Theoretical background for groundwater flow velocity estimation.

The velocity of groundwater at which water is moving through the pore matrix of
an aquifer available for flow is known as seepage velocity [46,47]. The pace at which flu-
id particles flow across the porous medium in a straight line from one place to another
[48,49] and the apparent velocity through the porous medium is called the seepage ve-
locity [50]. It is more realistic than Darcy flux, also known as Darcy velocity, in express-
ing the actual velocity of groundwater within the pores of an aquifer; Darcy flux as-
sumes that the flow occurs throughout the soil, when in reality, the flow is limited to the
pore space [51]. The seepage velocity is calculated by dividing the Darcy flux by the
effective porosity, as shown in Equation 1 [51].
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Where Viep is the seepage velocity (m/d), v is the Darcy flux(m?/s/m?), and nes is the
effective porosity of the aquifer(dimensionless). Darcy velocity is the product of the hy-
draulic gradient multiplied by the hydraulic conductivity of the aquifer, as in Equation
(2)[52]:
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where k is the hydraulic conductivity (m/s), Ah is the difference in the hydraulic head
(m), and As is the distance (m). The hydraulic conductivity can be written in terms of

transmissivity and the saturated thickness of the aquifer, as in Equation (3)[46,52]:
k=— (3)

where T is the transmissivity (m?/d) and b is the saturated thickness of the aquifer (m).
Equation (3) is useful in groundwater hydraulics; most of the wells’ hydraulic calcula-
tions and equations are written in terms of transmissivity rather than the hydraulic con-
ductivity [46,52]. Combining Equations (1)—(3), the seepage velocity can be written as
Equation (4):

T Ah

B bneff A_S (4)

Vseep =

Therefore, Equation (4) was used accordingly as a model in ArcMap/GIS and as a
mapping framework to calculate the seepage velocity of the aquifers.

Table S1: Water wells history, hydraulic parameters and calculated effective porosity

BH Saturated Specific ca- Initial ef- Effective porosi-
SampleID X Y SWL thickness T(m2/day) . fective po-
Depth pacity (Sc) . ty
(b) rosity
EAE01 337698 926445 2139 70.3 4891 2.45x101 0.87 0.03415 0.14935
EAE02 338942 923746 1259 44.86 32.27 3.21x101 1.896 0.35604 0.15928
EAE03 341178 924774  53.02 76 22.98 1.37x103 331.26 0.91148 0.24399
EAE04 340757 924251 49.17 60.78 11.61 7.05x100 6.59 0.33067 0.17654
EAE07 344663 921508 24.2 43.5 19.3 3.88x102 534.19 0.94009 0.25381
EAE08 344821 920280 20.52 47.13 26.61 6.13x101 0.099 0.16406 0.12481
EAE10 348666 919456 62.16 84.3 22.14 1.12x102 42.6 0.64057 0.20597
EAE11 350964 918909 11.17 51.45 40.28 6.24x101 0.94 0.32279 0.15031
EAE12 353085 916542 2341 76.7 53.29 9.33x10! 1.41 0.40014 0.15543
EAF13 349869 916553 60.08 73.66 13.58 9.50x102 0.325 0.27182 0.13769
EAE14 349548 914882 58.08 76.88 18.8 5.33x103 845.547 0.99558 0.26363
EAE19 368834 915079 2445 63.69 39.24 2.66x100 3.78 0.45598 0.16862
EEJ02 429740 984856 8.17 49.5 41.33 7.18x101 38.59 0.74581 0.20429
EEJO6 433310 996719 1492 62.66 47.74 3.84x100 5.43 0.44992 0.17374
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