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Abstract: The water-rock interaction in the recharge water and groundwater mixed zone of aquifer under

artificial recharge is the key process that determines the evolution of groundwater quality and leads to the
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chemical clogging of aquifer. To study the effect of artificial recharge on the groundwater quality evolution
in the groundwater over-exploited area of the Hutuo River Basin, taking the groundwater artificia recharge
site in Shijiazhuang as an example and using the Shijin irrigation canal water as the recharge water, we
revealed the mechanism of water-rock interaction of surface water and groundwater mixed zone in the
aquifer by carrying out the laboratory experiments and reverse hydrogeochemical simulation. The results
show that the evolution characteristics of total dissolved solids(TDS) in the mixed zone firstly increase and
then slowly decrease. The larger the proportion of surface water mixed with water is and the smaller the
particle size of medium is, the larger the variation amplitude of TDS is. The change of main ion
concentrations is controlled by mixing action, carbonic acid balance, dissolution-precipitation, cation
exchange and nitrification. Among them, the concentrations of K*, Ca*" and SO} are mainly controlled by
dissolution-precipitation, the concentrations of Na', CI~, HCO; , NO; are mainly controlled by mixing
action, and the concentration of Mg”" is mainly controlled by cation exchange. In the water-rock reaction,
the dissolved minerals include anhydrite, albite, K-feldspar and halite, whereas the precipitated minerals
included calcite, calcium montmorillonite and quartz. Moreover, in the aquifer with larger proportion of
surface water and finer particle size of medium, the calcite precipitation is greater, indicating that there is a
high risk of carbonate chemical clogging in the recharge aquifer with fine particle size when the surface
water is the recharge source.
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Fig. 1
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Plan and section of the groundwater artificial recharge site
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Table 1 Particle size ratio of aqueous medium %
R Ak R b kAR DR AR
(1 mm>DZ=0.5 mm) (0.5 mm>D=>0.35 mm) (0.35 mm>D)
W1 72.25 25.94 13.87
e 2 17.59 59.44 30.46
W 3 10.16 14.62 55.68
x2 BAKNMEWEENLER
Table 2 Test results of soluble salt in aqueous medium mg kg !
e Wi @ w2 @it wHcoy wa @502 waii
WhHE 1 4.5 3.5 24.2 9.2 37.5 5.3 36.75 102.58
W 2 4.0 3.5 22.2 9.8 37.5 8.9 36.05 103.93
=] 6.0 4.5 30.3 9.8 62.5 7.1 69.50 154.95
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Table 3 Water quality test results of surface water and groundwater mg/L

KM o Orxat P Pu@t  Pucoy P Psop Proy  Oup Oro P Pos
HE IR K 2.9 31.8 137.3 44.3 298.2 59.6 211.7 42.48 1.20 6.50 —23 772.6
iR K 4.5 60.0 102.4 37.1 205.7 70.9 274.6 17.43  <<0.04 <<0.02 —70 828.3

1.3 LTRFER
S o [ 8 o R o [ K VR 5 R K TR A B B R R A BB AR A AR YR S K R U K 5 3 b R K 4 i
L3111 % 1 3py e Bl AriR A 905 MIHE S K2 F G 3 FhoR [RPRLAR A T & A KSR 28 58 AN TRl G 52
B 5 (& AR IE K 5 3R AR A HE A A ] 30057 7 (0098 A ] Bk B () 7K —2 AR A P A 2
R4 THAFE

Table 4 Experimental scheme
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Fig. 3 Time-varying characteristics of the concentration of major ions in the recharged aquifer

3 FHRamEITR

3.1 R&EEH
i 3 X AN [ TR B B 0 KRR 2 2 B 1 43 S TR0 79 28 Ak R AF 7T DL (BT 3) . A2 367K 5 1 K EE R
Hil,Na® \Cl FREWEAIRZA R 1:3>1:1>3 1,1 HCO; \NO; R EEAMBL N 3:1>1:1>
1:3, IS 4R G Na™ \Cl JHCO; NO; (14 57 2 3¢ 3 A8 fb 4R 28 32 00 1 TR A /K UR o Bb i 2 o 18 B [ 3 5
MRS K H Nat \Clm JHCO; NO; [ 57 e 2 28 4k 52 TR A 1E FH S i ok,
3.2 mEBEEER
A S PR A KB HCO, Joi 5 e B A8 Ak 35 3 B I st ) 388 4 328 7 [ AR (1 3) L Kk pHL (B J2: 5 )
HCO, B EAb N £, 3 F ARG 290 -

Ho AR R HICO, Bk ik FE 15 pH 6 5471 P iesssisl

KRBEE O, MBEREGKGTANTHENE 0] H |

IR 088 K oK o pH LSRR A = o

K HCO, JE—s5 R MR B 7 COP L B8 F 5 | w,&iﬁ;?’m

FOTCR R R e R A R T A S

HCO; Bk s B2 R A fE B AN B ZRIR 00 | i

RRCKRELEE ) y=30.3154443.62

3.3 EB-TURER 70 . . . e .
%Ufﬁ Na‘ 5 Cl™ %ﬁ%’[ﬁ )’(meq/L) E/‘] Hﬂ{ﬁ 7.70 7.80 7.90 8.00H 8.10 8.20 8.30

AT K~ A A A R Na© L CL B 4k ’

WO, 5 g Ik A 20 R IFR A Mok BE b B4 HCO; pH B H X

y(Na™) .y (Cl BB S A T HLW i (F Fig. 4 Discrete point diagram of HCO; and pH

5) KB EL Ny (Na ) /y(Cl )=1, H5
HREF Yy (Na™) .y (CLO B S M AT iR . RK -4 EAEH b Na® (Cl it & & B & 32 38 5 fn
FERTR L0 WV R s il . LR L 25 G S KA RRAE rT R K —5 S b ok B v KT T vk R T i 2 S KA
£ v B SR ER AR A B I AR

FIH v (Ca®" +Mg" ) 5 y (HCO; + SO ) Y L 8 AT 40 W7 7K —5 M BV o A2 v 3 1 Ca®" Mg,
HCO; & SO% REMFEZg 4", 3MIRAGKHES RFERENGIEMGAE =0 h £ =48 h B W
y(Ca® +Mg" )5 y(HCO; +SOT DM B WA s L riES, HIRG A 115 1 3088 ¥ 9% 16



% 2 4 BAHLF R TH T AR REA LS E WK EADEAE AR 89

7(Ca”" +Mg" ) /y(HCO; +SO7 )=1MHZK I, RUIK-FMEAEH KA T 0RIR % 3 5078 & 5 3 0 5 i .
SHUKPH y(Ca™" +Mg* )5 y(HCO; +SOT O K 6), 454 & 2 nl ARG /KEE 0~48 h BFB i &
SR SOT i e BEAE R & KA B & A (CaSO,) , AT 1 0~48 h B B8 A B 3l 2=
FH Ca® M SOT Btk B B AR R R, SR, Ca™ " 5T dt Vi B2 A 38 0 23 B0 VR 5 Al K TR B R A R T 1 1

%ug[zoj
2.6 10.7
/ s Oh O
24 = R, M
° ~102 | J &
) % e ’ O
T2 / ¢ E AN N\
£ = / I o %x\\
; ‘éo 9.7 // [‘ // 1,"»
z 2
£20 . + / 1 A% 03:1
> ° "'ﬁ ! d S - s
03:1 ISh 1 / o1 :
o011 = 92 1] i . gk 1:1
1.8 : i // - A1:3
Al1:3 1\ v
7/
1.6 . . . . , 8.7 = L I . '
16 18 2.0 22 o4 26 8.7 92 97 10.2 10.7
v (C1)/(meq-L™) y (HCO;+S0>)/(meq-L)
BSs y(Na®)/v(C )W EB=E B6 y(Ca*"+Mg")/y(HCO; +S0i” | HIBEH A
Fig. 5 Discrete point diagram of ¥ (Nat ) and 7 (Cl™) Fig. 6 Discrete point diagram of 7 (Ca’** +Mg**)

and ¥ (HCO; +S0i™ )

B4 Il IR 48 B (LSD W] J K =25 7 3k B vh 5 i A 02 5 7 AR DO . SE 86 b B b LST B sl 1] 42 4k il
(B D B AR A HoKFER ) LSIER/NRIFE R 3:1>1:1>1:3>0FERK I F K . BEE KA
AH B A FH B[R] 35 TR G KR i () LST (A 13 Wi G KAE ¢ =48 h BF KT 0.5, 0176 72 h J5 & THaE , 1M 24
LSI>>0.5 B R B/K Ha] 77 Az J7 fig A DOVE o FR UG a] 280, ) SR K [ b 7K AR TR 45 v a7 2R T A DLTE .

0.9
0.8 |
0.7
. 06
n
= 05
0.4 47
03 L~
4
02 1 1 L L L L 1 1 L ) 02 I 1 " I T ) i I ‘ i
0 24 48 72 96 120 144 168 192 216 240 0 24 48 72 96 120 144 168 192 216 240
th t/h
WHEL wH2
091
08 [
0.7
0.6 |
)
= 05 !
044"/
035"' o 1:3
o X —A—- 4
0.2 . . . . . . . . . )
0 24 48 72 9 120 144 168 192 216 240
t/h
WHE3

B 7 LSIFEATE 240 i 2
Fig. 7 Time-varying curves of LSI
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3.4 mWHUER

S gk o R [FR A KRR S & KA ARG NO, REWEYE 0~96 h B N8 ETH(- 3) .,
T KR TR EMAEY NS S T &SR Y B A T8 76 10+ F oK rh ol AE e 25 A
FMHANE R K EA NH & A — 8 & WG ERUAE S 5 KA e AR i NH 8 HARHr
BAITREEA N NO; , FEBIR AWK P NO, B EIb, X HA [\ L 1R & 7K FE 7 [ F A 5t e
NO; ik AR (E 5) ., NO, FEWELE 0~96 h (& K/NKF R 3:1>1:1>1 3, PR EK 5
FOBOR I NO; - Jon £ ik J32 1 i ok

£S5 BAEKHEEO~9 hHHINO; REKREHEE—RX

Table 5 NOj concentration increment of mixed water samples within 0-96 h mg/L

FEEK Rk

3:1 1:1 1:3
WA 1 5.94 4.90 41.88
WAL 2 7.22 5.48 4.77
WAL 3 6.67 6.61 4.58

3.5 REKHEKKFEHL

FIH PHREEQC 4 €237 9 2H 5256 19 52 ) by 3K Ak 27 45 380, 5 Ak K =25 AH BAE B 72 b i 0 04 1 i — D U
W, BEHL =0 Fl =240 h 1E R S A AL0L A RS 1k A L 55280 ) 4 ) A 35 IO B8 5 K A A X S R A 5 2 mT i
AR S , UL Na K. C1.Ca.S.Mg.C JCEAE Jy it -4 1) 29 3028 S5, I % oK =24 g ot 72 v a] g & A= 1Y
Ca’" /Mg"" .Ca”" /Na' FHE FacilEH . 255 /R (R 6)IR A K —# A0 BLAE R Fe b & AR VS R i A
KA (KAISi; O) VK A (NaAlSE, Og) L #h 4 (NaCD #lA 8 (CaSO) . B 1 W8~ WA J7 i 4 (CaCO,) A
(S10,) B85 52 i A1 (Cagiss Al gy Siaer O (OHD ) TR G KFEH Y Mg™" 58 M 1 Ca™" KA FHE 7383k,

R6 REAKMIRUFRBLER

Table 6 The results of inverse hydrogeochemical models mmol/L
ivHE 1 HE 2 A 3
L7

3:1 1:1 1:3 3:1 1:1 1:3 3:1 1:1 1:3
b fea —0.097  —0.080 —0.061 —0.102 —0.084 —0.078  —0.237 —0.132 —0.106
Rl 0.247 0.197 0.234 0.213 0.219 0.199 0.306 0.265 0.217
i A 0.018 0.038 0.090 0.026 0.018 0.010 0.023 0.026 0.022
A 0.299 0.322 0.291 0.367  0.607 0.302 0.547 0.523 0.587

A 0.057 — — 0.018 — — 0.018 —
515 52 1l A1 —0.114 —0.101  —0.141 —0.110 —0.102 —0.090  —0.141 —0.123 —0.103
Vo —0.377 —0.335  —0.479 —0.366 —0.338 —0.298  —0.468 —0.414 —0.341
Ca’t /Mg’ —0.196 —0.238 —0.182 —0.233 —0.217 —0.295 —0.274 —0.284 —0.175

TE B RN B4 A A i 0 A K 5 SUEL RS B 477 A DUIE s K AT 5 — 7 3ROR R R AR R R 5 Ca? T/ Mg? T SR B8 7 22
R Mg I AR

L5 S5 A v R VR R A AR AR R AR R R 1] K SCHB ER A 2R B B DR A oK = A BAVE
I RV E5 0 a0 R AR 2 N
NaCl - Na" + Cl~, (D
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CaSO, — Ca*" 4 S04, (2)
Mg* (Iq) - Ca* (sd), (3)
2KAISi; Oy +4H,0 — 2AICOH) 4 4 6Si0, +2K" +20H , 4)
2NalSi, Og +4H, 0 — 2AICOH); + 6SiO, +2Na" +20H , (5
HCO; + OH™ — H,0+4 CO%, (6)
Ca®" + CO% — CaCOs; v , P
0.165Ca*" + 2.33AICOH); 4 3.67Si0, + 7.34H, O — Cay 45 Al,55 Sz, O (OH), +0.33H" +9.67H, O,
8

HFAFE GO A GO G E TK, RECRAH KT Ca® SO .Cl BB 0~24 h B
L IF A B A Z 8 & A Ca™" -Mg™ " BHES F 383 4E A (X (3)) , R A /K FE R Mg™" it f Wk B 7
0~24 h B, #iKA GR@) KA GG kAKX NG, K OH™ & a8, 53 pH H8 # 7 =
HCO; (R 6) /=4 COY It Ca®" 256 4 U il A DTE (GR(T)) S K A JE0™ W /K 5 I 00 7= 0 e v
BT Ca® 456 R AEMEE WA . /K —2A AH B 1R FH 2 B vh i 3 AR R A D03 48 IR B % A
P R TR i Y 8 SR T A A R R K T O R B U R IR A K ARG Ca® ' I R B R I
3.6 it g

1) B TR 7 48 DT UE A2 T 7K N T I it A vh S B fh 2 4 2 1 R B R 22— (A [l o 5 o /K Ak 2 3 Ak
B0 b2 b FE (1 I TR RUBEE B AR R K BRI SR FH K S Ml R Ak 2 B AL I R 9 T KU 1 P AR
X% 5 T R ] 2K SC b BR A2 AR5 SR AT L A A R B [RHR A L A5 4 T 7K rh i O il A DT TE RV IR
Bk 3:1>1:1>1+3, M FR A HKBE S AR [FUR AR B9 A IV B G O i A DL TE B R /MR IR 38 M b ke 3>
WORE 200K 1, 3 U 2R K (7 Ll K 35 KA JRORE AR 4 40 ) M A B DU BB vy . e OO T A R 3 b [ o
T b AR > bt 2 K GE 2o [ R 25 b T KB A T RE R R AR R A Y 1 K R AL R A e R A b 2R R Ak
218 FE 1 AU B

2) AR YA ) IE K Z RS RNR A K FERY SOT 5 NO, 5 3R 78 K =2 M0 B AR S 00 B 2%
8T RIS (B 3) .t F i T /K i 2 B TC R A7 7R 22 FOE 20, 76 R VR T 25 08 X =2 1) ] DA B 3%
b, —J5 1 NO; 5 SO J& & A A W B fige SN 0 B 1 A2 1R, 55 — 5 i NO3 SO B o an i 4 K
e B9 R TR TR 2K b A I A SRR U L Hi R K PR A S IR R 2 A NOy 1R LT A2 AR R A R
WALAE R I E B R SRR SR T 1 2 5 T & A B B AE WS #E/K T i NOy SO 27 el Be 4 I [ 5 K 2 )5
B2 ARG SR, B NO, 5 SO ik E 2 1E TR,

4 # 8

1) Bifi 25 00 98 J2 57 TR 5 A K~ M EL A s T A 38 K IR A /K pH 5 Eh (& B ik &2 1) 5 5 R 7k —
0, TDS AR L FRAF 2 3R S48 K5 2812 AR, LR K 5 B AR L8 7K A R A0 R 4 D) A e G

2) [ B 7K )2 v 32 B VR B AR AR AR 2 TR A I TR T A L VS A — DU L B B S 4 S Ak 1 A A
HARAERX Na' (Cl” \HCO; \NO; I & ik E AR FZAEH K . Ca®' \SOT i 2k AR fb £ 2
SEUR - UTTE M Pl Rl Mg R R B AR A £ B2 0~24 h N & 2 14 FH S T 58 A T 4

DK-HEAE SRR A AT KA R A KRS T A A 5 A
A, H b ZRIK N BB 5 KA R AR R 20 7 A D R, (R o R v 7R b K KBRS A
14 25 7K J2 HR AR R TR A 2 b T 1 XU 35 7
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