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Simulating Saltwater Intrusion

ABSTRACT

The purpose of this study is to develop VDFT (Visual Basic based Density-coupled Flow and Transport), a numerical modeling code
used to simulate density coupled flow equations used to simulate seawater intrusion in a two dimensional finite difference method. The
VDFT code has the advantage of being intuitive and simple to use and has the advantage of utilizing the EXCEL Visual Basic platform,
which is widely used for general business purposes. Generally, code developed for numerical simulation can be verified through
representative example models called benchmark problem. In this study, we verified the VDFT code using benchmark problem called
Henry Problem and Modified Henry Problem as well as two laboratory test data. The results of this study are analyzed the importance
of each benchmark problems, validated VDFT code compared to those problems. In conclusion, the possibility of using VDFT code
is diagnosed and the direction of future research is suggested.
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constant h iniecti constant h
178 mmj—9 JHection 174 mm
point

54 mm
Parous
Media

mm

W//
Z| +—225mm——

X

Fig. 1. Conceptual Description of the Numerical Model used for
Simulating the Sinking-Plume Experiments (Goswami et
al.,, 2012)
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Table 1. Summary of Numerical Model Parameters

Property Symbol values
Horizontal length L 23cm
Vertical Length hy 18cm
Hydraulic conductivity K 1.16cm/s
Porosity n 0.38
Specific storage Ss 0.000001cm’!
Longitudinal dispersivity o 0.0lcm
Transverse dispersivity Qg 0.001cm
Saltwater concentration C, 0.035 g/cm3
Saltwater density Py 1.025g/cm’
Freshwater density Pt 1.000g/cm’
Density slope E 0.714

(b) SEAWAT

Fig. 2. Comparison of VDFT Code Simulation Results Against to
SEAWAT for the Sinking Plume Experiment at Various
Times at Omin (Left Plume), 2min (Middle) and 4min
(Right), Red Color > 10% and Blue Color 1-10%
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x 26.0cme] APREAS FHYTHxFo 2 547 250 2 267D
BT T 9% AA 25.5em o] fFAERL HYE L8
A5 77 (constant-head boundary)ol|x] Bdl J¥o 2 g9l
ok HIAFAIE S EE AAtolA 10°%em! 2 APk =Y
vigol= FEEAAR AAEGTE ST A=
Z¥z+ 0.05cme} 0.005cmE ARR-Ftk o] Eeloa] ALR3 HE
v7HS ZHE-2 Table 29 U9} Qlth

[e:

. h=26,7 om (S5-1)
X h=26.55 cm ($5-3)
I hy=26.2 cm (S5-2)

hy=25.5 e 4 q.=0 el iz=0
Salt water Fresh water
P =psghs
26 cm] p = pahy
C=Cy,
ifv=0 c=0
z
def i =10,
ifv<o q.=0 deldz=0
53cm >

Fig. 3. Computation Domain and Boundary Conditions used in
the Numerical Model (Goswami and Clement, 2007)

Table 2. Summary of Numerical Model Parameters

Property Symbol values
Horizontal length L 53cm
Saltwater elevation hs 26cm
Hydraulic conductivity K 1.215cm/s
Porosity n 0.385
Specific storage Ss 0.000001cm’™
Longitudinal dispersivity Q. 0.0lcm
Transverse dispersivity arp 0.001cm
Saltwater concentration Cs 0.0371g/em’
Saltwater density Ps 1.026g/cm’
Freshwater density Py 1.000g/cm’
Density Slope E 0.714
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Fig. 4. Comparison of Steady State 50% Isochlor Distribution
Boundaries Simulated using VDFT and SEAWAT in Salt-
Water Problem
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(a) Intruding Condition
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(b) Receding Condition
Fig. 5. Comparison of Steady State 50% Isochlor Distribution

Boundaries Simulated using VDFT and SEAWAT in Saltwater
Problem
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Fig. 6. Boundary Conditions Applied for Solving Henry Saltwater
Intrusion Problem (Modified from Henry, 1964; Simpson
and Clement, 2003; Simpson and Clement, 2004)
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Problemell] “g o3k 71l W= a 3o HlulR e o = Q=T
Henry Problem®] ¥-x}1 <=3k ax= 0.263, Modified Henry
Probleme] T319] W2z a= 0.1315 o]tk a:%(# ol
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Fig. 7. Comparison of Steady-State 50% Isochlor Distribution
Boundaries Simulated using VDFT and SEAWAT for the
Henry Problem and the Modified Henry Problem

Table 3. Summary of Numerical Model Parameters (Modified from
Simpson and Clement, 2004)

Property Symbol values
Horizontal length of the domain L 200cm
Saltwater elevation hs 100cm
Depth of the domain d 100cm
Freshwater darcy flow q 6.6 x 10”cm/s
Recharge per unit width Q 6.6 x 10" cm?/s
Hydraulic conductivity K 1.0cm/s
Porosity n 0.35
Specific storage, Ss Ocm’!
Longitudinal dispersivity Qg Ocm
Transverse dispersivity Qrp Ocm
Saltwater concentration C, 35kgm3
Saltwater density Ps 1,025kg/m’
Freshwater density P 1,000kg/m’
Density slope E 0.714
Diffusion coefficient D 1.886 x 10~ cm?/s
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