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Evaluation of sharp-interface simulation of saltwater intrusion
into the multi-layered coastal aquifers exposed to pumping
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Abstract

Background and Objective: Population growth and scarcity of coastal freshwater resources have
increased the stresses on many coastal aquifers, leading to aquifer storage decline and salwater
intrusion (SWI1). Investigation of coastal aquifers routinely involves the application of SWI models,
which can be divided into two categories, namely sharp-interface and dispersive-interface approaches.
There is no mixing between freshwater and saltwater at sharp-interface approaches. This makes them
computationally more efficient while dispersive-modeling approaches are more numerically
challenging, but allow for freshwater-saltwater mixing.

Method: Most coastal aquifers comprise overlying sequences of geological strata, resulting in SWI
characteristics that may differ significantly to those of homogeneous cases. The layered coastal
aquifers have received significantly less attention than the more simplified single-layer case, despite
the fact that stratified aquifers are widespread. In this study, a sharp-interface approach (named as
SHI-SWIM) was developed using FORTRAN programming code. The model is first validated and
then applied for the simulation of sand-tank experiment and field-scale multi-layered aquifers exposed
to pumping in order to evaluate the strength and limitation of the developed model.

Findings: SHI-SWIM model produced better result for higher pumping rates. Additionally, the results
of fully penetrating wells and closer position of well to shoreline matched better with the dispersive
modeling outputs. In real cases, where the saltwater may wend a long distance toward the well screen,
the sharp-interface modeling weakly matched with the dispersive modeling, specially in terms of well
salinities.

Keywords: Multi-layered coastal aquifer, Saltwater intrusion, Pumping, Sharp-interface approach,
SHI-SWIM model, SEAWAT model.
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1-Sharp-interface approach
2-Density-dependant approach
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1- “16-30° grade sand, Sloan Sands P/L, Dry Creek,
South Australia
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Figure 1 - Laboratory set up for pumping experiment

ay ol e gm0 485 plail slaiales] 45 ol
Al O e a5 il e 53 5 ) @b (il (S5

aslons Llod Jsb SaSTy, /-0
slo—3 Jo—ep L aShoe e —dS0 560
Seas lgie an o] YU o> jslaie 4 (CACl2.2H20)
o S O3 p8 YO Glies g o ool (6,55 o)
L o ol (EC) oSSl culan oo anslonds o ol
ools s cgar el 0ad Crns 1o EC G 51 ool
5y 00l ol 59,00 Job o (Kb 055 LSt 0520
e 3 5 eload o5 59 T 4l sl
il dwle OIS lawgy Qi pae WL () oobe Conogas
S 2 A S () 03le S > 50 U el 3l
3 IS e azlye Uas L) ol g o aalys 150 O
RS0 5y ele ol clale i ol slaiule]

Cawlodg s ol i e

2-Rhodamine WT type, Fluorescent FWT Red dye,
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Table 1- Parameters of laboratory experiment
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1-Sharp-Inteface Seawater Intrusion Model
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Figure 2- Conceptual model of multi-layered coastal aquifer with constant head boundary condition at
land and sea side
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Figure 3- Comparison of experimental results with SHI-SWIM and SEAWAT modeling at (a) 30 min, (b)
60 min, (c) 120 min and (d) 240 min. Dotted red lines present 5% and 95% salinity contours.
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Figure 5- Geometry and boundary condition of field-scale multi-layered coastal aquifer
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Table 2- Water and porous media properties at field-scale aquifer simulation
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Figure 6-(a), (b), (c) and (d) respectively present the results of scenario 1 to 4 with different pumping rate.
Dotted red lines present 5% and 95% salinity contours.
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Figure 7- Presentation of SHI-SWIM and SEAWAT modeling results for different longitudinal well

Elevation (m)

Elevation (m)

location (Zw=5.0 m)

30
(b) Sc-9 — L., LiSHI-SWIM
. 25 1 — — sl JSSEAWAT
—— -, s SHI-SWIM
- /s—:\ 20 i 7% .
= =+ = sl xSEAWAT
y £ 15
=
] 5 10 { (@ Sc-8
&
] 5 |
' ' 0 . . .
0 200 400 600 800 1000 0 200 400 600 800 1000
Distance (m) Distance (m)
30
1@ Se-11 L5 J@se10
4 20 4
£
- "E/ 15 -
g
1 E 10 1 ‘
i PRI - 05 4
L7 I
l: L T T T 0 T T ' - T T T
0O 200 400 600 800 1000 0 200 400 600 800 1000

Distance (m)

Distance (m)

(Zw=+1- M) ol dilas (Job CorBgo pndi b i sbrgr )luw (g5lwaned gl -A JS&

Figure 8- Presentation of SHI-SWIM and SEAWAT modeling results for different longitudinal well

location (Zw=0.0 m)




b 5 0013 g

Y ¢yl VR 0oy Cann § anzxo (65999555 3 pole FF

SEAWAT Jo—s cox o 4 SHI-SWIM  Jo—s o
OV YNF ) Kea g Mehdizadeh) sgs oo oo
Gl S yiin 5y Jums j0 SV (nl )3 (gileand @l
2045 ebiylen g cils sialys SEAWAT Jos b s 505
Gt yst ol S e b ity el (atiiie JS
Joe 5l S Y 51 ke ;0 SHI-SWIM Jos Lwsgs
98 Gl Jlie jobo 4 .cwl a3 5 &)y 0 SEAWAT
P ]y 6)eh Ay (S e 50 Jae N0 91T (ool
5 ol a0 Lo 5l o YAVIA o YAE/Y al ol (o
Jlo Voo clidS 5l o oYL @Y jo (65 VWA 5 VFY/P
o 3 658 a5 Sl Jo )0l 5 009ed (i
59 L Belate i 4 5V F (o)l (1, SEAWAT
e OAFIT g OYV/A FYOIN L ol 70 570+ JA0 clale
YL Ay s e FYVY g VASY VS 5 ol 4 s
s PYYIY FFEIF L ol VO (o9 )l sl pB)) ol el 004
30 ;e YA g YAVO AYYIY 5 ol aY jo e £PF/A
chle o b3l 65,1550 (2,8 L Cal ooy (VLAY
SHI-SWIM Jos o gjlwars awslio gl 047
r2a VO 9 1 (slogy i )3 cud b 4 (6)9d Aty
Las 0o )0 ¥Y g YA 5 il 4 jo s as 0 09 4 VYT 4

eslons VL &Y

ol o2l Canigo
Sl 2,5 4ol Ly S asimo se ol (A 5 V) JSb
labamde JB s o dinly Y s 4 Cond olz CoaBse
Jos 0 a> g SHI-SWIM Jaw j8 a5 s s @ls 5o
5 Joe 0,Shes saalive g1y .o algss olw! SEAWAT
0 Gl ez 50 (samay ISl 8, ) 5
So sl Joe e g ol ools j108 VLAY 5o ol> ailas
0,09, 99 0 3l ol gl .cwl ool Izl alls Ve 090
a0) g b ol avolie .Cawloads ools ioled () JSi 5o
Cpadge So jo a8 amd oo L33 (b3 slagy Lo of oo
a5 Slo) 6,50 358 (e Silwand @l (LS Jsb
S 30 5l el 03905 a0 o JalS 3545 ol ailas
90 Ol @l BB 5 g Sl o5 (ornd S5 4y o
23,5 50 099381 (VL Y 53 Sleey ailas (3ls )1 3 L 3,80,
s 2l oiw w5005 50 olr ailas 5,518
9 (W J5d) el aalys (o po |, v nl (5598 Jlez>!
Sy el s 8 ol ol oz 3 o5 a5l
sl SHI-SWIM  Jow 6o 50 50 (9,5 oyt
2 olz ailad (65 )15 (B )09 e 03938 3,509 93 ]
s 2l ar (b Y 5l jed Of @B et 1 (oYL Y
aS ologljlesln aalys el 1l YL a0y

YL Y jen ol a ool a5l en O cutd g5le Joe



£o S o § 30 35995 b (Silwand (25l
30 30
—— i+, JSSHI-SWIM
25 4 () Sc-13 25 {— — L., LISEAWAT
| i oy | T se 2aSHI-SWIM
@20 : .520 =« = .o SEAWAT
= . £15 A
i S
= ]
£ 10 1 5101 (@8Sc-12
O 5 - D 5
0 v T T T T T 0 T T T T T T T
0 200 400 600 800 1000 0 200 400 600 800 1000
Distance (m) Distance (m)
30 30
25 (c) Sc-14 25 | (d) Sc-15
= 20 1 ' ~.20 A i
E E
Z 15 A =15 1
g _ g
= 10 4 e =10
o5 E m 5 A S
<, e
0 T T T I:' T T T T 0 T T = ,I T T T
0 200 400 600 800 1000 0 200 400 600 800 1000

Distance (m)

Distance (m)

2L Ay ;o olo 6las Job cosben 13 yuii b SEAWAT o SHI-SWIM Juow b (g3 luansds gl -8 S5

Figure 9- Presentation of SHI-SWIM and SEAWAT modeling results for different well location at upper
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Figure 10- SHI-SWIM and SEAWAT results after 100 years transient simulation with (a) increasing
aquitard thickness and (b) decreasing aquitard permeability. (¢) And (d) transient salinity prediction by
SH-SWIM and SEAWAT modeling respectively at scenario 16 and 17
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