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Introduction 
 
A vital natural resource that has come under considerable strain as a result of 
human activities is groundwater.  Groundwater is an important source of water 
in every state, accounting for 40 % of the nation’s public water supply and 60 % 
of all states in the Southeastern and Gulf Coast regions (USGS, 1998). 
Groundwater is also used for irrigation purposes and contributes to baseflow in 
many streams and rivers and wetland habitats. 
 
An important issue concerning coastal groundwater dynamics is the influence of 
groundwater discharge to the coastal ocean.  In regions where groundwater 
discharges to the coastal ocean, managers should be aware of the magnitude and 
potential geochemical fluxes associated with such discharge.  Until recently, 
coastal eutrophication and hypoxia were accepted as being driven by nutrient 
concentrations delivered within the watershed without consideration of direct 
groundwater discharge to the coastal ocean.  Groundwater discharged directly to 
the coastal ocean bypasses estuarine filters and sinks (assimilation, 
sedimentation, denitrification) which act to regulate nutrient concentrations 
(Nixon, 1986).  Considering groundwater is typically elevated in nutrients (up to 
100X and greater) relative to surface water, groundwater has been recognized as 
a potentially large contributor to coastal ocean geochemical budgets.   
 
Scientific understanding of submarine groundwater discharge (SGD) has 
progressed over the past few decades to a point that it should be considered for 
incorporation into coastal management and policy.  Generally, scientists are 
involved in the early stages of the resource management policy cycle, providing 
knowledge and information concerning a particular issue.  Management of 
groundwater requires responsible use and protection of the resource for human 
use as well as a complete understanding of the interactions of groundwater in the 
context of the local/regional hydrologic system.  Sustainable use should ideally 
establish long-term safe yields based on environmental, local/regional, and 
intergenerational equity.  A complete groundwater management plan in the 
coastal zone includes protection of groundwater quality and the coupling of 
groundwater and surface water interactions.  These groundwater interactions 
include, but are not limited to, groundwater connections with:  coastal oceans, 
estuaries, rivers, streams, and wetlands (water, nutrient fluxes, and pollution 
discharge), recharge of surficial and confined aquifers, and anthropogenic 
activities.  This paper will address SGD in the coastal zones of the Southeast and 
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Gulf Coast region and suggest a management strategy to assess and monitor 
SGD in these regions. 
 

Management of groundwater and coastal aquifers 
 
Recent studies in the Southeast and Gulf Coast regions indicate SGD might not 
be as significant of a contributor to coastal ocean nutrient budgets as some 
scientists have suggested.  Studies conducted in Florida indicate groundwater-
surface water interactions have a significant influence on coastal ocean 
geochemistry, but studies conducted in the Carolinas and Gulf Coast states 
indicate contributions are much less.  Regional SGD trends have been 
established, but seasonal variability and anthropogenic influences have not been 
explored extensively. 
 
Managers have two options to address groundwater discharge:  1) control inputs 
to the coastal groundwater system; and/or 2) monitor groundwater discharge and 
associated nutrient fluxes and incorporate such data as part a total coastal 
nutrient budget.  Best management practices such as modifying farm methods to 
use nitrogen more effectively and efficiently, creating and restoring wetlands 
and riparian zones, and increased nitrogen controls on wastewater treatment 
plants have proven to lower nitrogen in surface water and groundwater and 
should be effective in lowering nutrient concentrations associated with 
groundwater discharge to the coastal ocean.  
 
Uncertainty of results associated with managing inputs to the groundwater 
system in combination with the delay between the time of action and potential 
results may lead managers to incorporate the second option, which is to 
incorporate SGD into coastal nutrient budgets.  For example, if SGD provides 
10 to 20 % all new nutrients to a coastal ocean environment, then nutrient 
management practices within the watershed can only address 80 to 90% of the 
total nutrient budget, which may lead managers to underestimate the 
effectiveness of watershed nutrient management practices.  Inclusion of SGD in 
coastal nutrient budgets would provide more accurate budgets by reducing a 
potentially large source of error. 
 
Research conducted over the last decade has inferred that groundwater discharge 
is a contributor to coastal ocean nutrient budgets in the Southeast and Gulf Coast 
regions.  While the role of scientists and scientific information in the 
development of policy is unclear (Weinberg, 1972), the scientific community 
has certainly been active in identifying this problem.  Weinberg (1972) suggests 
science contributes to policy in three potential ways:  providing a paradigm that 
will help structure discussion, providing objective information that promotes 
informed debate, and providing a codified language that assists exchange of 
information and ideas. 
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Scientists have already suggested methods to monitor groundwater and surface 
water interactions in the coastal zone based on modeling (Post, 2005) and 
geochemical tracers and pressure sensor technologies (ACT, 2005), but the 
problem has not gained enough attention to warrant action.  Healey and 
Hennessey (1994) state problems are brought to the attention of government and 
the people by systematic indicators such as a crisis, disaster, or failure in a 
particular program.  By using examples of environmental disasters in Puget 
Sound (Washington State) and the Frazier River estuary (Vancouver, Canada), 
Healey and Hennessey (1994) illustrate changes or enactment of policy is 
generally not implemented until a paradigm shift in philosophy has occurred.  
The reactive nature of policy allows for permanent damage to the public’s 
perceived competence and confidence of an agency as a problem expands and 
exposes weaknesses in an agency’s ability to adjust and manage adaptively. 
 
SGD and associated nutrient fluxes to coastal oceans may not be an issue great 
enough to merit an extensive monitoring network in some areas, but the opposite 
phenomenon, salt water intrusion due to groundwater withdrawals, threatens 
groundwater resource sustainability in many areas of the Southeast and Gulf 
Coast and warrants such attention (Barlow, 2003).  These regions are the fastest 
growing areas in the United States and groundwater issues will become more 
common if efforts to maintain and monitor coastal groundwater resources are 
not addressed. 
 

Coastal aquifer assessment and monitoring 
 
An effective groundwater program, designed to assess groundwater discharge 
and salt water intrusion, should include a detailed description of local and 
regional hydrostratigraphy, the influences of groundwater pumping, a 
monitoring well network to measure groundwater chemistry and hydraulic head, 
and a calibrated groundwater model that has been validated based on direct 
measurement and/or geochemical tracer approaches.  A detailed search of 
hydrostratigraphic data throughout the Southeast and Gulf Coast provides great 
insight into the potential for SGD in the regions.  The layered coastal aquifer 
system of N.C., with a relatively thin confining unit between the surficial and 
Castle Hayne aquifers, and thick and impermeable confining units between 
deeper aquifers (Winner and Coble, 1996), indicate SGD should occur in the 
nearshore region from the surficial and near surface aquifers.  The Floridan and 
Biscayne aquifers of southern Florida, comprised of carbonate with large tunnels 
and conduits for transport of subsurface fluids (Stamm, 1994), suggests SGD 
could be a significant process in coastal ocean geochemistry.  Similar 
hydrostratigraphic and geochemical data is available for all regions of the 
Southeast and Gulf Coast and provides the critical background information 
needed to develop a groundwater monitoring system. 
 
Groundwater pumping and water level data is also a critical component of 
assessment that provides insight into groundwater movement and can be 
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collected from publications, local municipalities, state and federal agencies, or 
on-line (where available).  Collection of hydrostratigraphic, groundwater 
pumping, and water level data provides enough information to develop a 
numeric based groundwater model.  After a groundwater model has been 
developed, it must be calibrated and results verified by an independent 
groundwater quantification method, such as direct measurement or geochemical 
tracers. 
 
The final component of a coastal aquifer program is the development and 
maintenance of a monitoring program.  Many municipalities already have 
monitoring networks in the immediate vicinity of the well fields, but monitoring 
well networks are rarely available in the marine environment, primarily due to 
installation expenses and maintenance costs.  Expansion of the local monitoring 
well network would enhance the ability to delineate areas of groundwater-salt 
water interaction such as paleochannels and submarine exposures as well as 
evaluate flow paths and groundwater flow rates.  A similar monitoring program 
was developed by the Georgia Environmental Protection Department to protect 
the Upper Floridan aquifer near Savannah, GA from salt water contamination 
and could potentially serve as a model for monitoring networks in other areas of 
the Southeast and Gulf Coast regions. 
 
Groundwater management is generally conducted at the local and state levels 
with minor collaboration across state boundaries, although groundwater is not 
restricted by political boundaries.  As demands for fresh water in the coastal 
zone increase, conflicts concerning the availability and use of groundwater 
resources are likely to increase.  Because of the importance of a fresh drinking 
water source and potential effects on coastal ocean ecosystems, we suggest a 
regional coastal groundwater resources oversight committee. 
 
A regional groundwater resources oversight committee would assist in 
mitigating and resolving local and state groundwater issues and also act as a 
central organization to collect and disperse groundwater information throughout 
the region.  Currently, coastal groundwater information is organized at the local 
and state level with minor collaboration at the regional level.  The committee 
would not only compile regional coastal groundwater information but it would 
also be responsible for promoting communication and cooperation within the 
region. 
 
Regional observation systems in continental shelf environments have been 
instrumental in providing critical information to public and private entities 
concerning oceanographic characteristics.  The addition of monitoring wells 
equipped with pressure transducers and periodic sampling of groundwater to 
determine tracer activities and Cl levels to existing moorings and observation 
systems would provide invaluable data for managers to assess coastal aquifer 
characteristics and interactions with the coastal ocean.  Additionally, regional 
partnerships such as FerryMon (a collaborative monitoring program among 
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UNC-Chapel Hill, Duke University, NC Department of Transportation, and NC 
Department of the Environment and Natural Resoures) and CORMP (Coastal 
Ocean Research and Monitoring Program) have been effective at incorporating 
regular ship time to observe physical and biological parameters.  As for ship 
based monitoring systems, technology such as continuous radon monitoring 
could be included as part of FerryMon and other similar programs to provide 
real-time data over large geographic areas.  The creation of such a committee 
would provide invaluable information concerning coastal ocean 
biogeochemistry and encourage the sustainability of a significant fresh drinking 
water resource for coastal communities.  
 
 

References 
Alliance for Coastal Technologies (ACT), 2005.  Groundwater-surface water 
 interactions sensor technology, National Oceanic and Atmospheric 
 Administration Coastal Services Center, March 7-9, 2005, Savannah, 
 GA. 
Barlow, P. M., 2003.  Ground water in freshwater-saltwater environments of the 
 Atlantic coast.  U. S. Geological Survey Circular 1262. 
Healey, M. C., and T. M. Hennessey, 1994.  The utilization of scientific 
 information in the management of estuarine ecosystems, Ocean and 
 Coastal Management, Vol. 23, pp 167-191. 
Nixon, S. W., 1986.  Nutrient dynamics and the productivity of marine coastal 
 waters, pp 97-115.  In R. Halwagy et al., (eds.) Marine environment 
 and pollution.  Alden. 
Post, V. E. A., 2005.  Fresh and saline groundwater interaction in coastal 
 aquifers:  Is our technology ready for the problems ahead?  
 Hydrogeology Journal, Vol. 13, pp 120-123. 
Stamm, D., 1994.  The Springs of Florida.  Pineapple Press, Sarasota, FL. 
U.S. Geological Survey, 1998.  Strategic directions for the U.S. Geological 
 Survey ground-water resources program:  A report to Congress, 
 November 30, 1998. 
Weinberg, A. (1972), Science and trans-science, Minerva, Vol. 10, pp 209-222. 
Winner, Jr., M.D., and R.W. Coble, 1996.  Hydrogeological framework of the 
 North Carolina coastal plain.  U.S. Geological Survey Professional 
 Paper 1404-I.   
 
Clayton McCoy 
East Carolina University 
Coastal Resources Management Program 
101 Graham Building 
Greenville, NC 27858 
Ph (252) 531-5190 
cam0928@ecu.edu 

260


	MAIN MENU
	PREVIOUS MENU
	---------------------------------
	Search CD-ROM
	Search Results
	Print



