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K& 16.7 C,pH=7.55,kfk¥ &K% % HCO,—Ca
» Mg B, K G, BFST K #3518 1o 2 O 55 U
R, A UG L TR LR T, 58
CRERER, MEF 25 m A, FTHEE gHTF
RERHZ., FREBE BUEKGRR. ERTRK
B BERIRERE, KBEERKCASARAZ R
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B TH O, A EaRRECAE /RS BEA
7 UK 5 T B R 6 1 Bk B R 2 R MR IR, 4k
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R T B 5T B A K 0 T i R 2R PR, 3

% 250 m, #1F K IR 25.89 m,HAKE 1 970 m®/d,

BERESKEEE 93 m,

2 XBWHMBRFTE

2.1 ER#E

SRFTAEAREFERETAR, BhRBL -
WABEHAFERRLEMAIKE,CaO &8 49.56 %,
MgO }2.59 %19, 201148 A 25 H—9 A 25 A
AL, REFERFEREEARTEEN AT E T
WL BT R 6 mm J5 B2 T /K, 3F R AT A 224
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Tab.1 Chemical composition of roof rainwater and groundwater

HeR
b/ €2 pH EE/C

ps/cm H{ /mv

AT R
HCOy  Na*

Mg?*  Ca?* Cl— SOj~ NO7 NOz NH;—N~

K 227 7.43 20.3 149.9 53.78 7.95

3R K 876 7.202 18.2 260 317.78 23.79

0.29 16. 95

4.03 2.35 20. 96 5.74 6. 55 1.74 0.15 0. 49

145.18 61.50 21.995 17.2 kR#EH  0.07
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FHRERAB AT, Hd,NO; ## B A T 4 0 BR IU
TLURAHRZRERERILE L 5% 1Tk
TS EEFRERTAKN 7THEEL, WA KD
NH,—N F9# B 8 #h T /K I 2845 # (NH,—N~
<0.2 mg/L), 42 T /KiY 25 1%,

2.2 XLBF*E

BAEE, MG & TS WTW Multi3430
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AN TR b B 2 R K B S B R KB IR A R R
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7:3,5:53:7F1:985FREIREGHLE, KR
WA A 25 mg A HETE R 400 mL IR A W 3

. NEEERAE, EZREAET . BREBK
A¥H 150 r/min BIR % 28 P HATHIKEE ., =K
EE4350% 0 h.2.5 h,4 h,12 h.24 h.30 h.40 h
M60h, FHEMKILR IR ERG T E —3], LB
1B, BRI 2 1R & W /9 B § 3, pH, HCO;7 . Cl™,
Ca’* \Mg?* \NO3 .SO?” K™ #l Nat E ¥ M B 71
#JE ., H HCO; (Cl™ .Ca®* Mg** R E B4,
NO;5 1 SO A TU— 1810 %2 4Ma] WL 43 3658 B i M)
ELKT M Nat FIETF R ENE, —BERT,E
B K™ \Na* ZHNA BT H87E 8 h Il 52l

3 XWHERKITIL
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BEW BB 3 REETKER & o] A9 38 fin /i w2,
pH BEMIZK BT o b 41 % 3 o 7 6 00 . Bl 3R 35 A U] 1%
. REBHE FEERMEES, pH 8K EE TR
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Fig.1 Changes in conductivity and pH of the mixed solution, G : R means Groundwater : Rainwater
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#1% pH, THREDTSSEKBHET,CO, kMR
BE 52 5L 18 TS BB R VR P (0 B R W R AR, @
TESC 5 R B B OF 47 3 BOR A% 1K ik CO, 4 E R
BREAR B IESE 73X — A (£ 2).

HTF/RKESWAKMBFRESA A I 1.7:3FM5:5
BEGE t=0 0, A MAEK(E OYKT
0, B2 47 % 0 A B3 b0, Ca W E A R FHEE AT
FASE , 75T B2 B3 I P Peo, BOUR /NS B0 1R A AN
HEASTYWREEREERN. HEEFmcl,
NOj7 .SO%™ \Mg** \K* #l Na* it ¥ B #5AR RS OB RR
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Tab, 2 CO, partial pressure of each mixed solution{Unit:Pa)

REHH
B & /h

9:1 7:3 5:5 3:7 1:9
0 10747 JoTLs  JoTLe  1o=216 g6
2.5 107136 10156 10-1.85 10218 10296
4 107n  JoTLe  JoTlE jo-zu 1p-2.80
12 10—1.62 10—1.79 10—1.97 10—2.28 10—2.67
24 10—1,64 10—1.92 10"1.97 10—2.30 10—2.70
30 10716 1o-tE  1oTLYT  jgmzz g6
40 10716 1o~iEE  jp-zM 1923 ]g-z.8
60 10—2.36 10238 10240 10-2.4 10—2.88

3.3 AUFEBMEINELITERESHT
YHE A WAL 2ES R AquaChem #4317 43
¥, WK A HCO;—Ca » Na #, # F 7k 2y HCO,—Ca

- Mg 81, IB5 BT 8 ClI” A K&, 5 B2 BT Bt
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 SWKEREG G 9 1T 30, K2R E Y

HCO,—Ca - Mg, FL Bt 4% 7% B [6] #9 1€ 42 2 & R 45,
F7K B &5 WA FRMFORES , 8 B K 3¢ &k B
BABMER. BAWFI NS5 5M3: 76, kb
2 Rl HCO;—Ca, 35 9 I 79 7K [51 8 42 1 38 1o, 28
BMABZRETS ST YNBREFER, BL G
HM1: 9, EHIFMEN 0 h.2.5 h.4 h Bk HCO;—Ca
» Na B, 57K MK (b 22 R BRI , 3% o 1o 3 2
12 h.24 h.30 h ¥ HCO,—Ca #1,40 h#160 h X
%% HCO;—Ca » Na, ¥ %25 /L4 E T L B IR B
HERER, BES B — S HEARIR. '
ARYE K SCHLER fL 2 A4 AR J¥ PHREEQCM 3%
HRBRE AR AT NEAT Y —FmE. A
EARMEENRAMEE.ERRE 3.4, BIEM
AL SSRRTHUK R TR G A= A A B R g
¥ (F 4+ B4 CSI.DSI #1 GSI #7) #/h F R4 F
RWARS; BTk DSIFI GSI N FE,HEH.
AERMAM,CSIATE, FRA T,

F3 BMAKIMBTARRBEINEL
Tab.3 Saturation indexes of the roof rainwater

and the groundwater

SI CsI DSI GSI
K —0.95 —2.55 —3.08
T K 0.25 —0.3 —2.02

x4 BRAKEMER

Tab.4 Saturation index of each mixed solution

REHH

Bt 1E /h 9:1 7:3

5:5 3:7 1:9

CSI DSI GSI CSI DSI GSI

CSI DSI GSI CsI

DSI GSI CSI DSl GSI

0 0.23 0.02 —2.58 0.12 —0.19—2.66 0.03 —0.60—2.78—0.13—0.80—2.98—0.34—2.01—3.17
2.5 0.21 0.02 —2.58 0.13 —0.19—2.67—0.01—0.63—2.75—0.22—0.90—2.94—0.62—1.85—3. 08
4 0.21 0.05 —2.59 0.09 —0.32—2.65—0.01—0.55—2.73—0.17—0.95—2.89—0.49—2.57—3.04
12 0.04 —0.11—2.65—0.02—0.39—2.69~—0.13—0.83—2.75—0.23—1.17—2.86—0.44—1.76—3. 00
24 0.00 —0.29—2.79—0.13—0.46—2.88—0.16—0.75—3.01—0.32—0.73—3.24—0.48—1.59—3. 29
30 0.01 —0.27—2.41—0.09—0.73—2.43—0.10—0.80—2.49—0.23—1.30—2.61—0.53—2.00—2.79
40 —0.02—0.39—2.63—0.09—0.92—2.64—0.25—1.40—2.71—0.27—1.35—2.81—0.52—2.41—2. 94

60 —0.39—0.97—2.73—0.38—1.03—2.85—0.42—1. 21 —2.87—0. 34—1.12—3. 02—0. 58— 1. 64—3. 20
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T 7K [E] 8 B O, v Tl A R BB R B, e B

TR 4 WEIEOE R 1 A 3, CSI #1 DST B &
TRIFHAE K4, B Bk B R?=0. 97, {B FEFI /K Eb 6 19
FEXHAERE 2B TR, YIRA LGN 3+ 71,
R?*=0.0452,CSI #1 DSI 2 A%, F=HXFE4
(i J R A R K o5 3 (7 B TR Poo, B (3R
2, FEA BZANBREERZHER D CO MK E
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B, — FEFAKN FRANAZARAHRER
BRRES, 55— 5 Poo, WERIRER CO. 1Y EHEAE
B8R 55, RIS 4 B i A B R g n, 7 £ my R
B T35k 5 AN R 2508 AR B X 7 MR A B9 R R T
StAZANEBMH AR, NS T W&
MR FRK. CSI M GSI REM LM, RPE KRN
0. 1806 , [ % 1 KA FY 7K Hb {61 T w55 AH S M BE A, (H AR 1L
B, SREANAENERRNRIRA—FZ0H

R Poo, B9, XF GSI Ml Peo, 4136 5347, 45 L 3%
B R (RT=0. 0535), BAMAE 4 WA L, RE
R4 LB, 7 B AR S T R ALRES , X 5
R M AIIE B AR . X AT B4t DA 55 — #0 J3F
T AR R RN R R R

4 PHREEQC BAEEMREKEREMESH

RIFPHAKHBEMEHERITKESEKEHEE
RET P RZFEM, B YWAKEAZEKBEER
SERBRET YNGR, TERFTRA. SKEHRR
LB B R T BE S 3 0 e A9 A R AR L AE N 3 i
TR &, I 5 18 P 4% 22 [a] &, B 4 &7 SR f T 2
BIEF CRIMEEN AT, F #3300 H Ak E M
REFRENDF L BREBHTESKEFR
FHPLWHBEREAIMB AL, ANTHET &
KIZHR R E . 20 42 60 £/, L =+ —H Y
LM g TR BT 43 3 X 300 m 1001 m (55 1Y
AMEERIE R 239 m) IF N REREG KA H#
fTEERE, LR+ — ZFEEEEE 4.4 7
me AL T R 30.2 F m® ,HRAKER
R 2, 384T 2 40 1 WS VNS S 7R 1] A Sk b 3R
THL R KK, B IR T M E TR, K 2 TR S i)t
DS, B R AT Salisbury 4 AN EIHEFFI 2
A K AT XU R DY R R R R
M EERENEJE 105 m), RIS = R KRBT
EREAEAEHAR, 5FEHWEARR, THHNE=F4
TI T2 HAERR, HPh T2 BREBEMEIREK
B, ARG M E A B, P JEE 60 m, #iAKK %
IEB T2 E/KEM K FREA 200 m*/d, 7K & 3L
2.7X107%, WAMI M 2006 4EF| 2009 4F, EXRIEE
172 T m® , TR A EMEN 0.3~0.5 mmol/L,IH
HZzfTRBERBIAEKEREERE, REFE
KREBEHNENRAESZZS ERFHLEHE.HE2
UREIR RN

A PHREEQC #) MIX HhREME MR /KEE R 5
GAKERT YR E AR X EKENEmW, ERINE
5. K 5 "] UL, Bl A9 /K 61 & /9 3% i, CSI, DSI Al
GSIAREr/h, XRHHIBF R AR, X5 ik
TRER -, WTFRELMI:1M7: 3, %EE
W5 GKZ AR, g aa NS R $
MRS TFRALGI5:5.3: 719, %EA
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WS E KR 5 g0 R B W A KR T A
B f# . Declan Page % AN K, 75 81 3 & Bl iR fo
—~ 2 m RS OKERSIER LB 58K
JEBASERE BB 4] 75 2 H 120~200 4, %t T
R%F—AH 165 m BEMFIEH,2 m PEHEHE A K
AT A6TT L RACEKZAE2072 m® , FLEE
5 Vo ABUERE 2.7 g/em®, Ff AT H &8 88 %),
AR I & 500 m®, TR A AERR 30 4F 15, i 48
RSB T RAaMERERE N 0.07~0.12
mmol/L, MR 0. 11~0, 18 t, /b F 4 677
t, Z W TE H 1Y FLAE BRI & K Z Bk BR L 15 i fge S
X EOKIZ MRS E U E R, (B K217, 7%
SE o [ 9 v S5 B AE I, 80T TR B .

k5 BEAHEM4EgR
Tab. 5 The results of the MIX simulation

R’E Sl ViE /R ¥ % /mmol/L
H 4 CSI DSI GSI FRA
g:1 0.19 —0. 42 —2.07 —
9: 1O #5) 0. 00 0. 00 0.00 0.18
7:3 0. 05 —0. 68 —~2.19 —
7: 301 0. 00 0.00 0. 00 0.04
5:5 —0.13 —1.02 ~2, 34 —

5 5CV-#) 0. 00 0. 00 0.00 —0.07
3:7 —0, 37 —1. 47 —2.54 —
3: 7CT-#5) 0. 00 0.00 0.00 —0.12
1:9 —0.73 —2.16 —2.84 ~—
190> 0. 00 0. 00 0.00 —0.11

BRI RBCR R, ERRSIURE, —RTABEIROR
RFAATERERREEAEFNVEERGESIKRE
J7 A B B -1

S & ®

(DB 3% 0 34T, 3 W HCO;5 ¥R B AN Wi i
AN, BRI A HH 12 9 H4h, &4 HCO; K JE 1
60 hJi ik B AH [RME , & 045, X &K CO, 17 i
B A2 1 B v R B TR AR Y 1) R Wi T 328 9 R AR 1 45
.

(2) W41 7 B 1) BP9 7K R b R 50 R G4 i ()
Hm, CSI.DSI F1 GSI & A W7 3k /1 » LBt R 7K [0 8 &
# £8 fn, CSI #1 DST /N &, AIR-S B 9 = 1 Y
0.23~—0.39 #1 0. 05~ —0.97 F 1 : 9 I

—0.34~—0.62 fl —1. 59~ —2. 57, F HA i /K AE I
AT RA A A T EEAFKZ A, H R K
(o] VEE R, i el ARG B, R TR R

() AHRK T & B, CSI #1 DSI BB 1R &F ry A %
P, (A BE T K Bl B T, e 2R TR, R 3 5 7
BHAHSCHE R, X2 H AT ARG ES0t, Figa.
Mz s CO, i i Ay 7 BB Poo, (19 B 1 R
TKEIARBTINA P92 2 P AN S5 09 % B8 F1, IR £
B AR 1 TR B 1 50 th e R A BN R AR
SEA MR T, CSI# GSI A B AL,

(4 MIX 5 G800 3= B 78 H i o8 B AR BR P, [l
Aot HREKZREFEEEEMWN,

AR SO I N SE R L 7K ST BR Ak 2 A0k R A
SER P HKEESEEKERIK—EERR
E—MIRER HEERE TRNBT, B FHETEAD
W98 TAE.
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Laboratory experiment on water-rock interaction of

the karst fracture water after recharged with roof rainwater

ZHU Zhong-zhu, WANG Wei-ping, JIANG Ying-kui, ZHOU Ya-qun

(School of Resources and Environment , University of Jinan, Jinan, Shandong 250022)

Abstract: Simulation experiment is carried out to test the corrosive interaction between the Ordovician sys-
tem limestone samples taken from the west campus of the Jinan University with the mixed water of different
groundwater to rainwater ratio., The water-rock interaction among the original groundwater, aquifer media
and rainwater being recharged is analyzed by means of determination of pH and electrical conductivity as well
as several convention ions and using hydro-geochemical modeling software PHREEQC. The results show
that , (1) after the groundwater and rainwater being mixed with each other, the CO, pressure in the mixed
water gradually decreases under the influence of temperature increase and decarbonation along with the oscil-
lation; (2) Ca®’" concentration slightly decreases when mixing ratios of groundwater and rainwater are
9:1, 7: 3 and 5 ¢ 5 respectively, while other ions concentration does not change obviously; (3) saturation
indexes of caleite, dolomite and gypsum decrease along with reaction time, and saturation indexes of calcite
and dolomite decrease obviously along with the increases of recharging rainwater amount, from 0. 23 ~
—0. 39and 0.05 ~ —0. 97 when the ratio of groundwater to rainwater being 9 : 1 and from —0. 34 ~ —0. 62
and —1.59 ~ —2.57 when the ratio of groundwater to rainwater being 1 * 9 respectively, which indicating
that the rainwater is able to increase the corrosion to calcite and dolomite or even the whole aquifer and that
the more the rainwater amount, the more obvious and stronger the corrosive effect; (4) rainwater recharge
can only lead limited corrosion amount, so it won’t cause obvious impact on the stability of the aquifers a-
round the well.

Key words: rainwater recharge; karst aquifer; water-rock interaction; saturation index; aquifer stability
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