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" Recent southeast Florida studies
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THE PROBLEM



Saltwater Intrusion in SE Florida

" H.H. Cooper (1964)

" Over a period of about 35 years the seawater in the Biscayne
aquifer of southeastern Florida advanced progressively
inland, owing to a lowering of the fresh-water head.

" Drainage of the Everglades was the principle cause of the
lowering of the fresh-water head.

" Applying the Gyben-Herzberg relation, Parker predicted
saltwater at the base of the Biscayne aquifer would continue
to advance and come to rest in equilibrium with the
freshwater at the average annual 2.5 ft water table contour

Cooper, H. H., 1964, Sea water in coastal aquifers: U.S.
Geological Survey Water-Supply Paper 1613-C, p. ii-v
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Saltwater Intrusion in SE Florida

" H.H. Cooper (1964)

" Advancement of the salt water wedge was of concern
because it was predicted to eventually envelop numerous
water-supply wells, including those of the Miami municipal
supply in the Miami Springs well field.

" The advancement of the salt water appeared to cease in the
1950’s as much as 8 miles seaward of the predicted position.

" Whether the front had stabilized or its advance had merely
slowed was not only a matter of economic importance but of
scientific interest because the premature stabilization could
not be explained by any known theory.

" The USGS began to investigate the phenomenon of saltwater
circulation in 1957.

Cooper, H. H., 1964, Sea water in coastal aquifers: U.S.
Geological Survey Water-Supply Paper 1613-C, p. ii-v



Florida saltwater intrusion studies

_ ZUSGS
= >200 published m—

Stu d ies as Of 2 0 02 Bibliography on the Occurrence and

Intrusion of Saltwater in Aquifers along the
Atlantic Coast of the United States

"= Farliest known
study evaluating
- - Bibliography on the Occurrence and
salt water intrusion e e 179
= Stringfield, V.T., 1936,
Artesian water in the Florida
peninsula: U.S. Geological

Survey Water-Supply Paper
773-C, p. 115-195.

Open-File Report 02-235

http://pubs.usgs.gov/of/2002/0fr02235/




THE BASICS



Flow in porous media

Henry Philibert Gaspard Darcy
http://en.wikipedia.org/wiki/Henry_Darcy

Darcy H (1856) Les Fontaines Publiques de la Ville de
Dijon [The Public Fountains of the City of Dijon].
Dalmont, Paris


http://upload.wikimedia.org/wikipedia/commons/6/65/Henry_Darcy.jpg

Were not out of the woods yet




Pressure vs. fluid/force potential

Fis. 5.—Fluid potential at any point inside a body of static liquid

Hubbert, M. K. (1940) The theory of ground-water motion.
Journal of Geology 48, 785-944. Excerpts: p. 785-803,

924-930, 941-944. 1



Immiscible and miscible fluids

1
—VO, =+g——Vp
Pi

Hubbert, M. K. (1940) The theory of ground-water motion.
Journal of Geology 48, 785-944. Excerpts: p. 785-803,

924-930, 941-944. 1



Diffusion/Dispersion

D = Mv" (Rifa1 et al., 1956)
D=av+D,

/Wofer Table
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Cooper, H.H. (1959), A hypothesis concerning the dynamic
balance of fresh water and salt water in a coastal aquifer:
Journal of Geophysical Research, v. 64, no. 4, p. 461—
467 13




Flow and Transport Equations
Groundwater Flow:

oS Op M. 0p 0C, Op OT
S.pS, +e—)—+eS, | Y ——+——|-V-
uPSop 25 ) 0 + 5 [; ac, or T or

8pa

Storage Mass Pressure Buoyant
Forces Forces

\ ) \ ]\ ]

Y Y
Total Mass Change Mass' e [0)'¢ Mass
Source/Sink

Groundwater Transport:

8{;?{ +e&S pc,v-VU, —V- {pcwk [gSw (O'wkl +D, ) + (1 — g)o-skq : VUA,} =0 ¢ (UA* _ Uk)

Solute Matrix Velocit Fluid Matrix
‘ Sorption . ' ‘ Y Molecular Diffusivity . |
| | | | Y
Solute Change Advective Dispersive Solute
Solute Flux Solute Flux Source/Sink

Solute- Temperature-density/viscosity relation:
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BENCHMARK SOUTHEAST
FLORIDA STUDIES



Hilton H. Cooper, Jr.
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FIGURE B.—Scctian theough (b Cusler srea, noer Miam, Fla., showing the mwne of 1iusion, Septemb Fia. 2—Circulation of salt water from the sea to the zone of diffusion and back to the sea

Cooper, H.H. (1964), A hypothesis concerning the dynamic
balance of fresh water and salt water in a coastal aquifer:
U.S. Geological Survey Water-Supply Paper 1613-C, p.
1-12 16



Francis A. Kohout
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http://sofia.usgs.gov/publications/fs/131-96/vicente1.gif

Harold R. Henry

SEA WATER IN COABTAL AQUIFDRS o717
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Survey Water-Supply Paper 1613-C, p. 70-82
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RECENT STUDIES



Broward County

® Historic evaluation of
saltwater intrusion at a
municipal well field
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Broward County

" Highly urbanized in
eastern Broward

" Water Conservation
Areas west of
urbanized areas

= Extensive and highly-
managed canal

drainage system

" Water supply

" Flood control

= Saltwater intrusion
control
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Broward County Hydraulic
Conductivity
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Broward County TDS Concentration
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Broward County — well field impacts
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roward County — sea-level rise analysis
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Miami-Dade County

Highly urbanized in
eastern Miami-Dade
Everglades west and
south of urbanized
areas

Extensive and highly-
managed canal drainage

system

" Water supply

" Flood control

®  Saltwater intrusion control

Extensive groundwater

use
= 770 MGD in 1996
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South Miami-Dade County Issues
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South Miami-Dade County Issues
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Turkey Point Numerical Model
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Non-lsothermal Hypersaline CCS
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Aquifer Response — saltwater intrusion

Base Case
== = Alternative Canal Configuration
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FUTURE CHALLENGES



Improved Aquifer Characterization
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Improving Model Predictions

" Local Grid Refinement
" Parent and child models

e Groun s Pro rogra
d in Cooperatio nwnltl USD[ rtm 1iE ergy

MODFLOW-2005, The U.S. Geological Survey Modular

= Ground-Water Model—Documentation of the Multiple-
u I rreg u Ia rly s h a ped c h I Id Refined-Areas Capability of Local Grid Refinement (LGR)
and the Boundary Flow and Head (BFH) Package
m o d e I S Chapter 21 of

Book 6, Madeling Techniques, Section A, Ground Water

" Improved ability to
represent heterogeneity in
areas of interest

Techniques and Methods 6-A21

U.S. Department of the Interior
U.S. Geolagical Survey

36



Improving Model Predictions

CONCENTRATIO!
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Y, IN METERS

Improving Model Predictions
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Improving Model Predictions
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Improving Model Predictions
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It’s not just academic...
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