | 51.75
1.0125 ] 0.9969 | 0.9709 ] 211700 | 1318 27 2.6 | 53.32
1.0116 | 0.9960 | 0.9700 | 215500 | 1161 27 2.54 | 53.89
¥ ) |1.0098 0.9942 0.9682 165405 1000.6f  26.1) 2.291] 51.008

75 |784~825.6

820 [925.1~959.1

2340 |823~870.2

2.6.2 HERKMER
RIEHBEK 4R, ABtEK A NaHCO3 &, B LA 1845~2742mg/L. B

A RFE 27,
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FEAEMAE (BR) TERLEMRY

£27 HSBBHEKEEALE
Table2-7 Du 813 data statistics of formation water

e | ge | P BN HCOH BFRE ) 4w | "
# 407 | ., | 988-1024.6 610 1053 2045 NaHCO; 96.11.04
407 | s, 974-961 873 1022 2742 NaHCO; 96.11.13
#4007 | s, | 964.15-923 539 900 1845 NaHCO; 96.12.13
N T 1 674 992 211

. 27 HEEHSRE
271 HEBED
813 NEE & W B E 4t W& 2-8.

28 HSBNEAHMBEHRIHR
Table2-8§ DU 813 tables of Xinglongtai formation pressure
WETH | BGEH | HEES | BEES

* 5 B fi HE m MPa MPa M
# 813-39-56 Si+2 843 1.5 1.48 0.20
H 813-39-62 S112 842 7.5 0.78 0.10
H 813-41-62 Si42 828 74 6.17 0.83
# 813-42-63 Si+2 817 7.3 0.68 0.09
# 813-44-61 Si42 806 7.2 0.79 0.11
H 813-46-57 Sis2 824 74 731 0.99

272 HEBRE

813 e MEEMEEIRRH: 55 A IE %R, BEKEN 3.8C/100m, #WEF
¥ 875m~925m I, PR Y 42.1~44.0C. '
28 fEEITE

813G b Tk B 1788x10%, & MTEHA3.3km?. HK2-9,

- ¢ #29 HEHEER
Table2-9 Reserve calculation table
- — - %] Ao H @ | Soi | poa . N
| 2% | BR |yl | m | % | % |gem®| B% | 10%
#8134k | Sl |II| 33 14 30 69 1.011 962

8138k Sie2 oy 33 12.8 29 67 1.011 | 1.005 | 826

33 265 | 295 | 67. 8| 1011 1788

o>
%

15



% MRS

29 ZEEEMHS
REFFHEEREMR2-100TR » HBHRNMEEHENREELFS BN
#ui%lﬁ o

(D BWEFEREE., =EERR. A mER. miKhe.
(2) FH=EmENAE=IF .
(3) BEEFULFBK, MR R E R R LA .
(4) JESAIRISRAK 3R R JA 3032 7= 1 R ) S B 48 A I 394 K

#2-10 # 813 XEAHERRHAYFLLIR
Table2-10 DU 813 Xinglongtai cycle oil well production test throughput statistics

%{;ﬁ 2 m:’i% iﬁdﬁﬁ }ﬁﬁﬂ??mi }ﬁ%tiizkﬁ L, @fgzk%
1 17 | 16994 49.6 541.1 4519 0.31 2623
2 14 | 17385 67.7 7170 4204 0.45 24.18
3 9 | 21142 95.4 1472.7 838.5 0.70 39.66
4 6 | 19410 | 1298 13752 1436.0 0.71 73.98
5 4 | 19500 | 1121 1280.0 2642.5 0.66 135.51

BEFEHANBRELRRMT, HSIBRAFHARNB W T AA:

(1) # 813 XEAMERKRFERAEFAE —E=/k.
Q) ¥k EE, RELEK, AWFEmER, RE396t, KK, RF0.25;
(3) WA Rels (38D, FHBHSE, HERIFENRE.

(4) WEHFUARAFIE, WKXRER.
(5) BERRKE, EEZREREK, THKEEERK.

16



FRAMKE (ER) TRHBELZERL

¥=F =S8R ERENRLE

3.1 Z&{kEk. REFESHRERAEEERIERR
3.1.1 CO2 AL F R
3.1.1.1 YEHR

CO, BHERATR—MEE. TR BWRSE, AR —EMKAFRIKHESR
Y%, Bk CoARRTF K.
EE

EERNT, COMERERERM 1.5 fF. AN 812.92kg/m’ R REHSH—
B, BENEENN EATED, BRER EFATTRE.
Q)=HA

CO, T TR ARARAMEE B M. H=HAMEEMEHSHIHN—56.11°C
1 0.41MPa, KEFHRER 31.1°C, FRUERIAS COIREEN-17C, JENA 2.1MPa; a7
£ 7.53MPa.
QYERE ,

CO MM B AT K, BFREET CO, MEMEN 0.878, 7EKPHIEMERESN
A BT KR RTR/D. EHERET, COMEMETE 30—60m’/m’ (3—5
%), BEKPHTILERBNTRD. COETAR, KMMELA, EEFREAK,
CO, BRI FT A UL B AR A R IR 4 Y, MR EEBER.
CO, BHHEMTREMF, UM KERPHBRFRERAT %, BT AR
7K S G Wi COL VMR REREIE S AT L7, BEIRAE BT TR, BERRMS
FEMAMEN. SFRENFEML, CO,EaRHERRE .
HEHFRH

CO, I EZE R H0N 0.00218 1/MPa,  CO, HIMLEARRBBEE SR T F#, B
HRAMEK, FUERED, EA—RARN CO, RBRHRSHMS.
3112 EHR

CO 1AM EAY, SKRM S AERFREMER, EHlETHTIRRPNERE
BB HIRBRE R SRR, RIEKNEE. SRR RN AERERRS.
EBRBRES. YEENREN, FURER, SHASETE.

17



B=% ZnHATHEARNLR

3.1.2 ZEBRAERNE
RAR RS R R M AR R CO, M EERMLE. SREAFHHERS

AKX B EROREENE. X TERMR, COLEAMES, BEEFNREE
Bk, BERMAES, KR CO, FHMEENE. MNEFME, CO 5kt
Bifiik SEEMEE, fURHRmPEKELRASTR, HHBKE CO B

o XENE. EEASS KNS, FEACOBETHENE, SEMEKSHARE

(6], 32 E A AR R, BT LA COp F ML AT AT LA AT AR R 1R 2 A IR K i e PR AR vl
HBERREKE,

(1) CO, BIRSAFRBERMEREN

COHANMER, SHE—EMRTR . BEENENHRRIEX, CO R+
BB SHREK. YHHZE CO,FRMTE, FHHMER EENEEZRE,
CO ZERMPHRFRMEHMZ D, COBMEMNEMP AR R, HFH IR RAHE
B, BAEBRR[EMERSELRE, TURRREMXLE,

FIFEH T R E P H CO, B S FEE R E M = oA, YRR A bk
RN, BEREENRRK, RlPXER CO ik, BREMBAIFE, BWHIKE,
TR ES AR N, HTFUNSARERRNEEEE, NIERETREED
BHEH R, MR E R m R BCR A H .

(2) CO, # R MR

BT RENSALRERYA, E—EENEHTH COIEANRMEN CO,JER
BRI, CO RMEMAEERMF, SMERMARENK 26%—45%. CO, KIHEMFIE
KB, B B A AR D . COp EHETLIR ()
RAeWmGBREE, FEhEnEEn, 5T, '

R 3-1 FIH THEA CO, G #L 813-41-62 H R R AR B S COENBIIEIR
%F. A CO, I RIMMAIRSYY: FMERENEREN 1.0098gem’, HiEN
134600mPa.s, KEE &% 27C. NRFAUFH: A COJE, K. HESMLAIR
WE AR R B2 .

18



PEAMKE ($R) TRELFMRX

#31 AECO,EAETHEMBRERK

Table3-1 The amount of CO2 into the different volume expansion of crude oil under

HA CO, HERE, £} MPa BRRSH mt Wk 25
0.34815 2.123 18.161 1.1385
0.85767 4.565 43,956 1.1836
1.38864 6.6 71.17 1.2529
1.83018 8.668 93.83 1.2914
2.77871 16.94 144.1 1.3717

(3) RALFZERUR M A RA 2

CO, FEMRHWIM,CO, 5RARAFRITFMEENE, CO, IRMEREMT HERER
(C2~C3) #iRHk, MER{MEHMEN BRE. ERFRRMBRT EEM
EAT, ZEUKREETREHS REMAmeen, Lk LT ARG FI%0H B #.
XMARERFRHPHRAELE R EERRAERT, B CO, B M, M
MEANRKES Bz ROREKS, B RBERAMES, FRMES TR, REK
BB, &FH B REHAR.

(4) FHEIR IR

EHEEHT, BMZEONMK, COERMPMEMERZM, CORMEE
EshaAE, SoERmNAREEK BERD, BhEEE TR, BHMNEEE
e, WERENEESK, LENERGMEMSERAE. R325HTRRY—
O3FEAN CO, MBE/RILEI S RMME L BIEIRR. MR 3-2 FEIETLUEFEL: JEA
CO, /R LA KT, ARG SR8 BT R . 2 Rt AR SR B ) g
J135&, 7T AR B S SR B

%32 KR COEARTRMKE ML

Table3-2 The amount of CO2 into the different variations of crude oil viscosity

HEA CO, HIFE/RH, 73 MPa JR RS mPa.s
0 0 4211
0.3522 2.08 25.44
0.8211 422 1578
1.2542 6.23 11.19
19128 . 9.22 7.288
2.5333 14.10 6.143
3.4450 33.49 3.246

(5) xHhZHRRLEE1EH

19



F=FE ZnEOFEZARHLER

CO, B TR EHME, SHEERMNMRERN, NTHER—HRE,
REAHRRE TR BIE R RR, ERSBTKNRREL, NTREHKREZNE
B, FETCET, BTHBEK pH ERE T LUDHME R LI, TR Co XKt H
—EMREER: ERRENDET, BRAXERETVRERMN, EFSTHEL
WO YR, EIRERMRBENER, NIKKHEEZEBEE. BTEA CO
HMERIER SRR BERRA. H5 E—CENET, —BIHEITHEHEE
YEFBROPRIER, THMMRERE %G RGBT E S .

(6) P& T R mAARTLRE L

HFREEAN COERMAKFER, SEOMRKRNL, ERMEERREE, B
BEWR, KRR RN, WE TR, BT KRREERR, WA LG
BEE W IR KT, —HEWHET AL, MKMEmRE R, RET MK
%,

313 REEMARRIEANE

MR Z AT, R AR D E LS — KR AR . T2
FLEA BEFIORR. Hith. LILSHE, ERANERT, TUESSEMERLHE,
IR, By IEMER, EREFRY. ERNENT.

(D) KR, ERANBEAAT, HABIETLRS RN R RES T RE
BIBR. HERRETERAGRENE TR, AR, B RHME.

(2) REEAFHENRS T EGRAWEE — e KGR, MRS
REBRILE, MIREREN, NTEKMIFESRE, REMARA.

(3) REEEANEHR, B E SRRk RER ), MTTHAEEH S,
R TR KR |

(4) BTFRKNAESREEEAINES T, KKMETWKREKS, £
T RS R A IR, IR D5 e R T Ao

(5) WM FEARAORMER, TAEMABEE MR, &R
.

EUAR SR ENEHEERYE N, BRESLERT, SEENERSR
CEEORMAE, BRAERRREN. SHEABMLRST, REEHIENE, H
TRV T, FT DU ROt S A 77 A 5 R BB . YA e
AR AT B B R A, AR T R AN E M E NS RENE, &

L]
20



FEAMAE (ER) TEHLERY

EESAENG, TRKRIE, WAEEKEB K E LY 20 R B £k
MIBREL KR CO NPT IR B i T BE 3 K, M v 22 (4 2 BURIURT CO, Y
FEARHIN, AT KA Co, R RFHFRMN CO, MB R RY R R MR
£,

3.1.4 ZE B FEHENTR

HEA CO,, TERMF T, FEMIATRRIEAK 26% —45%, CO, MR LR M
FIABhEE I, FbEsh R REEEN RIS D, . CO, EHE LR P AR
KWK, BEERESN, ATRERBMMREES, BEEBEE. SRR
BEENEHGT, BRAFEER CO, B RMMHEERAMAESITH L, Rk COM&
T, DRRRMRE, WA 8133964 LRIFMBAMEE; CO, S
PEAIRE 99.9%. FiRERE R 80°C, MIAE SN 0-15MPa.

RE 3-1, HERERTUEH: CO, ENBRM, TUKRERMMRNERE, &
B EE B IR S AL KT M. 7F 80°C. OMPa &+, #t 813-39-64 FEMKE R
3545mPa.s. {RIFEBEARE, ¥ CO,[ES7HEME 3MPa B, [JRIHKEE T M2 2056mPa.s,
TRET 42%; ¥ CO, 13 E) 10MPa B, JRiHEE T F#%] 1696mPass, TFET 52.2%.
RROTFEHRRAN, CoERMPRMEREAR. CO,BHIERMTENGE, K
SEEMEARA, BEMD, BMAERETRE. Rl REHEESE, HERK
FERMK, REMEREAESEEREE. EHEELHT, RERESE, BEEN
MWK K, CO, 7E BT R MR R HBEZ B, R ARG R Z AT B TR,
VIREEBE, HETHENE,

0 3 6 9 12 15
K/ ,Mpa

3-1 NRE A FAFT R f ARG R
Fig3-1 Under different pressure conditions the viscosity of crude oil
after the dissolved carbon dioxide
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F=F =oAL ERENLR

3.2 REFEMFIFES ERETM

REFH R A BRI SHEE R Z ARFEES, WORBIES, #nE
wEhtt, FMESTARBILRPHL; ETERSERENKEHIRE, BB
AR R RBIE . TS, R A=A .

3.2.1 REFEHERRITHE
RPN R RERTABAN ., WA =FREEEAIEAE, NEE &8

REFER
(1) REKA

WARFREHERS . HEHAMIN. KHR KRR ERS, H=FEH
PR KEARERRREARR, FIH BZY-2 £B3RMKIN, WERFEK
B, KRR LA 3-2:

8

—— B

B0 —a R AR
2 0 —— M
~ 25 F
3

15 +

10 +

5

0.1 02 03 04 0.5

W %
E 32 ARRMEHERAFREABFRT TR

Fig3-2 Different surfactant surface tension of aqueous solutions of different concentrations

MK AR T, WL SR AILF RA AR TS, B,
IR 0.3% 0 5K 1177 (2 10mN-m A .
(2) WKFFAR

REEUNE BB RBRIEAT, TUEREBARATRNRR. FHRIKE
R FHSTEOR, REERBENE, BHERER, ZTREHBE, RO,
MR, ARMARAHE. Bk, EABREATERIEKRERERAN
K, EENMBARRRETEERAR, L% 33,

22



FEEMKE (K TREEFMRI

% 3-3 ARRMFEEH ML ERE
Table3-3 Different surfactant foaming performance tests

B RHEAE, mL KL s
4.8 625 4562
7o i B35 L85 FL A 778 5782
I i 571 1210 9123

MR 33 PATLNES, BHAMEEEEHALEMARHREEEAREEERR, |
| KETIK, HKIEE.
\ (3) BHERR
‘ Bk 813-3964 FEi, RIEIEHR 80°C. KR, MEPTILBIN. WA
FLHIR 0.1%. 0.2% 0.3%. 0.4%. 0.5%AFIVREEKEBE . FALEAT 7 A FRER A0
B —IREATIERE 40g, FHHHN5. FBRERTRAD, £ 80CEHTE
B 1h, MEABRE, HTEENER, SREZIE. BRETET
g="0""0100% | (3-1)
Ry
R p—FHE, %
n——>50CE B RMAE, mPas;
n—S80CHRMBHE, mPas.
LIS R LA 3-3,

100

90
80 |
70
£ 60
@ 50 —
8 40t —— [k
¢ 30 ~8— E B AL LA
20 ~de— W)
-~ 10
0 e
0.1 0.2 0.3 0.4 0.5
wE,%

B33 AERmFEEFMRR
Fig3-3 Different surfactant drop sticky rates
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=% ZnHATHEHNEMLR

BRI 2 R AT, IKEER 0.3%0 B MERG R TR 94.7%, BT HABPF RS
38 |

B ERRBATE S, Wit aEr TRRENSEAMALN, BhREER
EEHE L AR, xR TH— Rk
3.2.2 REEMHERERR

(1) WAREHKA

TERMEEER IR, B3 MR IR A R K 2 (8 Y S 7K 7 7T DAAR K s (e
FLE PR ENREMAE, REKH<I10°oNm BELR, TUKE RFHRHEBR.
B, AERABRICAERK BN E R REEER T EEERIRE, TR SR
¥ T E K 0 WA e AR B B R A R AU 0 1

W WK RER A E R EE RE, BB, BliE ERETEFHAR
¥, BRERTREOTFERERIOME, o TFETF 10° mNm HEHMBIRREK
I T R ah A R E K AR E LR ER, S5 B e i S 7K X
HATHE. RHERENERER S, RIEEEREOBEIMEEZNRE—REANE
EBHE, HERERE, FRRES. B, WELLE B S AER LB Z A i &
ST, REMERRORR, WTHERER]. EEATEERRNTIANER
{9 7T 5K 0 AN 5 6 T A W AR Y R o

FIF TX-5S0A Bl i 57 11 7k 7 0000 X 2 T 7 4k - 0 v [ 3 57 0 7K A7 i e ()
AL, FAERIMERED 2h, AR FEAEKN. AEKEGRRET S
RN 0.1%. 02%. 03%. 0.4%. 0.5%MREFHFIEE, BIHESM. AEN
RTARFES B MmA S 813-3964 FHEMHMFEKS, RRLERAEK 3-4 kHE
3-4,

34 NRERRSEAER S R FE 0 R EEHE

Table3-4 Different concentration of chemical agent and the interfacial
tension between crude oil

TR (%) 0.0 0.10 0.20 0.30 0.40 0.50

FAEHKS @mN/m) | 5.06 1.38 0.011 0.00018 0.019 0.382
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PEAEMKE (FF) TRHBLTZARX

mN/m

FiEERS,

O'(Xx)l 1 —t ! J |
0 0.1 0.2 0.3 0.4 0.5 0.6

REN %

B 34 AR BRSSO ) 5 0 e 1) ) S T
Fig3-4 Different mass displacing agent and the interfacial tension between crude oil

HRKE R E Y, REKIMEEREYREN BIEMETR, L2RKAE
BF. XEENERRODEERRES LT, REEERS FRIEER-KFEL, W
ERMREESEARES S, Wl-KFEERRGYTFHE, REKDREAD. BEE
FE—HEREM, PRARREENE (eme) B, FHEKNEFRE. LERE
Ak K REFMEFI AR, REFEERER-KAE ERES R TR, FE
AR F. FURAEEARESREEERENN, REK)HESEEREE
BHURE S S M — R A, WE 34 For, ERHEYRESECH 03% 0 i
%5 E] 10*mN/m HEX.

()5 3t it 15 X

B T8 ot i P VA I T\ AU BE7E 300°C DAL, RS R RA 3T ¥ 300°C.
HEEAREKNZTN, UHEEHZRETE. JUEE 03%KMAER, ERERNE
FINAE 300°C, 1EIR 24h 5, AHZER, SHWREKDMERNE, F5RHERNE
ERATH, RREGRLE 3-5

#3-5 BARmEKS
Table3-5 The driving agent surface tension

mHE FEKAH (mN/m) FERE (%)
i i B 93 94.7
i e 15.7 91.4

FRHETEIR <35 >90
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=T ZaHATHEARNLE

miARE R, WlHZ 00CHELEE, REKNAFMM, BHEEHTRE,
ERELHLATARTE, WiRMERELT.

(3) M SR K F ALt

FIFAL 813 S B KR EURE 25 2.0%M 0.3%M BB, ETERM
W, EHERELAHT (60C), EPAERRAR, FUEHABNELR, EH
MEEMA S EKRAYE. RS RRARMNSHZKREEYE, KE 15
KU E, BREERY. HRER. BXAERUANE, RRERIEK 3-6.

£3-6

KR RRESRR

Table3-6 Compatibility test results table

ﬁtlﬁ%w 0.3%4k 2 A1 2.0%4k % 7
e 18] [A) B o BHE % ARIAS BAE % RERE
0 934 SRERLE S 63.1 | A& EWB G
1 94.5 AL 62.5 AL
3 97.2 L 61.5 AL
5 98.0 FL 61.5 FL
8 98.5 AL 612 AE
11 96.2 AL 61.0 AL
15 97.0 AL 61.5 AL

(4) b 5 3L ACm
Bk 813-41-62 F R (HEES K 36%), EHAENEFEIA 100m! A, A 50ppm
WAF, BAIMARFRES SN, BAKRE 75°C, BKRE 240min, HEHK
I R KRN, AR EIR AR 3-7.

£ 371 EHNSHANEYE
Table3-7 Chemical compatibility with the demulsifier

b | | SRR | R fit KB () BAKE)
AR | &K | &% |2%@Epm)| 15 | 30' [ 60' | 90" | 120" | 240’
0% | 36% |MH-I) 50 | o] 2|6 2| 26| 32| 889
0.1% | 36% | so | o |2]|4]|2 |27 |3 | 97
03% | 36% |LHI| 5 | o | 2|6 24| 2 | 33| 917
0.6% | 36% |LHI) 50 | o | 2|6 | 25| 28 34 | 944
% | 36% (LEI\ 59 | o | 3|6 | 25| 27| 34 | o044
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PEAMKE (ER) TRETZMRX

HRAREIEFE, Wl bk T Ew .
(5) TR KRR E R
B EKA W KLER KR, A, BEHEIWES, 45E A 100ml 5K
B, BT EEKEHTABEE 80°7C, 7 B LEEF KR A 0.3%% M5, HE A.
B A X LEEFMA—ERKGKA (EHL: 400 mgl, FH: 75 mgD), RAERGEE
. B THEEKATHIENE, 30min 5 TEREFERIMW. M. RBRERAEK 3-8,

‘ #3-8 WG KAEEW
’ Table3-8 Impact of sewage flooding agent
\ T méig (mg) n% /ﬁ ’fnlj
K5 FHl: 400 FHl: 75 | BIFFNLLE, TRAKRE | 2615 | 35.16
I 0.3%+EKHM | Thl: 400 FHHl: 75 | BEFWHRL L, TEKEE | 2599 | 3433

RRERRY, Rl BEEKKEEEW.
33 ikl
33.1 EOEH

HOERER LR BERHEEAEK, REBELR 3-9, EilRmE
B THEOK, BLRGKEME: SERmEAF-ES (4MPa). BE (80C), SKLif
TARKEEL 2 3, BT COKRRFM 2 8, BEHTREFBEEA+COrKHER
(Zx8E4&, TR Frt2#. KRERIE 3-10

X 39 ZHHMNEMBIER
Table3-9 Three models based on the data sheet

#9 | ke em | 52 e | YRR Dame o | mas aoed
¢ 1 .80 3 190 33.6 1742
Py 2 80 3 119.9 21.2 536

3 80 3 103.5 18.3 118
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B=% ZREAFUHIAENLR

#£310 =EFHRUFHTRHER
Table3-10 Three models of experimental data throughput table

oy KERFL KER+ZE =xE4FH
= % % %
(] 0 0
1 67 203 268
2 34 13 23
3 12 5.4 14.3

=SR2 3 BARTREFNANNEL LR ERRH: H5KKK+CO, FrLf
b, HE+CO+BIFIFR 1. 2. 3B CEMEREEEIIRET 6.5%. 10.0%. 8.9%.

3.3.2 FRIAHREIEERN ,
SREAHRERTEFAREEER. A, BRI KRR S MmN,
XHELEFRSEREFROLHEIRAE 3-11:

#3111 ARFEHFAKHEEN L
Table3-11 Different way recovery degree steam contrast

KERFH KERFZEK | KBRARAE | KER+ZEABR
B5 | RUBE (%) (%) HA (%) EEER (%)
1 6.7 204 20.8 26.9
2 34 12 12.3 22
3 1.2 5.5 59 14.4

@it ERAUES, FAZEMKEEBRERTLUREMIAFREER, BRI
TEARER.

ARFAARESZAFLRS, HAMFMREER LE 3-5, MEFTLUEH,
AR, RICREEE A BRI, REERR, W™
Bern, Bk, HBARESHAFLP Rl
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TEHAMAE (BR) TEB 2R

—— G PEFNZ RN

—s— GRS+ B R RIK
—h— P HE+ BT A+ 78R
e TR A A+ TR
—e— FEPEF LR+ AR

1 2 3 4 5

B35 RAFH AR SRBREN
Fig3-5 Throughput manner different degree of recovery period compared

34 =R EAFEMFKHHIE
341 REHMARE

BEEANSBRERBEFEESENT, SRIETERERGTRARMEK, B
ANREEBE, BTFREMMN, FHSHEANEF2mME, Si2EtiisE ) ZEiRE,
EEERRRETE. SHERRER, ERARSEEANGEE, HEmEHH LA
Hm, ¥ ARBARBERGER, REzHER.

342 BERIER
(D RAFIEHK. RWER CoL e, AR, AMELRN RTRAEHTH

F&ME. ZEMBRSAENBER, SE—ENLRER, RETHHEE R
Ho AFEERPEEAN TR, BTRBN AR ARY, EREN=ESIEES)
H, REEHBR

(2) BBHEFHE. MM COyJa, MBI FRIR(R SR Mzt iR, FULEEEY,
E BRI, et B[P

(3) FEKIEE. COEMMAKTEE —EHEME, CO M. KFHKIME
1§, WM SERRE, KEAMBEETR, RETHER. BRI
REK S HRRETTID, KEZEARISGEANMESRIERBELE, hRRETE
YER AT KRR B PRAR MK RIS, RARMENE G BE R, EEMHMR.

(4) HetEfl. CO, ZEREERIRN A nE st E b B AEH, RERBER; CO,
ALK REER L. BERBEERNER. EAESREN COp, TG L
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B=F ZaBAFHEARINLR

KEOILEZE, ZEREWKMTRERMER. BT KBIEAR CO, 7ER MK
R, SEULEKRA, ERAGHERK, RESK, EKOEERIEN, RET
. FKRTRBHTEREAR, MTTHKMREE LI BEE M B HE I R TO>, — %A
BTHRE, SKNBHENRAE, BT HmNE.
3.4.3 BEH61ER

“ENRSETRE, RmARPK, FERAD, HEEETR, RilRAES

i, KEREOEERK. MAMBEERGREIHRERNE. BRME=TEE%

mE, BmAGTREAREEMN. BERSETHE: SRAMGE. FELERARE
BT, '

3.5 EISHML
3.5.1 REBHEFINE

BEM 813 R HBBLNILRE L, B 3 AP REYEER R
WAEK, ERIMES, STmmRK, BRI . Rl ) ME R %,
HATHERLE 5 AAM, SEHE—ARNERA Co EARRFMRA, TEAENA
15MPa, HEMREFEEFIENTES B S FAKEREANER 01%, 03%, 0.5%.
Eint 3 MERHAT EAMBE S FAEFAHES T, FREERRE 2 S A
HEwmME, LRERILE3-6.

—
[=]

9
8 L
® 7 t
6 |
—e—0.10%
g i ] —u—0.30%
3 | —a— 0.50%
2 L
1+
0
1 2 3 4 5

A%

36 AMRHBESREEEAREI KR
Fig3-6 The degree of recovery cycle of surfactant concentration relationship

S RRY, HA. COENBRIHERE, M01%F 0.5%MARIEHERIR
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TEUMAE (ER) TERELFURY

BEN%, SAMGREEEEZ REEE, RARKmERE. NEPERETUE S,
REEHARESHOEE, BEBTE, BEETKT. bt mpEs RmEt i hE
AR, REBREOMEBRER, FLERBMEEBE—RENEREEREA
Bliely, (EREEREEEAAREM, RALHMEM 2N TR. KEZRAN,
REFHRREIBRAS K HLREE.

REEHERIREIRE, —H A UERBBRNE S, RERIAZEF T,
BRREKS, REEEER: F—H R E TR R R R
RHELHRM, BARAY, HERAE, 75 CO MARIEANTE MK KA
YR, IRILRRIEA . B R BRI A 2 R O R PR B, SR I AR
B KR —EEN AR ANELRK. T, STROBEAEE—TEEKRE, 5%
SLRMIR, FTARNREERIRELE S%B A EE. FHE, S%IHKERELER SRR
HBFE—NREE SERGOLREHE (B3-7), TEEHRIMEENEAR
Xt FEISH LLIETE 1.5%BAETE, KFHREEMFIEA RN TRICH LA 1.2%H
ABTE.

TeEEEl e FEENEY
200

500
2 ;.
.
2000 F ®
1 150
1500 | : "' . "
.
e SN 1 100

1000

FETH, ¢

500

EHR/ZER %

3-7 BHREARSFBRUXR ML
Fig3-7 Surfactant volume and production change relation curve

3.52COENE
EZTHEFLERET, CO EARR-NKESY, EAER—EKFH,

MELPEEANEMINTEM, SEABBE—EKTEE FHEMNENESR EEHT

AERKHAFTHETH. BRFE-ANREIAE. REDESR, D COEAERN

31
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R R 17100 1/5. 3/10 1 1/40 ([ 3-8), EERRFEANR—EMEHT, COEA
BEid/b, SHEMOERAR, COEARBK, RMMREEESR. 4 CONEAE
& B —EEE, B Co, Mt AR Bt RNBE LR BAHE. COEAEBE K,
K185 % BB\ IR S B TV FE B

10
. 9
* ?, —— HHEARM1/40
. =
: @ g —— ERIEAR1/10
§ ; —a— EAEAREL/5
| = % —— T AR3/10
| 0 -
‘ 1 2 3 4 5
1 JoTer

3-8 COABERABIRHEEXRML

Fig 3-8 The amount of CO, injection and extent of recovery cycle curve

& 3 = 1tk 6
9000 1 90
8000 s . 1 80
7000 - .. F 4 70
6000 - - 7 60
5000 | =", . 450
4000 | . . 4 40
3000 e o g 1 30
2000 ‘?_' se s - 1 20
1000 | 1 10
10 15 20 25 30 35

COz/ ¥R, %o
B39 COBEABREFEBTHXRA

Fig 3-9 The amount of CO, injection and production curve

‘ g, LE 39, ZRFIEHRA, YEEHEH CO MIZFEIRILG 1/40, KFH
; PEAZIEIRELBIE 1/50 BOAEE.

353 ERIEAE
(1) CO,RHEUEH

RIRBUAAEF=LOR, NG CO, WA AW, BEN-17C, EHH 2.1MPa, &
ANHERHBREMENSS, HEREASZLEMERA 100C,ENN 10MPa, H
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PREMAE ($R) IRMLZARY

CO, HEBWKE, THNTRULERTHE CO, EALTEPHHBZUEL.

Q AH+W
-17°C,#,2.1MPa o 31T HISMPa [ | 31C4,7.5MPa

Q
> 100°C,<,10MPa

(1D WHEABRNTAE Q:
2.38+2.84

04 —
0, =AM, = fsendet=Txlx(304—256)

=2.61x48=125.28 (kJ/mol)
p (2) ZEK# AH:

AH =0 (RREEREREBEHRIE)

1 (3) SHFHBHY W:

‘ W = -nRZT =-0.69x304x8.314=-1743.94(J/mol)= -1.744 (kJ/mol)

| 4) SEFEFERE Q:

B — 64.5524 +71.5453

0, =AH, = 04nC‘,dt=

x(373-304)

=68.0489%69=4695.374(J/mol-K)= 4.695(kJ/mol-K)

(5) BIFFERE:

Q=0 +AH +W + 0,=2914.341 (KJ/kg)

G-2)

(3-3)

(-4

(3-5)

(3-6)

WL ERFAN: BRTBUZEANN COp AHE, EATHEMBEHMIRESK
RS, NGB, W CO RMA; BRKEAN, FRMMEE CO MBS E.
BZFTE AN A COy BER-17C,IES N 2.1MPa, HEFEAHLE, BEER 10MPa,
100CHIAE COp RAMBWITBEERBAHER 2914.341KI/kg.

(2) KERBHEHNHE

RIS EFE LR, BAEKTFER 75%, BEH 300C, KK 10MPa, B/5H
HENBEE, HEREEFRLENABKER N 100°C,EHA 10MPa, B H0 &
ZALRAE, AT TSR E H0 AT P HHETUENR.

AH Q

300C, ¥, 10MPa(25%) Q

(DR R A E

33
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B=E ZaHAFHENRILR

AH= (H 5—H 1) x75%= (2728.5-1399.2) x75%=996.975 kJ/kg (3-7)
Q)R /1 300°CF%3) 100°C i H 2

Qi+ Q:=(H s3000—H 5 100c)=1399.2-415.29=983 91kJ/kg (3-8)
Q=Q:+Q,+AH= 1980.885 kJ/kg (3-9)
Qco, / Qu,0 =2914.341/1980.885=1.47 (3-10)

WIFGENFH COy HEE-17C, ES 2.1MPa {3, HEAZEAEE 100C, K
7 10 MPa IS &R, MFERKAEN 2914.34K)/kg. Eik, CO#ZHSAERE, &
HEtE—EHARE, FUEERERTNLAEBXHTHENFE. KRB
1980.80KJ/kg, NEE T B RE 147 £ CO, MBHIKER, ZBBIRSBIR, BUESEAN
BN CO, EM 1.5 .
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FEAMKFE ER) TRBHFARX

FWNE BIAFRZHERFEN
41 BIIZE

813 REL BEMFEM, EHMH T HBAAER, FHLERAHEIIZR
RERGFRBR RS SEHXR, FEHTITSE:

@O KEFHFHES ZEMB+ER

AR BEHTICE, TUHNEBHE, BEBAESH, REILRARE .

@ WAZEMF+REIFHAHHR

WA SULBTEERE T, SALEIE 500 fEHI—EABS K, BoEMBSHA
HREHGER, BERE R EHERBIROEREN, T%%%K%W%mel
P

@ REEERHEA - BB+ RE RS

WA ZEUBERSEZEWRE, 10 RBAMGRME, HREK, BIARTE
WHITEHEAN MRS, TRRRE, AR, HIEH.

BT LM, BT TEMEREEER B AR ERNE AR
R, TUERHRHERE, BREME, BRESHZHEDEMN, B 813 e
BEMFRFOEEORER R, BEHARCE, BRERNE, BEEERE.
b R, BaETARFEOME, SHoEMR=TEEFHEESR
SHBRRE, X T REEMOM AN, Bl L el RRERRAR, &
BT IR CO, AR —KEH, HPANERHRRRXEEMBAXRE. EER
B, BT MRAS S — A, X R AT LMk B COp AR, HEEBE K
Mk, FEE AR BURE R R R T3,

& 4-1 COHER IR RY TR
Table4-1 Effect of CO, with injection measures tables

EREN 4

CO il &

b4
¥

HE

FRE
J51(MPa)

FRE
(t)

WA=
)

A=K
€3]

mERE/
EEE

I Bt &/5E
Rt E (1)

10

15

13.5

2089

424

1307

286

641

11

15.6

13.1

2069

430

1552

153

387

Xt

0.6

0.4

=20

6

245

-133

-254
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BE ELH R RRITH

HTRETUAEEELHAR, SHUTREETI IR, FrUURE THEERESTE,
WO THRERAE. fllmRk 41, CO2+ALH: 2008 GE5LHE 9 FHiK, CO2 FIEHEL L
Y 254 W, FH 40%, REFEHEFTTL 20 0fi,

4.2 EFRM
BT HED. HAKZREIERE L=, —BUBREAE ST BARESLEH

- SRR, AT RFEBCRNA A, HEIER 813 REFTEHFH .

(D AfFEmE

—&iEit 3 AU LA BRSO —REL S CA KRR
SEH B SR 2000 M, BRI 6 7T, ATRA 28 Jigt, Wik 850 TitH, &
7= 329 W, H FTZETHE MR AR sk 120 1, SRR A% 100 MRS, W

YEFRIE M R AR 2 AR 230 M.

(2) Bit=mE

HT YRS R RIERE R R (RAEZRBRE), 5% 105 HRH
MEESMAEE CF93 A #T TR, ANEGHBEZHET 1x10* 0, ,
BN RTHERE, hTRESRRER, EH AT N RGBT 1x10* #ELL
T.

(3) BirkiE

UNEEHFBRELET 1.2, BERRAHEEE, HTRHRIEBRNCR, &FEF
EHNEEMH 12 LT,

(4) MEH .

BEEMERKEN, BREREE, BHERAREE, HEHNT 71BN, HHAR
BT

HTF-ZEMUR =R AFHBEAREARE, BEAENEVIBEMEIARETH
AR, BHHEEE, FAMFRAZREK, FLERARREEHFERRNREE
AR, BT HRENE, LE 41, BEHHEEERNERTHSEMBERRHETT
2k, BESGENRE 42
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FEAMAFE CER) TEMTZARX

& 42 XESWHEREHAIRR
Table4-2 classification table of XingLongTai reservoir measure well

Vi X5 b R R
- % HE BRI mE<400, BX B R, BAFHLE, i
Fis <12 PR A
= % HEFHEREmE<400t, FXR BB R, BB,
¥ EH>1.2 R AR
= % HEVHEK W E>400t, BE BB R, EEBRAEILE,
Pin HH<1.2 5 il OB A %
e WEFE K= HE>400t, BEK Wk R E, BERA~H K,
Dik EH>1.2 1 KRR

200

e
150 o
. .
100 J *
L 4 PY 0‘ * .

het .
g 50 '.sog:.‘ . z. rYNg .v [ 3
= | PP e .
ﬂ 0 "" ” * ’." ® A

-50 d e' baad * ¢ ¢

. *
-100 - *
-150 .
0 200 400 600 800 1000 1200

/=, t/m

41 WMERTHEHBREXR
Figd-1 Oil reservoir tiredand increased oil amplitude relations

43 BIAFERIT
4.3.1 CO2 i ANBigit

L5 CO, AR IR 42 IR, LUt CO, Bt B 2 -4tim 21,

HHER R .
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200
0. &
150 *s
.
L 23 0. . .
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" . . *®
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g Rdhad IS _ Py
50 * ,O’f———‘-, -
H it SO IR
0 ® '. - 0"‘0 '0: * ®e
. O e B e .
. . ® o ¢ .
-50 S
-100

CO 38

B 42C0,BESHMBREXR
Figd-2 CO; strength and increased oil amplitude relations
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¢
150 | +—o*
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= o 4 et
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*
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FRIEL

43 RREHEHHBEXR

Figd-3 injectionwithdrawal ratioand increased oil amplitude relations

FAR, 8BRS BXRELNXAE 43, COEANEBRIEXK:
WEE S HH: \
OHERE<1.2 8, CO,TEARITERN 2 t/m.

@LEFRIEW>12 1, COIEARITET 2-4 t/m Z 6], BEERIE I INGE =Kk

&,
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R 44 CO, Wit BYR
Tabled-4 CO; design parameters table
g sH Rt witHM
—%H | COx 2t/m REEmARIE, R R R R
Z%H | COx 2-4tm RAMEBEER, MEhZERIERH.

=HH | COx 24m | FRETEEFHOBEAR, REBMKMAKLER.
WUKIF | COx KT 4vm KETEEFHMB AR, RFhERRNFRMAIRLER.
e CO IR B R AL 8 sk BRI B niE Mk Bt &

43.2 REEHEFIRAERT
REFERRE—ERARER, EEREEREREMIGE. £ AL
B, —RER CO, MREEHAMFRILE 10~16 2. RNESHEBYREH
BHEIXRE 4-4 297,

WEE, t

44 HMEHSHMBEXR
Fig4-4 oil layers and increased oil amplitude relations

REFHAHENRITERE:
O. LlEH<4 i, REFHFEERTRELS 16,
@. %4iEE4 b, EREEEFHERIREL 10~16 2, ZHMKK
H R BT &
433 BAENRRH
BN CO HBE-17C, [EH 2.1MPa A, EAZEAEE 100C, &
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BNE ETHERIZRITH

7110 MPa f954, FERKHEN 2914.34K0kg. Eilt, CO¥BBRARE, KMt
WE—-EHHRE, FUEEKRERIHLASRBXHSAREE. KORLER
1980.89KJ/kg, A\ ¥#E i+ H BB 1.47 £ CO, REMIKES, FREAIK, BUHSHEM
BH CO2 ERM 1.5 1%,

44 BEHLHYER

RIEEFEN, FE LN T 3 OFF: # 813-39-64. # 813-40-51. #1 813-41-58
ST TARFERERA=TESFL LR, 2EE—XNEMELRERHET TR,
441 FTFRBRESRSELE

Bt 813-39-64. #t 813-40-51. : 813-41-58 L FRAMIFERHATTEE, EAR
%45, EREREDNEENERT 0.4MPa, =T H SR EAEUIHBERKE
BE, RRBE, HEARLRKEHE.
#45 LFTRAPERSEMH

Table4-5 Comparison of steam injection parameters up and down cycle

FESH HRESN

#95 | AFES | BREE | BECC) | EAMP) | TE®%) | BLER
3964 ERA#e6 07.7.20 333 12.7 76 ERT
A7 08.8.25 334 13.9 75.7 1.2MPa

4051 FREH 4 99.3.6 3394 14.6 77.1 FBT
Z.NEEE] 08.9.30 327 143 75.5 0.3MPa

a8 ERAMT 01.10.25 343.1 14.38 76.6 AT
XE#8 | 08.10.5 336 14.6 75.5 0.22MPa

442 FTEEAR I HTEE

By 3 kM T 3 FHIR: #E 813-39-64. £ 813-40-51. #t 813-41-58.

B 3 Kk B AT B4 243.8 W, IS 81.3 M, HIGuh 2.8 M, HATA
813 YR EX (B K S) 0.95MPa), W& 4-6.

SRR LT AR AT A IR AT, WE 4-5 PRTLUES, AR
H=TEABFHEARE, FHHEERT LREE, 458 56.1t. 74.5t. 68.7t, 7Y
MT 1.5, 2.5, 53 1%, BHERREE, HhBEEK.
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46 LT AMRES MR
Tabled-6 Fluctuation cycle period compared Oil

$& T H ™ 86 V3 H~ Ry H

. AR | B
S| #HE | R H(vd) (:/lﬂ) #vd) | Md) | Hwd) | wmwd) | @ ®
1 3964 | 7/4 0.8 5.1 2 4.1 1.2 62.5 50.7

2 4051 | 5 0 10.2 4 10.2 4 29.2 108.6

1

0
4158 | 8 0 0 6.7 33 6.7 33 264 84.6
&t 1 0.8 22 9.2 21 8.4 118.1 | 2438

¥ | 4 0.3 03 |73 31 7 2.8 394 81.3

140 | B Pt

8133964 8134051 H8134158

B 45 LT ARG T
Figd-5 Fluctuation cycle period compared Oil
443 5ZHFERBRMILL
=R ABRBAMARF 08 F2 HIERTEH 813 A Hir BT L,
B 5 =78 & R BAR MR R A= R B Rt H AT 24

41 =ABRAEEATRRBRMER
Table4-7 ASP compared with the blank sheet of steam injection effects

s | g | AR | IR A | g | pagn | TR | Tn

i | 2;4: Pkl | RN | B | e
W ol w | | | /d d it it

ft /t It it It It

BEER | 30 57 [09(05(65(21)56] 1.6 39 2 46.8 56.8

=n8ReE| 3 67 1030373 |31 7 |28 39 32 81.3 94
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FNE BIFRAARFH

ME 4-7 FATUFH, =58 S RBAR B Z R EF GG 308 M At mae h,
MR
444 RIBMNBRNEE

=R E AR EAREERRBIFHRH I A 813-40-51. #t 813-41-58 3, 4Af=

BARIH Sy FEIX 08 EZF AP AFRAN 1. 2 w%é%mm#ﬁﬁ%@ﬁﬁ
’ MEXH, WE4-8.

Table4-8 A comparison of effects namely watch

%48 FEMBRNMULE

|

| HHE” [ BEE~ | Ol 0 | T | g :

| kRl k|l r | ] 1| k| REA d it FEA
gz
- 151748 | 64 |13]06] 60|17 (47|10 28 16 24.8 31
;g 2 | 66.1 65 1 0 0 | 85378537 28 26.5 96.6 96.6

M 15 0% AERFFERM= TR AR AAREAL, R ERA S E i

TR EE
£ 49 FENMBRHAFLR
Table4-9 A comparison of effects namely watch
W | o | | | % P T | | |
N R B ¥ud | Wb | PR
| A t it /t
4263 | 689 | Si.2 | 4 (26 (05| 74 |08 ] 48 |03 28.5 1 4.7
ig 4461 (772 | S2 | 816108 45 |19} 29 (11 28.8 29.9 52.7
4657 [ 588 | Si2 1 9107106 | 28 |06 2.1 |00 28 0 2.1 .
’ =% 4051 | 657 | Sia | S 0 0 {102} 4 102} 4 29 108.6 | 108.6
B | 4158 | 665 | S | 8| 0| 0| 673367 33| 264 | 846 | 846

MEE 49 PAIUES, HEESHINEQERIN=TEEGBXRERN, =
TR AXEAREH MR, HPH 813-42-63 FFHmMERER. ERBKHNS
SREEHMA KD, TIHMMOHE 10, FHig 470, FHARE.

445 BEIH
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TRAEMAE EFR) TREHZURY

ELH=EATHEEE, S%aEKMAL, AREE, REHHHRA AR
FHAT AT B
1) # 813-40-51 3

IO T AL 813 AP, HWHIRN S8, LRIERIEN 1999 F, HRENN
14.6MPa, %5 ERARKIA 9FE, M 813 RIBEENTHEERIR, HHEALHH
BEHRH 028MPa, ARLH=THEAHRERE, EREHERFFE, HIZEA
BRHATHERE, FRTHERNERER, RIETERRER.

ZHF 11 A1 BFM, RE 46, BREAFMERET 5.6M, 4~T 29K, M
EE] 121.8 W, FIEHMY 4 ¥, T0_ERFFECA 47.3 B, R 74.5 0, A
=R AR BARARRAEER RWHH =5, REMAFNRCELUR.

14 ¢ 1 120
S HER-¢ BEFEm T EK

121 1100

10 ¢
1 80

t 81 o /%

p &K
140

4t s .

. ) ,
2 | . . ; ; 120
T
4 8 12 16 20 24 d 4 8§ 12 16 20 24

4-6 # 813-40-51 3 L F A RIRNR 2%
Figd-6 DU 813-40-51 Inoue oil production curve over the same period of the Periodic

2) # 813-41-58 3
GHARIERAE 81, AT 813 Bk, LiAmLmad 2001 &, ARIERE
HBERERET 025MPa, WE 47, RH=THEMXBEARTHHETREEEE,
’mTHERES.
Xt iZ3F LT RS R4 = R AT X L
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12 [ —— A& - AW — 4% 1120

B 4-7 #t 813-41-58 F L F R 51 1 39K it 4%
Figd-7 DU 813-41-58 Inoue oil production curve over the same period of the Periodic

MEHEMETUES, AEmEmHtamBEm, FYEmb 3.3 0, 3t
FE 84.6 T, T _LESFEIMISLAEM 15.0 0, [RISNGN 68.7 M, SLHEMKRBULT .

4.5 KEHERHR

KEFEFEFBRK FRER, FEBSEREFROARY, BEFRIR
A BAKFEHBANREHTF RN R, BHRE D MAFLBREE. WKL TR K
A % 16 R

B xR mARE L ENERE RO, ST EFREARTUERKEK
FHMBELHR. CO, BEFNKFRMFBR, EIRIEEAMER= LR ERE IR
RTFRKIFE, 55 Co, MERMREMMSIARERMAMHIE, NIHRHEEK
FHAFEEHBRE. B—HEKTFHLHE CO, = AFMH U4 KEMERK,
%EME*%H,Eﬁﬁﬂ%gﬁﬁ%&&%ﬁ,E—&NW%&%MEEﬁ,ﬁﬁm
FHL CO, =R EFM A MBS RN R HERE, REABTRAES. BEBH. RA3)
FARERBRAEERER, RRISEmHTTRICEN B K. NEREEMmFHAR, B
ZBRAmr 2R R AT EAEARR. B VENRIER, B, SHSH
FIRERMAKFH = THEEFLFARBEAR, RGARNEBEHHHR.

Rk Co, Z R EFMBHAT REMERE MR R MR ENRERIEK
RAARER, ATREKEHOTFREE, 2008 F4MEEER, REMERNHA
WABRMKFEHLET Co, ZnRATUIEN, BRCLLH 19K, AHLER 8
K, B 26 HUTE, HFK 494 s, WrBEHEEH 8261 W,
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£ 410 CO KPHERBELI R

Table4- 10 CO, horizontal steam injection data TAB

AR EREE AR M ERBE
F 5 |BU A | #E |oREH | BRE | HE | BREH | BRE
W wh) | MPa) (t) (t/h) (MPa) )
¥ 813-H204 | DI | 2 | 174 13.7 4091 14.3 113 4500
H813-H206 | DL | 1 | 163 13 6000 17.8 13.9 6000
¥ 813-H208 | DI | 2 8.1 17.3 2423 15 16.2 2600
H8134EH60 | GT | 4 | 262 12.8 3371 20.1 14.8 4500
F813-H247 | XL | 4 18 14.1 8144 18.4 12.9 7000
k- 813-H274 | XL | 3 24 14.8 9000 17.6 15.8 8000
H813-H285 | XL | 3 18 16.2 8000 182 16.4 7000
HS813-H214 | XL | 1 | 143 15.7 3500 18 153 4500
Sy 3| 178 14.7 5566 16.5 14.6 5513
#4111 CO, KEHEFHRBENE
Table4-11 CO, horizontal well production data tables (period end)
R 8 £~ K &R A B B £ &~ % K
B2 FiHE | AY | A% BA# | ¥3H it
*OF Ak g il | AR | | ek | e E% ey f’f’ﬁf
(d) | RE | (1) | (D (t/d) (1)
H-813-H204 | DJ | 2 72 99 | 708 | 657 15 168 | 249 | 1938
H 813-H206 | DL | 1 9.0 267 |2410| 7158 | 7.2 140.2 | 1013 | 2773
#813-H208 | DI | 2 | 143 49 | 703 | 463 | 149 97 1449 | 809
¥ 81345 H60 | GT | 4 | 163 174 | 2848 | 6024 | 553 132 | 3342 | 3800
B 813-H247 | XL | 4 | 134 | 255 |3421| 8981 | 107 173 | 1850 | 4644
He13-H24 | XL| 3 | 124 86 | 1065 | 2144 | 125 175 | 2183 | 3782
F:813-H285 | XL | 3 | 146 88 | 1288 | 1451 | 11.1 167 | 1861 | 2685
F813-H214 [XL | 1 | 137 53 | 733 ] 528 | 166 79 1312 | 1143
iy 31 123 134 | 1647 | 3426 | 135 141 | 1657 | 2697
it 1071 13617 27:" 1131 13925 21574

ME 4-10 FERSURE, EREH SHBRHT, RSN R R RS —

EfEH.

B 813-H201 34 2003 EFHHENBEEKFH, AFBRXVIA. H &

915.35-1287.83m, 342.5 K3 B. 7EE 3. 4. SHIEETHT

ExEaFEHEAR, Rit

IR 39900 M, EihFil 20187 Mk, L&KL 0.51, RiEL 1.4, FRKE 947, B
REHE LR 4-12.
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£ 412 # 813-H201 HA=ER
Table4-12 Du 813 - H201 well production situation

i . AL R e R | R RV FEa Ay ,
R B "ap | aom | @ | i) | i) | ) ﬁx%wwﬁ%%%ﬁ
1 | VI{3425] 1.2 | 15 | 6000 | 11092 | 3441 | 7651 | .57 | 127.5

2 | VI35 111 | 17 {6000 | 12439( 4208 | 831 | 0.7 | 137.2

3 | VI[3425] 10 17 | 80| 10648 | 402 | 66% | 0.5 | &8 | =B5EH
4 | vI|325] 107 | 167 | 10000{ 11837 | 4616 | 722 | 0.46 | 2.2 | =B&aH
5 | VIl325 106 | 16.8 [ 900 | P17 | 390 | 5317 | 0.39 | 53.7 | =nE&ht
At 10.7 | 165 | 3%000] 55233 | 20187 | 35046] 0.53 | H.7

FRELEWESARERE, MEEFAEE ANEIREFSREELHT=
TEREFEMHER, W& 4-6 TUFEHEHE 2 RENMHBIHRERK, KPRPEE
BERTHMIB, BLE 3. 4. SROZnE KT, BNMKERIABREE, Hix
4 JE% SAGD FFRRE T HFEM.

it U b HT 18 A H BB =0 E A B B AR 7E AR i 8 B AN e 1 A
NEFESEH SRR &FHEAHR. FARZAFUTFT=A:

(D) KEHHBK, CO,MRAFRAHER, BlERER, BELBEBBREX, f
B SEER A R 26 AT, WRMHI% 850 JTitH, MFMuhAE] 765 M, BAFH
kA 1:2.5,

(2) COBBELEHFAD, —fH 0.5-1Um, CO, MERMFMFMRELK, —HA
25: 1,

(3) HTRERE CO, HEX, HERMMBENAHERX.

“EMB =T E A TR BAREKEHLHRE T R, HTRAE, KX,
BRI 26 7 T A K IBAE 1

4.6 RS

7EHE 813 SRR, HAHRARIE. BRSO AERMALET Co, =5
8 AT LR 26 BN 19 Dl AnE =T E A BN, SR
A& 413 BRI EEMHE.
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R 413 H 313 ZTHAFHFERRNE
Table4-13 Du 813 the effect of three compound cyclic steam stimulation

# | A e FRES | ERE | WIE | PEEP | ARE | AR | AEK
K| (MPa) () | #hwd) | K (wd) | =RE (t) t)
#iEar | 154 | 17520 7.7 10.1 402.2 573.7
53.8
19| 4 | BR[| 157 | 17312 79 12.5 1180 | 7575 1886.3
ft | C03 18.8 0.19 241 64.25 | 35537 | 1312.58

B LA EEA: 813 REN G LB R 2T, AUB/E:
() ZEMHBE =B A FHEARGE A 813 XA TFR & AR Jud T ML, fERh
RHZERE, REXHER. LK 414

2
414 =nBEFHYRREHE
Tabled-14 the effect of three compound cyclic steam stimulation
A ¥ | o | | 9 |
mse | w0 || e | EICUECLEI ) e | | ek
¥ - AKwd) | K& | W | )
(t/d) )
%ﬁ?ﬁ 1177 { 2206 | 49 | 123 | 136.5 | 665 | 1743
Eéli 19 99 | 99 %Iém 1218 {2113 | 57 | 128 | 150.1 | 857 | 1985
~ [=]
X, | 041 | -926( 0.8 0.5 | 1355 192 | 242

Q= EMNTHE AT R ESEH AR M AR, ERTH 813 Kk,
Q)R KIBE R =

RS B S T AT 813 YA AR 10,ELEANF B
P, LHZEABR=ARAEL)E, LR 414, FERENRE 041MPa, FEHIEH=
M 0.8 1, AEFFEFEEK 13.55 K, AP 192 0, MA~REREERR.
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Figd-8 DU 813 well stimulation effect of ASP
@) REERAR

BT AIERRE T PRSI K, ERAREEAT 18.6% KHBKERDOHR
#k, REEARE. |
() 3HE SN AN RN S

B FAEAE R P T, CO, FEAE A AL B0 4 B SO B O 2 L 0
BIPRRIAEF, AT B VS S A MR 2 T LA R i MR ST o
()R T RME

M 2006 ST, “EABSTEEAT T A 813 M & XK S F MBS,
X HUERZE 2006 FEH 6.27%, 2007 X 6.15%, 2008 K 2.58%. 2006-2008 FE 4
WB=TE AR TEAA 813 X4 K RE TR, KIBETF R RA3IR
70, X SR 8 B4
R

WA ES RRAERE T REE, EAEANTEESE, BTSN,
S EAEMSLAA BN, BEERAMENES, EREERAHE, MR
A, EREAAENEEE, WEREAN EREEE. it 4-9 R RA
HEA, HH AR T AE T EE AR R,
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Figd-9 Inspiratery profile contrast diagram
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I"Pe )

ERE INR54GR

B X LT o FE AL 813 X HUEE AR vk () b R R AR, @ISR, AL
TEEARELR:

(1) CO, BAFHERFBIRRERE, AUFREMEE, BEEKy, b
RARKIRERS: F—CHARANER: RETHIERMN&E., WS, SEmst
FHBER; RREREREE.

(2) BEMARTEHFESE CO, MBAARMEAT, SEEXRERIK, HER
BE, HEHEAR LRAHE, REZSKKERGEMMENHER.

(3) BEHR, Bl CO,RAFUEARTISH. REEERMEABAER
ENEM 1.5%0; COEANEARRIENEM 2.5%.

(4) HBARRFELE TN URIEBORELENE, BHELTHIRYE.

(5) CO, HABMEATEM 813 RBIINA, HRAXMBMABFLHR, RAEH
MR E RS, RERKE, RETUTEEHHTEMEAR, TREMTERBEX
B, WLERKMRGEATR N,
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