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Abstract

The development potential of ABARCO field is demonstrated by the evaluation of the steam sti-
mulation effect in the ABARCO field in Colombia, which provides the basis for the extension of the
MECL contract. The research process uses MECL'’s existing number of motifs; the model is modified;
the historical data of the oilfield development are fitted to simulate and evaluate the effect of the
previous steam stimulation; the potential of oilfield development is deeply researched; and the
potential and effect of the next step in the development of oilfield are put forward. At present, the
development of oil field through steam stimulation is good, and the steam stimulation and steam
flooding development methods are in deep study and comparison. The numerical simulation me-
thod is used to select the typical block for steam flooding and compare with steam stimulation.
The comparative analysis shows that the development effect of steam stimulation is relatively
better. It is recommended that the main development mode used in the next step is still the steam
stimulation but not the steam drive, which only may be the alternative development mode in the
next step. In the future development of oil field, this paper provides a direction and a certain ob-
jective basis for the possible delay.
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1. 518

FEVTIXTF A A A A o e B 2 28V R PA S, 3 — 20 3 v S0 SRR 1) 2 v B TF B[]
[2]. HRHTZRRAM TR, HBER &AM I A BTl )Z B SR, R E A KB A, B
FRVRE MR — R AE 20% 4, R ZRRIFRERE, HiEANFESEN ST ERR, EANEF
R EBAE NI Z , TG AR B T TR kS B2, 11 LV N R I A4 SR g Bk 3 22 ) Bl ) A e R
PR B S, A RS ISCR N 20%~30%, HEE L, ASCETXT ABARCO i I HEAT 7877 J) A%
WS, B iz e SR R 5, T ARV IRA A5 e ), BT N RO TR HEAT 2RV R TR
[3] [4]-

2. BRIFEZHMR D
2.1 WEEHIER

Abarco J# H i T Ak mk E R, FFRE R, B AR KPR, 8RR J17K°FA 98.6%,
I A11-Upper iy 100%, #f%H) A9-Upper A 97.3% (W% 1. K 1. [ 2).

BT 205 G B ST R, ERERF MR s X, s I 2 s fKFRHU%, W Abarco i H
Aup JZ PHS F X, F AT Z & 1129 200 Psi, ARG E K 711 30%.

22. MEHBAHENR

Abarco JiH H AT %96 [, HrkF3: 80 M, Yhi EAAide 7 AN 2R, 42 F 4K

I 12 O, #HMF iR 231.5 MMBBL, &R 8.8 Km? 4, Py st & miim 4 0.73 Km?,

F R R g B 2.4~3.0 MMBBL, 1% Abarco Jii FH H B /K I 650 2K, JE/F 52K, F-FE 200 kit
B, AKEH IR EL N 1 MMBBL, HETH TIHMA R, Simmigad ok, B Es
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FIFLERARIS], 23 2B SRR, W A9 Upper 2, HITHME S, EEHEEMEIE
2 FIlE 3 fios o

- Abarco Ji FHAE =33 EE 150~200 m, ik [ A e vy B IS 00+ 1) 0 R b RN BOBEIE 285 51, B A=
FEFERE R N 30~50 m A Ay, BT FREERE O, RO o it L SE bR - ARAS BT REh .

Abarco i HIZEJHGE I FURFE . S PR T70 AP IE S TS G 284, @it 2t
ALEL, A MH H AT TS EIARR, R RERPINAX I, #ERAZIZIH, HEshHE
JEAR I E 3 Fras[6].

2.3. BRAMRIR
1) = RGN

Table 1. Abarco field formation pressure maintains level table
F= 1. Abarco R EE HRFFK R R

J5th H A E77 E7
JEAL RSy RS KF BRI
(psi) (psi) (%) (%)
A9-11 698 688 98.6 14
Al1-Upper 673 673 100.0 0
All-Interm 699 689 98.6 14
All-Lower 702 699 99.6 04
A10 704 685 97.3 2.7
A9-Upper 707 688 97.3 2.7
A9-Interm 679 673 99.1 0.9
A9-Lower 689 684 99.3 0.7
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Figure 1. Abarco field formation pressure variety curve

[# 1. Abarco jlEMEE 1T L rhZk
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Figure 2. Abarco field layered formation pressure variety curve
2. Abarco 5 Bt EE T ihk

Oil Saturation 2022-01-01 K layer: 2
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Figure 3. Typical Abarco oilfields throughput up to the remaining oil saturation map by the end of 2021
3. Abarco jh L BVRRI RN Z 2021 FRRIS&HIEFE
Table 2. Abarco oilfield layered formation well net control degree
%z 2. Abarco JHIE 5 EHMITHIFZE
JEAL HCPV > 2 ft TH A (km?) F PRI R (km?) fiti B4R T2 (%) 1k
Al1 Upper 25 1.12 45 E |y~
Al1 Interm 3.8 1.44 38 EENE
Al1 Lower 4.0 2.16 54 T
Al0 4.0 2.24 56 FhE
A9 Upper 46 3.68 80 T2
A9 Interm 0 0
A9 Lower 0.6 0.16 27 FENE
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W

JZ Z (R 5 2 Jih FE 0 1) E R, R A T R K B R ARGy, nT LA D 2 ]
T, REIFRBEE, o REEMBATRET), ARCEERMLZ, SEEEE. s R

Abarco T 7l 2 Ni#E it CHUSPAS 40 A9, 10. 11 /MNZ, HJZJEEF 10~30 ft, FLEE 16%~36%,
BiE% 250~1000 mD. BT HEEEHE, SwdEBK, Al R, FH M E I G T R DS )
FERE, FKFHRBEFRARTY RMMEA, eIt agashlfeE, SMFRGhIards. B
BIRAAEHIF R, 2B REEE RS A — 2 iifg e, &N POERFIFR B fE 7 .

2) FEPE R VPN

Abarco i HRFH 2 B I MK I3 2 RITTF RIS, BARIERAG R Hrin

© M

H HT Abarco il ISR TAT IEXT AP IR, Rk AR 9, 3 o ) i o R PR BE 8 i i
EHIFERE o

TR R, H ATk E AR B, B M 5E B 0% 77, 18 772 B0 4L,
FEW R K 5E 7]

@ JfiE

HFZAEELIF RS, RS EHnAE — 2 miREE, 4R aa8msiH, FkEREnr
INERCEAT, P 26 B e e B 1 B K /N, B 9T 45 SRR B - WA 2 L S, ST #4242 35~50 m,
It ARSI 2 P I A 7 4y B, ZRVR AL I FFEE BIFE 70~100 m 47, HAT A BRI R, FFirk
SR G IR E KR ER M ARSI, FEEAT M, D i =S R AR R .

2.4. RGEEITAMN

1) HISRUE

JE 3 SR e S N3 FH I R 7K P (I 2 B Fe b A vol P 2 R B K . 2RV R 2RV R = Fh
FERITN, A 6 HHMRICEME %, BUERIE. 230 AL AKIRKFIE I 2835 7= Sk
TR 2805 . A LR 260 1] X% Abarco Wi H H BT IF R IR, £ 2SR K i mEa i A ok
ify o FEA SRS A

@© ZKlbik

AR [ P 9 FH K B 3 R Gt oA, A e AR 25 7R B R ISR — M 12%~28%, “F-31E N 20%, i
FRSH A 3, TEM IRV = ShA VORGSO, SARMLM TG, R e SRR I 8 7
e

S3Ak, A TR A, R R DT FEMIERE . JF R JZ RS 5T 5 S REYR Girasol jHi A
B AR, 2 G Il , AT A HERICRAE 16.97% 4 45 .

ORZY YN W

KA ZE A TR Abarco i FH 2875 f SRR

E, = 2114+1795h, —0.0033D +0.028h, +0.1366Igk —3.067Igu,

FH T P00 e 5 25 R A P SRS 1) 2 50 FH Y FEL 6] -

Wi 4 Fizn, Abarco JHi HH #2465 b 0.4~0.5, VRS 500 m, A #0E % 3.3~5.3 K, 1213 1000
mD, Js iR 10,000 mPa.s, @I IR, EISRILEN 15%~16.7% [8].

1T Abarco i I H 81K FACE IR TE K, X FIT R IF B0 3 R e AR s A R, TE A i BRI
RALIL T 20%7 45 -

2) HAElM T IR YE
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72 5 AR Abarco JH HIRT 4 & HIKSP 11 B 2803 e ek SE B AR = B AT e i ok, AR AT PO A
JEBAE =R, T SRR A 10 AR BCR AR AR, AR R ORBOR S 2~4 T IME, B 130 K,
JEAVEVR &% 20,000 bbl, J& 3 H 7=~ 250k k2 2 80T 4 JIA, F e 2 I mum ez, % 15%% 18,
bt 5E, BRI 14 A, B 2t R 0.122 MMbbl, 4% H R Abarco vH FHZE 74 80 S,
H AT HEPIFIE R 2644 T SR =& A 9.98 MMbbl, SRILERAL 4.32% 7 45, BIfFLEK7Rnt A A%, &3
LU, ARV IRAE T 5% [9].

FIF OFM B A3 0k /AT Th g, Xt Abarco i1 FHAE P2 (R EK f) PHL “F & B FHEEEAT 33698 7 b (] 4+
5), %1 PH1-H2 H 1] Rk &N 0.14 MMbbl, PH1-H6 1] %f# &4 0.143 MMbbl, % H | Abarco i H

Table 3. Heavy oil reservoir parameter table

3. WhhESHE

HWE hy D (%) K (mD) Mo (MPa.s) Er (%)
guithjz 0.3~0.75 20~25 300~2500 2000~50,000 12~28
A JH H 0.4~0.5 16~36 250~1000 4400~12,500 12~28

Table 4. Abarco oilfield EOR calculate data table
5% 4. Abarco SHHARWEHEHIER

J=IIA hr D (m) Ho (m) K (mD) Ho (MPa.s) Er (%)
A9 0.4~0.5 500 5.3 1000 10,000

A10 0.4~0.5 500 3.35 1000 10,000 15~16.7
All 0.4~0.5 500 4.11 1000 10,000

h, 4 0.3~0.74; D 4 70~1700 m; h, >4 5.0~42 m; K Jy 400~5000 md; o> 500~50,000 mPa.s; F#E 100~200 m.

Table 5. Abarco oilfield single well sub-cycle development index forecast table
%z 5. Abarco HIH 835 B EIF £ 8 HRTUNI R

JE A RE(d)  AERERGD)  AEbbl)  RiHAbbl)  Ribumebl)  PHHbb) AR

1 112.6 16,890 16,744 16,890 16,744 149 0.99
2 147.8 18,541 23,460 35,431 40,204 159 1.27
3 1294 19,817 15,208 55,248 55,412 118 0.77
4 114.2 20,288 10,719 75,536 66,131 94 0.53
5 130 20,000 10,387 95,536 76,518 80 0.52
6 130 20,000 8829 115,536 85,347 68 0.44
7 130 20,000 7505 135,536 92,852 58 0.38
8 130 20,000 6379 155,536 99,230 49 0.32
9 130 20,000 5422 175,536 104,653 42 0.27
10 130 20,000 4609 195,536 109,261 35 0.23
11 130 20,000 3917 215,536 113,179 30 0.20
12 130 20,000 3330 235,536 116,509 26 0.17
13 130 20,000 2830 255,536 119,339 22 0.14
14 130 20,000 2406 275,536 121,745 19 0.12

DOI: 10.12677/apf.2017.74004 38 B R


https://doi.org/10.12677/apf.2017.74004

4
5

ABA-PH1H2
Rate-Time Decline Analysis

1000
Working Forecast Parameters
- Phase e]l]
Case Name - mensual2007
b - 0.813557
N Di :0.2422 Ae.
qi : 48.0639 bbl/d
o M f \ ti ©12/31/2013
5w | L J\T te $12/31/2021
= e et Final Rate - 12.3295 bbl/d
[ ¥ f F ‘“‘ ‘l ‘f l”f“"\ Cum. Prod. : 72.1474 Mbbl
& = 71T 7 1 T =L Cum. Date ©12/31/2013
= 1] AT E e Reserves - 67.8077 Mbbl
3 ‘ ’ i RREEE N Reserves Date 1 12/31/2021
s @+ fHh | Tf/ecaea EUR © 139.955 Mbbl
§ } i Forecast Ended By - Time |
= . DB Forecast Date : Not Saved | ~~~°77==
=] i‘ Reserve Type - None
=
2011 12 13 14 15 16 17 18 19 20 21

cate

Figure 4. Abarco oilfield decreasing analysis of well PH1H2
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Figure 5. Abarco oilfield decreasing analysis of well PH1H6
5. Aabarco ;81 PH1H6 FFifm 574

AEPE SRR 80 LIS,  H AT MR R &M T R E N 11.3 MMbbl, RUCEAL 4.9% 74 47[10] [11].
& s BUE AL G Abarco JH FH 28V A M RUSCRBEAT TN, T H A X 2644 B R m T & 3
2021 4EBF, SRUSCRAH 3.7% K4 o
3. ZBAREHARFITHAT
3.1. ZRIEFHMALIE[11]
FEVRIRTT R S HL
1) INAAREREAE R, I T e S R R R R, X 2V IR R AR I e L O HLEE, B 7R
FIEESEN, TR FE T, I ORS00 A, {E JE DR R AR B 3zt BU /K PR K B B ARG R B I 2 K,

HARUGE T KT B
2) BRI, BRSOk h — AN EESRINLEE, BEETHR, SCREAK, AR, HiE
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Hifiahth;

3) ml G A ER, dimiRAS TR, TR, REKMA RN, SRAR MM
B, HHERFAH, AR T BeE AEE R AT AR

4) FRIKIB I, AEATTEND A LB FLIE 7 A SRS A 2R T B S AL A A R Bl A
BENFRANFLIE R AT B, B o SR i 25 5

5) 7% AUKRSIISRMAE N, ZRREEHOK L@ E AR, BEAN S TR A RE R, TR
F IR R T IR, SO 2 — 2 R b 38 B A T 5

6) IR S AR b A Y, AR A A T oKy S Ko, B AR FABEFE AR T MR AE A B
Fs 2T I B S BGR I, B B AR T B R, IORREBCH AR A R ARG R
A CO,r I TARUAK, 7 AR SR A

3.2. ZRBFEARTITIHEM R

S E AL, BEEBORKIED, WAL, ZEPTITTRARMEAEE DT, Wi = 5
F5m, JEMREEHR R F] 15,000 mPass, ZIRIKITFRGURAEZ LY K, ZEITIEARE NS Ja B 240
) B B 5

Abarco A i IR 2 X L FE AR 5 S A R T Sl AR R, AR e Rk A AR AL
WO AR BIIE T A%

3.3. #HIRRHEAE

W ARI, &R IRIT R &R, BEECRHZARIOTR, mTRERG A E &R
UK BUINEISRICR TR A 2875 K4S A (R 5 4 T LR B S R B T IR AR i A, X o = RIS T
WESE . (H2, ZRVRIKMIFEIAR R K T 2050, BPZEVR KA iR L (R T e e 5 VR ) R AR L,
B AT B B D, WAL, ARG . RIS RS AR TR B BB R IR

US4 ZRVRIRTT SR 2 A OB e e 3, B B AE 28 PR A TP SR 08 M ML N RV IR TR, R RIE
ORI E AR S ISR LS, DR EEZAVIER SRR . i TR R, HU AR X
RZ, — BRI 10%~25%, FEIR 5614 N 52 30% 75 A4 5 Wi e e N Z8 759K, SRR AT 39 i 20%~30%,
SRR TTIA 45%~60%: WA B NVRBRHFR, AMUE L BOR IARUR I 2, BRIk G RO T 2 .

VR A 3 NIRRT RAFAE — N AL, Bk A A, R R S s A% 0E, i
EZE, FHEMEZ, MK, EENIFRIRINGE, MUERITSA KEREE K, 10 HAE
eI I b 1R B K AE 52 BVR R BN 5 B S O ok, DRI A 7 R IR P K R Bk AR R B, T
FEMEA IR, HAh, FHEMEZ, MRS S IR A E R, YR IRACR .

BT Abarco Ji FHSR UG, MRS B 85 40T 10,000 mPars, B ORI WA B L, 454 [ A AR AL
JECAR I VR IR TR, T R 6 JE S A 0K

3.4. ZRRABIERIGSR

FI B U ARG A, S0 2R AR TT RV R I I S IR S S ERVE AT B AT

1) FEMIE AT 5

Abarco-hor-steam flood one 77 %7y 100 K38, DAMRAL & BEIRBRE  VEVGHEE, Frit 6 a5 2%
TRUK, SRAPPAT IEXHER I, fRRRAR-PA, 1SR4 7= 3 2021 4 iK(J¥] 6);  Abarco-hor-steam flood two
T7 59 100 KA, DARAK IS BOVEVRBREE  JEVOE BE A 6 AN 15 #e 280R0K, R H AT S BRI
TRFFAER T, s3] 2021 FR(E 7). ME 8. 4 6 HATLLFE HH Abarco-hor-steam flood one #i
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Figure 6. Steam flooding Abarco-hor-steam flood one plan well site deployment map
6. 758K Abarco-hor-steam flood one 75 R H-{ir ZRE &
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Figure 7. Steam flooding Abarco-hor-steam flood two plan well site deployment map
7. #3RIK Abarco-hor-steam flood two 75 ZH I ZPEE
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Figure 8. Different steam flooding well network cumulative oil production comparison chart

B 8. RRZAERAM R = h Rt E

Table 6. Encryption throughput and steam flooding development indicators comparison table
2 6. MEBEMFZ SR L IR LR

T &4 Abarco-hor-10 well steam flood one steam flood two
Ztr= i (bbl) 628,609.1 780,047.8 843,965.7
R (%) 23.4 29.0 31.4

Abarco-hor-steam flood two PHFhZEVA IR 5 R il Feimfebn it 2875 %M, I H Abarco-hor-steam flood
two Z&75 UK 77 Z LT Abarco-hor-steam flood one Z&75 UK 77 5%, [RI LR FH P47 22 #EE SR I M EAT 2873 9K [12]

e B EI iw BRI, e A

2) TEVRIEE

X R ., (EIEEERRAKMT, KR RAAE SRR . RS RV E
T, BEREUN, BERRIREE, IRIITRBCRLE, IR . BRORERIE RS, 78 FE A TR
PRHER, TG R 2GR T REAR, RISV BEAR, N ZEVRLE T A R AR, 2890S 7 R
YRS, SRR ARSI, MR, EREEE S, BT RS EEIRE (A
JEREHLZ) PR, FTRE it =, B ZREME PSR, SEA T R R, MRS T 2405
IR SARFARARI I 0 . 53— J7 2 P R HR RS I 2, 3& BaR SRBr Bt J2= s ) [ THie BEROR, #fE
DASEIRAIC S N B 2873 0R s e B, Sy L AT 38 7 ik 95 B B S B A1
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R AU EE R, SR AT SRS AT 28R IR 9T, VR BE 43 )i it 9 1200 bbl/d. 1300
bbl/d. 1400 bbl/d. 1500 bbl/d. 1600 bbl/d. 1700 bbl/d. 1800 bbl/d, i 6 AN JE W5 7&K, RVELL A
1.2, S EEAS EEVRIE B X RIR SR 52 . K 9 e 7 FRmT A, yEVRIEEE KT 1500 bbl/d B, SRHIFE
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Figure 9. Steam flooding different steam injection rate of cumulative oil production map
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Table 7. Steam flooding different steam injection speed development indicators comparison table
= 7. BRRAREREE FF L IBRT LR

N HE (bbl/d) 1200 300 1400 1500 1600 1700 1800
Z 7 3 (bbl) 975,252.6 1,006,181 1,036,294 1064577 1091141 1,116,169 1,141,080
KL (%) 0.35 0.37 0.39 0.40 0.41 0.42 0.42
R (bbl/bbl) 0.089 0.086 0.083 0.080 0.078 0.076 0.073
2= (bbl) OSR = 0.15 456,029.7 466,805.8 472,503.8 477,697.3 482,609.3 486,110.6 490,364.5
K HFEE (%) OSR = 0.15 17.0 17.4 17.6 17.8 18.0 18.1 18.2
K FRBE (%) OSR = 0.12 21.7 222 22.4 22.7 23 23.2 23.4
ABA-PRO
1.20e+6
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8.00e+5
S 6.00e+5
2
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g
3
4.00e+5
2.00e+5
0.00e+0
2015 2016 2017 2018 2019 2020 2021 2022
Time (Date)
Cumulative Oil SC Abarco-hor-steam flood two.irf
- Cumulative Oil SC abarco-steam-pro facterd. L.irf
Cumulative Oil SC Abarco-steam-pro facterl.2.irf
Cumulative Oil SC Abarco-steam-pro facterl.3.irf
+ Cumulative Oil SC Abarco-steam-pro facterl.4.irf
Cumulative Oil SC Abarco-steam-pro facterl.5.irf
Figure 10. Steam flooding different extraction ratio cumulative oil production map
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Figure 11. Steam flooding recovery, cumulative oil-vapor ratio and recovery ratio mapping chart
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Table 8. Steam flooding different extraction ratio of the development of indicators comparison
= 8. R AERF L & Hefrxttb 3k

ANE R L 1.0 1.1 1.2 1.3 1.4 15
B (bbl) 843,965.7 986,312.8 1,064,577 1,079,645 1,082,271 1,080,847

KL (%) 31.4 36.7 39.6 40.2 40.3 40.2

ST L (bbl/bbl) 0.06 0.07 0.08 0.08 0.08 0.08

LA F R P A AT BRI T B N S AR R IR IR RIE R, U~ 17.8%~22.7%. HIXS 7R
AL S, SRR KIS AL ;

2) Abarco i B AT U UOAR . S UTRRPR B2, il AR 22 B B0, 2 5 3 B A 2],
ANHT B B 7R 5

3) Abarco R FH/KTHIF A, HEKPH AR TENBT, FAEE ENAENE, HohhT
R JEREH . A T MOk B, B KT R R AR R o

4. GREEW

£r Lo #r, Abarco il FHDUCSE DU IZEITA ETTR,  SRUCRIRIR, A58 DLSE5 e AR
RSN ZITAT I, BCETTRRCR, R AR,

X T ZARTIR, AT IR BORBE T, AT AVIREBOR AT R . RS BEXE B ETA S, B
LEG ARINIIRIE AT, UL 5~6 FIMIRHRAL, AT 2RI e Tk, T U ARIRIRAE PRI S
TRRGFHRAR, W RRIBERE T AT, A it 5 I AR R AT BRI AN BT
FEIFR AT B
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