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ensity-driven movements only exists
in a gravitational field.
Hence density-driven means gravitationally-driven.

Groundwater flow systems are also gravitationally-driven.
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gravitational force field
and
gravitationally-driven groundwater flow systems?
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flow systems”
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1-grad®=0

(A) Hydrostatic (B) Hydrodynamic

Compressible fluid

5 ©2017, K. U. Weyer “

ar resultant force: gas
&~
S <
&F
_pradp ol
gttt dhdagre godifiny potalindil it I fresh water
_ sall water
gradp
=r
] [ ]
L (e v [ | .

Schematics of “density-driven” flow

Variable density flow based on resultant calculation
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sea water intrusion by density driven flow: the
Biscayne aquifer at the Custer site along Biscayne
Bay in Florida

Reference: Cooper, Kohout, Henry, and Glover, 1964, Sea water in
Coastal aquifers.. USGS water supply paper 1613-C
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Biscayne Bay
ki by H-Iu.

.
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Map source: http://ontheworldmap.com/usa/state/florida/florida-physical-map.html
Inset: http:/tides.mobilegeographics.com/locations/1456.html
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BISCAYNE
AQUIFER

Municipal
well field

Langevin, 2001, Fig. 15

9 ©2017, K. U. Weyer “

DISTANCE FROM SHORELINE, IN FEET
1500 1000 500 0 500
T T

e Bottom of fully cased wells

8
T

400———=—|sochlor, in parts per million —

| lendsuface-. ~_ — Dashed where opproximate; intervol
irregular

BISCAYNE BAY

=)
T

g
i
=
g ® i
5 40 4
g
&5 % 10w
: £
z ~
g 118
3 <
100 . 1| ®
Base of Biscayne aquifer - ————————1 g
3
(]
Biscayne aquifer: lines of equal chloride concentration (in ppm)
10 ©2017, K. U. Weyer ”




It is a seawater wedge!
It is a case of density-driven flow!
It is an example of a convection cell!

©2017, K. U. Weyer

500

Flgure 39. sanoater ex-
tends farther inland near the

base of the Biscayne aquifer .
rather than near the top of it. — Biscayne Bay

EXPLAMNATION

Line of equal chloride concentration—Dashed s
where approximately located. Interval, in 1204
milligrams per liter, is variable

Direction of ground-waler movement

=& Freshwater 160-%

1.200 BOOD 400
= Saltwater DISTANCE FROM RISCAYNF BAY, IN FEET

Miodifiad from 1.5, Deptmant
of the Intence, 1973
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Presumed convective flow
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Miller, 1990, Fig. 39
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interpretation by Henry in Cooper et al., 1964.

Nevertheless, let's have a look at Cooper et al.’s,
head data and other data from USGS field studies
in the region.
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Cooper et al., 1964, Fig. 16

Lines of equal head measured at low tide, Biscayne field site
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Flow lines of saline groundwater corresponding
to equal head lines at low tide
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How can the relatively flat Florida topography cause
deep groundwater flow systems to bring saline water
up to the distant beach areas in south Florida?
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with the occurrence
of artesian

(flowing) wells
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Springfield, 1966, Fig. 28
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oy Pleistocens!
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GEOLOGIC UNITS IN
HYDROGEOLOGIC FRAMEWORK

Pleistocenasands and A’

Florida from
chemical data with
freshwater-saltwater
interface

Bush and Johnson, 1986, Fig. 9
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UFA Groundwater |
Di‘fide Oheachobeas

Upper Florida
Aquifer [UFA]
system driven by
recharge in the
central Florida
uplands

Hughes, Vacher, and Sanford,

g4 2009, Fig 12a
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Digital Elevation
Model (DEM) of
central and south
Florida showing
trace of cross-
section displayed on
next two slides
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Florida uplands B
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and, accordingly, no density-driven flow.

The saline zone has been created and is
maintained by gravitational discharge of deep saline
groundwater.

QED

Quod erat demonstrandum
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