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Model test and simulation on saltwater up-coning process caused by
pumping of horizontal well

SUN Dong-mei, SONG Rong-rong, FU Ruo-pei, YANG Li-jie, HUO Xin-xin
(School of Civil Engineering, Tianjin University, Tianjin 300350, China)
Abstract: In coastal areas, fresh water is stored in the upper aquifer, and saltwater is in the lower aquifer caused by seawater
intrusion. The phenomenon of saltwater up-coning is easy to occur when exploiting fresh groundwater, making the extracted
groundwater salinized. Horizontal well can effectively postpone the time of up-coning, thereby avoiding the pollution of the
upper freshwater. A test for simulating the process of saltwater up-coning caused by pumping of horizontal well is performed in
this research, and the saltwater up-coning process caused by pumping of horizontal well with a constant flow rate is obtained.
Then based on the analytical solutions of Dagan & Bear, the analytical solution of the saltwater up-coning process caused by
pumping of horizontal well with infinite lateral boundaries is derived. The analytical solution shows that the interface is
horizontal initially, protruding subsequently, and tapering around the well, which is consistent with the middle stage of the
model tests. TOUGH2/T2DM is then used to simulate the test process of saltwater up-coning caused by pumping of horizontal
well. The up-coning processes of saltwater-freshwater interface obtained by numerical simulation fit well with the model test
results. Based on the proposed numerical model, the effects of boundary conditions and heterogeneity of media on saltwater
up-coning process are analyzed. The saltwater up-coning process in laboratory scale studied by model tests, DB analytical
solutions and numerical simulation model in this research can provide technical supports for further researches on saltwater

up-coning in coastal aquifer.
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Fig. 1 Sandbox and location of pumping well
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Fig. 2 Water supply for saltwater and freshwater with fixed head
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Fig. 3 Grain-size distribution curve of standard sand

PO I IE R K K B, AR 247
BRI . A4 2 BT R /K B IO T — IV #2518
K, 55 Bl, B2, B4 Ml BS #Hi%, FIHFRILLER
BRI, @B PR R K S IR = B, Kb 46
WITR AT B N VR KR, A I A% A
1 TR Ky PO S v B Ak F ) 1 ) 1] 4R AT HES
B3, L4, L11, R4, RI10 EENEE . HORIFESE K
J&, <M Bl, B2, B4, B5 1L/KI®. ¥ 4 MEKD K
WS o Bz E L3/R3, L5/R5, L7/R7, LY/R9 A
WALAL, FEORFRRK G IR S E 1.2 m (Ri%
WHARCHE R 0 JeTi) AAE, #HE 24 h.

fic B a5 i FH R ROK I, MW il Rhodamine
WT G357 CaCly ¥, Rhodamine WT 42 {55 ]
WIEN 500 mg/L, CaCly ¥ I K N 35%0 o
Rhodamine WT 552 —Fp et f5 JUT- AN OB i %
BEW Gt 5, FHAE R J5 %2 % Schincariol!Y Al
Simmons Z£CBIFR LG 7T

HEBOKY B, SAFRORK RS . BaRK
SPEAS IR IRIKIK Sk v 22 T SE AR 1R AR K 1)
BB, E SRR KRS R e . SRR IR R R
K IR B, VR I BOK B IR S o PR Ak
KIEWGER B, B2, B4, B5 NifL/N Ol ANRMAH &
JRAR 7K T I BT (T4 = B, B EEADAH)E 10 mm
fb, BEFE R B1, B2, B4, B5 FB/KIE R L HIETT,
WRUKE IR E 4% 2 L11, R11L AL, 47
FERUKIEI TR, s & 7K k2 4k, FIH I
TR R A2 5 e S Ak [ e S Sk ~SP- A7 R R 7K 32 57 R
Sk, BT RGKA M. FE 12h, HRERKFE
TE W RGR AT 4 () Fiow.

AT AL, VBRI A 2, K

R EONIEE ) 3.8 mL/s. 1% NG sh % K ah 44,
IR AR THIT o A5 S5 I [B) BT Sk R KR i34 7 L 3
FENE . FRPFE TR CFRAT NS, Stk & IRer
—E AR B, WA SRR A TR R A Sk TS
ST WA BUR K S 1k, B3, L4, L11, R4,
RI1 EZRIEE KA RE, SRS IR T ~1V
FREZK E P A BRI 1 s P2 A e ot R g e ot A [ 7 v
TERAZHLEAT IERT FAF0 3 T K

1.2 RWERRSH

AV KRR L HAT T 435 min, JRORK
SR AR E BRI B AT ARG, WIS E .
Kl 4 25t 7 aBe kB R ARRER %1, BP0, 30, 60, 78,
90, 130, 162 min FHRKEE R 435 min [¥50% K FHTHI
TEAR. B4 (a) RIS ZIPIEIRES, BUR /K
FHHR I 2RSS, A7 T EERPFEECHES 10 em B4 & 5
/K 30 min J5, W 4 (b)), BK/K A 584 E T,
SEITROFE PR g P A AR, R B S
FHEFERANS, BRI o B T4 10 cm,
PAL EFT 1 em; #H7K 60 min J5, WK 4 (¢), %
K4k FAt, AHA g B R AR, BR
IR AR FE PR v B B K, 5RIia A b
T 7413 cm, HRAE ARSI EF T4 8 em;
K78 min J5, WK 4 (d), BORKFM4kE: -FH, W
FP LRI A B S L) 14 em, B R G [ WD FE P
FrIZE A R, AR A AR RN RN dhK 90
min J5, W& 4 (e), BUR/KFHIREE B, (Him L
FHEFEARNS,  H g ) S ) AR R RS OR,  H
YA E A KT K 130 min J5, WE 4 (), &
BOKF SR, PR iy TS BEKCPIRR, k
T BE N 45 em, FHIHAERDFE P o (1) _EFH = B2 150m,
ERPITE R A B — R EEBR ) “487, AIRERm T
Wb I3 FEAYY S 5 1E Y, AE S Rb T 7 (4 S5
MK SN K 162 min J5, WK 4 (), &
KRG RHER Y, 5 130 min B AH EE SR
JUTBAZA,  RIgsPIB e Frinis; fhK 435
min J5, WE 4 (), BRKFMIHBREARRE, 1
KPR T — 2R AT IR 4R, SRR B At R v
IR, FREEAL, IR,

Bl 5 g5 T RKCHE IR Ik A ARG 7K ST 1 HR O 1
PEATAGE 7K R K S Th (1) 2 L v P T ) () 284k, i
N Z(H). B Z(ARATT I, R KT G s AE
A 130 min B AT, I H T e A
Lo g, SRJEEE e, HAfE 100~115 min, [
G5B B S BRUERY, 7E 130 min B BEKFHE 5
JUFRFEAAE



+ T B % ik

2021 4E

(h) 435 min

4 RETEFHERZIME I E &

Fig. 4 Images of saltwater plume at characteristic time
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Fig. 5 Variation of height of saltwater plume Z(¢)
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Fig. 6 Conductivity of water extracted from horizontal well
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Fig. 7 Conceptual model for saltwater up-coning caused by

pumping of horizontal well
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Table 1 Parameters used in numerical model
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