525%: H1

12 W hR MR 202043 H

s

DOI: 10.3969/j.is5n.1672-9854.2020.01.002
FEL SEARBRESHEEZ L REERR

%% P9 e Rl BSR40 B AR S e N

2 HoL 2 P ,2 . 2 1 2 2
SH, BXE, A&F, SRS, KA, 24V E £V
el B TS5 . 2 o 4 T 2 2 5

XEHS:1672-9854(2020)-01-0012-10

B E BRRAZEMERAERAINREEREGRREEZPMEER MR R BT ENER, AR IR
BEAMEFHTRE. FRELEBENL D ZR BRI EARRAARRE L EREANTRMER, ZH
REREEWEAEBRANF GG AENEL T, PEF M EARREEHEEALIREHZNAFTR
BEBR N FHENEE, RAER G S B NI R W R R R AR AL N AL By R R 3k 8 VA
PR R FHEREEERS N FRULRRE, TR T BB k5 R kIR E O AL IR IR (oA ey L
BAR, BE2ATENAR:OFEEREE ZENLR LN, MAERE M, AREE N AR ELAZETH—
Z 8 LA —PeE T W R AR, B T 30 B AWM AR R B F R B 1R R, 72 80 ~ 110°CHE Bl 9 A — A A T AR Bk 3 5 8
Phoh R E U QB I A B LR A LR A R kLR A | AR L IR A A 2R FL IR AL 5 R B R Ak 5 0 M LAY X
o sLie A RB| ERILRZERE R E M ERLEBRAARR, FREFARANER2H - S B EZ A

FU R ek A R FbE

KA AR E; BN AREAR; BT v BILEA; Bk

FE 5SS TE135 M EkRIRES A

0O Bl &
AR R SRR T U T A

ok AR ERIZ S IR)Z DU 89 5B AL, 4y
D 2 4 22 {5 <O eI 38D RIS LR 4
b A L0 S Ik T A ) S B a1 3R [
IR MR BRI E O o TRRIR L0 P Y &
e st e BRI ER A TEAE 2 1 T R 2R
IR BT, PRI P Sk A R B UK AR LB R it 4R 25
() H 2 K, T e ViR R R TIR £k I U PR A 552
BALIER] 13— IR BRIRER v AR R A
UL 2l B4 5 Pl P AR 5 IR e =2 ) R AR Y i
T R ph M AR B4 R, Mt 3 B TR MR 2 2 T
Szt R CA E AL B R B TR B
FIAE) 38532 Bl Y 22 JE R | DA KIS Tl 1 Tt B 5 55 1)
Z AR AU i A A AR L i A
A TS B el A P ME LA DX 7, AR X 5 3 Jo WL 43¢
FOHEBETT AORBRIA o BRIREE & ¥ Tl AU 5 56 2 B

Wik H 9 :2019-09-18 5 2k 11l H 151 :2019-11-06

FERRIR L V8 1A R 25 R0 A U B B 2070k
AL g T VA DL 2 T M SR S ) IR R ) 4%
1, BRI E6 e A b J2 7K 22 TR RH B T 0 3 A
S5, DT fifk PR B IR £ o MU 9 ok A 2B A M 2%
A% PR AL A s A LA . [ 20 iR 4D
304 LK, [ N Ah 2 E BT g T AR E T
T3 TRAREE AT T BB IR A R T SC 5

R SUT 1 Bl TR S T ok S 3 T AR AU M 3R R
B S IR B <100 °C, S 5 Uy 1 A0 45 e i
E A R EERSIE RS pH L AR [ A
AT L3 J5 B AR AR R S 1 07 A0 A 25 A0 B
iR 20 122 80 ARAX, Bl I R 2 Bk
FRER I 2 00 & B, X T IR IR T i R b
P 4 4 ) DR 2R AT ) 2R A B A0F 5 O A S B
(0 5 B A o WAL T vk A0 A R R e e e AL
N L | RPN k- 7Sl e R = D A =
LRI S R ARA A X ST R A S
A ORL B PR A 2 8] B R TS 7 5, AR SCGERRZ

AT 52 H AR5 B 4 S IR ST BR R A ST T AL ) M A R A5 (G0 5 - 41802159) | [ ZERLE R & T Jm PR 28
F— ORI IC i SRR FR A UL 2 5 A3 A F 5T (G5 : 20162X05004—002) it [ 4 11 R 4K SR A B2 W) 144 )8 e T KLk 0F 5
ISt 5 BRI S A il B AR BRI R 2 AF T3 o~ T R T T BRI & ST (45 : 2018D-5008-03)156 45 5% 1y
F— Ak R R TR, T SRR 5 G T R AL SRR T AR . S AR 310023 WHT A UM i
P X PHE % 920 % ; E-mail : shem_hz@petrochina.com.cn

IANRINE ORICOGIN PETROLEUWLUWMM  GEOLOSY



AR - BRIRER A i TRV DL S 0B A Je B o

SRR R AR RV PSR . R RS
B AS S0 AL T AT F 9 o —7 o ol AR R R
FVE LI B 7RSS T (G A S TR
3200 m) [ = AR 2K T A KA TINR . Tay-
lor 85275 HH o 1R o R WG SR 9% 1 1R I o, 1%
Tz G5 7 N R B, 16 R IR R A B o R
TV T YRR S (A% ), WEE SRR T A
AR EE NESL.

UL, B3 i — A T il B0 S 6 4 R
CT AU F i A 2E 25 0 1 56 2 VS I A 00 52 56
FEARAT 247 11 0 5 8« — 2 2R 9 R PV 2k v
FHD I RFRAE N RN 28 R A A ERE IR AT IR
PRAEBRIR 825 N FRFL IR A2 B8 55 0 4 75 T A 40,
AR SRR Z A TR R R RV D S 56 5 — R 8 S 56
B R AE AN Y T BE , AR A S B RE
R U 2 R AR B A 4 BT 45 o Luquot 55284 B
113 T W R 5 N BBV il A B 6, A AT T 3% 1
CT 4 1 = Z4E AL B 45 A AR H AR | X Fe T 3% 1ok iy
Je A N B AL B AR A, I 0 20 ST A KA
Vs b 3o R v L R E B O R A A B AR AL . AE
B, A B S O R T R A N BRI TS G, R
FH S LR (B 2% 19 7 R ZERE CRBE B N 25
mm ) , PEAT 5 T R TR T Bk R ko BV Tl B S G
A3 T4 (60 °C . 10 MPa)—( 180 °C .50 MPa) fii [ 5%
T, 2 LL0.2% L TRAE MR TR, 1= 2 fA
TR Vs b 2 B A R 5 R 0 1) T v T 5 9 i/ 1

YN FE PSRBT, i IR e Vs T AR 4D S 6
AT 3 DI bR I ok 2 R O o BRI R B AT 5
B~ TP T A 25— P 2 B o 3 10 i b SE2 G A A
SRR G KoK - AE TR, 5 8 4 37 3h 1 24 5
FTH R b ok 3 | L5 2 A i 2R F A 0 Pk o
Beld K sh 71 545 HARIR B MRS K . AR S50
Z 45 TP I AR ) AR R R B R R AV T 1Y
KR, LI AR 2 R H 25 88 1 /K e B il i i, 2.
WS T b2 K R R B RN AR 4 B O Y L R
VB TR 25 Vs o o A v 25 A LA 1 4 A T AN
Vst 22 5, DA U A A SR LRSS R RS A )
PERAR AL, 171X B 1A 1A ST R 3 7 L B e DR A 3 A
FUEEF T BN S0 I N 28 o A SCHRE A ) 3 o
AR iR R 46 25 it )2 T A S0 30 & (LA TR i A 5
95 %) P B IR 25 T T AT ADL S 50 B AR 1 1 45 4

13

T B PR B S, LA D B T AR A B
b FH I AN g DRt R A e i 2 TR 5 0 A1 Y
B R 2%

1 MR RESTE
L1 B SR

S H R R R R R ) 2
PR BRI A A NI T R G A A R TR R
50 11 v ek e R SRS ] A A I R A A o A
o I 2R 8 I R 28R P R R o TR A D e R A A
o 748 T it 4 1) 3% T 2 A B R R T AR IR, S
TR = RN 3 R A FE R SRR TS 1 R A S
A PELRIE S E , A0 (0.1~10 000) X107 wm?, 7+
ANTFE MR G RA 2 2848 L 0 28, i i 4
LRI 1] A E 48 , ] JF e — TR 2 4 b I B — i
OB R, -t AT D[R] AR 2 A [ R R A
B 25 o R () Ay s 46 ) o

ST EAE XU VL 28 1 A 2 T Tl AR G G
NEBZNH A HE SN AT RIS RSO
JeFER I A IR T R G (AL 5B B Rk
WZEDIRE) o A TRV Tl R 40 2 2 s i e R 2
I FFAY OUREZEZE (IR | (Rl R i 2 TRl R 2
R A5t A n, e T H AL A R A e Ty
il ASCRN R 2 A5 SRR 1 i R R ) A S 80 45,
B o o Tl i TR O e R R B AR S A
FH AR FH B v R R RO 28 D e R e AN &R
FE AR R 316 LA 4, LA /KB AT i, DA 52
MBI RIS . A O RFEHR AT UREASLKRE
Shy it e R v AR S S 3 R 2 H sl R 0
FEREA VB Iy, S B FE e 1T SfE E KF
2.5 MPa, i R IARTE 25 A R S N ERALBR Th iz 5
FN o WU FE SR FH vk B va AT 2258, T 3K 3
RGNS W BN, S5 B s R R T A O B
DL ST 00 T B 3% B A O e e 2 A A o R
FE 5 ] ASEA0L S 06 T i gk ] 5 o 2 A [ R
il

o M e R A S ARG T 2R 4 i I 28 SR A
A B AR B G IR, E OGRS 6T, ST
IR e ek v T K = RO s AR R AR SR A ST . X
FAREAN RN ZE U, R v 3 A 1 TG, B AT
T S it il P A P BRI BS



14

TEATIMAHBR 20204F 4525 35 55 1 4

m | ri—
)\Dyijj{ — ! HOES Ny
TR 1) =t iati T 15 IRRE% ¥

&mn "L

i 3 2 A T

\
JE I

i
IREAE DR

&3]

)i

=
T_

1 BREERBINFEIMKETEANDIRREHNTEE

Fig. 1 Schematic diagram of dissolution system inside rock in high temperature and high pressure dissolution dynamics simulation device
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Table 1 Function and application of high temperature and high pressure dissolution kinetics simulation device
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Fig. 2 Relationship between saturated dissolution

and temperature of carbonate rocks in formation water

with different organic acid concentrations
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Fig. 3 Burial dissolution characteristics of dolomite reservoir of the Cambrian Longwangmiao Formation in Sichuan Basin

(common thin section, single polarized light)
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Fig. 5 Microscopic characteristics of five pore types of carbonate rocks (casting thin section, single polarized light)
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Table 2 Whole rock X-ray diffraction analysis of five pore types of carbonate rock samples
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Table 3 Statistics of porosity and permeability before and after dissolution of five pore types of carbonate rock samples
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Fig. 6 Real- time evolution curve of liquid permeability in the dissolu-

tion experiment of five pore types of carbonate rocks
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before and after dissolution (red indicates pore / fracture)
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The progress and application of dissolution simulation of carbonate rock
SHE Min, JIANG Yimin, HU Anping, LU Yuzhen, CHEN Wei, WANG Yongsheng, WANG Ying

Abstract: Carbonate rock dissolution refers to the process and results of interaction between flowing erosive fluid and
carbonate rocks. Carbonate rock dissolution may take place at surface, burial and deep burial conditions. Dissolution
simulation of carbonate rock is to reproduce the process and results of carbonate rock dissolution under simulating
formation environment, which is an important method to study the favorable conditions and distribution rules of scale
dissolution of carbonate reservoir. Since 1930s, many carbonate dissolution experiments have been conducted by
researchers in China and abroad. The technology of dissolution simulation of carbonate rock mainly goes through three
stages: surface dissolution of rock under relative low temperature and low pressure, surface dissolution of rock under
high temperature and high pressure, and internal dissolution of rock under high temperature and high pressure. The
CNPC key laboratory of carbonate reservoir has designed the high temperature & high pressure dissolution dynamics
simulation apparatus, and developed the carbonate dissolution simulation technology which consists of functions of rock
internal dissolution, rock surface dissolution, visual and analysis in situ under high temperature and high pressure.
Experiments of temperature window and pore evolution pattern of carbonate rock burial dissolution were done by using
the high temperature & high pressure dissolution dynamic simulation apparatus. The results of experiments with high—
salinities fluid show that the dissolution quantity of carbonate rock has the characteristics of slow declining— slow rising—
fast declining. Because of the action of two opposite ionic effects in high—salinities fluid, 80~110 C is the favorable
temperature window for carbonate rock burial dissolution. The comparative dissolution simulations of five types
carbonate rocks of interparticle pore, intercrystalline pore, dissolved pore — dissolved vug, oolite moldic pore and
growth—framework pore, indicate that the connecting pore is the prerequisite and favorable place for the occurrence of
buried dissolution, and the difference of internal fabric of carbonate rocks will further increase the complexity of
reservoir space in the combination of pores, vugs, and fractures.

Key words: carbonate rock; dissolution simulation; internal dissolution; temperature window; dissolved pore evolution;
dissolution effect

SHE Min, First author: MSc, Senior Engineer, mainly engaged in the research of carbonate reservoir and geochemical ex-
periment. Add: PetroChina Hangzhou Research Institute of Geology, No. 920 Xixi Rd., Hangzhou, Zhejiang 310023, China



