Fo0k F1oH

2020 4£ 10 A PERIODICAL OF OCEAN UNIVERSITY OF CHINA Oct. , 2020

A3 BN B K B K R K AR B BT

REES, part, AR & F

(LA EEFIr TRYBE . IR F 2661005 2. FEEBFICFIAEEE LREALRE. IR F5 266100

B E. WEBKSRENEKAREESZBEMEPHRN . ALET OpenGeoSys AR, LIsh 8% 1
SR AR SR ST ASBCHRMEE K 5 7K R K AR B — 3 T (B AR BR T 1A S K SR K B el B 3k B R AL R
T T AL SR K AR EE RS R 2 B s i Jey R . 5 2R SR B 0 VR U T i K AR 3 1 20 A
HUER KRR HEROEIE ; 7552 LB R S 21T 898 VR e i 2 OB R K AR A 3 IR B 98 T K AR IR
ASCE R T BRI 75 BT 2RI S i B B Y () R S B — 2 7R T Y SR e T iR AR
PR, ARSCHYBRGE AR A B TT R T WK B 2 BT 5 DA K A RSB 2 A BEAR A

KR BKAR YIS B B SRR B E R
hEERSES. P641.2 MERIRERE: A NEHES, 1672-5174(2020)10-091-08
DOI. 10.16441/j.cnki.hdxb. 20180035

SIAfN: RS, mAR, BAEL, & W ashEKEKEBKARRENZNTRLT). FEREREER (AR
B R . 2020, 50(10); 91-98,
WU Ya-Jie, YANG Zi-Liang, CHENG Cong-Min, et al. The influence of tidal oscillations on the behaviors of seawater in-

50(10):091~098

trusion in unconfined coastal aquifers[J]. Periodical of Ocean University of China, 2020, 50(10): 91-98.

TEHRIEE T WS /K ZE IR KL T —Fh a3
SEHARAS . SR VT 1 T DA R 22 i L X
KBTS BB T T K RS
IKIZIERS BB K AR &K BR BB, WA
PHICHE K A A 1 30 B A A AR AL LR, X TR
FH ) P b X R KGR B v X K AR
fEHEABEEER L,

V7K AR i B 11 ) R 2 B 9 IR K LT B 385
LB R SRR, RIS 2R S 5 R Y
VR ZK T 8 20y B9 5 1 B0 T M 3 K L h o 2 -
i Y [ 7€ 71 FL, 40 Ghyben i Herzberg FL7E 100 Z4F
Bk T AR 8 IR 7K 5278 FLIE 7 B ) Ghyben-
Herzberg 23, Henry™ AR J5 BLIR /K IR V& R FE,
AW S B WA T RS oK R T R HIE R
LRI T b R o3 A A SR AT AR

X T & 7K 2 M K s =X R 8 5 4y A B
il Z B AR R i R 2B RS K
EH R KA W s, XL B LB/ TR N
SRS MR KL 1 Dk Bl SR S B P A R A R
TR . H BR8N AME R E & IR0t
FEIH IR K AR L A T 1% 4F A Robinson 25
KA ROCEAREL T N R KR s s #

+ HETH.BRARRFESTE (41302195 %8

TR, AR LA IR S SR B AT X 4 . Bous
fadel A1) 3 228 512 56 FEE B AW R 7 B 9E T B2 S
LS PSR A E B, Li G0 % 08 7R m &
BYEIEZF R, UF5E T HN K5 8K B 6 PR
3. Vandenbohede 212 58 1o B A1 UL 0 31T 7K 378 5
LRSS T A R AE R bR K AR DA B R
JEiER A,

WV 1 30 ) 25 M BCAR T A R B Ak 1, U Y i
Iy /NG A AR 1 T B s %7 7 W B BOEE B TF
BB T L AR Stk 28 £k 1 1 6 A 3 R AR AR B
RIETR. AR, E AR E X TR KR KA
(R E R AT AR B R — SRR, B &
ARVMEF B E ARG . X, AiIACHET —
B V42 Post") fE HERIES & KRk A
(RIS g5 T TR AP A PR P A SR
FA T sl At i 8 e o 2o A MODFLOW &
SEAWAT v, B4DI45 R 5 H ABHR V)& 54

AILET OpenGeoSys BHEBLIIR M W5 #17% XF
WK EIKIZ 0K A RPN 5 W L ¥ A 321 P43 0 i
Ry 1 T BRI RS B 01 R RIS R E T » 8 3 R v
WK M 7K AR 1) — 4 30 e BB B Y, B DL SRR
. 7% 21 B BB AR A7 9 PR B i g 0 R B 9 AR Ak

Supported by the National Natural Sciene Foundation of China(41302195)

W% B 9. 2018-01-21; 1817 H #:2018-04-08

TEZ A RIS (1980-) , %, Bl#$E. E-mail: yajiewu@ouc.edu.cn


mailto:yajiewu@oucedu.cn

9 o R AR

HIBNSTALRFIE » FERLESR_ EPRT T VK S/ KE 23
s N KL 5 e Bh R IR RS AL
A B ATk
18BANAFRHE

DIERY R/ K MRS 5 R U S B [ E L
SRR BN EAKCRAIE MR 2 57 - 2RI EAH 2257
2 NS R hRIsEE Y S RERY /K AL R b=
K AMRAAR IS RSN , R B A SR B [ i 57
ENEAN G « NFEREDY R ANER JERk5eE
T FEEH B R By “ L B E A5 BB e R
2KV (KA SR ) (L B ORdss AN 22 47 R s S5 [7RE
KL AE A S E A2 b, R B BT L
REVETTUEFEEHAY

AT B A BB N DI = (ILIRIL) , 7K
TRALATR A =S B K L [ Y 2B b i B35k
TR B /KT R sl NI R A 22 5 Y
“LU RIS RS o BXAPE LT g S A
BRI [R#EFAE S0 A SR b 3]
R SRR BN SR - oA THIEZKA
(R R RIR AR 5 B 2% AT e SR EL AT 2
RABUERLH 574

18 EIATHE

13575 [REATEK A A 25 L AT DL 25 PRI Y
TENEIRSN , B ETETREIM — o0 S iz F
B PRE VLN AT T S B AR
%ﬁg%b%ﬂgfgﬁ 53R BT LS BB AN R

Hs . t=Ho | A:Sin([€—x)) 1

e Hs VeI H - 2R T PR B
A ESSBIROTE N AIRIE: TR
BB T K (O, 7 AE— RIE ) A R
Syt R P OHTH i
LE0% t % A AT AN B KA LT+

MG T FREE) - ARSI R A T
BT T (WO K#E ) BB A 5N B /KA E 1R

s

2020

FEL S KR E T 2K S e Fh R TEKER
JE 3 Sh TG RR R BT CRBEE/KAE ) WA 5 2E
D= uE

1F ATt I, I TS5 B /KK

W% Btk a B RS ) - FELARE th B LA T
FRER T J7 BRI N KRR E TR 57 KL
TN KE SR SR TR/KERE TS
I3 7KL IE% 2R R PE VK A Y B (L 2R e — 2
ARG R EIP A TR0 i St i oK
KA BN SREE EEFE TR A KR
B S BT AT B gL 5T

BT Yot % T, FHIRATHREE - AR

i EgR B s, MR R 50 % t %
AAANHY A SRR B B TR TS

OB SE = HOR/KE R ML SR 5% Yot %

S ensmmnae e
S SR B AE— S I R 6
PR AT B (LR 1 ~ EIVS e

BRSSPI H B B G RO X S TR FE S
R—BEMIE ST , SR ENL 5 A LUE 4 I %)
ARG B NSUE AR th = AR iR =
18 aAFRARMRIUIT A
ARSTHIFE TR T E W B ZE P R T
JT 7% HJOpenGeoSys I (1 T & — T HC+ +
SEE T FEIN SR AVERERAR e TR SUE I RCR A
FRITITA , BESIEILIZ 7L I o BB T o ek
MEHIE N Aish- 15 - b
TEREU AR R N K AR AZnS SR DU
T BRI E ARG B i S5
(1) BRI TR, 8 TR (D) s S R
B EEP R AOKALE Hs
() RS BRSO EIRIE /KR ERE Y
Hs % KEECs
(3) i=tTOpenGeoSysHI £ I BISEIFTA
LS S BURHI P S5REC
(4) WFEHLS ERTARERS S A S TEZ%
H's A B 7K KA E W57
(6r&ZAEfEz) Hs HIE5Ep=0, NiZSAFE5H
1l b Bl 1% 58 (EP =0
(6)F5ZM(2), QYEA e KB T EHE Ak
BNEREILT



10 1 EUHERS » 55 DS B ROK EK IR K AR RIS T 5T 93

(7) EEHE(3) ~ (6), B H U ATt
5
(8) EEHPE(2) ~(7), LB

FE1 245 L T 7EOpenGeoSysHh 3Bl &/ R A IR
NI R4 K S A R

K2 iR R
Fig.2 Flowingchartofmovingboundarymodeling
=K AREUERE]

2. 118 AfE
ASZAE Kuan ) s AR A A0 A LA E T

OONSTANT o 5 &
00oNSTaNT  ONONNTCIHON

A BT RIS 2 RS N AVERB/KEKERKA
ZHVEMEREAD - Hop JB/KEKER S 4 m By
0. 7 m fRBEE/KEKEN T HEM: AR ZK R,
R ERERAGSERN « 72y NBGHRKAF B E
TREARAKIN - MR 3. SIVRHEERE,
SEEEKEREE/1.482 m B R R AR A S
0.27 m o FEAF RS VE I A MR K AL LR AT
HE AL B RS 155 DA /E I A IEK
AL EREEY R ohi TR W AR 24 SN 15 B
VSLEZHIpaL

1EOpenGeoSysER (- H1 T A H R L NS
it - SRS BRIIZKC 121 77 R 228 E A SR 1L E PR AR
Zf)fJRichards Flow 512 , & Y Bod R e HUA T finfs
TR AFEEKERIIELR W Y AL RN
H1EMH

K ITFHIE &R Fvan GenuchtensK JJFFHIERRES
il

s7+a-sHJj TEA* 5 -

it SHRITE : SrFTTLRKEAIRIE  Peor
BAIER SRR SIS agemilk SUERK Skt
IR T S REE 22/ MRS, Tl
bR S8
RSP SRS 2% 2L B
P(c)=pO ) +8&c(c—C0)* )
Hrpr: CHRTBIRIR IR : (OFTHKEIE  COFT
SOKIRFE | (RFTTOBITR I M 2

(08 >#ik[15* - Modifed from bibliography [15*.
E3 EEEKEKERKAREERET
Fi .3 Schematicdiaramofseawaterintrutionnumericalmodelinunconfinedcoastalauifers

RS R IR TR T I A
A B = RIS T3 A5 670411
ABE=FAIPIIRE10 9444 < T BN I
KA & KR HTRE AR | Il R
8 LA R PO 4 0 IO - PR 1S9 A

HADIRAIB LR — 1% - HUEREI PR ARHRS
WHUE WA

2 218

AR ARG 73 BRI TER S PR
K AR - PP IE V0. 398 m NS AT
262 s IRIEATI3. 2 em LTS N
R /KIS TR 5 B 720 mL/min - 3
FRBUEARAIDIZE R 5158 45 Rt 17 EE R DASGIER{E A5
ENGE TR R © O R 21 e FE RS 235 AR 1R HY



o SR ESP S SR = =~

0. SELETRE LAV EORKIY 73 5 ek  FILAS SR A4
FiR

>
Tablel Parametersvaluesadoptedinseawaterintrusionmodel

Z%) Parameters HY{HE Values
ATV AN YN

- . 0024
Solutalexpansioncoeficient
¥ E&ERo/my « st 1e%
Difusioncoeficient
FLEEAR” 046
Porosity
//@+_ N 38e'10
Hydraulicconductivity
YAE TREUE w1/ < 0002
Longitudinaldispersivity
Tﬁrﬂ%‘%ﬁ@fft/<- _ 00004
Transversedispersivity
BOKE Eporkg - M’ 1000
Freshwaterdensity
EhK BRRE m'
mk&&ips/_kg m? 1026
Seawaterdensity
EKHECss LY 334
Seawaterconcentration
FLIE /KPR TR E S o1
Residualsaturation
HAZHa/m' 35
Airentrysuctionparameter
fEkZHm o68
Exponentparameter
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Table2 Casesforparametersvaluesperformed
forseawaterintrutionmodels

Q/mL '+ min' Alcm T/s
QIAO 20 — —
Q2A0 15 — —
Q1A1 20 32 62
Q1A2 20 42 62
Q1A3 20 52 62
QlA4 20 21 124
Q2A2 15 42 62

7 QFTR AR ISR &, AFR NS IRIE T%%ﬁ?i%ﬂiﬁ JEEA
Note: Inland freshwater discharge rates (Q), tidal amplitude (A), tidal
cycle(T).
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The Influence of Tidal Oscillations on the Behaviors of
Seawater Intrusion in Unconfined Coastal Aquifers

WU YaJie""?, YANG Zi-Liang' , CHENG Cong-Min', XU Chun'

(1. College of Engineering, Ocean University of China, Qingdao 266100, China; 2. The Key Laboratory of Ocean Engineer-
ing of Shandong Province, Ocean University of China, Qingdao 266100, China)

Abstract: Tidal oscillations have significant influence on the process of seawater intrusion in unconfined
coastal aquifers. Previous studies typically neglect or simplify oceanic oscillations such as the effects of
tides. In order to investigate the tidal influence on the behavior of water level fluctuations and salinity
transport in unconfined coastal aquifers, a numerical model is developed by considering and controlling
dynamic tidal boundary conditions based on the scientific modelling package OpenGeoSys. A fixed flux
condition is used at the landward boundary. The numerical simulation results were verified with the ex-
periment results, which indicates that the moving boundary can accurately describe the tidal oscillations.
And numerical results indicate that tidal oscillations change the salinity distribution and the fresh
groundwater discharging zone, which leads to a significant reduction on the extension of seawater intru-
sion in unconfined coastal aquifers. When the landward boundary is fixed, the larger tidal amplitude has
greater influence on the salinity distribution. When the tidal factors are fixed, smaller flux on the land-
ward boundary will be more susceptible to the tidal oscillations. This work effectively overcome the nu-
merical simulation difficulties encountered with complex seaward boundaries. and reveal the seawater
intrusion mechanism under the influence of tidal oscillations. This research provides scientific and theo-
retical basis not only on properly exploring fresh groundwater resources, but also on effectively control-
ling seawater intrusion in unconfined coastal aquifers.

Key words: saltwater intrusion; tidal oscillations; moving boundary; unconfined coastal aquifer; nu-

merical modelling
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