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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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Tarim Basin
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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

Wk WE RS RO gy

PR TR WESC C MPa BfE/A (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 =3
RS3-12 5000 20 170 50 24 0.5
RS3-10 6000 20 200 60 24 0.5
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Fig. 2 Schematic diagram of geological model subdivision
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Table 2 Initial ion concentrations in fluid under different temperatures and pressures

Bk
R i i pH [H* ]/ [Ca®]/ [Na*]/ (K] [HCO, I/ rerls
(107 mol-L™") (10™* mol-L™") (mol-L7") (107 mol-L™") (107 mol-L™") (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 0.5751 0.2599 2.746 0 0.7757 0.575 1 2.746 0
(80 °C, 20 MPa)
RS3-9,
) 3.2050 0.6785 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 0.853 8 3.0380
(140 °C, 40 MPa)
RS3-12,
) 3.3320 1.0530 0.3928 2.788 0 0.2820 1.0530 2.788 0
(170 °C, 50 MPa)
RS3-10,
3.7180 1.2920 0.1467 2.9550 0.2883 1.293 0 2.9550

(200 °C, 60 MPa)
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Table 4 Dissolution mass loss rates of samples during reaction
H,0==H"+ OH' (S) HmmT mmmEC Rt AR PR
AEIEH 25 R AR 2 VA L RSSL S0 BL6ISI 807934 L0
CaCO, + H' — Ca’* + HCO; RS3-7 80 86. 144 1 84.9705 1.362
RS3-9 110 81.079 8 80.218 6 1.062
"y
(e LINEERUIE S R i R R s RS3-16 140 66.4589  65.9893 0.707
I [ ik o 48 AR 3 = (2 g i i Jo o — 2 i B RS3-12 170 82.0866  80.550 1 1.872
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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
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Table 5 Changes in permeability and porosity of 6 sample sets before and after the reaction

- S i X %l 1) BEIE X 51 Bl Faaj) S ) fLBRE
B#EF/(107 pm?) BIBFR/(107 pm®) ARG % FLBRE /% FLBRE % A%
RS3-1 12.3919 21.5790 74 1.52 2.39 57
RS3-7 2.4316 66.5925 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
RS3-12 22.2947 901.3020 3943 2.33 4.38 88
RS3-10 5.8467 — — 1.83 3.25 76
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Fig. 6 Simulation of the changes in dissolved Ca® concentration, relative mass content of calcium carbonate , porosity, quartz relative

mass content of 6 sample sets over time
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Fig. 7 Simulation of the variation of calcium carbonate relative mass content of 6 sample sets with distance
a. FEAHRS3-1, 50 °C, 10 MPa; b. #£4fi RS3-7, 80 “C, 20 MPa; c. F£ii RS3-9, 110 °C, 30 MPa; d. £ RS3-16, 140 C, 40 MPa;
e. FEAHRS3-12, 170 °C, 50 MPa; f. #£/4 RS3-10, 200 °C, 60 MPa
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Fig. 8 Simulation of the variation of the quartz relative mass content of 6 sample sets with distance
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