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Abstract: Water-rock interactions in fracture systems and their significance to reservoir formation have always been a hot
topic of interest for scholars around the world. Fluid may flow and transport along the fractures, dissolve surrounding
rocks, precipitate new minerals, and change the morphology of storage space, all playing critical roles in the formation
and distribution of carbonate reservoirs as well as hydrocarbon migration and accumulation. It is therefore of great
theoretical and practical significance to identify the genetic mechanism of deep and ultra-deep fractured carbonate
reservoirs. In this study, we carried out high-temperature and high-pressure dissolution simulation experiments on
samples from the Ordovician Yijianfang Formation in the Shunbei area of Tarim Basin and performed numerical

simulation with tools such as TOUGHREACT to identify the interaction mechanism between brine with dissolved CO,
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and carbonate rocks, to investigate the influence of temperature, pressure, fluid property and physical heterogeneity,
and to calculate the Ca* diffusion properties and mineral dissolution/precipitation trends. The results show that the
overall reaction is dominated by calcite dissolution with an increase in fracture width, number and volume, as well as
sample permeability and porosity, indicating improvement of reservoir quality. This study clarifies that the physical
heterogeneity and fluid hydraulic properties promote the main fractures as the main flow channels. The flow and reaction
processes promote each other and together determine that the main fractures will not only be the dominant channels for fluid
flow and the main place where water-rock reactions occur, but will also be the dominant reservoir space for oil and gas.
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Fig. 1 Images showing the characteristics of samples from the Ordovician Yijianfang Formation on the Yijianfang outcrop , Tarim Basin
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Table 1 Experimental parameters of fracture-fluid

simulation experiments

R e R i

P " EgEC C MPa WAL (mLemin) I
RS3-1 1000 20 50 10 24 0.5
RS3-7 2000 20 80 20 24 0.5
RS3-9 3000 20 110 30 24 0.5 T
RS3-16 4000 20 140 40 24 0.5 &
RS3-12 5000 20 170 50 24 0.5
RS3-10 6000 20 200 60 24 0.5




5514 T, AF . FET R SRR R RS R R R T i - DO R 167

1920x1536 15 3K (1 F- AR 2RI 2% , X SRR S8 B2 (“YI R
JERE) N 14,28 wm, FESCHGHET U5 AR -1 A BE
1 (SEM-EDS) WLELFE i 2 T SURAIE 19284k, 10 5™
W it MULTE (4 4E (Zeiss EVO MA 10, Germany , #%
TAVWFFERE) o

2 SLERE(EARY

2.1 HE#EMIE

BB BT Z LA 5T Z2 A0 A RS A A
VERRREE AR T H . BUERLRE S 5 Y BRI AE 25
B, 38 1 B0 e A2 6 T T 47 B S 0 A 45 2R [ e
BE AL BA AR LS, LA 5 S804,
AP T 8 T 25 48 T8 1k S S UL (1) 5K
g AR 7E S AN B 28 1) RUBE (G AN ) (R 1 it — DL e
S AR AL FLBRRUBE 1 38 B ad B A ) B I8 K g B ]
RUEE CBUA R 2807455 ) B 520K =24 TN AR Z (1) A8
[l = 2

TOUGHREACT 23 45 i 22 AH It 142 2 1 Hh 3K £k 27
B AT, o] AR A s AR A . i AT
DI 2 1 e P b — A R0 = A LB ek 2L
AT Sl A 2 TS R M ER (2 R
TOUGHREACT ] LA A5 4 oK 7K — 5 A7 A2 A4 5 7=
Vs RSSO IR e dl seA% ifige FLBR
RS ALBRIE A5 . TOUGHREACT X B[]
R 28 [0 R A4 T B A BRI, Ik #h T 4 2R
S RO /NVRTAT E AR SR R

2.2 —HHERBRER

fE RS g SE A b, {8 FH TOUGHREACT #5241
AT R T IROE ORI S5 (R AR ) 2 i
SR E HEAT — 4R PR 53 s @R AR AE SERAR L T U
PR R B, TR AR 4 2 T8 1 A% 24 h; Bk
BB — A A% 24 h NE S5 R AR O o

HERERNKE N6 Sem, HAE 2.2 em (£
PIRG S AIE T OEM0 0.3 em) . F 2SRV 5 B AL bR
XA As bR Y b DA X A ZE ) A S .
Xy 6 BK R 6.5 em, 257343 49 200 RIA% , EEA4S
MIAK 0. 032 5 emo YHITT ] 9E 2. 2 em, K50 R 14>
WA, BAASRIAS A N 2.2 em. Z 5717 96 2. 2 em, K
I3RS BN IREKJE A 2. 2 em. R, B SE
AL4E 200 7 A& (12) o

2.3 KUFESHRNBEUFHFRE

6 HIRE RS &M T AR H, Ca®*,Na', K",
HCO,™, CI V& B R pHAE L% 2.
RV A2 ), 4 S8 26 3 s .

)4 200
22 i

£20F
)
XH
~ 1
mo A o &
H#1.0
Gl e
Era TR BN 77 )

0 X

1.0 2.0 3.0 4.0 5.0
FEZEM K /om

6.0 65

2 MBSO s A

Fig.2 Schematic diagram of geological model subdivision
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Table 2 Initial ion concentrations in fluid under different temperatures and pressures

BT
TR pH (1 [Ca™ )/ [Na*)/ [K*)/ [HCO, I/ [crly
(1073 mol-L.7") (10* mol-L.7™") (mol-L.7") (102 mol-L.7™") (102 mol-L.7™") (mol-L7")
RS3-1,
) 3.6670 0.5292 0.309 6 2.4810 0.4217 0.5292 2.4810
(50 °C, 10 MPa)
RS3-7,
) 3.1340 0.575 1 0.2599 2.746 0 0.7757 0.5751 2.746 0
(80 °C, 20 MPa)
RS3-9,
) 3.2050 0.678 5 0.3212 3.1200 0.304 1 0.678 6 3.1200
(110 °C, 30 MPa)
RS3-16,
) 3.2720 0.8537 0.394 1 3.0380 0.3032 0.8538 3.0380
(140 °C, 40 MPa)
RS3-12,
) 3.3320 1.0530 0.392 8 2.7880 0.2820 1.0530 2.7880
(170 °C, 50 MPa)
RS3-10,
3.7180 1.2920 0.1467 2.9550 0.288 3 1.2930 2.9550

(200 °C, 60 MPa)
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Table 3 Parameters related to physical properties

of the model
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Table 4 Dissolution mass loss rates of samples during reaction

FEMS S CRIESC ARy RE Ry B RS
RS3-1 50 81.6151 80.793 4 1.007
RS3-7 80 86. 144 1 84.970 5 1.362
RS3-9 110 81.079 8 80.218 6 1. 062
RS3-16 140 66.458 9 65.989 3 0. 707
RS3-12 170 82.086 6 80.550 1 1.872
RS3-10 200 46.3913 45.764 2 1.352
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Fig. 3 Fracture surface morphology before and after experiments
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Fig. 4 3D morphology of the main fractures scanned by XCMT before and after reaction of core sample RS 3-1 and the distribution of

fracture openness and number
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Fig. 5 Fracture morphology scanned by XCMT before and after reaction of core sample RS 3-1
a. SOV T FREEMLEE ;s b, o S AT ERLLEBIM LI 5 . S AT T 288 3D WLIET s e SONJE ERARMFOLIA; £, g [N G F AR LR 5
h. S e 32448 3D ML

T 74 % , {HBE §h RS3-16 (18 35 5 51 Je W Aol 0 /)
(£5). FEAD RS3-9 FIFE 5L RS3-10 S 1 Ji A8 155 K
AT 32 PR O v et e LR T I A 1 O L
SR . DL RS HALIAN 5 0 978 5 R
SN Je A R 28 i

VS TSI 5 25 R AL B R g i (36 5) L I
R RS3—7 3850 A W J3E d5c R, G0 T 24 34 5 FLAR
o 3811 ) W E A 22 % ~ 88 %o AN

3.5 HERBHNER

WRAERT I 55008, T 6 4 RE Tt Ca” YR BE (B TR
PG e TR AR X 5 (2 W BRTTR 515 B A/ A ik R B
Jt) , A0 S AR TR A O 5 R R A LR A SN N ]
WA S Rt — 2 T AR SR i 2 R
B AT IR g TR AT i Ris R B R R AR T B

HRAR BoRIE I Cam W BRI IR TR ) T
R, HL R R AT AR AL
Ca™ Wk BEAZ AW/ (18] 6a) o THEESE R W, Jr A0
VAR i A TRLE T ) T TR0/ 5 5 e A VA R R

T 5 SK L0 95, EL B e
54 LAV I (PR 6b) . B L IRRIE B 7 64T 46 £
I, %4 H R G 26, 2 TRLEE 0 TR AL
SR IE I8 60) o 73 BRI R G 5T 75
TEHCHRE R S B ERRE T T T, L
BEFIRLE FE 75 IR Lo S0 T4 1
AL 6d).

FRPEVE (Y RLAEIE S 03, IR D R
BRI S8, 2 L WG 1 1 R FE AL
W 7 (XA %5 A A ), I B 2
TG (P 7) . R (A 77 500 0 3
S A B LIS 09000 B E A8 2195
B IE T (3L B AR A (118)

4 B
LT S0 1 2 TL AR LB 8 B R

AR R R T R AR A A BONE, FERHE SRR R
J1 FES B R B BRI R WP DT C R

RS FAMRNEA.EARMEBERMIABENEN

Table 5 Changes in permeability and porosity of 6 sample sets before and after the reaction

- SRR X 7 1) RS X T 1) BB Al SIS FLBRE
BER/(107 pm?) BHEH/(107 pm?) AR % FLEREE % FLEREE % AR %
RS3-1 12.3919 21.5790 74 1.52 2.39 57
RS3-7 2.4316 66.592 5 2639 0. 62 2.61 321
RS3-9 12.3115 — — 1.63 1.99 22
RS3-16 6.805 1 6.246 6 -8.2 1.56 1.91 22
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