NRC-065

SWIM
June 23-27, 2008
Naples, Florida USA

Program and
Proceedings Book

June 23-27, 2008 z Naples, Florida, USA

Welcome to the 20th Saltwater Intrusion Meeting (SWIM), affectionately referred
to as "SWIM", that has been held on a biennial basis since 1968. SWIMs deal with
the ever interesting topic of saline ground water in coastal and inland aquifers and
are attended by a multi-disciplinary group of people with a wide variety of expertise
including chemistry, engineering, geology, geophysics, mathematics, physics, and
management. Traditional topics that are covered include the characterization of
saline ground water with chemical and geophysical methods, development and
application of mathematical models, and design of effective management strategies for aquifers
containing saline ground water. New topics were added in later years, such as the impact of global climate
change and sea level rise on freshwater resources, and submarine ground water discharge. The meetings
are very successful in bringing together people who are interested in saline groundwater issues: wellknown specialists, water managers and students.
The SWIM was first convened in 1968 by the late Professor Dr. W. Richter, who invited several German,
Dutch and Danish colleagues to his institute in Hanover, Germany. Dr. Richter felt that these three
countries had similar problems with saline ground water and that an informal dialogue would be mutually
beneficial. The first SWIM concluded with a consensus to meet again. The next five meetings were
organized by countries surrounding the North Sea (1970, Vogelenzang, The Netherlands; 1972,
Copenhagen, Denmark; 1974, Ghent, Belgium; 1977, Medmenham, UK; and 1979, Hanover, Germany).
The number of meeting participants has steadily grown over the years. Also the countries of interested
participants expanded away from the North Sea. Subsequent meetings were organized in Sweden
(Uppsala, 1981) and then Italy (Bari, 1983). After a short return to countries of its originating members
(1986, Delft, The Netherlands and 1988, Ghent, Belgium) SWIMs were held in a variety of locations
across Europe (1990, Danzig, Poland; 1992, Barcelona, Spain; 1994, Cagliari, Italy; 1996, Malmö,
Sweden; 1998, Ghent, Belgium; 2000, Miedziezdroje, Poland; 2002, Delft, The Netherlands; 2004,
Cartagena, Spain). The last SWIM was held in 2006 in Cagliari, Italy
While the SWIMs were being held in Europe, a separate group was formed around 2000 by Professors
Alex Cheng (USA) and Driss Ouazar (Morocco) to meet the growing worldwide needs for a global
conference on salt water intrusion. This group, called Salt Water Intrusion in Coastal Aquifers (SWICA),
held its first conference in 2001 in Essaouira, Morocco and a second meeting in 2003 in Merida, Mexico.
The third SWICA meeting was held together with the 19th SWIM. This joint SWIM-SWICA conference
was held in 2006 in Cagliari, Italy. At this joint meeting, participants decided to combine the best features
of both meeting series and to merge under the SWIM name. The meeting style would remain informal and
collegial as in SWIM, but the venue would become worldwide as in SWICA. The group decided that
subsequent meetings will be alternately held outside and within Europe on a biannual basis. The 2008
meeting is being held here, in Florida, USA. The 2010 meeting will return to Europe.
This proceedings book serves as a permanent reminder of the 20th SWIM. It contains nearly 100 papers
submitted by participants and reviewed by the scientific committee. We are grateful to all those that
helped with this process. Digital copies of the proceedings book will be made available from the website
after the meeting.
This meeting would not be possible without the efforts of numerous individuals. We are particularly
indebted to our sponsors for their generous contributions. With their support, we were able to offer an
affordable registration fee and help fund travel for students in need of assistance. We thank Rene Price
and Gregory Allard for arranging the Everglades field trip and John Doherty and Alyssa Dausman for
hosting the PEST Fest. We thank The Naples Beach Hotel & Golf Club for providing exceptional
facilities and staffing. We also thank the meeting coordinator, Sharon Borneman, for helping to make the
20th SWIM a huge success.
On behalf of the Organizing Committee, we sincerely hope that you enjoy the 20th SWIM. Without your
participation, the SWIM would not be possible.
Conference Co-Organizers,
Christian Langevin, Luc Lebbe, Mark Bakker, and Clifford Voss
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ABSTRACT
The Miami-Dade Water and Sewer Department (MDWASD), Miami-Dade County, Florida,
operates two deep-well injection facilities which inject an average of 430 million liters per day of
fresh treated wastewater into a deep saline aquifer approximately 900 meters below land surface.
Although this deep aquifer is separated from overlying brackish aquifers by a confining unit 150
meters thick, evidence of migration of injected wastewater has been detected in the overlying
aquifers. This injected fresh water is a source of freshwater recharge chemically distinct from the
native brackish aquifer water. Ammonium contained in the injected wastewater is higher than
native aquifer water background levels, and exhibits a high seasonal variability in response to the
wet and dry climatic conditions in south Florida. Geochemical data indicate that the injected
ammonium behaves conservatively when mixed with native water, and thus can be used as a
tracer of injected wastewater. Ammonium data, in conjunction with major ion chemistry and
stable isotope data, were used to identify source and pathways of the recharge. Data indicate
multiple pathways that are chemically distinct depending on their pathway to the aquifer, and
suggest vertical migration a result of either natural or anthropogenically-induced fractures. Once
introduced into the overlying aquifer, horizontal migration appears to be the result of natural
advection/diffusion through a highly heterogeneous carbonate aquifer with little mixing of
native waters.
INTRODUCTION
South Florida has experienced rapid urban growth in the past several decades, which has placed
extraordinary demands on the management of ground-water resources in southern Florida.
Potable water has been produced from the Biscayne aquifer, a pristine karst surficial aquifer that
has supplied an average of 1300 million liters per day (MLD). Due to restrictions on increased
allocations from the Biscayne aquifer, the underlying Floridan aquifer in south Florida is
becoming an alternate water supply source. Historically, the Floridan aquifer in south Florida has
been used for aquifer storage and recovery (ASR) in the Upper Floridan aquifer, and for
industrial and treated domestic wastewater disposal in a highly permeable zone in the Lower
Floridan aquifer. Increasingly the Upper Floridan aquifer is used as becoming a source of
brackish water to blend with Biscayne aquifer water.
The Floridan aquifer system in south Florida lies approximately 300 meters below land surface
(BLS), and consists of heterogeneous permeability carbonate layers of Oligocene to Paleocene in
age. The Upper Floridan aquifer (UFA) is an artesian aquifer and is used for ASR and a source
of water for blending. Water quality is brackish, with total dissolve solids (TDS) averaging less
than 10,000 milligrams per liter (mg l-1), (Reese, 1994). The UFA is underlain by the middle
confining unit 1 (MCU1) and the Middle Floridan aquifer (MFA) at approximately 420 m below
land surface (BLS), with water quality becoming increasing saline (Reese et al, 2008). Beneath
the MCU1 and the MFA is the Lower Floridan aquifer (LFA), which consists of water quality
close to seawater, with TDS concentrations over 33,000 mg l-1. The LFA outcrops along the
Florida Straits, with water levels in the LFA near sea level.
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MDWASD began injecting treated domestic wastewater in the early 1980’s, and currently is
injecting an average of 430 MLD into the highly permeable boulder zone 900 m BLS in the
LFA. Domestic wastewater is treated to secondary drinking water standards, with TDS levels of
375 mg l-1, and ammonia concentrations ranging from 15 to 35 mg l-1, in response to the wet and
dry seasons in south Florida. Evidence of upward migration of ammonia was observed at 440 m
BLS in the UFA, as concentrations of 7 mg l-1 were detected above reported background levels
of 0.05 mg l-1 (BC&E, 1977), with the implication that the MCU1 is actually not confining. The
authors of this paper and others (Maliva et al, 2007) have suggested that the vertical migration
pathway may most likely be along fractures. The purpose of this research is to determine the
transport mechanisms and migration pathways of freshwater injectate into a highly saline
aquifer.

METHODS
Historical water quality data for the FAS were collected and analyzed from utility, state and
federal sources. Water quality samples were collected from following standard protocols from
on-site dual-zone monitoring wells, representing the 300 m zone, 440 m zone, and the 550 m
zones. The 300 m and 440 m zones are located in the UFA; the 550 m zone lies in the MCU1 and
MFA. Samples were analyzed for major ions, pH, temperature, stable isotopes, and chemical
parameters including ammonium, nitrate and nitrite. Ammonium was evaluated for use as a
conservative tracer. As part of the nitrogen cycle, ammonium is oxidized to NO3- (nitrification)
in the presence of O2, and therefore ammonium reacts non-conservatively. Water quality data at
the project site suggests otherwise, as dissolved O2 values are < 1 mg l-1, and nitrate values for
all zones monitored on site in the Floridan aquifer, including wells with high ammonium
concentrations, are typically less than 0.05 mg l-1. Ammonia levels have remained constant over
time in several wells, further suggesting a conservative nature. Therefore, mixing and ratio
models of ammonium to major ions were developed to determine chemical evolution of the
injected freshwater.
RESULTS
Time series historical ammonium and chloride water quality data were analyzed to determine if
any patterns could be distinguished. Ambient levels of ammonium at the 300 m, 440 m, and 550
m zones typically are > 0.2 mg l-1. Ammonium concentrations as high as 15 mg l-1 have been
observed in wells in the 440 m zone on the west side of the site, and as high as 20 mg l-1 in the
550 m zone on the south side of the site. Two patterns were observed in the time-series analysis.
Ammonium concentrations above ambient levels were observed in MWs in the UFA, however,
they were at ambient levels in the monitoring zones beneath. Ammonium concentrations
increased sharply, and exhibited apparent seasonal variation, very similar to the seasonal
variations observed in the injected freshwater (Figure 1). Once ammonium was detected above
ambient levels, data show relatively stable concentrations, with very slight increases. Levels in
wells exhibiting this trend average 2 – 5 mg l-1. Ammonium levels were compared to chloride
levels for each monitoring zone. Ambient chloride levels were 750 mg l-1 for the 300 m, 3700
mg l-1 for the 440 m, and 19,000 mg l-1 for the 550 m zones. It was assumed that chloride and
ammonium are conservative tracers, and ammonium/chloride mixing models were developed for
each well, compared to ammonium concentration trends over time. End members of the mixing
model were the ambient concentrations of chlorides and ammonium of each monitored zone.
Several distinct mixing models were observed (Figure 1). Mixing models that showed strong
increasing trend of ammonium concentrations comparative to freshwater injectate concentrations
plot with time indicated relatively rapid mixing with the freshwater end member (well IDs 6U
and 12L). This mixing model at the 440 m zone (well ID 6U) also showed no mixing with the
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migration of ammonium in the aquifers. Mixing models developed using ammonium/chloride
end members and ion ratios as conservative tracers also suggest different migration pathways of
freshwater injectate. In the 440 m zone where ammonium concentrations in the aquifer water
closely follow the same concentration trends as the injectate, mixing models show no mixing
with 550 m zone. This suggests that freshwater injectate is migrating directly to the 440 m zone,
with little to no mixing of underlying highly saline water. If freshwater injectate were migrating
up through the MCU1 it would be expected to exhibit a mixing line from the 550m to the 440 m
zone. Both the end member and ion ratio models do not show such a mixing line. It appears that
the freshwater injectate is traveling up through the MCU1 via natural or anthropogenicallyinduced fracturing, (possibly as a result injection well construction); and is probably vertically
migrating due to the buoyancy effect of injecting freshwater into the highly saline LFA. Where
ammonium concentrations are slowly increasing in time or remaining static, mixing and ratio
models suggest that once the freshwater is introduced into the aquifer, it slowly advects/diffuses
through the aquifer, with a slow groundwater evolution over time from brackish to gradual
freshening, and remaining geochemically distinct. On-going research on this project includes
helium/tritium dating and 15Nitrogen isotope analysis to further differentiate freshwater injectate
migration pathway.
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