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! Head-Controlled system
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3a. Steady State Dataset

SS-1 (0 min)

$8-2 (80 min/ 0 min) $8-3 (60 min)

3b. Transient Advancing Front Dataset

S min (from SS-1) 15 min

3c¢. Transient Receding Front Dataset
’ !

10 min (from $S-2) 15 min 25 min
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! Flux-Controlled system
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Saltwater Pump Freshwater Pump
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(Chang and Clement, 2012) o, oo sails byl a4y 5395 poza sl 4

Transient advancing wedge

0 min (SS1) 10 min 90 min (SS2)

Transient receding wedge

0 min (SS2) 10 min 60 min (SS3)

s 21 bz L GlaS Sl 150 5e8 Ol og¥ CiF il g (g9t pglal AT JSo
.(Chang and Clement, 2012)
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! Colorimetric method

2 Phenolphthalein

® Longitudinal dispersivity
* Transverse dispersivity
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! Stratified aquifer
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2 Salt flats
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" Saline lakes

! Playas

2 Shore

® Capillary fringe
* Evaporites

® Dry salt lake
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Aquifers are the main source of freshwater supply in many parts of the world.
Unfortunately, these natural reserves are vulnerable to saltiness due to their
proximity and the hydraulic contact to saline water, whether in the coastal area
or adjacent to the deserts. In the coastal regions, the seawater concentration is
almost constant and the water table is generally higher than the sea level. While
in arid and semi-arid areas, the saline water concentration of desert varies from
place to place, and there is the possibility of a drop in the aquifer water table to a
level lower than the desert saline water, due to groundwater excessive

extraction. The objectives for this research are: a) Evaluation of the transient
movement of saltwater wedge and the mixing zone in coastal aquifers, b) Study

on the shape of the interface of saline and fresh water and the mixing zone in the
aquifers adjacent to deserts, in which the water table is lower than the saline

water level of the desert. Seawater intrusion into coastal aquifers is inherently a

transient process. But due to the limitations in acquiring and analysis of
numerical and experimental results, less attentions has been paid to this
transitory behavior. In this research data was collected automatically and
without human intervention in both laboratory experiments and numerical
model. Image processing techniques was used for acquiring of laboratory data
and the results of numerical simulations was acquiring by algorithmic
implementations. The results for saltwater wedge showed that: 1) Behavior of
wedge area index is significantly similar to the index of toe wedge length in

transient conditions. 2) In the advancing case, the wedge height reaches the

steady state condition much sooner than the saltwater wedge toe length and the
saltwater wedge area, while in the receding case, all three index stop at the same

time. Also, the results for the mixing zone showed that: 1) at the early stages of

the wedge receding due to washing and mixing processes, the thickness of the

mixing zone increases. But continuing the receding stage, washing process is
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reduced and gradually stops. As a result, the dilute regions get closer to the
dense regions of the mixing zone and thickness of the mixing zone is reduced

again. 2) Speed of advancing and receding of saltwater wedge does not affect the

mixing zone thickness in the steady state condition. The results of experimental
and numerical studies on saltwater intrusion problem into the aquifers adjacent
to the desert showed that: 1) as the concentration of desert saline water
increases, the interface moves toward the aquifer with lower slope. Regardless
of how much desert saline water concentration is, the slope of interface

decreases over time

Keywords: Saltwater intrusion, Coastal aquifers, Aquifers adjacent to deserts,

Saltwater wedge, Mixing zone, Interface slope
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