Coastal Aquifers

< FIGURE 8.33

Typical fresh-water—salt-water
relationship in a layered coastal
aquifer.
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» FIGURE 8.36

Circulation of fresh and saline
ground water at a zone of
diffusion in a coastal aquifer.
Source: H. H. Cooper, jr, U.S. ~  F=—————c————————— o~
Geological Survey Circular 1613-C,
1964.
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These early observers noted that in unconfined coastal aquifers, the depth to whid
fresh water extends below sea level is approximately 40 times the height of the water tabk
above sea level. The (mi 1) Ghyben-Herzberg principle states that
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where
2y is the depth to the salt-water interface below sea level at location (x,y) (L; ftor 1)
hiey) is the elevation of the water table above sea level at point (x) (L ft or m)
o is the density of fresh water (M/L?; g/cm®)
p, s the density of salt water (M/L?; g/cm®)

The application of this principle is limited to situations in which both the fresh water a1
salt water are static.

Ghyben-Herzberg Ratio

.= 1.000 g/’ and p, = 1.025 g/cm®, what is the ratio of 2, ) to fie,?

Pw
Ps = Pw

Zey) Ty
_ 1.000 g/em® B
1.025 g/em® - 1.000 g/em® 4

= 40hy,y




Ghyben-Herzberg

Water table

I
|
! !
| Fresh |
| groundwater | groundwater
= ! 4
5| !
8! density = p, | . density = p,
3l |
& |
I
|
| i
! L
A FIGURE 8.37

Relationship of fresh-water head and depth to salt-water interface.

Flow in Coastal Aquifers

< Flow in coastal aquifefs can be described by means of the Dupuit equations in combi-
ion with the Ghyben-Herzberg principle. The steady flow of ground water is given by
Ppartial differential equation (Fetter 1972b):
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where
w s the recharge to the aquifer (L/T; ft/day, m/day)
K is the hydraulic conductivity (L/T; ft/day, m/day)
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A FIGURE B.38
Comparison of the position of the salt-water interface on eastern Long Island as computed
using the Dupult assurmptions with that computed using an outflow face, Source: €. W,

Fetter, jr, Water Resources & (1972): 1307=14. Used with permission.




Flow in Coastal Aquifers

Should the value of the depth to the salt-water interface, as usmpnled by Equation£],
exceed the depth of the aguifer, then the salt-water wedge is missing. T
the left side of Figure 837, In this region, the governing equation is (|
Kochina 1962}
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where =, is the

er thickness below sea level. Both Equations 8.2 and 8.3 can be solved
for an infinite-strip coastline, that is, one with flow in only one direction. The x- and z-o0
are shown on Figure 8.37,

The Dupuit-Ghyben-Herzberg model of one-dimensional flow in coastal aquifers yied
the following expression for the r- and z-coordi of the interface (Todd 1953):
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whaere g’ s the discharge from the aquifer at the coastling, per unit width [(L*/T)/L]

Outflow Face

One of the [allmgs of the Dupu]l -Ghyben-Herzberg model of coastal aquifers is !
the salt-water interface intercepts the water table at the coastline, This does not allow &
vertical companents of flow and discharge of the fresh water into the sea floor, Theret?
a simple model has been developed in which the x- and z-coordinates of the interface #
given by the following relation (Glover 1964):
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i patiem near o beach as computed uing Equaton 8.5, Source: . £ Glover; Ui,
Gevlogical Survey Water-Supply Paper 1613-C, 1964,




Outflow Face

Note that Equation 8.5 is identical to 8.4, except that a constant, Gg'/K, has been added.
Thus, when x = 0, z will still have a value. The interface is shown in Figure 839,
The width of the outflow face, x;, may be found from the expression

Gy’
Xy (8.6)
RT3
and the height of the water table at any distance, x, from the coast is given by
h 8.7

Islands

For an infinite-strip island receiving recharge at a rate, w, with a width equal to 24, the
head of the water table, I, at any distance, x, from the shoreline is given by (Fetter 1972b):

wla® — (a — x)*]

T (8:8)
A circular island with a radius of distance R can be evaluated using
g AR 1) 8.9)

2K(1 + G)

Where Jt is the head above sea level at some radial distance, r, from the center of the island.

Island Example

: An infinite-strip island has a width of 2 km. The permeability of the sedimens is 13-+
and there is a daily accretion of 0,13 cim/day. The density of fresh wates Is 1000 and s,
salty g 1025, Compute 8 water-table profile across the island usi
3  inferface depth using Equation 8.1.
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K = 107" cm//s = B/ day

& = 00013 m/day

and Exanpe

* len) I (m} 2 fm)
1000 192 768
500 151 T4
S0 158 752
o0 143 72
176 4
500 166 6
400 153 612
300 137 1
200 L15 460
100 o4 336 Daree




Coastline Example

Part B:  From the computed profile, it can be seen that the fresh-water lens thins very rapidlyn
the last 100 m as the shoreline is approached. As the Dupuit assumptions may not be valid nex
the coastline, the profile of the interface close to the coast can be computed by use of Equationi5
The outflow per unit width, ¢, is equal to the recharge rate times the half-width.

g = 0.0013 m"/day x 1000 m

= 1.3 m’/day/m
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Coastline Example

find the width of the outflow face:

_Gr
2K
= —30m

X =

d the height of the water table at a distance from the coast of 100 m:

Tidal Effects

The amplitude of the tidal change is H, and the tidal period, or time for the tide to go
from one extreme to the other, is .. At any distance, x, inland from the coast, the amplitude
of the tidal fluctuation, H,, is given by (Jacob 1950)

H, = Hyexp (~xVaS/t,T) (8.10)
Tidal range, 2H, < FIGURE 8.40
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