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Abstract: Knowledge of the recharge from surface water to groundwater is the basement of the scientific

understanding of water cycle and the sustainable management of groundwater resources. Meanwhile, the layered
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heterogeneity is the main structural feature of riverbed sediments (i.e., the lithologic difference between riverbed
sediments and the underlying aquifer) and the main factor that controlling the recharge from surface water to
groundwater. To reveal the influence mechanism of layered structure of pore media on the recharge from surface
water to groundwater, a conceptual model of surface water and groundwater interaction is established based on the
field test results of Henan reaches of the Yellow River, and the process of the recharge from surface water to
groundwater interaction is described using flow path as the object. The results show that the exchange flux of
surface water and groundwater is mainly affected by hydraulic conductivity of riverbed sediments, and the change
of the thickness of riverbed sediments has little effect on the exchange flux between surface water and
groundwater. That is, the increase of the ratio of the thickness of the sediments to that of the underlying aquifer
(HyH) from 0 to 0.125 leads to the interaction flux decreased by 72%, indicating that the existence of the low
permeability layer is the main reason that decreases the interaction flux between surface water and groundwater.
The change of the permeability and the thickness of riverbed sediments has obviously changed the flow path from
surface water to groundwater and the travel time. Specifically, the increase in K/K; leads to a lager penetration
depth of groundwater flow and lager travel times. The sensitivity of exchange flux between surface water and
groundwater and groundwater travel time to the hydraulic conductivity of riverbed sediments increases with the
decreasing hydraulic conductivity. At the same time, the groundwater travel time is more sensitive to the change of
the thickness of the low permeability riverbed sediments, and the sensitivity increases with the increasing
thickness. The research results can provide reference for groundwater resource management and sustainable
development.

Keywords: riverbed sediment; stratified heterogeneity;

surface water-groundwater interaction; hydraulic

conductivity; numerical modeling

o oK 5 R AR EL A TG R R K A A A B

AT IR R AR X, &5 A K B TRy 21 9 Ml 3 oK AL K
W KK B A R, X MR K 5 1R KK & A8 1Y

AL 2 K 5% 5 AT R 2 T R FH A i, o X Ja it
KGR EBELAREDY, T S 2 A
SARASAE . K SCGE Y ARG S 2 R 15
W, b 3R 7K 55 1R 7K A0 OC R AR I B A s W) B R
RS SR RN Bk, DRI, o A 2 A A
T AL B 7K ST J5T 27 45 3 ) — KR R

KLk, B W Ah 228 R K 123k I B R 25
WAL R Bk A R BRI BUE R SE
200 b e 7K 5 Hb R ARG Ak B A i s AR AL AR R AT
TR RGEMBEA ST . & FENGSED T HGE B
71 X YT A R IF T O A e ) s A 1 B AR AR R AT
THFFE . ST AR I T K Ak AR g WA 3 E i
PR T 0 T i Bl K 5 R OK O &R o AE
FRBEERE, BT Hh3R K b F KA BAE FH o 72 79
W58 EBARTAE 24 J7 ), BV B/ As ROBE B T
it A8 48 U4 A 5 RN A R B s RUBE I A b S KCORD DX S
K B AR BAE Y BFSE . U, Huang 50 3t T 4 £
A 5 TR B RUBE (Y OB R A, DA X 38 /N g RUBE
PR T U0 IO ¥ i s e e i WL B . AR e 4607 D

i as AR A HEAT T 0T . NIRRT R &, A ADFSE
F2 B v AR SR K bR JK B K i B2 4 U AR AR 2 AR
U AR AR BIESY o 2R WIAED R IR A L KR W T 4R
P, R AR B R Rk, R T VR VE ) 2 4 DX Sl 3%
K5 H R K [0 AC R BEBFSY o Jasechko 451 JE T 32 [
K iy 420 77 HE M T 7K W00 3 1% K A7 Edis B 58 T A4~
BT i A AL, P B T 3 [ Rl e K b R
KK BEAZTAEN . B ARG He TS BR R AR BE, R
LY 53 A7 7 5T T i T 2R 3 PR I B i X
FOK 5 KK AR B R . H e al O, 2
I OG- b 27K #b R 7K A BAE O R 0 2 A e a2
DLHE T K B A2 X 52, DOHETF K 3 22 48 BLie AR BE X
o BEVEATORS 40 % . R KR R R HLE E K SC
by S5 2 AF 90 ) B Bk, A RS LR KA PR AL R
PRAL T e ERET R R

AN, TR DT P 2 ) it 5 H i 3 5 7K )2 =2 18] &
AKE . BB PRSI R EA GEE . AR A
T, WA BT[RBT, W3 7K 30 7 4% 44 1) 728 4k {45 0]
IRUTER A BURRAE 5 H AR SOK 2 HETE 2 5, itk



- 46 -

K ST Hb BT TR Ml BT

%34

SRR 5 KA 5T 53 2 AR A B RS e K S MR
IR B e A g 2 PR R, ]t 2B R T KA
B AR R Ml T AR AR YRR ] Y 2R, 52 R T S B 7 Y
WL A K 25 A8, 5T RITCER P %) 3t 3R 7K T 7K A
HAEM SR Z /IR TR — B ARS &R X
A BRI R B, Bz AR o I, AR ST
B AT R B A 4 S O R A 3 o R R AR U
J7 ¥ A AR 20 I R AR5 K A R AR AR 38 B
FOKH T KA B MR KBRS L ML K AR AL I )
SRR K LIS SRRAE, FFF SR e AL

1 EFSMRIE

AT ) EF AR 07 T 3T 3+ e B,
gy Qg THT TG IR DI (£ T A E N S N 1| DS B
AEVE W THT L AEPEl 1T W T . T BP0 b TR . A, i
T FH G207 Ak BRI HEAT T M 3 7K 3t R K AR HE G 2R 9
B BFAMATE Y BT 55 . 20 BT MK 5 R K Y
AMEIC FR 5 T e B ST PR IO AR I 37 8 A U,

BEAEUARAE 155011

& B SRR A

Y e

0. ' 20 km
W BOEE e

(NI

FEIK SCHLTRSHL
1.1 R XA

WA 1 BTz, B e B b A v [ 2R 5, 74 3
PO, AREZILAR, A6E2 LYY, B AT, IR AR S VY, 1%
FUR bz e AR VURE RS =110k Y BH L SN L I B
U5 FEAE BT S L IR 8 b .

FR A5 C A 1Y% 17K SCHL BT ERE7 45 51, 2
BOKRD FH T LR 2 08 L R A A 4 R
Z AL BT, M i eb | oD Sy 32 0 R ASORE A B0 AR
Yo DXP 32 K2 A0 5 U R A IS AL B A T
ZEA R E W e B R, AR s . B S.
TG L BSOK R . F KR A R — % 60 ~
120 m, P E LR IE AT 35 140 mo /T 80 A & IR Vb &
FRAE, 2 X 9 B e AN TR 20 ) R IR I T 1
B LA T TR — R AR R R
3~5m, ik 10m Z 2, B R A6 JE A R 7K 43
AW o RED 2 5 R K S K2 HHGE , K B R %
Y1, B IR AS IR b 25 1 2 R K

B 1 e i E

Fig.1 Location of the test sections

1.2 B

AR I (18] 2) 2 H i N AR ] IR 8

BRI E A RREN IS, KBS, A

7] A8 48 (A BT A1 3 56 18 A9 45 6 AR 0 15 em) 1)

PVC &3 H AT AWK TR Y, 4658 WA GE &K, id

SN [ A 22048 RS, T B35 1 R B
L, h

L= In—
tz _tl

7 (D

Ao K—— i 3 [0] 3238 R4/ (m-d ™)
L——PVC & P IRUTE K /m;
hy hy——t,. t, Bt Z] PVC 4 7K fii/m.
AU T MR, 430 A6 B AL A DT 1T . AR 11 T IR
M 11 W T AT T B R A I, B W T RE B 6
SL, B SRS A IK KB . AN TR AN [ A5 67
B3 RBOTE R 1, & 1l AL, B2
— a5 W7 AT, 5 R A R A S [RD I TR 7B 3 AR




2023 4 SAMG , 55« DR AR 35 5P 52 VAT 3 X b T K R kb 4 3 AR B ST - 47 -
- RIMBH B, TR R, PVC
— - - iy
~— FTA VIR B PR BE K ZY7E 20 om Z2 4y, PRLE, A T] 30 o5
T , ] 2 375 2 0% S Ve 32 02 il i K 3l g S AR Ak
\ =i AL VAT PRUT AR A s A% 728 A 3 Y
Wk o 4
AR i 2 HEE
e 21 MM
Pt B A 5 SR FH B ASE 007 328 F YT T A DT T 1Y) B 3R
Gt S KR F KB4 44 e R A LA 7 0 S T 6
N SN S A [ 5 3 ) 7K G s (R R i Al ) B A2 Ak, A ISR 5
H2 SERARREER JETRT T PR bR 7K KA 25 5 5 A KCF 1) bR K R
Fig. 2 Schematic diagram of the standpipe test Xd— ﬁﬂ‘ % é'j:]: % E/J gz ﬂ[ﬂ , i *E *E Xﬂ’ */’Ji J}T: Iﬂ, ﬁ?i {qlﬁ 4‘;% Hiﬁ
1 FAERENEAERMSERFEEREER
Table 1 Standpipe test results of hydraulic conductivity at different points in different test sections / (m-d™)
] WA 1 W5 252 W5 253 W A5 254 W5 255 W5 2056
4.500 2.800 3.400 0.014 6.000 2.400
b 4.800 2.700 3.800 0.010 5.800 2.100
iy 4.000 1.800 3.000 0.012 4.900 2.500
3.400 2.000 4.000 0.009 6.400 1.800
I 4.175 2.325 3.550 0.011 5.775 2.200
2.400 1.780 2.530 2.180 1.720 0.240
2.140 1.690 2.320 2.980 0.980 0.190
AEkE H
1.980 2.010 2.510 2.570 1.540 0.540
2.070 1.750 1.890 1.690 1.210 0.810
FHIE 2.148 1.808 2313 2.355 1.363 0.445
1.570 0.021 0.140 0.001 1.210 0.850
1.280 0.009 0.009 0.001 1.080 0.940
ke H
1.370 0.021 0.014 0.005 0.970 0.090
2.150 0.050 0.021 0.008 0.520 0.120
MG 1.593 0.025 0.046 0.004 0.945 0.500
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Fig.3 Conceptual model for numerical simulation of surface water-groundwater interaction in the lower Yellow River
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Fig. 4 Effect of the variation of the hydraulic conductivity of riverbed sediments and the variation of the thickness of riverbed sediments

on the flux exchange between surface water and groundwater.
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Fig. 5 Flow paths from surface water to groundwater and the corresponding travel times under the changing hydraulic

conductivity of riverbed sediments
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Fig. 6 Flow paths from surface water to groundwater and the corresponding travel times under the condition of

changing sediment thickness
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Fig. 7 Effect of the variation of hydraulic conductivity of riverbed sediments, and the variation of sediment thickness on the travel times
of groundwater recharged by surface water
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