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Effect of dissolution on physical properties of
sandstone reservoirs during CQO, flooding

YUAN Zhou, LIAO Xinwei,ZHAO Xiaoliang, CHEN Zhiming

(College of Petroleum Engineering , China University of Petroleum( Beijing ) , Beijing City, 102200, China )

Abstract: The acidic fluid formed by CO, dissolved in water could dissolve sandstone in the process of CO, flooding in res-
ervoirs. The dissolution could change the physical properties of the reservoirs and obviously affect the oil recovery. There-
fore, the static immersion experiment and dynamic displacement experiment of CO, flooding in sandstone reservoirs were
carried out to quantitatively study the influence of dissolution on the physical properties of the reservoirs under different
temperature and pressure conditions. The experimental results show that the dissolution effect is obvious in the process of
CO, immersion and flooding. The porosity and permeability increase with the increase of temperature and pressure exponen-
tially. The mathematical expression equations of the relationships between the temperature, pressure and porosity change
rate and permeability change rate were obtained based on the experimental data. The numerical simulation study was car-
ried out on Block H3 of Changqing Oilfield with the aid of mathematical equations. The results showed that the dissolution
in the overall reservoir of the study area occurred, and the dissolution degree in the injection well area was higher. The oil
recovery considering dissolution is 26.08%, but the oil recovery without considering dissolution is 21.03%. The enhanced
oil recovery(EOR) is 5.05%.
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Fig.3  Variation of surface morphology of slabbed core with time



-100- Mmoo o 5 R oIk & 202049 H

o 50°C 480
B4 RRBETEOYHRERS

Fig.4 Surface morphology of slabbed core at different temperatures

Bs5 AEREATEOFRERR

Fig.5 Surface morphology of rock core slice at different pressures

CO, M MgCO, S ULIEY) , X &l TH MR MR -D0FE 320, A2 HCO, & i i 0 e i MU OS2, ANk s
R — s SO B, Ho AR RO AR R B A

CaCO, Fl MgCO, J& FRuA TCHLER , R B R, 5t Mg 4 ke /D A I 2 P A A T R B, X T
ANetrits i JZ K Hh oK Mg 5 €O,~H,0 J2 1 4 it MgCO,, B

P HCO, MR EAEA R AL REHZK g SR el TR IR B o A RE T 50 DCTE , (EL 2 L i it
AR ARRIES: . HAMNZFIMZK pHIER  FErpiEFe R Mg™, fedt T 04 i h



278 H£5H

AR DA I CO, BRI AR P A TG i 2 M PR R S -101-

AR 852 2 — A 2 52 2% 1 R o AR,
SN 1) AN UR DA BT, AR BR Y = A T 8K
M), X2 AR A5 T B Y 2 E A T 1]
1.32 CO,BE# 5 5%

CO,—Hi B X —% F 48 B 1E FH 2t B 4 4 19 %
0 CO,BRER T FE 1Y CO,—HJZ K -4 A HAE
B RINE I NS A AU A A 3 AR
FH A PROR 7 oV S 200 2 R R 5
YRR IZ R o 6T FLBREE R85 A XN
ol , — 7T T HE R 2%, LR TEAX K, 2 E
B EVER, HE S B AR D 5 CO,-HZ K -
A AR EAE R TS e SR Y el AR RV AR
ISEIR T 25 A 2377 — S AR LI, DT 3 B0
O LB PEAR I, 3458 50 A R 7 5 {5 o —
IRl KA 250 W s b BT S 8000 i Bk 38 % LU
Fe CO,—HbJZ2 7K 52 i A B Y CaCO, 78 75 A FLBR Y
DURL, MIEFE T C AR /NI AL , 15110 52 T 325 0
HIB R, X T LB TS % RAR KA A O,
7 1 FL B 3 K R R A Ik A3 ot g ) T, AL B A
BK, HBEA CO,E A BE A IR, (A5 5 0y 4 3 4
T, CO,—HuJZ /K =25 19 J 1o 5 743, s ok et B T
SR 2 T OB B % B A 2 T AN 2 I S LR .

FH S 50 I O FL IR BE LB 3 R % L (R 1)
AL UL, CO, SRR aof A% v i b A AR 3 WL BT A
SO 2 BRAL BB Fig i A8 K

1 CO,REIRBHIGE SBERS 7L E MR LR

Tablel Test data of core permeability and porosity before and
after CO, flooding experiments

Bz & X Lo B E
E R

(C) (Mpa) PR SRR MR WIHAME SRR R
D) D) (%) (%) (%) (%)

20 19 0.1294 0.1307  1.00 8.05 8.10 0.62
20 20 0.1300 0.1320 1.54 8.41 8.49 0.95
20 21 0.1316 0.1357  3.13 8.50 8.59 1.06
20 22 0.2225 02350 5.63 8.96 9.12 1.79
30 22 03687 03910 6.29 9.81 10.21 4.07
50 22 03336 03588  7.55 8.51 9.32 9.51
80 22 04312 0.5627 30.50 12.10 1596  30.90

MR 8 -5 5 BB R 5P R FLBE -
LB AR AL R 156 2 ([ 6) a] UL, 9 & 2 1) #f 5L 45
B3t 38 (0 R, R 46 (RN, AR A 258N s BT UR (8
R AR R, 1 R e O A TR B S 0 4
FLBRE RN 4R 1845 A0 B IE A G, FoA AR E0E 20
W REATBIBERF0.12 ~ 0.13 mD 50, BB R
AL FAL R 1% ~ 2% 5 KEB 4> FLBRAE b 8% ~ 9% 11

b, fLBE AR R AR RS I 5%, L 2 ZBALER
JEARAL AL 1% ~ 2% o 7] ULi% i35 R AL B RE /)N
RO T TR B AR

35
30+ .
S 25t
> 20 |
o s L v=0.622 4exp (7.954 4x)
3 R’=0.8103
® 10 | ’
%
5 -
O 1 J
0.1 0.2 0.3 0.4 0.5
W46 7% 3% % (mD)
a—W UGB IE R 5B IER BRI KR
35
30
S
% 25 - ¥=0.001 6exp (0.808 6x)
2 20 R'=0.673 4
2
P
-3
~
1 J

8 9 10 11 12 13
WA LB EE (%)
b 4h FL G BE 55 L IR AR A 2 R R
6 MBREEXEMMBILBEESHETHENXR
Fig.6 Relationship between initial permeability and initial
porosity and their change rates

BEWH Y A0 MBS R R LR
JE AR R AZ R B2 (&) 7) nT UL, 38 15 R ARk R -
T 5 FL B AR AR - B 1 5 R LA —2, B LU
FREOE R . 7E 20 CHHB 5B R ALK 4 5.63%,

33 -

28+ "

R’=0.893

BIERENE(%)

8 ]

3 1 1 1 1 1 )

20 30 40 50 60 70 80
I 2 (C)

a—BIEFRRMESE LK KRR

FLBRBE AR A 2 (%)

0 1 1 1 1 1 )
20 30 40 50 60 70 80

IR (C)
b—FL BRI A5 4 % 5 R P 11 K R
E7 SEXRBURMIEEETURSEENXR

Fig.7 Relationship between permeability change rate/porosity

change rate and temperature



+102-

5 Xk Ik *E 202049 H

30 5 50 CHE 3 R LR AR K, 7E 80 CHE
B R ARAL R R 30.50%, U 1 LB R AR bR A
20 CHHMX R 1.79% , FEAR IR B FRE T, CO, IR P Uit 14
XA B AE O R B G A, LR R O 22 1
T AR5 T 80 °C, FLEEE AR LRI | 35 30.90%

YL E X CO, IR S 50 5% ] K, 5k vy R
CO,—HBJZIK =0 =38 Z T A S0, R R AP, 1
HTRAT Y5 CO,BRYER RN SN i 2 Fp £ 45
ROE UG E S K AT YRR m-EaEE . —F
B HEERIEER, BRAREINRAME T, CO, 5K
F AR T 22 00 HL,CO,, {2 KA B 9 0 7 ol A
FIEARBE . BEE BT, KA Y &5 Wi
ik, X BR R R K A BB HATIE R,
B A D075 200 T i A RV A o BRI UL, #E R T
FHFE &R T RS, KAy Y5 St
TR A A2 O

JE AR D B R AR R R FLER
JE AR AL FRAZ TR T RZ 0 (P 8) n] L, 9885 SR AR Al R~
JE 1 5 LB EE AR AL - R 7 0 2 R AR — B, [l B
B DB EOY s

6

;\g 5

% 4

kS|

=~ 3

»

M2

b 1

=

. 0 | | )
19 20 21 22

& 71 (MPa)

a—BIBEFRBUFE G KRR

FLBERE AR AL % (%)

20
J& 73 (MPa)
b—fL IR A 5 R TR AR
B SEZXTNUZMIBEEURSEANNKRE

Fig.8 Relationship between permeability change rate and

21 22

porosity change rate and pressure

JE 7 538 KA T CO, 5K I M £ (R PR R
A, X 2 R 25 A R IREE I, O, 20 K 5 CO, FRYE R
PR IE E 2E H, pHAE RIS, JE B HOX KA 04
PV AR R A R 8 H R UL, M2 KA
PEA T P DL e A R B AR o £
CO, I8 T 7K J5 FF I i i H,CO, R R 3R 3L 7 R &Y
H* S0 A i — 2D AR SE ™ i A Y

P/ HAIE I T X — a5
14 HERIEHRE

[ 7 FNIEL 8 A L, 5O FL B BE RN B a5 R
1) 728 1 35 5 1 B 0 07 45 AR 06 &R A B Excel
(RS AT T LA TR Il sy A8 B0 R

Y = ae®® (1)

W5 h 2k AT AR b B, XoF Dy A T i X

A

lgY = lga + bX (2)
JETF I 9%, 715 -
Q(a,b)=nY? - 2an XY - 2bnY +
a*n X? + 2abnX + nb? (3)

I3 B%E QK a R b B i T4, > X0 0, %
H a F1 b R AT AR 53008 -
XY - XY
X -7
b=Y -aX (5)
XF R 1B S B B i IR AR T IR I A B 3R
2, o br iR 22 R W DR ZE(EAR B /DN, Ul WIS BORS
B o MOl AR B AR AR AR -
¢, = 6.695 x 10”7 exp(0.021 417 + 0.728 3p) (6)
AR IS R B LB R A -
b, = 6.695 x 107exp(0.021 417 + 0.728 3p) b, (7)

(4)

®2 BEXRERNBFMMEASH
Table2 Mathematical regression parameters of
flooding experiment results

e ZHUE brfEiR2E  TRIE S ESE
R -14.216 7 2.200 6 -6.460 4 0.007 5
L 0.021 411 0.003 6 5.8910 0.009 8
&) 0.728 331 0.105 2 6.92217  0.0062

(8)

FLBR B -8 3% % 1Y ¢ & 51 H Kozeny—Carman J5
A A

Al

¢‘o 1 - d’

K = K,
W BN (8) 2, 155 n=1,
B (7)XACA B, WA B /R S B0 &
BARAAAEN -
K = K,[6.695 x 107exp (0.021 417 + 0.728 3p) |

2
1 - qbo
1 - 6.695 % 107exp(0.021 417 + 0.728 3p) ¢,
(9)



278 HSH

AR DA I CO, BRI AR P A TG i 2 M PR R S -103-

2 b fERIRERBCR ISR

FERLIE 3 B AL B A 9 B 2 L, 32 H Eclipse
BB A B ST BB A Y, B O CO, 3K 52
5. iz B AFH Chemical Reaction I CO, 9K
=B UR S ERAN I i1

P H H3 X e fift J2F 2 fLBR By 10% , 2
B 0.1~0.3 mD, FLIMREE ARG VAT, FLBR 45 1)
A g /LIS LI , b 2K A9 A6 2 35 60 000
mg/Lo JHECHE A 2 700 ~ 2 900 m, Hb 2 Ik 1 K 21
MPa, i )2 1L B2 A 80 °C., il 780 2 7K % 55%. % IX
Yoy B ROU s A AR BAUOT K ad PR Co,
HEERIRI K

A AR TEAE AL CO, SR ok 72 v A ¥ ot
WL, BOE R N 5B ERZ B KRR I XHME 5 &
BT IE | 245 2 LB IA RS 10 R B 43 A K
VPR HI R ICR A 2R . B B4R 3 R R A

Wk oo
K — %o
Ko=exp{1<m..(1 - ¢0)} (10)
AR EE R LR A5 R, il PR T B
HERGE, USSR LI 9, 6 5 5 R KR 0.095 3.

35
30 b —— LRGR
a5 | —— AR

20 -

BB EANE (%)

0 e 1 J

19 20 21 22
& 71 (MPa)

B9 ZEZXFTHURTHLER

Fig.9 Calculation results of permeability change rate

HIBEAEL 30 a 942 75 00 (1 10) 7] DL, IX R
R AR TR T BRI U R T, FLER
PR BRAS AL 2R BOHA , 50 B I o R R g 5 A 0T
Pt FUBR AR AR S fb Z H0h /N o HG L PR i AU
IR R B S A RO, S U A
RAEMAER

XF LGRS, AT ARAS CO, B ik A At )2 7 okt
YERDX Il I & 52 ol 2% 185 R 25 R Dl A
FHB R L (T AL, 23l HAE P2 2155 5 a
I, 3 2 ME A, B T & AW R AT, v ot
VRIS R A T2 AL B BE B R, SRR 4 v o 73 AR
PEHERT 25 30 a i, B R A HT B9 R SCR

| |
+ "»
FLBR R B 1L R %

0.9975
1

E 10 CO,EH 30 aFFLIEGERETHRE S

Fig.10  Distribution of pore volume change coefficient
after CO, flooding for 30 years

0.9982 0.998 8 0.9995 1.0002
] ] 1 |

30 -
—— B

B e Ewm

R (%)

1
0 5 10 15 20 25 30

1 72 1 1) ()
Bl ZESAZERBMIERPRE RIS L

Fig.11  Comparison of recovery with and without
considering dissolution

26.08% , AN &V AV FH ) JEL i SR SR 4 21.03%
3 5B

CO, IR FE L FEH, CO, 1AM Z K I IE A A R
T 2 X D 2 7 A e AV T . IR i
TR, 0 B il R B2 i R 7 R B A T o T 3
K, HEFRFOUIGK o )T IK2 S g0 508, %t )=
oD IRRREE AT T RACHESY, S TR ER R
(2 O AL IR BE NS i 2 AR 3 5 6 ) TR Z 0] 1
BOEERAE T RE . PR B RAE Jr R xt CO, 3R 1
BB R AT LGB I . SRS R BoR
F 5T DX B4 3T R ST XIRAL B AR R AR fb R 0RO
S A P AL B R R A A R B X R
RAETHMAER, SGE T E M, % IR /e
(30 FH SR R 26.08% , AN 7% SV bl A F (43 FE S
W 21.03% , 25(8H1K 5.05% .

FEME

B

——FH;
K—L5FB5E%, mD;
K—WIRpB B, mD;
e (% 8

a



-104- WO o 5Ok ko % 202049 A
EX ment through chlorite/zeolite-rich sandstone (Pretty Hill Forma-
p—Ejj ,MPa; tion—Otway Basin—Australia) [J]. Chemical Geology, 2012, 30
) a5 b iR (3):294-295.
R [9] LZGEC O,DEMIRAL B,BERTIN H J, et al.Experimental and nu-
X vy ulj’—l%‘;( [ A5 merlc[al Jm()dehng of direct injection of CO, into carbonate forma-
tions| R ].SPE 100809,2006.
: HRE(RER [10] RAISTRICK M,HUTCHEON L,SHEVALIER M 1.Carbon di
N 4 Sy Y ni ,et al.Carbon di-
— S LR, %
¢ o R 7 oxide-water silicate mineral reactions enhance CO, storage; evi-
— p#R T [ .
b BB AL B % dence from produced fluid measurements and geochemical model-
JR— PEEIN .
¢, FLBRBEARARARL, % 5 ing at the IEA Weyburn-Midale Project [J]. Energy Procedia,
&, AR TR AT A FLBR AL AR AE, % 2009,1(1):3 149-3 155.
[11] REYNOLDS C,BLUNT M, KREVOR S.Impact of reservoir condi-
Sk tions on CO,-brine relative permeability in sandstones [ ] ]. Energy
Procedia,2014,63(3):5 577-5 585.
e ] ke

= fﬂ*ﬂ’ i AR5 “‘*“: AN COMEERLIRATE 1) gy, ez i €O,k M0 2 2 50
JERERELY T FEAUBE LA 2011, 301 104112, BB ASAFIEL) | AR 5 TR 2017, 17(24) 13844,
ZHU Zihan, LI Mingyuan, LIN Meiqin, et al. Review of the CO,— XIAO Na, LI Shi, LIN Meigin. The influence of CO,~water—cal-
water-rock interaction in reservoir [ J]. Bulletin of Mineralogy, Pe- cite interactions on surface texture and permeability of the calcite
trologyAand GPO:‘hPmlilI’y +2011,30(1):104-112. [J].Science Technology and Engineering,2017,17(24) : 38-44.

(2] #Rm, T1310T, TS, 4 .CO, FIHLZ K i 2 Pk i 5 i [13] IhEBR,RER,BLF 45 .CO, BRI b VA i VR T X 5 SR i %
WFFEBEIELT ] il Ak, 2019,36(4) : 741-747. QLI 1], P 2020, 32(4) : 136142,

DAI Caili, DING Xingxing, YU Zhihao, et al. Research progress SUN Huizhu, ZHU Yushuang, WEI Yong, et al.Influence mecha-
on the influence of CO, and formation water on reservoir physical nism of acidification on oil recovery during CO, flooding[ J].Litho-
properties[ J |.Oilfield Chemistry,2019,36(4):741-747. logic Reservoirs,2020,32(4) : 136-142

s

(3] Z=FH. M(’%E{FHH@ZCO UK e R MR B AR e RT3 < [14] WA . G AT s oK TR TR il 2 e 148 1 A
SRR 2020270 <1710, DPRAAETFEID ) F 4k #2019,

LI Yang Technical advancement and prospect for CO, flooding en- YANG Zhijie. The study on the reservoir pressure control strate-
hanced il recovery in low permeability reservoirs []. Petroleum gies and optimization of well pattern for a CO,~enhanced water re-
Geology and Recovery Efficiency,2020,27(1):1-10. covery project| D |Jilin: Jilin University,2019.

L4153 RERTTHASRIE 2 5 CO, MR BT 5 SeBk L] i < [15] SPYCHER N, PRUESS K, ENNIS-KING J.CO,~H,0 mixtures in
Ho SRR 2020,27(1): 11-19. the geological sequestration of CO,.l. Assessment and calculation
YANG Yong.Research and application of CO, flooding technology of mutual solubilities from 12 to 100 °C and up to 600 bar[J].Geo-
in extra—low permeability reservoirs of Shengli Oilfield [ ] ].Petro- chimica et Cosmochimica Acta,2003.67(16) :3 0153 031
leum Geology and Recovery Efficiency, 2020, 27(D):11-19. [16] DOVE P M,CRERAR C A Kinetics of quartz dissolute ion in elec-

SHIE A% Er Bk A Sk E 4 HELY
(5] ZBUE. AKSE, SAB, 4 .COUS R RRER 5 R S trolyte solutions using a hydrothermal mixed flow reactor[J].Geo-
=2 2y 3% 20—
9] THBR R, 2020,27(1) :20-28. chimica et Cosmochimica Acta, 1990,54(4) :955-969.
QIN Jishun, LI Yongliang, WU Debin, et al. CCUS global progress (17] E ik T e 7 0 1 2 7 5 s S e S
lb\ R[N R4
and China’s policy suggestions|[ ] ].Petroleum Geology and Recov- (3] K SCHLR T REHR .2009.36(1): 113-118
. AN A 5 : - .
ery Efficiency,2020,27(1):20-28. YAN Zhiwei,ZHANG Zhiwei.The effect of chloride on the solubil-
Wekdy, B AL A oK N } . . . N

L6] Wae, BTG E ; i Hﬁ?ﬂ{m I CO, St Fe A IR S T A ity of calcite and dolomite[ ] ].Hydrogeology and Engineering Ge-
WRFET7 1 [0 ] il SR 57T 42,2020, 10(3) :51-59. ology.2000,36(1): 113-118
CAO Xulong, LU Guanzhong, WANG Jie, et al.Present situation (18] UK. Fih . 2RI AERER 1 5 WALV i — BB
and further research direction of CO, flooding technology in FEREBRIE L] . P A . 2011.30(3) : 359-362
Shengli - Oilfield [J]. Reservoir Evaluation and Development, LIANG Bing, CHEN Nan, JIANG Liguo.The numerical simulation
2020,10(3):51-59. to the mineral dissolution—release law in the coal gangue [J].Car-
7 A S COL IR R S R e T

(7] ZEHAR, IVER L BRAILAR 45 A8 CO, MR s R WSO i e T 75 2 sologica Sinica,2011,30(3) : 359-362.

&= Y & AR 5 2,2020,10(3):1- N, N 9 e
FUFARAI R LR 5 T ) (197 el 5. 0545 .CO, W — AL A S0

- (1. FHRSE 24 AEBRRI . 2011, 41(3) 697706,

LI Shilun, SUN Lei, CHEN Zuhua, et al.Further discussion on res- ZHU Huanlai, QU Xiyu, LIU Li, et al. Study on interaction be-

ervoir engineering concept and development mode of €O, flood- tween the feldspar and CO, fluid []J].Journal of Jilin University:

ing—EOR technology [ ] ]. Reservoir Evaluation and Development, Farth Science Edition. 2011.41(3) :697-706

2020,10(3):1-14.

[8] LUQUOT L, ANDREANI M, GOUZE P.CO, percolation experi- miE xR



