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Experimental analysis on dissolution characteristics of carbonate
rocks in Liaoshan tunnel of Emei—Hanyuan expressway in
Sichuan Province
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Abstract: The Liaoshan tunnel is one of the controlling projects of the E-han expressway, the karst geological conditions in the
tunnel site area are complex. In order to deeply study the characteristics of carbonate dissolution in the field, this paper takes the
typical dolomitic limestone, limestone and calcareous mudstone samples of the Mesozoic Triassic Middle Leikoupo Formation
in the tunnel site area as the research object to carry out the static corrosion simulation experiment. The characteristics of
dissolution rate of carbonate rock and related factors are analyzed quantitatively, and the changes of microstructure in the
process of sample dissolution under SEM are discussed qualitatively. The results show that: (1) Under the experimental

conditions (20 °C, 1 atm, acetic acid solution, pH~5.30, static dissolution), the dissolution rate of limestone in Leikoupo
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Formation is about 3.48 mm/a, that of dolomitic limestone is about 1.57 mm/a, and that of calcareous mudstone is about

0.90 mm/a. (2) The dissolution of carbonate rocks is controlled by the mineral composition and dissolution environment. Under

the same dissolution environment, the dissolution rate of carbonate rocks is positively correlated with the content of calcite, and

negatively correlated with the content of dolomite and the pH value of the dissolution medium, and generally characterized by

limestone>dolomitic limestone>calcareous mudstone. (3) Under the environment of organic acid and inorganic acid, the

dissolution rate of limestone has little difference and the general trend is the same, while the neutral salt solution and alkaline

environment have different degrees of inhibition on the dissolution of limestone. (4) Carbonate rock has the characteristic of

preferential selective dissolution along mineral composition and rock microstructure. The difference of the main mineral content

also makes the micro dissolution process of the carbonate rock different.
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Fig.1 Comprehensive model of carbonate rock dissolution reaction
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Table 1 X-ray diffraction analysis of mineral composition of typical carbonate rocks in tunnel site
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X191250001 K31+917 Wt 0.9 90.6 8.5 - 100.0
X191250002 K32+033 M=K 1.1 57.0 41.4 0.5 100.0
X191250003 K32+033 BT 0.2 0.3 98.7 0.8 100.0
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Fig.2 Rock samples collected at the construction site
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Fig. 3 Static dissolution experiment device
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Table 3 Summary of dissolution experiment results under different working conditions

L m/g IR SEBRpHIE YEMEZRY/(10%ecm-d ™)
eSS A E R /mm - - - - - - - - -
With  Wbheh  WAMh14h WEM24h WIEE WAbheh WEMh14h Bh24h Ebhoh M4 h D24 h
1-1 D42x40 151.086 151.032 150970 150.908 3.70  3.84 3.97 4.13 1.0524 09689 0.8673
1-2 H=KE  042x40 154.035 153.993 153962 153.928 450 4.75 491 5.16 0.8185 0.6097 0.5213
1-3 D42x40 153.643  153.605 153578 153.547 530  5.41 5.68 6.31 0.7406 0.5429  0.4677
2-1 D42x40 150.054 150.027  150.006 149.985 530  5.59 5.71 5.96 0.5262 04009 03362
2-2 Mk ©42x20 764194 764035 763924 763836 530  5.82 5.86 5.92 04610 03355 02595
2-3 D42x10  46.6763 46.6569 46.6487 46.6416 530 548 5.61 5.75 0.7440 04536 03327
3-1 D42x40 153.422 153348 153336 153330 530  5.66 5.98 6.40 14594 07269  0.453 6
3-2 TR ®42x20  85.8408 85.8144 857900 857860 530  5.49 5.75 6.14 0.7746 0.6388  0.4020
3-3 D42x10 42,6727 426545 426442 426406 530 533 5.34 5.57 0.7063 07716 03114
4-1 D42x40 149.246 1492274 1492198 1492125 530 542 5.89 6.33 03773 02278 0.1699
4-2 Lidpieiee= D42x20  70.8872 70.8728 70.8647 70.8603 530  5.31 5.60 5.82 04346 02910 02029
4-3 ©42x10 419599 419523 419470 419428 530 528 5.52 5.79 03033 02207 0.1707
5-1 ©42x10 420705 420722 420672 420657 9.00 8.90 8.85 8.79 0.0660 0.0549 0.0466
52 TR D42x10 374267 374246 374228 374204 7.00 7.02 7.04 7.02 0.0815 0.0649 0.061 1
5-3 D42x10 429626 429423 429239 429165 5.30 5.50 5.70 5.83 0.7882 0.6430 04475
6-1 U ®42x10  42.0657 42.0631 42.0598 42.0555 7.00 7.00 7.00 7.00 0.1006 0.0976  0.099 0
6-2 HZBKE  042x10 455304 455287 455272 455259  7.00  7.00 7.00 7.00 0.0566 0.0580  0.0547
6-3 kidpitieesy ®42x10  36.6783 36.6771 36.6759 36.6739 7.00  7.00 7.00 7.00 0.0466 0.0407 0.0439
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Fig. 4 Characteristics of dissolution rate under
different lithology conditions
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rock mineral composition
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Table 4 Comparison of dissolution degree of carbonate rocks
A WA T RS TR /M TR /g Wiltid/g TR /%o TR EEHE

BH-1 312 1.0579 0.0104 9.830 8 1
BH-2 24 1.279 5 0.0015 1.1723 15
BH-3 72 1.404 7 0.003 2 22781 10
BH-4 14 1.405 5 0.002 4 1.707 6 11
BH-5 14 1.567 4 0.001 4 0.8932 19
Hz K PH=5.30 LR BH-6 120 1.1915 0.006 7 5.6232 7
BH-7 24 1.342 6 0.001 3 0.968 3 18
BH-8 6 1.162 7 0.001 6 1.376 1 12
BH-9 312 1.4557 0.0123 8.449 5 2
BH-10 6 1.056 8 0.0012 1.1355 16
BH-11 192 1.060 2 0.007 3 6.8855 5
H-1 192 09194 0.005 1 5.547 1 8
H-2 120 1.566 4 0.005 7 3.6389 9
H-3 312 0.9910 0.006 7 6.760 8 6
H-4 6 1.379 8 0.000 8 0.579 8 22
H-5 6 0.979 8 0.000 8 0.8165 20
" B H-6 14 1.2719 0.000 8 0.629 0 21
(S PH=5.30 ZRRHHR H-7 312 1.246 7 0.008 6 6.898 2 4
H-8 312 0.908 0 0.007 7.709 2 3
H-9 72 1.107 1 0.001 3 1.174 2 14
H-10 24 1.178 7 0.001 2 1.018 1 17
H-11 24 0.873 1 0.0012 1.374 4 13
H-12 14 1.059 3 0.000 6 0.566 4 23

HE s (SEM) M4 5

Hz BK A
> 8 & 6 B
BH-1 BH-2 BH-3 BH-4 BH-5 BH-6
N3 12h  fEh24h 72 FFTRI4D Bbli4h 3 h120h
BH-7 BH-8 BH-9 BH-10 BH-11
Hih24h  WEMR6h iEEH312h  FUE 6h  ERH 192h
=)

10 Quanta 650 BIIRE I EFRHE

Fig. 10 Quanta 650 environmental scanning electron microscope
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Fig. 11 Coated sample and its number
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B 12 BzRkERMITE SEM HEE
Fig. 12 SEM morpHhology of dolomitic limestone dissolution process
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13 IREBRMITIE SEM HEE
Fig. 13 SEM morpHhology of limestone dissolution process
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Fig. 14 Schema graph of the processes for calcite dissolution
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Fig. 15 Schema graph for dolomite dissolution processes
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Fig. 16 Microcosmic dissolution characteristics of carbonate rocks
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