Fa2E A
2023 4% 8 A

#
CARSOLOGICA SINICA

5 B Vol. 42 No. 4

Aug. 2023

s, 38 2, X B, S BRIRER A K A BRI G i ik VR FHLER A BRI TS (0], AR, 2023, 42(4): 775-784.

DOI: 10.11932/karst20230411

BB b 2K P IR & R PR B S B T 5

CE & R

E— 152’ X‘IJ

#, P’

(L. AIRRFEREZGBIARFER, )& )M 5100065 2. F B3 RAF R EE-TTHR 8 KRR,

0 35l

S EBERDNFESTIET, 0 AR 5410045 3. ) &G 3B AR R AT R IR
LA A TRAE], ) &R T M 510507 )

B EHEEBKRGE T, MK 5 50RO R0 R R K & B TR A B, RS i R K
WRIREL ™ Wi M B, P 2B T MU DRE ) o S TR 78 & D0 T /KR & 1% B0 R 19 4R R TR A 1 D AN TR
FETR A s i Uh R A ML, SC 7 SR K SCHBBR fb 2% 1 PHREEQC #4481 T + 58 A B /K 5% JZ H T K
FIGFHOK 5 E 2 1T K R A S E 21T ARG 40T BBRBR A5 7 b SR, 3He T H#U T KR
B ZEARRR 5 TR (Peo,) LA K U G 7 TR A L 0 0 7K A 00 1R 1R A V8 loVE 3 B RO S . IR T 45 2R
T KR T KIR A S F T B /K BB ) TR & V4 Tl VB T 6 08 38 i 2 10 N R UK O VA Dl o, IR &
VA VR AN TV T RE T PR R B S5 AK R IRES AR 5 IR Z T KR A RIE A HOK SR E R KRG, -
BABKEEZHT KRS ALEABKGEREZMTKIES . RIGHFHOK S5 EE 1T KRG
T, K I RIR A R DR AN BOR A VR R 32, R TR A R AE T O A, AE BRI AR S5 kR
R R KR A SR, BRI B AR b 2 A5 10 RN VAT H R A T U, (RTR A T U R A R B
BB AR . A KR G 1 K A U [RR G VA TR B BE 52 TR BE R Peo, B8 A I 2P 5 o S T I TR
TR BE N P, 22 5 MR O, HK BB TR VR & W Il 8 ) Bk, o TV WROTR & L 1) 432 30 B, e AT R Bk IR 5 0
fiff o AR ISR A8 s TR R TR Tl R R B TR A A ki B TR A FH LB, BE RS M TR 3R A b XK | b A
TH S BT R A AF 23 (] B R A B AR R

KB RS T KRG IR AR IR G L
FESES: P641.3 X ERARINED: A

XEHS:1001—4810 (2023) 04—0775—10 F AR (FRRS) #RIZHE (OSID ):

T

R TR A, ORI MR £ P PR
IR 2 AT K RS D

HIRKRGE NIT LR G ME ] RS, IT AR
G (¥ AT A Rl " (R, 7R R
i, MR KR 2 KN R AR S B 20 RIRER T
P A, 5K A2 2H 73 s B AN TR A AR A T K
AR A IS, RGN R K A BR BREL ™ WD R L, 7R

(I ) S

FF 0 TR 5 75 U 7 I 1) fh 2 30 22 R R,
NS B0 T R VBT 5 s T R VR 5 W Tk A
FHMLEE o 7836 B A [R] (% 25 444~ , Dreybrodt 55 #1] F
PHREEQC 115 T ALk 53 K ( Peo,) AN [R] 1 Al b

WA FR AR SRR (42002249); HARGRIRIR/ V5V 30 12 5 5 S0 00 S TPHUA I 4291 H (KDL201802) 5 [ %8 A%
W35 H (2017YFB0903703); | - 48 H s AU A 34135 H (2019B110207001)

SE—AEF R G (1994—), B, WA, FEMNEREE A + 5K 0% . E-mail: 111909003 @mail2.gdut.edu.cn,

WAFIER: 32AL(1987 —), Zr, TliA, PRM, 2 K SCERBE BT BREE 35T . E-mail: xing_g@gdut.edu.cn,

Wik A #1: 2021 —08—12


mailto:111909003@mail2.gdut.edu.cn
mailto:xing_g@gdut.edu.cn
https://doi.org/10.11932/karst20230411

776

AR

2023 4%

TR M E KR A AN TR e ), S5 SR,
FEAHRNR A LU BT, R K5 MK Y Poo, 22K,
TR A 7% WA b 70 7 il BE MR Y R N I R
Pco>107 bar B, 3t F 7K I B T 3 2 B AR A T 10 I
PhEET, IR SR AP AR S RS, [FI, IR
JE BT o S B SR ER KON, 1 55 R B TR A s A,
PRI T i P s e R AP 2 1 5 2 s f™ . 24
RN VS YL T R P o, ) 25 1 I, 396 1) Yk 3 TR 45V o
Ve FAE A5 T i A Vs 0 B 0 />, T [ 28 %A T T AN s
TROTRE B VA b A LTS A M A A i e, O LT BE
Pco}bﬂﬁ%ﬁ‘m, 07 A I i i 2 TE Pco, Fl
TR B BN R A T TR A 2R T, B R 45 T R & 2B TR
B e, tnT fE & A TR A DUBEE T, Hodh & AR
ThAE I RS G IR EL A — FROK B A HCO;, Fil Ca™ Jii
VR T ) — ORI A REAE™

TEH WAL T KIR A G O0F , 5N i R 7K Ak 2%
2 43 RN 3R] 25 A Ak, 1 R VRO AV T
VIR B TR A v AR I )5 e A R A AR . i,

IR SRR AALPeo, BT 7K Ry, T HLIEEE
A 2~5 C 2, 2 R HOK AR WK T
MR KR IS, Poo M8 IINKE 5 | L AR AR TR & P il A
FH, 3l 38 A U B — 25 38 IR 5 Y O IR TR R B )
VA AR TR BB PR BAOK — AP A TR I 4
AU FEHOK Ef R TR 2 M R OK TR AR
&, POk b AR EE S TR B 2 AR, AR A K
FUA S Z A A2 i M D BT S s T ™ TR R
1 14 P P BE T 36 T A VK BB T A5, AT
] _EAR I R IE T K K R IR A I, Poo 38 A
JRE I AR 1D SF 5 24 A AP0 R0 TR 5 1 bV D R 2 T
AR R, A PR RO SO AR Ik A
JEETEL DL TR KR 0 A b PR B R R A A
K 1.

IR, BUAT BRIR L A 1R B i T LB AT S 2 4R
A — R B 45 0 PV sl B TR A T A 1,
THAEAE T KR A BT B P R RIPLEAT A
FFRAWTIE . R, A SCEEXTBR R #h 6 5 K RGLH

_“fﬁf%*¢ I LR —

e R e

S ST S et Tl S de il S AL "
Z\;v@zgﬁﬁfyk*v\: i\le\\észfﬂiﬁ =i ot AR

o= == R

i = Sess———
JXQ . \/\ z I\E 3:11_ \7;\/: 1\1\ R
SR i XTI S z
< - i g mK )=
/3 ST S Y (TS A %kg
O S
v v Ad 40 VAL’ [~ N4 A 7 =
. EAAEY LI DMy TRIEKZ
EYADASO
L L L L  ; L [
Kz

RS PR

[ e [55] aime
AN RS

& 1

=

Fig. 1

HKIZE

st (k) ] vas ] v

E===1 _
5

B TGRS BRI RER R EE

Geological model of common conditions of groundwater mixing
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Table 1 Thermochemical parameters of mixing corrosion of end-member solution of calcium carbonate
el iy TREZ/(C) Pco,/(¥10° Pa) SL,
G KA SCHRIBUE I E SCHREUE I (E SCHRIUE IR {E
1 HREH T K ZARP IR 20 0.05~0.19"" 0.1 ~0.19~0.15"" 0
2 +HEABK M 15 b R K 22 0.05~0.4"" 0.2 -1.96~1.21%" 0
3 IEFHUK 32~136""*" 50 0.05~0.6"" 0.5 0.10~0.18" 0
4 RERRAR 42~185"" 90 2.6~7.2%) 5 —0.2~0.66""" 0
TE: SIS T CaCOMIFIHEEL
Note: SI, is the saturation index of CaCO; in solution
*2 BBEAAMERERMERABERE TR
Table 2 Numerical test scheme of mixing corrosion of calcium carbonate by hydrothermal synergistic effect
X RE Pco,
TR TR A v Dl A I T,=Ty=T, P.=P,
(T,=T;, P\#Py) I T=T=T. T5. T, Py=P,. P;. P,
TRBE TR A Ve I T.=T, P,=Py=P,
(T\#Ty, PA=Py) m Iw=T,.T;. T, P,=Py=P,. P;, P,
TR HR A R AR BRI A i R VR " T=T, P.=P,
(T\#Ty, P\#Py) T5=Ty. Ty, T, Py=P,. Py, P,

E: TRRIE, PRIRPCo,, FARA, BFR/RIRG S FIUPIRPSGICR, AR, 2. 3, 453 51I%F 00 2 1 R 2R -5 IOV T

Note: T represents temperature, P represents Pco,. Subscripts of A and B stand for two end-member solutions in mixing situations. Subscripts of 1, 2, 3 and 4

correspond to the corresponding numbered solutions in Tab. 1.
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Fig. 2 Simulation results of situation 1
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Fig. 3 Simulation results of situation 2
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Numerical experiment on the mechanism of mixing corrosion of carbonate rocks
by hydrothermal synergistic effect

HOU Wenjuan'"’, GONG Xing'?, LIU Feng', LI Hongzhong’
(1. School of Civil and Transportation Engineering, Guangdong University of Technology, Guangzhou, Guangdong 51006, China; 2. Institute of Karst

Geology, CAGS/Key Laboratory of Karst Dynamic, MNR & GZAR, Guilin, Guangxi 541004, China; 3. Guangdong Communication Planning &
Design Institute Group Co., Ltd, Guangzhou, Guangdong 510507, China )

Abstract  Karst water systems can be divided into open systems and closed systems. In the open system, mixed
groundwater dissolves carbonate minerals mainly by the unsaturated corrosion. However, in the closed system,
groundwater has been saturated with carbonate minerals after long-term runoff flow. When saturated groundwater with
different hydrochemical components or at different temperatures mixed, the solubility of carbonate minerals in
groundwater increases, and new corrosion capacity of groundwater generates. The mixing corrosion of saturated
solution and temperature mixing corrosion are important dynamics for the chemical dissolution of carbonate aquifer
system. The existing research about the interaction mechanism of mixing corrosion of carbonate rocks mainly focuses
on the mixing corrosion of single saturated solution or temperature mixing corrosion, and the mechanism of
hydrothermal synergistic dissolution in different groundwater mixing situations needs to be further studied. In order to
reveal the synergistic mechanism between mixing corrosion of saturated solution and temperature mixing corrosion,
this study uses hydro-geochemistry software PHREEQC to simulate the dissolution of calcium carbonate under static
mixing conditions of groundwater, including the mixing of infiltrated soil water and shallow groundwater, the mixing
of deep-flowing geothermal groundwater and shallow groundwater, and the mixing of deep fluid and shallow
groundwater. Moreover, the impact of temperatures, Pco, of different end-member groundwater and the mixing ratios
of end-member water on the intensity of mixing corrosion by hydrothermal synergistic effect is discussed here.

The results show: (1) The mixing corrosion by hydrothermal synergistic effect can enhance the supplementary
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corrosion capacity of saturated groundwater which descends in order as the mixing of deep fluid and shallow
groundwater, the mixing of deep-flowing geothermal water and shallow groundwater, and the mixing of infiltrated soil
water and shallow groundwater. (2) When the mixing of infiltrated soil water and shallow groundwater occurs, the
mixing corrosion capacity by hydrothermal synergistic effect is lower than that of mixing corrosion of single saturated
solution, but higher than that of single temperature mixing corrosion. The main reason is that the change of solution
temperature weakens the complementary corrosion capacity of mixed solution. (3) Under the condition of mixing deep-
flowing geothermal groundwater and shallow groundwater, the mixing corrosion of saturated solution in deep-flowing
geothermal groundwater has more effects on the hydrothermal synergistic corrosion than the temperature mixing
corrosion. (4) When the deep fluid mixes with the shallow groundwater, the corrosion capacity of mixed solution is
weaker than that of the mixing corrosion of saturated solution at single low-temperature, but stronger than that of
mixing corrosion at single high-temperature. Although the change of temperature in the mixture causes the calcium
carbonate precipitation, the mixing corrosion by hydrothermal synergistic effect still dissolves calcium carbonate.
(5) The intensity of mixing corrosion by hydrothermal synergistic effect in the karst water system is controlled
synchronously by the change of temperature and Pco, of mixing solutions. The variation law of mixing corrosion
capacity cannot be judged by the effect of mixing corrosion of single saturated solution or temperature mixing
corrosion. (6) The greater differences in temperature and Pco, between two end-member solutions lead to higher
dissolution capacity of mixing corrosion by hydrothermal synergistic effect. The dissolution of calcium carbonate is the
largest when the mixing ratios of end-member solutions are similar, and the dissolution decreases with the increase of
mixing ratio differences of end-member solutions, which shows that the full mixing of natural groundwater is
conducive to the mixing corrosion by hydrothermal synergistic effect. The study results provide a theoretical basis for
the mixing corrosion mechanism and regulation of carbonate rocks dissolution under groundwater seepage conditions,

and further enrich the theoretical research on karst development mechanism.

Key words carbonate rock, groundwater mixing, temperature, partial pressure of carbon dioxide, mixing ratio
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