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Abstract

CO; near miscible flooding has low requirements on formation pressure, crude oil physical prop-
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erties and injected gas purity, so it is more feasible due to reduce its operation difficulty and cost.
In this paper, based on the properties of low permeability reservoir E block and impure CO; gas,
the limit of near miscible flooding, the lower limit of CO, purity and the application feasibility are
studied by means of slim tube simulation and numerical simulation. The results show that the
minimum near miscible flooding pressure (MNMP) of the target reservoir is (0.80 - 0.84) MMP,
and the lower limit of CO; purity is 57.6%; the recovery degree under 80% CO; purity is 12.53%
higher than that under 40% CO- purity, only 3.88% lower than that of pure CO; miscible flooding.
Further improving the purity of CO; has limited effect on oil recovery, which indicates that the de-
velopment effect of CO; near miscible flooding is close to miscible flooding. Considering the cost of
CO; purification, a reasonable purity is 80%. During the 10-year development period of CO; near
miscible flooding, the recovery percent is as high as 58.28%, which is 17.67% higher than that of
water flooding. The research results have important guiding significance for the application of
impure CO; near miscible flooding technology in low permeability reservoirs in China.

Keywords

Low Permeability Reservoir, Near Miscible Flooding, Numerical Simulation, Near Miscible Region,
CO; Purity, Development Effect

Copyright © 2020 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 51§

[ 9 A KB A 3 N F[1] [2]138 8, JRAE SR L0 i 35 e v, 6P VR SRR B -5 3 F Bk
Iy o Xk - w22 Ky ek T B AR AR, L S A A 22, iR Bk = 4l CO, R, 58U/ INEA I F1(MMP)
By, MECLTH R IRAH AT . SIRAIKAHLL, CO, JTIRAHIRTHLE K Fy SR i P Ay N AR 2l B S5 R AN
w, RRIE B ATATHE3] [4]. WK AR CO, v A JHE R BEHE i SR R e, I BB iR = A4
Hemis, Bk, $RZRIAESE CO, I IRAH R EE A B AR MR Z L. Dong 55 A %F CO, I VR AHRIEAT T SE3 6T 7T [5]
[6], BRI R EL IR AR IR IR ] & R B&. Parvazdavani % FH % P 08 B OB T B, WFRC T IR
FHERACR 7] 5 Sx . M HEREE N[8] [9] [101HF 7T 1 A% b A xs — Sl A 3 fie /N VRAH F 0 AR i 0 ) 52
W, R T EE COp fEAE AT YRV EAN TR, IEBI R A . K PR SE[11] 60 Hig ARl E X
B CO, (24%~90 mol%), f/NEAHEJ(MMP) & THUZ 77, #8361 R4l CO, I VRAH 9K 4 il 2 A o
STRA I AN, VR IR A TR AR SRR JEVR AR IK 2 (8] (0 X35, G qa] 5t 5 i X 4 LA K CO, 4 i 22
REA RN FHME . ASCEET E XHL 5 F SR T DL A0 SR I 2 B, 7 S A A R R S 2R 3l
PRI, SR AN A R BB AR S F B, R ST 1 R4l COp /NI IR 7 Je X CO, S ESR, LA
F COp M iRAR IR A v AT 1o 25K B, H bR JRAH 9K CO, 4l X 7] 25 T BR 9 57.6%~99%, H T~
N 57.6%; CO, 4 80% it VAR UK K i F2 B LhARTR AR CO, (ZERE 40% F)FEmr 1 12.53%, X LLIRAHDK
(CO, 4l 100%) K HFZEE R T 3.88%, Uil CO, IryRAHIRIT R R TR AKX . HE—2 CO, 4l g XT
KPR RIS SR BN, BB — P ARAl CO, MU fmy, HEFE H bs X HUI IR AR SN N U] CO, 4
N 80%. AFF 5T RN I ARSI K i ST SRR AR HE , W IS i B CO, $ RS e AR B
M EATRSE L.
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2. R/MEBHEESAS CO, d4E TR

E XM & & CO, tEA, WIEA CO, WRI IR,  [RIVEE i CO, UK. Foyth it S SR 2 i iy
W7 1o MRS CO i NSRS HLZ Gk BT IRARFE R, B R B AN R4S CO, X I VAR X 1] J2 46
FERRRATEESR o A SCHE AN seah 45 SR 11], BT KA R, 7 ki AR B o 43 ) 1 B — MR
e, HEBAEME 1R,

Table 1. Main property parameters of crude oil and well fluid
= 1 FmANFRIEERERSH

AL (N 2SN 7 ) 107.5 m¥/m?
2 AR AR 1.3357
2 I 2 B 0.6986 g/cm®
b JHORG FE 0.29 mPa.s
Ci+N, 42.92 mol%
CO,+Cy~Cyo 27.33 mol%
Cu+ 29.75 mol%
TEAF AT
/I wmp 11S1.2PV
lem
0 [

1.2m

Figure 1. Model of thin tube simulation
1. HEERIERE

FEACT MMMP T, BIZEVTIRAH S ARTRAHBOINE 7 i, AETRAHANARIR B2k B 2 0], 4R RS 3
— BT B2 B R R AR B, LS TRAR ARV B 2R B A XAR B ANAE A, 8 XX s Z B R 77 X TA) Ry
CIRARIXE] . LLVEZE CO, N, BEAFIES, AN 1.2 PV #4l CO,, 4N BT 513 2R H K /7 R 5
RLBRIH AL EE . VEANE R )5 IR e R B, 2B R0 =B R, Wl 2. K Bk o¢
AMELEK, 5HATE M ELRBEE s B ) mONI iR AR I X 8], Horf,  S59RRAH BB s
X 1 7 IR AR R 7 R BRSO BN IR AR J1(MNMP), £33 E X4l CO, /M iAH IR E 77
o 27.05 MPa, JEiRAHE /71X 8] 27.05 MPa~33.64 MPa.

WN[RAESE CO, 3K —#F, M 40 BAUAF B I — CO, 4IE N IR AR SIEA R IR R, AFA A CO,
AR XN MMP 1 MNMP, 4% 2. #R4EAR[F CO, 4 R MNMP fit MMP, #—75 5] MNMP
“4(0.8~0.84) MMP.,

fR4E4 2 Bl 22 MMP R MNMP 5 Py, (CO 4ERE) 2 [A 5 R IMZR, KB MMP I MNMP #5155
CO, 4l B2 MR A

MMP =-0.1703P, +49.86 )

MNMP = -0.1516P, +41.73 (2)

SENAEAT R S AT TREARFR I EL 2R, 5 MMP FiI MNMP 2 A7, 38 f 0t R [ CO, 4l 5 Bl A% % )
TUTIRAHIRA CO, 4t IR, Wil 3 Fian. 4 B Arill T E K 178 33 MPa, iTiRAHIRAT CO, 4l
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[X ] 7 By 57.6%~99.0%, 1, CO, 4l TR 57.6%. HAFriE ™ H < CO, &N 24%~90%, CO, ik
TRAHBRAE R O X a5 se, Rk, VENEEAE RS CO, T TR A B A m AT PEFNTE F1%8 K.
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Figure 2. Relationship of displacement efficiency and injection pressure
(pure CO,)
2. BHMERGFENEHNKXFRE (L COy)
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Figure 3. CO, purity plate of near-miscible flooding
[ 3. iSRRI CO, 4 EhR

Table 2. MNMP and MMP with different CO, purity
= 2. A[E] CO, #EE THI MNMP 51 MMP

100 27.05 33.64 0.80 IRAITR
o) 28.04 34.78 0.81
80 29.27 35.63 0.82
JEVRAH
70 30.74 37.01 0.83
60 32.73 39.86 0.82
50 34.30 41.03 0.84
40 35.42 42.95 0.82 JETRAH
24 38.24 46.28 0.83
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WRAE E X5 HA 4 FEIUAFHEBORL, B RIAFFHBOL IR CO, 20 MR 25, oA
FEEGEANIBT ARG K. BEHRIEI, JhEGE R AE I, CO, MR AHURALE T IR thhE
23, Wk 3.

Table 3. Comparison of reservoir conditions and oil properties

3 3. MR R R Rt

5 59 1B 432 B 552 B 493 B
AFETIR, % 64 52 43 34
JHEAFR, m 3319 3324 3489 3503
MR, C 1121 114.2 116.7 122.5

MHEE ST, MPa 31.96 33.85 34.04 36.53

3. FREFHFMANHFLYER

K F Eclipse #UEAIRAE, 250 R A, WA <810 mx 10 m x 20 m, #IaaHZE 77 33
Mpa, VIS N 60%., i Lk E =F, BBSHILE 4, @3 —F—RIAIHTTR, WK 4
IV

Table 4. Permeability and porosity parameters of typical models

4. BMBERLSIERMILIRESH

4 FLERE B # mD JZE m
I-1 0.25 10 20
-2 0.22 5 20
-3 0.15 0.8 20

Figure 4. Vertical permeability diagram of typical reservoir model

4. BEHEREEESERTEE

3.1. FEEHEE

BRI COp AU, MOl B B CO, AL AR (1 A4S L. 1415 4 3 Fh CO, 40 F (T
FIVRARIRAS) 9K B vp R — B 2 B0 S il i A EE ARG I, CO, i A 40%fCRAETR ALK, CO, 4iifE N 80% A3
JTVRAHIR, CO, 4liE N 100%f R IBFHIK, A LUEH, CO, Vv AH UK EL IRyl &R Ak K vu i B JEh, B
T VR AHIK .
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O CO, 4l 40% (LR AH) @ CO, 4l 80% (IiRAH) ® CO, 4l 100%(JEHH)

Figure 5. Oil saturation of gas flooding with different CO, purity
Bl 5. IN[E CO, 4 TSRS miaFnEE

72 5 NARTE CO, 4lifE FAIRK AR R AT L, 24 CO, 4l 40%H), BRI RFEE N 42.27%, 1
2 CO, 4l 80% | R AL EEIA R 54.8%, ZRIE M 1.29 f%; 4l CO, RAHIRFK HIFLE Ny 58.68%, Lt CO,
AiFE 80% FUTIRAHIRIN IR = T 3.88%, FmIEEAM, 4iEEST 80%)5, HE— D Htmali xR AR M)
PERMEER N, XU CO, I IRAHIN T R R Bl THRAHLR . eS| CO, $RAliliA, #E# E Xk CO,
ORI VRARE NS B ARSI RE l 80%.

Table 5. Simulation results of different CO, purity flooding schemes
F 5. T[E CO, diESIEH RIELITHLER

CO, 4l %% TRARTT R FitRaE m? KHFREE%
40 JEIRAH 121737.6 42.27
60 JTVRAH 142300.8 49.41
80 HT VR AH 157824.0 54.80
90 HT VR AH 163958.4 56.93
100 TRAH 168998.4 58.68

32. AEAFHEZRR

MR R 5 LR A 7 gh B, R W FiESS40[12] [13]: CO, 4ifEN 80%, jF~<#HEE N 0.08
HCPV/a, BUEBALTHE CO, ML RAH IR FI AKX B b 77 30 10 4 H RN R AR BE, THE S R L 6.
CO, L TRAIRIT & 10 4EHIR HFEFE ik 58.28%, LHL/KIRIER T 17.67%, FKIJIELE CO, T yRAH LK AT 3/75
PR

Table 6. Comparison of effects with different development patterns

® 6. TEIFLFRNFLRBRIEL

Y FIrRih & m? Rikiguh i m? KRR %
T IRAR N 167846.4 949248 58.28
KB 116956.8 44035.2 40.61

4, it 53N
(1) JTIRAHLR e /NI VR AH S 77°5(0.8~0.84) MMP, CO, 4l 7F 57.6%LL_ERI AT IABIUTIRAH, HFRX
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(2) miT 80%Ja, HREEHEK CO, 4UE, HRHIFEFLIR mIREERUN, COp TR AR N & BEATE

A 80%., CO, A1 80% T T VALK T H AR RS L4l B 40% T IEJRAHIRIE =5 T 12.53%, Lhali CO, JRARIRIY T
%7 3.88%, CO,TiRAHIKTF &R TIRAHIK.,

(3) HARXHL CO, ITRAIRIT & 10 4K K FE R =iA 58.28%, LL/KIKHE R T 17.67%, k4l CO, i
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