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The purpose of the study is to verify the
efficacy of hydraulic barriers in containing the
diffusion of pollution in a coastal aquifer.

The aquifer is described with two different
layer: the first layer is saturated with
freshwater, the second one salt water; the
layers are separated by a transition zone,
named interface.

The analyzed area is subject to pollution due
to presence of deposits of polluted refusal.
The shape of saltwater intrusion and the
thickness of the aquifer has been
reconstructed using geophysics, and the
piezometry has been obtained considering
different water density, determined by
different salty levels.

The water densities have been obtained from
measures of electric conducibility in different
points of the aquifer. The control
piezometres highlights that the specific
conducibility rises to values located between
10000 and 30000 pS/cm.

Figure 1 shows the graph used to convert
conducibility values in density values.
Following literature, the piezometric level h
can be obtained measuring the level of the
interface water — air in a well. It is usually
referred to the sea level.

The piezometric level is given by two
different contributes, zi and hi, where h; is:
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This formulation of h; does not describe
correctly the spatial hydraulic head changes,
in an aquifer where also density varies. In
fact, in a variable density system, at the same
pressure can correspond different values of
h,, because there is a dependence of density.
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It is necessary to normalize respect to a
common density, usually the fresh water one.
So, it is possible to substitute the water
column with equivalent another one with
equal density in all wells

The following formula allows to transform
measured hydraulic heads in equivalent
heads:

he =hs*(&>—z*<&>+z
Pr Pr
Collecting the term z, the expression results
simpler:

)

The formula can be simply explained from a
physical point of view: it represents the fresh
water column sufficient to contrast the
pressure of salt — water column hs which
extends towards filtering system of well.
However, a portion of salt water column is
under the sea level (z*ps/pf). Subtracting
from the total column the height of
equivalent column under sea level, the total
height of equivalent column is smaller,
reaching the level of the portion emerging by
the sea level. The piezometric level is
obtained adding the distance of filters from 0
level (named z).

The Figure 1 shows the piezometric profile of
the studied aquifer, and it is possible to
observe that thickness of fresh water
decreases approaching to coast line, where
there are water fluxes towards the sea.
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Figure 2 — Piezometric profile based on equivalent freshwater head. The dashed line represents the interface, and
the red lines the specific conductivity.

The difference of effects due to pumping in
fresh water or in salt water, can be detected
studying how the piezometric profile changes
in the two cases.

When there is only fresh water, the Dupuit’s
formula can be used. Isolating Y it is obtained

R
Y = h2+%nl((?)

Instead, when pumping interests also salt
water, the Dupuit’s formula cannot be
applied directly, but any modifications are
necessaries:
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When the well screens are located both in
fresh and salt water to the substratum, it is
possible to calculate the equivalent head
using the average density, pondering respect
to the salt water and fresh water density. In
the study case, the average pondered density
is equal to 1.0305 g/cm? considering the well
10 m in fresh water and 40 in salt water,
considering the fresh water density equal to
1.0125 g/cm® and the salt water density
equal to 1.035 g/cm”.

Hf,i can be obtained using the following

expression:
p
o= (3)-
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Where hf,i provides directly the piezometric
level in m a.s.l. ha is measured directly in the
well and it represents a data easy to obtain.
In the studied area, ha is equal to 9.10 m
a.s.l.

So, hfis 9,26 m.

Using equation (1) is possible to obtain Ya =
9.9m

Pumping water in well having screens in
fresh water causes a rise of the interface
between salt and fresh water, causing an
“upconing”, whose shape can be forecast by
means of several suitables techniques , as
the Motz’s method, that are well known.

It is also interesting to study the capture zone
of wells of different depth, in order to select
the most suitable well screen location, for a
hydraulic containment of pollution. The
following expression allows to evaluate the
capture zone:

F=-2
T =]

Where F is the width of the capture front ;
it’s clear that a larger width can be obtained
where the transmissivity (thereabout
proportional to screen thickness ) is lower.
Therefore, the shorter well is often more
efficient in order to contaminants contain
that the deeper well.
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CONCLUSIONS

These considerations improve the conclusion
that, in order to contain the pollutants, the
hydraulic barriers along coast lines can be
designed on the basis of equivalent head

theory, and that a good performance can be
reached using wells which pump only from
fresh water zones has to be preferred,
because the capture zone when pumping
only from fresh water zones is more
extended.

REFERENCES

Barlow Paul M., (1989), “Ground water in freshwater-saltwater environments of the Atlantic
Coast”, USGS, U.S.
http://pubs.usgs.gov/circ/2003/circ1262/pdf/circ1262.pdf

Gualbert H.P., Oude Essink (2001), “Density Dependent Groundwater Flow Salt Water Intrusion
and Heat Transport”, Hydrological Transport Processes/Groundwater Modelling
http://publicwiki.deltares.nl/download/attachments/55640084/gwm?2.pdf?version=1&modificatio
nDate=1268674943000

Kohout F. A., “Flow pattern of fresh and salt water in the Biscayne Aquifer of the Miami area,
Florida”
http://iahs.info/redbooks/a052/052041.pdf

Langevin Christian D., “Simulation of Ground-Water Discharge to Biscayne Bay, Southeastern
Florida”
http://water.usgs.gov/ogw/seawat/langevin.gw200341.pdf

Ledoux Emmanuel, Sauvagnac Serge, Rivera Alfonso (1990), “A compatible single-phase/two-
phase numerical model. Modeling the transient salt-water/fresh-water interface motion”, Ground
water Vol.28 ,No. 1 January-February 1990, Wiley-Blackwell, U.S.
http://onlinelibrary.wiley.com/doi/10.1111/j.1745-6584.1990.tb02231.x/pdf

Motz L. H.(1992), “Salt-water upconing in an aquifer overlain by a leaky confining bed”, Ground
Water,Vol. 30, No.2, Wiley-Blackwell, U.S.
http://info.ngwa.org/gwol/pdf/921055581.PDF

Motz L.H. (1994), “Predicting salt-water upconing due to wellfield pumping”, Future groundwater
resources at risk (proceedings of the Helsinki Conference), IAHS, U.K.
http://iahs.info/redbooks/a222/iahs 222 0055.pdf
http://adsabs.harvard.edu/abs/1995JCHyd..18..321M

Person Mark, Taylor James Z., Dingman Lawrence S. (1997), “Sharp interface models of saltwater
intrusion and wellhead delineation on Nantucket Island”, Ground water, Vol. 36, No. 5, Wiley-
Blackwell, U.S.

http://onlinelibrary.wiley.com/doi/10.1111/j.1745-6584.1998.tb02190.x/pdf

www.engeology.eu 28/11/2012 3



http://pubs.usgs.gov/circ/2003/circ1262/pdf/circ1262.pdf
http://publicwiki.deltares.nl/download/attachments/55640084/gwm2.pdf?version=1&modificationDate=1268674943000
http://publicwiki.deltares.nl/download/attachments/55640084/gwm2.pdf?version=1&modificationDate=1268674943000
http://iahs.info/redbooks/a052/052041.pdf
http://water.usgs.gov/ogw/seawat/langevin.gw200341.pdf
http://onlinelibrary.wiley.com/doi/10.1111/j.1745-6584.1990.tb02231.x/pdf
http://info.ngwa.org/gwol/pdf/921055581.PDF
http://iahs.info/redbooks/a222/iahs_222_0055.pdf
http://adsabs.harvard.edu/abs/1995JCHyd..18..321M
http://onlinelibrary.wiley.com/doi/10.1111/j.1745-6584.1998.tb02190.x/pdf

Post Vincent, Kooi Henk, Simmons Craig (2007), “Using Hydraulic Head Measurements in Variable-
Density Ground Water Flow Analyses”, Ground Water Vol. 45, No. 6, 664-671
http://www.ncbi.nlm.nih.gov/pubmed/17973744

Reilly Thomas E., Frimpter Michael H., LeBlanc Denis R., Goodman Alvin S. (1987), “Analysis of
steady-state salt-water upconing with application at Truro Well Field”, Ground water, Vol. 25,
No.2, Wiley-Blackwell, U.S.
http://onlinelibrary.wiley.com/doi/10.1111/j.1745-6584.1987.tb02876.x/pdf

Werner Adrian D., Jakovovic Danica, Simmons Craig T. (2009), “Experimental observation of
saltwater up-coning”, Journal of Hydrology 373 (2009) 230-241, Elesevier, Amsterdam.
http://www.h2ogeo.upc.es/Docencia/Flujo%20y%20Transporte%20Multifase/Werner%20et%20al
%202009%20JH.pdf

REFERENCES ABOUT COASTAL AQUIFER MANGEMENT DOCUMENTS

Beretta G. P. (2002 ): “Le problematiche tecniche aperte nell’applicazione della normativa e dello
stato dell’arte per la bonifica dei siti contaminati”
http://www.provincia.milano.it/ambienteold/bonifiche/doc/convegno 15-11-

2002 problematiche.pdf

Beretta G. P., Bonuomo M., Pellegrini R., Raffaelli L. (2003), “Linee guida per la determinazione dei
valori del fondo naturale nell’ambito della bonifica dei siti contaminati”, Provincia di Milano
http://www.provincia.milano.it/export/sites/default/ambiente/doc/p bonifiche lineeguida07 de
terminazione valori.pdf

Colombo A., Berbenni P. (2000), “Caratterizzazione degli inquinanti organici nella bonifica dei siti
contaminati”

Communar G. M. (1998), “A Solute Transport In Stratified Media”, Transport In Porous Media 31:
133-143, Kluwer Academic Publishers. Printed In The Netherlands.
http://download.springer.com/static/pdf/401/art%253A10.1023%252FA%253A1006557032656.p
df?auth66=1351770138 35631c70adc8c3fe7d68099d78fd0770&ext=.pdf

Dogramaci Shawan, "A review of groundwater pumping to manage dryland salinity in Western
Australia”
http://www.water.wa.gov.au/PublicationStore/first/42412.pdf

EPA (1994), “DNAPL Site Characterization”
http://www.epa.gov/superfund/health/conmedia/gwdocs/pdfs/dnapl.pdf

EPA (1996), “How To Effectively Recover Free Product At Leaking Underground Storage”
http://www.epa.gov/oust/pubs/fprg.htm

EPA (1998): “Evaluation of Subsurface Engineered Barriers at Waste Sites”
http://www.epa.gov/tio/download/remed/subsurf.pdf

EPA (2003), “An illustrated handbook of DNAPL transport and fate in the subsurface”, R&D
www.engeology.eu 28/11/2012 4



http://www.ncbi.nlm.nih.gov/pubmed/17973744
http://onlinelibrary.wiley.com/doi/10.1111/j.1745-6584.1987.tb02876.x/pdf
http://www.h2ogeo.upc.es/Docencia/Flujo%20y%20Transporte%20Multifase/Werner%20et%20al%202009%20JH.pdf
http://www.h2ogeo.upc.es/Docencia/Flujo%20y%20Transporte%20Multifase/Werner%20et%20al%202009%20JH.pdf
http://www.provincia.milano.it/ambienteold/bonifiche/doc/convegno_15-11-2002_problematiche.pdf
http://www.provincia.milano.it/ambienteold/bonifiche/doc/convegno_15-11-2002_problematiche.pdf
http://www.provincia.milano.it/export/sites/default/ambiente/doc/p_bonifiche_lineeguida07_determinazione_valori.pdf
http://www.provincia.milano.it/export/sites/default/ambiente/doc/p_bonifiche_lineeguida07_determinazione_valori.pdf
http://download.springer.com/static/pdf/401/art%253A10.1023%252FA%253A1006557032656.pdf?auth66=1351770138_35631c70adc8c3fe7d68099d78fd0770&ext=.pdf
http://download.springer.com/static/pdf/401/art%253A10.1023%252FA%253A1006557032656.pdf?auth66=1351770138_35631c70adc8c3fe7d68099d78fd0770&ext=.pdf
http://www.water.wa.gov.au/PublicationStore/first/42412.pdf
http://www.epa.gov/superfund/health/conmedia/gwdocs/pdfs/dnapl.pdf
http://www.epa.gov/oust/pubs/fprg.htm
http://www.epa.gov/tio/download/remed/subsurf.pdf

Publication 133
http://a0768b4a8a31e106d8b0-
50dc802554eb38a24458b98ff72d550b.r19.cf3.rackcdn.com/scho0604bhit-e-e.pdf

EPA(2007), “Demonstration of Biodegradation of DNAPL through Biostimulation and
Bioaugmentation” at Launch Complex 34 in Cape Canaveral Air Force Station, Florida
http://nepis.epa.gov/Exe/ZyNET.exe/P10030M1.TXT?ZyActionD=ZyDocument&Client=EPA&Index=
2006+Thru+2010&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&To
cEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&Xml
Query=&File=D%3A%5Czyfiles%5CIndex%20Data%5C06thru10%5CTxt%5C00000007%5CP10030M
1.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-
&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Displa
y=p%7Cf&DefSeekPage=x&SearchBack=ZyActionL&Back=2yActionS&BackDesc=Results%20page&
MaximumPages=1&ZyEntry=1&SeekPage=x&ZyPURL

EPA (2008), “CSMoS Comments on the Potential Limitations of the Domenico-based Fate and
Transport Models”

Holly A. Michael, Mulligan Ann E., Harvey Charles F., “Seasonal oscillations in water exchange
between aquifers and the coastal ocean”, “Seasonal Oscillations in Water Exchange between
Aquifers and the Coastal Ocean Supplementary Material”
http://www.nature.com/nature/journal/v436/n7054/abs/nature03935.html

Huang Weie, Saschae Oswald, Lerner David, Smith Colin, Zheng Chunmiao (2003), “Dissolved
Oxygen Imaging in a Porous Medium to Investigate Biodegradation in a Plume with Limited
Electron Acceptor Supply”, Environ. Sci. Technol. 37, 1905-1911
http://pubs.acs.org/doi/pdfplus/10.1021/es020128b

Ibaraki Motomu (2001), “Source Characteristics and Contaminant Plume Evolution”, Transport in
Porous Media 44: 577-589, Kluwer Academic Publishers. Printed in the Netherlands.
http://link.springer.com/article/10.1023%2FA%3A1010704406512?LI=true#page-1

Interstate Technology & Regulatory Council Dense Nonaqueous Phase Liquids Team (2003), “An
Introduction to Characterizing Sites Contaminated with DNAPLs”
http://www.itrcweb.org/documents/dnapls-4.pdf

lzuka Scot K., Gingerich Stephen B. Gingerich, “Estimation of the depth to the fresh-water/salt-
water interface from vertical head gradients in wells in coastal and island aquifers”
http://download.springer.com/static/pdf/343/art%253A10.1007%252Fs100400050159.pdf?auth6
6=1351697356 458c281d18922d9a878cab462829c3d5&ext=.pdf

Kalkaja Sauli, “Approximation for error function of real argument”

Keely Joseph F. (2005), “Performance Evaluations of Pump-and-Treat Remediations”, EPA
Groundwater Issues.
http://www.epa.gov/tio/tsp/download/pereva.pdf

Kohout F. A, “Cyclic Flow of Salt Water in the Biscayne Aquifer of Southeastern Florida”
www.engeology.eu 28/11/2012 5



http://a0768b4a8a31e106d8b0-50dc802554eb38a24458b98ff72d550b.r19.cf3.rackcdn.com/scho0604bhit-e-e.pdf
http://a0768b4a8a31e106d8b0-50dc802554eb38a24458b98ff72d550b.r19.cf3.rackcdn.com/scho0604bhit-e-e.pdf
http://nepis.epa.gov/Exe/ZyNET.exe/P10030M1.TXT?ZyActionD=ZyDocument&Client=EPA&Index=2006+Thru+2010&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5Czyfiles%5CIndex%20Data%5C06thru10%5CTxt%5C00000007%5CP10030M1.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=p%7Cf&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&SeekPage=x&ZyPURL
http://nepis.epa.gov/Exe/ZyNET.exe/P10030M1.TXT?ZyActionD=ZyDocument&Client=EPA&Index=2006+Thru+2010&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5Czyfiles%5CIndex%20Data%5C06thru10%5CTxt%5C00000007%5CP10030M1.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=p%7Cf&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&SeekPage=x&ZyPURL
http://nepis.epa.gov/Exe/ZyNET.exe/P10030M1.TXT?ZyActionD=ZyDocument&Client=EPA&Index=2006+Thru+2010&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5Czyfiles%5CIndex%20Data%5C06thru10%5CTxt%5C00000007%5CP10030M1.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=p%7Cf&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&SeekPage=x&ZyPURL
http://nepis.epa.gov/Exe/ZyNET.exe/P10030M1.TXT?ZyActionD=ZyDocument&Client=EPA&Index=2006+Thru+2010&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5Czyfiles%5CIndex%20Data%5C06thru10%5CTxt%5C00000007%5CP10030M1.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=p%7Cf&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&SeekPage=x&ZyPURL
http://nepis.epa.gov/Exe/ZyNET.exe/P10030M1.TXT?ZyActionD=ZyDocument&Client=EPA&Index=2006+Thru+2010&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5Czyfiles%5CIndex%20Data%5C06thru10%5CTxt%5C00000007%5CP10030M1.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=p%7Cf&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&SeekPage=x&ZyPURL
http://nepis.epa.gov/Exe/ZyNET.exe/P10030M1.TXT?ZyActionD=ZyDocument&Client=EPA&Index=2006+Thru+2010&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5Czyfiles%5CIndex%20Data%5C06thru10%5CTxt%5C00000007%5CP10030M1.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=p%7Cf&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&SeekPage=x&ZyPURL
http://nepis.epa.gov/Exe/ZyNET.exe/P10030M1.TXT?ZyActionD=ZyDocument&Client=EPA&Index=2006+Thru+2010&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5Czyfiles%5CIndex%20Data%5C06thru10%5CTxt%5C00000007%5CP10030M1.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=p%7Cf&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&SeekPage=x&ZyPURL
http://nepis.epa.gov/Exe/ZyNET.exe/P10030M1.TXT?ZyActionD=ZyDocument&Client=EPA&Index=2006+Thru+2010&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5Czyfiles%5CIndex%20Data%5C06thru10%5CTxt%5C00000007%5CP10030M1.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=p%7Cf&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&SeekPage=x&ZyPURL
http://www.nature.com/nature/journal/v436/n7054/abs/nature03935.html
http://pubs.acs.org/doi/pdfplus/10.1021/es020128b
http://link.springer.com/article/10.1023%2FA%3A1010704406512?LI=true#page-1
http://www.itrcweb.org/documents/dnapls-4.pdf
http://download.springer.com/static/pdf/343/art%253A10.1007%252Fs100400050159.pdf?auth66=1351697356_458c281d18922d9a878cab462829c3d5&ext=.pdf
http://download.springer.com/static/pdf/343/art%253A10.1007%252Fs100400050159.pdf?auth66=1351697356_458c281d18922d9a878cab462829c3d5&ext=.pdf
http://www.epa.gov/tio/tsp/download/pereva.pdf

http://www.agu.org/pubs/crossref/1960/J2065i007p02133.shtml

Mohsen M. Sherif And Khaled I. Hamza: “Mitigation of Seawater Intrusion by Pumping Brackish
Water”
http://download.springer.com/static/pdf/269/art%253A10.1023%252FA%253A1010601208708.p
df?auth66=1351697750 5d1bc0e89246fd5a8e78987a52delbcc&ext=.pdf

Motz Louis H. (1995), Discussion of “A density-dependent flow and transport analysis of the
effects of groundwater development in a freshwater lens of limited areal extent: The Geneva area
(Florida, U.S.A.) case study”, by Panday et al. ( 1993), Journal of Contaminant Hydrology 18 321-
326

Robbins Gary A. (1989), “Influence of using purged and partially penetrating wells on conaminant
detection, mapping and modeling”, Groundwater 27, n. 2
https://info.ngwa.org/GWOL/pdf/891047574.PDF

Sherif Mohsen M., Hamza Khaled 1., “Seasonal oscillations in water exchange between aquifers
and the coastal ocean”

Shih Tom, Rong Yue (2001), “Manual for Domenico non-steady state spreadsheet analytical model
(for continuous source release)”

Stephens D., Kelsey James A., Prieksat Mark A., Piepho Mel G., Shan C., Ankeny M. D., “DNAPL
migration through a fractured perching layer”
http://onlinelibrary.wiley.com/doi/10.1111/j.1745-6584.1998.tb02834.x/abstract

Urish Daniel W., Ozbilgin Melih M., “The coastal ground — water boundary”

Van Dam J. C. (1983), “The shape and position of the salt water wedge in coastal aquifers”,
Proceedings of the Hamburg Symposium, August , IAHS Publ. no. 146
http://iahs.info/redbooks/al46/iahs 146 0059.pdf

Van Meira Nathalie, Lebbeb Luc (2005), “Parameter identification for axi-symmetric density-
dependent groundwater flow based on drawdown and concentration data”, Journal of Hydrology
309 167-177

Williams Bruce A., Chou Charissa J. (2007), “Characterizing vertical contaminant distribution in a
thick unconfined aquifer”, Hanford site, Washington, USA, Environ Geol 53:879-890
http://download.springer.com/static/pdf/892/art%253A10.1007%252Fs00254-007-0700-
3.pdf?auth66=1351699833 a304b688dlabd27aea9alled4837868b&ext=.pdf

Winitzki Sergei (2008), “A handy approximation for the error function and its inverse”
http://www.scribd.com/doc/82414963/Winitzki-Approximation-to-Error-Function

Woong-Sang Yoon S., Gavaskar Arun, Sminchak Joel, Perry Christopher Drescher Eric, Quinn
Jacqueline W., Holdsworth Thomas (2002), “Evaluating presence of TCE below a semi-confining
layer in a DNAPL source zone”, Proceedings of the Third International Conference on Remediation

www.engeology.eu 28/11/2012 6



http://www.agu.org/pubs/crossref/1960/JZ065i007p02133.shtml
http://download.springer.com/static/pdf/269/art%253A10.1023%252FA%253A1010601208708.pdf?auth66=1351697750_5d1bc0e89246fd5a8e78987a52de16cc&ext=.pdf
http://download.springer.com/static/pdf/269/art%253A10.1023%252FA%253A1010601208708.pdf?auth66=1351697750_5d1bc0e89246fd5a8e78987a52de16cc&ext=.pdf
https://info.ngwa.org/GWOL/pdf/891047574.PDF
http://onlinelibrary.wiley.com/doi/10.1111/j.1745-6584.1998.tb02834.x/abstract
http://iahs.info/redbooks/a146/iahs_146_0059.pdf
http://download.springer.com/static/pdf/892/art%253A10.1007%252Fs00254-007-0700-3.pdf?auth66=1351699833_a304b688d1abd27aea9a11ed4837868b&ext=.pdf
http://download.springer.com/static/pdf/892/art%253A10.1007%252Fs00254-007-0700-3.pdf?auth66=1351699833_a304b688d1abd27aea9a11ed4837868b&ext=.pdf
http://www.scribd.com/doc/82414963/Winitzki-Approximation-to-Error-Function

of Chlorinated and Recalcitrant Compounds (Monterey,CA; May 2002). ISBN 1-57477-132-9,
published by Battelle Press, Columbus, OH

http://www.rri-seismic.com/Frame%20Pages/Case%20Studies/LC34/1E-05.pdf

Zack A., Lara F. (2002), “Optimizing fresh groundwater withdrawals in Cozumel, Quintana Roo,
Mexico — A feasibility study using scavenger wells”, Second International Conference on Saltwater

Intrusion and Coastal Aquifers— Monitoring, Modeling, and Management. Mérida, México, March
30-April 2

www.engeology.eu 28/11/2012 7



http://www.rri-seismic.com/Frame%20Pages/Case%20Studies/LC34/1E-05.pdf

