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Modelling of Saline Plumes 

 
More than 98% of the Earth’s potable 
water supply comes from groundwater 
(Fetter 1988). Fresh groundwater within 
aquifers needs protection from saline 
encroachment e.g. from seawater at the 
coast due to abstraction, mobilisation of 
salt within unsaturated soils due to 
clearing reducing evapotranspirative 
demand, from deep saline up-coning due 
to abstraction, leakage from saline 
surface water courses, or from man-
made loss of salt or brine solutions. 
 
Drinking water standards require that 
salinity remains low, <500mg/L TDS is 
regarded as ‘good’ quality, between 500-
1,000mgl/L (<1,000 is Fresh) may be 
tolerable based on taste, while 
>1,000mg/L (i.e. transitional) may cause 
scaling, corrosion & have an 
unsatisfactory taste. Hence saltwater 
migration into fresh groundwater aquifers 
may rule out important potable water 
supplies. The discharge of salty (i.e. 
brackish/ saline/ hypersaline) 
groundwater may also pose 
environmental problems to downstream 
freshwater areas 
 
Saline soils are common natural feature 
in arid regions, which are characterised 
by a severe lack of available water, & 
may hinder or prevent the growth & 
development of plant & animal life. The 
primary cause of man-made soil salinity 
is due to the accumulation of salt, a 
residual of brine solution in the soil 
pores, due to fluctuations in groundwater 
level e.g. by reduced evapotranspiration 
due to land-clearing &/or upward 
seepage of deep saline groundwater.  
Salts may also be deposited in the soil 
unsaturated zone which may therefore 
act as a secondary source of salt. Saline 
soils (mildly saline EC 4-8dS/m, strongly 
saline EC 8-16dS/m, extremely saline 
EC>16dS/m) are sodic soils, soils 
containing more than 15% of 
exchangeable sodium. Some of the 
sodic soils are alkaline (with pH >9) due 
to the presence of excessive sodium 
carbonate (Na2CO3), thereby affecting 
groundwater dependent ecosystems 
such as wetlands, flora & fauna. 
 
Factors affecting Soil Leaching  
Leaching of salt from the unsaturated (or 
vadose) soil zone above the water table 
depends on the following factors: 

 
 Rainfall Infiltration through soil surface (Inf) 

Evaporation of soil water directly into the air 
through the soil surface (Evap) 

 Percolation of water from the unsaturated 
zone soil into the water table (Perc) 

 Capillary rise of groundwater capillary 
suction into the unsaturated zone (Cap) 

 Initial concentration of soil salt 

 Rate of loss of brine solution from the 
source 

 
Fig1: Water balance factors in the soil 

 
Salinity Models 
The majority of computer models currently 
available for groundwater & solute transport in 
the soil/ unsaturated zone (e.g. SEEP/W, 
FEFLOW, AnAqSim, Visual MODFLOW Flex), 
are based on Richard's differential equation for 
water movement in combination with a 
differential salinity dispersion equation. The 
saline groundwater (i.e. saturated aquifer) 
transport modelling approach is based on the 
advection–dispersion equation. However, key 
parameters in this equation are scale, density & 
are often problem specific, making this approach 
difficult to use predictively. Saline groundwater 
plume migration is highly dependent on the 
density differences between saline water (e.g. 
specific gravity (SG=1.035g/cm

3
) & fresh water 

(SG<=1.0) of the fluids. The models require input 
of soil characteristics such as the relation 
between the unsaturated soil moisture content, 
water tension, hydraulic conductivity & 
dispersivity. These relations vary to a great 
extent from place to place & are not easy to 
measure in practice. In order to overcome the 
errors introduced due to oscillations (in case of 
high velocity flows), the models use short time 
steps & need at least a daily data base of 
hydrological phenomena. Due to non-
homogenous conditions along the fresh & saline 
water interaction zone, an exact solution to the 
saline migration problem does not appear 
possible, unless some reasonable assumptions 
such as boundary conditions, flow conditions, 
dispervisity values are made (Panigrahi et al. 
1980).  

 

 
Visual MODFLOW Flex 
Visual MODFLOW FLEX is the industry standard finite 
difference software for 3D groundwater flow, heat & 
contaminant transport modeling. It comprises a 
package of tools for addressing water quality, 
groundwater supply, & source water protection 
initiatives, including: 

 SEAWAT is used to model 3D variable density 
groundwater flow coupled with multi-species 
solute & heat transport. It has been used in a wide 
variety of studies of brine migration in continental 
aquifers & seawater intrusion in coastal aquifers. 

 MODFLOW is the most widely-used 3D 
groundwater flow model in the world. 

 
Case Study 

Groundwater beneath an operational chemical 
manufacturing plant has been impacted by the loss of 
process brine over a twenty year period. This has been 
managed through a hydraulic containment system with 
offsite disposal & a program of leak-sealing & plant 
maintenance. Groundwater beneath the plant area 
discharges into fresh water wetlands & other surface 
water features located to the south of the plant. 
 
Hydrosolutions constructed a preliminary numerical 
model to estimate the effectiveness of the hydraulic 
containment system. In the FLOWPATH II model, 
hydraulic properties of the aquifer & the abstraction 
rates were incorporated. The model simulated the zone 
of influence for the abstraction bores located in the 
source zone. The simulation results indicated that the 
current hydraulic containment system has limited 
effectiveness in containing the saline plume. 
 
Hydrosolutions is currently developing a detailed saline 
groundwater transport model using the Visual 
MODFLOW Flex software for assessing the 
effectiveness of the existing hydraulic containment 
system. The model will be used to determine the 
optimum capture & recovery rates to remove the salt 
from the aquifer. 
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What you can learn from looking into holes! 

 
HydroSolutions Pty Ltd 
We are a specialist hydrogeological consultancy providing 
expert services including investigation, potable & process 
resource development & dewatering.  Our environmental 
capabilities include contaminated site investigation, auditing, 
remediation & risk assessment - qualitative/ quantitative, 
health, & ecological. Visit us at: www.HydroSolutions.com.au 
Broadband NetMeeting conferencing available 

Skype: hydrosolutionspl 
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